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cytoplasmic export of all unspliced HBV RNAs. There
is evidence that inhibition of this step is part of the
antiviral action of interferon. Similarly, the structured
RNA epsilon element situated at the 5’ end of the polycistronic HBV pregenomic RNA also performs key roles
during HBV replication. The pregenomic RNA, which is
the template for translation of both the viral core and
polymerase proteins, is also encapsidated and used
in replication. This complex process, regulated at the
epsilon element, also presents an attractive antiviral
target. These RNA elements that mediate and regulate gene expression are highly conserved and could
be targeted using novel strategies employing RNAi,
miRNAs or aptamers. Such approaches targeting these
functionally constrained genomic regions should avoid
escape mutations. Therefore understanding these
regulatory elements, along with providing potential
targets, may also facilitate the development of other
new classes of antiviral drugs.
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Abstract

Core tip: This review presents an outline of what is
known about post-transcriptional regulation of gene
expression in hepatitis B virus, a virus that infects over
200 million people worldwide. These steps may be
targeted by novel antivirals, or be considered when
characterising new antivirals derived from screening
natural or synthetic products.

There is a continuing need for novel antivirals to treat
hepatitis B virus (HBV) infection, as it remains a major health problem worldwide. Ideally new classes of
antivirals would target multiple steps in the viral lifecycle. In this review, we consider the steps in which
HBV RNAs are processed, exported from the nucleus
and translated. These are often overlooked steps in
the HBV life-cycle. HBV, like retroviruses, incorporates
a number of unusual steps in these processes, which
use a combination of viral and host cellular machinery.
Some of these unusual steps deserve a closer scrutiny.
They may provide alternative targets to existing antiviral therapies, which are associated with increasing
drug resistance. The RNA post-transcriptional regulatory element identified 20 years ago promotes nucleo-
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are capped and polyadenylated in the nucleus of hepatocytes. They each have different transcription start sites
but have a common unusual polyadenylation site[13], and
all contain the post-transcriptional regulatory element
(PRE)[8]. The common non-canonical polyadenylation
signal is unusual in that it is bypassed in producing genome length RNAs then functions at the second pass. It
also acts as a TATA box for transcription[14]. The precore
RNA (PcRNA) is the longest of two genome length
HBV RNAs. This transcript encodes the precore (PC)
protein which is translated from the first initiation codon
in the mRNA, in a typical eukaryotic “Kozak” context.
The PC initiation codon is present only in this pcRNA
transcript, producing a fusion protein containing a signal
peptide, targeting it for secretion[15]. The eventual cleavage of the carboxy and amino termini of the PC precursor protein gives rise to the soluble secreted protein
HBeAg. The core (C) protein is translated from the C
initiation codon of the pregenomic (pgRNA), another
genome length transcript, which also encodes the polymerase (P) which is in a different and partially overlapping frame[5,15,16]. The C protein is encoded by the same
open reading frame (ORF) as the PC but is 19 amino
acids shorter, lacking the signal peptide.
The P protein is translated from the polycistronic
pgRNA at an internal initiation codon that is preceded
by multiple upstream AUG codons (uAUGs) using a
complex mechanism discussed in detail in a later section [15,17-20]. The P protein is essential for viral DNA
replication with key roles in encapsidation, reverse transcription and RNA degradation[5]. Interestingly, the C
initiation codon is not the first in the pgRNA. It is preceded by another initiation codon for a short open reading frame, named C0 (“C zero”) by Chen et al[15] 2005.
Interestingly there are also short upstream open reading frames (uORFs) within the pgRNA of the related
DHBV[21]. Such uORFs have a role in many other viral
and cellular genes translation[22].
The other transcripts include the preS1, preS2, S
and X mRNA that are translated to produce their corresponding primary polypeptide products using the conventional translation mechanism. The three co-terminal
S proteins encode ‘surface’ structural components of the
virions, The X protein is a transcriptional transactivator,
but may play other roles in the viral lifecycle.

INTRODUCTION
Hepatitis B virus (HBV) infection is a major global
health problem that continues to cause about 1 million
deaths per year worldwide. Despite there being an effective vaccine, it is estimated that more than 240 million
people remain chronically infected with HBV[1]. Current
treatments targeting HBV proteins have been associated with increasing drug resistance[2-4]. Therefore, novel
and effective antiviral treatments are urgently needed
to reduce morbidity and mortality associated with acute
and chronic infection[2-4]. In order to facilitate the development of new antiviral drugs, a better understanding
of the viral lifecycle is essential[5]. Novel drugs targeting
other distinct viral pathways could become part of a
combination treatment, or be utilised when resistance
arises[6].
In the processing and translation of RNAs, the HBV
has adopted several unique or unusual features. These
provide potential drug targets, and fascinating insights
into the possibilities of viral manipulation of human
cells[7,8]. As this review forms part of a special issue on
HBV, it will focus on current knowledge of the less wellunderstood aspects of post-transcriptional regulation in
HBV. It includes RNA splicing and processing, nuclear
export, and translational control events, in addition
to identifying potential antiviral targets at these posttranscriptional steps, particularly at the sites of specific
RNA-RNA or RNA-protein interactions.

HBV LIFECYCLE: SITES OF REGULATION
AND POTENTIAL INTERVENTION
HBV has an unique replication lifecycle in that it has
both a DNA phase in which protein-DNA interactions
are important, and an RNA phase in which RNAs must
be translated or encapsidated. Remarkably, the virus has
resourcefully adapted ways to perform all these functions
despite having a small genome of 3.2 kb. The transcription and translation of HBV is shown in the schematic
in Figure 1. The circular HBV genome consists of four
major overlapping reading frames (C, P, S and X).
HBV, like retroviruses, engages unusual steps to
produce its proteins. This includes mechanisms that
avoid splicing, that export unspliced RNAs, and also the
translation of the core and polymerase proteins from
a polycistronic mRNA. For Human immunodeficiency
virus (HIV), some of these unusual features involve
ribosomal frameshifting, protein-RNA interactions between Rev-Rev Response Element (RRE) and Tat-TAR
and have been well studied[9-12]. However, compared to
retroviruses some of these steps are still much less well
understood in HBV.

NUCLEAR EXPORT OF HBV RNA
The regulation of RNA export is a tightly controlled
process in human cells and it has been shown to be
coupled with RNA splicing. The link between RNA
splicing and RNA nuclear export is a quality control
step allowing for only fully spliced mRNAs to exit the
nucleus, thereby preventing the formation of aberrant
proteins[23-25]. However, this model creates an interesting
paradox for nucleocytoplasmic transport of HBV viral
RNAs, which are partly spliced or unspliced[26]. Therefore, viruses must evolve to encode elements within

HBV RNA PREGENOME AND MRNAS
The five major primary HBV RNAs are transcribed by
cellular RNA polymerase Ⅱ (Figure 1). These transcripts
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Nucleus
cccDNA
1. RNA Pol Ⅱ transcription

2. Polyadenylation
HBV RNAs

3. RNA mainly unspliced
- partial splicing

Cytoplasm

4. RNA Nuclear export
Protein targeting
- RNA destabilisation

5. Translation
- cap dependent translation
- leaky scanning
reinitiation

miRNA targeting
- RNA destabilisation
- Translation repression

Pregenomic RNA encapsidation

Figure 1 overview of the steps of post-transcriptional processing and translation of hepatitis B virus RNAs. The circular hepatitis B virus (HBV) genome is
represented as the closed circular DNA (cccDNA). It encodes four large overlapping open reading frames encoding the core (C), surface (S), polymerase (P) and X
proteins. It is transcribed into four main transcripts (HBV RNAs) with common polyadenylation sites and 3’ ends. Sites in which the virus uses processes that differ
from the host are indicated and reviewed in the text (1) Transcription at specific viral promoters; (2) Non-canonical polyadenylation; (3) Partial splicing; (4) Nuclear
export; and (5) Translation by leaky scanning and reinitiation.

their RNA and employ mechanisms that can exploit the
host nuclear export machinery to efficiently export their
unspliced or intronless mRNAs[27]. Furthermore viruses
have adopted means to interfere with cellular mRNA
export, or protein export, particularly of antiviral effectors e.g. those induced by interferon[28,29] in order to improve the export of their transcripts. Nevertheless, these
processes may remain inefficient, as reflected by the
poor export of HBV transcripts and lack of serological
marker production (e.g. HBsAg), contributing to the lack
of detection in “occult” HBV infection[30].
An export element for HBV mRNAs was first
proposed twenty years ago and named the HBV posttranscriptional regulatory element (HBV PRE)[31]. It was
shown to have the capacity to partially substitute for the
nuclear export element of HIV-1 (Rev responsive element, RRE) in a chloramphenicol acetyltransferase (CAT)
reporter construct (pDM138), whose expression is
entirely dependent on the RRE and Rev protein. Therefore, Huang and Liang[31] (1993) proposed that the HBV
PRE could have a similar function to the RRE by inhibiting splicing and facilitating nuclear export. Subsequent
studies have since uncovered in greater detail the functional core elements and its nuclear export pathway[8,32,33]
reviewed by Sommer and Heise[8] (2008). A summary
of current models for nuclear export of HBV is shown
in Figure 2. The indicated steps and the exact roles of
some proteins involved remain unclear.
The HBV PRE (nucleotide 1151-1684) is approximately
500 bases in length and is located within the 3′ ends of all
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HBV mRNAs. Computational analysis demonstrated
that the HBV PRE is a highly conserved element among
HBV genotypes and contains conserved secondary structures namely the HBV SLα (nucleotide 1292-1321) and
HBV SLβ1 (nucleotide 1417-1458)[7,8,34,35]. Despite the
possibility that HBV PRE may function through these
structured elements, no one has yet reported any cellular
factors that bind to these two stem-loops. Interestingly,
a subsection of this element known as HBV PRE fragment Ⅲ (nucleotide 1485-1584)[36] was found to strongly
bind two cellular proteins, GAPDH and PTB in in vitro
systems[37]. Furthermore, Huang et al[36] (1996) reported
that six copies of this HBV PRE fragment Ⅲ could increase the level of cytoplasmic S transcript in the same
manner as the full length HBV PRE. The activation of
cytoplasmic expression by HBV PRE was also observed
with other unspliced transcripts such as the CAT reporter gene of the HIV-1 based plasmid (pDM138)[38],
[39]
[31]
β- globin and c-myc Importantly, this function of
HBV PRE was only observed when it is in the correct
orientation[40]. Interestingly, HBV PRE confers no effect on very stable intronless transcripts such as codon
optimized luciferase (luc+) transcript[41]. Taken together,
these results demonstrated that HBV PRE serves as
a crucial nuclear export element for intronless transcripts[8].
Given that HBV PRE can function in the absence
of viral proteins, HBV PRE is likely to act through a
different nuclear export pathway to RRE. This proposal
is supported by findings from antibiotic sensitivity as-
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RNA Pol Ⅱ transcription
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SRE-1 AAA
preS2/S (2.1 kb)
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Binding of spliceosome
Cytoplasm
PTB?
SRE-1 AAA

(ii)

(iii)

All HBV transcripts

pgRNA

TAP independent NES
Core
AAA

TAP
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TAP RHA
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Translated into Core,
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Figure 2 Nuclear export of hepatitis B virus mRNAs. (i) Nuclear export for aberrant spliced hepatitis B virus (HBV) transcripts. In this pathway, HBV post-transcriptional regulatory element (PRE) enhances over-splicing of the pgRNA and perhaps also the S transcripts. The spliced RNAs are then possibly exported out via a TAP
pathway. These spliced HBV transcripts are translated into apparently non-functional proteins such as HBSP; (ii) Nuclear export of major HBV unspliced and intronless transcripts e.g. the preS/S and X transcripts. For this pathway, HBV PRE plays roles in inhibiting splicing as well as mediating the nuclear export of the unspliced
transcripts. The exact mechanism of this nuclear export pathway is unknown, but may involve binding of cellular proteins (PTB, GAPDH, hLa) near to conserved
secondary structures of HBV PRE; and (iii) TAP dependent NES pathway of the pgRNA transcript. The core protein binds the pgRNA facilitating its export though the
TAP/NFX1 pathway. SRE-1: Splicing regulatory element-1; NES: Nuclear export signals.

RRE, but not CTE[42] indicating a distinct pathway. In
silico analysis revealed that there is no RNA sequence
similarity between the CTE and HBV PRE. These data
also suggest that HBV PRE does not contain the binding site for TAP/NXF1, and did not directly interact
with the TAP/NXF1protein[45]. These results suggest,
HBV PRE is likely to utilize a distinct nuclear export
pathway different to that of RRE-Rev or CTE-TAP.
In addition, Zang et al[37], 2001 indicated that PTB is
important for the nuclear export activity of HBV PRE
because mutations of PTB binding sites on HBV PRE
fragment Ⅲ within a reporter construct drastically
decreased its expression. Moreover, cells that stably
overexpressed PTB could significantly increase expression of reporter protein in the presence of HBV PRE.
This was further supported by the finding that myeloid
differentiation primary response protein 88 (MyD88)
could inhibit PTB and the nuclear export of pre-S/S
RNAs via a PRE dependent mechanism[46].
Although studies have confirmed the function of
HBV PRE as nuclear export element of HBV pre-S/S
RNAs[37,46] it has been shown not to promote nuclear ex-

says whereby an inhibitor of leucine-rich nuclear export
signals (NES)-dependent export (CRM1-Rev interaction), leptomycin B strongly blocked the nuclear export
of RRE mediated mRNA export, but not the HBV
PRE export pathway [42]. These observations suggest
that the nuclear export of HBV PRE proceeds via a
CRM1 independent pathway and does not require viral
trans-acting factors for its function. Therefore, it was
hypothesized to respond in a similar way to the constitutive transport element CTE, an RNA cis-acting export
element found in the 3′ UTR of simple retroviruses,
Manson-Pfizer monkey virus and simian retrovirus type
1[43]. The CTE is 120 nucleotides in length and forms a
stem-loop structure that binds to the NXF protein family member TAP/NXF1[44]. CTE interacts directly with
TAP/NXF1, which then delivers the CTE-containing
transcript to the nuclear pore for export to the cytoplasm. TAP/NXF1 is a non-importinβ family transporter reporter, which plays a crucial role in nuclear
export of spliced cellular mRNAs but does not require
RanGTP. However, the mutant of Ran-binding protein
1 is found to block export mediated by HBV PRE and

WJG|www.wjgnet.com

7996

July 7, 2014|Volume 20|Issue 25|

Chen A et al . HBV post-transcriptional regulation

port of the full length pgRNA[8,47]. The HBV PRE also
contains a cis-acting splicing regulatory element (SRE-1)
(nucleotide 1252-1348), required for splicing of pgRNA.
SRE-1 has been shown to functionally substitute for a
retroviral bidirectional exonic splicing enhancer (ESE) in
a heterologous ESE-dependent reporter[8,47]. Therefore,
part of the HBV PRE also appears to be involved in
regulating the splicing of pgRNA.
Recently, four nuclear export signals have been reported at the C-terminus of the HBV core protein (HBc
or C)[32]. This is not surprising considering the HBV
core protein shuttles in infected cells, and must therefore be transported across the nuclear envelope. These
NES are arginine rich. By using heterokaryon analysis,
Li et al[32] (2010) demonstrated that these NES could
mediate transport between nuclei. Moreover, co-immunoprecipitation revealed that the core NES interacts directly with a cellular nuclear export factor TAP/NXF1.
The authors speculate that the core protein binds to
HBV RNAs, particularly the pgRNA, and exports them
(Figure 2 iii). The core protein may provide the long
sought after adapter between the pgRNA and TAP/
NXF1.
Several studies have suggested it may be possible
to target nucleocytoplasmic RNA export or RNA processing. Firstly the abundant RNA binding protein hLa
binds within the PRE SRE-1 and may be involved in
stabilising RNAs (Figure 2)[8,48]. An inhibitor of hLa protein, or RNAi targeted against hLa, were shown to have
anti-HBV activities[49,50]. In addition, the MxA protein
induced as part of the antiviral action of interferon also
inhibits nucleocytoplasmic export of HBV RNAs[51].
Similarly, targeting viral specific steps in the nucleocytoplasmic transport of viral proteins has been investigated
for several viruses[52].

for the P protein has been identified in infected cells[18,19].
A variety of mechanisms were postulated in which the
internal polymerase reading frame could be translated,
notably utilization of the frameshifting mechanism used
by HIV, shunting used by DHBV and CaMV, or the
internal ribosome entry site (IRES) mechanism used by
HCV (Figure 3).
Since the polymerase gene in hepadnaviruses is
known to be homologous to the retroviral pol gene, it
was suggested perhaps the P protein could be synthesised using the translational frameshifting mechanism
used by retroviruses to generate a core-polymerase fusion. Although truncated core-polymerase fusions were
detected in some tumours, this was found to be attributed to integrated rearranged viral DNA genomes[56].
Furthermore, no core-polymerase fusion protein was
detected in HBV infected cells. Later translation studies
conducted have also verified that the P protein is not
synthesised as a fusion protein[57].
Another proposed model was shunting, utilized by
the distantly related DHBV to synthesize its P protein
Figure 3[58]. However, this model (Figure 3) was considered unlikely as there are marked differences between the
pgRNA of DHBV and HBV. The DHBV pgRNA leader
is longer (900 nts) and more structured with 13 uAUGs
preceding the P gene whereas the shorter HBV pgRNA
leader (495 nts) has only 4 to 5 uAUGs and a less structured leader. Several independent HBV studies have also
shown that the P protein is unlikely to be translated from
an IRES mechanism as another genome-length transcript
but slightly longer, the pcRNA was not used to translate
the P protein[17,59]. All these postulated translation models
were tested and eventually excluded for HBV P protein
synthesis[17-20,60].
Further careful and exacting experiments subsequently
resulted in the proposal of a complex model. This involves leaky scanning and termination-reinitiation and
is consistent with all current experimental data (Figure
4A)[17,59]. However, the omission of a short and highly
conserved uORF (C0 ORF) from earlier studies required
a revision of the model proposed.
In the revised model incorporating the C0 ORF,
translation from the suboptimal C0 AUG would effectively allow those ribosomes to bypass the optimal C
AUG codon[15]. However, most of the ribosomes would
leaky scan past the suboptimal C0 AUG context to initiate at downstream C AUG and translates the C gene
(Figure 4A). Ribosomes which leaky scan past the C
AUG codon would then be available to initiate at C1, J
and C2 AUG codons. Those ribosomes which initiate at
the C1 and C2 AUG codons would translate a truncated
C ORF. The ribosomes which translate the C ORF are
unable to ‘backscan’ after termination and initiate at the
P AUG codon due to the distance of overlap[53]. (B) Ribosomes which translate the C0 ORF and terminate in
an appropriate context[61], could then re-engage in scanning and reinitiate at downstream J and P AUG codons,
to translate J and P proteins at a lower level. (C) Transla-

Translation of HBV RNA
Following export, the HBV RNA is translated by host
ribosomes (Figure 1). Most of the HBV proteins are
translated via a typical cellular ribosome scanning mechanism (Figure 3), before undergoing further processing
or modification. This is exemplified by the synthesis
of the S family of proteins. However, HBV, like many
viruses with a compact genome also produces polycistronic mRNAs. As a result, these viruses tend to adopt
alternative mechanisms to translate the multiple proteins
encoded by the different reading frames within such
mRNAs [53]. Some of these examples are outlined in
Figure 3. The HBV pgRNA is an example which employs variations to the host’s typical scanning translation
mechanism. The pgRNA transcript encodes four partially overlapping major open reading frames and contains
multiple AUG codons[17,18] (Figure 4). Since the core and
polymerase genes are both translated from the pgRNA,
the question that arises is, how is the polymerase coding
region translated? It is preceded by four uAUGs and the
core coding region. Furthermore, no specific transcript
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Figure 3 Alternative translation initiation mechanisms used by viruses and cellular mRNAs in eukaryotic cells. The line with a filled circle represents a
capped and polyadenylated mRNA with a 5′ UTR and open reading frame. The filled circle represents the cap, filled rectangle denotes an open reading frames, (A)n
represents the polyA tail and the curved arrowhead denotes translation initiation. Various strategies for initiating protein synthesis on each mRNA and for decoding
its information are outlined. The most common strategy used for cellular mRNAs is the scanning model. Other unconventional translational strategies employed by
eukaryotes and exploited by infecting viruses included internal ribosomal entry, shunting, leaky scanning, reinitiation[54], frameshifting and readthrough[53]. Human immunodeficiency virus and CaMV are related to hepatitis B virus[55].

tion of J ORF, would facilitate reinitiation at P and at
the same time preventing initiation at C2 AUG codon,
consistent with earlier studies[17]. Overall C0 would play
an inhibitory role being the first ORF within the pgRNA
as it decrease the availability of scanning ribosomes to C,
J, C2 and P as is observed experimentally[15].
Neither the J nor C0 peptides have been observed as
free peptides, although C0 can be detected as a reporter
fusion protein. It was further demonstrated that a synthetic C0 peptide was unstable in cell lysates (Chen et al[15]
unpublished). It is likely that they are unstable peptides
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and could take on the role of uORFs rather than protein.
Nevertheless, some uORF peptides have been shown to
confer function[22,62-64] and there is still an untested possibility that both the C0 and J could be functional peptides.

Sequence specific antivirals
targeting conserved regions of
the HBV RNA
Several classes of sequence specific antivirals have been
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Figure 4 Proposed model for P protein synthesis. A schematic representation of a pgRNA transcript and its coding regions. The pgRNA transcript encodes the
core (blue) and polymerase (yellow) genes. The pgRNA transcript start site is numbered 1. The pgRNA contains the ε structure and a repeated sequence of 117
bases in both its 5′ and 3′ ends. Vertical bars with dots represent the initiation codons within the pgRNA labelled C0, C, C1, J, C2 and P. The height of each bar represents the match to the "ideal" initiation context (Kozak’s consensus)[15]. Filled boxes represent ORFs encoded by each initiation codon, (A)n denotes the polyA tail and
the black dot at the 5′ end denotes the cap structure. The proposed model for P protein synthesis extends a scanning model. A: Leaky scanning. Ribosomes would
scan from the capped 5′ end of the pgRNA, ribosomes would predominantly scan past C0 (in a poor initiation context) and initiate at the C AUG codon (which has an
optimal initiation context) synthesising the core. However, some ribosomes may continue to leaky scan (represented by horizontal arrowheads) past the C AUG initiating at distal AUGs (e.g. making truncated core proteins from C1 or C2); B: role of C0. The C0 initiation codon is the first in the pgRNA, some ribosomes would initiate
here, when they terminate they could re-initiate at P or J (represented by lower curved arrows). Those that initiate at P would translate the polymerase; C: role of J.
Ribosomes which bypass C and C1 AUG codons by leaky scanning would then initiate translation at the J AUG codon (optimal initiation context), translating the short
J ORF effectively bypassing the C2 AUG codon. Ribosomes which translated the J ORF may then reinitiate at the P AUG codon, translating the polymerase (curved
arrow).

silon (ε) or stem loops in the PRE have been effective[77].
Large numbers of RNAi candidates have been screened
and their effects determined experimentally[66,79]. Some
of the current candidates target conserved regions of
the HBV genome involved in the post-transcriptional
processes described here[77].

proposed to target specific sequences in the HBV DNA
or RNA. These include siRNA[65], shRNA[65,66], miRNA
like[67-69], PNA[70], ribozymes[71] and SELEX selected RNA
aptamers[72]. There has been an increasing interest in the
development of RNAi based inhibitors using miRNA
or siRNA based vectors, reviewed in[69,73]. There is some
evidence that endogenous cellular miRNAs could target
HBV RNAs and their enhancement may also provide
an antiviral effect[74-76]. Significant hurdles that are being
overcome include delivery of RNA based drugs, offtarget effects, and mutation of the target sites[73,77-79]. One
strategy to target multiple HBV genotypes and avoid
mutation(s) when utilizing RNA-based drugs is to target
conserved regions of the genome. These include parts
of the PRE and the epsilon, which are not only very
conserved but also quite structured. Surprisingly, the targeting of structured parts of the HBV RNA e.g. the ep-
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Prospective targets within the ε-P
protein complex
The 5′ end of the pgRNA which includes the ε structure
and the C0 ORF is involved in critical steps of the HBV
lifecycle. The RNA sequence within this region is highly
conserved across all HBV genotypes and must function
both as an RNA element and be translated[21,80,81]. This
region of the RNA and its interactions present a unique
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Figure 5 schematic model for the initiation of reverse transcription in hepatitis B virus with stages targetable by existing drugs, as well as potential targets for antiviral compounds. These may serve as a basis to design new strategies combining drugs with different mechanisms of action. Domains of the P protein
are abbreviated as follows: terminal protein (TP), RNase H domain (RH), reverse transcriptase domain (RT). Open circles represent cellular chaperones. The initiation
of reverse transcription to generate a dsDNA genome involves the pgRNA which is also the template for C and P protein translation. In this model, the C0 ORF which
spans the ε structure is also translated (albeit weakly) and could potentially discriminate the selection of pgRNA required for encapsidation and translation (step 1).
Secondly, the hepatitis B virus (HBV) P protein would then interact with cellular chaperones (heat shock proteins), the ε structure and gain enzymatic activity (step 2).
Next, the reverse transcription step is primed by the formation of covalent bond between conserved tyrosine of the TP domain and the first nt of the minus-strand DNA
followed by additions of three more nucleotides, GAA in a template dependent manner (step 3). Following an arrest in the viral DNA synthesis, a strand transfer occurs
and the complex of P protein and short DNA primer is translocated to the 3′ end of the template DR1 (step 4). Then, elongation of the minus-strand DNA continues (step
5). Currently, the triphosphate forms of nucleoside analogs have shown inhibitory effects on the priming reaction (targeting step 3) or interfere with viral minus-strand
DNA elongation (targeting step 5).

target for antivirals. We speculate on some of these below. The steps which could be targeted using molecular
drugs are summarized below and in Figure 5.
There are several other ways in which the ε-P protein
interaction could be targeted. The conserved ε sequence
required for P protein binding, the main sequence determinants of the internal bulge (specifically its first
and second nucleotides) and sequences surrounding the
bulge (upper part of the lower stem and the unpaired
base at the upper stem as well as the lower part of the
upper stem[82]). These sequences could be targets for ASOGs, ribozymes and RNA aptamers. This could disrupt
initiation of replication, encapsidation as well as expression of C0, which may in turn disrupt polymerase expression.
Hammerhead ribozymes[83] which preferentially cleave
after an AUG or CUG triplet could be used to target
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several specific regions within this complex. First, the
CUG sequences at the bulge, the triloop as well as upper
part of the stem loop sequence, and also the C0 AUG or
C AUG codons. Importantly both the C0 and C AUG
triplets are in close proximity and are involved in the
base-pairing required for the ε lower stem-loop. Successful cleavage of these sequences especially around the C
and C0 AUG codons would impact significantly on C0
and C translation and disrupt the ε secondary structure
required for HBV encapsidation and initiation of RNA
replication.
Additionally, the usage of ε-specific RNA aptamers[72]
would also have the potential to interfere with scanning
ribosomes and P protein binding, inhibiting protein
expression and encapsidation or priming. Alternatively,
targeting the HBV P protein at various crucial domains
using aptamers would potentially have a similar effect.
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Although the entire P protein is required for pgRNA
packaging[84] regions mapped to less than 400 residues
of the TP domain and the N-terminal portion of the
RT domain are sufficient for specific ε binding[80,82]. The
TP domain required for priming activity has also been
mapped to residues 20 to 199 similar to that required
for ε binding (residues 42 to 196). Aptamers could then
be used to target these regions of overlap within the TP
domain responsible for protein priming and ε binding.
Since the priming mechanism differs from any cellular
priming it presents an excellent site, which specifically
targets HBV with the potential to inhibit or stall the
initiation of replication. A successful aptamers association to the TP would mean that the pgRNA-P protein
interaction could be impaired in addition to the inability
to proceed in reverse transcription, aborting viral encapsidation or causing the formation of defective viral
particles devoid of DNA genome.
The encapsidation process that centres on the ε
structure would present a good target as it facilitates not
only the initiation of replication but also the subsequent
packaging process. Additionally, it also has the potential
to regulate or repress essential replicative proteins (C
and P) protein expression by disrupting C0 translation
at the ε region. The potential to disrupt multiple steps at
one site would make it a very effective target to halt viral
replication, unlike nucleos(t)ides analogs which target a
single step (DNA replication) rendering them more susceptible to resistance.

The current natural products are not immediately
useful as drugs in most cases[85]. However, they may be
further developed as potent drugs through chemical
modification or serve as novel pharmacophores for a
drug design, or identify novel viral targets for treatment.

CONCLUSION
In this review we have outlined the current knowledge
of post-transcriptional regulation of gene expression in
the HBV lifecycle. We have also speculated on the idea
that compounds from natural products with unknown
molecular targets might target these types of steps.
However, there is currently not enough evidence as to
how they act, or to support the clinical use of these substances[85].
The review has emphasized where HBV post-transcriptional processes differ from the host machinery as
these are potential sites of new antivirals. However, the
potential of antivirals to target these steps has received
little attention. New compounds might target these steps
directly either through the conserved sites in the viral
RNAs or via the host and viral proteins that interact with
them.
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Core tip: Patients with alcoholic cirrhosis develop portal
hypertension and hemodynamics alterations similarly
to patients with cirrhosis of other etiologies, but some
specific features can be observed. Compared to viral
cirrhosis, sinusoidal pressure is generally higher, hepatic
venous pressure gradient reflects portal pressure better,
the portal flow perfusing the liver is reduced despite
an increase in liver weight, the prevalence of reversal
portal blood flow is higher, a patent paraumbilical vein
is a more common finding and signs of hyperdynamic
circulations, such as an increased cardiac output and
decreased systemic vascular resistance, are more pronounced.

Abstract
Alcohol-related cirrhosis is a consequence of heavy
and prolonged drinking. Similarly to patients with cirrhosis of other etiologies, patients with alcoholic cirrhosis develop portal hypertension and the hepatic,
splanchnic and systemic hemodynamic alterations that
follow. However, in alcoholic cirrhosis, some specific
features can be observed. Compared to viral cirrhosis,
in alcohol-related cirrhosis sinusoidal pressure is generally higher, hepatic venous pressure gradient reflects
portal pressure better, the portal flow perfusing the
liver is reduced despite an increase in liver weight,
the prevalence of reversal portal blood flow is higher,
a patent paraumbilical vein is a more common finding
and signs of hyperdynamic circulations, such as an increased cardiac output and decreased systemic vascular resistance, are more pronounced. Moreover, alcohol
consumption can acutely increase portal pressure and
portal-collateral blood flow. Alcoholic cardiomyopathy,
another pathological consequence of prolonged alcohol
misuse, may contribute to the hemodynamic changes
occurring in alcohol-related cirrhosis. The aim of this
review was to assess the portal-hepatic changes that
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INTRODUCTION
Alcoholic liver disease is a consequence of heavy and
prolonged drinking that can progress from hepatic
steatosis through to steatohepatitis, liver fibrosis and
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eventually cirrhosis. The molecular pathogenesis is a
multifactorial process involving alcohol metabolism and
secondary mechanisms such as oxidative stress, endotoxin, cytokines and immune regulators[1]. Similarly to
patients with cirrhosis of other etiologies, patients with
alcoholic cirrhosis are prone to develop portal hypertension. Several studies show that only one third of patients
with alcoholic cirrhosis are hospitalized before decompensation, and in the first year after discharge they have
a 6% risk of developing variceal bleeding, a 4% risk of
developing hepatic encephalopathy and a 20% risk of
developing ascites[2]. The main factor leading to decompensation of alcohol-related cirrhosis is the persistence
of regular alcohol consumption.
The aim of this review is to assess the portal-hepatic
changes that occur in alcohol-related cirrhosis, focusing
on the differences observed in comparison with patients
with viral cirrhosis.

portal pressure.
Specific-features of alcohol-related cirrhosis are listed
in Table 1.
Some studies have reported a higher portal pressure
in patients with alcoholic cirrhosis compared with patients with viral cirrhosis at the same stage[26-28]. However,
this finding may also relate to the methods used to determine portal pressure (vide infra).
In a study conducted by our group[29] the portal flow
perfusing the liver per gram of liver tissue was lower in
patients with alcoholic cirrhosis compared with patients
with viral cirrhosis. On the other hand, despite a similar
degree of severity of the disease, liver weight was higher
in alcoholic cirrhosis. These findings suggest a more
marked sinusoidal distortion and consequent higher sinusoidal resistance in alcoholic cirrhosis. Indeed, patients
with alcohol-related liver disease show a marked reduction in relative sinusoidal area compared to patients with
non-alcoholic cirrhosis. Moreover, only in patients with
alcohol-related cirrhosis and markedly reduced sinusoidal
area, portal pressure correlated inversely with sinusoidal
area; this was not the case in patients with non-alcoholic
liver disease[30]. These data are supported by another study
in which portal venous tissue blood flow was evaluated in
cirrhosis of different etiologies by Computerized Tomography[31]. In alcohol-related cirrhosis, portal venous and
total hepatic tissue blood flow were significantly lower
compared to hepatitis C virus (HCV)-related cirrhosis[31].
Reversal blood flow is a negative prognostic index
in patients with liver cirrhosis. It is generally associated
with the transit of blood from the portal vein to extrahepatic shunts or with the onset of ascites[32,33]. Hepatofugal flow is a characteristic feature of alcoholic cirrhosis,
while it is not commonly observed in viral cirrhosis[33].
In patients with alcohol-related cirrhosis, reversal portal blood flow correlates with a more severe degree of
hepatic failure[33-36]. The reason why reversal blood flow
has a higher prevalence in alcoholic liver cirrhosis may
relate, at least to some extent, to the association between
alcohol-related etiology and portal-systemic shunts and
pericentral fibrosis[33].
In patients with portal hypertension, portal-systemic
collaterals develop as a consequence of the increased
resistance to flow[37,38]. A patent paraumbilical vein is a
common portal-systemic collateral in cirrhosis and its
prevalence is significantly higher in patients with alcoholrelated cirrhosis compared to those with viral cirrhosis[29,39]. Moreover, Le Moine et al[26] found that the prevalence of variceal bleeding was higher in patients with
alcoholic cirrhosis compared to those with viral cirrhosis.
Also the severity of hyperdynamic syndrome seems
to vary between patients with cirrhosis of different etiologies. A study including patients with both alcoholic
and HCV-related cirrhosis showed that splanchnic arterial
vasodilatation is more marked in the alcoholic group. As
expected, in both groups cardiac output was higher and
systemic vascular resistance lower compared to healthy
volunteers, but the pathological modifications were more

PORTAL-HEPATIC HEMODYNAMICS
In cirrhosis, portal pressure increases because of enhanced resistance to portal outflow[3-5] and an increase
in splanchnic blood flow[6,7]. Several vasoactive systems
and molecules activated in portal hypertension, first of
all nitric oxide (NO)[8,9], determine a marked splanchnic
vasodilatation, which is responsible for the increased
splanchnic blood flow and the onset of hyperdynamic
circulation. This is characterized by increased cardiac
output and heart rate, splanchnic arterial vasodilatation and reduced arterial blood pressure[10-13]. Central
blood volume is reduced, because of its displacement to
splanchnic circulation, resulting into a central hypovolemia[14]. These events lead to a secondary and massive activation of counter-regulatory systems, mainly the reninangiotensin-aldosterone system and the sympathetic
nervous system[15,16]. However, in cirrhosis, the presence
of autonomic dysfunction causes a reduced sensitivity to
vasoconstrictors in the systemic and splanchnic vessels
that contributes to the splanchnic vasodilatation and hyperdynamic circulation caused by NO and other vasodilating systems[17-20].
In alcoholic cirrhosis, portal vein pressure is influenced by the consumption of alcohol: Klein et al[21]
showed that after one year of abstinence, portal vein
pressure and the size of esophageal varices almost halved.
Resuming oral alcohol intake significantly increased portal pressure and portal-collateral blood flow, worsening
the portal hypertensive syndrome[21]. In patients with
alcohol-induced cirrhosis, besides the chronic effects on
the liver tissue and hemodynamics, ethanol can acutely
increase portal pressure and portal-collateral blood flow.
The increase in hepatic venous pressure gradient is maximum at 15 min and remains significant at 45 min after
oral ethanol intake[22]. Hepatocyte swelling, a characteristic of alcoholic liver disease observed after the acute
administration of alcohol[23-25], may determine an acute
increase in intrahepatic resistance and, in turn, increased
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Table 1 Portal-hepatic hemodynamics in alcohol-related and viral cirrhosis

Increase in intrahepatic resistance
Portal pressure
Hepatic venous pressure gradient
Portal perfusion of the liver per gram of tissue in
end-stage liver disease
Reversal portal blood flow
Patent paraumbilical vein
Hyperdynamic circulation

Alcohol-related cirrhosis

Viral cirrhosis

Increase in sinusoidal and postsinusoidal resistance
Higher increase in sinusoidal pressure
Accurately reflects portal pressure
Higher reduction

Increase also in presinusoidal resistance
Lower increase in sinusoidal pressure
Less accurately reflects portal pressure
Lower reduction

More common
More common
More pronounced

Rare
Less common
Less pronounced

pronounced in the alcoholic group. Moreover, the hepatic
congestion index measured by ultrasound was increased
only in alcoholic patients with cirrhosis and ascites[40].

preload and afterload, decreased β-adrenergic receptor
function, post-receptor dysfunction, defective excitationcontraction coupling, conductance abnormalities[53] and
decreased heart rate variability[54], regardless of the etiology of cirrhosis. Alcohol-related cardiomyopathy, one of
the consequences of prolonged alcohol consumption,
can occur in subjects both with and without cirrhosis[55,56].
While chronic (10-12 years) consumption of amounts of
ethanol as low as 25 g/d in males and 12 g/d in females
is associated with an increased risk of cirrhosis, > 90 g/d
for at least 5 years seem to be needed for inducing changes in cardiac structure and function[2,57-60]. The pathogenesis of such dysfunction is probably related to cell death
and modifications in myocyte homeostasis[61], including
oxidative damage, deposition of triglycerides, impaired
myofilament calcium sensitivity, altered protein synthesis
and direct effect of acetaldehyde, a major product of alcohol metabolism[62]. The dysfunction of the autonomic
nervous system which is typical of alcohol misusers also
contributes to the cardiac alterations observed in this
condition[63]. Alcoholic cardiomyopathy is characterized
by left ventricular hypokinesis, left ventricular dilatation,
tachyarrhythmias (transient atrial fibrillation), QT interval
prolongation and sudden cardiac death[64-66]. Despite the
different pathogenesis, the distinction with cirrhotic cardiomyopathy can be difficult, since some features, such
as QT interval prolongation and autonomic dysfunction,
are common. On the other hand, 4-chamber dilatation
with normal or decreased left ventricular wall thickness
is more commonly observed in alcohol-related cirrhosis[67,68], while cirrhotic cardiomyopathy is more often
characterized by hypertrophy, at least in the early stages[69].
It is plausible that the cardiac dysfunction which characterizes alcohol-related cardiomyopathy may contribute to
the hemodynamic changes occurring in alcohol-related
cirrhosis.

PORTAL PRESSURE MEASUREMENT
Portal pressure is currently estimated by the measurement
of the hepatic venous pressure gradient, which is the
difference between wedged and free hepatic vein pressure, measured by hepatic vein catheterization[41-43]. The
method measures indirectly the sinusoidal pressure, thus
estimating portal pressure[44,45]. Therefore, it is not able to
detect an increase in presinusoidal resistance. Indeed, it
has been shown that the measurement of wedged hepatic
vein pressure closely reflects portal pressure in patients
with alcoholic cirrhosis, but it underestimates portal pressure in patients with nonalcoholic cirrhosis[46], probably
because of a pre-sinusoidal component to the portal
hypertension of viral cirrhosis[47]. The measurement of
wedged hepatic venous pressures in alcohol-related cirrhosis provides a reliable estimate of the severity of
portal hypertension, while hemodynamic evaluation of
nonalcoholic cirrhosis should include direct portal vein
pressure measurement in order to avoid underestimation
of the portal-hepatic gradient[46,48].
The different anatomical changes of intrahepatic
portal circulation in alcoholic and viral cirrhosis was
confirmed by a meta-analysis of the agreement between
wedge hepatic vein pressure and portal vein pressure in
cirrhotic patients[49]. Wedged hepatic pressure measurement correlated well with direct portal pressure measurement and the agreement was sufficiently good to use this
as a surrogate measurement[49-51]. However, the agreement
between the two measurements was lower in HCV-related cirrhosis compared to alcohol-related cirrhosis[49]. The
lack of a presinusoidal component to portal hypertension
in alcoholic cirrhosis may explain why an inverse relationship between portal blood velocity and flow, and hepatic
venous pressure gradient was reported only in a study of
patients with alcoholic cirrhosis[52].

CONCLUSION
Alcohol-related cirrhosis is characterized by some peculiar features of portal-hepatic hemodynamics, compared
to cirrhosis of other etiologies. The knowledge of the
specific characteristics of this condition may help in the
management of portal hypertension and its complications in patients with alcohol-related cirrhosis.

ALCOHOLIC CARDIOMYOPATHY
In patients with cirrhosis, progressive stages of cardiac
disease have been documented. Cirrhotic cardiomyopathy
is characterized by impaired cardiac contractility during

WJG|www.wjgnet.com

8007

July 7, 2014|Volume 20|Issue 25|

Bolognesi M et al . Hemodynamics of alcohol-related cirrhosis

REFERENCES
1

2

3
4
5

6
7
8

9
10

11
12

13

14
15

16
17

18

19

Seth D, Haber PS, Syn WK, Diehl AM, Day CP. Pathogenesis of alcohol-induced liver disease: classical concepts and
recent advances. J Gastroenterol Hepatol 2011; 26: 1089-1105
[PMID: 21545524 DOI: 10.1111/j.1440-1746.2011.06756.x]
European Association for the Study of Liver. EASL clinical
practical guidelines: management of alcoholic liver disease.
J Hepatol 2012; 57: 399-420 [PMID: 22633836 DOI: 10.1016/
j.jhep.2012.04.004]
Cichoz-Lach H, Celiński K, Słomka M, KasztelanSzczerbińska B. Pathophysiology of portal hypertension. J
Physiol Pharmacol 2008; 59 Suppl 2: 231-238 [PMID: 18812641]
Bosch J, Pizcueta P, Feu F, Fernández M, García-Pagán JC.
Pathophysiology of portal hypertension. Gastroenterol Clin
North Am 1992; 21: 1-14 [PMID: 1568769]
Okumura H, Aramaki T, Katsuta Y. Pathophysiology and
epidemiology of portal hypertension. Drugs 1989; 37 Suppl 2:
2-12; discussion 47 [PMID: 2680428 DOI: 10.2165/00003495-1
98900372-00003]
Maruyama H, Yokosuka O. Pathophysiology of portal hypertension and esophageal varices. Int J Hepatol 2012; 2012:
895787 [PMID: 22666604 DOI: 10.1155/2012/895787]
Benoit JN, Granger DN. Splanchnic hemodynamics in
chronic portal hypertension. Semin Liver Dis 1986; 6: 287-298
[PMID: 3544222 DOI: 10.1055/s-2008-1040611]
Bolognesi M, Sacerdoti D, Di Pascoli M, Angeli P, Quarta S,
Sticca A, Pontisso P, Merkel C, Gatta A. Haeme oxygenase
mediates hyporeactivity to phenylephrine in the mesenteric
vessels of cirrhotic rats with ascites. Gut 2005; 54: 1630-1636
[PMID: 16227362 DOI: 10.1136/gut.2004.063735]
Bomzon A, Blendis LM. The nitric oxide hypothesis and the
hyperdynamic circulation in cirrhosis. Hepatology 1994; 20:
1343-1350 [PMID: 7927270 DOI: 10.1002/hep.1840200535]
Groszmann RJ. Hyperdynamic circulation of liver disease
40 years later: pathophysiology and clinical consequences.
Hepatology 1994; 20: 1359-1363 [PMID: 7927273 DOI: 10.1002/
hep.1840200538]
Kowalski HJ, Abelmann WH. The cardiac output at rest in
Laennec’s cirrhosis. J Clin Invest 1953; 32: 1025-1033 [PMID:
13096569 DOI: 10.1172/JCI102813]
Bech JN, Aagaard NK, Pedersen RS, Sorensen TB, Vilstrup
H, Pedersen EB. Renal effects of NO-inhibition in patients
with cirrhosis vs. healthy controls: a randomized placebocontrolled crossover study. Liver Int 2014; 34: 211-219 [PMID:
23809512 DOI: 10.1111/liv.12233]
Hu LS, George J, Wang JH. Current concepts on the role
of nitric oxide in portal hypertension. World J Gastroenterol
2013; 19: 1707-1717 [PMID: 23555159 DOI: 10.3748/wjg.v19.
i11.1707]
Blendis L, Wong F. The hyperdynamic circulation in cirrhosis: an overview. Pharmacol Ther 2001; 89: 221-231 [PMID:
11516477 DOI: 10.1016/S0163-7258(01)00124-3]
Henriksen JH, Møller S, Ring-Larsen H, Christensen
NJ. The sympathetic nervous system in liver disease. J
Hepatol 1998; 29: 328-341 [PMID: 9722218 DOI: 10.1016/
S0168-8278(98)80022-6]
Møller S, Henriksen JH. Neurohumoral fluid regulation in
chronic liver disease. Scand J Clin Lab Invest 1998; 58: 361-372
[PMID: 9819185 DOI: 10.1080/00365519850186346]
Møller S, Iversen JS, Henriksen JH, Bendtsen F. Reduced
baroreflex sensitivity in alcoholic cirrhosis: relations to hemodynamics and humoral systems. Am J Physiol Heart Circ
Physiol 2007; 292: H2966-H2972 [PMID: 17293491]
Hendrickse MT, Triger DR. Peripheral and cardiovascular
autonomic impairment in chronic liver disease: prevalence
and relation to hepatic function. J Hepatol 1992; 16: 177-183
[PMID: 1336506 DOI: 10.1016/S0168-8278(05)80112-6]
Genovesi S, Prata Pizzala DM, Pozzi M, Ratti L, Milanese M,
Vincenti A, Stella A, Mancia G. Baroreceptor sensitivity and

WJG|www.wjgnet.com

20

21

22

23

24

25
26

27

28

29

30

31

32

33

8008

baroreceptor effectiveness index in cirrhosis: the relevance of
hepatic venous pressure gradient. Liver Int 2010; 30: 232-239
[PMID: 19793198 DOI: 10.1111/j.1478-3231.2009.02125.x]
Veglio F, Melchio R, Calva S, Rabbia F, Gallo V, Molino P,
Mengozzi G, Mulatero P, Martini G, Riva P, Chiandussi L.
Noninvasive assessment of spontaneous baroreflex sensitivity in patients with liver cirrhosis. Liver 1998; 18: 420-426
[PMID: 9869397 DOI: 10.1111/j.1600-0676.1998.tb00827.x]
Klein CP, Kalk JF, Müting D, Klein CG. [The effect of alcohol on portal vein hemodynamics in nutritional-toxic liver
cirrhosis]. Dtsch Med Wochenschr 1993; 118: 89-93 [PMID:
8428561 DOI: 10.1055/s-2008-1059304]
Luca A, García-Pagán JC, Bosch J, Feu F, Caballería J, Groszmann RJ, Rodés J. Effects of ethanol consumption on hepatic
hemodynamics in patients with alcoholic cirrhosis. Gastroenterology 1997; 112: 1284-1289 [PMID: 9098014 DOI: 10.1016/
S0016-5085(97)70142-2]
Nakano M, Maruyama K, Okuyama K, Takahashi H, Yokoyama K, Takagi S, Shiraki H, Ishii H. The characteristics of
alcoholics with HCV infection: histopathologic comparison
with alcoholics without HCV infection and chronic type
C hepatitis. Alcohol Alcohol Suppl 1993; 1B: 35-40 [PMID:
8003127]
Elmér O, Bengmark S, Göransson G, Sundqvist K, Söderström N. Acute portal hypertension after gastric administration of ethanol in the pig. Eur Surg Res 1982; 14: 298-308
[PMID: 7117336 DOI: 10.1159/000128302]
Wondergem R, Davis J. Ethanol increases hepatocyte water
volume. Alcohol Clin Exp Res 1994; 18: 1230-1236 [PMID:
7531405 DOI: 10.1111/j.1530-0277.1994tb00110.x]
Le Moine O, Hadengue A, Moreau R, Sogni P, Soupison T,
Yang S, Hartleb M, Lebrec D. Relationship between portal
pressure, esophageal varices, and variceal bleeding on the
basis of the stage and cause of cirrhosis. Scand J Gastroenterol
1997; 32: 731-735 [PMID: 9246716]
Perelló A, Escorsell A, Bru C, Gilabert R, Moitinho E, GarcíaPagán JC, Bosch J. Wedged hepatic venous pressure adequately reflects portal pressure in hepatitis C virus-related
cirrhosis. Hepatology 1999; 30: 1393-1397 [PMID: 10573517
DOI: 10.1002/hep.510300628]
Nagula S, Jain D, Groszmann RJ, Garcia-Tsao G. Histological-hemodynamic correlation in cirrhosis-a histological
classification of the severity of cirrhosis. J Hepatol 2006; 44:
111-117 [PMID: 16274836 DOI: 10.1016/j.jhep.2005.07.036]
Bolognesi M, Sacerdoti D, Mescoli C, Bombonato G, Cillo U,
Merenda R, Giacomelli L, Merkel C, Rugge M, Gatta A. Different hemodynamic patterns of alcoholic and viral endstage
cirrhosis: analysis of explanted liver weight, degree of fibrosis and splanchnic Doppler parameters. Scand J Gastroenterol
2007; 42: 256-262 [PMID: 17327946 DOI: 10.1080/0036552060
0880914]
Vidins EI, Britton RS, Medline A, Blendis LM, Israel Y, Orrego H. Sinusoidal caliber in alcoholic and nonalcoholic
liver disease: diagnostic and pathogenic implications.
Hepatology 1985; 5: 408-414 [PMID: 3997070 DOI: 10.1002/
hep.1840050311]
Takahashi H, Suzuki M, Ikeda H, Kobayashi M, Sase S,
Yotsuyanagi H, Maeyama S, Iino S, Itoh F. Evaluation of
quantitative portal venous, hepatic arterial, and total hepatic
tissue blood flow using xenon CT in alcoholic liver cirrhosiscomparison with liver cirrhosis related to hepatitis C virus
and nonalcoholic steatohepatitis. Alcohol Clin Exp Res 2010;
34 Suppl 1: S7-S13 [PMID: 18986379]
Gaiani S, Bolondi L, Li Bassi S, Zironi G, Siringo S, Barbara L.
Prevalence of spontaneous hepatofugal portal flow in liver
cirrhosis. Clinical and endoscopic correlation in 228 patients.
Gastroenterology 1991; 100: 160-167 [PMID: 1983817]
Hirata M, Kurose K, Minami H, Kumagi T, Akbar SM, Michitaka K, Horiike N, Onji M. Clinical characteristics of portal
hemodynamics in alcoholic liver cirrhosis. Alcohol Clin Exp

July 7, 2014|Volume 20|Issue 25|

Bolognesi M et al . Hemodynamics of alcohol-related cirrhosis

34

35

36

37

38
39

40

41

42
43
44
45

46

47

48

49

Res 2004; 28: 148S-152S [PMID: 15318103]
Dömland M, Gebel M, Caselitz M, Bleck J, Manns MP. Comparison of portal venous flow in cirrhotic patients with and
without paraumbilical vein patency using duplex-sonography. Ultraschall Med 2000; 21: 165-169 [PMID: 11008315 DOI:
10.1055/s-2000-6928]
Mostbeck GH, Wittich GR, Herold C, Vergesslich KA,
Walter RM, Frotz S, Sommer G. Hemodynamic significance
of the paraumbilical vein in portal hypertension: assessment with duplex US. Radiology 1989; 170: 339-342 [PMID:
2643137]
von Herbay A, Frieling T, Häussinger D. Color Doppler
sonographic evaluation of spontaneous portosystemic
shunts and inversion of portal venous flow in patients
with cirrhosis. J Clin Ultrasound 2000; 28: 332-339 [PMID:
10934332]
Zardi EM, Uwechie V, Caccavo D, Pellegrino NM, Cacciapaglia F, Di Matteo F, Dobrina A, Laghi V, Afeltra A. Portosystemic shunts in a large cohort of patients with liver cirrhosis:
detection rate and clinical relevance. J Gastroenterol 2009; 44:
76-83 [PMID: 19159076 DOI: 10.1007/s00535-008-2279-1]
Garcia-Tsao G. Portal hypertension. Curr Opin Gastroenterol
2002; 18: 351-359 [PMID: 17033306 DOI: 10.1097/00001574-20
0205000-00009]
Chen CH, Wang JH, Lu SN, Tung WC, Hung CH, Lee CM,
Changchien CS. Comparison of prevalence for paraumbilical
vein patency in patients with viral and alcoholic liver cirrhosis. Am J Gastroenterol 2002; 97: 2415-2418 [PMID: 12358266
DOI: 10.1111/j.1572-0241.2002.05996.x]
Momiyama K, Nagai H, Sumino Y. Comparison of the
hemodynamics between patients with alcoholic or HCVrelated cirrhosis. Hepatogastroenterology 2011; 58: 2036-2040
[PMID: 22234075 DOI: 10.5754/hge10121]
Merkel C, Bolognesi M, Bellon S, Zuin R, Noventa F, Finucci
G, Sacerdoti D, Angeli P, Gatta A. Prognostic usefulness
of hepatic vein catheterization in patients with cirrhosis
and esophageal varices. Gastroenterology 1992; 102: 973-979
[PMID: 1537533]
Kumar A, Sharma P, Sarin SK. Hepatic venous pressure gradient measurement: time to learn! Indian J Gastroenterol 2008;
27: 74-80 [PMID: 18695309]
Albilllos A, Garcia-Tsao G. Classification of cirrhosis: the
clinical use of HVPG measurements. Dis Markers 2011; 31:
121-128 [PMID: 22045397 DOI: 10.1155/2011/706032]
Merkel C, Montagnese S. Hepatic venous pressure gradient
measurement in clinical hepatology. Dig Liver Dis 2011; 43:
762-767 [PMID: 21549649 DOI: 10.1016/j.dld.2011.03.002]
Viallet A, Joly JG, Marleau D, Lavoie P. Comparison of free
portal venous pressure and wedged hepatic venous pressure
in patients with cirrhosis of the liver. Gastroenterology 1970;
59: 372-375 [PMID: 5458283]
Pomier-Layrargues G, Kusielewicz D, Willems B, Villeneuve
JP, Marleau D, Côté J, Huet PM. Presinusoidal portal hypertension in non-alcoholic cirrhosis. Hepatology 1985; 5: 415-418
[PMID: 3997071 DOI: 10.1002/hep.1840050312]
Boyer TD, Triger DR, Horisawa M, Redeker AG, Reynolds
TB. Direct transhepatic measurement of portal vein pressure using a thin needle. Comparison with wedged hepatic
vein pressure. Gastroenterology 1977; 72: 584-589 [PMID:
838210]
Vanbiervliet G, Pomier-Layrargues G, Huet PM. [Invasive
diagnosis of portal hypertension in cirrhosis: a critical evaluation of the hepatic venous pressure gradient measurement].
Gastroenterol Clin Biol 2005; 29: 988-996 [PMID: 16435504
DOI: 10.1016/S0399-8320(05)88171-0]
Thalheimer U, Leandro G, Samonakis DN, Triantos CK,
Patch D, Burroughs AK. Assessment of the agreement between wedge hepatic vein pressure and portal vein pressure
in cirrhotic patients. Dig Liver Dis 2005; 37: 601-608 [PMID:
15908290 DOI: 10.1016/j.dld.2005.02.009]

WJG|www.wjgnet.com

50

51

52

53

54

55

56

57

58

59

60
61
62
63

64

65

8009

Saito M, Ohnishi K, Terabayashi H, Tanaka H, Iida S, Nomura F. Measurement of intrahepatic pressure as an index
of hepatic sinusoidal pressure. Am J Gastroenterol 1987; 82:
1057-1061 [PMID: 3661515]
Lin HC, Tsai YT, Lee FY, Chang TT, Wang SS, Lay CS, Lee
SD, Lo KJ. Comparison between portal vein pressure and
wedged hepatic vein pressure in hepatitis B-related cirrhosis.
J Hepatol 1989; 9: 326-330 [PMID: 2607121 DOI: 10.1016/01688278(89)90141-4]
Taourel P, Blanc P, Dauzat M, Chabre M, Pradel J, Gallix B,
Larrey D, Bruel JM. Doppler study of mesenteric, hepatic,
and portal circulation in alcoholic cirrhosis: relationship between quantitative Doppler measurements and the severity
of portal hypertension and hepatic failure. Hepatology 1998;
28: 932-936 [PMID: 9755228 DOI: 10.1002/hep.510280406]
Møller S, Henriksen JH. Cirrhotic cardiomyopathy: a pathophysiological review of circulatory dysfunction in liver
disease. Heart 2002; 87: 9-15 [PMID: 11751653 DOI: 10.1136/
heart.87.1.9]
Mani AR, Montagnese S, Jackson CD, Jenkins CW, Head IM,
Stephens RC, Moore KP, Morgan MY. Decreased heart rate
variability in patients with cirrhosis relates to the presence
and degree of hepatic encephalopathy. Am J Physiol Gastrointest Liver Physiol 2009; 296: G330-G338 [PMID: 19023029 DOI:
10.1152/ajpgi.90488.2008]
Kelbaek H, Nielsen BM, Eriksen J, Rabøl A, Christensen NJ,
Lund JO, Bonnevie O, Munck O, Godtfredsen J. Left ventricular performance in alcoholic patients without chronic liver
disease. Br Heart J 1987; 58: 352-357 [PMID: 3676021 DOI:
10.1136/hrt.58.4.352]
Fernandez-Sola J, Estruch R, Grau JM, Pare JC, Rubin E,
Urbano-Marquez A. The relation of alcoholic myopathy to
cardiomyopathy. Ann Intern Med 1994; 120: 529-536 [PMID:
8116990 DOI: 10.7326/0003-4819-120-7-199404010-00001]
Cerqueira MD, Harp GD, Ritchie JL, Stratton JR, Walker
RD. Rarity of preclinical alcoholic cardiomyopathy in chronic alcoholics less than 40 years of age. Am J Cardiol 1991; 67:
183-187 [PMID: 1987720 DOI: 10.1016/0002-9149(91)90442N]
Pavan D, Nicolosi GL, Lestuzzi C, Burelli C, Zardo F, Zanuttini D. Normalization of variables of left ventricular function
in patients with alcoholic cardiomyopathy after cessation of
excessive alcohol intake: an echocardiographic study. Eur
Heart J 1987; 8: 535-540 [PMID: 3609046]
Abramson JL, Williams SA, Krumholz HM, Vaccarino V.
Moderate alcohol consumption and risk of heart failure
among older persons. JAMA 2001; 285: 1971-1977 [PMID:
11308433 DOI: 10.1001/jama.285.15.1971]
Møller S, Hove JD, Dixen U, Bendtsen F. New insights into
cirrhotic cardiomyopathy. Int J Cardiol 2013; 167: 1101-1108
[PMID: 23041091 DOI: 10.1016/j.ijcard.2012.09.089]
Piano MR. Alcoholic cardiomyopathy: incidence, clinical characteristics, and pathophysiology. Chest 2002; 121:
1638-1650 [PMID: 12006456 DOI: 10.1378/chest.121.5.1638]
Ren J, Wold LE. Mechanisms of alcoholic heart disease. Ther
Adv Cardiovasc Dis 2008; 2: 497-506 [PMID: 19124444 DOI:
10.1177/1753944708095137]
Milovanovic B, Milinic N, Trifunovic D, Krotin M, Filipovic
B, Bisenic V, Djuric D. Autonomic dysfunction in alcoholic
cirrhosis and its relation to sudden cardiac death risk predictors. Gen Physiol Biophys 2009; 28 Spec No: 251-261 [PMID:
19893108]
Dancy M, Bland JM, Leech G, Gaitonde MK, Maxwell JD.
Preclinical left ventricular abnormalities in alcoholics are
independent of nutritional status, cirrhosis, and cigarette
smoking. Lancet 1985; 1: 1122-1125 [PMID: 2860335 DOI:
10.1016/S0140-6736(85)92431-6]
De Keulenaer GW, Brutsaert DL. Dilated cardiomyopathy:
changing pathophysiological concepts and mechanisms of
dysfunction. J Card Surg 1999; 14: 64-74 [PMID: 10678449

July 7, 2014|Volume 20|Issue 25|

Bolognesi M et al . Hemodynamics of alcohol-related cirrhosis

66
67

DOI: 10.1111/j.1540-8191.1999.tb00953.x]
Takehana H, Izumi T. [Alcoholic heart disease]. Nihon
Rinsho 2000; 58: 151-156 [PMID: 10885304]
Iacovoni A, De Maria R, Gavazzi A. Alcoholic cardiomyopathy. J Cardiovasc Med (Hagerstown) 2010; 11: 884-892 [PMID:
20308914 DOI: 10.2459/JCM.0b013e32833833a3]

68
69

George A, Figueredo VM. Alcoholic cardiomyopathy: a
review. J Card Fail 2011; 17: 844-849 [PMID: 21962423 DOI:
10.1016/j.cardfail.2011.05.008]
Møller S, Bernardi M. Interactions of the heart and the
liver. Eur Heart J 2013; 34: 2804-2811 [PMID: 23853073 DOI:
10.1093/eurheartj/eht246]
P- Reviewers: de Franchis R, Kluess HA S- Editor: Ma YJ
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

8010

July 7, 2014|Volume 20|Issue 25|

World J Gastroenterol 2014 July 7; 20(25): 8011-8017
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i25.8011

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (10): Alcoholic liver disease

Extracorporeal liver support in severe alcoholic hepatitis
Albert Parés, Antoni Mas
Key words: Acute alcoholic hepatitis; Alcoholic liver
disease; Extracorporeal liver support; Molecular Adsorbents Recirculating System; Hepatorenal syndrome;
Treatment of alcoholic hepatitis

Albert Parés, Antoni Mas, Liver Unit, Hospital Clínic, University of Barcelona, IDIBAPS, CIBERehd, 08036 Barcelona, Spain
Author contributions: Parés A and Mas A reviewed and published data on therapy of alcoholic hepatitis and the effects of
extracorporeal liver support in these patients, performed previous
studies with this therapy, and wrote the manuscript.
Correspondence to: Albert Parés, MD, Liver Unit, Hospital
Clínic, University of Barcelona, IDIBAPS, CIBERehd, C/ Villarroel 170, 08036 Barcelona, Spain. pares@ub.edu
Telephone: +34-93-2275753 Fax: +34-93-2271779
Received: November 1, 2013 Revised: February 27, 2014
Accepted: April 28, 2014
Published online: July 7, 2014

Core tip: The elevated number of proposals reported
for more than forty years reveals the lack of efficacy of
a particular therapeutic modality for severe alcoholic
hepatitis. This review summarizes data regarding the
favorable effects of extracorporeal liver support, particularly with respect to the improvement of systemic
hemodynamics, hepatic encephalopathy and renal
function, thus sustaining that the procedure used alone
or in combination with pharmacological therapies may
have a role in this clinical condition.

Abstract
The severity of alcoholic hepatitis (AH) which may coexist with cirrhosis varies greatly, from asymptomatic
forms which are detected in alcoholic patients without
any sign of liver disease, except laboratory abnormalities, to severe forms characterised by deep jaundice,
ascites, hepatic encephalopathy and low prothrombin
index. In hospitalized patients the mortality could be
as high as 75%. The elevated number of therapeutic
proposals reported for more than forty years reveals
the lack of efficacy of a particular modality. Even in the
most favorable trials, the survival is already very poor
and in some cases related to the development of renal
failure or hepatorenal syndrome. There are some motivating reports concerning albumin dialysis as a support
treatment in patients with severe AH, either alone or in
combination with other pharmacological therapies. The
favorable effects of albumin dialysis in patients with
severe AH suggest that the procedure used alone or
in combination with other therapies may have a role in
this clinical condition. This will be particularly relevant
to offer an alternative therapy in these patients, thus
being a potential bridge to recovery or to be listed for
liver transplantation.

Parés A, Mas A. Extracorporeal liver support in severe alcoholic
hepatitis. World J Gastroenterol 2014; 20(25): 8011-8017 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i25/8011.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8011

ALCOHOLIC HEPATITIS
Alcoholic hepatitis (AH) is a clinical condition characterised by hepatocellular injury with associated inflammation, necrosis and varied extent of fatty changes and
fibrosis, particularly prominent in the zone 3 of the hepatic acinus[1]. The lesion typically shows focally intense
lobular infiltration with polymorphonuclear leukocytes,
although periportal mononuclear inflammation also occurs. Some injured hepatocytes contain eosinophilic and
fibrillar material resulting from condensated cytoskeletal
intermediary filaments. The extent of fibrosis varies in
AH, but usually collagen is placed in a typical pericellular
and perivenular distribution, resulting in a pattern of interstitial fibrosis[2].
AH may be observed alone, but may coexist with
liver cirrhosis[3,4]. As a single lesion it is considered pre-
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Table 1 Prognostic factor in severe alcoholic hepatitis according to different scores
Ref.

Score

Parés et al[7] 1978
Maddrey et al[9] 1978
Dunn et al[11] 2005
Forrest et al[10] 2005
Louvet et al[13] 2007
Dominguez et al[12] 2008

NN1
Maddrey2,3
MELD3
GAHS2
Lille2,3
ABIC1,3

N
1051
552,3
733
2412
295
103

Bilirubin

PT/INR

Creatinine/
renal failure

Leukocytes/
infection

HE

Age

Albumin

Bilirubin
change day 7

Yes
Yes
Yes
Yes
Yes
Yes

Yes
Yes
Yes
Yes
Yes
Yes

Yes
No
Yes
Yes
Yes
Yes

Yes
No
No
yes
No
No

Yes
No
No
No
No
No

No
No
No
Yes
Yes
Yes

No
No
No
No
Yes
Yes

No
No
No
No
Yes
No

Histologic diagnosis; 2Clinical diagnosis; 3Treated with corticosteroids; NN: No name.

1

cirrhotic, since a high percentage of patients who continue drinking alcohol eventually develop cirrhosis[5]. The
severity of AH varies greatly, from asymptomatic forms
which are detected in alcoholic patients without any sign
of liver disease[6], except laboratory abnormalities, to severe forms of liver damage characterised by intense jaundice, ascites, hepatic encephalopathy and low prothromin
index[7]. In hospitalized patients the mortality rate ranges
from 5% to 25% in most series; however mortality could
be much higher when the patient has severe liver failure
with deep jaundice and hepatic encephalopathy as well as
low prothrombin index. In these AH subjects mortality
could be as high as 75%, but is generally around 50%[3,4,7,8].
Actually, the variables associated with low survival are
bilirubin, prothrombin time and the presence of hepatic
encephalopathy, ascites, renal failure and concomitant bacterial infection[7]. In this concern, Maddrey et al[9] described
a score for establishing the severity of AH. Since then,
other scores have been proposed, all including bilirubin,
and most of them with prothrombin time, renal function
and the presence of hepatic encephalopathy as the main
components (Table 1)[7,9-12]. The purpose of these scoring systems is to estimate the short-term survival, and to
determine if the patient should be treated with specific
treatments, mainly corticosteroids. The Lille’s group has
described another score, which defines whether corticosteroid therapy should be stopped after a week, or continued for 28 d[13].

agents have also been used. More recently, some results
have been published concerning the effect of pentoxifylline, anti-tumor necrosis factor alpha (TNFa) antibodies,
and N-acetyl cysteine.
Despite the lack of consistent results, recent analysis
and the conclusions of the most well performed studies
advocate for the use of corticosteroids in patients with
AH and severe liver failure[9,13-17]. The AASLD guidelines
recommends for a four week course of prednisolone
(40 mg/d for 28 d, typically followed by discontinuation
or a 2-wk taper) in patients without contraindications
to steroid use, and a Maddrey’s score above 32[3]. The
EASL guidelines also consider corticosteroid therapy
with the same approach, but with the use of the different
prognostic scores and with early identification of non-responders to corticosteroids to limit unnecessary exposure
to complications[2].
Pentoxifylline, a nonselective phosphodiesterase inhibitor that increases intracellular concentrations of adenosine monophosphate and guanosine monophosphate
and ultimately inhibits TNFa production, has been evaluated in AH. In the prospective, randomized, double-blind
clinical trial in patients with severe disease, pentoxifylline
resulted in better survival, mainly because improvement
of hepatorenal syndrome[18]. Certainly, no effects of pentoxifylline were observed on liver function and changes in
cytokines. In the largest randomized controlled trial of
270 patients with severe AH assessing the combination
of prednisolone and pentoxifylline failed to show any
benefit over corticosteroids alone[19], but still pentoxifylline therapy (400 mg orally 3 times daily for 4 wk) could
be considered, especially if there are contraindications
to steroid therapy, since apparently the drug reduces the
risk of hepatorenal syndrome and has some potential in
decreasing short-term mortality because of renal failure.
Nutritional supplementation provided via oral or
enteral routes has been also assessed in patients with severe AH. In summary, dietary supplementation improves
nutritional status and nitrogen balance without significant side effects in these patients. Moreover, nutritional
supplementation improves liver function tests more
rapidly than standard treatment but no definite results
were reported concerning survival improvement[20,21]. On
the other hand, a randomized controlled trial comparing
enteral nutrition versus corticosteroids did not show any
difference in 28-d mortality rate[21]. Nevertheless, deaths

STANDARD TREATMENT OF ALCOHOLIC
HEPATITIS
Stop drinking alcohol is the unique therapy that constantly improves the outcome of AH[1,3-5]. Therefore, measures
addressed at establishing and maintaining abstinence are
critical for the management of these patients, although
some patients can progress to cirrhosis even remaining
abstinent[5].
The development of specific treatments for AH has
been difficult by a poor understanding of its pathogenesis. A number of treatments have been proposed, including corticosteroids, enteral or parenteral nutrition and
other agents that are able to modify the hypermetabolic
state as propylthiouracil, or decreasing fibrosis such as
colchicine or d-penicillamine[1,3,4]. Different antioxidants
and hepatoprotective agents, as well as hepatotropic
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Table 2 Extracorporeal liver support systems
Plasma exchange and Albumin dialysis
Plasma exchange (PE)
Single pass albumin dialysis (SPAD)
Molecular adsorbent recirculating system (MARS)
Fractionated plasma separation and adsorption (PROMETHEUS)

Bioartificial
HepatAssist
Extracorporeal liver assist device (ELAD)
Modular extracorporeal liver support (MELS)
Bioartificial liver support system (BLSS)
Amsterdam Medical Center-bioartificial liver (AMC-BAL)

occurred earlier with enteral nutrition while treatment
with corticosteroids was associated with higher mortality
in the weeks following the treatment period.
Anti-TNFa agents have also been assessed in patients with severe AH with promising results reagarding to the improvement of the indices of liver failure.
However, development of severe infections is the main
inconvenient for using such treatment in these patients,
who are already prone to develop very important adverse
events[22-24]. N-acetylcysteine is an antioxidant agent that
replenishes the hepatocyte glutathione stores, with clear
favorable effect in patients with acute liver failure. The intravenous administration for 14 d to patients with severe
AH diagnosed with liver biopsy had no significant impact
on 1-or 6-mo survival in patients receiving enough nutritional support, but more recently, it has been reported
that patients treated with combination therapy (corticosteroids and N-acetylcysteine) had better 1-mo survival
than patients treated with corticosteroids alone[25].
The elevated number of proposals reported for more
than forty years reveals the lack of efficacy of a particular
modality. Even in the most favorable trials, the survival is
still very poor and in some cases related to the development of renal failure or hepatorenal syndrome. There
are some motivating reports concerning albumin dialysis
as a support treatment in patients with severe AH, either
alone or in combination with other pharmacological
treatments.

blastoma cell lines or human hepatocytes obtained from
cadaveric livers not useful for liver transplantation) in a
synthetic framework. In the extracorporeal bioreactor,
the blood of the patient with liver failure is in close contact with the cultured cells through an ex vivo perfusion
system. Since these devices include liver cells, they theoretically have both the ability to synthesize and remove
toxic substances. Some results show that the procedure
may be useful in patients with acute liver failure, particularly when it is due to paracetamol poisoning[30]. Despite
great efforts, no clear effects have been proved using
these complicated devices, which additionally are very expensive and with many issues to be answered before the
utilization in the clinical setting.
These biological or bio-hybrid systems are extremely
complex and hardly available in clinical practice. By contrast, the nonbiological systems are essentially based on
existing technologies such as hemodialysis, hemofiltration and adsorption[31,32], and can thus be more feasible
to integrate in the routine management of patients with
severe acute or chronic liver failure (Table 2). Three different nonbiological artificial liver support systems are
currently available, on the adsorbent and binding capacity
of circulating albumin, in addition to high volume plasmapheresis: (1) single pass albumin dialysis consists on
a continuous renal replacement therapy device, in which
the blood of the patient is dialyzed, through a high flux
dialyzer, against an albumin-containing dialyzate, allowing the removal of small molecules and water-soluble
toxins[33]; (2) molecular adsorbent recirculating system
(MARS) combines hemodialysis against albumin solution,
with a conventional dialysis or hemofiltration method.
The procedure consists of a hollow fiber dialysis module
in which the blood of the patient is dialyzed across a
high-flux polysulfone membrane impregnated with albumin, while maintaining a constant flow of albumin-rich
dialysate (20% albumin) in the extracapillary compartment[34]. The circulating toxins from the blood of the
patients are adsorbed in the binding sites on the membrane, and hence pass to the free albumin-binding sites
in the dialysate. The albumin dialysate is then cleansed
by standard dialysis or filtration and by the sequentially
perfusion over two columns (an activated charcoal and an
anion exchange resin column which removes the toxins
bound to albumin), in order to regenerate the albumin
solution. Since the pore size of the membrane is 50 KD,
larger substances and the albumin from the patient are
not removed; and (3) fractionated plasma separation
and adsorption (FPSA) system uses a plasma separation

EXTRACORPOREAL LIVER SUPPORT
In recent years significant advances have been achieved in
the treatment of the complications of liver disease, but,
in general, there is no definitive method for improving
short and long-term outcomes. The only treatment that
has shown real efficacy is liver transplantation, which notably increases the rate of survival in patients with fulminant hepatitis[26] as well as in those with end-stage chronic
liver disease, mainly with cirrhosis[27]. It is, therefore, reasonable to attempt to find therapeutic methods which are
able, albeit transitorily, to maintain patients with severe
decompensated liver disease in a situation which will allow them to undergo liver transplantation or to recover
and avoid transplantation.
New extracorporeal liver support systems have appeared based on the use of complex procedures using
liver cells integrated into the system[28,29]. These devices,
known as bioartificial livers, consist of biologic components (pig hepatocytes freshly isolated, human hepato-
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Plasma renin activity
(ng/mL per hour)

Total bilirubin (mg/dL)

30

a

26

a

and renal function, which ameliorated in all the patients
according to the circulating creatinine levels[36]. In a subsequent analysis, the same group also reported a sharp
decrease in portal pressure with MARS, effect that was
persistent for up to 18 h after finishing the therapy[37].
Favorable effects of albumin dialysis on decreasing portal
pressure were also shown in four patients with acute-onchronic liver failure[38].
Favorable effects on liver function tests and systemic
hemodynamics were also reported in alcoholic patients
with acute decompensation who were treated with MARS
or FPSA, and compared with a group managed with
standard medical therapy. Bilirubin and bile acids levels,
which are relevant albumin bound toxins, decreased after
both MARS and FPSA[39]. Moreover, improvement in the
mean arterial pressure, stroke volume and systemic vascular resistance index (SVRI) was only observed in the 6
patients treated with MARS, but not in those treated with
FPSA. These different consequences of the two therapeutic procedures were associated with significant decreases of vasoactive hormones in patients under MARS
with no changes in patients treated with FPSA.
In our center, the effects of albumin dialysis on systemic hemodynamics and vasoactive agents were evaluated in 29 MARS treatments performed in 10 patients
(seven males, age: 48.4 ± 2.0 years) with clinical and
histologic diagnosis of severe AH defined by a total
bilirubin higher than 10 mg/dL, and prothrombin index
lower than 50%. The mean MELD score was 26 (range:
20-42). Standard hematological and liver function tests,
systemic hemodynamics and vasoactive agents such as
plasma renin activity (PRA), angiotensin Ⅱ and the catabolic products of nitric oxide (NOx) were determined
before and after each treatment. Current infection or
upper gastrointestinal bleeding were excluded in these
patients[40]. In addition to the favorable and significant
effects on decreasing serum bilirubin (Figure 1), MARS
therapy was associated with increases in the mean arterial pressure (MAP) and SVRI. These circulatory effects
resulted in significant decreases in PRA, angiotensin Ⅱ
and NOx. MAP increased in 21 MARS sessions (group Ⅰ)
and decreased in 8 (group Ⅱ). PRA, angiotensin Ⅱ and
NOx decreased predominantly in patients from group Ⅰ,
which were those with a significantly lower leukocyte
count at baseline. At baseline no other differences were
observed between the two groups. Apart from a decrease
of PRA, a significant drop in circulating renin concentration after the MARS treatment was also observed (from
195 ± 35 to 110 ± 29 pg/mL, P = 0.01), with very low
concentrations of this hormone in the dialyzate (11 ± 3
pg/mL). Contrarily, no changes in TNFα concentration
were observed after treatment (from 84 ± 11 to 84 ± 9
pg/mL, P = NS), while high amounts of this cytokine
were identified in the albumin dialyzate (195 ± 3 pg/mL)
(Figure 2). This can be explained by the permanent release of TNFα as a consequence of the systemic inflammatory response. We concluded that albumin dialysis
using MARS results in prominent changes in systemic
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Figure 1 Changes in circulating levels of total bilirubin and plasma renin
activity before and after each 7-h molecular adsorbent recirculating system session performed on 10 patients with severe alcoholic hepatitis (gray
shaded bars). Ten days later there was a recovery of these levels although
they were lower than before treatment (P = NS). aP < 0.05 vs before and after
each molecular adsorbent recirculating system (MARS) session.

technique combined with adsorption. It consists on a
membrane with a pore size of 250 kDa, which lets the
separation of blood cells and large proteins from plasma.
The albumin with the bound toxins is filtered through
the membrane and passes over an absorber with a neutral resin and after that to an anion exchanger. Both the
filtered plasma and blood are afterwards combined and
dialyzed to remove water-soluble toxins[35].

MANAGEMENT OF SEVERE ALCOHOLIC
HEPATITIS WITH EXTRACORPOREAL
LIVER SUPPORT
Extracorporeal liver support procedures, which have the
ability to remove some potential damaging circulating
molecules may, therefore, have a role in patients with severe AH, either alone or in combination with other treatments. This is particularly relevant taking into account
that despite the best favorable effects of corticosteroids
in recent clinical trials, there is already a short-term survival rate in this condition. Since now, not many patients
with AH have been treated with this procedure. In one
study 8 patients with severe acute AH and a precipitating decompensation event (mainly upper gastrointestinal
bleeding or severe infection) on a background of alcoholic cirrhosis, MARS therapy was associated with improved
liver biochemical abnormalities, systemic haemodynamics, renal function and encephalopathy. Actually, there
was a marked reduction in the bilirubin level following
the first treatments, which then remained stable and did
not return to the baseline level even after stopping MARS
therapy. Hepatic synthetic function also improved, since
there was a significant decrease of prothrombin time
(INR), as well as a recovery from hepatic encephalopathy
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Figure 2 Tumor necrosis factor-a (TNF-a) levels before and after molecular
adsorbent recirculating system treatment in patients with severe alcoholic
hepatitis. Although no significant decrease was observed in the circulating TNF-a,
the dialysate was enriched with this cytokine, thus indicating that albumin dialysis is
able to remove some substances related to the pathogenesis of the disease.

Figure 3 Cumulated survivals of the ten patients with severe alcoholic
hepatitis treated with 3 consecutive 7-h molecular adsorbent recirculating
system sessions. Fifty percent of the patients were still alive 6 mo after treatment, and 40 percent survived 20 mo.

hemodynamics, which in turn are associated with clear
decreases in vasoactive substances. These changes may
partially explain the positive effects of this therapy in patients with AH and severe liver failure.
Besides the hemodynamic effects, albumin dialysis
resulted in a marked effect on hepatic encephalopathy
as well[41]. Actually, in these patients eight episodes of
encephalopathy were recorded before MARS. Albumin
dialysis resulted in a considerable decrease in the degree
of hepatic encephalopathy. Moreover, no encephalopathy was present after treatment in 5 of the 8 episodes.
Improvement of hepatic encephalopathy was associated
with clear attenuations in serum bilirubin and a significant
raise in albumin concentration, along with clear recoveries in creatinine and electrolyte concentrations. Moreover,
total amino acid, phenolic aromatic amino acid concentrations and tryptophan levels were significantly greater
in patients with AH than in patients with pruritus and
normal liver function who served as controls. Baseline
branched amino acid between the two groups of patients
were similar, but the Fischer ratio was appreciably lower
in patients with AH. Circulating ammonia levels were
higher in patients with AH than in controls.
Total amino acid concentrations decreased significantly in patients with AH and no changes were observed in the control subjects. Branched amino acids in
sera were not changed by MARS, but phenolic aromatic
amino acids decreased markedly in patients with AH and
increased in the control patients with pruritus. Therefore,
the Fischer ratio increased in patients with severe AH
(17%) but decreased in controls with resistant pruritus
(3%). These changes were more prominent after correction by the baseline albumin levels. No relevant changes
were observed in either the serum levels of tryptophan
or ammonia. Patients with baseline hepatic encephalopathy and albumin concentration below 24 g/L, and those
in whom albumin dialysis resulted in a decrease in total
bilirubin greater than 20% with respect to pre-treatment
levels, were those with major changes in amino acid levels
and Fischer ratio. No significant changes in the amino

acid profile was induced by albumin dialysis in the control group.
Three patients died within less than 36 d after treatment. The median hospital stay of the ten patients was
16 d, and half of the patients were still alive 6 mo after
treatment. No differences in the markers of severity of
the disease and plasma renin activity were observed between patients surviving less or more than 6 mo. Overall, the three-, six- and twelve-month survival rate were
60%, 50% and 40%, respectively (Figure 3), results which
parallel those observed in different trials using similar or
other therapeutic approaches. Certainly, Jalan et al[36] also
reported that 50% of the 8 patients with AH treated with
MARS were still alive with good liver function 3 mo after
treatment. More recently, in a series of 15 patients with
severe AH it has been reported that MARS was safe and
well tolerated. Moreover, MARS therapy improved the
overall survival of patients who failed standard treatment
and in 13% of the cases was useful as a bridge to liver
transplantation[42].
The largest randomized trial using an extracorporeal
artificial device in patients with acute-on-chronic liver
failure, indicate that MARS therapy improves some surrogate parameters of organ dysfunction. Accordingly,
MARS was associated with a decrease in serum bilirubin
and serum creatinine, and with a clear amelioration of
hepatic encephalopathy in a high proportion of cases[43].
These features occurred particularly in patients treated by
MARS plus standard treatment. Most of the patients were
alcoholics but with a high rate of precipitating events
such as severe infections and gastrointestinal bleeding, not
resulting particularly from histologic demonstrated AH.
Another relevant aspect highlighted in this trial was the
difficulty of distinguishing acute-on-chronic liver failure
from chronic decompensated liver disease, two entities
that have different natural history and prognosis.
In another trial, extracorporeal liver support with
FPSA did not increase the probability of survival as
compared with standard medical therapy in patients with
decompensated cirrhosis, although serum bilirubin de-
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creased markedly in the FPSA group but not in the standard medical therapy group[44]. This trial included fewer
alcoholic patients, and therefore the probability of an AH
was subsequently lower.

11

12

CONCLUSION
The results reported until now on the effects of extracorporeal liver support in patients with decompensated
liver disease are somewhat confusing with respect to the
patients’ selection and the etiology and severity of the
disease. Thus, it is very hard to allocate a unique group
with severe AH with or without cirrhosis. The favorable
effects of albumin dialysis in patients with severe AH
suggest that the procedure used alone or in combination with pharmacological therapies may have a role in
this clinical condition, but this should be proved in well
designed controlled trials, particularly with respect to the
improvement of short- and long-term survival. This will
be particularly relevant to offer an alternative therapy in
these patients, thus being a potential bridge to recovery
or to be listed for liver transplantation[45]. In this concern,
a randomized, controlled phase 3 trial to assess safety and
efficacy of a bio-artificial liver therapy in patients with
severe AH who have failed seven days of steroid therapy,
is ongoing (ClinicalTrials.gov Identifier: NCT01829347).
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Liver fibrosis markers in alcoholic liver disease
Lech Chrostek, Anatol Panasiuk
used to assess liver fibrosis in patients with alcoholic
liver disease, including the hyaluronic acid, FibroTest,
FibrometerA, Hepascore, Forns and APRI indexes, FIB4,
an algorithm combining Prothrombin index (PI), α-2
macroglobulin and hyaluronic acid. Among these tests,
Fibrotest, FibrometerA and Hepascore demonstrated
excellent diagnostic accuracy in identifying advanced
fibrosis and cirrhosis, and additionally, Fibrotest was
independently associated with survival. Therefore, the
use of biomarkers may reduce the need for liver biopsy
and permit an earlier treatment of alcoholic patients.
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Core tip: Monitoring the stage of liver fibrosis in alcohol abusing persons is important in order to undertake
proper therapeutic decisions. The usefulness of liver
biopsy in the diagnostics of liver fibrosis is indisputable
with the only limitation being its invasive character.
Thus, non-invasive tests and biochemical markers determining the stage and dynamics of liver fibrosis in
alcohol liver disease are of great significance.

Abstract
Alcohol is one of the main factors of liver damage. The
evaluation of the degree of liver fibrosis is of great
value for therapeutic decision making in patients with
alcoholic liver disease (ALD). Staging of liver fibrosis is
essential to define prognosis and management of the
disease. Liver biopsy is a gold standard as it has high
sensitivity and specificity in fibrosis diagnostics. Taking
into account the limitations of liver biopsy, there is an
exigency to introduce non-invasive serum markers for
fibrosis that would be able to replace liver biopsy. Ideal
serum markers should be specific for the liver, easy to
perform and independent to inflammation and fibrosis
in other organs. Serum markers of hepatic fibrosis are
divided into direct and indirect. Indirect markers reflect
alterations in hepatic function, direct markers reflect
extracellular matrix turnover. These markers should correlate with dynamic changes in fibrogenesis and fibrosis
resolution. The assessment of the degree of liver fibrosis in alcoholic liver disease has diagnostic and prognostic implications, therefore noninvasive assessment
of fibrosis remains important. There are only a few
studies evaluating the diagnostic and prognostic values
of noninvasive biomarkers of fibrosis in patients with
ALD. Several noninvasive laboratory tests have been
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INTRODUCTION
The diagnosis of alcoholic liver disease (ALD) is based
on the following features: history of alcohol abuse, clinical evidence of liver disease and the results of laboratory
tests. First, alcoholic patients develop fatty liver, and then
more severe consequences such as perivenular fibrosis
and alcoholic hepatitis[1,2] can occur. The most common
clinical sign of alcoholic fatty liver is hepatomegaly, but
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the majority of patients are asymptomatic. The presence
of steatosis in alcoholic liver disease is associated with
progression of fibrosis and with necroinflammatory lesions[3,4]. The precursors of fibrosis are necrosis and inflammation, albeit the cirrhosis commonly develops without overt alcoholic hepatitis[5]. Perivenular fibrosis can
rapidly develop to alcoholic cirrhosis. The incidence of
cirrhosis in patients with alcoholic hepatitis is nine times
higher than in those with fatty liver. Nevertheless, alcoholic hepatitis develops in only a fraction of heavy drinkers. The prevalence of alcoholic steatohepatitis (ASH) in
alcoholics was about 10%-35%[6]. Taking into account the
fact that about 30%-35% of heavy drinkers developed
advanced forms of ALD such as advanced fibrosis and
cirrhosis, the prevalence of presumed and confirmed
fibrosis in alcoholic liver disease is established in 7% and
8%, respectively[7,8]. In another study, advanced fibrosis
(F2-F4) confirmed by biopsy examination was present in
63% of patients with chronic alcoholic liver disease[4].
The treatment of ALD is focused on the psychological and behavioral effects of alcohol consumption, but
should also affect severe medical complications. The detection of precursor lesions facilitates early intervention
to prevent irreversible liver damage. Therefore, the evaluation of the degree of liver steatosis, fibrosis, and ASH is
of great value for therapeutic decision making in patients
with ALD. Staging of chronic liver disease, especially liver
fibrosis, is essential to define prognosis and management
of the disease. According to the METAVIR classification,
fibrosis is defined as two stages that significantly modify
the management of liver disease. There is advanced fibrosis which is defined as F ≥ 2, and cirrhosis defined as
F ≥ 4[9].
Liver biopsy, which is considered a gold standard for
evaluation of the stage of liver fibrosis, is an invasive procedure and leads to complications in 0.6%-5.0% of patients[10]. Additionally, the liver samples can be a cause of
an diagnostic error, e.g., in almost 30% of patients with
chronic hepatitis C provided we underestimate the stage
of liver fibrosis[11]. There are three limitations that prevent its use as a routine clinical tool. The fibrosis staging
system is not appropriate to describe the linear relationship between amount of fibrosis and fibrosis stage, sampling error and inter-observer variation[12]. On the other
hand, biopsy is not recommended for alcohol dependent
patients with symptoms of alcoholic liver disease. Taking into account these limitations of liver biopsy, there is
an urgent need to introduce non-invasive serum markers
for fibrosis that are in a position to replace liver biopsy.
Additionally, liver biopsy is not useful for regular testing
of fibrosis progression and effectiveness of the therapy.
There are several non-invasive imaging techniques for
fibrosis evaluation. These include positron emission
tomography, transient elastography, and magnetic resonance imaging. In the past decade, serum tests, as noninvasive assessment of liver fibrosis that can accurately
evaluate degree of liver fibrosis, were introduced. Serum
markers are offered as an alternative to liver biopsy as
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less invasive but effective in the diagnosis, prognosis and
management of liver disease. The diagnostic performance of serum markers in chronic hepatitis C and nonalcoholic liver disease have been reported many times but
just a few times in ALD.

SERUM MARKERS
Ideal serum markers should be specific for the liver,
freely available and easy to measure, independent of inflammation, not influenced by excretion, capable of identifying the stage of fibrosis and correlate with dynamic
changes in fibrogenesis and fibrosis resolution[12]. Serum
markers of hepatic fibrosis can be divided into direct or
indirect. Indirect markers reflect alterations in hepatic
function, e.g., platelet count, coagulation factors and
transaminases. Direct markers of fibrosis reflect extracellular matrix turnover. These include the products of matrix synthesis or degradation and the enzymes involved
in these processes[13]. The markers of matrix deposition
are procollagen Ⅰ C terminal, procollagen Ⅲ N terminal, tenascin, tissue inhibitor of metalloproteinases, and
tumor growth factor-β. The markers of matrix removal
are procollagen Ⅳ C peptide, procollagen Ⅳ N peptide,
collagen Ⅳ, undulin, matrix metalloproteinases, urinary
desmosine, and hydroxylysypyridinoline.
There are only a few studies evaluating the diagnostic and prognostic values of noninvasive biomarkers
of fibrosis in patients with ALD. The first generation
panel is the PGA index, which includes the Prothrombin index (PI), Gamma-glutamyl transferase (GGT) and
Apolipoprotein A1[14]. When the PGA index involves α-2
macroglobulin it is called the PGAA index[15]. FibroTest,
Hepascore and FibrometerA are second generation panel
tests that provide useful information regarding different
fibrosis stages and have discriminating power between
mild fibrosis and clinical significant fibrosis, and between
advanced fibrosis and cirrhosis. FibroTest combines a
panel of five biochemical markers: α-2 macroglobulin,
apolipoprotein A1, haptoglobin, GGT, and total bilirubin adjusted by age and gender[16]. Fibro Test scores
from 0 to 0.10 had 100% negative predictive value for
the absence of significant fibrosis (F2 or higher by Metavir) while scores from 0.60 to 1.00 had > 90% positive
predictive value for significant fibrosis for hepatitis C
patients. For intermediate scores from 0.11 to 0.59, liver
biopsy is recommended. In an independent validation of
FibroTest, the negative predictive value of a score < 0.10
was 85% and the positive predictive value of a score >
0.60 was 78%[17]. Hepascore uses a panel of 4 biochemical tests: α-2 macroglobulin, hyaluronic acid (HA), GGT,
and total bilirubin adjusted by age and gender[18]. A hepascore value ≥ 0.50 indicates significant liver fibrosis,
whereas for a value < 0.50 significant fibrosis is absent.
If the value is ≥ 0.84, cirrhosis is likely present and if
the value is < 0.84 cirrhosis is absent[19]. FibrometerA
combines α-2 macroglobulin, hyaluronic acid, PI, aspartate aminotransferase (AST), platelet count, urea and age
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Table 1 Characteristic of studies concerning alcoholic liver disease
Study

Number of
patients

Age (yr)

Alcohol consumption

Rosenberg et al[24] (2004)

64

18-74

No data

Calès et al[20] (2005)

95

Naveau et al[4] (2005)

221

Naveau et al[22] (2009)

218

Poynard et al[23] (2012)

218

Exclusion criteria

Any disorder associated with extrahepatic fibrosis; cardiovascular
disease or cancer; advanced cirrhosis; regular consumption of
aspirin; hepatocellular carcinoma or drug-induced liver disease
≥ 50 g/d for the previous 5 Other causes of LD or complicated cirrhosis or received antifibrotic
18-74
yr (mean: 94 g/d ± 50)
treatment within the previous 6 mo
47 (SE = 0.7)
at least 50 g/d over the
Concomitant liver disease, HIV antibodies, immune-suppression,
previous year
hepatic surface antigen, antibodies to HCV, associated severe
diseases
≥ 50 g/d during the
47.1 (SE = 0.7)
Concomitant liver disease, human immunodeficiency virus
preceding y (mean 146 g/d,
antibodies, immunosupression
SE = 80 g/d for 17 yr)
47 (SD = 10.3)
No data
HIV co-infection

HCV: Hepatitis C virus; LD: Liver disease; HIV: Human immunodeficiency virus.

of patients[20]. Calès et al[20] reported superior diagnostic
accuracy of Fibrometer to Forns index, Fibrotest, and
APRI. APRI (AST to Platelet Ratio Index) is calculated
as a ratio of AST to platelet count[11]. Using optimized
cut-off values, significant fibrosis could be predicted accurately in 51% and cirrhosis in 81% of chronic hepatitis
C patients (CHC). Using readily available laboratory results can identify CHC patients with significant fibrosis
and cirrhosis with a high degree of accuracy. Application of this index may decrease the need for liver biopsy
among CHC patients. Forns index is derived from GGT,
cholesterol, platelet count, and age[21]. This test was useful
at excluding patients with minimal fibrosis, but was of
limited value for the identification of patients with more
advanced liver disease[13].
This paper concerns the diagnostic and prognostic
values of noninvasive markers in alcoholic liver disease
and is based on the study of Calès et al[20] (2005), Naveau
et al[15,22] (2005, 2009) and Poynard et al[23] (2012), Rosenberg et al[24] (2004). Inclusion and exclusion criteria were
given in Table 1.
The following parameters were assessed: alanine
aminotransferase, AST, GGT, bilirubin, PI, α-2 macroglobulin, apolipoprotein A1, haptoglobin, HA, FibroTest,
Hepascore, FibrometerA, FIB-4, Forns and APRI indexes, an algorithm combining age, hyaluronic acid, aminoterminal propeptide of type Ⅲ collagen (PⅢNP), and
tissue inhibitor of matrix metalloproteinase 1 (TIMP-1).
In these studies patients were classified according to the
severity of fibrosis. Advanced fibrosis was defined as
stage F2 or higher according to METAVIR scoring system and cirrhosis as stage F4.

prevalence of cirrhosis was 31%. In the study of Calès
et al[20], the distribution of fibrosis was as follows: 46.3%
had fibrosis, 41.1% had cirrhosis and 29% had alcoholic
hepatitis. In the study of Poynard et al[23] minimal fibrosis
was present in 63% of patients and cirrhosis in 31% of
patients. Discrepancy between the outcomes of Naveau
et al[4,22], and Calès et al[20] and Poynard et al[23] should be
attributed to different lengths of liver specimen taken by
biopsy, 18.4 mm (SD = 6.0) in the study of Calès et al[20]
and 15.0 mm (SE = 0.5) in the study of Naveau et al[4],
and 15.0 mm (SD = 6.5) in the study of Poynard et al[23].
According to experimental data, sampling error is especially evident in small biopsies. A sample of tissue may
vary from lobule to lobule, although the error is usually
not greater than one fibrosis stage. Biopsies obtained
from the right and left lobes from patients with hepatitis C proved to make a difference of at least one stage,
between right and left lobes, in 33% of patients and two
patients had a difference of two fibrosis stages[25].

DIAGNOSIS OF FIBROSIS
The performance of tests was expressed by the diagnostic accuracy and by the area under the receiver operating
characteristic (AUROC). For predicting fibrosis and cirrhosis the sensitivity, specificity, positive predictive values
(PPV) and negative predictive values (NPV) were calculated.
According to the results of Naveau et al[4,22] AUROC
of FibroTest for the detection of moderate to severe
fibrosis (F2-F4) was higher for patented biomarkers
(FibroTest, Fibrometer A and Hepascore) than for nonpatented scores (Forns, APRI and FIB4) (Table 2). The
accuracy of these tests for discriminating between advanced (stage F2 or higher) versus non-advanced fibrosis
(stage F < 2) reached the same value of AUROC = 0.83.
For the diagnosis of cirrhosis (F4) the AUROC of patented biomarkers was higher than that of non patented.
The diagnostic values of Fibrometer A and Hepascore
did not differ from that of FibroTest for advanced fibrosis and cirrhosis. There were also no differences between

PRESENCE OF FIBROSIS
The majority of patients with alcoholic liver disease (93%)
had fibrosis; 69.5% had clinically significant fibrosis (F2
or higher), 31% had cirrhosis, and 29% had alcoholic
hepatitis (Naveau 2005). In the recent study of Naveau
et al[22] the prevalence of clinically significant fibrosis
was 63% (minimal fibrosis in 30% of patients) and the
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ficity and PPV of 100%, and NPV of 85.7%. For the
comparison, the algorithm was capable of detecting
Scheuer fibrosis stages 3 and 4 in hepatitis C with a sensitivity of 95% and an NPV of 94.9% (at a threshold score
of 0.063). For NAFLD, fibrosis stage 3 or 4 was detectable with a sensitivity of 89%, specificity of 96%, PPV
of 80%, and NPV of 98% (using a threshold value of
0.375). Therefore, it can be concluded that the algorithm
may prove very useful in monitoring alcoholic disease
progression. The negative and positive predictive values
for the algorithm in ALD must be interpreted with caution because the number of patient was relatively small,
but the high sensitivity and specificity provide evidence
of good assay performance.
In summary, patented biochemical biomarkers of
fibrosis (FibroTest, Fibrometer A and Hepascore) have
a high diagnostic power to identify and discriminate advanced fibrosis and cirrhosis in ALD. Therefore, the use
of these biomarkers may decrease the need for liver biopsy examination.

Table 2 Area under the curves receiver operating characteristic
for the diagnosis of fibrosis in patients with alcoholic liver
disease
F2-F4 vs F0-F1

Test
FibroTest[22]
FibrometerA[22]
Hepascore[22]
Forns[22]
APRI[22]
FIB4[22]
FibroTest[4]
Hyaluronic acid[4]
The algorithm
combining PI, α-2
macroglobulin and
hyaluronic acid[20]

0.83 (95%CI: 0.77-0.88)
0.83 (95%CI: 0.77-0.87)
0.83 (95%CI: 0.77-0.88)
0.38 (95%CI: 0.30-0.46)
0.59 (95%CI: 0.51-0.67)
0.70 (95%CI: 0.62-0.76)
0.84 ± 0.03 (SD)
0.79 ± 0.03 (SD)
0.962 ± 0.018 (SD)

F4 vs F0-F3
0.94 (95%CI: 0.90-0.96)
0.94 (95%CI: 0.90-0.97)
0.92 (95%CI: 0.87-0.97)
0.38 (95%CI: 0.27-0.47)
0.67 (95%CI: 0.59-0.75)
0.80 (95%CI: 0.72-0.86)
0.95 ± 0.01 (SD)
0.93 ± 0.02 (SD)

diagnostic accuracy for FibroTest and HA. These results
confirm previous observations that serum HA had good
diagnostic values for the diagnosis of cirrhosis[26]. As for
other tests, only the apolipoprotein A1 and α-2 macroglobulin had independently predictive values of significant fibrosis (from multivariate analysis). The results indicate that the FibroTest had the highest sensitivity for the
detection of cirrhosis, because all cirrhotic patients had
FibroTest scores ≥ 0.3 (sensitivity and NPV = 100%).
For advanced fibrosis (F2-F4) FibroTest scores ≥ 0.3
had lower sensitivity (84%) and NPV (70%). Therefore,
the patients with a score < 0.3 had a low probability of
cirrhosis. When the score increased above 0.7, sensitivity
and NPV for the diagnosis of advanced fibrosis and cirrhosis decreased but the specificity and PPV increased.
91% of patients with FibroTest score > 0.7 had cirrhosis.
There was a significant concordance between FibroTest
and biopsy with intra-class coefficient of correlation =
0.961 for F4 and 0.899 for F1[23]. Most discordances between FibroTest and liver biopsy were attributable to errors in biopsy interpretation. The study of Naveau et al[22]
showed significant correlation between fibrosis stages
and FibroTest (R = 0.71), FibrometerA (R = 0.72) and
Hepascore (R = 0.71). All three tests (Fibrotest, FibrometerA, Hepascore) demonstrated excellent diagnostic accuracy in identifying advanced fibrosis and cirrhosis.
According to study of Calès et al[20], the AUROC for
clinically significant fibrosis (F2 or higher) in a test combining PI, α-2 macroglobulin, hyaluronic acid and age
was higher than that of FibroTest (Table 2). The diagnostic indexes of these blood tests for predicting clinically
significant fibrosis were: 91.8% for sensitivity, 92.6% for
specificity, 96.6% for PPV and 83.3% for NPV.
The performance of the algorithm of panel serum
markers (HA, PⅢNP and TIMP-1) was compared with
histologic staging[27]. The AUC for the differentiation of
“mild” and “moderate/severe” alcoholic liver disease
(Scheuer stages 0-2 vs 3 and 4) was 0.944 and was higher
than that for hepatitis C and for NAFLD. In ALD, for
detecting fibrosis stage 3 or 4, using a threshold score of
0.087, the sensitivity and NPV was equal 100%, while a
threshold of 0.431 yielded a sensitivity of 93.3%, speci-
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PROGNOSTIC VALUE
Hazard function, log-rank test, and proportional hazard
regression analysis were used for validation of liver fibrosis biomarkers and assessing liver fibrosis progression
in alcoholic liver disease[22]. The biomarkers prognostic
value of fibrosis was also estimated in survival analysis[21].
The 5-year and 10-year survival or non-liver related death
were main endpoints used to compare the prognostic
value of biomarker with histological staging. Survival was
calculated from the date that the biomarkers were carried
out to the endpoint date. According to data presented by
Naveau et al[22], the cumulative global survival, regardless
the cause of death, at 5-year survival reached a value of
79 ± 3% and at 10-years survival reached 62 ± 4%. In
turn, the cumulative survival and non-liver-related death
was 84 ± 3% at 5-years survival and 78 ± 3% at 10-years
survival.
Survival was tested according to the three categories
of baseline FibroTest. At a cut-off of FibroTest value <
0.32 (no or minimal fibrosis) 5-years survival or non-liver
-related death was 98.7%, at baseline FibroTest value >
0.32 and at < 0.58 (moderate fibrosis) it was 92.1%, and
at baseline FibroTest value > 0.58 (severe fibrosis) it was
68.3%[22]. At cut-off of FibroTest value < 0.32 (no or
minimal fibrosis) 10-years survival or non-liver-related
death was 92.0%, at baseline FibroTest value > 0.32 and
< 0.58 (moderate fibrosis) it was 87.5%, and at baseline
FibroTest value > 0.58 (severe fibrosis) the survival or
non-liver-related death was 62.6%.
The accuracy of biomarkers and liver biopsy for
the prognosis of patients with ALD was as follows:
FibroTest, FibrometerA and Hepascore have AUROC
(diagnostic accuracy) than Pugh scores and non-patented
markers (FIB-4, APRI and Forns), but the prognostic
values of FibroTest, FibrometerA and Hepascore do
not significantly differ from biopsy staging. Additionally,
FibroTest was well associated with overall survival and
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survival or non-liver-related deaths[22].
The estimation of liver fibrosis progression (LFP) to
cirrhosis in alcoholic fatty liver disease could be done by
time-dependent statistics and non-invasive biomarkers
such as FibroTest that can be used as an alternative to
liver biopsy. The transition of fibrosis to cirrhosis and its
complications are always due to mortality associated with
ALD[27]. If the exposure time is known, one biopsy is
necessary to estimate the transition rate from normal liver
to minimal fibrosis stage (it concerns chronic hepatitis C).
Poynard et al[28] proposed the time-dependent statistics to
assess LFP from birth to first biopsy in chronic liver disease. According to the results of Poynard et al[23] the transition rate to minimal fibrosis (F1 in METAVIR scores
for biopsy) in ALD estimated by biopsy and FibroTest is
concordant with intra class coefficient ICC = 0.864. Biopsy and FibroTest were also in significant concordance
for estimation of LFP to cirrhosis, with ICC = 0.970. A
more rapid transition of LFP to minimal fibrosis and cirrhosis was observed for men with ALD, for both biopsy
and FibroTest. The multivariate analysis showed the similar transition rates to cirrhosis in ALD and non-alcoholic
fatty liver disease (NAFLD) using biopsy and FibroTest,
but the transition to minimal fibrosis in ALD was higher
than in NAFLD using FibroTest[24].
In summary, patented biomarkers (FibroTest, FibrometerA and Hepascore) and liver biopsy similarly predict overall survival in alcoholic liver disease. However,
they more accurately predict non-liver related survival
and death in ALD. FibroTest allows the estimation of
liver fibrosis progression in alcoholic liver disease similar
to liver biopsy.
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CONCLUSION
Several noninvasive laboratory tests have been used to
assess liver fibrosis in patients with alcoholic liver disease,
including the hyaluronic acid, FibroTest, FibrometerA,
Hepascore, Forns and APRI indexes, FIB4, an algorithm
combining PI, α-2 macroglobulin and hyaluronic acid.
The assessment of the degree of liver fibrosis in alcoholic liver disease has diagnostic and prognostic implications
and thus, noninvasive assessment of fibrosis remains important. Among these tests, Fibrotest, FibrometerA and
Hepascore demonstrated excellent diagnostic accuracy in
identifying advanced fibrosis and cirrhosis, and additionally, Fibrotest was independently associated with survival.
Therefore, the use of biomarkers may reduce the need
for liver biopsy and permit an earlier treatment of alcoholic patients.
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Core tip: Alcohol use disorders have been defined by
the Diagnostic and Statistical Manual of Mental Disorders-5. Excessive alcohol intake can lead to damage of
various organs, including the liver, and can induce complex psychiatric and somatic comorbidities. Alcoholic
liver disease includes different injuries ranging from
steatosis to cirrhosis and implicates a diagnostic assessment of the liver disease and of its possible complications. The assessment of previous alcohol consumption and the non-invasive evaluation of liver fibrosis are
areas of growing interest in this field.
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Abstract
Alcohol use disorders represent a heterogeneous spectrum of clinical manifestations that have been defined
by the Diagnostic and Statistical Manual of Mental
Disorders-5. Excessive alcohol intake can lead to damage of various organs, including the liver. Alcoholic liver
disease includes different injuries ranging from steatosis to cirrhosis and implicates a diagnostic assessment
of the liver disease and of its possible complications.
There is growing interest in the possible different tools
for assessing previous alcohol consumption and for establishing the severity of liver injury, especially by noninvasive methods.

INTRODUCTION
The global lifetime prevalence of alcohol use disorders
(AUDs) in the adult population has been estimated to be
up to 16%, with the highest rates to be found in Eastern
Europe[1]. AUD can underlie a constellation of alcoholrelated comorbidities, including psychiatric, neurologic,
cardiovascular, gastrointestinal and hematologic ones. In
particular, alcoholic liver disease (ALD) constitutes the
first cause of liver cirrhosis in the Western countries[2]
and the second most common cause of liver transplantation[3]. Rehm et al[4] estimated that in 2010, liver cirrhosis
was responsible for 493300 deaths and 14544000 disability adjusted life years (DALYs) worldwide. Furthermore,
in this study, alcohol use was strongly associated with
overall liver cirrhosis rates, with 47.9% of cirrhosis deaths
and 46.9% of DALYs lost due to cirrhosis attributable to

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Alcohol use disorder;
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Table 1 Diagnostic and Statistical Manual of Mental Disorders-5 criteria for alcohol use disorders
Criterion
1
2
3
4
5
6
7
8
9
10
11

Group
Impaired control The individual may take alcohol in larger amounts or over a longer period than was originally intended
The individual may express a persistent desire to cut down or regulate alcohol use and may report multiple
unsuccessful efforts to decrease or discontinue use
The individual may spend a great deal of time obtaining alcohol, drinking alcohol, or recovering from its effects
Craving is manifested by an intense desire or urge for alcohol that may occur at any time but is more likely when in
an environment where alcohol previously was obtained or used
Social impairment Recurrent alcohol use may result in a failure to fulfil major role obligations at work, school, or home
The individual may continue alcohol use despite having persistent or recurrent social or interpersonal problems
caused or exacerbated by the effects of alcohol use
Important social, occupational, or recreational activities may be given up or reduced because of alcohol use. The
individual may withdraw from family activities and hobbies in order to use alcohol
Risky use
This may take the form of recurrent alcohol use in situations in which it is physically hazardous
The individual may continue alcohol use despite knowledge of having a persistent or recurrent physical or
psychological problem that is likely to have been caused or exacerbated by alcohol
Pharmacological Tolerance, as defined by a need for a markedly increased dose of alcohol to achieve the desired effect or by a markedly
criteria
reduced effect when the usual dose is consumed
Withdrawal, that is a syndrome that occurs when blood or tissue concentrations of alcohol decline in an individual
who had maintained prolonged heavy alcohol use

alcohol consumption. It is thus important to set a correct
diagnosis of alcohol use disorder and of alcohol-related
comorbidities, in a multidisciplinary setting, in order to
establish a timely and appropriate treatment (for review
see Addolorato et al[5]).

The severity scale allows for classification of severity
and for recognition of change of severity over time and
of increase or remission as a result of treatment. It is,
therefore, useful both in the first diagnostic assessment
and in the follow up of the disease. As to identification
of remission, early remission has been defined as ≥ 3
to < 12 mo without symptoms (except craving) and full
remission requires no symptoms (except craving) for 12
mo.
Among the “Alcohol-Related Disorders” the DSM-5
recognizes, besides AUD, alcohol intoxication, alcohol
withdrawal, other alcohol-induced disorders and unspecified alcohol-related disorder (e.g., alcohol-induced
psychotic disorder and alcohol-induced depressive disorder)[7]. In addition, patients with alcohol use disorders are
often afflicted with other “co-morbid” psychiatric disorders. Both internalizing (e.g., mood and anxiety disorders)
and externalizing (e.g., antisocial personality disorder,
attention deficit and hyperactivity, and other types of addictive disorders) psychiatric disorders are highly frequent
within AUD patients compared with general population
samples[9,10]. A psychiatric evaluation including screening
and assessment for other psychiatric disorders is therefore mandatory when making a comprehensive evaluation of AUD patients.
Alcohol withdrawal syndrome (AWS) is a potentially
life-threatening condition that can occur 6-24 h after sudden discontinuation of alcohol consumption and that
can last up to 24-48 h after alcohol discontinuation. The
clinical manifestations include increase in blood pressure
and pulse rate, tremors, sweating, hyperreflexia, irritability, anxiety, headache, nausea and vomiting. The more aggressive manifestations can be characterized by delirium
tremens, seizures, coma, cardiac arrest and death[11]. In
the case of alcohol withdrawal delirium, symptoms occur generally 48-96 h after last drink but they can appear
also after a longer period, up to seven days. Symptoms
usually last for 48-72 h but they can persist for several

ALCOHOL USE DISORDER: THE ERA
OF DIAGNOSTIC AND STATISTICAL
MANUAL OF MENTAL DISORDERS-5
AUDs represent a heterogeneous spectrum of clinical
manifestations. The Diagnostic and Statistical Manual
of Mental Disorders (DSM)-Ⅳ differentiates alcohol
“abuse” from alcohol “dependence”. The former was defined by problematic use without compulsive use, significant tolerance or withdrawal, and the latter was defined
as a syndrome involving compulsive use, with or without
tolerance and withdrawal[6].
The recent new edition of DSM, the DSM-5, has
revised this classification, abolishing the distinction between abuse and dependence and defining AUD as a
cluster of behavioural and physical symptoms with a
continuum or spectrum of severity[7]. Moreover, different from DSM-Ⅳ, the DSM-5 has eliminated “recurrent
legal problems” as a criterion and has instead introduced
“craving or a strong desire or urge to use alcohol” as a
new criterion. This is important, especially in view of the
use of craving as a biological treatment target[8].
There are 11 criteria for the diagnosis of AUD that
can be divided into the overall groups of “impaired
control” (criteria 1-4), “social impairment” (criteria 5-7),
“risky use” (criteria 8-9) and “pharmacological criteria”
(criteria 10-11) (Table 1). A minimum of two positive criteria are necessary to establish a diagnosis of AUD. Two
to 3 positive criteria indicate a mild disease, 4 to 5 positive criteria indicate a moderate disease and 6 or more
positive criteria indicate a severe disease.
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however, also be elevated in advanced fibrosis of any
aetiology, in obesity and non-alcoholic fatty liver disease,
and in relation to gender (males tend to present higher
GGT values than females)[24,25].
Mean corpuscular volume (MCV) increases with excessive alcohol intake after 4-8 wk; however, its sensitivity
is too low to justify its use as a single indicator. Moreover,
given the long life-span of red blood cells (120 d) it is not
suitable to detect short-term variations in alcohol consumption[26].
Another commonly used serum marker of previous
alcohol consumption is carbohydrate deficient transferrin (CDT). The percentage of transferrin molecules that
lack one or two complete N-glycan chains or that show
incomplete N-glycan chains increases for a daily alcohol
intake greater than 50 g for more than two weeks; therefore, CDT is considered an indicator for long-term alcohol consumption. CDT levels decrease after two to four
weeks of abstinence, or more, depending on the baseline
values[27]. This test has been considered to be a specific
marker of chronic alcohol consumption (with a specificity and sensitivity for alcohol consumption above 50 g/d
of 92% and 69%, respectively[23]) and a suitable tool to
monitor alcohol abstinence. Moreover, the sensitivity of
CDT increases without loss of specificity by combination
with GGT and MCV[28].
The possibility of false positive values, however, raises
concerns[29]. False positive values have been reported in
genetic D variants of transferrin, inborn error of glycoprotein metabolism or severe liver disease[28]. In end-stage
liver disease, CDT is not interpretable, independently of
the aetiology.
Another possibility for alcohol use detection and
monitoring comes from analysis of the hair. Alcohol itself is a volatile substance and not durably incorporated
in the hair. By contrast, some of its metabolites, such as
fatty acid ethyl esters (FAEE) and ethyl glucuronide (EtG),
are durably incorporated and can be found in hair.
FAEE are derived from free fatty acids, triglycerides,
lipoproteins or phospholipids, in the presence of ethanol.
The sum of the concentration of four of these esters
(ethyl myristate, ethyl palmitate, ethyl oleate and ethyl
stearate) have been used as a marker of alcohol intake and
for quantification. FAEE are incorporated into hair from
sebum; therefore information regarding previous drinking and abstinence are not available with this method[30].
A range from 0.05 to 30 ng/mg hair has been found in a
heterogeneous population, including non-drinkers up to
patients in withdrawal treatment. A cut-off value of 0.5
ng/mg has been proposed for chronic excessive alcohol
consumption with 90% sensitivity and specificity[31].
EtG is a phase Ⅱ-metabolite of ethanol mainly formed
in the liver and represents 0.05% of the ingested ethanol. EtG is a non-volatile, water soluble conjugate that
results from the reaction between ethanol and glucuronic
acid, catalysed by the enzyme uridine diphosphate glucuronosyl transferase that is located in the endoplasmic
reticulum[32]. EtG is detectable in blood and urine for a

Table 2 CAGE questionnaire
1
2
3
4

Have you ever felt you should cut down on your drinking?
Have people annoyed you by criticizing your drinking?
Have you ever felt bad or guilty about your drinking?
Have you ever had a drink first thing in the morning to steady
your nerves or to get rid of a hangover (eye opener)?

Each response is scored as 0 or 1, with a higher score indicative of alcoholrelated problems and a total of 2 or more clinically significant.

days[12]. Severity scores such as the revised Clinical Institute Withdrawal Assessment[13] are potentially useful
in the assessment of AWS and in the clinical follow-up.
They are, however, still not validated in the management
of AWS[14].
Screening tools
Many screening tools have been developed and have
been widely used, such as the CAGE questionnaire and
the Michigan Alcoholism Screening Test and the Alcohol Use Disorders Identification Test (AUDIT)[15]. The
CAGE questionnaire (Table 2) is an easy-to-use tool with
an overall pooled sensitivity and specificity of 0.71 and
0.90, respectively, that has been suggested for use in general population screening[16]. In clinical practice, however,
the “gold standard” remains the World Health Organization developed AUDIT[14,17] (Table 3). The AUDIT is a
10-item screening instrument with a sensitivity ranging
from 51% to 97% and a specificity ranging from 78% to
96%[18]. Different scoring levels are possible: the maximum score is 40 and the screening test is considered positive if participants have a score ≥ 8 items for men up to
age 60, or ≥ 6 for women, adolescents and men over age
60[19]. Shorter versions of this test have been developed:
the AUDIT C[20], which includes the first three items, and
a single screening question (the third item of the AUDIT:
“How often do you have six or more drinks in one occasion?”), which should be followed by the whole AUDIT
in the case of a positive answer[21].
Clinical manifestations
The clinical manifestations suggestive of harmful alcohol
drinking include parotid enlargement, muscle wasting,
malnutrition, Dupuytren’s sign and symmetric peripheral
neuropathy. Signs of extrahepatic alcohol-induced damage indicating cardiac (cardiomyopathy), muscular (skeletal
muscle wasting), pancreatic (chronic pancreatitis and pancreatic endocrine and exocrine dysfunction), neurological
(alcoholic neurotoxicity) and nutritional (malnutrition)
involvement can occur in excessive alcohol intake[22].
Serum tests and markers of previous alcohol
consumption
Serum gamma-glutamyltransferase (GGT) is the most
frequently used marker for excessive alcohol intake. It
has a specificity and sensitivity for alcohol consumption
above 50 g/d of 75% and 73%, respectively[23]. GGT can,
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Table 3 Alcohol use disorders identification test
0

1

2

3

4

1

How often do you have a drink containing alcohol?

Questions

Never

2

How many drinks containing alcohol do you have on a typical day
when you are drinking?
How often do you have six or more drinks on one occasion?

1 or 2

Monthly or
less
3 or 4

2 to 4 times a
month
5 or 6

2-3 times a
week
Weekly

4 or more
times a week
10 or more

Less than
monthly
Daily or
almost daily
Daily or
almost daily
Daily or
almost daily
Daily or
almost daily
Daily or
almost daily

Monthly

Weekly

Monthly

Weekly

Monthly

Weekly

Monthly

Weekly

Monthly

Weekly

Monthly

Weekly

Daily or
almost daily
Daily or
almost daily
Daily or
almost daily
Daily or
almost daily
Daily or
almost daily
Daily or
almost daily
Yes, during
the last year
Yes, during
the last year

3
4
5
6
7
8
9
10

How often during the last year have you found that you were not
able to stop drinking once you had started?
How often during the last year have you failed to do what was
normally expected from you because of drinking?
How often during the last year have you needed a first drink in the
morning to get yourself going after a heavy drinking session?
How often during the last year have you had a feeling of guilt or
remorse after drinking?
How often during the last year have you been unable to remember
what happened the night before because you had been drinking?
Have you or someone else been injured as a result of your drinking?
Has a relative or friend or a doctor or another health worker been
concerned about your drinking or suggested you cut down?

Never
Never
Never
Never
Never
No
No

longer time than ethanol (respectively, 18 h and 80 h) and
it can accumulate in the hair[33]. In patients undergoing a
withdrawal treatment, EtG values ranged from 8 to 261
pg/mg head hair[34], although false negative results can
occur[35].
The possible use of pubic hair in substitution of head
hair, when they are not available, is a matter of debate.
Paired analysis on head and pubic hair showed discrepant
EtG levels in the two samples, suggesting that it is not
advisable to switch from head to pubic hair. Moreover,
the cut-off values used for EtG testing on head hair cannot be transposed to pubic hair. A possible advantage of
pubic hair testing for EtG could be a higher sensitivity to
identify social drinkers, although this point needs further
validation[36].
EtG appears to be an interesting tool in investigating
the history of alcohol intake since the segmental concentration of EtG correlates with the variations of alcohol
consumption and with time of withdrawal, assuming a
hair growth of 1 cm per month and comparing the alcohol consumption history to the EtG concentration in the
different hair segments. Moreover, a strong positive correlation has been found between the EtG hair concentration and the amount of alcohol intake[34]. A concentration
greater than 7 pg/mg has been suggested as being indicative of regular alcohol intake. More than 30 pg/mg can be
considered as indicative of excessive and regular alcohol
consumption[37]. Diagnostic sensitivity can be improved if
EtG and CDT values are matched[38]. Therefore, this test
is potentially useful for forensic purposes and in the clinical setting, for example in the evaluation for liver transplantation and in abstinence monitoring[34,39].

Yes, but not in
the last year
Yes, but not in
the last year

atosis, steatohepatitis with different grades of fibrosis
and cirrhosis with its complications, such as hepatocellular carcinoma. These stages constitute a spectrum of
injuries that can be simultaneously present in a patient
in different combinations. The diagnosis of ALD is
defined if there is clinical evidence of liver disease and
laboratory abnormalities in combination with significant
alcohol intake.
Steatosis is generally asymptomatic; it can be accompanied by disturbed liver tests and is reversible with
abstinence. Twenty percent of patients who have developed steatosis and do not cease alcohol intake will likely
develop fibrosis and cirrhosis[22]. Steatosis can evolve with
the development of inflammation and hepatocellular
injury to alcoholic steatohepatitis (ASH). These patients
are generally asymptomatic but they can present nausea,
vomiting and abdominal pain. Acute alcoholic hepatitis
represents a severe type of ASH, which is characterized by abdominal pain, fever, increased white blood cell
count, impaired blood clotting and jaundice.
In the case of cirrhosis, the physical findings are generally non-specific and independent from the aetiology.
Gynecomastia and extensive spider naevi are, however,
often present if alcohol is the predominant aetiological
factor of the liver disease. In patients with decompensated cirrhosis, jaundice, ascites, variceal bleeding and
hepatic encephalopathy can occur[14,40]. In addition, signs
of extrahepatic alcohol-induced damage can further suggest a diagnosis of ALD and should be considered to
provide appropriate treatment. It should be noted that
some patients with histological features of ALD can be
also asymptomatic.
As mentioned before, acute alcoholic hepatitis can
also occur in the context of ASH, and it can present with
recent onset of jaundice and/or ascites in a patient with
excessive alcohol intake. Fever, with or without infection,

ALCOHOLIC LIVER DISEASE
ALD comprises different injuries, including simple ste-
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the representativity of liver biopsy and the related safety
issues[46]. The recent EASL guidelines state that liver biopsy should not be performed in all patients affected by
ALD, but that it is indicated to confirm the diagnosis and
to assess the severity of the disease in cases of aggressive forms of ALD requiring intervention and in the case
of possible cofactors contributing to the onset of liver
disease[14]. Moreover, liver biopsy is useful in determining
the outcome of patients affected by ALD, given that a
histological diagnosis of ASH or cirrhosis is associated
with an increase in mortality of at least 50%, in comparison with simple alcoholic steatosis[47].
The elementary histological lesions in ALD are macrovesicular steatosis, hepatocyte damage (ballooning),
lobular inflammatory infiltrate and fibrosis, which can
progress to cirrhosis[48]. These lesions can simultaneously
be present in the same patient in various combinations
and delineate simple steatosis, ASH and chronic hepatitis
with fibrosis to cirrhosis[49]. Mallory’s hyaline, megamitochondria, perivenular and perisinusoidal fibrosis can accompany these different stages of the disease.
The most common and precocious histological feature in ALD is macrovesicular steatosis. It is a lesion that
needs follow-up since it is associated with a more rapid
progression to fibrosis, and since cirrhosis can eventually occur in steatotic livers, also in the absence of ASH
or fibrosis at the initial evaluation[50]. The coexistence of
steatosis, hepatocyte damage (ballooning) and lobular
inflammatory infiltration of polymorphonuclear neutrophils defines ASH. Mallory’s hyaline and megamitochondria can be associated and are suggestive of active
drinking, while the severity of the inflammation and cholestatic changes correlate with a poor prognosis[51]. ASH
has, among the ALD-associated histological features, the
highest risk of fibrosis progression and leads to cirrhosis
in 40% of cases[52]. Steatohepatitis with periportal ductular reaction and cholestasis is often seen in severe ASH
and is fairly specific for an alcoholic cause[53]. In this case,
however, the presence of sepsis must be ruled out. If
sepsis is excluded, cholestasis is associated with a worse
clinical outcome and is an independent predictor of 3-mo
mortality[54].
Semi-quantitative scoring systems to classify fibrosis
in liver biopsies are commonly used in evaluating ALD,
although they have not yet been validated in this specific
disease. The most used ones are the METAVIR[55] and
the Kleiner[56] scoring systems, which have a score for the
fibrosis staging ranging from 0 (no fibrosis) to 4 (cirrhosis) (Table 4). Perisinusoidal arachnoid fibrosis (“chicken
wire”-like fibrosis) is a scarring pattern characteristic of
steatohepatitis (both alcoholic and non-alcoholic). A
perivenular distribution of fibrosis is typical of alcoholrelated damage, as opposed to periportal fibrosis which
can be found in chronic viral hepatitis[57].

weight loss and malnutrition can be associated. Alcoholic
hepatitis can progress to liver decompensation with ascites, encephalopathy and gastrointestinal bleeding, and
it is a major risk factor of bacterial infection and type 1
hepatorenal syndrome[41].
The diagnostic assessment of the different manifestations of ALD include blood tests, imaging techniques
and, when indicated, liver biopsy. The more advanced
stages of the disease need a complete assessment with a
more strict follow-up to evaluate the possible complications of liver disease, including hepatocellular carcinoma,
as specified below.
Serum markers and prognostic scores
Increased liver test values, such as that of GGT, alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST), are indicators of liver diseases, but they are not
specific. In severe alcoholic hepatitis, however, AST is
typically elevated 2-6 times the upper normal limit but
rarely exceeds 300 IU/L, while ALT levels are commonly
lower. Moreover, the AST/ALT ratio is generally > 2,
although this finding is neither specific nor sensitive, especially in the cirrhotic stage[42]. In advanced liver disease,
prolonged prothrombin time (PT), increased bilirubin
levels or thrombocytopenia can occur.
In the case of acute alcoholic hepatitis, prognostic
scores are useful to assess the short-term survival. The
Maddrey discriminant function (DF), which includes PT
and bilirubin, is the most used one. A DF ≥ 32 indicates
a 1-mo survival without treatment of 50%-65%[43]. Other
scores such as the Model for End-Stage Liver Disease,
which includes bilirubin, creatinin, and international
normalized ratio (INR), the Glasgow Alcoholic Hepatitis
Score, which includes age, white blood cell count, urea,
bilirubin, the patient’s PT and the PT control value, and
the ABIC score, which includes age, bilirubin, INR and
creatinin, have been proposed, but need further validation in the context of ALD[14].
Imaging techniques
Ultrasound, computed tomography and magnetic resonance imaging can be used in the assessment of ALD.
Although they do not contribute to defining the aetiology
of liver disease, they can show steatosis and advanced
stages of chronic liver disease up to cirrhosis and its
complications, such as portal hypertension and hepatocellular carcinoma. Moreover, imaging techniques can rule
out other obstructive biliary pathology or infiltrative and
neoplastic disease of the liver[44]. Alcoholic cirrhosis can
be suggested by a higher volume index of the caudate
lobe, a more frequent visualization of the right posterior
hepatic notch and smaller regenerative nodules[45].
Liver biopsy
There is a lack of consensus about performing liver
biopsy in patients with a suspicion of ALD, given the
absence of definitive evidence of the accuracy of liver
biopsy in the diagnosis of ALD, the concerns regarding
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Table 4 Fibrosis staging systems
Stage

Metavir

Kleiner

0
1

No fibrosis
Stellate enlargement of portal tract, but without septa formation

2
3
4

Enlargement of portal tract but with rare septa formation
Numerous septa without fibrosis
Cirrhosis

include blood tests that combine different biomarkers of
fibrosis. Originally developed for HCV-related chronic
liver disease, these tests have been studied in ALD to set
disease-specific cut-offs. The aim of using non-invasive
methods for liver fibrosis is to identify patients with fibrosis, in order to start appropriate treatment to prevent
the development of cirrhosis and to identify patients with
cirrhosis who need monitoring of complications, such as
portal hypertension and hepatocellular carcinoma[40].
The most promising tests in this field are FibroTest® (that
combines alpha-2-macroglobulin, haptoglobin, GGT,
ApoA1 and bilirubin, corrected for age and sex), FibrometerA® (that combines PT, alpha-2-macroglobulin,
hyaluronic acid and age), and Hepascore® (that combines
bilirubin, GGT, hyaluronic acid, alpha-2-macroglobulin,
age and sex). The diagnostic value of these different tools
has been studied in ALD and was comparable, with an
AUROC around 0.80 for advanced fibrosis and around
0.90 for cirrhosis. Moreover, the non-invasive fibrosis tests
have shown a potential value in predicting liver mortality,
given the correlation between survival and baseline noninvasive fibrosis scores[58].
Another non-invasive method to detect liver fibrosis
is elastography, which uses ultrasonic imaging to observe
tissue shear deformation in response to an applied force,
to measure liver stiffness (LS). In this setting, the most
used methods are transient elastography (TE), acoustic
radiation force impulse (ARFI) and shear wave elastography (SWE)[59].
Transient elastography is the most commonly used
method at present, and it has been validated especially
in patients affected by hepatitis C. Some studies, however, have been performed to assess the reliability of this
technique in ALD. In the case of ALD, the boundary
between F0-F3 and F4 appears to be the most important,
since it permits the identification of patients who need
a strict follow-up for the possible onset of varices and
hepatocellular carcinoma[40].
A recent study using TE has indicated 12.9 and 22.6
kPa as cut-off values, respectively, of extensive fibrosis (≥
F3) and cirrhosis[60]. LS values ≥ 32.5 kPa are predictive
of significant esophageal varices in ALD, higher than the
cut-off for viral hepatitis (24.8 kPa)[61]. However, many
factors can influence LS measurement in ALD. The presence of ASH and increased transaminase levels (especially AST > 100 IU/L) can influence LS measurement,
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No fibrosis
Perisinusoidal or periportal
1A: Mild, zone 3, perisinusoidal
1B: Moderate, zone 3, perisinusoidal
1C: Portal/periportal
Perisinusoidal and portal/periportal
Bridging fibrosis
Cirrhosis

independent of fibrosis stage. Moreover, alcohol intake
can modify LS measurements, as it is increased in active
drinkers and in relapsers and decreases after abstinence[62].
Therefore, LS measurement should be interpreted with
caution in the diagnosis of ALD, but at the same time
could be useful to assess an AUD and for the control of
abstinence[63]. Moreover, a pharmacokinetic study showed
that cytochrome P-450 isoenzymes and drug transporters
tend to be up-regulated in alcoholics without advanced
fibrosis (< 8.0 kPa) compared to healthy controls but are
lower in severely increased LS (> 8.0 kPa). This study
suggests a possible role of LS in pharmacokinetic predictions and individualized pharmacotherapy[64].
In clinical practice, it has been proposed that in the
presence of increased LS (> 6 kPa), a correct assessment of the fibrosis stage can be performed only if
AST < 100 IU/L and the patient is abstinent. If these
criteria are met, LS values higher than 12.5 kPa indicate
F4 cirrhosis. If AST is within the normal limits (and the
patient is abstinent), both F3 and F4 can be detected (LS
value between 8.0 and 12.5 kPa for F3 and ≥ 12.5 kPa
for F4)[65].
The use of the more recently developed tools to
detect LS, ARFI and SWE, is under research in order to
assess their feasibility and the disease-specific cut-offs in
ALD. A recent study enrolling ALD patients with histologically proven alcohol-related liver disease has proposed
a cut-off value of LS measured by SWE of 13.1 kPa to
rule out cirrhosis, although this issue needs to be confirmed in larger studies[66]. At present, although great effort has gone into developing various non-invasive tools,
the TE® remains the most used and accurate test in this
field.

CONCLUSION
Excessive alcohol intake can lead to a heterogenous spectrum of clinical manifestations that are included in the
definition of “Alcohol Use Disorders”. The multiple aspects of this disease, i.e., complex psychiatric and somatic
comorbidities, give rise to the need for a correct screening and diagnosis of the alcohol use disorder and of its
clinical implications. Among these, ALD plays an important role and needs a detailed assessment, in view of the
possible onset of complications and to correctly manage
the patient.
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alcohol relapse at an early stage, thus permitting the
initiation of adequate treatment. Patients with alcoholic
cirrhosis are at high risk of developing head and neck,
esophageal, or lung cancer. The higher risk of malignancies should be considered in the routine assessment
of patients suffering from alcoholic cirrhosis. Tumor
surveillance protocols for liver transplant recipients,
currently being developed, should become a part of
standard care; these will improve survival by permitting diagnosis at an early stage. In conclusion, the key
factor determining the outcome of transplantation for
alcoholic cirrhosis is intensive lifelong medical and psychological care. Post-transplant surveillance might be
much more important than pre-transplant selection.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Transplantation for the treatment of alcoholic cirrhosis is more controversially discussed than it is for any
other indication. The crucial aspect in this setting is
abstinence before and after liver transplantation. We
established pre-transplant selection criteria for potential transplant candidates. Provided that the underlying
disease can be treated, there is no reason to withhold
liver transplantation in a patient suffering from alcoholic
cirrhosis. Evaluation of the patient by a multidisciplinary
team, including an addiction specialist, is considered to
be the gold standard. However, several centers demand
a specified period of abstinence - usually 6 mo- irrespective of the specialist’s assessment. The 6-mo rule is
viewed critically because liver transplantation was found
to clearly benefit selected patients with acute alcoholic
hepatitis; the benefit was similar to that achieved for
other acute indications. However, the discussion may
well be an academic one because the waiting time for
liver transplantation exceeds six months at the majority
of centers. The actual challenge in liver transplantation
for alcoholic cirrhosis may well be the need for lifelong
post-transplant follow-up rather than the patient’s pretransplant evaluation. A small number of recipients
experience a relapse of alcoholism; these patients are
at risk for organ damage and graft-related death. Posttransplant surveillance protocols should demonstrate

Key words: Alcoholic liver disease; Liver transplantation
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Core tip: Transplantation for the treatment of alcoholic
cirrhosis is more controversially discussed than it is
for any other indication. The greatest concern in this
setting is abstinence before and after liver transplantation. The outcome of liver transplantation for alcoholic
cirrhosis appears to be determined by the risk of malignancy and cardiovascular disease rather than the
relapse of alcoholism after transplantation. A review
of the most recent literature on this subject disclosed
problems associated with alcoholic liver disease as an
indication for transplantation.
Berlakovich GA. Challenges in transplantation for alcoholic liver
disease. World J Gastroenterol 2014; 20(25): 8033-8039 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i25/8033.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8033

INTRODUCTION
Alcoholic cirrhosis is a leading cause of end-stage liver
disease and the second most common indication for liver
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transplantation in the Western world[1,2]. Liver transplantation is a standard treatment and, in fact, the only option
for saving the lives of patients with end-stage liver disease. With the exception of the brain, the liver is the only
vital organ for which no artificial substitute is available.
Although liver transplantation is a life-saving treatment
for many indications, the fact of organ shortage makes it
accessible to no more than a selected group of patients.
Widely accepted disease-specific selection criteria exist
for the majority of indications, but the selection of alcoholic candidates remains controversial. These patients
constitute a challenge because of several pre-, intra- and
post-transplant issues, many of which are induced by
their alcohol abuse[3].

multidisciplinary team including an addiction specialist is
the gold standard, but several centers demand a specified
period of abstinence (usually 6 mo) irrespective of the
specialist’s assessment[7,10].
An interval of sobriety prior to transplantation is very
desirable from the medical point of view. Abstinence may
improve liver function most markedly. However, with
regard to alcoholism, a mandatory period of abstinence
as such is a poor predictor of the risk of relapse[11,12].
Pre-transplant abstinence does not reliably predict posttransplant abstinence or compliance. Besides, we have no
published national or international guidelines concerning
the duration of abstinence for liver transplantation[13].
The most commonly used cut-off period of 6 mo is arbitrary and by no means based on evidence. According to
publications on alcohol dependence outside the setting
of liver transplantation, sobriety becomes robust only after 5 years of sustained abstinence[4].
The term addiction is not easily defined. It does not
merely refer to the violation of a specified period of
abstinence from substance abuse. Assessment by a substance abuse professional will identify protective and/or
negative prognostic factors. Patients living in social
isolation, with a family history of alcoholism, repeated
attempts at rehabilitation, uncontrolled polysubstance
abuse, and unstable character disorders are clearly associated with a poor prognosis[14,15]. On the other hand,
a potential candidate with social support, sources of improved self-esteem and a future-oriented approach may
well experience a successful outcome after liver transplantation[4,16].
In a multivariate analysis, Pfitzmann et al[17] established
similar risk factors for recurrent alcohol consumption
(divorce, a poor psychosomatic prognosis), but this is
one of the few publications in which a sobriety period <
6 mo prior to transplantation was identified as a risk factor. However, this may have been due to observational
bias or the retrospective design of the study. Living in a
household with underage children was another surprising
risk factor reported in this publication.
Patients with alcoholic cirrhosis should be assessed
by a multidisciplinary approach, including an evaluation
by a medical specialist as well as an addiction specialist in
order to identify those at high risk of relapse[11,18].

SELECTION OF POTENTIAL CANDIDATES
FOR TRANSPLANTATION - ASSESSMENT
OF ADDICTION
Alcoholism is a lifelong disease, frequently marked by
episodes of relapse and a poor likelihood of sustained
sobriety[4]. One problem is inconsistency in the definition
and interpretation of alcoholism, which ranges from “any
consumption of alcohol” to “only harmful drinking”[5].
Based on the widely used definition, published rates of
alcohol relapse are subject to over-estimation as well as
under-estimation. Besides, a follow-up period exceeding
5 years has been reported in no more than a handful of
studies.
Alcoholism is the underlying disease in patients suffering from alcoholic cirrhosis. In fact, cirrhosis in this
setting is a secondary complication. Provided that the
underlying disease can be treated, there is no reason
to withhold liver transplantation in a patient with alcoholic cirrhosis. The debate derives from the widespread
opinion that alcoholism is not a disease but a fault. This
opinion prevails in the public as well as among medical
professionals[6]. Our knowledge of alcoholism has been
greatly enhanced in the last few decades by informative
campaigns and education.
The alcohol dose required for liver injury may differ
from person to person[7]. The inability to keep alcohol
consumption within safe limits is partly determined by
genetic factors[8]. Progression to alcoholic cirrhosis is also
influenced by genetic polymorphism, related to alcoholmediated initiation of inflammation and fibrogenesis[9].
The controversy about alcoholic cirrhosis as an indication for liver transplantation is fostered by the shortage
of donor livers. Given the discrepancy between available
organs and potential recipients, selection criteria need to
be established for all indications and potential candidates.
Unequivocal selection criteria will permit a clear distinction between the usefulness and futility of the procedure,
as well as provide favorable long-term outcomes after
transplantation.
Uniform disease-specific selection criteria do not exist for patients with alcoholic cirrhosis. Evaluation by a
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ALCOHOL-BASED COMORBIDITIES
Chronic consumption of alcohol damages liver parenchyma and also exerts adverse effects on other organ systems. Any evaluation of a patient for liver transplantation
should include screening for comorbidities and extrahepatic alcoholic organ damage[10].
Alcoholic cirrhosis and the heart
Excessive use of alcohol may affect the heart as well[19].
Patients with no signs or symptoms of heart disease may
have demonstrable evidence of asymptomatic myocardial
disease[20]. The identification and treatment of alcohol-
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associated cardiac issues is critical in the pre-, intra- and
perioperative phase of transplantation[3]. Subclinical cardiac disease influences the risk of surgery and long-term
outcome.
Preoperative evaluation of cardiac function is facilitated by characteristic hemodynamic changes associated
with portal hypertension[21], increased cardiac output,
systolic and diastolic dysfunction, and electrophysiological abnormalities[22]. Patients with Child-Pugh C have the
greatest hemodynamic derangements and are most difficult in terms of intraoperative management.
Patients with alcoholic liver disease were considered
to be relatively well protected from coronary artery disease. However, the protective effect of moderate drinking is not only dose dependent, but is also significantly
modified by gender[23]. A large number of recipients who
are heavy drinkers are also erstwhile heavy smokers. Both
conditions jointly signify an additional risk factor for
coronary artery disease.
According to the American Association for the Study
of Liver Diseases practice guidelines for the evaluation
of patients for liver transplantation, a person with any
one of the following characteristics is considered to be
at high risk for coronary artery disease: smoker, age > 50
years, diabetes mellitus, history of coronary artery disease, or a positive family history. Candidates with a highrisk profile should undergo screening including a dobutamine stress echocardiogram. If the latter is positive, a
coronary angiography should be performed[24].
Cardiovascular complications are a leading cause of
non-graft-related death in the post-transplant period[19,25].
The risk of cardiovascular disease increases in direct
proportion to the improvement of long-term survival
among liver transplant recipients. This is mainly due to
the adverse effects of prolonged immunosuppressive
treatment, which include hypertension, diabetes, dyslipidemia, and obesity. All of these conditions constitute
risk factors for cardiovascular events. Patients undergoing
transplantation for alcoholic cirrhosis are at significantly
higher risk of cardiovascular mortality[26].

Peripheral neuropathy is not uncommon in patients
with end-stage liver disease, irrespective of the etiology. It
does not seem to be associated with an adverse outcome
and is known to improve after liver transplantation[11].
Alcoholic cirrhosis and malignancies
Liver cirrhosis of any etiology is a major risk for hepatocellular carcinoma (HCC). The mechanisms that contribute to HCC in patients with cirrhosis are complex, including telomere shortening, loss of cell cycle functions,
and the activation of oncogenic pathways[30]. Certain
unique mechanisms contribute to the development of
HCC in alcoholic cirrhosis[31,32], including the formation
of acetaldehyde, a carcinogen with mutagenic properties,
and the immunosuppressive effect of alcohol.
De novo head and neck malignancies - including esophageal cancer - occur at a higher rate after transplantation
in patients with alcoholic liver disease[3,33,34]. Previous alcohol abuse was shown to be associated with a three-fold
higher risk of de novo tumor after liver transplantation[33,34].
The mean period of time until diagnosis has been reported to range between three and five years after liver
transplantation[34-36].
Apart from the universally accepted detrimental effect
of smoking on cardiovascular mortality, its role in malignancy after liver transplantation - especially lung cancer is becoming increasingly evident[37]. According to van der
Heide et al[38], at 10 years smoking significantly increases
the risk of non-skin malignancies to 13%, compared to 2%
in non-smoking recipients. The mean period of time until
the identification of lung cancer in liver transplant recipients ranged from 3.5 to 4 years. Lung cancer was usually
diagnosed in an advanced stage and has been associated
with a poor prognosis[35,39]. It is difficult to distinguish between the effects of alcohol abuse and those of smoking
because patients with alcoholic cirrhosis tend to be heavy
smokers as well[40]. A significantly higher incidence of lung
and oropharyngeal cancer has been registered in (previous)
smokers undergoing transplantation for alcoholic cirrhosis
than in the general population[34,37,40].
The high risk of malignancies should be considered
in the routine assessment of patients suffering from
alcoholic cirrhosis. Tumor surveillance protocols are
currently being developed for liver transplant recipients.
These should become a part of standard care[40-42]. Tumor
surveillance protocols will improve survival by permitting
detection of the disease at an early stage.

Alcoholic cirrhosis and the brain
Chronic alcohol consumption and liver disease are independent factors associated with impaired neuropsychological function, which is manifested by deficits in attention and concentration, memory and learning, mental
efficiency, abstract reasoning, and motor skills[27]. These
deficits are associated with the quantity and duration of
alcoholism; cognitive deficits resolve after cessation of
alcohol use[28]. Neuropsychological impairment may be
a confounding factor when it occurs in the presence of
an alcohol-related disorder and end-stage liver disease; in
this setting it is mainly triggered by the severity of liver
disease[29].
Patients with alcoholic liver disease experience improvement of many neuropsychological symptoms after
liver transplantation, but the outcome might be poorer
than it is after liver transplantation for other indications[27].
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INCIDENCE AND IMPACT OF ALCOHOL
RELAPSE
Relapse of alcoholism among patients undergoing liver
transplantation for alcoholic cirrhosis is reported to occur at diverse rates of 10%-50%[12,14,15,17,43,44]. Tome and
Lucey presented an excellent summary of salient publications on alcohol relapse after liver transplantation[45]. With
regard to alcohol relapse and the duration of follow-up,
relapse rates were consistently about 30% in studies com-
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other indications[47,56,57].

prising more than 5 years of follow-up, whereas relapse
rates were below 20% in studies with a shorter follow-up
period. However, it should be noted that the above mentioned analysis was published 10-20 years ago; a multidisciplinary transplant team including an addiction specialist
was not available in all centers at the time.
In 1994 we reported a relapse rate of 32%[46]. A few
years later, after a specialist psychologist become a permanent member of our transplant team and was involved
in pre-transplant evaluation as well as post-transplant
care, the relapse rate dropped to 13%[47]. Careful patient
selection as well as pre- and post-transplant counseling may minimize the relapse of alcoholism after liver
transplantation[3,47]. Early identification and monitoring
of alcohol relapse are essential determinants of the longterm outcome of transplantation. Biochemical tests are
considered less sensitive than questionnaires in screening
for alcohol abuse, but may be useful in identifying relapse[48-50].
Close monitoring of patients transplanted for alcoholic cirrhosis by addiction specialists might not be feasible. Carbohydrate-deficient transferrin (CDT) was identified as a useful monitoring marker for alcohol relapse in
patients after liver transplantation because it permits selection of those patients who need special attention from
the psychologist[49]. CDT, a biological marker for alcohol
abuse, was found to be independent of the severity of
liver disease. In the psychiatric literature, CDT is reportedly not influenced by clinical events[51]. However, the severity of liver disease might differ significantly in patients
referred for liver transplantation compared to patients
undergoing long-term treatment by an addiction specialist. The loss of functioning hepatocytes in cirrhosis is associated with impaired cellular activity, potentially affecting one or more steps of CDT metabolism. Thus, CDT
is of limited use as a pre-transplant screening marker for
the selection of potential transplant candidates suffering
from alcoholic cirrhosis[52].
A large body of evidence has shown that non-compliance with immunosuppressive drugs is associated with
a high risk of late acute rejection. Drug non-compliance
in conjunction with alcohol relapse is controversially
discussed, as is the impact and degree of injury to liver
parenchyma due to alcohol relapse[47,53-55]. Published data
concerning the impact of alcohol relapse on patient survival are inconsistent. In most studies, patient survival
was not influenced by recurrent alcohol abuse, regardless
of whether liver injury - including fibrosis - was detected
on histological investigation. A handful of single-center
studies reported reduced patient survival in patients suffering relapses of alcoholism[17,43,44]. The cause of death
in these patients was predominantly related to the liver,
whereas the causes of death in abstinent patients were
mainly cardiovascular disease or malignancy.
Irregular follow-up and non-compliance with therapy
are observed in a minority of patients. Graft rejection
rates are similar or even less in patients transplanted for
alcoholic cirrhosis compared to those transplanted for
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OUTCOME AFTER LT FOR ALCOHOLIC
CIRRHOSIS COMPARED TO OTHER
INDICATIONS
Five- and 10-year patient survival rates after liver transplantation for alcoholic cirrhosis in Europe are 73% and
58%, respectively[2].
Overall survival rates in patients undergoing liver
transplantation for alcoholic cirrhosis did not differ from
those in patients transplanted for most other indications,
and were better than those for patients with HCV[1]. The
reasons for death after transplantation differ in recipients
with alcoholic cirrhosis. In a retrospective analysis of the
European Liver Transplant Registry, cardiovascular causes
and de novo malignancies were significantly overrepresented in these patients[2]. Similar results were registered
in a large single-center series: 1-, 5-, and 10-year survival
rates were 96%, 88% and 76%, respectively, in patients
transplanted for alcoholic cirrhosis; and 97%, 80%, and
72%, respectively, for other patients[17]. Recurrent alcoholic liver disease was the cause of death in 87.5% (14 of
16) of patients who returned to heavy drinking. Patients
with non-abusive drinking behavior or abstinent patients
died mainly due to infection, malignant tumor, or cardiovascular disease[17].
Dumortier et al[58] reported a similar patient survival
rate of > 70% at 10 years after liver transplantation. The
male gender, a history of smoking, and de novo malignancies were identified as significant prognostic factors for
survival, but were not modified by alcohol relapse after
transplantation.
In contrast, Cuadrado et al[44] registered a significantly
lower 10-year survival rate in patients suffering an alcohol
relapse (45% vs 85.5%). No significant association was
observed between recurrent alcoholism and graft rejection, infection, liver transplant-associated comorbidities,
or compliance. The lower survival rate was attributed to
more numerous deaths due to cancer and cardiovascular
disease.

ALCOHOLIC HEPATITIS
Historically, patients suffering from acute alcoholic hepatitis have been rejected as candidates for liver transplantation because they do not fulfill disease-specific selection
criteria. First, a severely ill patient cannot undergo a
psychological evaluation. Second, the patient’s addiction
cannot be treated. Third, the potential recovery of the
liver cannot be monitored[59,60]. Six-month mortality rates
exceed 70% in patients with severe alcoholic hepatitis
and failed medical therapy[61]. In fact, the use of liver
transplantation in this setting is under discussion and revision[62]. According to the EASL therapeutic algorithm,
liver transplantation is a treatment option in selected
patients with alcoholic hepatitis[7]. In retrospective stud-
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centers.
The real challenges in liver transplantation for alcoholic cirrhosis pertain to long-term post-transplant
follow-up. Despite routine follow-up, special surveillance
protocols have to be established for these recipients,
especially with reference to screening for oropharyngeal
and pulmonary malignancies. The greatest challenge is
the implementation of a psychological surveillance protocol for sobriety in order to detect and treat alcohol
relapse at a very early stage and thus prevent organ damage. Long-term psychological surveillance after transplantation is offered at a very small number of centers.
This is mainly due to restricted resources and because the
patient may not be followed at the transplant center. The
key determinant of excellent outcomes in transplantation
for alcoholic cirrhosis is intensive lifelong medical and
psychological care. Post-transplant surveillance might be
much more important than pre-transplant selection.

ies, small cohorts of patients transplanted for alcoholic
cirrhosis had similar patient and graft survival rates as did
those in a matched control population[63,64].
The retrospective diagnosis of alcoholic hepatitis in
explant histology is clearly different from the patient presenting with acute clinical symptoms of alcoholic hepatitis. Mathurin et al[65] recently published a prospective pilot
study of liver transplantation as rescue treatment for
severe alcoholic hepatitis resistant to steroid therapy. All
potential candidates had a normal psychosocial profile.
Selection required the consensus of a multidisciplinary
team, the patient, and his/her family. The 6-mo survival
rate after transplantation was 78%, compared to 24% in
historical controls undergoing standard treatment. The
clear benefit of liver transplantation in acute alcoholic
hepatitis is comparable to the results of liver transplantation for other acute indications. This subgroup constituted less than 3% of all liver transplants during the study
period. Prospective studies will be needed to explore the
impact of waiting lists, post-transplant outcomes, and
ethical issues by extending the indications for liver transplantation to include alcoholic hepatitis.
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Focus on alcoholic liver disease: From nosography to
treatment
Letiția Adela Maria Streba, Cristin Constantin Vere, Costin Teodor Streba, Marius Eugen Ciurea
associated with alcohol consumption. The main possible risk factors for ALD are the amount and duration
of alcohol abuse, patterns of drinking and the type of
alcoholic beverage consumed. However, ALD does not
progress to cirrhosis in all patients, therefore a series
of additional factors are implicated. Even though insufficiently studied, genetic factors are generally regarded
as highly important, and the presence of comorbidities
and dietary habits seem to play a role in disease onset
and progression. This lack of clear pathophysiological
data further translates in the absence of definite treatment for ALD and shall prove challenging in the coming years. In this article, we aimed to briefly review
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epidemiologic data on the burden of ALD, risk factors, clinical and nosographic as well as therapeutic
aspects of this disease. Without attempting to be
exhaustive, this short topic highlight emphasizes each
point and may serve as a general guidance tool in the
complicated literature related to ALD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
Abusive alcohol intake currently ranks as a major cause
of liver disease, and is associated with significant
mortality worldwide. Alcoholic liver disease (ALD) generically defines liver abnormalities ranging from liver
steatosis to the end-stages of disease such as liver
cirrhosis. Information regarding the precise incidence
and prevalence of ALD is still limited by a lack of large
population-based studies and by the absence of large
systematic reviews of all epidemiological data available. However, existing collected data show an overall
increase in the number of alcohol abusers and alcoholrelated liver disease. The burden exerted on medical
systems worldwide is significant, with hospitalization
and management costs rising constantly over the
years. A great number of all cirrhosis-related deaths
in Europe and a significant percentage worldwide are
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Core tip: Alcoholic liver disease (ALD) generically defines liver abnormalities ranging from liver steatosis
to the end-stages of disease such as liver cirrhosis.
The burden exerted on medical systems worldwide is
significant, with hospitalization and management costs
rising constantly over the years. In this article, we

aimed to briefly review epidemiologic data on the
burden of ALD, risk factors, clinical and nosographic
as well as therapeutic aspects of this disease. Without attempting to be exhaustive, this short topic highlight emphasizes each point and may serve as a general guidance tool in the complicated literature related
to ALD. For each point, the areas of uncertainty were

emphasized.
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gies of liver disease[14]. According to a nationwide population based cohort study, the annual incidence rate of
alcoholic hepatitis in the Danish population has increased
from 37 to 46 per 100000 for men and from 24 to 34
per 100000 for women from 1999 to 2008[15]. A total of
16745 patients were diagnosed with alcoholic cirrhosis in
Denmark between 1988 and 2005 and an increasing trend
in alcoholic cirrhosis prevalence from 1988 to 2005 was
observed. Between 2001 and 2005, the alcoholic cirrhosis
incidence rates were higher for men (26.5 per 100000 per
year for men and 11.8 per 100000 per year for women)
in the Danish population[16]. According to a nationwide
survey performed in Japan, alcoholic cirrhosis represents 13.6% of all cases of cirrhosis[17]. ALD involves a
huge burden in terms of mortality, disability, functional
decline, health-related quality of life, social and healthcare costs[3,14]. In Germany, ALD was the most common
cause of death of all liver cirrhosis deaths (8.9 deaths per
100000 population) in 2009[18]. In the United Kingdom
there was a 36% increase in ALD deaths between 2001
and 2008[19]. In the United States, the age-standardized
death rate for ALD was 4.5 deaths per 100000 in 2009[20].
Globally, alcohol-attributable cirrhosis deaths accounted
for 47.9% of all liver cirrhosis deaths and 14544000 disability adjusted life years (DALYs), representing 46.9%
of all liver cirrhosis DALYs in 2010. The highest proportion of alcoholic cirrhosis deaths was recorded in Central
Europe (72.3% of all liver cirrhosis deaths). Worldwide,
the alcohol-attributable cirrhosis death rate was 7.2
deaths per 100000 population in 2010. Central Asia recorded the highest alcoholic cirrhosis death rate (17.5
deaths per 100000 population), followed by Central Latin
America (15.8 deaths per 100000 population)[21]. On the
other hand, ALD contributes significantly to rising health
care costs. In the United Kingdom, alcoholic cirrhosis
was the main indication for liver transplantation between
1996 and 2000 (468 liver transplants at an estimated total
cost of £23.5 million)[22]. The burden of alcoholic liver
cirrhosis on the Danish healthcare system has increased
from 1988 to 2005, following the increased prevalence of
alcoholic cirrhosis and the subsequent growing number
of hospitalizations[16]. However, there are limitations in
estimating the epidemiology and the entire magnitude of
the ALD burden[11].

Streba LAM, Vere CC, Streba CT, Ciurea ME. Focus on alcoholic liver disease: From nosography to treatment. World J
Gastroenterol 2014; 20(25): 8040-8047 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i25/8040.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i25.8040

INTRODUCTION
Excessive and chronic alcohol intake is a major avoidable
cause of liver disease, and is associated with high mortality worldwide. The liver is one of the most important
targets of alcohol toxicity, as it is the principal site of
alcohol metabolism[1-3]. Alcoholic liver disease (ALD)
encompasses a varied spectrum of liver abnormalities
that range from simple steatosis to alcoholic hepatitis,
progressive fibrosis and cirrhosis[4]. ALD is one of the
oldest liver diseases known, and its health burden and
economic impact are internationally recognized, ALD
research investments are much lower than those for other
chronic liver diseases[5]. The lack of research on ALD is
confirmed by the ETOh score (the ratio of the estimated
death rate of different liver diseases to the number of
trials focused on these diseases). The disparity is evident,
given that a high ETOh score reveals few studies on a
relatively morbid condition. For example, the ETOh
score of ALD is 358 (only 34 registered clinical trials
and 12185 deaths per 100000 population), compared
with 1.4 for hepatitis B (850 registered clinical trials and
1100 deaths per 100000 population) or with 15.2 for
primary biliary cirrhosis (32 registered clinical trials and
485 deaths per 100000 population)[6]. As a result, the
pathogenesis of ALD is still not entirely understood,
human gene expression profiles of disease susceptibility
have not been sufficiently investigated and there are no
accurate detection methods for individual susceptibility in
ALD[7,8]. Additionally, few studies on quantity, duration,
frequency and pattern of alcohol consumption in ALD
patients have been conducted[9]. These aspects explain
why no new drug has been widely introduced in the last
few decades[8].

EPIDEMIOLOGY AND GLOBAL BURDEN
OF ALD

FROM STEATOSIS TO CIRRHOSIS:
SPECTRUM AND RISK FACTORS

Precise incidence and prevalence measurements for ALD
have been limited by a lack of large population-based
studies and by the absence of large systematic reviews of
all epidemiological data available[10,11]. Globally, important
variations in ALD incidence and prevalence in different
regions of the world have been observed. In the United
States, alcoholic hepatitis occurs in 35%-40% of alcohol
abusers and approximately 20%-25% of all cases of liver
cirrhosis are alcohol-related[12]. Taking into account the
prevalence of alcohol abusers in the United States, the estimated number of patients with alcoholic hepatitis may
be approximately 5 million[13]. In European countries the
burden of ALD is significant compared to other etiolo-
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Schematically, the ALD spectrum includes fatty liver
(simple steatosis), alcoholic hepatitis, progressive fibrosis
and alcoholic cirrhosis. This classification does not always
reflect a chronological progression, especially as these lesions are often associated[4]. On the other hand, chronic
alcohol consumption is linked with an increased risk of
hepatocellular carcinoma (HCC), especially in patients
with alcoholic cirrhosis[5,23,24]. However, a recent epidemiologic population-based study from Denmark showed
a low incidence and mortality for HCC in pure alcoholic
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cirrhosis[25].
Macrovesicular steatosis, the most common morphological feature of alcoholic steatosis, is generally
reversible after alcohol abstinence[26]. However, it is estimated that the progression from steatosis to fibrosis and
cirrhosis occurs in 5%-15% of patients despite alcohol
abstinence[4]. While alcoholic steatosis develops in more
than 90% of heavy drinkers, only 10%-35% of them
will develop alcoholic hepatitis, which may be mild and
asymptomatic or severe with profound liver damage and
worse short-term prognosis[27,28]. Histological features of
alcoholic hepatitis may vary depending on the disease
severity (e.g., ballooning degeneration of hepatocytes,
megamitochondria, neutrophil infiltration, Mallory hyaline inclusions, intrasinusoidal fibrosis, as well as areas
of microvesicular steatosis and acute sclerosing hyaline
necrosis). Perivenular fibrosis and periportal fibrosis,
characteristic lesions of alcoholic fibrosis, may coexist
with alcoholic hepatitis findings[13,29]. The end-stage of
alcoholic hepatic fibrosis is micro-nodular cirrhosis[5].
The main possible environmental risk factors that
may contribute to ALD development and progression
include the amount and duration of alcohol abuse, the
type of alcoholic drink consumed and the patterns of
drinking[4,5,9]. Most retrospective studies have shown that
a daily intake of pure alcohol, exceeding 40-80 g/d for
males and 20-40 g/d for females during 10-12 years, will
lead to ALD[30,31]. However, significant liver damage was
observed in individuals with a lower daily alcohol consumption. Therefore, the threshold daily alcohol intake
to produce liver damage is difficult to establish, according to current knowledge[5]. Results from a meta-analysis
of daily consumption levels in relation to cirrhosis, suggest a higher risk of cirrhosis in patients who consumed
25 g pure alcohol per day than in non-drinkers[32]. Yet,
only 10%-20% of drinkers who consume more than 80
g alcohol per day and 40% of patients with persistent
alcohol abuse after a positive diagnosis of ALD develop
alcoholic cirrhosis[33,34].
The type of alcoholic drink consumed may influence
the risk for ALD development[5]. A lower risk for alcoholic cirrhosis in wine drinkers than beer or spirits drinkers
was demonstrated by a Danish cohort study that included
30630 individuals (14335 women and 16295 men)[35]. On
the other hand, the results of a French case-control study
(42 cirrhotic and 60 non-cirrhotic patients) show that for
heavy drinkers, the risk of developing cirrhosis is equal,
independent of the type of alcoholic drink consumed[36].
Unfortunately, very few studies have researched the association between alcoholic beverage types and the risk for
ALD. As a result, the relationship between ALD and the
type of alcoholic drink consumed is still unclear[4,5].
Pattern of drinking is another possible risk factor
for ALD[4]. Results of a prospective survey conducted in
the United Kingdom show that daily or near-daily heavy
drinking, as opposed to weekly binge drinking, increases
the risk for ALD, as well as liver-related mortality[37].
Other studies have shown that binge drinking increases
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the risk for alcoholic hepatitis[38].
Gender-dependent differences on the hepatotoxic effects of alcohol have been observed. Compared to men,
women develop more severe liver damage at lower levels
of consumption over a shorter period of time[39,40]. This
phenomenon is poorly understood, but several hypotheses have been postulated[41]. Some studies have suggested that lower gastric alcohol dehydrogenase (ADH)
activity in women is responsible for a slower first pass of
alcohol metabolism, resulting in increased bioavailability
of alcohol[42,43]. However, no differences in gastric ADH
activity between men and women were found in other
studies[44-46]. Factors such as a higher body fat content and
a lower proportion of total body water in which to distribute alcohol, may also contribute to an increased risk
of ALD in women[47]. The involvement of sex hormones
may contribute to the vulnerability of females to alcohol
consumption. Although the exact role of female hormones in ALD development is not yet fully understood,
evidence from both human studies and animal models
have indicated their involvement in increasing gut permeability and portal endotoxin levels[48].
Other risk factors for the development and progression of ALD are obesity and insulin resistance[49,50]
malnutrition[51], viral hepatitis[52], ethnicity[53], iron overload, and cigarette smoking[4,5]. Genetic factors such as a
change in a region of the DNA encoding human CD14
protein has been linked to the development of fibrosis[54].
Polymorphisms of genes involved in alcohol-metabolizing enzymes, in oxidative stress and in those which regulate the release of proinflammatory and anti-inflammatory cytokines were reported in ALD[55,56]. An important
association between genotype PNPLA3 rs738409 (G/G)
and severe liver cirrhosis was recently found in alcoholic
Caucasians[57].

DIAGNOSIS OF ALD
The diagnosis of ALD is established by a history of
habitual alcohol intake, physical signs and laboratory abnormalities suggestive of liver disease, including elevated
serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) levels[4,58]. Suggestive signs of
chronic alcoholism (Dupuytren contracture of the palmar
fascia, bilateral parotid gland hypertrophy, peripheral neuropathy, malnutrition, spider angiomata) are often seen in
ALD. An increase in serum gamma glutamyl-transferase
(GGT) level may indicate heavy alcohol use and liver injury[4,5]. Carbohydrate-deficient transferrin (CDT) seems
a sensitive biomarker for previous alcohol abuse, with a
specificity and a sensitivity greater than GGT[59,60]. However, false-positive and false-negative results have been
reported[61]. Using both GGT and CDT tends to produce
a higher sensitivity[62]. Mean corpuscular volume, has also
been considered a biomarker of alcohol intake[4]. A severe stage of ALD is suspected in the presence of portal
hypertension complications and laboratory abnormalities
such as hypoalbuminemia, thrombocytopenia, prolonged
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Table 1 Prognostic scoring systems in alcoholic hepatitis
Scoring system

Year

Formula

Maddrey DF (initial)[65]
Maddrey DF (modified)[66]
MELD (initial)[69]

1978
1989
2000

MELD (modified)[70]
GAHS[68]

2001
2005

Lille[72]

2007

ABIC[73]

2008

4.63 × PT (s) + serum bilirubin (mg/dL)
4.6 (patient’s PT - control PT) + serum bilirubin (mg/dL)
10 × [0.957 × loge(creatinine mg/dL) + 0.378 × loge(bilirubin mg/dL) +1.120 x loge(INR) + 0.643 × cause of
cirrhosis1]
9.6 × loge(creatinine mg/dL) + 3.8 × loge(bilirubin mg/dL) +11.2 × loge(INR) + 6.4
Score given2
1
2
3
≥ 50
Age (yr)
< 50
9
≥ 15 × 10 /L
WCC
15 × 109/L
≥
Urea (mmol/L)
<5
5
INR
< 1.5
1.5-2
>2
Bilirubin (µmol/L)
125
125-250
> 250
3.19 - 0.101 × (age in years) + 0.147 × (albumin day 0 in g/L) + 0.0165 × (bilirubin day 1 in µmol/L - bilirubin day 7
in µmol/L) - (0.206 × renal insufficiency3) - 0.0065 × (bilirubin day 0 in µmol/L) - 0.0096 × PT (s)
(age × 0.1) + (serum bilirubin × 0.08) + (serum creatinine × 0.3) + (INR × 0.8)

Cause of cirrhosis: 0 = alcohol or cholestasis; 1 = other etiology; 2GAHS: a score is given for each variable, producing a combined score of between 5 and 12;
Renal insufficiency = 1 if creatinine ≥ 115 µmol/L; Renal insufficiency = 0 if creatinine < 115 µmol/L. DF: Discriminant Function; MELD: Model for EndStage Liver Disease; GAHS: Glasgow alcoholic hepatitis score; ABIC: Age, bilirubin, INR and creatinine; PT: Prothrombin time; WCC: White cell count;
INR: International normalized ratio.
1
3

prothrombin time and elevated bilirubin level[5,26].

dated and used for a long time, it has some drawbacks,
including a low specificity and an inherent inaccuracy in
its values due to the use of the prothrombin time (PT), a
variable with significant measurement variations between
laboratories[67,68]. Novel prognostic models (Table 1) such
as MELD (Model for End-Stage Liver Disease)[69,70],
modified MELD including serum sodium (MELD-Na)[71],
the GAHS (Glasgow Alcoholic Hepatitis Score)[68], the
Lille model[72] and the ABIC score[73] (age, serum bilirubin, INR, and serum creatinine) are now available in the
setting of alcoholic hepatitis. Usually, a MELD score >
18 indicates a poor prognosis[4]. The GAHS score ranges
from 5 to 12 and patients with a GAHS greater than or
equal to 9 have a poor prognosis and require corticosteroid treatment[74]. The Lille score ranges from 0 to 1: a
Lille score ≥ 0.45 indicates poor responders, and a Lille
score < 0.45 indicates responders to corticosteroids[72].
A recent study that re-evaluated the Lille score as a predictor of response to corticosteroids, identified three
patterns of response to corticosteroid therapy: complete
responders (Lille score ≤ 0.16), partial responders (Lille
score 0.16-0.56) and null responders (Lille score ≥
0.56)[75].
A recent analysis of the MELD score, MELD-Na
score, GAHS, Lille model and the ABIC score in a Danish study, showed no major differences between them
in predicting the 28-, 84- and 180-d mortality in patients
with alcoholic hepatitis[76].

Alcoholic steatosis
Patients with alcoholic steatosis and moderate forms of
ALD are often asymptomatic[5,58]. Hepatomegaly is present in 70% of patients with alcoholic steatosis[63] and twothirds of patients have normal laboratory tests[26].
Alcoholic hepatitis
The diagnosis of alcoholic hepatitis is based on a medical
history of significant alcohol use, rapid and recent onset
of jaundice, physical signs of liver damage and abnormal
liver function tests including an elevated level of AST
(below 300 IU/mL), a ratio of AST/ALT greater than 2,
elevated total serum bilirubin, neutrophilia and thrombocytopenia[29,64]. Severe cases are characterized by ascites,
encephalopathy, gastrointestinal bleeding, alterations of
kidney function, low serum albumin levels, prolonged
prothrombin time and elevated international normalized
ratio (INR)[4,5,26]. The risk-benefit ratio of liver biopsy
should be considered in patients with alcoholic hepatitis.
Although the precise indications of liver biopsy are not
well established in routine practice, this procedure may
be indicated in severe alcoholic hepatitis that requires
specific therapies and if comorbidities are suspected[4,5].
Prognostic scoring systems in alcoholic hepatitis
Over time, several individual clinical and laboratory features have been tested as measures of disease prognosis
and various prognostic models have been used to assess the severity of alcoholic hepatitis and to help guide
treatment[4,29].
The Maddrey discriminant function (DF) was the first
disease-specific score for alcoholic hepatitis, originally
developed by Maddrey et al[65] in 1978 and then modified
(mDF) in 1989[66]. A DF value greater than or equal to 32
indicates severe disease[66] and is the threshold for initiating corticosteroid treatment[29]. Although mDF was vali-
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Alcoholic cirrhosis
Alcoholic cirrhosis, the end stage of ALD, is characterized by extensive liver fibrosis and regenerative nodules[77].
Early stage alcoholic cirrhosis may be asymptomatic[78].
The occurrence of decompensation is characterized by
the presence of complications of portal hypertension
including ascites, variceal bleeding, and hepatic encephalopathy, as well as laboratory abnormalities such as hypoalbuminemia, thrombocytopenia, prolonged prothrombin
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time and elevated bilirubin level[26,78]. Continued alcohol
consumption can lead to superimposed alcoholic hepatitis,
while prolonged abstinence improves disease evolution[5].

clinical trials showed that these drugs are associated with
severe infections and deaths[5,8].
N-acetylcysteine, an antioxidant substance, used in
combination with corticosteroids decreases the rate of
hepatorenal syndrome and infections[5].
S-adenosylmethionine (SAMe) is a major methylating
agent that influences oxidative stress, mitochondrial function and hepatocellular apoptosis. Although SAMe may
offer clinical benefits in ALD, very few large and highquality clinical trials have been performed[86].
Probiotics influence the gut-liver axis and have been
shown to be efficacious in numerous studies[8,87].
Liver transplantation is currently the only definitive
treatment for hepatic failure associated with ALD. Previous expert opinions considering alcoholic hepatitis as a
contraindication for liver transplantation have recently
been reconsidered by a case controlled study which
showed a clear improvement of survival in patients who
underwent early liver transplantation[5].
New targets for ALD therapy includes CXC chemokines (GROα, IL-8)[88], Interleukin-22 and the complement system[8].

TREATMENT OF ALCOHOLIC LIVER
DISEASE
General measures
General measures in ALD include abstinence from alcohol, lifestyle modifications and the correction of nutritional deficiencies[4,5,26].
Alcohol abstinence is one of the most important
measures in managing ALD, since it leads to a decrease
in the severity of liver lesions and improves survival even
in advanced stages of ALD[4,26,79]. Behavioral and psychosocial interventions such as cognitive-behavioral therapy,
psychodynamic approaches, therapeutic communities or
vocational rehabilitation may be useful[80]. Most of the
proposed treatments for promoting alcohol abstinence in
ALD patients were tested within small trials and no large
multicenter studies have been conducted.
In alcoholic cirrhosis, cessation of alcohol intake
remains the most important measure to prevent decompensation and no other management strategies exist, as is
the case with other causes of cirrhosis[8].
Nutritional status should be balanced in the case
of malnutrition. A daily protein intake of 1.5 g/kg and
35-40 kcal/kg of body weight per day are recommended
in ALD patients[33]. Supplementation with folate, pyridoxine, vitamin A and thiamine is required if these deficits
are observed[5,26]. The usage of some antioxidants such as
vitamin E[81] or silymarin[82] has not been proved to be effective.

CONCLUSION
The relationship between alcohol consumption and liver disease needs to be researched further. Study design
and size should be taken further in order to strengthen
the quality and quantity of information in this field of
research.
Data collection should be improved and coordinated
at an international level, possibly through multicenter
research studies aimed at identifying the relationship between liver disease and alcohol intake. All scientific data
should be put to use in information campaigns aimed
at vulnerable population groups. Further studies should
identify whether genetic susceptibilities increase the
chance of developing alcoholic hepatitis and cirrhosis.
Novel therapies are already underway; the basis of
this research exists, however, it requires further development, possibly supported by new relevant clinical and
basic scientific data.

Alcoholic hepatitis
Despite the fact that corticosteroids have been the most
extensively studied therapy for alcoholic hepatitis, their
role remains controversial. Multiple differences in trial
design with a high risk of bias may explain the variability of meta-analyses results. The most recent Cochrane
meta-analysis which included 15 trials reported that corticosteroids significantly reduced mortality in the subgroup
of trials that enrolled patients with a Maddrey’s DF ≥ 32
or hepatic encephalopathy[83]. The main contraindications
to using corticosteroids in severe alcoholic hepatitis (DF
≥ 32) are sepsis, hepatorenal syndrome, chronic hepatitis
B, gastrointestinal bleeding and other clear contraindications to steroids[4,29].
Pentoxifylline, a phosphodiesterase with anti-TNF
properties, antifibrotic and antioxidant effects, can be
used to treat patients with severe alcoholic hepatitis when
corticosteroid therapy is contraindicated[4,5,29]. The survival benefit of pentoxifylline vs corticosteroids appears
to be linked to the lower occurrence of gastrointestinal
bleeding[84], and to a marked reduction in the incidence
of the hepatorenal syndrome[85].
Two anti-TNF-α agents have been studied as therapy
for alcoholic hepatitis (infliximab and etanercept), but
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Fibrogenesis in alcoholic liver disease
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es of ALD has recently been implicated as a risk factor
for the progression of cirrhosis. Other topics include
osteopontin, interleukin-1 signaling, and genetic polymorphism. In this review, we discuss the basic pathogenesis of ALD and focus on liver fibrogenesis.
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Fibrosis; Cytokine; Oxidative stress
Core tip: Alcoholic liver disease (ALD) is a major cause
of preventable morbidity and mortality worldwide. In
ALD-associated fibrosis, hepatic stellate cells are the
principal cell type responsible for extracellular matrix
production. Although the mechanisms underlying ALDassociated fibrosis are largely similar to those observed
in other chronic liver diseases, oxidative stress, abnormal methionine metabolism, hepatocyte apoptosis,
and endotoxin lipopolysaccharides that activate Kupffer
cells play unique roles in fibrogenesis in ALD. Recently,
lipogenesis during the early stages of ALD has been
implicated as a risk factor for progression of cirrhosis.
Other critical factors include osteopontin, interleukin-1
signaling, and genetic polymorphisms.

Abstract
Alcoholic liver disease (ALD) is a major cause of morbidity and mortality worldwide. In developed countries,
ALD is a major cause of end-stage liver disease that
requires transplantation. The spectrum of ALD includes
simple steatosis, alcoholic hepatitis, ﬁbrosis, cirrhosis,
and hepatocellular carcinoma. Alcohol abstinence is
the most effective therapy for ALD. However, targeted
therapies are urgently needed for patients with severe
ALD (i.e. , alcoholic hepatitis) or those who do not abstain from alcohol. The lack of studies and the availability of animal models that do not reflect all the features
of this disease in humans inhibit the development of
new drugs for ALD. In ALD-associated fibrosis, hepatic
stellate cells are the principal cell type responsible for
extracellular matrix production. Although the mechanisms underlying fibrosis in ALD are largely similar to
those observed in other chronic liver diseases, oxidative
stress, methionine metabolism abnormalities, hepatocyte apoptosis, and endotoxin lipopolysaccharides that
activate Kupffer cells may play unique roles in diseaserelated fibrogenesis. Lipogenesis during the early stag-
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INTRODUCTION
Although the incidence of alcoholic liver disease (ALD)
varies widely worldwide, the burden of ALD and ALDinduced death remains dominant in most countries[1].
ALD is the third highest risk factor for disease and disability worldwide. Almost 4% of all deaths in the world
result from ALD, which is greater than deaths caused by
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oxidized via the hepatocytic cytochrome P450 (CYP);
previously termed inducible microsomal ethanol-oxidizing system[11]. CYP2E1 metabolizes various substances,
including multiple drugs, polyunsaturated fatty acids,
acetaminophen, and most organic solvents, and plays
a critical role in the generation of reactive oxygen species (ROS), such as hydrogen peroxide and superoxide
anions[11,12]. ROS are also generated from nitric oxide
and reduced form of nicotinamide adenine dinucleotide phosphate oxidase by Kupffer cells[13]. ROS trigger
inﬂammatory cascades and recruit neutrophils and other
immune cells to the site of alcohol-induced hepatocyte
damage, increasing levels of circulating pro-inﬂammatory
cytokines, notably tumor necrosis factor (TNF)-a[14].
Accumulation of lipid peroxidation products, such
as 4-hydroxynonenal (4-HNE), has been reported both
in patients as well as animal models of ALD[15,16]. Several
studies have shown that the lipid peroxidation reaction in
the liver precedes the initial stages of ﬁbrosis and is associated with the increased production of pro-ﬁbrogenic
TGF-β1 by Kupffer cells[14]. Nieto reported that ethanolinduced lipid peroxidation triggers the nuclear factor
kappa B (NF-kB) transactivation of the collagen 2(I)
gene promoter in HSCs by stimulating kinase cascades,
including protein kinase C, phosphoinositide 3 kinase
(PI3K), and protein kinase B/Akt[17]. These observations
are agreement with the findings of previous reports, indicating that 4-HNE is pro-ﬁbrogenic for collagen production in human HSCs[14] and that oxidative stress directly
promotes collagen synthesis in HSCs over-expressing the
CYP2E1 gene[14].

the human immunodeficiency virus/acquired immune
deficiency syndrome, violence, or tuberculosis[1]. Furthermore, alcohol is associated with many serious social
problems, including violence, child neglect, and abuse,
and absenteeism in the workplace. A recent nationwide
survey revealed that ALD was the third highest cause of
liver cirrhosis in Japan (13.6%)[2], and the associated cost
of medical care was estimated to be 6.9% of the total national medical expenditure[3]. Overall, ALD is recognized
as a major but preventable public health problem.
The spectrum of ALD is broad: asymptomatic fatty
liver, steatohepatitis, progressive fibrosis, end-stage cirrhosis, and hepatocellular carcinoma[4,5]. ALD may often
resolve in those who become abstinent. However, for patients with severe ALD and those who do not completely
abstain from alcohol, targeted therapies are urgently
needed[4].
Patients with ALD can develop progressive liver
fibrosis because of the accumulation of extracellular matrix (ECM) materials, including type Ⅰ collagen, as generated by activated hepatic stellate cells (HSCs) and hepatic
myoﬁbroblasts. When liver injury occurs, HSCs are activated and differentiate into myoﬁbroblast-like cells[6,7].
Activated Kupffer cells, inﬁltrating monocytes, activated
and aggregated platelets, and damaged hepatocytes are
the sources of platelet-derived growth factor and transforming growth factor-β1 (TGF-β1); these cells initiate
intracellular signaling cascades leading to HSC activation.
Although the key pathways of HSC activation are common to all forms of liver injury and ﬁbrosis, diseasespeciﬁc pathways also exist. Some speciﬁc signaling
pathways regulating HSC activation in ALD are discussed
below (Figure 1).

Methionine metabolism
Decreased intracellular levels of antioxidants such as vitamin C, vitamin E, and glutathione (GSH) in the blood
and liver modify the process of alcohol-induced liver injury[18]. Excessive acute alcohol intake reduces GSH synthesis, and the acetaldehyde produced from alcohol metabolism inhibits GSH activity. Alcohol also disturbs the
intracellular transport of GSH and preferentially depletes
mitochondrial GSH, leading to apoptosis[18]. Levels of
S-adenosylmethionine (SAMe), a universal methyl donor,
are also markedly reduced in ALD due to the reduced
activity of SAMe synthetase[18]. This fact is clinically important because therapy using SAMe increases survival
of patients with alcohol-induced cirrhosis[18].

CLASSICAL MECHANISMS UNDERLYING
FIBROGENESIS IN ALD
Alcohol metabolism
Approximately 90% of ingested alcohol is metabolized
in the cytosol of hepatocytes. Cytosolic alcohol dehydrogenase[8] oxidizes alcohol to acetaldehyde that is then
converted to acetate by acetaldehyde dehydrogenase.
Acetaldehyde is considered the key toxin in alcoholmediated liver injury that includes cellular damage,
inﬂammation, ECM remodeling, and ﬁbrogenesis [9].
Moreover, acetaldehyde triggers TGF-β1-dependent latephase response in HSCs that maintains a pro-ﬁbrogenic
and pro-inﬂammatory cellular state[10]. Recently, Liu et al[10]
indicated that, in vitro, leptin potentiates acetaldehydeinduced HSC activation and alpha-smooth muscle actin
(SMA) expression by interleukin-6 (IL-6)-dependent signals such as p38 and phosphorylated-extracellular signalregulated kinase 1⁄2. This report discusses the importance
of a synergistic effect of leptin and acetaldehyde in the
activation of HSCs in ALD.

Hepatocyte apoptosis
Hepatocyte apoptosis is pathophysiologically important in
the progression of ALD[19]. There are two important apoptotic pathways: extrinsic (death receptor-mediated) and intrinsic (organelle-initiated)[20]. Most recently, Petrasek et al[21]
revealed that interferon regulatory factor 3 (IRF-3) mediates ALD by linking endoplasmic reticulum (ER) stress
with the mitochondrial pathway of hepatocyte apoptosis.
Interestingly, ethanol induces ER stress and triggers the
association of IRF-3 with the ER adaptor, stimulator of
interferon genes, as well as the subsequent phosphoryla-

Oxidative stress
Alcohol consumed in chronic and heavy drinkers is also
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from activated Kupffer cells and damaged hepatocytes binds to TGF receptors. Phospho-Smad2/3 and Smad4 complexes translocate into the nucleus, display DNAbinding activity, and activate expression of genes related to fibrosis. Extracellular molecules, such as LPS, tumor necrosis factor (TNF)-a, interleukin (IL)-1, and
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receptor CB2 mediates antifibrotic actions; in contrast, activation of CB1 receptors positively stimulates the PI3K/Akt pathway to promote the proliferation and apoptosis of HSCs. TLR: Toll-like receptor.

tion of IRF-3. Activated IRF-3 is associated with the
proapoptotic molecule Bax (B-cell lymphoma 2-associated
X protein) and contributes to hepatocyte apoptosis[21].
Apoptotic bodies induced by alcohol are phagocytosed
by Kupffer cells and HSCs, which then produce TGF-β1
and subsequently activate HSCs[19,22]. Finally, increased serum levels of caspase-digested cytokeratin-18 fragments,
a useful marker of hepatocyte apoptosis, are indepen-
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dent factors in predicting severe fibrosis in patients with
ALD[23].
Lipopolysaccharide
Increased serum lipopolysaccharide (LPS) levels are
commonly found in patients with ALD[19]. Toll-like receptor (TLR) 4 is one of the multiple pattern recognition receptors that recognize both pathogen- and host-
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derived factors that modulate inﬂammatory signals[24].
LPS interacts with TLR4 to activate the MyD88-independent toll-interleukin-1 receptor domain-containing
adaptor-inducing interferon-β/IRF-3 signaling pathway
that produces oxidative stress and proinﬂammatory cytokines (including TNF-a) causes hepatocellular damage
and contributes to alcoholic steatohepatitis[15,22,25]. Recent studies have revealed that activation of TLR4 and
complement factors also stimulates Kupffer cells to produce hepatoprotective cytokines, such as IL-6, and antiinﬂammatory cytokines, such as IL-10[15,22,25,26]. These
cytokines activate signal transduction and activator of
transcription 3 in hepatocytes and macrophages/Kupffer
cells, respectively, to prevent alcohol-induced liver injury
and inﬂammation[15,22,26]. On the other hand, previous
studies have reported that activation of TLR4 signaling
in HSCs and liver sinusoidal endothelial cells (LSECs)
promoted liver ﬁbrogenesis[22,25], and that activation of
TLR4 signaling in LSECs regulates angiogenesis through
the MyD88-effector protein that regulates extracellular
protease production, in turn, results in the development
of liver fibrosis[27].
Experimental models of ALD have revealed that
translocation of bacterial products across the intestinal
barrier to the portal circulation triggers inﬂammatory responses in the liver and contributes to steatohepatitis[28,29].
Most recently, Hartmann et al[30] investigated the role of
the intestinal mucus layer and found that mucin (Muc) 2
was involved in the development of alcohol-associated
liver disease. The authors reported that Muc2-/- mice
have signiﬁcantly lower plasma levels of LPS than wildtype mice after alcohol administration. In addition, it was
shown that Muc2-/- mice are effectively protected from
intestinal bacterial overgrowth and the microbiome in
response to alcohol administration[30]. This study clearly
showed that the alcohol-associated alteration in the microbiome, and in particular, the overgrowth of intestinal
bacteria contributes to the progression of ALD.

such as IRF-3, early growth response-1, and TNF-a.
AMPK is a key player in cellular and organism survival in metabolic stress through its ability to maintain
metabolic homeostasis[36]. Chronic ethanol exposure inhibits AMPK activity, which increases activity of acetylCoA carboxylase and suppresses the rate of palmitic acid
oxidation through the inhibition of liver kinase B1 phosphorylation[31,36].
The endocannabinoids, which are similar to the major active ingredient in marijuana, are endogenous lipid
mediators that participate in the complex neural circuitry
that controls energy intake[37]. There are at least two different cannabinoid receptors: CB1 and CB2. Recent studies indicate that while CB2 receptors mediate antifibrotic
actions, the activation of CB1 receptors contribute to the
development of fibrosis[37,38]. Both cannabinoid receptors
are expressed in HSCs, and the inactivation of CB1 receptors decrease fibrogenesis by lowering TGF-β1 levels and
reduce the accumulation of fibrogenic cells via downregulation of the PI3K/Akt signaling pathway[37]. Intriguingly,
alcoholic liver steatosis is mediated mainly through HSCderived endocannabinoids and their hepatocytic receptor[22,37]. Chronic alcohol consumption stimulates HSCs
to produce 2-arachidonoylglycerol and its interaction with
the CB1 receptor upregulates the expression of SREPB1c
and fatty acid synthase, but downregulates the activities of
AMPK and carnitine palmitoyltransferase 1[37,39].
Osteopontin
Osteopontin (OPN) is a secreted, 44-66 kDa adhesive glycophosphoprotein that has involvement in both normal processes, such as bone development and immune
system regulation, and pathologic processes, such as
inﬂammation, cell transformation, tumor invasiveness,
and metastasis[40]. OPN plays additional roles in ALD. In
animal models, hepatic mRNA levels of OPN increased
in ALD[15] and stimulated HSC activation in an autocrine
and paracrine fashion[41]. Recently, Urtasun et al[42] investigated the mechanism of OPN in HSC activation. Recombinant OPN upregulated type Ⅰ collagen production in
primary HSCs in a TGF-β independent fashion, whereas
it down-regulated matrix metalloprotease (MMP)-13.
OPN induction of type Ⅰ collagen occurred via integrin
avβ3 engagement and activation of the PI3K/pAkt/NF[42]
κB-signaling pathway . On the other hand, recent studies indicate that OPN participates in the pathogenesis
of hepatic steatosis, inﬂammation, and the ﬁbrosis that
results from non-alcoholic steatohepatitis[43]. OPN regulates steatohepatitis by stimulating the Hedgehog-signaling pathway[43]. In human ALD, hepatic mRNA levels of
OPN correlate with hepatic neutrophil inﬁltration and
the severity of ﬁbrosis[44]. Finally, immunohistochemical
detection of OPN is used as a prognostic biomarker to
discriminate outcomes in some transplant patients with
hepatocellular carcinoma derived from ALD[45].

EMERGING MECHANISMS UNDERLYING
FIBROGENESIS IN ALD
Lipogenesis in the early stages of ALD
The development of steatosis due to chronic alcohol
consumption is an important contributor to the progression of hepatic fibrogenesis[15]. Recent studies have
found that direct or indirect alcohol exposure regulates
transcription factors associated with lipid metabolism.
Alcohol also stimulates lipogenesis and inhibits fatty
acid oxidation[31]. There are two well-known pathways
of lipogenesis: sterol regulatory element binding protein
(SREBP)-1 activation and adenosine monophosphate kinase (AMPK) inhibition[15,31].
Alcohol consumption directly upregulates SREBP1c gene expression through its metabolite acetaldehyde[19]
or indirectly upregulates activating processes and factors
such as ER stress[32], adenosine[33,34], endocannabinoids[35],
LPS signaling via TLR4, and its downstream proteins,
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Emerging data have provided evidence for the role of
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IL-1 signaling in acute and chronic liver injury resulting
from various causes, including acetaminophen-induced
liver damage[46], nonalcoholic steatohepatitis[47], liver fibrosis[48], and immune-mediated liver injury[49]. However,
the significance of IL-1 signaling in ALD has yet to be
evaluated. A recent study from Petrasek et al[50] showed
that activation of inﬂammasome-IL-1 signaling also plays
a critical role in ethanol-induced liver injury in mice. Using IL-1 receptor antagonist-treated mice as well as 3
different mouse models deficient in regulators of IL-1β
activation [caspase-1 (Casp-1) and ASC] or signaling (IL-1
receptor), they showed that IL-1β signaling is required
for the development of alcohol-induced liver steatosis,
inflammation, and injury. Interestingly, several ﬁbrotic
markers such as procollagen Ⅲ N-terminal propeptide
(PⅢNP), tissue inhibitor of matrix metalloproteinase 1
(TIMP-1), and hyaluronic acid were downregulated in
ethanol-fed Casp-1 knockout mice or in response to IL1Ra treatment. Although the roles of inﬂammasome in
HSC activation are not fully elucidated[51], it is suggested
that targeting the inﬂammasome and/or IL-1 signaling
pathways have therapeutic potential in ALD management. However, further studies are required to discover
direct evidence of the relationship between IL-1 signaling
and fibrogenesis in ALD.

disease progression and improving patient outcomes[51].
To achieve these objectives, animal models that accurately
reflect the metabolic and histological characteristics of
human ALD are needed.

Genetic variants associated with the fibrosis of ALD
With the genotyping technique becoming more widely
available, a great number of genetic case-control studies
have evaluated candidate gene-variants that code proteins involved in the hepatic fibrosis[52]. Although two
fibrosis-associated genes, including TGF-β and MMP
3, were evaluated in ALD[52], these genotypes are not associated with alcoholic liver cirrhosis[53,54]. Recent whole
genome analyses of large numbers of genetic variants
have identiﬁed novel yet unconsidered candidate genes[55].
Romeo et al[56] reported that the single-nucleotide polymorphism [rs738409(G), encoding I148M] in the patatinlike phospholipase domain-containing (PNPLA) 3 gene is a
signiﬁcant risk factor for increased hepatic fat accumulation
and inﬂammation in nonalcoholic fatty liver disease. Subsequently, the strong association between the PNPLA3 I148
M allele and an increased risk of clinically evident alcoholic
cirrhosis and liver cancer were confirmed in individual
studies[57-60]. Most recently, Burza et al[61] reported that an
increased age at onset of at-risk alcohol consumption and
the PNPLA3 I148 M allele were independent risk factors
for alcoholic liver cirrhosis (HR = 2.76; P < 0.01 vs 1.53;
P = 0.021).
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modulation and illustrated the mechanism of PPARα
in modulation of hepatic lipid metabolism, oxidative
stress, inflammatory response and fibrogenesis in alcoholic liver disease. It is identified that PPARα agonists
may serve as an effective therapeutic strategy for ALD.
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Abstract

INTRODUCTION

Alcoholic liver injury represents a progressive process
with a range of consequences including hepatic steatosis, steatohepatitis, liver fibrosis, cirrhosis, and hepatocellular carcinoma. Targeting key molecular regulators
involved in the development of alcoholic liver injury
may be of great value in the prevention of liver injury.
Peroxisome proliferator-activated receptor α (PPARα)
plays a pivotal role in modulation of hepatic lipid metabolism, oxidative stress, inflammatory response
and fibrogenesis. As such, PPARα may be a potential
therapeutic target for the treatment of alcoholic liver
disease.

Long-term and heavy consumption of alcohol is a major
risk factor for chronic liver disease. Alcoholic liver disease (ALD) constitutes the major share of alcohol-related
morbidity and mortality[1]. More than 90% of individuals
who consume excessive amount of alcohol may suffer
from hepatic steatosis, 5%-15% of whom may develop
fibrosis and cirrhosis, and a small portion of cirrhotic
patients may develop hepatocellular carcinoma[2,3]. Accumulation of lipid products such as triglycerides in
hepatocytes leads to lipid superoxidation and oxidative
stress, further provoking hepatocellular apoptosis, hepatic
inflammation and fibrogenesis. During these processes,
inflammatory cytokines, mitochondrial perturbation, activation of hepatic stellate cells (HSCs), and activation of
transforming growth factor beta (TGF-β) signaling have
been reported to play important roles[4]. Targeting the key
molecular regulators involved in the above processes may
be promising in preventing ALD.
Peroxisome proliferator-activated receptor α (PPARα),
a subtype of the PPAR superfamily, interacts with the
retinoid Ⅹ receptor to function as a transcription factor
to induce the expression of a series of genes involved in
fatty acid transport, mitochondrial fatty acid oxidation,

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alcoholic liver disease; Oxidative stress; Inflammation; Fibrosis; Peroxisome proliferator-activated
receptor α
Core tip: Alcoholic liver disease (ALD) is among the
most common chronic liver disease. Modulation of
therapeutic genes could potentially provide a novel
and more effective treatment option. In this paper, we
summarized the potential therapeutic role of PPARα
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Figure 1 Protective role and partial mechanism of peroxisome proliferator-activated receptor α in alcoholic liver disease. Peroxisome proliferator-activated
receptor α (PPARα) plays a critical role in modulation of hepatic lipid metabolism, oxidative stress, inflammatory response and fibrogenesis in alcoholic liver disease.
Up-regulation of PPARα by its agonists (e.g., fibrates, WY14643) leads to increased expression of fatty acid oxidation and transport enzymes, alleviated oxidative
stress by increasing the expression of genes involved in antioxidant enzymes (e.g., SOD and CAT), inhibited through activating nuclear factor kappa B (NF-κB) signal
pathway and decreased fibrogenesis factors (e.g., TGF-β1 and HSC activation). SOD: Superoxide dismutase; CAT: Catalase; TGF-β1: Transforming growth factor
beta 1; HSCs: Hepatic stellate cells; COX-2: Cyclooxygenase-2; HO-1: Heme oxygenase-1; TNFα: Tumor necrosis factor α; OPN: Osteopontin.

catabolism, inflammatory response and fibrogenesis[5,6].
Many PPARα agonists (such as FA-derived compounds,
carbaprostacyclin, nonsteroidal anti-inflammatory drugs,
pirinixic acid, phthalate ester plasticizers, and hypolipidemic drug fibrates) have been evaluated for their therapeutic efficacy in animals or patients with ALD[7,8].
In this review, we focus on the protective role of
PPARα in preventing hepatic injury induced by alcohol,
and highlight the key signaling events mediating lipid
metabolism, oxidative stress, hepatic inflammation and
fibrosis in ALD (Figure 1).

reduced fatty acid β-oxidation[10]. The acetaldehyde not
only directly inhibits PPARα activity but also impairs the
DNA-binding ability of PPARα[11-13]. Retinoic X receptor
α (RXRα) is a heterodimeric partner required for highaffinity DNA binding by many nuclear receptors. An
RXRα binding site in the promoter sequence of ALDH
has been identified[14]. PPARα can increase or maintain
RXRα expression in the liver, resulting in enhanced
ALDH expression. This process decreases the level of
hepatic aldehyde and prevents the liver injury[15,16].
The imbalance between lipid synthesis and fatty acid
oxidation induces excessive fat accumulation in the liver,
which plays a pivotal role in the progression of ALD[11].
It has been shown that some of the key enzymes of fatty
acid oxidation are regulated by PPARα, including longchain acyl-CoA dehydrogenase (LCAD), medium-chain
acyl-CoA dehydrogenase (MCAD), acyl-CoA oxidase,
and very-long-chain acyl-CoA synthetase (VLACS)[17].
PPARα also regulates fatty acid transport protein, carnitine palmitoyltransferase, fatty acid translocase/CD36,
liver cytosolic fatty acid-binding protein (LFABP) and
uncoupling protein-2 and 3 (UCP2 and UCP3)[18]. Ethanol metabolite acetaldehyde has been shown to suppress
PPARα activity, resulting in decreased transcription of
PPARα target genes, a subsequent increase in the synthesis of triglycerides and fatty acids, and a decrease in
cellular fatty acid uptake and oxidation[19].
There has been much experimental evidence supporting the role of PPARα in regulating fatty acid metabo-

REGULATORY ROLE OF PPARa IN LIPID
METABOLISM IN ALD
Accumulation of fat (mainly triglycerides, phospholipids,
and cholesterol esters) in hepatocytes is the first step of
alcohol-induced liver injury. Impaired lipid metabolism,
mainly increased glycerolipid synthesis and decreased
fatty acid oxidation in hepatocytes, is the key mechanism
leading to alcoholic liver injury. Alcohol dehydrogenase
(ADH) is a key enzyme involved in the conversion of
ethanol to acetaldehyde[9], which is then changed to acetate by acetaldehyde dehydrogenase (ALDH), the key
mitochondrial enzyme oxidizing aldehyde into acetic acid
without producing toxic effect to mitochondria. This
process is associated with the reduction of NAD to nicotinamide adenine dinucleotide health (NADH). Increased
NADH/NAD ratio inhibits fat acid metabolism through
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lism. PPARα ligands have been demonstrated to promote
fatty acid oxidation and decrease fatty acid accumulation
in experimental animals with ALD and such effects have
been confirmed in ALD patients[20,21]. Hepatic mRNA expression of cytochrome P450 4A10 (CYP4A10) and CYP4A14, the characteristic PPARα target genes involved
in fatty acid oxidation, could be restored by PPARα agonist WY14643[22]. In the experimental C57BL6/J mouse
model of ALD (induced by Lieber-DeCarli liquid diet
containing 4% ethanol), WY14643 administration could
enhance the expression of hepatic fibroblast growth
factor 21 and restore the hepatic expression of sirtuin
1 expression[23], which played a positive role in lipid metabolism, gluconeogenesis and fatty acid oxidation in the
liver. Fischer et al[21] also found that WY14643 restored
the ability of PPAR /RXR receptor complex to bind the
specific response element, effectively upregulated the
mRNAs expression of LCAD, acetyl-CoA carboxylase,
MCAD, VLACS and LFABP, resulting in a higher rate of
fatty acid oxidation, normalized serum free fatty acid and
triacylglycerol levels, and prevented triacylglycerol accumulation in the liver of ethanol-fed mice.

null mice fed a Lieber-DeCarli diet containing 4% ethanol
for 6 mo exhibited hepatomegaly, macrovesicular steatosis, hepatocyte apoptosis, mitochondrial swelling, hepatitis,
and hepatic fibrosis[31]. Clearly, PPARα signaling forms a
part of the body’s defense mechanism and plays an important role in anti-oxidative stress in the liver.

PPARa AMELIORATES ALCOHOLIC
HEPATITIS BY MODULATING
INFLAMMATORY FACTORS
Alcoholic steatohepatitis (AH) is an important phase of
ALD, characterized by inflammatory cell infiltration and
hepatocellular injury. AH develops in patients with steatosis and is usually associated with progressive fibrosis.
Lipid peroxidation and oxidative stress are important
contributing factors for AH[32]. Ethanol consumption can
induce penetration of lipopolysaccharides (LPS) from the
gut to the liver where they can act as important cofactors
for the progression of ALD[33]. LPS interacts with tolllike receptor 4 on macrophages/Kupffer cells, leading
to increased secretion of pro-inflammatory cytokines
such as tumor necrosis factor α (TNF-α), monocyte
chemotactic protein 1, vascular cell adhesion molecule-1,
and interleukin 6 (IL-6)[34]. In addition, LPS-induced activation of mitogen-activated protein kinases (MAPKs)
also contributes to liver injury. Ethanol and its metabolites have also been shown to cause an up-regulation
of pro-inflammatory factor osteopontin (OPN) and
cyclooxygenase-2 (COX-2) in hepatocytes [35,36]. These
factors further promote the synthesis of inflammatory
mediators such as TNF-α and CXC chemokines (e.g.,
IL-8) through activating nuclear factor kappa B (NF-κB),
signal transducers and activators of transcription-Janus
kinase, and Jun N-terminal kinase pathways in hepatic
resident cells. Infiltration of parenchymal neutrophils in
the liver is a prominent feature of AH. Many chemokines
(e.g., CXCL5, CXCL6 and CXCL4) and cytokines (e.g.,
TNF-α, IL-1, IL-6 and OPN) are markedly up-regulated
in response to alcohol consumption, and they in turn
promote infiltration of neutrophils during progression of
AH[37].
Studies have shown that PPARα exerts an anti-inflammatory role in ALD by negatively interfering with proinflammatory signaling pathway NF-κB and inhibiting
the expression of the related inflammatory cytokines[38].
Induction of PPARα by WY14643 attenuated liver inflammatory response by repressing expression of proinflammatory cytokines phosphatidylinositol 3-kinase
(PI3K), OPN and COX-2, as well as enhancing expression of anti-inflammatory factors adiponectin and
HO-1[8]. PPARα could regulate HO-1 transcription directly by binding to a PPRE in the promoter region of
HO-1[39]. Thus, up-regulation of PPARα may contribute
to the amelioration of ethanol-induced hepatic inflammatory response.

PPARa SUPPRESSES ALCOHOL-INDUCED
LIPID SUPEROXIDATION AND OXIDATIVE
STRESS IN ALD
Oxidative stress is one of the key pathogenic factors
involved in the development of necroinflammation and
ultimately fibrosis and cirrhosis in ALD. Accumulation
of fatty acids and generation of excessive amount of
lipid peroxidation products can lead to oxidative stress,
which in turn leads to mitochondrial dysfunction and
enhanced hepatic expression of cytochrome P450 2E1
(CYP2E1)[24]. It is thought that induction of CYP2E1
by fatty acids is a major source of reactive oxygen species (ROS), which can strongly evoke oxidative stress and
mitochondrial damage in hepatocytes. This can in turn
affect fatty acid β-oxidation, cause hepatic steatosis, and
produce necroinflammation[25]. The anti-oxidative effect
of PPARα has been demonstrated by many published
studies. PPAR-responsive elements (PPREs) have been
identified in the promoter regions of several anti-oxidant
genes such as catalase (CAT) and Cu2+/Zn2+-superoxide
dismutase (SOD). PPARα can bind to PPREs to promote the expression of anti-oxidases, thereby inhibiting
oxidative stress in the liver[26-29].
PPARα agonist WY14643 has been shown to prominently up-regulate the mRNA and protein expression of
heme oxygenase-1 (HO-1, a stress-responsive protein that
is induced by oxidants and plays an anti-oxidative role) in
ethanol treated mice, and this was associated with alleviated oxidative stress, reduced lipid superoxidation and CYP2E1 expression[30]. On the other hand, lack of PPARα
makes the liver more susceptible to alcohol induced injury.
For example, compared with the wild-type mice, PPARα-

WJG|www.wjgnet.com

8057

July 7, 2014|Volume 20|Issue 25|

Nan YM et al . Role of PPARα in ALD

PPARa REVERSES ETHANOL-INDUCED
HEPATIC FIBROSIS BY INHIBITING
ACTIVATION OF HEPATIC STELLATE
CELLS AND EXPRESSION OF
PRO-FIBROTIC GENES

CONCLUSION
ALD is among the most common chronic liver disease.
Modulation of therapeutic genes could potentially provide a novel and more effective treatment option. PPARα
might be a crucial target gene in the suppression of hepatic lipid synthesis and oxidative stress, and amelioration
of hepatic inflammatory response and fibrosis. PPARα
agonists may serve as an effective therapeutic strategy for
ALD.

Alcoholic liver fibrosis is a severe form of ALD. HSCs,
the major source of extracellular matrix (ECM) in hepatic fibrosis, are also stimulated by ethanol metabolites
such as acetaldehyde. Activation of HSCs is observed
during alcoholic liver injury, resulting in their proliferation and hepatic fibrogenesis[40]. The role of HSC activation in liver fibrosis has been supported by many in vitro
and in vivo studies. HSCs, damaged hepatocytes, activated
Kupffer cells and infiltrating polymorphonuclear cells can
all release fibrogenic mediators such as TGF-β1, visfatin
and PI3K, and thereby promote collagen accumulation
in ECM[41,42]. Meanwhile, activated TGF-β1 stimulates
quiescent HSCs transdifferentiation into myofibroblastlike cells, which forms a positive feedback loop between
fibrogenic cells and HSCs[43].
We have investigated the potential role of PPARα in
inhibition of ethanol-induced liver fibrosis using a rodent
model[23]. Up-regulation of hepatic pro-fibrogenic genes
osteopontin, TGF-β1, visfatin, PI3K, matrix metalloproteinase-2 (MMP-2) and MMP-9 was observed in the
mice fed a 4% ethanol-containing Lieber-DeCarli diet.
Administration of WY14643 could restore the expression of those cytokines altered by ethanol treatment and
concomitantly ameliorated the liver injury.
Pro-inflammatory cytokine TNF-α also plays a crucial role in the development of alcoholic liver fibrosis.
TNF-α activates Kupffer cells through autocrine and
paracrine pathways, and the activated Kupffer cells
produce TNF-α, ROS and other inflammatory factors.
These processes form a feedback mediation of progression from inflammation to fibrosis in ALD[44]. It has
been suggested that WY14643 could prevent the fibrosis
progression by dramatically decreasing the expression of
TNF-α[23].
Accumulating evidence suggests that the imbalance
between pro- and anti-inflammatory cytokines is an important factor in the pathogenesis of fibrosis in ALD.
Among the inflammatory cytokines, IL-10 is a potent
factor in the regulation of the expression of pro-fibrotic
markers such as collagen Ⅰ, TGF-β1 and MMP-9[45-47].
IL-10 also promotes apoptosis of activated HSCs by
modulating the expression of pro-apoptotic genes Fas,
Bax and anti-apoptosis gene Bcl-2[48]. In addition, IL-10
was found to up-regulate HO-1 expression through the
p38 MAPK pathway[49]. To further support the role of
IL-10 and PPARα in the liver fibrosis, PPARα agonist
has been shown to prevent the progression of liver fibrosis by modulation of p38 MAPK phosphorylation[50], and
hepatic IL-10 and HO-1 expression was up-regulated by
PPARα agonist WY14643 in ethanol-fed mice[8].
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Clinical relevance of sarcopenia in patients with cirrhosis
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capacity, decreased reserve, resistance to stressors,
and predisposition to poor outcomes. In this review,
we discuss the current accepted and new methods
to evaluate prognosis in cirrhosis. Also, we analyze
the current knowledge regarding incidence and clinical impact of malnutrition and sarcopenia in patients
with cirrhosis and their impact after liver transplantation. Finally, we discuss existing and potential novel
therapeutic approaches for malnutrition in cirrhosis,
emphasizing the recognition of sarcopenia in an effort
to reduced morbidity related and improved survival in
cirrhosis.
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Abstract
The most commonly recognized complications in cirrhotic patients include ascites, hepatic encephalopathy,
variceal bleeding, susceptibility for infections, kidney
dysfunction, and hepatocellular carcinoma; however,
severe muscle wasting or sarcopenia are the most
common and frequently unseen complications which
negatively impact survival, quality of life, and response
to stressor, such as infections and surgeries. At present, D’Amico stage classification, Child-Pugh, and
MELD scores constitute the best tools to predict mortality in patients with cirrhosis; however, one of their
main limitations is the lack of assessing the nutritional
and functional status. Currently, numerous methods
are available to evaluate the nutrition status of the cirrhotic patient; nevertheless, most of these techniques
have limitations primarily because lack of objectivity,
reproducibility, and prognosis discrimination. In this regard, an objective and reproducible technique, such as
muscle mass quantification with cross-sectional imag-

Core tip: Severe muscle wasting or sarcopenia is one
of the most common and frequently hidden complications in patients with cirrhosis, which negatively impact
survival, quality of life, and response to stressor, such
as infections and surgeries. Numerous indirect methods have been used to quantify body composition in
cirrhotics; however, most of these methods lack either
availability and/or reproducibility, and their accuracy
may be limited in the presence of fluid retention.
Cross-sectional imaging studies, including computed

tomography scan, or magnetic resonance imagingare the gold standard tools to quantify skeletal muscle mass and hence constitute a good resource for objective and detailed nutritional/metabolic assessment
of cirrhotic patients and identification of sarcopenia.

ing studies (computed tomography scan or magnetic resonance imaging) constitute an attractive index
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of nutritional status in cirrhosis. Sarcopenia is part of
the frailty complex present in cirrhotic patients, resulting from cumulative declines across multiple physiologic systems and characterized by impaired functional
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rhotic patients. Along with the current evidence regarding frequency and clinical impact of sarcopenia in cirrhosis, in order to promote recognition of this complication and lead to strategies in effort to improve survival
and reduced morbidity associated with cirrhosis.

INTRODUCTION
Cirrhosis is the result of the progression of many forms
of necroinflammatory liver diseases leading to fibrosis,
vascular remodeling, portal hypertension development
along with its complications, and ultimately liver failure.
The precise prevalence of cirrhosis worldwide is unknown; however, it was estimated at 0.15% or 400000 in
North America which accounted for more than 25000
deaths in the late nineties[1]. Importantly, the average survival probabilities for cirrhotic patients at 1- and 5-years
are approximately 85% and 65% for patients with no
hospital admissions requirements, and 55% and 30%
following hospital admissions, respectively. Moreover,
hospital admissions in cirrhotic patients substantially
impaired prognosis independent of stage of cirrhosis[2].
Accordingly, the social and economic burden of cirrhosis is immense considering the disability for labor,
decreased quality, and need for frequent hospitalizations
of cirrhotic patients.
At present there is no effective treatment to revert
the cirrhosis; therefore, management is generally focused
on treating the primary liver disease, screening and controlling the complications of portal hypertension, and
consideration of liver transplantation in patients with
decompensated cirrhosis. Although, liver transplantation
may be considered curative for cirrhosis, this therapeutic
option is not available for the majority of cirrhotic patients.
Malnutrition is one of the most common complications in cirrhosis, and despite the important role that the
nutrition status has in the prognosis of cirrhosis, it is frequently overlooked as the nutrition assessment could be
complex in cirrhotic patients with fluid retention and/or
are overweight[3,4].
At present, several methods are available to evaluate
the nutrition status of the cirrhotic patient; however,
most of these techniques have limitations primarily due
to a lack of objectivity, reproducibility, and prognosis
discrimination. In this regard, muscle mass quantification with cross-sectional imaging studies [computed tomography (CT) scan, or magnetic resonance imaging (MRI)]
constitutes an objective and reproducible technique, and
an attractive index of nutritional status in cirrhosis[5].
Moreover, muscularity assessment with cross-sectional imaging studies is not bias by the fluid overload status
that frequently is present in decompensated cirrhosis,
and sarcopenia seems to reflect a chronic detriment in
the general physical condition, rather than acute severity
of the liver disease[6].
In general, sarcopenia is defined as a muscle mass
two standard deviations below the healthy young adult
mean[7], and although it is associated with aging, it can
also be present as a result of chronic diseases and malignancy[8], and it ultimately leads to decreased functional
capacity and higher risk of morbidity and mortality in
different groups of patients[9,10].
In this review, we analyze the current accepted and
new potential methods to evaluate the prognosis in cir-
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PROGNOSTIC EVALUATION OF
CIRRHOSIS WITH CONVENTIONAL
SCORES
Prognostic assessments of patients with cirrhosis remain
a difficult task as the natural history of these patients is
particularly variable due to several factors. These factors
include etiology of the cirrhosis, the possibility of treatment and resolution of the underlying damaging process
of the liver, the level of liver dysfunction, the presence
and degree of portal hypertension, and the occurrence
of hepatocellular carcinoma (HCC)[11]. For example, in
patients with cirrhosis, the onset of complications such
as variceal hemorrhage, ascites, encephalopathy, jaundice,
and development of HCC changes the stage from compensated cirrhosis to decompensated cirrhosis, and in
the absence of liver transplantation this may lead to early
mortality. Once patients have developed the first episode
of decompensation, complications tend to accumulate
and the life expectancy is markedly reduced. In a singlecenter study, the risk of transitioning from compensated
to a decompensated state was 58% over 10 years [12],
and in another experience from the United Kingdom
general practice research database, the rate of transition
from compensated to decompensated state was 12% per
year[13].
D’Amico et al[14] from the University of Palermo have
further subclassified compensated cirrhosis into stage 1
and 2, and decompensated cirrhosis in stage 3 and 4 as
a result of a systematic review of 118 studies. Patients
in stage 1 have neither varices nor ascites, and the 1-year
risk of mortality is only 1%, and if patients develop varices (stage 2) the 1-year risk of mortality increase to 3.4%.
With decompensation and onset of ascites (stage 3) the
1-year risk of mortality increase to 20%, and following
a variceal bleeding (stage 4) the 1-year risk of mortality
is higher than 50%[14]. Furthermore, currently there is a
proposal to include two more stages to this classification;
stage 5, patients with infections (such as bacteremia or
spontaneous bacterial peritonitis) as 1-year risk of mortality increase from 49% to 66%[15], and stage 6, patients
with kidney failure as mortality at 1-year could be up to
70%[16].
Child-Pugh[17] and the Model for End-Stage Liver
Disease (MELD)[18] scores constitute the most frequent
tools to predict mortality in patients with cirrhosis.
Child-Pugh score (initially termed Child-Turcotte) was
originally designed to predict mortality during surgery
in patients with cirrhosis[19]. This has been shown to be
useful in determining prognosis, treatment response, and
necessity for liver transplant[20,21]. MELD was originally
developed as a prognostic model of early-mortality in
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ing liver transplantation[34].
The hepatic venous pressure gradient (HVPG), is an
indirect estimation of portal pressure, and has been associated to the development of complications and prognosis in patients with cirrhosis. The HVPG has been
associated with the risk of development of varices and
variceal bleeding; also to the development hepatocellular carcinoma, requirement of liver transplantation, and
survival[36]. Other tests such as the 6-min walk distance[37]
seem to identify cirrhotic patients with low functional
capacity and increased risk of death which may be due
to sarcopenia, and further studies evaluating this test and
correlations with sarcopenia are warranted[38].

patients with cirrhosis who received a transjugular intrahepatic portosystemic shunt (TIPS)[22]. The original
MELD has subsequently been simplified[23] and currently
it is widely used to predict short-term mortality in different patient populations with cirrhosis[24-27]. Moreover, in
most liver transplant centers MELD score has replaced
the Child-Pugh score for priority of organ allocation[28],
and since 2002 the MELD score has been used for the
prioritization of potential liver transplant recipients in
North America, mainly because MELD was developed
in a statically fashion and includes only objective laboratory parameters. Since implementation of the MELD
score, there have been reports of reductions in the
number of patients listed for liver transplantation, waiting time for liver transplant, and deaths on the waiting
list[29,30].
Although, MELD score has the advantage over ChildPugh score of being based on objective variables [serum
bilirubin, international normalized ratio of prothrombin
time (INR), and serum creatinine] rather than on subjective evaluation of the severity of clinical findings (ascites
and encephalopathy), the MELD score also has limitations[31,32], the most important of which are the variability
of biochemical parameters, the lack of evaluation of the
nutritional, and functional status in patients with cirrhosis.

PREVALENCE AND ORIGIN OF
MALNUTRITION IN CIRRHOSIS
Malnutrition is one of the most frequent complications
in cirrhotic patients, independently of the etiology[39].
The frequency of malnutrition in cirrhosis is highly variable and has been estimated to affect between 50%-90%
of patients. This wide range is explained in part as there
are significant differences in the operational definitions
of malnutrition in cirrhosis. For example, it is difficult
to define the presence of calorie malnutrition and as
adipose tissue is the largest pool of calories, fat malnutrition is generally defined as reduction in body fat mass.
However, as most proteins are located in the skeletal
muscle, a proper definition of clinical protein malnutrition should use depletion of skeletal muscle[40].
Overweight and obesity are now endemic in Western
countries. Patients with cirrhosis may develop simultaneous loss of skeletal muscle and gain of adipose tissue, culminating in the condition of sarcopenic obesity.
Moreover, muscle depletion is characterized by both a
reduction in muscle size and increased proportion of
inter- and intra-muscular fat[41].
The etiology of malnutrition in cirrhosis is complex, seems to be multifactorial and tends to be more
common as the liver disease progresses, as the factors
that lead to malnutrition in the first place become more
prominent. The most important factors associated with
malnutrition in cirrhosis include metabolic abnormalities, insufficient oral intake mainly due to early satiety in
moderate-severe ascites, malabsorption, and impaired
capacity of the liver to metabolize and save nutrients.

OTHER TESTS TO EVALUATE
PROGNOSIS OF CIRRHOTIC PATIENTS
Despite the irrefutable benefits of MELD, limitations of
this score have been recognized and attempts are ongoing to improve it[33,34]. One of the major limitations of
MELD is not having a component for the evaluation of
the nutritional and functional status. As current scores to
evaluate the prognosis in patients with cirrhosis need appropriate modifications, previous studies have evaluated
the importance of other biochemical parameters.
For example, serum sodium has been shown to be
an independent risk factor for mortality in patients with
cirrhosis[22,33]; and previous studies reported that the addition of the serum sodium to generate the MELDNa
score was more accurate than MELD for predicting
short-term mortality on the waiting list[33]. The authors
in this study estimated that use of MELDNa might
have prevented 7% of deaths that occurred within 90-d
of listing for transplantation; though, serum sodium is
highly variable in cirrhotic patients using diuretics. Moreover, in one study of patients with cirrhosis we found
that hyponatremia was only present in less than 15% of
our patients being evaluated for liver transplant[35].
Another study reported a negative prognostic impact
of hypoalbuminemia among liver transplant candidates
after adjusting for the MELD and serum sodium concentration, and compared with MELD, a novel risk score
named the 5-variable MELD (5vMELD, MELDNa
scores incorporating albumin), improve the prediction
of short-term mortality among cirrhotic patients await-
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TESTS USED FOR NUTRITION
EVALUATION IN CIRRHOSIS
The nutrition evaluation in cirrhosis should consider
various aspects of the patient, including the severity of
underlying illness, medical history, physical examination
including anthropometric measurements, and biochemical data[3]. The subjective global assessment (SGA) is
one of the most frequent instruments used for nutrition
assessment in patients with cirrhosis. Since the early

8063

July 7, 2014|Volume 20|Issue 25|

Montano-Loza AJ. Sarcopenia in cirrhosis

eighties, SGA has been used to assess patients for malnutrition at the bedside, without the need for precise
body composition analysis[42]. The features of the SGA
include a physical exam component that evaluates the
loss of subcutaneous fat, peripheral or sacral edema, and
muscle wasting. The quantity of muscle and subcutaneous tissue is graded subjectively by the examiner, who
then categorizes it as normal, mildly, moderately, or severely decreased. Multiple components on patient history are also evaluated. The first component is the amount
of weight loss in the previous 6 months. Less than 5%
of body weight loss is consider “small,” 5%-10% is considered “potentially significant”, and > 10% “definitely
significant”. Supplementary historical features of the
SGA include patient’s dietary intake and the presence of
gastrointestinal symptoms experienced daily for at least
2 wk. These symptoms can include anorexia, nausea,
vomiting and/or diarrhea. Once the history and physical examination sections are completed, the patients are
classified as well nourished (SGA grade A), moderately
malnourished or suspected of being malnourished (SGA
grade B), or severely malnourished (SGA grade C).
However, the SGA is a partially subjective method, constituted by quantitative and qualitative variables subject
to varied interpretations, and previous studies reported
that SGA has demonstrated low sensitivity in cirrhotic
patients, as underestimates the nutritional state in the
majority of patients[43].
Some laboratory tests are used as part of the nutritional assessment in cirrhosis, including the prothrombin
time or INR, albumin, prealbumin, creatinine height
index, and indirect evaluation of the of immune function, like the delayed-type hypersensitivity reactions[39,44].
Nevertheless, as cirrhosis confounds these common
parameters of nutritional status, their utility in these patients is limited. For example, patients with cirrhosis may
have significant impairment in their hepatic synthetic
function that results in low serum albumin, prealbumin,
transferrin levels, and prolonged INR, which may lead to
an overestimation of the prevalence of malnutrition[45,46].
Also, the creatinine height index is an inaccurate measure
of malnutrition in cirrhosis as creatinine levels could
be low due to muscle wasting, or alternatively could be
high as in renal impairment, which is common in these
patients[47]. Lastly, T cell anergy is a tolerance mechanism
in which the lymphocytes are inactivated following an
antigen encounter, and this phenomenon is frequently
present in cirrhotic patients. This makes delayed-type
hypersensitivity an inaccurate measurement of malnutrition[45,48].
Therefore, even that several methods to evaluate
nutritional and functional capacity status in patients with
cirrhosis have been tested, they have reported diverse
results [37,49-52], and consequently an optimal index for
nutritional status in terms of availability, reproducibility,
practicality, and prognostic performance is needed.
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BODY COMPOSITION EVALUATION IN
CIRRHOSIS
Patients with cirrhosis frequently have significant changes in their body composition, characterized by increased
in the extracellular fluids and decrease in muscle and
adipose tissue. However, clinical identification of body
composition changes in cirrhosis with ascites and edema
could be challenging, as fluid gains hide muscle and
adipose tissue losses[53,54]. It seems that cirrhotic males
have more muscle wasting, whereas females tend to have
more depletion of fat tissue[55]. Moreover, previous studies have showed that changes in body composition may
progress with the course of the liver disease and correlate with the Child-Pugh score[53].
Numerous indirect methods have been used to quantify body composition in cirrhotics. These methods
include total-body electrical conductivity, bioelectrical
impedance, dual energy X-ray absorptiometry, air displacement plethysmography, and magnetic resonance
spectroscopy [56-58]. These methods are based on the
principle that body fat and no fat mass have specific
components, such as water, proteins, and minerals[59].
By establishing the total body weight and fat mass, the
remaining weight should be lean mass (no fat mass). As
approximately 50% of lean body mass is constituted by
skeletal muscle mass, quantification of lean body or fatfree mass is considered to be an indirect measure of the
body skeletal muscle mass.
Most of these methods lack either availability and/
or reproducibility, and their accuracy may be limited in
the presence of fluid retention. For example, the dualenergy X-ray absorptiometry assesses body composition
through a low-dose X-ray, and the bioelectrical impedance analysis measures the body composition by the flow
of a small (less than 1 mA) alternating current that estimates total body water, fat-free mass, and body fat; still,
these techniques are not accurate in cirrhotic patients
with fluid retention[57,60].
Other methods, such as the body cell mass is preferentially assessed by bioelectrical impedance analysis,
which can be performed with a portable equipment in
the office setting and is a validated marker used to assess
body composition in cirrhotics and seems to be accurate
even in fluid retention. Although, this is expensive, not
accessible for clinical use, and is usually is only used as a
validation tool when analyzing other anthropometric assessments. The air plethysmography measures changes in
volume within an organ or whole body (usually resulting
from fluctuations in the amount of blood or air it contains), and subsequent calculation of body composition;
however, this varies among men and women, and there
is limited availability[61,62].
Other techniques, includes the skin-fold thickness
measurement that quantify fat mass in the upper-arm
(midarm muscle area) using a caliper; however, there
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have been conflicting reports in the accuracy for predicting malnutrition in cirrhosis due to interobserver
variability, and this method did not correlate with ChildPugh score[60,63]. With regards to the hand grip strength
testing used a hand dynamometer to assess grip strength,
as decreased grip strength is associated with malnutrition; yet, many factors may influence the results, and this
test also did not correlate with the Child-Pugh score[52].
Lastly, a recent study showed that low respiratory
quotient (RQs) occurs in cirrhosis, and this finding did
not predict mortality. Also, a direct and significant relation between RQ and muscle area was reported, which
suggests that altered skeletal muscle protein turnover
contributes to this metabolic response[64].

penic patients, respectively; and the frequency of sepsisrelated death and was significantly higher in sarcopenic
than non-sarcopenic patients. In our study we found
that even though the BMI was lower in cirrhotic patients
with sarcopenia, only one patient in our cohort would be
considered underweight by commonly accepted criteria
(BMI ≤ 18.5 kg/m2)[35]. Therefore, sarcopenia is not
exclusively present in underweight patients, and constitutes a hidden condition that can be present in cirrhotic
patients with any BMI. Furthermore, measurement of
sarcopenia is independent of the fluid retention, which
plagues accurate measurement of body weight and BMI
in cirrhotics.
Subsequently, we found similar results in another
study of cirrhotics patients and concurrent hepatocellular carcinoma (HCC) where median survival for sarcopenic patients was 16 ± 6 mo vs 28 ± 3 mo in nonsarcopenic (Log-Rank, P = 0.003, Figure 2B). Also, in
the multivariate Cox regression analysis, sarcopenia (HR
= 2.04, P = 0.02) was independently associated with
mortality[41,70]. We also found that even though sarcopenia is a strong and independent predictor of mortality in
patients with HCC and cirrhosis, it did not correlate with
tumor-node-metastasis stage, and degree of liver dysfunction evaluated with conventional scores (Child-Pugh and
MELD).
Therefore, body composition and muscularity assessment should be considered as part of the nutritional
assessment, treatment decision and outcome prognosis
in patients with cirrhosis with and without HCC; and
further studies including sarcopenia with conventional
scores may allow significantly better prediction of mortality among cirrhotic patients.

MUSCULARITY ASSESSMENT IN
CIRRHOSIS
Cross-sectional imaging studies, including CT scan or

MRI are the gold standard tools to quantify skeletal
muscle mass[65] and hence constitutes a good resource
for objective and detailed nutritional/metabolic assessment of cirrhotic patients, and identification of sarcopenia. Recently, our group performed an analysis of the
frequency and impact of sarcopenia in cirrhotic patients
being evaluated for liver transplant[35]. We used CT scan
at the 3rd lumbar (L3) vertebrae analyzed with the SliceOmatic V4.3 software (Tomovision, Montreal, PQ),
which enables specific tissue demarcation using previously reported Hounsfield unit (HU) thresholds. Skeletal
muscle was identified and quantified by HU thresholds
of -29 to +150[66], and cross-sectional area of muscle
and adipose tissue was normalized for stature (cm2/m2)
as reported in previous studies[67]. The L3 skeletal muscle
index (L3 SMI) was expressed as cross sectional muscle
area/height2, and cutoffs for sarcopenia were based on
a CT-based sarcopenic study for patients with malignancies (L3 SMI: ≤ 38.5 cm2/m2 for women and ≤ 52.4
cm2/m2 for men[68]; moreover, recently we set up new
cutoff values for cirrhotic patients, and values were similar in cirrhosis compared to patients with malignancies
(L3 SMI: < 42 cm2/m2 for women and < 50 cm2/m2 for
men)[69].
Sarcopenia is present in 40% of patients with cirrhosis being evaluated for liver transplant. To exemplify
that there is no adequate correlation of classical anthropometric measurement and sarcopenia, in Figure 1A and
B, we present images of the L3 SMI analysis of two cirrhotic patients with identical body mass index, but one
with and another without sarcopenia. In Figure 2, we
present images of the L3 SMI analysis of two patients
with cirrhosis and HCC, and identical body mass index,
but one with and another without sarcopenia.
Importantly, we reported that median survival for
sarcopenic patients was significantly worse compared to
non-sarcopenic patients (19 ± 6 mo vs 34 ± 11 mo, LogRank, P = 0.005) (Figure 2A). Six-month probability of
survival was 71% in sarcopenic and 90% in non-sarco-
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COMPLICATIONS OF MALNUTRITION
AND SARCOPENIA IN CIRRHOSIS
Malnutrition in cirrhosis affects the quality of life, survival, and development of complications in cirrhosis.
In one study of cirrhotic patients, those with malnutrition as established by the SGA experience lower quality
of life, defined as impairment in 6 of the 8 quality-oflife scales on the short-form health survey with only 36
questions (SF-36), compared to those without malnutrition[71]. Furthermore, in a prospective study to identify
risk of variceal bleeding or death in cirrhosis, poor nutritional status was independently associated with a higher
risk of variceal bleeding and mortality[72].
Plasma levels of ammonia tend to be high in liver
dysfunction and portal hypertension, and as skeletal
muscle have a significant role in ammonia detoxification;
cirrhotic patients with muscle depletion may be at higher
risk of hepatic encephalopathy. Improvement of nutritional status could decrease the prevalence of neurocognitive alterations in these patients[73]. In a prospective
study of cirrhotic patients evaluated for the presence of
hepatic encephalopathy according to the West-Haven
criteria, two psychometric tests, and fasting plasma am-
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A

B

C

D

Figure 1 Computed tomography images used for the 3rd lumbar skeletal muscle Index assessment of two patients with cirrhosis (A, B), and two patients
with cirrhosis and hepatocellular carcinoma (C, D). Comparison of two cirrhotic patients with identical body mass index (BMI 32 kg/m2), and two patients with cirrhosis and hepatocellular carcinoma and identical BMI (28 kg/m2). A: The patient at the left is sarcopenic with the 3rd lumbar (L3) skeletal muscle index (L3 SMI) of 50
cm2/m2; B: Patient at the right is not sarcopenic with a L3 SMI of 71 cm2/m2; C: Patient at the left is sarcopenic with L3 SMI of 47 cm2/m2; D: Patient at the right is not
sarcopenic with a L3 SMI of 59 cm2/m2. Red color indicates skeletal muscles, green color indicates intermuscular adipose tissue, yellow color indicates visceral adipose tissue, and teal indicates subcutaneous adipose tissue.
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Figure 2 Kaplan-Meier curve indicating the survival of patients with cirrhosis (A) and patients with cirrhosis and hepatocellular carcinoma (B). A: KaplanMeier curve indicating the survival of cirrhotic patients with and without sarcopenia. The 6-m probability of survival was 71% and 90%, respectively (P = 0.005, LogRank test); B: Kaplan-Meier curve indicating the survival of patients with cirrhosis and hepatocellular carcinoma with and without sarcopenia. The 6-mo probability of
survival was 67% and 90%, respectively (P = 0.003, Log-Rank test).

monium concentrations, patients with malnutrition had
more frequently hepatic encephalopathy, and in the
multivariate analysis the time needed to perform number connection test A was independently correlated to
malnutrition[74]. However, another study did not support
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the hypothesis that malnutrition was an independent risk
factor for the presence of hepatic encephalopathy in
nonalcoholic cirrhosis[75].
Finally, the clinical significance of malnutrition in
cirrhotic patients can be evaluated by the effect of sar-
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copenia on survival and complications. As previously
discussed, patients with cirrhosis and sarcopenia have
elevated mortality[35,41]; and this higher mortality risk
seems to be related to a higher frequency of sepsisrelated death rather than liver failure mortality[35] as there
is correlation between protein malnutrition and sepsis in
hospitalized cirrhotic patients[76]. This may explain why
conventional scores that reflect mainly liver function,
such as MELD and Child-Pugh do not detect mortality
risks associated with low muscle mass.

mortality after liver transplantation, and may revert after
transplant in some cases[85].
New treatments to reverse sarcopenia in cirrhotic patients, including myostatin antagonists are waiting to be
evaluated in randomized controlled trials. In a preliminary
investigation, myostatin levels in patients undergoing
liver transplant evaluation were significantly higher in
cirrhotics compared with healthy controls[86]. In addition,
animal model studies have shown that myostatin expression can be reversed without significant impairment of
liver dysfunction[87].
Finally, one specific problem to be consider in cirrhosis is that division of adiposity and muscle responses
to specific interventions may result in the increase of fat
tissue, without the proportional reversion of sarcopenia
and potential risk to develop sarcopenic obesity.

THERAPEUTIC OPTIONS FOR
MALNOURISHMENT AND SARCOPENIA
IN CIRRHOTIC
In patients with cirrhosis, increased protein intake has
been demonstrated to be safe, well tolerated, and beneficial; however, the long-term effects on muscle mass
are not completely elucidated. Other strategies that have
been evaluated include late-evening snacks, repeated
snacks, branched chain amino acid, and protein supplementation in general with beneficial results[77-79].
Interestingly, intake of leucine-enriched essential
amino acid nutrient may be useful in the treatment of
sarcopenia in cirrhosis. Leucine is one essential amino
acids substrate for protein synthesis, but also has a key
role in the skeletal muscle anabolism, protein synthesis
and autophagy regulation. The activation of anabolic
signalling occurs via the mammalian target of rapamycin
(mTOR) through an undefined mechanism and as amino
acid[80,81]. This data suggests a potential role for leucinerich supplements in the management of muscle wasting
in cirrhosis.
Exercise, including aerobic and resistance physical activity are important for the muscle metabolism. Patients
with cirrhosis frequently have complications of portal
hypertension, such as ascites or hepatic encephalopathy,
or symptoms associate to chronic illness including significant fatigue and reduced maximum exercise capacity
which significantly reduce the physical activity. Moreover,
even moderate exercise augments the portal pressure
and may increase the risk of variceal bleeding in patients
with esophageal varices; therefore, cirrhotic patients with
portal hypertension should be advised of potential risks
during exercise[82]. The patients who are able and willing
to enter in a exercise program may benefit from pharmacological prophylaxis, as the increase in portal pressure
could be prevented by propranolol pretreatment[83].
An interesting therapeutic approach in cirrhotic sarcopenia could be the use of transjugular intrahepatic
portosystemic shunt (TIPS). A recent study showed
that TIPS may reverse sarcopenia, and failure to improve muscle mass after TIPS is associated with higher
mortality[84]; however, the utility of TIPS as an intervention to reverse sarcopenia should be evaluated in future
prospective studies. Similar to these findings, our group
has recently showed that sarcopenia does not increase
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SARCOPENIA AND LIVER
TRANSPLANTATION
Sarcopenia is associated with increased mortality in cirrhosis[35]; however, how it impacts after liver transplantation requires further analysis. Previously, one study
showed that central sarcopenia strongly correlates with
mortality after liver transplantation[88]. In this study the
cross-sectional area of the psoas muscle was measured
on CT scans of 163 liver transplant recipients, and after
controlling for donor and recipient characteristics using
Cox regression models, authors reported a strong association between psoas area and post-transplantation
mortality (HR = 3.7/1000 mm2 decrease in psoas area;
P < 0.0001). Then, they stratified into quartiles based on
psoas area and the 1-year survival ranged from 50% for
the quartile with the smallest psoas area to 87% for the
quartile with the largest.
We recently presented a study showing that sarcopenia does not increase mortality after liver transplant,
and in some cases may resolve after transplantation[85].
In this study we found that median survival after liver
transplantation for sarcopenic patients was 115 ± 25 mo,
compared to 146 ± 34 mo in non-sarcopenic patients
(P = 0.2); however, sarcopenic patients had longer hospitalization following liver transplant compared to nonsarcopenic patients. Interestingly, in a subanalysis of
non-protocol CT after liver transplant we found that in
patients who had sarcopenia before the transplant sarcopenia resolved in at least 20% after transplantation.
Some differences in protocols may explain these
dissimilar results between the two studies[85,88]; for example in first retrospective study, 85% of the patients
had a non-protocol CT done in the post-transplantation
period, and probably sicker patients with higher risk
of mortality were those who need CT after transplant.
Moreover, the muscularity assessment technique they
used was different to ours, as they evaluated the crosssectional area of the psoas muscle obtained selecting
imaging slice at the superior aspect of fourth lumbar
vertebra and outlined borders of the left and right psoas
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muscle, and the area of the resulting enclosed regions
was then computed to generate the cross-sectional area
of the psoas muscles. Lastly, we used instead, the L3
SMI, which has been shown to have an excellent correlation with the total muscle mass[89]. Further prospective
studies will be necessary to establish the impact of sarcopenia after liver transplantation.
In summary, sarcopenia affects the quality of life,
survival and the development of the complications in
cirrhosis. Therefore, body composition and muscularity
assessment should be considered as part of the nutritional assessment, treatment decision and outcome prognosis in cirrhotic patients. Regardless of previous finding
concerning the significance of sarcopenia as prognostic
factor in patients with cirrhosis[50,90,91], the general inclusion of sarcopenia into cirrhosis prognostic scores has
been limited by lack of dependable and objective method to quantify muscle wasting.
Numerous indirect methods have been used to quantify body composition in cirrhotics; however, most of
these methods lack either availability and/or reproducibility, and their accuracy may be limited in the presence
of fluid retention. Cross-sectional imaging studies, including CT scan or MRI are the gold standard tools to quantify skeletal muscle mass[65], and hence constitute a good
resource for objective and detailed nutritional/metabolic
assessment of patients and identification of sarcopenia.
Sarcopenia is not exclusively present in underweight
patients, and constitutes a hidden condition that can be
present in cirrhotic patients with any BMI. Furthermore,
measurement of sarcopenia is independent of the fluid
retention which plagues accurate measurement of body
weight and BMI in cirrhotics. A recent study from our
group showed that modification of MELD to include
sarcopenia is associated with a modest improvement in
the prediction of mortality in patients with cirrhosis[92].
However, prior to the widespread use of MELD-sarcopenia, additional validation in larger cohorts of patients
with cirrhosis is necessary.
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Core tip: Portopulmonary hypertension (POPH) and
hepatopulmonary syndrome (HPS) are frequent complications of liver disease. Both conditions result from
diminished hepatic clearance of splanchnic vasoactive
substances. They cause pulmonary vasoconstriction in
POPH resulting in elevated pulmonary pressure, right
ventricular dysfunction and intrapulmonary shunts with
hypoxemia in HPS. The only lasting treatment is liver
transplantation (LT). Whereas LT results in the disappearance of HPS, its effect on POPH is unpredictable.
The anesthesiologist plays a central role in managing
HPS and POPH during LT as preoperative screening
and grading of the disease allows the selection of appropriate therapies.

Abstract
Portopulmonary hypertension (POPH) and hepatopulmonary syndrome (HPS) are two frequent complications of liver disease, with prevalence among liver
transplant candidates of 6% and 10%, respectively.
Both conditions result from a lack of hepatic clearance
of vasoactive substances produced in the splanchnic
territory. Subsequently, these substances cause mainly
pulmonary vascular remodeling and some degree of
vasoconstriction in POPH with resulting elevated pulmonary pressure and right ventricular dysfunction. In HPS
the vasoactive mediators cause intrapulmonary shunts
with hypoxemia. Medical treatment is disappointing
overall. Whereas liver transplantation (LT) results in the
disappearance of HPS within six to twelve months, its
effect on POPH is highly unpredictable. Modern strategies in managing HPS and POPH rely on a thorough
screening and grading of the disease’s severity, in order
to tailor the appropriate therapy and select only the
patients who will benefit from LT. The anesthesiologist plays a central role in managing these high-risk
patients. Indeed, the important hemodynamic and respiratory modifications of the perioperative period must
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INTRODUCTION
Liver transplantation (LT) has been performed since
1963 and is now a worldwide procedure. It has cured
many patients, whatever the liver disease etiology. This
intervention, which was deemed very high-risk in the
first days of transplantation medicine, nowadays car-
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> 25 mmHg, pulmonary vascular resistance (PVR) >
240 dyn.s.cm-5 and pulmonary artery occlusion pressure
(mPAOP) < 15 mmHg (Table 1)[6,7]. The pathophysiology
of POPH remains unclear: it is observed in cirrhotic and
non-cirrhotic portal hypertension and is related to neither
the etiology of liver disease nor the severity of portal
hypertension. However, female sex and autoimmune disease are important risk factors[8]. POPH has the same features of plexogenic arteriopathy of idiopathic pulmonary
hypertension involving endothelial and smooth muscle
proliferation. It has been also suggested that hyperkinetic
status could promote shear stress and induce endothelial
dysfunction. Moreover, inflammatory condition observed
in patients with cirrhosis (endotoxemia, bacterial translocation) could participate to the pulmonary vascular
remodeling. Another widely accepted explanation is that
mediators produced in the splanchnic circulation and
normally metabolized by the liver reach the pulmonary
circulation through portosystemic collaterals with subsequent injury to pulmonary vessels. Putative harmful
mediators are serotonin and endothelin, increased plasma
concentrations of these mediators being identified in
patients with portal hypertension. Besides their vasoconstrictive effect, these mediators also promote cell proliferation[9]. Nevertheless, despite sophisticated testing, the
pathogenesis of POPH remains elusive.
POPH is a relatively common condition among LT
candidates with a prevalence of approximately 6%[10,11].
Likewise, it worsens their prognosis. Their outcome is
poor with a one-year survival of approximately 85%[12,13]
and three-year survival varying between 38% and 68%[13].
Finally, a large American cohort revealed a five-year survival of only 40%[14]. The differences in survival rates
between these trials can probably be explained in part by
the severity of the underlying liver diseases. For instance,
in the study by Le Pavec, which showed the best outcome, there was a large proportion of Child Pugh class
A cirrhotic patients (51%). Furthermore, it is well established that POPH per se, depending on its severity, has a
negative impact on LT success.
It is now clear from these findings that patients with
POPH should be properly diagnosed preoperatively, to
initiate the right treatment promptly and select exclusively those with a non-prohibitive level of POPH for LT
(Tables 2, 3 and Figure 1). POPH’s presentation ranges
from totally asymptomatic to severe dyspnea, fatigue and
peripheral edema. As it can be asymptomatic, POPH
should be sought in every LT candidate. Investigations
such as ECG, chest X-ray, blood gas analysis and lung
function testing have a very low diagnostic yield[15]. In
most centers, transthoracic echocardiography (TTE) is
performed as a screening test, owing to its high sensitivity and non-invasive nature. It is able to reliably exclude
POPH in most POPH-free patients. Different centers
use various cut-off values of pulmonary artery systolic
pressure (PASP) ranging from 30 to 50 mmHg[16]. For
instance, PASP > 50 mmHg has sensitivity and specificity of 97 and 77%, respectively[17]. However, the best

Table 1 Diagnostic criteria of portopulmonary hypertension
Criteria 1
Portal hypertension (15 mmHg, or portocaval gradient > 5 mmHg) and
Criteria 2
mPAP > 25 mmHg and mPAOP < 15 mmHg
mPAP - mPAOP (transpulmonary gradient) > 10 mmHg
PVR > 240 dyn.s.cm-5 = 3 UI WOOD
mPAP: Mean pulmonary artery pressure; mPAOP: Mean pulmonary artery occlusion pressure; PVR: Pulmonary vascular resistance.

Table 2 Hemodynamic patterns in cirrhotics with elevated
mean pulmonary artery pressure
Hemodynamic pattern

mPAP

PVR

mPAOP

CO

Hyperdynamic state
Left heart dysfunction
POPH

↑
↑
↑

↓
↑
↑

→
↑
→

↑↑
↓
↓

Adapted from Machicao et al[15]. CO: Cardiac output; mPAOP: Mean pulmonary artery occlusion pressure; mPAP: Mean pulmonary artery pressure; POPH: Portopulmonary hypertension; PVR: Pulmonary vascular
resistance.

Table 3 Severity score of pulmonary hypertension in portopulmonary hypertension patients based on liver transplantation mortality
Mild: 25 mmHg < mPAP < 35 mmHg
Moderate: 35 mmHg ≤ mPAP < 45 mmHg
Severe: mPAP ≥ 45 mmHg
mPAP: Mean pulmonary artery pressure.

ries a 30-d and 5-year mortality rate of 5% and 30%,
respectively. This is comparable to high-risk surgical
procedures in high volume centers[1,2]. However, several
problems remain, among which lay portopulmonary hypertension (POPH) and the hepatopulmonary syndrome
(HPS). These liver disease complications make LT a
riskier procedure, reduce its chances of success, worsen
the overall patient’s prognosis and represent a genuine
challenge to the anesthesiologist[3,4]. In the past years,
light has been shed on the epidemiology, pathophysiology and treatment of POPH and HPS. We will hereby
review the latest trends in POPH and HPS management;
in particular in the anesthesiologist’s view.
Portopulmonary hypertension
POPH is the association between pulmonary hypertension and portal hypertension with or without hepatic
disease. Indeed, portal hypertension per se can induce pulmonary hypertension. Interestingly, approximately 10%
of POPH patients have portal hypertension without cirrhosis. This picture is found most frequently in patients
infected with Schistosoma mansoni [5]. Furthermore, the
development of pulmonary hypertension is not related
to the severity of liver disease. It is defined by portal
hypertension, mean pulmonary artery pressure (mPAP)
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Screening for LT indication/TTE

Right heart catheterization when indicated

mPAP > 35 mmHg

Specific POPH medical treatment

-5

mPAP < 35 mmHg and PVR < 400 dyn.s.cm

mPAP > 35 mmHg and PVR > 400 dyn.s.cm

Follow-up: TTE every 3 mo

Patient not listed for LT

-5

<<Borderline cases>>: RHC every 6 mo

Day of LT: Right heart catheterization
According to POPH severity:
multidisciplinary decision for LT

For «Borderline cases» select a
second patient in stand-by position

Figure 1 Portopulmonary hypertension screening and follow-up algorithm for liver transplantation candidates in Geneva. LT: Liver transplantation; mPAP:
Mean pulmonary artery pressure; POPH: Portopulmonary hypertension; PVR: Pulmonary vascular resistance; TTE: Transthoracic doppler echocardiography.

cut-off value to avoid undiagnosed POPH and prevent
unnecessary right heart catheterization (RHC) remains
undetermined. Another important feature of transesophageal echocardiography (TEE) is its ability to rule
out other causes of elevated pulmonary arterial pressure
such as left heart dysfunction. The next step after TEE
in patients with elevated PASP is RHC. Cardiac output
(CO), mPAP, mPAOP and PVR can help to determine
the nature and severity of the POPH. RHC can ascertain
the diagnosis of POPH and exclude other frequently
encountered causes of pulmonary hypertension in the
LT candidate. Indeed, there are three main causes of
elevated mPAP in liver disease patients: cirrhotic cardiomyopathy (left ventricular dysfunction), the typical
high-output state of cirrhosis and POPH. For instance,
in the hyperdynamic state, CO and mPAP are elevated,
mPAOP is normal and PVR is decreased owing to a
passive dilation of pulmonary vessels. In left ventricular
dysfunction, CO is reduced; PVR, mPAP and mPAOP
are elevated. Finally, in POPH, CO and mPAOP are
low while PVR and mPAP are high (Table 2). It is very
important to differentiate these conditions as their treatment and prognosis are entirely different. Furthermore,
RHC is also used to carry out reversibility tests on the
pulmonary vasculature with various vasodilators. However, even though the rate of acute responders varies in
the literature from 1.3% to 43%[18,19], their long-term response to therapy cannot be predicted[20]. Thus, RHC is
central to diagnosing and grading POPH (Table 3). The

WJG|www.wjgnet.com

precise grading of POPH is of uttermost importance as
treatment and prognosis vary dramatically according to
the severity of the disease.

TREATMENT
In mild POPH, no treatment is warranted as several
studies have shown that LT outcome is not different
from POPH-free patients[8,21]. For moderate to severe
POPH, LT is not the definitive treatment. In some patients, it disappears several months after LT, whereas
in others it persists or even worsens over the course
of time. The postoperative disease evolution is highly
unpredictable, thus compromising the chances of LT
success. Therefore, pulmonary vasodilators should be
employed with the aim of lowering mPAP < 35 mmHg,
to minimize the risk of graft failure and improve the
overall outcome.
Swanson et al[22] demonstrated that when comparing patients without any treatment, with specific POPH
therapy and with a combination of specific POPH therapy and LT, the latter group reached the best outcome.
Five-year survival was 14%, 45% and 76%, respectively.
There are several different specific POPH therapies.
All of which are derived from the treatment of idiopathic pulmonary hypertension (Table 4)[23].
Nitric oxide (NO) is a selective pulmonary vasculature dilator when used in the inhaled form. It is effective
but almost always necessitates an intubated patient for
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Table 4 Portopulmonary hypertension treatments
Molecule

Mechanism of action

Nitric Oxide

Half-life Administration

Selective dilation of the Seconds
pulmonary vasculature
Epoprostenol
Vasodilation of all
Minutes
vascular beds/platelet
inhibition
Iloprost
Vasodilation of pulmo- Minutes
nary vascular bed/
platelet inhibition
Bosentan
Endothelin receptor
5h
antagonist
Sildenafil
Phosphodiesterase type
4h
5 inhibitor

Inhaled
Intravenous

Inhaled

Oral
Oral

Adverse effects

Advantages

Drawbacks

Main results

Methemoglobinemia Selective on pulmonary circulation
Flushing, headache,
Best studied drug
nausea
Flushing, headache,
nausea

Endotracheal
Improved hemodyintubation
namics
Long term
Improved hemodycentral venous namics allowing LT[70,71]
access/cost
Selective on pulmo- Frequent admin- Increased exercise tolernary circulation
istration/cost ance and survival[26,27,30]

Hepatotoxicity,
Oral administration,
peripheral edema
twice daily
Flushing, headache, Oral administration,
priapism
three times daily

Cost

Improved survival[29]

Cost

Increased exercise
tolerance[31]

LT: Liver transplantation.

RHC in borderline cases every three months. If mPAP
remains over 35 mmHg, LT is contra-indicated. If the
patient is responsive to treatment (mPAP < 35 mmHg)
MELD exception points are assigned and LT can be
considered, as long as the PVR remains under 400 dyn.
s.cm-5 and the right ventricular function is preserved[15].

an accurate administration. Indeed, without an endotracheal tube, its concentration cannot be titrated properly.
Therefore, its use is mainly restricted to the operating
room and ICU, in the setting of acute right ventricular
failure due to POPH worsening.
Epoprostenol, a prostacyclin, which is used parenterally, is a vasodilator, a platelet inhibitor, and has an
antiproliferative effect. In two recent studies[24,25], the
administration of epoprostenol in moderate to severe
POPH was associated with a drop in mPAP < 35 mmHg
in a majority of patients (75%-88%), which allowed considering LT. Its main adverse effect is thrombocytopenia.
Iloprost is an inhaled prostacyclin, which improves
exercise tolerance and causes pulmonary vasculature
dilation[26,27]. A recent study showed that survival was
improved when parenteral prostacyclin was started precociously[28].
Bosentan is an endothelin receptor antagonist that
has been shown to improve survival as compared to iloprost[29,30].
Finally, sildenafil, a phosphodiesterase inhibitor, improves exercise capacity[31].
Anticoagulants are not indicated as in idiopathic
pulmonary hypertension because of the major bleeding
disorder associated with end-stage liver disease. Furthermore, beta blockers are contra-indicated in POPH, as
they worsen pulmonary hemodynamics and cardiopulmonary reserve[32].
All these treatments have mainly been validated in
patients with idiopathic pulmonary hypertension, which
is a different disease from POPH. They have their limitations and must be chosen on an individual basis, taking
into account their various adverse effects (Table 4). The
various treatment recommendations come from small
retrospective trials with inherent limitations. A confirmation by randomized controlled trials is needed. Finally,
one must bear in mind that these treatments are mainly
useful lowering mPAP and make LT feasible.
On a practical point of view, after patients with moderate and severe POPH (mPAP > 35 mmHg, PVR > 240
dyn.s.cm-5) have been started on pulmonary vasodilators, their response to treatment is assessed by TTE and
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ANESTHETIC MANAGEMENT
CONSIDERATIONS
In our center, LT candidates with known moderate to
severe POPH, confirmed by RHC, are started on a pulmonary vasodilator as soon as the diagnosis is made. On
the day of LT, a RHC is performed in the anesthesia
suite and, the decision whether or not to proceed with
LT is taken by a multidisciplinary team. Furthermore, a
second recipient is called and asked to remain in standby in case of a cancelled LT (Figure 1).
During the intraoperative period, various factors may
contribute to the increase in mPAP, which may then lead
to graft failure and right ventricular failure. The anesthesiologist, through the use of the appropriate hemodynamic monitoring, plays an essential role in the early
diagnosis of worsening intraoperative POPH and its
treatment.
The anesthesia induction is a critical phase. At the
same moment, systemic vasomotor tone typically diminishes and positive pressure ventilation is initiated.
This can lead to worsening of POPH and right ventricular failure. Therefore, anesthesia induction must be
as smooth as possible. Commonly used hypnotics are
etomidate, midazolam and a combination of ketamine
and propofol (ketofol), as they all preserve hemodynamic
stability. Regarding ventilation, high levels of ventilation
pressure and positive end expiratory pressure should be
avoided, as well as hypoxia, hypercapnia and acidosis, all
of which aggravate POPH.
The patient should be monitored with an arterial
line, a pulmonary artery catheter (PAC) and possibly a
TEE. The PAC is commonly used in LT. In POPH, this
advanced hemodynamic monitor is particularly useful as
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DO2 optimization
DO2 = O2 content × cardiac output

O2 content

Cardiac output = HR × LVEV

Precharge - volemia
(mPAOP, PVC, PPV, other indexes)

Oxygenation (FiO2 ≥ 80 %)

Transport (Hb ≥ 90 g/L)

Heart rate
(remind if β-blockers)

Contractility, aortic impedance
(calcemia, PaCO2, inotropes)
Blood gas + hemodynamic assessment
realized without vasopressors

TVE > 3 min

SvO2 < 70%

SvO2 ≥ 70%

Insufficient hemodynamic tolerance
→ venovenous bypass

Sufficient hemodynamic tolerance
→ no need for venovenous bypass

Maintain hemodynamic (IC ≥ 2.5; MAP ≥ 60 mmHg)
vasopressors or inotropes if needed

If TVE not supported during anhepatic phase
→ reconsider venovenous bypass

Figure 2 Challenge algorithm to total vascular exclusion of the liver. DO2: Oxygen delivery; Hb: Hemoglobin; FiO2: Inspired oxygen fraction; HR: Heart rate;
LVEV: Left ventricular ejection volume; PaCO2: Partial pressure of carbon dioxide; TVE: Total vascular exclusion of the liver; SvO2: Mixed venous oxygen blood
saturation.

it can measure CO and PAP precisely and help the anesthesiologist in correct decision-making[33]. For instance,
the occurrence of a decompensated POPH (normalhigh mPAP, high PVR, low CO) will be recognized and
treated differently from hypovolemia, another frequently
encountered situation in LT, (low mPAP, low CO).
Moreover, its use is mandatory for postoperative care.
Some authors recommend TEE as the best hemodynamic monitor in POPH patients. It allows real-time
measurement of PAP and is the best mean for evaluating
right ventricular function. Of course, only an anesthesiologist properly trained in TEE must use it[34,35].
TEE should be considered cautiously in patients with
esophageal varices because of the bleeding risk. However, esophageal varices are not a formal contraindication
to TEE and the decision to use this monitor must be
made on an individual basis, taking into account risk and
benefit.
During the pre-anhepatic phase, major volume shifts
can occur. The large quantities of crystalloids, colloids
and blood products can cause an increase in POPH and
central venous pressure (CVP).
Later on, during the anhepatic phase, the standard
procedure consists of cross-clamping the inferior vena
cava, portal vein and hepatic artery[36]. This causes a dramatic decrease in CO (40%-50%). The resulting effect in
patients with POPH is unpredictable. However, hemodynamics can be dangerously worsened. Therefore, in our
institution, we proceed with a cross-clamping algorithm
(Figure 2), whereby a drop in mixed venous oxygen saturation (SVO2) below 70% warrants a venovenous bypass.
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After cross-clamp release, graft reperfusion occurs
and several vasoactive substances (from anaerobic metabolism and cold preservation solutions) are released
and tend to cause a peak in mPAP. This is known as the
“reperfusion syndrome”. The use of a technique which
produce less ischemia during the anhepatic phase, such
as the “piggy-back technique” or use of a venovenous
bypass, will avoid the surge in mPAP, thus being of
particular interest in POPH patients[37]. Moreover, the
reperfusion is accompanied by an increase in CO, which
in turn raises mPAP.
In short, in the intraoperative period, mPAP can be
increased in a dangerous way, leading to high CVP, graft
congestion and malfunction, increased work of the right
ventricle and finally right ventricular failure[38,39]. In the
event of an elevated intraoperative PAP, and after having excluded other causes of pulmonary hypertension,
the anesthesiologist can use pulmonary vasodilators such
as NO and epoprostenol. If there is concomitant right
heart failure, milrinone is recommended[33]. As milrinone
is both an inotrope and a vasodilator, a vasopressor infusion (norepinephrine, phenylephrine) should be administered at the same time to prevent hypotension. It seems
that giving a pulmonary vasodilator only intraoperatively
is insufficient. It should be started preoperatively to
improve outcome as it probably acts on vascular remodeling[40]. Various intraoperative prognostic factors have
been associated with adverse outcome, such as mean
arterial pressure < 40 mmHg and mPAP > 40 mmHg[41].
The course of the disease following LT is highly
unpredictable. Some patients develop refractory POPH
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tive. The 99mTc MAA scan is the intravenous injection
of radiolabeled albumin. It detects the existence of a
shunt, but does not differentiate an intracardiac from an
intrapulmonary shunt. However, it is useful in patients
with concomitant respiratory disease as it can determine
whether hypoxemia results from a shunt or a pulmonary
pathology. A shunt fraction over 6% establishes that
HPS is the main contributing factor to hypoxemia[40].
99m
Tc MAA scan is therefore very valuable as 20%-30%
of HPS patients suffer from concomitant respiratory
disease[4,46]. Pulmonary angiography is seldom indicated.
Nonetheless it can reveal an arteriovenous fistula which
in some instances can be coiled[47].
Arterial blood gas analysis is of uttermost importance. It contributes to the diagnosis of HPS (hypoxemia,
increased A-aDO2) and most importantly to HPS severity grading (Tables 5 and 6).
Other tests such as pulmonary function tests (PFT)
and chest X-ray are neither sensitive nor specific and are
of limited value in the diagnosis of HPS, although they
can be useful in searching an alternative cause of hypoxemia. Apart from a reduced carbon monoxide diffusing
capacity, PFT are usually normal.
We have proposed an algorithm for screening and
grading HPS (Figure 3)[48]. The first step is to noninvasively measure the hemoglobin oxygen saturation (SpO2)
by pulse oximetry, then analyze arterial blood gas and
finally perform CE-TTE. Pulse oximetry, when taking a
cut-off value of SpO2 < 96% has a sensitivity of 100%
for the detection of PaO2 < 70 mmHg and is therefore
an extremely effective screening test[49-51]. Arterial blood
gas analysis yields the values of PaO 2 and A-aDO 2,
thereby contributing to the diagnosis and grading of
HPS. Finally CE-TTE ascertains the diagnosis by revealing the presence of IPVD (Table 5).
Patients with mild to moderate HPS must be followed on a regular base, with arterial blood gas analysis
every six months, as HPS tends to become severe over
time [52]. On the other hand, patients diagnosed with
severe HPS receive MELD exception points and are
thereby prioritized in the LT waiting list[3,53]. The time
until LT is usually less than three months under these
circumstances. Finally, there is conflicting evidence that
very severe HPS is a contraindication to LT as these patients have a high risk perioperative course. There is no
consensus on whether or not to carry out LT in these
patients; the decision depends on each center’s policy[20].
Overall, the medical treatment of HPS is disappointing. Various drugs, such as somatostatin, almitrin,
indomethacin, NO, aspirin and beta blockers have been
tested with no noticeable improvement[6]. Pentoxifylline
has shown conflicting results[54,55]. Inhaled iloprost has
proven some benefit on hypoxemia[56]. Finally, oxygen
therapy is indicated when PaO2 is < 60 mmHg[57].
The only definitive treatment of HPS is LT. Several
studies have shown that HPS is cured or significantly
improved in more than 85% cases within 6-12 mo after
LT[52,58]. Without LT, the 5-year survival rate of HPS is
decreased compared with HPS-free cirrhotic patients[52,59,60].

Table 5 Diagnostic criteria of hepatopulmonary syndrome
Criteria 1: Chronic liver disease
Criteria 2: A-aDO2 ≥ 15 mmHg[7,72], or ≥ 20 mmHg[52], or ≥ to the ageadjusted value1[73]
Criteria 3: intrapulmonary vascular dilatation at CE-TTE[7] or 99mTcMAA[7]
1

Age-adjusted value: 0.26 (age) - 0.43. A-aDO2: Alveolar-arterial oxygen
pressure gradient; CE-TTE: Contrast-enhanced echocardiography; 99mTcMAA: Technetium macroaggregated albumin lung perfusion scan.

Table 6 Severity score of hepatopulmonary syndrome
Stages

[3]

PaO2, mmHg

Mild
Moderate
Severe
Very severe

≥ 80
≥ 60 and < 80
≥ 50 and < 60

< 50

with right ventricular failure. Therefore, the postoperative period is critical. The resolution of POPH is not
systematic and medical treatment should not be discontinued until PAP has normalized.
Hepatopulmonary syndrome
The hepatopulmonary syndrome (HPS) is defined by
the combination of intrapulmonary vascular dilatation
(IPVD) and hypoxemia in patients with chronic liver disease or portal hypertension (Table 5)[6]. IPVD can cause
a right to left shunt resulting in an elevated alveolar-arterial oxygen pressure gradient (A-aDO2) and hypoxemia.
It seems that in presence of HPS, there is an imbalance
in the vasoactive substances favoring vasodilatation. Furthermore, the mechanism of pulmonary hypoxic vasoconstriction is inhibited[42].
IPVD are found in 40%-60% of liver disease patients,
though only 15%-30% have associated hypoxemia and
meet the diagnostic criteria of HPS[43]. Moreover, a study
from our center showed a prevalence of 10% in LT
candidates[44]. HPS is a well recognized cause of worsened outcome in the liver disease patient. Therefore, its
early diagnosis is very important. Patients with HPS can
present with dyspnea and platypnea due to orthodeoxia,
although most of them are asymptomatic[45]. Therefore,
HPS must be actively sought in every LT candidate. In
patients with liver disease and hypoxemia, two tests can
detect a shunt and establish the HPS diagnosis: contrastenhanced transthoracic echocardiography (CE-TTE) and
Technetium macroaggregated albumin lung perfusion
scan (99mTc MAA scan). During CE-TTE, agitated saline
is injected intravenously. In the occurrence of HPS, microbubbles will be visualized going from the right to the
left atrium. CE-TTE allows for the distinction between
intracardiac and intrapulmonary shunts. Indeed, in an
intracardiac shunt, the bubbles are seen in the left atrium
within three heartbeats, whereas in an intrapulmonary
shunt, they are visualized within 4-6 beats. CE-TTE
is a valuable test as it is non-invasive and very sensi-
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At inclusion on the waiting list

SpO2 < 96% or PaO2 < 80 mmHg

CEE and/or

SpO2 ≥ 96%

Repeat SpO2 at patient evaluation
(every 3 mo)

99m

Tc NAA body scan

Intrapulmonary shunt (HPS diagnosis)

No intrapulmonary shunt

Repeat tests every 3 mo; detect and correct
additional cardiac and pulmonary diseases

PaO2 < 50 mmHg

PaO2 < 60 mmHg
PaO2 ≥ 50 mmHg

PaO2 < 80 mmHg
PaO2 ≥ 60 mmHg

Transplantation team
agreement needed for LT

MELD priority for LT

Follow-up every 3 mo

Figure 3 Hepatopulmonary syndrome screening, grading and follow-up algorithm for liver transplantation candidates. Adapted from Pastor et al[48]. SpO2:
Hemoglobin oxygen saturation; HPS: Hepatopulmonary syndrome; PaO2: Partial pressure of oxygen; MELD: Model for end-stage liver disease; LT: Liver
99m
transplantation; Tc NAA: Technetium macroaggregated albumin.

Even though perioperative mortality is increased in severe HPS, the 5-year survival rates (76%) are identical to
HPS-free patients[52]. The main predictors of unfavorable outcome after LT are PaO2 < 50 mmHg and a 99mTc
MAA scan showing a shunt fraction > 20%[61].

estingly, preoxygenation, though highly recommended, is
not always effective as the cause of hypoxemia is a true
shunt.
Inhalational anesthesia seems to worsen hypoxemia
more than intravenous agents, though the effect does
not persist after one hour[62].
The lungs are ventilated using a protective strategy
with a combination of low tidal volumes (6-8 mL/kg),
a positive end expiratory pressure of 6-8 cm H2O and
regular recruitment maneuvers[63]. This reduces the deleterious effects of mechanical ventilation and optimizes
oxygenation.
During the pre-anhepatic phase, large fluid shifts
occur and both hypovolemia and hypervolemia are observed. In our center, we use a goal-directed hemodynamic therapy, through the use of pulse pressure variation and the PAC-derived parameters, to optimize fluid,
vasopressors and inotropes administration[64]. Indeed, in
the case of HPS, both hypervolemia and hypovolemia
have to be avoided. Hypervolemia leads to pulmonary
edema and worsening hypoxemia, whereas hypovolemia
compromises global oxygen delivery by reducing CO.
In our institution, we use a PAC with continuous
SVO2 measurement for HPS. It allows for precise administration of oxygen and optimization of ventilation
parameters. Moreover, it is useful to assess the patient’s
tolerance to hepatic vascular clamping. If SVO2 falls under a value of 70%, a venovenous bypass is warranted.
(Figure 2)[65].

ANESTHETIC MANAGEMENT
Operative management of the patient with HPS can
be challenging. Mandatory monitoring comprises an
arterial line and PAC. Regular blood gas analysis can be
performed throughout the intervention. Worsening hypoxemia, whatever the cause, will be detected. The PAC,
through the measurement of SVO2, CO and mPAOP,
assists the anesthesiologist in the hemodynamic management of the HPS patient. Frequently encountered
situations in LT, such as hypoxia, hypovolemia or hypervolemia, can be dealt with, appropriately. TEE can be
very helpful in patients with preoperatively undiagnosed
HPS as a contrast-enhanced study can be performed in
the operating theater. It can also serve as an advanced
hemodynamic monitoring, helping in fluid therapy and
initiation of inotropes and vasopressors.
The anesthesia induction is critical in the HPS patient. In particular, a thorough preoxygenation must be
done. Orotracheal intubation is performed in a rapid
sequence and ventilation is started immediately. A steep
drop in SpO2 can occur rapidly after anesthesia induction
in patients with preexisting hypoxemia and ascites. Inter-
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POSTOPERATIVE CARE
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Core tip: This article focuses on the role of oxidative
stress in liver diseases. Redox state constitutes the important background of numerous liver disorders. It participates in the course of inflammatory, metabolic and
proliferative liver diseases. An oxidative stress stands
for an imbalance between oxidant and antioxidant
agents. It may explain pathogenetic aspects of chronic
liver diseases. This paper is a review on newest literature in this field. In the light the above we hope that
this article is interesting and may contribute to current
knowledge.

Redox state constitutes an important background of
numerous liver disorders. The redox state participates
in the course of inflammatory, metabolic and proliferative liver diseases. Reactive oxygen species (ROS) are
primarily produced in the mitochondria and in the endoplasmic reticulum of hepatocytes via the cytochrome
P450 enzymes. Under the proper conditions, cells are
equipped with special molecular strategies that control
the level of oxidative stress and maintain a balance
between oxidant and antioxidant particles. Oxidative
stress represents an imbalance between oxidant and
antioxidant agents. Hepatocytic proteins, lipids and
DNA are among the cellular structures that are primarily affected by ROS and reactive nitrogen species. The
process results in structural and functional abnormalities in the liver. Thus, the phenomenon of oxidative
stress should be investigated for several reasons. First,
it may explain the pathogenesis of various liver disorders. Moreover, monitoring oxidative markers among
hepatocytes offers the potential to diagnose the degree
of liver damage and ultimately to observe the response
to pharmacological therapies. The present report focuses on the role of oxidative stress in selected liver
diseases.

WJG|www.wjgnet.com

OXIDATIVE STRESS
Oxidative agents in humans
Free radicals are molecules that have an unpaired electron in their valence orbital. Free radicals and their related reactants are not equally toxic; the most reactive,
and therefore damaging, products are assumed to be the
oxygen-based hydroxyl radical and the nitrogen-based
peroxynitrite anion. The generation of molecular oxygen
in the form of reactive oxygen species (ROS) is a natural
part of aerobic life that is responsible for the manifestation of cellular functions ranging from signal transduction pathways, defense against invading microorganisms
and gene expression to the promotion of growth or
death[1]. Redox signaling is of essential importance due
to the abundance of oxygen in the Earth’s atmosphere.
Nevertheless, an excessive amount of ROS is highly toxic
to cells. Oxidative stress affects the major cellular com-
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rhythm regulation[11]. Nevertheless, numerous studies
have indicated that it also influences the immune system
and is an endogenous substance that shows antioxidative, anti-inflammatory and anti-apoptotic properties[12,13].
The exceptional nature of melatonin centers on its ability
to target both ROS and reactive nitrogen species. As a
result, the antioxidant power of melatonin is significantly
greater than that of vitamin E or C and is 5 to 15 times
higher than that of glutathione. Melatonin may act as a
direct scavenger of free radicals, and one molecule can
bind two hydroxyl radicals. This connection yields a cyclic
3-hydroxymelatonin as a product. This molecule in turn is
excreted into the urine, and its level is proportional to the
level of oxidative stress in the organism. Furthermore,
melatonin increases the amount of antioxidant enzymes
by augmenting messenger RNA levels of superoxide
dismutase and gamma-glutamylcysteine synthase, which
intensify the formation of glutathione and glutathione
peroxidase[14]. Additionally, the diffusion of melatonin is
not limited by any barrier, including cell compartments.
In contrast, α-tocopherol cannot cross the blood-brain
and placental barriers. The indirect role of melatonin in
antioxidant activity is reflected by its protective influence
on cell membranes, cell proteins and both the genomic
and mitochondrial DNA[15,16]. Many investigations have
demonstrated that the administration of melatonin improves liver function after ischemia/reperfusion in cases
of alcoholic liver injury and cirrhosis induced by carbon
tetrachloride[17-19]. Melatonin could be effective in nonalcoholic fatty liver disease (NAFLD) in consideration of
the pathogenetic mechanisms involved in the development of NAFLD, especially nonalcoholic steatohepatitis
(NASH).

ponents: proteins, lipids and DNA. The importance of
oxidative stress is commonly emphasized in the pathogenesis of various degenerative diseases, such as diabetes,
cancer, cardiovascular disorders or neurodegenerative
diseases[2]. The described conditions are inseparably connected with the state of chronic oxidative stress. However, acute exposure to high levels of ROS may also result
in serious damage within the human body, such as during
ischemia/reperfusion (I/R) of the liver. Aside from the
harmful effects, ROS are also perceived as molecular
secondary messengers that are generated in response to
growth factors, hormones, cytokines and extracellular
ATP. Hence, the role of oxidant agents in cells is complex and depends on the balance between oxidant and
antioxidant particles. Protective actions against ROS are
performed by several enzymes (e.g., superoxide dismutase
(SOD), catalase and glutathione peroxidase) as well as
nonenzymatic compounds (e.g., tocopherol, vitamin E,
beta-carotene, ascorbate and glutathione (GSH)) [3-5].
When the capacity of this antioxidant system decreases,
the level of inactivated ROS rises. Ultimately, a dangerous
level of redox state is established, and the undesirable influences of oxidative agents appear. These consequences
affect several amino acids, such as tyrosine, tryptophan,
histidine and, particularly, cysteine. Proteins that are rich
in these specific amino acids comprise the direct targets
of ROS. ROS-mediated modification might alter both
protein structure and function. Oxidized proteins are
highly susceptible to proteolytic attack by proteasomes[6].
ROS generation also leads to altered mitochondrial permeability and transition potential. These changes induce
the release of pro-apoptotic factors (e.g., cytochrome C).
Moreover, mitochondrial permeability increases caspase-3
activation among cells. Other phenomena connected with
an increased redox state include decreased ATP synthesis
and reduced mitochondrial protein synthesis, alteration
of the oxidative phosphorylation system and damage to
mitochondrial DNA[7-9]. Additionally, oxidative stress may
induce reversible and irreversible changes in sensitive
proteins. Reversible alterations usually involve cysteine
and play a dual role; they can protect a cell from irreversible damage and modulate the function of a protein. Irreversible modifications caused by ROS, such as lysine and
arginine carbonylation, di-tyrosine formation or proteinprotein cross-linking, typically result in a permanent loss
of function and may contribute both to the degradation
of damaged proteins and to their accumulation into cytoplasmic inclusions. This process is often associated with
neurodegenerative disorders[10].

Redox susceptible targets in the liver
Mitochondria are the main source of cellular ROS within
non-phagocytic human cells. Oxygen metabolites are produced during the course of oxidative phosphorylation.
Under physiological circumstances, up to approximately
1% of the mitochondrial electron flow contributes to the
generation of superoxide anion, which is formed by the
univalent reduction of molecular oxygen. This reaction
is catalyzed by enzymes such as NADP(H) or xanthine
oxidase[20]. The reduction of molecular oxygen may also
occur nonenzymatically as a result of redox-active compounds such as the semi-ubiquinone compound of the
mitochondrial electron transport chain. Physiologically,
synthesized oxygen free radicals play a positive role in
the cell; they are responsible for signal transduction, gene
expression and defense against invading pathogens. However, interference with electron transport can increase
superoxide production to such an extent that their role
in cells becomes harmful. In addition to the mitochondria, the endoplasmic reticulum can also produce ROS
in the liver via the cytochrome P450 enzymes, and this
reaction can occur in macrophages and neutrophils[21,22].
Chronic liver diseases are nearly always characterized by
increased oxidative stress, regardless of the cause of the

Role of melatonin in oxidative stress
In humans, one unique antioxidant warrants separate discussion from other antioxidants because of its multiple
actions. This special molecule is melatonin (N-acetyl5-methoxytryptamine), a serotonin derivative produced
by the pineal gland and, to a lesser degree, by the retina,
gastrointestinal tract and bone marrow. Melatonin was
first thought to only play a role in sleep and circadian
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liver disorder. Multiple studies have shown that patterns
of protein expression may be modulated in mammalian
cells in response to hydroperoxide stress. This modulation occurs due to the activation of redox-sensitive transcription factors such as Egr-1, NF-kappaB and AP-1
as well as G proteins. Cellular kinases, especially those
in the mitogen-activated protein kinase family, also have
an essential role[23]. Alterations in protein expression
emphasize the importance of oxidative-dependent cellular signaling pathways. This pathological chain reaction
exposes the liver to severe oxidative stress and results in
hepatocyte apoptosis. The mechanism of this process
remains incompletely understood, and investigations are
on-going. Sensor polypeptides specific to ROS have not
yet been identified. Such a finding would be extremely
helpful for the development of new, effective therapies
for various liver injuries. Although the data remain largely
insufficient, several specific genes and their products are
crucial in controlling cellular function in cases of oxidative stress. Apurinic/apyrimidinic endonuclease (APE)/
redox factor (Ref)-1 constitutes a basic example of this
mechanism. The enzyme APE/Ref1 is a key protein in
the base excision repair pathway, which exhibits both
repair and redox control properties. Its redox activities
increase rapidly in a redox state. Previously reported data
have substantiated a relationship between the activation
of oxidative agents and the expression of APE/Ref-1.
Thus, a better understanding of the diagnostic capabilities of APE/Ref-1 in oxidative-stress-based liver pathologies is extremely important[10,24] and would allow the
observation of the initiation and development of oxidative stress. Furthermore, better knowledge of the role of
APE/Ref-1 may enable scientists to find new therapeutic
strategies for liver disorders. Because of its metabolic
activity, the liver constitutes an organ that is particularly
susceptible to oxidative stress. The liver is therefore
equipped with a special defense mechanism to scavenge
ROS, in which nuclear factor E2-related factor 2 (Nrf2)
plays an important role. Nrf2 behaves as a cellular redox
status sensor and is mostly bound to the cytoskeletalanchoring protein Kelch-like ECH-associated protein 1
in the cytoplasm under normal circumstances. Elevated
levels of ROS and electrophiles cause Nrf2 to release
from sequestration and translocate to the nucleus, where
it promotes the transcription of cytoprotective genes.
Exposure to oxidative stress induces a series of antioxidant genes through the activation of the antioxidant response element (ARE) as a protective mechanism. AREcontaining gene expression is largely regulated by Nrf2
and affects the enzymes that are responsible for GSH
homeostasis, NAD(P)H quinone oxidoreductase 1 and
UDP-glucosyltransferase. Inappropriate expression of
ARE-containing genes results in increased sensitivity of
cells to oxidative stress[25,26]. Multiple studies have emphasized the involvement of Nrf2 in the course of liver diseases. Studies conducted on various animal models have
indicated that the Nrf2-ARE loop counteracts alcoholic
and nonalcoholic liver disease, viral hepatitis, fibrosis and
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cancer by activating gene expression. Moreover, this loop
supports liver regeneration. Nrf2 knockout increases liver
damage in response to toxins and a high-fat diet, with the
consequence of elevated mitochondrial ROS production.
Studying Nrf2 has expanded the understanding of oxidative stress and may enable the design of new therapies
against liver disorders connected with redox state[27].
ROS undoubtedly play a crucial role in the development of numerous chronic liver diseases and stimulate
their progression. Oxidative stress constitutes the background of viral and alcoholic liver diseases and participates in the liver fibrogenic response. The pathogenesis
of the damage involves each cell type of the liver (i.e.,
hepatocytes and stellate, endothelial and Kupffer cells)
and contributes to ischemia/regeneration, necrosis and
apoptosis. All mentioned changes result in altered gene
expression and progressive liver damage[28-31].

REDOX STATE IN SELECTED LIVER
DISEASES
Alcoholic liver disease
Alcoholic liver disease (ALD) constitutes a complex
disorder that is a common cause of morbidity and mortality across the world. The disease spectrum includes
hepatic steatosis, hepatitis and cirrhosis, which may lead
to the development of hepatocellular carcinoma (HCC).
A liver exposed to excessive amounts of alcohol undergoes numerous changes as a consequence of two major,
linked phenomena: oxidative stress and inflammation.
The induction of these two components is a key element
in the pathogenesis of ALD. Alcohol-induced liver damage is undoubtedly connected to an excessive production of ROS and the presence of oxidative stress within
hepatocytes[32]. The explanation of this mechanism may
be found in the course of alcohol metabolism in liver,
beginning with alcohol dehydrogenase (ADH), which
forms acetaldehyde. Next, acetaldehyde is metabolized
to acetate by acetaldehyde dehydrogenase (ALDH).
This product is unstable and easily breaks down into
water and carbon dioxide. However, the formation of
acetaldehyde is destructive to liver cells; it is a reactive
agent that can react with DNA and creates adducts that
result in tissue injury. Acetaldehyde and its derivativemalondialdehyde (MDA) simultaneously bind to proteins
and form hybrid malondialdehyde-acetaldehyde (MAA)
adducts. These products are recognized by scavenger
receptors in liver cells (i.e., Kupffer cells, endothelial cells
and stellate cells) that stimulate the up-regulation of
cytokines and trigger an inflammatory response during
ALD[33]. The second pathway of ethanol degradation is
through the microsomal system catalyzed by cytochrome
P450 enzymes. The 2E1 isoform of cytochrome P450
(CYP2E1) is specifically responsible for the breakdown
of alcohol under conditions of chronic consumption.
Activated CYP2E1 causes the release of ROS (specifically superoxide anions and hydroxyl radicals), leading to
oxidative stress and cell death. However, this pathway is
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not the exclusive mechanism of damage by ROS; oxygen
radicals may also sensitize hepatocytes to lipopolysaccharide and tumor necrosis factor (TNF) alpha toxicity.
Thus, the correlation between oxidative stress and inflammation in the course of ALD is indisputable. Moreover,
an enzymatic chain reaction leading to the formation
of acetate from ethanol increases the NADH/NAD+
ratio in the mitochondria and cytoplasm. Excess NADH
causes the inhibition of mitochondrial beta-oxidation
and accumulation of intracellular lipids[34]. Furthermore,
ROS generated by CYP2E1 can peroxidize the mitochondrial and peroxisomal enzymes that are involved in
beta-oxidation (e.g., acyl-CoA dehydrogenase, carnitine
palmitoyl transferase-1). This alteration results in the
deposition of fatty acids and in the development of
hepatic steatosis. Ethanol is responsible not only for the
generation of ROS but also for altered neutralization
of free radicals. Specifically, alcohol reduces the expression of the peroxisome proliferator activated receptor
gamma-coactivator 1 alpha. This transcription coactivator induces the activity of various ROS-mediated detoxifying enzymes. Therefore, alcohol in the course of ALD
acts dually: it causes an increased level of oxidant agents
and simultaneously alters the removal of free radicals[35].
Mitochondria are the key organelles that are susceptible
to oxidative stress when present in a high degree. First,
mitochondria constitute structures with oxidative energy
metabolism. Thus, ROS are normally generated within
them as undesirable products. Excess amounts of oxidant agents may be released in liver mitochondria in
various cases of liver diseases, including ALD. Clinical
research has revealed that mitochondria that are chronically exposed to ethanol display increased production of
ROS and undergo several irreversible changes. Alterations include DNA and ribosomes injury that results
in impaired and even inhibited protein synthesis[36]. In
addition, oxidant particles contribute to disturbances of
mitochondrial membrane permeability and transition
potential. These disorders cause the release of proapoptotic factors (e.g., cytochrome C and caspase-3) and are
accompanied by decreased ATP synthesis. Oxidative
stress within the mitochondria is also connected with
an inflammatory process in the liver during ALD. Improper metabolism of ROS results in the expression of
hypoxia-inducible factor-1 alpha, which increases TNF
secretion, leading to an immune response that intensifies
the liver injury. Microsomal and lysosomal membranes
are susceptible to the harmful activity of ROS. By
mean of increased lipid peroxidation, levels of glutathione sulfhydryls and glutathione-S-transferase within
the microsomal and lysosomal membranes of the liver
decrease considerably. Moreover, several studies have
indicated an elevated level of cathepsin B in the cytoplasm of hepatocytes. This alteration indicates lysosomal
leakage and correlates with impaired lysosome function.
Under proper conditions, particular damaged cellular
components may be destroyed within lysosomes though
autophagy. ALD and oxidative stress alter this process
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and cause the accumulation of oxidation-induced damage in hepatocytes[37]. Eventually, oxidative stress leads
to cell death. ROS are responsible for the rebuilding of
stellate cells and the extracellular matrix in liver. Rebuilding occurs via the modification of stellate cells and their
transformation into myofibroblasts and the activation of
matrix metalloproteinases. The ultimate stage of this impairment is excessive liver fibrosis and cirrhosis. Moreover, various studies (on mice and humans) indicated
that oxidative stress inhibits the regenerative capacity of
mature hepatocytes. As a result, oval cells become activated (i.e., hepatic progenitors). These phenomena have
been described in two models of fatty liver diseases, including chronic alcohol abuse and NAFLD[38].
Nonalcoholic fatty liver disease
NAFLD is the most common chronic hepatic pathology.
Its prevalence in developed countries is estimated at 1/3
of the population. The clinical spectrum of NAFLD
involves simple hepatic steatosis, NASH, cirrhosis with
all the features of portal hypertension and consequently
HCC. The pathogenesis of NAFLD is based on the disrupted uptake, synthesis, oxidation and export of fatty
acids. This imbalance leads to excessive fat accumulation
in the liver[39,40]. NAFLD is accompanied by several predisposing, factors such as obesity, diabetes, dyslipidemia,
jejunoileal bypass, drugs and parenteral nutrition. Hepatic
stellate cells undergo activation, and progression to advanced fibrosis and cirrhosis is also possible[41,42]. Portal
chronic inflammation constitutes the other lesion present
in NAFLD; however, it remains insufficiently characterized[43,44]. Several studies have shown that liver injury in
the course of NAFLD is mediated by the renin-angiotensin system (RAS) and oxidative stress[45]. RAS is a crucial
mechanism in regulating blood pressure and cardiovascular homeostasis. The excess expression of the RAS
results in hypertension and cardiovascular disorders. The
RAS is present in numerous tissues and organs including
the liver. Interestingly, the increased activity of both the
systemic and local RAS has been confirmed in cirrhosis,
chronic hepatitis HCV and NAFLD. Elevated levels of
angiotensin Ⅱ appear to be a starting point of the molecular pathway of ALD pathogenesis. This agent has
pro-oxidant, pro-inflammatory and pro-fibrotic effects in
the liver and has been detected in Ren2 trnasgenic Ren2
rats with an increased level of endogenous angiotensin
Ⅱ. Excessive angiotensin Ⅱ induces significant hepatic
ROS generation[46,47]. Oxidative stress is especially harmful to mitochondria, causing damage that results in impaired gene expression, alterations in proteins synthesis,
decreased mitochondrial content and impaired mitochondrial beta-oxidation. Moreover, in the course of NAFLD,
mitochondrial CYP2E1 expression increases and causes
a redox state[48,49]. Disrupted beta-oxidation constitutes an
undeniably a crucial component in the pathogenesis of
NAFLD[50-52]. It leads to the accumulation of fatty acids
within hepatocytes and to the development of the disease. This theory has been proven by research that dem-
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onstrated that treating Ren2 rats with valsartan (an angiotensin type 1 receptor blocker) and tempol (a superoxide
dismutase/catalase mimetic) led to decreased oxidative
stress. Increased ROS generation in the course of ALD
manifests as upregulated activity of NADPH oxidase and
decreased activity of cytosolic Cu-ZnSOD. An excess of
oxidative agents is involved in lipid peroxidation, which
additionally increases mitochondrial permeability and
alters their function[53,54]. Moreover, ROS are responsible
for the release of reactive aldehydes such as 4-HNE,
which inactivate the mitochondrial respiratory chain and
hinder electron flow from the mitochondrial respiratory
chain. As a result, the production of ROS and oxidative
stress in mitochondria increases. Discovering the link between angiotensin Ⅱ, oxidative stress and impaired betaoxidation in NAFLD has been extremely important[55].
This knowledge offers a new possibility to better understand the pathogenesis of NAFLD and to create the
most proper therapeutic approaches. Nevertheless, this
mechanism requires further investigation and elucidation.

Liver injury and hyperammonemia represent an “initial
hit,” with astrocyte swelling and generation of ROS appearing as a consequence. Then, a “second hit,” such
as an ammonia load is caused by upper gastrointestinal
bleeding, dehydration, hyponatremia or infection. Astrocyte damage increases, and the level of ROS rises further.
This close connection between astrocyte swelling and oxidative stress results in an auto-amplifying signaling loop,
which is reflected by the deterioration of neurocognitive
ability[67-69].
Liver fibroproliferative diseases
Hepatic fibrosis is a complex phenomenon that is present
in numerous liver disorders. Fibrosis is the wound-healing
response to injury of hepatocytes and is characterized
by scar accumulation and nodule formation. The overproduction of collagen Ⅰ plays a direct causative role in
liver fibrogenesis. Alcohol consumption, hepatitis B or C
virus, cholestasis and iron overload are all largely involved
in mechanisms of fibrogenesis, each leading to the transformation of hepatic stellate cells to activated collagenproducing cells[70,71]. Enumerated disorders behave as
stimuli for the activation of ROS. Additionally, oxidative
agents and lipid peroxidation products contribute to the
release of profibrogenic growth factors, cytokines and
prostaglandins[72]. Thus, ROS play a critical role in the
initiation of fibrosis by integrating various profibrotic
factors independently of TGF beta. Nevertheless, TGF
beta is a redox-sensitive gene; therefore, oxidative radicals increase TGF beta expression in rat hepatic stellate
cells[73]. Moreover, studies have indicated that TGF beta
stimulates ROS production in fibroblasts. Different studies have shown that TGF beta-induced ROS generation
also occurs by the activation of the membrane-bound
enzyme NADPH oxidase and the alteration of complex
[22,74]
. NADPH
Ⅳ in the mitochondrial respiratory chain
oxidase activation in hepatic stellate cells is also induced
by angiotensin Ⅱ, as shown in experimental models of
chronic liver injury.
Various studies have demonstrated that the inhibition
of angiotensin Ⅱ synthesis lowers hepatic fibrosis[75].
Oxidative stress among patients suffering from cirrhosis
has also been carefully investigated. These patients exhibit elevated levels of pro-oxidant markers (e.g., serum
MDA) and reduced levels of antioxidant factors (e.g.,
RBC catalase, SOD, and blood reduced GSH. Oxidative
stress influences red blood cells. Patients with liver cirrhosis display alterations in their erythrocyte membranes
caused by the redox state. This phenomenon is reflected
by elevated levels of nitric oxide in these patients[76]. The
presented alterations correspond with worsening ChildPugh scores.

Hepatic encephalopathy
Hepatic encephalopathy (HE) defines a neuropsychiatric manifestation of acute or chronic liver diseases that
involve impaired intellectual, psychomotor and cognitive functions. Ammonia has been defined as a primary
toxin in this type of pathology because it induces astrocytic swelling in the brain[56,57]. Furthermore, astrocytes
stimulated by ammonia activate N-methyl-D-aspartate
(NMDA) receptors. The stimulation of ammonia-induced NMDA receptors lowers antioxidant enzyme activity and increases the production of ROS[58,59]. However, it
is exceedingly difficult to differentiate whether oxidative
stress induces astrocyte swelling or whether astrocyte
swelling itself causes oxidative stress by NMDA receptorand calcium-dependent processes[60,61]. Cerebral endothelial cells are the key cells involved in astrocyte swelling.
They represent the first resident brain cells exposed to
harmful substances (e.g., ammonia) and are crucial in triggering an abnormal redox state[62]. Furthermore, in the
course of HE, mitochondria are exposed to excessive
amounts of glutamine, a state that is responsible for an
additional increase in oxidative stress among astrocytes[63].
Furthermore, HE is inseparably connected with local
and systemic inflammation/infection and is the reason
for neutrophil activation and the enhanced production
of ROS[64]. Other studies have established that excessive oxidative agents can oxidize RNA, which results in
impaired protein synthesis and molecular disruptions
in the brain[65,66]. Cell culture studies and animal models
confirmed this theory. The analysis of postmortem cortical brain tissue from patients with HE revealed considerably elevated levels of protein tyrosine-nitrated proteins,
heat shock protein-27 and 8-hydroxyguanosine. These
proteins constitute markers of RNA oxidation and confirm the importance of redox state in the pathogenesis
of HE[65]. The “two-hit” hypothesis is the other theory
based on the role of oxidative stress in the course of HE.
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Hepatitis C virus
Hepatitis C virus (HCV) accounts for chronic liver disease in approximately 2%-3% of the population worldwide. HCV infection often results in liver fibrosis and
cirrhosis; various metabolic alterations including steatosis,
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insulin and interferon resistance or iron overload; and the
development of HCC or non-Hodgkin lymphoma. Various molecular mechanisms cause the development of the
above-mentioned disorders. Subsequently, the participation of ROS in these pathologies has been investigated.
The correlation between chronic HCV and oxidative
stress was established in the mid-1990s. Liver biopsies of
patients revealed the presence of oxidative stress within
the diseased liver. Direct measurement of the level of
oxidative agents revealed many disruptions. The level of
glutathione (one of the most important antioxidants)
was decreased, and the ratio between the oxidized and
reduced forms of glutathione increased and the glutathione turnover was enhanced during the course of chronic
hepatitis HCV-induced oxidative stress. Additionally, the
activity of antioxidant enzymes (e.g., SOD, glutathione
reductase, glutathione peroxidase) was also significantly
reduced[77,78]. Additional proof of a prevailing redox state
during chronic hepatitis HCV includes advanced oxidation of lipids and proteins, with the production of 8-hydroxydeoxyguanosine found in peripheral mononuclear
cells. Identifying the mechanism of chronic hepatitis
HCV-mediated oxidative stress became a matter of utmost importance, and almost all HCV proteins (including
the core, E1, E2, NS3/4A, NS4B and NS5A) were demonstrated to be involved in this process, with the HCV
core protein having the highest participation. HCV replication, or the expression of its core protein, contributes
to mitochondrial alterations often followed by apoptosis.
This mitochondrial deregulation is connected with excessive ROS production due to the inhibition of electron
transport complex Ⅰ activity. Mitochondrial dysfunctions
are also ascribed to core-induced increased expression of
the mitochondrial chaperone prohibitin, which interacts
with and regulates the expression of mitochondrial respiratory complex Ⅳ and possibly electron transport complex Ⅰ. HCV induces the generation of ROS through
calcium redistribution among the ER, cytoplasm and mitochondria[79,80]. Special chelators of intracellular calcium
inhibit the release of oxidative agents in cells expressing
the HCV polyprotein, NS4B or the core proteins. In
cells with the HCV core and NS5A expression, two different molecular pathways that explain the increase of
mitochondrial calcium concentrations have been identified. The mitochondrial Ca2+ uniporter may be stimulated
by the HCV core protein[81-84]. Additionally, both NS5A
and core protein can deplete ER Ca2+ stores, resulting
in excessive cytoplasmic Ca2+ concentration by inducing
a passive leak of calcium ions and inhibiting SR Ca(2+)
ATPase[85]. In response to HCV infection, the activity of
NADPH oxidases is increased. The NADPH oxidase
family of enzymes also triggers oxidative stress, with
several such enzymes induced by calcium signaling. Furthermore, HCV-infected cells may present elevated ROS
production via ER-residing CYP2E1, which is involved in
ethanol catabolism. Alcohol abuse during the course of
chronic hepatitis HCV leads both to more escalated oxidative stress and to severe disease progression. Addition-
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ally, HCV infection increases the expression of CYP2E1
in the liver in several cases of hepatitis HCV. Finally, ER
stress may also result is extra ROS and is related to the
unfolded protein response. ER stress may be caused by a
number of chemicals and various viral infections, which
hamper protein folding or cause ER overload. Oxidative
stress mediated by HCV infection may consequently lead
to the development of HCC. Studies conducted on HCV
core-transgenic mice have presented indisputable evidence of the carcinogenic potential of an HCV-induced
redox state. The mice exhibited increased oxidative stress
markers and developed HCC even in the absence of an
inflammatory state. Several mechanisms that may participate in this phenomenon have been proposed. ROS-mediated apoptosis is the cause of DNA damage and leads
to the accumulation of various mutations[86,87]. Subsequently, viral NS5A protein behaves as an inhibitor of the
Kv2.1 potassium channel. Under normal circumstance,
this channel is responsible for the induction of apoptosis
in cases of chemically induced oxidative stress through
the amplification of an outward K(+) current. Hence, the
NS5A-induced alteration of the Kv2.1 channel prevents
apoptosis and stimulates proliferation. Currently, molecular markers of particular disorders need to be introduced
into diagnostic practice. Thus, indicators of oxidative
stress are essential. Advanced oxidation protein products
(AOPP) constitute a new redox state indicator; it presents
the oxidation-mediated protein damage and functions as
an inflammatory mediator[88]. Recently, the role of AOPP
in uremia, coronary artery disease and diabetes mellitus
has received substantial concern. AOPP is the result of
neutrophil myeloperoxidase enzyme activity during the
course of oxidative stress. Chloramine oxidants, which
are the byproducts of this process, cause the production
of AOPP. These products are classified as cross-bonded
proteins, including di-tyrosine, and are perceived as reliable markers of protein oxidative modifications. Serum
AOPP levels tend to be significantly elevated in chronic
hepatitis HCV patients as compared with healthy controls[89,90]. Not only does protein alteration occur during
oxidative stress, but lipid peroxidation also occurs. For
example, MDA is the end-product of lipid peroxidation
and is formed by degradation of the polyunsaturated
lipids by ROS. This marker is also increased in chronic
hepatitis HCV patients, confirming the crucial role of
oxidative agents in HCV infection.
Hepatocyte injury during hypoxia/reoxygenation
I/R constitutes a major mechanism of liver injury following hepatic surgery (e.g., the resection of large hepatic
tumors or vascular reconstructions) or transplantation.
It may also be associated with chronic hepatic inflammation or infection. Oxidative agents that are produced
very soon after reperfusion of ischemic tissue lead to a
redox state, which is the critical reason for cellular injury.
Hypoxia alters the mitochondrial electron transport chain
and contributes to an increase in ROS[91,92]. Moreover,
ischemia converts the physiological form of xanthine de-
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hydrogenase into xanthine oxidase. This modified enzyme
reacts with molecular oxygen and produces ROS as a
result. The extracellular space of the liver may be the area
of the highest level of oxidative stress in I/R. Kupffer
cells are responsible for this redox state[93,94]. Neutrophils
constitute the other cells involved in the generation of
ROS after reperfusion. NADPH oxidase causes neutrophils to release oxidative stress markers primarily at 6-24
hours from the beginning of I/R. Mac-1 (CD11b/CD18)
is the most important receptor for neutrophil activation
and redox state. The inhibition of this receptor significantly reduces liver injury during reperfusion[6].

5

6
7

Antioxidants as therapeutic agents for liver disease
In light of the crucial role of oxidative stress in liver
diseases, antioxidants are understandably considered as a
good therapeutic strategy for the treatment of liver disorders. To date, the study outcomes remain inconclusive
and controversial; however, the therapeutic efficacy of
particular antioxidants has been proven. Several studies
have indicated that curcuminoids protect DNA against
ROS and support hepatocytes during the course of injury
and cirrhosis[95]. Research in the field of chronic HCV
has revealed improvement after antiviral therapy supported with silymarin (extract from milk thistle), which
conserves GSH within hepatocytes. Ascorbic acid, lipoic
acid, quercetin (a flavonoid antioxidant) and mitoquinone
(a mitochondria-targeted antioxidant agent) also exert
beneficial effects in patients with chronic HCV infection.
The antioxidant properties of resveratrol lower hepatic
lipid peroxidation, increase the amount of GSH in liver
and scavenge ROS. Its functions are exerted during liver
damage caused by hepatotoxins, e.g., ethanol. In addition,
ebselen (an analog of glutathione peroxidase) constitutes
a therapeutic agent in early alcohol-induced liver injury.
Studies have indicated that vitamin E suppresses HBV
replication[96,97] and inhibits TGF beta gene expression
in rat models of NASH. Further research has revealed
that vitamin E can also prevent the progress of NAFLD.
Currently, the best clinical evidence of successful antioxidant therapy in liver diseases is the use of vitamin E for
NASH[98]. However, despite numerous studies on humans
and animal models, it is extremely difficult to understand
and describe the efficacy of antioxidative agents in hepatology[99,100].
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INTRODUCTION

Abstract

Gastric cancer is the fourth most common cancer and the
second most deadly cancer worldwide[1,2]; it is particularly
prevalent in Asian countries[3,4]. According to the American Cancer Society, approximately 738000 people died
worldwide from stomach cancer in 2008[5]. At present, no
effective treatment is available for this disease, and identification of early stage gastric cancer is difficult because it
is often asymptotic or misdiagnosed. Moreover, the prognosis of patients with advanced gastric cancer remains
poor due to its high metastatic recurrence[6,7], and the
complex molecular mechanisms underlying metastasis are
not well characterized[8,9].
Presently, early diagnosis of human gastric cancer or
tumor recurrence is primarily based on endoscopy, biopsy
and pathological examination. Endoscopy is a widely used
method for detecting early stages of gastric cancer[10-12]
despite its inconsistent diagnostic efficiency, which stems
from variations in the skill and experience of the endoscopist and pathologist. In recent years, several serum
biomarkers have been identified as new tools for early
screening of gastric cancer in developed countries[11-16].
However, these serum biomarkers are not effective as
other screening devices given their low specificity and sensitivity[13]. Recently, epidemiological data have revealed that
Helicobacter pylori (H. pylori) infection and dietary factors are

Metabolomics is a field of study in systems biology
that involves the identification and quantification of
metabolites present in a biological system. Analyzing metabolic differences between unperturbed and
perturbed networks, such as cancerous and noncancerous samples, can provide insight into underlying
disease pathology, disease prognosis and diagnosis.
Despite the large number of review articles concerning
metabolomics and its application in cancer research,
biomarker and drug discovery, these reviews do not
focus on a specific type of cancer. Metabolomics may
provide biomarkers useful for identification of early
stage gastric cancer, potentially addressing an important clinical need. Here, we present a short review on
metabolomics as a tool for biomarker discovery in human gastric cancer, with a primary focus on its use as
a predictor of anticancer drug chemosensitivity, diagnosis, prognosis, and metastasis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Metabolomics; Gastric cancer; Chemosensitivity; Metastasis; Biomarkers; Nuclear magnetic resonance spectroscopy; Liquid/gas chromatography and
mass spectrometry
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Table 1 Overview of gastric cancer detection and treatment via traditional methods compared with metabolomics
Cancer detection state/stage Traditional methods
Diagnosis

Metabolomics (biomarkers)

Ref.

Endoscopy, biopsy

Prognosis
Metastasis

Chemosensitivity of drugs

Lactic acid, butanedioic acid, malic acid, citric acids, [91,93,100,101]
pyruvic acid, 3-hydroxypropionic acid, serine, proline
Radiotherapy, chemotherapy surgery
Valine, isoleucine, serine, 3-indoxyl sulfate, hippurate,
[96,99,102]
citrate
Computed tomography (CT) scanning, endo- Sarcosine, alanine, proline, serine, myo-inositol, glyc- [90,91,98,103]
scopic ultrasonography (EUS), positron emission erol
tomography (PET)
MTT chemosensitivity assay
1-acyl-lysophosphatidylcholines and polyunsaturated
[75,104]
fatty acids

Genomics
(DNA)

Transcriptomics
(RNA)

Proteomics
(protein)

Metabolomics
(DNA)

Geno typing
assays

Micro array
qRT-PCR

LC-MS
NMR 2D
gelelectrophoresis

LC-MS
GC-MS
NMR
FT-IR

Potential cancer biomarkers
Clinical test trials
Approved cancer biomarkers
For early detection, prognosis, and diagnosis etc.

Figure 1 Biological organization of different omic technologies[20]. The position of metabolomics is shown with respect to the other “omic” methods. In addition, a
scheme for the discovery of cancer biomarkers using “omics” -based approaches is shown. qRT-PCR: Quantitative reverse transcriptase-polymerase chain reaction;
LC-MS: Liquid chromatography-mass spectrometry; GC-MS: Gas chromatography-mass spectrometry; NMR: Nuclear magnetic resonance; FT-IR: Fourier-transform
infrared.

the main risk factors associated with gastric cancer[1,2].
An overview of traditional methods involved in gastric
cancer detection, diagnosis and prognosis in comparison
with metabolomic methods is presented in Table 1. The
field of metabolomics may offer practical solutions to the
challenges mentioned above. Metabolomics, the study of
the unique metabolite signature in a biological system (cell,
tissue, or organism) under a given set of conditions[17],
has emerged as a promising technology in the study
of human cancers. Metabolites are not merely the end
product of gene expression; rather, they are the result of
the interaction of the system’s genome with its environment. They are an integral part of any cellular regulatory
system[18]. Metabolomics is regarded as one of the new
high-throughput, “-omics” technologies. Along with genomics, transcriptomics, and proteomics, metabolomics
is a scientific field of study that seeks to achieve the aims
of systems biology[18,19]. The biological organization of
different “-omes” and the flow of information from the
genome to the transcriptome, the proteome and finally

WJG|www.wjgnet.com

the metabolome is presented in Figure 1[20]. Metabolomic
studies offer a unique approach for identifying metabolomic pathways that are perturbed under specific conditions[21,22], thereby providing information different from
other “-omic” technologies[19]. In recent years, metabolomic studies have been successfully conducted in various
cancer systems, including stomach[21], lung[23,24], renal[25,26],
breast[27], brain[28] and colorectal[29-32]. Metabolomic studies
have also been conducted in human xenograft models[33-38]
(transplantation of living cells, tissues or organs from one
species to another). These studies can provide valuable
information in terms of novel biomarkers that identify
cancerous cells. A biomarker[39] often represents a component found in plasma, whose concentration indicates the
presence or the severity of disease states. Biomarkers can
therefore serve as an indicator of tumor progression and
treatment efficacy. Biomarkers can be chemical, physical
or biological in nature. Metabolomic studies typically begin with tissue sampling, followed by sample analysis. Nuclear magnetic resonance spectroscopy (NMR) is the most
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Procedure phase

sis. Then, we review several studies of applying metabolomics to gastric cancer research. Finally, future directions
and concluding remarks are presented.

Method/technique

Cancer group

Sampling
biological
tissues

Control group

ANALYTICAL TECHNIQUES

Sample preparation

A number of analytical techniques are currently used for
metabolomic studies depending on the particular metabolite of interest. In general, NMR spectroscopy (in most
cases 1H-NMR)[58,59], liquid chromatography (LC)[26,60]/gas
chromatography (GC)-mass spectrometry (MS) [31,61,62],
Fourier transform spectrometry[63,64] and capillary electrophoresis (CE)-mass spectrometry[65-68] are the major
spectroscopic techniques used in metabolomic analysis.
Generally, a combination of different methods provides
more information than a single method when analyzing the complete metabolome. NMR is one of the most
common analytical methods for urine and plasma analysis[69] due to its non-destructive nature, quantitative ability,
and safe metabolite identification that provides detailed
information on molecular structure. However, NMR
suffers from poor sensitivity. GC-/MS and LC-/MS are
widely accepted techniques for metabolite separation and
analysis. Metabolites must be volatile in nature in order
to use the GC-/MS technique efficiently. Fatty acids, organic acids and sugars are the best-suited metabolites for
GC-/MS. In contrast, LC-/MS can cover a broad range
of metabolites, including both volatile and non-volatile
compounds. CE-/MS is best suited for studies involving energy metabolism given its ability to simultaneously
quantify charged, low-molecular weight compounds. A
short overview of the advantages and limitations of the
different metabolomic methods is presented in Table 2.
GC-MS, LC-MS and NMR are the most commonly used
methods in cancer research, especially gastric cancer.

NMR
GC-MS
LC-MS
FT-IR

Analytical techniques

Preprocessing

Peak detection
De-noising
Deconvolution

Data processing
Multivariate
analysis

Identification

Pattern recognition
PCA
PLS-DA
OPLS
DA

Metabolites
identification
Database
knowledge

Biological
interpretation

Biomarkers for
cancer detection

Figure 2 Metabolic procedures for cancer research[12,40-42]. LC-MS: Liquid
chromatography-mass spectrometry; GC-MS: Gas chromatography-mass spectrometry; NMR: Nuclear magnetic resonance; FT-IR: Fourier-transform infrared;
PCA: Principal component analysis; OPLS-DA: Orthogonal partial least squares
discriminant analysis; PLS-DA: Partial least squares discriminant analysis.

common method of analysis. The large amount of data
generated by this analysis is then statistically processed to
identify the metabolites that are differentially expressed
between the samples, possibly leading to biomarker selection (Figure 2[12,40-42]). The key to identifying potential biomarkers is based on the level of metabolite differences in
biological samples taken from cancer patients and normal
(control) subjects. Metabolomics also has potential utility
in several fields of cancer research, including prognosis[43],
diagnosis[44,45] and drug evaluation and development[46-48].
It can also serve as an alternative strategy for personalized
cancer therapy[49,50].
Several review articles[12,40,51,52] have been published
on metabolomic applications in cancer research[20,53-55],
biomarker discovery [39,56,57] and natural product drug
discovery[18]. However, none of them have focused on a
specific type of cancer, particularly gastric cancer. Hence,
the aim of this article is to provide a brief overview of
the benefits of metabolomic studies to human gastric
cancer research, with a special focus on biomarkers. The
remainder of the paper is organized as follows. In next
section, we briefly discuss different analytical techniques
used in metabolomic studies and methods for data analy-

WJG|www.wjgnet.com

DATA PROCESSING AND METABOLITE
IDENTIFICATION
Data integration and analysis is an important component of metabolomic studies because a large amount of
data is generated, similar to proteomic and transcriptomic studies. Proper management, pre-processing and
analysis of these data pose a significant challenge and
require sophisticated multivariate statistical software. A
sufficient number of statistical algorithms have been
developed for the analysis of metabolomic data, both
in a supervised and unsupervised manner. The important unsupervised methods that have been extensively
used in metabolomic analysis include principal component analysis (PCA), hierarchical clustering and selforganizing maps. Supervised methods include ANOVA,
partial least squares (PLS), hierarchical PLS, k-nearest
neighbors (KNN) and discriminant function analysis.
The principle details and applications of these methods
can be found elsewhere[44,70-72]. A short comparison of
these methods including advantages and limitations is
provided in review articles[41,52,55].
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Table 2 Comparison of different analytical techniques employed in metabolomics
Method

Sampling characteristics

Sensitivity
-6

Nuclear magnetic resoNon-destructive; mininance (NMR) spectroscopy mum sample required

10

Gas chromatography-mass Requires extraction,
spectrometry (GC-MS)
sample dried and chemical derivation
Liquid chromatographyRequires extraction and
mass spectrometry (LCconcentration (vacuum
MS)
drying), liquid-liquid
extraction

10-12

Fourier-transform infrared Uses vibrational frequen(FT-IR) spectrometry
cies of metabolites to
produce a fingerprint of
metabolism

10-6

Raman spectroscopy

10-6

Non-destructive; minimum sample required,
occasionally hydration is
needed

10-15

Advantages

Disadvantages

Ref.

Fully automated with a
high degree of reproducibility; relatively easy to identify
metabolites from simple onedimensional spectra
A relatively cheap and reproducible method with a high
degree of sensitivity
This method is increasingly
being used in place of GC-MS
as sample preparation is not as
time consuming; has a sensitivity similar to GC-MS
Cheap and good for highthroughput first screening

Lower sensitivity than mass spectrometry; co-resonant metabolites
can be difficult to quantify; drug
metabolites can be co-resonant with
metabolites of interest
Sample preparation can be time
consuming; not all compounds are
suitable for gas chromatography
More costly than GC-MS and
depends on the reproducibility of
liquid chromatography (more difficult to control than GC); can also
suffer from ion suppression
Very difficult to identify which metabolites are responsible for causing
changes; very poor at distinguishing metabolites within a class of
compounds
Very poor at distinguishing classes
of compounds

[20,41,105]

Has the advantage over FT-IR
in that water has only a weak
Raman spectrum; therefore,
many functional groups can be
observed

[20,41,108,109]

[20,41,110,111]

[20,41,110,111]

algorithm[83] with 90% accuracy, and 18 chemosensitivity metabolites for gastric cancer were proposed in their
study. Key metabolites included 1-acyl-lysophosphatidylcholine and polyunsaturated fatty acids, which are
hydrolysis products of phosphatidylcholine. The 1-acyllysophosphatidylcholine biochemical pathway regulates
the activity of enzymes like phospholipases A2 and B1
and lysophosphatidylcholine acetyltransferases[84-88]. Thus,
these key metabolites could serve as crucial modulators
of gastric cancer chemosensitivity.

CHEMOSENSITIVITY PREDICTION AND
DEVELOPMENT OF PREDICTIVE MODELS
Chemosensitivity prediction is a challenging task in the
treatment of advanced gastric cancer[73]. Chemotherapy
with anticancer drugs plays a significant role in the
personalized management of gastric cancer [74]. Some
patients with gastric cancer do not respond well to these
drugs, and in some cases, chemotherapy may cause severe toxicity and functional impairment[75-78]. Hence, it is
crucial to select individual patients with high chemosensitivity for the management of cancer by chemotherapy
treatment. The two major approaches for predicting the
activity of anticancer drugs in gastric cancer are resistance enzyme testing and cell-culture testing (chemosensitivity)[73]. In the past, chemosensitivity predictions have
been based on clone formation, cell metabolic activity
assays in vitro, proliferation, and tumor growth. Unfortunately, these methods suffer from low specificity, sensitivity and accuracy[75].
In order to overcome these limitations, high-throughput “-omic” methods have been developed as powerful
tools for use in different types of cancer treatments[79-82].
Wang et al[75] described a metabolic approach for chemosensitivity prediction in a human xenograft model of
gastric cancer treated with cisplatin and 5-fluorouracil.
In this approach, mice were divided randomly into control and treatment groups (i.e., resistant, intermediate,
and sensitive groups based on relative tumor growth).
Blood plasma was collected, and metabolic profiles were
obtained by using high performance liquid chromatography coupled with a quadrupole time-of-flight mass
spectrometer (HPLC/Q-TOF-MS). From the metabolic
data, a predictive model was developed using a KNN
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[20,41,106,107]

IDENTIFICATION OF POTENTIAL
BIOMARKERS FOR GASTRIC CANCER
METASTASIS
Metastasis[22] is the spread of a disease from one organ or
part to a non-adjacent organ or part. Most gastric cancer
deaths occur as a result of metastasis. It is important
to explore the complex mechanisms of gastric cancer
metastasis in order to identify the key metabolic markers
involved in the process. Several genes involved in gastric
cancer metastasis have been reported in the literature[8,9,89].
However, no potential biomarkers were identified as
predictors of metastasis and prognosis due to large variations in expression levels. Chen et al[90] have conducted
metabolomic studies on human xenograft models to
elucidate the underlying mechanisms of gastric cancer
metastasis and discover possible biomarkers for diagnosis. Their mice were randomized into control, metastatic,
and non-metastatic groups, and tissue samples from each
group were collected and analyzed using GC-MS. Their
study identified approximately 30 metabolites differentially regulated among the groups. Proline was the most
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Figure 3 Nuclear magnetic resonance spectra of urine samples from control (A) and cancerous mice (B)[96]. A number of metabolites showed significant metabolic changes in their levels. For example, trimethylamine oxide (TMAO) levels are reduced in cancerous mice compared with control.

as a sensitive diagnostic biomarker[94], and the inhibitor
of matrix metalloproteinase-1 was suggested as a potential prognostic biomarker[95]. Kim et al[96] conducted 1HNMR-based metabolomic studies on mouse models to
identify possible urinary biomarkers for human gastric
cancer. A comparison of the NMR spectra for the cancer and control groups is shown in Figure 3[96], and the
metabolite trimethylamine oxide (TMAO) is significantly
reduced in cancer cells compared with the control, and
it is clearly visible in the spectra. Pattern recognition
methods attempting to discriminate the control from
the tumor group indicated (Figure 4[96]) a clear separation between the cancer and control groups, thus implying the presence of significant metabolic differences in
certain metabolites between these two groups. TMAO,
3-indoxyl sulfate, hippurate, 2-oxoglutarate, and citrate
showed significant changes in concentration between
cancer and control groups and were proposed as potential urinary biomarkers for gastric cancer detection.
Yu et al[97] established a metabolic model to characterize several different stages of gastric cancer including
chronic superficial gastritis (CSG), chronic atrophic gastritis (CAG), intestinal metaplasia (IM), gastric dysplasia
(DYS) and GC. CSG showed metabolic patterns distinct
from the other groups (i.e., CAG, IM, DYS, and GC,
whose plots were closely clustered). IM closely clustered
with GC, suggesting that these two stages share similar
metabolic patterns. Fifteen metabolites displayed distinct metabolic signatures, facilitating discrimination of
CSG and GC and characterization of different stages of
GC. These biomarkers can be useful for indicating GC
risk. Song et al[98] developed a similar metabolic model
based on metabolomic studies of serum samples from
cancer and control groups. In this study, the supervised
multivariate statistical method orthogonal partial least
squares discriminant analysis was applied to discriminate
between cancer and non-cancer groups, but this model
failed to distinguish the different tumor node metastasis stages of cancer. In addition, approximately 50

up-regulated tissue metabolite in the metastatic group,
with a 2.45-fold increase in expression compared with the
non-metastatic group. Glutamine was the most downregulated metabolite, with a 1.71-fold reduction in expression in the metastatic group compared with the nonmetastatic group. All of these metabolites were involved
in pathways associated with gastric cancer metastasis, and
most of them were found in proline and serine metabolism. Hu et al[91] also conducted similar metabolomic studies, but their metabolic profiles were obtained from urine
samples. A PCA model was developed to discriminate the
gastric cancer model from control and to differentiate the
metastatic and non-metastatic groups. The level of lactic
acid was increased in the cancer group compared with
the normal group. The noted increase may be attributed
to the ‘Warburg effect’, where glucose is converted to lactic acid in cancer cells due to an increased rate of aerobic
glycolysis[92]. Chen et al[93] developed a urinary metabolic
model based on human xenograft models to distinguish
between metastatic and non-metastatic groups. GC-MS
studies were also conducted on samples from cancer patients and healthy controls. The metabolites lactic acid,
serine, proline, malic acid and fatty acids showed significant metabolic differences between cancerous and noncancerous groups. From the above discussion, it is clear
that proline and serine metabolism plays an important
role in metastasis, and metabolic biomarkers derived from
those pathways can be used for the treatment of gastric
cancer metastasis.

BIOMARKERS FOR GASTRIC CANCER
DIAGNOSIS AND PROGNOSIS
Biomarkers play a vital role in early stage diagnosis, disease prognosis, drug target identification, and patient
reaction to a particular treatment. Several biomarkers
have been proposed for gastric cancer diagnosis and
prognosis. For example, serum amyloid A was proposed
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metabolites, many involved in amino acid and fatty acid
metabolism, displayed significant metabolic differences
between cancer and control groups and were proposed
as potential markers for the detection of cancer. In an
additional metabolomic study on gastric cancer patients,
Wu et al[99] identified tissue metabolic markers and confirmed that valine metabolism was involved in the metabolic changes associated with gastric cancer. In another
study[100], a metabolic diagnostic model was developed
to characterize gastrointestinal cancer (esophageal, gastric, and colorectal cancers) based on serum metabolomics.
Thus, biomarkers discovered from metabolomic studies may play a significant role in gastric cancer with regard
to early stage detection, diagnosis, prognosis, drug development and chemosensitivity predictions. The complete
details of metabolomics studies on human gastric cancer
including study population, sample type and analytical
method used are presented in Table 3.

MS and LC-MS metabolic techniques are widely used in
gastric cancer research. Furthermore, a large number of
multivariate data analysis methods have been developed
to analyze metabolomic data; PCA and PLS are the most
prominent examples. However, despite the number of
statistical tools available in metabolomics, many of these
methods have limitations; thus, room for further development exists.
Metabolomics has also demonstrated promise in
the development of diagnostic tools for gastric cancers.
These studies are based on small cohorts; therefore,
larger studies are needed for validation of biomarker
utility and thereafter translation to a clinical setting. The
ability to obtain a high quality sample along with sample
collection, storage and analysis are all factors that have
large consequences on metabolic results. This fact underscores the need for standardized protocols. Metabolomic
studies are beneficial for cancer identification, diagnosis
and prognosis. Moreover, by combining metabolomics
with other ‘‘-omic’’ methods, a more comprehensive understanding of the processes involved in cancer development is likely to be generated.

CONCLUSION
The use of metabolomics in human gastric cancer to
discover novel biomarkers is an emerging field. The metabolomics field is superior to other “-omic” methods,
as it provides accurate quantities of metabolites in a particular biological system. Hence, the biomarkers identified by metabolomics are likely to be reliable. NMR, GC-

WJG|www.wjgnet.com

ACKNOWLEDGMENTS
We would like to thank Arne Kristian Sandvik, Astrid
Lægreid and Tone Frost Bathen for their comments on
the manuscript.

8097

July 7, 2014|Volume 20|Issue 25|

Jayavelu ND et al . Metabolomics of gastric cancer
Table 3 Overview of metabolomic studies on gastric cancer
Patients/xenograft model

Sample

Sample size
(cancer + control)

Analytical
method

Multivariate
method

Major findings

Ref.

Both
Xenograft model
Patients
Patients

Urinary
sample

33

GC-MS

PCA

[93]

Serum

60

GC-MS

OPLS-DA

Patients

Plasma

80

GC-TOF-MS

PLS-DA

Patients

Serum

50

GC-MS

PCA

Patients

Tissue

18

PCA

Xenograft model

Plasma

80

GC-MS with
chemical
derivatization
HPLC/
Q-TOF-MS

Lactic acid, serine, proline, malic acid and fatty
acids as potential markers for screening and early
diagnosis
Sarcosine as a potential biomarker for the
progression of gastric cancer metastasis
Azelaic acid, glutamate, urate, creatinine, threonate
as markers for characterizing the precancerous
stages and gastric cancer
3-hydroxypropionic acid and pyruvic acids as
potential diagnostic markers for gastric cancer
Valine, isoleucine, serine and phosphoserine for
diagnosis and staging of gastric cancers

Xenograft model

Urinary
sample

24

GC/MS

PLS and
hierarchical
PLS
PCA

Xenograft model

Tissue

22

GC/MS

PCA

1-acyl-lysophosphatidylcholines and
polyunsaturated fatty acids as potential indicators
of chemosensitivity for gastric cancer
Lactic acid, butanedioic acid, malic acid and citric
acids as potential markers for cancer screening.
Alanine, proline, myo-inositol and glycerol as key
markers for identifying cancer metastasis
Serine and proline metabolism pathways were
enriched in cancer metastasis and may help
elucidate the complex molecular mechanisms
governing metastasis

[98]
[97]

[100]
[99]

[75]

[91]

[90]

PCA: Principal component analysis; PLS: Partial least squares; OPLS-DA: Orthogonal partial least squares discriminant analysis; GC-MS: Gas
chromatography-mass spectrometry; PLS-DA: Partial least squares discriminant analysis; GC-TOF-MS: Gas chromatography coupled with time-of-flight
mass spectrometry; HPLC/Q-TOF-MS: Uhra-performance liquid chromatography/quadrupole time-of-flight mass spectrometry.
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Core tip: Thyroid hormones help regulate of body weight,
lipid metabolism, and insulin resistance. Therefore,
thyroid hormones may have a role in the pathogenesis
of non alcoholic fatty liver disease (NAFLD) and non
alcoholic steatohepatitis (NASH). Following a systematic review of human studies in the English language
medical literature, eleven articles were found to address this relationship. Hypothyroidism appears to be
an independent risk factor for NAFLD/NASH in some
studies; however, other studies failed to find such an
association. As the results of these studies are not consistent, further research is recommended to determine
the relationship hypothyroidism and NAFLD/NASH and
the underlying mechanisms.

Abstract
Thyroid hormones are totally involved in the regulation of body weight, lipid metabolism, and insulin
resistance. Therefore it is anticipated that thyroid
hormones may have a role in the pathogenesis of non
alcoholic fatty liver disease (NAFLD) and non alcoholic
steatohepatitis (NASH). In this study, we reviewed the
current literature on the association between thyroid
dysfunction and NAFLD/NASH. A search for English
language medical literature reporting an association
between thyroid dysfunction and NAFLD/NASH in
humans was conducted across PubMed, ISI Web of
Science, and Scopus in August, 2013. Out of 140 studies initially identified through the search, 11 relevant
articles were included in the final review. Thyroid
dysfunctions in the form of overt or subclinical hypothyroidism are prevalent among patients with NAFLD/
NASH. Hypothyroidism appears to be an independent
risk factor for NAFLD/NASH in some studies; however,
other newly published studies failed to find such an
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INTRODUCTION
Non alcoholic fatty liver disease (NAFLD) represents a
broad clinical spectrum ranging from simple fatty liver
to non alcoholic steatohepatitis (NASH), which may
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140 articles were found in electronic search through PubMed and scopus

Screening of titles and abstracts

50 Excluded
-26 Animal studies
-24 Non English

Further screening

71 Excluded
-32 Other determinants
-35 Overlapping
-3 Case reports
-1 Editorial/hypothesis
8 Excluded
-7 Other determinants
-1 Guidelines/review

Critical appraisal: relevance

Critical appraisal: validity

11 Articles included

Figure 1 Flow diagram of the review.

progress to liver fibrosis, cirrhosis and hepatocellular
carcinoma[1]. NAFLD is a rapidly growing diagnosis, and
it is the most common cause of abnormal liver function tests worldwide[2]. The growing pattern of NAFLD
prevalence is generally attributed to a global increase in
the prevalence of obesity and other metabolic risk factors[3]. Advanced age and metabolic disorders, such as
diabetes type 2, impaired glucose tolerance, and central
obesity, are among the risk factors for NAFLD[4-6]. Cryptogenic cirrhosis is a term used for those patients with
liver cirrhosis who lack any identifiable viral, alcoholic,
autoimmune or drug-related cause of the condition.
Many clinicians now believe that a considerable number
of these patients have cirrhosis due to NASH[7]. Considering the increasing incidence of NAFLD/NASH,
especially in developed and developing countries, it is
anticipated that cirrhosis due to these conditions may
surpass other causes of cirrhosis in a near future. Therefore, understanding the pathophysiology, risk factors and
new treatment options of NAFLD/NASH should be
among the priorities in the field of hepatology.
Endocrine hormones are generally involved in cell
metabolism, regulation of energy expenditure and fat
distribution in the human body and thereby play an
important role in the development of metabolic abnormalities. The thyroid gland is significantly involved in
energy homeostasis, lipid and carbohydrate metabolism,
regulation of body weight and adipogenesis [8,9]. In a
clinical setting, subclinical hypothyroidism has been associated with metabolic syndrome, cardiovascular mortality and disturbance of lipid metabolism[10,11]. In recent
years, growing body of evidence has led to speculation
on the association between NAFLD/NASH and thyroid
dysfunction. Herein, we review current English language
medical literature on the association between NAFLD/
NASH and thyroid dysfunction, and on the proposed
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underlying mechanisms of this relationship.

RESEARCH
The study was conducted using the PRISMA (Preferred
reporting items for systematic review and meta-analyses)
guidelines, flow diagram and checklist[12]. A computerized English language literature search of ISI Web of
Science, PubMed and Scopus was performed in August
2013. No time limitation was applied, and studies on
animal models were excluded. After a preliminary search
in the Medical Subject Headings database, search terms
were selected. The terms “non alcoholic fatty liver disease” and “thyroid”, “NAFLD” and “thyroid”, “non alcoholic steatohepatitis” and “thyroid”, and “NASH” and
“thyroid” were applied as keywords in the titles and/or
abstracts.
Eligibility and critical appraisal of the studies
All studies were reviewed and carefully appraised for
inclusion in this review. All descriptive or analytical
cross-sectional studies, case-control studies, and clinical
trials with proper methods for assessment of NAFLD
and NASH and that evaluated thyroid function were
included. Additionally, only studies that used either
ultrasonography or liver biopsy for the assessment of
NAFLD were included. Editorials, case reports, letters
to the editor, hypotheses, studies on animals or cell lines,
abstracts from conferences or unpublished reports were
excluded. Studies on patients with liver disease other
than NAFLD/NASH or on NAFLD/NASH in the
context of other liver diseases i.e., chronic viral hepatitis,
liver cirrhosis, acute liver failure, hepatocellular carcinoma or drug-induced hepatitis were excluded (Figure 1).
Studies on the pediatric age group (age < 18 years) were
also excluded.
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Data extraction
Data were extracted from the full text of relevant articles. Relevant data from articles reporting thyroid hormone abnormalities and NAFLD/NASH were outlined
in a table.

severity of fatty infiltration of the liver[18].
Study populations were divided based on presence or
absence of NAFLD/NASH or hypothyroidism. Among
the 11 studies, three studies reported no association
between hypothyroidism and NASH[18,22,23]. In 2 studies
hypothyroidism was an independent risk factor for developing NAFLD/NASH[13,14]. Three studies indicated
that lower free T4 (FT4) was an independent risk factor
for NAFLD[13,17,22]. One study showed that increased serum levels of thyroid stimulating hormone (TSH) is an
independent risk factor for NASH[20].

RESULTS
The final literature search returned 140 articles, of which
84 were reviewed and appraised for relevance and validity. After excluding studies with other determinants, studies that were not representative of our aims, and the case
reports, editorials, overlapping studies, 11 studies[13-23]
were included, and the results were organized into Table
1. No new articles were found by reviewing the cited
references of the included studies. A flow chart showing
detailed search results and the identification of eligible
studies is outlined in Figure 1.
The main characteristics and findings of the studies
were summarized in Table 1. The 11 articles included
in this review were published between 2003 and 2013.
Three studies were done in the United States[14-16], two
in China[17,21] and one each in Egypt[19], South Korea[13],
Italy[20], Brazil[18], Germany[22] and Iran[23]. The eleven
studies included 12924 participants when combined. Ten
studies[13,15-23] were cross- sectional, and one study used
case-control design[14]. In six studies[13,17,19,21-23]. NAFLD
was diagnosed based on ultrasonographic criteria and the
absence of evidence of viral, autoimmune or alcohol- or
drug-induced liver disease. Five other studies[14,15,16,18,20]
used liver biopsy and the above criteria for diagnosis of
NAFLD/NASH. Thyroid dysfunction was defined as a
history of present thyroid disease and thyroid replacement therapy in three studies[14,16,18] while eight studies
checked the thyroid hormone profile of all patients. The
methods used to check the thyroid hormone profile was
not uniform across studies. The thyroid hormone profile
was checked using immunoradiometric assay (n = 2),
solid phase enzyme linked immunosorbent assay (n = 1)
and chemilumiscence enzyme immunoassay (n = 4). One
study did not mention the laboratory method used to
check thyroid hormone levels.
Participants in the included studies were adults (>
18 years) and of both sexes. One study was conducted
in elderly euthyroid subjects attending their annual routine health examination[17]. Eight studies had apparently
healthy individuals as control groups[13,14,16,17,19,21-23]. Participants in five studies came from the general population that were seen for routine a health check-up[13,17,21-23].
Participants in other studies were mainly collected from
hepatology clinics.
One study investigated thyroid dysfunction in NAFLD
patients and compared this group with patients with
primary biliary cirrhosis (PBC) and primary sclerosing
cholangitis (PSC), but did not compare them to healthy
controls[15]. Another study compared hypothyroidism in
patients with simple steatosis and patients with NASH
to find a relationship between thyroid dysfunction and
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DISCUSSION
This review summarized the evidence for an association between thyroid dysfunction and NAFLD/NASH.
To the best of the author’s knowledge, this is the first
systematic review of clinical studies on this topic. As
outlined in table there is growing data about higher
prevalence of thyroid dysfunction in the form of overt
or subclinical hypothyroidism among patients with
NAFLD/NASH. The prevalence of hypothyroidism
was reported to range from 15.2 % to 36.3 % among
patients with NAFLD/NASH. Several studies that used
healthy controls showed a significantly higher prevalence
of hypothyroidism in patients with NAFLD/NASH
compared to the controls. Several studies demonstrated
that hypothyroidism is an independent risk factor for
NAFLD. This indicates that hypothyroidism may directly
result in NAFLD irrespective of other metabolic risk
factors. Considering the results of these studies, hypothyroidism may be added to risk factors of NAFLD/
NASH.
The other question with multiple diagnostic and
therapeutic implications is whether hypothyroidism can
predict the severity of fatty liver i.e., presence of steatohepatitis. Three studies tried to answer this question
with conflicting results. Chung et al[13], in their population based study, evaluated a relatively large numbers
of healthy individuals and showed that prevalence of
NAFLD plus elevated alanine aminotransferase (ALT)
was higher in patient with hypothyroidism. An increased
serum ALT level is a surrogate biomarker for NAFLD
in the absence of other causes of liver disease and an
indicator for the development of diabetes, cardiovascular disease and long term adverse complications from
metabolic syndrome. Therefore, this study confirms the
association between the severity of NAFLD and hypothyroidism.
Pagadala et al[16] reported that hypothyroidism was
more common in patients with NASH compared to patients with NAFLD. This finding remained statistically
significant after adjusting for other variables including
age, diabetes, dyslipidemia and hypertension but not gender. This study, which used liver biopsy and the NAFLD
activity score to distinguish NASH from NAFLD, provides additional evidence for the association between the
severity of liver fatty infiltration and hypothyroidism.
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Table 1 Main characteristics and findings of the studies
Study
Chung et al[13]

Liangpunsakul et al[14]

Silveira et al[15]

Design

Number

Method for diagnosis
of NAFLD/NASH

Cross-sectional

4648 (2324 Hypothyroidism vs
2324 euthyroidism)

Ultrasonography

Case-control

174 NASH patients compared
with 442 controls

Liver biopsy
Liver biopsy

Cross-sectional

97 patients with
NAFLD Compared with 67
PBC, and 79PSC

Pagadala et al[16]

Cross-sectional

Xu et al[17]

Cross-sectional 227 patients with
NAFLD
Compared with
651 controls

Mazo et al[18]

Moustafa et al[19]

Retrospective

233 patients
with NAFLD
Compared to 430
controls

33 patients with
steatosis Compared with 70
NASH patients

Liver biopsy

Ultrasonography

Liver biopsy

90 patients with
NASH, Chronic
HCV, HCV cirrhosis compared
to 20 healthy
controls
Cross-sectional 69 NAFLD, 25 steatosis, 44 NASH

Ultrasonography

Zhang et al[21]

Cross-sectional 1322 participants
including 266
patients with
NAFLD

Ultrasonography

Ittermann et al[22]

Cross-sectional 3661 healthy appearing participants

Ultrasonography

Carulli et al[20]

Cross-sectional

Liver biopsy
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Liver biopsy
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Definition of thyroid
dysfunction

Main Findings

Subclinical hypothyroid- Prevalence of NAFLD increased with severism: TSH > 4.1 mIU/L and ity of hypothyroidism (subclinical: 29.9%,
normal fT
overt: 36.3%)
Overt hypothyroidism:
Prevalence of NAFLD plus elevated ALT
TSH > 4.1 mIU/L and fT4 was higher in patients with hypothyroidism
< 0.7 ng/Dl
(P < 0.001)
Hypothyroidism is an independent risk factor for increased prevalence of NAFLD (OR
= 1.38, 95%CI: 1.17-1.67)
Previous history of hypoPrevalence of hypothyroidism was 15 %
thyroidism on T4 replacecompared to 7.2% in controls (P < 0.001)
ment therapy

TSH > 5 mIU/L or < 0.3
mIU/L

In multivariate analysis, hypothyroidism
was more prevalent than controls (OR = 2.3,
95%CI: 1.2-4.2, P = 0.008)
The prevalence of hypothyroidism in patients with NAFLD was 20%

Total thyroxine> 12.5
Five patients had hyperthyroidism in
NAFLD group
μg/dL or < 5 μg/dL
History of hyper/hypo
The prevalence of thyroid dysfunction was
thyroidism
not different in three group
Clinical diagnosis of hypoThe prevalence of hypothyroidism was
thyroidism and on thyroid higher in NAFLD patients compared to conreplacement therapy
trols (21.1% vs 9.5%, P < 0.001)
Hypothyroidism was more common in
NASH compared to patients without NASH
(P = 0.03)
TSH > 4.5 mIU/L or < 0.5 Patients with lower FT4 or higher TSH are
mIU/L
more likely to develop NAFLD (P < 0.001)
fT4 > 14.4 pmol/L or < 7.85
in logistic regression analysis Ft4 was a
pmol/L
risk factor for NAFLD (OR = 0.847, 95%CI:
0.743-0.966)
History of hypothyroidism Prevalence of hypothyroidism was 15.5%
on thyroid replacement
in NAFLD (15.2% in steatosis and 15.7% in
therapy
NASH)
In multivariate analysis insulin, HOMA
index and AST were correlated with hypothyroidism
No direct association between NASH and
hypothyroidism
Only determined thyroid
The serum TSH level in NASH patients
hormone without normal was higher than healthy controls (2.1 ± 0.75
range
μIU/mL vs 1.75 ± 0.9 μIU/mL

Normal range: TSH:
0.35-4.5 μIU/mL
FT4: 6.1-16.6 pg/mL;
FT3: 1.7-4.2 pg/mL

TSH level was significantly higher in NASH
compared to steatosis group
TSH level was an independent positive
risk factor for NASH in logistic regression
analysis (OR = 2.34, 95%CI: 1.15-4.776)
Normal TSH range:
In female patient with NAFLD serum TSH
0.71-6.25 mIU/mL
level was significantly higher than controls
(P < 0.05)
In logistic regression analysis TSH level was
not an independent risk factor for NAFLD
Thyroid hormone and TSH Low FT4 concentrations are associated with
below or Above normal
hepatic steatosis
range
No consistent association between TSH and
hepatic steatosis
No association between hyper- or hypothyroidism and hepatic steatosis
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Cross-sectional

832 healthy appearing participants

Ultrasonography

Normal TSH range: 0.2- 5.2 No association between hyper- or hypothymIU/mL
roidism and NAFLD
-FT4: 11.5-23 pmol/L

No association between thyroid autoimmunity and NAFLD
The diagnosis of NAFLD was higher among
low TSH group
The thyroid hormone abnormalities may be
due to sick euthyroid syndrome

TSH: Thyroid stimulating hormone; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis, ALT: Alanine aminotransferase; PSC:
Primary sclerosing cholangitis; PBC: Primary biliary cirrhosis; HCV: Hepatitis C virus; AST: Aspartate aminotransferase.

Contrary to these 2 studies, results of the study by Mazo
and co-workers did not show a statistically significant association between hypothyroidism, simple steatosis and
NASH[18]. Furthermore, two other recently published
studies of healthy participants, also confirmed the Mazo
et al findings[22,23]. We have recently shown that thyroid
hormone abnormalities in patients with NAFLD may
simply be due to alterations in thyroid hormones occurring in non-thyroidal illnesses[23]. Consequently we must
still be conservative about reporting any contribution
of hypothyroidism to NAFLD/NASH. Carulli et al[20]
reported that an increased serum TSH level is an independent risk factor for NASH compared to patients with
NAFLD.
NAFLD/NASH is supposed to be a hepatic feature
of metabolic syndrome and insulin resistance[24,25]. Hypothyroidism has been reported to be associated with
obesity and metabolic syndrome[26-28]. Insulin resistance
in the context of hypothyroidism and its alleviation with
treatment of the hypothyroidism has been reported[29].
Hypothyroidism was more prevalent in patients with
type 2 diabetes and in some reports was associated with
diabetic microangiopathy[30,31]. Associations of hypothyroidism with these metabolic abnormalities, which are
frequently accompanied by NAFLD/NASH, strengthen
the notion of association between hypothyroidism and
NAFLD/NASH. While the underlying pathophysiology
for this association is still not clear, several mechanisms
have been proposed. The role of adipocytokines in
NAFLD[32,33] has been established previously, and some
studies aimed to find a relationship between adipocytokines and hypothyroidism to clarify the mechanism of
thyroid dysfunction and NAFLD. These studies failed to
find an association between serum levels of adiponectin
and hypothyroidism[34,35]. However, results of these studies were controversial for visfatin, an adipocytokine involved in energy homeostasis[36,37]. An increased level of
leptin has been identified in patients with hypothyroidism, and it may be responsible for the development of
NAFLD/NASH in this context[38,39]. Leptin is an adipocytokine involved in the regulation of appetite, with an
increased level seen in cases of obesity, can induce collagen synthesis in the liver and promotes hepatic insulin
resistance[40-42].
Patients with NAFLD/NASH have abnormal lipid
profiles notable for elevated cholesterol, low density
lipoproteine and triglyceride levels [43]. Thyroid hor-
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mones induce their effects on lipid metabolism via
thyroid hormone receptor β , which is expressed in
liver[44]. Thyroid hormone receptor activation results in
a reduction in body weight and fat as well as a decrease
in cholesterol and triglyceride levels, which takes place
only in hepatocytes[45,46].
Cable et al[47] showed that liver steatosis will reduce
after treatment of animal models with liver-targeted thyroid hormone receptor agonist. Furthermore, hypothyroidism and elevated TSH result in diminished hepatic
lipoproteine lipase activity and cause elevated serum
triglyceride levels[48,49].
The role of Fibroblast growth factor-21 (FGF-21) has
been recently proposed in NAFLD/NASH[50]. FGF-21 is
a member of endocrine FGF family that has several hormone like activities[51]. FGF-21 induces glucose uptake in
mouse and human adipocytes, which can improve glucose homeostasis after administration to obese mice[52,53].
Improved insulin sensitivity, glucose clearance and reduced plasma triglyceride level have been observed in
transgenic mice with over expression of FGF-21 in the
liver[54]. Increased serum levels of FGF-21 in NAFLD
have been described in several human studies[55-57], indicating a relative FGF-21 resistance in these patients[58].
Adams et al[59] have recently shown that administration of tri-iodothyroine (T3) to mice can induce specific
hepatic expression of FGF-21 in a dose dependent manner[59]. An increased plasma level of FGF-21 in patients
with hypothyroidism has been also observed in a recent
study by Lee and co-workers[60]. These findings together
are indicative of FGF-21 pathway in NAFLD, although
the precise mechanism remains to be elucidate.
The other theory is based on hepatic damage through
mitochondrial dysfunction, oxidative stress and reactive oxygen species (ROS) production. Oxidative stress
as a phenomenon refers to the aerobic nature of cellular metabolism in which a redox imbalance between
antioxidants and pro-oxidants occurs in favor of pro
oxidants[61]. Mitochondria are the principle organelle for
oxidative reactions like β- oxidation, and they are a main
source of ROS[62]. Free fatty acids (FFA) undergo βoxidation in the mitochondria in physiologic conditions.
With excessive accumulation of FFA in the hepatocytes,
there is excessive oxidation of FFA in mitochondria,
microsomes and peroxisomes leading to overproduction of ROS[63]. ROS activates lipid peroxidation that is
accompanied by activation of Kupffer cells and hepatic
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Figure 2 Possible mechanisms involved in association between hypothyroidism and non-alcoholic fatty liver disease/non alcoholicsteatohepatitis.
NAFLD: Non-alcoholic fatty liver disease; NASH: Non alcoholicsteatohepatitis;
ROS: Reactive oxygen species; FGF-21: Fibroblast growth factor-21; LPL: Lipoprotein Lipase; TG: Triglyceride; Chol: Cholesterol; IR: Insulin resistance.
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satellite cells[64]. Kupffer cells induce secretion of inflammatory cytokines like tumor necrosis factor alpha
and transforming growth factor β that both activate
hepatic satellite cells and promote fibrosis[65,66]. Previous
studies described increased markers of oxidative stress
such as serum malondialdehyde in hypothyroidism[67].
Elevated serum markers of oxidative stress have been
observed in Hashimoto’s thyroiditis patients with hypothyroidism[68,69].
A summary of possible underlying mechanisms is
outlined in Figure 2. Despite the growing evidence of an
association between hypothyroidism and NAFLD, drawing a firm conclusion is going to be difficult.
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CONCLUSION
Results of current studies are conflicting about the association between thyroid abnormalities and NAFLD/
NASH. Results of some of the reviewed studies propose
hypothyroidism as a risk factor for NAFLD/NASH. This
may lead us to test thyroid hormone profiles as a part
of initial clinical assessment in patients with NAFLD/
NASH. As hypothyroidism is a modifiable risk factor and
can easily be treated with thyroid replacement therapy,
the interesting issue for future studies will be to evaluate
whether treatment of hypothyroidism in patients with
NAFLD/NASH will improve disease progression and
outcome. So far some studies have failed to show an association between hypothyroidism and NAFLD. None of
the present studies are interventional trials and placebo
controlled clinical trials should be conducted to further
elucidate the issue.
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continues to be a routine procedure, its necessity remains controversial. This article reviews studies of the
advantages and disadvantages of routine drainage after
pancreaticoduodenectomy and discusses the necessity
of this procedure.
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Core tip: Limited studies have shown that routine drainage does not produce obvious benefits for patients
after pancreaticoduodenectomy. Few retrospective
studies support selective drainage after pancreaticoduodenectomy, but persuasive evidence does not exist to
support omitting drainage in all patients. Patients might
benefit from having their drains removed shortly after
pancreaticoduodenectomy; however, evidence for this
assertion is lacking.

Abstract
With the development of imaging technology and surgical techniques, pancreatic resections to treat pancreatic
tumors, ampulla tumors, and other pancreatic diseases
have increased. Pancreaticoduodenectomy, one type
of pancreatic resection, is a complex surgery with the
loss of pancreatic integrity and various anastomoses.
Complications after pancreaticoduodenectomy such as
pancreatic fistulas and anastomosis leakage are common and significantly associated with patient outcomes.
Pancreatic fistula is one of the most important postoperative complications; this condition can cause intraperitoneal hemorrhage, septic shock, or even death.
An effective way has not yet been found to avoid the
occurrence of pancreatic fistula. In most medical centers, the frequency of pancreatic fistula has remained
between 9% and 13%. The early detection and routine
drainage of anastomotic fistulas, pancreatic fistulas,
bleeding, or other intra-abdominal fluid collections after
pancreatic resections are considered as important and
effective ways to reduce postoperative complications
and the mortality rate. However, many recent studies
have argued that routine drainage after abdominal operations, including pancreaticoduodenectomies, does
not affect the incidence of postoperative complications.
Although inserting drains after pancreatic resections
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INTRODUCTION
In the 19th century, Sims became the first surgeon to use
routine drainage after gynecological surgery. Since then,
most surgeons have inserted routine drainage following
abdominal surgeries[1-4]. Routine drainage is considered
to be an important and effective method of reducing
postoperative complications and the mortality rate, and it
is widely used for various general surgeries[5-7]. Two types
of surgical drains exist: open drains and closed drains.
Open drains evacuate collected fluid after the insertion
of an artificial catheter into the postoperative wound.
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Closed drains include the following types: a passive drain
based on gravity and a suction drain that relies on negative pressure[8-11].
Although surgical technologies have significantly progressed, abdominal drainage continues to be a routine
method to avoid or reduce postoperative complications
in most hospitals. The major purposes of routine drainage insertion are to manage possible leakage, provide
evidence of leakage or postoperative hemorrhaging, or
prevent postoperative infection by discharging blood
and avoiding the formation of abdominal abscesses[12-14].
However, certain surgeons currently believe that routine
drainage can increase the incidence of intra-abdominal
and wound infections, exacerbate abdominal pain, reduce
lung function, and prolong hospitalization, as well as
erode the hollow viscera and peripancreatic vessels[15-18].
Although some surgeons have devoted themselves
over recent decades to researching postoperative routine
drainage, they have been unable to confirm the advantages of this procedure for patients after liver resection,
cholecystectomy, gastrectomy, or other abdominal surgeries using randomized controlled experiments[19-23]. The
incidence of complications is not associated with routine
drainage, and this procedure does not reduce the time
before complications such as bile leakage and postoperative bleeding are detected. According to previous studies,
certain complications were even revealed after the drains
had been removed[24-26]. Moreover, only certain types of
intra-abdominal bleeding can be detected during the
early stages with routine drainage, and other types must
be detected via clinical symptoms and imaging examinations. The assessment of clinical symptoms and imaging
examinations are the most effective ways to detect postoperative complications, regardless of whether routine
drainage is utilized[27-30]. Therefore, it is not apparent that
routine drainage is helpful for the early detection and intervention of postoperative complications.

rates of pancreatic fistula. Although various pancreaticojejunostomy or pancreaticogastrostomy methods can
prevent the occurrence of pancreatic fistulas[44-46], they
occur in 9%-29% of patients receiving pancreaticoduodenectomies[47-49]. In most medical centers, the frequency
of pancreatic fistula has remained between 9% and 13%,
and the frequency of intra-abdominal abscess is 3%-13%,
such as in Massachusetts General Hospital[50-54].

EARLY REMOVAL OF
ROUTINE DRAINAGE AFTER
PANCREATICODUODENECTOMY
The amylase levels of the drainage fluid on the first postoperative day may predict pancreatic fistula after pancreatic resections[55,56]. For example, Yamaguchi and colleagues surveyed 26 patients with pancreatic resections in
2003. Twelve of these patients ultimately developed pancreatic fistulas. The researchers found that the patients
who developed pancreatic fistulas had higher drainage
fluid amylase levels on the first postoperative day. Thus,
the drainage fluid amylase levels on the first postoperative day might predict the development of pancreatic
fistulas[57]. Molinari analyzed the data of 137 patients after
pancreatic surgeries, including 101 patients after pancreaticoduodenectomies and 36 patients after distal pancreatectomies. He found that drainage fluid amylase levels ≥
5000 U/L on the first postoperative day indicated a high
risk of pancreatic fistula[58]. In another study, however,
Sutcliffe reported that it might not be appropriate to use
5000 U/L as the cut-off for the drainage fluid amylase
level on the first postoperative day. This study included
70 patients after pancreaticoduodenectomies, 9 of whom
eventually developed pancreatic fistulas. Three patients
developed pancreatic fistulas whose drainage fluid amylase levels were > 5000 U/L on the first postoperative
day. Therefore, researchers regarded 5000 U/L as an
inappropriate cut-off for drainage fluid amylase levels on
the first postoperative day; rather, they used 350 U/L as
the cut-off[59].
Because the drainage fluid amylase levels on the first
postoperative day might predict whether patients develop pancreatic fistulas, some surgeons have questioned
whether drainage should be removed soon after pancreaticoduodenectomies among patients at low risk for
this complication. Kawai et al[60] divided 104 patients with
routine drainage into 2 groups. The drainage in one group
was removed on the fourth postoperative day, and the
drainage in the other group was removed on the eighth
postoperative day. The researchers extended the drainage
removal time as soon as patients had developed pancreatic
fistulas, bile leakage, or intra-abdominal infections. They
found that the morbidity of patients whose drainage was
removed on the fourth postoperative day was significantly
lower than that of those whose drainage was removed on
the eighth postoperative day (3.6% vs 23%, P = 0.0038).
The intra-abdominal infection rate was 3.6% among pa-

CHARACTERISTICS OF
PANCREATICODUODENECTOMY
As the use of cross-sectional imaging technology becomes more common, more pancreatic or ampulla
tumors have been diagnosed, thereby resulting in the
need for more pancreatic resections[31-33]. Pancreatic resections primarily include pancreaticoduodenectomy,
middle pancreatectomy, distal pancreatectomy, and local
resection[34-36]. Due to the loss of pancreatic integrity and
various anastomoses, complications such as pancreatic
fistula and anastomosis leakage often arise after pancreaticoduodenectomy[37-39]. The International Study Group
of Pancreatic Fistula defined this important complication
after pancreaticoduodenectomy in 1995 as the output of
any measurable volume of drain fluid on or after postoperative Day 3 with an amylase content greater than
3 times the upper normal serum value[40-43]. Pancreatic
fistulas can cause intraperitoneal hemorrhaging, septic
shock, or death. Various clinical centers report different
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P = 0.04). In another study, Pratt found that the potential for developing clinically relevant pancreatic fistulas
among patients with soft pancreatic textures was more
than 3 times that seen among patients with hard pancreatic textures (OR = 3.28, 95%CI = 1.08-9.93, P = 0.036).
When the pancreatic duct diameter was less than 3 mm,
patients had a greater chance of developing pancreatic
fistulas than those with a normal (4-5 mm) or dilated (≥
6 mm) pancreatic duct. In addition, the ratio of pancreatic fistulas increased by 68% when the pancreatic duct
diameters decreased by 1 mm[71].
In light of the low risk of pancreatic fistulas among
patients with hard pancreatic textures, dilated pancreatic
ducts, or both, safely foregoing routine drainage among
these patients is possible. Lim et al[72] chose not to insert
routine drainage in 27 patients after pancreaticoduodenectomies between July 2009 and June 2011. Most of
these patients had either a hard pancreas or a dilated
(≥ 3 mm) main pancreatic duct. These patients were
matched with 27 patients with routine drainage over
the same period. All patients had similar demographic
data, surgical indications, and primary risk factors for
pancreatic fistula. The overall morbidity rate among the
patients without drainage was 56%, whereas this figure
for the patients with drainage was 70% (P = 0.04). The
incidence of pancreatic fistula among patients without
drainage (0%) was significantly less than that among
those with drainage (22%, P = 0.009). Therefore, omitting drainage might be preferable among patients at low
risk for pancreatic fistula.
In 1992, Jeekel[73] indicated that patients without routine drainage did not develop more serious complications
than those with routine drainage after pancreatoduodenectomy. However, this study only included 22 patients
without drainage, and the researchers inserted drainage
into patients with diffuse bleeding. Heslin et al[74] conducted a retrospective study in 1998 of 38 patients without
drainage and 51 patients with drainage, and they compared the rates of postoperative complications between
these groups of patients. The pancreatic fistula and intraabdominal abscess rates were not more frequent among
patients without routine drainage, and neither were the
rate of CT-guided percutaneous drainage or necessity of
reoperation. Patients without drainage had a briefer anesthesia time in this study (P = 0.0001), which might be
related to the surgical decision of whether to use drainage. Recently, Correa-Gallego et al[75] collected the data of
1122 patients who underwent pancreatic resections, including 739 patients who underwent pancreatoduodenectomies at the Memorial Sloan-Kettering Cancer Center
between 2006 and 2011. Different surgeons operated on
these patients who were divided into groups of routine
drainers (operative drains placed in > 95% of patients),
selective drainers (drains placed in approximately 50%
of patients), and routine non-drainers (drains placed in
< 15% of patients). The incidence of pancreatic fistulas
was lower among patients without drainage after pancreatoduodenectomy (17% vs 27%, P = 0.001). In addition,

tients with an earlier drainage removal, which was lower
than in those whose drains were removed later (23%, P =
0.0003). In 2010, Bassi et al[61] studied 114 patients whose
drainage fluid amylase levels were > 5000 U/L on the
first day after pancreatic resections. These authors excluded patients whose drain effluent had a “sinister” appearance and those with a volume of peripancreatic fluid
collection > 5 cm before the third postoperative day. The
researchers compared the morbidity of the postoperative
complications among patients with different drainageremoval times (i.e., the third postoperative day, the fifth
postoperative day or longer). They found that the rate
of pancreatic fistulas and intra-abdominal infections
was lower among patients whose drainage was removed
earlier. However, not all patients in this study underwent
pancreaticoduodenectomies; 39 underwent distal pancreatectomies.
Drainage can be safely removed from patients who
have even developed grade A pancreatic fistulas (biochemical fistulas without clinical signs). Hiyoshi analyzed
the postoperative data of 176 patients receiving pancreaticoduodenectomies. He found that patients who
underwent pancreaticoduodenectomies were more likely
to have clinical pancreatic fistulas when they had drainage fluid amylase levels ≥ 750 IU/L, serum C-reactive
protein (CRP) levels ≥ 20 mg/dL, and temperatures ≥
37.5 ℃ compared with patients without this complication on the third postoperative day. Other patients did
not develop clinical pancreatic fistulas even with grade A
pancreatic fistulas. Therefore, drainage could be removed
safely from patients with drainage fluid amylase levels <
750 IU/L, serum CRP levels < 20 mg/dL, and temperatures < 37.5 ℃ on the third postoperative day[62-66]. Currently, no appropriate index exists to precisely predict the
early incidence of pancreatic fistulas.

SELECTIVE ROUTINE DRAINAGE AFTER
PANCREATICODUODENECTOMY
Pancreatic texture and the diameter of the major pancreatic duct are the primary factors associated with the
occurrence of pancreatic fistulas[67-69]. El Nakeeb et al[70]
surveyed 471 patients undergoing pancreatic resections
and analyzed the risk factors for developing pancreatic
fistulas. They compared the clinicopathological factors
(e.g., age, sex, smoking, body mass index, preoperative
albumin, preoperative bilirubin, preoperative biliary
drainage, liver status, mass mean size, site, pancreatic
duct diameter, pancreatic consistency, and others) of
57 patients with pancreatic fistulas with those of 414
patients without pancreatic fistulas. A soft pancreatic
texture and a pancreatic duct diameter less than 3 mm
were risk factors for pancreatic fistula. The incidence of
pancreatic fistula among patients with pancreatic ducts
≤ 3 mm (28.6%) was significantly higher than that
among patients with larger duct diameters (4.9%, P =
0.0001). Patients with a hard pancreatic texture also had
a lower incidence of pancreatic fistulas (7.9% vs 14.3%,
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Table 1 Citations of routine drainage studies
Preference

Country

Study design

n

PD

Japan
Netherlands
United States
France
United States
United States
United States

Time cohort
Prospective case report
Retrospective
Case-control analysis
Retrospective
Retrospective
Randomized prospective

104
22
89
54
709
1122
137

104
22
89
54
709
739
137

Ref.

Removed early
Selective routine drainage

No routine drainage

Kawai et al[60], 2006
Jeekel et al[73], 1992
Heslin et al[74], 1998
Lim et al[72], 2013
Mehta et al[93], 2013
Correa-Gallego et al[75], 2013
Van Buren et al[79], 2013

the incidence of overall complications was also lower
among patients without drainage (48% vs 54%, P = 0.03).
Bile duct diameter, blood loss, and operation time also
influenced the surgical decisions regarding selective drainers. These researchers also discovered that the frequency
of drainage use had decreased annually in their center,
especially among selective drainers and non-drainers.
However, randomized controlled trials (RCTs) were not
conducted to confirm the selection criteria of the nondrainers after pancreatoduodenectomy.

distal pancreatectomies, and the effect of the different
types of pancreatic resections on pancreatic fistula was
not investigated[77,78].
Recently, Van Buren et al[79] conducted a randomized
prospective trial and found no evidence to support abandoning routine drainage in all patients after pancreaticoduodenectomy. In this multicenter trial, 137 patients were
randomly assigned to two groups: the drain group and
the no-drain group.
The patients in these groups were similar with regard
to demographics, pancreatic duct size, pancreas texture,
and surgical technique. Patients in the no-drain group
demonstrated higher rates of intra-abdominal fluid collection and intra-abdominal abscess (10% vs 25%, P =
0.027). More patients in the no-drain group required
postoperative cutaneous drains. Moreover, the mortality of patients without routine drainage was higher than
that of patients with routine drainage after a 90-d followup evaluation (12% vs 3%, P = 0.097); thus, this trial was
ended early. The 30-d mortality rate in this study was also
higher than that of several centers (6% vs 3%)[79-81].

NO ROUTINE DRAINAGE AFTER
PANCREATICODUODENECTOMY
Omitting drainage among patients at low risk of pancreatic fistula might be safer. However, whether drainage benefits patients at high risk for pancreatic fistula or
whether drainage should be omitted among all patients
after pancreatoduodenectomies remains unknown. Conlon et al[76] conducted an RCT in 2001; these authors
selected 179 patients with either pancreatic or peripancreatic carcinomas, including 139 patients who had undergone pancreaticoduodenectomies and 40 who had
undergone distal pancreatectomies. These patients were
randomly assigned to two groups. Routine drainage was
placed in the patients of one group but omitted from
those of the other group. The incidence of complications among the drainage group was 63%, whereas the
rate among the no-drainage group was 57% (P = 0.5).
Eleven patients with drainage developed pancreatic fistulas, whereas none of the patients without drainage did
so. Patients with routine drainage were more likely to develop serious intra-abdominal abscesses, intra-abdominal
fluid collection, and pancreatic fistulas (19 vs 8, P < 0.02).
These results were enlightening; unfortunately, however,
these researchers did not analyze the results of patients
undergoing pancreatoduodenectomies and distal pancreatectomies separately. In 2011, Fisher conducted a time
cohort study on pancreatic resections without routine
intraperitoneal drainage. The complication rate was 65%
among patients with routine drainage, which was higher
than that among those without routine drainage (65% vs
47%, P = 0.020). Moreover, the incidence of pancreatic
fistula was also higher among patients with routine drainage (44% vs 11%, P < 0.0001). However, this patient cohort included 153 patients who had undergone pancreaticoduodenectomies and 73 patients who had undergone

WJG|www.wjgnet.com

DISCUSSION
As surgical techniques, perioperative support care, the
use of antibiotics, imaging techniques, and non-operative
treatment have developed, the complications following
pancreatic surgeries have been detected earlier and managed more effectively[82-86]. Radiological interventions can
be used to manage abdominal collection and abscesses
after pancreaticoduodenectomies without reoperation[87-91]. Therefore, the importance of routine drainage
is decreasing[92]. Some surgeons forego the routine insertion of drainage and deem it useless for reducing and
managing postoperative complications. However, the evidence needed to verify the disadvantage of routine drainage after pancreaticoduodenectomy (e.g., RCTs) is lacking.
We conducted a search for citations concerning drainage after pancreaticoduodenectomy using Ovid Medline
and PubMed. Table 1 presents the study characteristics.
Only one retrospective study examined the early removal
of drainage following pancreaticoduodenectomy. In this
study, the rates of pancreatic fistulas and other complications were significantly lower among patients whose drains
were removed early, regardless of the criteria for removing
drainage[60]. Other studies (e.g., Kurahara et al[94] and Nissen
et al[95]) attempted to find a connection between drainage
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Table 2 Studies comparing selective routine drainage with selective no-drainage n (%)
Ref.

Patients Drain No drain

Pancreatic fistula
Drain

Heslin et al[74]
Lim et al[72]
Mehta et al[93]
Correa-Gallego et al[75]

89
54

51
27

38
27

3 (6)
6 (22)

709
739

251
386

458
353

61 (24)
104 (27)

No drain

Complications

P value

Drain

No drain

1 (3)
0 (0)

0.30
0.009

23 (45)
13 (48)

15 (39)
6 (22)

48 (11)
59 (17)

< 0.0001
0.001

171 (68)
NA

248 (54)
NA

Possible reasons for drainage

P value
0.60
0.09

Anesthesia time
Hard pancreas and dilated main
pancreatic duct
< 0.0001
Operation type and blood loss
NA
Bile duct diameter, blood loss, and
operation time

NA: Not available.

fluid amylase levels and postoperative complications, especially pancreatic fistula. These studies identified criteria
that might support the early removal of drainage after
pancreaticoduodenectomy[94-96]. Five studies supported
the selective use of drainage; these studies each failed to
discover the benefits of drainage for selected patients.
The rates of pancreatic fistulas and other complications
were higher among the drainage group in certain studies
(Table 2). Only Lim et al[72] provided criteria for omitting
drainage, but most of this study’s patients had hard pancreases and dilated main pancreatic ducts, regardless of
their treatment group. Researchers of other studies found
that a prolonged operative time, a large amount of blood
loss, or a dilated main pancreatic duct usually prompted
surgeons to insert drainage in pancreatic resections. This
procedure is considered to be relatively conservative and
potentially safe among surgeons. Therefore, drainage was
usually selectively omitted in most retrospective studies.
Only two studies evaluated the outcomes after pancreatic
resections (including pancreaticoduodenectomies and distal pancreatectomies) without routine drainage. Routine
drainage did not show a benefit for non-selective patients.
Fisher found that blood loss and transfusions clearly
decreased over time due to the development of surgical techniques; however, no significant differences were
observed with regard to pancreatic texture or the main
pancreatic duct between the two groups. Conlon et al[76]
conducted a prospective randomized study on routine
drainage after pancreatic resection. However, they did not
analyze important factors such as pancreatic texture and
pancreatic duct diameter; furthermore, their sample size
was likely insufficient. Van Buren et al[79] provided more
persuasive evidence. Although no significant difference
was observed in the rates of pancreatic fistulas between
patients with or without routine drainage, the higher
mortality rate among patients without routine drainage
encouraged surgeons to use caution when considering
whether to abandon routine drainage after pancreaticoduodenectomy.
Pancreaticojejenostomy and pancreaticogastrostomy
might be different regarding pancreatic fistulas. Four
randomized controlled trials and 22 observational clinical
studies were included in a meta-analysis and systematic
review in 2013. Patients in the pancreaticogastrostomy
group had a significantly lower incidence of pancreatic
fistulas, but higher rate of intra-luminal hemorrhage[46].
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Moreover, pancreatic fistula rates were significantly lower
and less severe in two recent RCTs, and there was no
significantly difference in the incidence of postoperative
hemorrhage[44,84].
Closed drainage was believed to reduce the risk of
retrograde microbial contamination compared with
open drainage, though bacterial migration may also occur with closed drainage. Sarr et al[97] showed patients
with closed-suction drainage had a lower incidence of
wound infection than patients with open drainage after
cholecystectomy in 1987. However, Sánchez-Ortiz et al[98]
found no significant difference in relevant complications
between a closed-suction drainage group and an open
drainage group after partial nephrectomy. There has been
no evidence to show that closed drainage is better than
open drainage after pancreaticoduodenectomy, but most
surgeons choose closed drainage in light of the possibility of increased risk of retrograde microbial contamination. Some surgeons believe that negative pressure might
increase the risk of pancreatic fistulas or lead to delayed
hemorrhage at the time of drain removal[98]. However,
there has also been no obvious evidence to prove the
harm of closed-suction drainage. Most surgeons insert
closed-suction drainage for full draining after pancreaticoduodenectomy.
Fluid collections have been related to fistulas of pancreaticojejunostomy anastomosis after pancreaticoduodenectomy[86]. Thus, drainage tubes were often placed in
the vicinity of the pancreatic anastomosis[84], but some
surgeons placed one drainage tube in the right subhepatic
space, and others in the retroperitoneal area adjacent to
the pancreatic anastomosis[44]; it is still unknown which
method is better. Shrikhande et al [12] compared perioperative outcomes between a one-drain group and a
two-drain group after gastric and pancreatic resections.
They found two drains were no better than one drain, but
evidence is still lacking. One or more drains were inserted
after pancreaticoduodenectomy, and two drains were usually inserted.
In conclusion, most of the limited studies in this review did not reveal an obvious benefit for routine drainage among patients following pancreaticoduodenectomy.
Only some of the retrospective studies supported the use
of selective drainage after pancreaticoduodenectomy, and
no persuasive evidence exists to support the omission of
drainage among all patients. On the contrary, level 1 data
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discouraged surgeons from abandoning drainage among
all patients, although only one trial was conducted[79]. Early drainage removal following pancreaticoduodenectomy
might benefit patients; however, the evidence to support
this supposition is lacking. Therefore, more studies, especially RCTs, are needed to verify the advantages and
disadvantages of using drainage after pancreaticoduodenectomy. Adequate numbers of cases should be enrolled
and randomized in the RCTs. Moreover, there should be
no differences in the factors (e.g., demographics, comorbidities, pancreatic duct size, pancreas texture, operative
technique or others) which could influence the incidence
of pancreatic fistulas between two groups. The postoperative management should also be consistent.
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Effect of a high-fat diet in development of colonic adenoma
in an animal model
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liferating cell nuclear antigen (PCNA), cyclooxygenase
(COX)-2, cyclin D1, β-catenin and nuclear factor (NF)κB proteins in the adenoma and comparative control
tissues.
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RESULTS: The number of colonic adenomas and the
colonic epithelial Ki-67 were significantly higher in the
HFD group than in the ND group. The HFD group also
had increased body weight, liver weight and epididymal fat weight, which were associated with increased
levels of serum insulin, leptin, TNF-α, IGF-1 and triglycerides. HFD induced upregulation of PCNA, COX-2,
cyclin D1, β-catenin and NF-κB proteins, as revealed by
Western blot and immunofluorescence staining.
CONCLUSION: HFD promotes the formation of colonic adenoma through inflammation, metabolic abnormalities, and increases cell cycle progression.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: High-fat diet; Colonic adenomas; Inflammation; Adipokines

AIM: To investigate the effect of a high-fat diet in the
formation of the precursors of colorectal cancer using
an animal model.

Core tip: This study was undertaken to explore the effect
of a high-fat diet on the incidence of colonic adenoma
induced by intraperitoneal injection of 1,2-dimethylhydrazine in Wistar rats. We demonstrated that a high-fat
diet (HFD) increased the proliferative activity of colonic
epithelial cells, and we conclude that HFD-mediated
tumor growth could be associated with inflammation
and increased cell cycle progression. This study might
be conducive to understanding the nature of the relationship between high fat intake and the increased risk
of colorectal carcinoma.

METHODS: Wistar rats were divided into two groups
that were fed either a high-fat diet (HFD) or a normalfat diet (ND), and 1,2-dimethylhydrazine was administered at a dose of 40 mg/kg for 10 wk. The body
weight/liver weight/epididymal fat weight were recorded after rats were sacrificed, and the formation
of colonic adenoma was also observed. The levels of
insulin, leptin, tumor necrosis factor (TNF)-α, insulinlike growth factor (IGF)-1 and triglycerides were
determined by enzyme-linked immunosorbent assay
in order to compare the altered levels of biochemical indices and inflammatory cytokines in the serum
between rats fed an ND and HFD. Cell proliferation
activity (Ki-67) was determined by immunohistochemical analysis. Western blot and immunofluorescence
staining were used to examine the expression of pro-
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other than adipokines include pro-inflammatory cytokines (e.g., IL-6) and chemokines (e.g., CXCL-10) which
have been suggested to be closely related to excess adipose tissue accumulation[19]. It is now widely accepted
that obesity is associated with a state of chronic, lowgrade inflammation[20], which may represent an additional mechanism linking increased adiposity to colorectal
carcinogenesis[21].
Although the link between an HFD or diet-induced
obesity and an increased risk of CRC has been investigated in population-based observational studies, as
well as in vitro (experimental) studies (mostly focused
on the incidence of ACFs or the change in growth of
xenografted human colon cancer cells), there is little understanding concerning the effect of an HFD in the formation of the precursors (colonic adenomas) of CRC.
Therefore, the present study was undertaken to explore
the effect of HFD on the incidence of 1,2-dimethylhydrazine (DMH)-induced in situ colon carcinogenesis.

v20/i25/8119.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8119

INTRODUCTION
Colorectal cancer (CRC), accounting for about 10% of
the incident cases of cancer, is a major cause of morbidity and mortality worldwide, with > 1 million new
cases and > 600000 deaths annually, making it the fourth
leading cause of cancer deaths globally[1,2]. Genetic predisposition seems to explain only a small proportion
of cases, while many of the risk factors for CRC are
associated with a Western lifestyle. Recently, many epidemiological studies have provided evidence of a relationship between dietary fat intake and an increased risk of
CRC[3]. Most animal studies have shown that a high-fat
diet (HFD) leads to an increased number of chemically
induced aberrant crypt foci (ACFs)[4], which are identifiable lesions in experimental colon carcinogenesis and
tumors[5]. In addition, high intake of dietary fat is known
to cause obesity in humans and rodents[6,7] and has also
been implicated in colon cancer[8].
A recent study investigating the molecular mechanisms of diet-induced obesity in a mouse model of colitis-associated CRC demonstrated that an HFD results in
a two-fold higher number of colonic tumors compared
to animals fed a normal-fat diet (ND)[9]. In the pathophysiological state of obesity, adipose tissue is an active
endocrine and metabolic organ. Adipose tissue secretes
various hormones and growth factors that have a role in
CRC development[10]. Evidence for a positive relationship between circulating insulin concentration and colon
cancer risk exists, and a recent meta-analysis showed an
increased risk of CRC with high C-peptide/insulin levels
(relative risk = 1.31) in humans[11]. Chronically elevated
concentrations of insulin decrease insulin-like growth
factor (IGF)-1 binding protein levels, which, in turn, increase the circulating concentration of IGF-1[12]. IGF-1
is a key mitogen required for cell cycle progression to
increase the risk of cellular transformation by enhancing
cell turnover[13]. The adipocyte-derived hormone leptin
is also elevated in individuals with obesity, and synthesis
of leptin in adipose tissue is influenced by insulin[14].
Despite a lack of direct evidence that increased leptin
concentration is a risk factor for colon cancer, studies
have proposed that higher leptin concentrations may
form a possible link between obesity and colon cancer
or colorectal adenoma[15]. Adipose tissue in obese individuals is infiltrated with an increased number of macrophages, which appear to be responsible for the production of many inflammatory cytokines[16]. Since the initial
discovery of escalated levels of tumor necrosis factor
(TNF)-α in blood and adipose tissue by Hotamisligil and
colleagues[17], many other adiposity-related inflammatory
molecules, such as interferon-γ and interleukin-1, have
been identified in adipose tissue, and in some instances,
systemically[18]. Biomarkers of systemic inflammation
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MATERIALS AND METHODS
Animals and chemicals
In this study, 4-wk-old male Wistar rats (180-200 g) that
were obtained from Shanghai Shriek Laboratory Animal
Corporation were utilized. All animals were housed in
plastic cages (four or five rats/cage) under controlled
conditions of humidity (44 ± 5%), light (12 h light/dark
cycle) and temperature (22 ± 2 ℃). DMH was purchased
from Sigma-Aldrich (St. Louis, MO, United States) and
freshly prepared before use in 1 mmol/L EDTA-saline,
with pH adjusted to 7.0 using dilute NaOH solution.
Experimental procedures
Twenty 4-wk-old male Wistar rats were divided into two
groups: an ND group (n = 10) and an HFD group (n =
10). These rats were acclimatized to the rodent normal
diet and water was given ad libitum for 1 wk. After acclimation, the animals were fed either an ND (13.5%
of calories coming from fat, 58% from carbohydrates,
and 28.5% from protein, RD5001) or an HFD (45%
of calories being supplied from fat, 35% from carbohydrates, and 20% from protein, D12451) purchased from
LabDiet (St. Louis, MO, United States) and Research
Diets (New Brunswick, NJ, United States). The diets
were stored at -20 ℃ and fresh diets were provided daily
to allow the rats free access to food. Daily food intake was
monitored throughout the study. Rats at 6 wk of age from
the two groups were intraperitoneally injected with DMH
(40 mg/kg) once weekly for 10 consecutive weeks and were
euthanized at 16 wk (colonic adenomas were found from
weeks 14 to 18, according to prior studies by Peng et al[22]).
The majority of these tumors harbored mutations in
the β-catenin gene, which is similar to hereditary nonpolyposis colorectal cancer. These mutations affected the
N-terminal amino acids of the β-catenin gene product,
making the protein resistant to regulatory degradation,
stabilizing β-catenin, and increasing WNT signaling to
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Figure 1 Experiment protocol and representative images of colonic adenomas. A: Colonic adenoma experiment protocol. Rats (4-wk-old) were divided into a
normal-fat diet (ND) group (n = 10) and a high-fat diet (HFD) group (n = 10). Sixteen weeks after the start of 1,2-dimethylhydrazine (DMH) intraperitoneal injection, the
rats were euthanized; B: Representative images of adenomas in colon specimens from the ND group (above) and HFD group (below) when the colons were opened
longitudinally. The location of the adenomas is indicated by arrows.

Oil red O staining
Liver tissue sections from the ND and HFD groups were
fixed for 24 h in 4% paraformaldehyde, 0.2% picric acid,
and 0.5% glutaraldehyde in 0.2 mol/L phosphate buffer
(pH = 7.4) at 4 ℃. After being washed for 1 d with 15%
sucrose at 4 ℃, the sections were incubated for 1 h in an
Oil Red O dye bath to stain for fat accumulation. After
the stain was removed and the sections were washed
with 60% isopropanol, the image of each group was
photographed.

drive tumorigenesis. The colonic adenoma experimental
protocol is shown in Figure 1A. Animal body weights in
all groups were recorded once weekly until the termination of the experiment. Figure 1B is a representative picture showing the incidence of colon tumors in rats fed
either NDs or HFDs. The experimental protocol was
approved by the Animal Care and Use Committee and
the Ethics Committee of Shanghai Jiao Tong University.
Necropsy and tumor enumeration
The day before animals were euthanized they were kept
on overnight fasting with drinking water ad libitum and
euthanized on the next day. After they were anesthetized (ketamine 100 mg/kg + xylazine 15mg/kg, i.p.),
blood samples were taken by heart puncture[23]. Samples
were centrifuged for 15 min at 4000 rpm, the serum
was separated and aliquoted, and frozen at -80 ℃ until
further analysis. The entire colon was removed, opened
longitudinally, and rinsed in ice-cold saline. The colons
were laid flat on an aseptic towel, and the total number
of tumors in the entire colon was enumerated. After
that, the tumors were cut into halves; one was prepared
for histological examination, and the other was placed in
a cryotube and frozen immediately in liquid nitrogen for
Western blot. The liver and epididymal fat were also collected and weighed.
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Enzyme-linked immunosorbent assay
The levels of serum triglycerides, cholesterol, insulin,
IGF-1, leptin and TNF-α, IL-6, CXCL-10 were measured using corresponding enzyme-linked immunosorbent assay (ELISA) kits (RD, Minneapolis, MN, United
States) (n = 10 from each group) according to the manufacturer’s instructions.
Histological examinations and immunohistochemistry
The colon tissues were fixed in 10% neutral phosphatebuffered formalin, routinely processed, sectioned at 5
μm, and stained with hematoxylin and eosin for light
microscopic examination. For immunohistochemistry,
formalin-fixed paraffin-embedded colonic sections were
deparaffinized, rehydrated, and incubated for 5 min in
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3% H 2O 2 to deactivate endogenous peroxidase. The
sections were blocked with 5% bovine serum albumin,
incubated successively with anti-Ki-67 antibody (1:200;
Abcam, Cambridge, MA, United States) and biotinylated
horse anti-mouse secondary antibody (Vector Laboratories, Burlingame, CA, United States) in accordance
with the manufacturer’s instructions, and finally counterstained with hematoxylin. The staining of Ki-67 was
evaluated by two independent investigators using brightfield light microscopy.

(GraphPad, San Diego, CA, United States) and SPSS for
Windows version 19.0.

RESULTS
HFD consumption significantly increases total body
weight, liver weight and epididymal fat weight
All rats from both groups survived to the end of the
study (16 wk). Then, we measured the total body weight,
liver weight and epididymal fat weight. As shown in
Figure 2, the body weight was significantly higher in the
HFD group than in the ND group after 1 wk of treatment (i.e., at 6-wk-old), and this difference was maintained until the end of the study (Figure 2A). At the beginning of the study, the average body weight was 181.5
± 9.3 g and 187.7 ± 6.5 g in the ND and HFD groups,
respectively (P = 0.054). By the study end at 16 wk, the
average body weight significantly increased to 317.4 ±
8.2 g in the ND group and 368.6 ± 13.1 g in the HFD
group (P < 0.01). In addition, there was also a significant increase in liver weight and epididymal fat weight
in the HFD and ND groups. At the end of the study,
the average liver weight significantly increased to 8.43 ±
1.13 g in the ND group and 11.61 ± 1.28 g in the HFD
group (1.38-fold increase, P < 0.01), and the Oil Red O
examination showed that there were more lipid droplets
in the liver cells (Figure 2B, C). Weight of epididymal fat
significantly increased to 3.19 ± 0.26 g in the ND group
and 5.13 ± 0.45 g in the HFD group (1.61-fold increase,
P < 0.01) (Figure 2D).

Immunofluorescence staining
To visualize the expression of cyclooxygenase (COX)-2
and cell cycle-related proteins such as proliferating cell
nuclear antigen (PCNA), immunofluorescence was performed. Paraffin sections were blocked for endogenous
peroxide and treated for optimal antigen retrieval as
described before. Sections were incubated with PCNA
and COX-2 antibodies (Cell Signaling Technology,
Danvers, MA, United States). The sections were further
probed with a cyanine-3 conjugated anti-IgG secondary
antibody (Jackson ImmunoResearch Laboratories, Philadelphia, PA, United States). Cell nuclei were stained with
4,6-diamidino-2-phenylindole (DAPI). Incubation without the first antibody served as a negative control. Images of tumor sections were acquired under a DSY5000X
microscope using the Nikon D200 camera and imaging
system.
Western blot
The colonic tissues were homogenized, sonicated, and
transferred into ice-cold lysis buffer containing a protease inhibitor. The protein concentration was determined
using the BCA Protein Assay Kit (Pierce Biotechnology,
Rockford, IL, United States). The extracted proteins
were separated on 10% SDS-PAGE, and transferred
onto polyvinylidene difluoride membranes (Millipore,
Bedford, MA, United States). The membranes were then
incubated at 4 ℃ overnight with the appropriate primary
antibodies specific for PCNA, cyclin D1, β-catenin, and
NF-κB (1:1000; Cell Signaling Technology). After that,
the membranes were washed three times (20 min each)
with Tris-buffered saline (TBS) containing 0.1% Tween
20 (TBS-T), and then incubated for 1 h with the appropriate horseradish-peroxidase-conjugated secondary
antibody (1:2000) in TBS-T for 4 h at 4 ℃. Finally, the
proteins were visualized by the enhanced chemiluminescence method (ECL kit, Pierce) according to the manufacturer’s instructions. β-actin was used as an internal
loading control.

Enhanced formation of colonic adenoma and increased
cell proliferation in rats fed an HFD
After the rats were euthanized, we found that tumors
were successfully induced in both groups, although there
were differences in tumor number. We determined the
accurate tumor number by visual counting, as well as
their histological appearance (only those with pathologically confirmed adenomas were included). The number
of colonic adenomas was significantly higher in the HFD
group than in the ND group (Figure 2E). The mean
number of adenomas in the HFD group was 4.2 per rat,
while the ND group had only 1.9 tumors per rat (P < 0.01).
The microscopic characteristics of the colonic adenomas
in the ND and HFD groups are shown in Figure 3A and B,
respectively, and it should be noted that no morphological differences in the adenomas were observed between
the ND and HFD groups. To examine the facilitative effect of an HFD on the formation of colonic adenoma,
the precursor of colorectal carcinogenesis, the proliferative activity of the colonic epithelial cells was determined
using Ki-67 staining. As shown in Figure 3C-F, which
includes adjacent normal epithelial and adenoma tissues,
there was a significant increase in Ki-67 staining in the
adenomas in the HFD group compared with the ND
group. In particular, we found that in Ki-67+ crypts from
adjacent normal epithelium, Ki-67+ cells were mainly
restricted to the bottom of the colonic crypt in the ND-

Statistical analysis
Quantitative variables were analyzed using Student’s t
test or Mann-Whitney test. The data are presented as
mean ± SD. The confidence intervals throughout the
study were set at 95%. A two-sided P value < 0.05 was
regarded as statistically significant. The statistical analyses were performed using GraphPad Prism version 5.01
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Figure 2 Changes in body weight and representative images of the liver. A: Changes in body weight of rats fed a normal-fat diet (ND) (blue line, n = 10) and
high-fat diet (HFD) (red line, n = 10). Significant differences were observed between the ND and HFD groups at all time points except for the initial 2 wk; B: Representative images of the liver from the ND group (left) and HFD group (right). The liver from the HFD group appeared to have a fatty liver-like appearance, and the Oil Red
O staining also present that there are more lipid droplets in the cytoplasm of liver cells. Imaging was documented at × 200 magnification; C: Average weight of the
liver from the two groups. Each column represents the mean ± SD of 10 rats/group; D: Average weight of epididymal fat from the two groups. Each column represents
the mean ± SD of 10 rats/group. aP < 0.01, ND vs HFD; E: Average number of adenomas for rats fed an ND and HFD.

fed rats, while Ki-67+ cells in the positive crypts of HFDfed rats were mostly present throughout the height of the
crypt. Therefore, these results indicated that the proliferative activity of the colonic epithelial cells was promoted
by the HFD, which resulted in an increase in the formation of colonic adenoma.

tion of colonic adenomas. As described above, we observed that the HFD group had more tumors than the
ND group, and the proliferative activity in the HFD
group was higher than that in the ND group. We further
investigated whether HFD could modulate the expression of the inflammatory biomarker COX-2 and another
proliferation biomarker PCNA in tumor tissues. Through
immunofluorescent staining, we observed that HFD significantly augmented expression of PCNA (Figure 5A)
and COX-2 (Figure 5B) in tumor tissues. Meanwhile, the
expression of these two biomarkers in normal colon tissues was slightly elevated in the HFD group than in the
ND group, although their expression levels remain lower
than the tumor tissues. In order to investigate the probable mechanism of action, we determined the expression
of NF-κB, β-catenin, cyclin D1 and PCNA in adenoma
tissues using Western blot (Figure 6A, B). We found that
HFD consumption significantly increased the nuclear
levels of cell cycle modulator proteins such as PCNA
and cyclin D1 in adenoma tissues (P < 0.01). In addition, HFD consumption also increased the nuclear levels
of transcription factor NF-κB (P < 0.01) and β-catenin
(P < 0.001). These results demonstrated that consumption of HFD could alter the expression of cyclin D1
and COX-2 proteins, which were correlated with tumor
growth in colorectal carcinogenesis. The molecular

HFD consumption alters the levels of biochemical
indices and inflammatory cytokines in serum
As stated in the Introduction, it is widely accepted that
adipose tissue is an active endocrine organ responsible
for the production of many inflammatory cytokines.
So, we examined the proinflammatory cytokine TNF-α,
which has been linked to an increased risk of CRC. Significant increases in the levels of TNF-α were observed
in the HFD group compared with the ND group (P <
0.05, Figure 4A). We next investigated the serum levels
of various metabolites in the ND and HFD groups. The
concentrations of serum insulin, leptin, IGF-1, triglycerides cholesterol IL-6, and CXCL-10 increased in the
HFD-fed group compared with the ND-fed group to a
different extent (Figure 4B-H).
HFD enhances expression of PCNA and COX-2 in
colonic adenomas
We hypothesized that HFD could promote the forma-
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Figure 3 Representative photomicrographs showing the histological characteristics and proliferative state of colonic adenoma. A and B: Histological characteristics of colonic adenoma in the normal-fat diet/high-fat diet (ND/HFD) groups, and the magnified micrograph (right) highlights the area from the corresponding
white rectangle (left); C and D: Representative immunohistochemical staining of proliferative activity (Ki-67, brown) of colonic epithelial cells in the ND/HFD groups; C:
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by counting the positive cells per field (n = 5 per group, bP < 0.01, HFD-fed vs ND-fed). The magnification is marked in the lower right of the pictures, respectively.
MM: Magnified micrograph.

mechanisms were through the upregulation of β-catenin
and NF-κB proteins, respectively[24].

undertaken to explore the effect of an HFD on the incidence of colonic adenoma induced by intraperitoneal
DMH injection in Wistar rats.
The DMH model of colon carcinogenesis is a valid,
well-appreciated, and widely used model of experimental
colon carcinogenesis. It shares many similarities to human sporadic CRC[28], and nowadays is widely used for
the evaluation of environmental, dietary, and chemopreventive agents in the colon cancer process. Because the
susceptibility to DMH-induced colorectal carcinogenesis
is sex and age dependent, 6-wk-old male F344, Wistar
and Sprague-Dawley rats are most frequently used[29],
we chose Wistar rats in our experiments. We found that
tumors were successfully induced in both groups, although there were differences in tumor number. We did
not find colon obstruction or hemorrhage in any of the
rats when they were sacrificed, and we deduced that this

DISCUSSION
It has been reported that dietary factors are thought to
account for about 30% of cancers in Western countries,
and the contribution of diet to cancer risk in developing
countries is lower, perhaps about 20%[25]. A diet-cancer
question that has become contentious in recent years is
HFD and the role it might play in the development of
human CRC[26]. In animal models, the dysplastic aberrant
crypts or intraepithelial neoplasia have the potential to
progress to advanced adenoma, which has a significant
potential to transform into adenocarcinoma through a
series of genetic and epigenetic alterations, the adenoma-carcinoma sequence[27]. Therefore, this study was
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Figure 4 Levels of biochemical indices and inflammatory cytokines in serum between normal-fat diet and high-fat diet groups. Each column represents the
mean ± SD; (n = 10/group). A: Levels of TNF-α (86.62 ± 15.77 vs 136.60 ± 17.60, P = 0.034); B: Levels of insulin (0.176 ± 0.03 vs 0.326 ± 0.05, P = 0.024); C: Levels
of leptin (608.70 ± 172.0 vs 966.90 ± 239.0, P = 0.002); D: Levels of IGF-1 (49.46 ± 16.74 vs 110.0 ± 26.29, P = 0.045); E: Levels of triglycerides (0.406 ± 0.108 vs
0.992 ± 0.097, P = 0.002); F: Levels of cholesterol (5.645 ± 0.82 vs 6.486 ± 1.06, P = 0.044); G: Levels of IL-6 (59.08 ± 8.405 vs 76.83 ± 7.310, P = 0.004); H: Levels
of CXCL-10 (35.47 ± 5.04 vs 45.57 ± 9.45, P = 0.008). TNF-α: Tumor necrosis factor α; IGF-1: Insulin growth factor 1. IL-6: Interlukin-6; CXCL-10: Chemokine-10. (aP
< 0.05, bP < 0.01, ND vs HFD).

can be explained by the small tumor volume and its early
stage.
There are recent reports on the role of HFD in colon
carcinogenesis. A previous study by Endo et al[30] indicated that the number of ACFs and colonic epithelial cell
proliferative activity were significantly higher in the HFD
than in the ND group, and colonic cell proliferation was
promoted via the JNK pathway in the presence of an
HFD. Morotomi et al[31] demonstrated the enhancing effect of an HFD on ACFs and colonic tumor formation
in azoxymethane-injected F344 rats. Park et al[32] evaluated whether HFD could increase colon cancer growth
and metastasis in an xenograft tumor model in which
CT26 colon cancer cells were subcutaneously injected
into BABL/c mice, and confirmed that solid tumor
growth as well as the number and volume of tumor nodules in the lungs were increased markedly in the HFD
group than in the ND group. In accordance with previous studies, we showed a significant increase in the formation of colonic adenoma (P < 0.01) and an increase
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in the proliferative activity (Ki-67) of colonic epithelial
cells in the HFD group compared with the ND group.
It is known that hyperproliferation increases the risk of
endogenous mutations in tumor suppressor genes and
oncogenes and thus the cancer risk[33]. These results suggest that HFD consumption accelerates tumor growth in
a chemical-induced colonic adenoma model.
Our results also showed that the average body weight,
liver weight and epididymal fat weight were significantly
higher in rats fed an HFD, which indicates that fat tissue mass reflects excess energy consumption in this animal model. Increased caloric intake, usually including
an HFD, often results in elevated epididymal fat pads,
which leads to obesity in many strains of mice, which also
resembles human obesity[34]. Choe et al[35] have also indicated
that visceral obesity is a risk factor for colorectal adenoma
formation, although it does not have an additional effect
on its further progress to colorectal carcinoma. This can be
indirectly reflected by the high concentrations of serum triglycerides in the HFD group compared with the ND group.
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Figure 5 Expression of proliferating cell nuclear antigen and cyclooxygenase -2 in colonic adenoma and normal control tissue for both normal-fat diet and
high-fat diet groups by immunofluorescence staining. A: Representative images of immunofluorescence staining for proliferating cell nuclear antigen (PCNA); B:
Representative images of immunofluorescence staining for cyclooxygenase -2 (COX-2). The proteins are stained red with corresponding secondary antibody conjugated with Cy3, and cell nuclei are stained blue with 4,6-diamidino-2-phenylindole (DAPI). Imaging was documented at × 400 magnification. ND: Normal-fat diet;
HFD: High-fat diet.

In addition, Nieman et al[36] reported that adipose tissue
was characterized by a state of low-grade inflammation.
The close link between chronic inflammation and the
development of CRC is supported by epidemiological
studies. TNF-α, first identified as an antitumor agent, is
now also recognized as a tumor-promoting cytokine that
links inflammation and cancer[37]. It has been reported
that TNF-α plays a prominent role in obesity-induced
inflammation and has been shown to be elevated in the
circulation as well as in some tissues of obese humans
and rodents[38]. In this study, we found that the serum
concentration of TNF-α was higher in the HFD group
than in the ND group. This cytokine has the ability to
promote cell proliferation and survival[37], therefore, our
data might conclude that HFD-induced obesity increases
the risk of colonic adenoma by inducing chronic inflammation. The importance of TNF-α and its downstream
signaling pathways in obesity-mediated colon cancer
growth has also been confirmed by Flores et al[39] and Liu
et al[40] in a different colon cancer model. Furthermore,
adipocytes can secrete adipokines and cytokines, which
are known to promote tumor development, such as
IGF-1, insulin, leptin, and interleukin-6[41]. These adipo-
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cyte-associated molecules are implicated in cell growth,
proliferation, differentiation and cell cycle control, as described in the Introduction. The mechanisms for the involvement of these molecules in diet-induced obesity in
colon carcinogenesis have been preliminary investigated
by Park et al[9]. Their results have led to speculation that
HFD-induced obesity facilitates colon tumor formation,
possibly by regulating downstream targets of circulating
adiposity-related factors via receptor-mediated signaling
of the phosphatidylinositol 3-kinase/Akt and extracellular signal-regulated (ERK)1/2 pathways. Our data indicated that HFD-fed rats produced significantly higher
amounts of insulin, IGF-1 and leptin. This may explain
why there are more adenomas and higher proliferative
state in the HFD group compared with the ND group.
It is reported that NF-κB inhibitor protein (Iκ-Bα)
is phosphorylated by Iκ-Bα kinase and is subjected to
ubiquitin-mediated degradation. Degradation of Iκ-Bα
allows the nuclear translocation of activated NF-κB and
upregulation of COX-2 gene in cancer cells. Vaish et al[42]
have confirmed that COX-2 is a downstream target for
NF-κB in inhibiting apoptosis and promoting neoplasia.
Overexpression of COX-2 is also frequently observed
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Figure 6 Western blot analyses for proliferating cell nuclear antigen, cyclin D1, nuclear factor-kappa B and β-catenin. A: Representative Western blotting
images are shown in the left panel (n = 8/group); B: Right panel: graphs showing the expression ratio of each protein over β-actin in the high-fat diet (HFD) group
compared with the normal-fat diet (ND) group. bP < 0.01, dP < 0.01, HFD group vs ND group. PCNA: Proliferating cell nuclear antigen; NF-κB: Nuclear factor-kappa B.
Although the link between a high-fat diet (HFD) and an increased CRC risk has
been investigated in population-based observational studies, as well as in vitro
studies, there is little understanding concerning the effects of HFD in the formation of the precursor (colonic adenoma) of CRC. Therefore, this study was undertaken to explore the effect of HFD on the incidence of 1,2-dimethylhydrazine
(DMH)-induced colon carcinogenesis.

in the inflammation and progression of colorectal tumors [43,44]. During the proliferation of colon cancer
cells, cell cycle-related proteins such as cyclin D1 and
PCNA are major regulators of cell cycle progression
and DNA replication, respectively[45,46]. In the present
study, immunofluorescence staining indicated that HFD
consumption could augment the expression of PCNA
and COX-2 proteins in tumor tissues. To confirm our
findings, we further examined the expression of these
malignant biomarkers using Western blot. We found that
HFD consumption induced expression of PCNA and
cyclin D1 proteins in tumor tissues. The molecular actions of HFD consumption were also associated with
upregulation of transcription factors such as β-catenin
and NF-κB. These results suggest an important role
for β-catenin and NF-κB in regulating the expression
of cyclin D1 and COX-2 during HFD-mediated tumor
growth, respectively. Furthermore, we can conclude that
HFD-mediated tumor growth is associated with inflammation and increased cell cycle progression, although
we did not refer to the exact molecular mechanisms involved in this relationship.
In summary, our study demonstrated that HFD consumption could promote the formation of colonic adenoma through inflammation, metabolic abnormalities,
and increased cell cycle progression in a DMH-induced
tumor model. In the future, continued investigations are
needed to elucidate the precise molecular mechanisms
in the process of colorectal carcinogenesis under HFD
conditions.

Research frontiers

Despite accumulating evidence, the molecular mechanisms underlying the influence of a high intake of dietary fat on the promotion of colorectal carcinogenesis
are not fully understood. The possibility that elevated plasma insulin level promotes CRC has also been debated. Some studies support the hypothesis that
insulin acts as an important growth factor for colonic epithelial cells. In addition,
activation of the inflammation pathway is likely correlated with HFD consumption. These findings suggest that HFD could mediate the development of tumor
inflammation through upregulation of cyclo-oxygenase (COX)-2 and activation of
multiple signaling cascades including nuclear factor (NF)-κB cascade.

Innovations and breakthroughs

Although most animal experimental studies have shown that an HFD leads to
an increased number of chemically induced aberrant crypt foci, which are identifiable lesions in experimental colon carcinogenesis and colon tumors, there is
little understanding concerning the effects of HFD in the formation of the precursor (colonic adenoma) of CRC. This is believed to be the first study to report
that HFD can promote the formation of colonic adenoma in a DMH-induced
tumor model. The authors demonstrated an important role of β-catenin and NFκB in regulating the expression of cyclin D1 and COX-2 during HFD-mediated
tumor growth, respectively.

Applications

By understanding how HFD promotes colon carcinogenesis, the identification
and evaluation of the relationship between colonic adenoma and high intake of
dietary fat will be crucial for the development of preventive strategies against
CRC in the near future.

Terminology

DMH is the most commonly used carcinogen to induce and promote colorectal
tumors in rats and mice. DMH is an alkylating agent that is typically injected intraperitoneally or subcutaneously over several weeks to induce development of
tumors in the colon. In addition, tumor incidence and multiplicity can be altered
by both genetic background and by diet. This makes the models useful for the
study of gene-gene and gene-environment interactions that influence the pathogenesis of CRC.
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on the formation of colonic adenoma induced by DMH in Wistar rats. The results are reliable and suggest a significant role of HFD in the development of
colon adenoma. This study represents a further step in trying to understand the
mechanisms involved in this relationship.
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Phasic study of intestinal homeostasis disruption in
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liquid chromatography. Claudin 1 mRNA expression
was examined by real-time polymerase chain reaction
analysis. Intestinal microorganisms, wet/dry weight ratios, pH values, and endotoxin levels were determined
at multiple points after intestinal obstruction. Further+
+
+
more, the number and ratio of CD3 , CD4 and CD8
T cells were determined by flow cytometry, and secretory IgA levels were measured with an enzyme-linked
immunosorbent assay.
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RESULTS: A suitable controllable rabbit model of intestinal obstruction was established. Intestinal obstruction induced goblet cell damage and reduced cell number. Further indicators of epithelial cell damage were
observed as reduced serum citrulline levels and claudin
1 gene expression, and a transient increase in ODC
activity. In addition, the wet/dry weight ratio and pH
of the intestinal lumen were also dramatically altered.
The ratio of Bacillus bifidus and enterobacteria was
reversed following intestinal obstruction. The number
and area of Peyer’s patches first increased then sharply
decreased after the intestinal obstruction, along with
+
an alteration in the ratio of CD4/CD8 T cells, driven by
+
+
an increase in CD3 and CD8 T cells and a decrease
+
in CD4 T cells. The number of lamina propria lymphocytes also gradually decreased with prolonged obstruction.

Abstract
AIM: To investigate the phasic alteration of intestinal
homeostasis in an experimental model of intestinal obstruction.

CONCLUSION: Intestinal obstruction can induce disruption of intestinal homeostasis.

METHODS: A rabbit model of intestinal obstruction
was established by transforming parts of an infusion
set into an in vivo pulled-type locking clamp and creating a uniform controllable loop obstruction in the mesenteric non-avascular zone 8 cm from the distal end of
the ileum. The phasic alteration of intestinal homeostasis was studied after intestinal obstruction. The changes in goblet cells, intraepithelial lymphocytes, lamina
propria lymphocytes, and intestinal epithelium were
quantified from periodic acid-Schiff-stained sections.
Ornithine decarboxylase (ODC) activity and serum
citrulline levels were measured by high-performance
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Key words: Intestinal obstruction; Rabbit model; Homeostasis disruption; Intestinal epithelial cells; Intestinal microorganisms; Intestinal immune system
Core tip: A controllable rabbit model of intestinal obstruction was established. This model demonstrated
that intestinal obstruction (1) induced intestinal epithelial cell damage and reduction; (2) disrupted the
balance of intestinal microorganisms by abnormal pro-
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purchased from the Mingle Laboratory Animal Center
(Tianjin, China) and maintained in a temperature- controlled room with 12-h light/dark cycles and access to
regular chow and water. The experimental procedures
were approved by the Laboratory Animal Care Committee at Tianjin Medical University.

liferation of pathogenic bacteria; and (3) disrupted the
intestinal immune system, observed as a decrease in
the number and area of Peyer’s patches, and alteration
+
+
of CD4 T cell number and CD4/CD8 T cell ratio. Furthermore, the levels of ornithine decarboxylase activity
and citrulline and claudin 1 expression could serve as
indicators of intestinal epithelial cell damage.

Establishment of rabbit intestinal obstruction model
Forty-eight rabbits were randomly divided into eight
experimental groups (n = 6 per group). The experimental protocols were carried out under aseptic conditions.
Animals were anesthetized with urethane (intravenous
delivery; 1 g/kg) and a laparotomy was performed. A
uniform controllable loop obstruction was created by
placing a clamp in the mesenteric non-avascular zone, 8
cm from the distal end of the ileum. The animals were
allowed to recover postoperatively for 3 d, after which
the clamp was locked (indicated by the green color label),
resulting in obstruction of the intestine. Sham-operated
rabbits received mock manipulation of the gut without
locking of the clamp device. The experimental animals,
nonoperated controls, and sham-operated controls were
sacrificed for experiments at various times after obstruction (between 1 and 72 h).

Yu XY, Zou CL, Zhou ZL, Shan T, Li DH, Cui NQ. Phasic study
of intestinal homeostasis disruption in experimental intestinal
obstruction. World J Gastroenterol 2014; 20(25): 8130-8138
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i25/8130.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8130

INTRODUCTION
Intestinal obstruction is a common complication in abdominal surgery with significant morbidity and mortality
rates[1]. The most common causes of intestinal obstruction include intra-abdominal adhesions, intestinal herniation, gut strangulation, and abdominal tumors. The
clinical symptoms include nausea and emesis, colicky
abdominal pain, and a failure to pass flatus or bowel
movements[2]. Models of intestinal obstruction, such as
in mice, rats, rabbits, and pigs[3-6], are important tools for
investigating the pathogenic mechanisms of intestinal
obstruction. However, there is no well-established model
that accurately reconstructs the complex symptoms of
human intestinal obstruction. Therefore, it is necessary
to establish a good experimental model to study the effects of intestinal obstruction.
As the most common cause for abdominal emergency, the major concerns of intestinal obstruction are
its effects on whole body fluid and electrolyte balances
and the mechanical effect on intestinal perfusion [7].
However, the precise role of intestinal obstruction in the
disruption of intestinal homeostasis, which depends on
complex interactions between the intestinal epithelium,
microorganisms and the intestinal immune system[8,9], is
not entirely clear. These interactions are also important
for the pathogenesis of intestinal disorders other than
intestinal obstruction[10], such as inflammatory bowel disease[11] and Crohn’s disease[12].
However, to the best of our knowledge, no relevant
studies to date have focused on the alteration of intestinal homeostasis in experimental intestinal obstruction.
In the current study, a controllable rabbit model of intestinal obstruction was established and used to evaluate
the effects of intestinal obstruction on damage and recovery of intestinal epithelial cells, and on the intestinal
microorganisms and immune system.

Cell quantification
Intestinal segments 2 cm in length from the ileum (5 cm
distal to the obstruction) were excised and fixed in 4%
formaldehyde and embedded in paraffin blocks. Tissue was cut into 4-μm-thick sections for periodic acidSchiff (PAS) staining using standard protocols[13]. The
sections were examined and quantified using a Champion-500w graphic report management system (Beijing
Kong Hai Science and Technology Development Co.
Ltd., Beijing, China). The number, diameter and area of
goblet cells (GCs) were obtained from 25 villi per section and quantified as the number of cells/total area ×
10000. Intraepithelial lymphocytes (IELs) and lamina
propria lymphocytes (LPLs) were similarly counted
from 25 villi per section and expressed as a percentage
of total cells.
HPLC analysis
Ornithine decarboxylase (ODC) activity of intestinal tissues and the serum level of citrulline were analyzed by
HPLC as described previously[14,15].
RNA extraction and real-time polymerase chain reaction
RNA was extracted from intestinal segments (100 mg)
(5 cm distal to the obstruction) using the Total RNA
Kit (Qiagen, Vinlo, Limburg, Netherlands), following
the manufacturer’s instructions. First-strand cDNA was
synthesized from 1 μg mRNA using reverse transcriptase (Fermentas, Glen Burnie, MD, United States) and
oligo (dT) primers. Real-time PCR was performed with
an Applied Biosystems PRISM 7300 system using SYBR
Green polymerase chain reaction (PCR) Master Mix (Applied Biosystems by Life Technologies/Thermo Fisher

MATERIALS AND METHODS
Animals
Healthy New Zealand rabbits weighing 2.5-3.0 kg were
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Measurement of IgA level by enzyme-linked
immunosorbent assay
Extracts for enzyme-linked immunosorbent assay (ELISA) analysis were obtained by flushing 3 mL sterile PBS
through an 8-cm intestinal segment (5 cm distal to the obstruction) with the solid intestinal contents removed. The
obtained extracts were centrifuged and the supernatants
were collected. The levels of secretory IgA (s-IgA) were
measured using an ELISA kit (USCN Life Science, Wuhan, China) according to the manufacturer’s instructions.

Scientific, Waltham, MA, USA) for claudin 1 (forward: 5’
-GTGCCTTGATGGTGATTG-3’, reverse: 5’-AAAGTAGCCAGACCT GAAAT-3’) and nor malized to
β-actin (forward: 5’-TGATGGTGGGCATGGGTC-3’,
reverse: 5’-CGATGGGGTACTTCAGGGTG-3’).
Detection of luminal microorganisms
The intestinal contents were obtained from the ileum (5
cm distal to the obstruction) and weighed. Samples of
intestinal content (200 mg) were diluted 10-fold and then
plated on fresh eosin methylene blue or trypticase-peptone-yeast selective culture medium plates and cultured
for 48 h at 37 ℃. The number of bacteria was calculated
as colony-forming units per g (log CFU/g).

Statistical analysis
The software package SPSS version 17.0 (SPSS, Chicago,
IL, United States) was used for statistical analyses. Oneway analysis of variance was used for comparing values
obtained in three or more groups. Frequency variables were
compared using the χ 2 test. Data are expressed as mean ±
SD and P < 0.05 was regarded as statistically significant.

Measurement of ileum wet/dry ratio and pH value
For measurement of ileum wet/dry ratio[4], the intestinal
contents from a 5-cm intestinal segment (5 cm distal to
the obstruction) were weighed (wet weight value) and
the segment was then dried by baking, after which the
dry weight was recorded. The pH of the intestinal lumen
was measured with medical pH indicator paper.

RESULTS

Limulus amebocyte lysate assay
To determine the endotoxin concentration in serum at
different times after intestinal obstruction, an Limulus
amebocyte lysate (LAL) assay was performed using a
commercial kit according to the manufacturer’s protocol
(Chinese Horseshoe Crab Reagent Manufactory, Xiamen,
China). Serum samples were collected and analyzed using
pyrogen-free materials, diluted 10% (v/v) in LAL reagent
water, and heated to 70 ℃ for 5 min to remove any nonspecific inhibition. Samples were then incubated with
equal volumes of LAL for 10 min at 37 ℃ and developed
with equal volumes of substrate solution for 6 min. The
absorbance of the assay plate was read at 545 nm using a
microplate reader (BioTek, Winooski, VT, United States).

Modified and controllable rabbit model of intestinal
obstruction
A controllable intestinal obstruction model was developed
in the rabbit by using the intestinal extrinsic oppressive
method. Infusion set parts that are widely used in clinical
settings were transformed into an in vivo pulled-type locking clamp (Figure 1A). After laparotomy, a uniform controllable loop obstruction was created with a clamp in the
mesenteric non-avascular zone placed 8 cm from the distal
end of the ileum (Figure 1B). Three days after the operation, the clamp was locked, resulting in the obstruction of
the intestine. Obstruction resulted in a gross pathological
changes observed as bowel distension, hyperemia edema,
cyanosis, adhesions, perforation, free peritoneal fluid, or
even enteroparalysis, which became more apparent with
extended obstruction time (Figure 1C, D).

Flow cytometry analysis of Peyer’s patch lymphocytes
Peyer’s patch (PP) lymphocytes were isolated as described
previously[16]. PPs were excised and incubated in sterile
conditions in RPMI medium containing 1 mmol/L dithiothreitol for 5 min at 37 ℃. Thereafter, the PPs were
washed with RPMI medium and passed through a steel
mesh. The resultant cell suspension was washed and resuspended in RPMI containing 10% fetal bovine serum.
The PP lymphocytes were incubated at 4 ℃ for 30 min
with fluorescein-isothiocyanate-conjugated anti-rabbit
CD4, phycoerythrin-conjugated anti-rabbit CD8 and
PerCP-Cy5.5-conjugated anti-rabbit CD3 antibodies (Antigenix, Huntington Station, NY, United States). Negative
controls were stained with isotype-matched monoclonal
antibodies. Cells were washed and resuspended in phosphate-buffered saline (PBS) for fluorescence-activated
cell sorting (FACS) analysis. Data were acquired with a
FACS Calibur flow cytometer and analyzed using Cell
Quest software (BD Biosciences, Franklin Lakes, NJ,
United States).

Effect of intestinal obstruction on intestinal epithelial
cells
Experimental animals, non-operated controls, and shamoperated controls were sacrificed at various times after
intestinal obstruction (between 1 and 72 h). Quantification of GC number, diameter and area from PASstained tissue sections demonstrated that there was an
increase in the number of GCs 48 h after obstruction
(Figure 2A). The diameter and area of GCs initially
decreased during the first 12 h of obstruction and then
recovered by 72 h (Figure 2B, D). Evidence suggesting a
proliferation of intestinal epithelial cells was supported
by changes in the activity of ODC, which increased after
obstruction and peaked at 12 h, then rapidly decreased
(Figure 2E). However, the number of GCs dramatically
decreased after 48 h, paralleled by a decrease in blood
citrulline levels after 24 h (Figure 2F), indicating severe
damage in the intestinal epithelium and the shedding of
cells (Figure 2C). Furthermore, expression of claudin 1
mRNA, encoding a protein involved in the formation of
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Figure 1 Establishment of a modified and controllable rabbit model of intestinal obstruction. A: The infusion set used in this study (left), the color labels indicating the status of the lock, (right) the cut after saturation; B: Assembling the in vivo pulled-type locking clamp; C: Effect of obstruction for (Ⅰ) sham-operated control
and at (Ⅱ) 24 h, (Ⅲ) 48 h, and (Ⅳ) 72 h after obstruction; D: Gross morphology of intestinal obstruction at (Ⅰ) 24 h, (Ⅱ) 48 h, and (Ⅲ) 72 h after obstruction.

prolonged obstruction (24-72 h) (Figure 4F). There was
also a trend towards a decrease in the amount of s-IgA
with time from obstruction, although this difference
was not significant (Figure 4G). Furthermore, the data
showed that there was no significant difference found
in the number of IELs during obstruction (Figure 4H),
while the number of LPLs gradually decreased with the
duration of obstruction (Figure 4I).

epithelial tight junctions, was significantly reduced 6 h
after obstruction (P < 0.05) and almost undetectable at
72 h.
Effect of intestinal obstruction on intestinal
microorganisms
Two types of intestinal bacteria were examined after intestinal obstruction. Following obstruction, the amount
of Bacillus bifidus gradually decreased and enterobacteria
increased such that by 24 h after obstruction, a reversal of their ratios was observed, with enterobacteria
progressively becoming the dominant bacteria in the
intestinal lumen (Figure 3A, B). In addition, the wet/dry
weight ratio of intestinal contents and the pH value of
intestinal lumen were also dramatically altered (Figure
3C). An LAL assay demonstrated that the concentration
of endotoxins produced by pathogenic bacteria dramatically increased with prolonged obstruction (Figure 3D).

DISCUSSION
Intestinal obstruction of the small or large intestines
induces a series of changes in the obstructed segments
that cause symptoms, such as bloating, vomiting, abdominal cramps and constipation, and can lead to intestinal
failure[17,18]. Although the functional and morphological
changes have been well documented in the literature,
the role of intestinal obstruction in the disruption of
intestinal homeostasis is not fully understood. Current
established animal models of complete intestinal obstruction are not controllable[19], therefore, a new animal
model was developed and used to examine the effects of
complete obstruction. Our results provide evidence for
a robust relationship between intestinal homeostasis and
obstruction.
A controllable rabbit model of intestinal obstruction was established by transforming infusion set parts
widely used in clinics into an in vivo pulled-type locking clamp. The clamp was placed 8 cm from the distal

Effect of intestinal obstruction on intestinal immune
system
An analysis of PPs indicated that intestinal obstruction
resulted in an initial increase in their number and size
from 1 to 24 h after obstruction, followed by a sharp
decrease from 24 to 72 h (Figure 4A, B). FACS analysis
revealed an increase in CD3+ and CD8+ T cells at 48 and
72 h post-obstruction, accompanied by a decrease in
CD4+ T cells (Figure 4C-E). As a result, the CD4/CD8
ratio first increased (1-24 h), then sharply declined with
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Figure 2 Intestinal obstruction alters intestinal epithelial cells. A: Number; B: Diameter; and D: Area of goblet cells (GCs) in obstructed ileum; C: Periodic acidSchiff-stained intestinal tissue sections from (Ⅰ) non-operated controls, (Ⅱ) sham-operated controls and at (Ⅲ) 1 h, (Ⅳ) 6 h, (Ⅴ) 12 h, (Ⅵ) 24 h, (Ⅶ) 48 h and (Ⅷ)
72 h after obstruction; E: Ornithine decarboxylase (ODC) activity in intestinal tissues; F: Level of citrulline in serum; G: Claudin 1 gene expression.
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Figure 3 Intestinal obstruction disrupts the balance of intestinal microorganisms. Quantification of A: Bacillus bifidus and B: enterobacteria in the intestinal lumen; C: Wet/dry weight ratio for intestinal contents and pH value of intestinal lumen; D: Serum endotoxin levels.

end of the ileum to create a uniform controllable loop
obstruction. This method has several advantages compared to previously described rabbit models because it
involves a faster surgical procedure, reduced trauma,
and the use of more cost-effective materials, as well as
minimizing the risk of intra-abdominal infection, and
intestinal adhesions and perforation[5,20]. It replicates the
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complex symptoms of human intestinal obstruction,
with effects evident after prolonged obstruction. Within
72 h, the intestinal epithelia was found to be severely
damaged, with a dramatic decrease in GC number after
48 h. Epithelial damage can be observed as changes in
levels of ODC[21] and blood citrulline[22], which were
both dramatically decreased by obstruction in our model,
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Figure 4 Intestinal obstruction disrupts the intestinal immune system. A: The number; B: area of Peyer’s patch (PP) in obstructed ileum quantified from periodic
acid–Schiff-stained tissue sections; Percentages of C: CD3+ T cells; D: CD4+ T cells; E: CD8+ T cells; F: Ratio of CD4+/CD8+ T cells; G: The level of s-IgA in intestinal
lumen; H: Quantification of intraepithelial lymphocytes (IELs); I: Quantification of lamina propria lymphocytes (LPLs).

such as Enterobacteriaceae[32]. The ratio of these two types
of bacteria was inverted following obstruction, corresponding to an increase in serum endotoxin. In addition,
there was a decrease in the wet/dry weight ratio and
luminal pH, suggesting that this alteration in the balance
of intestinal microorganisms disrupted the internal milieu of the intestine.
Equilibrium between the microbiota and the intestinal immune system is fundamental to intestinal homeostasis. Excessive and constitutive activation of immune
responses can cause gut tissue destruction, thus, a response is mounted by intestinal immune cells in order
to maintain intestinal homeostasis[33]. The gut-associated
lymphoid tissue consists of secondary lymphoid organs including PPs, mesenteric lymph nodes, IELs, and
LPLs[34]. In this study, complete intestinal obstruction
resulted in an initial increase in the number and area of
PPs, followed by a sharp decline. The number of LPLs
also declined with obstruction. Furthermore, the percentages of T cell subtypes in PP lymphocytes were altered, indicating that the intestinal obstruction disrupted
the intestinal immune system.
In summary, the data demonstrate the use of a novel
model of intestinal obstruction that results in a disruption of intestinal homeostasis. However, further studies

indicating an imbalance of damage and recovery of intestinal epithelia. The intestinal epithelial integrity was
completely lost with prolonged obstruction, and the
intestinal mechanical barrier was severely compromised,
as indicated by the decrease in expression of claudin 1; a
transmembrane component of tight junctions between
intestinal epithelial cells[23,24]. These junctions constitute
continuous, circumferential seals around cells that serve
as a physical barrier[25]. These findings suggest that an
imbalance between intestinal epithelial cell damage and
recovery occurs with prolonged obstruction. Furthermore, the data suggest that levels of ODC and citrulline
combined with claudin 1 expression could serve as indicators of the degree of intestinal epithelial cell damage
after intestinal obstruction.
The intestinal lumen hosts a large amount of commensal bacteria[26], and a large body of evidence has now
confirmed the important role of these microbes in the
maintenance of intestinal homeostasis[27-29]. This homeostasis, which involves intestinal epithelial cells, luminal
microorganisms and gut-associated lymphoid tissue[30], is
initially disrupted following intestinal obstruction. Damage to intestinal epithelial cells can lead to an alteration
of luminal microorganisms [31], including commensal
bacteria, such as Bacillus bifidus, and pathogenic bacteria,

WJG|www.wjgnet.com

8136

July 7, 2014|Volume 20|Issue 25|

Yu XY et al . Modeled intestinal obstruction

are needed to determine the precise mechanism of this
disruption. The findings of the present study suggest
that restoration of intestinal homeostasis would provide
a viable therapeutic target for treatment of intestinal obstruction.
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RESULTS: Of 33045 lncRNAs, 1133 were differentially
expressed in MLN compared with NLN, of which 260
were up-regulated and 873 down-regulated (≥ 2 foldchange). Five hundred and forty-five lncRNAs were
differentially expressed in MLN compared with tumor
tissues, of which 460 were up-regulated and 85 downregulated ( ≥ 2 fold-change). Compared with NLN
and cancer tissues, 14 lncRNAs were specifically upregulated and 5 specifically down-regulated in MLN.
AK307796, ENST00000425785, and AK021444 were
confirmed to be specifically up-regulated in MLN and
ENST00000465846 specifically down-regulated in MLN
by qRT-PCR in 26 CRC patients.
CONCLUSION: The specifically expressed lncRNAs in
MLN may exert a partial or key role in the progress of
lymph nodes metastasis of CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Long noncoding RNAs; Colorectal cancer;
Lymph nodes metastasis; Quantitative real-time polymerase chain reaction; MicroRNA

AIM: To screen lymph nodes metastasis associated
long noncoding RNAs (lncRNAs) in colorectal cancer
through microarray analysis.

Core tip: Long noncoding RNAs (lncRNAs) have been
reported to be aberrantly expressed in a variety of human cancers. However, no data are available regarding their functions in the lymph nodes metastasis of
colorectal cancer (CRC). Our study is the first study to
focus on lymph nodes metastasis associated lncRNAs
in CRC by microarray. Obvious changes of lncRNAs
expression profiles were observed in metastatic lymph
node, normal lymph node, and tumor tissues of CRC.
These changes of lncRNAs may serve as new diagnostic biomarkers and therapeutic targets for lymph node
metastasis of CRC.

METHODS: Metastatic lymph node (MLN), normal
lymph node (NLN) and tumor tissues of 3 colorectal
cancer (CRC) patients were collected during the operation and validated by pathological examinations. RNAs
were extracted from MLN, NLN, and cancer tissues
separately. RNA quantity and quality were measured
with a NanoDrop ND-1000 spectrophotometer and RNA
integrity was assessed by standard denaturing agarose
electrophoresis. Agilent Feature Extraction Software
(Version 11.0.1.1) was used to analyze acquired array
images. Four differently expressed lncRNAs were con-
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PCR in 26 additional subsets of MLN, NLN and tumor
tissues. Our findings indicated that lncRNAs may play a
significant role in the process of lymph node metastasis
of CRC.

Han J, Rong LF, Shi CB, Dong XG, Wang J, Wang BL, Wen
H, He ZY. Screening of lymph nodes metastasis associated lncRNAs in colorectal cancer patients. World J Gastroenterol 2014;
20(25): 8139-8150 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8139.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8139

MATERIALS AND METHODS
Patient samples
Twenty-six CRC patients who were surgically treated at
Second Affiliated Hospital of Nanjing Medical University from June 2011 to June 2012 were included in our
study. All patients recruited in this study received neither
chemotherapy nor radiotherapy before the surgery. Written informed consent was obtained from all patients and
permission for this study was obtained from the ethics
committee of Second Affiliated Hospital of Nanjing
Medical University. A set of lymph node and tumor tissues were collected during the operation and stained with
HE by two experienced pathologists. Lymph nodes were
divided into MLN and NLN according to the HE staining results. All samples were frozen in liquid nitrogen and
stored at -80 ℃ until further analysis. Out of 87 samples,
9 (3 MLN, 3 NLN and, 3 tumor tissues) from 3 patients
were used for microarray analysis of lncRNAs and the
others were used for an extra evaluation.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
malignant tumors worldwide. According to the result of
IARC (International Agency for Research on Cancer),
approximately 1.23 million CRC patients were diagnosed
yearly worldwide and 0.6 million CRC patients died in
2008[1]. As we all know, the prime cause of death among
CRC patients is metastasis such as blood metastasis and
lymph node metastasis. Among various metastatic pathways, lymph node metastasis is the most frequent pathway, which plays an important role in affecting the prognosis of CRC patients. Clinically, approximately 50% of
patients with lymph node metastasis of CRC will experience disease recurrence[2-4]. Lymph node metastasis is also
one of the critical clinical markers to judge the tumor
stage and to make specific therapeutic schedule in CRC
patients. Thus, how to detect the lymph node metastasis
at early stage and how to further study molecular mechanisms are essential for diagnosis and therapy of CRC.
Long noncoding RNAs (lncRNAs), longer than 200
nucleotides (nt) in length, are a kind of RNAs that do not
encode proteins. LncRNAs, transcribed by RNA polymerase Ⅱ (RNA pol Ⅱ), were ever thought to be “transcriptional noise” without biomedical functions. However, lncRNAs have been validated to have comprehensive
functions in biological processes such as inactivating X
chromosome, regulating DNA metabolism, and activating transcription by recently published studies[5-7]. Increasing evidence indicated that lncRNAs play important
roles in many human diseases, including various types
of cancer[8]. LncRNAs were reported to be abnormally
expressed in various cancers and were associated with
tumor cell proliferation, growth, apoptosis, invasion, and
metastasis[9-14]. When it comes to CRC, several lncRNAs
have been reported to be oncogenic factors by inhibiting
apoptosis and promoting cell proliferation and so on[15,16];
while several other lncRNAs have been reported to be
tumor suppressive factors by inhibiting cell growth[17].
However, the roles lncRNAs play in the progress of
lymph node metastasis of CRC remain unknown.
In this study, we profiled the lncRNA expression
in metastatic lymph node (MLN), normal lymph node
(NLN), and tumor tissues from 3 CRC patients by using Human LncRNA Array. Differentially expressed
lncRNAs were identified by comparing 3 different tissues with each other. Meanwhile, we selected specifically
expressed lncRNAs in MLN by comparing MLN with
NLN and tumor tissues out of these specifically expressed lncRNAs in MLN, and 4 were evaluated by qRT-
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RNA extraction
Total RNAs were extracted from 26 snap frozen subsets
of MLN, NLN, and tumor tissues using TRIzol reagent
(Invitrogen, Carlsbad, CA, United States) according to
the manufacturer’s protocol. RNA quantity and quality
were measured with a NanoDrop ND-1000 spectrometer
and RNA integrity was assessed by standard denaturing
agarosegel electrophoresis.
RNA labeling, array hybridization and data analysis
Sample labeling and array hybridization were performed
according to the Agilent one-color microarray-based gene
expression analysis protocol (Agilent Technology) with
minor modifications. Briefly, mRNA was purified from
total RNA after removal of rRNA (mRNA-ONLY™
eukaryotic mRNA isolation kit, Epicentre). Then, each
sample was amplified and transcribed into fluorescent
cRNA along the entire length of the transcripts without
3’ bias utilizing a random priming method. The labeled
cRNAs were purified by RNeasy Mini Kit (Qiagen). The
concentration and specific activity of the labeled cRNAs
(pmol Cy3/μg cRNA) were measured with a NanoDrop
ND-1000 spectrometer. Each labeled cRNA (1 μg) was
fragmented by adding 5 μL 10 × Blocking Agent and 1
μL of 25 × Fragmentation Buffer, then the mixture was
heated at 60 ℃ for 30 min, and finally 25 μL 2 × GE Hybridization Buffer was added to dilute the labeled cRNA.
Fifty microliters of hybridization solution was dispensed
into the gasket slide and assembled to the lncRNA expression microarray slide. The slides were incubated for
17 h at 65 ℃ in an Agilent hybridization oven. The hybridized arrays were washed, fixed and scanned using an
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A

B

Figure 1 Metastatic lymph node and tumor tissues of colorectal cancer revealed by HE staining. A: Metastatic lymph node; B: Tumor tissue.

Agilent DNA microarray scanner (part number G2505C).
Agilent feature extraction software (version 11.0.1.1) was
used to analyze the array images. Quantile normalization
and subsequent data processing were performed using
the GeneSpring GX v11.5.1 software package (Agilent
Technologies). A normalized value is a relative number
that comes from the ratio of the raw data value of the
listed probe to that of the control. After quantile normalization of the raw data, lncRNAs and mRNAs with
9 samples that have flags in present or marginal were
chosen for further data analysis. Differentially expressed
lncRNAs and mRNAs with statistical significance were
identified through Volcano Plot filtering and fold change
filtering. Hierarchical clustering was performed using the
Agilent GeneSpring GX software (Version 11.5.1). GO
analysis and pathway analysis were performed using the
standard enrichment computation method. The microarray work was performed by KangChen Bio-tech Shanghai, China.

tration of the target gene and that of the housekeeping
gene. For each target gene, we took the relative amount
of the control sample as 1, and then the relative amount
of the other samples as n fold of the control sample. The
lncRNA expression differences between two groups were
analyzed using Student’s t test. P < 0.05 was considered
statistically significant.

RESULTS
Patients and array information
Clinical and pathological information of 3 patients were
used for microarray analysis. Briefly, more than 15 lymph
nodes were harvested and at least one was confirmed to
be metastatic by HE staining in each patient (Figure 1).
Arraystar human lncRNA microarray V2.0 is designed
for the global profiling of human lncRNAs and proteincoding transcripts. A total of 33045 lncRNAs and 30215
coding transcripts can be detected by this second-generation lncRNAs microarray. The lncRNAs are carefully
collected from the most authoritative databases such as
RefSeq_NR, UCSC_Known Genes, Ensembl, H-invDB,
UCR, lincRNA, and the related literature. Each transcript
is represented by a specific exon or splice junction probe
which can identify individual transcript accurately. Positive probes for housekeeping genes and negative probes
are also printed onto the array for hybridization quality
control.

Statistical analysis
Quantitative real-time polymerase chain reaction (qRTPCR) was used to verify differential expression of 4
lncRNAs that were detected to be specifically expressed
in MLN by the lncRNA expression microarray. The first
strand cDNA was synthesized using SuperScript™ Ⅲ
Reverse Transcriptase (Invitrogen), RNase Inhibitor (Epicentre), and 1.25 mmol/L dNTPs Mix. Each qRT-PCR
reaction (in 10 μL) contained 2 × Super Array PCR master mix 5 μL, 10 μmol/L PCR forward primer 0.5 μL, 10
μmol/L PCR reverse primer 0.5 μL, diluted first strand
cDNA synthesis reaction 2 μL, and ddH2O 2 μL. The
cycling conditions consisted of an initial, single cycle of
10 min at 95 ℃, followed by 40 cycles of 10 s at 95 ℃,
60 s at 60 ℃, and 15 s at 95 ℃. For each sample, we
performed qRT-PCR for target genes and a housekeeping gene. A standard curve was constructed using serial
10-fold dilutions (from 1 to 106) of the PCR products to
quantify the results. According to the standard curve, the
gene concentration of each sample is generated directly
using Rotor-Gene Real-Time Analysis Software 6.0. For
each sample, the relative amount of the target gene is
determined by calculating the ratio between the concen-
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LncRNA expression proﬁle in MLN, NLN and tumor
tissues
After quantile normalization of the raw data, lncRNAs
with 9 samples that have flags in present or marginal were
chosen for differentially expressed lncRNA screening.
Out of 33045 lncRNAs, 20705 were in present or marginal in all 9 samples.
Quality assessment of lncRNA data after filtering
The box-plot is a convenient way to quickly visualize
the distributions of a dataset. It is commonly used for
comparing the distributions of the intensities from all
samples. After normalization, the distributions of expression values for the samples are nearly the same, indicating
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Table 1 Summary of data from long noncoding RNA microarray for three pairs of metastatic lymph nodes, normal lymph nodes
and tumor tissue of colorectal cancer
Sample
ID
R1

lncRNA
MLN vs NLN
MLN vs tumor
NLN vs tumor

R2

MLN vs NLN
MLN vs tumor
NLN vs tumor

R3

MLN vs NLN
MLM vs tumor
NLN vs tumor

Fold change ≤ 4

Fold change > 4

Total

Changes lncRNA

704
1034
2864
2421
2915
2303
1223
1934
488
457
2123
1231
1557
1441
915
482
1481
1102

161
188
1720
2047
1999
1678
354
412
105
59
763
397
399
310
114
61
597
439

865
1222
4584
4468
4914
3981
1577
2346
593
516
2886
1628
1956
1751
1029
543
2078
1541

2087

Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation

9052
8895
3923
1109
4514
3707
1572
3619

MLN: Metastatic lymph nodes; NLN: Normal lymph nodes; Tumor: Tumor tissue of colorectal cancer. lncRNA: Long noncoding RNA.

Table 2 Summary of data from message RNA microarray for three pairs of metastatic lymph nodes, normal lymph nodes and tumor
tissue of colorectal cancer
Sample

Message RNA

ID
R1

Positive vs negative
Positive vs tumor
Negative vs tumor

R2

Positive vs negative
Positive vs tumor
Negative vs tumor

R3

Positive vs negative
Positive vs tumor
Negative vs tumor

Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation
Up-regulation
Down-regulation

Fold change ≤ 4

Fold change > 4

Total

Changes lncRNA

1421
910
4028
2112
3848
2088
1354
1960
571
711
1806
1692
1706
1562
865
731
1328
1681

310
177
2762
1623
2542
1397
544
496
129
123
858
747
612
437
142
117
756
804

1731
1087
6790
3735
6390
3485
1898
2456
700
834
2664
2439
2318
1999
1007
848
2084
2485

2818
10525
9875
4354
1534
5103
4317
1855
4569

MLN: Metastatic lymph nodes; NLN: Normal lymph nodes; Tumor: Tumor tissue of colorectal cancer.

that it is suitable for further analysis. The scatter-plot is
a visualization method used for assessing the lncRNA
expression variation (or reproducibility) between the two
compared samples or two compared sample groups.

senting 633 lncRNAs were down-regulated, while 260
probe sets representing 197 lncRNAs were up-regulated
in the MLN group. Compared with the tumor tissue
group, 85 probe sets representing 53 lncRNAs were
down-regulated, while 460 probe sets representing 337 lncRNAs were up-regulated in the MLN group. Compared
with the tumor tissue group, 623 probe sets representing
471 lncRNAs were down-regulated, while 2038 probe
sets representing 1396 lncRNAs were up-regulated in the
NLN group. Then, we performed a fold change filtering
between every two samples in each patient to identify differentially expressed lncRNAs (fold change ≥ 2.0). The

Screening of differentially expressed lncRNAs
Initially, we performed a volcano plot filtering between
two groups to identify differentially expressed lncRNAs
with statistical significance (fold change ≥ 2.0, P ≤ 0.05).
From the data of microarray, variations of lncRNA and
mRNA expression were shown in Tables 1 and 2. Briefly,
compared with the NLN group, 873 probe sets repre-
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Up-regulation
Down-regulation

6000
R1

R2

R3

5000
4000
3000
2000
1000
0

P1 vs N1

P1 vs T1

N1 vs T1

P2 vs N2

P2 vs T2

N2 vs T2

P3 vs N3

P3 vs T3

N3 vs T3

Figure 2 Counts of up-regulated and down-regulated long noncoding RNAs. Up-regulated and down-regulated long noncoding RNAs (lncRNAs) varied in different patients when comparing different samples: many lncRNAs were determined to be significantly up-regulated or down-regulated in metastatic lymph nodes
(MLN), normal lymph node (NLN) and tumor tissues of colorectal cancer (CRC) in three patients by microarray analysis. The number of differently expressed lncRNAs
between NLN and tumor tissue was much larger than those of differently expressed lncRNAs both between MLN and NLN and between MLN and tumor tissue. M:
Metastatic lymph nodes; N: Normal lymph nodes; T: Tumor tissue of colorectal cancer.

Table 3 Specifically expressed long noncoding RNAs in metastatic lymph nodes by comparing metastatic lymph nodes both with
normal lymph nodes and tumor tissue of colorectal cancer
Up-regulated in MLN
LncRNA

Down-regulated in MLN
Log2 fold change (M > N and M > T)

LncRNA

Log2 fold change (M < N and M < T)

2.466393114
2.086153236
2.795028512
2.885255406
3.034259412
2.06748042
2.357461429
2.055384542
2.670107882
2.453511443
2.854856902
6.696784453
7.763431269
3.345445171

BC042589
ENST00000429729
uc002ztx.3
ENST00000418346
ENST00000465846

-4.323467267
-2.720521004
-2.196481477
-2.260120093
-3.200848076

uc004aej.2
ENST00000393311
ENST00000447552
AK025180
AW449673
ENST00000450572
ENST00000483126
ENST00000425785
CR599788
AK097728
uc002jsc.1
BC036914
AK021444
AK307796

Metastatic lymph nodes (MLN) samples vs normal lymph node samples and MLN samples vs colorectal cancer tumor tissue, false discovery rate, 0.1%, P =
0.01. M: Metastatic lymph nodes; N: Normal lymph node; T: Tumor tissue of colorectal cancer; LncRNA: Long noncoding RNA.

number of up-regulated and down-regulated lncRNAs
varied in different patients compared with that of different samples. Interestingly, we found that the number of
differently expressed lncRNAs between NLN and tumor
tissues was much greater than those of differently expressed lncRNAs between MLN and NLN, and between
MLN and tumor tissues (Figure 2), which indicated that
NLN was quite different from tumor tissue.
Next, we collected the specifically expressed lncRNAs
in MLN by comparing MLN with NLN and tumor tissues, respectively. Only 9 probe sets representing 5 lncRNAs were specifically down-regulated and 19 probe
sets representing 14 lncRNAs specifically up-regulated
in the MLN group compared with the NLN group and
tumor tissue group (fold change ≥ 2.0, P ≤ 0.05). Of
these, AK021444 (absolute fold change MLN/NLN =
7.763431269) was the most significantly up-regulated one,
while BC042589 (MLN/NLN = 4.323467267) was the

WJG|www.wjgnet.com

most significantly down-regulated one in the MLN group
(Table 3). In each patient, there were 548, 193, and 134
specifically down-regulated probe sets (representing 424,
144, 113 lncRNAs), and 862, 135, and 693 specifically
up-regulated ones (representing 593, 111, 522 lncRNAs)
in MLN, NLN and tumor tissues, respectively.
Additionally, we determined whether lncRNAs
changed gradually from tumor tissue to MLN and then
from MLN to NLN. We summarized the gradually increased and decreased lncRNAs from tumor tissue to
MLN then to NLN. These lncRNAs may also play an
important role in facilitating the CRC tumor cell transfer
from the primary tumor to lymph nodes.
As reported, lncRNAs exerted important roles in
gene expression, especially their nearby coding genes.
The possible relationships of lncRNAs with their nearby
coding genes included natural antisense[18-20], exon senseoverlapping[21], intron sense-overlapping, intronic anti-
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Table 4 Verification of expression levels of differentially expressed long noncoding RNAs in metastatic lymph nodes by quantitative
real-time polymerase chain reaction in 26 colorectal cancer patients with lymph node metastasis
AK307796/GAPDH
R1
R2
R3
R4
R5
R6
R7
R8
R9
R10
R11
R12
R13
R14
R15
R16
R17
R18
R19
R20
R21
R22
R23
R24
R25
R26

AK025180/GAPDH

AK021444/GAPDH

ENST00000465846/GAPDH

MLN

NLN

Tumor

MLN

NLN

Tumor

MLN

NLN

Tumor

MLN

NLN

Tumor

0.08760
0.06670
0.10417
0.04708
0.07200
0.07950
0.09710
0.05620
0.07110
0.06120
0.08980
0.06250
0.10250
0.05850
0.04981
0.09623
0.08120
0.07800
0.09910
0.08452
0.09110
0.06780
0.09380
0.06781
0.07430
0.05320

0.03420
0.04090
0.04530
0.03990
0.03230
0.03850
0.03310
0.04024
0.03430
0.03910
0.04270
0.04133
0.03570
0.03592
0.03490
0.03680
0.04080
0.03623
0.03800
0.03524
0.04210
0.03794
0.04392
0.03900
0.04180
0.03753

0.0358
0.0432
0.0524
0.0526
0.0608
0.0635
0.0401
0.0614
0.0414
0.0591
0.0398
0.0605
0.0423
0.0537
0.0449
0.0630
0.0507
0.0627
0.0462
0.0566
0.0437
0.0521
0.0475
0.0553
0.0491
0.0579

0.0790
0.1340
0.0940
0.0800
0.0906
0.1310
0.0870
0.1110
0.0892
0.0923
0.1200
0.0827
0.1050
0.1070
0.0983
0.0962
0.1030
0.0839
0.1140
0.0998
0.0815
0.1160
0.1210
0.0881
0.1150
0.1020

0.03480
0.07770
0.05300
0.06020
0.06860
0.06070
0.04520
0.07154
0.04750
0.04680
0.07313
0.07010
0.04990
0.05150
0.06360
0.05080
0.06750
0.04820
0.07084
0.05473
0.06680
0.06154
0.05823
0.06014
0.05680
0.06840

0.03190
0.03870
0.04500
0.04938
0.05450
0.05690
0.03580
0.05544
0.03740
0.05233
0.03980
0.03670
0.05060
0.05470
0.04074
0.04980
0.04230
0.04850
0.04472
0.04634
0.04360
0.04740
0.04580
0.05143
0.04150
0.05630

0.01370
0.00978
0.00762
0.01060
0.01030
0.01160
0.00813
0.00798
0.01320
0.00834
0.01340
0.00780
0.01270
0.01310
0.00883
0.00847
0.01210
0.01240
0.00932
0.01160
0.00956
0.00868
0.01250
0.00907
0.01190
0.01290

0.00453
0.00225
0.00365
0.00415
0.00324
0.00363
0.00268
0.00427
0.00289
0.00308
0.00448
0.00397
0.00319
0.00408
0.00313
0.00375
0.00335
0.00367
0.00349
0.00381
0.00341
0.00403
0.00275
0.00441
0.00295
0.00421

0.00735
0.00560
0.00435
0.00541
0.00608
0.00764
0.00455
0.00706
0.00495
0.00751
0.00508
0.00562
0.00683
0.00697
0.00719
0.00463
0.00652
0.00478
0.00531
0.00736
0.00759
0.00592
0.00578
0.00622
0.00517
0.00636

0.02700
0.02120
0.02087
0.02900
0.02910
0.02015
0.02180
0.02680
0.02230
0.02520
0.02390
0.02638
0.02310
0.02556
0.02497
0.02350
0.02090
0.02860
0.02050
0.02475
0.02410
0.02600
0.02430
0.02730
0.02279
0.02813

0.0347
0.0421
0.0334
0.0297
0.0390
0.0294
0.0303
0.0379
0.0315
0.0369
0.0325
0.0355
0.0339
0.0389
0.0331
0.0383
0.0305
0.0365
0.0311
0.0363
0.0318
0.0391
0.0329
0.0376
0.0309
0.0385

0.06610
0.06440
0.05210
0.05370
0.06820
0.05900
0.05310
0.06635
0.06427
0.05480
0.06177
0.05610
0.05690
0.06105
0.05940
0.06370
0.06010
0.06505
0.05750
0.06810
0.05530
0.06287
0.05450
0.06590
0.05830
0.06668

MLN: Metastatic lymph nodes; NLN: Normal lymph nodes; Tumor: Tumor tissue of colorectal cancer; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

sense[22,23], bidirectional[24-26], and intergenic[27]. We analyzed the relationship between lncRNAs and their nearby
coding genes and each lncRNA was annotated by their
associated genes and proteins.

(also called TAL1), Snai1, and Snai2. LncRNAs were
demonstrated to be necessary for the activation of gene
expression[29]. Nine hundred and one enhancer lncRNAs
were identified to be expressed in samples by microarray.
Rinn et al[31] characterized the transcriptional landscape
of the four human Hox loci and identified a total of 407
discrete transcribed regions in the four human Hox loci.
Transcription of these lncRNAs may demarcate chromosomal domains of gene silencing at a distance, which
contains profiling data of all probes in the four human
Hox loci.

Heat map and hierarchical clustering
Hierarchical clustering is one of the most widely used
clustering methods for analyzing lncRNA expression
data. Cluster analysis arranges samples into groups based
on their expression levels, which allows us to hypothesize
the relationships among samples. Here, hierarchical clustering was performed based on “differentially expressed
lncRNAs”. The result of hierarchical clustering showed
distinguishable lncRNAs expression profiles among
samples which were divided into two main subgroups,
signifying two different tissues.

Overview of mRNA profiles
17159 mRNAs out of 30215 coding transcripts could be
detected in 9 samples. Generally, hundreds of mRNAs
were statistically aberrantly expressed among the 3 different kinds of tissues. GO and pathway analyses showed
that the different expressed mRNAs might be involved in
T/B cell receptor signaling pathway and primary immunodeficiency, which indicated that lymph node metastasis
of CRC was closely associated with deficiency of immune cells.

LncRNA classification and subgroup analysis
Some specific classes of lncRNAs, such as enhancer lncRNAs, rinn lincRNAs, HOX cluster, lincRNAs near
coding genes, and enhancer lncRNAs near coding genes,
have been reported to be involved in the development of
many diseases, especially cancers[28-31]. Thus, we analyzed
the expression levels of these lncRNAs in 9 samples.
LncRNAs with enhancer-like function (LncRNA-a) are
identified using GENCODE annotation of the human
genes[28]. Depletion of these lncRNAs led to decreased
expression of the neighboring protein-coding genes,
including the master regulator of hematopoiesis, SCL
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Verifying the microarray results using qRT-PCR
To verify the result of lncRNA array, we selected 4 specifically expressed lncRNAs in MLN to confirm their
expression levels by qRT-PCR in 26 CRC patients with
lymph node metastasis (Table 4). The data were in agreement with the results of the microarray analysis. Out
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Figure 3 Comparison between microarray data and quantitative real-time polymerase chain reaction results. AK021444, ENST00000425785, AK307796 and
ENST00000465846 were determined to be differentially expressed by microarray in 3 colorectal cancer patients, and this result was validated by quantitative polymerase chain reaction result (qPCR). AK021444, ENST00000425785, and AK307796, 3 specifically up-regulated lncRNAs in metastatic lymph nodes (MLN), were
confirmed to be highly expressed in MLN, while ENST00000465846 was confirmed to be down-regulated in MLN. The validation results for the four long noncoding
RNAs (lncRNAs) indicated that the microarray data correlated well with the qPCR results. M: Metastatic lymph nodes; N: Normal lymph nodes; T: Tumor tissue of
colorectal cancer.

of these 4 lncRNA, AK021444, ENST00000425785,
and AK307796, 3 specifically up-regulated lncRNAs in
MLN, were proved to be highly expressed in MLN while
ENST00000465846 to be down-regulated in MLN. Interestingly, the fold changes of all of them were smaller
than that of the microarray results, indicating that the
microarray result may exaggerate the difference (Figure 3).

In this study, to be comprehensive, we selected 3
CRC patients including 1 right colon cancer patient, 1
left colon cancer patient, and 1 rectal cancer patient. The
results indicated that rectal cancer and colon cancer had
a relatively greater diversity in lncRNA expression. For
instance, 9051 lncRNAs altered between MLN and tumor tissues in the rectal patient while only 1109 and 1572
lncRNAs altered in the two colon cancer patients, respectively. The lncRNA expression features may be greatly
different between colon cancer and rectal cancer, but
more information was needed to confirm this disparity.
In each patient, to reduce the histological difference, we
compared the MLN with NLN and tumor tissues, respectively. The numbers of differentially expressed lncRNAs
were 389 between MLN and tumor tissue, 829 between
MLN and NLN, and 1867 between NLN and tumor tissue. Our results indicated that tumor tissue and lymph
nodes are two quite different kinds of tissues. Thus, it
was reasonable to compare MLN both with NLN and
tumor tissue to identify the specifically altered lncRNAs
in MLN.
Although hundreds of lncRNAs were deregulated when comparing the MLN group with the NLN
group and tumor tissue group, respectively, only 14 lncRNAs were specifically up-regulated in MLN (both
compared with NLN and tumor tissue): uc004aej.2,
ENST00000393311, ENST00000447552, AK025180,
AW449673, ENST00000450572, ENST00000483126,
ENST00000425785, CR599788, AK097728, uc002jsc.1,
BC036914, AK021444, and AK307796; and only 5
were specifically down-regulated in MLN: BC042589,
ENST00000429729, uc002ztx.3, ENST00000465846,
ENST00000418346. These lncRNAs were specifically expressed in MLN, indicating that their potential important
role in facilitating the occurrence of lymph node metastasis of CRC. Unfortunately, after careful retrieval, no additional information of direct functions of these lncRNAs
was available except the papers that first described their

DISCUSSION
Recent advances in genome analysis, including massively parallel sequencing and microarray, have shown
that a much greater portion of the human genome is
pervasively transcribed into RNA than previously recognized. Moreover, much of the evidence emerging in
recent years has highlighted the biological and pathological importance of RNAs that lack protein-coding
potential; these are collectively referred to as noncoding
RNAs (ncRNAs)[32]. MiRNAs are a kind of well-defined
ncRNAs that play critical roles in many diseases including
cancer. In contrast, functions of a majority of lncRNAs
remain unknown, but recent studies have begun to shed
light on the critical roles played by lncRNAs in a variety
of cellular processes such as tumorigenesis and malignancy transformation in various types of cancer[9,33-35]. However, the potential use of lncRNA expression proﬁling
to identify lymph node metastasis of CRC has not been
systematically explored. To uncover the potential role lncRNAs play in lymph node metastasis of CRC, we investigated the lncRNA expression signatures in MLN, NLN,
and tumor tissues of CRC.
Arraystar Human LncRNA Microarray V2.0 is one
of the most commonly used commercial microarrays in
human cancer proﬁling[35,36]. LncRNAs were collected
from databases that were very comprehensive and authoritative. It allows the analysis of mRNA and lncRNA
expression at the same time and is easier to follow than
transcript sequencing analysis.
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discoveries[37,38]. Further research is urgently needed to
clarify the functions and the underlying mechanism of
these lncRNAs in the process of lymph node metastasis
of CRC.
Generally, tumor cells transfer from the primary tumor to adjacent lymph nodes and finally reach distant
lymph nodes. To determine whether certain lncRNAs
gradually change during lymph node metastasis, we identified those lncRNAs that gradually up-regulated and
down-regulated from tumor tissue to MLN then from
MLN to NLN. Four and 66 lncRNAs were identified to
be gradually up-regulated and down-regulated from tumor tissue to MLN and NLN, respectively. Unfortunately, as identified above, functions of these lncRNAs were
also unclear. We supposed that these gradually changed
lncRNAs may also play partial roles in the progress of
lymph node metastasis. But more evidence should be collected to confirm this hypothesis.
To validate the consistency of the gene chip, we selected 4 specifically expressed lncRNAs (AK021444,
ENST00000425785, AK307796, and ENST00000465846)
to evaluate their expression in 26 CRC patients with
lymph node metastasis. The results of qRT-PCR were
consistent well with the chip results. AK021444 is a 1611
bp lncRNA collected from ncRNA Expression Database (http://jsm-research.imb.uq.edu.au/nred/cgi-bin/
ncrnadb.pl). It is located on chromosome 13 and associated with gene (nearby gene) POSTN (periostin). All of
4 isoforms of periostin protein could be detected to be
associated with AK021444 in our samples. POSTN was
reported to be up-regulated in various cancers including non-small cell lung cancer, pancreatic cancer, breast
cancer, and CRC[39-42]. Furthermore, Bao et al[41] reported
that POSTN in those hepatic metastases was 2.6-fold of
that in the matched colon primary tumors. POSTN was
also reported to be overexpressed in serum of CRC patients and the overexpression of POSTN was correlated
with distant metastasis of CRC[43]. In addition, POSTN
was reported to be correlated with lymph node metastasis of many other malignant neoplasms[43,44]. In our
study, AK021444 was significantly up-regulated in MLN
compared with the primary tumor, indicating that it is in
accordance with POSTN expression. However, whether
AK021444 can regulate lymph node metastasis of CRC
and what the underlying molecular mechanism is need
further study.
ENST00000425785, located on chromosome 1, was
a 1258 bp lncRNA transcribed from the antisense strand
of the DPYD/DPD (dihydropyrimidine dehydrogenase)
gene. DPYD/DPD played a key role in the pharmacokinetics of 5-FU and was considerably involved in the
antitumour efficacy of 5-FU[45-48]. DPD was reported to
be up-regulated in tumour tissues and associated with poor
prognosis of CRC in various studies[49-52]. The increase of
intra-tumoral DPD level was reported to be one of the
mechanisms of drug resistance[50-53]. Shirota et al[53] considered that the mRNA level of DPDY reflected tumor
progression in CRC and a high level of DPDY was as-
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sociated with lymph node metastasis of CRC. However,
the mechanism by which ENST00000425785 interacts
with DPYD/DPD and the biological functions of
ENST00000425785 need further study.
AK307796 was another specifically up-regulated lncRNA in MLN. AK307796 was located on chromosome
6q, and the annotated nearby coding gene was ARHGAP18. ARHGAP18 was thought to be specifically
expressed in the epididymis[54]. However, a recently published study defined ARHGAP18 as one of the crucial
factors for the regulation of RhoA for the control of cell
shape, spreading, and migration. Knockdown of ARHGAP18 inhibited cell migration while overexpression of
ARHGAP18 promoted cell migration[55]. In accordance
with our results, overexpression of AK307796 might
promote the CRC cancer cell migration to lymph nodes.
ENST00000465846 was a 419 bp lncRNA transcribed
from chromosome 17. The annotated nearby coding gene
was HOXB3-6. HOX genes control diverse cellular processes by regulating the expression of many downstream
target genes. Thus, it is typical for an individual homeoprotein to confer pleiotropic effects on cell behavior,
including alterations in proliferation, survival, migration,
and invasion[56-60]. Genes of the HOX family are aberrantly expressed in various cancers such as leukemia, melanoma, and breast, ovarian, cervical, esophageal, prostate,
and colorectal cancers[61-68]. However, the relationship of
HOXB with ENST00000465846 remains unclear.
Our ﬁndings demonstrated differential lncRNA expression patterns between MLN, NLN, and tumor tissues of CRC, which can have potential implications in
diagnosis and treatment of lymph node metastasis of
CRC. Clinically, tumor markers of lymph node metastasis
of CRC were rare. Even several markers were reported,
their specificity and sensitivity were also limited. New
molecular markers predicting lymph node metastasis
of CRC are urgently needed. It has been reported that
lncRNAs demonstrated higher speciﬁcity than that of
protein-coding mRNAs[12,69,70], and had the advantages of
being detectable in the blood[71] and urine[69,70] of cancer
patients by conventional PCR methods. The four identified distinctive lncRNAs in MLN in the present study
may potentially aid the development of speciﬁc diagnostic markers and novel therapeutic markers. However, it
was too early for us to explore the 4 lncRNAs to be the
possible clinical biomarkers for CRC just based on the
present data.
As far as we know, this is the first study to describe
the expression profiles of human lncRNAs in MLN,
NLN, and tumor tissues of CRC by microarray assay. In
this study, we have identiﬁed hundreds of differentially
expressed lncRNAs among these 3 different tissues.
Thirteen lncRNAs and 5 lncRNAs were identified to be
specifically up-regulated and down-regulated in MLN,
respectively. AK021444, ENST00000425785, AK307796,
and ENST00000465846 were validated to be speciﬁcally
expressed in MLN of CRC. Our ﬁndings suggest that
lncRNAs may play important roles in lymph node metas-
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tasis of CRC. The clinical implications of our ﬁndings include the potential use of lncRNAs as molecular diagnosis markers and therapeutic targets. However, this is just a
pilot study, and further studies are needed to expand the
sample size for clinical research, and determine whether
these lncRNAs can serve as new diagnostic biomarkers
and therapeutic targets for lymph node metastasis of
CRC.
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Background

Colorectal cancer (CRC) is one of the most common malignant tumors worldwide. The prime cause of death among CRC patients is metastasis such as
blood metastasis and lymph node metastasis. Lymph node metastasis plays an
important role in affecting the prognosis of CRC patients. Thus, how to detect
lymph node metastasis at early stage and how to further study molecular mechanisms are essential for diagnosis and therapy of CRC. Long noncoding RNAs
(lncRNAs) have been validated to have comprehensive functions in biological
processes. When it comes to CRC, several lncRNAs have been reported to be
oncogenic factors by inhibiting apoptosis and promoting cell proliferation and so
on. However, the roles lncRNAs play in the progress of lymph node metastasis
of CRC remain unknown. The authors findings indicated that lncRNAs may play
a significant role in the process of lymph node metastasis of CRC.
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Research frontiers

LncRNAs have been validated to have comprehensive functions in biological
processes such as inactivating X chromosome, regulating DNA metabolism,
and activating transcription by recently published studies. Increasing evidence
indicated that lncRNAs play important roles in many human diseases, including
various types of cancer. LncRNAs were reported to be abnormally expressed
in various cancers and were associated with tumor cell proliferation, growth,
apoptosis, invasion, and metastasis.
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Innovations and breakthroughs

In this study, authors have identiﬁed hundreds of differently expressed lncRNAs
among the 3 different tissues. Thirteen lncRNAs and 5 lncRNAs were identified to be specifically up-regulated and down-regulated in metastatic lymph
node (MLN), respectively. AK021444, ENST00000425785, AK307796, and
ENST00000465846 were validated to be speciﬁcally expressed in MLN of CRC.
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Applications

The findings suggest that lncRNAs may play important roles in lymph node
metastasis of CRC. The clinical implications of our ﬁndings include the potential
use of lncRNAs as molecular diagnosis markers and therapeutic targets.

minology

LncRNAs, longer than 200 nucleotides (nt) in length, are a kind of RNAs that do
not encode proteins.

13

LncRNAs was recently found to be frequently dysregulated in various diseases.
Although previous data suggested that lncRNAs are likely to have biological
effects, this possibility needs to be confirmed by specific hypothesis-driven
studies. Understanding the precise molecular mechanisms by which lncRNAs
function in various diseases will be critical for exploring new potential strategies
for early diagnosis and therapy.
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CASE CONTROL STUDY

Interactions between pork consumption, CagA status and
IL-1B-31 genotypes in gastric cancer
Xiao-Qin Wang, Paul D Terry, Li Cheng, Hong Yan, Jian-Sheng Wang, Wen-An Wu, Sen-Ke Hu
was performed at 3 hospitals located in Xi’an, China,
between September 2008 and July 2010. We included
171 patients with histologically diagnosed primary noncardia GC and 367 population based controls (matched
by sex, age and city of residence). A standardized
questionnaire was used to obtain information regarding potential risk factors, including pork consumption.
H. pylori CagA status was assessed by enzyme-linked
immunosorbent assay, and IL-1B-31 genotypes were
determined by polymerase chain reaction-restriction
fragment length polymorphism. Multivariate unconditional logistic regression was used to explore potential
interactions among the factors.
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RESULTS: The CagA appeared to confer an increased
risk of GC (OR = 1.81, 95%CI: 1.25-2.61). The main associations with IL-1B-31C allele here were 0.98 (95%CI:
0.59-1.63) for CC vs TT and 0.99 (95%CI: 0.64-1.51)
for C Carriers vs TT. However, no associations were
observed for CagA or IL-1B-31 genotype status among
subjects who reported low pork consumption (P for interaction = 0.11). In contrast, high pork consumption
and IL-1B-31C genotypes appeared to synergistically
increase GC risk (P for interaction = 0.048) after adjusting for confounding factors, particularly among subjects
with CagA (OR = 3.07, 95%CI: 1.17-10.79). We did not
observe effect modification of pork consumption by H.
pylori CagA status, or between H. pylori CagA status
and IL-1B-31 genotypes after adjustment for pork consumption and other factors.
CONCLUSION: These interaction relationships among

CagA , IL-1B-31 and pork consumption may have implications for development of the preventive strategies
for the early detection of non-cardiac GC.

Abstract
AIM: To explore potential interactions among Helicobacter pylori (H. pylori ), CagA status, interleukin (IL)1B-31 genotypes, and non-cardiac gastric cancer (GC)

© 2014 Baishideng Publishing Group Inc. All rights reserved.

risk.

Key words: Gastric cancer; Pork; CagA ; interleukin-1B ;
Interaction; Helicobacter pylori

METHODS: A case-control study of non-cardia GC

Core tip: It is widely known that infectious, dietary, and
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has risen in developed and developing countries, which
may have implications for GC occurrence[16-18]. Pork is
the major red meat consumed by people in China[19].
Some previous studies have found positive associations
between the consumption of pork and GC risk[20,21],
whereas others have not[22-24]. Five studies were included
in a meta-analysis in 2013, and the summary relative risk
of the association between pork and GC risk was 1.31
(95%CI: 0.97-1.78)[25]. Hence, a positive association has
been suggested, but remains inconclusive.
Several interactions have been noted among these
variables. For example, H. pylori infected individuals with
the IL-1B-31CC genotype tend to secrete less IL-1B and
appear to be more susceptible to precancerous lesions[26].
Perhaps noteworthy, a statistically significant interaction
was found between IL-1B-31 and CagA status for the
risk of intestinal-type GC in a Mexican population[27].
Furthermore, red meat intake was found to interact
with H. pylori infection in the development of GC in the
EPIC study[28], which showed that red meat intake was
associated with an increased risk of non-cardia gastric
cancer, particularly in H. pylori antibody-positive subjects.
In contrast, our previous case-control study found that
red meat intake did not interact with H. pylori infection in the process of gastric carcinogenesis[29], possibly
because specific host genetic factors, such as IL-1B-31,
were not considered. Therefore, our present study aimed
to explore potential interactions among H. pylori status,
IL-1B-31C genotypes, pork consumption and GC risk.

genetic factors are implicated in gastric carcinogenesis,
which is a long, complicated, and multi-stage process.
The Helicobacter pylori (H. pylori ) virulence factor
CagA has been shown to be polymorphic and to contribute to disease pathogenesis in an allele-dependent
manner. The interleukin (IL)-1 gene plays an important
role in determining the long-term outcome of H. pylori
infection. Dietary factors such as pork consumption
may contribute to the malignancy process in synergy
with these genetic factors and infectious agents. Our
study further explores potential interactions among dietary (pork intake), infectious (H. pylori CagA positive)
and genetic factors (IL-1B-31 genotypes) on gastric
cancer risk.
Wang XQ, Terry PD, Cheng L, Yan H, Wang JS, Wu WA, Hu
SK. Interactions between pork consumption, CagA status and
IL-1B-31 genotypes in gastric cancer. World J Gastroenterol
2014; 20(25): 8151-8157 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i25/8151.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8151

INTRODUCTION
Gastric cancer (GC) is the second leading cause of cancer-related mortality in the world. It is widely known that
infectious, dietary, and genetic factors are implicated in
gastric carcinogenesis, which is a long, complicated, and
multi-stage process[1]. GC is strongly associated with Helicobacter pylori (H. pylori) infection; however, most infected persons never develop this malignancy. The H. pylori
virulence factors CagA and VacA have each been shown
to be polymorphic and to contribute to disease pathogenesis in an allele-dependent manner[2]. The most studied of these is CagA effector protein[3], a 120e 145-kDa
protein[4], which is located at the end of an approximately 40-kb cluster of genes called cag pathogenicity island
(PAI). Cag PAI encodes a type-Ⅳ secretion system and
transfers CagA protein into host cells[5]. Upon entering
the host cells, CagA can trigger IL-8 secretion, thereby
priming an inflammatory response[6,7] and promoting cell
proliferation, scattering and migration through phosphorylation-dependent and independent mechanisms[5].
The interleukin (IL)-1 gene plays an important role
in determining the long-term outcome of H. pylori infection[8]. It contains three related genes, IL-1A, IL-1B, and
IL-1RN, which encode the pro-inflammatory cytokines
IL-1a and IL-1b[9]. IL-1b regulates the expression of
several genes involved in inflammation. It is encoded by
a 7.5 kb gene, and the expression is regulated by both
distal and proximal promoter elements[10,11]. The polymorphisms of IL-1B-31T/C in the promoter region of
the gene have been intensively studied[12]. The first published report showed a positive association between GC
and the IL-1B-31C allele[13], which has been confirmed in
subsequent studies[14,15].
The consumption of red meat and processed meat

WJG|www.wjgnet.com

MATERIALS AND METHODS
Ethics
This study was approved by the Ethics Committee of
the School of Medicine, Xi’an Jiaotong University. All
patients provided informed written consent.
Study population
We included 171 patients with non-cardia GC and 367
population-based controls who had serum samples available for DNA extraction. The original study included
257 cases and 514 controls, and was undertaken between
September 2008 and July 2010[29]. All cases were aged 30
to 79 years and had pathologically confirmed non-cardia
GC. Patients with other major chronic diseases, including
other forms of cancer (particularly diseases affecting dietary patterns or communication), were excluded. After
identification, eligible patients or their family members
were invited to sign consent forms and participate in the
study. Two population-based controls were matched to
each case by age (± 5 years), sex, and city of residence.
The control subjects were confirmed to be free of cancer, diabetes, and gastrointestinal disorders.
Pork consumption
We measured the pork consumption of study participants using a Food Frequency Questionnaire[30]. Participants were asked about the average frequencies and
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portion sizes of 121 food items consumed during the
preceding year, including the type of pork dishes that
were typically consumed in the study region. If dietary
changes had occurred during the past year, information
regarding dietary habits prior to the change was elicited.
The quantity of each food item was represented by
a Chinese food weight unit, Liang (equivalent to 50 g),
for most investigated food items. Food consumption
frequency was ranked in 9 categories: from “never or
less than 1 time per month” to “2 or more times per
day.” Food items were grouped based on the China
Food Composition 2004 classification proposed by the
Chinese Center for Disease Control[31]. We previously
validated the food frequency questionnaire using a 24-h
diet record[30]. For pork consumption, the Pearson correlation coefficients of the validity and reproducibility
of the food frequency questionnaire were 0.49 and 0.58,
respectively.

overnight). The genotype was determined by agarose gel
electrophoresis.
Statistical analysis
For selected sociodemographic characteristics, IL-1B-31
genotype frequencies, pork consumption and H. pylori
CagA status, comparisons between cases and controls
were made using t tests and χ 2 tests. The association
between IL-1B-31 genotypes and GC risk according to
H. pylori CagA status and pork consumption was evaluated using unconditional logistic regression models with
adjustment for age, gender, education, smoking, alcohol,
and family history. To estimate the combined effects
of pork consumption, H. pylori CagA status, and IL1B-31 genotypes, pork consumption was separated in
two categories according to the mean distribution of the
control group, the low (< 25 g/d) and high consumption
categories (> 25 g/d). The multiplicative terms between
pork consumption (high/low), H. pylori CagA status
(positive/negative) and/or IL-1B-31 (C/T alleles) were
introduced in separate models to determine the statistical significance of the Wald χ 2 test for the interaction
term. SPSS software version 17.0 (IBM, Armonk, NY)
was used to perform all statistical analyses.

Other measured variables
Several non-dietary variables were assessed through the
use of a general questionnaire. This questionnaire included items regarding personal and family medical
history, medications used, physical activity (number of
hours of sedentary activities, and light, moderate, or
heavy physical activities), alcohol consumption (number
of alcoholic beverages per week), smoking (age at commencement and smoking intensity), and lifestyle factors
(e.g., vitamin supplement intake, refrigerator use).

RESULTS
The characteristics of study subjects are presented in
Table 1. The distributions of gender and education levels were not significantly different between cases and
controls. The proportion of individuals with seropositive status was higher in cases (59.06%) than in controls
(44.41%) (P = 0.002). The main association with Cag
A here was 1.81 (95%CI: 1.25-2.61). There were no
significant crude differences between groups based on
pork consumption and genotype frequencies of IL1B-31. The IL-1B-31C allele didn’t appeared to confer
an increased risk of GC (OR = 0.98, 95%CI: 0.59-1.63
CC vs TT; OR = 0.99, 95%CI: 0.64-1.51 C carriers vs TT
for main association with IL-1B-31C here). In the total
sample of controls, the genotype frequencies for IL1B-31 did not depart from those expected under HardyWeinberg equilibrium[32].
The IL-1B-31C allele appeared to confer an increased
risk, particularly among CagA-positive subjects with
high pork consumption (OR = 3.07, 95%CI: 1.17-10.79)
(Table 2). Pork consumption and IL-1B-31C alleles synergistically increased GC risk (P for interaction = 0.048),
whereas pork consumption did not show interaction
with H. pylori CagA status (P for interaction = 0.11).
No association was found among high pork consumers
who were H. pylori CagA seronegative. Furthermore, no
associations with GC risk were found among low pork
consumers based on their CagA or IL-1B-31 genotype
status. In multivariate models that adjusted for pork consumption and other factors, we did not observe statistically significant interaction between H. pylori CagA status

H. pylori CagA status
The antibody to H. pylori was tested with an enzymelinked immunosorbent assay kit (Human HP-Ap enzyme-linked immunosorbent assay Kit, San Diego, CA).
A finding of at least 10 units per milliliter in the blood
was considered to indicate the presence of antibody
against H pylori. CagA-positive H. pylori infection was defined as the presence of CagA antibody in the serum.
Genotyping
The primer was designed with Primer Premier 5 software and synthesized by the Invitrogen Company (ILB-31
forward, GAAGCTTCCACCAATACTC and reverse,
AGCACCTAGTTGTAAGGAAG). Genotyping for IL1B-31 (T/C) polymorphisms was performed by means
of polymerase chain reaction-restriction fragment length
polymorphism (PCR-RFLP). It was performed in a 50
μL PCR mixture containing 10 × buffer 5 μL, MgCl2
23 μL, dNTP 3 μL, upstream and downstream primers
1 μL, respectively, 1.25U DNA polymerase, DNA 50
ng, with sterile distilled water added to 50 μL. Thermal
cycling conditions were 94 ℃ for 5 min 45 s; 35 cycles
of 94 ℃ for 45 s, 56 ℃ for 45 s, and 72 ℃ for 45 s, and
72 ℃ for 5min. PCR products were digested by Alu I restriction enzyme (the mixture: PCR product 10 μL, Alu
I 10 U, 10 × buffer Tango TM 3 μL, with sterile distilled
water added to 30 μL, followed by incubation at 37 ℃
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Table 1 Demographic data of cases and controls n (%)
Characteristic

t /χ 2

P value

Cases

Controls

n = 171

n = 367

56.93 ± 14.01

56.81 ± 13.90

0.0931

0.440

Male
Female

118 (69.01)
53 (30.99)

243 (66.21)
124 (33.79)

0.412

0.521

Primary
Secondary
Tertiary and postgraduate

51 (29.82)
84 (49.12)
36 (21.06)

117 (31.88)
179 (48.77)
71 (19.35)

0.332

0.847

≤ 25

110 (64.33)
61 (35.67)
101 (59.06)

244 (66.49)
123 (33.51)
163 (44.41)

0.365

0.794

10.018

0.002a

TT
TC
CC
C carrier

41 (23.98)
84 (49.12)
46 (26.90)
130 (76.02)

89 (24.25)
180 (49.05)
98 (26.70)
278 (75.75)

0.005

0.997

< 25 g/d

89 (52.05)
82 (47.95)

177 (48.23)
190 (51.77)

0.680

0.410

Age (yr, mean ± SD)
Gender

Education

BMI (kg/m2)

> 25
H. pylori CagA positive
IL-1B-31

Pork consumption
≥ 25 g/d
1

For t test. aP < 0.05 vs control group. BMI: Body mass index; H. pylori: Helicobacter pylori; IL: Interleukin.

1

Table 2 Joint effects of pork consumption, CagA status and interleukin-1B-31 genotypes on the risk of gastric cancer
Genotype of IL-1B-31

Pork consumption
Low (< 25 g/d)
High (≥ 25 g/d)
Hp CagA (-)
Hp CagA (+)
Hp CagA (-)
Hp CagA (+)
Case/control
OR
Case/control
OR
Case/control
OR
Case/control
OR
9/15
1.00
16/15
1.00
11/30
1.00
5/29
1.00
11/58
0.42 (0.14-1.11)
30/39
0.71 (0.31-1.98)
20/49
1.25 (0.47-2.81)
23/34
2.98 (0.99-11.30)
12/27
0.71 (0.27-2.36)
11/23
0.46 (0.16-1.54)
27/25
0.86 (0.29-2.35)
16/23
3.11 (1.08-12.66)
23/85
0.45 (0.18-1.37)
41/62
0.69 (0.33-1.63)
27/74
1.00 (0.48-2.06)
39/57
3.07 (1.17-10.79)

TT
TC
CC
C carrier
1

Adjusted for the following confounding factors: age, gender, education, smoking, alcohol, and family history. P for multiplicative interaction: Pork consumption and Helicobacter pylori (H. pylori) CagA status: 0.11 [adjusted by age, gender, education, smoking, alcohol, family history and interleukin (IL)-1B-31
C carrier]; Pork consumption and IL-1B-31 C carrier: 0.048 (adjusted by age, gender, education, smoking, alcohol, family history and H. pylori CagA status).

to precancerous lesions[26]. Rad’s study found that carriers of the proinflammatory IL-1B-511T/-31C and IL1RN2 alleles had an increased risk for the development
of intestinal metaplasia, atrophic gastritis (AG), and
severe inflammation, with ORs of 1.7 (95%CI: 0.8-3.4)
to 4.4 (95%CI: 1.5-12.9)[33]. Liviu’s study found a statistically significant interaction between IL-1B-31 and CagA
status for the risk of intestinal-type GC (P = 0.023)[27].
It was hypothesized that some GCs may be the outcome
of a synergy between effects of the IL-1B-31C carrier
and the CagA positive H. pylori microorganisms, which
can induce and amplify the inflammatory response, and
thereby cause IL-1B secretion and hypochlorhydria[27].
As the major virulence factor of H. pylori, CagA disturbs cellular functions by physically interacting with and
deregulating intracellular signaling molecules via both
tyrosine phosphorylation dependent and independent
mechanisms after delivery into gastric epithelial cells[34].
Once translocated into host cytoplasm, CagA may bind
to the inner surface of the cell membrane and undergo

and IL-1B-31 genotypes.

DISCUSSION
In the present study, we observed an increased GC risk
among individuals with high pork consumption, particularly among subjects who were both H. pylori (CagA)
positive and genetically susceptible (IL-1B-31C) allele
carriers. If further studies confirm that CagA, IL-1B-31
and high pork consumption interact in the development
of GC, this would have implications for cancer prevention in China, a country with notably high rates of GC.
Regarding a possible interaction between IL-1B-31
genotype and CagA status, our present study showed a
marginally significant interaction term for the risk of
GC (P for interaction = 0.078), a finding we consider
interesting in light of the results of three previously epidemiological studies. Charkravorty’s study showed that H.
pylori-infected individuals with the IL-1B-31CC genotype
secrete less IL-1B and may have increased susceptibility
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tyrosine phosphorylation[35]. The phosphorylated and unphosphorylated forms of CagA interact with a number
of host proteins to activate downstream signal pathways,
such as inducing ornithine decarboxylase upregulation via
Src/MEK/ERK/c-Myc pathway[36] and directing REG3γ
expression in gastric epithelial cells via activation of the
IL-11/gp130/STAT3 pathway[37]. Non-phosphorylated
CagA may activate the hepatocyte growth factor/scatter
factor receptor c-Met and adaptor protein Grb2, induce
phosphorylation of phospholipase C gamma and impair
the E-cadherin/b-catenin complex formation, and mediate
the inhibition of the kinase partitioning-defective 1b/microtubule affinity-regulating kinase 2 (PAR1b/ MARK2)
to perturb atypical protein kinase C signaling[35]. In a recent experiment[38], transgenic zebrafish expressing either
the wild-type or a phosphorylation-resistant form of
CagA exhibited significantly increased rates of intestinal
epithelial cell proliferation and showed significant upregulation of the Wnt target genes cyclinD1, axin2 and
the zebrafish c-mycorthologmyca. Additionally, CagA
was shown to induce higher levels of IL-8 production,
activate nuclear factor κB (NF-κB), AP-1 and FAT[7],
and enhance the activity of transforming growth factorβ-activated kinase 1 (TAK1) and TAK1-induced NF-κB
activation via the TRAF6-mediated K63-linked ubiquitination of TAK1, which in turn is used by CagA for the
H. pylori induced inflammatory response[39]. This might
also inhibit miR-370 expression, which may lead to overexpression of FoxM1 and consequent increased intestinal cell proliferation[40]. These findings suggest multiple
roles of CagA in gastric carcinogenesis.
Our study has several limitations. Given our casecontrol study design, information regarding past pork
consumption may have been misclassified to some extent. To reduce misclassification of dietary exposures,
we designed and validated our questionnaire using the
24-h diet record method [30]. The results showed that
the questionnaire had reasonable validity and reliability. Nonetheless, the misclassification of diet remains a
potential source of bias in our data. Another limitation
is the potential misclassification of H. pylori infection
status. In the present study, H. pylori was detected after
non-cardia GC was diagnosed; hence, infection may not
have been present in all subjects as premalignant lesions
progressed[41]. This type of misclassification would tend
to attenuate the association between H pylori infection
and non-cardia GC. Additionally, the sample size of the
present study was not optimal for the analysis of the potential interactions among pork intake, infectious (CagA)
and genetic factors (IL-1B-31C genotypes) on GC risk.
Therefore, it is possible that some of our modeled interaction terms did not reach statistical significance due to
insufficient sample size.
In summary, we found statistically significant interactions among CagA, IL-1B-31 and high pork consumption in their association with non-cardiac GC. In China,
people consume much more pork than beef and lamb,
and the majority of individuals are H. pylori CagA positive. These findings may have implications for primary
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prevention, and also secondary preventive measures
aimed at the early detection of GC in China. For example, a greater understanding of how common exposures
interact in GC etiology may lead to selective screening
of high-risk individuals based, at least in part, on levels
of those interacting risk factors.
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Research frontiers

The Helicobacter pylori (H. pylori) virulence factor CagA has been shown to
be polymorphic and to contribute to disease in an allele-dependent manner.
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common exposures interact in GC etiology may lead to selective screening of
high-risk individuals based, at least in part, on levels of those interacting risk
factors.

Terminology

CagA effector protein, a 120e 145-kDa protein, is located at the end of an approximately 40-kb cluster of genes called cag pathogenicity island. The IL-1
gene contains three related genes, IL-1A, IL-1B, and IL-1RN, which encode the
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included. Median age was 66 years, 81% were male,
58% were HCV-positive, 18% hepatitis B surface antigen-positive, 64% had a Child A status, 40% patients
had a largest nodule diameter ≥ 5 cm and 32% had
more than 3 tumor nodules. Median overall survival of
the whole cohort was 25 mo (95%CI: 21.8-28.2) and
the 1-, 2- and 3-year probability of survival was 80%,
50% and 31%, respectively. Non-tumor segmental
portal vein thrombosis (HR = 1.76, 95%CI: 1.22-2.54),
serum sodium (HR = 1.65, 95%CI: 1.25-2.18), diameter of largest nodule (HR = 1.59, 95%CI: 1.22-2.091),
number of nodules (HR = 1.41, 95%CI: 1.06-1.88),
alpha-fetoprotein (HR = 1.35, 95%CI: 1.03-1.76) and
alkaline phosphatase (HR = 1.33, 95%CI: 1.01-1.74)
were independent prognostic factors for overall survival on multivariate analysis.
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CONCLUSION: The inclusion of serum sodium alongside the already known prognostic factors may allow
a better prognostic definition of patients with HCC as
candidates for conventional TACE.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: to assess the prognostic role of baseline clinical,
biochemical and radiological characteristics of patients
with hepatocellular carcinoma (HCC) treated with the
first transarterial chemoembolization (TACE) procedure.

Core tip: This work describes, in a retrospective cohort
of 270 patients with hepatocellular carcinoma (HCC)
treated with conventional transarterial chemoembolization (TACE) at our institution, the prognostic role of
baseline clinical, biochemical and radiological characteristics of patients. Besides well-known prognostic parameters like portal vein thrombosis, nodule diameter
and number of lesions, this study underlines the independent prognostic role of serum sodium, a well-known
prognostic parameter in the field of liver cirrhosis, but
less investigated in the field of hepatocellular carci-

METHODS: Patients with HCC treated with conventional TACE in a tertiary care setting from 1997 to 2008
were retrospectively reviewed. Predictors of survival
were identified using the Cox proportional regression
model.
RESULTS: Two hundred and seventy patients were
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Serum hepatitis B surface antigen (HBsAg), respectively,
through standardized tests. The presence of underlying
cirrhosis was assessed histologically or based on clinical
and blood chemistry findings indicative of chronic liver
disease together with evidence of portal hypertension
(defined by the presence of at least one of the following:
thrombocytopenia < 100.000/mm3, gastro-esophageal
varices or splenomegaly). Extra-hepatic disease was assessed with abdominal multiphasic Computed Tomography (CT) or Magnetic Resonance Imaging and chest
radiography. Portal vein thrombosis was classified as nontumor on the basis of the lack of contrast enhancement
in the arterial phase. Bone metastases were sought using
scintigraphy, if clinically suspected. Follow-up ended on
September 30, 2012. The date of death was determined
by telephone interview if more than 3 mo had elapsed
since the last follow-up visit and death did not occur in
our hospital or was not reported by the family. Patients
underwent Orthotopic Liver Transplantation (OLT) after
TACE were excluded from the analysis.

noma. Our study is the first to document the prognostic
role of serum sodium in patients with HCC treated with
TACE in a Western center.
Biolato M, Miele L, Vero V, Racco S, Di Stasi C, Iezzi R, Zanché
A, Pompili M, Rapaccini GL, La Torre G, Gasbarrini A, Grieco
A. Hepatocellular carcinoma treated by conventional transarterial
chemoembolization in field-practice: Serum sodium predicts survival. World J Gastroenterol 2014; 20(25): 8158-8165 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i25/8158.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8158

INTRODUCTION
Globally, hepatocellular carcinoma (HCC) is the second
most frequent cause of cancer mortality in men and the
leading cause of death among patients with liver cirrhosis[1,2]. Transarterial chemoembolization (TACE) is an established treatment for patients diagnosed with HCC[3,4].
Optimal candidates for TACE are asymptomatic patients
with compensated liver disease and large/multifocal
HCC without extrahepatic spread or vascular invasions.
However, it is also applied to patients in early stages of
HCC, according to the Barcelona Clinic Liver Cancer
(BCLC) classification, who are not considered for surgery
or ablation or who have failed/recurred post-treatment[5].
Patients with HCC treated with TACE represent a prognostically heterogeneous population: median survival has
been reported to range from 14 mo[6] to 34-48 mo[7,8] in
recent series. Many studies have reported patient-, tumorand treatment-related characteristics associated with better survival after TACE, but results from individual studies are sometimes conflicting[9,10]. Distinguishing those
patients who represent good candidates for TACE from
those where little or no benefit may be expected remains
an unmet clinical need[11]. The aim of this study is to assess the prognostic role of baseline clinical, biochemical
and radiological characteristics of patients with HCC
treated with the first TACE procedure.

TACE procedure
The indications for conventional TACE at our institution
were: (1) HCC diagnosed by pathology or by non-invasive criteria, according to Barcelona criteria until 2005[15],
and subsequently according to AASLD guidelines[16]; (2)
patients with HCC that were not candidates for resection
or ablation or had failed/recurred after resection/ablation; (3) adequate hepatic function (Child-Pugh score 5-7
points); and (4) performance status (PS) = 0[17].
Absolute and relative contraindications were: (1)
hypovascular HCC; (2) infiltrative HCC; (3) presence of
vascular invasion or extrahepatic metastases; (4) widespread HCC (defined as involving > 50% of the liver);
(5) portal vein thrombosis (partial or complete) of the
trunk or the right or left portal branch or hepatofugal
blood flow[9]; (6) presence of a Transjugular Intrahepatic Portosystemic Shunt[9]; (7) esophageal varices F2
with red signs or F3 untreated[9]; (8) inadequate hepatic
function (albumin < 2.8 g/dL, bilirubin > 3 mg/dL and
alanine and aspartate aminotransferase > 5 times the upper limit of the normal range); (9) clinically detectable
ascites (grade 2-3)[18]; (10) renal insufficiency (creatinine
≥ 2 mg/dL or creatinine clearance < 30 mL/min); (11)
inadequate clotting profile (platelet count < 40 × 109/L,
hemoglobin < 8.5 g/dL, and International Normalized
Ratio > 1.5); (12) contraindication for iodinated contrast
media; and (13) contraindication for arterial endovascular procedure.
TACE was performed by using selective catheterization of the hepatic segmental arteries feeding the lesions.
A mixture of lipiodol (Lipiodol Ultrafluid, Mitsui, Tokyo,
Japan) and carboplatin 450 mg was injected, followed by
selective arterial embolization by using gelatin sponge
particles (Spongostan Standard; Johnson and Johnson
Medical, Gargrave, Skipton, England). One month after
TACE, patients underwent a multiphasic CT scan. TACE
was repeated on demand, at least 2 mo after the first
procedure, in patients with evidence of viable tumor per-

MATERIALS AND METHODS
Patients
Patients with HCC treated with the first TACE procedure
at the Catholic University of Rome between January 1,
1997, and December 31, 2008, were retrospectively analyzed with regard to their pre-treatment characteristics.
A small number of patients enrolled in this work were
included in a previous paper[12]. The following data were
collected for all patients before the first TACE procedure:
demographic details, etiology of liver disease, biochemical data, hematological data, assessment of hepatic function based on Child-Pugh score[13], Model for End-stage
Liver Disease (MELD) score and Model for End-stage
Liver Disease-sodium (MELD-Na) score[14], staging of
the tumor, and previous therapy. Hepatitis C and B were
diagnosed by detecting antibodies to hepatitis C virus and
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Table 1 Baseline predictors of survival in 270 patients with hepatocellular carcinoma at time of first conventional transarterial
chemoembolization n (%)
n

Variables
Patient-related characteristics
Age (yr)
Male sex
Diabetes
Etiology
Hepatitis C Virus
Hepatitis B Virus
Alcohol
Other/unknown
Liver cirrhosis
Child-Pugh class A
MELD
MELD-Na
Ascites (radiological only)
Encephalopathy
Esophageal varices
Segmental portal vein thrombosis (non-tumor)
Tumor burden
Number of nodules > 3
Diameter of largest nodule ≥ 5 cm
Bilobarity
Previous therapy1
Percutaneous Ethanol Injection
Radiofrequency ablation
Liver resection
Baseline laboratory values
Alanine aminotransferase (UI/L)
Gamma-glutamyl transferase (UI/L)
Alkaline phosphatase (UI/L)
Albumin (g/dL)
Serum sodium (mEq/L)
International normalised ratio
Total bilirubin (mg/dL)
Creatinine (mg/dL)
Alpha-fetoprotein (ng/mL)

Patients or median ± IQR

Univariate analysis

Multivariate analysis

HR (95%CI)

P value

HR (95%CI)

P value

270
270
270

66 ± 13
220 (81.5)
61 (22.6)

-

NS
NS
NS

-

-

270
270
270
270
270
268
270
270
270
269
270
270

158 (58.5)
50 (18.5)
13 (4.8)
49 (18.2)
246 (91.1)
171 (63.8)
9±4
10 ± 3
61 (22.6)
18 (6.7)
134 (49.6)
41 (15.2)

0.685 (0.484-0.968)
1.708 (1.203-2.424)

NS
0.032
NS
NS
NS
NS
NS
NS
NS
NS
NS
0.003

1.764 (1.224-2.542)

NS
0.001

270
269
264
270
270
270
270

86 (31.8)
108 (40.2)
132 (48.9)
73 (27)
45 (16.7)
8 (3)
24 (8.9)

1.622 (1.232-2.136)
1.557 (1.198-2.022)
-

0.001
0.001
NS
NS
NS
NS
NS

1.41 (1.060-1.876)
1.595 (1.217-2.091)
-

0.018
0.001
-

1.542 (1.188-2.002)
1.527 (1.168-1.995)
1.428 (1.099-1.856)

NS
NS
0.001
NS
0.002
NS
NS
NS
0.008

1.326 (1.008-1.743)
1.648 (1.249-2.176)
1.346 (1.027-1.763)

0.043
0.000
0.031

270
269
269
269
270
270
270
270
267

55 ± 63.5
71 ± 80
261 ± 175
3.5 ± 0.8
138 ± 5
1.13 ± 0.19
1.1 ± 0.6
1 ± 0.3
24 ± 328

1

Some patients were subjected to more than one method of treatment before chemoembolization. Univariate analysis by Kaplan-Meier method of survival
function. Multivariate analysis by backward stepwise cox regression. For continuous variables, median values were used to determine the cut-off. NS: Not
significant; MELD: Model for End-stage Liver Disease; MELD-Na: MELD-sodium.

sistence, as defined by the amended RECIST criteria[15].
TACE was withheld or discontinued whenever vascular
contraindications, poor hepatic function, severe adverse
effects, progressive disease with vascular involvement or
extrahepatic metastases developed. No treatment with
Drug-Eluting Beads (DEB) was included in this cohort.

survival.
Patients were classified according to five prognostic
staging systems for HCC: Okuda staging system[19], Cancer of the Liver Italian Program score[20], BCLC staging
system[21], Tokyo score[22], Japanese Integrated System
(JIS)[23]. For these scores the Area under the curve was
calculated and the comparisons between curves was performed according to the method developed by Hanley
and McNeil[24]. Moreover, for each score, survival curves
calculated by the Kaplan-Meier method were compared
using the log rank test.
All statistical analyses were performed using SPSS
version 19.0 (SPSS Inc., Chicago, IL).

Statistical analysis
Continuous data were expressed as the median ± interquartile range. Overall survival was calculated using
the Kaplan-Meier function and expressed as median
and 95% confidence interval. A univariate analysis to
identify baseline demographic, clinical, biochemical and
radiological predictors of survival at the time of the
first TACE procedure was performed using the KaplanMeier method of survival function. For continuous variables, median values were used to determine the cut-off.
Variables with an alpha less than 0.25 at the univariate
analysis were included in a backward Cox proportional
regression model to identify independent predictors of
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RESULTS
Patient characteristics
A total of 270 patients with HCC were treated with the
first TACE procedure during the abovementioned time
period. Table 1 shows the demographic, clinical, and
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Figure 1 Kaplan-Meier analysis of overall survival. A: Among 270 patients, the median overall survival was 25 mo (95%CI: 21.8-28.2); B: according to baseline serum sodium (105 patients with serum sodium < 138 mEq/l and 163 patients with serum sodium ≥ 138 mEq/l): median overall survival was respectively 19 mo (95%CI:
15.4-22.1) and 26 mo (95%CI: 21.8-30.2); hazard ratio for death in the serum sodium < 138 mEq/l group 1.65 (95%CI: 1.25-2.18).

tumor information for all patients. The majority of the
patients were men (81%); the median age was 66 years.
Almost all (91%) met criteria of having cirrhosis, the
most common cause being Hepatitis C Virus (58%). One
hundred and seventy one (64%) patients were Child-Pugh
class A; the median MELD and MELD-Na scores were 9
and 10, respectively. Forty-one (15%) had non-tumor segmental portal vein thrombosis. One hundred and eight
(40%) patients had a largest nodule diameter ≥ 5 cm and
86 (32%) had more than 3 tumor nodules. One hundred
and ninety-seven (73%) patients had never been treated,
53 (20%) had been previously treated with percutaneous ablation and 24 (9%) with surgical resection. Median
Alpha-Fetoprotein (AFP) level was 24 ng/mL, median
serum sodium level was 138 mEq/L and median alkaline
phosphatase level was 261 UI/L.

when each continuous variable was put individually into
a univariate Cox regression model: < 138 mEq/l (i.e.,
the median value) was the best cut-off (p = 0.002, Figure
1B), although < 135 mEq/l was still significant (p =
0.022). Cox regression analysis identified non-tumor segmental portal vein thrombosis (p = 0.001), serum sodium
(p < 0.001), largest nodule diameter (p = 0.001), number
of nodules (p = 0.018), AFP (p = 0.031), and alkaline
phosphatase (p = 0.043) as independent baseline predictors of survival for the entire cohort of HCC patients
treated with TACE (Table 1). Since serum sodium concentration can be influenced by concomitant treatment
with diuretics, we repeated statistical analysis excluding
patients with ascites (n = 61), which would have had an
indication for diuretic therapy. Univariate and multivariate analysis again confirmed the role of serum sodium as
an independent predictor of survival (p = 0.002), even
excluding patients with ascites.

Survival
At the time the data were analyzed, 232 (86%) patients
had died. Of the 38 not known to have died, 14 were lost
to follow-up after a median of 11.0 mo (95%CI: 3.7-18.3),
and the remaining 24 were censored at the end of our
follow-up period at 9/30/2012 with a median followup time of 48.0 mo (95%CI: 42.0-54.0). The overall
median survival of the entire cohort was 25 mo (95%CI
21.8-28.2 mo, Figure 1A) and the 1-, 2- and 3-year survival probability was 80%, 50% and 31% respectively.

Staging systems
Table 2 describes the distribution of patients across
five prognostic staging systems for HCC (Okuda, CLIP,
BCLC, Tokyo, JIS) with respective median survivals for
each stage. When the five staging systems were analyzed
separately using Kaplan-Meier survival analysis (n = 270),
each staging system showed a significant difference in the
probability of survival across the different stages with the
exception of the Okuda system. Univariate analysis for
staging systems, performed through Cox backward stepwise regression, showed that CLIP (HR = 1.73, 95%CI:
1.06-2.82; p = 0.027), BCLC (HR = 1.80, 95%CI:
1.24-2.60; p = 0.002), Tokyo (HR = 1.55, 95%CI:
1.19-2.01; p = 0.001) and JIS (HR = 1.78, 95%CI:
1.26-2.51; p = 0.001) were significant baseline predictors
of survival in HCC patients treated with TACE. When

Baseline predictors of survival
Univariate analysis showed that non-tumor segmental
portal vein thrombosis, number of nodules, largest nodule diameter, alkaline phosphatase, serum sodium, AFP
and HBsAg positivity were significant baseline predictors
of survival in HCC patients treated with TACE (Table 1).
Serum sodium was a significant prognostic factor even
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Table 2 Survival according to five staging systems in 270
hepatocellular carcinoma patients treated with conventional
transarterial chemoembolization n (%)
Staging system

Median survival (95%CI)-mo

Okuda
Ⅰ
Ⅱ
Ⅲ

CLIP
0
1
2
3
4
BCLC
A
B
C1
Tokyo
0
1
2
3
4
JIS
0
1
2
3

Table 3 Comparisons between receiver operating characteristic curves n (%)
Staging
system

P value
NS

161 (59.6)
103 (38.1)
6 (2.2)

27.00 (23.02-30.98)
21.00 (17.94-24.06)
16.00 (5.20-26.80)

45 (16.7)
90 (33.3)
70 (25.9)
46 (17)
19 (17)

32.00 (23.18-40.82)
30.00 (21.02-38.98)
26.00 (24.23-27.77)
15.00 (10.57-19.43)
13.00 (5.89-20.11)

87 (32.2)
153 (56.7)
30 (11.1)

30.00 (24.07-35.93)
22.00 (17.11-24.89)
19.00 (6.92-31.08)

3 (1.1)
24 (8.9)
44 (16.3)
52 (19.3)
147 (54.4)

26.00 (-)
29.00 (9.65-48.35)
30.00 (15.88-44.12)
32.00 (27.45-36.55)
20.00 (17.12-22.88)

3 (1.1)
104 (38.5)
121 (44.8)
42 (15.6)

26.00 (-)
29.00 (22.83-35.17)
25.00 (19.38-30.62)
17.00 (13.46-20.54)

OKUDA
CLIP
BCLC
TOKYO
JIS

0.001

0.492 (0.410-0.574) [0.849]
0.632 (0.548-0.716) [0.002]1
0.600 (0.524-0.676) [0.018]
0.541 (0.457-0.626) [0.324]
0.658 (0.582-0.734) [< 0.001]2

AUROC 2 yr
(95%CI) (P value)
0.547 (0.478-0.615) [0.185]
0.603 (0.536-0.670) [0.003]
0.571 (0.502-0.639) [0.045]
0.582 (0.514-0.650) [0.020]
0.576 (0.508-0.644) [0.031]

Significant differences between curves: 1CLIP vs OKUDA; 2JIS vs OKUDA.
AUROC: Area under the curve; CLIP: Cancer of the Liver Italian Program;
BCLC: Barcelona Clinic Liver Cancer; JIS: Japanese Integrated System.
0.013

made for or against TACE on the basis of liver function
and respective location of tumor nodules and segmental
thrombosis. Nevertheless, non-tumor segmental portal
vein thrombosis remains an important risk factor for
death, with the highest hazard ratio in our cohort. While
Asian guidelines still recommend TACE for these patients[25], recently a panel of experts proposed to classify
patients with segmental thrombosis and Child-Pugh class
A, as "quasi-C" and to treat them directly with sorafenib
or alternatively with transarterial radioembolization or
TACE[26]. Studies comparing endovascular or systemic
treatments, or combination of these, in patients with
HCC and portal vein thrombosis are ongoing.
The peculiar result of our study is the evidence of
the prognostic role of serum sodium in HCC patients
treated by TACE. Hyponatremia is a frequent complication of advanced cirrhosis related to arterial splanchnic
vasodilatation, which involves a reduction of effective
circulating volume. The circulatory dysfunction causes a
non osmotic hypersecretion of arginine vasopressin (or
antidiuretic hormone) from the neurohypophysis, which
causes retention of water that is disproportionate to
the retention of sodium, thus resulting in hypervolemic
hyponatremia and hypo-osmolality[27]. Serum sodium
may be a good indicator of the intensity of this pathophysiological disturbance and has been recognized as an
important prognostic factor in patients with liver cirrhosis. Hyponatremia has been associated with ascites[28,29],
hepatorenal syndrome[29-31], bacterial infections[28,29], and
hepatic encephalopathy[29,32]. Finally, hyponatremia has
also been associated with death from liver disease[28,30,33]
and serum sodium was included in the score used to predict short-term mortality in patients on the waiting list
for OLT[14].
The prognostic role of serum sodium has been less
investigated in the field of HCC. A retrospective study
performed in Italy on 466 patients undergoing hepatectomy for HCC on cirrhosis identified serum sodium as
a risk factor for irreversible postoperative liver failure in
patients with MELD score 9-10[34]. Serum sodium was
an independent risk factor for mortality in a cohort of
116 HCC patients consecutively evaluated for OLT[35]. In
a large cohort of unselected HCC patients from Taiwan,
MELD-Na was a better predictor of 3-mo and 6-mo

0.011

0.003

1

Included 25 patients with extrahepatic metastases and Child A status and
5 patients with a performance status of 1 or 2 and Child B8-9; the decision
to perform transarterial chemoembolization in these patients was made
on an individual basis in an era when sorafenib was not available. For
each score, survival curves calculated by the Kaplan-Meier method were
compared using the log rank test. A dash (-) indicates that the CI could not
be calculated if the number of patients within each prognostic score was
≤ 5. NS: Not significant; CLIP: Cancer of the Liver Italian Program; BCLC:
Barcelona Clinic Liver Cancer; JIS: Japanese Integrated System.

staging systems were studied in multivariate analysis along
with the individual variables (i.e., clinical, radiological and
laboratory parameters), none of them was statistically
significant. In Table 3 the comparison of ROC curves is
shown demonstrating that significant differences between
curves exist between CLIP or JIS vs OKUDA scores for
the survival outcome at 1 year.

DISCUSSION
In our cohort of 270 HCC patients treated with conventional TACE, non-tumor segmental portal vein thrombosis, serum sodium, largest nodule diameter, number of
nodules, AFP, and alkaline phosphatase were independent
baseline predictors of survival.
Negative baseline prognostic factors for TACE already described in literature[9] include both non-tumor
portal vein thrombosis and portal tumor invasion, the
first because of the lack of portal blood flow and resulting risk of ischemic necrosis of viable liver, the second
because it is a well-defined unfavorable prognostic factor
for HCC. In our study, in patients with non-tumor segmental portal vein thrombosis, an individual decision was
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survival than MELD[36]; in the opinion of the investigators hyponatremia may be more sensitive than serum
creatinine in detecting the subtle but critical deterioration
of renal function in HCC patients with liver cirrhosis.
Accordingly, an intriguing explanation of the prognostic
role of serum sodium in patients with HCC treated with
TACE hypothesized that serum sodium was potentially
able to identify patients at greater risk of renal failure
induced by radiocontrast agents. A prospective study
conducted in Taiwan on 591 patients with HCC treated
with TACE has refuted this hypothesis, while confirming the independent prognostic role of serum sodium[37].
In a recent study from South Korea, serum sodium is
recognized as one of the risk factors for acute hepatic
failure after TACE[38]. Our study is the first to document
the prognostic role of serum sodium in patients with
HCC treated with TACE in a Western center.
In our study, the Cox regression model identified <
138 mEq/l as the best cut-off for serum sodium, although the cut-off of < 135 mEq/l was still significant.
At first glance, interpreting serum sodium values that fall
within the normal range as a risk factor for mortality may
seem disconcerting, but this has already been described
in literature[34,36-38], although the exact value of serum sodium at which the risk of mortality arises remains to be
identified. In contrast to serum sodium, the MELD-Na
was not a significant prognostic factor in our study, probably because 80% of patients were in the range 8-14.
Beside well-known prognostic factors such as largest
nodule diameter ≥ 5 cm, presence of > 3 nodules and
elevated AFP[9], our study shows that alkaline phosphatase was an independent baseline predictor of survival
in patients with HCC treated with conventional TACE.
The association between an elevation of alkaline phosphatase and a poor prognosis in patients with HCC is
not completely understood in literature, although alkaline
phosphatase has been found an independent predictor
of both disease-free and overall survival after hepatectomy[39,40] and is included in some staging systems for
HCC like the Chinese University Prognostic Index[41] and
Group d’Etude de Traitement du Carcinoma Hepatocellulaire[42]. A relationship with biliary infiltration seems unlikely[39]. Some authors suggest that alkaline phosphatase,
a mesenchymal stem cell antigen with nucleolar localization in Hep-G2 cancer cells, could be a marker of cancer
proliferation[39], while others speculate that elevation of
alkaline phosphatase is a marker of inflammatory necrosis in the liver, which was associated with an increased
risk of recurrence after hepatectomy[40].
Similar to other studies[43], our study has confirmed
that the most commonly used staging systems (BCLC,
CLIP, Tokyo, JIS) have capacity to discriminate prognosis
in patients with HCC treated with conventional TACE,
but none of them turned out to be higher than individual
variables from which it is composed.
The limitations of this study include its retrospective
nature and incomplete knowledge of the clinical history
of patients from the time of TACE to death, especially
with regard to time to progression, the onset of renal or
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hepatic decompensation, and treatment performed after
first TACE (e.g., number of repeated TACE or percutaneous ablation performed after TACE). The high number of cases (86%) for which data on patient survival is
available strengthens the findings of our analysis.
Given the prognostic role of serum sodium in patients with HCC treated with TACE, it would be interesting to investigate its prognostic role in cohorts of HCC
patients treated with DEB-TACE, sorafenib or radioembolization. The inclusion of serum sodium alongside
the already known prognostic factors may allow a better
prognostic definition of patients with HCC as candidates
for conventional TACE.
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Transarterial chemoembolization is an established treatment for patients diagnosed with hepatocellular carcinoma with compensated liver disease and
not suitable for surgery or ablation. These patients represent a prognostically
heterogeneous population, with median survival ranging from 14 to 48 mo. Distinguishing those patients who represent good candidates for transarterial chemoembolization from those where little or no benefit may be expected remains
an unmet clinical need.

Research frontiers

Many studies have reported patient-, tumor- and treatment-related characteristics associated with better survival after transarterial chemoembolization for
hepatocellular carcinoma, but results from individual studies are sometimes
conflicting. An important research hotspot in this area is to distinguish patients
who will benefit from transarterial chemoembolization compared to other treatment options (such as radioembolization and sorafenib).

Innovations and breakthroughs

The peculiar result of our study is the evidence of the prognostic role of serum
sodium in patients with hepatocellular carcinoma treated by transarterial chemoembolization. Serum sodium has been already recognized as an important
prognostic factor in patients with liver cirrhosis and has been associated with
ascites, hepatorenal syndrome, bacterial infections, hepatic encephalopathy
and death from liver disease, but its prognostic role in the field of hepatocellular
carcinoma has been less investigated. Two studies identified serum sodium as
an independent risk factor for mortality in patients with hepatocellular carcinoma
underwent hepatectomy and liver transplantation, respectively. Two studies
performed in Taiwan and South Korea, respectively, described the independent
prognostic role of serum sodium in patients with hepatocellular carcinoma
treated by transarterial chemoembolization. The authors must remember that
in the eastern countries the characteristics of patients with hepatocellular carcinoma and the transarterial chemoembolization procedures are different than
in Western countries. The authors’ study is the first to document the prognostic
role of serum sodium in patients with hepatocellular carcinoma treated with
transarterial chemoembolization in a Western center.

Applications

The study results suggest that serum sodium is a readily available, objective,
and reproducible prognostic factor in patients with hepatocellular carcinoma
candidates for conventional transarterial chemoembolization procedure. Future
perspectives include investigating its prognostic role in patients with hepatocellular carcinoma treated with drug-eluting beads transarterial chemoembolization, sorafenib or radioembolization.

Terminology

Hepatocellular carcinoma is a malignant tumor of the liver and represents the
leading cause of death among patients with liver cirrhosis. Transarterial chemoembolization is a radiological procedure for the treatment of hepatocellular
carcinoma which consists in administering a mixture composed of chemotherapeutic agents and embolizing substances directly into the malignant hepatic
nodule using an endovascular catheter.

Peer review

The authors retrospectively assess the outcomes of 270 patients undergoing
conventional transarterial chemoembolization over an 11 year timeframe to de-
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termine variables associated with overall survival. The clinical and demographic
characteristics were representative of a western population undergoing transarterial chemoembolization. Median overall survival was 25 mo, which seems reasonable. Expected parameters associated with overall survival were confirmed
to be associated (non-malignant portal venous thrombosis, tumor number, tour
size, alpha-fetoprotein). In multivariate analysis serum sodium < 138 mEq/l
but not albumin and bilirubin was associated with overall survival. This paper
addressed the question thoroughly. All methods were sound. Authors did not
overreach with the data analysis. Very sound paper with valid conclusions.
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Elective operation after acute complicated diverticulitis: Is
it still mandatory?
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of diverticulitis at a median follow-up of 12 mo (6-36);
however, no patient required hospitalization. Sixtyeight patients (84%) were asymptomatic and 13 (16%)
had recurrent abdominal pain.
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CONCLUSION: Conservative policy is feasible and safe
in 71% of cases, with a low medium-term recurrence
risk.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diverticulosis; Diverticular abscess; Hinchey
classification; Percutaneous drainage; Recurrent diverticulitis
Core tip: We sought to determine whether a conservative approach to the sigmoid colon could be proposed
after complicated diverticulitis. One hundred and
fourteen patients were included in this study, which
confirmed that the conservative approach is feasible
in 71% of cases after an episode of complicated diverticulitis (CD). Indications for elective sigmoid resection
should not be based solely on CD episode. This approach not only has an impact for the patient, but also
for the health care system.

Abstract
AIM: To investigate recurrence rates, patterns and
complications after nonoperatively managed complicated diverticulitis (CD).
METHODS: A retrospective study of patients treated
for CD was performed. CD was defined on computed
tomography by the presence of a localized abscess,
pelvic abscess or extraluminal air. For follow-up, patients were contacted by telephone. Numbers of elective surgeries, recurrences and abdominal pain were
analyzed.

Bridoux V, Antor M, Schwarz L, Cahais J, Khalil H, Michot
F, Tuech JJ. Elective operation after acute complicated diverticulitis: Is it still mandatory? World J Gastroenterol 2014;
20(25): 8166-8172 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8166.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8166

RESULTS: A total of 114 patients (median age 57 years
(range 29-97)), were admitted for CD. Nine patients
required surgical intervention for failure of conservative
therapy (Hartmann’s procedure: n = 6; resection and
colorectal anastomosis: n = 3). Of the 105 remaining
patients, 24 (22.9%) underwent elective sigmoid resection. The 81 (71%) non-operated patients were all
contacted after a median follow-up of 32 mo (4-63).
Among them, six had developed a recurrent episode
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INTRODUCTION
Diverticular disease is a common gastrointestinal disorder, found in a third of people over the age of 60 years in
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the Western world[1]. It is thought to be caused by the low
fiber diet in developed countries and affects the sigmoid
colon in 90% of cases[2].
Lifetime prevalence of diverticulitis is 10%-25%
among patients with diverticular disease, and is increasing[1,3].
Acute diverticulitis is usually graded as ‘uncomplicated’ or ‘complicated’ according to the classification of
the European Association for Endoscopic Surgery[4], as
‘mild’ or ‘severe’ according to the Ambrosetti computed
tomography (CT) criteria[5], or the modified Hinchey
classification[6]. Hinchey classification type Ⅰ and type Ⅱ
refer to paracolic abscesses, while type Ⅲ and Ⅳ refer to
purulent and fecal peritonitis, respectively.
In 2006, the American Society of Colon and Rectum
Surgeons revised its practice parameters for sigmoid
diverticulitis, and stated that “elective colon resection
should typically be advised if an episode of complicated
diverticulitis is treated nonoperatively”[7].
Conversely, some authors reported management using
a conservative policy. Myers et al[8] reported 92 patients
with Hinchey Ⅲ peritonitis managed by laparoscopic
peritoneal lavage only. Of these patients, only two re-presented with diverticulitis at a median follow-up of 36 mo
(range 12-84). Recently, Gaertner et al[9] reported 32 patients that received percutaneous drainage of diverticular
abscess without subsequent colectomy, with a recurrencefree survival of 58% at 7.4 years.
Since January 2008, we have not systematically performed subsequent colon resection after successful conservative management of complicated diverticulitis (CD).
This study, conducted at Rouen University Hospital,
investigated recurrence rates, patterns and complications
in patients with nonoperatively managed complicated diverticulitis.

Initial response to therapy was assessed in an inpatient
setting and included the following criteria: improvement
in abdominal pain and tenderness, normal vital signs
(blood pressure, heart rate, respiratory rate and fever),
normalization of leukocytosis and C-reactive protein, and
return of antegrade GI function while tolerating an oral
diet.
Failure of nonoperative therapy included persistent
or increased abdominal pain and/or tenderness associated with persistent systemic inflammatory response syndrome criteria (temperature < 36 ℃ or > 38 ℃, heart rate
> 90 beats per minute, respiratory rate > 20 breaths per
minute or PaCO < 32 mmHg; and leukocytes > 12000
cells/mm³, < 4000 cells/mm³, or > 10% immature (band)
forms)[10].
Patients with failed nonoperative management underwent repeat abdominal CT followed by surgery.
Treatment failure was defined as the need for emergency surgery or mortality. Radiologically guided drainage
of intra-abdominal abscess(es) and recurrent symptoms
were not considered as treatment failure. Recurrence was
defined as recurrence of symptoms more than 30 d after
discharge. The patient selection procedure is summarized
in Figure 1. Patients were followed up 6 wk later with a
colonoscopy. Indication for subsequent colectomy was
left to the discretion of the surgeon in charge. In May
2013, patients (or the family physician) managed nonoperatively were contacted by telephone. The numbers of
elective surgeries, recurrences and abdominal pain were
analyzed.
Continuous data were presented either as median (min.max.) or mean (± SD). Considering the small number of
patients per group, multivariate analysis and logistic regression to assess any relative risk could not be performed. A P
value ≤ 0.05 was considered significant. Statistical analyses
were performed using SPSS 13.0 (SPSS, Inc., Chicago, IL,
United States).

MATERIALS AND METHODS
We performed a retrospective study of patients admitted
between January 2008 and December 2012 for CD managed by conservative approach.
CD was defined on CT by the presence of a mesocolic abscess, pelvic abscess or extraluminal air. This classification was based on the definition used by Ambrosetti
et al[5]. Pelvic abscesses were those located below the
pelvic brim, and mesocolic abscesses were those located
above the pelvic brim.
Patients were managed with intravenous fluids and
antibiotics (cefotaxime (1 g three times daily) and metronidazole (500 mg three times daily). Intravenous antibiotics were administered for a minimum of 72 h, and then
oral antibiotics were continued for 2 wk (ofloxacine (200
mg twice daily) and metronidazole (500 mg three times
daily).
CT-guided percutaneous drainage was performed if
clinical and biological parameters had not improved with
antibiotics and if the radiologist considered the procedure safe.

WJG|www.wjgnet.com

RESULTS
During the study period, 335 patients were admitted to
our department with acute diverticulitis (Figure 1).
Seventy-four patients were excluded who underwent
immediate surgery because of hemodynamic instability and/or generalized peritonitis. The remaining 114
patients were hemodynamically stable and had CT evidence of extra digestive air and/or abscess without any
extra digestive stools/liquid; they constituted the studied
population [median age: 57 years (range 29-97); 49 female (43%)].
This was the first episode of diverticulitis for 103 patients (90.3%), and 11 patients (9.7%) had undergone at
least one previous episode of uncomplicated diverticulitis. Patient comorbidities are summarized in Table 1.
Sixty-six patients had evidence of extraluminal air,
with a pericolic pneumoperitoneum and a distant pneumoperitoneum in 56 (84.9%) and 10 (15.1%) cases
respectively. In 51 cases, the pneumoperitoneum was
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Left colon acute diverticulitis (n = 335)

Clinical examination/
CT scan

Uncomplicated
diverticulitis
n = 167

Medical treatment

Extra digestive air at CT
scan and/or abscess
n = 188

Hemodynamically
instable and/or diffuse
peritonitis
n = 74

Emergency surgery

Received conservative treatment
(studied population)
n = 114

Did not need emergency surgery
(successful management)
n = 105
Needed radiological
drainage
n =9

Needed emergency
surgery
n =9

Underwent elective
surgery (1-stagemanagement)
n = 24

Did not undergo elective
surgery (0-stagemanagement)
n = 81

Figure 1 Patient selection and outcome of patients with acute diverticulitis and treated nonoperatively. CT: Computed tomography.

the only extracolic anomaly on the CT, in two cases the
pneumoperitoneum was associated with a pelvic abscess,
and in 13 cases with a mesocolic abscess (Table 2).
Sixty-three patients had evidence of a mesocolic abscess (in 52 cases) or a pelvic abscess (in 11 cases) (Table
3). In 48 cases, the abscess was the only extracolic anomaly on the CT. Nine patients had percutaneous drainage
of a large abscess (Table 4), one of whom required subsequent operation.
Nine patients (7.9%) required intervention for failure of conservative therapy during index admission
(Hartmann’s procedure: n = 6, resection and colorectal
anastomosis: n = 3) (Table 5). Indications for emergency
colectomy included generalized peritonitis (n = 7) on the
control CT and persistent pain and fevers (n = 2). Median
time to emergency colectomy was 5 d (range, 2-14).
One patient died 10 d after Hartmann’s procedure of
hemorrhagic shock; this patient was 86 years old. Overall
median length of hospital stay was 5 d (range, 2-21).
Of the 105 patients who were discharged without
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resection, 20 subsequently underwent elective sigmoid
resection in our department and four in another hospital
(Table 6). Median interval until elective sigmoid resection was 5 mo (range, 2-9) and no patient underwent
emergency surgery. Indications for surgery were: persisting symptoms for four patients, recurrent and disabling
bouts of diverticulitis for three patients, fistula for three
patients (coloenteric, colovesical and colovaginal), sigmoid stenosis for one patient, portal venous pneumatosis
for one patient, immunodeficiency for one patient, and
surgeon decision for 11 patients (colonic resection to
prevent further attacks, or complicated disease).
According to our policy, all patients underwent medical examination and colonoscopy systematically 6 wk
after discharge and none of them showed colic adenocarcinoma.
In total, 81 patients (71%) were managed only with
medical treatment. These 81 non-operated patients (or
the family physician) were all contacted after a median
follow-up of 32 mo (range, 4-63). Four patients died
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Table 3 Patient characteristics in the diverticular abscess groups

Table 1 Comorbidities of the patient cohort n (%)

n (%)

Comorbidity
Cardiovascular
Pulmonary
Diabetes
Collagen–vascular
Obesity
Steroids

No. of women
Mean age (yr)
No. of patients < 50 years
old
Previous episodes of
diverticulitis
Co-morbidity
Leukocytes
CRP
Mean size (mm)
Free air
Drainage
Surgery during first hospital
stay
Surgery later
Conservative treatment
Recurrence

Table 2 Patient Characteristics in the extraluminal air groups
n (%)
Characteristics
No. of women
Mean age (yr)
No. of patients < 50
years old
Previous episodes of
diverticulitis
Leukocytes
CRP
Mesocolic abscess
Pelvic abscess
No abscess
Drainage
Surgery during first
hospital stay
Surgery later
Conservative treatment
Recurrence

Extraluminal air No extraluminal air P value
66 (57.9)
48 (42.1)
24 (36.4)
55.43 (± 15.6)
26 (39.4)
8 (12.1)
13307 (± 3967)
128.6 (± 87)
13 (19.7)
2 (3)
51 (77.3)
1 (1.5)
6 (9)
13 (19.7)
47 (71.3)
4 (6)

25 (52)
61.6 (± 17)
14 (29.1)

0.009
0.03
0.25

3 (6.3)

0.35

14242 (± 4396)
150 (± 86.6)
39 (81.2)
9 (18.8)
0
8 (16.7)
3 (6.3)

0.20
0.21
< 0.0001
< 0.0001
0.004
0.73

11 (22.9)
34 (70.8)
5 (10.4)

Mesocolic abscess Pelvic abscess P value
52 (45.6)
11 (9.6)

Characteristics

13 (11.4)
6 (5.3)
5 (4.5)
4 (3.5)
9 (7.9)
3 (2.6)

24 (46.1)
60.2 ± 17
16 (30.8)

7 (63.6)
56.8 ± 11
2 (18.2)

3 (5.8)

0.337
0.41
0.48

2 (18.2)

10 (19.2)
14263 ± 4290
141.5 ± 85
33 ± 16
13 (25)
4 (7.7)
6 (11.5)

0.28

3 (27.3)
13981 ± 5996
174 ± 96
45.5 ± 23
2 (18.2)
5 (45.5)
1 (9)

12 (23)
34 (65.4)
5 (9.6)

0.68
0.88
0.30
0.1
1.0
0.0057
1.0

2 (18.2)
8 (72.7)
0

1.0
0.73
0.57

CRP: C-reaction protein.

Table 4 Mesocolic and pelvic abscess: relationship between
size and incidence of drainage
Condition
Mesocolic
abscess
Pelvic abscess

0.67
0.96
0.48

n (%)

Mean size (cm) Size < 5 cm

Drainage
4 (7.7)
No drainage 48 (92.3)
Drainage
5 (45.5)
No drainage 6 (54.5)

6.8 ± 1.9
3.1 ± 1.4
5.5 ± 2.2
3.8 ± 2.2

2
5
2
4

CRP: C-reaction protein.

Table 5 Relationship between year of occurrence of diverticulitis
and type of treatment n (%)

during follow-up, but cause of death was not related to
diverticular disease. Six patients (7%) developed a recurrent episode of diverticulitis with a median follow-up
of 12 mo (range, 6-36); however, none of these patients
required hospitalization. At the end of follow-up, 68 patients (84%) were completely asymptomatic and 13 (16%)
had recurrent abdominal pain.
In univariate analysis, the only factor associated with
elective sigmoid resection following successful nonoperative management was the period of the episode
[2008-2009 (n = 16) vs 2010-2012 (n = 8), P = 0.006].
Age less than 50 years, free air or abscess on CT were not
associated with need for elective surgery.

DC
2008
2009
2010
2011
2012

Surgery during first hospital stay
2 (9)
2 (9)
1 (5.3)
2 (6.7)
2 (9.5)

Surgery later
11 (50)
5 (22.8)
2 (10.6)
5 (16.7)
1 (4.8)

tis to avoid the high risk of recurrence and further complications[15-17]. However, recent studies have highlighted
the fact that an episode of severe diverticulitis may result
in a buttressing effect around the affected portion of the
colon, thereby protecting it from subsequent attacks[18].
To investigate recurrence rates and post-operative
complications following conservatively managed diverticulitis, Eglinton et al[19] retrospectively analyzed clinical
data from all patients with diverticulitis admitted to their
department from 1997 to 2002. Complicated diverticulitis
recurred in 24% of patients, compared to a recurrence
rate of 23.4% in those with uncomplicated diverticulitis.
Recurrence typically occurred within 12 mo of the initial
episode. Furthermore, Collins noted that perforation
might be the first manifestation of complicated diverticulitis in around 75% of patients[20].

DISCUSSION
In our study, nonoperative treatment with intravenous
antibiotics, associated with CT-guided percutaneous
drainage in selected patients, has enabled us to avoid surgery in 71% of cases.
Although clinical presentation of sigmoid diverticulitis as abscess has increased in recent years[11], questions
remain concerning the therapeutic strategies in an acute
setting and after successful conservative treatment[8,12-14].
It is generally acknowledged that elective resection
should be performed after complicated acute diverticuli-
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22
22
19
30
21
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Table 6 Relationship between the year of occurrence of diverticulitis and indications for acute and elective surgery
Prophylactic
2008
2009
2010
2011
2012

7
2

Stenosis

Fistula

Portal venous pneumatosis

Immuno-deficiency

Persisting symptoms

31
1

22
0

Recurrences
1
1

1
1

1
2
1

1

12

One patient operated on in another institution; 2All patients operated on in another institution.

1

In our study, only 10% of patients had previously
been admitted for diverticular disease. Furthermore, of
the 85 patients who did not undergo elective surgery,
but who continued successful nonoperative treatment,
only six had recurrence. This rate is consistent with the
7%-25% reported previously after conservative management of uncomplicated diverticulitis[21].
The decision to operate must also take into account
operative morbidity and mortality associated with elective
colectomy and its effectiveness in preventing recurrence.
Prophylactic colectomy is not without risk. Surgery for
elective diverticular resection has been associated with a
mortality risk of up to 4% and with morbidity rates of
25%-55%, including a 10%-14% incidence of stoma formation[22-25].
Moreover, elective resection is not curative in all patients, with recurrence rates following surgery estimated
at 2.6%-10.4%[26-30]: a large number of patients report
impairment in bowel function[28,31,32].
Few previous studies have examined the management
and outcomes of complicated diverticulitis treated nonoperatively.
Ambrosetti et al[33] conducted a study of 73 cases of
diverticular abscesses with 43-mo of follow-up. They
found that 58% of patients with a mesocolic abscess who
had received successful nonoperative treatment during
their first hospitalization did not require operative treatment, vs 47% of patients with a pelvic abscess. The authors concluded that a mesocolic abscess by itself is not
an absolute indication for colectomy.
Dharmarajan et al[12] showed that 93% (25 of 27) of
their acute diverticulitis patients who presented with stable examination results, and distant free air on computed
tomography, were successfully managed without urgent
surgery, with 37% of these patients receiving percutaneous drains. Costi et al[34] reported a 92.3% (36 of 39) success rate for nonoperative management in patients with
diverticulitis and a pneumoperitoneum, excluding those
with hemodynamic instability and/or diffuse extravasation of rectal contrast on computed tomography.
The limitations of our study are its relatively short
follow-up and retrospective nature. Furthermore, multiple individual surgeons managed patients, and selection
criteria for nonoperative management were not standardized. Our univariate analysis shows that the risk of elective colectomy decreased after 2010, probably reflecting
the time required for surgeons from our department to
take ownership of this new concept.
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However, these data still provide a valuable insight
into the natural history of complicated diverticular disease, and might be considered preliminary to a future,
multicenter prospective trial to better define target groups
for prophylactic resection in this very prevalent and pervasive disease.
In our opinion, the decision to proceed to elective
laparoscopic colectomy should not be automatic, but
should taken on a case-by-case basis. Transplant patients,
immunocompromised patients, or patients who need
treatment that increases the risk of perforation (NSAID,
steroids etc.), may be proposed for prophylactic sigmoid
resection[35], even if the benefit of this approach has not
been demonstrated[36,37].
Elective surgery for diverticular disease is intended to
treat complications (fistula and symptomatic stenosis) or
rare patients with recurrent and disabling bouts of diverticulitis.
A conservative policy is both feasible and safe in 71%
of cases, with a low short-term recurrence risk.
We propose that after a complicated episode of diverticulitis treated nonoperatively, elective colectomy should
be offered to treat complications (fistula and symptomatic stenosis), or for rare patients with recurrent and
disabling bouts of diverticulitis. This attitude warrants
further confirmation with larger cohorts.
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Laparoscopic approach to Meckel's diverticulum
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Giovanni Cobellis
based on the body weight. Systematic overview of the
peritoneal cavity allowed the ileum to be grasped with
an atraumatic instrument. The complete exploration and
surgical treatment of MD were performed extracorporeally, after intestinal exteriorization through the umbilicus. All patients’ demographics, main clinical features,
diagnostic investigations, operative time, histopathology
reports, conversion rate, hospital stay and complications
were registered and analyzed.
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RESULTS: MD was identified in 17 patients, while 1
had an ileal duplication and 1 a jejunal hemangioma.
Fifteen patients had painless intestinal bleeding, while
4 had recurrent abdominal pain and exhibited cyst like
structures in an ultrasound study. Eleven patients had
a positive technetium-99m pertechnetate scan. In the
patients with bleeding, gastrointestinal endoscopy did
not name the source of hemorrhage. All patients were
subjected to a TULA surgical procedure. An intestinal
resection/anastomosis was performed in 14 patients,
while 4 had a wedge resection of the diverticulum and
1 underwent stapling diverticulectomy. All surgical procedures were performed without conversion to open
laparotomy. Mean operative time was 75 min (range
40-115 min). No major surgical complications were
recorded. The median hospital stay was 5-7 d (range
4-13 d). All patients are asymptomatic at a median follow up of 4, 5 years (range 10 mo-10 years).

Abstract
AIM: To retrospective review the laparoscopic management of Meckel Diverticulum (MD) in two Italian
Pediatric Surgery Centers.

CONCLUSION: Trans-umbilical laparoscopic-assisted
Meckel’s diverticulectomy is safe and effective in the
treatment of MD, with excellent results.

METHODS: Between January 2002 and December 2012,
19 trans-umbilical laparoscopic-assisted (TULA) procedures were performed for suspected MD. The children
were hospitalized for gastrointestinal bleeding and/or
recurrent abdominal pain. Median age at diagnosis was
5.4 years (range 6 mo-15 years). The study included 15
boys and 4 girls. All patients underwent clinical examination, routine laboratory tests, abdominal ultrasound and
technetium-99m pertechnetate scan, and patients with
bleeding underwent gastrointestinal endoscopy. The
abdominal exploration was performed with a 10 mm operative laparoscope. Pneumoperitoneum was established
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Key words: Meckel’s diverticulum; Laparoscopy; One
trocar surgery; Gastrointestinal bleeding; Minimal invasive surgery; Ileal duplication; Jejunal hemangioma
Core tip: The Authors report a retrospective review
on laparoscopic management of Meckel’s diverticulum
(MD). The children were hospitalized for gastrointes-
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disease, with excellent cosmetic results, shorter hospitalization and less post-operative pain. Currently, there are
two laparoscopic procedures that are performed for MD.
The first is called “trans-umbilical laparoscopic-assisted
(TULA) Meckel’s diverticulectomy”, which allows the
exteriorization of the diverticulum through the navel
and the performance of the diverticulectomy outside of
the abdomen with its repair in relationship to the enteric
defect and morphology[13,14]. The second technique is
a three port laparoscopic procedure that requires the
use of an endoscopic linear stapler-cutting device. The
TULA approach has gained significant support because
it is safe and effective in the management of MD, and it
offers low cost and excellent results[3,4,5,12]. Therefore, we
report a retrospective review of the laparoscopic management of Meckel’s diverticulum in two Italian pediatric
surgery centers.

tinal bleeding and/or recurrent abdominal pain. The
abdominal exploration was performed with a 10 mm
operative laparoscope and the complete exploration
and surgical treatment of MD were performed extracorporeally, after intestinal exteriorization through the
umbilicus. Patients’ demographics, main clinical features, diagnostic investigations etc. were registered
and analyzed. Meckel’s diverticulum was identified in
17 patients, while 1 had an ileal duplication and 1 a
jejunal hemangioma. Our study confirms the value of
laparoscopy in the management of MD for providing a
definitive diagnosis and directing the subsequent surgical approach.
Papparella A, Nino F, Noviello C, Marte A, Parmeggiani P,
Martino A, Cobellis G. Laparoscopic approach to Meckel’s
diverticulum. World J Gastroenterol 2014; 20(25): 8173-8178
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i25/8173.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8173

MATERIALS AND METHODS
Between January 2002 and December 2012, a retrospective review was performed on case records of 19 patients with suspected Meckel’s diverticulum. The children
were hospitalized for gastrointestinal bleeding and/or
recurrent abdominal pain.
Patients’ demographics, clinical features, diagnostic
tests performed, histopathology reports, operative time,
conversion to laparotomy, hospital stay and complications were analyzed. All patients underwent clinical
examination, routine laboratory tests, abdominal ultrasound and MS. Patients with intestinal bleeding were
subjected to upper and lower gastrointestinal endoscopy.

INTRODUCTION
Meckel’s diverticulum (MD) is one of the most common malformations of the small intestine (2%-4%)[1-5].
In most cases it is clinically silent and found incidentally
during abdominal exploration for other pathologies. Its
presence is related to an obliteration defect of the omphalomesenteric duct, and for this reason it is localized
on the antimesenteric border of the ileum[2,6], up to 100
cm from the ileocecal valve. When the MD is symptomatic, it may be responsible for severe episodes of intestinal bleeding[7,8], intussusception, bowel obstruction, or
recurrent abdominal pain with repeated vomiting and/or
nausea[1-5]. The presence of heterotopic mucosa, mostly
gastric or pancreatic but also colic, is found in 20%-30%
of cases[2]. In some cases, the diverticulum, including all
three layers of the intestinal wall and associated vasculature, may be affected by an appendicitis like inflammation and may be responsible for acute or sub-acute
intestinal obstruction[1]. In the pre-laparoscopic era, due
to symptom variability, the diagnosis and treatment of
MD was a challenge because in difficult cases, traditional
diagnostic methods, such as X-ray and ultrasound or
scintigraphy with Tc-99m pertechnetate (MS) [2,7] had
high false negative or positive rates. The surgical approach to MD may vary depending on its morphology
and anatomical variations, such as short diverticulum
with a wide base or fibrous band to the umbilicus, long
diverticulum with a narrow base, a patent vitellointestinal duct or a periumbilical sinus. Conventional surgical
management has been laparotomy and simple diverticulectomy or wedge excision of the adjacent ileum or
segmental ileal resection and anastomosis, which seems
to be the most popular surgical procedure for MD to
date[1]. The advances in laparoscopy have significantly
aided the diagnosis and surgical treatment[3,5,6,9-12] of this
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Operative procedure
The procedure was performed under general anesthesia
with an indwelling nasogastric tube and bladder catheter.
All patients were submitted to diagnostic laparoscopy after obtaining informed consent. In all patients, a 10 mm
Hasson trocar was inserted using the open technique.
Pneumoperitoneum was established based on the body
weight, with an insufflation of 0.5/L/min to a maximum
pressure of 12/mmHg. After systematic overview of
the peritoneal cavity with a 10 mm operative telescope,
the MD was directly identified, grasped and delivered
through the umbilical port (Figure 1), even if it was a
giant diverticulum (Figure 2). When it was not possible
to identify the MD, the terminal ileum was grasped, and
the ileal exploration was systematically performed extracorporeally or intra-corporeally by inserting two 3/5
mm working ports in the left and right iliac fossa (Figure
3). In the patients with MD, the diverticulectomy was
performed extracorporeally with wedge resection or
intestinal resection/anastomosis, performed along with
a sleeve of the adjacent ileum (Figure 4), including the
patients with ileal duplication and jejunal hemangioma.
In one case, the resection was performed with a linear
stapling device (Ethicon Linear cutter stapler) because
the diverticulum was long. Prior to closing, the resected
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Figure 1 Transumbilical exteriorization of Meckel’s diverticulum.

Figure 4 Completed hand-sewn end to end anastomosis after diverticulectomy.

surgical procedure. Seventeen patients underwent Meckel’s diverticulectomy. Of these, 4 had a wedge resection,
12 an intestinal resection/anastomosis with end-to-end
hand sewn anastomosis and 4-0 polyglactin sutures and,
in 1 patient, the diverticular resection was performed
with a linear stapler device. In 2 patients, the search for
an MD was unsuccessful, and an ileal duplication and
jejunal hemangioma were found. In these patients, an
intestinal resection with end-to-end hand sewn anastomosis was executed. In one patient, an appendectomy
was performed during the same procedure because suppurative appendicitis with reactive lymphadenitis was
found.
Fifteen patients had painless intestinal bleeding, while
4 had recurrent abdominal pain, and the ultrasound
study showed a cyst-like structure. Five patients required
blood transfusions pre-operatively. Eleven patients had
a positive MS, including the patient with jejunal hemangioma. Upper and lower gastrointestinal endoscopy did
not show the source of bleeding. The mean operative
time was 75 min (range 40-115 min). No intra-operative
or post-operative complications were recorded, except
for one patient, who experienced fever 7 d after surgery
that resolved with antibiotics. Histological analysis of
the resected specimens confirmed heterotopic gastric
mucosa (HGM) in 17 patients, which was associated
with focal ulceration in four of them. In one patient, ileal duplication was confirmed, and in one case, a jejunal
hemangioma was found. The patients were discharged
with a medium stay of 5, 7 d (range 4-13 d). At a median
follow up of 4, 5 years (range 10 mo-10 years), all patients were asymptomatic, with excellent cosmetic results
and no late complications.

Figure 2 Exteriorization of giant Meckel’s diverticulum through the umbilical port.

Figure 3 Laparoscopic view of Meckel’s diverticulum.

diverticulum was opened and carefully inspected to
confirm the complete removal of ectopic mucosa. The
intestine was relocated in the abdominal cavity, and the
umbilical incision was closed with interrupted sutures,
using 2-0 polyglactin to approximate the fascia.

DISCUSSION
In recent years, advances in the field of pediatric surgery
have included the development of endoscopy and minimally invasive surgery, which have changed the surgical
approach to many diseases. MD is the most common
congenital malformation of the intestinal tract, and
most MDs are asymptomatic and found incidentally

RESULTS
The median age of the patients at the time of diagnosis
was 5,4 years (range 6 mo-15 year). The male to female
ratio was 15:4. All patients were subjected to a TULA
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sign[3,6]. Furthermore, gastrointestinal endoscopy cannot
diagnose a MD, but we believe that it is still essential in
identifying other possible sources of bleeding. In our experience, the MD can be found directly through the operative laparoscope, which is introduced through the first
umbilical trocar, or a complete ileal examination may be
performed extracorporeally or through the introduction
of two accessory trocars.
We believe that the TULA extracorporeal small bowel
exploration is easy and fast, and it allows accurate diagnosis in all cases. In patients in whom the ultrasound
showed a cyst-like structure, laparoscopy and the ileal exploration showed an MD in two cases and ileal duplication in one. In the patient with jejunal hemangioma, the
child presented with gastrointestinal bleeding, and the
MS was positive. TULA small bowel exploration outside
the abdominal cavity was performed without evidence
of a diverticulum. The hemangioma was identified as a
small soft palpable lesion of the bowel approximately 40
cm from the ligament of Treitz. In our opinion, intracorporeal laparoscopic small bowel exploration would
not have been effective in this case, and only palpation
of the bowel allowed proper diagnosis and treatment.
In all patients, the diagnosis was reached without
complications or wasted time. This approach has also
become our strategy when looking for a MD during an
appendectomy and recurrent abdominal pain of uncertain nature[5].
Intracorporeal laparoscopy or TULA has been considered a valuable tool not only in the diagnosis but also
in the treatment of MD. Laparoscopic treatment of MD
was originally described by Attwood[16], who applied a
staple transversally at the base of diverticulum to perform an assisted extracorporeal diverticulectomy. This
procedure carries the risk of leaving heterotopic mucosal tissue, and the resection of the adjacent bowel is
considered the treatment of choice today. In our series,
all cases except one were treated by wedge or intestinal
resection/anastomosis. In one case, an extracorporeal
stapling diverticulectomy was performed.
Some authors[4] have studied the relationship between
the location of gastric heterotopia and the external appearance of diverticulum for the proper choice of the
surgical treatment. Their results support the data that,
in long diverticula with a height-diameter ratio of more
than 1, 6, the heterotopic mucosa is only located in the
distal area; therefore, in these cases, simple transverse
resection with a stapling device has been recommended.
The contraindication for stapler excision is a very broad
base or insufficient length of the diverticulum, which
makes it impossible to apply the staple[11] because of
the risk of leaving heterotopic tissue. Furthermore,
the direction of the excision must be perpendicular to
the ileum and not into the longitudinal axis to avoid
any impairment of the ileal lumen. Prasad[3] suggested
evaluating the HD ratio and resecting the neck of the
diverticulum transversely. In addition, a frozen section
of the specimen should be obtained to ensure that the

during abdominal exploration. Usually, MD has an incidence of 2%-4% and is symptomatic within the first
2 years of life. In our series, the median age at the time
of diagnosis was 5, 4 years (range 6 mo-15 year). In his
series, Palanivelu[11] reported an age range from 6 to 43
years. Likewise Rho et al[7] reported a range from seven
days to 19 years, emphasizing that there is a wide age
range because MD may be clinically silent for a long
time. Therefore, a high index of suspicion is necessary
for its diagnosis and treatment. Recently, a survey on the
trends in the surgical management of MD in the United
States has demonstrated that the laparoscopic approach
has been underused and that it may improve results and
cost[1]. Laparoscopy has been claimed as the first line
procedure for diagnosing cases of complications due to
MDs painless large intestinal bleeding[3,15]. In these cases,
Tc99 scan has a reported sensitivity of 25%-92%[2]. This
diagnostic technique is the best non-invasive method
for pre-operative diagnosis of MD[7]. Menezes et al[2]
conducted a retrospective review on the various presentations of symptomatic MD and assessed the sensitivity
of the Meckel’s scan as a diagnostic tool in patients with
gastrointestinal bleeding. They showed a sensitivity of
66.6% with a false negative rate of 33, 3%. In our series,
MD was found during abdominal exploration in 17/19
patients, and MS was positive in 11 patients (57.8%).
Interestingly, one patient with a jejunal hemangioma had
a positive Tc99 scan as well. In their series of patients
with positive MS, Rho et al[7] showed significant differences in complete blood count profiles compared to
patients in whom the diagnosis had not been performed
using MS. Therefore, they emphasize the clinical and
hematological evaluation of the patient and recommend
performing a Meckel’s scan in patients admitted to the
hospital with lower GI bleeding, abdominal distension
and/or pain and severe anemia[7]. False negative diagnosis may be due to ulcers and hemorrhage without ectopic
gastric mucosa, cases with insufficient gastric mucosa to
capture Tc99, and cases with a “wash out“phenomenon
due to the accentuated intestinal transit[7]. The incidence
of heterotopic mucosa in cases with MD varies between
15%-50%[9]. Shalaby et al[9] reported that the incidence of
diverticular HGM in symptomatic patients was 77, 8%.
It is reported that heterotopic mucosa in symptomatic
patients is much higher than in patients with asymptomatic MD. In the symptomatic patients, ectopic mucosa
is present in 61%-80% of cases and in only 13%-30%
of incidental cases[9]. In our series, the incidence at histopathologic examination was 95.9%. This result could
also be due to the high incidence of bleeding MD in
which the HGM varies from 80% to 100%[7,9]. MS has
false negative and positive rates; therefore, laparoscopy
may be of great benefit for the diagnosis and planning
of the surgical technique, especially in patients in whom
the clinical findings are not clear. Some authors suggest a
change in the diagnostic algorithm for massive and painless lower gastrointestinal bleeding in children[12,15], which
is generally assumed to be the most important clinical
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stamp is free from ectopic epithelium. In their series, all
patients underwent resection of the MD with a sleeve of
ileum and intestinal anastomosis. This technique avoids
the need for a frozen section and ensures the complete
resection of the ectopic epithelium[2,3]. Furthermore, the
diverticulum inspection after the resection in addition to
palpation is useful in determining the complete surgical
resection. Laparoscopic intraabdominal Meckel diverticulectomy has been performed with the application
of Roeder’s loop on the base of the diverticulum, an
endo-stapler, or intestinal resection with intra-corporeal
suturing[5,6,9,11]. Therefore, after the segmental resection
of MD, a side-to-side anastomosis can be performed
laparoscopically but results in a longer operation, even
when performed by skilled laparoscopic surgeons. We
believe that extracorporeal resection and anastomosis
is safe, simple and inexpensive. Moreover, it avoids the
potential risk of intra-abdominal spillage. The TULA
approach could be defined as the synthesis between an
excellent modern diagnostic technique, laparoscopy, and
the traditional surgical approach. In fact, it is possible
to exteriorize the intestinal loop through the navel to
palpate for the presence of ectopic mucosa at the base
of the diverticulum[3] and to reconstruct the intestinal
continuity outside of the abdomen with minimal risk for
the patient during laparoscopy. Furthermore, the direct
observation of the diverticulum and its measurement
expressed in the HD Ratio could assist the choice of the
surgical technique[4]. However, recommendations for the
surgical treatment of Meckel’s diverticulum and its clinical sequelae come from case reports and single-institution
case series. Therefore, we cannot confirm that the transumbilical laparoscopic-treatment of Meckel’s diverticulum is better than the conventional approach because we
performed a retrospective study. However, the laparoscopic approach has the advantage of combining diagnosis and treatment, making it effective and suitable for
the patient. This question would best be answered using
a prospective, multi-institutional study.
An important issue of this technique is the creation
of an adequate fascial opening during the open approach
that allows easy exteriorization of the intestine for diagnosis and possible excision of the MD, facilitates the
replacement of intestine into the abdomen, and prevents
serious bleeding, congestion and edema of the intestine.
The use of an operative laparoscope could be difficult because of the axial movement of the telescope[5],
which makes the intracorporeal manipulation and exploration of the intestine challenging in some patients. This
difficulty can be avoided through the extracorporeal
small bowel exploration or the introduction of an accessory trocar of three or five mm to grasp the terminal
ileum and the diverticulum.
The most common complication after a Meckel’s diverticulectomy is adhesive intestinal obstruction, which
occurs in 5%-10% of the patients[3,6]. The main symptom is gastrointestinal bleeding; these complications
generally occur in patients with ischemic and congested
intestine[3]. Chan et al[12] presented a series of 20 patients
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with complicated MD and reported that, after laparoscopy, none of the patients were readmitted for rebleeding
or adhesive intestinal obstruction. In our series, no complications were registered at follow-up except for one
patient, who developed a fever one week after surgery.
In conclusion, laparoscopy must be considered as the
technique of choice in the management of MD because
it permits the easy diagnosis and identification of the
diverticulum, and it is fundamental in surgical planning,
even in an emergency situation. Trans-umbilical laparoscopic-assisted diverticulectomy is safe and effective in
the management of MDs.
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with excellent cosmetic results, reduction in hospitalization and improved postoperative pain. The authors experience highlights the benefit of trans-umbilical
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RETROSPECTIVE STUDY

Association of human leukocyte antigen DQB1 and DRB1
alleles with chronic hepatitis b
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Celal Ulasoglu, Ilyas Tuncer, Gizem Dinler Doganay
study, of whom 226 (63.7%) were male. Overall, 82
(23.1%) were hepatitis B early antigen (HBeAg) positive, 87 (24.5%) had cirrhosis, and 66 (18.6%) had
inactive disease. The presence of DQB1 and DRB1
alleles was determined by polymerase chain reaction
with sequence-specific primers. The distribution of the
genotyped alleles among patients with cirrhosis and
patients with chronic active hepatitis was analyzed.
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RESULTS: The most frequent HLA DQB1 allele was

DQB1*03:01 (48.2%), and the most frequent HLA
DRB1 allele was DRB1*13/14 (51.8%). DQB1*05:01

was more frequent in patients with active disease than
in inactive patients (27% vs 9.1%; P = 0.002, P c =
0.026). DRB1*07 was rare in patients with cirrhosis
compared with non-cirrhotics (3.4% vs 16%; P = 0.002,
P c = 0.022). Older age (P < 0.001) and male gender (P
= 0.008) were the other factors that affected the presence of cirrhosis. In a multivariate logistic regression
analysis, DRB1*07 remained a significant negative predictor of cirrhosis (P = 0.015). A bioinformatics analysis revealed that a polymorphic amino acid sequence
in DRB1*07 may alter interaction with the T-cell recognition site.
CONCLUSION: This study demonstrates that HLA alleles may influence cirrhosis development and disease
activity in Turkish chronic hepatitis B patients.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the effect of human leukocyte antigen (HLA) DRB1 and DQB1 alleles on the inactive and
advanced stages of chronic hepatitis B.

Key words: Chronic active hepatitis; Cirrhosis; Hepatitis
B; Human leukocyte antigen DQ; Human leukocyte antigen DR

METHODS: Patient records at a single institution’s
hepatology clinic were reviewed. Demographic data,
laboratory results, endoscopy results, virological parameters, biopsy scores and treatment statuses were
recorded. In total, 355 patients were eligible for the

Core tip: Chronic hepatitis B is a major health problem
worldwide. Recent genome-wide association studies
revealed a significant association between the human
leukocyte antigen (HLA) class Ⅱ region and chronic
hepatitis B. In the present study, we genotyped HLA
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infection have been performed. Studies in the Chinese
population showed that HLA DRB1*03:01, DQB1*03:01,
DQB1*03:03, DQB1*05:03, DRB1*06, DRB1*08 and
DRB1*16 are associated with viral persistence[11-13]. In
Taiwanese patients, DRB1*12:02 was shown to be related to viral persistence, whereas the DRB1*04:01 and
DRB1*07:01 alleles were related to viral clearance[14]. In a
study from the United States, the DQB1*03:01 allele was
related to viral persistence in Afro-Americans[15]. A study
from Turkey revealed that HLA DR7, DR13 and DQ3 alleles were related to susceptibility to chronic infection[16].
Recent genome-wide association studies revealed
an association between the HLA class Ⅱ gene region
(DR, DQ and DP) and HBV chronicity[17-19]. Moreover,
a recent study revealed the effect of DQB1 alleles on
the treatment response to nucleoside/nucleotide analogs
in chronic HBV infection[20]. In this study, we aimed to
investigate the association between HLA DQB1 and
DRB1 alleles and the outcome of chronic HBV disease
(inactive state, active disease or cirrhosis).

DQB1 and DRB1 alleles in 355 chronic hepatitis B patients and investigated the effects of the HLA alleles on
disease activity and cirrhosis development. We found
that DQB1*05:01 was a risk factor for chronic active
hepatitis and that DRB1*07 was a protective factor
against cirrhosis. A bioinformatics analysis revealed
that DRB1*07 might be associated with a hypoimmune
response.
Doganay L, Fejzullahu A, Katrinli S, Yilmaz Enc F, Ozturk
O, Colak Y, Ulasoglu C, Tuncer I, Dinler Doganay G.
Association of human leukocyte antigen DQB1 and DRB1
alleles with chronic hepatitis b. World J Gastroenterol 2014;
20(25): 8179-8186 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8179.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8179

INTRODUCTION
Hepatitis B virus (HBV) is observed all around the world,
and nearly 350 million people have chronic HBV infections[1]. The estimated number of annual deaths due to
the consequences of HBV infection is nearly 600000[2].
The virus itself is non-cytopathic, and liver damage during chronic infection is due to the host immune reaction
against the virus. Several host immune mechanisms have
been proposed to be involved in viral persistence, beyond
viral factors[3]. Human leukocyte antigen (HLA)-restricted
T lymphocytes, B lymphocytes in the humoral immunity
system, dendritic cells, natural killer cells and numerous cytokines are required to generate an accurate immunologic response against the virus[4,5]. An inaccurate,
nonselective cytolytic immune reaction to hepatocytes
is believed to cause necroinflammation and further liver
fibrosis, rather than eradicating the virus[3].
In the majority of chronic hepatitis B patients, an
inactive state, with low DNA levels (HBV DNA levels
less than 2000 IU/mL) and normal liver enzyme levels,
is observed. Nonetheless, nearly 30% of these inactive
carriers (hepatitis B early antigen (HBeAg) negative,
normal serum liver enzyme level and low serum HBV
DNA level) will develop active disease, and nearly 10%
will develop cirrhosis[6,7]. To date, there is no defined
test to predict which patient will remain in the inactive
state without treatment and which patient will progress
to chronic active hepatitis, which may culminate in cirrhosis unless specific antiviral treatment is introduced.
It should be noted that when cirrhosis develops, the expected five-year survival decreases to 50% in untreated
hepatitis B patients[8]. Additionally, for cirrhotics, the
annual risk of developing hepatocellular carcinoma is 5
times higher than for non-cirrhotics[9]. Furthermore, in
general, cirrhosis is the most common non-neoplastic
cause of death related to the digestive system in the
United States[10].
Studies investigating the effect of HLA polymorphism
on the disease state of different populations with HBV
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MATERIALS AND METHODS
Patients
Chronic hepatitis B patients who were followed up at a
hepatology clinic at a single institution between August
2005 and August 2010 were included in this study. The
local ethics committee approved the study. The patients’
case notes were reviewed, and demographic data, laboratory results, endoscopy results, virological parameters,
biopsy scores and treatment statuses were noted. There
were 628 patients. Patients with delta virus co-infection,
hepatitis C virus (HCV) or human immunodeficiency
virus infection or liver disease rather than hepatitis B;
patients receiving immunosuppressive treatment; and
patients under age 18 were excluded. Patients with cirrhosis, patients with inactive disease and patients with
active disease were identified according to the following
definitions.
Cirrhosis: Cirrhosis was confirmed by biopsy unless
portal hypertension (portal ascites or esophageal varices
and thrombocytopenia) was present.
Chronic inactive disease: HBeAg-negative patients
with persistently normal serum alanine transferase (ALT)
levels (lower than 30 IU/ml) and persistently low HBV
DNA levels (lower than 2000 IU/ml) for at least three
years of follow-up were defined as inactive. A sonographic examination that revealed normal liver function,
without any sign of portal hypertension, was mandatory.
If the liver was biopsied, the fibrosis score had to be 0,
and the hepatic activity index (HAI) had to be less than 4.
Chronic active disease (the patients being treated):
The patients who fulfilled the American Association for
the Study of Liver Diseases (AASLD) 2009 criteria and
were receiving treatment were included[21]. Any patient
who received treatment without fulfilling the AASLD
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Table 1 List of primers used in the study
DQB1 allele
DQB1*0501

Primers

5’
3’
DQB1*0502
5’
3’
DQB1*0503
5’
3’
DQB1*0601
5’
3’
DQB1*0602
5’
3’
DQB1*0603
5’
3’
DQB1*0604
5’
3’
DQB1*0201
5’
3’
DQB1*0201/0302 5’
3’
DQB1*0301
5’
3’
DQB1*0302/0303 5’
3’
DQB1*0303
5’
3’
DQB1*0401
5’
3’
DQB1*0402
5’
3’

5’ CGGAGCGCGTGCGGGG 3’
5’ GCTGTTCCAGTACTCGGCAA 3’
5’ TGCGGGGTGTGACCAGAC 3’
5’ TGTTCCAGTACTCGGCGCT 3’
5’ TGCGGGGTGTGACCAGAC 3’
5’ GCGGCGTCACCGCCCGA 3’
5’ GCCATGTGCTACTTCACCAAT 3’
5’ CACCGTGTCCAACTCCGCT 3’
5’ CGTGCGTCTTGTGACCAGAT 3’
5’ GCTGTTCCAGTACTCGGCAT 3’
5’ GGAGCGCGTGCGTCTTGTA 3’
5’ GCTGTTCCAGTACTCGGCAT 3’
5’ CGTGTACCAGTTTAAGGGCA 3’
5’ GCAGGATCCCGCGGTACC 3’
5’ GTGCGTATTGTGAGCAGAAG 3’
5’ GCAAGGTCGTGCGGAGCT 3’
5’ GACGGAGCGCGTGCGTCT 3’
5’ CTGTTCCAGTACTCGGCGG 3’
5’ GACGGAGCGCGTGCGTTA 3’
5’ AGTACTCGGCGTCAGGCG 3’
5’ GACGGAGCGCGTGCGTCT 3’
5’ AGTACTCGGCGTCAGGCG 3’
5’ GACGGAGCGCGTGCGTCT 3’
5’ CTGTTCCAGTACTCGGCGT 3’
5’ CACCAACGGGACCGAGCT 3’
5’ GGTAGTTGTGTCTGCATACG 3’
5’ CACCAACGGGACCGAGCG 3’
5’ GGTAGTTGTGTCTGCATACG 3’

PCR
product

DRB1 allele

128

DRB1*01

117
87
198
121
127
254
205
129
122
122
129
200

PCR
product

5’ TTGTGGCAGCTTAAGTTTGAAT 3’
5’ GCTGTTCCAGTACTCGGCAT 3’
DRB1*15/16
5’ TCCTGTGGCAGCCTAAGA G 3’
5’ CGCTGCACTGTGAAGCTCTC 3’
DRB1*03
5’ GTTTCTTGGAGTACTCTAGGTC 3’
5’ TGCAGTAGTTGTCCACCCG 3’
DRB1*04
5’ GTTTCTTGGAGCAGGTTAAACA 3’
5’ CGCTGCACTGTGAAGCTCTC 3’
DRB1*11
5’ CACGTTTCTTGGAGTACTCTAC 3’
5’ CTGGCTGTTCCAGTACTCCT 3’
DRB1*12
5’ AGTACTCTACGGGTGAGTGTT 3’
5’ CTGTTCCAGGACTCGGCGA 3’
DRB1*13/14
5’ GTTTCTTGGAGTACTCTACGTC 3’
5’ CGTAGTTGTGTCTGCA(GA)TAGG 3’
DRB1*07
5’ CCTGTGGCAGGG AAGTATA 3’
5’ CCCGTAGTTGTGTCTGCACAC 3’
DRB1*08
5’ AGTACTCTACGGGTGAGTGTT 3’
5’ CCCGTATTGTGTCTGCAG 3’
DRB1*09
5’ GTTTCTTGAAGCAGGATAAGTTT 3’
5’ CCCGTAGTTGTGTCTGCACAC 3’
DRB1*10
5’ CGGTTGCTGGAAAGACGCG 3’
5’ CTGCACTGTGAAGCT CTCAC 3’
DRB1-Exon2
5’ TTCGTGTCCCCACAGCACGTTTC 3’
5’ GCCGCTGCACTGTGAAGCTCTC 3’
Internal control (HGH) 5′ CAGTGCCTTCCCAACCATTCCCTTA 3′
5’ ATCCACTCACGGATTTCTGTTGTGTTTC 3′

168
310
222
262
179
198
234
232
227
236
204
295
439

200

sequences and PCR product sizes are listed in Table 1.
Internal positive-control primers were included in the
reaction system to eradicate false negatives. The internal
control was a fragment of human growth hormone gene
1 (chr 17), consisting of 439 bp. PCR was performed
in a 25 μl reaction mixture containing 100 ng genomic
DNA, 1 U Crimson Taq DNA Polymerase (New England Biolabs, Ipswich, MA), optimized Crimson Taq
polymerase buffer (New England Biolabs, Ipswich,
MA) at one-fifth of the total volume, 1 μmol/L MgCl2
(Fermentas, Glen Burnie, MD), 0.2 μ mol/L dNTPs
(Fermentas, Glen Burnie, MD), 0.2 μmol/L primers and
0.04 μmol/L internal-control primers (C5 and C3). The
following cycling conditions were employed: 95 ℃ for 5
min; 30 cycles at 95 ℃ for 30 s, 66 ℃ for 30 s and 68 ℃
for 1 min; and a single ﬁnal extension at 68 ℃ for 7 min.
The PCR conditions were optimized to obtain a higher
yield and greater fidelity. Following ampliﬁcation, 10 μL
of products stained with SYBR Green were loaded onto
a 2% agarose gel in the presence of an O’Range GeneRuler Ultra Low Range marker (Fermentas, Glen Burnie,
MD) and then identiﬁed under ultraviolet light after
electrophoresis. The allelic type was determined according to the presence or absence of PCR products of the
desired length.

criteria was excluded from the study.
In total, 378 patients met the given criteria, among
whom 23 did not give consent or did not show up for
their appointment (for blood sample collection for HLA
analysis). The remaining 355 patients were included and
formed the study population. All patients were Caucasian; were born in Turkey; and, when asked, identified
themselves to be of Turkish descent. Among the study
patients, 63.7% (n = 226) were male, 23.1% (n = 82)
were HBeAg positive, 24.5% (n = 87) had cirrhosis, and
18.6% (n = 66) had inactive disease. In all, 81.4% of
the patients had active disease and had received at least
one course of treatment. The mean age, mean log DNA
level and mean ALT level at diagnosis were 37.2 ± 15.1
years, 5.4 ± 2.2 IU/ml and 91.8 ± 35 IU/ml, respectively. The mean follow-up time was 85.5 ± 11 mo. The
liver histology scores of 194 patients were available. The
mean HAI was 6.8 ± 3.2, and the mean fibrosis score
was 2.1 ± 1.8.
HLA analysis
In total, 5 ml of blood was taken from patients and
stored in EDTA tubes at -80 ℃ until the day of DNA
extraction. Genomic DNA was extracted from 1 ml of
peripheral blood using an Invitrogen PureLink Genomic
DNA purification kit (Grand Island, NY). The alleles of
HLA DQB1 and DRB1 were detected by a polymerase
chain reaction with sequence-specific primers (PCRSSP)[22]. DQB1 alleles were defined at high resolution,
and DRB1 alleles were defined at low resolution. Primer
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Primers

Statistical analyses
Statistical analyses were performed to evaluate the difference between cirrhotic and non-cirrhotic patients and
between patients with active and inactive disease. During
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Table 2 DQB1 alleles among patients with active disease or inactive disease n (%)
DQB1 allele
1
2
3
4
5
6
7
8
9
10
11
12
13

*05:01
*05:02
*05:03
*06:01
*06:02
*06:03
*06:04
*02:01
*03:02
*03:01
*03:03
*04:02
*04:01

Patients with active disease

Patients with inactive disease

n = 289

n = 66

78 (27)
27 (9.3)
53 (18.3)
40 (13.8)
0
0
1 (0.3)
2 (0.7)
94 (32.5)
135 (46.7)
27 (9.3)
7 (2.4)
0

6 (9.1)
7 (10.6)
14 (21.2)
12 (18.2)
0
0
1 (1.5)
1 (1.5)
20 (30.3)
36 (54.5)
5 (7.6)
0
0

χ2

P value
0.002a
0.75
0.59
0.37
NA
NA
0.34
0.46
0.72
0.25
0.65
0.36
NA

9.52
0.1
0.29
0.81
NA
NA
b
b
0.12
1.32
0.2
b
NA

OR

95%CI

3.7
0.9
0.83
0.7
NA
NA
0.2
0.5
1.1
0.7
1.3
NA
NA

1.5-8.9
0.4-2.1
0.4-1.6
0.4-1.5
NA
NA
0.01-3.7
0.04-5.1
0.6-2
0.4-1.3
0.4-3.4
NA
NA

a

P < 0.01 (after Bonferroni correction). b: Fisher’s exact test was applied; NA: Not available.

Table 3 DRB1 alleles among patients with cirrhosis or without cirrhosis n (%)

1
2
3
4
5
6
7
8
9
10
11

DRB1 allele

Patients with cirrhosis n = 87

*01
*15/16
*03
*04
*11
*12
*13/14
*07
*08
*09
*10

2 (2.3)
17 (19.5)
9 (10.3)
2 (2.3)
3(3.4)
5 (5.7)
45 (51.7)
3 (3.4)
4 (4.6)
3 (3.4)
4 (4.6)

Patients without cirrhosis n = 268
7 (2.6)
56 (20.9)
26 (9.7)
3 (1.1)
6 (2.2)
24 (9)
139 (51.9)
43 (16.0)
5 (1.9)
4 (1.5)
11 (4.1)

χ2
b
0.07
0.03
b
b
0.9
0.01
9.2
b
b
b

P value
1
0.79
0.8
0.6
0.5
0.34
0.98
0.002a
0.2
0.37
0.77

OR
0.9
0.9
1.1
2.1
1.5
0.6
1
0.2
2.5
2.3
1.1

95%CI
0.2-4.3
0.5-1.7
0.5-2.4
0.3-12.7
0.4-6.4
0.2-1.7
0.6-1.6
0.06-0.6
0.7-9.7
0.5-10.7
0.4-3.6

a

P < 0.05 (after Bonferroni correction). b: Fisher’s exact test was applied; NA: Not available.

DRB1*13/14 (51.8%). In total, 66 patients had inactive
hepatitis B, and 289 patients had chronic active hepatitis.
The DQB1*05:01 allele was significantly more frequent
in patients with active disease compared with inactive
patients (27% vs 9.1%; P = 0.002, Pc = 0.026). The other
DQB1 alleles (Table 2) and DRB1 alleles did not have a
significant association with inactive disease. In the multivariate logistic regression analysis, the DQB1*05:01 allele
had a significant association with chronic active hepatitis
(Beta = 1.29, Wald = 7.5, Beta (exp) = 3.63, P = 0.006).
This effect was independent of age, HBeAg status and
gender.

the HLA analysis, 2 × 2 tables and the chi square test
were used. When the sample sizes were small or when
the expected values in the cells of the chi square table
were less than 5, Fisher’s exact test was used. Parametric
variables were analyzed using Student’s t test. To analyze
the effect of multiple variables on the presence of cirrhosis, multivariate logistic regression was applied.
All P values were double sided, and if the P value
was below 0.05, it was considered as statistically significant unless there were multiple comparisons. Bonferroni
correction was applied for multiple comparisons, and
corrected P values are given. SPSS 20 (Chicago, IL) was
used for the statistical analysis. Genotypic analysis was
performed using Genepop Population Genetics Software Package Version 4.2[23].

HLA and cirrhosis
In this study, 87 patients had cirrhosis. Patients without
cirrhosis carried HLA DRB1*07 more frequently than
did the cirrhotic patients (16% vs 3.4%; P = 0.002, Pc =
0.022). The other DRB1 alleles (Table 3) and all of the
DQB1 alleles did not exhibit a statistically significant association with the presence of cirrhosis.
Gender influenced the presence of cirrhosis (28.3%
in males vs 17.8% in females; P = 0.03), and cirrhotic patients were older (47.4 vs 33.9; P < 0.001). HBeAg-negative patients were more likely to have cirrhosis compared
with HBeAg-positive patients (27.1% vs 15.9%; P = 0.04).

Sequence alignment analysis
The sequence alignment of HLA class Ⅱ proteins was
performed using ClustalW[24].

RESULTS
HLA and active disease
The most frequent HLA DQB1 allele was DQB1*03:01
(48.2%), and the most frequent HLA DRB1 allele was
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Table 4 Factors affecting the presence of cirrhosis (multivariate logistic regression analysis)

HBeAg (positive)
DRB1*07
Age at diagnosis
Gender (male)

Beta

SE

Wald

Exp (Beta)

P value

95%CI

-0.08
-1.59
0.07
0.78

0.38
0.65
0.01
0.30

0.05
5.9
39.9
6.7

0.92
0.2
1.07
2.18

0.83
0.015
< 0.001
0.01

0.44-1.93
0.06-0.73
1.05-1.09
1.2-3.9

HBeAg: Hepatitis B early antigen.

DRB1*03:01
DRB1*13:01
DRB1*07:01

GDTRPRFL E Y STSEC HFFNGTERVRYL DRYFHNQEENVRFDSDVGEFRAVTELGRPDAEY
GDTRPRFL E Y STSEC HFFNGTERVRFL DRYFHNQEENVRFDSDVGEFRAVTELGRPDAEY
GDTQPRFLWQGKYKCHFFNGTERVQFLE R LFY NQEEF VRFDSDVGEYRAVTELGRPVAES
** *  : ****
. .   : **** * * ****  :  : *:  *    * : * * **    *** ** * * ** : ** **** ***    **

60
60
60

DRB1*03:01
DRB1*13:01
DRB1*07:01

WNSQKDLLEQKRGRVDNYCRHNYGVVESFTVQRRVHPKVTVY PSKTQPLQHHNLLVCSVS
WNSQKDI LEDER AAVDT YCRHNYGVVESFTVQRRVHPKVTVY PSKTQPLQHHNLLVCSVS
WNSQKDI LEDRRGQVDTVCRHNYGVGESFTVQRRVHPEVTVYPAKTQPLQHHNLLVCSVS
* * * ** * :**  :  .  * . * *  . ** * * ** * ***** * * ** ** : * **** : * * *** * * * ********

120
120
120

DRB1*03:01
DRB1*13:01
DRB1*07:01

GFYPGSIEVRWFRNGQEEKTGVVSTGLIHNGDWTFQTLVMLETVPRSGEVYTCQVEHPSV
GFYPGSIEVRWFRNGQEEKTGVVSTGLIHNGDWTFQTLVMLETVPRSGEVYTCQVEHPSV
GFYPGSIEVRWFRNGQEEKAGVVSTGLIQNGDWTFQTLVMLETVPRSGEVYTCQVEHPSV
**** ******  * ** * * * ***  : * **** ***:  * * *  * ** * **** *** *** * **** ** * ** ****

180
180
180

DRB1*03:01
DRB1*13:01
DRB1*07:01

TSPLTVEWRARSESAQSKMLSGVGGFVLGLLFLGAGLFIYFRNQKGHSGLQPRGFLS
TSPLTVEWRARSESAQSKMLSGVGGFVLGLLFLGAGLFIYFRNQKGHSGLQPRGFLS
MSPLTVEWRARSESAQSKMLSGVGGFVLGLLFLGAGLFIYFRNQKGHSGLQPTGFLS
* ***** * * * ** **** * ** * *** ** ** **************** * * ** * * *** *****

237
237
237

Figure 1 Sequence similarity analysis of the β subdomain of three different major histocompatibility complex class Ⅱ proteins. An asterisks underneath a
capital letter denotes a single, fully conserved residue. The semicolons and dots represent amino acids with conservation of strong groups or weak groups, respectively. For a mismatch between amino acids, a space is left underneath. The residues determined to be important for T-cell receptor recognition are shown with yellow
shading.

Age, HBeAg status, gender and DRB1*07 were analyzed
in the multivariate logistic regression analysis. DRB1*07
status remained independently related to the presence of
cirrhosis (P = 0.015), in addition to age (P < 0.001) and
gender (P = 0.01) (Table 4).

DISCUSSION
In this study, we compared the allele distribution among
chronic active hepatitis patients with the distribution
among patients in the chronic inactive stage. We defined
inactivity according to histology, persistently normal
ALT levels and persistently low viremia. Chronic active hepatitis patients more frequently carried the HLA
DQB1*05:01 allele than did inactive patients. This allele
has been found to be related to a better response to the
HBV vaccine[25] and to be a protective factor against
chronic HBV infection[17]. Previous data have associated
DQB1*05:01 with an appropriate immunologic response,
but in the present study, DQB1*05:01 was related to
active disease, thus revealing an inappropriate immune
response. This finding could be a reflection of genetic
divergence between different populations or a consequence of the genotype of the virus; only the D genotype is present in Turkey[26].
Another finding of this study was the more frequent
presence of HLA DRB1*07 in the non-cirrhotic group
compared with the cirrhotics. Liver histology scores were
better in patients with the DRB1*07 allele, and the mean
fibrosis score and HAI score of these patients were lower (P = 0.001 and P = 0.008, respectively). Chronic HBV
infection is an immunologically driven disease, and HBV
is a non-cytopathic virus. Host genetic factors and viral

Genotypic analysis
The most frequent DQB1 genotypes were DQB1*03:01
and DQB1*03:02 (n = 35, 9.9%), DQB1*03:01 and
DQB1*05:01 (n = 30, 8.5%) and DQB1*0601 and
DQB1*0301 (n = 20, 5.6%). The distribution of these
DQB1 genotypes did not reveal a significant difference
between cirrhotic patients and non-cirrhotics or between
inactive patients and patients with chronic active hepatitis (data not shown).
The most frequent DRB1 genotypes were DRB1*13/14
and DRB1*15/16 (n = 28, 7.9%) and DRB1*03 and
DRB1*13/14 (n = 14, 3.9%). These genotypes did not
significantly correlate with the presence of cirrhosis or active disease (data not shown).
In silico analysis of DRB1*07
When the identified polymorphic sites were mapped to
the amino acid sequence of HLA class Ⅱ molecules,
four substitutions were observed at the T-cell interaction
site. These substitutions were located at β30, β67, β71
and β86, as obtained by ClustalW analysis (Figure 1).
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T cell receptor

β

Polymorphisms at the
peptide binding groove

β

Bound peptide
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MHC class Ⅱ
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Figure 2 Possible model illustrating the single-nucleotide polymorphic regions of major histocompatibility complex class Ⅱ that affect T-cell receptor
recognition. The yellow asterisks show mutational sites that are buried in the peptide-binding pocket, whereas the white asterisks indicate mutations in the solventexposed T-cell recognition regions. This model was built according to the available crystal structures, which were published previously[41].

and environmental factors have been proposed to determine disease progression or regression[3]. Immune action
against the virus involves HLA-restricted T lymphocytes, antibody-secreting B lymphocytes, natural killer
cells and numerous cytokines. The immune recognition
of viruses requires the presentation of viral antigens to
CD4-positive and CD8-positive lymphocytes by HLA
class Ⅱ and class I molecules, after which viral clearance
or persistence occurs[27,28]. When an adequate vigorous
polyclonal, multispecific response to HBV antigens is
not produced, CD4-positive and CD8-positive T cells
that are capable of terminating HBV infection do not
accumulate in the liver[4,5]. If HBV-specific CD8-positive
and CD4-positive T cell responses are absent, the immune response then becomes nonselective and results in
chronic necroinflammation and fibrosis. This long-lasting cytolytic and inappropriate immune response against
infected hepatocytes is responsible for liver damage.
Previous reports have suggested an association between
cirrhosis and HLA DRB1; for instance, two studies from
China have demonstrated an association between cirrhosis and HLA DRB1*12[29,30]. Another study, from Brazil,
revealed the protective effect of HLA DRB1*11 against
severe liver damage in HCV patients[31]. Other studies
and a recent meta-analysis implicated DRB1*07 as a risk
factor for persistent HBV infection[16,32,33]. Studies from
Turkey[34], the United Kingdom[35], Belgium[25], Spain[36],
Germany[37] and China[38,39] revealed that the presence
of DRB1*07 (or DR7) causes unresponsiveness to the
HBV vaccine. Furthermore, in a Turkish study exploring HLA alleles in renal transplant candidates, panelreactive antibodies were less frequently detected in the
patient group with the DRB1*07 allele, despite the fact
that this group had a higher predisposition to developing
these antibodies[40]. This finding indicates a hypoimmune
profile associated with DRB1*07. In the current study,
the DRB1*07 allele was less frequent in cirrhotic patients
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compared with non-cirrhotics. Together with previous
reports, the results of the present study may indicate that
patients with the DRB1*07 allele are not able to mount
a specific immune reaction to HBV and are predisposed
to chronic infection. This hypoimmune response also
yields less hepatocyte damage and less cirrhosis. The
puzzling immune response observed in patients carrying the DRB1*07 allele may be attributable to this
allele’s interaction with the T-cell recognition site. The
available crystal structures of HLAs reveal that these
proteins carry allele-specific motifs [41]. The antigenic
peptide specificity of HLA class Ⅱ proteins comes from
the determined polymorphic pockets in the peptidebinding cleft. T-cell receptor recognition is accomplished
by both the peptide and HLAs[41]. Certain HLA DRB1
types show polymorphisms specifically at the T-cell
recognition site, without significantly altering peptide
binding[42,43]. Interestingly, our bioinformatics analysis
revealed that DRB1*07 contains four substitutions at the
T-cell interaction site, which are located at β30, β67, β71
and β86, according to ClustalW analysis (Figure 1). Two
of these residues, β67 and β71, have been determined
to be important for peptide binding and T-cell receptor
recognition in mutagenesis studies[42,43]. These residues
are solvent exposed and are predicted to be critical for
direct T-cell receptor binding, so any alteration at these
sites would change T-cell receptor recognition. Additionally, the buried residues β30 and β86 have been shown
to be important for T-cell recognition in mutagenesis
studies[41,42]. Although these residues cannot have a direct
effect on T-cell recognition, they might have an indirect
conformational influence that can be communicated to
the T-cell recognition site (Figure 2). Due to changes in
the T-cell recognition residues in the HLA DRB1*07
variant, the immune response can be weakened, resulting
in chronic infection without cirrhosis.
This study has certain limitations. A larger sample size
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could be used to identify further associations between
HLA subgroups and disease outcomes. This is a cohort
study, so it is not possible to conclude that there is a direct causative relationship between our findings and the
disease state. Molecular studies are necessary to investigate HBV-specific antigenic peptides and the specific
structure of the rearranged T-cell receptor. However,
the well-defined patient groups, the long duration of the
follow-up period and the medium- to high-resolution genotyping of HLA alleles are the strengths of this study.
In conclusion, the natural course of HBV disease is
not easily predictable; viral factors, environmental factors
and host factors may affect the disease course. This study
suggests that the HLA DQB1*05:01 allele is associated
with chronic persistent disease and that the DRB1*07 allele is a protective factor against cirrhosis.
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The authors genotyped HLA DQB1 and DRB1 alleles in their patient cohort.
They revealed that the HLA DQB1*05:01 allele is related to chronic persistent
disease and that the DRB1*07 allele is a protective factor against cirrhosis.
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Applications

Host genetic factors are associated with hepatitis B outcomes. To understand
and identify the exact mechanism, future molecular research is needed.

Terminology

14

The HLA system is the name given to the genes that encode the major histocompatibility complex (MHC) proteins. MHC proteins/antigens are essential for
the immune system. MHC class Ⅱ presents antigens to T-helper cells, which
then stimulate B lymphocytes to commence specific antibody production.
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Peer review

The authors present the results of a retrospective cohort study in patients with
chronic hepatitis B, in which they evaluated the association between HLA DQB1
and DRB1 alleles and the stage of the disease. They identified an association
between DQB1*05:01 and active hepatitis B disease. Furthermore, DRB1*07
was associated with the absence of cirrhosis. The topic of the study is very
interesting.
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Effect of gastric acid suppressants and prokinetics on
peritoneal dialysis-related peritonitis
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Joo Sung Kim, Hyun Chae Jung
peritonitis and 59 patients never experienced peritonitis. Twenty-four of 61 patients (39.3%) in group A and
15 of 59 patients (25.4%) in group B used gastric acid
suppressants. Only the use of H2-blocker (H2B) was
associated with an increased risk of PD-related peritonitis; the use of proton pump inhibitors, other antacids,
and prokinetics was not found to be a significant risk
factor for PD-related peritonitis. A total of 81 episodes
of peritonitis were divided into enteric peritonitis (EP)
or non-enteric peritonitis, depending on the causative
organism, and gastric acid suppressants and prokinetics did not increase the risk of EP in PD patients.
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CONCLUSION: The use of H2B showed a trend for an
increased risk of overall PD-related peritonitis, although
further studies are required to clarify the effects of
drugs on PD-related peritonitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate the effect of gastric acid suppressants and prokinetics on peritonitis development in
peritoneal dialysis (PD) patients.

Core tip: Bacterial overgrowth/proliferation in an intraluminal environment with a high pH is a well-recognized
mechanism for peritonitis development, especially in
liver cirrhosis patients. Several studies have investigated whether this mechanism causes peritoneal dialysis (PD)-related peritonitis, although conflicting results
have been obtained for the association between acid
suppressive therapy and PD-related peritonitis. In addition, no study was conducted to evaluate the association between prokinetics and PD-related peritonitis.
Therefore, we sought to assess the effect of gastric
acid suppressants and prokinetics on PD-related peritonitis. In the present study, H2B use, but not proton
pump inhibitor use, was identified as an independent
risk factor for PD-related peritonitis development.

METHODS: This was a single-center, retrospective
study. The medical records of 398 PD patients were
collected from January 2000 to September 2012 and
analyzed to compare patients with at least one episode
of peritonitis (peritonitis group, group A) to patients
who never had peritonitis (no peritonitis group, group
B). All peritonitis episodes were analyzed to compare
peritonitis caused by enteric organisms and peritonitis
caused by non-enteric organisms.
RESULTS: Among the 120 patients who met the inclusion criteria, 61 patients had at least one episode of
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at our institution between January 2000 and September
2012 were collected. This study was approved by the Institutional Review Board of the Seoul National University Hospital.
This study included only adult patients aged ≥ 20
years; therefore, 54 patients aged < 20 years were excluded. Sixty-three patients were excluded because of incomplete data and 4 patients because of peritonitis related to
perforation of the gastrointestinal tract or gallbladder.
Twenty-three patients with LC were excluded because
there were no standard criteria to distinguish PD-related
peritonitis from spontaneous bacterial peritonitis. In addition, 133 patients who were previously administered
antibiotics were excluded. One patient who did not receive PD after surgical replacement of the PD catheter
was also excluded (Figure 1). Peritonitis episodes were
identified by reviewing the medical records of patients.
PD-related peritonitis was diagnosed if at least 2 of the
following diagnostic criteria were met: (1) abdominal
pain or cloudy PD effluent; (2) leukocytosis in the peritoneal fluid effluent (white blood cells > 100/mm3, with
at least 50% polymorphonuclear neutrophils); or (3) a
positive Gram stain or positive culture from PD effluent[17]. All episodes of peritonitis were initially treated by
intraperitoneal administration of first-generation cephalosporin (cefazolin) and third-generation cephalosporin
(ceftazidime). Management of peritonitis depended on
the clinical course and results of the antibiotic resistance
tests for each isolated organism. To minimize potential bias, we excluded individual episodes of recurrent
or relapsing peritonitis. According to the International
Society for Peritoneal Dialysis recommendations[2], recurrent peritonitis is defined as newly developed peritonitis caused by a different organism within 4 wk of
the completion of therapy for a prior episode, whereas
relapsing peritonitis is defined as newly developed peritonitis caused by the same organism within 4 wk of the
completion of therapy for a prior episode. In addition,
we included only up to the third episode for each patient
in the analysis to minimize potential bias.

Kwon JE, Koh SJ, Chun J, Kim JW, Kim BG, Lee KL, Im
JP, Kim JS, Jung HC. Effect of gastric acid suppressants and
prokinetics on peritoneal dialysis-related peritonitis. World J
Gastroenterol 2014; 20(25): 8187-8194 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i25/8187.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i25.8187

INTRODUCTION
Peritonitis is common in peritoneal dialysis (PD) patients
and is associated with significant morbidity and mortality[1,2]. Several studies have evaluated the risk factors for
PD-related peritonitis; in particular, ethnicity and body
mass index have been identified as independent risk factors for PD-related peritonitis in large cohort studies[3,4].
However, obesity is not a useful predictor of the risk
for peritonitis in East Asian PD patients because of the
lower prevalence of obesity.
Diverticulosis is also a risk factor for PD-related
peritonitis[5]. With mucosal thinning and/or microperforation of the colonic diverticulum, microorganisms in
the gastrointestinal tract can easily transmigrate into the
peritoneal space. The other potential risk factor for PDrelated peritonitis is acid suppressive therapy, as several
recent studies have shown that a higher pH in the gastrointestinal tract induced by gastric acid suppressants
provides a good environment for microbial proliferation
and overgrowth[6-9]. Although these studies showed an
association between acid suppression treatment and PD
peritonitis, the results remain controversial[9-12]. In addition, few studies have examined the effects of acid suppressive therapy in Asian patients with PD. Furthermore,
several drugs such as immunosuppressants and prokinetics can influence the development of PD-related peritonitis and have not been evaluated simultaneously, which
may have led to bias in previous studies. Moreover, many
patients with end-stage renal disease (ESRD) experience
gastroparesis or reduced bowel movements, and several
studies have identified an association between gastrointestinal dysmotility and spontaneous bacterial peritonitis
in cirrhotic patients and animal models of liver cirrhosis
(LC). Indeed, decreased intestinal motility and extended
transit time can lead to bacterial overgrowth and bacterial translocation from the gastrointestinal tract[13-16].
However, no study has clarified the effects of prokinetics on PD-related peritonitis.
This study aimed to evaluate whether acid suppressive therapy is associated with an increased risk of PDrelated peritonitis, especially peritonitis caused by enteric
organisms. In addition, we assessed the effects of prokinetics on PD-related peritonitis.

Data collection and outcome measurement
Medical records were reviewed by a single trained investigator. Baseline characteristics including age, sex, cause
of ESRD, modality of PD, initial serum albumin level,
and presence of comorbidities such as diabetes mellitus, hypertension, and diverticulosis were recorded. The
presence of diverticulosis was determined by reviewing
previous findings of abdomen and pelvic contrast-enhanced computed tomography or colonoscopy. Data on
treatment with gastric acid suppressants, prokinetics, and
immunosuppressants were also collected. Data on acid
suppressive therapy with proton pump inhibitors (PPIs),
histamine-2 receptor blockers (H2Bs), and other antacids were recorded separately. Ribeiro et al[18] reported that
PPI use 48 h after the first dose increases and sustains
gastric acid suppression. In addition, a single dose of

MATERIALS AND METHODS
Patients
Data from 398 patients with ESRD who underwent PD
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Peritoneal dialysis due to ESRD (n = 398)

Excluded
Under 20 years: n = 54
Incomplete data: n = 63
Peritonitis related to GIT/GB perforation: n = 4
Never had PD after PD catheter insertion: n = 1
Liver cirrhosis: n = 23
Antibiotics treatment within 1 years: n = 133

Total included patients (n = 120)

Peritonitis group (group A, n = 61)
Peritonitis episode n = 81

No peritonitis group (group B, n = 59)

Figure 1 Patient inclusion/exclusion chart. Two hundred seventy-eight patients were excluded, as shown in the flow chart. Among the included 120 patients, 61
patients with at least one episode of peritonitis (group A) and 59 patients without peritonitis (group B) were compared. The data for 81 peritonitis episodes were collected from 61 patients in group A. PD: Peritoneal dialysis; GIT: Gastrointestinal tract; GB: Gallbladder; ESRD: End-stage renal disease.

PPI per day may cause protopathic bias. Therefore, for
this study, the use of acid suppressants was defined as
the use of any PPIs or H2Bs for at least 2 d. Because
the therapeutic doses of PPIs or H2Bs reach a steady
state after daily dosing and thus achieve their maximal
effective level between 5 to 7 d, the use of gastric acid
suppressants was classified into four groups: use within
the previous 7 d, use within the previous 30 d but not
within the past 7 d, use within the previous 1 year but
not within the last 30 d, and no use of acid suppressants.
The appropriate indications for treatment with a gastric
acid suppressant were defined as follows: gastroesophageal reflux disease (GERD), peptic ulcer disease (PUD),
Barrett’s esophagus, and concomitant use of steroids or
non-steroidal anti-inflammatory drugs. Prokinetic agents
were assumed to be administered to patients with clinical symptoms associated with decreased gastrointestinal
motility. In most of the cases, the reasons for prescription were not described in the medical records. In group
A (the peritonitis group), the use of gastric acid suppressants and other medications was determined by
reviewing the electronic medical records from the most
recent clinical visits 1 year prior to the first episode of
peritonitis. In group B (no peritonitis group), the use of
medications was determined by reviewing the records
from the most recent clinical visit 1 year prior to the last
outpatient visit, renal transplantation, death, or transfer
date to hemodialysis or other renal replacement modalities. Each peritonitis episode was classified as enteric
peritonitis (EP) or non-enteric peritonitis (NEP) depending on the organism isolated from the PD effluent
culture. Microorganisms known to colonize the gastrointestinal tract, such as Gram-negative bacteria and Enterococcus and Candida species, were the causative organisms
of EP, whereas all other organisms were pathogens of
NEP. For the comparison of mediations used in the EP

WJG|www.wjgnet.com

and NEP groups, the medications used were determined
from the records of the most recent clinical visits 1 year
prior to the first episode of peritonitis.
Statistical analysis
Baseline characteristics are presented as the mean ±
standard deviation or median and percentage for categorical variables. Statistical analysis was performed using
Student’s t-test for the comparison of numerical variables and the chi-squared test or Fisher’s exact test for
the comparison of categorical variables between groups.
All probability values were two-tailed, and the significance levels were set at 0.05. Multivariate logistic regression analysis was performed to assess the association of
significant variables in the univariate analysis with the
occurrence of peritonitis. All analyses were performed
using SPSS version 19.0 for Windows (IBM, New York,
United States).

RESULTS
Baseline characteristics of the study patients
A total of 120 patients were included in the study: 61
patients in group A and 59 patients in group B. Table 1
summarizes the clinical characteristics of the two groups.
In both groups, the common causes of renal failure
were diabetic nephropathy and glomerulonephritis (GN).
The GN cases included immunoglobulin A nephropathy (6/19 in group A, 12/20 in group B), focal segment
glomerular sclerosis (4/19 in group A, 3/20 in group
B), lupus nephritis (1/19 in group A, 1/20 in group B),
hepatitis B virus-associated GN (1/19 in group A, none
in group B), and other types of GN (7/19 in group A,
4/20 in group B). The baseline concentrations of serum
albumin were 3.51 ± 0.47 mg/dL in group A and 3.60 ±
0.48 mg/dL in group B. There was no significant differ-
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Table 3 Multivariate analysis of potential risk factors for the
development of peritoneal dialysis related peritonitis

Table 1 Clinical characteristics of the included patients n (%)
Variables

No peritonitis P value
group
(n = 59)

Peritonitis
group
(n = 61)

Age (yr), [median (range)]
51 (27-79)
49 (24-77)
Sex (male)
55 (52.9)
81 (56.6)
Height (cm)
162.09 ± 6.94 163.21 ± 8.45
Bwt (kg)
57.68 ± 8.41
59.49 ± 11.24
BMI [m/(kg)2]
21.98 ± 2.73
22.26 ± 3.48
Cause of ESRD
Glomerulonephritis
19 (31.1)
20 (33.9)
DM
21 (34.4)
12 (20.3)
HTN
5 (8.2)
1 (1.7)
Polycystic kidney disease
1 (1.6)
2 (3.4)
Unknown/idiopathic
11 (18.0)
17 (28.8)
Other cause
4 (6.6)
7 (11.9)
HTN
50 (82.0)
53 (89.8)
DM
23 (37.7)
17 (28.8)
Diverticulosis
1 (2.3)
3 (6.7)
PD modality (CAPD)
51 (83.6)
47 (79.7)
Initial serum Albumin (mg/dL) 3.51 ± 0.47
3.60 ± 0.48
Peritonitis free time (d),
[median (range)]
762 (31-3918) 1302 (100-4234)

Initial serum albumin level
Use of Immunosuppressants
Use of PPIs
Use of H2Bs
Use of other Antacids
Use of prokinetics

0.653
0.558
0.435
0.332
0.628
0.153

0.217
0.302
0.616
0.577
0.336
0.070

No peritonitis P value
group
(n = 59)

6 (9.8)
5 (8.2)
0 (0.0)
1 (1.6)
55 (90.2)
15 (24.6)
7 (11.5)
1 (1.6)
7 (11.5)
46 (75.4)
4 (6.6)
3 (1.9)
1 (0.0)
0 (1.9)
57 (96.2)
20 (32.8)
11 (18.0)
2 (3.3)
7 (11.5)
41 (67.2)
4 (6.6)
2 (3.3)
0 (0.0)
2 (3.3)
57 (93.4)

10 (16.9)
4 (6.8)
1 (1.7)
5 (8.5)
49 (83.1)
4 (6.8)
3 (5.1)
0 (0.0)
1 (1.7)
55 (93.2)
3 (5.1)
1 (1.7)
1 (1.7)
1 (1.7)
56 (94.9)
18 (30.5)
10 (16.9)
0 (0.0)
8 (13.6)
41 (69.5)
3 (5.1)
1 (1.7)
0 (0.7)
2 (3.4)
56 (94.9)

0.252
0.691

0.011
0.041

1.000
0.472

0.789
0.712

0.139
0.527
0.364
0.008
0.696
0.269

Drug effects on enteric peritonitis
During the study period, 54 of the 61 patients in group
A experienced a single episode of peritonitis, according
to the inclusion criteria, 12 patients had two episodes,
and one patient had three episodes. A total of 81 episodes were included in the study, and all episodes were
classified as EP or NEP, depending on the causative organism. Baseline characteristics did not show statistically
significant differences between the groups (Table 4).
The causative microorganisms were identified from
peritoneal fluid culture in 61 of the 81 episodes. Escherichia coli (9/26, 34.6%) was the most frequently isolated
enteric microorganism, and Streptococcus species (14/55,

1.000
0.610

PPIs: Proton pump inhibitors; H2B: H2-blockers.

ence in baseline characteristics between the two groups (P
= 0.336).
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P value

0.20-1.25
0.28-12.40
0.20-1.25
1.64-26.26
0.21-10.29
0.67-4.33

Drug effects on PD-related peritonitis
Table 2 summarizes the results of the comparison between group A and group B patients in terms of acid
suppressive therapy, prokinetics, and immunosuppressants. PPIs or H2Bs were administered to 20 of the 61
patients (32.8%) in group A and 13 of the 59 patients
(22.0%) in group B. Pantoprazole was the most frequently prescribed PPI, and famotidine was the most
frequently used H2B. The reasons for prescribing PPI
or H2B were not recorded in 18 of the 33 patient files
(54.5%). Inappropriate indications for drug treatment included gastritis (24.2%) and nausea or vomiting (12.1%).
The drugs were administered properly in 3 patients,
including 1 patient with GERD (3.0%), 1 patient with
PUD (3.0%), and 1 patient who concomitantly received
steroids (3.0%).
Univariate analysis showed that the use of H2Bs
significantly increased the risk of PD-related peritonitis. Using linear-by-linear association analysis, a higher
proportion of patients with peritonitis used H2Bs than
those without peritonitis for each time interval of treatment (previous 7 d, 8-30 d prior to peritonitis, and
within the last 1 year but not in the previous 30 d). No
association between PPI, other antacid, or prokinetic use
and PD-related peritonitis was found. Furthermore, exposure to immunosuppressants was not associated with
PD-related peritonitis. In the multivariate analysis, we
found that H2B use within 1 year prior to the development of peritonitis was an independent risk factor for
the increased risk of peritonitis development (OR = 6.55;
95%CI: 1.64-26.26; P = 0.008) (Table 3).

Table 2 Acid-suppressive therapy and other medications in
peritonitis group and no peritonitis group n (%)

Use of PPIs
≤7d
8-30 d
> 30 d-1 yr
No use
Use of H2Bs
≤7d
8-30 d
> 30 d-1 yr
No use
Use of other antacids
≤7d
8-30 d
> 30 d-1 yr
No use
Use of prokinetics
≤7d
8-30 d
> 30 d-1 yr
No use
Use of immunosuppressants
≤7d
8-30 d
> 30 d-1 yr
No use

95%CI

0.50
1.85
0.50
6.55
1.47
1.70

PPIs: Proton pump inhibitors; H2Bs: H2-blockers.

Data presented as mean ± SD, unless otherwise stated. Bwt: Body weight;
BMI: Body mass index; ESRD: End stage renal disease; DM: Diabetes
mellitus; HTN: Hypertension; LC: Liver cirrhosis; PD: Peritoneal dialysis;
CAPD: Continuous ambulatory peritoneal dialysis.

Peritonitis
group
(n = 61)

Odds ratio
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Table 4 Clinical characteristics of peritonitis patients by the
causative pathogen n (%)

Table 5 Isolated microorganisms of the peritonitis episodes
by the peritoneal dialysis effluent culture

Included peritonitis episode (n = 81)

Variables

Age (yr) [median (range)]
Sex (male)
Height (cm)
Bwt (kg)
BMI [m/(kg)2]
Cause of ESRD
Glomerulonephritis
DM
HTN
Polycystic kidney disease
Unknown/idiopathic
Other cause
HTN
DM
Diverticulosis
PD modality (CAPD)
Initial serum Albumin (mg/dL)
Peritonitis free time (d)
[median (range)]

Enteric
peritonitis
(n = 26)

Non-enteric
peritonitis
(n = 55)

P value

51.5 (29-69)
16 (61.5)
162.34 ± 7.88
56.93 ± 7.88
21.61 ± 2.68

51.0 (27-79)
27 (49.1)
162.21 ± 6.82
57.95 ± 8.50
22.05 ± 2.81

0.990
0.295
0.943
0.610
0.504

12 (46.2)
7 (26.9)
3 (11.5)
0 (0.0)
3 (11.5)
1 (3.8)
21 (80.8)
8 (30.8)
0 (0.0)
23 (88.5)
3.52 ± 0.45

17 (30.9)
20 (36.4)
3 (5.5)
1 (1.8)
11 (20.0)
3 (5.5)
43 (78.2)
25 (45.5)
0 (0.0)
46 (83.6)
3.47 ± 0.43

0.250

692 (31–3696) 1064 (31-5383)

Causative organism

Percentage (%)

9
4
3
1
0
4
0
0
9

11.1
4.9
3.7
1.2
0
4.9
0
0
11.1

14
1
1
2
3
10
20

17.3
1.2
1.2
2.5
3.7
12.3
24.7

Escherichia coli
Klebsiella species
Acinetobacter species
Enterococcus species
Enterobacter species
Bacillus species
Pseudomonas species
Staphylococcus aureus
Other staphylococcus species
(CoNS, etc.)
Streptococcus species
Corynebacterium species
Micrococcus species
Candida species
Other
Polymicrobial
No growth

0.789
0.209
0.743
0.687

CoNS: Coagulase negative staphylococcus.

0.380

ported that H2B use was associated with a higher risk of
EP in PD patients. Conversely, del Peso et al[10] did not
find any effect of gastric acid suppressants on EP. These
studies were valuable but limited in design. Therefore,
we carefully excluded patients with liver cirrhosis, prior
use of antibiotics, and a history of medication use that
might influence peritonitis development to investigate
the relationship between acid suppressive therapy and
PD-related peritonitis. In the present study, H2B use, but
not PPI use, was identified as an independent risk factor
for the development of PD-related peritonitis after adjusting for variable factors. Therefore, our results suggest
an association between H2Bs and PD-related peritonitis.
Keane et al[19] evaluated the metabolism of PPIs such
as rabeprazole and showed that PPI clearance was not
affected by renal failure. Conversely, Sica et al[20] analyzed
the pharmacokinetics of H2B using ranitidine and reported that H2B clearance was decreased in continuous
ambulatory PD patients compared to that observed in
individuals with normal kidney function. Therefore, acid
suppression with H2B treatment may be more powerful
than that obtained with PPIs in PD patients. However,
our results showed that neither H2Bs nor PPIs increased
the risk of EP development, which suggests that a
mechanism independent of acid suppression is involved
in the development of PD-related peritonitis. Peritoneal
macrophages, mast cells, and migrated leukocytes play
crucial roles in the immune response to bacterial invasion. Histamine, which is released by peritoneal mast
cells, stimulates vasodilation and encourages leukocyte
transmigration. Moreover, histamine induces the aggregation of complement and opsonin, which promotes
bacterial phagocytosis[21-23]. H2Bs block these mechanisms and also inhibit inflammation-generated increases
in nitric oxide concentrations[24], resulting in reduced

Data presented as mean ± SD, unless otherwise stated. Bwt: Body weight;
BMI: Body mass index; ESRD: End stage renal disease; DM: Diabetes
mellitus; HTN: Hypertension; LC: Liver cirrhosis; PD: Peritoneal dialysis;
CAPD: Continuous ambulatory peritoneal dialysis.

24.5%) were the most frequently identified non-enteric
microorganisms. The peritoneal fluid cultures from 20
episodes were negative (Table 5). The effects of various
medications taken within 1 year prior to peritonitis on the
development of EP are summarized in Table 6. When
culture-negative peritonitis was included in the NEP
group, no statistically significant association was found
between exposure to gastric acid suppressants and EP.
In addition, the use of prokinetics and immunosuppressants did not influence the development of EP (Table 6).
When culture-negative peritonitis was excluded from the
NEP group, the overall results were similar to those of
the NEP group that included culture-negative peritonitis.
The use of PPIs, H2Bs, other antacids, prokinetics, and
immunosuppressants did not increase the risk of development of EP (Table 6).

Discussion
Bacterial overgrowth and proliferation in an intraluminal
environment with a high pH is a well-recognized mechanism for the development of peritonitis, especially in LC
patients[6,7,10,13]. Several studies have investigated whether
this mechanism causes PD-related peritonitis, especially
enteric pathogen infections, although conflicting results
have been obtained for the association between acid
suppressive therapy and PD-related peritonitis. Caravaca
et al[12] reported that gastric acid suppressive therapy was
an independent risk factor for EP, and Nessim et al[11] re-
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Peritonitis episodes
(n = 81)
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Table 6 Acid-suppressive therapy and other medications in enteric peritonitis group and non-enteric peritonitis group n (%)
Included peritonitis episode (n = 81)
Enteric peritonitis (n = 26)
Sterile peritonitis included in NEP group

Sterile peritonitis excluded in NEP group

Use of PPIs
Use of H2Bs
Use of other antacids
Use of prokinetics
Use of immunosuppressants
Use of PPIs
Use of H2Bs
Use of other antacids
Use of prokinetics
Use of immunosuppressants

3 (11.5)
6 (23.1)
1 (3.8)
5 (19.2)
2 (7.7)
3 (11.5)
6 (23.1)
1 (3.8)
5 (19.2)
2 (7.7)

Non-enteric peritonitis (n = 55) P value
8 (14.5)
15 (27.3)
5 (9.1)
18 (32.7)
7 (12.7)
5 (14.3)
9 (25.7)
3 (8.6)
13 (37.1)
5 (14.3)

1.000
0.687
0.658
0.209
0.501
1.000
0.818
0.629
0.129
0.688

PPIs: Proton pump inhibitors; H2Bs: H2-blockers. NEP: Non-enteric peritonitis.

phagocytosis and antimicrobial effects. These facts support the hypothesis that H2Bs increase the risk of PDrelated peritonitis.
Many ESRD patients experience abdominal discomfort, dyspepsia, and constipation due to decreased
dietary fiber content, inadequate liquid intake, electrolyte imbalance, the use of certain medications such as
phosphate binders containing aluminum, and calciumor iron-replacement therapy. Diabetic nephropathy is the
most common cause of ESRD[25,26], and most of these
patients also show diabetic gastroparesis and decreased
intestinal motility. Although the reasons for prescription
were not described in detail, these symptoms might be
related to the use of gastric acid suppressants and/or
prokinetic drugs. Previous studies have shown an association between gastrointestinal dysmotility and spontaneous bacterial peritonitis in patients with LC[13-16]. Therefore, we investigated the effects of prokinetics on PDrelated peritonitis, and our data showed that prokinetic
use was not associated with a reduced risk of PD-related
peritonitis. To our knowledge, this is the first study to
investigate the association between prokinetic drugs and
PD-related peritonitis, and further studies are therefore
needed to confirm the effects of prokinetics on PDrelated peritonitis.
The prognosis of EP is worse in patients with PDrelated peritonitis, and peritonitis caused by enteric
organisms is also associated with increased rates of PD
catheter loss, prolonged hospitalization, and mortality[27,28]. In this study, we found no statistically significant
variables that increased the risk of EP. However, this
result should be interpreted with caution because of the
small number of peritonitis episodes that were found
with each individual drug use.
This study was superior to previous studies in several
aspects. First, we carefully excluded patients with LC
or previous antibiotic use. Furthermore, we performed
multiple logistic regression analysis using various clinical
factors such as the use of immunosuppressive agents
and prokinetics, thus eliminating these potentially confounding factors. Second, a complete history of H2B
and PPI use was obtained, as both drugs required a
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prescription in Korea during the study period. In addition, H2B and PPI use was defined as the use of these
drugs for at least 2 d to prevent protopathic bias, which
increased the causality of the results.
There were also several limitations to this study. First,
this was a retrospective study that lacked clinical data
on the reasons for gastric acid suppressant prescription.
The study design did not permit analysis of individual
drug doses and potential confounding factors such as
type of PD and exit-site infection. Furthermore, few patients used H2Bs or PPIs, so the sample size was small.
When we compared the EP and NEP groups, the number of peritonitis episodes treated with H2B or other
medications was considerably smaller than that in groups
A and B. To overcome these limitations, a prospective,
randomized, placebo-control study is needed, which
may put patients at unnecessary risk. As an alternative,
a well-designed, prospective cohort study might provide
further evidence of the association between acid suppressive therapy and PD-related peritonitis.
In conclusion, H2Bs tended to increase the risk of
PD-related peritonitis, whereas PPIs and prokinetics did
not. However, further large prospective cohort studies
are required to assess the effects of gastric acid suppressants and prokinetics on the development of peritonitis
in PD patients.
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Bacterial overgrowth and proliferation in an intraluminal environment with a high
pH is a well-recognized mechanism for the development of peritonitis, especially in liver cirrhosis (LC) patients. Several studies have investigated whether this
mechanism causes peritoneal dialysis (PD)-related peritonitis, although conflicting results have been obtained for the association between acid suppressive
therapy and PD-related peritonitis. In addition, previous studies have shown
an association between gastrointestinal dysmotility and spontaneous bacterial
peritonitis in patients with LC, although no study was conducted to evaluate the
association between prokinetics and PD-related peritonitis.
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pump inhibitors (PPIs) or prokinetics use, was identified as an independent risk
factor for the development of PD-related peritonitis after adjusting for variable
factors. This study was superior to previous studies in the following aspects.
First, the authors carefully excluded patients with LC or previous antibiotic use.
Furthermore, this study performed multiple logistic regression analysis using
various clinical factors such as the use of immunosuppressive agents and
prokinetics, thus eliminating confounding factors. Second, a complete history of
H2B and PPI use was obtained, as both required a prescription in Korea during
the study period.

10

Applications

11

The study results suggest that H2Bs tend to increase the risk of PD-related
peritonitis, whereas PPIs and prokinetics do not.

Terminology

PPI: a class of drugs whose main action is a pronounced and long-lasting
reduction of gastric acid production; H2B: a group of drugs used to block the
action of histamine on parietal cells in the stomach, decreasing the production
of acid by these cells; Prokinetics: a type of drug that enhances gastrointestinal
motility by increasing the frequency of contractions in the small intestine or
making them stronger.
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The authors have studied “The Effect of Gastric Acid Suppressants and Prokinetics on Peritoneal Dialysis-related Peritonitis”. Peritonitis is a very important
event in PD patients and may lead to technique failure in many patients. The
authors’ study was a retrospective analysis, and a small number of patients
were included in the study. The concept is also not new, but may provide useful
information for clinicians.
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achieved a virological response at week 48, with a significant difference between groups with baseline HBsAg levels > 20000 or < 20000 IU/mL (P = 0.02). Thirteen patients had an HBsAg decline > 0.5 log10 and 30
patients < 0.5 log10 at week 12; and 6 (46.2%) and 10
(33.3%) in each group achieved virological response
at week 48, with no significant difference between the
two groups (P = 0.502). Eighteen patients had an HBsAg decline > 1.0 log10 and 30 patients < 1.0 log10 at
week 24, and 8 (44.4%) and 11 (36.7%) achieved a
virological response at week 48, with no significant difference between the two groups (P = 0.762). None of
the 16 patients with HBsAg > 20000 IU/mL at week 24
achieved a virological response at week 48.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To evaluate the predictive effect of baseline
hepatitis B surface antigen (HBsAg) on response to
pegylated interferon (PEG-IFN)-α2b in hepatitis B e
antigen (HBeAg)-positive chronic hepatitis B (CHB) patients.

Key words: Chronic hepatitis B; Hepatitis B surface
antigen; Baseline; Virological response; Pegylated
interferon-α2b

CONCLUSION: Baseline HBsAg level in combination
with HBV DNA may become an effective predictor for
guiding optimal therapy with PEG-IFN-α2b against
HBeAg-positive CHB.

Core tip: The response to antiviral therapy in chronic
hepatitis B (CHB) patients varies significantly among individuals. This retrospective study of 55 patients evaluated the predictive effect of baseline hepatitis B surface
antigen (HBsAg) on virological response in HBeAgpositive CHB patients treated with pegylated interferon
(PEG-IFN)-α2b. The results suggest that baseline HBsAg level in combination with HBV DNA quantitative
values may become an effective predictor for guiding
optimal therapy with PEG-IFN-α2b against HBeAgpositive CHB.

METHODS: This retrospective analysis compared the
treatment efficacy of PEG-IFN-α2b alone in 55 HBeAgpositive CHB patients with different baseline HBsAg
levels. Serum HBV DNA load was measured at baseline,
and at 12, 24 and 48 wk of therapy. Virological response was defined as HBV DNA < 1000 IU/mL. Serum
HBsAg titers were quantitatively assayed at baseline,
and at 12 and 24 wk.
RESULTS: Eighteen patients had baseline HBsAg >
20 000 IU/mL, 26 patients had 1500-20000 IU/mL,
and 11 patients had < 1500 IU/mL. Three (16.7%),
11 (42.3%) and seven (63.6%) patients in each group
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aminotransferase (ALT) concentration was 2-10 times
higher than the upper limit of normal, or the liver tissue
inflammation was higher than grade 2. They all selected
a 48-wk course of antiviral monotherapy with PEGIFN-α-2b (subcutaneous injection, 1.5 μg/kg weekly).
Virological response was defined as HBV DNA < 1000
IU/mL at the end of therapy.

interferon-α2b in HBeAg-positive chronic hepatitis B. World J
Gastroenterol 2014; 20(25): 8195-8200 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i25/8195.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i25.8195

INTRODUCTION

Serum specimen collection
Two milliliters of venous blood from a fasting patient
was collected. After separation, 0.2 mL serum was stored
at -80  ℃. Serum HBV DNA was determined using TaqMan fluorescent quantitative polymerase chain reaction.
The primers, probes and materials were purchased from
Hangzhou Bo Saiji Diagnostic Technology Co. Ltd.
(Hangzhou, China). The sensitivity was 1000 IU/mL and
was used predominantly for the detection of HBV DNA
quantitative values at baseline and during the period of
therapy (at 12, 24 and 48 wk). The dilution values of
baseline HBsAg, at week 12 and 24 were quantitatively
measured using the Architect HBsAg QT assay (Abbott,
Chicago, IL, United States).

In Asia, 5%-10% of adults and up to 90% of infants
among 50 million new cases of hepatitis B virus (HBV)
infection will become chronically infected annually,
which is the leading cause of chronic hepatitis, cirrhosis
and hepatocellular carcinoma[1]. Ideally, these chronic
carriers should be identified and medical interventions
implemented to reduce the risk of premature death.
Chronic hepatitis B (CHB) is a dynamic state of interactions between HBV, hepatocytes, and the immune system.
Therefore, the primary aim of therapy is to eliminate or
permanently suppress HBV to reduce hepatitis activity and thereby reduce the risk or slow the progression
of liver disease[2]. The International Association for the
Study of Liver Diseases provides guidelines to recognize
patients who need antiviral therapy and regularly updates
its guidance related to the sustained response to interferon (IFN), which is influenced by IL28B genotype, hepatitis B surface antigen (HBsAg) level during therapy, and
HBV DNA[3]. Recent studies have indicated that HBsAg
quantification might be a useful complement to HBV
DNA quantification for clinical assessment and treatment monitoring in patients with CHB[4-6]. The quantitative measurement of HBsAg in combination with HBV
DNA detection may aid clinicians in creating a specific
therapeutic regime for individual patients.
The present study aimed to explore the predictive
value of the baseline HBsAg level on therapeutic effects
of pegylated IFN (PEG-IFN)-α2b in patients with CHB
positive for hepatitis B e antigen (HBeAg).

Statistical analysis
SPSS version 16.0 statistical software was used. The difference in baseline HBsAg among the groups was analyzed by non-parametric χ 2 test. P < 0.05 was considered
statistically significant.

RESULTS
Baseline HBsAg and HBV DNA levels
Quantitative measurement of the baseline HBsAg dilution value was performed in all 55 patients. Baseline
HBsAg in 18 patients was > 20000 IU/mL (32.7%) and
in 11 patients it was < 1500 IU/mL (20%). HBsAg (log10
IU/mL) had a significant positive correlation with HBV
DNA level (log10 IU/mL) (r = 0.689, P = 0.000). Baseline HBsAg and HBV DNA levels are shown in Figure 1
and Table 1.

MATERIALS AND METHODS
Study subjects
A total of 55 patients, 35 male and 20 female, aged 18-52
years (average: 39 ± 10 years), who were hospitalized
from June 2011 to June 2012, were included in this retrospective study. Their diagnosis met the CHB diagnosis
standard in the Chronic Hepatitis B Prevention Guide
2010 [7]. After hospitalization, the patients underwent
routine examination including routine blood tests, blood
biochemistry, virological indicators, type B ultrasonic
inspection of the liver, gallbladder and spleen to exclude
patients co-infected with other types of hepatitis virus
or cirrhosis, and previous history of antiviral therapy. All
patients underwent liver puncture biopsy; the sections
were inspected by an experienced pathologist. They
had received antiviral therapy for the first time and expected to finish therapy in a short period. Their alanine
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Baseline HBsAg level and virological response rate after
48 wk of PEG-IFN-α 2b therapy
After treatment with PEG-IFN-α2b monotherapy for
48 wk, among the 18 patients with baseline HBsAg >
20000 IU/mL, three patients showed HBV DNA negative conversion and HBeAg seroconversion. Among the
26 patients with baseline HBsAg 1500-20000 IU/mL,
11 patients showed HBV DNA negative conversion and
HBeAg seroconversion. Among the 11 patients with
baseline HBsAg < 1500 IU/mL, seven patients showed
HBV DNA negative conversion and HBeAg seroconversion. The difference in the virological response rate
between patients with HBsAg > 20000 IU/mL and <
20000 IU/mL was statistically significant. The detailed
data are shown in Table 2.
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Table 1 Baseline hepatitis B surface antigen and hepatitis
B virus DNA levels in 55 patients

r = 0.689, P = 0.000

Serum HBsAg (log IU/mL)

5.00

Baseline HBsAg
(IU/mL)

4.00

Baseline HBV DNA
(log10)

Case number
(constituent ratio, %)

8.14 ± 0.87
7.39 ± 1.01
5.89 ± 1.07

18 (32.7)
26 (47.3)
11 (20.0)

> 20000
1500-20000
< 1500

3.00

HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

2.00
1.00
3.00

4.00

5.00
6.00
7.00
8.00
Serum HBV DNA (log IU/mL)

Table 2 Baseline hepatitis B surface antigen levels and
virological response rates after 48 wk of Pegylated interferonα2b therapy

9.00

Figure 1 Correlation between baseline serum hepatitis B surface antigen
(HBsAg) levels and serum hepatitis B virus DNA levels. HBsAg: Hepatitis
B surface antigen; HBV: Hepatitis B virus.

Baseline HBsAg (IU/mL)

Predictive effect of decreasing HBsAg values after
12 and 24 wk of PEG-IFN-α 2b therapy on HBV DNA
negative conversion
Among the 55 patients receiving PEG-IFN-α2b therapy,
43 had their HBsAg dilution value measured at three
time points (before therapy, and after 12 and 48 wk of
therapy). At week 12 of therapy, 13 patients showed a
decline in HBsAg values of > 0.5 log10, and at week 48,
6 (46.15%) of these patients had acquired HBV DNA
negative conversion. At week 12, 30 patients showed a
decline in HBsAg values < 0.5 log10, and at 48 wk, 10
(33.33%) of these patients had acquired HBV DNA
negative conversion. There was no significant difference
in the HBV DNA negative conversion rate between patients in the groups with a decline of HBsAg > 0.5 log10
or < 0.5 log10 (P = 0.502).
Among the 55 patients receiving PEG-IFN- α 2b
therapy, 48 had their HBsAg dilution value measured at
three time points (before therapy, and after 24 and 48 wk
of therapy). At week 24, 18 patients had a reduction in
HBsAg values > 1.0 log10, and at week 48, eight (44.44%)
of these patients acquired HBV DNA negative conversion. At week 24, 30 patients had HBsAg value decline <
1.0 log10, and at week 48, 11 (36.67%) of these patients
acquired HBV DNA negative conversion. There was no
significant difference in the HBV DNA negative conversion rate between patients in the groups with a decline
of HBsAg value > 1.0 log10 or < 1.0 log10 (P = 0.762).

3/18 (16.7)
11/26 (42.3)
7/11 (63.6)

HBsAg: Hepatitis B surface antigen.

DISCUSSION
The detection of HBsAg in serum happened about 40
years earlier than the discovery of HBV and retains its
importance in CHB diagnosis today[8,9]. HBsAg seroclearance is considered to be the closest thing to a cure
for CHB; it reflects immunological control of the infection and confers an excellent prognosis in the absence
of pre-existing cirrhosis or concurrent infections[9-11]. It
is becoming apparent that information on HBsAg levels
can add to our understanding of both the natural history
of the disease and its response to therapy. The relationship between HBsAg and serum HBV DNA is complex.
HBsAg titer is correlated with serum HBV DNA only
in patients with HBeAg-positive CHB, and not in patients with HBeAg-negative CHB[12]. The same pattern
was shown in the present study: that HBsAg titer had a
significant positive correlation with HBV DNA level in
all 55 HBeAg-positive patients at baseline recruitment.
Similarly, HBsAg and HBV DNA showed a significant
correlation in 150 HBeAg-positive patients in a recent
Korean retrospective cross-sectional study[13]. Additionally, baseline HBsAg quantification provides different
but complementary information for prediction of treatment response. In the present study, the group with
HBsAg levels > 20000 IU/mL and < 20000 IU/mL at
baseline recruitment showed a significant difference in
terms of virological response rate (P = 0.02) after 48
wk of PEG-IFN-α2b therapy, indicating that baseline
HBsAg levels had a valuable predictive effect on HBV
DNA negative conversion. Not only in HBeAg-positive
patients recruited in this study, but also in a recent study
of 48 HBeAg-negative patients, low baseline HBsAg
levels strongly predicted the probability of HBsAg disappearance after two years of follow-up[14]. Takkenberg

Predictive effect of HBsAg > 20000 IU/mL at week 24 on
a negative virological response at week 48
After treatment with PEG-IFN-α2b for 24 wk, 16 patients had HBsAg values > 20000 IU/mL. After 48 wk
of treatment with PEG-IFN-α2b, no patient had HBV
DNA negative conversion. The predictive accuracy for
virological response at week 48 reached 100% when HBsAg was > 20000 IU/mL at week 24.
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Virological response rate (%)

> 20000
1500-20000
< 1500
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et al[14] reported that in HBeAg-negative patients receiving adefovir dipivoxil and PEG-IFN-α2a treatment for
48 wk with follow-up for two years, low baseline HBsAg
levels can predict HBV DNA negative conversion and
HBsAg disappearance, which is deduced to relate to
low viral loading capacity. Our data showed that HBsAg
was positively correlated with HBV DNA quantity in
HBeAg-positive hepatitis B patients, indicating that HBsAg reflects the HBV DNA replication status to some
extent. It is becoming apparent that information on
HBsAg levels can add to our understanding of both the
natural history of the disease and its response to therapy.
The reduction in serum HBV DNA reflects a decrease
in virus replication, and a decline in serum HBsAg represents a reduction of transcriptional covalently closed
circular DNA activity or the messenger of integrated
sequence of RNA translation[15]. Therefore, the HBsAg
quantitative value provides different but complementary
information and aids in determining the individual infection characteristics, thus providing the theoretical basis
for patients with high baseline HBsAg and HBV DNA
level in choosing initial combination therapy or extending the existing treatment course. After receiving IFN
therapy for 48 wk, most patients in this group discontinued the treatment, and some of them were transferred
to antiviral therapy with nucleoside analogs.
Furthermore, besides the therapeutic value of baseline HBsAg levels, close monitoring of quantitative HBsAg values during treatment also helps the prediction of
treatment response. This study is believed to be the first
retrospective study of HBsAg changes during PEG-IFN
treatment in HBeAg-positive CHB patients. We set up
0.5 log10 decrease at week 12 (43 patients) and 1.0 log10
decrease at week 24 (48 patients) as monitoring points.
Even though the HBV DNA negative conversion rate
was greater in both > 0.5 log10/1.0 log10 groups compared to < 0.5 log10/1.0 log10 groups (46.15% vs 33.33%
and 44.44% vs 36.67%, respectively), there was no significant difference between these groups in our study. This
finding may be due to the number of patients recruited
and the common bias of a retrospective study. Similar
studies focused on dynamic variation in HBsAg values
during treatment had similar findings. Studies have only
been carried out in nucleos(t)ide analog (NA) treatment, and the present study is believed to be the first
retrospective study on HBsAg changes during PEGIFN treatment of HBeAg-positive CHB patients. Given
different NA treatments, all three studies have suggested that patients who have HBsAg loss tend to have
higher baseline HBsAg levels and a more rapid decline
in HBsAg level as compared to those who failed to lose
HBsAg with long-term NA treatment[16-18]. These studies
also implied that genotype A and D CHB patients have
higher baseline HBsAg and more continuous decline in
HBsAg than genotype B and C CHB patients[17,18]. In a
small study in China, among 11 HBeAg-positive patients
who were treated with telbivudine for 2 years, HBsAg
< 100 IU/mL at the end of treatment predicted a sus-
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tained response (defined as undetectable HBV DNA,
normal ALT and HBeAg seroconversion) for two years
after stopping treatment[18]. Among HBeAg-negative
patients with CHB, it has also been shown that patients
with serum HBsAg that declined by 0.5 log10 and 1.0
log10 IU/mL, respectively, after 12 and 24 wk of treatment had a higher rate of sustained response prediction[19-21]. Therefore, in clinical practice, in both HBeAgpositive and -negative patients, serum HBsAg levels
should be used together with, but not as a substitute for,
HBV DNA measurement[22,23].
Patients who had 48 wk of PEG-IFN-α2b therapy
and had HBsAg levels > 20000 IU/mL at 24 wk did
not show HBV DNA negative conversion. Sonneveld
et al[24] have claimed that HBsAg is a strong predictive
index for IFN therapy in HBsAg-positive CHB patients.
For all patients with HBsAg levels > 20000 IU/mL by
24 wk of PEG-IFN therapy, withdrawal of treatment
should be considered. Similar findings have been shown
in several studies[25,26]. Therefore, in clinical practice, we
can observe the change in HBsAg levels dynamically in
combination with indicators such as HBeAg, HBV DNA
and ALT, and take the time point of 24 wk of therapy
to predict the long-term efficacy. It will be important to
identify a level of serum HBsAg reduction or a cut-off
that is associated with subsequent HBsAg loss. For patients with poor predictive efficacy at 24 wk of therapy,
either combination with NAs or discontinuation of
treatment should be considered.

COMMENTS
COMMENTS
Background

In Asia, 5%-10% of adults and up to 90% of infants among 50 million new
cases of hepatitis B virus (HBV) infection will become chronically infected
annually, which is the leading cause of chronic hepatitis, cirrhosis and hepatocellular carcinoma. Ideally, these chronic carriers should be identified and
medical interventions implemented to reduce the risk of premature death. The
International Association for the Study of Liver Diseases recommends Pegylated interferon (PEG-IFN)-α as standard therapy and regularly updates its
guidance related to the sustained response rate to IFN.

Research frontiers

Recent studies indicate that hepatitis B surface antigen (HBsAg) quantification might be a useful complement to HBV DNA quantification for clinical
assessment and treatment monitoring in patients with chronic hepatitis B
(CHB). The quantitative measurement of HBsAg in combination with HBV
DNA detection may aid clinicians in creating a specific therapeutic regimen
for individual patients.

Related publications

Studies have been carried out among CHB patients who were hepatitis B e
antigen (HBeAg)-negative and under nucleoside (nucleotide) analog (NA) treatment. The findings all indicated that the quantitative measurement of HBsAg at
baseline and during treatment was a good indicator of HBsAg seroconversion,
which is of significance to cure CHB.

Innovations and breakthroughs

In the present study, the authors showed that: (1) baseline HBsAg values were
a good indicator of HBsAg seroconversion; and (2) Dynamic HBsAg measurement along with the Peg-IFN-α2b treatment are important in the treatment of
CHB patients.

Applications

For patients with poor predictive efficacy at 24 wk therapy, either combination
therapy with NA or discontinuation of treatment should be considered. For all
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CHB patients undergoing treatment, it is clinically relevant and important to
keep a record of immunological and virological data at baseline and at each
time point during treatment or off-treatment for future clinical assessment.

Terminology

14

HBsAg is the surface antigen of HBV. It indicates CHB infection. The viral envelope of the virus has different surface proteins from the rest of the virus that act
as antigens. These antigens are recognized by antibodies that bind specifically
to one of these surface proteins.

Peer review

To the best of our knowledge, this is the first retrospective study among HBeAgpositive patients with CHB under PEG-IFN-α2b treatment to collect and analyze HBsAg at baseline and during treatment. The results are consistent with
previous findings among CHB patients under NA treatment, which emphasize
the importance of understanding the pathogenesis of CHB.
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RETROSPECTIVE STUDY

DNA methyltransferase3a expression is an independent
poor prognostic indicator in gastric cancer
Xue-Yuan Cao, Hong-Xi Ma, Yan-Hong Shang, Mei-Shan Jin, Fei Kong, Zhi-Fang Jia, Dong-Hui Cao,
Yin-Ping Wang, Jian Suo, Jing Jiang
paired adjacent normal gastric mucus samples, was
evaluated by immunohistochemistry using a tissue microarray. Serum anti-Helicobacter pylori (H. pylori ) IgG
was detected by enzyme-linked immunosorbent assay
(ELISA). The relationships between the above results
and the clinicopathological characteristics were analyzed. Their prognostic value was evaluated using the
Cox proportional hazards model.
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RESULTS: In gastric cancer, expression of DNMTs was
mainly seen in the nucleus. Weak staining was also
observed in the cytoplasm. Expression of DNMT1, DNMT3a and DNMT3b in gastric cancer was significantly
higher compared to that in the paired control samples
(60.0% vs 37.6%, 61.2% vs 4.7%, and 94.1% vs
71.8%, P < 0.01). The overall survival rate was significantly higher in the DNMT3a negative group than in
the DNMT3a positive group in gastric cancer patients
(Log-rank test, P = 0.032). No significant correlation
was observed between DNMT1 and DNMT3b expression and the overall survival time (Log-rank test, P
= 0.289, P = 0.347). Multivariate regression analysis
indicated that DNMT3a expression (P = 0.025) and
TNM stage (P < 0.001), but not DNMT1 (P = 0.54) or
DNMT3b (P = 0.62), were independent prognostic factors in gastric cancer. H. pylori infection did not induce
protein expression of DNMTs.
CONCLUSION: The results suggest that expression of
DNMT3a is an independent poor prognostic indicator in
gastric cancer. DNMT3a might play an important role in
gastric carcinogenesis.

Abstract
AIM: To explore the alteration of DNA methyltransferase expression in gastric cancer and to assess its prognostic value.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: DNA methyltransferase; Prognosis; Gastric
cancer; Expression; Helicobacter pylori

METHODS: From April 2000 to December 2010, 227
men and 73 women with gastric cancer were enrolled
in the study. The expression of DNA methyltransferases (DNMTs), including DNMT1, DNMT3a and DNMT3b,
in the 300 cases of gastric carcinoma, of which 85 had
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Helicobacter pylori (H. pylori) infection and gastric atrophy
in humans [14]. However, it is still lacking the clinical
evidence about the association between expression of
DNMT proteins and prognosis of gastric cancer.
It was considered that change of expression of
DNMTs accompanies genome-wide hypomethylation
and oncogenic hypomethylation or genetic hypermethylation, may leading to tumor suppression. Therefore,
the purpose of this study was to evaluate the expression
of DNMT1, DNMT3a, and DNMT3b in gastric cancer
and their possible predictive relevance in future clinical
practice.

relationship between their expression and histopathology in gastric cancer. In this article, DNMT1, DNMT3a
and DNMT3b expression has been investigated in 307
gastric cancer patients. The results suggest that expression of DNMT3a is an independent poor prognostic
indicator in gastric cancer. DNA methylation plays essential roles in the development of gastric cancer.
Cao XY, Ma HX, Shang YH, Jin MS, Kong F, Jia ZF, Cao DH,
Wang YP, Suo J, Jiang J. DNA methyltransferase3a expression
is an independent poor prognostic indicator in gastric cancer.
World J Gastroenterol 2014; 20(25): 8201-8208 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i25/8201.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8201

MATERIALS AND METHODS
Patients and samples
From April 2000 to December 2010, 307 patients, including 233 men and 74 women with gastric cancer who
underwent surgery at the First Hospital of Jilin University were collected. Finally, 227 men and 73 women
patients were enrolled in the study. None of the patients
received adjuvant chemotherapy or radiotherapy before
the surgical treatment. All specimens obtained after surgery were collected. The pathological diagnosis of gastric cancer was made on the basis of morphologic and
immunohistochemical findings by senior pathologists.
Adjacent normal gastric epithelial samples were collected from 85 patients as comparison controls. Patients
ranged in age from 32 to 87 years, with a median age of
63 years. The study protocol was approved by the Ethics Committee of the First Hospital of Jilin University.
Written informed consent was obtained from all of the
patients.

INTRODUCTION
Gastric cancer is one of the most common malignancies
in Asian countries, and remains the second leading cause
of cancer-related death worldwide. Over 70% of new
cases and deaths occur in developing countries[1,2]. DNA
methylation plays an essential role in normal development and maintenance of tissue-specific gene expression
patterns. In human cancer cells, increased CpG island
methylation, which mediates tumor suppressor gene silencing, and genomic DNA hypomethylation can lead to
genomic instability. Gastric cancer progression involves
genes and numerous steps, such as the over-expression
of oncogenes and inactivation of tumor suppressor
genes[3,4]. In gastric cancer, DNA methylation change is a
key contributor to human oncogenesis. Aberrant DNA
methylation in the promoter regions of genes, which
leads to inactivation of tumor suppressor and other cancer-related genes in cancer cells, is the most well-defined
epigenetic hallmark in gastric cancer[5,6]. Several studies
have indicated that DNA methylation occurs in the cancerous and para-cancerous areas.
The methylation process is catalyzed by DNA methyltransferases (DNMTs), including DNMT1, DNMT3a,
and DNMT3b. With the assistance of DNMTs, methyl
groups are transferred to the C5 position of the cytosine
and guanine dinucleotides by S-adenosylmethionine[7].
The genetic expression of these regions is inhibited by
methylation. DNMTs catalyze the transfer of methyl
groups to cytosine and also participate in or maintain
methylation. Several studies suggest that DNMT genes
are over-expressed in human cancer and during cellular transformation[8-10]. Recently, Kim et al[11] reported
that DNMT3A mutations are an independent adverse
prognostic factor in younger AML patients with normal
cytogenetics. Up to now, few studies have investigated
the expression of DNMTs and the relationship between
their expression and histopathology in gastric cancer.
Ding et al[12] and Yang et al[13] reported the clinical significance of the expression of DNMT proteins. Our previous studies have shown that SNPs of DNMT influenced
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Immunohistochemistry
The 4 μm thickness sections from the tissue block were
chosen for immunohistochemical staining. The sections
were deparaffinized and stained using a streptavidinbiotin immunoperoxidase technique. Briefly, the tissue
sections were incubated overnight at 4 ℃ with primary
anti-human DNMT1 polyclonal antibody (1:200 diluted,
sc-20701, Santa Cruz, United States), DNMT3a polyclonal antibody (1:200 diluted, sc-20703, Santa Cruz), and
DNMT3b polyclonal antibody (1:200 diluted, sc-20704,
Santa Cruz), respectively. Signals were visualized with
3,3-Diaminobenzidine (DAB) and the slides were counterstained with hematoxylin. As negative controls, the
slides were treated with the isotype IgGs to replace primary antibodies, respectively. The stained slides were
evaluated by two independent pathologists (MSJ and
YPW), who were blinded from clinical data and outcome.
The widely accepted HSCORE system was used to assess
staining intensity and percentages of cells stained with
a specific magnitude of intensity. Briefly, the HSCORE
was calculated by the following equation: HSCORE = ∑
Pi(i) ( i = 0, 1, 2, 3, Pi = 0%-100%), where i means the
intensity of staining, i.e. no staining = 0, weak staining = 1,
moderate staining = 2, and strong staining = 3; Pi repre-
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Table 1 Expression of DNA methyltransferases 1, 3a and 3b between different groups
Gastric cancer (n = 85)
DNMT1
DNMT3a
DNMT3b

10 (0-40)
80 (5-150)
180 (140-240)

Control (n = 85)

P value

0 (0-5)
0 (0-0)
90 (0-240)

< 0.001
< 0.001
< 0.001

H. pylori (+) cancer (n = 67)

H. pylori (-) cancer (n = 34)

P value

50 (5-110)
155 (58-240)
160 (98-210)

0.302
0.859
0.179

20 (0-120)
180 (40-210)
180 (120-240)

HSCOREs were represented with median (quartile range). H. pylori: Helicobacter pylori; DNMT: DNA methyltransferase.

patients, and the positive rate of H. pylori infection was
66.3% (67/101). However, the analysis results showed
no correlations between H. pylori infection and the expression levels of DNMT1, DNMT3a, and DNMT3b (P
= 0.302, 0.859, and 0.179, respectively) (Table 1).

sents percentages of stained cells with intensities varying
from 0 to 100%. The HSCORE ranges from 0 to 300.
Furthermore, according to the HSCORE, the expression
levels of DNMTs were described as follows: negative: no
staining, low: HSCORE ≤ 100, moderate: HSCORE ≤
200, high: HSCORE > 200.

Correlation of DNMT expression with clinicopathologic
parameters
Expression of DNMT1 was significantly associated with
lymph node metastasis of gastric cancer (P = 0.001).
Meanwhile, there were significant higher HSCOREs of
DNMT3a staining in patients with lymph-vascular invasion than those without infiltration (P = 0.02). There
were significant higher HSCOREs of DNMT3b in patients with poor differentiation compared to those with
well and moderate differentiation (P < 0.001). DNMT
expression according to age, sex, and tumor differentiation, depth of invasion, lymph node metastasis, and distant metastasis and TNM stage were also analyzed and
summarized in Table 2.

Determination of H. pylori infection
Blood samples were collected from 101 patients for the
examination of H. pylori infection before the surgery,
among the total of 300 gastric cancer patients. Anti-H.
pylori IgG was detected with an ELISA kit (Biohit, Helsink, Finland)[15]. The antibody titers were defined by optical density values according to the protocol, and titers
higher than the cut off value of 30EIU were considered
as positive for H. pylori infection.
Statistics analysis
Statistical software SPSS software package 18.0 (SPSS
Inc. United States) was used for all statistical analyses.
The expression of DNMTs was presented as median
(inter quartile). The Mann-Whitney U test or KruskalWallis H test was performed to comparing independent
groups. The Wilcoxon signed rank test was used to
compare paired groups. The overall survival rate was
estimated by Kaplan-Meier method, and survival differences were analyzed by the log-rank test. The Cox proportional hazards model was used to calculate the hazard
ratio (HR) and corresponding 95%CI. For all tests, P <
0.05 was considered statistically significant.

DNMT3a expression is associated with poor survival
Follow-up information was available for all 300 patients,
covering periods ranging from 3 to 140 mo (median 41
mo). No patient died of postoperative complications
within 30 d of the beginning of the study period, and
120 (40.0%) patients had died during the follow-up.
The overall survival time was significantly longer in the
DNMT3a negative group than in the DNMT3a positive
group (Figure 2b, Log-rank test, P = 0.032). However,
expression of DNMT1 and DNMT3b was not significantly associated with survival (Figure 2a, 2c, P = 0.289,
P = 0.347). The analysis also showed that TNM stage
was significantly related to postoperative survival (P <
0.001).

RESULTS
Expression of DNMTs in gastric cancer and normal
epithelial cells
In gastric cancer, expression of DNMTs was mainly seen
in the nucleus. Weak staining was also observed in the
cytoplasm (Figure 1). All negative controls demonstrated
negligible background staining. Among the 85 paired
samples, DNMT1, DNMT3a and DNMT3b positive
staining were found in 51/85, 52/85, and 80/85 in gastric cancer samples, respectively. They were significantly
higher compared to those in the paired control samples
(60.0% vs 37.6%, 61.2% vs 4.7%, and 94.1% vs 71.8%, P
< 0.001) (Table 1).

Expression of DNMT3a is an independent prognostic
marker
After adjusted for gender, age, TNM stage and lymphvascular invasion, patients with DNMT3a positive expression showed a significant difference in risk of gastric cancer-related deaths compared to those who were
negative for DNMT3a expression (OR = 1.60, 95%CI:
1.06-2.40, P = 0.025). In multivariate analyses, DNMT3a
expression and TNM stage were independent prognostic factors of poor patient survival in gastric cancer.
However, expression of DNMT1and DNMT3b was not
associated with prognosis of gastric cancer (P = 0.542,

H. pylori infection did not induce expression of DNMTs
H. pylori infection was tested in the 101 gastric cancer
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D
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200 μm

Figure 1 Immunohistochemical staining of DNA methyltransferases in gastric cancer. DNA methyltransferase (DNMT) 1 (a), DNMT3a (c), and DNMT3b (e)
positive immunostaining in gastric carcinoma cells. Negative expression of DNMT1 (b), DNMT3a (d), and DNMT3b (f) in gastric carcinoma tissues. Original magnification, × 200.

associated protein 1, histone deacetylases 1 and 2 and Rb
and repress gene transcription. Etoh et al[22] reported that
DNMT1 plays an important role in the development of
poorly differentiated gastric cancer, by inducing frequent
DNA hypermethylation in multiple CpG islands. Kanai
et al[23] reported DNMT1 protein expression and DNA
methylation status of CpG islands in tumor-related genes
during multistage carcinogenesis of the pancreas. They
found that the average number of methylated genes
in ductal carcinomas was significantly correlated with
DNMT1 protein expression level (P < 0.0093). Mutze
et al[24] analyzed DNMT1/3b expression immunohistochemically in 127 pre-therapeutic biopsies from neoadjuvant-treated gastric cancer patients. They found that
DNMT1 was a predictive biomarker and potential target
for chemotherapy in gastric cancer. In the present study,
DNMT1 expression was significantly higher in cancer

0.620) (Table 3).

DISCUSSION
A great number of genes with promoter methylation
have been observed in gastric cancer. It is believed that
increased expression of DNMTs may contribute to the
excessive methylation[16-18]. Recently, the DNMT activity
of DNMT1, DNMT3a and DNMT3b has been confirmed. Several studies have focused on the clinicopathology and DNMT expression in human cancers[19-21].
However, the prognostic significance of DNMT expression in gastric carcinoma has not been explored thoroughly.
DNMT1 is a major and best known DNMT, and it
can transfers methyl groups from S-adenosylmethionine
to cytosines. DNMT1 can interact with the DNMT1-
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Table 2 DNA methyltransferases 1, 3a and 3b expression (HSCORE) in gastric cancer according to clinicopathologic parameters
DNMT1 Median
(quantile range)

P value

DNMT3a Median
(quantile range)

P value

DNMT3b Median
(quantile range)

10 (0-60)
20 (0-90)

0.283

90 (0-180)
80 (3-180)

0.629

210 (120-240)
150 (95-240)

0.011

10 (0-80)
10 (0-60)

0.839

60 (1-180)
100 (1-210)

0.101

160 (90-240)
210 (140-240)

0.003

10 (0-70)
10 (0-80)

0.502

120 (5-210)
60 (0-180)

0.065

180 (120-240)
180 (120-240)

0.722

10 (0-80)
10 (0-60)

0.570

120 (40-233)
60 (0-180)

0.003

195 (125-240)
180 (120-240)

0.777

45 (5-93)
20 (0-80)
10 (0-60)
10 (0-35)

0.106

80 (0-180)
60 (5-180)
90 (5-180)
90 (0-180)

0.905

135 (75-240)
160 (90-240)
210 (140-240)
170(90-240)

0.149

5 (0-60)
20 (0-80)

0.051

100 (5-210)
80 (0-180)

0.158

160 (100-240)
240 (150-270)

< 0.001

10 (0-60)
10 (0-80)

0.159

60 (0-180)
110 (10-210)

0.020

180 (120-240)
180 (120-240)

0.942

80 (13-130)
20 (0-98)
10 (0-70)
10 (0-20)

0.090

130 (20-225)
60 (0-180)
90 (10-210)
40 (0-140)

0.082

185 (128-240)
180 (50-240)
180 (120-240)
180 (120-240)

0.424

30 (0-80)
0 (0-28)
20 (0-93)
20 (0-70)

0.001

60 (0-170)
60 (0-203)
110 (5-188)
90 (15-180)

0.503

180 (100-240)
210 (140-240)
180 (120-240)
180 (145-255)

0.166

10 (0-80)
10 (0-60)

0.938

80 (5-180)
90 (0-210)

0.679

195 (120-240)
160 (90-240)

0.285

10 (0-80)
10 (0-60)

0.656

60 (0-180)
120 (13-210)

0.009

180 (120-240)
210 (120-240)

0.441

Gender
Male (n = 227)
Female (n = 73)
Age (yr)
≤ 60 (n = 128)
> 60 (n = 172)
Smoking
Yes (n = 107)
No (n = 193)
Drinking
Yes (n = 72)
No (n = 228)
TNM stage
Ⅰ (n = 22)
Ⅱ (n = 51)
Ⅲ (n = 195)
Ⅳ (n = 32)
Differentiation
Well + moderate (n = 119)
Poor (n = 181)
Lymph-vascular invasion
Absent (n = 138)
Present (n = 162)
Depth of invasion
T1 (n = 8)
T2 (n = 38)
T3 (n = 223)
T4 (n = 31)
Lymph metastasis
N0 (n = 65)
N1 (n = 92)
N2 (n = 78)
N3 (n = 65)
Distant metastasis
Negative (n = 265)
Positive (n = 35)
Survival
Survival (n = 180)
Death (n = 120)

P value

DNMT: DNA methyltransferase.

tissue compared with the paired non-cancer mucosa.
However, there was no difference between prognosis
and expression levels. The results consist with a previous
study[12]. Thus, it can be speculated that DNMT1 protein
expression may play an essential effect in the carcinogenesis, but it was not associated with prognosis of gastric
cancer.
DNMT3a and DNMT3b do show de novo DNA
methylation activity in vitro, and they are responsible for
the creation of methylation patterns at an early stage
of embryogenesis. In 2008, Ding et al[12] investigated
38 gastric cancer patients and they failed to find the
positive association between immunoreactivity of DNMT3a and 3b and clinical parameters in gastric cancer
tissues. Yang et al[13] examined expression of DNMT1,
DNMT3a and DNMT3b in 54 gastric cancer patients,
and they reported that co-expression of DNMT1 and
DNMT3a was significantly associated with lymph node
metastasis. In this study, we only found expression of

WJG|www.wjgnet.com

DNMT1 was significantly associated with lymph node
metastasis. However, DNMT3a expression was significantly associated with lymph-vascular invasion. Furthermore, in the follow-up study, expression of DNMT3a
was detected as an independent prognostic marker. The
inconsistent results from above studies may be caused
by different study subjects and environmental backgrounds.
H. pylori infection is believed to be involved in gastric
carcinogenesis, and has also been reported to strongly
promote regional DNA hypermethylation. However,
in the current study, H. pylori infection did not induce
expression of DNMTs. Recently, Huang et al[25] found
that there were no significant alterations in the total
DNMT activities in mice challenged with H. pylori. Thus,
although H. pylori infection alters DNA methylation, it
did not induce expression of DNMTs. The mechanism
is still unclear and warrants further investigation[26].
Most epigenetic modifications are post-transcrip-
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A

1.0

Survival rate

0.9
0.8

DNMT1 expression
Negative
Positive
Negative-censor
Positive-censor

Table 3 Multivariate analysis of predictors of overall survival
in gastric cancer

DNMT1 expression
Negative (n = 180)
Positive (n = 120)
DNMT3a expression
Negative (n = 106)
Positive (n = 194)
DNMT3b expression
HSCORE ≤ 200 (n = 154)
HSCORE > 200 (n = 146)
Lymph-vascular invasion
Absent (n = 138)
Present (n = 162)
TNM stage
Ⅰ (n = 22)
Ⅱ (n = 51)
Ⅲ (n = 195)
Ⅳ (n = 32)

0.7
0.6
0.5
0.4 Log-rank test, P = 0.289
0
25
50
75 100 125
Survival time (mo)

B

1.0

Survival rate

0.9
0.8

DNMT3a expression
Negative
Positive
Negative-censor
Positive-censor

Reference
0.89 (0.60-1.31)

0.542

Reference
1.60 (1.06-2.40)

0.025

Reference
1.17 (0.63-2.18)

0.620

Reference
1.36 (0.91-2.03)

0.130

Reference
1.78 (0.50-6.37)
4.11 (1.30-13.05)
14.55 (4.38-48.31)

0.379
0.016
< 0.001

1

Cox proportional hazards model, adjusted for gender, age, smoking,
drinking, lymph-vascular invasion, and DNMT expression. DNMT: DNA
methyltransferase.

0.6

0.4 Log-rank test, P = 0.032
0
25
50
75 100 125

a crucial role in gastric carcinogenesis. Expression of
DNMT3a was associated with poor survival in gastric
carcinoma. This suggested that DNMT3a is clinically
useful for prediction of prognosis of gastric cancer, and
could be useful as a therapeutic target. Since the function
of DNMT3a in gastric carcinogenesis is still unclear, future research is needed[28-32].

Survival time (mo)

1.0
0.9

Survival rate

P value1

0.7

0.5

C

HR (95%CI)

0.8

DNMT3b expression
HSCORE ≤ 200
HSCORE > 200
HSCORE ≤ 200-censor
HSCORE > 200-censor

0.7

COMMENTS
COMMENTS

0.6

Background

DNA methylation mediated by DNA methyltransferases (DNMTs) plays an important role in cancer. Few studies have investigated the relationship between
expression of the DNMTs and prognosis in gastric cancer.

0.5
0.4 Log-rank test, P = 0.347
0
25
50
75 100 125

Research frontiers

Previous studies reported the clinical significance of the expression of DNMT
proteins. However, the results were controversial.

Survival time (mo)

Innovations and breakthroughs

Figure 2 Kaplan-Meier curves of the survival for gastric cancer patients
with DNA methyltransferase expression (Log-rank test). A, C: No significant
correlations between DNA methyltransferase 1 (DNMT1) and DNMTb expression and the overall survival time (P = 0.289, P = 0.347); B: Positive DNMT3a
expression was significantly associated with poor survival in gastric cancer (P =
0.032).

In this study, DNMT3a expression was detected as a new independent prognostic marker in gastric cancer.

Applications

Expression of DNMT3a was associated with poor survival in gastric cancer.
This suggested that DNMT3a is clinically useful for prediction of prognosis of
gastric cancer, and it was considered as a potential therapeutic target.

Terminology

tional, and inhibition of these mechanisms could be
advantageous in the treatment of gastric cancer. As
a consequence the role of epigenetic regulators like
DNMT inhibitors as a treatment for gastric cancer is under evaluation. Niwa et al[27] reported that treatment with
5-aza-dC, a DNA demethylating agent, can prevent H.
pylori-induced gastric cancer. The result also suggested
that removal of induced DNA methylation and/or suppression of DNA methylation induction can become a
target for prevention of chronic inflammation-associated
cancer.
In conclusion, aberrant expression of DNMT3a plays

WJG|www.wjgnet.com

DNA methyltransferases 3a (DNMT3a) is an enzyme that catalyzes the transfer
of methyl groups to specific CpG structures in DNA, a process called DNA
methylation.

Peer review

Generally, the authors made a significant research of gastric cancer. With the
basic study, the authors demonstrated that DNMT3a, which was a methyltransferase of DNA, was an independent factor of OS in patients with gastric cancer.
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Colorectal cancer mortality in Inner Mongolia between
2008 and 2012
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RESULTS: The AYLL of CRC was 17.39 years. The
average mortality of CRC was 5.6/100000. People living in urban areas and having a higher education level
had a significantly higher risk of CRC (OR = 1.74 and
95%CI: 1.29-2.35, P < 0.001 and OR = 2.39, 95%CI:
1.76-3.25, P < 0.001, respectively). People who were
employed had a lower risk of CRC (OR = 0.64, 95%CI:
0.48-0.86, P = 0.003). The mortality of CRC was positively correlated with the education level (P < 0.001).
No statistically significant association was observed
between marital status and CRC risk (P = 0.259).
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CONCLUSION: Living in urban areas, higher education level and unemployment are associated with CRC
mortality in Inner Mongolia.
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Key words: Colorectal cancer; Average years of life
lost; Mortality; Education level
Core tip: In this article, we used the years of life lost
(YLL), average years of life lost (AYLL) and mortality to
measure the severity of colorectal cancer (CRC) death.
The YLL and AYLL can directly reflect the severity of
CRC to life lost. Some demographic characteristics
such as marital status, occupation, education level and
area of residence, which may be risk factors for CRC,
are explored. As a result of this study, living in urban
areas, having a higher education level and unemployment are risk factors for CRC mortality.

Abstract
AIM: To determine the extent of colorectal cancer
(CRC) mortality and the association between demographic characteristics and CRC mortality in Inner Mongolia.
METHODS: Data were collected from the Death Registry System, maintained by the Inner Mongolia Centers for Disease Control and Prevention, from 2008 to
2012. Deaths were classified according to the Internath
tional Classification of Disease, 10 Revision. Years of
life lost, average years of life lost (AYLL), and mortality
were calculated over the five years between 2008 and
2012. A conditional logistic regression model was used
to analyze the association between marital status, occupational status, education level, area of residence,
and the risk of CRC.
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population of eight monitoring points was 2.4 million,
accounting for about 10% of the total population of Inner Mongolia.
Population data between 2008 and 2012 were obtained from the Inner Mongolia CDC to calculate CRC
mortality rates. Death data were categorized based on
the Tenth Revision of the International Classification of
Diseases. Death data with CRC as the underlying cause
of death were classified as “CRC deaths”, and deaths
due to diseases of the circulatory system (DCS) served
as controls in multiple analyses. Categories of CRC
death included malignant neoplasms of the colon (C18),
malignant neoplasms of the rectosigmoid junction (C19),
and malignant neoplasms of the rectum (C20). Categories classified as DCS death included ischemic heart diseases (I20-I25) and cerebrovascular diseases (I60-I69).
Diagnostic methods included pathological diagnosis,
clinical diagnosis, laboratory examination, surgical diagnosis, and postmortem examination. Clinical diagnosis
included imaging diagnosis, the diagnosis based on pathological anatomy, and pathophysiological diagnosis. Laboratory examination included physical, immunological,
blood, biochemical, and genetic tests. Surgical diagnosis
and postmortem examination were among the pathology
methods. Pathological diagnosis can be provided for the
CRC deaths. Clinical diagnosis and laboratory examination can be provided for the DCS deaths. Hospitals in
Inner Mongolia at which diagnoses were made were divided into four levels: provincial, municipal, county, and
township.

INTRODUCTION
Colorectal cancer (CRC) is one of the most common
cancers worldwide and ranks third in men and second in
women in terms of mortality, with 608700 deaths estimated to have occurred in 2008, accounting for 8% of
all cancer deaths[1]. The highest mortality rates in both
sexes are estimated in Central and Eastern Europe (20.3
per 100000 for men, 12.1 per 100000 for women), and
the lowest in Middle Africa (3.5 and 2.7, respectively)[2].
The mortality rates of CRC in Africa and Asia are
lower as compared to those reported in Europe, North
America, New Zealand and Australia[1]. In Asia, higher
rates of CRC are observed in Japan and China[3]. Among
the Chinese, CRC mortality rates rank fifth among men
and fourth among women[4]. In the last few decades,
the mortality rates of CRC have increased markedly in
China[5].
Early in the last century, the relationship between
CRC and rural/urban differences and education level
have been extensively studied[6,7], but the results obtained
are inconclusive. For example, in the United States,
Asians and Pacific Islanders who reside in rural areas
are at a greater death risk of CRC than those who reside
in urban areas. However, black men who live in urban
areas of the United States have a higher risk of CRC
than those in rural areas[6]. Similarly, the relation between
education level and CRC mortality is controversial[8,9].
A cohort study showed that a lower education level is
significantly associated with the risk of CRC mortality[6],
but another study[8] found no evidence of this association.
Although the associations between these characteristics and CRC have been investigated by many studies[10],
to date, no similar study has been conducted in Inner
Mongolia. Therefore, the aim of this study was to examine the extent of CRC mortality, and the associations
between demographic characteristics and CRC mortality
in Inner Mongolia.

Statistical analysis
We calculated the percentages of CRC and DCS deaths
diagnosed by the various categories of methods and at
different levels of hospitals in each of the monitoring
points during the five-year period under analysis. We
computed the years of life lost (YLL) and average years
of life lost (AYLL) due to CRC in each year and region.
The AYLL is the average of the difference between the
expected age and the actual age at death due to cancer.
CRC mortality (per 100000) and corresponding 95%CI
were calculated for the two regions. The χ 2 test was used
to examine differences between regions and years in
CRC mortality. Conditional logistic regression models
were applied to analyze the effect of socio-demographic
characteristics. Odds ratio (OR) and corresponding
95%CI were calculated. CRC and DCS deaths were
matched for age, sex, and region for logistic regression
analysis. The variables selected from the DRS included
marital status, occupation status, education level, and
area of residence. Marital status was divided into married and unmarried, with unmarried as the reference
group. Occupation status was divided into employment
and unemployment, with unemployment as the reference
group. Education level was divided into illiterate and
primary school education, and middle school or higher,
with illiterate and primary school as the reference group.
Area of residence was divided into urban and rural, with

MATERIALS AND METHODS
Data source
This study was conducted from January 2008 to December 2012 in Inner Mongolia. Data were collected through
the Death Registry System (DRS). DRS uses a multistage
cluster probability sampling strategy with stratification
according to east, central and west China, the local gross
domestic product and proportion of rural dwellers, the
total population of local areas. For the present study,
data from eight monitoring points were used. Five of
these were from the DRS established by the Chinese
Ministry of Health, and another three were from Inner
Mongolia established by the Inner Mongolia CDC. The
eight monitoring points are divided into two regions for
our study: the Eastern region (including Yakeshi City,
Kailu County and Bairin Youqi) and the Other region
(including Sonid Youqi, Muslims District, Tumd Youqi,
Ejin Horo Qi, and Linhe District). The annual average
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were used to diagnose DCS in 98% of the cases. Diagnosis was established in provincial, municipal, county
and township level hospitals for 100% of CRC deaths
and 100% of DCS deaths.
The number of CRC deaths was 391 for men and
252 for women. Age at death ranged between 15 and 91
years with an average age of 65.7 years. DCS deaths were
matched to CRC deaths on age and sex (391 men and
252 women; aged 14-91 years, average age 65.7 years).
Table 2 shows AYLL and mortality for CRC in the
Eastern region and Other region by year. We observed
a total of 3059.5 YLL in the Eastern region and 4691.1
years in the Other region, corresponding to an overall
AYLL difference of 2.5 years between the two regions.
In the Eastern region, average CRC mortality was
5.2/100000 (95%CI: 4.6-5.9), and there were no significant differences in CRC mortality across the five years
included in the study (χ 2 = 6.9, P = 0.14). In the Other
region, mortality was 5.8/100000 (95%CI: 5.2-6.4) (χ 2
= 5.9, P = 0.22). Thus, the data from the five years for
each region were merged for further analysis. As no
significant differences were found in average mortality
between the two regions (χ 2 = 1.7, P = 0.19), data from
the two regions were merged further.
Table 3 shows the results of multivariate analyses of
socio-demographic characteristics and the risk of CRC
in the two regions separately. Employment was associated with a decreased likelihood of CRC death, while
a higher education level and urban area of residence
increased the likelihood of CRC mortality. There was no
statistically significant relationship between marital status
and CRC death.
To further explore the effects of education, this variable was divided into four levels. The χ 2 test for trend
showed a significantly increasing trend of CRC mortality according to education level in the two regions (χ 2 =
65.6, P < 0.001). Figure 1 shows average CRC mortality
and average death age for each of the four education
levels in the selected regions. In contrast with CRC mortality, average death age decreased with education level.
The proportion of married individuals was 76.1%
and 85.1% in the unemployment and employment
groups, respectively. There was a significant difference (χ 2
= 8.2, P < 0.01) between the two groups.

Table 1 Percentages of colorectal cancer deaths in Inner
Mongolia between 2008 and 2012 n (%)

Diagnostic method
Clinical and laboratory examinations
Pathology
Clinical
Surgery
Postmortem examination
Unknown
Highest diagnostic institution
Provincial hospital
Municipal hospital
County level hospital
Township level hospital

CRC

DCS

256 (39.8)
176 (27.4)
131 (20.4)
70 (10.9)
9 (1.4)
1 (0.2)

436 (67.8)
0 (0.0)
194 (30.2)
0 (0.0)
13 (2.0)
0 (0.0)

209 (32.5)
295 (45.9)
135 (21.0)
4 (0.6)

94 (14.6)
317 (49.3)
230 (35.8)
2 (0.3)

CRC: Colorectal cancer; DCS: Diseases of the circulatory system.
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Figure 1 Colorectal cancer rate and average death age among different
education levels in Inner Mongolia (2008-2012).

rural as the reference group. In the models, OR > 1.0
designated an increased risk and OR < 1.0 indicated a
protective factor. Education was further divided into
four levels, namely, no school education, primary school,
middle school, and university or higher. Average death
age was calculated for each level. The χ 2 test for trend
was used to examine the differences between education
levels in terms of CRC death. Finally, we used the χ 2 test
to examine differences according to occupational and
marital status. Statistical significance level was set at P ≤
0.05 (two-sided). All statistical analyses were performed
using SPSS 13.0.

DISCUSSION
Average CRC mortality was 5.6/100000 in Inner Mongolia between 2008 and 2012. This figure is lower than
the recently reported CRC mortality in economically
developed Asian countries such as Korea[11] and Japan[12],
but higher compared to some less developed countries[2].
Corresponding to the mortality, the AYLL of CRC was
17.39 years, higher than that in Japan[12]. We have previously reported the negative contribution of cancer to
life expectancy by using potential YLL to estimate the
impact of cancers, such as stomach cancer[13] and breast
cancer [14], on life expectancy in Japan. In this study,

RESULTS
The percentages of CRC and DCS deaths diagnosed by
different diagnostic methods and at different levels of
hospitals are shown in Table 1. There were 643 CRC
deaths recorded by the eight monitoring points of Inner Mongolia between 2008 and 2012. CRC diagnosis
was established by pathological diagnosis in 100% of
the cases. Laboratory examination and clinical diagnosis
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Table 2 Years of life lost, average years of life lost and mortality for colorectal cancer in two regions of Inner Mongolia between
2008 and 2012
Total
Annual average
2008
2009
2010
2011
2012

Eastern
5

Other
5

5

YLL

AYLL

Mortality (1/10 )

YLL

AYLL

Mortality (1/10 )

YLL

AYLL

Mortality (1/10 )

7737.1
1269.3
1393.4
1316.3
1629.0
1813.5

17.39
16.27
16.79
17.32
15.51
17.61

5.57 (5.14-6.00)
6.15 (5.03-7.26)
5.11 (4.21-6.02)
4.59 (3.74-5.45)
5.98 (5.00-6.95)
6.14 (5.16-7.12)

3059.5
577.7
519.2
578.0
664.3
703.0

16.63
16.05
16.75
18.65
13.84
18.50

5.23 (4.59-5.88)
5.24 (3.82-6.67)
4.32 (3.03-5.61)
4.31 (3.02-5.60)
6.49 (4.85-8.14)
5.95 (4.38-7.52)

4691.1
689.0
896.2
734.4
953.2
1119.1

14.13
16.41
13.38
16.32
16.72
12.86

5.82 (5.24-6.39)
7.13 (5.40-8.86)
5.68 (4.43-6.93)
4.80 (3.65-5.95)
5.66 (4.45-6.87)
6.25 (4.99-7.51)

YLL: Years of life lost; AYLL: Average years of life lost.

urban population was more likely to have received good
education. To date, we have found only one study showing an association between a higher education level and
an increased risk of CRC for men[8]. Most other existing studies are at odds with our result[9,20], reporting an
inverse association between education level and total
mortality[21]. In those studies, people with a lower education level suffered a higher burden of cancer[22]. Because
the age was matched in multivariate analysis, considering
that the age as a confounding factor may affect education level, the average death age is marked out in Figure
1. Clearly, education level shows a different trend compared to mortality of CRC, indicating that the association between education level and CRC mortality is not
affected by age factors.
Our results suggest that CRC mortality was higher in
the unemployed population. This finding is consistent
with some previous studies. Unemployed people have
more mental strain and higher standardized mortality
rates[23]. In addition, occupational physical activity may
reduce the risk of CRC[24]. Furthermore, our results suggest that the proportion of married people was lower
in the unemployed group than in the employed group.
Married populations are more likely to be diagnosed at
earlier stages[25] and receive recommended treatment[26].
Marriage was associated with better outcomes of CRC
for both men and women[27].
Several studies have suggested the relationships between urban areas[6], educational levels[10] used as socialeconomic status indicators, and cancer mortality. Some
studies showed that a higher education level can increase
opportunities for income security[28]. Living in urban
areas and having a higher education level tend to be associated with meat consumption. Meat consumption,
especially beef and mutton, was significantly higher in
Inner Mongolia (percentages of meat consumption in
terms of money value were 15% for beef and 25% for
mutton) than other provinces such as Shandong province (beef: 12%, mutton: 7%) and Sichuan province (beef:
11%, mutton: 2%) [29]. The consumption of fish was
higher in Western countries. A study from France has
shown that the consumption of fish was more frequent
among highly educated people [30]. Many studies have
found that total fish consumption is not associated with
CRC[31], or constitutes a protective factor for CRC[32].
The different types of meat consumption might be one

Table 3 Conditional logistic regression analysis of sociodemographic characteristics for colorectal cancer mortality
P

Characteristic
Marital status
Unmarried
Married
Occupation
Unemployment
Employment
Education level
Illiterate and primary school
Middle school and higher
Area of residence
Rural
Urban

OR

95%CI

0.259

0.003
1
0.64

0.48-0.86

1
2.39

1.76-3.25

1
1.74

1.29-2.35

< 0.001

< 0.001

AYLL was used to estimate the effect of CRC on life expectancy. Both YLL and AYLL reflect premature death.
Unlike mortality rate, which is usually higher in the elderly, YLL and AYLL give greater weight to diseases that
result in younger deaths and less weight to those affecting the elderly[12]. In Inner Mongolia, CRC led to lower
mortality than in Japan, but showed higher AYLL. The
burden of premature death due to CRC may be more
serious in Inner Mongolia.
The results of our study suggest that CRC mortality
was higher in urban areas. This finding is consistent with
a study of black men[6]. In Western countries, however,
most studies revealed a different pattern, and attributed
lower CRC mortality in urban areas to higher rates of
CRC screening. Some studies showed that CRC screening significantly reduces CRC mortality[15], and the rate
of CRC screening is higher in urban than rural areas in
Western countries[16]. In Inner Mongolia, both urban and
rural areas have few CRC screening programs; therefore,
the lack of CRC screening programs may be one of reasons for higher mortality in urban areas. Furthermore,
rural areas have lower CRC mortality because people
living in rural areas tend to have a better environment,
engage in farm work, and eat more fresh fruits and vegetables. Industrial pollution[17], physical inactivity[18] and
low consumption of fruits and vegetables[19] were associated with a higher risk of CRC in urban areas.
CRC mortality was found to be the highest among
the best educated segment of the population. This finding is related to higher mortality in urban areas, as the
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of reasons that CRC mortality was different between Inner Mongolia and Western countries in urban areas and
related to a higher education level.
In conclusion, the findings of this study suggest that
living in urban areas and having a higher education level
are risk factors for CRC mortality in Inner Mongolia,
contradicting most previous reports. The effect of occupation status on CRC mortality is consistent with other
studies. These results suggest that prevention efforts in
Inner Mongolia should focus on populations living in
urban areas, having a higher education level and affected
by unemployment.
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into the transplanted intestinal artery at a dose of
1000000 cells/kg. The second and third doses of MSCs
were given directly into the mesenteric artery through
the arterial anastomosis using an angiography catheter
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RESULTS: The median follow-up for these patients
was 10.6 mo (min: 2 mo-max: 30 mo). Three of the
patients developed severe acute rejection. One of
these patients did not respond to bolus steroid therapy.
Although the other two patients did respond to antirejection treatment, they developed severe fungal and
bacterial infections. All of these patients died in the
nd
rd
2 and 3 months post-transplant due to sepsis. The
remaining patients who did not have acute rejection
had good quality of life with no complications observed
during the follow-up period. In addition, their intestinal
th
th
grafts were functioning properly in the 13 , 25 and
th
30 month post-transplant. The patients who survived
did not encounter any problems related to MSC transplantation.
CONCLUSION: Although this is a small case series
and not a randomized study, it is our opinion that small
bowel transplantation is an effective treatment for intestinal failure, and MSC therapy may help to prevent
acute rejection and graft vs host disease following intestinal transplantation.

Abstract
AIM: To study the effects of mesenchymal stem cell
(MSC) therapy on the prevention of acute rejection
and graft vs host disease following small bowel transplantation.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: In our transplantation center, 6 isolated
intestinal transplants have been performed with MSC
therapy since 2009. The primary reasons for transplants were short gut syndrome caused by surgical intestine resection for superior mesenteric artery thrombosis (n = 4), Crohn’s disease (n = 1) and intestinal
aganglionosis (n = 1). Two of the patients were children. At the time of reperfusion, the first dose of MSCs
cultured from the patient’s bone marrow was passed

WJG|www.wjgnet.com

Key words: Short gut syndrome; Small bowel transplantation; Mesenchymal stem cells; Acute rejection;
Stem cell therapy
Core tip: Intestinal transplantation significantly improves prognosis and increases quality of life in patients with short gut syndrome. Transplantation of
mesenchymal stem cells (MSCs) has been studied recently in animal models and in clinical trials of patients
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with hepatic failure, end-stage liver disease and inherited metabolic disorders. However, studies and data
related to MSC therapy in small bowel transplantation
are scarce. We think that MSC therapy may help to
prevent acute rejection and graft vs host disease following intestinal transplantation.

Table 1 Demographic data
Age (yr)
12
45
31
48
50
0.67

Doğan SM, Kılınç S, Kebapçı E, Tuğmen C, Gürkan A, Baran
M, Kurtulmuş Y, Ölmez M, Karaca C. Mesenchymal stem
cell therapy in patients with small bowel transplantation:
Single center experience. World J Gastroenterol 2014;
20(25): 8215-8220 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8215.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8215

Primary disease

Donor type

HLA miss-match

F
M
F
M
M
M

SMATR-TSBR
SMAT-TSBR
Crohn-TSBR
SMAT-TSBR
SMAT-TSBR
Aganglionosis

Deceased
Deceased
Deceased
Deceased
Deceased
Deceased

2
5
4
6
4
6

SMAT: Superior mesenteric artery thrombosis; SMATR: Superior mesenteric artery trauma; TSBR: Total short bowel resection; HLA: Human leukocyte antigen.

tion of acute rejection and graft vs host disease following
small bowel transplantation.

MATERIALS AND METHODS

INTRODUCTION

In our transplantation center, 6 isolated intestinal transplants have been performed since 2009. All were deceased donor transplants. The primary reasons for these
transplants were short gut syndrome caused by intestine
resection for superior mesenteric artery thrombosis (n =
4), Crohn’s disease (n = 1) and intestinal aganglionosis
(n = 1). Two of the patients were children. The demographic data of these patients are shown in Table 1.
The first step in the transplant procedure was to create space for the graft by removing any failed recipient
organs. All adhesions were removed. The graft artery
was anastomosed to the infrarenal aorta and the graft
vein was drained to the infrarenal vena cava. Jejunojejunostomy was performed for oral-side reconstruction of
the gastrointestinal tract and a feeding tube gastrostomy
was carried out for postoperative enteral feeding. For
anal-side reconstruction, a simple ileostomy was preferred.
Anti-thymocyte immunoglobulin 5 mg/kg was the
standard induction immunosuppressive treatment initiated prior to transplantation. A steroid bolus was given
at a dose of 10 mg/kg and tapered off gradually. Tacrolimus was given parenterally for maintenance immunosuppression with a target trough blood level of 15-20
ng/mL. At the time of reperfusion, the first dose of
MSCs cultured from the patient’s bone marrow was infused into the transplanted intestinal artery at a dose of
1000000 cells/kg. Standard post-transplant antimicrobial
and antiviral prophylaxis were given.
After enteral feeding was started, immunosuppression was continued with an mTOR inhibitor together
with low-dose tacrolimus. Antibiotics were administered
immediately after surgery, including agents to prevent
cytomegalovirus, Pneumocystis carinii, and fungal infections. The second and third doses of MSCs were infused
directly into the mesenteric artery through the arterial
anastomosis using an angiography catheter, under local anesthesia, on day 15 and 30 post-transplant (Figure
1). Endoscopic evaluations were carried out bi-weekly
for the first two weeks and then weekly in the following

Intestinal transplantation significantly improves the
prognosis of patients with short gut syndrome and increases their quality of life.
Canine models of small bowel and multivisceral abdominal transplantation were first described by Lillehei
et al[1] and Starzl et al[2]. The first long-term survivor after
combined liver and small bowel transplantation (SBTx)
was reported by Grant et al [3]. Initial successful isolated small bowel transplant procedures were reported
by Deltz et al[4], Goulet et al[5], and Starzl et al[6] during
1989-1991. The first SBTx in Turkey was performed in
our clinic in 2003[7].
Clinical studies have reported the possible beneficial
therapeutic effect of mesenchymal stem cells (MSCs)
in supporting the engraftment of hematopoietic stem
cells in patients with hematological malignancies[8]. The
transplantation of MSCs has also recently been studied
in animal models and in clinical trials of patients with
hepatic failure, end-stage liver disease and inherited
metabolic disorders. Modulatory cytokines produced by
MSCs can inhibit immunocyte proliferation and migration to the liver, thereby attenuating inflammatory injury
and reducing hepatocyte apoptosis. In addition, MSCs
play an important role in liver fibrosis regression and in
supporting the function, proliferation and differentiation of endogenous hepatocytes[9,10]. Recent studies have
documented MSC synthesis and the release of several
cytokines and growth factors such as, interleukin-11,
hepatocyte growth factor, fibroblast growth factor-2 and
insulin-like growth factor-I[11-13]. Each of these factors
has previously been described as facilitating intestinal
mucosa repair, either through enhancement of cell proliferation or inhibition of epithelial cell apoptosis, or by
a combination of both[14-16].
As MSCs are able to inhibit T-cell proliferation in
vitro and in vivo and exert similar inhibitory effects on
B, dendritic, and natural killer cells as well as having the
ability to enhance or maintain the re-epithelization process of small intestinal epithelium, we planned this study
to determine the effects of MSC therapy on the preven-

WJG|www.wjgnet.com

Gender

8216

July 7, 2014|Volume 20|Issue 25|

Doğan SM et al . MSC therapy in SBT

absence of microbial contamination (bacteria, fungus,
or mycoplasma); the expression of CD73, CD90 and
CD105 by > 90% of cells; and the absence of CD14,
CD34, and CD45 (expression of each by < 3% of cells),
as assessed by flow cytometry.
Autologous MSC therapy was used by permission of
the Turkish Ministry of Health and informed consent
was obtained from the patients.

RESULTS
The median follow-up period was 10.6 mo (min: 2 momax: 30 mo). Three of the patients developed severe
acute rejection and were given bolus steroid therapy.
One of these patients did not respond to the steroid
treatment and died on the 4th day of rejection 3 mo posttransplant. The other two patients responded to bolus
steroid treatment, but both developed bacterial and
fungal infections which did not respond to antimicrobial
and antifungal treatments. These patients died 2 and 3
mo post-transplant, respectively, due to sepsis.
In the patient operated on for intestinal ischemia
and necrosis associated with post-traumatic mesenteric
artery injury, mild acute rejection was determined during small bowel biopsy under endoscopic examination in
the first month. However, no infection was detected at
tissue biopsy and viral serologic analyses were negative
during this period. This rejection episode was controlled
by increasing steroid therapy. To prevent compromise
of renal function, tacrolimus was stopped in the third
month and sirolimus was added to the immunosuppressive therapy. In the third month, the patient was on total
oral feeding and was monitored on an outpatient basis.
Since the graft functioned normally in the first year posttransplant and weight gain and nutrition were satisfactory, ileocolonic anastomosis was performed. During the
14th month of monitoring, obstructions in the lymphatics were determined on lymphoscintigraphy performed
due to lymphedema in the left lower extremity, below the
right knee and in the left arm. All extremity and abdominal vascular Doppler USG examinations in this period
were normal. Sirolimus therapy was stopped as it was
thought that this agent may have been responsible for
the patients’ condition. It was decided that monitoring
should continue with low-dose tacrolimus. There were
no further rejection episodes. The patient is now in the
30th month post-transplant and has achieved a weight of
65 kg (height: 175 cm), with lymphedema persisting, but
decreasing in the extremities.
The patient with Crohn’s disease is now 25 mo posttransplant with a permanent ileostomy and has had no
complications. No rejection episodes and no systemic
infection were observed in this patient. Her endoscopic
evaluations and biopsies have all been normal.
The child with type 4 Waardenburg syndrome is now
13 mo post-transplant. He developed gastrointestinal
bleeding 5 mo post-transplant due to a gastric ulcer and
medically-treated severe urosepsis. Diffuse CD 20(+)

Figure 1 Transplanted mesenteric artery angiography through the arterial anastomosis using an angiography catheter at day 15 and 30 posttransplant.

months. Biopsies were taken if rejection was suspected.
Following the initiation of enteral feeding in the first
week, TPN was tapered off gradually.
Isolation and expansion of MSCs
Bone marrow (BM; 10-20 mL) was aspirated from the
iliac crest using a standard procedure, and transferred
into an acid-citrate-dextrose filled transfusion bag. The
samples obtained from each patient were packed in an
insulated shipping container with cold packs, and delivered to the Aticell® laboratory (Trabzon, Turkey) of Atigen-Cell® Inc (Ankara, Turkey). All procedures for the
generation of clinical-grade autologous MSCs were performed under good manufacturing practice (GMP) conditions in Aticell® laboratories. Mononuclear cells were
separated from BM by a standard Ficoll density gradient
separation procedure, washed with phosphate-buffered
saline (PBS), re-suspended in GMP-qualified (Advanced
Therapy Medicinal Product; ATMP-Ready) low-glucose
Dulbecco’s Modified Eagle’s Medium (DMEM; PAA
Laboratories GmbH, Pasching, Austria) containing 10%
autologous (v/v) human serum (AHS), and seeded at a
density of 2-3 × 105 cells/cm2 in 75-cm2 flasks. The cultures were maintained at 37 ℃ in a humidified 5% (v/v)
CO2 atmosphere for 3 d, after which nonadherent cells
were removed by replacing the medium, and adherent
cells were further cultured for an additional 7-9 d. When
the cultures approached confluence (70%-80%), adherent cells were detached by treatment with ATMP-Ready
trypsin/EDTA solution (PAA Laboratories GmbH,
Pasching, Austria) and placed in large culture flasks at a
density of 4-5 × 103 cells/cm2. Cells for infusion were
serially subcultured up to passage four (P4), and harvests
(P3-P4) were cryopreserved in DMEM supplemented
with 10% (v/v) dimethyl sulphoxide and AHS. On the
day of injection, MSCs were defrosted, washed thrice
with phosphate buffered saline (PBS; PAA Laboratories
GmbH, Pasching, Austria), and then re-suspended in
PBS containing hydroxyethyl starch and AHS solution at
a final concentration of 1-2 × 107 cells/mL. Criteria for
the clinical use of MSCs included a viability > 90%; an

WJG|www.wjgnet.com
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and CD 79a(+), compatible with EBV-positive PTLD,
were determined at tissue biopsy. The patient was placed
on valganciclovir prophylaxis and both tacrolimus and
sirolimus dosages were reduced (5 ng/mL). As the presence of EBV DNA was detected in the serum (3200
copies/mL), intravenous immune globulin 2 g/kg was
administered and a weekly dose of rituximab at 375 mg/
m2 was started. Persistent gastrointestinal hemorrhage
was seen after the third dose of rituximab. During endoscopic examination, several ulcerous areas were identified in the transplanted bowel together with an ulcer in
the pre-anastomosis area of the duodenum. Bleeding
was controlled with hemoclips. Histopathologic findings,
from a graft biopsy performed during the same endoscopy session, revealed that, although reduced, lymphoproliferative disorders persisted. His ileostomy output was
higher than expected and weight gain was only 1 kg. He
still receives combined enteral and parenteral nutrition.
He has had no acute rejection.

exception of one patient who did not respond to steroid
treatment and died on the 4th day of rejection in the 3rd
month post-transplant. Our research suggests that MSCs
therapies given with the transplant may contribute to the
prevention of graft rejection and may help recovery of
the intestinal mucosa after a rejection attack. In conclusion, we observed rejection in 4 (3 severe and 1 mild) of
our 6 patients (66%) and three responded to pulse steroid treatment. These findings are very similar to those
of Nayyar et al[19]. We did not administer another course
of MSC injections to the surviving patients during their
follow-up periods.
In the immune compromised state, bacterial translocation can trigger acute rejection and systemic infection
with overlapping symptoms. The International Intestinal
Transplant Registry reported sepsis as the major cause
of death after SBTx in 202 of 439 (46%) deceased recipients[27]. Two of our patients responded to bolus steroid
treatment, but developed bacterial and fungal infections
which did not respond to antimicrobial and antifungal
treatment. Sepsis was the cause of death in these two
patients (33%).
The levels of kidney function disorder secondary
to high immunosuppressive therapies in small bowel
transplant patients, with high rejection levels, have been
reported to be 46% in patients with SBTx [28]. Renal
dysfunction occurred in our two pediatric cases, and
tacrolimus was stopped in one patient. Renal dysfunction secondary to elevated ileal output and high immunosuppressive therapy was observed in our 9-mo posttransplant patient. Sirolimus is an immunosuppressive
agent used after major organ transplantation. We started
sirolimus instead of tacrolimus in one patient. However, sirolimus was suspected to be the cause of lymphedema seen in the first year of treatment, and a partial
improvement in findings was observed when treatment
was stopped. However, lymphedema persists even after
2 years. Sirolimus-related lymphedema associated with
lymphangiogenesis has been reported in organ transplant patients[29].
In conclusion, this is a small series and not a randomized study and does not show the effectiveness of
MSC treatment in SBTx. However, we believe that MSC
therapy may prevent and limit ACR effects in the transplanted small intestine and facilitate intestinal mucosa
repair. Randomized prospective studies are required to
prove the effects of MSC therapy.

DISCUSSION
There is a significant need for small bowel transplantation in Turkey[17]. The key to postoperative management
after intestinal transplantation is early detection of acute
rejection, a serious complication. Observation of the intestinal mucosa by routine protocol endoscopy and pathological assessment with serial biopsies are important to
detect early-stage rejection[18]. Twice-weekly endoscopies
are carried out following transplantation in our clinic.
Also, increased ileostomy output, a change in stool character, and fever indicates acute rejection and endoscopy
is implemented in these situations.
Acute cellular rejection (ACR) is particularly persistent in the first 3 mo. The level, which is reported to be
63.5%, was shown to have declined following the introduction of treatment with rATG[19]. Graft-vs-host disease
(GVHD) occurs when donor alloreactive T lymphocytes
transferred within the transplanted organ mount a destructive cellular immune response against recipient tissue. SBTx is associated with the transfer of a large number of potentially alloreactive donor lymphocytes, which
have the capacity to initiate GVHD[20-22]. The reported
incidence of GVHD after SBTx is 6.5% in children and
4.7% in adults[23]. MSCs have the ability to inhibit T cell
proliferation in vitro and in vivo and exert similar inhibitory effects on B, dendritic and natural killer cells. Thus,
MSCs hold promise as a new stem cell therapy class for
autoimmune disease, solid organ transplantation and the
treatment of GVHD[24-26]. In recent studies it was shown
that modulatory cytokines produced by MSCs could
inhibit immunocyte proliferation and migration, thereby
attenuating inflammatory injury and reducing cellular
apoptosis[13,14].
Three of our patients had a biopsy proven severe
ACR episode and one patient had a mild ACR episode
within the first 3 mo after transplantation. Rejection attacks were controlled by pulse steroid therapy, with the
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Background

Small intestinal transplantation is now routinely considered for patients with
irreversible intestinal failure and complications of parenteral nutrition. Although
technically possible for some time, immunological rejection was an impenetrable barrier to success until the development of powerful immunosuppressive agents. There are still important immunology related problems. Recent
studies have demonstrated that mesenchymal stem cells (MSCs) increase the
synthesis and release of several factors facilitating intestinal mucosa repair and
preventing immunologic reactions.
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As MSCs are able to inhibit immunologic refractory cells attacking transplanted
organs and have the ability to enhance or maintain the re-epithelization process
of small intestinal epithelium, the authors planned this study to determine the
effects of MSC therapy on the prevention of acute rejection in patients undergoing small bowel transplantation.

11

Innovations and breakthroughs

12

Small-intestine transplantation continues to evolve as a surgical procedure
used in the management of intestinal failure in children and adults and offers
the hope of increased longevity and improved quality of life in patients with
intestinal failure. Over the last three decades, intestinal transplantation has
evolved from an experimental to a standard therapeutic option for patients with
intestinal failure, but is less successful in other solid organ transplantation due
to high rejection rates. In order to overcome this problem we planned this study
to determine the effects of MSC therapy on the prevention of acute rejection following small bowel transplantation.

13

14

Applications

This study suggests that MSC therapy may prevent and limit acute cellular rejection effects in the transplanted small intestine and facilitate intestinal mucosa
repair.

15

Short bowel syndrome: A malabsorbtion disorder caused by surgical removal of
the small intestine, or rarely due to the complete dysfunction of a large segment
of bowel. Mesenchymal stem cells: Multipotent stromal cells that can differentiate into a variety of cell types. Acute rejection: Destruction of transplanted tissue by the recipient’s immunologic cells and factors.
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The authors reported to use mesenchymal stem cells for intestinal transplantation. Although the cases of patients are low, their results are important for intestinal transplantation. Authors did an interesting work in experiments.
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signs or symptoms were included in the study (age
64.46 ± 13.79, 91 males). The UGI tract (esophagus,
stomach, and duodenum) was the most common site
of bleeding (81, 62.8%) and the cause of bleeding
was not identified in 12 patients (9.3%). Specificity for
identifying UGI bleeding was higher with the portable
endoscopy than NG aspiration (85.4% vs 68.8%, P =
0.008) while accuracy was comparable. The accuracy
of the portable endoscopy was significantly higher
than that of NG in the subgroup analysis of patients
with esophageal bleeding (88.2% vs 75%, P = 0.004).
Food material could be detected more readily by the
portable endoscopy than NG tube aspiration (20.9% vs
9.3%, P = 0.014). No serious adverse effect was observed during the portable endoscopy.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To compare outcomes using the novel portable
endoscopy with that of nasogastric (NG) aspiration in
patients with gastrointestinal bleeding.

Key words: Endoscopy; Gastrointestinal bleeding; Nasogastric aspiration

CONCLUSION: The portable endoscopy was not superior to NG aspiration for confirming UGI bleeding
site. However, this novel portable endoscopy device
might provide a benefit over NG aspiration in patients
with esophageal bleeding.

Core tip: Although nasogastric (NG) tube aspiration is
recommended for the potential benefit of risk stratification in upper gastrointestinal (UGI) bleeding, its clinical
usefulness is still debatable. Recently, a novel bedside
portable endoscopy device (EG scan, IntroMedic Co.,
Ltd., Seoul, Korea) has been developed to evaluate the
esophagogastroduodenal area with high convenience
and notable accessibility compared with conventional
endoscopy. As far as we know, this is the first study to
evaluate the clinical outcomes of this device compared
with NG tube aspiration in UGI bleeding identification.
We found that EG scan might offer benefits over NG

METHODS: Patients who underwent NG aspiration for
the evaluation of upper gastrointestinal (UGI) bleeding were eligible for the study. After NG aspiration, we
performed the portable endoscopy to identify bleeding
evidence in the UGI tract. Then, all patients underwent
conventional esophagogastroduodenoscopy as the
gold-standard test. The sensitivity, specificity, and accuracy of the portable endoscopy for confirming UGI
bleeding were compared with those of NG aspiration.
RESULTS: In total, 129 patients who had GI bleeding
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aspiration in patients with esophageal bleeding.

A

Choi JH, Choi JH, Lee YJ, Lee HK, Choi WY, Kim ES, Park
KS, Cho KB, Jang BK, Chung WJ, Hwang JS. Comparison of
a novel bedside portable endoscopy device with nasogastric
aspiration for identifying upper gastrointestinal bleeding. World
J Gastroenterol 2014; 20(25): 8221-8228 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i25/8221.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i25.8221

B

INTRODUCTION
Upper gastrointestinal (UGI) bleeding is a common, important emergency situation with an estimated incidence
of roughly 100 per 100000 adults[1]. Although advances
in medical and endoscopic treatment have had positive
effects on the outcomes of UGI bleeding, mortality still
remains high, up to 10%[2-5]. A recently reported international consensus on UGI bleeding emphasized the
importance of the early risk stratification for rebleeding
and mortality[6]. It is recommended to place a nasogastric
(NG) tube in patients with UGI bleeding for risk assessment because the findings may have prognostic value[6].
However, the usefulness of NG tube placement in identifying UGI sources of bleeding has not been clarified
due to its low sensitivity (42%-84%) and poor negative
likelihood ratio (0.62-0.20)[7-9].
A novel bedside portable endoscopy device (EG
scan, IntroMedic Co., Ltd., Seoul, Korea) has been developed to evaluate the esophagogastroduodenal area with
high convenience and notable accessibility compared
with conventional endoscopy[10]. The EG scan comprises
four parts: an optical probe, a control handle, a processor that generates air, and a display monitor (Figure 1).
The diameter of the probe tip is 6 mm, similar to that
of a 16-French NG tube and the shaft of probe is much
thinner, with a diameter of 3.6 mm (Figure 2). The
probe can reach to the stomach through the nose as easily as an NG tube. The real-time imaging view is visualized via the display monitor. The optical probe tip can
be bent 60° upwards or downwards, but not to the right
or left side. There has been no previous reported study
of the efficacy of this novel endoscopy device compared
with that of the NG tube in patients with gastrointestinal bleeding.
The aim of this study was to evaluate the efficacy
and safety of this novel bedside portable endoscopy device by comparing the outcome of this scope with that
of the NG tube for the identification of the source of
gastrointestinal bleeding.

Figure 1 EG scan machine (A) and a display monitor (B).

A

C

Figure 2 Comparison of the diameters of conventional endoscopy (A,
GIF-XQ260, Olympus, Tokyo, Japan), the EG scan (B), and 16F nasogastric tube (C).

September 2012 were eligible for this prospective study.
Exclusion criteria included (1) critical vital sign instability; (2) inability to get the NG tube or EG scan device
through the nostrils; (3) refusal to undergo the procedure/failure to give consent; and (4) no final esophagogastroduodenoscopy (EGD) evaluation (patients who
refuse to undergo EGD for any reason). Patients with
hemodynamic instability received crystalloid solutions
and blood transfusions. First, patients suspicious for active gastrointestinal (GI) bleeding who visited the emer-

MATERIALS AND METHODS
Adult patients (older than 18 years) presenting with symptoms or signs of gastrointestinal bleeding, including
melena, hematemesis, hematochezia, and acute-onset
anemia, at a tertiary hospital between January 2012 and
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as the gold-standard test for the final diagnosis of UGI
bleeding.
Informed consent was obtained from patients and
the study protocol was approved by the Keimyung University Institutional Review Board. The study was registered on the WHO International Clinical Trials Registry
Platform (WHO ICTRP KCT0000298).

A

Definitions and outcome measures
Dark, coffee ground- or bright red-colored blood seen
at NG aspiration was defined as a positive sign of UGI
bleeding. During the EG scan procedure, a directly visualized coffee ground-colored blood clot or bright red
blood was recorded as a positive sign of UGI bleeding
(Figure 3). Additionally, luminal lesions, such as esophageal varices, ulcers or erosions, were evaluated during the
EG scan (Figure 3). We attempted to estimate additional
findings, including food material, at each procedure.
Primary outcome measures were (1) comparison of the
accuracy, sensitivity and specificity of the EG scan in
identifying UGI bleeding with NG tube insertion; and (2)
the rate of adverse event of the EG scan procedure.

B

Statistical analysis
Sensitivity was the proportion of subjects with UGI
bleeding who had a positive test result, and specificity
was the proportion of individuals without UGI bleeding
who had a negative test result. Accuracy was the proportion of all cases correctly identified by the test. Differences in these categorical variables with matched pairs
of subjects were examined with McNemar’s test. For
comparison of continuous variables, Student’s t-test was
used and the results are presented as means ± standard
deviation (SD).
The sample size was calculated on the assumption
that accuracy of the EG scan for identifying UGI bleeding would be 60%, while that of NG tube aspiration
would be 40%. With a two-tailed test of α = 0.05 and
1-β = 0.80, 117 patients were required. Statistical analysis
was performed with the SPSS software (ver. 14.0; SPSS
Inc., Chicago, IL, United States). A two-tailed P value <
0.05 was considered to indicate statistical significance.

C

Figure 3 Images of EG scan. A: Dark, coffee-ground colored blood clot; B:
bright red fresh blood; C: multiple bluish colored esophageal varices.

gency room received NG tube insertion and aspiration
with or without lavage to confirm active UGI bleeding
according to the International Consensus Recommendations for patients with UGI bleeding[6]. Then, the EG
scan device was inserted within 12 h from NG tube
insertion to identify the focus of the UGI bleeding. The
scope was inserted through the nose with lubricant jelly
and no sedatives or antispasmodics were used during
the procedures. The EG scan was performed by three
endoscopists with at least 1000 cases of EGD experience (ESK, YJL, and KSP) or three medical personnel
with no previous endoscopy experience (JHC, WYC,
and JHC) after brief instruction on how to use the EG
scan probe. Non-endoscopists learned about luminal lesions, such as varices, ulcers, and erosions, by reviewing
endoscopic images before the EG scan. Doctors who
performed EG scan did not know the results of NG
tube aspiration. Thereafter, all patients underwent EGD

WJG|www.wjgnet.com

RESULTS
Among 197 patients with signs or symptoms of gastrointestinal bleeding, 129 were finally included in the study
(mean age 64.46 ± 13.79 years, males 70.5%). In total,
68 subjects (34.5%) were excluded for various reasons:
32 refused to participate, 15 skipped the EG scan for an
immediate therapeutic endoscopy due to unstable vital
signs, and 21 did not undergo final EGD (Figure 4).
Baseline characteristics of patients are described in Table
1. The most common co-morbidity was high blood pressure (48, 37.2%), followed by liver cirrhosis (39, 30.2%).
Initial systolic blood pressure was 119.52 ± 25.67 mmHg
and pulse rate was 85.31 ± 15.78/min. Initial hemoglobin was 9.55 ± 2.62 g/dL. The most common bleeding-
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Patients presenting with symptoms of
gastrointestinal bleeding n = 197

Table 2 Bleeding sources confirmed by esophagogastroduodenoscopy n (%)
Patients n =129

Refused to participate n = 32

Upper gastrointestinal bleeding
Esophagus
Esophageal varices
Esophageal ulcers
Stomach
Gastric ulcers
Gastric varices
Hemorrhagic gastritis
Mallory-Weiss syndrome
Cancer
Angiodysplasia
Duodenum
Duodenal ulcers
Angiodysplasia
Non upper gastrointestinal bleeding
Small bowel bleeding
Colorectum
Colitis
Ulcers
Cancers
Diverticulum
Hemorrhoid
Rectal varices
Radiation colitis
Others
Hemoptysis
Nasal bleeding
No definite focus of bleeding

Immediate EGD due to unstable vital
sign n = 15

Not undergo EGD n = 21

Included patients n = 129

Figure 4 Flow diagram illustrating patients enrolled in the study. EGD:
Esophagogastroduodenoscopy.

Table 1 Baseline characteristics of patients with symptoms or
signs of gastrointestinal bleeding n (%)
Age, mean ± SD, yr
Gender, Male
Co-morbidities
Hypertension
Diabetes mellitus
Cardiovascular disease
Liver cirrhosis
Chronic kidney disease
Cerebrovascular disease
Malignancy
Initial vital sign
Systolic blood pressure, mmHg
Diastolic blood pressure, mmHg
Pulse rate, mean ± SD
Initial hemoglobin, g/dL
Bleeding related signs or symptoms
Melena
Hematemesis
Hematochezia
Anemia
Non-bleeding related signs or symptoms
Dizziness
Epigastric pain
Syncope
Dyspnea

64.46 ± 13.79 (n =129)
91 (70.5)
48 (37.2)
33 (25.6)
17 (13.2)
39 (30.2)
14 (10.9)
22 (17.1)
25 (19.4)

reported that they were not sure whether the probe was
inserted into the duodenum due to poor visualization.
There was no significant difference in the positive rate for
bleeding (detection of blood) between the EG scan and
NG tube aspiration (45.7% vs 58.1%, P > 0.05). Food material could be detected more readily by the EG scan than
NG tube aspiration (20.9% vs 9.3%, P = 0.014). The EG
scan provided additional findings of luminal lesions, including varices, ulcers, or erosions. The EG scan showed
esophageal lesions in 41 (31.8%) patients (26 varices, 6
ulcers, and 15 erosions; 6 patients had multiple lesions).
However, stomach lesions were found only in nine (7%)
patients (three ulcers and six erosions), and the EG scan
failed to detect any duodenal lesion. Nasal pain and nausea were more frequently observed with the EG scan than
NG tube aspiration while epistaxis was more common
with NG tube aspiration. Nonetheless, there was no serious adverse effect during or after EG scan (Table 3).

119.52 ± 25.67
72.33 ± 17.53
85.31 ± 15.78
9.55 ± 2.62
46 (35.7)
43 (33.3)
28 (21.7)
12 (9.3)
14 (10.9)
13 (10.1)
2 (1.6)
2 (1.6)

related symptom was melena (46, 35.7%), followed by
hematemesis (43, 33.3%) and hematochezia (28, 21.7%).
The major non-bleeding-related symptom was dizziness
(14, 10.9%).
EGD confirmed the UGI tract as the source of bleeding in 81 (62.8%) cases (Table 2). Among them, esophageal varices, gastric ulcers and varices, and duodenal ulcers
were the major causes of bleeding. The cause of bleeding
in 12 (9.3%) was not identified. The mean time interval
(min) from NG aspiration to EG scan was 129.5 ± 190.5.
The mean time interval (h) from EG scan to EGD was
7.3 ± 7.6. The mean procedure time (min) of the EG
scan was 5.49 ± 2.33. The probe was inserted into the
stomach in all cases except one while duodenal insertion
was possible only in four cases. In six patients, examiners

WJG|www.wjgnet.com

81 (62.8)
20 (15.5)
17 (13.1)
3 (2.3)
53 (41.1)
35 (27.1)
8 (6.2)
4 (3.2)
3 (2.3)
2 (1.5)
1 (0.8)
8 (6.2)
7 (5.4)
1 (0.8)
36 (27.9)
8 (6.2)
23 (17.8)
9 (6.9)
7 (5.4)
2 (1.5)
2 (1.5)
1 (0.8)
1 (0.8)
1 (0.8)
5 (4)
4 (3.2)
1 (0.8)
12 (9.3)

Accuracy for upper gastrointestinal bleeding
identification
Overall (n = 129), accuracy and sensitivity of the EG
scan for UGI bleeding identification was not different
from those of NG tube aspiration, whereas the specificity of the EG scan was significantly higher than that of
NG aspiration (85.4% vs 68.8%, P = 0.008). However,
when we focused on bleeding in the esophageal area (n
= 68), the accuracy of the EG scan became significantly
better than that of the NG tube (88.2% vs 75%, P = 0.004;
Table 4).
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of bleeding while the overall accuracy was not different
between the two procedures. Unexpectedly, the overall
sensitivity of the EG scan appeared to be lower than
that of NG aspiration (64.2% vs 74.1%, P > 0.05). In the
cases of bleeding in the esophageal area, however, accuracy of the EG scan was superior to that of NG aspiration and the sensitivity increased to 95%. The unexpectedly lower overall sensitivity of the EG scan compared
with that of NG aspiration was disappointing in the
present study. With this low sensitivity, a negative finding with the EG scan in a patient with suspected UGI
bleeding cannot reassure the endoscopist to wait and
delay EGD. For screening purposes, a test should have
characteristics of high sensitivity or a low false negative
value. There are several potential explanations for the
low sensitivity of the EG scan. First, the visual imaging
quality of the EG scan may be unsatisfactory. As the
camera system of this device has been developed technically similar to that of capsule endoscopy (MiroCam, IntroMedic, Seoul, Korea)[10,19], its visibility is substantially
limited especially for roomy spaces, such as stomach
area, while it can show better quality images in narrower
areas, such as the esophagus or small bowel. Our result
showing higher sensitivity and accuracy of the EG scan
in the esophageal area supports this explanation. Additionally, there is no way to wash the cover glass of
the camera, which may cause poor visibility of the EG
scan[10]. Second, there was a time interval from NG tube
aspiration to EG scan (mean ± SD, min, 129.5 ± 190.5).
Although we thought that the time lag between NG tube
aspiration and EG scan was not long enough to affect
the outcomes of the EG scan, blood might be irrigated
and washed away to small bowel, especially after gastric
lavage through the NG tube, perhaps leading to the low
sensitivity of the EG scan. When we conducted a subgroup analysis of the time intervals of less than 2 h, the
sensitivity of the EG scan did increase, to 73.3% from
64.2% (data not shown).
The results of the study indicate the benefit of the
EG scan in identifying esophageal lesions as a source of
UGI bleeding. This may have significant clinical implications for specific situations requiring prompt recognition
of an esophageal source of bleeding, such as patients
with liver cirrhosis who are suspicious of acute UGI
bleeding. It has been reported that esophageal varices
are the cause of bleeding in only half of cirrhotic patients (53%-59%)[20,21]. Thus, it is clinically relevant to
differentiate variceal bleeding from non-variceal bleeding
in these patients because initial pre-endoscopic treatments are different; the former needs vasoactive agents
(somatostatin, octreotide, or terlipressin) [22,23] while a
high-dose proton pump inhibitor is recommended in
the latter[4,6,24,25]. In our study with 39 cirrhotic patients,
esophageal varices were the cause of bleeding in 17 cases (43.6%) of which 12 (88.2%) were correctly localized
in the esophagus as the bleeding source by the EG scan.
Further study is needed to verify this advantageous effect of EG scan in cirrhotic patients with UGI bleeding.
Compared with NG aspiration, another theoretical

Table 3 Procedural results of EG scan and nasogastric tube
aspiration n (%)
Patients n = 129
EG scan NG tube aspiration P value
Procedure time, mean ± SD, min 5.49 ± 2.33
Examiner
Endoscopist
24 (18.6)
Non-endoscopist
105 (81.4)
Insertion to stomach
128 (99.2)
Insertion to duodenum
4 (3.1)
Main findings
Blood
59 (45.7)
Food material
27 (20.9)
Esophageal lesions1
41 (31.8)
Stomach lesions1
9 (7.0)
Duodenal lesions
0
Adverse effects
Nasal pain
60 (46.5)
Nausea
26 (20.1)
Epistaxis
11 (8.5)
Cough
9 (6.9)
Others
1 (0.7)

0
129 (100)
129 (100)

75 (58.1)
12 (9.3)

0.061
0.014

40 (31)
5 (3.9)
28 (21.7)
11 (8.5)
2 (1.6)

0.015
< 0.001
0.005
0.817
1.000

1

Esophageal lesions: varices 26, ulcers 6, erosions 15 (6 patients had multiple lesions); stomach lesions: ulcers 3, erosions 6. NG: Nasogastric.

EG scan outcomes between endoscopists and nonendoscopists
Most cases of the EG scan (105, 81.4%) were performed
by non-endoscopists while experts conducted the EG
scan in 24 cases (18.6%). The procedure time for endoscopists was shorter than that for non-endoscopists
(4.33 ± 1.76 vs 5.75 ± 2.36 min; P = 0.001). However,
the experience of the endoscopist did not make any difference in other procedural outcomes including rate of
insertion to duodenum, main findings, and accuracy for
UGI bleeding identification (Table 5).

DISCUSSION
For patients suspected of having UGI bleeding, NG aspiration can be useful for determining the management
strategy by localizing the source of bleeding[11-13]. Additionally, this practice may enhance risk stratification. For
example, patients with a bloody aspirate are more likely
to have active bleeding, high-risk lesions, and higher
rates of recurrent hemorrhage, leading to a greater mortality[7,14,15]. Thus, the consensus guidelines recommend
placing a NG tube for pre-endoscopic evaluation [6].
However, it is still uncertain as to whether NG aspiration
improves clinical outcomes in the management of acute
gastrointestinal bleeding. A retrospective observational
study showed that NG aspiration did not lessen mortality or shorten hospital length of stay suggesting that this
practice might be unnecessary in the management of
acute gastrointestinal bleeding[16,17]. Furthermore, relatively high false negative rates (10%-18%) in NG aspiration may hinder effective management[18].
This prospective study showed that the EG scan,
a novel portable bedside endoscopy device, had better
specificity than NG tube aspiration for the identification
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Table 4 Sensitivity, specificity and accuracy of EG scan and nasogastric aspiration for upper gastrointestinal bleeding identification
Overall n = 129
Sensitivity
Specificity
Accuracy

Esophagus n = 68

P value

EG scan

NG tube

64.2 (52/81)
85.4 (41/48)
72.1 (93/129)

74.1 (60/81)
68.8 (33/48)
72.1 (93/129)

> 0.05
0.008
> 0.05

EG scan

NG tube

95 (19/20)
85.4 (41/48)
88.2 (60/68)

90 (18/20)
68.8 (33/48)
75 (51/68)

P value
> 0.05
0.008
0.004

UGI: Upper gastrointestinal.

Table 5 Comparison of EG scan outcomes between endoscopists and non-endoscopists n (%)

Procedure time, mean ± SD, min
Insertion to duodenum
Main findings
Blood
Esophageal lesions
Stomach lesions
Accuracy for UGI bleeding

Endoscopists n = 24

Non-endoscopists n = 105

P value

4.33 ± 1.76
1 (4.2)

5.75 ± 2.36
3 (2.9)

0.001
0.657

10 (41.7)
6 (25)
2 (8.3)
16 (66.7)

49 (46.7)
35 (33.3)
7 (6.7)
77 (73.3)

0.821
0.478
0.673
0.614

advantage of the EG scan would be real-time visualization of the lumen, including mucosal ulcers or erosions.
However, this benefit also seemed to be limited to the
esophageal area. The EG scan found 41 (31.8%) suspicious esophageal lesions, but only 9 (7%) gastric lesions.
The EG scan performance was even worse for the duodenal area; it could be inserted through the pylorus in
only four (3.1%) cases. These disappointing outcomes in
stomach and duodenum might be attributed to the poor
visualization of the EG scan, as described above.
Another potential advantage of EG scan over NG
aspiration would be confirmation of food material in the
stomach, which might cause aspiration pneumonia during or after an emergency EGD procedure. The detection rate of food material with the EG scan was higher
than that of NG tube aspiration (20.9% vs 9.3%, P =
0.014). Therefore, when an EG scan finds food material
without active bleeding evidence, it can delay an unnecessary urgent EGD, possibly resulting in avoiding the
risk of aspiration pneumonia.
Our results also indicate no significant difference
in the EG scan outcomes between examiners with and
without endoscopy experience, except procedure time,
and that it had no serious adverse effect, suggesting this
practice can be performed easily and safely by medical
personnel who do not have specialist endoscopy procedure skills.
There was no major adverse effect such as perforation or aspiration during and after EG scan procedure.
Nasal pain and nausea were more common during EG
scan than NG tube aspiration. The high rate of complaints during EG scan might be attributed to the slightly
large diameters of tip of scan compared to 16 French
NG tube (6 mm vs 5.3 mm). Interestingly, epistaxis was
less frequently observed during EG scan. Although the
cause is not clear, we hypothesize that the very thin shaft
of the EG scan (3.6 mm) might reduce the proceeding
force which was generated during the EG scan tip ad-
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vancement. A case series study of EG scan showed that
there was no epistaxis during EG scan procedures[26].
This study had a limitation that should be noted. We
compared the accuracy of the EG scan and NG tube
aspiration in a matched pair-wise manner in the same
group of patients (NG aspiration then EG scan) rather
than a head-to-head comparison in two independent
groups of subjects because there might be an ethical issue if we performed the EG scan in a patient without
knowing its efficacy or safety. The main reason for the
delay between NG and EG scan examination was due to
the time taking notification to doctors of gastroenterology division. This design of the study could presumably
lead to a poor outcome of the EG scan, such as low
sensitivity for detecting blood.
In conclusion, the EG scan is safe and can be as easily performed by non-endoscopists as NG aspiration.
Although this novel endoscopy was not superior to NG
aspiration for identifying UGI bleeding, it might offer
benefits for patients where it is necessary to localize an
esophageal source of bleeding. Further study is needed
to confirm whether these potential advantages of the
EG scan can change the clinical course of patients with
acute UGI bleeding.

COMMENTS
COMMENTS
Background

Although advances in medical and endoscopic treatment have had positive
effects on the outcomes of upper gastrointestinal (UGI) bleeding, mortality still
remains high. It is recommended to place a nasogastric (NG) tube in patients
with UGI bleeding for risk assessment because the findings may have prognostic value. However, the usefulness of NG tube placement in identifying UGI
sources of bleeding has not been clarified due to its low sensitivity (42%-84%)
and poor negative likelihood ratio (0.62-0.20).

Research frontiers

A novel bedside portable endoscopy device (EG scan, IntroMedic Co., Ltd.,
Seoul, Korea) has been developed to evaluate the esophagogastroduodenal
area with high convenience and notable accessibility compared with conventional endoscopy. There has been no previous reported study of the efficacy of
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this novel endoscopy device compared with that of the NG tube in patients with
gastrointestinal bleeding.

Innovations and breakthroughs

9

In this study, specificity for identifying UGI bleeding was higher with EG scan
than NG aspiration (85.4% vs 68.8%, P = 0.008) while accuracy was comparable. The accuracy of EG scan was significantly higher than that of NG in the
subgroup analysis of patients with esophageal bleeding (88.2% vs 75%, P =
0.004). Food material could be detected more readily by EG scan than NG tube
aspiration (20.9% vs 9.3%, P = 0.014). No serious adverse effect was observed
during the portable endoscopy.

10

Applications

This novel portable endoscopy device might provide a benefit over NG aspiration in patients with esophageal bleeding. Further study is needed to confirm
whether these potential advantages of the EG scan can change the clinical
course of patients with acute UGI bleeding.

11
12

Terminology

Positive sign of UGI bleeding in NG aspiration: Dark, coffee ground- or bright
red-colored blood; positive sign of UGI bleeding in the EG scan: A directly
visualized coffee ground-colored blood clot or bright red blood; sensitivity: The
proportion of subjects with UGI bleeding who had a positive test result; Specificity: The proportion of individuals without UGI bleeding who had a negative test
result; accuracy: The proportion of all cases correctly identified by the test.
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This is a very interesting paper addressing the important clinical problem of
triaging upper GI bleeding. The most important advantage of this method that
was applied in the manuscript is the statistically significant sensitivity, specificity
and accuracy of EG scan in the esophageal lesions. In addition, the useful role
of this new tool would be in identifying food in the stomach which may increase
aspiration risk with sedation.
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Inhibition of Girdin enhances chemosensitivity of colorectal
cancer cells to oxaliplatin
Ya-Jie Zhang, A-Jian Li, Yi Han, Lu Yin, Mou-Bin Lin
expression with an inhibition efficiency of 57%. Compared with the scramble control, DLD1 cells infected
with the Girdin shRNA displayed decreased Girdin
mRNA and protein levels (P < 0.05), and Girdin knockdown significantly enhanced chemosensitivity to oxaliplatin in colorectal cancer cells (P < 0.05). Microarray
data revealed that 381 and 162 genes were upregulated and downregulated in response to Girdin reduction, respectively, with ratios > 1.2 or < 0.8 (P < 0.01).
Interestingly, TOP2B (DNA topoisomerase 2-β) was
downregulated (ratio = 0.78, P = 0.0001) and oxaliplatin/adriamycin combination resulted in increased cell
death compared with treatments with individual agents
(P < 0.05).
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CONCLUSION: Girdin knockdown enhances chemosensitivity of colorectal cancer cells to oxaliplatin via TOP2B
down-regulation. These findings provide a promising
approach to overcome the chemoresistance of colorectal
cancer cells.

Abstract
AIM: To investigate the effect of Girdin knockdown on
the chemosensitivity of colorectal cancer cells to oxaliplatin and the possible mechanisms involved.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Oxaliplatin; Chemosensitivity; Girdin; Colorectal cancer; TOP2B

METHODS: Four siRNAs targeting Girdin were transfected into the chemoresistant colorectal cancer cell
line DLD1. Real-time polymerase chain reaction (PCR)
was employed to assess Girdin mRNA expression and
the most effective siRNA was chosen for conversion
into shRNA. Then, DLD1 cells were infected with lentiviruses expressing the Girdin shRNA and a scramble
control, respectively, and Girdin mRNA and protein
expression levels were assessed by real-time PCR and
Western blotting. Furthermore, microarray experiments
were used to assess global gene expression profile
after Girdin suppression in DLD1 cells. Finally, the cytotoxic effect of simultaneous treatment with oxaliplatin
and adriamycin (an inhibitor of a significantly downregulated gene after Girdin suppression in DLD1 cells)
was examined by MTT assay.

Core tip: The chemoresistance to oxaliplatin is a major
problem in the treatment of colorectal cancer (CRC). In
this study, a lentivirus-mediated shRNA was constructed
to investigate the role of Girdin, a potential regulator of
chemotherapy sensitivity. We found that Girdin knockdown enhanced chemosensitivity of colorectal cells to
oxaliplatin via reduction of TOP2B. This suggested that
Girdin is a modulator of CRC chemoresistance and a
potential therapeutic target.
Zhang YJ, Li AJ, Han Y, Yin L, Lin MB. Inhibition of Girdin enhances chemosensitivity of colorectal cancer cells to oxaliplatin.
World J Gastroenterol 2014; 20(25): 8229-8236 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i25/8229.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8229

RESULTS: The most effective siRNA suppressed Girdin
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INTRODUCTION

Table 1 Four siRNA duplexes targeting Girdin

Colorectal cancer (CRC) is currently the third most common cancer worldwide and the fourth cause of cancerrelated death [1]. Administration of oxaliplatin-based
regimens is considered the first-line chemotherapy in the
adjuvant and palliative settings for CRC patients[2-4]. However, treatment efficacy has reached a plateau with a response rate of 40%[5], which highlights the need for novel
strategies to enhance the chemosensitivity to oxaliplatin
in CRC.
Accumulating studies have demonstrated that the
phosphatidylinositol 3-kinase (PI3K)/Akt pathway plays
a crucial role in chemotherapy resistance[6]. This pathway
affects chemotherapy-induced apoptosis in various cancers, including lung, ovarian, breast, liver and pancreatic
tumors[7-11]. In CRC, activation of the PI3K/Akt pathway has been shown to potently affect oxaliplatin resistance[12]. Girdin (also called coiled-coil domain-containing
protein 88A), a multidomain molecule, plays important
roles in diverse biological processes, e.g., wound healing,
tumor cell motility, and angiogenesis[13]. Recent data described Girdin as a novel nonreceptor guanine nucleotide
exchange factor (GEF) for Gai proteins that enhances
PI3K-Akt signals by activating Gαi1, 2, 3[14]. Moreover,
Matsushita proposed that Girdin family proteins play an
essential role in apoptosis via activation of the IRE1-JNK
pathway[15]. Based on these findings, it is conceivable that
Girdin may constitute a potential regulator of chemotherapy sensitivity, which prompted us to investigate the
effect and possible mechanisms of Girdin knockdown
on the chemosensitivity of CRC cells to oxaliplatin.
To date, previous studies have focused on the role
of Girdin in the progression and metastasis of CRC
cells[16,17]; however, studies assessing the contribution of
Girdin to chemoresistance in CRC are inexistent. Herein,
we report for the first time that Girdin knockdown enhances chemosensitivity of CRC cells to oxaliplatin via
reduction of TOP2B.

siRNA
siRNA1
siRNA2
siRNA3
siRNA4
scramble siRNA

siRNA design and synthesis
Four target sequences were chosen (Table 1) from the
human Girdin gene (GenBank, Gene ID: 55704) to design siRNA online (WI siRNA selection program, http://
sirna.wi.mit.edu/), and a scramble siRNA that does not
match any known mammalian GenBank sequence was
designed using the Invivogen scramble siRNA online
program (Invivogen, United States). All oligonucleotides
were synthesized by Shanghai GenePharma Co., Ltd
(China) (Table 1).
Evaluation of chemosensitivity to oxaliplatin
Oxaliplatin was purchased from Sigma (United States)
and stock solutions of 5 mg/ml were prepared in DMSO.
Aliquots of oxaliplatin were stored at -20 ℃ until use.
Chemosensitivity of 17 CRC cell lines to oxaliplatin was
examined using MTT assay. Briefly, cells were harvested
in the exponential growth phase, seeded in 96-well plates
(3000 cells/well), and incubated overnight. Then, oxaliplatin was added at various concentrations (0, 3, 10, 30
μmol). At the end of treatment period, 10 μL of MTT
was added for 4 h and the media gently aspirated. DMSO
was used to dissolve the purple crystals and absorbance
was determined at 490 nm using a spectrophotometer
(Thermo, United States). The inhibition rate (IR) was
derived as 1-(A490experimental group-A490blank)/(A490control groupA490blank) × 100%.

MATERIALS AND METHODS

siRNA transfection
DLD1 cells were seeded in 24-well plates and incubated
for 24 h before transfection. DLD1 cells at 30% confluence were transfected with 50 nmol/L (final concentration) siRNA per well using Lipofectamine 2000 and OptiMEM (Invitrogen) media according to the manufacturer’
s instructions. Forty-eight hours after transfection, cells
were harvested for further analysis.

Cell lines and cell culture
The 17 cell lines (CACO-2, D2, DLD1, HCT15, HCT116,
HUTU80, SW48, SW480, SW620, SW837, CX-1,
COLO205, GP2D, GP5D, HCT15, LS174T and LS180)
were obtained from American Type Culture Collection
(ATCC, United States) and Shanghai Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences.
All cell lines were maintained according to ATCC protocols. 293FT cells were purchased from Invitrogen (United
States) and maintained according to the manufacturer’s
specifications in DMEM supplemented with 10% FBS, 0.1
mmol/L minimum essential medium (MEM) nonessential
amino acids, 2 mmol L-glutamine, 1% penicillin/streptomycin and 500 μg/mL geneticin (Invitrogen). Sodium butyrate and polyethylene glycol (PEG)-8000 were obtained
from Sigma-Aldrich (United States).

WJG|www.wjgnet.com

Synthetic siRNA sequence
Sense: CCAGAAUGUACCGAGAUGAUU
Antisense: UCAUCUCGGUACAUUCUGGUU
Sense: CUUCAUUAGUUCUGCGGGAUU
Antisense: UCCCGCAGAACUAAUGAAGUU
Sense: GGACCAACCUUGAUGAAUAUU
Antisense: UAUUCAUCAAGGUUGGUCCUU
Sense: CAAGAGUUGAGGAAUUAAAUU
Antisense: UUUAAUUCCUCAACUCUUGUU
Sense: GAGGCGAAACGCTAAATATCT
Antisense: AGATATTTAGCGTTTCGCCTC

Real-time quantitative polymerase chain reaction
Total RNA was isolated using the TRIzol reagent (Invitrogen), and 1 μg total RNA was reverse transcribed
in 50 μL reaction to yield cDNA, which was stored at
-20 ℃ until use. Girdin mRNA level was assessed by
real-time quantitative polymerase chain reaction (PCR)
with β-actin used as an internal control. The primer
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Cytotoxicity assays
DLD1 cells were infected with the recombinant lentivirus
for 90 min, incubated for an additional 24 h, and seeded
in 96-well plates at 4000 cells/well. Seventy-two hours
after infection, cells were treated with oxaliplatin at the
indicated concentrations for 72 h and analyzed by MTT
assay. Analysis of combinational inhibition of oxaliplatin
and adriamycin was conducted at indicated concentrations and cell viability was assessed 72 h after treatment.

sequences are as follows: β-actin (forward: AGCGAGCATCCCCCAAAGTT; reverse: GGGCACGAGGGCTCATCATT), Girdin (forward: CCAGGCATGAAGCGAACA; reverse: CGAGCATCCGAAAGCAAAT) and
TOP2B (forward: AAGAAGAGTCAGAAACTGCCAACA; reverse: ACCCACATGAACTGCGTCAA). Quantitative RT-PCR was carried out using the SYBR Green kit
(Qiagen, United States) in a final volume of 25 μL. Each
PCR cycle included 15 s of denaturation at 95 ℃, 20 s of
primer annealing at 58 ℃ and 20 s of extension at 72 ℃.

cDNA microarrays
The mRNA extracted from lentivirus mediated Girdin
shRNA (Lv-Girdin shRNA) infected DLD1 cells was
reverse transcribed into cDNA using Cy5-dUTP labeling,
while the mRNA from the Lv-scramble shRNA infected
DLD1 cells was processed with Cy3-dUTP labeling, following the manufacturer’s protocols. The labeled probes
were then hybridized to the cDNA microarray chips from
Affimetrix (United States). Ratios of Cy5: Cy3 greater
than 1.2 or less than 0.8 were chosen for further analysis.

Lentiviral plasmid construction, lentivirus production
and cell transfection
Based on the interference efficiency of the four siRNAs, the most effective sequence in knocking down
Girdin was chosen and converted into shRNA with
an online tool (http://www.broadinstitute.org/rnai/
public/). Both forward oligonucleotide (CCGGAGGC A AGAGTT G AG G A AT TA AC T C G AG T TA ATTCCTCAACTCTTGCCTTTTTTG) and reverse
olignucleotide (AATTCAAAAAAGGCAAGAGTTGAGGAATTAACTCGAGTTAATTCCTCAACTCTTGCCT) were synthesized, annealed and cloned between
the BamHI and EcoRI sites of the lentiviral shRNA expression vector LvUCTP derived from FugW (Addgene,
United States). The U6 promoter was added for shRNA
expression and tdTomato gene for indication of transfection and infection. A scramble shRNA was derived
from the scramble siRNA (forward oligonucleotide: CCGGGAGGCGAAACGCTAAATATCTCTCGAGAGATATTTAGCGTTTCGCCTCTTTTTG; reverse oligonucleotide: AATTCAAAAAGAGGCGAAACGCTAA
ATATCTCTCGAGAGATATTTAGCGTTTCGCCTC).
Lentivirus production was performed using the ViraPower™ Lentiviral Packaging Mix (Invitrogen) following the manufacturer’s instructions. In brief, the lentiviral
expression vector was cotransfected with an optimized
mixture of three packaging plasmids (pLP1，pLP2 and
pLP/VSVG) into 293FT cells. Cell supernatants containing viral particles were harvested 48 h after transfection,
filtered through a 0.45 μm filter (Millipore), and stored
at -70 ℃. Lentivirus preparations containing only the
scramble shRNA were used as negative controls.

Statistical analysis
Values obtained from real-time PCR and MTT assay
and IC50 are expressed as mean ± SD. Statistical analysis
was carried out by one-way ANOVA using the statistical
package SPSS 19.0 (Chicago, IL, United States). Differences were considered statistically significant at P < 0.05.
For microarray analysis, P < 0.01 was considered statistically significant.

RESULTS
Chemosensitivity of CRC cell lines to oxaliplatin
To explore the mechanisms by which CRC cells resist
cytotoxicity of oxaliplatin, it is of prime importance to
identify at least one cell line resistant to the drug. We
examined the chemosensitivity of 17 CRC cell lines to
oxaliplatin at various concentrations as previously described[18]. All CRC cells were inhibited by oxaliplatin in a
dose-dependent manner (Figure 1). Of the 17 cell lines,
DLD1 cells displayed the highest resistance to oxaliplatin
at various concentrations. Based on these findings, DLD1
was chosen to further assess oxaliplatin resistance.
Inhibition of Girdin significantly enhanced in vitro
chemosensitivity of DLD1 cells
We then examined cell viability of Girdin knockdown
DLD1 cells after treatment with oxaliplatin to determine
the effect of Girdin on resistance. Four pairs of siRNAs
targeting different sites of Girdin mRNA were tested
for knockdown efficacy. Real-time PCR was performed
to evaluate Girdin mRNA levels after siRNA transfections. The relative Girdin mRNA levels in DLD1 cells
were 58% ± 3%, 43% ± 2%, 47% ± 3% and 54% ± 3%
for siRNA1, siRNA2, siRNA3 and siRNA4, respectively,
compared with the scramble siRNA (P < 0.05) (Figure
2A), indicating that siRNA2 was the most effective sequence.

Protein extraction and Western blotting
Total protein was extracted from cells using RIPA buffer
(Pierce, United States) and quantified using BCA protein
assay kit according to the manufacturer’s instructions
(Pierce, United States). Totally 10 μg protein was loaded
onto SDS-PAGE gels for electrophoresis. After transfer,
membranes were blocked with TBST containing 5%
nonfat milk for 0.5 h at room temperature, and incubated with primary polyclonal antibodies raised in rabbits
against Girdin, TOP2B and β-tublin (Santa Cruz, United
States). Signals were detected after incubation in HRPconjugated secondary antibodies and addition of ECL
substrate kit (Thermo, United States). β-tublin acted as
the reference protein for loading control.
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Figure 1 MTT assay. Seventeen colorectal cancer (CRC) cell lines were treated with different concentrations of oxaliplatin, and MTT assay was used to detect cell
growth inhibition as described in Materials and Methods.
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tion, respectively, with ratios > 1.2 or < 0.8 (P < 0.01).
The top 10 differentially expressed genes are listed in
Table 2. Of note, TOP2B appeared in the list as downregulated with the lowest P value, indicating that Girdin
reduction resulted in TOP2B loss and enhanced sensitivity to oxaliplatin. TOP2B downregulation after Girdin
silencing was confirmed by real-time PCR and protein
levels were also reduced as shown by Western blotting
(Figure 3A and 2C).

Table 2 Top 10 downregulated and upregulated genes in LvGirdin shRNA infected DLD1 cell line vs Lv-scramble shRNA
infected DLD1 cell lines
Gene name
Downregulated
TOP2B
EIF3E
SCARNA9
SEMA3A
IKZF2
KIT
MIR34A
LRRC37A4
LRRC37A4
ARHGAP18
Upregulated
PPP1R15A
TAP2
FOSL2
KRTAP2-1
TNFRSF9
BCL3
LCN2
CYB561D2
SERPINE2
RAB15

P value

Ratio

0.000148
0.000154
0.000166
0.000227
0.000296
0.000311
0.000358
0.000366
0.000391
0.000400

0.780296
0.794333
0.768316
0.781830
0.712167
0.792173
0.783264
0.661987
0.66294
0.756169

0.000114
0.000117
0.000151
0.000170
0.000170
0.000185
0.000195
0.000196
0.000204
0.000205

1.504745
1.217997
1.228042
1.588156
5.843542
1.369511
5.641935
1.203703
1.247110
1.353464

TOP2B inhibitor sensitizes CRC cells to oxaliplatin
Since the action of TOP2B leads to a reversible double
strand breakage (DSB) in DNA, it is used as a drug target to generate DNA damage for cancer therapy[19]. To
confirm TOP2B as a sensitizing target for oxaliplatin,
we examined the effect of adriamycin, a TOP2B inhibitor, on the sensitivity of DLD1 cells to oxaliplatin. As
addition of adriamycin only showed an inhibitory effect
on DLD1, we chose 3 μmol oxaliplatin to determine the
effect of their combinational treatment. Treatment of
DLD1 cells with a combination of 3 umol oxaliplatin and
varying concentrations of adriamycin resulted in a shift
of the dose response curve and enhanced cytotoxicity
compared with single agents (Figure 3B). Similar results
were also observed in other three CRC cell lines (Figure 4)

To enhance the transfection efficiency and maintain
the knockdown efficacy for a relatively long time, siRNA2
was converted to shRNA sequence for the production of
lentivirus mediated shRNA. Real-time PCR and Western
blotting assays were performed to evaluate Girdin mRNA
and protein expression after transfection. As shown in
Figure 2B, Girdin relative mRNA levels in the Lv-Girdin
shRNA group was 32% ± 7% compared to the scramble
control (P < 0.05). In agreement, Western blotting data
demonstrated that the Girdin protein was less expressed
in the Lv-Girdin shRNA group compared with the
scramble control (Figure 2C). These findings suggested
that lentivirus-mediated RNAi effectively silenced Girdin
expression in transfected cells.
Next, DLD1 cells were infected with the Lv-Girdin
shRNA and scramble control for 72 h and exposed to
10 μmol/L oxaliplatin. We chose the concentration of
10 μM for the reason that single treatment with Girdin
knockdown or with oxaliplatin less than 10 μmol/L
did not show detectable inhibition effect on DLD1.
As shown in Figure 2D, Lv-Girdin shRNA transfected
DLD1 cells showed increased chemosensitivity to oxaliplatin (P < 0.05), compared with those transfected with
the scramble control, indicating that Girdin silencing enhanced DLD1 cells sensitivity.

DISCUSSION
Oxaliplatin-based chemotherapy is widely used in CRC
adjuvant and metastatic settings[2-4]. However, typical
tumor resistance processes are the main reasons for treatment failure[20]. Thus, it is of paramount importance to
search for novel strategies to enhance the chemosensitivity of CRC cells to oxaliplatin.
Induction of apoptosis is the principal mechanism
by which the majority of chemotherapeutic agents exert
their effects. Consequently, failure to undergo apoptosis is the likely mechanism mediating drug resistance
in tumors[21]. Girdin, a nonreceptor GEF, can interact
with Gαi resulting in Gβγ release and subsequently activates PI3K/AKT signaling events, which have been
recognized as an important pathway for chemoresistance
through its antiapoptotic effects in cancers[22]. Moreover,
Girdin family proteins were shown to suppress apoptosis[15]. These findings raised the possibility that Girdin
might be involved in chemoresistance of CRC cells to
oxaliplatin.
In this study, lentivirus-mediated shRNA was constructed to investigate the role of Girdin in chemoresistance of CRC cells to oxaliplatin. After successful transfection with a lentivirus-mediated Girdin shRNA, Girdin
mRNA and protein levels were virtually reduced and the
downregulation of Girdin significantly increased chemosensitivity of CRC cells to oxaliplatin. These findings
suggested that Girdin is a modulator of CRC cell chemoresistance, and therefore a potential therapeutic target. To
our knowledge, this is the first study that demonstrates
the ability of Girdin to enhance the chemoresistance of

Identification of differentially expressed genes after
Girdin knockdown
To identify the downstream genes of Girdin responsible
for oxaliplatin resistance, we performed a global analysis
of gene expression after Girdin silencing. In comparison
to the scramble control, 162 and 381 genes were downregulated and upregulated in response to Girdin reduc-

WJG|www.wjgnet.com

8233

July 7, 2014|Volume 20|Issue 25|

Zhang YJ et al . Girdin and chemosensitivity of colorectal cancer cells
1.2

0.8

a

0.6

A

0.4
0.2

Lv
-G
sh ird
RN in
A

cr
a
sh mb
RN le
A

Lv
-s

B

Mock
Oxa (3 μmol/L)
Adr (6 μmol/L)
Oxa (3 μmol/L) + Adr (6 μmol/L)
Adr (9 μmol/L)
Oxa (3 μmol/L) + Adr (9 μmol/L)
Adr (24 μmol/L)
Oxa (3 μmol/L) + Adr (24 μmol/L)
a

a
a

80
a
60
40
20
0

B

Cell viability (%)

a

100
80

a

120
100

a
120

120
100

0.0

Cell viability (%)

Mock
Oxa (3 μmol/L)
Adr (6 μmol/L)
Oxa (3 μmol/L) + Adr (6 μmol/L)
Adr (9 μmol/L)
Oxa (3 μmol/L) + Adr (9 μmol/L)
Adr (24 μmol/L)
Oxa (3 μmol/L) + Adr (24 μmol/L)

1.0

Cell viability (%)

Relative TOP2B mRNA amount

A

a
a

80
60
40
20

60
0
40

C

120

a

20

a

100
a
Cell viability (%)

0

Figure 3 TOP2B as a downstream gene of Girdin is involved in the resistance of DLD1 cells to oxaliplatin. A: TOP2B mRNA level in DLD1 cells after
infection with the Lv-Girdin shRNA; B: Growth inhibition of DLD1 cells by oxaliplatin in combination with adriamycin. aP < 0.05.

CRC cells to oxaliplatin.
To identify the underlying mechanisms by which
Girdin contributes to the chemoresistance of CRC cells,
we performed a global analysis of gene expression after
Girdin silencing by microarrays. We found that TOP2B
appeared in the list of downregulated genes, with the
lowest P value. TOP2B belongs to the TOP2 family
which possesses both double strand cleavage and DNA
ligation activities involved in DNA replication and DNA
repair[19,23,24]. TOP2B is capable of uncoiling DNA and
thus introduces a reversible DSB in DNA molecules. The
DSB is stabilized by intercalative agents such as adriamycin which is a TOP2B inhibitor leading to apoptosis in a
Fas-dependent or independent manner[25,26]. The microarray data described herein showed that TOP2B expression
decreased upon Girdin downregulation. In addition, the
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Figure 4 Growth inhibition of colorectal cancer cell lines by oxaliplatin in
combination with adriamycin. A: Growth inhibition of SW620 cells; B: Growth
inhibition of SW480 cells; C: Growth inhibition of HCT116 cells. aP < 0.05.

combination of adriamycin and oxaliplatin greatly enhanced the cancer cell killing effect compared with treatment with oxaliplatin alone. These results demonstrate
that TOP2B reduction is involved in the enhancement
of chemosensitivity to oxaliplatin by Girdin suppression, and oxaliplatin/adriamycin combination resulted in
increased cell death compared with treatments with individual agents.
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In conclusion, Girdin plays a significant role in chemoresistance of CRC cells. Indeed, lentivirus-mediated
shRNA targeting Girdin efficiently inhibits Girdin expression and enhances chemosensitivity to oxaliplatin in
CRC. These findings provide a strong evidence for the
use of Girdin knockdown in combination with oxaliplatin as a novel therapeutic strategy for CRC.

5
6
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Oxaliplatin-based chemotherapy is widely used in the adjuvant and metastatic
setting of colorectal cancer (CRC). However, treatment efficacy has reached a
plateau with a response rate of 40%, which highlights the need for novel strategies to enhance the chemosensitivity of CRC cells to oxaliplatin.

8

Research frontiers

Girdin, a nonreceptor guanine nucleotide exchange factor (GEF), can interact
with Gαi, resulting in Gβγ release and subsequent PI3K/AKT activation which
has been recognized as an important pathway for chemoresistance through its
antiapoptotic effects in cancers. Moreover, Girdin family proteins were found to
suppress apoptosis. All of these raised the possibility that Girdin was involved
in chemoresistance of CRC cells to oxaliplatin.
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Previous studies have focused on the role of Girdin in the progression and metastasis of CRC cells. However, studies assessing the contribution of Girdin to
chemoresistance in CRC are inexistent. Herein, the authors report for the first
time that Girdin knockdown enhances chemosensitivity of CRC cells to oxaliplatin via reduction of TOP2B.
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Applications

Lentivirus-mediated shRNA targeting Girdin efficiently inhibits Girdin expression and enhances chemosensitivity of CRC cells to oxaliplatin. These findings
provide a strong evidence for the use of Girdin suppression in combination with
oxaliplatin as a novel therapeutic strategy for CRC.
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Girdin, also called coiled-coil domain-containing protein 88A, is a nonreceptor guanine nucleotide exchange factor that can interact with Gαi resulting in
Gβγ release and subsequently activates PI3K/AKT signaling pathway, which
has been recognized as an important pathway for chemoresistance through its
antiapoptotic effects in cancers. Topoisomerase 2-beta belongs to the TOP2
family which possesses both double strand cleavage and DNA ligation activities
involved in DNA replication and DNA repair.
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PROSPECTIVE STUDY

Comparative quality of life study between endoscopic
sphincterotomy and surgical choledochotomy
Feng Liu, Xue Bai, Guang-Feng Duan, Wen-Hua Tian, Zhao-Shen Li, Bin Song
istics, the EST and OCT groups were comparable. After
the procedure, gallstones were completely eliminated
in all patients. Among 216 eligible patients, 191 patients (88.4%) completed all three surveys, including
118 patients who underwent EST (118/135; 87.4%)
and 73 patients who underwent OCT (73/81; 90.1%).
EST was associated with a significantly shorter hospital
stay than OCT (8.8 ± 6.5 vs 13.9 ± 6.7 d; P < 0.001).
The GIQLI score was similar between the EST and OCT
groups before cholelithotomy (103.0 ± 15.4 vs 99.7 ±
10.2), but increased significantly in the EST group at
two weeks (113.4 ± 12.0 vs 107.2 ± 11.2; P < 0.001)
and six weeks (120.7 ± 10.6 vs 116.9 ± 7.5; P < 0.05)
after the procedures.
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CONCLUSION: EST, compared with OCT, is associated with better postoperative quality of life in patients
treated for choledocholithiasis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To determine quality of life improvement in choledocholithiasis patients who underwent endoscopic
sphincterotomy (EST) versus open choledochotomy
(OCT).

Core tip: Endoscopic sphincterotomy (EST) is generally
accepted as a safe and effective endoscopic modality
in the treatment of choledocholithiasis. However, there
are few reports evaluating whether EST contributes to
better health-related quality of life improvement in patients undergoing cholelithotomy compared with open
choledochotomy (OCT). The present study is the first
report regarding the benefits of EST and OCT on gastrointestinal quality of life in a prospective comparative
design. The current results show that EST, compared
with OCT, is associated with better overall gastrointestinal quality of life in choledocholithiasis patients.

METHODS: Eligible choledocholithiasis patients (n =
216) hospitalized in the Changhai Hospital between
May 2010 and January 2011 were enrolled into a prospective study using cluster sampling. Patients underwent EST (n = 135) or OCT (n = 81) depending on
the patient’s wishes. Patients were followed-up with
a field survey and by correspondence. Patients were
also given the self-administered Gastrointestinal Quality of Life Index (GIQLI) to measure patient quality of
life before surgery, and at two and six weeks after the
procedures.

Liu F, Bai X, Duan GF, Tian WH, Li ZS, Song B. Comparative
quality of life study between endoscopic sphincterotomy
and surgical choledochotomy. World J Gastroenterol 2014;

RESULTS: With respect to baseline patient character-
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OCT, was associated with a better gastrointestinal QoL
in cholelithotomy patients following treatment.

20(25): 8237-8243 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8237.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8237

MATERIALS AND METHODS
Study population
The Changhai Hospital Institutional Review Board at the
Second Military Medical University approved this study
protocol. All patients gave written informed consent
before study enrollment. Choledocholithiasis patients (n
= 232) who underwent elective EST or OCT treatment
in Changhai Hospital from May 2010 through January
2011 were prospectively enrolled using cluster sampling.
Eligible patients (n = 216) were over 18 years of age,
diagnosed radiologically with choledocholithiasis without complicating diseases and were able to give written
informed consent. The following exclusion criteria were
applied: patients with any malignant disease, a previous
history of any physiological or psychiatric disorders,
pregnant or lactating, other major surgical or medical
complications, unable to respond to the questionnaire or
unable to give informed consent in person. An independent research nurse informed patients of the advantages
and disadvantages of EST and OCT before treatment.
Patients were assigned to either the EST group (n =
135) or OCT group (n = 81), based on each patient’s
preference. An assigned team of board-certified gastroenterologists and endoscopists performed EST, whereas
an independent surgical team consisting of attending
general surgeons and surgical residents performed OCT.
Both procedures were completed in accordance with
their respective institutional guidelines.

INTRODUCTION
Gallstones are a highly prevalent medical condition
worldwide, especially in China (10.7%)[1,2]. The prevalence of gallstone disease has increased in the Chinese
population over the last two decades because of a more
westernized diet and an aging population. In addition,
the Chinese population is more prone to choledocholithiasis, or gallstones in the common bile duct (CBD),
which accounts for approximately 18% of gallstone cases[3]. Choledocholithiasis is associated with serious medical conditions, such as cholangitis, obstructive jaundice
and gallstone pancreatitis, and typically requires surgical
intervention.
Open choledochotomy (OCT), the classical surgical
approach used to treat choledocholithiasis[4,5], allows for
the laparoscopic removal of gallstones through an incision into the CBD. This technique, however, is subject to
a high morbidity and mortality rate (1%-2%), as well as
a heavy healthcare burden[6-8]. The emergence of minimally invasive surgery (MIS) techniques has challenged
OCT as the gold standard in clinical practice. These MIS
approaches include endoscopic sphincterotomy (EST)[9],
extracorporeal shock-wave lithotripsy[10], percutaneous
transhepatic cholelithotomy[11] and laparoscopic transcholecystic CBD exploration[12]. EST with endoscopic
retrograde cholangiopancreatography (ERCP) is currently preferred in clinical practice, as this endoscopic
technique is minimally invasive and has a rapid postoperative recovery after the removal of gallstones [13].
Multiple long-term follow-up studies have validated the
safety and efficacy of EST in the treatment of selected
choledocholithiasis cases in Western and Eastern Asian
populations[14-16]. However, the superiority of EST in
general clinical variables does not necessarily indicate
that EST is associated with a favorable treatment outcome compared to OCT.
Health-related quality of life (QoL) is a comprehensive measure that evaluates the overall well-being of a
subject in physical, mental and social aspects[17]. This
measure has been used extensively in randomized controlled trials to optimize treatment algorithms, particularly in chronic medical conditions, such as choledocholithiasis[18,19]. Laparoscopy, another widely accepted MIS
technique, has been reported to compare favorably to
laparotomy in cholecystectomy patients when measured
by QoL[20]. Moreover, the benefit of laparoscopic CBD
exploration on gastrointestinal QoL has also been documented in choledocholithiasis patients[21]. Whether EST
contributes to a better health-related QoL improvement
in cholelithotomy patients compared with OCT has not
been well explored. The primary objective of the current
study was to investigate whether EST, compared with
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Instruments and measurements
Following enrollment into the study, an independent
research nurse documented patient demographic data,
including age, sex, marital status, place of residence,
educational level and employment status. A validated
Chinese version of the Gastrointestinal Quality of Life
Index (GIQLI) was used to assess health-related QoL in
patients throughout the study[22]. The GIQLI is a 36-item
scale specifically designed to evaluate the QoL in patients
with gastrointestinal disorders. This scale consists of five
subscales: a self-reported symptom domain (10 items),
physical function domain (6 items), mental/emotional
function domain (6 items), social function domain (4
items) and special disease/condition domain (10 items).
Each domain is scored on a five response level Likert
scale of 0-4, ranging from worst (0) to best (4). The
GIQLI generates a maximum total score of 144 points,
with a higher score implying a better QoL. This scale reflects QoL related to gastrointestinal problems within a
period of two weeks, with a mean score of 125.8 ± 13.0
(95%CI: 121.5-127.5) points in healthy subjects.
Independent survey staff were trained and assigned
to obtain baseline and follow-up measurements. In the
baseline evaluation, the staff introduced patients to the
survey and asked them to complete the questionnaire on
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come, are shown in Table 1. The two treatment groups
were comparable in age, sex, marital status, number of
children, place of residence, educational level and employment status. Gallstones were completely eliminated
in all patients (216/216; 100%). EST, however, was associated with a significantly shorter hospital stay compared with OCT (8.8 ± 6.5 d vs 13.9 ± 6.7 d; P < 0.001).
Among 216 eligible patients, 191 patients (191/216;
88.4%) completed all three surveys, including 118 patients who underwent EST (118/135; 87.4%) and 73
patients who underwent OCT (73/81; 90.1%). Twentyfive patients (25/216; 11.6%) were tracked during the
six-week follow-up. For EST, 13 patients were lost at the
two-week follow-up (13/135; 9.6%) and another four
patients (4/135; 3.0%) were lost at six weeks post-EST.
Eight patients (8/81; 9.9%) were lost at the two-week
follow-up for OCT. The overall and time-point-specific
follow-up rates were comparable between the two treatment groups.

Table 1 Demographic and clinical characteristics of choledocholithiasis patients n (%)

Age (yr)
Sex (M/F)
Married
Childless
Local resident
Educational level
Primary school
Secondary school
High school
College and above
Employment status
Employed
Retired
Unemployed
Baseline GIQLI score
Gallstone elimination
Days of hospital stay (d)
Follow-up rate at
2 wk
6 wk

EST group

OCT group

(n = 135)

(n = 81)

60.3 ± 12.7
70/65
126 (93.3)
12 (8.9)
66 (48.9)

58.4 ± 13.5
44/37
77 (95.1)
6 (7.4)
49 (60.5)

42 (31.1)
44 (32.6)
24 (17.8)
25 (18.5)

26 (32.1)
27 (33.3)
14 (17.3)
14 (17.3)

36 (26.7)
74 (54.8)
25 (18.5)
103.0 ± 15.4
135/135 (100.0)
8.8 ± 6.5

27 (33.3)
46 (56.8)
8 (9.9)
99.7 ± 10.2
81/81 (100.0)
13.9 ± 6.7

122 (90.4)
118 (96.7)

73 (90.1)
73 (100.0)

P value
0.299
0.725
0.771
0.703
0.798
0.050

0.195

0.091
1.000
< 0.001
0.662
1.000
0.300

Total and domain-specific GIQLI scores by time-point
The EST group exhibited a significantly lower total
GIQLI score at baseline compared with healthy subjects
(103.0 ± 15.4, 59-137). At the follow-up visit two weeks
post-EST, the total GIQLI score showed a significant
improvement (113.4 ± 12.0, 76-134) compared with the
baseline (P < 0.001). The total GIQLI score continued
to increase (120.7 ± 10.6, 71-136) until the follow-up
visit at six weeks post-EST compared with the baseline (P
< 0.001) or the follow-up visit at two weeks (P < 0.001),
and approached the lower limit (121.5) of the healthy
subjects (Figure 1A).
Like the EST group, the OCT group also exhibited a
significantly lower total GIQLI score at baseline as compared with healthy subjects (99.7 ± 10.2, 77-121). At the
follow-up visit two weeks after the OCT procedure, the
total GIQLI score showed a significant improvement
(107.2 ± 11.2, 88-127) compared with the baseline (P
< 0.001). The total GIQLI score continued to increase
(116.9 ± 7.5, 104-130) until the follow-up visit at 6 wk
post-OCT compared with the baseline (P < 0.001) or
the follow-up visit at two weeks (P < 0.001), though
it remained significantly lower than the lower limit for
healthy subjects (P < 0.001) (Figure 1A).
Out of five domains, scores from the self-reported
symptom, physical function, mental/emotional function
and special disease/condition domains all continuously
exhibited significant increases throughout the followup period of six weeks (all Ps < 0.001) (Figure 1B-D,
F). However, in both groups, the social function domain
score did not change throughout the follow-up period
(Figure 1E).

Student’s t-test was used to compare three variables (age, baseline GIQLI
score and duration of hospital stay); χ 2 analysis was used to compare the
other variables. EST: Endoscopic sphincterotomy; GIQLI: Gastrointestinal
Quality of Life Index; OCT: Open choledochotomy.

site in a self-reported manner within 30 min. All patients
who completed the preoperative questionnaire were
subsequently followed-up by correspondence using the
GIQLI scale two weeks and six weeks after treatment.
The survey staff reviewed the questionnaires to determine the baseline and postoperative GIQLI scores.
Statistical analysis
Demographic data and GIQLI questionnaires were collected to create a summary database using Epidate3.1
(EpiData Software, Odense, Denmark). Two independent biostatisticians were assigned to data entry. Missing
data from patients lost to follow-up were treated using
the data deletion method. All data were processed using
SPSS version 18.0 statistical software (IBM, Armonk,
NY, United States). Continuous data are expressed as
mean ± SD and categorical data are expressed as n (%).
Demographic data were compared using the Student’s
t-test or the Pearson’s χ 2 test. The general linear model
with Student-Newman-Keuls post-hoc analysis of variance or covariance was used to compare the total GIQLI
score and each subdomain score between the two treatment groups at the baseline, as well as at the follow-up
time-points. A P value of < 0.05 was set as the threshold
for statistical significance.

Total and domain-specific GIQLI scores by treatment
The total GIQLI score was comparable between the two
treatment groups at baseline (EST vs OCT: 103.0 ± 15.4
vs 99.7 ± 10.2). The total GIQLI scores, however, were
significantly higher in the EST group compared with the

RESULTS
Patient characteristics
Patient characteristics, which included baseline demographic data, treatment outcome and follow-up out-
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Figure 1 Total and subscale gastrointestinal quality of life index scores for choledocholithiasis patients. A: The total gastrointestinal quality of life index (GIQLI)
score at baseline, and two weeks and six weeks post-treatment; B: Subscale scores for Self-reported symptom domain; C: Physical function domain; D: Mental/emotional domain; E: Social function domain; F: Special disease/condition domain in choledocholithiasis patients scheduled for domain scores at baseline (EST) or open
choledochotomy (OCT) at baseline, and at two weeks and six weeks following treatment.

OCT group at two weeks (113.4 ± 12.0 vs 107.2 ± 11.2;
P < 0.001) and at six weeks (120.7 ± 10.6 vs 116.9 ± 7.5;
P < 0.05) following treatment (Figure 1A).
The two treatment groups were comparable in their
self-reported symptom domain scores at baseline (EST
vs OCT: 25.7 ± 5.3 vs 25.6 ± 2.8). However, the self-reported symptom domain scores were significantly higher
in the EST group than in the OCT group at two weeks
(28.8 ± 3.2 vs 27.0 ± 3.5; P < 0.001) and six weeks (31.3
± 2.8 vs 29.5 ± 2.8; P < 0.001) following treatment (Figure
1B).
The EST group had a significantly higher physical
function domain score than the OCT group at baseline
(14.4 ± 5.6 vs 10.6 ± 4.8; P < 0.001). Moreover, the
physical function domain scores remained significantly
higher in the EST group than those in the OCT group at
two weeks (16.9 ± 4.4 vs 13.3 ± 4.9; P < 0.001) and six
weeks (31.3 ± 2.8 vs 29.5 ± 2.8; P < 0.05) following the
treatment (Figure 1C).
The EST group had a significantly higher mental/
emotional function domain score than the OCT group at
baseline (16.0 ± 3.5 vs 14.6 ± 2.3; P < 0.05). Additionally,
the mental/emotional function domain score remained
significantly higher in the EST group compared with the
OCT group at two weeks (17.7 ± 3.1 vs 15.8 ± 2.5; P <
0.001) following treatment, though it was comparable
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between the two treatment groups at six weeks (18.6 ± 2.8
vs 17.9 ± 1.9) (Figure 1D).
It is important to note that the EST group had a
significantly lower social function domain score than
the OCT group at baseline (12.6 ± 2.4 vs 13.8 ± 2.3; P
< 0.001). Additionally, the social function domain score
remained significantly lower in the EST group compared
with the OCT group at two weeks (12.9 ± 2.9 vs 14.4 ±
1.7; P < 0.001) following treatment, but was comparable
between the two treatment groups at six weeks (13.0 ± 2.6
vs 13.5 ± 2.2) (Figure 1E).
The two treatment groups were comparable in the
special disease/condition domain score (34.3 ± 4.9 vs
35.3 ± 2.6). Moreover, the special disease/condition domain score remained comparable between the two treatment groups at two weeks (37.2 ± 3.4 vs 36.8 ± 1.8) and
six weeks (38.6 ± 2.0 vs 38.6 ± 1.2) following treatment
(Figure 1F).
Effect size analysis per treatment group
Two weeks following treatment, the overall improvement
in GIQLI scores from baseline values was significantly
higher in the EST group than in the OCT group (10.4
± 7.3 vs 7.5 ± 5.2; P < 0.05) (Figure 2A). The improvements in each subscale score were significantly higher
in the EST group than those in the OCT group for the
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Figure 2 Total and subscale gastrointestinal quality of life index score improvements. A: Improvements from the baseline in the total gastrointestinal quality of
life index (GIQLI) score; B: Improvements from the baseline in the subscale scores for Self-reported symptom domain; C: Physical function domain; D: Mental/emotional domain; E: Social function domain; F: Special disease/condition domain in choledocholithiasis patients scheduled for EST or OCT at two and six weeks posttreatment.

self-reported symptom domain (3.1 ± 2.1 vs 1.4 ± 1.2; P
< 0.001) (Figure 2B), mental/emotional function score
(1.7 ± 0.9 vs 1.2 ± 0.7; P < 0.001) (Figure 2D) and special disease/condition domain (2.9 ± 1.8 vs 1.6 ± 1.1; P
< 0.001) (Figure 2F). The social function domain score
was significantly lower in the EST group than in the
OCT group (0.3 ± 0.6 vs 0.6 ± 0.9; P < 0.05) (Figure 2E)
while the physical function domain score was comparable between the two treatment groups (2.5 ± 1.3 vs 2.7
± 1.2) (Figure 2C).
At six weeks post-treatment, the overall improvement in the GIQLI score from baseline values was comparable between the two treatment groups (17.7 ± 7.2 vs
17.2 ± 6.6) (Figure 2A). Improvement was significantly
higher in the EST group compared to the OCT group
for the self-reported symptom domain score (5.5 ± 2.4
vs 4.0 ± 2.2; P < 0.001) (Figure 2B) and social function
domain (0.4 ± 0.7 vs -0.7 ± 1.8; P < 0.001) (Figure 2E).
The physical function domain score was significantly
lower in the EST group than in the OCT group (4.9 ± 2.2
vs 7.1 ± 3.1; P < 0.001) (Figure 2C). Improvements in
subscale scores, however, remained comparable between
the two treatment groups for the mental/emotional
function domain (2.6 ± 2.0 vs 3.2 ± 2.2) (Figure 2D) and
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the special disease/condition domain (4.2 ± 2.8 vs 3.4 ±
2.5) (Figure 2F).
From two to six weeks following the treatments, the
overall improvements in the GIQLI scores in the EST
group were significantly lower than in the OCT group (7.3
± 4.8 vs 9.7 ± 5.2; P < 0.05). The improvements in each
subscale score were significantly lower in the EST group
than those in the OCT group for the physical function
domain (2.4 ± 1.3 vs 4.4 ± 2.2; P < 0.001), mental/emotional function score (0.9 ± 0.7 vs 2.1 ± 1.3; P < 0.001)
and special disease/condition domain (1.4 ± 1.1 vs 1.8
± 1.2; P < 0.05). Improvement in the social function
domain, however, was significantly higher in the EST
group than in the OCT group (0.1 ± 0.8 vs -1.3 ± 1.6;
P < 0.001). Improvement in the self-reported symptom
domain between the two groups was comparable (2.4 ±
1.1 vs 2.5 ± 1.2).

DISCUSSION
EST with ERCP for the removal of gallstones from
the CBD is generally accepted in current practice as a
safe and effective endoscopic modality[13]. EST provides
patients with a rapid post-operative recovery because it
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is minimally invasive. This technique, however, is also
subject to technical complications, such as sphincter of
Oddi dysfunction, post-ERCP pancreatitis and residual
gallstones[16]. The risk for these complications can be
minimized by careful patient selection and by promoting the values of this surgical technique in more experienced endoscopic centers. However, the improvement
in health-related QoL for choledocholithiasis patients
remains unevaluated in the current literature for either
classical OCT or minimally invasive EST. The present
study is the first to report the benefits of EST and OCT
on gastrointestinal QoL in a prospective comparative
design. The GIQLI has been shown to be an effective
and specific survey tool to measure the overall physical,
mental and social well-being in patients with complicated
gastrointestinal disorders[23]. The current results show
that both techniques increased the total GIQLI score
in choledocholithiasis patients throughout the six-week
follow-up period. EST, compared with OCT, was consistently associated with higher self-reported symptom and
physical function domain scores throughout the followup period. This is probably because EST is even less invasive than laparoscopic CBD exploration[24]. Therefore,
following EST, choledocholithiasis patients undergo a
more rapid post-operative recovery in terms of symptoms and physical well-being.
The EST group exhibited a higher mental/emotional
score than the OCT group at the two-week time-point,
whereas the two treatment groups were similar at the
later time-point. This suggests that EST contributes
favorably to the mental well-being of choledocholithiasis patients in the short term. However, this additional
benefit was reduced in the mid-term as the gallstoneassociated illness was eliminated similarly between the
two treatment groups. In contrast, OCT, seemed to be
more beneficial for improvement in social function score
at the earlier time-point. It is likely that a prolonged hospital stay offers patients more access to medical care and
family support. These factors may help improve patient
social function in the short term. This additional benefit
of OCT on social function, however, was weakened in
the mid-term. It is not surprising that the two treatment
groups remained consistently comparable in the special
disease/condition domain score, as the two techniques
are believed to be equally effective and safe if appropriately indicated[25].
To differentiate the short-term and mid-term effects
of both techniques on overall and domain-specific improvements, the improvement from the baseline at two
weeks was compared with improvement from week two
to week six. Generally, EST was associated with a significantly higher improvement from the baseline at two
weeks, but not at six weeks, compared with OCT. This
suggests that EST was more favorable for post-operative
recovery and an increase in QoL for choledocholithiasis
patients over the short term.
This study may have some limitations. First, the patients were not randomly assigned to either treatment
but were allowed to choose which treatment they re-
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ceived. Second, neither the investigators nor the patients
were blinded to the treatment modality, and patients
scheduled for EST were well informed of the minimal
invasiveness of the procedure. Third, the patients were
only followed for six weeks and predominantly by correspondence. The long-term effect of either treatment on
choledocholithiasis patient gastrointestinal QoL remains
unknown.
In conclusion, EST is associated with a better overall gastrointestinal QoL in choledocholithiasis patients
compared with OCT. Furthermore, EST contributes
favorably to the overall improvement in patients’ wellbeing over the short term, especially in terms of selfreported symptoms, physical function and mental wellbeing. These findings need to be further validated in
large randomized controlled trials.
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PROSPECTIVE STUDY

Effect of complication grade on survival following curative
gastrectomy for carcinoma
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the four groups and potential prognostic factors were
analyzed. The Log-rank test was used to assess statistical differences between the groups. Independent
prognostic factors were identified using the Cox proportional hazards regression model. Stratified analysis
was used to investigate the impact of complications of
each grade on survival.
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RESULTS: Significant differences were found among
the four groups in age, sex, other diseases (including
hypertension, diabetes and chronic obstructive pulmonary disease), body mass index (BMI), intraoperative blood loss, tumor location, extranodal metastasis,
lymph node metastasis, tumor-node-metastasis (TNM)
stage, and chemotherapy. Overall survival (OS) was
significantly influenced by the complication grade.
The 5-year OS rates were 43.0%, 42.5%, 25.5% and
9.6% for no complications, and Grade Ⅰ, Grade Ⅱ and
Grade Ⅲ complications, respectively (P < 0.001). Age,
tumor size, intraoperative blood loss, lymph node metastasis, TNM stage and complication grade were independent prognostic factors in multivariate analysis.
With stratified analysis, lymph node metastasis, tumor
size, and intraoperative blood loss were independent
prognostic factors for Grade Ⅰ complications (P <
0.001, P = 0.031, P = 0.030). Age and lymph node
metastasis were found to be independent prognostic
factors for OS of gastric cancer patients with Grade Ⅱ
complications (P = 0.034, P = 0.001). Intraoperative
blood loss, TNM stage, and chemotherapy were independent prognostic factors for OS of gastric cancer
patients with Grade Ⅲ complications (P = 0.003, P =
0.005, P < 0.001). There were significant differences
among patients with Grade Ⅰ, Grade Ⅱ and Grade
Ⅲ complications in TNM stage Ⅱ and Ⅲ cancer (P <
0.001, P = 0.001).

Abstract
AIM: To elucidate the potential impact of the grade of
complications on long-term survival of gastric cancer
patients after curative surgery.
METHODS: A total of 751 gastric cancer patients who
underwent curative gastrectomy between January
2002 and December 2006 in our center were enrolled
in this study. Patients were divided into four groups:
no complications, Grade Ⅰ, Grade Ⅱ and Grade Ⅲ
complications, according to the following classification
systems: T92 (Toronto 1992 or Clavien), Accordion
Classification, and Revised Accordion Classification.
Clinicopathological features were compared among
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CONCLUSION: Complication grade may be an independent prognostic factor for gastric cancer following
curative resection. Treatment of complications can improve the long-term outcome of gastric cancer patients.
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by histopathological examination; (2) histologically confirmed R0 resection; (3) availability of complete followup data; (4) radical resection and D2 lymphadenectomy
performed; and (5) patients with ≥ 15 lymph nodes
retrieved. The exclusion criteria were: (1) patients who
underwent palliative surgery; and (2) patients who had
distant metastasis or peritoneal dissemination that was
confirmed during the operation. Based on these criteria,
999 patients out of 1750 were excluded from this study.
Among those excluded, 315 had < 15 lymph nodes harvested for pathological examination, 210 had undergone
palliative gastrectomy, 237 had D0 and D1 lymph node
resection, 27 had died within 1 mo after surgery, 70 had
distant metastasis before gastrectomy, 30 had peritoneal
dissemination before gastrectomy, and 110 were lost to
follow-up. Ultimately, 751 patients were included in the
analysis.
Three hundred and five patients had postoperative
complications. Complications were defined as any deviation from the normal postoperative course. There were
214 men and 91 women aged 23-82 years (mean: 62.5 ±
11.8 years).

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Complication grade; Gastrectomy; Overall survival; Prognosis
Core tip: Only a few studies have determined the potential impact of surgical complications, especially the
grade of complications, on long-term survival of patients with gastric cancer. We found that complication
grade might be an independent prognostic factor for
patients with gastric cancer after gastrectomy. It can
be used to stratify the risk for gastric cancer prognosis.
Meticulous surgery is needed and new methods should
be considered to decrease the amount of intraoperative blood loss.
Jiang N, Deng JY, Ding XW, Zhang L, Liu HG, Liang YX,
Liang H. Effect of complication grade on survival following
curative gastrectomy for carcinoma. World J Gastroenterol
2014; 20(25): 8244-8252 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i25/8244.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8244

Complication classification
Complications were classified according to the following: T92, Accordion Classification, and Revised Accordion Classification[5-7]. The 751 patients were divided
into four groups: no complications; Grade Ⅰ (required
only minor invasive procedures that could be done at the
bedside); Grade Ⅱ (required treatment with drugs other
than those allowed for minor complications; no general
anesthesia: required management by an endoscopic, interventional procedure or reoperation without general
anesthesia); and Grade Ⅲ (general anesthesia or singleorgan failure; general anesthesia and single-organ failure
or multisystem organ failure).

INTRODUCTION
Gastric cancer is the second most common cause of
cancer-related death worldwide[1]. D2 lymphadenectomy
has become the standard treatment for curable gastric
cancer, however, it always brings a simultaneous increase
in surgical complications[2]. Western countries have published complication rates ranging from 35% to 46%, and
mortality rates from 4% to 16% after D2 lymph node
dissection[3]. Many studies have indicated that, in gastric
cancer, the presence or absence of complications is an
important factor that could influence the prognosis of
patients following curative gastrectomy[4]. Accurate grading of complications is essential to analyze surgical outcomes, but methods for classification of complications
are not uniform and the traditional classification is too
complicated. To date, few studies have determined the
potential impact of surgical complications, especially the
complication grade, on long-term survival of patients
with gastric cancer. Hence, the aim of this study was to
reclassify the complications and investigate whether the
grade of complications in patients undergoing curative
gastrectomy could provide a new survival prognostic
factor.

Surgical treatment and perioperative management
D2 lymphadenectomy was performed according to the
guidelines for lymph node stations [8]. The choice of
surgical procedure for reconstruction was made by the
surgeon. Resection margin was pathologically confirmed
as negative. Postoperative adjuvant chemotherapy and
neoadjuvant chemotherapy were implemented according
to the tumor stage, physical condition, and willingness
of the patient. Chemotherapeutics consisted of 5-fluorouracil, leucovorin and oxaliplatin. Radiotherapy was
not used in the present study.
Evaluation of clinicopathological variables and survival
The clinicopathological features included sex, age (≤ 65
and > 65 years), other diseases (including hypertension,
diabetes and chronic obstructive pulmonary disease),
BMI (normal and abnormal), laboratory findings (white
blood cell count and serum albumin), tumor size (< 5
and ≥ 5 cm), intraoperative blood loss (< 200 and ≥
200 mL), tumor location, histology, extranodal metastasis (positive and negative), serosal invasion, lymph node

MATERIALS AND METHODS
Patients
A total of 1750 patients with gastric cancer underwent
surgery at Tianjin Medical University Cancer Institute
and Hospital between January 2002 and December
2006 and were entered into a prospectively maintained
database. Eligibility criteria for inclusion in this study
were as follows: (1) gastric adenocarcinoma identified
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metastasis, TNM stage, postoperative chemotherapy, and
type of gastrectomy. The tumors were staged according
to the Union for International Cancer Control (UICC)
Classification System, 7th edition, whereas lymphadenectomy and lymph node stations were defined according
to the Japanese Classification of Gastric Carcinoma, 3rd
English edition. Tumors were classified into two groups
based on histology: differentiated type including papillary, well or moderately differentiated adenocarcinoma;
and undifferentiated type including poorly differentiated
or undifferentiated adenocarcinoma, signet ring cell carcinoma and mucinous carcinoma.
Clinicopathological features were compared among
the four groups. We evaluated independent prognostic
factors for patients with gastric cancer. Finally, we explored the possible independent prognostic factors associated with all grades of complications.

did extranodal metastasis, lymph node metastasis and
TNM stage, while chemotherapy was more frequently
performed in patients with Grade Ⅰ than in those with
other complications.
Prognostic value of complications in gastric cancer
The 5-year overall survival (OS) rates were 43.0%, 42.5%,
25.5% and 9.6% for no complications, and Grade Ⅰ,
Grade Ⅱ and Grade Ⅲ complications, respectively (Figure 1A). There was no difference between Grade Ⅰ and
no complications (P = 0.882). A total of 10 factors evaluated in the univariate analysis had a significant effect
on survival: age, tumor size, intraoperative blood loss,
tumor location, extranodal metastasis, serosal invasion,
lymph node metastasis, TNM stage, type of gastrectomy,
and grade of complications. In multivariate analysis,
grade of postoperative complications was found to be
an independent prognostic factor for OS in gastric cancer (P < 0.001) (Table 2).

Follow-up
All patients were followed with a standardized protocol.
The follow-up was conducted until November 2012 or
death, and data were collected based on clinical review
or telephone consultation after discharge. There were no
patients lost to follow-up.

Risk factors associated with all grades of complications
Multivariate analysis of factors associated with all grades
of complications was performed (Table 3). In multivariate analysis, lymph node metastasis, tumor size, and
intraoperative blood loss were independent prognostic
factors for Grade Ⅰ complications (P < 0.001, P = 0.031,
P = 0.030). Age and lymph node metastasis were found
to be independent prognostic factors for OS of gastric
cancer patients with Grade Ⅱ complications (P = 0.034,
P = 0.001). Intraoperative blood loss, TNM stage, and
chemotherapy were found to be independent prognostic
factors for OS in gastric cancer patients with Grade Ⅲ
complications (P = 0.003, P = 0.005, P < 0.001).

Statistical analysis
The analyses were performed with SPSS for Windows
version 13.0. Actuarial survival rate was determined by
the Kaplan-Meier method, with univariate comparisons
between groups through the Log-rank test. Independent
prognostic factors were identified using the Cox proportional hazards regression model. One-way analysis of
variance or t-test was used in univariate analysis to identify possible factors associated with laboratory findings.
P < 0.05 indicated significant differences.

Grade of postoperative complications according to TNM
stage
The 5-year OS rates of the patients with Stage Ⅰ disease
were 83.3%, 57.1% and 50.0% for different grades of
postoperative complications, respectively (P = 0.213).
The 5-year OS rates of patients with Stage Ⅱ disease
were 67.9%, 47.8% and 13.6% for different grades of
postoperative complications, respectively (P < 0.001,
Figure 1B). The 5-year OS rates of patients with Stage
Ⅲ disease were 25.8%, 18.0% and 8.0% for different
grades of postoperative complications, respectively (P =
0.001, Figure 1C). The 5-year OS rates of patients with
Stage Ⅳ disease were 0%, 6.7% and 0% for different
grades of postoperative complications, respectively (P =
0.303) (Table 4).

RESULTS
Clinicopathological features
The patients were divided into four groups according
to the complication grade (Table 1). There were 105
patients with Grade Ⅰ complications, 106 with Grade
Ⅱ and 94 with Grade Ⅲ. There were no significant differences in laboratory findings, tumor size, histology,
serosal invasion, and type of gastrectomy among the
four groups. Age > 65 years was more frequent in patients with Grade Ⅱ complications, while male patients
had gastric complications more frequently than female
patients. Patients who had other diseases including hypertension, diabetes and chronic obstructive pulmonary
disease were more prone to postoperative complications.
Intraoperative blood loss ≥ 200 mL was more frequent
in patients with Grade Ⅱ and Ⅲ complications than
in those with Grade Ⅰ complications. Tumor location
in the upper third was more frequent in patients with
Grade Ⅰ and Ⅲ complications. In patients with Grade
Ⅱ complications, 37.7% of tumors were located in the
lower third. As the grade of complications increased, so
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DISCUSSION
D2 lymph node dissection has gradually become the
standard surgery in gastric cancer to improve patient
outcome [9]. Skillful tumor removal corresponds with
long-term survival, because the vast majority of patients,
even those who have negative margins, eventually die
from recurrent disease[10,11], and postoperative complica-
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Table 1 Case characteristics n (%)
Characteristic

Complication group
No (n = 446) Grade Ⅰ (n = 105) Grade Ⅱ (n = 106)

Age (yr)
≤ 65
> 65
Gender
Male
Female
Other diseases
No
Yes
BMI (kg/m2)
Normal
Abnormal
Laboratory findings
WBC (102/mm3)
Serum albumin (mg/dL)
Tumor size (mm)
< 5 cm
≥ 5 cm
Intraoperative blood loss (mL)
< 200
≥ 200
Tumor location
Lower 1/3
Middle 1/3
Upper 1/3
2/3 or more
Histology
Differentiated
Undifferentiated
Extranodal metastasis
Positive
Negative
Serosal invasion
No
Yes
Lymph node metastasis
pN0
pN1
pN2
pN3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Chemotherapy
Yes
No
Type of gastrectomy
Subtotal
Total

74 (70.5)
31 (29.5)

39 (36.8)
67 (63.2)

50 (53.2)
44 (46.8)

302 (67.7)
144 (32.3)

62 (59.0)
43 (41.0)

83 (78.3)
23 (21.7)

69 (73.4)
25 (26.6)

358 (80.3)
88 (19.7)

87 (82.9)
18 (17.1)

70 (66.0)
36 (34.0)

52 (55.3)
42 (44.7)

348 (78.0)
98 (22.0)

83 (79.0)
22 (21.0)

72 (67.9)
34 (32.1)

58 (61.7)
36 (38.3)

6.5 ± 2.1
40.3 ± 5.7

6.4 ± 2.3
40.1 ± 5.0

6.6 ± 2.3
41.1 ± 5.6

6.4 ± 2.2
40.2 ± 6.0

178 (39.9)
268 (60.1)

46 (43.8)
59 (56.2)

36 (34.0)
70 (66.0)

31 (33.0)
63 (67.0)

211 (47.3)
235 (52.7)

55 (52.4)
50 (47.6)

39 (36.8)
67 (63.2)

33 (35.1)
61 (64.9)

204 (45.7)
48 (10.8)
111 (24.9)
83 (18.6)

11 (10.5)
11 (10.5)
57 (54.3)
26 (24.8)

40 (37.7)
9 (8.5)
39 (36.8)
18 (17.0)

27 (28.7)
10 (10.6)
36 (38.3)
21 (22.3)

147 (33.0)
299 (67.0)

27 (25.7)
78 (74.3)

43 (40.6)
63 (59.4)

34 (36.2)
60 (63.8)

70 (15.7)
376 (84.3)

18 (17.1)
87 (82.9)

19 (17.9)
87 (82.1)

32 (34.0)
62 (66.0)

90 (20.2)
356 (79.8)

25 (23.8)
80 (76.2)

18 (17.0)
88 (83.0)

13 (13.8)
81 (86.2)

129 (28.9)
57 (12.8)
112 (25.1)
148 (33.2)

32 (30.5)
17 (16.2)
20 (19.0)
36 (34.4)

35 (33.0)
14 (13.2)
23 (21.7)
34 (32.1)

14 (14.9)
28 (29.8)
20 (21.3)
32 (34.0)

35 (7.8)
101 (22.6)
291 (65.2)
19 (4.3)

12 (11.4)
28 (26.7)
62 (59.0)
3 (2.9)

7 (6.6)
23 (21.7)
61 (57.5)
15 (14.2)

4 (4.3)
22 (23.4)
50 (53.2)
18 (19.1)

261 (58.5)
185 (41.5)

72 (68.6)
33 (31.4)

45 (42.5)
61 (57.5)

43 (45.7)
51 (54.3)

315 (70.6)
131 (29.4)

71 (67.6)
34 (32.4)

74 (32.4)
32 (30.2)

62 (66.0)
32 (34.0)
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P value

24.064

< 0.001

10.265

0.016

34.383

< 0.001

14.640

0.002

0.311
0.700
3.728

0.733
0.497
0.292

9.875

0.020

23.550

0.005

5.596

0.133

17.533

0.001

3.734

0.292

23.866

0.005

39.915

< 0.001

19.76

< 0.001

1.004

0.800

Grade Ⅲ (n = 94)

239 (53.6)
207 (46.4)

tions caused by D2 lymph node dissection also increase.
Postoperative complications are associated with the
prognosis of many malignant tumors such as breast cancer, hepatic carcinoma, and colorectal cancer[12,13]. Kressner et al[13] have reported that postoperative complications influence long-term survival of colon cancer, and
postoperative complications are a risk factor for overall
mortality in both univariate and multivariate analyses.
Cho et al[14] have suggested that postoperative complications affect prognosis and recurrence patterns in patients
with periampullary cancer after pancreaticoduodenec-

F /χ 2

tomy.
As to gastric cancer, few studies have focused on the
grade of postoperative complications[15]. In 1992, Clavien
et al[7] proposed general principles for classifying surgical
complications based on a therapy-oriented, four-level
severity classification. Twelve years later, they published
the modified Clavien-Dindo classification, which added
detail to the more serious complications. This system
has been validated in a large cohort of patients and has
universal applicability[16]. Recently, however, Strasberg
et al[17] analyzed 127 published surgical studies that used
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Figure 1 Overall survival curves. A: overall survival (OS) curves for all patients grouped by complication grade. The 5-year OS rates were 43.0%, 42.5%, 25.5%
and 9.6% for no complications, and Grade Ⅰ, Grade Ⅱ and Grade Ⅲ complications, respectively. There was no difference between Grade Ⅰ complications and no
complications (P = 0.882); B: OS curves for patients with TNM Stage Ⅱ cancer. There were significant differences in OS among the three grades of complications in
patients with tumor-node-metastasis (TNM) Stage Ⅱ cancer (P < 0.001); C: OS curves for patients with TNM Stage Ⅲ cancer. There were significant differences in
OS among the three grades of complications in patients with TNM Stage Ⅲ cancer (P = 0.001).

sis), surgery-related factors (status of resection margins
and blood loss), and treatment-related factors (systemic
disease treatment with either adjuvant or neoadjuvant
therapy)[18,19]. Although there has been recent progress
in the early detection of tumors, the development of effective adjuvant therapy continues to be unsatisfactory.
Therefore, the ability to determine potentially controllable prognostic factors to improve the dismal longterm outcomes of gastric cancer is a goal of surgeons.
Previous studies have reported that postoperative complications are potentially serious, life-threatening events
that may prolong hospital stay and increase costs[20]. Li
et al[21] have reported that the occurrence of in-hospital
postoperative complications was an independent predictor of a worse 5-year OS rate after radical resection of
gastric cancer. In the present study, we divided patients
into four groups according to the complication grade, as
defined by T92 (Toronto 1992 or Clavien), Accordion
Classification and Revised Accordion Classification. We
evaluated the potential prognostic factors and found that

Clavien-Dindo classification or its modifications and
found many inconsistencies. As a result, they introduced
an extensive modification of the classification, called the
Accordion Severity Grading System[5]. Specifically, the
Accordion System added flexibility by introducing an
expandable classification, and clarity was improved by
introducing rigorously defined qualitative terms. It also
provides a web-based method for compiling complication data in a standard tabular form. However, to date,
the value of all complication severity grading systems,
including the Accordion Modification, still need to be
elucidated and the traditional classifications are too complicated. Hence, the aim of this study was to reclassify
the complications and investigate whether the grade of
complications in patients received curative gastrectomy
could be a prognostic factor.
The prognosis of patients after surgical resection depends on various tumor-specific factors (primary tumor
location, TNM stage classification, tumor differentiation,
and the presence or absence of lymph node metasta-
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Table 2 Survival analysis of all patients with gastric cancer
Characteristic

S

5-yr OS

Univariate analysis

χ2
Age (yr)
≤ 65
> 65
Gender
Male
Female
Other diseases
No
Yes
BMI
Normal
Abnormal
Tumor size
< 5 cm
≥ 5 cm
Intraoperative blood loss (mL)
< 200
≥ 200
Tumor location
Upper 1/3
Middle 1/3
Lower 1/3
2/3 or more
Histology
Differentiated
Undifferentiated
Extranodal metastasis
Positive
Negative
Serosal invasion
No
Yes
Lymph node metastasis
pN0
pN1
pN2
pN3
TNM stage
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Chemotherapy
Yes
No
Type of gastrectomy
Subtotal
Total
Complication grade
None
GradeⅠ
GradeⅡ
GradeⅢ

402
349

42.8
28.7

516
235

34.3
40.9

567
184

37.2
33.7

561
190

37.6
32.6

291
460

52.9
25.9

338
413

45.3
29.1

189
78
336
148

31.2
37.2
44.6
23.0

251
500

37.8
35.6

139
612

18.7
40.5

146
605

61.0
30.4

210
116
175
250

66.2
38.8
28.0
15.6

58
174
464
55

79.3
59.2
25.9
5.6

421
330

35.2
37.6

522
229

40.2
27.5

446
105
106
94

43.0
42.5
25.5
9.6

HR (95%CI)

15.816

< 0.001

1.378 (1.147-1.654)

P value
0.001

1.842

0.175

2.457

0.117

1.675

0.196

57.692

< 0.001

1.296 (1.049-1.600)

0.016

22.678

< 0.001

1.259 (1.038-1.526)

0.019

29.940

< 0.001

1.078 (0.99-01.173)

0.086

0.895

0.344

42.214

< 0.001

1.190 (0.956-1.482)

0.120

44.226

< 0.001

1.185 (0.878-1.600)

0.266

159.593

< 0.001

1.342 (1.211-1.487)

< 0.001

182.016

< 0.001

1.525 (1.238-1.879)

< 0.001

0.420

0.517

13.241

< 0.001

1.073 (0.881-1.307)

0.485

131.080

< 0.001

1.456 (1.343-1.579)

< 0.001

with UICC Stage Ⅰ cancer might explain why cancer
stage is not correlated with OS, because only 12, seven
and four UICC Stage Ⅰ patients had Grade Ⅰ, Ⅱ and Ⅲ
complications, respectively. Postoperative complications
included anastomotic leakage, gastric motility disorders,
anastomotic block, wound infections, intra-abdominal
abscesses, infectious diarrhea, bleeding, bowel obstructions, arrhythmia, angina pectoris, pneumonia, atelectasis, thrombosis, unexplained fever, delirium, ocular fun-

grade of postoperative complications was significantly
associated with long-term survival of patients who underwent radical surgery. The 5-year OS rates were 42.5%,
25.5% and 9.6% for Grade Ⅰ, Grade Ⅱ and Grade Ⅲ
complications, respectively (P < 0.001). Our multivariate
analysis demonstrated that, in addition to these conventional factors, the postoperative complication grade was
an independent predictor for OS (HR = 1.456, 95%CI:
1.343-1.579; P < 0.001). The small number of patients
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Table 3 Risk factors associated with all levels of complication grade
Grade Ⅰ
Multivariate analysis
HR (95%CI)
P value
1.947 (1.506-2.517)
< 0.001

Characteristic

Lymph node metastasis
Age
Tumor size
Intraoperative blood loss
TNM stage
Chemotherapy

1.913 (1.059-3.453)
1.850 (1.063-3.222)

Grade Ⅱ
Multivariate analysis
HR (95%CI)
P value
1.577 (1.208-2.058)
0.001
1.751 (1.044-2.939)
0.034

0.031
0.030

Grade Ⅲ
Multivariate analysis
HR (95%CI)
P value

2.099 (1.288-3.421)
1.607 (1.158-2.228)
2.354 (1.451-3.819)

0.003
0.005
< 0.001

TNM: Tumor-node-metastasis.

risk of complications.
Some studies have confirmed that chemotherapy increases the incidence of postoperative complications[27,28].
As a result of the toxicity of chemotherapeutic drugs,
the prognosis of patients with severe postoperative complications will vary. Therefore, the choice of chemotherapeutic drugs is important, especially for patients with
underlying diseases. In the present study, chemotherapy
was an independent prognostic factor only for Grade Ⅲ
complications (HR = 2.354, 95%CI: 1.451-3.819; P <
0.001). As a result of its relatively rapid disease progression, surgery plus chemotherapy for patients with gastric
cancer may have a good prognosis in patients with severe complications.
Lymph node metastasis and TNM stage are independent prognostic factors that have long been associated
with gastric cancer[29,30]. According to the results of the
present study, TNM stage was an independent prognostic factor for Grade Ⅲ complications, and lymph node
metastasis was an independent prognostic factor for
Grade Ⅰ and Ⅱ complications. Intraoperative blood loss
(HR = 2.099) and chemotherapy (HR = 2.354) had a significantly higher effect on Grade Ⅲ complications than
TNM stage (HR = 1.607). This may have been because
chemotherapy and intraoperative blood loss had more
recent effects than other factors, and were more suitable
for identifying patients with higher grade complications.
The limitations of the present study were its retrospective nature, a relatively small sample population
and the presence of several confounding factors. There
was a lack of standardized postoperative chemotherapy
regimens during that period, which may have affected
patient survival. Despite these limitations, we believe
that the grade of complications in gastric cancer is an
important and adverse prognostic indicator. Further
investigations should be performed with a larger, multicenter, randomized prospective cohort to evaluate the
prognostic effect of complication grade and identify the
underlying mechanism.
In conclusion, the complication grade may be an independent prognostic factor for gastric cancer patients
after curative resection. It can be used to stratify the
prognostic risk of gastric cancer. Meticulous surgery is
needed and new methods should be considered to decrease the amount of intraoperative blood loss.

Table 4 Tumor-node-metastasis-stratified analysis of the
overall survival
Grade Ⅰ

Grade Ⅱ

Grade Ⅲ

5-yr OS

5-yr OS

5-yr OS

83.3
67.9
25.8
0

57.1
47.8
18.0
5.3

50.0
13.6
8.0
0

χ2

P value

3.094
24.908
15.121
2.387

0.213
< 0.001
0.001
0.303

TNM
Ⅰ
Ⅱ
Ⅲ
Ⅳ

OS: Overall survival; TNM: Tumor-node-metastasis.

gal infection, and multiple organ failure, which affected
the prognosis of gastric cancer patients.
The classification of complications allowed us to study
the risk factors related to different severities of morbidity.
When we analyzed the risk factors for all complications,
age, tumor size, intraoperative blood loss, lymph node metastasis, TNM stage, and chemotherapy were significant.
With regard to age, Wydra et al[22] demonstrated that age itself is not a risk factor for postoperative complications in
colorectal cancer in spite of the higher rate of accompanying diseases in elderly patients, whereas Yamada et al[23]
reported that patients aged > 85 years are more likely to
suffer postoperative pneumonia after gastrectomy than
younger patients, and preoperative risk assessment is essential for the older patients. In our study, age was a risk
factor for Grade Ⅱ postoperative complications (P =
0.034). Patients aged > 65 years often have underlying
diseases such as hypertension and chronic obstructive
pulmonary disease. And in patients with the underlying
diseases, the prognosis is correspondingly worse. In previous studies, increased intraoperative blood loss is associated with an elevated risk of complications[24]. Dhar
et al[25] have reported that intraoperative blood loss > 500
mL was an independent prognostic factor. Kamei et al[26]
have demonstrated that the cumulative survival rate was
significantly lower in patients with intraoperative blood
loss ≥ 475 mL compared with < 475 mL (P = 0.0038),
and intraoperative blood loss was a critical risk factor
for peritoneal recurrence after curative resection of advanced gastric cancer. In our study, intraoperative blood
loss was a risk factor for Grade Ⅰ and Ⅲ postoperative
complications. More blood loss can cause immunity, resistance and other aspects of decline, thus increasing the
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complications is an important prognostic factor following curative gastrectomy.
The traditional classification of complications was too complicated and the methods for classification were not uniform. Hence, the aim of this study was to reclassify the complications and investigate whether the grade of complications could
provide a new prognostic factor in patients undergoing curative gastrectomy.
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but it also brings a simultaneous increase in surgical complications. In the present study, the authors demonstrated that the complication grade was an independent prognostic factor for gastric cancer patients after curative resection.
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grade was an independent prognostic factor for gastric cancer patients after
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By understanding the characteristics and prognostic factors for gastric cancer
patients with different complication grades, this study may provide evidence for
treatment planning for gastric cancer patients with different complication grades
in China.
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Extranodal metastasis is defined as the presence of tumor cells in extramural
soft tissues that is discontinuous with either the primary lesion or locoregional
lymph nodes.
The authors revealed that the new classification may be an independent prognostic factor for patients with gastric cancer after gastrectomy. Lymph node
metastasis, tumor size, and intraoperative blood loss were independent prognostic factors for Grade Ⅰ complications; age and lymph node metastasis were
independent prognostic factors for overall survival (OS) of patients with Grade
Ⅱ complications; and intraoperative blood loss, tumor-node-metastasis stage,
and chemotherapy were independent prognostic factors for OS in patients with
Grade Ⅲ complications. The conclusions of the study are of potential significance for clinicians.
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RESULTS: The 32 gastric stromal tumors treated by
EFR and the 30 treated by laparoscopic surgery showed
similar operative time [20-155 min (mean, 78.5 ± 30.1
min) vs 50-120 min (mean, 80.9 ± 46.7 min), P > 0.05],
complete resection rate (100% vs 93.3%, P > 0.05),
and length of hospital stay [4-10 d (mean, 5.9 ± 1.4
d) vs 4-19 d (mean, 8.9 ± 3.2 d), P >0.05]. None of
the patients treated by EFR experienced complications,
whereas two patients treated by laparoscopy required
a conversion to laparotomy, and one patient had postoperative gastroparesis. No recurrences were observed
in either group. Immunohistochemical staining showed
that of the 62 gastric stromal tumors diagnosed by
gastroscopy and endoscopic ultrasound, six were leiomyomas (SMA-positive), one was a schwannoglioma
(S-100 positive), and the remaining 55 were stromal
tumors.
CONCLUSION: Some gastric stromal tumors arising
from the muscularis propria can be completely removed by EFR. EFR could likely replace surgical or laparoscopic procedures for the removal of gastric stromal
tumors.

Abstract
AIM: To assess the effectiveness of endoscopic fullthickness resection (EFR) and laparoscopic surgery in
the treatment of gastric stromal tumors arising from
the muscularis propria.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric stromal tumors; Treatment; Endoscopy; Muscularis propria; Full-thickness resection

METHODS: Out of 62 gastric stromal tumors arising
from the muscularis propria, each > 1.5 cm in diameter, 32 were removed by EFR, and 30 were removed by
laparoscopic surgery. The tumor expression of CD34,
CD117, Dog-1, S-100, and SMA was assessed immunohistochemically. The operative time, complete resection
rate, length of hospital stay, incidence of complications, and recurrence rate were compared between the
two groups. Continuous data were compared using in-
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Core tip: We used endoscopic full-thickness resection
(EFR) to remove gastric stromal tumors arising from
the muscularis propria. Out of 62 gastric stromal tumors, each > 1.5 cm in diameter, we found that the
32 gastric stromal tumors treated by EFR and the 30
treated by laparoscopic surgery showed similar operative time and complete resection rate. None of the
patients treated by EFR experienced complications,
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computed tomography (CT) examination. Before EFR
or laparoscopic surgery, all patients underwent routine
blood tests for coagulation enzymes and liver and kidney
function, in addition to electrocardiography, abdominal
CT scan, and other tests. All patients and their families
were informed of the benefits and risks of EFR and laparoscopic surgery, chose their treatment, and provided
written informed consent. The EFR group consisted of
32 patients, with tumor sizes 1.5-5.0 cm (mean, 3.7 cm);
the laparoscopy group consisted of 30 patients, with tumor sizes 2.8-5.0 cm (mean, 3.9 cm).

whereas two patients treated by laparoscopy required
a conversion to laparotomy and one patient had postoperative gastroparesis. No recurrences were observed
in either group. EFR could replace certain surgical or
laparoscopic procedures for the removal of gastric
stromal tumors.
Huang LY, Cui J, Wu CR, Zhang B, Jiang LX, Xian XS, Lin
SJ, Xu N, Cao XL, Wang ZH. Endoscopic full-thickness
resection and laparoscopic surgery for treatment of gastric
stromal tumors. World J Gastroenterol 2014; 20(25): 8253-8259
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i25/8253.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8253

Instruments
The instruments used included the following: an Olympus
GIF-Q260J gastroscope (Olympus, Japan), a D-201-11304
transparent cap (Olympus, Japan), a KD-620LR hook
knife (Olympus, Japan), a KD-1L-1 needle knife (Olympus,
Japan), an NM-200L-0525 injection needle (Olympus, Japan), an FD-410LR hot biopsy forceps (Olympus, Japan),
a KD-611L IT knife (Olympus, Japan), AS-1-S and ASJ1-S snares (Cook Company, United States), an HX-610-90
(Olympus, Japan), Boston Resolution hemostat (Boston
Company, United States), an HX-600-135 (Olympus,
Japan), an ERBE VIO 200S high-frequency electrosurgical unit and ERBE APC2 argon plasma coagulator
(Erbe Company, Germany), an SBQ 80 HY linear stapler
(Johnson and Johnson, United States), and an Olympus
OEV191H laparoscope (Olympus, Japan).

INTRODUCTION
Gastric stromal tumors typically occur in the fundus,
anterior wall of the gastric body, or anterior wall of the
gastric antrum. These tumors are the most common type
of gastrointestinal tissue-derived mesenchymal tumors.
Based on their origin in the stomach wall, gastric stromal tumors can be divided into stromal tumors arising
from the muscularis mucosa and those arising from the
muscularis propria. Because stromal tumors arising from
the muscularis mucosa are located superficially, their
endoscopic resection or ligation is not difficult and has
therefore been used extensively in clinical practice. However, stromal tumors arising from the muscularis propria
are located in deeper layers, especially those that do not
grow within cavities. Endoscopic resection may easily
lead to perforation, and tumor excision is often incomplete. Hence, stromal tumors arising from the muscularis
propria are often considered contraindications to endoscopic resection, and these tumors are usually removed
by surgical or laparoscopic procedures [1-5]. In recent
years, we have used endoscopic full-thickness resection
(EFR) to remove gastric stromal tumors arising from the
muscularis propria and have achieved satisfactory results.

EFR method
A transparent cap was mounted on the end of the gastroscope before EFR. Following intravenous anesthesia
with propofol, argon plasma coagulation was used to
mark the edge of the stromal tumor. The marked submucosal positions were each injected with 2-3 ml of
a solution consisting of 2-3 ml indigo carmine, 1 ml
epinephrine, and 100 ml saline. A hook knife was used
to precut the surrounding mucosa and submucosa along
the marked points and to expose the stromal tumor. A
hook knife or IT knife was used to isolate the tumor
body along the capsule from the muscularis propria
down to the serosal layer. The serosa was cut along the
edge of the tumor; in most cases, the serosa adhered
tightly to the tumor body, making it impossible to remove the tumor directly with an IT knife. Therefore,
a needle knife or hook knife was used to penetrate the
serosa, resulting in an “artificial perforation.” The liquid
in the gastric cavity was fully absorbed, and an IT or
hook knife was used to cut the serosa along the edge of
the tumor and to remove the tumor completely. Under
endoscopic guidance, the incisions on the gastric body
from the two ends to the middle were fully closed with
titanium clips, and the gastric wound was sealed. For
wounds that were too large to seal directly, negative pressure was applied to suck the omentum into the gastric
cavity, and titanium clips were used to seal the wound by
clipping the omentum to the gastric mucosa (Figure 1).
The same endoscopist performed all EFR procedures.

MATERIALS AND METHODS
Patients
A total of 62 patients with gastric stromal tumors arising from the muscularis propria were retrospectively
analyzed after their diagnosis based on gastroscopy and
endoscopic ultrasound. These patients were treated at
the Yantai Yuhuangding Hospital Affiliated to Medical
College of Qingdao University, China between January
2010 and October 2013. The 62 patients consisted of 34
males and 28 females, ranging in age between 25 and 69
years, with a mean age of 43.4 years. Overall, 21 tumors
were present in the gastric antrum; 27 were in the gastric
body; and 14 were in the gastric fundus. Tumor sizes
ranged from 1.5 to 5.0 cm. All patients had a single tumor, and metastasis was not found in any patient during

WJG|www.wjgnet.com

8254

July 7, 2014|Volume 20|Issue 25|

Huang LY et al . EFR to treat gastric stromal tumors

A

B

C

D

E

F

G

H

Figure 1 endoscopic full-thickness resection treatment of gastric stromal tumors arising from the muscularis propria. A: A protruding submucosal lesion in
the gastric body; B: Endoscopic ultrasound showing that the lesion arose from the muscularis propria; C: Submucosal injection of saline containing adrenaline and indigo carmine; D: Application of the IT knife to isolate the stromal tumor along its periphery; E: An “artificial perforation” observed after stromal tumor resection, sealed
using titanium clips; F: Sealing of the perforation with multiple titanium clips; G: Resected tumor with the mucosa removed (5 cm in diameter); H: View 72 d after the
operation, showing that the perforation healed well, with only ulcer residue remaining.

Method for laparoscopic surgery
Laparoscopic resections of gastric stromal tumors were
performed under tracheal intubation and general anesthesia. Patients were placed in the supine position with
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their legs apart. The umbilicus was punctured, and pneumoperitoneum was established while maintaining the intra-abdominal pressure at 12-15 mmHg. A 30° lens was
placed into the incision approximately 10 mm above the
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A

B

C

Figure 2 Laparoscopic resection of gastric stromal tumors. A: Layout of instruments for laparoscopic surgery; B: Laparoscopic resection of gastric stromal tumor;
C: Removed tumor (4 cm in diameter).

umbilicus, and a 12-mm trocar was placed horizontally at
the main operating site 2 cm above the umbilicus along
the left clavicular midline. Finally, 5-mm trocars were
placed at auxiliary operating sites located 2 cm above the
umbilicus along the right clavicular midline, below the
costal margin along the left clavicular midline, and below the costal margin along the right clavicular midline.
Based on the location and growth of the gastric stromal
tumors, a wedge resection, transgastric tumor-everting
resection, sleeve gastrectomy, or partial gastrectomy was
performed for patients undergoing laparoscopic resections (Figure 2). The same surgeon performed all laparoscopic operations.

trizoate was administered to determine whether contrast
agent extravasation and gastric motility had occurred. In
addition, an ultrasound examination was performed to
determine whether any effusions were present in the abdominal and pelvic cavities. One month after the EFR or
laparoscopic resection, an endoscopic examination was
performed to observe wound healing and to determine
whether there were residual or recurrent tumors.
Statistical analysis
Data are expressed as mean ± standard deviation (SD).
Continuous data were compared using independent
samples t-tests, and categorical data, using χ 2 tests. SPSS
for Windows Version 17.0 software was used for all statistical analyses, with the level of significance set at P <
0.05.

Sample processing
Resected tumors were fixed with neutral formalin and
sent for pathological examination; the samples were immunohistochemically stained for CD34, CD117, Dog-1,
S-100, and SMA (smooth muscle antibody)[6-10].

RESULTS
Hospital stay
The length of hospital stay in the EFR group ranged
from 4 to 10 d, with a mean of 5.9 ± 1.4 d. In comparison, the length of hospital stay in the laparoscopy
group ranged from 4 to 19 d, with a mean of 8.9 ± 3.2
d. There was no significant difference between the two
groups (P > 0.05).

Postoperative treatment
Patients with an artificial perforation and significant
pneumoperitoneum underwent a puncture of the right
upper quadrant of the abdomen with an abdominal
puncture needle to reduce bloating, during or after EFR.
After EFR, the patients were placed in a semi-supine
position and subjected to fasting and gastrointestinal decompression while being closely monitored to determine
whether they experienced any abdominal pain, bloating,
or peritoneal irritation. Three days after EFR, oral dia-
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Complete resection rate and operative time
In the EFR group, all 32 of the stromal tumors arising
from the muscularis propria were removed successfully
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in one operation. The complete resection rate was 100%.
All perforation wounds were sealed with titanium clips.
Operative times ranged from 20 to 155 min, with a mean
of 78.5 ± 30.1 min. In the laparoscopic surgery group,
28 of the 30 stromal tumors arising from the muscularis
propria were removed laparoscopically; the operative
times ranged from 50 to 120 min, with a mean of 80.9 ±
46.7 min. In two patients, the tumors were located near
the cardia in the posterior wall of the gastric fundus;
because of operational difficulties, the surgeries were
converted to open laparotomy half-way through the operation. The complete resection rate was 93.3%. There
were no significant between-group differences in the
complete resection rate or operative time (P > 0.05).

excisions are often incomplete. Hence, stromal tumors
arising from the muscularis propria may be considered
a contraindication for endoscopic resection and should
therefore be removed surgically or laparoscopically, especially when they are larger than 2 cm in diameter[16-19].
In recent years, based on endoscopic submucosal dissection and endoscopic submucosal excavation and due to
improvements in the application of titanium clips under
endoscopy, EFR treatment of gastrointestinal tumors
arising from the muscularis propria has become possible.
Artificial perforations were necessary in all 32 patients with gastric stromal tumors who were treated
by EFR. Titanium clips were used to seal the wounds;
abdominal punctures were applied to relieve intra-abdominal pressure; and conservative methods were used
during the postoperative care. The key to preventing
complications was the proper use of titanium clips to
seal the wounds under endoscopy. Based on our experience, wounds from large perforations should be sutured
from both ends toward the middle; in some cases, some
normal mucosa at the periphery may require suturing
to reduce the wound size. Successful treatment using
EFR required a successful repair of the perforation,
thus allowing us to avoid the need for additional surgical
repairs or postoperative peritonitis[20,21]. The most common method for repairing perforations was titanium clip
repair[22,23]. For small perforations, one or a few titanium
clips were sufficient. For larger perforations, the limited
span of titanium clips required that the air in the gastric
lumen be sucked out to narrow the perforation as much
as possible before multiple titanium clips were placed.
If the perforation is too large for the direct application
of titanium clips, an omental patch technique should be
used[24,25]. By this method, negative pressure is continuously applied to suck air from the gastric lumen until the
adipose tissue outside the gastric wall covers the perforation; only then should the titanium clips be applied. In
addition, a nylon string-purse suture technique can be
used to suture overly large perforations. During EFR,
perforations cause pneumoperitoneum, which blocks
the operative field in the stomach and makes endoscopic
operations more difficult. Thus, during EFR, abdominal
palpation should be performed repeatedly. If abdominal
pressure increases, timely exhaustion should be pursued.
The puncture site should be located in the right lower
quadrant of the abdomen, and a 20 mL injection needle
may be used as the puncture needle. After the puncture,
the abdomen should be manipulated to exhaust the air,
and the puncture needle should be positioned at the
puncture site until the wound has completely sealed and
the pneumoperitoneum is significantly improved. The
puncture needle should be pulled out after confirming
that no air continues to flow through it. Other key elements for successful EFR treatment include avoiding
the entrance of excessive gastric acid into the abdominal
cavity to prevent postoperative infection; achieving hemostasis to avoid repeated rinsing during the excision;
completely removing the gas and fluid from the gastric

Complications
In the EFR group, angiography of the upper gastrointestinal tract using diatrizoate 3 d after the operation
showed no leakage of contrast agent in any patient.
Postoperative reexamination showed good wound healing. There were no complications, such as bleeding, signs
of peritonitis, and/or abdominal abscesses, in any patient. In the laparoscopy group, one patient experienced
gastroparesis, which was alleviated after conservative
treatment. The complication rate was 3.3%, which was
not significantly different from that of the EFR group (P
> 0.05).
Recurrence rate
Gastroscopy 1 month after EFR or laparoscopic surgery
showed good wound healing in both groups, with no
residual or recurrent tumors, for a recurrence rate of 0%
in both groups.
Immunohistochemical staining
Of the 62 stromal tumors arising from the muscularis
propria, 49 (79.0%) were positive for CD34; 50 (80.6%)
for CD117; 51 (82.2%) for Dog-1; 1 (1.6%) for S-100;
and 6 (9.7%) for SMA. Thus, of these 62 gastric stromal
tumors, 6 were leiomyomas, as shown by SMA-positive
expression; one was a schwannoglioma, as shown by
S-100 positive expression; and 55 were stromal tumors,
as shown by CD34 and/or CD117, Dog-1 positive expression.

DISCUSSION
Gastric stromal tumors are commonly found upon gastroscopic examination. Because of their potential malignant tendencies, the resection of gastric stromal tumors
is recommended[11-15]. Because stromal tumors arising
from the muscularis mucosa are located superficially,
their endoscopic resection or ligation is not difficult; thus,
these procedures are extensively used in clinical practice.
However, stromal tumors arising from the muscularis
propria are located within deeper layers, especially those
that do not grow within cavities. In this case, endoscopic
resection can easily lead to perforation, and the tumor
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remove gastric stromal tumors arising from the muscularis propria and has
achieved satisfactory results, avoiding surgical or laparoscopic operations.

lumen prior to incision of the serosa; performing continuous effective gastrointestinal decompression postoperatively; and administering proton pump inhibitors
and antibiotics postoperatively to prevent abdominal
infection[26-27]. None of the patients in our EFR group
experienced peritonitis or intra-abdominal abscess.
The complete resection rate in our EFR group was
100%, with no recurrence. The operative time and length
of hospital stay were similar to those in the laparoscopic
surgery group. Two patients in the latter group required a
conversion to an open laparotomy because their stromal
tumors were located near the cardia in the posterior wall
of the gastric fundus, making a laparoscopic approach
difficult. Unlike EFR, which is not affected by the location of the tumor, laparoscopic surgery is difficult and
limited to stromal tumors located in the posterior gastric
wall or cardia. Thus, tumor size, location, and relationship with the cardia should be clearly determined prior
to laparoscopy to avoid conversion to open laparotomy
during surgery, causing greater trauma and prolonging
the patient’s hospital stay.
One patient in the laparoscopy group experienced a
complication of postoperative gastroparesis, compared
with none in the EFR group, further suggesting an advantage of the minimally invasive EFR method. Another
advantage of EFR is its accurate localization of the
tumor. Without the assistance of the gastroscope, it can
be difficult during laparoscopic surgery to determine the
extent of the excision; in such cases, excess normal gastric tissue may be removed. In patients with giant stromal tumors protruding into the gastric lumen, it is difficult for the laparoscope to distinguish the tumor from
the serosal layer and to pull and remove the tumor body.
Therefore, gastroscope-assisted laparoscopic EFR without a gastroscope may be favorable for treating patients
with gastric stromal tumors arising from the muscularis
propria.
In conclusion, EFR can completely remove some
stromal tumors arising from the muscularis propria. This
technique can replace some surgical and laparoscopic
procedures, and its application should be recommended
further.

Innovations and breakthroughs

The 32 gastric stromal tumors treated by EFR and the 30 treated by laparoscopic surgery showed similar operative time, complete resection rate and
length of hospital stay. None of the patients treated by EFR experienced complications, whereas two patients treated by laparoscopy required a conversion to
laparotomy, and one patient had postoperative gastroparesis. Therefore, EFR
was found to be safe and effective for the removal of gastric stromal tumors
arising from the muscularis propria.

Applications

With the successful use of EFR in the treatment of gastric stromal tumors arising from the muscularis propria, this study may present a future strategy for
therapeutic intervention in the treatment of patients with these tumors.

Terminology

EFR can remove gastric stromal tumors arising from the muscularis propria
completely. Although artificial perforation often occurs, these cases can be sutured with a titanium clip.

Peer review

Gastric stromal tumors are the most common type of gastrointestinal stromal
tumors. Surgical procedures, including laparotomy and laparoscopic resection,
are extensively used in clinical practice. EFR, a new technique to remove these
tumors, generates minimal injury to the patient. The results suggest that gastric
stromal tumors originating from the muscularis propria could be treated successfully by EFR, and thus, this study has clinical value.
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diabetic rats; P < 0.05). Swollen and distended ER
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in diabetic rats. Apoptosis of gastric SMCs increased in
the diabetic rats in addition to increased expression of
GRP78 and caspase-12 proteins.
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CONCLUSION: ER stress and ER stress-mediated
apoptosis are activated in gastric SMCs in diabetic rats
with gastroparesis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diabetic gastroparesis; Apoptosis; Endoplasmic reticulum stress; glucose-regulated protein 78 kD;
Caspase-12
Core tip: Endoplasmic reticulum stress and/or ER stressinduced apoptosis in the etiology of diabetic gastroparesis (DGP) remain unclear. This study focuses on the
muscle injury caused by ER stress in rats with DGP. We
found that apoptosis of gastric smooth muscle cells
(SMCs) increased in diabetic rats in addition to increased
expression of the ER stress marker, glucose-regulated
protein 78, and the ER-specific apoptosis mediator, caspase-12. This is the first study to demonstrate that ER
stress and ER stress-induced apoptosis are activated in
gastric SMCs in diabetic rats.

Abstract
AIM: To investigate the gastric muscle injury caused by
endoplasmic reticulum (ER) stress in rats with diabetic
gastroparesis.
METHODS: Forty rats were randomly divided into two
groups: a control group and a diabetic group. Diabetes
was induced by intraperitoneal injection of 60 mg/kg
of streptozotocin. Gastric emptying was determined at
th
th
the 4 and 12 week. The ultrastructural changes in
gastric smooth muscle cells (SMCs) were investigated
by transmission electron microscopy. TdT-mediated
dUTP nick end labeling (TUNEL) assay was performed
to assess apoptosis of SMCs. Expression of the ER
stress marker, glucose-regulated protein 78 (GRP78),
and the ER-specific apoptosis mediator, caspase-12
protein, was determined by immunohistochemistry.

Chen X, Fu XS, Li CP, Zhao HX. ER stress and ER stressinduced apoptosis are activated in gastric SMCs in diabetic rats.
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INTRODUCTION
Diabetes mellitus, especially in patients with refractory
symptoms, is associated with a high prevalence of gas-

RESULTS: Gastric emptying was significantly lower in
th
the diabetic rats than in the control rats at the 12 wk
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trointestinal motility disorders. Gastroparesis is one of
the most common and well-established complications of
diabetes and is characterized by delayed gastric emptying
without mechanical obstruction of the stomach[1]. Gastroparesis affects approximately 20%-58% of the diabetic
population, particularly those individuals with long-standing, poorly controlled diabetes[2,3]. Symptoms associated
with delayed gastric emptying include nausea, vomiting,
bloating, postprandial abdominal pain and early satiety.
In addition, other clinical consequences of diabetic gastroparesis (DGP) include alterations in drug absorption
and poor glycemic control[4,5]. Therapies including correction of hyperglycemia, prokinetic drugs and alteration in
dietary pattern may be helpful in controlling or relieving
symptoms of gastroparesis[6]. However, there are still a
number of patients who suffer from poorly controlled
and long-term dyspeptic symptoms. Therefore, it is of
interest to explore new strategies aimed at improving the
prognosis of this disease.
The pathophysiology of DGP is complex and remains
to be elucidated, and is traditionally considered to be the
result of vagal nerve impairment due to systemic autonomic neuropathy in diabetes[7]. However, research has
shown that there are no morphologic abnormalities in
the myenteric plexus of the stomach or in the abdominal
vagus nerves[8]. The interstitial cells of Cajal (ICC), which
play a central role in gastrointestinal motility, are located in
the greater curvature at the junction between the proximal
and distal stomach, and serve as the gastric pacemaker and
mediate inputs from enteric motor nerves to the smooth
muscle. Recent research has demonstrated that loss or
damage of ICC networks is closely associated with gastric
motor dysfunction[9-11]. Considerable attention has been
paid to the role of gastrointestinal hormones in DGP[12-15],
but these studies reached different conclusions.
Endoplasmic reticulum (ER) stress-induced apoptosis has been implicated in the development of multiple
diseases. Increasing evidence has demonstrated that
ER stress and/or ER stress-induced apoptosis have an
important role in the pathogenesis of diabetes mellitus
and its complications including diabetic cardiomyopathy,
atherogenesis and retinopathy[16-18]. The ER is an important organelle that is required for cell survival, normal
cellular function and is highly sensitive to alterations in
its homeostasis. Disruption of homeostasis leads to the
accumulation of unfolded proteins which are toxic to
cells, and by disturbing cellular function, results in a state
known as ER stress. In resting cells, all ER stress receptors are maintained in an inactive state through their
association with the ER chaperone, glucose-regulated
protein (GRP) 78. GRP78 is an ER lumen protein whose
expression is induced during ER stress and triggers the
ER stress response, cumulatively called the unfolded protein response (UPR) which protects cells against environmental stressors. However, if the influence of ER stress
becomes serious, the UPR is unable to restore normal
cellular function and signaling switches from pro-survival
to pro-apoptotic, procaspase-12 is released and the apop-
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totic response is initiated. The released procaspase-12 is
subsequently cleaved to its active caspase-12 form which
has been proposed as a key mediator in the initiation of
ER stress-induced apoptosis[19,20].
To date, no studies have demonstrated the role of ER
stress or ER stress-induced apoptosis in the etiology of
DGP. In the present study, we established a rat model of
DGP. We focused on the ER changes in gastric smooth
muscle cells (SMCs) in rats with DGP and investigated
the apoptosis of SMCs. Furthermore, in order to explore
the possible role of ER stress-induced apoptosis in the
development of DGP, the expression of GRP78 and caspase-12 in gastric SMCs was also examined.

MATERIALS AND METHODS
Animals
Healthy Wistar rats weighing 250-300 g were used in
this study. The breeders were originally obtained from
Luzhou Medical College Laboratories. All animal experiments were conducted according to the guidelines of the
Local Animal Use and Care Committee of Luzhou and
executed according to the National Animal Welfare Law
of China. The animals were housed individually in cages
and allowed to acclimate to the animal facilities 1 wk
prior to experimentation.
Grouping and induction of diabetes
All animals were starved for 12 h before experimentation,
but were allowed free access to water. Forty rats were
randomly allocated to two groups: a control group (n =
20) and a diabetic group (n = 20). Diabetes was induced
by intraperitoneal injection of 60 mg/kg of streptozotocin (STZ; Sigma-Aldrich, MO, United States) dissolved in
sodium citrate buffer. The control group received citrate
buffer only (0.1 mol/L; 2 mL/kg). Blood glucose levels
were measured 72 h after injection of STZ or citrate
buffer. Animals were starved, but had access to drinking
water for 6 h before blood glucose measurement. Plasma
glucose concentrations ≥ 16.9 mmol/L were considered
diabetic in these experiments.
Monitoring blood glucose concentration and body
weight
Fasting blood glucose concentration in each rat was measured on the 3rd d and at the 4th, 8th and 12th wk, respectively, after injection of STZ or citrate buffer. The weight
of each rat was measured at the first, 4th, 8th and 12th wk.
Determination of gastric emptying
Gastric emptying was assessed after overnight fasting,
but with free access to water. Methylcellulose at a concentration of 1.5% was dispersed in water at 80  ℃ under
continuous stirring. The solution was allowed to cool to
37 ℃, and then methylene blue, which was used as a nonabsorbable marker, was added to a ﬁnal concentration of
1 mg/mL. A volume of 0.4 mL of methylene blue solution was given orally into the stomach through a feeding

8261

July 7, 2014|Volume 20|Issue 25|

Chen X et al . ER stress-induced apoptosis in gastric SMCs

tube. Rats were returned to their cages without food or
water and killed 30 min later. The stomach was clamped
at the pylorus and the gastroesophageal junction and
removed. It was then cut open and the gastric contents
were rinsed in 4 mL saline solution. The rinsing solution
was collected and centrifuged at 3500 rpm for 15 min.
The supernatant was determined at a wavelength of 640
nm using a spectrophotometer. Gastric retention was calculated based on the amount of residual methylene blue
using the following formula: gastric residual methylene
blue = OD value of the determined tube/OD value of
the standard tube × 100%.

followed by a blocking step using a blocking solution for
30 min. The sections were then incubated with a 1:100
dilution of rabbit anti-rat GRP78 or caspase-12 antibody
(Bioworld Technology Inc., United States) overnight at
4 ℃. Then, PBS washing (3 times) was followed by successive incubation with a biotinylated secondary antibody
(Biosynthesis Biotechnology CO., China) for 30 min and
a horseradish peroxidase-avidin complex for 30 min. After washing 3 times with PBS, the tissue was visualized by
reacting in a solution containing diaminobenzidine. The
sections were then washed, counterstained with hematoxylin, dehydrated, and sealed. PBS replaced the primary
antibodies for the negative control in the IHC procedures. The slides were examined under a light microscope
(Olympus, Tokyo, Japan) and ten different images of
each sample were randomly captured using a color video
camera. The integrated optical density (IOD) value of
each image was measured using IPP6.0 software. Semiquantitative results of GRP78 and caspase-12 proteins
were calculated by the average of IOD values.

Section preparation and histological examination
Samples were processed for histological and immunohistochemical examinations at the 12th wk after injection of
STZ or citrate buffer. A portion of the gastric biopsy was
fixed in 4% paraformaldehyde and embedded in paraffin
for immunohistochemistry and TdT-mediated dUTP nick
end labeling (TUNEL) assay, respectively. Sections of the
gastric smooth muscle were also fixed in 2.5% glutaraldehyde in Sorensen’s phosphate buffer, stored at 4 ℃ and
subsequently processed for routine transmission electron
microscopy (TEM).

Statistical analysis
The data are presented as mean ± SD. The Student’s t-test
was used to compare the results between the two groups.
A P value less than 0.05 was considered statistically significant. The tests were performed using the statistical
software package SPSS.

Detection of apoptosis
Apoptotic cells were detected by TUNEL assay (Roche
Diagnostics, Bromma, Sweden). Tissue sections from
gastric biopsy were dewaxed and rehydrated, then incubated for 30 min at 37  ℃ with a proteinase working
solution. The slides were placed in a plastic jar containing
200 mL of 0.1 mol/L citrate buffer (pH 6.0) and 350 W
microwave irradiation was applied for 5 min. The slides
were rinsed twice with PBS and incubated with a solution composed of the enzyme terminal deoxynucleotidyl
transferase and nucleotide mixture (label solution) in a
humidified box in the dark for 60 min at 37  ℃. For the
negative control, only 50 µL label solution was added.
After incubation, the slides were rinsed 3 times with PBS.
Then 50 µL converter-POD was added to the slides. Diaminobenzidine was used as the substrate for peroxidase,
which yielded the characteristic brown color for nuclei.
The sections were then washed, counterstained with hematoxylin, dehydrated, and sealed. Negative controls were
included for each test. All cell counts were performed
using a × 40 magnification objective lens. The apoptotic
rate was determined as the average percentage of positive
cells in ten different fields which were randomly chosen.

RESULTS
Diabetes assessment
Five rats were excluded from the study due to death resulting from complications of diabetes. Fasting blood
glucose concentration consistently reached ≥ 16.9
mmol/L 3 d after injection of STZ. Diabetic rats were
severely hyperglycemic, whereas the age/sex matched
control rats were normoglycemic (P < 0.01). Body weight
was not different between the diabetes group and control
group during the first week. After 4 wk, body weight in
diabetic rats significantly decreased compared with rats
in the control group, and this reduction continued to the
end of the experiment (Figure 1).
Delayed gastric emptying in diabetic rats
We determined gastric emptying at the 4th wk, however,
no significant difference was noted between the two
groups (39.51% ± 1.90%, n = 20 control vs 40.71% ±
1.74%, n = 15 diabetes; P > 0.05). Gastric emptying was
significantly lower in the diabetic rats than in the control
rats at the 12th week. The residue of gastric pigment was
enhanced in diabetic animals compared with controls
(40.71% ± 2.50%, n = 20 control vs 54.65% ± 5.22%,
n = 15 diabetes; P < 0.05). These alterations in gastric
emptying marked the presence of gastroparesis in diabetic rats.

Determination of the expression of GRP78 and
caspase-12 proteins
Immunohistochemistry (IHC) was used to determine
the expression of GRP78 and caspase-12 proteins. Fivemicrometer-thick paraffin-embedded sections were dewaxed in xylene, followed by a graded series of ethanol.
Antigen retrieval was performed in Tris-EDTA (pH = 6.0)
buffer using a microwave for 12 min. The tissues were
washed with PBS (pH = 7.4) for 10 min and 0.3%H2O2
for 30 min in the dark. Washing with distilled water was
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Electron microscopic findings
Ultrastructural changes, especially in the ER of gastric
SMCs, were investigated using TEM. As shown in Figure
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Figure 1 Body weight of each rat measured at the first, 4 , 8 and 12
week. There was no difference in body weight between the diabetic group and
control group during the first week. At the 4th wk, the body weight of diabetic
rats significantly decreased compared with rats in the control group. bP < 0.01
vs the control group.

A

Figure 3 Apoptosis of gastric smooth muscle cells detected by TdT-mediated dUTP nick end labeling assay in diabetic and control rats. A: Control
group; B: Diabetic group. DAB staining, light microscopy, original magnification
× 400.

diabetes mellitus. However, whether apoptosis of gastric
SMCs increases in diabetic animals is unclear. In this
study, apoptosis of gastric SMCs was examined by TUNEL assay (Figure 3). Compared with control animals,
the apoptotic rate of gastric SMCs in diabetic rats was
significantly higher (13.42% ± 2.74%, n = 15 diabetes vs
2.21% ± 0.63%, n = 20 control; P < 0.05).

2 mm

B

Expression of GRP78 and caspase-12 proteins
The role of ER stress-mediated apoptosis in the pathophysiology of diabetes and its complications has been
demonstrated recently. However, whether ER stress is
involved in the apoptosis of gastric SMCs in DGP has
not previously been investigated. GRP78 is a key marker
of ER stress, and caspase-12, which is located at the ER,
is activated by excess ER stress and results in cell death
in the absence of the cytochrome c-dependent pathway[21,22]. In the present study, immunohistochemistry
was performed to detect the expression and distribution
of GRP78 and caspase-12 proteins in gastric SMCs. Immunohistochemistry showed that the positive signal of
GRP78 and caspase-12 protein was intense in the cytoplasm (Figures 4 and 5). It was noted that GRP78 protein
expression in diabetic rats was significantly higher than
that in control rats, indicating that the ER stress response
was observed in diabetic gastric SMCs (Figure 6). Caspase-12 protein expression was also increased in diabetic
rats compared with controls (Figure 6), suggesting that
apoptosis of SMCs in diabetic rats is at least partly in-

2 mm

Figure 2 Gastric smooth muscle cells examined under a transmission
electron microscope (TEM, original magnification × 10000). A: Control
group: No alterations in ER were observed (white arrow); B: Diabetic group:
Swollen and distended endoplasmic reticulum with an irregular shape was observed in diabetic rats (white arrow).

2, gastric SMCs in diabetic rats exhibited swollen and
distended ER with an irregular shape. Other ultrastructural abnormalities included swollen, degenerated mitochondria with a loss of cristae. No abnormalities were
observed in the control rats.
Apoptosis
Excess apoptosis is the underlying cause of cell loss in
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Figure 4 Immunohistochemical staining of glucose-regulated protein 78 protein in gastric smooth muscle cells of diabetic and control rats. A: Negative
staining control. B: Control group. C: Diabetic group. DAB staining, light microscopy, original magnification × 200.

A

B

C

Figure 5 Immunohistochemical staining of caspase-12 protein in gastric smooth muscle cells of diabetic and control rats. A: Negative staining control. B:
Control group. C: Diabetic group. DAB staining, light microscopy, original magnification × 200.

duced by ER stress.

rats with DGP, and the ultrastructural changes in gastric
SMCs were investigated by TEM. The results showed
swollen, distended ER and mitochondrial lesions in gastric SMCs of diabetic rats. These results further demonstrate injury of gastric SMCs in diabetic rats.
A body of evidence is emerging to show that apoptotic
cell death occurs in multiple target organs in diabetes, and
thus leads to organ dysfunction. Microvascular damage is
considered to be related to complications of diabetes, and
vascular endothelial cell apoptosis has been the focus of
research in deciphering molecular mechanisms of microangiopathy[30]. Diabetes increases the number of apoptotic
myocardial cells, which have an important role in diabetic
cardiomyopathy onset and progression[31]. Apoptosis participates in the loss of renal glomerular parenchymal cells
and the course of diabetic nephropathy[32]. Hyperglycemia
also induces apoptotic changes in dorsal root ganglion
neurons, Schwann cells, and peripheral neuronal apoptosis
is thought to be involved in diabetic retinopathy[33,34]. In
the present report, we attempted to investigate apoptosis
of gastric SMCs in a diabetic rat model of gastroparesis.
This has not previously been reported. The results obtained from this study demonstrate that increased apoptosis occurs in diabetic gastric SMCs. Increased apoptosis
of gastric SMCs can reduce the number of gastric SMCs,

DISCUSSION
Delayed gastric emptying can be due to muscular, neural, or humoral abnormalities[23,24]. Damage to the vagus
nerve and humoral abnormalities dominate the causes of
DGP[25]. Little attention has been paid to the muscular
effect in the development of delayed gastric emptying.
The stomach is a hollow organ composed primarily of
muscle. Food emptied from the stomach is the result of
a combination of relaxation of the muscle and the pressure generated by the muscle that pushes the food into
the small intestine. Abnormal changes in smooth muscle
have previously been investigated in DGP. Studies on
DGP have shown that gastroparesis is associated with abnormal contractility alterations, impaired noncholinergic
relaxation and spontaneous rhythmic motility in gastric
smooth muscle[6,26]. Histological examination of gastric
biopsies obtained from patients with DGP revealed degeneration and increased fibrosis in the muscle layers[27,28].
Another study showed that the ultrastructural changes
in gastric smooth muscle of diabetic patients included
lipofuscin and thickened basal lamina[29]. In the present
study, we primarily focused on gastric smooth muscle in
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25

a

Control group

RNA-activated kinase (PKR)-like ER kinase (PERK). On
accumulation of unfolded proteins, ER resident chaperones, such as GRP78, are up-regulated. GRP78 dissociates from the three receptors, which leads to their activation and triggers the UPR. A previous study established
that induction of GRP78 is a marker of ER stress[21]. The
present study showed, for the first time, that expression
of GRP78 protein was increased in gastric SMCs in diabetic rats, further suggesting that ER stress was induced
in gastric SMCs of diabetic animals. However, if stress
continues and restoring response fails, the apoptotic
response is consequently triggered. Most proapoptotic
signals ultimately lead to caspase activation. Of these,
caspase-12 is believed to play a central role in the initiation of ER stress-induced cell death in the mouse model,
and is essential for the mitochondrial death pathway to
take place[37,38]. Nakagawa et al[20] proposed that caspase-12
mediates an ER-specific apoptosis pathway. Research also
demonstrated that mice deficient in caspase-12 were resistant to ER stress-induced apoptosis. The result of the
present study showed, for the first time, that the expression of caspase-12 protein is increased in diabetic gastric
SMCs, which is consistent with the increased number of
apoptotic cells, thus suggesting that ER stress-induced
apoptosis occurs in gastric SMCs of diabetic rats with
gastroparesis.
In conclusion, this study provides a new insight into
the mechanisms required for the development of DGP.
The gastric muscle injury caused by ER stress in rats with
DGP was explored in the present study. Although the
precise mechanism of action of gastric SMCs has not yet
been elucidated, the results presented here demonstrate
that apoptosis of gastric SMCs was increased in rats with
DGP. These results further support the hypothesis that
ER stress was enhanced in gastric SMCs of diabetic rats
and apoptosis of gastric SMCs in diabetic rats was, at
least partly, induced by ER stress, which suggests that
ER stress and/or ER stress-induced apoptosis are likely
to participate in the development of DGP. However,
the signal transduction of ER stress was not explored in
this research. It would be interesting to determine what
induces ER stress in diabetic gastric SMCs, thus further
studies are needed to better characterize the role of ER
stress and ER stress-induced apoptosis in the development of DGP.
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Figure 6 Comparison of the expression of glucose-regulated protein
78 and caspase-12 proteins in gastric smooth muscle cells between the
diabetic and control groups. Glucose-regulated protein 78 and caspase-12
protein expression was semiquantiﬁed by immunohistochemistry as shown in
the Methods section. Results are expressed as mean ± SE. aP < 0.05 vs the
control group.

and this smooth muscle cell loss suggestive of gastric
muscle injury is consistent with the diagnosis of gastroparesis with documented delayed gastric emptying and most
importantly, indicates that gastric SMC apoptosis may be
involved in the pathogenesis of DGP.
Apoptotic cell death is usually a response to the cell
microenvironment. Glucose is one of the microenvironmental factors which may induce apoptosis. A previous
study showed that apoptosis observed in diabetic rats was
not caused by STZ per se and further demonstrated that
apoptosis is directly related to high levels of glucose[35].
Theoretically, hyperglycemia causes abnormalities in
calcium homeostasis. Furthermore, it promotes excessive production and release of reactive oxygen species,
which induce oxidative stress and lead to abnormal gene
expression, faulty signal transduction and ER stress. It
is well established that prolonged ER stress can lead to
cell apoptosis. Accumulating evidence suggests that ER
stress and/or ER stress-induced apoptosis play a role in
the pathogenesis of diabetes and its complications[18,36].
Moreover, abnormal morphological changes including
dilated and swollen ER were observed in gastric SMCs
of diabetic rats, which suggest that ER stress is induced
in diabetic rats. This structural injury may be comes along
with functional changes. In the present research, we further explored whether ER stress associated with apoptosis in gastric SMCs of diabetic rats.
The ER provides a unique oxidizing compartment
for the folding of membrane and secretory proteins. It is
extremely sensitive to a variety of different stimuli, and
signals are transduced from the ER to the cytoplasm and
the nucleus, eventually resulting in adaptation for survival
or induction of apoptosis. In response, “unfolded protein
response” (UPR) genes are induced, increasing the capacity to fold proteins[18]. The UPR is regulated by three ER
transmembrane receptors which mediate signal transduction: inositol requiring ER-to-nucleus signal kinase
1, activating transcription factor 6, and double-stranded
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multiple diseases. An increasing number of studies have demonstrated that ER
stress and/or ER stress-induced apoptosis have an important role in the pathogenesis of diabetes mellitus and its complications.
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muscle injury in diabetic gastroparesis.
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type 1 diabetes or type 2 diabetes.
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CONCLUSION: PGJI is a safe, radical surgical method
for proximal gastric cancer and leads to better outcomes in terms of the single-meal food intake and hemoglobin level, compared with TGRY in the short term.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Roux-en-Y anastomosis
Core tip: For proximal gastric cancer, total gastrectomy
is widely accepted because of the lower incidence of
reflux esophagitis. However, the continuity of the digestive tract, food storage and nutritional status should
be considered after radical surgery for proximal gastric
cancer. We conducted this study to compare proximal
gastrectomy with jejunal interposition (PGJI) and total
gastrectomy with Roux-en-Y anastomosis (TGRY) for
proximal gastric cancer. Based on our two-year followup, the single-meal food intake in the PGJI group was
more than that in the TGRY group, and the hemoglobin
level was well maintained in the PGJI group. The twoyear survival rate was not significantly different.

Abstract
AIM: To compare the short-term outcomes of patients
who underwent proximal gastrectomy with jejunal interposition (PGJI) with those undergoing total gastrectomy with Roux-en-Y anastomosis (TGRY).
METHODS: From January 2009 to January 2011, thirty-five patients underwent PGJI, and forty-one patients
underwent TGRY. The surgical efficacy and short-term
follow-up outcomes were compared between the two
groups.

Zhao P, Xiao SM, Tang LC, Ding Z, Zhou X, Chen XD. Proximal gastrectomy with jejunal interposition and TGRY anastomosis for proximal gastric cancer. World J Gastroenterol 2014;
20(25): 8268-8273 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i25/8268.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8268

RESULTS: There were no differences in the demographic
and clinicopathological characteristics. The mean operation duration and postoperative hospital stay in the
PGJI group were statistically longer than those in the
TGRY group (P = 0.00). No anastomosis leakage was
observed in two groups. No statistically significant difference was found in endoscopic findings, Visick grade
or serum albumin level. The single-meal food intake in
the PGJI group was more than that in the TGRY group (P
= 0.00). The PG group showed significantly better hemoglobin levels in the second year (P = 0.02). The twoyear survival rate was not significantly different (PGJI vs
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INTRODUCTION
Gastric cancer is estimated to be the fourth most common cancer and the second most frequent cause of
cancer death in the world[1]. In both Western and Asian
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countries, the incidence of cancer in the upper third of
the stomach has been increasing recently[2-5]. Proximal
gastrectomy with gastroesophagectomy (PGGE) and total gastrectomy with Roux-en-Y anastomosis (TGRY) are
the most common surgical approaches for cancer located
in the upper third of the stomach[6-12]. As a function-preserving operation, PGGE can retain the distal stomach,
but a high incidence of reflux esophagitis is observed by
endoscopic examination[13-16]. TGRY can reduce the incidence of reflux esophagitis but is associated with postoperative dumping syndrome and poor food intake[17-19].
However, the continuity of the digestive tract, food
storage and nutritional status should be considered after
radical surgery for proximal gastric cancer. A sphinctersubstituting reconstruction called jejunal interposition
after proximal gastrectomy has been reported in certain
studies[13,20-27]. Theoretically, this modified surgical method
can minimize reflux symptoms and improve food intake
compared with the two above-mentioned surgical methods. However, these reports differ in their conclusions.
We conducted this study to compare proximal gastrectomy with jejunal interposition (PGJI) to TGRY in terms
of surgical duration, surgical complications, postoperative
hospital stay, Visick grade, food intake, endoscopic findings, and nutrition status.

A
B

C

Figure 1 Jejunal interposition reconstruction after proximal gastrectomy.
A: Interposed jejunum; B: Remnant stomach; C: Distal jejunum.

transected at least 5 cm from the lower edge of the tumor, and the esophagus was transected 3-4 cm from the
cardia. Concurrently, the D2 lymph nodes, which were
defined in the AJCC cancer staging guidelines, were dissected. After the jejunum was divided 30 cm distal to the
ligament of Treitz, the distal jejunum was placed posterior to the transverse colon. An end-to-side anastomosis
was performed. One 25 mm circular stapler was used for
the esophagojejunostomy, and one 100 mm closure was
used for the jejunal stump. The side-to-side gastrojejunostomy was performed 20 cm distal from the esophagojejunostomy site. The end-to-side jejunojejunostomy was
performed 20-30 cm distal to the gastrojejunostomy site.
Two 25 mm circular staplers and two 100 mm closures
were used for the gastrojejunostomy and jejunojejunostomy (Figure 1).

MATERIALS AND METHODS
Patient indications
The patients’ indications were as follows: (1) tumors of
all patients must be located in the upper third of the
stomach; (2) clinically staged as T1-2N0M0; (3) estimated
to have more than half of the stomach remained; and (4)
be voluntary and sign an informed consent form.

TG: After the total gastrectomy and the D2 lymph node
dissection were completed, the jejunum was transected
30 cm distal to the ligament of Treitz and placed posterior to the transverse colon. Esophagojejunostomy with
one 25 mm circular stapler and one 100 mm closure was
performed. Jejunojejunostomy with one 25 mm circular
stapler and one 100 mm closure was performed 50-60 cm
distal from the anastomosis site (Figure 2).

Study design
Seventy-six patients were included in our study between
January 2009 and January 2011 in our department. All
patients had to undergo electronic gastroscopy, a gastrointestinal barium meal, computed tomography and
a histopathological examination before the operation.
Based on the admission time, these patients were semirandomly classified into two groups: PGJI and TGRY.
No organ was subjected to a combined resection such as
splenectomy and cholecystectomy in our study. All the
patients underwent R0 resection, and tumor rupture was
not apparent during the surgery. The lower edge of the
tumor was at least 5 cm. The resected specimens in our
study were classified according to the AJCC cancer staging guidelines (7th ed)[28]. In this study, 35 patients underwent PGJI, and 41 patients underwent TGRY. The characteristics of these patients, such as gender, age, surgical
duration, pathological stage, common complications,
hospital stay and outcomes of follow-up were collected.
The study obtained IRB approval.

Statistical analysis
The SPSS 19.0 statistical package was used to perform
all statistical analyses. All data are presented as mean and
standard deviation. For categorical variables, Pearson’s χ 2
test and Fisher’s exact test were used. For continuous variables,
Student’s t-test was used. A P value less than 0.05 was considered significant.

RESULTS
The patient characteristics are listed in Table 1. Seventysix patients with gastric cancer were included in our
study. In the PGJI group, the median patient age was
56.97 years, and there were 22 men and 13 women; in the
TGRY group, the median patient age was 56.19 years, and
there were 30 men and 11 women. There was no signifi-

Surgical procedures
PGJI: For the proximal gastrectomy, the stomach was
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Table 2 Endoscopic findings in the sixth month after surgery

Refluxesophagitis
Anastomotic inflammation
Anastomotic ulcer

A

PGJI
(n = 31)

TGRY
(n = 40)

P value

2
20
1

2
23
0

0.59
0.56

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal
gastrectomy with jejunal interposition.

B

Table 3 Visick grade after operation
PGJI

Figure 2 Total gastrectomy with Roux-en-Y anastomosis. A: Roux jejunum;
B: Duodenal stump.

The time of discharge (n = 76)

Table 1 Characteristics of the patients
Characteristic

Age (yr)
Gender (M/F)
Surgical duration(min)
Lymph nodes dissected
Anastomosis leakage
Surgical site infection
Postoperative hemorrhage
Hospital stay (d)
Histological grade (n)
G1/G2 (differentiated)
G3/G4 (undifferentiated)
Pathological T factor
pT1
pT2
pT3
pT4
Pathological N factor
pN0
pN1
pN2
pN3
Pathological stage
ⅠA
ⅠB
ⅡA/ⅡB
ⅢA

The sixth month after surgery (n = 71)

Total gastrectomy P
Proximal
gastrectomy with with Roux-en-Y value
anastomosis
jejunal interposition
(n = 41)
(n = 35)
57.26 ± 9.71
22:13
205.08 ± 7.60
29.80 ± 3.85
0
0
0
17.31 ± 1.39

56.19 ± 11.42
30:11
152.73 ± 7.16
31.12 ± 4.40
0
0
0
16.39 ± 1.22

14
21

13
28

10
7
17
1

14
6
20
1

28
6
1
0

32
9
0
0

10
3
20
2

14
1
25
1

19
14
1
1
24
6
1
0

TGRY P value
23
15
3
0
25
9
5
1

0.58

0.36

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal
gastrectomy with jejunal interposition.

0.67
0.34
0.00
0.16

patients completed endoscopic examinations in the PGJI
group, and 40 patients completed endoscopic examinations in the TGRY group. Reflux esophagitis was found
in two PGJI patients, and in two TGRY patients. The difference was not statistically significant (P = 0.59). Anastomotic inflammation was found in 20 PGJI patients and in
23 TGRY patients. However, no obvious symptoms were
found in any group, and the difference was not statistically significant (P = 0.56). One PGJI patient was found
to have an anastomotic ulcer and cured by administration
of a proton pump inhibitor for four weeks (Table 2). The
Visick grading system was used to evaluate the postoperative quality of life; these outcomes are listed in Table 3.
The difference was not statistically significant (P = 0.58;
P = 0.36).
In the twelfth month after surgery, the single meal
food intake of 28 PGJI patients and 20 TGRY patients
was same as before surgery, and the difference was significant, with a P value of 0.00 (Table 4). With respect
to the postoperative indicators of nutritional status, the
hemoglobin and serum albumin levels sharply decreased,
and then gradually increased during the second year after
the surgery. In the second year after surgery, the difference in the hemoglobin levels was statistically significant.
The difference in the serum albumin levels was not statistically significant during the two-year follow-up (Table 5).
Seventy-one patients completed the follow-up. Two
patients died from retroperitoneal metastasis in the PGJI
group. One patient died from liver metastasis, one patient
from retroperitoneal metastasis and one patient from
malnutrition in the TGRY group. The 2-year survival rate
was not statistically significant (PGJI vs TGRY: 93.55% vs
92.5%; P = 1.0).

0.003
0.45

0.92

0.45

0.55

cant difference between the PGJI group and the TGRY
group in age or sex. The mean surgical duration was
significantly longer in the PGJI group (PGJI vs TGRY:
205.08 min vs 152.73 min; P = 0.00). No differences were
observed between the two groups for lymph nodes dissected (PGJI vs TGRY: 29.80 vs 31.12; P = 0.16), histological grade (P = 0.45) or pathological stage (P = 0.92).
Anastomosis leakage was not found in the two groups.
There was a marked difference in the hospital stay (from
the first day in the hospital to discharge) between the
PGJI group and the TGRY group (PGJI vs TGRY: 17.31
vs 16.39; P = 0.003).
At approximately the sixth month after surgery, 31

WJG|www.wjgnet.com
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Table 4 Number of meals per day in the twelfth month after
surgery
Number of meals per day
3
4
5

N (TGRY)

N (PGJI)

P value

20
17
3

28
3
0

0.00

Table 5 Postoperative indicators of nutritional status

Hemoglobin level (g/L)
Preoperation
Discharge
One year after surgery
Two years after surgery
Serum albumin level (g/L)
Preoperation
Discharge
One year after surgery
Two years after surgery

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal
gastrectomy with jejunal interposition.

DISCUSSION
Proximal gastrectomy and total gastrectomy were the
common surgical approaches for proximal gastric cancer[6-9]. Proximal gastrectomy maintains the upper digestive function but cannot prevent gastroesophageal
reflux due to absence of the cardia. Total gastrectomy
can reduce reflux after the entire stomach dissection but
changes the upper digestive function. Bloating, anemia,
dumping syndrome and malnutrition are often found in
these patients[29,30]. Therefore, both proximal gastrectomy
and total gastrectomy are not ideal surgical approaches
for cancer in the upper third of the stomach. Theoretically, maximizing the retention of the stomach with a
radical dissection is the best surgical approach. In this
sense, PGJI should be the best surgical approach because
the distal stomach is retained to maintain the normal digestive function and the jejunal interposition substitutes
for the cardiac sphincter and reduces gastroesophageal
reflux. However, it remains controversial whether PGJI
provides a better outcome compared with total gastrectomy[20,22,31]. We conducted this comparative study to
clarify whether PGJI is better than total gastrectomy for
proximal gastric cancer.
In our study, all patients were from a single institution
and all operations were performed by a specialized gastric
surgeon who had over 10 years of experience in gastric
surgery. This study design standardized our surgical procedure and avoided operation-derived error. Theoretically, because one additional gastrojejunostomy is required
to be performed, the surgical duration of PGJI should
be longer than that of TG. In the present study, the PGJI
had a longer surgical duration than the TGRY. At the
same time, no patient died from surgical complications in
any group. However, TG was better than PGJI in terms
of the postoperative hospital stay.
Compared to PG with gastroesophagectomy, TG
has lower incidence of reflux esophagitis[30,32]. The interposed jejunum is similar to the Roux jejunum with
respect to the cardiac sphincter function for preventing
food regurgitation. Related research has also confirmed
that PGJI improves reflux esophagitis, compared with
esophagogastrostomy[13,33]. In the present study, the incidence of reflux esophagitis in the PGJI group was 6.5%.
The reported reflux esophagitis incidence of 1.7%-5.0%
is lower than our result[13,20,33]. This difference might be
caused by the length of the interposed jejunum. In our
study, the length was 20 cm, which is longer than the re-

WJG|www.wjgnet.com

TRGY

PGJI

P value

122.75 ± 18.74
107.95 ± 10.67
111.28 ± 10.75
118.10 ± 10.08

122.23 ± 19.98
102.96 ± 12.92
114.35 ± 10.24
123.23 ± 7.73

0.91
0.08
0.23
0.02

37.57 ± 2.36
31.72 ± 2.40
36.70 ± 6.94
39.84 ± 6.23

35.06 ± 2.22
31.63 ± 2.12
38.12 ± 3.02
41.10 ± 3.18

0.75
0.12
0.10
0.45

TGRY: Total gastrectomy with Roux-en-Y anastomosis; PGJI: Proximal
gastrectomy with jejunal interposition.

ported data. Theoretically, longer interposed jejunum can
reduce the incidence of reflux esophagitis. However, the
clinical result is not comparable to our anticipation. The
limited sample size in our study might be an important
reason for this mismatched result. Nozaki and Namikawa
reported that the incidence of reflux esophagitis does
not significantly differ between the PGJI and TGRY
groups[20,34]. This result was also obtained in our study.
Most of the PGJI patients and half of the TGRY
patients can eat three times per day in the twelfth month
after surgery. The difference was statistically significant.
The function-preserving operation retained the distal
stomach, increased the single-meal food intake, reduced
the number of meals and improved the quality of life. Serum vitamin B12 is the most important factor for maintaining the hemoglobin level and was significantly poorer
in the TGRY group than in the PGJI group[29,35,36]. In our
study, the hemoglobin level difference was statistically
significant in the second year. In the second year, six patients with macrocytic anemia were found in the TGRY
group, and two patients with macrocytic anemia were
found in the PGJI group. The difference was possibly
more obvious during a longer follow-up term. Moreover,
the Visick grade and two-year survival rate did not differ between the two groups. However, we recognize the
limitations of the sample size in the present study, and
the follow-up time is insufficient to clarify the long-term
quality of life and overall survival.
In conclusion, PGJI can be performed as safely as
TGRY and should be recommended because it achieves
better food intake in the early period and the same survival rate. Further follow-up is necessary to confirm the
long-term quality of life and overall survival of PGJI
patients.
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RESULTS: A total of 420 patients from 4 cohort studies were included in final analysis. Patients undergoing
laparoscopic procedures had statistically less blood loss
compared to the open cohort, SMD of -1.01 (95%CI:
-1.23-0.79), P < 0.001, with a reduced risk of transfusion, RR = 0.19 (95%CI: 0.09-0.38), P < 0.001. A wider clearance at tumour resection margins was achieved
following a laparoscopic approach, SMD of 0.34 (95%CI:
0.08-0.60), P = 0.011. No significant difference was
noted between laparoscopic and open resection operative times, SMD of -0.15 (95%CI: 0.35-0.05), P =
0.142. The overall RR of suffering from postoperative
morbidity is 0.25 in favour of the open surgery cohort
(95%CI: 0.17-0.37), P < 0.001. Patients under-going
laparoscopic surgery had significantly shorter length of
stays in hospital compared to the open cohort, SMD of
-0.53 (95%CI: -0.73 to -0.32), P < 0.001.
CONCLUSION: This review suggests that laparoscopic
resection of hepatocellular carcinoma in patients with
cirrhosis is safe and may provide improved patient outcomes when compared to the open technique.

Abstract
AIM: To review the currently available literature comparing laparoscopic to open resection of hepatocellular
carcinoma (HCC) in patients with known liver cirrhosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Laparoscopic; Hepatocellular carcinoma;
Cirrhosis; Hepatic resection; Surgery; Hepatobiliary;
Surgical oncology

METHODS: A literature search of MEDLINE, EMBASE,
and Cochrane databases was conducted. The search
terms used included (laparoscopic OR laparoscopy)
AND (hepatic or liver) AND (surgery or resection)
AND “hepatocellular carcinoma” AND (cirrhosis or cirrhotic). Furthermore, to widen the search, we also
used the “related articles” section. Studies reporting
a comparison of outcomes and methods of open vs
laparoscopic hepatic resection for HCC in patients with
liver cirrhosis were included. Meta-analysis of results
was performed using a random effects model to compute relative risk (RR) and for dichotomous variables
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Core tip: Laparoscopic surgery is now considered the
gold standard for the majority of surgical procedures.
Minimally invasive surgery in oncological cases has
been shown to provide enhanced recovery and overall better outcomes compared to an open approach.
Although slower to be implemented, laparoscopic
hepatic surgery is now considered safe and, in many
situations, better than an open technique. Cirrhotic
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fection or pleural effusion, transient encephalopathy,
kidney failure, portal vein thrombosis, hernias and upper gastrointestinal bleeding[17,18]. Risks can also be related to systemic changes related to poor hepatic function and cirrhosis, such as intraoperative haemorrhage
due to primary haemostasis dysfunction[19] as well as the
increased incidence of oesophageal varices[20], resulting
in a potentially high risk of intraoperative blood loss.
These factors have led to surgeons developing meticulous selection criteria for patients suitable for hepatic
resection in the context of cirrhosis. For a number of
years there has been a general consensus amongst physicians that patients with a Childs-Pugh classification
of C should not have any elective surgical procedures
performed due to the high mortality risk[21]. In a recent
study by Neeff and colleagues it was noted that patients
with cirrhosis had 10%, 17% and 63% mortality rates
for Childs-Pugh classification A, B and C respectively[22].
As such, it remains at present unclear whether laparoscopic surgery is of benefit to patient outcomes following resection[23].
Laparoscopic surgery for hepatic procedures has
been slow to develop. Initially introduced for staging
procedures, it has now been implemented for uncomplicated liver resections in HCC. When compared to open
procedures, studies have suggested that laparoscopic
procedures result in reduced intraoperative blood loss[24]
and thus reduced need for blood transfusions[25]. Moreover, reduced operative time[26] have been noted in laparoscopic cohorts with wider tumour resection margins[27]
when compared to open resection. Postoperatively, lower
morbidity rates also resulted in lower length of stays in
hospitals in laparoscopic resection when compared to
open procedures[25]. Differences in long-term outcomes
have yet to be evaluated[28,29].
Whether this applies to the more complex group of
patients suffering additionally from cirrhosis, however,
is unclear. In the context of the known, and significant, additional risks of hepatic resection in cirrhosis,
it would be inappropriate to assume such data could be
extrapolated.
The aim of this study, therefore, was to review the
currently available data comparing laparoscopic (LR)
vs open liver resections (OR) for HCC in patients with
known cirrhosis.

livers have always been considered technically difficult
to approach surgically. This review suggests that not
only is laparoscopic surgery for patients with hepatocellular carcinoma and known known cirrhosis safe, it
may have improved outcomes compared to the open
technique.
Twaij A, Pucher PH, Sodergren MH, Gall T, Darzi A, Jiao LR.
Laparoscopic vs open approach to resection of hepatocellular
carcinoma in patients with known cirrhosis: Systematic review and
meta-analysis. World J Gastroenterol 2014; 20(25): 8274-8281
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i25/8274.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8274

INTRODUCTION
The introduction and development of laparoscopic surgery has had an immense impact on outcomes in surgery
since the first laparoscopic cholecystectomy performed
in 1985[1]. Since its introduction, laparoscopy is now
regularly used in the majority of elective and emergency
surgical procedures. Laparoscopic techniques have gone
through a slower rate of uptake for oncological procedures, but are now commonly used in gastrointestinal
cancer surgery, particularly for bowel resections [2-5].
However, the use of laparoscopy in hepatic surgery is
not yet widely established.
Hepatocellular carcinoma (HCC) is the most common primary cancer of the liver and the 5 th and 8 th
most prevalent cancer worldwide in males and females
respectively[6]. The incidence of HCC has been on the
rise and is associated with an increase in hepatitis B or
C-associated cirrhosis[7]. Approximately 80% of patients
with HCC develop the tumour from such chronic liver
diseases[8]. The incidence of HCC in cirrhotic patients
varies from between 0.2%-8.0% per year depending on
the cause of cirrhosis[9]. Mortality rate of HCC associated with liver cirrhosis is rising in developed countries
with HCC now being a major cause of death in patients
with compensated cirrhosis[10]. European cohort studies
have suggested that HCC is responsible for 54%[11] to
70%[12] of deaths in patients who died of a liver related
cause with compensated cirrhosis.
Patients suffering from liver cirrhosis complicated
with HCC often have a narrow range of treatment options. Liver transplantation is potentially curative, yet,
due to various limitations such as continued alcohol
abuse associated with this patient cohort, as well donor
availability and patient age, often limited in its application[13] . Liver resection is an alternative option and is
now widely accepted as a potentially curative treatment
for patients with HCC[14].
However, liver resection for cancer complicated by
cirrhosis is not without risks[15,16]. Patients suffering from
cirrhosis are at increased risk of developing significant
postoperative complications including ascites, lung in-
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MATERIALS AND METHODS
A systematic review was performed according to criteria
were defined by the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement[30].
Literature search
A review of the literature was performed using MEDLINE and EMBASE databases as well as the Cochrane
Library up to August 2013, without restriction on language or region. The search terms used included (laparoscopic OR laparoscopy) AND (hepatic or liver) AND
(surgery or resection) AND “hepatocellular carcinoma”
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Citations following database search n = 435

Studies excluded following de-duplication n = 215

Citations identified for screening n = 220

Studies rejected after applying exclusion criteria n = 188

Studies retrieved n = 32

Studies rejected after applying inclusion criteria n = 25

Studies for further review n = 7

Studies rejected (duplicate study or on further
assessment did not meet inclusion criteria) n = 3

Studies included n = 4

Figure 1 Flow chart illustrating summary of literature search results.

AND (cirrhosis or cirrhotic). Furthermore, to widen the
search, we also used the “related articles” section.
Titles and abstracts were reviewed and candidate
articles identified. These were then retrieved for fulltext review and final inclusion of articles according to
predefined criteria. The search was conducted by two
independent researchers (AT and PP), any differences
were resolved by consensus.

RESULTS
Search results
Following the database search 435 results were produced
and following de-duplication, were narrowed down to
220 articles (Figure 1). Following article selection according to criteria as described, this resulted in final inclusion of 4 comparative cohort studies. These included
a total of 420 patients (LR = 150, OR = 270). There
were no significant differences in patient demographics
between groups (Table 1). All studies were single centre
retrospective cohort studies with 3 out of 4 being case
matched studies. Cases were matched according to liver
function tests, demographics, tumour and intraoperative
technicalities. The majority of patients in both the LR
and OR groups were classified as Child-Pugh class A,
with the remainder being class B (88.7% and 90.7% of
patients were Child-Pugh class A in the LR and OR cohorts respectively). Both cohorts, open vs laparoscopic,
in all studies were performed by the same institution and
same surgical teams.
The risk of bias was assessed using a modified Newcastle-Ottawa scale (NOS)[31] for assessing the quality of
non-randomised studies and is demonstrated in Table 2.
The overall quality of the studies included was of good
quality, the NOS scores varied between 7 and 8 out of
9. An important factor to note is due to uncontrollable
intraoperative complications, each study had a small
portion of laparoscopic procedures converted to open,
ranging from 7% (Belli[32]) to 19.4% (Truant[33]).
The criteria for resectability included radiographic
absence of extrahepatic involvement, anatomically suitable disease as well as lack of thrombus in the portal

Inclusion and exclusion criteria
All published articles reporting a comparison of outcomes and methods of open vs laparoscopic hepatic
resection for HCC in patients with known cirrhosis were
included. Studies reporting outcomes in non-cirrhotic
patients or patients with chronic liver disease and unproven cirrhosis were excluded. Furthermore, published
abstracts were excluded from the review.
Statistical analysis
Outcome measures assessed included both perioperative and postoperative outcomes. Perioperative measures
included operating time, blood loss volume, requirement
of transfusions, and histological tumour margins. Postoperative measures included morbidity and mortality
rates, length of stay in hospital, and long-term survival
rates and disease free survival.
Meta-analysis of results was performed using a random effects model to compute relative risk (RR) and
95%CI for dichotomous variables and standard mean
differences (SMD) for continuous variables, using Stata
12 (StataCorp, College Station, TX). I2 test was used to
assess data heterogeneity; all cases a p value of less than
0.05 was deemed statistically significant.
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Table 1 Summary of characteristics of included studies
Study

Study type

Kanazawa et al[18]
Cheung et al[23]

Truant et al[33]

Belli et al[32]

Procedure

n

n

Age (lap)

Age (open)
(yr)

M:F
(lap)

M:F
(open)

28

28

69 (40-85)

68 (47-78)

16:12

17:11

10.7%

20:8

21:7

32

64

59.5(39-79)

61(29-82)

22:10

50:14

18.8%

32:0

62:4

36

53

60.6 +/- 10.2 63.3 +/- 7.6

31:5

47:6

19.4%

A only

A only

54

125

63.3 +/- 6.1

31:23

78:47

7%

49:5

117:8

(LR) (OR)

Cohort com- Single or mulparison
tiple resection
Cohort with Single resection
case-matched
controls
Cohort with Single or mulcase-matched tiple resection
controls
Cohort com- Single or mulparison
tiple resection

61.5 +/- 7.8

Conversion CP A:B CP A:B ratio
to open
ratio (lap)
(open)

LR: Laparoscopic resection; OR: Open resection; CP: Childs-Pugh.

Table 2 Risk of bias using the Newcastle-Ottawa Scale
Study

Selection

Comparability

Representativeness of
exposed cohort

Selection of
non-exposed
cohort

Exposure

Outcome of
interest not
present at start

Kanazawa et al[18]

Truly representative

Same

Yes

Cheung et al[23]

Truly representative

Same

Truant et al[33]

Truly representative

Same

Surgical
records
Surgical
records
Surgical
records

Belli et al[32]

Truly representative

Same

Surgical
records

Yes

Yes
Yes

No restrictions,
not matched
No restrictions,
matched
Restricted to
subcapsular
tumours located
in the anterior
or lateral segments Ⅱ-Ⅵ,
matched
Restricted in
exophytic or
subcapsular
tumours, no
matching

Record linkage
Record linkage
Record linkage

5 yr

Unclear

7

5 yr

None

8

5 yr

Unclear

7

Record linkage

3 yr

Unclear

7

Only one study (Belli[32]) reported rates of incomplete
(R1) resection, reporting higher rates in the OR cohort
compared to the LR cohort (8.4% vs 0% in the OR and
LR cohorts respectively, P = 0.057).
Intraoperative blood loss in the LR cohort was significantly less compared to patients undergoing OR (Figure
3) with an overall SMD of -1.01 (95%CI: -1.23-0.79), P
< 0.001 in favour of open, though there was a significant degree of heterogeneity in the data reported by
the included studies (I2 = 96.2%, P < 0.001). Inevitably,
higher rates of blood loss resulted in patients undergoing OR requiring significantly greater rates of transfusion compared to LR (Figure 4), the overall RR was 0.19
(95%CI: 0.09-0.38), P < 0.001, I2 = 0.0% P = 0.845 in
favour of open showing patients undergoing an OR are
more likely to require a transfusion.
There was no statistically significant difference in
operative time comparing the LR and OR techniques
(Figure 5). Nonetheless, the results demonstrated a SMD
of -0.15 in favour of open procedures requiring longer
operative times (95%CI: 0.35-0.05), P = 0.142 with moderate heterogeneity (I2 = 24.2%, P = 0.266).

vein. The studies did not place a limit on tumour size, although initially Belli limited laparoscopic surgery to 5 cm
lesions, which was extended to larger than 5 cm in the
final year of their study[32]. All studies excluded patients
with a Childs-Pugh score of C or greater, except Truant[33] who also excluded Childs-Pugh score of B (Table
1).
Belli limited the laparoscopic procedure to exophytic
or subcapsular tumours localized to the left (Couinaud[34]
segments Ⅱ, Ⅲ, Ⅳb) or peripheral right (segments Ⅴ,
[32]
Ⅵ) segments . Similarly, Truant limited the laparoscopic approach to subcapsular tumours located in the
anterior or lateral segments Ⅱ-Ⅵ[33]. Kanazawa[18] and
Cheung[23] did not state any limitations to tumour location.
Intraoperative outcomes
Intraoperative outcomes were subjected to meta-analysis,
where appropriate. LR results in significantly larger tumour margins compared to OR (Figure 2), with an overall SMD of 0.34 (95%CI: 0.08-0.60), z-stat P = 0.011, in
favour of LR with nil heterogeneity (I2 0.0% P = 0.631).
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Comparability Assessment Follow-up Adequacy of Score
of laparoscopic of outcome
follow-up/
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missing data
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Study

SMD (95%CI)

% weight

Study

SMD (95%CI)

Kanazawa

0.48 (-0.05, 1.01)

24.33

Kanazawa

Cheung

0.18 (-0.25, 0.60)

38.06

Cheung

Truant

0.41 (-0.02, 0.83)

37.61

Overall

0.34 (0.08, 0.60)

-1
Favours open

100.00

-0.09 (-0.61, 0.44)

14.91

0.20 (-0.23, 0.62)

22.64

Truant

-0.24 (-0.66, 0.19)

22.70

Belli

-0.33 (-0.65, -0.01)

39.75

Overall

-0.15 (-0.35, 0.05)

0
1
Favours laparoscopy

-1
0
Favours open

Figure 2 Forest plot comparing tumour margins following open and laparoscopic approaches, standard mean difference with 95%CI, P = 0.011. I2
measure of heterogeneity 0.0%, P = 0.631. SMD: Standard mean differences.
Study

SMD (95%CI)
-1.69 (-2.30, -0.17)

13.26

Cheung

-0.26 (-0.68, 0.17)

27.45

Truant

0.01 (-0.41, 0.43)

27.79

Belli

-2.28 (-2.67, -1.88)

31.50

Overall

-1.01 (-1.23, -0.79)

100.00

-3
-2
Favours open

0.11 (0.01, 1.97)

10.71

Cheung

0.14 (0.01, 2.66)

8.33

Truant

0.50 (0.05, 5.27)

4.76

Belli

0.19 (0.09, 0.41)

76.19

Overall

0.19 (0.09, 0.38)

100.00

Kanazawa

0.15 (0.05, 0.45)

20.83

Cheung

0.17 (0.04, 0.69)

12.50

Truant

0.47 (0.25, 0.90)

19.79

Belli

0.22 (0.13, 0.39)

46.88

Overall

0.25 (0.17, 0.37)

100.00

0.1
Favours open

Study

1
10
Favours laparoscopy

1
10
Favours laparoscopy

SMD (95%CI)

% weight

Kanazawa

-1.13 (-1.69, -0.56)

13.29

Cheung

-0.37 (-0.80, 0.05)

23.22

Truant

-0.73 (-1.17, -0.30)

22.22

Belli

-0.31 (-0.63, 0.01)

Overall

-0.53 (-0.73, -0.32)

-2
-1
Favours open

Figure 4 Forest plot comparing relative risk of blood transfusions following open and laparoscopic approaches, 95%CI, P < 0.001. I2 measure of
heterogeneity 0.0%, P = 0.845.

41.27
100.00

0
1
Favours laparoscopy

Figure 7 Forest plot comparing standard mean difference of length of stay
following open and laparoscopic approaches, with 95%CI, P < 0.001. I2
measure of heterogeneity 59.8%, P = 0.058. SMD: Standard mean differences.

Postoperative outcomes and survival
Postoperatively the OR cohort significantly suffered
from higher morbidity rates compared to the LR cohort
(Figure 6). The overall RR of suffering from postoperative morbidity is 0.25 in favour of the OR cohort (95%CI:
0.17-0.37), P < 0.001, with moderate heterogeneity (I2 =
41.1%, P = 0.165). The increased rates of morbidity and
longer recovery times associated with OR resulted in the
OR cohort having significantly longer in-hospital length
of stays compared to the LR cohort (Figure 7). The
SMD is -0.53 (95%CI -0.73,-0.32), P < 0.001, in favour
of open with substantial heterogeneity (I2 = 59.8%, P =

WJG|www.wjgnet.com

% weight

Figure 6 Forest plot comparing relative risk of post-operative morbidity
following open and laparoscopic approaches, with 95%CI, P < 0.001. I2
measure of heterogeneity 41.1%, P = 0.165.

% weight

Kanazawa

0.01
0.1
Favours open

RR (95%CI)

0.01

Figure 3 Forest plot comparing blood loss following open and laparoscopic approaches, standard mean difference with 95%CI, P < 0.001. I2
measure of heterogeneity 96.2%, P < 0.001. SMD: Standard mean differences.

RR (95%CI)

1
2
Favours laparoscopy

Study

-1
0
1
Favours laparoscopy

Study

100.00

Figure 5 Forest plot comparing standard mean difference of operative
times following open and laparoscopic approaches, with 95%CI, P = 0.142.
I2 measure of heterogeneity 24.2%, P = 0.266. SMD: Standard mean differences.

% weight

Kanazawa

% weight

0.058).
Though the heterogeneity of data reporting precluded meaningful meta-analysis, no statistically significant
difference was reported across all studies with regards to
both long-term survival and disease-free survival in the
LR cohort compared to the OR cohort. Belli and colleagues reported 52% of the LR patients having a 3-year
disease-free survival compared to 50% in the OR cohort
which was not statistically significant[32]. Similarly, Truant and colleagues noted no statistically significant difference in 5-year disease-free survival between the two
cohorts (35.5% vs 33.6% in the laparoscopic and open
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approaches respectively, P = 0.8)[33]. Comparable results
were noted in overall survival rates, Cheung and colleagues noted 76.6% 5-year disease free in the LR cohort
compared to 57.0% in the open cohort (P = 0.142)[23].

this meta-analysis have shown that surgeons performing laparoscopic procedures returned wider histological
tumour margins following resection when compared
to the open approach. Similarly to laparoscopic surgery
resulting in reduced blood loss compared to the open
approach, laparoscopic surgery, through high definition
magnification, may provide easier assessment of affected
tissue and aid the surgeon to resect a tumour-free wide
margin. This can further be aided through the routine
use of laparoscopic ultrasound during laparoscopic
resection[40]. Moreover, reduced blood loss leads to a reduced need for transfusion in the laparoscopic approach
when compared to the open technique. The post-operative recovery appears to be quicker in the LR cohort as
indicated by reduced lengths of stay as well as reduced
morbidity compared to open resection. Not only does
this benefit patient outcomes and recovery, but also benefits healthcare systems economically by reducing the
length of stay and cost of care.
There are limitations to this review which must be
considered. To date, there have only been a small number of studies comparing laparoscopic hepatic resection
for HCC specifically in patients with cirrhosis, with a
lack of randomised trials. Though there was no reported
significant difference in tumour size or patient demographics in the assessed studies, this cannot rule out
the possibility of selection bias. Furthermore, the size
of the cohort samples was relatively small, reducing the
quality of conclusions reached. The quality of the studies included, assessed using the NOS was of moderate
standard. As all studies were nonrandomised cohorts
from single centres, an element of surgeon and selection
bias is possible-affecting the potential generalisability of
results. Further studies, with longer-term follow-up, are
required to assess long-term outcomes and disease free
survival for this patient cohort. Furthermore, the fact
that all included studies were cohort studies, rather than
randomised trials, incurs a risk of selection bias. It is
possible that certain factors, such as a tumour’s anatomic
location, may have influenced the choice of procedure.
However, this was not commented upon by any of the
included studies, which also controlled for other tumourrelated factors such as size and staging to reduce bias
risk.
Although higher quality data is desirable, the currently available data suggests that laparoscopic resection of HCC in cirrhotic patients is safe and potentially
provides better outcomes for patients when compared
to the open approach. In the modern surgical society,
laparoscopic and minimally invasive surgery has become
the gold standard for many surgical procedures. Similar
to other areas of surgery, this review indicates that a
laparoscopic approach to hepatic resection in cirrhotic
patients should be considered as standard care.

DISCUSSION
This review presents a summary and meta-analysis of
intraoperative and postoperative outcomes of patients
with known cirrhosis undergoing resection for HCC,
comparing results for open and laparoscopic approaches.
It suggests that a laparoscopic approach, compared to
open surgery, may result in improved short-term outcomes in the form of wider resection margins, reduced
intraoperative blood loss and need for transfusions, as
well as reduced morbidity rates and shorter lengths of
stay.
Laparoscopic techniques are known to provide reduced surgical trauma compared to open approaches
and is associated with a reduction in postoperative pain,
morbidity and in-hospital length of stay[35]. Laparoscopic
surgery is now common practice for many oncological
resections and has been shown to help with enhanced
post-operative recovery, widened tumour margins and
reduced intraoperative haemorrhage[36].
With the rapid development of surgical procedures
and equipment for laparoscopic hepatic surgery[37], minimally invasive surgery is now common practice for liver
surgery. This study suggests that the advantages of laparoscopy also apply in patients with known cirrhosis.
The progression of laparoscopic hepatic procedures,
it has been suggested, has proceeded at a slower rate
compared to other surgical procedures due to the perceived technical difficulties associated with maintaining
haemostasis at the transection plane[38]. Though the main
indication noted for conversion to open in the studies
reviewed was due to uncontrollable haemorrhage, this
review discounts the belief that a laparoscopic approach
will lead to greater blood loss compared to the open
technique. The meta-analysis presented here demonstrated significantly reduced volumes of blood loss in the
LR cohort compared to open (SMD of -1.01, 95%CI:
-1.23-0.79, P < 0.001). This could possible be related to
the laparoscopic surgery allowing for smaller incisions
to perform the operation, as well as the development of
high-definition laparoscopic devices which allow magnification, enable the surgeons to obtain a decent view for
performing haemostasis[23].
Additionally, due to the complex vasculature, clotting
abnormalities and development of ascites, laparoscopic
resection in cirrhotic livers has taken longer to receive
endorsement by the wider surgical community. This
review, however, suggests that laparoscopic surgery for
HCC in cirrhotic livers is safe. Moreover, it suggests that
laparoscopic procedures may, in fact, also provide oncological benefits compared to open approach. In a recent
study by Shi and colleagues, it was shown that a resection
margin of 2 cm provided better long-term outcomes for
HCC compared to the traditional 1 cm[39]. The results of
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CONCLUSION: Compared with EMR, ESD results in
higher en bloc resection rate and lower local recurrence
rate for the treatment of colorectal tumors, without increasing the procedure-related complications.
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Complication
Core tip: Endoscopic submucosal dissection (ESD) was
originally developed for en bloc resection of lager, flat
gastrointestinal tumors. Compared with endoscopic
mucosal resection (EMR), ESD was considered to be
more time consuming and have more complications for
the treatment of colorectal tumors. This meta-analysis
of six trials shows that compared with EMR, ESD gives
higher en bloc resection rate and lower local recurrence
rate for the treatment of colorectal tumors, without
increasing the procedure-related complications. ESD
should be considered in the endoscopic treatment of
colorectal tumors.

Abstract
AIM: To compare the efficacy and safety of endoscopic
submucosal dissection (ESD) and endoscopic mucosal
resection (EMR) for the treatment of colorectal tumors.
METHODS: Databases, such as PubMed, EMBASE,
Cochrane Library and Science Citation Index updated
to 2013 were searched to include eligible articles. In
the meta-analysis, the main outcome measurements
were the en bloc resection rate, the histological resection rate and the local recurrence rate. Meanwhile, we
also compared the operation time and the incidence of
procedure-related complications.

Wang J, Zhang XH, Ge J, Yang CM, Liu JY, Zhao SL. Endoscopic submucosal dissection vs endoscopic mucosal resection
for colorectal tumors: A meta-analysis. World J Gastroenterol
2014; 20(25): 8282-8287 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i25/8282.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i25.8282

RESULTS: Six trials were identified and a total of 1642
lesions were included. The en bloc resection rate was
higher and the local recurrence rate was lower in the
ESD group compared with the EMR group (OR = 7.94;
95%CI: 3.96-15.91; OR = 0.09; 95%CI: 0.04-0.19).
There was no significant difference in histological resection rate(OR = 1.65; 95%CI: 0.29-9.30) and procedure-related complication rate between the two groups

WJG|www.wjgnet.com

INTRODUCTION
Endoscopic mucosal resection (EMR) is widely accepted
for the treatment of superficial colorectal tumors, be-
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cause of its minimal invasion, low cost, good patients’
tolerance, and better patient quality of life after operation, but large lesions (≥ 2 cm) are hard to be resected
completely[1,2]. Endoscopic submucosal dissection (ESD),
which had a significantly higher rate of en bloc and histological resection, was developed to solve these problems[3].
However, compared with conventional EMR, ESD
has several disadvantages, such as long operation time,
high procedure-related complication rate, and technical
difficulty in the resection of colorectal tumors[4-8].
There is no current consensus on the optimal endoscopic method for the treatment of colorectal tumors.
We conducted a systematic review to compare the efficacy and safety of EMR and ESD for the treatment of
colorectal tumors.

Table 1 Inclusion and exclusion criteria
Inclusion criteria

Case report
Comment
Review
Letter to editor
Insufficient data
Guidelines

ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal
resection.

Potential relevant studies (n = 706)
Colorectal or rectal tumor not
included: excluded (n = 538)

MATERIALS AND METHODS
Data sources and searches
We searched databases including PubMed, EMBASE, the
Cochrane Library, and Science Citation Index updated
to August 2013 to identify related articles in English language that compared EMR and ESD. All bibliographies
were indentified in the reference lists. The searching
terms used were “EMR or endoscopic mucosal resection” and “ESD or endoscopic submucosal dissection”.
Major proceedings of international conferences (such as
Digestive Disease Week, Asian Pacific Digestive Week,
and so on) were also hand-searched.

Potential studies (n = 168) retrieved
for further evaluation
ESD and EMR not compared:
excluded (n = 162)
Studies included (n = 6)

Figure 1 Flow diagram of trial selection.

Review Manager (Version 5.0 for Windows, Cochrane
Collaboration). The weighted mean difference was calculted for continuous data, and the odds ratio (OR) with
95%CI was used for dichotomous data. Statistical heterogeneity between trials was evaluated by the χ 2 test and
was considered to be present at P < 0.1. We also used I2
to assess the heterogeneity. I2 > 50% was considered statistically significant. In the presence of statistical heterogeneity, heterogeneity was explored by subgroup analysis
or a random-effects model. Publication bias was detected
by a funnel plot, and then the symmetry of the funnel
plot was confirmed by the Egger’s test, with a P value of
0.05.

Study selection
The inclusion and exclusion criteria are shown in Table 1.
Data extraction and quality assessment
Data were extracted by one investigator and confirmed
by the other according to a predefined data extraction
form. Disagreements were resolved by consultation with
a third investigator. The following data were collected:
year of publication, first author, country, duration, number of participants and lesions in each group, age, tumor
size and endpoints (en bloc resection rate, histological
resection rate, local recurrence rate, operation time and
complications). The definitions of the endpoints were:
(1) en bloc resection rate - en bloc removal of tumors in one
piece without fragmentation; (2) histological resection
rate - complete resection of tumors with no local tumor
residue in both margin and basal sites; (3) local recurrence
rate - a histological diagnosis of tumor at the resected
site during follow-up; (4) operation time - from marking
to resection of the lesions; and (5) rate of complications
- procedure related bleeding or perforation incidence
during or after the operation. The Newcastle-Ottawa
Scale was used to assess the quality of the included nonrandomized studies.

RESULTS
Study selection
A total of 706 potential studies were retrieved for the
meta-analysis, and 538 were excluded for not including
the colorectal or rectal tumors, and 162 were excluded
because EMR and ESD were not compared. The remaining six eligible studies[9-14] were chosen for further analysis
(Figure 1). A total of 1642 lesions were included in the
meta-analysis, including 776 lesions in the ESD group
and 866 lesions in the EMR group. All of the studies
were respective case-control studies, not randomized
controlled trials (RCTs). The key characteristics of the
studies are listed in Table 2.

Statistical analysis
All data extracted were entered in the freeware program

WJG|www.wjgnet.com

Exclusion criteria

Colorectal tumors diagnosis for every patient has
been confirmed by histology
Comparison of EMR and ESD for the treatment of
colorectal tumors
Written in English
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Table 2 Key characteristics of the included studies
Country

Duration

Patients

Lesions

Mean age (yr)

Tumor size(mm)

Score

Ref.

Japan

2003.1-2006.12

Not mentioned
Not mentioned

******

[10]

Japan

1995.1-2009.12

******

[11]

Japan

2000.1-2009.2

ESD 85
EMR 100
Not mentioned

******

[12]

South Korea

2004.1-2009.11

******

[13]

South Korea

2002.1-2007.12

ESD 28 ± 8
EMR 37 ± 14
ESD 38.8 ± 17.3
EMR 32.2 ± 15.5
ESD 31.6 ± 9.0
EMR 25.5 ± 6.8
ESD 27.1
EMR 25
ESD 28.9 ± 12.7
EPMR 23.5 ± 5.6
EMR 21.7 ± 3.5
ESD 30.6 ± 10.6
ESD-S 26.4 ± 9.9
EMR 20.9 ± 7.9

[9]

2006.4-2009.12

ESD 64 ± 4
EMR 64 ± 11
ESD 66.7 ± 10.7
EMR 67.9 ± 11.3
ESD 64.3 ± 9.2
EMR599 ± 10.6
ESD 65.1
EMR 65.9
ESD 61
EMRP 62
EMR 63
ESD 63.8 ± 11.6
ESD-S 63.2 ± 10.7
EMR 60.1 ± 10.8

******

Japan

ESD 145
EPM 228
ESD 89
EMR 178
ESD 85
EMR 104
ESD 28
EMR 56
ESD 314;
EPMR 69;
EMR 140
ESD 58
ESD-S 57
EMR 91

******

[14]

ESD 303;
EPMR 67;
EMR 135
A total of 203

ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; EPMR: Endoscopic piecemeal mucosal resection.

En bloc resection rate
The en bloc resection rate was reported in five studies[9,11-14].
Because heterogeneity was detected (P = 0.0004; I2 =
80%), a random effect model was applied. The analysis
showed a higher en bloc resection rate in the ESD group
(604/687) than in the EMR group (306/688) (OR = 7.94;
95%CI: 3.96-15.91) (Figure 2A). Based on the result of
the sensitivity analysis, we excluded the study with smallest samples[12], but the heterogeneity could not be eliminated (P = 0.0006; I2 = 83% ).

in all of the studies included. There was heterogeneity
among the studies (P = 0.04, I2 = 58%). We excluded two
studies from Korea[13,14], and eliminated the heterogeneity
(P = 0.15, I2 = 43%). A fixed effect model was applied,
the subsequent analysis showed that there was no statistical difference between the two groups (OR = 1.59;
95%CI: 0.92-2.73) (Figure 2E).
Publication bias
We used the en bloc resection rate as the outcome, and no
publication bias was detected by funnel plot and the Egger’s test (P = 0.217).

Histological resection rate
The histological resection rate was reported in three studies[10,13,14]. A random effect model was applied because of
the heterogeneity (P < 0.00001, I2 = 94%). The analysis
showed no significant difference in histological resection
rate between the ESD group (434/518) and the EMR
group (310/473) (OR = 1.65; 95%CI: 0.29-9.30) (Figure
2B). We ruled out the study from Japan[10], and heterogeneity still existed (P < 0.00001, I2 = 95%).

DISCUSSION
To our knowledge, this meta-analysis is the first to compare the clinical outcomes of ESD vs EMR for the treatment of colorectal tumors. In the present analysis, six
retrospective studies were included, the results confirmed
that, compared with EMR, ESD showed higher en bloc resection rate and lower local recurrence rate. The curative
histological resection rate was similar between the two
groups. Meanwhile, the procedure-related complication
rate was higher in the ESD group. On the other hand,
ESD is more time-consuming because of the complex
procedure and more time is needed to stop the bleeding.
EMR, first developed in Japan, is an endoscopic
technique designed for the removal of sessile or flat
neoplasms confined to the superficial layers (mucosa and
submucosa) of the gastrointestinal tract. For many years,
conventional EMR and surgery have been the only available therapy for large colorectal tumors. EMR is typically
used for removal of lesions smaller than 2 cm or piecemeal removal of larger lesions[15]. But for large lesions,
incomplete resection is common, which can lead to local
recurrence. ESD is a newly developed and epoch-making
method, which has been developed for en bloc removal of
large (usually larger than 2 cm), flat gastrointestinal tract
lesions. The shortcomings of ESD were: more time-consuming, higher rate of procedure related complications
and more costly[16-20].

Local recurrence rate
All of the studies reported the local recurrence after
operation. There was no heterogeneity in the studies (P
= 0.31, I2 = 16%), and a fixed effect model was applied.
The local recurrence rate was higher in the EMR group
(106/832) than in the ESD group (7/712) (OR = 0.09;
95%CI: 0.04-0.19) (Figure 2C).
Operation time
The operation time for ESD vs EMR was reported in
four studies. Only two[9,11] were included in the meta-analysis for the reason that one study provided only median
operation time and the operation time of ESD group
was divided into two parts in the other study. A random
effect model was applied because of the heterogeneity (P
= 0.0007, I2 = 91%). Longer time was needed in the ESD
group than in the EMR group (Figure 2D).
Procedure-related complications
Data for procedure-related complications were reported
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Figure 2 Comparing endoscopic submucosal dissection and endoscopic mucosal resection. A: En bloc resection rate; B: Histological resection rate; C: Local
recurrence rate; D: Procedural time; E: Procedure-related complications. ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection.

The comparison between ESD and EMR in the treatment of colorectal tumor is still controversial. Therefore,
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the two techniques, providing evidence for endoscopic
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specimen, it is developed for en bloc removal of large (usually more than 2 cm),
flat GI tract lesions.

treatment of colorectal tumors. Actually, the meta analysis by Cao et al[21] compared the clinical outcomes of
ESD vs EMR for the treatment of tumors of the gastrointestinal tract, they found that ESD showed better
en bloc and curative resection rates and local recurrence,
but was more time-consuming and had higher rates of
bleeding and perforation complications. Lian et al[22] demonstrated that ESD is more promising in the treatment
of early gastric carcinoma, but it had the disadvantages
of higher complication rates with perforation and bleeding. In view of the present meta-analysis and all available
trials, we suggest that ESD is appropriate to most of the
colorectal lesions, especially the large lesions, as ESD has
a higher en bloc resection rate and lower local recurrence
rate. When we excluded the two studies from Korea, the
heterogeneity was eliminated, the result showed no significant difference between the two groups in complication rate.
There were certain limitations in our analysis. Firstly,
none of the included studies were randomized. This
certainly attenuates the evidence level and value of this
meta-analysis. Secondly, all included studies were from
only two countries, Japan and Korea, so the results need
further confirmation by studies from other countries.
Thirdly, the diameters of colorectal tumors were not uniform across the studies.
In conclusion, based on the findings of our metaanalysis, ESD showed considerable advantages over EMR
for colorectal tumors regarding en bloc resection rate and
local recurrence rate, without increasing the procedurerelated complication rate. The disadvantage of ESD for
the treatment of colorectal tumors was the prolonged
operation time. Yet, more high quality randomized controlled clinical trials in colorectal tumors are needed to
validate the effectiveness of ESD.

Peer review

This article of a meta-analysis of ESD vs EMR for the treatment of colorectal
tumors with interest. ESD for colorectal lesions is still a developing area with a
short history compared to ESD for gastric tumors. Since there is no prospective
study assessing the efficacy of colorectal ESD, a meta-analysis of retrospective
data of EMR and ESD is thus helpful in comparing the two procedures.
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Novel therapy for non-cirrhotic hyperammonemia due to a
spontaneous splenorenal shunt
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The case represents the first report of a successful closure of splenorenal shunt via percutaneous embolization of the splenic vein with an amplatzer plug using a
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Core tip: This is the first reported case of non-portal
hypertension associated hepatic encephalopathy related to a large splenorenal shunt that was successfully
closed percutaneously with an Amplatzer plug applied
to the splenic vein.
Rogal SS, Hu A, Bandi R, Shaikh O. Novel therapy for noncirrhotic hyperammonemia due to a spontaneous splenorenal
shunt. World J Gastroenterol 2014; 20(25): 8288-8291 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i25/8288.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8288

Abstract
Spontaneous splenorenal shunts in the absence of
cirrhosis have rarely been reported as a cause hyperammonemia with encephalopathy. Several closure
techniques of such lesions have been described. Here
we report a case of a patient with no history of liver
disease who developed significant confusion. After an
extensive workup, he was found to have hyperammonemia and encephalopathy due to formation of a
spontaneous splenorenal shunt. There was no evidence
of cirrhosis on biopsy or imaging and no portal hypertension when directly measured. The shunt was 18 mm
and too large for embolization so the segment of the
splenic vein between the portal vein and the shunt was
occluded using an Amplatzer plug. Thus, the superior
mesenteric flow was directed entirely to the liver. After
interventional radiology closure of the shunt using this
technique there was complete resolution of symptoms.

WJG|www.wjgnet.com

INTRODUCTION
Splenorenal shunts are a rare cause of hyperammonemia and encephalopathy in the absence of cirrhosis[1].
This vascular phenomenon has mostly been reported in
patients with cirrhosis and is thought to be due to elevations in levels of angiogenic factors[2]. Most reported
cases of splenorenal shunts have been treated with either
surgery or, rarely, percutaneous transhepatic embolization[1,3]. This case represents the first report of the successful closure of a spleno-renal shunt via percutaneous
embolization of the splenic vein with an Amplatzer plug.

CASE REPORT
A 58-year-old man with a history of gastric bypass sur-
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Figure 1 Angiographic images of the splenorenal shunt before (panel A) and after (panel B) intervention.

gery presented to the Veterans Affairs Medical Center
with 4 mo of confusion. The confusion was described as
episodic, worst in the mornings, and lasting up to 24-48 h.
The episodes were severe and associated with violent behavior, resulting in the loss of his job. His initial workup
at another hospital was significant only for hyperammonemia, so he was prescribed lactulose and rifaximin. He
reported 4 bowel movements per day on this regimen,
but despite adherence he continued to have episodes of
confusion with 5 hospitalizations in 3 mo.
His past medical history was notable for obesity for
which he underwent Roux-en-Y gastric bypass in 2006
with weight decrease from 356 to 180 pounds. He had
been recently diagnosed with schizoaffective disorder and
panic disorder due to his episodes of confusion. He also
had diet-controlled diabetes, and hypothyroidism. He
had undergone a cholecystectomy, panniculectomy, and
mastopexy. He took no over-the-counter medications or
herbal medications and had no known drug allergies. He
lived with his wife and had 4 children. He had no history
of alcohol, tobacco, or drug use. He had no history of
travel, tattoos, or prior transfusions. His family history
was notable for a mother with obesity and diabetes but
no hepatic, gastrointestinal, or psychiatric illnesses.
On physical exam he was afebrile with a heart rate of
80 beats per minute, blood pressure of 110/75 mmHg,
respiratory rate of 16 breaths per minute, and oxygen
saturation of 100% on room air. He weighed 180 pounds
and stood 5 foot 11 inches tall, giving him a body mass
index of 25. His exam was notable for a calm demeanor,
normal cardiopulmonary exam, and abdomen without
hepatosplenomegaly, tenderness, distention, caput medusae, or dullness at the flanks. He had no peripheral edema. He was alert and oriented to person, place, date, and
situation and had no asterixis. His skin exam was without
spider angiomata or palmar erythema.
His laboratory values were notable for a glucose 71
mg/dL, WBC 6.2 × 109/L, hemoglobin 13.6 mg/dL,
platelets 101 × 109/L, AST 33 IU/L, ALT 23 IU/L, Alkaline phosphatase 32 IU/L, total bilirubin 0.8 mg/dL
(direct 0.2 mg/dL), GGT 11 IU/L, albumin 3.8 mg/dL,
thyroid stimulating hormone 2.3 uIU/L, and INR 1.0.
His venous ammonia was notably typically between 50
and 150 μmol/L but reached a maximum of 306 μmol/L.
WJG|www.wjgnet.com

His symptom severity correlated with his ammonia level,
and typically he was symptomatic with an ammonia level
above 80. Amino acid testing yielded low threonine, glutamic acid, alanine, valine, isoleucine, leucine, and lysine,
but a high level of glutamine.
His brain MRI did not demonstrate any intracranial
abnormalities. An EEG during one episode demonstrated diffuse generalized slowing suggestive of minimal
encephalopathy. A liver biopsy demonstrated no abnormalities. CT of his abdomen demonstrated a normal
appearing liver and a large splenorenal shunt adjacent to
clips from the prior abdominal surgery. There was no
radiographic evidence of portal hypertension. An upper
endoscopy revealed no gastric or esophageal varices and
no portal hypertensive gastropathy.
The decision was made to attempt percutaneous
closure of the splenorenal shunt. Ultrasound guided access into the right common femoral vein was obtained.
The left renal vein was selectively catheterized. Then,
access via the splenorenal shunt into the portal vein was
obtained. Pressure in the portal vein was measured as 5
mmHg and the right atrial pressure was 4 mmHg. Portal
venography demonstrated patent superior mesenteric
(SMV) and portal veins (Figure 1). The majority of the
SMV flow was diverted through the splenorenal shunt
into the renal vein (systemic circulation) causing hyperammonemia. A 7 French sheath was advanced through
the shunt. A 20 mm Amplatzer plug was deployed in
the splenic vein segment between the main portal vein
and splenorenal shunt (Figures 1 and 2). Subsequent
angiograms demonstrated that the entire SMV flow was
directed towards the liver and the entire splenic vein flow
was directed via the splenorenal shunt into the left renal
vein. After this procedure he had complete resolution of
his symptoms. His ammonia level at follow-up 2 mo later
was 19.

DISCUSSION
This is a case of a 58 year old non-cirrhotic man who
developed severe confusion and hyperammonemia in
the setting of a spontaneous splenorenal shunt. This
was successfully treated with using percutaneous closure
with an Amplatzer plug via femoral approach in a non8289
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Figure 2 Schematic of the vascular anatomy. SMV: Superior mesenteric.

mia is carnitine deficiency[5].
Only a few cases of splenorenal shunts have been reported in the absence of chronic liver disease[2,6]. One group in
Japan did a nation-wide search for non-cirrhotic portalsystemic encephalopathy[1]. They found 47 cases, and five
types of portosystemic shunts were identified in patients
with no history of liver disease: intrahepatic, intra- to
extra-hepatic, extrahepatic, extrahepatic with idiopathic
portal hypertension, and congenitally absent portal vein.
In this case series, 23 patients (49%) developed extrahepatic shunts such as the splenorenal shunt described here.
These shunts were either clinically silent or presented
insidiously as psychiatric disease, as in the case of our
patient. Precipitants of encephalopathic episodes were
described as similar to traditional hepatic encephalopathy
and an increased incidence with age was attributed to increased ammonia sensitivity and decreased liver function
associated with aging.
Treatment of splenorenal shunts has included a variety of modalities including closure with a metal coil,
surgical ligation, balloon occluded retrograde transvenous
obliteration, and shunt-preserving disconnection of the
portal and systemic circulation[1]. Another study in 1997
by Sakurbayashi assessed 7 patients with cirrhosis and
encephalopathy attributed to spontaneous splenorenal
shunts and found coiling to be successful in treating the
shunts when technically possible (i.e., not limited by high
portal pressures)[3]. They found that a percutaneous transhepatic embolization was effective in 3 of 4 patients and
a transrenal in 1 of 3 patients. To our knowledge, percutaneous embolization of the splenic vein with an Amplatzer plug through a transrenal approach in this setting
has never been reported. This percutaneous retrograde
technique described here thus represents another option for the treatment of splenorenal shunts. Advantages
include a minimally invasive approach with minimal po-

cirrhotic patient. This case is novel in that it presents a
novel therapy for a debilitating problem.
The pressure gradient between the right atrium and
portal vein was minimal indicating that portal hypertension was not a factor in this case. This was also confirmed
by the non-cirrhotic liver biopsy and lack of evidence of
portal hypertension on imaging, endoscopy, or physical
exam. The large size of the splenorenal shunt (18 mm)
would require a large (e.g., 26 mm) closure device which
is not commercially available. This type of device would
carry a high risk of embolization into the pulmonary circulation if a smaller size was used. The segment of splenic vein between the portal vein and the shunt was only 12
mm. This segment was thus easier and safer to occlude.
Occlusion with a 20 mm plug allowed SMV flow to be directed entirely towards the liver. The splenic vein flow was
directed into systemic circulation via a more distal splenorenal shunt but this was not clinically significant.
One interesting aspect of this case is the close proximity of the splenorenal shunt to the site of gastric bypass clips. The gastric bypass surgery was standard and
there were no vascular complications. The splenorenal
shunt was located in a common site and there is no reason to believe there was a mechanical cause (e.g., inadvertent clamp injury) to cause the formation of the shunt.
However, gastric bypass has been rarely associated with
subsequent development of hyperammonemic encephalopathy. A 2008 case series found several women with no
history of liver disease who presented with mental status
changes 0.3-28 years after Roux-en-Y gastric bypass[4]. All
patients died despite agressive treatment and the authors
hypothesized that hyperinsulinemia and zinc deficiency
post-bypass decreased expression and function of ornithine transcarbamoylase (OTC), unmasking partial previously clinically silent X-linked OTC deficiencies. Another
published link between gastric bypass and hyperammone-
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Related reports

tential complications. Successful percutaneous closure of
splenorenal shunts using Amplatzer plugs in the splenic
vein can be considered a possible alternative to riskier
embolization procedures in patients with large shunts and
non-cirrhotic livers. Splenorenal shunts are a rare cause
of debilitating encephalopathy due to hyperammonemia.
This case presents a novel, minimally invasive treatment
option for a confusing cause of confusion.

A manuscript by Watanabe et al reviews a nation-wide experience with evaluation and treatment of portosystemic shunts in non-cirrhotic patients.

Term explanation

An Amplatzer plug is a permanent occluding, self-expanding, flexible metallic
device built with nitinol braids that is an alternative to coils or balloon occlusion.

Experiences and lessons

The case represents the first report of a successful closure of spleno-renal
shunt via percutaneous embolization of the splenic vein with an Amplatzer plug
using a common femoral vein approach.

Peer review
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Case characteristics

This is a 58-year-old-man with a history of roux-en-Y gastric bypass who presented with severe confusion.

Clinical diagnosis

2

He was found to severely encephalopathic with asterixis and no findings of
chronic liver disease.

Differential diagnosis

The differential diagnosis included cirrhosis, renal disease, metabolic derangements, and vascular shunting.

3

Laboratory diagnosis

Laboratory testing demonstrated hyperammonemia that corresponded to his
level of confusion.

4

Imaging diagnosis

He was found to have a large splenorenal shunt on computed tomography
scan.

5

Pathological diagnosis

A liver biopsy demonstrated that he had no underlying liver disease.

Treatment

6

The percutaneous placement of an Amplatzer plug into the splenic vein segment between the main portal vein and the splenorenal shunt, resulting in complete symptom resolution.

Watanabe A. Portal-systemic encephalopathy in non-cirrhotic patients: classification of clinical types, diagnosis and
treatment. J Gastroenterol Hepatol 2000; 15: 969-979 [PMID:
11059925]
Chen JS, Chuang SC, Wang SN, Chang WT, Kuo KK, Lee
KT, Ker CG. Natural course of splenic artery aneurysm with
associated spontaneous splenorenal shunt in non-cirrhotic
liver: an 18-year observational follow-up and review of literature. Kaohsiung J Med Sci 2013; 29: 55-58 [PMID: 23257258]
Sakurabayashi S, Sezai S, Yamamoto Y, Hirano M, Oka H.
Embolization of portal-systemic shunts in cirrhotic patients
with chronic recurrent hepatic encephalopathy. Cardiovasc
Intervent Radiol 1997; 20: 120-124 [PMID: 9030502]
Fenves A, Boland CR, Lepe R, Rivera-Torres P, Spechler SJ.
Fatal hyperammonemic encephalopathy after gastric bypass
surgery. Am J Med 2008; 121: e1-e2 [PMID: 18187055]
Limketkai BN, Zucker SD. Hyperammonemic encephalopathy caused by carnitine deficiency. J Gen Intern Med 2008; 23:
210-213 [PMID: 18080167]
Cacciapaglia F, Vadacca M, Coppolino G, Buzzulini F, Rigon
A, Zennaro D, Zardi E, Afeltra A. Spontaneous splenorenal
shunt in a patient with antiphospholipid syndrome: the first
case reported. Lupus 2007; 16: 56-58 [PMID: 17283587]
P- Reviewers: Iacono C, Wang DR S- Editor: Qi Y
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

8291

July 7, 2014|Volume 20|Issue 25|

World J Gastroenterol 2014 July 7; 20(25): 8292-8297
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i25.8292

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT
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varices rupture in NASH induced cirrhosis and successful
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Core tip: Nonalcoholic steatohepatitis (NASH) related
cirrhosis of the liver is an emerging disease. With the
advent of new therapies for hepatitis C and the potential for cure, NASH will most likely be the leading cause
of decompensated liver disease in the future. We present a rare case of hemorrhagic ascites from ectopic
variceal rupture as the initial decompensating event
in a young patient with a recent diagnosis of cirrhosis
from NASH. A multidisciplinary, methodical treatment
plan was undertaken, culminating in orthotopic liver
transplantation and successful outcome. We briefly
discuss presentation, diagnosis and management of
ectopic variceal bleeding, which is not so commonly encountered in routine clinical practice in this case report.
Edula RGR, Qureshi K, Khallafi H. Hemorrhagic ascites from
spontaneous ectopic mesenteric varices rupture in NASH
induced cirrhosis and successful outcome: A case report. World
J Gastroenterol 2014; 20(25): 8292-8297 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i25/8292.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i25.8292

Abstract
Bleeding from gastro-esophageal varices can often
present as the first decompensating event in patients
with cirrhosis. This can be a potentially life threatening event associated with a 15%-20% early mortality.
We present a rare case of new onset ascites due to
intra-abdominal hemorrhage from ruptured mesenteric
varices; in a 37 years old male with newly diagnosed
nonalcoholic steatohepatitis induced cirrhosis as the
first decompensating event. The patient was successfully resuscitated with emergent evacuation of ascites
for diagnosis, identification and control of bleeding
mesenteric varices and eventually orthotopic liver
transplantation with successful outcome. Various clinical presentations, available treatment options and outcomes of ectopic variceal bleeding are discussed in this
report.

INTRODUCTION
Ectopic variceal bleeding in cirrhotic patients with significant portal hypertension is a well-known although
rare complication, accounting for about 5% of all
variceal bleeding[1]. It can often present as obscure gastrointestinal bleed depending on location of varices.
Unlike esophageal variceal bleeding, for which definite
guidelines exist in terms of management and surveillance, ectopic varices due to their sporadic occurrence
and varying presentations depending on location, do not

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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A

B

Figure 1 Macrovesicular steatosis (A) and steatosis and cirrhotic nodules (B).

A

B

Figure 2 Contrast computed tomography abdomen (arrow). The liver consistent with cirrhosis (arrow).

Investigations
Initial laboratory data at the time of this presentation
showed; Hb: 8.7 gm/dL, Hct: 25.2, WCC: 17.68 with
neutrophilia, platelets: 149 and INR: 1.81. Complete
metabolic panel revealed Cr: 0.97 mg/dL, protein:
6.7 gm/dL, albumin: 2.9 gm/dL, total bilirubin: 18.2
mg/dL, direct bilirubin: 13.2 mg/dL, Alkp: 164U/L,
AST: 140U/L, ALT: 44U/L and a MELD score of 24.
Computerized tomography of the abdomen with contrast (Figure 2) revealed lobulated contour of the liver
consistent with cirrhosis (arrow), severe porto-systemic
collateral circulation with esophageal varices, mesenteric
stranding and small to moderate volume ascites with dependent hyper dense areas within the fluid suggestive of
hemorrhagic component. Patient underwent diagnostic
paracentesis with removal of 6 liters of grossly bloody
fluid consistent with intra-peritoneal hemorrhage.

have specific guidelines in terms of management. Recognizing the various presentations of ectopic variceal bleed
is vital to the survival of these patients and a high degree
of suspicion is necessary for timely diagnosis and effective management. Hemorrhagic ascites presenting as a
complication of intraperitoneal ectopic variceal rupture
is a dreaded and potentially fatal complication, management of which requires a multi-disciplinary approach
along with timely recognition and diagnosis.

CASE REPORT
A 37 years old Caucasian male presented to the emergency room with a 3 day history of right upper and lower
quadrant abdominal pain with distension. Physical examination revealed palmar erythema, icterus and moderate
ascites with tenderness in the right lower quadrant. He
was tachycardic but hemodynamically stable at presentation with a low grade fever. Review of his recent medical records revealed that he was newly diagnosed with
NASH cirrhosis at an outside facility, about 3 mo prior
to this presentation, as a part of work up of abdominal
pain which demonstrated abnormal appearing liver. Subsequent workup and liver biopsy (Figure 1) suggested the
diagnosis of NASH related cirrhosis after ruling out all
other etiologies. He did not have any abdominal surgeries
in the past and was not on any medications.

WJG|www.wjgnet.com

Clinical course
Upon admission patient was initially resuscitated with
blood products, fluids, correction of coagulopathy and
empirical antibiotics were initiated. His clinical condition
continued to worsen with drop in blood pressure and
hemoglobin. A CTA and CTV of the abdomen were
performed (Figure 3) to identify the source of bleeding.
This revealed right abdominal mesenteric varices with a
focal area of more consolidated abnormal enhancement
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varices and can have a mortality rate as high as 40%[2].
Clinical presentation of ectopic variceal bleed is
based on location of the varices. Luminal varices are
fortunately more common, usually easier to detect and
manifest earlier than the non-luminal ectopic varices[4].
Clinical manifestations include overt GI bleeding of
obscure origin, occult GI bleeding, accidental finding,
iron deficiency anemia, hematemesis, hematochezia, hemoperitoneum, hypovolemic shock, hemorrhagic pleural
effusion and sometimes diagnosis is made only at autopsy[5]. Ectopic varices should be considered in all patients
with portal hypertension and GI bleeding, if both upper
and lower endoscopies failed to show obvious source.
Awareness of the condition is a necessity for any physician dealing with GI bleeding, especially in the setting of
cirrhosis and portal hypertension.
Diagnosis of ectopic variceal bleed in a timely manner
is important due to the high mortality rate associated with
the condition. Endoscopic and angiographic techniques
may be required as they can appear as filling defects in
barium studies of the bowel and maybe misdiagnosed as
polyps or tumors[6]. Abdominal wall varices usually rupture externally and can be easily diagnosed. Mesenteric,
diaphragmatic, falciform ligament, splenic ligament and
rectovesical varices may rupture into the peritoneal cavity causing internal bleeding and fatal outcomes[7,8]. This
requires high degree of clinical suspicion when presentations include rapid accumulation of ascites, reduction in
hematocrit and signs of hypovolemic shock. CT scan of
the abdomen and pelvis aids in the diagnosis and confirmed by detection of bloody ascites at paracentesis.
Angiographic techniques which include percutaneous
transhepatic portography, transjugular transhepatic portography, splenic portography and umbilical vein catheterization can be used to identify the location of bleeding,
extent of portosystemic collaterals, direction of flow and
simultaneously measure the pressure in the portal venous
system[9-11].
There are no large randomized controlled trials that
have previously addressed the therapeutic modalities
for ectopic varices. Most of the available knowledge is
obtained from small case series, case reports and mini
reviews. The management of ectopic varices requires a
multidisciplinary team of hepatologists, gastroenterologists, surgeons and interventional radiologists. Due to the
diversity of their location and clinical presentation it is
very difficult to draw treatment guidelines. Optimal treatment depends on location of varices, patient’s condition
and the availability of local expertise and resources[4]. Initial management includes appropriate resuscitation, emergent evaluation to localize site and source of bleeding followed by suitable treatment. The use of vasoactive medications like somatostatin (octreotide) and terlipressin to
reduce splanchnic blood flow and variceal pressure may
be of benefit as in patients with bleeding from gastroesophageal varices[12,13]. No solid data exists on the role
of beta blockers in the long term management of ectopic
varices. Case reports have been contradictory as to their

H

L
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F

Figure 3 CTA and CTV of abdomen (arrow). This revealed right abdominal
mesenteric varices with a focal area of more consolidated abnormal enhancement in the right lower quadrant (arrow).

in the right lower quadrant (arrow). A possible nidus of
venous malformation between superior mesenteric vein
and right common iliac vein varices was suggested with
more hyper dense ascites adjacent to this suggestive of
possible origin of hemoperitoneum.
The patient underwent an angiogram by intervention
radiology with trans- hepatic access of the portal vein,
portal venogram, superior mesenteric venogram and coil
embolization of colonic branch of superior mesenteric
vein and cecal branch of the superior mesenteric vein
(Figure 4). There were no immediate complications. The
procedure controlled his intra-abdominal bleeding and he
remained hemodynamically stable. Over the next 48 h he
developed first episode of hematochezia with hypotension. Upper gastrointestinal (GI) endoscopy revealed large
esophageal varices with evidence of recent bleeding. He
underwent an emergent Trans jugular Intrahepatic Portosystemic shunt (TIPS) procedure with successful decompression of portal system. The hepatic venous pressure
gradient was reduced from 17 to 9 mmHg post procedure.
He eventually underwent successful orthotopic liver transplantation after appropriate evaluation of decompensated
end stage liver disease during the same presentation and
was discharged home in a stable condition.

DISCUSSION
Ectopic varices are defined as large porto-systemic venous collaterals occurring anywhere in the abdomen
other than the cardio-esophageal region. These are uncommon and account for less than 5% of all cases of
variceal bleeding[1,2]. Most patients show presence of
esophageal varices simultaneously and may have a history of treatment for them in the form of endoscopic
intervention or primary prophylaxis. They have been reported to occur at numerous sites which include 17% in
the jejunum or ileum, 17% in the duodenum, 14% in the
colon, 8% in the rectum and 9% in the peritoneum in
a retrospective study[3]. Ectopic varices may bleed even
when portal venous pressure is low. They have a 4 fold
increased risk of bleeding when compared to esophageal
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Trans-hepatic portal vein access
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B

C

D

E

Figure 4 Superior mesenteric (A) portal venogram (B), 8- coil embolization of colonic branch (C, D) and cecal branch (E) of superior mesenteric vein (arrow).

effectiveness[14-16]. Endoscopically accessible varices can
be treated by band ligation or sclerotherapy[17-19]. Those
which are not accessible by endoscopic techniques can be
treated by interventional radiology and may include coil
embolization, balloon occluded retrograde transvenous
obliteration and if unable to access the site a TIPS shunt
to decompress the portal pressure could be a lifesaving
intervention[20-24]. Ultimately the long term survival of
these patients is dependent on their liver function and
liver transplantation should be considered as a definitive
therapy after appropriate evaluation as in our case report.
In conclusion, Ectopic variceal bleeding is a rare
event unlike esophageal variceal bleeding, for which spe-

WJG|www.wjgnet.com

cific treatment guidelines do not exist. A high degree of
suspicion is essential for the entity as a delay in diagnosis
could lead to fatal consequences. Due to the lack of
specific guidelines in management, a multi-disciplinary
approach utilizing local expertise and resources has been
recommended. Early diagnosis, prompt resuscitation followed by appropriate intervention is crucial in the management of these patients, who have severe portal hypertension and are already coagulopathic from end stage
liver disease. Appropriate referral to a tertiary care center
should be initiated when resources are not available locally and liver transplantation should be considered as a
definitive treatment to give them the best chance of long

8295

July 7, 2014|Volume 20|Issue 25|

Edula RGR et al . Hemorrhagic ascites in decompensated cirrhosis

term survival.
7

COMMENTS
COMMENTS
Case characteristics

A 37-year-old male with recently diagnosed nonalcoholic steatohepatitis cirrhosis presented with abdominal pain and distension.

8

Clinical diagnosis

Palmar erythema, scleral icterus, shifting dullness on abdominal percussion and
right lower quadrant tenderness.

Differential diagnosis

9

Laboratory diagnosis

10

Ascites from portal hypertension, spontaneous bacterial peritonitis, intraabdominal hemorrhage from variceal rupture, hepatocellular carcinoma rupture
and perforated viscous.
Hemoglobin: 8.7 gm/dL, WCC: 17.6, platelets: 149, INR: 1.8, bilirubin: 18.2mg/
dL, alkaline phosphatase: 164, AST: 140, ALT: 44, creatinine: 0.97mg/dL and
MELD score: 24.

11

Imaging diagnosis

CT/CTA/CTV of abdomen: Cirrhosis, ascites, right abdominal mesenteric varices with focal area of enhancement in the right lower quadrant indicating hemoperitoneum.

12

Pathological diagnosis

Paracentesis revealed hemorrhagic ascites. Trans-hepatic portal vein angiogram revealed mesenteric varices with bleeding from colonic branch and cecal
branch.

Treatment

13

Coil embolization of bleeding mesenteric varices by intervention radiologist,
Trans jugular Intrahepatic Porto-systemic shunt for esophageal variceal bleed
and eventually orthotopic liver transplantation for end stage liver disease.

Related reports

Ectopic variceal bleed accounts for about 5% of variceal hemorrhage and high
degree of suspicion is necessary in cirrhotics with obscure bleeding.

14

Ectopic varices are porto-systemic collaterals occurring anywhere in the
abdomen other than cardio-esophageal region. Orthotopic liver transplant is
replacement of complete liver by donor liver in the normal anatomical position.

15

Term explanation

Experiences and lessons

This case report not only describes a very rare presentation of decompensated
cirrhosis, but also managed successfully in a multi-disciplinary fashion utilizing
multiple medical and surgical specialists.

Peer review

16

This article reported successful management of ectopic mesenteric variceal
rupture and is an important diagnosis to consider in massive obscure bleeding
in cirrhotic patients.
17

REFERENCES
1

2
3
4
5
6

Kinkhabwala M, Mousavi A, Iyer S, Adamsons R. Bleeding
ileal varicosity demonstrated by transhepatic portography.
AJR Am J Roentgenol 1977; 129: 514-516 [PMID: 409211 DOI:
10.2214/ajr.129.3.514]
Khouqeer F, Morrow C, Jordan P. Duodenal varices as a
cause of massive upper gastrointestinal bleeding. Surgery
1987; 102: 548-552 [PMID: 3498234]
Norton ID, Andrews JC, Kamath PS. Management of ectopic varices. Hepatology 1998; 28: 1154-1158 [PMID: 9755256
DOI: 10.1002/hep.510280434]
Helmy A, Al Kahtani K, Al Fadda M. Updates in the pathogenesis, diagnosis and management of ectopic varices.
Hepatol Int 2008; 2: 322-334 [PMID: 19669261]
Hashiguchi M, Tsuji H, Shimono J, Azuma K, Fujishima M.
Ruptured duodenal varices: an autopsy case report. Hepatogastroenterology 1999; 46: 1751-1754 [PMID: 10430337]
Zaman L, Bebb JR, Dunlop SP, Jobling JC, Teahon K. Familial colonic varices--a cause of “polyposis” on barium enema.

WJG|www.wjgnet.com

18
19
20
21

22

8296

Br J Radiol 2008; 81: e17-e19 [PMID: 18079346 DOI: 10.1259/
bjr/66055283]
Olusola BF, McCashland TM, Seemayer TA, Sorrell MF. Rectovesical ectopic varix intraperitoneal hemorrhage with fatal
outcome. Am J Gastroenterol 2002; 97: 504 [PMID: 11866310
DOI: 10.1111/j.1572-0241.2002.05518.x]
Ramchandran TM, John A, Ashraf SS, Moosabba MS, Nambiar PV, Shobana Devi R. Hemoperitoneum following rupture
of ectopic varix along splenorenal ligament in extrahepatic
portal vein obstruction. Indian J Gastroenterol 2000; 19: 91 [PMID:
10812830]
Turner MD, Sherlock S, Steiner RE. Splenic venography and
intrasplenic pressure measurement in the clinical investigation of the protal venous system. Am J Med 1957; 23: 846-859
[PMID: 13487602 DOI: 10.1016/0002-9343(57)90294-2]
Kessler RE, Tice DA, Zimmon DS. Value, complications,
and limitations of umbilical vein catheterization. Surg Gynecol Obstet 1973; 136: 529-535 [PMID: 4690083]
Smith-Laing G, Camilo ME, Dick R, Sherlock S. Percutaneous transhepatic portography in the assessment of portal
hypertension. Clinical correlations and comparison of radiographic techniques. Gastroenterology 1980; 78: 197-205 [PMID:
6965281]
Besson I, Ingrand P, Person B, Boutroux D, Heresbach D,
Bernard P, Hochain P, Larricq J, Gourlaouen A, Ribard D.
Sclerotherapy with or without octreotide for acute variceal
bleeding. N Engl J Med 1995; 333: 555-560 [PMID: 7623904
DOI: 10.1056/NEJM199508313330904]
Silvain C, Carpentier S, Sautereau D, Czernichow B, Métreau JM, Fort E, Ingrand P, Boyer J, Pillegand B, Doffël M.
Terlipressin plus transdermal nitroglycerin vs. octreotide
in the control of acute bleeding from esophageal varices:
a multicenter randomized trial. Hepatology 1993; 18: 61-65
[PMID: 8325622]
Wu WC, Wang LY, Yu FJ, Wang WM, Chen SC, Chuang
WL, Chang WY. Bleeding duodenal varices after gastroesophageal varices ligation: a case report. Kaohsiung J Med
Sci 2002; 18: 578-581 [PMID: 12513021]
Noubibou M, Douala HC, Druez PM, Kartheuzer AH,
Detry RJ, Geubel AP. Chronic stomal variceal bleeding
after colonic surgery in patients with portal hypertension:
efficacy of beta-blocking agents? Eur J Gastroenterol Hepatol 2006; 18: 807-808 [PMID: 16772844 DOI: 10.1097/01.
meg.0000224480.74298.0a]
Hsieh JS, Wang WM, Perng DS, Huang CJ, Wang JY, Huang
TJ. Modified devascularization surgery for isolated gastric varices assessed by endoscopic ultrasonography. Surg
Endosc 2004; 18: 666-671 [PMID: 15026927 DOI: 10.1007/
s00464-003-8196-8]
Shudo R, Yazaki Y, Sakurai S, Uenishi H, Yamada H, Sugawara K, Kohgo Y. Combined endoscopic variceal ligation
and sclerotherapy for bleeding rectal varices associated
with primary biliary cirrhosis: a case showing a long-lasting
favorable response. Gastrointest Endosc 2001; 53: 661-665
[PMID: 11323601 DOI: 10.1067/mge.2001.113278]
Bosch A, Marsano L, Varilek GW. Successful obliteration of
duodenal varices after endoscopic ligation. Dig Dis Sci 2003; 48:
1809-1812 [PMID: 14561006 DOI: 10.1023/A:1025402411557]
Barbish AW, Ehrinpreis MN. Successful endoscopic injection sclerotherapy of a bleeding duodenal varix. Am J Gastroenterol 1993; 88: 90-92 [PMID: 8420280]
Ozaki CK, Hansen M, Kadir S. Transhepatic embolization
of superior mesenteric varices in portal hypertension. Surgery 1989; 105: 446-448 [PMID: 2922679]
Macedo TA, Andrews JC, Kamath PS. Ectopic varices in
the gastrointestinal tract: short- and long-term outcomes of
percutaneous therapy. Cardiovasc Intervent Radiol 2005; 28:
178-184 [PMID: 15719183 DOI: 10.1007/s00270-004-0148-8]
Dharancy S, Sergent G, Bulois P, Bonnal JL, Golup G,
Mauroy B, L’Hermine C, Paris JC. [Bleeding stomal varices

July 7, 2014|Volume 20|Issue 25|

Edula RGR et al . Hemorrhagic ascites in decompensated cirrhosis

23

treated with embolization and transjugular porto-systemic
shunt]. Gastroenterol Clin Biol 2000; 24: 232-234 [PMID:
12687968]
Zamora CA, Sugimoto K, Tsurusaki M, Izaki K, Fukuda T,
Matsumoto S, Kuwata Y, Kawasaki R, Taniguchi T, Hirota S,
Sugimura K. Endovascular obliteration of bleeding duodenal varices in patients with liver cirrhosis. Eur Radiol 2006;

24

16: 73-79 [PMID: 15856238 DOI: 10.1007/s00330-005-2781-2]
Vidal V, Joly L, Perreault P, Bouchard L, Lafortune M,
Pomier-Layrargues G. Usefulness of transjugular intrahepatic portosystemic shunt in the management of bleeding
ectopic varices in cirrhotic patients. Cardiovasc Intervent
Radiol 2006; 29: 216-219 [PMID: 16284702 DOI: 10.1007/
s00270-004-0346-4]
P- Reviewers: Dirchwolf MM, El-Raziky ES,
Narciso-Schiavon JL, Ruiz-Margain A, Tsuchiya T
S- Editor: Qi Y L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

8297

July 7, 2014|Volume 20|Issue 25|

World J Gastroenterol 2014 July 7; 20(25): 8298-8303
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i25.8298

© 2014 Baishideng Publishing Group Inc. All rights reserved.

CASE REPORT

Inferior mesenteric arteriovenous fistula: Case report and
world-literature review
Antonios Athanasiou, Adamantios Michalinos, Andreas Alexandrou, Sotirios Georgopoulos,
Evangelos Felekouras
tient required a combination of embolization and surgical operation. The characteristics of these rare inferior
mesenteric arteriovenous fistulas are examined and
some considerations concerning diagnostic and therapeutic strategies that should be followed are presented.
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Core tip: Inferior mesenteric arteriovenous fistulas are
rare, with only 26 known cases described in the literature. This case report describes the diagnostic and
therapeutic approach to a new case of a fistula in the
inferior mesenteric artery and vein along with a complete literature review. The pathophysiologic, clinical
and diagnostic aspects are explored in order to raise
awareness of this rare condition.

Abstract
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Arteriovenous fistulas between the inferior mesenteric
artery and vein are rare, with only 26 primary and secondary cases described in the literature. Secondary
fistulas occur following operations of the left hemicolon and manifest as abdominal pain, abdominal mass,
gastrointestinal bleeding, colonic ischemia and portal
hypertension. Symptom intensities are flow-dependent,
and can range from minimal symptoms to severe heart
failure due to left to right shunt. Diagnosis is usually established by radiological or intraoperative examination.
Treatment options include embolization and/or surgical
resection. Therapeutic decisions should be adapted to
the unique characteristics of the fistula on an individual
basis. A new case of a primary arteriovenous fistula is
described and discussed along with a complete review
of the literature. The patient in this report presented
with signs and symptoms of colonic ischemia without
portal hypertension. The optimal treatment for this pa-
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INTRODUCTION
An arteriovenous fistula (AVF) is a direct communication between an artery and a vein without interposition
of the capillary bed. AVFs commonly involve the hepatic, superior mesenteric and splenic arteries[1,2], though
rare instances of fistulas between the inferior mesenteric
artery and vein (IMA-V) have been described in the
literature (Tables 1 and 2). These rare AVFs act as a left
to right shunt causing pathophysiologic alteration of
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Table 1 Cases of inferior mesenteric artery and vein arteriovenous fistula of congenital etiology
Case

Sex

Age

Clinical sign
Abdominal Lower GI Abdominal Upper GI
Portal
Ischemic
pain
bleeding mass/bruit bleeding hypertension colitis

Van Way et al[10], 1971
Sabatier et al[17], 1978
Oyama et al[18], 1980
Manns et al[11], 1990

F
M
M
M

72
22
70
33

Baranda et al[16], 1996
Capuano et al[9], 2004
Nemcec and Yakes[19], 2005
Matsui et al[20], 2007
Kim et al[3], 2008

M
F
M
M
M

63
76
65
N/A
56

Metcalf et al[7], 2008
Türkvatan et al[2], 2009
Akgun et al[6], 2013
El Muhtasaeb et al[21], 2013
Plotkin et al[14], 2013
Takahashi et al[15], 2013
Current case

M
M
M
M
F
M
M

50
83
48
57
70
78
63

√
√

√
√

√

√

√
√
√

√
√
√

√

√

√

√
√
√
√
√

Left hemicolectomy
None (patient’s refusal)
Left hemicolectomy
Left hemicolectomy; mesenteric vein
anastomosed to vena cava
Ligation and resection of fistula
Embolization; ligation of AVF
Vein embolization
Embolization
Percutaneous angioplasty of portal
vein; left hemicolectomy
Left hemicolectomy
Left hemicolectomy
Total colectomy
Embolization; left hemicolectomy
Embolization
Resection
Embolization; left hemicolectomy

√
√

√

√
√
√
√
√
√

√
√
√
√

√
√

Management

√

AVF: Arteriovenous fistula; GI: Gastrointestinal; N/A: Not available.

Table 2 Cases of inferior mesenteric artery and vein arteriovenous fistula of traumatic-iatrogenic etiology
Case

Sex Age

Previous operation

Clinical sign

Management

Abdominal Lower GI Abdominal Upper GI
Portal
Ischemic
pain
bleeding mass/bruit bleeding hypertension colitis
Houdard et al[22], 1970

F

51

Hirner et al[23], 1978
Capron et al[13], 1984

F
F

43
60

Slutski et al[12], 1988

M

63

Peer et al[24], 1989

M

63

Pietri et al[25], 1990

M
F
M

62
60
58

Vauthey et al[1], 1997

Okada et al[8], 2002
Fabre et al[5], 2005
Gorospe et al[26], 2012

Excision of splenic
flexure
Obstetrical
Volvulus of the sigmoid
Anterior resection of
rectum
Anterior resection of
the rectum
Left colectomy
Left colectomy
Blunt trauma

F
69
Sigmoidectomy
M N/A Esophagogastrectomy;
sigmoidectomy
M 58 Right hemicolectomy

√

√

√

√
√

√

√
√

Left hemicolectomy

√

√
√

√

Embolization

√

√
√

Left hemicolectomy
Intraarterial embolization

√
√
√
√

√

√

√

√

Embolization

√

Left hemicolectomy
Intraarterial embolization
AVF occlusion; embolization; percutaneous
alcohol injection
Left sigmoidectomy
Embolization
Embolization; total colectomy

AVF: Arteriovenous fistula; GI: Gastrointestinal; N/A: Not available.

bowel function and manifest with a variety of signs and
symptoms that are attributed to ischemic, congestive or
hemodynamic mechanisms, including abdominal pain,
abdominal mass with thrill, upper or lower gastrointestinal (GI) bleeding, portal hypertension, ischemic colitis
and cardiac failure[3-5]. The condition is diagnosed upon
observing a thickened and congested left hemicolon
by computed tomography (CT), or by direct visualization of the AVF and estimation of its precise anatomy
using angiography or magnetic resonance angiography
(MRA)[1,2,6,7]. Treatment strategies for AVF involve either
surgical intervention or embolization, which though saf-
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er, carries the danger of ischemia or passage of embolization material into portal circulation[3,7]. In this report, a
new case of congenital IMA-V AVF is presented along
with a complete review of the literature. Furthermore,
the particular characteristics of AVFs are analyzed and
methods for proper treatment are discussed.

CASE REPORT
A 66-year-old patient was referred to our department for
definitive treatment of a primary IMA-V AVF. A month
prior to admission, the patient was treated at a private
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SC

Figure 1 Preoperative computed tomography scan showing edematous
sigmoid colon with irregular luminal narrowing within the colonic wall
(arrow) and hypoperfusion of the sigmoid colon in the venous phase. SC:
Sigmoid colon.

Figure 3 Postoperative magnetic resonance angiography showing opacification of the arterial and venous inferior mesenteric system.

cedure was converted to an open operation with a midline incision due to the marked mesenteric enlargement
of the left colon. Dilated veins and arteries were found
at the left colon mesentery and the decision was made to
proceed with a colostomy. Following a right-end colostomy and left colonic mucus fistula, the patient gradually
recovered. Pathologic examination of the left part of
the dilated transverse colon removed for biopsy revealed
multiple foci of vascular malformations in the submucosal layer and within the colic fat with accessory areas
of collateral vascular flow formation. Vascular branches
showed signs of thrombophlebitis and vascular congestion. The passive congestion and stasis were attributed
to the arteriovenous communication. At this point, the
patient was transferred to our department for further
treatment.
The physical examination of the abdomen upon admission was unremarkable. No mass was detected in the
left lower quadrant and no bruit or thrills were noted.
The patient presented no signs or symptoms of portal
hypertension. Full laboratory tests were also unremarkable. A colonoscopy showed signs of ischemic colitis of
the left colon 25 cm from the anal verge and normal rectal mucosa. An MRA of the abdominal aortic branches
confirmed the persistence of AVFs (Figure 3). This diagnosis of primary IMA-V AVF indicated angiography and
subsequent embolism of the AVF sites (Figure 4). In
the event that this intervention was not curative, it was
believed that it would facilitate a successful left hemicolectomy.
Two weeks after the fistula embolization, a CT scan
revealed reduced swelling of the remaining colon and
contraction of the aberrant vascular branches. The
patient’s abdominal discomfort and bloody diarrhea
gradually disappeared over a three-month period, and
repeated colonoscopies showed gradual improvement of
the mucosal swelling. Necrotic foci healed, however the
left colon was constricted. Multiple biopsies of the left
and right colon did not show any signs of malignancy.
A barium enema did not reveal a mass, but rather a narrowing of the left colon.
Six months after the initial operation, the patient

Figure 2 Angiography showing the point of arteriovenous communication
(arrows).

hospital for a right groin hernia. Although he had been
discharged in good condition, he was readmitted after
ten days with symptoms of intestinal obstruction. An abdominal CT scan revealed a dilated colon and extensive
transmural edema of the colonic wall extending from the
splenic flexure to the end of the rectum along with pericolic fat edema. Dilation of the vascular branches of the
IMA-V plexus within the bowel wall of the anal canal,
rectum and inferior sigmoid was noted, raising suspicion
of an arteriovenous communication (fistula) between
the branches of the inferior mesenteric artery (IMA)
and vein (IMV) (Figure 1). An elective angiography of
the IMA confirmed this suspicion and further defined at
least four definite points of high flow between all IMA
and IMV branches and with the hemorrhoidal plexus
(Figure 2). The patient’s worsening condition prompted
laparoscopic (robotically assisted) exploration. The pro-
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Table 3 Comparison between congenital and acquired inferior mesenteric artery and vein arteriovenous fistulas
Total
Males
Age, yr
Abdominal pain
Lower GI bleeding
Abdominal mass/thrill
Upper GI bleeding
Ischemic colitis
Portal hypertension

70.4%
60.2
55.6%
55.6%
22.4%
7.4%
33.3%
51.9%

Congenital
81.3%
61.3
62.5%
56.3%
12.5%
0%
43.8%
50.0%

Acquired
54.5%
58.7
45.5%
54.5%
36.4%
18.2%
18.2%
54.5%

GI: Gastrointestinal.

Figure 4 Angiography after the embolization of the an arteriovenous fistula sites.

syndromes[1,9]. The rupture of a congenital arterial aneurysm in very close proximity to a vein can also result in
the formation of an AVF[10]. Iatrogenic AVFs between
the IMA and IMV typically occur as fistulas formed following a left hemicolectomy or sigmoidectomy, caused
by transfixion sutures that simultaneously pass through
arteries and veins, or by the ligation of an artery and
vein[8]. Arterioportal AVFs, which are connections between the arterial and portal systems, have also been
described after a variety of interventional procedures
including percutaneous biopsy, cholangiography and
splenoportography[1]. Surgical arterialization of the portal vein is known to cause sclerosis at portal vein radicles
and intrahepatic fibrosis[11].
Clinical signs and symptoms of IMA-V AVFs (Table
3) result from pathophysiologic changes. Abdominal
pain is caused by the simultaneous shunting of left
hemicolon arterial perfusion and congestion of venous
circulation. The congested viscera can form a palpable
abdominal mass, as do fistulas that have assumed a
tumor-like form. The turbulent circulation inside the
AVF presents as bruit upon auscultation. Colonic ischemia is a result of the shunting of arterial flow from the
inferior mesenteric vein and portal system and venous
stasis caused by the AVF. Lower GI bleeding can result
from vascular engorgement of the bowel mucosa, fistula rupture in the bowel lumen[12], the ischemic colitis
itself or by hemorrhoids. Upper GI bleeding, which is
less common in congenital cases, can result from portal
hypertension caused by esophageal varices. Interestingly, upper GI bleeding shows a gender bias, occurring
in 25% of female cases and 0% of males with IMA-V
AVFs. Portal hypertension also shows a gender difference, observed in 87.5% of female cases vs 36.8% of
males, and is caused by an inferior mesenteric AVF. This
“forward” or “hyperkinetic” hypertension may precipitate from both an increase in blood flow into the portal
system that can not directly accept it and a compensatory increase in hepatic vascular resistance[3,8], resulting
in a normal hepatic venous pressure gradient[13]. Portal
hypertension can induce ascites, varices, hepatic encephalopathy and splenomegaly, and is more prominent
in older patients, as the minimal intrahepatic resistance
in younger patients allows systemic circulatory symptoms to dominate[2,5,14]. Of particular interest are the cases

Figure 5 Photo of atrophic and ischemic descending and sigmoid colon.

underwent an additional procedure to reconnect the
colostomy. A left hemicolectomy was performed, as the
remaining descending colon, sigmoid and upper rectum
were not functional due to atrophy and ischemia (Figure
5). The right colon was directly anastomosed to the upper rectum and a prophylactic ileostomy was performed.
The patient’s postoperative course was complicated on
the tenth day by a pulmonary embolism that was treated
with low molecular weight heparin for a week followed
with oral anticoagulants. The patient was discharged
in very good health on the fourteenth postoperative
day. The ileostomy was restored uneventfully after two
months, and repeated colonoscopies and CTs were normal after six months.

DISCUSSION
IMA-V AVFs can be of congenital or iatrogenic etiology, though there is one reported case of traumatic origin
involving branches of the superior mesenteric artery[1].
Congenital AVFs occur from undifferentiated embryonic
vessels that fail to regress and interconnect the arterial
and venous system. In a relatively low percentage of
cases, these AVFs remain wide open as discrete arteriovenous communications[4,8]. Congenital etiologies often
result in the formation of multiple AVFs[2], which are
components of Osler-Weber-Rendu and Ehlers-Danlos
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presented by Plotkin et al[14] and Takahashi et al[15] where
portal hypertension gave rise to hepatic regenerative nodules, resembling hepatocellular carcinoma, even at biopsy,
which involuted after AVF correction. Baranda et al[16]
described a case of AVF between the left colic artery and
IMV, manifesting with duodenal varices. Lastly, high flow
through an AVF can lead to cardiac failure[4], such as in a
case reported by Fabre et al[5] where embolization of the
IMA-V AVF in a patient with cardiac failure resulted
in improved cardiac function and an increased ejection
fraction.
The infrequency of IMA-V AVFs makes it difficult
to establish specific criteria for diagnosis, which is not
clinically feasible, and occurs during in-depth investigation of patient signs and symptoms. For example,
IMA-V AVFs may be diagnosed by the observation of
ischemic colitis during colonoscopy, identification of
turbulent flow by ultrasound, or CT visualization of colonic thickening and congestion, the AVF itself or its venous branches. To prevent misdiagnosis and suboptimal
intervention, we believe that it is necessary to combine:
(1) a clinical sign of an ischemic colon; (2) proof of the
fistula’s presence, preferably by angiography; and (3) an
intraoperative sign of a congested colon. Furthermore,
a medical history that includes an operation at the left
hemicolon strongly enhances, but is not necessary, for
diagnosis.
Proper treatment for IMA-V AVFs is debatable and
case-specific, though typically involves embolization or
surgical resection. Embolization is less invasive and potentially safer but carries the risk of organ ischemia or
a probable recurrence, especially if there are more than
one feeding vessels. Furthermore, the migration of embolization material can occur when the AVF diameter is
greater than 8 mm and has a high flow rate[2,5]. As demonstrated by the case presented here, even partial success
with embolization reduces the risk for hemorrhage or
possible future surgical intervention. Complete surgical resection of the entire affected bowel, though more
likely to be curative, carries a significant risk for hemorrhage. Partial resection is not likely to be curative or palliative, as evidenced in our patient by the lack of reduced
flow in the fistula and re-channeling to other branches
after the first procedure.
Our patient suffered from a congenital IMA-V AVF
causing colonic ischemia with abdominal pain but without portal hypertension. As the initial partial resection
was inadequate, a safer option was embolization in order
to eliminate the AVF and the risk of hemorrhage if surgery was considered necessary, as was finally the case.
The complexity of AVFs demands the cooperation of
those with diverse specialties and expertise, as well as
case-specific solutions. Considering the large number
of left hemicolon operations that are performed, it is
remarkable that these fistulas are so rare. However, the
surgical community should be cognizant of their occurrence, as a high rate of suspicion is beneficial for the
patient and would likely increase the number of diagno-
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ses. When diagnosed, intervention should be carefully
planned to avoid performing unsuccessful procedures
that can impede subsequent therapies and add to morbidity and mortality.

COMMENTS
COMMENTS
Case characteristics

A 66-year-old man presented with symptoms of intestinal obstruction attributed
to a fistula between the inferior mesenteric artery and vein.

Clinical diagnosis

Abdominal pain and ileus.

Differential diagnosis

Colonic ischemia, ileus from adhesion, intestinal obstruction from a tumor.

Laboratory diagnosis
Unremarkable.

Imaging diagnosis

Elective angiography of the inferior mesenteric artery confirmed at least four
definite points of high flow between all inferior mesenteric artery and vein
branches and with the hemorrhoidal plexus.

Pathological diagnosis

Multiple foci of vascular malformations in the submucosal layer of the colon
specimen and within the colic fat with accessory areas of collateral vascular
flow formation.

Treatment

Elective embolization of the inferior mesenteric artery and a left hemicolectomy
due to atrophy after embolization.

Related reports

Existence of inferior mesenteric artery-vein fistulas can be suspected but definite proof is only by angiography.

Term explanation

An arteriovenous fistula is a direct communication between an arterial and
venous branch that bypasses the capillary bed. An arterioportal fistula is a connection between the splanchnic arteries and the portal vein that can result in
portal hypertension.

Experiences and lessons

This case explains a diagnostic approach to a rare situation but also analyzes
the importance of very careful preoperative interventional planning to avoid a
suboptimal procedure.

Peer review

This article analyzes and reviews a rare occurrence of an inferior mesenteric
arteriovenous fistula with a complete review of the world literature. A diagnostic
algorithm is proposed when a fistula is suspected early to prevent misdiagnosis
and improper treatment of the patient.
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Immune thrombocytopenic purpura induced by intestinal
tuberculosis in a liver transplant recipient
Renata dos Santos Lugao, Marina Pamponet Motta, Matheus Freitas Cardoso de Azevedo,
Roque Gabriel Rezende de Lima, Flávia de Azevedo Abrantes, Edson Abdala, Flair José Carrilho,
Daniel Ferraz de Campos Mazo
tuberculosis symptoms hampered a proper diagnostic
evaluation. After the diagnosis of intestinal tuberculosis and the initiation of specific treatment, a progressive increase in the platelet count was observed. The
mechanism of ITP associated with tuberculosis has not
yet been well elucidated, but this condition should be
considered in cases of ITP that are unresponsive to
steroids and intravenous immunoglobulin, especially in
immunocompromised patients and those from endemic
areas.
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Abstract

Core tip: This is the report of a rare case of immune
thrombocytopenic purpura (ITP) associated with intestinal tuberculosis. In approximately 50% of ITP cases,
the aetiology is not identifiable. The most common secondary causes are systemic lupus erythematosus, lymphoproliferative diseases, HIV infection and drugs. It is
difficult to make a diagnosis of tuberculosis-related ITP,
and timely therapy is important. This association should
be considered in cases of ITP that are unresponsive to
steroids and intravenous immunoglobulin, especially in
immunocompromised patients and those from endemic
areas.

A variety of clinical manifestations are associated directly or indirectly with tuberculosis. Among them,
haematological abnormalities can be found in both
the pulmonary and extrapulmonary forms of the disease. We report a case of immune thrombocytopenic
purpura (ITP) associated with intestinal tuberculosis
in a liver transplant recipient. The initial management
of thrombocytopenia, with steroids and intravenous
immunoglobulin, was not successful, and the lack of
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INTRODUCTION

A

Despite its description over a century ago by H.H.
Robert Koch, tuberculosis remains a worldwide health
problem, primarily in developing countries. A variety of
clinical manifestations are associated directly or indirectly
with tubercle bacillus. Among them, haematological abnormalities can be found in both the pulmonary and extrapulmonary forms of the disease[1]. Isolated secondary
thrombocytopenia is an unusual complication that occurs
primarily via a non-immune mechanism (bone marrow
infiltration by granulomas)[1,2]. Tuberculosis-induced immune thrombocytopenic purpura (ITP) is rare, with few
cases reported in the literature[3-5] and only one case reported in the context of intestinal tuberculosis[6]. Here,
we describe a case of ITP associated with intestinal tuberculosis.

B

CASE REPORT
A 69-year-old male who underwent a liver transplantation
11 years ago due to alcoholic cirrhosis and who was using tacrolimus (1.5 mg/d) for immunosuppression (serum
level of 2.7 ng/mL) came to his outpatient follow-up visit
complaining of malaise, decreased appetite and a weight
loss of 3 kg in the last 3 mo. He denied fever, respiratory
symptoms, changes in bowel habits or other complaints.
On physical examination, pale mucosa, bruises and painless purpuric lesions on the lower limbs were noted. The
remainder of the physical examination was unremarkable. Laboratory tests showed pancytopenia (haemoglobin
level: 9.0 g/dL, platelet count of 1300/mm3, leukocytes
2230/mm3) and an erythrocyte sedimentation rate of 72
mm. The coagulation tests were normal and without laboratory evidence of haemolysis. The serum antinuclear
and anti-DNA antibodies were negative, as was the viral
serology [HIV, hepatitis B, hepatitis C and polymerase
chain reaction (PCR) for Cytomegalovirus and B19 parvovirus]. The serum complement levels, immunoglobulin,
iron, folic acid and vitamin B12 were within the normal
range. The myelogram showed a normocellular bone
marrow with normal maturation, and PCR for M. tuberculosis and other agents (Cytomegalovirus, Epstein-Barr
virus and B19 parvovirus) showed negative results.
The bone marrow biopsy was normocellular for the
patient’s age, with erythrocytic hyperplasia and granulocytic hypoplasia. Megakaryocytes were normal in number
and morphology, and no granulomas were found. The
tacrolimus was switched to cyclosporine, but marked
thrombocytopenia persisted. During hospitalisation,
the thrombocytopenia worsened despite repeated platelet transfusions. This clinical picture, in addition to the
finding of positive anti-platelet antibodies, led to the
diagnosis of ITP. Intravenous immunoglobulin (IVIG)
was started (1 mg/kg per day), followed by prednisone
60 mg/d by mouth for four weeks without satisfactory
results. The platelet count did not surpass 27000/mm3.
Because the patient was unresponsive to standard ITP
treatment, thorax and abdominal computed tomography
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Figure 1 Imaging features. A: Abdominal computed tomography showing a
thickening of the terminal ileum (white arrow); B: Oedematous and friable ileocaecal valve with an infiltrative lesion observed during colonoscopy.

were performed to rule out other potential etiologies.
A slight thickening of a small segment of the terminal
ileum was detected (Figure 1A). A colonoscopy revealed
an oedematous and friable ileocaecal valve with an infiltrative appearance (Figure 1B). A histological evaluation
indicated a chronic inflammatory process with intense
activity and a granuloma (Figure 2A). Alcohol-acid resistant bacilli were found in the histological specimen (Figure
2B). Therefore, anti-tuberculosis therapy was initiated as
follows: rifampicin 600 mg/d, isoniazid 300 mg/d, pyrazinamide 1600 mg/d and ethambutol 1200 mg/d, along
with prednisone tapering. After the initiation of the tuberculosis treatment, there was a progressive increase in
the platelet count, which reached normal levels within a
month (Figure 3). The cyclosporine dosage was required
to be increased to maintain optimal serum levels due to
interactions with anti-tuberculosis drugs and was replaced
with tacrolimus in the following month. The anaemia
and leukopenia improved until normalisation after three
months (haemoglobin level: 13.4 g/dL, leukocytes 4030/
mm3).

DISCUSSION
Several hematologic manifestations, such as anaemia,
leukopenia, thrombocytopenia, thrombocytosis, leukemoid reaction and pancytopenia, have been described in
patients with tuberculosis[1,2]. There are few reports of
ITP being associated with tuberculosis[4]. In an evaluation
of 846 patients, al-Majed et al[7] found an association with
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A

B

Figure 2 Microscopic findings. A: Histopathology of the ileocaecal valve showing a chronic inflammatory process with intense activity and a granuloma (haematoxylin
and eosin stain, × 100); B: Ziehl Neelsen stain of the histological specimen showing a tubercle bacillus within the circle (× 400) (Courtesy of Marianne Castro, MD).
20

RIPE suspension

18

4

3

Platelets × 10 (mm )

16
14
12
10

IVIG

RIPE

Pred

8
6
4
2
0

17

30

60

90

114

164

t /d

216

246

302

358
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ITP in only 1% of cases. These cases are, in order of increasing frequency, associated with pulmonary tuberculosis, lymphadenitis and miliary tuberculosis[2,5]. Thus far, to
our knowledge, there is only one previous report of ITP
associated with intestinal tuberculosis; however, this association was in the context of myelodysplasia and chronic
hepatitis C[6].
Intestinal tuberculosis corresponds to the sixth major
site of extrapulmonary tuberculosis involvement[8] and is
associated with concurrent active pulmonary tuberculosis
in less than 30% of cases[9]. The most commonly involved region is ileocaecal because of the abundance of
lymphoid tissue, although any part of the digestive tract
may be affected[9]. The clinical presentation is generally
nonspecific, in some cases subclinical, and depends upon
the site of involvement[8,10]. The endoscopic appearance
can be ulcerative, ulcerative-hypertrophic, hypertrophic or
fibrotic[8]. The differential diagnosis is broad and should
include mainly Crohn’s disease, lymphoma, bacterial
and viral infections (e.g., Yersinia enterocolitica) and drugs.
Intestinal tuberculosis is a rare condition, but it must be
considered, especially in endemic countries and at-risk
populations (e.g., immunocompromised), as in this case.
In ITP, the formation of antiplatelet antibodies promotes accelerated platelet destruction[11,12]. The two main
diagnostic criteria for ITP are isolated thrombocytopenia

WJG|www.wjgnet.com

with normal peripheral blood smear and the exclusion
of other causes of thrombocytopenia[12,13]. In this report,
pancytopenia, rather than isolated thrombocytopenia, required an extensive workup for haematological diseases.
The exclusion of other causes of thrombocytopenia
(including the use of tacrolimus), associated with a worsening in platelet count after repeated transfusions, suggested that an immune mechanism was involved. ITP is
a diagnosis of exclusion, and routine testing for platelet
antibodies is not recommended; however, the finding of
positive antiplatelet antibodies may sometimes be useful
in confirming an immune cause (although these antibodies are not specific for ITP)[14]. Positive antiplatelet antibodies can be detected in other conditions, such as liver
cirrhosis and chronic thyroiditis[5]. Some authors have
found that the identification of platelet-associated antibodies has prognostic significance in ITP[14].
In approximately 50% of ITP cases, the aetiology is
not identifiable. The most common secondary causes
are systemic lupus erythematosus, lymphoproliferative
diseases (especially chronic lymphocytic leukaemia and
Hodgkin’s lymphoma), HIV infection and drugs[13,15].
The mechanism underlying the association of ITP with
tuberculosis is not well elucidated, and further studies are
needed to better understand its pathophysiology. Some
authors suggest that M. tuberculosis is able to stimulate au-
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Treatment

tologous lymphocytes against platelets and promote the
production of antiplatelet antibodies[2].
Corticosteroids are the treatment of choice for ITP
in adults. In cases that are responsive to treatment, there
is usually an increase in the platelet count after one week
of therapy, and a peak platelet count occurs in two to
four weeks. Human IVIG is another treatment option
that is capable of augmenting the platelet count more
rapidly than steroids[12,15,16]. In cases of secondary ITP,
thrombocytopenia can often be resolved by treating the
underlying disorder[15]. Therefore, in cases of tuberculosis
associated with ITP, the most important therapy is antituberculosis treatment. This treatment regimen can be
combined with corticosteroids and/or human IVIG according to the degree of thrombocytopenia or the presence of bleeding[5,17]. IVIG is the treatment of choice due
to the potential risk of immunosuppression with steroids
and the subsequent exacerbation of tuberculosis[3,5]. Immunomodulatory therapy alone does not appear to promote a satisfactory response, which supports tuberculosis
as the underlying cause of ITP in these case reports. In
published cases of ITP that is associated with tuberculosis, most authors used anti-tuberculosis drugs combined
with steroids or IVIG[3-5,13,18-20]. In our case, the resolution
of thrombocytopenia was obtained with anti-tuberculosis
drugs alone. The improvement of haemoglobin and leukocyte levels obtained with tuberculosis treatment suggests a causal relationship with tuberculosis itself.
In most reports of ITP-related tuberculosis, there is
an initial difficulty in identifying tuberculosis as the cause
of thrombocytopenia, and our case was not different.
The subclinical presentation of intestinal tuberculosis led
to a delayed diagnosis. The association with tuberculosis
should be considered in cases of ITP that are unresponsive to steroids and IVIG. This association should be
considered even in the absence of a suggestive clinical
picture and especially in immunocompromised patients
and those from endemic areas.

The patient was treated with rifampicin, isoniazid, pyrazinamide and ethambutol.

Related reports

Tuberculosis-induced immune thrombocytopenic purpura (ITP) is rare, with few
cases reported in the literature.

Experiences and lessons

This case report demonstrates the rare association of ITP with subclinical
intestinal tuberculosis, which requires a high index of suspicion, especially in
immunocompromised patients and those from endemic areas.

Peer review

This is a rare case of tuberculosis-induced ITP. Despite its rarity and difficulty of
diagnosis, timely therapy is important.
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Core tip: This case report describes a patient with Erdheim-Chester disease with gastrointestinal manifestations and unique endoscopic appearance as seen both
in gastroscopy and colonoscopy with histological proof
of histiocyte infiltration of the lamina propria. The clinical and endoscopic findings of this unique case, to the
best of our knowledge, were never described before, so
were the features of the gastrointestinal involvement in
this disease.
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Erdheim chester - A rare disease with unique endoscopic features.
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Abstract

INTRODUCTION

Erdheim-Chester disease (ECD) is a rare inflammatory
syndrome in which systemic infiltration of non-Langerhans cell histiocytes occurs in different sites. Both the
etiology and pathophysiology of ECD are unknown,
but CD68 positive CD 1a/S100 negative cells are characteristic. The presentation of ECD differs according
to the involved organs. This case report describes a
patient with ECD and the gastrointestinal manifestations and unique endoscopic appearance as seen in
gastroscopy and colonoscopy with histological proof
of histiocyte infiltration of the lamina propria. The
clinical and endoscopic findings of this unique case, to
our knowledge, were never described before, so were
the features of the gastrointestinal involvement in this
disease.

Erdheim-Chester disease (ECD) is a rare inflammatory
disease in which systemic infiltration of non-Langerhans cell
histiocytes occurs in different sites. Both the etiology and
the pathophysiology of ECD are unknown, but CD68
positive CD1a/ S100 negative cells are characteristic[1].
The presentation of ECD differs according to the involved organs. In most cases, lesions of long bones are
present, but CNS[2-4], heart[5] and lung[6,7] manifestations
in this disease were previously described as well. Gastrointestinal involvement in ECD seems to be extremely
rare[8], unlike other histiocytosis[9], and to the best of our
knowledge, there are only three case reports published
describing hepatic billiary and pancreatic manifestations[8,10,11] of this disease.
Here we describe a case of a 36-year-old female patient who presented to the ER with prolonged diarrhea
polyuria, fatigue and weight loss.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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The laboratory test showed anemia with hemoglobin
level of 9. Her hemoglobin was within a normal range
over the past 6 mo. White cell count was normal with
no deviation in differentiation. The blood chemistry was
normal besides mild elevation of transaminases. Alanine
aminotransferase was 68 IU/L, and aspartate aminotransferase was 164 IU/L; both were documented at a
normal range two mo before. Serum lactate dehydrogenase was 2200 U/L (normal range, 230-480), serum iron
was 21 μg/dL (normal range, 40-145) with transferrin
level of 148 (normal range, 200-360). Albumin was 3.3
g/dL (normal range 3.5-5.2) and C reactive protein was
increased to 3.43 mg% (normal range, up to 0.5), antinuclear Ab, rheumatoid factor, DNA Ab celiac screen
and ANCA were negative as well as serology for viral
hepatitis.
Computerized tomography of chest, abdomen and
pelvis revealed mildly enlarged axillary and retroperitoneal lymph nodes, mild splenomegaly, few small hypodense
hepatic lesions and sclerotic lesions in both sternum and
iliac crest.
A month prior to the current admission, she was
evaluated at another medical center where bone marrow
was aspirated, resulting in suspicion of histiocytosis. An
auxiliary lymph node was surgically obtained, and showed
almost complete replacement of lymph node by a monotonous population of CD68 positive , CD1a and S-100
protein negative histiocytes. PAS and polymerase chain
reaction for different mycobacteria were negative. Bone
marrow showed hypercellularity with the presence of
non-necrotizing epithelial granulomas. The pathologist
conclusion was an adult form of ECD.
Due to the weight loss, prolonged diarrhea and recurrent vomiting, and in light of the pathologist conclusion,
an endoscopic evaluation of the upper gastrointestinal
tract was performed by gastroscopy and colonic evaluation by colonoscopy with intubation of the ileocecal
valve and examination of the terminal ileum.
The gastroscopy showed a cobblestone-like raised
nodular gastritis of the entire stomach (Figure 1). Pylorus and duodenum were normal. Gastric biopsy showed
chronic follicular inflammation associated with patchy
infiltration of CD68 positive foamy histiocytes (Figure
2). Colonoscopy revealed numerous small round hyperpigmented lesions with decreased vascularity in the
surrounding mucosa extending from the rectum to the
cecum (Figure 3).
The terminal ileum was normal as well. Biopsies
subsequently taken showed colonic mucosa with preserved crypt architecture and patchy infiltration of foamy
histiocytes. PAS and Giemsa stains were negative for
micro-organisms (Figure 4). The biopsies taken from
the terminal ileum were normal. After the diagnosis of
ECD was made, the patient was treated with interferon
which is the current standard of treatment[12]. The patient
began a course of combined vinblastine and prednisone
and achieved partial response. Unfortunately, no further
follow-up is available.

Figure 1 Endoscopic appearance of the stomach body.

A

B

Figure 2 Histological findings in gastric biopsy. A: Lamina propria infiltrated
by foamy histiocytes negative for PAS (PAS stain, × 200); B: Foamy cells
stained positive for CD 68 (CD68 stain, × 100).

CASE REPORT
A 36-year-old female, previously healthy with the exception of an anxiety disorder, and treated with Fluoxetine,
was admitted to hospital due to diarrhea, weight loss,
nausea and vomiting, prolonged fever and weakness for
the last 3 mo. She reported significant weight loss of
more than 10 kg in the last year with increased thirst and
polyuria. The patient denied any cardiac, respiratory or
bone pain but did complain of joint pain with no evidence of arthritis. On admission, the patient’s fever was
38.3, but other vital signs were normal. She had body
mass index of 19 kg/m2. Physical examination showed
notable cachexia with palpable groin lymph nodes.

WJG|www.wjgnet.com

8310

July 7, 2014|Volume 20|Issue 25|

Ben-yaakov G et al . Erdheim chester - A disease with unique endoscopic features

2

3

4
Figure 3 Colonoscopy showing numerous small round hyper-pigmented
lesions.

5

6

7
Figure 4 Histology of colonic mucosa showing histiocytic infiltration of
lamina propria (HE stain, × 100).

8
9

DISCUSSION
ECD is a systemic type of non-Langerhans cell histiocytosis. It was first described by Jacob Erdheim and William
Chester in 1930. There were approximately 400 cases
reported in literature with extremely rare gastrointestinal
involvement. There has been no endoscopic description
of gastrointestinal features so far.
Here, for the first time, we discuss the endoscopic
findings revealed by both gastroscopy and colonoscopy
in a patient with gastrointestinal involvement of ECD.
Although extremely rare, this case suggests that physicians should always keep in mind the diagnosis of infiltrating systemic disease such as ECD when dealing with
prolonged unexplained gastrointestinal complains along
with systemic symptoms of chronic disease.

10

11

12
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Core tip: A 35-year-old woman presented to the hospital complaining of epigastric pain and abdominal fullness. Imaging findings showed a giant cavernous hemangioma approximately 150 mm in size on right lobe of
the liver. We performed right hepatectomy. Histologically, this entity was diagnosed as a cavernous hemangioma. Furthermore, hemangiomatous lesions were
scattered around the Glisson’s capsule of normal liver.
These hemangiomatous lesions were not recognized
preoperatively. Even if we were unable to diagnose the
hemangiomatosis around the giant hemangioma preoperatively, we still would have had to excise sufficiently
large surgical margins, as giant hemangiomas may
have small hemangiomatous lesions around the tumor.

Abstract
Diffuse liver hemangiomatosis with giant cavernous
hemangioma in adult is extremely rare. A 35 year-old
woman presented to hospital with main complaint of epigastric pain and abdominal fullness. An enhanced computed tomography scan revealed a massive liver tumor
in right lobe about 150 mm in size. There was contrast
enhancement at the periphery of the mass consistent
with a cavernous hemangioma. She underwent right
hepatectomy. Histologically, it was diagnosed as a cavernous hemangioma. And also, hemangiomatous lesions
were scattered around the Glisson’s capsule on the back
ground liver. These hemangiomatous lesions were not
recognized preoperatively. Even if we couldn’t diagnose
hemangiomatosis around the main giant hemangioma
preoperatively, we need to take enough surgical margins because the giant hemangioma has the potential
to have small hemangiomatous lesions around the tumor. We reported right hepatectomy for giant cavern-
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INTRODUCTION
Liver cavernous hemangiomas are the most common
benign tumor of the liver. On autopsy, their incidence
ranges from 5% to 20%[1,2]. Most hemangiomas are small
in size (< 4 cm in diameter) and remain asymptomatic,
requiring no treatment. Giant hemangiomas present a
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different disease course. In many surgical series, giant
hemangiomas are defined as cavernous hemangiomas
larger than 4 cm in diameter[3]. Symptoms rarely appear
unless the tumor size exceeds 4 cm. Symptomatic hepatic
hemangiomas can present with abdominal pain, hemorrhage, biliary compression, or consumptive coagulopathy.
Diffuse hepatic hemangiomatosis usually occurs in
neonates with an abdominal mass and unidentified congestive heart failure. The disease is associated with Rendu-Osler-Weber disease or skeletal hemangiomatosis[4,5].
Isolated diffuse hemangiomatosis of the liver in adults
without extrahepatic lesions is extremely rare[6]. We report
on a right hepatectomy for giant cavernous hemangioma
with diffuse hepatic hemangiomatosis in the background
of the liver but without an extrahepatic lesion in adults.

Figure 1 There was contrast enhancement at the periphery of the mass
consistent with a cavernous hemangioma.

A

CASE REPORT
In April 2013, a 35-year-old woman presented to a nearby
hospital with main complaint of epigastric pain and a
sense of abdominal fullness. She was 151 cm tall and
weighed 52 kg. Her past or family medical history was
unremarkable. On physical examination, abdominal distension and severe tenderness were present. She has no
jaundice. The results of blood routine and liver function
tests were normal, including a platelet count of 18 × 104
platelets/mL. Serum tumor markers were all within the
normal range. Hepatitis B and C virus markers were negative. On examination, she had a massive liver tumor on
the right lobe of liver that was approximately 145 mm in
size, with areas of necrosis inside of the liver according
to abdominal ultrasonography. A Doppler ultrasonography revealed no remarkable tumor vascularities, except
for the underlying hepatic parenchymal vascular flow.
An enhanced computed tomography (CT) scan revealed
a massive liver tumor in the right lobe of her liver, 153
mm × 133 mm × 95 mm in size. There was contrast enhancement at the periphery of the mass consistent with
a cavernous hemangioma. A coronal view of the mass
is shown in Figure 1. The massive liver tumor showed
low signal intensity on T1-weighted Magnetic Resonance
Imaging (MRI), high intensity on T2-weighted MRI, and
high intensity on diffusion MRI (Figure 2). These image
assessments were highly suggestive of a diagnosis of a
giant hepatic hemangioma. The clinical and radiological
evaluation showed no evidence of Rendu-Osler-Weber
disease or hemangiomas in the extrahepatic region. She
was referred to our hospital for treatment. She preferred
surgery, so she underwent laparotomy; a right hepatectomy was performed. The duration of the operation was
190 min, and the intraoperative blood loss was 845 mL.
The resected tumor was 200 mm × 140 mm × 85 mm in
size and 910 g in weight (Figure 3). Figure 4 shows sections of the resected tumor, with a white area of 105 mm
× 62 mm in size. Histologically, a cavernous hemangioma
was diagnosed (Figure 5). The white area showed tumor
degeneration and a loss of tumor cells. Hemangiomatous
lesions were scattered around the Glisson’s capsule on
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B

Figure 2 High intensity on T2-weighted magnetic resonance imaging (A)
and high intensity on diffusion magnetic resonance imaging (B).

the background of the liver (Figure 6). These hemangiomatous lesions were not recognized preoperatively. The
patient’s post-operative course was uneventful, and she
was discharged from the hospital 9 d postoperatively.

DISCUSSION
Cavernous hemangiomas of the liver are benign and usually small (< 4 cm) in size, but when they are larger than
4 cm in diameter, they are classified as giant cavernous
hemangiomas[7]. Cavernous hemangiomas of the liver are
the most common type of liver tumor and are most frequently seen in women. Most hemangiomas are asymptomatic and are detected incidentally on the imaging of
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Figure 3 Resected tumor was 200 mm × 140 mm × 85 mm in size and 910
g in weight.

Figure 5 Histological findings of a giant tumor reveal endothelial cell proliferation and dilated blood channels (hematoxylin and eosin staining, × 4).

*

Figure 4 Cut section of the resected tumor. The white area has tumor degeneration and loss of tumor cells.

Figure 6 Hemangiomatous lesions (arrows) were scattered around the
Glisson’s capsule (star) on the back ground liver (hematoxylin and eosin
staining, × 1.25).

the abdomen for unrelated reasons. A large hemangioma
and diffuse hemangiomatosis present symptoms of abdominal pain, discomfort, and palpable mass.
A recent major argument in the treatment of liver
hemangiomas is the indication of the operation. Considering the benign and non-progressive nature of the
disease, it is currently accepted that the diagnosis of giant
hemangioma is not necessarily an indication for surgery
based on its size alone, and continued observations in asymptomatic patients or in patients with minimal abdominal symptoms appear to be justified[8]. Surgery remains
the only consistently effective curative treatment for giant
hemangiomas. However, Kayan et al[9] reported that the
combination of preoperative percutaneous trans-catheter
arterial embolization (TAE) and surgery is a safe procedure that eliminates the risk of intraoperative bleeding in
the treatment of giant hepatic hemangiomas.
Hepatectomy may be accomplished by a simple
enucleation or an anatomical resection. Operative series
comparing enucleation and lobectomy have shown that
complications, such as bleeding from damage to blood
vessels and bile duct injury, were significantly more
common and more serious after lobectomy. Therefore,
enucleation is preferred when feasible for symptomatic
giant hemangiomas[10]. In our case, the giant hemangioma was observed very near to middle hepatic vein, so we
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selected a right hepatectomy. Histologically, this entity
was diagnosed as a giant cavernous hemangioma, 20 cm
in size. Scattered small hemangiomatous lesions were
found in the background of the liver with a cavernous
hemangioma. In particular, they were scattered around
the Glisson’s capsule. We diagnosed the hemangiomatosis, but these hemangiomatous lesions were not recognized preoperatively.
Hepatic hemangiomatosis may be a rare condition
characterized by the diffuse replacement of the hepatic
parenchyma with hemangiomatous lesions and can sometimes be associated with systemic hemangiomatosis[11].
The natural history and underlying etiology of diffuse
hepatic hemangiomatosis remain uncertain. Diffuse hepatic hemangiomatosis has been reported in relation with
hereditary hemorrhagic telangiectasia[5]. Hereditary hemorrhagic telangiectasia, also called Rendu-Osler-Weber
disease, is a systemic fibrovascular dysplasia with autosomal dominant inheritance. In our patient, there were
no clinical features of Rendu-Osler-Weber disease. In
infancy, hemangiomatosis usually involves the entire liver,
in a diffuse fashion. On the other hand, in adults, diffuse
liver hemangiomatosis alone is extremely rare without
extrahepatic lesions. Only a few patients with isolated
liver hemangiomatosis have been reported in the English
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Clinical diagnosis

literature[6,12].
Previous reports have cited the role of steroid medications in the development of hepatic cavernous hemangiomas[13] and the administration of metoclopramide
medications in a patient with diffuse hepatic hemangiomatosis. No history of steroid or estrogen use was documented in the reported cases of diffuse hepatic hemangiomatosis[14].
Cavernous hemangioma is the most common benign
hepatic tumor and is typically described as a solitary, wellcircumscribed lesion with a distinct fibrous interface;
therefore, hepatic parenchymas are usually not included
in cavernous hemangiomas[15]. Scattered hemangioma-like
vessels in the hepatocellular nodular lesions were found
in the present patients and resembled the findings that
were described in the background liver of a cavernous
hemangioma[16]. Jhaveri et al[17] reported on the association
of hepatic hemangiomatosis with a giant cavernous hemangioma in an adult population. These hemangiomatosis
were diagnosed in imaging tests, including abdominal ultrasonography, CT, MRI, among others; however, in our
case, hemangiomatosis was not recognized preoperatively.
The management strategy for giant hepatic hemangiomas can differ depending on the presence of associated hemangiomatosis and on the amount and distribution of the residual hepatic parenchyma[17]. As previously
explained, enucleation is preferred when feasible for
symptomatic giant hemangiomas due to the potential for
complications from surgery. However, surgical candidates
must be carefully selected to avoid surgical complications related to excessive blood loss from oozing due to
the deroofing of the areas of hemangiomatosis after the
enucleation of a giant hepatic hemangioma[17].
Symptomatic patients with giant hemangiomas and
associated extensive hemangiomatosis can be difficult
subjects for enucleation and are better managed by means
of an extensive lobectomy. Because we were unable to
diagnose the hemangiomatosis around the main giant
hemangioma preoperatively, we needed to use large surgical margins, as the giant hemangioma may have small
hemangiomatous lesions around the tumor. Although
there have been no previous reports of these accessory
lesions, if we can decrease main tumor size, shrinkage or
disappear hemangiomatosis around main tumor by TAE,
we may be able to resect smaller range of the liver.
In conclusion, we reported on a right hepatectomy
for a giant cavernous hemangioma with diffuse hepatic
hemangiomatosis in the liver background without extrahepatic lesions in an adult. Further research and examinations of similar cases are required to confirm this
relationship and to further assess the clinical significance
of a giant cavernous hemangioma with diffuse hepatic
hemangiomatosis in adults.

Diagnosis of a giant cavernous hemangioma of the liver.

Differential diagnosis

Hepatocellular carcinoma, Focal nodular hyperplasia

Laboratory diagnosis

She results of blood routine and liver function tests were normal, including
platelet count of 18 × 104 platelets/mL, and serum tumor markers and hepatitis
B and C virus markers were all within normal range.

Imaging diagnosis

Computed tomography scan revealed a massive liver tumor in right lobe of liver,
153 mm × 133 mm × 95 mm in size and there was contrast enhancement at the
periphery of the mass consistent with a cavernous hemangioma.

Pathological diagnosis

It was diagnosed as a cavernous hemangioma and also hemangiomatous lesions were scattered around the Glisson’s capsule on the back ground liver

Term explanation

This reported on a right hepatectomy for a giant cavernous hemangioma with
diffuse hepatic hemangiomatosis in the liver background without extrahepatic
lesions in an adult.

Experiences and lessons

Because we were unable to diagnose the hemangiomatosis around the main
giant hemangioma preoperatively, they needed to use large surgical margins,
as the giant hemangioma may have small hemangiomatous lesions around the
tumor.

Peer review

This make reference to surgical precaution and operative procedures of giant
cavernous hemangioma with hemangiomatosis following pathological findings
in their report.
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Core tip: A psoas abscess caused from appendicitis is
sometimes observed, and it has a high mortality rate
because of the difficulty in diagnosing the origin of the
abscess preoperatively. In our case, the patient had
been previously treated for 3 years; however, the clinicians could not find the origin of the abscess and failed
to resolve the problem. We successfully treated the
patient using a laparoscopic approach. Only a small
number of similar cases have treated patients using
a laparoscopic method. We believe that this method
helps diagnose the origin of the abscess and successfully treat complicated cases.
Otowa Y, Sumi Y, Kanaji S, Kanemitsu K, Yamashita K, Imanishi
T, Nakamura T, Suzuki S, Tanaka K, Kakeji Y. Appendicitis
with psoas abscess successfully treated by laparoscopic surgery.
World J Gastroenterol 2014; 20(25): 8317-8319 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i25/8317.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i25.8317

Abstract
Although acute appendicitis is a common disease, retroperitoneal abscesses are rarely observed. Here, we
report a case consisting of a psoas abscess and cutaneous fistula caused by appendicitis. The patient was
a 56-year-old male who was introduced to our institution due to an intractable right psoas abscess. Imaging
tests had been performed over the previous 3 years;
however, clinicians could not find the origin of the abscess and failed to resolve the problem. A successful
operation was performed via a laparoscopic approach,
and 17 mo have passed without recurrence. The advantage of laparoscopic surgery is well understood
in cases of appendicitis with abscesses. However, the
indication for laparoscopic approach is not clear for
retroperitoneal abscesses. From our experience, we
can conclude that appendicitis with retroperitoneal
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INTRODUCTION
Acute appendicitis is one of the most common causes
of abdominal pain. Computed tomography (CT) and
ultrasonography (US) are often used to support a clinical diagnosis. Sensitivity and specificity of preoperative
evaluations of CT and US are 96.4 %, 95.4 % and 99.1
%, 96.5 %, respectively[1]. Psoas abscesses due to acute
appendicitis are occasionally observed (14.6 %)[2]. CT and
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Figure 3 Blind end of the appendix was strongly adhered to the right
psoas muscle.

intractable right psoas abscess. The patient had right hip
pain for 3 years prior to his visit and was diagnosed with
a right psoas abscess by an orthopedist. Abscess drainage was preformed two times followed by a psoas curettage. The bacteria culture revealed Streptococcus sp (species),
Escherichia coli, Bacteroides sp, Enterococcus avium, Clostridium
ramosum, Enterobacter cloacae, Peptostreptococcus prevotii infections. CT and MRI were performed; however, no signs
of appendicitis were confirmed.
Laboratory tests were within normal limits when the
patient visited our institution. There was no abdominal
pain, but a discharge of pus was observed in the right
inguinal region. An abdominal contrast CT showed a
psoas abscess, a swollen appendix near the psoas muscle
and a cutaneous fistula in the right inguinal region (Figure
1). We failed to image the cutaneous fistula from the appendicitis; however, a leakage of air was heard. The diagnosis of a psoas abscess and cutaneous fistula caused
by appendicitis was made, and an elective laparoscopic
surgery was scheduled. The patient was given sulbactum
sodium/ampicillin sodium (SBT/ABPC) 12000 mg/d
intravenously until the operation and was in stable condition during this time.
Under general anesthesia, the patient was placed in
a supine position. The surgeon stood on the left side of
the patient, and a video monitor was set up on the right
side of the patient. A 12-mm blunt trocar was inserted
into the umbilicus, two working trocars were placed
in left abdomen, including a 12-mm trocar and 5-mm
trocar, and 1 puncture was made in the right abdomen
(Figure 2). We confirmed that the blind end of the appendix was strongly adhered into the right psoas muscle.
We used a bipolar electronic device to completely decorticate the adhesion (Figure 3), and no pus was observed.
An ileocecal resection was performed because the oral
side of the appendix was damaged by inflammation.
Indigo carmine was injected in the cutaneous fistula. No
leakage was observed from the abscess wall, and an 8
Fr. drainage tube was inserted into the cutaneous fistula.
SBT/ABPC was given continuously after the operation.
The antibiotics were changed to the oral intake of amoxicillin (AMPC) 1500 mg/d and potassium clavulanate

Figure 1 Abdominal contrast computed tomography. A: The psoas abscess
(white arrow) was adjacent to the swollen appendix; B: A cutaneous fistula (white
arrow) was observed in the right inguinal region.

①

②

④

③

Figure 2 The laparoscope was inserted via an umbilical trocar ①, a
12-mm trocar ② and a 5-mm trocar ③ were placed as working ports in
the left abdomen, and 1 puncture ④ was made in the right abdomen.

magnetic resonance imaging (MRI) scans can provide
an excellent diagnosis of retroperitoneal abscess for the
majority of cases[3,4]. However, the presenting symptoms
of a retroperitoneal abscess can be nonspecific, making
it difficult to provide an accurate diagnosis preoperatively[2]. The mortality rate in cases of a secondary psoas
abscess, such as in acute appendicitis, remains high (19
%)[4]. To prevent this fatal outcome, detection of disease
symptoms, accurate diagnosis and prompt treatment are
required.

CASE REPORT
A 56-year-old male was sent to our institution due to an
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325 mg/d for a total of 4 wk after the operation because
the postoperative course was uneventful. The patient
was discharged on the 18th postoperative day. At the time
of manuscript submission, a total of 17 mo have passed
without recurrence.

COMMENTS
COMMENTS
Case characteristics

A 56-year-old male with a history of right leg pain had been previously treated for
3 years.

Clinical diagnosis

A pus discharge was observed in the right inguinal region.

DISCUSSION

Differential diagnosis

We sought to determine whether we can treat retroperitoneal abscess with a laparoscopic approach. To answer
the question, we conducted a Pubmed search of the
English language literature from 1955 to 2012 using the
key words “appendicitis”, “retroperitoneal abscess”, and
“psoas abscess”. A total of 27 cases were reported. In
most cases, an open appendectomy with drainage was
performed. Only 1 case consisted of a laparoscopic surgery. From these results, we suggest that an indication
of laparoscopic surgery for appendicitis with retroperitoneal abscess is not clear. In the single case in which a
laparoscopic operation was performed, a left retroperitoneal abscess was observed from the preoperative CT,
and the laparoscopic examination revealed a focal perforation and pus at the tip of the appendix. A laparoscopic
appendectomy and biopsy of the retroperitoneal abscess
were performed. There was no discussion on the indication of how to treat retroperitoneal abscess[5]. In our
case, we were able to perform a laparoscopic ileocecal
resection regardless of the severe adhesion due to the
chronic symptoms and psoas abscess. The postoperative course was uneventful, no surgical site infection was
observed, and the right cutaneous fistula was alleviated
without further invasive treatment.
Many studies have reported that there are no differences in the surgical outcomes of a laparoscopic appendectomy and an open appendectomy. Laparoscopic
patients have better outcomes of less abdominal pain,
less wound infection and a shorter hospital stay[6,7]. A
laparoscopic approach is a feasible method to treat even
complicated cases, such as appendiceal perforation and
abscesses. The benefits of laparoscopic surgery do not
differ between complicated and uncomplicated cases and
do not increase the risk of postoperative complications[7,8].
To treat appendicitis with a retroperitoneal abscess,
the most import considerations are managing the infection source and adequately draining the retroperitoneal
abscess. A laparoscopic approach provides a magnified
view that enables detection of the infection source and
helps determine the resection area. From our experience
in this case, a laparoscopic approach can manage the
infection source even with the presence of a retroperitoneal abscess.
We conclude that the laparoscopic approach is less
invasive and can manage appendicitis with retroperitoneal abscesses.

Laboratory diagnosis

Psoas abscess, appendicitis, tuberculosis.
Values were WBC 4.6 K/uL, HGB 15.2 gm/dL and CRP 0.65 mg/dL. Other laboratory tests were within normal limits when the patient visited our institution.

Imaging diagnosis

Abdominal contrast computed tomography showed a psoas abscess, a swollen appendix near the psoas muscle and a cutaneous fistula in the right inguinal region.

Treatment

The patient underwent elective laparoscopic ileocecal resection.

Term explanation

There are no uncommon terms used in this manuscript.

Experiences and lessons

A laparoscopic approach decreases postoperative pain and also aids in the
detection of the cause of the retroperitoneal abscess.

Peer review

This article demonstrates that a laparoscopic approach is less invasive and can
manage appendicitis with a retroperitoneal abscess.
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Core tip: Abdominal lymphangiomatosis is extremely
rare in adult patients, and the clinical symptoms of this
condition are complicated and atypical. We report a
case of abdominal lymphangiomatosis in a 38-year-old
female who presented with intestinal bleeding and protein-losing enteropathy, as well as lesions in the lung
and bones. From this case and releated the literature
review, we can achieve a better understanding of this
disease.
Lin RY, Zou H, Chen TZ, Wu W, Wang JH, Chen XL, Han QX.
Lymphangiomatosis in a 38-year-old female: case report and
literature review. World J Gastroenterol 2014; 20(25): 8320-8324
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i25/8320.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i25.8320

Abstract
Lymphangioma is an uncommon benign tumor that
develops in the lymphatic system. Abdominal lymphangiomatosis is extremely rare in adult patients, and the
clinical symptoms of this condition are complicated and
atypical. We report a case of abdominal lymphangiomatosis in a 38-year-old female who presented with intestinal bleeding and protein-losing enteropathy, as well as
lesions in the lung and bones. A computed tomography
scan revealed multiple small cystic lesions without enhancement. Histological examination revealed microscopic cysts were submucosal, with walls composed
of thin fibrous tissue, and D2-40 stained highlight the
lining of the lymphatic channels by immunohistochemical method. We make a comparison with the cases re-
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INTRODUCTION
Lymphangioma is a rare benign tumor that develops in
the lymphatic system. Lymphangiomas occasionally occur diffusely, and this process is referred to as “generalized
lymphangiomatosis”[1]. This disease usually occurs in children and involves the skin. Mesentery lymphangiomatosis
is extremely rare in adults. We reported one case of abdominal lymphangiomatosis with lung and bone lesions
in a 38-year-old female, which had not previously been
reported.
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CASE REPORT

A

The patient was a 38-year-old female who had complained of melena for 3 mo and weakness for 10 d. In
addition, she had a history of 4 mo of hemoptysis, and
she had received antibiotic therapy at a local hospital for
pneumonia. She had no history of trauma, no history of
surgery, and no other meaningful history. Upon physical
examination, she presented an anemic appearance but no
other positive signs. Laboratory values upon admission
indicated microcytic hypochromic anemia, with hemoglobin value of 74 g/L and albumin value of 20.9 g/L. The
tumor markers (CEA, CA-125, and CA-199) were within
normal limits. A laboratory examination for tuberculosis
(T-SPOT TB test) was negative. Other blood laboratory
tests were normal. Chest computed tomography (CT)
enhancement scan revealed a low-density lesion along the
pulmonary vessels and a small amount of effusion in the
left pleural cavity (Figure 1). There were local high density regions on both sides of the clavicle and the sternum
and nodular increased densities in the head of the right
humerus. The right scapula had a local high-density appearance. Abdominal CT revealed multiple small cystic
lesions without enhancement distributed in the fundus
of the stomach, the peripancreatic area, the mesenteric
area, the retroperitoneal space and the spleen. The biggest lesion reached 62 mm (Figures 2 and 3). Abdominal
ultrasonography revealed multiple cystic dark areas in the
abdomen cavity that featured communicative branches,
and a slow blood flow signal was detected. We punctured
the abdominal cystic mass using B ultrasonic positioning, and the cytology of the puncture fluid revealed the
following characteristics: scattered with lymphocytes of
mainly inflammatory cells, no tumor cells, and a negative qualitative analysis for chyle. The pathology of the
humerus nodules after puncture indicated coagulation
necrotic bone tissue. Gastroscopy and double-balloon
enteroscopy revealed chronic non-atrophic gastritis and
duodenal lymphangiectasia with hemorrhage (Figure 4).
The patient was cured by decreasing gastric acid, along
with hemostatic and fluid infusion initially, but she continued to present melena. She then underwent an exploratory laparotomy, which revealed multiple cysts in the
right upper quadrant of the greater omentum and retroperitoneal space. The cysts had a thin wall and contained
clear cyst fluid, with tortuous, dilated sponge-like blood
vessels next to the cysts. Consequently, the surgeon used
cavity mirrors to perform surgically assisted distal gastric
resection and bi II-type anastomosis. Pathology after the
surgery indicated abdominal lymphangioma (Figures 5, 6
and 7). However, she continued to present melena irondeficiency anemia and hypoproteinemia after the surgery.

B

Figure 1 Chest computed tomography scaning. A: low density lesion (arrow)
occurs along the pulmonary vessels; B: small effusion (arrow) in the left pleural
cavity.

Figure 2 Abdominal computed tomography reveals multiple small cystic
lesions (arrow) without enhancement in the abdominal cavity.

giomas occur in children under 2 years of age and involve
the head and neck. These lesions are rarely observed in
adult patients[2]. These benign malformations are classified into four categories[3]: capillary lymphangioma, cavernous lymphangioma, cystic lymphangioma (hygroma)
and hemolymphangioma (a combination of hemangioma
and lymphangioma). Lymphangiomatosis is one subtype
of lymphatic disease, which is a much rarer condition.
It can be limited to a particular organ or structure (e.g.,
spleen, liver, or thoracic cavity) or involve a more generalized process[4].
A PubMed search with the words “lymphangiomatosis” found a total of articles of 359 articles. There

DISCUSSION
Lymphangiomas consist of endothelium-lined spaces,
which are supported by connective tissue stromata of
variable thickness that contain lymphoid tissue, round
cells, and smooth muscle[1]. A total of 90% of lymphan-
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A

B

Figure 5 Broken vesica of the gross specimen (arrow).

Figure 3 computed tomography enterograph reveals multiple small cystic
lesions (arrow) without enhancement in the abdominal cavity. A: Sagittal
images; B: Coronal images.
Figure 6 Histology of the omentum majus: microscopic cysts were submucosal, with walls composed of thin fibrous tissue (inset) (HE, original
magnification × 40).

Figure 4 Single balloon enteroscopy reveals duodenal lymphangiectasia
with hemorrhage (arrow).
Figure 7 D2-40 stains highlight the lining of the lymphatic channels
(arrow).

are about 56 articles on adult patients with abdominal
lymphangiomatosis in English. The most frequent
symptom is abdominal pain. A subset of the patients are
asymptomatic. Only 3 articles[5-7] described adult patients
of lymphangiomatosis with gastrointestinal bleeding and
hypoproteinemia. Compared to these cases, this patient
presented concomitant lung and bone lesions, which will
be discussed in the following section. Some abdominal
lymphangiomatosis are accompanied by other lymphatic abnormalities such as lymphangiectasia. Proteinlosing enteropathy is the complication of a variety of
intestinal disorders characterized by an excessive loss of
proteins into the gastrointestinal tract due to impaired

WJG|www.wjgnet.com

integrity of the mucosa[8]. Intestinal lymphangiectasia is
one of the reasons of protein-losing enteropathy. We
administered a small intestinal fiberscopy, which clearly
revealed the pathological changes of the intestine that
could explained why this patient had hypoproteinemia.
Aggressive surgery should be avoided in these symptomless cases because it is now known that these lesions are
benign[9]. Kochman et al[10] suggested that asymptomatic
lymphangiomas should most likely be left alone. However, when they cause significant mortality because of their
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large size, their critical locations and the possibility of
becoming secondarily infected, almost all lesions require
surgical treatment. Incomplete removal can lead to recurrence, even after many years[11]. It is difficult to perform
a complete resection when multiple lesions are found, as
our patient continued to present melena and hypoproteinemia. Other treatments reported include endoscopic
snare polypectomy, interferon-alpha, radiation therapy,
propranolol, bevacizumab, sirolimus, percutaneous drainage and sclerotherapy, among others[4,12-19]. The initiation
of a low-fat diet in this patient was able to effectively raise
the hemoglobin level and the total serum protein level[7].
The clinical symptoms of lymphangiomatosis are
complicated and atypical. A plain radiograph may indicate
a diagnosis of these diseases. CT and nuclear magnetic
resonance imaging are the current techniques used to
evaluate lymphangiomatosis, which appear as multicystic
fluid-filled masses. They are particularly important because the multiorgan involvement suggests a diagnosis of
generalized lymphangiomatosis[1]. The lesions showed as
sharply defined, non-enhanced cystic lesion. In the skeletal system, multiple geographic osteolytic lesions with
predominantly sclerotic borders were observed[20]. Bipedal
lymphangiography with post-lymphangiographic computed tomography may confirm the diagnosis by revealing
a bony accumulation of contrast medium[21]. Richard reported a case of retroperitoneal cystic abdominal lymphangiomatosis diagnosed using fine-needle aspiration[22].
Lymphangiomatosis have been observed in all organs
such as kidney, lung, liver, but except the brain, which
is devoid of lymphatic channels. Diffuse pulmonary
lymphangiomatosis (DPL) is one type of lymphangiomatosis. Two of the most universal characteristics can
be observed in the CT scan of a DPL patient: diffuse
fluid infiltration of the mediastinal soft tissue and pleural effusions[23]. High resolution CT can reveal the other
characteristic features of DPL: bilateral diffuse peribronchovascular thickening, interlobular septal thickening and
ground-glass opacities[24]. The chest CT of our patient
was in concordance with the disease performance. According to monism, her pulmonary pathological change
was caused by systemic lymphangiomatosis. However,
after active mobilization, she continued to refuse lung
pathological biopsy and lymphangiography. So the results
are insufficient to make a diagnosis in the lungs. Patients
with bone involvement in lymphangiomatosis may be
given an additional diagnosis of Gorham’s disease (GD).
The progressive and massive destruction of bone without
signs of repair are distinctive, although not specific, to
GD. Progressive destruction of the bone ensues, featuring dissolution, fragmentation, and sometimes fracture[25].
The pathological osteochondral lesions of this patient are
the common diseased regions of GD, but their imaging
appearances are not as the literature reported. Consequently, a diagnosis of GD cannot be given.
Lymphangiomatosis is a rare disease that usually has
no specific clinical performance, so the doctor can easily
succumb to misdiagnosis and missed diagnosis. Making a
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definitive diagnosis requires a complete medical history,
careful physical examination and thorough assistant examination; sometimes, even an invasive method is necessary. Clinical doctors must improve their understanding
of this disease.
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COMMENTS
COMMENTS
Case characteristics

The patient had complained of melena for 3 mo and weakness for 10 d.

Clinical diagnosis

This case was diagnosed with lymphangiomatosis.

Differential diagnosis

The abdominal lympangiomatosis could be diagnosed by pathological method,
but only according to the image data, the authors couldn’t make a definite diagnose to the lung and bone lesion.

Laboratory diagnosis

Laboratory values upon admission indicated microcytic hypochromic anemia,
with hemoglobin value of 74 g/L and albumin value of 20.9 g/L.

Imaging diagnosis

Abdominal computed tomography revealed multiple small cystic lesions without
enhancement distributed in the fundus of the stomach, the peripancreatic area,
the mesenteric area, the retroperitoneal space and the spleen.

Pathological diagnosis

Histology of the omentum majus showed microscopic cysts were submucosal,
with walls composed of thin fibrous tissue, and D2-40 stained highlight the lining of the lymphatic channels by immunohistochemical method.

Treatment

Distal gastric resection and bi Ⅱ-type anastomosis were performed in this
case.

Related reports

Only 4 articles describing adult patients of lymphangiomatosis with gastrointestinal bleeding including our case have been reported in the English literature.

Term explanation

Diffuse pulmonary lymphangiomatosis is a rare disease characterized by infiltration of the lung, pleura and mediastinum with thin-walled lymphangiomas.
Gorham’s disease is a rare condition characterized by progressive osteolysis of
bone.

Experiences and lessons

Lymphangiomatosis is a rare disease that usually has no specific clinical performance, improving the understanding of this disease can avoid misdiagnosis
and missed diagnosis.

Peer review

This paper reported a very unusual and interesting case of abdominal lymphangiomatosis. A thorough revision of the literature and a good description of the
clinical case were made. A short comment about protein losing enteropathy is
necessary in the text. Also, it is advisable to mention that lymphngiomatosis can
also be observed in the kidneys.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is a
widely prevalent hepatic disorder in Western populations. NAFLD can occur as a spectrum diseases, from
simple steatosis, to non-alcoholic steatohepatitis characterised by hepatocellular injury and inflammation,
to cirrhosis and hepatocellular carcinoma. This paper
reviewed the current status of proteomic and genomic
studies that have contributed to the understanding of
NAFLD pathogenesis. This review highlighted several
functional proteins and genetic polymoprhisms; particular those involved in insulin resistance, triglycerides metabolism and hepatic inflammation. It is hoped that this
review will offer further insights into the pathophysiology of NAFLD.

Abstract
Non-alcoholic fatty liver disease (NAFLD) is a widely
prevalent hepatic disorder that covers wide spectrum of
liver pathology. NAFLD is strongly associated with liver
inflammation, metabolic hyperlipidaemia and insulin
resistance. Frequently, NAFLD has been considered as
the hepatic manifestation of metabolic syndrome. The
pathophysiology of NAFLD has not been fully elucidated. Some patients can remain in the stage of simple
steatosis, which generally is a benign condition; whereas others can develop liver inflammation and progress
into non-alcoholic steatohepatitis, fibrosis, cirrhosis and
hepatocellular carcinoma. The mechanism behind the
progression is still not fully understood. Much ongoing
proteomic researches have focused on discovering the
unbiased circulating biochemical markers to allow early
detection and treatment of NAFLD. Comprehensive genomic studies have also begun to provide new insights
into the gene polymorphism to understand patientdisease variations. Therefore, NAFLD is considered a
complex and mutifactorial disease phenotype resulting
from environmental exposures acting on a susceptible
polygenic background. This paper reviewed the current
status of proteomic and genomic studies that have contributed to the understanding of NAFLD pathogenesis.

WJG|www.wjgnet.com

Lim JW, Dillon J, Miller M. Proteomic and genomic studies
of non-alcoholic fatty liver disease - clues in the pathogenesis.
World J Gastroenterol 2014; 20(26): 8325-8340 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8325.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i26.8325

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a widely
prevalent hepatic disorder, affecting up to 30% of the
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general population of Western countries[1]. The term
NAFLD comprises an entire pathological spectrum of
diseases, ranging from simple steatosis (SS), non-alcoholic
steatohepatitis (NASH), progressive inflammation, fibrosis, cirrhosis to hepatocellular carcinoma (HCC)[2]. Furthermore, NAFLD has been shown to be closely associated with obesity, insulin resistance, dyslipidemia, type Ⅱ
diabetes mellitus (T2DM) and cardiovascular disease[2-4].
Therefore, NAFLD has been considered as the hepatic
manifestation of metabolic syndrome (MetS).
In the majority of patients, SS is a relatively benign
course. However, SS may evolve into NASH, which is a
more aggressive liver disease that tends to be progressive
and may lead to cirrhosis[5]. The mechanism behind the
progression of SS to NASH is still not fully understood.
Currently, liver biopsy remains the gold standard in diagnosis of NAFLD. The histological hallmark of NAFLD
is lipid accumulation in the hepatocytes in absence of
pathologies such as viral hepatitis or alcohol abuse[4].
However, liver biopsy is an invasive procedure and the
liver is not necessarily uniformly affected in NAFLD[6,7].
Therefore, non-invasive biomarkers for evaluation of
liver disease and fibrosis are urgently needed.
Proteomics is a large-scale analysis of protein changes
of different patient populations. The identification of
specific proteins, either as novel markers or as over/under expressed markers, may have a huge impact by increasing the availability of biomarkers for early diagnosis
and therapy[8]. On the other hand, genome-wide association (GWA) studies aim to identify the genetic influences
on common diseases with common genetic variation of
observable traits. The technologies of high-throughput
genotyping are able to assay the common single nucleotide polymorphism (SNPs) and relate them to clinical
conditions and measurable traits[9].
The development of NAFLD is a complex multifactorial process involving the perturbation of multiple
gene and protein regulations. Initially, Day and James
proposed a “two-hit hypothesis” to explain the concept
of steatohepatitis: first hit is the production of steatosis
and second hit is the source of oxidative stress capable
of initiating significant lipid peroxidation[10]. However,
the traditional “two-hit hypothesis” has been modified to
“multiple parallel hits hypothesis”. The significant overlaps among insulin resistance, hepatic de novo lipogenesis
and subsequent hepatocyte injury have been proposed
to contribute to the progression from SS to NASH[11].
Furthermore, numerous candidate gene studies on the
effects of genes on the presence of NAFLD and its
progression have further supported the “multiple parallel
hits hypothesis”[12]. This review aims to summarise the
current proteomic and genetic studies to provide better
understanding about the pathogenesis of NAFLD.

oxidative stress in hepatocytes and lead to chronic inflammation and fibrogenesis[13,14]. Hepatic fibrogenesis is
the final consequences of chronic liver disease and constitutes a model of wound-healing process. Regardless of
the cause of hepatic damage, hepatic stellate cells (HSCs)
are activated within the extracellular matrix (ECM) into
myofibroblasts (activated HSCs). These activated HSCs
result in the deposition of fibrotic matrix. Hepatic macrophages have been long recognised to be the source of
matrix metalloproteinases (MMP) which can degrade the
scar tissue in liver[15]. The development of fibrogenesis is
a dynamic process due to an imbalance in ECM deposition and degradation. Hepatic fibrosis is associated with
increased ECM, which include collagen, laminin, hyaluron, elastin and fibronectin. As fibrogenesis progresses,
the quantity and composition of ECM changes[16]. Therefore, the protein expression may vary at different stages
of fibrogenesis due to endogenous adaptive responses.
Targeting the optimum levels of different protein expression may shed a light in both disease prediction and disease mechanism.

PROTEOMIC STUDIES
The advancement of proteomics analysis has provided us
with powerful tools for studying NAFLD diagnosis and
discovering biomarkers. The first study of serum protein
profiles in NAFLD was published by Younossi et al[17].
The author performed a surface-enhanced laser desorption ionization time of flight mass spectrometry (SELDITOF MS) on 98 obese patients; where 91 patients were
diagnosed with NAFLD (12 steatosis alone, 52 steatosis
with nonspecific inflammation, 27 NASH) and 7 patients without NAFLD as obese control. The proteomic
analysis revealed 12 significant protein peaks. Due to the
inherent limitation of low mass accuracy in SELDI-TOF
MS, only fibrinogen γ was identified and suggested that
it may be related to fibrosis. Later, Bell et al[18] utilised an
ion-intensity based, label-free quantitative proteomics approach (LFQP) and discovered 55 proteins that changed
significantly between NAFLD and NASH with advanced
fibrosis. Bell et al[18] further revealed 15 proteins that
changed significantly between early NASH and NASH
with advanced fibrosis. A 6 proteins diagnostic method
(ﬁbrinogen β chain, retinol binding protein 4, serum
amyloid P component, lumican, transgelin 2 and CD5
antigen-like) and a 3 proteins diagnostic method (component C7, insulin-like growth factor acid labile subunit and
transgelin 2) were developed to diagnose the different
stages of NAFLD (AUROC ranging from 0.83 to 0.91).
Additionally, alanine aminotransferase (ALT) has been
found to be signiﬁcantly inferior in diagnosis the stages
of NAFLD (AUROC = 0.53)[18]. Several studies have
subsequently demonstrated that ALT is a poor NAFLD
workup marker and there is no optimal ALT levels to
predict advanced fibrosis[19]. Despite the lack of single
protein in differentiating SS and NASH, Bell et al[18] have
provide an insight into the pathogenesis of NAFLD and

HEPATIC FIBROGENESIS DEVELOPMENT
Accumulating laboratory evidence suggests that insulin
resistance and excess of free fatty acids can trigger the
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folded protein targeting for degradation and ER Ca2+
homeostasis[25,26]. Laboratory researches further demonstrated that GRP78 can inhibit both insulin-dependent
and ER-stress-dependent SREBP-1c proteolytic cleavage
that plays an important role in de novo lipogenesis[27]. In
addition, compelling laboratory evidences have indicated
that mitochondrial abnormalities may be involved in the
pathogenesis of NAFLD[28-30]. CPS1 is a ligase enzyme
located in the mitochondria that involved in the production of urea. The down-regulation of CPS1 may lead to
an increase of urea, which subsequently becomes uric
acid[31]. This mechanism could potentially explain the
observed significant elevated uric acid levels in NAFLD
patient[32]. Uric acid has been shown to exert pro-inflammatory and pro-oxidant effect both in adipose tissue and
vascular smooth muscle cells[33].
A recent largest observational population based cohort of non-diabetic American adult has suggested that
uric acid might play a role in NAFLD[33]. Sirota et al[33]
revealed that increased serum uric acid levels are associated with greater severity of NAFLD by ultrasonography.
Several prospective and retrospective studies have also
provided evidences supporting the association of high
serum uric acid, the risk of T2DM, cardiovascular diseases and hepatitis[34-36]. These have further supported that
NAFLD is the hepatic manifestation of MetS.
It has been hypothesised that uric acid may contribute to insulin resistance by inducing local adipose tissue
inflammation[37]. This may reduced the production of
adiponectin, a protein that is involved in glucose haemostasis[37,38]. Furthermore, uric acid may stimulate hepatic
lipogenesis, mediated by uric-acid dependent intracelullar
and mitochondrial oxidative stress[33,37]. Whether such
downstream effects of CPS1 and uric acid play a pathogenic role in NAFLD still requires further laboratory and
clinical investigation.
In general, mitochondrial oxidative damage and impaired mitochondrial β-oxidation could contribute to hepatic steatosis. Subsequently, the progressive loss of mitochondrial function in conjunction with ER stress could
play a key role in the transition of insulin resistance and
NAFLD progression. However, little is known about the
spectrum of changes of mitochondrial and ER function
and their potential role in the natural history of NAFLD.

NASH. Interestingly, most of the proteins identified in
the study were involved in immune system regulation, inflammation, hepatic ECM structure and protein carriers
in blood.
Protein carriers
Apolipoproteins, are important structural and functional
proteins that transport lipids in blood circulation. As
NAFLD is considered the hepatic manifestation of MetS,
it is not surprising that apolipoprotein serum levels are altered in patients with chronic liver disease. Previous publications have revealed that the level of ApoA1 decreased
with progression of hepatic fibrosis[20-22]. A recent proteomic study conducted by Choe et al[21] using rate nephelometry and particle-enhanced immunonephelometry in
non-diabetic patients has concluded that ApoB/ApoA1
ratio was associated with the prevalence of NAFLD and
was independent of obesity and other metabolic components. Therefore, ApoB/ApoA1 ratio can be used as
a predictable marker for cardiovascular risk in NAFLD
patients.
CD5 antigen-like (CD5L) protein, also known as human Sp alpha, is a soluble protein that is expressed by
macrophages present in lymphoid tissues and may have
an important role in the regulation of the innate and
adaptive immune systems[23]. A serum proteomic study
using 2-dimensional differential in gel electrophoresis
(DIGE) was performed on immune depleted sera from
3 groups of patients (pre-cirrhotic NAFLD, cirrhotic
NAFLD and cirrhotic NAFLD with co-existing HCC)[22].
This study has identified a pattern of serum apolipoproteins (ApoA1, Pro-ApoA1 and ApoA4) and CD5L to
distinguish between pre-cirrhotic NAFLD and cirrhotic
NAFLD[22]. However, CD5L does not increase incrementally with the degree of fibrosis and still falls short as
cirrhosis marker with AUC of 0.719[22]. Moreover, CD5L
is a poor biomarker for HCC. Hence, there could be another trigger factors from the progression of NAFLD,
NASH to HCC.
Metabolic pathways
Rodríguez-Suárez et al[24] analysed the protein expression of liver samples with DIGE in combination with
MALDI TOF/TOF. Ten of the proteins were further
validated by Western blotting to confirm the observed
changes of protein expression[24]. This study has successfully demonstrated that both serum concentration of
carbamoyl phosphate synthase 1 (CPS1) and 78 kDa glucose-regulated protein (GRP78) decreased gradually from
cholecystectomy controls with normal liver function and
histology subjects to steatosis and NASH patients[24].
Further validation of CPS1 and GRP78 in higher number of patients is still warranted. However, this study has
provided a useful insight for NAFLD progression.
GRP78, also know as immunoglobulin binding protein (BiP), is a central regulator of endoplasmic reticulum
(ER) function, which is crucial for cells survival. GRP78
has been recognised for its roles in protein folding, mis-
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Acute phase proteins
An observational study in Japanese population study, high
sensitivity C-reactive protein (hs-CRP) serum levels has
been reported to be significantly higher in biopsy-proven
NASH compared with SS[39]. Furthermore, hs-CRP levels
were significantly elevated in advanced NASH compared
with those with mild NASH[39]. However, the role hsCRP in differentiating severity of NASH remains controversial. Zimmermann et al[40] demonstrated a strong positive association between BMI and hs-CRP levels, which
were measured with nephelometry, throughout the broad
range of obesity. However, there were no signiﬁcant associations between inﬂammation or ﬁbrosis, respectively
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and hs-CRP observed[40].
Serum haemoglobin levels have been observed to be
significantly elevated in extremely obese NAFLD patient
and shown to be significantly associated with prevalence
of NAFLD[41-43]. Yu et al[42] performed a serum protein
ﬁngerprint analysis, utilising the SELDI-TOF-MS technique combined with bioinformatic approaches and discovered that haemoglobin subunit alpha was significantly
up-regulated in NAFLD group. It has been proposed
that the relationship between serum haemoglobin and
NAFLD may be partially modulated by haptoglobin
(Hpt), an α2-glycoprotein acute phase protein produced
in response to an inflammatory insult[44]. Serum haemoglobin levels may be a marker of hepatic steatosis but not
of severity of NAFLD in obese patients.
Acute phase proteins are the key to the hepatic innate
defences against insults and reduce hepatic tissue damage.
Therefore, acute phase proteins may have an immediate
role in hepatocytes injuries and could be used as NAFLD
predictive markers in obese patients. However, the concentration of acute phase proteins does not reflect the severity of disease, suggesting different protein mechanism
for NAFLD progression.
A recent study by Kamada et al[44] has shed a light
into the role of acute phase protein and progression of
NAFLD. Kamada et al[44] utilised lectin antibody enzymelinked immunosorbent assay (ELISA) and demonstrated
that serum fucosylated haptoglobin (Fuc-Hpt) underwent
a stepwise increased with increasing hepatocyte ballooning scores in biopsy-proven NAFLD patients (AUROC
ranging from 0.724 to 0.759). Fucosylated alpha-fetoproteins have been previously shown to be more selectively
secreted into bile[45]. Kamada et al[44] hypothesised that
an increase in ballooning hepatocytes could lead to the
disruption of the fucosylation-based machinery and
subsequently an increased secretion of Fuc-Hpt into the
serum.
Pentraxin 3 (PTX-3), another acute-phase protein that
resembles CRP in function and a possible modulator of
complement system has been used as the marker for disease severity in cardiovascular, inflammatory and infectious diseases[46]. Yoneda et al[47] measured plasma PTX-3
levels with ELISA in biopsy-proven NAFLD, based on
the method of Brunt. This study revealed a profound
elevation of plasma PTX-3 levels in NASH and further
suggested that PTX-3 could be a promising clinical marker for fibrosis severity in NASH[47].
CRP and serum amyloid protein belong to the short
pentraxins group, which have reported to be produced by
the liver as a systemic response to local inflammation. On
the other hand, PTX-3 is the prototypic long pentraxin,
which is produced in damaged tissue and in response
to proinflammatory stimuli such as interleukin 1β (IL1β) and tumour necrosis factor-α (TNF-α). It has been
anticipated that PTX-3 expression pattern may be more
tissue specific than CRP[47,48]. However, conflicting studies
have been published regarding the association of PTX-3
levels, hs-CRP levels and the severity of MetS[48]. Further
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validation of PTX-3 is warranted to assess the usefulness
of PTX-3 in understanding NAFLD.
Anti-inflammatory and anti-oxidants
A large cross-sectional study has demonstrated the inverse relationship between total serum bilirubin levels
with vanadate oxidation method and the prevalence of
NAFLD independent of known metabolic risk factors[49].
Similar inverse relationship of NAFLD was discovered
with conjugated and unconjugated bilirubin respectively[50,51]. In addition, serum bilirubin has been long recognised to have an inverse relationship with the development of coronary artery disease[52].
Bilirubin is the metabolic end product of heme catabolism as haem oxygenase-1 (HO-1), a stress-responsive
protein that degrades the pro-oxidant heme to biliverdin.
Subsequently, biliverdin reductase reduces biliverdin to
bilirubin[53]. The intrinsic amplification properties of
biliverdin reductase redox cycle could readily augment
the antioxidant effects of bilirubin by 10000-fold[54]. The
interesting challenge here is to link the clinical studies,
which focus on serum levels of bilirubin with molecular
mechanisms to understand the pathogenesis of NAFLD.
Recent cardiovascular research that focused on
HO-1 activation in rat model of chronic heart failure
has demonstrated significant improved survival due to
the reduction in leukocyte activation and cardiomyocytes
apoptosis. Furthermore, chronic HO-1 activation has
shown to suppress the elevated levels of myeloperoxidase
(MPO) activity, IL-1β production and TNF-α production[53]. Li et al[55] characterised the expression of HO-1
in biopsy specimens of normal and active cirrhosis liver
specimen with immunohistochemistry; and cultured human hepatic myofibroblasts with Northern and Western
blot analysis. Li et al[55] discovered that HO-1 can inhibit
the proliferation of hepatic myoﬁbroblasts. Therefore, it
is anticipated that bilirubin can inhibit the pathogenesis
of NAFLD and NASH through the potent antioxidant,
anti-inﬂammatory and anti-ﬁbrogenic effects. Further research is needed to elucidate the mechanisms underlying
this association and to establish the role of serum bilirubin as a potential protective marker for NAFLD risk.
Extracellular matrix
While the presence of inﬂammation is due to lipid accumulation, an imbalance of ECM production and degradation will therefore lead to fibrogenensis. The association
of serum concentration of ECM components, especially
increased serum hyaluronic acid, type Ⅳ collagen 7S and
laminin levels measured with routine laboratory parameters and the degree of fibrosis in NAFLD have been
studied extensively[56-59]. Hyaluronic acid is a component
of ECM, which synthesised by mesenchymal cells. The
increased production and delayed clearance of hyaluronic
acid have been demonstrated to be associated with the
severity of hepatic inflammation[56]. Type Ⅳ collagen is
the main collagen component of basement membrane
whereas laminin is the main non-collagenous glycopro-

8328

July 14, 2014|Volume 20|Issue 26|

Lim JW et al . Review of NAFLD pathogenesis

tein of the ECM that deposited in the space of Disse
during sinusoidal capillarisation[58,60]. It is believed that
hepatocytes ballooning and releases of type Ⅳ collagen
and laminin are the main causes of increased their serum
levels. However, the mechanism of this interaction is still
unknown.
It is important to note that hyaluronic acid, type Ⅳ
collagen 7S and laminin have been shown to increased
in cases of fibrosis resulting from alcoholic, primary biliary cirrhosis and chronic viral hepatitis[56,61,62]. Therefore,
hyaluronic acid, type Ⅳ collagen 7S and laminin may
be useful in detecting the presence of severe fibrosis in
chronic liver disease, but not specific to NAFLD.
Lumican, a highly biologically active 40-kDa keratin
sulfate proteoglycan member of the leucine-rich repeat
protein superfamily, is known to be progressively overexpressed with the increasing severity of NAFLD and
NASH [63,64]. Similar to the liver, the maintenance of
myocardial ECM and regulation of fibrotic myocardial
remodelling are essential for normal cardiac physiological
function[65]. A recent cardiac failure research discovered
that lumican production is induced by a combination
of inﬂammation and mechanical stimuli from cardiac
ﬁbroblasts[66]. Further laboratory research also revealed
that in the absence of lumican, hepatocytes are protected
against fibrosis despite ongoing injury[64]. Therefore, lumican might have an important role in tissue remodelling
and contribute to ﬁbrogenesis.
ECM degradation occurs predominantly as a consequence of the action of MMPs[67]. MMPs has been
known to be an important regulatory enzyme in inflammatory process to modulate leukocyte influx, either
through regulation of barrier function, cytokine or
chemokine activity, or gradient formation[68]. An upregulation of tissue inhibitors of metalloproteinases
(TIMPs) in liver fibrosis may impair MMPs’ activity and
lead to altered ECM production[69]. Interestingly, a growing body of evidences has demonstrated MMPs’ role in
liver fibrogenesis[67,69]. Serum MMP-1 level assayed by
ELISA has been found to be negatively correlates with
the severity of fibrosis whereas MMP-1 mRNA quantified with spectrophotometer and single reverse transcription polymerase chain reaction (PCR) has been found to
be elevated in liver tissue as fibrosis progressed[70,71]. The
decreased synthesis of MMP-1 is believed to due to HSC
apoptosis or necrosis. However, the link between increased hepatic MMP-1 expression and decreased serum
MMP-1 remained unanswered.
Notable increase in serum MMP-9 level with ELISA
was found in NASH and hepatitis C infected patients[72].
Furthermore, immunohistology of the liver specimen
and revealed a striking difference of the immunolabelling
patterns between NASH and hepatitis C infected liver[72].
Hepatitis C infected liver demonstrated an essentially
localised labelling in the cytoplasm of hepatocytes, biliary canaliculi and bile ducts whereas NASH liver demonstrated a discrete labeling of neutrophil subpopulation[72].
The difference of MMP-9 patterns suggested a different
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pathophysiological involvement of this protease in the
ﬁbrogenesis underlying different etiology.
On the other hand, Wanninger et al[67] utilised sodium
dodecyl sulfate-polyacrylamide gel electrophoresis (SDSPAGE) and Western blotting analysis in primary human
hepatocytes, steatosis human hepatocytes and murine
NASH hepatocytes to study the activity of MMP-9. Wanninger et al[67] concluded that MMP-9 activity is associated
with hepatic inflammation and fibrosis but not with hepatic steatosis and body weight. This raises the question
of peripheral adipocytes involvement with other inflammatory mediators that could have contributed to the
progression of NAFLD and NASH. Furthermore, Wanninger et al[67] revealed a negative correlation of MMP-9
activity with serum adiponectin in murine NASH models.
This finding highlighted the role of inflammation in the
progression of NAFLD. The anti-inflammatory activity
of adiponectin will be further discussed in the genomic
section.
A study utilising reverse transcription and quantitative real-time reverse transcription PCR in animal models
has demonstrated an accumulation of macrophages and
increased gene expression of MMP-12, MMP-13 and
TIMP-1 in predominantly adipose tissue compared with
liver tissue[73]. The author proposed that attenuated hepatic MMP expression in both livers and adipose tissue
might be responsible for the shifting balance of fibrogenesis[73]. However, the key source of these enzymes and
tight relationship between adipose tissue dysfunction and
developments of hepatic ﬁbrosis remain unclear.
Despite the growing understanding of MMPs and
TIMPs, the conclusive role of each MMPs and TIMPs
subtypes in appropriate human model is still limited.
However, this review highlighted the increased recognition of liver fibrosis as dynamic pathological process that
involves both progression and regression of ECM.
Immune cells and cytokines
A paper by Zhan and An has comprehensively reviewed
the role of liver innate immune cells such as T helper
cells (Th cells), activated kupffer cells (KC) and natural
killer T (NKT) cells in the development of NAFLD[74].
Hereby, we further reviewed related cytokine papers that
being published later.
It has been long proposed that it was Th1 cytokine
excessive production in NAFLD results in hepatic insulin
resistance and NASH[74]. However, a recent laboratory
research on C57BL/6 and Balb/c mice with mRNA extraction and real-time PCR demonstrated that imbalance
between Th1 and Th2 did not account for the increased
NASH severity and suggested that macrophage responses
are the important contributors to NAFLD progression[75].
In addition, cytokines are not only being produced by
local sources but also by peripheral blood cells. The presence of an altered phenotype and functionality of circulating immune cells has been speculated to be a distinctive characteristic in NASH patients[76,77].
Innate immune cells have the ability to secrete cyto-

8329

July 14, 2014|Volume 20|Issue 26|

Lim JW et al . Review of NAFLD pathogenesis

Utilising ELISA, Alkhouri et al[84] also demonstrated an
inverse relationship between RBP4 and liver fibrosis.
However, there were also contrary reports that demonstrated significantly elevated serum RBP4 in NAFLD
patients[85,86]. The lack of consistency prompted us to reevaluate RBP4 as a potential novel marker to assess the
progression of fibrogenesis in NAFLD.
On the other hand, the link between RBP4 and
T2DM are more obvious. Graham et al[87] revealed an increased serum RBP4 with ELISA in patients with T2DM
and a decreased expression of glucose transporter 4
(GLUT4). The mechanism behind this remains unclear,
but raises the possibility of adipocytes involvement in
glucose sensing. A nicely summarised review article by
Christou et al[88] indicated that RBP4 might have the ability to induce insulin resistance in an autocrine or paracrine
mechanism in the adipose tissue. It is noteworthy that
circulating RBP4 can be influenced by non-metabolic
condition such as renal failure and intervention such as
anti-diabetic drugs and exercise[88,89]. Therefore, the association of RBP4 level and MetS could be affected and
should be interpret with caution. The pathogenic role of
RBP4 has contributed to genetic studies of RBP4 locus
in human chromosome 10q, which have been linked to
hyperinsulinemia or early onset T2DM[89]. The polymorphism of RBP4 gene polymorphism has been linked
with the development of T2DM and obesity in different
populations[89,90]. However, the associations among RBP4
polymorphism, serum RBP4 levels and measures of
MetS have not been universally described[90].

kines and to promote influx of inflammatory cells. To
date, emerging strong evidences suggested that cytokines
such as TNF-α and IL-1 are sensitising factors acting
upon leukocyte infiltration of the liver[76,78]. These cytokines and chemokines effects contributed to intracellular
oxidative stress and mitochondrial dysfunction, which
amplified hepatocytes damage. The cytokines mechanism
appears to be like a vicious cycle. The further disrupted
cellular mitochondrial respiratory chain can thereby cause
the formation reactive oxidative species of nearby hepatocytes[76]. As a consequence, HSCs is activated and lead
to hepatic fibrosis. The development and progression of
NASH act in a cooperative manner with pro-inflammatory cytokines.
IL-6 is a pro-inflammatory cytokine that has been
studied extensively for its wide range of biological function. IL-6 has been proposed to have direct and indirect
deleterious role such as induction of inflammation, hepatoprotector, regulators of acute phase response and insulin
signalling[79]. Wieckowska et al[80] demonstrated a markedly
increased hepatic IL-6 expression assayed with immunohistochemistry in patients with NASH as compared to SS
or normal liver. The hepatic IL-6 expression in this study
cohort has showed to be correlates with the severity of
inflammation and fibrosis[80]. At the same time, a positive
correlation was observed between the plasma IL-6 levels
measured with ELISA and hepatic IL-6 expression[80].
However, discrepant results have been reported regarding IL-6 in NAFLD studies. Haukeland et al[81] determined
IL-6 in 47 biopsy-proven NAFLD and 30 controls with
enzyme immunoassays and revealed no significant changes in NASH group compared to SS.
Interestingly, Haukeland et al[81] further evaluated serum level of CC-chemokine ligand 2 /monocyte chemoattractant protein-1 (CCL2/MCP1) and demonstrated an
increasing levels from healthy controls to SS and reached
the highest levels in NASH. It has been proposed that an
increased circulating CCL2/MCP-1 levels may be related
to the development of NASH[79,81]. CCL2, an acute and
chronic phase chemokine has been known to be secreted
by HSCs. CCL2 is responsible for monocyte and macrophage infiltration of liver and maintaining hepatic inflammation and fibrogenesis[82]. On the other hand, MCP-1
is known to be derived from visceral adipose tissue and
reached liver via portal circulations[83]. Many more studies are still warranted to understand the pivotal roles of
CCL2 and MCP-1 in the development of inflammatory
responses in the liver. The lipid accumulation from visceral tissue and hepatocellular could significantly contribute to the expression of CCL2 and MCP-1. Therefore,
the concentrations of both chemokines are crucial for the
recruitment of immune cells to sites of inflammation.
It is believed that adipose tissue-derived cytokine
could also affects liver innate immune cells [74]. With
LFQP approach, Bell et al[18] demonstrated that retinol
binding protein 4 (RBP4), an adipokine that associated
with insulin resistance and T2DM was significantly decreased in expression with increasing NAFLD severity.
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GENOMIC STUDIES
The first GWA study was performed by Romeo et al[91]
using a phenotype based on magnetic resonance spectroscopy. The authors identified that an allele in human
patatin-like phospholipase domain containing 3 gene
(PNPLA3) (rs738409; I148M) was strongly associated
with increased hepatic lipids levels and hepatic inflammation. This study importantly raised that genetic factors
could account towards the susceptibility of NAFLD[91].
With regards to the pathophysiology of NAFLD, variations in genes involved in hepatic lipid metabolism, ECM
balance, cytokines and insulin resistance will be discussed
in this review.
Genes that affect lipolysis
Polymorphisms of PNPLA3 gene have been found to be
strongly associated with the pathogenic status of NAFLD
in different populations[91-93]. PNPLA3 gene, encoding
adiponutrin is known to have lipase activity in vitro and has
been found to be involved in glucose and lipid metabolism[91]. Despite several publications on the association between PNPLA3 polymorphisms and NAFLD, the physiological functions of the PNPLA3 still remain unclear.
A well-conducted meta-analysis revealed that GG
genotype of PNPLA3 (rs738409; I148M) exerts a stronger effect on hepatic lipids accumulations and patients
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with GG phenotype are more susceptible to aggressive
disease associated with higher fibrosis scores than CC
genotype[94]. Furthermore, Sookoian et al[94] found no correlation between increased liver disease severity and heterozygous or homozygous mutants of G-allele.
The link between NAFLD stage and PNPLA3 is well
established, but the association of insulin resistance and
obesity with PNPLA3 are less clear[95,96]. A recent review
of PNPLA3 polymorphism suggested that PNPLA3 is
more likely to influence lipid content and liver disease
severity but not insulin resistance[95]. Lallukka et al[97] demonstrated that NAFLD patients with polymorphism of
PNPLA3 is not characterised by adipose tissue inflammation, insulin resistance and features of the metabolic
syndrome such as hyperinsulinaemia, hypertriacylglycerolaemia and a low HDL-cholesterol concentration.
Despite the less clear relationship in insulin resistance,
the severity of NAFLD has been proven to be related to
the PNPLA3 in T2DM populations. Therefore, screening analysis of the PNPLA3 polymorphism could still be
useful to select T2DM patients who need specific interventions as prevention for NAFLD[98].
A recent transplant research revealed that PNPLA3
of non-CC genotype is associated with post-transplant
obesity but not independently with diabetes. Furthermore, the donor genotypes were not associated with obesity or diabetes[99]. This research highlighted the potential
of peripheral mechanism for insulin resistance and could
reflect a multi-factorial gene involvement in NAFLD.
One point to note is that the effect on allograft steatosis
was not studied.
Ample evidences exist in the literatures that triglycerides (TG) accumulation in liver is a result of obesity
and diabetes[100]. Surprisingly, an accumulation of TG has
been suggested to be a protective mechanism to prevent
progressive liver damage in NAFLD[101]. Adipose tissue
triglyceride lipase (ATGL) has been found to be a ratelimiting enzyme for degradation of TG and has been implicated in the pathogenesis and progression of NAFLD.
A deﬁciency of ATGL was proposed to lead to TG
accumulation in many organs, including the liver[102,103].
In murine model, ATGL knock out (ATGL-KO) mice
demonstrated increased hepatic lipids accumulation during induced-ER stress but suppressed gene expression
of inﬂammatory markers. Further evaluation suggested
that an enrichment of oleic acid in the TG pool plays the
main role for ATGL in protection from potentially harmful consequences of ER stress[103]. Furthermore, ATGLKO animal model demonstrated a high insulin sensitivity
despite liver TG storage[102]. Therefore, the progressions
of NAFLD in obese and diabetes patients have a distinguishable phenotypic imprint on the hepatocyte lipidome.
Further research in ATGL polymorphism and lipidome
could potential elucidates the lipolytic catabolism pathway in NAFLD.
Apolipoprotein C3 (ApoC3) is the most important
components of very low density lipoprotein (VLDL).
ApoC3, also a strong inhibitor lipoprotein lipase (LPL)
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has been found to enhance fatty acid uptake from plasma
TG in adipose tissue in mice[104]. Therefore, a deficiency
of ApoC3 could leads to higher susceptibility to dietinduced obesity followed by more severe development of
insulin resistance[104].
Approximately between 50% and 75% of patients
with T2DM have fatty liver diagnosed by ultrasound[4].
Insulin resistance has been anticipated to play a major
role in the pathogenesis of T2DM and may enhance hepatic fat accumulations by increasing free fatty transportation due to the effect of hyperinsulinemia to stimulate
anabolic process[4,105]. Petersen et al[105] demonstrated a
3- to 4-fold increased in prevalence of insulin resistance
in Asian-Indian men compared with Caucasian men.
Later, Petersen et al[106] further demonstrated that the
polymorphisms of ApoC3 (C-482T and T-455C) are associated with NAFLD and insulin resistance in Indian
men. However, there is a contrary report suggested that
the genetic variants in ApoC3 does not contribute to
NAFLD in Finnish populations[107]. The reason regarding
the divergent results remains unknown but importantly
highlighted the ethnic differences in disease susceptibility.
Given the essential contribution of lipogenesis pathway, another common gene variant, glucokinase regulatory protein (GCKR) gene has been studied extensively[108-110]. GCKR regulates glucokinase, a phosphorylating
enzyme that responsible for hepatic glucose metabolism
and activates hepatic lipogenesis[108]. Polymorphism of
GCKR was found to be signiﬁcantly associated with
increased risk of T2DM, particularly in Asian population [109,110] . Furthermore, polymorphism of GCKR
(rs780094 and rs1260326) has been shown to be associated with NAFLD in Chinese people and obese youth respectively[108,111]. In addition, Tan et al[112] further suggested
that the interactions of GCKR and PNPLA3 genes can
increase susceptibility to NAFLD.
The protein peroxisome proliferator-activated receptor gamma coactivator 1-alpha PGC-1α), encoded by the
PPARGC1A gene, has also been recognised to be the
transcriptional co-activator of peroxisome proliferator
activated receptor gamma (PPAR-γ) gene[113]. The PGC1α and PPAR-γ pathway play a central role in energy
metabolism, mitochondrial biogenesis and function, oxidative phosphorylation, gluconeogenesis and lipogenesis
and induction of apoptosis[113,114]. PPARGC1A knock out
mice have been reported to develop hepatic steatosis, as
a result of the combination of reduced mitochondrial respiratory capacity and increased expression of lipogenic
genes[115]. However, the role of PCG-1α in MetS is less
clear than PPAR-γ.
Controversial reports exist in the literatures, regarding
PPARGC1A gene in patient’s susceptibility for NAFLD.
Hui et al[116] demonstrated that only polymorphism of
PPAR-γ (C161T) are associated with NAFLD susceptibility possibly through the adiponectin pathway, not
PPARGC1A gene. Subsequent reports demonstrated that
PPARGC1A (rs8192678) risk A allele is associated with
an increased risk of NAFLD and is independent of the
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effect of the PNPLA3 (rs738409) polymorphism in Taiwanese obese children population[117]. The role of PCG1α remains unclear but has been hypothesised to be associated with exercise[118]. On the other hand, the genetic
variation in PPAR-γ (Pro12Ala and C1431T) has been
studied extensively in different ethic cohorts[119-121]. Polymorphism of PPAR-γ has been concluded to be strongly
associated with NAFLD whereas polymorphism of G allele in PPAR-γ gene (rs10865710) is only associated with
lobular inflammation[119].

the possibility of Adiponectin’s anti-inflammatory effect
that suppress TNF-α and other proinflammatory cytokines[38]. Further research is warranted to elucidate the
link between cytokines and progression of NAFLD.
Leptin (LEP), an adipocyte-derived hormone exerts
its action through leptin receptor (LEPR), a single-transmembrane-domain receptor of the cytokine-receptor
family has been shown to be responsible for satiety and
energy homeostasis[135,136]. LEP and LEPR mutations
have been shown to be strongly associated with obesity
and endocrine dysfunction[135,137]. In study of NAFLD,
Leptin-deficient ob/ob mouse has demonstrated a dramatic up-regulations of hapetic de novo lipogenesis markers and a significant impairment in hepatic mitochondrial
function[138]. Recently, an association between variants of
LEPR and PNPLA3 has been reported. The interactions
between LEPR and PNPLA3 genes showed an increased
risk of NAFLD compared to either gene alone[139].

Genes that affect adipokines
Adipocytes play multiple endocrine roles in the body. As
body mass index (BMI) increases, the metabolic role of
adipocytes changes[122]. An increased understanding of
the role of the adipocyte and its associated adipokines
could give us some clues in understanding MetS and
NAFLD.
Adiponectin is the most abundant and adipose-speciﬁc
adipokine. Contrary to other adipokines, adiponectin correlates negatively with BMI, insulin resistance, plasma TG,
LDL-cholesterol, hepatic fat content and progression to
NASH in NAFLD patients[38,123]. Adiponectin has been
reported to be higher in women and in Caucasian compared with Asian or African individuals[123,124].
Adiponectin is known to have insulin-sensitising,
antifibrogenic and anti-inflammatory properties. Studies
have found that Adiponectin is involved in the activation
of AMPK and downregulates the expression of sterol
regulatory element-binding protein 1c (SREBP1c), a transcription factor that regulates cholesterol and lipid synthesis. As a result, this lead to decreased gluconeogenesis,
decreased free fatty acid influx into the liver, increased
free fatty acid oxidation and decreased de novo lipogenesis[38,125]. Two common SNPs in Adiponectin gene (45GT
and 276GT) have been found to be significantly associated with the presence of NAFLD in non-obese, non-diabetic and normolipidemic patients and were subsequently
correlated to the severity of NASH. Furthermore, Adiponectin gene (45GT and 276GT) has been proven to be
the acute modulation of postprandial adiponectin levels
and lipoprotein responses after fat ingestion[126].
However, controversy exists in the literatures. Some
authors have reported a lack of association between
Adiponectin gene and NAFLD[38,127]. Furthermore, several studies demonstrated a weak association between
adiponectin gene polymorphism and cardiovascular
disease [128,129]. The association between adiponectin
polymorphisms and T2DM has been inconsistent and
recent meta-analysis concluded that adiponectin gene
polymorphism does not influence the development of
T2DM[130,131]. Interestingly, two recent meta-analyses have
revealed the potential protective factor of Adiponectin
gene of different allele for cancer risk[132,133]. One point
to note was that these meta-analyses were not specific to
liver aetiology. However, recent evidences demonstrated
a correlation between NAFLD and colorectal cancer[134].
The mechanism behind this remains unknown but raises
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Genes that affect cytokines production
Little is known about the evolvement of NAFLD, a relative benign condition to NASH, an irreversible inflamed
stage of liver disease. Inflammatory cytokines has been
proposed to play a central role in the progression of
NAFLD[140]. Cytokines are central mediators of hepatic
inflammation, cells apoptosis and cells regeneration.
TNF-α and IL-6 have been found to be the initial cytokines chemokines that being produced after hepatic
insults[140,141].
TNF-α has been known to interact between fat accumulation and hepatic inflammation[141]. Coulon et al[141]
suggested that TNF-α was significantly higher in NASH
patients compared to SS patients. This highlighted the
potential role of TNF-α in NASH. Furthermore, a recent meta-analysis has demonstrated that polymophisms
of TNF-α (-238) is particularly associated with the susceptibility to NAFLD[142]. TNF-α has also been previously known to be an important cytokine that regulates
insulin resistance by affecting insulin receptor substrate-1
(IRS-1) and insulin receptor kinase (IRK) in the insulin
signal transduction pathway[142]. Nevertheless, the involvement of TNF-α in insulin resistance is debatable.
Polymorphisms in gene such as IRS-1 (972 Arg) and ectoenzyme nucleotide pyrophosphate phosphodiesterase 1
(ENPP1) that directly affect insulin receptor activity have
demonstrated that insulin resistance does contribute to
the progression of NAFLD[143]. However, a recent study
by Aparicio-Vergara et al[144] demonstrated a disassociation of TNF-α induced hepatic inflammation and insulin
resistance.
IL-6 is another cytokine that involved in the regulation of several cellular processes and has been demonstrated to be associated with NASH in several ethic
cohorts[141,145]. However, the polymorphism of G/C allele
is questionable. Carulli et al[146]. demonstrated that polymorphism of IL-6 -174C is more prevalent in NAFLD
and associated with insulin resistance while other studies
demonstrated that polymorphism of C allele was unlikely
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Table 1 Proteomic studies of non-alcoholic fatty liver disease
Protein
categories

Protein markers

Ref.

Year

Findings

Protein carrier

Apolipoproteins

Choe et al[21]

2013

Independent association between ApoB/
ApoA1 ratio and NAFLD

CD5L

Gray et al[22]

2009

CPS1

Rodríguez-Suárez
et al[24]

2010

GRP78

2010

Uric Acid

Rodríguez-Suárez
et al[24]
Sirota et al[33]

hs-CRP

Yoneda et al[39]

2007

Haemoglobin

Yu et al[42]

2012

Fuc-Hpt

Kamada et al[44]

2013

PTX-3

Yoneda et al[47]

2008

Bilirubin

Kwak et al[49]

2012

Hyaluronic acid
Type Ⅳ collagen
7S
Laminin
Lumican

Kaneda et al[56]
Yoneda et al[59]

2006
2007

Gabrielli et al[60]
Krishnan et al[64]

1996
2012

MMP-9

D'Amico et al[72]

2010

Wanninger et al[67]

2011

CCL2/MCP1

Haukeland et al[81]

2006

RBP4

Bell et al[18]

2010

Alkhouri et al[84]

2009

Graham et al[87]

2006

Christou et al[88]

2012

Metabolic
pathways

Acute phase
protein

Antiinflammatory
and anti-oxidant
Extracellular
matrix

Immune cells
and cytokines

2013

Implications

NAFLD is the hepatic manifestation of
MetS
ApoB/ApoA1 ratio as a predictable
marker of cardiovascular risk in NAFLD
Identified a pattern of serum apolipoproteins Possibility of different trigger factors for
and CD5L to distinguish between pre-cirrhotic the progression of NAFLD, NASH to
NAFLD and cirrhotic NAFLD
HCC
Identified CD5L as poor biomarkers for HCC Down-regulation of CPS1 may lead to an
Decreased in NASH compared to control
increase of uric acid[31]
patients
Decreased in NASH compared to control
Increased de novo lipogenesis might play
patients
a role in NAFLD pathogenesis[27]
Association of increased serum uric acid level Mitochondrial oxidative damage could
and severity of NAFLD
contribute to hepatic steatosis
Increased hs-CRP serum level in advanced
Acute phase proteins may have an
NASH
immediate role in hepatocytes injuries
Association of elevated serum haemoglobin
predictive markers
levels and prevalence of NAFLD
Serum levels of acute phase proteins
Stepwise increased with increasing hepatocyte do not necessary reflect the severity of
ballooning scores in biopsy-proven NAFLD
disease
patients
NAFLD progression has a more complex
A profound elevation of plasma PTX-3 level in
underlying protein mechanism
NASH patients
An inverse relationship between total serum
Bilirubin has antioxidant, antibilirubin level and the prevalence of NAFLD inﬂammatory and anti-ﬁbrogenic effects

Association of increased serum concentration An imbalance of ECM production and
of ECM components and degree of fibrosis in degradation could lead to fibrogenensis,
NAFLD
but not specific to NAFLD
Over-expressed of Lumican with increasing
severity of NAFLD and NASH

Unregulated tissue remodelling and
ﬁbrogenesis could contribute to the
progression of NAFLD
An increase in serum MMP-9 levels in NASH
Possibility of a different
and hepatitis C infected patients
pathophysiological involvement of
Demonstrated a difference of immunolabelling protease in the ﬁbrogenesis of different
patterns between NASH and hepatitis C
liver etiology
infected liver
Association of MMP-9 activity and hepatic
Possibility of peripheral adipocytes
inflammation
involvement in NAFLD progression
A negative correlation of MMP-9 activity and
serum adiponectin
Demonstrated an increasing level of CCL2/
The lipid accumulation from visceral
MCP1, from healthy controls to NASH
tissue and hepatocellular could be
responsible for the recruitment of
immune cells
A decreased expression of RBP4 with
RBP4 could contribute to the fibrogenesis
increasing NAFLD severity
pathway in NAFLD
An inverse relationship between RBP4 levels
and liver fibrosis
Association of increased serum RBP4 with RBP4 is associated with insulin resistance
T2DM and a decreased expression of glucose
and T2DM
transporter 4
RBP4 has the ability to induce insulin
The association of RBP4 level and MetS
resistance in the adipose tissue
is still not conclusive and should be
Circulating RBP4 can be influenced by noninterpret with caution
metabolic conditions and interventions

NAFLD: Non-alcoholic fatty liver disease; MetS: Metabolic syndrome; NASH: Non-alcoholic steatohepatitis; HCC: Hepatocellular carcinoma; CPS1: Carbamoyl phosphate synthase 1; hs-CRP: High sensitivity C-reactive protein; PTX-3: Pentraxin 3; ECM: Extracellular matrix; MMP: Matrix metalloproteinases;
CCL2/MCP1: CC-chemokine ligand 2/monocyte chemo-attractant protein-1; T2DM: Type Ⅱ diabetes mellitus.
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Table 2 Genomic studies of non-alcoholic fatty liver disease
Gene
categories
Gene that
affect lipolysis

Genes

Ref.

Year

Findings

Implications

PNPLA3

Romeo et al[91]

2008

A well established link between PNPLA3
and NAFLD progression

Sookoian et al[94]

2011

Dubuquoy et al[95]

2013

ATGL

Chitraju et al[102]

2013

ApoC3

Petersen et al[106]

2010

Hyysalo et al[107]

2012

Santora et al[108]

2012

Tan et al[112]

2013

Hui et al[116]

2008

Gawrieh et al[119]

2012

Musso et al[126]

2008

Han et al[130]
Li[20]
Muhidin et al[134]

2011
2012
2012

PNPLA3 polymorphism is strongly
associated with the pathogenic status of
NAFLD in different populations
GG genotype of PNPLA3 (rs738409;
I148M) exerts a stronger effect on hepatic
lipids accumulations
PNPLA3 polymorphism is more likely to
influence lipid content and liver disease
severity but not insulin resistance
Demonstrated that ATGL-KO animal
models have high insulin sensitivity
ApoC3 polymorphism is associated with
NAFLD and insulin resistance in Indian
populations
ApoC3 polymorphism does not associated
with NAFLD in Finnish populations
GCKR polymorphism is associated with
NAFLD
Interactions of GCKR and PNPLA3 genes
can increase susceptibility to NAFLD
PPARGC1A gene polymorphism is not
associated with NAFLD
PPAR-α is associated with NAFLD
susceptibility
PPAR-γ polymorphism is associated with
NAFLD
Adiponectin gene polymorphism is
associated with the presence of NAFLD
Adiponectin gene polymorphism does
not influence the development of T2DM
Demonstrated a correlation between
NAFLD and colorectal cancer

LEP and LEPR

Zain et al[139]

2013

TNF-α

Wang et al[142]

2012

IL-6

Carulli et al[146]

2009

Giannitrapani et
al[145]

2013

GCKR

PPARGC1A
and PPAR-γ

Genes
that affect
adipokines

Genes
that affect
cytokines

Adiponectin

Identified the patients group who is more
susceptible to aggressive diseases
A less clear association of insulin resistance
with PNPLA3 polymorphism
An accumulation of TG could be a protective
mechanism in NAFLD
Highlighted the ethnic differences in ApoC3
polymorphism and disease susceptibility

Lipogenesis pathway plays a role in NAFLD
pathogenesis

The PGC-1α and PPAR-γ pathway play a
role in NAFLD progression
The role of PCG-1α (encoded by the
PPARGC1A gene) in MetS is less clear than
PPAR-γ
De novo lipogenesis plays a role in NAFLD

Possibility of different mechanisms for
insulin sensitising in NAFLD
Raises the possibility and association of antiinflammatory effect in NAFLD progression
and oncological disease
Demonstrated an association between
Patients with mutations of both LEPR and
variants of LEPR and PNPLA3
PNPLA3 are highly susceptible to NAFLD
Polymophisms of TNF-α are associated Insulin resistance and hepatic inflammation
with the susceptibility to NAFLD
are related
Polymorphisms of IL-6 are more
Insulin signal transduction pathway does
prevalent in NAFLD and associated with
contribute to the progression of NAFLD
insulin resistance
Polymorphisms of IL-6 are unlikely to
associate with insulin resistance

NAFLD: Non-alcoholic fatty liver disease; MetS: Metabolic syndrome; NASH: Non-alcoholic steatohepatitis; HCC: Hepatocellular carcinoma; CPS1: Carbamoyl phosphate synthase 1; hs-CRP: High sensitivity C-reactive protein; PTX-3: Pentraxin 3; ECM: Extracellular matrix; MMP: Matrix metalloproteinases;
CCL2/MCP1: CC-chemokine ligand 2/monocyte chemo-attractant protein-1; T2DM: Type Ⅱ diabetes mellitus; PPAR-γ: Peroxisome proliferator activated
receptor gamma.

to associate with insulin resistance[145]. Hence, insulin resistance and augmentation of hepatic inflammation could
be modulated by other factors than TNF-α and IL-6.

tion can result in a complex biochemical interaction. This
could alter the cytokine profile and cell biology. A resultant disequilibrium in lipid homeostasis leads to hepatocellular lipid accumulation and an increase in oxidative
stress due to mitochondrial dysfunction. Many studies
have shed light on the role inflammation in progression
of NAFLD to NASH. The activation of cell death pathways such as apoptosis and necrosis has redundant roles
in further triggering liver damage and fibrosis.
One of the crucial aspects from this review is that
promising anti-inflammatory and innate immune mediators such as bilirubin, TNF-α and IL-6 are also commonly associated with cardiovascular disease, obesity and
diabetes mellitus. The background of MetS further con-

CURRENT KNOWLEDGE
There is no doubt that there is a complex interplay between the body environment, predispose genetics and
external environment (diet) for the development and progression of NAFLD. From the literatures, we know that
NAFLD is characterised by insulin resistance, metabolic
hyperlipidaemia and hepatic inflammation (Tables 1 and
2). Insulin resistance, accumulation of lipids (both visceral and hepatocellular) and persistent hepatic inflamma-
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founds these shared observations. An increased understanding of the roles of the liver in metabolic diseases or
vice versa could lead to development of improved targeted
strategies for disease prevention and treatment.
This review also highlighted a considerable disease
variation exists in the prevalence and severity of NAFLD.
Therefore, suggesting that the risk of morbidity and
mortality that might be influenced by a combination of
genetic and environmental factors, which has strongly
proven by the PNPLA3 polymorphisms. The improve
understanding and further identification of genetic polymorphisms could lead to two potential applications for
clinical practice. Firstly, genetic biomarkers could allow
early disease diagnosis of higher risk individuals or family.
Secondly, genetic biomarkers could potentially lead to the
development of novel preventive and targeting measures
of NAFLD.

7
8
9

10
11

12

CONCLUSION
Advances in proteomic technologies have contributed to
the discovery of clinically important protein biomarkers, which are the key molecules that reflect biological
reactions. Extensive literature searches revealed several
potential serum protein markers that could differentiate
NAFLD and NASH. Further validations of these proteins markers in larger cohorts are required to reflect the
degree of hepatic fibrosis. In addition, genomic studies
have further revealed the importance of genetic polymorphisms in various steps of the pathogenesis of NAFLD.
Clearly, unfavourable genetic polymorphism coupled
with unfavourable biological environment can increase
a patient’s susceptibility to the development of NAFLD
and its progression to NASH. In general, further breakthrough and investigation of changes in protein expression levels are still warranted to understand the pathophysiology of NAFLD.
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Modern approach to the clinical management of
non-alcoholic fatty liver disease
Maria Del Ben, Licia Polimeni, Francesco Baratta, Daniele Pastori, Lorenzo Loffredo, Francesco Angelico
lipid lowering drugs, antioxidants such as vitamin E
and supplementation of vitamin D3. However, therapeutic strategies have been largely empirical so far,
and experimental trials have mostly been carried out in
uncontrolled settings with small sample sizes. Metabolic
conditions such as diabetes mellitus, obesity, hypertension and hyperlipidemia, should be strongly considered
and a multidisciplinary approach should be personalized for individual patients. Treatment of co-morbidities
should be regarded as of paramount importance in the
management of these patients. The purpose of this review is to examine different approaches for the clinical
management of non-alcoholic fatty liver disease.
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Abstract

Core tip: Management of fatty liver has become a
major challenge to healthcare systems as the consequence of the increasing rates of obesity worldwide.
Several therapeutic interventions have been proposed,
which include moderate weight loss, insulin sensitizer
agents, lipid lowering drugs, antioxidants such as vitamin E and treatment of vitamin D3 deficiency. However,
therapeutic approaches have been largely empirical
and experimental trials have mostly been carried out
in uncontrolled settings with small sample sizes so far.
Treatment of coexisting metabolic conditions should be
regarded as of paramount importance in the management of these patients.

Non-alcoholic fatty liver disease (NAFLD) is the most
common and emerging form of chronic liver disease
worldwide. It includes a wide spectrum of liver diseases ranging from simple fatty liver to steatohepatitis,
which may progress to cirrhosis, liver cancer, and liver
mortality. Common metabolic diseases, which are well
established cardiovascular risk factors, have been associated to NAFLD and cardiovascular disease is the
single most important cause of morbidity and mortality
in this patient population. The pathogenesis of NAFLD
appears multifactorial and many mechanisms have
been proposed as possible causes of fatty liver infiltration. Management of fatty liver has become a major
challenge to healthcare systems as the consequence
of the increasing rates of obesity worldwide. First-line
management focuses on lifestyle modifications. Moderate weight reduction either by dietary restriction or by
increased habitual physical activity is safe and highly
recommended. Several therapeutic interventions have
been proposed. These include insulin sensitizer agents,
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Table 1 Major proposed interventions for nonalcoholic fatty
liver disease
Lifestyle intervention
Calorie restriction
Mediterranean diet
Exercise
Medication
Weight loss drugs
Orlistat
Sibutramine
Antidiabetics
Metformin
Pioglitazone
DPP IV inhibitors
GLP-1 receptors agonists
Antioxidants
Vitamin E
Statins
Pravastatin
Pitavastatin
Atorvastatin
Rosuvastatin
PUFA
Vitamin D
UDCA
Probiotics
Berberine
Silymarin
Silybin
Bariatric surgery

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) represents
the most common and emerging form of chronic liver
disease worldwide. It is increasingly detected by routine
abdominal ultrasound examination. Indeed, NAFLD
reached epidemic proportions and the general prevalence
of this condition is reported ranging between 20%-30%
and 70%-90% respectively in patients with severe obesity
or with type 2 diabetes mellitus[1-4].
NAFLD includes a wide spectrum of liver diseases
ranging from simple fatty liver to non-alcoholic steatohepatitis (NASH), which may progress to fibrosis and
even cirrhosis and hepatocellular carcinoma. Simple steatosis generally represents a benign condition following
a non-progressive clinical course. By contrast, a subset
of patients with NASH, in particular those with a more
severe fibrosis, are at higher risk for progressing to liver
disease complications[5]. In fact, about 25% of patients
affected by NASH can develop cirrhosis with the subsequent risk of hepatocellular carcinoma (HCC)[6]. Moreover, the rising number of HCCs developing into non
cirrhotic NASH liver is becoming a cause for concern[7,8].
The pathogenesis of non-alcoholic and virus-negative
liver steatosis and NASH appears multifactorial and many
mechanisms have been proposed as possible causes of
fatty liver infiltration[9]. The association of steatosis with a
number of different clinical conditions has been suggested. Common metabolic diseases, such as hyperlipidaemia,
type 2 diabetes and central obesity, are well established cardiovascular risk factors and have been associated to both
benign liver steatosis and progressive NASH[10]. Moreover,
it has recently been proposed that the metabolic syndrome
may play a causal role in the pathogenesis of NASH[11-14].
Management of NAFLD and NASH has become a
major challenge to healthcare systems as the consequence
of the increasing rates of obesity worldwide. Since
NAFLD is usually associated to a number of insulin
resistance related conditions, treatment of comorbidity should be regarded as of paramount importance in
the management of these patients. Several therapeutic
interventions have been proposed, which include weight
reduction, insulin sensitizer agents, lipid lowering drugs,
antioxidants such as vitamin E and treatment of vitamin
D3 deficiency (Table 1). However, therapeutic strategies
have been largely empirical so far and experimental trials have mostly been carried out in uncontrolled settings
with small sample sizes.

NAFLD and a healthy low-fat diet may have benefits independent of weight loss.
Some studies demonstrated favourable effects of the
Mediterranean diet on NAFLD. Recently, Ryan et al[15]
demonstrated in an insulin-resistant population with
NAFLD a reduction of liver steatosis and an improvement of insulin sensitivity after 6 wk of the Mediterranean diet, compared to current dietary advice. Moreover,
Kontogianni et al[16] reported that higher adherence to
the Mediterranean diet was not associated with a less
likelihood of having NAFLD, but it was associated with
a lower degree of insulin resistance and less severe liver
disease among patients with NAFLD. Finally, in a post
hoc analysis of a controlled trial conducted in Israel, a
modified Mediterranean diet was associated with the
greatest reduction in alanine aminotransferase levels
(ALT) in obese type 2 diabetes patients[17].
There is evidence that saturated fat and fructose are
more likely to stimulate hepatic lipid accumulation and
progression in NASH, whereas unsaturated fat, choline,
antioxidants and high-protein diets rich in isoflavones
seem to have a more preventive effect[18-22]. Among polyunsaturated fatty acids, in particular, the n-3 fatty acids
seem to reduce the accumulation of triglycerides and
ameliorate hepatic steatosis[23].
Since the majority of patients with NAFLD are
overweight or obese, weight reduction either by dietary
restriction or by increased habitual physical activity or
by both, is highly recommended. Weight loss is safe in
patients with nonalcoholic fatty liver disease, and it improves liver histology[24]. Moreover, diet is also effective

NAFLD AND OBESITY: A ROLE FOR
LOW-CALORIE DIET, EXERCISE AND
BARIATRIC SURGERY
Diet is an important contributor to the pathogenesis of
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for the treatment of metabolic syndrome and is able to
control its clinical and metabolic features; in fact, central
obesity, insulin resistance, blood pressure and atherogenic
dyslipidemia are improved after a modest weight loss
of 5%-10%[25]. In addition, lifestyle modifications in the
form of moderate calorie restriction and weight loss have
also been consistently associated with reduced oxidative
stress[25].
The only two registered drugs for pharmacological
weight reduction, Orlistat and Sibutramine, gave some
positive results on serum liver enzymes, but not on liver
histology in patients with NAFLD[26].
Bariatric surgery is considered a quite safe[27] and effective[28] option for obese patients in reducing weight.
Despite its known efficacy on decreasing obesity related
disease[29], at present there is a lack of randomized controlled trials evaluating the effects of bariatric surgery in
patients with NAFLD and NASH. The available studies
in fact are retrospective or prospective cohort studies.
Based on these data, a recent Cochrane review concluded
that because of a high risk of bias, a reliable summary
of their data is not possible[30]. Thus, well-designed randomised trials to assess benefits and harms of bariatric surgery as a therapeutic approach for patients with
NASH are required.
Short-term aerobic exercise can improve fatty liver
composition in patients with NAFLD and recent studies reported reduction in hepatic lipid content also after
exercise intervention programs which did not induce
weight loss[31-33]. However, the independent role of regular physical activity for NAFLD has been assessed only in
few studies and the optimal physical activity regimen still
remains to be determined.

alcoholic steato-hepatitis and liver fibrosis.
In a previous study by our group, when non-diabetic
subjects were simultaneously categorized by insulin
resistance and insulin secretion status, those with a predominant insulin resistance had a higher prevalence of
severe liver steatosis at ultrasound, thus confirming the
pathophysiological role of hyperinsulinemia in the events
leading to the development of fatty liver[11]. The same
subjects had significantly higher body mass index and
waist circumference and similar blood pressure and serum lipids as compared to those with a prevalent insulin
secretory defect. Moreover, insulin resistance was associated with severe steatosis, independently from potentially
confounding factors such as age, BMI, high fasting glucose and high serum triglycerides[9].
Insulin resistance has been demonstrated to unify
NAFLD to the metabolic syndrome. In fact, it has been
suggested that fatty liver can be considered as the hepatic consequence of the insulin resistance metabolic
syndrome, emerging as a distinct high cardiovascular risk
entity which has been recently indicated as the secondary
target of therapy for the reduction of coronary risk after
serum low-density-lipoprotein cholesterol[35]. Metabolic
syndrome is characterized by the clustering of glucose
intolerance and/or diabetes, hyperinsulinemia, increased
levels of triglycerides and decreased HDL cholesterol,
hypertension and central and overall obesity[36]. In a previous study, we demonstrated a strong positive association between the prevalence of some common metabolic
diseases and the severity of liver steatosis. Obesity, impaired glucose tolerance and type 2 diabetes mellitus were
5.3-fold, 3.6-fold and 4.0-fold, more common among
subjects with more severe steatosis, as compared to controls without steatosis. In the same group the prevalence
of hypertriglyceridemia was seven times more frequent
than in the control group and about three times higher
than in the group with mild steatosis. Among subjects
with severe steatosis obesity, impaired glucose metabolism and hyperlipidemia were present in over 50% of
patients. These findings were paralleled by the presence
of a statistically significant increase in mean BMI, plasma
glucose and triglyceride levels from the group of subjects
without steatosis to the three groups with increasing severity of fatty liver[10].
Based on the above considerations, the use of drugs
improving insulin resistance has been proposed for patients with fatty liver. Metformin was the first insulin
sensitizer used; however, only marginal benefits on transaminases and no improvement in steatosis or inflammation have been reported so far, and metformin is not
recommended for patients with NAFLD[37]. Recently,
it has been suggested that metformin may prevent liver
tumorigenesis via suppression of liver fat accumulation
in the early stage, before the onset of NAFLD. However,
the suggested potential role of metformin as antitumor
agent should be further confirmed by large-scale clinical
trials[38,39]. Concerning thiazolidinediones, treatment with
pioglitazone was associated with improvements of liver

INSULIN RESISTANCE AND THE
METABOLIC SYNDROME: A POSSIBLE
ROLE FOR INSULIN SENSITIZER AGENTS
AND INCRETINS
Insulin resistance is a frequent metabolic abnormality
affecting approximately 20% of the non-diabetic population and occurring in association with many cardiovascular and metabolic abnormalities. It has been suggested
that the presence of insulin resistance is an essential
requirement for the accumulation of hepatocellular fat.
In fact, according to current opinion, the pathogenesis
of NAFLD is based on a ‘‘two hits hypothesis’’[5,34]. The
‘‘first hit’’ involves hepatic triglyceride accumulation (i.e.,
simple steatosis) and is mainly due to insulin resistance
thus increasing vulnerability to further damage. In fact,
insulin resistance is responsible for causing abnormalities
of lipid storage and lipolysis in insulin sensitive tissues,
which may induce an increased fatty acid flux from adipose tissue to the liver and cause steatosis.
Insulin resistance may also cause lipid peroxidation
which in turn may activate inflammatory cytokines and
promote the progression of “innocent” steatosis to non-
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steatosis and inflammation in recent controlled clinical
trials[40-42]. Therefore, pioglitazone may be recommended
for the treatment of adults with biopsy proven NASH[43].
Recently, some studies investigated the possible effects of analogues of glucagon-like peptide-1 (GLP-1),
an incretin that increases insulin sensitivity and aids glucose metabolism, on NAFLD. In vivo and in vitro studies
demonstrated that GLP-1 analogues reduce fatty acid
accumulation and endoplasmic reticulum stress-related
apoptosis in human hepatocytes treated with fatty acids
as well as in an animal model of NAFLD[35]. This fact
could improve hepatic steatosis by modulation of lipid
metabolism and hepatic insulin signaling in NAFLD animal models[45,46]. These effects could be explained by possible direct stimulation of hepatic GLP-1 receptor.
Cuthbertson et al[46] recently conducted a prospective
study in 25 obese, T2DM patients with hepatic steatosis,
treated with metformin and sulphonylureas/DPP-IV
inhibitors. After a 6 mo treatment with GLP-1 receptor
agonists (exenatide or liraglutide), reduction of mean
HbA1c, body weight and intrahepatic lipid was demonstrated[46]. The relative reduction in intrahepatic lipid
correlated with that in HbA1c but was not significantly
correlated with that in total body weight. Adequately
powered, randomised, placebo-controlled intervention
studies using GLP-1 analogues in patients with NAFLD,
with or without T2DM, are needed to demonstrate the
potential role of incretins in ameliorating NAFLD and to
investigate the inter-relationship between the biochemical, metabolic and histological responses.

served in 58 male patients with histologically proven
NAFLD compared to healthy age matched males[48]. In a
further study, NAFLD children with immune responses
against MDA derived antigens showed more severe lobular inflammation and had a 13-fold higher prevalence of
overt NASH suggesting the presence of oxidative stress
in a high proportion of NAFLD children[50]. In two
more studies the percentage of hepatocytes, positive for
8-OHdG expression, and serum 8-OHdG levels were significantly higher in patients with NASH than simple fatty
liver, while the oxidative stress marker GGT was increased
in both conditions[51,53]. Finally, in a recent cross-sectional
study, oxidative stress, detected as the ratio of plasma
total antioxidant status to total oxidant status, was associated with insulin resistance in obese adolescents with
NAFLD[52].
In a previous study[54], we demonstrated an increased
systemic oxidative stress in subjects with fatty liver, as
compared to those without. This increase was associated
to severity of liver steatosis evaluated either by liver ultrasonography, or by fatty liver index or by serum cytokeratin-18 levels, a marker of apoptosis reflecting liver disease
severity.
In fact, we found increased systemic oxidative stress
assessed by increased levels of urinary 8-iso-PGF2α, currently regarded as the best measure of oxidative stress in
vivo and of serum sNOX2-dp, a marker of NOX2 activation by blood cells, which plays an important role in ROS
production. The same findings were also observed after
the exclusion of obese subjects, or subjects with diabetes
or with metabolic syndrome and in those not taking statin
medication. In our study, a correlation was also found
between HOMA-IR, urinary 8-iso PGF2α and sNOX2dp, confirming the interdependency of insulin resistance
and oxidative stress in the pathogenesis of NAFLD.
Moreover, both oxidative stress markers were also highly
correlated with serum cytokeratin-18, thus suggesting a
possible role in the progression from simple fatty liver to
NASH.
Therefore, although the mechanisms underlying disease progression remain poorly understood, a therapeutic
strategy targeting oxidative stress reduction has been proposed and supplementation with vitamin E has been suggested by recent guidelines for the treatment of NASH
in non-diabetic subjects[37].
In pioglitazone vs vitamin E vs placebo for the Treatment of nondiabetic patients with nonalcoholic steatohepatitis (PIVENS) trial, vitamin E therapy demonstrated
a significant improvement in steatosis, inflammation,
ballooning, and resolution of steatohepatitis in adult patients with aggressive NASH, who did not have diabetes
or cirrhosis[42]. Conversely, in the TONIC trial, where 173
children were randomized to receive vitamin E (400 IU
twice daily), metformin (500 mg twice daily), or placebo
for 96 wk, neither agent was superior to placebo in attaining the primary outcome, a reduction in ALT level
50% or less of the baseline[55]. Finally, it should be taken
into consideration that vitamin E supplementation has

OXIDATIVE STRESS AND REDUCED
ANTIOXIDANT STATUS: A POSSIBLE
ROLE FOR VITAMIN E
Several lines of evidence suggest that chronic oxidative
stress is one of the key mechanisms responsible for liver
damage and disease progression in NAFLD. In particular, according to the “two-hit” theory, oxidative stress
is a major player triggering the progression of steatosis
to NASH as the result of an imbalance between prooxidant and anti-oxidant chemicals that lead to liver cell
damage[5,34]. Indeed, the increased production of reactive
oxygen species (ROS) is known to cause lipid peroxidation, followed by inflammation, and activation of stellate
cells leading to fibrogenesis.
Consistent with the above theory, subjects with NASH
had significantly increased levels of lipid peroxidation
products[47-52]. Moreover, in a small study performed in 21
subjects with NASH and 19 controls, subjects with NASH
had significantly higher levels of oxidized LDL and of
thiobarbituric acid-reacting substances (TBARS) suggesting an increased cardiovascular risk[51]. Similar results were
reported in India, where TBARS levels were significantly
elevated and GSH/GSSG ratio was significantly decreased
in NAFLD subjects without and with type 2 diabetes[49].
Increased systemic levels of malondialdehyde were ob-
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not been associated to benefits in cardiovascular death or
cerebrovascular events[56]. Moreover, the results of two
recent reviews showed no evidence of benefits by vitamin
E supplementation for the prevention of cardiovascular
events and there was no evidence for a possible association of vitamin E with higher all-cause mortality[57,58].

lipoprotein (HDL) cholesterol and increased small, dense,
low-density lipoprotein (LDL) particles, i.e., the so-called
“atherogenic lipid triad”[64,65]. The presence of small
dense LDL particles is associated with increased cardiovascular risk. Therefore, aggressive treatment of dyslipidemia and the other features of the metabolic syndrome
should be a primary target in patients with NAFLD.
Statins are first line drugs for the treatment of LDL
cholesterol. According to ATPIII Guidelines, the current
recommendation that liver biochemistries be checked
before and periodically after starting statin therapy is not
evidence-based and is controversial[36].
On the other end, measuring aminotransferases
at baseline cannot adequately identify those who have
underlying liver disease and there is no sound rationale
why statins should not be used in patients with chronic
liver disease who otherwise need statin therapy. In fact,
in the GRACE Study, atorvastatin treatment was safe in
patients with mild to moderately abnormal liver tests that
were potentially attributable to NAFLD[66]. Moreover,
in small uncontrolled studies, pravastatin, atorvastatin,
rosuvastatin and pitavastatin were safe and effective in
NASH patients with dyslipidemia[67,68]. In all these studies
a decrease of serum aminotransferase was also observed
and liver histology improved in some patients.
Therefore, the AASLD Guidelines recommend that
statins can be used to treat dyslipidemia in patients with
NAFLD and NASH (Strenght 1; Quality B)[37].

NAFLD AND CARDIOVASCULAR RISK: A
POSSIBLE ROLE FOR STATINS
NAFLD has been traditionally interpreted as a condition,
which may progress into liver related complications such
as cirrhosis, liver cancer, and liver mortality. In particular,
liver fibrosis predicts disease progression and the risk for
hepatocellular carcinoma. However, most people with
NAFLD in the absence of significant hepatic fibrosis do
not develop serious liver problems. Conversely, people
with NAFLD have an increased chance of developing
cardiovascular diseases, such as myocardial infarction
and stroke, which represent the major causes of death in
this setting[25]. Indeed, cardiovascular disease is the single
most important cause of morbidity and mortality in this
patient population[59].
Therefore, it appears that the increased mortality of
patients is primarily a result of cardiovascular diseases
and, to a lesser extent, of liver related diseases. Indeed,
many epidemiological, clinical, and pathophysiological observations support a strong association between
NAFLD and increased cardiovascular risk, which in some
studies was found to be independent of traditional risk
factors and aspects of the metabolic syndrome.
Moreover, patients with NASH seem to be at higher
risk for atherosclerosis than patients with simple steatosis as a consequence of chronic inflammation and
oxidative stress. Finally, an increased risk of developing type 2 diabetes mellitus has also been demonstrated
among NAFLD patients[60]. Therefore, based on the
above considerations, we may perhaps consider patients
with NAFLD at increased global cardiometabolic risk,
although the precise mechanisms by which NAFLD contributes to cardiovascular disease (CVD) and diabetes are
still the subject of ongoing research. In a recent review,
we discussed the epidemiological, clinical, and physiopathological evidence of an association between NAFLD
and cardiovascular diseases[61].
Recent genetic studies[62,63], such as those showing
a strong correlation between presence of the I148M
polymorphism in the PNPLA3 gene and elevated serum
levels of ALT and AST and liver inflammation, will probably be helpful in improving the assessment of cardiovascular risk in NAFLD patients with and without metabolic
syndrome.
NASH is also linked to accelerated atherogenesis
through the presence of abnormal production of triglyceride- and cholesterol-rich remnant particles, leading to
accelerated atherosclerosis, together with other features
of the metabolic syndrome. Dyslipidemia is characterized by increased serum triglycerides, low high-density
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VITAMIN D DEFICIENCY: A POSSIBLE
ROLE FOR VITAMIN D3
Vitamin D deficiency is a highly prevalent condition
worldwide. Low serum 25(OH)D3 concentrations have
been reported among adults and children affected by
NASH[69,70].
Furthermore, we have recently demonstrated the
existence of a strong and independent association between NAFLD and low 25(OH)D3 levels in a large adult
population with normal serum liver enzymes[71]. Vitamin
D is present in the diet and dietary supplements, but its
primary source is the photo-mediated conversion of
7-dehydrocholesterol in the skin[72]. To become biologically active, vitamin D requires 25-hydroxylation in the
liver and subsequent 1-hydroxylation in the kidney[73]. The
25-hydroxylation occurs exclusively in the hepatocyte
and is mediated by CYP27A1 and CYP2R1, two liverexpressed cytochromes characterized by different intracellular locations, specificity and affinity for vitamin D3.
The biological effects of vitamin D3 are mediated by the
vitamin D receptor (VDR)[74].
In a recent study [75], we suggest that the vitamin
D-vitamin D receptor system may play an important role
in the response of the liver to chronic damage induced
by different pathogenic stimuli. In fact, low hepatic VDR
expression which was closely associated with more severe
liver histology in this study, could represent the primary
event leading to progression of hepatitis.
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effects[80,81]. Treatment with silymarin was associated with
improvement in liver enzymes in a small placebo-controlled study in patients with NAFLD[82]. Silybin, combined with phosphatidylcholine and vitamin E, induced
improvements of insulin resistance and liver histology in
a large multicenter RCT[83].
A growing body of evidence supports a relation
between overgrowth of gut microbiota with NAFLD
and NASH. In fact, it has been suggested that liver injury could be partly caused by exposure to bacterial and
fermentation agents produced by microflora which are
metabolized in the liver. Therefore, the use of probiotics
to better balance the gut flora has been proposed. So far,
various experimental studies and clinical trials revealed
promising effects[84]. However, larger trials with longerterm follow-up are needed.
Recently, treatment with berberine has been suggested
for patients with NAFLD, although its clinical application
should be better defined. In fact, few small experimental
and clinical studies have demonstrated favorable effects
on insulin resistance, hepatic lipoprotein secretion and
gut microenvironment modifications[85].
Finally, mitochondrial dysfunction may induce overproduction of free radicals that, in turn, trigger lipid
peroxidation and cell death. As a result, impaired mitochondrial function is thought to contribute to NAFLD
and insulin resistance[86,87]. However, so far, improvement
of mitochondrial dysfunction has only been associated to
increased physical exercise and few experimental studies
have assessed the potential role of antioxidant molecules
targeted to mitochondria[88,89].

Based on the above considerations, treatment of vitamin D3 deficiency to prevent or treat NAFLD to NASH
progression has been proposed. However, large placebocontrolled randomized trials have not been performed so
far. Thus, it is premature to recommend vitamin D3 for
the specific treatment of NAFLD/NASH.

OTHER TREATMENTS
Many other agents have been investigated as potential
therapeutic options in NAFLD and NASH in small,
proof-of-concept studies.
Omega-3 fatty acids are currently approved to treat
severe hypertriglyceridemia and have also proven benefitial for cardiovascular disease. Recently, they have been
suggested as a treatment for NAFLD and some studies
support the use of omega-3 fatty acids in this setting[24].
Their potential mechanisms of action may be mediated
by regulation of hepatic gene expression, improvement
of insulin sensitivity, reduction of inflammation and oxidative stress.
In a cross-sectional study by Zelber-Sagi et al[76] dietary habits of NAFLD patients have been investigated,
finding that the NAFLD group consumed less fish
rich in omega-3 and almost double the quantity of soft
drinks and also consumed more meat compared with the
general population. Moreover, these dietary differences
were associated with an increased risk of NAFLD independent of traditional risk factors. Evidence emerging
from animal studies show a reduction in hepatic steatosis,
inflammation and oxidative stress and an improvement in
insulin sensitivity.
Moreover, some preliminary clinical studies in humans reported a reduction in hepatic steatosis on imaging
and an improvement of insulin sensitivity and serum liver
function tests. In any case, these studies have small sample size and methodological flaws. Results from ongoing
large multicenter studies with histological outcomes are
needed[77]. Thus, AASLD Guidelines currently concluded
that “it is premature to recommend omega-3 fatty acids
for the specific treatment of NAFLD or NASH, but
they may be considered as first line agents to treat hypertriglyceridemia in patients with NAFLD” (Strength-1;
Quality-B)[37].
Furthermore, ursodeoxycholic acid (UDCA) has
been proposed as a treatment for NAFLD and NASH
and several studies have been conducted concerning this
treatment[78,79]. All but one study are with small sample
size and/or surrogate end-points. The only available large
RCT with histological endpoints showed lack of any histological benefit of UDCA in patients with NASH[79].
During the last years, there has been renewed interest in the potential efficacy of silymarin and silybin, two
natural products derived from the milk thistle plant Silybum marianum, traditionally used in classical Greece to
treat hepatic and biliary diseases. A higher bioavailability
of silybin has been shown and experimental studies have
demonstrated its antifibrotic, antioxidant and metabolic
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CONCLUSION
NAFLD is a multifactorial disease and the exact mechanism is unknown. Therefore, it is important to carefully
evaluate for competing etiologies and clinically important
co-morbidities. Metabolic conditions, such as diabetes mellitus, obesity, hypertension, and hyperlipidemia,
should be treated aggressively and a multidisciplinary
approach should be personalized for individual patients.
The main targets of therapy are reported in Table 2.
Since NAFLD is largely a manifestation of obesity
and metabolic syndrome, first- line management of
NAFLD focuses on lifestyle modifications. Based on the
available evidence, Mediterranean diet seems to be the
best dietary regimen for patients with NAFLD. Weight
loss generally reduces hepatic steatosis, and is achieved
either by low-calorie diet alone or in conjunction with
increased physical activity. Many patients with NAFLD
have severe obesity. The role of bariatric surgery for
these patients is still under evaluation.
As insulin resistance is nearly universal in patients
with NASH, therapeutic measures to reduce insulin resistance have been suggested. Metformin was the first
insulin sensitizer used; however, only marginal benefits
on transaminases and no significant effect on liver steatosis or inflammation have been reported so far. Treatment
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Table 2 Main targets of intervention in nonalcoholic fatty
liver disease

6

Overweight and obesity
Sedentary lifestyles
Insulin resistance
Oxidative stress
Atherogenic dyslipidemia
Vitamin D deficiency
Hepatocyte protection
Cardiovascular risk
Treatment of comorbidities
Mitochondrial dysfunction

7

8

9

with pioglitazone is associated with improvements of
liver histology and therefore may be recommended for
the treatment of patients with biopsy-proven NASH.
Proposed pharmacologic therapies for NASH include
antioxidants such as vitamin E (a-tocopherol) administered at daily dose of 800 IU/d, which could improve
liver histology in non-diabetic adults with biopsy-proven
NASH.
The cardiovascular morbidity and mortality is perhaps
one of the most important and new aspects of NAFLD
and several recent studies have shown that statins can be
safely used to treat dyslipidemia in patients with NAFLD,
but are not recommended to specifically treat NASH.
UDCA is not recommended and it is premature to recommend omega-3 fatty acids and vitamin D supplementation.
Patients should be advised about the limited effectiveness of most drug therapies except possibly insulin
sensitizers for some patients with diabetes and vitamin E
for those patients without diabetes. Finally, it should be
considered that there are no medications approved by the
United States Food and Drug Administration. Our clinical approach to the treatment of NAFLD is based on
few relatively small studies demonstrating benefits from
some of the above treatments.

10
11

12

13

14

15

16
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metabolic syndrome, should be submitted to screening
for NAFLD comprising assessment of serum aminotransferase levels and of hepatic steatosis by abdominal
ultrasound. Lifestyle modifications including diet, weight
loss and exercise are the most appropriate initial therapeutic interventions for PCOS patients with NAFLD.
When pharmacologic therapy is considered, metformin
may be used, although currently there is no medical
therapy of proven benefit for NAFLD. Long-term follow
up studies are needed to clarify clinical implications
and guide appropriate diagnostic evaluation, follow-up
protocol and optimal treatment for PCOS patients with
NAFLD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Nonalcoholic fatty liver disease; Polycystic
ovary syndrome; Insulin resistance; Obesity; Hyperandrogenism; Premenopausal women

Nonalcoholic fatty liver disease (NAFLD) is the most
common cause of chronic liver disease in the Western
world comprising a spectrum of liver damage from fatty
liver infiltration to end-stage liver disease, in patients
without significant alcohol consumption. Increased
prevalence of NAFLD has been reported in patients with
polycystic ovary syndrome (PCOS), one of the most
common endocrinopathies in premenopausal women,
which has been redefined as a reproductive and metabolic disorder after the recognition of the important
role of insulin resistance in the pathophysiology of the
syndrome. Obesity, in particular central adiposity and
insulin resistance are considered as the main factors
related to NAFLD in PCOS. Moreover, existing data support that androgen excess, which is the main feature of
PCOS and is interrelated to insulin resistance, may be
an additional contributing factor to the development of
NAFLD. Although the natural history of NAFLD remains
unclear and hepatic steatosis seems to be a relatively
benign condition in most patients, limited data imply
that advanced stage of liver disease is possibly more
frequent in obese PCOS patients with NAFLD. PCOS patients, particularly obese patients with features of the
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is
frequent in patients with polycystic ovary syndrome
(PCOS). Obesity and insulin resistance are considered
as the main factors related to NAFLD in PCOS. Androgen excess may be an additional contributing factor to the development of NAFLD. Limited data imply
that advanced stage of liver disease is possibly more
frequent in obese PCOS patients with NAFLD. PCOS
patients, particularly obese patients with the metabolic
syndrome, should be screened for NAFLD. Long-term
follow up studies are needed to clarify clinical implications, appropriate diagnostic evaluation and optimal
treatment for PCOS patients with NAFLD.
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NAFLD, is an advanced stage of the disease characterised
by severe steatohepatitis with lobular necroinflammation
and variable degrees of fibrosis and can further progress
to advanced fibrosis and cirrhosis in some cases[1,2]. Once
cirrhosis is present, hepatocellular carcinoma may also
develop[4]. NAFLD is considered as the most common
cause of cryptogenic cirrhosis[18]. Simple steatosis is the
early stage of NAFLD which does not progress to severe
disease in the majority of patients and is considered as a
relatively benign condition[1,2]. However, it is still not possible to predict who is at risk for advanced NAFLD.
Although the prevalence of NAFLD remains poorly
defined due to variation of the characteristics of the
studied populations, of the evaluating methods and of
the diagnostic criteria that are used (e.g., liver function
tests, liver imaging studies, liver biopsy) it is estimated to
affect 20%-30% of adults in the general population in
developed countries[19-23]. Evaluation of fatty liver content
by proton magnetic resonance spectroscopy (1H-MRS),
which can accurately measure hepatic triglyceride content, led to the estimation of an even higher percentage,
33.6%, in a large urban population in the United States[24].
Data showing an increased prevalence of NAFLD in
obesity[22,24] reaching 90% in morbidly obese[25] and in diabetic patients up to 70%[26,27] drew attention to the possible role of insulin resistance and hyperinsulinemia in
the pathophysiology of the disease.
Insulin resistance assessed using the homeostasis
model assessment (HOMA-IR) was demonstrated in
patients with NAFLD independently of obesity and
diabetes[5,28]. These findings were confirmed by studies in
nonobese, nondiabetic patients with NAFLD, using the
euglycemic insulin clamp technique, the gold standard
method for the assessment of insulin sensitivity, which
determined the sites of insulin resistance: hepatic and
peripheral insulin resistance (skeletal muscle and adipose
tissue)[6,7,29,30]. These data supported that insulin resistance
is a primary defect in NAFLD, superimposed by obesityand diabetes-associated insulin resistance, in obese and/
or diabetic patients. Thus given that insulin resistance is
the key component of the metabolic syndrome, it was
suggested that NAFLD is the hepatic manifestation of
the metabolic syndrome[7]. Insulin resistance in adipose
tissue results in accelerated lipolysis, causing an increased
flow of free fatty acids to the liver, thus favouring hepatic fat accumulation. The distribution of adipose tissue
is also important since it has been shown that visceral
adipose tissue is more insulin resistant than subcutaneous adipose tissue. Consequently visceral adipose tissue
by increased portal free fatty acid flow to the liver seems
to be an important regulator of fatty liver[31]. Insulin
resistance and compensatory hyperinsulinemia are also
related to increased de novo lipogenesis (synthesis of free
fatty acids in the liver) which is another contributor to
hepatic fat accumulation. Insulin has been shown to
stimulate the expression of lipogenic enzymes through
sterol regulatory element binding protein 1 (SREBP-1),
even in the setting of insulin resistance[32]. Moreover

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is an increasingly recognised chronic disorder characterised by fat
accumulation in the liver, histologically identical to alcoholic liver disease, in patients with no or minimal alcohol
consumption. For the diagnosis, exclusion of nutritional
disorders, drugs and diseases known to cause secondary fatty liver disease is a prerequisite[1]. There is a wide
spectrum of liver damage ranging from simple steatosis
to cirrhosis[2]. The clinical relevance of NAFLD is related to its high prevalence (20%-30%)[1,3] in the general
population and its possible evolution to end-stage liver
disease and rarely to hepatocellular carcinoma[4]. Given
that NAFLD prevalence is markedly increased in obesity, in type 2 diabetes mellitus and in dyslipidemia[1] the
role of insulin resistance in the pathogenesis of this
entity has been studied and a strong association has been
shown between the two entities[5,6]. Existing data support
that NAFLD is the hepatic component of the metabolic
syndrome[7].
Polycystic ovary syndrome (PCOS) is one of the most
common endocrinopathies in premenopausal women,
affecting 5%-18% of this population depending on the
used diagnostic criteria[8,9] and is characterised by hyperandrogenism and ovulatory dysfunction. Other diseases
causing the same symptoms have to be excluded before
considering the diagnosis of PCOS. Insulin resistance has
been shown to be an essential feature of the syndrome
in the 1980s[10,11] long after the syndrome’s first description, affecting both obese and lean patients[11]. Increased
prevalence of impaired glucose tolerance and diabetes
mellitus[12], abdominal adiposity[13] and dyslipidemia[14] has
been shown in PCOS patients implicating that these patients are at increased risk for the metabolic syndrome[15].
During the last years there is increasing evidence of
an association of nonalcoholic fatty liver disease and
polycystic ovary syndrome. The pathophysiologic link
and the clinical significance of this association remain
to be determined, in order to clarify issues concerning
evaluation and management of these patients.
In this review a detailed Pubmed search of all available data concerning the association of nonalcoholic
fatty liver disease and polycystic ovary syndrome was performed in order to summarize current knowledge on this
topic.

NONALCOHOLIC FATTY LIVER DISEASE
AND INSULIN RESISTANCE
Liver damage in the absence of significant alcohol
consumption (> 20 g/d) has been reported since the
1950s[16], however it was mostly recognised after the description of histopathological findings characteristic of
alcohol liver disease in patients with none or minimal
alcohol consumption by Ludwig et al[17] in 1980, who introduced the term non-alcoholic steatohepatitis (NASH).
NASH, which develops in a subset of patients with
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hyperinsulinemia contributes to a decrease in lipid oxidation as increased insulin levels have been shown to
inactivate the forkhead box transcription factor Foxa2,
which regulates expression of genes encoding enzymes
of fatty acid oxidation[33]. In normal conditions this transcription factor is active in the fasting state, when insulin
levels are low and inactive in the fed state when insulin
levels are increased[33]. The enlargement of adipose tissue
that characterises obesity and in particular enlargement
of visceral adipose tissue with associated chronic lowgrade inflammation and monocyte infiltration, leads to
secretion of proinflammatory cytokines and modified
release of adipose tissue hormones that modulate insulin
sensitivity. Elevated levels of proinflammatory cytokines
interleukin-6 and tumor necrosis factor-α, leptin resistance and decreased levels of adiponectin are considered
as mediators of insulin resistance[34]. However it has
been suggested as an alternative hypothesis that liver fat
accumulation may develop independently of peripheral
insulin resistance. Hepatic steatosis resulting in hepatic
insulin resistance without changes in body weight and
evidence of peripheral insulin resistance has been described in animal studies[35,36]. Data from human studies
suggest that liver fat accumulation may contribute to
insulin resistance and the metabolic syndrome[35,36]. The
cause/effect relationship between hepatic steatosis and
insulin resistance still remains unclear[37].
The association of NAFLD with insulin resistance
and features of the metabolic syndrome led to the investigation of its putative role in the development and
progression of cardiovascular disease. There is increasing evidence showing that NAFLD is a risk factor for
cardiovascular disease. In addition existing data report
that cardiovascular disease is the most common cause of
death in NAFLD patients before advanced liver disease
develops, as only patients with NASH have an increased
liver-related mortality rate. However, additional research
is needed to demonstrate that NAFLD should be considered as marker of cardiovascular disease[38].

Consensus Development in 1990 (NIH criteria). In 2003,
in a conference in Rotterdam a third diagnostic criterion
was added - the polycystic morphology of the ovaries on
ultrasound, and the presence of at least two out of three
criteria is required for the diagnosis (Rotterdam criteria)[40]. This definition raised controversy, because women
with anovulation and polycystic ovarian morphology but
without hyperandrogenism were diagnosed with the syndrome. In 2006, a panel of the Androgen Excess Society
recommended that hyperandrogenism should be one of
the at least two out of three criteria (hyperandrogenism,
anovulation and polycystic ovarian morphology) required
for the diagnosis, considering that hyperandrogenism is
an essential component of PCOS[41].
The presence of hyperandrogenism in women with
syndromes of extreme insulin resistance[42] was the initiative for the investigation of the possible role of insulin
resistance and compensatory hyperinsulinemia in the
pathophysiology of PCOS. In 1980 Burghen et al[10] reported the presence of hyperinsulinemia in obese PCOS
patients. Following studies confirmed this finding and in
addition showed that it was independent of obesity[43-45].
Studies using the euglycemic insulin clamp technique
demonstrated peripheral insulin resistance, independently
of obesity[11,46], although obesity and central adiposity
have an important independent adverse effect on insulin
sensitivity[47]. Further studies showed that patients with
PCOS have an increased prevalence of impaired glucose
tolerance and diabetes mellitus[12,48], abdominal adiposity[13] and dyslipidemia[14] and an evident impact of racial
and ethnic differences[49]. It was also shown that metabolic syndrome is frequent in these patients, especially
in obese patients. Thus it was established that PCOS is a
metabolic disorder as well.
Metabolic dysfunction in PCOS patients leads to increased risk for cardiovascular disease with aging, particularly after menopause. Classic components of an adverse
cardiovascular risk profile (central adiposity, impaired
glucose tolerance and diabetes mellitus, dyslipidemia and
hypertension) are frequently present in PCOS patients
of all ages, occurring independently of obesity[50]. However, all these components are worsened when obesity
is present[49,50]. In addition, increased levels of several
biochemical inflammatory and thrombotic markers of
cardiovascular risk are more prevalent in PCOS patients.
A very recent small study compared biochemical inflammatory and thrombotic markers of cardiovascular risk
between PCOS patients with and without NAFLD, without demonstrating differences between the two groups[51].
In that study, NAFLD was assessed by ultrasonography
and in some patients was confirmed by biopsy[51]. In a recent meta-analysis, significantly elevated serum levels of
C-reactive protein, homocysteine, plasminogen activator
inhibitor-1 (PAI-1) antigen and PAI-1 activity, advanced
glycation end products, lipoprotein A, asymmetric dimethylarginine and vascular endothelial growth factor
were demonstrated in PCOS patients compared to controls[52]. Moreover, PCOS patients have earlier subclinical

POLYCYSTIC OVARY SYNDROME AND
INSULIN RESISTANCE
PCOS was first described as a reproductive disorder
comprising menstrual irregularity, infertility, hirsutism
and enlarged polycystic ovaries, by Stein and Leventhal[39],
in 1935. In the 1960s the term polycystic ovary syndrome
was introduced and it is still considered as the most appropriate. Hyperandrogenism clinically expressed as hirsutism, acne and/or androgenic alopecia and anovulation
clinically expressed as oligomenorrhea or amenorrhea
and infertility are the main characteristics of the syndrome. The syndrome was classified as normogonadotropic, normoestrogenic anovulation (type 2) by World
Health Organisation. Hyperandrogenism and anovulation
were accepted as the required criteria for the diagnosis,
after exclusion of other disorders with these manifestations, according to the National Institutes of Health
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cardiovascular disease, assessed by various methods such
as coronary artery calcification, carotid intima-media
thickness, pulse wave velocity, flow-mediated dilation of
the branchial artery compared to controls[53-55]. However,
despite the demonstrated increased cardiovascular risk
markers and early subclinical atherosclerosis in PCOS patients, data from observational population studies showing an increase in cardiovascular events are controversial[56]. A 31 year follow-up study of 786 PCOS patients
diagnosed by ovarian wedge resection histology, showed
no increased risk of death from coronary heart disease[57].
This finding was confirmed in a subsequent retrospective study of 319 women with PCOS, although increased
nonfatal cerebrovascular events were reported[58]. Similarly, there was no evidence for increased cardiovascular
events in postmenopausal PCOS patients vs postmenopausal controls in the first long-term prospective followup study[59]. Conversely, the Nurses’ Health Study with
a participation of 82439 female nurses showed that
women with a history of menstrual irregularity (as a surrogate marker for PCOS) had an increased risk of both
non-fatal and fatal coronary heart disease compared to
women reporting normal menses[60]. Two more studies
showed that postmenopausal women with existent hyperandrogenemia and premenopausal menstrual irregularity
(considered features of PCOS) had a larger number of
cardiovascular events than postmenopausal controls[61,62].
Thus, large prospective long-term follow-up studies,
adequately powered[56], are needed. Nevertheless, the androgen excess and polycystic ovary syndrome (AE-PCOS)
Society recommends CVD risk assessment in PCOS
patients at any age and appropriate interventions when
needed[63].
Insulin resistance in PCOS is due to a post-receptor
defect in insulin signal transduction which is present
mainly in skeletal muscle and adipose tissue and concerns
insulin action on glucose and lipid metabolism[49]. In the
setting of this selective insulin resistance, other tissues
which express insulin receptors like the ovaries are insulin
sensitive and are exposed to increased circulating insulin
levels (hyperinsulinemia). It has been shown that in normal women insulin acts as a co-gonadotropin to increase
LH-induced androgen synthesis in theca cells and FSHinduced estrogen production in granulosa cells. This insulin action on steroidogenesis is preserved in PCOS and is
“enhanced” due to hyperinsulinemia. Moreover, there is
evidence that theca cells from polycystic ovaries are more
responsive to androgen synthesis stimulation by insulin[64].
In addition, hyperinsulinemia decreases hepatic production of sex-hormone binding globulin (SHBG) which is
the main binding protein for testosterone and prolongs
its metabolic clearance, resulting in increased testosterone
bioavailability. Thus insulin resistance, a prevalent finding in PCOS patients, is an important contributing factor
to the ovarian androgen excess that characterizes PCOS.
Androgen excess in turn may contribute to insulin resistance by modulating insulin action in muscle and adipose
tissue, by increasing visceral adiposity and by reducing
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the secretion of adiponectin, the main insulin-sensitizing
hormone of adipose tissue[49].

DIAGNOSIS AND PREVALENCE OF
NAFLD IN PATIENTS WITH PCOS
Most patients with NAFLD are asymptomatic at diagnosis and symptoms, when present, are not specific, such
as fatigue, malaise and right upper quadrant discomfort.
Hepatomegaly may be the only physical finding, while
signs of chronic liver disease are rare[1,2]. Thus, diagnosis
is based on laboratory evaluation of liver function and/or
liver imaging studies after the exclusion of excess alcohol
consumption and secondary causes of fatty liver disease
(drugs, toxins, viral infections, bariatric surgery, nutritional and metabolic factors, autoimmune liver disease,
genetic causes etc.)[1-3]. Liver biopsy is the gold standard
for diagnosis and staging of the disease[1,2], however, being an invasive method, is not routinely performed.
NAFLD was first diagnosed in a PCOS patient in
2005, as reported by Brown et al[65]. A 24-year-old woman
with PCOS, obese, nondiabetic, with no history of alcohol consumption and no known cause of liver disease,
underwent a liver biopsy because of elevated aminotransferase levels, which showed severe steatohepatitis
[nonalcoholic steatohepatitis (NASH)]. It was suggested
that NALFD might occur in some patients with PCOS
given that insulin resistance is a common feature in both
NAFLD and PCOS and both disorders are linked with
metabolic syndrome. Thus a concern was raised for the
frequency of this hepatic disease in these patients and the
importance of screening them with liver function tests.
Laboratory evaluation of NAFLD in patients with PCOS
Elevated serum aminotransferase levels are the most
common and often the only laboratory abnormality in
patients with NAFLD, while elevated serum alkaline
phosphatase and γ-glutalyltranferase are detected less frequently[1]. However, elevations of aminotransferase levels
can be used only as a crude estimate of the presence of
NAFLD given that the majority of patients with fatty liver do not have laboratory abnormalities[1,66]. In the Third
National Health and Nutrition Examination Survey, 2.8%
of participants had an abnormal aminotransferase level
with no identifiable cause of liver disease, attributable to
NAFLD[3].
The first study examining the presence of elevated
aminotransferase levels in PCOS patients as a surrogate
marker of NAFLD, reported elevated alanine (ALT)
and aspartate (AST) aminotransferase levels in 30% and
12%, respectively, of 70 patients, evaluated in an infertility clinic[67]. The used cut-off levels for elevated ALT and
AST levels were > 35 U/L and > 40 U/L, respectively. In
this retrospective study, patients were of several ethnicities (Hispanic 63%, White 17%, Black 10%, Asian 10%),
most of them (74%) obese and there were no controls[67].
Another retrospective study with no controls too, demonstrated elevated ALT and/or AST levels in 15% of
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Table 1 Studies investigating the presence of nonalcoholic fatty liver disease in polycystic ovary syndrome patients by biochemical
and/or ultrasound evaluation
Ref.
Schwimmer et al[67]
Setji et al[68]
Cerda et al[72]
Gambarin-Gelwan et al[83]
Preiss et al[94]
Economou et al[74]
Barfield et al[69]
Markou et al[75]
Vassilatou et al[73]
Tan et al[79]
Chen et al[76]
Lerchbaum et al[77]
Gangale et al[71]
Ma et al[84]
Zueff et al[85]

Patients (n )

Obese patients

PCOS diagnostic criteria

NAFLD laboratory diagnosis

NAFLD ECHO diagnosis

70
200
41
88
66
83
39
17
57
186
279
611
140
117
45

74%
ND
58.5%
42%
100%
45%4
100%
0
36.8%
53.7%
ND
24.8%
ND
ND
100%

NIH
NIH
Rotterdam
NIH
Rotterdam
NIH
Rotterdam
Rotterdam
AES
AES
Rotterdam
NIH
Rotterdam
Rotterdam
Rotterdam

30%1
15%
39%
15%3
36%
12%
15.4%
0%
22.8%
28.7%
20.9%
19.2%
57.8%
ND
-

100%2
41.5%
55%
0%
36.8%
61.4%5
57.8%
39.3%
73.3%

1

Elevated alanine aminotransferase (ALT) levels; 2ECHO evaluation in a subgroup: 16/29 patients with elevated aminotransferase levels; 3Laboratory evaluation in a subgroup: all patients with ECHO findings of hepatic steatosis; 4Obese and overweight patients were reported in the same subgroup; 5ECHO
evaluation in patients with elevated ALT levels. ND: Not defined; NIH: National Institutes of Health; AES: Androgen Excess Society.

200 PCOS patients, evaluated in an academic endocrine
clinic[68]. This cohort was also of mixed race (Caucasian
68%, Black 20%) and the used cut-off levels for elevated
ALT and AST levels were > 60 U/L. Interestingly, 6 of
these patients, 23-36 years-old, underwent liver biopsy
because of persistently elevated aminotransferase levels
which documented the presence of NASH with fibrosis[68], an unexpected finding for this age group. Another
retrospective study performed in two centers, evaluated
39 adolescent, obese PCOS patients and reported elevated ALT and/or AST levels in 15.4% of patients. Patients
were of several ethnicities (Hispanic 61.5%, Caucasian
10.3%, Black 12.8%, Asian 15.4%) and no controls were
included[69]. In an intervention study examining the effects of metformin on NAFLD in overweight/obese
PCOS patients, elevated ALT levels using a cut-off > 19
U/L[70] were shown in 57.8% of 140 patients, at baseline
assessment[71].
A prospective, case-control study from Chile showed
a statistically significant difference in elevated ALT levels
between 41 PCOS patients compared to 31 age- and body
mass index (BMI)- matched healthy women (39% vs 3.1%,
respectively), using a cut-off > 25 U/L, according to
normal values for healthy Chilean women[72]. More than
half of the patients were obese. In agreement, a prospective, case-control study from Greece showed a significant
difference of ALT and/or AST levels between 57 PCOS
patients compared to 60 age- and BMI-matched healthy
women (22.8% vs 3.3%, respectively), using a cut-off
> 40 U/L[73]. This study comprised lean (40.3%), overweight (22.9%) and obese (36.8%) patients and only one
lean patient had abnormal tests. In another case-control
study from Greece although no significant difference
in elevated ALT levels was reported between 83 PCOS
patients compared to 64 age- and BMI-matched healthy
women (12% vs 4.6%, respectively), using a different
cut-off (> 25 U/L), when data were analysed according
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to BMI subgroups, the difference in abnormal tests remained non-significant for the lean subgroup of patients
and controls (4.5% vs 5.9%, respectively), but a significant
difference was demonstrated for the overweight/obese
subgroup (20.5% vs 3%, respectively)[74]. In accordance, a
case-control study with 17 PCOS patients, all lean, 20-33
years-old, and 17 age- and BMI-matched healthy women
showed normal aminotransferase levels in all patients[75].
Two subsequent larger case-control studies also showed
a significant difference in elevated ALT levels between
patients and controls, one study from Taiwan with 279
PCOS patients and 279 age-matched healthy women[76]
and one study from Austria with 611 PCOS patients and
139 BMI-matched control women[77]. Thus existing evidence clearly shows a significantly higher prevalence of
elevated aminotransferase levels in PCOS patients and
the reported variation (15% to 57.8%) is due to differences in laboratory diagnostic criteria (different cut-off
values) and different characteristics of the studied cohorts (ethnicity, age, BMI and PCOS diagnostic criteria)
(Table 1).
The use of other laboratory markers for identifying
subjects at risk for NAFLD has been also examined in
PCOS patients. A case-control study showed that the caspase 3-cleaved fragment of cytokeratin 18 (CK18), an established serum marker for NASH reflecting an increased
hepatic apoptosis[78], was significantly elevated, after correction for BMI, in 186 PCOS patients compared to 73
age-matched controls[79]. Moreover, 27.4% of patients
had CK18 levels ≥ 395 U/L, indicating NASH, compared to 1.4% of controls[79]. Another case-control study
examined the presence of hepatic steatosis by calculating
the fatty liver index (FLI), an algorithm based on BMI,
waist circumference, triglycerides and gamma-glutamyl
transferase, considered a simple and accurate predictor
of hepatic steatosis in the general population[80] and two
fibrosis indices: AST-to-platelet ratio index and FIB-4-
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index. Significantly higher FLI levels were detected in 611
PCOS patients than in 139 BMI-matched control women[77]. However, significantly increased prevalence of elevated FLI levels (> 60) were found only in obese patients
compared to obese controls, whereas a similar prevalence
of elevated FLI levels was noted in overweight patients
and controls and no elevated FLI levels were shown in
lean patients and controls. No elevated fibrosis indices
were found in either patients or controls[77].

significant difference of hepatic steatosis by abdominal
ultrasonography between 41 PCOS patients compared
to 31 age- and BMI- matched healthy women (41.5% vs
19.4%, respectively)[72]. Another prospective, case-control
study, using the same imaging modality, reported significant difference of hepatic steatosis between 57 PCOS
patients compared to 60 age- and BMI-matched healthy
women (36.8% vs 20.0%, respectively)[73]. Most patients
with hepatic steatosis were obese and only two were lean.
In agreement, a small prospective case-control study with
only lean PCOS patients and age- and BMI- matched
healthy women showed the absence of hepatic steatosis
by abdominal ultrasonography in all study participants
and by CT evaluation in PCOS patients[75]. In a case
control study with only obese PCOS patients and agematched controls, evaluated by ultrasonography, hepatic
steatosis was detected in 73.3% of patients[85]. In contrast
with the above data, a very recent study case-control
study showed no differences in the frequency and severity
of hepatic steatosis among 55 PCOS patients, 25 control
women and 26 men, evaluated by ultrasonography[86].
CT evaluation of fatty liver was used in a very recent
study with 30 overweight and obese adolescent girls with
PCOS detecting fatty liver, as determined by a ratio of
liver to spleen hounsfield attenuation units < 1, in 2 patients (6.7%)[87].
An intervention study examining the effects of ome
ga-3 fatty acid supplementation on liver fat content in
PCOS patients, assessed hepatic steatosis by 1H MRS.
Hepatic steatosis, defined as liver fat percentage greater
than 5%, was detected in 12 out of 25 PCOS patients at
baseline evaluation[88]. A case-control study showed a statistically significant difference of hepatic steatosis defined
as liver fat percentage greater than 5.5%[24] assessed by
1
H MRS between 29 PCOS patients compared to 22 ageand BMI-matched healthy women (6.1% vs 1.9%, respectively)[89].
All these data provide evidence that NAFLD is
more prevalent in PCOS patients including adolescent
patients[69,87] (Table 1). In 2007, Carmina[90] proposed the
need for liver evaluation in PCOS patients and in a prescient remark suggested that conversely women of reproductive age with NAFLD should be investigated for the
presence of PCOS. Two years later, a small prospective
study reported that 10 out of 14 premenopausal women
with NAFLD (7 with biopsy proven NAFLD) were diagnosed with PCOS by the Rotterdam criteria and importantly all biopsied patients with PCOS (5 patients) had
NASH, providing evidence of an increased prevalence of
PCOS in premenopausal NAFLD patients[91].

Imaging evaluation of NAFLD in patients with PCOS
Imaging modalities are widely used for the detection
of NAFLD including ultrasonography, computerised
tomography (CT), magnetic resonance imaging (MRI)
and 1H MRS. Ultrasonography, CT and MRI are qualitative or semiquantitative methods, whereas 1H MRS is a
quantitative method as it can accurately measure hepatic
triglyceride content (HTGC)[24]. However none of these
imaging modalities can assess inflammation and hepatic
fibrosis[66]. Thus, as aforementioned, liver biopsy is the
gold standard for diagnosing and staging NAFLD and
for monitoring the efficacy of therapeutic interventions.
However, biopsy is an invasive method, associated with
potential morbidity and mortality and is prone to sampling errors[66]. Because of these limitations regarding
liver biopsy, several non-invasive methods have been
proposed for assessing hepatic inflammation and fibrosis, but none has been proven adequate to substitute
for liver biopsy. However, non-invasive methods may
be useful for selecting patients for liver biopsy. Among
such methods, semiquantitative ultrasonographic scores
assessing the extent of hepatic steatosis[81], including the
recently described ultrasonographic fatty liver indicator
(US-FLI)[82], which have been shown to correlate with
histological evaluation of NAFLD may help to identify
patients with increased risk for steatohepatitis needing
liver biopsy.
Abdominal ultrasonography has been used extensively
as a screening method for detecting fatty liver infiltration,
since it has been shown to have an acceptable level of
sensitivity for detecting fatty liver (sensitivity 80% in the
presence of > 30% of fatty infiltration), a short examination time and a low cost[66]. Availability of 1H MRS in
clinical practice is limited due to high cost and long scan
time, while the use of CT is limited due to the exposure
of the patients to radiation.
Two studies investigated the presence of hepatic steatosis in PCOS patients by abdominal ultrasonography,
without including controls. The first study, retrospective,
demonstrated hepatic steatosis in 55% of 88 PCOS patients and interestingly, more than one third of hepatic
steatosis patients were lean[83]. It has to be noted that
patients were of several ethnicities and one third of them
were on oral contraceptives when evaluated. The second
study reported hepatic steatosis in 39.3% of 117 PCOS
Chinese patients[84].
A prospective case-control study showed a statistically
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Mechanisms linking NAFLD to PCOS
Given that NAFLD is rather uncommon in premenopausal women[92] the observed increased prevalence of
NAFLD in PCOS patients raises the question of the factor or factors that render women with PCOS more prone
to the development of NAFLD.
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Clinical data
Clinical studies have shown a significant association
of elevated ALT levels in PCOS patients, with age[76],
obesity [67,74,76,77,93] , waist circumference [67,77] , serum
triglycerides [67,76,77,93], HDL-cholesterol [68,76,77,93], LDLcholesterol[76,77], sex-hormone binding globulin (SHBG)
levels [74] and degree of insulin resistance assessed by
indices like quantitative insulin sensitivity index (QUICKI)
and HOMA-IR[67,72,76,77] and by the euglycemic insulin
clamp technique[93]. Increased values of FLI, an algorithm
indicating hepatic steatosis, were associated with age,
obesity, waist circumference, HDL- and LDL-cholesterol
and degree of insulin resistance assessed by HOMAIR[77]. Increased levels of the apoptotic serum marker
CK18 were associated with obesity, HDL- and LDLcholesterol[79]. A significant association of hepatic steatosis
in PCOS patients, detected by imaging modalities, was
also shown with age [73,85,87], obesity [72,73,83-85,87-89], waist
circumference[72,73,84,85], serum triglycerides[71,84,85,88], HDLcholesterol[73,83,84], LDL-cholesterol[87], SHBG levels[71,73,88]
and degree of insulin resistance assessed by QUICKI
and HOMA-IR[71-73,83-85,88,89] and by the euglycemic insulin
clamp technique[87].
All these data support that obesity, in particular central adiposity and insulin resistance are the main factors
related to NAFLD in PCOS. This is also supported by
data showing that lifestyle modifications including diet,
weight loss and exercise, either alone or in combination
with metformin have beneficial effects in PCOS patients
with NAFLD[65,68,71,94]. Isolated features of the metabolic
syndrome are also related to the presence of NAFLD in
PCOS, while a significant percentage of NAFLD patients
with PCOS[73,77] including adolescent patients[69,87], reaching 100% in some cohorts[71], meet the criteria for the
diagnosis of metabolic syndrome.
However, a question that should be addressed is
whether NAFLD is associated with PCOS as a consequence of the shared risk factors, or whether PCOS
contributes to NAFLD independently of these factors.
Two studies showed that PCOS diagnosis is significantly
associated with NAFLD, after adjustment for age, obesity
and waist circumference in the first[73] and after adjustment for age, obesity and dyslipidemia in the second
study[76]. Since PCOS is a predominantly hyperandrogenic
syndrome, investigation of the role of androgens as a putative contributing factor to the development of NAFLD
in these patients may clarify this issue. Some of the studies that used laboratory evaluation for the diagnosis of
NAFLD in PCOS patients have shown a significant association of NAFLD with androgens. One study showed
a significant association of elevated ALT levels in 70
PCOS patients with the presence of hirsutism, the main
clinical expression of hyperandrogenism, however serum
testosterone levels were not measured[67]. A case-control
study reported a positive correlation of ALT levels with
total testosterone levels and free-androgen index (FAI)
values only in overweight/obese PCOS patients and controls[74]. Similarly, a case-control study with the largest,
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up to now, number of patients demonstrated that PCOS
patients with elevated FLI levels (> 60) (detected only in
obese patients) indicating the presence of NAFLD, had
higher free testosterone levels than PCOS patients with
FLI levels < 60[77]. In addition another large case-control
study showed that FAI values and total testosterone levels were positively associated with elevated ALT levels
with a cut-off > 33 U/L, and this association remained
after adjustment for the possible confounding effects of
obesity, dyslipidemia and insulin resistance[76]. Studies that
used imaging modalities for the diagnosis of NAFLD in
PCOS patients have also demonstrated a significant association of NAFLD with androgens. An intervention
study examining the effects of metformin on NAFLD
in overweight/obese PCOS patients showed that PCOS
patients with NAFLD detected by abdominal ultrasonography had significantly higher FAI values compared to
PCOS patients without NAFLD, at baseline evaluation[71].
A prospective, case-control study showed that NAFLD
in PCOS patients and controls, detected by abdominal ultrasonography, was significantly related to increased FAI
values[73]. Similarly another case-control study with only
obese PCOS patients and age-matched controls showed
that NAFLD detected by abdominal ultrasonography
was positively correlated with FAI values and negatively
correlated with SHBG levels[85]. Moreover, a case-control
study demonstrated that hyperandrogenic (defined with
a FAI ≥ 7) PCOS patients had significantly higher liver
fat measured by 1H MRS compared to normoandrogenic
PCOS patients, which remained higher after adjustment
for total adipose tissue and visceral adipose tissue volumes and insulin resistance[89]. Similarly, a very recent
study which evaluated liver fat by CT in overweight/
obese adolescent girls with PCOS demonstrated that
age and total testosterone levels were independent contributors to fatty liver[87]. In contrast, a small, retrospective study did not find any difference in FAI values and
DHEA-S levels between PCOS patients with and without
NAFLD[95]. Similarly an intervention study examining the
effects of omega-3 fatty acid supplementation on liver fat
content in PCOS patients, did not report differences in
FAI values and total testosterone levels between PCOS
patients with and without NAFLD, evaluated by 1H MRS,
at baseline evaluation[88].
A very recent study showed that levels of the serum
apoptotic marker M30 [caspase 3-cleaved fragment of
cytokeratin 18 (CK18)] were significantly elevated in 12
PCOS patients with biopsy-proven non-NASH (only
steatosis) NAFLD, compared to 12 BMI-matched patients without PCOS and with biopsy-proven non-NASH
NAFLD[96]. This finding, indicating a more “intense proapoptotic environment” in PCOS patients with NAFLD,
seems to be an early feature of NAFLD since the presence of NASH was excluded by biopsy in these patients
and may be attributed to hyperandrogenism. Another
finding of the study was the altered expression of two
genes in the adipose tissue of NAFLD patients with
PCOS compared to NAFLD patients without PCOS: a
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Central adiposity

PCOS
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Hyperandrogenism

Figure 1 Mechanisms linking nonalcoholic fatty liver disease to polycystic ovary syndrome. Obesity and insulin resistance, features highly prevalent in polycystic ovary syndrome (PCOS) patients and hyperandrogenism, a predominant characteristic of PCOS, as contributing factors to the development of nonalcoholic
fatty liver disease (NAFLD). Hyperandrogenism may exert direct effects on the liver and indirect effects by modulating insulin sensitivity and favoring visceral adiposity.
Insulin resistance/hyperinsulinemia contributes to hyperandrogenism by affecting the production, the clearance and bioavailability of ovarian androgens.

PCOS genetic susceptibility loci have been identified so
far and some may be also implicated in the pathogenesis
of NAFLD[98]. However, many of candidate gene studies
have been limited by small sample size and small number
of investigated gene variants[49,97]. It has to be mentioned
that few findings have been replicated in separate cohorts. Additional limitations of these studies are the use
of different diagnostic criteria for PCOS and the fact
that only premenopausal women can be phenotyped for
PCOS[97].
Genome-wide association studies (GWAS) have been
used since 2005 to localize susceptibility genes for complex disorders in a ‘‘hypothesis-free’’ concept. The understanding of the pathogenesis of a disorder is not a prerequisite for GWAS and study results may reveal unknown
or unexpected pathogenetic pathways. The first GWAS
in PCOS was conducted in Chinese PCOS patients diagnosed by the Rotterdam criteria, and identified susceptibility loci for PCOS on chromosome 2p16.3, 2p21 and
9q33.3[99]. Subsequent studies in European PCOS cohorts
have replicated some of the Chinese PCOS GWAS signals[100,101]. Interestingly, the finding that the same susceptibility loci contribute to disease risk in Chinese and European PCOS cohorts suggests that PCOS is an ancient
trait present in ancestral populations[49].
The role of genetic factors in the development and
progression of NAFLD has been suggested by family
and twin studies and inter-ethnic variation studies[102].
Most of the studies investigating the genetic basis of
NAFLD used the hypothesis driven candidate gene approach. Thus, numerous genes involved in lipid metabolism, insulin signaling, inflammation, fibrotic mediators
and oxidative stress have been studied and multiple genetic susceptibility loci have been identified[102]. However,
many of these studies are underpowered resulting in
inconsistencies and their findings were not replicated in
larger cohorts[102]. The first GWAS in NAFLD identified

decrease in LDL receptor mRNA expression, which may
be also attributed to hyperandrogenism, and an increase
in protein ninein (NIN) mRNA expression[96].
All things considered, there is increasing evidence
that hyperandrogenism is related to NAFLD in PCOS.
Androgen excess may contribute to NAFLD in PCOS
patients by direct effects on the liver, by indirect effects
through modulations of insulin sensitivity and secretion,
as aforementioned or by increasing visceral adiposity
and by combination of these actions (Figure 1). Insulin
resistance in turn is an important contributing factor to
the ovarian androgen excess by affecting the production,
the clearance and bioavailability of ovarian androgens, as
already mentioned (Figure 1).
Further studies are needed to assess the role of this
vicious cycle of hyperandrogenism and insulin resistance
in the development of NAFLD. However it can be suggested that hyperandrogenism should be considered as an
additional link in synergy with obesity and insulin resistance for the development of NAFLD in PCOS.
Putative genetic links
Genetic susceptibility to PCOS has been shown by family studies and twin records estimating a heritability of
approximately 70%[97]. In addition increased testosterone
secretion from theca cells and defects in insulin action in
skin fibroblasts from PCOS patients, persist in cultured
cells over many passages suggesting they are genetically
determined[49,97]. Most of the existing genetic studies
on PCOS used a candidate gene approach based on hypotheses concerning the pathogenesis of the syndrome,
which is complex and incompletely understood. Thus,
genes related to components of PCOS pathogenesis
such as genes influencing obesity and insulin resistance,
β-cell dysfunction, steroid production and metabolism,
androgen receptor and X-inactivation and ovarian folliculogenesis have been studied as candidate genes[97]. Several
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a missense mutation (I148M) in patatin-like phospholipase domain-containing (PNPLA) 3 gene (adiponutrin
gene) which was strongly associated with increased hepatic fat, independently of visceral adiposity and insulin
resistance[103]. Subsequent studies conducted in different
ethnicities confirmed that the I148M variant of PNPLA3
gene is not only a major determinant of liver fat content,
but a predisposing factor to the full spectrum of liver
damage in NAFLD - steatohepatitis and progressive fibrosis - as well[104]. Moreover, it was shown that this variant is a major determinant of liver disease progression
in other liver diseases such as alcoholic liver disease and
chronic hepatitis C[104].
Future genetic studies are expected to elucidate the
genetics of NAFLD and PCOS and the possible genetic
links between the two entities.

Few interventional data exist for NAFLD in PCOS
patients. There is one case with response to diet, moderate weight loss and exercise with an improvement in
her histology findings at a post-treatment liver biopsy[65].
Four out of the 6 aforementioned PCOS patients with
biopsy documented NASH, demonstrated normalization
of aminotransferase levels in response to diet and exercise alone or in combination with metformin[68]. In addition, 9 PCOS patients with elevated aminotransferases
from the same cohort responded to interventions with
normalization of aminotransferases - 6 patients underwent diet, weight loss and exercise, 2 were treated with
metformin and 1 underwent bariatric surgery[68]. It has to
be mentioned that 7 PCOS patients with elevated aminotransferases demonstrated a spontaneous normalization
at repeated evaluation[68]. A randomized, crossover study
examined the effects of omega-3 fatty acid supplementation on liver fat content in obese PCOS patients, assessed
by 1H MRS and showed a reduction in fat content mainly
in the NAFLD subgroup of patients, after a 8 wk treatment[88]. This beneficial effect was attributed to omega-3
fatty acids modulation of intrahepatic lipid metabolism,
probably through activation of peroxisome proliferatoractivated receptor-α[88]. The effect of metformin on
NAFLD in obese PCOS patients has been assessed in
two prospective studies, after 8 and 12 mo of treatment
respectively[71,94]. In both studies a significant reduction
of liver enzyme levels was shown in patients who completed the treatment. In addition a reduction of insulin
resistance assessed by HOMA-IR and in FAI values together with an increase of SHBG and HDL levels were
observed in the second study[71].
Metformin, a drug that improves the sensitivity of
peripheral tissues to insulin, resulting in a decrease of circulating insulin levels, has been used in PCOS since 1994.
Many studies have shown that metformin not only has a
beneficial effect on glucose metabolism but also has an
effect on lipid metabolism and on androgen excess by increasing SHBG levels and decreasing androgen levels[107].
These actions result in amelioration of the adverse metabolic profile and in restoration of ovulatory menstrual
cycles in treated PCOS patients. Similar actions have been
reported in PCOS patients with thiazolidinediones, however pioglitazone is not recommended for use in nondiabetic PCOS because of concerns about cardiovascular
safety[107]. Thus metformin is recommended in combination with lifestyle modifications in overweight and obese
women with PCOS who have impaired glucose tolerance and other features of metabolic syndrome[107]. In
that context, metformin might be the drug of choice for
treating PCOS patients with NAFLD when pharmacologic therapy is considered. However randomised control
studies are needed, as there is still no proven effective
medication for NAFLD.

Implications and management
Although it is debated whether simple hepatic steatosis
truly represents a disease, it is known that a yet-to-be
determined percentage of patients will develop NASH,
which may in turn putatively progress to end-stage liver
disease. The natural history of NAFLD remains poorly
understood, mainly due to the lack of prospective longterm follow-up studies. Focusing on NAFLD patients
with PCOS there are scarce data of patients with biopsy
proven NASH[51,65,68,91,105]. However the fact that 6 obese,
young PCOS patients in a cohort of 200 PCOS patients,
had biopsy documented NASH with fibrosis[68] raises
concern for a possibly more frequent advanced stage
of liver disease in PCOS patients. Benign hepatocellular
tumors in obese patients with nonalcoholic steatohepatitis have been reported. Recently, a 50-year-old, obese
PCOS patient with metabolic syndrome and focal liver
lesions on imaging evaluation was diagnosed with inflammatory hepatocellular adenomatosis and biopsy proven
NASH[106].
Early detection of NAFLD in PCOS patients is important because appropriate intervention at the stage of
simple steatosis or steatohepatitis may decrease or even
eliminate the possibility of disease progression. In this
context, PCOS patients should have a liver evaluation
comprising assessment of aminotransferase levels and
of hepatic steatosis by ultrasound, especially those with
metabolic syndrome.
Lifestyle modifications including diet, weight loss and
exercise, either alone or in combination with pharmacologic therapy have been shown to have beneficial effects
in patients with simple steatosis or NASH. However
there are no long-term data confirming a better prognosis[1]. Therapeutic interventions primarily target the
risk factors for NAFLD - obesity and adverse metabolic
profile (insulin resistance, dyslipidemia, hyperglycemia).
Thus diet, weight loss and exercise are the cornerstone of
treatment and may be combined with insulin-sensitizers
(metformin or pioglitazone), hypolipidemic drugs and
hepatoprotective agents like antioxidants and anti-inflammatory agents.
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NAFLD is more prevalent in PCOS, which has been
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redefined as a reproductive and metabolic disorder after
the recognition of the important role of insulin resistance in the pathophysiology of the syndrome. Obesity
and insulin resistance are the main factors related to
NAFLD in PCOS. Androgen excess which is the main
feature of PCOS and is interrelated to insulin resistance
may be an additional contributing factor to the development of NAFLD in PCOS. Limited data imply that
advanced stage of liver disease is possibly more frequent
in obese PCOS patients with NAFLD. PCOS patients,
in particular obese patients with features of the metabolic syndrome, should be submitted to liver evaluation
comprising assessment of aminotransferase levels and
abdominal ultrasound. Lifestyle modifications including
diet, weight loss and exercise are the most appropriate
initial therapeutic interventions for PCOS patients with
NAFLD and when pharmacologic therapy is considered,
metformin may be used, although there is still no proven
effective medication for NAFLD.
Long-term follow up studies would help to clarify
clinical implications and guide appropriate diagnostic
evaluation, follow-up protocol and optimal treatment for
PCOS patients with NAFLD.
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Core tip: Non-alcoholic fatty liver disease (NAFLD) is
the most common chronic liver disease in the Western
world, but its pathogenesis is still not fully understood.
This paper reviews the commonly used experimental
models of NAFLD in rats. We discuss nutritional, genetic and combined models of NAFLD, and we highlight
their pros and cons with special emphasis on nutritional
models. To date, there is not an ideal model that reflects all aspects of the complex etiopathogenesis of
human NAFLD and the typical histological features of
its different stages.

Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in the Western world,
and it persists at a high prevalence. NAFLD is characterised by the accumulation of triglycerides in the liver
and includes a spectrum of histopathological findings,
ranging from simple fatty liver through non-alcoholic
steatohepatitis (NASH) to fibrosis and ultimately cirrhosis, which may progress to hepatocellular carcinoma. The pathogenesis of NAFLD is closely related
to the metabolic syndrome and insulin resistance.
Understanding the pathophysiology and treatment of
NAFLD in humans has currently been limited by the
lack of satisfactory animal models. The ideal animal
model for NAFLD should reflect all aspects of the intricate etiopathogenesis of human NAFLD and the typical
histological findings of its different stages. Within the
past several years, great emphasis has been placed on
the development of an appropriate model for human
NASH. This paper reviews the widely used experimental models of NAFLD in rats. We discuss nutritional,
genetic and combined models of NAFLD and their pros
and cons. The choice of a suitable animal model for
this disease while respecting its limitations may help to
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
common chronic liver disease in the Western world,
where its prevalence is estimated to be approximately
20%-30% of the adult population[1]. A steep increase in
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the prevalence of NAFLD correlates to increased obesity
in the world. NAFLD is characterised by the accumulation of triglycerides in the liver and includes a spectrum
of histopathological findings, including simple fatty
liver, non-alcoholic steatohepatitis (NASH), fibrosis and
ultimately cirrhosis, which may progress to hepatocellular carcinoma. The pathogenesis of NAFLD is closely
related to metabolic syndrome and insulin resistance.
NAFLD is thought to be the hepatic manifestation of
metabolic syndrome[2]. Despite intensive research over
the past decades, the pathogenesis of NAFLD is not
completely understood, and treatment of the disease has
not been fully defined.

resistance also promotes the synthesis of fatty acids in
the liver. The elevation of chylomicrons is typical after
intake of food containing high amounts of fats. Peripheral insulin resistance is often accompanied by increased
insulin levels, and hyperinsulinaemia is known to inhibit
the formation and secretion of very low-density lipoproteins (VLDL) from the liver in NASH patients[6]. Another
effect of hyperinsulinaemia and hyperglycaemia is the
inhibition β-oxidation of fatty acids and the promotion
of lipogenesis in the liver[7]. Insulin is the primary stimulator of hepatic lipogenesis through activation of the
sterol regulatory element-binding protein-1c (SREBP-1c)
transcription factor[8]. Insulin resistance is found in the
majority of patients with primary NAFLD and is more
severe in NASH[9].
Some patients with simple steatosis progress to NASH.
According to the “two-hit” theory[10], liver steatosis sensitises hepatocytes to the second hits, leading to hepatocyte
damage, inflammation and fibrosis. These second insults
may be increased oxidative stress (induction of microsomal cytochrome P450) and lipid peroxidation, mitochondrial dysfunction, cytokine/adipokine imbalance
[tumour necrosis factor α (TNF-α), interleukin 6 (IL-6),
adiponectin, leptin, resistin, etc.], lipotoxicity of FFAs,
hepatic accumulation of cholesterol, lipopolysaccharide
derived from GUT and the activation of innate immunity[10,11]. Exceeding defence and self-reparative mechanisms of hepatocytes lead to cell death. The importance
of particular factors and their interactions are still not
fully understood. The main difference between simple
steatosis and NASH is in the degrees of hepatocyte
injury and apoptosis[12]. Increased apoptosis is thought
by some authors to be the third hit leading to advanced
fibrosis and cirrhosis[13]. Overall chronic liver injury with
a subsequent chronic regenerative response in the terrain
of NASH leads to the activation of hepatic stellate cells
and a fibrogenic response. With regards to fibrogenesis in
NAFLD, special emphasis should be placed on chronic
inflammation, oxidative stress/lipid peroxidation, leptin,
adiponectin, platelet-derived growth factor, transforming
growth factor β1 (TGF-β1), renin-angiotensin system
and hepatocyte death[11]. The possible progression of human NAFLD is briefly depicted in Figure 1. Recently, a
more realistic concept of the progression to NASH was
introduced, which takes into account cumulative small
pathogenic hits[14].

PATHOGENESIS
NAFLD develops over years as a result of the accumulation of different risk factors involving varying degrees
of genetic susceptibility. Nutritional habits, amount and
composition of diet, physical inactivity, chronic stress and
lifestyle are the major non-genetic factors determining the
manifestation and severity of the disease. Similar to the
pathogenesis of metabolic syndrome, of which NAFLD
is a constituent[2], there is presumed to be a polygenic genetic background to this disease[3]. The pathogenesis of
NAFLD in humans is very complex, and there are many
players in the field, each of which may interact with one
another. Moreover, some risk factors may be more or less
pronounced and may arise or disappear over time. Currently, it is not fully understood why some patients with
similar risk factors do not develop fatty accumulation,
while others develop steatosis and steatohepatitis. The
pathogenesis of NAFLD appears to be unique in each
patient, but the risk factors are likely to be the same.
The natural history of NAFLD has been not fully
clarified and appears to be slow in most patients. The
progress from simple steatosis to advanced stages of the
disease often takes years. It is not clear whether all patients with simple steatosis are at risk of steatohepatitis
or advanced fibrosis. In contrast to patients with simple
steatosis, those with NASH have a higher risk of death
from cardiovascular and liver-related diseases[4]. NAFLD
with elevated liver enzymes is associated with a clinically
significant risk of developing end-stage liver disease, and
most NAFLD patients will develop diabetes or impaired
glucose tolerance in the long term[4]. In the United States,
an estimated one-third of the population has NAFLD,
and approximately 2%-5% have NASH[1].
The accumulation of lipids in the liver results from
an imbalance among hepatic lipid intake, synthesis, degradation and secretion[5]. Fatty acids for the synthesis of
triglycerides are acquired from different sources, including de novo formation in the liver, from portal blood as
free fatty acids (FFAs) and from circulating lipoproteins,
mainly from chylomicrons. Insulin resistance plays a key
role in the hepatic accumulation of fats[5]. Serum FFAs
are elevated by accelerated lipolysis in the peripheral
adipose tissue and visceral fat in the state of insulin resistance. Hyperglycaemia caused by peripheral insulin
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HISTOLOGY
NAFLD is histologically defined by the presence of liver
steatosis exceeding 5% of hepatocytes, regardless of
whether it is macrovesicular, mixed or microvesicular[15].
In adults, NAFLD is characterised predominantly by
macrovesicular steatosis that is usually present in a zone
3 or panacinar distribution[16]. NASH is defined by the
presence of hepatocellular ballooning (most frequently
in zone 3), lobular or portal inflammation (lymphocytes,
monocytes, eosinophils, and macrophages) and eventually
fibrosis in the terrain of steatotic liver[17]. The presence
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Intact liver

Genetic susceptibility,
dietary factors,
lifestyle, etc .
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lipid peroxidation,
mitochondrial dysfunction,
cytokines, adipokines, etc .
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Chronic hepatocyte injury,
chronic inflammation,
liver regeneration,
TGF-β1, activation of stellate cells, etc .
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Advanced fibrosis

Cirrhosis

Hepatocellular
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Figure 1 Schematic diagram of the possible progression of non-alcoholic fatty liver disease. TGF-β1: Transforming growth factor β1; NASH: Non-alcoholic
steatohepatitis.

of a characteristic ballooning injury is the key feature to
the diagnosis of NASH. Hepatocyte apoptosis is often
observed in NASH, and the severity of steatohepatitis
correlates with the degree of apoptosis[18]. Examination
of histological samples from liver biopsies remains the
gold standard for accurately assessing the degree of steatosis, necroinflammatory changes and fibrosis, and these
may distinguish NASH from simple steatosis[19].

hyperinsulinaemia, dyslipidaemia, cytokine/adipokine imbalance)[14].
It should also be mentioned that, according to the
natural history and pathogenesis of human NAFLD,
there cannot be an ideal model. The progress from
simple steatosis to NASH likely lasts years, and only a
minority of patients with simple fatty liver progress to
steatohepatitis. Thus, the models of steatohepatitis do
not reflect this aspect even if the shorter lifespan of rats
is taken into account. From this point of view, models of
chronic overnutrition with a spontaneous progression of
steatosis to steatohepatitis may be more valid than other
models[20]. Moreover, these models exhibit a more complex interplay between metabolic abnormalities and liver
injury[20].
In contrast to humans, data obtained from animal
experiments are quite homogenous due to different
sampling, even in wild type strains. Animal studies are
generally performed on well-defined populations (species,
strain, sex, weight or age, laboratory conditions, type of
diet, etc.). In contrast, there is considerable heterogeneity
in the human population, even if the study is defined by
sex, place, age, ethnicity, and weight. There remains high
interindividual variability concerning genetic background,
comorbidities, physical activity, medication, diet composition, life style, etc. Thus, the interpretability of the data to
humans is limited. Moreover, rodents have unique characteristics that affect the development of NAFLD and
metabolic syndrome, which further hinder simple interpretations of the data. Crucial findings in animal models
must be verified by clinical research when possible.
This review attempts to describe and briefly summarise the existing experimental models of NAFLD in
rats. The paper is mainly focused on commonly used rat
models of NAFLD in vivo. We discuss nutritional, genetic

ANIMAL MODELS OF NAFLD
Understanding the pathophysiology and treatment of
NAFLD in human beings has been limited by the lack
of satisfactory animal models. The ideal animal model
for NAFLD should reflect all aspects of the intricate
etiopathogenesis of human NAFLD and the typical
histological findings of its different stages. Until now,
there was no such animal model. Thus, researchers have
attempted to introduce a suitable model of NAFLD,
imitating at least the most important pathogenic and histological features of NAFLD. Animal models should be
reproducible, reliable, simple, affordable and technically
available with minimal disadvantages. Mice and rats have
mostly been used as experimental animals of NAFLD[20].
Most models have been genetic models, high-fat diets
or choline-methionine-deficient diets. The development
of hepatic steatosis is common, and some also develop
histological features of steatohepatitis; only a minority
progress to fibrosis[20].
In the past several years, great emphases have been
placed on the development of an appropriate model for
human NASH. Most models successfully simulate the
histological patterns of the disease, but they often lack
the important metabolic or genetic context of human
NASH (i.e., obesity, insulin resistance, hyperglycaemia,
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High-fat diets
First, we should define what a high-fat diet (HFD) means for rats. Standard rat diets contain lower amounts of fat than the recommended human diet. In contrast to approximately 30% of total energy intake from fats in humans, the standard rat diets contain less than 10% of kcal fat, whereas high-fat diets and very high-fat diets contain 30%-50%
and more than 50% of kcal fat, respectively[22]. Through literature review, we found that the use of high-fat diets is very popular, but there are many variations of high-fat diets
with different compositions and experimental designs; thus, the results obtained from these studies are inconsistent. In some experiments, HFD induced hepatic steatosis of

Nutritional models of NAFLD can be classified according to the mechanism by which steatosis and other changes are induced[21]. The first group includes models with increased lipid import or synthesis in the liver (high-fat diets, high-fructose/sucrose diets, combined diets). The second group is defined by reduced lipid export or catabolism
(methionine- and choline-deficient diet; choline-deficient, L-amino acid-defined diet). Because few NAFLD patients exhibit evident genetic defects, the use of dietary models
of NAFLD is more relevant to human disease than genetic models[20]. Currently, the most common rat model of NAFLD uses high-fat diets. Additionally, methionine- and
choline-deficient diets and high-fructose diets are widely employed.

NUTRITIONAL MODELS

and combined models of the disease. The basic characteristics of the most widely employed models described in the text are summarised in Table 1. We do not review pharmacologic or toxic models of liver steatosis (dexamethasone, tamoxifen, orotic acid-diet, etc.), which are distinct from the natural etiopathogenesis of primary human NAFLD.
Suitable animal models may help us to understand the complex pathogenesis of NAFLD and to discover new non-pharmacological or drug interventions for the treatment of
disease. It can also further reveal risk factors of the progression of disease and uncover therapeutic strategies against the progression of NAFLD.

Characteristics of high-fat models depend mainly on the rat strain, amount and composition of fat, duration of feeding, experimental design, etc. AST: Aspartate aminotransferase; IL: Interleukin; TNF: Tumour necrosis factor.

1

Zucker fatty rats + high-fat diet[78]
Otsuka Long-Evans Tokushima
fatty rats[98-100]

Atherogenic diet[41-43] (10% w/w
lard, 2% w/w cholesterol)
High-fructose/sucrose diet[45-47]
High-fructose, high-fat diet[48]
Cafeteria diet[49]
Methionine- and choline-deficient
diet [52,54]
Choline-deficient diet[52-53]
Genetic models
Zucker fatty rats[72-74,77,78]

Nutritional models
High-fat diets1

Model

Table 1 Characteristics of the most frequently used models of non-alcoholic fatty liver disease in rats
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varying degrees and patterns[23-25], while in others, HFD
did not lead to the development of fat accumulation in
the liver[26]. Moreover, HFD led to histopathological hepatic changes similar to human NASH in several other
experiments[27-29]. Studies also differ in regards to the
development of insulin resistance, obesity and dyslipidaemia, and other known pathogenic factors of human
NAFLD. These studies vary in the time of feeding; rat
strain; sex and age of rats; the amount of energy derived
from fats; the origin of fats; the ratio of saturated (SFA),
monounsaturated (MUFA) and polyunsaturated (PUFA)
fatty acids; and the proportion of ω-3 and ω-6 PUFA.
Regarding the composition of fats, fatty acids considerably influence the expression of many genes, particularly
in the liver[30]. Diets also vary in the composition of nonfat nutrients (the percentage of proteins and saccharides;
the ratio of mono-, oligo- and polysaccharides). Most diets are fed ad libitum, but in some papers, controlled feeding via intragastric cannula was used[27]. All laboratory rodent species are susceptible to the induction of metabolic
alterations upon HFD feeding[31]. HFDs are not only
used for the induction of fatty liver changes[32] but are
also employed as models of metabolic syndrome, dyslipidaemia, obesity and insulin resistance[22]. Because insulin
resistance is one of the most important pathogenic factors of NAFLD[2], feeding rats with a HFD is legitimate
and more closely resembles the pathogenesis of human
NAFLD than genetic models and nutrient-deficient diets.
There are interstrain differences in the susceptibility
of rats to HFD. Examination of 3 strains of male rats fed
a HFD (71% of kcal fat) for 3 wk showed that all three
strains developed steatosis affecting > 66% of liver cells,
but the histological patterns were different[24]. Microvesicular, mixed, and macrovesicular steatosis were found
in Lewis, Wistar, and Sprague-Dawley rats, respectively.
Moreover, the highest degree of fibrosis, hepatocyte
damage, and reduced blood flow velocity in central veins
were observed in the Sprague-Dawley strain[24]. Another
study compared Lewis and Sprague-Dawley rats of both
genders fed a HFD for 3 wk. The livers of all experimental groups on a HFD demonstrated evidence of steatosis,
but similarly to the previous article, Lewis rats developed
microvesicular steatosis, whereas Sprague-Dawley rats
presented macrovesicular steatosis accompanied by pronounced fibrosis[25]. This experiment also confirmed the
higher susceptibility of male rats (of both strains) to the
development of steatosis[25], which corresponds to observations in humans, where NAFLD is preferentially found
in men or postmenopausal women [33]. Our previous
observations showed that HFD (71% of kcal fat) feeding does not differ in the degree and pattern of steatosis
and liver triglyceride content in male Sprague-Dawley
and Wistar rats, respectively[23]. It was also confirmed
that the time of feeding and the amount of dietary fats
corresponded to the degree of liver pathology and other
markers of liver tissue injury[28,34].
In 2006, Buettner et al[35] compared the metabolic and
molecular effects of different HFDs. They fed male Wistar rats with a HFD containing 42% of energy in fats.
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They used four different sources of fats-lard (comparable
quantities of SFA and MUFA), olive oil (mainly MUFA),
coconut fat (mainly SFA) and fish oil (mainly ω-3 PUFA).
Histopathological samples of the livers of rats fed by
diets containing lard, olive oil and coconut fat exhibited
mainly microvesicular steatosis without inflammation or
fibrosis. These diets also up-regulated key genes of lipid
synthesis. In contrast, the major enzymes of fatty acid
oxidation were down-regulated in these groups. SREBP1c was up-regulated in all HFDs, but peroxisome proliferator activated receptor-α (PPAR-α), the major regulator
of fatty acid oxidation, was up-regulated only in the liver
of rats fed a diet containing ω-3 PUFA. The diets based
on lard and olive oil induced more pronounced obesity
and insulin resistance and the highest accumulation of
fats in the liver. In another study, a beneficial effect of ω-3
PUFA was shown[34]. Giving ω-3 PUFA reduced the histological severity of HFD-induced NAFLD in SpragueDawley rats.
Hunting for a new high-fat animal model of NASH
In 2004, Lieber et al[29] introduced a new high-fat model
of NASH in rats. Feeding Sprague-Dawley rats a liquid
HFD (71% of kcal fat) for 3 wk incurred liver steatosis,
inflammation and mitochondrial abnormalities without
a significant elevation of serum transaminases. The histological observations were accompanied by increased
hepatic TNF-α and TNF-α mRNA, collagen type 1 and
procollagen mRNA, induction of cytochrome P450 2E1
and elevated markers of lipid peroxidation. Although
there was no difference in final bodyweight, plasma insulin concentrations were increased. In this work, a control
group received a diet containing 35% of kcal fat without
significant liver changes[29], but a diet containing 35% of
kcal fat is thought to be a high-fat diet for rats[22]. Our
study showed that Wistar rats fed a diet with 35% of kcal
fat exhibited considerable microvesicular steatosis[23]. Significant steatosis was not found in Sprague-Dawley rats,
although the liver triglyceride content was significantly
increased (3-fold)[23]. Using similar or equivalent diets in
Sprague-Dawley rats, we[23] and others[36] failed to reproduce the histological picture of NASH, even when the
time of feeding was extended to 5 or 6 wk.
In another study, feeding male Sprague-Dawley rats a
high-fat emulsion by gavage for 6 wk successfully induced
obesity, insulin resistance, hyperlipidaemia, hepatic steatosis, pericentral necrosis, inflammation and mitochondrial
lesions[27]. These findings were accompanied by lipid peroxidation, elevated expression of cytochrome P450 2E1,
reduced PPAR-α in the liver, and high aminotransferase
activity and serum TNF-α levels[27]. This model reproduces several characteristics of human NASH but also
introduces several limitations, such as forced overfeeding,
high content of polyunsaturated fatty acids, technical requirements and skills.
Another attempt to establish a rat model of NASH
used total enteral nutrition to overfeed male SpragueDawley rats a HFD (5%-70% of kcal corn oil) for 21-65
d[28]. The hepatic triglyceride content was dependent on
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model[40]. Thus, the employment of high-fat, high-cholesterol diets has become popular for the induction of
NAFLD in rats. Atherogenic diets may be easily prepared
by the addition of extra fat and cholesterol (i.e., 10% w/w
lard and 2% w/w cholesterol) to standard pellet chow, and
they induce liver steatosis, necrosis, hepatocyte ballooning, steatohepatitis and fibrosis[41-43]. Furthermore, obesity, dyslipidaemia, insulin resistance and elevated serum
aminotransferases accompany these liver changes.

the percentage of corn oil in the diet. Histopathological
findings of NASH (steatosis, macrophage infiltration,
apoptosis, and focal necrosis) were present in the 70%
corn oil group. In this group, markers of lipid peroxidation, TNF-α expression, expression of cytochrome P450
2E1 in the liver and serum alanine aminotransferase (ALT)
were elevated. Although the intragastric infusion of HFD
results in pathology that is clinically similar to NASH, the
method of feeding does not reflect human NAFLD.
During the last few years, there has been an upswing
of HFD models of NASH[28,34,37,38]. These models successfully induce histopathological patterns of human
NASH and the main metabolic perturbations of metabolic syndrome. The histological picture shows liver
steatosis, lobular inflammatory infiltrates, hepatocyte necrosis and apoptosis, hepatocyte ballooning, and zone 3
fibrosis. Other characteristic features of NAFLD/metabolic syndrome are also observed (visceral obesity, insulin
resistance, dyslipidaemia, elevated hepatic cytochrome
P450 2E1 and TNF-α expression, oxidative stress and
lipid peroxidation, increased serum ALT, and decreased
adiponectin and PPAR-α expression).
The majority of nutritional HFD models of NASH
use fat with high amounts of corn oil, which mainly contains PUFA, of which > 98% are ω-6 PUFA. In contrast,
saturated or monounsaturated fats are primarily found in
the human diet. Thus, the use of such diets does not correlate with the dietary aetiology of NAFLD in humans.
Moreover, ω-6 PUFAs exert proinflammatory characteristics in the body and enhance lipid peroxidation[39]. When
male Wistar rats were fed ad libitum with a HFD containing mainly SFA (67% of energy from fats, coconut fat
or butter) for 14 wk, neither liver steatosis nor increased
liver triglyceride content were induced[26].
In conclusion, there is a high variability in the different diets and experimental protocols. Choosing suitable
diet compositions, durations of feeding, strains and sexes
of rats are crucial events in the experimental design. The
Sprague-Dawley strain and male gender appear more susceptible to the development of NAFLD by HFD feeding.
The specific mechanisms of interstrain differences have
not been fully clarified. Using a HFD with high amounts
of ω-6 PUFA can induce histopathological changes similar to NASH with some features of metabolic syndrome,
but liver inflammation may be at least partially caused by
the proinflammatory effect of ω-6 PUFA. Another limiting factor may be the lower reproducibility of nutritional
models of NASH based on HFD in different laboratories.

High-fructose/sucrose diet
A shift in the eating habits of Western countries in recent
decades has been characterised by an increase in monoand disaccharides, primarily sucrose (50% fructose) and
fructose (i.e., candy, soft drinks). Fructose and other
saccharides in excess are known to promote de novo lipogenesis. In humans, higher amounts of fructose in the
diet are associated with metabolic syndrome, obesity and
NAFLD[44]. Fructose promotes protein fructosylation and
the formation of reactive oxygen species in the liver[44].
For rat models of metabolic syndrome or NAFLD, fructose or sucrose can be added into the diet or drinking
water. A fructose-enriched diet induces steatosis and, in
some experiments, inflammation and periportal fibrosis[45-47]. The histopathological findings were accompanied
by insulin resistance, dyslipidaemia, elevated proinflammatory cytokines and markers of hepatic lipid peroxidation.
Combined diets
Various “fast food” diets containing higher amounts
of fat and fructose are used to induce NAFLD in rats.
Moreover, these diets can be supplemented with cholesterol or trans-fatty acids. Feeding male Wistar rats a highfructose, high-fat diet together with fructose in the drinking water for 16 wk resulted in marked obesity, impaired
glucose tolerance, dyslipidaemia, hyperinsulinaemia,
increased plasma leptin and liver steatosis, inflammation,
and fibrosis[48]. The cardiovascular system (increased systolic blood pressure, endothelial dysfunction, inflammation, fibrosis and hypertrophy of the left ventricle), kidneys (inflammation and fibrosis) and pancreas were also
affected.
The cafeteria diet is a special combined diet that more
accurately reflects the variety of highly palatable, energy
dense, unhealthy foods in Western countries. Feeding a
cafeteria diet is a better model for human obesity and
metabolic syndrome compared to a simple HFD[49]. Male
Wistar rats fed standard chow with concurrently offered
cafeteria food (cookies, cereals, cheese, processed meats,
crackers, etc.) ad libitum for 15 wk developed hyperphagia, resulting in severe obesity and prediabetes (glucose
and insulin intolerance). This diet induced panlobular
microvesicular steatosis, steatohepatitis and chronic inflammation in white and brown adipose tissues. Liver
histopathological and metabolic alterations were more
pronounced in the cafeteria diet compared to the lardbased HFD[49]. Voluntary feeding a cafeteria diet closely
reflects the etiopathogenesis of human NAFLD.

High-cholesterol and high-fat, high-cholesterol diets
(atherogenic diets)
Diets with supplemented cholesterol (up to 3% w/w)
were originally used for the study of atherosclerosis
pathogenesis. It was observed that diets containing cholesterol, particularly with the combination of higher fat
and cholic acid in the chow, induced fatty liver changes.
Dietary cholesterol is an important risk factor for the
progression of simple steatosis to NASH in a mouse
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According to the point of view of changing eating
behaviour in Western populations, combined diets (highfructose, high-fat diet or cafeteria diet) are the most
relevant model for metabolic syndrome and NAFLD in
rats.

lipid peroxidation precedes the onset of steatohepatitis
in MCDD-fed rats, and lipid peroxidation corresponds to
hepatocellular damage and increased hepatic TNF-α[52].
By contrast, liver regeneration following a 2/3 partial
hepatectomy in Wistar rats is not significantly impaired
by MCDD feeding[57]. Liver mitochondria from MCDD
rats show higher oxidative activity but a lower efficiency
of oxidative phosphorylation; thus, mitochondrial ATP
synthesis efficiency was decreased[58]. Liver mitochondria
isolated from MCDD-fed rats exhibit higher hydrogen
peroxide production, decreased respiratory control index
of complex Ⅰ, up-regulation of uncoupling protein-2,
increased permeability of the inner mitochondrial membrane for H+ and, as a consequence, a reduction in mitochondrial membrane potential[56,59,60].
In a study by Kirsch et al[61], species (rat and mouse),
strain (Wistar, Long-Evans and Sprague-Dawley rats, and
C57/BL6 mice) and sex differences were investigated in
an MCDD model of NASH. The degrees of steatosis,
hepatic lipid content and serum ALT activity were significantly higher in male rats than in female rats. Wistar rats
had higher liver lipid levels, serum ALT levels, and liver
mass/body mass ratios than Long-Evans and SpragueDawley rats. The mechanisms underlying these strain
differences are uncertain. Feeding rats with MCDD for
4 wk induced only minor necrosis and inflammation,
and fibrosis was absent[61]. In contrast to mice, rats fed
MCDD develop steatohepatitis more slowly[21,61].
The choline-deficient, L-amino acid-defined (CDAA)
diet has similar characteristics as the MCDD. The CDAA
diet contains a low amount of methionine; thus the
mechanism by which this diet induces typical hepatic
changes is similar to MCDD. Feeding a CDAA diet induces liver steatosis, which is followed by more severe
steatosis with inflammation, increased oxidative stress and
fibrosis, cirrhosis, preneoplastic lesions and hepatocellular carcinoma[62-64]. Similar to MCDD, rats fed a CDAA
diet do not develop typical characteristics of metabolic
syndrome. This model may be employed for the study of
hepatocarcinogenesis from steatohepatitis.
Although the MCDD model is one of the best defined rat models of NASH and is widely used to study
NASH, it does not reflect several causative features of
human NASH[65]. In contrast to humans, rats fed MCDD
lose weight, have low serum triglyceride and cholesterol
levels and have normal insulin sensitivity. This model
induces changes in the liver by nutritional deficiency and
does not reflect the metabolic profile and aetiology of
NAFLD in humans. MCDD imitates several histopathological features of human NAFLD, but the distribution
of steatosis may vary. Depending on the time of feeding, MCDD induces hepatic steatosis, steatohepatitis or
fibrosing steatohepatitis and thus simulates the histological picture of NAFLD. This model is more suitable for
studying the consequences of fat accumulation, inflammation, oxidative stress and fibrogenesis in the liver
than the complex pathogenesis of human NAFLD. In
contrast to most other NAFLD models, MCDD induces

Methionine- and choline-deficient diet
One of the most commonly used dietary models of
NAFLD and NASH is the methionine- and cholinedeficient diet (MCDD). Choline is an essential substance
that is involved in many metabolic reactions in rats (e.g.,
methylation or transport of lipids). It is used for the formation of many biologically important compounds, such
as phosphatidylcholine, sphingomyelin and acetylcholine.
In humans, choline deficiency can be found in malnutrition, alcohol abuse or during pregnancy and lactation,
and it may lead to the development of hepatic steatosis[50]. When choline is lacking in the diet, methionine
can be used for the synthesis of choline. The absence of
both choline and methionine substantially disturbs the
formation of phosphatidylcholine. Phosphatidylcholine
is essential for the normal formation of VLDL and its
secretion from the liver[51]. Feeding rats a MCDD results
in a rapid accumulation of triglycerides in the liver with
the subsequent development of steatohepatitis and fibrogenesis[52]. In contrast to MCDD, a choline-deficient diet
with sufficient supplementation of methionine does not
result in the blockage of VLDL secretion, thereby leading to steatosis with a lower degree of inflammation in
the rat liver[52,53].
In 2006, Veteläinen et al[52] described in a detail course
of histological changes in an MCDD model in Wistar rats.
At 1 wk, feeding MCDD induced mainly microvesicular
steatosis with a macrovesicular component, predominantly in the acinar zone 3. At 3 wk, the pattern of steatosis
changed to macrovesicular and scattered foci of inflammatory cells. At 5 wk, diffuse and extensive macrovesicular steatosis with foci of mononuclear inflammatory cells
together with the occasional spotty necrosis occurred. At
7 wk, extensive macrovesicular steatosis, accumulation of
cellular debris and numerous clusters of inflammatory
cells developed. At this time, increased perivenular fibrosis
with occasional centrilobular fibrosis was reported. Biochemically confirmed hepatic steatosis was accompanied
by the accumulation of cholesterol in the liver[52].
Feeding rats with MCDD results in malnutrition;
thus, rats lose weight, and the weight of the liver proportionally decreases[52]. Liver injury induced by MCDD is
accompanied by elevated serum transaminases and proinflammatory cytokines, such as IL-1β, IL-6 and TNF-α[54].
Due to hepatic blockage of VLDL, serum levels of
triglycerides and cholesterol are reduced[52]. In contrast
to the pathogenesis of human NAFLD, MCDD does
not induce insulin resistance in rats[52,55]. Feeding MCDD
increases lipid peroxidation and lowers the hepatic content of reduced glutathione (GSH)[52,56]. The lack of methionine may be partially responsible for the decreased
glutathione synthesis. An increase in oxidative stress and
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and fibrogenesis[71]. Thus, the mutation in the leptin receptor leads to leptin resistance. ZFR are widely used as
an animal model of genetic obesity and metabolic syndrome[22]. ZFR develop severe obesity and are hyperleptinaemic, hyperphagic, inactive, obese and insulin-resistant
(hyperinsulinaemia, mild hyperglycaemia, hyperlipidaemia)[72,73]. ZFR rats are also used as a model of insulin
resistance. Hyperlipidaemia in ZFR is characterised by
increased VLDL and high-density lipoproteins (HDL)
without significant changes in low-density lipoprotein
(LDL) cholesterol but with reduced expression of the
hepatic LDL receptor[74,75]. It was also observed that the
systolic arterial blood pressure increased (at 28 wk)[76],
and plasma adiponectin levels were higher[73] in ZFR than
in lean controls.
Macrovesicular or microvesicular steatosis is present
in ZFR without signs of progression to steatohepatitis[77].
The accumulation of fat in the liver of Zucker obese rats
is localised to the periportal area[78]. The liver of obese
Zucker rats have lower amounts of GSH and vitamin
E and decreased activity of catalase[79]. The regenerative
capacity of the liver of fa/fa rats is significantly decreased
after 2/3 partial hepatectomy[80]. As a consequence of
leptin resistance, increased expressions of SREBP-1c
and the carbohydrate response element binding protein
(ChREBP) were reported[81,82]. The elevations of SREBP1c mRNA was accompanied by increased expression of
lipogenic enzymes and the accumulation of triglycerides
in the liver[81].
As in ob/ob mice, ZFR do not spontaneously develop
steatohepatitis, and they require a “second hit” for the
progression of steatosis to steatohepatitis. A second hit
could be exposure to lipopolysaccharide[77], a combination
of diet rich in disaccharide and low-dose lipopolysaccharide[83], a high-fat diet[78] or the combination of MCDD
with a high fat diet[84].
Because the dietary models (except MCDD) more
closely resemble the pathogenesis of human NAFLD
compared to the genetic models, the use of dietary interventions for genetic models has become more popular.
After feeding fa/fa rats a high-saturated fat diet (60% of
energy of diet derived from lard) for 8 wk, more severe
micro- and macrovesicular steatosis and steatohepatitis
developed[78]. Liver injury was accompanied by fasting
hyperglycaemia and increased serum activity of ALT,
TNF-α and TGF-β, increased collagen deposition, and
greater activation of hepatic stellate cells. Markers of oxidative stress, such as lipid peroxidation, protein carbonyls,
glutathione, and antioxidant enzymes, were significantly
aggravated in ZFR fed a high-fat diet.
A special genetic model of obesity with type 2 diabetes, the Zucker diabetic fatty (ZDF) rats, was derived
from ZFR by the selective breeding of hyperglycaemic
ZFR. ZDF male rats typically develop hyperinsulinaemia,
peripheral insulin resistance, hyperglycaemia and noninsulin dependent diabetes by 12 wk of age[85,86]. ZDF
females are more resistant to the spontaneous development of diabetes, and the induction of type Ⅱ diabetes
in female ZDF rats is successful only when they are fed a

reproducible histological changes with significant inflammation and fibrogenesis. In conclusion, the MCDD
model mimics only histopathological features but lacks
the main aetiopathogenic factors of human disease.
Choline-deficient diet
Choline-deficient diet (CDD) induces hepatic steatosis,
and the degree of steatosis is dependent upon the time
of feeding[52]. In contrast to MCDD, CDD-fed rats do
not develop severe fibrosis, and the inflammation is of
a lower extent[52]. The accumulation of fats in the liver is
accompanied by non-significant changes or mild elevations in serum transaminases[52,53]. Feeding CDD for 90 d
leads to the development of moderate fibrotic alterations
in the liver of male Wistar rats[53]. Liver steatosis in this
model is characterised by the development of obesity,
dyslipidaemia (increase in plasma concentrations of triglycerides and cholesterol) and insulin resistance after 7
wk[52]. Hepatic GSH and lipid peroxidation were reported
to be unaltered[52]. In contrast, Vendemiale et al[66] and
Hensley et al[67] showed a greater mitochondrial content
of oxidised lipids and proteins, lower concentration of
glutathione and increased mitochondrial ROS formation.
The activity of mitochondrial complex Ⅰ, mitochondrial
ATP synthase activity and hepatic ATP levels were significantly reduced in the fatty livers of CDD-fed rats[66,67].
In summary, the CDD and MCDD are two distinct
models in rats, which differ not only in their histological
findings but also in the metabolic and other characteristics of rats (insulin resistance, inflammatory response,
oxidative stress)[52]. CDD induces fatty liver accompanied
by metabolic alterations typical of metabolic syndrome.

GENETIC MODELS
Genetic models can be further subdivided into naturally occurring genetic models and models of induced
genetic mutations. There is a variety of genetic models
of NAFLD in mice[68]. In view of the polygenic genetic
background of this disease[3], monogenic mouse models
of NAFLD do not fully replicate the etiopathogenesis
of human NAFLD, but they may provide valuable results concerning particular events in the pathogenesis of
NAFLD. Moreover, genetically modified mice are less
available and more expensive. In contrast to mice, there
are very few genetically modified rats.
The Zucker fatty rats
One of the most commonly used models of NAFLD
in rats is a genetic model of the obese Zucker rats (the
Zucker fatty rats, fa/fa rats, ZFR). ZFR have a natural
mutation in the leptin receptor (fa allele), which decreases
the affinity of the receptor for leptin and alters signal
transduction[69]. ZFR are homozygotes for the fa allele,
while heterozygotes for the fa allele (lean Zucker rats)
serve as controls. Leptin is a peptide hormone secreted
from adipose tissue, which participates in the regulation
of feeding behaviour and energy expenditure[70]. This
hormone is also involved in the modulation of cell death
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high-fat diet[87].
ZFR partially simulates human metabolic syndrome
(obesity, insulin resistance, dyslipidaemia, hyperinsulinaemia, steatosis), but they have several disadvantages.
Because leptin or leptin receptor mutations are rare in
humans[88], ZFR do not reflect the multifactorial etiopathogenesis of human NAFLD. Moreover, ZFR do not
spontaneously develop steatohepatitis and are resistant to
liver fibrosis. ZFR require further interventions for the
progression from simple steatosis to steatohepatitis.
There are several other rat models utilising altered
leptin pathways in which hepatic steatosis develops.
These are spontaneously hypertensive obese rats (Koletsky’s rats), stroke-prone spontaneously hypertensive
rats (SHRSP5/Dmcr) or corpulent JCR:LA-cp rats,
which have a recessive mutation in the leptin receptor
gene that blocks expression of the protein[89]. These
rats exhibit several similar phenotypic characteristics to
ZFR. They are hyperphagic, obese, hyperlipidaemic and
insulin resistant[90,91]. Although they develop simple fatty
liver[91,92], these models have not been widely employed
for the study of NAFLD. The exposure of stroke-prone
spontaneously hypertensive rats to a high-fat, high-cholesterol diet results in steatosis, necrosis with lymphocyte
infiltrations, hepatocyte ballooning with Mallory-Denk
bodies and fibrosis[93].

colony of Long-Evans rats exhibiting a diabetic phenotype (polyuria, polydipsia, obesity). OLETF rats have a
deletion in the promoter region of the gene encoding the
cholecystokinin-1 (CCK-1) receptor and in the first and
second exons of this gene, resulting in low or absent expression of CCK-1 receptor mRNA[97]. A control strain,
the LETO rats, which originated from the same colony
of rats, expresses the CCK-1 receptor and does not exhibit the phenotype of OLETF rats. CCK-1 participates
in satiety control in the hypothalamus; thus, OLETF
rats exhibit hyperphagia, and they are mildly obese, hyperlipidaemic, hyperglycaemic (after the age of 18 wk),
hyperinsulinaemic, insulin resistant and have diabetes
mellitus[55,98-100]. Serum concentrations of leptin and IL-6
are elevated, while adiponectin is lower in these rats[98].
OLETF rats are used as a model for metabolic syndrome
with diabetes[22]. OLETF rats spontaneously develop liver
steatosis when fed a standard diet ad libitum[100]. At 22-38
wk of age, micro- and macrovesicular steatosis (with a
maximum at approximately 30 wk) and hepatocyte ballooning without collagen deposition or fibrosis were
observed, but the steatosis disappeared after 42 wk[100].
mRNA expressions of lipogenic genes, such as SREBP1c and ChREBP, were significantly elevated in the liver
of OLETF rats prior to the onset of hepatic steatosis (10
wk) and then gradually decreased to control values (50
wk)[100]. Contrarily, PPAR-α is down-regulated in younger
OLETF rats (12 and 28 wk)[101].
For the induction of steatohepatitis in OLETF rats,
MCDD or a combined diet with choline and methionine
deficiency and high-fat content can be used[55,102]. In the
OLETF rats, MCDD induces hepatic lobular inflammation and perivenular and pericellular fibrosis in zone
3 with increased expression of TGF-β1 and activation
of stellate cells[102]. The advantage of a combination of
MCDD and HFD in OLETF rats is the development of
steatohepatitis with enhanced insulin resistance, more
pronounced inflammation and fibrosis (pre-cirrhosis),
and increased mRNA expression of lipogenic genes[55].
In contrast to the finding of Ota et al[55], Song et al[100]
described hepatocyte ballooning in OLETF (and LETO)
rats only when a combined diet (MCDD + HFD) was
used.
Similar to the Zucker fatty rats, OLETF rats do not
reflect the etiopathogenesis of human NAFLD (mutation
in CCK-1 receptor). OLETF rats are recommended at
the age of 22-38 wk as animal models of hepatic steatosis, but they are not a suitable model for NASH without
an additional dietary hit.

Transgenic spontaneously hypertensive rats
overexpressing SREBP-1a
Recently, a new transgenic model of SREBP-1a overexpression was introduced in the spontaneously hypertensive rat[94]. SREBP-1 gene polymorphisms are associated
with obesity, severe insulin resistance and type 2 diabetes
in humans[95]. Transgenic spontaneously hypertensive rats
(SHR) overexpressing SREBP-1a rats are non-obese, but
they spontaneously develop hypertension, fatty liver, and
several important characteristics of metabolic syndrome
(hyperinsulinaemia, hyperglycaemia, hypertriglyceridaemia, and hypercholesterolaemia)[94]. Biochemical examination confirmed the accumulation of triglycerides in the
liver and found elevated hepatic levels of cholesterol[94].
Transgenic SHR overexpressing SREBP-1a rats fed with
a high-fructose diet exhibit significantly increased oxidative stress in the liver (enhanced lipid peroxidation,
decreased activities of antioxidative enzymes and lower
glutathione), which was more pronounced in older rats[96].
Similarly, the progression of histopathological findings
was age-dependent. Centrilobular steatosis without inflammation was observed at 2 mo of age, whereas prominent fatty changes accompanied by focal liver cell necrosis and inflammatory infiltrate similar to human NASH
were found after 16 mo[96]. Transgenic SHR overexpressing SREBP-1a rats may provide a tool for studying the
pathogenic mechanisms and treatment of metabolic syndrome associated with NAFLD[94].

Prague hereditary hypercholesterolaemic rats
Prague hereditary hypercholesterolaemic rats were
crossbred from Wistar rats as a model for polygenic hypercholesterolaemia induced by dietary cholesterol (2%
w/w cholesterol diet). Hypercholesterolaemia is caused
by the elevation of cholesterol in VLDL, intermediatedensity lipoproteins, and LDL but not in HDL[103]. When
fed standard chow, serum cholesterol is only mildly elevated[103]. In contrast to 5% dietary fat alone (standard

Otsuka Long-Evans Tokushima fatty rats
Otsuka Long-Evans Tokushima fatty rats (OLETF) were
obtained in 1984 by the selective breeding of an outbred
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chow), a high cholesterol diet in these rats induces the
development of fatty liver and the accumulation of cholesterol[103]. Thus, the presence of cholesterol in the diet
is necessary for the development of fatty liver. This combined model of fatty liver is also not widely used.

13
14

CONCLUSION
Although there is not an ideal model for human nonalcoholic fatty liver disease that reflects all the clinical,
histological, aetiological and pathogenic aspects of human disease, choosing an appropriate model for studying
particular events of NAFLD while respecting its limitations has contributed greatly to the understanding of
this disease, its progression and treatment. Considering
the legislative, ethical, economical and health factors of
NAFLD, animal models are and will continue to be an
essential tool for further research of this disease.
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Non-alcoholic fatty liver disease and diabetes: From
physiopathological interplay to diagnosis and treatment
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NAFLD in diabetic patients shares the same challenges
as in non-diabetic patients and it includes imaging and
serological methods, although histopathological evaluation is still considered the gold standard diagnostic
method. An effective established treatment is not yet
available for patients with steatohepatitis and fibrosis
and randomized clinical trials including only diabetic
patients are lacking. We sought to outline the published
data including epidemiology, pathogenesis, diagnosis
and treatment of NAFLD in diabetic patients, in order
to better understand the interplay between these two
prevalent diseases and identify the gaps that still need
to be fulfilled in the management of NAFLD in patients
with diabetes mellitus.
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Core tip: This review addresses the important interplay
between non-alcoholic fatty liver disease and diabetes
mellitus, with particular emphasis on physiopathological
mechanisms, diagnosis and treatment.

Abstract
Non-alcoholic fatty liver disease (NAFLD) is highly
prevalent in patients with diabetes mellitus and increasing evidence suggests that patients with type 2
diabetes are at a particularly high risk for developing
the progressive forms of NAFLD, non-alcoholic steatohepatitis and associated advanced liver fibrosis. Moreover, diabetes is an independent risk factor for NAFLD
progression, and for hepatocellular carcinoma development and liver-related mortality in prospective studies.
Notwithstanding, patients with NAFLD have an elevated
prevalence of prediabetes. Recent studies have shown
that NAFLD presence predicts the development of type
2 diabetes. Diabetes and NAFLD have mutual pathogenetic mechanisms and it is possible that genetic and
environmental factors interact with metabolic derangements to accelerate NAFLD progression in diabetic patients. The diagnosis of the more advanced stages of
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INTRODUCTION
Diabetes mellitus (DM) is a public-health concern: 347
million people worldwide have diabetes and the WHO
projects that diabetes will be the 7th leading cause of
death in 2030. It is a group of metabolic diseases charac-

8377

July 14, 2014|Volume 20|Issue 26|

Leite NC et al . NAFLD and diabetes: A review

terized by hyperglycemia resulting from defects in insulin
secretion, insulin action or both. There are two most important etiopathogenetic categories: type 1 DM (T1DM),
which accounts for 5%-10% of the cases of DM and
results from autoimmune destruction of the beta-cells
of the pancreas and absolute deficiency of insulin; and
type 2 DM (T2DM), which encompasses patients who
have insulin resistance with relative insulin deficiency
and accounts for 90%-95% of diabetic patients. Both
T1DM and T2DM patients are at high risk of developing
chronic macrovascular and microvascular degenerative
complications. Nevertheless, beyond these classic complications, DM is also associated with liver-related mortality
and increasing risk of hepatocellular carcinoma[1,2].
Non-alcoholic fatty liver disease (NAFLD) prevalence
is increased in patients with DM[3,4]. Increasing evidence
suggests that patients with T2DM are at a particularly
high risk for non-alcoholic steatohepatitis (NASH), with
varying degrees of liver fibrosis[5,6]. Likewise, preexisting
diabetes is an independent risk factor for NAFLD progression and for liver-related mortality and hepatocellular
carcinoma in prospective studies[1,7-9]. On the other hand,
patients with NAFLD have an elevated prevalence of
prediabetes[10] and recent data has shown that NAFLD
presence predicts the development of T2DM[10,11].
There are pathogenetic mechanisms linking NAFLD
and DM. Besides insulin resistance and hyperinsulinemia,
disordered lipid metabolism, increased oxidative stress
and inflammation contribute to both entities. It is possible that genetic and environmental factors interact with
metabolic derangements to accelerate NAFLD progression in diabetic patients.
Ultrasound is the method of choice for screening patients for NAFLD. In patients with diabetes and
histologically-proven NASH, abnormal liver enzymes
may be seen in less than 20% of patients[5,6,12,13]. Liver
biopsy is still the gold standard method to diagnose and
stage NAFLD. However, it is a costly and invasive procedure with some limitations, such as sampling error and
intra-and inter-observer variability among pathologists[6].
It was previously suggested that liver biopsy should be
considered in all patients with DM and hepatic steatosis
on ultrasound[6]. Newer radiological techniques, biomarkers and clinical algorithms are being currently studied
and may provide, in the near future, valuable noninvasive
alternatives to histological diagnosis. Treatment is based
mainly on lifestyle changes and antioxidants and numerous drugs have been studied searching for histological improvement with variable outcomes. The following review
aims to discuss all these aspects from physiopathological
mechanisms to diagnosis and treatment of NAFLD in
DM.

fibrosis in the absence of a history of excessive alcohol
consumption. Since this original description, the histologic criterion for diagnosing NAFLD has evolved, and
several grading systems have been proposed to assess
histologic severity. In 1999, Matteoni et al[15] proposed
pathological NAFLD subtypes based on long-term
outcome studies, and Brunt et al[16] proposed a specific
classification for NASH based on criteria used in other
forms of chronic liver disease, using grades of necroinflammatory lesions and stages of fibrosis. Subsequently,
the US Pathology Committee of the NASH Clinical Research Network[17] proposed and validated a histological
scoring system of specific lesions that addressed the full
spectrum of NAFLD. In addition, a separate scoring system known as the NAFLD activity score (NAS) has been
developed for use in clinical trials. It measures steatosis
semi-quantitatively, as well as lobular inflammation and
hepatocellular ballooning, to enable systematic documentation of changes in activity of NASH[17]. However, a numerical value alone is not accepted for definitive diagnosis of steatohepatitis. In general, accumulation of greater
than 5% of fat, particularly in the form of triglycerides,
is considered to be the minimal requirement for histologic diagnosis of steatosis. NASH, in turn, encompasses
steatosis plus lobular inflammation and ballooning degeneration, with or without a varying degrees of fibrosis,
which is originally centered on the hepatic venulae.

CLINICAL PRESENTATION
NAFLD is generally asymptomatic at presentation and is
frequently found among individuals with conditions such
as obesity, T2DM, metabolic syndrome and its individual
components[18]. The most common signs and symptoms
are fatigue, right upper quadrant pain and hepatomegaly,
as well as acanthosis nigricans, which are more frequently
observed in the pediatric population. In fact, most patients with NAFLD are diagnosed by incidental elevated
liver enzymes or imaging studies suggesting hepatic steatosis[18]. By definition, NAFLD is established in patients
who consume little or no alcohol presenting a histological picture that resembles alcohol-induced liver disease.
Most studies defined a threshold for excessive alcohol
consumption as more than 20 g/d in women and more
than 30 g/d in men[15,19]. In contrast, intake levels of 20
g/d (140 g weekly) for men, and 10 g/d (70 g weekly) for
women have been endorsed as the acceptable thresholds
to define “non-alcoholic” in the guidelines proposed by
the Asia-Pacific Working Party for NAFLD (APWPNAFLD) and by the National Institutes of Health Clinical Research Network[20,21]. Additionally, definitive diagnosis of NAFLD requires exclusion of other secondary
causes of hepatic steatosis, such as medications like
prednisolone, tamoxifen, amiodarone and methotrexate
among others, exposure to toxins as vinyl chloride, total
parenteral nutrition, cachexia, intestinal bypass surgery,
viruses infections like genotype 3 hepatitis C virus and
human immunodeficiency virus.

DEFINITION OF NAFLD
In 1980, Ludwig et al[14] described a small series of patients with liver histology characterized by fat accumulation, hepatic necroinflammation and, in most cases,

WJG|www.wjgnet.com

8378

July 14, 2014|Volume 20|Issue 26|

Leite NC et al . NAFLD and diabetes: A review
Table 1 Studies with histopathological evaluation of diabetic patients with non-alcoholic fatty liver disease
Ref.

Sample size Metabolic syndrome
Diabetes
and its components duration (yr)

Amarapurka
et al[12]
Gupte et al[13]
Kemmer et al[38]
Leite et al[6]

32
22 (females)
92

Prashanth et al[5]

83

Diabetes-related
complications

Elevated enzyme levels Risk factors for NASH
AST/ALT/GGT

36

Fibrosis
30.5%

ALT and/or AST 31%
Hypertension 88%

7.8

Dyslipidaemia 86%
Metabolic syndrome
77%

8.2

Microvascular 46%

14%/16%/13%

Macrovaascular 26%
ALT 7%

No risk factors
No risk factors
Hypertriglyceridemia
High ALT
Low HDL-chol
MS components
High ALT
High AP

22%
34%-60%

37%

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gammaglutamyltransferase; AP: Alkaline phosphatase; NASH: Non-alcoholic steatohepatitis; HDL-chol: HDL-cholesterol.

ing from fatty liver, which follows in general a benign and
stable clinical course, to NASH that may progress to cirrhosis. Less than 1% to 4% of patients with simple steatosis progress to advanced fibrosis. By contrast, NASH
can lead to cirrhosis in 15% to 25% of individuals,
with further liver-related complications and death[8,11,34].
Among those with NASH-related cirrhosis, about 25%
will develop major complications of portal hypertension
within 3 years[35].
The role of diabetes in NASH and fibrosis was initially evaluated in patients undergoing bariatric surgery.
The prevalence of T2DM ranged from 14% to 28% in
these studies and its presence was a predictor of NASH
and fibrosis in morbidly obese patients[36,37].
Younossi et al[1], in a retrospective cohort study with
132 patients with histological diagnosis of NAFLD,
reported that patients with DM had greater rates of cirrhosis and mortality than those with NAFLD without
DM. In a recent prospective study of 328 asymptomatic
patients, 16.5% had an established diagnosis of T2DM.
The prevalence of NAFLD and NASH in the entire cohort was 46% and 12%, respectively. However, in diabetic
patients, NAFLD was observed in 74% and NASH in
22%[26].
Few studies evaluated the prevalence of NAFLD
and the correlated factors with histopathological stages
of NAFLD in patients with T2DM. Table 1 outlines a
summary of these studies. The sample sizes varied from
32 to 92 patients, and NASH was present in 63%-87%
of the patients, while the prevalence of any fibrosis
ranged from 22% to 60% in these studies[5,6,13]. In the
largest single-centre study, we found high prevalence of
the more severe stages of NAFLD: 78% for NASH and
34%-60% for moderate-to-severe fibrosis[6]. No diabetesrelated variable, such as glycemic control, diabetes duration or the presence of micro- and macro-vascular
complications, was associated with the more severe stages
of NAFLD[6]. Alanine aminotransferase (ALT), high
triglycerides and low HDL-cholesterol were independently associated with NASH. On the other hand, male
gender, older age and elevated values of gammaglutamyl
transferase (GGT) were associated with moderate-to-

Epidemiology
NAFLD is the commonest cause of liver disease in western countries, present in over 30% of the general population[22,23]. The prevalence in Asian populations ranges
from 6% up to 25% [24]. The prevalence of NAFLD
among children is 3%-10%, rising up to 40%-70% among
obese children[25]. The prevalence of NASH is difficult to
assess because it requires a histological diagnosis, which is
impractical in all patients with NAFLD. In a recent study
in a cohort of 400 military personnel and their relatives,
ultrasound prevalence of NAFLD was 46%, and NASH
was found in 30% of these individuals, resulting in a
NASH prevalence of 12% for the entire cohort[26].
NASH cirrhosis is now the third most common indication for liver transplantation in the United States, behind hepatitis C and alcoholic liver disease, and is the only
liver-related transplant indication that continues to increase[27]. Liver disease is the third leading cause of death
in NAFLD patients[8,28], with hepatocellular carcinoma
being the most frequent cause of liver-related death[29].
T2DM is not only a risk factor for NAFLD but it is
also related to a higher prevalence of NASH and fibrosis[1,5,6]. Data regarding T1DM and NAFLD are scarce.
Although T1DM is characterized by insulin deficiency,
obesity and metabolic syndrome may eventually occur
in these patients and lead to NAFLD[30]. Targher et al[31]
found a NAFLD prevalence of 44% in patients with
T1DM by ultrasound imaging, without histological confirmation. Nevertheless, the prevalence of NAFLD in
patients with T2DM has been reported to be as high as
74%[3,4,26,32,33]. Most of the studies evaluating NAFLD in
T2DM have relied exclusively on ultrasonography or on
elevated liver enzymes for diagnosis. Studies describing
the histopathological spectrum of NAFLD in type 2 diabetes mellitus are still scarce[6].

NAFLD and Diabetes Mellitus: the
natural history is a two-way
traffic
NAFLD represents a wide spectrum of conditions rang-
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severe fibrosis[6]. Prashanth et al[5] reported prevalence of
NASH and of any stage of fibrosis of 62.6% and 37.3%,
respectively. Serum ALT and alkaline phosphatase levels,
although within normal limits, were significantly higher
in patients with NASH[5]. Of note, NASH prevalence
increased proportionally to the number of metabolic syndrome components presented. Also, no diabetes-related
variable was predictive of the severity of NAFLD. In a
study conducted in Mexico, 60 patients with DM were
evaluated and 22 of them (37%) had elevated liver enzymes and/or steatosis on radiological examination[38].
These patients underwent liver biopsy and the prevalence
of NASH was 64%. There was no association of liver
enzymes, lipid profile, glycated hemoglobin or body mass
index with the presence of NASH. In another small
group of 32 T2DM patients submitted to liver biopsies,
49% had NAFLD on histopathology, of which 87.5%
had NASH. There was no significant correlation between
liver enzymes and NASH or fibrosis[13]. Subsequently,
these researchers further reported that in 36 patients with
NASH, 30.5% had any stage of fibrosis. Patients with any
stage of fibrosis had higher levels of aminotransferases
and a higher aspartate aminotransferase (AST) to ALT
ratio[12].
Although in most of the studies diabetic patients
with NASH had higher serum ALT than those without
NASH, and ALT levels were independently associated
with the presence of NASH on liver biopsy, abnormal
ALT levels were uncommon and did not have enough
predictive value to be indicated as a screening test for
NASH detection[6]. Moreover, in patients with T2DM, serum liver enzymes could be less representative of the severity of intrahepatic fat accumulation. In a case-control
study, patients with T2DM showed approximately 80%
more intra-hepatic fat content by magnetic resonance
spectroscopy than age, sex, and body weight-matched
non-diabetic controls[39]. Liver fat content was underestimated by serum ALT compared with equally obese nondiabetic subjects.
A recent cross-sectional study demonstrated that in
addition to diabetes, a family history of diabetes also
increased the risk of NASH and fibrosis in non-diabetic
individuals[40]. The association between family history of
diabetes with NASH and fibrosis remained significant
even after adjusting for prediabetes status, suggesting that
a family history of diabetes may provide additional risk
stratification in non-diabetic patients with NAFLD.
In spite of apparent absence of association between
any diabetes-related characteristic and the presence of
more severe stages of NAFLD in previous studies, evidence is mounting that NAFLD may be associated with
the occurrence of microvascular and macrovascular degenerative complications in diabetic patients[3,31,41,42]. In
patients with T1DM and T2DM, NAFLD was associated
with higher rates of microalbuminuria, reduced glomerular filtration rate and retinopathy[43,44]. Prospective studies
have demonstrated a higher incidence of chronic kidney
disease in patients with T2DM and NAFLD, independent
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of several established risk factors[42,43]. Both subclinical
atherosclerosis markers, like increased carotid intimamedia thickness and aortic stiffness, as well as clinical cardiovascular diseases, were also more frequent in patients
with T1DM and T2DM with the diagnosis of NAFLD
than in their counterparts without NAFLD[3,31,45]. It was
demonstrated that the association between macrovascular
disease and NAFLD was independent of classic cardiovascular risk factors and components of metabolic syndrome[3,31].
Another issue to be considered is whether diabetes
also accelerates the progression of NAFLD. The presence of DM was independently associated with advanced
liver fibrosis in cross-sectional studies[46,47]. However,
findings from prospective studies with serial liver biopsies
are still scarce and controversial. In a cohort study with
129 patients with biopsy-proven NAFLD reevaluated
after a mean follow-up of 13.7 years, the progression of
liver fibrosis occurred in 41%[8]. More pronounced insulin
resistance during follow-up was associated with liver fibrosis progression. Unfortunately, fasting plasma glucose
was not measured at baseline, and thus the prevalence of
diabetes at onset of the study could not be reported[8]. In
another cohort of 103 NAFLD patients who underwent
a second liver biopsy at an average interval of 3.2 years,
fibrosis staging progressed in 37%. Preexisting diabetes
and early stages of fibrosis at first biopsy were predictors of fibrosis progression[7]. Otherwise, in a systematic
review including ten longitudinal studies comprising 221
patients who had NASH on their initial biopsy, received
no intervention of proven benefit regarding histology
and underwent a second liver biopsy at least one year
apart, only age and any degree of inflammation in the
initial biopsy were the risk factors related to progression
to advanced fibrosis. Other traditional parameters such as
obesity, diabetes and hypertension were not statistically
significant predictors[48]. Overall, inclusion of heterogeneous studies, disagreement on criteria for NASH diagnosis, liver biopsy sampling error and variability among
pathologists are remarkable limitations of long-term histological studies.
It is not clearly defined yet if NAFLD worsens glycemic control in patients with T2DM. NAFLD patients
have shown both an impaired ability of insulin to suppress endogenous glucose production related to hepatic
insulin resistance, and a reduction in glucose disposal,
a measure of whole-body insulin sensitivity[49]. Indeed,
intrahepatic triglyceride content may influence insulin
requirements in diabetic patients via an effect on the sensitivity of endogenous glucose production to insulin[50].
On the other hand, NAFLD is known to be associated with insulin resistance, hyperinsulinemia and prediabetes, which includes both impaired fasting glucose (IFG)
and impaired glucose tolerance (IGT). In an Australian
study of 70 patients with NAFLD determined by ultrasound, 24% had IGT and 10% had diabetes on standard
oral glucose tolerance test (OGTT). Over half of the
NAFLD patients with a normal fasting glucose had
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↑ Lipolysis
↓ Peripheral glucose uptake

Insulin resistance
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↑ Key lipogenic
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Figure 1 Pivotal role of insulin resistance in non-alcoholic fatty liver disease pathophysiology. ↓: Decrease; ↑: Increase. FFA: Free fatty acids; DM: Diabetes
mellitus; NAFLD: Non-alcoholic fatty liver disease.

abnormal glucose tolerance, as detected by OGTT. In
addition, irrespective of the status of glucose tolerance,
2-h hyperinsulinemia during the OGTT occurred in all
subjects with NAFLD, and fasting insulin resistance was
found in 73%; fasting insulin resistance was assessed by
the homeostasis model assessment method (HOMA-IR)
and was defined by a HOMA-IR equal or greater than
2[51]. In the Framingham Heart study with 2589 individuals, fatty liver was associated with T2DM, IFG, hypertension, metabolic syndrome, HDL-cholesterol, triglycerides,
and adiponectin levels, even after multivariate adjustment
for other fat depots, such as visceral adipose tissue, waist
circumference, and body mass index[52]. Moreover, several prospective observational studies have shown an increased incidence of T2DM in patients with NAFLD diagnosed by ultrasonography or by liver biopsy. However,
most of them were not adjusted for main covariates, such
as family history of T2DM, physical activity and fasting
glucose and insulin levels[8,53].
In a recent prospective community-based study in an
urban adult population from Sri Lanka, individuals with
ultrasonographic NAFLD showed an increased risk of
developing T2DM. After three years follow-up, T2DM
incidence rates were 64.2 and 34 per 1000 person/years
for those with and without NAFLD, respectively, and
NAFLD was an independent predictor of T2DM development[54]. In a longitudinal cohort study of 7849 Korean individuals followed-up for 5 years, those who had

WJG|www.wjgnet.com

both elevated ALT and ultrasonographic liver steatosis
had an increased risk of future diabetes development[55].
Another Korean study demonstrated that NAFLD had
an independent and additive effect on the development
of T2DM in patients with IFG at baseline[56]. Similarly,
Musso et al[11] reported an increased risk for incident diabetes in patients with evidence of ultrasonographic and
histological NAFLD in a recent meta-analysis of three
large community-based cohorts with a range of followup from 4 to 10 years.
Overall, it appears that DM and NAFLD are two
conditions with intense interplay roles, one adversely affecting the natural history of the other, and vice-versa.

PATHOGENETIC MECHANISMS
The pathophysiological hallmark of NAFLD is the underlying insulin resistance (Figure 1). Insulin resistance at
the level of the adipocyte seems to be the primary defect
in NAFLD, leading to increased lipolysis. Any grade of
insulin secretion deficit associated with DM further increases lipase activity in adipose tissue. This leads first to
elevated circulating and portal free fatty acids (FFAs) and
subsequently to their increased skeletal muscle and hepatic delivery and uptake, which decreases insulin action in
these tissues[57,58]. Insulin resistance in these tissues leads
to increased gluconeogenesis and glycogenolysis in liver
as well as reduction in peripheral glucose disposal result-
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ing in hyperglycemia. The pancreatic beta islet cells adapt
to hyperglycemia by increasing insulin secretion, leading
to hyperinsulinemia. Hyperinsulinemia and hyperglycemia
also upregulate several key lipogenic transcription factors,
including sterol regulatory element-binding protein 1c
(SREBP1c) and carbohydrate response element binding
protein (ChREBP), promoting hepatic lipid synthesis or
de novo lipogenesis[59]. In patients with NAFLD, studies
have shown that the vast majority of hepatic fat originates from FFAs (59%), but 26% comes from de novo
lipogenesis and 15% originates from the diet[60].
Hepatic steatosis results when the balance between delivery and synthesis of FFAs exceeds the liver capacity to
oxidize or export them. Lipids are exported in the form
of very-low-density lipoprotein (VLDL), and the synthesis of apolipoprotein B-100, which is the apolipoprotein
contained in VLDL particles, is reduced in patients with
NASH[61]. Accumulation of lipids can exert toxic effects on the liver by inefficient oxidation or activation of
inflammatory pathways. Although hepatic triglycerides
(triacylglycerol) are thought to be protective for NAFLD
progression, certain lipid metabolites such as diacylglycerol and ceramides may themselves cause cell injury and
death and contribute to NASH development[62].
FFAs may be oxidized within mitochondria, peroxisomes and microsomal system. Increased FFA oxidation
causes an oxidative stress that further uncouples mitochondrial oxidation/phosphorylation and generates more
reactive oxygen species (ROS). Indeed, abnormal mitochondrial morphology and function is frequently present
in the hepatocytes of patients with NASH. These abnormalities might render hepatocytes even more susceptible
to oxidative damage[63]. Oxidative stress generated from
ROS promotes lipid peroxidation and augments inflammation by up-regulating key factors and pathways of NF[64]
κB and toll-like receptor (TLR) signaling .
Systemic subclinical inflammation also appears to be
involved in the pathogenesis of NAFLD and NASH.
Patients with NAFLD have higher circulating markers of
inflammation than healthy controls. It has been shown
that diabetic patients with NAFLD have higher circulating markers of inflammation than diabetic patients
without NAFLD[65]. It has been also described that, as
obesity increases, there is an increase in macrophage infiltration in adipose tissue. These activated macrophages
secrete inflammatory cytokines such as TNF-alpha and
IL-6 that may exacerbate insulin resistance by decreasing
insulin signaling. In turn, serum levels of adiponectin,
an anti-inflammatory insulin sensitizing and potentially
hepatoprotective adipokine, are reduced in patients with
NAFLD and are lower in NASH than in simple steatosis[66,67]. Furthermore, adiponectin levels fall in prediabetes and in T2DM and there could be a link between
adipocyte dysfunction and NASH in these patients[68]. It
is now recognized that NAFLD and particularly NASH
progression results from a complex interplay between
insulin resistance with hyperinsulinemia, increased oxidative stress, hepatic and systemic inflammation. Hyper-
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insulinemia combined with ongoing liver inflammation
and hepatocyte apoptosis may induce profibrotic factors.
Thus, profibrotic factors can contribute to fibrosis progression by activating hepatocyte stellate cells.
NAFLD has recently been linked to alterations of gut
microbiota and its metabolic effects. Increased absorption of lipopolysaccharides (LPS) resulting from a “leaky”
small intestinal mucosa may cause activation of the innate
immune system, by direct stimulation of TLR-signaling,
leading to inflammation and insulin resistance[69]. Of
note, patients with T2DM had mean plasma levels of
LPS higher than controls due to a higher small intestinal
bacterial overgrowth and increased leakiness of the intestinal mucosa[70].
Genetic factors may also play a role in the development of NAFLD. Based on the complex mechanisms
involved in the pathogenesis of NAFLD, there is a low
likelihood of finding a single candidate gene responsible
for NAFLD or a clear genetic link between T2DM and
NAFLD. Through several genome-wide association studies, the missense rs738409 C/G single-nucleotide polymorphism implying an amino acid change from isoleucine
(I) to methionine (M) at the position 148 (I148M) of the
protein encoding by the patatin-like phospholipase domaincontaining 3 gene (PNPLA3) was strongly associated with
increased hepatic fat content and NAFLD histological severity[71,72]. Genetic variation at PNPLA3 seems to confer
a markedly increased risk of severe histological features
of NAFLD, but there is no association of this genetic
polymorphism with body mass index, triglyceride, HDLand LDL-cholesterol levels, or diabetes[73]. Other polymorphisms in the microsomal triglyceride transfer protein
or in the gene of superoxide dismutase 2 could play a role
in the interaction between NAFLD and diabetes[74,75].
The main physiopathological mechanisms involved in
NAFLD progression from simple steatosis to NASH and
fibrosis are summarized in Figure 2.

Diagnosis
When NAFLD is suspected, the first step to define its
diagnosis is to exclude other known etiologies of chronic
liver diseases like drug-related steatosis[76,77], viruses and
alcohol. As previously described, a careful history of alcohol ingestion must be taken. Of note, diabetic patients
with excessive alcohol intake may have both alcoholicand NAFLD[78].
Liver enzymes may be elevated, but normal aminotransferases do not exclude the diagnosis of NAFLD,
even in diabetic individuals[4,79]. Aminotransferase levels
have been reevaluated and new thresholds have been
suggested for normal levels when considering patients
with NAFLD. These levels are 19 U/L for men and 30
U/L for women and this has improved the sensitivity for
diagnosing NAFLD[80], although the diagnosis of NASH
still cannot be performed based solely on aminotransferases. Although unspecific, serum ferritin levels may
be high and it is important to discard hemochromatosis
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Steatosis progression to NASH
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↑ Reactive oxygen species
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Figure 2 Main physiopathological mechanisms influencing non-alcoholic fatty liver disease. Progression to non-alcoholic steatohepatitis and fibrosis. ↓: Decrease; ↑: Increase. NASH: Non-alcoholic steatohepatitis; FFA: Free fatty acids.

in patients with a high transferrin saturation index[81].
Low-titer autoantibodies, such as anti-nuclear and antismooth muscle, can be found as an epiphenomenon in
NAFLD[82], although a liver biopsy may be indicated to
exclude autoimmune liver disease.
The diagnostic approach to patients with NAFLD is
based mainly on imaging, serological and histopathological methods. Apart from DM, other clinical conditions
are associated with NAFLD, such as essential hypertension, obesity, hypertriglyceridemia, polycystic ovary disease and metabolic syndrome[83-85]. Thus, NAFLD should
also be investigated in these clinical settings, and routinely
in DM.
The spectrum of NAFLD is similar in diabetic and
non-diabetic individuals, and it develops from simple
steatosis to advanced fibrosis, cirrhosis and hepatocellular carcinoma[86]. The only reliable method that identifies
these different stages is liver biopsy. However, owing to its
potential complications and limitations like cost, sampling
error and procedure risks, many non-invasive methods
have been proposed to diagnose NAFLD and to predict
those patients with a higher risk of having NASH[87,88].
Imaging methods have a variable accuracy to identify
liver steatosis[89]. Liver ultrasonography (US) is a safe,
inexpensive and readily available method. It is the most
used technique to diagnose NAFLD with a sensitivity
of 60%-94% and a specificity of 66%-95% for detecting steatosis[90,91]. Its main limitation is that it is operatordependent and cannot detect mild steatosis (5%-30%)[90-92].
Additional Doppler fluxometry helps identify indirect
signs of advanced liver disease. Recently, Ballestri et al[93]
developed the ultrasonographic fatty liver indicator (USFLI), a new score ranging from 2 to 8 points, which is
capable of ruling out NASH based on US parameters
like the intensity of liver and kidney contrast, posterior
attenuation of US beam, vessel blurring, difficult visual-
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ization of gallbladder wall, difficult visualization of the
diaphragm and areas of focal sparing. An US-FLI < 4 has
a negative predictive value for NASH of 94% and can be
easily assessed[93].
Computed tomography (CT) allows quantitative and
qualitative evaluation of liver steatosis with a higher accuracy. Based on the difference of the hepatic-splenic
attenuation, unenhanced CT can detect liver steatosis
grades as low as 5%[94]. Magnetic resonance (MR) imaging
with appropriate sequences also provides high sensitivity
and specificity. MR spectroscopy is one of the most accurate methods for the evaluation of liver steatosis, has
a strong correlation with histology and can detect very
low levels of steatosis[95]. Recently, MR elastography has
showed a high predictive value for excluding advanced
fibrosis and a good accuracy for detecting NASH with an
area under ROC curve of 0.93. MR elastography discriminated NASH from steatosis with a sensitivity of 94%
and specificity of 73% with a cutoff of 2.74 kilopascals
units (kPa)[96]. However, MR is too expensive to be used
routinely, but might be useful in patients under study protocols and in those with a strong suspicious of NAFLD
with normal liver echogenicity on ultrasound[97].
A novel method to diagnose and quantify steatosis
is the controlled attenuated parameter (CAP)[98]. CAP
is software that can be used simultaneously with liver
transient elastography available by Fibroscan[99,100]. It is
a simple and easily performed method that can detect
liver steatosis at levels as low as 5%. Sasso et al[99] defined
the best cutoff value of 292 for severe steatosis (> 66%)
detection, with a negative predictive value of 100%.
Its main limitation is the difficulty of obtaining reliable
measurements in obese patients. When liver steatosis is
estimated using CAP, liver stiffness is also evaluated by
Fibroscan elastography. In this method, vibrations of
mild amplitude and low frequency are transmitted by the
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NASH detection[106]. Its main limitation for clinical use is
that a well-established cutoff is not yet defined.
So far, studies evaluating the different serum biomarkers are comprised of general patients with NAFLD
and there is no specific test for patients with DM. Recently, we studied several serum biomarkers in 78 biopsyproven NAFLD diabetic patients and showed an association between low levels of adiponectin and TGF-β1 with
severe NAFLD stages[67]. Maybe the combination of two
methods like serum biomarkers and imaging methods
might be the best tool for predicting NASH and advanced fibrosis.
The histological diagnosis of NAFLD is defined as
the presence of lipid deposit in more than 5% of the
hepatocytes independent of the localization into the
hepatic lobule. However, the most important issue is the
definition of NASH, owing to its prognostic value. Brunt
et al[16] in 1999 classified NAFLD into three different
stages: mild, moderate and severe. Likewise, Matteoni’
s classification of NAFLD was based on the severity of
hepatic lesion as follows: type 1, isolated steatosis; type 2,
steatosis and lobular inflammation; type 3, steatosis and
ballonization of hepatocytes; and type 4, which added
the presence of hyaline bodies and fibrosis to the previous stages. Stages 3 and 4 were considered as NASH[15].
Kleiner et al[17] in 2005 proposed an update on Brunt’s
classification and defined a score named NAS, based on
the sum of three criteria: steatosis (graded 0 to 3), lobular
inflammation (graded 0 to 3) and ballonization (graded 0
to 2). A NAS ≥ 5 points implies an advanced inflammatory activity. However, this score should not be applied to
diagnose NASH because many patients have NASH with
a NAS < 4 points. The NAS is a useful tool to evaluate
treatment response and should be used in this situation.
Thus, the hallmarks to the diagnosis of NASH are the
histological findings observed in liver biopsy and not its
intensity. Currently, NASH is defined by the combination
of steatosis and necroinflammatory lesions, like ballonization, with or without fibrosis[107].

transducer, inducing an elastic shear wave that propagates
through the liver. The velocity of wave propagation relates directly to liver stiffness or fibrosis: the stiffer the
tissue, the faster the shear wave propagates. The velocity
of the shear wave propagation is measured in kilopascals
(kPa). Higher tissue stiffness corresponds to increasing
severity of fibrosis. Wong et al[101] defined a cutoff of 10.3
kPa in NAFLD patients to predict advanced fibrosis with
a sensitivity of 92% and specificity of 88%. The negative
predictive value of this cutoff for advanced fibrosis was
99%. The possibility of evaluating fibrosis and steatosis
simultaneously makes the Fibroscan a valuable tool in the
study of NAFLD.
Many serological methods have been evaluated in the
diagnosis of NAFLD regarding their accuracy for detecting NASH[102]. In this setting, the AST/ALT ratio[103],
FIB-4 index[87], the BARD score[47], NAFLD Fibrosis
Score[46], and the enhanced liver fibrosis (ELF) test shall
be addressed. The AST/ALT ratio has been used to identify patients with advanced fibrosis and a value > 1 may
predict advanced fibrosis in patients with NAFLD[103].
The FIB-4 index is easily calculated using the following
formula: [age (years) × AST (U/L)]/[platelet (109/L) ×
square root of ALT (U/L)] being useful for the diagnosis
of liver fibrosis, but not capable of diagnosing NASH.
It was described that a FIB-4 index ≥ 2.67 had an 80%
positive predictive value and a FIB-4 index ≤ 1.30 had a
90% negative predictive value for fibrosis in patients with
NAFLD, although other non-invasive tests like the ELF
and Fibrotest were more accurate than FIB-4 index to
predict advanced fibrosis[87,104]. The NAFLD fibrosis score
and the BARD score include DM as a variable in their
formula. The BARD score is composed of three variables: an AST/ALT ratio ≥ 0.8 sums 2 points; a BMI ≥
28 sums 1 point; presence of diabetes sums 1 point. The
possible score ranges from 0 to 4 points. According to the
results by Harrison et al[47], score values of 0 or 1 would
have a high negative predictive value (NPV) for severe
fibrosis. The NAFLD score comprises demographic and
easily obtained laboratory variables as age, BMI, hyperglycemia, platelet count, albumin and AST/ALT ratio. The
formulae {-1.675 + [0.037 × age (years)] + (0.094 × BMI)
+ [1.13 × IFG/diabetes (yes = 1, no = 0)] + (0.99 ×
AST/ALT) - [0.013 × platelet (109/L)] - [0.66 × albumin
(g/dl)]} can be assessed online at http://NAFLDscore.
com. According to several studies it has a high accuracy
to predict advanced fibrosis. Musso et al[11] showed in a
meta-analysis that the NAFLD score had a sensitivity and
specificity higher than 90% to predict advanced fibrosis
and suggested that the combination of two non-invasive
methods like the NAFLD score and Fibroscan elastography could be a useful tool in this setting. The ELF panel,
obtained through the assessment of three matrix turnover
proteins (hyaluronic acid, TIMP-1 and PIIINP) displayed
a high accuracy in predicting fibrosis, although its use may
be limited by cost and local availability[105]. Cytokeratin-18
(CK-18) is a serological marker of apoptosis that can be
used alone or in combination and was highly accurate for
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Treatment
There are very few randomized, blinded and controlled
clinical trials of drugs with sufficient duration and adequate histological outcomes in patients with NAFLD and
DM. Hence, data on treatment of NAFLD in diabetic
patients are scarce, and treatment of NAFLD in diabetic
patients is conducted based on evidences from mixed
populations of diabetic and non-diabetic individuals.
Weight loss following caloric restriction and physical
exercise improves insulin sensitivity and cardiometabolic
risk factors. However, both implementation and maintenance of these lifestyle interventions pose challenges for
most of the individuals[108,109]. A 5% weight loss through
lifestyle modification improved liver biochemistry and reduced hepatic steatosis[110], however at least a 10% weight
reduction was required for a significant improvement in
inflammation, ballooning, and NAS[110]. Notably, seden-
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Table 2 Current data on non-pharmacological treatments of non-alcoholic fatty liver disease
Ref.

Sample
size

Kistler et al[111] 813 adults

Type 2
diabetes

Type of
intervention

Study design/
duration

25%

Inactive or
moderate
or vigorous
exercise

Retrospective
analysis of biopsyproven NAFLD

Resistance
exercise

Randomly assigned
to either exercise or
standard care.
8 wk
Randomized
controlled study.
4 mo
Prospective study.
Follow-up of 5 yr

Hallsworth
et al[112]

19 adults

Bacchi et al[113]

31 adults

100%

Mathurin
et al[114]

381 adults

25%

Mummadi
et al[115]

766 paired
liver
biopsies

Aerobic (AER)
or resistance
(RES) training
Bariatric
surgery
Bariatric
surgery

Liver enzymes

Imaging

Vigorous
recommendations was
associated with ↓ GGT
levels compared with
being inactive
No significant changes in Resistance exercise: 13%
ALT levels
relative ↓ in liver lipid
by 1H-MRS

Histology
Vigorous exercise
was associated with
a ↓ adjusted odds of
NASH

Hepatic fat content was
↓ in both by in-opposedphase MR imaging
Significant ↓ in ALT and
GGT levels 1 and 5 yr
after bariatric surgery

Systematic review
and meta-analysis
(15 studies)

Significant ↓ in NASH
Fibrosis ↑, 96% with F1
↓ or resolution 81.3%
in NASH and 65.5% in
fibrosis

↓: Decrease; ↑: Increase. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gammaglutamyl transferase; AP: Alkaline phosphatase;
NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; 1H-MRS: Proton magnetic resonance spectroscopy; F1: Stage 1 of fibrosis.

not be evaluated[114]. In a meta-analysis that evaluated the
influence of bariatric surgery on liver histology in adults
with NAFLD, Mummadi et al[115] found that steatosis,
NASH, and fibrosis improved or completely resolved in a
significant proportion of patients. At this moment, there
is still no clear evidence indicating foregut bariatric surgery as an established option to specifically treat NASH,
but it may provide benefit in NAFLD treatment in otherwise eligible obese individuals[115]. Table 2 summarizes
the principal studies concerning non-pharmacological
interventions in patients with NAFLD.
High doses of omega-3 polyunsaturated fatty acids
(PUFAs) are effective in treating hypertriglyceridemia,
which is often a feature of NAFLD and T2DM. The efficacy of omega-3 PUFAs supplementation in NAFLD
has recently been examined in a systematic review of nine
eligible studies, involving 355 patients with NAFLD[116].
This systematic review with different doses of omega-3
PUFAs demonstrated significant reductions in hepatic
fat content. However, at this point, the optimal dose and
duration of this therapy is not yet established. A large
randomized placebo-controlled trial of two doses of
eicosapentanoic acid is under way in the United States.
Many drugs have been evaluated in NAFLD management. The main studies on pharmacological treatments
of NAFLD are resumed on Table 3. Statin therapy is recommended in patients with overt cardiovascular disease
and in almost all patients with T2DM. Additionally, these
drugs can be used in dyslipidemic subjects with increased
baseline liver enzymes and may even produce some histological benefit in NASH[117,118]. Ursodesoxycholic acid
(UDCA) is a secondary bile acid with lipid lowering, antiapoptotic and anti-inflammatory properties. There has
been initial interest in the use of UDCA to treat NAFLD,
although double-blind, randomized, placebo-controlled

tary patients with NAFLD and DM should undergo a
cardiovascular risk assessment before initiating a fitness
program, especially before a high intensive training. In
a retrospective study with 813 individuals with biopsyproven NAFLD from the Nonalcoholic Steatohepatitis
Clinical Research Network, neither moderate intensity
exercise nor total exercise per week were associated with
NASH or stage of fibrosis. In this study, meeting vigorous recommendations was associated with decreased
adjusted odds of having NASH. This study suggested
that maybe the intensity of the exercise could be more
important than its duration[111]. Notwithstanding, Hallsworth et al[112] showed that independent of weight loss,
moderate anaerobic exercise seemed to improve insulin
sensitivity and hepatic steatosis. In a recent randomized
controlled trial, Bacchi et al[113] compared the effects of
aerobic (AER) or resistance (RES) training on hepatic
fat content in 31 type 2 diabetic subjects with NAFLD.
Hepatic fat content was markedly reduced in both AER
and RES training groups. In addition, hepatic steatosis,
defined as hepatic fat content > 5.56% by an in-opposedphase magnetic resonance imaging technique, was not
detected in about one-quarter of the patients in each intervention group.
Because NAFLD is present in the majority of patients who undergo bariatric surgery, there has been
growing interest in evaluating the role of foregut surgery
in NAFLD treatment. In a prospective study with 381 severely obese adults followed-up for 5 years after surgery,
significant improvements in steatosis, ballooning, NAS
and resolution of NASH were observed, changes already
present at the first year[114]. After 5 years, levels of fibrosis
increased, but 95.7% of patients maintained a grade 1
fibrosis. As none of the patients had advanced fibrosis at
entry, the effect of bariatric surgery on liver fibrosis could

WJG|www.wjgnet.com

8385

July 14, 2014|Volume 20|Issue 26|

Leite NC et al . NAFLD and diabetes: A review
Table 3 Current data on pharmacological treatments of non-alcoholic fatty liver disease
Ref.

Sample Type 2
size
diabetes

Type of
intervention/ drug

Parker et al[116]

355

Omega-3 PUFA:
0.8-13.7 g/d

Lindor et al[119]

166

UDCA:
13-15 mg/kg per day

Leuschner et al[120]

185

UDCA:
23-28 mg/kg per day

Study design/
duration

Liver enzymes

Systematic review
Significant efficacy
and meta-analysis of PUFA on ALT and
(9 studies) median
AST levels
duration of
treatment: 6 mo
Randomized
No significant changes
placebo-controlled in ALT, AST and GGT
study (24 mo)
levels with UDCA
Randomized
No significant changes
placebo-controlled
in ALT and AST,
study (18 mo)
↓ GGT levels with
UDCA
Randomized
Significant ↓ in ALT
placebo-controlled and AST levels with
study (6 mo)
metformin

Uygun et al[121]

36

0%

Metformin: 1.7 g/d

Haukeland et al[122]

48

27%

Metformin: 2.5-3 g/d

Shields et al[123]

19

0%

Lutchman et al[126]

18

0%

Belfort et al[127]

55

48%

Pioglitazone: 45 mg/d

Randomized
placebo-controlled
study (6 mo)

Significant efficacy of
pioglitazone on ALT
and AST levels

Aithal et al[128]

74

0%

Pioglitazone: 30 mg/d

Randomized
placebo-controlled
trial (12 mo)

Significant ↓ in ALT
and GGT levels

Sanyal et al[129]

247

0%

Vitamin E: 800 UI/d
Pioglitazone: 30 mg/d

Randomized
placebo-controlled
trial (24 mo)

Significant ↓ in ALT,
AST and GGT levels
with both treatments

Randomized
No significant changes
placebo-controlled
in ALT, AST levels
study (6 mo)
with metformin
Metformin: 500 mg-1 g/d
Randomized
No significant changes
placebo-controlled in ALT and AST levels
trial (12 mo)
with metformin
Pioglitazone: 30 mg/d
Prospective open
ALT levels
study (12 mo)
normalized in 72%

Imaging

Histology

Significant efficacy
of PUFA on liver
fat (US, 1H-MRS)

No significant changes
in NASH or fibrosis
with UDCA
No significant changes
in NASH or fibrosis
with UDCA
Significant efficacy No significant ↓ in
of metformin on inflammatory activity
liver fat (US)
or fibrosis with
metformin
No significant ↓ on No significant changes
liver fat (CT) with
in NASH with
metformin
metformin
No significant changes
in NASH or fibrosis
with metformin
Hepatic fat content
significant ↓ in
was ↓ by MR
necroinflammation
imaging
and fibrosis with
pioglitazone
Significant efficacy
Significant ↓ in
of pioglitazone on necroinflammation
liver fat (1H-MRS) but not in fibrosis with
pioglitazone
Significant ↓ in
inflammatory activity
and fibrosis with
pioglitazone
Significant ↓ of NASH
with vitamin E. No
changes in fibrosis
with either treatment

↓: Decrease; ↑: Increase. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGT: Gammaglutamyl transferase; AP: Alkaline phosphatase;
NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; PUFA: Polyunsaturated fatty acids; UDCA: Ursodeoxycholic acid; US: Ultrasonography; MR: Magnetic resonance; 1H-MRS: Proton magnetic resonance spectroscopy; CT: Computed tomography.

trials with doses ranging from 13 to 28 mg/kg per day
and pre- and post-treatment liver biopsies have yielded
disappointing results[119,120].
Given the importance of insulin resistance in the
pathogenesis of NAFLD, insulin-sensitizing agents have
been investigated in the treatment of this condition in patients with and without diabetes. Metformin reduces endogenous glucose production and improves whole-body
insulin sensitivity. It is the first-line choice in oral therapy
for patients with T2DM. Metformin has beneficial effects on serum aminotransferases and insulin resistance.
However, in patients with NAFLD without T2DM, a
number of small randomized placebo-controlled clinical trials with different doses (1500-2000 mg/d) and
short durations (6-12 mo) have failed to demonstrate an
improvement in liver steatosis, inflammation or fibrosis[121-123]. In spite of these poor results, there is evidence
from case-control and population-based studies that the
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use of metformin was associated with risk reduction for
the development of hepatocellular carcinoma in diabetic
patients[124,125].
Rosiglitazone and pioglitazone are peroxisome
proliferator-activated receptor γ (PPAR γ) agonists that
redistribute fat from the muscle and liver to peripheral
adipose tissue and, thereby, improve insulin resistance.
Concerns have been raised regarding an association between increased cardiovascular risk with rosiglitazone and
its use has been restricted. Three studies of pioglitazone
with doses ranging from 30 to 45 mg found a significant
improvement in liver histology when compared with
placebo in patients with NASH[126-128], but improvement
of fibrosis was demonstrated in only one study[128]. Moreover, among these studies only one examined a cohort of
patients with T2DM or impaired glucose tolerance with
NASH; in this study, pioglitazone significantly improved
steatosis, hepatocellular ballooning, inflammation and
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necroinflammation, compared with placebo. Improvement in NAS was seen in 73% of patients treated with
pioglitazone compared to 24% of placebo-treated patients, and there was a trend toward improvement in fibrosis in patients receiving pioglitazone[127]. The PIVENS
study[129] is a recent clinical trial that randomized 247
non-diabetic patients with biopsy-proven NASH to pioglitazone 30 mg/d, vitamin E 800 IU/d, or placebo for
24 mo. The primary outcome was histological improvement in the features of NASH. Pioglitazone, as compared to placebo, was not associated with a significantly
higher rate of improvement in the composite NAS score.
However, both vitamin E and pioglitazone treatment improved the scores of steatosis, inflammation, ballooning,
and serum aminotransferase levels[129]. It seems that liver
histology benefits obtained with pioglitazone therapy may
disappear with its discontinuation. Nonetheless, there is
a debate surrounding the long-term risk-benefit ratio of
pioglitazone therapy. The most frequent side-effects of
pioglitazone are weight gain of 2-5 kg and bone loss with
fractures[130]. Pioglitazone treatment can also precipitate
congestive heart failure in patients with preexisting cardiac failure[131]. In addition, increased bladder cancer risk
has been recently associated with pioglitazone use in diabetic patients[132].
Glucagon-like peptide-1 (GLP-1) agonists and dipeptidyl peptidase-Ⅳ (DPP-Ⅳ) inhibitors are new pharmacological agents with multiple anti-hyperglycemic actions. The biological activities of GLP-1 agonists include
glucose-dependent insulin secretion, suppression of
postprandial glucagon to reduce hepatic glucose release
and slowing of gastric emptying. There is also evidence
that GLP-1 agonists have beneficial effects on the liver,
including suppression of hepatic lipogenesis and stimulation of lipid oxidation[133,134]. A recent meta-analysis of
two GLP-1 agonists, liraglutide and exenatide, in populations with and without diabetes, including data on liver
enzyme tests from 12 of the 25 trials included, found
that ALT concentrations decreased after treatment with
the liraglutide but not with exenatide[135]. Clinical trials
with these agents in patients with NAFLD with or without T2DM are ongoing and their results are awaited in
the next years.
Increased oxidative stress occurs in NAFLD and
T2DM. Among antioxidant compounds, vitamin E has
the most significant evidence supporting its use. In the
PIVENS study[129], vitamin E supplementation, 800 UI/d,
resulted in significant improvement in pathological features of NASH. The improvement in NAS was observed
in 42% of patients receiving vitamin E compared with
19% of patients receiving placebo. Nevertheless, caution
must be applied regarding the long-term safety of vitamin E, especially in doses greater than 400 IU/d, which
may be associated with increased risk of all-cause mortality[136]. Currently, there is no evidence regarding vitamin E
effectiveness and safety in diabetic patients with NASH
or in patients with NASH-related cirrhosis.
GFT505, a dual peroxisome proliferator-activated re-
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ceptor (PPAR)-α/δ agonist, improved peripheral and hepatic insulin sensitivity in a randomized crossover study
to subsequent 8-week treatment periods with GFT505
(80 mg/d) or placebo. GFT505 also reduced liver enzyme
concentrations and could be a promising drug candidate
for the treatment of T2DM and NAFLD. There was no
indication of PPARγ activation and no safety concern
with GFT505[137].
Obeticholic acid (OCA), a farnesoid X agonist receptor, is a semi-synthetic human bile acid that regulates
glucose and lipid metabolism. Data from a small pilot
study demonstrate that OCA improves insulin sensitivity compared with placebo. Also, of importance, OCA
appears to improve liver injury in patients with T2DM
and NAFLD[138]. Larger studies with longer duration of
therapy and follow-up are needed to evaluate long-term
efficacy of these emerging therapies.

CONCLUSION
Patients with DM and NAFLD are prone to the severest
stages of liver diseases and to cardiovascular and liverrelated outcomes. The major challenge is to identify these
patients by accurate non-invasive methods. Many algorithms and new imaging methods are available but they
still need to be validated in this specific population. The
ideal treatment would be effective for both NASH and
diabetes, but it is not yet available. Given the importance
of cardiovascular and liver outcomes in diabetic patients,
effective interventions are urgently required in order to
prevent progression to these life-threatening and prevalent complications.
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Core tip: Although alcoholic liver disease (ALD) and
nonalcoholic fatty liver disease (NAFLD) have similar
pathological spectra, from simple hepatic steatosis to
steatohepatitis and liver cirrhosis, the epidemiological
and clinical characteristics of these two diseases differ.
Comparative analyses of the factors associated with
disease susceptibility and progression and the predictors and characteristics of outcomes would be helpful in
the management of these diseases. Notably, both ALD
and NAFLD are frequently accompanied by extrahepatic
complications, including cardiovascular disease and malignancy, which can influence patient survival.
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Alcoholic liver disease (ALD) and nonalcoholic fatty
liver disease (NAFLD) are serious health problems
worldwide. These two diseases have similar pathological spectra, ranging from simple hepatic steatosis to
steatohepatitis, liver cirrhosis, and hepatocellular carcinoma. Although most subjects with excessive alcohol or
food intake experience simple hepatic steatosis, a small
percentage of individuals will develop progressive liver
disease. Notably, both ALD and NAFLD are frequently
accompanied by extrahepatic complications, including
cardiovascular disease and malignancy. The survival
of patients with ALD and NAFLD depends on various
disease-associated conditions. This review delineates
the clinical characteristics and outcomes of patients
with ALD and NAFLD by comparing their epidemiology,
the factors associated with disease susceptibility and
progression, and the predictors and characteristics of
outcomes. A comprehensive understanding of the characteristics and outcomes of ALD and NAFLD is imperative in the management of these chronic liver diseases.

INTRODUCTION
Excessive alcohol intake is associated with various diseases, including alcoholic liver disease (ALD), cardiovascular disease, and cancer[1]. The prevalence of alcohol use
disorders increased dramatically in the sixteenth century
when alcohol distillation became more widespread, and
alcohol-associated diseases have continued to afflict humanity[2]. A recent review reported that alcohol substantially contributes to the global burden of disease and is
responsible for 4.6% of disability-adjusted life-years and
3.8% of all deaths[1]. Moreover, alcohol has a negative
effect on socioeconomic activities; the cost of excessive social drinking is 1% or more of the gross domestic
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Gender
ALD is predominantly observed in males. For example,
a cross-sectional study revealed that the male to female
ratio of patients with alcoholic liver cirrhosis was 9:1[18].
A nationwide study in the United States that assessed patients discharged from the hospital following a diagnosis
of ALD found that 4.5 per 100000 persons had acute
alcoholic hepatitis, with a male to female ratio of 1.83:1,
and that 13.7 per 100000 persons had chronic alcoholic
hepatitis with cirrhosis, with a male to female ratio of
2.64:1[19]. Studies have also revealed a male predominance
in the prevalence of NAFLD. For example, a study
from the United States found that 58.9% of patients
with NAFLD were male[11], and a large study from Japan
reported that the prevalence rates of NAFLD in males
and females were 41.0% and 17.7%, respectively. The
prevalence rates of NAFLD were higher at all ages in
males than in females, but the rate gradually increased in
females with age, from 3.3% in the second decade of life
to 31.3% beyond the sixth decade[12]. Similar trends were
observed in the Chinese population[20].

product in high-income countries[3].
Excessive food intake can lead to overweight and
obesity. An estimated 1.46 billion adults worldwide had a
body mass index (BMI) of 25 kg/m2 or higher in 2008,
which reflects modern overnutrition[4]. Metabolic syndrome often develops in obese individuals, and nonalcoholic fatty liver disease (NAFLD) has been recognized
as the liver manifestation of metabolic syndrome[5]. A recent study from the United States found that the annual
healthcare costs were 1.6-fold higher for subjects with
metabolic syndrome than for those without metabolic
syndrome[6].
ALD and NAFLD are both serious health and socioeconomic problems worldwide. Although these diseases
have similar pathological spectra, ranging from simple
hepatic steatosis to steatohepatitis and liver cirrhosis[7],
ALD and NAFLD differ from each other in many characteristics, ranging from differences in clinical features to
patient outcomes. A comparison of these diseases may
result in a better understanding and management of both
ALD and NAFLD. Therefore, in this review, we comprehensively characterized ALD by comparing its clinical
features and outcomes with those of NAFLD.

Ethnicity
Studies have reported ethnic differences in the prevalence
rates of ALD and NAFLD. For example, the prevalence
rate of alcoholic liver cirrhosis was higher among South
Asian males (32.8%) than among Afro-Caribbean males
(1.1%) in the United Kingdom[21]. A recent large study
of patients with NAFLD indicated that the prevalence
of this disease was higher in Hispanics (24.2%) than in
non-Hispanic Whites (17.8%) and non-Hispanic Blacks
(13.5%)[22].

EPIDEMIOLOGY
Table 1 displays the epidemiology of ALD and NAFLD.
Comprehensive data regarding the prevalence of ALD
are scarce. Geographic differences in alcohol intake have
been reported. For example, Eastern Europe has the
highest annual per capita intake (15.7 L per person), while
North Africa and the Middle East have the lowest (1.0 L
per person)[8]. Although patterns of alcohol intake may
affect the prevalence of ALD, studies from Europe, the
United States, and Asia, in which hepatic steatosis was
assessed using ultrasonography or magnetic resonance
imaging, reported that the prevalence of NAFLD ranged
from 12.9% to 46.0%[9-12]. A study from Japan demonstrated that the prevalence of NAFLD had increased
over time from 12.6% in 1989 to 28.4% in 2000[13]. Moreover, a recent study from China, where the per capita
annual alcohol intake is 4-6 L per person[8], found that
the prevalence rates of ALD and NAFLD were 4.5%
and 15.0%, respectively, and both rates are expected to
increase in the future[14].

DIAGNOSTIC PROCEDURES
Differentiation
As mentioned above, ALD and NAFLD have similar
pathological spectra, from simple steatosis to liver cirrhosis, which makes confident differentiation of the two
diseases difficult. However, the following histological
findings are helpful in the differential diagnosis[7]. The
fatty degeneration of liver cells occurs to a greater degree
in NAFLD than in ALD. In contrast, inflammatory cell
infiltration is more pronounced in ALD than in NAFLD.
Furthermore, venous or perivenular fibrosis, phlebosclerosis, and (less commonly) lymphocytic phlebitis are
more common in ALD than in NAFLD.
Clinically, the differentiation between ALD and
NAFLD is usually performed by taking a history of a
patient’s alcohol intake combined with laboratory and
imaging examinations; however, the reliability of these
methods may not be high[23]. Therefore, discriminant
indices consisting of clinical parameters have been developed[24-26]. For example, the ALD/NAFLD index (ANI)
is calculated from a patient’s gender, BMI, aspartate
aminotransferase (AST)/alanine aminotransferase (ALT)
ratio, and mean corpuscular volume (MCV)[25]. This index
has exhibited a high diagnostic accuracy, with an area un-

Age
A study from the United States revealed that the peak
prevalence of hospitalization for alcohol-related conditions was between 45 and 69 years of age[15]. In contrast,
the prevalence of NAFLD in a large Japanese study
peaked at 40-49 years of age in males and at age 60-69
years in females [12]; however, a large study in China
found that the prevalence of NAFLD in both males
and females peaked at 60-69 years of age[16]. In addition,
NAFLD is commonly observed in children; a recent autopsy study from the United States revealed that approximately 10% of children had NAFLD[17].
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Table 1 Epidemiology of alcoholic liver disease and nonalcoholic fatty liver disease

Prevalence rate (overall)

Prevalence rate (China)
Trend (Japan)

ALD

NAFLD

Ref.

Unclear
(rates may reflect geographical differences in the
amount of alcohol intake)
4.50%

12.9%-46.0%

[8-12]

15.0%
Increasing (12.6% in 1989; 28.4% in 2000)

[14]
[8]

40-49 yr in males; 60-69 yr in females (Japan)
60-69 yr (China)
Male dominant
Hispanics > Whites > Blacks

[12,15]
[16]
[11,12,18-20]
[21,22]

Peak age

45-69 yr (United States)

Gender
Ethnicity

Male dominant
South American males > Afro-Caribbean males

ALD: Alcoholic liver disease; NAFLD: Nonalcoholic fatty liver disease.

der the receiver operating characteristic curve (AUROC)
of 0.983 (cut-off value, 0; sensitivity, 93.5%; specificity,
92.0%) in the derivation set and AUROCs of 0.974, 0.989,
and 0.767 in the three validation sets. A recent validation
study confirmed the high accuracy of the index[27]. However, the ANI may be less reliable in patients with endstage liver disease because these patients frequently have
an elevated MCV and an increased AST/ALT ratio[25].
Because the ANI was formulated based on data sets
mainly obtained from Caucasians, this index may not be
applicable to other ethnic groups, suggesting the need for
indices specifically for these groups.

FibroTest for the diagnosis of advanced fibrosis in two
independent cohorts were 0.92 (cut-off value, 0.7; sensitivity, 25%; specificity, 97%) and 0.81(cut-off value, 0.7;
sensitivity, 25%; specificity, 99%), respectively[36].
Transient elastography has also been shown to be
useful in assessing the disease stage. For example, the accuracy of this method in assessing the fibrosis stage was
validated for ALD, with AUROCs of 0.94 (cut-off value,
11.60 kPa; sensitivity, 87%; specificity, 89%) for advanced
fibrosis and 0.87 (cut-off value, 22.70 kPa; sensitivity,
84%; specificity, 83%) for liver cirrhosis[37]. The AUROCs
of transient elastography, the APRI, and the FIB-4 index
for the diagnosis of advanced fibrosis in patients with
NAFLD were 0.93 (cut-off value, 9.6 kPa; sensitivity,
63.6%; specificity, 83.7%), 0.74 (cut-off value, 0.5; sensitivity, 65.1%; specificity, 72.3%), and 0.80 (cut-off value,
2.67; sensitivity, 20.6%; specificity, 95.5%), respectively[38].
Generally, transient elastography cannot differentiate
simple hepatic steatosis from mild hepatic fibrosis but
can assess the degree of hepatic fibrosis.
Recently, a novel measurement method for assessing the hepatic steatosis grade was developed, which has
been designated as the controlled attenuation parameter
(CAP)[39]. This method is based on transient elastography
and permits a simultaneous evaluation of the fibrosis
stage and the steatosis grade. Studies have demonstrated
the usefulness of CAP in quantitatively assessing the
steatosis grade with a high accuracy[40-42]. A large cohort
study found that the AUROCs of the CAP for the diagnosis of steatosis > 10%, steatosis > 33%, and steatosis
> 66% were 0.79, 0.84, and 0.84, respectively, in 440
patients who underwent a liver biopsy[42]. This study also
found that elevated CAP values were significantly associated with excessive alcohol intake, indicating a possible
clinical application of CAP in the diagnosis and management of ALD.
Further validation studies are required to establish
the usefulness of these non-invasive methods in patients
with ALD and NAFLD.

Assessment of disease stage
Following a differential diagnosis, the assessment of
disease severity and stage is vital for optimal patient management. Although a liver biopsy is the gold standard,
this procedure is invasive and costly and is accompanied
by patient discomfort, which affects its feasibility. Noninvasive methods for assessing the stage of fibrosis have
been recently developed, including fibrosis indices and
transient elastography[28]. Many fibrosis indices have been
devised based on clinical parameters, and the usefulness
of these indices has been tested in patients with chronic
liver diseases. The AST/platelet ratio index (APRI)[29], the
FIB-4 index[30], and the FibroTest[31] have been validated
for use in assessing the fibrosis stage in patients with
both ALD and NAFLD. The AUROC of the FibroTest
for the diagnosis of liver cirrhosis in patients with ALD
was 0.95 (cut-off value, 0.7; sensitivity, 91%; specificity,
87%)[32], while a more recent study found that the AUROCs of the APRI, the FIB-4 index, and the FibroTest
for liver cirrhosis in patients with ALD were 0.67, 0.80,
and 0.94 (cut-off value, 0.7; sensitivity, 86.6%; specificity,
86.0%), respectively[33]. In patients with NAFLD, the AUROCs of the APRI and the FIB-4 index for the diagnosis
of advanced fibrosis were 0.73 and 0.80 (cut-off value,
2.67; sensitivity, 33%; specificity, 98%), respectively[34],
and in another study, the AUROCs for the APRI and the
FIB-4 index were 0.82 (cut-off value, 1; sensitivity, 67%;
specificity, 81%) and 0.87 (cut-off value, 3.25; sensitivity,
48%; specificity, 95%), respectively[35]. Another study in
patients with NAFLD indicated that the AUROCs of the
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Table 2 Rates of alcoholic liver disease and nonalcoholic fatty liver disease progression and the factors associated with susceptibility
and progression

Rate of progression from simple hepatic steatosis to
liver cirrhosis
Rate of progression from steatohepatitis to liver
cirrhosis
Environmental factors associated with disease
susceptibility

ALD

NAFLD

Ref.

1.0%-3.1% per year

0%-2.5% per year

[51-55]

3.2%-12.2% per year

1.3%-3.5% per year

[51-54]

Increased alcohol intake

Increased calorie intake

[18,50,57]

Daily heavy drinking, not episodic or binge drinking
Environmental factors associated with disease
progression

Increased amount of alcohol intake
Spirits rather than beer or wine

Host factors associated with disease susceptibility
Age
Gender
Body mass index
Metabolic syndrome
Type 2 diabetes
Ethnicity
Genetic variant
Host factors associated with disease progression
Age
Gender
Body mass index
Metabolic syndrome
Type 2 diabetes
Ethnicity
Genetic variant

Older age
Female
Obesity
Presence
Presence
Hispanic, Black
PNPLA3 rs738409 G

Fructose
Higher intake of soft drinks
and meats
Fructose

Obesity
Presence
Presence
Hispanic
PNPLA3 rs738409 G

[18,60]
[62]
[58,61]
[59,62]
[65,66]
[57]
[22,58,67]
[22,71,72]
[71,72]
[11,73,74]
[80-84]

Older age
Female
Obesity

Older age
No difference

[58,67,68]
[52,55,58,67]
[58,67]

PNPLA3 rs738409 G

PNPLA3 rs738409 G

[80-84]

ALD: Alcoholic liver disease; NAFLD: Nonalcoholic fatty liver disease.

and/or to predict patient outcomes. Scoring systems
for ALD[43,44] include Maddrey’s discriminant function
(mDF), the glasgow alcoholic hepatitis score (GAHS),
the Age-Bilirubin-international normalized ratio (INR)Creatinine (ABIC) score, and the Lille score. Studies have
demonstrated that these systems are useful in predicting
the short-term survival of patients with alcoholic hepatitis[44,45]. The Brunt score[46] and the NAFLD activity score
(NAS)[47] are histological scoring systems for NAFLD.
Studies have suggested that the NAS has an excellent
ability to differentiate simple hepatic steatosis from
nonalcoholic steatohepatitis (NASH)[48]. Other scoring
systems for the assessment of NAFLD stage, such as the
NAFLD fibrosis score and the BARD score, have shown
promising results[49].

patients with simple hepatic steatosis and 16.0% for patients with steatohepatitis[52]. Studies examining the histological course of NAFLD over a mean follow-up period
of 3.2-13.8 years found that liver cirrhosis developed
in 0%-8% of the patients without hepatic fibrosis and
11.3%-17.6% of those with hepatic fibrosis[53,54]. A longterm (approximately 20 years) follow-up study on simple
hepatic steatosis observed that 22% of patients with
ALD and 1.2% of those with NAFLD developed liver
cirrhosis[55]. A recent autopsy study found that the ratios
of simple hepatic steatosis to steatohepatitis or liver cirrhosis were 2.33:1 in ALD patients and 3.60:1 in NAFLD
patients[56]. The differences in disease progression may be
caused by environment-host interactions. Table 2 contains the environmental and host factors that have been
suggested by clinical and/or basic research. Recent advances in genetics have provided further insight into the
host factors that can affect disease progression.

FACTORS ASSOCIATED WITH DISEASE
SUSCEPTIBILITY AND PROGRESSION

Environmental factors
The risks for the development and progression of ALD
are increased as the intake of alcohol increases[18,57,58]. The
type of beverage may also modify ALD progression. In a
pooled cross-sectional time-series analysis, the consumption of spirits, rather than beer or wine, was associated
with mortality from cirrhosis in primarily beer-drinking
countries[59]. Drinking patterns are also factors associated with ALD. Studies have demonstrated that daily or

Simple hepatic steatosis occurs in most subjects who ingest excessive amounts of alcohol[2] or food[50]. However,
only a small percentage of these individuals will develop
advanced liver fibrosis or liver cirrhosis. Repeat liver biopsies at 4-year intervals in patients with ALD indicated
that liver cirrhosis developed in 11% of the patients with
simple hepatic steatosis and 39% of those with alcoholic
hepatitis[51]. A recent cohort study of patients with ALD
estimated that the 5-year risk of cirrhosis was 6.9% for
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near-daily heavy drinking, not episodic or binge drinking,
is closely associated with ALD development[18,60]. Moreover, it was demonstrated that alcohol intake outside of
mealtimes and the intake of multiple, different beverages
increase the risk of developing ALD[18].
Similarly, a high total energy intake is positively associated with the development of NAFLD[50], and specific
dietary components affect the pathogenesis of this disease. A cross-sectional study found that a greater intake
of soft drinks and meats was associated with an increased
risk of NAFLD[61]. Fructose may contribute to disease
progression[62] and disease development[63], whereas the
ingestion of n-3 polyunsaturated fatty acids may decrease
intrahepatic fat deposition[64].

diabetes were found to be highly associated with NAFLD
development[22,71,72] but not NAFLD progression[68].
Ethnicity: Ethnicity may influence the pathogenesis of
ALD and NAFLD. For example, a large cross-sectional
study revealed that, among current drinkers, the activities
of the liver enzymes AST and γ-glutamyl transpeptidase
(GGT) were likely to be 2-fold higher in black non-Hispanic and Mexican Americans than in white non-Hispanic Americans[73]. Another study suggested that AfricanAmericans were more susceptible to alcohol-induced
hepatotoxicity than whites[74]. Although the homeostasis
model assessment of insulin resistance (HOMA-IR) was
not a significant risk factor for NASH among Latinos (OR
= 0.93; 95%CI: 0.85-1.02), the HOMA-IR was significant
among non-Latino whites (OR = 1.06; 95%CI: 1.01-1.11),
which suggests that ethnicity may modulate the effects of
IR on the risk of NASH[75].

Host factors
Age: The ability to metabolize alcohol decreases with age
because aging causes reductions in liver size and blood
flow to the liver and decreases the activity of enzymes
related to alcohol metabolism, such as alcohol dehydrogenase, acetaldehyde dehydrogenase, and cytochrome
P-4502E1[65,66]. Thus, the livers of older subjects become
more vulnerable to alcohol toxicity. Indeed, studies in
patients with ALD revealed positive correlations between
age and advanced fibrosis or liver cirrhosis[58,67]. Similarly,
a systematic review of NASH patients revealed that aging
was significantly associated with increased fibrosis[68]. The
aging of the human population worldwide will likely have
an impact on the progression of ALD and NAFLD.

Genetic factors: Considerable effort has been expended
to identify genetic factors that contribute to the pathogenesis of ALD and NAFLD[76,77]. Close links have been
found between single nucleotide polymorphisms (SNPs)
in DNA and the susceptibility to and severity of many
diseases. The patatin-like phospholipase domain-containing 3 gene, PNPLA3, encodes adiponutrin[78], a protein
thought to play an important role in lipid metabolism,
such as the hydrolysis of triacylglycerols[79]. A recent
genome-wide association study (GWAS) of NAFLD
suggested that a PNPLA3 SNP, I148M (rs738409 C/G),
is associated with increased hepatic fat content and hepatic inflammation[80]. Moreover, a recent meta-analysis[81]
confirmed that this SNP strongly correlates with both
hepatic fat content (patients with the GG genotype had
73% more hepatic fat than those with the CC genotype)
and disease progression (the pooled ORs of the GG vs
the CC genotype were 3.25 for having higher necroinflammatory scores and 3.26 for developing fibrosis). Notably, these findings were consistent across ethnic groups.
Similar results were obtained in patients with ALD[82-84].
For example, a multivariate analysis revealed that the
PNPLA3 SNP was more frequently found in ALD patients than in controls (OR = 1.54) and that this SNP was
the strongest independent predictor of the progression
of alcoholic liver cirrhosis (OR = 2.08)[84]. These findings
regarding the PNPLA3 SNP may explain, at least in part,
the ethnic differences in the susceptibility to and prevalence rates of ALD and NAFLD. For example, Hispanics
have been reported to be more susceptible to ALD[73]
and have the highest prevalence rate of NAFLD[11]; this
is consistent with the frequency of the PNPLA3 SNP,
which is highest among Hispanics[80].
Recent studies have found other PNPLA3 SNPs associated with NAFLD[85,86]. A recent GWAS of Japanese
NAFLD patients identified rs2896019 and rs381062,
SNPs that the investigators suggested are associated with
the NAFLD grade and/or stage[86]. Additionally, this
GWAS also found SAMM50 and PARVB SNPs, both

Gender: Females have been found to be more susceptible to alcohol-induced liver damage than males. For
example, a large prospective study found that the amount
of alcohol intake at which the relative risk of ALD is
greater than 1 was lower in females (7-13 beverages per
week) than in males (14-27 beverages per week)[57], and
multivariate analyses indicated that female gender was
significantly associated with increased fibrosis in patients
with ALD[58,67]. Studies of patients with simple alcoholic
steatosis found that females were at a higher risk for cirrhosis than males[52,55]. In contrast, although a gender difference was observed in the prevalence of NAFLD, no
significant gender difference was observed in the risk of
increased fibrosis among patients with NASH[68].
Obesity, metabolic syndrome, and type 2 diabetes:
Obesity predisposes the individual to the development
of both ALD[58] and NAFLD[22]. Although a higher BMI
was significantly associated with increased fibrosis in
ALD patients[58,67], obesity was not significantly associated with increased fibrosis in patients with NAFLD[68].
Insulin resistance (IR) is a key factor in the development
of metabolic syndrome[69] and is largely responsible for
the development of type 2 diabetes. Recent studies have
demonstrated the close relationship between ALD and
IR[70] and have suggested that metabolic syndrome and
type 2 diabetes are associated with the development of
ALD[71]. In contrast, IR or metabolic syndrome and type 2
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Table 3 Outcome predictors in patients with alcoholic liver disease and nonalcoholic fatty liver disease
Outcomes

ALD

Hepatocarcinogenesis
Underlying liver disease
Compensated cirrhosis
Decompensated cirrhosis
Compensated/decompensated cirrhosis

NAFLD

Not identified
Older age
PNPLA3 rs738409 G
Not identified

Unknown stage

Older age, any alcohol intake
Older age, elevated GGT, high CP score
Older age, type 2 diabetes, elevated AST,
low PLT

Ref.

[90]
[91]
[92-94]
[96]
[95]

Hepatic decompensation
Persistent alcohol intake
Mortality (overall)
Underlying liver disease
Simple hepatic steatosis
Simple hepatic steatosis/steatohepatitis
Advanced fibrosis/cirrhosis
Compensated cirrhosis
Decompensated cirrhosis

Low ALB, severe steatosis
Persistent alcohol intake, older age, smoking,
low ALB
Persistent alcohol intake
Older age, alcohol abuse, elevated ALP
Older age, persistent alcohol intake, low
ALB, high MELD score
Older age, poor liver function

Unknown stage
Type 2 diabetes, insulin resistance

[90]

Low ALB
Older age, type 2 diabetes
AST/ALT > 1, older age

[55]
[101]
[99,100]
[90]
[97]
[98]

Metabolic syndrome, older age, smoking,
Black
Type 2 diabetes, insulin resistance

[91]
[102]
[103]

ALD: Alcoholic liver disease; NAFLD: Nonalcoholic fatty liver disease; ALB: Albumin; ALP: Alkaline phosphatase; MELD: Model for end-stage liver
disease; GGT: γ-glutamyl transpeptidase; CP: Child-Pugh; AST: Aspartate aminotransferase; PLT: Platelet; ALT: Alanine aminotransferase.

of which were considered to be involved in the second
hit of NAFLD, leading to a shift from simple steatosis
to NASH. In contrast, a GWAS of Caucasian NAFLD
patients identified FDFT1 and COL13A1 SNPs[87]. Another GWAS of Caucasian NAFLD patients identified
NCAN and PPP1R3B SNPs, as well as a PNPLA3 SNP
(rs738409), and demonstrated that these SNPs correlate
with hepatic steatosis. Furthermore, it was found that
SNPs in the NCAN, GCKR, LYPLAL1, and PNPLA3
genes correlated with histological lobular inflammation/
fibrosis[88]. In addition, accumulated data have suggested
that some SNPs, other than the PNPLA3 SNP, may be
associated with the pathogenesis of ALD. A meta-analysis revealed a close relationship between a TNFA SNP
(rs361525) and ALD[89]. Moreover, several studies have
found a higher frequency of the CD14 -159 C/T SNP
in patients with alcoholic cirrhosis than in those without
this disease[76]. Despite extensive genome-wide searching,
the PNPLA3 rs738409 G genotype is one of the few
confirmed genetic factors contributing to a patient’s susceptibility to both ALD and NAFLD and to the progression of both diseases. Because this SNP may be useful in
screening and managing high-risk patients and may constitute a therapeutic target, further studies are warranted.

Hepatocarcinogenesis
Although a recent study of patients with compensated
alcoholic cirrhosis failed to identify any risk factors
significantly associated with hepatocarcinogenesis[90], a
study of patients with decompensated alcoholic cirrhosis
found that older age was significantly associated with
hepatocarcinogenesis[91]. Moreover, the PNPLA3 SNP
was reported to be closely associated with the susceptibility to hepatocellular carcinoma (HCC) in patients with
ALD[92,93].
Older age and alcohol intake were found to be independent risk factors for hepatocarcinogenesis in patients
with NASH-related cirrhosis[94]. A multivariate analysis of
a large number of Japanese patients with NAFLD found
that older age, type 2 diabetes, an elevated serum AST
concentration, and a low platelet count were significantly
associated with hepatocarcinogenesis[95].
A recent study compared hepatocarcinogenesis in
patients with alcoholic liver cirrhosis and NASH-related
cirrhosis. A multivariate analysis revealed that older age,
an elevated serum GGT concentration, and a higher
Child-Pugh score were risk factors for the development
of HCC in patients with NASH-related cirrhosis, whereas
no factor was found to be significantly associated with hepatocarcinogenesis in patients with alcoholic cirrhosis[96].

PREDICTORS OF OUTCOMES

Hepatic decompensation
Persistent alcohol intake has been reported to predict
hepatic decompensation in patients with alcoholic cirrhosis[90]. To our knowledge, however, no studies to date

Predictors of hepatocarcinogenesis, hepatic decompensation, and mortality have been identified in patients with
ALD and NAFLD (Table 3).
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Metabolic syndrome and its related diseases
Excessive alcohol intake is highly associated with metabolic syndrome-related diseases, including hypertension,
type 2 diabetes, and dyslipidemia[104-107], whereas NAFLD
and metabolic syndrome are closely related[108]. Few studies to date have compared the associations of ALD and
NAFLD with metabolic syndrome and/or related diseases. A recent study, however, found that an alcoholic fatty
liver was more strongly associated with hypertension than
a nonalcoholic fatty liver, whereas the latter was more
strongly associated with dyslipidemia than the former[109].
Further studies are required to confirm these findings.

have assessed the risk factors for hepatic decompensation
in patients with compensated NASH-related cirrhosis.
Mortality
A long-term cohort study analyzed the predictors of
mortality in patients with ALD and simple hepatic steatosis and reported that a low serum albumin concentration
and severe steatosis were significantly associated with
increased mortality[55]. Moreover, persistent alcohol intake
was found to be the only factor predictive of mortality
in patients with compensated alcoholic cirrhosis[90]. A
long-term follow-up study, in which most of the patients
suffered from decompensated alcoholic cirrhosis, found
that older age, alcohol abuse, and elevated alkaline phosphatase levels were risk factors for mortality[97]. In another long-term follow-up study involving patients with
decompensated alcoholic cirrhosis, older age, persistent
alcohol intake, a low serum albumin concentration, and a
higher baseline model for end-stage liver disease (MELD)
score were predictive of mortality[98]. Similarly, older age
and poorer liver function were significantly associated
with increased mortality in patients with decompensated
alcoholic cirrhosis[91]. More recently, an analysis of patients with advanced, non-decompensated ALD revealed
that smoking, a low serum albumin concentration, persistent alcohol intake, and older age were associated with
increased mortality[99].
In patients with NAFLD and simple hepatic steatosis,
only a low serum albumin concentration was found to be
significantly associated with patient mortality[55]. A longterm cohort study involving patients with NAFLD found
that an AST/ALT ratio > 1 and older age were associated
with overall mortality, whereas higher serum bilirubin
concentrations and stage 4 fibrosis were associated with
liver-related mortality[100]. Older age and accompanying
type 2 diabetes were significantly associated with increased mortality in patients with biopsy-proven NAFLD,
whereas NASH, older age and type 2 diabetes were risk
factors for liver-related mortality[101]. A recent, large
population-based study revealed that metabolic syndrome
was independently associated with overall mortality, liverspecific mortality, and cardiovascular mortality and that
older age, smoking, and black race were risk factors for
overall mortality[102].
A large cohort study found that type 2 diabetes and/
or IR were independent predictors of overall mortality in
patients with both ALD and NAFLD. Furthermore, type
2 diabetes, IR, obesity, and metabolic syndrome were
independent predictors of liver-related mortality in both
patient subsets[103].

Cerebrovascular and cardiovascular diseases
Although little is known regarding the relationships
between ALD and cerebrovascular and cardiovascular
diseases, excessive alcohol intake has been reported to
enhance the risks of these diseases, whereas light-tomoderate alcohol intake lowers these risks[110-112]. In comparison, a systematic review confirmed that NAFLD is
an independent risk factor for cardiovascular disease[113],
but it remains unclear whether NAFLD is a risk factor
for cerebrovascular disease.
Extrahepatic malignancy
Although alcohol per se is not a carcinogen, excessive
alcohol intake has been associated with HCC and other
cancers, including oral cavity, pharyngeal, laryngeal,
esophageal, colorectal, and female breast cancer[96,114]. A
recent systematic review suggested a close relationship
between NAFLD and colorectal cancer[113].

CHARACTERISTICS OF OUTCOMES
ALD and NAFLD are heterogeneous disorders that
encompass a wide range of pathologies, from simple hepatic steatosis to liver cirrhosis and HCC. Furthermore,
both diseases are frequently accompanied by extrahepatic
complications. Patient survival can depend on various
disease conditions. Although few studies to date have directly compared the outcomes of patients with ALD and
NAFLD, we have delineated the characteristics of the
reported outcomes (Table 4).
Hepatocarcinogenesis
The cumulative incidence rates of HCC were 6.8% at
10 years in ALD patients with compensated cirrhosis[90]
and 7.1% at 5 years in patients with decompensated cirrhosis[91]. In contrast, a systematic review found that the
cumulative incidence rate of HCC at up to 20 years in
patients with NAFLD or NASH, of whom few or none
had cirrhosis, was 0%-3%[115]. In patients with NASH and
cirrhosis, the cumulative rates of HCC ranged from 2.4%
over 7 years to 12.8% over 3 years[115]. A large Japanese
study of patients with NAFLD found that the annual
rate of new HCC cases was 0.043%[95]. More recently, the
5-year cumulative rates of HCC were found to be com-

COMORBIDITIES
ALD and NAFLD are frequently accompanied by extrahepatic complications. Therefore, we compared the
comorbidities of patients with these two types of liver
disease.
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Table 4 Outcome characteristics of patients with alcoholic liver disease and nonalcoholic fatty liver disease
Outcomes

ALD

Hepatocarcinogenesis
Incidence rate
Simple hepatic steatosis/steatohepatitis
Steatohepatitis/cirrhosis
Compensated cirrhosis
Decompensated cirrhosis
Compensated/decompensated cirrhosis
Unknown stage
Prevalence rate of non-cirrhotic liver as
underlying liver disease
Comparison of survival
Hepatic decompensation
Incidence rate
Compensated cirrhosis
Mortality (overall)
Incidence rate
Simple hepatic steatosis
Steatohepatitis
Steatohepatitis/cirrhosis
Compensated cirrhosis
Decompensated cirrhosis
Compensated/decompensated cirrhosis
Compared with liver diseases due to other causes

Improved survival
Causes of death
Simple hepatic steatosis
Liver-related causes
Arteriosclerosis
Extrahepatic malignancy
Infection
Cirrhosis
HCC
Liver failure
Cardiovascular disease
Cerebrovascular disease
Infection
Extrahepatic malignancy

NAFLD

Ref.

0%-0.2% per year
0.3%-4.3% per year

5.3%-12.0%

2.1% per year
0.043% per year
25.0%-58.3%

[115]
[115]
[90]
[91]
[96]
[95]
[116-118]

Similar to non-ALD, NBNC HCC

Better than ALD- or HCV-related HCC

[119,120]

4.4% per year

4.5% per year

[90,121]

0.7% per year
1.4% per year
2.5% per year

3.3% per year
5.0% per year
1.8% per year
3.2% per year
5.7%-6.0% per year
5.0% per year
Similar to HCV-related compensated
liver disease
Similar to HCV-related compensated Better than HCV-related compensated
cirrhosis
cirrhosis
Similar to HCV-related decompensated Similar to HCV-related decompensated
cirrhosis
cirrhosis
Similar to HCV-related cirrhosis
Abstinence

[52]
[52]
[100]
[90]
[91,97]
[124]
[100]
[90,122]
[91,122]
[124]
[123]
[55]

17%
20%
14%
3%

2%
38%
17%
8%

10%-13%
25%-60%
1%
1%-4%
8.9%-25%
8%-25%

6.9%-47.4%
17.2%-31.6%
27.6%

[90,97,98,122,124]

41.4%

ALD: Alcoholic liver disease; NAFLD: Nonalcoholic fatty liver disease; HCC: Hepatocellular carcinoma; NBNC: Non-B, non-C; HCV: Hepatitis C virus.

parable in patients with alcoholic (12.5%) and NASHrelated (10.5%) cirrhosis[96].
Collectively, the incidence of HCC seems to be somewhat higher in patients with ALD than in patients with
NAFLD. Most (88.0%-94.7%) ALD-related HCCs arise
from cirrhosis, whereas 41.7%-75.0% of NAFLD-related
HCCs arise from a non-cirrhotic liver[116-118]. Moreover,
there was no difference in age between the patients with
ALD-related HCC and those with NAFLD-related HCC,
although the percentage of females was lower in the former than in the latter[116,119].
To our knowledge, no studies to date have compared
the outcomes of patients with ALD- and NAFLD-related
HCC. A study of patients who had non-hepatitis B/nonhepatitis C HCC found that the survival rates were similar
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between the patients with ALD-related HCC and those
with non-ALD-related HCC, whereas the tumor recurrence rate was higher in the ALD group[120]. A comparison of the outcomes of curative treatment for HCC in
patients with NASH and those with ALD or hepatitis
C-related liver disease revealed that the cause of liver
disease did not influence the recurrence-free survival according to a multivariate analysis, whereas NASH was significantly associated with an improved overall survival[119].
Hepatic decompensation
A study of the natural history of alcoholic cirrhosis
found that the cumulative 10 year hepatic decompensation rate was 37.4%[90]. During the follow-up, only approximately one-fourth of these patients abstained from
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alcohol. In contrast, 45% of patients with compensated
NASH-related cirrhosis developed hepatic decompensation during a follow-up of 10 years[121]. Ascites, a manifestation of hepatic decompensation, is frequently observed
in patients with alcoholic cirrhosis[90,98,122], but the incidence of ascites is relatively low in patients with NASHrelated cirrhosis[121].

NAFLD, of whom 41.6%-59.2% had NASH, found that
the leading causes of death were cardiovascular disease
(27.8%-28.2%), liver-related causes (15.4%-26.1%), and
extrahepatic malignancy (15.7%-17.9%) [101,129]. Similar
patterns were observed in other studies of patients
with NAFLD, with the leading causes of death being
extrahepatic malignancy (28.0%-33.3%), liver-related
complications (12.8%-19.0%), and cardiovascular disease (19.0%-25.0%)[130-133]. In one study of patients with
NASH-related cirrhosis, the major causes of death were
infection (41.4%), cardiovascular disease (27.6%), and
liver-related complications (24.1%)[121], whereas the causes
were HCC (47.4%) and liver failure (31.6%) in a second
study[124].
In summary, the mortality rates of patients with ALD
and NAFLD were found to be similar, although the
causes of death differed somewhat. When compared with
patients with hepatitis C, larger percentages of patients
with ALD and NAFLD died of extrahepatic causes;
many ALD patients died of infection and extrahepatic
cancers, and many NAFLD patients died of cardiovascular disease.

Mortality and causes of death
The cumulative 5-year survival rates of patients with
ALD were reported to be 83.3% in patients with simple
hepatic steatosis and 74.9% in those with alcoholic
steatohepatitis[52]. Furthermore, the cumulative 5-year
survival rates in patients with compensated and decompensated alcoholic cirrhosis were reported to be 83.9%[90]
and 71.3%[91], respectively. Abstinence from alcohol has
the potential to increase the survival of patients with alcoholic cirrhosis[123]. In a study of the survival of patients
with decompensated alcoholic and hepatitis C-related
cirrhosis, a multivariate analysis revealed that the cause of
liver disease did not affect survival[91].
A comparison of patients with NASH-related cirrhosis (mean Child-Pugh score 6.1) and hepatitis C-related
cirrhosis (mean Child-Pugh score 6.1) revealed that the
cumulative 5-year survival rates were 75.2% and 73.8%,
respectively[124]. A similar study examining the natural history of advanced fibrosis or compensated cirrhosis due to
either NASH or hepatitis C found that the 10-year cumulative survival rates were 81.6% and 82.0%, respectively[100].
A recent study of patients with NASH-related or
alcoholic cirrhosis who underwent liver transplantation
found no significant differences in the post-transplant
survival and cardiovascular mortality rates. However,
cardiovascular causes of post-transplant death were more
frequent in the NASH group, while malignancies were
more frequent in the alcoholic group[125]. In addition,
studies have reported that the overall survival after liver
transplantation was excellent in patients with HCC and
ALD or NAFLD[126,127].
The causes of death have been found to differ in
patients with ALD and NAFLD. A long-term followup of patients with simple hepatic steatosis revealed that
many of the patients with ALD and NAFLD died of
extrahepatic, rather than hepatic, causes. For example,
the main causes of death in ALD patients were arteriosclerosis (20%), liver cirrhosis (17%), unknown causes
(16%), and extrahepatic cancers (14%), whereas the main
causes of death in NAFLD patients were arteriosclerosis (38%), unknown causes (19%), extrahepatic cancers
(17%), and infections (8%)[55]. Similarly, studies of patients with alcoholic cirrhosis indicated that a significant
percentage of individuals died of extrahepatic causes,
with the leading causes being liver failure (25.0%-36.0%),
bacterial infection (11.5%-25.0%), extrahepatic cancers
(8.0%-25.0%), and HCC (12.5%-13.0%)[90,98]. A population-based study found that ALD contributed to liverrelated but not cardiovascular mortality[128]. Moreover,
recent studies of patients with histologically proven
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CONCLUSION
In this review, we attempted to delineate the characteristics and outcomes of patients with ALD and NAFLD,
particularly from a clinical aspect. Both liver diseases are
generally related to unhealthy lifestyle habits, including
excessive alcohol and food intake, and both are likely to
be serious health problems in the future. In contrast to
chronic viral liver diseases, ALD and NAFLD are frequently accompanied by extrahepatic diseases that can influence patient survival. A comprehensive understanding
of these diseases is essential for their management.
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Nonalcoholic fatty liver disease and cardiovascular disease
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be carefully evaluated in future research, which represents an intriguing field of investigation. A better understanding of the role of inflammation, oxidative stress,
and insulin resistance, among other mechanisms, may
be necessary to clarify the pathogenesis of NAFLD and
CVD, and thereby contribute to the development of
new therapies.
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Abstract
Nonalcoholic fatty liver disease (NAFLD) and cardiovascular disease (CVD) are two diseases that are common in the general population. To date, many studies
have been conducted and demonstrate a direct link
between NAFLD and CVD, but the exact mechanisms
for this complex relationship are not well established.
A systematic search of the PubMed database revealed
that several common mechanisms are involved in many
of the local and systemic manifestations of NAFLD and
lead to an increased cardiovascular risk. The possible
mechanisms linking NAFLD and CVD include inflammation, oxidative stress, insulin resistance, ectopic adipose
tissue distribution, dyslipidemia, endothelial dysfunction, and adiponectin, among others. The clinical implication is that patients with NAFLD are at an increased
risk of CVD and should undergo periodic cardiovascular
risk assessment.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a common
liver disease seen in clinical practice. It comprises a wide
disease spectrum ranging from simple steatosis to nonalcoholic steatohepatitis (NASH), which can progress
to end stage liver disease, cirrhosis and hepatocellular
carcinoma[1]. Initially, NAFLD was considered a benign
liver disease, but it is now regarded as the liver manifestation of metabolic syndrome (MetS), a highly atherogenic
condition. Most patients are overweight or obese with
insulin resistance (IR), hypertension, and dyslipidemia.
When compared with control subjects who do not have
NAFLD, patients with NAFLD have a higher prevalence
of atherosclerosis, which is independent of obesity and
other established risk factors[2]. The role of NAFLD as a
potential independent cardiovascular disease (CVD) risk
factor has recently gained considerable prominence. The
purpose of this review is to discuss the pathogenesis of
NAFLD, the relationship between NAFLD and CVD,
the mechanisms that link both conditions, and the clinical implications that may influence NAFLD and risk of
CVD.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Published studies on the association between nonalcoholic fatty liver disease and cardiovascular disease
Ref.

Population sample size

Targher et al[9]
Lu et al[8]
Defilippis et al[10]
Feitosa et al[11]

Akin et al[12]
Catena et al[14]

Colak et al[15]

Diagnosis
methods

702 patients with T2 DM Liver ultrasound

Outcomes

Main results

AF

NAFLD is strongly associated with an increased prevalence of persistent
and permanent AF in patients with T2 DM
7042 participants
Liver ultrasound
c-IMT and
NAFLD was significantly associated with cardiovascular outcomes
and CT
CAD
independent of conventional risk factors
3362 subjects aged 45-84
CT
Atherogenic
CT-diagnosed NAFLD was associated with atherogenic dyslipidemia
yr
dyslipidemia
even after adjustment for several metabolic risk factors
2756 subjects
CT and elevated
CHD
FL and ALT (> 40 U/L) were each individually associated with prevalent
ALT
CHD. However, when accounting for traditional metabolic risk factors in
a multivariate model FL and no predictive value for CHD
157 obese patients
Liver ultrasound
c-IMT
Obese patients with NAFLD had markedly increased c-IMT than those
without NAFLD
68 patients with essential Liver ultrasound
AASI
In hypertensive patients, AASI and symmetric AASI were higher than in
hypertension
normotensive subjects (P < 0.001), but both indices of vascular stiffness
were comparable in patients with and without NAFLD
51 patients in study
Liver biopsy
c-IMT
C-IMT was significantly higher in patients with NAFLD group(P < 0.001)
group and 21 in control
group

T2 DM: Type 2 diabetes mellitus; AF: Atrial fibrillation; c-IMT: Carotid intima media thickness; FT: Fatty liver; CHD: Coronary heart disease; CAD: Coronary atherogenic dyslipidemia; AASI: Ambulatory arterial stiffness index.

studies supported by a recent meta-analysis have shown
that NAFLD was associated with IR and diabetes and
that NAFLD presence predicted the development of diabetes[8]. In a Korean study of 11091 individuals without
diabetes at baseline, where fasting insulin levels were also
measured and divided into quartiles, the 5-year (crude)
OR for developing T2 DM in the presence of ultrasound
evidence of fatty liver at baseline was 5.05 (95%CI:
2.08-12.29) for the lowest insulin quartile and was 6.34
(95%CI: 3.58-11.21) for the highest insulin quartile[9]. After multivariate adjustment, including for baseline glucose
level, the OR for the highest insulin quartile remained
significant at 2.42 (95%CI: 1.23-4.75)[10].

NAFLD, METS AND DIABETES
In general, NAFLD is diagnosed based on the following
criteria: liver biopsy showing steatosis in at least 5% of
hepatocytes or imaging study confirmation; exclusion of
liver disease of other etiology, including alcohol-induced
liver disease (history of excessive alcohol consumption
greater than 20 g/d), drug-induced liver disease, autoimmune or viral hepatitis, as well as cholestatic or metabolic/genetic liver disease[3]. A joint interim statement
of the International Diabetes Federation defines MetS
with three of the five criteria, including elevated waist circumference, elevated triglycerides, reduced high-density
lipoprotein (HDL), elevated blood pressure, and elevated
fasting-glucose levels[4]. Approximately 90% of patients
with NAFLD have at least one of the features of MetS,
and approximately 33% meet the complete diagnosis,
placing NAFLD as the hepatic representation of MetS[5].
The prevalence of metabolic abnormalities such as diabetes and hypertension were increased up to 15-fold in
patients with NASH compared to steatosis independent
of age or body mass index (BMI). The relationship between diabetes and NAFLD remains poorly understood;
thus, further prospective study of the association and
outcomes should be performed. NAFLD predicts the
development of type 2 diabetes mellitus (T2 DM) and
vice versa, and each condition may serve as a progression
factor for the other. In a recent study of T2 DM patients
with an average BMI of 36 kg/m2, over 60% of patients
who underwent weight reduction surgery (n = 64 of 92)
had moderate to severe NAFLD on liver biopsy[6]. A
study by Leite et al[7] in patients with T2 DM found that
three of the 92 patients had histological evidence of cirrhosis secondary to NAFLD without clinical evidence
of liver disease. To approach the relationship between
NAFLD and diabetes from another perspective, multiple
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NAFLD AND CARDIOVASCULAR
DISEASE PREVALENCE
The clinical manifestations of NAFLD, such as steatosis
and inflammation, are additional risk factors of CVD,
although the precise mechanisms by which NAFLD
contributes to CVD are still the subject of ongoing research. The age of onset of CVD events in NAFLD patients ranged from 45 to 65 years[11]. All had significantly
higher estimated CVD risk at 10 years (17% vs 10%) by
the Framingham risk score (FRS) than NAFLD patients
without new CVD events[12]. The mortality rate among
patients with NAFLD followed for 8 years was higher
than that in the general population. In another study consisting of biopsy-diagnosed NAFLD patients who were
followed for 18 years, CVD was among the common
causes of death after all of the cancers combined[13].
Clinical studies
Table 1 summarized several latest clinical studies on the
relationship between NAFLD and CVD. Targher et al[9]
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showed a significant increase of atrial fibrillation (AF) in
the presence of NAFLD (retrospective, n = 702, Caucasians). Lu et al[8] suggested that NAFLD was a strong
independent predictor of CVD and may play a central
role in the cardiovascular risk of MetS. DeFilippis et al[10]
showed that CT-diagnosed NAFLD was associated with
the atherogenic dyslipidemia phenotype in a dose dependent fashion. These relationships persisted after adjustment for several metabolic risk factors and HOMAIR, suggesting a possible independent pathophysiologic
role between NAFLD and dyslipidemia (prospective,
n = 3362, Caucasian, Chinese, African American, Hispanic). Feitosa et al[11] showed that ALT (≥ 40 U/L) was
a predictor of prevalent coronary heart disease (CHD) in
men but not in women, while CT measured liver fat (FL)
was not significant in either sex (prospective, n = 2756,
European-American). Akın et al[12] showed that obese
children and adolescents with NAFLD are at an risk of
early atherosclerotic changes. As liver function tests are
not sufficient to identify patients with fatty liver, ultrasonographic evaluation of NAFLD might be considered
in all obese children and adolescents (cross-sectional, n
= 157, Turkey). Catena et al[14] showed that in essential
hypertensive patients without additional cardiovascular
risk factors, NAFLD is associated with IR but not with
increased arterial stiffness (observational, cross-sectional,
n = 68, Italy). Colak et al[15] showed that NAFLD is associated with earlier endothelial dysfunction in patients
with atherosclerosis compared to control subjects (observational case-control, n = 51, Turkey). Based on the evidence enumerated above, NAFLD patients have higher
incidence of AF, atherosclerotic changes, dyslipidemia
and coronary heart disease. Therefore, our primary goal
was to systematically evaluate the possible mechanisms
linking NAFLD and CVD, their implication in clinical
practice and various treatment modalities.

NAFLD in itself may contribute to the increased risk
of CVD[17-19]. However, the exact mechanisms for this
complex relationship are not clear. It is likely that several
highly interrelated factors contribute to the enhanced
risk of diabetes and metabolic syndrome in persons with
NAFLD. The following factors are possible explanations
of underlying mechanisms of the association between
CVD and NAFLD.
Oxidative stress and inflammation
It has recently been shown that NAFLD is an independent risk factor for death from CVD. Although the precise mechanism linking NAFLD and CVD is unclear, a
systematic review and meta-analysis have shown that a
marker of NAFLD (and oxidative stress) may be the key
link between NAFLD and CVD[20]. These data suggest
that some component of oxidative stress, perhaps induced by the disease process in NAFLD, may be involved
in the pathogenesis of CVD. Oxidative stress plays an
important role in the progression from simple steatosis
to steatohepatitis[15]. The association between oxidative
stress and NAFLD in humans has been demonstrated by
the immunohistochemical detection of lipid peroxidation
products and 8-hydroxy-deoxyguanosine in the plasma
and liver biopsies from patients with NAFLD[21]. Inflammation is crucial in the pathogenesis of NAFLD, and
adipose tissue is now considered a metabolically active
endocrine organ that produces pro-inflammatory cytokines, including TNF-α, IL-6, C-reactive protein (CRP)
and IL-8. There is also evidence to support the activation
of other inflammatory pathways, oxidative stress, as well
as de novo pathways by TNF-α. A cross-sectional survey
of 360 people indicated that an increase in CRP (OR =
1.37; 95%CI: 1.06-1.77) per 1 SD (1.48 mg/L) was an independent risk factor for NAFLD[21].
IR
Increased IR is an undisputed major contributor to
NAFLD, MetS, and atherosclerosis. In fact, liver fat
content appears to be the best independent predictor
of IR in skeletal muscle, adipose tissue, and the liver[12].
Similarly, adverse CV outcome is likely to be associated
with liver fat/inflammation in a monotonic relationship,
progressively increasing with more advanced stages of
NAFLD. While IR promotes fatty acid accumulation in
the liver, the latter causes hepatic IR characterized by a
lack of suppression of endogenous liver glucose production[22]. Therefore, NAFLD might act as a stimulus
for further increased whole-body IR and dyslipidemia
(with a characteristic overproduction of triglyceride- and
cholesterol-rich remnant particles), leading to accelerated
atherosclerosis[1].

Classical and new emerging risk factors
The new risk factors for CVD include markers such as
inflammation (e.g., C-reactive protein, lipoprotein A), homocystine, and markers of fibrinolytic and homeostatic
function [e.g., fibrinogen, tissue plasminogen activator,
and plasminogen activator inhibitor-1 (PAI-1)]. These
markers are also associated with NAFLD[13]. A case-control study of 35 patients diagnosed with NAFLD by liver
biopsy and 45 healthy controls showed that the plasma
homocysteine level was higher in NAFLD patients compared to the control group (p = 0.0341)[16]. The classic
common risk factors for NAFLD and CVD are age and
gender, physical inactivity, T2DM, hyperlipidemia, obesity, and hypertension[16].

POSSIBLE MECHANISMS LINKING NAFLD
AND CVD

Visceral fat
Individuals with obesity have large amounts of visceral
adipose tissue (VAT). VAT is a metabolically active endocrine organ that can secrete pro-inflammatory cytokines,
adipokines and hormones that mediate inflammation

The association of NAFLD with MetS and diabetes
maybe partially explain the increased risk of CVD
with NAFLD. Additionally, several studies showed that
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and IR, which, in turn, affect CV risk factors[23]. VAT
is defined as intra-abdominal fat bounded by parietal
peritoneum or transversalis fascia. Recently, increased
VAT assessed by CT showed a significant association
with CVD, which was defined by the presence of plaque
calcification[24,25]. However, the mechanisms linking visceral fat or obesity to CV disease are strongly related to
IR, which itself is robustly associated with CV risk and
atherosclerosis, already reviewed in detail[26]. It is therefore unclear whether VAT actually confers direct CV risk
through secreted factors, or indirectly via IR-related processes, or both[16]. Further studies to identify the association between NAFLD and CVD through VAT should be
considered.

hyperlipidemia is derived from an increase of remnant
lipoproteins (RLPs)[15]. In patients with IR, an increase of
postprandial RLP values usually occurs and becomes a
risk factor for coronary heart disease[43-46]. Swarbrick et al[47]
showed that consumption of fructose-sweetened, but not
glucose-sweetened, beverages for 10 wk increases de novo
lipid synthesis as well as the 24-h postprandial TG, which
includes increased levels of apoB, LDL, oxidized LDL,
RLP triglyceride, and the apoB/apoA1 ratio (all biomarkers were increased for CVD). Therefore, postprandial
hyperlipidaemia may explain, at least in part, why some
lean, overweight, and obese individuals with NAFLD
may encounter CVD despite normal fasting lipid profiles
or taking lipid-lowering medication[48-51].

Ectopic adipose tissue distribution
In keeping with the adverse cardiovascular effects of
ectopic hepatic fat, recent studies have also described the
effects of ectopic fat accumulation in the heart, which
correlates with visceral fat, IR and MetS parameters[27].
Additionally, ectopic hepatic fat has been shown to be independently associated with NAFLD[28]. In a recent metaanalysis of 16 studies (n = 2872), epicardial fat thickness
or volume was significantly associated with the presence
of coronary artery disease[2,29].

Endothelial dysfunction
Endothelial dysfunction is now recognized as the earliest detectable component in the development of atherosclerosis. In both diabetic and non-diabetic cohorts,
studies have shown an independent association between
impaired endothelium-dependent flow-mediated dilation (FMD) and NAFLD. In addition, lower FMD was
observed in NASH compared with simple steatosis, again
confirming the graded association of CV risk with severity of NAFLD[52-54].

Adiponectin
Mature adipocytes act as an active endocrine and paracrine organ, secreting an increasing number of growth
factors that participate in diverse metabolic processes,
particularly IR[4,30,31]. Patients with NAFLD exhibit reduced levels of adiponectin, which are inversely correlated with the severity of NAFLD histology[32]. The reduced
production of adiponectin associated with obesity may
contribute to the progression of NAFLD[33].

Chronic kidney disease
NAFLD may also be associated with a detrimental effect
on other organs that may have a direct or indirect influence on CVD or organs that may accelerate the presentation of CVD[55]. For example, NAFLD has been shown
to be associated with the development of chronic kidney
disease (CKD) in Korean individuals. Therefore, NAFLD
may indirectly modulate the risk of CVD through
CKD[56].

Dyslipidaemia
Dyslipidaemia causes upregulation of the transcription factor sterol regulatory element binding protein-1c
(SREBP-1c), and both insulin and SREBP-1c synergistically stimulate genes involved in de-novo lipogenesis.
SREBP-1c also causes inhibition of FFA oxidation, leading to increased hepatic lipid content[34-36]. To compensate
for the increased hepatic triglycerides, the liver forms an
atherogenic lipid profile, consisting of high TG levels,
low high-density lipoprotein (HDL) cholesterol, increased
small, dense low-density lipoprotein (LDL) particles, increased very low-density lipoprotein (VLDL) cholesterol
levels and elevated apolipoprotein B100 concentration; all
of which are strongly associated with adverse cardiovascular outcomes[37-39].

Obstructive sleep apnea
Obstructive sleep apnea (OSA) is characterized by loud
and frequent snoring, periods of apnea during sleep, and
excessive day somnolence[9,12,57]. Interestingly, OSA is also
regarded as one of the factors that accelerate the progression of NAFLD to NASH. Importantly, a considerable
number of studies have shown an increase in the incidence of CVD in people with OSA. Animal studies have
shown that OSA can lead to an increase in IR and alterations in lipid metabolism in the presence of NAFLD[14].
The conclusion of that study was that OSA is associated
with an increased risk of CVD, which has also been demonstrated in epidemiological, clinical and physiological
studies[22].
Pro-coagulation and hypofibrinolysis
The prothrombotic state in the atherosclerosis process
encompasses platelet hyper-aggregability, hypercoagulability and hyper-fibrinolysis[14,58,59]. Markers of fibrinolytic
and hemostatic function (e.g., fibrinogen, tissue plasminogen activator, and PAI-1-antigens) are strongly associated
with NAFLD. PAI-1 is expressed in visceral adipose tis-

Postprandial hyperlipidemia
NAFLD may be linked to accelerated atherogenesis
through the presence of abnormal lipoprotein metabolism, especially during the post-prandial phase[11]. Postprandial hyperlipidemia is a risk factor for both NAFLD
and CVD[40-42]. The atherosclerotic risk of postprandial
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Antiobesity drugs
Visceral obesity

Low physical activity,
smoking, etc .

Cardiovascular disease
(macrovascular and
microvascular disease)

Cardiometabolic
status

Metabolic abnormalities
(metabolic syndrome, type 2 diabetes, etc .)

Insulin sensitizers

Morbidity
Mortality

NAFLD

Liver status

Antioxidative drugs
Anti-inflammatory drugs
Anti-fibrosis drugs

Cirrhosis
Hepatic carcinoma

NASH

Figure 1 Evaluated treatments for nonalcoholic fatty liver disease. NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic steatohepatitis.

sue. Plasma PAI-1 levels are more closely related to fat
accumulation and PAI-1 expression in the liver than in
adipose tissue, suggesting that, among insulin-resistant individuals, fatty liver is an important site of PAI-1 production. Fibrinogen, von Willebrand factor (vWF) and PAI-1
are also considered markers of the acute-phase reaction
of inflammation and thrombosis, and have been closely
linked to CVD[7,59-62].

brosis. The noninvasive methods for fibrosis evaluation
include plasma cytokeratine 18 fragments and Angulo
score[9]. The invasive method (liver biopsy) remains the
only reliable means to determine prognosis based on the
severity of fibrosis.
The third step will include the assessment of cardiovascular risk stratification. We suggest the use of measurements of the carotid arteries (IMT) in non-diabetic
NAFLD patients and/or the Framingham score with an
effort test, as well as biomarkers of inflammation (Creactive protein, fibrinogen), oxidative stress, (MDA,
Paraoxonase), IR (HOMA), lipotoxicity (TG, HDL, LDL,
TC), OGTT, and microalbumin/creatinine ratio[13].
The final step is to initiate appropriate therapy according to the comorbidities and the clinical status of
each patient[21] (Figure 1).

CLINICAL IMPLICATIONS
It is evident that patients with NASH are more prone
to developing CVD (increased mortality by 86%) than
patients with simple steatosis (increased mortality by
55%). We suggest adding a new modality of approaching
patients with NAFLD[23]. The primary objective of any
NAFLD therapy is to improve steatohepatitis and fibrosis, with the ultimate goal of preventing CVD and liverrelated death.
Once the diagnosis of NAFLD is made, the first
step will be a lifestyle intervention using a combination
of diet, active walking, and behavior modification, with
a goal of a 10% weight reduction[10]. Recently, Koskinen
et al[63] showed that modest wine drinking (20-30 g/daily)
offers protection against suspected NAFLD. Lifestyle
modification remains the cornerstone of management.
Weight loss and increased physical activity are effective mediators of NAFLD, and their role in CVD risk
reduction is well established. However, before initiating
any significant increase in exercise level, patients at risk
should be evaluated for underlying CVD.
The second step is to assess the risk of hepatic fi-
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Insulin sensitizers
Metformin was associated with improvement in hepatocellular ballooning, but not fibrosis, steatosis, inflammation or NAFLD activity score (NAS). TZDs should
be reserved for second-line treatment in the majority
of patients. One exception may be patients with T2DM
and NAFLD in whom TZDM therapy may rectify both
conditions. TZDs improved insulin sensitivity and steatohepatitis in a large, multicenter randomized controlled
trial Pioglitazone or Vitamin E for NASH Study (PIVENS). However, we should notice its drawback of lower
extremity edema and weight gain (average 2 to 5 kg).
Incretin-based therapies
A direct relationship between the gastrointestinal and

8411

July 14, 2014|Volume 20|Issue 26|

Liu H et al . NAFLD and CVD

term prescription. Harrison[74] reported that subjects who
lost ≥ 5% of their body weight over 9 mo experienced
improvements in IR and steatosis, while subjects who
lost ≥ 9% of their body weight also experienced improvements in hepatic histology[75,76]. Both orlistat and
sibutramine have been shown to have beneficial effects
on body weight, lipid profiles, glucose metabolism, and
inflammatory markers in several trials[77]. However, insufficient safety data are available regarding the long-term
outcomes of antiobesity therapy. Indeed, sibutramine was
reported to increase blood pressure and heart rate, which
may limit its use in clinical practice[76].

endocrine systems has recently been appreciated with the
discovery of neuroendocrine hormones known as incretins. The two primary incretins are GLP-1 and glucosedependent insulinotropic polypeptide (GIP). There is
accumulating and convincing pre-clinical evidence that
GLP-1 and its analogues have the ability to decrease
hepatic steatosis in animal models, suggesting that there
is potential for incretin-based medications to reverse or
delay progression through the stages of NAFLD to cirrhosis[64]. There is an urgent need for prospective clinical
trials designed to scrutinize the potential of these agents
for treatment of NAFLD beyond improvements in metabolic parameters, such as weight loss.

CONCLUSION

Cytoprotective and antioxidant agents
Two randomized trials[65,66] showed that high-dose bile
acids are unlikely to provide significant benefit, although
their use was routinely advocated.
Two recently published, large, randomized controlled
trials, PIVENS and TONIC[67,68], assessed the effect of
vitamin E on adult and pediatric NAFLD populations,
respectively. Vitamin E treatment resulted in improvements in hepatocellular ballooning and NAS in both trials. These results for vitamin E are quite promising and
suggest that patients with biopsy-proven steatohepatitis
associated with hepatocellular ballooning (NAS ≥ 4) may
benefit from its use.

NAFLD is regarded as the hepatic component of metabolic syndrome and is associated with a high risk of
developing CVD. Oxidative stress, inflammation dyslipidemia, IR, visceral fat, low adiponectin, ectopic adipose tissue distribution, endothelial dysfunction and postprandial
dyslipidemia are the main factors that lead to and further
aggravate the course of NAFLD, as well as accelerate the
progress of atherosclerosis and development of CVD.
NAFLD patients should be considered candidates not
only for aggressive treatment of their liver disease but
also for careful monitoring and potential treatment of
underlying CVD risk factors because many patients with
NAFLD will have major CVD events and die prior to the
development of advanced liver disease.

Antitumour necrosis factor-alpha agents
This type of therapy has been studied in a number of
small NAFLD trials, two of which have assessed histological response and demonstrated improvement in steatosis, inflammation and ballooning[69,70].
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Core tip: Iron deficiency anemia (IDA) is a common
problem especially in the elderly. Small bowel (SB) lesions may be the source of IDA. Capsule endoscopy
(CE) provides direct visualization of entire SB mucosa.
Angioectasia is one of the commonest lesions seen on
the CE in elderly with IDA. The diagnostic yield of CE
for IDA increases with advancing age. Balloon assisted
enteroscopy is used to treat the lesions seen on CE
causing IDA.

Abstract

Muhammad A, Vidyarthi G, Brady P. Role of small bowel
capsule endoscopy in the diagnosis and management of iron
deficiency anemia in elderly: A comprehensive review of the current literature. World J Gastroenterol 2014; 20(26): 8416-8423
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8416.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8416

Iron deficiency anemia (IDA) is common and often
under recognized problem in the elderly. It may be the
result of multiple factors including a bleeding lesion
in the gastrointestinal tract. Twenty percent of elderly
patients with IDA have a negative upper and lower
endoscopy and two-thirds of these have a lesion in the
small bowel (SB). Capsule endoscopy (CE) provides
direct visualization of entire SB mucosa, which was not
possible before. It is superior to push enteroscopy, enteroclysis and barium radiography for diagnosing clinically significant SB pathology resulting in IDA. Angioectasia is one of the commonest lesions seen on the
CE in elderly with IDA. The diagnostic yield of CE for
IDA progressively increases with advancing age, and is
highest among patients over 85 years of age. Balloon
assisted enteroscopy is used to treat the lesions seen
on CE. CE has some limitations mainly lack of therapeutic capability, inability to provide precise location
of the lesion and false positive results. Overall CE is a
very safe and effective procedure for the evaluation of
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INTRODUCTION
Iron-deficiency anemia (IDA) is the most common cause
of anemia worldwide, causing significant disease-related
morbidity, and has a negative impact on patient’s well-being and overall outcome. Anemia is defined by the World
Health Organization (WHO) as a hemoglobin concentration of less than 13 mg/dL in men and less than 12
mg/dL in women[1]. The gold standard for the diagnosis
of iron deficiency is the absence of iron staining (Prussian blue stain) on bone marrow biopsy. In clinical prac-
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tice, this invasive test is replaced by evaluation with more
readily available laboratory parameters. The classic hallmarks of IDA are low serum ferritin (< 20 ng/L), low
serum iron (< 33 g/dL), high serum total iron-binding
capacity (> 400 g/dL) and low mean corpuscular volume
(< MCV 80 fL).

OGIB and IDA
(negative EGD/colonoscopy)

Trial of
empiric iron

IDA IN ELDERLY

Repeat EGD/
colonoscopy

SB capsule
endoscopy

In the year 2010, 40.3 million people (13.0% of the total
population in United States) were 65 years of age and
older (elderly), and 5.5 million were above 85 years of
age. The elderly population is expected to increase to
more than 20% of the total population by 2030, with
individuals 85 years and older representing the fastest
growing segment of this group. The Third National
Health and Nutrition Examination Survey (NHANES
Ⅲ, 1988 to 1994) indicated that the prevalence of IDA
was nearly 10.6% in elderly. This means almost 4 million
elderly Americans have IDA[2].
IDA is common and often under recognized problem
especially in elderly with increased morbidity and mortality. Anemia, however, is not simply a consequence of
aging, but also a marker of underlying disease, requiring
investigation for an etiology. Anemia is recognized to
be associated with increased frailty, poor exercise, performance, diminished cognitive function, dementia, decreased mobility, increased risk for falls, lower bone and
muscle density, depression and delirium[3,4]. Anemia is a
marker for increased disease-related morbidity, including
hospitalization and mortality in elderly[5].
IDA in elderly may be the result of multiple factors.
Major considerations include iron deficiency secondary
to a bleeding lesion in the gastrointestinal (GI) tract and
this is one of the major indications for referral to gastroenterologists (13% of referrals). In clinical practice
esophagogastroduodenoscopy (EGD) and colonoscopy
are performed in the initial evaluation of IDA to exclude
a source of chronic blood loss from the GI tract. Despite undergoing standard endoscopic evaluation, up to
30% of patients with IDA have no definitive diagnosis[6].
Twenty percent of elderly patients have a negative upper and lower endoscopy and two-thirds of them have a
lesion in the small bowel (SB)[7]. It is important to investigate the SB in all patients with unexplained IDA, after
negative standard dual endoscopic evaluations (ASGE
Practice Guideline 2010)[8] (Figure 1).

CT enterography/CT
angiography

Deep enteroscopy

Figure 1 Diagnostic approach to evaluate obscure gastrointestinal bleeding/iron deficiency anemia (ASGE Practice Guideline 2010). OGIB: Obscure
gastrointestinal bleeding; IDA: Iron deficiency anemia; SB: Small bowel; EGD:
Esophagogastroduodenoscopy.

second two pictures are transmitted at 432 MHz to an
array of sensors taped to the patient’s abdomen. These
sensors in turn relay information to a data recording device worn on a belt. The capsule is powered by two silver
oxide batteries with a battery life of 8 h. The new capsule
(PillCam SB 3) captures up to 6 frames per second with a
30% improvement in picture resolution.

ROLE OF CE FOR IDA IN ELDERLY
Since the initial presentation at DDW of 2000, the fantastic voyage of capsule endoscopy (CE) has made significant strides[10]. One of the most significant impacts
of the CE has been in the elderly, where it provides a less
invasive and virtually complete exam. It has expanded
our area of visual survey to include direct visualization of
entire SB mucosa, which was not possible before. CE had
emerged as a ‘‘light in the darkness’’ for the identification
and localization of SB mucosal diseases[9,11]. It has developed an important role in the investigation of patients
with IDA when EGD and colonoscopy are negative.

CE COMPARED TO OTHER DIAGNOSTIC
MODALITIES
There are a number of other diagnostic modalities, old
and new to evaluate the SB, but they all have limitations.
CE has made fluoroscopic imaging of SB almost obsolete[12]. Traditional SB X-ray series have the lowest yield
and fail to detect many mucosal lesions. CE is superior
to SB enteroclysis for detecting lesions in patients with
unexplained IDA and should be the next diagnostic test
of choice after unremarkable standard endoscopic evaluation[13].
Although push enteroscopy (PE) offers direct visual
inspection of the SB mucosa beyond the reach of the
standard upper endoscopes, it reaches only 80-120 cm

SB CAPSULE ENDOSCOPE
The original capsule endoscope (PillCam SB) was developed by Given Imaging in 2001[9]. It is a disposable
capsule, 11 by 26 mm in size and weighs 3.7 g. There is
a set of short focal length lenses located in front of the
camera to collect an image in a 140 degree field of view
and magnify it by a factor of 8. This optical system provides a resolution of 0.1 mm. The capsule communicates
with the external world through a radio transmitter. Each
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A

B

D

E

C

Figure 2 Angioectasia with active bleeding (A), ulcer caused by nonsteroidal anti-inflammatory drugs (B), tumor with active bleeding (C), celiac disease
with scalloping and mosaic patternand (D), and active bleeding (E) seen in the small bowel.

beyond the ligament of Treitz and its sensitivity in identifying the source of bleeding is limited[14]. CE is superior
to PE and SB barium radiography for diagnosing clinically significant SB pathology in patients with IDA[15].

scalloping) (Figure 2D); and (5) Active bleeding (Figure
2E).
Angioectasia is one of the commonest found lesion
seen on the CE in elderly with IDA. It accounts for 40%
of cases of bleeding of obscure origin[18,19] It is seen
more commonly in patients with hereditary hemorrhagic
telangiectasia, renal disease and in elderly patients with
multiple comorbidities[20]. The incidence of angioectasia
is about 23%[21]. It varies from a flat lesion greater in diameter than one villus to a pulsatile red protrusion with
surrounding venous dilation. They can be treated with
argon plasma coagulation or multipolar electrocautery at
the time of enteroscopy.
Another common finding, which causes IDA in
elderly is the inflammation induced by NSAIDS. The
mechanism of action of NSAIDS is COX-1 inhibition
and prostaglandin depletion. The Spectrum of NSAID
induced SB injury became clear only after the advent of
CE, as before 2000 this knowledge was available only
from case reports and autopsy series. NSAID induces ulcers may be single or multiple. NSAID induced strictures
can be a cause of capsule retention if the stricture was
not suspected before administering the capsule. The differential of NSAID induced ulceration includes Crohn’
s disease, CD (ulcerative jejuno-ileitis), infection (Cytomegalovirus, Tuberculosis, Yersinia), radiation, ischemia,
vasculitis and chemotherapy (mucositis)[22].

CE PROCEDURE
CE is performed as per the standard protocols endorsed
by American Society for Gastrointestinal Endoscopy
(ASGE)[16]. An informed consent is obtained prior to the
procedure. Patients usually present in an out-patient setting, after fasting for 8 h. A bowel preparation is optional.
They swallow the capsule with few sips of water in a sitting position. A clear liquid breakfast after 2 h and a light
meal after 4 h are permitted. After 8 h, patient returns to
the endoscopy unit, the data recorder is removed and images are downloaded to the computer. The recordings are
then viewed by an experienced reader.

FINDINGS OF CE IN ELDERLY
The common SB findings seen on CE when performed
for IDA in elderly are[17]: (1) Angioectasia or arteriovenous malformation (Figure 2A); (2) Ulceration [related
to nonsteroidal anti-inflammatory drugs (NSAIDs) or
Crohn’s disease] (Figure 2B); (3) Tumor or mass lesion
(Figure 2C); (4) Celiac disease (CD) (mosaic pattern and
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Table 1 Studies on the utility of capsule endoscopy for the evaluation of iron deficiency anemia along with their findings n (%)
Ref.

Total Patients with positive
patients
findings (DY)

Holleran et al[46]
Sidhu et al[26]
Tong et al[47]
Koulaouzidis et al[48]
Yamada et al[49]
Efthymiou et al[50]
Milano et al[51]
Goenka et al[52]
Katsinelos et al[53]
Riccione et al[54]
Van Turenhourt et al[55]
Laine et al[56]
Sheibani et al[57]
Kim et al[58]
Sidhu et al[25]
Muhammad et al[27]
Chami et al[59]
Carey et al[60]
Apostolopoulos et al[61]
Estevez et al[62]
Van Tuyl et al[63]
Qvigstaad et al[64]
Kalantzis et al[65]
De Leusse et al[66]
Ben Soussan et al[67]
Enns et al[68]
Fireman et al[69]
Pennazio et al[17]

65
586
97
221
30
40
45
96
38
138
240
40
57
25
316
231
12
134
51
48
150
40
64
20
18
14
70
43

35 (53)
245 (42)
25 (26)
68 (31)
19 (63)
15 (38)
35 (78)
35 (37)
13 (34)
91 (66)
106 (44)
13 (33)
35 (61)
12 (48)
152 (48)
127 (55)
4 (33)
62 (46)
29 (57)
30 (63)
49 (33)
11 (28)
27 (42)
6 (30)
7 (38)
7 (50)
37 (52)
19 (44)

Angioectasia

Inflammatory lesions
(erosions/ulcers)

17 (49)
141 (58)
6 (24)
49 (72)
6 (20)

12 (34)

13 (37)

Active
bleeding

Other findings (celiac
disease, Crohn’s disease)

4 (11)

2 (6)

16 (11)
2 (8)

1 (4)

2 (12)

4 (21)

9 (26)

6 (17)

7 (20)

6 (46)
51 (56)

4 (31)
18 (20)

1 (8)
9 (10)

2 (15)
13 (14)

4 (31)
21 (60)
8 (66)
84 (56)
35 (28)

9 (69)
4 (12)
2 (17)
25 (16)
64 (50)

0
5 (14)
0
10 (6)
0

0
5 (14)
2 (17)
33 (22)
13 (10)

35 (56)
12 (41)

16 (26)
13 (45)

4 (6)
4 (14)

7 (12)
0

2 (29)
18 (49)
4 (21)

3 (42)
11 (30)
9 (47)

2 (29)
0
0

0
8 (21)
6 (32)

16 (64)
19 (28)
7 (37)

CD is another condition where the diagnosis is frequently missed. Because of the increased prevalence
of undiagnosed CD (iceberg effect), any test that has a
promise of increased detection is of great interest. IDA
may be the only manifestation of CD in elderly. Another
utility of CE in elderly with CD lies in patient population
with refractory CD to evaluate for malignancy such as
lymphoma, carcinoma and GISTs. SB tumors are a relatively uncommon diagnosis and account for 3% of all GI
malignancies. After gastrointestinal stromal tumor (GIST),
adenocarcinoma of the SB is the most common malignancy found in the elderly. In a study of 5129 patients,
129 (2.4%) were found to have SB malignancy[23]. Current
data suggests that CE can shorten the diagnostic work up
for SB tumor and can influence further management and
outcome.
Given the second peak of Crohn’s disease in the
elderly, CE can play an important role in the diagnosis
of this condition. CE can detect minor (distorted villi,
erosion or scars) or major changes (ulcers or strictures)
related to Crohn’s disease[24].

15 (12)

younger patients. Elderly patients with high diagnostic
yield (DY) for IDA are likely to benefit more from CE
than younger patients. IDA in the elderly with or without
obscure GI bleeding (OGIB) is the major indication for
CE after a negative EGD and colonoscopy.
There have been a numbers of papers written on the
DY of CE when performed for IDA (Table 1). However,
there are only few studies which specifically reported on
the DY in elderly, and have shown that it is significantly
higher as compared to younger age group. Sidhu et al[25]
performed a retrospective review of 779 consecutive patients that underwent CE over a 7-year period (2002-2009)
for OGIB and recurrent IDA. The DY of CE in elderly
was 53%. The most common diagnosis in the elderly was
angioectasia (34%). When compared to younger patients,
the DY was significantly higher in elderly for IDA (51%
vs 37%, P = 0.003, OR = 1.8, 95%CI: 1.3-2.5). Management was also altered in a significant greater proportion
in the elderly (P = 0.002, OR = 1.8, 95%CI: 1.3-2.5). The
authors finally concluded that CE has a positive impact
on the management of IDA in elderly and there should
be no barrier to performing CE in this age group. The
authors of this study published another paper recently
where they reported the DY of CE for IDA is significantly higher in patients who were aged 70 years or older
(P < 0.001, OR = 1.9, 95%CI: 1.4-2.6)[26].
Similarly, we have also published on the DY of CE
for IDA which was found to be 69% among patients of
> 85 years of age and 56% for the age group of 65-85
years[27]. In another study, we have reported on the utility

DIAGNOSTIC YIELD OF CE FOR IDA IN
ELDERLY
The DY of CE in the evaluation of unexplained IDA
progressively increases with advancing age, and is highest among patients over 85 years of age. This may be
explained by the fact that ASA, NSAIDs, and warfarin
usage is more common in elderly as compared with
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A

B

Figure 3 Capsule endoscopy (A) and single balloon enteroscopy (B) showing jejunal carcinoma with subsequent marking of the lesion.

of CE in the diagnosis of CD in elderly for the first time,
when they presented for IDA. We found that out of 279
elderly patients with IDA, 7 (2.5%) had mucosal abnormalities suggestive of CD (atrophy, scalloping, mosaic
pattern, layering, and nonspecific ulcerating jejuno-ileitis).
Subsequent evaluation with serum antibody testing +/multiple distal duodenal biopsies confirmed the diagnosis
in all patients[28].
Recently Koulaouzidis et al[29] published a systematic
review on the DY of CE for IDA in all age groups. The
pooled DY of CE in studies focused solely on patients
with IDA was 66.6% (95%CI: 61.0%-72.3%).

to enhance its utility are being developed. This leaves
BAE as the most viable option for deep enteroscopy.
The greatest advantage of BAE is the ability to biopsy
and tattoo the lesion seen on the CE (Figure 3). Other
advantages include the therapeutic benefit which includes
hemostasis, polypectomy, balloon dilation of strictures
and foreign body removal. The disadvantages are that it
is invasive with higher risks for complications, time consuming, requires sedation and the entire SB is not visualized in one procedure. When used by both oral and anal
route in a given patient, it has the potential to visualize
the entire SB.
In two prospective randomized studies of double
balloon enteroscopy (DBE) vs single balloon enteroscopy, total enteroscopy was achieved more frequently
with DBE. However, there was no difference in DY or
therapeutic outcome between the two techniques[32-34].
BAE is frequently a long procedure lasting 60 min or
more, and requires deep sedation. Elderly patients may
be at increased risk for complications due to prolonged
endoscopic procedures, and prolonged sedation due to
co-morbidities such as cardiac and pulmonary disease.
In addition they are at greater risk of aspiration, have an
increased response to sedatives, and have a blunted response to hypoxia and hypercarbia[35]. The complications
of BAE include perforation, pancreatitis, and GI bleeding. These occur in 1%-2% of patients which is a higher
complication rate compared with standard endoscopic
procedures (EGD and colonoscopy)[36,37]. There are only
few studies reported on the safety and efficacy of BAE
in elderly patients. In a single center, retrospective study
on the efficacy and safety of DBE, a total of 60 patients
older than 75 years with 110 younger patients were evaluated[38]. Elderly patients were more likely to have angioectasia (39% vs 23%, P = 0.01), and to require endoscopic
therapy (48.6% vs 29.2%, P = 0.01). The overall complication rate was 0.9% with no serious complications.
There was no difference in the success and complication
rates in both age groups in this study.
In another retrospective study, 137 patients (80 years
or older) underwent DBE after CE. The correlation between the findings on CE and DBE occurred in 78.9%
of patients. False negative findings on CE were present

CE VS DEEP ENTEROSCOPY FOR IDA IN
ELDERLY
CE has a number of advantages compared with deep enteroscopy especially in elderly patients. These include the
potential ability to visualize the entire SB with a non-invasive procedure carrying a minimal risk of complications,
a high sensitivity for lesions and high patient acceptance.
These advantages make CE the preferred initial procedure for evaluation of IDA. However, it also has a number of disadvantages including the lack of biopsy and
therapeutic capability, the potential for retention above a
stricture, and the potential for missed lesions. The overall
miss rate for CE is estimated to be 10%-30% in patients
with OGIB, and solitary lesions are more likely to be
missed[30]. Deep enteroscopy is needed in patients with
continued IDA despite a negative CE, and for biopsy and
therapy of lesions demonstrated by CE.
The currently available types of enteroscopy include
PE, intra-operative enteroscopy (IOE), balloon assisted
enteroscopy (BAE), and spiral enteroscopy (SE). PE has
limited applicability because only the duodenum and
proximal jejunum can be visualized. IOE has the capability of visualizing the entire SB but carries a significant
operative morbidity, and a mortality of up to 4%[31]. SE
is a promising new technique which allows deep enteroscopy in a shorter period of time than BAE. This shortens anesthesia time which may be a significant advantage
in the elderly. However, it is not widely available, and the
system is not currently being sold while modifications
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in 6 patients with false positive findings in 18 patients.
The DY for DBE in patients with OGIB was 90.2%. No
complications related to DBE were encountered in these
octogenarians in the 48 h following the procedure. The
authors finally concluded that DBE was safe in octogenarians, and that elderly patients with positive findings on
CE should be considered for DBE[39].
The majority of studies have reported a good correlation between the findings at capsule endoscopy and BAE
and a comparable yield of positive findings[40]. In general,
they can be considered “complementary studies”. BAE
may be contraindicated in some elderly patients with severe cardiopulmonary co-morbidities. For these reasons,
CE should be the first investigation in elderly patients
with IDA and other suspected disorders requiring endoscopic SB visualization. BAE is needed for therapy,
biopsy and marking of lesions requiring surgery.
A cost-effectiveness analysis for diagnosis of IDA in
elderly favors CE over BAE and other radiologic studies.
A cost-effectiveness analysis for management of bleeding
favors BAE over all other therapeutic modalities. CE is
patient friendly, guides BAE approach in positive studies,
and predicts a low re-bleeding rate in negative studies.
BAE is invasive and requires significant resources and
time. It may be occasionally needed to extract a retained
capsule endoscope at the SB stricture. Finally, BAE
should be considered in patients with a negative CE who
continue to have unexplained IDA and OGIB.

ing as a larger proportion of the population is reaching
an advanced age. IDA is a major problem in elderly and
requires further evaluation and management. SB CE
plays an important role in the evaluation of IDA in all
age groups, especially in the elderly with a very high DY.
SB angioectasia, ulceration, tumor, CD and active bleeding are the common findings seen on CE in elderly with
IDA. BAE is used to treat the lesions seen on CE. CE
has some limitations mainly lack of therapeutic capability, inability to provide precise location of the lesion and
false positive results. Overall CE is a very safe and effective procedure for the evaluation of IDA in elderly.
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Core tip: Endoscopic ultrasound (EUS)-guided interventions have become increasingly popular. The advantages of EUS guidance over percutaneous and surgical
routes are well established for pseudocyst drainage
and celiac plexus neurolysis as they have been assessed in high level of evidence literature. However,
for other very fashionable procedures such as bile duct
and pancreatic duct drainage, the role of EUS guidance
has only been reported as preliminary studies in limited
number of patients. The level of evidence of each EUSguided intervention is accurately reported in this review
in order to provide the readers with the current status
of knowledge and allow insights into potential future
direction of research.

Abstract
The continued need to develop less invasive alternatives to surgical and radiologic interventions has driven
the development of endoscopic ultrasound (EUS)-guided
treatments. These include EUS-guided drainage of
pancreatic fluid collections, EUS-guided necrosectomy,
EUS-guided cholangiography and biliary drainage, EUSguided pancreatography and pancreatic duct drainage,
EUS-guided gallbladder drainage, EUS-guided drainage
of abdominal and pelvic fluid collections, EUS-guided
celiac plexus block and celiac plexus neurolysis, EUSguided pancreatic cyst ablation, EUS-guided vascular
interventions, EUS-guided delivery of antitumoral
agents and EUS-guided fiducial placement and brachytherapy. However these procedures are technically
challenging and require expertise in both EUS and in-
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group of patients from the same institution was included
in two consecutive papers (e.g., preliminary study and
final results study), we included only the data from the
most recent one to avoid duplicated results.
Levels of evidence were stratified according to the
North of England evidence-based guidelines[5,6]. LE Ⅰ
a: Evidence obtained from meta-analysis of RCTs; LE Ⅰ
b: Evidence obtained from at least one RCT; LE Ⅱa:
Evidence obtained from at least one well designed controlled study without randomization; LE Ⅱb: Evidence
obtained from at least one other type of well-designed
quasi-experimental study; LE Ⅲ: Evidence obtained from
well-designed non-experimental descriptive studies such
as comparative studies, correlation studies, and case studies; LE Ⅳ: Evidence obtained from expert committee
reports or opinions, or clinical experiences of respected
authorities.
A total of 381 pertinent articles were finally included
for the purpose of this systematic review. Published research focused primarily on EUS-guided cholangiography
and biliary drainage (85 studies), followed by EUS-GD
of pancreatic fluid collections (84 studies), EUS-guided
CPN or CPB (52 studies), EUS-guided tumor ablation
(34 studies), EUS-guided ethanol ablation (28 studies),
EUS-guided fiducial placement (26 studies), EUS-guided
vascular interventions (23 studies), EUS-guided necrosectomy (20 studies), EUS-guided pancreatography and
pancreatic duct drainage (15 studies), EUS-guided gallbladder drainage (7 studies) and EUS-GD of abdominal
(non-peripancreatic) and pelvic collections (7 studies). A
detailed classification of the studies according to the subclasses and the corresponding LE is presented in Table 1.
As expected, we identified a predominance of LE Ⅲ and
Ⅳ articles in all types of EUS-guided treatments, reflecting the relative novelty of these techniques. Nevertheless,
a fair number of high LE articles (LE Ⅰa and Ⅰb) were
identified for EUS-GD of pancreatic fluid collections
and EUS-guided CPN, forming a solid base of evidence
for these established indications. On the other hand,
novel therapeutic applications, such as EUS-guided cholangiography and biliary drainage and EUS-guided tumor
ablation, still lack relevant clinical data and should still be
considered strictly investigational. A focused description
of all forms of EUS-guided treatment is given below, in a
schematic format.

INTRODUCTION
Endoscopic ultrasound (EUS) has evolved from a purely
diagnostic imaging modality to an interventional procedure that provides a minimally invasive alternative to
interventional radiologic and surgical techniques.
Several innovative techniques now constitute the portfolio of interventional EUS, such as EUS-guided drainage (GD) of pancreatic fluid collections (PFCs), EUSguided necrosectomy, EUS-guided cholangiography and
biliary drainage (BD), EUS-guided pancreatography and
pancreatic duct drainage (PDD), EUS-guided gallbladder
drainage, EUS-GD of abdominal and pelvic fluid collections, EUS-guided celiac plexus block (CPB) and celiac
plexus neurolysis (CPN), EUS-guided pancreatic cyst
ablation, EUS-guided delivery of antitumoral agents and
EUS-guided fiducial placement, brachytherapy and EUSguided vascular interventions. However, EUS-guided
treatments are technically challenging and require expertise in both standard diagnostic EUS and endoscopic
interventional procedures, such as endoscopic retrograde
cholangiopancreatography (ERCP) and gastrointestinal
stenting.
For such a reason, it is important that we carefully
monitor the results of our EUS-guided treatments in order to either implement them in clinical practice or abandon/thoroughly revise them. Evidence based medicine is
known as a strategic tool to do so.
Following our previous systematic analysis of the
levels of evidence (LE) of the EUS literature[1-4], we reviewed the entire body of literature accumulated over the
past 2 decades on EUS-guided treatments. Our main aim
was to critically appraise the published articles, based on
the classification of studies according to LE, in order to
assess the scientific progress made in this field.
All articles relevant to EUS-guided interventional
procedures were extracted up to September 2013. Moreover, the references of reviewed articles were scrutinized
to obtain any other reference that eluded the primary
search.
This review is based on the results of searches carried out in PubMed and Google Scholar.Original research
articles [randomized controlled trials (RCT), prospective
studies (PS) and retrospective studies (RS)], meta-analyses, systematic reviews and surveys pertinent to EUSguided interventional procedures were included.
Studies enrolling up to 10 patients were categorized
as case series. We also included letters and case reports
describing recent, innovative or original EUS-guided
treatments. Commentaries, non-English language articles,
congress proceedings and abstracts, and articles in which
EUS did not represent the principal matter were not included.
In regard to data collection, priority was assigned
to the study subject, design and methods, the type and
year of publication and the number of patients enrolled.
The content of each study was further analyzed to identify relevant clinical issues. In particular, when the same
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EUS-GUIDED DRAINAGE OF PFCs
EUS-GD is regarded as an established technique for the
treatment of PFCs. Up to now, the reported evidence
pertains about 2115 patients enrolled in safety and efficacy studies overall[7-64]. Mean technical and clinical success
rates reported in series with more than 10 patients were
97% and 90%, respectively and mean overall recurrence
rate was 8%[8-64] (Table 2). The mean overall complication
rate was 17% including bleeding (69 cases), superinfection (52 cases), stents migration that required endoscopic
reintervention (51 cases), perforation treated with surgery
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Table 1 Level of evidence per subject
Level of evidence
EUS-GD of pancreatic fluid collections
EUS-guided necrosectomy
EUS-guided cholangiography and biliary drainage
EUS-guided pancreatography and pancreatic duct drainage
EUS-guided gallbladder drainage
EUS-GD of abdominal (non-peripancreatic) and pelvic collections
EUS-guided Celiac Plexus Neurolysis or Block
EUS-guided ethanol ablation
EUS-guided tumor ablation
EUS-guided fiducial placement
EUS-guided vascular intervention
Total

Ⅰa

Ⅰb

Ⅱa

Ⅱb

Ⅲ

Ⅳ

Total

1
1
0
0
0
0
4
0
0
0
0
6

5
1
1
0
1
0
7
1
0
0
1
17

0
0
0
0
0
0
1
0
0
0
0
1

16
0
7
0
3
2
5
5
9
2
2
51

42
15
37
9
1
3
16
13
4
10
15
165

20
3
40
6
2
2
19
9
21
14
5
141

84
20
85
15
7
7
52
28
34
26
23
381

EUS-GD: Endoscopic ultrasound-guided drainage.

Forward view vs linear scanning EUS
EUS-GD of PFCs is commonly performed with linear
scanning echoendoscopes, whose tangential approach
to PFCs may be challenging for operators. Theoretically,
technical difficulties might be overcome using a forwardviewing echoendoscope which allows a straight approach
to PFCs. However, a recent RCT[45] comparing the performance of linear vs forward-viewing echoendoscopes
in draining PFCs failed to demonstrate any significant difference in technical success, mean procedure time, safety
or efficacy between the two types of echoendoscopes.
The use of forward-viewing echoendoscope for EUSguided drainage of PFCs does not confer any significant
advantage in terms of safety and efficacy compared to
the use of linear scanning echoendoscope (LE Ⅰb).

(27 cases) and pneumoperitoneum treated conservatively
(18 cases). However, only 5 cases of death were deemed
to be procedure related[8-64].
EUS vs surgical drainage
A recent RCT[62] comparing EUS and surgery for pancreatic pseudocyst drainage, showed no pseudocyst recurrence during the follow-up in the former group and
no evidence that surgical cystogastrostomy was superior
to EUS. Moreover, EUS treatment was associated with
shorter hospital stay, better physical and mental health of
patients, and lower costs. EUS-GD of PFCs is not inferior to surgical drainage in terms of safety and efficacy
(LE Ⅰb).
EUS vs blind endoscopic drainage
Meta-analysis of EUS-GD of PFCs showed superior
technical and treatment success rates and more favorable
safety profiles than traditional non-EUS guided drainage[65] (LE Ⅰa).
Varadarajulu et al[26] published the first RCT, randomizing 30 patients to undergo either EUS-GD or endoscopic conventional transmural drainage (ECTD). All
patients assigned to EUS underwent successful drainage
(100%), while the procedure was technically successful in
only 5/15 patients (33%) assigned to ECTD. All 10 patients who failed drainage by ECTD underwent successful drainage of the PFC on a crossover to EUS. Major
procedure-related bleeding was encountered in 2 patients
in whom ECTD was performed (LE Ⅰb). Park et al[30]
enrolled 60 patients in a RCT with the same design as
above. Technical success of the drainage was significantly
higher in the EUS group (94%) than in the ECTD group
(72%) (P = 0.039) in intention-to-treat analysis. In 8 cases
where ECTD had failed because of non-bulging PFCs,
crossover to EUS-GD was always successful. Complications occurred in 7% of the EUS group vs 10% of the
ECTD group (P = NS). During follow-up, PFC resolution was achieved in 97% in the EUS group and in 91%
in the ECTD group (P = NS) (LE Ⅰb). EUS-GD of
PFCs has superior technical and clinical outcomes compared to blind endoscopic drainage (LE Ⅰa).
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Timing of stent removal
In order to evaluate the incidence of PFCs recurrence
after successful EUS-GD, 28 patients were randomized
either to stent removal (n = 13) or to stent left in place
(n = 15) and were followed up for a median period of 14
months. PFCs recurrence was observed in 5 patients in
the stent retrieval group, as opposed to none in the other
group (P = 0.013)[20]. After successful EUS-GD of PFCs,
stent retrieval is associated with higher recurrence rate
than leaving stent in place (LE Ⅰb).
Nasocystic drainage to maintain patency: Siddiqui
et al[60] evaluated in a RS EUS-guided nasocystic drainage
alongside transmural stents in PFCs with viscous solid
debris. Association with the nasocystic drainage resulted
in lower stent occlusion rate and better short-term clinical outcomes compared to those patients who underwent
standard EUS-GD. The placement of a nasocystic drainage may increase the clinical success rate, especially in
PFCs containing abundant debris (LE Ⅲ).
Multiple transluminal gateway technique: Varadarajulu et al[42], showed that drainage of necrotic PFCs with
multiple instead of a single transmural access, placing
multiple stents and a nasocystic drainage in each tract, led
to better long-term clinical outcomes. Multiple instead of
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Table 2 Endoscopic ultrasound-guided drainage of pancreatic fluid collections
Ref.
[8]

Binmoeller et al
Pfaffenbach et al[9]
Giovannini et al[10]
Norton et al[11]
Vosoghi et al[12]
Enya et al[13]
Hookey et al[14]
Krüger et al[15]
Azar et al[16]
Antillon et al[17]
Kahaleh et al[18]
Ahlawat et al[19]
Arvanitakis et al[20]
Lopes et al[21]
Varadarajulu et al[22]
Lopes et al[23]
Ardengh et al[24]
Varadarajulu et al[25]
Varadarajulu et al[26]
Varadarajulu et al[27]
Barthet et al[28]
Talreja et al[29]
Park et al[30]
Yasuda et al[31]
Itoi et al[32]
Varadarajulu et al[33]
Ang et al[34]
Ahn et al[35]
Jazrawi et al[36]
Sadik et al[37]
Will et al[38]
Seicean et al[39]
Heinzow et al[40]
Varadarajulu et al[41]
Varadarajulu et al[42]
Varadarajulu et al[43]
Zheng et al[44]
Voermans et al[45]
Mangiavillano et al[46]
Seewald et al[47]
Itoi et al[48]
Puri et al[49]
Fabbri et al[50]
Rasmussen et al[51]
Khashab et al[52]
Penn et al[53]
Weilert et al[54]
Rana et al[55]
Binmoeller et al[56]
Nan et al[57]
Kato et al[58]
Künzli et al[59]
Siddiqui et al[60]
Rische et al[61]
Varadarajulu et al[62]
Total

1

Design

Cases

Technical success

Clinical success

Recurrence

Complications

RS
PS
PS
RS
RS
PS
RS
PS
RS
PS
PS
PS
RCT
RS
PS
PS
PS
RS
RCT
PS
PS
PS
RCT
RS
PS
PS
PS
RS
RS
PS
PS
PS
RS
PS
RS
RS
PS
RCT
PS
RS
RS
PS
PS
RS
RS
PS
PS
RS
RS
RS
RS
RS
RS
RS
RCT
55 studies

27
11
35
14
14
13
32
35
23
33
46
11
46
51
23
31
77
20
24
60
28
18
39
26
13
10
10
47
10
26
132
24
42
148
602
20
14
52
21
80
15
40
20
22
10
20
18
202
14
21
67
108
88
18
20
1867

93%
91%
100%
93%
100%
100%
96%
94%
91%
94%
100%
100%
100%
94%
100%
100%
94%
100%
100%
95%
100%
100%
95%
92%
100%
100%
100%
98%
100%
100%
97%
83%
88%
100%
100%
100%
90%
100%
86%
97%
100%
100%
100%
86%
100%
100%
100%
100%
100%
100%
88%
97%
99%
100%
100%
97% (83%-100%)

78%
82%
89%
93%
93%
85%
93%
88%
82%
87%
93%
82%
94%
84%
95%
94%
91%
95%
96%
93%
89%
95%
95%
87%
100%
90%
100%
100%
100%
88%
96%
79%
78%
99%
69%
100%
90%
82%
81%
83%
100%
97%
95%
86%
100%
85%
78%
100%
79%
100%
83%
84%
79%
94%
95%
90% (69%-100%)

22%
18%
9%
23%
7%
0%
12%
12%
18%
4%
NR
18%
11%
17%
0%
19%
11%
NR
NR
4%
NR
0%
6%
17%
0%
0%
0%
11%
10%
4%
15%
0%
21%
NR
0%
5%
0%
9%
14%
13%
0%
2%
5%
18%
0%
18%
NR
0%
NR
NR
15%
18%
3%
6%
0%
8% (0%-23%)

52%
None
3%
14%
7%
None
11%
33%
4%
15%
19%
18%
22%
25%
None
26%
6%
None
4%
2%
25%
44%
7%
None
None
None
10%
11%
None
15%
29%
17%
21%
5%
8%
None
19%
11%
5%
26%
6%
7%
15%
18%
None
15%
33%
5%
21%
5%
1%
20%
30%
33%
None
17% (0%-52%)

1

Complications include: early and late, procedural and stent related; 2Only patients with walled-off pancreatic necrosis. RCT: Randomized controlled trial;
PS: Prospective study; RS: Retrospective study; NR: Not reported.

single transmural points of access allow better drainage
of the necrotic contents and improve treatment success
(LE Ⅲ).

self-expandable metal stents have been recently tested for
drainage of PFCs and walled-off pancreatic necrosis with
the intent of creating a larger fistula compared to plastic
stents. Increased success rate and reduced time to resolution were shown in case series and pilot studies[48,50,53,54]

Use of covered self-expandable metal stents: Covered

WJG|www.wjgnet.com

8427

July 14, 2014|Volume 20|Issue 26|

Fabbri C et al . Levels of evidence in EUS-guided treatments
Table 3 Endoscopic ultrasound-guided necrosectomy
Ref.
[70]

Seewald et al
Charnley et al[71]
Voermans et al[72]
Hocke et al[73]
Schrover et al[74]
Mathew et al[75]
Escourrou et al[76]
Jürgensen et al[77]
Bakker et al[78]
Will et al[79]
Rische et al[61]
Yamamoto et al[80]
Hritz et al[81]
Yasuda et al[82]
Ang et al[83]
Sarkaria et al[84]
Total

1

Design

Cases

Technical success

Clinical success

Recurrence

Complications

RS
RS
RS
RS
RS
RS
RS
RS
RCT
RS
RS
RS
RS
RS
RS
RS
16 studies

13
13
25
30
8
6
13
35
10
18
22
4
4
57
8
17
283

100%
100%
100%
97%
100 %
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100% (97%-100%)

85%
92%
93%
83%
75%
100%
100%
97%
100%
100%
86%
50%
100%
75%
87%
88%
88% (50%-100%)

15%
0%
7%
3%
12%
0%
0%
0%
20%
11%
14%
NR
0%
7%
13%
0%
7% (0%-20%)

30%
None
40%
23%
25%
None
46%
17%
40%
17%
36%
25%
None
33%
None
6%
28% (0%-46%)

1

Complications include: early and late, procedural and stent related. RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; NR:
Not reported.

(LE Ⅱb). However stents designed for other indications
were used. Recently, new devices have been introduced
for the purpose of PFCs drainage, provided with larger
diameter and antimigration features such as the “NAGI”
stent (Taewoong-Medical Co, Seoul, South Korea) or the
“AXIOS” stent (Xlumena Inc., Mountain View, California, United States)[66,67].
A case series[68] described the use of the AXIOS stent
in 9 patients who underwent EUS-guided drainage of
PFCs. The technical success rate was 89% (8/9) due to
one failure of the delivery system and all patients had
successful outcome achieving complete PFC resolution.
One patient developed a tension pneumothorax immediately after transesophageal drainage. No migrations were
reported, and all stents were removed easily. Only one
patient presented a recurrence 4 wk after stent removal.
Use of covered self-expandable metal stents seems to
improve the clinical outcome in these patients; however,
larger studies comparing metal and plastic stents are warranted (LE Ⅱb).

Mean technical and clinical success rates reported were
100% and 88%, respectively; mean overall complication rate was 28% and mean overall recurrence rate was
7%[61,70-84] (Table 3). A recent RCT[78] by the Dutch Pancreatitis Study Group showed a lower rate of proinflammatory response, organ failure and major complications
in patients undergoing EUS-guided necrosectomy as
compared to surgical necrosectomy (LE Ⅰb).

EUS-GUIDED CHOLANGIOGRAPHY AND
BILIARY DRAINAGE
When biliary ductal access via endoscopic retrograde
cholangiopancreatography (ERCP) fails, rescue measures
include precut papillotomy, percutaneous transhepatic
biliary drainage (PTBD), surgical bypass and EUS-guided
BD. Three different EUS-guided BD approaches have
been described: direct transluminal stenting via transgastric or transduodenal route, rendezvous technique passing a guidewire through an intrahepatic or extrahepatic
access to the papilla, and antegrade stent placement.
EUS-guided BD has currently been performed in
1127 published cases, with mean technical and clinical
success rates of 91% and 88%, respectively. However,
mean overall complication rate was 26% with mortality
of 0.4% (4/1127 patients)[85-113] (Table 4).

EUS-GUIDED NECROSECTOMY
Debridement of pancreatic necrosis has traditionally
been managed surgically. In recent years, EUS-guided endoscopic necrosectomy has become an alternative.
This technique involves a transmural (transgastric or
transduodenal) EUS-guided access to the necrotic area,
followed by large caliber (e.g., 18 mm) balloon dilation of
the tract between the collection and the gastrointestinal
wall, allowing for passage of a gastroscope into the collection to visualize the necrotic material. A variety of
tools, such as baskets, snares, and nets have been used to
remove the necrotic tissue. EUS-guided necrosectomy
has been reported in 283 published cases so far. In the
published studies a median of 4 (1-35) sessions was required to achieve resolution of the necrotic collection[69].

WJG|www.wjgnet.com

EUS-guided BD vs percutaneous BD
In a recent RCT 25 patients with unresectable malignant
biliary obstruction and a previous failed ERCP attempt
were assigned either to EUS-guided or to percutaneous
transhepatic BD. The authors reported 100% technical and clinical success in both study groups, with no
difference in incidence of adverse events[99] (LE Ⅰb).
Combining EUS and ERCP in the same procedure was a
cost saving strategy compared to referring the patient for
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Table 4 Endoscopic ultrasound-guided cholangiography and biliary drainage
Ref.
[86]

Bories et al
Maranki et al[87]
Brauer et al[88]
Horaguchi et al[89]
Kim et al[90]
Fabbri et al[91]
Park et al[92]
Hara et al[93]
Komaki et al[94]
Ramírez-Luna et al[95]
Shah et al[96]
Iwashita et al[97]
Dhir et al[98]
Artifon et al[99]
Song et al[100]
Kim et al[101]
Vila et al[102]
Horaguchi et al[103]
Hara et al[104]
Park et al[105]
Kawakubo et al[106]
Dhir et al[107]
Khashab et al[108]
Gornals et al[109]
Gupta et al[110]
Dhir et al[111]
Kawakubo et al[112]
Total

1

Design

Cases

Technical success

Clinical success

Complications

RS
RS
PS
PS
RS
PS
RS
PS
RS
PS
RS
RS
RS
RCT
PS
PS
RS
RS
PS
PS
RS
RS
RS
RS
RS
RS
RS
27 studies

11
49
12
16
15
16
57
18
15
11
68
40
58
13
15
13
106
21
18
45
14
35
35
15
240
68
64
1088

91%
84%
92%
100%
80%
75%
96%
94%
100%
91%
85%
73%
98%
100%
87%
92%
70%
100%
94%
91%
100%
97%
94%
87%
99%
97%
95%
91% (70%-100%)

80%
80%
72%
94%
80%
75%
89%
94%
100%
82%
85%
73%
98%
100%
87%
84%
70%
100%
89%
87%
100%
97%
91%
73%
87%
97%
95%
87% (70%-100%)

72%
18%
16%
37%
None
8%
47%
77%
46%
18%
9%
12%2
3%
15%
47%
38%
23%
10%
27%
11%
14%
23%
14%
40%
35%
21%3
42%
29% (3%-77%)

1

Complications include: early and late, procedural- and stent-related; 22.5% mortality (1 patient ); 34% mortality (3 patients). RCT: Randomized controlled
trial; PS: Prospective study; RS: Retrospective study; NR: Not reported.

percutaneous transhepatic BD[109] (LE Ⅲ). EUS-guided
BD appears to be a valid alternative to percutaneous BD,
showing similar efficacy and safety (LE Ⅰb). However,
data are still very preliminary and large RCT are needed
to demonstrate whether EUS can represent a valid alternative to percutaneous route in this setting.

techniques achieved the same effectiveness and safety[108].
Transluminal EUS-guided BD may represent a safe and
effective alternative in case of failure of rendezvous technique (LE Ⅲ).
EUS-guided transhepatic BD vs EUS-guided
extrahepatic BD
EUS-guided BD can be performed either via intrahepatic (through the stomach) or via extrahepatic (through
the duodenum) route. In a recent RS, despite similar
technical and clinical success rate, extrahepatic access
was associated with significantly shorter procedure and
hospitalization time and with less complications[107] (LE
Ⅲ). Another multicenter RS enrolling 68 patients who
underwent transluminal EUS-guided BD for malignant
obstructive jaundice showed similar technical and clinical success both in patients who underwent transhepatic
and extrahepatic drainage. However, transhepatic access
was burdened with a significantly higher complication
rate compared to the extrahepatic route (30.5% vs 9.3%,
P = 0.03); multivariate analysis identified the transhepatic
route as the only factor independently related to the risk
of procedure-related adverse event[111] (LE Ⅲ). EUSguided BD shows similar technical and clinical success
rate with both transhepatic and extrahepatic access. However, extrahepatic access seems to be safer than transhepatic access (LE Ⅲ).

EUS-guided rendezvous BD vs precut papillotomy
The outcome of 58 patients undergoing EUS-guided rendezvous drainage because of bile duct obstruction, after
failed selective biliary cannulation, was compared to an
historical cohort of 144 patients treated with precut papillotomy. Treatment success was significantly higher for the
EUS-guided rendezvous patients than for those who underwent precut papillotomy, while there was no difference
in complications rate[98]. EUS-guided rendezvous drainage
seems to be superior to precut papillotomy in patients
with bile duct obstruction after failed ERCP (LE Ⅲ).
EUS-guided rendezvous BD vs EUS-guided transluminal
BD
A recent RS (33 patients) compared the outcome of
two different techniques in patients who underwent a
standardized approach to EUS-guided BD, with an initial attempt at using the rendezvous technique (n = 13)
followed by the transluminal approach (n = 20) in case
of rendezvous failure. The Authors reported that both
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Table 5 Endoscopic ultrasound-guided pancreatography and pancreatic duct drainage
Ref.
[114]

Will et al
Tessier et al[115]
Kahaleh et al[116]
Barkay et al[117]
Ergun et al[118]
Shah et al[96]
Vila et al[102]
Kurihara et al[119]
Fujii et al[120]
Total

1

Design

Cases

Technical success

Clinical success

Complications

RS
RS
RS
RS
RS
RS
RS
RS
RS
9 studies

12
36
13
21
20
25
19
14
45
205

100% (SPDD: 67%)
92% (SPDD: 92%)
100% (SPDD: 77%)
86% (SPDD: 48%)
100% (SPDD: 90%)
100% (SPDD: 86%)
58% (SPDD: NR)
100% (SPDD: 93%)
98% (SPDD: 73%)
100% (58%-100%)

50%
69%
77%
86%
72%
100%
NR
93%
53%
74.5% (53%-100%)

43%
55%
15%
10%
20%
16%
26%
7%
24%
20%(7%-55%)

1

Complications include: early and late, procedural and stent related. SPDD: Successful pancreatic duct drainage; RS: Retrospective study; NR: Not reported.

EUS-GUIDED PANCREATOGRAPHY AND
PANCREATIC DUCT DRAINAGE

senteric route shows higher complication rate than via
rendezvous route (LE Ⅲ).

EUS-guided PDD has been reported in 248 published
cases so far. They are usually indicated after failed ERCP
in patients with benign conditions such as ductal stones,
strictures or post-surgical stenosis[85,96,102,113-120] (Table 5).

EUS-GUIDED GALLBLADDER DRAINAGE
Patients with acute cholecystitis unresponsive to medical
therapy, require decompression of the gallbladder if they
are unsuitable for emergency surgery. Available treatments are percutaneous transhepatic gallbladder drainage
and EUS-guided gallbladder drainage. The latter has been
performed in 97 published cases with mean technical and
clinical success rates are 98% and 98%, respectively; overall mean complication rate was 16%[48,121-134] (Table 6).

Outcomes of EUS-guided PDD
EUS-guided PDD is a challenging procedure and it is
technically more demanding than EUS-guided BD. As
a result, technical and clinical outcomes of EUS-guided
PDD were less favorable than for EUS-guided BD with
an overall technical success rate of 78%[96,102,113-120] (LE Ⅲ).
Technical failures were mainly due to difficult orientation
of the echoendoscope along the axis of the pancreatic
duct, inability to dilate the transmural tract because of
dense fibrosis, and impossible endotherapy because of
too acute angle of access to the pancreatic duct[96,102,113-120].
As a note of interest, successful ERCP was reported in
some cases after EUS-guided pancreatography by needle
injection of contrast medium with or without methyleneblue[96,117] (LE Ⅲ). EUS-guided PDD is a challenging procedure, showing suboptimal clinical success and relevant
complication rate (LE Ⅲ).

EUS-guided vs percutaneous gallbladder drainage
Recently a non-inferiority RCT [131] was conducted to
evaluate the technical feasibility, efficacy and safety of
EUS-guided vs percutaneous drainage in this setting. The
authors enrolled 59 patients and reported similar technical
success rate (97% vs 97%), clinical success (100% vs 96%)
and rate of adverse events (7% vs 3%) in the two study
groups (LE Ⅰb).
Transgastric vs transduodenal approach
Both transgastric and transduodenal approaches have
been performed to achieve EUS-guided gallbladder drainage. In a pilot study, plastic stent migration was observed
in a patient 3 wk after trans-gastric drainage. The authors
suggested that transduodenal approach toward the gallbladder neck could avoid plastic stent migration[127] (LE Ⅱ
b). On these basis, specific lumen-apposing metal stents
with large distal and proximal flares have been developed[48,130,133]. EUS-guided gallbladder drainage shows similar feasibility, efficacy and safety profiles to percutaneous
drainage (LE Ⅰb).

Technical issues and complications
EUS-guided rendezvous technique was usually attempted
first, followed by the transenteric EUS-guided PDD in
case of rendezvous failure[119] (LE Ⅲ). EUS-guided transenteric stenting required more dilation of the needle
tract than rendezvous technique, leading to serious adverse events such as pancreatitis (4%), pancreatic juice
leakage (3%), bleeding (3%), and perforation (3%)[119] (LE
Ⅲ). The most common site for pancreatic duct access
was through the gastric body, in view of the straight and
stable echoendoscope position and the ease of access to
the pancreatic duct[96,102,113-120] (LE Ⅲ). Plastic stents were
used for EUS-guided PDD unlike metal stents. In fact,
covered metal stents can block side branches leading to
obstructive pancreatitis and uncovered metal stents can
cause pancreatic juice leakage between the stomach and
pancreas[96,102,113-120] (LE Ⅲ). EUS-guided PDD via tran-
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EUS-GUIDED DRAINAGE OF ABDOMINAL
NON-PERIPANCREATIC AND PELVIC
COLLECTIONS
EUS-GD represents a valid treatment of fluid collections
located in anatomic regions adjacent to the gastrointes-
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Table 6 Endoscopic ultrasound-guided drainage of gallbladder
Ref.
[121]

Baron et al
Kwan et al[122]
Lee et al[123]
Takasawa et al[124]
Kamata et al[125]
Kamata et al[126]
Song et al[127]
Súbtil et al[128]
Itoi et al[129]
Jang et al[130]
Jang et al[131]
Itoi et al[48]
Itoi et al[132]
de la Serna-Higuera et al[133]
Widmer et al[134]
Total

1

Design

Cases

Technical success

Clinical success

Complications

CR
RS
PS
CR
CR
CR
PS
RS
CR
PS
RCT
RS
CR
RS
RS
15 studies

1
3
9
1
1
1
8
4
2
15
30
5
1
13
3
97

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
97%
100%
100%
85%
100%
100% (85%-100%)

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
97%
100%
100%
85%
100%
100% (85%-100%)

None
33%
11%
None
None
None
37%
25%
None
13%
7%
None
None
15%
None
0% (0%-37%)

1

Complications include: early and late, procedural and stent related. RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; CR:
Case report.

Table 7 Endoscopic ultrasound-guided drainage of non-peripancreatic and pelvic collections
Ref.
[135]

Attwell et al
Giovannini et al[136]
Seewald et al[137]
Seewald et al[138]
Kahaleh et al[139]
Lee et al[140]
Jah et al[141]
Shami et al[142]
Ang et al[143]
Piraka et al[144]
Noh et al[145]
Puri et al[146]
Itoi et al[147]
Decker et al[148]
Gupta et al[149]
Ulla-Rocha et al[150]
Varadarajulu et al[151]
Knuth et al[152]
Ramesh et al[153]
Luigiano et al[154]
Total

1

Design

Cases

Technical success

Clinical success

Complications

CR
PS
CR
CR
CR
CR
CR
RS
CR
PS
PS
RS
CR
CR
RS
RS
CR
CR
RS
CR
20 studies

1
12
2
1
2
1
1
5
1
7
3
14
1
1
20
6
1
1
38
2
120

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
90%
100%
100%
100%
100%
100%
100% (90%-100%)

100%
75%
100%
100%
100%
100%
100%
100%
100%
100%
100%
93%
100%
100%
90%
100%
100%
100%
87%
100%
100% (75%-100%)

None
25%
None
None
None
None
None
None
None
28%
None
None
None
None
35%
None
None
None
None
None
0% (0%-35%)

1

Complications include: early and late, procedural and stent related. PS: Prospective study; RS: Retrospective study; CR: Case report.

tinal tract (i.e., subphrenic space, perihepatic, left lobe
of the liver, proximal small bowel, left colon, perirectal
space, etc.). EUS-GD of abdominal (non-peripancreatic)
and pelvic collections has been performed in 120 published cases so far, with mean technical and clinical success rates of 99% and 92%, respectively[135-154] (LE Ⅱ
b). Overall complication rate was 13% (Table 7). Pelvic
collections may present a clinical challenge because of
their location, usually surrounded by major organs and
anatomic structures (urinary bladder, rectum, prostate,
vagina or uterus). All published data available reported
the use of a drainage catheter or plastic stents[136,146,153]
(LE Ⅲ). Fully covered metal stents have recently been adopted for the drainage of pelvic abscesses[154] in order to
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minimize the risk of peritoneal leaks, to provide a larger
diameter fistula and to avoid early stent occlusion; all
these characteristics were shown to increase the clinical
success rate and the time to collection resolution (LE Ⅲ).
EUS-guided drainage represents a preferential treatment
of deep-seated abdominal fluid collections (LE Ⅱb).

EUS-GUIDED CELIAC PLEXUS
NEUROLYSIS AND BLOCK
CPN and CPB provide pain relief and reduces narcotic
use in patients with intra-abdominal malignancies and
chronic pancreatitis[155]. The injection of a neurolytic drug
into the celiac plexus disrupts the signal transmission to

8431

July 14, 2014|Volume 20|Issue 26|

Fabbri C et al . Levels of evidence in EUS-guided treatments
Table 8 Endoscopic ultrasound-guided plexus neurolysis/celiac plexus block n (%)
Ref.
Wiersema et al[167]
Gress et al[163]
Gunaratnam et al[168]
Gress et al[169]
Tran et al[170]
Ramirez-Luna et al[171]
Levy et al[172]

Design

Indications

Techniques

Technical success

Clinical success (pain relief)

Complications

RS

PC (n = 25)
Metastases (n = 5)
CP (n = 10)
CP (n = 8)
PC (n = 58)
CP (n = 90)
PC (n = 10)
PC (n = 11)
PC (n = 18)

CPN

100%

79%-88%

4 transient diarrhea

EUS-guided
CT-guided
CPN
CPB
CPN
CPN
CGN (n = 17)
CGB (n = 1)
CGN (n = 5)
CGB (n = 13)
CPB (n = 189)

100%

None

NR

50%
25%
78%
55%
70%
72.20%
16/17 (94)
0/1 (0)
4/5 (80)
5/13 (38)
NR

CPN (n = 31)

NR

NR

EUS-CPB
Percutaneous-CPB
CPB (central)
CPB (bilateral)
Central CPN

100%
100%

70%
30%
15/23 (65)
16/27 (59)
45.90%

RCT
PS
PS
RS
RS
RS

CP (n = 18)
O'Toole et al[173]

PS

PC (n = 2)
CP (n = 187)
PC (n = 21)
CP (n = 10)
CP (n = 27)
CP (n = 29)
CP (n = 23)
CP (n = 27)
PC (n = 34)/
CP (n = 37)
PC (n = 45)/
CP (n = 44)
PC (n = 67)

Wyse et al[158]

RCT

PC (n = 96)

LeBlanc et al[160]

RCT
RS

PC (n = 29)
PC (n = 21)
PC (n = 53)

RS
RS
RCT

PC (n = 47)
PC (n = 64)
CP (n = 40)

RS

Santosh et al[164]

RCT

Leblanc et al[165]

RCT

Sahai et al[174]

Sakamoto et al[175]

Téllez-Ávila et al[161]
Iwata et al[176]
Ascunce et al[177]
Stevens et al[166]

RS

100%
100%
100%
100%
NR
NR

100%

Bilateral CPN

2 post-procedural pain
1 retroperitoneal abscess
1 hypotension
2 diarrhea
None
1 adrenal artery bleeding

70.40%

34CPN
33 BPN
48 CPN
48 control
CPB (central)
CPB (bilateral)
Central (n = 21)
Bilateral (n = 32)
CPN
CPN
Triamcinolone +
bupivacaine
(n = 21)
Bupivacaine
(n = 19)
CPN

100%
96.90%
100%
100%

100%

86%

Celiac ganglion
irradiation
10 mL (n = 10)
20 mL (n = 10)

100%

82.60%

100%

80%
100%

NR
100%
100%
100%

72%-79%
19%-78%
60.70%
20/29 (69)
17/21 (81)
10/21 (48)
18/32 (56)
68.10%
50%
68.4%-85.7%

WiechowskaKozlowska et al[178]

RS

PC (n = 29)

Wang et al[179]

PS

PC (n = 23)

Leblanc et al[180]

PS

PC (n = 20)

Seicean et al[181]
Doi et al[162]

PS
RCT

PC (n = 32)
PC (n = 68)

CPN
CPN (n = 34)
CGN (n = 34)

100%
100%
88.20%

75%
45.50%
73.50%

23 studies

1327

-

100% (88.2%-100%)

71.9% (45.5%-90%)

Total

5 transient abdominal pain
3 diarrhea
NR
None
12 hypotension
6 diarrhea

None
None
None
None
NR
1 hypotension
1 severe hypertension

4 pain exacerbation
1 gastric hematoma
3 diarrhea
1 hypotonia
2 post-procedural pain
None
3 nausea and vomiting
2 diarrhea
1 lightheadness
NR
1 GI bleeding
3 hypotension
5 diarrhea
17 pain exacerbation
-

RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; PC: Pancreatic cancer; CP: Chronic pancreatitis; CPN: Celiac plexus
neurolysis; CPB: Celiac plexus block; CT: Computed tomography; CGB: Celiac ganglia block; CGN: Celiac ganglia neurolysis; NR: Not reported.

EUS-CPN in patients with pancreatic cancer
EUS-CPN vs analgesics: EUS-CPN (8 studies, 283
patients) was demonstrated safe and effective in alleviating refractory pain due to pancreatic cancer: pooled
proportion 80.1% (74.5%-85.2%)[156] (LE Ⅰa). Alcoholbased EUS-CPN was found safe and effective in this

spinal cord and central nervous system. Due to the anatomical location of the celiac plexus around the origin of
the celiac trunk and the superior-mesenteric artery, EUSCPN provides direct, real-time visualization leading to a
safer approach than trans-abdominal or posterior access
(Table 8).
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vs 12% at the end of follow-up) pain control[163] (LE Ⅰ
b). Another RCT comparing EUS-guided (29 patients) vs
percutaneous fluoroscopy-guided (27 patients) CPB with
bupivacaine (10 mL) and triamcinolone (3 mL) in patients
with chronic pancreatitis demonstrated an improvement
in pain scores (visual analog score) in 70% of cases in the
EUS group vs 30% of cases in the percutaneous group
(P = 0.044)[164] (LE Ⅰb). EUS-CPB provides better pain
control than percutaneous-CPB (LE Ⅰb).

setting: the pooled proportion of patients (5 studies, 119
patients) that experienced pain relief was 72.5%[157] (LE Ⅰ
a). In a recent RCT, 96 patients with advanced pancreatic cancer were randomly assigned to early EUS-guided
CPN or to conventional pain management; the authors
observed greater pain relief in the early EUS-CPN group
at three months than in conventional management group
[-67% (-87 to -25), P = 0.01][158] (LE Ⅰb). Finally, compared to opioids, EUS-CPN (6 studies, 358 patients) was
demonstrated to reduce pain at four and eight wk [visual
analog score -0.42 (-0.70 to -0.13) and -0.44 (-0.89 to
-0.01)] and significantly reduced opioid consumptions in
the EUS-CPN group (P < 0.00001)[159]. EUS-CPN is superior to analgesic therapy in reducing pain (LE Ⅰa).

Single central injection vs bilateral injections: LeBlanc et al[165] randomized 50 patients with chronic pancreatitis to receive one or two injections of bupivacaine and
triamcinolone without observing any difference in duration of pain relief or onset of pain in the two groups.
There is no difference between central vs bilateral injections in EUS-CPB (LE Ⅰb).

Single central injection vs bilateral injections: Leblanc et al[160] randomized 50 patients with pancreatic cancer to receive one or two injections of alcohol for CPN
without observing any difference in onset or duration of
pain relief in the two groups[161]. There is no difference
between central vs bilateral injections in EUS-CPN (LE Ⅰ
b).

Bupivacaine and triamcinolone vs bupivacaine
alone: In order to evaluate the effect of the addition of
triamcinolone to bupivacaine in EUS-CPB, 40 patients
were randomized to receive either bupivacaine alone or
bupivacaine and triamcinolone. There was no significant
difference in pain control between the two groups (14.3%
vs 15.8% for controls), therefore the trial was stopped for
futility[166]. There is no advantage of adding triamcinolone
to bupivacaine for EUS-CPB (LE Ⅰb).

EUS-CPN vs EUS-direct celiac ganglia neurolysis:
Thirty-four patients were assigned to undergoing either
EUS-celiac ganglia neurolysis (CGN) or classical EUSCPN. The authors observed higher treatment response
rate (73.5% vs 45.5%, P = 0.026) and complete response
rate (50.0% vs 18.2%, P = 0.010) in the EUS-CGN group
compared to the EUS-CPN group[162]. EUS-CGN is superior to conventional EUS-CPN in inducing pain relief
(LE Ⅰb).

Complications of EUS-CPN and EUS-CPB
Most frequent (up to 30% of patients) adverse events
related to EUS-CPN/CPB are represented by diarrhea,
abdominal pain and hypotension; however, they are usually mild (grade Ⅰ-Ⅱ) and self-limiting[167-181] (Table 8).
Nevertheless, we found reports of serious adverse events
related to EUS-CPN/CPB including bleeding, abscess,
abdominal ischemia, permanent paralysis and also death
(LE Ⅲ) (Table 9). In our opinion, the risk of serious
morbidity and mortality should be weighed against expected benefits particularly in patients with a long life
expectancy (i.e., patients with chronic pancreatitis).

EUS-CPN and EUS-CPB in patients with chronic
pancreatitis
EUS-CPN vs analgesics: In patients with pain due
to chronic pancreatitis (9 studies, 376 patients) alcoholbased EUS-CPN provided pain relief in 59.4% (95%CI:
54.5-64.3)[157]. EUS-CPN is effective in pain control due
to chronic pancreatitis; however, in this setting, due to
the relative lower efficacy than in oncologic disease, the
development of techniques or new injected drugs seem
to be needed (LE Ⅰa).

EUS-GUIDED ETHANOL INJECTION
Pancreatic cystic lesions
The initial steps for performing EUS-guided ethanol
cyst ablation are similar to those for pancreatic EUSFNA including antibiotic prophylaxis and puncturing
the cysts with a 22-gauge needle. After partial or total
evacuation of cystic fluid for diagnostic purposes, a volume of ethanol equal to that aspirated should be injected
and maintained for 3-5 min. After aspiration of the total
amount of ethanol injected, a chemotherapeutic agent (i.e.,
paclitaxel) may be injected and left inside the cystic cavity[182-190] (Table 10).

EUS-CPB vs analgesic: Meta-analysis for efficacy of
steroid-based EUS-guided celiac plexus block (EUS-CPB)
in patients with refractory pain due to chronic pancreatitis (6 studies, 221 patients) showed an effective alleviation
of abdominal pain only in 51.46% of them[158]. EUS-CPB
is moderately effective in pain control due to chronic
pancreatitis. In this setting, the development of new techniques and/or injected drugs is needed (LE Ⅰa).
EUS-guided vs percutaneous-CPB: An RCT comparing the safety and efficacy of EUS-guided vs CT-guided
celiac plexus block in patients with chronic pancreatitis
showed that EUS-CPB was significantly more effective
in short-term (50% vs 25% at 4 wk) and long-term (30%
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Ethanol vs saline: Ethanol injection with EUS led to a
greater reduction in cyst size compared to simple saline
injection (43% vs 11%); moreover, ethanol injection re-
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Table 9 Serious adverse events of endoscopic ultrasound-guided celiac plexus neurolysis/celiac plexus block
Ref.

Journal

Year

Complication

Indication

Technique

Gress et al[247]

Gastrointest Endosc

1997

Mahajan et al[248]
Muscatiello et al[249]
Sahai et al[174]
O’Toole et al[173]
Ahmed et al[250]
Shin SK et al[251]
Lalueza et al[252]
Gimeno-Garcia et al[253]
Fujii et al[254]
Mittal et al[255]
Loeve et al[256]
Jang et al[257]
Doi et al[162]

Gastrointest Endosc
Endoscopy
Am J Gastroenterol
Endoscopy
Endoscopy
Korean J Pain
Endoscopy
Endoscopy
Endoscopy
Neurology
Gastrointest Endosc
Clin Endosc
Endoscopy

2002
2006
2009
2009
2009
2010
2011
2012
2012
2012
2013
2013
2013

1 retroperitoneal bleeding
1 retroperitoneal abscess
3 empyema
1 retroperitoneal abscess
1 retroperitoneal bleeding
1 retroperitoneal abscess
1 ischemia
1 ejaculatory failure
1 brain abscess
1 ischemia/death
1 spinal cord infarction/paralysis
1 spinal cord infarction/paralysis
1 gastric necrosis/death
1 hepatic-bowel infarction/death
1 GI bleeding (puncture site)

CP
CP
CP
PC
CP
CP
CP
CP
CP
CP
PC
PC
PC
PC
PC

EUS-CPN
EUS-CPB
EUS-CPB
EUS-CPN
EUS-CPB
EUS-CPB
EUS-CPN
EUS-CPB
EUS-CPN
EUS-CPN
EUS-CPN-G
EUS-CPN-G
EUS-CPN
EUS-CPN
EUS-CGN

CP: Chronic pancreatitis; PC: Pancreatic cancer; CPN: Celiac plexus neurolysis; CPB: Celiac plexus block.

Table 10 Endoscopic ultrasound-guided ethanol injection of abdominal solid and cystic tumors
Ref.

Design

Indications

Lesion size
(mm)

Techniques

Clinical success

Complications

PS
PS

Pancreatic cystic lesions (n = 25)
Pancreatic cystic lesions (n = 14)

6-30
17-52

Ethanol
Ethanol and paclitaxel

35%
79%

Oh et al[182]
DeWitt et al[183]

PS
RCT

Septated pancreas cysts (n = 10)
Pancreatic cystic lesions (n = 42)

20-68
10-58

Ethanol and paclitaxel
Ethanol vs saline

60%
33%

DeWitt et al[184]
Oh et al[186]

PS
PS

Pancreatic cystic lesions (n = 12)
Pancreatic cystic lesions (n = 52)

10-50
17-68

Ethanol
Ethanol and paclitaxel

75% at follow-up
62%

DiMaio et al[189]
Oh et al[190]

RS
RS

Pancreatic cystic lesions (n = 13)
Pancreatic cystic lesions (n = 1)

20.1 ± 7.1
5.2

Jurgensen et al[192]

RS

Pancreatic NET (n = 1)

13

38%
Failure, underwent
surgery
Complete remission

Muscatiello et al[193]

RS

Pancreatic NET (n = 1)

11 and 7

Deprez et al[194]

RS

Pancreatic NET (n = 1)

13

Vleggaar et al[195]

RS

Pancreatic NET (n = 1)

10

Levy et al[191]

RS

Pancreatic NET (n = 5)

8-21

Barclay et al[196]

RS

Solid Hepatic Metastasis (n = 1)

33

Gunter et al[197]

RS

GI stromal tumor (n = 1)

40

Hu et al[198]

RS

Liver metastasis (n = 1)

35

Artifon et al[199]

RS

Left adrenal metastasis (n = 1)

50

DeWitt et al[200]

RS

Metastatic lymph node (n = 1)

10-11

169 patients

6-68

Ethanol (single/multi)
Ethanol 99%
28 mL + paclitaxel
Ethanol 95%
8 mL
Ethanol 40%
2 mL
Ethanol 98%
3.5 mL
Ethanol 96%
0.3 mL
Ethanol 95-99%
0.1-3 mL
Ethanol 98%
6 mL
Ethanol 95%
1.5 mL
Ethanol 100%
10 mL
Ethanol 98%
15 mL
Ethanol
4 + 2 mL
-

None
1 acute pancreatitis
6 hyperamylasemia
1 abdominal pain
1 acute pancreatitis
1 acute pancreatitis
5 abdominal pain
1 cystic bleeding
1 acute pancreatitis
1 abdominal pain
1 fever
1 splenic vein thrombosis
1 abdominal pain
Portal vein thrombosis

Gan et al[187]
Oh et al[185]

Total (cystic lesion) 8 studies

Pain + lipase increase

No recurrence at
Small pancreatic necrosis
18 mo
Complete remission Hematoma and duodenal
ulcer
Asymptomatic at
None
6 mo
60% symptoms
None
resolution
Good condition at
Liver hematoma
5.5 yr
Complete remission
Abdominal pain
Mucosal ulceration
Local control and
Fever
decrease in size
Palliation of related
None
pain
Locally successful
None
60% (33%-79%)

-

RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; NR: Not reported; NET: Neuroendocrine tumor.

sulted in complete cyst ablation in 33% of cases (12 out
of 36)[183] (LE Ⅰb). Follow-up by CT scan at 2 years of
patients who had obtained complete cyst ablation after
WJG|www.wjgnet.com

treatment showed persistent resolution of pancreatic cystic lesions in 75% of cases[184] (LE Ⅱb). Ethanol injection
and lavage induces a significantly greater reduction in cyst
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Table 11 Endoscopic ultrasound-guided tumor ablation
Ref.

Design

Indications

Techniques

Type

Tumor response

Complications

Chang et al[202]

PS

Pancreatic cancer (n = 8)

Injection

Cytoimplant

None

Hecht et al[203]

PS

Pancreatic cancer (n = 21)

Injection

ONYX-015 + iv
gemcitabine

Chang et al[211]

RS

Pancreatic cancer (n = 1)

Injection

Hecht et al[205]

PS

Pancreatic cancer (n = 50)

Injection
(27 EUS-guided)

TNFerade +
chemoradiotx
TNFerade +
chemoradiotx

2 partial;
1 minor
2 partial;
2 minor;
6 stable;
11 progression
Surgical resection

Irisawa et al[204]

PS

Pancreatic cancer (n = 7)

Injection

Immature dendritic
cells

Hanna et al[207]

PS

Pancreatic cancer (n = 9)

Chang et al[206]

PS

Esophageal cancer (n = 24)

Injection
(6 EUS-guided)
Injection

BC-819 +
chemoradiotx
TNFerade

Arcidiacono[208]

PS

Pancreatic cancer (n = 22)

EUS-CTP

Maier et al[212]

PS

Head/neck cancer (n = 21)

Cryothermal
Ablation
Brachytx

Ir-192 needles

Lah et al[213]

RS

Brachytx

MartinezMonge et al[214]
Sun et al[209]

RS
PS

Metastatic celiac lymph
nodes (n = 1)
Metastatic mediastinal
lymph node (n = 1)
Pancreatic cancer (n = 15)

Jin et al[210]

PS

Pancreatic cancer (n = 22 )

1 complete;
3 partial;
4 minor;
12 stable

2 sepsis
2 duodenal perforations

None
6 GI bleeding
6 deep vein thrombosis
2 pulmonary embolism
2 pancreatitis
6 cholangitis
None

5 thromboembolic events
(highest dose)
3 hyperamylasemia

I-125 seeds

2 mixed;
2 stable;
3 progressive
2 surgically resectable;
3 partial
6 complete;
2 stable
6 partial response (only 6
patients analyzed)
4 full;
15 partial;
3 none
Response

Brachytx

I-125 seeds

Response

None

Brachytx

I-125 seeds

1 site infection
3 hematologic side effects

Brachytx

I-125 seeds

4 partial;
3 minor;
5 stable;
3 progressive
4 partial;
10 stable

None

None

None

1 seed migration

RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; NR: Not reported; CTP: Cryothermal probe; GI: Gastrointestinal.

size and allows a significantly higher rate of cyst ablation
than saline alone (LE Ⅰb).

EUS-GUIDED TUMOR ABLATION
EUS-guided fine needle injection
EUS-fine needle injection (FNI) is a simple technique to
deliver chemotherapeutic agents into tumoral tissue for
the treatment of locally advanced pancreatic or esophageal cancer. The technical outcome of all the studies
about EUS-FNI reached 100%, paralleling the ability of
performing EUS-FNA for cytological diagnosis. However, the clinical outcome varied greatly according to the
different chemical or biological agents being tested[201]
(Table 11).

Ethanol plus paclitaxel: In their experience on 52 patients with uniloculated or oligoloculated pancreatic cyst
treated with ethanol lavage followed by paclitaxel injection, Oh et al[186] observed complete resolution in 62%
of patients after 1-year follow-up. The authors identified
small cyst size as a positive predictive factor of treatment
response. Addition of paclitaxel to ethanol injection is
safe and effective and leads to a greater treatment rate of
pancreatic cystic lesions compared to ethanol alone (LE
Ⅱb).

Allogeneic mixed lymphocyte culture: The first study
assessing EUS-FNI for pancreatic cancer tested the safety and efficacy of allogeneic mixed lymphocyte culture in
locally advanced pancreatic adenocarcinoma in 8 patients.
The procedure (single session of EUS-guided injection)
was safe and two partial responses and one minor response were reported (median survival 13.2 mo)[202] (LE
Ⅱb).

Solid lesions
EUS-guided injection of ethanol has been applied to a
variety of solid tumors including pancreatic endocrine tumors, hepatic metastases, and submucosal tumors[191-200].
In a single-center RS, Levy et al[191] reported safety and
efficacy of EUS-guided ethanol injection in five patients
with pancreatic insulinoma. The authors obtained symptoms resolution in 60% of patients with no complications[191] (LE Ⅲ). Ethanol injection is feasible and safe in
solid pancreatic insulinomas (LE Ⅲ).

WJG|www.wjgnet.com

Adenovirus ONYX-015: ONYX-015, a modified adenovirus (deletion in the E1B gene) which replicate in tumor
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cells leading to cell death, was used for EUS-FNI in pancreatic cancer in combination with systemic gemcitabine.
The authors enrolled 21 patients in this phase Ⅰ study
and reported two patients with partial regression and two
with minor response. However, 4 serious adverse events
were observed (two sepsis and two duodenal perforations)[203] (LE Ⅱb).

in 6/16 patients a reduction in tumor size was clearly
seen. The procedure was well tolerated in all cases[208] (LE
Ⅱb).
EUS-guided brachytherapy
The feasibility, safety and efficacy of EUS-guided implantation of radioactive seeds in patients with locally
advanced pancreatic cancer were assessed in a few studies[209-214]. Partial tumor response ranged from 13.6% to
27% while a stable disease was observed in 45.5%-53%
of cases in two pilot studies[209,210]. In both series, up to
30% of patients reported transient pain reduction within
the first period after treatment. Adverse event rate range
was 0%-20% (pancreatitis and pseudocyst formation) in
association to systemic, non-EUS-related, adverse events
(LE Ⅱb). EUS-guided CTP ablation and brachytherapy
are feasible in a subset of patients with locally advanced
pancreatic cancer. However, their safety and clinical outcome have to be further investigated (LE Ⅱb).

Immature dendritic cells: Irisawa et al[204] reported a pilot study (phase Ⅰ) with injection of immature dendritic
cells (DCs). DCs were used for EUS-FNI in view of
their potent induction of primary T-cell response against
tumor antigens. Among 7 patients with locally advanced
pancreatic adenocarcinoma, one complete and three
partial responses were reported. No adverse events were
described[204] (LE Ⅱb).
TNFerade: EUS-FNI of TNFerade, a replication-de
ficient adenovirus vector carrying the tumor necrosis
factor-α gene, was tested in a multicenter study on 50 patients with locally advanced pancreatic cancer in combination with systemic fluorouracil. The authors observed
1 complete response, 3 partial responses, and 12 patients
with stable disease after treatment. Interestingly, seven
patients became suitable for surgery after EUS-FNI and
6 of them underwent R0 resection. According to the
authors, an RCT is warranted to further assess these encouraging results[205] (LE Ⅱb).
The efficacy of EUS-FNI of TNFerade was also
assessed in 24 patients with locally advanced but still resectable esophageal cancer (20% stage Ⅱ, 80% stage Ⅲ).
EUS-FNI of TNFerade was combined with cisplatin,
5-fluorouracil and radiation therapy. Six complete responses and 2 stable diseases were observed. The median
survival was 47.8 mo and 5-year survival and disease-free
survival rates were 41% and 38%, respectively. Additionally, EUS-FNI proved to be safe[206] (LE Ⅱb).

EUS-guided fiducial placement
Imaging-guided radiation therapy is based upon a realtime tracking system to target the tumor to be irradiated.
In order to minimize irradiation of adjacent normal tissue
in pancreatic malignancies, the placement of radiopaque
fiducials inside or near the tumor allows a radiographic
marking enabling precise tumor targeting. Firstly, fiducials
were placed in patients with advanced pancreatic cancer
were placed with surgical or radiological techniques. In
the last decade, the less invasive EUS-guided fiducial
placement was shown to be safe and precise[215-227] (Table
12).
Safety and effectiveness: Two PSs enrolling a total of
101 patients with locally advanced or recurrent pancreatic
cancer reported high technical and clinical success rates
(88%-90%). Overall complication rate was low with only
few minor adverse events (one patient experienced minor
bleeding from the site of EUS needle entrance and one
experienced mild pancreatitis). Migration of the gold fiducials was reported in 7% of cases[216,217] (LE Ⅱb).

BC-819: The safety, tolerability and preliminary efficacy
of EUS-FNI of BC-819, a DNA plasmid developed
to target the expression of diphtheria-toxin gene under
the control of H19 regulatory sequences, was recently
tested in 6 patients with pancreatic cancer in combination
with chemoradiotherapy. Three patients showed partial
response and other two patients who were downstaged
were able to undergo surgical resection[207]. Intratumoral
EUS-FNI in patients with advanced pancreatic and
esophageal cancer is technically easy, safe and can induce
tumor downstaging in some cases (LE Ⅱb).

Traditional vs coiled fiducials: Khashab et al[218] compared the technical success, safety, visibility and migration
of two different types of fiducials (traditional vs coiled).
In their RS, no differences were observed in visibility, degree of fiducial migration, number of fiducial placement,
technical difficulty or complication rate (LE Ⅲ).
Ideal fiducial geometry: A recent study compared the
achievement of the iIdeal fiducial geometry (IGF) (defined as the placement of 3 fiducials with at least 2 cm of
distance, at least 15 degrees angle, and non-planar placement) in 39 patients who underwent EUS-guided fiducial
placement vs 38 who underwent surgical fiducial placement. In this RS, the authors identified a significantly
higher rate of IGF reached with surgical vs EUS placement (47% vs 18%, P = 0.0011). However, it was ob-

EUS-guided cryothermal ablation
The safety and efficacy of cryothermal ablation was assessed using a newly developed cryotherm probe (CTP)
in 22 patients with locally advanced pancreatic cancer.
CTP is a large bore flexible bipolar device that combines
radiofrequency with cryogenic cooling in the same session. EUS-guided CTP ablation was feasible in 16 patients. CT scan was performed in all cases after treatment;
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Table 12 Endoscopic ultrasound-guided fiducial placement n (%)
Ref.

Design

Indications

Techniques

Technical success

Needle

Complications

Pishvaian et al[215]

PS

Fiducial placement

11/13 (84.6)

19 Gauge

1 infection

Varadarajulu et al[222]
DiMaio et al[223]

RS
RS

Fiducial placement
Fiducial placement

9/9 (100)
29/30 (97)

NR
22 Gauge

None
None

Sanders et al[217]
Park et al[216]
Ammar et al[224]

PS
PS
RS

1 mild pancreatitis
None
None

PS
RS

46/51 (90)
50/57 (88)
9/9 trans-gastric
4/4 trans-duodenal
2/2 (100)
39/39 (100)

19 Gauge
19 Gauge
22 Gauge

Varadarajulu et al[225]
Khashab et al[218]

Abdominal/mediastinal
cancer (n = 13)
Pancreatic cancer (n = 9)
Abdominal/mediastinal
cancer (n = 30)
Pancreatic cancer (n = 51)
Pancreatic cancer (n = 57)
Abdominal cancer/lymph
nodes (n = 13)
Pancreatic cancer (n = 2)
Pancreatic cancer (n = 39)

19 Gauge flexible
19 and 22 Gauge

None
None

Law et al[226]
Majumder et al[219]

RS
RS

2/2 (100)
35/39 (89.7)

22 Gauge
19 Gauge

Yang et al[220]
Yang et al[221]

RS
RS

None
1 mild pancreatitis
4 abdominal pain
None
None

Trevino et al[227]

Total

Fiducial placement
Fiducial placement
Single fiducial
marker
Fiducial placement
Fiducial placement
(traditional vs coiled)
Small pancreatic NET (n = 2) Fiducial placement
Pancreatic cancer (n = 39)
Fiducial placement
Fiducial placement
Fiducial placement

16/16 (100)
6/6 (100)

19 Gauge
19 Gauge

RS

Prostate cancer (n = 16)
Prostate cancer recurrence
(n = 6)
Rectal cancer (n = 1)

Fiducial placement

3/3 (100)

13 studies

278

-

100% (84.6%-100%)

19 Gauge
(forward-view
EUS)
-

None

0%

RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; NR: Not reported; NET: Neuroendocrine tumor:

served that despite the lower IGF rate in the EUS group,
fiducial tracking for irradiation therapy was successful in
a similar percentage of patients from the two groups (>
80%)[219] (LE Ⅲ). EUS-guided fiducial placement is safe
and leads to technical and clinical success in about 90%
of patients (LE Ⅱb).

of small abnormal vessels in 8 patients with Dieulafoy’s
lesions. In 50% of cases it was possible to perform EUSguided injection of sclerosing agent into the aberrant vessels[229] (LE Ⅲ).
EUS-guided treatment of portal hypertension
Endoscopic vs EUS-guided sclerotherapy of esophageal collateral veins: An RCT compared the safety and
efficacy of EUS-guided and endoscopic sclerotherapy
(ethanolamine oleate injection) in 50 patients affected by
liver cirrhosis. The authors did not observe any difference in variceal eradication, number of sessions needed
to achieve the eradication, variceal recurrence and adverse
event rates[230] (LE Ⅰb). EUS-guided sclerotherapy does
not confer any significant advantage in terms of safety
and efficacy compared to classical endoscopic sclerotherapy (LE Ⅰb).

Non-pancreatic cancer: Two recent retrospective
case series reported the feasibility and safety of fiducial
placement in 16 patients with prostate cancer and in 6
with prostate cancer recurrence. The authors reported
extremely high success rates (16/16 and 6/6 respectively)
with no incidence of adverse events[220,221] (LE Ⅲ). EUSguided fiducial placement was feasible and safe in patients
with prostate cancer or prostate cancer recurrence (LE
Ⅲ).

EUS-GUIDED VASCULAR
INTERVENTIONS

Gastric variceal bleeding: In a RS, EUS-assisted cyanoacrylate (CYA) injection until obliteration of all gastric
varices collateral was compared to an historical group of
cirrhotic patients who underwent standard endoscopic
injection, only in case of recurrent bleeding. While early
re-bleeding rate was similar in the two groups (7.4% vs
12.8%, respectively, P = NS), late recurrent bleeding was
significantly reduced in patients who underwent CYA
injection under EUS control to check for complete obliteration (18.5% vs 44.7%, P = 0.0053, OR = 0.28)[231] (LE
Ⅱb). EUS guidance allows an higher rate of gastric variceal obliteration and reduces recurrent bleeding (LE Ⅱb).

EUS combined with color/power Doppler allows precise
identification of vascular anatomy, potential high risk vessels with/without portal hypertension, and occult sources
of bleeding such as Dieulafoy’s lesions and pseudoaneurysms. Moreover, EUS provides direct access to vascular
structures next to gastrointestinal wall, allowing precise
vascular interventions[228-246] (Table 13).
EUS-guided treatment of non-variceal bleeding
The efficacy of EUS-guided treatments of non-variceal
upper gastrointestinal bleeding was reported only in form
of small case series and case reports. Fockens et al[229] first
reported about the usefulness of EUS in the diagnosis

WJG|www.wjgnet.com

Coil embolization vs CYA injection for gastric varices: A multicenter RS compared feasibility, safety and
applicability of coil embolization vs sclerotherapy (CYA
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Table 13 Endoscopic ultrasound-guided vascular interventions n (%)
Ref.

Design

Indications

Fockens et al[229]
Levy et al[234]
Gonzalez et al[235]

RS
RS
RS

Dieulafoy’s lesion (n = 4)
Dieulafoy’s lesion (n = 1)
Dieulafoy’s lesion (n = 2)

Levy et al[234]

RS

Gonzalez et al[235]
Gonzalez et al[235]
Lee et al[231]

RS
RS
RS

Lahoti et al[236]
Romero-Castro et al[237]
De Paulo et al[230]

RS
RS
RCT

Techniques

Polidocanol injection
Alcohol 99% injection
Polidocanol
or CYA injection
Various (n = 4)
Alcohol 99% or CYA
injection
Pseudo-aneurysm (n = 3)
CYA injection
Gastric varices (n = 2)
CYA injection
Gastric varices (n = 101)
EUS-assisted CYA
injection
Esophageal varices (n = 5)
Sclerotherapy
Gastric varices (n = 5)
CYA injection
Esophageal varices
Endo vs EUS-guided
(n = 50)
CYA injection
Choledochojejunal
Coil embolization
anastomotic varices (n = 1)
Gastric varices (n = 4)
Coil embolization
Gastric varices (n = 30)
CYA injection + coil
embolization
Gastric varices (n = 30)
CYA injection (n = 19)
vs coils (n = 11)

Levy et al[238]

RS

Romero-Castro et al[239]
Binmoeller et al[233]

RS
RS

Romero-Castro et al[232]

RS

Weilert et al[240]

RS

Rectal varices (n = 1)

Gonzalez et al[241]

RS

Roberts et al[242]

RS

Roach et al[243]
Chaves et al[244]
Robinson et al[245]

RS
RS
RS

Lameris et al[246]

RS

Splenic artery aneurism
(n = 1)
Visceral pseudoaneurysm
(n = 1)
SMA aneurysm (n = 1)
SMA aneurysm (n = 1)
Splenic artery aneurysm
(n = 1)
Visceral pseudoaneurysm
(n = 1)

Technical success

Rebleeding

Complications

4/4 (100)
1/1 (100)
2/2 (100)

2/4 (50)
No
No

None
None
None

4/4 (100)

No

None

3/3 (100)
2/2 (100)
5/5 (100)
5/5 (100)
24/25 (96)
1/1 (100)

No
None
No
None
Early 4/54 (7.4)
None
Late 10/54 (18)
No
1 esophageal stricture
No
None
2/24 recurrence of
None
varices (8.3)
No
None

3/4 (75)
30/30 (100)

No
4/24 (16.6)

None
None

97.4 % vs 90.9%

NR

CYA injection plus
coils
CYA injection

100%

No

9 CYA embolization;
1 chest pain; 1 fever;
1 variceal bleeding
None

1/1 (100)

No

None

HistoAcryl injection

1/1 (100)

No

None

Thrombin injection
Thrombin injection
Thrombin injection

1/1 (100)
1/1 (100)
1/1 (100)

No
No
No

None
None
None

Thrombin + collagen
injection

1/1 (100)

No

None

RCT: Randomized controlled trial; PS: Prospective study; RS: Retrospective study; NR: Not reported; CYA: Cyanoacrylate; SMA: Superior mesenteric artery.

injection) under EUS guidance. Thirty patients (11 coil
group vs 19 CYA group) underwent EUS-guided treatment for gastric varices. The rate of variceal obliteration
was similar in the two groups (90.9% vs 94.7%, respectively) without differences in number of EUS sessions.
Eleven patients (11/19) in the sclerotherapy group experienced adverse events; in 9 of them an asymptomatic
pulmonary glue embolism was found on CT scan, while 1
patient experienced fever and another experienced chest
pain; on the other hand, only one patient treated with coil
embolization experienced an adverse event (esophageal
variceal bleeding). The comparison among the two treatment groups demonstrated a significantly lower incidence
of any grade adverse events in the embolization group
(58% vs 9%, P < 0.01); only 3 patients, two in the CYA
and one in the coil group, experienced symptomatic adverse events[232] (LE Ⅱb).

Successful treatment was achieved in all cases (30 out
of 30, 100%) after a mean of 1.3 EUS sessions, including 2 cases with active bleeding. Rebleeding occurred in
16% of cases and no procedure-related adverse events
were reported[233] (LE Ⅲ). EUS-guided coil embolization
and CYA injection are both effective for gastric varices
treatment in patients with cirrhosis (LE Ⅱb). While both
sclerotherapy and embolization monotherapy present a
high complication rate, combined coil embolization and
CYA injection seems to be safe and effective in patients
with gastric varices (LE Ⅲ).

CONCLUSION
Several EUS-guided treatments are now available in
endosonographer’s armamentarium. The usefulness
of EUS-GD of PFCs and of EUS-CPN has been well
established in studies with high LE. Other techniques
including EUS-guided biliary drainage have been tested
only in studies with medium-low LE and thus should still
be performed either in referral centers by experienced
endosonographers or in investigational/research settings.
Well-designed RCTs are warranted to further elucidate

Combined coil embolization and CYA injection for
gastric varices: The authors reported about 30 patients
who underwent EUS-guided trans-esophageal combined
embolization and sclerotherapy of gastric varices using
in the majority of cases a forward-view echoendoscope.
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Colonic polyps: Is it useful to characterize them with
advanced endoscopy?
Maria Lopez-Ceron, Erwin Sanabria, Maria Pellise
histology and invasion depth prediction, and virtual CE
is a feasible and less cumbersome alternative to CE in
terms of histological estimation, though not sufficiently
accurate for depth invasion prediction. Furthermore,
the supplementary information provided by advanced
imaging systems can assist the endoscopist in the
selection of a strategic approach, such as in deciding
whether a colonic lesion should be resected, left in situ ,
or requires more intensive surgical treatment. Lastly,
advanced high-resolution imaging techniques may be
more cost effective, such that histopathology of lowrisk lesions following resection can be eliminated. The
results of these evaluations and comparisons with traditional CE are presented and discussed. Taken together,
the benefits provided by these advanced capabilities
justify their development, and advocates their use for
the treatment and management of colonic polyps.
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Core tip: Endoscopic characterization of colonic polyps
by “virtual histology” is a currently accessible tool for
identification of lesion type, thus enabling endoscopists
to determine optimal treatment strategies. Chromoendoscopy (CE) has shown high accuracy for differentiating polyp histologies (neoplastic vs non-neoplastic) and
for estimating the depth of invasion. Furthermore, digital systems such as narrow band imaging are a viable
alternative to CE regarding lesion characterization, ease
of use, reversibility, and cleanliness.

Abstract
There have been major developments in endoscopic
imaging techniques in recent years. Endoscopes with
high definition and magnification can provide high quality images that allow for the histological estimation of
lesions in vivo and in situ when combined with ancillary
enhancement techniques such as chromoendoscopy
(CE) and virtual CE (narrow band imaging fujinon intelligent chromoendoscopy, or i-Scan). Despite the enormous potential for these advanced techniques, their
value and feasibility in the clinic are still doubted, particularly in cases of colonic polyps that are slated for removal, where in vivo characterization may be deemed
unnecessary. However, there are several advantages
offered by such advanced endoscopic imaging. CE with
or without magnification demonstrates highly accurate
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out loss of resolution[7]. In addition to these advances,
there are auxiliary enhancement techniques that provide
additional detail. The use of optical systems is generally
implied in studies using magnification, yet endoscopes
providing optical magnification are not available in the
United States or in Europe (with some exceptions in the
United Kingdom and a few other European centers).
Thus, studies using this technology are mainly from
Asian countries.

COLORECTAL CANCER
Colorectal cancer (CRC) is the second most common
cancer in women and the third most common in men
from developed countries[1], which contrasts with the
preventable nature of gastrointestinal cancers. While
colorectal adenomas have long been considered as CRC
precursors, recent evidence shows that that 20%-30%
of all CRCs emerge from a distinct group of lesions,
generically named serrated polyps, consisting of traditional serrated adenomas, sessile serrated adenomas (SSA)
and hyperplastic polyps (HP)[2]. While HPs are generally
understood to show little or no potential for degeneration, the other serrated polyps are capable of malignant
transformation, similar to classic adenomas[3]. Currently,
endoscopy is the most viable method for CRC prevention, which not only allows for diagnosis, but also for the
removal of premalignant lesions. Furthermore, in addition to its preventative effects, endoscopic polypectomy
has also been shown to reduce CRC mortality[4].

CHROMOENDOSCOPY
Chromoendoscopy (CE) is the topical instillation of
dye through an endoscope channel to highlight small
details of the mucosa. The two most commonly used
dye types are vital or absorptive dyes that are taken up
by intestinal cells, such as methylene blue and crystal
violet, and contrast dyes such as indigo carmine, which
are deposited in the mucosal grooves and enhance subtle
mucosal unevenness. Before the dyes are administered,
a solution containing mucolytic and de-foaming agents
(for example, 300 mg of N-acetylcysteine and 100 mg of
simethicone per liter of water) is pumped through the
tissue to remove mucus and fecal remains. Dyes can be
applied with a catheter for the staining of large mucosal
areas (Figure 1), or directly through the endoscope channel with the aid of a syringe (Figure 2) (e.g., 5 cc of dye
followed by 15 cc of air in a 20 cc syringe) for occasional
application. Absorptive contrasts should be left to stand
after instillation for one minute before rinsing. Generally,
methylene blue is used at a concentration of 0.1%, while
indigo carmine is used at concentrations of 0.1%-0.5%
for large and small areas, respectively. Due to its potential
toxicity[7], 0.05% crystal violet should be applied in small
quantities with a special non-traumatic catheter combined
with magnification devices.
CE has been reliably used to distinguish neoplastic
from non-neoplastic lesions. Additionally, it can predict
the degree of invasion of colorectal tumors with high accuracy. Pit patterns of colonic lesions have been classified
by Kudo et al[8] into seven categories (Table 1). To simply
this complex classification for clinical use, pit patterns are
grouped into three basic types: non-neoplastic lesions,
Kudo Ⅰ or Ⅱ that do not require treatment (Figure 3A);
Kudo non-invasive neoplasia, Kudo Ⅲs, ⅢL, Ⅳ and
selected cases of Ⅴi, corresponding to adenomas and
cancers with superficial submucosal invasion that are endoscopically treatable (Figure 3B); and invasive, Kudo Ⅴ
n and some Ⅴi, requiring surgical treatment due to deep
submucosal invasion[9]. Invasive patterns are typically
not evenly distributed throughout the lesion, and usually found in lesions located in confined areas with steep
edges, depressions or nodules larger than 1 cm, thereby
necessitating the use of magnification for identification.
Using magnification endoscopy for pit pattern assessment, Japanese studies have demonstrated that neoplastic
lesions can be distinguished from non-neoplastic lesions
with an accuracy of up to 99.1%[10], and the degree of
invasion (superficial vs deep) can be estimated in up to

VIRTUAL HISTOLOGY
Substantial progress in the advancement of endoscopic
imaging has been achieved in recent years. The acquisition of higher quality images allows for visualization of
subtle details in the gastrointestinal mucosa. Prediction
of lesion type prior to histological processing is made
possible through examination of mucosal surface architecture and microvasculature, a method referred to as
“virtual histology” or “optical biopsy.”
The prediction of polyp histology and degree of
invasion depth that can be ascertained with virtual histology has important therapeutic implications. Before
resecting a lesion, the endoscopist must determine if the
lesion contains an invasive cancer, if it can be left in situ,
and if required, what the optimal resection method is.
Enhanced endoscopic imaging can assist the endoscopist
in these determinations. Whereas resection of small HPs
(≤ 5 mm) of the rectum and sigmoid colon, juvenile polyps and inflammatory polyps is not necessary considering
their non-existent potential for degeneration, endoscopic
resection is generally suitable for the remaining lesion
types, excluding those containing cancer foci in deeper
layers that require surgical management. Tumors with
superficial submucosal invasion (< 1000 µm, Vienna classification sm-1)[5] have a negligible rate of lymph node
metastasis. Hence, endoscopic resection of these lesions
may be the definitive treatment provided they are well- or
moderately-differentiated, do not show vascular or lymphatic invasion, and the resection margin is > 1 mm[6].
Importantly, these types of lesions can be accurately
identified as a result of advancements in endoscopic imaging and ancillary techniques.
High-definition endoscopes display images of a superior quality, and the use of magnification devices allows
for a highly detailed inspection of the mucosal surface.
Whereas amplified digital images lack sharpness, these
optical systems can achieve a × 150 magnification with-
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Figure 1 Indigo carmine staining for chromoendoscopy. A: Colorectal mucosa after cleansing with mucolytic and de-foaming agents; B: Instillation of dye using a
spray catheter; C: Indigo carmine staining result.

with CE and magnification. A new category with wider
and rounder crypts was thus described (type Ⅱ-O) (Figure
4), which results in a more accurate (81%) diagnosis of
SSA[18].

DIGITAL CE
For its proven clinical applications, CE represents the
benchmark for enhanced imaging techniques that have
been subsequently developed. However, as the technique
is labor- and time-intensive, CE has not been universally
implemented, and thus has precipitated the development of several digital CE devices. Digital CE techniques
provide similar information to standard CE, with the
advantage of reversibility (turned on and off by pressing
a button on the head of the endoscope), speed, and hygiene. All of them provide a high-resolution image. The
first system marketed was narrow band imaging (NBI) by
Olympus Medical Systems (Tokyo, Japan). Latter systems
were designed and commercialized to provide a similar
view via digital image post-processing, such as fujinon
intelligent chromo endoscopy (FICE) from Fujinon
(Saitama, Japan) and i-Scan from Pentax (Tokyo, Japan).
NBI is an endoscopic enhancement tool based on
spectrum filtration to only allow the passage of green and
blue light, thereby providing contrasted images that highlight subtle mucosal changes, revealing the inner structure
and vascular pattern of the tissue. Thus, NBI provides
information not only on the surface architecture as traditional CE, but also on vascularization, both of which are
altered in neoplastic lesions of the gastrointestinal tract.
Comparisons of Kudo’s pit patterns determined by NBI
and CE show considerable but not total agreement[19-21].
NBI allows for the evaluation of vascularization intensities with relative ease, which are often not consistently
reported, providing diagnostic accuracy equal or superior
to the pit pattern[22,23]. Neoplastic lesions exhibit a dark
color due to high vascularity, in contrast with lightercolored non-neoplastic tissues. The combination of pit
pattern and vascularization intensity is the most common
diagnostic criterion, reaching a high diagnostic accuracy
with (90%-91%)[22,23] and without (80%-95%)[24-28] magnification (Figure 5).
Several classification strategies have been documented

Figure 2 Local application of chromoendoscopy with a single-use syringe
through the endoscope channel.

98.8% of cases[11]. Furthermore, the application of these
pattern assessments shows inter- and intra-observer
agreement of 72%-86%[12]. CE using high-resolution endoscopes without magnification also allows for differentiation of neoplastic from non-neoplastic lesions, though
with slightly reduced accuracy (87%-92%)[13-16].
The recent rise in cases of serrated polyps (SP) highlights limitations in the simple categorization of neoplastic and non-neoplastic lesions for identification of malignant types. Although SPs are generally non-neoplastic and
show no dysplasia, their resection is indicated considering
their potential for malignancy[17], except in instances of
diminutive (≤ 5 mm) HPs in the rectum or sigmoid colon. These HPs are not considered malignant and so can
be left in situ. Consequently, the method for classification
should be amended to accurately distinguish between adenoma, SSA and HP lesion types. Specifically, endoscopic
differentiation between SSA and HP is indeed valuable
as not all serrated lesions have the same malignant potential, with some indications that HPs can have a more
benign behavior than SSAs and adenomas, though both
HPs and diminutive SSAs can be located in the sigmoid
colon and rectum. Although medical literature regarding
endoscopic characterization of SPs is heterogeneous and
often confusing, SSAs and HPs are typically described as
pale and flat lesions, exhibiting poorly defined edges and
often a layer of mucus or stool attached to their surface.
The pit pattern in SSA was evaluated in a Japanese study
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Table 1 Pit pattern classification
Kudo et al

[8]

Description

Most likely histology

Neoplastic/non-neoplastic

Ⅰ

Round crypts

Normal mucosa

Non-neoplastic

None

Ⅱ

Regular wider or stellar crypts

Hyperplastic polyp (also sessile
serrated adenomas)
Adenoma

Non-neoplastic
Neoplastic

None if rectosigmoid and ≤ 5 mm/
endoscopic resection
Endoscopic resection

Neoplastic

Endoscopic resection

ⅢL
Ⅲs
Ⅳ

class

Elongated or roundish crypts

Tubular or roundish pits smaller Intramucosal/superficial invasive
than the normal crypts
cancer
Branch-like or gyrus-like crypts
Adenoma

Ⅴi

Irregular crypts

Ⅴn

Non-structural crypts

Superficial invasive/deep invasive
cancer
Deep submucosal invasive cancer

Treatment

Neoplastic

Endoscopic resection

Neoplastic

Surgery/endoscopic resection in
selected cases
Surgery

Neoplastic

A

B

Figure 4 Sessile serrated adenoma type Ⅱ-O.

of 95.3% of lesions[30]. Application of Sano’s classification without the use of magnification yields reduced but
satisfactory accuracy (91%)[31]. Similar accuracies have
also been reported by studies directly comparing the performance of NBI against CE to distinguish non-neoplastic from neoplastic lesions[19,21,32,33].
Recently, a study using high-resolution white-light
images and NBI described several characteristic features
of SSA, including a cloud-like surface, indistinct borders,
irregular shape, and dark spots within the crypts. The
presence of all these features was sufficient to distinguish
SSA from HP with an accuracy of 93%[34]. Moreover,
the ability to estimate the degree of invasion of colorectal neoplasms with NBI has also been assessed, largely
in Asian studies using magnification with a focus on
microvasculature characteristics. Application of Sano’s
classification allowed for the discrimination of cancerous
lesions with superficial submucosal invasion (sm1) from
those with deeper invasion with an accuracy of 87.7%
(sensitivity 84.8% and specificity 88.7%)[35], though accuracy obtained by CE with magnification is superior
(98.8%)[11]. Hence, CE with magnification is preferred in
cases with suspected invasive lesions.
Since the use of magnification is not widespread, a
joint classification with Asian and Western endoscopists
has been recently designed. NICE classification (NBI
International Colorectal Endoscopic Classification)[36] is
based on polyp color as well as surface and vessel patterns (Table 3, Figure 7). Although these features are best

Figure 3 High-resolution endoscopic images of indigo carmine staining
for Kudo’s pit pattern classification. A: Type Ⅱ diminutive rectal hyperplastic
polyp; B: Type ⅢL tubular adenoma with low-grade dysplasia.

in the literature for the assessment of NBI technology.
One report evaluating the use of NBI without magnification classified results using a confidence measure, with an
observation of at least one histological characteristic designated as a “high confidence” diagnosis prediction, and
a “low confidence” prediction indicating there were questionable traits or features belonging to both neoplastic
and non-neoplastic categories[28]. The determination of
diagnostic predictions with high confidence allows therapeutic decisions to be made at the time of endoscopy.
A classification based on capillary pattern (CP) has been
introduced by Sano et al[29] for use with magnification endoscopes (Table 2, Figure 6). This classification method
has demonstrated reliable discrimination of category
CP Ⅰ (non-neoplastic lesions), with correct classification
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A

B

Figure 5 High-resolution endoscopic image of narrow band imaging. A: Hyperplastic polyp with weak vascular pattern intensity and type Ⅱ Kudo’s pit pattern
classification; B: Tubular adenoma with foci of high grade dysplasia exhibiting strong vascular pattern intensity and type ⅢL Kudo’s pit pattern classification.

Table 2 Capillary pattern classification determined from narrow band imaging with magnification
Sano et al
Capillary pattern

Capillary characteristics
Most likely histology
Treatment

CPⅠ

CPⅡ

Absent

Present

-

Vessels surrounding glands

classification
CPⅢA

Normal or
Adenoma or intramucosal
hyperplastic polyp
carcinoma
None
Polypectomy or endoscopic
mucosal resection

CPⅢB

Present
Meshed capillary vessels with blind endings, branching and curtailed
irregularity
Lack of uniformity, high density of
Nearly avascular or loose
vessels
microvessels
Superficial submucosal invasive
Deep submucosal invasive
carcinoma (sm1)
carcinoma
Polypectomy or endoscopic mucosal
Surgery
resection/surgery

the sigmoid colon or rectum can be safely left in situ, optical diagnostic methods should provide a negative predictive value (NPV) for the diagnosis of adenoma of at least
90%. Moreover, in combination with routine histology of
polyps > 5 mm, proper surveillance intervals should be
achieved in at least 90% of cases[40]. NBI achieves these
requirements when performed by proficient endoscopists, with one recent study demonstrating proper surveillance intervals in polyps ≤ 5 mm in 92%-99% of cases
(according to American or European guidelines, respectively), and a 92% NPV for the diagnosis of rectosigmoid
adenomas[41]. However, this threshold was not reached
when performed by non-academic centers or non-tertiary
hospitals[42-44]. Therefore, NBI interpretation should be
applied with caution before making these results generalizable in clinical practice. Furthermore, the medicolegal
consequences of the “Resect and Discard” strategy must
be taken into account. While the resection and pathologic
assessment of low risk lesions carries a huge time and
cost burden, advanced histological features (i.e., villous
component, high grade dysplasia, or cancer), though
rare, can occur in lesions < 1 cm[45]. The guidelines of
endoscopy societies should therefore provide legal standards and include recommendations regarding advanced
imaging interpretation to support endoscopists. In this
regard, it has been proposed that high quality pictures of
discarded and un-resected lesions should be included in
the endoscopic report[46].
Alternative digital CE techniques, such FICE and

visualized with magnification, NICE categorization is still
feasible without it, as preliminary studies differentiated
Type 1 from Type 2 in polyps < 1 cm with a sensitivity
of 98% and negative predictive value of 95%[37].
The characterization of lesions with NBI has been
applied in clinical practice using a “Resect and Discard”
concept[38]. Histological analysis and endoscopic resection can be avoided under certain conditions with this
strategy, such as in cases with HPs smaller than 5 mm in
the rectum and sigmoid. Furthermore, lesions with low
carcinogenic potential (adenomas less than 10 mm) can
be safely removed and discarded also without a need for
histopathological analysis. In both cases, prediction of
histology needs to be done with a high degree of confidence, and lesions greater than 10 mm should routinely
be sent for histology. This strategy also allows for the establishment of a proper surveillance interval immediately
following the colonoscopy, without a need to wait for the
pathology report. Initial evaluations of this strategy demonstrated predictions with a high degree of confidence
in 89% of polyps and allocation of proper surveillance
intervals in 98% of cases[38].
It has been estimated that application of this strategy
in the United States would save $33 million dollars annually[39]. The American Association of Gastrointestinal
Endoscopy (ASGE) has subsequently stated that polyps
≤ 5 mm can safely be resected and discarded only after
an optical diagnosis with a high degree of confidence has
been performed. To determine if these smaller lesions in
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Sano’s Capillary pattern classification
Ⅱ

Ⅰ

ⅢA

ⅢB

Figure 6 Sano’s capillary vessel classification. Adapted from Uraoka et al [29].

Table 3 Narrow band imaging-international colorectal endoscopic classification as determined by narrow band imaging with/without
magnification

Color
Vessels
Surface
pattern
Most likely
histology
Treatment

Type 1

Type 2

Type 3

Same or lighter than background
None or isolated lacy vessels
Dark or white spots of uniform size
or homogeneous absence of pattern
Hyperplastic polyp

Brown
Brown vessels surrounding white structures
Oval, tubular or branched white structures
surrounded by brown vessels
Adenoma or intramucosal or superficial
submucosal invasive carcinoma (sm1)
Polypectomy or endoscopic mucosal resection

Brown or dark brown Occasional white patchy areas
Areas of disrupted or missing vessels
Amorphous or absent surface pattern

None

A

B

Deep submucosal invasive carcinoma
Surgery

C

Figure 7 Narrow band imaging-international colorectal endoscopic classification. A: Hyperplastic polyp, narrow band imaging-international colorectal endoscopic (NICE) Type 1; B: Tubular adenoma with low-grade dysplasia, NICE Type 2; C: Deep invasive cancer, NICE Type 3.

i-Scan, have not been as widely implemented as NBI,
thus less evidence is available for evaluation and comparison. As FICE and i-SCAN enhance vascularization (with
additional selectable modes in which the surface structure is also enhanced), studies to date have been based
on inspection of the vascular pattern and/or pit pattern.
FICE[47-53] and i-Scan[54-59] systems have been evaluated
for the discrimination of neoplastic and non-neoplastic
lesions, demonstrating similar results to NBI, although
poorer than CE in some cases. FICE combined with
magnification has also been tested for prediction of submucosal invasion depth, with accuracies similar to NBI,
but significantly lower than CE[51].
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CONCLUSION
The exponential increase in lesions detected in the bowel
after the implementation of colorectal cancer screening
programs along with the improvements in image quality
have made the endoscopic characterization of polyps especially relevant. A rigorous estimation of the histologic
lesion type facilitates the determination of appropriate
endoscopic treatment, if needed, or to indicate surgery.
The development of ancillary techniques to white-light
endoscopy like CE has enabled accurate discrimination
between neoplastic and non-neoplastic lesions along with
an estimation of the degree of invasion when combined
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with magnification systems. Nevertheless, this technique
has not been fully implemented in Western countries
since it is cumbersome and time-consuming. Digital CE
systems, such as NBI, have attempted to overcome these
drawbacks with their ease of use, reversibility and cleanliness. Their capability to accurately distinguish non-neoplastic from neoplastic lesions has been demonstrated,
though their use in estimating the degree of invasion still
needs further evaluation. NBI, along with the “Resect
and Discard” strategy, has proven to be accurate in academic centers and tertiary hospitals, with the potential
for significant financial savings. The available evidence
suggests that conventional CE is the most accurate technique for the characterization of colonic polyps, though
NBI is a viable alternative for experienced endoscopists.
Furthermore, inclusion of recommendations regarding
advanced imaging interpretation in endoscopy society
guidelines will minimize legal consequences of the “Resect and Discard” strategy.
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in the development of tumorigenesis, metastasis and
chemoresistance, highlighting the potential of c-Met as
a therapeutic target in pancreatic cancer.
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Abstract
th

Pancreatic ductal adenocarcinoma is the 4 leading
cause of cancer deaths in the United States. The majority of patients are candidates only for palliative chemotherapy, which has proven largely ineffective in halting
tumor progression. One proposed mechanism of chemoresistance involves signaling via the mesenchymalepithelial transition factor protein (MET), a previously
established pathway critical to cell proliferation and
migration. Here, we review the literature to characterize the role of MET in the development of tumorigenesis, metastasis and chemoresistance, highlighting the
potential of MET as a therapeutic target in pancreatic
cancer. In this review, we characterize the role of c-Met
in the development of tumorigenesis, metastasis and
chemoresistance, highlighting the potential of c-Met as
a therapeutic target in pancreatic cancer.

INTRODUCTION
Pancreatic cancer is the 4th leading cause of cancer deaths
in the United States[1]. Currently, surgical resection is the
only treatment option with the potential of cure. However, only 17% of patients are surgical candidates upon
diagnosis and surgical resection in combination with
chemotherapy and radiation therapy results in a 5-year
survival of approximately 23% in specialized centers
focused on pancreatic cancer[2]. While chemotherapy
has the potential to delay tumor progression, innate or
acquired chemoresistance and subsequent tumor resurgence is the norm[3,4]. Biologically diverse mechanisms
have been identified to be involved in the chemoresistant
phenotype, ranging from genetic and epigenetic changes
to microenvironmental adaptation[4,5]. The goal of this
review is to focus on the signaling of the mesenchymal-
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epithelial transition factor protein (MET) in pancreatic
cancer.
The mesenchymal-epithelial transition factor gene (cmet) encodes for a membrane-bound receptor tyrosine
kinase (RTK) expressed predominantly by epithelial cells.
MET is activated and signals downstream pathways following induction of phosphorylation in response to binding of its ligand, hepatocyte growth factor (HGF), also
referred to as scatter factor. These ligands are secreted by
cells of mesenchymal origin. The resulting HGF/MET
pleiotropic signaling cascade activates mediators of cell
proliferation and motility and has been heavily implicated
in tumorigenesis via identification of amplification, activating mutation, and/or overexpression of MET in most
solid organ neoplasms. Here, we review the literature
to characterize the role of MET in the development of
tumorigenesis, invasion, metastasis and chemoresistance,
highlighting the potential of MET as a therapeutic target
in pancreatic cancer.

the growth and survival of placental trophoblast cells
as well as embryonic hepatocytes. MET signaling is also
necessary for the proper migration of muscle progenitor cells, development of the embryonic nervous system,
and epithelial branching morphogenesis[12,13]. Later in development, paracrine HGF-MET signaling is critical for
properly orchestrating organogenesis. Assays evaluating
the ability of epithelial cells to form tubules in vitro, a process which recapitulates organ development, demonstrate
that HGF signaling induces cells to undergo an epithelialto-mesenchymal (EMT) transition. This transition allows
host cells to relocate during embryonic development.
Ultimately, these cells reclaim their epithelial identity, but
the EMT marks a critical event in organogenesis.[11]
Inflammation and wound healing following injury are
also highly dependent on HGF-MET signaling. HGF
increases dramatically following renal or hepatic damage,
inducing a diverse array of anti-apoptotic responses[9,14,15].
In cases of chronic or repetitive injury, HGF acts to oppose fibrosis by inducing apoptosis of myofibroblasts
and by antagonizing transforming growth factor- β
(TGF-β)[9,13,16]. Peptic ulcer disease represents a specific
example of MET’s protective effect. The loss of HGF
signaling in a murine model led to decreased gastric mucosal cell proliferation and delayed healing from mucosal
injury[17]. In fact, HGF-MET signaling has been implicated as essential to the protection, regeneration, and antifibrotic activity of cutaneous, pulmonary, hepatic, and
gastrointestinal tissues in response to injury[13].
With respect to pancreatic endocrine physiology, the
beta cell, responsible for insulin secretion, is dependent
on HGF-MET signaling to hypertrophy and proliferate in response to persistent hyperglycemia[18]. In effect,
MET is essential for the hyperinsulinemia seen in Type Ⅱ
diabetes. c-met knockdown mice exhibit increased beta cell
apoptosis during development and are more susceptible
to streptozotocin-induced diabetes[19]. Additionally, c-met
knockdown mice displayed reduced beta cell expansion
during pregnancy leading to an increase in gestational
diabetes[20]. Multiple investigations have confirmed that
these knockdown mice have decreased glucose tolerance
and reduced insulin secretion after stimulation[21,22]. In
fact, stimulation of the HGF/MET pathway has been
suggested to encourage beta cell proliferation after islet
cell transplantation. Thus, MET plays a critical role in
pancreatic neuroendocrine cell proliferation and development.
Relatively little data is available concerning MET
signaling and normal pancreatic exocrine development.
A recent investigation by Anderson et al[23] examined the
phenotype of a point mutation in c-met that impaired
localization and activation of MET. Zebrafish with this
mutation exhibited mislocalization of pancreatic ductal
cells compared with wild-type animals. Interestingly, ductal proliferation was unaffected. Further, inhibition of
MET proteindownstream signaling with PI3K and STAT
inhibitors produced a similar phenotype, suggesting an
essential role for MET in migration and localization of

PHYSIOLOGIC HGF-MET SIGNALING
MET activation propagates a complex system of intracellular signaling cascades that act to affect cell proliferation
and migration. HGF is secreted by mesenchymal cells in
close proximity to MET-expressing epithelial cells during
embryogenesis or in response to tissue injury, thus functioning as a paracrine signaling mechanism that promotes
cell proliferation and migration. MET is translated as a
180 kDa protein that is subsequently cleaved to form a
heterodimer consisting of a short alpha (approximately
40 kDa) and long beta (approximately 140 kDa) chain
of residues. The mature protein is then transported to
and inserted in the plasma membrane. Upon HGF ligand binding to MET, autophosphorylation at multiple
tyrosine residues within the cytoplasmic domain occurs, catalyzed by intrinsic ATPase activity. This results
in changes in the tertiary structure of MET facilitating
the formation of a signaling complex including GAB1
and GRB2 proteins that subsequently activates multiple
downstream pathways (Figure 1). Known effector molecules of this signaling cascade include Src, mitogenactivated kinase, extracellular signal-regulated kinase 1
and 2, phosphoinositide 3-kinase (PI3K), protein kinase
B (Akt), signal transducer and activator of transcription
(STAT), nuclear-factor-κB, and mammalian target of rapamycin[6-9]. MET-mediated induction of these pathways
acts to positively influence cell proliferation, migration,
and survival (Figure 2). Via these down-stream effectors,
HGF-MET signaling plays a crucial role in important
physiologic processes including embryonic development,
organ regeneration and wound healing.
MET is essential for embryonic development and
hgf- or c-met-null embryos die in utero[10]. In early embryonic development, HGF and its receptor MET are coexpressed by progenitor cells, suggesting autocrine signaling is an early homeostatic mechanism for stem cell
survival[11]. HGF-MET signaling is necessary to ensure
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Figure 1 The mesenchymal-epithelial transition factor receptor functions as a transmembrane tyrosine kinase receptor. Ligand binding from hepatocyte
growth factor (HGF)/scatter factor induces receptor dimerization and autophosphorylation of intracellular tyrosine residues, which serves as a catalytic site for the SH2
domains of numerous cytosolic signaling proteins. MET: Mesenchymal-epithelial transition factor.
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Figure 2 Hepatocyte growth factor activation of the mesenchymal-epithelial transition tyrosine kinase receptor induces a pleiotropic response involving a
host of intracellular signaling to induce cell survival, migration and proliferation. HGF: Hepatocyte growth factor; MET: Mesenchymal-epithelial transition factor;
RTK: Receptor tyrosine kinase; JAK: Janus kinase; STAT: Signal transducer and activator of transcription; PLC: Phospholipase C; IP3: Inositol triphosphate; DAG:
Diacylglycerol; Ca2+: Calcium; PKC: Protein kinase C; Grb2: Growth factor receptor-bound protein 2; Sos: Son of sevenless homolog; Ras: Harvey rat sarcoma viral
oncogene homolog; Raf: Rapidly accelerating fibrosarcoma; MEK: Mitogen activated protein kinase kinase; ERK: Extracellular-signal-regulated kinase; FAK: Focal
adhesion kinase; PI3K: Phosphoinositide 3-kinase; AKT: Protein kinase B; mTOR: Mammalian target of rapamycin.
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embryonic pancreatic ductal cells.
In summary, physiologic HGF-MET signaling is
essential for appropriate embryonic development and
organ repair. The function of the HGF/MET pathway
observed in multiple organ systems appears to drive cell
proliferation and mobility. Unfortunately, dysregulation
of this pathway clearly could result in tumor initiation
and/or progression. Amplification, mutation or overexpression of c-met become deleterious, contributing to
malignant transformation and metastasis. Activating and
sustaining HGF-MET signaling in this pathologic context
drives tumor progression and is responsible, at least in
part, to the development of chemoresistance.

express HGF or MET become highly tumorigenic when
implanted in vivo[34,35]. Therefore, while MET activity may
not be the inciting mechanism in the formation of many
cancers, overexpression in pre-clinical models appears to
confer a more aggressive phenotype.
In fact, MET expression has been correlated with
more aggressive disease and worse clinical outcomes in
many cancers. In NSCLC, MET overexpression correlates with an unfavorable prognosis and has been implicated as a primary mechanism of resistance to epidermal
growth factor receptor (EGFR) inhibitor therapy[36,37]. In
hepatocellular carcinoma the expression level of MET
is directly correlated to metastatic behavior and inversely
correlated to the level of tumor differentiation and patient survival[38-41]. In a prospective cohort analysis of
554 patients with renal cell carcinoma, a particular single
nucleotide polymorphism (SNP) in c-met was associated
with a decline in median recurrence-free survival from 50
to 19 mo[42]. While the functional outcome of this SNP
remains to be elucidated, an activating point mutation
is highly suspected. Likewise, MET overexpression is a
HER2/neu-independent prognostic marker for nodepositive breast cancer, signifying increased tumor aggressiveness[43]. MET expression significantly correlated with
the depth of invasion and regional lymph node metastasis
in colorectal cancer[44]. Thus, the list of solid organ neoplasms for which upregulation of HGF-MET signaling
portends a more aggressive phenotype is extensive[45,46].
Taken together, this data demonstrates that dysregulation of the HGF-MET pathway contributes to tumor
progression. This data also has implications regarding the
status of the HGF-MET pathway on the effectiveness of
certain biologic therapies, a concept we will expand upon
later.
Concerning pancreatic adenocarcinoma, evidence is
accumulating that correlates dysregulated MET activity
with an aggressive phenotype. In a recent investigation
thirty-six pancreatic tumor samples were analyzed and
MET expression levels were directly proportional to tumor grade[47]. Similar histopathologic analyses showed an
approximate five to seven-fold increase in MET protein
expression levels in pancreatic cancer compared to normal pancreas samples[48,49]. Histopathologic evaluation
of our own resected patient population support these
findings (Figure 3). A larger collection of pancreatic tumor specimens subsequently confirmed increased MET
protein expression compared with normal controls and
MET protein overexpression significantly correlated with
increased TNM stage[50]. In fact, secreted HGF protein
from surrounding stromal tissue has been correlated with
MET overexpression in patients with pancreatic cancer
and associated with worsened overall survival[51]. Given
the known pathophysiologic actions of MET in cancer
and a well-demonstrated overexpression pattern in pancreatic adenocarcinoma, inhibition would seem a logical
therapeutic avenue.
Unfortunately, targeting MET alone as a therapeutic
strategy appears to be overly optimistic. Despite con-

PATHOLOGIC HGF-MET SIGNALING IN
CANCER
Excessive MET activity is a feature of many cancers, although inciting mechanisms appear to be tumor-specific[24].
c-met received early attention as a proto-oncogene when
activating mutant alleles were implicated in cases of hereditary papillary renal cell carcinoma[25]. The resulting
MET receptor was constitutively activated, undergoing
spontaneous ligand-independent phosphorylation[11]. In
an analysis of seven families with hereditary papillary
renal carcinoma, four displayed activating c-met mutations,
all of which were located in the tyrosine kinase domain
of the MET protein[25]. Sporadic c-met mutations have also
been described in gastric carcinomas, glioblastomas, and
squamous cell carcinomas of the head and neck[11,12,26].
Furthermore, aberrant positive feedback systems involving autocrine and paracrine signaling in the HGF-MET
axis contribute to tumorigenic phenotypes in melanomas,
osteosarcomas, breast cancer and gliomas[26]. One retrospective histopathologic analysis observed MET overexpression in 87% of renal cell carcinoma specimens[27].
Additionally, a strong correlation between MET expression and the esophageal metaplasia-dysplasia-adenocarcinoma continuum has been shown in surgical specimens
from patients with esophageal adenocarcinoma[28]. In fact,
c-met amplification occurs in approximately 9% of esophageal cancers[29]. These investigations provide compelling
evidence that c-Met is a potent oncogene.
The association between MET activity and neoplastic progression has been investigated in animal models.
Hypoxia-induced tumor cell invasion is dependent upon
upregulated MET signaling, suggesting another mechanism driving growth and metastasis[30,31]. Overexpression
of wild-type MET in hepatocytes led to spontaneous hepatocellular carcinoma development that regressed upon
MET inactivation[30,32]. Thus, overexpression of nonmutated MET is sufficient to induce tumor development.
Moreover, inhibition of MET caused established tumors
to regress, suggesting that MET signaling is necessary for
tumor growth and maintenance. Subsequent animal models have proposed that the frequency of many carcinomas
and lymphomas is greatly increased by MET overexpression[33]. Non-neoplastic cell lines forced to constitutively
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Figure 3 Immunoperoxidase staining. Immunoperoxidase staining of formalin fixed, paraffin embedded human pancreatic specimens demonstrate over expression
of c-Met receptor in pancreatic cancer patients when compared to adjacent normal pancreatic tissue controls (right panel). HE staining demonstrate histological confirmation of diseased (pancreatic cancer) or normal tissue (left panel).

vincing evidence of primarily MET-induced tumors, a
growing body of evidence supports secondary MET
involvement in a synergistic crosstalk with other RTKs
such as EGFR, vascular endothelial growth factor receptor and insulin-like growth factor-1 receptor (IGF-1R) to
promote malignant cell migration, invasion, and chemoresistance[52-55]. In hepatocellular carcinoma cells, EGFR
co-immunoprecipitates with MET and activated EGFR
leads to ligand-independent activation of the MET pathway[36]. MET and IGF-1R synergistically promote migration and invasion in pancreatic adenocarcinoma. Downregulation of MET via adenoviral infection with a MET
ribozyme abrogated the effects of IGF-1, suggesting codependence of IGF-1R and MET in directing tumor
invasion and migration[56]. These complex, multifactorial
interactions among RTKs play a key role in growth and
maintenance of a variety of tumor types and are under
intense scrutiny for potential therapeutic value or mechanisms of therapeutic resistance. These discoveries will be
essential to the evolving reality of personalized cancer
treatment strategies.

mentioned, HGF secretion by stromal cells mediates
MET activity in a paracrine manner. Additionally, HGFMET signaling encourages angiogenesis by inducing
VEGF expression by cancer cells[57,58]. However, neovascularization alone is not sufficient for metastasis to occur.
Recall that in embryonic development and tissue repair, MET plays an essential, physiologic role in cellular
migration and subsequent organogenesis. Unfortunately,
overexpression of MET and its subsequent downstream
pathways, including PI3K and Src, similarly enable
growth and invasion of malignant cell populations. An
initial step in tumor migration involves clearing a path
through the extracellular matrix (ECM). This is accomplished primarily by the actions of secreted matrix metalloproteinases (MMPs), which digest surrounding ECM.
Not surprisingly, MMPs have been shown to be upregulated by MET signaling[24].
Cells must also respond to chemotactic factors in the
ECM for effective migration. As previously mentioned,
an EMT endows epithelial cells with certain properties
of mesenchymal cells that enable migration. Furthermore, it has recently been proposed that the EMT may
be coupled with a transition to a more stem-cell-like state,
suggesting further importance of the EMT to metastasis
and tumor progression[59]. In embryogenesis, MET controls the EMT necessary to enable myogenic progenitor
cell migration[9]. Additionally, EMT is further driven by
Wnt signaling, a pathway that is also stimulated by MET
via glycogen synthase kinase 3-β[60]. The mechanism by

MET AND TUMOR METASTASIS
The microenvironment of a tumor may be as instrumental to the progression of disease as the tumor itself. In
fact, stromal support in the form of angiogenesis, mitogenic signaling and cytoskeletal attachments are necessary
for tumors to grow and metastasize in vivo. As previously
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creatic cancer stem cell phenotype.
Conversely, MET overexpression may prompt cancer cells to dedifferentiate into CSCs. MET activation in
prostate cancer cells induces a stem-like phenotype and
endows cells with more invasive potential[74]. In head and
neck squamous cell carcinoma, cells overexpressing MET
can recapitulate the heterogeneity of parental tumors
in vivo and exhibit increased self-renewal, invasion, and
metastasis[75]. In glioblastomas, overexpression of MET
leads to a stem-like phenotype resistant to terminal differentiation signals[76]. Regardless of the origin of CSCs,
MET overexpression is associated with a stem-cell-like
phenotype in a wide range of cancers.

Table 1 Cancer stem cell markers are listed with previously
described functions
CSC marker
CD44
CD24
ESA
CD133
CXCR4
MET
u-PA

Proposed function
ECM binding, organization of actin cytoskeleton,
modulation of mitogenic signaling[112]
P-Selectin binding, cell migration[113]
Mediation of epithelial intercellular adhesion[114]
Activation of Wnt signaling and angiogenesis[115,116]
Receptor of SDF-1, hematopoietic stem cell homing,
invasion[117]
Receptor of HGF, promotes cell growth, proliferation,
migration[11]
ECM degradation, cell migration[118]

Note the pattern of migratory functions associated with cancer stem cell
(CSC) markers. ECM: Extracellular matrix; ESA: Epithelial specific antigen;
CXCR4: Chemokine receptor type 4; SDF-1: Stromal cell-derived factor 1;
MET: Mesenchymal-epithelial transition factor; HGF: Hepatocyte growth
factor; u-PA: Urokinase-type plasminogen activator.

MET AND CHEMORESISTANCE
Chemoresistance is an important factor contributing to
the high mortality rate of most cancers and is germane
to treatment failure in pancreatic cancer. With few exceptions, tumor metastasis precludes surgical therapy and
leaves chemotherapy as the only therapeutic option. In
borderline cases, neoadjuvant chemotherapy protocols
may offer opportunities for attempts at a surgical resection. After surgery, adjuvant chemotherapy protocols
are beneficial in avoiding recurrence, especially in more
aggressive tumor types. Unfortunately, the development
of chemoresistance is a real oncologic dilemma. In the
face of chemoresistant tumor populations, no effective
treatments exist. Therefore, understanding the molecular
regulators of chemoresistance has major implications in
therapeutic intervention. Several lines of evidence converge to suggest that MET overexpression may confer a
chemoresistant phenotype.
We have outlined the close relationship between
MET and CSCs. In fact, CSCs have been shown to be
largely responsible for chemoresistant phenotypes in
glioblastomas, hematopoietic, pancreatic and colorectal
cancers[77-83]. Mechanisms range from reducing drug delivery to repairing cytotoxic injury and ultimately result
in tumor cell repopulation[77-83]. Furthermore, a higher
proportion of cells bearing CSC markers has been associated with poor outcomes in glioblastomas, breast and
pancreatic cancer[84-86]. Thus, investigative directions have
become particularly focused on identifying factors that
drive and sustain CSCs. Given the significance of HGFMET signaling in PCSC populations, the role of MET
in this process would seem to be particularly relevant in
pancreatic cancer.
The activation of the HGF-MET axis has been directly implicated in acquiring and maintaining chemoresistance in several tumor cell populations (Table 2). HGF
stimulation protects NSCLC cells from cisplatin toxicity,
in part mediated by downregulation of apoptosis-inducing factor[87]. c-met amplification is associated with NSCLC
resistance to the EGFR inhibitor Gefitinib via modulation of the PI3K pathway[88]. Multiple investigations have
revealed that MET inhibition sensitizes ovarian carcinoma to carboplatin plus paclixatel, whereas MET over-

which MET governs the EMT directly in tumor metastases remains to be elucidated.
Finally, malignant cells must take up residence in a
distant organ as a metastatic focus. Remarkably, HGFMET signaling plays a role both in cellular dissociation
within the primary tumor and cellular re-association within the metastatic niche[24]. HGF triggers destabilization
of adherens junctions within the primary tumor through
FAK-mediated integrin signaling[61]. As tumor cells invade
and metastasize, failure of proper interaction with foreign microenvironments leads to programmed cell death.
HGF-MET signaling upregulates cytoskeleton adhesion
receptors and enables tumor cells to effectively engage
their new surroundings and elude apoptosis, thereby facilitating metastatic development[24]. Thus, in addition to
fostering primary tumor growth, MET appears to act at
multiple regulatory points in the development of metastatic disease.

MET AND CANCER STEM CELLS
A growing body of evidence suggests that a hierarchy exists in cancer cell populations, a notion initially discovered
in hematopoietic malignancies. Cancer stem cells (CSCs)
actually comprise a small minority of tumor cells but appear to be the only group capable of unlimited self-renewal and formation of xenografts. Interestingly, these cells
appear to have a limited potential for further differentiation[62,63]. CSC populations have subsequently been identified in a variety of solid organ neoplasms including brain,
breast, melanoma, pancreas, prostate and colon. While
CSC identification is specific to each tumor type, common
themes include cell surface markers such as CD24, CD44,
CD133, epithelial surface antigen (ESA), chemokine receptor type 4, and urokinase plasminogen activator (Table
1)[64-72]. Importantly, in pancreatic cancer stem cell (PCSC)
populations, MET overexpression conferred an equally
tumorigenic phenotype to CD44+/CD24+/ESA+ cells[73].
Restated, MET overexpression alone may sustain a pan-
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Table 2 Mechanisms of hepatocyte growth factor-mesenchymal-epithelial transition factor induced chemoresistance in different
cancer types
Cancer type
Multiple myeloma
Glioblastoma
Rhabdomyosarcoma
Non-small cell lung carcinoma
Non-small cell lung carcinoma
Gastric adenocarcinoma
Pancreatic adenocarcinoma
Ovarian adenocarcinoma

Chemotherapy

Mechanism of HGF-MET signaling in chemoresistance

Bortezomib
MET overexpression: Apoptotic resistance via PI3K-Akt activation[92]
Radiation, cisplatin, camptothecin,
Addition of HGF: Anti-apoptotic effects via PI3K-Akt dependent pathways[91]
adriamycin, and taxol groups
Vincristine/etoposide, radiation
Addition of HGF: Enhanced migration, MMP secretion, PI3K-Akt activation[119]
Cisplatin
Addition of HGF: Downregulation of apoptosis-inducing factor (AIF)[87]
Erlotinib
c-met amplification: Activation of EGFR, preservation of PI3K-Akt activation[88]
Adriamycin
Addition of HGF: Anti-apoptotic effects via PI3K-Akt upregulation[93]
Gemcitabine
MET overexpression: Anti-apoptotic effects via PI3K-Akt activation, induction of
EMT-like changes[94,95]
Carboplatin/paclitaxel
MET overexpression: Apoptotic resistance via PI3K-Akt activation[89,90]

MET: Mesenchymal-epithelial transition factor; PI3K: Phosphoinositide 3-kinase; Akt: Protein kinase B; HGF: Hepatocyte growth factor; MMP: Matrix
metalloproteinase; EGFR: Epidermal growth factor receptor; EMT: Epithelial-mesenchymal transition.

expression imparts chemoresistance[89,90]. Furthermore,
stimulation of the HGF-MET pathway confers protection against chemotherapeutic agents by upregulation of
PI3K/Akt signaling in multiple myeloma, glioblastoma
and gastric adenocarcinoma[91-93]. Our group has found
that pharmacologic MET inhibition using a small molecule inhibitor sensitizes esophageal adenocarcinoma cells
to pyrimidine analog chemotherapy (unpublished data).
Additionally, preclinical studies have demonstrated that
overexpression of MET has also been associated with
EMT-like changes in acquired-gemcitabine-resistant pancreatic cancer cells[94]. These findings are not surprising as
pancreatic cancer is known for rapid acquisition of chemoresistant behavior and also MET overexpression. Additionally, MET inhibition in pancreatic adenocarcinoma
leads to gemcitabine sensitization[95]. Although consisting
largely of in vitro data, these investigations demonstrate
a strong correlation between MET overexpression and
chemoresistance in a variety of malignancies.
The mechanism by which MET overexpression confers chemoresistance in pancreatic cancer likely involves
the mesenchymal support network. Tumors most heavily
invested with stroma are often those most refractory to
chemotherapy[4]. Stroma is the predominant source of
HGF, suggesting MET activation is, at least in part, a result of paracrine signaling. In breast cancer, HGF-MET
signaling augments tumor cell adhesion to ECM components by upregulating integrin synthesis and inducing
conformational changes that activate integrins[24,96]. This
integrin-mediated adhesion is actually a mechanism by
which tumor cells can oppose the cytotoxic effect of
chemotherapy[97]. Indeed, studies have shown that integrin expression, specifically a β, is upregulated in cases of
relapsed leukemia. This finding suggests that increased
integrin expression may contribute to generating minimal
residual disease, defined as tumor cell persistence following therapy[4]. Further investigation is necessary to characterize the mechanism by which MET-driven integrin
upregulation imparts chemoresistance and whether this
principle is applicable to other tumor types. However, disruption of the HGF-MET axis may result in biochemical
dissociation from the protective mesenchymal environment, thereby imparting sensitivity to cytotoxic therapies.
WJG|www.wjgnet.com

Data specific to the pancreatic cancer microenvironment regarding MET signaling is forthcoming. Animal
models that utilize VEGF inhibitors to impart ischemia
actually result in increased tumor growth and invasion
but inhibition of MET abrogates this proliferative response to hypoxia[98]. As previously mentioned, PCSCs
can be defined by comparatively high MET expression.
Pharmacologic inhibition of MET in PCSC populations
blocked self-renewal capacity, reduced the overall PCSC
population and significantly slowed tumor growth in
vivo[99]. Treatment with MetMAb, a monovalent antibody
against MET, has shown decreased pancreatic tumor
growth in orthotopic models in vivo[100]. Further, recent
preclinical data suggest cabozantinib, a novel small molecule MET inhibitor, overcomes gemcitabine resistance.
These studies will likely lead to phase 3 clinical trials using this inhibitor in pancreatic cancer patients[101].
Finally, the interplay between RTKs and the potential
for redundancy deserves emphasis when discussing therapeutic intervention. MET and other RTKs are involved
in a complex signaling network that may exist as a redundant system with controlled feedback. For example, MET
induction has been associated with anti-EGFR therapy
and resultant MET overexpression confers resistance to
EGFR inhibitors in lung and colorectal cancer[88,102-104].
Thus, MET inhibition may potentiate therapeutic effects
aimed against other RTKs, and vice versa. In fact, effective siRNA inhibition of c-Met transcripts in NSCLC
confers sensitization to gefitinib, an inhibitor of EGFR[88].
Further, concomitant administration of EGFR and MET
inhibitors eliminated NSCLC cells more effectively than
either drug alone[55,105]. Similarly, MET inhibition led to
increased sensitivity of her2-positive breast cancer cells
to trastuzumab[106]. Not surprisingly, combination RTK
inhibition is quickly becoming the standard in targeted
oncologic chemotherapies involving MET inhibition.

CONCLUSION
In summary, c-met encodes a versatile RTK crucial to
physiologic cell proliferation, organogenesis and wound
healing. Its mechanism of action involves multiple antiapoptotic, pro-mitogenic, and pro-motility downstream
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Table 3 Mesenchymal-epithelial transition factor inhibitors are shown with specific targets and evidence of anti-tumor effect
Drug

Target(s)

Impact

Induced apoptosis in gemcitabine-resistant pancreatic cancer cell lines, currently in phase Ⅰ clinical trials[101]
Inhibited growth of gemcitabine resistant pancreatic cancer cell lines[95], FDA approved for ALK-expressing NSCLC and
myofibroblastic sarcomas
Foretinib
MET, VEGFR Inhibited tumor growth in lung metastasis animal model but failed to show benefit in multiple phase Ⅱ clinical trials[110,120,121]
Tivantinib
MET
Inhibited growth in multiple cancer cell lines via MET targeting as well as inhibition of microtubule formation[122]
E7050
MET, VEGFR
Inhibited growth in xenograft models of lung, gastric and pancreatic cancer[123]
PF-04217903
MET
Inhibited growth and metastasis of pancreatic neuroendocrine tumors[124]
SU11274
MET
Inhibited growth and proliferation in colon cancer cell lines[125]
T-1840383
MET, VEGFR
Inhibited tumor growth in a variety of murine xenograft models[126]
Cabozantinib
Crizotinib

MET
ALK, MET

MET: Mesenchymal-epithelial transition factor; ALK: Anaplastic lymphoma kinase; NSCLC: Non-small cell lung carcinoma; VEGFR: Vascular endothelial
growth factor receptor.

effectors. Unfortunately, dysregulated HGF-MET signaling
is implicated in multiple oncologic mechanisms, including
tumor growth, invasion and chemoresistance. Not surprisingly, clinical studies have consistently revealed MET
overexpression as a negative prognostic indicator in a
wide variety of malignancies.
HGF-MET signaling mediates mesenchymal-cellmediated mitogenic support to developing tumor cell
populations. MET activity enhances ECM degradation
and integrin-mediated adhesion. In addition to promoting
mobility and invasion, this appears to confer a protective
microenvironment conducive to the development of chemoresistant clones. MET signaling is a marker of cancer
stem cell populations, a recently characterized subgroup
of cancer cells resistant to cytotoxic therapies.
A better understanding of tumor growth signaling path
ways and chemoresistant mechanisms carries the potential
of immense therapeutic value, especially in aggressive
tumors such as pancreatic adenocarcinoma. Strategies
include targeting chemoresistant CSCs, limiting acquired
resistance with combination therapy, and developing methods of biochemically dissociating tumor cells from their
mitogenic microenvironments. Each of these mechanisms
has been associated with HGF-MET signaling. Not surprisingly, a series of MET inhibitors and more nonspecific
RTK inhibitors are currently under investigation (Table
3)[107-111]. The evidence presented makes a compelling case
for further insights into HGF-MET signaling as a therapeutic target in pancreatic cancer.
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Pancreatic cancer organotypics: High throughput,
preclinical models for pharmacological agent evaluation
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els, which recapitulare the morphological and functional
features of pancreatic ductal adenocarcinoma (PDAC).
Organotypic cultures are a valid high throughput preclinical in vitro model that maybe a useful tool to help
establish new therapies for PDAC. A huge advantage of
the organotypic model system is that any component
of the model can be easily modulated in a short timeframe. This allows new therapies that can target the
cancer, the stromal compartment or both to be tested in
a model that mirrors the in vivo situation. A major challenge for the future is to expand the cellular composition
of the organotypic model to further develop a system
that mimics the PDAC environment more precisely. We
discuss how this challenge is being met to increase our
understanding of this terrible disease and develop novel
therapies that can improve the prognosis for patients.
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Core tip: Pancreatic cancer carries a terrible prognosis,
as the fourth most common cause of cancer death in
the Western world. One of the reasons no effective
treatment has been developed in the past decade may
in part, be explained by the influences exerted by the
tumour microenvironment. The tumour stroma crosstalk in pancreatic cancer can influence chemotherapy
delivery and response rate. Organotypic models of pancreatic cancer allow new therapies that can target the
cancer, the stromal compartment or both to be tested
in a model that mirrors the in vivo situation and can
help improve patient prognosis.

Abstract
Pancreatic cancer carries a terrible prognosis, as the
fourth most common cause of cancer death in the Western world. There is clearly a need for new therapies
to treat this disease. One of the reasons no effective
treatment has been developed in the past decade may
in part, be explained by the diverse influences exerted
by the tumour microenvironment. The tumour stroma
cross-talk in pancreatic cancer can influence chemotherapy delivery and response rate. Thus, appropriate
preclinical in vitro models which can bridge simple 2D in
vitro cell based assays and complex in vivo models are
required to understand the biology of pancreatic cancer.
Here we discuss the evolution of 3D organotypic mod-
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tion in stromal components, such as fibroblasts and
inflammatory cells, promoting cancer cell motility and
resistance to hypoxia. The net result is an unique tumour
micro-environment, where tumour cells become inaccessible to chemotherapy and metastasise readily, leading to
poor chemotherapy response rate[17].
These studies have highlighted the importance of
stroma-cancer cross-talk. Thus, just studying pancreatic
cancer cells without any stromal representation does not
reflect accurately the in vivo situation. Cells grown on 2D
tissue culture plates or in Transwell™ inserts differ in
their morphology, differentiation and cell-cell and cellmatrix interactions compared to cells in vivo[24,25]. There is
a need for physiologically relevant in vitro model systems
that allow us to investigate and interrogate cancer and
stromal cell behaviour and their interactions. Thus, 3D
organotypic models are an invaluable research tool[26].

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8471.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8471

Pancreatic cancer
Pancreatic cancer has one of the highest mortality rates
among malignancies, and is the fourth most common
cause of cancer death in the Western world[1,2]. With an
overall 5-year survival rate of 6% and median survival of
less than six months, pancreatic ductal adenocarcinoma
(PDAC) carries one of the bleakest prognoses in all of
medicine. Surgery offers the only hope of a possible cure
for patients; however even of those 10% of patients eligible for curative resection, only 21% will survive to five
years[3]. This is due to the fact that, at diagnosis, distant
metastases are common[4]. Clearly there is an urgent need
for therapies for PDAC. One of the possible reasons
that targeted therapies fail to improve the prognosis of
patients with PDAC may, in part, be explained by the
diverse influences exerted by the tumour microenvironment. Delineating the signalling networks within the
tumour microenvironment, may help to explain the huge
discrepancy between relative success and effectiveness
of therapies in preclinical assay (predominately 2D cell
based assays and xenograft mouse models) and their abject failure in human PDAC.
Many epithelial malignancies, including breast, prostate, skin and pancreatic cancers, often exhibit a significant stromal reaction around the tumour cells[5-9]. Once
thought to be a bystander, it is becoming increasingly evident that the stroma not only functions as a mechanical
barrier but also constitutes a dynamic compartment that
is critically involved in the process of tumour formation,
progression, invasion, and metastasis[10,11]. In particular,
PDAC shows the most prominent stromal reaction or
“desmoplasia” (defined as proliferation of fibrotic tissue with an altered ECM which contributes to tumour
growth and metastasis) (Figure 1)[12]. This surrounding tumour environment is an highly heterogeneous and complex mixture of cells from different lineages; fibroblasts,
pancreatic stellate cells, smooth muscle cells, immune,
inflammatory, neural, adipose and endothelial cells[13-16].
The high proportion of stromal cells in pancreatic
cancer (up to 80% of the tumour volume[17]) is associated with overexpression of a number of paracrine and
autocrine signalling factors, such as vascular endothelial
growth factor (VEGF), epidermal growth factor (EGF),
transforming growth factor β (TGF β ), insulin-like
growth factor Ⅰ (IGF-Ⅰ), fibroblast growth factor (FGF)
and their respective receptors as well as secretion of
Matrix metalloproteinases (MMPS) and proteases which
serve to fuel pancreatic cancer proliferation, metastasis
and invasion[18-22]. In turn, pancreatic cancer cells secrete
growth factors such as FGFs, TGFβ, IGF and platelet
derived growth factor (PDGF)[23]. This interaction between cancer cells and stroma leads to altered transcrip-
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MODELLING PDAC
In vitro (2D) studies of tumour stroma interactions in
PDAC
Improved understanding of the mechanisms that mediate epithelial-stromal interactions in PDAC is now
possible due to the isolation, and in vitro culture, of
pancreatic stellate cells (PSC), the key cells driving the
desmoplastic reaction[21]. In the healthy pancreas, PSCs
make up 4%-7% of all pancreatic cell types and exist in
a quiescent state[27]. Quiescent PSCs are characterised by
lipid droplets rich in vitamin A, resembling hepatic stellate cells (HSCs) first described by in the 19th century[28].
They express desmin and glial fibrillary acid protein
(GFAP) marker which serve to distinguish them from
pancreatic fibroblasts[29]. In acute and chronic inflammatory conditions, PSCs are activated. This is characterised
a loss of fat droplets, expression of α-smooth muscle
actin (αSMA), and an increased synthesis and secretion
of several ECM proteins such as fibronectin, laminin and
collagen type Ⅰ and Ⅲ[27,30,31].
The isolation and immortalisation of PSCs from human and rat pancreas has provided an additional tool for
studying PSC activation and can overcome the limitations
of culturing primary stellate cells. While immortalised
stellate cells have provided a valuable tool in the study
of PSC function, it is important to validate findings using primary PSCs[14]. PSCs have been immortalised using
either SV40 large T antigen or human telomerase in human PSCs as we have previously successfully done in our
laboratory[24,32-38]. Immortalised PSCs display an activated
phenotype in 2D culture. Importantly PSC cell line is
comparable to activated PSCs, which include expression
of αSMA and ECM proteins. Importantly, expression
profiling of primary and PSC cell lines have shown only
a few differences, with differential differences expression
of ECM proteins, cytokines and integrins[37]. In addition,
both immortalised and primary PSCs respond to TGF-β
or PDGF in a similar manner[33]. Thus primary and immortalised PSCs have facilitated for the dissection of
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A

Figure 1 Human pancreatic ductal adenocarcinoma has
a dense desmoplastic stromal component. A: HE of human pancreatic cancer shows an area of invasive tumour; B:
Stromal and epithelial components of the tumour are highlighted from figure A (scale bar 100 µm).

B

Cancer

Stroma

important cross-talk between PSCs and pancreatic cancer
cells and are an important source to explore the tumour
promoting aspects of tumour myofibroblasts in PDAC[16].
The bidirectional interaction between PSCs and pancreatic cancer cells has been studied using co-culture or
well-established 2D in vitro assays such as wound assays
or Transwell™ inserts to study migration[39]. Co-culturing
of PSCs and pancreatic cancer cells showed that PSCs
can increase the proliferation and migration of pancreatic cancer cells, while inhibiting apoptosis by the release
of several cytyokines and growth factors. Similarly, culturing PSCs in the conditioned medium of pancreatic
cancer cells increases the proliferation, matrix synthesis
and motility of PSCs, most likely via FGF-2, PDGF and
TGF-β[22,40].
The desmoplasia in PDAC is believed to have a detrimental effect on the successful response to chemotherapy and radiotherapy[40,41]. In vitro experiments have shown
that PSCs can increase the stem cell characteristic of
pancreatic cancer cells, a possible mechanism of resistance to therapy[42]. Furthermore, in areas of the tumour
that are hypoxic as a result of hypovascularity and profuse stroma provides a micro-environment in which pancreatic cancer cells thrive[43]. In vitro studies have shown
that, co-culturing PSCs and pancreatic cancer cells under
hypoxic conditions, PSCs are able to influence PCC invasion more strongly than in normoxic conditions[44]. Thus,
pharmacological targeting of PSCs is an attractive option
in treating PDAC.

(injection of male PSCs and female pancreatic cancer
cells into the pancreas of female mice), have shown
that Y chromosome positive PSCs are able to migrate
through blood vessels, together with cancer cells, localising to distant sites, such as the liver and diaphragm,
where they are able to facilitate seeding, survival and
growth of pancreatic cancer cells[45].
The development of genetically engineered mouse
(GEM) models of PDAC has provided the most physiologically relevant model that closely mimics the situation
in human cancer. Most of the GEM models of PDAC
are based on the conditional, pancreas-specific, expression of the Kras oncogene (KRASG12D), present in 90%
of human PDAC cases[46], this is facilitated by expressing
Cre recombinase under the control of the embryonic
pancreas lineage determining transcription factor Pdx-1
or Ptf1/p48 (“KC” mice). KC mice develop pancreatic
tumours ranging from precursor pancreatic intra-ductal
neoplasms (PanINs) to fully invasive and metastatic disease[47,48], albeit with a long latency period of up to a year.
These KC mice have been crossed with mice harbouring
several additional mutations, to investigate their contribution to the rapid progression to PDAC. GEM models of
PDAC have been developed with activating mutations
in TGFβ receptor and/or inactivation of tumoral suppressors such as p53 (“KPC” mice), INK4A/ARF and
Smad4, which are the most common PDAC drivers[49].
There are several excellent reviews on the various GEM
models that have been developed for studying the development of PDAC[50-52]. The generation of complex allele
combinations together with the latency period involved
in the development of tumour makes these models inherently expensive. Further criticism against GEM models of PDAC has focused on the multi-focality of their
PDAC, involvement of whole pancreas with tumours,
histological variants commonly observed, presence of
tumours in other organs as well as genetic homogeneity;
features missing in the human PDAC[53]. Thus, 3D organotypic models may be an attractive option as a preclinical
tool, bridging the gap between traditional 2D cell culture
assays and the complex GEM models.

role of the stroma in PDAC-in vivo studies
Animal models, such as xenografts, orthotopic grafts or
genetically engineered mice (GEM), have validated many
in vitro findings. Early subcutaneous mouse models, in
which PSCs and pancreatic cancer cells were injected
into the flanks of immunocompromised mice, demonstratied that, in the presence of PSCs, pancreatic cancer
cell proliferation increased and tumours formed more
rapidly than when pancreatic cancer cells were injected
alone[22]. Apte and colleagues showed that injection of
pancreatic cancer cells (MiaPaCa-2 and AsPC-1 cell
lines), together with primary human PSC into the mouse
pancreas was able to stimulate fibrosis, tumour growth
and metastasis[40]. More recently, sex mismatch studies
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Organotypic models used in other cancers
The idea of recapitulating the physiomimetic 3D envi-
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A

B

membrane (e.g., Matrigel) undergoing glandular differentiation forming with apico-basal polarity and a central
hollow lumen[66], have led to similar experiments for the
liver, salivary gland, bone, lung, skin, intestine, kidney and
thyroid glands[64,67-71]. The choice of cell source and ECM
is critical in developing a representative model. For example, human luminal epithelial cells, grown in laminin rich
basement membrane analogue (Matrigel) form acini[72];
however when grown in collagen I, these same cells show
an altered integrin profile and abnormal polarity[73].
These 3D models have increased our understanding
of how cells perceive biochemical and physical cues from
the surrounding microenvironment[74]. For example, β1
integrin is expressed in normal breast epithelial cells but
is lost when cells transform into a malignant phenotype.
Re-expression of β1 integrin in 3D matrices induces the
reversion of the tumor phenotype by allowing the malignant cells to differentiate into glands[75].
The incorporation of tissue specific stromal cells is
critical for approximation to the in vivo condition. Thus,
the isolation and availability of human PSCs hase been
critical to the development of PDAC organotypic cultures[26].

Cancer cell
Stellate cell
Extra-cellular matrix
Cell culture media
Day 1

C

D

Day 1

E

F

Day 0

Day 1

Figure 2 Submerged organotypic culture models used to investigate
pancreatic ductal adenocarcinoma. A: Cancer cells were embedded in the
extracellular matrix mixture before it was allowed to polymerise. These cells
were then fed with culture media placed on top of the gel; B: Representative
configuration of cells within the gel after 7 d of culture. The cancer cells forming
duct-like structures within the gel. This model mimics the behaviour of invading
cancer cells; C, D: show the same model with both pancreatic stellate cells and
cancer cells embedded within the extracellular matrix gel. Using this model the
interaction between stellate cells and invading cancer cells can be examined;
E: Stellate cells embedded in the gel prior to polymerisation, with cancer cells
seeded on top of the gel 24 h later. In this model cancer cell invasion can be
analysed in the presence of pancreatic stellate cells (F). Representatice HE of
these organotypic models are reviewed in Froeling et al[26].

Pancreatic cancer organotypics
Pancreatic cancer cell lines and normal pancreatic ductal
epithelial cells (HPDE) previously have been cultured
on type Ⅰ glycosaminoglycan scaffolds and in collagen
type Ⅰ or Matrigel. Given only epithelial cells were in
these models, the effect of the stroma on tumour cell
behaviour was absent[76-78]. However, these studies were
able to show that pancreatic cancer cells embedded into
Matrigel formed spheroids with a distinct morphology
and loss of apico-basal polarity as compared to culturing
in 2D[76].
The introduction of stromal cells in PDAC 3D organotypic cultures was first demonstrated by our laboratory[24]. Depending on the hypothesis being explored, the
flexible 3D models of PDAC can be set up distinctly.
Pancreatic cancer cells can be embedded into the ECM
gel consisting of collagen and Matrigel to simulate cells
that have already invaded into the stroma However, in
order to understand the influence of PSCs on the behaviour of invaded pancreatic cancer cells these cells can be
embedded in an ECM gel together with cancer cells (Figure 2).
Submerged ECM gels (when pancreatic cancer cells
are grown on top of the gel and PSCs are embedded) are
designed to model the early events in tumour progression. When pancreatic cancer cells are cultured on top of
this model, they form luminal structures that resemble
ducts (Figure 3). Using this model, we have shown that
PSCs induce Ezrin translocation from the apical to the
basal compartment of the cells is an early event in pancreatic cancer cell invasion[24,79]. This phenomenon has
been validated across a range of human gastro-intestinal
tumours[80,81]. Finally, in order to study the invasion of
pancreatic cancer cells in the 3D model, the submerged

ronment started in the 1960’s growing 3D tissue explants
in tissue culture media (organ cultures). Organ cultures
of neural tissue explants are perhaps the best established
model[54]. These models are still being used to study the
basis of neurological diseases and injuries[55]. Organ cultures are also used in the study of cardiovascular function[56], angiogenesis[57], thymus[58], skin[59], bone[60], and
urogenital tissues[61].
In cancer research, there has been an abundance of
evidence suggesting that 3D models are superior to the
conventional 2D culture in plastic flasks. However, current preclinical research still relies heavily on the latter[62].
From the simplest form: the “monotypic” cell model,
comprising just one epithelial cell type, 3D co cultures
have progressively evolved to contain multiple cell types,
thus enabling study of their respective contributions[63].
An early example was the the “skin equivalent”, achieved
by culturing keratinocytes either on de-epidermalised
dermis or on collagen gels embedded with dermal fibroblasts[64,65].
The success of pioneering studies with breast epithelial cells cultured in, or on, a reconstituted basement
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Figure 3 Raised organotypic model of pancreatic ductal adenocarcinoma with embedded pancreatic stellate cells. A: Extracellular matrix gels containing stellate cells were polymerised in 24-well plates before cancer cells were seeded on top and allowed to attach. These gels were then raised onto metal grids and fed from
below creating a chemotactic gradient. Cells were cultured for up to 14 d; B: Illustration of cancer cells in a raised model containing stellate cells showing proliferation
and invasion into the gel; C: HE section of a raised gel containing stellate cells with cancer cells seeded on top; D: Immunofluorscence in the same gel showing strong
cytokeratin expression in the cancer cells and α-smooth muscle actin (α-SMA) expression in the embedded stellate cells.

culture system can be raised upon a grid (‘air-liquid’
model) and fed from underneath, creating a gradient that
stimulates pancreatic cancer cells to invade while at the
same time recapitulates cancer-stellate cell interaction in
vivo (Figure 4).
Using the air liquid 3D model we have shown that the
presence of PSCs leads to a significant increase, and altered sub-cellular distribution, of β-catenin in pancreatic
cancer cells. Treating these 3D co cultures with All Trans
Retinoic Acid (ATRA, which renders PSC quiescent)
dampens Wnt-β catenin signalling resulting in reduced
pancreatic cancer invasion[16]. Importantly, these results
were confirmed in vivo, whereby treating KPC mice with
ATRA led to disruption lead to disruption of the activated stroma and increase in apoptosis of tumour cells.
These sets of observations validate the use of the organotypic model as a tool to assess new therapies in PDAC.
3D organotypic models provide a perfect intermediate between 2D cultures and GEM. Use of distinct cell
types in these co-culture allows assessment of changes in
signalling cascades and molecular targets resulting from
cancer-stroma cross-talk in the absence of noise from
other stromal elements present in vivo. Thus the relative

WJG|www.wjgnet.com

contribution of each cell type in the complex microinvrionment can be assessed. Using this approach Kadaba
et al[14] isolated cancer cells from organotypic models of
various organ including pancreas, skin and oesophagus
after the cancer cells were exposed in 3D to their respective stromal cells (Figure 5). They demonstrated that
cancer cell stromal interactions significantly alter proliferation, cell cycle, cell movement, cell signalling and inflammatory response in addition to changing stiffness in
the ECM gel. Importantly, changes in stiffness of ECM
gels was particularly prominent as the proportion of PSC
in the ECM gel increased, a finding highly pertinent to
drug delivery and perfusion in PDAC[41]. This study also
highlighted the possible need for multidrug targeting or
use of pleiotropic agents in PDAC therapy.
Despite the importance of multiple pathways in
PDAC, the proto-oncogene Src has been heralded as a
potential single molecular therapeutic target[82]. The conundrum of promise of Src inhibitors in combination
with chemotherapy in vitro and the in vivo reduction of
metastasis in KPC mice by 50%, was explored in organotypic cultures[82]. Using fluorescence lifetime imaging
microscopy (FILM) to measure fluorescence resonance
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Figure 4 Raised organotypic model of pancreatic ductal adenocarcinoma with cancer cells and pancreatic stellate cell interaction. A: Extracellular matrix
gels containing were polymerised in 24-well plates before cancer stellate cells were seeded on top and allowed to interact and attach. These gels are then raised onto
metal grids and fed from below creating a chemotactic gradient. Organotypic models were cultured for up to 14 d; B: Illustration of cancer cells and stellate cells in a
raised model showing increased proliferation and invasion of both stellate and cancer cells into the gel; C: HE section of a raised gel with cancer cells and pancreatic
stellate cells seeded on top; D: Immunofluorescence in the same gel showing strong cytokeratin expression in the cancer cells and α-smooth muscle actin (α-SMA)
expression in the stellate cells which form a layer below the cancer cells.

energy transfer (FRET) an ECFP-YFP Src reporter, in
PDAC cells in organotypic cultures Anderson and colleagues investigated the influence of tumour microenvironment on Dasatinib delivery in PDAC[83]. In organotypic PDAC models with cancer cells expressing the Src
biosensor cultured on top of an ECM gel with embedded
primary human fibroblasts, they were able to show quantitatively that the microenvironment contribution to poor
drug delivery to tumour cells is dependent on distance of
cells from the invasive edge. This was validated in subcutaneous in vivo models due to the limitations of microscopy techniques precluding orthotopic or GEM models.
This study demonstrated the adaptability of the organotypic model as powerful tool to address hypotheses at the
molecular level in a complex microenvironment.

For example, the matrix composition can be altered to
reflect the in vivo situation. The increase in ECM stiffness
exerts elevated force on transformed cells increasing cellular response and resulting in increased tumour growth,
survival and motility[14,86].
The relative paucity of primary stellate cells to conduct all the experiments in sufficient replicates lead us
to generate a mini organotypic culture system (Figure 6)
which give comparable results to the conventional “air
liquid” co culture model[14]. Additional cell types can be
titrated in such as stellate cells[14] or endothelial cells (Di
Maggio, unpublished observations). For example, to assess the role of stroma on angiogenesis, in oesophageal
cancer endothelial cells on a 2D monolayer have been
cultured with fibroblast and cancer cells embedded in a
collagen gel layered on top[87]. Elsewhere investigation of
the role of macrophages in malignant growth of human
squamous cell carcinoma has been investigated in organotypic cultures[88]. Immune response and inflammation
play an important role in the desmoplastic reaction and
inflammation is thought to activate pancreatic stellate
cells[13,89].
Therapeutic agents such as chemotherapy (Gemen-

Future applications and challenges
3D organotypic models that mimic the morphological
and functional features of their in vivo parental tissues
have potential for bridging the gap between cell-based
discovery research and animal models[84,85]. A huge advantage of the organotypic system is that any component of
the model can readily be modulated in a short time-frame.
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A

B

Figure 5 Use of organotypic model to isolate cell types grown together by laser microdisection. By using the raised organotypic model
with pancreatic stellate cells embedded within the gel (Figure 4B) the
sellate and cancer cells are kept separate. A, B: Laser microdissection of
the cancer cells can then be performed to allow analysis of cancer cells
grown in the presence of pancreatic stellate cells. Scale bar 100 µm.
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Day 1
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Figure 6 Mini-organotypic model of pancreatic ductal adenocarcinoma. Extra cellular matrix gel is polymerised within the insert of a standard migration assay
plate. A: Cancer and pancreatic stellate cells are seeded on top of the gel and allowed to attach. The media is then removed and then replaced only in the bottom
of the well to again create a chemotactic gradient cells are cultured for 7-10 d; B: HE image demonstrating a similar pattern of cell proliferation and invasion is seen,
as in the raised model; C: Immunofluorscence in the same gel showing strong cytokeratin expression in the cancer cells and vimentin expression in the stellate cells
which form a layer below the cancer cells and invade into the gel ahead of cancer cells.

zitdis and Carapuca and Ghallab, unpublished observations), small molecules[90] or RNAi (Arumugam and Watt,
unpublished observations) can be tested in these organotypic cultures. The best dosage and regimen can then
be taken in small animals thus reducing animal usage[16,83].
Examples from other related fields include testing Metkinase inhibitor or COX-2 inhibitor in skin cancer models[91], tyrosine kinase inhibitors for breast cancers[92] and
Eps8 and HAX1 or β6 integrin[93] RNAi in cancer cells
prior to their incorporation into organotypic cultures to
assess the effects on cell invasion.
Finally, many PDAC patients present very late with
their disease when metastasis have already occurred.
Thus, treating PDAC cells immediately after seeding in
a 3D environment does not reflect the true clinical setting as tumours are well established at the time of patient
treatment. We currently are investigating the effect of
treating organotypic models once they are established
and invasion of PDAC and/or stromal cells has begun.
It is likely this would give a better understanding of the
treatment regimen that is required when novel therapies
emerge into a preclinical setting.

ing the mechanisms of pancreatic cancer, providing an
easily manipulated system in which specific questions
can be addressed, thus facilitating the translation of basic science to the clinic. Allowing manipulation of cell
types, matrix composition, and exogenous therapies,
these physiologically relevant model systems are reproducible, experimentally flexible and offer targeted highthroughput platforms. Although the organotypic model
provides a physiologically relevant means to study the tumour stroma interactions and the use of new therapies to
target the cross talk, it remains a simplified representation
of the complex in vivo situation and it still remains critical
to test new therapies in orthotopic or transgenic models of the disease. However, the use of the organotypic
model as a preclinical tool is becoming increasingly important and our group, as well as others, are modulating
the 3D cultures to recapture other important aspects of
the tumour microenvironment that can influence cancer
cell behaviour. Thus, 3D organotypic models have potential for bridging the gap between cell based discovery and
complex animal models. By providing an environment
in which cell behaviour and novel treatment options can
be investigated in an easily reproducible and controlled
manner, these models more precisely mimic pancreatic
cancer, thus providing a major contribution to preclinical
drug and therapeutic discovery.

CONCLUSION
Organotypic culture models are valuable tools for study-

WJG|www.wjgnet.com

8477

July 14, 2014|Volume 20|Issue 26|

Coleman SJ et al . Pancreatic cancer organotypics as preclinical models

REFERENCES
1

2

3

4
5

6

7

8

9

10
11
12

13

14

15

Tassi E, Henke RT, Bowden ET, Swift MR, Kodack DP,
Kuo AH, Maitra A, Wellstein A. Expression of a fibroblast
growth factor-binding protein during the development of
adenocarcinoma of the pancreas and colon. Cancer Res 2006;
66: 1191-1198 [PMID: 16424058 DOI: 10.1158/0008-5472.
CAN-05-2926]
Hariharan D, Saied A, Kocher HM. Analysis of mortality
rates for pancreatic cancer across the world. HPB (Oxford)
2008; 10: 58-62 [PMID: 18695761 DOI: 10.1080/136518207018
83148]
Iqbal N, Lovegrove RE, Tilney HS, Abraham AT, Bhattacharya S, Tekkis PP, Kocher HM. A comparison of pancreaticoduodenectomy with extended pancreaticoduodenectomy:
a meta-analysis of 1909 patients. Eur J Surg Oncol 2009; 35:
79-86 [PMID: 18356005 DOI: 10.1016/j.ejso.2008.01.002]
Oberstein PE, Olive KP. Pancreatic cancer: why is it so hard
to treat? Therap Adv Gastroenterol 2013; 6: 321-337 [PMID:
23814611 DOI: 10.1177/1756283X13478680]
Moinfar F, Man YG, Bratthauer GL, Ratschek M, Tavassoli
FA. Genetic abnormalities in mammary ductal intraepithelial neoplasia-flat type (“clinging ductal carcinoma in situ”):
a simulator of normal mammary epithelium. Cancer 2000; 88:
2072-2081 [PMID: 10813719 DOI: 10.1002/(SICI)1097-0142(20
000501)88]
Shekhar MP, Werdell J, Santner SJ, Pauley RJ, Tait L. Breast
stroma plays a dominant regulatory role in breast epithelial
growth and differentiation: implications for tumor development and progression. Cancer Res 2001; 61: 1320-1326 [PMID:
11245428]
Olumi AF, Grossfeld GD, Hayward SW, Carroll PR, Tlsty
TD, Cunha GR. Carcinoma-associated fibroblasts direct
tumor progression of initiated human prostatic epithelium.
Cancer Res 1999; 59: 5002-5011 [PMID: 10519415]
Apte MV, Park S, Phillips PA, Santucci N, Goldstein D, Kumar RK, Ramm GA, Buchler M, Friess H, McCarroll JA, Keogh G, Merrett N, Pirola R, Wilson JS. Desmoplastic reaction
in pancreatic cancer: role of pancreatic stellate cells. Pancreas
2004; 29: 179-187 [PMID: 15367883 DOI: 10.1097/00006676-20
0410000-00002]
Woenne EC, Lederle W, Zwick S, Palmowski M, Krell H,
Semmler W, Mueller MM, Kiessling F. MMP inhibition
blocks fibroblast-dependent skin cancer invasion, reduces
vascularization and alters VEGF-A and PDGF-BB expression. Anticancer Res 2010; 30: 703-711 [PMID: 20392987]
Fidler IJ. The pathogenesis of cancer metastasis: the ‘seed
and soil’ hypothesis revisited. Nat Rev Cancer 2003; 3: 453-458
[PMID: 12778135 DOI: 10.1038/nrc1098]
Mueller MM, Fusenig NE. Friends or foes - bipolar effects of
the tumour stroma in cancer. Nat Rev Cancer 2004; 4: 839-849
[PMID: 15516957 DOI: 10.1038/nrc1477]
Mahadevan D, Von Hoff DD. Tumor-stroma interactions
in pancreatic ductal adenocarcinoma. Mol Cancer Ther 2007;
6: 1186-1197 [PMID: 17406031 DOI: 10.1158/1535-7163.
MCT-06-0686]
Ene-Obong A, Clear AJ, Watt J, Wang J, Fatah R, Riches JC,
Marshall JF, Chin-Aleong J, Chelala C, Gribben JG, Ramsay
AG, Kocher HM. Activated pancreatic stellate cells sequester
CD8+ T cells to reduce their infiltration of the juxtatumoral
compartment of pancreatic ductal adenocarcinoma. Gastroenterology 2013; 145: 1121-1132 [PMID: 23891972 DOI: 10.1053/
j.gastro.2013.07.025]
Kadaba R, Birke H, Wang J, Hooper S, Andl CD, Di Maggio
F, Soylu E, Ghallab M, Bor D, Froeling FE, Bhattacharya S,
Rustgi AK, Sahai E, Chelala C, Sasieni P, Kocher HM. Imbalance of desmoplastic stromal cell numbers drives aggressive
cancer processes. J Pathol 2013; 230: 107-117 [PMID: 23359139
DOI: 10.1002/path.4172]
Neesse A, Michl P, Frese KK, Feig C, Cook N, Jacobetz MA,

WJG|www.wjgnet.com

16

17

18
19

20
21

22

23
24

25
26
27

28
29

30

31

8478

Lolkema MP, Buchholz M, Olive KP, Gress TM, Tuveson
DA. Stromal biology and therapy in pancreatic cancer.
Gut 2011; 60: 861-868 [PMID: 20966025 DOI: 10.1136/
gut.2010.226092]
Froeling FE, Feig C, Chelala C, Dobson R, Mein CE, Tuveson
DA, Clevers H, Hart IR, Kocher HM. Retinoic acid-induced
pancreatic stellate cell quiescence reduces paracrine Wnt-βcatenin signaling to slow tumor progression. Gastroenterology 2011; 141: 1486-1497, 1486-1497 [PMID: 21704588 DOI:
10.1053/j.gastro.2011.06.047]
Li D, Abbruzzese JL. New strategies in pancreatic cancer: emerging epidemiologic and therapeutic concepts.
Clin Cancer Res 2010; 16: 4313-4318 [PMID: 20647474 DOI:
10.1158/1078-0432.CCR-09-1942]
Ozawa F, Friess H, Tempia-Caliera A, Kleeff J, Büchler MW.
Growth factors and their receptors in pancreatic cancer. Teratog Carcinog Mutagen 2001; 21: 27-44 [PMID: 11135319]
Yamanaka Y, Friess H, Buchler M, Beger HG, Uchida E,
Onda M, Kobrin MS, Korc M. Overexpression of acidic and
basic fibroblast growth factors in human pancreatic cancer
correlates with advanced tumor stage. Cancer Res 1993; 53:
5289-5296 [PMID: 7693336 DOI: 10.1002/1520-6866(2001)21]
Apte MV, Wilson JS. Stellate cell activation in alcoholic pancreatitis. Pancreas 2003; 27: 316-320 [PMID: 14576494 DOI:
10.1097/00006676-200311000-00008]
Apte MV, Haber PS, Darby SJ, Rodgers SC, McCaughan
GW, Korsten MA, Pirola RC, Wilson JS. Pancreatic stellate
cells are activated by proinflammatory cytokines: implications for pancreatic fibrogenesis. Gut 1999; 44: 534-541 [PMID:
10075961 DOI: 10.1136/gut.44.4.534]
Bachem MG, Schünemann M, Ramadani M, Siech M, Beger
H, Buck A, Zhou S, Schmid-Kotsas A, Adler G. Pancreatic
carcinoma cells induce fibrosis by stimulating proliferation and matrix synthesis of stellate cells. Gastroenterology 2005; 128: 907-921 [PMID: 15825074 DOI: 10.1053/
j.gastro.2004.12.036]
Korc M. Growth factors and pancreatic cancer. Int J Pancreatol 1991; 9: 87-91 [PMID: 1744452]
Froeling FE, Mirza TA, Feakins RM, Seedhar A, Elia G, Hart
IR, Kocher HM. Organotypic culture model of pancreatic
cancer demonstrates that stromal cells modulate E-cadherin,
beta-catenin, and Ezrin expression in tumor cells. Am J
Pathol 2009; 175: 636-648 [PMID: 19608876 DOI: 10.2353/ajpath.2009.090131]
Debnath J, Brugge JS. Modelling glandular epithelial cancers in three-dimensional cultures. Nat Rev Cancer 2005; 5:
675-688 [PMID: 16148884 DOI: 10.1038/nrc1695]
Froeling FE, Marshall JF, Kocher HM. Pancreatic cancer
organotypic cultures. J Biotechnol 2010; 148: 16-23 [PMID:
20083148 DOI: 10.1016/j.jbiotec.2010.01.008]
Apte MV, Haber PS, Applegate TL, Norton ID, McCaughan
GW, Korsten MA, Pirola RC, Wilson JS. Periacinar stellate
shaped cells in rat pancreas: identification, isolation, and
culture. Gut 1998; 43: 128-133 [PMID: 9771417 DOI: 10.1136/
gut.43.1.128]
Wake K. “Sternzellen” in the liver: perisinusoidal cells with
special reference to storage of vitamin A. Am J Anat 1971;
132: 429-462 [PMID: 4942297 DOI: 10.1002/aja.1001320404]
Omary MB, Lugea A, Lowe AW, Pandol SJ. The pancreatic stellate cell: a star on the rise in pancreatic diseases. J
Clin Invest 2007; 117: 50-59 [PMID: 17200706 DOI: 10.1172/
JCI30082]
Fujita H, Ohuchida K, Mizumoto K, Nakata K, Yu J, Kayashima T, Cui L, Manabe T, Ohtsuka T, Tanaka M. alphaSmooth Muscle Actin Expressing Stroma Promotes an
Aggressive Tumor Biology in Pancreatic Ductal Adenocarcinoma. Pancreas 2010; Epub ahead of print [PMID: 20467342
DOI: 10.1097/MPA.0b013e3181dbf647]
Bachem MG, Schneider E, Gross H, Weidenbach H, Schmid
RM, Menke A, Siech M, Beger H, Grünert A, Adler G. Iden-

July 14, 2014|Volume 20|Issue 26|

Coleman SJ et al . Pancreatic cancer organotypics as preclinical models

32

33

34

35

36

37

38

39

40

41

42

43

tification, culture, and characterization of pancreatic stellate
cells in rats and humans. Gastroenterology 1998; 115: 421-432
[PMID: 9679048 DOI: 10.1016/S0016-5085(98)70209-4]
Hwang RF, Moore T, Arumugam T, Ramachandran V,
Amos KD, Rivera A, Ji B, Evans DB, Logsdon CD. Cancerassociated stromal fibroblasts promote pancreatic tumor
progression. Cancer Res 2008; 68: 918-926 [PMID: 18245495
DOI: 10.1158/0008-5472.CAN-07-5714]
Jesnowski R, Fürst D, Ringel J, Chen Y, Schrödel A, Kleeff J,
Kolb A, Schareck WD, Löhr M. Immortalization of pancreatic stellate cells as an in vitro model of pancreatic fibrosis:
deactivation is induced by matrigel and N-acetylcysteine.
Lab Invest 2005; 85: 1276-1291 [PMID: 16127427 DOI: 10.1038/
labinvest.3700329]
Masamune A, Satoh M, Kikuta K, Suzuki N, Shimosegawa
T. Establishment and characterization of a rat pancreatic stellate cell line by spontaneous immortalization. World J Gastroenterol 2003; 9: 2751-2758 [PMID: 14669327]
Mathison A, Liebl A, Bharucha J, Mukhopadhyay D,
Lomberk G, Shah V, Urrutia R. Pancreatic stellate cell models for transcriptional studies of desmoplasia-associated
genes. Pancreatology 2010; 10: 505-516 [PMID: 20847583 DOI:
10.1159/000320540]
Satoh M, Masamune A, Sakai Y, Kikuta K, Hamada H, Shimosegawa T. Establishment and characterization of a simian
virus 40-immortalized rat pancreatic stellate cell line. Tohoku
J Exp Med 2002; 198: 55-69 [PMID: 12498315 DOI: 10.1620/
tjem.198.55]
Sparmann G, Hohenadl C, Tornøe J, Jaster R, Fitzner B,
Koczan D, Thiesen HJ, Glass A, Winder D, Liebe S, Emmrich
J. Generation and characterization of immortalized rat pancreatic stellate cells. Am J Physiol Gastrointest Liver Physiol
2004; 287: G211-G219 [PMID: 14977634 DOI: 10.1152/ajpgi.00347.2003]
Li NF, Kocher HM, Salako MA, Obermueller E, Sandle J,
Balkwill F. A novel function of colony-stimulating factor 1
receptor in hTERT immortalization of human epithelial cells.
Oncogene 2009; 28: 773-780 [PMID: 18997822 DOI: 10.1038/
onc.2008.412]
Erkan M, Adler G, Apte MV, Bachem MG, Buchholz M, Detlefsen S, Esposito I, Friess H, Gress TM, Habisch HJ, Hwang
RF, Jaster R, Kleeff J, Klöppel G, Kordes C, Logsdon CD,
Masamune A, Michalski CW, Oh J, Phillips PA, Pinzani M,
Reiser-Erkan C, Tsukamoto H, Wilson J. StellaTUM: current
consensus and discussion on pancreatic stellate cell research.
Gut 2012; 61: 172-178 [PMID: 22115911 DOI: 10.1136/
gutjnl-2011-301220]
Bachem MG, Zhou S, Buck K, Schneiderhan W, Siech M.
Pancreatic stellate cells--role in pancreas cancer. Langenbecks
Arch Surg 2008; 393: 891-900 [PMID: 18204855 DOI: 10.1007/
s00423-008-0279-5]
Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A, McIntyre D, Honess D, Madhu B, Goldgraben MA, Caldwell
ME, Allard D, Frese KK, Denicola G, Feig C, Combs C,
Winter SP, Ireland-Zecchini H, Reichelt S, Howat WJ, Chang
A, Dhara M, Wang L, Rückert F, Grützmann R, Pilarsky C,
Izeradjene K, Hingorani SR, Huang P, Davies SE, Plunkett W,
Egorin M, Hruban RH, Whitebread N, McGovern K, Adams
J, Iacobuzio-Donahue C, Griffiths J, Tuveson DA. Inhibition
of Hedgehog signaling enhances delivery of chemotherapy
in a mouse model of pancreatic cancer. Science 2009; 324:
1457-1461 [PMID: 19460966 DOI: 10.1126/science.1171362]
Hamada S, Masamune A, Takikawa T, Suzuki N, Kikuta K,
Hirota M, Hamada H, Kobune M, Satoh K, Shimosegawa
T. Pancreatic stellate cells enhance stem cell-like phenotypes in pancreatic cancer cells. Biochem Biophys Res Commun 2012; 421: 349-354 [PMID: 22510406 DOI: 10.1016/
j.bbrc.2012.04.014]
Koong AC, Mehta VK, Le QT, Fisher GA, Terris DJ, Brown
JM, Bastidas AJ, Vierra M. Pancreatic tumors show high lev-

WJG|www.wjgnet.com

44

45

46

47

48

49
50

51

52

53

54

55

56

57

58
59
60

8479

els of hypoxia. Int J Radiat Oncol Biol Phys 2000; 48: 919-922
[PMID: 11072146 DOI: 10.1016/S0360-3016(00)00803-8]
Eguchi D, Ikenaga N, Ohuchida K, Kozono S, Cui L, Fujiwara K, Fujino M, Ohtsuka T, Mizumoto K, Tanaka M. Hypoxia enhances the interaction between pancreatic stellate
cells and cancer cells via increased secretion of connective
tissue growth factor. J Surg Res 2013; 181: 225-233 [PMID:
22795353 DOI: 10.1016/j.jss.2012.06.051]
Xu Z, Vonlaufen A, Phillips PA, Fiala-Beer E, Zhang X, Yang
L, Biankin AV, Goldstein D, Pirola RC, Wilson JS, Apte MV.
Role of pancreatic stellate cells in pancreatic cancer metastasis. Am J Pathol 2010; 177: 2585-2596 [PMID: 20934972 DOI:
10.2353/ajpath.2010.090899]
Almoguera C, Shibata D, Forrester K, Martin J, Arnheim N,
Perucho M. Most human carcinomas of the exocrine pancreas contain mutant c-K-ras genes. Cell 1988; 53: 549-554 [PMID:
2453289 DOI: 10.1016/0092-8674(88)90571-5]
Grippo PJ, Tuveson DA. Deploying mouse models of
pancreatic cancer for chemoprevention studies. Cancer
Prev Res (Phila) 2010; 3: 1382-1387 [PMID: 21045161 DOI:
10.1158/1940-6207.CAPR-10-0258]
Olive KP, Tuveson DA. The use of targeted mouse models for preclinical testing of novel cancer therapeutics.
Clin Cancer Res 2006; 12: 5277-5287 [PMID: 17000660 DOI:
10.1158/1078-0432.CCR-06-0436]
Hruban RH, Iacobuzio-Donahue C, Wilentz RE, Goggins M,
Kern SE. Molecular pathology of pancreatic cancer. Cancer J
2001; 7: 251-258 [PMID: 11561601]
Herreros-Villanueva M, Hijona E, Cosme A, Bujanda L.
Mouse models of pancreatic cancer. World J Gastroenterol
2012; 18: 1286-1294 [PMID: 22493542 DOI: 10.3748/wjg.v18.
i12.1286]
Hidalgo M, Von Hoff DD. Translational therapeutic opportunities in ductal adenocarcinoma of the pancreas.
Clin Cancer Res 2012; 18: 4249-4256 [PMID: 22896691 DOI:
10.1158/1078-0432.CCR-12-1327]
Pérez-Mancera PA, Guerra C, Barbacid M, Tuveson DA.
What we have learned about pancreatic cancer from mouse
models. Gastroenterology 2012; 142: 1079-1092 [PMID:
22406637 DOI: 10.1053/j.gastro.2012.03.002]
Mazur PK, Siveke JT. Genetically engineered mouse models of pancreatic cancer: unravelling tumour biology and
progressing translational oncology. Gut 2012; 61: 1488-1500
[PMID: 21873467 DOI: 10.1136/gutjnl-2011-300756]
Ecob MS. The application of organotypic nerve cultures to
problems in neurology with special reference to their potential use in research into neuromuscular diseases. J Neurol Sci
1983; 58: 1-15 [PMID: 6842256 DOI: 10.1016/0022-510X(83)90
105-3]
Edelman DB, Keefer EW. A cultural renaissance: in vitro
cell biology embraces three-dimensional context. Exp Neurol 2005; 192: 1-6 [PMID: 15698613 DOI: 10.1016/j.expneu
rol.2004.10.005]
Partridge CR, Johnson CD, Ramos KS. In vitro models to
evaluate acute and chronic injury to the heart and vascular
systems. Toxicol In Vitro 2005; 19: 631-644 [PMID: 15893448
DOI: 10.1016/j.tiv.2005.03.009]
Staton CA, Stribbling SM, Tazzyman S, Hughes R, Brown
NJ, Lewis CE. Current methods for assaying angiogenesis
in vitro and in vivo. Int J Exp Pathol 2004; 85: 233-248 [PMID:
15379956 DOI: 10.1111/j.0959-9673.2004.00396.x]
Owens BM, Hawley RG, Spain LM. Retroviral transduction
in fetal thymic organ culture. Methods Mol Med 2005; 105:
311-322 [PMID: 15492404]
Botham PA. The validation of in vitro methods for skin irritation. Toxicol Lett 2004; 149: 387-390 [PMID: 15093285 DOI:
10.1016/j.toxlet.2003.12.048]
Orr FW, Lee J, Duivenvoorden WC, Singh G. Pathophysiologic interactions in skeletal metastasis. Cancer 2000; 88:
2912-2918 [PMID: 10898334 DOI: 10.1002/1097-0142(2000061

July 14, 2014|Volume 20|Issue 26|

Coleman SJ et al . Pancreatic cancer organotypics as preclinical models

61
62

63
64

65

66

67

68

69

70

71

72

73

74

75

76

5)88: 12]
Atala A. Engineering tissues and organs. Curr Opin Urol
1999; 9: 517-526 [PMID: 10668571 DOI: 10.1097/00042307-199
911000-00005]
Pampaloni F, Reynaud EG, Stelzer EH. The third dimension
bridges the gap between cell culture and live tissue. Nat Rev
Mol Cell Biol 2007; 8: 839-845 [PMID: 17684528 DOI: 10.1038/
nrm2236]
Schmeichel KL, Bissell MJ. Modeling tissue-specific signaling and organ function in three dimensions. J Cell Sci 2003;
116: 2377-2388 [PMID: 12766184 DOI: 10.1242/jcs.00503]
Kopan R, Fuchs E. A new look into an old problem: keratins as tools to investigate determination, morphogenesis,
and differentiation in skin. Genes Dev 1989; 3: 1-15 [PMID:
2468556 DOI: 10.1101/gad.3.1.1]
Fartasch M, Ponec M. Improved barrier structure formation in air-exposed human keratinocyte culture systems.
J Invest Dermatol 1994; 102: 366-374 [PMID: 8120421 DOI:
10.1111/1523-1747.ep12371797]
Wang F, Weaver VM, Petersen OW, Larabell CA, Dedhar
S, Briand P, Lupu R, Bissell MJ. Reciprocal interactions between beta1-integrin and epidermal growth factor receptor
in three-dimensional basement membrane breast cultures: a
different perspective in epithelial biology. Proc Natl Acad Sci
USA 1998; 95: 14821-14826 [PMID: 9843973 DOI: 10.1073/
pnas.95.25.14821]
Hoffman MP, Kibbey MC, Letterio JJ, Kleinman HK. Role of
laminin-1 and TGF-beta 3 in acinar differentiation of a human submandibular gland cell line (HSG). J Cell Sci 1996; 109
( Pt 8): 2013-2021 [PMID: 8856497]
Sakamoto T, Hirano K, Morishima Y, Masuyama K, Ishii Y,
Nomura A, Uchida Y, Ohtsuka M, Sekizawa K. Maintenance
of the differentiated type II cell characteristics by culture on
an acellular human amnion membrane. In Vitro Cell Dev Biol
Anim 2001; 37: 471-479 [PMID: 11669280 DOI: 10.1290/10712690(2001)037<0471: MOTDTI>2.0.CO; 2]
Vukicevic S, Luyten FP, Kleinman HK, Reddi AH. Differentiation of canalicular cell processes in bone cells by basement
membrane matrix components: regulation by discrete domains of laminin. Cell 1990; 63: 437-445 [PMID: 2208292 DOI:
10.1016/0092-8674(90)90176-F]
Sanderson IR, Ezzell RM, Kedinger M, Erlanger M, Xu ZX,
Pringault E, Leon-Robine S, Louvard D, Walker WA. Human fetal enterocytes in vitro: modulation of the phenotype
by extracellular matrix. Proc Natl Acad Sci USA 1996; 93:
7717-7722 [PMID: 8755542 DOI: 10.1073/pnas.93.15.7717]
Mauchamp J, Mirrione A, Alquier C, André F. Follicle-like
structure and polarized monolayer: role of the extracellular
matrix on thyroid cell organization in primary culture. Biol
Cell 1998; 90: 369-380 [PMID: 9835011]
Boudreau N, Bissell MJ. Extracellular matrix signaling: integration of form and function in normal and malignant cells.
Curr Opin Cell Biol 1998; 10: 640-646 [PMID: 9818175 DOI:
10.1016/S0955-0674(98)80040-9]
Howlett AR, Bailey N, Damsky C, Petersen OW, Bissell
MJ. Cellular growth and survival are mediated by beta 1
integrins in normal human breast epithelium but not in
breast carcinoma. J Cell Sci 1995; 108 (Pt 5): 1945-1957 [PMID:
7544798]
Radisky D, Muschler J, Bissell MJ. Order and disorder:
the role of extracellular matrix in epithelial cancer. Cancer
Invest 2002; 20: 139-153 [PMID: 11852996 DOI: 10.1081/
CNV-120000374]
Zutter MM, Santoro SA, Staatz WD, Tsung YL. Re-expression
of the alpha 2 beta 1 integrin abrogates the malignant phenotype of breast carcinoma cells. Proc Natl Acad Sci USA 1995;
92: 7411-7415 [PMID: 7638207 DOI: 10.1073/pnas.92.16.7411]
Grzesiak JJ, Bouvet M. Determination of the ligand-binding
specificities of the alpha2beta1 and alpha1beta1 integrins in
a novel 3-dimensional in vitro model of pancreatic cancer.

WJG|www.wjgnet.com

77

78

79

80

81

82

83

84
85

86

87

88

89

8480

Pancreas 2007; 34: 220-228 [PMID: 17312461 DOI: 10.1097/01.
mpa.0000250129.64650.f6]
Gutierrez-Barrera AM, Menter DG, Abbruzzese JL, Reddy
SA. Establishment of three-dimensional cultures of human
pancreatic duct epithelial cells. Biochem Biophys Res Commun 2007; 358: 698-703 [PMID: 17512909 DOI: 10.1016/
j.bbrc.2007.04.166]
Deramaudt TB, Takaoka M, Upadhyay R, Bowser MJ, Porter
J, Lee A, Rhoades B, Johnstone CN, Weissleder R, Hingorani
SR, Mahmood U, Rustgi AK. N-cadherin and keratinocyte
growth factor receptor mediate the functional interplay between Ki-RASG12V and p53V143A in promoting pancreatic
cell migration, invasion, and tissue architecture disruption.
Mol Cell Biol 2006; 26: 4185-4200 [PMID: 16705170 DOI:
10.1128/MCB.01055-05]
Kocher HM, Sandle J, Mirza TA, Li NF, Hart IR. Ezrin interacts with cortactin to form podosomal rosettes in pancreatic
cancer cells. Gut 2009; 58: 271-284 [PMID: 18852256 DOI:
10.1136/gut.2008.159871]
Arumugam P, Partelli S, Coleman SJ, Cataldo I, Beghelli S,
Bassi C, Wijesuriya N, Aleong JA, Froeling FE, Scarpa A,
Kocher HM. Ezrin expression is an independent prognostic
factor in gastro-intestinal cancers. J Gastrointest Surg 2013; 17:
2082-2091 [PMID: 24155054 DOI: 10.1007/s11605-013-2384-1]
Li NF, Gemenetzidis E, Marshall FJ, Davies D, Yu Y, Frese K,
Froeling FE, Woolf AK, Feakins RM, Naito Y, Iacobuzio-Donahue C, Tuveson DA, Hart IR, Kocher HM. RhoC interacts
with integrin α5β1 and enhances its trafficking in migrating
pancreatic carcinoma cells. PLoS One 2013; 8: e81575 [PMID:
24312560 DOI: 10.1371/journal.pone.0081575]
Morton JP, Karim SA, Graham K, Timpson P, Jamieson N,
Athineos D, Doyle B, McKay C, Heung MY, Oien KA, Frame
MC, Evans TR, Sansom OJ, Brunton VG. Dasatinib inhibits
the development of metastases in a mouse model of pancreatic ductal adenocarcinoma. Gastroenterology 2010; 139:
292-303 [PMID: 20303350 DOI: 10.1053/j.gastro.2010.03.034]
Nobis M, McGhee EJ, Morton JP, Schwarz JP, Karim SA,
Quinn J, Edward M, Campbell AD, McGarry LC, Evans TR,
Brunton VG, Frame MC, Carragher NO, Wang Y, Sansom
OJ, Timpson P, Anderson KI. Intravital FLIM-FRET imaging
reveals dasatinib-induced spatial control of src in pancreatic
cancer. Cancer Res 2013; 73: 4674-4686 [PMID: 23749641 DOI:
10.1158/0008-5472.CAN-12-4545]
Yamada KM, Cukierman E. Modeling tissue morphogenesis
and cancer in 3D. Cell 2007; 130: 601-610 [PMID: 17719539
DOI: 10.1016/j.cell.2007.08.006]
Barrila J, Radtke AL, Crabbé A, Sarker SF, Herbst-Kralovetz
MM, Ott CM, Nickerson CA. Organotypic 3D cell culture
models: using the rotating wall vessel to study host-pathogen interactions. Nat Rev Microbiol 2010; 8: 791-801 [PMID:
20948552 DOI: 10.1038/nrmicro2423]
Bershadsky AD, Balaban NQ, Geiger B. Adhesion-dependent cell mechanosensitivity. Annu Rev Cell Dev Biol 2003;
19: 677-695 [PMID: 14570586 DOI: 10.1146/annurev.cellbio.19.111301.153011]
Lioni M, Noma K, Snyder A, Klein-Szanto A, Diehl JA, Rustgi AK, Herlyn M, Smalley KS. Bortezomib induces apoptosis
in esophageal squamous cell carcinoma cells through activation of the p38 mitogen-activated protein kinase pathway.
Mol Cancer Ther 2008; 7: 2866-2875 [PMID: 18790767 DOI:
10.1158/1535-7163.MCT-08-0391]
Linde N, Gutschalk CM, Hoffmann C, Yilmaz D, Mueller
MM. Integrating macrophages into organotypic co-cultures:
a 3D in vitro model to study tumor-associated macrophages.
PLoS One 2012; 7: e40058 [PMID: 22792213 DOI: 10.1371/
journal.pone.0040058]
Mews P, Phillips P, Fahmy R, Korsten M, Pirola R, Wilson
J, Apte M. Pancreatic stellate cells respond to inflammatory
cytokines: potential role in chronic pancreatitis. Gut 2002; 50:
535-541 [PMID: 11889076 DOI: 10.1136/gut.50.4.535.]

July 14, 2014|Volume 20|Issue 26|

Coleman SJ et al . Pancreatic cancer organotypics as preclinical models
90

91

Coleman SJ, Chioni AM, Ghallab M, Anderson RK, Lemoine
NR, Kocher HM, Grose RP. Nuclear translocation of FGFR1
and FGF2 in pancreatic stellate cells facilitates pancreatic
cancer cell invasion. EMBO Mol Med 2014; 6: 467-481 [PMID:
24503018]
Nystrom ML, McCulloch D, Weinreb PH, Violette SM,
Speight PM, Marshall JF, Hart IR, Thomas GJ. Cyclooxygenase-2 inhibition suppresses alphavbeta6 integrin-dependent
oral squamous carcinoma invasion. Cancer Res 2006; 66:
10833-10842 [PMID: 17108119 DOI: 10.1158/0008-5472.

92
93

CAN-06-1640]
Chioni AM, Grose R. FGFR1 cleavage and nuclear translocation regulates breast cancer cell behavior. J Cell Biol 2012;
197: 801-817 [PMID: 22665522 DOI: 10.1083/jcb.201108077]
Ramsay AG, Keppler MD, Jazayeri M, Thomas GJ, Parsons M, Violette S, Weinreb P, Hart IR, Marshall JF. HS1associated protein X-1 regulates carcinoma cell migration
and invasion via clathrin-mediated endocytosis of integrin
alphavbeta6. Cancer Res 2007; 67: 5275-5284 [PMID: 17545607
DOI: 10.1158/0008-5472.CAN-07-0318]
P- Reviewers: Apte MV, Liu QD S- Editor: Ma YJ
L- Editor: A E- Editor: Zhang DN

WJG|www.wjgnet.com

8481

July 14, 2014|Volume 20|Issue 26|

World J Gastroenterol 2014 July 14; 20(26): 8482-8490
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i26.8482

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (14): Pancreatic cancer

hENT1 expression is predictive of gemcitabine outcome in
pancreatic cancer: A systematic review
Stina Nordh, Daniel Ansari, Roland Andersson
tive marker for pancreatic cancer patients treated with
gemcitabine. Some limitations of the review have to be
taken into consideration, the majority of the included
studies had a retrospective design, and there was no
standardized scoring protocol for hENT1-expression.

Stina Nordh, Daniel Ansari, Roland Andersson, Department
of Surgery, Clinical Sciences Lund, Lund University and Skåne
University Hospital, SE-221 85 Lund, Sweden
Author contributions: Nordh S performed the literature search;
Nordh S and Ansari D were involved in data analysis and manuscript writing; Andersson R designed the study and revised the
manuscript; all authors read and approved the final manuscript.
Correspondence to: Roland Andersson, MD, PhD, Department of Surgery, Clinical Sciences Lund, Lund University and
Skåne University Hospital, Paradisgatan 2, SE-221 85 Lund,
Sweden. roland.andersson@med.lu.se
Telephone: +46-46-172359
Received: October 8, 2013 Revised: March 3, 2014
Accepted: March 12, 2014
Published online: July 14, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Gemcitabine; hENT1;
Predictive; Survival
Core tip: Human equilibrative nucleoside transporter
1 is a predictive marker for pancreatic cancer patients
treated with gemcitabine.
Nordh S, Ansari D, Andersson R. hENT1 expression is predictive
of gemcitabine outcome in pancreatic cancer: A systematic review. World J Gastroenterol 2014; 20(26): 8482-8490 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i26/8482.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i26.8482

Abstract
High human equilibrative nucleoside transporter 1
(hENT1)-expression has shown a survival benefit in
pancreatic cancer patients treated with gemcitabine
in several studies. The aim of this systematic review
was to summarize the results and try to assess the
predictive value of hENT1 for determining gemcitabine
outcome in pancreatic cancer. Relevant articles were
obtained from PubMed, Embase and Cochrane databases. Studies evaluating hENT1-expression in pancreatic tumor cells from patients treated with gemcitabine
were selected. Outcome measures were overall survival, disease-free survival (DFS), toxicity and response
rate. The database searches identified 10 studies that
met the eligibility criteria, and a total of 855 patients
were included. Nine of 10 studies showed a statistically
significant longer overall survival in univariate analyses
in patients with high hENT1-expression compared to
those with low expression. In the 7 studies that reported DFS as an outcome measure, 6 had statistically
longer DFS in the high hENT1 groups. Both toxicity
and response rate were reported in only 2 articles and
it was therefore hard to draw any major conclusions.
This review provides evidence that hENT1 is a predic-
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INTRODUCTION
Gemcitabine is the standard chemotherapy treatment
for pancreatic cancer[1-3], but its efficacy is limited; only
15% of patients with advanced pancreatic cancer[4] and
up to 30% in general[5] can be expected to respond to
treatment. Gemcitabine is hydrophilic and therefore passive diffusion through hydrophobic cellular membranes
is slow[1]. Permeation through the membranes requires
specialized membrane transporters[1,3], and human equilibrative nucleoside transporter 1 (hENT1) is the most
important for gemcitabine[6,7]. Because gemcitabine is a
prodrug, it has to be phosphorylated after intracellular
uptake[1] in order to have a cytotoxic effect[6]. This ratelimiting step is carried out by the enzyme deoxycytidine
kinase (dCK)[8].
Recent research has revealed that differences in the
8482
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expression of genes, including hENT1[9,10] and enzymes
involved with gemcitabine metabolism, such as dCK, may
be predictors of the efficacy of gemcitabine treatment
for pancreatic cancer[11]. Several studies have indicated
that high expression of hENT1 is associated with longer overall survival (OS) and longer disease-free survival
(DFS)[9,10,12].
The aim of this review was to evaluate and summarize the potential predictive value of hENT1 expression
in pancreatic tumor cells in patients treated with gemcitabine.

and secondary outcome measurements, and results correlated with hENT1-expression.

OUTCOMES OF INTEREST AND
DEFINITION
The primary outcome measures were OS and DFS correlated with hENT1 expression. Secondary outcome measures were toxicity according to the Common Toxicity
Criteria (http://www.eortc.be/services/doc/ctc/), and
response rate according to RECIST[15] criteria.

STUDY SELECTION

LITERATURE SEARCH

To identify all relevant English-language articles published from 1966 to March 2013, a computerized search
of PubMed, Embase and Cochrane databases was performed. The following search terms were used: (hENT1
OR nucleoside transporter), (gemcitabine OR gemzar),
(pancreatic OR pancreas), (cancer OR adenocarcinoma
OR neoplasm). The Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA)[13] was used
as a guideline for the processing and reporting of the
results. The initial search yielded 230 publications (54 in
PubMed, 1 in the Cochrane database, 175 in Embase). To
find studies that might have been missing in the database
search, a manual search was made by reading through
reference lists of relevant articles and systematic reviews.
The results of the search and the selection of studies are
shown in Figure 1. The quality of the included articles
was assessed using the Reporting Recommendations for
Tumor Marker Prognostic Studies (REMARK)[14].

The search identified 230 references in the 3 databases.
Of these, 120 were excluded after identification of duplicates and exclusion based on irrelevant titles. Abstracts
from 110 articles were screened and 75 were excluded.
The main reasons for exclusion were: nonclinical trials
(such as review articles), hENT1-expression was not being assessed, and irrelevant outcome measurements. The
remaining 35 studies were retrieved for further assessment. Of these, 25 references were excluded for the following reasons: they were conference abstracts and not
full-text articles; hENT1-subgroups were measured[16,17];
hENT1 was evaluated as a prognostic factor rather than a
predictive factor of gemcitabine treatment[18]; there were
overlapping patient populations[19]; and too small sample
size/case reports[20]. An additional 5 article abstracts were
screened for eligibility after identification in a manual
search of reference lists of relevant articles. All of these
were excluded based on irrelevance. In total, 10 studies
fulfilled our inclusion criteria and were included in this
systemic review.

ELIGIBILITY CRITERIA
For inclusion in this systematic review, the following
criteria had to be met: retrospective or prospective studies of patients with pancreatic cancer, all stages, treated
with gemcitabine with or without additional radiation; the
expression of hENT1 had to be reported and related to
patient outcome; and the articles had to be available in
full text and published in English. Exclusion criteria were
conference abstracts, overlapping patient cohorts and
studies in which the relevant outcomes of interest were
not addressed.

CHARACTERISTICS OF SELECTED
STUDIES
The included articles were published between 2004 and
2012. They originated from Belgium (2 studies)[1,3], Canada (one study)[9], United States (one study)[12] and Japan (5
studies)[2,8,21-23]. The 5 studies from Japan originated from
5 different universities, Kyushu, Osaka, Yokohama, Mie
and Hiroshima. One author had published 2 articles[1,3],
for one of these the patient population was recruited
from 2 centers, while for the other the patient population
was recruited from 5 centers. The potential bias of overlapping patient populations was therefore small, but must
nevertheless be taken into consideration in the analysis
of the results.
Nine of 10 studies were retrospective[1-3,8-10,21-23] and
one was a post hoc analysis of a randomized controlled
study[12]. The 10 studies involved a total of 855 patients
and the sample size varied from 21 to 234 (Tables 1 and 2).
Four studies[1,8,10,12] used parallel groups, while the
remainder were single-arm studies. The treatment protocols, which differed between the studies, included ad-

DATA EXTRACTION
A data extraction form was completed before the extraction process began. The form was reviewed by a second
author (RA) to ensure that all relevant information was
being extracted. The data extraction was done by a single
reviewer (SN) and the following data were extracted from
each study: publication details [author(s), date of publication, location, study center], study design, population details (age, sex, pT-stage, pN-stage), patient number, type
of intervention (dose, schedule, duration), method to
determine hENT1-expression, hENT1-scoring, primary
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Records identified through database searches
n = 230

Screening

Duplicates and irrelevant titles excluded
n = 120

Abstracts screened for relevance
n = 110

Eligibility
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Full-text articles assessed for eligibility
n = 35

Abstracts excluded (review,
hENT1 not assessed, irrelevant
outcome measurements)
n = 75

Included

Articles identified by manual
search of reference lists
n =5

Full-text articles excluded as
irrelevant (conference abstracts,
hENT1-genotypes measured,
other chemotherapeutic agents
than gemcitabine. Overlapping
populations)
n = 30

Studies included in the systematic review
n = 10

Figure 1 Flowchart showing article selection process.

Table 1 Characteristics of the identified studies
Ref.
Spratlin et al[9]
Giovannetti et al[10]
Farrell et al[12]
Maréchal et al[3]
Fujita et al[8]
Maréchal et al[1]
Kawada et al[2]
Morinaga et al[21]
Murata et al[22]
Nakagawa et al[23]

Year of publication

Country

Inclusion period

No. of patients

Study design

2004
2006
2009
2009
2010
2012
2012
2012
2012
2012

Canada
Italy
United States
Belgium
Japan
Belgium
Japan
Japan
Japan
Japan

1998–2002
2001–2004
1998–2002
2000–2003
1992–2007
1996–2009
2002–2007
2006–2008
2005–2010
2002–2011

21
1021
91
45
70
234
63
27
93
109
Total: 855

RS
RS
Post hoc2
RS
RS
RS
RS
RS
RS
RS

Follow-up median (95%CI), mo
NR
11.2 (0.4–32.1)
NR
21.9 (3.3–107.4)
15.7 (0.5–114)
55.7 (46.4–61.2)
31
NR
15 (3.5–57.2)
39.7 (2–122)

1

n = 81 with complete hENT1; 2Post hoc analysis of randomized controlled trial. NR: Not reported; RS: Retrospective.

juvant gemcitabine monotherapy, palliative gemcitabine
treatment, neoadjuvant gemcitabine chemotherapy, adjuvant gemcitabine chemotherapy + radiation, neoadjuvant
gemcitabine + radiation (and adjuvant 5-fluorouracil), resection only and neoadjuvant gemcitabine-based chemoradiation + adjuvant gemcitabine (Table 2). All protocols
were based on gemcitabine treatment and resection of
the tumor.

tail in Table 3. The majority of the studies dichotomized
the expression in high/positive vs low/negative hENT1
expression. There were no standardized scoring procedures available.

OVERALL SURVIVAL
Nine of the 10 included studies had OS as an outcome
measurement of interest (Table 4). Kawada et al[2] was
the sole study that only reported disease-specific survival
(DSS) as the primary outcome. The definition of DSS is
the length of time from either the date of diagnosis or
start of treatment for a specific disease (e.g., pancreatic
cancer), and that the patients with the disease still are
alive. The difference from OS is that OS measures death

hENT1 EXPRESSION
To quantify hENT1-expression, 8 studies used immunohistochemistry (IHC) and 2 used reverse transcription
polymerase chain reaction. Grading of the expression
differed between the studies, as is described in more de-
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Table 2 Characteristics of the identified studies
Ref.

Age median, yr
(range)

Sex m/tot
n (%)

hENT1
method

Chemotherapy

Radiation dose
Gy/(Gy/frac)

Outcome
measurement

Quality
REMARK

Spratlin et al[9]
Giovannetti et al[10]

58 (51-64)1
65 (22-83)

11 (52)
53 (50)

IHC
RT-PCR

No
45

OS
OS, DFS, TTP, RR

10
12

Farrell et al[12]
Maréchal et al[3]
Fujita et al[8]

53/63/652
56 (34-83)
65 (36-86)

45 (49)
23 (51)
42 (60)

IHC
IHC
RT-PCR

50.4
40-50.4
No

OS, DFS, Tox
OS, DFS, Tox
OS, DFS

17
13
12

Maréchal et al[1]
Kawada et al[2]

NR
- (41-81)

129 (53)
33 (52)

IHC
IHC

50.4
50/2

OS
DSS

15
9

Morinaga et al[21]
Murata et al[22]

64 (45-74)
68 (44-87)

17 (63)
38 (69)

IHC
IHC

No
45/2

OS, DFS
OS, DFS, RR

12
13

Nakagawa et al[23]

67 (41-83)

52 (48)

IHC

Pall Gem
Pall Gem
Adj Gem
Adj Gem
Adj Gem
Adj Gem or
Resection only
Adj Gem
Neo Gem
Adj 5-FU
Adj Gem
Neo Gem
Adj Gem
Adj Gem
+ S1

No

OS, DFS

13

1

95%CI; 2Medians in the different hENT1 expression groups. IHC: Immunohistochemistry; RT-PCR: Reverse transcription polymerase chain reaction; Adj:
Adjuvant; Neo: Neoadjuvant; Radio: Radiotherapy; Gem: Gemcitabine; Pall: Palliative; OS: Overall survival; DFS: Disease-free survival; Tox: Toxicity; TTP:
Time to progression; DSS: Disease-specific survival; RR: Response rate.

sis. Farrell et al[12] tried to find a relationship between
hENT1-levels and the incidence of grade Ⅲ or higher
toxicities; however no relationship was found using a logistic regression model. The analysis data were not shown
in the article. Maréchal et al[3] reported that grade Ⅲ/Ⅳ
hematological toxicities were noted in 10/45 patients and
grade Ⅲ/Ⅳ nonhematological in 3/45 patients. They
did not relate this finding to hENT1 expression and no
further data or data analysis was shown in the article with
regard to toxicity.

from any cause, not just death from a particular disease.
Survival times for the individual studies were calculated
based on: diagnosis, in one study[10]; the start of gemcitabine treatment in 2 studies[9,22]; resection, in 5 studies[1,3,8,21,23]; and randomization in one study[12].
In univariate analyses, all 9 studies that had OS as
an outcome measurement of interest showed a survival
benefit with gemcitabine treatment and high/positive
expression of hENT1 compared with patients with low/
negative hENT1 expression. Multivariate analyses were
conducted in 8 of the 9 studies. Seven of these identified
high/positive hENT1 as an indicator of longer OS in
patients with pancreatic cancer who received gemcitabine
treatment. One study[8] indicated a trend towards better
OS in the multivariate analysis, but this was not statistically significant (P = 0.2).

RESPONSE RATE
Of the 10 included studies only 2[10,22] reported the outcome measurement response rate (RR). Giovannetti et al[10]
evaluated RR in 34/36 patients in a group of patients receiving palliative treatment with gemcitabine. Two of the
patients were not evaluable because of early death and
refusal. The results showed that 5 patients had a partial
response, 13 had stable disease and 16 had progressive
disease. No further evaluation or data analysis was made
with respect to RR. Murata et al[22] evaluated RR in respect to hENT1 expression; radiographic RR was judged
according to RECIST (Response Evaluation Criteria in
Solid Tumors). Radiographic RR was not significantly
correlated with hENT1 expression (P = 0.665).

DISEASE-FREE SURVIVAL
In 7 studies, DFS was reported as an outcome measurement (Table 4). DFS was calculated from the same starting points as reported above for OS. Six of these studies
showed a statistically significant longer DFS in univariate
analyses. One study[8] was not statistically significant with
regard to hENT1. Multivariate analyses were conducted
in 5 studies but of these only 3[3,12,23] reported statistically
significant results with longer DFS in regard to hENT1
in patients with pancreatic cancer treated with gemcitabine. Morinaga et al[21] and Murata et al[22] also performed
multivariate analyses, but the results did not prove to be
statistically significant with reported P-values ranging
from 0.129 to 0.232.

DISCUSSION
Based on the data collected from the selected studies,
there is evidence that hENT1 expression is a predictive
marker for pancreatic cancer patients treated with gemcitabine. Patients with high expression of hENT1 had
significantly longer OS in all included studies that evaluated this outcome measurement. These results are in accordance with other studies of gemcitabine outcome correlated with hENT1 expression in other types of tumors,

TOXICITY
Only 2 studies addressed the issue of toxicity[3,12], but the
numbers published were inadequate for further analy-
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Table 3 hENT1 expression levels, cut-offs and grouping
Ref.

Method

Spratlin et al[9]

IHC

Giovannetti et al[10]

Farrell et al[12]

Maréchal et al[3]

Fujita et al[8]

Maréchal et al[1]

Kawada et al[2]
Morinaga et al[21]

Murata et al[22]

Nakagawa et al[23]

Grading

Reference cells

Groups (n )

0-2 based on relative intensities of staining.
Langerhans cells, Dichotomized:
0 = absence of staining
Low = 0 (12)
lymphocytes.
1 = intermediate staining
High = 1 and 2 (9)
2 = most intense staining
RT-PCR Gene-expression ratio with GAPDH, expressed as tertiles
Gene expression tertiles:
GAPDH/target gene ratio
Low < 1.06 (27)
Intermediate 1.06-1.38 (28)
High ≥ 1.38 (26)
Dichotomized:
By medians
Low < 1.23 (44)
High ≥ 1.23 (37)
IHC
Based on relative intensities.
Lymphocytes
Dichotomized:
High = strong reactivity in > 50% of neoplastic cells.
No (18)1
No = no staining in > 50%
vs
Low = all cases between High and No.
Low/high (73)1
IHC
0-3 based on staining intensities
Langerhans cells Dichotomized:
0 = no staining
Lymphocytes
Low < 80 (26)
1 = weakly positive
(final score)
2 = moderately positive
3 = strongly positive
High = ≥ 80 (19)
Final score calculated: multiplying intensity score and the
percentage of the specimen. Weighted score 0-300
RT-PCR Level of mRNA calculated from standard curve
mRNA split into high/low groups using
constructed with total RNA from Capan-1, a human
recursive descent partitioning. Cut-off 0.5
Low (26)1
pancreatic cancer cell line
High (14)
IHC
0-2 based on staining intensities
Lymphocytes
Dichotomized:
Quantified as Farrell
Low/moderate (136)1
High (86)1
IHC
0-2 based on staining intensities.
Langerhans cells Negative = 0-1 (41)
1 = same intensity as control.
Positive = 2 (22)
IHC
Staining intensity and percentage of positive tumor cells
Low = hENT1 score 0-3 (11)
scored and given a hENT1-score by calculating the two
Staining 0-3 where
High = hENT1 score 4-6 (16)
0 = no
1= weakly pos
2 = moderately pos
3 = strongly pos
Percentage:
0 = no positive
1 ≤ 50% positive cells
2 = 50%-80% positive cells
3 = ≥ 80%
IHC
Staining intensity + extent of positive staining
Langerhans cells Dichotomized:
Intensity:
Negative = low and intermediate (16)
0 = no staining
1 = weakly positive
Positive = high (39)
2 = moderately positive
3 = strongly positive
Extent staining:
High = score 3 > 50% cells
Low = score 0 or 1 > 50%
Intermediate = all others
IHC
Staining intensities:
Langerhans cells Low = grade 0 or 1 in > 50% (31)
0 = not stained
High = grade 2 or 3 in > 50% of cells (78)
1 = faintly stained
2 = weakly stained
3 = as strongly as islet cells

1

In gem arm. GAPDH: Glyceraldehyde 3-phosphate dehydrogenase.

including biliary tract cancer[24], cholangiocarcinoma[25],
bladder cancer[26] and non-small cell lung cancer[27].
Since there is no standardized protocol for the grad-
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ing of hENT1 expression, the methods used differed
between the included studies (Table 3). The majority used
immunohistochemistry to evaluate hENT1 expression
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Table 4 Results
Ref.

Median
survival all
patients
(95%CI)

Spratlin et al[9]

Giovannetti et al[10]

OS
Univariate analysis
median (95%CI) or
HR (95%CI)
P -value

11.01 (6.8-17.5)

(mo):
High = 13 (4.2-20.4)
5.01 (2.8-12.2)
Low = 4 (1.5-6.9)
P = 0.01
13.3 (10.9-15.7)
(mo):
Low = 8.48 (7.01-9.95)
Inter = 15.74
(13.84-17.63)
High = 25.69
(17.64-33.74)
P ≤ 0.001
2 groups:
Low = 12.42 (8.18-16.66)
High = 22.34
(16.34-28.34)
P ≤ 0.001

Farrell et al[12]

Maréchal et al[3]

Fujita et al[8]

Maréchal et al[1]

Kawada et al[2]

Morinaga et al[21]

Murata et al[22]

Nakagawa et al[23]

DFS
Multivariate
analysis HR
(95%CI)

Low = 5.34
(2.28-12.50)
Inter = 1.07
(0.46-2.49)
High = 1
P < 0.0001
2 groups:
HR = 4.21
P ≤ 0.001

Univariate analysis
median (95%CI) or
HR (95%CI) P -value

Main conclusions
Multivariate
analysis HR
(95%CI)

NR

Pat with detectable hENT1 had
sig longer OS compared with
pat with low hENT1

Palliative (mo):
Low = 5.85 (2.75-8.95)
Inter = 10.09
(9.63-10.54)
High = 12.68
(2.89-22.47)
P = 0.02

hENT1 expression was
significantly correlated with
outcome - pat with high hENT1
had longer OS

Adjuvant (mo):
Low = 9.26 (3.86-14.67)
Inter = 12.91
(9.31-16.51)
High = 20.43
(13.27-27.60)
P ≤ 0.01
NR
(HR):
Low/high = 0.40
(HR):
Low/high =
Low/High = 0.51
Low/High = 0.57
(0.22-0.75)
0.39 (0.21-0.73)
(0.29-0.91)
(0.32-1.001)
No = 1
No = 1
No = 1
No = 1
P = 0.02
P = 0.03
P = 0.05
P = 0.003
21.9 (3.3-107.4)
(HR):
High = 1
(HR):
High = 1
High = 1
Low = 3.42
High = 1
Low = 3.17
(1.44-8.81)
(1.43-6.73)
Low = 3.88 (1.78-8.92)
P = 0.0005
Low = 3.55 (1.65-7.63)
P = 0.0004
P = 0.0007
P = 0.02
NR
(mo):
(RR):
(mo):
NR
High = 45
Low = 2.980
High = 25
Low = 16.5
Low = 8
(0.964-10.86)
P = 0.011
P = 0.2 (not sig)
P = 0.11 (not sig)
32.0 (26.4-34.3)
(HR):
n = 2222
NR
NR
High = 0.43 (0.29-0.63)
High = 0.34
(0.22-0.53)
(GEM-group)
Low/Mod = 1
Low/Mod = 1
P < 0.0001
P < 0.0001
NR
Positive vs negative
Positive/
NR
NR
negative
P = 0.352
P = 0.503
NR
(mo):
Low = 1
(mo):
Low = 1
Low = 11.8 (6.9-16.6)
High = 0.327
Low = 7.3 (3.6-11.1)
High = 0.558
High = 22.2 (11.5-32.9)
High = 9.3 (4.2-14.5)
(0.128-0.835)
(0.214-1.452)
P = 0.024
P = 0.019
P = 0.022
P = 0.232
(HR):
(HR):
Low = 1
Low = 1
High = 0.366
High = 0.362
(0.148-0.906)
(0.146-0.898)
P = 0.030
P = 0.028
24.3
(HR):
Positive = 1
(HR):
Positive = 1
Positive = 1
Negative = 3.15
Positive = 1
Negative = 1.76
Negative = 3.04
Negative = 2.34
(1.35-7.37)
(0.85-3.66)
(1.45-6.37)
(1.22-4-47)
P = 0.0037
P = 0.008
P = 0.011
P = 0.129
OS: 34.9
(5y-SR %):
High = 1
(5y-SR %):
High = 1
DFS: 17.8
High = 38
Low = 3.16
High = 30
Low = 2.70
Low = 13
Low = 17
(1.65-6.06)
(1.52-4.83)
P = 0.001
P = 0.001
P = 0.004
P = 0.001

hENT1 expression was ass with
longer OS, DFS in pat receiving
gem. hENT1 is a relevant
predictive marker for gem
outcome
Pat with high hENT1 had sig
longer OS and DFS compared to
low hENT1

Low hENT1 ass with shorter OS
in gem-group

High hENT1 predicts longer
OS in pat treated with adj gem.
Absence of gem - hENT1 lacks
prognostic value
DSS tended to be better in
the hENT1-neg group but not
statistically sig
High hENT1 sig ass with longer
OS in pat receiving adj gem after
resection

Sig longer OS, RFS in pat with
pos hENT1

hEN1 expression is predictive
of the efficacy of adj gem-based
chemotherapy after resection

1

From diagnosis/from treatment; 2n = 222 in multivariate analysis. Ass: Associated; pat: Patient; sig: Significant; adj: pos: Positive; op: Operation; HR:
Hazard ratio; SR: Survival rate; RFS: Recurrence-free survival.
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in the tumor cells. This is the main method for assessing
biomarkers in histopathology. Most studies in this review
using this method of evaluation had 2 independent assessors (blinded to each other and to patient outcomes)
to make the grading for higher quality and better precision. The different ways of grading protein expression is
an issue that needs to be considered when assessing the
results of independent studies as well as the results of
this review. There is a need for standardized protocols to
achieve better homogeneity across studies when it comes
to grading the protein expression of hENT1 in pancreatic tumor cells.
Gemcitabine is the standard treatment for patients
with pancreatic cancer. This is based on several studies
where gemcitabine has shown a survival benefit compared with other treatment regimes[1,28-30]. In this review,
the treatment differed amongst the included studies, but
they all used gemcitabine as the basis for chemotherapy.
Most studies were performed in resectable patients, but
the predictive value of hENT1 was also confirmed in
unresectable patients[9,10]. Kawada et al[2] used neoadjuvant
chemoradiation and their results showed, in contrast with
all the others, a trend towards better DSS in patients with
low expression of hENT1, although the results were
not statistically significant. They did use a slightly different outcome measurement that may have influenced
the results. Even though the result was not statistically
significant it raises some questions that are important in
the discussion about the different treatment regimens
across the studies. In the case of neoadjuvant treatment
or neoadjuvant chemoradiation, tumor cells with high expression of hENT1 may be destroyed before the tumor
samples are collected and will therefore give misleading
information. This creates interesting issues as to when
and how the tumor cells should be analyzed. Fine needle
aspiration is discussed as an option for retrieving tumor
cells for evaluation of hENT1. This method can be used
before resection and may therefore be an effective tool
to identify which patients may benefit from neoadjuvant
treatment with gemcitabine. Future studies are needed in
this area.
One study[12] was a post hoc analysis of a randomized
controlled trial, which is of course rated higher methodologically than are retrospective cohort studies. The
common opinion is that a systematic review exhibits the
greatest strength if the majority of the included studies
are randomized controlled trials or at least prospective
trials. However, no such trials have been made within this
area, but the need for a review was still considered to be
necessary. The retrospective design of the included studies implies that we need to consider reporting and selection bias when analyzing the results.
REMARK[14], which is a relatively new assessment
tool, was used for quality evaluation in this review. The
maximum score in REMARK is 20, and the average score
in the included articles was 12.6 within the range of 9-17.
Since this is a relatively new tool, there is not much information as to what quality is considered high, and what is
low. In this review, the included articles were of relatively
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similar quality (Table 2) according to REMARK.
The results of this review are important to the consideration of future treatment options for patients with
pancreatic cancer. According to this review, hENT1 has
been proven to be a predictive marker for gemcitabine
outcome, thus there are a few considerations to be made.
First, if we can alter the expression of hENT1 in the
tumor cells to create a higher expression, more patients
would benefit from gemcitabine treatment and survive
longer. Pretreatment with thymidylate synthase inhibitors has proven to increase the expression of hENT1
in tumor cells in vitro[6]. This might be a way to alter the
expression in vivo as well, but further studies are needed.
The second option is to find another way for gemcitabine
to enter the tumor cells and exert its toxic effect. Research in this area is currently under way, and progress
should enable more personalized treatment options for
pancreatic cancer patients.
Another aspect for the future is the cost of overtreatment with gemcitabine in patients who do not benefit
from it. According to one study conducted on a Swedish pancreatic cancer cohort, EUR 8.6 million would be
saved each year in Sweden if hENT1 testing were used to
select patients for gemcitabine therapy[31].

CONCLUSION
This review provides evidence that hENT1 is a predictive marker for pancreatic cancer patients treated with
gemcitabine. However, standardized procedures for
evaluating and grading hENT1 expression need to be
established. Additionally, more research and preferably
prospective trials or randomized controlled trials in this
area are needed to confirm the results of this review.
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Liver zonation: Novel aspects of its regulation and its
impact on homeostasis
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important questions that still need to be answered as
well as interesting fields of research such as the connection of zonation with circadian rhythm and gender
dimorphism which need to be pushed further, in order
to improve our understanding of metabolic zonation.
Finally, an outlook is given on how disturbance of liver
zonation and its regulation may impact on liver pathology and the development of metabolic diseases.
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Core tip: Liver metabolism comprises an immense spectrum of interrelated anabolic and catabolic functions
which are performed simultaneously without wasting
energy. To cope with this challenge, liver parenchyma
shows a considerable heterogeneity and functional
plasticity known as metabolic zonation. This review
summarizes fascinating technical achievements in this
field, covers recent progress in characterizing and visualizing zonation, and outlines an emerging network of
master regulators that ensures proper maintenance of
homeostasis and energetic optimization of liver function. Finally, an outlook is given on how disturbance
of liver zonation and its regulation may impact on liver
pathology and the development of metabolic diseases.

Abstract
Liver zonation, the spatial separation of the immense
spectrum of different metabolic pathways along the
liver sinusoids, is fundamental for proper functioning
of this organ. Recent progress in elucidating localization and interactions of different metabolic pathways
by using “omics” techniques and novel approaches to
couple them with refined spatial resolution and in characterizing novel master regulators of zonation by using
transgenic mice has created the basis for a deeper understanding of core mechanisms of zonation and their
impact on liver physiology, pathology and metabolic
diseases. This review summarizes the fascinating technical achievements for investigating liver zonation and
the elucidation of an emerging network of master regulators of zonation that keep the plethora of interrelated
and sometimes opposing functions of the liver in balance with nutritional supply and specific requirements
of the entire body. In addition, a brief overview is given
on newly described zonated functions and novel details
on how diverse the segmentation of metabolic zonation may be. From these facts and developments a few
fundamental principles are inferred which seem to rule
zonation of liver parenchyma. In addition, we identify
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INTRODUCTION
The liver shows a remarkable uniform anatomical struc-
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ture composed of the regular arrangement of mainly
hexagonal lobules in a honey comb-like pattern. At the
periphery of these lobules blood from the portal venules
and the hepatic arterioles enters the sinusoids, the smallest capillaries of the liver which form an anastomosing network that runs concentrically to the central vein
where the blood drains into the hepatic venules[1-3]. The
hepatocytes lined up in a sponge-like arrangement between the sinusoids along the porto-central axis show a
remarkable heterogeneity with respect to the biochemical and physiological functions they perform. This dynamic structural and functional heterogeneity, known as
metabolic zonation[4], seems to be the precondition for
simultaneously performing the plethora of functions
necessary to maintain metabolic homeostasis of the
organisms under the various physiological conditions.
Progress in metabolic zonation and its regulation was
comprehensively reviewed from time to time [5-7], and
culminated in the discovery of Wnt/β-catenin signalling
as a master regulator of zonation[8,9]. The present review
tries to give an update on the impressive development
of research on zonation during the last decade. It will be
conjectured that perturbation of the sophisticated regulation of zonation may presumably have an enormous
impact on the development of various metabolic diseases. Therefore, a major aim of our review is to identify
important open questions that need to be answered, in
order to gain deeper insight into the mechanisms of
liver zonation, its regulation and possible malfunction in
disease.

whole slide scans can be prepared that favour inspection
of the heterogeneity from the global level (liver lobe)
down to the sub-microscopic level. Concerning human
liver, the collection of various immunostainings in the
Human Protein Atlas (www.proteinatlas.org) can actually
be used for an initial orientation on whether a certain
protein is heterogeneously expressed in liver or not. Although this possibility is very helpful, the reliability of
these findings is often limited by the small number of
liver donors, the small size of the sections, and the questionable quality of the antibodies despite the honourable
effort invested into their evaluation.
With respect to other parameters, such as lipids or
metabolites no comparable methods were available in the
past. This has changed, because novel techniques based
on mass spectrometry have been developed. For instance, in situ lipidomics analysis by cluster time-of-flightsecondary ion mass spectrometry (TOF-SIMS) imaging
was used to map liver biopsies of patients with in nonalcoholic fatty liver disease (NAFLD)[13]. This technique
allowed to map lipids on liver sections at the micrometer
scale and to simultaneously characterize their molecular
distribution. Briefly, accumulations of triacylglycerols,
diacylglycerols, monoacylglycerols, fatty acids (with the
apparition of myristic acid) and a selective macrovacuolar localization of cholesterol were observed in steatotic areas of fatty livers compared to control livers[13].
Remarkably, the pronounced zonation of lipid droplet
accumulation NAFLD was underscored by the detection
of very fine differences in lipid localizations depending
on alkyl acid chain lengths and other molecular features.
The drawback of this fascinating method is that TOFSIMS is a hard ionization technology hampering the detection and discrimination of intact phospholipids.
In a more recent study, this drawback was circumvented by using matrix assisted laser desorption ionization-imaging mass spectrometry (MALDI-IMS), a more
“soft” technology[14]. These workers investigated hepatic
phospholipid abundance by quantitative lipidomic profiling and phospholipid localization on sections of patients
with simple steatosis and non-alcoholic steatohepatitis
(NASH). In essence, this pioneering study shows several
new aspects relevant for normal and pathologic phosopholipid metabolism: (1) phospholipid metabolism is
strongly zonated in normal liver of obese patients; (2)
the marked zonation of several molecular species of
phosphatidyl choline present in controls and patients
with simple steatosis is lost in NASH specimens; and (3)
phospholipid zonation is associated with the presence of
an intrahepatic proinflammatory phenotype[14]. Although
these studies strongly suggest that loss, shift or gain
of zonation of phospholipid metabolism is characterisitic of the development of progressive phenotypes in
NAFLD, it remains unclear whether they may be causative or merely consequences of this process.
Another, even broader methodological approach is
in situ sequencing of RNA in tissue sections[15] which
allows the association of sequencing results to histologi-

NEW METHODS
A survey of traditionally used methods for studying liver
zonation has recently be provided[10]. Therefore, we will
focus here mainly on novel developments facilitating
progress in elucidating hepatocyte heterogeneity and its
consequences on a very broad scale, particularly at the
“omics” level. Collection of intact tissue from periportal
and pericentral zones by laser-capture microdissection
(LCM)[11] certainly marks an improvement compared
to digitonin-collagenase perfusion (DCP)[12], because it
avoids tissue damage and extracted RNA can be directly
used for microarray studies. In contrast to DCP which
provides data for the most important cell-type in the
liver, the hepatocyte, LCM cannot, however, discriminate
between different contributions of hepatocytes and nonparenchymal cells[11].
Microscopic inspection of immunolabelled or otherwise stained sections is still one of the best and most
reliable methods to reveal liver cell heterogeneity, because the antigen content of each cell, parenchymal or
non-parenchymal, can separately be investigated and discerned, and gradients in expression across the periportalpericentral axis can easily be visualised. In the case of
proteins, detection of individual proteins is possible by
specific antibodies and has been used efficiently since
the early times of investigation in this field. Nowadays,
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cal structures. Unfortunately, this technique has not yet
been used for studying liver zonation. Nonetheless, these
developments may provide us with a first glimpse on the
potential of future research for studying liver zonation.

are likewise involved in shaping liver zonation, we will
concentrate herein only on Wnt/β-catenin, HGF and
Hedgehog signalling for which most evidence is available
at present.
Wnt signalling
The dominant role of Wnt/ β -catenin signalling in
governing metabolic zonation in the liver is now well
established and has been reviewed in many excellent reviews[9,28,38,39]. Its activity is highest around the central vein
of the liver lobules. Therefore, it is particularly involved
in the regulation of pathways limited to or predominating in the pericentral zone such as glutamine synthesis,
drug metabolism, bile acid and heme synthesis [8,40,41].
However, the expression of certain periportal functions
(e.g., gluconeogenesis, and ureogenesis) is also influenced
by the Wnt/β-catenin signalling pathway[8]. Usually, these
portal functions are down-regulated, if β-catenin signalling is induced[39,42]. Whether these diverse actions have
anything to do with the puzzling and apparently mutually exclusive expression of E-cadherin and N-cadherin
in the periportal and pericentral zone, respectively[43],
remains an open question that needs to be addressed in
the future. Because of the broad influence of the activity of this pathway on liver zonation, it seems appropriate to consider Wnt/β-catenin signalling as a master
regulator of zonation. Nonetheless, there may be some
exceptions from the rule. In several liver functions such
as lipid and ethanol metabolism β -catenin signalling
may be essential, but most probably is not sufficient for
proper regulation. Thus, Wnt signalling does not seem
to affect lipid metabolism per se, but rather in response to
additional challenges such as ethanol or methionine and
choline-deficient diet[44,45].

REGULATION OF ZONATION
Obviously, all types of signals such as gradients of oxygen, nutrients, metabolites, hormones and cytokines do
have an influence on zonation in so far as they modulate
the activity of various enzymes involved in the metabolic pathways. This modulation can, but not necessarily
has to, result in the shift of zonation, since the protein
content or the enzyme activity within the cells can vary
independently of the number of cells involved. Indeed,
in contrast to many dynamic metabolic pathways several
apparently stable functions have been identified over
the years the localization of which is almost invariable
under a large variety of physiological and even pathological conditions[6]. One of these, hepatic glutamine
synthesis via glutamine synthetase shows a very peculiar
and stable pericentral localization in less than 3 rows of
hepatocytes surrounding the central veins[16]. It was this
fascinating “all or none” expression which lead to the
discovery of morphogens as master regulators of metabolic zonation (for review[9]).
Morphogen signalling
Morphogens are signalling molecules which play a decisive role in embryogenesis, morphogenesis, and organogenesis[17,18]. Characteristically, their pathway activity is
high on average during these processes, but may fluctuate considerably in different phases of development.
Usually, in the mature organism, their activity is strongly
down-regulated. Reactivation, if any, occurs during tissue regeneration following damage or loss of tissue[19]
and, in particular, during development of various types
of cancer[20,21]. Under all conditions, one outstanding feature of morphogen signalling is gradient formation over
short distances coupled with discrete interpretation of
this gradient to regulate a finite number of events along
the gradient[22-24]. Therefore, morphogen signalling pathways are involved in all kinds of tissue patterning.
In the last decade, accumulating evidence was collected demonstrating that morphogen signalling pathways are deeply involved in regulating metabolism in
the mature liver. The first example was Wnt/β-catenin
signalling[25,26] an inhibitory component of which, the
adenomatous polyposis coli (APC) gene product, later
became apparent as “zonation keeper” [8,27,28]. Further
examples for regulation of liver metabolism by morphogens comprise signalling through various members
of the fibroblast growth factor (FGF) family[29,30], the
transforming growth factor (TGF)-beta family including
the bone morphogenetic proteins (BMPs)[31,32], the notch
receptor[33-35] and hepatocyte growth factor (HGF)[36,37].
Although it is very likely that many, if not all, morphogens which regulate different aspects of liver metabolism
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HGF and RAS
HGF was identified in 1991 as a morphogen able to induce 3-dimensional (3-D) morphogenesis[46], while other
functions, e.g., as a growth factor, migration stimulus,
and cell survival, were already known before[47-50]. With
respect to liver, HGF is primarily seen as a mitogen for
hepatocytes, transiently activated in the early phase of
liver regeneration after partial hepatectomy[51-53]. Its proliferation stimulating activity seems to be higher in the
periportal zone than in the perivenous zone[54].
HGF is usually synthesized in mesenchymal cells,
while its receptor, Met, is expressed in the epithelia in
close vicinity[48]. The contribution of HGF to the regulation of zonation was suggested on the basis of cell culture experiments using HGF as an inducer of rat sarcoma (RAS) signalling[55]. The idea that opposing signalling
pathways triggered by Ha-ras- and β-catenin-dependent
factors might determine zonation of (periportal) gene
expression in murine liver was developed by the Schwarz
group[55,56] based on comparisons of expression patterns
of periportal and pericentral hepatocytes with those of
liver tumors carrying activating mutations in either the
Ha-ras or the ctnnb1 gene. Definitive prove of this hy-
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Figure 1 Immunohistochemical staining of Indian hedgehog in normal liver and after up-regulation of β-catenin signalling. Ihh protein was detected in
liver sections of wild type (WT) mice (A) and mice with down-regulated expression of APC protein after three month of age (B). Ihh protein in WT mice shows a clear
gradient which is highest in hepatocytes surrounding the central veins. After up-regulation of β-catenin signalling the zone of Ihh-positive hepatocytes is considerably
extended as are other known pericentral markers (e.g., glutamine synthetase; c.f.[8,42]). Sections were stained with Rabbit anti-mouse Ihh polyclonal antibody (Abcam)
followed by the EnVision® + Dual Link System-horse radish peroxidase (DAKO) and counterstained with hemalum (Mayer solution).

including progenitor cell populations[68,69].
Despite the apparently low activity in hepatocytes we
found many hints from literature, mainly derived from
other organs that, by analogy, pointed to an involvement
of Hh signalling in the regulation of metabolism in
healthy mature hepatocytes. We have recently compiled
these arguments in a hypothesis strongly suggesting that
hepatocellular Hh signalling may contribute to liver zonation in spite of its low activity[10]. Indeed, using transgenic mice with conditional deletion of smoothened
(Smo) we were able to demonstrate that even the very
low activity of this pathway has a profound influence
on mature liver function in particular on the expression of Igf1 in hepatocytes and, consequently, on the
level of insulin-like growth factor Ⅰ (IGF-Ⅰ) protein
in the serum[70]. Actually, these changes are due to the
downregulation of the transcription factor GLI3 in
response to the deletion of Smo in hepatocytes. Interestingly, the levels of all three GLI transcription factors
are so low that their changes can be detected only by
sensitive quantitative RT-PCR, but not by ordinary microarray gene expression analyses. Another fact is also
very interesting: As we have hypothesized[10], Ihh is the
main ligand involved and its expression is downregulated in the Smo-knockout mice[70]. On the other hand,
immunohistochemistry showed that Ihh is expressed
exclusively in the most distal pericentral area[70] (Figure
1). This is in line with the known fact that Ihh is a target of Wnt/β-catenin signalling[71]. The dependence of
Ihh production on the activity of β-catenin signalling is
further demonstrated by the extension of its pericentral
distribution in transgenic mice with enhanced β-catenin
signalling (Figure 1). Taken together, these findings indicate that expression of Ihh by (pericentral) hepatocytes
is under the control of both, Hh and Wnt signalling.
Though this fits nicely to another feature predicted by
our hypothesis, namely, the tight crosstalk between Wnt/
[10]
β-catenin and Hh signalling pathways , the specific
contribution of Hh signalling to the regulation of zonation remains still to be established.

pothesis as well as of the contribution of HGF in this
mechanism is still lacking. Perhaps, RAS signalling is
kind of a nodal point integrating various signals that lead
to activation or inhibition of ras signalling. Furthermore,
the downstream effectors of RAS are also still unclear,
although members of the mitogen-activated protein kinase (MAPK) cascade are potent candidates[57].
Concerning the influence on zonation, interactions
between RAS signalling and WNT/β-catenin signalling as
well as Hedgehog (Hh) signalling are of special interest.
Such interactions have been recently reviewed mainly with
respect to proliferation, differentiation and tumorigenesis[57-59]. It remains to be demonstrated whether they are
relevant, at least partially, also for regulating zonation in
adult liver especially as these interactions are highly context-dependent. Furthermore, the relative strength of each
pathway activity compared to the others may be a major
point distinguishing these interactions in cancer development from those in liver zonation (see discussion in[10]).
Hedgehog signalling
Components of Hh signalling have been found to be
expressed at very low levels in hepatocytes[60], whereas
much higher levels could be measured in hepatic stellate
cells[61,62] and in cholangiocytes[63]. These findings have
lead to the widespread opinion that Hedgehog signalling
in hepatocytes is not functionally active under normal
conditions, a view that has paralyzed research in this
field for almost a decade[10]. Only in certain states of liver
damage, for instance, in heavily steatotic (ballooned) hepatocytes[64,65] or in response to lipotoxic challenge[66] it
was realized that Hh signalling was upregulated resulting
in enhanced synthesis of sonic hedgehog (Shh). Another
state in which Hh signalling is induced in apparently
normal hepatocytes is partial hepatectomy (PH)[67]. After
70% PH, the mRNA level of Indian hedgehog (Ihh) increases up to 48 h and precedes that of Shh which mainly
increases between 48 and 72 h. In all cases, increased Hh
signalling seems to aid in regeneration and repair acting
not only on the hepatocytes but also on other cell types
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Gradient formation
Morphogens usually act through gradients over short
distances (less than 10-20 cells) that can be visualized by
immunofluorescence in developing tissues[22,23]. In adult
liver similar attempts failed, because they are too low and
often only the highest activity is detectable[9,10,72]. Thus, the
direction of the morphogen gradients (Wnt, central to
portal; HGF, portal to central; Hedgehog, still unknown)
can only be deduced from downstream effects and/or target activities. Likewise, the origin of these gradients is still
unknown as is the possible (local) source of Wnt, HGF,
and Hh signals. In the case of Hh signalling, the pericentral localization of Ihh in healthy mature hepatocytes has
been reported[70], but it is unclear whether this is cause or
consequence of pathway activity. Concerning Wnt factors, many different molecular species were found to be
expressed in all liver cell types[73], but their function in determining zonation remains elusive. There are some hints
that the crucial Wnt signal is derived from endothelial
cells of the central veins in line with very early assumptions of the source of an inducing factor for distribution
of GS[9,74], but direct experimental evidence is still lacking.
This uncertainty about the morphogen gradients is a considerable drawback, because it not only hampers our deeper understanding of how zonation is controlled, but also
our possibilities to explore the dominant role of the morphogens for therapeutic intervention. On the other hand,
it may well be that we are asking the wrong question, if we
ask for “the crucial source” of the morphogens. Perhaps,
there are various sources, but the intensive molecular
crosstalk between different morphogen pathways through
direct and indirect feedback loops is able to produce stable
gradients in pathway activity along the sinusoids. The fact
that manipulating just one specific inhibitory component
of Wnt signalling, the tumor suppressor gene product
APC, is sufficient to eradicate the entire gradient[8], can be
interpreted in favour of this assumption. If so, we need
to learn more about the crosstalk of morphogen signalling pathways, in particular in the adult stage, in order to
understand liver zonation. One recent observation from
our laboratory may be key concerning the crosstalk between the Wnt- and the Hedgehog signalling pathways.
As mentioned above, we observed that Ihh expression
in hepatocytes shows a strong pericentral dominance in
normal mice (c.f. Figure 1) that becomes less pronounced
upon knockout of Smo[70]. In transgenic mice with a moderate increase in the Wnt signalling expression of Ihh was
strongly enhanced and extended towards the portal tract
(Figure 1) as does the expression pattern of other pericentral markers in these mice, e.g., glutamine synthetase (GS).
Even under these conditions many periportal hepatocytes
remain free of any staining indicating that Ihh is not expressed in these cells. Taken together these results demonstrate that the expression of Ihh in normal hepatocytes
is positively coupled with both, Hh and Wnt signalling. It
should be emphasized that under these conditions, at least
in mice younger than 4 mo, hepatocellular production of
Ihh is physiological[70] and does not indicate damaged or
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death hepatocytes as has been inferred from certain disease models[63,64].

CURRENT PICTURE OF METABOLIC
ZONATION
The plethora of metabolic functions of the liver and
their complex underlying network of metabolic reactions make it impossible to provide a complete picture
of the zonation of all individual pathways and molecular
steps that have been investigated so far. Instead, we are
aiming at providing a rough overview on novel progress
and findings that were recently be achieved. Some information mainly based on a recent proteome study[42] is assembled in Figure 2 in a schematic way. Other important
aspects are briefly summarized in the text.
Central metabolism
The picture of zonation of carbohydrate metabolism
has not seen much improvement/refinement over the
last years, since most phenomena were already comprehensively studied and described in the past[75]. What has
changed most, are some regulatory aspects and certain
connections between carbohydrate, energy and lipid
metabolism. Though the importance of hormonal signals (e.g., insulin and glucagon) or metabolic factors (e.g.,
oxygen tension) emphasized earlier[7] is beyond doubt,
it became apparent that Wnt/β-catenin signalling unexpectedly plays a dominant role also in controlling zonation of many aspects of carbohydrate metabolism[8,42,76].
On the basis of enhanced lactate dehydrogenase protein content it was suggested that up-regulation of Wnt/
β-catenin signalling may result in a Warburg-like rewiring of glycolysis[76]. However, this interpretation may be
too simple, since a more careful proteomic study clearly
showed that except for lactate dehydrogenase all other
glycolytic enzymes were strongly down-regulated [42].
Since up-regulation of Wnt/β-catenin in hepatocytes simultaneously results in the up-regulation of GS expression[8], these findings strongly support the conclusion
that GS-positive cells (including GS-positive HCC[77]
generally run with a lower glycolysis rate than the rest of
the hepatocytes, even the GS-negative pericentral ones
(Figure 2).
Concerning amino acid metabolism, the picture of
zonation that could be drawn in former reviews was still
relatively coarse[6,78,79] but meanwhile could be considerably refined, at least for the mouse. On the basis of microarray gene expression studies on periportal and pericentral hepatocyte preparations, especially three genes
encoding enzymes of histidine catabolism and of an enzyme of histamine metabolism were found to be preferentially expressed in periportal hepatocytes[80]. Likewise,
several genes encoding enzymes of glycine and serine
metabolism were also periportally expressed where they
might support gluconeogenesis as well as urea synthesis
from serine.
Most uncertainties with respect to a possible zona-
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Oxidative phosphorylation
Complex Ⅰ
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Glycogenesis

Gluconeogenesis

Glycolysis
TCA cycle
Ammonia production
Glutaminase

Serine dehydratase

Urea cycle
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Figure 2 Scheme illustrating aspects of zonation of central metabolism in normal mice. Selected functions of central metabolism are depicted as conical boxes
showing the direction of their porto-central gradients with specific emphasis of the strength of this gradient in the glutamine synthetase-positive zone (right of the vertical line). Dashed boxes indicate gradients that have been determined using a single method only (proteome analysis), instead of at least two independent methods
(other boxes). Since the data is valid for normal mice, the presumably corresponding gradient of Wnt/β-catenin signalling is depicted at the top of the scheme, above
the row of the hepatocytes. PP: Periportal; PC: Pericentral.

some of the ambiguities. However, we are still far from
a satisfactory understanding and several new questions
have emerged. In the framework of this review, it is
beyond scope to provide a comprehensive overview on
all the novel results concerning zonation of lipid metabolism. Recently, an excellent review on this subject
was published by Hijmans et al[81], and additional aspects
will be reviewed specifically elsewhere (Schleicher et al in
preparation). Also in the case of lipid metabolism, the

tion were formerly reported for certain aspects of lipid
metabolism, because of incomplete or controversial
findings[6,79]. The reasons for the high incidence of conflicting results in lipid metabolism appear enigmatic, but
may be due to relatively shallow gradients of pathway
activites, on the one hand, and a greater variability in
different physiological states, on the other. The last two
decades have seen a considerable improvement of the
situation with many novel results which have solved
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gene expression study[80] of provided novel information
by showing the periportal expression of Apolipoprotein
CII, of phosphatide phosphatase type 2c and of ATP citrate lyase in the mouse. Preferential localization of apolipoprotein (Apo)E was also found in rats[82], but genderassociated modifications/variations were observed (see
below).

ceptor (CAR)[92]. Work on these subjects has excellently
been reviewed by Braeuning et al[91,93]. Similarly, the zonal
expression of certain phase Ⅱ enzymes such as glutathione-S-transferases is affected by Wnt/β-catenin signalling[94]. It will be a considerable challenge for future work
to elucidate the influence of other morphogen pathways
on the heterogeneous expression of drug metabolizing
enzymes and drug transporters in the liver.

Energy metabolism
The heterogeneity of mitochondria of periportal and
pericentral hepatocytes was already noted very early
based on morphologic features of these organelles[83].
Apart from the description of the heterogeneity of
some mitochondrial enzymes such as succinate dehydrogenase[84] very few functional characteristics are known
(for work before 1992 see[6]). Importantly, a significantly
higher cytosolic ATP/ADP ratio in the periportal compared to the pericentral hepatocytes was shown by Quistorff et al[85]. However, the situation seems rather variable
and mitochondrial function, in particular mitochondrial
redox state, responds dynamically to alterations of hormones and oxygen supply[86].
Recently, the proteome study performed on mice
with conditional knockout of APC revealed interesting differences between hepatocytes with enhanced
[42]
β -catenin signalling and different wild type mice .
Many enzymes of citric acid cycle were upregulated
up to 3.8-fold with the exception of succinyl-CoA ligase which was down-regulated 1.5-fold. Proteins of
complexes Ⅰ to Ⅲ were mostly downregulated between
1.7-fold and 3.6-fold. In contrast, some proteins of
complex Ⅴ were upregulated[42]. These findings seem to
hold particularly for cells with (enhanced) expression of
GS and suggest a very specific effect of Wnt/β-catenin
signalling on the zonation of oxidative phosphorylation
(OXPHOS) and energy production (Figure 2). Interestingly, deletion of β-catenin was found to induce inverse
changes determined by using functional parameters[87].
Thus, they nicely fit to the proteome data and are in line
with the periportalization of the hepatocytes indicated
also by other functions in β-catenin-KO mice[40].

Protein synthesis and autophagy
Recently, a novel Forkhead box O (FOXO)-dependent
mechanism for inducing autophagy via up-regulation of
glutamine synthetase was discovered[95]. Since a FOXOand β-catenin-dependent regulation is found in liver
only in a narrow zone of the lobules around the central
veins[28], this mechanism is confined to about 7% of the
hepatocytes indicating an extreme form of zonation.
Though it is not known at present how autophagy is
regulated in the remaining part of liver parenchyma, we
have recently forwarded a hypothesis about a possible
alternative mechanism based on characteristics derived
from studies of the regulation of autophagy in whole
liver[96]. The intriguing idea of this mechanism is that the
extent of autophagy in liver might be determined by the
extracellular concentration of glutamine (in the periportal and the proximal pericentral zone), while it is determined by the intracellular concentration of glutamine in
the distal pericentral zone. Moreover, we have hypothesized that the assumed mechanism for the regulation
of autophagy in the periportal zone may be controlled
by Hh signalling which has just been found to play a
role in regulating zonation[10]. Indeed, there is strong
evidence from other organs for a close crosstalk of the
mammalian target of rapamycin (mTOR) and hedgehog pathways[97,98] that may be relevant also for the liver.
Given the novel influence of liver hedgehog activity on
the IGF-I regulatory network[70] and the known interrelationship between IGF signalling, FOXO activity and
longevity[99,100], the question arises whether the extent of
liver autophagy in total is harmonized through such a
circuit with body size and the life-span of the organism.
Besides these hints on zonation of autophagy, there
is preliminary information from new proteome data in
the Smo-KO mice[70] suggesting a prominent zonation of
total protein biosynthesis (Gebhardt R, Matz-Soja M, and
Shevchenco, unpublished observation). These findings
generalize the long known fact that the synthesis of the
main plasma protein, albumin, is zonated with a periportal
predominance[6].
This dual scenario, zonation of both, autophagy and
protein biosynthesis, leads to a number of important
questions: (1) what happens in the liver after a long-lasting fasting period? How is the extraorbitant loss of liver
protein reported under such conditions by the Lamers
group[101] distributed among the different liver zones? (2)
is the dominance of urea cycle, tricarboxylic-acid cycle,
oxidative phosphorylation and, later on, of gluconeogenesis after fasting not only a results of the switch from

Drug metabolism
Zonation of drug metabolism is of considerable importance for liver function, particularly under conditions of
liver diseases. Therefore, comprehensive reviews have
been published in the past for fetal[88] and adult liver[80,89]
as well as with special emphasis on enterohepatic circulation[90]. Here, we would like to focus on recent progress
in understanding of the regulation of a large part of
enzymes of phase Ⅰ and phase Ⅱ biotransformation.
The dependence of the pericentral expression of several
cytochrome P450 isozymes on the activity of the Wnt/
β-catenin signalling was already noticed in 2006 by Hailfinger et al[56] and Sekine et al[40]. Obviously, the influence
of β-catenin on cytochrome P450 expression is very
complex including interactions with RAS-signalling[91]
and signalling through the constitutive androstane re-
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insulin to glucagon signalling, but also the result of loss
of bulk protein in pericentral hepatocytes? or (3) which
other (pericentral) liver functions (e.g., heme or bile acid
synthesis) may be affected by such changes and what is
their impact on the entire organism? So far, it is obvious
that our knowledge base for answering these questions
with the necessary precision is not sufficient yet.

stricted to the pericentral zone for another one (e.g., coproporphyrinogen oxidase). These variations suggest that
this pathway is not simply a linear sequence of reactions
taking place in each cell (although with different speed),
but rather may frequently be diverted for exchanging
certain metabolites with other organs in the body. This
may result in various feedback mechanisms ensuring
the proper adaptation of heme synthesis to whole body
requirements. This exchange may be controlled by Wnt/
β-catenin signalling and ras signalling, since both pathways reciprocally influence heme biosynthesis[108].
In a recent study focussing on sexual dimorphism in
the heterogeneity of gene expression in mouse liver several new zonated functions for either males or females
were described by using LCM technology [11]. Among
certain canonical pathways known to be predominantly
localized to the pericentral zone, retinoic acid biosynthesis was newly described[11]. Most probably, however,
this function which is related to vitamin A storage and
metabolism must be assigned to the heterogeneity of hepatic stellate cells[109] rather than to that of hepatocytes.

Antioxidative mechanisms
Mitochondria as well as peroxisomes are major sources
of reactive oxygen species (ROS)[102] far exceeding that
produced by the cytochrome P450 system of biotransformation. Protection of these organelles from damaging effects of ROS, especially of superoxide, is provided
by superoxide dismutase 2 which generates H 2O 2, a
potent oxidant. The removal of H2O2 is performed by
the antioxidant enzymes catalase, GSH peroxidase 1
and peroxiredoxin-Ⅲ[103]. Zonation of ROS production
and removal is determined by the zonal differences in
mitochondrial structure and function, the pericentral
predominance of peroxisomes, and zonal differences in
GSH production and content (for review[6]).
The role of MnSOD in zonal gene expression is exemplified in the case of GS expression in MnSOD-KO
mice, where the ordinary pericentral localization of this
enzyme is lost and replaced by a scattered expression
within the parenchyma[104].
Importantly in this context, the β-catenin pathway
has been suggested to act as a switch between various
transcription programs sensitive to hypoxia and oxidative
stress[105]. Since most of these effects are mediated via
hypoxia-inducing factor (HIF) and FOXO transcription
factors, these interactions could affect the influence of
the oxygen gradient and other stress factors across the
porto-central axis on various zonated metabolic pathways
described to be oxygen-dependent[73]. The fact that H2O2
is considered a key regulatory component in this concept
appears in a new light given the possible zonation of the
antioxidative mechanisms via peroxiredoxin which were
not yet known at that time. The zonation of peroxiredoxins, thioredoxins, and glutaredoxins has not yet been
studied, but it can be assumed that they predominate in
the pericentral zone due to their association with both,
mitochondria and peroxisomes. These mechanisms may
be of critical importance in NAFLD, particularly in the
development of NASH[106,107] and, because of their presumable zonation, may influence the precipitation of the
first signs of this disease in the pericentral zone.

FUNCTIONAL SIGNIFICANCE OF
ZONATION
About 50 years ago when more and more examples of
heterogeneous distributions of enzymes in liver parenchyma were discovered this phenomenon was still considered a curiosity by most biochemists and physiologists.
Soon, however, it became apparent that such examples
were not exemptions but the rule and are characteristic
for many metabolic pathways. This was the time when
the term “metabolic zonation” was coined by Jungermann and Sasse[4]. In this concept mainly based on findings concerning carbohydrate metabolism the spatial
separation of anabolic and catabolic reactions was central, and the avoidance of futile cycles of ATP hydrolysis
between key gluconeogenic and glycolytic reactions provided an easy explanation for this concept/separation.
Another reason was that the simultaneous performance
of opposite metabolic pathways in an organ might aid in
quickly adapting to different metabolic needs by simply
switching from one function to the opposite one without
time- and energy-consuming biosynthesis of respective
enzymes (for review see[6]). Although metabolic zonation
was realized to play a certain role in maintenance of body
homeostasis, this connection received less attention.
In the light of the recent discoveries mentioned above,
two functional characteristics seem most important for
understanding the power of metabolic zonation: (1)
maintenance of metabolic homeostasis; and (2) optimization of liver function. Appropriate maintenance of
metabolic homeostasis in the body probably implicates
that every adaptation to exogenous nutritional challenge
or any specific endogenous demand is reflected by a
corresponding alteration of liver zonation, irrespective
of whether it is almost negligible or very intensive. Of
course, profound changes are immediately obvious and

Specific functions
An entire synthetic pathway the zonation of which was
described only recently is represented by heme biosynthesis[55,108]. An interesting characteristic of this pathway
is that although it is present in all hepatocytes with a
definitive pericentral dominance, the distribution of
the individual enzyme proteins is not directly comparable. While it can be very broad for one enzyme (e.g.,
δ-aminolevulinate synthase), it may be much more re-
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may be brought about by hormones and other signals required for regulating daily metabolism. The corresponding metabolic pathways appear “dynamic”.
In contrast, the minor ones are probably due to slight
changes in the signalling activity of the morphogen signalling network. The corresponding pathways appear
“static” and need much longer time until visible changes
can be detected. However, their consequences in the
long run may be likewise dramatic, since under these
conditions body homeostasis may gradually get lost.
It is tempting to speculate that certain changes in liver
zonation exerted by altered activities of one or more
morphogen pathway(s) play a causative role in metabolic
diseases. Examples for such a connection may be found
in the association of certain polymorphisms in Wnt signalling with type 2 diabetes[110-112].
The fundamental role of the optimization principle
became obvious during a study on model-based optimization[113] within the framework of the “Virtual Liver”
project (www.virtual-liver.de). The aims of this study
were (1) to extend an existing 2-compartment model of
ammonia metabolism (2-CM; representing the periportal
and pericentral zones) to a 16-compartent model (16-CM;
where each compartment represents an individual hepatocyte in a mouse liver lobule); and (2) to determine
optimal enzyme activity distributions alongside the 16
compartments using a non-linear programming algorithm. The optimization problem is formulated based on
biologically motivated enzyme constraints (limited capacity for protein synthesis) and objective functions that
represent different physiological strategies of the liver.
Using this approach, several characteristics of zonation of ammonia metabolism could be predicted that
were in surprising accord with experimental findings[113].
These include a small periportal compartment for glutamine breakdown, a larger “periportal” down-stream
compartment dedicated to ureogenesis without glutaminase support, and a very small pericentral compartment dedicated exclusively to glutamine synthesis. Evidence for the existence of a “periportal” down-stream
region with a glutaminase-independent ureogenesis was
provided by Comar et al[114] using a sophisticated liver
perfusion system with cannulation of both, the portal
vein and the hepatic artery.
By generalizing these findings, zonation appears as a
perfect means for optimizing the metabolic capacity of
the liver. The regulatory systems determining zonated
expression can be viewed as mere parts of sophisticated
mechanisms transforming complex metabolic cues into
the proper zonation. Future research using systems biology approaches should aim at identifying further examples of the optimization principle.

dominated by morphogen pathways is still far from being understood. However, it may bear a considerable
potential for explaining metabolic adaptation to different
nutritional states and requirements as well as the development of metabolic diseases. Adaptive processes may
profit from the fact that metabolic zonation is associated
with different gradients of transcription factors along
the porto-central axis. Since combinatorial interactions
among transcription factors are critical for directing
tissue-, cell-type- and cell position-specific gene expression[115,116], independent regulation of the transcription
factors by several signalling pathways creates the possibility to shift the expression of individual enzymes
or transporters as well as that of whole pathways or of
subgroups of them. How such combinatorial interactions may contribute to liver zonation was illustrated in
a recent review for β-catenin and several other TFs coregulating pericentral GS expression[28]. Further interactions with β-catenin were described for the androgen
receptor[117], many members of the steroid receptors[118],
and for several other nuclear receptors such as hepatocyte nuclear factor 4 (HNF4)[119]. Even though HNF4
has been shown to be almost homogeneously expressed
throughout the liver lobules[120], the large diversity of
HNF4 variants at the protein level (Gaunitz, Gebhardt,
unpublished observation) calls for careful interpretation of these results. Interestingly, conditional knockout
of HNF4 in liver did not affect pericentrally expressed
genes, but resulted in the additional expression of some
of these genes in the periportal zone, albeit at a lower
level[121].
Such shifts could result in the dynamic overlap of opposing metabolic pathways, e.g., of gluconeogenesis and
glycolysis, resulting in more or less regulatory influence
of metabolic intermediates and other metabolic (feedback) regulators on the activity of these pathways. But
the contrary could also take place, as suggested by the
almost static expression of GS: despite varying or shifting profiles of individual transcription factors, the invariability of one of them, here of β-catenin, may guarantee
the exclusive expression of GS in some few hepatocytes
around the central vein[9,28]. Under certain, possibly rare
conditions, however, a third scenario may occur. The
combinatorial game of transcription factors in zonation
could lead to aberrant events of gene expression resulting in either gain of functions that are not characteristic
of mature liver (e.g., selective gain of embryonic features)
or loss of definitively liver-specific functions (e.g., partial
dedifferentiation). All these events could contribute to
the development of metabolic diseases.
The reflections outlined above illustrate how important
it will be to profoundly understand the regulatory network
underlying metabolic zonation. In this context it needs to
be pointed out that research on zonation with respect to
two important features of metabolism, namely circadian
rhythm and gender dimorphism is largely missing.
It is known for a long time that liver metabolism
underlies profound rhythmic changes, daily and seasonally[122-125]. Because of lack of research in this field, these

EMERGING SUBJECTS AND MISSING
RESEARCH AREAS
As pointed out above, the fundamental role of zonation
in the control of body homeostasis at the metabolic level
which is emerging from novel regulatory mechanisms
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changes are not yet adequately mirrored at the level
of metabolic zonation. Only occasionally respective
data was reported. Long ago, for instance, daily alterations in glycogen metabolism were investigated[126] and
a remarkable rhythmicity in time and zonal localization
was found. Recently, we have observed that liver glutaminase protein shows a strong circadian rhythm being
highest in the morning and lowest at night (Gebhardt,
Kalkhoff, von Bergen, unpublished observation). This
finding points to corresponding changes in the periportal expression zone of this enzyme and challenges the
currently prevailing view that urea cycle activity is continuously fuelled (and mainly driven) by the prior breakdown of glutamine entering the liver via portal vein and
hepatic artery[127]. Perhaps, there are periods where such
fuelling is neither necessary, nor helpful for ensuring a
balanced nitrogen metabolism.
Likewise, gender dimorphism of liver metabolism
is well studied globally [124,128-131], but not sufficiently
comprehensive on the level of lobular heterogeneity.
Some examples should be mentioned. It has long been
discovered that the very small pericentral zone where
glutamine synthetase is expressed is larger in males than
in females of many mouse strains[132]. However, whether
and how this difference impacts on amino acid and ammonia metabolism is completely unknown. Furthermore,
the difference in the size of the expression zone of this
enzyme seems to hint - according to the current molecular explanation for the limited range of the expression
of this gene - at a higher pericentral activity of Wnt/
β-catenin signalling in males than in females. Although it
was frequently emphasized that this may be explained by
the molecular interaction between the androgen receptor
and β-catenin, final prove of this obvious guess is still
missing. Similar phenomena with sex differences were
occasionally reported such as zonation of ApoE synthesis[82] or gender-specific interplay through Wnt/β-catenin
signalling and constitutive androgen receptor in drug
metabolism[92], but remained isolated. In case of Apo
E synthesis, a clear periportal to pericentral gradient of
mRNA levels was observed in male rats, whereas a bowllike distribution with lowest expression in the midzonal
area was found in female rats by in situ hybridization[82].
A considerable step forward was achieved by Saito et
al[11], who used LCM combined with micro-arrays in order to compare gender effects on zonal gene expression.
Interestingly, they found that sexual dimorphism seems
more pronounced in zone 1 than in zone 3.

signalling acting alone, it is now certain that this pathway acts in close cooperation with Hedgehog and RAS
signalling. Of course, many important questions remain
unanswered so far and, because of the complexity of
the crosstalk, a clear picture will require analysis by a
thorough systems biology approach based on space- and
time-dependent data. These should incorporate data on
alterations of zonation during the daily rhythm of metabolism and should also include gender dimorphism.
However, even with the first rough idea of this emerging regulatory network, it can be concluded that disturbance of liver zonation will considerably impact on body
homeostasis, particularly in diseased states. How far the
causative role of altered liver zonation in the development of metabolic diseases may reach is hard to predict
on the basis of current fragmentary knowledge, but it
certainly will be worth studying.
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Gastroenteric tube feeding: Techniques, problems and
solutions
Irina Blumenstein, Yogesh M Shastri, Jürgen Stein
nal, e.g., diarrhea; infectious e.g., aspiration pneumonia, tube site infection; and metabolic, e.g., refeeding
syndrome, hyperglycemia. Although the type and frequency of complications arising from tube feeding vary
considerably according to the chosen access route,
gastrointestinal complications are without doubt the
most common. Complications associated with enteral
tube feeding can be reduced by careful observance of
guidelines, including those related to food composition,
administration rate, portion size, food temperature and
patient supervision.
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Key words: Enteral tube feeding; Percutaneous endoscopic gastrostomy; Refeeding syndrome; Enteral nutrition; Buried bumper syndrome; Nasoenteral tubes;
Colocutaneous fistulae
Core tip: Keeping up with new developments in the
fast-moving field of enteral nutrition is a challenge
for any gastroenterologist. While enteral tube feeding
plays a major role in the care of critically ill patients
and those with poor voluntary intake, chronic neurological or mechanical dysphagia or gut dysfunction,
mechanical, gastrointestinal, infectious and metabolic
complications can lead to serious conditions or death.
We have undertaken a comprehensive review of current literature assessing the safety and effectiveness
of various endoscopic, sonographic, radiologic, electromagnetic and fluoroscopic application techniques. In
addition, we address prophylactic measures to prevent
complications, problem solutions and special aspects.

Abstract
Gastroenteric tube feeding plays a major role in the
management of patients with poor voluntary intake,
chronic neurological or mechanical dysphagia or gut
dysfunction, and patients who are critically ill. However, despite the benefits and widespread use of enteral tube feeding, some patients experience complications. This review aims to discuss and compare current
knowledge regarding the clinical application of enteral
tube feeding, together with associated complications
and special aspects. We conducted an extensive literature search on PubMed, Embase and Medline using
index terms relating to enteral access, enteral feeding/
nutrition, tube feeding, percutaneous endoscopic gastrostomy/jejunostomy, endoscopic nasoenteric tube,
nasogastric tube, and refeeding syndrome. The literature showed common routes of enteral access to include nasoenteral tube, gastrostomy and jejunostomy,
while complications fall into four major categories: mechanical, e.g ., tube blockage or removal; gastrointesti-
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Blind insertion, the most common technique for nasoenteral intubation, results in malposition in 0.5%-16%
of cases, with tracheal, pulmonary, or pleural malposition in 0.3%-15%. This may result in pulmonary or pleural formula infusion, pneumothorax or pulmonary abscess[22]. A study by de Aguilar-Nascimento and Kudsk[23]
demonstrated that of 932 blind postpyloric tube placement attempts, 433 (46%) failed and 20 (1.6%) were
airway misplacements. Air instillation and auscultation
are inaccurate methods for validating the position, and
misplacement is often not suspected unless a radiograph
is obtained[24,25].
After gastric positioning, spontaneous or prokinetically-assisted transpyloric tube migration occurs only
in 5%-15% of patients, compared to 14%-60% using
guided assistance. Duodenal intubation can successfully
be achieved in 70%-93% of patients using right lateral
positioning, gastric insufflation, tube tip angulation, and
clockwise rotation during insertion. However, such tube
placements require experience and an average of 28-40
min to perform[26]. In a recent study of 616 patients in
an intensive care unit (ICU), Rivera et al[27] demonstrated
that the use of an electromagnetic tube placement device (ETPD) to monitor tip position of the feeding tube
resulted in no adverse events, reduced costs, and earlier
initiation of EN.
Failure of bedside NET placement is an indication
for the use of fluoroscopy or endoscopy. Enteral intubation under fluoroscopic guidance is successful in 90% of
cases, achieving jejunal positioning in 53%, but requires
on average 22 min of fluoroscopy room time[28]. While
endoscopically-guided (ENET) nasoenteral access techniques have been in use since 1984[29], ENET placement
can be very tedious and unrewarding for the endoscopist
when compared to other procedures such as polypectomies, PEG or endoscopic retrograde cholangiopancreatography (ERCP). Most endoscopy training programs do
not adequately teach techniques for ENET placement.
However, a lack of perseverance on the part of the endoscopist may result in unnecessary administration of
total parenteral nutrition (TPN) in patients who are in
fact suited for enteral feeding. The positioning of feeding tubes distal of the ligament of Treitz may cause some
uncertainty even amongst experienced endoscopists[30].
A new, recently-described nasoendoscopical placement
method shows promise as a more successful technique
for tube placement beyond the duodenal flexure[31-33].
One in ten patients experiences procedure-related
complications following NET[34], either at the time of insertion or subsequently. Reported complications of nasal
tube feeding include nasopharyngeal lesions, sinusitis,
aspiration, diarrhea, intestinal ischemia and metabolic
derangements. Aspiration is reported in up to 89% of
patients, with no clear advantage of nasoenteric over
gastroenteric feeding. Distal duodenal or jejunal feeding
may prevent regurgitation of feeding formula[24]. About
2%-5% of patients may present with epistaxis following ENET placement[35,36], a complication shown to be
equally common in patients undergoing transnasal vs

INTRODUCTION
Enteral nutritional support plays a very significant part in
the management of patients with poor voluntary oral intake[1,2], chronic neurological or mechanical dysphagia[3-5],
or intestinal failure[6,7], and in the critically ill[8,9]. Enteral
feeding is not only more physiological than parenteral
nutrition (PN), but has also been shown to improve patient outcomes, decrease costs[10] and reduce septic complications[11,12] in comparison to PN. In a meta-analysis
of 82 randomized controlled trials (RCTs), PN was associated with a significantly increased risk of infectious
complications, especially in patients receiving therapy for
malignancy[13]. In patients who cannot be fed using routine bedside methods, endoscopically or radiologicallyaided methods must be employed to achieve enteral access. Complicated access situations require the additional
expertise of a gastroenterologist, who is an integral part
of the nutrition support team[14]. While the range and
ease of enteral access procedures has been greatly enhanced in recent years by the introduction of new techniques and improved equipment and accessories, many
studies have nonetheless demonstrated a high prevalence
of tube- and/or feeding-related complications in patients receiving long-term enteral nutrition[15-19].
The purpose of this review is to provide an overview
of current knowledge and practice in the rapidly changing and developing field of endoscopic enteral tube
feeding (ETF), covering routes of access as well as problems associated with enteral feeding and their solutions.
In principle, tube systems for gastric or jejunal nutrition can be placed by nasal insertion (nasoenteral tubes;
NETs), guided percutaneous application, or surgical
techniques. Nasal tubes are mainly used for short-term
enteral feeding (4-6 wk) and in situations where other
methods of enteral feeding are contraindicated. In the
long term, however, NETs are often poorly tolerated by
the conscious patient, since they not only elicit a foreign
body sensation in the pharynx, but may also cause reflux
esophagitis and pressure ulcers, and have a tendency to
dislocate. NETs can also be a source of psychological
stress to the patient, the presence of the tube being a
visible sign of his/her illness. Enteral feeding via transnasal tubes is often poorly tolerated by geriatric patients
with an acute confusional state, and the need for repeated insertion of tubes following voluntary removal by the
patient is demanding and time-consuming for nursing
staff. Nasal tubes are not suitable for patients who are to
undergo orofacial therapy for potentially reversible dysphagia (in most cases due to cerebrovascular accident).
Furthermore, the presence of a nasal tube significantly
interferes with swallowing training[20].
Techniques for achieving NET placement include
unguided bedside insertion or placement under fluoroscopic, endoscopic, electromagnetic or direct surgical
guidance. Depending on experience, the success rate of
endoscopic transnasal and transoral NET feeding tube
placement has been described to range from 86% to
97%[21].
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(GI) tract but insufficient oral intake of nutrients. The
most common indications include inadequate swallowing as a result of a neurological event, oropharyngeal or
esophageal cancer, and severe facial trauma[41,42]. Based
on data from 1327 patients, Kurien et al[43] demonstrated
in a recently-published trial that patients who underwent
gastrostomy had significantly lower mortality compared
to those who deferred the procedure.

[203]

Table 1 Tube-related complications of enteral tube feeding
Mechanical complications

Infectious complications

Metabolic complications

Tube obstruction
Primary malposition
Perforation of the intestinal tract
Secondary displacement of the feeding tube
Knotting of the tube
Accidental tube removal
Breakage and leakage of the tube Leakage
and bleeding from insertion site
Erosion, ulceration and necrosis of skin and
mucosa
Intestinal obstruction (ileus)
Hemorrhage
Inadvertent Ⅳ infusion of enteral diet
Infection at the tube insertion site
Aspiration pneumonia
Nasopharyngeal and ear infections
Peritonitis
Infective diarrhea
Electrolyte disturbances
Hyper- and hypoglycemia
Vitamin and trace element deficiency
Tube feeding syndrome (“Refeeding syndrome”)

PEG techniques
In principle, there are three techniques for PEG tube
placement; the peroral pull technique, the peroral push
technique and the direct percutaneous procedure. The
most widely-used technique for PEG placement is the
‘‘pull’’ method introduced by Gauderer et al[44] in 1980,
which has replaced surgical gastrostomy as the mediumand long-term solution to enteral nutrition delivery[45],
being safer and more cost-effective, with lower procedure-related mortality (0.5%-2%) and lower complication rates[46-48]. Furthermore, tube displacement occurs
less frequently than with nasogastric tubes (NGT). The
Sack-Vine ‘‘push’’ variant (placing a catheter over a Seldinger wire) yields comparable results[49].
Alternative procedures such as sonographically-controlled PEG are not yet sufficiently technically developed to be adopted on a wide scale[50]. The introducer
PEG, using a balloon catheter placed transabdominally
into the stomach, was described by Russell et al[51]. The
main problem initially associated with this technique
was deflection of the stomach wall due to the puncture, combined with the risk of catheter misplacement.
However, its safety has since been improved by the use
of an intragastrically-positioned T-fastener under fluoroscopic or endoscopic control to fix the stomach to
the abdominal wall[52,53]. A new, safe introducer method
(Freka Pexact®) has recently become available for patients in whom the standard ‘‘pull’’ PEG cannot be used
or would involve an increased risk during passage of
the internal bumper. Its main advantage is the combination of a double gastropexy with a peel-away sheath
introducer to effect secure fixation of the stomach wall,
analogous to surgical gastropexy[54,55].
The success rate of PEG tube placement is as high
as 99.5% (range 76%-100%). Reasons for failure include
inadequate transillumination, complete oropharyngeal
or esophageal obstruction, and gastric resections[21]. The
average life span of PEG tubes has been described to be
one to two years, with tube degradation being the most
common reason for tube replacement[21].

transoral endoscopy for ENET placement[37]. Tube-related complications (Table 1) depend not only on the route
of enteral access, but also on the material and diameter
of the feeding tube.
A critical review of pulmonary complications associated with the blind placement of narrow-bore nasoenteric tubes (NETs) was recently performed by Sparks and
colleagues[38]. Of the 9931 NET placements reviewed, a
total of 187 were improper tube placements in the tracheobronchial tree, translating to a 1.9% mean overall
malposition rate. These 187 misplacements included 35
(18.7%) reported pneumothoraces, at least 5 of which resulted in patient death. NET malpositioning was reported
in 13%-32% of subsequent repositioning attempts[38].
Occlusion of the NET is an underestimated and underreported complication of ETF. It has been reported
to occur in 9%-35% of patients[36,39,40], but actual incidence is much higher. The most important underlying
cause is ignorance of tube feeding care among nursing
staff. The following technical factors predispose to tube
occlusion: inadequate irrigation with water, especially
after feed or medicine administration; instillation of
medications, particularly crushed tablets; narrow lumen;
long tubes (for further details, see occlusion of the PEG
tube, below).

TECHNICAL ASPECTS OF
PERCUTANEOUS FEEDING TUBE
PLACEMENT

Jejunal tubes through the PEG and direct percutaneous
endoscopic jejunostomy
Long-term jejunal feeding can be achieved endoscopically with jejunal tubes through the PEG (JET-PEG)
and direct percutaneous endoscopic jejunostomy (DPEJ).
Jejunal feeding is appropriate in patients with recurrent
vomiting and/or tube feeding-related aspiration, severe
gastroesophageal reflux, gastroparesis, gastric outlet ob-

Percutaneous endoscopic gastrostomy
Percutaneous endoscopic gastrostomy (PEG) is indicated for patients requiring long-term nutritional support (> 30 d) who have a functional gastrointestinal
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Skin-level gastrostomy
Skin-level gastrostomy was introduced to reduce skin
irritation, minimize granulation tissue and improve the
patients’ quality of life. It provides easy and convenient
access for enteral nutrition and is well established in pediatric patients[63].
The most popular system is the button skin-level
nonrefluxing device, first described by Foutch et al[64]. Currently, three button types with two different retaining elements (retention dome and balloon type) are available[65].
Indications for this device are usually peristomal
problems and/or the patient’s wish to be independent
from the PEG tube. Contraindications are active peristomal infection, a stoma existing less than four weeks
after primary PEG insertion, a fistulous stoma channel,
and a stomal tract longer than 4.5 cm. Initial application
of the button should be carried out under endoscopic
control or under fluoroscopic guidance via a guide wire
to prevent misplacement and to allow removal of the
previously-placed gastrostomy catheter[56]. Despite the
potential advantages of a skin-level device, the largest
prospective multicenter evaluation of a single-step button (86 patients) reported serious placement problems
and a high complication rate[66].

struction, or total or partial gastrectomy[56]. Though not
definitively proven to reduce tube feeding-related aspiration (see below)], the combination of gastric decompression via PEG and simultaneous jejunal nutrition shows
clinical benefit in many patients.
JET-PEG placement can be carried out by pushing a jejunal feeding tube through the previously-placed
PEG using a ‘‘beneath the scope’’ (BTS) or ‘‘over the
wire’’ tube technique. Initial positioning of the tube
beyond the ligament of Treitz is essential to reduce the
retrograde migration rate. Although feeding tube placement beyond the ligament of Treitz may be considered
a technical success, its functional success is largely disappointing because of frequent retrograde tube migration
into the stomach and tube dysfunction caused by kinking or obstruction (as the diameter of the jejunal tube is
restricted to 12 F). Furthermore, JET-PEG has not been
demonstrated to effectively decrease enterorespiratory
aspiration compared with PEG tube feeding alone[57,58].
In combined gastric decompression/feeding jejunostomy tubes, the small diameter of the tube often provides
inadequate gastric venting and may cause jejunal lumen
clogging.
JET-PEG tubes have a high success rate of up to
93%. The mean functional duration of the tubes was
found to be 55 d in adults and 39 d in children[21]. Retrograde dislodgment of the jejunal extension tube, tube
obstruction and mechanical failure have been described
as the most common device-related complications[21].
Endoscopically-placed clips may secure the tube and
prevent retrograde migration[59], but this does not overcome the problem of occlusion common to smallcaliber tubes.
DPEJ, a modification of the pull PEG technique,
appears to be the ideal procedure for long-term jejunal
feeding[60]. A colonoscope or an enteroscope is introduced orally into the small bowel, and transillumination
is observed on the anterior abdominal wall as an indicator of the scope’s position in the jejunum. A trocar is
passed through the anterior abdominal wall directly into
the jejunum. As a sounding device for needle puncture,
a 21-gauge 1.5 inch needle used for infiltration of local
anesthetic may be used. The puncture should be performed with a purposeful, swift stabbing motion of the
wrist. Grasping the tip of the sounding needle with a
forceps helps to stabilize the jejunal segment and allows
proper orientation for insertion of the larger trocar/needle assembly alongside the indwelling sounding needle. A
120-inch insertion wire is advanced through the cannula
and grasped by the awaiting forceps or snare, and the
procedure is completed as described for a pull-type PEG
placement. Though similar to PEG placement, DPEJ is
a considerably more difficult technique[60,61]. There are
three retrospective studies on DPEJ outcome involving
a total of 230 patients from a cancer center, a surgical
unit, and a gastroenterological referral center. Successful
placement was achieved in 72%-88%[62].
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Initiation of feeding
There are various techniques for administering feeds
in ETF patients, the most common of which are summarized below (Table 2). The recommendation to delay
feeding initiation until 12-24 h after PEG or transabdominal gastrostomy placement was based on a presumption that the GI system would return to normal
function during this period of time, allowing a better
seal of the enteral opening[46,67]. More recently, however,
several prospective randomized studies have clearly demonstrated that, at least in the case of PEG placement,
much earlier initiation of feeding after as little as 1-3 h is
equally safe[68-71]. This was confirmed in a meta-analysis
by Bechtold et al[72].

COMPLICATIONS ASSOCIATED WITH
PEG PLACEMENT: INCIDENCE AND
MANAGEMENT
About 13%-40% of patients with PEG placement experience minor complications such as maceration due to
leakage of gastric contents around the tube, and peristomal pain[46,47,73,74]. Serious complications requiring further intervention have been reported in 0.4%-4.4% of
procedures and include peristomal leakage with peritonitis, necrotizing fasciitis of the anterior abdominal wall,
gastric bleeding, injury to internal organs, tumor seeding
at the PEG site, and death. The 30-d incidence of mortality after PEG has been reported to be in the range of
6.7%-26%[46,47,73]. This high value is due rather to the underlying comorbid factors of these patients than to the
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Table 2 Techniques for delivery of feeds in enteral tube feeding
Method of feeding
Bolus intermittent (by
syringe or bulb)
Cyclic intermittent (by
gravity or pump)
Intermittent drip
(by gravity or pump)
Constant infusion (by
gravity or pump)

Indication

Comments

Ambulatory patients
Partially recumbent

100-400 mL over 5-10 min multiple times, high risk of aspiration and diarrhea, cheap and convenient
for NGT
Higher infusion rate for a shorter period (8-16 h); while changing from tube feeds to oral

Home enteral feeding

1.5-2 L over 8-12 h overnight, no daytime feeds

Bedridden patients ICU Initiate with 20-50 mL/h, altered periodically depending on gastric residual volume, increased chances
patients
of aspiration and metabolic abnormalities; incline head end of bed to 45° to reduce aspiration and
regurgitation

NGT: Nasogastric tube; ICU: Intensive care unit.

procedure itself[21,75,76].

direct transabdominal access of the gastrostomy tube
avoids its exposure to oropharyngeal flora, another recent randomized controlled trial demonstrated no statistically significant difference in the rate of peristomal
infection with or without preprocedural administration
of antibiotics[55].

Peristomal wound infections
Incidence and causes: Peristomal wound infections are
the most common complication associated with the PEG
procedure, with an incidence ranging from 4%-30%[77].
About three quarters of these are minor and resolve
when treated with antibiotics. While regular skin and stomal care are crucial for the prevention of local infection,
bandaging techniques also play an important role: In a
comparative study, Chung et al[78] showed that excessive
traction on the gastrostomy tube significantly increases
the rate of local infection. Factors predisposing to infection can be (1) technique-related, such as a narrow incision or lack of antibiotic prophylaxis; (2) host factors, e.g.,
malnutrition, obesity, diabetes, malignancy, drug therapy
(immunosuppressive medication, chronic corticosteroid
therapy); and (3) nursing care-related, such as improper
wound dressing or excessive traction between the internal bumper and the stomach wall.

Clogged feeding tubes
Incidence and causes: The incidence of clogged feeding tubes in PEG is reported to be as high as 23%-35%.
Clogging is especially common when thick enteral feeds,
bulking agents and medications are delivered through
relatively small PEG tubes (i.e., 9 F). Tube occlusion is
classified as either obstruction of the internal lumen or
mechanical tube failure[39,82].
Prevention and treatment: Since pH values below 4
have been described to promote protein coagulation,
repeated gastric residual aspiration should be avoided
or minimized [83]. Tubes should also be flushed with
40-50 mL water before and after delivering medications
or bulking agents (i.e., psyllium, resins). If possible, all
medications should be completely dissolved in water
prior to flushing or applied as liquid formulations[84].
Saline should be avoided, since it can crystallize within
the tube and promote gradual clogging[85]. Pancreatic
enzymes mixed with bicarbonate have been reported to
prevent tube clogging effectively[39,82]. Furthermore, they
were found superior to carbonated beverages in dissolving clogs[86]. In a recent systematic review, water flushes
have been shown to be the most effective method of
preventing enteral feeding tube clogging [87]. Finally,
clogged tubes can be cleared mechanically using various
endoscopic catheters, braided quid wires, or special “declogging” plastic brush devices[25,88].

Prevention and treatment: Two recently-published metaanalyses involving 1100 patients from 10 randomized controlled trials assessing the efficacy of antibiotic prophylaxis in PEG insertion have demonstrated antibiotic prophylaxis to effect a relative risk reduction of 64% and an
absolute risk reduction of 15%. Either a first-generation
cephalosporin or a penicillin-based prophylaxis should
be selected[79,80].
During the last decade, methicillin-resistant Staphylococcus aureus (MRSA) has emerged as an important
cause of PEG-related wound infection. Horiuchi et al[81]
suggested that, in addition to standard prophylactic antibiotics, MRSA decolonization using oral and nasallydelivered preparations might reduce the risk of MRSArelated peristomal infections in these patients. A recently-published randomized controlled study demonstrated
that the use of glycerin hydrogel (GHG) dressings significantly decreases the number of peristomal infections,
and that the frequency of dressing changes can be safely
extended to 7 d during the first week, making it a less
labor-intensive and more cost-effective option for postPEG wound management.
In the case of transabdominal gastrostomy, where
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Peristomal leakage
Incidence and causes: Although its reported incidence
appears low (1%-2%), peristomal leakage is in fact a
much more common complication[85,88,89]. Several factors
contributing to the risk of peristomal leakage have been
identified, including excessive cleansing with hydroperoxide, infections, gastric hypersecretion and excessive
side torsion along the PEG tube, as well as patient-
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py[92]. Furthermore, in the light of their aforementioned
study, Richter et al[93] recommend the interruption of SRI
intake 24 h before the procedure.

specific factors that inhibit wound healing (malnutrition,
immunodeficiency, diabetes). Furthermore, the risk of
peristomal leakage is increased if the tube is not stabilized by means of an external polster[25,85].

Colonic fistulae
Incidence, types and causes: Colonic misplacement
of the PEG tube may lead to serious complications, in
particular the development of gastrocolic, colocutaneous
or gastrocolocutaneous fistulae[96,97]. While these fistulae
are rare and cited mostly only as isolated case-reports,
Friedmann et al[97] describe 28 cases of colocutaneous
fistula resulting from colonic malpositioning of PEG, including 12 cases of gastrocolocutaneous fistula and one
of jejunocolocutaneous fistula. In contrast to the gastrocolic fistula, a fistulous passage connecting the stomach
with the colon, the gastrocolocutaneous fistula is defined
as an epithelial connection between the mucosa of the
stomach, the colon, and the skin. Its probable etiology is
the penetration of a bowel loop (mostly transverse colon) interposed between the stomach and the abdominal
wall, either by inadvertent puncture during tube placement or, more commonly, due to gradual erosion of the
tube into the adjacent bowel[98]. Factors predisposing to
its occurrence in acute settings are insufficient gastric insufflation, past history of laparotomy causing adhesions
and consecutive trapping of bowel loops, and improper
transillumination. Up to 45% of colocutaneous fistulae
are seen in patients with prior abdominal surgery [99].
These patients should undergo contrast study to rule out
an overlap of stomach and colon.

Prevention and treatment: Prevention of peristomal
leakage must focus on the reduction of risk factors (e.g.,
antisecretory therapy with PPIs), while barrier creams
containing zinc and skin protectants are also recommended[85]. If these fail, the PEG tube can be removed.
After waiting 4-6 d to allow the tract to partially close, a
new PEG can then be placed through the same tract[85,90].
However, this procedure should only be attempted if
sufficient time has passed to ensure scarring of the
stomach to the abdominal wall[85,90]. If this is not the
case, the PEG tube must be removed and a new PEG
tube placed at a different site. On no account should the
original PEG tube be replaced by a larger diameter tube,
as this may cause enlargement of the tract, resulting in
exacerbation of the leakage[85,90]. Conversion of the PEG
to a PEG/double-lumen system has been reported to be
a successful alternative[25,88], while conversion to a gastrojejunal (GJ) tube can also be considered for feeding
distal to the stomach.
Bleeding
Incidence and causes: Acute bleeding is not uncommon after PEG tube placement, with a reported incidence of up to 2.5%[46,91,92]. The most common causes
of acute bleeding immediately following PEG tube
placement are local vessel injury at skin level, and mucosal tear in the upper GI tract. Risk factors include
previous anatomic alteration, anticoagulation, and antiplatelet therapy[41]. In a recent single-center study of 990
patients, Richter et al[93] recently demonstrated the use
of serotonin reuptake inhibitors (SRIs) during the 24 h
before PEG placement to be a risk factor for increased
bleeding. In this cohort, however, no association with
aspirin or clopidogrel intake (at any dose) either before
or after the procedure was found. The influence of SRI
intake on bleeding risk is of particular significance in
geriatric patients, since these drugs are administered to a
large proportion of this patient population.
Delayed bleeding can be caused by esophagitis, gastritis, gastric erosion, gastric or duodenal ulceration, and the
buried bumper syndrome[94]. One study has demonstrated
that esophagitis was the cause of delayed GI bleeding in
39% of PEG patients undergoing endoscopy[95].

Prevention and treatment: To prevent colonic misplacement, the transillumination of the gastroscope
through the abdominal wall, and the endoscopically
visible imprint of a finger (or needle) on the skin is still
a “conditio sine qua non” before introduction of the
needle into the stomach[100]. In the absence of appropriate transillumination, the use of ultrasound and/or
computed tomography is recommended to exclude abnormal abdominal anatomy[101], with slow advancement
of a small-gauge anesthetic needle (e.g., the needle used
to infiltrate local anesthetic into the PEG site) through
the abdominal wall into the stomach, aspirating on the
attached syringe. A “safe tract” is established by endoscopic visualization of the needle in the gastric lumen
and simultaneous return of air into the syringe. Return
of fluid or gas into the syringe before the needle is endoscopically visualized within the gastric lumen suggests
entry into bowel interposed between the abdominal wall
and the stomach[85,97,102].
The most common clinical symptoms associated
with fistulae are watery diarrhea containing feed, or the
presence of stool around the PEG tube. Rarely, fistulae
present acutely with peritonitis, infection, fasciitis, or
failure of the formula infusion[97].
Fistulae are diagnosed using contrast agent given via
the PEG tube. Several approaches have been suggested
for fistula management, ranging from conservative re-

Prevention and treatment: Current American Society
for Gastrointestinal Endoscopy (ASGE) guidelines recommend the continuation of aspirin and non-steroidal
anti-inflammatory drugs (NSAIDs), especially in high-risk
patients, and the discontinuation of Clopidogrel therapy
in low-risk patients, and where appropriate also in individuals with a higher risk of bleeding[92]. Discontinuation
of warfarin therapy should also be considered, with the
application of unfractionated heparin as bridging thera-
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moval of the PEG tubes without laparotomy, hereby
allowing the fistula tract to close spontaneously within a
few days, to invasive exploration of the colon. Colonic
clipping has been reported by Kim et al[103]. While challenging the necessity for such a sophisticated endoscopic
intervention in this case (after only 10 d of conservative
treatment), Gyökeres et al[104] suggest that the method
may be considered an option for the closure of persistent gastrocolic fistulae associated with PEG placement.

with a new pull-type feeding tube following insertion
of a guide wire through the old tube[109]. Müller-Gerbes
et al[115] describe a minimally-invasive technique (push
method) where the inner bumper is cut by means of a
papillotome brought into the stomach from the outside
through the shortened PEG while under constant endoscopic control. Last but not least, it has been reported
that the buried tube may be safely removed simply by
external traction[111,113,116]. In cases of deep impaction or
migration into the abdominal wall, surgical intervention
in the form of laparotomy or a laparoscopic approach is
required[111,117].

Buried bumper syndrome
Incidence and causes: Buried bumper syndrome (BBS)
is a rare, mainly long-term complication of PEG, in
which the internal bolster migrates from the gastric lumen and lodges in the gastric wall (incomplete BBS) or
anywhere along the GI tract outside the gastric lumen
(complete BBS)[105-107]. It has a reported prevalence of 1.
5%-8.8%[74,88,108-111]. Though normally a late complication
(usually presenting not until at least four months postPEG), BBS has also been reported to occur as early as
21 d after PEG placement[89,94,112]. Common symptoms
include immobilization of the PEG tube, feeding difficulties or the need for more pressure when giving feeds,
peritubular leakage, complete occlusion of the tube, and
the occurrence of abdominal pain.
The main causative factor of BBS is excessive traction between internal and external bumper. Other possible contributing factors include malnutrition, poor
wound healing, weight gain due to PEG feeding, and a
stiff internal bumper (polyurethane). Diagnosis is mainly
clinical but requires endoscopy for confirmation, and
may reveal anything from simple ulceration and mucosal
overgrowth around the internal bumper to complete
outward erosion of the tube with non-visualization of
the internal bumper.

Pneumoperitoneum
Pneumoperitoneum (PNP) following PEG or JET-PEG
placement is a known finding occurring after 8%-18%[118-122]
of procedures. PNP usually has a benign and self-resolving
course which does not warrant any further intervention.
However, the recent reported higher incidence of complications requiring intervention in ICU patients with postPEG PNP suggests the need for more intensive investigation of patients with this finding[119].
Liver injury
Hepatic injury during PEG placement (e.g., transhepatic
PEG placement) occurs infrequently, but is a potentially
life-threatening and probably underdiagnosed complication[123-125]. Unexplained pain after PEG placement in
the absence of wound infection should always raise the
suspicion of liver injury. If hepatomegaly is suspected
or improper transillumination is present at the puncture
site, transabdominal ultrasound must be performed. In
addition, the tube insertion site should generally be chosen left of the upper abdominal midline and combined
with the “safe tract” technique (see above).

Prevention and treatment: To prevent BBS, it is advisable to allow an additional 1.5 cm of space between the
external bumper of the PEG tube and the skin in order
to minimize the risk of pressure-induced necrosis. Mucosal overgrowth of the inner bumper can be prevented
by mobilizing and loosening the PEG from the outside
at least every other day. The incidence of BBS is lower
in patients with PEG tubes made from Foleys urinary
catheter-type silicone tube and in patients with balloonassisted PEG-introducer devices than in routine PEG
patients and those with balloon-tipped replacement
tubes (probably because fluid inside the balloon can
regulate the pressure more effectively[113]).
Even if it is asymptomatic, buried bumper must be
removed once diagnosed, as continued bumper migration may lead to bleeding, perforation, peritonitis and
death. Various techniques can be employed to remove
the buried device and either reaccess the luminal tract
with a new tube or secure an entirely new access site:
The ‘‘needle-knife’’ technique can be used in cases of
partial or superficial burial[110,114]. Alternatively, the buried tube can be pulled out and simultaneously replaced
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Abdominal wall metastasis at the PEG site
Abdominal wall metastasis as a late complication at the
PEG site has been reported with an incidence of <
1%[126,127]. Although it is a rare complication, the malignant seeding of tumor cells is associated with an extremely poor prognosis[126]. Risk factors for abdominal
wall metastasis include primary pharyngoesophageal
cancer, squamous cell histology, less differentiated and
large-sized cancers, and an advanced cancer stage[128].
Since direct mechanical tumor implantation is the most
likely mechanism, the pull-string or direct-introducer
technique for PEG placement is preferable[55]. If these
techniques are not available, an overtube should be
used[129] or the PEG placement should be performed after surgical removal of the primary cancer[126-128].

GASTROINTESTINAL COMPLICATIONS
The most common complications observed with ETF
involve GI function[31,130-132]. These complications and
their possible causes and solutions are listed in Table 3.
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Table 3 Gastrointestinal complications of enteral nutrition; causes, prevention and treatment
Complication
Diarrhea

Cause

Prevention/treatment

Too rapid increase in amount of feed per day
Too rapid infusion rate
Feed temperature too cold
Hyperosmolar feedings (> 300 mOsm)

Observe adaptation phase
Reduce/control infusion rate
Increase to room temperature
Use isotonic feeding solution, initially
dilute hyperosmolar feeding solutions
Lactose intolerance
Use low-lactose or lactose-free diet
Fat malabsorption
Use low-fat or MCT-containing diet
Hypoalbuminemia
Use chemically defined diet and/or feed
Antibiotic therapy or medications
Review medications
Chemotherapy/radiotherapy
Prescribe antidiarrheal medications
Nausea/vomiting
Too rapid infusion rate
Reduce/control infusion rate
Bacterial contamination of formula feed/delivery Handle administration systems hygienically, change delivery equipment
equipment contamination
every 24 h, keep opened bottles of formula no more than 24 h in refrigerator
Cramps/bloating
Too rapid infusion rate
Reduce/control infusion rate
Lactose intolerance
Use low-lactose or lactose-free diet
Fat malabsorption
Use low-fat or MCT-containing diet
Regurgitation/aspiration
Gastric retention
Reduce/control infusion rate, use duodenal tubes, incline patient during
food administration
Constipation
Inadequate fluid intake
Increase fluid intake, check fluid balance
Fiber intake too low
Use fiber-containing formulas
Fecal impaction
Enemas
Electrolyte and hormonal derangement
Osmotic laxatives (lactulose 15-60 mL),
peristaltic agents (e.g., prostigmine 0.25-0.5 mg iv)
MCT: Medium-chain triglyceride.

Nausea occurs in 10%-20% of patients, while abdominal bloating and cramps from delayed gastric emptying are also common. Additional complications include
aspiration and nonocclusive bowel necrosis, which are
associated with high mortality[130,133]. In a multicenter observational study of 400 patients, Montejo et al[130] found
that 251 patients (63%) experienced one or more GI
complications during their feeding course. In a subsequent study, the same group evaluated the incidence of
GI complications in gastric- and jejunally-fed patients,
and found it to be 57% and 24%, respectively[130,134].

ing frequency, especially during antibiotic exposure (for
reviews see[136,141]). Patients receiving ETF are nine times
more likely to develop C. difficile-associated diarrhea than
matched non tube-fed patients[142]. Antibiotics can also
reduce colonic bacterial production of short chain fatty
acids from insoluble carbohydrates and fiber[143].
Hypoalbuminemia (serum albumin level < 2.5 g/dL)
has long been implicated as a cause of diarrhea as a
result of intestinal edema. However, studies aiming to
confirm this have yielded conflicting results[144].
Prevention and treatment: The early identification of
diarrhea risk factors and the development of a diarrhea
risk management algorithm are recommended. Over the
last two decades, several RCTs investigating the use of fibers in the treatment and prevention of ETF-associated
diarrhea have been carried out[136]. Results from a metaanalysis suggest fiber to be highly effective in reducing
the incidence of diarrhea in patients at increased risk (e.g.,
postsurgical, critically ill patients)[145]. However, mixed
results have been reported regarding the use of different
types of fiber (insoluble or soluble) to prevent ETF-induced diarrhea. Schultz et al[146] demonstrated the relative
effectiveness of pectin combined with an insoluble fiber
formula compared to an insoluble fiber formula alone.
The usefulness of soluble fibers for the treatment of
diarrhea during enteral nutrition has been demonstrated
only in two small studies[147,148]. Partially hydrolyzed guar
gum (PHGG) has been shown to reduce the incidence
of ETF-induced diarrhea compared with standard,
fiber-free formula in both general ward and ICU settings[147,149]. In contrast, supplementation with inulins or
fructooligosaccharide (FOS) has been shown to increase

Diarrhea
Incidence and causes: Diarrhea is the most commonly
reported GI side effect in patients receiving ETF. Depending on definition[135], diarrhea occurs in up to 30%
of patients in medical and surgical wards and more than
80% of patients in the intensive care unit (ICU)[136-139].
The pathogenesis of diarrhea in enterally-fed patients
is multi-factorial. Of those factors unrelated to the enteral formula or administration method, the use of antibiotics and/or specific medications is the most common
reason for the development of diarrhea[136,139,140]. Diarrhea may be caused either by the medication itself (e.g.,
oral magnesium or phosphate supplements, antacids,
prokinetic agents), or by the formulation in which it is
delivered. Medications containing sorbitol can cause diarrhea due to osmotic effects, while antibiotics alter the
intestinal flora, favoring the growth of Clostridium difficile
(C. difficile), E. coli and Klebsiellae. Thus, courses of antibiotic treatment should be kept as short as possible and
the use of prophylactic antibiotics limited. Pseudomembranous colitis is a complication observed with increas-
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Table 4 Randomized controlled trials measuring the impact of probiotics on enteral nutrition-related diarrhea
Ref.

Study population

Heimburger et al[204]

Alberda et al[205]
Frohmader et al[206]
Ferrie et al[207]
Barraud et al[208]
Bleichner et al[209]
Schlotterer et al[210]
Tempe et al[211]

Adults starting EN

Adults starting
EN on ICU
Adults starting
EN on ICU
Adults with diarrhea
during EN on ICU
Adults starting EN on
ICU
Adults starting EN on
ICU
Burnt adults
Adults in ICU

Treatment groups Sample size
(placebo)

Daily dose

Outcome
Probiotics

Controls

Lactobacillus
acidophilus and L.
bulgaricus
VSL#3 - live cells

41 (23)

3000 CFU/d

31% developed
diarrhea

11% developed diarrhea

10/9 (9)

9 × 1011 mg/d

23% of days with diarrhea

VSL#3

45 (25)

9 × 1011 mg/d

14%/12%1 of days
with diarrhea
0.5 liquid stools/d

L. rhamnosus GG

36 (18)
167 (80)

Saccharomyces
boulardii
Saccharomyces
boulardii
Saccharomyces
boulardii

128 (64)

4 × 1010 CFU/d

18 (9)

4 × 1010 CFU/d

40 (20)

1 × 1010 CFU/d

3.8 d duration of
diarrhea
55% developed
diarrhea
7.7% of days with
diarrhea
1.5% of days with
diarrhea
8.7% of days with
diarrhea

2.6 d duration of diarrhea

Ergyphilus

(2 × 1010 cells/d) and
inulin (560 mg/d)
(2 × 1010 CFU/d

1.1 liquid stools/d

53% developed diarrhea
9.1% of days with diarrhea
14% of days with diarrhea
16.9% of days with diarrhea

1

Viable probiotics/probiotic sonicates. VSL#3 consists of Lactobacillus casei, Lactobacillus plantarum, Lactobacillus acidophilus, Lactobacillus delbrueckii, Bifidobacterium longum, Bifidobacterium breve, Bifidobacterium infantis, and Streptococcus salivarius. Ergyphilus consists of mainly Lactobacillus rhamnosus GG, Lactobacillus casei, Lactobacillus acidophilus, and Bifidobacterium bifidum.

flatulence and bowel movement frequency in enterally
fed patients[150,151].
The fiber consensus panel of the European Society
for Parenteral and Enteral Nutrition (ESPEN) recommends supplementing ETF with PHGG to prevent ENinduced diarrhea in both ICU and postsurgical patients
(grade A recommendation)[152]. Guidelines of the American Society for Parenteral and Enteral Nutrition (ASPEN) recommend the use of PHGG in ICU patients
(grade D recommendation). However, insoluble fibers
should be avoided in all ICU patients (grade C recommendation), as their use may increase the risk of bowel
obstruction in the critically ill [9]. A recent systematic
review suggests that the use of different fiber mixtures
may be the most promising strategy for the prevention
of ETF-induced diarrhea[145].
Despite the potential for manipulation of the intestinal microflora in ETF, few studies have investigated
the effects of prebiotics or fermentable carbohydrates
on the incidence of ETF-associated diarrhea[136,153,154]. To
date, eight RCTs have assessed the impact of probiotics
in the prevention of ETF-associated diarrhea (Table 4).
Of these, five were shown to be beneficial (for review,
see[136,155]). The safety of probiotics in critically ill and/
or immunocompromised patients has, however, been
called into question following an RCT which reported
increased mortality in a group of patients with severe
acute pancreatitis who took probiotics[156]. Whelan and
Myers performed a systematic review focused on adverse
events related to probiotics in patients receiving enteral
nutrition[157]. Only 3 of 53 trials showed increased complications, which were largely non-infectious in nature
and occurred in specific patient groups (e.g., transplant
and pancreatitis). The total of 50 trials (> 4000 patients)
showed either no effect or a positive effect on outcomes

WJG|www.wjgnet.com

related to safety (e.g., mortality and infections). Thus,
in spite of contrasting evidence, it may be concluded
that the use of probiotics in enteral formula is a useful
tool in preventing ETF-associated diarrhea, but should
not be used in transplant patients or the critically ill. A
systematic approach to the management of diarrhea in
ETF patients is depicted in Figure 1.
Constipation
Constipation is less common than diarrhea during ETF,
and more prevalent in patients requiring long-term ETF.
The primary goal of constipation management in these
patients is prevention. Despite the theoretical rationale
for fiber supplementation of enteral formulae, there are
still no convincing data demonstrating the benefits of
fiber supplementation in terms of improved bowel function or prevention of constipation. A meta-analysis from
seven RCTs in the acute setting (two ICUs, three surgical
and two medical wards) showed that fiber supplementation effected at least a downwards trend in the percentage of patients reporting constipation. Furthermore, a
significant reduction in laxative use in patients receiving
fiber formula was observed in four studies[145]. In spite
of the lack of sufficient data, fiber formulae should
therefore be used at least in patients requiring long-term
ETF.

pulmonary complications
Pneumonia is a potentially life-threatening complication
which is usually a consequence of pulmonary aspiration of oral secretions or, less commonly, of gastric and
small-bowel contents. It may occur with no obvious
evidence of vomiting. Pulmonary aspiration is more
common when patients are fed with NGT in a supine
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1 Provide adequate fluids to maintain hydration and electrolyte balance

2 Reduce fluid and electrolyte losses
(1) Provide soluble fiber

(2) Change to continuous duodenal infusion

(3) Reduce rate of infusion

3 Determine etiology

Enteric pathogen or inflammation or disease process?

Yes

No

Pharmacological

Treat accordingly

Enteric pathogen

C. difficile
Salmonella
Shigella
Campylobacter
Yersinia
E. coli

Disease/inflammation

If possible, change offending medication

Malabsorption syndromes
Diabetes
Pancreatic insufficiency
Bile salt malabsorption
Fecal impaction

Antibiotics
Sorbitol-containing medications
H2 receptor blockers
Lactulose/laxatives
Magnesium-containing antacids
Potassium and phosphorus supplements
Antineoplastics
Quinidine

Diarrhea continues

Antimotility medication
Loperamide HCl or diphenoxylate HCI, atropine sulfate
codeine, paregoric, deodorized tincture of opium

Treatment worked

Treatment failed

Gradually increase the tube feeding
rate to goal as diarrhea resolves

Change to peptide-based or
elemental enteral formula

Treatment worked

Increase rate as
tolerated to goal

Treatment failed

Discontinue tube feeding and
provide PN until diarrhea resolves
deliver 0.2 L normal saline via
feeding tube

Figure 1 Management of diarrhea in enteral tube-fed patients. Adapted from reference[212].

presence of the tube across the gastric cardia[161]. It is
very common in patients with impaired consciousness or
poor gag reflexes, occurring in up to 30% of those with
tracheotomies[162] and 12.5% of neurology patients[163].

position[25,158-160] and is caused by a combination of gravitational back-flow, impairment of the lower esophageal
sphincter (LES), lack of swallow-induced LES relaxation, infrequent esophageal body contractions, and the
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symptoms soon after starting eating[178,179], and remains
an often forgotten condition. RFS is characterized by
electrolyte depletion, fluid shifts and glucose derangements that occur upon oral, enteral or parenteral reinstitution of nutrition in malnourished patients[180].

Table 5 Patients at high risk of refeeding syndrome
Patients with anorexia
Patients with chronic alcoholism
Oncology patients
Postoperative patients
Elderly patients (comorbidities, decreased physiological reserves)
Patients with uncontrolled diabetes mellitus (electrolyte depletion, diuresis)
Patients with chronic malnutrition:
Marasmus
Prolonged fasting or low energy diet
Morbid obesity with profound weight loss
High stress unfed for > 7 d
Malabsorptive syndromes (inflammatory bowel disease, cystic fibrosis,
short bowel syndrome)

Incidence: The true incidence of RFS is still not known.
The majority of reported cases are prospective and retrospective cohort studies or case series. Patients with anorexia represent the prototypical population of RFS[181],
and a recently-published multicenter study from France
reported an incidence of 10% in these patients [182].
Other common conditions associated with RFS include
hyperemesis, alcoholism, cancer, and malabsorptive syndromes such as short bowel syndrome, inflammatory
bowel disease, cystic fibrosis, and various forms of bariatric surgery[181].

Adapted from reference[188].

However, while feeding via PEG may reduce the risk of
aspiration, it will not eliminate it altogether[164], especially
in patients in whom GI motility disturbances inhibit this
route of feeding[158,165].
Since the incidence of reflux depends on the position
of the tip of the feeding tube (6% with the tube tip in
the duodenum, 4% near the ligament of Treitz, and 0.4%
distal to the ligament of Treitz), several published guidelines favor small bowel over gastric feeding in patients
who are at risk for aspiration. This applies in particular
to critically ill patients, in whom gastroduodenal atony,
caused by increased intracranial pressure, hyperglycemia
and stress, can lead to delayed or impaired gastric emptying and decreased transpyloric transport of nutrients (for
extended review see Waseem et al[161,166]). However, the
results of more than 10 controlled clinical trials[134,167-175]
are contrary and inconclusive, particularly with regard to
nasoenteral tube feeding[164,168]. Meta-analyses of these
studies have also presented conflicting views[164,176,177].
Since it has been shown that even in patients with
normal intestinal motility both naso- and gastrojejunal tubes, once correctly positioned, will be moved in
a proximal direction by the phase Ⅱ migrating motor
complex, placement of enteral nutrition tubes ≥ 40 cm
distal to the ligament of Treitz is considered the optimal
method[165,168].

Pathophysiology: The pathophysiology of RFS remains poorly understood. It occurs because the body
adapts to undernutrition by down-regulating membrane
pumping in order to conserve energy. This, in turn,
causes leakage of intracellular potassium, magnesium,
calcium and phosphate, with subsequent whole-body
depletion. Simultaneously, sodium and water also leak
into the cells.
Sudden refeeding reverses these processes and, along
with insulin, drives electrolytes into the cells, potentially
leading to a precipitous fall in circulating levels of the
aforementioned electrolytes. This may be accompanied
by an acute increase in circulating and extracellular fluid
(exogenous administration or endogenous movement of
sodium and water out of the cells). To further aggravate
the situation, undernourished kidneys have a limited capability to handle salt and water load.
Specific micronutrient deficiencies can compound
these problems. Hypophosphatemia is the hallmark of
RFS, and is responsible for significant morbidity and
even mortality[180]. It can manifest as clinical features of
RFS, e.g., rhabdomyolysis, leukocyte dysfunction, respiratory failure, cardiac failure, hypotension, arrhythmia,
seizure, coma and sudden death[183].
In adult patients, refeeding hypophosphatemia is
more common in enteral than parenteral feeding. This
may be due to the incretin effect from absorption of
glucose[184]. Cardiac arrest has been reported as a complication of RFS in patients presenting with less than
70% of prior body weight. Prolonged starvation results
in a reduction of total cardiac volume, end diastolic volume, and left ventricular mass. During RFS, ventricular
volume returns to normal while left ventricular mass remains reduced, leading to fluid retention and congestive
cardiac failure. In addition, hypophosphatemia may lead
to decreased sarcomere contractility and cause myocardial damage[185,186].

METABOLIC COMPLICATIONS
Artificial feeding may cause a variety of metabolic problems including deficiency or excess of fluids, electrolytes, vitamins and trace elements. Overhydration occurs frequently, particularly when ETF patients are also
receiving supplementary intravenous nutrition or fluids.
Furthermore, underlying metabolic diseases including
diabetes mellitus and renal or hepatic insufficiency must
be taken into account while administering ETF.
Refeeding syndrome
Refeeding syndrome (RFS) was first described in malnourished Far East prisoners of war after the Second
World War who developed cardiac and neurological
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Prevention and treatment: Awareness of RFS and identification of patients at risk are the first steps in pre-
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Table 6 Therapy and prevention of refeeding syndrome
Careful evaluation of cardiovascular system, check for any electrolyte abnormalities before initiating refeeding
In severe cases, an initial starting volume of 50%-75% of daily requirements should be used
< 7 yr old: 80-100 kcal/kg bw/d
7-10 yr: 75 kcal/kg bw/d
11-14 yr: 60 kcal/kg bw/d
15-18 yr: 50 kcal/kg bw/d
> 18 yr: 25 kcal/kg bw/d (or an average 1000 kcal/d initially)
If the initial food challenge is tolerated, caloric intake may be increased over the next 3-5 d. Each requirement should be tailored to the individual’s
needs, and the above values may need to be adjusted by as much as 30%. Frequent administration of small feeds is recommended. Feeds should
provide a minimum of 1 kcal/mL to minimize volume overload
Protein
Initial regimen for malnourished patients: 0.8-1.0 g/kg bw/d
The feed should be rich in essential amino acids, and should gradually be increased, as an intake of 1.2-1.5 g/kg bw/d is needed for anabolism to occur
Vitamins/trace elements
Thiamine, folic acid, riboflavin, ascorbic acid and pyridoxine should be supplemented, as well as the fat-soluble vitamins A, D, E, and K
300 mg thiamine should be given Ⅳ at least 30 min. before refeeding is initiated, and should be continued with 100 mg iv for at least 7 d. Later on,
oral thiamine can be supplemented as 100 mg tablets
Iron should be supplemented iv according to the Ganzoni formula {iron deficit (mg) = bw (kg) × [(target Hb - actual Hb (g/L )] × 2.4 + depot iron (500 mg)}
Minerals
Sodium should be restricted (about 1 mmol/kg bw/ or 1.5 g/d), but liberal amounts of phosphorus, potassium and magnesium should be given to
patients with normal renal function
Magnesium (normal range: 0.8-1.6 mmol/L )
Mild to moderate hypomagnesemia (0.5-0.7 mmol/L )
→Initially 0.5 mmol/kg bw/d over 24 h iv, then 0.25 mmol/kg bw/d for 5 d iv
Maintenance requirement
→0.2 mmol/kg bw per day iv or 0.4 mmol/kg bw per day orally
Phosphate (normal range: 0.85-1.40 mmol/L)
Mild hypophosphatemia (0.6-0.85 mmol/L)
→0.3-0.6 mmol/kg bw per day orally
Moderate hypophosphatemia (0.3-0.6 mmol)
→0.3-0.6 mmol/kg bw per day orally
Severe hypophosphatemia (< 0.3 mmol/L )
iv supplementation with either potassium phosphate or sodium phosphate (e.g., 0.8 mmol/kg bw monobasic potassium phosphate in half-normal
saline by continuous infusion over 8-12 h)
Plasma phosphate, calcium, magnesium and potassium should be monitored, and the infusion should be stopped once plasma phosphate
concentration exceeds 0.30 mmol/L
Adapted from references[185,191].

venting refeeding problems[187]. Any patient with no or
negligible food intake for more than five days is at risk
of developing refeeding problems. High-risk patients
include the chronically undernourished and those who
have diminished physiological reserves and/or are critically ill[188]. Table 5 summarizes criteria from the National
Institute for Health and Clinical Excellence (NICE) for
the identification of patients at high risk of RFS. Recommendations for therapy and prevention are shown in
Table 6.
Despite the lack of high level (level A/B) recommendations, overall consensus favors the gradual introduction and advancement of feeding over several days while
closely monitoring electrolytes and - to a lesser extent
- vitamins and trace elements. Serum phosphate, magnesium, calcium, potassium, urea, and creatinine concentrations should be measured before feeding and repeated
daily during the first week after feeding is started.
Caloric intake should generally start with approximately 1000 kcal or 10-15 kcal/kg (25%-50% of estimated requirements) daily, particularly during the first week
of refeeding, and be increased by approximately 20%
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daily until the determined goal is reached. The average
weekly weight gain, particularly in extremely undernourished patients (e.g., anorexia nervosa) should not exceed
0.5 kg/wk[189,190]. If hypophosphatemia occurs (< 0.50
mmol/L), it should be corrected with 50 mmol intravenous phosphate over 24 h[185,186,191,192].
In the case of mild to moderate hypomagnesemia
(0.5-0.7 mmol/L), 1 g magnesium should be given every
6 h intravenously. Should severe, clinically symptomatic hypomagnesemia occur, 8-12 g magnesium must
be given daily in divided doses and serum magnesium
monitored every 8-12 h[181,193].
Few data are available regarding optimal vitamin and
trace element supplementation. Some authors recommend 300 mg of thiamine (parenteral or enteral) before
starting refeeding and 100 mg daily thereafter. In the
presence of Wernicke’s encephalopathy, even higher
doses of thiamine (500-750 mg) may be warranted[193].
In order to avoid fluid overload, fluid repletion
should be carefully controlled. Some authors have recommended initial fluid and sodium restriction to prevent
congestive heart failure[189].
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Center Rhein-Main) for proofreading and language support.

ROLE OF NUTRITION SUPPORT TEAMS
Although still limited in number, studies of team vs nonteam enteral management provide clear evidence for the
positive effects of an organized multidisciplinary approach using protocols and recommendations based on
published guidelines[194]. A study in a community hospital
showed that management of ETF patients by a nutrition support team (NST) was associated with reductions
in mortality rate, length of hospital stay and readmission rate[195]. In a prospective study comparing team vs
non-team management of ETF patients at a Veterans
Administration Medical Center, Powers and colleagues
demonstrated that the former reduced complications
and improved patients’ nutrition status[196]. This finding
was confirmed at a university teaching hospital[197]. In
addition, cost-utility analyses of patients receiving ETF
either as hospitalized patients or as outpatients have
demonstrated a significant lowering of healthcare costs
through the reduction of metabolic and mechanical
complications[198-201].
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ORIGINAL ARTICLE

High fat diet feeding results in gender specific
steatohepatitis and inflammasome activation
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RESULTS: There was no insulin resistance, steatosis,
or inflammasome activation at 6 wk. In contrast, at
16 wk we found significant insulin resistance demonstrated by impaired glucose and ITT in male, but not
female mice. In males, elevated alanine aminotransferase and triglyceride levels, indicated liver damage
and steatosis, respectively. Increased liver TNFα and
monocyte chemoattractant protein-1 mRNA and protein, correlated with steatohepatitis. The inflammasome
components, adaptor molecule, Aim2, and NOD-like
receptor 4, increased at the mRNA level, and functional
inflammasome activation was indicated by increased
caspase-1 activity and IL-1β protein levels in male mice
fed a long-term HFD. Male mice on HFD had increased
α-smooth muscle actin and pro-collagen-1 mRNA indicating evolving fibrosis. In contrast, female mice displayed only elevated triglyceride levels, steatosis, and
no fibrosis.

Abstract
AIM: To develop an animal model that encompasses
the different facets of non-alcoholic steatohepatitis
(NASH), which has been a challenge.

CONCLUSION: Our data indicate gender differences in
NASH. Male mice fed a long-term HFD display steatohepatitis and inflammasome activation, whereas female
mice have steatosis without inflammation.

METHODS: In this study, we used a high fat diet (HFD)
feeding supplemented with fructose and sucrose in
the water mimicking the high-fructose corn syrup that
is abundant in the diet in the United States. We used
C57Bl/6 wild-type mice for short and long-term feedings of 6 and 16 wk respectively, and evaluated the extent of liver damage, steatosis, and inflammasome activation. Our methods included histopathological analysis
to assess liver damage and steatosis, which involved
H and E and oil-red-o staining; biochemical studies to
look at ALT and triglyceride levels; RNA analysis using
quantitative polymerase chain reaction; and cytokine
analysis, which included the enzyme-linked immunosorbent assay method to look at interleukin (IL)-1β and
tumor necrosis factor-α (TNFα) levels. Furthermore,
at each length of feeding we also looked at insulin re-
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Core tip: Our work shows that there are gender differences in the development of non-alcoholic steatohepatitis. We used a high fat diet feeding supplemented
with fructose and sucrose in mice, to mimic the highfructose corn syrup that is abundant in the western
diet. There is preferential steatohepatitis and inflammasome activation in male mice, whereas female mice
display steatosis without inflammation.
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care were followed. Male and Female C57Bl/6 wild-type
mice that were 8-10 wk old (n = 10 per group) (Jackson
Laboratory) were fed either a control chow diet or a
high-fat, high-carbohydrate diet [Surwit diet (58% kcal %
fat); Research Diets, New Brunswick, NJ, United States]
with drinking water supplemented with a high-fructose
corn syrup equivalent consisting of a total of 42 g/L of
carbohydrates at a ratio of 55% fructose (Acros Organics, Morris Plains, NJ, United States) and 45% sucrose
(Sigma-Aldrich, St. Louis, MO, United States) by weight,
based on the study by Kohli et al[21]. The mice were given
ad libitum access to the food for 6 or 16 wk.

Ganz M, Csak T, Szabo G. High fat diet feeding results in gender
specific steatohepatitis and inflammasome activation. World J
Gastroenterol 2014; 20(26): 8525-8534 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8525.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8525

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) affects approximately one third of the Western population and
75% of obese individuals[1,2]. It has become the most
common cause of elevated liver enzymes in the Western
world and will continue to be on the rise with the obesity epidemic[3-6]. The spectrum of NAFLD ranges from
simple steatosis, which consists of intracellular lipid accumulation resulting in a fatty liver, to non-alcoholic steatohepatitis (NASH), which is characterized by the presence of inflammatory cells and necroinflammation, and
fibrosis that develops in 20% of patients with NASH.
These patients can progress to cirrhosis and hepatocellular carcinoma[1,7-9]. Factors determining the progression
of NAFLD and strategies for effective treatment remain
elusive. NASH is two to three times more common in
men than women until after the age of 60, after which
the prevalence is higher in women[10]. In animal models,
there has been a lack of consensus as to the role of gender on the development of NAFLD[11-13].
The progression of NAFLD is centered around inflammation, and inflammasomes are major contributors
to this process. Inflammasomes are intracellular multiprotein complexes that sense endogenous and exogenous
danger signals through NOD-like receptors (NLRs)[14-16].
Components of intracellular inflammasome complexes
are the sensors (Aim2, NLRP3 or NLRC4), adaptor molecule (ASC), and pro-caspase-1[14,17]. Inflammasome activation results in cleavage of pro-caspase-1 to activated
caspase-1, which promotes cleavage and activation of
pro-inflammatory cytokines [pro-interleukin-1β (pro-IL1β) and pro-IL-18] resulting in a sustained inflammatory
response[18,19]. It has been shown that the methioninecholine deficient (MCD) diet, induces significant upregulation of the NACHT, LRR, and PYD domainscontaining protein 3 (NALP3) inflammasome, and that a
9-mo HFD feeding can also cause NALP3 activation[20].
In this study, we performed a HFD feeding for a
short-term (6-wk) and long-term (16-wk) duration that
included both male and female mice. Our data demonstrates that steatohepatitis and inflammasome upregulation and activation are observed in male mice, but not
female mice, after a 16-wk HFD feeding.

Biochemical analysis and cytokine measurements
Serum alanine aminotransferase levels were measured
using a kinetic method (D-TEK, Bensalem, PA, United
States), and liver triglyceride levels were determined using an L-type triglyceride H kit (Wako Chemicals United
States, Inc., Richmond, VA, United States). Mouse IL1β enzyme-linked immunosorbent assay (ELISA) kit was
purchased from R and D Systems (Minneapolis, MN).
Mouse TNF-α kit was purchased from BD Bioscience
(San Jose, CA, United States), monocyte chemoattractant
protein 1 (MCP-1) ELISA kit was purchased from Biolegend (San Diego, CA, United States).
Histopathological analysis
Sections of formalin-fixed livers were stained with
hematoxylin-eosin. Frozen samples were also stained
with Oil-Red-O that were made at the optimal cutting
temperature. Slides were analyzed using microscopy using
Image J and Microsuite (Olympus Soft Imaging Solutions
GmbH, Munster, Germany).
Glucose tolerance tests
Glucose levels were measured after 14 wk feeding following an overnight fast. Mice were injected IP with 40%
glucose (Sigma, St. Louis, MO, United States) at 2 mg/kg
body weight and glucose levels were obtained at 0, 30, 75,
120 and 180 min. Blood samples were obtained by tail
nick and glucose levels were measured using a GlucCell
glucose monitor and strips. A subset of mice had blood
collected by facial vein puncture at time point 0 and
30 min for serum insulin measurement using a mouse
enzyme-linked immunosorbent assay kit (ALPCO, Salem,
NH, United States).
Insulin tolerance tests
After 15 wk of feeding and after an overnight fast, mice
were injected IP with 0.75 U/kg body weight of recombinant human insulin (Novolin, Novo Nordisk, Bagsvaerd, Denmark). Glucose levels were measured in the
same way as in the glucose tolerance tests (GTT) at time
points 0, 30, 75 and 120 min following insulin injection.

MATERIALS AND METHODS
Animal studies
This study was approved by the Institutional Animal
Care and Use Committee of the University of Massachusetts Medical School. Principles of laboratory animal
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RNA analysis
RNA was purified using a RNeasy kit (Qiagen Sciences,
Germantown, MD, United States) with the on-column
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Figure 1 Effect of high fat diet feeding on body weight. Male and female C57Bl/6 mice were fed with either a high fat diet (HFD) supplemented with sucrose and
fructose in the drinking water, or with a control chow diet for 6 or 16 wk. Body weights were recorded during both the short-term (6 wk, A), and long-term (16 wk, B)
feedings. bP < 0.01 vs chow fed controls, n = 10/group.

DNA digestion (Qiagen Sciences, Germantown, MD,
United States). Complementary DNA was transcribed
using a reverse-transcription system (Promega Corp.,
Madison, WI, United States). Real-time quantitative polymerase chain reaction (qPCR) was performed with an
iCycler (Bio-Rad Laboratories, Inc., Hercules, CA, United
States) using SYBR Green as the detector of doublestarted DNA, as previously described[22].

mice on a long-term HFD diet showed no significant
difference in glucose levels at any time point following
glucose injection compared to controls (Figure 2B).
Insulin tolerance test was also performed one week
prior to euthanasia. In the short-term feedings, male
mice had significantly increased glucose levels compared
to chow fed mice at the 120-min time point (Figure 2C),
whereas female mice had no difference in glucose levels
between the groups at any time point (Figure 2D). In the
group that received a long-term HFD, males had significantly higher glucose levels at all time points following
insulin injection compared to chow fed males (Figure
2E), whereas females had no difference in glucose levels
compared to chow fed controls (Figure 2F).
Serum insulin levels before and 30 min after glucose
injection showed no significant difference in either gender after a 6-wk HFD feeding compared to chow fed
controls (Figure 3A and B). In contrast, insulin levels
were elevated in long-term HFD male mice 30 min after
glucose injection compared to chow fed controls (Figure
3C). No change in insulin levels were detected in female
mice fed the long-term HFD (Figure 3D).

Caspase activity assay
Caspase-1 activity was determined using freshly prepared
whole liver lysates with a colorimetric assay. The analysis
was based on the cleavage of the WEHD-pNA (TrpGlu-His-Asp-p-nitroanilide) substrate (R and D Systems,
Minneapolis, MN, United States).
Statistical analysis
Statistical significance was determined using the nonparametric Kruskal-Wallis test and the Mann-Whitney test
when appropriate. Data are presented as means and standard errors and are considered statistically significant for
P ≤ 0.05.

Long-term HFD feeding results in steatohepatitis in male
mice, but only steatosis in female mice
To assess liver steatosis and inflammation, liver sections
were evaluated histologically using hematoxylin and eosin
and Oil-Red-O staining. Neither gender showed changes
in histology after a short-term (6-wk) HFD feeding compared to chow diet (data not shown). However, both male
and female mice undergoing a long-term HFD feeding
had significantly more micro and macrovesicular steatosis
than chow fed controls (Figure 4A and B). Steatosis was
further evaluated by triglyceride levels in the liver. Both
male and female mice had significantly elevated liver
triglyceride levels compared to chow fed mice at 16 wk
(Figure 4C). However, male mice on a long-term HFD
had higher triglyceride levels than female mice on the
same diet (Figure 4C).
Liver damage was assessed by alanine aminotrans-

RESULTS
Long-term HFD results in increased body weight and
insulin resistance
Male mice fed a short-term 6-wk HFD gained significantly more weight than chow-fed controls. Female mice
did not gain significant weight on the HFD compared
to chow fed mice at 6 wk (Figure 1A). In contrast, at 16
wk, both male and female mice gained significantly more
weight on a HFD than chow fed mice (Figure 1B).
GTT were performed on a subset of mice one week
before being euthanized. There was no difference in glucose levels following glucose injection at any time point
in male or female mice after a short-term HFD (data not
shown). In mice fed a long-term HFD, males showed
significantly higher glucose levels 180 min after glucose
injection than those on a chow diet (Figure 2A). Female
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Figure 2 High fat diet results in insulin resistance in male mice after 16 wk high fat diet feeding. Male and female mice were fed with either high fat diet (HFD)
or chow diet for 6 or 16 wk. Glucose tolerance test (GTT) was performed: glucose levels were measured 0, 30, 75, 120 and 180 min after ip glucose injection in male (A)
and female mice (B) fed with HFD for 16 wk. Insulin tolerance test (ITT) was performed: glucose levels were measured 0, 30, 75 and 120 min after ip insulin injection
in male and female mice fed with HFD for 6 wk (C and D, respectively) or 16 wk (E and F, respectively). aP < 0.05, bP < 0.01 vs chow fed controls, n = 5/group, P = 0.03
vs chow fed controls in GTT-males, 16 wk, n = 5/group.

ferase (ALT) levels. No change in ALT levels in either
gender was noted after a short-term HFD feeding (data
not shown). Following a 16-wk HFD, male mice showed
significantly higher levels of ALT than chow fed controls,
whereas no significant change in ALT was noted in the
long-term female HFD group (Figure 4D).
Next, we evaluated the presence of inflammation in
the liver. There was no change in protein levels of tumor
necrosis factor-α (TNFα) in the livers of either male or
female mice in the short-term HFD group (Figure 5A).

WJG|www.wjgnet.com

In the livers of long-term HFD males, TNFα mRNA
levels were increased approximately 4-fold, whereas no
significant change was noted in the females (Figure 5B).
A similar trend was seen in TNFα protein levels in the
liver, with a 2-fold increase in the long-term HFD males,
and no increase in the long-term HFD females (Figure
5C). MCP-1 is a chemokine that contributes to steatosis
and inflammatory cell infiltration. In a pattern similar to
TNFα, no change in levels of MCP-1 protein was seen
in mice fed a short-term HFD compared to chow-fed
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Figure 3 Elevated insulin levels in male mice after long-term high fat diet feeding. Insulin levels were measured using enzyme-linked immunosorbent assay
prior to and 30 min after glucose stimulation in males (A) and females (B), following a short-term high fat diet (HFD) feeding, and males (C) and females (D), after a
long-term HFD feeding. aP < 0.05 vs chow fed controls, n = 5/group.

controls (Figure 5D). MCP-1 mRNA levels in the liver
were increased in the long-term HFD males compared to
chow fed mice, whereas no change was noted in the longterm HFD females (Figure 5E). Long-term HFD male
mice showed a 2-fold increase in MCP-1 protein in the
liver compared to chow-fed mice, whereas no change in
MCP-1 protein was seen in female mice (Figure 5F).

evation in mRNA levels of both α-smooth muscle actin
(αSMA) (Figure 7A) and pro-collagen-1 (Figure 7B) are
seen in male mice who received long-term HFD feeding,
whereas no significant change was seen in females compared to chow fed controls. Because of the early stage
of fibrosis, we found no increase in αSMA protein levels
(data not shown).

Inflammasome components are upregulated and
activated in male mice following a long-term HFD, but
not females
We evaluated inflammasome activation only in the longterm 16-wk HFD feeding based on previous studies that
a longer feeding is needed for inflammasome activation[20]. We found an increase in mRNA in components
of the inflammasome only in male mice fed a long-term
HFD, including ASC, Aim2, and NLRC4 (Figure 6A and
B). Inflammasome activation was indicated by increased
caspase-1 activity (Figure 6C) and increased total IL-1β
protein levels (Figure 6D) in the liver of male mice fed a
long-term HFD.

DISCUSSION
NASH has become a global epidemic and continued
research into the pathogenesis resulting in inflammation
and steatosis requires a robust animal model, which has
remained a challenge[23]. Here we show that mice fed a
HFD supplemented with fructose and sucrose in the
drinking water for 16 wk, results in steatohepatitis and
moderate activation of the inflammasome pathway in
male, but not female, mice.
Our study evaluated gender differences on the degree
of inflammation, steatosis, and fibrosis between male and
female mice fed a high fat diet enriched in fructose and
sucrose for 6 or 16 wk. We found evidence of steatohepatitis in male mice fed a long-term HFD as demonstrated
by an increase in ALT, triglycerides, TNFα, and MCP-1,
whereas in females only an increase in triglycerides was
seen, consistent with the presence of steatosis, but no

Fibrosis markers are elevated in males who received
long-term HFD
Because liver inflammation can trigger fibrosis, fibrotic
markers were evaluated in mice fed a long-term HFD. El-
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Figure 4 Long-term high fat diet feeding results in steatohepatitis in male mice, and steatosis in female mice. Male and female mice were fed with either high
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steatohepatitis. Several studies have investigated gender
on the role of NAFLD progression with no consistent
outcome. Kamada et al[13] show that estrogen plays a
role in protection of liver injury following high fat diet,
whereas another group showed that there was no protection in MCD diet induced steatohepatitis in female mice
that received an ovariectomy or antiestrogen treatment[11].
Yet another study showed that female mice fed a chow
diet supplemented with 30% fructose in the drinking water, displayed more pronounced inflammation than male
mice[12]. In terms of other liver diseases in humans, men
are about three to five times more likely than women
to develop hepatocellular carcinoma (HCC)[24]. The underlying mechanism leading to a decreased incidence in
women is thought to be due to estrogen suppression of
IL-6 in Kupffer cells[25] and due to increased androgen

WJG|www.wjgnet.com

receptor signaling by testosterone in men, resulting in increased hepatocyte proliferation[26]. Furthermore, studies
have shown that the male gender is an independent risk
factor in the progression of cirrhosis[27,28], and that young
women have the lowest rate of developing cirrhosis from
chronic hepatitis C[29]. Further studies need to be done
looking into the differences of liver injury in males and
females. Our study in mice indicates gender differences
that were dependent on the length of HFD feeding and/
or the estrogen status of female mice.
Previous work has shown that various high fat diet
feedings induce the inflammasome and that knock-outs
of parts of the inflammasome pathway can result in
protection from HFD induced obesity[20,30]. Both upregulation of inflammasome expression and activation
occurred in male mice after 16 wk. We show that there
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acids result in inflammasome activation[20].
The limitation of existing animal models of NASH
that are based on genetic modifications and no single
model captures the different aspects of human fatty liver
disease[23,32,33]. MCD extensively used in our previous
studies results in severe steatohepatitis in a short period
of time[20,34], however in contrast to human fatty liver
disease, mice lose weight and lack insulin resistance[23]. To
use a model that results in steatohepatitis, in addition to
weight gain and insulin resistance, we chose HFD model
consisting mainly of medium chain hydrogenated saturated trans fatty acids supplemented with fructose and
sucrose in the drinking water, similar to the high-fructose
corn syrup that is so widespread in the United States[21].
Of note, there has been a wide variety in the extent of

is an increase in mRNA in parts of the inflammasome
pathway, including ASC, Aim2, and NLRC4, as well as
an increase in caspase-1 activity and IL-1β protein in the
liver, after a 16-wk HFD feeding in male mice, whereas
mice fed a HFD for 9 mo, show an increase in mRNA
in all parts of the NALP3 inflammasome (NALP3,
ASC, Caspase-1, Pannexin, and IL-1β)[20]. This finding
suggests that longer access to a HFD is required to obtain complete inflammasome activation and thus more
inflammation and liver damage. Another possibility is
that changing the composition of the diet could result
in more extensive liver damage and fibrosis, such as the
combination of dietary fat and dietary cholesterol[31]. It is
conceivable that changes in fatty acid composition due to
the diet affects inflammation, for example saturated fatty
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inflammation and steatosis seen in high fat diet feedings.
Some groups have shown fibrosis after only 6 wk of
feeding[35], whereas others have needed 24 wk or longer
to see fibrosis[36,37]. This variation could be due to variances in the composition of the diet and in differences in
gut microbiota in the mice in each individual study.
In summary, our data shows that gender differences
exist in the development of steatohepatitis and inflammasome activation following a long-term high fat diet
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feeding. Male mice display steatohepatitis in addition to
inflammasome upregulation and activation, whereas female mice develop steatosis and do not show activation
of the inflammasome pathway.
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to-lymphocyte ratio and neutrophil-to-lymphocyte ratio,
and amylase content in the drain fluid were compared
using the receiver operating characteristic (ROC) curve
and multivariable analyses. A scoring system for the
prediction of clinically relevant POPFs was created using
five risk factors identified in this study, and its diagnostic performance was also evaluated.
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RESULTS: Over time, 77 (50%) of 153 enrolled patients followed a protracted course and were categorized as having clinically relevant POPFs. ROC curve
analyses revealed that changes in CRP levels from POD
1 to POD 3 had the greatest area under the curve value
(0.767) and that an elevated CRP level of 28.4 mg/L
yielded the most optimal predictive value for clinically
relevant POPFs. Multivariable analyses for the risk factors of clinically relevant POPFs identified invasive carcinomas of the pancreas and elevation of the CRP level
(≥ 28.4 mg/L, from POD 1 to POD 3) as independent
diagnostic factors for clinically relevant POPFs (OR 2.94,
95%CI: 1.08-8.55, P = 0.035 and OR 4.82, 95%CI:
1.25-20.2, P = 0.022, respectively). A gradual increase
in the prevalence of clinically relevant POPFs in proportion to the risk classification score was confirmed. A
highly elevated CRP level and a risk score ≥ 8 were
significantly associated with a prolonged duration of
drain placement and postoperative hospitalization.

Abstract
AIM: To identify sensitive predictors of clinically relevant postoperative pancreatic fistula (POPF) at the
acute phase after pancreatectomy.
METHODS: This study included 153 patients diagnosed as having POPFs at postoperative day (POD) 3
after either open pancreatoduodenectomy or distal pancreatectomy between January 2008 and March 2013.
The POPFs were categorized into three grades based
on the International Study Group on Pancreatic Fistula
Definition, and POPFs of grades B or C were considered
to be clinically relevant. The predictive performance
for the clinically relevant POPF formation of values at
PODs 1, 3 and 5 as well as time-dependent changes in
levels of inflammatory markers, including white blood
cell count, neutrophil count, total lymphocyte count,
C-reactive protein (CRP), procalcitonin level, platelet-

WJG|www.wjgnet.com

CONCLUSION: A steep rise in the serum CRP level
from POD 1 to POD 3 was a highly predictive factor for
subsequent clinically relevant POPFs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatectomy; Pancreatic fistula; Prediction; Inflammatory marker; C-reactive protein
Core tip: The diagnostic performance of inflammatory
markers and amylase content in drain fluid were com-
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or deteriorates into severe leakage, thereby influencing
the clinical course.
Predicting clinically relevant POPFs is often difficult because the amylase content in the drained fluid
does not always represent the actual conditions of leakage[12,13]. Numerous pre- or intraoperative risk factors
for postoperative POPFs have been reported: a soft
pancreas, a small main pancreatic duct, a fatty pancreas,
malnutrition, and obesity[14-18]. Nevertheless, physicians
frequently vacillate on whether or not a POPF becomes
prolonged after pancreatectomy. The prediction of the
course of POPFs during the early postoperative phase
(i.e., POD 3) would enable the appropriate selection
from two contrary treatment strategies: the early removal
of drainage tubes or retention of the tubes accompanied
by scrutiny of the abdomen by imaging studies or the
administration of broad-spectrum antibiotics and the
use of somatostatin analogs. The early removal of drainage tubes in patients with clinically irrelevant POPFs and
the early recovery of patients from clinically relevant
POPFs through optimal management would both lead
to shortened hospitalizations.
In terms of monitoring inflammation, measurement
of the white blood cell (WBC) count, neutrophil count,
total lymphocyte count (TLC), C-reactive protein (CRP)
levels, and procalcitonin levels, as well as being alert to
the presence of the systemic inflammatory response syndrome (SIRS), have been in widespread use[19-21]. Once a
POPF is aggravated, pancreatic fluid leaks into the abdominal cavity and causes local inflammation, secondary
infection and, eventually, expansion to a systemic inflammatory response. Thus, the hypothesis that inflammatory markers represent the “momentum” of subsequent
POPFs was raised because POPFs induce local and systemic inflammatory responses. No reports have evaluated
the associations between the time-dependent changes
of postoperative inflammatory markers and the subsequent course of POPF focusing on patients diagnosed as
having POPFs at POD 3. To test the hypothesis and to
identify sensitive diagnostic factors of clinically relevant
POPFs, the inflammatory markers in patients who underwent pancreatectomy were investigated at the acute phase
of the postoperative course over time, and their diagnostic values for POPF aggravation were evaluated.

pared to identify sensitive predictors of clinically relevant postoperative pancreatic fistulas (POPFs) at the
acute phase after pancreatectomy. Receiver operating
characteristic curve analyses revealed that the changes
in C-reactive protein (CRP) levels from postoperative
day (POD) 1 to POD 3 had the greatest area under the
curve value for clinically relevant POPFs. Multivariable
analyses identified increased elevation of the CRP level
as an independent diagnostic factor for clinically relevant POPFs. A steep rise in the CRP level was a highly
diagnostic factor for clinically relevant POPFs and may
be helpful in selecting the appropriate management for
POPFs.
Kanda M, Fujii T, Takami H, Suenaga M, Inokawa Y, Yamada
S, Kobayashi D, Tanaka C, Sugimoto H, Koike M, Nomoto S,
Fujiwara M, Kodera Y. Novel diagnostics for aggravating pancreatic fistulas at the acute phase after pancreatectomy. World J
Gastroenterol 2014; 20(26): 8535-8544 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8535.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8535

INTRODUCTION
In general, pancreatectomy is recognized to be a highly
invasive surgery. Despite recent advances in surgical
methodologies, devices and perioperative management,
pancreatectomy is associated with a mortality of approximately 5% and a morbidity of 35%-60%[1,2]. The
incidence of postoperative pancreatic fistulas (POPFs),
a surgical complication of particular concern, has been
reported to be 20%-40% after pancreatoduodenectomy
and 30%-55% after distal pancreatectomy, thereby having
a decisive influence on the clinical course after pancreatectomy[3-6]. Diverse anastomotic procedures, treatment
of the pancreatic stump, and the administration of somatostatin analogs have been evaluated by randomized
clinical trials with the aim of reducing the prevalence of
POPFs[7-9], but they have not been associated with appreciable improvement.
The aggravation of POPFs can lead to prolonged
hospitalization, burgeoning costs of medical treatment,
and development into fatal conditions, such as sepsis through abdominal abscesses and intra-abdominal
hemorrhages from ruptured aneurysms[4,5]. In addition,
clinically relevant POPFs have been reported to be risk
factors for peritoneal recurrences[10]. Thus, management
of POPFs is a high-priority issue in pancreatic surgery.
Sensitive diagnostic factors of clinically relevant POPF
are needed to identify high-risk patients and strengthen
measures aimed at preventing the aggravation of POPFs.
The clinical stratification of POPFs was established by
the International Study Group on Pancreatic Fistula
Definition (ISGPF) in 2005[11]. The presence or absence
of POPFs can be determined at postoperative day (POD)
3 by the amylase content in the drained fluid. The most
important issue is whether the POPF subsides promptly
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MATERIALS AND METHODS
Ethics
This study conforms to the ethical guidelines of the
World Medical Association Declaration of HelsinkiEthical Principles for Medical Research Involving Human Subjects. Written informed consent for the surgery
and the usage of clinical data, as required by the Review
Board of Nagoya University (Nagoya, Japan), was obtained from all patients.
Patient characteristics and surgical procedure
Between January 2008 and March 2013, 337 major pan-
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createctomies (i.e., pancreatoduodenectomy, distal pancreatectomy and total pancreatectomy) were performed
at the Department of Gastroenterological Surgery of
Nagoya University. Of these, 23 patients who underwent
total pancreatectomy were excluded. Patients without
POPFs were excluded because the principal purpose of
the current study was to identify the diagnostic factors
of aggravation among patients with POPFs. Additionally,
patients with postoperative infectious complications, such
as wound infection and pneumonia, which might influence the inflammatory status, were excluded. Ultimately,
153 patients who were diagnosed as having POPFs at 3
d after pancreatoduodenectomy or distal pancreatectomy
were enrolled. The preoperative backgrounds of the patients, intraoperative conditions, and postoperative course
(POPF severity, duration of placement of drainage tube,
and postoperative inflammatory markers) were investigated to identify sensitive diagnostic factors of clinically
relevant POPFs.
For pancreatoduodenectomies, pancreatic reconstruction was performed by a direct anastomosis between the
pancreatic duct and mucosal layer of the jejunal loop. Except for patients with a remarkably dilated main pancreatic duct, a stent tube was inserted into the pancreatic duct.
Adhesion of the jejunal wall and the pancreatic stump by
one-layer sutures was added[22,23]. Silastic flexible drains
(Blake® drain, Ethicon, Somerville, NJ, United States)
were placed at the anterior and posterior surfaces of the
pancreatojejunostomy and choledochojejunostomy. For
distal pancreatectomies, closure of the main pancreatic
duct was performed using a continuous suture. Silastic
flexible drains were placed at the anterior and posterior
surface of the pancreatic stump.

sugar level was routinely monitored, and appropriate
levels were maintained (70 mg/dL ≤ blood-sugar level
< 200 mg/dL). The amylase content in the discharge
from the closed-suction drains was examined at PODs
1, 3 and 5. Continuous low pressure suction was applied
to the abdominal drains to minimalize the fluid cavity
through POD 4. Abdominal drains were removed at
POD 4 in patients without POPFs or replaced as needed
until a cure of the POPFs was confirmed in patients with
POPFs. Abdominal ultrasonography was performed as
needed postoperatively. Percutaneous drainage or the
replacement of tubes was employed when signs of inadequate drainage were found.
Evaluation of inflammatory markers
Blood examinations were conducted routinely before surgery and at PODs 1, 3 and 5. The inflammatory markers
included the WBC, neutrophil count, TLC, platelet count,
and CRP, procalcitonin and serum amylase levels. The
procalcitonin level was tested routinely only at POD 3.
In addition to the markers mentioned above, the plateletto-lymphocyte ratio and neutrophil-to-lymphocyte ratio
were calculated. Time-dependent changes of these factors were also investigated. As indications of systemic
inflammatory status, the duration of a high fever (≥
38 ℃), SIRS, and the use of catecholamines were evaluated. The amylase content and bacterial culture in the
drain fluids were also examined at PODs 1, 3 and 5 or
until drain removal.
To identify the appropriate cutoff value of each
marker and time-dependent changes, analyses of receiver
operating characteristic (ROC) curves were conducted.
The diagnostic performance of inflammatory markers
for clinically relevant POPFs was compared using optimal cutoff values determined by analyses of the ROC
curves. Selected markers with known risk factors for
POPFs were included in the multivariable analyses. Moreover, the influence of the selected diagnostic factors on
the duration of drain placement and hospitalization was
evaluated.

Definition of pancreatic fistula
Patients were categorized as having developed a grade A,
B or C fistula based on the definitions of the ISGPF[11].
Briefly, POPFs were categorized into three grades: biochemical leak without peripancreatic fluid collection,
defined as output containing pancreatic amylase on or
after the third postoperative day from an operatively
positioned drain with a pancreatic amylase level more
than three times the upper serum reference value (grade
A); leaks with changes in management and a delay of
discharge from the hospital (grade B); and leaks that required percutaneous drainage of a fluid collection or reexploration for critically ill patients and were associated
with an extended stay in the hospital (grade C). POPFs
of grades B or C were considered to be clinically relevant
POPFs in this study.

Risk classification scale for clinically relevant POPFs
A scoring scale for prediction of clinically relevant
POPFs was introduced using the risk factors identified
in the present study, and the diagnostic performance was
evaluated. Parameters that demonstrated significant associations with clinically relevant POPFs in univariate analyses were included in this scoring scale. Then, individual
scores were allocated to each parameter in accordance
with their odds ratios.
Further evaluation of potent factors
The sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratio of a positive result
and likelihood ratio of a negative result for clinically relevant POPFs were further evaluated among the potent
factors identified in this study to compare diagnostic
performance. The CRP level on POD 3, increased eleva-

Perioperative management
Cephalosporin was administered immediately before
surgery and every 3 h during surgery. In all patients, the
administration of antibiotics and H2 blockers was continued routinely thorough POD 3. Oral intake was started
routinely 5 d after surgery unless postoperative complications, such as delayed gastric emptying, occurred. Blood-
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matory disease (e.g., cholangitis or pancreatitis) before
surgery, suggesting that the postoperative inflammatory
status was assessed accurately. All patients were afebrile,
and the CRP levels were < 20 mg/L preoperatively. The
postoperative mortality rate was 0%. Eventually, 77 (50%)
of the 153 enrolled patients followed a protracted course
and were categorized as having clinically relevant POPFs.
There was no significant difference in the incidence rate
of clinically relevant POPFs between the patients who
underwent pancreatoduodenectomy and the patients who
underwent distal pancreatectomy (54% vs 42%, respectively, P = 0.151).

Table 1 Demographics and clinical characteristics of 153
patients n (%)
Characteristic
Age (yr), mean (range)
Male/female
Preoperative symptom(s)
Diabetes mellitus (preoperative )
History of pancreatitis
Body mass index, mean ± SD
Procedure
Pancreatoduodenectomy
Distal pancreatectomy
Resection of the portal vein
Pathological diagnosis
Invasive carcinoma of the pancreas
Intraductal papillary mucinous neoplasm
Carcinoma of the ampulla
Cholangiocarcinoma
Pancreatic neuroendocrine tumor
Other
Grade of postoperative pancreatic fistula1
A
B
C

Value
65.2 (28-89)
101/52
37 (24)
39 (25)
20 (13)
22.5 ± 3.5
103
50
21 (14)

ROC curve analyses of postoperative inflammatory
markers
The predictive values of postoperative inflammatory
markers at each time point and time-dependent changes
were evaluated by ROC curve analyses. The AUC values,
P values for differences between grade-A and grade-B/
C POPFs, and the most optimal cutoff point to predict clinically relevant POPFs are listed in Table 2. The
change in the CRP levels from POD 1 to POD 3 had
the highest AUC value (0.767), and a further elevation
of the CRP level of 28.4 mg/L yielded the most optimal
diagnostic value for clinically relevant POPFs. In general,
changes from POD 3 to POD 5 were less diagnostic
than those from POD 1 to POD 3. Among the markers
determined at POD 3, the platelet count and CRP level
showed relatively high AUC values (> 0.6). The amylase
content in the drain fluid at POD 3 was significantly associated with clinically relevant POPFs (P = 0.003; AUC
= 0.640; optimal cutoff value 1918 IU/L). Representative
ROC curves are shown in Figure 1.

68
35
13
10
8
19
76
70
7

1

Defined according to the International Study Group on Pancreatic Fistula
Definition.

tion of the CRP level from PODs 1 to 3, drain amylase
content on POD 3 and the risk score were included in
this analysis.
Statistical analysis
The qualitative χ 2 test and quantitative Mann-Whitney’s
U test were used to compare the two groups. ROC curve
analyses were conducted to evaluate the discrimination
of clinically relevant POPFs by the markers of interest.
The goodness of fit for clinically relevant POPFs was
assessed by comparing the area under the curve (AUC)
value, and optimal cutoff values were also determined
using the Youden Index. The risk factors for clinically
relevant POPFs were evaluated using binomial logistic
analyses, and the variables with P < 0.1 were entered into
the final model. The statistical analyses were performed
using JMP® ver10 (SAS Institute, NC, United States). A P
< 0.05 was considered to be significant.

Comparison of diagnostic performance for clinically
relevant POPFs
Next, the diagnostic values for clinically relevant POPFs
were compared among the well-known risk factors (e.g.,
the size and texture of the pancreatic duct), postoperative
high fever, SIRS, the use of catecholamines, and the inflammatory markers selected by ROC curve analyses and
amylase content in the drain fluid at POD 3. Univariate
analyses showed that invasive carcinoma of the pancreas,
platelet count (< 164000/mm3, POD 3), CRP level (≥
158 mg/L, POD 3), CRP elevation (≥ 28.4 mg/L, from
POD 1 to POD 3) and amylase content in the drain fluid
(≥ 1918 IU/L, POD 3) were significant adverse factors
for POPFs (Table 3). Multivariable analyses identified
invasive carcinoma of the pancreas and elevation of
the CRP level (≥ 28.4 mg/L, from POD 1 to POD 3)
as independent diagnostic factors for clinically relevant
POPFs (OR 2.94, 95%CI: 1.08-8.55, P = 0.035 and OR
4.82, 95% CI: 1.25-20.2, P = 0.022, respectively; Table
3). In patients with invasive carcinoma of the pancreas,
the ratio of clinically relevant POPF to mild POPF was
higher but the total prevalence of POPFs was lower
compared with the whole population (Figure 2).

RESULTS
Patient characteristics
The patients’ characteristics are summarized in Table 1.
The ages of the 153 subjects ranged from 28 years to 89
years (65.2 ± 10.3 years; mean ± SD), and the male-tofemale ratio was 101:52. Surgery consisted of pancreatoduodenectomy in 103 patients and distal pancreatectomy
in 50 patients. In terms of the pathological diagnoses, 68
(44%) subjects had invasive carcinoma of the pancreas.
Thirty-nine (25%) patients had diabetes mellitus preoperatively, and 20 (13%) patients had a history of pancreatitis. None of the enrolled participants had active inflam-
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Table 2 Inflammatory markers for clinically relevant postoperative pancreatic fistulas
Marker

POD 1

White blood cell count (/mm3)
Neutrophil count (/mm3)
Total lymphocyte count (/mm3)
Platelet count (/mm3)
Serum amylase (IU/mL)
C-reactive protein (mg/L)
Procalcitonin (ng/mL)
Neutrophil-to-lymphocyte ratio
Platelet to lymphocyte ratio

POD 3

AUC

P value

0.545
0.560
0.524
0.540
0.504
0.534
0.532
0.517

0.343
0.198
0.604
0.399
0.935
0.532
0.497
0.718

POD 5

Change from POD 1 to 3

Change from POD 3 to 5

AUC P value

Cutoff

AUC P value

AUC

P value

Cutoff

AUC

P value

0.524
0.532
0.577
0.615
0.580
0.688
0.584
0.579
0.529

11400
8200
600
164000
136
158
0.3
9.6
231

0.588
0.067
0.591
0.060
0.541
0.397
0.580
0.098
0.600
0.039
0.684 < 0.001
0.590
0.061
0.557
0.243

0.504
0.506
0.550
0.603
0.502
0.767
0.537
0.508

0.939
0.898
0.285
0.028
0.966
< 0.001
0.433
0.858

600
-3300
0
-24000
-69
28.4
-0.3
67

0.557
0.560
0.518
0.549
0.522
0.565
0.558
0.539

0.242
0.215
0.708
0.310
0.643
0.200
0.420
0.231

0.615
0.495
0.097
0.014
0.087
< 0.001
0.451
0.092
0.557

P values were of the comparison between grade A and grade B/C as calculated by the Mann–Whitney U test. Cutoff values were determined by receiver
operating characteristic curve analyses. POD: Postoperative day; AUC: Area under the curve.

POD 1

POD 3
1.0

0.8

0.8

0.8

0.6

0.6

0.6

0.4

0.2

0.4

0.6

0.8

0.4
0.2

AUC = 0.534

0.0
0.0

Sensitivity

1.0

0.2

0.0
0.0

1.0

0.2

0.8

0.8

0.6

0.6

Sensitivity

1.0

0.4

0.0
0.0

0.4

0.6

1.0

0.8

1.0

AUC = 0.767

0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

0.4
0.2

AUC = 0.615

0.2

0.8

0.4

POD 3

Drain amylase

1.0

0.2

0.6

1-specificity

POD 3

Platelet count

0.4

Cut off 28.4 mg/L;
Sensitivity = 0.86
Specificity = 0.66

0.2

AUC = 0.688

1-specificity

Sensitivity

Change PODs 1 to 3

1.0

Sensitivity

Sensitivity

CRP

0.0
0.0

AUC = 0.640

0.2

1-specificity

0.4

0.6

0.8

1.0

1-specificity

Figure 1 Receiver operating characteristic curves. Receiver operating characteristic curve for the C-reactive protein (CRP) level, platelet count, and amylase content in drain fluid as diagnostic factors for clinically relevant postoperative pancreatic fistulas. The change in the CRP levels from postoperative day (POD) 1 to POD 3
demonstrated the highest area under the curve (AUC) value.

Association of elevation in the CRP level with
postoperative course and other markers
Patients with a further elevation in the CRP levels ≥ 28.4
mg/L from POD 1 to POD 3 (high elevation of the CRP
level) had a significantly longer duration of drain placement than patients without elevation in the CRP levels
(24 and 12 d, respectively; median, P < 0.001; Figure 3A).
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Consequently, the duration of postoperative hospitalization was significantly greater in patients with high CRP
elevations than in patients without high CRP elevations
(38.5 and 25.5 d, respectively; median, P < 0.001; Figure
3B). High CRP elevation was not significantly associated
with the WBC count, neutrophil count, procalcitonin
level or bacterial culture in the drain fluid at POD 3.
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Table 3 Diagnostic value of clinical factors for clinically relevant postoperative pancreatic fistula
Variable

Univariate

Multivariable

Odds ratio

95%CI

P value

1.16
1.29
1.39
0.62
1.48
1.65
2.31
1.33
1.83
1.45
1.46
1.36
1.10
1.68
1.73
1.73
2.28
4.82
1.84
11.4
3.00
1.62

0.61-2.23
0.66-2.53
0.67-2.92
0.23-1.59
0.79-2.82
0.83-3.28
1.21-4.47
0.71-2.53
0.97-3.51
0.48-4.59
0.69-3.10
0.70-2.65
0.57-2.14
0.88-3.23
0.68-4.62
0.74-4.23
1.20-4.39
2.37-10.2
0.97-3.52
4.35-34.3
1.57-5.86
0.68-3.87

0.654
0.459
0.378
0.321
0.226
0.151
0.011
0.376
0.063
0.511
0.322
0.366
0.781
0.116
0.251
0.201
0.012
< 0.001
0.061
< 0.001
0.001
0.278

Age (≥ 65 yr)
Gender (male)
Diabetes mellitus
History of pancreatitis
Body mass index (≥ 22)
Operative procedure (DP)
Invasive carcinoma of the pancreas
Operative time (≥ 360 min)
Blood loss (≥ 600 mL)
Intraoperative transfusion
Pancreas texture (soft)
Main pancreatic duct (< 4 mm)
Persistence of high fever (≥ 38 ℃, ≥ 3 d)
Persistence of SIRS (≥ 3 d)
Usage of catecholamines
Total lymphocyte count (< 600/mm3, POD 3)
Platelet count (< 164000/mm3, POD 3)
CRP (≥ 158 mg/L, POD 3)
Neutrophil-to-lymphocyte ratio (≥ 9.6, POD 3)
CRP elevation (≥ 28.4 mg/L, POD 1 to 3)
Drain amylase (≥ 1918 IU/mL, POD 3)
Drain fluid bacterial culture (positive, POD 3)

Odds ratio

95%CI

P value

2.94

1.08-8.55

0.035

1.73

0.62-4.86

0.297

1.28
2.39
1.56
4.82
1.50

0.44-3.64
0.73-8.03
0.55-4.40
1.25-20.2
0.55-4.08

0.646
0.150
0.401
0.022
0.423

Analyzed by binomial logistic analyses. DP: Distal pancreatectomy; SIRS: Systemic inflammatory response syndrome; CRP: C-reactive protein; POD:
Postoperative day.

Overall (n = 314)

Invasive carcinoma of the pancreas (n = 193)

Figure 2 Distribution of postoperative pancreatic fistulas grade in the entire study population as well as
patients with invasive carcinoma of the pancreas. POPF:
Postoperative pancreatic fistulas.

Grade
B or C

Grade
B or C
Without
POPF

Grade A

Without
POPF

Grade A

POPF/total = 49%
Grade B or C/POPF = 50%

POPF/total = 35%
Grade B or C/POPF = 65%

Risk scoring scale for clinically relevant POPFs
A scoring scale for the prediction of clinically relevant
POPFs was developed to enhance the clinical utility of
the diagnostic factors detected in this study. Five diagnostic factors (invasive carcinoma of the pancreas, platelet
count < 164000/mm3 at POD 3, CRP ≥ 158 mg/L at
POD 3, CRP elevation ≥ 28.4 mg/L from POD 1 to
POD 3, and amylase content in the drain fluid ≥ 1918
IU/L at POD 3) were included in the scoring scale because these factors demonstrated a significant association with clinically relevant POPFs. The prevalence of
clinically relevant POPFs increased gradually in proportion with the score, from 0% to 100%. The score had a
remarkably high goodness of fit for clinically relevant
POPFs (AUC = 0.848). A score of 8 yielded the most
optimal diagnostic value for clinically relevant POPFs,
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thereby supporting the clinical utility of the scoring scale
(Figure 4). In addition, patients with a risk score ≥ 8 had
a significantly longer duration of drain placement and
postoperative hospitalization than patients with a score <
8 (25.5 ± 18.2 and 12 ± 10.6, 39.5 ± 29.0 and 26.0 ± 10.1
d, respectively; mean ± SD, P < 0.001 for both).
Further evaluation of important factors
Table 4 lists the sensitivity, specificity, positive predictive value, negative predictive value, likelihood ratio of a
positive result and likelihood ratio of a negative result of
four important factors: the CRP level on POD 3, the increased elevation of the CRP level from POD 1 to 3, the
drain amylase content on POD 3 and the risk score. It is
worth noting that an increased elevation of the CRP level
demonstrated a high negative predictive value (0.857) and
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A

Duration of drain placement

P < 0.001

B

Median
24 d

80

P < 0.001
Median
38.5 d

80

60

Median
25.5 d

60
Median
12 d

40

t (d)

t (d)

Length of postoperative hospital stay

20

40

20

0

< 28.4 mg/L

0

≥ 28.4 mg/L

< 28.4 mg/L

CRP elevation (PODs 1 to 3)
5

B

CRP elevation
≥ 28.4 mg/L, PODs 1 to 3
Diagnosis
Invasive carcinoma of the pancreas
CRP
≥ 158 mg/L, POD 3
Drain amylase
≥ 1918 IU/mL, POD 3
Platelet count
3
< 164000/mm , POD 3

3
2
2
1

≥ 28.4 mg/L

CRP elevation (PODs 1 to 3)
1.0

0.8

Sensitivity

A

Figure 3 Comparison of duration of drain placement and
postoperative hospitalization between two groups categorized by elevation in the C-reactive protein level from
postoperative days 1 to 3. A: The duration of drain placement
was significantly longer in patients with high elevation of the
C-reactive protein (CRP) level than in those without high elevation of the CRP level (P < 0.001); B: The duration of postoperative hospitalization was significantly longer in patients with high
elevation of the CRP level than in patients without high elevation
of the CRP level (P < 0.001). POD: Postoperative day.

100%

0.6

Cutoff score 8
Sensitivity = 0.80
Specificity = 0.78

0.4

0.2

80%

0.0

AUC = 0.848

0.0

0.2

60%

0.4

0.6

0.8

1.0

1-specificity

40%
20%
0%

0

1-3

4-6

7-9

10-12

13

Risk score

POPF grade A
POPF grade B or C

Figure 4 Risk classification scoring scale for clinically relevant postoperative pancreatic fistulas calculated using five parameters. A: Parameters with allocated scores and a bar graph of the prevalence of clinically relevant postoperative pancreatic fistulas (POPFs). Prolonged POPFs increased gradually in proportion
to the score from 0% to 100%; B: Receiver operating characteristic curve for the risk score as a diagnostic factor of clinically relevant POPFs. A remarkably high goodness of fit was demonstrated. CRP: C-reactive protein; POD: Postoperative day.

a low likelihood ratio of a negative result (0.212), indicating that it may be useful especially for the prediction of
the absence of a clinically relevant POPF. The risk score
scale was found to have an additional impact on detecting
the presence of clinically relevant POPF.

most serious problem in the field of pancreatic surgery.
The realistic goal is to minimize the extent of POPFs
and to limit it to grade A, which has less impact on the
postoperative clinical course. To achieve this goal, the
early identification of high-risk patients with clinically relevant POPFs is necessary for their subsequent management, including the thorough control of infection, effective drainage, and nutritional care with the aim to localize
inflammation and achieve early recovery.
When should surgeons manage POPFs, and what are
the definitive criteria in clinical practice? An important
“crossroads” may occur at POD 3, when POPFs are usually diagnosed. Management (including drainage and antibiotic administration) after the diagnosis of a POPF at POD
3 depends on whether the POPF is likely to be aggravated.

DISCUSSION
Aggravated POPFs can involve critical complications,
such as sepsis and intra-abdominal hemorrhage from
ruptured aneurysms, resulting in prolonged hospitalization, increased medical expense, and in the most extreme
cases, mortality[4,5]. In addition, clinically relevant POPFs
can lead to an increased risk of recurrences through peritoneal dissemination[10]. Clinically relevant POPFs are the
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Table 4 Comparison of diagnostic performance of potent factors for clinically relevant postoperative pancreatic fistula

CRP ≥ 158 mg/L1
CRP elevation ≥ 28.4 mg/L2
Drain amylase ≥ 1918 IU/mL1
Risk score ≥ 8

Odds
ratio

95%CI

P value

Sensitivity

Specificity

Positive
predictive
value

Negative
predictive
value

4.82
11.4
3.00
12.9

2.37-10.2
4.35-34.3
1.57-5.86
5.13-35.4

< 0.001
< 0.001
0.001
< 0.001

0.594
0.864
0.636
0.795

0.767
0.643
0.632
0.768

0.707
0.655
0.636
0.729

0.667
0.857
0.632
0.827

Likelihood ratio
Likelihood
of negative
ratio of
result
positive result
2.552
2.418
1.727
3.427

0.529
0.212
0.576
0.266

1

Values on postoperative day (POD) 3; 2Change from POD 1 to POD 3. P values were analyzed by binomial logistic analyses. CRP: C-reactive protein.

Drainage tubes are removed at the surgeon’s request.
However, it would be too late to prevent the expansion
of a POPF if a course of treatment is determined at
POD 5 or later. In the present study, patient inclusion
was limited to those diagnosed as having a POPF, and
all of the evaluated factors should have been available at
POD 3. POPFs are associated with inflammation that is
a combination of pancreatic fluid with secondary inflammation by bacterial infection, so inflammatory markers
are expected to reflect the momentum of POPFs[6]. Thus,
POD 3 was the ideal time point for the early prediction
of clinically relevant POPFs, and the inflammatory markers at POD 3 were evaluated by focusing on universally
prevalent markers.
Elevation of the CRP level from POD 1 to POD 3
was found to be an independent risk factor for clinically
relevant POPFs with the largest odds ratio, suggesting
that it was the most sensitive diagnostic factor of a subsequent clinically relevant POPF. Surprisingly, elevation
of the CRP level from POD 1 to POD 3 demonstrated
a greater diagnostic performance than well-known major
risk factors, such as the size and texture of the pancreatic
duct and the amylase content of drain fluid. Within 6 h
after stimulation, the CRP level exceeded normal values,
and it peaked after 48 h[24]. CRP has a nearly constant
half-life in serum of 19 h[25]. Therefore, the CRP concentration in serum is determined by its rate of synthesis
and reflects the intensity of the stimulus for acute inflammatory responses. The high diagnostic value of elevation
of the CRP level from POD 1 to POD 3 could also be
explained. First, an inevitable elevation of the CRP level
due to surgical stress and local inflammation in resected
tissues was confirmed at POD 1 in all patients. The halflife of CRP is 19 h, so the CRP level starts to show a
gradual decline at PODs 2-3 in patients without additional inflammatory events, whereas it continues to increase
in patients with expanding POPFs. Second, the CRP
level can comprehensively reflect the chemical inflammation of the peritoneum due to leakage of the pancreatic
fluid as well as coexisting inflammation due to bacterial
infection. The well-known inflammatory markers of
WBC and neutrophil counts showed less diagnostic value
compared with the CRP level, most likely because of
their wide normal range, thereby debilitating the decrease
by severe infection and influences by factors other than
inflammation (e.g., medications)[26-28]. Procalcitonin is
specific only to bacterial infection and does not reflect a
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comprehensive inflammatory status (including chemical
inflammation caused by pancreatic fluids)[29]. In addition,
elevation in the CRP level from POD 1 to POD 3 is an
ideal marker because it is readily measurable in hospitals
at low cost and has high diagnostic value for POPFs.
Drain amylase content is superior for determining
the presence of POPFs because it directly reflects the
leakage of pancreatic fluids. However, the concentration
can be strongly influenced by the amount of exudative
ascites fluid and the efficacy of drainage, indicating that
it does not always increase parallel to the exacerbation
of POPFs. Pancreatic texture, which is a well-known risk
factor of POPF, is problematic in that it is determined by
surgeons subjectively. On the other hand, the CRP level
has the advantages that it can be measured objectively
and that it enables the evaluation of the degree of comprehensive inflammation easily.
As shown in Figure 2, subjects with invasive carcinoma of the pancreas were less likely to have POPFs, but
the POPFs tended to be protracted when they did occur.
It has been postulated that the surrounding tissues and
the bloodstream around the anastomotic site are diminished by the dissection of lymph nodes, leading to poorer
wound healing[30]. Additionally, the size and texture of the
pancreatic duct (which have been recognized as major
risk factors for POPFs) were not significantly associated
with aggravated POPFs in the present study. Patient assessment revealed that the size and texture of the pancreatic duct increased the formation of POPFs but did not
always lead directly to persistent POPFs.
We proposed a novel risk scoring scale for clinically
relevant POPFs. The score demonstrated good compatibility with the prevalence of clinically relevant POPFs.
The score included five parameters that are available at
POD 3 (including changes in the CRP level) that achieved
a better goodness of fit for the aggravation of POPFs
than changes in the CRP level. The scoring scale can be
easily calculated at POD 3, indicating that it would be a
convenient and useful method for patient selection. After
the diagnosis of POPFs at POD 3, changes in the CRP
level and the risk score scale were helpful in determining
the subsequent management. In patients with a continuous elevation of the CRP level or a high risk score, frequent physical assessment, a computed tomography, and
the culture of drainage fluids may be considered to allow
early management of aggravated POPFs. Additionally,
the strict control of infection, thorough management
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Terminology

of drains, and administration of somatostatin analogs
might be recommended, depending on a patient’s condition. Conversely, patients without elevations of the CRP
level or a high risk score are not at risk of clinically relevant POPFs, so an early removal of the drains and early
discharge from the hospital should be considered. The
benefits of early drain removal have been reported by
Bassi et al[31] and Kawai et al[32], but subsequent abdominal
abscesses and in-hospital death have also been observed.
Changes in the CRP levels and the risk score scale could
help in the selection of patients eligible for the early
removal of drains. Welsch et al[33] reported that a high
CRP level (140 mg/L) at POD 4 is a diagnostic factor
for overall infectious complications after pancreatectomy.
Our results would apply better to clinical practice due to
their focus on clinically relevant POPFs at an earlier time
point.
The present study had limitations, including a low
number of enrolled patients and the retrospective determination of cut-off values in an explorative setting.
The inflammatory markers and the amylase content in
drain fluid were not examined every day. The measurement of the levels of proinflammatory cytokines such as
interleukin-6 would have made this study more complete.
Because the results of the current study were exploratory,
this analysis may lead to prospective studies evaluating
the hypothesis that an elevation of the CRP level from
PODs 1 to 3 might have a diagnostic value for the identification of patients with clinically relevant POPFs. Welldesigned prospective clinical studies based on changes in
the CRP level or the use of a high-performance risk scoring scale at the acute phase after pancreatectomy could
help to establish the therapeutic strategies for POPFs.
In conclusion, a steep rise in the serum CRP level
from 1 POD to 3 PODs was shown to be a highly diagnostic factor for clinically relevant POPFs and could be
helpful in selecting the most appropriate management for
POPFs. The scoring scale consisting of five diagnostic
factors identified in the current study may provide additional assistance for patient classification.

POPF is the most common complication in pancreatic surgeries and can lead to
fatal condition. How to control POPFs is one of the most important issues in the
field of pancreatic surgery.

Peer review

This retrospective study identifies an increase in CRP as a good marker for
predicting aggravation of a POPF. The conclusion of this study can assist surgeons, especially in the appropriate management of POPFs.
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Clobenpropit enhances anti-tumor effect of gemcitabine in
pancreatic cancer
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Yong-Tae Kim, Yong Bum Yoon
RESULTS: H4 receptors were present as 2 subunits
in human pancreatic cancer cells, while there was no
expression of H3 receptor. Clobenpropit inhibited cell
migration and increased apoptosis of pancreatic cancer
cells in combination with gemcitabine. Clobenpropit
up-regulated E-cadherin, but down-regulated vimentin
and matrix metalloproteinase 9 in real-time polymerase
chain reaction. Also, clobenpropit inhibited tumor
growth (gemcitabine 294 ± 46 mg vs combination 154
± 54 mg, P = 0.02) and enhanced apoptosis in combination with gemcitabine (control 2.5%, gemcitabine
25.8%, clobenpropit 9.7% and combination 40.9%,
P = 0.001) by up-regulation of E-cadherin and downregulation of Zeb1 in Panc-1 xenograft mouse.
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CONCLUSION: Clobenpropit enhanced the anti-tumor
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inhibition of the epithelial-mesenchymal transition process.
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Abstract

Core tip: Histamine is associated with carcinogenesis
through activation of its 4 membrane-specific receptors. Clobenpropit, which is an agonist of H4 receptor,
inhibited cell migration and increased apoptosis of pancreatic cancer cells in combination with gemcitabine.
Clobenpropit up-regulated an epithelial marker, but
down-regulated mesenchymal markers in real-time
polymerase chain reaction. In addition, clobenpropit inhibited tumor growth and enhanced apoptosis
in combination with gemcitabine by up-regulation of
E-cadherin and down-regulation of Zeb1 in Panc-1 xenograft mouse. In conclusion, clobenpropit enhanced
anti-tumor effects of gemcitabine in pancreatic cancer
cells through inhibition of epithelial-mesenchymal transition process.

AIM: To evaluate the anti-tumor effect of clobenpropit, which is a specific H3 antagonist and H4 agonist, in
combination with gemcitabine in a pancreatic cancer
cell line.
METHODS: Three kinds of human pancreatic cancer
cell lines (Panc-1, MiaPaCa-2, and AsPC-1) were used in
this study. Expression of H3 and H4 receptors in pancreatic cancer cells was identified with Western blotting.
Effects of clobenpropit on cell proliferation, migration
and apoptosis were evaluated. Alteration of epithelial
and mesenchymal markers after administration of clobenpropit was analyzed. An in vivo study with a Panc-1
xenograft mouse model was also performed.
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angiocarcinoma[23]. Similarly, EMT plays a crucial role in
tumor progression and metastasis of pancreatic cancer[24].
Furthermore, EMT regulators including Zeb1 are known
to induce chemoresistance of human pancreatic cancer cells[25]. Thus, therapeutic agents targeting the EMT
process could restore the chemoresistance of pancreatic
cancer. Therefore, we aimed to investigate the anticancer
efficacy of clobenpropit with gemcitabine combination
in human pancreatic cancer cells. Additionally, we evaluated the alteration of EMT markers after administration
of clobenpropit with in vitro and in vivo studies.

Paik WH, Ryu JK, Jeong KS, Park JM, Song BJ, Lee SH, Kim
YT, Yoon YB. Clobenpropit enhances anti-tumor effect of
gemcitabine in pancreatic cancer. World J Gastroenterol 2014;
20(26): 8545-8557 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i26/8545.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8545

INTRODUCTION
Pancreatic cancer is a very aggressive human cancer and
has dismal prognosis with only 6% of patients surviving
5 years after diagnosis[1]. In spite of the progress of treatments, attempts at survival prolongation, especially in the
advanced stage, have failed and resulted in no significant
improvement[2]. Surgical resection is the only potentially
curative treatment in pancreatic cancer, but only 15% of
patients are candidates for resection[3,4]. Some chemotherapeutic agents are used in pancreatic cancer, and gemcitabine became the standard chemotherapeutic agent in
pancreatic cancer after a randomized trial in 1997[5]. Gemcitabine is a nucleoside pyrimidine analogue which exerts
its cytotoxic actions primarily by the incorporation of
gemcitabine triphosphate into DNA, leading to masked
chain termination[6]. However, pancreatic cancer is highly
resistant to chemotherapy including gemcitabine[7], and
the disappointing circumstance of pancreatic cancer is
mainly due to late diagnosis at which chemoresistance in
patients is a critical issue[8]. Resistance to gemcitabine has
been increasing and the effectiveness of gemcitabine has
been reduced to less than 20%[9]. Hence, new therapeutic
targets and chemotherapeutic agents of pancreatic cancer
are desperately required.
A high concentration of histamine has been shown in
melanoma[10], small cell lung carcinoma[11], breast carcinoma[12] and colorectal carcinoma[13]. Histamine participates
in tumor proliferation or apoptosis through activation
of its four membrane-specific receptors, H1, H2, H3 and
H4[14]. As in other human cancers, expression of histidine
decarboxylase and histamine contents have been reported
in pancreatic cancer[15,16]. Histamine inhibits cell proliferation through the H1 and H2 receptor, which is associated with a partial differentiation in pancreatic cancer[17].
Through the H2 receptor, histamine induces G0/G1 phase
arrest and modulation of mitogen activated protein kinase and Bcl-2 family proteins[18-20]. Furthermore, a previous study suggests that H3 and H4 receptors are involved
in pancreatic cancer cell growth, with proliferation increased through H3 receptor and diminished via H4 receptor[21]. However, the mechanism of the anti-cancer effect
through the histamine receptor still remains unclear.
Clobenpropit, which is a specific H3 antagonist and
H4 agonist, inhibits the spread of mammary adenocarcinoma by decreasing invasion potential[22]. A recent study
suggested that the modulation of H4 receptor by clobenpropit disrupts epithelial-mesenchymal transition (EMT)
processes, extracellular matrix (ECM) breakdown, and
invasion potential and decreases tumor growth in chol-
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MATERIALS AND METHODS
Pancreatic cancer cell lines
Human pancreatic cancer cell lines, Panc-1, MiaPaCa-2
and AsPC-1 were obtained from Korea Cell Line Bank
and maintained in Dulbecco modified Eagle medium
containing 10% fetal bovine serum. They were incubated
at 37 ℃ and 5% CO2.
Western blotting
After washing with PBS, three kinds of pancreatic cancer cells (Panc-1, MiaPaCa-2 and AsPC-1) at 70-80%
confluence were processed and lysed in NP-40 buffer
(20 mmol Tris-HCl, pH 7.4, 100 mmol NaCl, 1% NP-40,
0.5% sodium deoxycholate, 5 mmol MgCl2, 0.1 mmol
phenylmethylsulfonyl fluoride, and 10 mg/mL protease
inhibitor mixture). Then, proteins were quantified with
a BCA protein assay kit (Pierce, Rockford, IL). Proteins
were separated by 10% to 15% SDS-polyacrylamide
denaturing gels, transblotted onto nitrocellulose membranes and probed with rabbit antihuman H3 and H4
receptor antibodies (Millipore, Billerica, MA). Immunoreactivity was developed using a peroxidase conjugate
antiserum (Sigma-Aldrich, St Louis, MO) and detected
by enhanced chemiluminescence reagents (Amersham
Biosciences, Baied’Urfe, Quebec, Canada). Western blotting of Panc-1, MiaPaCa-2 and AsPC-1 treated with 50
or 100 μmol/L of clobenpropit (Sigma-Aldrich) alone or
in combination with 5 μmol/L of gemcitabine (Yuhan,
Seoul, South Korea) was also performed.
Wound healing assay
Three kinds of pancreatic cancer cells (5 × 105) were
seeded in 6-well plates and cultured until reaching
70%-80% confluence as a monolayer. A straight scratch
was made on cell plates, and then cell plates were gently
rinsed to remove the detached cells. After adding 0, 10
and 50 μmol/L of clobenpropit to each plate, cells were
grown for an additional 48 h. After washing the cells with
PBS twice, photos were taken on a confocal microscope
(Leica, Wetzlar, Germany). Wound healing ranges were
measured by Aperio ImageScope V11.1.2.752 (Aperio
Technologies, Vista, CA). Additional wound healing assays after administration of gemcitabine (5 μmol/L)
and/or clobenpropit (50 μmol/L) in Panc-1 and gemcitabine (15 μmol/L) and/or clobenpropit (50 μmol/L)
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Apoptosis determination
Pancreatic cancer cells were cultured and divided into 4
groups according to the treatment: (1) control; (2) gemcitabine (5 μmol/L) alone; (3) clobenpropit (50 μmol/L)
alone; and (4) gemcitabine (5 μmol/L) and clobenpropit
(50 μmol/L) combination. After trypsinization, cells were
incubated with annexin V-fluorescein isothiocyanate and
propidium iodide (BD Biosciences, Franklin Lakes, NJ)
for 15 min at room temperature in the dark. The degree
of apoptosis was analyzed by fluorescence activated cell
sorting. The proportion of stained cells in each quadrant
was quantified with CellQuest software (BD Biosciences).

Table 1 Sequences of primers used for real-time polymerase
chain reaction
Gene
H4 receptor
GAPDH
E-cadherin
Vimentin
Fibronectin
MMP-9
CK-19

Sequences
Forward: 5’-GTGGTTAGCATAGGTTATAC-3’
Reverse: 5’-ATGCCACTGCACTCCTGC-3’
Forward: 5’-ACGGATTTGGTCGTATTGGG-3’
Reverse: 5’-TGATTTTGGAGGGATCTCGC-3’
Forward: 5’-GCCTCCTGAAAAGAGAGTGGAAG-3’
Reverse: 5’-TGGCAGTGTCTCTCCAAATCCG-3’
Forward: 5’-AGGCAAAGCAGGAGTCCACTGA-3’
Reverse: 5’-ATCTGGCGTTCCAGGGACTCAT-3’
Forward: 5’-ACAACACCGAGGTGACTGAGAC-3’
Reverse: 5’-GGACACAACGATGCTTCCTGAG-3’
Forward: 5’-TTCTGCCCCAGCGAGAGA-3’
Reverse: 5’-GTGCAGGCGGAGTAGGATTG-3’
Forward: 5’-GAAGAACCATGAGGAGGAAATCA-3’
Reverse: 5’-ACCTCATATTGGCTTCGCATGT-3’

Animal experiments
Five-week-old male BALB/c nude mice were purchased
from Orient (Gyeonggi-do, Korea). Mice were housed
under specific pathogen-free conditions, and a γ-rayirradiated laboratory rodent diet (Purina Korea, Gyeonggi-do, South Korea) and autoclaved water were provided
ad libitum. All the protocols for the animal experiments
were reviewed and approved by the Institutional Animal
Care and Use Committee at Seoul National University
Hospital (IACUC No. 12-0213). All animal procedures
were consistent with the “Guide for the Care and Use of
Laboratory Animals” issued by the Institute of Laboratory Animal Resources Commission on Life Science,
United States National Research Council.
To generate tumors, Panc-1 was subcutaneously
inoculated with 1 × 106 cells suspended in 0.15 mL of
Matrigel. All mice were divided into 4 groups randomly,
and each group consisted of 5 mice: (1) control (vehicle
alone); (2) gemcitabine (twice-a-week intraperitoneal
injection at 125 mg/kg for 40 d); (3) clobenpropit (every other day intraperitoneal injection at 20 μmol/L per
kilogram for 40 d); and (4) gemcitabine (twice-a-week
intraperitoneal injection at 125 mg/kg for 40 d) and clobenpropit (every other day intraperitoneal injection at
20 μmol/L per kilogram for 40 d)[23,30]. The body weight
of each mouse was measured weekly with an electronic
scale. Tumor size was measured every week with electronic calipers and the volume was calculated by the
following formula: tumor volume = (length × width2)
× π/6[31]. One week later, after finishing the treatment
schedule, mice were anesthetized with isoflurane and tissue, organs and tumors were harvested for analysis.
The expression of EMT markers was investigated by
real-time PCR in whole tumor mRNA. Tumor samples
were fixed in 10% buffered formalin, embedded in lowtemperature fusion paraffin, and sectioned for terminal
deoxynucleotidyl transferase (TdT)-mediated dUTP nick
end labeling (TUNEL) staining and immunohistochemical staining. Western blots were conducted for the assessment of E-cadherin, vimentin, MMP-9 and Zeb1 expressions. Antibodies of E-cadherin, vimentin, MMP-9 and
Zeb1 were purchased from Santa Cruz.

were performed to evaluate the change of cell migration
after gemcitabine and clobenpropit combination treatment.
Real-time polymerase chain reaction
Gene expression was evaluated in mRNA from all pancreatic cancer cell lines. Total RNA was extracted using
Trizol Reagent (Invitrogen, Carlsbad, CA). RNA samples
were diluted to a final concentration of 0.5 mg/mL in
RNase-free water and stored at -80 ℃ until use. Synthesis
of the cDNA was performed with 1 mg of total RNA
with M-MLV reverse transcription reagents (Invitrogen),
and real-time polymerase chain reaction (PCR) reaction
was carried out on the ABI PRISM 7000 Sequence Detection System (Applied Biosystems, Foster City, CA) in
20 μL TaqMan Gene Expression Master Mix (Applied
Biosystems) using 200 ng cDNA.
Human primers sets were ordered and used according
to their protocols. The specific primers were described
in Table 1[26-29]. The human β-actin gene was used as an
endogenous reference to control for the independent expression of sample-to-sample variability. The relative expression of target genes was normalized by dividing the
target Ct value by the endogenous Ct values. All equipment was purchased from Applied Biosystems and used
according to manufacturer’s protocols.
MTS proliferation assay
Cells were plated into 96-well plates at a density of 4
× 103 cells/well and stimulated with clobenpropit (1
to 100 μmol/L) for up to 48 h to determine optimal
dose and stimulation time. 3-(4,5-Demethylthiazole-2yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2Htetrazolium (MTS; Promega, Madison, WI) was added to
the cells, and the numbers of live cells were counted after
allowing development for 1 h. The plates were read on
a Wallac-1420 plate reader (Perkin-Elmer, Boston, MA)
at an absorbance of 490 nm. Data are expressed as fold
change of treated cells as compared with basal treated
controls.
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Statistical analysis
All experimental results represent at least 3 indepen-
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Figure 1 Western blotting of histamine receptors in pancreatic cancer cells. Cellular extracts of Panc-1, MiaPaCa-2 and AsPC-1 were separated by SDS-PAGE,
transblotted onto nitrocellulose membranes and detected using anti-H4 receptor antibodies. Pancreatic cancer cell lines were treated with different concentrations of
clobenpropit and/or gemcitabine, and Western blotting was performed. The specific antibody to H4 receptor showed immunoreactivity mainly as a band at 70000 and
43000 Da. Expression of H4 receptor was still present after administration of clobenpropit alone (A) or combination with gemcitabine (B).

dent experiments using cells from a minimum of three
separate isolations. Results for continuous variables are
expressed as mean ± SE of mean and compared with
the Kruskal-Wallis ANOVA followed by Dunn’s multiple
comparison test or repeated measures ANOVA. P < 0.05
was considered statistically significant. Analysis was performed with GraphPad Prism version 5.04 (GraphPad
Software Inc., La Jolla, CA).

MMP-9 was reduced in MiaPaCa-2, and vimentin and
MMP-9 were reduced to about half after treatment of
clobenpropit in AsPC-1 (Figure 4). Therefore, clobenpropit down-regulated epithelial markers, while up-regulating
mesenchymal markers; this means that clobenpropit
might disrupt EMT process of pancreatic cancer cells.
Clobenpropit enhanced gemcitabine-induced apoptosis
Clobenpropit alone did not affect the proliferation of
pancreatic cancer cells (Figure 5). However, the exposure
to gemcitabine (5 μmol/L) and/or clobenpropit (50
μmol/L) induced apoptosis of pancreatic cancer cells.
Gemcitabine and clobenpropit combination therapy
significantly increased apoptosis of Panc-1, MiaPCa-2
and AsPC-1 compared with control (Figure 6). However,
gemcitabine alone did not increase apoptosis of pancreatic cancer cells significantly compared with control.

RESULTS
H4 receptor was present in pancreatic cancer cells
The specific antibody to H4 receptor showed immunoreactivity mainly as a band at 70000 and 43000 Da in
Panc-1, MiaPaCa-2 and AsPC-1 (Figure 1A). However,
there was no H3 receptor expression in all cell lines (data
not shown). When clobenpropit (50 μmol/L) and/or
gemcitabine (5 μmol/L) were added, H4 receptor expression was also seen but was not significantly changed in all
cell lines (Figure 1B).

Xenograft mouse model
In the Panc-1 xenograft mouse model, the body weight
of mice was checked every week (Figure 7A). There was
no significant difference in mean body weight between
the groups. There was no mortality of mice until the end
of treatment. The combination treatment of gemcitabine
with clobenpropit showed significant tumor growth inhibition compared with other treatment groups (control
501 ± 92 mg, gemcitabine 294 ± 46 mg, clobenpropit
444 ± 167 mg, and combination 154 ± 54 mg, Figure 7B
and C).
E-cadherin was up-regulated after clobenpropit administration in real-time PCR (Figure 8A). Immunohistochemical staining also showed up-regulation of
E-cadherin in clobenpropit alone and combination group
(Figure 8C). To quantify apoptosis of tumors, TUNEL
staining was performed. The percentage of TUNEL-

Clobenpropit inhibited cell migration by inhibition of
EMT process
The inhibition of cell migration was assessed by a wound
healing assay. Clobenpropit inhibited the migration of
pancreatic cancer cells in a wound healing assay (Figure 2).
Wound healing ranges were decreased when clobenpropit
concentration was higher. In addition, the migration rate
was also inhibited after treatment with gemcitabine and
clobenpropit combination compared with control and
gemcitabine or clobenpropit alone (Figure 3).
To investigate the mechanism of clobenpropit on cell
migration, real-time PCR for epithelial and mesenchymal
markers was performed. E-cadherin was about 4-fold
increased after treatment of clobenpropit in Panc-1.
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Figure 2 Effect of clobenpropit on cell migration. Clobenpropit inhibits the migration of Panc-1 (A), MiaPaCa-2 (B) and AsPC-1 (C) in wound healing assay.
Wound healing range was inversely correlated with clobenpropit concentration in MiaPaCa-2 and AsPC-1.aP < 0.05, bP < 0.01 vs control.
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Figure 3 Effect of clobenpropit on pancreatic cancer cell proliferation was evaluated by MTS assay. A: Panc-1, B: AsPC-1. Clobenpropit showed no cytotoxicity
in pancreatic cancer cells.

stained cells was increased more in the gemcitabine and
clobenpropit combination group compared with other
groups (control 2.5%, gemcitabine 25.8%, clobenpropit
9.7% and combination 40.9%, Figure 8B). The expression of E-cadherin was also increased in clobenpropit
alone and combination group by Western blotting,
whereas Zeb1 expression, a repressor of E-cadherin, was
decreased in combination group (Figure 8D).
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DISCUSSION
The role of histamine and its receptors in carcinogenesis
is complex and somehow confusing. We evaluated the
effect of a specific histamine receptor and its agonist
against human pancreatic cancer cells in this study. The
significant findings in the present study are that clobenpropit emphasized gemcitabine-induced apoptosis of hu-
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Figure 4 Migration of pancreatic cancer cells was inhibited after gemcitabine and clobenpropit combination in wound healing assay. The concentrations of
gemcitabine in Panc-1 (A) and MiaPaCa-2 (B) were 5 and 15 μmol/L, respectively. The concentration of clobenpropit was 50 μmol/L. G: Gemcitabine; C: Clobenpro-

man pancreatic cancer cells in vitro in cell culture as well
as in vivo in tumor xenograft mice. There was no adverse
health effect due to clobenpropit in mice as monitored by
body weight. The enhanced cytotoxicity of gemcitabine
and clobenpropit combination might result from disruption of EMT through H4 receptor.
Three kinds of pancreatic cancer cells (Panc-1, MiaPaCa-2 and AsPC-1) were used in this study, and all the
cells had H4 receptors. The H4 specific antibody showed
immunoreactivity mainly as a band at 73000 and 40000
Da, which is consistent with a previous report[32].
Increasing evidence indicates that cancer cells are
subjected to the EMT, a process by which epithelial cells
WJG|www.wjgnet.com

undergo remarkable morphologic changes characterized by a transition from an epithelial to a mesenchymal
phenotype leading to increased motility and invasion[33].
EMT is a developmental process which plays an important role in tumor progression and metastasis in diverse
solid tumors, including pancreatic cancer[25]. E-cadherin,
a calcium-dependent transmembrane glycoprotein, is one
of the most important molecules in cell-cell adhesion
in epithelial tissue[34], which localized on the surface of
epithelial cells in regions of adherent junctions[35]. It plays
a major role in malignant cell transformation, and especially in tumor development and progression. Loss of
E-cadherin is associated with invasion and metastasis of
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Figure 5 Changes of epithelial and mesenchymal markers of pancreatic
cancer cells by clobenpropit. Real-time polymerase chain reaction shows
that E-cadherin was up-regulated (A), whereas MMP-9 and vimentin were
down-regulated (B, C) in pancreatic cancer cells after treatment with different
concentrations of clobenpropit.

G

could play an important role with interfering cell migration and increasing chemosensitivity of gemcitabine in
pancreatic cancer cells through inhibition of EMT process and up-regulation of E-cadherin.
Transcriptional repressors of E-cadherin such as
Zeb1, Zeb2, Twist, Snail and Slug are associated with

tumors[36]. Furthermore, the loss of E-cadherin expression has been associated with a poor clinical outcome in
several cancers[25,37,38]. The H4 receptor agonist increased
the expression of E-cadherin in this study, both in vitro in
cell culture and in vivo in xenograft mouse. Clobenpropit

WJG|www.wjgnet.com

Control

Figure 6 Enhanced apoptosis of pancreatic cancer cells by gemcitabine
and clobenpropit combination treatment. Clobenpropit enhanced apoptotic
cell death in combination of gemcitabine in human pancreatic cancer cells. The
percentage of apoptotic cells was determined by fluorescein isothiocyanate-labeled annexin V assay followed by flow cytometry. Statistically significant differences (aP < 0.05 vs control group) of the combination treatment of gemcitabine
(5 μmol/L) and clobenpropit (50 μmol/L) compared with control in Panc-1 (A),
MiaPaCa-2 (B) and AsPC-1 (C). G: Gemcitabine; C: Clobenpropit.

Fi

br
on

ec
tin

tin
en
m
Vi

E-

ca

dh
e

rin

H4

0.0

8552

July 14, 2014|Volume 20|Issue 26|

Paik WH et al . Anti-tumor effect of clobenpropit in pancreatic cancer

Body weight (g)

A

C

25

20
Control
G
C
G+C
15
0

B

600

10

20

t /d

30

40

50

Control
G
G+C

2

Tumor volume (mm )

C
400
b

Control

a

200

0

b

0

10

20

t /d

30

40

G

C

G+C

50

Figure 7 Inhibition of tumor growth in Panc-1 xenograft mouse by gemcitabine and clobenpropit combination treatment. Body weight (A) and tumor volume (B)
curves for Panc-1 xenograft mouse model with administration of vehicle (control), gemcitabine, clobenpropit or their combination. There was no significant difference
of body weight between the groups. Tumor volume of gemcitabine and clobenpropit combination therapy group was significant lower than control and other treatment
groups. Tumor bearing mice and excised tumor of each treatment group (C). G: Gemcitabine; C: Clobenpropit. aP < 0.05, bP < 0.01 vs control.

EMT[39-42]. Diverse signal pathways such as Wnt cascade,
TGF-β and PI3K/Akt pathway are connected with these
transcriptional repressors of E-cadherin[43,44]. Zeb1 expression was decreased in the clobenpropit treated mice
group compared with the control and gemcitabine alone
groups. Zeb1 could act as the main transcriptional repressor of E-cadherin in this study although the relationship
between Zeb1 and H4 receptor remains unsolved.
Vimentin is a mesenchymal marker which is up-regulated with EMT[45]. Down-regulation of vimentin after
clobenpropit administration suggests that H4 receptor
agonist disrupts the EMT process. For the invasion and
metastasis of tumors, breakdown of the ECM should
be present[46]. Clobenpropit may protect the ECM from
breakdown by down-regulation of MMP-9, preventing
invasion or metastasis of pancreatic cancer.
The change of epithelial markers or mesenchymal
markers after administration with clobenpropit was different according to the cells. E-cadherin was increased
in Panc-1 only, while vimentin was decreased in AsPC-1
only. MMP-9 was decreased in MiaPaCa-2 and AsPC-1.
This can be explained by the different expressions of
EMT markers according to the cancer cells[25]. However,
it was coherent that the change of EMT markers indicated the disruption of the EMT process by clobenpropit in
WJG|www.wjgnet.com

this study.
The chemosensitivity of pancreatic cancer cells varies, and Panc-1, MiaPaCa-2 and AsPC-1 are known to be
resistant to gemcitabine[25]. In order to clarify the effect
of clobenpropit, we used the most chemoresistant cells
(Panc-1) in the xenograft model. It is known that pancreatic cancer cells undergoing EMT with increased expression of Snail and Twist become invasive and develop
chemoresistance[47]. In addition, EMT reversion by silencing Zeb1 increases cellular sensitivity to gemcitabine[25].
The apoptosis of pancreatic cancer cells was significantly
increased after gemcitabine and clobenpropit combination treatment in present study. Moreover, the tumor volume of the xenograft mouse was significantly decreased
in the combination group compared with control and
clobenpropit or gemcitabine alone groups, and TUNEL
stain also showed increased apoptosis in the combination
group. These results support the idea that therapeutic
targeting to reverse EMT could increase chemosensitivity
in pancreatic cancer. However, further studies are needed
to clarify the molecular alterations which reverse EMT
through H4 receptor.
In conclusion, clobenpropit enhanced gemcitabineinduced apoptosis in human pancreatic cancer cells by
inhibition of EMT process. The novel role of the H4 re8553
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E-cadherin expression after clobenpropit treatment compared with gemcitabine alone; B: Immunohistochemical staining shows up-regulation of E-cadherin in gemcitabine and clobenpropit combination group. Apoptotic index calculated with TUNEL staining shows increased apoptosis in gemcitabine and clobenpropit combination
group; C: Pathological evaluation of tumor tissue determined by hematoxylin and eosin staining, TUNEL staining and immunohistochemistry of E-cadherin and vimentin; D: E-cadherin was also increased in clobenpropit alone and combination group by Western blotting, whereas Zeb1, the repressor of E-cadherin, was decreased in
combination group. G: Gemcitabine; C: Clobenpropit. aP < 0.05, bP < 0.01 vs control.

ceptor in carcinogenesis of pancreatic cancer represents a
new therapeutic molecular target and clobenpropit could
be a promising drug. Further studies are required to reveal the mechanism of EMT inhibition via H4 receptor.
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RESULTS: From the onset of ACHBLF, patients presented with a conductive Th17 differentiation cytokine
environment accompanied by high Th17 frequency and
high serum IL-17 levels, which were sustained throughout the disease course. The Treg-related cytokine IL-2
and Foxp3 were also up-regulated from disease onset,
and Foxp3 gene expression showed a gradually increasing trend during ACHBLF. The circular phenotype
of Treg and Th17 cells showed changes from the onset
of ACHGLF. At disease onset, Th17 frequency increased
significantly compared with both CHB and HCs, but
Treg cell frequency decreased significantly compared
with CHB. During the ACHBLF event, Th17 frequency
remained higher compared with HCs, but decreased
sharply from the peak point to the recovery point; Treg
cell frequency increased gradually during the ACHBLF
event. Treg and Th17 cell counts correlated with ACHBLF development; in all patients, serum IL-17 levels
significantly correlated with patient serum ALT levels.
In survivors, Th17 frequency at the onset point and the
Treg to Th17 ratio at the peak point correlated with the
patient’s model for end stage liver disease (MELD) plus
sodium (MELD-Na) score. The Treg to Th17 ratio and
the Th17 frequency at onset were significant predictors
of patient survival. Low Treg/Th17 cell ratios at the
onset predicted poor survival. Survivors exhibited an
initial decrease in the circulating Treg/Th17 ratio from
the onset to the peak time, and subsequently displayed
a continuous increase.

Abstract
AIM: To longitudinally investigate cytokine gene expression and protein levels in Th17 and Treg cells,
to observe T-cell phenotypes during hepatitis B virus
(HBV)-related acute-on-chronic liver failure (ACHBLF)
and to analyze changes in Th17 and Treg phenotypes
during disease progression.

CONCLUSION: Treg and Th17 cells showed changes
in genes, protein levels and T cell phenotypes during
ACHBLF events. An increased Treg/Th17 ratio was associated with the survival of ACHBLF patients.

METHODS: We measured the expression of seven
Th17/Treg differentiation-related genes and serum
concentrations of the corresponding cytokines in 18
ACHBLF, 18 chronic hepatitis B (CHB) disease controls
and 10 healthy controls (HCs) by real-time quantitative
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persistent HBV infection and disease progression[9,24-26].
Although increased Th17 and Treg frequencies in patients with CHB have been reported, little is known about
the relationship between circulating Th17 and Tregs and
their role in ACHBLF development. Recently, we studied
the changes in Treg and Th17 cell balance in the development of acute and chronic hepatitis B virus infection and
found that in ACHBLF patients, peripheral blood Th17
cell frequency increased significantly compared with
that seen in healthy controls (HCs), but the frequency
of Treg cells did not increase synchronously, creating an
imbalance between Treg and Th17 cells in ACHBLF[9].
Zhai et al[27] also found that at the onset of ACHBLF, the
frequency of Th17 cells increased in ACHBLF patients
and that the ratio of Th17 to Treg cells correlated with
patient survival. However, Th17 and Treg cell dynamics
in ACHBLF patients have not been previously reported.
Our study longitudinally analyzed the frequency of
Treg and Th17 cells and related cytokine protein and
gene expression in a cohort of 18 patients with ACHBLF. Our data document changes in Treg and Th17 cell
populations during ACHBLF.

Key words: Hepatitis B virus; Treg; Th17; Immune;
Hepatitis B virus-related acute-on-chronic liver failure
Core tip: In this study, we longitudinally investigated
+
+
Foxp3 Treg cells and IL-17 Th cells by measuring gene
levels, protein levels and T-cell phenotypes during HBVrelated acute-on-chronic liver failure (ACHBLF) progression. From the onset of ACHBLF, there were changes
+
in Foxp3 Treg and Th17 cell frequencies. An increased
Treg/Th17 ratio was associated with the survival of
ACHBLF patients.
Liang XS, Li CZ, Zhou Y, Yin W, Liu YY, Fan WH. Changes
in circulating Foxp3+ regulatory T cells and interleukin-17producing T helper cells during HBV-related acute-on-chronic
liver failure. World J Gastroenterol 2014; 20(26): 8558-8571
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8558.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8558

INTRODUCTION
Hepatitis B virus (HBV) is a major human pathogen,
infecting 350 million people worldwide. Adults infected
with HBV can either exhibit acute self-limited HBV infection or progress to chronic infection, while viral infection
in utero or early in life generally results in chronic hepatitis
B (CHB)[1]. Some CHB patients may rapidly progress
towards liver failure, a condition referred to as acute-onchronic liver failure (ACLF)[2]. HBV-related acute-onchronic liver failure (ACHBLF) is one of the most severe
consequences of HBV infection. ACHBLF refers to
liver failure occurring in patients with CHB, CHB-related
liver cirrhosis, or chronic asymptomatic HBV carriers[3].
In China, as a result of the high prevalence of HBV infection, ACHBLF cases account for more than 80% of
ACLF cases[4,5]. The precise mechanisms underlying the
deterioration of liver function occurring in ACLF remain
unclear; however, the impairment of cellular immunity is
believed to be a contributing factor[6-9].
Recently, a novel and unique pro-inflammatory T cell
subset, interleukin-17 (IL-17)-producing CD4+T helper
cells (Th17), was identified. Several key cytokines, including IL-1β, IL-6, tumor necrosis factor alpha (TNF-α)
and IL-23, create a cytokine milieu that regulates the
differentiation and expansion of human Th17 cells[10-13].
Th17 and its related cytokines may play an important role
in the pathogenesis of HBV infection[6-9,14-16].
Conversely, another CD4+T cell subset, Foxp3+ regulatory T cells (Treg), which are characterized by their
constitutive expression of CD25 and Foxp3 and by immunological suppression[17-21], can restrain the immune response, thus limiting liver damage[9,22-24]. In chronic HBV
infection, an imbalance between Tregs and effector T
cells has recently been described by several groups. These
studies suggest that either the number or functional imbalance of Tregs in the blood or liver may be a reason for
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MATERIALS AND METHODS
Subjects
A total of 18 patients with ACHBLF have been described
in our recent study[9]. In brief, inclusion criteria included
(1) HBV-related liver cirrhosis or chronic HBV infection based on a histopathologic diagnosis or compatible
laboratory data and sonographic findings; (2) recent
development of jaundice, ascites, hemodynamic instability and/or encephalopathy grade Ⅲ-Ⅳ, compatible with
the definition of hepatic decompensation and necessitating further treatment in the ICU; (3) no evidence of
hepatocellular carcinoma or other metastatic liver tumors
that could affect liver function; and (4) no immunosuppressive medication within the last 3 mo prior to study
entry[9,28]. All of the patients were longitudinally followed.
Table 1 summarizes the clinical data acquired from the
investigations of these patients at the onset point (1-2 wk
after clinical onset), peak point (the time of peak total
bilirubin level, 2-3 wk after clinical onset), and recovery
point (total bilirubin levels decreased by more than 30%,
typically 7-8 wk after clinical onset)[29]. The disease control group was composed of 18 age-, gender- and ChildPugh stage-matched patients with CHB. The diagnostic
criteria for CHB were as follows: positive for hepatitis B
surface antigen (HBsAg) and anti-hepatitis B core (antiHBc) for more than 6 mo; negative for antibodies to
hepatitis C virus, hepatitis D virus, hepatitis G virus, and
HIV-1 and -2; no other causes of chronic liver damage;
and persistently elevated serum ALT levels and positive
serum HBV DNA for at least 6 mo. Ten healthy adults
(age range: 24-42 years, 7 females and 3 males) were included as HCs. All patients and controls were Chinese.
The study was approved by the local medical ethics committee of Shanghai Changhai Hospital, and informed
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F
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M
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Week after ALT
TBIL
clinical
(U/L) (μmol/L)
onset
1
112
497.3
1
65
309.5
1
1002
400.5
1
302
520.1
1
435
170.6
2
145
620.0
1
92
449.5
1
504
293.6
1
282
439.1
1
81
465.6
2
53
599.8
1
35
182.8
1
213
381.1
1
355
364.7
1
21
508.8
1
93
395.0
2
138
541.5
1
138
216.0

HBV DNA
(Log 10
copies/mL)
5.69
5.21
3.67
6.36
5.22
3.29
4.57
7.14
5.88
4.37
2.67
4.30
5.89
6.07
3.35
3.19
2.67
5.68

Onset

48.01%
38.30%
21.65%
16.35%
40.36%
46.40%
24.24%
42.65%
42.31%
27.53%
28.12%
25.78%
10.96%
32.43%
40.99%
18.67%
30.73%
47.212%

PTA
24.70
18.38
26.86
52.47
16.84
31.14
26.48
21.78
18.93
29.51
25.36
20.31
39.84
25.63
33.77
29.42
28.79
22.43

MELDNa
2
2
3
2
3
3
2
3
2
2
3
2
2
2
2
2
3
2

72
64
316
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62
165
89
148
151
61
58
46
584
63
31
86
107
63
60.2
613.7
481.9
403.4
449.6
405.0
381.5
208.5
540.2
546.2
481.2
353.8
639.6
259.2

239.5
267.5
576.8
4.15
3.29
3.29
3.12
3.29
3.11
2.23
ND
ND
2.12
2.98
3.19
2.32
4.11

60.13%
46.81%
22.78%
42.65%
37.50%
27.53%
27.53%
27.24%
4.70%
29.20%
44.07%
19.14%
27.53%
74.58%

11.99
27.99
25.77
25.07
21.70
32.25
46.89
20.78
62.03
29.60
38.17
36.92
50.07
16.17

5
7
6
8
8
7
8
7
Died
8
8
8
Died
6
132.9

127.0
158.8
169.9

75
22
76
89

45.6
546.3
456.6
350.0
471.9
174.0
297.0
197.8

44
129
68
59
83
33
46
60

2.89

1.25
2.12
2.86

4
3.29
3.04
3.27
3.12
2.54
2.12
2.23

HBV DNA
(Log 10 copies/
mL)
3.21
3.21

Recovery

HBV DNA
PTA MELD-Na Week after
ALT
TBIL
(Log 10
clinical onset (U/L) (μmol/L)
copies/mL )
4.58
51.36%
22.56
7
59
152.3
4.25
45.56%
20.45
8
68
152.8
2.08
16.06%
58.53
Died

Peak
Week after ALT
TBIL
clinical onset (U/L) (μmol/L)

89.80%

49.44%
59.46%
21.84%

62.26%
36.72%
28.57%
53.44%
34.78%
45.99%
22.02%
23.70%

50.38%
41.97%

PTA

10.38

24.03
15.23
12.40

10.25
30.55
26.08
24.05
26.08
15.93
37.87
22.58

21.19
15.04

MELDNa

Quantification of gene expression
The panels of genes of interest (GOIs) are listed in Table 2. The GAPDH gene was selected as an endogenous reference. Candidate primer sets were first designed by Primer
Express Software (Applied Biosystems, Foster City, CA, United States) and then validated manually to satisfy the following criteria: (1) amplicon length between 50 and 150 base
pairs; (2) amplification efficiencies, as determined by a template linear dilution method as described previously[30], were approximately equal for the GOIs and 18S rRNA; and (3)
primers were verified to generate a single product specific to target genes by both blast algorithm (http://www.ncbi.nlm.nih.gov/blast/) and melting curve analysis. The expression of GOIs was determined by RQ-PCR using an ABI PRISM 7000 Sequence Detection System (Applied Biosystems). PCR was performed using SYBR Green PCR Master
Mix (Applied Biosystems) in a final volume of 50 µL with the following thermal conditions: 50 ℃ for 2 min, 95 ℃ for 10 min followed by 40 cycles of 95 ℃ for 10 s and 60 ℃
for 30 s. Samples were assayed in triplicate. The expression ratio of each GOI between different groups was analyzed using the delta comparative cycle threshold method[31].

Peripheral blood mononuclear cell isolation, total RNA extraction and complementary DNA synthesis
Peripheral blood mononuclear cells (PBMCs) were isolated from the heparinized peripheral blood of the studied subjects by standard Ficoll-Paque (GE Healthcare, Uppsala,
Sweden) density centrifugation. Total RNA was extracted from PBMCs using the RNeasy kit (Qiagen, Valencia, CA, and United States). All samples were treated with DNaseI
to eliminate potential genomic DNA contamination. The quality and quantity of the RNA were determined using an ultraviolet spectrophotometer (NANODROP1000, Thermo). Target RNA was reverse-transcribed using the Omniscript RT Kit (Qiagen, Valencia, CA, United States). All samples were treated according to identical protocols and in
parallel. RNA and cDNA were stored at -80 ℃ until further processing.

consent was acquired from each individual.

1
2
3
4
5
6
7
8
9
10
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14
15
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17
18

No. Age Sex
(yr)

Table 1 Clinical characteristics of patients with hepatitis B virus-related acute-on-chronic liver failure
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Table 2 T helper type 17 and T regulatory differentiation-related cytokines
Genes

GenBank accession number

Primers (5' to 3')

Reported function

IL-1β

NM_000576

Induce human Th17 polarization[17]

IL-6

NM_000600

IL-23/p19

NM_016584

IL-17A

NM_002190

TGF-β 1

NM_000660

IL-2

NM_000586

FoxP3

NM_014009

Forward: GCTGATGGCCCTAAACAGATGAA
Reverse: TGAAGCCCTTGCTGTAGTGGTG
Forward: AAGCCAGAGCTGTGCAGATGAGTA
Reverse: TGTCCTGCAGCCACTGGTTC
Forward: GCAGCCTGAGGGTCACCACT
Reverse: GGCGGCTACAGCCACAAA
Forward: TGTCCACCATGTGGCCTAAGAG
Reverse: GTCCGAAATGAGGCTGTCTTTGA
Forward: AGCGACTCGCCAGAGTGGTTA
Reverse: GCAGTGTGTTATCCCTGCTGTCA
Forward: CAACTCCTGTCTTGCATTGCACTAA
Reverse: AATGTGAGCATCCTGGTGAGTTTG
Forward: GTTCACACGCATGTTTGCCTTC
Reverse: CACAAAGCACTTGTGCAGACTCAG

Flow cytometric analysis
For Th17 cell examination, the PBMCs were isolated
from peripheral blood. PBMCs (2 × 106) were stimulated
further for 5 h with 50 ng/mL phorbol myristate acetate,
1 mmol/L ionomycin (both from Sigma, St Louis, MO,
United States) and 10 mg/mL brefeldin A (TocrisCookson, Bristol, United Kingdom) in complete RPMI-1640
(Invitrogen, Carlsbad, CA, United States) supplemented
with 10% heat-inactivated fetal bovine serum (Gibco,
Grand Island, NY, United States). Upon harvest, cells
were first surface-stained with fluorescein isothiocyanate
(FITC)-conjugated anti-human CD4 antibodies for 20
min, fixed and permeabilized with Perm/Fix solution,
and then stained intracellularly with phycoerythrin (PE)conjugated anti-human IL-17A.
For Treg cell examination, peripheral blood (100 μL)
was first surface-stained with FITC-conjugated antihuman CD4 antibodies and allophycocyanin (APC)conjugated anti-human CD25 antibodies for 30 min, then
lysed with FACSTM lysing solution (BD PharMingen)
and treated with eBioscience fix/perm mixture (eBiosciences) according to the manufacturer’s instructions.
Finally, the cells were incubated with PE-conjugated antihuman Foxp3 antibodies overnight. Isotope controls
were used to ensure antibody specificity. Flow cytometry
was performed using a FACSCalibur (Becton Dickinson,
San Jose, CA). FACS data were analyzed using CellQuest
software (Becton Dickinson Rutherford, NJ)[28]. All antibodies were purchased from BD Biosciences (San Jose,
CA, United States).

Unique subunit of IL-23
Main effective cytokine of Th17 cells[7]
Induce mouse Th17 and Treg polarization, suppress
human Th17 polarization[9,10,17]
Induce human and mouse Treg polarization[10]
Master regulatory transcription factors of Treg
lineage[21]

anti-HIV-2 were measured using commercially available
kits (Abbot Laboratories, North Chicago, IL) in our clinical lab. Serum HBV-DNA levels were measured by fluorescent quantitative PCR with commercially available kits
(PE/B/MJ/L, Shenzhen, China) according to the manufacturer’s instructions. The threshold of the HBV DNA
detection limit was 500 copies/mL.
Statistical analysis
All data were analyzed using IBM SPSS statistic version 19 (IBM, Com). The Kruskal-Wallis test was used
to evaluate the differences among more than 2 groups.
The Mann-Whitney U test was used to evaluate the difference between two groups. Spearman’s correlation test
was used to assess the correlation of immune factors and
clinical characters. The area under the receiver operating
characteristic (ROC) curve was used to compute predictive values of different factors on survival rates. For all
tests, two-sided P < 0.05 was considered significant.

RESULTS
Clinical characteristics and treatment of patients with
ACBHLF
The clinical and biochemical details of the studied patients
are listed in Table 1. We measured the expression of 7
genes and the serum concentrations of six corresponding
cytokines, which have been reported previously to contribute to the differentiation of Th17 and Treg cells[32,33]. The
name, GenBank accession number, primer sequences and
reported function of each gene are presented in Table 2.
Patients with ACHBLF received conservative management, including nutritional support, hepatoprotective
drugs, antiviral therapy (lamivudine 100 mg/d) and prevention and control of complications, but did not receive
any immune-modulating therapy. Patients were divided
subsequently into non-survivor (NS) patients (who died
or received a liver graft) and survivors (who survived or
whose total bilirubin level decreased by more than 30%
by the end of study) according to an earlier report[29].
Four patients died during the study, and one patient received a liver graft.

Enzyme linked immunosorbent assay
Serum concentrations of IL-1β, IL-6, IL-23, IL-17A,
TGF-β1, and IL-2 were measured by commercially available enzyme linked immunosorbent assay kits (R and D
Systems, Minneapolis, MN, United States) according to
the protocols provided by the manufacturer. All samples
were assessed in triplicate.
Virological and biochemical assessments
The levels of HBsAg, HBeAg, anti-HBs, anti-HBc, antiHBe, anti-HCV, anti-HDV, anti-HGV, anti-HIV-1, and
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Figure 1 Expression of interleukin-17-producing T helper cell and Foxp3+ regulatory T cell-related genes in patients with hepatitis B virus-related acute-onchronic liver failure at the onset point. Compared with healthy controls (HCs), all interleukin-17-producing T helper cell (Th17)-related cytokines were up-regulated,
but only IL-1β was up-regulated significantly. Compared with general chronic hepatitis B (CHB), there were no significant differences in Th17-related cytokine gene expression at the onset of hepatitis B virus-related acute-on-chronic liver failure (ACHBLF). For Foxp3+ regulatory T cell (Treg)-related gene expression, IL-2 expression
was significantly up-regulated compared with both CHB patients and HCs. Data are presented as whisker-box plots, and the difference between ACHBLF and the HC
or CHB groups was analyzed by a Mann-Whitney test. Boxes represent the interquartile range, with the median represented by the line inside the box. Upper whisker,
the highest value less than or equal to the 75 percentile plus 1.5 times interquartile range; lower whisker, the lowest value greater than or equal to the 25 percentile
minus 1.5 times interquartile range. Outliers were excluded. bP < 0.01 vs ACHBLF group.
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Figure 2 Dynamic cytokine milieu for interleukin-17-producing T helper cells and Foxp3+ regulatory T cells in patients with hepatitis B virus-related acuteon-chronic liver failure. The gene expression of pro-th17 cytokines showed higher levels throughout the hepatitis B virus-related acute-on-chronic liver failure (ACHBLF) event compared with HCs, especially for IL-6 and IL-1β (A and C). FoxP3 gene expression was up-regulated gradually during ACHBLF events (G). Data are
presented as whisker-box plots. Boxes represent the interquartile range, with the median represented by the line inside the box. Upper whisker, the highest value less
than or equal to the 75 percentile plus 1.5 times interquartile range; lower whisker, the lowest value greater than or equal to the 25 percentile minus 1.5 times interquartile range. Outliers were excluded. Differences between different time points were analyzed by the Kruskal-Wallis test and with HCs by the Mann-Whitney test. aP
< 0.05, bP < 0.01 vs HC; cP < 0.05, dP < 0.01 vs recovery group.
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Figure 3 Serum levels of interleukin-17-producing T helper cell and Foxp3+ regulatory T cell-related cytokines in patients with hepatitis B virus-related
acute-on-chronic liver failure. A: Interleukin (IL)-6; B: IL-1β; C: IL-23; D: IL-17; E: IL-2; F: transforming growth factor (TGF)-β1 were tested. Data are presented as
the mean ± standard deviation. Differences between different time points were analyzed by the Kruskal-Wallis test and with HCs by the Mann-Whitney test. aP < 0.05;
b
P < 0.01 vs HC; dP < 0.01 vs recovery group.

Both Th17 and Treg cell-related cytokines were upregulated at the onset of ACHBLF
Compared with HCs, the gene expression of the proTh17 cytokines IL-1β, IL-6 and IL-23/p29 was up-regulated, especially IL-1β, at the onset of ACHBLF (Figure
1A-C). We also observed higher expression of IL-17A
(Figure 1D). However, there were no significant differences between the ACHBLF and CHB patients.
Although the expression of TGF-β1 in the patients
with ACHBLF did not differ from that of the HCs and

WJG|www.wjgnet.com

CHB patients (Figure 1E), IL-2 gene expression was upregulated significantly compared with the HCs and CHB
patients (Figure 1F). We also observed higher levels of
Foxp3 gene expression (Figure 1G).
Dynamic Treg and Th17 cell differentiation environment
at both gene and protein levels during ACHBLF
During ACHBLF, the differentiation environment was
conducive to Th17 cell differentiation (Figure 2A-C and
Figure 3A-C), which was demonstrated by significantly
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by flow cytometry. A: Representative dot plots of intracellular IL-17 and Foxp3 staining in patients with HBV-related acute-on-chronic liver failure (ACHBLF); B: Percentage of IL-17A+CD4+T cells in total CD4+T cells; C: Percentage of FoxP3+CD25+CD4+T cells in total CD4+T cells; D: Ratio of Treg cells to Th17 cells. CHB: Chronic
hepatitis B. Differences between ACHBLF and HCs or CHB group were analyzed by the Mann-Whitney test. aP < 0.05, bP < 0.01 vs ACHBLF group.

with CHB (1.48% ± 0.71%, p = 0.04,) and HCs (1.37%
± 0.51%, p = 0.01; Figure 4B), whereas Treg decreased in
ACHBLF patients (4.08% ± 2.28%) compared with CHB
patients (6.71% ± 1.76%, p = 0.001) (Figure 4C).
Given the nonsynchronous changes of Treg and
Th17 cells at the onset of ACHBLF, to better understand
the relationship between these two types of immune cells,
we used the Treg/Th17 ratio. The Treg/Th17 ratio of
ACHBLF at the onset point was decreased significantly
(2.83% ± 2.60%) compared with HCs (4.09% ± 1.39%,
p = 0.003) and the CHB patients (4.67% ± 2.30%, p =
0.007) (Figure 4D).
These data indicate that a significant imbalance in the
numbers of circulating CD4+T cells occurs in patients
with ACHBLF.

elevated IL-6 and IL-1β levels both at the gene and protein expression level (Figures 2A, C and 3A, B). However,
Treg cell-related cytokine expression levels gradually
decreased during ACHBLF (Figures 2E, F and 3E, F).
Corresponding to this Th17 differentiation environment,
patients possessed higher IL-17A levels at both the gene
and protein levels during the ACHBLF event (Figure 2D
and Figure 3D). Interestingly, Foxp3 gene expression was
up-regulated gradually during the ACHBLF event. Foxp3
gene levels at the recovery point were significantly higher
than HCs and at onset time point (Figure 2G).
Treg and Th17 cell numbers during ACHBLF
Based on our knowledge of the cytokine milieu in patients with ACHBLF at the onset point, we further evaluated the Treg and Th17 cell subsets in PBMCs, defined
as the percentage of Th17 cells and Treg cells in the total
CD4+ T cell population using flow cytometry (Figure
4A). The Th17 cell population was increased in patients
with ACHBLF (2.83% ± 2.61%) compared with patients
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increased ratio of Treg to Th17 cells in patients with
ACHBLF
To characterize the changes in the circulating CD4+T
subset, all 18 patients with ACHBLF were longitudinally
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that of the HCs (4.09% ± 1.39%, p = 0.17) (Figure 5D).

followed. Intracellular IL-17 and FoxP3 staining in different stages of ACHBLF were tested using flow cytometry
(Figure 5A). As shown in Figure 5B, during ACHBLF
events, patients had a sustained higher frequency of Th17
cells in the peripheral blood compared with HCs. The
frequency of Th17 cells at the peak point was increased
slightly compared with at the onset point, but there was
no significant difference between the two clinical phases.
However, at the recovery time point, the frequency of
Th17 cells (1.69% ± 0.97%) was decreased sharply from
the peak time point (2.84% ± 2.92%). The frequency of
Treg cells was not changed significantly during the entire
clinical phase (Figure 5C).
We further analyzed the changes in the ratio of Tregs
to Th17 cells during ACHBLF events. The ratio of Treg
to Th17 cells was increased gradually from the onset
point to the recovery point, and at the recovery point, the
ratio of Treg to Th17 (3.07% ± 1.80%) was similar to
WJG|www.wjgnet.com

Relationship between disease development and the
Th17-Treg dynamic in patients with ACHBLF
To identify the relationship between host immune changes
and disease development, we used total bilirubin (TBIL),
alanine aminotransferase (ALT) and a model for end stage
liver disease (MELD) plus sodium (MELD-Na) score to
evaluate disease development[34,35]. We performed correlation analyses between these main biochemical measures
and the MELD-Na score and Th17 frequency, Treg frequency and the ratio of Treg to Th17 cells at the onset,
peak, and recovery phases of the disease among our 18
ACHBLF patients. The data revealed that all of these
host immune characteristics positively or negatively correlated with disease development (table 3). However, in all
patients, only serum IL-17 levels at peak point markedly
correlated with the ALT level (r = -0.56, p = 0.02). We
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In the present study, we demonstrated that a Treg and Th17 immune imbalance exists in ACHBLF patients by measuring gene, protein and T cell phenotypes. We also longitudinally identified the pattern of dynamic change in Treg and Th17 cells during ACHBLF. We found that compared with CHB, ACHBLF patients possessed a favorable
Th17 differentiation environment, accompanied by a sustained higher Th17 frequency and IL-17 levels. The results suggest that Th17 and related pro-inflammatory cytokine
up-regulation played a vital role in disease progression from CHB to ACHBLF and also played a critical role in ACHBLF development. Zhang et al[7] previously found that circulating Th17 cells increased with disease progression from CHB to ACHBLF. Another CD4+T cell subset, Tregs, plays a critical role in HBV persistence during CHB events.

DISCUSSION

Predictive value of Treg, Th17 and the Treg to Th17 ratio on 28-d survival in ACHBLF
Because Treg, Th17, and IL-17 levels and the ratio of Treg to Th17 were shown to be associated with ACHBLF development, we further evaluated the early predictive value of
these factors on ACHBLF outcome. We evaluated the value of these factors at onset and at peak point in predicting ACHBLF survival by the end of a 28-d follow-up period.
ROC curve analysis showed that Th17 frequency and the ratio of Treg to Th17 at the onset point were significant in predicting 28-d ACHBLF survival. The Th17 frequency
was a negative predictor and the Treg to Th17 ratio was a positive predictor [the area under the ROC was 0.1 (95%CI: 0.000-0.248, p = 0.01) for Th17 frequency at onset and 0.846
(95%CI: 0.65-1.00, p = 0.02) for the ratio of Treg to Th17 at onset]. There was no significant predictive value of Treg frequency during the event, IL-17 levels during the event,
and changes in the ratio of Treg to Th17 from the onset to peak point (Table 4).
To further investigate the predictive value of the Treg to Th17 frequency ratio during ACHBLF events on the survival of ACHBLF patients, we divided the ACHBLF patients into survivors and non-survivors (NS)[29]. As shown in Figure 6A, we found that the ratio of Treg to Th17 frequency at the onset point in NS patients (0.91% ± 0.24%)
was significantly lower than that in survivors (2.64% ± 2.19%, p = 0.02). Furthermore, we also found that survivors exhibited an initial decrease in the circulating ratio of Treg
to Th17 frequency from the onset point to the peak point. Subsequently, survivors displayed a continuous increase of the Treg to Th17 ratio, accompanied by a total bilirubin level decrease of more than 30% (Figure 6B). However, dead/transplanted patients lacked these sequential responses compared with survivors. The Treg to Th17 ratio
remained persistently low in these patients (Figure 6C). These data suggest that the restoration of the balance of Treg and Th17 cells may represent a prognostic marker for a
favorable clinical result in ACHBLF patients.

further analyzed patients in the survival group and found that the ratio of Treg to Th17 at the peak point positively correlated with ALT levels (r = 0.58, p = 0.04). Furthermore,
we also found that in the survival group, changes in the Treg to Th17 ratio from the onset to the peak point markedly correlated with TBIL levels (r = -0.57, p = 0.04).

ALT: Alanine aminotransferase; TBIL: Total bilirubin; PTA: Prothrombin activity; MELD-Na: Model for end-stage liver diseases and sodium; Th17: Interleukin-17-producing T helper cells; Treg: Foxp3+ regulatory T cell; Treg/
Th17: Ratio of Treg to Th17 cells. Data were analyzed by Spearman correlation test.

Total patients ALT
TBIL
MELD-Na
Survivors
ALT
TBIL
MELD-Na

r

Onset

Table 3 Correlations between clinical characteristics and host immune data during the onset, peak, and recovery phases of hepatitis B virus-related acute-on-chronic liver failure
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Table 4 Predictive value of Foxp3 regulatory T cell and interleukin-17-producing T helper cells in hepatitis B virus-related acuteon-chronic liver failure patient survival
Variables

Area

Treg frequency at onset
Th17 frequency at onset
Ratio of Treg to Th17 at onset
Serum IL-17 level at onset
Treg frequency at peak
Th17 frequency at peak
Ratio of Treg to Th17 at peak
Ratio of Treg to Th17 change from onset to peak
Serum IL-17 level at peak

0.577
0.108
0.846
0.554
0.523
0.462
0.585
0.308
0.785

Standard error
0.163
0.081
0.100
0.136
0.166
0.168
0.160
0.132
0.108

We found that when disease progressed from CHB to
ACHBLF, although the Treg differentiation cytokine IL-2
was up-regulated, circulating Treg frequency began to decrease and showed lower levels during ACHBLF events
compared with CHB events. These data suggest that Treg
down-regulation may promote liver inflammation and accelerate disease progression from CHB to ACHBLF and
ACHBLF development.
The development of ACHBLF involves dysregulation
of both the innate and adaptive immune systems. Many
different cell types, including T lymphocytes, monocytes
and dendritic cells, are primed in ACHBLF. These cells
are believed to play a pivotal role in the pathogenesis of
ACHBLF[4,6,8,12,26]. Treg and Th17 cells are both involved
in the pathogenesis of HBV infection. Tregs and Th17
cells are closely associated with each other; the two types
of T cells not only share the same origin but are also mutually antagonistic in function. Thus, the balance between
the two types of T cells could impact inflammation control and autoimmune inflammation[36,37]. Many studies
have found that an imbalance between Th17 and Treg
cells is closely related to the development of a number
of diseases, including HBV infection[9,27,36-39]. Recently,
two different groups have demonstrated imbalances
between Treg and Th17 cells in ACHBLF patients and
that this imbalance plays an important role in the progression of ACHBLF[27,40]. Furthermore, several studies
have demonstrated that antiviral therapy induces a viral
load reduction that partly restores antiviral immunity in
patients with CHB[41-44]. We also previously reported that
for acute and chronic HBV infected patients, the balance
between Treg and Th17 cell frequency was different.
Treg and Th17 immune imbalance only exists in CHB
and ACHBLF[9]. In this study, we further demonstrated
that immune imbalance of Treg and Th17 cells exists in
ACHBLF measured by both gene and protein levels from
the clinical onset. Furthermore, the imbalance of Treg to
Th17 changed along the progression of the disease and
correlated with the outcome of the disease. Furthermore,
to avoid a quick viral load reduction that induces immune
restoration in the early part of the ACHBLF event, in
this study, all patients accepted lamivudine therapy to improve the long-term prognosis of ACHBLF.
Although it is now recognized that an imbalance be-
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Asymptotic sign
0.622
0.012
0.027
0.730
0.882
0.805
0.588
0.218
0.068

95%CI
Low boundary

Upper boundary

0.258
0.000
0.650
0.288
0.197
0.132
0.270
0.049
0.573

0.896
0.266
1.000
0.820
0.849
0.791
0.899
0.566
0.997

tween Th17 and Tregs exists in ACHBLF patients, our
knowledge about the dynamic interplay between Tregs
and Th-17 cells during ACHBLF events is limited. In this
study, we longitudinally followed ACHBLF patients and
demonstrated that the immune imbalance between Treg
and Th17 dynamically changed along ACHBLF progression, but mechanistic data were absent in our study. At
onset, the ratio of Treg to Th17 cells, with a significant
Th17 increase, was decreased significantly compared with
CHB patients and HCs. Then, the Treg to Th17 ratio
dynamically increased from the onset to the recovery
point, and finally, the ratio of Treg to Th17 was increased
to similar levels as HCs at the recovery point. These data
suggest that the Treg and Th17 balance modulates liver
damage and the outcome of ACHBLF.
Based on the role of Th17 and Treg in ACHBLF
and the relationship between the two types of T cells,
we studied the relationship between the two types of T
cells and ACHBLF progression. We used the MELD-Na
score to evaluate ACHBLF disease development, ALT
and TBIL to evaluate liver inflammation, and the ratio of
Treg to Th17 to represent the interplay of the two types
of T cells. We found that in all patients, the frequency of
the two types of T cells and their ratio during ACHBLF
events correlated with the ALT, TBIL and MELD-Na
score positively or negatively, but only serum IL-17 levels at peak point significantly correlated with ALT levels
(table 4). However, in survivors, we found that Th17
frequency at onset and recovery showed a relationship
with MELD-Na (Table 4), and the ratio of Treg to Th17
at the peak point significantly correlated with ALT levels.
These data suggested that MELD-Na is an improved
model for the prediction of mortality in patients with
end-stage liver disease awaiting liver transplantation but
cannot exactly represent the stage of ACHBLF, especially
in patients whose acute liver damage developed quickly[45].
The mortality of ACHBLF is high and there are few
early predictors for survival in ACHBLF. Zhai et al[27]
found that the ratio of Th17 to Treg cells was inversely
associated with survival in HBV-related ACLF patients.
In this study, we not only found that a lower ratio of circulating Treg to Th17 frequency at the onset predicts a
poor survival rate but also found that survivors exhibited
an initial decrease in the circulating ratio of Treg to Th17
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In summary, our findings suggest that an immune imbalance between Treg and Th17 cells exists in ACHBLF
patients, and the immune imbalance dynamically changes
with disease progression. The ratio of Treg to Th17 cell
frequency is dynamically associated with survival in ACHBLF patients. A low Treg to Th17 cell ratio at onset predicts poor survival. Survivors exhibit an initial decrease in
the circulating ratio of Treg to Th17 cells from onset to
peak time and subsequently display a continuous increase
in the ratio of Treg to Th17 cells.
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Studies have previously demonstrated that there is an imbalance between
FoxP3+Treg and IL-17+Th cells during ACHBLF. The ratio of Th17 to Treg cells
is inversely associated with survival in HBV-related ACLF patients.

Recovery

Innovations and breakthroughs

In this study, the authors longitudinally investigated FoxP3+Treg cells and IL17+Th cells using gene expression and protein levels and also T-cell phenotypes
during ACHBLF. At the onset of ACHBLF, patients presented with an environment conducive for Th17 differentiation, but Treg cell-related cytokines showed
a gradually increasing trend over time. FoxP3+Treg and IL-17+T cells showed
changes in gene, protein level and T cell phenotypes during ACHBLF events. An
increased Treg/Th17 ratio was associated with survival in ACHBLF patients.
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Applications
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ACHBLF is one of the most severe consequences of HBV infection. The mortality of ACHBLF is high, and there are few early predictors for survival in ACHBLF.
The ratio of Treg to Th17 cell frequency is dynamically associated with survival
in ACHBLF patients. A low Treg to Th17 cell ratio at disease onset predicts poor
survival, and survivors exhibit an initial decrease in the circulating ratio of Treg
to Th17 cells from onset to peak time; therefore, monitoring the changes in the
Treg to Th17 cell ratio could predict survival in ACHBLF.

1

0

Onset

Peak
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Terminology

ACHBLF refers to acute liver failure occurring in patients with chronic HBV
infection (CHB), CHB-related liver cirrhosis, or chronic asymptomatic HBV carriers. ACHBLF manifests as jaundice and coagulopathy, complicated within 4 wk
by ascites and/or encephalopathy.
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Figure 6 Predictive value of the Foxp3 regulatory T cells to interleukin17-producing T helper cells cell ratio during disease development on the
survival of hepatitis B virus-related acute-on-chronic liver failure patients.
A: A lower ratio of Treg cells to Th17 frequency in non-survival ACHBLF patients
at clinical onset; B: The distribution of the ratio of Treg cells to Th17 cells in
surviving ACHBLF patients; C: The distribution of the ratio of Treg cells to Th17
cells in non-surviving ACHBLF patients. Each symbol represents one individual,
and each line represents the changes in an individual patient’s ratio of Treg to
Th17 frequency. The solid line depicts the mean ratio of all patients.

Peer review

The manuscript aimed to longitudinally investigate the expression levels of Treg
cells in patients with ACHBLF and to analyze changes in Th17 and Treg cells
during the follow-up period. Overall, the data are interesting. Although the numbers of patients are small, they are well characterized. However, an absence of
mechanistic data was observed in this manuscript.

cells from onset to peak time and subsequently displayed
a continuous increase in the ratio of Treg to Th17 cells,
accompanied by a total bilirubin level decrease of more
than 30%. According to these data, we speculate that the
interplay between Tregs and Th-17 is important for maintaining the balance between a limited immune response
and pathological damage.
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RESULTS: Overexpression of HO-1 in HepG2 cell line
was associated with increased chemoresistance to cisdiaminedichloroplatinum (cisplatin; CDDP) compared to
other cell lines in vitro . Inhibition of HO-1 expression
or activity by zinc protoporphyrin IX (ZnPP IX) markedly augmented CDDP-mediated cytotoxicity towards
all liver cancer cell lines in vitro and in vivo . In contrast,
induction of HO-1 with hemin increased resistance of
tumor cells to CDDP-mediated cytotoxicity in vitro and
in vivo . Furthermore, cells treated with ZnPP IX plus
CDDP exhibited marked production of intracellular ROS
and caspase-3 activity, which paralleled the incidence
of cell apoptosis, whereas hemin decreased cellular
ROS and caspase-3 activity induced by CDDP.
CONCLUSION: ZnPP IX increases cellular sensitivity
and susceptibility of liver cancer cell lines to CDDP and
this may represent a mechanism of increasing ROS.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Zinc protoporphyrin IX; Heme oxygenase-1;
Liver cancer cell lines; Cisplatin; Chemotherapy

AIM: To investigate the effect of zinc protoporphyrin
IX on the response of hepatoma cells to cisplatin and
the possible mechanism involved.

Core tip: Overexpression of heme oxygenase (HO)-1
in HepG2 cell line was associated with increased chemoresistance to cis-diaminedichloroplatinum (cisplatin;
CDDP) compared to other cell lines. Inhibition of HO-1
expression by zinc protoporphyrin IX (ZnPP IX) markedly augmented CDDP-mediated cytotoxicity towards
other hepatoma cells. Induction of HO-1 with hemin
increased resistance of tumor cells to CDDP-mediated
cytotoxicity. Furthermore, cells treated with ZnPP IX
plus CDDP exhibited marked production of intracellular
reactive oxygen species (ROS) and caspase-3 activity,
whereas hemin decreased cellular ROS and caspase-3
activity induced by CDDP. Therefore, administration

METHODS: Cytotoxicity was determined using the
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay. Apoptosis was determined by a flow cytometric assay. Western blotting was used to measure
protein expression. Heme oxygenase (HO)-1 activity
was measured by determining the level of bilirubin generated in isolated microsomes. Reactive oxygen species
(ROS) production was monitored by flow cytometry.
Caspase-3 activity was measured with a colorimetric
7
assay kit. Mice were inoculated with 1 × 10 tumor cells
subcutaneously into the right flanks. All mice were sac-

WJG|www.wjgnet.com

8572

July 14, 2014|Volume 20|Issue 26|

Liu YS et al . Zinc protoporphyrin IX and hepatoma

In this study, we investigated whether constitutively
overexpressed HO-1 in liver cancer cells was associated
with resistance to apoptosis induction by cis-diaminedichloroplatinum (cisplatin; CDDP), and then explored the
role of HO-1 in protecting tumor cells against chemotherapeutic agents in vitro and in vivo.

of HO-1 inhibitors may evolve into a new liver cancer
treatment strategy.
Liu YS, Li HS, Qi DF, Zhang J, Jiang XC, Shi K, Zhang XJ,
Zhang XH. Zinc protoporphyrin IX enhances chemotherapeutic
response of hepatoma cells to cisplatin. World J Gastroenterol
2014; 20(26): 8572-8582 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8572.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8572

MATERIALS AND METHODS
Reagents
CDDP, zinc protoporphyrin IX (ZnPP IX), hemin,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) and 2,7-dichlorodihydrofluo-recin diacetate
(DCFH-DA) were from Sigma (St. Louis, MO, United
States). Dulbecco’s Modified Eagle’s Medium, fetal bovine serum (FBS), and other cell culture reagents were
obtained from Gibco BRL Life Technologies (Grand
Island, NY, United States). Rabbit anti-human HO-1
monoclonal antibodies were from Cell Signaling Technology (Danvers, MA, United States). Goat anti-glyceraldehyde-3-phosphate dehydrogenase (GAPDH) polyclonal
antibody and horseradish peroxidase-conjugated goat
anti-mouse antibody were from Santa Cruz Biotechnology (Santa Cruz, CA, United States).

INTRODUCTION
Hepatocellular carcinoma (HCC) is the fourth most
common cancer and the third leading cause of cancerrelated death worldwide[1,2]. Surgical resection is the best
treatment to reduce the growth of HCC and improve
life expectancy of HCC patients. However, more than
80% of HCC patients are diagnosed with an advancedstage or unresectable disease. In patients who undergo
resection, the prognosis is poor with a recurrence rate as
high as 50% at two years[3,4]. Current chemotherapy is also
not effective and the development of chemoresistance is
the major limitation. Therefore, a new understanding of
the molecular mechanisms of drug resistance is urgently
needed for treatment of this deadly disease.
Heme oxygenase (HO) is a microsomal initial and
rate-limiting enzyme that catalyzes the degradation of
heme to produce equimolar quantities of biliverdin, CO
and free iron, which play crucial roles in the defense
against oxidative and cellular stress[5]. To date, three distinct mammalian HO isoforms have been identified:
HO-1, HO-2 and HO-3. HO-2 and HO-3 are constitutively expressed, whereas HO-1 is known to be highly
induced by a vast array of stress-inducing stimuli such as
H2O2, UV irradiation, hypoxia, and extracellular acidosis[6-9]. Induction of the HO-1 protein represents a cytoprotective defense mechanism in the adaptive response
to cellular stress[10]. Moreover, new observations indicate
that HO-1 and its products also exert anti-inflammatory
effects and influence the growth and proliferation of
tumor cells. Elevated expression and increased activity
of HO-1 have been found in various malignant tumors
such as human renal cell carcinoma, pancreatic cancer,
hepatoma, prostate cancer, and Kaposi sarcoma[11-15]. Furthermore, overexpression of HO-1 in tumor cells can be
further elevated by chemotherapy, radiotherapy or photodynamic therapy[16]. Its overexpression in human cancers
may give cancer cells a growth advantage and enhance
resistance to chemotherapy and other stressors[16-18]. Inhibition of HO-1 expression or activity suppresses cellular
proliferation and increases responsiveness of tumor cells
to some anticancer treatments in vitro and in vivo[18-20]. In
contrast, induction of HO-1 expression or activity decreases cell sensitivity to antitumor drugs. Accumulating
evidence suggests that HO-1 can be a therapeutic target
for antitumor treatment.

WJG|www.wjgnet.com

Cell lines and cell culture
The human liver cancer cell lines HepG2, SMMC7721,
and 97H were purchased from the Cell Bank, Chinese
Academy of Sciences (Shanghai, China). The three cell
lines were cultured in RPMI 1640 containing 100 U/
mL penicillin, 0.1 mg/mL streptomycin and 10% heatinactivated FBS at 37 ℃ in an atmosphere of 5% CO2
and 95% air. To induce or inhibit the activity of HO-1,
hemin or ZnPP IX was added 1 h prior to the addition
of CDDP.
Cell viability analysis
In vitro, the cytostatic and/or cytotoxic effects of treatments were determined using the MTT assay. Tumor
cells were seeded in a 96-well plate at a concentration
of 6 × 103 cells per well and cultured overnight for cell
attachment. The following day, cells were treated with
the investigational agents for 48 h. After an appropriate time, 20 μL MTT [5 mg/mL in phosphate-buffered
saline (PBS)] was added to each well for 4 h. The supernatant was discarded and 150 μL DMSO was added to
each well. The plates were shaken until the crystals had
dissolved. Absorbance was measured at a wavelength of
570 nm using an enzyme-linked immunosorbent assay
reader with background subtraction at 690 nm. Cell viability was expressed as percentage of untreated controls.
Experiments were completely randomized in design and
repeated six times.
In vitro apoptosis assay
Induction of apoptosis in vitro was determined by a flow
cytometric assay with an annexin V and propidium iodide
apoptosis kit according to the manufacturer’s instructions
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(Invitrogen, United States). Cells were plated in six-well
plates at 1 × 105 cells/well and treated for 48 h. After
treatment, the cells were harvested from the plate using
trypsin and washed twice with PBS, and then incubated
with annexin V-fluorescein isothiocyanate and propidium
iodide for 15 min. The number of apoptotic cells was
analyzed by flow cytometry using a FACScan Analyzer.
Experiments were completely randomized in design and
repeated six times.

centration was calculated by measuring the difference in
absorbance between 465 and 530 nm using a Shimadzu
UV-160A spectrophotometer with a molar extinction
coefficient of 40/mmol/L/cm. Experiments were completely randomized in design and repeated six times.
Measurement of oxidative stress
ROS production in each sample was monitored by flow
cytometry using the DCFH-DA fluorescent probe.
DCFH-DA is a stable compound that rapidly diffuses into
cells and is activated by intracellular esterases to DCFH,
which is converted by H2O2 and peroxidases to the DFC
fluorescent derivate. Thus, the fluorescence intensity is
proportional to the amount of peroxide produced by cells.
After treatment, the cells were incubated with 10 μmol/L
DCFH-DA for 30 min at 37 ℃ in the dark. Cells were
then washed twice with PBS and resuspended again. The
intracellular ROS was quantitated as a function of fluorescence intensity measured by flow cytometry.

Protein preparation and Western blotting
Western blotting was used to measure protein expression as follows. Cells were harvested after treatment, and
washed twice with PBS. The suspension was resuspended
in a buffer containing 1% Triton X-100 with PBS and
Halt Protease Inhibitor Cocktail for 30 min on ice and
then centrifuged at 14000 × g for 20 min. Protein concentration was measured with the bicinchoninic acid
protein assay reagent according to the manufacturer’s instructions (Thermo Scientific, United States). Equivalent
amounts of total proteins (80 mg) from each sample were
separated by 10% gradient SDS-PAGE and electrophoretically transferred to polyvinylidene difluoride membranes. After blocking with 10% milk, the membranes
were incubated with the primary antibody for 3 h at
room temperature. The dilutions of the primary antibodies were as follows: 1:1000 for anti-hHO-1 antibody and
1:2000 for anti-GAPDH antibody. The membranes were
washed four times with 0.1% Tween 20 in Tris-buffered
saline and then incubated with a secondary antibody for
1 h. The membranes were washed extensively again and
the protein bands were visualized with the ECL-Plus chemiluminescence system according to the manufacturer’
s instructions (Applygen Technologies, Beijing, China).
The relative optical density of each Western blotting
band was measured using the Quantity One Quantification Software according to the manufacturer’s guidelines
(Bio-Rad Laboratories).

Measurement of caspase-3 activity
Caspase-3 activity was measured with a Colorimetric
Assay Kit according to the manufacturer’s instructions
(Roche). After treatment cells were collected and lysed
with chilled lysis buffer [50 mmol/L HEPES (pH 7.5),
150 mmol/L NaCl, 20 mmol/L EDTA, 0.2% Triton
X-100, 1 mmol/L PMSF, 10 μg/mL aprotinin, and 5
mmol/L dithiothreitol] for 10 min on ice. The supernatant containing 100 μg protein was incubated with 0.2
mmol/L AcDEVD-pNA, a specific substrate for caspase-3. Caspase-3 activity was measured at 405 nm with
background subtraction at 570 nm and expressed in AcpNA cleavage or released absorbance.
Liver cancer xenografts in mice
Female athymic nude mice (6 wk old) were purchased
from the Central Animal Laboratory, Nanjing University,
Nanjing, China. Mice were maintained according to Nanjing University of Traditional Chinese Medicine institutional policies. Mice were inoculated subcutaneously into
the right flanks with 1 × 107 tumor cells, resuspended
in 0.2 mL PBS. When tumors reached 100-300 mm3 in
volume, mice were randomly divided into 6 groups of
8 mice each: control (drug vehicle), hemin (10 mg/kg),
ZnPP IX (5 mg/kg), CDDP (5 mg/kg), combination of
hemin (10 mg/kg) plus CDDP (5 mg/kg), and combination of ZnPP IX (5 mg/kg) plus CDDP (5 mg/kg). All
the drugs were injected weekly into their peritoneal cavities four times. The control group was injected with PBS.
All mice were sacrificed 6 wk after the first treatment.
Tumors were weighed as previously described[21].

HO-1 activity
HO-1 activity was measured by determining the level of
bilirubin generated in isolated microsomes. After treatment, cells were collected and homogenized in a homogenization buffer [20 mmol/L potassium phosphate
buffer (pH 7.4), 250 mmol/L sucrose, 2 mmol/L EDTA,
2 mmol/L phenylmethyl sulfonyl fluoride (PMSF) and
10 μg/mL leupeptin]. Homogenates were centrifuged
at 10000 × g for 30 min at 4 ℃. The resulting supernatants were centrifuged at 100000 × g for 1 h at 4 ℃. The
pellet was suspended in phosphate buffer (pH 7.0) and
designated the microsome fraction. An aliquot of the microsomal fraction was then added to a reaction mixture
containing cytosol of the cells (2 mg cytosolic protein),
hemin (20 μmol/L), glucose-6-phosphate (2 mmol/L),
glucose-6-phosphate-dehydrogenase (0.2 units), and
NADPH (0.8 mmol/L). The reaction mixture was incubated for 60 min at 37 ℃ in the dark and terminated
by the addition of 1 mL chloroform. The bilirubin con-
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Statistical analysis
All data are expressed as mean ± standard deviation (SE).
Statistical analysis was performed using one-way analysis
of variance and independent-sample t test for each paired
experiment with Windows version 15.0. In all assays, P <
0.05 was considered statistically significant.
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Figure 1 Liver cancer cell lines showed divergent heme oxygenase-1 expression levels, which were associated with variable susceptibility to chemotherapy. In Western blotting, high levels of heme oxygenase (HO)-1 protein
were detected in HepG2 cell line, whereas other cell lines revealed lower expression (A) HepG2 > 97H > SMMC7721. Cell viability was assessed 48 h after
application of cis-diaminedichloroplatinum (cisplatin; CDDP) via MTT assay. All
cell lines showed dose-dependent growth inhibition upon treatment with CDDP.
The HepG2 cell line, with the highest HO-1 expression, was significantly more
chemoresistant to CDDP than the other cell lines with lower HO-1 expression
(B).

GAPDH

Figure 2 Heme oxygenase-1 could be induced by cis-diaminedichloroplatinum in liver cancer cell lines. Western blotting showed that heme oxygenase
(HO)-1 protein expression was significantly increased after treatment with cisdiaminedichloroplatinum (cisplatin; CDDP) for 24 h and achieved a plateau at a
concentration of 10 μg/mL in all liver cancer cells.

CDDP compared with untreated cells in vitro (P < 0.05).
ZnPP IX decreased HO-1 activity as well as CDDPinduced HO-1 activity (P < 0.05). In contrast, administration of CDDP in combination with hemin significantly
increased HO-1 activity in all liver cancer cell lines compared to CDDP treatment alone (P < 0.05).

RESULTS
HO-1 expression in liver cancer cells is associated with
susceptibility to chemotherapy
Liver cancer cell lines showed different expression levels of HO-1 (Figure 1A). Native HO-1 expression was
higher in HepG2 than in other cells, without either hemin or antitumor drug treatment. Furthermore, we compared CDDP-induced growth inhibition in three kinds
of human liver cancer cells. HepG2 cells with high native
HO-1 expression showed significantly greater in vitro chemoresistance to CDDP than the other cell lines with low
native HO-1 expression (Figure 1B).

Inhibition of HO-1 activity increases susceptibility to
chemotherapy in vitro
To demonstrate further the cytoprotective properties of HO-1, the HO-1 inductor hemin and ZnPP IX
were added to tumor cells 1 h prior to the application
of CDDP. The cytotoxic effect induced by CDDP was
largely increased by addition of ZnPP IX, which suggests
that inhibition of HO-1 activity by ZnPP IX boosted the
anticancer effects of CDDP (Figure 4). In addition, hemin treatment significantly decreased apoptosis induced
by CDDP. These findings suggest that augmentation
of HO-1 activity induced by hemin is associated with
reduced CDDP-induced apoptosis in all liver cancer
cell lines. However, it seemed that apoptosis induced by
CDDP plus ZnPP IX in the HepG2 cell line was higher
than that in the other cell lines.

HO-1 could be induced by CDDP in liver cancer cell lines
The level of HO-1 was significantly increased in all liver
cancer cell lines when cells were treated with CDDP
(Figure 2). The highest level of HO-1 expression in all
cell lines was achieved with CDDP at concentrations of
5-10 μg/mL. The expression of HO-1 achieved a plateau
when CDDP was used at a concentration of 20 μg/mL
in all liver cancer cells.
Targeted inhibition of HO-1 activity by ZnPP IX in liver
cancer cell lines
As shown in Figure 3, HO-1 activity was significantly
elevated in all liver cancer cell lines after treatment with
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was performed using the oxidant-sensitive fluorescence
probe DCDHF. As shown in Figure 5, ZnPP IX (10
μmol/L) increased the fluorescence intensity and CDDP
(10 μg/mL)-induced ROS in liver cancer cell lines (P <
0.05). In contrast, hemin (10 μmol/L) decreased CDDPinduced ROS in all liver cancer cell lines (P < 0.05). These
findings suggest that the ZnPP IX-induced increase in
apoptosis after exposure to CDDP is related to increased
intracellular ROS.
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Caspase-3 activity in treated and untreated liver cancer
cells
Caspase-3 activity of the cells paralleled cellular apoptotic vulnerability. Caspase-3 activity in cells was not
significantly affected by hemin at the concentration used
(10 μmol/L) compared with untreated cells (Figure 6).
However, caspase-3 activity was significantly increased
in all liver cancer cells after treatment with ZnPP IX (10
μmol/L) or CDDP (10 μg/mL) (P < 0.05). Furthermore,
after treatment with CDDP, caspase-3 activity was re-elevated by the addition of ZnPP IX (P < 0.05). Caspase-3
activity induced by CDDP was markedly reduced in the
presence of hemin (10 μmol/L) (P < 0.05).
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Inhibition of HO-1 expression increases susceptibility to
chemotherapy in vivo
Mice treated with ZnPP IX (5 mg/kg) or CDDP (5
mg/kg) showed significantly reduced tumor growth in
comparison with untreated control mice (Figure 7). Inhibition of HO-1 activity by ZnPP IX (5 mg/kg) boosted
the anticancer effects of CDDP (5 mg/kg), resulting in a
significant reduction of tumor growth in CDDP-treated
mice, compared to tumors treated with CDDP alone. In
contrast, administration of hemin (10 mg/kg) in combination with CDDP tended to increase tumor weight
compared to tumors treated with CDDP alone.
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Accumulating evidence indicates that overexpression
of HO-1 increases the proliferation of cancer cells or
renders them resistant to apoptosis induced by chemicals, radiotherapy, photodynamic therapy, and other
stressors[12,13,17]. Downregulation of HO-1 expression or
activity can suppress cell proliferation or increase cellular
sensitivity to some therapeutic regimens. For example, inhibition of HO-1 activity could suppress the proliferation
of lung cancer, pancreatic cancer and leukemia cells, and
sensitize cells to antitumor drugs in vitro[22-25]. Moreover,
inhibition of HO-1 activity could also lead to increased
pancreatic cancer cell susceptibility to chemotherapy in
vivo[26]. However, little is known about the chemoresistant
and poor prognostic function of HO-1 in liver tumors.
In this study, we found that constitutive overexpression of HO-1 was specific to HepG2 cells, and this
overexpression of HO-1 was associated with higher resistance to CDDP in vitro (Figure 1). We also found that
CDDP increased HO-1 activity in liver cancer cells, and
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Figure 3 Targeted inhibition of heme oxygenase-1 activity by zinc protoporphyrin IX in liver cancer cell lines. Heme oxygenase (HO)-1 activity was
measured by determining the level of bilirubin generated in isolated microsomes
in cells treated with 10 μmol/L zinc protoporphyrin (ZnPP) IX, 10 μmol/L hemin,
and/or 10 μg/mL cis-diaminedichloroplatinum (cisplatin; CDDP) for 24 h. ZnPP
IX significantly inhibited HO-1 activity and decreased cis-diaminedichloroplatinum (cisplatin; CDDP)-induced HO-1 activity in all liver cancer cell lines compared with controls or cells treated with cisplatin alone (P < 0.05). In contrast,
hemin increased CDDP-induced HO-1 activity in all liver cancer cell lines (P <
0.05).

of ZnPP IX was related to the increase in intracellular
production of ROS in liver cancer cells, flow cytometry
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Figure 4 Inhibition of heme oxygenase-1 activity led to increased susceptibility to chemotherapy in vitro. Cell viability was assessed via MTT assay. zinc
protoporphyrin (ZnPP) IX (10 μmol/L) significantly increased apoptosis in cis-diaminedichloroplatinum (cisplatin; CDDP)-treated cells, compared with those treated
with CDDP alone (A) (P < 0.05). In contrast, hemin decreased apoptosis induced by CDDP in all liver cancer cell lines. FACS analysis with propidium iodide staining
also showed that downregulation of heme oxygenase (HO)-1 by ZnPP IX increased apoptosis after exposure to CDDP in comparison with the control group (P < 0.05),
whereas increased expression of HO-1 by hemin resulted in decreased sensitivity to CDDP (B).
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Figure 5 Cytotoxicity of zinc protoporphyrin IX is related to increased
oxidative stress. Induction of intracellular ROS was evaluated by flow cytometry by measuring CM-H2DCFDA fluorescence. Each cell line was treated with
10 μmol/L zinc protoporphyrin (ZnPP) IX, 10 μmol/L hemin, and/or 10 μg/mL
cis-diaminedichloroplatinum (cisplatin; CDDP) for 24 h. Mean fluorescence intensity was quantified for these treatments. ZnPP IX increased the fluorescence
intensity of the cells and drug-induced ROS in liver cancer cell lines compared
with controls or cells treated with CDDP alone. In contrast, hemin decreased
CDDP-induced ROS in all liver cancer cell lines.
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Figure 6 Caspase-3 activity in treated and untreated liver cancer cells.
Inhibition of heme oxygenase (HO)-1 activity increased caspase-3 induced by
cis-diaminedichloroplatinum (cisplatin; CDDP) in all liver cancer cell lines. Caspase-3 activity was significantly increased in all cells after treatment with cisplatin (10 μg/mL) and re-elevated by addition of zinc protoporphyrin (ZnPP) IX (10
μmol/L). The caspase-3 activity induced by CDDP was markedly reduced in the
presence of hemin (10 μmol/L) in all liver cancer cell lines.

augmented by downregulation of HO-1 activity by ZnPP
IX. In support of this conclusion, induction of HO-1
activity by the addition of hemin resulted in a decrease in
CDDP-induced apoptosis in all liver cancer cells (Figure
1). These findings suggest that HO-1, as a stress response

inhibition of HO-1 activity by ZnPP IX boosted the
anticancer effects of CDDP. These results suggest that
the cellular sensitivity of liver cancer cells to CDDP is
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Tumor weight (mg)

strated that apoptosis of human oral and gastric cancer
cells could be regulated by Nrf2 and p21[30,31]. Overexpression of HO-1 resulted in a significant increase in Nrf2
and p21 levels and decreased cellular sensitivity to chemotherapy. In contrast, inhibition of HO-1 expression or
activity leads to the downregulation of Nrf2 and p21 and
decreases cellular sensitivity to chemotherapy. However,
we have also shown that the mechanism of resistance to
apoptosis by upregulation of HO-1 may be related to increased ROS level and caspase-3 activity. The destructive
mechanisms of chemotherapy on cancer cells are mainly
based on the generation of oxidative stress and/or induction of apoptosis[32]. The accumulation of ROS results in
the subsequent loss of mitochondrial membrane potential
and activation of the caspase-9/3 pathway. The present study showed that the activity of caspase-3 and ROS
level induced by CDDP were significantly inhibited by
elevated hemin (Figures 5 and 6). In contrast, ROS level
and caspase-3 activity were significantly re-elevated by the
addition of ZnPP IX in liver cancer cells after treatment
with CDDP. Therefore, our study suggests that the resistance to apoptosis by HO-1 may be through a pathway
with elevated ROS level and caspase-3 activity in human
liver cancer cells. In addition, the products of HO-1 enzymatic activity directly influence several other cell signaling
pathways, such as the Ras-Raf-ERK pathway, which have
crucial roles in human renal cancer cells[33]. However, the
mechanisms involved in increased chemosensitivity need
additional investigation.
A more important finding, consistent with in vitro
results, is that inhibition of HO-1 activity by ZnPP IX
boosts anti-cancer effects of CDDP, resulting in a significant reduction of tumor growth in mice, compared to
those treated with CDDP alone (Figure 7). In contrast,
administration of hemin in combination with CDDP
tends to increase tumor weight. These findings suggest
that inhibition of HO-1 expression leads to increased sensitivity of liver cancer cells to CDDP in vivo.
In conclusion, the findings in this study suggest that
high HO-1 levels in HepG2 cells are, at least partially,
responsible for resistance to chemotherapy and environmental stress. Inhibition of HO-1 activity by ZnPP IX
results in sensitizing tumor cells to chemotherapy such as
CDDP by increasing the cellular ROS level and caspase-3
activity in vitro and in vivo. The combined treatment with
HO-1 inhibitors may intensify the antitumor activity of
chemotherapeutics and may open up new perspectives in
the treatment of liver cancer.
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Figure 7 Inhibition of heme oxygenase-1 expression increases susceptibility to chemotherapy in vivo. Each nude mouse was treated with 5 mg/kg
zinc protoporphyrin (ZnPP) IX, 10 mg/kg hemin, and/or 5 mg/kg cis-diaminedichloroplatinum (cisplatin; CDDP) for 6 wk and tumor weight was assessed
after the last treatment. ZnPP IX treatment significantly reduced tumor growth
in CDDP-treated mice, compared with those treated with CDDP alone. CDDP in
combination with hemin in mice significantly increased tumor weight compared
with CDDP treatment alone.

gene, plays an important role in the determination of the
sensitivity of liver cancer cells to CDDP. Recent studies
in other models support this view: induction of HO-1
expression made colon cancer cells and leukemia resistant
to antitumor drugs such as merocyanine and pyrrolidine
dithiocarbamate[27,28]. Furthermore, inhibition of HO-1
activity by polyethylene glycol-ZnPP IX augmented the
cytotoxic effect of several chemotherapeutic agents in
an experimental murine sarcoma model[17]. However,
opposite effects were observed in breast cancer and B
lymphoblasts, in which HO-1 did not protect the cells
from chemotherapy-induced apoptosis[29]. This might be
because HO-1 has different biological actions in different
cancer cells.
The signaling pathways mediating these effects on cancer are poorly understood, although there is accumulating
evidence showing that HO-1 is an antiapoptotic agent in
several types of cells. Some previous studies have demon-
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radiotherapy. In this study, the authors examined whether constitutively overexpressed HO-1 in liver cancer cells was associated with resistance to apoptosis
induction by cis-diaminedichloroplatinum (cisplatin; CDDP), and explored the
role of HO-1 in protecting tumor cells against chemotherapeutic agents in vitro
and in vivo.

9

Innovations and breakthroughs

The results suggested that overexpression of HO-1 in HepG2 cell lines was
associated with increased chemoresistance to CDDP compared with other cell
lines in vitro. The inhibition of HO-1 by zinc protoporphyrin IX (ZnPP IX) was associated with increased cellular sensitivity and susceptibility of liver cancer cell
lines to CDDP in vivo or in vitro. Reactive oxygen species (ROS) and caspase-3
seem to be involved in HO-1-mediated resistance to anti-cancer treatment.
Therefore, administration of HO-1 inhibitors may evolve into a new liver cancer
treatment strategy.
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11

Applications

The findings in this study suggest that high HO-1 levels in HepG2 cells may, at
least partially, be responsible for their resistance to chemotherapy and environmental stress. The combined treatment with HO-1 inhibitors may intensify the
anti-tumor activity of chemotherapeutic agents and open up new perspectives
in the treatment of liver cancer.

12

Terminology

High HO-1 levels in HepG2 cells may be responsible for their resistance to
chemotherapy and environmental stress. Inhibition of HO-1 activity by ZnPP IX
sensitizes tumor cells to chemotherapy (e.g., with CDDP) by increasing the cellular ROS level and caspase-3 activity in vitro and in vivo.
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Peer review

This manuscript reports the results of a study on the effect of ZnPP IX, an HO-1
inhibitor, on the cellular sensitivity and susceptibility of liver cancer cell lines
to CDDP in vitro and in vivo. The results are interesting and may open up new
perspectives in the treatment of liver cancer.
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Prognostic significance of preoperative fibrinogen in
patients with colon cancer
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Yan-Yan Liu, Xian-Bo Yu
enrolled in the study. All patients received radical surgery as their primary treatment method. Preoperative
fibrinogen was detected by the Clauss method, and all
patients were followed up after surgery. Preoperative
fibrinogen measurements were correlated with a number of clinicopathological parameters using the Student
t test and analysis of variance. Survival analyses were
performed by the Kaplan-Meier method and Cox regression modeling to measure 5-year disease-free survival (DFS) and overall survival (OS).
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RESULTS: The mean preoperative fibrinogen concentration of all colon cancer patients was 3.17 ± 0.88 g/L.
Statistically significant differences were found between
preoperative fibrinogen levels and the clinicopathological parameters of age, smoking status, tumor size,
tumor location, tumor-node-metastasis (TNM) stage,
modified Glasgow prognostic scores (mGPS), white
blood cell (WBC) count, neutrophil-lymphocyte ratio
(NLR), platelet-lymphocyte ratio (PLR), and carcinoembryonic antigen (CEA) levels. Univariate survival
analysis showed that TNM stage, tumor cell differentiation grade, vascular invasion, mGPS score, preoperative fibrinogen, WBC, NLR, PLR and CEA all correlated
with both OS and DFS. Alpha-fetoprotein (AFP) and
body mass index correlated only with OS. Kaplan-Meier
analysis revealed that both OS and DFS of the total
cohort, as well as of the stage Ⅱ and Ⅲ patients, were
higher in the hypofibrinogen group compared to the
hyperfibrinogen group (all P < 0.05). In contrast, there
was no significant difference between OS and DFS in
stage Ⅰ patients with low or high fibrinogen levels. Cox
regression analysis indicated preoperative fibrinogen
levels, TNM stage, mGPS score, CEA, and AFP levels
correlated with both OS and DFS.

Abstract
AIM: To investigate the prognostic significance of preoperative fibrinogen levels in colon cancer patients.

CONCLUSION: Preoperative fibrinogen levels can
serve as an independent prognostic marker to evaluate
patient response to colon cancer treatment.

METHODS: A total of 255 colon cancer patients treated at the Affiliated Tumor Hospital of Xinjiang Medical
st
st
University from June 1 2005 to June 1 2008 were
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59.47 ± 12.63 years. Prior to participation, a diagnosis
of colon cancer was confirmed by histopathology for
all patients. Tumor-node-metastasis (TNM) stage was
determined according to the American Joint Committee
on Cancer/International Union Against Cancer TNM
staging system of colorectal cancer (2010, 7th edition).
The American Society of Anesthesiologists score of the
patients was 1 in 198 cases and 2 in 57 cases. No patient
received preoperative chemotherapy or immunotherapy.
The presence of complex metastases, such as uncertain
lumps, micrometastases (particularly in the liver), and abdominal/pelvic lymph node metastases, were diagnosed
using enhanced computed tomography, magnetic resonance imaging, positron emission tomography-computed
tomography, and puncture biopsies.
The following criteria were used to exclude patients:
confirmed metastasis (39 cases), use of procoagulant or
anticoagulant drugs within 8 wk of the enrollment (11
cases), hepatitis infection (23 cases), kidney disease (9
cases), myocardial infarction (14 cases), hypertension (47
cases), or other infectious or hematologic diseases which
could influence fibrinogen levels (22 cases). Postoperative adjuvant chemotherapy was administered to stage Ⅱ
patients with high-risk factors (including poor differentiation, large lumps, T4 stage, less than 1 cm of tumor
resection margin, fewer than 12 lymph nodes for postoperative biopsy) and stage Ⅲ patients.
Blood samples were obtained by phlebotomy; 5-7 d
prior to surgery, 2 mL of blood was collected from each
patient. Preoperative fibrinogen levels were measured by
the Clauss standard method with bovine thrombin (100
NIH U/mL).

Core tip: Inflammatory cytokines have been implicated
in the development of several malignancies, including
colon cancer. Specifically, fibrinogen has been correlated with some clinicopathological factors of cancer.
However, the prognostic value of fibrinogen measurements remains unclear, particularly in colon cancer patients. In this study, preoperative fibrinogen levels were
correlated with a poor prognosis in a cohort of colon
cancer patients. These data suggest that preoperative
fibrinogen levels can serve as an independent prognostic factor for colon cancer patients following radical
surgery.
Sun ZQ, Han XN, Wang HJ, Tang Y, Zhao ZL, Qu YL, Xu RW,
Liu YY, Yu XB. Prognostic significance of preoperative fibrinogen in patients with colon cancer. World J Gastroenterol 2014;
20(26): 8583-8591 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i26/8583.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8583

INTRODUCTION
Recently, the incidence of gastrointestinal cancer has
increased as standards of living have improved. Colon
cancer is one of the most common malignancies of the
digestive track in humans. Early detection is strongly correlated with an improved prognosis, thus it is important
to develop simple, non-invasive methods to accurately
detect colon cancer and assess patient prognosis. Recent
evidence indicates that fibrinogen, a major protein in
the blood clotting process, is linked to a number of malignancies[1-4]. Elevated fibrinogen levels have been correlated with tumor progression, invasiveness, and metastasis[5-7]. However, the role of fibrinogen in colon cancer
remains unclear.
To assess the prognostic significance of fibrinogen
for colon cancer patients, preoperative fibrinogen levels,
clinicopathological parameters, and follow-up data were
analyzed from a cohort of 255 colon cancer patients
undergoing radical surgery. The results indicate that preoperative fibrinogen levels correlate with a number of
cancer clinicopathological parameters, and are negatively
correlated with 5-year survival rates. Therefore, fibrinogen measurements could provide a useful prognostic tool
for colon cancer patients.

Follow-up assessments
After surgery, patients underwent follow-up assessments
once every 3 mo for the first 2 years, and then once every
6 mo until 5 years after surgery. Follow-ups were either
by outpatient or inpatient review, or by telephone. Thirty
patients did not participate in follow-up analyses because
they did not maintain any communication with physicians
after surgery. In addition, 3 patients developed dysthymia
and were unable to cooperate with the study procedures,
one patient committed suicide due to the burden of the
cancer, and 2 patients did non participate in follow-up
assessments for unknown reasons. Therefore, the total
follow-up rate in the study was 88.2%.
Ethics
The study design and procedures described below were
approved by the Ethics Committee of the Affiliated
Tumor Hospital of Xinjiang Medical University (No.
W-201305). All patients provided informed written consent prior to their participation.

MATERIALS AND METHODS
Patients and clinicopathological parameters
Clinicopathological parameters and follow-up data were
assessed from 255 colon cancer patients (135 male, 120
female) who received radical surgery in the Affiliated
Tumor Hospital of Xinjiang Medical University between
June 1st 2005 and June 1st 2008. Mean patient age was
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All data is presented as mean ± SD. Univariate analyses
of preoperative fibrinogen and each clinicopathological
parameter were performed using the Student t-test and
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analysis of variance. Survival rates were determined using
the Kaplan-Meier method and the log-rank test to perform comparisons between the hypofibrinogen (< 2.61
g/L) and hyperfibrinogen (≥ 2.61 g/L) groups. Multivariate survival analysis was performed using the Cox
regression model to determine relative risk (RR) and 95%
confidence interval (CI). All statistical analyses were carried out using SPSS for Windows, version 18 (SPSS Inc.,
Chicago, IL, United States). Statistical significance was
defined by P ≤ 0.05.

Table 1 Correlations between preoperative fibrinogen and
clinicopathological parameters
Parameters

n

Fibrinogen (g/L,
mean ± SD)

P value

3.29 ± 1.01
3.07 ± 0.73

0.047

3.16 ± 0.87
3.24 ± 0.92
3.12 ± 0.94

0.892

3.54 ± 0.82
3.15 ± 0.94
3.14 ± 0.83
3.23 ± 0.79

0.638

3.06 ± 0.82
3.43 ± 0.74
3.39 ± 0.99

0.018

3.12 ± 0.86
3.36 ± 0.92

0.080

2.70 ± 0.58
3.24 ± 0.95
3.21 ± 0.78

0.002

2.81 ± 0.72
3.01 ± 0.73
3.57 ± 0.98

0.000

3.13 ± 0.87
3.21 ± 0.89
2.58 ± 0.13

0.390

3.06 ± 0.82
3.38 ± 0.97
2.99 ± 0.55

0.020

3.40 ± 0.59
3.16 ± 0.88

0.488

3.29 ± 0.94
3.16 ± 0.87

0.619

3.08 ± 0.89
3.32 ± 0.84

0.038

3.17 ± 0.88
3.11 ± 0.82

0.747

3.00 ± 0.77
3.37 ± 0.94
3.80 ± 1.00

0.000

2.68 ± 0.56
3.32 ± 0.90

0.000

3.13 ± 0.86
3.69 ± 1.02

0.013

2.96 ± 0.75
3.41 ± 0.96
3.40 ± 0.83

0.000

Age (yr)
< 60
119
≥ 60
136
Nationality
Han
216
Uygur
30
Others
9
BMI (kg/m2)
< 18.5
8
18.5-23.99
115
24-27.99
102
≥ 28
30
Smoking
Never
173
Light
18
Heavy
64
Grade (tumor differentiation)
Low
203
High
52
TNM
Ⅰ
29
Ⅱ
139
Ⅲ
87
Tumor size (cm)
<4
51
4-6
114
≥6
90
Type
Mess type
104
Ulceration
148
Infiltrative
3
Tumor location
Left
155
Right
89
Transverse
11
Perineural invasion
Yes
7
No
248
Vascular invasion
Yes
13
No
242
CEA (ng/mL)
<5
161
≥5
94
AFP (ng/mL)
<5
231
≥5
24
mGPS
0
163
1
71
2
21
WBC count
< 5 × 109/L
61
9
≥ 5 × 10 /L
194
NLR
<5
238
≥5
17
PLR
< 150
134
150-300
105
> 300
15

RESULTS
Correlations between preoperative fibrinogen levels and
clinicopathological parameters of colon cancer patients
The mean level of preoperative fibrinogen levels of all
255 colon cancer patients was 3.17 ± 0.88 g/L. Statistical analyses were performed to assess any relationships
between fibrinogen levels and clinicopathological factors
(Table 1). Preoperative fibrinogen levels were associated
with age, smoking status, tumor size, tumor location,
TNM stage, modified Glasgow prognostic (mGPS) score,
white blood cell (WBC) count, neutrophil-lymphocyte
ratio (NLR), platelet-lymphocyte ratio (PLR), and carcinoembryonic antigen (CEA) levels (P < 0.05 for all
parameters). Meanwhile, preoperative fibrinogen was not
related to the patient’s nationality, body mass index (BMI),
tumor grade, gross tumor type, tumor invasion into the
nervous or lymphatic system, or serum alpha-fetoprotein
(AFP) levels.
Prognostic analysis of clinicopathological parameters in
colon cancer patients
To determine the prognostic significance, preoperative
fibrinogen and other clinicopathological factors were correlated with the 5-year disease-free survival (DFS) and
overall survival (OS) rates of the patient cohort (Table 2).
Results show that TNM stage, tumor grade, vascular invasion status, mGPS score, preoperative fibrinogen, WBC
count, NLR, PLR, and CEA levels were all significantly
correlated with both OS and DFS rates (all P < 0.05). In
addition, AFP and BMI were significantly correlated with
OS (P < 0.05). In contrast, no significant relationship was
observed between prognosis and age, nationality, smoking status, gross tumor type, tumor location, or perineural
invasion status.
Survival analysis of patients with different preoperative
fibrinogen levels
Given the correlation observed between preoperative fibrinogen and DFS and OS rates, the effect of fibrinogen
levels on patient survival was examined. Patients were divided into hyperfibrinogen (> 2.61 g/L) or hypofibrinogen (< 2.61 g/L) groups. Kaplan-Meier survival analyses
were performed to determine 5-year OS and DFS rates
for each group. Among the entire cohort, both OS and
DFS rates were higher in the hypofibrinogen group compared with the hyperfibrinogen group (Figure 1A; P <

AFP: Alpha-fetoprotein; BMI: Body mass index; CEA: Carcinoembryonic
antigen; mGPS: Modified Glasgow prognostic score; NLR: Neutrophillymphocyte ratio; PLR: Platelet-lymphocyte ratio; TNM: Tumor-nodemetastasis; WBC: White blood cell.
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Table 2 Univariate survival analyses of clinicopathological parameters
Parameters
Age (yr)
< 60
≥ 60
Nationality
Han
Uygur
Others
BMI (kg/m2)
< 18.5
18.5-23.99
24-27.99
≥ 28
Smoking
Never
Light
Heavy
Grade
Low
High
TNM
Ⅰ
Ⅱ
Ⅲ

Type
Mess type
Ulceration
Infiltrative
Tumor location
Left
Right
Transverse
Perineural invasion
Yes
No
Vascular invasion
Yes
No
CEA (ng/mL)
<5
≥5
AFP (ng/mL)
<5
≥5
mGPS
0
1
2
WBC count
< 5 × 109/L
9
≥ 5 × 10 /L
NLR
<5
≥5
PLR
< 150
150-300
> 300
Fibrinogen (g/L)
< 2.61
≥ 2.61

P value

5-yr OS

χ2

0.301

0.583

64.90%
61.80%

0.616

0.432

51.3%
34.4%
33.3%

3.185

0.203

64.60%
48.80%
76.20%

3.477

0.176

8
115
102
30

37.5%
46.5%
54.4%
39.7%

3.905

0.272

50%
55.60%
74.00%
59.30%

9.296

0.026

173
18
64

49.1%
50.0%
47.7%

0.079

0.961

65.00%
60.20%
61.40%

0.153

0.927

203
52

52.7%
32.7%

5.948

0.015

67.10%
49.30%

4.482

0.034

29
139
87

78.7%
57.3%
25.2%

38.724

0.000

86.20%
70.60%
43.90%

28.420

0.000

104
148
3

54.3%
44.1%
27.2%

2.523

0.283

68%
59.30%
0

3.088

0.213

155
89
11

51.8%
42.0%
54.5%

2.992

0.224

67.20%
54.30%
81.80%

5.563

0.062

7
248

42.9%
48.6%

0.551

0.458

42.90%
63.90%

2.108

0.147

13
242

15.4%
50.3%

8.432

0.004

30.80%
65.10%

7.747

0.005

161
94

56.6%
33.6%

18.630

0.000

71.20%
49.10%

15.269

0.000

231
24

49.7%
35.0%

3.568

0.059

65.20%
43.20%

5.117

0.024

163
71
21

58.9%
60.2%
0.0%

79.236

0.000

77.80%
49.80%
4.80%

90.552

0.000

61
194

60.9%
44.8%

4.032

0.045

76.70%
59.30%

4.870

0.027

238
17

50.1%
25.0%

6.060

0.014

64.70%
43.80%

4.754

0.029

134
105
15

55.6%
43.0%
20.0%

11.095

0.004

71.20%
57.20%
33.30%

11.772

0.003

74
181

77.0%
36.9%

26.717

0.000

87.20%
53.60%

20.255

0.000

n

5-yr DFS

119
136

49.3%
47.7%

216
30
9

χ2

P value

DFS: Disease-free survival; OS: Overall survival; BMI: Body mass index; TNM: Tumor-node-metastasis; CEA: Carcinoembryonic antigen; AFP: Alphafetoprotein; mGPS: Modified Glasgow prognostic scores; WBC: White blood cell; NLR: Neutrophil-lymphocyte ratio; PLR: Platelet-lymphocyte ratio.

Ⅲ colon cancer patients (Figure 1C, D; P < 0.05), but
not in patients with stage I disease (Figure 1B). However,

0.05). Furthermore, hyperfibrinogen was associated with
significantly reduced OS and DFS rates in stage Ⅱ and
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Figure 1 Kaplan-Meier curves of hyperfibrinogen and hypofibrinogen colon cancer groups. A: Entire patient cohort; B: Stage Ⅰ; C: Stage Ⅱ; D: Stage Ⅲ. 1
and 2 stand for the 5-yr overall survival (OS) and 5-yr disease-free survival (DFS), respectively. Both OS and DFS of the entire cohort, stage Ⅱ, and stage Ⅲ patients
were significantly higher in the hypofibrinogen (< 2.61 g/L) group than in the hyperfibrinogen (≥ 2.61 g/L) group (P < 0.05).

WJG|www.wjgnet.com

8587

July 14, 2014|Volume 20|Issue 26|

Sun ZQ et al . Preoperative fibrinogen and colon cancer
Table 3 Cox proportional hazards model analyses for overall survival and disease-free survival
Parameters

5-yr OS

PLR
NLR
WBC count
AFP
CEA
Vascular invasion
Fibrinogen
BMI
TNM
Grade
mGPS

5-yr DFS

P value

RR

95%CI

P value

RR

95%CI

0.330
0.262
0.384
0.002
0.010
0.456
0.001
0.401
0.000
0.538
0.000

0.825
1.541
1.318
2.583
1.779
1.359
3.324
0.888
2.583
0.851
2.968

0.560-1.215
0.724-3.282
0.708-2.452
1.406-4.744
1.146-2.762
0.606-3.047
1.620-6.821
0.674-1.171
1.704-3.916
0.511-1.420
2.137-4.122

0.274
0.109
0.547
0.008
0.002
0.528
0.000
0.000
0.892
0.000

0.835
1.701
1.161
2.111
1.762
1.260
2.940
2.405
0.970
2.400

0.604-1.154
0.889-3.255
0.715-1.886
1.218-3.656
1.223-2.539
0.614-2.585
1.707-5.064
1.722-3.360
0.629-1.497
1.799-3.201

RR: Relative risk; CI: Confidence interval; PLR: Platelet-lymphocyte ratio; NLR: Neutrophil-lymphocyte ratio; WBC: White blood cell; AFP: Alphafetoprotein; CEA: Carcinoembryonic antigen; BMI: Body mass index; TNM: Tumor-node-metastasis; mGPS: Modified Glasgow prognostic scores.

Table 4 Studies on fibrinogen in different malignancies
Ref.
Takeuchi et al[1] (2007)
Polterauer et al[2] (2009)
Polterauer et al[3] (2009)
Ghezzi et al[4] (2010)
Zhao et al[5] (2012)
Son et al[6] (2013)
Zhu et al[7] (2013)

Country

n

Pre-therapeutic plasma fibrinogen
(g/L)

Cancer type

Prognosis
DFS/OS

Japan
Austria
Austria
Italy
China
South Korea
China

105
313
422
336
160
624
275

3.86 ± 1.02
4.17 ± 1.30
4.50 ± 1.50
hyper: 40.8%
4.72 ± 1.46
3.25 ± 0.88
3.92 (0.68-9.80)

Esophageal cancer
Cervical cancer
Ovarian cancer
Endometrial cancer
Non-small cell lung cancer
Non-metastatic colon cancer
Non-small cell lung cancer

No, neither
Yes, both
Yes, both
Yes, both
DFS, no; OS, yes
Yes, both
Yes, both

DFS: Disease-free survival; OS: Overall survival.

the lack of a significant association with stage Ⅰ disease
may be related to the relatively small sample size for this
patient group.

invasion, or metastasis, which can have dramatic effects
on patient prognosis. Several inflammatory markers that
are readily detectable in plasma are currently being investigated as prognostic factors for cancer patients, as
well as for their role in tumor biology. These markers
include monocyte chemo-attractant proteins[11,12], WBC
count, NLR[13,14], PLR[11,15], and fibrinogen[16], among others. However, there is currently no consensus concerning
their efficacy to assess patient prognosis[1-3].
Fibrinogen is synthesized in the liver as a 350 kDa
glycoprotein. Fibrinogen plays an important role in blood
coagulation, thrombosis, wound healing, and platelet aggregation. Moreover, recent studies suggest fibrinogen
is associated with cancer development (Table 4). As a
component of the extracellular matrix, fibrinogen can affect cell behavior through interactions with other matrix
proteins, or the cell itself. Fibrinogen has been associated
with increased tumor growth and metastatic potential,
although the precise mechanism remains unclear. One
potential mechanism involves fibrinogen’s influence on
tumor cell proliferation, migration, and signaling through
interactions with multiple integrin and non-integrin receptors. Another possible mechanism is the promotion
of tumor angiogenesis, as fibrinogen has been shown to
cooperate with growth factors, including vascular endothelial and fibroblast growth factors, to stimulate angiogenesis[17-19]. Furthermore, the fibrinolytic system derived
from fibrinogen also plays a facilitating role in both an-

Survival analysis of different clinicopathological
parameters
Cox regression analyses showed that preoperative fibrinogen, TNM stage, mGPS score, CEA and AFP levels were
significantly associated with both 5-year OS and 5-year
DFS (P < 0.05). For DFS, the strongest predictive factor
was preoperative fibrinogen levels (RR: 2.940; 95%CI:
1.707-5.064, P < 0.05), followed by TNM stage, mGPS,
AFP and CEA levels. Similarly, fibrinogen was the strongest predictor for OS (RR: 3.324; 95%CI: 1.620-6.821, P
< 0.05), followed by mGPS, TNM stage, AFP and CEA
(Table 3). These data indicate that preoperative fibrinogen plays an important role in the prognosis of colon
cancer patients who receive radical surgery.

DISCUSSION
Recent evidence has indicated that there are links between inflammation and cancer development[8]. In addition to the genetic basis of cancer, the host inflammatory
response can play an important role in tumor progression[9,10]. In particular, inflammatory cytokines are associated with a number of cancer types and contribute
to tumorigenesis by promoting tumor cell proliferation,
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giogenesis and the proliferation process of tumor cells[20].
Several lines of evidence indicate that fibrinogen can
promote tumor cell metastasis. The fibrinolytic system
stimulates adhesion between tumor cells and platelets or
endothelial cells, thereby promoting the dissemination of
tumor cells into the bloodstream[21]. Studies using fibrinogen-deficient mice have indicated that fibrinogen is an
important factor in the metastasis of circulating tumor
cells[22]. In addition, fibrinogen can suppress natural killer
cell-mediated tumor cell clearance, leading to an increase
in the number of metastatic cells[23]. Taken together, these
data suggest that fibrinogen is involved in tumor cell invasion and metastasis, further supporting its potential as
a prognostic factor for cancer patients.
In clinical studies, pre-treatment fibrinogen levels
have been associated with clinicopathological factors in a
number of cancers. Fibrinogen has been correlated with
the depth of tumor invasion, tumor size, and WBC and
platelet counts[1]. Elevated fibrinogen levels are associated
with lymph node metastasis and distant metastasis. Fibrinogen has also been correlated with clinicopathological factors such as age and BMI[3]. In our study, we analyzed additional clinicopathological parameters in colon
cancer patients, and found that preoperative fibrinogen
levels correlated with several cancer-relevant factors, including age, smoking status, tumor size, tumor location,
TNM stage, mGPS score, WBC count, NLR, and PLR.
The results of this study also support previous reports
demonstrating that smoking, which confers a high risk of
tumor development, is correlated with serum fibrinogen
levels[24]. However, the mechanisms linking smoking and
fibrinogen in cancer patients remain unclear.
Tumor progression is the result of complex interactions between tumor cells and the host environment[25]
and the host inflammatory response. Tumors can occur
at sites of inflammation, such as during hepatitis virus
or H. pylori infection, and can also trigger the release of
pro-inflammatory cytokines to promote an inflammatory
microenvironment that favors tumorigenesis[26,27]. The elevation of fibrinogen levels in colon cancer patients may
be the result of tissue damage and subsequent inflammatory responses[28]. For example, tumors can induce a
hypercoagulable and hypoxic state through a variety of
mechanisms, including the stimulation of an inflammatory response[18,21,29]. Thus, it is likely that elevated fibrinogen reflects the host-tumor response[15]. However, tumor
cells can produce endogenous fibrinogen, suggesting that
other sources may also contribute[18]. Consistent with
this evidence, results from this study indicate that serum
fibrinogen is closely related with other inflammatory
markers, such as the mGPS score, WBC count, NLR and
PLR, suggesting that fibrinogen reflects the inflammatory
status of colon cancer tumors.
A systemic inflammatory response prior to surgery
may reflect the presence of an additional disease or a
change in the patient’s physiology[30]. Several studies
have demonstrated that fibrinogen levels can serve as an
independent prognostic factor for cancer patients. For
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example, fibrinogen levels were closely associated with
both 5-year DFS and OS in a cohort of 313 cervical
cancer patients[2]. A similar analysis of a cohort of 422
ovarian cancer patients led to the same conclusion[3]. In
colon cancer patients, systemic inflammatory markers can
predict patient survival following radical resection[15] and
provide independent prognostic risk factors for tumor
specificity and OS for these patients[31].
A Cox regression statistical analysis in the present study
showed that preoperative fibrinogen level was closely associated with prognosis of patients with colon cancer, which
is in contrast to the results of Takeuchi et al[1], who found
that serum fibrinogen was not associated with prognosis
in 105 esophageal cancer patients. Furthermore, survival
analyses indicated that both the 5-year OS and DFS of
the entire cohort, as well as of stage Ⅱ and stage Ⅲ
patients, were significantly higher in the hypofibrinogen
group compared to the hyperfibrinogen group. These results are consistent with previous studies investigating inflammation and colon cancer, and suggest that fibrinogen
can serve as a useful prognostic marker for colon cancer
patients.
In conclusion, this study demonstrates that fibrinogen
is closely associated with several clinicopathological features and 5-year survival rates of colon cancer patients.
Furthermore, elevated preoperative fibrinogen levels
were found to predict poor survival in colon cancer patients. These data suggest that preoperative fibrinogen is
a promising prognostic marker for colon cancer patients
receiving radical surgery. Moreover, fibrinogen-based
therapies may provide a novel therapeutic approach for
treating colon cancer.
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METHODS: The study subjects consisted of 477 ageand sex-matched case-control pairs. Genotyping was
performed for 5 tag single nucleotide polymorphisms
(SNPs): rs13361707 , rs154268 , rs3805486 , rs6882903 ,
and rs10074991 . Associations between gastric cancer
and putative risk factors (including the SNPs) were
analyzed with multivariate conditional logistic regression models, after adjusting for potential confounding
factors. Multiple testing corrections were implemented
following methodology for controlling the false discovery rate. Gene-based association tests were performed
by using the versatile gene-based association study
(VEGAS) method.
RESULTS: In the dominant model, SNPs rs13361707
[odds ratio (OR) = 1.51, 95%CI: 1.07-2.11)], rs154268
(OR = 1.65, 95%CI: 1.22-2.22), rs6882903 (OR =
1.48, 95%CI: 1.09-2.00), and rs10074991 (OR =
1.53, 95%CI: 1.09-2.16) were significantly associated with an increased risk of gastric cancer. In the
recessive model, SNPs rs154268 (OR = 1.66, 95%CI:
1.22-2.26), rs3805486 (OR = 0.63, 95%CI: 0.46-0.85),
and rs10074991 (OR = 1.47, 95%CI: 1.15-1.88) were
significant risk or protective factors for gastric cancer. In the codominant model, the ORs of each of the
5 SNPs were statistically significant. All SNPs in the
model showed a dose-response relationship between
the minor allele frequency and the risk of gastric cancer. Most notably, subjects with a homozygous minor
allele in SNP rs10074991 showed 2.15 times the risk of
gastric cancer as subjects without a minor allele. The
PRKAA1 gene showed a significant gene-based association with gastric cancer in the VEGAS test.
CONCLUSION: All 5 tested tag SNPs of the PRKAA1
gene (rs13361707 , rs154268 , rs3805486 , rs6882903 ,
and rs10074991 ) were significantly associated with
gastric cancer.

Abstract
AIM: To evaluate the association between genetic
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mediated through various mechanisms, including G1
phase arrest in the cell cycle[14], and the inhibition of fatty
acid and protein synthesis[13,15]. Regulation of the cell cycle
by AMPK is mediated through activation of the p53-p21
axis pathway, activation of tumor suppressor LKB1, inhibition of the mammalian target of rapamycin pathway,
and other similar mechanisms[16]. Based on this evidence,
research on AMPK function has focused on its important role in development, and on its potential use as a
therapeutic target for some cancers[16,17]. It is possible that
AMPK plays an important role in gastric carcinogenesis
and, therefore, polymorphic alleles of the encoding gene
could modify individual susceptibility to gastric cancer.
Recently, Song et al[18] reported that the rs13361707 single
nucleotide polymorphism (SNP) of the protein kinase,
AMP-activated alpha 1 catalytic subunit (PRKAA1) gene
was associated with an increased risk of gastric cancer in
the Korean population. However, because their study only
examined the rs13361707 SNP of the PRKAA1 gene, it
remains important to elucidate the associations between
other SNPs of PRKAA1 and gastric cancer.
Accordingly, the aim of the present study was to
evaluate the associations between 5 polymorphic alleles
of PRKAA1, the gene that encodes AMPK, and gastric
carcinogenesis in Koreans.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: AMP-activated protein kinase; Gastric cancer; PRKAA1 ; Single nucleotide polymorphism; Casecontrol study
Core tip: There were a few studies to evaluate association between PRKAA1 gene and gastric cancer.
However, in previous study, only one single nucleotide
polymorphism (SNP) (rs13361707 ) of PRKAA1 gene
was focused. The purpose of this study was to evaluate the association between 5 SNPs of the gene encoding AMP-activated protein kinase (PRKAA1 ) and the
risk of gastric cancer. All SNPs in the model showed a
dose-response relationship between the minor allele
frequency and the risk of gastric cancer. The PRKAA1
gene showed a significant gene-based association with
gastric cancer in the versatile gene-based association
study test.
Kim YD, Yim DH, Eom SY, Moon SI, Yun HY, Song YJ, Youn
SJ, Hyun T, Park JS, Kim BS, Lee JY, Won HK, Kim H. Risk of
gastric cancer is associated with PRKAA1 gene polymorphisms
in Koreans. World J Gastroenterol 2014; 20(26): 8592-8598
Available from: URL: http://www.wjgnet.com/1007-9327/full/
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i26.8592

MATERIALS AND METHODS
Ethics
This work has been carried out in accordance with the
Declaration of Helsinki (2000) of the World Medical
Association. This study was approved by the institutional
review boards of Chungbuk National University Hospital, South Korea (IRB No. 2011-09-071). All subjects
had provided written informed consent.

INTRODUCTION
Gastric cancer is the second most common cause of cancerrelated mortality worldwide[1]. Since the 1980s, South
Korea, Japan, China, and other Asian countries have had
a particularly high incidence of this disease, despite general trends of decreasing incidence and mortality[2,3].
A model of gastric carcinogenesis in humans has
been derived based on evidence from various epidemiological and pathological studies. According to this model,
gastric cancer arises in a sequence of stages: chronic
gastritis, atrophic gastritis, intestinal metaplasia, and dysplasia[4]. Helicobacter pylori, high salt intake, alcohol intake,
smoking, diet, and genetic factors have been reported to
be involved in gastric carcinogenesis[5-9].
AMP-activated protein kinase (AMPK) is an energy
sensing/signaling intracellular protein, and a conserved
serine/threonine kinase that regulates energy homeostasis and metabolic stress [10]. AMPK is activated by
phosphorylation when the AMP/ATP ratio is high[11].
Activated AMPK switches on ATP-generating (catabolic)
pathways and switches off ATP-consuming (anabolic)
pathways[12,13]. AMPK activation is known to inhibit the
accumulation of lipid in the body, decrease the biosynthesis of fatty acids and cholesterol, and increase the
oxidation of fatty acids[12].
Considerable evidence indicates that AMPK activation suppresses cell proliferation in both tumor and nonmalignant cells. These results of AMPK activation are
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Study subjects
The subjects included in this study consisted of 477
newly diagnosed gastric cancer patients and an equal
number of age- (within 3 years) and sex-matched controls. The diagnoses of patients with gastric cancer were
confirmed at Chungbuk National University Hospital
and Eulji University Hospital, which are located in a geographically central region of the South Korea. Control
subjects did not have a previous diagnosis of any type
of cancer, and were selected from individuals who had
received routine medical examinations at these hospitals.
The case and control groups each included 301 men and
176 women. The mean ± SD age was 58.7 ± 9.9 years
in the case group and 57.8 ± 10.2 years in the control
group.
Trained interviewers interviewed all subjects by using a structured questionnaire, which included questions
on demographic factors, smoking habits, alcohol consumption, and dietary habits. Peripheral blood and urine
samples were collected from all the subjects.
Selection of PRKAA1 SNPs
We selected SNPs of PRKAA1 from several prominent
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Table 1 Frequencies of PRKAA1 polymorphisms in cases and controls
SNP

Position

Genotype

Case

case/control
rs6882903

40801619

rs10074991

40826308

rs13361707

40827641

rs154268

40831625

rs3805486

40831802

CC
311/342
AA
97/136
TT
97/135
TT
267/311
TT
283/233

CA
156/125
AG
242/244
TC
241/242
TC
192/149
TC
170/199

AA
9/8
GG
136/94
CC
137/96
CC
18/15
CC
21/40

N
476/475
N
475/474
N
475/473
N
477/475
N
474/472

Control

1

HWE

1

0.183

HWE

0.034

0.148

0.371

0.541

0.573

0.456

0.412

0.542

0.632

0.459

0.510

0.239

0.020

0.188

0.576

0.224

0.474

0.296

0.786

Freq

2

Freq

2

1

Freq: Allele frequency; 2P value deviation from Hardy-Weinberg Equilibrium (HWE). SNP: Single nucleotide polymorphism.

online databases (GeneCards, HUGE navigator, NCBI;
www.ncbi.nlm.nih.gov/SNP) because this gene may be
related to diet risk factors for gastric carcinogenesis. To
select tagging SNP, we identified functional elements
from the Functional Elements SNPs Database, used the
tagger pairwise method from the International HapMap
Project, and finally selected SNPs with a minor allele
frequency ≥ 0.05 in JPT (Japanese in Tokyo, Japan) and
CHB (Han Chinese in Beijing, China) samples. SNPs
that significantly deviated from the Hardy-Weinberg
equilibrium were discarded.
Genomic DNA was extracted from whole blood by
using a QuickGene-810 nucleic acid isolation system
(Fujifilm, Tokyo, Japan) and QuickGene DNA Whole
Blood Kit S (Kurabo, Osaka, Japan), in accordance with
the manufacturer’s instructions. DNA was stored at 4 ℃
until use. SNP genotyping was performed by using a
GoldenGate Genotyping Assay with VeraCode technology (Illumina, San Diego, CA, United States). A custom
GoldenGate assay was designed for the analysis of the
selected SNPs in the PRKAA1 gene. Those SNPs were
then assessed for suitability for the GoldenGate genotyping platform, and the analysis was carried out on the validated SNPs. The average call rate was 99.40%. Genotyping was carried out by Macrogen (Seoul, South Korea).

derived from multivariate conditional logistic regression models, after adjusting for potential confounding
factors such as age, sex, smoking history, alcohol intake
amount, total calorie intake, and education level. Homozygous reference genotypes, heterozygous alleles, and
homozygous risk alleles in each SNP were coded as 0, 1,
and 2 in the codominant model; 0, 1, and 1 in the dominant
model; and 0, 0, and 1 in the recessive model, respectively.
Benjaminin and Hochberg’s methods for control of the
false discovery rate (FDR) were used for multiple testing
corrections[19]. Two-sided adjusted P values < 0.05 were
considered to be statistically significant. FDR Q values
were calculated separately for the SNPs and haplotypes
based on those numbers.
Gene-based association tests were performed by using the versatile gene-based association study (VEGAS)
method[20].
The study power calculations were performed by
using the “case - control for discrete traits” mode in
the Genetic Power Calculator created by Shaun Purcell
(http://pngu.mgh.harvard.edu/~purcell/gpc/cc2.html).
The following parameters were applied: a risk allele
frequency of 0.4, an alpha error of 0.01, and a disease
prevalence of 0.1%. The power of a codominant model
was 0.7768 when the heterozygous odds ratio was set to
1.5. The power of a dominant model was 0.8821 when
the odds ratio for a genotype with 1 or 2 risk allele(s)
was taken to be 2. The power of a recessive model was
0.8182 when a value of 2 was input for the odds ratio
for a genotype with 2 risk allele(s). SAS version 9.2 (SAS
Institute, Cary, NC) was used for all statistical analyses.

Statistical analysis
Testing for deviation from the Hardy-Weinberg equilibrium was performed for each SNP in both cases and controls by using Pearson’s χ 2 test. D values were measured by
using Lewontin’s method for all combinations of biallelic
loci, and linkage disequilibrium blocks were structured by
using Haploview version 4.2 (Daly Lab at the Broad Institute Cambridge, MA, United States). Haplotype blocks
were constructed and statistically compared between cases
and controls by using SNP Analyzer version 2.0 (ISTEC,
Goyang, South Korea). Haplotype blocks which frequency
over 5% were selected for analysis.
Student’s t-test was used to compare the values of
continuous variables in the patient and control groups.
Associations between gastric cancer and putative risk
factors (including the SNPs) were estimated by using
odds ratios (ORs) and their corresponding 95%CI, as
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RESULTS
We explored the associations between 5 DNA polymorphisms in the PRKAA1 gene, which encodes AMPK,
and gastric cancer risk. A total of 954 subjects were
included in the analysis, comprising 477 gastric cancer
cases and equal number of matched controls. There
were no significant differences between the two groups
in terms of age, gender, smoking status, or alcohol intake.
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+rs10074991

+rs13361707

+rs154268

+rs3805486

ht1
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C

T
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0.270

C

A

T

T

T

0.234

0.295

ht3

C

A

T

T

C

0.222

0.245

ht4

A

G

C

C

T

0.179

0.147

rs154268

rs3805486

Haplotypes

Block 1 (30 kb)
1
2
3

4

5

ht2

rs6882903

rs13361707

B
rs10074991

A

+rs6882903
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98
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Figure 1 Haplotype linkage disequilibrium blocks and haplotype frequencies for PRKAA1. A: Linkage disequilibrium blocks and correlation coefficients among
PRKAA1 polymorphisms. Black squares indicate statistically significant allelic association between the pair of single nucleotide polymorphisms (SNPs), as measured
by using the D statistic; darker gray indicate higher values of D, up to a maximum of 1; B: Haplotype frequencies of PRKAA1 polymorphisms in the case and control
groups. Freq: Allele frequency.

Table 2 Association between PRKAA1 polymorphisms and gastric cancer
SNP

Dominant model

rs6882903
rs10074991
rs13361707
rs154268
rs3805486
VEGAS statistics (P)

1.48 (1.09-2.00)
1.53 (1.09-2.16)
1.51 (1.07-2.11)
1.65 (1.22-2.22)
0.61 (0.34-1.09)

Recessive model

P value1

OR (95%CI)

0.0121
0.0139
0.0184
0.0012
0.0916
30.0356 (0.0054)

Q2

OR (95%CI)

0.0230
0.0230
0.0230
0.0060
0.0916

1.21 (0.60-2.46)
1.47 (1.15-1.88)
1.13 (0.43-2.92)
1.66 (1.22-2.26)
0.63 (0.46-0.85)

P value1
0.5906
0.0021
0.8085
0.0012
0.0027
56.0515 (0.0001)

Q2
0.7383
0.0045
0.8085
0.0045
0.0045

Reference alleles of each single nucleotide polymorphism (SNP) in logistic analysis are as follows; CC for rs6882903, AA for rs10074991, and TT for
rs13361707, rs154268 and rs3805486. 1P values for logistic analysis of two alternative models (dominant and recessive) adjusted with calorie intake, smoking
history, alcohol intake and educational level; 2False discovery rate Q value.

Table 1 presents the frequencies of the 5 selected
SNPs in the study subjects. The genotype distributions
at all 5 SNPs were in Hardy-Weinberg equilibrium, with
non-significant χ 2 values.
Haplotype linkage disequilibrium block and haplotype frequencies for PRKAA1 are presented in Figure
1. Common haplotypes (frequency > 5%) of the block
were found in 93.6% of cases, and 95.7% of controls.
The frequencies and distribution of genotypes are
presented in Tables 2 and 3, which also report the odds
ratios for the associations between each polymorphism
and gastric cancer. We performed the PRKAA1 gene association analysis with dominant, recessive, and codominant models by using conditional logistic regression. In
the dominant model, 4 of 5 SNPs we observed were
significantly associated with an increased risk of gastric
cancer. SNPs rs13361707 (“C” allele, OR = 1.51, 95%CI:
1.07-2.11, P = 0.018, FDR Q = 0.023), rs154268 (“C”
allele, OR = 1.65, 95%CI: 1.22-2.22, P = 0.001, FDR
Q = 0.006), rs6882903 (“A” allele, OR = 1.48, 95%CI:
1.09-2.00, P = 0.012, FDR Q = 0.023), and rs10074991
(“G” allele, OR = 1.53, 95%CI: 1.09-2.16, P = 0.014,
FDR Q = 0.023) were significantly associated with an
increased risk of gastric cancer. In the recessive model,
SNP rs154268 (OR = 1.66, 95%CI: 1.22-2.26, P =

Table 3 Codominant model odds ratios of the PRKAA1
polymorphisms for gastric cancer
SNPs

Adjusted OR (95%CI)

P value1

Q2

rs6882903

CC
CA
AA

1.00
1.46 (1.07-2.00)
1.75 (0.60-5.08)

0.0123

0.0123

rs10074991

AA
AG
GG

1.00
1.30 (0.90-1.87)
2.15 (1.40-3.30)

0.0005

0.0023

rs13361707

TT
TC
CC

1.00
1.29 (0.90-1.85)
2.05 (1.35-3.14)

0.0009

0.0023

rs154268

TT
TC
CC

1.00
1.63 (1.20-2.22)
1.77 (0.82-3.83)

0.0017

0.0028

1.00
0.0099
0.72 (0.40-1.32)
0.54 (0.30-0.98)
46.0927 (0.0004)

0.0123

rs3805486

TT
TC
CC
VEGAS statistics (P)
1

P values for logistic analysis of codominant model adjusted with age, sex,
calorie intake, smoking history, alcohol intake and educational level; 2False
discovery rate Q value. SNP: Single nucleotide polymorphism; VEGAS:
Versatile gene-based association study.
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Table 4 Association between PRKAA1 haplotypes and gastric cancer
Haplotypes
PRKAA1
haplotype
block 1

Codominant
CGCTT
CATTT
CATTC
CGCCT

Dominant

Recessive

OR (95%CI)

P value1

Q2

OR (95%CI)

P value1

Q2

OR (95%CI)

P value1

Q2

1.57 (0.93-2.65)
0.79 (0.46-1.36)
0.44 (0.25-0.77)
1.44 (0.53-3.90)

0.205
0.574
0.002
0.032

0.980
0.980
0.062
0.456

1.18 (0.92-1.53)
1.02 (0.79-1.32)
0.67 (0.52-0.87)
1.45 (1.10-1.92)

0.195
0.895
0.002
0.009

0.980
0.980
0.063
0.124

1.48 (0.89-2.47)
0.77 (0.45-1.32)
0.50 (0.29-0.87)
1.29 (0.48-3.50)

0.126
0.339
0.012
0.614

1.000
1.000
0.346
1.000

1

P values for logistic analysis of three alternative models (codominant, dominant and recessive), the P values for haplotype association were calculated by
the single nucleotide polymorphism Analyzer™ 2.0 software; 2False discovery rate Q value.

0.001, FDR Q = 0.005), rs3805486 (OR = 0.63, 95%CI:
0.46-0.85, P = 0.003, FDR Q = 0.005) and rs10074991
(OR = 1.47, 95%CI: 1.15-1.88, P = 0.002, FDR Q =
0.005) were significant risk factors for gastric cancer (Table 2). In the codominant model, the odds ratios were
statistically significant for all 5 SNPs. All SNPs in the
model showed dose-response relationships between minor allele frequency and the risk of gastric cancer. Most
notably, subjects with a homozygous minor allele in SNP
rs10074991 showed 2.15 times of risk for gastric cancer,
compared with subjects who did not have a minor allele
(Table 3).
To evaluate the association between gastric cancer
and all SNPs within the PRKAA1 gene (rather than each
SNP individually) we performed a gene-based analysis
following the VEGAS method, the results of which indicated that SNPs in PRKAA1 had a statistically significant association with gastric cancer in all 3 models (P =
0.0054, 0.0001, and 0.0004 for the dominant, recessive,
and codominant models, respectively).
The haplotype block was also evaluated for an association with the risk of gastric cancer (Table 4), but none
of the results were significant in each of the 3 models.

TT). In agreement with these findings, our result also
showed that the rs13361707 SNP is associated with gastric cancer (OR = 1.29 for TC vs TT, OR = 2.05 for CC
vs TT). Together, these results suggest that rs13361707
SNP might play an important role in the development
of gastric cancer. However, since rs13361707 is not the
only SNPs found in this gene, it remained important to
examine associations between other SNPs of PRKAA1
and gastric cancer development.
In the present study, we evaluated the associations
of 5 SNPs of PRKAA1 gene with gastric cancer. Interestingly, we found that all 5 of the tested SNPs of
PRKAA1 we tested were associated with a significantly
increased risk of gastric cancer. Most notably, subjects
with a homozygous minor allele in SNP rs10074991
were at 2.15 times the risk of gastric cancer, compared
with subjects who did not have a minor allele. After
controlling the FDR, the associations of these SNPs remained statistically significant in the codominant model.
In a gene-based association test, the PRKAA1 gene was
found to be significantly associated with gastric cancer.
These results suggest that genetic polymorphism of
PRKAA1 might play an important role in gastric carcinogenesis.
Although the biological mechanism underlying the
association between PRKAA1 and gastric cancer has
not been clarified, these significant associations could
potentially be explained by the ability of activated
AMPK phosphorylates p53 to induce G1/S arrest. Further, the AMPK-p53 connection may represent a cell
cycle checkpoint[23]. Therefore, individuals with mutant
PRKAA1 alleles, which encode inactive AMPK, may be
vulnerable to gastric cancer. Anti-inflammatory action
by AMPK could provide another explanation of the association between SNPs of PRKAA1 and gastric cancer.
A recent study has reported that activated AMPK can
counter-regulate macrophage inflammatory function[24]
and activate some anti-inflammatory agents[25]. Loss of
anti-inflammatory action by AMPK in the body of individuals with mutant PRKAA1 alleles results in more
severe injury of the epithelium[26]. Bone marrow-derived
cells are recruited at these sites of epithelial damage, and
these cells can be a potential source of malignancy[27].
To our knowledge, there is no study addressed association between PRKAA1 gene and gastric cancer except in
Chinese and Korean population. Since SNPs frequency
are different according to the population, it is need to

DISCUSSION
In this study, we hypothesized that genetic polymorphisms in PRKAA1 might contribute to gastric cancer
development by affecting the regulation of energy
metabolism. Activated AMPK inactivates a number of
metabolic enzymes involved in ATP-consuming cellular events (such as fatty acid, cholesterol, and protein
synthesis) and also activates ATP-generating processes
(such as the uptake and oxidation of glucose and fatty
acids) [12,13]. Besides energy metabolism, AMPK also
functions as a suppressor of cell proliferation[14]. Consequently, some research on AMPK has focused on its
potential role as a therapeutic target for cancer.
A recent genome-wide association study identified a
new SNP (rs13361707) in the PRKAA1 gene that is significantly associated with increased susceptibility to gastric cancer[21,22]. Additionally, Song et al[18] reported that
the rs13361707 SNP was associated with an increased
risk of gastric cancer in the Korean population. In their
replication study, rs13361707 TC and CC genotypes were
associated with a significantly increased risk of gastric
cancer (OR = 1.29 for TC vs TT, OR = 1.68 for CC vs
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further study in different races other than Asian.
The present study has several limitations. First, a
relatively small number of patients and controls were enrolled in this study. Second, we could not obtain detailed
data on the histological tumor types for the cases of gastric cancer. Finally, because the data of environmental
factor for gastric cancer such as H. pylori infection and
diet was not available in this study, we could not evaluate
the gene-environmental interaction. It is needed further
study about it.
In summary, the PRKAA1 gene and 5 of its SNPs
(rs13361707, rs154268, rs3805486, rs6882903, and rs10074991)
were associated with an increased risk of gastric cancer in
Koreans.

3
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6

7
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of the lesion was planned for a different time and was
prioritized for those patients at higher risk for cancer.
The accuracy, efficiency and quality assessment for
the early detection of patients with potentially curable
malignant lesions were evaluated for the whole cohort
and in the different classes of MRSs. The time to definitive cytological diagnosis (TDCD), accuracy, sensitivity,
specificity, positive and negative predictive values, and
the rate of inconclusive tests were calculated for all patients and for each MRS group.
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RESULTS: A total of 1019 patients with suspected
malignant lesions were evaluated by EUS-FNA. In 515
patients of 616 with true malignant lesions the tumor
was diagnosed by EUS-FNA; 421 patients with resectable lesions received early surgical treatment, and 94
patients received chemo-radiotherapy. The overall diagnostic accuracy for the 1019 lesions in which a final
diagnosis was obtained by EUS-FNA was 0.95. When
patients were stratified by MTE into 4 classes of MRSs,
a higher rate of patients in the group with higher cancer risk (MRS-3) received early treatment and EUSFNA showed the highest level of accuracy (1.0). TDCD
was also shorter in the MRS-3 group. The number of
patients who received surgical treatment or chemo-radiotherapy was significantly higher in the MRS-3 patient
group (36.3% in MRS-3, 10.7% in MRS-2, and 3.5% in
MRS-1).

Abstract
AIM: To investigate the impact of endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) in association with a multidisciplinary team evaluation for the
detection of gastrointestinal malignancies.

CONCLUSION: EUS-FNA can effectively detect a curable malignant lesions at an earlier time and at a higher rate in patients with a higher cancer risk that were
evaluated using MTE.

METHODS: A cohort of 1019 patients with suspected
malignant lesions adjacent to the gastrointestinal tract
received EUS-FNA after a standardized multidisciplinary
team evaluation (MTE) and were divided into 4 groups
according to their specific malignant risk score (MRS).
Patients with a MRS of 0 (without detectable risk of malignancy) received only EUS without FNA. For patients
with a MRS score ranging from 1 (low risk) - through 2
(intermediate risk) - to 3 (high risk), EUS-FNA cytology
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for possible benefit of EUS-FNA when patients were
stratified into 4 different classes of MRS by analyzing
and comparing the time to obtain a definitive cytological
diagnosis (TDCD), the rate of patients who underwent
surgery, and the rate of patients with unresectable lesions
who could receive specific cancer treatment in different
groups. Detailed analyses of accuracy and quality assessments of EUS-FNA as well as their relevance in the process of clinical decision making, were also evaluated and
discussed in the whole cohort and in the different groups.

Core tip: Endoscopic ultrasound-guided fine-needle aspiration (EUS-FNA) has become paramount in establishing a diagnosis for all suspected malignant lesions of
the gastrointestinal tract. Due to its increasing demand,
the diagnostic yield of EUS-FNA and the length of time
to determine a definitive cytological diagnosis may not
be satisfactory in clinical practice. We found that EUSFNA, when combined with the clinical evaluation of
malignancy risk, was associated with a reliable level
of accuracy. When prioritized for those patients with
the highest clinical suspicion of cancer risk, EUS-FNA
provides a shorter time to diagnosis for those patients
with a higher cancer risk who can benefit from early
therapy.

MATERIALS AND METHODS
Study design, and identification of the cohort
From November 1998 to May 2011, all patients with
suspected thoracic or abdominal malignant lesions of the
gastrointestinal submucosal layer as well as lesions of the
organs and structures lying in close vicinity to the gastrointestinal tract including lymph nodes, were recruited
in Ospedale Niguarda Ca’ Granda, Milano for this study.
Data were collected in a prospectively dedicated computerized database and then retrospectively analyzed 30 mo
after the end of the study (November 2013, end of the
study: May 2011). All relevant clinical data with cytological findings, TDCD, and final clinical diagnoses for all
patients with inconclusive tests were recorded, as well as
all complications associated with the procedure.

Gambitta P, Armellino A, Forti E, Vertemati M, Colombo PE,
Aseni P. Endoscopic ultrasound-guided fine-needle aspiration
for suspected malignancies adjacent to the gastrointestinal tract.
World J Gastroenterol 2014; 20(26): 8599-8605 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8599.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i26.8599

INTRODUCTION
Endoscopic ultrasound (EUS) provides excellent visualization of almost all of the submucosal layers of the
gastrointestinal tract as well as the organs and structures
adjacent to the gastrointestinal tract, including mediastinal lymph nodes. However, the ability of EUS to
differentiate between inflammatory masses and cancer
is limited[1-3]. With the advent of curvilinear echoendoscopes, transesophageal, transgastric, trans-duodenal or
trans-rectal endoscopic ultrasound guided fine needle
aspiration (EUS-FNA) biopsies have become common practice. The role of EUS-FNA has also become
paramount in establishing a correct tissue diagnosis in
patients with abnormal lymph nodes during the diagnosis
of unexplained mediastinal lymphadenopathy and during
the staging of non-small-cell lung cancer (NSCLC) when
histo-pathological findings may guide the correct therapeutic management[4-6].
Due to emerging evidence that supports its utility[7,8],
the indications and requests for EUS-FNA for all suspected malignant lesions are increasing despite its limited
availability. Given the increasingly widespread clinical use
of EUS-FNA, it seems justified to implement strategies
to prioritize the procedure for those patients with resectable disease who can benefit from early surgical treatment
and for those patients with unresectable malignancies
who can take advantage of specific chemotherapy or radiation therapy.
The aim of this study was to assess the potential benefit of EUS-FNA when scheduled on a priority basis in
patients stratified for cancer risk by a multidisciplinary
team evaluation (MTE) according to a specific malignancy risk score (MRS). We evaluated a large cohort
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Inclusion criteria
All patients with a suspected malignant lesion who could
benefit from possible treatment with surgery, chemotherapy or radiotherapy were included. All patients with
a known primary tumor requiring surgical evaluation for
resectability by tissue diagnosis of a suspected metastatic
lesion were also included in the study provided that EUSFNA was evaluated as technically feasible by the attending gastroenterologist (Gambitta P). The Institutional
Review Board and the Ethical Committee approved the
study. All patients provided written informed consent to
undergo the procedure.
Criteria for MRS assessment
The clinical records of each patient were reviewed by one
gastroenterologist and collegially discussed during the
MTE; the team was composed of surgeons, oncologists
and radiologists. Three specialists (one radiologist, one
oncologist and one surgeon) expressed their clinical judgements by subjective evaluation and by objective clinical
criteria following the National Comprehensive Cancer
Network (NCCN) guidelines for diagnosis[9]. They assigned a score of 0 if the lesion was judged as most likely
benign, or a score of 1 if the lesion was judged as most
likely malignant. The final clinical score was the sum of
the scores of each specialist. The clinical judgment of
each single specialist was blind to the other two judgements. All patients were then divided into 4 groups with
scores ranging from MRS-0 to MRS-3. Patients with
MRS-0 without detectable oncological risk were submit-
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ted to EUS without FNA. These patients were followedup for at least 30 mo or until death. Further investigations were planned whenever clinically required. In all
patients with MRS ranging from 1 to 3 (1 = low risk, 2 =
intermediate risk, 3 = high risk of malignancy), EUS was
first planned, followed by FNA.

cal diagnosis was recorded as inconclusive. Lymph node
aspirates without lymphatic cells and without cancer cells
were also recorded as cases with an inconclusive cytological diagnosis. All cytology reports that were benign,
malignant or inconclusive were confirmed or invalidated
by one or more of the following: (1) definitive histology
by resection specimen after surgery; (2) clinical evaluation
after a clinical course of at least 30 mo as a benign lesion
without evidence of malignant disease, or as a malignant
lesion when confirmed clinically by evaluation of the
typical clinical course characteristic of malignant diseases;
and (3) analysis of specimen obtained during autopsy.

Prioritization of the EUS-FNA and TDCD
The procedure was performed within 3 d of the MTE
for patients with a MRS of 3, within 10 d for those with
a MRS of 2 and within 15 d for those with a MRS of 1.
TDCD was evaluated as the number of days required
from the last clinical evaluation to obtain the final report
of cytological evaluation. The time for the cytological
processing technique did not receive any different prioritization for the whole cohort of patients and it was
always performed in the shortest time possible.

Evaluation of a standard accuracy rate
True positive (TP), true negative (TN), false positive (FP)
and false negative (FN) results, accuracy (AC), sensitivity (ST), specificity (SP), positive and negative predictive
value (PPV, NPV), number of patients with positive and
negative final diagnosis (D+, D-), likelihood ratios for a
positive or negative test (+LR and -LR), and the rate of
inconclusive tests (IT) were calculated. The results were
calculated by standard statistical computing as follows:
AC as (TP+TN)/N, ST as TP/N(D+), SP as TP/N(D-),
PPV as TP/N(T+), NPV as TN/N(T-), +LR as (ST/1SP) and -LR as SP/1-ST. To ensure that all relevant
information was present we utilized the standards for
reporting of diagnostic accuracy statement and checklist
to improve the quality of diagnostic accuracy[11]; Inconclusive results were grouped in accordance with recent
recommendations[12].

EUS-FNA procedure and technique
Patients were placed in the left lateral decubitus position
and were sedated with iv meperidine plus midazolam,
according to the judgment of the endoscopist. Standard EUS was performed using either an FG-36UX or
EG-383 OUT linear-array echoendoscope (Pentax) for
the evaluation and staging of the lesions. Once a lesion
was identified, EUS-FNA was then performed. Solid
masses in the head and uncinate process of the pancreas
were biopsied by a transduodenal approach with a 22
Gauge or 19 Gauge ultrasound needle (Wilson-Cook
Medical Inc., United States). Following infiltration of the
target lesion, the mandarin was pulled back and an excess
of 50 passes into the lesion were performed before the
needle was finally retracted.

Statistical analysis
To analyze significant differences among the three groups
(i.e., MRS-1, MRS-2 and MRS-3) such as number of
patients who underwent surgery an the mean values of
TDCD a one-way ANOVA with Scheffè’s post-hoc test
was employed. A two-tailed P < 0.05 was considered statistically significant. SPSS 20.0 software was used for all
statistical analyses and calculations.

Sample collection, processing, and diagnostic yield
The mandarin was reintroduced to push any collected
tissue fragments that possessed a “wormlike” appearance into a cytorich red medium. This technique allowed
for the optimal use of collected material avoiding the
routine handling of this material as a smear, leading to a
reduction in processing time[10]. No cytopathologist was
present in the examination room, and the determination
of adequacy was based on macroscopic inspection of the
aspirate by the operator. A cloudy sediment suggesting
cellularity or core tissue was used for determination of
adequacy. The biopsy procedure was repeated until sufficient material was aspirated.

RESULTS
Anatomical location of the lesions and surgical
procedures adopted
A total of 1136 patients were evaluated. In 12 patients
the procedure was abandoned, 19 patients were lost to
follow up, 86 with MRS of 0 received EUS without FNA,
and 1019 completed the EUS-FNA procedure.
Of the 1019 lesions evaluated by EUS-FNA, 932
were extraluminal and 87 were submucosal. In 616 patients a malignant lesion was diagnosed and the lesions in
515 patients were detected by EUS-FNA.
In 570 patients a specific treatment was adopted (455
surgical procedure and 115 chemo-radiotherapy procedures). The different anatomical locations for all the lesions, the number of patients who required surgical treatment and the different surgical procedures employed are
summarized in Table 1.

Criteria for cytological and final diagnoses
The cytological diagnoses were then categorized into
three groups: (1) positive for malignancy; (2) benign; and
(3) inconclusive. The cytological material obtained by
EUS guided aspiration was recorded as positive (diagnostic for cancer) when malignant cells were present in the
aspirate, or as benign if only benign cells from the target
organ were present. However, if no cells were present
or no cells from the target organ were observed, or if
destroyed cytological material was found, the cytologi-
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Table 1 Different anatomical localizations for the 1019 lesions in which endoscopic ultrasound-guided fine-needle aspiration was
employed with the 431 surgical procedures adopted
Macroscopic (> 1 cm) (n = 932)
512 pancreatic masses
135 mediastinal lymphadenopathy
107 enlarged abdominal lymph nodes
23 lung cancer adjacent to the esophagus
21 perirectal masses
18 cancer of the extrahepatic bile duct
18 perigastric masses
15 mediastinal masses
12 perirectal node
13 pleural thickening and pleural effusion
10 masses of the retroperitoneum/
10 peritoneal thickening and ascites
10 left lobe of the liver
9 left adrenal gland
8 prostate nodules with rectal involvement
6 ovarian cyst
3 thyroid
1 spleen
1 cyst of CBD
Microscopic (< 1 cm submucosal) (n = 87)
49 gastric
14 esophageal
13 rectal
8 duodenal
3 colorectal anastomoses

Surgical procedures (n = 393)
201 pancreatic resections
44 pneumonectomy, 12 lobectomy, 14 wedge resection
11 Debulking, 19 nephrectomy, 6 splenectomy
11 pneumonectomy, 2 wedge resection
6 low anterior resection, 5 Miles’procedures
4 bile duct resections, 2 hepatic resections
7 gastrectomy, 2 wedge resections
9 pneumonectomy
7 transanal rectal resection
7 pleurectomy, decortication
3 retroperitoneal debulking
4 peritonectomy
3 liver resection
5 adrenalectomy
4 prostatectomy and rectal resection
5 salpingo-oophorectomy
3 thyroidectomy
1 splenectomy
1 biliary duct resection
Surgical procedures (n = 23)
12 gastrectomy, 1 sleeve gastrectomy
2 esophagectomy
4 low rectal ant resection
2 DCP
2 redo surgery for anastomotic recurrence

CBD: Common bile duct; DCP: Duodenocephalopancreatectomy.

Patients with of MRS 0
A total of 86 patients were evaluated as MRS-0; these patients were submitted to EUS without FNA. All of these
patients who exhibited no clinical evidence of malignancy
as evaluated by MTE, were followed up for a period of
at least 30 mo or until death. In 83 patients, the clinical
evaluation of the presumed benign lesion was confirmed
by further clinical investigations during the follow up
period. In three patients (3.48%), a malignancy was detected at 6, 7 and 10 mo after the first clinical evaluation.
In two patients, non-functioning neuroendocrine tumors
of the pancreatic head and tail, considered small benign
pancreatic cysts by EUS, were subsequently detected after
surgical resection; in one other patient, with a pancreatic
lesion evaluated as pancreatitis by EUS, an adenocarcinoma of the pancreatic head was subsequently diagnosed
based on the surgical specimen.

Complications related to the procedure
Major complications occurred in two patients (0.2%).
One esophageal perforation unrelated to FNA occurred
during pharyngo-esophageal intubation in a patient who
recovered uneventfully after 14 d in the intensive care
unit (Clavien Ⅳa stage). In the other patient one sigmoid
perforation that required surgery occurred (Clavien Ⅲa
stage). Minor complications (Clavien Ⅱ) related to FNA
were observed in five other patients.
Accuracy and efficiency and quality assessment
Table 2 shows all of the data including the number of
patients with a positive and negative final diagnosis, the
number of TP, TN, FP, FN diagnoses, and the number
of inconclusive diagnoses. In 515 of the 616 patients
with true malignant lesions (83%) the EUS-FNA was
able to demonstrate the presence of malignant cells, in
359 of the 399 patients (89%) with true benign lesions,
benign cells were observed. In 129 patients (12.6%), the
specimen diagnosis was considered inconclusive. There
were no false positive diagnoses in relation to a malignant
cell diagnosis and 16 false negative diagnoses (7 of them
in the pancreatic mass group). The overall diagnostic
accuracy for the 1019 lesions in which a final diagnosis
was obtained was 0.95 with an average of 2.2 passes per
lesion (range 1 to 5). In Table 3 all values for AC, ST, SP,
PPV, NPV, +LR, -LR, IT are reported, as well as the rate
of patients who could receive treatment and the TDCD
for each MRS group and for the whole group. TDCD
and the number of patients who could receive surgical

Patients with MRS of 1-3
In 1019 patients the EUS-FNA was completed. Among
616 patients with a proven final diagnosis of cancer,
EUS-FNA resulted in the detection of 511 (83%) patients with a TP diagnosis. In 431 patients the lesion was
considered resectable and surgery was performed (Table
1). Ninety-four patients with unresectable lesions were
submitted to different specific chemotherapies and radiation therapies as suggested by ongoing protocols. In the
group of MRS of 3 we identified the highest number of
patients (34.6%) who could benefit from different surgical procedures and chemo-radiotherapy.
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Table 2 Cytological findings and final diagnoses of cancer n
(%)
Cytology

Positive

Final diagnosis
D+
515
D0 (FP)
515 (50.5)

Negative

Inconclusive
(treated/untreated)

Patients
(n )

16 (FN)
359
375 (36.8)

85 (55/30)
44 (0/44)
129 (55/74) (12.7)

616 (TP)
403 (TN)
1019

Table 3 Accuracy and efficiency and quality assessment n
(%)
MRS1
MRS2
(n = 312) (n = 276)
AC: (TP+TN)/N
0.97
ST: TP/N (D+)
0.85
SP: TP/N (D-)
1
PPV: TP/N (T+)
1
NPV: TN/N (T-)
0.97
+LR (ST/1-SP)
0
-LR (SP/1-ST)
6.6
TP
36 (3.5)
TN
231 (22.6)
IT
39 (12.5)
TDCD mean
25.4 (8-32)c
days (range)
Patients TP
36 (3.5)c
treated with
surgery or CRT
Patients with
16 (9-7)
inconclusive tests
treated (surgeryCRT)

D+ patients with positive final cytological diagnosis, D- patients with
negative final cytological diagnosis, true positive (TP), true negative (TN),
false positive (FP) and false negative (FN). Inconclusive tests are splitted
into 2 groups: those that were treated (with surgery, or with chemo-radiotherapy) or those left untreated.

treatment or chemo-radiotherapy were significantly different in MRS-3 patients.

DISCUSSION
In our study, the AC of the EUS-FNA was high (0.95)
for the whole cohort of patients irrespectively of MTE,
and ST (0.93), SP (1.0), PPV (1.0) and NPV (0.90) were
all in line with results reported by other studies[13-15].
In patients with a high clinical suspicion of malignant
disease, as in the MRS-3 group, the AC was higher, reaching 1 with a ST of 0.99, SP of 1, PPV 1 and NPV of
0.95. In the same group of patients with a MRS of 3, we
did not find FP or FN diagnoses. The mean time to final
cytological diagnosis as well as the rate of inconclusive
tests were lower than that found in the other groups. Interestingly, no FP diagnoses were observed in all groups
of patients. These findings represent the main advantages
of EUS-FNA for the entire population of patients.
We documented 3 of 86 (3.48%) FN diagnoses in
the group with a MRS of 0: These patients received EUS
without FNA and two of them presented with a cystic lesion of the pancreas. It is widely accepted that the evaluation of cystic lesions of the pancreas poses a diagnostic
challenge for the radiologist, the endoscopist and the
pathologist[16,17]. At the moment all patients with pancreatic cystic lesions with a diameter larger than 3 cm are
considered to be potentially suspect for malignant or premalignant lesions and are subjected to EUS-FNA with
determination of carbohydrate antigen (CA 19-9, and CA
72-4), amylase, cyst fluid viscosity, and various stains in
the fluid.
Seven of the 16 FN diagnoses were related to solid
pancreatic lesions. This finding suggests the possibility
that neoplastic cells can be difficult to obtain from pancreatic tumors when the perilesional pancreatic tissue has
a consistent amount of inflammatory cells[18].
Although our finding of 12.6% inconclusive diagnoses is in accordance with other studies[19-21], these data can
be explained by some technical aspects of the procedure
itself which can present some difficulties during the
puncture of the target lesion depending on several factors including the anatomical level of the lesion, the na-
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MRS3
Overall
(n = 431) (n = 1019)

0.87
0.79
1
1
0.76
0
4.7
109 (10.6)
101 (9.9)
55 (19.9)
16.2 (11-24)a

1
0.95
0.99
0.93
1
1
1
1
0.95
0.90
0
0
100
4.2
370 (36)
616 (60.4)
26 (2.5)
403 (39.5)
35 (8.1)
129 (12.6)
12.4 (10-21)a 16.3 (8-32)

109 (10.7)a

370 (36.3)a

21 (12-9)

18 (13-5)

515 (50.5)

55 (34-21)

Calculation of accuracy (AC), sensitivity (ST), specificity (SP), and positive
(PPV) and negative (NPV) predictive values for malignant risk score
(MRS)-1, MRS-2 and MRS-3, likelihood ratios for positive and negative
test (+LR, -LR) for different groups of patients. D+: Number of patients
with positive final diagnosis; D-: Number of patients with negative final
diagnosis; IT: Inconclusive test; TDCD: Time to definitive cytological
diagnosis; CRT: Chemo-Radio-Therapy. aP < 0.05 vs MRS1; cP < 0.05 vs
MRS3 according to the Scheffé post-hoc test.

ture of the lesion itself, the small size of the lesion, and
finally the absence of an onsite cytotechnologist, who
verify in real time the presence of an adequate amount of
tissue sampling. A consistent part of our study was performed for the evaluation of patients with focal pancreatic lesions that are often smaller than 2 cm in diameter.
The accuracy of EUS-FNA in focal pancreatic lesions
is usually less impressive than for mediastinal lesions[22]
and the sensitivity and diagnostic accuracy of EUS-FNA
for solid pancreatic lesions is reported to be strongly
related to tumor size[23]. The low rate of inconclusive
diagnoses by EUS-FNA in the group with a MRS of 3
(8.1% vs 19.9% in MRS-2 and 12.5% for MRS-1) can be
explained, at least in part, by more adequate lesional and
perilesional tissue in the group with the highest MRS, and
above all in the group with pancreatic lesions. In these
patients the cytological material obtained by the FNA can
allow a more consistent and adequate sample for correct
cytological evaluation[24,25].
The choice of the trans-esophageal procedure that we
adopted for patients with mediastinal lymphadenopathy,
in accord with other centers, most likely balanced the
overall number of inconclusive tests. In our experience,
this approach seems easier than a the trans-bronchial
approach, facilitating detection and tissue sampling of
mediastinal masses[26,27] and it most likely enables better
diagnostic accuracy.
Although limitation of our study was the lack of an
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accurate and reproducible method for cancer risk evaluation, our MTE was always homogeneously and uniformly
carried out during the 12 years of the study, which was
strictly in accord with the NCCN guidelines. This simple
clinical practice allowed us to stratify patients with MRSs.
In the group of MRS of 3 we found the highest number
of TP tests, indicating patients who could benefit from
early surgical treatment and showed the lowest number
of TN tests. In the same high risk group with a MRS of 3,
EUS-FNA reached the highest level of AC, ST, SP, PPV,
NPV, without FP or FN diagnoses.
We conclude that a simple but standardized clinical
evaluation by a multidisciplinary team can improve the
diagnostic yield of EUS-FNA optimizing the clinical
workup for all patients with curable malignant lesions.
Our study offers some important indications on how to
optimize diagnostic procedures in patients with suspected
malignant lesions and can be considered a first step methodology for further evaluations of diagnostic efficiency
in the setting of clinical and surgical oncology.
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the clinical and surgical oncology settings are currently under investigation.
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Research frontiers

The current study demonstrates that the practice of stratifying patients into different groups of cancer risk may improve the impact and efficiency of EUS-FNA
in the early detection of those patients with malignant lesions; these patients
may benefit from early surgery or chemo-radiotherapy, allowing for a very high
level of accuracy in all patient groups.
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Innovations and breakthroughs

Authors found that EUS-FNA was associated with a reliable level of accuracy
in all patients when its use was prioritized for those patients with the highest
cancer risk. EUS-FNA combined with a multidisciplinary clinical evaluation of
the risk of malignancy enables a shorter time to diagnosis for those particular
patients who can benefit from early therapy.
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Applications

The present study offers some important indications about how to optimize
diagnostic procedures in patients with suspected malignant lesions, and this
report can be considered a first step methodology for further evaluations of
diagnostic efficiency in the clinical and surgical oncology settings.
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Peer review

This retrospective analysis was conducted in a cohort of 1019 patients with
suspected malignant lesions adjacent to the gastrointestinal tract who underwent EUS-FNA during a period of 12 years. They found that EUS-FNA, when
associated with a specific multidisciplinary team evaluation, enables a useful
stratification of the patients on the basis of their specific cancer risk, allowing
for better efficiency and a shorter time to diagnosis in those patients who can
benefit from early surgery or chemo-radiotherapy treatment.
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(range: 16-51 kg/m ), 25% were smokers, 25% had
hypercholesterolemia, 20% had diabetes mellitus 16%
were on aspirin and 7% were on non-steroidal antiinflammatory drugs. A total of 651 colonoscopies were
performed for standard indications. The prevalence of
polyps varied according to patient’s birthplace: Europe
45.1%, Australia and New Zealand 39.5%, Pacific
Islands 33.3%, Asia 30.3%, Middle East and Africa
26.9% and South America 24.5% (P = 0.027, df = 6).
However, multivariate analysis revealed that birthplace
was not an independent predictor of developing polyps,
including adenomas and advanced adenomas after
correcting for age and male sex.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To examine the impact of the patient’s birthplace
on the prevalence of colonic polyps and histopathological
subtypes.

Key words: Ethnicity; Polyps; Adenomas; Advanced
adenomas; Colorectal cancer

METHODS: This is a retrospective audit of the colo
noscopy practice of one Gastroenterologist in a tertiaryreferral hospital from 2008 to 2011. Data collected
include demography, birthplace, language spoken, details
of the colonoscopy including indications, completion
rates, complications, results including prevalence and
histopathology of polyps. Statistical methods used were
2
binary logistic regression, χ and Mann-Whitney U .

Core tip: The detection and removal of colorectal
adenomas is a vital component of colorectal cancer
prevention. The provision of colorectal cancer screening
by medical practitioners is influenced by patient’s
ethnicity. However, birthplace is not a predictor for
developing colorectal neoplasia, including polyps,
adenomas and advanced adenomas; hence, should not
influence the recommendations for colorectal cancer
screening.

CONCLUSION: Birthplace is not a predictor for de
veloping colorectal neoplasia, including adenomas and
advanced adenomas; hence, should not influence the
recommendations for colorectal cancer screening.

RESULTS: A total of 623 patients (48% male, 67%
aged over 50 years) were recruited and categorised
according to birthplace: Australia/New Zealand 42%,
European 20%, Asian 15%, Middle Eastern/African
11%, South American 9% and Pacific Islander 3%.
The median age of the cohort was 56.3 years (range:
2
17-91 years), median body mass index 27.3 kg/m
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polyps, histopathological type of resected polyps. The
endoscopic size of the polyp was based on comparison
with the known diameter of open biopsy forceps. The
colonoscopies were performed by Koo JH and advanced
gastroenterology trainees under his supervision.
All resected and retrieved colonic polyps were formalin-fixed and paraffin-embedded. These specimens were
stained with haematoxylin and eosin and examined by a
gastrointestinal pathology service. Advanced adenomas
were defined as size ≥ 10 mm, had villous histology or
any evidence of high grade dysplasia[14]. The study was
approved by the Ethics Committee of the Sydney South
West Local Health District.

INTRODUCTION
Colorectal cancer (CRC) is the second leading cause
of cancer death in Australia with the age-standardised
incidence rate of 46 and 32.1 per 100000 for men and
women respectively[1]. The incidence rate is lower than
parts of Asia, Africa and the Middle East. Nonetheless, it
has been recognised that the risk of CRC of immigrants
will gradually increase over time, attributed to adoption
of the western lifestyle including diet and exercise[2,3].
Despite this, the provision of CRC screening by primary
care providers has been shown to be influenced by the
patient’s ethnicity and birthplace[4] and that doctor-patient
ethnic concordance was associated with decrease provision of preventive medicine[5].
The detection and removal of colorectal adenomas
decreases the incidence and mortality of CRC[6,7]. The
exact incidence and prevalence of polyps in different
countries is not well described; however it is expected
to mirror the incidence of CRC. Recent studies from
Asia have revealed comparable prevalence of advanced
neoplasm compared with Western nations, especially in
Japanese and Korean populations[8]. However, there is
conflicting evidence regarding the prevalence of colorectal adenomas between ethnic groups living in the same
country. In an Australian cohort, the prevalence of advanced adenomas was significantly higher in Caucasians
compared with Chinese; however, this study did not
adjust for confounders including smoking, diabetes and
body mass index in multivariate analysis[9]. A study examining Asian Americans (n = 2723) found no difference
in advanced adenomas between Asian and non-Asian
participants[10]. Similarly, there is emerging evidence that
there is no difference between adenoma detection rates
between ethnic groups previously thought as low risk for
developing CRC, such as Hispanics compared with those
of high risk[11,12]. Nonetheless, there is no study to date
that examines the effect of patient’s birthplace on detection of colorectal neoplasia. The aim of this study was
to examine the effect of birthplace on the detection of
colorectal adenomas and advanced adenomas.

Statistical analysis
Statistical analysis was performed using SPSS, version
22.0 (SPSS Inc, Chicago, IL, United States). Descriptive
statistics are reported as mean ± SD or median (range)
unless otherwise stated. The prevalence of polyps, adenomas and advanced adenomas were compared between
ethnic groups using independent t-tests, Kruskal-Wallis
one-way analysis of variance or Mann-Whitney U tests
for continuous non-parametric variables and χ 2 tests for
categorical data. Binary logistic regression analysis was
used to examine factors associated with polyp, adenomas
and advanced adenoma detection. In each model, polyp,
adenoma and advanced adenoma detection were the
dependent variables respectively, with age, sex, ethnicity,
body mass index, co-existing diabetes mellitus and hypercholesterolemia, use of aspirin and NSAIDs, and smoking included as independent variables.
The adenoma detection rate was compared between
birthplaces using chi-squared tests. Adenoma detection
rate (ADR) was defined as the number of colonoscopies
where one or more adenomas were detected divided by
the total number of colonoscopies[15].

RESULTS
Patient characteristics
A total of 623 patients (48% male, 67% aged over 50
years) were recruited and categorised according to birthplace: Australia/New Zealand 42%, European 20%,
Asian 15%, Middle Eastern/African 11%, South American 9% and Pacific Islander 3%. Among patients where
data was available (n = 446), 66.8% reported English as
their language spoken at home and 49% were employed.
The median age of the cohort was 56.3 years (range:
17-91 years), median body mass index (BMI) 27.3 kg/m2
(range: 16-51 kg/m2), 25% were smokers, 25% had hypercholesterolemia, 20% had diabetes mellitus 16% were
on aspirin and 7% were on NSAIDs (Table 1).
In the study period, a total of 651 colonoscopies
were performed for standard indications: 29% rectal
bleeding, 20% altered bowel habits, 16% anaemia, 16%
abdominal pain, 9% colorectal neoplasia surveillance, 8%
positive faecal occult blood test (FOBT), 6% asymptomatic colorectal cancer screening, 4% abnormal imaging

MATERIALS AND METHODS
We conducted a retrospective review of the colonoscopy
practice of a single gastroenterologist (Koo JH) in a
tertiary-referral hospital from 2008 to 2011. The hospital serves an ethnically diverse population, with greater
than 40% of residents born overseas[13]. Patients were
eligible if they were aged over 16 years. Demographic
and clinical details were obtained from medical record
review. Characteristics obtained include age, sex, anthropometric data, birthplace, language spoken at home,
employment status, co-morbidities including diabetes and
hypercholesterolemia, medications including aspirin and
non-steroidal anti-inflammatory drugs (NSAIDs) and
smoking. Colonoscopy details were recorded including
primary indication, number, location and size of colonic
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Table 1 Clinical characteristics according to birthplace
Characteristics
Age > 50 yr
Aspirin
NSAID
Smoking
Hypercholesterolemia
Diabetes

Australia/New Zealand

Asia

Europe

Middle East/Africa

South America

Pacific Islands

P -value

56%
17%
8%
2%
18%
18%

70%
12%
5%
12%
25%
19%

85%
17%
11%
21%
35%
23%

65%
12%
10%
19%
25%
21%

74%
9%
13%
26%
30%
15%

67%
14%
0%
18%
20%
60%

< 0.01
0.16
0.15
0.09
0.03
0.05

NSAID: Non-steroidal anti-inflammatory drugs.

Table 2 Adenoma detection rate according to birthplace
1

Birthplace
Australia and New Zealand
Asia
Europe
Middle East and Africa
South America
Pacific Islands

Adenoma detection rate

P -value3

Advanced adenoma detection rate

2

P -value3

47.50%
29.50%
50.40%
38.00%
40.70%
31.80%

0.002
0.12
0.50
< 0.001
0.03

18.80%
9.50%
14.20%
9.90%
7.40%
9.10%

0.03
0.25
0.07
0.04
0.25

1

Adenoma detection rate is defined as number of colonoscopies where one or more adenomas were detected divided by the total number of colonoscopies;
Advanced adenoma detection rate is defined as number of colonoscopies where one or more advanced adenomas were detected divided by the total
number of colonoscopies; 3χ2 test between Australia and New Zealand-born and those born elsewhere.
2

27/257, 11%, P = 0.022).
There was a greater proportion of European-born
patients with polyps detected compared with Australia/
New Zealand (125/195, 64% vs 102/258, 40%, P < 0.001)
There was a trend towards a significant difference in
adenomas detected in this group compared with Asianborn (P = 0.07) and European-born patients (P = 0.06).
However, there was no statistically significant difference
in polyps, adenomas or advanced adenomas detected
between Australian/New Zealand-born and those born
in South America, the Middle East/Africa and the Pacific
Islands. In those aged > 50 years, there was a difference
between advanced adenomas detected in those born in
Australia/New Zealand (25/137, 18%) compared to
those born in Asia (8/90, 9%) (P = 0.05).
In patients with adenomas detected, the median age
of Asian-born patients was lower than Australia/NewZealand-born (Median age 63 years vs 58 years, P = 0.016,
df = 1). Similarly, in all patients with advanced adenomas
detected, there was a statistically significant difference in
median age of Asian-born patients compared to Australia/New-Zealand-born (P = 0.015).
The ADR and advanced adenoma detection rate
varied according the birthplace (Table 2). There was a
significant difference between ADR of Australia/New
Zealand-born patients compared with those born in
Asia (P = 0.002), South America (P < 0.001) and Pacific
Islands (P = 0.03). Similarly, there was a significant difference between advanced ADR of Australia/New Zealandborn patients compared with Asia (P = 0.03), and South
America (P = 0.04). There was no statistically significant
difference in the prevalence of colorectal cancers by patients’ birthplace (P = 0.49).

findings, 4% progress colonoscopy for inflammatory
bowel disease and 2% weight loss. Of the 14% who were
asymptomatic, there was no statistically significant difference in birthplace. The caecal intubation rate was 93%.
A total of 21 colorectal cancers and 635 polyps (281
adenomas and 91 advanced adenomas, 166 hyperplastic
polyps, 24 normal histology, 3 inflammatory polyps, 1
hamartomatous, 69 polyps were not retrieved) were detected in 227 patients. The overall ADR was 20.4%. Of
all the colorectal cancers, 18 were adenocarcinomas (14
moderately differentiated, 4 poorly differentiated), 1 mucinous colorectal cancer, 1 lymphoma, 1 gastrointestinal
stromal tumour.
Prevalence of colonic polyps and colorectal cancers
The prevalence of polyps varied according to patient’
s birthplace: Europe 45.1%, Australia/New Zealand
39.5%, Pacific Islands 33.3%, Asia 30.3%, Middle East/
Africa 26.9% and South America 24.5% (P = 0.027, df
= 6). The number of adenomas according to patient’s
birthplace: Australia/New Zealand 46.2% (n = 129), Europe 25.4% (n = 71), Middle East/Africa 13.3% (n = 37),
Asia 10.0% (n = 28), South America 3.9% (n = 11), Pacific Islands 1.2% (n = 3). The prevalence of adenomas
and advanced adenomas was not statistically different
according to birthplace (P = 0.543 and P = 0.754 respectively). There was no statistically significant difference
in detected adenomas and advanced adenomas between
patients born in Australia/New Zealand compared with
those born elsewhere (P = 0.21, P = 0.65 respectively).
However, in patients aged > 50 years, greater proportion
of those born in Australia/NZ had advanced adenomas
compared with those born elsewhere (25/133, 19% vs
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Table 3 Predictors of polyp detection, adenoma detection, advanced adenoma detection
Univariate analysis
Polyp detection
Male sex
Older age
Aspirin use
Hypercholesterolemia
Diabetes
Anaemia
Positive FOBT
BMI
Smoking
Birthplace
Adenoma detection
Male sex
Older age
NSAID use
Positive FOBT
Birthplace
Advanced adenoma detection
Male sex
Older age
Rectal bleeding
Positive FOBT
Birthplace

95%CI

P -value

Multivariate analysis

OR

95%CI

P -value

2.5
1.004
0.5
0.6
0.6
1.7
0.3
1.05
0.65
-0.64

1.8-3.5
1.02-1.05
0.4-0.9
0.4-0.96
0.4-0.9
1.1-2.7
0.2-0.5
1.01-1.09
0.43-0.96
-0.43-0.01

< 0.001
< 0.001
0.008
0.031
0.02
0.03
< 0.001
0.02
0.03
0.12

Male sex
Older age
Positive FOBT

2.4
1.04
0.2

1.5-41
1.02-1.0
0.1-0.5

0.001
< 0.001
0.003

2.3
1.02
3.4
0.2
0.02

1.4-3.8
1.01-1.04
1.2-9.5
0.1-0.5
-0.37-0.04

0.001
0.01
0.02
0.001
0.94

Male sex
Older age
Positive FOBT

2.0
1.02
0.2

1.2-3.4
1.003-1.04
0.1-0.6

0.01
0.03
0.002

2.7
1.04
0.5
0.2
-0.01

1.5-4.8
1.02-1.06
0.3-0.8
0.1-0.4
-0.03-0.01

0.001
< 0.001
0.008
< 0.001
0.21

Male sex
Rectal bleeding
Positive FOBT

2.3
0.4
0.1

1.2-4.2
0.2-0.7
0.1-0.3

0.008
0.002
< 0.001

OR

FOBT: Faecal occult blood test; BMI: Body mass index.

Predictors of colorectal neoplasia
Binary logistic regression was performed to identify predictors of colonic polyps, adenomas and advanced adenomas to determine whether birthplace was a risk factor.
The predictors of polyp detection in multivariate analysis
included male sex, older age and positive FOBT (Table 3).
In univariate analysis, the predictors for adenoma detection were male sex, older age. In multivariate analysis, the
predictors for adenoma detection were male sex, positive
FOBT (Table 3).
The predictors for advanced adenoma in univariate analysis include male sex, older age, smoking, rectal
bleeding, positive FOBT. In multivariate analysis, the
predictors for advanced adenomas included male sex,
rectal bleeding and positive FOBT (Table 3). Other risk
factors and confounders including, body mass index,
diabetes mellitus, hypercholesterolemia, smoking, aspirin
and NSAID use were not statistically significant in both
univariate and multivariate analysis for adenoma and advanced adenomas.

cording to patient’s birthplace, with higher prevalence
among Western-born and Australian/New Zealand-born
patients. However, after correcting for risk factors and
confounders on multivariate analysis, birthplace was no
longer a predictor of colorectal neoplasia. This important
finding supports recent studies conducted in a multiethnic Asian population which demonstrated that race was
not a predictor for colorectal adenomas in multivariate
analysis[16] and a retrospective study in the United States
which also revealed no significant differences in the adenoma detection rate in Hispanic patients compared with
Whites[11]. In contrast, a recent multi-ethnic Australian
population study reported polyp detection varied with
race with significantly higher prevalence of advanced adenomas in Caucasians compared with Chinese, although
the study did not correct for risk factors and confounders[9]. Furthermore, it did not clarify the category of
“Chinese” - Chinese patients may have originated from
different Asian countries, and therefore had differing
intrinsic risks for developing colorectal neoplasia. Our
study importantly reinforces the observation that birthplace is not a predictor of colorectal neoplasia and that
recommendations and provision of CRC screening tests
should not be based on patients’ birthplace. Previous
studies have reported medical practitioners’ recommendation of CRC screening tests varied according to their
patients’ birthplace, resulting in lower recommendations
to ethnic minority patients who were considered at lower
risk of developing colorectal neoplasia compared with
Western-born patients[4,17]. As medical practitioner recommendation is the single most important predictor of
CRC screening participation[18], appropriate and timely
recommendations for screening irrespective of patients’

DISCUSSION
In an ethnically diverse population in Australia, this study
revealed that birthplace was not a significant predictor for
the detection of colonic polyps, adenomas or advanced
adenomas. It further reinforced previously demonstrated
risk factors for developing colorectal neoplasia, such
as older age and male sex. In addition, Asian-born patients had adenomas and advanced adenomas detected
at younger ages compared with Australia/New Zealandborn patients.
The prevalence of colorectal neoplasia differed ac-
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birthplace is crucial to improve outcomes.
This study demonstrated that Asian-born patients had
adenomas and advanced adenomas detected at a younger
age compared with Australian/New Zealand-born patients. This has been previously reported in a study
comparing concurrent cohorts of Chinese and Western
patients, where Chinese patients had a slightly lower ageadjusted prevalence of adenomas[19]. Notwithstanding
the incomplete family history data, this has significant
implications for colorectal cancer screening, in particular
the age of initiation of screening. The younger ages of
diagnosis of CRC in African Americans had subsequently
resulted in recommendations for earlier age of initiation
of screening in the United States[20]. Additional prospective studies are therefore recommended to determine the
appropriate age to start screening in Asian patients, given
the complexities that already exist with current CRC
screening guidelines.
This study adjusted for important predictors of developing colorectal neoplasia such as demographic factors
including age, sex and clinical factors such as body mass
index, diabetes mellitus, hypercholesterolemia, smoking
and aspirin use. Factors such as quality of bowel preparation were also considered as this has been demonstrated
to affect adenoma detection[21]. Correcting for these variables further strengthens the validity of the study, and
reinforces the well-established independent predictors for
developing adenomas and advanced adenomas including
male sex, older age and positive FOBT. The predictors
for polyp detection also include smoking and higher
BMI. This is supported by a study, which demonstrated
a higher risk of advanced adenomas in female smokers
without a family history of colorectal cancer[22]. Similarly,
a recent meta-analysis demonstrated a 5-unit increase in
BMI was associated with a relative risk increase of developing colorectal adenomas by 1.19 (95%CI: 1.13-1.26)[23].
It has been well documented that there are differences in the provision and uptake of colorectal cancer
screening based on patients’ ethnicity and birthplace. Patient’s ethnicity and birthplace have been associated with
participation in colorectal cancer screening. In screening
studies in the United Kingdom, return of FOBT, colonoscopy attendance following a positive FOBT and attendance rate for flexible sigmoidoscopy screening were
significantly lower in Asians compared with Whites, after
controlling for demographic factors[24,25]. The Australian
National bowel cancer screening pilot study also revealed
lower FOBT return rates among subjects who spoke a
language other than English[26]. In addition, foreign-born
Asians and Hispanics had lower CRC screening participation compared with United States-born Asians and
Hispanics living in the United States[27]. The finding from
our study that birthplace does not influence polyp detection, especially among subjects previously considered
low risks such as Asians, reinforces the need to promote
CRC screening participation irrespective of subjects’
birthplace and ethnicity. A study examining a multi-ethnic
community revealed that fewer immigrants had their
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colorectal cancer diagnosed through screening practices
compared with Australian-born patients[28]. Furthermore,
patient’s ethnicity has been demonstrated to influence
the physician’s likelihood of recommending colorectal
cancer screening[4]. However, the findings of this study
demonstrate that birthplace is not a predictor developing colorectal neoplasia and Asian-born patients have
colorectal neoplasia detected at a lower age compared to
Australia/New Zealand-born patients.
There are several limitations to this study. It is a retrospective, single-centre study, which limits the external validity of the conclusion. Additionally, there is limited data
on the duration of residency of immigrants in Australia,
which could influence their colorectal polyp and cancer
risk[2]. This can be addressed in future, multi-centre, prospective studies, including this demographic data. There
is also heterogeneity of colorectal cancer risk within the
ethnic groups. For example, in patients who are classified
as “Asian,” the CRC risk varies between those who are
South East Asian, such as Vietnamese patients, who are
known to be low risk, compared with North East Asian,
such as Koreans and Japanese patients whose risks are
comparable with Western patients. In this study, there
was no significant difference in adenoma and advanced
adenomas detected between South East Asian and North
East Asian patients. Furthermore, the proportion of patients classified as North East Asian was small (n = 7/89,
8%) and hence, the “Asian” subgroup was predominantly
a lower risk group. Nonetheless, studies have demonstrated a similar risk in colorectal cancer between Asian
migrants and those born in Western countries[29].
Birthplace is not a predictor for developing colorectal neoplasia, including polyps, adenomas and advanced
adenomas; hence, should not influence the recommendations for colorectal cancer screening.
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RETROSPECTIVE STUDY

Follow-up of patients with pseudotumoral chronic
pancreatitis: Outcome and surveillance
Félix Ignacio Téllez-Ávila, Álvaro Villalobos-Garita, Marc Giovannini, Carlos Chan,
Jorge Hernández-Calleros, Luis Uscanga, Miguel Ángel Ramírez-Luna
the epigastrium, steatorrhea, and diabetes mellitus),
endoscopic ultrasound (EUS) criteria > 4, and EUS-fine
needle aspiration (FNA) were included. A pseudotumor
was defined as a non-neoplastic space-occupying lesion, a cause of chronic pancreatitis that may mimic
changes typical of pancreatic cancer on CT or endoscopic ultrasound but without histological evidence. A
real tumor was defined as a neoplastic space-occupying lesion because of pancreatic cancer confirmed by
histology.
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RESULTS: Thirty-five patients with chronic pancreatitis
were included, 26 (74.2%) of whom were men. Nine
(25.7%) patients were diagnosed with pseudotumoral
chronic pancreatitis and two (2/35; 5.7%) patients with
pseudotumoral chronic pancreatitis were diagnosed
with pancreatic cancer on follow-up. The time between
the diagnosis of pseudotumoral chronic pancreatitis
and pancreatic adenocarcinoma was 35 and 30 d in the
two patients. Definitive diagnosis of pancreatic adenocarcinoma was made by surgery. In the remaining six
patients with pseudotumoral chronic pancreatitis, the
median of follow-up was 11 mo (range 1-22 mo) and
they showed no evidence of malignancy on surveillance. In the follow-up of patients without pseudotumoral chronic pancreatitis but with chronic pancreatitis,
none were diagnosed with pancreatic cancer. According
to our data, older patients with chronic pancreatitis are
at risk of pseudotumoral chronic pancreatitis.
CONCLUSION: According to characteristics of patient,
detection of PCP should lead a surveillance program
for pancreatic cancer with EUS-FNA in < 1 mo or directly to surgical resection.

Abstract
AIM: To follow up patients with pseudotumoral chronic pancreatitis (PCP) to assess their outcome and identify an optimal surveillance interval.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: Data obtained prospectively were analyzed in a retrospective manner. Patients with clinical
evidence of chronic pancreatitis (abdominal pain in
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pressure device, electrocardiogram, and pulse oximetry
throughout the procedure. EUS was performed with
a linear array echoendoscope, GFUCT-140 (Olympus
America Inc; Center Valley, PA), by two echoendoscopists. All patients were hospitalized, and after the procedure they were observed with an automatic monitor for
at least 4 h for surveillance of possible complications.

Core tip: Actually, there are no clear recommendations
for follow-up of patients with chronic pancreatitis and
solid pancreatic mass lesions. We followed-up patients
with chronic pancreatitis and solid pancreatic mass lesions and we assessed the final outcome and identified
an optimal surveillance interval. We found that almost
one-third of patients with chronic pancreatitis had
pseudotumoral chronic pancreatitis, and 22.2% had unresectable pancreatic adenocarcinoma less than 2 mo
after the initial diagnosis. Endoscopic ultrasound fine
needle aspiration can miss malignancy in nearly 25% of
patients with pseudotumoral chronic pancreatitis.

EUS FNA (standard needle)
At first, the transducer was brought into a stable position
in front of the targeted lesion. The metal spiral was then
introduced into the biopsy channel, observing carefully
that the needle piston was securely locked and the needle
was completely retracted. The spiral was inserted entirely
and the handle with the Luer-lock firmly screwed onto
the biopsy channel. To ensure that the sheath was protecting the entire length of the working channel, we used
the optic of the endoscope. With the stylet retracted
but still inside the needle, the biopsy needle was moved
forward into the lesion under full real-time ultrasound
control. After penetration into the middle of a lesion,
the stylet was completely removed. Upon reaching the
optimal needle position in the middle of the lesion, a
10 mL syringe with a locking device was firmly screwed
on the needle, and the syringe piston was pulled to create a low pressure. The syringe piston was locked in this
position for permanent suction. The needle was moved
to and fro 5-10 times inside the lesion under complete
ultrasonic control. With the needle tip still in the lesion,
suction was released and the needle was safely retracted
inside the needle sheath and locked in a secure position.
All patients had a CT with a 64-slice multidetector CT
(Somatom, Sensation 64; Siemens München Germany)
and images were obtained with a section thickness of
3 mm with a reconstruction interval of 2-2.5 mm. All
cases were analyzed on a workstation with the capability
to produce coronal reformatted images. Patients received
intravenous (Ⅳ) contrast; 120 mL of Conray (Mallinckrodt Baker Inc., St Louis Missouri, United States) was
given 45 s prior to the CT examination. Forty milliliters
of ioditrast M60 (Justesa Imagen Mexicana) was diluted
in 1000 mL of water and given to all patients orally 1 h
prior to CT. All patients received Ⅳ and oral contrast. All
CT images were analyzed by at least two certified radiologists and discussed with the endoscopic team before the
procedure (EUS-FNA). All CT and endoscopic studies
were performed in the same center.
A pseudotumor (Figure 1) was defined as a non-neoplastic space-occupying lesion, a cause of chronic pancreatitis that may mimic changes typical of pancreatic cancer
on CT or endoscopic ultrasound but without histological
evidence. It should be recognized, however, that even this
definition of “pseudotumor” is highly subjective since it
relies on the quality of the preoperative diagnostic evaluation as well as the skills of the interpreters of the tests
performed[10]. A real tumor was defined as a neoplastic
space-occupying lesion because of pancreatic cancer confirmed by histology. Clinical characteristics considered
associated with chronic pancreatitis were: abdominal pain

Téllez-Ávila FI, Villalobos-Garita Á, Giovannini M, Chan C,
Hernández-Calleros J, Uscanga L, Ramírez-Luna MÁ. Followup of patients with pseudotumoral chronic pancreatitis: Outcome
and surveillance. World J Gastroenterol 2014; 20(26): 8612-8616
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8612.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8612

INTRODUCTION
Pancreatic cancer (PC) at diagnosis is unresectable in
70% of cases[1]. The risk of developing PC is increased
in patients with chronic pancreatitis. Surveillance in patients with chronic pancreatitis may represent an opportunity for early detection of PC[2]. The increase in risk
for PC in patients with chronic pancreatitis ranges from
14.4-26.7 times in 10-year follow-up[1,3]. It is difficult to
differentiate by images between pancreatic carcinoma
and pseudotumor in the context of chronic pancreatitis[4,5]. In case of endoscopic ultrasound (EUS) some criteria have been proposed, but even using the fine needle
aspiration (FNA) biopsy, the results have not been satisfactory[6,7]. Actually, there are no clear recommendations
for follow-up of patients with chronic pancreatitis and
solid pancreatic mass lesions[8]. The aim of this study
was to follow up patients with chronic pancreatitis and
solid pancreatic mass lesions to assess the final outcome
and identify an optimal surveillance interval.

MATERIALS AND METHODS
Data obtained prospectively were analyzed in a retrospective manner. Electronic and paper records of consecutive patients evaluated from March 2005 to December 2012 were evaluated. Patients with clinical evidence
of chronic pancreatitis, EUS criteria > 4, and EUS FNA
were included[9]. According to the local Ethics Committee, all patients signed an informed consent document.
Before the procedure, all patients had laboratory
tests including prothrombin time and full blood count.
The patients were placed in a left decubitus position and
sedated using a combination of midazolam, propofol,
and fentanyl by an anesthetist. Patients were continually monitored with an automated noninvasive blood
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A

B

Figure 1 Pseudotumoral chronic pancreatitis in included patient. A: Computed tomography image; B: Endoscopic ultrasound image.

formed by SPSS V.20 for Mac.

Table 1 Clinical and demographic characteristics of included patients classified by the presence/absence of pseudotumor n (%)
Chronic
pancreatitis
(n = 26)
Female
Age, yr1
Number of EUS criteria1
Follow-up1
Aetiology, alcohol
DM

5 (19.2)
30 (18-74)
4 (4-8)
24 (1-67)
21 (81)
20 (77)

Pseudotumoral
chronic pancreatitis
(n = 9)
4 (44.4)
53 (18-75)
4 (4-6)
5 (1-35)
6 (67)
7 (78)

RESULTS

P value

A total of 200 pancreatic EUS were performed because
of clinical suspicion of chronic pancreatitis (abdominal
pain in the epigastrium with radiation to the back, or
exocrine pancreatic insufficiency with chronic diarrhea
and/or steatorrhea). Thirty-five patients with diagnosis
of chronic pancreatitis were included. Twenty-six (74.2%)
patients were men and 9 (25.8%) patients were women.
The median age was 38 years (range 18-75 years). All patients had clinical and EUS criteria. Twenty-two (62.8%)
patients had 4 EUS criteria, 6 (17%) patients had five criteria, and 7 (20%) patients had ≥ 6 criteria. Nine (25.7%)
patients were diagnosed with pseudotumoral chronic
pancreatitis. Clinical and demographic characteristics of
included patients classified by the presence/absence of
pseudotumoral chronic pancreatitis are shown in Table 1.
In Tables 2 and 3, clinical data, demographics, and imaging characteristics of included patients with pseudotumor and chronic pancreatitis are shown.
Two of nine (22.2%) patients with pseudotumoral
chronic pancreatitis were diagnosed with pancreatic cancer on follow-up, although basal EUS FNA did not reveal malignant cells. One (11.1%) patient was diagnosed
on follow-up with myofibroblastic tumor of the pancreas. The time between the diagnosis of pseudotumoral
chronic pancreatitis and pancreatic adenocarcinoma was
35 and 30 d. The diagnosis of myofibroblastic tumor
was 30 d after the pseudotumoral chronic pancreatitis
diagnosis. The two patients with pancreatic adenocarcinoma had an unresectable pancreatic adenocarcinoma
at the moment of final diagnosis. Definitive diagnosis
of pancreatic adenocarcinoma was made by surgery. In
the remaining six patients with pseudotumoral chronic
pancreatitis, the median of follow-up was 11 mo (range
1-22 mo) and they showed no evidence of malignancy
on surveillance.
In the follow-up of patients with chronic pancreatitis
but without pseudotumoral chronic pancreatitis, none
were diagnosed with pancreatic cancer. The median
follow-up was 22 mo (range 1-67 mo) (Figure 2).

NS
0.015
NS
NS
NS
NS

1

Expressed in median (range). EUS: Endoscopic ultrasound; DM: Diabetes
mellitus; NS: Not significant.

Table 2 Imaging characteristics of included patients with
pseudotumor and chronic pancreatitis
Patient Age, Gender
yr

1
2
3
4
5
6
7
8
9

64
48
53
44
75
69
18
56
52

F
F
M
F
F
M
M
M
M

Number of
Evidence of
Interval
diagnostic criteria pseudotumor
(“time
for chronic
on CT
between”) or
pancreatitis by EUS
follow-up
4
4
4
4
4
4
6
5
4

No
No
No
Yes
Yes
Yes
Yes
Yes
Yes

1 mo
13 mo
21 mo
5 mo
22 mo
13 mo
30 d
30 d
30 d

Time between: Represents the time between diagnosis of pseudotumor
and pancreatic cancer; Follow-up: Time of follow-up after diagnosis of
pseudotumor without diagnosis of cancer. F: Female; M: Male; CT: Computed tomography; EUS: Endoscopic ultrasound.

in the epigastrium, often with radiation to the back; steatorrhea; and diabetes mellitus[11].
Statistical analysis
Medians, ranges, and proportions were used to summarize the demographics and clinical variables. Using the χ 2
test or Mann-Whitney U test, according variables, differences between groups were tested. A two-tailed P value
< 0.05 was considered significant. All analyses were per-
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Table 3 Imaging characteristics of the pseudotumors and final diagnosis
Pseudotumor/
patient

Maximum
diameter (mm)

Localization

Vascular
involvement

Presence of
lymphadenopathy

35
30
20
35
35
28
30
40
40

Body
Head
Head
Head
Neck
Body
Neck
Head
Head

Yes
No
No
Yes
No
No
No
Yes
Yes

No
Yes
No
Yes
No
No
Yes
Yes
Yes

1
2
3
4
5
6
7
8
9

EUS FNA/adequate sample Surgery
Normal/yes
CP/yes
Normal/yes
Inflammation/yes
CP/yes
CP/yes
Non-neoplastic cells/yes
Normal/yes
CP/yes

No
No
No
Yes
No
No
Yes
Yes
Yes

Final diagnosis
CP
CP
CP
CP
CP
CP
Myofibroblastic tumor
Pancreatic cancer
Pancreatic cancer

CP: Chronic pancreatitis; EUS: Endoscopic ultrasound; FNA: Fine needle aspiration.

Table 4 Frequency of pseudotumoral chronic pancreatitis in
patients with chronic pancreatitis according to studies reported in the literature

35 patients with
CP

PCP 9
patients

2 patients with
pancreatic cancer

7 patients without
pancreatic cancer

CP 26
patients

No patients with
cancer

Year

Number of
patients (n )

Frequency of
pseudotumor

Frequency of
pancreatic cancer

Barthet et al[12]1
Burski et al[8]2
Current study

1996
2012
2014

85
436
35

6%
29%
25%

3.5%
13%
22%

1

The time between diagnosis of pseudotumor and pancreatic cancer was
not reported, only time of survival after diagnosis of pancreatic cancer;
2
The time between diagnosis of pseudotumor and pancreatic cancer reported was 4.2 mo.

Figure 2 Pseudotumoral chronic pancreatitis and development of pancreatic cancer on follow-up. PCP: Pseudotumoral chronic pancreatitis; CP:
Chronic pancreatitis.

at an advanced stage in a period of less than 2 mo after
the initial detection. This data suggest a misdiagnosis
rather than new onset of the neoplasm during followup. Because of that, surveillance programs for pancreatic cancer with intervals greater than 6 mo seem to be
insufficient in patients with pseudotumoral chronic pancreatitis. In the study by Burski et al[8], it was concluded
that an interval of 3-6 mo for surveillance for pancreatic
cancer in patients with pseudotumoral chronic pancreatitis was not optimal due to rapid disease progression.
Several studies have attempted to establish EUS imaging
criteria (without tissue sampling) for the discrimination
of benign inflammatory pseudotumors and tumors.
Despite the high resolution of EUS, it does not provide
reliable differentiation of benign and malignant lesions
of the pancreas[17]. New technologies, such as EUS elastography and contrast-enhanced EUS (CE-EUS) could
be important tools for differential diagnosis. In a multicenter study, 30 cases with benign nodule of chronic
pancreatitis were studied with EUS elastography[18]. All
nodules of chronic pancreatitis presented benign aspects
(mixed green and low intensity of blue) and elastography
showed malignant aspects (intense blue coloration) for
all pancreatic adenocarcinomas, endocrine tumors, pancreatic metastases, and pancreatic sarcomas. In the study
of Hocke et al[19], adenocarcinoma developed on chronic
pancreatitis was non-enhanced after contrast injection.
Conversely, pseudotumoral chronic pancreatitis was hypervascularized (91%) after SonoVue® injection. According to our data, older patients with chronic pancreatitis

DISCUSSION
Almost one-third of patients with chronic pancreatitis
had pseudotumoral chronic pancreatitis, and two of
them (2/9; 22.2%) had unresectable pancreatic adenocarcinoma less than 2 mo after the initial diagnosis. The frequency of pseudotumoral chronic pancreatitis is not well
known and little data exist. In one study with 85 patients
with chronic pancreatitis, 6% (n = 5) of these patients
had pseudotumoral chronic pancreatitis and 3.5% (n = 3)
of them were diagnosed with pancreatic cancer[12]. In a
more recent study, Burski et al[8] found that 29% (125/436)
of patients with chronic pancreatitis had pseudotumoral
chronic pancreatitis and 13% (16/125) of them were diagnosed with pancreatic adenocarcinoma on follow-up.
In Table 4, published data about patients with chronic
pancreatitis and pseudotumoral chronic pancreatitis are
shown.
Regarding follow-up of patients with pseudotumoral
chronic pancreatitis, there are not clear recommendations regarding the ideal imaging study and time for subsequent imaging relative to the initial diagnosis. Therefore, the surveillance for pancreatic cancer in patients
with pseudotumoral chronic pancreatitis is not well
established and it has a negative impact in this population[1,13-16]. In this study, in patients with pseudotumoral
chronic pancreatitis for whom pancreatic cancer was diagnosed on follow-up, pancreatic cancer was confirmed
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are at risk of pseudotumoral chronic pancreatitis, and
could be candidates for closer follow-up (Table 1).
The limitations of our work are the small sample size
and retrospective analysis. The nature of disease makes
it difficult for a single center to have a bigger sample
size. Multicenter studies must be considered for future
designs. Our data are useful for future systematic reviews
and meta-analyses.
In conclusion, we suggest that according to specific
characteristics of patient, detection of pseudotumoral
chronic pancreatitis should lead a close surveillance program for pancreatic cancer with EUS in less than 1 mo
or directly to surgical resection. EUS FNA can miss malignancy in nearly 25% of patients with pseudotumoral
chronic pancreatitis.
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9
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Need for pancreatic stenting after sphincterotomy in
patients with difficult cannulation
Kazunari Nakahara, Chiaki Okuse, Keigo Suetani, Yosuke Michikawa, Shinjiro Kobayashi, Takehito Otsubo,
Fumio Itoh
RESULTS: No differences in patient characteristics or
endoscopic procedures were observed between the
two groups. The incidence of PEP was 4.2% (1/24) and
29.0% (9/31) in the Stent and no-stent groups, respectively, with the no-stent group having a significantly
higher incidence (P = 0.031). The PEP severity was
mild for all the patients in the stent group. In contrast,
8 had mild PEP and 1 had moderate PEP in the no-stent
group. The mean serum amylase levels (means ± SD)
3 h after ERCP (183.1 ± 136.7 vs 463.6 ± 510.4 IU/L,
P = 0.006) and on the day after ERCP (209.5 ± 208.7
vs 684.4 ± 759.3 IU/L, P = 0.002) were significantly
higher in the no-stent group. A multivariate analysis
identified the absence of pancreatic stenting (P = 0.045;
odds ratio, 9.7; 95%CI: 1.1-90) as a significant risk
factor for PEP.
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CONCLUSION: In patients with difficult cannulation
in whom the bile duct is cannulated using P-GW, a
pancreatic stent should be placed even if EST has been
performed.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the need for pancreatic stenting
after endoscopic sphincterotomy (EST) in patients with
difficult biliary cannulation.

Key words: Pancreatic stenting; Pancreatic guidewire
placement; Post-endoscopic retrograde cholangiopancreatography pancreatitis; Endoscopic sphincterotomy;
Endoscopic retrograde cholangiopancreatography

METHODS: Between April 2008 and August 2013,
2136 patients underwent endoscopic retrograde cholangiopancreatography (ERCP)-related procedures.
Among them, 55 patients with difficult biliary cannulation who underwent EST after bile duct cannulation
using the pancreatic duct guidewire placement method
(P-GW) were divided into two groups: a stent group (n
= 24; pancreatic stent placed) and a no-stent group
(n = 31; no pancreatic stenting). We retrospectively
compared the two groups to examine the need for pancreatic stenting to prevent post-ERCP pancreatitis (PEP)
in patients undergoing EST after biliary cannulation by
P-GW.
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Core tip: We retrospectively examined the need for
pancreatic stenting after endoscopic sphincterotomy
(EST) in patients with difficult biliary cannulation in
whom the bile duct was cannulated using the pancreatic duct guidewire placement method (P-GW). The
incidences of post-endoscopic retrograde cholangiopancreatography pancreatitis (PEP) were 4.2% and 29.0%
in the Stent and no-stent groups, respectively, with the
no-stent group having a significantly higher incidence
(P = 0.031). A multivariate analysis identified the absence of pancreatic stenting as a significant risk factor
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is difficult to perform using CC but in which a guidewire
can be placed in the pancreatic duct, P-GW is employed
as the procedure of first choice to achieve biliary cannulation. A second cannula was passed into the same working channel of the scope alongside the guidewire using
the two-devices-in-one-channel method[12], and biliary
cannulation was attempted.
Of the 2136 patients who underwent ERCP-related
procedures during the study period, 1454 had a native
papilla. After 316 patients who did not undergo biliary cannulation or who had pancreatic diseases were
excluded, 1138 patients remained. Biliary cannulation
was achieved using CC in 977 of these patients. Then,
among the 161 patients who experienced difficult biliary cannulation using CC, P-GW was attempted in 144,
and successful biliary cannulation was achieved in 122
patients. Among these 122 patients with successful biliary cannulation using P-GW, EST was performed in 55,
endoscopic papillary balloon dilation (EPBD) was performed in 18, and no papillary procedure was performed
in 49 patients. EST was performed using an electrosurgical generator in the 120-Watt Endocut mode (ICC 200:
ERBE Corp., Tuebingen, Germany). Following EST,
a pancreatic duct stent was placed in 24 patients (stent
group), whereas no pancreatic stenting was performed
in the remaining 31 cases (no-stent group) (Figure 1).
The pancreatic duct stents used were all 5-Fr, 3-cm-long
spontaneous dislodgement stents with a single duodenal
pigtail (Pit-stent, Gadelius Medical, Tokyo, Japan).
Decisions regarding whether pancreatic stenting was
necessary were left to the discretion of the endoscopist
performing each procedure. All the procedures were supervised by a single expert, who performs approximately
500-600 ERCPs per year. Because our hospital is an educational institution, trainees performed approximately
half of the procedures. However, when deep cannulation of the bile duct was not achieved within 15 min, the
expert took over the procedure. In all cases, 600 mg of
gabexate mesilate was administered on the day of the
procedure to prevent PEP. The patients’ serum amylase
levels (normal range: 37-124 IU/L) were measured prior
to, 3 h after, and 1 d after the ERCP procedure.

for PEP. Therefore, in patients with difficult cannulation in whom the bile duct is cannulated using P-GW, a
pancreatic stent should be placed even if EST has been
performed.

Nakahara K, Okuse C, Suetani K, Michikawa Y, Kobayashi S,
Otsubo T, Itoh F. Need for pancreatic stenting after sphincterotomy in patients with difficult cannulation. World J Gastroenterol
2014; 20(26): 8617-8623 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8617.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8617

INTRODUCTION
While various causes of post-endoscopic retrograde
cholangiopancreatography pancreatitis (PEP) have been
noted, the most common cause is obstruction to the
outflow of pancreatic juice due to edema of the papilla
of Vater[1,2]. In recent years, many randomized controlled
trials have shown the usefulness of pancreatic stenting
for preventing the development of PEP[1-5].
Endoscopic sphincterotomy (EST) is also considered
an effective procedure for preventing PEP because it
enables the outflow of pancreatic juice[6-8]. Thus, it is still
unclear whether there is an additional need for pancreatic stenting to prevent PEP in patients who undergo
EST. Because the pancreatic duct orifice remains patent
after EST, the placement of a pancreatic spontaneous
dislodgement stent without flaps for the prevention of
PEP often results in the premature dislodgement of the
stent.
Thus, in this study, we examined the additional need
for pancreatic stenting to prevent PEP in patients undergoing EST. Patients with difficult biliary cannulation
who underwent EST after selective biliary cannulation
by the pancreatic duct guidewire placement method
(P-GW)[9-11] were divided into two groups according to
whether pancreatic stenting had occurred, and we compared the treatment outcomes and incidence of complications between the two groups. A multivariate analysis
was performed to identify risk factors for the development of PEP in patients undergoing EST after biliary
cannulation by P-GW.

Measurements
The stent group (n = 24), in which pancreatic stenting
was performed after EST, and the no-stent group (n =
31), in which no pancreatic duct stent was placed after
EST, were retrospectively compared in terms of patient
characteristics (age, sex, primary disease, history of
pancreatitis, and peripapillary diverticulum), endoscopic
procedures (diameter of the pancreatic duct guidewire,
range of EST incision, biliary maneuver, and procedure
time), incidence of PEP, complication rate, and serum
amylase levels. Moreover, univariate and multivariate logistic regression analyses were performed to identify the
risk factors for PEP in patients undergoing EST after
biliary cannulation by P-GW.

MATERIALS AND METHODS
Patients
Endoscopic retrograde cholangiopancreatography
(ERCP)-related procedures were performed in 2136
cases at the Division of Gastroenterology and Hepatology of the St. Marianna University School of Medicine
Hospital between April 2008 and August 2013. In our
department, biliary cannulation is first attempted using the conventional contrast-assisted cannulation (CC)
method. However, in cases where bile duct cannulation
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Total number of ERCPs (n = 2136)
Patients with a native papilla of Vater (n = 1454)
Patients with pancreatic disease (n = 316)
Conventional contrast-assisted cannulation attempted (n = 1138)

Success (n = 977)

Failure (n = 161)

P-GW attempted (n = 144)

Success (n = 122)

Failure (n = 22)

EPBD (n = 18)

EST (n = 55)

Non EST/EPBD (n = 49)

PD stenting (n = 18)
No-PD stenting (n = 0)

PD stenting (n = 24)
No-PD stenting (n = 31)

PD stenting (n = 48)
No-PD stenting (n = 1)

Figure 1 Flow chart showing the clinical courses of the patients. EST: Endoscopic sphincterotomy; P-GW: Pancreatic duct guidewire placement; ERCP: Endoscopic retrograde cholangiopancreatography; PD: Pancreatic duct; EPBD: Endoscopic papillary balloom dilation.

to be possibly significant (P < 0.2) by univariate analysis
were entered into a multiple logistic regression model.
P values < 0.05 were regarded as denoting significance.
The statistical analysis was performed using the Prism 5
program (GraphPad Software, Inc., CA, United States)
and SPSS (version 19; SPSS, Chicago, IL, United States).

Table 1 Comparison of patient characteristics and diagnoses
between the stent and no-stent groups
Stent group No-stent group P -value
(n = 24)
(n = 31)
Age (mean ± SD)
Sex (male/female)
History of pancreatitis
Periampullary diverticulum
Choledocholithiasis
Cholangiocarcinoma
Acute cholecystitis
Lymph node metastasis
Gallbladder carcinoma
Sphincter of Oddi dysfunction
Liver metastasis

70.8 ± 12.8
11/13
0
10
15
4
3
2
1
1
0

72.4 ± 10.0
16/15
0
13
21
7
3
0
1
1
1

0.631
0.788
1.000
0.778
0.739
1.000
0.186
1.000
1.000
1.000

RESULTS
Patient characteristics and endoscopic procedures
No significant differences in age, sex, distribution of
primary diseases, history of pancreatitis, or presence/
absence of peripapillary diverticulum were observed
between the Stent and no-stent groups (Table 1). Moreover, the analysis of endoscopic procedure-related variables revealed no significant differences in the diameter
of the pancreatic duct guidewire, range of EST incision,
biliary maneuver, or procedure time between the Stent
and no-stent groups (Table 2).

The ranges of the EST incisions were defined as follows: an incision up to the hooding fold was considered
a small incision, an incision up to the upper border of
the oral protrusion was a large incision, and an incision
with a range between those of small and large incisions
was an intermediate incision. The diagnosis of pancreatitis and the determination of its severity were based
on consensus guidelines proposed by Cotton et al[13].
Moreover, complications, such as bleeding, perforation,
and cholangitis, were also diagnosed according to the
consensus guidelines proposed by Cotton et al[13].

Incidence of PEP
The incidence of PEP was 4.2% (1/24) in the stent
group and 29.0% (9/31) in the no-stent group, with the
no-stent group having a significantly higher incidence
(P = 0.031) (Table 3). The PEP severity was mild for all
the patients in the stent group. In contrast, among the 9
PEP patients in the no-stent group, 8 had mild PEP and
1 had moderate PEP. Intermediate EST incisions were
performed in all the patients in the stent group with
PEP, whereas among the 9 patients in the no-stent group
with PEP, 3 received small incisions, 5 received intermediate incisions, and 1 received a large incision. Conserva-

Statistical analysis
The statistical analysis was performed using Fisher’s
exact test or Welch’s t-test, as appropriate. To identify
risk factors for post-ERCP pancreatitis, variables found
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Table 2 Comparison of endoscopic procedures between the
stent and no-stent groups

Pancreatic guidewire
diameter (0.025 inch or 0.035
inch)
Incision range of EST
Small
Medium
Large
Endoscopic biliary stenting
Bile duct stone removal
Intraductal ultrasonography
Endoscopic nasobiliary
drainage
Biopsy of the bile duct
Cytology of the bile juice
Endoscopic naso-gallbladder
drainage
Peroral cholangioscopy
Procedure time
(min, mean ± SD)

No-stent group P -value
(n = 31)

12/12

16/15

1.000

3
21
0
14
10
7
3

4
26
1
11
19
10
6

1.000
1.000
1.000
0.109
0.180
1.000
0.716

2
3
3

7
6
2

0.271
0.716
0.643

0
59.3 ± 19.0

3
66.4 ± 21.6

0.249
0.207

P = 0.006
1000

500

P = 0.238

0

Overall complications
Pancreatitis
Bleeding
Perforation
Cholangitis

3 (12.5)
1 (4.2)
2 (8.3)
0 (0)
0 (0)

P -value

11 (35.5)
9 (29.0)
2 (6.5)
0 (0)
0 (0)

0.067
0.031
1.000

1 d after

Risk factors for PEP
The univariate analysis identified the absence of pancreatic duct stenting (P = 0.031; OR, 9.4; 95%CI: 1.1-81)
and the incidence of endoscopic nasobiliary drainage (P
= 0.047; OR, 5.3; 95%CI: 1.1-26) as significant risk factors for PEP (Table 4). The multivariate analysis identified the absence of pancreatic stenting (P = 0.045; OR,
9.7; 95%CI: 1.1-90) as the only significant risk factor
(Table 5).

DISCUSSION

tive therapy without additional endoscopic procedures
resulted in improvement in all the patients.

The precut[14] and P-GW techniques[9-11,15,16] have been
employed for patients with difficult biliary cannulation.
The precut technique is difficult to perform and is reported to be associated with a high incidence of complications, such as bleeding, perforation, and pancreatitis[17].
Therefore, we perform P-GW as a first choice for patients in whom a guidewire can be placed in the pancreatic duct. Previous studies of the efficacy of P-GW have
reported varied results, with the success rate of biliary
cannulation ranging from 43.8% to 92.6%[9-11,15,16]. However, the studies reporting low success rates (in the 40%
range) for biliary cannulation also included patients for
whom the placement of a guidewire in the pancreatic
duct was unsuccessful; such patients are not considered
suitable candidates for P-GW[15,16]. When such cases are
excluded, the success rate of biliary cannulation using
P-GW is high, ranging from 72.6% to 92.6%[10,11].
Another advantage of P-GW, if the procedure can
be completed with the guidewire placed in the pancreatic
duct, is the ease of placing a pancreatic stent at the end
of the procedure. Difficult biliary cannulation is considered a procedure-related risk factor for PEP[18]. It is criti-

Overall incidence of complications
With regard to complications other than PEP, bleeding
was observed in 2 patients each in the stent group (2/24;
8.3%) and the no-stent group (2/31; 6.5%), with no significant difference in incidence between the two groups
(P = 1.000). No other complications, such as perforation
or cholangitis, were observed in either group. The overall complication rate, including PEP, was 12.5% (3/24)
in the stent group and 35.5% (11/31) in the no-stent
group. Although the difference was not significant, the
rate tended to be higher in the no-stent group (P = 0.067)
(Table 3).
Serum amylase levels
The serum amylase levels (means ± SD) in the stent
group were 118 ± 116.9 IU/L before ERCP, 183.1 ±
136.7 IU/L 3 h after ERCP, and 209.5 ± 208.7 IU/L
one day after ERCP; the corresponding values in the nostent group were 85.5 ± 56.0, 463.6 ± 510.4 and 684.4
± 759.3 IU/L, respectively. Although no significant dif-
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3 h after

ference in the serum amylase levels before ERCP was
observed between the Stent and no-stent groups (P =
0.238), the levels 3 h after and one day after ERCP were
significantly higher in the no-stent group (P = 0.006 and
P = 0.002, respectively) (Figure 2).

Table 3 Comparison of complications between the stent and
no-stent groups n (%)
No-stent group
(n = 31)

Before

Figure 2 Comparison of serum amylase levels between the Stent and nostent groups.

EST: Endoscopic sphincterotomy.

Stent group
(n = 24)

Stent group

AMY (IU/l)

Stent group
(n = 24)

P = 0.002

No-stent group
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Table 4 Risk factors for post-endoscopic retrograde cholangiopancreatography pancreatitis in patients undergoing endoscopic
sphincterotomy after biliary cannulation by pancreatic duct guidewire placement
Univariate analysis

Pancreatitis (+) (n = 10)

Pancreatitis (-) (n = 45)

P -value

OR (95%CI)

2
5
3
4
3
9
3
5
4
4
3
3
1
1
5

9
23
20
23
4
22
22
24
13
5
6
6
4
2
19

1.000
1.000
0.494
0.729
0.104
0.031
0.318
1.000
0.479
0.047
0.340
0.340
0.220
0.459
0.733

1.0 (0.18-5.5)
0.96 (0.24-3.8)
0.54 (0.12-2.3)
0.64 (0.16-2.6)
4.4 (0.80-24)
9.4 (1.1-81)
0.45 (0.10-2.0)
0.88 (0.22-3.5)
1.6 (0.40-6.8)
5.3 (1.1-26)
2.8 (0.56-14)
2.8 (0.56-14)
3.5 (0.50-24)
2.4 (0.20-29)
1.4 (0.35-5.4)

Age (< 60 yr)
Female gender
Periampullary diverticulum
Pancreatic guidewire (0.035 inch)
EST incision range (small)
No pancreatic duct stenting
Endoscopic biliary stenting
Bile duct stone removal
Intraductal ultrasonography
Endoscopic nasobiliary drainage
Biopsy of the bile duct
Cytology of the bile juice
Endoscopic naso-gallbladder drainage
Peroral cholangioscopy
Procedure time (> 60 min)
EST: Endoscopic sphincterotomy.

the placement of a pancreatic spontaneous dislodgement
stent without flaps to prevent PEP often results in the
premature dislodgement of the stent. There have also
been concerns that the stents may not be sufficiently effective.
However, in our study, the incidence of PEP in
the no-stent group was 29.0%, which was significantly
higher than the 4.2% incidence in the stent group. The
serum amylase levels after ERCP were also significantly
higher in the no-stent group compared with the stent
group. The multivariate analysis identified the absence
of pancreatic duct stenting as the only significant risk
factor for PEP. Thus, these findings support that in patients with difficult biliary cannulation for whom P-GW
is used to achieve bile duct cannulation, a pancreatic duct
stent should be placed to prevent PEP even if EST has
been performed.
The need for pancreatic stenting after EST is presumed to be due to the insufficient opening of the pancreatic duct orifice by EST and the potential obstruction
of the free outflow of pancreatic juice by the thermocoagulation degeneration of the pancreatic duct orifice.
Furthermore, because pancreatography was performed
in all of the patients in this study, the increased internal
pressure of the pancreatic duct compared with the opening of the pancreatic duct orifice might have influenced
the results. Additionally, this study included patients with
difficult cannulation in whom edema of the papilla of
Vater may have spread extensively.
Theoretically, creating a large EST incision by applying electric discharges for a brief period of time will
open the pancreatic duct without causing electrosurgical
current-induced edema, thereby preventing PEP. However, according to the results of this study, PEP occurred
in only one patient in the no-stent group, who received
a large incision. Moreover, neither the univariate nor the
multivariate analysis identified a small EST incision as a
risk factor for PEP. Thus, the association between the

Table 5 Risk factors for post-endoscopic retrograde cho
langiopancreatography pancreatitis in patients undergoing
endoscopic sphincterotomy after biliary cannulation by
pancreatic duct guidewire placement
Multivariate analysis

P -value

OR (95%CI)

0.150
0.045
0.101

4.7 (0.57-40)
9.7 (1.1-90)
4.6 (0.74-29)

Incision range of EST (≤ small)
No pancreatic duct stenting
Endoscopic nasobiliary drainage
EST: Endoscopic sphincterotomy.

cal to conduct additional research into the prevention
of PEP in patients with difficult biliary cannulation who
require P-GW.
In recent years, a number of randomized controlled
trials have demonstrated the usefulness of pancreatic
stenting for the prevention of PEP[1-5]. Ito et al[4] reported the usefulness of pancreatic stenting for preventing PEP in patients with difficult biliary cannulation for
whom bile duct cannulation was achieved using P-GW.
According to their results, the success rate of pancreatic
stenting after biliary cannulation with P-GW was 92.9%
(26/28 patients), and the 22.9% incidence of PEP in the
group without pancreatic stent placement was significantly higher than the 2.9% incidence in the group that
underwent pancreatic stent placement (relative risk, 0.13;
95%CI: 0.016-0.95). Thus, in addition to improving the
success rate of biliary cannulation in patients with difficult biliary cannulation, the use of P-GW results in a
higher success rate of pancreatic stenting and facilitates
the prevention of PEP.
EST is also considered effective for the prevention
of PEP because EST reduces the obstruction of the
pancreatic juice outflow[6-8]. However, it remained unclear
whether additional pancreatic stenting might also be necessary for preventing PEP in patients undergoing EST.
Because the pancreatic duct remains patent after EST,
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range of the incision and the incidence of PEP remains
unclear. However, because PEP occurred in 3 of the 4
patients in the no-stent group who received a small EST
incision, a small incision cannot be excluded as a risk
factor for PEP. Further studies with larger sample sizes
would be needed to clarify this issue.
In conclusion, in patients with difficult biliary cannulation who undergo successful biliary cannulation using
P-GW, it appears that a pancreatic duct stent should be
placed to prevent PEP even if EST is performed. However, because of the limitations of our study, including
the small sample size and the retrospective design, further prospective studies using larger sample sizes will be
needed to confirm our findings.
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RETROSPECTIVE STUDY

Selection of appropriate endoscopic therapies for duodenal
tumors: An open-label study, single-center experience
Satohiro Matsumoto, Yukio Yoshida
± 6.7 mm (4-25 mm); en bloc resection rate, 86.7%
vs 83.9%; complete resection rate, 86.7% vs 74.2%;
procedure time, 86.5 ± 63.1 min (15-217 min) vs 13.2
± 17.0 min (2-89 min) (P < 0.0001); intraprocedural
perforation, 3 cases vs none (P = 0.0300); delayed
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perforation, none in either group; postprocedural
bleeding, 1 case vs none; mean postoperative length
of hospitalization, 8.2 ± 2.9 d (5-16 d) vs 6.1 ± 2.0 d
(2-12 d) (P = 0.0067); recurrence, none vs 1 case (occurring at 7 mo postoperatively).
CONCLUSION: ESD was associated with a longer procedure time and a higher incidence of intraprocedural
perforation; EMR was associated with a lower rate of
complete resection.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Duodenal tumor; Endoscopic submucosal
dissection; Endoscopic mucosal resection; Cancer; Adenoma; Neuroendocrine tumor

Abstract
AIM: To determine an appropriate compartmentalization of endoscopic submucosal dissection (ESD) or endoscopic mucosal resection (EMR) for duodenal tumors.

Core tip: Endoscopic treatment of duodenal lesions is
associated with a high incidence of complications. In
particular, duodenal endoscopic submucosal dissection
(ESD) is technically difficult. Therefore, the indications
for duodenal ESD are not yet to be established. This
study aimed to determine an appropriate compartmentalization of duodenal ESD or endoscopic mucosal
resection (EMR). ESD was associated with a longer
procedure time and a higher incidence of intraprocedural perforation; EMR was associated with a lower
rate of complete resection. For early duodenal cancer
and neuroendocrine tumors, which require en bloc resection, ESD is preferable if en bloc resection by EMR
is difficult, while EMR is sufficient for endoscopic treatment of adenomas.

METHODS: Forty-six duodenal lesions (excluding papillary lesions) from 44 patients with duodenal tumors
treated endoscopically between 2005 and 2013 were
divided into the ESD and EMR groups for retrospective
comparison and analysis.
RESULTS: The mean age was 65 ± 9 years (35-79
years). There were 24 lesions from men and 22 from
women. The lesions consisted of 6 early cancers, 31
adenomas and 9 neuroendocrine tumors. Lesion location was the duodenal bulb in 15 cases and the descending part of the duodenum in 31 cases. The most
common macroscopic morphology was elevated type
in 21 cases (45.6%). Mean tumor diameter was 11.9
± 9.7 mm (3-60 mm). Treatment procedure was ESD
(15 cases) vs EMR (31 cases). The examined parameters in the ESD vs EMR groups were as follows: mean
tumor diameter, 12.9 ± 14.3 mm (3-60 mm) vs 11.4
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Histopathological evaluation
All patients were examined by gastrointestinal endoscopy and biopsy prior to the endoscopic treatment. The
diagnoses of all the duodenal lesions were confirmed by
histopathologic examination. Histologically, complete resection was defined as the absence of tumor cells at the
resection margin of the specimen plus endoscopic en-bloc
resection.

Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8624.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8624

INTRODUCTION
Endoscopic submucosal dissection (ESD) is widely recognized as a useful treatment procedure for early gastric
cancer[1,2]. In recent years, the indications for ESD have
been expanded to include esophageal and colorectal
cancer[3-5]. There have also been some reports of the application of ESD for duodenal tumors[6-9]. However, the
technical difficulty of this procedure for lesions located
in the duodenum is extremely high, because of the poor
operability of endoscopes in this location, the thin duodenal wall, high degree of fibrillization of the submucosal layer. The risk of accidental complications such as
delayed bleeding and perforation due to exposure to bile
and duodenal juice is also high. Therefore, the indications for ESD remain controversial[1].
There have been no reports of comparison between
ESD and endoscopic mucosal resection (EMR) for the
treatment of duodenal tumors. In this study, we retrospectively compared and analyzed the data of patients
with duodenal tumors, excluding papillary lesions, treated by ESD or EMR.

EMR procedure
We usually used a single-channel upper GI endoscope
with a water-jet system, the GFI-Q260J (Olympus, Japan). For the treatment of lesions located near the duodenal papilla, the duodenal endoscope TJF-260V (Olympus) was used. Physiological saline was used for local
injection into the submucosal layer, and a Snare Master
(Olympus) and a captivator (Boston Scientific, Japan)
were used for the resection of the lesions (Figure 1).
ESD procedure
The ESD procedures were carried out by operators who
had at least 5 years of experience in performing ESD.
The GIF-Q260J (Olympus) endoscope was used. Hyaluronic acid solution is essential as the submucosal injection solution; a 1% sodium hyaluronate solution (Suvenyl;
Chugai Pharmaceutical, Japan) (used until 2007) or 0.4%
sodium hyaluronate solution for submucosal injection
(Mucoup; Johnson and Johnson, Japan) (used from
2008) was mixed in 10% glycerin containing 5% fructose
and 0.9% NaCl (Glyceol; Chugai Pharmaceutical). A mucosal incision around the lesion and submucosal dissection for complete removal of the lesion were performed
using the Flex knife (Olympus) or Dual knife (Olympus).
The Hook knife (Olympus) was also used, particularly in
cases where dissection of the submucosa was difficult. A
high-frequency generator (VIO 300D; ERBE, Germany)
was used during incision of the mucosa. We have used
carbon dioxide insufflation during the ESD since 2009
(Figure 2).

MATERIALS AND METHODS
Study population
This study included 46 duodenal lesions (excluding
papillary lesions) from 44 patients who underwent endoscopic treatment for duodenal tumors at the Saitama
Medical Center between 2005 and 2013. Clinical background, including tumor size, location, macroscopic
type and histology, was analyzed in all the cases. The
duodenal lesions were then divided into two groups, the
ESD and EMR groups, for retrospective comparison
and analysis of the treatment outcomes, including the
procedure time, en bloc resection rate, complete resection
rate, complication rate and postoperative length of hospitalization, as well as the clinical background.

Statistical analysis
Data are expressed as mean ± SD or percentage. Statistical analysis was performed using the Student’s t-test and
Fisher’s exact test. The macroscopic type, histology, and
complications were compared by the χ 2 test. All the data
analyses were performed using the StatView software
(version 5.0, SAS Institute Inc., United States). Differences at P values of less than 0.05 were regarded as significant.

Patient selection criteria
We discussed the choice of therapy between ESD and
EMR at the preoperative conference. We usually choose
EMR for duodenal adenomas. On the other hand, we
choose ESD for (1) well-differentiated intramucosal
carcinoma; (2) neuroendocrine tumors (NET) measuring less than 1 cm diameter and invading deeper than
submucosal layer; and (3) adenomas suspected of being
cancerous in endoscopic findings, which are unlikely to
be amenable to en bloc resection by EMR. We made our
definitive decision in consideration of the background
factors of the patients in addition to the above.

WJG|www.wjgnet.com

RESULTS
The mean age of the patients was 65 ± 9 years (range:
35-79 years). There were 24 lesions from men and 22
from women. The 46 duodenal tumors included 6 early
cancers (13.0%), 31 adenomas (67.4%) and 9 NETs
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A

B

C

D

Figure 1 Endoscopic mucosal resection of a duodenal cancer. A: A protruded-type tumor 2.5 cm × 2.5 cm in size was identified; B: We performed a submucosal
injection; C: The tumor was grasped with a snare; D: Complete mucosal resection was finished.

A

B

C

D

Figure 2 Endoscopic submucosal dissection of a duodenal adenoma. A: A depressed type tumor 1.5 cm × 1.5 cm in size was identified; B: We performed a submucosal injection. The lifting of the lesion after submucosal injection was poor; C: Then, submucosal dissection was done; D: Complete submucosal dissection was
finished.
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Table 1 Clinical characteristics of 15 endoscopic submucosal dissection and 31 endoscopic mucosal resection performed in 44 patients n (%)

Age, yr, mean ± SD (range)
Male/female
Location in duodenum
Bulb
Second portion
Size, mm, mean ± SD (range)
≥ 20 mm
< 20 mm
Macroscopic type
Protruded
Elevated
Depressed
SMT
Histology
Adenocarcinoma
Adenoma
NET

Total

ESD (n = 15)

EMR (n = 31)

P value

65 ± 9 (35-79)
24/22

68 ± 5 (57-79)
6/9

64 ± 10 (35-77)
18/13

0.0775
0.3480
0.0457

15 (32.6)
31 (67.4)
11.9 ± 9.7 (3-60)
8 (17.4)
38 (82.6)

8 (53.3)
7 (46.7)
12.9 ± 14.3 (3-60)
2 (13.3)
13 (86.7)

7 (22.6)
24 (77.4)
11.4 ± 6.7 (4-25)
6 (19.4)
25 (80.6)

0.6474

0.0009
9 (19.6)
21 (45.6)
7 (15.2)
9 (19.6)

0
4 (26.7)
4 (26.7)
7 (46.6)

9 (29.0)
17 (54.8)
3 (9.7)
2 (6.5)

6 (13.0)
31 (67.4)
9 (19.6)

2 (13.3)
6 (40.0)
7 (46.7)

4 (12.9)
25 (80.6)
2 (6.5)

0.0044

ESD: Endoscopic submucosal dissection; EMR: Endoscopic mucosal resection; SMT: Submucosal tumor; NET: Neuroendocrine tumor.

achieved included the 2 above-described cases of the
ESD group in which en bloc resection was not achieved,
and 8 cases of the EMR group. Of these 8 cases from
the EMR group, the lesion was located in the duodenal
bulb in 4 cases and in the descending part of the duodenum in 4 cases; the macroscopic type was the protruded
type in 5 cases, the elevated type in 2 cases, and the depressed type in 1 case. The procedure time was 86.5 ±
63.1 min (range: 15-217 min) in the ESD group and 13.2
± 17.0 min (range: 2-89 min) in the EMR group (P <
0.0001). As for complications, intraprocedural perforation occurred in 3 cases of the ESD group, but in none
of the cases of the EMR group (P = 0.0300). The 3
cases of intraprocedural perforation included 2 cases of
NET located in the duodenal bulb, and 1 case of early
cancer of the depressed type located in the descending
part of the duodenum. Delayed perforation was not
observed in any of the cases in either group. Emergency
surgery was necessitated in 2 cases of the ESD group,
but not in any of the cases of the EMR group. The
observed postprocedural bleeding was acute bleeding
that occurred within 24 h of the procedure in 1 case of
the ESD group. On the other hand, no postprocedural
bleeding was observed in any of the cases of the EMR
group. In the ESD group, closure of the wound with
clips after the procedure was not performed in any of
the 9 cases of lesions located in the duodenal bulb, but
the wound was closed with clips in 4 of the 5 cases of
lesions located in the descending part of the duodenum.
In the remaining case where closure by clipping was not
performed, postprocedural bleeding occurred on the day
after the procedure. In the EMR group, the wound was
closed with clips in 6 of the 7 cases of lesions located
in the duodenal bulb and 18 of the 24 cases of lesions
located in the descending part of the duodenum. The
mean postoperative length of hospitalization was 8.2 ±
2.9 d (range: 5-16 d) in the ESD group and 6.1 ± 2.0 d
(range: 2-12 d) in the EMR group (P = 0.0067) (Table 2).

(19.6%). The lesions were located in the duodenal bulb
in 15 cases (32.6%) and the descending part of the duodenum in 31 cases (67.4%). The most common macroscopic morphology was the elevated type in 21 cases
(45.6%), followed by the protruded-type and submucosal
tumor (SMT) in 9 cases each (19.6%). The mean tumor
diameter was 11.9 ± 9.7 mm (3-60 mm). As for the treatment procedure, ESD was performed in 15 cases, and
EMR in 31 cases. The mean tumor diameter was 12.9 ±
14.3 mm (3-60 mm) in the ESD group and 11.4 ± 6.7
mm (4-25 mm) in the EMR group. There were many
cases of depressed-type and SMT lesions in the ESD
group, while all the protruded-type lesions were included
in the EMR group. According to the tumor type, NET
accounted for a half of the cases in the ESD group,
while the most common tumor type in the EMR group
was adenoma, accounting for 80.6% of the tumors in
this group. The proportion of cases of adenocarcinoma
was similar between the two groups, although the preoperative pathological diagnosis was adenoma in 3 of 4
cases of adenocarcinoma in the EMR group (Table 1).
The en bloc resection rate was 86.7% in the ESD
group and 83.9% in the EMR group, and the complete
resection rate was 86.7% in the ESD group and 74.2%
in the EMR group. En bloc resection of the lesions was
not achieved in 2 cases of the ESD group and 5 cases of
the EMR group. To describe in further detail, the 2 cases
of the ESD group in which en bloc resection was not
achieved included one elevated-type adenoma measuring
60 mm in diameter and one NET measuring 8 mm in
diameter showing invasion beyond the submucosal layer.
Both the lesions were located in the duodenal bulb. For
the latter case, treatment was discontinued because of
the difficulty in detachment of the tumor. In the EMR
group, there were a total of 7 cases in which en bloc resection was not achieved, consisting of 3 protruded-type
lesions, 3 elevated-type lesions, and 1 depressed-type
lesion. The cases in which complete resection was not
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Table 2 Clinical outcomes of 15 endoscopic submucosal dissection and 31 endoscopic mucosal resection performed in 44 patients
ESD (n = 15)

Total
En bloc resection rate
Complete resection rate
Procedure time, min, mean ± SD (range)
Complication
Perioperative perforation
Perioperative bleeding
Postoperative bleeding
Emergency surgery
Postoperative hospital stay, day, mean ± SD (range)

84.8%
78.3%
37.1 ± 51.4 (2-217)
6 (13.0%)
3
3
1
2
6.8 ± 2.5 (2-16)

As of December 2013, follow-up by endoscopy had
been completed in 26 cases (56.5%). The mean followup period was 9.7 ± 12.6 mo (range: 1.4-60.0 mo). Recurrence was observed at 7 mo after the procedure in
only 1 case of the EMR group.

EMR (n = 31)

P value

83.9%
74.2%
13.2 ± 17.0 (2-89)
1 (3.4%)
0
1
0
0
6.1 ± 2.0 (2-12)

> 0.9999
0.4599
< 0.0001
0.0105
0.0300
0.2444
0.3261
0.1014
0.0067

of such tumors by ESD is associated with a high risk of
perforation, and because accurate pathologic diagnosis
of the deep margin may be difficult[7].
Although the present study did not reveal any significant differences between the EMR and ESD groups,
both the en bloc and complete resection rates were lower
in the EMR group. During EMR of lesions located
in the duodenal bulb, the pyloric ring may become an
obstacle to snaring. In the descending part of the duodenum, the distance between the mucosal folds is short,
and there are relatively numerous lesions extending over
the folds. Based on these observations, it may be difficult
to ensure snaring of lesions located in the descending
part of the duodenum by EMR. The rates of persistence
and recurrence are higher in cases of piecemeal resection
than in the case of en bloc resection[22]. Moreover, because
en bloc resection allows accurate pathological evaluation
of the deep and lateral resection margins[23], ESD may be
preferable for endoscopic treatment of cancer and NET,
which require en bloc resection, if en bloc resection by
EMR is difficult. On the other hand, EMR may be sufficient for endoscopic treatment of adenomas, because
piecemeal resection seems to be acceptable for these lesions. However, because 3 of the 4 cancers in the EMR
group in this study had been diagnosed as adenomas
preoperatively, caution is necessary, especially in cases of
preoperative diagnosis of adenoma.
Among the complications associated with endoscopic
treatment for duodenal lesions, bleeding is the most frequent and usually occurs within 24 h after the procedure.
The reported incidence of acute bleeding after EMR for
adenomas is 4%-33%[16-22]. As for perforation, caution
is required not only against intraprocedural perforation,
but also against delayed perforation due to exposure to
bile and pancreatic juice[6]. The wound should be closed
by clipping after resection in order to prevent complications such as postprocedural bleeding and delayed
perforation[9]. In this study, the frequency of perforation
was significantly higher and the postoperative length
of hospitalization was significantly longer in the ESD
group than in the EMR group. Although delayed perforation was not observed in any of the cases, either in the
ESD or in the EMR group, postprocedural bleeding was
observed in 1 case of the ESD group, where closure of
the wound with clips was not performed. In an effort to
ensure safer treatment, we have been performing ESD

DISCUSSION
Endoscopic treatment of duodenal lesions is associated
with a high incidence of complications, such as bleeding and perforation, because of poor operability using a
scope and the thin duodenal wall. In particular, duodenal
ESD is technically difficult, requires a longer procedure
time, and is associated with a high risk of bleeding and
perforation[6,9]. Therefore, the operator should be sufficiently skilled, with experience of safe and steady implementation of ESD at least for lesions of the stomach,
esophagus, and large bowel.
Indications for ESD in patients with duodenal tumors should be determined taking into consideration
the histopathology, macroscopic morphology, and size
of the lesions. Duodenal adenomas are well known to
have the potential for malignant transformation [10,11].
In particular, adenomas measuring 2 cm or greater in
diameter or those that histopathologically show highgrade dysplasia are more likely to become malignant[12-14];
therefore, resection of such lesions is recommended. In
a study that investigated 128 lesions of early duodenal
cancer treated by surgery or endoscopic polypectomy, no
lymph node metastasis was detected in any of the cases
of intramucosal carcinoma[15]. Based on these findings,
endoscopic treatment can be considered for differentiated non-invasive carcinomas not showing invasion of
the submucosal layer. Although EMR has been reported
to be safe and useful for the treatment of duodenal tumors[16-22], lesions greater than 2 cm in diameter are likely
to require piecemeal resection[16,22].
We have previously reported the use of ESD for carcinoids, which are currently called NETs. EMR is adequate
for lesions measuring less than 1 cm in diameter that are
superficial, reaching only up to the submucosal layer,
especially those with a polypoid morphology. However,
ESD may be useful in cases where en bloc resection by
EMR is difficult. Surgical treatment should be considered for tumors whose lower edges are found to be
widely adjoining the muscular layer, because treatment
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86.7%
86.7%
86.5 ± 63.1 (15-217)
5 (35.7%)
3
2
1
2
8.2 ± 2.9 (5-16)
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for duodenal tumors under general anesthesia in the
presence of a surgeon in an operating room since 2010.
The limitations of this study were that it was a singleinstitution study and the sample size was small. Because
of the retrospective design, ESD was often selected as
the treatment procedure for lesions for which en bloc
resection by EMR was expected to be difficult, such as
depressed-type lesions and NET; inevitably therefore,
there would have been a selection bias.
In conclusion, we consider that duodenal ESD may
be indicated for well-differentiated intramucosal carcinoma and NETs measuring less than 1 cm in diameter and
not invading deeper than the submucosal layer lesions,
which are unlikely to be amenable to en bloc resection by
EMR. However, because duodenal ESD is associated
with a relatively high incidence of complications, its use
should be considered carefully. Accumulation of further
clinical data is required for a clearer elucidation of the
short-term and long-term prognoses.
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RETROSPECTIVE STUDY

Impact of tumor location on clinical outcomes of gastric
endoscopic submucosal dissection
Ji Young Yoon, Choong Nam Shim, Sook Hee Chung, Wan Park, Hyunsoo Chung, Hyuk Lee, Sung Kwan Shin,
Sang Kil Lee, Yong Chan Lee, Jun Chul Park
tion and piecemeal resection than lesions in other locations. In multivariate analysis, posterior wall lesions
and upper third lesions were significantly associated
with incomplete resection and perforation, respectively.
In post-ESD bleeding analysis, location was not a significant related factor.
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CONCLUSION: More advanced endoscopic techniques
are required during ESD for lesions located in the upper third or posterior wall of the stomach to decrease
complications and improve therapeutic outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic submucosal dissection; Gastric
neoplasm; Location; Complication; Outcomes
Core tip: Location of the tumor is one of the most important clinical factors for complete resection and complications of endoscopic submucosal dissection (ESD)
for early gastric cancer. Nonetheless, few studies have
evaluated clinicopathologic outcomes of ESD according to the subdivision of tumor location. Based on our
data, posterior wall lesions and upper third lesions
were significantly associated with incomplete resection
and perforation, respectively. Therefore, endoscopists
should recognize the need for more advanced endoscopic techniques when performing ESD for lesions located in the upper third or posterior wall of the stomach to decrease the rate of serious complications and
improve clinical outcomes.

Abstract
AIM: To determine whether there is a correlation between the location of the lesion and endoscopic submucosal dissection (ESD) outcome.
METHODS: From January 2008 to December 2010,
ESD of 1443 gastric tumors was performed. En bloc
resection rate, complete resection rate, procedure time
and complication rate were analyzed according to the
tumor location.
RESULTS: The rates of en bloc resection and complete
resection were 91% (1318/1443) and 89% (1287/1443),
respectively. The post-ESD bleeding rate was 4.3%,
and perforation rate was 2.7%. Tumors located in the
upper third of the stomach were associated with a
longer procedure time and significantly higher rates
of incomplete resection, piecemeal resection, and
perforation than tumors below the upper third of the
stomach. Posterior wall lesions had significantly longer
procedure times and higher rates of incomplete resec-
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wall, posterior wall, lesser curvature or greater curvature).
Eligibility criteria for ESD were as follows: (1) differentiated adenocarcinoma (well- to moderately-differentiated tubular adenocarcinoma) or dysplasia confirmed
histologically by forceps biopsy; (2) depth of invasion
limited to the mucosa or submucosa (≤ 500 μm penetration into the submucosa) as determined by EUS; (3)
lesions without ulceration, regardless of size, or 30 mm
or less in size with ulceration; or (4) undifferentiated adenocarcinoma or intramucosal cancer without ulcer findings ≤ 20 mm in size[8].

INTRODUCTION
Advances in diagnostic technology and the increasing
prevalence of screening programs have increased the
rate of early gastric cancer (EGC) detection. EGCs
that are confined to the mucosa and lack lymph node
metastasis can be cured by endoscopic resection, such
as endoscopic mucosal resection (EMR) or endoscopic
submucosal dissection (ESD)[1-4]. Compared with EMR,
ESD may achieve complete resection not only of larger
lesions but also of ulcerative lesions. In addition, ESD
allows for a precise histological assessment of resected
specimens and may reduce the risk of residual disease
and local recurrence[5].
The factors affecting successful ESD include several
characteristics of lesions such as location, presence of
ulceration and histology[6,7]. In a recent multicenter study,
scarred lesions, undifferentiated lesions and lesions located in the upper third required more advanced ESD
techniques, because the complete resection rate is lower
with these lesions than with other lesions[7]. In addition,
the location of the tumor is one of the most important
clinical factors for whether or not complete resection is
possible or whether or not complication occurs. However, few studies have evaluated clinicopathologic outcomes of ESD according to the subdivision of tumor
location in the longitudinal portions of the stomach and
cross-sectional circumference divided into four equal
parts. Therefore, we conducted this study to evaluate the
level of difficulty of the procedure and clinicopathologic
outcomes according to the tumor location.

Endoscopic resection
All procedures were performed by an attending gastroenterologist, and five attending physicians were involved
in the procedures. All ESDs were performed under
conscious sedation using intravenous propofol or midazolam. Vital signs were continuously monitored during
the procedure. After identifying the target lesion, marking dots were made circumferentially about 5 mm lateral
to the margin of the lesion using a needle knife (KD-10Q,
Olympus, Japan) or argon plasma coagulation (ERBE
Elektromedizin, Germany). Epinephrine (1:10000 dilution) was then injected submucosally around the lesion,
and an initial short incision was made in the mucosa with
a needle knife to allow submucosal insertion of the tip
of an insulation-tipped (IT) knife (KD-611L, Olympus,
Japan). Circumferential mucosal cutting was performed
outside the marking dots, and an additional submucosal
injection was carried out. Finally, direct dissection of the
submucosal layer was performed, and endoscopic hemostasis with specialized hemostatic forceps (FD-410LR,
Olympus, Japan) was performed when needed.

MATERIALS AND METHODS
Patients
We analyzed 1319 patients with 1443 lesions who underwent ESD for gastric tumors at Yonsei University Health
Care Center between January 2008 and December 2010.
Endoscopy with standard upper gastrointestinal endoscopes (GIF Q260 and H260, Olympus, Japan), chromoendoscopy with indigo carmine, and biopsies of the
lesions with standard biopsy forceps (FB-21K-1; Olympus, Japan) were initially performed to determine the
feasibility of ESD. Endoscopic ultrasonography (EUS)
with radial scanning echoendoscopes (EG-3679URK,
Pentax, Japan and GF-UE260, Olympus, Japan) was
performed in case of carcinoma to evaluate the depth
of invasion. Patients with lesions confirmed to be gastric
cancer underwent abdominal computed tomography
(CT) scans to determine if lymph node or distant metastasis was present. For this study, the endoscopic findings
of EGC were classified as elevated (types Ⅰ or Ⅱa), flat
(type Ⅱb), depressed (types Ⅱc, Ⅱc+Ⅲ, or Ⅱa+Ⅱc) or
mixed (types Ⅱa+Ⅱb, Ⅱb+Ⅱc, Ⅱa + Ⅱc, Ⅲ+Ⅱa or
Ⅲ+Ⅱb).
Gastric tumor lesions were classified according to
their location in the upper, middle, and lower thirds of
the stomach, and also to location in the cross-sectional
circumference divided into four equal parts (anterior
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Histologic evaluation of resection efficacy
All resected specimens were systematically sectioned at 2
mm intervals centered on the part of the lesion closet to
the margin and the site of the deepest invasion. Histological assessment was based on the Vienna classification[9].
Final pathologic diagnoses were classified as low
grade dysplasia (LGD), high grade dysplasia (HGD), differentiated EGC, and undifferentiated EGC.
Outcome measures
Patient data, including patient age, gender, previous
medication history, the size, number and location of
lesions, procedure start and end times, endoscopic findings, pathology, and complications, were collected.
Complete resection of en bloc resected tumors was
defined as the lateral and vertical margins being free of
tumor cells on histologic examination. Complete resection of tumors resected in a piecemeal fashion was defined as complete removal of the entire lesion, including
sufficient tumor-free margins after perfect reconstruction of all pieces.
Procedure time was defined as the time from marking to complete removal, including the time required
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ESD for EGC to exclude local recurrence, as well as
synchronous, and metachronous lesions. After 24 mo,
EGD was carried out annually. Moreover, abdominal CT
scans were performed every 6 mo for the first year and
annually thereafter, to detect lymph node or distant metastasis. In cases with adenomas, endoscopic surveillance
by EGD was scheduled for 3, 12, and 24 mo after ESD.

Table 1 Baseline characteristics of gastric tumors n (%)
Characteristic
Gender (female:male)
Age, yr, mean ± SD
Tumor size, mm
< 20
≥ 20
Macroscopic appearance
Elevated
Flat
Depressed
Mixed
Ulcer
Invasion depth
Mucosa
Submucosa
LocationⅠ
Lower third
Middle third
Upper third
Location Ⅱ
Anterior wall
Lesser curvature
Posterior wall
Greater curvature
Histology
Low grade dysplasia
High grade dysplasia
Differentiated EGC
Undifferentiated EGC
Procedure time, min
Curability
Complete resection
Incomplete resection
Resectability
En bloc
Piecemeal
Perforation
Post-ESD bleeding

Value
1:2.18 (454:989)
63.0 ± 9.4
1034 (71.7)
409 (28.3)

Statistical analysis
The data were analyzed using Pearson’s χ 2 test, unpaired
t-test, Fisher’s exact test, and the Mann-Whitney U test.
P values < 0.05 were considered significant. To identify
related risk factors for complications and complete resection, predictors with P values < 0.05 in the univariate
analysis were included in a backward, stepwise multiple
logistic regression model. All data analyses were conducted using a statistical software package (SPSS version
18.0, Chicago, IL, United States).

310 (21.5)
128 (8.9)
90 (6.2)
915 (63.4)
71 (4.9)
612 (42.4)
106 (7.3)
1233 (85.4)
112 (7.8)
98 (6.8)
294 (20.4)
481 (33.3)
405 (28.1)
263 (18.2)

RESULTS
Gastric tumor characteristics
During the study period, ESD was performed in 1319
patients with 1443 gastric tumors. Baseline clinicopathologic characteristics of the gastric tumors and the clinical
outcomes of ESD are shown in Table 1. Mean age was
63.0 ± 9.4 years. The lesions consisted of 733 (50.8%)
EGCs and 710 (49.2%) dysplastic lesions. Submucosal
invasion occurred in 7.3% of cases. Mixed-type endoscopic morphology was the most common (63.4%).
With respect to size and location, tumors less than 20
mm in size (71.7%), those located in the lower third
(85.4%) and those located in the lesser curvature (33.3%)
were most common. The mean tumor size was 15.72
± 8.81 mm. The mean procedure time was 61.8 ± 47.0
min. The complete resection rate was 89% (1287/1443),
and the en bloc resection rate was 91.3% (Table 1). The
post-ESD bleeding rate was 4.3%, and the perforation
rate was 2.7%. Most cases of bleeding (60/63) were
treated by endoscopic hemostasis such as hemoclipping,
argon plasma coagulation or epinephrine injection. Two
cases were treated by angiographic embolization. Only
one case required surgery for bleeding control.
Around half of all perforation cases (20/39) were
minute or micro-perforations, while the remaining ones
were overt perforations. Only two such cases required
surgery. All other cases were treated by conservative
care. There was no mortality in the present study.

534 (37.0)
176 (12.2)
655 (45.4)
78 (5.4)
61.8 (± 47.0)
1287 (89.0)
156 (11.0)
1318 (91.3)
125 (8.7)
39 (2.7)
63 (4.3)

EGC: Early gastric cancer; ESD: Endoscopic submucosal dissection.

for hemostasis. Complication data included whether a
complication occurred and details regarding bleeding,
perforation and other factors related to the type of
complication.
Clinicopathologic evaluation
To identify factors affecting the success of ESD, we analyzed lesion characteristics, procedure, and the procedure
result. Analyzed lesion characteristics included the presence of ulceration, macroscopic morphology, size and
location of the tumor.
Procedure results were analyzed for curability. Resection was deemed complete when removal was achieved
with tumor-free lateral and vertical margins and there
was no lymphovascular involvement or lymph node
metastasis. Incomplete resection was defined as any resection that did not meet the curative criteria described
above.

Endoscopic outcomes according to the location
We compared the clinical outcomes of ESD in relation
to detailed tumor location. Upon division into upper
third and other lesions, the upper third lesion group had
significantly higher percentages of incomplete resections
(19.4% vs 10.2%, P = 0.005) and piecemeal resections
(15.3% vs 8.2%, P = 0.015) compared with other tumor
locations. Additionally, upper third lesions required a
longer procedure time (90.51 min vs 59.71 min, P < 0.001)
and were associated with a higher perforation rate (9.2%

Follow-up
Endoscopic surveillance by esophagogastroduodenoscopy (EGD) was performed 3, 6, 12, and 24 mo after
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Table 2 Comparison of the upper third and non-upper third
groups n (%)

Table 4 Multivariate analysis for incomplete resection
Univariate analysis

Non-upper
third

P value

70 (71.4)
28 (28.6)
2 (2.0)

964 (71.7)
381 (28.3)
69 (5.1)

0.520

45 (45.9)
53 (54.1)

665 (49.4)
680 (50.6)

0.501

19 (19.4)
79 (80.6)

137 (10.2)
1208 (89.8)

0.005

Upper third
Tumor size, mm
< 20
≥ 20
Ulcer
Pathology
Dysplasia
Carcinoma
Curability
Incomplete resection
Complete resection
Resectability
En bloc
Piecemeal
Procedure time, min, mean ± SD
Perforation
Post-ESD bleeding

Tumor size, mm
< 20
≥ 20

0.172

Ulcer
+
SM invasion
+

83 (84.7)
1235 (91.8)
0.015
15 (15.3)
110 (8.2)
90.51 ± 58.06 59.71 ± 45.46 < 0.001
9 (9.2)
30 (2.2)
< 0.001
4 (4.1)
57 (4.2)
0.600

Location
Non-upper third
Upper third
Location
Non-posterior wall
Posterior wall

ESD: Endoscopic submucosal dissection.

Pathology
Dysplasia
Carcinoma

Table 3 Comparison of the posterior wall and non-posterior
wall groups n (%)

Procedure time, min
< 60
≥ 60

Posterior wall Non-posterior P value
wall
Tumor size, mm
< 20
278 (68.6)
≥ 20
127 (31.4)
Ulcer
21 (5.2)
Pathology
Dysplasia
216 (53.3)
Carcinoma
189 (46.7)
Procedure time, min, mean ± SD 69.41 ± 52.55
Curability
Incomplete resection
60 (14.8)
Complete resection
345 (85.2)
Resectability
En bloc
358 (88.4)
Piecemeal
47 (11.6)
Perforation
14 (3.5)
Post-ESD bleeding
17 (4.2)

756 (72.8)
282 (27.2)
50 (4.8)

0.065

494 (47.6)
0.053
544 (52.4)
58.84 ± 44.39 < 0.001
0.002

960 (92.5)
78 (7.5)
25 (2.4)
44 (4.2)

0.013

< 0.001

1 (reference)
1.210
(0.589-2.485)

0.604

1 (reference)
1.828
(0.811-4.119)

0.146

1 (reference)
2.12
1(1.247-3.607)

1.846
(1.283-2.654)

0.001

0.006

1.576
(0.882-2.814)

0.124

1 (reference)
1.707
(1.208-2.410)

0.002

1.687
(1.163-2.449)

0.006

1 (reference)
4.921
(3.240-7.475)

< 0.001

4.675
(3.049-7.166)

< 0.001

1 (reference)
2.494
(1.772-3.509)

< 0.001

1.648
(1.142-2.379)

< 0.001

ing. In univariate analyses, lesion size larger than 20 mm,
upper third location, posterior wall location, carcinoma
and procedure time longer than 60 min were significantly
related to incomplete resection. In multivariate analysis,
lesion size larger than 20 mm, posterior wall location,
carcinoma and procedure time longer than 60 min were
significantly related to incomplete resection (Table 4).
In addition, univariate predictors of perforation were
lesion size larger than 20 mm, upper third location, procedure time longer than 60 min and piecemeal resection.
In multivariate analysis, upper third location, procedure
time longer than 60 min and piecemeal resection were
statistically significantly related to perforation (Table 5).
Moreover, univariate predictors of post-ESD bleeding were lesion size larger than 20 mm, procedure time
longer than 60 min and piecemeal resection. In multivariate analysis, procedure time longer than 60 min and
piecemeal resection were statistically significantly related
to post-ESD bleeding (Table 6).

0.27
0.552

ESD: Endoscopic submucosal dissection.

vs 2.2%) (Table 2). There was no significant difference in
the frequency of post-ESD bleeding.
After dividing location according to posterior wall
and other lesions, the posterior wall lesion group had a
significantly longer procedure time (69.41 min vs 58.84
min, P < 0.001) and higher rates of incomplete resections (14.8% vs 9.2%, P = 0.002) and piecemeal resections (11.6% vs 7.5%, P = 0.013) than lesions in other
locations (Table 3). There was no significant difference
in the frequency of post-ESD bleeding or perforation
between the two groups.

DISCUSSION
ESD has been widely accepted as an effective and safe
treatment for gastric tumors[5,10]. To summarize previous
studies, it is believed that the location of a lesion affects
both the completeness of resection and whether complications are likely to occur[6,7,11-14]. These previous studies
analyzed tumor location which is anatomically divided

Factors related to incomplete resection and
complications
We analyzed the factors associated with complete resection complications of ESD such as perforation or bleed-

WJG|www.wjgnet.com

1 (reference)
2.144
(1.526-3.011)

SM: Submucosa.

0.771

96 (9.2)
942 (90.8)

Multivariate analysis

OR (95%CI) P value OR (95%CI) P value
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Table 6 Multivariate analysis for post-endoscopic submucosal
dissection bleeding

Table 5 Multivariate analysis for perforation
Univariate analysis

Multivariate analysis
Univariate analysis

OR (95%CI) P value OR (95%CI) P value
Tumor size, mm
< 20
≥ 20
Ulcer
+
SM invasion
+
Location
Non-upper third
Upper third
Location
Non-posterior wall
Posterior wall
Pathology
Dysplasia
Carcinoma
Procedure time, min
< 60
≥ 60
Curability
Complete resection
Incomplete resection
Resectability
En bloc
Piecemeal

Multivariate analysis

OR (95%CI) P value OR (95%CI) P value
Tumor size, mm
< 20
≥ 20

1 (reference)
2.470
(1.304-4.678)

0.006

1 (reference)
1.637
(0.492-5.451)

0.422

Ulcer
+

1 (reference)
1.041
(0.238-4.550)

0.957

SM invasion
+

1 (reference)
4.433
(2.042-9.623)

< 0.001

1 (reference)
1.451
(0.746-2.820)

0.272

Location
Non-posterior wall
Posterior wall

1 (reference)
1.755
(0.905-3.405)

0.096

Pathology
Dysplasia
Carcinoma

1.574
(0.807-3.071)

2.783
(1.138-6.803)

0.183

Location
Non-upper third
Upper third

0.025

1 (reference)
8.143
< 0.001
4.985
< 0.001
(3.390-19.561)
(1.978-12.565)

Procedure time, min
< 60
≥ 60

1 (reference)
1.842
(0.799-4.248)

Curability
Complete resection
Incomplete resection

0.152

1 (reference)
7.352
< 0.001
(3.748-14.423)

4.029
(1.987-8.170)

Resectability
En bloc
Piecemeal

< 0.001

SM: Submucosa.

0.013

1 (reference)
1.377
(0.485-3.909)

0.547

1 (reference)
0.807
(0.276-2.358)

0.695

1 (reference)
1.621
(0.957-2.745)

0.072

1 (reference)
0.990
(0.559-1.754)

0.972

1 (reference)
1.633
(0.963-2.770)

0.069

1 (reference)
2.804
(1.636-4.807)

< 0.001

1 (reference)
1.259
(0.587-2.698)

0.555

1 (reference)
3.771
(2.040-6.971)

< 0.001

1.523
(0.886-2.619)

0.128

2.120
(1.185-3.793)

0.011

2.749
(1.433-5.276)

0.002

SM: Submucosa.

into three portions (upper, middle, and lower thirds) as
a factor related to the clinical outcomes of ESD. Many
studies reported that upper third location was associated
with incomplete resection, longer procedure time and a
higher rate of perforation[7,11,12]. However, even among
tumors located in the same thirds of the stomach, the
difficulty of the procedure and the clinical outcomes
may be different according to the cross-sectional circumference, which is divided into four equal parts.
In our study, after dividing the upper third lesions
from other lesions, it was found that the upper third
lesion group had significantly higher percentages of incomplete resections (19.4% vs 10.2%) and piecemeal resections (15.3% vs 8.2%), longer procedure time (91 min
vs 60 min) and a higher perforation rate (9.2% vs 2.2%).
Furthermore, we analyzed clinical outcomes between
posterior wall lesions and non-posterior lesions. The
posterior wall lesion group had significantly longer procedure times and more frequent piecemeal and incomplete resections, which are likely explained in part by the
difference in technical difficulty and poor visual field.
In previous studies, procedure time during ESD be-
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1 (reference)
1.938
(1.151-3.362)

came longer as tumor locations became higher[7,15]. In
addition, longer procedure time was needed for tumors
located in the posterior wall [15]. These findings were
consistent with our study results. As longer procedure
times have been shown to be associated with increased
risks of complications[16,17], we attributed the relationship
between tumor location and complications to the longer
procedure time of ESD for gastric tumors in the upperthird or the posterior wall of the stomach. As mentioned
above, prolonged procedure time in cases involving the
upper-third or the posterior wall location was caused
primarily by technical difficulties and a poor visual field.
During ESD for gastric tumors in the upper-third of
the stomach, endoscopists cannot let the knife encroach
on the submucosal layer beneath the tumor, and cannot
control the direction and depth well adhering to the dissection plan[7]. Along these lines, the worse outcomes
after ESD for those lesions in this study were also consistent with earlier studies that demonstrated lower rates
of en bloc and curative resections in lesions of the upper
portion of the stomach[6,7,12].
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It is very important that we determine the factors related to complete resection, because clinically complete
resection is the ultimate goal of ESD, and it is closely
related to tumor recurrence rate after ESD[18,19]. We analyzed incomplete resection rates according to the tumor
location, and independent factors related to incomplete
resection. In multivariate analysis, lesions larger than 20
mm, posterior wall location, carcinoma and procedure
time longer than 60 min were statistically significantly
associated with incomplete resection. Interestingly, the
significant factor of location for incomplete resection
was being in the posterior wall in our study. The posterior wall location makes it technically difficult to use a
knife during ESD in comparison with the anterior wall
or lesser curvature locations. Furthermore, in this study,
almost all cases of endoscopic resection were performed using a single channel endoscope and because
this endoscope’s accessory channel opening is oriented
at the 7 o’clock position, which is the opposite direction
needed for posterior wall dissections, and makes ESD of
posterior wall lesions difficult.
During the ESD procedure, serious complications
such as bleeding or perforation may occur. Risk factors
for perforation were identified in a recent study by Yoo
et al [20], who proposed that risk of perforation is associated with age, depth of invasion and length of the
procedure. In our study, the perforation rate was significantly associated with upper third location. This may be
due to the fact that lesions in the lower third are easily
approached and manipulated by endoscopy, and thus it
is technically easier to perform ESD and there is a lower
chance of applying sufficient tension on the gastric wall
to cause perforation. Another possible reason is that the
lower or the mid-portion of the gastric wall is thicker
than the upper portion of the stomach.
Previous reports showed that bleeding occurred more
frequently in the corpus than in the antrum[11,21]. Okada
et al[22] demonstrated that having a tumor located in the
mid-third of the stomach was an independent risk factor for post-ESD bleeding. However, the relationship
between tumor location and post-ESD bleeding remains
controversial to date. In our post-ESD bleeding analysis, location was not a significant factor for post-ESD
bleeding. Besides tumor location, various factors such
as the patient’s underlying medical and drug history, the
endoscopist’s experience and preventive coagulation of
visible vessels in the resection area after ESD may affect
post-ESD bleeding. A recent study demonstrated that
post-ESD bleeding depends on how meticulously coagulation of visible vessels is performed after dissection[23].
Regrettably, we could not analyze the effect of underlying disease or anti-platelet agents on post-ESD bleeding
because we had relatively few patients with chronic disease such as chronic renal failure or cirrhosis, and all the
patients in our study who underwent ESD discontinued
anti-platelet agents prior to the procedure.
Limitations of this study include the fact that it was
a retrospective single-center study with a limited followup duration. Therefore, there may be a bias according to
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the endoscopist who performed the ESD. In addition,
we did not include long-term follow-up data concerning
recurrence, disease-free survival, and overall survival,
which are important for evaluating the effect of risk factors on outcomes. Nevertheless, this study focused on
outcomes after ESD for gastric tumors with reference
to therapeutic efficacy and complications according to
lesion location. Although we did not address long-term
outcomes, this study revealed that the two main components for the feasibility of ESD, acceptable complete
resection and complication rates, change according to
the location of gastric tumors. In addition, the clinical
implications of tumor location were based on largevolume data. Accordingly, we suggest that attention to
gastric tumor location, particularly in the upper third
or posterior wall, during ESD is needed to avoid incomplete resection and complications. We should also
explain the possibility of further surgical treatment after
ESD to patients with such lesions. Nonetheless, further
investigations with long-term follow-up data concerning
the clinical significance of tumor location are needed to
support our recommendations.
In conclusion, ESD for gastric tumor is an effective
and safe therapy. However, endoscopists should recognize the need for more advanced endoscopic techniques
when performing ESD for lesions located in the upper third or posterior wall of the stomach in order to
decrease the rate of serious complications and improve
clinical outcomes.
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RETROSPECTIVE STUDY

Outcomes of simple saline-coupled bipolar electrocautery
for hepatic resection
Jian-Yang Guo, De-Wei Li, Rui Liao, Ping Huang, Xian-Bing Kong, Ji-Ming Wang, Hong-Lin Wang,
Shi-Qiao Luo, Xiong Yan, Cheng-You Du
Group C (P < 0.001 for both). The amount of bleeding
and the rate of transfusion during the operation were
significantly higher in Group C than in Groups A and
B (P < 0.001 for all). The incidence of postoperative
complications in Group C (46.43%) was higher than
that in Groups A (30.67%, P = 0.015) and B (28.30%,
P = 0.016). The patients’ liver function recovery and
postoperative hospital stay were not significantly different. BIP could decrease intraoperative hemorrhage and
postoperative complications compared to CLAMP.
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Abstract
AIM: To evaluate the application of bipolar coagulation
(BIP) in hepatectomy by comparing the efficacy of BIP
alone, cavitron ultrasonic surgical aspirator (CUSA) +
BIP and conventional clamp crushing (CLAMP).

Core tip: The aim of this clinical study is to recommend
a simplified and feasible surgical technique for liver
resection. In this study, we found that simple salinecoupled bipolar electrocautery (BIP) could reduce blood
loss, blood transfusion and complications compared
with clamp crushing. Therefore, saline-coupled BIP can
accomplish hepatectomy excellently and would be a
safe and reliable technique that is easily applied in liver
resection.

METHODS: Based on our database of patient records,
a total of 380 consecutive patients who underwent
hepatectomy at our hospital were retrospectively
studied for the efficacy of BIP alone, CUSA + BIP and
CLAMP. Of all the patients, 75 received saline-coupled
BIP (Group A), 53 received CUSA + BIP (Group B), and
252 received CLAMP (Group C). The pre-, mid-, and
postoperative clinical manifestations were compared,
and the effects of those maneuvers were evaluated.

Guo JY, Li DW, Liao R, Huang P, Kong XB, Wang JM, Wang
HL, Luo SQ, Yan X, Du CY. Outcomes of simple salinecoupled bipolar electrocautery for hepatic resection. World J
Gastroenterol 2014; 20(26): 8638-8645 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8638.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8638

RESULTS: There was no obvious difference among the
preoperative indexes between the different groups. The
operative time was longer in Groups A and B than in
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Ultrasonic Surgical Aspirator System 200; Valleylab Inc,
Boulder, Colo, United States; amplitude, 70W; and Group
C, patients receiving combined treatment of BIP and
CLAMP. All patients received general anesthesia. For fair
comparison and avoidance of the potential for patient
selection bias with these various techniques by different
surgeons, three experienced hepatic surgeons in our unit
performed all operations. We chose one technique over
the other due to equipment availability or change over
time. CUSA and CLAMP were performed between April
2011 and April 2012, and BIP was performed from April
2012 to May 2013. There is no significant difference in
the characteristics of the three groups of patients (P >
0.05), including the fibrotic or cirrhotic liver and tumor
condition. Except for BIP, no other hemostatic device (i.e.,
argon beam coagulator) was used on any of these patients undergoing hepatic resection. The operation time
(min), intraoperative bleeding (mL), the rate of blood
transfusion and the amount of packed red blood cells
transfusion (the amount of bleeding more than 25% of
the blood volume or hemoglobin lower than 70 g/L was
the indication of transfusion) were analyzed.

INTRODUCTION
Hepatectomy and its related surgical complications remain major concerns for surgeons operating on the liver.
Controlling hemorrhage, shortening the time of inflow
occlusion, and performing anatomical limited resections
are important strategies for safe and careful dissection
of the liver parenchyma. For patients with hepatocellular
carcinoma (HCC), massive hemorrhage and blood transfusions are the powerful determinants of early liver failure and immune repression, which cause adverse effects,
often leading to early tumor recurrence, and seriously
affecting long-term survival after resection[1,2].
Advancements in the theory and practice of liver surgery have led to the invention of different approaches,
such as the cavitron ultrasonic surgical aspirator (CUSA),
water jet scalpel, monopolar floating ball, ligasure, microwave and other procedures to transect the liver parenchyma favorably. CUSA combined with bipolar coagulation (BIP) and conventional clamp crushing (CLAMP)
are favored by most surgeons at many medical centers[3-6].
Notably, it is critical to expose vasculature and decrease
blood loss during hepatic resection. As a device for hemostasis, BIP has aroused increased interest because of
its excellent hemostatic effect and low thermal damage to
surrounding tissues. Because of these potential benefits,
increasing numbers of surgeons are also applying BIP in
hepatectomy as a preferred method. Although various
BIP devices and techniques have been developed in some
centers, the efficacy of BIP alone is actually unclear, hindering its wide adoption. This retrospective cohort analysis investigated the efficacy of BIP alone, CUSA + BIP
and CLAMP.

Surgical procedure
Hepatectomy was performed following standard procedures. The hemostatic forcep tip was moved vertically to
the resectional line when transecting the parenchyma by
CLAMP. The clamp held approximately 1 cm of the liver
parenchyma each time. Hepatic parenchyma cells were
disrupted and emulsified by vibration, and the bile ducts
and vessels were preserved using CUSA; hemostasis was
performed by BIP. The procedure of hepatic resection
by saline-coupled BIP alone had water dripping from
two sides of the bipolar electrocoagulator, and the power
was set at 70 watt. BIP was combined with scissors and
sucker for disruption, washing, hemostasis and suction.
However, vessels of more than 3 mm in diameter were
exposed to ligate, and vessels less than 3 mm in diameter
were coagulated (Figure 2). Our results demonstrated that
most of the hepatectomies did not require blocking the
portal vein blood supply.

MATERIALS AND METHODS
Patient characteristics
Between April 2011 and May 2013, data from 380 consecutive patients who underwent liver resection at our
hospital were collected, based on our database of patient
records. Through CT, MRI or pathologic examinations
of these patients, the following was detected: 245 malignant tumors (including 179 HCC), 47 benign tumors
(such as hemangioma, hamartoma, and focal nodular
hyperplasia), 70 cases of hepatolithiasis and 18 cases of
other diseases (such as liver abscess, polycystic liver, and
hepatic hydatid). Detailed characteristics of those patients
are shown in Table 1. This study was approved by the
ethics board of The First Affiliated Hospital of Chongqing Medical University, and written informed consent was
obtained from all patients.

Postoperative management
Postoperatively, all patients were admitted to the ICU
ward for rehabilitation. Postoperative outcomes included
recovery of liver function, length of postoperative hospitalization, and the rate of complications. To monitor
liver function, albumin (ALB, g/L), total bilirubin (TB,
μ mol/L), alanine transaminase (ALT, μ mol/L), and
aspertate aminotransferase (AST, μmol/L) levels were
measured on days 1 and 3 after resection. Complications
for monitoring included: abdominal cavity infection, bile
leakage, acute hepatic failure, respiratory failure, severe
hemorrhage, reoperation within 30 d of surgery, hyperbilirubinemia, sepsis, intestinal obstruction, pulmonary
embolism, hepatorenal syndrome, death within 30 d of
surgery, pleural effusion, incision infection, incision dehiscence, pulmonary infection, delayed recovery of liver

Study design
Patients were divided into 3 groups: Group A, patients
treated by BIP, with BIP administered by Shuyou surgical instrument Inc, Zhejiang, China, and Force EZ
Electrosurgical Generator; Covidien Inc, Boulder, Colo,
United States; bipolar, 70W, Figure 1; Group B, patients
treated by CUSA, with CUSA administered by Cavitron
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Table 1 Characteristics of patients undergoing liver resection n (%)
Baseline characteristic
Age1 (yr)
Sex
Cause of surgery

Child-Pugh
ICG-R15
Background liver

Level of surgeon

Type of resection

Tumor
Tumor condition

Male
HCC
Other malignancy
Benign tumour
Intrahepatic stone
Others
A
B
< 15
≥ 15
Normal
Chronic hepatitis
Cirrhosis
Chief doctor
Deputy director doctor
Attending doctor
Extended
Hemihepatectomy
Hemihepatectomy
Lobectomy
Segmentectomy
Wedge resection
Yes
Size, < 30 mm
≥ 30 mm
Single
Multiple
Superficial
Deep

BIP
(n = 75)

CUSA + BIP
(n = 53)

CLAMP
(n = 252)

P value

54.1 (17-81)
47 (62.67)
38 (50.67)
14 (18.67)
8 (10.66)
12 (16.00)
3 (4.00)
56 (74.67)
19 (25.33)
67 (89.33)
8 (10.67)
31 (41.33)
24 (32.00)
20 (26.67)
31 (20.67)
56 (37.33)
63 (42.00)
13 (17.33)

50.7 (16-85)
33 (62.26)
20 (37.74)
9 (16.98)
10 (18.87)
11 (20.75)
3 (5.66)
41 (77.36)
12 (22.64)
46 (86.79)
7 (13.21)
31 (58.49)
12 (22.64)
10 (18.87)
29 (27.36)
40 (37.74)
37 (34.90)
8 (15.09)

53.7 (19-81)
155 (61.51)
121 (48.02)
43 (17.06)
29 (11.51)
47 (18.65)
12 (4.76)
210 (83.33)
42 (16.67)
219 (86.90)
33 (13.10)
130 (51.58)
61 (24.21)
61 (24.21)
127 (25.20)
226 (44.84)
151 (29.96)
35 (13.89)

0.256
0.981
0.868

33 (44.00)
29 (38.67)
0
0
60 (80.00)
14 (23.33)
46 (76.67)
36 (60.00)
24 (40.00)
36 (60.00)
24 (40.00)

20 (37.74)
21 (39.62)
4 (7.55)
0
39 (73.58)
7 (17.95)
32 (82.05)
31 (79.49)
8 (20.51)
28 (71.79)
11 (28.21)

108 (42.85)
92 (36.51)
13 (5.16)
4 (1.59)
193 (76.59)
56 (29.02)
137 (70.98)
115 (59.59)
78 (40.41)
141 (73.06)
52 (26.94)

0.196
0.849
0.359

0.069

0.347

0.689
0.300
0.059
0.151

1

P analysis of variance (F). HCC: Hepatocellular carcinoma; BIP: Bipolar coagulation; CUSA: Cavitron ultrasonic surgical aspirator; CLAMP: Conventional
clamp crushing; ICG-R15: Indocyanine green retention rate at 15 min.

A

B

Figure 1 Operative devices used for single saline-coupled bipolar electrocautery. A: Force EZ electrosurgical generator; B: Bipolar electrocautery (bilateral dribbling water) for hepatectomy.

function, seroperitoneum, pulmonary atelectasis and
deep vein thrombosis.

as mean with standard deviation or median with interquartile range. The differences in the measurement values
were detected by ANOVA (F) or Kruskal-Wallis (H) rank
test. The differences in enumeration data were compared
by χ 2 or Kruskal-Wallis (H) rank test. The difference

Statistical analysis
For statistical analysis, measurement values are expressed
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A

B

C

D

Figure 2 A representative case with left liver cancer resected by single saline-coupled bipolar electrocautery. A: Computerized tomography imaging on admission; B-D: The surgical process of hepatectomy by single bipolar electrocautery (BIP). The arrow indicates a liver vessel exposed by BIP.

Table 2 Surgical outcomes n (%)
Outcome
Blood loss1

≤ 1000 mL

> 1000 mL
Intraoperative transfusion1
Blood loss (mL) median2
Transfusion of RBC (mL) median
Operative time (min) median

BIP
(n = 75)

CUSA+BIP
(n = 53)

CLAMP
(n = 252)

P value

73 (97.33)
2 (2.67)
12 (16.00)
315 (50-1800)
37 (0-800)
315 (105-965)

48 (90.57)
5 (9.43)
7 (13.21)
328 (50-2000)
56 (0-1200)
335 (80-730)

192 (76.19)
60 (23.81)
117 (46.43)
583 (50-5000)
69 (0-2800)
265 (60-590)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

1

P (χ 2); 2Variables are expressed as median (minimum-maximum). P: Multiple samples rank sum test (H). BIP: Bipolar coagulation; CUSA: Cavitron
ultrasonic surgical aspirator; CLAMP: Conventional clamp crushing.

between both groups was determined via Bonferroni correction. P < 0.05 was considered statistically significant.
All data were analyzed using SPSS Version 17.0.

left hepatactomy, right hepatactomy; right anterior lobe,
right posterior lobe, left liver, central portion resection,
S5+7, S5+6; Couinaud lobectomy; local hepatectomy;
enucleation).

RESULTS

Blood loss
Intraoperative data are shown in Table 2. Median blood
loss during surgery was 315 mL in Group A, 328 mL in
Group B and 583 mL in Group C (P < 0.001). The percentage of patients whose hemorrhage volume was more
than 1000 mL was 2.67% in Group A, 9.43% in Group B
and 23.81% in Group C (P < 0.001). The blood transfusion rate was 16.00% for Group A, 13.21% for Group
B and 46.43% for Group C (P < 0.001). The median
amount of transfusion with packed red cells was 37 mL
in Group A, 56 mL in Group B and 69 mL in Group C
(P < 0.001). There was no significant difference between

Patient characteristics
A total of 380 consecutive patients underwent liver resection. Preoperative data for patients in each group are
presented in Table 1. The following was not significantly
different between each group (P > 0.05 for all): age,
gender, the cause of operation, liver function, indocyanine clearance (ICG-R15), liver disease, tumor condition (tumors located 2 cm or less from the liver surface
were defined as superficial; those more than 2 cm from
the surface were defined as deep), and extent of liver
resection (resection range: right trilobectomy, extended
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Table 3 The differences in indexes between the groups n (%)
BIP (A), CUSA + BIP (B),
CLAMP (C)
Blood loss, > 1000 mL
Intraoperative transfusion
Blood loss (mL), median
Transfusion of RBC (mL), median
Operative time (min), median
Complications
Yes
Abdominal infection
Bile leak
Ascites

Table 4 Postoperative complications n (%)

(A vs B)

(B vs C)

(A vs C)

BIP

CUSA + BIP

P value

P value

P value

(n = 75)

(n = 53)

(n = 252)

0.973
0.662
0.670
0.731
0.409
0.773
1.000
0.635
0.760

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.016
0.153
0.260
0.149

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
0.015
0.130
0.108
0.014

Yes
23 (30.67)
Abdominal infection
2 (2.67)
Bile leak > 2 wk
1 (1.33)
Acute liver failure
1 (1.33)
Return to operating room
0
Respiratory failure
0
Bleeding > 500 mL within 1 (1.33)
24 h
Hyperbilirubinemia
3 (4.00)
Sepsis
0
Ileus
0
Pulmonary embolism
1 (1.33)
Hepatorenal syndrome
0
30-d postoperative death
1 (1.33)
Deep venous thrombosis
0
Pleural effusion
4 (5.33)
Wound infection
16 (21.33)
Wound dehiscence
0
Pneumonia
2 (2.67)
Hepatic insufficiency
7 (9.33)
Ascites
1 (1.33)
Atelectasis
1 (1.33)

15 (28.30)
1 (1.89)
1 (1.89)
0
1 (1.89)
1 (1.89)
1 (1.89)

117 (46.43)
22 (8.73)
18 (7.14)
2 (0.79)
3 (1.19)
2 (0.79)
7 (2.78)

0.007
0.035
0.039
0.710
0.577
0.448
0.725

5 (9.43)
0
0
0
0
0
0
3 (5.66)
12 (22.64)
0
2 (3.77)
2 (3.77)
2 (3.77)
1 (1.89)

8 (3.17)
2 (0.79)
3 (1.19)
1 (0.40)
1 (0.40)
2 (0.79)
1 (0.40)
24 (9.52)
50 (19.84)
2 (0.79)
16 (6.35)
20 (7.94)
29 (11.51)
3 (1.19)

0.181
1.000
1.000
0.561
1.000
0.710
1.000
0.370
0.884
1.000
0.359
0.432
0.002
0.928

Complication

BIP: Bipolar coagulation; CUSA: Cavitron ultrasonic surgical aspirator;
CLAMP: Conventional clamp crushing; RBC: Red blood cell.

Group A and B (P > 0.05, Table 3).
Postoperative complications
Postoperative complications of each group were compared and are presented in Table 4. The incidence of
total complications in Group C was higher than that in
Groups A and B (46.43% vs 30.67% vs 28.30%, P = 0.007).
There were significant differences in single complication rates including abdominal infection (group A 2.67%
vs Group B 1.89% vs Group C 8.73%, P = 0.035), bile
leakage (Group A 1.33% vs Group B 1.89% vs Group C
7.14%, P = 0.039) and seroperitoneum (Group A 1.33%
vs Group B 3.77% vs Group C 11.51%, P = 0.002). The
results demonstrated that significant differences existed
between Groups A and C for seroperitoneum (1.33% vs
11.51%, P = 0.014). Deaths within 30 d of surgery were
not statistically significant among the groups. In Group A,
one patient died from pulmonary embolism. No patient
died in Group B. In Group C, one patient died from severe hemorrhage and multiple organ dysfunction (1.33%
vs 0% vs 0.79%, P = 0.710). The incidence of other complications was not significantly different among the three
groups (P > 0.05 for all).
Postoperative recovery conditions are shown in Table
5. No differences were noted in ALB, TB, ALT or AST
levels on postoperative day 3 and preoperation (all P >
0.05). Elevated ALB levels were found in Group B when
compared to Groups A and C (preoperative: 40.9 ± 5.3
vs 37.5 ± 6.1 vs 39.4 ± 5.8, P = 0.003; day 1: 29.4 ± 4.3
g/L vs 26.9 ± 5.6 g/L vs 26.2 ± 4.9 g/L, P < 0.001; day
3: 29.9 ± 4.8 g/L vs 27.2 ± 4.3 g/L vs 27.5 ± 4.3 g/L,
P < 0.001). ALT levels were lower in Group C than in
Groups A and B on postoperative day 1 (200 μmol/L vs
314 μmol/L vs 279 μmol/L, P < 0.001). There was no
significant difference among the groups for other liver
function recovery tests.

BIP: Bipolar coagulation; CUSA: Cavitron ultrasonic surgical aspirator;
CLAMP: Conventional clamp crushing.

nificant difference for hospital stays after surgery (Group
A 16.6 ± 7.4 d vs Group B 15.3 ± 9.2 d, vs Group C 16.5
± 9.6 d; P = 0.666).

DISCUSSION
Controlling bleeding and choosing the appropriate technique to transect the liver are the key points in hepatectomy[7-9]. For CLAMP, the whole surgical procedure is
simple and fast during parenchyma transaction. However,
the operation is relatively rough and can easily lead to
severe liver damage. For CUSA + BIP, the surgeon can
gradually grind and suction out parenchyma with clear
anatomical structure under direct vision. Obviously,
blood loss and postoperative complications were decreased using this method. Although Takayama et al[10] reported hepatectomy with CLAMP, which was associated
with a significantly higher grade and appearance of the
landmark hepatic vein on the cut surface than CUSA +
BIP. Of note, the results of that study were based on the
surgeon’s familiarity with CLAMP. Not every surgeon has
such skilled operation levels. Therefore, some research
centers could not fully agree with them[11,12]. Moreover,
other methods to transect the liver parenchyma, such as
water jet scalpel, habib procedures, monopolar floating
ball and ligasure are not commonly used worldwide[13-16].
To our best knowledge, this is the first report about comparative analysis of the application of saline-coupled BIP
alone in hepatectomy for the excellent hemostasis and
satisfactory surgical results.
The majority of bleeding for liver resection comes
from the process of transecting the liver parenchyma.

Operation time and hospitalization
These results demonstrated that the operation time in
Group C was shorter than that in the other two groups
(median time: 315 min in Group A, 335 min in Group B,
265 min in Group C, P < 0.001). There was no difference
between Groups A and B (P = 0.409). There was no sig-
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Table 5 Laboratory values and hospital stay n (%)
Recovery evaluation
TB (μmol/L)

PreDay 1
Day 3
ΔTB2
ALT (μmol/L)
PreDay 1
Day 3
ΔALT2
AST (μmol/L)
PreDay 1
Day 3
ΔAST2
ALB (g/L)3
Premean ± SD
Day 1
Day 3
ΔALB2
Hospital stay (d) mean ± SD

1

BIP

CUSA+BIP

CLAMP

(n = 75)

(n = 53)

(n = 251)

15.2 (4.3-360.7)
26.5 (4.3-292.1)
22.1 (3.9-215.4)
6.4 (-189.9-160.3)
32 (11-337)
314 (21-1616)
136 (17-1717)
85 (-174-1691)
35 (14-261)
323 (43-1591)
88 (15-1404)
38 (-133-1372)
37.5 ± 6.1
26.9 ± 5.6
27.2 ± 4.3
10.3 ± 6.0
16.6 ± 7.4

15.5 (4.9-313.9)
23.4 (4.3-292.3)
18.3 (6.6-422.0)
2.9 (-135.3-261.9)
48 (10-579)
279 (32-1760)
135 (27-2246)
84 (-449-2183)
40 (6-531)
294 (20-3182)
59 (20-2388)
24 (-510-2350)
40.9 ± 5.3
29.4 ± 4.3
29.9 ± 4.8
11.0 ± 6.2
15.3 ± 9.2

13.5 (3.5-358.9)
25.9 (5.5-321.4)
21.9 (5.6-294.6)
6 (-137.7-156.9)
36 (7-984)
200 (16-3449)
130 (10-1114)
84 (-808-1065)
33 (8-698)
247 (14-3750)
72 (12-940)
31 (-617-853)
39.4 ± 5.8
26.2 ± 4.9
27.5 ± 4.3
12.0 ± 5.9
16.5 ± 9.6

P value
0.425
0.771
0.325
0.585
0.187
< 0.001
0.272
0.388
0.693
0.109
0.143
0.168
0.003
< 0.001
< 0.001
0.078
0.666

One case in group C who died from massive bleeding and multiple organ failure was excluded; 2Δtotal bilirubin (TB, μmol/L) = TB (day 3 - pre-), Δalanine
transaminase (ALT, μmol/L) = ALT (day 3 - pre-), Δaspertate aminotransferase (AST, μmol/L) = AST (day 3 - pre-), Δalbumin (ALB, g/L) = ALB (pre- - day 3);
3
Variables are expressed as mean ± SD, PANOVA (F). Pre-: Pre-operation; BIP: Bipolar coagulation; CUSA: Cavitron ultrasonic surgical aspirator; CLAMP:
Conventional clamp crushing.
1

The present study demonstrated that liver resection was
relatively rough by CLAMP, especially for deep tissue.
Because of long and large hemostatic forceps and its
small operative field, the maneuver results in unnecessary vascular damage. For the rate of blood transfusion, BIP and CUSA + BIP were lower than CLAMP.
A meta-analysis performed by Liu et al[17] revealed that
perioperative blood transfusion was associated with
adverse clinical outcomes for HCC. Moreover, blood
loss of more than 2000 mL was also a poor prognostic
factor for HCC[18]. Our results support that BIP and
CUSA + BIP could improve quality of life and survival
of HCC patients. Further comparison between BIP and
CUSA + BIP showed that BIP could get the same effect
for blood loss, blood transfusion, operational security
and prognosis after simplified surgical procedures. Our
results demonstrate that the incidence of postoperative
complications, such as abdominal infection, bile leakage
and seroperitoneum, were higher in the CLAMP group
compared to the BIP and CUSA + BIP groups. The
reason for that phenomenon was less blood transfusion
and section integrity[19-21]. Delva et al[22] supported that
the recovery of liver function was related to the Pringle
maneuver length, cirrhosis, the quantity and quality of
the remnant liver parenchyma and blood transfusion.
Massive parenchyma was grasped and stitched with the
clamp. Stable fibrillar structure features were formed,
vessels and biliary ducts were closed ideally and less thermal damage was made by BIP. Postoperative complications were associated with operational technique, blood
loss, blood transfusion and individual differences for
surgery[23-26]. Therefore, BIP could be safer and decrease
the risk of complications for hepatectomy.
Our results showed that, for an experienced hepa-
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tobiliary surgeon, the intrahepatic bile duct could be
clearly freed by a single BIP without CUSA. Because the
resectional extent of the ultrasonic section device was approximately 4 mm, it was easy to expose the tumor using
CUSA when the surgeon could not ensure the distance
between the section and tumor. There was a potential
danger of spreading hepatitis when CUSA disrupted hepatic cells[27].
Compared to CLAMP, the cutting speed by BIP was
lower, and the operative time was prolonged approximately 20%-30%. It is actually not surprising that the
use of these instruments resulted in increased operative
time because there is more attention paid to dissecting
out blood vessels and coagulating or ligating them before
dividing them. However, the operative time of BIP could
be decreased if performed by highly skilled surgeons.
BIP could not only separate the liver parenchyma but
also reduce hemorrhage. Additionally, the operative time
in the BIP group was an independent prognostic factor
for postoperative complications.
In conclusion, simple saline-coupled BIP could reduce blood loss, blood transfusion and complications
compared to CLAMP. Therefore, saline-coupled BIP
would be a safe and reliable technique easily applied in
liver resection.
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are applying BIP in hepatectomy as a preferred method. However, compared to
CUSA and CLAMP, the efficacy of BIP alone is actually unclear.

10

Innovations and breakthroughs

11

The present study is the first report about comparative analysis of the application of saline-coupled BIP alone in hepatectomy for excellent hemostasis and
satisfactory surgical results.

Applications

The study results suggest that saline-coupled BIP could reduce blood loss,
blood transfusion and complications compared to CLAMP. Saline-coupled BIP
can accomplish hepatectomy excellently and would be a safe and reliable technique easily applied in liver resection.

12

CUSA is a powerful ultrasonic aspirator that allows the surgeon to accomplish
tissue resection with accurate control while fragmentation, suction, and irrigation occur simultaneously; BIP is a technique for surgical dissection and hemostasis that consists of two tips with current pass confined in a small amount of
tissue.

13

Terminology

14

Peer review

This is an interesting manuscript describing outcomes of three different methods of parenchymal transection in hepatic surgery. As with any retrospective
study, it has its inherent flaws but does show that liver transection can be safely
performed by various methods.

15
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Lipid levels in serum and cancerous tissues of colorectal
cancer patients
Xin Zhang, Xian-Wen Zhao, Dong-Bo Liu, Cun-Zhi Han, Li-Li Du, Jie-Xiang Jing, Yan Wang
RESULTS: Serum FCH level was significantly higher (1.9
± 0.4 mmol/L vs 1.3 ± 0.3 mmol/L, 1.9 ± 0.4 mmol/L
vs 1.2 ± 0.4 mmol/L, P < 0.05), whereas serum levels
of TCH, LDL-C, ApoA-I and ApoB were significantly
lower in patients with colorectal cancer than in patients
with benign colorectal disease and healthy controls.
The levels of FCH and TG in cancerous tissue were
significantly lower (14.5 ± 9.6 μmol/g vs 19.3 ± 13.9
μmol/g, P < 0.05; 16.3 ± 19.8 μmol/g vs 44.1 ± 38.1
μmol/g, P < 0.05), whereas HDL-C level was significantly higher (7.9 ± 4.5 μmol/g vs 5.7 ± 3.9 μmol/g, P
< 0.01) in cancerous tissue than in paracancerous tissue. The levels of TCH and TG in serum and the levels
of TCH and HDL-C in cancerous tissue in patients with
colorectal cancer were significantly correlated with TNM
stage. The levels of TCH and LDL-C in serum were
significantly lower, whereas HDL-C level in cancerous
tissue was significantly higher in patients with lymph
node metastasis than in patients without lymph node
metastasis. The levels of TCH, FCH, TG, HDL-C and
LDL-C in cancerous tissue were not significantly different from those in paracancerous tissue. The serum
levels of FCH and TG were significantly higher, whereas
serum HDL-C levels were significantly lower in patients
with rectum cancer than in patients with colon cancer.
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Abstract
AIM: To investigate the correlations between lipid
metabolism disorder and the occurrence and development of colorectal cancer by monitoring the alterations
in lipid levels in cancerous tissue and serum in patients
with colorectal cancer.

CONCLUSION: The disordered and abnormally altered
levels of lipids in cancerous tissue and serum of patients with colorectal cancer may be correlated with the
occurrence and development of colorectal cancer.

METHODS: The levels of total and free cholesterol
(TCH and FCH), triglycerides (TG), low density lipoprotein-cholesterol (LDL-C), high density lipoprotein- cholesterol (HDL-C), apolipoprotein A1 (ApoA-1) and ApoB
in serum of 206 patients with colorectal cancer, 70
patients with benign colorectal disease and 300 healthy
participants, and in the cancerous tissue and paracancerous tissue of 152 patients with colorectal cancer
were measured with an Olympus 600 auto-biochemical
analyzer. The obtained data were statistically analyzed.
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of lipids in cancerous tissue and serum of patients with
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ing physical examination. Of these participants, 170 were
male and 130 were female with a median age of 52 years,
ranging from 35 to 70 years. A history of colorectal cancer in these participants was eliminated.
The protocols for this study were approved by The
Ethic Committee of the Provincial Cancer Hospital of
Shanxi Province. Informed consent was obtained from
each of the recruited patients and the healthy participants.

Zhang X, Zhao XW, Liu DB, Han CZ, Du LL, Jing JX, Wang
Y. Lipid levels in serum and cancerous tissues of colorectal cancer patients. World J Gastroenterol 2014; 20(26): 8646-8652
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8646.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8646

INTRODUCTION

Collection of serum samples, cancerous tissue and
paracancerous tissue
Approximately 3 mL of venous blood was drawn from
each of the patients with colorectal cancer and from the
patients with benign colorectal disease who had not received any pre-operative therapies as well as the healthy
participants who had fasted in the morning. The blood
samples were centrifuged at 3000 rpm for 10 min. The
separated serum samples were saved for subsequent
measurement of blood lipid levels. Approximately 0.5 g
of cancerous tissue and normal tissue at a distance of
about 4 cm from the cancerous tissue (paracancerous
tissue) were collected from 152 patients with colorectal
cancer. These tissue samples were first rinsed with physiological saline solution and then frozen at -80  ℃ for the
subsequent biochemical and histological examinations
described below.

In recent years, a large number of studies have demonstrated that abnormal levels of lipids are closely correlated
with the initiation and progression of breast cancer[1,2].
In particular, there have been a number of reports in the
literature regarding the relationship between abnormal
lipid levels and colorectal cancer[3-6]. Dessi et al[7,8] observed
changes in cholesterol levels in both an in vitro experimental study on cancer cells and an experimental study
on the proliferation of normal cells. However, there have
been inconsistencies as to whether this relationship is due
to the altered lipid metabolism taking place after tumor
formation or due to altered lipid metabolism favorable
for tumor formation. In order to clarify the association
between abnormal lipid metabolism and colorectal cancer, this study was designed to elucidate the associations
between abnormal alterations in in vivo lipid metabolism
and the occurrence and development of colorectal cancer by examining alterations in the levels of a number of
relevant lipids in cancerous tissue, paracancerous tissue
and serum in patients with colorectal cancer and compare
them with those from patients with benign colorectal disease and healthy participants.

Experimental methods
Treatment of patient biopsies: The frozen cancerous tissue and paracancerous tissue were removed from
the freezer and thawed naturally. Approximately 0.2 g
of the thawed samples was taken from each sample and
ground in a grinder with a small amount of arenaceous
quartz into a homogeneous paste and 2 mL of ethanolpetroleum ether (1:1) mixture was added. This homogenate mixture was transferred to a 10-mL centrifuge tube,
mixed thoroughly, extracted by shaking in an oscillator
for 2 min and then centrifuged at 3000 rpm for 10 min.
Approximately 0.5 mL of the supernatant was taken
from each sample to measure the lipid levels in these tissues.

MATERIALS AND METHODS
Clinical data
Patient group: A total of 260 patients with colorectal
cancer including 166 patients with rectum carcinoma
and 94 patients with colon cancer were recruited for this
study. These patients were inpatients with colorectal cancer who were admitted to the Department of Anus and
Intestine Surgery, Provincial Cancer Hospital of Shanxi
Province from March 2008 to May 2010. Of these patients, 152 were male and 108 were female with a median
age of 54 years, ranging from 35 to 75 years. Seventy
patients with benign colorectal disease were also enrolled,
including 20 with colonic polyps, 14 with adenoma of the
colon, 21 with chronic colitis and 15 with ulcerative colitis. Of these patients, 45 were male and 25 were female
with a median age of 53 years, ranging from 36 to 70
years. Disease in all the recruited patients was pathologically confirmed by both biopsy and colonoscopy, and by
post-operative histopathologic examination.

Measurement of lipid levels: Total cholesterol (TCH),
free cholesterol (FCH) and triglyceride (TG) were measured using enzymatic methods. High density lipoproteincholesterol (HDL-C) and low density lipoprotein-cholesterol (LDL-C) were measured using the three generation
of homogeneous method. Apolipoprotein A1 (ApoA-1)
and apolipoprotein B (ApoB) were measured using immunoturbidimetry.
Instruments and reagents: An Olympus 600 autobiochemical analyzer was obtained from the Olympus
Corporation (Tokyo, Japan). All the reagents used in
this study were provided by DiaSys Diagnostic Systems
(Shanghai) Co., Ltd (Shanghai, China).

Control group: A total of 300 healthy participants were
recruited as controls, including 80 who accompanied the
inpatients and 220 who were considered healthy follow-
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Table 1 Comparison of serum lipid levels in patients with
colorectal cancer, patients with benign colorectal disease and
healthy participants (mmol/L)
Items

Patients with
colorectal
cancer
(n = 260)

P value
Healthy
Patients with
benign colorectal participants
(n = 300)
disease
(n = 70)

TCH

4.8 ± 0.91,2

5.9 ± 0.7

5.7 ± 0.9

FCH

1.9 ± 0.41,2

1.3 ± 0.3

1.2 ± 0.4

TG
HDL-C
LDL-C

1.5 ± 0.9
1.4 ± 0.4
3.1 ± 0.81,2

1.4 ± 0.5
1.4 ± 0.2
3.9 ± 0.8

1.5 ± 0.7
1.4 ± 0.3
4.3 ± 0.8

ApoA-I (g/L)

1.4 ± 0.21,2

2.1 ± 0.4

2.2 ± 1.5

1,2

1.8 ± 0.2

1.7 ± 0.3

ApoB (g/L)

0.9 ± 0.3

Table 2 Lipid levels in cancerous tissue and paracancerous
tissue in patients with colorectal cancer (μmol/g)

< 0.05
< 0.01
< 0.01
< 0.01
> 0.05
>0.05
< 0.01
< 0.01
< 0.01
< 0.001
< 0.01
< 0.01

Cancerous tissue
(n = 152)

Paracancerous tissue
(n = 152)

TCH
FCH
TG
HDL-C
LDL-C

17.8 ± 10.7
14.5 ± 9.6
16.3 ± 19.8
7.9 ± 4.5
4.4 ± 3.1

23.6 ± 18.9
19.3 ± 13.9
44.1 ± 38.1
5.7 ± 3.9
4.9 ± 3.3

P value
< 0.05
< 0.01
< 0.001
< 0.01
> 0.05

FCH: Free cholesterol; HDL-C: High density lipoprotein-cholesterol:
LDL-C: Low density lipoprotein-cholesterol; TCH: Total cholesterol; TG:
Triglyceride.

spectively). However, there was no statistically significant
difference in LDL-C between the two types of tissues (P
> 0.05). These data are presented in Table 2.
Correlations between lipid levels in serum and
cancerous tissue in patients with colorectal cancer and
TNM stages
The analysis of variance regarding lipid levels in serum
and cancerous tissue of patients with colorectal cancer
and TNM stages revealed that there were significant correlations between the levels of TCH, TG and HDL-C in
cancerous tissue and serum of patients with colorectal
cancer and clinical TNM stages of colorectal cancer. With
pathogenic progression, the levels of TCH and TG in
cancerous tissue and in serum of patients at TNM stages
Ⅲ and Ⅳ were significantly reduced, whereas HDL-C
level in cancerous tissue was significantly increased as
compared to those in patients at TNM stages Ⅰ and Ⅱ
(P < 0.05 and P < 0.01), respectively. These data are presented in Table 3.

1

Comparison between patients with colorectal cancer and patients
with benign colorectal disease, P < 0.05 and P < 0.01, respectively;
2
Comparison between patients with colorectal cancer and healthy
participants, P < 0.01 and P < 0.01, respectively. ApoA-1: Apolipoprotein
A1; ApoB: Apolipoprotein B; FCH: Free cholesterol; HDL-C: High density
lipoprotein-cholesterol: LDL-C: Low density lipoprotein-cholesterol; TCH:
Total cholesterol; TG: Triglyceride.

Statistical analysis
SPSS13.0 software was used to perform t-test, variance
and correlation analyses. The difference(s) between
groups with P < 0.05 were regarded as statistically significant.

RESULTS
Comparison of the serum levels of lipids in patients
with colorectal cancer, patients with benign colorectal
disease and healthy participants
The serum levels of TCH, LDL-C, ApoA-I and Apo-B
in patients with colorectal cancer were significantly lower
than those in patients with benign colorectal disease and
healthy participants (P < 0.05), whereas the serum level
of FCH was significantly lower in patients with colorectal cancer than in patients with benign colorectal disease
and healthy participants (P < 0.01). However, there were
no statistically significant differences in the serum levels
of TG and HDL-C among the three groups (P < 0.05).
There were no statistically significant differences in the
serum levels of all lipids examined (TCH, FCH, TG,
HDL-C, LDL-C, ApoA-I and Apo-B) between the patients with benign colorectal disease and the healthy participants (P < 0.05). These data are presented in Table 1.

Comparison of the lipid levels in cancerous tissue
and serum of patients with and without lymph node
metastasis
The levels of TCH and HDL-C in the cancerous tissue
of patients with lymph node metastasis were significantly
higher than those of patients without lymph node metastasis (P < 0.05), whereas TG levels in the cancerous tissue
of patients with lymph node metastasis were significantly
lower than those of patients without lymph node metastasis (P < 0.01). These data are presented in Table 4.
Comparison of the levels of various lipids in cancerous
tissue, paracancerous tissue and serum samples of
patients with rectal cancer and those of patients with
colon cancer
There were no significant differences in the levels of
FCH, TG, TCH, HDL-C and LDL-C in the cancerous
tissue and paracancerous tissue between patients with
rectal cancer and patients with colon cancer (P > 0.05).
However, the levels of FCH and TG in the serum of
patients with rectal cancer were 1.5 ± 0.47 mmol/L and
1.4 ± 0.59 mmol/L, respectively, which were significantly
higher than those in the serum of patients with colon

Comparison of the levels of lipids in cancerous tissue
and paracancerous tissue of patients with colorectal
cancer
The levels of TCH, FCH and TG in cancerous tissue
were lower, whereas HDL-C level was significantly higher
in cancerous tissues than those in paracancerous tissue of
patients with colorectal cancer (P < 0.05 and P < 0.01, re-
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Table 3 Correlations between serum lipid levels and cancerous tissue of patients with colorectal cancer with the tumor node
metastasis stages
Groups

Case (n )

TCH

FCH

TG

HDL-C

LDL-C

15
66
53
18

18.3 ± 4.2
17.9 ± 3.6
16.3 ± 4.0
13.5 ± 5.3a

14.4 ± 8.3
15.2 ± 9.7
15.9 ± 13.4
13.1 ± 9.2

17.2 ± 10.9
16.5 ± 12.2
14.9 ± 13.3
13.4 ± 9.4a

5.1 ± 4.3
5.7 ± 3.6
7.2 ± 5.2
9.3 ± 3.2a

3.9 ± 2.3
4.2 ± 2.9
4.5 ± 3.4
4.2 ± 2.7

25
113
91
31

5.9 ± 0.8
4.8 ± 0.9
4.1 ± 1.0
3.9 ± 0.9d

1.5 ± 0.2
1.4 ± 0.3
1.4 ± 0.4
1.3 ± 0.4

2.8 ± 1.1
1.9 ± 0.7
1.5 ± 0.9
1.3 ± 0.5d

1.5 ± 0.4
1.4 ± 0.3
1.4 ± 0.3
1.1 ± 0.6

3.5 ± 1.3
3.1 ± 0.9
3.0 ± 0.9
3.0 ± 0.8

Tissue (μmol/g)
Ⅰ
Ⅱ
Ⅲ
Ⅳ

Serum (mmol/L)
Ⅰ
Ⅱ
Ⅲ
Ⅳ
a

P < 0.05 vs the levels of total cholesterol (TCH) and high density lipoprotein-cholesterol (HDL-C) in cancerous tissues with tumor node metastasis (TNM)
stages; dP < 0.01 vs the levels of TCH and triglyceride (TG) in serum with TNM stages. LDL-C: Low density lipoprotein-cholesterol.

Table 4 Lipid levels in serum and cancerous tissues of patients with and without lymph node metastasis
Group
Tissue (μmol/g)
With lymph node metastasis
Without lymph node metastasis
P
Serum (mmol/L)
With lymph node metastasis
Without lymph node metastasis
P

Case (n )

TCH

FCH

TG

HDL-C

LDL-C

74
78

18.4 ± 3.4
17.5 ± 4.1
< 0.051

16.0 ± 13.4
15.1 ± 11.6
> 0.05

14.9 ± 10.3
17.7 ± 12.2
< 0.011

8.9 ± 3.8
7.0 ± 4.9
< 0.051

4.5 ± 3.4
4.2 ± 2.9
> 0.05

127
133

3.2 ± 0.9
4.9 ± 1.0
< 0.012

1.5 ± 0.4
1.4 ± 0.3
< 0.052

1.5 ± 1.1
1.5 ± 0.7
> 0.05

1.0 ± 0.4
1.5 ± 0.4
< 0.012

3.2 ± 0.8
3.0 ± 0.7
> 0.05

1

Indicates the comparison between lipid levels in cancerous tissue of patients with and without lymph node metastasis; 2Indicates the comparison between
lipid levels in serum of patients with and without lymph node metastasis. FCH: Free cholesterol; HDL-C: High density lipoprotein-cholesterol; LDL-C: Low
density lipoprotein-cholesterol; TCH: Total cholesterol; TG: Triglyceride.

cancer, which were 1.4 ± 0.38 and 1.3 ± 0.36 mmol/L,
respectively (P < 0.01). The serum HDL-C level in patients with rectum cancer was 1.21 ± 0.37 mmol/L,
which was significantly lower than 1.43 ± 0.75 mmol/L
in patients with colon cancer (P < 0.01).

total of 1189719 Korean adults and standardized their
medical examinations once every two years. They found
that a total of 53944 males and 24475 females were diagnosed with primary cancers. Among them, the occurrence of rectum cancer and prostate cancer in males and
breast cancer in females was positively correlated with
TCH levels with a HR value of 1.12, 95%CI of 1.00-1.25
and P value of 0.05 for male rectum cancer; HR value of
1.12, 95%CI: 1.07-1.44 and P value < 0.01 for prostate
cancer, and a HR value of 1.17, 95%CI: 1.03-1.33 and
P = 0.03 for female breast cancer, respectively. Yamada
et al[9] also found that after adjustment for such factors
as age, sex, body mass index, cigarette smoking and alcohol intake, the TCH level in serum was positively correlated with the occurrence of colorectal cancer in situ.
A study by Chung et al[6] indicated a negative correlation
of serum TCH level with the risk of colorectal cancer
occurrence with an OR value of 0.3 and 95%CI: 0.1-0.8.
The reason for this correlation may be due to nutritional alterations and abnormal metabolism in patients
with colorectal cancer. Tomiki et al[10] conducted a casecontrol study and their results indicated that TCH levels
in patients with colorectal cancer, gastric cancer, and
esophageal cancer were significantly lower than those
in healthy control participants. The study by Bird et al[11]
indicated that after adjustment for relevant influencing
factors such as obesity, physical activity, refined carbohy-

DISCUSSION
Cholesterol is present in every tissue/organ and is the
most abundant steroid compound in the human body. As
an important component of cell membranes, cholesterol
plays important physiological roles. When cholesterol is
deficient in humans, cellular rigidity is increased and the
cells are easily fractured. TCH is the sum of a variety of
lipid molecules and lipoproteins that contain cholesterol,
including FCH, HDL-C and LDL-C. Cholesterol is present in the human body in many forms. For instance,
when present as HDL-C it is transported from the extrahepatic tissues via HLD to the liver where it is further
metabolized and finally secreted out of the body. When it
is present as LDL-C, it is transported via LDL-C to various tissues/organs. Apolipoproteins Apo-A1 and Apo-B
are correlated with the metabolism and function of HDL
and LDL. Both HDL and LDL are involved in cholesterol transport, and thus have certain relationships with
the occurrence and progression of cancers.
Kitahara et al[5] conducted a 14-year follow-up in a
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drates and alcohol intake, the serum TCH level was not
inversely related to the risk of colorectal polyps. Kostić et
al[12] performed a study on the correlations between the
levels of total lipids and TCH and benign and malignant
tumors of the colon and rectum. Their statistical analysis
of the obtained data revealed that hypocholesterolemia
was associated with the incidence of adenocarcinoma.
Gaard et al[13] conducted a 7-13 year prospective study
in 62173 participants and found 186 cases with rectum
cancer and 106 cases with colon cancer. Their statistical analyses revealed no association between the levels
of blood lipids and lipoproteins and the risk of rectum
cancer and colon cancer. While there was a statistically
significant difference in this risk among females, this
was regarded as incidental. The results obtained in the
present study indicated that the serum FCH level in patients with colorectal cancer was significantly increased,
whereas TCH levels were significantly decreased as compared to those in patients with benign colorectal disease
and healthy participants. Additionally, in this study, we
also found that the FCH level in the cancerous tissue of
patients with colon cancer was significantly lower than
that in their paracancerous tissue. These results are completely inconsistent with those described above. This
disparity requires further investigation.
TG is one of the most abundant lipids in the human
body. Most tissues utilize the energy derived from the
products of TG hydrolysis. Under normal conditions, the
storage, transport and exchange of lipids in the human
body are maintained in a state of dynamic balance. When
cancer occurs, the physiological balance of lipid levels is
destroyed, leading to lipid metabolism disorders. Yamada
et al[9] found that TG level was positively correlated with
the occurrence of colorectal carcinoma in situ. The results
of a population study conducted by Sun et al[14] indicated
that higher serum TG level was generally related to a
higher risk of tubulovillous/villous adenoma in the rectosigmoid colon. A study by Chung et al[6] indicated that
serum TG level was negatively and strongly correlated
with the risk of colorectal cancer with an OR value of
0.2 and 95%CI: 0.1-0.6, whereas the study by Bird et al[11]
indicated that after adjustment for factors such as obesity,
physical activity, refined carbohydrates and alcohol intake,
high serum TG level was correlated with the risk of adenomas in the left colon and rectum. A case-control study
conducted by Tomiki et al[10] indicated no significant difference in TG between cancer-bearing cases and controls.
The results of the present study revealed no statistically
significant difference in serum TG level between patients
with colorectal cancer, patients with benign colorectal
disease and the healthy control group. These results are
consistent with those reported by Tomiki et al[10]. The
results of the present study also indicated that TG levels
in cancerous tissue of patients with rectum cancer and
patients with colon cancer were significantly lower than
those in their corresponding paracancerous tissue. However, the mechanisms underlying these differences are not
clear at present and require further investigation.
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Apolipoproteins ApoA-I and ApoB are the major
components of serum lipoproteins and are correspondingly related to the metabolism and function of HDL
and LDL. They are also related, to an extent, to the occurrence and development of tumors. Kostić et al[12] investigated the relations between the levels of total lipids,
TCH, LDL, HDL, phospholipids, gastrin and insulin and
both benign and malignant tumors of the colon and rectum. After conducting statistical analyses of the obtained
results, they found that only hyperlipidemic LDL-C was
related to the risk of colorectal cancer. A case-control
study by Tomiki et al[10] indicated that the levels of TC
and LDL-C in the serum of patients with colorectal cancer were significantly lower than those in the controls,
whereas no significant differences in serum levels of
HDL-C and TG were seen between patients with gastrointestinal cancer and controls. van Duijnhoven et al[15] reported that the concentrations of HDL-C and ApoA-1
were negatively correlated with the risk of colorectal
cancer with a RR value of 0.78 and 95%CI: 0.68-0.89 for
HDL-C, and a RR value of 0.82 and 95%CI: 0.72-0.94
for ApoA-1, respectively. Their results indicate that high
concentrations of serum HDL-C are related to the reduced risk of rectum cancer. However, the mechanisms
underlying these correlations require further investigation. The results of the present study show that serum
Apo-A1 concentration in patients with colorectal cancer
was significantly lower than those in patients with benign
colorectal disease and in healthy controls. These results
are consistent with those reported by van Duijnhoven et
al[15]. There were no statistically significant differences in
serum HDL-C levels between these groups.
In this study, we also found that lipid alterations
in patients with colorectal cancer were closely related
to several clinical characteristics. With the progression
of TNM stage, the serum levels of TCH and TG and
the levels of TCH in cancerous tissues were decreased,
whereas HDL-C levels were increased. The serum TCH
and HDL-C levels in patients with lymph node metastasis
were decreased, whereas HDL-C level was decreased and
HDL-C in cancerous tissue was increased. There were no
significant differences in the levels of lipids in both serum
and cancerous tissue between the histological types. Notarnicola et al[16] suggested that the levels of TCH, LDL-C
and the ratio of LDL-C/HDL-C were significant higher
in patients with distant metastasis and in patients without
distant metastasis, and the increased levels of these lipids
may promote distant metastasis in patients with colorectal
cancer. These results showed that lipid alterations in patients with colorectal cancer may be related to the degree
of malignancy of tumors, i.e., the higher the degree of
malignancy and the later the TNM stage, there is a higher
demand for cholesterol which is taken up by cancer cells.
A case-control study conducted by Tomiki et al[10] indicated that in patients with earlier TNM stage, the TCH level
was significantly lower. However, the low level of TCH
was not correlated with clinical stage.
There are a large number of reports in the literature
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indicating that abnormally altered lipid levels are related
to colorectal adenoma. For instance, Shinomiya et al[17]
conducted a comparative investigation on serum lipid
levels and ApoE genotype in 205 Japanese patients with
colorectal adenoma and 220 cases that were confirmed
to be normal by colonoscopy, to examine the relation
between both serum lipids and ApoE genotype and
colorectal adenomas. They reported that after adjustment
for body mass index, cigarette smoking, alcohol intake and
other related factors, the odds ratios of proximal and distal
adenomas were associated with the presence of allele E4.
Serum levels of TC and LDL-C were not related to both
proximal and distal adenomas. However, serum TG was
positively related to distal adenomas. These data suggest
that altered lipid metabolism may be differentially associated with tumorigenesis of the proximal and distal colorectum. The study by Zhongyin et al[18] indicated that the risk
of colorectal adenomas for populations carrying ApoE
E3/E4 genotype was lower than that for populations
carrying other genotypes, and altered lipid metabolism
may reduce the risk of colorectal cancer. Tabuchi et al[19]
conducted a multiple logistic regression analysis of the
correlation between the incidence of colorectal adenoma
or carcinoma and fasting serum levels of TC and TG in
Japanese patients and revealed that TG was an independent correlation factor in male (P < 0.01), but not in female patients. The TG level in patients with invasive carcinoma was not significantly higher than that in patients
with adenoma, suggesting that hypertriglyceridemia may
be an independent risk factor for colonic adenoma in
men. In conducting an analysis of plasma lipid metabolism in patients with colorectal adenoma, Li et al[20] found
that dyslipidemia may affect the incidence of colorectal
adenoma, particularly at hypertriglyceridemia and low
HDL-C levels, which may be related to the occurrence
of colorectal adenoma. Yang et al[21] performed a large
scale cross-sectional study on 19281 Korean participants
and identified 5958 participants with colorectal adenomas
including 5504 with non-advanced adenomas and 454
with advanced adenomas. They found that higher serum
TG level was significantly associated with an increased
prevalence of both non-advanced and advanced colorectal adenomas, while higher levels of ApoA-1 and HDL-C
were significantly associated with an increased prevalence
of non-advanced adenomas. The results of the present
study showed no statistically significant differences in
serum lipid levels and tissue lipid levels between patients
with benign colorectal disease and healthy controls.
Under normal conditions, the storage, transport and
exchange of lipids within the human body are maintained
in a normal state of dynamic balance. The data obtained
from the present study indicated that when colorectal
cancer occurred, the serum levels of TCH, LDL-C, ApoAI, and ApoB were reduced, whereas FCH level was
increased. The levels of TCH, FCH and TG in cancerous
tissue were reduced and HDL-C level was increased, indicating that when colorectal cancer developed, the physiological balance of lipids is destroyed, leading to lipid
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metabolism disorder. The mechanisms underlying lipid
metabolism disorder are not completely understood. In
vitro studies have confirmed that in cancer cells, in order
to meet the increasing demand for cell proliferation, cholesterol anabolism in these cells is significantly enhanced,
which is characterized by increased absorption, increased
synthesis and increased activity of a key rate-limiting
enzyme of cholesterol synthesis, 3-hydroxy-3-methylglutaryl-CoA reductase[5]. This may be the major reason
for the decreased serum cholesterol level in patients with
colorectal cancer. The decreased FCH level in cancerous
tissue is presumed to be related to the reason why the
synthesis and transport of cholesterol cannot meet the
demand for the rapid proliferation of cancer cells. Dessi
et al[22] reported that the cholesterol level in cancerous
tissue was increased due to the deposition of cholesterol
in this tissue. However, this appears to contradict the
growth characteristics of cancer cells and requires further
investigation. HDL-C level was decreased in serum, but
was increased in cancerous tissue and the LDL-C level
was decreased in serum, indicating that both HDL and
LDL are involved in cholesterol transport during proliferation of cancerous tissue. It is likely that the rate of
cholesterol transport via HDL from extra-hepatic tissues
is reduced, whereas the rate of cholesterol via LDL to
other tissues is accelerated. Apolipoproteins ApoA-I and
ApoB serve as structural proteins for HDL and LDL,
respectively. Their alteration may be related to the parallel alterations in lipoproteins. Whether the decreased TG
level in cancerous tissue shares a similar mechanism remains to be investigated.
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Background

Abnormal lipid metabolism has been found to be associated with several types
of cancer including colorectal cancer. However, whether this association is
due to the altered lipid metabolism taking place after tumor formation or due to
altered lipid metabolism favorable for tumor formation is not clear and requires
clarification.

Research frontiers

One of the hotspots in current cancer research is the determination of the correlations between metabolic disorders, including lipid metabolism disorders,
and the occurrence and development of colorectal cancer.

Innovations and breakthroughs

This study attempted to elucidate the associations between abnormal alterations in in vivo lipid metabolism and the occurrence and development of
colorectal cancer.

Applications

The results of this study indicate that when colorectal cancer develops in humans, the physiological balance of lipids is destroyed, leading to lipid metabolism disorders. Thus, the application of pharmacological approaches targeting
abnormal lipid metabolism in cancer cells to maintain the physiological balance of lipids may be a potentially promising treatment option in patients with
colorectal cancer.
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Plasma free amino acid profiling of esophageal cancer using
high-performance liquid chromatography spectroscopy
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clinical stage > Ib2 (n = 36). Partial least squares discriminant analysis was performed to demonstrate that
the PFAA metabolic patterns enabled discrimination
between ESCC patients and controls, and the Student
t test was applied to assess significant differences in
PFAA concentrations between the two groups.
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RESULTS: There were significant differences in the
PFAA profiles between controls and ESCC patients.
Compared with healthy controls, the levels of Asp, Glu,
Gly, His, Thr, Tau, Ala, Met, Ile, Leu, and Phe were
decreased in ESCC patients, but Cys was increased.
There exists a strong correlation between PFAA profiles
and clinicopathological characteristics in ESCC patients.
The levels of many PFAAs (i.e. , Glu, Asp, Ser, Gly, Tau,
Ala, Tyr, Val, Ile, and Leu) were related to pathological grading, lymph node metastasis, and ESCC clinical
stage. Very good discrimination between ESCC patients
and control subjects was achieved by multivariate modeling of plasma profiles.
CONCLUSION: HPLC-based plasma profiling analysis
was shown to be an effective approach to differentiate
between ESCC patients and controls. PFAA profiles may
have potential value for screening or diagnosing ESCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Metabolomics; High-performance liquid
chromatography; Esophageal squamous cell cancer;
Plasma; Amino acids

Abstract
AIM: To perform plasma free amino acid (PFAA) profiling of esophageal squamous cell carcinoma (ESCC)
patients at different pathological stages and healthy
subjects.

Core tip: Recently, metabolomics-based techniques
have been developed to identify cancer-related metabolic signatures for early cancer detection. However,
studies on esophageal squamous cell carcinoma (ESCC)
remain limited. This study used high-performance liquid chromatography to quantitatively study plasma
free amino acid (PFAA) changes in ESCC patient, and
analyze the correlation between PFAA profiles and
clinicopathological characteristics of ESCC. The results

METHODS: Plasma samples from ESCC patients (n =
51) and healthy control adults (n = 60) were analyzed
by high-performance liquid chromatography (HPLC).
The ESCC patients included moderate/poorly-differentiation (n = 24), lymph node metastasis (n = 17) and
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amino acids (such as tyrosine, glycine, leucine, phenylalanine) had a close link with the specific cancers, indicating
that PFAA profiles correlate with the organ-site origin
among the five different cancers. Regarding ESCC, few
studies have focused on the quantitation of PFAA profiles.
Recently, metabolomics has developed rapidly as a
branch of systems biology. Metabolomics studies the
global assessment and validation of endogenous smallmolecule biochemicals (metabolites) within a biological
system, including cells, tissues, or organisms[9,10]. These
metabolites may directly or indirectly interact with molecular targets and thereby influence the risk and complications associated with various diseases, including
cancer[11]. Metabolomics-based methods have been widely
used in disease diagnosis, biomarker screening, gene
modifications, drug efficacy and toxicity[12-14]. The main
analytical techniques for metabolomic studies are based
on nuclear magnetic resonance (NMR), gas chromatography/liquid chromatography-mass spectrometry and highperformance liquid chromatography (HPLC). HPLC as
an outstanding metabolomic tool together with multivariate statistics is widely used in metabolite identification
and quantification. Compared with other analytical techniques, HPLC has already shown excellent discrimination
and high sensitivity, with minimal effort and at a reasonable cost[15].
Previously, we described the application of 1HNMRbased metabolomics in differentiating the metabolic profiles of plasma in ESCC patients and healthy controls. We
discovered that a series of metabolites in glucose metabolism, fatty acid metabolism and the tricarboxylic acid cycle
showed an altered expression level in ESCC patient’s plasma[16]. In this study, we used HPLC to quantitatively detect PFAA profiles of ESCC patients and healthy people,
and systematically analyzed the discriminating metabolites
in the different pathological stages of ESCC. Our study
may be helpful for improving non-invasive ESCC screening or diagnosis and for providing novel insights about
EC metabolism.

showed that most of the amino acids were differentially
expressed in ESCC patients and control subjects, and
were related to the ESCC clinicopathological characteristics. The study suggests that PFAA profiling is of
potential value for screening or diagnosing ESCC.
Ma H, Hasim A, Mamtimin B, Kong B, Zhang HP, Sheyhidin
I. Plasma free amino acid profiling of esophageal cancer using
high-performance liquid chromatography spectroscopy. World J
Gastroenterol 2014; 20(26): 8653-8659 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8653.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8653

INTRODUCTION
Esophageal cancer (EC) is the 8th most common cancer
worldwide, and ranked 6th as the leading cause of cancerrelated deaths [1]. Approximately 386000 individuals
worldwide die from EC every year, with 160000 cases in
China[2]. Esophageal squamous cell carcinoma (ESCC) is
the most common histologic EC type in China. Xinjiang
is one of the high-risk areas in China, with an adjusted
mortality rate of Kazakh EC as high as 155.9/100000 in
Toli county of northern Xinjiang[3], which is higher than
different ethnicities of the same area and the average rate
in other nations. EC has become the leading cause of
cancer deaths in the Kazakh ethnic group. Because of the
lack of specific signs or symptoms at an early stage, the
majority of patients present at an advanced stage. Despite
recent advances in multimodal treatment, overall 5-year
survival rates for advanced EC are only 5%-15% due to
lymph node metastasis and local recurrence[4,5]. Currently,
conventional endoscopic detection combining biopsy is
the main method for EC diagnosis; however, it is associated with significant limitations because dysplastic and
early carcinomatous lesions are not macroscopically visible. Therefore, a screening method that facilitates early
detection of EC is of crucial clinical importance.
Amino acids are biologically important organic compounds, which play central roles both as building blocks
of proteins and as intermediates in metabolism. The
free amino acids are distributed throughout the body
to participate in metabolism, and are termed the amino
acid pool. Malignancy is characterized by the fast speed
of cell multiplication and enhanced metabolism, showing that malignant cells require a large number of amino
acids from the amino acid pool to synthesize protein and
nucleic acid[6]. Consequently, changes in the plasma free
amino acid (PFAA) profile might reflect the cancer-induced protein metabolism in tumors, skeletal muscle, and
liver in cancer patients. However, previous studies reported that the PFAA profile is not the same in different cancers[7]. Miyagi et al[8] investigated the differences in PFAA
profiles from five types of cancer patients, including lung
cancer, gastric cancer, colorectal cancer, breast cancer,
and prostate cancer. The results showed that some of the
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MATERIALS AND METHODS
Patients and samples
This study was approved by the Ethics Committee of the
Medical University of Xinjiang. Written informed consent was obtained from all participants before study participation. Plasma samples were collected preoperatively
from Kazakh patients from Xinjiang with ESCC (n = 51)
at the Department of Thoracic Surgery of the First Affiliated Hospital in Medical University of Xinjiang, between
June 2010 and March 2012. Patients were between 37 and
80 years old (mean age: 57 years), and had not received
chemoradiation therapy. Tumors were pathologically confirmed and classified according to World Health Organization classification standards. The patients included 27
cases of well-differentiated and 24 cases of moderately/
poorly-differentiated ESCC. Of these patients, 17 cases
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Figure 1 Chromatogram of 19 amino acids. Retention times of 6.1, 7.7, 10.1, 12.4, 12.8, 13.8, 14.1, 17.0, 17.3, 17.8, 18.2, 23.9, 24.1, 25.0, 25.8, 27.9, 28.3, 28.5
and 29.4 min correspond to aspartate (Asp), glutamate (Glu), asparagine (Asn), serine (Ser), glycine (Gly), histidine (His), arginine (Arg), threonine (Thr), taurine (Tau),
alanine (Ala), proline (Pro), cysteine (Cys), tyrosine (Tyr), valine (Val), methionine (Met), lysine (Lys), isoleucine (Ile), leucine (Leu), and phenylalanine (Phe), respectively.

were positive for lymph node metastasis, 15 cases had
stage ≤ Ib2 disease and 36 cases had stage > Ib2 disease.
Controls (n = 60) were healthy age- and sex-matched
male and female volunteers. Exclusion criteria included
prior or concurrent neoplasm, or cardiovascular, hepatic,
renal, or inflammatory disease. Blood samples were collected from patients and controls between 7-8 am, were
centrifuged at 4000 rpm for 10 min, and plasma samples
were isolated and stored at -80 ℃ until use.

(Lys), isoleucine (Ile), leucine (Leu), and phenylalanine
(Phe). The absolute concentration of each amino acid
was expressed in μmol/L.
Statistical analysis
The metabolic data were analyzed statistically using SPSS
v.17.0 software (SPSS Inc., Chicago, IL, United States),
and the mean amino acid concentrations standard deviations (SDs) were calculated to determine PFAA profiles
for both ESCC patients and controls. The Student t-test
was used to assess significant differences in the PFAA
concentrations between cancer patients and controls.
P-values < 0.05 were considered statistically significant.
After the chromatographic peak area was normalized,
partial least squares-discriminant analysis (PLS-DA) was
performed to construct plasma amino acid metabolic
profiles of ESCC patients and controls.

HPLC measurement of PFAAs
Plasma samples were thawed in a 4 ℃ water bath, and
vortexed with 400 μL of methyl cyanide for 30 s to precipitate proteins. This solution was again centrifuged at
12000 rpm for 15 min, and the separated supernatant
was transferred to 1.5 mL microtubes and vortexed for
30 s. Ten microliter aliquots of supernatant were sampled
by amino acid-calibrated HPLC (Alliance® e2695 HPLC
unit; Waters Corp., Milford, MA, United States). Ten
microliters of plasma supernatant were mixed in 60 μL
of boric acid solution (pH 8.8) and vortexed for 30 s, followed by warming in a 55 ℃ water bath for 15 min. Five
microliters of each sample were injected into the HPLC
system for analysis. Each standard was individually run
on the gradient noted in the LC parameters program
(reaction temperature 35 ℃, gradient elution analysis).
The extracted phenols were detected by an octadecylsilyl column with a gradient elution and programmable
fluorescence wavelength detector, column size 250 mm
× 4.6 mm, flow rate 1.0 mL per detection, excitation
wavelength 235 nm, emission wavelength 395 nm, injection volume 5 μL). Two consecutive runs with the same
retention times were taken, and the means were plotted
for calibration graphs. From the chromatograms thus
obtained, the areas of the peaks were recorded with the
standards and used for calibration.
The following 19 amino acids were analyzed: aspartate (Asp), glutamate (Glu), asparagine (Asn), serine (Ser),
glycine (Gly), histidine (His), arginine (Arg), threonine
(Thr), taurine (Tau), alanine (Ala), proline (Pro), cysteine
(Cys), tyrosine (Tyr), valine (Val), methionine (Met), lysine
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RESULTS
Chromatographic separation
The representative chromatograms of human plasma
amino acids are shown in Figure 1. The method demonstrated good chromatographic separation of all the
amino acids within a short analysis time. Retention times
for Asp, Glu, Asn, Ser, Gly, His, Tau, Arg, Thr, Ala, Pro,
Cys, Tyr, Val, Met, Ile, Leu, Lys, and Phe were approximately 6.1, 7.7, 10.1, 12.4, 12.8,13.8, 14.1, 17.0, 17.3, 17.8,
18.2, 23.9, 24.1, 25.0, 25.8, 27.9, 28.3, 28.5 and 29.4 min,
respectively. There was no interference from other amino
acids or other endogenous plasma compounds.
Analysis of human plasma samples
Univariate analysis was used to compare the PFAA profiles of controls vs ESCC patients. The levels of each
amino acid are shown in Table 1. There were significant
differences in the PFAA profiles between the controls
and the ESCC patients. Compared with healthy controls,
the plasma concentrations of all PFAAs were decreased
in ESCC patients, except for Cys. The plasma concentrations of Asp, Glu, Gly, His, Thr, Tau, Ala, Met, Ile, Leu,
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proving EC prognoses is directly dependent upon early
diagnosis and treatment. Tumor biological markers such
as carcinoembryonic antigen and epithelial membrane
antigen are not useful for early EC diagnosis, because of
low sensitivity and specificity. HPLC is one of the most
powerful chromatographic techniques, and can often easily achieve separations and analyses that would be difficult or impossible using other forms of chromatography.
In the present study, we performed PFAA profiling
using HPLC spectroscopy, and identified useful metabolic markers for ESCC screening or diagnosis. The results
showed that most of the amino acids were differentially
expressed in ESCC patients and control subjects, and
were related to the ESCC clinicopathological characteristics. The PLS-DA model identified patients with ESCC
and healthy controls, suggesting that PFAA profiling is
useful for screening or diagnosis of ESCC.
In previous studies, the changes in PFAA profiles in
cancer patients were sometimes inconsistent[17]. Some
discrepancies exist between our current study and other
prior reports. For example, Shingyoji et al[18] reported that
HPLC-determined plasma Gly levels are increased in
lung cancer patients. However, plasma Gly was decreased
in ESCC patients in our study. This difference may be
due not only to sample size but also to cancers from
different organs having different PFAA profiles. There
are also many similarities between our results and previous studies. Our study showed a significant reduction in
gluconeogenic amino acids (such as Ala, His, and Gly) in
ESCC patients, which is similar to that seen in esophageal
adenocarcinoma plasma metabolomics as well as in other
cancers[14,19]. This reveals a typical signature in cancer
patients, and it has previously been proven that tumors
rely on glycolysis as a main source of energy, even in the
presence of oxygen[20].
Recent research has shown that several non-essential
amino acids (i.e., Glu, Ser, and Gly) play critical roles in
cancer metabolism[21]. In the present study, the levels of
Gly, Ala, Glu, and Asp were significantly decreased in
ESCC patients vs healthy controls. Gly is the best discriminating amino acid because it is an important intermediate in folate metabolism, which is especially altered
in colon cancer[22]. Due to its recently demonstrated bowel-protective effects and its easy administration, Gly is a
highly interesting candidate for therapeutic approaches[23].
It has been reported that Gly consumption and expression of the mitochondrial Gly biosynthetic pathway proteins are strongly correlated with rapid cancer cell proliferation[24]. In our study, plasma Gly concentrations were
decreased in ESCC patients, and were associated with
poorly-differentiation, non-lymph node metastasis, and
late stage disease (> Ib2). These results further confirm
that disturbances in Gly metabolism can promote tumor
growth and proliferation.
Ala was described as a precursor of gluconeogenesis
because it is the key protein-derived glucose precursor
used by the liver[25]. Tessem et al[26] used 1H high-resolution magic angle spinning spectroscopy approach to investigate the potential role of Ala as metabolic biomarker

Table 1 Concentration of plasma free amino acids in controls
and esophageal squamous cell carcinoma patients
Amino acid (μmol/L)
Aspartate
Glutamate
Asparagine
Serine
Glycine
Histidine
Arginine
Threonine
Taurine
Alanine
Proline
Cystine
Tyrosine
Valine
Methionine
Lysine
Isoleucine
Leucine
Phenylalanine

Control

ESCC

P value

0.04 ± 0.03
0.37 ± 0.30
0.06 ± 0.04
0.27 ± 0.51
0.14 ± 0.09
0.28 ± 0.17
0.09 ± 0.05
0.21 ± 0.21
0.26 ± 0.18
0.98 ± 1.06
0.08 ± 0.06
0.01 ± 0.02
0.07 ± 0.06
0.24 ± 0.16
0.12 ± 0.19
0.09 ± 0.05
0.29 ± 0.33
0.21 ± 0.16
0.12 ± 0.07

0.06 ± 0.07
0.07 ± 0.06
0.05 ± 0.04
0.12 ± 0.12
0.07 ± 0.03
0.16 ± 0.11
0.09 ± 0.15
0.08 ± 0.08
0.13 ± 0.12
0.19 ± 0.18
0.06 ± 0.07
0.03 ± 0.04
0.06 ± 0.03
0.23 ± 0.29
0.02 ± 0.01
0.08 ± 0.07
0.12 ± 0.08
0.12 ± 0.08
0.07 ± 0.03

< 0.001
< 0.001
0.36
0.51
< 0.001
< 0.001
0.77
< 0.001
< 0.001
< 0.001
0.19
0.01
0.50
0.80
< 0.001
0.45
< 0.001
< 0.001
< 0.001

and Phe were significantly decreased (P < 0.05) in ESCC
patients compared with controls.
Association of PFAA profiles with ESCC
clinicopathological characteristics
We further evaluated the association of PFAA profiles
with tumor invasiveness, metastasis, and differentiation.
All ESCC cases were classified by different pathologic
criteria, including lymph node metastasis, differentiation
grade, and clinical stage. Statistical analysis showed that
the concentrations of most amino acids were significantly
associated with lymph node metastasis, differentiation
grade, and clinical stage (P < 0.05 in all cases). When
comparing positive lymph node metastases vs negative
node metastases, except for Arg, Thr, and Cys, the concentrations of the remaining tested amino acids were
decreased (Table 2). The PFAA levels were significantly
lower in patients with late-stage disease (> Ib2) vs earlystage disease (≤ Ib2), except for Asp, Arg, Pro, Cys, and
Lys (Table 2). The PFAAs were also lower in all cancer
patients with middle/poorly differentiated cancers vs well
differentiated cancers, except for His, Pro, Met, and Phe
(Table 2).
Pattern recognition
SIMCA-P 11 (Umetrics Inc., Umea, Sweden) software is
used for PLS-DA of the data from HPLC. The scores
plot shows each set of two groups scattering into different regions, representing a good separation of the cancer
from non-cancer cases with corresponding plasma amino
acid pattern, and suggested that the ESCC have a specific
profile distinguishable from healthy controls (Figure 2).

DISCUSSION
EC is one of the most frequent malignancies in China,
and is a serious threat to human health. Effectively im-
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Table 2 Association of plasma free amino acid profiles with clinicopathological characteristics
Pathological differentiation

Lymph node metastasis

Clinical stage

Amino acid

Mid/poor

Well

P value

Positive

Negative

P value

≤ Ib2

> Ib2

P value

Aspartate
Glutamate
Asparagine
Serine
Glycine
Histidine
Arginine
Threonine
Taurine
Alanine
Proline
Cystine
Tyrosine
Valine
Methionine
Lysine
Isoleucine
Leucine
Phenylalanine

0.06 ± 0.07
0.03 ± 0.02
0.07 ± 0.04
0.11 ± 0.08
0.06 ± 0.04
0.06 ± 0.03
0.05 ± 0.05
0.10 ± 0.10
0.12 ± 0.12
0.04 ± 0.03
0.02 ± 0.04
0.04 ± 0.02
0.12 ± 0.06
0.02 ± 0.01
0.07 ± 0.10
0.07 ± 0.03
0.06 ± 0.04
0.05 ± 0.02
0.00 ± 0.00

0.09 ± 0.04
0.07 ± 0.05
0.18 ± 0.16
0.22 ± 0.11
0.09 ± 0.02
0.12 ± 0.22
0.12 ± 0.09
0.17 ± 0.13
0.28 ± 0.20
0.09 ± 0.09
0.03 ± 0.05
0.09 ± 0.03
0.36 ± 0.38
0.03 ± 0.01
0.09 ± 0.03
0.19 ± 0.06
0.18 ± 0.07
0.09 ± 0.02
0.01 ± 0.01

0.04
< 0.001
< 0.001
< 0.001
< 0.001
0.22
< 0.001
0.02
< 0.001
0.02
0.552
< 0.001
< 0.001
< 0.001
0.36
< 0.001
< 0.001
< 0.001
0.12

0.00 ± 0.00
0.03 ± 0.02
0.03 ± 0.02
0.05 ± 0.03
0.10 ± 0.08
0.04 ± 0.03
0.06 ± 0.04
0.05 ± 0.06
0.06 ± 0.06
0.07 ± 0.07
0.04 ± 0.02
0.02 ± 0.05
0.04 ± 0.02
0.09 ± 0.06
0.02 ± 0.01
0.05 ± 0.04
0.05 ± 0.03
0.05 ± 0.04
0.04 ± 0.02

0.01 ± 0.01
0.09 ± 0.06
0.06 ± 0.04
0.16 ± 0.14
0.19 ± 0.10
0.08 ± 0.03
0.10 ± 0.19
0.10 ± 0.09
0.17 ± 0.13
0.26 ± 0.18
0.07 ± 0.08
0.03 ± 0.05
0.08 ± 0.03
0.30 ± 0.33
0.03 ± 0.01
0.09 ± 0.08
0.16 ± 0.07
0.15 ± 0.08
0.08 ± 0.03

0.01
< 0.001
0.01
< 0.001
< 0.001
< 0.001
0.35
0.06
< 0.001
< 0.001
0.02
0.74
< 0.001
0.01
< 0.001
0.03
< 0.001
< 0.001
< 0.001

0.01 ± 0.01
0.11 ± 0.04
0.09 ± 0.06
0.23 ± 0.19
0.22 ± 0.12
0.09 ± 0.03
0.14 ± 0.28
0.06 ± 0.07
0.20 ± 0.13
0.30 ± 0.22
0.09 ± 0.10
0.03 ± 0.04
0.10 ± 0.03
0.45 ± 0.47
0.04 ± 0.01
0.09 ± 0.03
0.21 ± 0.07
0.20 ± 0.08
0.10 ± 0.02

0.00 ± 0.00
0.06 ± 0.06
0.04 ± 0.02
0.08 ± 0.04
0.14 ± 0.09
0.06 ± 0.03
0.07 ± 0.04
0.06 ± 0.07
0.11 ± 0.10
0.15 ± 0.14
0.05 ± 0.05
0.02 ± 0.05
0.05 ± 0.02
0.14 ± 0.07
0.02 ± 0.01
0.07 ± 0.08
0.09 ± 0.05
0.08 ± 0.05
0.05 ± 0.02

0.14
< 0.001
< 0.001
0.01
0.01
< 0.001
0.34
< 0.001
0.01
0.02
0.18
0.59
< 0.001
0.02
< 0.001
0.33
< 0.001
< 0.001
< 0.001

4

t [2]

2

0

-2

-4
-5

-4

-3

-2

-1

0
t [1]

1

2

3

4

5

6

7

Figure 2 Profiling of high-performance liquid chromatography spectra from patients with ESCC and healthy donors by partial least squares-discriminant
analysis. Partial least squares-discriminant analysis (PLS-DA) model with plasma of ESCC subjects (filled square) and healthy subjects (filled triangle). Model parameters r2x = 0.53, r2y = 0.58, and Q2 = 0.53.

in prostate biopsy tissues, and found that Ala levels were
significantly higher in prostate cancer vs benign prostate
tissues. In our ESCC patients, especially those with latestage disease, Ala levels were decreased significantly compared with healthy controls. This observation may reflect
that malignant tumors are associated with increased glycolytic flux. This is consistent with the need for increased
protein synthesis in tumors, which leads to increased Ala
consumption by the tumor tissues, causing low plasma
Ala levels in ESCC. Additionally, the transamination to
Ala from pyruvate is catalyzed by the enzyme alanine
transaminase (ALT); therefore, further studies are needed
to establish the activity of ALT and find the underlying
biochemical pathways for Ala use in ESCC. Previous
work suggests that Glu oxidation may be a major source
of respiratory energy for tumor cells[27]. Our present results showed that Glu levels was decreased in plasma of
ESCC patients, which is in agreement with other studies

WJG|www.wjgnet.com

that showed Glu transamination primarily to pyruvate to
form Ala[28]. This increased Ala concentration may enhance gluconeogenesis by proliferating cancer cells.
The branched-chain amino acids, Leu, Ile, and Val, are
essential amino acids that serve both as important energy
substrates and as precursors for the synthesis of other
amino acids and proteins[29]. In the present study, the
Leu and Ile levels in the plasma of patients with ESCC
were significantly lower than those in normal controls.
The cause may be that a large number of amino acids
were consumed as a substrate for synthesis of proteins
and nucleic acids and other substances. As the source
of one carbon unit, histidine supplies the formanimo to
tetrahydrofolate, which participates in the synthesis of
purines and pyrimidines. Because tumor cells have an
active nucleic acid metabolism, histidine is excessively
absorbed into tumor tissue, and consumption is markedly
increased, leading to lower levels in the body.
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diagnosing cancer.

Furthermore, we noticed that the levels of a large
group of PFAAs (Glu, Asp, Ser, Gly, Tau, Ala, Tyr, Val,
Ile, and Leu) were decreased in poorly-differentiated,
lymph node metastasizing, late stage (> Ib2) ESCC vs
well-differentiated, non-lymph node metastasizing, and
early stage (≤ Ib2) disease. The results showed that
PFAA profiles were strongly correlated with ESCC tumor progression, and may probably reflect an increased
demand for amino acids to supply the growing tumor.
Thus, PFAA profiles may be valuable molecular markers
for tumor progression, recurrence, and prognosis.
In conclusion, PFAA profiles in ESCC patients are
significantly different from those in healthy persons,
using HPLC spectroscopy. Additionally, there exists a
strong correlation between PFAA profiles and clinicopathological characteristics in ESCC patients. We believe
that the non-invasive HPLC-based metabolic method has
a potential role in improving early diagnosis and screening of high-ESCC risk populations, and in helping judge
disease prognosis. In prospective studies, we will further
verify our results using a larger sample size, and aim to
identify the underlying mechanisms involved in the coupling of amino acid metabolism to altered reprogramming of gene expression in ESCC.

Peer review

The authors performed PFAA profile of ESCC and its association with clinicopathological characteristics. It revealed that most of the amino acids were
differentially expressed in ESCC patients and controls, and were related to the
ESCC clinicopathological characteristics. The results derived from this study
are well-presented and has potential clinical value for the screening and diagnosis of esophageal cancer.
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fused into the liver via the hepatic artery. The efficacy
of BM-MNCs transplantation was monitored during a
24-mo follow-up period.

Abstract

CONCLUSION: BM-MNCs transplantation is safe and
effective in patients with decompensated cirrhosis. It
also decreases the incidence of serious complications.

RESULTS: Liver function parameters in the two groups
were observed at 1 mo after BM-MNCs transfusion.
Prealbumin level was 118.3 ± 25.3 mg/L vs 101.4 ±
28.7 mg/L (P = 0.047); albumin level was 33.5 ± 3.6
g/L vs 30.3 ± 2.2 g/L (P = 0.002); total bilirubin 36.9
± 9.7 mmol/L vs 45.6 ± 19.9 mmol/L (P = 0.048);
prothrombin time 14.4 ± 2.3 s vs 15.9 ± 2.8 s (P =
0.046); prothrombin activity 84.3% ± 14.3% vs 74.4%
± 17.8% (P = 0.046); fibrinogen 2.28 ± 0.53 g/L vs
1.89 ± 0.44 g/L (P = 0.017); and platelet count 74.5 ±
9
9
15.7 × 10 /L vs 63.3 ± 15.7 × 10 /L (P = 0.027) in the
treatment group and control group, respectively. Differences were statistically significant. The efficacy of
BM-MNCs transplantation lasted 3-12 mo as compared
with the control group. Serious complications such as
hepatic encephalopathy and spontaneous bacterial
peritonitis were also significantly reduced in BM-MNCs
transfused patients compared with the controls. However, these improvements disappeared 24 mo after
transplantation.

AIM: To determine the long-term efficacy of autologous
bone marrow mononuclear cells (BM-MNCs) transplantation in terms of improving liver function and reducing
complications in patients with decompensated cirrhosis.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Autologous; Bone marrow mononuclear
cells; Transplantation; Liver cirrhosis; Hepatitis B virus

METHODS: A total of 47 inpatients with decompensated liver cirrhosis were enrolled in this trial, including
32 patients undergoing a single BM-MNCs transplantation plus routine medical treatment, and 15 patients
receiving medical treatment only as controls. Fortythree of 47 patients were infected with hepatitis B
virus. Bone marrow of 80-100 mL was obtained from
each patient and the BM-MNCs suspension was trans-
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Core tip: We aimed to study the efficacy of autologous
bone marrow mononuclear cells (BM-MNCs) transplantation in terms of improving liver function and reducing complications in patients with decompensated cirrhosis. Liver function parameters were improved one
month after BM-MNCs transfusion in cirrhosis patients,
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also have the potential to reduce the incidence of HCC
and mortality[9]. The above results clearly indicate the
advantages and disadvantages of this therapy; however,
due to the geographic variation in the disease and the
variations in treatment, it is not clear how long the effects may last following a single infusion plus a routine
medical treatment regimen. In addition, it is unknown if
BM-MNCs transplantation may reduce serious complications in cirrhotic patients and improve quality of life.
We aimed to determine the short- and long-term
efficacy and safety of BM-MNCs transplantation in
patients with decompensated cirrhosis receiving a normal treatment regimen with a focus on the incidence of
complications during the study. The results showed that
transplantation of autologous BM-MNCs is safe and
effective in patients with decompensated cirrhosis. The
beneficial effect seemed to last for at least 12 mo. This
approach improves liver function, blood coagulation,
and short-term quality of life, and reduces the incidence
of serious complications. Therefore, repeated transplantation of autologous BM-MNCs may represent a routine
therapeutic approach to improve the general condition
of patients with decompensated cirrhosis.

firstly in prealbumin level, followed by albumin level,
total bilirubin, prothrombin time, prothrombin activity,
fibrinogen and platelet count. The efficacy of BM-MNCs
transplantation lasted 3-12 mo as compared with the
control group. However, these improvements disappeared 24 mo after transplantation.
Bai YQ, Yang YX, Yang YG, Ding SZ, Jin FL, Cao MB,
Zhang YR, Zhang BY. Outcomes of autologous bone marrow
mononuclear cell transplantation in decompensated liver
cirrhosis. World J Gastroenterol 2014; 20(26): 8660-8666
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8660.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8660

INTRODUCTION
Hepatitis B virus (HBV) infection is a major health care
challenge in Asian countries including China. In some
patients, HBV infection can lead to stepwise complications at a later stage of the disease, including liver cirrhosis, liver failure and hepatocellular carcinoma[1]. Decompensated liver cirrhosis is a critical condition due to its
high morbidity and mortality[2]. Patients presenting with
one or more of the symptoms such as jaundice, ascites,
portal hypertension, gastrointestinal bleeding, and encephalopathy are considered to have decompensation[3].
Despite improvements in the management of liver cirrhosis, the overall outcome of the disease remains poor.
Orthotopic liver transplantation is by far the best
treatment option for patients with decompensated cirrhosis; however, limitations such as a shortage of organ
donors, surgical complications, post-transplantation
rejection, and high cost of the procedure have made
this treatment not easily available[4]. Therefore, the development of regeneration therapy for liver cirrhosis is
urgently required.
Recent studies have indicated that stem cell therapy
may be a potential alternative to liver transplantation.
Autologous bone marrow mononuclear cells (BMMNCs) transplantation has been reported to be safe
and effective in several studies[5-10]. In the short-term,
it improves liver function and Child-Pugh scores after
4-24 wk of therapy in both HBV infected and alcoholinduced cirrhosis. In liver biopsies of transplanted patients, increased alpha-fetoprotein and proliferating cell
nuclear antigen expression are detected, suggesting that
these patients have undergone partial liver regeneration
processes[5-10]. A prospective cohort study by Peng et al[9]
in HBV infected patients indicated that the short-term
efficacy of BM-MNCs transfusion was favorable, but
long-term outcomes were not markedly improved. At
192 wk of follow-up, there were no marked differences
in the incidence of hepatocellular carcinoma (HCC) or
mortality between the transfusion and control groups[9].
This method appears preferable in patients with both
HBV infected and alcohol-induced liver cirrhosis. It may
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MATERIALS AND METHODS
Patients
In this trial, 47 patients with decompensated liver cirrhosis were recruited. The patients were admitted to the
Department of Gastroenterology at Henan Provincial
People’s Hospital from March 2009 to March 2011.
Written informed consent was obtained from 32 patients
after explaining the benefits and risks of the study and
its complications. Fifteen patients declined the infusion
and received only routine medical treatment. These patients served as controls. In the treatment group, 32 patients were treated with BM-MNCs plus a conventional
internal medicine regimen including drugs for anti-HBV
virus, liver cell protection, transaminase and jaundice
reducing drugs. In the control group, patients only received the above conventional medical treatment without
BM-MNCs infusion.
The treatment group included 30 patients with HBV
infection and cirrhosis and two patients with alcoholic
liver cirrhosis; in the control group, there were 13 patients with HBV infection and cirrhosis and two patients
with alcoholic liver cirrhosis. The baseline clinical parameters of these patients are presented in Table 1.
The diagnosis of decompensated cirrhosis was made
based on their Child-Pugh classification of grade B and
C. Inclusion criteria included ultrasonographic evidence
of liver cirrhosis with ascites, portal hypertension, low
serum albumin (ALB), high total bilirubin (TBIL), prolonged prothrombin time (PT), normal alpha fetoprotein
level, and no hepatocellular carcinoma on hepatic artery
angiographic imaging. The exclusion criteria were as
follows: combined heart and lung function abnormality, blood system diseases, acquired immunodeficiency
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50 mL sterile centrifugal tubes, cells in the middle layer
were collected, and an equal amount of physiological
saline was added and mixed. The mixed cell suspension
was gently added to the upper part of the Ficoll-Paque
solution, followed by centrifugation at 2000 rpm for
20 min. Interphase-containing cells were obtained and
washed three times with 10 mL of normal saline; cells
were adjusted with physiological saline to a density of
1.0-11.2 × 1010/L. Cell viability was determined by trypan blue staining.

Table 1 Comparison of clinical and laboratory parameters
between the two groups before transplantation
Parameter
Patient (n)
Age (yr)
Gender
Male
Female
HBsAg
Positive
Negative
Liver function
Alanine aminotransferase
(IU/L)
Aspartate aminotransferase
(IU/L)
Serum albumin (g/L)
Prealbumin (mg/L)
Total bilirubin (mmol/L)
Coagulation function
Prothrombin time (s)
Prothrombin activity
Fibrinogen (g/L)
Routine blood indices
White blood cell counts (×
109/L)
Hemoglobin (g/L)
Platelet counts (× 109/L)

Control

BM-MNCs

P value

15
47.4 ± 11.1

32
46.4 ± 11.6

ND
0.8542

9
6

20
12

0.8691

13
2

30
2

0.5833

51.7 ± 14.5

53.2 ± 13.5

0.7342

63.7 ± 14.4

67.9 ± 16.7

0.4042

28.1 ± 2.8
85.1 ± 23.5
53.5 ± 17.9

27.9 ± 2.5
83.5 ± 22.4
52.2 ± 13.4

0.7962
0.8192
0.7722

16.3 ± 3.0
71.8% ± 19.4%
1.83 ± 0.53

16.9 ± 2.3
67.8% ± 15.0%
1.81 ± 0.52

0.4372
0.4372
0.8642

2.83 ± 1.07

2.73 ± 0.84

0.7212

107.8 ± 11.4
69.0 ± 16.6

105.9 ± 12.6
67.2 ± 15.5

0.6242
0.7172

Autologous BM-MNCs transplantation
On the day of transfusion, a femoral artery puncture was
made and a catheter was inserted into the hepatic artery.
Intrahepatic blood vessels were observed following the
application of ioversol angiography. The prepared cell
suspension was administered into the hepatic artery at a
speed of 10 mL/h using a micro-pump.
Patient follow-up
Patients were followed for up to 24 mo after BM-MNCs
transfusion. During this period, data on the patient’s
general condition and complications such as gastrointestinal bleeding, hepatic encephalopathy, spontaneous bacterial peritonitis, hepatocellular carcinoma, and changes
in clinical symptoms and signs such as abdominal distension, physical strength, appetite, ascites, pleural effusion,
lower extremity edema in the two groups were collected
and recorded.
One week and 1, 3, 6, 12, and 24 mo after transplantation, the following blood biochemistry tests were
performed: liver function tests: alanine aminotransferase
(ALT), aspartate aminotransferase (AST), ALB, prealbumin (PA), TBIL; coagulation function tests: PT, prothrombin activity (PTA), fibrinogen (FIB); routine blood
indices: white blood cell counts (WBC), hemoglobin,
and platelet counts.

Data are expressed as the mean ± SD. 1Pearson χ 2 test; 2t test; 3Fisher’s exact test. BM-MNCs: Bone marrow mononuclear cells; HBsAg: Hepatitis B
surface antigen; ND: No data.

Table 2 Comparison of the occurrence of complications between the two groups
Patient
group
Control
BMMNCs
P value

n Esophageal

Hepatic
Spontaneous Hepatocellular
variceal encephalopathy bacterial
carcinoma
hemorrhage
peritonitis

15
32

2
1

3
0

3
0

1
1

0.2351

0.0281

0.0281

0.5411

Statistical analysis
All data were analyzed by SPSS 17.0 software (SPSS Inc.,
Chicago, IL, United States) and a value of P < 0.05 was
considered statistically significant. Data from clinical and
biochemical analyses are expressed as mean ± SD and
compared using the χ 2 and t tests. Fisher’s exact test was
used when appropriate.

1

Fisher’s exact test. BM-MNCs: Bone marrow mononuclear cells.

disease, malignant tumor, acute or chronic thrombosis
of the hepatic vein or portal vein, a history of severe
infection, refractory ascites, and moderate to severe hepatic encephalopathy or variceal bleeding during the last
two months before enrollment. This study was approved
by the Ethics Committee of Henan Provincial People’s
Hospital, Zhengzhou, China.

RESULTS
Patient characteristics and complications
When we compared patient age, gender, liver function,
blood coagulation function and routine blood indices,
there were no significant differences between the two
groups (P > 0.05, Table 1). The incidence of complications (Table 2) was monitored throughout the 24-mo
follow-up period, and no significant differences were
observed in the occurrence of esophageal variceal hemorrhage between the two groups. However, we noted a
significant reduction in the occurrence of hepatic en-

Preparation of BM-MNCs from patients
BM-MNCs were prepared following the procedure previously reported by Peng et al[9]. Briefly, marrow aspiration was performed in the bilateral posterior superior
iliac spine under local anesthesia. Then 80-100 mL of
human bone marrow was obtained with 1000 U/mL of
Liquaemin as anti-coagulant. The bone marrow mononuclear cells were separated and purified by Ficoll-Paque
density centrifugation[11]. The cells were placed into two
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Table 3 Levels of albumin, prealbumin and total bilirubin in the two groups at different time points after transplantation
Liver function
Serum albumin (g/L)1

Prealbumin (mg/L)1

Total bilirubin (mmol/L)1

Group

1 wk

1 mo

3 mo

6 mo

12 mo

24 mo

Control
BM-MNCs
P value
Control
BM-MNCs
P value
Control
BM-MNCs
P value

29.2 ± 2.5
28.4 ± 2.7
0.357
92.5 ± 25.9
91.1 ± 23.2
0.86
51.3 ± 15.6
50.9 ± 12.6
0.92

29.8 ± 2.8
30.2 ± 3.2
0.669
101.4 ± 28.7
118.3 ± 25.3
0.047
47.3 ± 16.5
44.2 ± 13.5
0.496

30.3 ± 2.2
33.5 ± 3.6
0.002
111.1 ± 27.7
139.8 ± 25.9
0.001
45.6 ± 19.9
36.9 ± 9.7
0.048

30.4 ± 3.3
33.9 ± 3.5
0.002
113.6 ± 26.5
138.1 ± 24.6
0.003
43.0 ± 20.8
32.2 ± 10.6
0.022

29.7 ± 4.3
34.5 ± 4.2
0.001
115.0 ± 23.9
139.9 ± 25.3
0.003
38.7 ± 16.6
29.3 ± 9.7
0.018

28.8 ± 3.4
30.7 ± 3.8
0.096
97.4 ± 17.7
107.9 ± 22.7
0.122
36.6 ± 14.2
32.7 ± 10.7
0.294

Data are expressed as the mean ± SD. 1t test. BM-MNCs: Bone marrow mononuclear cells.

Table 4 Levels of prothrombin time, prothrombin activity and fibrinogen in the two groups at different time points after transplantation
Function
Prothrombin time (s)1

Prothrombin activity1

Fibrinogen (g/L)1

Group

1 wk

1 mo

3 mo

6 mo

12 mo

24 mo

Control
BM-MNCs
P value
Control
BM-MNCs
P value
Control
BM-MNCs
P value

16.2 ± 2.8
16.8 ± 2.5
0.472
72.5% ± 17.8%
68.7% ± 16.0%
0.472
1.90 ± 0.58
1.86 ± 0.55
0.857

16.3 ± 2.8
15.5 ± 2.5
0.311
72.0% ± 17.7%
77.3% ± 15.7%
0.311
1.92 ± 0.57
2.12 ± 0.64
0.289

15.9 ± 2.8
14.4 ± 2.3
0.046
74.4% ± 17.8%
84.3% ± 14.3%
0.046
1.89 ± 0.44
2.28 ± 0.53
0.017

15.7 ± 2.9
13.9 ± 2.1
0.019
75.9% ± 18.2%
87.2% ± 13.3%
0.019
1.97 ± 0.40
2.51 ± 0.55
0.001

15.5 ± 2.9
14.0 ± 2.1
0.051
77.4%± 18.2%
86.9% ± 13.5%
0.051
1.99 ± 0.39
2.49 ± 0.51
0.002

15.7 ± 2.3
14.4 ± 2.1
0.06
75.6% ± 14.6%
84.0% ± 13.6%
0.06
1.93 ± 0.28
2.11 ± 0.52
0.233

Data are expressed as the mean ± SD. 1t test. BM-MNCs: Bone marrow mononuclear cells.

cephalopathy and spontaneous bacterial peritonitis in the
treatment group compared with the control group. One
patient in each group developed HCC during the 24-mo
follow-up period (P = 0.541).

No significant differences were observed in PT and PTA
levels at 12-24 mo after transplantation (Table 4). FIB
levels in the treatment group gradually increased one
month after transplantation, and particularly at 3-12 mo
(Table 4). These differences were no longer observed 24
mo after transplantation (Table 4).

Liver function tests
One month after transplantation, ALB and PA levels
in patients in the treatment group gradually increased.
ALB levels in patients in the treatment group were significantly improved compared with those in the control
group from 3 to 12 mo after transplantation (Table 3).
The improvement in PA levels in the treatment group
was significant at 1-12 mo after transplantation compared with the control group (Table 3). Autologous
BM-MNCs transplantation also significantly decreased
TBIL levels after 1 mo, and particularly at 3-12 mo after
transplantation (Table 3). However, these differences
were not observed at 24 mo after transplantation (Table
3). A comparison of liver function between baseline and
24 mo after transplantation indicated that there were no
marked differences in ALT and AST levels between the
two groups (data not shown).

Routine blood tests
The peripheral WBC level in the treatment group was
higher than that in the control group 6 mo after treatment; however, no significant differences in peripheral
WBC levels were found between the treatment group
and the control group at other time points (Table 5).
Hemoglobin levels were significantly higher in the treatment group than in the control group at 3-6 mo after
transplantation (Table 5). Platelet counts were significantly higher in the treatment group than in the control
group at 3-12 mo after transplantation (Table 5).

DISCUSSION
Decompensated liver cirrhosis is an end-stage liver disease due to various causes of liver fibrosis, and a lack of
safe and effective clinical treatments. Chronic infection
with HBV and HCV, and alcohol consumption are major
global causes of cirrhosis. Alcohol and HCV infection
are common causes of cirrhosis in European, North
American and other developed countries, whereas HBV
infection is the major cause in many Asian and African
countries, including China[12,13]. The majority of patients

Coagulation function test
Blood coagulation in patients in the treatment group
began to improve one month after transplantation. PT
levels in the treatment group gradually decreased and
PTA levels gradually increased (Table 4). Significant
differences in PT and PTA levels were observed in the
treatment group at 3-6 mo after transplantation (Table 4).
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Table 5 Levels of white blood cell counts, hemoglobin, and platelet counts in the two groups at different time points after transplantation
Routine blood indices
White blood cell counts (× 109/L)1

Hemoglobin (g/L)1

Platelet counts (× 109/L)1

Group

1 wk

1 mo

3 mo

6 mo

12 mo

24 mo

Control
BM-MNCs
P value
Control
BM-MNCs
P value
Control
BM-MNCs
P value

2.82 ± 0.98
2.69 ± 0.80
0.638
108.7 ± 12.5
106.3 ± 12.5
0.552
68.9 ± 13.2
69.3 ± 16.1
0.936

2.88 ± 0.95
2.96 ± 0.74
0.75
110.7 ± 13.3
112.4 ± 13.2
0.688
66.7 ± 13.8
70.1 ± 13.7
0.349

2.85 ± 0.94
3.23 ± 0.80
0.159
112.8 ± 15.9
121.8 ± 12.0
0.036
63.3 ± 15.7
74.5 ± 15.7
0.027

2.78 ± 0.96
3.44 ± 0.79
0.017
113.3 ± 15.2
124.1 ± 12.8
0.014
63.1 ± 13.9
75.8 ± 11.6
0.002

2.69 ± 1.00
3.22 ± 0.77
0.052
114.5 ± 18.1
120.4 ± 11.9
0.193
62.1 ± 16.4
74.8 ± 14.7
0.011

2.63 ± 0.92
2.94 ± 0.72
0.208
106.8 ± 14.3
110.8 ± 16.8
0.432
61.2 ± 15.6
67.7 ± 15.2
0.185

Data are expressed as the mean ± SD. 1t test. BM-MNCs: Bone marrow mononuclear cells.

in the present study had HBV infection and cirrhosis.
BM-MNCs is a general term for single nucleus cells
in the bone marrow, including mesenchymal stem cells
(MSCs), hematopoietic stem cells, endothelial progenitor
cells and stromal cells. BM-MNCs is a mixed cell population containing a variety of cellular components that can
generate various cell types found in other tissues[14-16].
MSCs have the ability of self-renewal and pluripotency,
they secrete a number of cytokines and growth factors
to regulate cellular functions, including promoting liver
regeneration, inhibiting inflammation and activation of
liver astrocytes, blocking the production of and facilitating the degradation of excessive extracellular matrix to
repair injured liver tissues[17,18]. Clinical trials have also
shown the potential of MSCs to reduce liver fibrosis[19].
Transplantation of MSCs[19] and MNCs[6,8] has been explored in clinical trials to treat chronic liver disease with
various efficacies. In the current study, we used a mixture of BM-MNCs to treat HBV infected cirrhosis, and
the efficacy likely reflected the overall effects of these
individual stem cells.
Recent reports have demonstrated the therapeutic
effect of stem cell transplantation in liver cirrhosis.
Kharaziha et al[8] reported that eight patients with endstage liver disease did not experience discomfort and
their liver function improved significantly after administration of MSCs. Kim et al[20] and Lyra et al[21,22] showed
significant improvements in albumin and quality of life
in patients with liver cirrhosis caused by hepatitis B.
The results indicated that the mean serum bilirubin and
international normalized ratio levels decreased, and the
levels of serum albumin increased. Another study by
Peng et al[9] confirmed the above results in a short-term
study; however, a longer-term investigation suggested
that these beneficial effects did not last more than two
years, despite the fact that there was no increase in the
incidence of HCC.
In our study, we observed the efficacy and safety of
BM-MNCs transplantation in patients with decompensated cirrhosis and determined how long the efficacy
lasted in order to find whether repeated transplantation
of autologous BM-MNCs at regular time intervals might
be an approach for improving the conditions of decompensated cirrhotic patients. The overall outcomes ap-
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pear similar to those reported previously. In addition, it
should be noted that this procedure significantly reduced
serious complications such as hepatic encephalopathy
and spontaneous bacterial peritonitis in the transfused
patients. As the effect did not last more than two years,
we consider that an annual treatment regimen may significantly improve the patient’s general condition and
quality of life.
The mechanism by which BM-MNCs contribute
to hepatocyte regeneration or liver repair is still under
investigation, trans-differentiation of MSCs into hepatocytes represents genomic plasticity in response to the
microenvironment[23]. In a CCl4 mouse model, persistent
injury was found to induce efficient trans-differentiation
of bone marrow cells (BMCs) into functional hepatocytes[24]. Green fluorescent protein (GFP)-transfected
BMCs efficiently migrated into the peri-portal area of
liver lobules after one day, and repopulated 25% of the
recipient liver by four weeks in mice with liver cirrhosis
induced by CCl4. In contrast, no GFP-positive BMCs
were detected in control mice with undamaged livers following transplantation. Transfused cells were first seen
to differentiate into hepatoblasts and later became albumin-producing hepatocytes. The improved liver function
following BMCs transplantation suggests that recipient
conditions and microenvironments are key factors for
successful cell therapy using BMCs[24].
At present, it is difficult to estimate which factors
may affect the engulfment of BM-MNCs into the liver.
Cells administered via peripheral veins achieved similar
results to cells administered via the hepatic artery. In addition, the synergistic effect of fibroblast growth factor
or granulocyte-colony stimulating factor can help mobilize BMCs, and will probably increase hepatic engulfment and improve efficacy. However, further research
is required to optimize the protocol and explore the
mechanisms.
One drawback in our experimental design is that
there was no additional time point between 12 and 24
mo during the follow-up period; this may have resulted
in missed patient information to determine the exact
time point at which efficacy decreased after transplantation. However, it can be speculated that the improvement in patients’ liver function and blood coagulation
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approach is a suitable therapy for patients with decompensated cirrhosis.

was maintained for at least 12 mo or more. With regard
to cirrhosis complications, no significant difference
was observed in the occurrence of esophageal variceal
hemorrhage and hepatocellular carcinoma between the
two groups. Liver function and coagulation function in
patients in the treatment group began to improve one
month after transplantation. ALB, PA, PTA and FIB
gradually increased; TBIL and PT gradually decreased.
Significant alterations in these markers were observed
between the treatment group and the control group at
3-12 mo after transplantation.
In addition, it should be noted that after transfusion,
white blood cell count, hemoglobin and platelet count
in patients in the treatment group increased gradually,
which are signs of improved hypersplenism. During the
trial, we found a reduction in spleen volume on ultrasonography in some patients in the treatment group (data
not shown). Whether reduced portal hypertension occurs is currently under investigation.
Although clinical trials have shown some improvement in liver function, it must be remembered that the
natural history of cirrhosis tends to be variable. The
question of how to further optimize cell transplant type,
the infusion method, the number of transplant operations and their impact on clinical efficacy remains to be
answered. Future studies will be required to optimize
BM-MNCs transplantation for the treatment of cirrhosis.
In conclusion, infusion of autologous BM-MNCs is
safe and effective in patients with decompensated cirrhosis for at least 12 mo. This approach significantly improved liver function, blood coagulation and short-term
quality of life, and reduced the incidence of serious complications, therefore can be considered a suitable regenerative therapy in patients with decompensated cirrhosis.

Applications

This study suggested that the transplantation of autologous BM-MNCs is safe
and effective, and repeated transplantation of autologous BM-MNCs may represent a routine therapeutic approach to improve decompensated cirrhosis.

Terminology

BM-MNCs is the general term for single nucleus cells in the bone marrow, including mesenchymal stem cells, hematopoietic stem cells, endothelial progenitor cells and stromal cells. The BM-MNCs population is a mixed cell population
containing a variety of cellular components which have self-renewal properties
and the ability to produce multiple differentiation progenitors.

Peer review

The article presents a significant and valuable clinical research describing the
short- and long-term efficacy of BM-MNCs transplantation in improving liver
function and reducing the complications in decompensated cirrhosis patients.
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METHODS: Forty-four consecutive liver transplant
(LT) outpatients who were admitted between August
2009 and July 2010, were followed-up by for 1 year,
exhibited no evidences of infection or rejection, all of
them underwent tacrolimus-based immunosuppressive
regimens were consecutively enrolled. Inflammatory
cytokines (TNFα, IFNγ, IL-8, and IL-10), endothelial
biomarkers (sVCAM-1, sICAM-1, MPO, adiponectin,
PAI-1, SAP, SAA, E-selectin, and MMP-9), high sensitive
C-reactive protein, and Framingham risk score (FRS)
were assessed. The anthropometric data, aminotransferases, metabolic syndrome features, glucose and lipid
profiles, and insulin resistance data were also collected.
The LT recipients were compared to 22 biopsy-proven
non-alcoholic steatohepatitis (NASH) patients and 20
healthy controls (non-obese, non-diabetics, and nondyslipidemic).
RESULTS: The LT recipients had significantly younger
ages and lower body mass indices, aminotransferases,
fasting glucose and insulin levels, glucose homeostasis
model and metabolic syndrome features than the NASH
patients. Classic cardiovascular risk markers, such as
Hs-CRP and FRS [2.0 (1.0-8.75)], were lower in the
LT patients compared to those observed in the NASH
patients (P = 0.009). In contrast, the LT recipients and
NASH patients had similar inflammatory and endothelial serum markers compared to the controls (pg/mL):
lower IL-10 levels (32.3 and 32.3 vs 62.5, respectively,
P = 0.019) and higher IFNγ (626.1 and 411.9 vs 67.9,
respectively, P < 0.001), E-selectin (48.5 and 90.03
vs 35.7, respectively, P < 0.001), sVCAM-1 (1820.6
and 1692.4 vs 1167.2, respectively, P < 0.001), and
sICAM-1 (230.3 and 259.7 vs 152.9, respectively, P =
0.015) levels.

Abstract
AIM: To investigate pro-atherosclerotic markers (en-
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CONCLUSION: Non-obese LT recipients have similar
pro-atherosclerotic serum profiles after a short 1-year
follow-up period compared to NASH patients, suggesting a high risk of atherosclerosis in this population.

phase; symptoms only develop when blood flow is insufficient to ensure tissue vitality. The first clinical presentation often leads to morbidity and mortality[7]. Arterial
plaque with no symptoms is called subclinical atherosclerosis, and chronic inflammation is a risk factor for plaque
rupture. High sensitivity C-reactive protein (Hs-CRP) is
an inflammatory marker that predicts CVD in healthy
individuals[8,9]. Endothelial dysfunction is the first step
in developing early atherosclerosis. Several studies confirm that elevated plasma levels of endothelial markers,
such as von Willebrand factor, and soluble vascular cell
adhesion molecule-1 (sVCAM-1) may serve as molecular markers for atherosclerosis and are independent risk
factors for the development of coronary heart disease[9].
Risk estimation for atherosclerotic and cardiovascular
events that is based only on the presence of classical risk
factors is often insufficient. Therefore, efforts have been
made to identify blood markers that indicate the presence
of preclinical disease.
This study was designed to investigate pro-atherosclerotic markers (endothelial dysfunction and inflammation)
in patients one year after LT.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Liver transplant (LT) patients a have high risk
of long-term development of cardiovascular disease
(CVD), which is currently recognized as an important
cause of death 5 to 10 years after transplant in this
population. Atherosclerosis is a hallmark of CVD, with
both disorders involving a prolonged asymptomatic
phase and often leading to morbidity and mortality
upon initial clinical presentation. Regardless, endothelial dysfunction is the first step in developing early
atherosclerosis. In the present study, we evaluated
inflammatory and endothelial markers one year after
transplantation in asymptomatic LT recipients in comparison to high-CVD-risk biopsy-proven nonalcoholic
steatohepatitis (NASH) patients and healthy controls.
We found that LT recipients had pro-inflammatory
profiles and endothelial dysfunction similar to those of
NASH patients, both of which were higher than those in
the compared controls. These findings suggest that LT
recipients, even in a short 1-year follow-up period, display a high atherosclerotic risk and should be carefully
monitored to effectively prevent CVD.

MATERIALS AND METHODS
Population
Between August 2009 and July 2010, 44 consecutive
adult (older than 18 years old) outpatients who underwent orthotopic LT at the LT Unit of the University of
São Paulo School of Medicine, Brazil, were followed for
1 year. The results were compared to 20 age-matched
(10-year age classes) controls [body mass index (BMI)
< 30 kg/m2, non-diabetics, and non-dyslipidemic]. Additionally, because NASH is an important risk factor for
CVD, 22 patients with biopsy-proven NASH were also
compared with the LT recipients and controls. One experienced pathologist graded the liver biopsies from the
NASH patients, according to the NAFLD activity score
(NAS)[10]. The LT recipients had no evidence of infection
or rejection and were evaluated during regular outpatient
clinic visits.
The transplant data were reviewed from the patient’s
charts. At the 1-year follow-up, features of MS, glucose
and lipid profiles, HOMA-IR, inflammatory cytokines,
and endothelial biomarkers were determined. MS was defined using the American Diabetes Association criteria[11].

Alvares-da-Silva MR, Oliveira CPMS, Stefano JT, Barbeiro HV,
Barbeiro D, Soriano FG, Farias AQ, Carrilho FJ, Carneiro D’
Albuquerque LA. Pro-atherosclerotic markers and cardiovascular risk factors one year after liver transplantation. World J
Gastroenterol 2014; 20(26): 8667-8673 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8667.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8667

INTRODUCTION
Liver transplantation is the standard treatment for acute
and chronic end-stage liver disease. Advances in medical
therapy and surgical techniques have increased the life
span of liver transplant (LT) recipients. As a result, medical complications that accompany long-term survival,
including atherosclerotic cardiovascular disease (CVD),
metabolic bone disease, and de novo malignancy, have
accounted for an increasing proportion of late morbimortality in these patients. CVD, which is responsible for
19% to 42% of all non-liver related mortality, is a major
cause of morbidity and mortality after LT[1-6].
Atherosclerosis is the hallmark of CVD and remains
an important health issue in the modern world despite
research aimed at understanding its underlying pathogenesis. This condition involves a prolonged asymptomatic

WJG|www.wjgnet.com

Framingham risk scoring system and physical activity
Framingham risk scoring system (FRS) was calculated
by assigning gender-specific points for age, smoking,
diabetes, blood pressure, low-density lipoprotein cholesterol (LDL-cholesterol), and high-density lipoprotein
cholesterol (HDL-cholesterol). The gender-specific FRS
equations were then used to calculate the risk of developing cardiovascular events over the next 10 years[11]. The
patients were graded as low risk (< 10%), intermediate
risk (10%-20%), and high risk (> 20%), according to the
National Cholesterol Education Program Adult Treat-
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ment Panel Ⅲ guidelines[12].
The International Physical Activity Questionnaire assessed physical activity. Sedentary lifestyle was described
as less than 10 min/wk of continuous exercises[13].

Table 1 Demographic and clinical data from liver transplant
recipients included n (%)

Laboratory evaluation
The laboratory evaluation in all patients included a blood
cell count and the measurement of aspartate aminotransferase (AST), alanine aminotransferase (ALT), total cholesterol and fractions, triglycerides, and fasting glucose
and insulin levels. These parameters were measured using
the standard techniques of clinical chemistry laboratories
(Modular P800, Hitachi, Roche Applied Science, Indianapolis, IN, United States). Insulin resistance was measured using the glucose homeostasis model (HOMA-IR):
the product of fasting plasma glucose level (mg/dL) and
insulin concentration (mIU/L), divided by 405.
Serum cytokine measurements
For the cytokine and chemokine measurements, the serum was stored at -80  ℃ until use. The serum cytokine
levels (TNF-α, IL-8, IFNγ, and IL-10) were then measured using a sensitive sandwich enzyme-linked immunosorbent assay (ELISA) kit (RD System Inc., Minneapolis,
MN, United States). All measurements were performed
in duplicate, and the average values were used in the statistical analyses.
Inflammation and endothelial dysfunction markers
To detect changes in inflammation and endothelial dysfunction markers, we analyzed the levels of high-sensitive
C-reactive protein (Hs-CRP), soluble intercellular adhesion molecule-1 (sICAM-1), soluble vascular cell adhesion molecule-1 (sVCAM-1), E-selectin, adiponectin,
plasminogen activator inhibitor 1 (PAI-1), serum amyloid
P (SAP), serum amyloid A (SAA); matrix metallopeptidase 9 (MMP-9), and myeloperoxidase (MPO). Each
measurement was performed in pg/mL in a multiplex assay on the Luminex platform, as described by the manufacturer (Milliplex CVD Panel 1, Millipore, Copenhagen,
Denmark). The readers of the index tests and reference
standard were blinded to the other test results.

50.8 ± 14.3
41.9 ± 17.6
29 (65.9)
15 (34.1)
16 (36.4)
28 (63.6)
4 (9.1)
15 (34.1)
19.3 ± 9.4
1374.3 ± 311.3
1399 ± 725.9
400.9 ± 137.9
47.2 ± 8.9
1.09 ± 1.6
0.71 ± 1.8
1.03 ± 3.53
4.32 ± 4.8
44 (100)
208.5 ± 106.8
16 (36.4)
17 (38.6)
25.1 ± 5.3
24.3 ± 4.3
89.4 ± 8.7
8 (18.2)
16 (36.4)
28 (66.3)
10 (22.7)
2.0 (1.0-8.75)

1

Mean and standard deviation; 2Median and 25th-75th percentiles. BMI:
Body mass index.

way analysis of variance (ANOVA). The median and 25th
and 75th percentiles were used for variables with skewed
distribution, which were compared using the Mann-Whitney U-test. Multiple comparisons were conducted, and a
significance level of 5% was established.

RESULTS
Table 1 describes the demographic and clinical data from
the LT recipients and donors. Most of the patients were
males, with non-hepatitis C virus (HCV)-related liver
disease. Only 4 (9.1%) patients were transplanted for
NAFLD cirrhosis. In addition, most of the included patients had no hepatocellular carcinoma diagnosed during
the pre-transplant period or at the explant analysis. The
mean age of the donors was young (41.9 years), and the
intraoperative data (ischemia times, intraoperative blood
requirements, and intraoperative albumin infusion) demonstrated that undergoing the procedure was uneventful.
All included LT recipients underwent tacrolimusbased immunosuppressive treatment, and steroids were
withdrawn in 208.5-106.8 d. During the 1-year followup, obesity was not a prevalent comorbidity, with a mean
BMI of 24.3-4.3 kg/m2. The mean abdominal circumfer-

Ethical concerns
The study was performed in accordance with the ethical
standards of the Helsinki Declaration. An institutional
ethics review board approved the protocol, and written
informed consent was obtained from each patient. The
Department of Gastroenterology (LIM-37/LIM07),
School of Medicine, University of São Paulo, Brazil, supported this work. The authors have no conflicts of interest to disclose.
Statistical analysis
Sample estimation was not performed, as there was no
similar study on which to base the calculation. The data
are expressed as mean ± standard deviation (SD) for variables with normal distribution and compared using one-
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Results (n = 44)

Variable
Recipient age (yr)1
Donor age (yr)1
Gender
Male
Female
Etiology of liver disease1
HCV-related
Non-HCV-related
Patients with NAFLD
Patients with hepatocellular carcinoma
Pre-transplant MELD1
Donor liver weight (g)1
Recipient liver weight (g)1
Cold ischemia time (min)1
Warm ischemia time (min)1
Intraoperative blood requirements1
Packed red cells (Units)
Plasma (Units)
Platelets (Units)
Intraoperative albumin infusion (10 g bottles)1
Tacrolimus-based immunosuppression
Steroids withdrawal (d)1
Pre-transplant diabetes mellitus
Diabetes mellitus 1 yr after transplant
Pre-transplant BMI1
BMI 1 yr after transplant1
Abdominal circumference 1 yr after transplant (cm)1
Tobacco consumption
Arterial hypertension
Sedentarism
Metabolic syndrome
Framingham risk score (10-yr)2
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Table 2 Demographic and clinical characteristics of the studied population
Variable (mean ± SEM) otherwise indicated

NASH (n = 22)
1

Age
Sex %male/female
BMI
Fasting glucose
Fasting insulin
HOMA-IR
AST
ALT
Total cholesterol
HDL cholesterol

58.5 ± 6.51
36.3/63.7
31.7 ± 4.351
139.7 ± 60.6
17.6 ± 8.68
6.173 ± 6.68
45.5 ± 28.5
58.8 ± 45.5
199.5 ± 44.3
50.1 ± 12.3

LT (n = 44)

Controls (n = 20)

P1

50.8 ± 14.3
65.9/34.1
24.3 ± 4.3
118.1 ± 46.8
12.15 ± 7.7
3.43 ± 2.4
23 ± 18.1
23 ± 15.3
171.27 ± 26.8
49.6 ± 15.9

51.2 ± 9.31
53.4/46.7
25.1 ± 2.7
NA
NA
NA
NA
NA
NA
NA

< 0.001
< 0.001
< 0.001
0.03
< 0.001
0.002
< 0.001
NS
NS

1

LT vs NASH. SEM: Standard error of the mean; NS: Non-significant; NA: Not applied; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase;
HDL: High-density lipoprotein.

Table 3 Inflammatory cytokines in liver transplant recipients, non-alcoholic steatohepatitis and controls
th

th

Variable (median - 25 -75 percentile)

NASH (n = 22)

TNFa (pg/mL)
IFNg (pg/mL)
IL-8 (pg/mL)
IL-10 (pg/mL)

13.4 (8.85-22.2)
411.9 (192.3-1361.7)
57.8 (43.8-70.2)
32.3 (22.5-49.8)

LT (n = 44)
12.1 (8.58-26.6)
626.1 (286.9-1572.3)
36.5 (31.2-44.9)
32.3 (25.8-62.5)

1

Controls (n = 20)

P

10.1 (5.0 -13.6)
67.9 (42.2-100.6)
40.7 (36.5-53.3)
62.5 (34.4-85.3)

0.121
< 0.001
< 0.001
0.019

1

Comparisons: IFNγ (NASH = LT-P = 0.3; NASH and LT > controls - P < 0.001); IL-8 (NASH > LT - P < 0.001; NASH > controls - P = 0.04; LT = controls - P =
0.11); IL-10 (NASH = LT - P = 0.84; NASH < controls - P = 0.02; LT < controls - P = 0.04).

ence 1 year post-transplant was 89.4-8.7 cm. MS features
were present in only 22.7% of the LT recipients. While
38.7% of the patients had DM, and high blood pressure was identified in 36.4%. Only 18.2% of the patients
smoked tobacco. Conversely, sedentarism was present
in 66.3% of the studied sample. The mean FRS was low
(2.0), consistent with the low MS prevalence.
Table 2 shows the laboratory results 1 year post-LT.
The hepatic profiles were approximately normal and significantly lower than those of the NASH patients. The
fasting glucose, insulin, and HOMA-IR levels were also
lower than those in the NASH patients. Although NASH
patients had higher total cholesterol levels, their HDL
and LDL-cholesterol and triglyceride levels were not significantly different from those of the LT patients, likely
because the NASH patients were taking medications.
MS was observed more frequently in the NASH patients
(100%) than in the LT recipients.
Regarding inflammation, the IFNγ level was comparable in the NASH patients and LT recipients (P = 0.3);
the levels in both groups were higher than that in the
controls (P < 0.001). The anti-inflammatory IL-10 was
similar in the LT and NASH patients (P = 0.84), and significantly lower in both groups compared to the controls
(P ≤ 0.05), as shown in Table 3. There were no betweengroup differences in the TNF-α level, and the IL-8 levels
were similar between the LT recipients and controls (P >
0.05).
The CVD risk (i.e., Hs-CRP) was similar in the LT
recipients and controls (P = 0.41) but significantly lower
in the LT patients compared to the NASH (P = 0.007)
patients (Table 4).
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Regarding endothelial biomarkers, the liver recipients
and NASH patients were comparable considering sVCAM-1 and sICAM-1 (P = 0.5), and these levels in both
groups were higher than in the controls; sVCAM-1 was
significantly higher in the LT recipients than in the controls (P < 0.001), and sICAM-1 exhibited an insignificant
tendency to be higher between these groups (P = 0.05).
The E-selectin level was higher in the NASH patients
than in the transplanted patients, but it was also higher in
the transplanted patients compared to the controls (P =
0.04). MPO and PAI-1 were significantly lower in the LT
recipients than in the other groups, while the SAP and
SAA levels were significantly lower only when comparing
the LT recipients with the NASH patients. The serum adiponectin levels were higher in the transplanted patients
than in NASH patients (P = 0.007).
Only one patient (a patient with post-transplant myocardial infarction) developed cardiovascular events during
the follow-up period. No patients presented with recurrent hepatocellular carcinoma within the 1-year followup.

DISCUSSION
CVD is a major cause of morbimortality after LT, and
identifying those candidates who are at the greatest risk
of postoperative complications is a cornerstone strategy
for optimizing outcomes[14,15]. The present study demonstrated that at 1 year post-transplant, LT recipients
have similar pro-atherosclerotic profiles, as measured by
endothelial biomarkers and inflammatory cytokines, as
patients with NASH, even when conventional cardiovas-
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Table 4 Comparison among liver transplant recipients, non-alcoholic steatohepatitis and controls regarding endothelial biomarkers
Variable (pg/mL)
1

sVCAM-1
sICAM-11
MPO1
Adiponectin1
PAI-11
SAP1
SAA2
E-selectin2
MMP-92
HsCRP2

NASH (n = 22)
1692.4 ± 457.4
259.7 ± 101
198.3 ± 116.2
23789.1 ± 12040.4
149.2 ± 63.1
59031.5 ± 17024.2
21303 (8723.6-30583.2)
90.03 (69.5-137.1)
289.3 (107.6-410.4)
1.78 (0.70-3.51)

LTR (n = 44)
1820.6 ± 443.9
230.3 ± 96.3
93.7 ± 60.9
47965.3 ± 33140.8
40.4 ± 28.7
29174.5 ± 20175.2
5390.9 (2567.4-18562.04)
48.5 (36.04-70.9)
50.5 (35.2-99.5)
0.53 (0.21-1.13)

Controls (n = 10)
1167.2 ± 121.8
152.9 ± 33.9
409.2 ± 204.9
32683.2 ± 25065.4
132.3 ± 58.4
40452.8 ± 18557.44
9008.6 (3230.7-13977.4)
35.7 (28.4-47.04)
411.5 (241.2-587.4)
0.29 (0.16-0.55)

P3
< 0.001
0.015
< 0.001
0.008
< 0.001
< 0.001
< 0.001
< 0.001
0.002
0.009

Mean ± SD; 2Median (25th-75th percentiles); 3Comparisons: sVCAM-1 (LTR = NASH - P = 0.5; LTR > controls - P < 0.001); s-ICAM-1 (LTR = NASH - P =
0.48; LTR > controls - P = 0.05; MPO (LTR < NASH - P = 0.02; LTR < controls - P < 0.001); Adiponectin (LTR > NASH - P = 0.007; LTR = controls - P = 0.27);
PAI-1 (LTR < NASH and controls - P < 0.001); SAP (LTR < NASH - P < 0.001; LTR = controls - P = 0.22); SAA (LTR < NASH - P = 0.006; LTR = controls - P
= 0.91); E-selectin (LTR < NASH - P = 0.001; LTR > controls - P = 0.04); MMP-9 (LTR < NASH and controls - P < 0.001); CRP (LTR < NASH - P = 0.007; LTR
= controls - P = 0.41). sVCAM-1: Soluble vascular cell adhesion molecule-1; sICAM-1: Soluble intracellular cell adhesion molecule-1; PAI-1: Plasminogen
activator inhibitor 1; SAP: Serum amyloid P; SAA: Serum amyloid A; MMP-9: Matrix metallopeptidase 9; HsCRP: High-sensitivity C-reactive protein; LTR:
Liver transplant recipients; NASH: Non-alcoholic steatohepatitis.
1

sion of monocytes to endothelial cells[17]. In the present
study, the sVCAM-1 and sICAM-1 levels were higher in
the LT recipients than in the controls. Remarkably, the
CAM levels were comparable between the LT recipients
and NASH patients. In addition, the E-selectin levels in
the LT recipients were significantly higher than in the
controls. These results could indicate the initiation of an
atherosclerotic disease process.
In contrast, the LT recipients displayed lower MPO,
MMP-9, and PAI-1 levels than the controls and NASH
patients. It is unknown why these markers were low in
our study; although tacrolimus itself can negatively impact MMP-9[19], and PAI-1 can be low in association with
thrombocytopenia, as approximately 90% of blood PAI-1
is found in the platelet compartment[20]. Regarding MPO,
which promotes atherosclerosis via oxidative stress[21],
levels under < 115 ng/mL were recently correlated with a
longer event-free period in a high-risk population suffering from peripheral arterial disease[22]. In our study, only
the LT recipients had mean MPO levels ≤ 115.
Inflammation plays a leading role in atherosclerosis.
Most of the studies on cytokines in LT patients indicate
immediate complications, such as ischemia-reperfusion
injury or rejection. In the current study, the TNFα levels
were similar among the LT recipients, NASH patients,
and controls, but a previous study from our group demonstrated that TNFα does not increase in NAFLD[23].
IFNγ levels were lower in the controls than in the LT
recipients, suggesting that LT recipients have more inflammation than normal. This result is confirmed by antiinflammatory IL-10, a pivotal anti-inflammatory cytokine
that showed higher levels in the controls compared to
the LT patients. Down-regulation of IL-10 has also been
recently demonstrated in NASH patients[24], and low
circulating levels have been demonstrated in obese patients. The role of IL-8 is not well documented, even in
NAFLD. It has been suggested that cirrhosis itself (with
hepatic shunts and liver dysfunction) can partially explain

cular risk factors, such as obesity or elevated Hs-CRP or/
and high FRS, are not observed. In liver disease, NASH
patients represent the major leading intersection between
metabolic syndrome and CVD; therefore, they represent
a good comparison group when considering CVD risk in
a given population.
Post-transplant MS is an important risk factor for
CVD, and it should be monitored [16,17]. In our study,
patients presented relatively low BMIs pre-transplant,
and diabetes was uncommon. Moreover, after LT, the
prevalence of diabetes, hypertension, and MS remained
low. This finding contrasts with several other studies that
demonstrated relatively higher post-LT MS prevalence[6,16].
Additionally, BMI did not increase at the end of the 1-year
follow-up. Correspondingly, in the present study, the LT
recipients displayed a normal lipid profile, and FRS was
not elevated; the mean FRS was 2%, which indicates lowrisk. Hs-CRP is a well-established predictive marker of
risk of coronary events. CRP can induce endothelial lectin-like oxidized low-density lipoprotein (ox-LDL) receptor-1, which is the primary endothelial receptor for oxLDL and may lead to the activation of pro-inflammatory
genes, including IL-8, sICAM-1, and sVCAM-1[17]. Here,
Hs-CRP was higher in the LT recipients than in the controls, but the difference was not significant. Indeed, this
result is consistent with the aforementioned LT recipient
characteristics and highlights the strength of our main
results. Moreover, differences regarding age or BMI most
likely have not influenced the results, as the LT recipients
and controls had quite similar characteristics.
Increased levels of selectins and adhesion molecules
are considered to be important indicators of atherosclerosis[18]. One of the key initial events in the development
of atherosclerosis is the adhesion of monocytes to the
endothelial cells, with subsequent transmigration into
the vascular intima. Soluble leukocyte and vascular cell
adhesion molecules (CAM), such as selectins, integrins,
sVCAM-1, and sICAM-1, play critical roles in the adhe-
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the higher systemic levels of pro-inflammatory cytokines[25]. We hypothesized that hepatic clearance is not
the cause of the cytokine profile in our LT population, as
we only included outpatients who had no significant liver
function damage. HCV was also recently associated with
the pro-inflammatory profile[26]; thus, this variable must
be considered when analyzing our results, as 36.4% of
the patients were HCV-positive.
Adiponectin, an anti-inflammatory adipokine that acts
as an anti-obesity hormone, is usually down-regulated in
NAFLD[27]. Few studies have investigated adiponectin in
LT patients. In the present study, the LT recipients had
higher adiponectin levels than the NASH patients, and
there were no differences between the patients and controls.
Immunosuppressive therapy should be considered,
as steroids and calcineurin inhibitors are related to a high
risk of metabolic syndrome[28]. Calcineurin inhibitors are
also linked to renal injury and are prone to increase oxidative stress and lipid peroxidation. Thus, immunosuppressive agents might be somehow associated with our
main results.
Most LT studies focused on CVD after a long-term
follow-up. Longer follow-ups are associated with an increased likelihood that a patient will suffer from MS, and
it is presumably difficult to alter this path. Studies predicting cardiac complications based on short follow-ups are
scarce and do not focus on atherosclerotic disease[29-32].
The present study was not designed to assess long-term
prognosis but rather to evaluate the risk of LT recipients
within 1-year post-transplant.
This study has several strengths that should be emphasized. The sample selection was adequate, as only
outpatients without clinically evident inflammatory complications, such as rejection or infection, were included.
Inclusion at the end of the first year post-LT enabled
the authors to evaluate cardiac risk factors late enough to
avoid specific LT complication biases and early enough to
allow to prevent disease progression. The LT recipients
were not obese; the MS prevalence was low, and the LT
recipients were compared to both controls and NASH
patients. Several limitations should also be noted. The
sample size was small, and the study was conducted at a
single-center. Liver biopsies were not performed following a protocol schedule; baseline endothelial function and
inflammatory profile information was not available for
the LT recipients; and no cardiovascular imaging studies
were performed. Finally, although unlikely, it is impossible
for us to determine whether the inflammatory cytokines
and endothelial marker profiles were related to some
inherent transplant issues, such as a continuous rejection
stimulus.
In conclusion, we confirmed our hypothesis that LT
recipients, even after a short follow-up period of 1-year
post-transplant, are a population with a high atherosclerotic risk, as demonstrated by their inflammatory profiles
and endothelial biomarkers. These results suggest that LT
recipients should be carefully followed to prevent future
CVD.
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of monocytes to the endothelial cells, with subsequent transmigration into the
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RESULTS: Forty-five patients had a mean GCSI nausea
and vomiting severity score of 4.21 ± 0.67 and a total
GCSI score of 2.77 ± 0.63 before treatment. There was
a significant improvement in the nausea and vomiting
score at every return visit compared with the baseline
score (1 wk: 3.02 ± 1.04 vs 4.18 ± 0.71, P < 0.001; 2
wk: 2.32 ± 1.25 vs 4.16 ± 0.73, P < 0.001; 4 wk: 2.12
± 1.26 vs 4.12 ± 0.73, P < 0.001; 8 wk: 1.79 ± 1.09
vs 4.24 ± 0.77, P < 0.001; 12 wk: 0.69 ± 0.92 vs 4.25
± 0.70, P < 0.001). Twenty-five of the 45 patients had
complete resolution of vomiting during the observation
period (mean time to resolution was 37.9 ± 27.3 d).
The postprandial fullness and early satiety subscale,
bloating subscale and total GCSI scores were also improved. Finally, the blood glucose levels improved after
treatment, although the change was not significant.
CONCLUSION: Use of the combination of symptoms,
syndrome and disease to treat diabetic gastroparesis
with refractory nausea and vomiting may be a new
treatment option.

Abstract
AIM: To assess effect of combination of symptoms,
syndrome and disease on treatment of diabetic gastroparesis with severe nausea and vomiting.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diabetic gastroparesis; Refractory nausea
and vomiting; Traditional Chinese medicine; Treatment;
Gastroparesis Cardinal Symptom Index

METHODS: Professor Tong Xiaolin’s clinical electronic
medical records of patients who were treated between
January 1, 2006 and October 1, 2012 were used as a
database. Patients who met the inclusion criteria were
enrolled. General information (name, sex and age),
symptoms and blood glucose levels were obtained from
the clinic electronic medical record, which was supplemented by a telephone interview. The patient-rated
Gastroparesis Cardinal Symptom Index (GCSI) was
used to evaluate the severity of the symptoms of gastroparesis. The effects of the treatment were assessed
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Core tip: Limited therapeutic options exist for the treatment of diabetic gastroparesis (DGP) with refractory
nausea and vomiting. Traditional Chinese medicine
(TCM) has supplied important complementary and
alternative treatments. Professor Tong Xiaolin is an
expert in the use of TCM for severe gastroparesis in
China. The combination of symptoms, syndrome and
disease is a concept that he incorporates into his clini-
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cal practice. This article introduces how he uses this
concept to treat DGP and assesses its effect by analysis
of his clinical electronic medical records. It may provide
a new treatment option for refractory disease associated with DGP.

MATERIALS AND METHODS
Patients
Professor Xiao-Lin Tong’s clinic electronic medical records were used as the database for this study. Patients
who met the inclusion criteria and who were seen in the
clinic between January 1, 2006 and October 1, 2012 were
enrolled in this nonblinded study. The inclusion criteria
were as follows: (1) documented diagnosis of DGP for
> 1 year; (2) being refractory to conventional medical
therapy such as antiemetics and prokinetics; and (3) a
Gastroparesis Cardinal Symptom Index (GCSI) nausea/
vomiting subscale severity score ≥ 3.5[1]. Patients without
follow-up, including those who did not return to professor Xiao-Lin Tong’s clinic after the first visit and could
not be contacted by telephone, were excluded. Patients
with another planned intervention (such as placement
of a gastric electrical stimulator) or a new medication
for the treatment of severe gastroparesis were excluded.
Finally, those patients with primary eating or swallowing
disorders, including rumination syndrome, psychogenic
vomiting and cyclic vomiting syndrome, or an active malignancy were also excluded.

Li JL, Li M, Pang B, Zhou Q, Tian JX, Liu HX, Zhao XY, Tong
XL. Combination of symptoms, syndrome and disease: Treatment of refractory diabetic gastroparesis. World J Gastroenterol
2014; 20(26): 8674-8680 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8674.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8674

INTRODUCTION
Gastroparesis is a chronic motility disorder of the stomach that is characterized by delayed gastric emptying in
the absence of mechanical obstruction. The cardinal
symptoms include postprandial fullness (early satiety),
nausea, vomiting and bloating[1]. Gastroparesis is commonly found in patients with diabetes mellitus[2] and
can lead to weight loss, poor nutritional status and poor
glycemic control. Common treatments for gastroparesis
include erythromycin, metoclopramide, domperidone and
cisapride[3]. Some patients experience severe symptoms
and therefore do not respond to traditional treatment
modalities. These patients are unable to maintain sufficient oral nutrition and have frequent visits to the emergency room or are hospitalized[4]. Nausea and vomiting,
the most bothersome symptoms reported by patients[5],
contribute to electrolyte imbalance, dehydration and
increased healthcare utilization[6]. Diabetic patients with
gastroparesis can experience severe nausea and vomiting
with impaired glycemic control and nutritional status[7-9].
The current treatment options for severe symptoms
are surgery and gastric electrical stimulation (GES).
These options both require hospitalization and are associated with a high cost and high risk of infection. Thus,
new therapeutic options to alleviate severe nausea and
vomiting are needed.
Traditional Chinese medicine (TCM) has been widely
used in the treatment of diabetes mellitus in China and
often provides a good curative effect. Professor Xiao-Lin
Tong is one of the academic leaders in the field of TCM
and is an expert in the use of TCM to treat severe gastroparesis in present-day China. He has worked in this field
for > 30 years and has formed his own TCM theoretical
system for diabetes and its complications.
A combination of symptoms, syndrome and disease
is his primary concept for the treatment of diabetic
gastroparesis (DGP) accompanied by severe nausea and
vomiting, and is associated with good curative effects.
The aim of this study was to evaluate his TCM method
for the treatment of severe DGP and to introduce a new
treatment option for clinicians by analyzing his clinical
electronic medical records.
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Study protocol
General information (name, sex and age) and blood glucose levels were reviewed retrospectively from the clinical
electronic medical records. The baseline and post-treatment symptoms were obtained from the clinical records
and were supplemented by information obtained from a
telephone interview. Patient evaluations were performed
at 1-, 2-, 4-, 8- or 12-wk return visits. The symptoms of
gastroparesis were evaluated using the GCSI, which uses
a six-point scale ranging from none (0) to very severe (5)[1].
The severity of each of nine symptoms was evaluated
individually and grouped according to the three subscales
(nausea/vomiting, postprandial fullness/early satiety and
bloating) and by the total GCSI score. The severity of the
symptoms of gastroparesis was the main standard used
in evaluating the TCM therapy.
TCM as a therapy for severe DGP
Professor Tong Xiaolin writes a prescription according
to the idea of a combination of symptoms, syndrome
and disease. First, he chooses some herbs according to
the patients’ symptoms. Patients with severe DGP often
experience vomiting and abdominal bloating as their
main symptoms. Xiao-Banxia-Tang (consisting of Pinelliaternata and ginger) and Suye-Huanglian-Tang (consisting of perilla leaves and Rhizoma Coptidis) were used as
traditional antiemetic prescriptions. Zhizhu wan (consisting of Fructus Aurantii Immaturus and Bighead Atractylodes rhizome) was used as a traditional medication
to relieve distention and other symptoms of abdominal
bloating. Second, he selects some herbs according to the
syndrome. In TCM theory, syndrome is the fundamental
cause of the symptoms and can be established according
to the types of symptoms. Patients with “excessive heat
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Table 2 Change in postprandial fullness/early satiety and
bloating subscale scores

Table 1 Change in nausea/vomiting subscale
Score followup (wk)
1
2
4
8
12

No.

Before
treatment

After
treatment

Before
P value
minus after

33
30
27
22
12

4.18 ± 0.71
4.16 ± 0.73
4.12 ± 0.73
4.24 ± 0.77
4.25 ± 0.70

3.02 ± 1.04
2.32 ± 1.25
2.12 ± 1.26
1.79 ± 1.09
0.69 ± 0.92

1.16 ± 0.86
1.83 ± 1.33
2.00 ± 1.27
2.45 ± 1.06
3.56 ± 1.22

Follow- No.
up (wk)

0.000
0.000
0.000
0.000
0.000

of the spleen and stomach” (symptoms of a bitter taste
in the mouth and dry stool) were treated with DahuangHuanglian-Xiexin-Tang (consisting of Rheumofficinale and
the rhizome of Chinese goldthread). Patients with “heat
in the upper and cold in the lower” (symptoms of fulminant vomiting and cold pain in the stomach) were treated
with Xiexin-Tang (consisting of Pinellia ternata, ginger,
Rhizoma Coptidis, Radix Scutellariae, Rhizoma Zingiberis, ginseng and liquorice). Patients who experienced
“deficiency-cold of the spleen and kidney” (symptoms
of spitting or drooling, diarrhea, cold limbs and a deep
thready pulse) were given Fuzi-Lizhong-Tang (consisting of ginseng, Bighead Atractylodes rhizome, Rhizoma
Zingiberis and monkshood). Finally, as the primary index to monitor the diabetic disease process, the patient’
s blood glucose level was also monitored. Rhizoma Coptidis, Rhizoma Anemarrhenae and Radix Trichosanthis
were subsequently prescribed to control high blood glucose levels.
Patients with severe vomiting or abdominal distension were re-evaluated in 7 d. Patients were advised to sip
their medication (which was provided as a decoction) as
tolerated if they experienced vomiting. After the severe
symptoms were relieved, the return period was changed
to 2, 4, 8 or 12 wk, according to the severity of their
symptoms and their response to treatment. Patients took
their TCMs twice daily and maintained regular clinic visits
until the symptoms resolved.

33

2

30

4

27

8

22

12

12

Fullness/
early satiety
Bloating
Fullness/
early satiety
Bloating
Fullness/
early satiety
Bloating
Fullness/
early satiety
Bloating
Fullness/
early satiety
Bloating

Before
treatment

After
Before P value
treatment minus after

2.53 ± 1.00 2.08 ± 1.00

0.45 ± 0.60

0.000

1.23 ± 0.89 1.25 ± 0.80 -0.02 ± 0.59
2.48 ± 0.98 1.62 ± 0.95 0.86 ± 0.82

0.882
0.000

1.30 ± 0.89 1.03 ± 0.78
2.64 ± 0.95 1.70 ± 1.18

0.27 ± 0.77
2.00 ± 1.27

0.069
0.000

1.44 ± 0.84 1.06 ± 0.76
2.82 ± 0.97 1.57 ± 1.09

0.39 ± 0.66
1.25 ± 0.67

0.005
0.000

1.57 ± 0.81 0.91 ± 0.78
2.81 ± 0.72 0.90 ± 0.77

0.66 ± 0.66
1.92 ± 1.16

0.000
0.000

1.25 ± 0.92 0.33 ± 0.49

0.92 ± 0.76

0.002

diabetes mellitus, and 21 (45.7%) with type 2 diabetes
mellitus. The mean duration of diabetes for the 45 patients was 11 years (range: 1-36 years), and the mean duration of gastroparesis was 30.6 ± 43.3 mo (range: 0.5-240
mo). Ten patients experienced chronic gastritis, eight
had reflux esophagitis, and two presented with a history
of incomplete intestinal obstruction. In addition, one
patient had undergone a cholecystectomy, and one was
diagnosed with gallbladder polyps. The 45 patients had a
nausea/vomiting subscale severity score of 4.21 ± 0.67, a
postprandial fullness/early satiety subscale severity score
of 2.7 ± 0.97, a bloating subscale severity score of 1.38 ±
0.82, and a total GCSI score of 2.77 ± 0.63.
Change in symptom severity
The severity of the symptoms was evaluated before
and after 1, 2, 4, 8 and 12 wk of treatment (Tables 1-3).
This was a retrospective study based on Professor Tong’
s clinical practice, therefore, patients may have had different follow-up periods according to the severity of
their symptoms. Additionally, once the severe symptoms
were relieved, a patient’s follow-up period may have been
changed to 2, 4, 8 or 12 wk or even longer to limit the
number of follow-up visits. Thus, many of the patients,
due to great improvement in their symptoms after one or
two follow-up appointments, did not return to the clinic
within the 12-wk time frame. Consequently, most of their
treatment records did not appear until after the 12-wk
observation period. As a result, most of the patients in
this study did not have treatment records representative
of the five follow-up time points as the number of clinic
visits decreased over time. Out of 45 patients, seven had
follow-up consultations at each time point, and five had
follow-up appointments at 1, 2, 4 and 8 wk. Four patients had follow-up appointments at 1, 2 and 4 wk, five
had follow-up consultations at 1 and 2 wk, and five had
follow-up appointments at 1 wk.
Change in the nausea/vomiting subscale score: Table
1 shows the changes in the nausea/vomiting subscale

Statistical analysis
Patient identification, data registration and data entry
were performed by two clinicians. A third clinician
checked the database for entry errors. All of the data
were analyzed using SPSS 17.0 software (SPSS Inc., Chicago, IL, United States). The severity of the symptoms
and blood glucose levels before treatment and at 1, 2, 4, 8
and 12 wk after treatment were compared using a paired t
test. All data were presented as the mean ± SD, with P <
0.05 considered statistically significant.

RESULTS
Study population
Forty-five eligible patients were treated from January 1,
2006 to October 1, 2012. The treatment group comprised 32 women (71.1%) and 13 men (28.9%), with a
mean age of 43.7 ± 15.3 years (range: 26-83 years). Of
these, 24 patients (54.3%) were diagnosed with type 1

WJG|www.wjgnet.com

1

Symptom

8676

July 14, 2014|Volume 20|Issue 26|

Li JL et al . Treatment of refractory diabetic gastroparesis
Table 3 Change in total Gastroparesis Cardinal Symptom
Index score
Follow-up
(wk)
1
2
4
8
12

No.

Before
treatment

After
treatment

33
30
27
22
12

2.66 ± 0.65
2.64 ± 0.64
2.74 ± 0.65
2.88 ± 0.63
2.77 ± 0.51

2.13 ± 0.74
1.66 ± 0.76
1.63 ± 0.87
1.42 ± 0.81
0.64 ± 0.61

Table 4 Change in fasting blood glucose level
Follow-up
(wk)

Before minus P value
after
0.52 ± 0.48
0.99 ± 0.72
1.11 ± 0.69
1.45 ± 0.5
2.13 ± 0.74

1
2
4
8
12

0.000
0.000
0.000
0.000
0.000

Before
treatment

After
treatment

4
4
13
7
7

11.03 ± 3.04
9.30 ± 3.81
8.84 ± 3.81
7.33 ± 1.77
7.17 ± 2.38

6.85 ± 1.51
9.00 ± 2.63
6.67 ± 1.58
7.30 ± 2.73
7.80 ± 1.88

Before minus P value
after
4.18 ± 2.53
0.30 ± 1.98
2.17 ± 4.19
0.03 ± 3.63
0.63 ± 2.69

0.046
0.781
0.087
0.984
0.560

These percentages reflect the lack of association between
the two types of diabetes and the susceptibility to DGP.
There were more female than male (33 women vs 13
men) patients with refractory nausea and vomiting, which
suggests that women are more prone to severe DGP.
This finding is consistent with previous reports that proposed that severe DGP may be related to a high estrogen
level in women[11-13].
The pathogenesis of DGP is not clear, and there is
no standard evaluation for DGP. Most studies evaluate
gastric emptying time because gastroparesis is defined
as delayed gastric emptying. Radionuclide scanning at
15-min intervals for 4 h after the intake of labeled food is
considered the gold standard for measuring gastric emptying[9]. This test is relatively expensive, is associated with
radiation exposure, and does not have a standardized application at different medical centers[14]. In addition, completing a gastric emptying study in DGP patients with severe nausea and vomiting is difficult. Many reports show
a poor correlation between improvement of the symptoms of gastroparesis and tests for gastric emptying[15,16].
Severity of symptom and quality of life outcomes are
needed for a better evaluation of the effectiveness of
treatment[17-20].
Patient-reported symptom severity is important in the
evaluation of this disease and is the only measure that
directly reﬂects each patient’s experience with symptom
severity, function and well-being. In clinical practice, clinicians rely on the patients’ reports of their symptoms to
manage DGP and to monitor the effectiveness of treatment. The GCSI is a widely used symptom standard in
studies of gastroparesis[21-23]. This scale was developed
based on reviews of the medical literature, clinician interviews and patient focus groups and has been validated in
patients with gastroparesis[1,24]. The total GCSI score has
been used as a standard to diagnose gastroparesis[25]. We
used the GCSI as the principal tool to evaluate patients
with DGP and refractory nausea and vomiting. Glycemic control is an important part of the management of
DGP[26], therefore, we also monitored the blood glucose
levels during TCM treatment. TCM greatly reduced the
nausea/vomiting subscale score, postprandial fullness/
early satiety subscale score, bloating subscale score and
total GCSI score. There was a tendency toward improvement in blood glucose levels after treatment.
The current treatment options for severe DGP are
limited. The most widely used treatment reported is gastric electrical stimulation (GES), and although GES treat-

score. The nausea/vomiting subscale scores after 1, 2,
4, 8 and 12 wk of treatment were significantly improved
compared with the baseline score (P < 0.05).The patient
symptom severity score also improved over time. Out of
45 patients, 25 had complete resolution of vomiting by
12 wk based on their medical records. The mean time to
resolution was 37.9 ± 27.3 d (range: 7-90 d).
Change in the postprandial fullness/early satiety and
bloating subscale scores: Similar improvements were
found in the postprandial fullness/early satiety and bloating subscale scores (Table 2). The patient-reported symptom severity score also improved over time.
Change in overall symptoms: Table 3 shows that the
total GCSI score significantly improved at all follow-up
time points. The curative effect also increased as time
progressed. The general feeling of well-being of the patients was then evaluated. The evaluation of overall wellbeing included sleep status, physical capacity and psychological status. Out of 45 patients, 43 reported that they
“feel better after treatment”. The mean time from the
onset of treatment to this report was 19.6 ± 11.7 d (range:
2-56 d).
Change in blood glucose levels
Patients who were evaluated for DGP suffered from
severe nausea or vomiting. The patients’ symptoms were
the primary focus, thus, their blood glucose levels were
not always assessed. The fasting blood glucose levels were
used to evaluate blood glucose levels (Table 4). As shown
in Table 4, the blood glucose levels tended to improve
with treatment.

DISCUSSION
DGP with refractory nausea and vomiting is a difficult
clinical problem to resolve. Current treatment options
for severe gastroparesis are limited because the pathogenesis of DGP is not completely understood[10]. TCM
has a long history of use as a complementary and alternative medicine. Many patients with incurable diseases
such as severe DGP, especially in China, are advised to
see a traditional Chinese doctor. However, there have
been few reports that have evaluated the clinical efficacy
of TCM treatments. This study was based on the nearly
6-year TCM clinical practice of Professor Tong. Twentyfive patients (54.3%) were diagnosed with type 1 diabetes
mellitus, and 21 (45.7%) with type 2 diabetes mellitus.
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ment is effective[27,28], it is expensive[29] and poses risks of
device infection, accidental deactivation by a magnetic
field, and gastric perforation by the electrical leads[30]. The
endoscopic pyloric injection of botulinum toxin has also
been used to treat severe gastroparesis[31,32], but in patients who have vomiting as a major symptom, there was
no predictable response to this treatment[31]. In contrast,
treatment with TCM is inexpensive and noninvasive.
TCM takes patient symptoms into account before
the treatments are selected. Vomiting is often the most
troublesome symptom in these patients, therefore, XiaoBanxia-Tang combined with Suye-Huanglian-Tang was
used to relieve the symptoms of vomiting. Xiao-BanxiaTang effectively alleviates vomiting by inhibiting NK1
receptor activity, antagonizing motilin activity and releasing intestinal serotonin[33-35]. Suye-Huanglian-Tang has
also been used to treat intractable vomiting[36-38]. The
use of these two prescriptions may explain the rapid
improvement in vomiting that we observed. Abdominal
distention is a prominent symptom of DGP, and some
reports[39,40] have shown that abdominal bloating and
fullness alone may be associated with DGP. Zhizhu wan
is used to improve abdominal distention by enhancing
gastrointestinal motility[41,42]. Other Chinese medicines
were added according to the syndrome presentation.
This combined treatment may explain why the symptoms
improved with prolonged treatment and why the curative effects increased over time. Modern medical findings
were also applied to this TCM therapy. Chinese medicines
that are known to lower blood glucose levels were used,
including Chinese goldthread rhizomes[43,44] and Rhizoma
Anemarrhenae[45-47] Blood glucose levels were improved
in the patients who were evaluated.
There is considerable documentation of TCM as
a complementary and alternative medicine source. Although identifying the exact pharmacological composition of these medicines is difficult due to their complex
components, their clinical activities cannot be ignored.
The aim of this study was to evaluate a TCM treatment
of DGP in patients with refractory nausea and vomiting
and to provide a new treatment option for clinicians.
This is a large study of patients with severe DGP,
but it has several limitations, including its retrospective
nature and use of clinical electronic medical records
supplemented with detailed telephone interviews to identify the patients’ symptoms. Patients in this study did not
undergo gastric emptying scintigraphy during treatment
to determine whether there was a correlation between
improved gastric emptying and relief of their symptoms.
This study used the patients’ symptoms to determine the
clinical follow-up period, thus, the timing of the return
visits of the patients was not consistent, and there was
not an equal number of patients at every follow-up time
point.
Despite the above limitations, we believe that this
study offers a useful treatment option for DGP with
refractory nausea and vomiting. Prospective studies are
needed to better evaluate this form of TCM.
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Diabetic patients with severe nausea and vomiting have impaired glycemic
control and nutritional status. However, limited therapeutic options exist for the
treatment of diabetic gastroparesis (DGP) with refractory nausea and vomiting.
Finding new treatment options for this refractory disease is a complex clinical
problem that needs to be solved.

Research frontiers

The most common treatment options for severe gastroparesis are surgery and
gastric electrical stimulation, but these treatments require hospitalization and
are associated with a high cost and high risk of infection.

Innovations and breakthroughs

Limited therapeutic options exist for the treatment of DGP with refractory
nausea and vomiting. Based on nearly 7 years of clinical medical records, this
study analyzed the effects of Professor Tong’s treatment on this refractory disease and found significant improvement in nausea and vomiting as well as in
other symptoms of gastroparesis. This study provides a new treatment option
for clinicians.

Applications

The study results suggest that the use of the combination of symptoms,
syndrome and disease model within the Traditional Chinese medicine (TCM)
framework could be a treatment option for DGP with refractory nausea and
vomiting.

Terminology

Syndrome is a specific diagnostic concept in TCM; it is a pathological summary
of the location, cause, nature and condition of a disease at a certain stage and
also describes a conclusion about the pathological nature of the disease.

Peer review

This manuscript provides a detailed data analysis to assess the effects of Professor Tong Xiaolin’s methods in the treatment of DGP with severe nausea and
vomiting. The use of combination of symptoms, syndrome and disease to treat
DGP with refractory nausea and vomiting may be a new treatment option.
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in HCC, 80% in alcoholic cirrhosis, and 65% in severe
cirrhosis. For CYP2 family, the expression of CAR was
decreased 50% in HCC, but increased 50% in peri-HCC
tissues. Similar decreases (about 50%) of CYP2B6, CYP2C9, CYP2C19, CYP2D6 and CYP2E1 were observed in
HCC, as compared to peri-HCC tissues and normal livers. CYP2C19 were decreased in all end-stage liver diseases and CYP2E1 also decreased in alcoholic cirrhosis
and severe cirrhosis. For CYP3 family, the expression
of PXR was decreased 60% in HCC, together with decreases in CYP3A4, CYP3A5, and CYP3A7. In contrast,
the expression of CYP3A7 was slightly increased in HBV
cirrhosis. The expression of CYP4A11 was decreased
85% in HCC, 7% in alcoholic cirrhosis and severe liver
cirrhosis, along with decreases in PPARα. The 93 endstage livers had much higher inter-individual variations
in gene expression than 35 normal livers.
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CONCLUSION: the expression of CYP enzyme genes
and corresponding nuclear receptors was generally
decreased in end-stage liver diseases, and significant
differences in gene expression were evident between
peri-HCC and HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To investigate the expression of P450 enzyme
genes by using end-stage liver disease samples and
trimmed normal Chinese donor livers.

Core tip: This study examined the expression of P450
enzyme (CYP) genes in end-stage liver diseases, including hepatocellular carcinoma (HCC), peri-HCC tissue,
hepatitis B virus cirrhosis, alcoholic cirrhosis, and severe cirrhosis, and compared to normal donor livers by
real-time RT-PCR analysis. The 93 end-stage livers had
much higher inter-individual variations in gene expression than 35 normal livers. In general, the end-stage
livers had decreased expression of CYP1A2, CYP2B6,
CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A4, CYP3A5,
CYP3A7 and CYP4A11, as well as their corresponding
nuclear receptor AhR, CAR, PXR, and PPARα. HCC had

METHODS: The end-stage liver disease samples [n =
93, including hepatocellular carcinoma (HCC), peri-HCC
tissue, hepatitis B virus cirrhosis, alcoholic cirrhosis,
and severe cirrhosis] and trimmed normal Chinese donor livers (n = 35) from The Institute of Organ Transplantation in Beijing, China. Total RNA was extracted,
purified, and subjected to real-time RT-PCR analysis.
RESULTS: For cytochrome P450 enzymes 1 (CYP1)
family, the expression of CYP1A2 was decreased 90%
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dramatic decreases in CYP gene expression and nuclear
receptors compared with peri-HCC tissues.

Table 1 Sample demographics (n = 128)
Liver disease

Chen H, Shen ZY, Xu W, Fan TY, Li J, Lu YF, Cheng ML, Liu J.
Expression of P450 and nuclear receptors in normal and end-stage
Chinese livers. World J Gastroenterol 2014; 20(26): 8681-8690
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i26/8681.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i26.8681

Normal
Trimmed
donors
normal livers
End-stage
HCC
Peri-HCC
livers
HBV cirrhosis
Severe
cirrhosis
Alcoholic
cirrhosis

INTRODUCTION

Age (yr)

Women

21-40

40-60

61-80

32

3

34

1

0

22
22
21
11

2
2
6
2

4
4
2
4

16
16
18
7

4
4
7
2

5

0

0

5

0

HCC: hepatocellular carcinoma; HBV: hepatitis B virus.

Cytochrome P450 enzymes are important in the metabolism of endogenous substances and xenobiotics[1].
Functional human P450 isozyme variations are implicated
with drug toxicities, such as S-acenocoumarol, phenytoin
and warfarin (CYP2C9), metoclopramide, codeine, mirtazapin and tramadol (CYP2D6), acetaminophen and
alcohol (CYP2E1), methadone and efavirenz (CYP2B6),
clopidogrel and desipramine (CYP2C19), and tacrolimus
(CYP3A5)[2-4]. The expression of CYP enzymes is influenced by endogenous factors, such as genetic polymorphisms[5,6], sex[7], age[8], and hormone levels[7]. The expression of CYP enzymes is also influenced by exogenous
factors such as drugs and environmental chemicals[9] as
well as the physiopathological conditions[10].
Hepatic cytochrome P450 (CYP) expression is subjected to changes during various disease conditions, such
as steatosis[11], chronic hepatitis C[12], alcoholic liver diseases[13], nonalcoholic fatty liver disease[14], liver fibrosis[15],
cirrhosis[16], hepatoblastoma[17], and hepatocellular carcinoma[18,19]. Hepatic CYP expression is also under control
of nuclear receptors in that AhR regulates CYP1 gene
family, CAR regulates CYP2 gene family, PXR regulates
CYP3 family, and PPARα regulates CYP4 family[20-22].
The end-stage livers removed for liver transplantation are precious resources to investigate gene expression
changes, including P450 enzyme genes[10,23-25]. However,
little is known about end-stage liver P450 profiling from
the Chinese population. This study was initiated to fill the
gap. A total of 93 end-stage livers and 35 trimmed normal donor livers were obtained from the Oriental Liver
Transplant Center in Beijing, China, and total RNA was
isolated and purified to profile the expression of CYP1-4
family genes and corresponding nuclear receptors. The
results demonstrated the generalized reduction of CYP
gene expression in end-stage liver diseases.

= 27), severe cirrhosis (n = 13), and alcoholic cirrhosis (n
= 5). The diagnosis of end-stage liver diseases was made
by Pathology Department of the Institute of Organ
Transplantation. This study received Institutional Review
Board exemption status by the Oriental Liver Transplant
Center and the Guiyang Medical College Human Subject
Committee because the specimens were obtained without
identification to the authors of the study.
Total RNA isolation
All 128 human liver samples were used for real-time RTPCR analysis. Total RNA was extracted with TRIzol
(Invitrogen, Carlsbad, CA) and purified with RNeasy columns (Qiagen, Valencia, CA). The quality and integrity
of purified RNA was determined by spectrophotometry
with 260/280 ratio > 1.8 and 260/230 ratio > 1.5, as well
as by agarose gel electrophoresis showing clear 18S and
28S bands without degradation.
Real-time RT-PCR analysis
Total RNA was reverse-transcribed into cDNA with
Multiscript reverse transcriptase using High Capacity
RT kits from Applied Biosystems (Foster City, CA), and
amplified with Power SYBR® Green PCR Master Mix in
a 7900HT PCR System (Applied Biosystems, Foster City,
CA). Oligonucleotide primers were designed with Primer3 software (version 4), and are listed in Table 2. Relative
expression of genes was calculated by the 2-ΔΔCt method
and normalizing to the house-keeping gene GAPDH.
Statistical analysis
Data was calculated as mean ± SE. The SPSS17 software
was used for statistical analysis. For comparisons among
three or more groups, data were analyzed using a one-way
analysis of variance (ANOVA), followed by Duncan’s multiple range test. For the comparisons between HCC and
peri-HCC, Student t-test was used. The significance level
was set at p < 0.05 in all cases.

MATERIALS AND METHODS
Liver samples and dimorphism
The end-stage human liver samples (n = 93) were collected from Oriental Liver Translation Center (Beijing,
China), and the sample demographics are shown in Table
1. Samples included hepatocellular carcinoma (HCC, n
= 24), and the corresponding HCC surrounding tissues
(peri-HCC, n = 24), hepatitis B virus (HBV) cirrhosis (n
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Men

RESULTS
Expression of AhR and CYP1 family genes
The expression of AhR and AhR-regulated CYP1A2 is
shown in Figure 1 and Table 3. The average expression
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Table 2 Primer sequence for real-time RT-PCR analysis
Gene
AhR
CAR
CYP1A2
CYP2B6
CYP2C9
CYP2C19
CYP2D6
CYP2E1
CYP3A4
CYP3A5
CYP3A7
CYP4A11
FXR
GADPH
PPARα
PXR

30

Forward

Reverse

NM_001621
NM_005122
NM_000761
NM_000767
NM_000771
NM_000769
NM_000106
NM_000773
NM_017460
NM_000777
NM_000765
NM_000778
NM_005123
NM_002046
Y07619
NM_005123

CTGCCTTTCCCACAAGATGT
CTTCTCTCCTGACCGACCTG
GGACAGCACTTCCCTGAGAG
TCCAGTCTCAGCTCCCAAGT
CCACATGCCCTACACAGATG
CAACAACCCTCGGGACTTTA
CAGAGATGGAGAAGGCCAAG
CCCAAAGGATATCGACCTCA
ACCGTGACCCAAAGTACTGG
GGAGATGTTCCCCATCATTG
GAAACACAGATCCCCCTGAA
CACCACAACCCAAAAGTGTG
ATTTTGACGGAAATGGCAAC
ACAGTCAGCCGCATCTTCTT
ACGATTCGACTCAAGCTGGT
GGAATGTTGGCTGAATGCTT

AGTTATCCTGGCCTCCGTTT
AGGCCTAGCAACTTCGCATA
GAGGCAGTCTCCACGAACTC
CTGGCCAACATGTCCCTACT
TGCCCTTGGGAATGAGATAG
GTCTCTGTCCCAGCTCCAAG
AGAACAGGTCAGCCACCACT
AGGGTGTCCTCCACACACTC
GTTTCTGGGTCCACTTCCAA
GCCCCAAAGATGTCTTTCAA
AGGGAAATCAGGCTCCACTT
ATTGTTTCCCGATGCAGTTC
AGACCCTTTCAGCAAAGCAA
ACGACCAAATCCGTTGACTC
GTTGTGTGACATCCCGACAG
CTGCATGCTGCTTCACATTT

B

AhR

a
CYP1A2 mRNA (% of GAPDH)

20
15

a

10
5

CYP1A2

a
a

cir Sev
rh er
os e
is

is

cir coh
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C
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V
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C
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al
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CYP1A2 mRNA (% of GAPDH)

a

100

0

0

600

200

ri-

AhR mRNA (% of GAPDH)

25

C

CYP1A2
300

Pe

A

GenBank
number

Peri-HCC
HCC

500
400
300
200
100
0

1 2 3 4 5

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Patient number

Figure 1 expression of cytochrome P450 enzymes 1 family genes. A: AhR; B: CYP1A2; C: CYP1A2 in 24 paired HCC and peri-HCC tissue from individual patients. The end-stage livers (HCC and corresponding peri-HCC tissue, n = 24, HBV cirrhosis, n = 27, alcoholic cirrhosis, n = 5 and severe cirrhosis, n = 13) and normal
donor trimmed livers (n = 35) were collected at the Oriental Liver Transplant Center, Beijing, China. The data are mean ± SE, Significantly different from normal livers,
a
P < 0.05 vs normal liver; HCC different from peri-HCC tissues. AhR: aryl hydrocarbon receptor; CYP: Cytochrome P450 enzymes; HCC: hepatocellular carcinoma;
HBV: hepatitis B virus.

of AhR in 35 normal livers (14.7% ± 0.7% of GADPH)
was not significantly different from 93 diseased livers
(17.4% ± 1.5% of GADPH), but diseased livers had
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huge inter-individual variations compared with normal
livers (47-fold vs 5-fold) (Table 3). peri-HCC had 50%
higher expression of AhR compared with normal livers,
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Table 3 mRNA expression of Cytochrome P450 enzymes and corresponding nuclear receptors
Normal liver (n = 35)
Gene
AhR
CYP1A2
CAR
CYP2B6
CYP2C9
CYP2C19
CYP2D6
CYP2E1
PXR
CYP3A4
CYP3A5
CYP3A7
PPARα
CYP4A11

End-stage livers (n = 93)

Expression%

-fold

mean ± SE

Expression%

-fold

mean ± SE

5.52-27.1
20.5-537
0.55-14.1
1.31-102
14.4-1544
49.6-1254
10.7-316
210-3577
14.2-189
171-1357
22.2-659
86.3-1054
13.7-57.7
15.1-478

4.91
26.2
25.6
77.9
107
25.2
29.5
17.2
13.3
7.94
30.0
12.2
4.21
31.6

14.7 ± 0.74
234 ± 94.6
7.87 ± 0.50
17.1 ± 2.74
786 ± 57.9
594 ± 40.2
149 ± 12.2
1708 ± 115
41.4 ± 4.95
798 ± 49.2
278 ± 26.9
450 ± 36.7
29.4 ± 1.89
198 ± 17.2

2.71-128
0.78-175
0.21-293
0.81-128
3.74-1486
1.75-1379
4.31-930
17.7-4373
3.01-87.1
8.21-1966
9.92-979
1.51-2137
2.61-169
1.41-740

47.2
224
1395
158
387
788
216
247
29.0
240
98.7
1415
64.8
524

17.4 ± 1.52
136 ± 23.9a
7.73 ± 0.86
27.2 ± 2.77a
418 ± 34.8a
256 ± 23.9a
156 ± 15.6
990 ± 75.4a
33.0 ± 1.81
498 ± 48.6a
203 ± 19.1a
479 ± 47.7
27.6 ± 2.43
89.2 ± 11.1a

Relative transcript levels (% of GAPDH), “-fold” indicates the inter-individual variations within normal or end-stage livers. Significantly different from
normal livers, ap < 0.05.

but this was not statistically significant. Compared with
peri-HCC, AhR mRNA levels in HCC were significantly
lower (Figure 1). There were no major changes in AhR
expression in HBV cirrhosis, alcoholic cirrhosis, and severe cirrhosis.
The average expression of CYP1A2 in normal livers
(234% ± 94% of GADPH) was significantly higher than
diseased livers (136% ± 24% of GADPH), and diseased
livers had 8.5-fold higher inter-individual variations than
normal livers (224-fold vs 26-fold) (Table 3). CYP1A2 in
HCC was decreased by 90%, significantly lower than normal livers and peri-HCC (Figure 1). CYP1A2 expression
was also decreased in alcoholic cirrhosis by 79% and severe cirrhosis by 66%, as compared to normal livers, but
was unchanged in HBV cirrhosis and peri-HCC tissues.
The paired individual values from peri-HCC and
HCC from 24 patients are shown in the bottom panel of
Figure 1. CYP1A2 expression was low in HCC, except
for patient No. 14, as compared to peri-HCC. Some patients showed huge differences (i.e., patient No. 22), while
others were moderate (i.e., patient No. 4).

(27.2% ± 2.8% of GADPH), and diseased livers had
higher inter-individual variations (158-fold vs 78-fold)
(Table 3). CYP2B6 mRNA levels in peri-HCC were increased 120%, and were decreased 50% in HCC as compared to normal livers (Figure 2). Expression of CYP2B6
was also increased in HBV cirrhosis and alcoholic cirrhosis, but was not altered in severe cirrhosis.
The average expression of CYP2D6 in normal livers (149% ± 12%) was not different from diseased livers (156% ± 16% of GADPH), and diseased livers had
greater inter-individual variations (220-fold vs 30-fold)
(Table 3). Similarly, CYP2D6 mRNA levels in peri-HCC
were increased 53%, while in HCC CYP2D6 mRNA was
decreased 40% as compared to normal livers (Figure 2).
There were no major changes in CYP2D6 expression in
HBV cirrhosis, alcoholic cirrhosis and severe cirrhosis.
The average expression of CYP2E1 in normal livers
(1710% ± 115%) was significantly higher than diseased
livers (990% ± 75% of GADPH), and diseased livers
had huge inter-individual variations than normal livers
(250-fold vs 17-fold) (Table 3). CYP2E1 mRNA levels
in HCC were decreased by 75%, significantly lower than
normal livers and peri-HCC. CYP2E1 expression was
also decreased in alcoholic cirrhosis and in severe cirrhosis.
Both CYP2C9 and CYP2C19 are highly expressed in
liver and are shown in Figure 3. The average expression
of CYP2C9 in normal livers (786% ± 58% of GAPDH)
was higher than in diseased livers (418% ± 35% of
GADPH), and diseased livers had greater inter-individual
variations (390-fold vs 110-fold) (Table 3). HCC had dramatic decreases in mRNA levels of CYP2C9 (13% of
normal livers), which is also significantly lower than periHCC. The expression of CYP2C9 tended to be lower in
HBV cirrhosis, alcoholic cirrhosis and severe cirrhosis,
but was not significant. The average expression of CYP2C19 in normal livers (594% ± 40% of GAPDH) was
higher than diseased livers (256% ± 39% of GADPH),

Expression of CAR and CYP2 family genes
The expression of CAR and CAR-regulated CYPs are
shown in Figure 2 and Table 3. The average expression
of CAR in 35 normal livers (7.87% ± 0.5% of GADPH)
was not significantly different from 93 diseased livers
(7.73% ± 0.8% of GADPH), but diseased livers had
huge inter-individual variations (1390-fold vs 26-fold)
(Table 3). The basal expression of CAR was about 8%
of GADPH. CAR mRNA levels in HCC was decreased
to 3.7% of GADPH, 50% lower than normal livers and
70% lower than peri-HCC (Figure 2). There were no
major changes in CAR expression in HBV cirrhosis and
severe cirrhosis. Alcoholic cirrhosis tended to be 45%
higher than normal livers, but was not significant. The
average expression of CYP2B6 in normal livers (17.1%
± 2.7% of GADPH) was lower than 93 diseased livers

WJG|www.wjgnet.com

8684

July 14, 2014|Volume 20|Issue 26|

Chen H et al . P450 expression in end-stage liver diseases
CAR

300

14

Relative mRNA levels (% of GAPDH)

12
10
8
6

a

4
2
0

a
250
200
150
a

100
50

a
a

cir Sev
rh er
os e
is

is
Al
cir coh
rh oli
os c
is

cir

rh
os

HC
C
HB
V

CYP2E1

15

2

40

i-H
CC

r
Relative mRNA levels × 10 (% of GAPDH)

CYP2B6
a

Pe
r

No

rm
al

liv
e

cir Sev
rh er
os e
is

is
Al
c
cir oh
rh oli
os c
is

HB
V

cir

rh
os

HC
C

i-H
CC
Pe
r

No

rm
al

liv
e

r

0

50

30
20
a
10

a
10
a
a

5

cir Sev
rh er
os e
is

cir coh
rh oli
os c
is

os
rh
cir
V

Al

is

C
HC
HB

HC

er
No

rm

al

liv

cir Sev
rh er
os e
is

cir coh
rh oli
os c
is

os
rh
cir
V

HB

Al

is

C
HC

C
HC
riPe

er
liv
al
rm
No

C

0

0

ri-

Relative mRNA levels (% of GAPDH)

CYP2D6

Pe

Relative mRNA levels (% of GAPDH)

16

Figure 2 expression of cytochrome P450 enzymes 2 family genes. Right, CAR and CYP2B6; Left, CYP2D6 and CYP2E1. The 93 end-stage livers and normal
donor trimmed livers (n = 35) were compared. The data are mean ± SE, Significantly different from normal livers, aP < 0.05 vs normal liver; HCC different from periHCC tissues. CAR: constitutive androstane receptor; CYP: Cytochrome P450 enzymes; HCC: hepatocellular carcinoma.

and diseased livers had huge inter-individual variations
compared with normal livers (788-fold vs 25-fold) (Table
3). CYP2C19 expression was decreased in all end-stage
livers, with dramatic decreases in HCC by over 90% (Figure 3). peri-HCC had decreased CYP2C19, but the levels
were significantly higher than HCC. The individual pair
values of CYP2C19 in peri-HCC and HCC are shown in
the bottom panel of Figure 3. In all 24 patients, CYP2C9
mRNA levels were consistently lower in HCC, some
showed huge differences (i.e., patient No. 13), while others moderate (i.e., patient No. 4) or mild (i.e., patient No.
7).

4). There were no major changes in PXR expression in
HBV cirrhosis, alcoholic cirrhosis, and severe cirrhosis.
The average expression of CYP3A4 in normal livers
(798% ± 49% of GAPDH) was significantly higher than
diseased livers (498% ± 49% of GADPH), and diseased
livers had much higher inter-individual variations than
normal livers (240-fold vs 8-fold) (Table 3). The mRNA
expression of CYP3A4 in HCC was decreased 85%, significantly lower than normal livers and peri-HCC. The
mRNA levels of CYP3A4 were also lower in severe cirrhosis.
The average expression of CYP3A5 in normal livers
(278% ± 27% of GAPDH) was significantly different
from diseased livers (203% ± 19% of GADPH), and diseased livers had higher inter-individual variations (99-fold
vs 30-fold) (Table 3). The expression of CYP3A5 was
decreased 75% in HCC, significantly lower than normal
livers and peri-HCC (Figure 4). The average expression of CYP3A7 in normal livers (450% ± 37% of
GAPDH) was not significantly different from diseased
livers (479% ± 48% of GADPH), and diseased livers had
huge inter-individual variations compared with normal

Expression of PXR and CYP3 family genes
The expression of PXR and PCR-regulated CYPs are
shown in Figure 4 and Table 3. The average expression
of PXR in normal livers (41.4% ± 5.0% of GAPDH)
was not significantly different from diseased livers (33.0%
± 1.8% of GADPH), and diseased livers had higher
inter-individual variations (29-fold vs 13-fold) (Table 3).
PXR mRNA levels in HCC were decreased by 60%, significantly lower than peri-HCC and normal livers (Figure
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Figure 3 expression of cytochrome P450 enzymes 2C family genes. A: CYP2C9; B: CYP2C19; C: CYP1A2 in 24 paired HCC and peri-HCC tissue from individual
patients. The 93 end-stage livers and 35 normal donor trimmed livers were compared. The data are mean ± SE, Significantly different from normal livers, aP < 0.05 vs
normal liver; HCC different from peri-HCC tissues. CYP: Cytochrome P450 enzymes; HCC: hepatocellular carcinoma.

livers (1415-fold vs 12-fold) (Table 3). The expression of
CYP3A7 was decreased 80% in HCC, significantly lower
than normal livers and peri-HCC (Figure 4). The mRNAs
of CYP3A7 in HBV cirrhosis were 70% significantly
higher than normal livers and 50% higher than in alcoholic cirrhosis (not significant). The mRNAs of CYP3A7
in peri-HCC and severe cirrhosis were not different from
normal livers.

CYP4A11 was decreased nearly 90% in HCC, followed
by severe cirrhosis (78%), and alcoholic cirrhosis (72%),
but was not significantly altered in peri-HCC and HBV
cirrhosis. The individual paired mRNAs of CYP4A11 in
peri-HCC and HCC are shown in the bottom panel of
Figure 5C. CYP4A11 mRNAs were decreased in 21 of
24 patients, except for patient No. 10, No. 16 and No. 24,
as compared to peri-HCC. Some patients showed huge
differences (patient No. 15, No. 17, and No. 21), while
others had mild differences (patient No. 2 and No. 5).

Expression of PPARα and CYP4 family genes
The average expression of PPAR α in normal livers
(29.4% ± 1.9% of GAPDH) was not different from
diseased livers (27.6% ± 2.4% of GADPH), and diseased livers had much higher inter-individual variations than normal livers (65-fold vs 4-fold) (Table 3).
PPAR α mRNAs were 65% higher in peri-HCC, but
were 35% lower in HCC, as compared to normal livers.
The mRNAs of PPARα were also lower in alcoholic
cirrhosis and severe cirrhosis (Figure 5). The average
expression of CYP4A11 in normal livers (198% ± 17%
of GAPDH) was significantly higher than in diseased
livers (89.2% ± 11% of GADPH), but diseased livers
had much higher inter-individual variations than normal
livers (524-fold vs 32-fold) (Table 3). The expression of
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DISCUSSION
The present study examined the expression of major
drug metabolizing P450 genes and their corresponding nuclear receptors in 93 end-stage Chinese livers and
compared with 35 normal Chinese donor liver trimmings
from the Oriental Liver Transplant Center (Beijing, China), including HCC and peri-HCC tissues, HBV cirrhosis,
sever cirrhosis and alcoholic cirrhosis. The results clearly
demonstrate that the CYP1-4 family genes were generally down-regulated in end-stage liver diseases, with much
greater inter-individual variations in gene expression than
normal livers. Significant differences in gene expression
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Figure 4 expression of Cytochrome P450 enzymes 3 family genes. Right, PXR and CYP3A4, left, CYP3A5 and CYP3A7. The data are mean ± SE, Significantly
different from normal livers, aP < 0.05 vs normal liver; HCC different from peri-HCC tissues. PXR: pregnane X receptor; CYP: Cytochrome P450 enzymes; HCC: hepatocellular carcinoma.

clopidogrel and lacosamide[26,27], while CYP2B6 is an
“overlooked” P450 isozyme, which is now recognized
to be important for xenobiotic metabolism[3]. In general,
CYP2E enzyme genes were decreased depending on
the end-stage liver diseases, with most decreases seen in
HCC. CAR is a nuclear receptor regulating CYP2 family
gene expression[19]. In end-stage livers, the expression of
CAR was generally decreased[10,12], consistent with present
observations. Accordingly, CYP2 family enzyme genes
were decreased with the liver diseases progressed to the
end-stage. In nonalcoholic fatty liver disease[28] and early
stages of HCC[18], increased expression of CYP2E1 was
reported, but at the end-stage of liver diseases, CYP2E1
was decreased[12-13,25]. In the present study, CYP2E1 decreased not only in HCC, but also in alcoholic cirrhosis
and severe cirrhosis (Figure 4). The function of cytochrome P450 2C19 (CYP2C19) is decreased in patients
with end-stage liver disease that require liver transplantation[25,29]. In the present study, CYP2C19 was decreased
in all end-stage liver diseases, including decreases in periHCC. Among CYP2 family genes, CYP2C19 was affected the most, and decreased up to 90% in HCC. All CYP2

were also evident between peri-HCC and HCC.
CYP1 family genes are regulated by AhR. CYP1A2
is an abundant CYP1A isoform in the liver. In chronic
hepatitis C in association with fibrosis, both AhR and
CYP1A2 were decreased with the development of fibrosis[12,14]; their down-regulation appeared to be associated
with oxidative stress in the liver diseases[19]. CYP1A2 was
reported to be decreased in end-stage liver diseases[16,23,25],
and the same phenomenon occurs for Chinese end-stage
livers in the present study. CYP1A1 and CYP1B1 are also
AhR target genes; although CYP1A1 was down-regulated
in end-stage liver diseases[10,15], CYP1B1 was increased
together with ABCB4[15], indicating they are differentially
regulated. The down-regulation of CYP1A2 in end-stage
liver diseases is consistent with liver dysfunction with the
progress of the diseases.
CYP2 family had large members of enzyme genes
and 5 of them (CYP2B6, CYP2C9, CYP2C19, CYP2E1,
and CYP2D6) were investigated in the present study.
CYP2E1 is a major P450 isoform for ethanol and is
responsible for the metabolism of a variety of xenobiotics[2], CYP2C19 is important in the metabolism of
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Figure 5 expression of Cytochrome P450 enzymes 4 family genes. A: PPARa; B: CYP4A11; C: CYP4A11 in 24 paired HCC and peri-HCC tissue from individual
patients. Data are mean ± SE, Significantly different from normal livers, aP < 0.05 vs normal liver; HCC different from peri-HCC tissues. PPARα: peroxisome proliferator-activated receptor; CYP: Cytochrome P450 enzymes; HCC: hepatocellular carcinoma.

family genes are dramatically down-regulated in HCC as
compared to peri-HCC and normal tissues, and decreases
in CYP2C (2C9 and 2C19) were also evident in end-stage
liver diseases.
CYP3 family metabolizes the majority of drugs[1].
CYP3 family genes are mainly regulated by PXR and
three major CYP3A family members (CYP3A4, CYP3A5
and CYP3A7) were studied in the present study. In endstage liver diseases, the expression of these genes was
decreased only in HCC. The nuclear receptor PXR is
expressed in liver and intestine and is activated by a wide
variety of endobiotics and xenobiotics, including the
majority of drugs. PXR serves as a master transcriptional
regulator of CYP3A isozymes[22]. PXR is decreased in
end-stage liver diseases[10,12]. CYP3A4 is the most important drug metabolizing enzyme in adult humans because
of its prominent expression in liver and its broad substrate specificity[30]. Expression of CYP3A4 decreased in
the end-stage liver diseases[13,25]. CYP3A5 is important for
metabolizing the immunosuppressive drugs used for solid
organ transplantation, such as tacrolimus, sirolimus, and
ciclosporin[31], and in the present study, it was decreased
in end-stage HCC, but it tended to be slightly higher in
HBV cirrhosis. Little is known about the expression of
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CYP3A7 in end-stage liver diseases, and this research
would add to our understanding of this CYP3A isoforms
in human liver diseases. In general, CYP3A family gene
expressions were down-regulated in HCC, but were variably affected in other end-stage liver diseases.
CYP4 family genes are regulated by PPARα. Both
PPARα and CYP4A11 were investigated in the present
study. PPAR is important in lipid metabolism and PPARregulated fatty acid oxidation gene CYP4A11 plays important roles in lipid metabolism[32]. In the present study,
the expression of PPARα was slightly decreased in HCC
only, but the expression of CYP4A11 was decreased over
85% in HCC, and 70% in severe cirrhosis and alcoholic
cirrhosis. The down-regulation of PPARα and its target
genes would affect the function of liver in lipid metabolism.
The end-stage liver diseases are characterized by a
decrease in functional hepatocytes, a decrease in P450
enzyme activities, and reduced blood flow to the liver,
which could affect drug metabolism and systemic clearance[33,34]. The decreased CYP1-4 family gene expressions
could have a significant impact on drug metabolism and
xenobiotic elimination. For example, ropivacaine is metabolized by CYP1A2 and CYP3A4, and its clearance
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is decreased in chronic end-stage liver diseases[24]; Fluvoxamine-induced inhibition of theophylline clearance
decreased from 62% in healthy subjects to 52% and 12%
in patients with mild cirrhosis and those with severe cirrhosis, respectively, due to CYP1A2 dysfunction[35]. Thus,
during end-stage liver diseases, liver dysfunction would
dramatically reduce drug efficacy and may increase drug
toxicity.
It should also be noted that end-stage livers had huge
individual variations in CYP gene expression, as compared to normal livers. Such a huge individual variation in
gene expression among end-stage livers was reported before[24]. CYP polymorphisms and mutations[29,31,32] could
also contribute to this huge inter-individual variation.
Epigenetic mechanisms such as aberrant microRNA expression would also affect CYP expression[36]. Compared
to effects of steatosis on CYP expression[11,37], cirrhosis is
the end-stage liver disease and the effects are much more
pronounced[16,38].
In summary, this study demonstrates that end-stage
livers had compromised liver P450 enzyme gene expression, together with their corresponding nuclear receptors.
All the tested P450s were decreased in HCC, as compared to peri-HCC and normal livers. Other end-stage
liver diseases, namely severe cirrhosis, alcoholic cirrhosis
and HBV cirrhosis also had decreased hepatic P450 enzyme gene expressions, albeit to varying degrees. The
decreased P450 enzymes would result in liver dysfunction
in reducing drug efficacy and increasing drug toxicities.
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PROSPECTIVE STUDY

Drain amylase value as an early predictor of pancreatic
fistula after cephalic duodenopancreatectomy
Vladimir D Dugalic, Djordje M Knezevic, Vladan N Obradovic, Miroslava G Gojnic-Dugalic, Slavko V Matic,
Aleksandra R Pavlovic-Markovic, Predrag D Dugalic, Srbislav M Knezevic
(DP) was performed on all patients. Two closed suction
drains were placed at the end of the surgery. The highest postoperative DFA value was recorded and analyzed
during the first three postoperative days and on subsequent days if the drains were kept longer. Pancreatic
fistula (PF) was classified according to the International
Study Group of Pancreatic Fistula (ISGPF) criteria. Postoperative complications were defined according to the
Dindo-Clavien classification. All data were statistically
analyzed. The optimal thresholds of DFA levels on the
first, second and third postoperative days were estimated by constructing receiver operating curves, generated
by calculating the sensitivities and specificities of the
DFA levels. The DFA level limits were used to differentiate between the group without PF and the groups with
biochemical pancreatic fistula (BPF) and CRPF.
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RESULTS: Pylorus-preserving duodenopancreatectomy
was performed on 289 (75.6%) patients, while the remaining patients underwent a classic Whipple procedure
(CW). The total incidence of PF was 37.7% (grade A
22.8%, grade B 11.0% and grade C 3.9%). Soft pancreatic texture (SPT) was present in 58.3% of patients who
developed PF. Mortality was 4.2%. The median DFA
value on the first postoperative day (DFA1) in patients
who developed PF was 4520 U/L (range 350-99000 U/L)
for grade A fistula (BPF) with a SPT and a diameter of
the main pancreatic duct (MPD) of ≤ 3 mm. For grade
B/C (CRPF), the median DFA1 value was 8501 U/L (range
377-92060 U/L) with a SPT and MPD of ≤ 3 mm. These
values were significantly higher when compared to the
patients who did not have PF (122; range 5-37875 U/L).
The upper limit of DFA values for the first 3 postoperative days in the examined stages of PF were: DFA1 1200
U/L for the BPF and CRPF; DFA3 350 U/L for BPF and
DFA3 800 U/L for CRPF. The determined values were
highly significant and demonstrated a reliable diagnostic
test for both BPF and CRPF.

Abstract
AIM: To determine predictors of clinically relevant
pancreatic fistulas (CRPF) by measuring drain fluid
amylase (DFA) in the early postoperative period.
METHODS: This prospective clinical study included
382 patients with periampullary tumors that were surgically resected at our department between March 2005
and October 2012. A cephalic duodenopancreatectomy
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CONCLUSION: DFA1 ≥ 1200 U/L is an important pre-
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verity of PF was graded precisely according to the clinical
procedures and outcomes (grades A, B, and C). Because
the biochemical pancreatic fistula (BPF) does not significantly affect the postoperative course, it is very important
to differentiate between those patients who will and will
not develop PF and also to distinguish the fistula stages (A
vs B/C). Although it allows for comparison of results between centers, the ISGPF definition of PF is determined
largely on the basis of outcomes, making it impossible to
determine guidelines for prompt treatment of postoperative PF. One cannot predict the clinical course of patients
with verified PF on the third postoperative day based
solely on the ISGPF classification[5,6].
There are several risk factors for the occurrence of
PF: disease-related (pancreatic texture, pancreatic duct
diameter, pathologic diagnosis), patient-related (demographics, co-morbidities, jaundice, neoadjuvant therapy)
and intraoperative (surgical technique, type of anastomosis, type of reconstruction, intraoperative blood loss
and duration of surgery)[7]. It is crucial to recognize risk
factors that can lead to development of CRPF and thus
determine further postoperative treatment. The most
important factors for pancreatic anastomotic dehiscence
are soft pancreatic texture (without marked fibrosis,
prone to suture tear) and main pancreatic duct diameter
of less than 3 mm.
There are few published studies that analyzed the
correlation of drain fluid amylase (DFA) level with the
risk of developing PF[8-15]. Even fewer studies analyzed
the risk factors for early prediction of postoperative
CRPF and its distinction from BPF[13,14,16-20]. The aim of
this study was to determine if DFA value can be used as
a predictive criterion for the development of CRPF and
to distinguish CRPF from BPF in the early postoperative
course.

dictive factor for PF of any degree. The trend of DFA3
(decrease of < 50%) compared to DFA1 is a significant
factor in the differentiation of CRPF from transient BPF.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cephalic duodenopancreatectomy; Periampullary tumors; Pancreatic fistula; Drain fluid amylase
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Core tip: The aim of the study is to determine the possibility of early prediction of the occurrence of clinically
relevant pancreatic fistula (CRPF) during the postoperative period after cephalic duodenopancreatectomy for
periampullary carcinoma by measuring drain fluid amylase (DFA) values during the first 3 postoperative days.
Three-hundred and eighty-two surgically treated patients with resectable periampullary tumors were prospectively analyzed between 2005 and 2012. The total
incidence of pancreatic fistula was 37.7%. The median
DFA values were significantly higher in patients who
developed CRPF. We concluded DFA could represent a
reliable predictive parameter for CRPF development.
Dugalic VD, Knezevic DM, Obradovic VN, Gojnic-Dugalic MG,
Matic SV, Pavlovic-Markovic AR, Dugalic PD, Knezevic SM.
Drain amylase value as an early predictor of pancreatic fistula
after cephalic duodenopancreatectomy. World J Gastroenterol
2014; 20(26): 8691-8699 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8691.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8691

INTRODUCTION
Pancreatic fistula (PF), especially clinically relevant pancreatic fistula (CRPF), represents one of the most common and serious complications in pancreatic surgery.
Early prediction of the PF occurrence is of the utmost
importance[1]. If we can reliably exclude the development of CRPF during the early postoperative period (first
three days), patients could be treated with a “fast track”
protocol, which includes early mobilization, early removal of drains and oral feeding, adequate pain control,
a shorter hospital stay and reduced treatment costs[2].
However, if there is a risk of CRPF development, which
is accompanied by a higher percentage of life-threatening complications, treatment of patients is more extensive and involves delayed oral feeding and drain removal,
possible introduction of somatostatin analogues, antibiotics, and/or interventional radiological procedures.
The incidence of PF in the international literature is
variable, from 2%-51% depending on applied criteria[1,3,4].
In 2005, the International Study Group on Pancreatic Fistula (ISGPF) precisely defined pancreatic fistula as the appearance of any measurable volume of drain fluid on or
after the 3rd postoperative day with an amylase content 3
times greater than the upper normal serum value[1]. They
also proposed a classiﬁcation scheme upon which the se-
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MATERIALS AND METHODS
A prospective clinical study was conducted at our department from March 2005 to October 2012, during which
382 patients with a surgically resectable periampullary
tumor were followed. A cephalic duodenopancreatectomy (DP) was performed in all patients. Several patients
had been previously treated elsewhere and were referred
to our institution for definitive treatment. All surgical
procedures were performed by 5 senior surgeons. The
surgeon was responsible for choosing the type of surgery [pylorus-preserving DP (PPDP) or classic Whipple
procedure (CW)] and the type of anastomosis [pancreaticojejunal (PJ) with duct to mucosa or by invagination,
or pancreaticogastric anastomosis (PG) with or without
stent placement], because none of these surgical techniques have a statistically proven advantage over the
others[21]. We began performing PG anastomosis at our
department two years ago, primarily in the patients with
a narrow main pancreatic duct (MPD) and soft pancreatic texture (SPT).
In all patients, two closed suction drains were placed
at the end of the surgery, one close to the pancreatic
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Table 1 Clinical, intraoperative and postoperative characteristics in relation to the occurrence and stage of pancreatic fistula-univariate analysis n (%)

No1

BPF2

CRPF3

P 12

P value
P 13

P 23

137/101
61.1 ± 10.6
238 (62.3)
9 (10.7)
45 (23.4)
7/9 (77.8)

50/37
60.0 ± 10.4
87 (22.8)
32 (38.0)
74 (38.5)
31/32 (96.9)

44/131
61.4 ± 8.2
57 (14.9)
43 (51.2)
73 (38.1)
40/43 (93.0)

0.518
0.0111
0.0011
0.0361

0.855
0.0111
0.0011
0.059

0.407
0.126
0.225
0.910

133 (46.0)
31 (33.6)

74 (25.6)
35 (38.0)

82 (28.4)
26 (28.4)

0.0021
0.739

0.0071
0.590

0.653
0.384

87 (60.0)
28 (26.9)
16 (30.8)

33 (22.8)
35 (33.6)
21 (40.4)

25 (17.2)
41 (39.5)
15 (28.8)

0.0011
0.493
0.444

0.0011
0.250
0.719

0.169
0.639
0.572

33/57 (57.9)
504.1 ± 340.4
34.1 ± 16.3
14/57 (24.6)

0.0151
0.759
0.0131
-

0.066
0.634
0.0011
-

0.610
0.416
0.0011
0.0011

Parameter

Pancreatic fistula

Gender (M/F)
Age
PF
Pancreas texture-soft
MPD diameter ≤ 3 mm
Soft/MPD ≤ 3 mm
Surgical procedure
PPDP
Whipple
Pathology
Pancreatic ductal adeno Ca
Papila Vateri Ca
Common bile duct/duodenal Ca
Other
Blood transfusion (pt’s)
Blood transfusion (mL)
Hospital stay
Mortality

147/238(61.8)
540.0 ± 345.4
14.1 ± 9.0
-

46/87 (52.9)
560.7 ± 189.0
17.7 ± 6.8
2/87 (2.3)

1

Significant P < 0.05, n/n, mean ± SD. MPD: Main pancreatic duct; PPDP: Pylorus-preserving duodenopancreatectomy.

Statistical analysis
Continuous variables were expressed as the mean ± SD
or as median (range). Patient characteristics, perioperative and postoperative factors were compared between
groups using χ 2 statistics and Student-t test. Median
DFA levels were compared by means of the non-parametric Mann-Whitney U test. The optimal thresholds of
DFA levels on the first, second and third postoperative
days were estimated by constructing receiver operating
curves (ROC), generated by calculating the sensitivities
and specificities of the DFA level. These thresholds were
used for differentiation between the group without PF
and the groups with BPF and CRPF. P values less than
0.05 were considered statistically significant. The statistical analysis was performed with the SPSS 16.0 software.

anastomosis and the other near the bilio-enteric anastomosis. Drains were removed if there was no significant
drainage (blood, bile, intestinal contents, pus or unusual
color raising suspicion of PF), if the DFA values were
low, and at the discretion of the surgeon. Somatostatin
analogues were predominantly used in patients with “high
risk anastomosis” (SPT, narrow MPD). All patients
received intravenous antibiotics at the induction of anesthesia and for three days after surgery. Low molecular
weight heparin was administered subcutaneously for the
duration of hospitalization.
In all patients, we recorded the overall amount of
drain secretion and DFA values taken from the drain
with higher amylase values during the first three postoperative days or more if the drains were kept longer.
The upper limit value for serum amylase in our laboratory is 100 U/L. PF was classified according to ISGPF
criteria[1]. Postoperative complications were defined according to the Dindo-Clavien classification[22]. Patients
who received a total pancreatectomy because of positive
surgical margins, distal pancreatectomy or enucleation of
the tumor were not included in the study.
The overall analysis of this study included the following parameters: (1) Preoperative: patient characteristics
(age and gender); (2) Intraoperative: type of resection
(PPDP or CW), type of reconstruction (PJ or PG), duration of surgery, red blood cell transfusion and texture of
the pancreas (hard or soft; estimated during surgery in
correlation with postoperative histological finding); and
(3) Postoperative: Incidence of postoperative complications and reoperation, histopathological analysis of the
resected specimen, type and the degree of tumor differentiation, resectional margin, TNM stage, mortality and
hospital stay.

WJG|www.wjgnet.com

RESULTS
PPDP was performed on 289 of the 382 patients (75.6%),
and CW was performed on the remaining 93 patients
(PJ 190, PG 16). The median age of the patients was 60
years (range 29-80 years), with a male preponderance
(60.5% vs 39.5%). The male prevalence was significantly
higher in cases of CRPF (Table 1). The majority of patients had a pre-surgical diagnosis of periampullary carcinoma (80.6%). The additional indications for surgery
were IPMN, neuroendocrine tumors, chronic pancreatitis, metastatic renal cell carcinoma and melanoma. Median operative time was 394 min (range 240-690 min). The
percentage of postoperative complications according to
the Dindo-Clavien classification is shown in table 2.
Overall mortality rate was 4.2% (16 of 382 patients).
Causes of death were PF with sepsis (8), bleeding (3),
liver failure (2), cardiac (2) and pulmonary embolism
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Table 2 Postoperative complications by Dindo-Clavien classification n (%)

Table 4 Drain fluid amylase values on postoperative days 1-3
in relation to the occurrence of pancreatic fistula, pancreatic
texture and diameter of main pancreatic duct for patients
with pancreatic fistula grade B/C

Fistula
Dindo-clavien

Total

0
1
2
3
4
5

NO

A

B/C

201 (84.4)
15 (6.3)
8 (3.4)
10 (4.2)
4 (1.7)
238 (100.0)

56 (64.4)
12 (13.8)
9 (10.3)
4 (4.6)
4 (4.6)
2 (2.3)
87 (100.0)

0 (0.0)
1 (1.8)
30 (52.6)
8 (14.0)
4 (7.0)
14 (24.6)
57 (100.0)

Grade B/C PF
Postoperative
days

1

2

Table 3 Drain fluid amylase values on postoperative days 1-3
in relation to the occurrence of pancreatic fistula, pancreatic
texture and diameter of main pancreatic duct for patients
with pancreatic fistula grade A

3

No clinical
fistula
(n = 238)
122 (5-37875)

Hard
pancreatic
texture
(n = 18)

8250
(117-95000)
P = 0.143
P = 0.672
100 (6-1374)
2990
(367-100000)
P = 0.0031
P = 0.307
60 (3-600)
2298
(279-100000)

Soft pancreatic
texture duct diameter
≤ 3 mm
(n = 40)

Sig.

8501 (377-92060)

P=
0.773

P = 0. 877
9014 (195-100000)
P = 0. 085
6010 (86-100000)

P=
0.079
P=
0.208

1

Significant P < 0.05, median (range). PF: Pancreatic fistula.

Grade A PF
Postoperative
day

1

2

3

No clinical
fistula
(n = 238)

Soft pancreatic
Hard
pancreatic texture diameter
≤ 3 mm
texture
(n = 31)
(n = 28)

Sig.

with hard pancreatic texture (HPT) and any diameter
of MPD. MAV on the 2nd and 3rd postoperative day was
not significantly different between the same groups.
In the patients with BPF and SPT, MAV did not differ
significantly on the 1st and 2nd postoperative day, while it
was significantly lower on the 3rd postoperative day. The
observed trend is similar to the trend seen in the group
without postoperative PF (Table 3).
MAV from the drain fluid was also analyzed in the
group of patients with postoperative CRPF (Table 4).
We observed that the MAV value was similar regardless
of the pancreatic texture on the 1st postoperative day.
On the 2nd and 3rd postoperative day, MAV was higher in
the group with SPT and a MPD diameter of ≤ 3 mm
compared to the HPT group, but the difference was
not statistically significant (p = 0.079 and p = 0.208, respectively). As opposed to SPT, the incidence of CRPF
was significantly lower in cases with HPT (18 out of
40). CRPF with SPT and a MPD diameter of ≤ 3 mm
had higher but not statistically significant (p = 0.877)
MAV on the 2nd postoperative day compared to the 1st
postoperative day. There was no significant decrease in
MAV on the 3rd postoperative day. We concluded that
the persistently higher concentration of DFA without
significant decrease until the 3rd postoperative day was
the main prognostic value of measuring DFA in patients
with CRPF with SPT.
By ROC analysis, we determined the DFA threshold
level at each postoperative day for BPF and CRPF with
SPT and a MPD diameter of ≤ 3 mm. As we have previously shown, the presence of SPT, especially in CRPF,
was the greatest predictor of the occurrence of PF
based on the DFA level on the first three postoperative
days. Therefore, all further analysis to determine value
thresholds for DFA in the development of these fistulas
compared with BPF referred to these conditions. Highly
significant values of AUC showed that the given DFA
limits for each postoperative day are reliable as diagnostic tests for both BPF (AUC = 0.891-0.990, p < 0.0001)

2097
4520 (350-99000) P = 0.0231
(116-22039)
P = 0.143
P = 0.668
P = 0.630
100 (6-1374)
1912
3347 (397-99000) P = 0.108
(118-61913)
P = 0.0031
P = 0.133
P = 0.0011
60 (3- 600)
1130
1050 (343-90000) P = 0.994
(200-28020)

122 (5-37875)

1

Significant P < 0.05, median (range). PF: Pancreatic fistula.

(1). Thirty-three patients returned to the OR (8.6%) for
bleeding and sepsis caused by PF, and 8 of these patients
died. Positive posterior and/or medial (SMA) surgical margins were present in 37.3% of cases, and 61.3%
of patients had positive lymph nodes. In 226 patients
(59.1%) intraoperative blood transfusion (hemoglobin <
80 g/L) was required. Intraoperative blood transfusion
did not significantly influence the occurrence of any
degree of PF (Table 1). There was no statistically significant difference in the amount of postoperative drainage
fluid in relation to the occurrence of PF.
PF of any degree occurred in 37.7% of all patients,
with no statistically significant difference in occurrence
of BPF (22.8%) compared to CRPF (14.9%). Forty-three
(51.2%) out of 84 patients with SPT developed CRPF.
CRPF was associated more often with adenocarcinoma
of the papilla of Vater (39.5%). Patients with SPT had a
significantly higher incidence of MPD diameter of ≤ 3
mm in all PF groups (78%-97%) (Table 1).
The median concentration of DFA exhibited much
lower values in the first three postoperative days in patients without postoperative PF (Table 3). Therefore, the
data from this group are shown as a control in tables 3
and 4. Median amylase value (MAV) in the drains on the
1st postoperative day was significantly higher in patients
with BPF and the presence of SPT combined with the
MPD diameter of ≤ 3 mm, compared to the patients

WJG|www.wjgnet.com
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1.0

1.0

0.8

0.8

0.6
Grade A PF
Pancreatic texture-soft
duct diameter ≤ 3 mm
AUC 1 = 0.891
AUC 2 = 0.968
AUC 3 = 0.990

0.4
0.2
0.0
0.0

0.2

0.4

0.6

0.8

Sensitivity

Sensitivity
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Days DFA
1
2
3
Reference line

0.6
Grade B/C PF
Pancreatic texture-soft
duct diameter ≤ 3 mm
AUC 1 = 0.957
AUC 2 = 0.978
AUC 3 = 0.974

0.4
0.2
0.0
0.0

1.0

0.2

1-specificity

0.4

0.6

0.8

1.0

1-specificity

Figure 1 Receiver operating characteristics curve identified a threshold value of drain fluid amylase on postoperative days 1, 2 and 3 to predict biochemical pancreatic fistula vs clinically relevant pancreatic fistulas with soft pancreatic texture. PF: Pancreatic fistula; DFA: drain fluid amylase.

Table 5 Prognostic characteristics of threshold (cut-off) drain fluid amylase levels by postoperative days in the occurrence of biochemical pancreatic fistula and clinically relevant pancreatic fistulas in relation to the texture of the pancreas
Grade PF

Postoperative days

Cut off

Sensitivity

Specificity

FN

FP

> 1200
> 800
> 350

93.1%
89.7%
98.7%

87.5%
94.3%
97.8%

6.9%
10.3%
1.3%

12.5%
5.7%
2.2%

> 1200
> 1200
> 800

92.3%
89.7%
90.2%

87.5%
97.7%
98.9%

7.7%
10.3%
9.8%

12.5%
2.3%
1.1%

U/L
A Pancreatic texture-soft, duct diameter ≤ 3 mm
1
2
3
B/C Pancreatic texture-soft duct, diameter ≤ 3 mm
1
2
3

PF: Pancreatic fistula; FN: False negative; FP: False positive.

and CRPF (AUC = 0.957-0.978, p < 0.0001) (Figure 1).
By selecting thresholds with higher sensitivity
(89.7%-98.7%), the false negative rate was reduced to
1%-10% with a specificity of 87.5%-98.9%, and the false
positive rate was 1%-12%. CRPF developed with DFA1
values below 1200 U/L in only 3 patients. In patients
with SPT, the DFA threshold of ≥ 1200 U/L on the 1st
postoperative day did not differ between the compared
fistula grades (A vs B/C). Lower threshold values of
DFA on the 2nd postoperative day in patients with BPF
corresponded with the previously analyzed MAV by
postoperative days in the case of this fistula type. MAV
on the 3rd postoperative day is a diagnostic criterion for
predicting the occurrence of CRPF compared to BPF
(Table 5). During the development of CRPF, the ratio
of DFA concentrations shows only slight day-to-day
changes or remains quasi constant (persistent). Thus,
in CRPF the marginal threshold values at the 1st and
2nd postoperative days did not differ and were relatively
lower on 3rd postoperative day. However, in BPF the
threshold DFA values were several times lower on the 3rd
postoperative day than on the first day (> 50%).
Values of the defined thresholds overlap, as the
threshold of > 800 for BPF is contained within the
threshold of > 1200 for CRPF. Therefore, in practical
implementation of diagnostic tests that are based on certain threshold values, apart from using threshold values

WJG|www.wjgnet.com

on the first postoperative day, the DFA trend should be
followed on a daily basis until the 3rd postoperative day.

DISCUSSION
Pancreatic fluid leakage into the peritoneal cavity in the
early postoperative period after DP occurs due to several
reasons. It originates either from the pancreatic parenchyma or the MPD (anastomotic leakage). Parenchymal
leakage is either from the cut surface of the pancreas
(tear through the stitches) or trans-parenchymal, when
the pancreas acts as a “sweating” gland that releases an
exudate with a high concentration of amylase, similar
to pancreatic ascites, seen in patients with acute pancreatitis[10]. The concentration of drain amylase on the first
postoperative day could also be affected by the amount
of intraoperative leakage of pancreatic fluid into the
abdomen. It is often difficult to differentiate between
parenchymal and anastomotic leakage, especially in the
early postoperative period. Parenchymal leakage is identified by persistently high levels of drain fluid amylase
without extravasation of contrast on fistulography and
usually stops spontaneously, while the anastomotic leakage shows contrast extravasation at the level of PJ and
has no tendency to resolve spontaneously[23-25].
Although consensus has not been reached, measurement of DFA in the early postoperative period after
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Pancreatic fistula grade

A
U/L
0

1

B/C
Postoperative days
3
1

2

2

3

300

400

500

600

700

800
Drain fluid amylase
900

1000

1100

1200

Figure 2 Incidence of biochemical pancreatic fistula (A) or clinically relevant pancreatic fistulas (B/C) in a soft pancreas depending on the drain fluid amylase values on the first three postoperative days.

DP can be very useful in predicting the development of
PF[8,9,10,13,14,16,20,26]. In their study, Molinari et al[8] defined
a DFA threshold value of ≥ 5000 U/L as the only
significant predictive factor for PF of any grade, with
a sensitivity of 92.6% and a specificity of 83.6%. They
assumed that high concentrations of DFA1 were caused
either by intraoperative leakage of pancreatic fluid or by
early and imperceptible spills at the level of anastomosis,
which usually preceded the appearance of CRPF. During a successful postoperative recovery, pancreatic func-

WJG|www.wjgnet.com

tion is reduced until the fifth postoperative day and then
slowly begins to recover. Complications developed only
in those patients in whom DFA1 was ≥ 5000 U/L and
DFA5 was ≥ 200 U/L, and these complications were
explained as a small area of ischemic necrosis at the
anastomotic site on the 5th postoperative day. The study
was performed on patients after DP and distal pancreatectomy, which represented heterogeneous groups with
regard to the different behavior of PF in the presence
of anastomosis with the bowel. They did not explicitly
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Table 6 Development of clinically relevant pancreatic fistulas depending on a threshold DFA1 (our results in comparison with different series, molinari, sutcliffe)
DFA U/L
Molinari
> 5000
≤ 5000
∑
Sutcliffe
> 350
≤ 350
∑

Fistula B/C

No fistula

∑

Sensitivity

Specificity

Fn

Fp

39
17
57

2
236
238

41
254
295

68.4%

99.1%

31.6%

0.9%

54
3
57

78
160
238

132
163
295

94.7%

67.2%

5.3%

32.8%

DFA: Drain fluid amylase.

discuss grades of PF and therefore did not separately
observe BPF and CRPF.
Sutcliffe et al[9] defined much lower threshold values
of DFA1 (≥ 350 U/L) as a predictor of PF occurrence.
Seventy patients with DP treated with a standardized
protocol (homogeneous group) were analyzed. However,
they did not analyze BPF and CRPF separately and only
nine patients had PF. The data they obtained supported
the hypothesis that the PF was due to technical error
during PJA, which appears immediately and can be detected on the 1st postoperative day. As we found in our
results, this study indicated that the concept of “late fistula” is questionable, given that none of the patients who
had normal DFA1 values and in whom the drains were
removed on the 5th postoperative day developed PF[27].
Our study indicated that DFA1 had significant value
in predicting PF, especially with SPT. The established
threshold value of ≥ 1200U/L based on ROC analysis
confidently predicts the development of any type of PF
(sensitivity 92.3%-93.1%, specificity 87.5%). Significantly
higher median DFA1 concentrations were measured in
patients with PF compared to those without PF. We noticed that in the group of patients with BPF, DFA3 had
the same trend of significant decline as the group of patients without PF. These results differ significantly from
the group of patients with CRPF, in which the decline
of DFA3 is only moderate (< 50%) (Figure 2).
Our results were analyzed using the threshold DFA1
values defined in the works of Molinari and Sutcliffe
(Table 6)[8,9]. We noticed a low sensitivity in the case of a
DFA1 threshold value of 5000 U/L (68.4% and 31.6%
false negatives) and a low specificity for a threshold value
of 350 U/L (67.2% and 32.8% false positives). Isolated
measurement of DFA in the early postoperative period
is not sufficient, but it is very useful for predicting the
occurrence of PF and for the differentiation between
BPF and CRPF. Few options have been available for
early prediction of CRPF thus far. Several authors tried
to answer this problem[12,13,17,18,20,26,28,29] using parameters
other than DFA values, such as inflammatory (WBC,
temperature, albumin level), pre and intraoperative
(pancreatic texture, MPD diameter, intraoperative blood
transfusion), high risk pathology, etc.[30-32]. However, clinical implementation of these parameters is questionable.
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Male sex is more often associated with CRPF. Surprisingly, the amount of intraoperative blood transfusion
was not significantly different in patients with and without PF. We do not have an explanation for this, and the
explanation for the relationship between intraoperative
blood transfusion and the occurrence of CRPF is not
entirely convincing. The assumption is that blood loss,
especially when rapid, leads to ischemia and impaired
healing of the PJ anastomosis. Aggressive intraoperative volume replacement can cause tissue edema in the
area of anastomosis, which can lead to the occlusion of
the MPD or disruption of the stitches[29]. However, the
amount of administered blood depends on the preoperative hemoglobin levels, intraoperative blood loss, the
operative technique, and post-operative blood losses.
We found a higher percentage of BPF compared
to CRPF in our study. Given that BPF does not affect
the postoperative course, we may question the ISGPF
definition of PF. The high percentage of BPF could be
due to strict usage of the ISGPF definition of PF, and
therefore a significant number of patients who have
had marginal DFA levels on the 3rd postoperative day
were classified as BPF (DFA 300-400 U/L). With this in
mind, it may be more appropriate to introduce a 5th day
of DFA values for the definition of PF[33,34].
Apart from DFA3, the patient’s clinical aspect on
the 5th postoperative day is of great importance in our
opinion. Recovery of pancreatic function, an increase
of DFA in CRPF, infection in CRPF (which can be confirmed in drainage fluid only on day 5) and changes in
the appearance of drainage fluid in CRPF (sinister fluid)
all occur on the 5th postoperative day[35,36]. It is at this
time that we may distinguish CRPF from BPF. However,
the problem still remains that early differentiation is
needed to allow us to determine a strict protocol in the
postoperative management of these patients[3,37,38].
In conclusion, our suggestion is that regardless of
the consistency of the pancreatic texture (hard or soft),
patients with DFA1 values below 1200 U/L, with a significant drop in DFA3 (> 50%) and with the absence
of inflammatory reaction (WBC, fever) could be treated
with early drain removal on the 3rd postoperative day to
avoid the development of late pancreatic fistula.
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Background

Pancreatic fistula is one of the most common and serious complications after
cephalic duodenopancreatectomy.

Research frontiers

Early prediction of clinically relevant pancreatic fistula (CRPF) is of the utmost
importance because its appearance may be accompanied by a higher percentage of life-threatening complications, delayed oral feeding and drain removal,
possible introduction of somatostatin analogues, antibiotics and/or interventional radiological procedures.

9

Innovations and breakthroughs

The authors studied 382 patients who underwent cephalic duodenopancreatectomy for periampullary tumors. The overall amount of drain secretion and drain
fluid amylase (DFA) values were measured from the drain with the higher amylase level during the first three postoperative days or more if the drains were
kept longer. The total incidence of pancreatic fistula (PF) was 37.7% (grade A
22.8%, grade B 11.0% and grade C 3.9%). Soft pancreatic texture was present
in the majority of patients who developed PF. DFA values on the first postoperative day (DFA1) were significantly higher in the patients who developed PF, and
a DFA higher than 1200 U/L was a predictive factor of PF of any degree. The
trend of a DFA decline to less than 50% of DFA1 on the third postoperative day
was a significant factor in the differentiation of CRPF from transient BPF.

10

11

12

Applications

Reliably excluding the possibility of CRPF development during the early postoperative period after cephalic duodenopancreatectomy enables patient treatment
with the “fast track” protocol, which includes early mobilization, early removal
of drains and oral feeding, adequate pain control, a shorter hospital stay and
reduced treatment costs.

13

The authors evaluated the significance of drain fluid amylase to determine the
occurrence of CRPF during the early postoperative period after cephalic duodenopancreatectomy for periampullary carcinoma. They analyzed 387 patients
and demonstrated that the total incidence of pancreatic fistula was 37.7%. An
accurate statistical analysis demonstrated that drain fluid amylase of ≥ 1200
U/L is an important predictive factor of pancreatic fistula of any degree.
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controls. Multivariate logistic regression analyses were
conducted to analyze the correlations between the four
polymorphisms and CRC risk, adjusted by the baseline
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analyze the gene-behavior interactions of smoking status, alcohol consumption, and BMI on polymorphisms
and CRC susceptibility.
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RESULTS: The APE1 148 Glu/Glu genotype was significantly associated with an increased risk of colorectal
cancer (OR = 2.411, 95%CI: 1.497-3.886, P < 0.001
relative to Asp/Asp genotype). There were no associations between OGG1, XRCC1, or APE1 promoter polymorphisms and CRC risk. A multivariate analysis including three behavioral factors showed that the APE1 148
Glu/Glu genotype was associated with an increased
risk for CRC among both smokers and non-smokers,
2
non-drinkers and individuals with a BMI ≥ 25 kg/m
(ORs = 2.356, 3.299, 2.654, and 2.581, respectively).
The XRCC1 399 Arg/Gln genotype was associated with
a decreased risk of CRC among smokers and drinkers
(OR = 0.289, 95%CI: 0.152-0.548, P < 0.001, and OR
= 0.327, 95%CI: 0.158-0.673, P < 0.05, respectively).
The APE1 promoter polymorphism -141 T/G genotype
was associated with a reduced risk of colorectal cancer
2
among subjects with a BMI < 25 kg/m (OR = 0.214,
95%CI: 0.069-0.660, P < 0.05 relative to T/T genotype). There were significant gene-behavior interactions between smoking status and XRCC1 Arg399Gln,
as well as BMI and APE1 -141T/G polymorphism (all P
< 0.05).

Abstract
AIM: To study the association between four base excision repair gene polymorphisms and colorectal cancer
risk in a Chinese population.
METHODS: Two hundred forty-seven colorectal cancer
(CRC) patients and three hundred cancer-free controls
were enrolled in this study. Four polymorphisms (OGG1
Ser326Cys, APE1 Asp148Glu, -141T/G in the promoter
region, and XRCC1 Arg399Gln) in components of the
base excision repair pathway were determined in
patient blood samples using polymerase chain reaction with confronting two-pair primers. The baseline
information included age, gender, family history of

WJG|www.wjgnet.com

CONCLUSION: APE1 Asp148Glu is associated with
increased CRC risk and smoking alters the association
between XRCC1 Arg399Gln and CRC risk in the Chinese
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a scaffold to recruit BER proteins, 8-oxoguanine DNAglycosylase 1 (OGG1), which participates in generating
SSBs with 3’ P αβ unsaturated aldehyde and 5’ P termini[6], and apurinic endonuclease 1 (APE1), the key enzyme
responsible for the incision of the apurinic/apyrimidinic
sites and the generation of 3’-OH termini[8].
Polymorphisms in genes coding for these three key
proteins could affect the accumulation of DNA lesions
in colorectal mucosa, thus influencing CRC risk[9]. Among
all the polymorphisms in these proteins, OGG1 Ser326Cys, APE1 Asp148Glu, and XRCC1 Arg399Gln are
the most common and well-studied[4]. Although the associations of OGG1 Ser326Cys and XRCC1 Arg399Gln
gene polymorphisms and CRC risk have been inconsistent[3,10-12], the APE1 Asp148Glu polymorphism is associated with an increased risk of CRC in Turkish and Polish
populations[7,13]. Studies focused on the promoter polymorphism in APE1 (-141T/G) are rare, with only two
articles reporting that the APE1 -141G/G genotype was
a protective factor in lung cancer risk[14,15], and one study
showing that the variant allele G is associated with a significantly decreased risk for glioblastoma[16]. A genomewide association study investigating gene polymorphisms
and CRC risk conducted in 2011 identified XRCC1
Arg399Gln among the 6216 single nucleotide polymorphisms within 100 kb of the 157 DNA repair loci, but
revealed no relationship between this polymorphism and
CRC risk[17]. Another meta-analysis studied 455 polymorphisms in 110 different genes and showed a protective
effect of homozygous variants of XRCC1[18]. As the associations between these four key gene polymorphisms
and CRC are still uncertain in the Chinese population, the
aim of this study was to define the relationships between
CRC risk and the OGG1 Ser326Cys, APE1 Asp148Glu
and the promoter variation -141T/G, and XRCC1 Arg399Gln polymorphisms in the Chinese Han population.

Han population.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Apurinic endonuclease 1; Base excision repair; Single nucleotide polymorphisms; Colorectal cancer; X-ray repair cross-complementing groups
Core tip: There are discrepancies in reports concerning
the association between polymorphisms in genes involved in the base excision DNA repair pathway (OGG1,
APE1, and XRCC1) and colorectal cancer susceptibility.
This study examines four of these polymorphisms in a
Chinese Han population from the southwest region of
China. Results show that the APE1 148 Glu/Glu genotype is associated with an increased risk of CRC. Moreover, analyses examining gene-behavior interactions
revealed that smoking may influence the relationship
between the XRCC1 Arg399Gln polymorphism and CRC
risk.
Zhang SH, Wang LA, Li Z, Peng Y, Cun YP, Dai N, Cheng Y,
Xiao H, Xiong YL, Wang D. APE1 polymorphisms are associated with colorectal cancer susceptibility in Chinese Hans. World
J Gastroenterol 2014; 20(26): 8700-8708 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8700.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8700

INTRODUCTION
Colorectal cancer (CRC) is the third most commonly diagnosed cancer in males and the second most common
cancer in females. Incidence rates of CRC are highest
in Australia, New Zealand, Europe, and North America
and lowest in Africa and South-Central Asia. However,
CRC incidence rates are rapidly increasing in several areas historically at low risk, including Spain and a number
of countries within Eastern Europe and Eastern Asia[1].
Approximately 608000 deaths from CRC are estimated
worldwide, accounting for 8% of all cancer deaths, making it the fourth most deadly cancer[2].
Many cancers, including CRC, can be initiated by
DNA damage induced by chemical agents, smoking,
alcohol consumption, and fat metabolism[3]. To avoid accumulation of such damage, cells have developed precise
and effective DNA repair systems. Base excision repair
(BER) is the major DNA repair pathway for most oxidative DNA lesions[4] that recognizes and repairs base
modifications and single strand breaks (SSB)[5]. BER is
initiated by a mono- or bifunctional DNA glycosylase
and involves: (1) base lesion recognition, excision, and
cleavage of an abasic site; (2) end-processing of SSB
termini to generate 3’ hydroxyl (OH)/5’ phosphate (P)
group ends; (3) gap-filling after lesion excision; and (4)
nick sealing by DNA ligases[6]. Three key human proteins
involved in the BER and SSB pathways[7] are X-ray repair
cross-complementing protein 1 (XRCC1), which acts as

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study population
The study population included 247 cancer patients (60
with colon cancer and 187 with rectal cancer) and 300
cancer-free controls admitted to the Daping Hospital
from January 2006 to December 2012. All subjects were
Han Chinese from the southwest area of China between
20 and 90 years of age with complete demographic
and behavioral information. Patients and controls were
matched for age and gender. Pathological confirmation
for all cancer patients was performed, and control subjects had no tumor history before or during the study.
The study protocol was approved by the ethics committee of Daping Hospital and informed consent was obtained from each participant.
A uniform questionnaire was used for all subjects regarding sociodemographic characteristics, smoking status,
alcohol consumption, body mass index (BMI), and other
potential confounding factors. Subjects were considered
smokers if they were a current or past smoker before the
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Table 1 Primer sequences
Target gene
OGG1
Ser326Cys

XRCC1
Arg399Gln

APE1
Asp148Glu

APE1 promoter
-141T/G

Sequence of primers

Allele and PCR product size (bp)

F1: 5’-CAGCCCAGACCCAGTGGACTC-3’
R1: 5’-TGGCTCCTGAGCATGGCGGG-3’
F2: 5’-CAGTGCCGACCTGCGCCAATG-3’
R2: 5’-GGTAGTCACAGGGAGGCCCC-3’
F1: 5’-TCCCTGCGCCGCTGCAGTTTCT-3’
R1: 5’-TGGCGTGTGAGGCCTTACCTCC-3’
F2: 5’-TCGGCGGCTGCCCTCCCA-3’
R2: 5’-AGCCCTCTGTGACCTCCCAGGC-3’
F1: 5’-CCTACGGCATAGGTGAGACC-3’
R1: 5’-TCCTGATCATGCTCCTCC-3’
F2: 5’-TCTGTTTCATTTCTATAGGCGAT-3’
R2: 5’-GTCAATTTCTTCATGTGCCA-3’
F1: 5’-CTAACTGCCAGGGACGCCGA-3’
R1: 5’-ACACTGACTTAAGATTCTAACTA-3’
F2: 5’-ACTGTTTTTTTCCCTCTTGCACAG-3’
R2: 5’-TGAGCAAAAGAGCAACCCCG-3’

C allele (252 bp)
G allele (194 bp)
G allele (447 bp)
A allele (222 bp)
G allele (167 bp)
T allele (236 bp)
T allele (136 bp)
G allele (335 bp)

PCR: Polymerase chain reaction; OGG1: 8-oxoguanine DNA-glycosylase 1; APE1: Apurinic endonuclease 1;
XRCC1: X-ray repair cross-complementing protein 1.

date of enrollment, whereas non-smokers were defined
as those who reported that they had never smoked before or during the study duration. For alcohol consumption, drinkers were described as having alcohol every
day, whereas non-drinkers did not consume alcohol daily.
Height and current body weight were recorded to analyze
the BMI (kg/m2), with a cut-off threshold of 25 kg/m2.

then 30 cycles of denaturation at 95 ℃ for 1 min, annealing for 1 min at 60 ℃ (APE1 Asp148Glu), 58 ℃ (APE1
-141T/G), 66 ℃ (XRCC1 Arg399Gln), or 64 ℃ (OGG1
Ser326Cys), and elongation at 72 ℃ for 1 min. PCR
products were analyzed by agarose gel electrophoresis.
Statistical analysis
Statistical analyses were performed with SPSS version
19.0 (IBM, Armonk, NY, United States). A χ 2 test was
conducted for assessing the differences in demographic
variables, family history of cancer, behavioral risk factors, and distribution of the four gene polymorphisms
between case and control subjects, as well as the HardyWeinberg equilibrium. Unconditional logistic regression
was undertaken to estimate odds ratios (OR) and 95%CI
after adjustment for age, gender, family history of cancer, smoking status, alcohol consumption, and BMI. As
the distribution of the XRCC1 Gln/Gln genotype was
relatively rare in both groups, the homozygous Arg/Arg
and Gln/Gln genotype were combined as the adverse
genotype in the subgroup analysis, but not the interaction test. Statistical significance for the interaction was
tested by the likelihood ratio test, which compared logistic models with and without interaction terms. Linkage disequilibrium was assessed using Haploview (v.4.2,
2008, Daly Lab at the Broad Institute, Cambridge, MA,
United States).

DNA isolation and genotyping
Genomic DNA was extracted from peripheral whole
blood obtained from all participants by using an
EZNASE Blood DNA kit (Omega Bio-tek, Norcross,
GA, United States) and stored at -80 ℃. The extracted
samples were used for characterization of the following
polymorphic DNA repair genes: OGG1 (rs1052133; Ser326Cys, C/G in Exon 7), APE1 (rs1130409; Asp148Glu,
T/G in Exon 5 and rs1760944; -141T/G in the promoter
region), and XRCC1 (rs25487; Arg399Gln, G/A in Exon
10). Polymerase chain reaction with confronting two-pair
primers (PCR-CTPP) was used for genotyping, which is
an inexpensive and time-saving method applicable for
most single nucleotide polymorphisms[19]. For detecting a
single nucleotide polymorphism (base X or Y), one primer for the X allele is set to include X’ (antisense of X) at
the 3’ end, with the counterpart sense primer upstream.
For the Y allele, a sense primer including Y at the 3’ end
is set, with the antisense primer downstream. One common band and one specific band for each allele are amplified, allowing for direct genotyping by electrophoresis[20].
Primer pairs were designed using GenBank reference sequences to provide unique product lengths for each allele
(Table 1).
PCR amplification was performed in glass capillaries in 25 μL reaction mixtures containing 2 μL genomic
DNA, 12.5 μL Go Taq MIX (2x), 1 μL primer for each
of the four primers, and 6.5 μL dH2O. Reaction conditions included initial denaturation at 95 ℃ for 10 min,
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RESULTS
Geographic characteristics of subjects
The clinical and demographic characteristics of research
subjects are summarized in Table 2. There were no statistically significant differences between cases and controls
in terms of age, gender, family history of cancer, or the
three behavior factors (smoking, alcohol consumption,
and BMI).
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0.05). Compared with the XRCC1 399 homozygous combined genotype (Arg/Arg and Gln/Gln), the OR for the
Arg/Gln genotype was significantly decreased in smokers (OR = 0.289, 95%CI: 0.152-0.548, P < 0.001), but
not in non-smokers (OR = 1.120, 95%CI: 0.720-1.743),
with an interaction observed between smoking status and
XRCC1 Arg399Gln polymorphism (P < 0.05). Compared
with the homozygous wild type, the adjusted ORs for
APE1 -141 T/G and OGG1 Ser326Cys polymorphisms
showed no statistically significant differences between
smokers and non-smokers. There were no significant
gene-behavior interactions observed between smoking status and OGG1 Ser326Cys, APE1 Asp148Glu, or
-141T/G.

Table 2 Demographic characteristics of colorectal cancer
cases and control participants n (%)
Variables
Age1
Mean age ± SE
< 60 yr
≥ 60 yr
Gender
Male
Female
Family history of cancer
No
Yes
Smoking
Nonsmokers
Smokers
Alcohol consumption
Nondrinkers
Drinkers
Body mass index
< 18.5
18.5-24.9
≥ 25

Cases
(n = 247)

Controls
(n = 300)

P value

59.22 ± 14.54
120 (48.58)
127 (51.42)

56.96 ± 15.84
153 (51.00)
147 (49.00)

0.574

145 (58.70)
102 (41.30)

175 (58.33)
125 (41.67)

214 (86.64)
33 (13.36)

264 (88.00)
36 (12.00)

159 (64.37)
88 (35.63)

190 (63.33)
110 (36.67)

176 (71.25)
71 (28.75)

210 (70.00)
90 (30.00)

9 (3.64)
37 (14.98)
201 (81.38)

12 (4.00)
46 (15.33)
242 (80.67)

0.930

0.633

0.801

Gene polymorphisms and alcohol consumption
Table 5 shows the genotypes of subjects stratified by
alcohol consumption, adjusted for age, gender, smoking
status, BMI, and family history of cancer. Although there
was an increased risk for CRC in those who were classified as non-drinkers with the APE1 Glu/Glu genotype
(OR = 2.654, 95%CI: 1.489-4.730, P < 0.05) but not in
drinkers (OR = 2.095, 95%CI: 0.819-5.360), there was
no significant interaction between alcohol use and APE1.
Compared with the combined XRCC1 Arg/Arg and
Gln/Gln genotypes, the Arg/Gln genotype showed a
decreased risk of CRC in drinkers (OR = 0.327, 95%CI:
0.158-0.673, P < 0.05). There was no significant risk
for CRC observed among non-drinkers, and there was
no gene-behavior interaction between alcohol use and
XRCC1. There were no statistically significant differences
in APE1 -141T/G or G/G genotypes compared with the
T/T genotype, and no differences between the OGG1
326 Ser/Cys and Cys/Cys genotypes compared with the
Ser/Ser genotype. No significant gene-behavior interactions between alcohol consumption and APE1 -141T/G
and OGG1 Ser326Cys genotypes were observed.

0.749

0.968

1

Age is a continuous variable in the regression model analysis.

Single gene distribution and CRC risk
Genotype distributions of the four polymorphisms in
control subjects were consistent with the Hardy-Weinberg equilibrium. The distributions of OGG1 Ser326Cys,
APE1 Asp148Glu, -141T/G in the promoter region,
and XRCC1 Arg399Gln genotypes in CRC patients and
controls are shown in Table 3. The APE1 148 Glu/Glu
genotype was higher in CRC patients than in controls
(28.34% vs 13.67%, P < 0.001). Compared with the
APE1 148 Asp/Asp genotype, the Glu/Glu genotype
showed a statistically significant increased risk of CRC
(OR = 2.411, 95%CI: 1.497-3.886, P < 0.001). Frequency
of the APE1 Glu allele was significantly higher in CRC
patients than in controls (46.56% vs 36.50%, OR = 1.516,
95%CI: 1.189-1.932, P < 0.001). There were no statistically significant differences between cases and controls
in APE1 -141T/G, XRCC1 Arg399Gln, or OGG1 Ser326Cys genotypes, or allelic frequencies. As the APE1
Asp148Glu and -141T/G polymorphisms are located
on the same chromosome, the linkage disequilibrium
test was conducted to determine if there was a chain expression between the two loci. The result showed weak
linkage disequilibrium between APE1 Asp148Glu and
-141T/G polymorphisms (D’ = 0.28, r2 = 0.065, data not
shown), indicating no need for haplotype analysis.

Gene polymorphisms and BMI
The distributions of the four gene polymorphisms stratified by BMI are presented in Table 6. Subjects with a
BMI ≥ 25 kg/m2 and the APE1 Glu/Glu genotype
showed a higher risk of CRC (OR = 2.581, 95%CI:
1.489-4.474, P < 0.05). In contrast, no clear interaction
with regard to risk was found between the BMI and
APE1 Asp148Glu polymorphism. The APE1 -141T/G
genotype indicated a lower risk of CRC in subjects with
BMI < 25 kg/m2 (OR = 0.214, 95%CI: 0.069-0.660, P <
0.05). There was a significant interaction between BMI
and APE1 -141T/G (P < 0.05), but not with OGG1 Ser326Cys or XRCC1 Arg399Gln gene polymorphisms.

Gene polymorphisms and smoking status
Table 4 summarizes the combined effects of smoking and the four gene polymorphisms, adjusted for age,
gender, alcohol consumption, BMI, and family history
of cancer. An increased OR of CRC associated with the
APE1 148 Glu/Glu genotype was found in smokers and
non-smokers (smoker: OR = 3.299, 95%CI: 1.428-7.623;
non-smoker: OR = 2.336, 95%CI: 1.273-4.360, all P <
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DISCUSSION
This study is the first report showing the association
between the Glu allele of the APE1 Asp148Glu gene
variant and an increased risk of CRC in a Chinese Han
population, consistent with the results of Jelonek et al[13]

8703

July 14, 2014|Volume 20|Issue 26|

Zhang SH et al . APE1 polymorphisms influence cancer risk
Table 3 Gene distributions n (%)
Cases (n = 247) Controls (n = 300) Crude OR (95%CI)

Genes
OGG1
Ser326Cys

Ser/Ser
Ser/Cys
Cys/Cys
Allele
Ser
Cys
XRCC1
Genotype Arg/Arg
Gln399Arg
Arg/Gln
Gln/Gln
Allele
Arg
Gln
APE1
Genotype Asp/Asp
Asp148Glu
Asp/Glu
Glu/Glu
Allele
Asp
Glu
APE1 promoter Genotype
TT
-141T/G
TG
GG
Allele
T
G
1

Genotype

44 (17.81)
111 (44.94)
92 (37.25)
199 (40.28)
295 (59.72)
131 (53.04)
91 (36.84)
25 (10.12)
353 (71.46)
141 (28.54)
87 (35.22)
90 (36.44)
70 (28.34)
264 (53.44)
230 (46.56)
93 (37.65)
102 (41.30)
52 (21.05)
288 (58.30)
206 (41.70)

48 (16.00)
139 (46.33)
113 (37.67)
235 (39.17)
365 (60.83)
142 (47.33)
132 (44.00)
26 (8.67)
416 (69.33)
184 (30.67)
122 (40.66)
137 (45.67)
41 (13.67)
381 (63.50)
219 (36.50)
93 (31.00)
140 (46.67)
67 (22.33)
326 (54.33)
274 (45.67)

1.000
0.871 (0.540-1.407)
0.888 (0.542-1.454)
1.000
0.954 (0.748-1.217)
1.000
0.747 (0.523-1.068)
1.042 (0.573-1.896)
1.000
0.903 (0.695-1.173)
1.000
0.921 (0.628-1.351)
2.394 (1.491-3.844)
1.000
1.516 (1.189-1.932)
1.000
0.729 (0.496-1.070)
0.776 (0.489-1.232)
1.000
0.851 (0.669-1.082)

1

P value1 Adjusted OR (95%CI)2 P value2
0.572
0.637

1.000
0.862 (0.532-1.395)
0.914 (0.556-1.502)

0.546
0.723

1.000
0.744 (0.519-1.066)
1.055 (0.577-1.930)

0.107
0.862

1.000
0.939 (0.639-1.379)
2.411 (1.497-3.886)

0.747
< 0.001

1.000
0.748 (0.508-1.104)
0.781 (0.490-1.247)

0.144
0.301

0.707
0.110
0.892
0.444
0.674
< 0.001
0.001
0.106
0.282
0.188

Obtained by χ test, and the significance level was adjusted to 0.0125; 2Adjusted with age, gender, smoking status, alcohol consumption, body mass index,
and family history of cancer. OGG1: 8-oxoguanine DNA-glycosylase 1; APE1: Apurinic endonuclease 1; XRCC1: X-ray repair cross-complementing protein 1.
2

Table 4 Distribution of genotypes and odds ratios for colorectal cancer stratified by smoking status
Non-smokers
OGG1 Ser326Cys
Ser/Ser
Ser/Cys
Cys/Cys
XRCC1 Arg399Gln
Arg/Arg + Gln/Gln
Arg/Gln
APE1 Asp148Glu
Asp/Asp
Asp/Glu
Glu/Glu
APE1 -141T/G
TT
TG
GG

1

Case/control

OR (95%CI)

30/32
75/86
54/72

1.000
0.921 (0.505-1.679)
0.850 (0.454-1.593)

93/118
66/72

1.000
1.120 (0.720-1.743)

58/80
60/84
41/26

1.000
1.089 (0.669-1.772)
2.356 (1.273-4.360)

59/55
66/91
34/44

1.000
0.668 (0.404-1.107)
0.659 (0.361-1.201)

P interaction

Smokers
1

P value

Case/control

OR (95%CI)

0.788
0.613

14/16
36/53
38/41

1.000
0.753 (0.315-1.798)
1.087 (0.452-2.612)

0.614

63/50
25/60

1.000
0.289 (0.152-0.548)

0.733
0.006

29/42
30/53
29/15

1.000
0.867 (0.433-1.735)
3.299 (1.428-7.623)

0.118
0.173

34/38
36/49
18/23

1.000
0.796 (0.406-1.562)
0.794 (0.352-1.791)

P value
0.432
0.523
0.853
0.003
< 0.001
0.706
0.687
0.005
0.858
0.507
0.794

1

Adjusted for age, gender, alcohol consumption, body mass index, and family history of cancer. OGG1: 8-oxoguanine DNA-glycosylase 1; APE1: Apurinic
endonuclease 1; XRCC1: X-ray repair cross-complementing protein 1.

in a Polish population and Canbay et al[7] in a Turkish
population. Kasahara et al[21] also reported that the Glu allele was associated with a 2-3 fold increased risk for CRC
in a Japanese population. In the present study, no genebehavior interactions were observed between the three
behavioral factors and the APE1 Asp148Glu polymorphism, but the risk among smokers was slightly higher.
Additionally, individuals with the APE1 Glu/Glu genotype that were non-drinkers or had a BMI ≥ 25 kg/m2
showed an increased risk of CRC.
The APE1 gene consists of five exons and four
introns within a 2.21 kb span on chromosome 14 at
q11.2-q12 and encodes a 317 amino acid protein [14].
APE1 has 3’-phosphodiesterase activity and efficiently

WJG|www.wjgnet.com

removes 3’ phosphoglycolate groups[22]. It initiates repair
of abasic sites in DNA by hydrolyzing the phosphodiester 5’ backbone[23]. Additionally, APE1/Ref-1 also functions as a redox agent, maintaining transcription factors
such as AP-1, nuclear factor-κB, Myb, hypoxia-inducible
factor-1α, HLF, PAX, and p53 that are involved in cancer promotion and progression in an active reduced
state[14,23-25]. However, biochemical characterization of
this variant shows normal endonuclease and abasic-DNA
binding activity[4], though severe functional damage in the
APE1 protein may cause early death or abortion, making
it difficult to assess function in adults. A report in 2002
indicated that a prolonged cell-cycle delay observed in
breast cancer samples was associated with the number
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Table 5 Distribution of genotypes and odds ratios for colorectal cancer stratified by alcohol consumption
Non-drinkers
OGG1 Ser326Cys
Ser/Ser
Ser/Cys
Cys/Cys
XRCC1 Arg399Gln
Arg/Arg + Gln/Gln
Arg/Gln
APE1 Asp148Glu
Asp/Asp
Asp/Glu
Glu/Glu
APE1 -141T/G
TT
TG
GG

P interaction

Drinkers
1

Case/control

OR (95%CI)

33/32
87/98
56/80

1.000
0.888 (0.500-1.576)
0.728 (0.397-1.332)

106/121
70/89

1.000
0.909 (0.600-1.376)

62/89
64/92
50/29

1.000
1.043 (0.656-1.660)
2.654 (1.489-4.730)

68/63
72/98
36/49

1.000
0.651 (0.405-1.045)
0.612 (0.346-1.082)

1

P value

Case/control

OR (95%CI)

0.684
0.303

11/16
24/41
36/33

1.000
0.793 (0.296-2.119)
1.806 (0.685-4.760)

0.651

50/47
21/43

1.000
0.327 (0.158-0.673)

0.857
0.001

25/33
26/45
20/12

1.000
0.816 (0.379-1.756)
2.095 (0.819-5.360)

0.076
0.091

25/30
30/42
16/18

1.000
0.805 (0.374-1.734)
0.912 (0.366-2.270)

P value
0.068
0.643
0.232
0.174
0.002
0.848
0.603
0.123
0.618
0.580
0.842

1

Adjusted for age, gender, smoking status, body mass index, and family history of cancer. OGG1: 8-oxoguanine DNA-glycosylase 1; APE1: Apurinic
endonuclease 1; XRCC1: X-ray repair cross-complementing protein 1.

Table 6 Distribution of genotypes and odds ratios for colorectal cancer stratified by body mass index
2

2

< 25 kg/m
OGG1 Ser326Cys
Ser/Ser
Ser/Cys
Cys/Cys
XRCC1 Arg399Gln
Arg/Arg + Gln/Gln
Arg/Gln
APE1 Asp148Glu
Asp/Asp
Asp/Glu
Glu/Glu
APE1 -141T/G
TT
TG
GG

P interaction

≥ 25 kg/m
1

Case/control

OR (95%CI)

9/8
17/26
20/24

1.000
0.529 (0.149-1.880)
0.936 (0.269-3.258)

27/32
19/26

1.000
0.928 (0.396-2.175)

17/22
13/25
16/11

1.000
0.609 (0.222-1.674)
1.770 (0.594-5.274)

17/9
15/33
14/16

1.000
0.214 (0.069-0.660)
0.406 (0.122-1.352)

1

P value

Case/control

OR (95%CI)

0.325
0.917

35/40
94/113
72/89

1.000
0.973 (0.567-1.668)
0.938 (0.536-1.643)

0.863

129/136
72/106

1.000
0.754 (0.510-1.114)

0.337
0.305

70/100
77/112
54/30

1.000
1.023 (0.666-1.571)
2.581 (1.489-4.474)

0.007
0.142

76/84
87/107
38/51

1.000
0.934 (0.608-1.434)
0.860 (0.506-1.462)

P value
0.706
0.920
0.823
0.755
0.156
0.725
0.919
0.001
0.044
0.754
0.577

1

Adjusted for age, gender, smoking status, body mass index, and family history of cancer. OGG1: 8-oxoguanine DNA-glycosylase 1; APE1: Apurinic
endonuclease 1; XRCC1: X-ray repair cross-complementing protein 1.

of APE1 Asp148Glu and XRCC1 Arg399Gln variant alleles[26]. Furthermore, increased APE1 transcription was
observed in CRC patients with the OGG1 326 Ser allele[27]. These findings suggest that the APE1 Asp148Glu
polymorphism may act as a co-factor with other genes in
tumorigenesis, though further research is needed to reveal the exact mechanism.
Promoter polymorphisms can affect transcription
factor recognition, and thus impact gene expression. Although the APE1 -141T/G promoter polymorphism has
not been thoroughly examined in CRC, Jing et al[28] reported that the G allele of this variant is associated with
a decreased risk of prostate cancer. Lu et al[15] also found
that the APE1 -141T/G polymorphism was associated
with a decreased risk of lung cancer. Their study showed
that the -141 G allele was associated with reduced promoter activity and lower APE1 mRNA levels in human
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peripheral blood mononuclear cells and normal lung tissues. However, Zhou et al[16] found no significant association between APE1 promoter -141T/G polymorphism
and glioma risk, though the stratified histologic analysis
revealed a decreased glioblastoma risk with the G allele
variant. Results from the present study also indicate no
association between the APE1 -141T/G variants and
CRC susceptibility. However, subgroup analysis stratified
by BMI revealed a protective effect of the T/G genotype
on development of CRC among subjects with a BMI <
25 kg/m2. As this analysis was limited by a small sample
size, further in-depth studies are needed to confirm this
effect.
The XRCC1 gene is located at 19q13.2 and consists
of 17 exons encoding a 633 amino acid non-enzymatic
nuclear scaffold protein that interacts with enzymatic
factors such as polyadenosine diphosphate-ribose poly-
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merase, DNA ligase Ⅲ, and DNA polymerase β to facilitate protein-protein responses[4] and efficient repair of
DNA SSBs[29]. Although the XRCC1 Arg399Gln polymorphism has been shown to rescue sensitivity to the
alkylating agent methyl methanesulfonate and the DNA
repair defect in the XRCC1-deficient Chinese hamster
ovary cell line EM9[4], there are inconsistent reports concerning XRCC1 variants and CRC. Some reports have
revealed an increased risk for CRC with the Gln/Gln
genotype[11,13,30,31], whereas results from studies in Turkey
and the Czech Republic report no relationship between
the gene variant and CRC risk[7,32,33]. A meta-analysis
published last year showed that XRCC1 Arg399Gln polymorphism is significantly associated with increased CRC
risk[34].
The results of this study show that the XRCC1 Arg399Gln polymorphism is not associated with CRC risk,
though a protective effect against CRC was observed
in smokers with the Asp/Gln genotype. The observed
gene-behavior interaction suggests that tobacco use may
modify the association of the XRCC1 Arg399Gln variant and CRC risk. It has been shown that the XRCC1
Gln399Gln genotype is linked with an increased risk of
tobacco-related cancers among light smokers, but a decreased risk among heavy smokers[35], which is consistent
with these findings. The same protective effect was also
seen among drinkers with the Arg/Gln genotype, though
no significant interaction between alcohol consumption
and XRCC1 polymorphism was observed. This protective effect did not correspondingly increase with the
number of Gln alleles. It is possible that polymorphisms
of other repair genes, such as ERCC1 or XRCC2, which
are in linkage disequilibrium with XRCC1 Arg399Gln,
may potentially modify the effect of this polymorphism
on the risk of CRC. However, the Gln/Gln genotype
was rare in the study cohort; large-scale investigations are
needed to determine the exact interaction.
The OGG1 gene is located at 3p26.2 and encodes the
major repair enzyme for the excision of 8-oxoguanine,
a mutagenic base byproduct resulting from exposure to
reactive oxygen. A well-characterized OGG1 polymorphism replacing C with G at nucleotide 1245 results in
a substitution of serine for cysteine[36]. The research of
Yamane et al[37] reveals this cysteine reduces the ability of
OGG1 to prevent mutagenesis by 8-hydroxyguanine in
human cells in vivo. However, the clinical investigations
between the OGG1 Ser326Cys polymorphism and the
risk of CRC are inconsistent. Several studies suggest that
the Cys/Cys genotype may increase the CRC risk in different ethnic populations[7,32,38,39], yet results from a study
by Hansen et al[40] suggest that carriers of the Cys allele
have a lower risk of CRC. Furthermore, a meta-analysis
conducted by Zhang et al[3] indicated no association between the OGG1 Ser326Cys gene variant and risk of
CRC, which is consistent with the results of the present
study.
In conclusion, the data presented here indicate that
the homozygous APE1 148 Glu/Glu variant genotype
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is significantly associated with an elevated risk of CRC,
especially for smokers and overweight individuals. These
results suggest that the APE1 gene polymorphism and
BER pathway contribute to the possible harmful effects
of smoking and obesity. Tobacco use may modify the association between CRC risk and the XRCC1 Arg399Gln
polymorphism. However, these findings are limited by
uncontrolled biases that were present in the selection of
participants and the low penetrance of these variants in
CRC susceptibility. Further large-population based studies are therefore needed to confirm the results of this
study.
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Colorectal cancer (CRC) is one of the most commonly diagnosed cancers
worldwide, and a leading cause of cancer-related death. DNA damage plays
an important role in the development and occurrence of CRC. Precise and effective DNA repair systems, such as the base excision repair pathway, have
evolved to maintain genomic stability and minimize accumulation of damage.

Research frontiers

Gene polymorphisms in DNA repair pathways could affect DNA repair capacity,
and thus influence the risk of CRC. Several polymorphisms in genes encoding
components of these repair pathways have been identified, including 8-oxoguanine DNA-glycosylase 1 (OGG1), apurinic endonuclease 1 (APE1), and
X-ray repair cross-complementing protein 1 (XRCC1). Among these, OGG1
Ser326Cys, APE1 Asp148Glu, and XRCC1 Arg399Gln are the most studied
polymorphisms. An additional polymorphism in the promoter region of APE1
has been identified, though less studied in cancer research.

Innovations and breakthroughs

This research is the first to study base excision repair gene polymorphisms in
a Chinese Han population from the southwest part of China. Results from this
study demonstrate an interaction between smoking and the XRCC1 Arg399Gln
variant.

Applications

These results provide population characteristic data and corresponding gene
polymorphisms associated with a risk for CRC, which will help to identify a potential high-risk population.

Terminology

Single nucleotide polymorphisms are DNA sequence variations occurring when
a single nucleotide in the genome differs between members of a biological
species or paired chromosomes. Gene-environment interaction is the association between genes and environmental factors. Some environmental factors
could influence the association between genes and some certain diseases, and
cause an increase or decrease in risk in a particular group of people.
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The authors analyzed an important aspect of risk factors for CRC. The number
of patients included in this study is adequate and it is very interesting because
it has been conducted in an Asian population that has different genetic characteristics with respect to a Western population. This study is of clinical relevance
due to the potential in identifying a high-risk CRC population.
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Abstract
AIM: To determine the dose-related effects of a novel
probiotic combination, I.31, on irritable bowel syndrome (IBS)-related quality of life (IBS-QoL).

Core tip: Irritable bowel syndrome (IBS) is a benign
functional gut disorder, and its severity is closely related
to the impact of the disorder on quality of life. Probiotic
bacteria have been shown to have a modest beneficial
effect on abdominal symptoms in patients with IBS,
but the effect of probiotics on IBS-related quality of life
(IBS-QoL) is unclear. The present study was designed
to specifically address the effect of a probiotic combination (I.31) on IBS-QoL, and demonstrates that I.31 is
superior to placebo in improving IBS-QoL. These data
suggest that I.31 may be beneficial for the global management of this complex disorder.

METHODS: A multicenter, randomized, double-blind,
placebo-controlled intervention clinical trial with three
parallel arms was designed. A total of 84 patients (53
female, 31 male; age range 20-70 years) with IBS and
diarrhea according to Rome-Ⅲ criteria were randomly
allocated to receive one capsule a day for 6 wk containing: (1) I.31 high dose (n = 28); (2) I.31 low dose
(n = 27); and (3) placebo (n = 29). At baseline, and 3
and 6 wk of treatment, patients filled the IBSQoL, Visceral Sensitivity Index (VSI), and global symptom relief
questionnaires.

Lorenzo-Zúñiga V, Llop E, Suárez C, Álvarez B, Abreu L,
Espadaler J, Serra J. I.31, a new combination of probiotics, improves irritable bowel syndrome-related quality of life. World J
Gastroenterol 2014; 20(26): 8709-8716 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8709.htm DOI:

RESULTS: During treatment, IBS-QoL increased in all
groups, but this increment was significantly larger in patients treated with I.31 than in those receiving placebo
(P = 0.008). After 6 wk of treatment, IBS-QoL increased
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tom relief by means of specific questionnaires[13,14].

http://dx.doi.org/10.3748/wjg.v20.i26.8709

MATERIALS AND METHODS
Subjects
A total of 84 patients (53 female, 31 male) aged between
20 and 70 years were enrolled in the study from January 2010 to December 2011. All patients met RomeⅢ criteria for IBS with diarrhea. Inflammatory bowel
disease and celiac disease were excluded with clinical and
analytical data, including blood chemistry, CRP, and tissue anti-transglutaminase antibodies. Subjects suffering
from chronic or acute illness that could interfere with the
study, that were taking medications that could interfere
in the study (including anti-inflammatory drugs, PPIs,
antidepressants, anti-diarrheal, prokinetics, and antispasmodic agents), and patients who consumed antibiotics
or probiotics in the four weeks prior to entering into the
study were excluded. Pregnant or lactating women were
also excluded.
If the subjects fulfilled all the inclusion and exclusion
criteria no run-in period was considered, and patients entered the randomization period immediately.
All subjects gave written informed consent to participate. The study was performed in accordance with the
Declaration of Helsinki, adhered to the CONSORT 2010
statement (www.consort-statement.org), and the protocol was approved by the Ethics Committees of Hospital
Puerta de Hierro (Madrid, Spain), and of Hospital Germans Trias i Pujol (Badalona, Spain).

INTRODUCTION
Irritable bowel syndrome (IBS) is a chronic functional
gut disorder that affects about 8%-10% of the population in Western countries, mainly young and middleaged women[1]. Although IBS, as with other functional
gut disorders, is a benign disorder with a good long-term
prognosis, it has an important impact on a patient’s quality of life[2,3]. IBS also produces a significant economic
burden due to both direct health care-related costs and
indirect costs due to impaired work productivity[4]. In
fact, IBS has been proposed as the second leading cause
of absenteeism after the common cold[5]. The severity
of IBS ranges from mild, sporadic symptoms, to severe,
invalidating symptoms. It has been shown that severity is
closely related to the impact of the disease on a patient’s
quality of life[6]. IBS is a complex functional gut disorder
of unknown origin. Several factors, including gastrointestinal hypersensitivity, motility, low-grade inflammation,
and psychosocial factors seem to interplay to produce
abdominal symptoms. In the last few years, increasing
evidence for the role of gut bacteria in the control of gut
function has been recognized[3], and recent studies using
novel techniques for the quantification of gut microflora
have demonstrated differences in the flora of patients
with IBS compared to healthy subjects[7]. In parallel,
several publications during the last decade have shown
that changes in gut microflora, by supplementation of
probiotic bacteria, may have beneficial effects in IBS
symptoms[8,9]. However, despite deterioration in quality
of life being one of the main health-related problems for
IBS patients, the vast majority of published controlled
trials assess the effects of probiotics on abdominal symptoms[8,9], whereas the effect of probiotics on IBS-related
quality of life remains unclear[10].
We designed a pilot clinical trial with the main objective being to determine the dose-related effects of a
novel probiotic combination on IBS-related quality of
life. Because the effects of probiotics depend on the
specific bacteria combinations used, we administered a
mixture of equal parts of three probiotic bacteria: two
Lactobacillus plantarum (CECT7484 and CECT7485) and
one Pediococcus acidilactici (CECT7483). This formula was
chosen among more than 100 strains of lactic acid bacteria due to their ability to survive gut passage and adhere
to intestinal mucus in vitro. Moreover, when combined,
the three strains produced significant amounts of butyric,
propionic, and acetic acid in a ratio similar to that found
in the healthy gut[11], and reduced inflammation and diarrhea in two different animal models of gut inflammation (J. Espadaler, personal communication). IBS-related
quality of life was assessed using a specific questionnaire
(IBS-QoL) previously translated and validated into Spanish[12]. As secondary objectives, we evaluated the effect of
probiotic intake on gut related anxiety and global symp-
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Treatment
We used a combination of three strains of lactic acid
bacteria: two Lactobacillus plantarum (CECT7484 and
CECT7485) and one Pediococcus acidilactici (CECT7483).
Two different doses of this combination were administered in separate groups of subjects: a high dose combination (effective dose 1-3 × 1010 cfus/capsule throughout
the study) and a low dose combination (effective dose 3-6
× 109 cfus/capsule throughout the study). Concentration
of viable cells was measured from probiotic preparation
at the beginning and end of the study. The proportion of
the three strains was the same in both doses (1:1:1). Placebo capsules were indistinguishable in form, color, and
taste to the capsules containing bacteria. Capsules were
stored for stability analyses at 25 ℃ and 65% relative humidity in stability chambers following ICH guidelines.
Study design
The study was designed as a multicenter, randomized,
double-blind, placebo-controlled intervention clinical trial
with three parallel arms. Randomization lists were computer generated, and identical capsules containing the
allocated treatment and blisters were produced by ABbiotics, so that both patients and physicians were blinded
to the actual treatment given to each patient. Each patient
was randomly allocated to one of the following treatments for 6 wk (42 d): (1) I.31 high dose capsule once
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The empty blisters delivered by patients were counted
to confirm treatment compliance. No analysis of fecal
samples was performed.
Adverse events were monitored following the directives of the Spanish Pharmacovigilance System for standard clinical trials with drugs.

Table 1 Baseline characteristics of the subjects recruited

Age (yr)
Male/female
BMI
IBSQoL
VSI
Glucose
(mg/dL)
Cholesterol
(mg/dL)
LDL (mg/dL)
HDL (mg/dL)
Creatinine
(mg/dL)
GGT (IU/L)
GOT (IU/L)
GPT (IU/L)

High dose
(n = 28)

Low dose
(n = 27)

Placebo
(n = 29)

P value

47.5 ± 13.1
9/19
24.7 ± 3.9
54.2 ± 16.1
43.0 ± 13.5
95.1 ± 13.8

46.3 ± 11.6
7/20
25.6 ± 5.1
50.6 ± 12.0
45.5 ± 11.0
91.9 ± 27.9

46.5 ± 13.1
15/14
26.4 ± 5.2
54.6 ± 18.5
41.2 ± 15.3
95.1 ± 14.5

NS
NS
NS
NS
NS
NS

200.6 ± 39.6

200.0 ± 34.2

205.1 ± 30.5

NS

113.0 ± 45.3
56.6 ± 35.9
0.79 ± 0.14

102.0 ± 45.6
76.0 ± 39.7
0.86 ± 0.12

108.2 ± 50.2
72.2 ± 45.5
0.83 ± 0.18

NS
NS
NS

18.1 ± 10.8
19.6 ± 7.9
21.4 ± 13.4

19.0 ± 9.9
20.3 ± 9.5
17.9 ± 6.6

22.1 ± 15.6
18.3 ± 4.1
20.1 ± 10.6

NS
NS
NS

Statistical analysis
Results were expressed as mean ± SE. Statistical analysis
was performed on the ITT population. For betweengroup comparisons of quantitative variables, an ANOVA
test was used if application conditions were satisfied according to Levene’s test for homogeneity of variances
and the Shapiro-Wilk test for normality; alternatively a
non-parametric ANOVA (Kruskal-Wallis test) was used.
Reported P values have been corrected using the Bonferroni-Holm method for multiple comparisons in ANOVA
and Kruskall-Wallis post-hoc tests. Correlation between
qualitative variables was tested using t test or Mann-Whitney U test depending on data normality, and correlation
between quantitative variables was likewise tested using
Pearson’s or Spearman’s rank test.
According to the increment in IBS-QoL, patients
were divided as good responders (IBS-QoL score increment ≥ 15 points), poor responders (IBS-QoL score increment between 10 and 15 points), and non-responders
(IBS-QoL score increment < 10 points), and contingency
tables were constructed. Differences between groups
were tested using the χ 2 test.
The study was powered to detect an increment of ≥
10 points over placebo in the 0 to 100 IBSQoL scale at
the end of the study period, with α = 0.05 and β = 0.80,
a drop-out rate of ≤ 20% and SD = 10, resulting in a
target n of 33 subjects per arm, after adjusting for comparisons between the three arms.

BMI: Body mass index; IBSQoL: Irritable bowel syndrome-related quality
of life; VSI: Visceral Sensitivity Index; LDL: Low density lipoprotein
cholesterol; HDL: High density lipoprotein; GGT: Gamma glutamyl
aminotransferase; GOT: G glutamic-oxaloacetic transaminase; GPT:
Glutamic-pyruvic transaminase.

daily; (2) I.31 low dose capsule once daily; and (3) a placebo capsule once daily.
Efficacy and safety assessment
The primary efficacy endpoint was the improvement in
health-related quality of life (HRQoL) at the end of the
6-wk study period, assessed with a specific questionnaire
for IBS: the validated Spanish version[12] of the IBSQoL[15]. Scores of IBS-QoL were standardized to a 0-100
scale. Improvement was calculated as the difference between the midpoint (day 21) or endpoint (day 42) scores
and the baseline score for each group. All subjects with
information in 1 or more of the 9 individual domains
of the IBS-QoL questionnaire were included in the ITT
analysis.
The validated Visceral Sensitivity Index (VSI) scale[13]
was used to assess anxiety specifically related to gastrointestinal sensations and symptoms. VSI improvement was
calculated as the difference between the baseline score
and the midpoint (day 21) or endpoint (day 42) scores for
each group.
Symptom relief was evaluated with a 5-point scale as
proposed by Müller-Lissner et al[14]: 1, symptom worsening; 2, no relief; 3, somewhat relieved; 4, considerably
relieved; and, 5, completely relieved. Patients filled IBSQoL and VSI questionnaires at baseline (day 1) and during follow-up visits on days 21 and 42. Symptom relief
was calculated in each individual as the weekly average of
the scores recorded during the last four weeks of treatment for each group. All subjects with information in 1
or more weeks over the last 4 were included in the analysis. Patients were defined as responders when answered
“considerably relieved” or “completely relieved” at least
50% of the time during the last four weeks, as recommended by EMA guideline CPMP/EWP/785/97[14].

WJG|www.wjgnet.com

RESULTS
At baseline, there were no differences between the patients allocated to the different treatment groups in none
of the measured parameters (Table 1). The number of
subjects lost to follow-up or with insufficient data in the
questionnaires was low for all parameters in all groups,
and valid data could be obtained from the majority of
patients in all treatment groups at the end of the study
(Figure 1).
IBS-related quality of life
All groups of patients showed an improvement in IBSQoL after 3 wk of treatment, and statistically significant
differences between the treatment groups were observed
after three and six weeks of supplementation (P = 0.012
and P = 0.008, respectively). After three weeks, mean
score increments were 18 ± 2 for the group allocated to
high dose probiotics (P = 0.017 vs placebo), 17 ± 3 for the
low dose group (P = 0.071 vs placebo), and 12 ± 2 for the
placebo group. Differences among groups became even
more significant after six weeks of supplementation, and
both the high and the low dose groups (18 ± 3 and 22 ±
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Randomized (n = 84)

Allocated to high dose (n = 28)
Received intervention (n = 28)
Did not received intervention (n = 0)

Loss to follow-up (n = 3)
Discontinued intervention (n = 3)

Allocated to placebo (n = 29)
Received intervention (n = 29)
Did not received intervention (n = 0)

Loss to follow-up (n = 3)
Discontinued intervention (n = 3)

Loss to follow-up (n = 5)
Discontinued intervention (n = 5)

Intent
analysis(n=23)
(n = 23)
Intent to
to treat
treat (ITT)
(ITT) analysis
Evaluable
n = 21)
Evaluableper
per protocol
protocol ((n=21)
•Insufficient data (n = 6)

Intent
analysis(n=24)
(n = 24)
Intentto
to treat
treat (ITT)
(ITT) analysis
Evaluableper
perprotocol
protocol ((n=20)
Evaluable
n = 20)
•Insufficient data (n = 9)

VSI
VSI

Intent to treat (ITT) analysis (n = 24)
Evaluable per protocol (n = 21)
Insufficient data (n = 7)

Allocated to low dose (n = 27)
Received intervention (n = 27)
Did not received intervention (n = 0)

Excluded (n = 0)
Not meeting inclusion criteria (n = 0)
Decline to participate (n = 0)
Other reasons (n = 0)

Intent to treat (ITT) analysis (n = 23)
Evaluable per protocol (n = 20)
Insufficient data (n = 8)

Intent
analysis(n=24)
(n = 24)
Intentto
to treat
treat (ITT)
(ITT) analysis
Evaluable
n = 19)
Evaluableper
perprotocol
protocol ((n=19)
•Insufficient data (n = 8)

Intent
analysis(n=24)
(n = 24)
Intentto
to treat
treat (ITT)
(ITT) analysis
Evaluable
n = 22)
Evaluableper
perprotocol
protocol ((n=22)
•Insufficient data (n = 7)

Relief
Relief

IBSQoL
IBSQoL

Follow-up
Follow-up

Allocation

Enrollment
Enrollment

Assessed for eligibility (n = 84)

Intent to treat (ITT) analysis (n = 24)
Evaluable per protocol (n = 22)
Insufficient data (n = 6)

Intent to treat (ITT) analysis (n = 25)
Evaluable per protocol (n = 24)
Insufficient data (n = 3)

Intent
treat (ITT)
(ITT)analysis
analysis
(n = 24)
Intent to
to treat
(n=24)
Evaluable per
per protocol ((n=23)
Evaluable
n = 23)
• Insufficient data (n = 6)

Figure 1 Patient flow through the study according to CONSORT guidelines[37]. Note the similar number of loss to follow-up in all treatment arms. IBSQoL: Irritable bowel syndrome-related quality of life; VSI: Visceral Sensitivity Index.

cantly larger in those treated with probiotics than in those
treated with a placebo (P = 0.038; Figure 3).
Despite a fivefold difference in the concentration
of probiotic between the high and low doses, no differences in the effect on IBS-QoL could be observed
between doses at the end of the study (Figure 2A). When
all patients treated with probiotics (high and low dose)
are pooled together after 6 wk of treatment, the number
of patients needed to treat (NNT) to achieve a good improvement (≥ 15 points increment; i.e., good responders)
in health-related quality of life is 2.6 patients.

4, respectively), achieved a significant greater increment in
IBS-QoL compared to 9 ± 3 in the placebo group (P =
0.041 and P = 0.023, for the high and low dose vs placebo,
respectively; Figure 2A) without statistical differences between the high and the low probiotic doses (P = 0.392).
IBS-QoL data did not follow a normal distribution, so we
used a non-parametric ANOVA (Kruskall-Wallis test). A
linear mixed model with repeated measures, adjusted for
age, BMI, and sex, obtained a P = 0.024.
Per domain analysis showed a greater improvement
in almost all the domains in the patients treated with the
probiotic combination (both high and low doses) than in
those treated with a placebo (Figure 2B), and this difference reached statistical significance in the Mental Health
domain (P = 0.030).
In a post hoc analysis, when the individual response
to treatment was analyzed, the number of patients with
a good response to the treatment (defined as score improvement ≥ 15 points), was significantly larger in those
treated with probiotics (both with the high and low dose)
than in those treated with placebo (P = 0.009; Figure 3).
Slightly changing this cutoff (e.g., ≥ 14 points or ≥ 16
points) yields similar results (data not shown). Likewise,
the number of subjects showing some improvement (defined as score improvement >10 points) was also signifi-
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VSI
Gut-related anxiety, as measured with the VSI scale, also
showed a significantly greater improvement in patients
treated with the probiotic combination for both the high
(10 ± 2 score increment; P = 0.033 vs placebo) and the
low dose groups (14 ± 2 score increment; P = 0.015 vs
placebo) compared to those treated with placebo (7 ± 1
score increment). However, this effect needed a longer
time than that observed with IBS-related quality of life,
and became evident only after 6 treatment weeks, whereas at three weeks there were no differences between the
treatment groups (VSI score increments after three weeks
were 6 ± 2, 7 ± 2, and 6 ± 1 for the high dose, low dose,
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IBS-QoL score difference

A

30
25

P = 0.041

P = 0.023

High

Low

20
15
10
5

B

40

IBS-QoL score difference

0

30

Placebo
Emotional health
Mental health
Sleep
Energy
Physical functioning
Diet
Social role
Physical role
Sex

P = 0.030

20

10

High
Low
Placebo

High
Low
Placebo
High
Low
Placebo
High
Low
Placebo
High
Low
Placebo
High
Low
Placebo
High
Low
Placebo
High
Low
Placebo
High
Low
Placebo

0

Figure 2 Irritable bowel syndrome related quality of life score improvement compared to baseline after 42 d of treatment. A: Global scores improved significantly more in both treatment groups than placebo (Kruskall-Wallis test); B: Among the different domains, the mental status showed a significant improvement when
compared to placebo.
High dose
n = 24

Low dose
n = 23

5 (21%)

13 (54%)

Placebo
n = 24

5 (22%)

4 (17%)

13 (56%)

13 (54%)

6 (25%)

Good response (ΔIBS-QoL ≥ 15)
Poor response (ΔIBS-QoL 10-15)
Non-response (ΔIBS-QoL < 10)

5 (22%)

7 (29%)

P = 0.009 for the difference among groups

Figure 3 Irritable bowel syndrome-related quality of life score response to probiotic and placebo therapy. Good response was defined as score improvement
≥ 15 points; poor response as score improvement 10-15 points; and non-response as score improvement < 10 points. The number of responders (score increment
> 10) was significantly larger in both groups of patients treated with probiotics than in those treated with placebo (χ 2 test). IBSQoL: Irritable bowel syndrome-related
quality of life.

and placebo groups, respectively).

ment, the number of responders (“considerably relieved”
or “completely relieved” at least 50% of the time) was
somewhat, but not significantly, greater in both treatment
groups (42% in the high dose group, 32% in the low dose

Relief of symptoms
When considering data from the last four weeks of treat-
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group) than in the placebo group (25%; P = 0.467).

(high as well as low dose) were good responders, whilst
only 17% of placebo-treated patients did, and more than
75 % of the patients were responders. Hence, the benefit
of probiotic treatment on IBS-QoL was not only statistically significant, but also clinically relevant.
When the effect over the specific domains was analyzed, we found an improvement of quality of life in all
the domains, but this difference was only statistically significant for the mental status domain.
Improvement of quality of life was associated to a
significant improvement in gut related anxiety, as measured by a specifically developed questionnaire: VSI[13].
This finding is also relevant, because mental disorders,
like anxiety and depression, are often present in IBS and
may have an impact on the severity of the disease and
quality of life[6,24,25]. VSI has been shown to be a strong
predictor of current IBS symptom severity[13,24]. Improvement in VSI took longer than IBS-QoL improvement,
and became evident only after 6 wk of treatment, suggesting that other factors influenced IBS-QoL.
Abdominal symptom relief during probiotic treatment was somewhat greater, but not statistically significant, in patients treated with probiotics. These differences
were in line with previous studies showing a modest effect of probiotics on individual symptoms[9,10]. The lack
of effect of probiotics on symptom relief may be due to
the small number of subjects included in the study. The
sample size in this pilot study was specifically powered
to detect differences in IBS-QoL. In fact, based on data
from previous clinical studies with probiotics[9], over 100
patients per arm should have been included in order to
detect a significant difference in global symptom relief,
with α = 0.05 and β = 0.80 after adjusting for comparisons between three arms and accounting for drop-outs.
However, considering this limitation of the present study,
our data suggest that the effect of probiotics on IBS
seems not to be limited to the area of GI-symptoms, but
is also evident for other aspects outside the abdomen, like
mental health status, gut related anxiety, and IBS-related
quality of life.
During the last few years, the role of intestinal microbiota in the modulation of gut function has received
increasing attention. Studies in mice showed that intestinal microbiota modulates immune and smooth muscle
function, epithelial cell permeability, enteric neurotransmission, and visceral sensitivity[26]. Most of these factors
are altered to some degree in patients with IBS[4,27-29].
Modulation of intestinal microflora by probiotics can decrease visceral sensitivity in mice[30,31] and the inflammatory responses in humans, an effect that correlated with
symptom improvement in IBS patients[32]. However, the
effects of intestinal microbiota go beyond the limits of
the GI-tract, and several studies suggest that they are also
involved in modulation of body weight, cutaneous perception, and behavior[33-35]. Moreover, a recent study from
McMaster shows that intestinal microbiota can influence
the central nervous system and behavior in adult mice in
the absence of discernible changes in local or circulating

Safety
No rescue medication was reported to be used by any
subject during their participation in the study. No adverse
drug reactions were reported following the consumption
of probiotic or placebo capsules. Additionally, the dropout rate did not differ between study groups (3 patients
in the high and low dose groups, and 5 patients in the
placebo group). A small increment of liver enzyme levels
(less than 3 times over normal ranges) was observed in 4
patients: two in the high dose group, one in the low dose,
and one in the placebo group. Of note, one patient in the
high probiotic dose group and the one in the low probiotic dose group already had liver enzyme levels above the
normal range at baseline.

DISCUSSION
The most relevant finding of the present study is that a
new combination of 3 different probiotic bacteria (I.31
probiotics) taken daily for 6 wk had a positive impact on
IBS-related quality of life, with the effect not being related to the dose of probiotics. The higher probiotic dose
appeared to achieve a slightly faster effect on IBS-QoL,
which was significantly larger than in the placebo group
after 3 wk of treatment. However, at the end of the study
no differences could be observed between doses, neither
in quality of life nor in the other parameters measured.
These results are a bit surprising, given that the higher
dose contained 5 times more viable probiotic cells than
the lower dose, and suggests that a plateau effect could
have been achieved at the lower dose.
IBS is a complex, heterogeneous condition of unknown origin, with a variety of different factors involved
in symptom generation. These include: increased visceral
sensitivity[16], altered motility and gas transport[17], lowgrade inflammation[18], psychological disturbances[19], and
early life experiences[20]. The final symptoms present in
each individual patient and the severity of the disease are
the result of the interplay between all these factors[21].
IBS has an important impact in the quality of life of the
patients[2,3], and the degree of alteration of quality of life
is closely related to the severity of IBS in each individual
patient[6]. Hence, in the absence of a curative strategy,
improvement of quality of life should be an important
objective of IBS treatment. IBS-QoL was evaluated using
a specific questionnaire[15] that was previously translated
and validated to the Spanish language[12]. This questionnaire has been previously used in large clinical trials to
assess the effect of drugs in IBS-QoL[22]. We decided
that a cut-off of 15 points in IBS-QoL score improvement should define good responders, and a cut-off of 10
points should distinguish responders from non-responders. These cut-off points, which are arbitrary, are in the
same line as used in other studies assessing the clinical
impact of treatments on QoL[23]. Using this methodology,
we found that 55% of patients treated with probiotics

WJG|www.wjgnet.com

8714

July 14, 2014|Volume 20|Issue 26|

Lorenzo-Zúñiga V et al . I.31 improves quality of life in IBS
irritable bowel syndrome (IBS)-related quality of life (IBS-QoL).

cytokines or specific gut neurotransmitter levels, suggesting the existence of a direct gut microbiota-brain axis[36].
Hence, it seems possible that a direct effect of probiotics
on the central nervous system could also have contributed to the effects of probiotics in the present study.
Our results do not provide evidence for a doserelated effect of the tested probiotics. The explanation
for such an outcome is unclear, but may be due to the
intrinsic nature of probiotics, which may not follow the
typical pharmacological rules or to a saturation of the
effect. The effects of probiotics are not universal for all
bacteria, not even for strains of the same species, as each
specific bacterial strain may have particular effects on gut
function, which is probably also true for other functions
outside the GI-tract. Likewise, there may be synergistic
or antagonistic effects when a bacterial combination is
administered[8]. In the present study, we used a mixture
of three probiotic bacteria, two strains of Lactobacillus
plantarum (CECT7484 and CECT7485) and one Pediococcus acidilactici (CECT7483), which was previously found
to reduce inflammation and diarrhea in two different
animal models of gut inflammation. Using this formula,
we found a rapid and clinically relevant effect of the probiotic combination on IBS-related quality of life, which
was associated to an improvement of gut related anxiety,
but not to similar relief in abdominal symptoms. Hence,
although our study was not designed to determine mechanistic factors involved in the effects induced by probiotics, our results suggest that the mechanisms involved in
improvement of IBS-related quality of life may include
both local and central effects. If these results were reproduced in larger studies, they open the possibility of
developing treatment strategies using probiotics that are
not only addressed against the abdominal symptoms of
patients with functional gut disorders, but can also influence other important aspects of the disorder and other
conditions often associated with IBS like behavior, anxiety, or depression.
In conclusion, we found that a new combination of
three different probiotic bacteria was superior to placebo
in improving IBS-related quality of life in patients with
IBS and diarrhea. After 6 wk of treatment, the difference was evident in both high and low doses of bacteria,
and the increment in quality of life was mainly due to an
increment in the mental status domain and an associated
to an improvement in gut related anxiety. Hence, this
probiotic combination can be useful for the treatment of
patients with IBS that impacts their quality of life.

Research frontiers

Changes in gut microflora, by supplementation of probiotic bacteria, may have
beneficial effects in IBS symptoms.

Innovations and breakthroughs

I.31 probiotic formula had effects on IBS-quality of life at 3 and 6 wk, as well
as on Visceral Sensitivity Index (VSI) at 6 wk, but had only a modest effect on
abdominal symptoms.

Applications

This probiotic combination can be useful for the treatment of patients with IBS
that impacts their quality of life.

Terminology

IBS-QoL is a standardized score to a 0-100 scale. The VSI scale is used to assess anxiety specifically related to gastrointestinal sensations and symptoms.

Peer review

This is a study on the effects of IBS symptoms of a probiotic formula consisting
of three different probiotic strains. Data are interesting, but the presentation of
the data needs to be more focused.
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CASE REPORT

Acute abdomen: Rare and unusual presentation of right
colic xanthogranulomatosis
Paola Addario Chieco, Laura Antolino, Valentina Giaccaglia, Francesca Centanini, Gaetano Vincenzo Cunsolo,
Alessandra Sparagna, Stefania Uccini, Vincenzo Ziparo
enlargement of local lymph nodes. Because of the high
suspicion of colic abscess as well as malignancy and
worsening of the clinical condition, the patient underwent right colectomy after 4 d of antibiotic treatment.
Pathology revealed xanthogranulomatous inflammation
involving the ileocecal valve. We review the reports of
large bowel tract XGI in the international literature.
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Core tip: Xanthogranulomatous inflammation (XGI) is a
disease of unknown origin, most frequently described
in the kidney and gallbladder, and extremely rare in the
colon. The extension of inflammation to the surrounding tissues may lead to misdiagnosis as cancer. We
report the case of a 56-year-old woman presenting to
the Emergency Department with pain, increased levels
of acute-phase proteins, and a palpable mass in the
right lower abdominal quadrant. Computed tomography
showed a large cecal mass with necrotic areas and enlarged lymph nodes. Due to suspicion of malignancy and
worsening of the clinical conditions, she underwent right
colectomy. Pathology revealed XGI of the ileocecal valve.

Abstract
Xanthogranulomatous inflammation (XGI) is a disease
of unknown origin, most frequently described in the
kidney and gallbladder; its localization in the colorectal tract is extremely rare. The extension of the typical
inflammatory process to the surrounding tissues may
lead to misdiagnosis as cancer. We report the case of
a 56-year-old woman presenting to the Emergency
Department with pain, increased levels of α1 and α2
proteins and C-reactive protein (17.5 mg/dL; normal
value 0-0.5), and a palpable mass, localized in the right
lower quadrant of the abdomen. A computed tomography scan showed a large right cecal mass with necrotic
areas, local inflammation of retroperitoneal fat, and
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INTRODUCTION
Xanthogranulomatous inflammation (XGI) is a rare
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A

B

Figure 1 Contrast enhanced computed tomography showing a large mass in the right abdominal quadrant (A), and inflammatory involvement of retroperitoneal fat and local lymph nodes (B).

pathologic entity with characteristic macroscopic and microscopic features. Typical histologic findings are: aggregation of lipid-laden foamy macrophages accompanied
by giant cells, few plasma cells and lymphocytes leading
to parenchymal destruction[1]. XGI is an uncommon entity that can involve any organ, and the most common
reported sites are the kidney and gallbladder. Other described rare localizations are: epididymis, ovary, fallopian
tube, endometrium, thyroid, adrenal gland, appendix,
lymph nodes, lung, bone, soft tissue, and skin[2]. The large
bowel has rarely been involved in the xantogranulomatous process, with only a few reports in the international
literature[2-6]. It is often difficult to differentiate the lesion
from an infiltrative cancer because XGI frequently presents as a mass-like lesion with an extension of fibrosis
and inflammation to the surrounding tissues mimicking
an advanced neoplasia. We report the case of a middleaged woman suffering from a right colic XGI mimicking
a malignant tumor or an abscess mass.

nine aminotransferase values were slightly increased (57
U/L; NV 15-46 and 145 U/L; NV 11-66, respectively).
Gamma-glutamyltransferase, triglyceride and cholesterol
levels were within the normal range. Oncomarkers (carcinoembryonic antigen and carbohydrate antigen) values
were within the normal range. An abdominal computed
tomography (CT) scan showed a solid irregular mass,
measuring 96 mm × 91 mm × 66 mm, with large necrotic areas and several enlarged lymph nodes around it
(Figure 1A and B). The lesion also seemed to be adherent
to the VI liver segment. Clinical and radiological findings
raised the suspicion of right colon cancer involving the
surrounding structures with a clinical preoperative staging
of: cT4 cN+ cM0. After 24 h, because of worsening of
clinical conditions, the patient underwent median laparotomy. Intraoperatively, a large mass, fixed to nearby structures, and involving the ileocecal valve and cecum was
found. A frozen section of the specimen was performed
and revealed chronic inflammation. A right colectomy
was performed. Postoperative recovery was uneventful.

CASE REPORT

Pathological findings
Histological examination revealed the intestinal wall distorted by a diffuse infiltration of lipid-laden macrophages
(macrophage cytoplasm containing large amounts of
lipid) and giant cells, mainly filling the sub-serosal surface,
associated with suppurative peritonitis. The intestinal wall
of the ileocecal valve was closely adhered to the appendix, causing luminal stenosis. In the appendix, the mucosa was histologically not involved in the disease, but the
outer part of the appendix wall was closely adhered to
the ileocecal junction and was equally heavily infiltrated
by a large amount of lipid-laden macrophages (Figure 2).

A 56-year-old female presented to our Emergency Department with severe abdominal pain in the right lower
quadrant which developed gradually over 3 mo, weight
loss and intermittent fever. She denied other symptoms
such as vomiting, hematemesis and melena. Her past
medical history was positive for diabetes, hyperthyroidism treated with total thyroidectomy in 2008 and replacement therapy with levothyroxine, and class I obesity (body
mass index: 30.7 kg/m2). She denied smoking, alcohol
use, or any illicit drug use. Two months previously she
had 3 consecutive fecal occult blood tests which were all
negative. Physical examination showed a sore and tender
abdomen, particularly painful in the right lower quadrant
where a rigid, suspicious mass was palpable along with
a positive Blumberg maneuver. Bowel sounds in all 4
quadrants and rectal examination were normal. Blood
tests revealed microcytic, hypochromic anemia [hemoglobin (Hb) 9.5 g/dL; normal value (NV) 12-16], normal
leukocyte count, and elevated C-reactive protein (17.5
mg/dL; NV 0-0.5). Aspartate aminotransferase and ala-
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DISCUSSION
XGI is a rare disease first reported in the genitourinary
tract[7,8]. Any organ can be involved, but it is most common in the kidney and in the gallbladder. In particular,
XGI of the gallbladder is found in 1%-4% of resected
specimens[9]. In some cases, when the inflammatory process involves adjacent organs, it may clinically resemble
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ties and micro-abscesses; on microscopic examination,
it includes large numbers of lipid-laden macrophages,
combined with a minor component of chronic and acute
inflammatory cells[4]. Other lesions containing foam cells,
such as xanthoma, malacoplakia and pseudoxanthogranulomatous inflammation should be considered in
the differential diagnosis. Xanthomatous lesions are not
accompanied by fibrosis or giant cells. Malacoplakia is an
unusual inflammatory condition characterized by inflammatory xanthomatous proliferation with the presence of
Michaelis-Gutmann bodies. Pseudoxanthogranulomatous
inflammation is characterized by pigmented foam cell collections with brown lipofuscin or hemosiderin pigment
in their cytoplasm that are positive for Fontana-Masson
or Prussian blue stains[4]. In the present case, no pigmentcontaining cells were found and the Fontana-Masson
stain was negative, therefore pseudoxanthogranulomatous
inflammation was exluded in the differential diagnosis.
The exact pathogenesis of XGI is not well known.
There have been many hypotheses, from inflammation
and chronic suppuration, to hemorrhages and digestion of blood cells from macrophages, to defective lipid
transportation, defective chemotaxis of macrophages and
lymphatic obstruction[1-6]. Most recent studies are suggest
that XGI probably represents a chronic suppurative process leading to tissue destruction and localized proliferation of macrophages containing large amounts of lipid,
which are the characteristic histological features of the
disease[2,6].
In particular, for the colon, it is possible that the inflammatory processes following diverticulitis, perforation,
or appendicitis may cause a chronic suppurative process,
with tissue destruction, that serves as an environment in
which the host and microorganisms interact, leading to
aggregation of lipid-accumulating macrophages[11]. Specifically, our patient was suffering from hyperthyroidism
and diabetes, so had disrupted lipid and carbohydrate
metabolism. Those conditions could play a role in development of XGI.
When XGI presents as a mass with an extension of
fibrosis and inflammation to the surrounding tissues, it
is not possible to differentiate it from an infiltrative cancer[2]. For this reason, symptoms, signs and imaging studies showing an irregular contrast-enhanced lesion extending to surrounding tissues, can easily mislead the surgeon.
To the best of our knowledge, there are only 5 reported cases regarding colonic XGI in the international literature (Table 1), 3 women and 2 men, and the age of the
patients ranged from 30 to 72 years, all of them undergoing radical surgical intervention with no described relapse
of the disease[2,6]. The first paper was published in 1986 by
Davis et al[3], reporting the case of a 30-year-old woman
with a double cervix and uterus didelphys presenting with
rectal pain and palpable rectal mass. The final diagnosis, after a posterior surgical approach because of the suspicion
of a tumor involving the sacrum, was an anorectal xanthogranulomatous abscess in a Müllerian duct remnant. Then,
in 1996, Lo et al[4] presented the case of a 72-year-old male
with abdominal distension and a palpable mass in the left

A

B

C

Figure 2 Pathological findings. Hematoxylin and eosin staining of the intestinal wall of the ileocecal valve and appendix showing heavy infiltration of a large
amount of lipid-laden macrophages in which scattered multinucleated giant cells
are shown (A, × 160). In the field, numerous ectatic small blood vessels consistent with the edematous features of the wall are visible (B, × 250; C, × 400).

invasive gallbladder carcinoma leading to extensive surgical resection. As reported by Rastogi et al[9] in 2010,
most patients with xanthogranulomatous cholecystitis are
female, presenting with vomiting, right upper quadrant
pain, and a previous or concomitant diagnosis of gallstones. Xanthogranulomatous pyelonephritis constitutes
less than 1% of chronic pyelonephritis, is frequently associated with urinary tract obstruction, nephrolitiasis and
concomitant infection, and is preponderant in females
and younger age groups[10]. Due to its vague and nonspecific clinical presentation, equivocal laboratory and
radiological investigations may mimic renal tuberculosis
or renal carcinoma[10].
XGI is a disease with specific macroscopic and microscopic features. Typical findings on macroscopic examination include a bright yellow mass with abscessual cavi-
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Table 1 Reported cases of large bowel xanthogranulomatous inflammation
Ref

Age
Involved organs
(yr)/sex

Clinical presentation

Anadol et al[2]

57/F

Cecum and
appendix

Davis et al[3]

30/F

Anorectal area Rectal and sacral pain,
nausea, weight loss,
palpable tender mass on
rectal examination

RLQ abdominal pain,
rectorrhagia, anemia

Lo et al[4]

72/M

Oh et al[5]

38/F

Dhawan et al[6]

60/M

Ascending
colon

Present case

56/F

Cecum, jejunal Abdominal pain, palpable
loop
mass in the RIF, fever and
weight loss

Sigmoid colon Intestinal obstruction,
palpable tender mass in the
LIF, tenesmus, nausea and
weight loss
Sigmoid colon, Abdominal pain, diarrhoea,
appendix,
fever, mild RLQ tenderness
salpinx
without any palpable mass
Abdominal pain, constipation, vomiting

CT findings preoperative diagnosis
CT: Solid mass in the RLQ with
poorly defined margins and
mesenteric fatty tissue infiltration
Cecum cancer
CT: two masses involving the
intramural portion of the distal
rectal wall
Tumor involving the sacrum

Surgical operation/ pathology
Appendectomy
Frozen section
Right colectomy
XGI of the cecum
Posterior approach, removal of the tumors,
reapproximation of the rectal wall

XGI of a Müllerian duct remnant involving
the anorectum
Barium enema: stricture at the
Excision of the mass including sigmoid colon,
sigmoid colon causing obstruction proximal jejunum and part of the peritoneum
Sigmoid cancer or diverticulitis
XGI of the sigmoid colon
with stricture
CT: Colonic loop around the recto- Resection of the sigmoid colon, appendecsigmoid junction with mesenteric tomy, right salpingectomy
fat infiltration
Sigmoid cancer
XGI of the sigmoid colon
CT: irregular circumferential
Right colectomy
thickening involving 6 cm of the
ascending colon. Multiple small
pericolic lymph nodes
Right colon cancer
XGI of the ascending colon with mucosal
involvement
CT: expansive mass originating
Right colectomy
from the cecum with necrotic areas
that seems to involve VI liver segment. Many lymph nodes enlarged,
especially next to the mass.
Right colon cancer
XGI of the ileocecal valve

CT: Computer tomography; M: Male; F: Female; NA: Not available; XGI: Xanthogranulomatous inflammation; RLQ: Right lower quadrant; LIF: Left iliac
fossa; RIF: Right iliac fossa.

iliac fossa. With suspicion of an occluding carcinoma of
the sigmoid colon or diverticulitis with stricture, the patient
underwent resection of the sigmoid, part of the jejunum
and the peritoneum. The final pathology showed a XGI of
the sigmoid colon. Later, in 2005, Oh et al[5] published the
case of a 38-year-old female with diarrhea, fever and left
lower quadrant abdominal pain. She underwent low anterior resection with a final diagnosis of XGI of the sigmoid
colon. Anadol et al[2] reported in 2009 a case very similar
to ours. The patient was a 57-year-old women presenting
with right lower quadrant abdominal pain, rectorrhagia,
anemia, and a solid mass of the right colon on a CT scan.
She also underwent right colectomy with a pathological
report showing a xanthogranulomatous colitis of the cecum. One of the differences with our case is that our patient presented to the Emergency Department with local
peritonitis in the right lower quadrant and was admitted
as having an acute abdomen; because of the suspicion
of an abscess with diverticula and/or a neoplasm we did
not perform colonoscopy. The worsening of the clinical
conditions led to the surgical intervention. Finally, very
recently, Dhawan et al[6] reported a 60-year-old male with
abdominal pain, vomiting and constipation, who underwent right colectomy. The pathology showed right colic
XGI with mucosal involvement; this is in contrast to our
case, and all other reports about colic XGI, where intes-
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tinal wall involvement was mainly sub-serosal. All these
5 cases show that the symptoms, signs and radiological
examination are very similar to those of colorectal cancer. In our experience, we suggest considering XGI also
in the event of acute abdomen, or inflammatory abscess.
The consensus is that it might be useful to confirm the
diagnosis intraoperatively, as a frozen section did not
help us in our surgical strategy, as was also reported by
Anadol et al[2].
XGI is a rare entity, with kidney and gallbladder as
the most common reported sites. The large intestine is an
unusual localization of XGI, with only 5 cases being reported in the literature. It is very difficult to differentiate
from advanced cancer and/or a local abscessed intestinal
mass because inflammation and fibrosis of the lesion
extend to the surrounding tissues. We think that the
suspicion of malignancy is likely to remain unclear until
the final pathological examination is performed. Colonic
XGI is a benign disease, often requiring extended surgical
resection, and has an excellent postoperative outcome.

REFERENCES
1

8720

Cozzutto C, Carbone A. The xanthogranulomatous process. Xanthogranulomatous inflammation. Pathol Res
Pract 1988; 183: 395-402 [PMID: 3054826 DOI: 10.1016/
S0344-0338(88)80085-2]

July 14, 2014|Volume 20|Issue 26|

Addario Chieco P et al . Unusual presentation of right colic xanthogranulomatosis
2
3

4

5

6

Anadol AZ, Gonul II, Tezel E. Xanthogranulomatous inflammation of the colon: a rare cause of cecal mass with bleeding.
South Med J 2009; 102: 196-199 [PMID: 19194269]
Davis M, Whitley ME, Haque AK, Fenoglio-Preiser C, Waterman R. Xanthogranulomatous abscess of a mullerian duct
remnant. A rare lesion of the rectum and anus. Dis Colon
Rectum 1986; 29: 755-759 [PMID: 3769695 DOI: 10.1007/
BF02555328]
Lo CY, Lorentz TG, Poon CS. Xanthogranulomatous inflammation of the sigmoid colon: a case report. Aust N
Z J Surg 1996; 66: 643-644 [PMID: 8859170 DOI: 10.1111/
j.1445-2197.1996.tb00839.x]
Oh YH, Seong SS, Jang KS, Chung YW, Paik CH, Park
YW, Han DS. Xanthogranulomatous inflammation presenting as a submucosal mass of the sigmoid colon. Pathol
Int 2005; 55: 440-444 [PMID: 15982221 DOI: 10.1111/
j.1440-1827.2005.01851.x]
Dhawan S, Jain D, Kalhan SK. Xanthogranulomatous inflammation of ascending colon with mucosal involvement:

7
8
9

10
11

report of a first case. J Crohns Colitis 2011; 5: 245-248 [PMID:
21575889 DOI: 10.1016/j.crohns.2010.12.009]
Peterson RO. Urologic pathology. 3rd ed. Philadelphia: JB
Lippincott Co, 2006: 23-24
Selzer DW, Dahlin DC, Deweerd JH. Tumefactive xanthogranulomatous pyelonephritis. Surgery 1957; 42: 874-883
[PMID: 13486398]
Rastogi A, Singh DK, Sakhuja P, Gondal R. Florid xanthogranulomatous cholecystitis masquerading as invasive gallbladder cancer leading to extensive surgical resection. Indian
J Pathol Microbiol 2010; 53: 144-147 [PMID: 20090248 DOI:
10.4103/0377-4929.59209]
Goyal S, Gupta M, Goyal R. Xanthogranulomatous pyelonephritis: A rare entity. N Am J Med Sci 2011; 3: 249-250 [PMID:
22558604 DOI: 10.4297/najms.2011.3249]
Antonakopoulos GN, Chapple CR, Newman J, Crocker J,
Tudway DC, O’Brien JM, Considine J. Xanthogranulomatous
pyelonephritis. A reappraisal and immunohistochemical
study. Arch Pathol Lab Med 1988; 112: 275-281 [PMID: 3345125]
P- Reviewer: Lipar M S- Editor: Zhai HH
L- Editor: Cant MR E- Editor: Wang CH

WJG|www.wjgnet.com

8721

July 14, 2014|Volume 20|Issue 26|

World J Gastroenterol 2014 July 14; 20(26): 8722-8725
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i26.8722

© 2014 Baishideng Publishing Group Inc. All rights reserved.

BRIEF
CASEARTICLE
REPORT

HBsAg clearance by Peg-interferon addition to a long-term
nucleos(t)ide analogue therapy
Michele Barone, Andrea Iannone, Alfredo Di Leo
analogues therapy in HBeAg negative chronic hepatitis
B patients is considered a long-lasting/life-long treatment.

Michele Barone, Gastroenterology Unit, Department of Medical
and Surgical Science, University of Foggia, 71122 Foggia, Italy
Andrea Iannone, Alfredo Di Leo, Gastroenterology Unit, Department of Emergency and Organ Transplantation (D.E.T.O.),
University of Bari, 70124 Bari, Italy
Author contributions: Barone M and Iannone A contributed
equally to this work and wrote the paper; Di Leo A approved the
final version.
Correspondence to: Michele Barone, MD, PhD, Professor of
Medicine, Chief of Gastroenterology Unit, Department of Medical and Surgical Science, University of Foggia, Viale Pinto 1,
71122 Foggia, Italy. michele.barone@unifg.it
Telephone: +39-0881-733848 Fax: +39-0881-7332135
Received: January 20, 2014 Revised: March 10, 2014
Accepted: April 5, 2014
Published online: July 14, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Addition; HBeAg negative; HBsAg clearance; Nucleos(t)ide analogues; Peg-interferon
Core tip: The ideal endpoint of antiviral therapy is HBsAg loss, a difficult goal to obtain, especially in HBeAg
negative patients. A Caucasian 44-year-old male patient, HBeAg negative, genotype D, received lamivudine
and, 4 years later, added adefovir because of a virological breakthrough. Five years later, considering his age,
liver stiffness (4.3 kPa) and HBsAg levels (3533 IU/mL),
we added Peg-interferon α-2a for six months (3 in
combination with nucleos(t)ide analogues followed by 3
of Peg-interferon monotherapy), obtaining a complete
HBsAg clearance. This result has important clinical and
pharmaco-economic implications, since nucleos(t)ide
analogues therapy in HBeAg negative patients is considered a long-lasting/life-long treatment.

Abstract
The ideal endpoint of hepatitis B virus (HBV) antiviral
therapy is HBsAg loss, a difficult goal to obtain, especially in HBeAg negative patients. Herein, we report
the results obtained by the addition of peg-interferon
α-2a to a long-lasting nucleos(t)ide analogue therapy
in a HBeAg negative, genotype D patient with steadily
HBV-DNA negative/HBsAg positive values. In 2002, our
Caucasian 44-year-old male patient received lamivudine
and, 4 years later, added adefovir because of a virological breakthrough. In 2011, considering his young
age, liver stiffness (4.3 kPa) and HBsAg levels (3533
IU/mL), we added Peg-interferon α-2a for six months (3
in combination with nucleos(t)ide analogues followed
by 3 mo of Peg-interferon α-2a monotherapy). A decrease of HBsAg levels was observed after 1 mo (1.21
log) of Peg-interferon and 3 mo (1.88 log) after the discontinuation of all drugs. Later, a complete clearance
of HBsAg was obtained with steadily undetectable HBVDNA serum levels (< 9 IU/mL). HBsAg clearance by the
addition of a short course of Peg-interferon α-2a represents an important result with clinical and pharmacoeconomic implications, considering that nucleos(t)ide
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INTRODUCTION
Hepatitis B virus infection is a worldwide health problem.
World Health Organization estimates that about 2 billion
people have been infected by the virus (1/3 of the entire
world population) and about 350 million (6%) are carriers
of a chronic infection[1]. Italy ranks among the countries
with low endemicity[2].
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Currently, the treatment of chronic hepatitis B (CHB)
is based on either a 12 mo-period of peg-interferon α-2a
(PEG-IFN α-2a) or a long-lasting nucleos(t)ide analogues
(NAs) administration[1-3]. The ideal endpoint of antiviral
therapy, even if uncommon, is the loss of HBsAg ±
seroconversion to anti-HBs[1-3]. HBe/anti-HBe seroconversion in HBeAg positive patients and disappearance
of hepatitis B virus (HBV)-DNA from serum, however,
represent significant end-points since they are correlated
with a reduced risk of liver disease progression[4].
In HBeAg negative patients, HBsAg loss is exceptionally observed during the first 4-5 years of NAs
treatment[1]. In fact, in patients undergoing lamivudine
monotherapy HBsAg clearance rates are 1.9% and 11.7%
at 5 and 7 years, respectively[5,6]. Also patients treated
with adefovir show low percentages of HBsAg loss,
ranging from 0% to 5% at 1 and 5 years, respectively[1,7].
Moreover, the combination treatment with lamivudine +
adefovir does not increase their efficacy compared to the
monotherapies (2.4% at 4 years)[8].
On the other hand, after 12 mo of PEG-IFN α-2a
therapy, HBsAg clearance in HBeAg negative patients
is 9% and 12% at 3 and 5 years of follow-up, respectively[1,9,10]. In these subjects, a rapid decrease in serum
HBsAg is an important predictor of response to PEGIFN α-2a treatment[11]. The combination therapy with
PEG-IFN α-2a + NAs does not seem to increase the
HBsAg loss rate as compared to the PEG-IFN α-2a
monotherapy. In fact, 3 years after the administration of
PEG-IFN α-2a (180 µg/wk) + lamivudine for 12 mo a
8% HBsAg loss was observed[9]. However, a combination
therapy with PEG-IFN α-2a (180 µg/wk) + adefovir for
48 wk determined a 17% HBsAg loss after 2 years of
follow-up[12].
Finally, only a few cases in the literature describe the
effect of PEG-IFN α-2a as add-on therapy in patients
undergoing long-lasting NAs treatment with steadily HBVDNA negative/HBsAg positive values. Mangano et al[13] report a HBsAg/anti-HBs seroconversion obtained by the
addition of PEG-IFN α-2a for 12 mo in a young CHB
patient undergoing lamivudine therapy. However, they
did not assess HBsAg titre before the add-on therapy,
neither report HBV genotype, two well-known predictors of response to PEG-IFN α-2a. Kittner et al[14] after
a 12-mo add-on therapy with PEG-IFN α-2a in 12 CHB
patients undergoing NAs treatment report 2 cases of
HBsAg/anti-HBs seroconversion. However, the first
patient was a HBV genotype A (known to respond better to PEG-IFN α-2a[15]), while the second had a very
low HBsAg titre (16 IU/mL) before the PEG-IFN α-2a
administration.
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Figure 1 Liver stiffness assessments by transient elastography. Progressive reduction of liver stiffness values, assessed every year from 2002 to 2011.

virus. The medical history of our patient was characterized by first determination of elevated alanine aminotransferase (ALT) levels in 1996 and diagnosis of HBV
infection in June 2002.
In November 2002, he was admitted to our Gastroenterology Unit and blood examinations were performed
that demonstrated ALT × 1.2 the upper limit of normal
(ULN), negative HBeAg, positive anti-HBe, positive
HBV-DNA (1.23 × 105 copies/mL, determined by the
Versant HBV-DNA 3.0 assay), HBV genotype D and
negative anti-HCV and anti-HDV IgG. Thus, he underwent liver biopsy, that showed a grade 2 stage 2 CHB
(by METAVIR score system), and transient elastography,
that resulted 8.5 kPa (IQR 0.7 kPa, SR 100%). According
to these results and the guidelines in force at that time
and because of the patient refusal to undergo interferon
therapy, we started an antiviral treatment with lamivudine
in December 2002 obtaining ALT normalization and a
HBV DNA value < 2 × 103 cp/mL. In January 2006, a
virological breakthrough to lamivudine was observed,
with increased ALT levels (× 2.3 ULN) and HBV-DNA
serum levels of 2.1 × 106 cp/mL (by the COBAS Amplicor HBV Monitor assay). Thus, adefovir (10 mg/day), the
only NA rescue therapy available for lamivudine resistance at that time, was added, reaching undetectable HBVDNA (< 2 × 102 copies/mL, by the COBAS Amplicor
HBV Monitor assay) and normal ALT levels after 6 mo
of combined therapy.
Liver stiffness, assessed every year by transient elastography (Figure 1), progressively decreased, reaching
a value of 4.3 kPa (IQR 0.6 kPa, SR 100%) in February
2011.
HBV testing
From 2002 to 2005 HBV-DNA was tested by the Versant
HBV-DNA 3.0 assay (Bayer Corporation, Tarrytown,
NY) with a lower limit of quantification (LLQ) of 2 ×
103 copies/mL, while from 2006 to 2010 it was determined by the COBAS Amplicor HBV Monitor assay
(Roche Diagnostics, Indiannapolis, IN) with a LLQ of 2
× 102 copies/mL. Finally, from 2011, HBV-DNA serum

CASE REPORT
Case history
A 44-year-old Caucasian male with CHB came to our attention in November 2002. His mother and one brother
were affected by HBV-related cirrhosis and CHB, respectively, suggesting a mother-to-child transmission of the
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tive. Later on, we performed 4 other HBsAg determinations (the last on June 2013), and all were negative, with
HBV-DNA serum levels steadily undetectable (< 9 UI/
mL) and normal ALT (Figure 2).
The advent of HBsAg titre determination has revived
the possibility to start a course of Peg-interferon α-2a in
HBV patients who never received interferon, considering
that this prognostic parameter makes interferon treatment cost/effective and minimizes the possibility of adverse effects.
The rates of HBsAg clearance reported in the literature refer to either NAs[1,5-8] or PEG-IFN α-2a[1,9,10]
monotherapies or to the combination of these drugs[9,12].
On the other hand, only few data are available about the
overlap of PEG-IFN α-2a in steadily HBV-DNA negative/HBsAg positive patients, undergoing long-lasting
NAs therapy, with the exception of the findings reported
by Mangano et al[13] and Kittner et al[14], that present some
limitations (lack of HBsAg titre and HBV genotype determination before the add-on therapy, or treatment of
HBV genotype A, which is known to respond better to
PEG-IFN α-2a[15], or treatment of a patient with a HBsAg titre as low as 16 IU/mL).
In the present study, we propose a therapeutical approach that takes in consideration a new combination of
nucleos(t)ide analogues therapy and PEG-IFN α-2a. In
fact, we used for 3 mo nucleos(t)ide analogues in combination with Peg-interferon α-2a followed by 3 mo of
Peg-interferon α-2a monotherapy. Moreover, even if our
original intent was to promote HBsAg loss, this schedule
gave us the possibility to evaluate if the treatment with
Peg-interferon alone prevents sudden HBV reactivation
with hepatitis flares, after interruption of nucleos(t)ide
analogues therapy.
Our results do not exclude the possibility that HBsAg
clearance could be due to the beneficial effects of 5 years
of therapy with analogues. However, a “casual” striking
decrease of HBsAg after one month of PEG-IFN α-2a
therapy seems unlikely.
Finally, our findings need to be verified by a prospective trial on patients under long-lasting NAs therapy with
clinical (young age, low stage of fibrosis) and virological (HBeAg negative, steadily undetectable HBV-DNA,
genotype D and high HBsAg titre) characteristics similar
to those observed in our patient, in order to verify the
efficacy of PEG-IFN α-2a add-on treatment on HBsAg clearance. This therapeutic strategy would produce
obvious clinical and pharmaco-economic advantages,
especially if a HBsAg-guided PEG-IFN α-2a therapy is
adopted.

HBsAg
HBV-DNA < 9 IU/mL
ULN (ALT)
ALT value

3000
2000

HBsAg (IU/mL)

1000
400
300
200
100
50

0
Ju 13
n
20
13

13

r2

Ap

13

20

Fe
b

20

Ja

n

20

12

11
Ju
n

20

11

v

20

No

O
ct

Fe
b

20

11

0

Figure 2 HBsAg, hepatitis B virus-DNA and alanine aminotransferase
serum level assessment. A decrease of the starting HBsAg titre (3533 IU/mL)
was observed 1 mo after the beginning of Peg-interferon α-2a (1.21 log; HBsAg
titre 218 IU/mL) and 3 mo after the discontinuation of all drugs (1.88 log; HBsAg
titre 47 IU/mL). Seven months later, the quantitative determination of HBsAg
resulted negative. The patient showed steadily undetectable HBV-DNA (< 9
IU/mL) and normal ALT levels (< ULN). IU: International unit; ULN: Upper limit
of normal.

levels were determined by the Roche TaqMan PCR Real
Time assay (Roche Diagnostics, Indiannapolis, IN) with a
LLQ of 9 IU/mL.
HBsAg has been tested since 2010 by the Roche
Elecsys HBsAg II quantitative assay (Roche Diagnostics,
Indiannapolis, IN). Serological HBV markers (HBsAg,
anti-HBsAg, HBeAg, anti-HBe and anti-HBc IgG and
IgM) and anti-HDV IgG were all detected using standard
laboratory techniques. Anti-HCV was determined by
commercial EIA (HCV 3.0 Ortho Clinical Diagnostics,
Amersham, Bucks, United Kingdom).

DISCUSSION
In February 2011, HBV-DNA was < 9 IU/mL, HBsAg
titre was high (3,441 IU/mL)[16] and ALT was lower than
ULN (× 0.6) (Figure 2). In October 2011, on the basis of
these results and taking in consideration the young age of
the patient (42 years), we decided to add PEG-IFN α-2a
(180 µg/wk) for 6 mo with the intent of promoting HBsAg loss, also considering that the patient never underwent this kind of treatment. At this time HBV-DNA was
< 9 IU/mL, HBsAg value 3533 IU/mL and ALT × 0.4
ULN (Figure 2). PEG-IFN α-2a (180 μg/wk) was added
to NAs for 3 mo, then NAs treatment was interrupted
while PEG-IFN α-2a was continued for additional 3 mo.
In November 2011, one month after the beginning of
PEG-IFN α-2a, a decrease of HBsAg titre higher than
one log was obtained (HBsAg 218 IU/mL, 1.21 log decrease). Moreover, three months after the discontinuation
of the PEG-IFN α-2a therapy, a further decrease of HBsAg serum levels was observed (HBsAg 47 IU/mL, 1.88
log decrease), in presence of undetectable HBV-DNA (<
9 IU/mL) and normal ALT levels. Seven months later,
the quantitative determination of HBsAg resulted nega-
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COMMENTS
COMMENTS
Clinical diagnosis

Patient was a 44-year-old Caucasian male with chronic hepatitis B.

Differential diagnosis

According to the liver stiffness value assessed in February 2011 (4.3 kPa), his
chronic hepatitis was characterized by mild fibrosis and not by moderate or
severe fibrosis.
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Laboratory diagnosis

In October 2011, HBV-DNA was < 9 IU/mL (Roche TaqMan PCR Real Time
assay), HBsAg value 3533 IU/mL (Roche Elecsys HBsAg II quantitative assay)
and alanine aminotransferase × 0.4 ULN.

Imaging diagnosis

7

Liver stiffness, determined by transient elastography in February 2011, was 4.3
kPa (IQR 0.6 kPa, SR 100%).

Pathological diagnosis

Liver biopsy was performed only in 2002 and showed a grade 2 stage 2 chronic
hepatitis B (by METAVIR score system).

Treatment

8

Related reports

9

Patient started lamivudine in December 2002, added adefovir in January 2006,
because of a virological breakthrough to lamivudine, and, in October 2011, added Peg-interferon α-2a to nucleos(t)ide analogues for 3 mo, then nucleos(t)ide
analogues were interrupted while Peg-interferon α-2a was continued for additional 3 mo.
Only few data are available about the overlap of Peg-interferon α-2a to
nucleos(t)ide analogues in steadily HBV-DNA negative/HBsAg positive patients
with the exception of the findings reported by Mangano et al and Kittner et al,
that present some limitations (lack of HBsAg titre and HBV genotype determination before the add-on therapy, or treatment of HBV genotype A, which is known
to respond better to Peg-interferon α-2a, or treatment of a patient with a HBsAg
titre as low as 16 IU/mL).

10

Experiences and lessons

In the present case, the authors propose a new therapeutical approach to promote HBsAg clearance, based on the overlap of Peg-interferon α-2a in steadily HBV-DNA negative/HBsAg positive patients undergoing long-lasting NAs
therapy.

11

Peer review

This case report offers a new approach to promote HBsAg clearance in patients
with CHB treated with NUCs for long-time. This interesting observation must be
checked in a clinical trial.
12
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CASE REPORT

Perihepatic adhesions: An unusual complication of hemolysis,
elevated liver enzymes and low platelet syndrome
Margot M Koeneman, Ger H Koek, Marc Bemelmans, Louis L Peeters
the subcapsular liver hematoma during conservative
treatment. This case of perihepatic adhesions may
therefor be the first presentation of a long term sequel
of subcapsular liver hematoma in HELLP syndrome.
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Core tip: This case of perihepatic adhesions may be the
first presentation of a long term sequel of subcapsular
liver hematoma in hemolysis, elevated liver enzymes
and low platelet syndrome, which occured in pregnancy.
Koeneman MM, Koek GH, Bemelmans M, Peeters LL. Perihepatic adhesions: An unusual complication of hemolysis, elevated
liver enzymes and low platelet syndrome. World J Gastroenterol
2014; 20(26): 8726-8728 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i26/8726.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i26.8726

Abstract
We present a case of symptomatic perihepatic adhesions, which developed after a pregnancy complicated by hemolysis, elevated liver enzymes and low
platelet (HELLP) syndrome, in which a subcapsular
liver hematoma occurred. Our patient presented with
complaints of persistent, severe right-sided upper abdominal pain. The complaints developed gradually, one
year after a pregnancy that had been complicated by
HELLP syndrome with a subcapsular liver hematoma.
The hematoma had resolved spontaneously. An upperabdominal magnetic resonance imaging revealed a
density between liver and diaphragm at the site of the
former subcapsular hematoma, suspect of perihepatic
adhesions. The presence of perihepatic adhesions was
confirmed during a laparoscopy and treated by adhesiolysis in the same session. The adhesions may have
developed in response to the degradation process of
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INTRODUCTION
Subcapsular liver hematoma is a rare but severe complication of the hemolysis, elevated liver enzymes and
low platelet (HELLP) syndrome in pregnancy, with a reported incidence of 0.9% in a series of 442 pregnancies
complicated by HELLP syndrome[1]. To the best of our
knowledge, there are no reports on long-term sequels of
subcapsular liver hematoma after HELLP syndrome[2].

CASE REPORT
A 29-year-old primipara presented with complaints of
persistent, severe right -sided upper abdominal pain during deep inspiration, physical exercise and on local pres-
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solution) into the peritoneal cavity to prevent the formation of new adhesions. On follow-up until three years
post-surgery, she was free of symptoms.

DISCUSSION
Clinical symptoms and imaging in our patient suggested
the presence of perihepatic adhesions subsequently confirmed by laparoscopy. Adhesion formation is believed to
be promoted by the inflammatory response to mesothelial injury, resulting from subcapsular liver parenchymal
necrosis as part of the HELLP syndrome in our patient.
Blood and other necrotic material are well-known triggers of inflammation[3]. Therefore, the formation of perihepatic adhesions in our patient may have been triggered
by the degradation process of the resolving subcapsular
liver hematoma. The aspect of the adhesion found in our
patient differed clearly from that found in Fitz-HughCurtis syndrome, occurring as a complication of PID.
This case may well be the first report of a long-term
hepatic sequel of a subcapsular liver hematoma complicating HELLP syndrome. Perihepatic adhesions must be
suspected in patients with complaints of persistent rightsided upper abdominal pain after conservative treatment
of a liver hematoma. Biochemical markers such as liver
function tests are expected to be normal in these patients
and are therefore not of diagnostic value, however imaging studies can be suggestive of the presence of perihepatic adhesions. Key in confirming the diagnosis of perihepatic adhesions seems to be laparoscopy, which also
enables immediate adhesiolysis as an effective therapeutic
modality.

Figure 1 T2 weighted coronal magnetic resonance imaging image of subcapsular liver hematoma. The arrows indicate a hyperdense area suggestive
of the subcapsular liver hematoma.

Diaphragm

COMMENTS
COMMENTS
Case characteristics

Figure 2 Laparoscopy image of perihepatic adhesions. The arrow indicates
the location of the perihepatic adhesions to the diaphragm that were found during laparoscopy.

The authors present a case of symptomatic perihepatic adhesions, which developed after a pregnancy complicated by hemolysis, elevated liver enzymes
and low platelet (HELLP) syndrome in which a subcapsular liver hematoma occurred.

Clinical diagnosis

sure. These complaints had developed gradually after
giving birth one year earlier. This pregnancy had been
complicated by HELLP syndrome with a subcapsular
liver hematoma sized 20 cm × 5 cm, which had resolved
spontaneously.
At current presentation, liver function tests were
normal. She assured having never experienced signs suggestive of sexually transmitted diseases or pelvic inflammatory disease (PID). She had never undergone intraabdominal interventions. An upper-abdominal magnetic
resonance imaging revealed a density between liver and
diaphragm at the site of the former subcapsular hematoma, suspect of perihepatic adhesions (Figure 1). She was
referred to the hepatobiliary surgeon, who performed a
laparoscopy and confirmed the presence of a thick adhesion between liver segment Ⅴ/Ⅷ and the diaphragm
(Figure 2). Adhesiolysis was performed in the same session by monopolar diathermia and sharp dissection, followed by the instillation of 1.5 L Adept (4% icodextrin

WJG|www.wjgnet.com

The patient presented with complaints of persistent, severe right-sided upper
abdominal pain.

Differential diagnosis

The complaints developed gradually, one year after a pregnancy that had been
complicated by HELLP syndrome with a subcapsular liver hematoma.

Imaging diagnosis

An upper-abdominal magnetic resonance imaging revealed a density between
liver and diaphragm at the site of the former subcapsular hematoma, suspect of
perihepatic adhesions.

Treatment

Adhesiolysis was performed in the same session by monopolar diathermia and
sharp dissection, followed by the instillation of 1.5 L Adept (4% icodextrin solution) into the peritoneal cavity to prevent the formation of new adhesions.

Experiences and lessons

Key in confirming the diagnosis of perihepatic adhesions seems to be laparoscopy, which also enables immediate adhesiolysis as an effective therapeutic
modality.

Peer review

The authors describes for the first time a long-term hepatic sequel of a subcapsular liver hematoma complicating HELLP syndrome. It is suitable for publication as a case report observation.
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CASE REPORT

Two-stage treatment with hepatectomy and carbon-ion
radiotherapy for multiple hepatic epithelioid
hemangioendotheliomas
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Akihiro Toyokawa, Kazuhiro Teramura, Takumi Fukumoto, Yonson Ku, Nobukazu Fuwa
tectomy and carbon-ion radiotherapy. This case is very
meaningful since it demonstrated the effectiveness of
carbon-ion radiotherapy for HEH and the possibility of
expanding the curative treatment options for multiple
bilobar hepatic tumors.
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Key words: Two-stage treatment; Hepatic epithelioid
hemangioendothelioma; Hepatectomy; Carbon-ion radiotherapy; Particle radiotherapy; Omental flap spacer
Core tip: Hepatic epithelioid hemangioendothelioma
(HEH) is a rare neoplasm with variable malignant potential. Liver transplantation is the most frequently reported treatment because most patients have multifocal
bilobar lesions. Here, we describe a case of a 35-yearold woman with unresectable multiple bilobar HEH that
was successfully treated by combination treatment of
hepatectomy and carbon-ion radiotherapy. This case
demonstrated two significant points: the effectiveness
of carbon-ion radiotherapy for HEH and the possibility
of expanding the curative treatment options for multiple bilobar hepatic tumors.
Komatsu S, Iwasaki T, Demizu Y, Terashima K, Fujii O, Takebe
A, Toyokawa A, Teramura K, Fukumoto T, Ku Y, Fuwa N. Twostage treatment with hepatectomy and carbon-ion radiotherapy
for multiple hepatic epithelioid hemangioendotheliomas. World
J Gastroenterol 2014; 20(26): 8729-8735 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8729.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8729

Abstract
Hepatic epithelioid hemangioendothelioma (HEH) is a
rare neoplasm of vascular origin with variable malignant
potential. Because most patients with this condition
have multiple bilobar lesions, liver transplantation is
the standard treatment, and hepatectomy is much less
frequently indicated. We describe a case of a 35-yearold woman with unresectable multiple bilobar HEH successfully treated by combination treatment with hepa-
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INTRODUCTION
Hepatic epithelioid hemangioendothelioma (HEH) is
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A

B

C

D

Figure 1 Abdominal computed tomography revealed a total of 7 lesions located in both lobes. A: The tumor of segment 4 (short arrow) hinders the possibility
of right hemihepatectomy, because it invades the roots of the middle and left hepatic veins (arrowhead indicates the tumor of segment 3); B-D: The 3 deep-seated
tumors in the right lobe (long arrows) hinder the possibility of left hemihepatectomy.

a rare vascular tumor characterized by the presence of
epithelioid endothelial cells[1,2], which presents varying
clinical behaviors reflecting borderline malignancy to aggressive disease. Although several nonsurgical modalities
such as chemotherapy, radiotherapy, interferon treatment,
antiangiogenic chemotherapy, or transcatheter arterial
chemoembolization (TACE) has been explored[3-5], surgical treatments by liver transplantation (LT) or hepatectomy remains the mainstay of treatment for patients with
HEH[1]. Here, we report a case of unresectable multiple
bilobar HEH that showed complete remission after combination treatment with hepatectomy and carbon-ion radiotherapy. To our knowledge, this is the first case report
describing the application of particle radiotherapy in the
treatment of this rare hepatic malignant tumor.

largement of the liver tumor (segment 6) from 36 to 43
mm in diameter. Laboratory data did not indicate any
abnormality; the patient was negative for hepatitis B and
C virus infection and the serum levels of tumor markers,
including α-fetoprotein, prothrombin induced by vitamin
K absence or antagonist Ⅱ, carcinoembryonic antigen,
carbohydrate antigen 19-9, and carbohydrate antigen 125,
were within normal ranges. The patient had no remarkable medical, surgical, or family history. Abdominal CT
showed a total of seven tumors in both lobes, suggestive
of an unresectable disease stage (Figure 1). LT was not
indicated because of the unavailability of a living donor
candidate and a cadaveric donor was unavailable as per
the donor organ allocation policy of the Japan Society
for Transplantation and organ shortage in Japan. Accordingly, we opted for a treatment strategy that involved
right hemihepatectomy and partial resection of the left
lateral segment followed by particle radiotherapy to the
residual and solitary tumor in segment 4. Furthermore,
the residual tumor was predicted to be close to the transection surface to which the colon would adhere and
would hamper postoperative radiotherapy. Therefore, we
planned to cover the cut surface using an omental flap to
ensure spacing between the tumor and bowels.
At laparotomy, multiple well-delineated white nodules
were seen on the liver surface (Figure 2A). The tumor of
segment 6 adhered firmly to Gerota’s fascia (Figure 2B),
indicating its invasive nature. We performed right lobectomy with excision of the infiltrated portion of Gerota’s
fascia as well as partial hepatectomy of segment 3 (Figure

CASE REPORT
A 35-year-old female patient was admitted to our department for the surgical treatment of multiple bilobar liver
tumors. Four years previously, a routine medical examination had revealed multiple liver tumors, the largest
measuring 36 mm in diameter. A histological diagnosis
of HEH had been made by fine needle tumor biopsy.
Because she had been in the late stage of pregnancy
and chest computed tomography (CT) had shown the
presence of multiple small nodules in both lungs, the
patient was closely followed up by CT every 4 mo. After
a normal delivery, both liver and lung tumors did not
show any obvious signs of growth until CT showed en-
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D

Round ligament
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Cut end
of RHV

Greater omentum

Figure 2 Intraoperative images. A: The tumors were well-circumscribed, whitish, and firm; B: The tumor of segment 6 invaded Gerota’s fascia; C: After right lobectomy, the tumor of segment 4 was very close to the cut surface of the liver; D: A flap of the greater omentum (arrows) was sutured over the cut surface of the liver to
cover the tumor of segment 4. MHV: Middle hepatic vein; RHV: Right hepatic vein.

2C) and then placed the omental flap on the cut surface
of the liver (Figure 2D) for spacing. Moreover, to prevent
postoperative irradiation to the pericardium, the round
ligament was placed below the diaphragm (Figure 2D).
Histopathological examination revealed atypical cells containing many vacuolated cells and dendritic cells, and the
neoplastic cells were positive for vimentin, factor Ⅷ-related antigen, CD31, and CD34, leading to the establishment of a definite diagnosis of HEH (Figure 3).
Abdominal CT after the operation showed that the
omental flap was maintaining sufficient space between
the tumor and the gastrointestinal tract (Figure 4A). The
postoperative course was uneventful, and the patient was
discharged on postoperative day 12. One month after the
hepatectomy, carbon-ion radiotherapy of 76 GyE (gray
equivalents) was administered in 20 fractions over 30 d
(Figure 4B). No acute or late treatment-related toxicities
(grade ≥ 2) were observed, and the liver function test
results were normal. Follow-up imaging studies showed
gradual regression of the tumor until 2 years after irradiation, and no enlargement or vascularity was observed
thereafter, indicating complete local control (Figure
4C-E). Chest CT showed no changes in the small lung
nodules. The patient remains free of recurrence almost 4
years after combination treatment.

extrahepatic disease is not a contraindication for surgical
treatment[1,6,7]. However, a clear indication for either LT
or hepatectomy has yet to be determined. Orthotopic LT
has been most frequently indicated in the Western world
with good outcomes[8] because > 80% of patients have
multiple bilobar lesions at the time of diagnosis[1]. Lerut et
al[6] reviewed the cases of 59 patients from the European
Transplant Registry and reported 5- and 10- year survival
rates of 83% and 72%, respectively, with disease-free
survival rates of 82% and 64%, respectively. The United
Network for Organ Sharing Registry reported a 5-year
survival rate of 64% among 110 patients who underwent
LT[9]. In contrast, hepatectomy has been indicated in
only a small proportion of patients with limited unilobar
disease[1,10]. Mehrabi et al[1] pooled 434 cases from the literature and reported that hepatectomy was performed in
only 9.4% (22 patients) of these cases, whereas LT was
performed in 45% (110 patients). Nevertheless, it is noteworthy that cases for which hepatectomy was performed
with curative intent showed the best 5-year survival rate
of 75% compared to 54.5% for cases of LT and 30% for
cases of chemotherapy and/or radiation. In this regard,
Grotz et al[7] from the Mayo Clinic recently reported comparable results with hepatectomy (11 patients) and LT (11
patients) and suggested that hepatectomy was appropriate
for patients with resectable disease, even for those with
bilobar lesions by parenchyma-saving resection (partial
hepatectomy). They also analyzed the favorable predictive
factors such as the largest tumor diameter of ≤ 10 cm
and multifocal disease with ≤ 10 nodules. In any case,

DISCUSSION
Surgical intervention has been accepted as first-line
treatment, and several studies have suggested that even
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Figure 3 Pathological findings. A: The specimen was composed of many atypical vacuolatd and dendritic cells; B-E: The tumor cells were immunoreactive for vimentin (B), factor VIII-related antigen (C), CD31 (D), and CD34 (E).

our patient had unresectable disease because the presence
of the tumor in segment 4 and the central location of
multiple tumors in the right lobe hindered parenchymasaving resection and negatively affected the possibility of
curative resection by either right or left hemihepatectomy,
respectively (Figure 1). Although LT would have been indicated, it is not feasible in Japan unless a living donor is
available.
A combination of left hemihepatectomy and radiofrequency ablation was a possible alternative approach
but was not suitable in our case. Radiofrequency ablation
was relatively contraindicated because of the tumor sizes
and the perivascular location, which has been reported to
increase the local recurrence rate due to the heat-sink effect[11,12]. Conventional radiotherapy is not usually indicated for multiple lesions because of excessive normal liver

WJG|www.wjgnet.com

tissue toxicities. None of the other nonsurgical therapeutic modalities has been widely accepted since there is little
evidence of their efficacy, because of the rarity of this
disease. However, TACE was recently recommended by a
few researchers. Wang et al[13] reported comparable results
with hepatectomy (17 patients) and TACE (12 patients),
with 3-year survival rates of 74.1% and 81.6%, respectively. Cardinal et al[5] reported better results with TACE
in patients with metastatic diseases than with LT or hepatectomy in a retrospective study including 25 patients,
even though the TACE arm included only four patients.
There are even patients in the spontaneous course
alive after 5 years without treatment[2,14], indicating the
borderline malignant nature of the disease resembling
neuroendocrine tumors where patients even with metastases maintains stable disease for years. In fact, our pa-
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Figure 4 Treatment course. A: Post-operative abdominal computed tomography (CT) showed the greater omental flap (arrows) around the tumor, maintaining a
sufficient space between the tumor and the gastrointestinal tract; B: Treatment plan for carbon-ion radiotherapy with a total dose of 76 GyE in 20 fractions. Isodose
lines demonstrate 100% of the prescribed dose at the center and decreasing by 10% of the dose from the inside to the outside. Owing to the greater omental flap, the
tumor was entirely irradiated with full dose, and the gastrointestinal tract was successfully spared; C: Comparison of abdominal CT and magnetic resonance imaging
scans taken over a period of 24 mo after carbon-ion radiotherapy indicated shrinkage of the tumor with decreasing tumor vascularity. The maximum tumor diameter
was 35 mm before treatment, and tumor size decreased thereafter to 27 mm after 6 mo; D: Tumor size of 26 mm after 12 mo; E: Tumor size of 24 mm after 24 mo.

particle radiotherapy may be a useful alternative to conventional local therapies[17,18]. Further, due to our abundant experience with particle radiotherapy for HCC[17],
we believe that HEH could be controlled as long as a
sufficient dose is administered.
Particle radiotherapy is generally not recommended
for tumors that are adjacent to the gastrointestinal tract
because the dose tolerated by the intestine is extremely
low[19,20]. Unlike conventional photon radiotherapy, a
distance of only 5-10 mm between the tumor and the
gastrointestinal tract is sufficient for safe and curative
irradiation with particle radiotherapy. In our case, we
avoided potential bowel adherence to the target lesions
using an omental flap as a spacer intraoperatively to facilitate irradiation after hepatectomy. We recently reported
the effectiveness of a new two-step treatment with surgical prosthetic spacer placement and subsequent particle
radiotherapy for HCC or pelvic malignancies[21,22]. These
spacing techniques provide new strategies for radical
treatment with radiotherapy.
In summary, this case report described two new im-

tient has been stable for at least 4 years. However, further
investigations are needed to clarify whether such nonsurgical interventions indeed influence the patients’ natural
history. Nonetheless, since the biological and clinical
behaviors of HEH are varied and unpredictable, no clinical or pathological prognostic factors have yet been identified. Thus, we opted for the more curative treatment
option, and consequently chose to administer particle
radiotherapy to the single residual lesion in segment 4 following right hemihepatectomy and partial hepatectomy.
Particle radiotherapy using protons or carbon-ions
is a new modality that elicits an inherent antitumor effect against various malignant tumors[15]. Owing to the
defined range of protons or carbon-ions as exhibited by
the Bragg peak, they allow reduction of the irradiated
volume and the dose administered to the normal tissues[15,16]. Hepatocellular carcinoma (HCC) is one of the
malignancies most suitable for treatment with particle
radiotherapy. We recently reported good clinical treatment results with particle radiotherapy for HCC with a
local control rate of approximately 90%, indicating that
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portant findings: the effectiveness of carbon-ion radiotherapy for HEH and the efficacy and safety of a new
strategy for managing multiple bilobar hepatic tumors by
combining hepatectomy and particle radiotherapy. These
findings provide a new treatment option for HEH and
multiple bilobar hepatic tumors.

4

5

COMMENTS
COMMENTS
Case characteristics

A 35-year-old female patient presented with no sign of subjective symptoms.

Clinical diagnosis

6

The patient was diagnosed as multiple bilobar hepatic epithelioid hemangioendotheliomas.

Differential diagnosis

Hepatocellular carcinoma, metastatic liver tumor.

Laboratory diagnosis

The patient was negative for hepatitis B and C virus infection and the serum
levels of tumor markers, including α-fetoprotein, prothrombin induced by vitamin K absence or antagonist II, carcinoembryonic antigen, carbohydrate antigen 19-9, and carbohydrate antigen 125, were within normal ranges.

7

Imaging diagnosis

Abdominal CT showed a total of seven liver tumors in both lobes, and the maximal tumor size was 43 mm in diameter.

Pathological diagnosis

8

Histopathological examination revealed atypical cells containing many vacuolated cells and dendritic cells, and neoplastic cells were positive for vimentin,
factor Ⅷ-related antigen, CD31, and CD34, resulting in the definite diagnosis of
hepatic epithelioid hemangioendothelioma.

Treatment

9

The patient was treated with right hemihepatectomy and partial resection of the
left lateral segment followed by particle radiotherapy to the residual and solitary
tumor in segment 4.

Related reports

Hepatic epithelioid hemangioendothelioma is a rare vascular tumor that occurs
exclusively in adults, but there have been few reports describing effective alternative treatment option except for liver transplantation or hepatectomy because
of its rarity.

10

Particle radiotherapy, such as proton or carbon-ions, is a new modality that allows reduction of the irradiated volume and the dose administered to the normal
tissues owing to the excellent dose distribution.

11

This case report provides a new treatment option for hepatic epithelioid hemangioendothelioma and multiple bilobar hepatic tumors.

12

Term explanation

Experiences and lessons
Peer review

Although this is only a single case report that lack convincing evidence of benefit, our treatment strategy may have a possibility to expand the treatment options for hepatic epithelioid hemangioendothelioma and multiple bilobar hepatic
tumors.

13
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Core tip: Intraductal papillary mucinous neoplasm of
the bile duct (IPNB) has relatively recently been recognized as a separate disease entity with an unclear
pathogenesis. We present a case of IPNB developing
from the gallbladder accompanied by a bile duct tumor
thrombus in a 79-year-old female. Although this is not
a malignant lesion, it has the potential to mimic a malignant lesion, and hence needs aggressive treatment.
Yamamoto K, Yamamoto F, Maeda A, Igimi H, Yamamoto M,
Yamaguchi R, Yamashita Y. Tubulopapillary adenoma of the
gallbladder accompanied by bile duct tumor thrombus. World J
Gastroenterol 2014; 20(26): 8736-8739 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i26/8736.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i26.8736

INTRODUCTION

Abstract

Intraductal papillary mucinous neoplasm (IPMN) of the
bile duct (IPNB) is a disease entity that was proposed in
2001 by Chen et al[1]. IPNB is regarded as a counterpart
of IPMN of the pancreas, and is considered to be a precancerous lesion[2-5]. A similar spectrum of lesions also
exists in the gallbladder[6]. However, these lesions have
yet to be fully characterized and their pathogenesis and
progression remain unclear. Most reported cases of invasive IPNB ultimately become cancerous. Generally, the
tumors accompanied by a bile duct tumor thrombus are
cancerous. Here we report a rare gallbladder tumor without cancerous changes accompanied by a bile duct tumor
thrombus.

Intraductal papillary mucinous neoplasm of the bile
duct (IPNB) is recognized as a precancerous lesion;
however, both its pathogenesis and progression remain
unclear. We present here a case of IPNB arising from
the gallbladder accompanied by bile duct tumor thrombus in a 79-year-old female. The resected specimen
revealed a tubulopapillary adenoma with no malignant
cells. This case suggests that even in the absence of
malignant cells, these tumors can behave as malignant
tumors requiring aggressive treatment. Even if no malignant cells are present, intraepithelial neoplasms occurring in the ampullopancreatobiliary tract can behave
as malignant tumors.
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Figure 1 A 79-year-old female presented to our hospital for an incidentally-diagnosed gallbladder tumor. A: Coronal contrast-enhanced computed tomography
(CT) image. The white arrow points to the gallbladder tumor with bile duct tumor thrombus; B: Coronal drip infusion cholangiographic CT image. The white arrow indicates the gallbladder tumor with bile duct tumor thrombus; C: Endoscopic retrograde cholangiopancreatography image. The white arrow indicates the defect due to
the bile duct tumor thrombus; D: Magnetic resonance cholangiopancreatography image. The white arrow indicates the defect due to the bile duct tumor thrombus.

20 U/mL (0-50 U/mL); lactate dehydrogenase, 170 U/L
(106-211 U/L); albumin, 4.0 g/dL (3.7-5.5 g/dL); and
total bilirubin, 0.64 g/dL (0.2-1.0 g/dL). The concentrations of carcinoembryonic antigen and carbohydrate antigen 19-9 were 2.2 ng/mL (< 5.0 ng/mL) and 4.0 U/mL
(< 37.0 U/mL), respectively. No serological evidence of
hepatitis B or C was seen.
Contrast enhanced computed tomography (CT)
revealed a tumor measuring 40 mm in diameter in the
cystic duct, accompanied by a common bile duct tumor
thrombus (Figure 1A). Drip infusion cholangiographic
CT revealed a defect in the common bile duct (Figure
1B). Magnetic resonance cholangiopancreatography and
endoscopic retrograde cholangiopancreatography revealed similar findings (Figure 1C and D). Cytological examination revealed the absence of malignant cells in bile.
Without the evidence of malignant cells, we diagnosed it
as gallbladder cancer or bile duct cancer because of the
common bile duct tumor thrombus.
The patient underwent choledochectomy and cholecystectomy. Macroscopic examination of the resected
specimen revealed a 40-mm tumor located in the neck
of the gallbladder and a 30-mm tumor thrombus in the
common bile, with rich mucilage (Figure 2). Microscopically, hematoxylin and eosin staining demonstrated the
tumor to be a pyloric type tubulopapillary adenoma with
moderate epithelial atypia, without evidence of stromal
invasion (Figure 3). On immunological staining, the tumor cells were positive for MUC5AC, but negative for

Common
bile duct

Figure 2 The resected specimen. Dissection of the common bile duct demonstrated a mucin-producing tumor thrombus.

CASE REPORT
A 79-year-old female presented to our hospital for an incidentally-diagnosed gallbladder tumor. No abnormalities
were seen in blood test results, including tumor markers.
Laboratory data (normal range) were as follows: aspartate
aminotransferase, 18 U/L (5-35 U/L); alanine aminotransferase, 14 U/L (5-30 U/L); alkaline phosphatase,
151 U/L (115-359 U/L); gamma-glutamyl transferase,
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A

B

Figure 3 Pathological examination of the tumor. A: Hematoxylin and eosin staining demonstrated the tumor to be a tubulopapillary adenoma with moderate epithelial atypia (× 400); B: MUC5AC staining showing positive expression (× 600).
panied by bile duct tumor thrombus.

MUC1 and CK20.

Clinical diagnosis

The patient was diagnosed with gallbladder carcinoma by the imaging study.

DISCUSSION

Differential diagnosis

Differential diagnoses were bile duct carcinoma invaded to the gallbladder, malignant lymphoma and intraductal papillary mucinous neoplasm of the bile duct.

Recently, intraepithelial neoplasms occurring in the ampullopancreatobiliary tract have attracted a substantial
amount of attention. These include the so-called IPNB,
IPMN of the pancreas, intraductal tubulopapillary neoplasms (ITPN) of the pancreas, intra-ampullary-tubular
neoplasms (IAPN) and intracystic papillary neoplasms
(ICPN) of the gallbladder[1-6]. IPNB, IPMN, and ITPN
are recognized by the World Health Organization [7].
IPNB, on the other hand, is a relatively recently proposed
(in 2001) disease entity[1] which has been shown to be histologically similar to IPMN[2-5]. A similar spectrum of lesions also exists in IAPN and ICPN; however, these have
not been fully characterized[6].
IPNBs are histologically classified as low- or intermediate-grade intraepithelial neoplasia corresponding to adenomas or borderline malignancy, high grade intraepithelial
neoplasia corresponding to carcinoma in situ, or as having
an associated invasive carcinoma[5,6]. The neoplasms are
regarded as precancerous lesions; therefore, radical resection is recommended in operable patients[4,5,8,9].
In our case, although the epithelial atypia was moderate, it was accompanied by a bile duct tumor thrombus.
The neoplasms accompanied with tumor thrombus are
often ordinary invasive carcinoma[10,11]. What is curious
is that no symptoms of biliary tract obstruction were
observed in our patient, although we cannot rule out the
possibility that such symptoms could have occurred in
the immediate future. Furthermore, it is reported that pyloric type adenocarcinoma of the gallbladder has a poor
prognosis[12]. So, in our case, surgical treatment is considered reasonable and proper.
Even if no malignant cells are present, intraepithelial
neoplasms occurring in the ampullopancreatobiliary tract
can behave as malignant tumors. Hence, these patients
should be treated aggressively.

Intraductal papillary mucinous neoplasms of the bile duct are histologically classified as low- or intermediate-grade intraepithelial neoplasia corresponding to
adenomas or borderline malignancy, high grade intraepithelial neoplasia corresponding to carcinoma in situ, or as having an associated invasive carcinoma.
The neoplasms accompanied with tumor thrombus are often ordinary invasive
carcinoma.
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Laboratory diagnosis

All of the laboratory tests were within normal limits.

Imaging diagnosis

Computed tomography revealed a tumor measuring 40 mm in diameter in the
cystic duct, accompanied by a common bile duct tumor thrombus. Drip infusion
cholangiographic-computed tomography, magnetic resonance imaging, endoscopic retrograde cholangiopancreatography revealed a defect in the common
bile duct.

Pathological diagnosis

Cytological examination revealed the absence of malignant cells in bile. Microscopically, resected specimen revealed a pyloric type tubulopapillary adenoma
with moderate epithelial atypia.

Treatment

The patient underwent choledochectomy and cholecystectomy.

Related reports

Term explanation

Intraductal papillary mucinous neoplasm of the bile duct is a recently recognized disease entity whose behavior is still unclear.

Experiences and lessons

Although the epithelial atypia was moderate, it was accompanied by a bile duct
tumor thrombus. Even if no malignant cells are present, intraepithelial neoplasms occurring in the ampullopancreatobiliary tract can behave as malignant
tumors. Hence, these patients should be treated aggressively.

Peer review

This article applies the validity of surgical treatment for intraepithelial neoplasms
occurring in the ampullopancreatobiliary tract, even if it is an adenoma.
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Core tip: Patients with immunoglobulin G4-related sclerosing cholangitis (IgG4-SC) associated with autoimmune hemolytic anemia (AIHA) have not been reported
previously. Many patients with IgG4-SC have autoimmune pancreatitis (AIP) and respond to steroid treatment. However, isolated cases of IgG4-SC are difficult
to diagnose. We describe our experience with a patient
who had IgG4-SC without AIP in whom the presence of
AIHA led to diagnosis.
Masutani H, Okuwaki K, Kida M, Yamauchi H, Imaizumi H, Miyazawa S, Iwai T, Takezawa M, Koizumi W. First case of IgG4related sclerosing cholangitis associated with autoimmune hemolytic anemia. World J Gastroenterol 2014; 20(26): 8740-8744
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Abstract
To our knowledge, patients with immunoglobulin G4related sclerosing cholangitis (IgG4-SC) associated with
autoimmune hemolytic anemia (AIHA) have not been
reported previously. Many patients with IgG4-SC have
autoimmune pancreatitis (AIP) and respond to steroid
treatment. However, isolated cases of IgG4-SC are
difficult to diagnose. We describe our experience with
a patient who had IgG4-SC without AIP in whom the
presence of AIHA led to diagnosis. The patient was a
73-year-old man who was being treated for dementia. Liver dysfunction was diagnosed on blood tests at
another hospital. Imaging studies suggested the presence of carcinoma of the hepatic hilus and primary
sclerosing cholangitis, but a rapidly progressing anemia
developed simultaneously. After the diagnosis of AIHA,
steroid treatment was begun, and the biliary stricture
improved. IgG4-SC without AIP was thus diagnosed.

WJG|www.wjgnet.com

INTRODUCTION
Immunoglobulin G4-related sclerosing cholangitis (IgG4SC) was first reported in Japan and refers to sclerosing
cholangitis of unknown cause, characterized by increased
serum IgG4 levels and fibrosis associated with marked
infiltration of local lesions by lymphocytes and IgG4positive plasma cells[1]. Recently, “Clinical Diagnostic Criteria of IgG4-related Sclerosing Cholangitis 2012” have
been reported[2]. Many patients with IgG4-SC have autoimmune pancreatitis (AIP) and respond to steroid treatment[3]. It can be difficult to differentially diagnose IgG4-
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SC from conditions such as primary sclerosing cholangitis
(PSC) and biliary cancer, particularly in patients who have
IgG4-SC alone. We describe our experience with a patient
who had IgG4-SC without AIP in whom the presence of
autoimmune hemolytic anemia (AIHA) led to diagnosis.
To our knowledge, patients with IgG4-SC and AIHA
have not been reported previously, suggesting that such
cases are extremely rare.

Table 1 Laboratory data
Initial
At time of After steroid
presentation cholangitis treatment
White blood cells (× 109/L)
Red blood cells (× 1012/L)
Hemoglobin (g/L)
Hematocrit
Platelets (× 109/L)
Reticulocytes
Haptoglobin (mg/L)
Total bilirubin (µmol/L)
Direct bilirubin (µmol/L)
Aspartate aminotransferase
(IU/L)
Alanine aminotransferase
(IU/L)
Alkaline phosphatase (IU/L)
γ-Glutamyl transpeptidase
(IU/L)
Lactate dehydrogenase (IU/L)
C-reactive protein (nmol/L)
IgG (g/L) (NR 8.7-17.0)
IgG4 (g/L) (NR 0.048-1.05)
Carbohydrate antigen 19-9
(U/mL)

CASE REPORT
The patient was a 73-year-old man who was receiving
treatment for dementia. Liver dysfunction was diagnosed
on blood tests performed at another hospital. The family history was not relevant to the current disorder. The
patient was not a smoker and did not drink alcohol and
had no physical abnormalities or symptoms. The results
of blood tests are shown in Table 1. The serum aspartate aminotransferase, alanine aminotransferase, alkaline
phosphatase, and γ-glutamyl transpeptidase levels were
elevated, but there was no evidence of jaundice. The
IgG (18.0 g/L) and IgG4 (2.3 g/L) levels were also high.
Abdominal ultrasonography showed wall thickening in
the region extending from the common bile duct to the
intrahepatic bile duct (Figure 1). Contrast-enhanced,
early-phase computed tomography showed wall thickening with contrast enhancement in the region from the
upper biliary tract to the intrahepatic bile duct and strong
contrast enhancement in the hepatic parenchyma in the
portal region (Figure 2). Endoscopic retrograde cholangiopancreatography (ERCP) revealed no abnormalities of the pancreatic ducts. Imaging studies of the bile
ducts showed dilation after a confluent stricture, with no
strictures of the lower common bile duct. However, findings consistent with a “band-like stricture” and “beaded
appearance,” frequently associated with PSC (Figure 3),
were evident. Initially, hilar cholangiocarcinoma and PSC
were suspected. Cytologic examination of bile specimens
obtained at the time of ERCP and biliary brush cytology
showed no clinically significant findings of malignancy.
The patient was therefore observed while receiving
ursodeoxycholic acid, and liver dysfunction transiently
improved. However, obstructive cholangitis developed
after about 3 mo, and a biliary stent was placed to drain
the biliary tract. Subsequently, jaundice worsened with a
high direct bilirubin level, and anemia progressed (Table
1). Although the patient had jaundice with a very high
direct bilirubin level, he had a positive direct Coombs test
with a high reticulocyte count, a low haptoglobin level,
and an elevated lactate dehydrogenase level. AIHA was
thus diagnosed. Prednisolone (1 mg/kg per day, 60 mg)
was administered, and the anemia as well as the jaundice
gradually improved (Table 1). ERCP images obtained 1
mo after starting steroid therapy are shown in Figure 4.
The biliary stricture at the portal region had markedly
improved. The biliary images, elevated serum IgG4 level,
and response to steroid treatment met the diagnostic criteria for a probable diagnosis of IG4-SC according to the
“Clinical Diagnostic Criteria of IgG4-related Sclerosing
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Figure 1 Abdominal ultrasonograms, showing wall thickening in the region extending from the upper bile duct (A) to the intrahepatic bile duct (B).

Cholangitis 2012,” and IgG4-SC was thus diagnosed.

DISCUSSION
A literature search of the PubMed/MEDLINE and
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Figure 2 Early-phase, abdominal computed tomographic scans, showing wall thickening with a contrast effect in the region from the upper biliary tract to
the intrahepatic bile duct (arrows) and a strong contrast effect mainly in the hepatic parenchyma in the portal region (circle).

A

B

C

D

Figure 3 Endoscopic retrograde cholangiopancreatography images obtained before treatment. A: There were no abnormalities of the pancreatic ducts; B: Images of the right bile duct showed stricture and simple dilation after a relatively long confluent stricture (arrows), with no strictures of the lower common bile duct (circle);
C, D: A band-like stricture was found in the left bile duct (circle), and a beaded appearance was seen from the upper bile duct to the left hepatic duct (arrows).

Embase databases indicated that cases of IgG4-SC associated with AIHA have not been reported previously.
Many patients with IgG4-SC have AIP and respond to
steroid therapy. In patients who have IgG4-SC alone, it is
particularly difficult to differentiate IgG4-SC from PSC
and biliary cancer, making the diagnosis challenging. We
described our experience with a patient who had IgG4SC without AIP in whom the presence of AIHA led to
diagnosis. Clinically, IgG4-SC is characterized by jaundice
leading to diagnosis as well as stricture of the lower bile
duct on imaging studies of the biliary tract. Our patient
initially presented with liver dysfunction, with no evidence of jaundice on blood tests, and had no findings
suggesting AIP or stricture of the lower bile duct on

WJG|www.wjgnet.com

imaging studies. Blood tests at initial presentation showed
an elevated serum IgG4 concentration (Table 1). There
was a time lag of about 1 wk until the results of specialized tests became available. IgG4-SC is characterized by
elevated serum IgG4 levels, but elevated levels may also
be found in PSC. Boonstra et al[4] reported that the IgG4/
IgG1 ratio is useful for differentiating IgG4-SC from
PSC. However, the IgG4/IgG1 ratio was unavailable
because we did not measure serum IgG1 levels. Cholangiographic images in our patient were consistent with
type 4 IgG4-SC according to the classification proposed
by Nakazawa et al[5,6] and are thus very rarely encountered.
These atypical clinical and imaging findings made diagnosis very difficult.
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immunoglobulin G4-related sclerosing cholangitis (IgG4-SC) in a patient without
autoimmune pancreatitis (AIP).

Differential diagnosis

It can be difficult to differentially diagnose IgG4-SC from conditions such as
primary sclerosing cholangitis (PSC) and biliary cancer, particularly in patients
who have IgG4-SC alone.

Laboratory diagnosis

The serum IgG, IgG4, aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase, and γ-glutamyl transpeptidase levels were elevated, but
there was no evidence of jaundice.

Imaging diagnosis

Endoscopic retrograde cholangiopancreatography (ERCP) revealed no abnormalities of the pancreatic ducts, and imaging studies of the bile ducts showed
dilation after a confluent stricture, with no strictures of the lower common bile
duct.

Figure 4 Endoscopic retrograde cholangiopancreatography image obtained after steroid treatment, showing that the biliary stricture situated
mainly in the portal region had markedly improved.

Pathological diagnosis

Cytologic examination of bile specimens obtained at the time of ERCP and biliary brush cytology showed no clinically significant findings of malignancy.

Treatment

Prednisolone (1 mg/kg per day, 60 mg) was administered, and the anemia as
well as the jaundice gradually improved.

AIHA is a disease that responds to steroid treatment,
but can be associated with connective-tissue diseases
such as systemic lupus erythematosus, autoimmune lymphoproliferative syndrome, common variable immune
deficiency, and hematologic diseases such as chronic
lymphocytic leukemia[7]. Several patients with PSC and
AIHA have been reported on[8-11], but to our knowledge
patients with IgG4-SC associated with AIHA have not
been documented previously. In AIHA, IgG antibodies
bound to erythrocyte membranes might be identified by
IgG Fc receptors of phagocytes and phagocytized. IgG
Fc receptors of phagocytes are specific for IgG1 and
IgG3 and essentially show no activity for IgG2 or IgG4.
Phagocytes have receptors for complement C3b, whereas
IgG4 has been reported to lack complement activation
activity[12-14]. These findings suggest that IgG4 does not
contribute to the development of AIHA. Our patient
probably had one of the many potential combinations
of autoimmune disorders. In other words, congenital or
acquired factors may have caused autoimmune disorders
in our patient, resulting in the simultaneous development
of IgG4-SC and AIHA.
In our patient, difficulty was encountered in the diagnosis of biliary stricture seen mainly in the portal region,
and treatment was required for a rapidly progressing anemia. There was no response to transfusion therapy. Because the patient had a positive direct Coombs test, and
the results of blood tests supported a diagnosis of hemolysis, AIHA was diagnosed. Steroid therapy was started
to treat AIHA, and the biliary lesions improved relatively
promptly, indicating a diagnosis of IgG4-SC. At the time
of this writing, 18 mo after the onset of the current disorder, the patient is receiving 3 mg of prednisolone on
consecutive days, with no recurrence.

Related reports

In patients who have IgG4-SC alone, it is particularly difficult to differentiate
IgG4-SC from PSC and biliary cancer, making the diagnosis challenging. IgG4/
IgG1 ratio might be useful for distinguish PSC from IgG4-SC as reported by
Boonstra et al in Hepatology.

Term explanation

IgG4-SC was first reported in Japan and refers to sclerosing cholangitis of unknown cause, characterized by increased serum IgG4 levels and fibrosis associated with marked infiltration of local lesions by lymphocytes and IgG4-positive
plasma cells.

Experiences and lessons

In the patient, the presence of AIHA led to the diagnosis of IgG4-SC unassociated with AIP.

Peer review

To our knowledge, patients with IgG4-SC and AIHA have not been reported
previously, suggesting that such cases are extremely rare. In patients who have
IgG4-SC alone, it is particularly difficult to differentiate IgG4-SC from PSC and
biliary cancer, making the diagnosis challenging. Boonstra et al reported that
the IgG4/IgG1 ratio is useful for differentiating IgG4-SC from PSC. However,
the IgG4/IgG1 ratio was unavailable because we did not measure serum IgG1
levels. The authors described their experience with a patient who had IgG4-SC
without AIP in whom the presence of AIHA led to diagnosis.
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lymphangiomas: A definitive, minimally invasive surgical
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dominal pain; colonoscopy, abdominopelvic computed
tomography and endoscopic ultrasonography (EUS)
revealed enlarged cystic masses at the ascending colon. In another 40-year-old man, colonoscopy and EUS
revealed an asymptomatic lobulated cystic mass with
four small sessile polyps at the sigmoid colon. Both
patients underwent laparoscopic segmental colectomy.
Both masses were histologically confirmed as cystic
lymphangiomas, and the patients were discharged
without complications. The management of colonic
lymphangioma depends on the individual situation;
close surveillance or endoscopic therapy may be appropriate for asymptomatic lesions smaller than 2.5 cm
in diameter. Surgical intervention can be considered for
larger lesions or in patients who develop complication
risks. Laparoscopic segmental colon resection may be
recommended to excise relatively large submucosal lesions because it is a definitive, minimally invasive intervention with a fast postoperative recovery.
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Core tip: We herein present two unusual cases of colonic cystic lymphangiomas that required surgical intervention. Both patients underwent laparoscopic segmental
colectomy and had uneventful postoperative recoveries
with confirmed histopathological diagnoses. This minimally invasive approach is an attractive alternative for
rare benign malformation cases.

Abstract

Zhuo CH, Shi DB, Ying MG, Cheng YF, Wang YW, Zhang WM,
Cai SJ, Li XX. Laparoscopic segmental colectomy for colonic
lymphangiomas: A definitive, minimally invasive surgical option.
World J Gastroenterol 2014; 20(26): 8745-8750 Available from:

Colonic lymphangioma is an unusual benign malformation. We herein describe two cases. A 36-year-old
woman was admitted with one year of intermittent ab-
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A

INTRODUCTION
Cystic lymphangiomas occur most often in the head, neck,
trunk and extremities of children and young adults. Intraabdominal lymphangiomas, which mostly originate from
the mesentery and retroperitoneum, are rare and account
for fewer than 5% of all lymphangiomas[1-3]. The actual
incidence of lymphangiomas in the colon or rectum is unclear. Stout[4] reported 4 lymphangiomas among 292 (1.4%)
colorectal neoplasms, but as endoscopic examination has
become more widespread, colonic lymphangiomas have
been reported more frequently[5]. Most colonic lymphangiomas are asymptomatic and do not require treatment,
but resection is necessary in some specific situations. We
herein describe two cases of colonic lymphangiomas
treated using laparoscopic segmental bowel resection and
we review the relevant medical literature.

B

CASE REPORT
First case: laparoscopic segmental resection of the
ascending colon for a cystic lesion with a fast growth
speed
A 36-year-old female patient visited our department with
a one-year history of mild intermittent abdominal pain at
the right lower quadrant. Five years prior, she had been
examined at a local hospital with a complaint of chronic
constipation; at the time, colonoscopy revealed a 1.5 cm
× 1.0 cm submucosal cystic mass at the ascending colon.
The patient received conservative management coupled
with endoscopic yearly follow-up, and the cystic lesion
had recently become enlarged. There was no significant
family history or other medical history. The patient was
170 cm in height and weighed 65 kg (BMI, 22 kg/m2);
the ASA grade was 1. She appeared well, and physical examination revealed no remarkable abdominal abnormalities. Laboratory tests, including those measuring tumour
markers (CEA, CA125 and AFP), were all within normal
limits. Radiographies of the chest and abdomen were
normal. Colonoscopy revealed a round, semi-transparent
submucosal lesion with a gentle slope and smooth surface at the middle ascending colon (Figure 1A). An abdominopelvic computed tomography (CT) scan showed
a 4 cm × 4 cm sized, low-density, non-enhancing cystic
mass located submucosally at the ascending colon (Figure
2). Endoscopic ultrasonography (EUS) (EUS2000, Olympus, Japan) revealed a 3.9 cm × 3.5 cm lesion visible as
an echo-free cyst in the third (submucosal) layer without
blood flow. The lesion had a positive cushion (pillow)
sign (Figure 3A). The patient underwent laparoscopic
segmental resection of the ascending colon.
In brief, five ports were made, with two 12 mm and
three 5 mm cannulas placed as previously described[6].
The ascending mesocolon was mobilised using a lateral-
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Figure 1 Endoscopic findings for the two cases. A round, semi-transparent
and wide-based submucosal lesion at the ascending colon in Case 1 (A) and
a sharply marginated, lobular submucosal lesion at the sigmoid colon in Case
2 (B) with gentle slopes and smooth surfaces are noted. Left bottom of Figure
1A shows that when the patient's position was altered, the shape of the mass
changed and was fluctuant on palpation.
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Figure 2 Abdominopelvic computed tomography scan for Case 1 revealed
a cystic mass (indicated by white arrow) located at the ascending colon,
which was visible in a non-contrast scan (A) and was not enhanced after
the arterial phase (B). A: Anterior; R: Right; L: Left; P: Posterior.
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Figure 3 Endoscopic ultrasonography images of the two cases obtained using a catheter EUS probe. A: Elevated lesions as echo-free, homogenous cysts in
Case 1 (frequency 6 MHz); B: Multiple septal walls (indicated by white arrows) in Case 2 (frequency 12 MHz); EUS revealed that both lesions were located in the third
(submucosal) layer.
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Figure 4 Histopathological examination of the two cases after hematoxylin and eosin stain (at × 40 magnification for low power field images). A: Case 1
revealed a dilated submucosal cyst lined with a single layer of endothelial cells [left bottom, hematoxylin and eosin (HE) stain, × 200]; B: Case 2 displayed lymphatic
vessels of varied sizes, which were covered by a flattened layer of lymphatic epithelium. The smooth muscle layer of the vessels is also noted (right bottom, HE stain,
× 400).

to-medial approach. The ileocolic pedicle was resected,
and the right flexure taken down. The ascending colon
was freed and the specimen was extracted through an incision extended from the supraumbilical port site. A segment of involved colon approximately 6-7 cm in length
was resected and an side-to-side anastomosis was accomplished extracorporeally using a linear-cutter (Proximate®,
Ethicon Endo-Surgery, Cincinnati, OH, United States).
The patient had an uneventful recovery and was discharged seven days post-operation. Pathological analysis
identified the mass as a submucosal macrocystic lymphangioma (Figure 4A). Annual endoscopic follow-up for 3
years was recommended for the patient.

dominal CT did not show significant abnormality due to
bowel flatulence. Colonoscopy revealed that in addition
to four sessile polyps ranging from 0.3 to 0.5 cm in diameter, the patient had an extra 3.0 cm × 3.5 cm lobular
submucosal lesion located 20-25 cm above the anal verge.
The lesion colour did not differ from that of the surrounding normal mucosa, and there were no ulcerations
or erosions on the smooth surface (Figure 1B). Endoscopic ultrasonography (EUS2000, Olympus, Japan) revealed multiple internal submucosal septa (Figure 3B). In
order to remove the section affected by the cystic lesion
and polyps, the patient underwent laparoscopic segmental
sigmoidectomy. In brief, five ports were made with two
12 mm and three 5 mm cannulas placed as previously
described[7]. The inferior mesenteric artery was identified
and resected. The descending and sigmoid mesocolon
was mobilised, and the specimen was extracted through
an incision extending from the suprapubic port. A segment of sigmoid colon, approximately 8 cm in length,
was resected extracorporeally. The distal colon was reintroduced into the abdominal cavity after the anvil of the
circular stapler was introduced and fixed inside. Pneumoperitoneum was reestablished and a double-stapled
anastomosis between the distal colon and the proximal

Second case: laparoscopic segmental sigmoidectomy
for the cystic mass with concurrent polyps
A 50-year-old male patient with a history of type 2 diabetes mellitus was admitted for an incidental finding of
a lobulated cystic mass at the sigmoid colon. The patient
had a history of colorectal polyps and had undergone
endoscopic polypectomy 2 years prior. He was asymptomatic and appeared well with a BMI of 22 kg/m2 and
ASA grade 2. Blood chemistry and normal tumour maker
(CEA, AFP, CA50 and CA125) tests were normal. Ab-
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lesions[5]. Both of the cases described here underwent
these routine diagnostic modalities, which revealed the
characteristic features mentioned above.
Management of colonic lymphangiomas is dependent on their size, growth speed, symptoms and degree
of suspected malignancy[17]. Malignant transformation
of colonic lymphangiomas does not occur[11]. Therefore,
close endoscopic surveillance can be considered and
spontaneous resolution may occur[13,23]. With respect to
sclerotherapy for lymphangiomas, agents such as Bleomycin, sodium tetradecyl sulphate, or OK-432 (lyophilised
incubation mixture of group A streptococcus pyogenes
of human origin) are routinely used. Macrocystic lesions,
but not microcystic lesions, respond well to OK-432 injections[24]. Most of the reported cases of lymphangioma
have occurred in the head and neck of children[1,25-27].
To the best of our knowledge, the use of endoscopic
sclerotherapy to treat colonic lesions has not previously
been reported. The complications resulting from the use
of this therapy, which include local infection, perforation
and bleeding, should be considered[28]. Other non-surgical
therapy, including steroids, fibrin glue, or Ethibloc, has
not been established as superior to surgery[29,30].
Colonic lymphangioma can be complicated by concurrent colon cancer or adenoma[12]. The mass might
form secondarily as a result of lymphatic obstruction
and inflammatory processes due to various causes[13,30-32].
Additionally, the potential to grow and invade adjacent
structures introduce risks of life-threatening complications[17], and, as a result, surgical interventions may be
required. In the current cases, they were implicated to
surgical intervention for the reason of relatively large and
fast growing lesion or lesion with concurrent polyps.
Endoscopic resection has been recommended for
intraluminal tumours with a maximum diameter 2.5 cm
or smaller[12,21]. Matsuda et al[12] reviewed 279 Japanese
cases of colorectal lymphangiomas. Of them, 104 (37.4%)
patients underwent endoscopic resection. Removing the
entire lesion as completely as possible, rather than using
mere puncture and drainage, was the most important factor for reducing the risk of recurrence[20,33-35].
In 1996, Kenney et al[36] reported the first case of
laparoscopic excision of a cystic lymphangioma from the
mesentery of the proximal jejunum. Ryu et al[37] reported
two cases of huge mesenteric cystic lymphangioma (13
and 11 cm in diameter), both of which were treated laparoscopically, with partial aspiration of the cysts using a
spinal needle. Hoffmann et al[38] reported a 4.5 cm cystic
lesion in the cecal region. The cyst, including its base and
a portion of the colon, was resected laparoscopically.
However, these cases were all lymphangiomas originating from the mesentery, which is the most commonly
involved intra-abdominal site[20].
In both of our cases, it was difficult to find the masses laparoscopically because they were located at the submucosal layer. Additionally, both masses were relatively
large and could not be removed either laparoscopically
or endoscopically while preserving the involved colon. It

rectal stump was accomplished intra-abdominally. An uncomplicated postoperative recovery was achieved, and the
patient was discharged at the sixth day post-operation.
The pathologic features were diagnostic of macrocystic
lymphangioma (Figure 4B). Annual endoscopic follow-up
for at least 3 years was recommended.

DISCUSSION
Lymphangioma may be developmentally malformed or
malpositioned lymphatic tissue, and, though its exact
aetiology remains unclear, genetic abnormalities might
also play a role[8]. We herein discuss the pathology, diagnostic modality and treatment options for this unusual
lymphatic malformation of the colon based on the cases
described above.
Macroscopically, colonic lymphangiomas can be classified as one of the following three types: simple (capillary), cavernous and cystic. The cystic type is the most
frequently reported[5]. Cystic lymphangiomas are yellow,
greyish, or yellow-pink in colour, and they often appear
as multiple cysts or spongy masses with cavities containing watery or milky fluids[9]. Cystic lymphangiomas may
be classified into microcystic, macrocystic, and mixed
subtypes according to the cyst volume (2 cm3 is used as
the cutoff value)[10]. Both of our cases were classified as
colonic macrocystic lymphangioma. Microscopically, as
shown in Figure 4, the macrocystic mass is characterised
by thin-walled spaces, which are frequently surrounded
by lymph and/or lymphocytes, and is lined by flattened
endothelium. The mass is also situated in close proximity
to collagenous elastic tissue and smooth muscle[11].
Colonic lymphangiomas usually present as submucosal polypoid lesions without any symptomatic presentation. Some patients may experience episodic constipation
with vague abdominal distress, diarrhea or other nonspecific symptoms[9,12]. Haemorrhage or anaemia[13,14] and
protein-losing enteropathy[5,15] are always associated with
surface ulceration or erosion. Acute abdomen obstruction of the volvulus, intussusceptions and bowel may occur when a mass is sufficiently enlarged[16-18]. Abdominal
pain may mimic acute appendicitis[12,19].
Most colonic lymphangiomas are preoperatively
diagnosed as submucosal tumours using colonoscopy,
which is the most commonly used diagnostic modality.
Lymphangioma appears as a well-defined, submucosal
cystic lesion, typically with a smooth, pinkish, translucent surface[20]. Endoscopic ultrasonography is useful for
diagnosing colonic lymphangioma. When using EUS,
the characteristic features of colonic lymphangioma are
lesions localised at the submucosal layer with a homogenous echo pattern and multilocular cysts that are echofree or contain septal structures[21]. Endoscopic aspiration
for cytology evaluation or biopsy often has no diagnostic
value and may result in an efflux of lymphatic fluid[20] or
even local infection[22]. Abdominal CT may detect nonenhancing submucosal cystic masses and can be recommended to rule out coexisting intraperitoneal co-morbid
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is critical to preoperatively identify and locate masses using endoscopic staining[39]. According to our experience,
neither technique makes it challenging nor time consuming to remove the specimen and facilitate anastomosis
with a small incision (approximately 4 cm in length).
Compared to traditional open approaches, laparoscopic
surgery has various advantages, including less intraoperative blood loss, decreased postoperative pain, a shorter
hospital stay, minimal scarring, and a faster return to
normal activities[40].
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Escherichia coli -host macrophage interactions in the
pathogenesis of inflammatory bowel disease
Ahmed Tawfik, Paul K Flanagan, Barry J Campbell
tant. AIEC possess several virulence factors which may
confer pathogenic potential in CD. Type-1 pili (FimH)
allow adherence to intestinal cells via cell-surface carcinoembryonic antigen-related cell adhesion molecules
and possession of long polar fimbrae promotes translocation across the intestinal mucosa via microfold (M)cells of the follicle-associated epithelium. Resistance
to stress genes (htrA , dsbA and hfq ) and tolerance of
an acidic pH may contribute to survival within the phagolysosomal environment. Here we review the current
understanding of the role of mucosa-associated E. coli
in Crohn’s pathogenesis, the role of the innate immune
system, factors which may contribute to prolonged
bacterial survival and therapeutic strategies to target
intracellular E. coli .
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Core tip: There is significant evidence implicating adherent, invasive mucosa-associated Escherichia coli
(AIEC) in the pathogenesis of Crohn’s disease. AIEC
translocate M-cells of Peyer’s patches and lymphoid
follicles of the colon, and then to survive and replicate
within underlying mucosal macrophages. How Crohn’s
AIEC resist killing and adapt to the environment within
the phagolysosme to survive and grow within macrophages is still poorly understood. Here we review the
current understanding of the role of AIEC in Crohn’s
pathogenesis, the role of the innate immune system,
factors which may contribute to prolonged bacterial
survival and therapeutic strategies to target intracellular AIEC.

Abstract
Multiple studies have demonstrated alterations in the
intestinal microbial community (termed the microbiome) in Crohn’s disease (CD) and several lines of evidence suggest these changes may have a significant
role in disease pathogenesis. In active and quiescent
disease, both the faecal and mucosa-associated microbiome are discordant with matched controls with
reduced biodiversity, changes in dominant organisms
and increased temporal variation described. Mucosaassociated adherent, invasive Escherichia coli (E. coli )
(AIEC), pro-inflammatory and resistant to killing by
mucosal macrophages, appear to be particularly impor-
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Escherichia coli (E. coli)][14,16,17].
There is also clear evidence to suggest that a number
of lifestyle factors contribute to the dysbiosis of gut microbiota observed in CD (see Figure 1). This includes key
environmental triggers such as smoking[18], with cessation
abrogating the observed dysbiosis[19]. Also a key risk factor in CD is a intake of a “westernised” diet, high in fat
and sugar, low in fruit and vegetable fibre[20]. In a mouse
model with a humanised microbiota, a switch to a high
fat, high sugar diet altered the microbiome within 1 d[21].
A similar diet has also been observed to increase numbers of Proteobacteria, such as Bilophila wadsworthia[22] and
mucosally adherent, invasive E. coli (AIEC)[23].

bowel disease. World J Gastroenterol 2014; 20(27): 8751-8763
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i27/8751.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i27.8751

INTRODUCTION
Crohn’s disease (CD) is a chronic relapsing inflammatory
bowel disease (IBD) of multifactorial aetiology, affecting
any part of the gastrointestinal tract from mouth to anus.
Patients typically suffer from abdominal pain, diarrhoea
and weight loss which may be associated with extra-intestinal manifestations including erythema nodosum, iritis
and arthritis. The intestinal pathological findings are characterised by transmural inflammation, deep mucosal ulcers, abscesses, fissures and granuloma formation[1]. These
chronic inflammatory lesions are proposed to develop
due to a disrupted intestinal barrier, Paneth cell dysfunction and a disturbed innate immune response, resulting
in the accumulation of antigen-presenting cells (such as
dendritic cells and macrophages), lymphocytes and plasma
cells within the intestinal mucosal layer[1,2]. Pathological
characteristics resemble the mucosal lesions and intestinal
inflammation elicited by known enteric gut pathogens
such as Shigella and Salmonella spp[3].
CD is classically described to have a bimodal incidence
with the highest rates seen in adolescents and young adults
and a second peak in later years, although this has recently
been questioned[4]. It is associated with a small increase
in mortality (standardised mortality ratio 1.52) but very
considerable morbidity, disrupting work, study and family life[5]. Historically approximately 80% of cases needed
surgery at some time[6] but the use of immunosuppressants and biologics has increased and is associated with a
reduced 5 years risk of major surgery[7]. The condition is
more common in Europe and North America[8]. However,
incidence is rapidly increasing worldwide particularly in
developed nations adopting a western style diet, as seen in
Japan[9]. Likewise, those emigrating from poor and developing nations to the West, within a few years of moving
are at increased risk of developing CD presumably due to
a key change in their lifestyle and environment[10].
The gut microbiota plays an essential role in the shaping of the intestinal immune response in healthy individuals[11]. There is now very strong evidence that both
a reduction in the numbers of beneficial bacteria and
increases in numbers of harmful bacteria living naturally
in the gut are present in CD[12] although it is less clear
which of these changes might be causative and which
might be a consequence of inflammation. Several independent groups have consistently shown changes in both
the faecal and mucosa-associated microbiome in Crohn’
s patients and unaffected relatives[13-15], an imbalance referred to as “dysbiosis” (Figure 1). Changes are typified
by reduced biodiversity and alterations in the dominant
organisms, specifically reduction in beneficial firmicutes
and increase in numbers of proteobacteria [including
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Genetic susceptibilities in
bacterial recognition, autophagy
and phagocyte-specific genes in
CD
The recent identification of genes associated with CD
has been informative in improving our understanding of
its pathogenesis, highlighting impairment of genetic components essential for innate immunity, intestinal barrier
integrity and in microbial recognition and clearance[24] (see
Figure 1). Following on from earlier work[25,26], Genomewide association studies have now identified 163 IBD
risk loci, 30 of which are CD specific and 110 shared
between ulcerative colitis and Crohn’s[27]. Identified polymorphisms in the innate immune system of Crohn’s
patients include genes that are linked to processes such as
pathogen recognition [nucleotide-binding oligomerization
domain-containing-2 (NOD2)/Crohn’s-associated gene
identified was Caspase-recruitment domain 15 (CARD15)
and interleukin 23 receptor (IL23R)] and autophagy [immunity-related GTPase M (IRGM) and autophagy-related
16-like 1 (ATG16L1)], all relevant to killing of bacteria
within macrophages[24-26].
The first CARD15 encoding the NOD2 receptor[28,29].
Mutations in this gene probably account for about 15%
of Crohn’s causation in the West although there are geographical variations with a lesser effect in northern European countries and no apparent impact on CD causation
in Japan[30]. The NOD2/CARD15 protein is part of the
innate immune system and is expressed in the cytoplasm
of macrophages and Paneth cells[31]. CD-associated mutations in NOD2/CARD15 affect the leucine-rich domain
recognising the bacterial cell wall peptidoglycan component, muramyl dipeptide (MDP), of both Gram-positive
and Gram-negative bacteria. After recognition, NOD2
activates nuclear factor kappa B and induces the production and release of proinflammatory cytokines. Crohn’
s-associated NOD2/CARD15 mutations are considered
to be loss of function mutations with evidence for reduced production of anti-bacterial defensins by Paneth
cells and for a reduced IL-8 response to MDP by macrophages[32]. In association with NOD2/CARD15 mutations, polymorphism in genes SLC22A4 and SLC22A5,
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handling and clearance
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Figure 1 model for the development of Crohn’s disease. AIEC: Adherent, invasive Escherichia coli; ATG16L1: autophagy-related 16-like 1; CARD15/NOD2:
Caspase-recruitment domain 15/nucleotide-binding oligomerization domain-containing-2 receptor; IL-23R: Interleukin-23 receptor; IRGM: Immunity-related GTPase M;
LPS: Lipopolysaccharide; NCF4 : neutrophil cytosolic factor-4 gene; PRR: pathogen recognition receptor; ROS: reactive oxygen species; TLR4: Toll-like receptor 4.

as a Crohn’s susceptibility gene is also important[36]. NCF4
encodes the p40-phox subunit of nicotinamide adenine
dinucleotide phosphate (NADPH) oxidase crucial for
reactive oxygen species (ROS) production by phagocytic
cells in response to microbial infection, with molecular
defects in NADPH oxidase already established to result in
chronic granulomatous disease[43]. Key studies show that
altered neutrophil recruitment, along with an abnormal
production of cytokines and reduced bacterial clearance,
follow either acute trauma to the rectum and ileum[44], or
subcutaneous injection of heat-killed E. coli in Crohn’s patients[45]; (see Figure 2). Whilst these studies suggest macrophages may be involved in a key step of the observed
immune dysfunction in CD, it is not yet clear whether this
represents an inherent defect in macrophage function.
Variants of the IL-23R gene have also been linked
to Crohn’s[46]. IL-23R is expressed by activated dendritic
cells and macrophages, and IL-23 can induce production
of inflammatory cytokines that may contribute to intestinal inflammation[47].

encoding the organic cation transporters OCTN1 and
OCTN2 have also been identified with variants expressed
in intestinal epithelial cells, T cells and macrophages[33]. In
addition, a mutation in two haplotypes of DLG5, encoding scaffolding protein, has also been confirmed to be
associated with NOD2/CARD15 mutations in Crohn’s
patients[34].
Two other key genes associated with Crohn’s are ATG16L1 and IRGM[35-37]. Both encode proteins that play a
key role in autophagy, a cellular process facilitate not only
disposal of protein aggregates, DNA, lipids and damaged organelles but also an integral step in the mechanism
by which macrophages degrade, kill and clear invading
phagocytosed bacteria (a process also termed xenophagy),
including Mycobacteria and Salmonellae[38-40].
Additional Crohn’s susceptibility loci relevant to aberrant microbial recognition and handling and/or phagocyte
function include toll-like receptor 4 (TLR4), leucine-rich
repeat serine, threonine protein kinase-2 (LRRK2), neutrophil cytosolic factor-4 (NCF4) and IL-23R.
TLR4 is an apical cell-surface pathogen recognition
receptor on intestinal epithelial cells, macrophages and
dendritic cells, key in detection of lipopolysaccharide (LPS)
presented on the outer-membrane surface of Gramnegative bacteria, with polymorphism of TLR4 at D299G
leading to hypo-responsiveness to LPS[41]. LRRK2 has
been linked to CD through the association of a singlenucleotide polymorphism on chromosome 12q12[26] and
in murine studies where LRRK2-deficiency resulted in
increased inflammation and significantly poorer clinical
outcomes following administration of dextran sodium
sulphate to induce colitis[42]. The identification of NCF4
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Specific bacteria in the
pathogenesis of CD
There have been a number of distinctive studies that
strongly favour the hypothesis that a specific bacterium
plays a pivotal role in the initiation of chronic inflammation and development of CD. Early serological and
culture studies suggested that Mycobacterium avium subspecies paratuberculosis (MAP), an obligate intracellular bacterium causing a chronic intestinal inflammatory disease
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correlation between site of inflammation and presence
of E. coli[63] and tendency to show that the same organisms can be identified from various sites within the same
colon[60,66] are compatible with the organisms having a
causative role in the inflammation rather than merely
colonising inflamed mucosa. Evidence for a primary
pathogenic role is also given by their presence within
granulomas[67], the histological hallmark of CD, by their
ability to induce granuloma formation in vitro[68] and ability for similar E. coli to cause granulomatous colitis in
dogs[69], and potentially in cats and swine too[70].
These E. coli pathovars associated with CD have been
designated AIEC based on their ability to adhere to, and
invade into, intestinal epithelial cell-lines, induce release
of pro-inflammatory cytokines, and possess an ability to
survive and replicate with intestinal macrophages[71]. Phylogenetic analysis shows that most mucosa-associated E.
coli isolated from the tissue of Crohn’s patients belong
to groups B2 and D[65] as per extra-intestinal isolates,
whereas most commensal E. coli strains would belong to
group A[72].

HC (n = 16)

8

CD (n = 14)
UC (n = 3)
7

P < 0.001
6

5

4

04

24

48

72

t /h

Figure 2 Patients with Crohn’s disease exhibit reduced bacterial clearance
of subcutaneously injected 32P-labelled heat-killed Escherichia coli relative
to healthy controls and patients with ulcerative colitis. Reproduced with permission. © 2009 Rockefeller University Press. Originally published in Journal of
Experimental Medicine 206: 1883-1897[45]. CD: Crohn’s disease; HC: healthy
controls; UC: ulcerative colitis.

in cattle (Johne’s disease), was more prevalent in Crohn’
s patients[48,49]. A study by Ryan and colleagues[50] also
confirmed the presence of MAP DNA in granulomatous lesions of CD patients. MAP-reactive CD4 T cells
have also been found in patients with Crohn’s[51]. Even
though, MAP has been hypothesised to be as contributing agent for Crohn’s pathogenesis, there is still great
controversy, and absence of conclusive evidence, to fully
supporting this hypothesis[52]. Our own studies have suggested perhaps that microbial mannan (present in yeast
cell walls and Mycobacterium species such as MAP) may
be a key environmental factor to suppress macrophage
killing of intracellular bacteria[53]. The shared susceptibility association of NOD2 and IL-23R polymorphisms
seen in both CD and Mycobacterial disease suggests
MAP may yet be important in CD pathogenesis[54].
Faecalibacterium prausnitzii may also be important with
low levels strongly associated with early disease recurrence after intestinal surgery[55]. This effect may be due
to bacterial production of anti-inflammatory molecules
with culture supernatant shown to reduce the severity of
colitis in an animal model.
The finding of increased mucosa-associated E. coli
in the sub-mucus niche or within the mucosa itself has
proved particularly consistent in CD[12]. Early serological
studies described high antibody titres against E. coli in
Crohn’s patients compared to unaffected controls[56] and
this was later supported by immunohistochemical studies demonstrating E. coli antigens within macrophages
in CD tissue[57]. Many groups, including our own, have
shown an increase in mucosa-associated E. coli in CD,
both in the ileum and in the colorectum[58-64]. We ourselves observed that aerobic culture of colonoscopic
biopsies after removal of the mucus layer with dithiothreitol is often sterile in control colons whereas the colon
in CD and colon cancer contains increased bacterial
numbers in this sub-mucus niche, more than half of
which are E. coli[60], even though these organisms account for less than 1% of the faecal microbiota[65]. Poor
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Crohn’s AIEC-host intestinal
mucosa interactions
Aphthous ulcers of the “dome” or follicle-associated
epithelium (FAE), overlying Peyer’s patches in the distal
ileum and lymphoid follicles of the colon, are likely the
initial mucosal lesions occurring in Crohn’s patients[73-75],
and have been observed in patients using magnifying
chromoendoscopy[76]. The FAE effectively forms the
interface between the intestinal lymphoid system and the
luminal environment. Specialized microfold (M) cells accounting for about 5% of cells in the FAE are optimized
for antigen adherence and transport, and for immunological sampling of microorganisms[77]. Several invasive
bacteria take advantage of the transcytotic characteristics
of M cells to use them to cross the gut, including Yersinia,
Salmonella and Shigella spp[78-80]. It was suspected that the
portal of mucosal entry of AIEC was also likely through
M cells[81] and own recent studies successfully modelling
M cells in vitro, demonstrated that Crohn’s AIEC could
indeed translocate through M cells (up to 20-fold compared with parent Caco2 cells) and through isolated human ileal FAE[82]. Adhesion and subsequent translocation
of AIEC across murine and human Peyer’s patches, and
across M cells in vitro, was observed to be dependent
on possession of the lpf operon, encoding long polar
fimbriae (Lpf) in AIEC[83]. Isolates expressing lpf have
been found to be more prevalent in Crohn’s mucosae
than that of non-IBD controls[84]. Ex vivo studies also
indicate a defective mucosal barrier to bacteria in the
Peyer’s patches from Crohn’s patients[85,86]. It is plausible therefore that increased bacterial load at M cells
is important in the development of Crohn’s. A striking
correlation also exists between the age-related incidence
of CD and the number of Peyer’s patches in the small
bowel, the latter peaking in late adolescence and then
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Figure 3 Crohn’s mucosally associated adherent, invasive Escherichia coli host mucosa interactions: genotype-phenotype relationships. A: Adhesion to,
and invasion of intestinal epithelium; B: Mucosal entry across the follicle-associated epithelium; C: Tolerance to stress, habituation and replication within mucosal
macrophages. afa: Operon encoding aﬁmbrial adhesin; CEACAM: Carcinoembryonic antigen-related cell adhesion molecule; dsbA: Gene encoding bacterial disulfide
oxidoreductase; fimH: Gene encoding bacterial type-1 fimbrial adhesin; gadA-C: Glutamate-dependent acid resistance genes; GP2: Glycoprotein 2 receptor; GP96:
Endoplasmic reticulum stress response glycoprotein 96; hfq: Gene encoding RNA-binding host factor essential for replication of the bacteriophage Qβ; htrA: Gene
encoding high temperature stress protein A; IECs: Intestinal epithelial cells; lpfA: Gene encoding long polar fimbriae adhesin; M cells: Microfold cells; ompC: Gene
encoding outer-membrane vesicle protein C; rpoS/E: Genes encoding stress tolerance sigma factors.

falling away[87].
Ileal AIEC isolates also typically express type-1 pili
(FimH) on their surface supporting adherence to ileal
enterocytes via interaction with carcinoembryonic antigen-related cell adhesion molecule-6 (CEACAM6) receptors known to be over expressed on the inflamed ileal (but
not colonic) epithelium in Crohn’s[88]. Highly glycosylated
CEACAMs have also been proposed as M cell microbial
receptors[89]. It is plausible that one or more members
of the CEACAM receptor family may play an important
role in regulating endocytosis of CD mucosa-associated
E. coli into host M cells. A recent study also reported
that the glycoprotein 2 (GP2), specifically expressed on
the apical plasma membrane of M cells among enterocytes, is recognized by FimH[90]. By an intriguing coincidence it has also recently been found that the same GP2
protein is the epitope for the “anti-pancreatic” antibody
found in CD sera[91]. In addition, Crohn’s AIEC outermembrane vesicles (OMV), also show ability to interact
with enterocyte endoplasmic reticulum stress response
glycoprotein 96 receptor, increased in expression on the
inflamed intestinal epithelium[92]. These OMVs, in association with flagellin, also possess significant ability
to evoke pro-inflammatory cytokine release[93]. Colonic
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mucosally associated AIEC isolates expressing aﬁmbrial
adhesin afa operon, more commonly associated with
diarrhoeagenic diffusely adherent E. coli, have also been
observed to be more prevalent in CD patients than in
non-IBD controls[84]. The presence of the afa operon
correlates with diffuse adherence to, and invasion of intestinal epithelial cells[84].
A summary of Crohn’s AIEC genotype relevant to host
intestinal mucosa interactions is summarised in Figure 3.

Virulence factors supporting
Crohn’s AIEC survival and
replication within host
macrophages
AIEC isolated from Crohn’s ileal and colonic biopsy tissue demonstrate ability to survive and replicate within
phagolysosomes of host macrophages[94,95]; see Figure
4. However, they are not unique in this ability as other
pathogens are also known to survive and replicate within
macrophages, including Mycobacteria, Salmonella, Shigella,
Coxiella, Brucella, Legionella and Listeria species. Key de-
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B

2 μm

Figure 4 Transmission electron micrograph of adherent, invasive Escherichia coli within macrophages1. A: Crohn’s disease colonic mucosa-associated isolate HM605 surviving and replicating within vesicles of J774-A1 murine macrophages; B: Double membrane around intra-macrophage vesicle indicates bacteria are
contained within phagolysosomes (arrow). 1Images courtesy of Dr. Carol L Roberts (University of Liverpool, United Kingdom).

tiporter[100] and the fourth is lysine dependent, involving
lysine decarboxylase[103]. In addition, E. coli also harbour
specific mechanisms that enable them to resist high levels of ROS that form the oxidative and super-oxidative
response to phagocytosed pathogens. These defensive
resources have recently been found to be grouped particularly into two regulated sets of genes soxRS and oxyR
regulons[105,106].

fence mechanisms adopted by these pathogens support
their resistance to killing within the low pH, low nutrient
environment, high oxidative and nitrosative stress environment of the phagolysosome. For example, Shigella and
Listeria are able to escape from the mature phagolysosome, Salmonellae can inhibit fusion of phagosome with
the lysosome, whilst Mycobacterium tuberculosis is able to
modify the intra-phagolysosome environment[96]. Key
genes supporting AIEC survival and replication within
macrophages have been identified (see Figure 3) using
isogenic mutants of the “paradigm” ileal AIEC LF82, including htrA (encoding high temperature stress protein),
dsbA (encoding an oxidoreductase) and hfq (encoding a
RNA chaperone important in mediating bacterial adaptation to chemical stress)[97-99]. However, HtrA and DsbA
are fairly ubiquitous in E. coli, and it is likely that other
unidentified factors are needed to support AIEC survival
within the stressful conditions of the phagolysosome.
Acid stress is the antimicrobial environment likely
encountered by active enteric bacteria within the phagolysosome. Salmonella spp., Shigella spp. and E. coli have
all been reported to possess a repertoire of low pH inducible systems that support resistance, tolerance and
habituation during environmental acid stress. Likewise,
AIEC certainly appear to be tolerant of the low pH intraphagolysosome environment[97]. E. coli is notable due to
its possession of four known acid resistance systems. The
first system requires sigma factor RpoS and the cyclic
AMP receptor protein CRP, with RpoS functioning as a
major environmental stress response regulator in both E.
coli and Salmonellae[100]. Deletion of RpoS from a Crohn’
s AIEC (strain O83:H1) has been observed to increase
sensitivity of this clinical isolate to oxidative stress[101].
The second system requires extracellular glutamate. The
components of glutamate-dependent acid response are
two isoforms of glutamate decarboxylase encoded by
gadA and gadB, and a glutamate-γ-aminobutyric acid antiporter encoded by gadC[102,103]. Murine AIEC have been
observed to respond to chronic intestinal inflammation by
up-regulating expression of gadA and gadB[104]. The third
acid resistance system requires is arginine-dependent
utilising of arginine decarboxylase (AdiA and AdiC) an-
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Defective autophagy and lack of
clearance of AIEC
ATG16L1 and IRGM function in autophagosome formation and evidence from our own studies supports
a role for autophagy as an antimicrobial mechanism
downstream of toll-like receptor and NOD-like receptor signalling. Activation of NOD2 by MDP induces
autophagy in antigen-presenting cells (such as dendritic
cells and macrophages) in a receptor-interacting serinethreonine kinase-2 dependent manner[107]. Knock-down
of ATG16L1 and IRGM using siRNA approaches results in defective recognition and clearance of Crohn’s
mucosa-associated E. coli within host epithelial cells and
macrophages[108]. However, deficiency in either gene did
not interfere with the replication and survival ability of
other non-pathogenic, environmental, commensal, or
gastroenteritis-inducing E. coli, suggesting a specific role
for autophagy in restraining AIEC. Similarly, expression
of the Crohn’s variant ATG16L1*300A in intestinal
Caco2 epithelial cells impairs their ability to capture internalized Salmonella spp. within autophagosomes[109] and
is also associated with abnormalities in Paneth cell granule exocytosis[110], impaired production of antimicrobial
[111]
α-defensins , and increased production of pro-inflammatory cytokines IL-1β and IL-18 by macrophages in
response to LPS[112].

Strategies to target
intra-macrophage AIEC in CD
If AIEC have a primary pathogenic role then it follows
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that targeted treatment should lead to clinical benefit.
This hypothesis is supported by studies in Boxer dogs
which develop a granulomatous colitis following infection with an AIEC strain[69], with subsequent clinical
resolution following treatment with the 4-quinolone
antibiotics, enrofloxacin[113]. However bacterial antibiotic
resistance is common both in animal and human studies
and is associated with poor clinical outcome[114]. Trials
of antibiotics in the treatment of active CD have been
disappointing to date with good evidence only for their
use in the prevention of post-operative disease recurrence[115,116]. A large metanalysis recently failed to show
any clear benefit for their use in maintenance of remission or in the treatment of active luminal or peri-anal
disease[117]. In some trials, early open label studies were
positive only for later randomised trials to fail to show
clear benefit[118,119], which may, in part, be due to the development of antibiotic resistance. In vitro, quinolonebased antibiotics regimens to target intra-macrophage
Crohn’s AIEC isolates are effective[95] but again single
antibiotic use likely increases the risk of drug resistance,
a problem highlighted by a recent study in which multidrug resistance was seen in 61.5% of Crohn’s AIEC
isolates[120]. Triple antibiotic regimens are superior to ciprofloxacin mono-therapy and reduce intra-macrophage
AIEC survival to 3% relative to untreated controls[95].
Unfortunately significant drug-drug interactions occur
with some antibiotics and azathioprine which have limited the use of triple combinations to date. Consequently,
alternative strategies are being explored including using
adjuvant agents to manipulate the phagolysosomal environment to support microbial phagocytosis.
A more promising strategy may be to alter phagolysosomal pH to aid bacterial killing within macrophages.
It has already been shown that AIEC are dependent on
an acidic environment for survival[97] and that alkalinisation leads to reduced survival. Hydroxychloroquine, a
weak base able to increase phagolysosomal pH, is known
to improve killing of bacteria where intra-macrophage
survival plays a key step in disease pathogenesis[119]. For
example, Coxiella burnetii the agent of Q fever, maintains
an intracellular lifestyle through adaptation to survival
at an acidic pH[121,122]. Coxiella survival was significantly
reduced in vitro by hydroxychloroquine treatment and this
benefit translated into clinical response in a randomised
trial[123,124]. Hydroxychloroquine in combination with antibiotics, is also now standard therapy for treatment of
Whipple’s disease, where replication of Tropheryma whipplei
within tissue macrophages is a central part of the pathogenesis[125]. Similarly, our own recent studies have shown
that dose-dependent enhancement of macrophage killing
of Crohn’s AIEC can be seen with hydroxychloroquine
treatment and synergy with standard antibiotics is also
observed[126].
Vitamin D supplementation also enhances killing
of intracellular AIEC in both murine and human macrophages[127]. This may be due to enhancement of the
respiratory burst but effects are likely to be multimodal
with influences on several intracellular pathways. Cellular
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production of the antimicrobial peptides, such as cathelicidin antimicrobial peptide (CAMP) and β2 defensin,
follows stimulation of toll-like receptors in the presence of vitamin D and conversely, vitamin D deficiency
leads to impaired macrophage function due to defective
defensin production[128]. This has significance in CD,
where muramyl dipeptide stimulation in the presence of
vitamin D leads to increased CAMP expression. Futhermore, vitamin D stimulates NOD2 expression and leads
to downstream β2 defensin production[129]. Vitamin D
deficiency is common in CD with up to 70% of patients
affected, even in quiescent disease[130,131]. This now appears to have clinical consequence with several studies
demonstrating a correlation between serum levels and
disease behaviour. In a large prospective cohort study
with nearly 1.5 m patient years of follow up, a validated
method for predicting vitamin D levels was used to compare the incidence of CD in the lowest quartile relative
to the highest quartile, finding the highest risk associated
with the lowest Vitamin D levels[132]. This correlation is
not limited to the relative disease risk and recent studies
now show a clear correlation between disease behaviour
and serum concentrations. CD activity, defined both by
CDAI and CRP level, has been shown to be inversely
correlated with Vitamin D levels, with greatest activity
seen in those with the lowest levels[133]. Furthermore, in
a retrospective study of 3217 patients, a lower likelihood
of requiring surgery for Crohn’s was seen with higher
vitamin D levels, when using a cut off of 30 ng/mL[134].
Given these findings we might therefore expect a clinical
effect from Vitamin D supplementation. This question
was addressed in a randomised double-blind placebocontrolled trial in which a trend was seen towards lower
relapse rates in patients treated with 1200 U/d of Vitamin D, although this did not quite reach significance[135].
However a significant reduction in risk of requiring surgery was seen for deficient patients who normalised their
vitamin D levels with supplementation[134]. Overall these
data suggest a clinical role for vitamin D supplementation in CD although further clinical trials are required.
Whilst no data yet exists for the effect of vitamin D on
AIEC-macrophage interactions in vivo, it appears that
supplementation may hold promise as a clinical strategy
for targeting Crohn’s mucosa-associated E. coli.
Smoking has long been associated with disease activity
and leads to greater treatment requirements, more stricturing disease, more peri-anal disease and shorter disease free
survival[135,136]. These affects are likely to be multimodal in
origin with effects seen on macrophage function, gut microbiota and vitamin D levels[137-139]. Interventional studies
clearly show benefit from smoking cessation[140] and that
this is an achievable therapeutic aim[141]. There are some
data to support a hypothesis that this may in part be due
to recovery of immune cell function but to date this has
not been systematically studied in CD[142].

CONCLUSION
Based on the findings of a diversity of individual studies,
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there has been accumulating evidence proving the implication of bacteria such as AIEC in the pathogenesis of
CD, a chronic-relapsing IBD. AIEC have been shown to
translocate M cells of Peyer’s patches and lymphoid follicles of the colon, and then to survive and replicate within underlying mucosal macrophages and dendritic cells.
However, the mechanism of how Crohn’s AIEC resist
killing process and adapt to the environment within the
phagolysosme to survive and grow within macrophages
without inducing cell death is still poorly understood.
There is no doubt that further investigation is warranted
to characterise and identify the key virulence factors relevant to AIEC phenotype, supporting current and novel,
targeted treatments for future clinical benefit.
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Core tip: Extraintestinal manifestations occur in about
one-third of patients with inflammatory bowel disease
(IBD) and may precede the onset of gastrointestinal
symptoms by many years. Neurological disorders are
uncommon in IBD but they can represent an important cause of morbidity and relevant diagnostic issue.
Furthermore, the use of immunosuppressant and biological therapies for IBD may also play a pivotal role in
the development of neurological disorders. Hence, we
review the main features of neurological complications
associated with IBD, with particular reference to those
related to drugs, thereby focusing on their clinical presentation and possible pathophysiological mechanisms.
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Abstract
Extraintestinal manifestations occur in about one-third
of patients living with inflammatory bowel disease (IBD)
and may precede the onset of gastrointestinal symptoms by many years. Neurologic disorders associated
with IBD are not frequent, being reported in 3% of patients, but they often represent an important cause of
morbidity and a relevant diagnostic issue. In addition,
the increasing use of immunosuppressant and biological therapies for IBD may also play a pivotal role in
the development of neurological disorders of different
type and pathogenesis. Hence, we provide a complete
and profound review of the main features of neurological complications associated with IBD, with particular
reference to those related to drugs and with a specific
focus on their clinical presentation and possible pathophysiological mechanisms.
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INTRODUCTION
Inflammatory bowel diseases (IBDs) are common causes
of gastrointestinal morbidity in western countries. Extraintestinal manifestations are frequent in the course of
IBD and, in some cases, may be the first manifestation
of IBD, sometimes preceding the onset of gastrointestinal symptoms by many years[1].
Among the many extraintestinal manifestations af-
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fecting various organs, neurological disorders of different type and pathogenesis have been documented[2].
Overall, the occurrence of neurological disorders during
the course of IBD is uncommon[3], but they may represent an important cause of morbidity. Neurological
complications appear to be more common in men and
they usually appear after IBD diagnosis, rarely coinciding with exacerbations of the underlying bowel disease[3].
Only a few systematic studies have investigated their
frequency in patients with IBD and the results have been
frequently inconsistent due to differences in the methods used for case finding and outcome evaluation[4].
One of the largest studies, performed for this purpose on 638 patients with IBD [either ulcerative colitis
(UC) or Crohn’s disease (CD)], found neurological disorders in 3%[3], with another study[5] indicating a possible
increase in the prevalence of demyelinating diseases, particularly of multiple sclerosis (MS). The increasing use
of immunosuppressant and biological therapies may also
influence the probability of IBD-associated neurological disorders because these agents, although rarely used,
may cause central nervous system (CNS) white matter lesions[6], opportunistic infections[7] with clinical symptoms
similar to MS[2], or JC virus (JCV)-mediated progressive
multifocal leukoencephalopathy (PML)[7].
On the basis of these considerations, it is obvious
that a physician treating IBD/patients should be able to
recognize unexplained neurological symptoms, consider
their association with IBD, and address a proper diagnostic and therapeutic work-up, possibly with the collaboration of a consultant neurologist.
In this review, we went through the different neurological complications associated with IBD, with particular reference to those related to drugs, with a specific
focus on their clinical presentation and their possible
pathophysiological mechanisms[8]. We divided the review
into the following specific sections: (1) side effects of
medications; (2) cerebrovascular diseases; (3) immunemediated neurological disorders; and (4) miscellaneous.

exposure over a 10-year period. Thus, particular attention should be placed when an IBD patient on biologic
therapy develops neurological symptoms, looking for a
cause-effect relationship[14]. Conversely, in patients with
neurological diseases before the start of biologic therapy,
a neurological consultation must be performed and possible alternative therapies, including surgery, should be
considered.
PML
Because of its severity and high mortality rate, PML is
the most feared neurological complication for patients
treated with biologics. Although its occurrence was
originally observed in patients treated with natalizumab
in combination with β1α interferon for MS, this disease
has also been reported in IBD patients treated with natalizumab only and also in very few cases undergoing anti-TNF therapy[7]. PML is a demyelinating disease caused
by the reactivation of JCV, a virus with specific tropism
for glial cells in the brain[15]. JCV may be reactivated
from sites of latency in lymphoid tissues in conditions
characterized by reduced immune surveillance[16]. The
explanation for the appearance of PML in natalizumabtreated patients is apparently related to both the action
of JCV and to a probable increased release of infected
lymphocytes from bone marrow determined by the
binding of α4β1 integrin with the drug[17].
Yousry et al[18], in a review of about 3000 patients
treated with natalizumab for MS, CD or rheumatoid
arthritis, did not find any case of PML, thus suggesting
a risk of PML of < 1 per 1000 patients treated for a
mean time of 17.9 mo. The drug, at this moment, is not
approved for IBD in Europe, while its use is confined
to patients showing no response to anti-TNF agents in
the United States. Clinicians should consider PML in
the presence of visual defects (45% of all cases) and/or
mental impairment (38% of all cases) such as dementia,
confusion and personality changes. Indeed, cognitive impairment and behavioral changes frequently are the earliest clinical manifestations of PML[14]. A motor weakness
may also be present.
The diagnosis is confirmed by magnetic resonance
imaging (MRI), which reveals white matter lesions with
typical T2 and T1 signals[18]. Cerebrospinal fluid (CSF)
examination is usually normal but polymerase chain
reaction (PCR) amplification of the JCV DNA is an
important diagnostic tool. It is debated whether patients
with IBD, similarly to what happens for MS patients
treated with natalizumab, should undergo serial testing
for anti-JCV antibodies before and during treatment
either with natalizumab or with anti-TNF[18]. Indeed,
patients on natalizumab can be risk stratified for the
development of PML based on JCV antibody status,
history of immunosuppressive drug and duration of
natalizumab treatment. Singh et al[14] described that all
cases of natalizumab-induced PML occurred in patients
who were JCV antibody positive. The seroprevalence of
JCV-specific IgG in healthy blood donors is estimated
to be 50% by 30 years of age and this percentage in-

SIDE EFFECTS OF MEDICATIONS
Biologics
Anti-tumor necrosis factor (TNF)-α drugs such as infliximab, adalimubab, certolizumab, etanercept, onercept[9] and
anti-α4 integrin such as natalizumab and MLN020[10],
generally referred to as biologic drugs, have all been tested in the treatment of IBD, but etanercept, onercept and
MLN020 have not been registered for clinical use, and
thus have only had a limited exposure. Although their
use has been occasionally associated with the induction
or exacerbation of several neurological diseases in IBD
patients[11], the diagnosis of a possible causal relationship is usually made on the time-correlation between the
use of the drug and the appearance of the neurological
manifestation[12]. In a screening study by the Food and
Drug Administration on Adverse Event Reporting System (FAERS), Deepak et al[13] reported 772 distinct neurological adverse effects secondary to TNF-α inhibitor
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creases to 60% by 70 years of age[14]. The risk increases
with duration of natalizumab therapy, particularly after
24 mo, but some cases have been reported after only 6
mo of therapy[14].
Discontinuation of natalizumab is recommended at
the first suspicion of PML[14], and plasmapheresis is the
recommended therapy to remove natalizumab, accelerate
desaturation of the targeted α4-integrin receptors and
restore leukocyte transmigration[14]. When immunosuppression is rapidly reverted in cases of natalizumab-associated PML, an exuberant immune response may occur:
this condition has been termed immune reconstitution
inflammatory syndrome[14]. The response targeting JCV
is evident 2-6 wk later in the CNS and it often results
in paradoxical worsening of PML symptoms[14]. High
dose corticosteroids are recommended if clinical and
radiographic worsening are noted several weeks after immune restoration. Despite these treatments, the clinical
outcome of natalizumab-induced PML patients is poor
with a reported mortality of 60% in patients with 6 mo
follow-up[14].

TNF-induced lupus (ATIL). This syndrome[23] usually
shows a high prevalence of anti-dsDNA antibodies (>
90%) and a low prevalence of anti-histone antibodies
(57%) in contrast to what is usually seen in drug-related
lupus syndromes. As in patients with spontaneous lupus,
patients with ATIL may develop vasculitis. This was
the case in a 53-year-old woman with ileo-colonic CD
in whom adalimubab therapy was complicated by the
development of SLE with CNS vasculitis. The patient
showed headache, drowsiness, visual defect in her right
eye associated with pleural, peritoneal and pericardial effusion 4 mo after initiation of adalimubab therapy at a
dose of 40 mg subcutaneously every other week. Brain
MRI showed features suggestive of cerebral vasculitis.
Ramos-Casals et al[24] found 233 cases of autoimmune
diseases possibly induced by TNF-targeted therapies with a
prevalence of vasculitis and lupus respectively of 48% and
39%. Among the 92 patients with ATIL, CNS vasculitis
was observed only in two patients (1 treated with infliximab for CD and 1 treated with etanercept for rheumatoid
arthritis). In the case reported by Vannucchi et al[22], the autoantibodies disappeared and the clinical picture returned
to normal 6 mo after anti-TNF withdrawal.

Posterior reversible encephalopathy syndrome and
similar diseases
Zamvar et al[19] described a posterior reversible encephalopathy syndrome in a 14-year-old boy affected by CD
following infliximab infusion with generalized tonicclonic seizures and visual disturbances probably caused
by occipital lobe involvement. The patient recovered
after drug discontinuation by which time he returned to
normal.
Brigo et al[20] also described a 74-year-old man with
CD, without a prior history of seizures, presenting with
a seizure after the second infusion of infliximab and
caused by a reversible encephalopathy syndrome, an
acute form of encephalopathy characterized by headache, seizures and area of increased T2 signal in the
posterior quadrants of the brain on MRI[20]. A direct
correlation between seizures and infliximab treatment
is likely in these cases because a sharp clinical improvement occurred 7 d after infliximab discontinuation.
Faivre et al[21] described a 64-year-old woman with CD
developing encephalitis associated with acute neuropathy after two infusions of infliximab. The patient had
acute anterograde memory deficiency associated with
epileptic episodes without infectious, vascular, tumor or
toxic causes[21]. MRI showed bilateral hippocampal hypersignals suggestive of limbic encephalitis. The clinical
symptoms disappeared after infliximab withdrawal and
seizures never relapsed even after discontinuation of antiepileptic drugs.

MS
The development or exacerbations of MS [25] or CNS
demyelination are well-described neurological complications of TNF-α antagonist therapy. TNF-α antagonist
might be effective for inflammatory neurological disorders such as MS because elevated levels of TNF-α have
been demonstrated in serum or CSF of patients with
MS[26].
Microglia and macrophages in the CNS secrete TNF-α
with a direct role in the pathogenesis and demyelination of
MS[27]. There are two forms of TNF-α: a trans-membrane
protein (tmTNF) and a soluble form (sTNF); both interact
with two distinct receptors, TNFR1 and TNFR2[28]. In the
first stages of MS, TNF-α is involved in demyelination,
while in later stages it is fundamental for remyelination[29].
In a double-blind placebo-controlled phase Ⅱ human
study of lenercept, a recombinant TNFR1 fusion protein,
more lenercept-treated patients experienced exacerbations
compared to placebo patients and these exacerbations occurred early, leading to early study termination[30].
There are several case reports of the development
of MS[31] or CNS demyelination during treatment with
TNF-α antagonist such as infliximab or adalimubab. The
mechanisms of induction or exacerbation of MS and/or
CNS demyelination are unknown. One possible hypothesis is that TNF-α has anti-inflammatory effects that
may contribute to “off ” signals in MS. The “on/off ”
balance of TNF-mediated signals is relevant to MS and
the removal of TNF-α might potentiate the disease[30].
Anti TNF-α drugs, particularly infliximab, do not appear to cross the blood-brain barrier and neutralize local
TNF-α-mediated tissue injury. Nevertheless, infliximab
causes enhanced permeability of the barrier increasing
the activation of myelin-specific peripheral autoreactive
T cells[32]. TNFR2 function is important for the enhance-

CNS vasculitis
The most common autoimmune manifestation associated with anti-TNF therapy is the development of antinuclear antibodies and anti ds-DNA autoantibodies
without an associated clinical syndrome[22]. A systemic
lupus erythematosus (SLE)/lupus-like syndrome occurs
in some of these patients and it has been named anti-
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ment of remyelination and the use of TNF-α antagonists may inhibit the tmTNF-TNFR2 axis[33].
The Mayo Clinic reported one case of MS in 500
CD patients treated with infliximab and another patient
has been reported among 651 IBD patients treated with
infliximab in the Danish Crohn Colitis database; three
further cases of MS were reported in Edinburgh’s experience of 620 patients treated with IFX[34]. It is unclear
whether these demyelinating events are coincidental or
causally associated with the use of TNF-α antagonists
because the interval between the administration of antiTNF-α agents and the appearance of symptoms varies
greatly. Most researchers have reported that the average
time between the beginning of treatment and the onset
of neurological symptoms is about 5 mo[35].

acute paraplegia 4 mo after starting infliximab therapy.
Some authors suggest that search subclinical demyelinating processes before initiating anti-TNF-α therapy,
particularly in young patients[5], should become a recommended standard practice. Shin et al[36] described 15 cases
of GBS identified from the postmarketing database of
anti-TNF (9 patients on infliximab, 5 on etanercept,
and 1 on adalimubab). The symptoms were reported
between 6 wk and 2 years after the start of these therapies[36]. Thirteen patients have been subjected to regular
follow-up and 12 showed a partial or complete resolution after adequate therapy for GBS[36]. Deepak et al[13], in
the FAERS about neurological events in patients treated
with TNF-α inhibitors, reported 153 cases out of a total
of 772 with neurological manifestations related to antiTNF-α therapy.

Demyelinating neuropathies
The proposed pathogenesis of anti-TNFα -associated
neuropathies encompasses both T cells and humoral immune attacks against peripheral nerve myelin, vasculitisinduced nerve ischemia and inhibition of signaling support for axons[11]. Most of these neuropathies improve
over a period of several months after withdrawal of the
drug, with or without additional immunomodulating treatment[11].

Lewis-Summer syndrome
Nancey et al[39] reported two cases of Lewis-Summer syndrome (LSS), also called multifocal acquired demyelinating sensory and motor neuropathy, related to the use of
infliximab. LSS is a rare, dysimmune, multifocal peripheral
nerve disorder described for the first time in 1982 by
Lewis et al[40], and characterized by asymmetric multifocal
and sensory involvement of the nerve roots and trunks
of the upper and lower limbs. The disease should be
suspected in the presence of distal, asymmetric weakness affecting the upper or lower limbs with initial sensory impairment followed by motor involvement[39]. An
electromyographic study showing persistent multifocal
conduction blocks allows the diagnosis[39]. LSS involves
only peripheral nerves without any damage to central
myelin[39].

Guillan-Barré syndrome and its variant Miller-Fisher
syndrome
Guillan-Barré syndrome (GBS) [36] and Miller-Fisher
syndrome[37] are two types of demyelinating peripheral
neuropathies reported during treatment with TNF-α
antagonists. GBS is a post-infectious, immune-mediated
disease, generally presenting as an acute inflammatory demyelinating polyneuropathy[36] characterized by ascending
paralysis with rapid, progressive, symmetric limb weakness
and areflexia.
The annual incidence is 1.5 cases/100000 and the
mortality rate is about 5%. Approximately 10% of patients are still severely disabled at 1 year after diagnosis.
Miller-Fisher syndrome is a rare variant of it and its
main manifestation is descending paralysis affecting the
eye muscles with the triad ophthalmoplegia, ataxia and
areflexia[37]. It is possible that TNF-α antibodies unmask
latent infections or cause an increased susceptibility to
infections triggering or worsening the autoimmune demyelinating processes[11]. Two-thirds of GBS cases are
associated with bacterial or viral infections such as Campylobacter jejuni, Mycoplasma pneumoniae, Haemophilus influenzae, cytomegalovirus (CMV), Epstein-Barr virus (EBV)
and varicella zoster virus[37].
It is important to remember that GBS may be an independent extraintestinal manifestation of IBD induced
by vasculitis, malnutrition or vitamin deficiencies [37].
Drug withdrawal is always suggested in the management
of these patients and, in troublesome cases, cyclophosphamide or intravenous immunoglobulin is needed[37].
Vadikolias et al[38] reported a case of a 40-year-old man
affected by CD developing autoimmune demyelinating
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Multifocal motor neuropathy with conduction block
Barber et al[41] reported one case of multifocal motor
neuropathy with conduction block (MMNCB) following
treatment with infliximab. This is an asymmetric motor
neuropathy with diagnostic features including the presence of multifocal partial motor conduction block and
the presence of blood anti-GM1 antibodies in 50% of
cases. No more than 10 cases of MMNCB associated
with anti-TNF therapy have been reported in the international literature. The rate of progression of demyelinating neuropathies is highly variable ranging from a few
days to many years and the recovery is not always certain
after drug withdrawal[41].
Following suspicion of peripheral neuropathies related to biologic therapy, a consultation with a neurologist
should always be suggested for a differential diagnosis
between small fiber polyneuropathies and an axonal
sensory-motor neuropathies (SM-PNs) characterized by
areflexia, sensory ataxia, minor cutaneous sensory deficiency (distal dysesthesia)[41] and variable degree of motor dysfunction.
Ischemia and inhibition of signaling support for axonal transport are the mechanisms proposed for secondary axonal loss. It is conceivable that the adverse effect
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of TNF-α antagonists on peripheral nerves is cumulative and, therefore, the severity of neuropathy is proportional to the total dose of the drug received[3]. These data
emphasize the importance of long-term vigilance during
the course of the treatment with TNF-α antagonists. In
most cases, drug withdrawal resolves the complication[3].

of encephalopathy. MRI should be performed and tissue
biopsy sampling may be always considered[44] in patients
with cerebral mass lesions, for a differential diagnosis
between tuberculosis, lymphoma and toxoplasmosis.
Lumbar puncture should also be always performed in
these cases because a positive EBV PCR in the CSF suggests the presence of CNS lymphoma.

Chronic inflammatory demyelinating polyneuropathy
Some cases of Chronic inflammatory demyelinating
polyneuropathy (CIDP) have been reported during antiTNF therapy[42,43], appearing 4-17 mo after initiation of
infliximab, with the possible presence of GM2 antibodies
in the serum. CIDP is characterized by weakness in the
proximal and distal extremity muscle groups associated
with bilateral foot drop and a stocking-glove pattern
mostly localized in the lower extremities[42]. Electrodiagnostic studies reveal progressive acquired demyelinating
sensory and motor peripheral polyneuropathy. Withdrawal of the offending agent does not always reverse
the immune process and chronic immunotherapy may be
needed to control the inflammatory process and improve
clinical outcome[42].

Meningococcal meningoencephalitis
Majumder and Kumar[45] described a case of a 51-yearold woman affected by CD showing meningococcal meningitis during treatment with certolizumab in clinical remission for 6 mo. Meningococcal vaccination is safe and
it should always be considered in high-risk IBD patients,
particularly in those subjected to biologic therapy[46].
Listeria infection
In 2000 Morelli et al[47] described for the first time a
Listeria infection complicating infliximab therapy in a
CD patient. Listeria monocytogenes (L. monocytogenes) is a
Gram-positive, rod-shaped, facultative intracellular organism. About 1%-5% of all healthy adults are asymptomatic carriers of L. monocytogenes. In the United States,
2500 cases/year are reported and the mortality rate is
15%-30%. Mortality of Listeria meningoencephalitis
infection, associated with sepsis, is particularly high in
pregnant women, neonates and immunocompromised
subjects, where it may reach 33% of cases[47]. Listeriosis
is a foodborne infection caused by ingestion of soft
cheeses, unpasteurized milk, unwashed vegetables, readyto-eat foods such as hot dogs and cold cuts, and it may
be more frequent in populations eating raw food such as
those living in Africa and Asia. It is important to wash
the hands and to scrub fruits and vegetables[47]. TNF-α,
produced by monocytes, macrophages, lymphocytes, and
fibroblasts, has a crucial role against L. monocytogenes as
well as all other intracellular organisms. In fact, TNF-α is
crucial in host resistance against intracellular organisms
by mediating local inflammation to control infection[47].
Generally, blood culture becomes positive for Grampositive bacilli after 32 h and lumbar puncture reveals
a high percentage of polymorphonuclear leukocytes.
Ampicillin and gentamicin is the treatment of choice for
listeriosis[47]. On the basis of the above considerations,
it is important that patients receiving anti-TNF therapy
observe safe food practices and refrain from the abovementioned food products.

Infections of the nervous system
B-lymphocyte depletion in immunocompromised patients
causes meningitis by encapsulated bacterial pathogens,
while T-lymphocyte depletion or impaired macrophage
function cause the development of infections by intracellular pathogens such as fungi, particularly Aspergillus and
Nocardia, viruses such as herpes simplex virus (HSV),
JCV, CMV, human herpes virus 6 and parasites such as
Toxoplasma gondii (T. gondii)[44].
In general, although anti-TNF agents may increase
the risk of infections, even at neurological levels, and
particularly for intracellular organisms, several observations indicate that the risk of opportunistic infections
is greatly increased when patients are treated with more
than one immunosuppressant drug. Thus, the main recommendation originating from these observations is to
limit multiple immune suppression to the shortest time
possible.
Patients with infections of the nervous system may
present with many clinical manifestations including meningeal signs, mass lesions, encephalopathy, seizures and
stroke-like presentation[44].
CNS fungal infections
CNS infections by Aspergillus are usually characterized by
mass lesions such as brain abscesses or by cerebral infarction, and more rarely by meningitis[44]. Cryptococcus neoformans may show as subacute meningitis with fever and
headache without neck stiffness. Mass cerebral lesions
usually have a subacute or chronic presentation while
meningitis and encephalitis have a more acute presentation. In patients with meningeal signs and/or encephalopathy, a lumbar puncture should be performed with
strain culture or serology of CSF[44]. MRI should always
be performed in patients with a strong clinical suspicion
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Campylobacter fetus infection
Umehara et al[48] described Campylobacter fetus (C. fetus)
meningitis in a CD patient on long-term steroid therapy
after only one infusion of infliximab. C. fetus is a Gramnegative, mo(b)tile, bacterial species with a typical
S-shaped rod morphology and it is particularly present
in immunocompromised, pregnant women and neonates
in whom it may cause endocarditis, thrombophlebitis,
pneumonia, pleurisy and arthritis[49]. The bacterium lives
in the intestinal flora of cattle and sheep where it causes
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spontaneous abortions[50].

prognosis with a 75% rate of mortality, particularly in
lupus patients[53]. TNF plays a role in the clearance of
Nocardia in animal models[55]. However, nocardiosis is
rare during anti-TNF-α therapy and only eight cases[55]
have been reported among 300000 patients treated with
anti-TNF agents in the United States. Anti-TNF-α may
accelerate and disseminate previously undiagnosed nocardiosis, particularly when therapy comprises corticosteroids and methotrexate.

Toxoplasmosis
Young et al[51] described a case of cerebral toxoplasmosis
during infliximab therapy associated with low doses of
prednisone, methotrexate and leflunomide in a 36-yearold woman affected by severe rheumatoid arthritis. The
most important neurological symptoms were diffuse
headache, slurred speech, weakness in the left arm,
and a grand mal seizure. MRI imaging showed two lesions within the right hemisphere and the diagnosis of
T. gondii infection was obtained by brain biopsy[51]. T.
gondii is an obligate intracellular parasite infecting up to
a third of the world’s population[51]. T. gondii infection
is acquired by ingestion of food or water contaminated
with oocysts shed by cats, or by eating undercooked or
raw meat containing tissue cysts[52]. Primary infection is
usually subclinical but, in some patients, cervical lymphadenopathy, ocular disease, encephalitis, myocarditis
and pneumonitis may occur[52]. The disease may be lifethreatening in immunocompromised patients, and CNS
involvement has been described in AIDS patients[52], and
patients receiving corticosteroid[52] and anti-TNF-α[52]
therapy. Lassoued et al[53] described two cases of chorioretinitis related to T. gondii during anti-TNF therapy,
with malaise, low-grade fever and visual defects as major
complaints[52]. TNF-α has an important role in the protection against T. gondii infection, playing a synergic role
with interferon γ[54]. Response to treatment for toxoplasmosis occurs early and, in patients with compatible MRI
of the brain, empirical treatment should be started[51];
early response to treatment usually confirms toxoplasmosis diagnosis.

Herpes simplex infection
Herpes simplex encephalitis (HSE) has been reported
in patients receiving TNF-α antagonist therapy[56]. Also,
TNF-α inhibitor therapy appears to be associated with
an increased risk of herpes zoster[57]. An increase in the
risk of severe HSV infection is related to the use of
TNF-α inhibitors because TNF is an important element
of the innate immune response to HSV-1 encephalitis,
as reported in animal models[58]. About 95% of all cases
of HSE are attributed to HSV-1 and, only occasionally,
HSV-2 has been described[59]. Bradford et al[56] has identified three adults affected by HSE during monoclonal antibody TNF-α inhibitors. The patients clinically showed
altered mental status, such depression or reduced affective response, slow mental processing, memory disturbances, fever, meningismus and headache. In patients
receiving TNF- α the clinical manifestations may be
atypical. Brain MRI shows characteristic temporal lobe
involvement, CSF PCR positive for HSV DNA, and
the clinical picture significantly improves after acyclovir
therapy[56]. More than 90% of adult patients with HSE
have temporal lobe abnormalities on brain MRI and a
positive HSV PCR at clinical presentation[60]. Weil et al[61]
reported that these diagnostic tests might be initially
negative in 5%-27% of patients if they are performed
early in the disease course. Bradford et al[56] reported that
two of three patients initially had normal brain MRI
and negative results for CSF HSV PCR. Recently published guidelines[62] emphasize the need to repeat HSV
PCR in 3-7 d if the results are initially negative and the
clinical course is highly suggestive for HSE. Bradford
et al[56] suggest that in patients on anti TNF-α therapy
and a clinical presentation suggestive for HSE, empirical
acyclovir treatment should be performed until the result
of a second PCR. The mortality of HSE at 1 year is
14%-22% and most survivors have residual neurological
and cognitive deficits[63].
Lu et al[64] reported a case of Bell’s palsy caused by
HSV in a 43-year-old woman on adalimumab therapy (40
mg biweekly) for CD for 3 years. The patient showed
small painful erythematous ulcers on her oral mucosa
and lips, fever and right-sided facial palsy suggestive of
Bell’s palsy secondary to HSV infection. Her symptoms
disappeared after 7 d treatment with three 1-g tablets/d
valacyclovir, associated with adalimubab withdrawal, but
symptoms recurred after rechallenge with adalimubab.
Bell’s palsy is an idiopathic peripheral facial nerve paralysis and reactivation of HSV may play a major role

Nocardiosis
Wendling et al[55] described cerebral nocardiosis during
adalimubab and methotrexate therapy for rheumatoid
arthritis. A 63-year-old Caucasian man showed the appearance of subcutaneous nodules in the trunk with histological diagnosis of pyogenic granulomas, pulmonary
nodules upon chest radiography, and neurological signs
such as headache, vertigo, cerebellar dysarthria after 8
mo combined therapy[55]. Brain computed tomography
(CT) and MRI showed two lesions with edema and a
mass effect in the right parietal region and cerebellum.
Surgical biopsies revealed a pyogenic abscess and the
presence of Nocardia farcinica. Nocardiosis is caused by
an opportunistic, aerobic, Gram-positive, filamentous
bacterium of the order Actinomycetales. The most common species are Nocardia asteroides, Nocardia brasiliensis,
and Nocardia otitidis caviatum. This bacterium has a long
incubation period[55]. Modes of contamination include
inhalation and direct inoculation through the skin[55]. Systemic nocardiosis is defined by the presence of two or
more foci of infection[55]; the lung is the most common
primary site of systemic nocardiosis (60%-80% of cases)
and cerebral or other locations may occur in 20%-40%
of cases. CNS involvement is responsible for the worst
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through inflammation of the facial nerve[65].

hypertension, diabetes, atherosclerosis and hypercholesterolemia should always be ruled out[74]. Anterior optic
neuropathy generally appears early within the first three
infusions of infliximab[74]. In the study of Tissot et al[70],
three patients with infliximab-related anterior optic neuropathy were described; one had impaired visual loss after rechallenge with infliximab infusion, confirming the
association between infliximab and optic nerve damage.
To date, four cases of toxic, infliximab-related anterior
optic neuropathy and 10 cases of retrobulbar optic neuritis have been described[75]. No patients with toxic anterior optic neuropathy improved after pulsed intravenous
infusion of methylprednisolone while all 10 patients with
retrobulbar optic neuritis did improve[73]. At this moment, more data are needed to evaluate the exact pathogenic mechanism and dose relationships between these
ocular manifestations and infliximab[74]. Deepak et al[13],
in a FAERS Study about neurological manifestations in
patient on anti TNF-α therapy, reported 105 cases of
optic neuritis (13.6%) in 772 patients with neurological
manifestations during anti TNF-α therapy.

EBV infection
Nozaki et al[66] reported one case of Epstein-Barr encephalitis during TNF- α antagonist therapy but the
patient also had concurrent HIV infection. Several studies have investigated the possibility of EBV reactivation
in patients treated with infliximab but no significant
increased risk emerged[67]. Lavagna et al[68], in a study of
60 patients with CD treated with infliximab, did not observe any EBV viremia or any clinical manifestations of
EBV infection during and after treatment. Serum EBV
DNA was never found in a series of EBV-IgG-positive
patients treated with TNF-α blockers[69].
Cerebral tuberculosis
Tissot et al[70] described a 40-year-old man with CD treated with infliximab monotherapy for 16 mo complicated
by the appearance of neurological symptoms such as
blurred vision, and motor and sensitive deficiency of the
right lower limb. Clinical examination showed a papular
erythematous skin lesion localized on the left lateral cervical region and multiple cervical nodes. Cerebral MRI
revealed multiple ring-enhancing lesions suggestive of
tuberculoma, and chest-abdomen CT showed an upper
lobes alveolar syndrome and multiple abdominal lymph
nodes suggestive of miliary tuberculosis. This diagnosis
was confirmed by skin lesion biopsy with evidence of giant cell granuloma, and PCR for Mycobacterium tuberculosis
in cultures of bronchial washing lavage. The patient was
subjected to classical anti-tuberculosis treatment, with
progressive disappearance of all cerebral lesions and
complete resolution of neurological symptoms. Therapy
for cerebral tuberculosis should comprise four drugs
(isoniazid, rifampicin, pyrazinamide and ethambutol) for
2 mo followed by isoniazid and rifampicin for at least 10
mo[70]. Andrisani et al[71], in their experience of 92 IBD
patients who were candidates for anti-TNF therapy,
suggested screening for high-risk latent tuberculosis reactivation during therapy by means of Quantiferon TBGold (QFT-G) and tuberculin skin test (TST) because
both are useful for identification of high-risk patients.

Steroids
Repeated or prolonged exposure to steroids may cause
myopathy that needs to be differentiated from predominant involvement of large motor fibers[75]. Steroid therapy may also produce a psychotic condition[76]. Corticosteroid therapy increases the risk of infection in a dosedependent fashion[77] and corticosteroid-treated patients
with intestinal disease have a relative risk of lethal and
nonlethal infections of 1.4 (95%CI: 1.1-1.7, P = 0.02).
Doses of prednisone > 20 mg/d are associated with a
twofold increase in overall relative risk of lethal or nonlethal infectious complications compared with controls (P
< 0.004). L. monocytogenes sepsis and meningitis have been
described in adult and pediatric patients treated with
high doses of steroids with or without azathioprine[78].
The long-term use of steroids may also predispose to
the development of C. fetus meningitis[78].
Sulfasalazine
Sulfasalazine is still used for both CD and UC because
of its low cost/effectiveness ratio. However, its use is
mostly hampered by the frequent occurrence of side
effects and neurological complications have also been
reported.
Severe neurotoxicity leading to drug withdrawal has
been reported in < 5% of patients[79]. The neurological toxicity of the drug appears mainly to be related to
folate deficiency[80]; a typical adverse result of chronic
sulfasalazine intake through different mechanisms:
oxidative damage to red cells leading to hemolysis[81];
inhibition of jejunal hydrolysis of pteroylpolyglutamates
blocking absorption of dietary folates; and competition
with the three enzymes (dehydrofolate reductase, serine
transhydroxymethylase and methylene tetrahydrofolate
reductase) mainly involved in folate metabolism. Patients
with IBD are predisposed to hyperhomocysteinemia[80],

Ocular nervous disorders
Anterior optic neuropathy[72] and retrobulbar demyelinating optic neuropathy[73] have also been reported as
possible complications of infliximab therapy. The clinician should be alert to anterior optic neuropathy when
patients, during anti-TNF therapy, develop bilateral
simultaneous sudden visual loss with decreased visual
acuity, without pain related to eye movements, and swollen optic discs with bilateral inferior arcuate defects
upon ophthalmology evaluation. Retrobulbar (posterior)
optic neuropathy shows the same symptoms of anterior
optic neuropathy, perhaps with monolateral visual loss,
and only an ophthalmologist may obtain the diagnosis
with specific tests such as visual field and flash visual
evoked potentials[73]. Risk factors such as stroke, arterial
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which is considered a risk factor for cardio-cerebrovascular events, and part of this condition might be related
to the folate-depleting role of sulfasalazine.
Mechanisms other than folate deficiency appear to
be present in patients treated with sulfasalazine who
develop neurological disorders but the pathophysiological aspects are currently unknown [81]. Liedorp et al[82]
described axonal polyneuropathy occurring after 2 years
treatment with sulfasalazine without blood folic acid
deficiency. Mut et al[83] noted a reversible encephalopathy
after only 3 wk of sulfasalazine therapy, and the clinical
symptoms and MRI lesions resolved completely after
drug discontinuation. Gold et al[84] have suggested that
the drug might also be implicated in the occurrence of
MS.

localized to the cerebellum and this selective site may be
explained by the involvement of Purkinje cell axons[81].
Only a few methotrexate-induced white matter changes
during oral treatment[87] have been reported and most
of them appeared to be related to folic acid deficiency.
Chronic folic acid supplementation is thus mandatory in
patients undergoing methotrexate treatment to avoid, if
possible, these neurological side effects.
Metronidazole
Metronidazole is a commonly used antibiotic in the treatment of IBD, particularly in patients affected by CD[88]
with perianal involvement. Peripheral neuropathy is a
well-documented side effect of the drug, reported in
21-39% of CD patients treated with metronidazole, especially in patients receiving > 1.5 g/d of the drug for
> 30 d[89]. Thus, monitoring the neurological state of
the patient during metronidazole therapy is strongly encouraged[88]. Both demyelinating and nondemyelinating
neuropathies can be observed[89]. Metronidazole-induced
neuropathies are characterized by sensory manifestations
with occasional ataxic features and generally are transient
and resolve completely on discontinuation of medication[14,89]. Peripheral neuropathies are one of the most
frequent neurological complications described in IBD
patients[78]. The incidence of spontaneous peripheral
neuropathy in IBD patients varies from 0.9%[2] to 3.6%[11].
These conditions are also described in other sections
of this paper as side effects of biological therapies and
in autoimmune nervous system disorders. Indeed, polyneuropathies in IBD may result from multiple interactions between immune-mediated disorders, nutritional
imbalances, malabsorption, weight loss, vitamin deficiencies and drug-induced changes[89]. The most important
symptoms of peripheral neuropathy are paresthesia and
increased threshold for temperature detection (the last
sign is indicative of early neuropathy)[88]. Axonal polyneuropathy usually is characterized by sensory loss and
dysesthesia in a glove-and-stocking distribution, and
decreased or absent ankle jerks with infrequent motor
involvement[84]. Small fiber nondemyelinating sensory
neuropathy is characterized by subjective numbness and
tingling in the absence of demonstrable abnormalities
on electromyography and nerve conduction studies[72],
and may be misdiagnosed as fibromyalgia upon typically normal electrophysiological testing[14]. IBD patients
with restricted sensory involvement are usually younger
than those with concomitant involvement of motor and
sensory large fibers[90]. Only some of these patients (particularly patients with CD) have been previously treated
with metronidazole, and the disease progressed also after
drug discontinuation, suggesting its contributory but not
causative role[76]. The physician should suspect peripheral
neuropathy in cases of sensitive disturbances of the upper and lower extremities, ataxia and/or impairment of
walking[84].
Chatzkel et al[91] described a 15-year-old girl affected
by CD with ataxia and dysmetria 7 d after initiation of

Methotrexate
Methotrexate is an immunosuppressant with anti-folate
activity[85]. It is highly ionized with low lipid solubility
and it does not readily cross the blood-brain barrier.
Methotrexate is a cell-cycle-specific agent that inhibits the enzyme dihydrofolate reductase, preventing the
conversion of folic acid to tetrahydrofolic acid and thus
inhibiting cell replication[85]. Methotrexate also causes a
relative excess of homocysteine determining small-vessel
vasculopathy[85]. The risk of neurotoxicity increases with
higher doses.
The association between low oral weekly doses of
methotrexate and the development of posterior reversible
encephalopathy syndrome (PRES) has been described in
only a few cases. PRES often shows nonspecific symptoms such as headache, seizures, visual disturbances including cortical blindness, altered mental status, and even
coma. Seizures are present in up to 88%, visual disturbances in 60%, and headache with altered mental function
in > 50% of patients. In these studies, oral methotrexate had been taken for 3-7 years before the onset of
symptoms. The patient described by Hart et al[85] was
exposed to a total dose of 1560 mg over 4 years. Thus,
the association of neurotoxicity with long-term use of
methotrexate suggests a cumulative toxic effect on the
blood-brain barrier. Neuroimaging, particularly MRI, is
essential to obtain a diagnosis: classical lesions are symmetrical and located in the subcortical and cortical areas
of the posterior circulation. The frontal lobe, brainstem,
basal ganglia, thalamus, and even the spinal cord may
also be involved.
Methotrexate-associated neurotoxicity is often termed
as leukoencephalopathy (LEP), frequently presenting as
transient seizures[85]. Also, headache, confusion and disorientation may be present[86]. LEP is a structural alteration of cerebral white matter in which myelin suffers the
most damage. The basic pathophysiological mechanisms
leading to methotrexate-induced LEP are unknown but
they are multifactorial and include adenosine accumulation, homocysteine elevation, and its excitatory effect on
N-methyl-D-aspartate receptor and alteration in biopterin metabolism[85]. The white matter changes are strictly
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without neurological signs, because this condition is an
alarm sign for the presence of inflamed paravertebral and
spinal structures[89]. Spinal epidural abscess represents a
neurosurgical emergency in the presence of unresponsive back pain or progressive neurological deterioration
such as bowel and/or bladder dysfunction. In patients
with spinal epidural abscess associated with bowel fistulas and psoas abscesses determined by CD, a combined
and highly specialized medical and surgical approach is
needed to prevent recurrence[98]. Prolonged antibiotic use
is recommended also if cultures are negative.
Murai et al[99] reported a myelo-radiculitis determined
by Cryp. neoformans in a UC patient on immunosuppressive
therapy with azathioprine. Robineau et al[100] reported a
case of HSE related to azathioprine therapy in a 28-yearold woman treated for 4 years[100]. The diagnosis was based
on the presence of photophobia, headache, asthenia and
nausea associated with nuchal rigidity; lumbar puncture
revealed a marked increase of lymphocytes (98%) in cerebral fluid with a detection of HSV-1 DNA determined
by PCR. Intravenous acyclovir administration (15 mg/kg
every 8 h) for 3 wk completely resolved this complication.

treatment with metronidazole. Cranial MRI revealed
bilateral symmetric T2/FLAIR hyperintense lesions of
the dentate nuclei without contrast enhancement or restricted diffusion, and the lesions disappeared completely
after drug discontinuation[91].
Cyclosporine A
Cyclosporine A is a cyclic polypeptide that interferes
with the transcription of cytokines, causing the blocking of activation and maturation of various cell types
involved in cell-mediated immunity[92]. This drug has
been mostly used in severe refractory UC. Neurotoxicity is one of the major adverse events of this treatment,
involving up to 25% of treated patients and including
seizures, tremors, paresthesia, ataxia, motor deficits,
aphasia, altered consciousness, and various degrees of
visual and oculomotor disturbances[92]. The pathogenesis
of these neurological side effects is poorly understood.
Cyclosporine A may rarely cause accelerated hypertension leading to progressive reversible encephalopathy
syndrome[14]; this condition is more frequent in patients
with low total serum cholesterol[14].
Irreversible bilateral optic neuropathy has also been
described[92] and two possible mechanisms have been
proposed: direct toxicity to peripheral nerves, or thromboembolism leading to ischemic optic neuropathy[93].
Cerebellar atrophy[93] caused by cyclosporine A therapy performed despite hypomagnesemia may have its
first manifestation in nystagmus. However, cyclosporineA-induced neurotoxicity has also been described in the
absence of known risk factors such as hypocholesterolemia, hypomagnesemia, previous seizure disorders and
arterial hypertension[94]. The differences in neurological
side effects between oral and intravenous cyclosporine
A is another matter of uncertainty[95]. Cyclosporine A
is insoluble in water and intravenous formulations are
prepared in a polyoxyethilated (POE) castor oil and ethyl
alcohol solution[96]. In in vitro experiments, 0.1% POE
castor oil determines axonal swelling and degeneration
while 0.001% POE castor oil may induce demyelination.
It has thus been suggested that residues of ethylene or
its polymerization products might at least contribute to
the neurotoxicity of intravenous cyclosporine A in vivo.
However, the Cosmetic Ingredient Review Expert Panel
has concluded that these cosmetic ingredients (POE castor oil and its derivatives) are safe in practical use[96] and
no serious neurotoxicity may be attributable to them.

CEREBROVASCULAR DISEASES
In general, the risk of both arterial and venous thrombosis[101], as well as of thromboembolic events, is significantly increased in IBD patients. As a consequence,
thromboembolic complications have been reported in
various organs, including the brain. Indeed, cerebrovascular disorders have been documented in 0.12%-4% of
all IBD patients, and probably they represent the most
frequently reported neurological complications[102]. Obviously, cerebrovascular or cardiovascular events and
their sequelae may be of particular severity, especially
if one considers the usually young age of IBD patients.
The relative risk of stroke is higher in young patients,
especially women and patients with CD[14]. Thus, a large
number of studies addressing the possible underlying
causes of this predisposition in IBD and proposing possible prophylactic and therapeutic strategies have been
published in recent decades. As a whole, these studies
suggest that active disease, even at an outpatient level,
appears to be the most important predisposing factor,
through many pathogenic factors activated by the ongoing inflammation. Indeed, the intimate inter-relationship
between inflammation and coagulation has become clear
in recent years with disease clinical and subclinical activity[103] shown to be associated with hypercoagulability
related to various factors such as qualitative and quantitative abnormalities of platelets[104] and coagulation
factors[94], decreased anticoagulant activity[100], hypofibrinolysis[105], malabsorption and hypercatabolism leading to
vitamin B6 deficiency[106], endothelial changes[102] leading
also to reduced activation of protein C, dehydration, and
corticosteroid therapy[107].
The abundance of the findings showing an association between clinical activity and risk of thrombotic
events has led to the introduction of antithrombotic

Azathioprine
This drug has no specific neurotoxicity but it represents
a predisposing factor to infection, particularly associated
with its prolonged use. Spinal epidural abscess has been
described as a complication of azathioprine therapy[97].
Spinal epidural abscess is a rare but known neurological complication of CD[97]; predisposing conditions are
immunosuppressive therapy and the presence of intraabdominal and/or retroperitoneal fistulas[97]. A high index
of suspicion should be raised if the patient shows back
pain during or immediately after a flare of CD, with or
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prophylaxis in the therapeutic guidelines of hospitalized
patients with severe relapse.
However, although active disease is particularly associated with an increased risk of these complications,
some cases of vascular accidents have been described
during remission[101], suggesting that IBD represents a
risk factor for thrombosis. The search for a possible
genetic association between IBD and carriage of factor
V Leiden, G20210A prothrombin and methylene tetrahydrofolate reductase mutations has provided negative
results[102], thus suggesting that other, probably acquired
although not related to inflammation, factors may indeed
play a more important role. One of these factors might
be hyperhomocysteinemia[80,81], which may derive from a
lack of attention to nutritional status, although in many
cases the presence of subclinical inflammation cannot
be ruled out. It is important to consider a higher risk in
postoperative state associated with the development of
arterio-arterial embolism, cardioembolism, and in situ cerebral thrombosis[14].

coagulant therapy in the treatment of arterial ischemic
cerebral lesions is limited, although the presence of a
hypercoagulable condition should always be considered
an indication for lifelong anticoagulation with warfarin[107]. Thrombolysis with recombinant tissue plasminogen activator, urokinase or streptokinase should also be
considered in early cerebral arterial ischemic conditions
(within 3 h from development of clinical symptoms) and
this procedure, in expert hands, may be considered safe
and effective[109]. In selected cases, thrombectomy should
also be considered[110]. Rapid evaluation and appropriate
multidisciplinary consultation are required for optimal
diagnosis and management.
Venous and sinus thrombosis
Cerebral venous and sinus thrombosis is a rare condition
and accounts for about 1% of all strokes[111]. Cerebral
venous and sinus thrombosis that concurrently develops with UC is rare[111] and they may be associated with
abnormalities in the coagulation system [100]. Cerebral
venous thrombosis appears to be more common in UC
than in CD patients[112], and is more commonly localized in the superior sagittal sinus and lateral sinuses[113],
although cortical venous thromboses have also been reported[113].
All patients with UC and cerebral venous thrombosis
reported in literature are young, mostly men, without
other risk factors[102]. Most patients have a pancolitis
suggesting a role for increased endotoxemia and dehydration[102] as culprits for vascular thrombosis. The most
frequent symptom is headache occurring in 75%-96% of
patients[114]. The headache is often severe and diffuse and
it usually precedes the appearance of neurological signs.
A combination of focal defects, headache, seizures and
altered consciousness is suggestive of cerebral venous
thrombosis[114], although the presenting features are variable and the condition should be considered in any IBD
patients with neurological symptoms, particularly during
an active phase. Cerebral infarction is a dangerous complication and it appears when the thrombosis extends
from the superior sagittal sinus to the superficial cerebral
veins and their tributaries[114].
MRI studies in combination with MR venography are
sensitive in identifying venous sinus occlusion[114]. The
use of local endovascular thrombolytic agents may restore the flow more frequently and rapidly than heparin
alone; however, there is no evidence of the superiority
of this method and the risk of hemorrhage is high[114].
Warfarin is usually continued for at least 6 mo after a
first episode of cerebral venous thrombosis, or longer in
the presence of persisting predisposing factors[114]. The
theoretical risk of intestinal bleeding due to anticoagulant therapy does not appear significant in practice[114].
Given the increased risk of thromboembolism in patients with IBD, aggressive mechanical and pharmacological deep vein thrombosis prophylaxis with LMWH is
recommended in hospitalized patients[14].

Arterial thromboembolism
An increased risk of these complications is observed in
patients with active UC and particularly in those with
total colitis[108]; even if active disease is associated with
an increased risk, some cases have been described during
remission[100]. Men and women are equally affected. The
cerebrovascular involvement appears to be more frequent among younger IBD patients, as reported by Houissa et al[101] who described four cases of arterial thrombosis in IBD and three of these were younger than 25
years. Intestinal inflammation may lead to increased risk
for thrombosis through several pathways: by activating
the coagulation cascade; decreasing anticoagulant activity; and inducing hypofibrinolysis, malabsorption and
hypercatabolism with vitamin deficiencies that may lead
to hyperhomocysteinemia - a well known risk factor for
thrombosis[101]. Also dehydration, immobility, sepsis, surgery and corticosteroid therapy may determine cerebral
thrombosis in IBD patients[101].
The neurological presentation of cerebral arterial
thrombosis may vary from headache (95%), to mono- or
bilateral paresis (43%), general or focal seizures (47%),
or dysphasia (37%)[104]. The clinical sequelae of cerebral
vascular thrombosis can be devastating, especially in
young patients with active and complicated IBD, leading
to high mortality and disability in about 60% of cases[101].
Conventional CT or MRI identifies the exact site of cerebral affected areas. At present, no guidelines are available for the treatment of cerebral thrombosis and stroke
in IBD[108]. Low molecular weight heparin (LMWH) is
the most common drug used for the prophylaxis and
treatment of vascular thromboembolism.
Given the heightened risk of thromboembolism
in patients with IBD, prophylaxis with LMWH is recommended in hospitalized IBD patients, considering
exacerbation of the disease[14]. Long-term use of anti-
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to common immune-mediated mechanisms such as
T-lymphocyte mediated cytotoxicity or immune complex
deposition[121], or to a genetic susceptibility determined
by patient’s HLA status. The association of UC with
perinuclear anti-neutrophil cytoplasmic antibodies (pANCAs) or atypical ANCAs [122] suggests a common
autoimmune etiology, but the existence of different antigenic recognitions by these antibodies in the two diseases is well established. Furthermore, UC-associated ANCAs lack antigenic specificity for proteinase-3 (PR3) or
myeloperoxidase (MPO) and do not have the potential
for the development of systemic vasculitis or for neutrophil activation[122]. Nevertheless, a p-ANCA (specific for
MPO) positive UC patient affected by ischemic lesions
in the white matter of the brain has been reported[122].
The clinical manifestations of cerebral vasculitis are
hemiparesis, hemianopsia, personality changes, headache, aphasia, seizures, coma and progressive dementia[8].
These clinical manifestations may occur independently
of the activity of the underlying bowel disease and, in
some cases, they may appear even before the onset of
IBD [123]. Cerebral MRI is always abnormal [8]. Nearly
half of the reported patients have neurologic signs and
symptoms developing during steroid therapy[8].
Necrotizing angiitis may show clinical manifestations similar to the acute hemorrhagic variant of acute
disseminated encephalomyelitis (ADEM)[117]. ADEM
is suggested to result from a transient autoimmune response directed against myelin or other autoantigens via
molecular mimicry[117] caused by a defective epithelial
barrier function in UC, leading to uncontrolled uptake
of luminal antigens and stimulation of pathologic immune and inflammatory reactions[8]. The presence of
lethargy should always suggest a diagnosis of ADEM.

IMMUNE-MEDIATED NEUROLOGICAL
DISORDERS
MS
This topic has been already treated in this paper as a
possible complication of biological therapies[25]. However, a possible spontaneous association between MS
and IBD has been suspected for decades[115]. Indeed,
the estimated prevalence of MS in the general population is about 0.1%, while in IBD patients the prevalence
of MS has been reported at up to 0.5%[8,114,115], suggesting a 1.5-5-fold increase in the risk of having MS in
IBD patients[30]. In evaluating these data, however, we
should bear in mind that all studies involved a limited
number of patients, thus yielding low statistical power.
Also, results of the studies are greatly influenced by the
methods used to look for an associated disease. Indeed,
Geissler et al[116] observed hyperintensity of the white
matter on brain MRI in almost half of the patients with
IBD free of neurological symptoms compared to only
16% of healthy age-matched controls. MS has been
reported to develop either before or after the clinical
onset of IBD[116]. The nature of a possible pathogenic
link between IBD and MS has not been identified, but
a disturbance in functional T-cell subsets with aberrant
proinflammatory activity of T helper 17 subsets has
been suggested[2]. Animal studies[117] also suggest a link
between the demyelinating lesions suggestive for MS or
acute disseminated encephalomyelitis and the prothrombotic state characteristic of UC. Astrocytosis and exstensive perivenular loss of myelin have been described
in rhesus monkeys suffering from colitis and cerebral venous thrombosis, and it is possible to speculate that the
demyelinating lesions could have been the result of perivenular edema secondary to venous blockade[117]. Indeed,
cerebral lesions in the monkey are identical to those
observed in confluent leukoencephalitis and perivascular
myelosis of the cerebral type; a demyelinating disease of
monkeys[118]. Whatever the mechanisms of the underlying possible association between MS and IBD, brain
MRI followed by a neurological consultation for further
diagnostic work-up should be organized[2] as soon as a
patient with a clinical history of UC or CD presents with
an unexplained neurological symptom suggestive of MS,
such as paresthesia in both arms, fingers, legs and toes,
hyperesthesia of the fingertips and hyper-reflexia. Occasional, but clinically important, observations are those
reporting that a demyelinating disease may be precipitated or aggravated by the use of infliximab for IBD[119].

Autoimmune myelopathy
Lossos et al[3] reported nine UC patients with neurological disorders and six of these had peripheral nerve disorders considered as acute inflammatory demyelinating
polyradiculoneuropathy[3]. This study was limited by the
absence of detailed information about CSF features and
response to therapy.
Myelopathy, which may present as a slowly progressive systemic spastic paraparesis in the absence of a spinal sensory level, has been associated with UC in some
case reports[3]; a link with human T-lymphotropic type
1-associated myelopathy has been proposed [124]. This
syndrome may develop without spinal MRI abnormalities [3]; an immune-mediated inflammatory origin has
been suggested but a possible association with the use
of medications or nutritional deficiencies cannot be
ruled out[3]. It is possible to consider this myelopathy or
transverse myelitis as a part of a more widespread CNS
disorder like MS or a vasculitis process as suggested by
Ray et al[125].
Also, Campylobacter jejuni is linked to exacerbations of
IBD and it may contribute to the development of autoimmune inflammatory demyelinating polyneuropathy[121].

Cerebral vasculitis
This topic has already been treated in the chapter on
complications of biological therapies[22]. Cerebral vasculitis has been reported in association with UC[120] and
can be considered a further cause of stroke. The association between UC and Takayasu’s disease, particularly
in Japanese patients with an HLA-B52, DR2 haplotype,
is strong[121]. The pathogenetic process may be related
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It is noteworthy that in the patients with generalized peripheral neuropathy, a demyelinating pattern is present in
30%[125].

pressive therapy suggests that an autoimmune process
causes inner ear impairment[136]. This condition is most
frequently bilateral but may also be unilateral. Aggressive treatment should be started as early as possible. At
present[134], it is impossible to have detailed information
about the beginning and the time-course of hearing loss
because this condition is underdiagnosed. Karmody et
al[133] reported that patients with hearing loss performed
their first medical evaluation usually 3 years after the first
clinical manifestation.

Myasthenia gravis
Myasthenia gravis (MG) is a typical immune-mediated
disease in which T-lymphocyte function is abnormal, the
thymus is enlarged, and circulating acetylcholine receptor antibodies are found[126]. MG is often associated with
other autoimmune disorders such as alopecia, lichen planus, vitiligo and SLE[127]; diseases that are also observed
in association with IBD. Tsuchiya et al[127] described an
association between thymic abnormalities and IBD, with
the presence of acetylcholine receptor antibodies[128].
Also, the lack of age-related involution of the thymus
observed in MG has also been reported in UC[127]. T
cells obtained from the thymus of patients with MG and
UC have reduced ratios of suppressor (CD8+) to helper
(CD4+) T cells compared with control subjects[128].
Diplopia and ptosis of the upper eyelid in IBD patients may be an initial manifestation of MG[129]. For the
possible pathogenic association between the two diseases,
intriguing observations on their therapeutic management
have been reported: Finnie et al[126] reported a case of a
patient with both MG and CD complicated by perianal
disease whose bowel disease improved after thymectomy for severe uncontrolled MG. In contrast, GowerRousseau et al[130] described a patient with MG and UC in
whom MG symptoms improved after proctocolectomy.
Foroozan et al[129] reported a 21-year-old man with UC
and binocular diploplia and ptosis due to MG; both ocular and gastrointestinal symptoms improved after plasmapheresis, azathioprine, prednisone and mestinon[3].

MISCELLANEOUS
Peripheral neuropathies
Polyneuropathies have previously been dealt as frequent
side effects of metronidazole therapy but they may also
occur as spontaneous extraintestinal manifestations of
IBD. Gondim et al[89] identified 33 patients (18 with CD
and 15 with UC) affected by polyneuropathies. Male sex
was highly predominant (78% in CD and 75% in UC).
Neurological symptoms appeared long after the diagnosis of IBD. In 33% of CD patients and 40% of UC
patients, the polyneuropathy was correlated with disease
activity.
In CD patients, demyelinating neuropathy was present in five patients while a nondemyelinating neuropathy
was present in the other 13: small-fiber polyneuropathy
(SF-PN) in two and large-fiber axonal neuropathy (LFAN) in 11. Four patients with UC showed peripheral
demyelinating neuropathies. Eleven UC patients showed
nondemyelinating neuropathies: four with SF-PN and
seven with LF-PN. The diagnosis of SF-PN was obtained by means of skin biopsy[89].
Oliveira et al[4] studied 82 IBD patients (31 with CD
and 51 with UC). Five CD patients (4 women) (16.1%)
had SF-PN and the first symptom was sensory abnormality. Weakness was mild and mostly located in the
distal legs. Neurological examination showed decreased
or absent ankle jerks, and decreased distal vibration and
pinprick. Ten UC patients (19.6%) had mild axonal sensory motor polyneuropathies (SM-PN). Blood B12 levels
were < 200 pmol/L in two of these 10 patients, between
200-300 pmol/L in a further two, two patients had diabetes, one was affected by hypothyroidism, and positive
blood rheumatoid factor was present in two[4]. Fourteen
percent of UC patients were taking steroid therapy[4].
Oliveira et al[4] concluded that SM-PN in UC patients
was more common in women, in older individuals, in patients developing the disease later in life and in subjects
with a body mass index < 18.5. The authors[4] also noted
that the association with autoimmune diseases such as
diabetes mellitus, hypothyroidism and positive rheumatoid factor was more frequent in UC patients with SFPN than in CD patients.
Sassi et al[137], in a study of 102 consecutive patients
with IBD, reported nine patients (8.8%) with peripheral
neuropathies. Bernstein et al[138], in a large study of administrative healthcare data from the Manitoba County

Autoimmune sensorineural hearing loss
Sensorineural hearing loss is probably an immunological
manifestation of IBD[131]. The clinical manifestations of
the disease are often bilateral and progressive[132]. The
hearing level is unstable with periods of deterioration
alternating to partial or complete clinical remission[132].
In general, the tendency is for gradual evolution towards
permanent hearing loss[132]. Vestibular dysfunction symptoms such as disequilibrium and postural instability may
accompany auditory symptoms and these symptoms may
have a sudden onset[133].
Hearing loss generally occurs between 2 mo and 17
years after the diagnosis of UC. Hearing loss may appear
during both active and remission stages of the disease
and it does not have a parallel evolution. Hearing loss,
if not treated, is recurrent until leading to complete
deafness[133]. A more strict collaboration with ear, nose
and throat specialists should be encouraged to research
this condition of autoimmune inner ear. Kumar et al[134]
noted, in a controlled audiometry study, a significant
sensorineural hearing loss in UC patients compared with
controls. A subclinical sensorineural hearing loss may
also be present in CD patients[135].
The clinical response to steroid and immunosup-
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between 1984 and 2003 on 8072 patients with IBD
(3879 with UC and 4193 with CD), reported peripheral
neuropathies in 2.4% of UC patients and 2.34 of CD
patients compared to 1.35% in the general population.
Peripheral neuropathies usually do not respond to treatment of the underlying IBD[14].

myositis is a nonspecific, localized orbital inflammatory
process in which one or more extraocular muscles are
involved[145]. Clinically, orbital myositis is characterized
by acute pain exacerbated by eye movements; diplopia,
swelling of the eyelid, conjunctival injection, and exophthalmos may also be present[145]. The diagnosis is based
on clinical history and imaging[145]. This disease responds
to steroid therapy[146]. Orbital myositis is rare in IBD[146];
sarcoidosis, Wegener’s granulomatosis, rheumatoid arthritis and Lyme disease should be considered in the differential diagnosis[146].
Nonspecific orbital inflammation includes histological forms that are more difficult to distinguish such as an
idiopathic granulomatous and idiopathic sclerosing pseudotumor[147]. Nonspecific orbital inflammation appears
to arise from an immune reaction in the orbit secondary
to a neighboring zone of inflammation or a distant autoimmune reaction[148]. It has been associated with CD,
diabetes, rheumatoid arthritis and Graves’ disease[148].
MRI is the method of choice to study the orbital region
in orbital myositis because it is able to show the typical
diffuse enlargement of extraocular muscles with blurred
margins and to rule out other lesions such as tumor/
pseudotumor infiltration, apical extension, cavernous sinus involvement and intracranial disease[146]. Orbital myositis most commonly affects the superior recti, the medial
recti and oblique muscles.

Cranial nerve palsies
Cranial nerve palsies can be observed in patients with
IBD. The Melkersson-Rosenthal syndrome[139] is defined
by recurrent facial nerve palsy, fissuring of the tongue,
and noncaseating tissue granulomas, and it has been described in association with CD[140]. The long intracranial
course of the sixth nerve predisposes it to injury by a
variety of abnormalities[139]. Karajeh et al[140] described a
27-year-old female smoker with a 12-d history of diplopia
on right lateral gaze associated with retro-orbital pain before the clinical diagnosis of CD. This typical clinical presentation suggests a vascular sixth nerve palsy with a sudden onset of unilateral abduction deficit accompanied by
retro-orbital pain and diplopia[140]. It is hypothesized that
microvascular ischemic demyelination of a portion of the
nerve is the most likely cause of this clinical condition[140].
This area of ischemic demyelination subsequently undergoes remyelination with clinical recovery[140]. Complete
recovery within 2-3 mo is generally observed[140].
Optical neuropathy, as outlined above, has a clinical
presentation with a bilateral optic disc swelling and it is a
rare condition prevalently associated with CD[141]. Romero Aroca et al[142] reported a 27-year-old woman affected
by UC and optic neuritis that resolved after mesalamine
administration. Optic neuropathy may be attributed to
peripapillary inflammation, optic disc ischemia, or intracranial hypertension[142].
A local vasculitis process or a general hypercoagulability condition can determine optic nerve ischemia.
Modern imaging techniques usually allow one to exclude
dural venous sinus thrombosis[113]; a serious cerebrovascular complication of IBD described in another chapter
of this paper. Another clinical condition is the severe
erosive arthritis of the craniocervical junction that
should always be considered in IBD patients with persistent neck pain because a late diagnosis may determine
severe neurological defects[143].

Classic migraine
The prevalence of migraine in patients with IBD remains unknown[149]. Migraine is associated with systemic
endothelial dysfunction[150], which is also proposed as
a possible pathogenic factor in IBD[151]. Oliveira et al[4]
found that headache is the most common neurological complaint reported both in CD and UC patients, in
54.8% and 56.9% of patients, respectively. In most patients headache is not disabling and it is often associated
with IBD relapse and treatment[4]. Ford et al[149], in a study
performed on about 100 IBD patients (77% women and
23% men, 66% with CD and 27% with UC) by an IDMigraine questionnaire[148], noted a 30% prevalence of
migraine in IBD patients. Migraine was more prevalent
in CD (36%) than in UC (14.8%). In UC patients, the
prevalence of migraine in women did not approach that
of the general population (12.5% vs 18.2%), whereas the
prevalence in men greatly exceeded that of the general
population (18% vs 6.5%)[152].
Currently, migraine is underdiagnosed in IBD patients, although it causes limited ability to work, study and
perform routine activities in a high percentage of IBD
patients[146]. It is important to consider that migraine with
aura may be an independent risk factor for ischemic stroke
in women[153] because they have a 13.7-fold increased risk
for silent infarction in the posterior territory and 2.1-fold
increased risk for deep white matter lesions[154].

Epilepsy
The association between IBD and epilepsy is uncertain[1].
Epileptic seizure in IBD patients may be related to structural or metabolic causes[3]. Seizures may be generalized
tonic-clonic complex, simple, partial or even multiple. A
MEDLINE search[8] using “epilepsy and ulcerative colitis”
as keywords found only five case reports dating back to
the early 1970s. According to the literature, epilepsy appears more frequently associated with CD than with UC[1].
Muscle disorders
Granulomatous myositis and myopathies are associated
with both CD and UC patients[144]; these manifestations
usually appear during exacerbations of IBD[145]. Orbital
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tion[155] and may represent the first response to acute inflammation[156], although they may persist during clinical
remission.
Depression and anxiety occur in IBD and they may
involve sleep disturbances and asthenia[156]. Assessment
of depression and anxiety in IBD is mandatory because
these conditions may contribute to the subjective perception of poor quality of life[157]. Anxiety may be associated with more intense disease activity[158].
Fatigue in IBD may be considered as a consequence
of the disease and its treatment[157]. Iron deficiency may
cause fatigue and sleep disorders in patients with CD[157].
Patients can express fatigue even when bowel disease is
inactive[159]. Minderhoud et al[160] showed that the fatigue
score remains high during disease remission compared
with normal control subjects. Lipton et al[152], in a study
of French IBD patients, found that the scores obtained
on the Multidimensional Fatigue Inventory in IBD patients were similar to those affected by cancer. Fatigue
may be considered a part of the core symptoms of depression[161] and the use of antidepressants may improve
chronic fatigue syndrome. In summary, although chronic
fatigue syndrome is frequent in IBD patients, its precise
pathogenesis is not clear and this most probably reflects
a multifactorial nature of the syndrome.

(IL)-6][167] which in turn causes increased hepcidin production[163], leading to iron deficiency in the CNS as a
cause of RLS[168]. Small intestinal bacterial overgrowth,
which may be observed in CD patients may also cause
RLS by an inflammatory state supported by IL-6 and
hepcidin as in MS patients[169]; in these cases, antibiotic
therapy might be beneficial[169].
Wernicke encephalopathy
Wernicke encephalopathy is a neurological complication
determined by vitamin B1 deficiency[170]. Hahn et al[170]
have reported vitamin B1 deficiency in a young patient
with CD receiving total parenteral nutrition without vitamin replacement. Larnaout et al[171] reported a CD patient
with Wernicke encephalopathy under normal enteral
nutrition. This patient died and autopsy revealed the following pathological cerebral lesions: hemorrhagic necrosis around the third and fourth ventricles with vascular
proliferation and pericapillary hemorrhages; numerous
small hemorrhagic infarctions in the central part of the
corpus callosum; marked spongiosis, predominantly in
the left cerebellar white matter; slight thickening of leptomeninges with some mononuclear cells; and absence
of vascular thrombosis or inflammatory perivascular
cuffing in the brain and spinal cord.

Restless legs syndrome
Restless legs syndrome (RLS) is a CNS disorder characterized by a compelling urge to move the legs at rest; it
contributes to sleep disturbances and impaired quality of
life. RLS may be primary (idiopathic and familial) or secondary to many disorders such as pregnancy, end-stage
renal failure, iron deficiency anemia, rheumatoid arthritis,
diabetes, Parkinson’s disease, fibromyalgia, IBD[162], gastric resection, chronic liver disease, and irritable bowel
syndrome[163]. The diagnosis of RLS must be made according to the following four criteria established by the
International RLS Study Group[164]: (1) an urge to move
the legs, usually accompanied or caused by uncomfortable and unpleasant sensations in the legs; (2) the urge to
move or unpleasant sensations begin or worsen during
periods of rest or inactivity; (3) the urge to move or unpleasant sensations are partially relieved by movement at
least as long as the activity continues; and (4) the urge to
move or unpleasant sensations are worse in the evening
or night than during the day or only occur in the evening
or night.
Weinstock et al[162] reported a prevalence of 30% for
RLS in patients with CD and noted that it appeared during or after the onset of CD symptoms, suggesting a link
between CD and RLS. This association might at least
partly explain the presence of both fatigue and sleep
disturbances in CD patients[161]. Patients with iron deficiency anemia are at particularly high risk of developing
RLS[165] because low brain iron concentration may play
a role in altered dopamine levels, providing a unifying
condition for most cases of the syndrome[166]. In fact,
inflammatory conditions such as CD cause an increased
secretion of proinflammatory cytokines [i.e., interleukin
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Vitamin B12 deficiency
Vitamin B12 deficiency due to terminal ileal disease or
surgical resection in CD may cause subacute myelopathy
combined with degeneration characterized by bilateral
spastic paresis, loss of pressure and vibration sensation
due to degeneration of the posterior and lateral columns
of the spinal cord[172].

CONCLUSION
Neurological complications of IBD, either related to
drug therapy or spontaneously associated with the disease, are relatively frequent and may contribute to a high
degree of morbidity and permanent damage. They are
also frequently difficult to recognize and diagnose, due
to their frequently unclear clinical expression. For these
reasons, knowledge of the different presentations as well
as of differential diagnosis and therapeutic possibilities
is important for the gastroenterologist dealing with IBD
patients. This paper is thus aimed at providing interested
physicians with an in-depth review of the main features
of neurological complications of IBD.
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Primary sclerosing cholangitis as an independent risk factor
for colorectal cancer in the context of inflammatory bowel
disease: A review of the literature
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incidence of CRC. While routine colonoscopic surveillance should be performed in patients with concurrent
PSC and IBD, more high-level evidence is required to
support the benefits of the procedure. While many new
developments have taken place in the last decade, the
pathogenesis and optimal management of CRC development in IBD-PSC patients remain unclear.
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Core tip: The widely accepted risk factors for malignant
transformation in inflammatory bowel disease (IBD)
are disease duration and extent of inflammation. Since
first proposed in 1992, one increasingly recognised
independent risk factor for colorectal cancer development in IBD patients is concomitant primary sclerosing
cholangitis.

Abstract
To examine and evaluate recent evidence regarding
the epidemiology, pathogenesis and management of
colorectal cancer (CRC) development in inflammatory bowel disease (IBD)-primary sclerosing cholangitis (PSC) patients. Using the PubMed database, a
literature search was conducted for relevant articles
in English from the past 10 years. Relevant studies
investigating PSC as a risk factor for CRC in IBD in the
context of incidence and prevalence, pathogenesis,
prevention and prognosis were included in this review.
Recent evidence increasingly points to PSC as a significant risk factor in the development of CRC in patients
with concomitant IBD. PSC may be an important risk
factor for CRC in different populations worldwide. The
mechanism for this increase in risk is still unclear. The
efficacy of UDCA as a chemopreventive agent remains
controversial. Liver transplantation does not halt the
development of CRC, although there is not enough
evidence to suggest that it is associated with increased
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INTRODUCTION
Inflammatory bowel disease (IBD) is a widely accepted
risk factor for colorectal cancer (CRC). The development
of CRC complicating IBD only occurs in 1%-2% of
CRC cases and has been reported to account for up to
a third of mortality in ulcerative colitis (UC) patients[1].
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Table 1 Summary of studies investigating colorectal cancer as a risk factor in patients with concurrent primary sclerosing cholangitis
and inflammatory bowel disease
Ref.

Location

IBD-PSC patients (n )

Colorectal neoplasms (n )

Matched controls?

Study type

Is IBD-PSC a risk for CRC?

[24]
[9]
[12]
[31]
[28]
[30]
[32]
[33]

The Netherlands
Belgium
Sweden
Germany
Argentina
United States
Sweden
United Kingdom

IBD (126)
IBD (107)
IBD (152)
IBD (120)
UC (39)
UC (50)
CD (28)
CD (35)

CRC (16)
CRC (10)
CRC/Dys (3)
CRC (7)
CRC (7)
N/S
CRC/Dys (9)
Dys (1)

No
No
No
No
Yes
Yes
Yes
No

Retrospective
Retrospective
Retrospective
Prospective
Prospective
Retrospective
Retrospective
Retrospective

Yes
Yes
No
Only with dominant stenosis
Yes
No
Yes
No

UC: Ulcerative colitis; CD: Crohn’s disease; Dys: Dysplasia; N/S: Not specified; CRC: Colorectal cancer; PSC: Primary sclerosing cholangitis; IBD: Inflammatory bowel disease.

and management strategies of CRC development in
IBD-PSC patients.

Established risk factors for malignant transformation
in IBD include disease duration and extent[2-4], family
history of CRC[5,6], and concomitant primary sclerosing
cholangitis (PSC).
PSC is a chronic syndrome of unknown aetiology.
PSC is characterised by destruction and stenoses of
intrahepatic and extrahepatic biliary ducts by inflammation and fibrosis, leading to cholestasis. As the disease
progresses, portal tract fibrosis and biliary cirrhosis may
develop, which may ultimately lead to death from hepatic cirrhosis and failure[7]. Besides CRC, PSC has been
associated with other malignant conditions, including
cholangiocarcinoma[8,9], pancreatic carcinoma[10], gallbladder cancer[11], hepatobilliary cancer[12], and hepatocellular
carcinoma[10,13].
The incidence of PSC may be increasing, possibly
due to earlier recognition and increasing index of suspicion[14]. The mean age of PSC diagnosis is 40 years,
and the median survival time from diagnosis to death or
liver transplantation is approximately 12 years[15]. PSC
has a slightly male predominance[16]. Currently, the only
definitive long-term treatment of PSC is liver transplantation[7].
The association of PSC with UC is stronger than with
Crohn’s disease (CD). The prevalence of concurrent PSC
in UC patients is up to 8%, compared to only 1% to 3%
for CD[17,18]. Evidence suggests that this figure varies according to the extensiveness of disease; the prevalence of
PSC is approximately 5.5% in patients with pancolitis, but
only 1% in those with distal colitis[18,19]. Overall the prevalence of PSC is approximately 10% in CD and 80% in
UC[19,20]. Broomé et al[21,22] first proposed the association
of PSC and CRC in UC patients in 1992 with a cumulative risk of 50% at 25 years of developing CRC in UC =
PSC patients.
The suggestion that PSC is an independent risk factor for CRC in IBD patients is one that has widely debated. Currently, no explanation of how PSC increases
the risk of CRC in IBD patients has been agreed upon.
Numerous literature reviews, including a meta-analysis
conducted in 2002[23], have evaluated earlier research
concerning this topic. This review aims to evaluate
research within the last decade and examine recent evidence concerning epidemiology, pathogenic mechanisms

WJG|www.wjgnet.com

RESEARCH
A literature search was conducted using the PubMed database for relevant articles from January 2002 until January 2014. The keywords used were: primary sclerosing
cholangitis, colorectal, cancer, neoplasia, carcinoma, inflammatory bowel disease, Crohn’s disease and ulcerative
colitis. Relevant studies investigating PSC as a risk factor
for CRC in IBD in the context of incidence and prevalence, pathogenesis, prevention and management, and
prognosis were included in this review. Articles not written in English, review articles and published abstracts
were not included.

EVALUATION OF EVIDENCE
Since the initial proposal in 1992 by Broomé et al[21], recent research continue to support concurrent PSC as a
key risk factor in the development of CRC in IBD. The
studies evaluated in this section are summarised in Table
1. Many studies now recognise PSC as just an important
risk factor for CRC development as previously established risk factors such as duration and extent of IBD.
Early studies of PSC patients were characterised by
small cohorts, small statistical power and disparate measurable outcomes. The increasing awareness of the link
between PSC and CRC has allowed larger and better
designed studies to be conducted. A retrospective Dutch
study in 2009 investigated 211 PSC patients. Of that cohort, 60% had concurrent IBD. The risk of CRC development was 14% at 10 years and 31% at 20 years in PSC
patients with concurrent IBD, compared with a steady
risk of 2.3% in patients without concurrent IBD (P <
0.01)[24]. The study also found that the majority of CRCs
were located in the right colon, proximal to the splenic
flexure, a result that has been confirmed by numerous
other studies[25,26]. The same group went on to confirm
this finding in a subsequent study, where the majority
(67%) of IBD-PSC patients that developed CRC had tumours in the right-sided colon (P < 0.01) in contrast to
patients with IBD alone. Based on this finding, a differ-
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Table 2 Summary of studies investigating the efficacy of ursodeoxycholic acid a chemopreventive agent in primary sclerosing cholangitis patients with concurrent inflammatory bowel disease
Ref.

Location

[36] United States
[37] United States
[38]
Sweden
[39] United States
[40]
Germany

UDCA (n ) CRN incidence UDCA (n ) No UDCA (n ) CRN incidence no UDCA (n )
29
28
37
25
120

3
3
13
9
7

23
92
40
31
N/A

8
13
15
3
N/A

Study type

Is UDCA chemopreventive?

RCT
Yes
Retrospective
No
RCT
No
RCT
No-high dose UDCA
Prospective No-short term; yes-long term

CRN: Colorectal neoplasm (dysplasia and cancer); RCT: Randomised controlled trial; N/A: Not applicable; UDCA: Ursodeoxycholic acid; PSC: Primary
sclerosing cholangitis; IBD: Inflammatory bowel disease.

the 1980s[24]. This led the researchers to postulate that
the lowered incidence of CRC in this cohort was a result
of better management of IBD in recent years[12].
Studies have also disease subtypes in the prediction
of CRC. A prospective study of 171 PSC patients being
treated with ursodeoxycholic acid (UDCA) found that
IBD coexisting with dominant ISC bile duct stenosis
had an increased CRC incidence, whereas IBD without
dominant stenosis had no effect on the incidence of
carcinoma (P < 0.05). The authors did not speculate
whether this observation was a result of the interaction
between dominant stenosis and IBD, or whether it was
to do with UDCA treatment[31].
While the risk of CRC is established for UC-PSC patients, studies have also evaluated their association with
CD. The overall risk of CRC development in CD-PSC is
not as strong as UC-PSC. Lindström et al[32] studied the
development of CRC in 28 patients with both PSC and
CD, compared to controls with CD only. They found
PSC to be a risk factor for development of CRC and
dysplasia in CD (OR = 6.78, 95%CI: 1.65-27.9), but the
study was limited by its small cohort and retrospective
design. Another retrospective review of 166 PSC-IBD
patients did not find an increased risk of CRC or dysplasia in CD[33].

ence in pathogenesis of CRC may occur in patients with
PSC and concurrent IBD, compared to patients with
IBD alone[27].
Other studies have also evaluated the cumulative risk
of CRC development in the long-term. Fevery et al[9]
studied 200 PSC patients in a long-term, single-centre
study in Belgium, where 60% of the cohort had concomitant IBD. The cumulative incidence for the diagnosis of CRC after IBD diagnosis was found to be 2% in 5
years, 7% in 10 years and 15% in 20 years. Additionally,
the median age of CRC diagnosis was 49.5 years, leading the authors to conclude malignancy to be the major
cause of early mortality in patients with PSC.
Terg et al[28] prospectively recruited a Latin American
PSC cohort from 1333 patients with UC. The prevalence
of PSC was 2.9% and the cumulative risk of CRC after
10 and 20 years in these patients was 11% and 18% respectively, compared to 2% and 7% in UC without PSC
(P < 0.01). Hence, it was confirmed that patients with
UC and PSC indeed have a higher risk of CRC. An AsiaPacific Consensus Group consisting of representatives
from a host of countries, including India, China, Philippines and Australia published a paper in 2010 outlining
various findings in UC patients in these countries. There
was consensus on the statement that PSC associated
with UC is less prevalent in the Asia-Pacific region compared to Western nations, though the level of evidence
on this finding was classified as fairly weak. There was
also some consensus on the statement that PSC in the
setting of UC significantly increased the risk of development of CRC[29].
Some studies have not confirmed PSC as an independent risk factor of CRC in IBD. A 2006 case-control
study investigating predictive and protective risk factors
associated with CRC in UC patients did not find PSC
to be significant[30]. A Swedish population-based cohort
of 199 PSC patients revealed that while the disease was
associated with a four-fold increase in mortality compared with the general population (SMR = 4.20, 95%CI:
3.01-5.69), the researchers unexpectedly could not confirm that PSC or PSC with concurrent IBD was associated with a higher incidence of CRC and colorectal
dysplasia compared with the general population[12]. This
cohort of patients was diagnosed from 1992 to 2005,
which is relatively recent compared with other largescale studies of PSC patients with cases recruited from
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PREVENTION OF CRC
The cause of the increased risk of CRC in PSC is largely
unknown. Studies have evaluated whether the risk of
CRC can be reduced. Strategies such as colonoscopic
surveillance, UDCA and liver transplantation have been
investigated as potential methods of preventing the development of CRC.
UDCA
The chemopreventative effects of UDCA against CRC
in IBD-PSC patients remain controversial. UDCA is a
synthetic, hydrophilic bile acid that purportedly prevents
the carcinogenic effects of secondary bile acids in the
colon[34,35]. A summary of recent data concerning the efficacy of UDCA is presented in Table 2.
A randomised, placebo-controlled trial evaluated the
effect of UDCA on CRC and colorectal dysplasia in
patients with concurrent UC and PSC[36]. Colorectal neoplasia developed in 10% of the patients assigned to the
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UDCA group compared to 35% of the patients assigned
to the placebo group (RR = 0.26, 95%CI: 0.06-0.92).
Wolf et al[37], however, reported that the incidence of
CRC and colorectal dysplasia was not significantly different between patients treated with UDCA and patients
that were not, but the UDCA patients did report a lower
mortality rate (P < 0.05).
A long-term, randomised placebo-controlled trial
of IBD-PSC patients prescribed UDCA vs placebo
followed-up patients for more than 10 years yielded no
difference in the CRC rate between the UDCA (13%)
and placebo (16%) groups. There also was no significant difference in cancer-free survival between the two
groups[38]. Another long-term, randomised placebo-controlled trial assessed the effects of high dose UDCA (28
to 30 mg/kg per day) on the development of colorectal
dysplasia and CRC in UC-PSC patients. The study found
that UDCA had an adverse effect on neoplasia development where high dose UDCA significantly increased
development of colorectal dysplasia and CRC compared
to control (HR = 4.44, 95%CI: 1.30-20.1)[39].
Some studies have attempted to reconcile these conflicting findings. In a prospective cohort study conducted
by Rudolph et al[40], the trend of colorectal carcinoma development in patients treated with UDCA was observed
to increase up to 6 years after the start of treatment,
plateaued between 6 to 9 years, and after treatment for
more than 9 years (up to at least 12 years) no further
colorectal carcinomas developed. This finding, together
with others, suggests that the effects of UDCA in UCPSC patients may not be straightforwardly beneficial or
non-beneficial, and that longer term, placebo-controlled
trials are needed to provide evidence for or against
UDCA as a chemopreventative agent. Lower doses of
UDCA have been used to avoid possible adverse events.
A recent meta-analysis reporting 177 cases of CRC
in 763 patients with PSC-IBD failed to demonstrate significant protective association between UDCA use and
CRC with OR = 0.81, 95%CI: 0.41-1.61. However, a significant chemopreventive effect was found on the risk of
advanced neoplasia defined as CRC and/ or high-grade
dysplasia (OR = 0.35, 95%CI: 0.17-0.73). Low-dose
UDCA (8-15 mg/kg per day) did significantly reduce
CRC (OR = 0.19, 95%CI: 0.08-0.49)[41]. Another metaanalysis of a similar dataset showed similar results[42].

10 years. The risk of developing CRC in PSC patients
without IBD was 0% at 10 years[43]. Another study from
the Cleveland Clinic found that coexistant IBD and PSC
had a colorectal neoplasia incidence rate of 34% following liver transplantation, very similar to the incidence in
matched IBD-PSC controls without liver transplantation
(30%). However, the rate of colorectal neoplasia in IBDPSC patients following liver transplantation was higher
than if liver transplantation was performed for non-PSC
indications (34% and 0%, respectively; P < 0.05)[44].
In a large-scale study, Dvorchik et al[45] identified 192
patients with both PSC and IBD, and found no increase
in the risk of CRC in these patients (P < 0.001). van de
Vrie et al[46] conducted a retrospective study of patients
having had liver transplantation for PSC, and concluded
that transplantation was not adversely affected by IBD,
nor was the course of IBD different after liver transplantation. High incidence rates of CRC remain following liver transplantation for PSC according to a recently
published meta-analysis. The incidence rates of CRC
were 5.8 per 1000 person-years but increased to 13.5 per
1000 person-years in those with an intact colon at the
time of transplantation. A long duration of IBD and
extensive colitis were confirmed as risk factors for CRC
but specific transplant-related factors that may increase
CRC risk were not identified[47]. Overall, the evidence
suggests that liver transplantation does not offer protection against CRC in PSC patients with concomitant
IBD, and that post-liver transplantation patients are just
as likely to develop CRC as non-transplanted patients.
However, there is a lack of evidence to suggest that liver
transplantation is an added risk factor for CRC development in IBD-PSC patients.
Surveillance
With increasing evidence conferring the increased risk
of CRC in IBD-PSC patients, the importance of colonoscopic surveillance after the diagnosis of PSC in IBD
patients has been stressed. The general consensus is that
routine surveillance colonoscopy and random biopsies
should be performed one to two years post PSC diagnosis in IBD patients[48-51].
Despite these recommended guidelines, research show
that scheduled colonoscopy is rarely performed in UC-PSC
patients. A Canadian study followed up IBD-PSC patients
for five years, and found that only 36% of the expected
annual surveillance colonoscopies were conducted. 33%
of patients did not undergo a single colonoscopy, and
11% of patients developed colorectal dysplasia or CRC
during the follow-up period[52]. Another study of 771 patients with an ≥ 8 years history of UC found the prevalence of annual surveillance amongst UC-PSC patients
to be 38.5%, higher than that of the total study population (24.6%)[53]. A recent study from the Mayo Clinic
showed that the rate of colorectal neoplasm (dysplasia
and carcinoma) discovery within two years of diagnosis
of coexisting IBD and PSC (21.5 per 100 patients) was
similar to rate of discovery within eight to ten years (20.4

Liver transplantation
Currently, liver transplantation remains the only effective
treatment of PSC with end-stage liver disease. It follows
that liver transplantation in PSC may offer prevention
against CRC development by improving PSC status,
however, the evidence is largely contrary.
A study from the United Kingdom identified 152
patients with PSC following liver transplantation. Of
these patients, 5.3% developed CRC, of which all of
them had concurrent IBD with an intact colon. The
cumulative risk of CRC development in IBD-PSC patients was calculated to be 14% at 5 years and 17% at
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per 100 patients)[54]. This finding supports current guidelines for annual colonoscopic surveillance for IBD-PSC
patients, starting from when concurrent PSC and IBD
are diagnosed.
Rationale is lacking for the benefit of annual surveillance in IBD-PSC patients in the form of grade A
supporting evidence, and current guidelines have been
mainly based on expert opinion and retrospective studies. Little research has been done in the form of controlled trials to compare the rate of CRC diagnosis and
prognosis between patients that undergo routine colonoscopy and those that do not. Data are unavailable that
surveillance offers any prevention against CRC development or reduction in CRC mortality.

worldwide. The mechanism for this increase in risk is
still unclear. Various methods to prevent CRC development have been extensively investigated. The efficacy
of UDCA remains controversial, and more longer term
randomised placebo-controlled trials are needed. Liver
transplantation does not halt the development of CRC,
although there is not enough evidence to suggest that it
is associated with increased incidence of CRC. Patients
with concurrent PSC and IBD should be educated about
the risk of CRC, and while routine colonoscopic surveillance should be performed, more high-level evidence is
required to support the benefits of the procedure.
While many new developments have taken place in
the last decade, the pathogenesis and optimal management of CRC development in IBD-PSC patients remain
unclear. Further research in these directions will lead to
better insight into the relationship between IBD, PSC
and CRC.

MECHANISMS OF PATHOGENESIS
Currently, the pathogenic mechanisms for the increased
risk of CRC in UC-PSC patients remain unknown. One
hypothesis suggests bile acids as the key culprit. PSC and
other cholestatic conditions typically exhibit impaired
hepatic excretion of bile acids, which may result in colonic build-up of secondary bile acids[55]. Bile acids have
long been suspected as a carcinogen in human gastrointestinal cancers. Studies in animal models have shown
secondary bile acids to cause DNA damage and promote
cell mutation[56]. The observed increase in prevalence of
CRC in the right proximal colon, where secondary bile
acid concentrations are the highest suggests the role of
bile acid in carcinogenesis[25-27]. The strongest evidence
for this hypothesis comes from the beneficial role of
UDCA. Ursodeoxycholic acid modifies the bile acid pool
to reduce levels of the secondary bile acid deoxycholic
acid, thereby purportedly reducing the carcinogenic potential of bile acid[57]. However, the preventative role of
UDCA remains controversial, and similarly the role of
bile acids in the development of CRC is also still up for
debate.
Long-standing inflammation is a recognised risk factor in CRC development in IBD patients[4]. Studies have
shown that coexisting IBD in PSC patients often exhibit
milder clinical courses. Patients often require less use of
steroids, immunomodulators and surgery, and have reduced disease activity or even asymptomatic disease[22,58].
Primary sclerosing cholangitis may be associated with
a milder subclinical IBD for many years before diagnosis[4,19] and hence have had longer disease duration than
apparent, increasing their risk of CRC development and
requiring surveillance to commence immediately upon
diagnosis of PSC[4].
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Core tip: Patients should be encouraged to postpone
conception until their Crohn’s disease (CD) is in remission. Monitoring of nutritional status remains important
in patients with small bowel CD; folic acid, vitamin D
and vitamin B12 may all need to be supplemented.
Most drug treatments are safe in pregnancy, based
on observational data, including 5-aminosalicylic acid,
thiopurines, anti-tumor necrosis factor, and anti-integrins. Methotrexate should be avoided due to its teratogenicity. Cesarean section is only indicated from a CD
perspective in women with active perianal disease at
the time of delivery; all others can have a normal vaginal delivery.
Cury DB, Moss AC. Treatment of Crohn’s disease in pregnant
women: Drug and multidisciplinary approaches. World J
Gastroenterol 2014; 20(27): 8790-8795 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i27/8790.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i27.8790

Abstract
Inflammatory bowel disease affects a substantial number of women in their reproductive years. Pregnancy
presents a number of challenges for clinicians and
patients; the health of the baby needs to be balanced
with the need to maintain remission in the mother.
Historically, treatments for Crohn’s disease (CD) were
often discontinued during the pregnancy, or nursing period, due to concerns about teratogenicity. Fortunately,
observational data has reported the relative safety of
many agents used to treat CD, including 5-aminosalicylic acid, thiopurines, and tumor necrosis factor. Data
on the long-term development outcomes of children
exposed to these therapies in utero are still limited. It
is most important that physicians educate the patient
regarding the optimal time to conceive, discuss the
possible risks, and together decide on the best management strategy.

INTRODUCTION
In recent years, great advances have been made in the
management of inflammatory bowel diseases (IBD)[1].
Nevertheless, many questions arise for physicians and patients when women with IBD consider pregnancy. In this
situation, an understanding of the nutritional, pharmacological and diagnostic considerations is important for
treating physicians to minimize harm to the fetus, while
ensuring the mother’s disease remains in remission[2,3].

FERTILITY IN CROHN’S DISEASE
Fertility issues, risk of the disease in off-spring, and the
impact of both the disease and medication on mother

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Food and Drug Administration drug administration categories for the use of medications in pregnancy
Category

Observations

A

Controlled studies both in humans and in animals have shown that there is no risk during the first trimester and the possibility of fetal harm
is remote
Studies in animals have shown no risk to the fetus. However, no controlled studies have been carried out in pregnant women. In addition,
studies in animals have revealed adverse effects which were not confirmed in pregnant women in the first trimester
There is no record of controlled studies in humans. Studies in animals have shown adverse effects. Moreover, studies in humans and animals
showing that the benefit may outweigh the risk have not been validated
Evidence of risk for the fetus
Studies in animals and humans have shown fetal abnormalities, so these drugs are contraindicated

B
C
D
X

and child can all create fear in many patients wanting to
have a child[2]. Some factors may influence the fertility
rate in patients with Crohn’s disease (CD); these include
active disease and/or malnutrition, and drug-induced
oligospermia in male partners[4]. Active CD in the colon
or the terminal ileum or even surgery such as proctocolectomy with ileoanal anastomosis (colitis) have been
associated with lower fertility rates[4-6]. The psychological burden of disease may also play a role; in perianal
CD, low fertility has been attributed to dyspareunia, decreased libido and depression in some women[7].
Sulfasalazine is associated with infertility in men; in
80% of cases sperm motility is reduced and morphology is changed. Such effects are not reversible with the
administration of folic acid, but they may reverse two
months after the end of the sulfasalazine treatment[8,9].
In contrast to these data, mezalazine, which is also a
5-ASA, and immunosuppressants such as azathioprine,
do not appear to affect spermiogenesis in patients[10].

risk of relapse in women who do not have active disease
at conception is similar to women who are not pregnant[14-25]. A recent meta-analysis of these studies concluded that the risk of active disease during pregnancy
is higher in women who conceive when their disease is
active[26].

THERAPEUTIC DRUGS AND THEIR
SAFETY DURING PREGNANCY AND
BREASTFEEDING
Studies conducted in the last decades with women who
underwent treatment during their pregnancy provides
reassuring data for the specialist as well as for the patient
both during the pregnancy and while breastfeeding. The
Food and Drug Administration (FDA) classification for
drugs according to their known or potential teratogenicity is reviewed in Table 1. Table 2 shows the safety of
medications commonly prescribed for IBD during pregnancy.

EFFECTS OF INFLAMMATORY DISEASE
ON PREGNANCY AND PREGNANCY
EFFECTS ON INFLAMMATORY DISEASE

Sulfasalazine and 5-aminosalicylic acid (category B)
5-aminosalicylic acid (5-ASA) is considered safe up to
doses of 3 mg/d. Above this dose, the risk is considered
uncertain[8-10]. Studies show that sulfasalazine and 5-ASA
in doses below 3 g/d do not increase the risk of congenital malformation, premature birth and miscarriage
in patients with CD or ulcerative colitis (UC). A postmarketing study showed that of 55 pregnant women
who used mezalazine in doses of 1.6 to 4 g/d, three had
fetal malformations, however, these data were not different from those found in the general population, which
suggests that there is no greater risk of malformations
with mezalazine use[9].

Even though most pregnant women with IBD may be
classified as having high-risk pregnancies, the course of
the disease in this group usually does not present major
complications. The rate of premature births in this specific group is frequently double that in women without
inflammatory disease[3]. The risk of congenital malformation in the general population ranges from 1% to 4.8%
and there is no current evidence of an increased risk for
CD patients[11]. Conversely, miscarriage is more frequent
in women with IBD (above 35%), especially in those
with active disease. The natural risk of fetal loss after 16
wk is approximately 1%, which is similar to the risk of
healthy women[12]. Some studies have shown that women
with active CD are more likely to bear children with low
birth weight (less than 2500 g)[13].
The influence of pregnancy on the course of the disease is closely related to the disease status at the time of
delivery i.e., active or inactive. This status will determine
the behavior of the disease itself, the clinical course,
and the response to drug therapy[7]. Some studies show
that 70% of women with active disease have worsening
or persisting symptoms during pregnancy, whereas the
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Azathioprine and 6-mercaptopurine (category D)
Thiopurines (azathioprine and mercaptopurine) both
cross the placental barrier and can be identified in the
umbilical cord blood, however, serum level in the baby
is not significant. Animal studies showed the occurrence
of cleft palate and skeletal and urogenital abnormalities
in rats, and historical retrospective studies associated
thiopurines with teratogenic effects in 5% of cases and
the risk of preterm birth in 3%, in addition to the effects
of low fetal weight and myelotoxicity[4].
More recent observational studies did not observe a
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been proven. Doses above 25 mg/kg per day can induce
renal damage in the fetus in animals and their use in
humans requires serum monitoring of renal function
and blood pressure because both drugs cross the human
placenta, however, there are conflicting reports on this
point[26].

Table 2 Safety of medications prescribed for inflammatory
bowel disease during pregnancy
Safe to use when
indicated
Mesalamine
Sulfasalazine
Balsalazide
Corticosteroids
TPN
Loperamide

Limited data but used when
clinically indicated

Contraindicated

Olsalazine
AZA/6 MP
Ciprofloxacin
Metronidazole
Biologics
Cyclosporine

Methotrexate
Thalidomide

Thalidomide (category X)
Thalidomide is rated as category X (FDA) for pregnant
women due to its potential teratogenic effects. It is contraindicated in this population.

TPN: Total parenteral nutrition; AZA: Azathioprine MP: Mercaptopurine.

Methotrexate (category X)
This drug has also been classified as category X. It is
clearly teratogenic and should not be considered for use
in pregnant women and in women who want to conceive. Patients who are taking this medication should be
instructed to delay conception for three to six months
after its cessation. It can cause growth retardation and
even mental retardation, among other effects.

higher risk of these events in women with IBD. A recent
prospective study of 30 children, performed by de Meij
et al[15], evaluated the effect of azathioprine on the uterus
in relation to quality of life, psychosocial development
and an increased risk of infection, and showed that this
drug did not directly influence these factors when compared to children who had not undergone this therapy.
The American Academy of Pediatrics recommends that
breastfeeding mothers should not take immunosuppressants, as these drugs induce immunosuppression in children[16,22]. Most studies report that the most common adverse effect in pregnant women is related to low weight
and miscarriage[4].

Infliximab (category B)
Infliximab is a chimeric used in the treatment of CD
and UC. It is known to cross the placental barrier after
the second trimester, similar to all IgGs. Maternal and
embryonic toxicity and increased teratogenicity have not
been observed. Infliximab can be detected in high concentrations in the newborn up to 6 mo after delivery, but
the clinical significance of this finding is unknown[19].
Caution with any type of live vaccine in this group of
infants during the first 6 mo is necessary, particularly if
the infant received anti-tumor necrosis factors (TNFs)
during gestation. There were no lethal cases of TB in
three-month-old children who received BCG[19].

Antibiotics
Metronidazole and ciprofloxacin are often administered
in the treatment of patients with IBD, especially perianal CD. Metronidazole is classified as Category B, and
short-term use (7-10 d) is considered safe in pregnancy.
In contrast, extended use in the third month of pregnancy has been associated with fetal cleft palate and cleft
lip, and therefore prolonged use during pregnancy is
contraindicated[4]. Ciprofloxacin is Category C, as quinolones act on the cartilage and in humans they can cause
arthropathy and skeletal abnormalities of the fetus[27].
For this reason, they are not recommended for children
under 18 or for pregnant or breastfeeding women.

Adalimumab (category B)
Considered by the FDA to be a category B drug, adalimumab has been approved for CD in induction, remission and
maintenance phases. It exhibits similar behavior to infliximab, also crossing the placental barrier in the third month
of pregnancy. There are few data on its use by pregnant
women, and related birth defects have been reported, however, further studies are needed. Waage et al[20] conducted
a review study of 126 women who had been subjected
to treatment with adalimumab and no increased risk of
congenital malformation was observed. Recent studies
have indicated dose adjustments during pregnancy to reduce maternal exposure. It has been specifically recommended that the last dose should be given between 34
and 36 wk of gestation[16].

Corticosteroids (category C)
Corticosteroids (prednisolone) cross the placental barrier,
however, they represent a very small risk when used in
the first trimester of pregnancy. Studies carried out in animals have shown that these drugs may increase the risk
of cleft palate and cleft lip when administered in the first
trimester[25]. Glucocorticoids should be administered with
care and both blood pressure and blood glucose should
be monitored due to their ability to induce gestational
hypertension, diabetes, membrane rupture and preterm
delivery.

Certolizumab pegol (category B)
Certolizumab is a Fab fragment of a monoclonal antibody linked to a polyethylene glycol chain. It is used during CD in remission and maintenance and it is known to
cross the placental barrier throughout the pregnancy at a
low level. In a recent study (PIANO), no increased risks
in pregnant women administered certolizumab were ob-

Cyclosporine/tacrolimus (category C)
Cyclosporine and tacrolimus are both calcineurin inhibitors occasionally used in the management of CD. Both
are category C, and can be employed in the treatment
of fulminant colitis; their teratogenic action has not yet

WJG|www.wjgnet.com

8792

July 21, 2014|Volume 20|Issue 27|

Cury DB et al . Treatment of Crohn's disease in pregnancy
Table 3 Classification of the drugs concerning the fetal risk according to Food and Drug Administration
Drugs

Recommendation

Adalimumab
Category B
Azathioprine/6-mercaptopurina
Category D
Balsalazide
Category B
Certolizumab
Category B
Ciprofloxacin
Category C
Corticosteroids

Pregnancy (low risk)
Breastfeeding (probably compatible)
Pregnancy (low risk) when used in low doses and as mono-therapy
Breastfeeding (it is recommended to breastfeed 4 h after taking the drug)
Pregnancy (low risk)
Breastfeeding (probably compatible)
Pregnancy (low risk)
Breastfeeding ( probably compatible)
Pregnancy (not recommended due to skeletal muscular dysfunction)
Breastfeeding (compatible)
Pregnancy (risk of adrenal insufficiency, premature rupture of membrane, in the first trimester although there is
little risk of cleft palate)
Breastfeeding (probably compatible)

Category C
Cyclosporine
Category C
Infliximab
Category B
Mezalazine
Category B
Asacol (category C)
Methotrexate
Category X
Metronidazole
Category B
Olsalazine category (C)
Rifaximin
Category C
Sulfasalazine
Category B
Tacrolimus
Category C
Thalidomide
Category X

Pregnancy (no congenital abnormalities have been noticed)
Breastfeeding (contraindicated)
Gestation (low risk when administered as mono-therapy) (increased risk of infection when used in combination
with azathioprine)
Breastfeeding (probably compatible)
Pregnancy (asacol showed low risk of teratogenicity in animal models)
Breastfeeding (both probably compatible)
Contraindicated in both conditions
Pregnancy (used in the first trimester increases the risk of cleft palate)
Breastfeeding (toxic)
Pregnancy (limited risk)
Breastfeeding (probably compatible)
Pregnancy (animal studies show teratogenicity)
Lactation (its safety is unknown)
Pregnancy (low risk if administered in conjunction with folic acid)
Breastfeeding (probably compatible)
Pregnancy (no increased risk described)
Breastfeeding (contraindicated)
Contraindicated in both conditions

served[21]. In addition, when breast milk was analyzed, it
was noted that from 3 to 6 d post-birth, serum levels of
the drug were not detected. Thus, it seems that this drug
is safe in this phase[21].

during pregnancy; thus, it is contraindicated[23].

DRUGS AND THEIR SAFETY DURING
PREGNANCY AND BREASTFEEDING

Golimumab
Golimumab is a completely human monoclonal antibody
which aims to block anti-TNF. It is administered subcutaneously and was approved in May, 2013 by the FDA
for the treatment of severe ulcerative colitis. To date,
there are no reports on the use of this drug in pregnant
women[24].

It is important to bear in mind which drugs can be used
during pregnancy and lactation. These drugs are shown
in Table 3. In general, 5-ASA derivatives are considered
safe (EL 3b, RGB) as well as corticosteroids (L4, RGC).
A low concentration of these steroids has been noted
in breast milk. To minimize the effects of these drugs it
has been suggested that mothers can breastfeed 4 h after
their ingestion. The thiopurines are excreted in small
amounts in milk, and are also considered safe. However,
more studies are needed to fully confirm the safety of
these drugs (EL 4, RGC). All anti-TNFs are also excreted in small amounts in the milk and there are few studies
regarding the effects on children who are or were breastfed and consequently received these medications (EL5,
RGC). Metronidazole and ciprofloxacin are also excreted
in breast milk and are not considered appropriate during
breastfeeding as their safety is unknown and these agents
should, if possible, be avoided. Studies on tacrolimus

Natalizumab (category C)
Natalizumab was recently approved for induction and
maintenance treatment of CD in patients who do not
respond to therapy with anti-TNF-α. Individual studies
are necessary to prove that its use can be recommended
for pregnant women. In a recent study with natalizumab,
no increase in abnormalities were noted in pregnant
women who had received the drug. A similar result was
found in the PIANO study[22]. However, most studies
did not consider the drug to be safe enough to be used
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are limited and its safety is unconfirmed. Drugs such as
thalidomide, methotrexate and cyclosporine are contraindicated as they have been found in breast milk and are
consequently considered unsafe.

7

ENDOSCOPIC METHODS DURING
PREGNANCY
Endoscopy, colonoscopy, retosigmoidoscopy and cholangiography are considered safe during pregnancy according to ECCO Statement 7G (EL4, RGC). However,
caution is required in relation to these procedures and
there must be a strong indication for these procedures
to be carried out in the second trimester (EL5, RGD).
Techniques for hemostasis are safe, but should be performed with caution (EL3, RGC).

8
9
10

RISK OF THROMBOEMBOLISM IN
HOSPITALIZED PREGNANT WOMEN

11

Many studies have considered the increased risk of venous thromboembolism in pregnant women. This increased risk was noted in the first six weeks of the postnatal period, and is even higher in pregnant women with
inflammatory bowel disease. The use of low-molecularweight heparin is considered important to prevent this
event and should be considered especially in women
who have been or will be hospitalized (EL3 RGB).

12
13
14

CONCLUSION

15

Due to the current knowledge on inflammatory bowel
disease, it is thought that the majority of drugs administered during pregnancy are safe for both the mother and
the fetus. However, guidance in this group of patients
(mothers-to-be) and control of disease activity before
conception are essential for the prevention of miscarriage or premature birth. Most drugs are also safe for
breastfeeding.

16

17
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INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal disorders causing patients to seek
medical treatment. It exerts significant economic burden
and is responsible for considerable morbidity in Western
countries[1]. Despite these costs and numerous investigations into the pathophysiology and treatment of this disorder, our understanding of IBS is still incomplete. Over
the last ten years, increasing insight into the enteric nervous system and how its dysfunction may play a role in
IBS pathology has emerged[2]. Additionally our increasing
understanding of the gut microbiome and how its potential disruption may lead to IBS symptoms has also been
highlighted[3]. However, with few exceptions, these insights have yet to lead to targeted treatment strategies for
IBS. Currently, many clinicians use a treatment approach
based on the predominant symptoms of the patient: constipation (IBS-C), diarrhea (IBS-D), or mixed symptoms
(IBS-M) (Table 1)[4]. Several new drugs have recently been
examined for IBS using this symptom-based approach.
Two agents for IBS-C, lubiprostone and linaclotide have
been approved by the United States Food and Drug Administration (FDA) for that specific indication[5]. To improve the evidence by which drugs for IBS are approved,
the FDA has recently proposed standardized outcomes
for approval studies as is discussed later in this paper.
The purpose of this paper is to provide the clinician with
a concise review of pharmacotherapy strategies for IBS.

Abstract
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal disorders causing patients to seek
medical treatment. It is relatively resource intensive
and the source of significant morbidity. Recent insights
into the pathophysiology and treatment of IBS has
given clinicians more options than ever to contend with
this disorder. The purpose of our paper is to review
older, “classic” treatments for IBS as well as newer
agents and “alternative” therapies. We discuss the evidence base of these drugs and provide context to help
develop appropriate treatment plans for IBS patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Irritable bowel syndrome; Probiotics; Rifaximin; Lubiprostone; Linaclotide; Peppermint oil
Core tip: Gastroenterology practitioners have more
agents than ever before to treat the symptoms associated with irritable bowel syndrome. Unfortunately,
despite advances in our understanding of the pathophysiology of this disorder, targeted treatments do not
yet exist. This review summarizes the recent evidencebased treatment of this disorder, including, older and
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IBS symptom scores, and overall global assessment. A
subgroup analysis revealed only TCAs remained statistically significant for abdominal pain and improvement in
symptom scores. However, this may be due to a smaller
number of patients and trials studying the use of SSRIs
to treat IBS. In addition, an earlier meta-analysis demonstrated a reduction in pain, bloating, and other symptoms,
although it contained mostly TCA trials[11].
Despite the large differences in the amount of supporting data, many clinicians are reticent to prescribe
TCAs instead of SSRIs given the poor tolerability of
these agents. In fact, one trial utilizing desipramine found
nearly one in five subjects of that treatment arm dropped
out due to adverse reactions[12]. Secondary amine tricyclic
antidepressants (e.g., nortriptyline) are typically better
tolerated than tertiary amines (e.g., amitriptyline) because
of decreased anticholinergic adverse effects. In addition,
lower doses of TCAs as compared to doses used to treat
depression seem adequate to provide IBS symptom relief.
Despite a more favorable side effect profile, SSRI use is
more controversial in IBS patients as the supporting evidence is not nearly as robust. Clinical guidelines do suggest hypothetically that SSRIs may be of more utility in
IBS-C and TCAs may be of more benefit in IBS-D due
to their respective effects on whole gut transit times[8].
Clinicians await head-to-head trials with these agents.

Table 1 Irritable bowel syndrome subtypes
Subtype

Definition
(symptoms classified using Bristol stool form scale)

IBS with
> 25% of stools are hard or lumpy and < 25% of
constipation (IBS-C)
stools are loose/mushy or watery
IBS with diarrhea
> 25% of stools are loose/mushy or watery stools
(IBS-D)
and < 25% are hard or lumpy
Mixed IBS (IBS-M)
> 25% of stools are loose/mushy or watery stools
and > 25% and hard or lumpy
Unsubtyped IBS
insufficient abnormality of stool consistency to
meet criteria for IBS-C, D, or M (in the absence of
antidiarrheals or laxatives)
IBS: Irritable bowel syndrome.

Consequently, it is divided into three sections: “classic”
treatment options, “newer drugs,” such as lubiprostone
and linaclotide, and “alternative” treatments such as probiotics and peppermint oil. In the last section we will also
discuss emerging information on the so-called “pre-cebo”
effect in IBS.

CLASSIC TREATMENTS FOR IBS
Antidiarrheals
Loperamide is a synthetic opioid, which acts on intestinal
muscles to prolong transit time and inhibit peristalsis.
While loperamide has been studied in different subtypes
of IBS, it may be particularly effective in IBS-D because
of its ability to decrease fecal volume and transit time. A
meta-analysis in 2000 found loperamide to be an effective
agent in decreasing stool frequency and improving stool
consistency, as well as demonstrating a modest improvement in global well being[6]. However, it does not appear
that loperamide is effective in reducing abdominal pain
in comparison to placebo. In fact, some studies show an
increase in abdominal pain particularly when loperamide
is used in IBS-C[7]. Other common antidiarrheal agents,
such as diphenoxylate with atropine, have not been well
studied in IBS and are likely to be less tolerated due to
anticholinergic effects, such as sedation, dry mouth, constipation, and urinary retention.

Antispasmodics
Medications that relax smooth muscle via anticholinergic
mechanisms or calcium channel antagonism have been
commonly utilized for the treatment of IBS. Among
these are alverine, dicyclomine (with or without cimetropium), hyoscyamine, otilonium, pinaverium, scopolamine, and trimebutine. The availability of many of these
medications varies from country to country. Generally,
antispasmodics have been utilized for their effects on
gastrointestinal motility in attempts to reduce abdominal
pain associated with IBS. They have also been evaluated
in combination with agents such as acetaminophen, simethacone, and benzodiazepines in attempts to improve
gastrointestinal discomfort[13-15].
Unfortunately many of the studies evaluating antispasmodics are small, suffer from methodological issues,
and often fail to evaluate individual symptoms or effect
on IBS subtypes. Only a small number of trials include
active comparators. A recent Cochrane review of 29 antispasmodic trials for IBS suggested that some, but not all
antispasmodics may decrease abdominal pain[10]. Similarly
some, but not all, antispasmodics improved IBS symptom scores and global assessment. A subgroup analysis
showed benefit of the use of trimebutine, pinaverium,
and combined dicyclomine/cimetropium in the treatment
of IBS. Anticholinergic side effects of these agents often
include dose-related vision disturbances, dry mouth, and
dizziness. Moreover, antispasmodics can also cause constipation, thus they should be used cautiously in patients
with IBS-C. Prescribers should consider the limitations
of these medications when using them for IBS.

Antidepressants
Antidepressants, such as the tricyclic antidepressants
(TCA), selective serotonin reuptake inhibitors (SSRI), and
serotonin norepinephrine reuptake inhibitors, have been
utilized in the treatment of various functional gastrointestinal disorders. Current treatment guidelines endorse
the use of either TCAs or SSRIs for patients with IBS,
although duloxetine has also been studied in small trials
for this population[8,9]. These agents are believed to act via
centrally-mediated antinociceptive pathways decreasing
abdominal pain associated with IBS. In addition, these
agents may affect the gastrointestinal tract by peripheral
means particularly in gut transit times[8]. A recent Cochrane review pooled 15 TCA and SSRI trials[10]. The antidepressant class as a whole significantly decreased pain,
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Table 2 Response rates for lubiprostone 12 wk phase Ⅲ
irritable bowel syndrome with constipation studies

Overall responder
Month 1
Month 2
Month 3

Table 3 Adverse events for lubiprostone phase Ⅲ irritable
bowel syndrome with constipation studies

Lubiprostone

Placebo

P value

Lubiprostone

Placebo

Lubiprostone

17.90%
10.80%
18.20%
22.00%

10.10%
7.50%
11.40%
14.50%

0.001
0.078
0.003
0.003

12 wk

12 wk

36 wk

1%
22%
8%
6%
2%
5%

1%
21%
4%
4%
2%
7%

1.90%
25.40%
11%
11%
3.70%
4%

Serious
Treatment related
Nausea
Diarrhea
Abdominal distension
Discontinuation due to ADR

Bulking agents
Several bulking agents have been examined in the treatment of IBS. These include psyllium, calcium polycarbophil, bran, and ispaghula husk. These synthetic and
naturally occurring fiber supplements are often used for
their ability to increase stool frequency, quality, and transit time. Consequently, they are often attractive options in
all subtypes of IBS, particularly IBS-C. Most of the trials
involving these agents have been small and as a result,
multiple meta-analyses have been undertaken. An early
systematic review found that there may be a significant
improvement in global IBS symptoms with soluble fibers
(psyllium, calcium polycarbophil, ispaghula), but worsening symptoms with insoluble fiber (bran)[16]. However,
this review suffered from significant heterogeneity. Furthermore, a recent Cochrane review of 12 randomized
control trials showed that fiber supplements do not improve abdominal pain, IBS symptom scores, or global assessment. Other meta-analyses have had similar results[17].

ADR: Adverse drug reaction.

was based on the results of two 12 wk randomized
phase Ⅲ trials that were published in one manuscript in
2009[21]. The primary endpoint in this study was monthly
responder status at three months. The definition of responder was developed between the study investigators
and the FDA and thought to be more rigorous than previous trials of IBS treatments. In this study, a “monthly
responder” was defined as subjects who reported moderate relief of IBS symptoms for four of four weeks or
significant relief for more than two of 4 wk (Table 2).
To be considered an “overall responder” (the primary efficacy endpoint), patients had to be a monthly responder
for two of three months of the trial. Symptoms were recorded in a weekly electronic diary in which patients were
asked “How would you rate your relief of IBS symptoms
over the past week compared to how you felt before you
entered the study?” Subjects’ responses were recorded on
a seven-point scale that ranged from “significantly worse”
to “significantly relieved”. Results of this study showed
a statistically significant improvement in the primary efficacy endpoint (17.9% lubiprostone vs 10.1% placebo,
P = 0.001; NNT = 13), as well as monthly response at
months two and three (Table 2). Adverse events were frequent but similar between the lubiprostone and placebo
groups, with gastrointestinal events occurring most frequently. There was no difference in serious adverse drug
reactions (ADRs) or patients who discontinued treatment
due to an adverse event (Table 3). ADRs to lubiprostone
were reported at a lower rate in the IBS-C trials when
compared to trials examining its other indications of
opioid-induced constipation and CIC. This is likely due
to lower systemic exposure (16 μg/d vs 48 μg/d) and the
differences between disease states since placebo rates
were higher in those trials.
Patients who completed the 12 wk study were eligible for an additional open-label 36 wk extension study
if they had been at least 70% compliant with the study
medication[22]. The primary objective of this study was to
assess long-term safety and tolerability. Treatment related
ADRs were more frequent but similar to the 12 wk study
with nausea and diarrhea reported most commonly (Table
3). The drug was tolerated well with only 4% of patients
withdrawing due to adverse events. This rate was lower
than the 12 wk study, however this likely reflects some selection bias since patients were not treatment naive (except

Osmotic laxatives
Osmotic laxatives are often used in the treatment of
IBS-C due their efficacy in chronic idiopathic constipation. These agents, including polyethylene glycol (PEG)
3350 and lactulose, work by increasing water in the intestinal lumen to decrease intestinal transit time. PEG
3350 (with or without electrolytes) has been utilized in
only a few randomized control trials for the treatment of
IBS[18,19]. It has been shown to be effective for relieving
constipation associated with IBS, but no more effective
than placebo for reducing abdominal pain, bloating, or
other symptoms associated with IBS[18]. Lactulose has
not been rigorously studied in IBS. In addition, lactulose
may cause bloating resulting from fermentation in the
intestinal lumen. Thus it should not be recommended for
patients with IBS.

NEWER TREATMENTS FOR IBS
Lubiprostone
Lubiprostone is a gastrointestinal chloride-channel activator (specifically at the chloride channel 2 receptor)
that enhances intestinal fluid secretion which leads to
increased intestinal motility and facilitation of stool passage[20]. It was FDA approved in 2006 for the treatment
of chronic idiopathic constipation (CIC) at a dose of 24
μg taken twice per day. Subsequently in 2008, its use was
approved for IBS-C in women older than 18 years of
age at a dose of 8 μg taken twice per day. This approval
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those previously in the placebo arm).
Too few men with IBS-C were enrolled in the clinical
trials with lubiprostone to draw any conclusions about its
effectiveness in this population. Because the drug is associated with teratogenic effects in animals, the manufacturer recommends that women who could become pregnant
have a negative pregnancy test before beginning therapy,
as well as be able to comply with effective contraceptive
measures during therapy. The drug is significantly more
expensive than traditional laxatives, and should generally
be reserved for patients who have failed other therapy for
IBS-C.

The safety profile of linaclotide was favorable with diarrhea being the most common adverse effect reported
(5.7% vs 0.3% in placebo-treated patients). Additionally,
no serious or life-threatening adverse effects were reported in this study.
A similarly designed study was performed by Chey
et al[30] to examine the long-term safety and efficacy of
linaclotide in IBS-C. Subjects included 804 patients classified as having IBS-C by Rome Ⅱ criteria and were randomized to either linaclotide 290 mcg or placebo once
daily for 26 wk. Exclusion criteria and outcomes were
virtually identical to the study discussed above. In this 26
wk study, linaclotide achieved the FDA outcome more
frequently than placebo (33.7% vs 13.9% respectively, P
< 0.0001; NNT = 6). As with the 12 wk study, all other
primary and secondary efficacy endpoints showed similar
benefits with linaclotide. Diarrhea was again the most
common adverse effect reported, with 5.7% of patients
dropping out of the study due to this effect. This study
not only helped confirm linaclotide’s role in treating
IBS-C, but it also showed durability of response, a notorious problem when addressing the evidence base of
older treatments for this disorder. As mentioned above,
these two studies were among the first to utilize the
FDA recommended outcomes for IBS trials. It should
be noted that other investigators have examined these
outcomes and have suggested they may be conservative.
Consequently, the true effect size of linaclotide in IBS-C
may be greater than these studies suggest[31].
Most recently, a meta-analysis assessed all current randomized controlled trials of linaclotide for both chronic
constipation as well as IBS-C[32]. For IBS-C, the investigators utilized the two studies listed above as well as a third
trial for which the FDA primary outcome was compiled.
When analyzing the data from these studies together,
linaclotide was associated with a significant improvement in the FDA outcome [RR = 1.95 (95%CI: 1.3-2.9);
NNT = 7 (95%CI: 5-11)]. The authors concluded that
linaclotide was effective and had a robust effect size in
treating IBS-C. Despite the growing evidence, the role
of linaclotide for treating IBS-C in the United States is
still uncertain. Given the published data, some experts
have called for its placement as a first-line option for this
disorder[33]. However, given its cost in the United States
(roughly United States $900 monthly), and the reluctance
of many third-party payers to cover it, its use will likely
be reserved for those patients with IBS-C who have failed
other treatments.

Linaclotide
An agonist of guanylate cyclase, linaclotide is a unique
agent which was recently approved by both American
and European regulatory agencies for the treatment of
IBS-C[23,24]. Stimulation of guanylate cyclase receptors
leads to increased secretion of both guanylin and uroguanylin into the intestinal lumen where they act as a
second messenger for both fluid and electrolyte release
into the large bowel[25]. Linaclotide is minimally absorbed
and has a strong affinity for the guanylate cyclase receptor. Preliminary clinical studies were conducted in the
mid-2000s and found the drug to have significant effects
on ascending colonic transit time and clinical symptoms
related to stooling[26,27]. This led to phase Ⅲ studies that
were submitted for regulatory approval. One such study
was performed by Rao and colleagues in a randomized,
double-blinded fashion on 800 patients with IBS-C[28].
These patients were randomized in this 12-wk trial to linaclotide 266 mcg (n = 405) vs placebo (n = 395). As with
most IBS studies, the majority of patients were white
females who had met Rome Ⅱ criteria for IBS-C. Exclusion criteria included cathartic colon, laxative or enema
abuse, ischemic colitis, pelvic floor dysfunction, recent
abdominal or pelvic surgery, or other conditions that
would explain symptoms, such as inflammatory bowel
disease. Of interest, this study was one of the first to use
the United States FDA recommendations for trial design
and outcomes in IBS studies[29]. Thus, one of the four
primary outcomes in the trial was the combination of (1)
an improvement of ≥ 30% from baseline in the average
of the daily worst abdominal pain scores on standardized
scales; and (2) an increase of ≥ 1 spontaneous bowel
movements from baseline. Numerous secondary endpoints including patient assessed symptoms, such as abdominal discomfort, abdominal bloating, stool frequency
and stool consistency were evaluated. In this study, the
primary FDA endpoint was reached by 33.6% receiving
linaclotide compared with 21.0% receiving placebo (OR
= 1.9, 95%CI: 1.4-2.7, P < 0.0001; NNT = 8). All other
primary and secondary efficacy endpoints were similar.
Of interest was the group of patients who had improvement in abdominal pain of ≥ 30% (34.3% of linaclotide
vs 27.1% placebo, OR = 1.4, 95%CI: 1.0-1.9, P = 0.0262;
NNT = 14). This suggests that in addition to acting as a
laxative, linaclotide has gut anti-nociceptive properties.
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Rifaximin
As previously mentioned, a number of avenues concerning the pathogenesis of IBS have received considerable
investigation in recent years. Among these lines of research is the relationship between host-gut microbiome.
Disruption of this complex relationship, perhaps caused
by small intestinal bacterial overgrowth (SIBO), may lead
to symptoms attributed to IBS: constipation, abdominal
pain and bloating, and change in bowel habit[34]. This
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may explain the subset of IBS patients who develop
symptoms after a gut infection (so-called “post-infectious
IBS”). After disruption of the normal gut microbiome
and overgrowth of the small bowel by bacteria, the
resulting inflammation may lead to chronic IBS-like
symptoms[35]. For the practicing clinician, this does raise
interesting questions, such as is SIBO a cause of IBS,
particularly the diarrhea-predominant version of the disorder[36]? Or conversely, are some patients labeled as having IBS in reality suffering from SIBO? In either event,
a therapeutic strategy aimed at treating SIBO in select
patients with IBS-D may be rational.
Since traditional bacterial culture of the entire small
bowel is impractical, experts have recommended using
breath tests, such as the hydrogen or lactulose test to assess the possibility of SIBO[37]. Selective utilization of
these tests, combined with assessment of patient symptoms may help to delineate IBS patients with a SIBO
component to their disorder. A recent review of this
subject provides an excellent overview for the clinician[37].
Once the determination that SIBO may be playing a factor in a patient’s IBS symptoms, should antimicrobials
be used for treatment? And, if so, which agent would be
preferred? The ideal agent would have little to no systemic absorption, would be active against common gut
flora, and would have few adverse effects. Older agents
traditionally used for bowel decontamination such as neomycin or metronidazole largely do not meet these criteria.
Rifaximin is a drug chemically related to rifampin that has
little to no systemic absorption and is well tolerated[38].
This agent has been used in patients with SIBO and has
been examined in patients with IBS who do not have
constipation. Currently, rifaximin is not FDA approved in
the United States for IBS, however, several trials support
its use for this indication.
An initial small randomized, controlled trial by Pimentel and co-workers in 87 patients with IBS suggested
that a 10-d course of rifaximin 400 mg three times daily
improved patient global scores of symptoms compared
to placebo[39]. This improvement seemed to persist for the
duration of the trial (10 wk) and led these investigators
to confirm rifaximin’s utility in two larger studies named
TARGET-1 and TARGET-2. The results of these trials
were combined and published in 2011[40]. Both studies
were identically designed and enrolled patients with IBS
as assessed by the Rome Ⅱ criteria. Key exclusion criteria
included patients with a recent exposure to antibiotics,
inflammatory bowel disease, diabetes, or use of other
medications exclusively for IBS symptoms. Patients were
randomized to rifaximin 550 mg twice daily for two wk
or placebo and were followed for up to 10 wk after medication completion. The primary outcome was patients
who reported qualitative relief of their global IBS symptoms. A key secondary endpoint was patient assessment
of relief from abdominal bloating. A total of 1260 patients were enrolled in the two trials, making these studies
among the largest in the IBS literature. In looking at the
combined primary endpoint, 40.7% of rifaximin patients
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reported global improvement in symptoms compared to
31.7% of placebo patients (P < 0.001; NNT = 12) in the
two studies combined. Numerous secondary endpoints,
including abdominal bloating, were statistically better in
the active treatment arm compared to placebo. This benefit was largely maintained throughout the study period,
up to 10 wk after treatment ended. No significant adverse
effects were reported in the rifaximin arm, and no cases
of Clostridium difficile-associated diarrhea or ischemic colitis were seen. The authors concluded that a two-week
course of rifaximin may provide lasting improvement of
symptoms in patients with IBS without constipation.
One concern with the aforementioned study was the
need to know durability of response to see if or when
patients would need retreatment. The TARGET lead
investigators performed a retrospective review of patients in their health-system who had received rifaximin
for IBS[41]. Of the 71 patients evaluated, the majority did
require retreatment for relapsing symptoms. However,
patients who responded to one treatment generally also
responded to subsequent ones. This is in accordance with
a study in only SIBO patients that found a recurrence
of symptoms in approximately half of patients nine
months after rifaximin treatment[42]. Such patients may be
required to receive multiple doses of an expensive antibiotic (roughly United States $700 per treatment course),
raising the possibility of developing resistance[43].
Most recently, a meta-analysis was published examining the treatment effect of rifaximin in IBS patients[44].
The authors performed a systematic review that culminated in five articles subject to meta-analysis. The results
of this analysis are consistent with individual trial data.
Rifaximin was found to improve global IBS symptoms
compared to placebo (OR = 1.57, 95%CI: 1.22-2.01;
NNT = 11). Bloating symptoms also improved compared
to placebo (OR = 1.55, 95%CI: 1.23-1.96; NNT = 11).
Given the price of rifaximin in the US, many patients or payers will be unwilling to assume the cost of
the drug. Yet another cost consideration is whether all
patients should undergo hydrogen or lactulose breath
testing before rifaximin therapy. A recent study from
Switzerland suggests that a high percentage of patients
diagnosed with IBS will have positive breath testing, and
when treated with rifaximin, will have a sustained response[45]. This suggests that, if available to the clinician,
such testing should be performed to help guide therapy
with rifaximin.
Other treatments, including prucalopride (a selective
serotonin receptor agonist with prokinetic activity) may become viable options for IBS, but data to date are limited[46].

ALTERNATIVE TREATMENTS
Peppermint oil
Peppermint oil is an antispasmodic available over the
counter in the United States that blocks calcium channels resulting in gastrointestinal smooth muscle relaxation. [8]According to the American College of Gastroen-
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attenuated bacteria, or bacterial products, which when ingested, may have beneficial effects to a patient’s health by
altering the gastrointestinal flora[54]. The precise mechanism of action of probiotics is not known. It is hypothesized that inflammation or disproportion of the gastrointestinal bacterial flora may play a part in the pathogenesis
of IBS. The probiotic theory suggests that supplementation of the gastrointestinal flora with the right types and
numbers of live microorganisms can improve the gut flora and promote health[55]. Additionally, there is evidence
to suggest that certain strains of probiotics may stimulate
an anti-inflammatory response or improve visceral hypersensitivity, which could theoretically lead to an improvement in symptoms of IBS[56]. Probiotics may comprise
a formulation containing a single or mixed-culture of
live microbes and are obtainable in diverse preparations,
including fermented milk drinks, food products (snacks,
chocolates, etc.), capsules, pills, and powders[57]. Side effects are generally minimal, although there are risks for
patients who are immune compromised[58].
Several strains of probiotics have been studied, but
the most commonly used organisms are the lactobacillae
and bifidobacteria (Table 4). Several clinical trials have
evaluated the effectiveness of a variety of probiotics in
patients with IBS, and in general, probiotics can be used
for patients with all types of IBS (IBS-D, IBS-C, and
IBS-M). Nonetheless, the supportive evidence for treating IBS with probiotics is weak due to the heterogeneity
of the studies and the varying probiotics evaluated[59].
Relating and summarizing these trials is difficult due to
differences in study design, patient populations, dosing
regimens, probiotic species utilized, and reported clinical
end points. Regardless of these limitations, some recent
systematic reviews and meta-analyses concluded that
probiotics seem to be effective in patients with IBS[60-63].
A systematic review of data pooled from 10 randomized
controlled trials (RCTs) involving 918 patients with IBS
showed a significant benefit for probiotics vs placebo in
reducing IBS symptoms and decreasing pain and flatulence [RR = 0.71, 95%CI: 0.57-0.88, I2 = 68%; NNT =
4 (95%CI: 3-12.5)][61]. An additional systematic review
of 14 RCTs showed a moderate improvement in overall
symptoms, abdominal pain, and flatulence in patients
taking probiotics vs placebo (OR = 1.6; 95%CI: 1.2-2.2
for dichotomous data from seven trials and standardized
mean difference = 0.23; 95%CI: 0.07-0.38 for continuous data from six trials)[60]. Several of the studies found
improvement in primary end points compared with
baseline, but only some were able to show significant improvement over placebo.
Two types of probiotics were granted the highest rating for efficacy in the treatment of IBS (level “B”: based
on positive, controlled studies and in spite of the presence of some negative studies) in the Recommendations
for Probiotic Use from a Yale University Workshop[64].
The recommendation for Bifidobacterium infantis 35624
was concluded from two well-designed clinical trials[65,66]
and has been labeled with the “B” rating since the 2008
update[67]. One particular mixture of probiotics, VSL#3

Table 4 Probiotic strains
Clinical condition

Effectiveness

Specific strain

IBS
IBS

B
B

IBS
IBS

C
C

Bifidobacterium infantis B5624
VSL33 (composite containing
multiple strains):
3 strains of Bifidobacterium:
Bifidobacterium longum
Bifidobacterium finfantis
Bifidobacterium breve
4 strains of Lactobacillus:
Lactobacillus acidophilus
Lactobacillus casei
Lactobacillus bulgaricus
Lactobacillus plantarum
1 strain of Streptococcus salivarius,
subspecies
Thermophilus
Bifidobacterium animalis
Lactobacillus plantarum 299V

IBS: Irritable bowel syndrome.

terology, peppermint oil may provide short-term relief of
discomfort and abdominal pain in IBS and appears to be
superior to placebo[17]. However, this conclusion is based
on a small number of studies (Grade 2B), and there are
no long-term studies to support chronic use. Additionally,
there is large variation in the doses of oral peppermint
oil (450-900 mg/d in 2-3 divided doses) and duration
of therapy used in clinical trials (1-3 mo)[47-51]. The most
common adverse effect reported with oral peppermint oil
is gastroesophageal reflux. This is thought to be due in
part to relaxation of the lower esophageal sphincter, and
has led to the popularity of enteric-coated preparations
that can bypass the upper gastrointestinal tract[52].
A 2008 meta-analysis including 4 trials (n = 392) provides support for the use of peppermint oil in IBS[17].
In this study, peppermint oil (n = 197) resulted in fewer
patients reporting persistent symptoms compared to
treatment with placebo (n = 195) for a duration of one
to three months (26% vs 65% respectively, RR = 0.43,
95%CI: 0.32-0.59; NNT = 2.5). However, statistically significant heterogeneity was detected between studies (I2 =
31.1%, P = 0.23). Only one of the trials (n = 57) reported
the type of IBS according to stool pattern, as two of the
four trials included predate the use of these subgroups
which were developed with the publication of the Rome
Ⅱ criteria in 1999. In this study, 25% of patients had predominant IBS-C and 75% had IBS-D[49]. Additionally, the
treatment effect of peppermint oil was found to last for
4 wk after stopping therapy in over 50% of patients in
this trial. Although other alternative therapies have been
advocated to treat IBS, data on many of these treatments
are limited. Oral capsaicin was examined in one small trial
found a small improved in abdominal pain and bloating
scores, but discontinuations due to initial intolerance was
high[53].
Probiotics
Probiotics are dietary supplements that contain live or
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Diagnosis of irritable bowel
syndrome (IBS)

Assess/treat
concomitant psychiatric
or other disorders

Assess and perform patient
education

Determine predominant
symptoms

Assess/treat celiac disease
or small bowel bacterial
overgrowth if indicated

Consider probiotics in
combination with conventional
therapies for all IBS subtypes
Use at doses suggested by
manufacturer for at least 4 wk

Constipation (IBS-C)
First line: slowly titrate dietary fiber up to 20
g/d and consider polyethylene glycol
Second line: consider addition of an SSRI
Third line: trial of lubiprostone of linaclotide

Diarrhea (IBS-D)
First line: loperamide as needed or scheduled
for persistent symptoms
Second line: consider addition of a TCA
Third line: hydrogen/lactose breath testing;
two week course of rifaxamin

Referral to IBS specialist if
standard measures fail

Abdominal pain with mixed bowel symptoms (IBS-M)
First line: dicyclomine, pinavarium, trimebutine, or peppermint
oil capsules for 4-6 wk
Second line: D/C antispasmodic if no benefit noted. Add TCA
or SSRI for 4-6 wk
Third line: rifaxamin if residual pain/bloating

Figure 1 Treatment algorithm for irritable bowel syndrome. IBS: Irritable bowel syndrome; TCA: Tricyclic antidepressant; SSRI: Selective serotonin reuptake inhibitor; D/C: Discontinue.

moved up from a “C” rating to a “B” rating based on the
results from two trials[68,69]. A more recent study evaluated
patients randomized to receive either placebo or Bifidobacterium bifidum MIMBb75[70]. This particular probiotic
type reduced the global assessment of IBS symptoms (on
a 7-point Likert scale) by 0.88 points vs 0.16 points (P <
0.0001) and had adequate symptom relief in 47% vs 11%
(P < 0.0001, NNT = 3).
It is important to note that in the United States, regulatory authorities consider probiotics as dietary supplements that are not intended to diagnose, treat, cure, or
mitigate the effects of diseases. It is advised that consumers should consult with a health care professional
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before consuming these products. Many of the available
products have not been sufficiently tested for their effectiveness in IBS in satisfactorily designed clinical trials.
Another critical factor is the issue of the type products
being sold to the public and if their content have enough
viable amounts of organisms to make a clinical difference[71]. Furthermore, a study by Mercer et al[72] evaluated
how patients with IBS viewed probiotics. In this study,
patients conveyed frustration that their more traditional
IBS medications had worked at first, but became less effective over time. Patients in this study considered probiotics as an appealing potential therapeutic approach for
those running out of pharmaceutical options.
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Further research is needed to help identify the most
effective probiotic species and strains, and the ideal regimen. However, with limited available treatments for IBS,
the overall safety of probiotics lowers the bar for trying
probiotic products in patients with IBS. Clinicians should
not recommend probiotics as monotherapy in symptomatic patients with IBS, but rather in combination with
current conventional treatments[57]. Based on the limited
evidence for the use of probiotics in patients with IBS,
the following organizations have developed guidelines to
aid clinicians in their recommendations of products to
patients. The National Institute for Health and Clinical
Excellence in the United Kingdom has the following recommendation about the use of probiotics in IBS: “Probiotics do not appear to be harmful (unless they come from
an unreliable source) and they might benefit people with
IBS; they should be advised to take the product at the
dose recommended by the manufacturer for at least four
wk while monitoring the effect[73].” Additionally, recommendations from the American College of Gastroenterology Task Force on IBS resolved that Bifidobacteria and
certain combinations of probiotics demonstrate some efficacy, and that in single-organism studies, lactobacilli do
not appear effective for patients with IBS[8].

ever before to treat the symptoms associated with IBS.
Unfortunately, despite advances in our understanding
of the pathophysiology of this disorder, targeted treatments do not yet exist. Based on the literature reviewed
in this paper, the authors have constructed an algorithm
to guide practicing clinicians who encounter this disorder
(Figure 1). This algorithm is stratified to symptoms, economic costs, and level of evidence. Using this, or another
systematic approach will enable practitioners who treat
IBS to do so more efficiently, yet provide relief to a significant number of their patients with this disorder.
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Irritable bowel syndrome: a disease still searching for
pathogenesis, diagnosis and therapy
Massimo Bellini, Dario Gambaccini, Cristina Stasi, Maria Teresa Urbano, Santino Marchi, Paolo Usai-Satta
Nevertheless, the severity of the patient’s symptoms or
concerns sometimes compels the physician to perform
useless and/or expensive diagnostic tests, transforming IBS into a diagnosis of exclusion. The presence of
alarming symptoms (fever, weight loss, rectal bleeding,
significant changes in blood chemistry), the presence
of palpable abdominal masses, any recent onset of
symptoms in patient aged over 50 years, the presence
of symptoms at night, and a familial history of celiac
disease, colorectal cancer and/or inflammatory bowel
diseases all warrant investigation. Treatment strategies
are based on the nature and severity of the symptoms,
the degree of functional impairment of the bowel habits, and the presence of psychosocial disorders. This
review examines and discusses the pathophysiological
aspects and the diagnostic and therapeutic approaches
available for patients with symptoms possibly related to
IBS, pointing out controversial issues and the strengths
and weaknesses of the current knowledge.
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Abstract
Irritable bowel syndrome (IBS) is the most frequently
diagnosed functional gastrointestinal disorder in primary and secondary care. It is characterised by abdominal
discomfort, pain and changes in bowel habits that can
have a serious impact on the patient’s quality of life.
The pathophysiology of IBS is not yet completely clear.
Genetic, immune, environmental, inflammatory, neurological and psychological factors, in addition to visceral
hypersensitivity, can all play an important role, one that
most likely involves the complex interactions between
the gut and the brain (gut-brain axis). The diagnosis
of IBS can only be made on the basis of the symptoms
of the Rome Ⅲ criteria. Because the probability of
organic disease in patients fulfilling the IBS criteria is
very low, a careful medical history is critical and should
pay particular attention to the possible comorbidities.
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Core tip: The pathophysiology of irritable bowel syndrome (IBS) is not definitely known and many fundamental questions remain unanswered about its pathophysiology, diagnosis and therapy. Conflicting results
reflect the largely overlapping data of healthy controls
and the wide heterogeneity of the IBS patients. This
review summarises the main pathophysiological aspects, practical diagnostic approaches and therapeutic
management strategies for patients with symptoms
possibly related to IBS, in addition to pointing out some
controversial issues and pointing out the strengths and
the weaknesses of our current knowledge.
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This review summarises the main pathophysiological
aspects, practical diagnostic approaches and therapeutic
management strategies for patients with symptoms possibly related to IBS, in addition to pointing out some
controversial issues and pointing out the strengths and
the weaknesses of our current knowledge.
A search of the literature was carried out using the
online databases of Pubmed, Medline and Cochrane to
identify articles published in English concerning pathophysiology, diagnosis and treatment of IBS.

pathogenesis, diagnosis and therapy. World J Gastroenterol 2014;
20(27): 8807-8820 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i27/8807.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.8807

INTRODUCTION
Irritable bowel syndrome (IBS) is quite prevalent in the
general population (from 5% to 20%) and represents the
functional gastrointestinal (GI) disorder most frequently
encountered in primary and secondary care[1,2]. IBS is
characterised by abdominal discomfort, pain and changes
in bowel habits (constipation and/or diarrhoea)[3] that
wax and wane over time. Moreover, it is often associated
with other functional digestive and non-digestive disorders[4-8].
The pathophysiology of IBS is not definitely known
but most likely involves central and peripheral mechanisms. A disruption of the so called “brain-gut axis” that
determines changes in digestive motility and secretion,
causes visceral hypersensitivity and leads to cellular and
molecular abnormalities in the enteroendocrine and immune systems has been suggested. In addition, genetic
factors, infections and alterations of the intestinal microbiota, inflammation and food intolerance and/or hypersensitivity could play a role by altering the integrity of the
intestinal barrier and increasing intestinal permeability[9,10].
Up to now, unfortunately, conflicting results have been
achieved, most likely reflecting the largely overlapping
data of healthy controls and the wide heterogeneity of
the IBS population.
The direct and indirect costs of the syndrome are
significant, as IBS can have a serious impact on patient
quality of life. Because there are not yet any available
biological markers or resolving therapies, the patient may
undergo expensive tests and treatments[11-13].
The therapeutic approach depends on the intensity of
symptoms and the degree of psychosocial comorbidities.
Initial treatment is directed towards education, reassurance and lifestyle modification. In a second phase, an
appropriate pharmacotherapy can be proposed on the
basis of individual or global intestinal symptoms and/or
psychological disturbances.
Many different drugs have been suggested for IBS
treatment, but their real benefits are very debatable.
Based on the multifaceted pathophysiology of the disease, it is unlikely that drugs acting on a single receptor
and/or a unique pathophysiologic mechanism would be
able to provide any substantial therapeutic gain over a
placebo in this disease, for which the placebo response
rate is approximately 40%[14].
Essentially, we are still far from having discovered
the magic bullet capable of treating all IBS symptoms.
Although many papers have been published on this
syndrome in recent years, up to now, many fundamental
questions remain unanswered about its pathophysiology,
diagnosis and therapy.
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PATHOPHYSIOLOGICAL ASPECTS
The pathophysiology of IBS, as in all functional digestive
disorders, is complicated because there is no clearly identified pathophysiological basis for the disease. In fact, IBS
is identified by a combination of chronic or recurrent
GI symptoms in the absence of structural abnormalities
(radiological/endoscopic) or biomarkers capable of positively identifying this condition. Aside from these drawbacks, the clinical manifestations of IBS are themselves
extremely heterogeneous, a sort of “semantic umbrella”
under which different clinical situations related to phenotypic aspect (traditionally subtyped as diarrhoea predominant, constipation predominant and mixed type) and the
modality of clinical onset (post-infectious, food-related,
stress-linked, etc.) fall[15].
The aetiology of IBS is multifactorial. Many pathogenetic factors, in various combinations and not all necessarily present in each patient, can play an important role
(Table 1). Genetics, immune factors, environmental influences, inflammatory and infective agents, neurological
and psychological factors, hypersensitivity to food and to
bile salts and altered intestinal microbiota and permeability can all influence the brain-gut axis, leading to abnormal
GI function and motility. It is unclear which among these
factors is the trigger or how these conditions converge
to initiate the IBS; previous studies aiming to identify a
factor as more of a trigger over the others all failed to
distinguish any one trigger.
The genetic factors have been extensively studied.
Up to 33% of IBS patients have a family history of
IBS, compared to 2% of controls[16]. There is a higher
prevalence of the disease in families of patients with
IBS compared to the families of the spouses without
IBS[17]. Moreover, some studies have reported a higher
prevalence in monozygotic twins compared with heterozygotes, indicating a hypothetical genetic component[18].
However, other studies[19] demonstrated that having a
parent with IBS was a better predictive factor than having
a twin affected with IBS, suggesting that the environmental factor is more important.
The genetic factors involved in the pathogenesis
of IBS has also been evaluated by a number of studies
investigating the possible role of gene polymorphisms
coding for serotonin (SERT), cholecystokinin (CCK)
receptors 1, anti-inflammatory and pro-inflammatory interleukins and alpha 2 adrenergic receptors[20-22]. As sero-
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pation (IBS-C)] was described in some studies[30,31] but
these results have not been confirmed by more recent
studies[32,33]. Salvioli et al[34] reported a decreased capacity
of the motor activity in the small intestine to eliminate
intestinal gas, resulting in abdominal distension and typical symptoms of IBS. IBS patients likely experience psychological stress, foods, neurotransmitters and/or rectal
or bowel distension, which can lead to an altered motor
response that leads to the same motor events being perceived more strongly and painfully[35].
Visceral hypersensitivity in IBS patients is supported
by several studies[36-38]. Verne et al[39] used functional nuclear magnetic resonance (RMN) to show that a mechanical stimulus (rectal distension) active different regions of
the brain in healthy volunteers, compared to patients with
IBS. Unfortunately, this technique is expensive and not
widely available. Moreover, comorbidities, such as fibromyalgia and psychological disturbances, can significantly
affect its outcome.
Psychological disorders, including sexual and physical
abuse, result in a high percentage of patients with functional disorders. Even if the disorders are not directly responsible for the onset or progression of the IBS symptoms, they certainly determine a different perception of
the symptoms and result in more frequent requests for
medical aid. In fact, these disorders are more common in
IBS patients who seek medical care than in patients who
do not ask for medical help or healthy volunteers[15,40].
Psychological distress and disorders can affect the
brain-gut axis, promoting the release of corticotropinreleasing hormone, which is able to influence mood,
digestive motility, permeability, visceral sensitivity and inflammatory pathways via neuroendocrine and autonomic
outflows[41-44]. Dinan et al[44] showed that physical and
mental stress in IBS patients increased the levels of proinflammatory interleukins, activating both the hypothalamic-autonomic nervous system and the hypothalamicpituitary-adrenal (HPA) axes and consequently increasing
the serological adreno-cortico-tropic-hormone and cortisol levels. Recent studies[44,45] introduced the hypothesis
that IBS could be an inflammatory disorder that is supported by a dysregulation of the HPA.
On the other hand, it has been shown that physical
and psychological stress activates different regions of the
brain among patients with IBS than among healthy volunteers. In particular, IBS patients have a greater activation of the mid-anterior cingulate cortex, an area linked
to anxiety, fear and hypervigilance[46]. This area is the
target of many antidepressant drugs and psychotherapy.
In healthy controls, stress instead activates the perigenual
area, from which originate the descending inhibitory
pathways that control visceral afferents to the posterior
horn of the spinal cord[47].
A continuous and mutual interaction between the gut
and the brain is made possible through the autonomic
nervous system and the enteric nervous system via neuroendocrine mediators (VIP, 5HT, Ach, NO, NO, CCK,
etc.); this system comprises the so-called “gut - brain axis”.

Table 1 Factors potentially involved in the pathogenesis of
irritable bowel syndrome
Altered intestinal motility
Food intolerance/allergy
Enteric infection/inflammation
Altered intestinal immunity
Altered gut microbiota
Genetics
Psychological distress and disorders; sexual abuse

tonin was involved in the regulation of digestive motility,
secretion and visceral sensitivity, particular investigative
emphasis has been placed on polymorphisms of the gene
regulating the reuptake of serotonin (SERT), which can
induce a variation of its synaptic concentration[23]. SERT
polymorphisms are not related to the development or
onset of IBS, but rather to a different clinical expression,
a greater perception of abdominal pain and an increased
dissatisfaction regarding bowel habits[24].
Recently, a “biopsychosocial” model[25,26] has been
introduced, in an attempt to integrate and harmonise the
different factors (genetic, environmental and psychological) acting in a synergistic way to produce these symptoms.
These deficiencies in understanding the pathophysiological mechanisms of IBS have a heavy negative effect
on clinical practice and may explain the disappointing results of previous therapeutic attempts, as well as the high
costs of management. Currently, there is no single drug
that is able to treat all of the symptoms related to IBS;
rather, a “drug cocktail” is administered, having different
effects on different symptoms.
Previous studies[27] have considered this syndrome a
result of alterations in the normal digestive motility pattern, the so-called “spastic colon”. Subsequently, much
interest was directed toward visceral hypersensitivity, under the hypothesis that IBS patients experienced visceral
stimuli more strongly than healthy subjects. Later, IBS
came to be considered a two-way interaction between the
gut and the brain, with much interest directed not only
toward the activation/deactivation of afferent and efferent nervous stimuli but also toward the effects of neuromodulators.
The possibility that IBS could be initiated after an
enteric infection and the evidence that, in inflammatory
bowel disease limited to the mucosa, patients suffer from
enhanced sensory perception and motor dysfunction
have driven researchers to study these as further potential
causes of IBS.
Some previous studies[28,29] attempted to assess whether an abnormal motility pattern is typical in cases of IBS;
however, despite identifying cluster contractions in phase
Ⅱ of the migrating motor complex in the jejunum, propagated ileal contractions related to pain and an increased
postprandial motor activity of the colon, up to now, all attempts made have failed to reach a single typical pattern.
An altered colonic transit rate [accelerated in IBS
and diarrhoea (IBS-D) and slowed in IBS with consti-
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Signals received from the GI tract affect the brain that, in
turn, can affect the motility, secretion and immune functions of the digestive tract. Thus, alterations to this system may cause many digestive disorders, and particularly
IBS, compared to normal, unaltered subjects[41,48,49].
The neuroendocrine system is potentially involved
in the pathogenesis of IBS. This system is very complex
and consists essentially of two components.
The endocrine cells (at least 14 endocrine or paracrine
cell populations), which are distributed between the epithelial cells of the digestive mucosa and directly in contact with the intestinal lumen and its contents; and the
nerve fibres (peptidergic, serotonergic, nitrergic, etc.) of
the enteric nervous system[15].
Motility, secretion, absorption and intestinal microcirculation are all influenced by this system by the means of
several mediators that have endocrine (released directly
into the blood stream), autocrine/paracrine (local effects) or neuroendocrine (released from synapses into the
bloodstream) functions[41].
An alteration to this system has been hypothesised,
in which a decreased density of cells producing gastric
inhibitory polypeptide (GIP) and somatostatin (in D-IBS
and C-IBS) and in those producing secretin and CCK
(in D-IBS) was reported in the small intestine, whereas
a lower expression of cells producing 5-hydroxytryptamine and PYY was detected in the colons of patients
with D-IBS and C-IBS[15,41]. An abnormal inflammatory
response to different events (stress, infections, food, etc.)
could be responsible for the abnormal cellularity in the
colonic mucosa and the increased concentration of proinflammatory interleukins detected in the colons of some
IBS patients[50]. These studies suggest that the activation
of mast cells, macrophages or leukocytes producing inflammatory mediators is able to affect the motility, secretion, sensitive nerve endings and ultimate perception of
pain.
Biopsies from the colons of IBS patients showed an
increased activation of lymphocytes and mast cells in
close proximity to the enteric neurons, with increased
production of cytokines and other proinflammatory and
vasoactive peptides[51,52]. Degranulation of these cells
(especially mast cells) has been associated with the onset
of the typical abdominal pain endured by IBS patients[53].
Moreover, the density of immunocompetent cells gradually increases on a spectrum from controls to patients
with IBS, then to patients with microscopic colitis and,
finally, to those with ulcerative colitis[54].
Inflammation can also result from a previous enteric
infection. The onset of IBS follows an infection in approximately 10% of patients. In these patients, there are
increases in the levels of CD3 serum lymphocytes, CD8
intraepithelial lymphocytes, and macrophage calprotectinpositive cells. Moreover, cells producing serotonin and
CCK were found to be increased in the small bowel,
while those producing serotonin and PYY were decreased
in the colon. These alterations were usually transient but
tended to persist in patients who developed IBS[55].
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In post-infectious IBS and D-IBS, intestinal permeability has also been studied. The findings included a
decreased expression and remodelling of the structural
proteins constituting the epithelial “tight junctions” in
the cells of the small intestine and colon. These changes
increased the intestinal permeability, resulting in an easier
passage of antigenic material through the epithelium and
a stimulation of the intestinal immune system (especially
mast cells) with the production of the proteases, histamine and prostanoids able to maintain the permeability
and to produce abnormal neuronal responses, inducing
the motor and sensory results typical in IBS[42].
Based on these results, it is evident that preserving, maintaining or restoring the normal composition
of the intestinal microbiota is essential for good bowel
function[42]. The intestinal microbiota is a major target
of many therapeutic options for relieving IBS symptoms. The colon of each individual contains from 300
to 500 different species of bacteria. Thus, each of our
microbiota is individual and unique. The microbiota is
influenced by the environment, diet, previous infections,
genetics, age, and antibiotic therapy. In normal conditions, the lactobacilli and bifidobacteria bind to epithelial
cells, inhibiting the binding of pathogens and reinforcing
the defences of the mucosal barrier. In addition, lactobacilli and bifidobacteria do not produce gas by fermenting
carbohydrates and inhibiting the growth of the Clostridia
species, which do produce this effect. Lactobacilli and bifidobacteria were found to be decreased in IBS patients,
and their activities were found to be heavily compromised[56]. Moreover, some evidence indicates that probiotics affect intestinal fermentation and stabilise the intestinal microbiota, normalising the relationship between
pro-inflammatory and anti-inflammatory cytokines with
beneficial effects on intestinal inflammation, permeability
and visceral sensitivity[57,58].
Unfortunately, at present, there are intrinsic difficulties in clearly establishing the role of the gut microbiota
in the pathophysiology of IBS, both due to the great heterogeneity in the clinical presentation of IBS and to the
limitations of the available studies (study design, length
of observation, small sample, etc.).
Finally, the role of food in IBS merits specific mention. Patients with IBS tend to declare that their symptoms are often exacerbated by meals or by certain foods
(sweeteners, fats, etc.). The classical IgE-mediated food
allergy does not seem to play an important role in IBS.
In the recent past, high levels of the specific IgG4 for
wheat, beef, pork and lamb were found in IBS patients,
compared to healthy subjects, and based on this, an exclusion diet was proposed[59]. On the other hand, this
subgroup of Ig seems to be only an epiphenomenon of
mucosal production, according to recent evidence[60].
In any case, up to 60% of patients with IBS reported
a worsening of symptoms after food intake, in particular
after specific foods like milk and dairy products, wheat,
onions, beans, spices, cabbage, red meat, fried, smoked
products, and caffeine. These foods represent the so-
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As for abdominal distension or tension, it is mandatory to ask the patient if it is visible from others or if it
is otherwise measurable (changes in size, inability to tie
the skirt or pants, etc.). Additionally, patients should be
asked whether their pain gets worse at certain times or
improves with evacuation or emission of the flatus.
It is also necessary to investigate the characteristics
of the defecation: difficult or prolonged, painful or simply incomplete, the presence of a sensation of anorectal
blocking, the need for manual help, the presence of ineffective attempts or, on the contrary, of an urgency at defecation and real episodes of faecal incontinence[64].
Moreover, it is important to check for the presence of
blood, mucus or pus in the faeces and to assess the usual
shape of the stool using the Bristol Scale that, by relating
the rate of intestinal transit with faecal consistency, provides a visual aid to help the patient better classify a topic
otherwise difficult to objectify[65].
Additionally, it is mandatory to look for the possible co-morbidities that can occur in a patient with IBS,
because they can increase the perception of the disease
severity[8,13,66,67].
In Table 2, the most frequent co-morbidities are represented. These share common characteristics, such as the
following: (1) a higher prevalence in females; (2) pathophysiology linked to low-grade inflammation, stress,
somatisation, hypersensitivity, changes in the central
processing of peripheral afferents and/or alterations of
substances acting as neuromodulators; (3) a diagnosis
mainly based on symptoms; (4) possible responsiveness
to antidepressant medications and cognitive-behavioural
therapies; (5) frequent multidisciplinary management;
and (6) a considerable reduction of the quality of life and
high, direct and indirect, costs.
The presence of alarm symptoms, the so-called “red
flags” like fever, weight loss, rectal bleeding, and significant changes in blood chemistry, should be investigated,
as well as the presence of palpable abdominal masses,
any recent onset of symptoms in patients aged over 50
years, the presence of symptoms at night, and a familiar
history positive for celiac disease, colorectal cancer and/
or inflammatory bowel disease[64,68].
Still, some authors[69] believe that the accuracy of the
“alarm symptoms” is disappointing. In particular, rectal
bleeding and nocturnal pain would be of little value in
discriminating patients with IBS from patients with organic disease, while anaemia and weight loss would have
low sensitivity, but high specificity, to identify an organic
disease.
A physical examination would not be very rich in information, as it could only detect abdominal tenderness
(localised or diffuse) and abdominal hypertympanism or
bowel sounds at auscultation, but this practice reassures
the patient and can provide a first, coarse exclusion of
organic diseases (abdominal masses, etc.). The examination should include the inspection of the anorectal region
and a digital rectal examination, preferably in the leftlateral decubitus, which would provide useful information

Table 2 Most frequently reported comorbidities in irritable
bowel syndrome patients
Functional dyspepsia and functional heartburn
Fibromyalgia
Chronic fatigue syndrome
Back pain
Multiple chemical sensitivity syndrome
Post-traumatic stress disorder
Psychological/psychiatric disorders
Sleep disturbances
Migraine and tension headaches

called fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs). However, studies
supporting this are limited and demonstrate only a partial
improvement in patients after the restriction of these
foods. More frequently, IBS patients seem to have an exaggerated gastric-colic reflex after eating any item of food.
In recent years, it has been observed that the ingestion of gluten causes abdominal discomfort and IBSlike symptoms in subjects without a diagnosis of celiac
disease (the so-called gluten sensitivity).
At the moment, the mechanisms responsible for these
symptoms are not clear. Most likely, the gluten, as other
well-known factors, alters the intestinal permeability,
activating the enteric and autonomous nervous systems
and producing the typical symptoms of IBS. Recently,
authors have disagreed on the topic of gluten sensitivity,
instead attempting to explain the problem with a simpler
hypothesis: gluten-rich foods may cause symptoms with
the same mechanisms of the FODMAPs[61,62]. The positive effect of the gluten-free diet on abdominal disorders
could be due to the drastic reduction of FODMAPs that
is inevitable in a diet of this type.
Up to now, the available results in the literature conflict; thus, further studies are needed to clarify this intriguing matter.

DIAGNOSTIC APPROACHES
A careful medical history is critical for the evaluation of
a patient with a possible diagnosis of IBS. Particular attention has to be devoted to many different issues, such
as dietary habits, therapies (especially the intake of drugs
capable of altering the bowel frequency and/or causing
abdominal pain), the degree of physical activity, comorbidities, previous surgical interventions, presence of
symptoms suggesting anxiety or depression, and recent
trips to exotic locations[3,63].
In the absence of accepted and shared biological
markers, symptoms remain the cornerstone for the diagnosis of IBS.
Regarding the symptom “pain”, it is useful to assess
its type (cramping, tensive, stabbing, burning), localisation, frequency, duration, mode of occurrence and possible changes in relation to defecation, to food intake (or
to intake of particular foods), to stressful events and to
the menstrual cycle[63,64].
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for celiac disease and a few basal blood tests have to be
performed; if a negative result is returned, it is usually
sufficient to reassure the patient and to offer advice on
drug therapies, lifestyle habits and diet. A check-up after
8-12 wk should be offered, and in cases with sustained
improvement, the patient will enter into a follow-up program (Figure 1).
In the case of a patient with symptoms in any way
compatible with irritable bowel syndrome but that did
not satisfy the Rome criteria, or in the case of a patient
with a poor response to the therapy, depending on the
prevailing symptoms (constipation, diarrhoea, abdominal
pain/bloating), different options should be considered
(Figure 1).
In the case of constipation, dietary habits and behaviours, as well as the use of laxatives, should be checked.
In the case of the ineffectiveness of these measures, if
not already performed, an assessment of the thyroid
function, routine blood tests and screening for celiac
disease are recommended. In the case of diarrhoea and
abdominal pain/distention, lactose breath test (LBT)
(or simply lactose withdrawal), a faecal blood test, faecal
Calprotectin or Lactoferrin, stool culture, test for ova
and parasites, a chemico-physical examination to test for
Clostridium difficile toxins and an abdominal ultrasound
aimed at studying the enteric loops should be considered.
If signs of a specific disease emerge from the investigation or from specific treatments, further investigation
should be initiated. In the case of a negative outcome,
it will become mandatory to proceed to the next steps,
as follows (Figure 1): (1) in the case of constipation, the
possibility arises of performing a colonoscopy, anorectal
manometry, defecography, intestinal transit time and, in
carefully selected cases, colonic and gastrojejunal manometry; (2) in the case of diarrhoea and abdominal pain, it
will become appropriate to check and eventually change
the patients’ drugs; (3) in the case of a failed colonoscopy, biopsies may be useful; and (4) in the case of a negative outcome of a colonoscopy, the further investigations
reported in Figure 1 should be considered.
Still, it is mandatory to emphasise that none of these
investigations, even those that are costly and unusual,
should be performed to achieve the diagnosis of IBS,
which is essentially based on the Rome Ⅲ criteria, as
reported above. On the contrary, these tools are to be
taken into account only in a patient with abdominal
symptoms that are IBS-like but Rome Ⅲ criteria-negative
or -equivocal. They may also be used in IBS patients with
very severe symptoms that require a careful reassessment
of the clinical situation.
In IBS, the follow up should be tailored to the patient, because the disease is characterised by variable
remissions and relapses, with symptoms waxing and waning over time, often oddly and sometimes in coincidence
with stressful events, anxiety, the intake of certain foods,
etc. IBS patients usually tend to avoid fixed controls, although, at least at the beginning, a clinical visit 2-3 mo
after the diagnosis is advised to assess the patient’s adher-

Table 3 Diseases and conditions considered in the differential
diagnosis
Celiac disease and malabsorption
Lactose intolerance, fructose intolerance
Inflammatory bowel disease
Lymphocytic and collagenous colitis
Whipple's disease
Colonic cancer
Enteric infections
Metabolism disorders (e.g., thyroid, diabetes, etc.)
Food allergy and intolerance
Endometriosis
SIBO
Neuroendocrine tumors
Drugs
SIBO: Small intestinal bacterial overgrowth.

about the dynamics of the pelvic floor, especially if any
functional alteration is suspected. Thus, the presence of
comorbidities and organic diseases can be detected[63,70-72].
The use of specifically dedicated scores to measure
the impairment of the quality of life and symptom severity has been debated in clinical practice, both at the initial
stages and later, in order to verify the effectiveness of the
therapy administered[73]. Indeed, any such scoring systems
are not widely used outside of clinical trials, even if they
do not seem time-consuming or difficult to use[74-77].
Can a diagnosis of IBS be made only using only
symptom-based criteria? The evidence from the literature
seems reassuring in this respect, because the probability
of organic disease arising in patients fulfilling the IBS criteria is very low[78]. Nevertheless, the nature and severity
of the symptoms themselves, or of the patient’s concerns
and fears, sometimes compel the physician to perform
unnecessary, useless, and/or expensive diagnostic tests,
transforming IBS into a diagnosis of exclusion.
Indeed, in the differential diagnosis, the conditions reported in table 3 will have to be considered with greater
or lesser probability[68].
Unfortunately, there are no available biological markers that clearly identify IBS patients.
Some recent studies have examined faecal lactoferrin
and calprotectin, which seem quite suitable to differentiate between infectious bursal disease and IBS but are not
able to provide a certain diagnosis of IBS[79,80].
Recent studies have investigated some biomarkers
involved in the pathophysiology of IBS[45,81]. A recent systematic review and meta-analysis examined the placebo
response rate in treatment trials for IBS and demonstrated a high placebo response[82].
In the case of a patient with IBS-like chronic recurring abdominal symptoms, the presence of alarming
symptoms should first be assessed[68,69,83,84]. In the presence of alarming symptoms, further investigation should
be undertaken. On the contrary, in the case of Rome Ⅲ
criteria positivity and in the absence of alarm symptoms,
possible comorbidities (which are part of the IBS management) should be considered. Serological screening
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Chronic/recurrent
abdominal symptoms

RED FLAGS +

RED FLAGS -

Exstensive
investigation
Rome criteria negative

Constipation

Check dietary suggestions and laxatives

Negative

Diarrhoea

Rome criteria positive

Consider comorbidities and FBC, ESR,
CRP and coeliac serology in IBS-D
and IBS-M

Abdominal pain/bloating

Routine blood tests, TSH
Coeliac serology
Lactose breath test/lactose withdrawn
Faecal biomarkers (FBT, Calprotectin, Lactoferrin)
Stool culture, test for ova and parasites and
chemico-physical examination, Cl.difficile toxin
Abdominal ultrasound (also for enteric loops)

Reassurance,
Dietary suggestions,
Pharmacological treatment

Clinical evaluation
Routine blood tests plus TSH
coeliac serology

Positive

Follow up

Negative

Positive

After 8-12 wk

Negative
No improvement

Further
investigation
and/or specific
therapy

Colonoscopy
Anorectal manometry
Defecography
Colonic transit time
(Colonic manometry)
(Gastrointestinal manometry)

Check/change
therapy

Follow up

Improvement

No improvement

Colonoscopy
+ biopsies

Diarrhoea

Negative

Small bowel radiologic study
EGD endoscopy + biopsies
Screening for food intolerance
GI hormones assay
Entero CT/MRI
Videocapsule
Sorbitol/fructose/glucose
breath tests

Improvement

Positive

Further
investigation
and/or
specific
therapy

Abdominal
pain/bloating

Plain abdominal X-rays
Abdominal CT/MRI
Assessment of ALA, PBG, porphyrins
and its metabolites
Small bowel transit
(radiologic/scintigraphic)
Gastrointestinal manometry
Sorbitol/fructose/glucose breath tests

Figure 1 Diagnostic-therapeutic algorithm in a patient with abdominal symptoms possibly related to irritable bowel syndrome. FBT: Faecal blood test; FBC:
Full blood count; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; PBG: Porphobilinogen; IBS: Irritable bowel syndrome; CT: Computed tomography;
MRI: Magnetic resonance imaging.

ence to therapy and the dietary and behavioural recommendations.
The aim will be to help IBS patients perceive their
symptoms as part of a chronic, intermittent disorder,
learning to live with them. Thus, these patients can rejoin that “silent majority” of IBS patients who perceive
her/his symptoms as no more than a nuisance and do
not seek further special care, doctor visits, or additional
diagnostic tests.

severity of the symptoms, the degree of functional impairment of the bowel habits, and the presence of psychosocial comorbidity. In general, milder symptoms relate
primarily to visceral hypersensitivity and are commonly
treated symptomatically, with pharmacological agents
directed at the gut. However, more severe symptoms are
associated with greater levels of psychosocial problems
and often require psychological and antidepressant medications.
There is limited evidence for the efficacy, safety and
tolerability of the therapies currently available for the
treatment of IBS. Overall, there is a limited availability of
pharmacological agents licensed specifically for the treat-

THERAPEUTIC PERSPECTIVES
Treatment strategies for IBS are based on the nature and
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after the restriction of these foods. Otherwise, a lactoserestricted diet does not seem to produce a clear clinical
benefit in IBS. Beyond this, recent evidence has shown
that lactose intolerance was equally prevalent among IBS
patients and the general population[64]. Finally, a recent
study showed that patients with IBS but without celiac
disease may reach satisfactory symptom control with a
gluten-free diet but may suffer a symptom relapse after
a gluten rechallenge[61]. Only a double-blind gluten challenge can discriminate between IBS and gluten-sensitivity
patients. In any case, some care should be taken to avoid
an unnecessarily restrictive diet with potentially serious
nutritional consequences.

Table 4 Indication of pharmacological agents in individual
irritable bowel syndrome symptoms
Constipation
Soluble fibre
Osmotic Laxative
5-HT4 agonists
Secretagogues
Probiotics
SSRI

Diarrhoea
Opioid agents
5-HT3 antagonists
Probiotics
Antibiotics
Mesalazine
Colestyramine
Tricyclic antidepressants

Pain
Antispasmodics
Peppermint oil
Serotoninergic drugs
Antidepressants
Herbal therapy
Acupuncture

SSRI: Selective serotonin reuptake inhibitors.

ment of IBS subtypes, and new agents are eagerly awaited. In any case, it is difficult to achieve a significant therapeutic improvement in global IBS symptoms[64,69,71,85,86].
There is some evidence for improvements in individual IBS symptoms with the use of antidiarrhoeals,
antispasmodics, bulking agents, laxatives, tricyclic antidepressants and behavioural therapy. Despite evidence that
some pharmaceutical agents benefit the treatment of IBS
in the short term, there is no medical intervention that
has been proven to alter the long-term natural history of
this condition. Further, there is no agreement on a goldstandard for the treatment of IBS. Finally, in functional
GI disorders, in which the trial endpoints are likely to
be less tangible than organic conditions, the placebo response rate may be very high (over 40%)[82]. Table 4 summarises the various drug categories and their relationships
with individual IBS symptoms.

Fibre and bulking agents
Most physicians recommend the use of dietary fibre and
bulking agents to regularise bowel function and to reduce
meteorism and pain in patients with IBS. The quality of
the evidence supporting this recommendation, however,
is poor. Some randomised placebo controlled trials have
compared the effectiveness of increasing the dietary
content of soluble fibre (psyllium and ispaghula) or insoluble fibre (bran) in patients with IBS and constipation.
There is some evidence that patients taking psyllium have
significant symptom relief, whereas bran shows no clinical benefit and actually may worsen symptoms in many
cases[64,69,71,73,85,86,88].
Antispasmodic agents
The rationale for using antispasmodic agents is to attenuate the postprandial abdominal pain seen in patients with
IBS. The mechanisms of action of different antispasmodics can be divided broadly into those that directly affect the intestinal smooth muscle and those with anticholinergic/antimuscarinic effects[64,69,71,85,86]. The evidence for
the effectiveness of these agents is not compelling.
One meta-analysis demonstrated an advantage of
antispasmodics over placebo in terms of abdominal pain
and distention[88]. Of all of the drugs studied, the most
data were available for otilonium, trimebutine, cimetropium, hyoscine, and pinaverium. Trimebutine seemed
to have no benefit over placebo in treating IBS, whereas
the other four drugs all significantly reduced the risk of
persistent symptoms after treatment. The anticholinergic
side effects, including constipation, dry mouth, visual disturbances, and urinary retention, can lead to the discontinuation of these medications. Finally, there is evidence
for the efficacy of some peppermint oil preparations
(which may also act as antispasmodics) in IBS, but few
data are available about the long-term results and adverse
effects[88].

Education and reassurance
A strong physician-patient relationship should be the
foundation for effective treatment and realistic expectations. Responding to all patient concerns and questions
and spending time in the clinical visits validate their
condition. A reassurance-based approach permits the
patient to understand and accept his or her affliction and
to participate in a care strategy. Using this approach, a
decrease in the number of health care visits, a reduction
in symptoms, and improved patient satisfaction can be
easier obtained.
Diet
Patients with IBS commonly believe that specific dietary
products contribute to their symptoms of abdominal
discomfort, bloating, or alterations of bowel habits. The
truth is that no specific food is likely implicated, as true
food allergies and intolerances are rare. In many cases,
IBS patients have an exaggerated gastric-colic reflex after
eating certain foods.
Patients can associate with their complaints the ingestion of certain foods, such as fatty foods, caffeine,
alcoholic beverages, carbonated foods, or gas-producing
foods. Specifically, symptoms can be related to FODMAPs, such as fructans, galactans, lactose, fructose, sorbitol, xylitol, and mannitol[87]. Studies supporting this are
limited and demonstrate a partial improvement in patients
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Anti-constipation agents
The presence or absence of abdominal pain should be
more useful than other associated features for characterising IBS-C in comparison with chronic constipation.
However, a clear clinical distinction is not always possible
in clinical practice.
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Antidiarrhoeal agents
Opioid analogues: The opioid analogues loperamide
and diphenoxylate stimulate inhibitory presynaptic receptors in the enteric nervous system, resulting in the inhibition of peristalsis and secretion. Loperamide has been
shown to be effective in decreasing stool frequency and
improving stool consistency across all studies[64,69,71,85,95],
although it provided no significant improvement in global
IBS symptoms (in particular, abdominal pain and distension) compared with placebo.
The simultaneous μ opioid agonist and δ opioid antagonist eluxadoline could reduce abdominal pain and
diarrhoea in patients with IBS-D, compared with placebo,
in a phase 2 study awaiting publication[96].

Traditional laxatives: Consistent with recent reviews, a
therapeutic trial of traditional laxatives (i.e., osmotic laxatives, stimulant laxatives), which are effective, safe, and
generally inexpensive, should be considered for managing
chronic constipation before newer agents (secretagogues,
serotonin 5-HT4 receptor agonists) are used[70,88]. In particular, polyethylene glycol (PEG) is more effective than
lactulose in increasing stool frequency and improving
stool consistency; thus, it is considered the first choice of
treatment for chronic constipation[70].
However, no placebo-controlled, randomised study
of laxatives in IBS has been published. Laxatives do not
show a significant effect in reducing abdominal pain in
IBS. A single small sequential study with PEG in adolescents with IBS-C showed an improvement in stool frequency[89].

Serotonin HT3 antagonists: The 5-HT3 receptor antagonists have been studied in IBS-D because they slow
GI transit and decrease discomfort during the distension
of the colon[64,69,71,85,86]. Ondansetron is the only 5-HT3
receptor antagonist available in Europe and is licensed
as an antiemetic, although it is not approved for use as a
treatment for IBS[86]. The selective 5-HT3 receptor antagonist alosetron was currently indicated for the treatment
of women with severe IBS-D who had chronic symptoms of IBS[64,69,86,97].
Although it was originally approved by the FDA in
2000, alosetron was withdrawn from the market following
reports of serious complications, including constipation,
ischemic colitis, and bowel perforation, being associated
with its use. Some evidence is available regarding other
5-HT3 antagonists, such as cilansetron and ramosetron.
In a recent double-blind randomised trial of 539 IBS-D
patients, a positive response to ramosetron treatment was
reported compared to patients receiving a placebo[98].

Serotonin HT4 agonists: 5-HT4 receptor agonists induce fast excitatory postsynaptic potentials in intrinsic
neurons, release acetylcholine, and induce mucosal secretion by activating submucosal neurons.
Tegaserod has been approved by the Food and Drug
Administration (FDA) for the treatment of IBS-C in
women. Tegaserod is also the only 5-HT4 agonist that has
been evaluated in an IBS-mixed population and showed
an improvement of global symptoms. However, this drug
was removed from the market in 2007 because cardiovascular events were found to be more frequent in tegaserod-treated patients than in placebo-treated patients[89,90].
Among the 5-HT4 agonists for chronic constipation,
the most evidence in humans is available for prucalopride[70,90]. The European Agency of Medicinal Products
approved this medication for chronic constipation in
women for whom laxatives fail to provide an adequate
relief of their bowel habits. Prucalopride accelerates GI
and colonic transit in constipation, but no placebo-controlled studies have been published, and no conclusive
clinical evidence is available for IBS patients[90].

Bile acid binder: Some studies have indicated that a significant number of IBS-D patients can have mild to severe bile acid malabsorption. Several studies have shown
a dose-response relationship between the severity of malabsorption and treatment with colestyramine, a bile acid
binder[99].

Intestinal secretagogues: By stimulating the efflux of
ions and water into the intestinal lumen, secretagogues
accelerate transit and facilitate defecation. Both lubiprostone and linaclotide increase intestinal chloride secretion by activating channels on the luminal enterocyte
surface[90]. Lubiprostone works by activating apical CIC-2
chloride channels and does not affect colonic motor activity in healthy subjects. It is approved by the FDA for
the treatment of women with IBS-C[91,92]. Linaclotide is a
guanylyl cyclase C agonist that accelerates colonic transit
in patients with IBS-C and chronic constipation[93]. In
a recent randomised double-blind trial, linaclotide was
shown to improve abdominal pain and discomfort in
IBS-C, compared with placebo, over 12 and 26 wk[94]. In
the same trial, diarrhoea was the most common adverse
effect (19%), although few patients (5.7%) discontinued
the drug as a result of this symptom. As of 2012, linaclotide is approved both by the FDA and also by the European Agency for the treatment of IBS-C.
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Mesalazine: Mesalazine has intestinal anti-inflammatory
properties, including cyclooxygenase and prostaglandin
inhibition. A recent study showed that Mesalazine can
reduce key symptoms of postinfectious IBS and noninfective IBS-D[100]. The results of an ongoing randomised
trial of mesalazine in a group of IBS-D patients will be
soon available[101].
Antibiotics and probiotics
Treatments aimed at altering or modifying the gut microbiota, including antibiotics and probiotics, have been
the focus of a large number of recent studies on IBS
patients[5,97,102,103].
Rifaximin is a semi-synthetic derivative of rifamycin
with an additional benzimidazole ring that prevents its
systemic absorption. A number of recent clinical trials
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Selective serotonin reuptake inhibitors, antidepressants: Physicians often prefer selective serotonin reuptake
inhibitors (SSRIs) over TCAs because of their lower sideeffect profiles. SSRIs, such as paroxetine and fluoxetine,
can accelerate whole gut transit and are considered potentially effective in the treatment of IBS-C. A large trial[71]
showed that a standard dose of an SSRI antidepressant
led to a significant improvement in the health-related
quality of life in patients with IBS, but no significant effects were observed in bowel habits or pain. However, in
a double-blind randomised trial, fluoxetine was effective in
decreasing global symptoms in the short-term therapy of
a group of IBS-C patients[104].

have evaluated the efficacy and safety of rifaximin in IBS
patients (generally IBS-D). A recent systematic review
and a meta-analysis[102,103] found rifaximin to be more efficacious than placebo for global IBS symptom improvement. The most common adverse events with rifaximin
were headache, upper respiratory infection, diarrhoea,
and abdominal pain. Serious side effects, however, were
rare, and their prevalences were similar between rifaximin and placebo. Few data are available regarding other
antibiotics. A subanalysis of a double-blind, randomised,
placebo-controlled trial demonstrated that treatment with
neomycin improved global symptoms in individuals with
IBS-C compared with placebo[103].
Probiotics have demonstrated benefits for some
symptoms, notably bloating and flatulence, and involve
a variety of probiotic agents, including lactobacilli, bifidobacteria and streptococcus. Lactobacilli alone had
no impact on symptoms, whereas probiotic combinations improved symptoms in IBS patients. Furthermore,
there was a positive trend indicating that bifidobacteria
improves IBS symptoms[71,85,86,96]. In a recent systematic
review[104], probiotics appeared to be efficacious for IBS,
but the magnitude of their benefit and the most effective
species have not yet been completely established. Finally,
probiotics have no serious side effects, and there is no
significant difference in the observed adverse events between probiotics and placebo.

Alternative approaches
Chinese herbal preparations have also been the subject
of several trials[108]. By combining the effects of Iberis
amara on smooth muscle tone with the spasmolytic effects of other plants, Iberogast, a popular combination
of nine herbal plants, exerts a dual action on smooth
muscle, stimulating or spasmolytic, depending on functional baseline conditions. These plant preparations have
been shown to improve overall IBS scores and abdominal pain, but it is unclear which component is the active
ingredient. A longer study of 16 wk with Chinese herbal
preparations reported significant symptom improvement[109]. No conclusive data are available regarding any
toxicity, especially regarding liver failure, of any Chinese
herbal mixture.
Another popular alternative treatment concerns the
use of acupuncture in IBS. A Cochrane review of six
trials with a median sample size of 54 found insufficient
evidence to determine whether acupuncture is an effective treatment for IBS[110]. In a recent open randomised
trial, acupuncture for IBS provided an additional benefit
over the usual care alone in a primary care experience[111].
Further studies are needed before any final recommendations on acupuncture or herbal therapy can be
made.

Psychological therapies
Among patients with IBS, the majority have anxiety, depression, or features of somatisation. Good patient compliance is necessary to achieve a successful clinical result
after a psychotherapeutic approach or after the administration of antidepressants.
Psychotherapy: Among various psychological therapies,
there is evidence for a benefit from cognitive behavioural
therapy, dynamic psychotherapy, and hypnotherapy, but
not from relaxation therapy[105-107]. The abnormal processing and enhanced perception of visceral stimuli in IBS
can be normalised by psychological interventions. Psychotherapy is particularly successful in patients who reported a history of sexual abuse. Psychological therapies
are not documented to have any serious adverse effects.

CONCLUSION
Even though there is some evidence that changes in the
digestive motility and secretion, visceral hypersensitivity,
abnormalities of enteroendocrine and immune systems,
genetic factors, infections, alterations of the intestinal
microbiota and inflammation could play a role in IBS, its
pathogenesis remains only partially understood. Thus,
in clinical practice, its management is quite difficult. Because no biological markers are available, diagnoses can
be made only on the basis of the symptoms described by
the Rome Ⅲ criteria, for example. Unfortunately, many
physicians do not use these criteria in their clinical practice and instead, driven by their own concerns or the concern of their patients, often prescribe many unnecessary
diagnostic tests.
Furthermore, IBS therapy is far from satisfactory. The
cornerstone for any effective treatment strategy should

Tricyclic antidepressants: Tricyclic antidepressants
(TCAs) are drugs with anticholinergic and non-selective serotonin reuptake inhibitor effects. Antidepressants could
theoretically provide a benefit in IBS by both central and
peripheral mechanisms[64,71,85,86,97]. Five tricyclic agents
have been studied formally (amitriptyline, trimipramine,
desipramine, clomipramine, and doxepin), and the effects
of these agents are primarily related to pain. It has been
suggested that patients with IBS-D obtain the greatest
benefit from this approach[67]. The side effects of constipation, dry mouth, drowsiness, and fatigue occur in over
one-third of IBS patients treated with TCAs, which often
precludes good patient compliance.
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be a solid patient-physician relationship; indeed, this relationship should be individualised for each patient. To
achieve this goal, the use of combination drug therapies
may be suggested. The data reviewed here indicate that
there is limited evidence to support the individual efficacy
of any of the agents currently available.
In conclusion, the pathogenesis, diagnosis and treatment of IBS remain subjects of much ongoing research.
Further well-structured studies are needed to improve
our knowledge about IBS and its management.
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referenced in the present review has contributed to the
identification of microbial groups whose relative abundance significantly alters IBS, suggesting that these
microbial groups could be IM signatures for this syndrome. The identification of microbial biomarkers in the
IM can be advantageous for the development of new
diagnostic tools and novel therapeutic strategies for the
treatment of different subtypes of IBS.

Valentina Taverniti, Simone Guglielmetti, Division of Food
Microbiology and Bioprocessing, Department of Food, Environmental and Nutritional Sciences, Università degli Studi di Milano, 20133 Milan, Italy
Author contributions: Taverniti V and Guglielmetti S performed the literature search and drafted the manuscript.
Correspondence to: Simone Guglielmetti, PhD, Division
of Food Microbiology and Bioprocessing, Department of Food,
Environmental and Nutritional Sciences, Università degli Studi di
Milano, Via Celoria 2, 20133 Milan,
Italy. simone.guglielmetti@unimi.it
Telephone: +39-2-50319136 Fax: +39-2-50319292
Received: October 31, 2013 Revised: April 10, 2014
Accepted: June 2, 2014
Published online: July 21, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestinal dysfunction; Irritable bowel syndrome; Intestinal microbiota; Bifidobacteria; New generation DNA sequencing
Core tip: Irritable bowel syndrome (IBS) is the intestinal
functional disorder with the highest prevalence in the
industrialized world. The intestinal microbiota (IM) plays
a role in its pathogenesis. Since the methodological
aspects of the research on IM in IBS have never been
considered in detail before, we carried out a revision of
29 original research articles. We reviewed the scientific
microbiological message in light of the experimental
method adopted. The analytical revision of the studies
referenced in our review leaded to the identification of
microbial groups whose relative abundance resulted
significantly altered in IBS. Such microbial groups are
potential IM signatures of IBS.

Abstract
Irritable bowel syndrome (IBS) is an intestinal functional disorder with the highest prevalence in the industrialized world. The intestinal microbiota (IM) plays a role
in the pathogenesis of IBS and is not merely a consequence of this disorder. Previous research efforts have
not revealed unequivocal microbiological signatures of
IBS, and the experimental results are contradictory.
The experimental methodologies adopted to investigate
the complex intestinal ecosystem drastically impact the
quality and significance of the results. Therefore, to
consider the methodological aspects of the research on
IM in IBS, we reviewed 29 relevant original research
articles identified through a PubMed search using three
combinations of keywords: “irritable bowel syndrome
+ microflora”, “irritable bowel syndrome + microbiota”
and “irritable bowel syndrome + microbiome”. For each
study, we reviewed the quality and significance of the
scientific evidence obtained with respect to the experimental method adopted. The data obtained from each
study were compared with all considered publications
to identify potential inconsistencies and explain contradictory results. The analytical revision of the studies
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional intestinal
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disorder with the highest prevalence in the industrialized
world[1,2]. Due to the absence of an evident pathogenesis,
IBS is exclusively diagnosed based on the absence of mucosal, structural and biochemical diseases and the evaluation of specific symptoms according to Rome Ⅲ criteria[3,4]. The main symptoms that characterize IBS include
abdominal pain and discomfort, accompanied by diarrhea
(IBS-D), constipation (IBS-C), or a combination of the
two (alternating IBS, IBS-A). The frequency and intensity
of these symptoms largely varies, thereby affecting the
quality of life of the patients[5].
The etiopathogenesis and pathophysiology of IBS are
ambiguous and likely include many different factors, such
as improper immune activation, visceral hypersensitivity,
colon dysmotility, history of gastrointestinal infections,
and psychological conditions[6-9]. In addition, many studies have also investigated a potential role for intestinal
microbiota (IμB) in IBS.
Experimental observations showed that in IBS (1)
toll-like receptor genes are upregulated[10]; (2) fecal levels
of defensins are increased[11]; and (3) short chain fatty
acid concentrations are frequently augmented[12-16]. Furthermore, it was shown that probiotics and antibiotics
treatments could reduce IBS symptoms[17-19]. These data
suggest that changes in the IμB are not only a consequence of IBS, but could also be a plausible causative
factor. Nonetheless, current research efforts have not
identified any definitive microbiological signatures of IBS
and the experimental results are occasionally contradictory. The heterogeneity of the results on the role of IμB
in IBS primarily reflects the high variability among various
manifestations of IBS and marked differences in the IμB
composition among subjects[20]. Moreover, the experimental methodologies employed and the specific protocols adopted to investigate complex ecosystems, such as
the IμB, drastically impact the quality and significance
of the results. To examine the methodological aspects
of the research on the role of IμB in IBS, we reviewed
29 relevant original research articles obtained through a
PubMed search using three combinations of keywords:
“irritable bowel syndrome + microflora”, “irritable bowel
syndrome + microbiota” and “irritable bowel syndrome
+ microbiome”. For each study, we reviewed the scientific
evidence obtained with respect to the experimental technology adopted. The collected data from each study were
compared among all considered studies to detect potential
inconsistencies and explain contradictory results.

been replaced with molecular techniques (i.e., strategies
based on the analysis of nucleic acids).
The molecular methods employed in the selected
studies primarily included (1) fluorescence in situ hybridization (FISH); (2) DNA microarrays; and (3) polymerase
chain reaction (PCR)-based methods. The PCR-based
methods can be further divided into three main groups:
Real-time quantitative PCR (qPCR); Genetic fingerprinting [denaturing gradient gel electrophoresis (DGGE) and
terminal restriction fragment length polymorphism (TRFLP)]; PCR fragment sequencing.
In the following paragraphs, the advantages and limitations of the technologies employed to correlate IμB to
IBS are discussed. In addition, the experimental results
obtained using each methodological strategy are presented and compared.
Culture-based methods
The classical strategies of microbial ecology, based on the
cultivation of microorganisms, have been demonstrated
as inappropriate for the analysis of complex microbial
ecosystems, such as the intestinal environment, because
the vast majority of the microorganisms (between 80%
and 99%) in any environment are not cultivable using
standard culturing techniques[21,22]. A few studies in the
last 10 years, however, have adopted culture-dependent
approaches to characterize the IμB of subjects with IBS
(Table 1). For example, Mättö et al[23] found a moderate
increase in the coliform bacteria concentration and aerobe/anaerobe ratio in fecal samples obtained from IBS
patients (26 subjects: 12 IBS-D, 9 IBS-C and 5 IBS-A)
compared with healthy controls (HCs, 25 subjects),
whereas the bifidobacterial concentrations did not differ.
More recently, Enck et al[24] applied culture-based analyses
to examine fecal samples from more than 34000 subjects,
including 7784 people with IBS. In contrast to Mättö[23],
among the few bacterial groups considered, only bifidobacteria were significantly decreased in IBS samples. The
differences in these results, however, are plausible, considering that Mattö used the Beerens medium[25], containing propionic acid, as a selective agent for bifidobacteria,
whereas Enck et al[24] used DIC agar (Heipha GmbH,
Germany), a commercial medium containing gentamycin
and vancomycin as selective agents. Although bifidobacteria are considered resistant to these antibiotics, sensitivity has been reported for stressed cells belonging, for
example, to the species Bifidobacterium longum (B. longum)[26];
therefore, the use of antibiotics as selective agents compromises the cultivation of viable bifidobacterial cells in a
fecal sample. Furthermore, the bifidobacteria concentration was not significantly different in 10 IBS-D subjects
compared with 10 healthy controls in another study[27] in
which a medium similar to Beerens agar was used for the
isolation. On the contrary, Chassard et al[28] detected reduced bifidobacteria concentrations in the fecal samples
of 14 IBS-C women compared with 12 sex-matched
HCs. However, in this study, bifidobacteria were isolated
using de Man Rogosa Sharp (MRS) agar medium (pH 7.0),

METHODOLOGIES EMPLOYED TO
INVESTIGATE THE INTESTINAL
MICROBIOTA IN IBS SUBJECTS
The 29 original research studies considered in the present review address the microbial community structure in
the intestine of IBS subjects using several different experimental techniques. Only a few of these studies used
classical (culture-based) strategies, which have extensively
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Table 1 Outcomes of the selected original research studies (see text for details), which have been carried out to characterize the
intestinal microbiota composition in irritable bowel syndrome
Participants

Rome criteria

27 IBS (20 F/7 M)
12 IBS-D

Results

Ⅱ

Sample

Technique

Ref.

Fecal

qPCR (SYBR Green)

[16]

Feces

DGGE

[23]

↑ Ruminococcus productus - Clostridium coccoides

9 IBS-C

↓ Lactobacillus (IBS-D vs IBS-C)

6 IBS-A

↓ Bifidobacterium (IBS-D vs HC, IBD-C, IBS-A)

Age: 20-65

↓ Desulfovibrio (IBS-D vs HC, IBD-C, IBS-A)
↑ Veillonella (IBS-C vs HC)

22 HCs (15 F/7 M)
Age: 25-64
26 IBS (19 F/7 M)
12 IBS-D

Ⅱ

5 IBS-A

More temporal instability in predominant bacterial
population in IBS subjects
Slight increase of coliforms in IBS and higher
aerobe/anaerobe ratio in IBS
↑ Clostridium spp.

Age: 20-65

↓ Eubacterium spp.

9 IBS-C

Cloning and sequencing of 5 IBS and 4
HC samples (29 IBS and 16 HC clones);
ABI PRISM BigDye terminator Cycle
sequencing kit v. 3.0

25 HCs (18 F/7 M)
Age: 23-63

Culture method

20 IBS (14 F/6 M)
Mean age: 47.8

Ⅱ
Mucosal bacteria concentration higher than 109
cells/mL in 65% of IBS subjects (35% in HC)
Prevalence of Eubacterium rectale-Clostridium
coccoides in IBS biofilm

20 HCs (13 F/7 M)

Ileal and
colonic
biopsies

FISH

[33]

Feces

DGGE

[49]

Mean age: 46.2
16 IBS (11 F/5 M)
7 IBS-D

Ⅱ

6 IBS-C

More temporal instability of predominant
microbiota only in RNA-DGGE profiles in IBS vs
HCs (not in DNA-DGGE)
↓ C. coccoides - E. rectale in IBS-C vs HC
No differences in Clostridium population stability
between IBS and HC

3 IBS-A
Age: 24-64
16 HCs (12 F/4 M)

Multiplexed quantification of clostridial
16S rRNA through multiple transcript
analysis with the aid of affinity capture
(TRAC)

Age: 26-63
Ⅱ

24 IBS
10 IBS-D
8 IBS-C

Significant differences in microbiota composition in
different IBS subcategories pooled in 3 groups on
the basis of %GC (7-10-13 fractions)

Feces

16S rRNA gene cloning and sequencing of
3753 clones

[37]

Feces

qPCR (SYBR Green)

[46]

Feces
Feces and
duodenal
brushes

FISH
qPCR (Taqman)

[31]

Feces

Genomic DNA fractioning on the basis
of %GC (35%-40%/40%-45%/50%-55
%/55%-60%/60-65/65%-70%/70%-7
5%); amplification of 16S rRNA gene;
sequencing of 3267 clones for IBS subjects
qPCR (SYBR Green)

[47]

In fraction group 7:
6 IBS-A

↓ Lactobacillus in all IBS subgroups vs HC

Age: 21-65

↑ Ruminococcus in IBS-C and IBS-A
↑ Streptococcus in IBS-D

23 HCs (16 F/7 M)
Age: 26-64

In fraction group 13:
↓ Collinsella in IBS-C and IBS-D
Ⅱ

20 IBS
8 IBS-D
8 IBS-C

↑ Clostridium thermosuccinogenes (IBS-A vs IBS-D)
↑ Ruminococcus torques 94% phylotype (IBS-D vs
HCs and IBS-A)
↑ Ruminococcus bromii-like phylotype (IBS-C vs HCs)
↑ Bacteroides intestinalis-like and C. cocleatum (IBS-A
and HCs vs IBS-D)
↓ Clostridium aerofaciens-like (IBS-D vs other groups)

4 IBS-A
Age: 24-64
15 HCs
Age: 25-64
41 IBS (29 F/12 M)
14 IBS-D
11 IBS-C
16 IBS-A
Mean age: 42
26 HCs (18 F/8 M)
Mean age:32
10 IBS-D (6 F/4 M)
Age average: 46.5
23 HCs
Age average: 45
12 IBS-D (7 F/5 M)

↓ Bifidobacterium
↓ B. catenulatum

Ⅱ

Decreased diversity in the intestinal microbiota of
IBS-D vs HCs
↑ Proteobacteria and Firmicutes
↑ Lachnospiraceae
↓ Actinobacteria and Bacteroidetes
No significant differences in Enterobacteriaceae
and Eggerthella lenta-type (Atopobium) phylotype
between IBS-D and HCs

Age average: 46.5
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22 HCs
Age average: 45
Ⅱ

47 IBS (47 F)
Age: 24-66
33 HCs

Significant difference in DGGE profile between IBS Feces
and HC, less microbial variation in IBS
No significant intra and inter-differences in IBS
subjects between luminal and mucosal microbiota.
IBS impacts equally on both communities

Age: 21-38
26 IBS (13 F/13 M)
8 IBS-D
11 IBS-C
7 IBS-A
Age: 21.7 ± 2.0
26 HCs
Age: 21.9 ± 2.9
10 IBS-D (8 F/2 M)
Age: 23-50

↑ Veillonella

10 HCs (6 F/4 M)
Age: 21-54
11 IBS (7 F/4 M)
Age: 25-64

Feces and
colonic
biopsies

DGGE of V6-V8 Region of the16S rRNA

Feces

qPCR (SYBR Green)

↑ Lactobacillus spp.

Ⅲ

Ⅱ

22 HCs (17 F/5 M)

DGGE of V1-V3 region of the 16S rRNA

[70]

[12]

Culture method

↓ Aerobic counts in fecal samples of IBS-D
No difference in mucosal samples between IBS-D
and HC
↑ Lactobacillus spp. in fecal samples of IBS-D vs HC
No difference in mucosal samples between IBS-D
and HC
Reduced biodiversity in IBS subjects
Significant differences in profiles between IBS and
HC subjects
↓ B. vulgatus, B. ovatus, B. uniformis, Parabacteroides

Feces
samples
and
colonic
biopsy

Culture method

[27]

qPCR (SYBR Green)

Feces

DGGE on universal and specific primers
for Bacteroides Sequencing of V3 region of
the 16S rRNA genes

[69]

Feces

16S Metagenomics 454 Pyrosequencing
(V1-V3 and V3-V5 regions of 16S rRNA)

[35]

sp. in IBS vs HC

Age: 21-61
22 IBS (8 F/14 M)

Pediatric
Rome Ⅲ

8 HCs (2 F/6 M)

No differences in total bacterial load between IBS
and HCs
Profile differences in IBS subtypes among each
other, and between IBS and HCs
In IBS:
↑ Proteobacteria
↑ γ-Proteobacteria
↑ Haemophilus parainfluenzae
↑ Veillonella
↑ Dorea
↓ Eubacterium
↓ Anaerovorax
↓ Bacteroides vulgatus
↑ Firmicutes/Bacteroidetes ratio
↑ Bacillus
↑ Steptococcus
↑ Dorea
↑ Ruminococcus
↑ R. gnavus
↑ Blautia
↑ Clostridium
↓ Faecalibacterium
↓ Bacteroides
↓ B. vulgatus
↓ Prevotella
↓ Bifidobacterium
↓ B. gallicum
↓ B. pseudocatenulatum
↓ Methanobrevibacter in IBS vs HC, particularly in
IBS-C subgroup
Greater biological variability of predominant
bacteria among IBS subjects vs HC and higher
microbial diversity (especially Bacteroides and
lactobacilli) in IBS vs HC
In IBS, Exclusive detection of Eubacterium biforme
(absent in HC)
↑ Bacteroidetes

Age: 18-74

↑ Lactobacillus

1 IBS-D
13 IBS-C
8 IBS-A
Age: 7-12
22 HCs (11 F/11 M)

62 IBS (57 F/5 M)
25 IBS-D
19 IBS-C
19 IBS-A
Age: 22-66
46 HCs (34 F/12 M)
Age: 23-58

Ⅱ

11 IBS

Ⅱ

(5 F/6 M)

PhyloChip Microarray Hybridization on
purified 27F and 1492R regions of 16S
rRNA (on 28 IBS and 27 HC)

Feces

HITChip phylogenetic microarray

[36]

Feces

qPCR (SYBR Green)

[63]

DGGE on V3-V5 region of 16S rRNA gene
qPCR (SYBR Green)

↓ Bifidobacterium
↓ C. coccoides
37 IBS (26 F/11 M)
13 IBS-D

Ⅱ

13 IBS-C

No evident difference in predominant microbiota
from profiles of both sample sites between IBS and
HC

13 IBS-A

↑ P. aeruginosa in all subgroups if IBS and in both

Age: 21.7 ± 2.0

body niche samples
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20 HC (15 F/5 M)
Age: 21.7 ± 2.0
16 IBS-D (11 F/5 M)

Age: 23-52
21 HCs (17 F/4 M)
Age: 21-60
81 IBS (69 F/27 M)
15 IBS-C
Age: 20-73
23 HCs (16 F/7 M)
Age: 26-64
23IBS-D (17 F/6 M)
Age: 23-70

Ⅲ

15 IBS-D
10 IBS-C
12 IBS-A
Age: 37 ± 12
20 HCs (13 F/7 M)
Age: 39 ± 9
47 IBS
27 IBS-D
20 IBS-C
Age average: 34.3
26 HCs
Age average: 46.1
75 rural IBS
Age: 4-18

Ⅰ and Ⅱ

Ⅲ

Ⅱ

Ⅲ

Ⅲ

Age: 11-18

[71]

[62]

Staphylococcus aureus detected only in IBS subjects,
Feces
with higher prevalence in IBS-C
Enterotoxin-encoding gene of C. perfringens detected
only in IBS subjects
Helicobacter pylori detected in 3 IBS subjects, none in
HCs
Lower microbial richness in IBS-D
Feces
Structural changes in IBS-D vs HC, from phylum to
genus
↑ Proteobacteria
↑ γ-proteobacteria
↑ Enterobacteriales
↑ Enterobacteriaceae
↓ Faecalibacterium
↓ F. prausnitzii
Clustering by microbiota composition revealed
Feces
subgroups of IBS patients: (1) a group (n = 15) with
normal-like microbiota composition compared with
HCs; and (2) a group (n = 22) with large microbiotawide changes characterized by an increase of
Firmicutes (mainly clostridia/Clostridiales) and a
depletion of Bacteroidetes
↓ Bacteroides
↓ Alistipes
↑ Lachnospiraceae incertae sedis
↑ Butyrate-producing Eubacterium halli and
desmolans
↑ B. adolescentis
Higher number of mucosa-associated bacteria in
Rectal
IBS
biopsies
↑ Bacteroides
↑ Eubacterium rectale-C. coccoides
↓ Bifidobacterium in IBS-D than in IBS-C
↓ Enterobacter
↓ Enterococcus

qPCR (SYBR Green)
Sequencing of S. aureus amplicons
454 Pyrosequencing of the V1-V3 and V6
regions of 16S rRNA gene

[54]

qPCR (SYBR Green)
Pyrosequencing of the V4 region of 16S
rRNA gene

[77]

FISH

[32]

Feces

Culture-based analysis

[29]

Feces

Microbiota array

[40]

↓ Bifidobacterium

Age: 5-15

22 HCs

T-RFLP

↓ Lactobacillus

20 Hurban HCs
22 IBS-D
Age: 8-18

Feces
samples
and
colonic
biopsy

↓ Clostridiales
↓ Planctomycetaceae

23 HCs (18/5 M)
Age: 21-58

37 IBS (26 F/11 M)

Lower biodiversity in IBS-D vs HCs in fecal
samples, no biodiversity differences in mucosal
samples

Ⅱ

Higher variability among IBS subjects
No difference between IBS-D and HCs at
phylum level. No difference for Clostridium and
Faecalibacterium
↑ Veillonella
↑ Prevotella

Pyrosequencing (V1-V2-V3 region of 16S
rRNA)

↑ Enterobacter
↑ Lactobacillus
↓ Bifidobacterium
↓ Verrucomicrobium
Difference at species level in the genus Bacteroides:
↓ B. fragilis
↓ B. thetaiotaomicron
↑ B. ovatus
↑ B. salyersiae
Positive abundance correlation between VeillonellaHaemophilus and Streptococcus; negative for
Ruminococcus
Confermation of data on Clostridia, Bacteroidetes,
Bifidobacterium
Confermation of data on Bifidobacterium, Prevotella,
Faecalibacterium
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14 IBS-C (14 F)

Ⅱ

12 HCs (14 F)
Age: 20-59

No differences in total strict and facultative
anaerobes between IBS-C and HCs
No difference in hydrolytic bacterial communities

Feces

Culture-based analysis

[28]

↑ Lactate utilizing sulphate-reducing bacteria (SRB)
↓ Lactate non SRB (butyrate-producing)
↑ H2-utilizing SRB
↓ H2-utilizing non SRB (acetogenic, methanogens)
↑ Enterobacteriaceae
↓ Bifidobacterium
↓ Lactobacillus
↓ Bifidobacterium

FISH

↓ Roseburia-E. rectale
Ⅲ

19 IBS
24 HCs

↑ Bifidobacteriaceae
↑ Lactobacillaceae

Feces

Microbiota Array

[42]

Feces

qPCR (SYBR Green)

[58]

Colonic
biopsies
and feces

Pyrosequencing (V1-V2 regions of 16S
rRNA)

[48]

Feces

Pyrosequencing (16S rRNA gene)

[89]

↑ Clostridium cluster Ⅸ

Age: 33.6 ± 9.1

↑ Eubacterium rectale
↑ Enterococcus faecium
↑ Clostridium difficile
↑ Bacillus cereus and B. clausii
↑ Campilobacter spp.
↓ Bacteroides/Prevotella
↓ Veillonella
14 IBS-D(3 F/11 M)
18 HCs (7 F/11 M)

Ⅲ

↑ E. coli
↓ Clostridium leptum
↓ Bifidobacterium

Age: 18-65
16 IBS

Reduced microbial diversity in IBS

9 HCs

In mucosal samples:
↑ Bacteroidaceae
In fecal samples:
↑ Rikenellaceae
↑ Porphyromonadaceae
↓ Ruminococcaceae
IBS-D:
↑ Acinetobacter, Leuconostoc, Butyricimonas,
Odoribacter (fecal)
↓ Desulfovibrio, Oribacterium (biopsies)
IBS-C:
↑ Alistipes, Butyricimonas (feces) and Bacteroides
(biopsies)
↓ Fusobacterium, Eubacterium, Coprococcus,
Eubacterium, Haemophilus, Neisseria, Streptococcus,
Veillonella
↑ Alphaproteobacteria
↑ Facultative anaerobe (Proteobacteria,

Ⅲ

2 IBS-D
1 HCs
Several sampling over
6-8 wk

Streptococcus) in days of acute diarrhea

qPCR: Real time quantitative polymerase chain reaction; DGGE: Denaturing gradient gel electrophoresis; T-RFLP: Terminal restriction fragment length
polymorphism; FISH: Fluorescence in situ hybridization; Ref.: Reference; IBS: Irritable bowel syndrome; IBS-D: Diarrhea-associated IBS; IBS-C: Constipation-associated IBS; IBS-A: Alternating symptoms IBS; HCs: Healthy controls. ↑: Increased presence in IBS; ↓: Reduced presence in IBS.

which is actually not a suitable selection medium for the
isolation of these bacteria from feces.
In addition, Carroll et al[27] demonstrated a significant
reduction in the concentration of aerobic bacteria in fecal samples from D-IBS patients compared with healthy
controls. This result is not consistent with the results
obtained by Mättö et al[23]. However, to determine the
number of aerobes, Mättö et al[23] used nutrient agar,
which is a particularly poor medium compared with the
brain heart infusion agar, containing L-cysteine (0.05%)
and hemin, adopted by Carroll et al[27]. Thus, the aerobic
plate counts obtained from these two studies cannot be
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compared.
The inconsistencies in bacterial counts reflect the primary intrinsic flaw in culture-based methods: obtaining
an appropriate selection medium for all members of a
genus (or superior taxa).
The genus Lactobacillus is another microbial group
often examined in microbiology. Tana et al[12] reported an
increase in lactobacilli in fecal samples obtained from IBS
patients (26 IBS subjects compared with 26 healthy controls). However, Chassard et al[28] reported that this same
microbial group was reduced in IBS samples using MRS
agar medium adjusted to pH 5.5 and incubation in aerobic
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conditions, whereas Mättö et al[23] and Enck et al[24] reported that the lactobacilli concentrations were not significantly different using the same selective medium as Tana
et al[12] (Rogosa agar) for the cultivation of these microbes.
Therefore, the use of different culture media cannot explain the contradictory results concerning lactobacilli.
Moreover, culture-based analyses were used to characterize the fecal samples from 75 IBS children and adolescents living in rural areas in chernobyl compared with 20
healthy controls living in urban areas[29]. In this study, the
researchers reported a lower abundance of all bacterial
groups investigated, i.e., the genera Enterobacter, Enterococcus, Lactobacillus, Bifidobacterium, in the IBS group. Thus,
the choice of the selection medium profoundly affects
the significance of the results obtained from analyses of
the microbial ecology of a biological sample. The results
of studies based on culture-dependent strategies suggest
that changes in bifidobacteria, lactobacilli and the total
aerobic count are typically associated with IBS. However,
the intrinsic limitations of culture-based techniques,
which do not examine a large majority of intestinal microorganisms, severely reduce the significance of these
experimental data.

were detected in rectal biopsies from IBS patients (n =
47) compared with those from HCs (n = 26)[32]. Furthermore, FISH analyses revealed increased Bacteroides[32] and
reduced butyrate-producing bacteria, such as Roseburia-E.
rectal (belonging to the family Lachnospiraceae), in
IBS[28].
DNA microarrays (PhyloChip)
DNA microarray methods are based on the direct hybridization of PCR products amplified from total environmental DNA[34]. Therefore, the PCR amplicons are
initially fluorescently labeled, and after hybridization,
the signal intensity, which is directly proportional to the
abundance of hybridization (i.e., the amount of a specific
sequence in the sample), is monitored through confocal
laser scanning microscopy. The DNA microarrays used in
microbial ecology are commonly based on the analysis of
a pool of 16S rRNA gene fragments amplified through
PCR from the total environmental DNA (PhyloChip).
This technology facilitates the rapid high-throughput
analysis of hundreds of microbial species in an environmental sample.
Limitations: Similarly to the binding of a primer to a
nonspecific DNA target in PCR, cross hybridization is a
major limitation of microarray technology. In addition,
only those taxa included in the microarray can be analyzed; therefore, similar to qPCR and FISH, the ecological importance of a taxon that has not been previously
selected could be erroneously omitted. Moreover, the
results obtained solely through microarray are not considered sufficiently reliable, unless confirmation of these
data is provided through other techniques, particularly
qPCR.
Saulnier et al[35] did not detect a difference in the microbial richness between groups using high-resolution
Phylochip Microarray on 28 IBS children and 27 HCs and
the majority of taxa in IBS belonged to γ-Proteobacteria,
particularly Haemophylus parainfluenzae. The results of the
Phylochip Microarray analysis also showed the prevalence
of the genera Dorea and Veillonella in IBS, similar to the
results obtained for the same samples using 454 Pyrosequencing (see paragraph 2.4.3 for more details). Moreover, IBS children harbored lower levels of Bacteroides,
including B. vulgatus. A previous study based on HITChip
Phylogenetic Microarray showed reduced Bacteroides spp.,
including B. vulgatus, in IBS patients[36]. In this study,
significant differences in the microbiota composition
between 62 IBS patients and 46 HCs based on 129 phylotypes were revealed; specifically, IBS subjects presented
a higher Firmicutes/Bacteroidetes ratio and increased
numbers of Bacillus, Streptococcus, Dorea, Blautia, Clostridium
and Ruminococcus. A significant abundance in the phylotype Ruminococcus gnavus (R. gnavus), including the species
Ruminococcus torques (R. torques) (now reclassified as Blautia
torques), was also detected. These findings suggested that
R. torques and R. gnavus are potential IBS biomarkers. In
addition, other phylotypes related to the genus Ruminococcus (e.g., R. productus) were increased in IBS. However, IBS

FISH
FISH in microbial ecology involves the detection of
whole-microbial cells through the labeling of cellular rRNA using an oligonucleotide probe containing
a fluorescent dye at the 5’ end[30]. FISH probes, which
commonly target 16S rRNA, are designed at various
taxonomic levels, facilitating the in situ phylogenetic identification and enumeration of individual microbial cells.
The FISH technique does not require PCR amplification;
therefore, FISH does not have the potential problems associated with the nonspecific amplification of DNA during the PCR reaction.
Limitations: Similar to qPCR, FISH requires the preliminary selection of a target microbial taxonomic group
(ribotype); therefore, only a limited number of previously
known microbial groups can be analyzed. More importantly, FISH involves a labor-intensive protocol that includes intricate steps, such as the in situ acquisition of the
target. Consequently, low signal intensity and background
fluorescence are common problems.
In FISH experiments, reduced bifidobacteria concentrations have been detected in the fecal samples obtained
from 41 IBS patients compared with 26 HCs[31], and in
14 IBS-C subjects compared with 12 HCs[28]. In addition,
Parkes et al[32] showed reduced bifidobacteria concentrations in IBS-D patients compared with HCs and IBS-C
patients.
FISH was also applied for the analysis of ileal and
colonic biopsies, revealing a higher number of mucosaassociated bacteria in IBS patients (n = 20) compared
with HCs (n = 20)[33]. This same study revealed the prevalence of Eubacterium rectal (E. rectal)-Clostridium coccoides
(C. coccoides) in IBS. Similarly, higher mucosa-associated
bacteria and increased numbers of E. rectal-C. coccoides
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including home-made methods[46,47] and commercial kits,
such as the QIAamp DNA Stool Mini Kit (Qiagen)[48],
the Fast DNAII spin kit (BIO 101)[23], the FastDNA
Spin Kit (QBIO gene)[49], the ZR Fecal DNA Isolation kit
(Zymo Research Corporation)[40], and the AccuPrep Genomic DNA Extraction Kit (Bioneer)[50]. Different kits
generate diverse results in terms of DNA yield, purity
and integrity, significantly affecting the microbial profiles[51] and differently impacting microbial diversity scores
detected on the basis of the downstream techniques
employed[52]. Understanding how an extraction protocol
affects an analysis is difficult and outside of the scope of
this review. However, other studies have addressed this
technical issue[53,54].

patients presented reduced levels of Faecalibacterium, Prevotella and Bifidobacterium, with high significant differences
in B. gallicum and B. pseudocatenolatum. Interestingly, the authors also showed a positive correlation with IBS symptoms, thus confirming the results of previous data[37-39].
To characterize the IμB of young IBS-D patients,
Rigsbee et al[40] used the Microbiota Array Affymetrix, a
platform containing sets of phylogenetic 16S rRNA gene
probes, for the detection of 775 bacterial phylotypes in
the human IμB[41]. In this study, IBS-D samples contained lower levels of the genus Bifidobacterium and higher
levels of the genera Veillonella, Prevotella and Lactobacillus.
Although there was no difference in the abundance of
the complete Bacteroides genus between IBS patients and
HCs, significant differences were observed for certain
species, such as reduced B. fragilis and B. thetaiotaomicron
and increased B. ovatus and B. salyersiae.
Similarly, Maccaferri et al[42] detected higher amounts
of Lactobacillaceae in 19 IBS subjects compared with
HCs using a fully validated high taxonomic fingerprint
microbiota array. In the same study, a higher Bifidobacteriaceae concentration and a lower Veillonella concentration
were detected in the IBS samples. Notably, the enrichment of several pathobiont bacterial species[43], such as E.
rectal, Enterococcus faecium, Campilobacter spp. and C. difficile,
was also reported in this study.

qPCR: Specific oligonucleotides for the quantification
of particular taxa via PCR (qPCR method) have been
extensively used to overcome the problems of microbial
cultivation.
The qPCR technique has clear advantages, such as
the high sensitivity (i.e., also limited concentrations of
bacteria can be detected). Furthermore, qPCR facilitates
the analysis of a large number of samples in a short
time. Another important feature of qPCR is the design
of primers that potentially target genes at any taxonomic
level; thus, the identification of unique genetic signatures
also facilitates quantification at the strain level, which is
important when analyzing particular microbial behaviors,
such as the fate of a probiotic strain in the gastrointestinal tract[50,55].

Culture-independent, PCR-based methods
Most culture-independent methods include PCR for the
amplification of a specific DNA region from the total
(metagenomic) DNA isolated from an environmental
sample (e.g., feces or intestinal biopsies). Although alternative genes are available, nearly all of the molecular
methods used in these studies include an analysis of the
gene encoding the ribosomal RNA subunit 16S (16S
rRNA). The 16S rRNA gene is a conserved region of the
bacterial chromosome that has been extensively used in
microbial ecology research, as this gene is present in all
bacterial genomes and contains both highly conserved
and variable regions[22]. The highly conserved sequences,
therefore, can be used as target regions for universal
oligonucleotide probes (named universal primers) in the
PCR amplification of the 16S rRNA gene from virtually
all bacteria. Except for FISH, which is based on the direct in situ hybridization of an oligonucleotide probe onto
rRNA targets, all the molecular methodologies reported
here include the initial PCR amplification of the 16S
rRNA gene using specific or universal primers. Consequently, all molecular biology protocols described herein
inevitably require the extraction of nucleic acids from an
environmental sample, which are subsequently used as
templates for the characterization of microorganisms.
The protocol employed for DNA extraction affects
the results of the downstream reactions. An efficient
DNA extraction, producing high-quality genomic DNA,
is essential to properly reflect the actual microbial diversity of a complex ecosystem and detect less represented
microbial populations[44,45]. In the studies reviewed herein,
different DNA extraction protocols have been adopted,
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Limitations: However, the specificity of primers, particularly those targeting conserved ubiquitous genes,
such as 16S rRNA, significantly varies depending on the
experimental conditions of the assay. In other words, the
protocol for a pair of primers targeting a specific group
of microorganisms could lose specificity when using a
different thermocycler[56] because even small changes in
the reaction conditions could lead to the amplification of
the genes from related taxa. Specificity problems can be
drastically reduced using TaqMan fluorophore-quencher
probes. However, with only two exceptions[31,57], the studies considered in this review exclusively used intercalating
fluorescent dyes, such as SYBR Green, to measure the
accumulation of amplicons in real time during each PCR
cycle for the analysis of the IμB in IBS. The main limitation of qPCR is that this technique can only analyze one
microbial group per reaction. Furthermore, the microbial
groups are selected in advance, thereby limiting the potential identification of microbial groups that were not
initially considered but might play an important role.
We selected 13 manuscripts published in the last 10
years that employed qPCR to characterize the IμB associated with IBS. Malinen et al[16] considered 20 different
microbial groups ranging from the species and genus
levels to supra-generic groups. This study showed several
significant differences among IBS and HCs. Particularly,
these authors showed a higher concentration of Ruminococcus productus/C. coccoides in IBS patients (n = 27) than in
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the controls (n = 26). Several other differences were exclusively observed for diarrhea-predominant IBS patients
(IBS-D, n = 12), including a reduced concentration of
Lactobacillus spp., compared with IBS-C subjects (n = 9),
and diminished Bifidobacterium spp. and Desulfuvibrio ssp.,
compared with controls and IBS-A subjects. Moreover,
the Clostridiales genus Veillonella was more abundantly
represented in IBS-C patients than in controls[16]. The
qPCR analysis also showed a significant increase in the
Veillonella spp. concentration in 26 young IBS patients
(Age: 21.7 ± 2.0; 8 IBS-D, 11 IBS-C, 7 IBS-A) compared
with age-matched HCs (n = 26)[12]. A significant decrease
of bifidobacteria in diarrhea-predominant IBS patients
was also observed in other studies using qPCR (22 IBS-D
vs 22 HCs[40]; 14 IBS-D vs 18 HCs[58]). In another study,
qPCR with Taqman technology was used to detect differences in the abundance of four different Bifidobacterium
species in adult IBS patients (n = 19) and age-matched
HCs (n = 19)[31]. These analyses revealed a significant
reduction in the abundance of B. catenulatum in fecal
specimens and duodenal mucosa brush samples obtained
from IBS subjects. Although differences among the bifidobacterial species have been shown[59,60], the study of
Kerckhoffs et al[57] is one of the very few that investigated
bifidobacteria at intra-genus level in IBS (another example is[36]). Bifidobacteria are frequently analyzed in qPCR
experiments, as these microbes are univocally recognized
as health-promoting bacteria[61]. Thus, the available data
obtained from bifidobacterial research, and reported
herein, support the idea that a reduction of bifidobacteria
is associated with IBS.
Interestingly, based on a previous study[37], Lyra et al[46]
used qPCR to quantify 14 phylotypes in the fecal samples
obtained from 20 IBS patients (8 IBS-D, 8 IBS-C, 4
IBS-A) and 15 healthy controls. Specifically, the abundance of several phylotypes, including the Clostridiales
genera Clostridium and Ruminococcus, significantly differed
among these subjects (Table 1). Moreover, in this study,
the authors proposed C. thermosuccinogenes and R. torqueslike phylotypes as potential biomarkers for IBS[38].
Rinttilä et al[62] used qPCR on samples obtained from
IBS subjects (81 patients) to detect the presence of
pathogens, such as S. aureus (with higher prevalence in
IBS-C), C. perfringens and H. pylori, which were not identified in any of the control subjects (23 HCs).
Lactobacilli have often been included in qPCR analyses for the characterization of the IμB associated with
IBS. In contrast to data concerning bifidobacteria, studies
concerning lactobacilli have generated less convincing
results, as previously shown for the culture-dependent
studies described above. Malinen et al[16] reported reduced
concentrations of Lactobacillus spp. in IBS-D patients (n =
12) compared with IBS-C patients (n = 9) but no differences were observed when compared with HCs (n = 22).
In contrast, more recent studies have shown that lactobacilli were increased in the fecal samples of IBS-D patients
(n = 10[27]) and IBS (n = 11[63]) compared with HCs (n
= 10 and 8, respectively). Notably, in these studies, the
same qPCR chemistry (SYBR Green) and primers[64] were
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used for the quantification of lactobacilli. Therefore, the
observed differences might more accurately reflect actual
differences in microbiota composition rather than methodological biases. The limited number of recruited subjects should also be considered to analyze these results.
Most studies have exclusively considered microbial
groups belonging to the Bacteria superkingdom (also
called “Eubacteria”). Experiments based on qPCR, however, have also revealed potential differences in the IμB
associated with IBS in Archeabacteria. For instance, the
reduced abundance of the genus Methanobrevibacter was
reported in IBS subjects[36], particularly the IBS-C subgroup, consistent with the results of a previous study[65].
DGGE/T-RFLP: DGGE and T-RFLP are molecular
techniques that produce an electrophoretic profile of
microbial communities. Specifically, in DGGE, PCR
products are obtained from environmental DNA using
primers for a specific molecular marker (most commonly
the 16S rRNA gene) and subsequently electrophoresed
on a polyacrylamide gel under denaturing conditions using a chemical denaturant (e.g., urea and formamide[66,67]).
In T-RFLP, the DNA fragments are obtained through
PCR using a fluorescently labeled primer, followed by
digestion with one or more restriction enzymes, and separated on an automated DNA sequencer[68] that only detects terminal fluorescently labeled restriction fragments,
thereby simplifying the banding pattern and facilitating
the analysis of complex microbial communities.
DGGE and TGGE are rapid and inexpensive techniques. These methods facilitate the simultaneous analysis and comparison of multiple samples. Different from
qPCR, DGGE and TGGE facilitate the examination of
different microbial groups in the same analysis.
Limitations: DGGE and T-RFLP are based on the
PCR amplification of a specific genetic target; therefore,
these methods have the same limitations concerning
primer specificity as described for qPCR. Furthermore,
DGGE does not provide direct taxonomic identification
and involves the separation of DNA bands (excision
from electrophoretic gel), cloning and sequencing. The
separation of all DNA amplicons, however, is practically
impossible because the PCR amplification of a target
gene, such like the 16S rRNA gene from DNA isolated
from an environmental sample, such as human feces,
generates numerous DNA fragments. Consequently,
only the most represented amplicons can be visualized
in electrophoresis, and several DNA fragments might
have similar melting points. Finally, the abundance of a
specific microbial group can be exclusively estimated on
the basis of the band intensity in electrophoresis. Thus,
only those microbial groups represented with dominant
bands in electrophoresis and showing markedly different
abundance between the two conditions investigated can
be identified as significant in DGGE. In T-RFLP, the
separation of DNA amplicons through the amplification
of the 16S rRNA gene is facilitated using an automated
DNA sequencer; however, no more than approximately
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100 fragments can be resolved per analysis, and more
importantly, the taxonomic identification and quantification of the detected ribotypes can be deeply distorted by
the fact that different bacterial species can share the same
terminal restriction fragment length.
Concerning the characterization of the IμB associated
with IBS using DGGE, an increase in Clostridium spp. and
Eubacterium spp. and a decrease Parabacteroides spp. and
several Bacteroides species in IBS samples was reported[69].
Furthermore, Kerckhoffs et al[57] showed the augmented
presence of Pseudomonas spp. in duodenal mucosal brush
and fecal samples from 37 IBS patients compared to 20
healthy subjects. Subsequent qPCR experiments confirmed the increased abundance of Pseudomonas aeruginosa
in the same samples. In addition, DGGE technique displayed reduced biodiversity in IBS subjects, consistent
with the results obtained by Noor et al[69]. In contrast, a
Korean study showed that IBS subjects (n = 11) had a
significantly higher diversity of total bacteria than HCs (n
= 8)[64]. Maukonen et al[49] and Kerckhoffs et al[57] detected
no significant differences in the microbiota variability
between IBS patients and HCs. However, Codling et al[70]
showed higher variability in HC subjects compared with
IBS patients. The results of the DGGE analysis concerning microbial biodiversity in IBS are contradictory. In
these studies, however, the general biodiversity was calculated according to the numbers and relative intensities of
the bands detected among individual samples. Thus, this
analysis has intrinsic technical limitations. Indeed, many
taxa could be present at low levels and could be therefore
only marginally amplified, generating bands that cannot
be easily visualized on the electrophoretic gel. Therefore,
DDGE profiles are not adequate for the determination
of the biodiversity of a complex microbial ecosystem.
Thus, the use of primers for the amplification of a
specific group of bacteria (e.g., genus-specific primers),
generating a reduced number of taxa, could improve the
significance of the evaluation of microbial diversity using
DGGE. Indeed, Ponnusamy et al[63] used group-specific
and detected the increased diversity of Bacteroidetes and
lactobacilli and the decreased diversity of bifidobacteria
and C. coccoides in IBS samples.
T-RFLP fingerprinting of the bacterial 16S rRNA
gene was used to analyze the microbiota in fecal and
mucosal samples from 16 IBS-D patients and 21 HCs,
revealing lower biodiversity and the reduced abundance
of Gram-positive Clostridiales and Gram-negative Planctomycetaceae in the IBS-D fecal samples[71]. These data
are partially inconsistent with the results of the studies
cited above, which showed an increase in certain taxa
belonging to Clostridiales in IBS using qPCR. This inconsistency might reflect the fact that T-RFLP potentially
included all taxa belonging to the Clostridiales, whereas
qPCR analyses only quantified selected genera. Furthermore, the intrinsic limitations of T-RFLP fingerprinting
distort the results.

preparation of a clone library containing microbial DNA
fragments derived from an environmental sample is the
“gold standard” for microbial community analyses. The
most widely used methods include the PCR amplification
of the 16S rRNA genes from an environmental sample,
followed by cloning and sequencing of the individual
DNA fragments[72]. The obtained sequences are subsequently compared with known sequences database, such
as GenBank or the Ribosomal Database Project. For the
data analysis, each clone sequence is assigned to a taxonomic lineage according to sequence similarity cut-off
values (e.g., cut-off values of 80%, 85%, 90%, 92%, 94%,
and 97% for phylum, class, order, family, subfamily, and
species, respectively)[72].
16S rRNA clone libraries facilitate the initial survey of
the microbial diversity in an environmental sample, and
differently from the methodologies described above, these
libraries contribute to the identification of novel taxa.
Limitations: Environments characterized by complex
microbial ecosystems, such as soil or feces, might require more than 40000 clones to document 50% of the
richness[73]. However, until recently, 16S rRNA clone
libraries rarely contained numbers of sequences of this
magnitude. Therefore, these studies only revealed a small
portion of the microbial biodiversity present in an environmental sample. This problem directly reflects the fact
that the clone library method was, until recently, a timeconsuming, labor-intensive and particularly expensive
microbial ecology strategy.
Consistent with the limitations described above, the
quality of the first studies employing clone libraries to
characterize the IμB in IBS was drastically affected by the
limited number of sequenced clones. Indeed, Mättö et
al[23] sequenced the partial 16S rRNA gene from only 45
amplicons (29 amplicons from 5 IBS patients and 16 amplicons from 4 HCs), revealing the increased prevalence
of Clostridium spp. and reduced prevalence of Eubacterium
in IBS patients. Kerckhoffs et al[57] also evaluated a limited
number of clones (n = 51) and did not detect significant differences between in the microbiota composition
of both duodenal biopsies and fecal samples from IBS
patients and HCs, except for an increase of Pseudomonas
aeruginosa in IBS.
Kassinen et al[37] made an important contribution to
the field of microbial ecology in IBS through 16S rRNA
cloning and sequencing using a conventional sequencer
(ABI PRISM® BigDye™ Terminator Cycle Sequencing,
Applied Biosystems), generating 3753 sequences from
the analysis of the fecal samples obtained from 24 IBS
patients (10 IBS-D, 8 IBS-and 6 IBS-A patients) and 23
HCs. This study overcame the intrinsic problem inherent in most experimental approaches using PCR with
universal primers, such as the 16S rRNA amplification,
for the preparation of a clone library. Indeed, biases
in favor targets with low guanine and cytosine (%GC)
contents are observed in PCR amplification from a
pool of 16 rRNA gene targets containing different se-

16S rRNA gene library (clone library method): The
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quences[74]. Therefore, the numbers of bacteria characterized by higher %GC in the 16S rRNA gene, such as
bifidobacteria, might be underestimated. To overcome
this problem, Kassinen et al[37] used cesium chloride gradient centrifugation to separate the genomic DNA from
IBS and HC samples into three fractions based on %GC:
fraction 7 (with a %GC between 25% and 30%), fraction
10 (%GC: 40%-45%), and fraction 13 (%GC: 55%-60%).
Using this strategy, significant differences in the microbiota composition were detected among different IBS
subcategories. In fraction 7, the members of the genus
Lactobacillus were reduced in all IBS subgroups, whereas
the Ruminococcus was higher in IBS-C and IBS-A patients,
and Streptococcus was higher in IBS-D patients. Furthermore, in fraction 13, the high %GC bacterium Collinsella,
phylum Actinobacteria (similar to bifidobacteria), was
less abundant in IBS-C and IBS-D patients. This research
group used a similar strategy to separate the genomic
DNA obtained from 10 IBS-D subjects into 7 fractions
based on %GC[47]. The sequences of 3267 clones were
subsequently compared with an analogous HC library of
23 subjects, revealing an increase in Proteobacteria and
Firmicutes (in particular, the family Lachnospiraceae) and a
decrease in Actinobacteria and Bacteroidetes in IBS-D patients; decreased diversity in IBS-D was also observed.
Despite these efforts, studies based on the use of
the clone library method have not completely overcome
the problem of the limited bacterial diversity observed
in intestinal samples, as only a limited number of clone
sequences are observed. Thus, next-generation DNA sequencing technologies, such as the pyrosequencing, have
made significant advancements.

samples, consistent with a significant reduction of the
anti-inflammatory species Faecalibacterium prausnitzii[76], determined through qPCR. Saulnier et al[35] obtained analogous results concerning increased γ-Proteobacteria[35]. In
this study, the 16S rRNA gene fragments from the fecal
samples of 22 pediatric IBS patients and 22 HCs were
sequenced through pyrosequencing, generating an average
of 54287 reads per sample. The data analysis showed an
abundance of γ-Proteobacteria and particularly, the species Haemophilus parainfluenzae. In addition, the Firmicutes
genera Dorea and Veillonella were significantly represented
in IBS patients. Similarly, Rigsbee et al[40] showed that the
genus Veillonella was increased in pediatric IBS-D patients.
Moreover, Durbán et al[48] used pyrosequencing to
study the microbiota population in feces and colon mucosa samples obtained from 16 IBS patients and 9 HCs.
In this study, DNA was extracted from three types of
samples per subject: biopsies of the ascending and the
descending colon mucosa, and feces. Prior to pyrosequencing, the 16S rRNA genes were amplified from the
extracted DNA, and equal amounts of the PCR products
from different samples were pooled. The analysis of
approximately 268000 reads showed reduced microbial
diversity in the IBS samples and significant differences in
the representation of several microbial taxa between IBS
patients and HCs. Particularly, the families Rikenellaceae
and Porphyromonadaceae were increased and Ruminococcaceae
spp. were decreased in the fecal samples of IBS subjects.
Furthermore, the family Bacteroidaceae was more abundant
in mucosal samples. Several other taxa were diversely
represented in IBS-D and IBS-C samples compared with
HCs. This study, therefore, indicated several potential
microbial signatures for IBS and IBS subtypes. However,
these results were based on a limited number of sequence
reads per subject (approximately 3500).

Pyrosequencing: Pyrosequencing is a sequencing strategy based on the production of light from luciferase
for the detection of individual nucleotides added to the
nascent DNA; the resulting data are subsequently used
to generate sequence read-outs. The rapid technological
development of this strategy facilitates massive parallel
high-throughput sequencing, which is applied to microbial ecology to sequence the hypervariable regions of
16S rRNA genes in large numbers. The use of pyrosequencing technology generates at least 100 times higher
coverage of microbial diversity in a sample compared
with typical Sanger sequencing. With this technology,
the sequences of the hypervariable regions are generally
short (100-350 bases) but provide sufficient phylogenetic
information to determine the taxonomic level of genus.
In recent years, 454 Pyrosequencing has been used to
study the microbial ecology of IBS. Carroll et al[75] used
this technology to characterize the fecal DNA isolated
from 23 IBS-D patients and 23 HCs. To this aim, the variable regions V1-V3 (an average of 8232 reads per sample)
and V6 (an average of 6591 reads per sample) of the 16S
rRNA gene were sequenced, revealing less microbial richness and a higher presence of the phylum Proteobacteria
(particularly the class γ-Proteobacteria and the family Enterobacteriaceae) in the IBS-D population. Furthermore,
the genus Faecalibacterium was less abundant in IBS-D
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CONCLUSION
Intestinal microbiota plays a role in the pathogenesis of
IBS and is not merely a consequence of the disorder[77].
A number of factors profoundly influence the identification of specific microbial modifications etiologically associated with IBS: The etiology of this disorder is heterogeneous and might profoundly vary among individuals.
There is great variability among different subgroups of
IBS (diarrhea, constipation-predominant and alternating
IBS). The technologies adopted to characterize the IμB
have intrinsic pitfalls associated with particular biases.
Despite these limitations, the analytical revision of
the studies referenced in the present review resulted in
the identification of microbial groups whose relative
abundance, consistent with different studies using diverse
methodological approaches, significantly altered IBS.
These results suggest that the following microbial groups
are potential IμB signatures of IBS, as briefly summarized below.
Bifidobacterium
Lower levels of members of the genus Bifidobacterium
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have predominantly been identified in studies on IμB
in IBS. Indeed, almost all of the studies analyzed in the
present review (with only one exception[42]) suggest that
bifidobacteria are underrepresented in IBS, particularly in
the diarrhea-predominant type. Interestingly, most probiotic preparations shown as effective in managing IBS
symptoms contain bifidobacteria (particularly, the species
B. animalis subsp. lactis, B. bifidum, B. breve and B. longum
subsp. B. infantis)[17,78], suggesting a preventing role for
these microorganisms in IBS.
A mechanism underlying the beneficial role of bifidobacteria in IBS might depend on the presence of
serine protease inhibitors (SERPINs) in these bacteria[79].
Indeed, supernatants obtained from IBS biopsy samples
have high levels of these proteases (derived from the host
or potentially produced by certain members of the phylum Firmicutes[80]). Such proteases have been implicated
in the observed over-stimulation of sub-mucosal neurons
in IBS subjects[81]. Therefore, the SERPINs from bifidobacteria might act on extra-cellular proteases to suppress
the activity of these enzymes.

predominant species.
The class γ-Proteobacteria comprises several families
that include pathogenic bacteria (e.g., Enterobacteriaceae,
Legionellaceae, Aeromonadaceae, Vibrionaceae). Particularly, Enterobacteriaceae were increased in IBS[54]. Thus,
it is likely that these bacteria are among those (potential)
pathogens (also known as pathobionts) that contribute to
the onset and maintenance of IBS.
Clostridiales/Blautia
Clostridiales is a wide and heterogenic Firmicutes order
that includes several bacterial groups differently represented in IBS. Clostridiales also include the family Lachnospiraceae, a group of microorganisms that normally occur in
the gut of humans and animals. This family comprises the
genus Blautia, which comprises several misclassified species belonging to the Clostridium cluster XIVa, including C.
coccoides and several Ruminococcus species related to R. gnavus
(that also include R. torques)[90]. In several studies described
herein, the increased presence of these bacteria has been
demonstrated in IBS patients[16,32,33,36,46].
Clostridia abundantly colonize mucin[91], and it was
proposed that an increase in these bacteria might reflect
the increased production of rectal mucus in both IBS-C
and IBS-D patients[92]. Particularly, Clostridium cluster
XIVa has previously been associated with IBS[93]. More
specifically, Jeffery et al[77] showed that the butyrateproducing clostridia of cluster XIVa are associated with
IBS. Butyrate has been shown to cause visceral hypersensitivity[94]; thus, it is likely that an increase in butyrateproducing bacteria might promote sensory dysfunctions
typical of IBS[77].

Veillonella
Different studies have shown an increase in the Firmicutes genus Veillonella in IBS patients[16,12,35,40] using different techniques (qPCR, Pyrosequencing and Microbiota
Array Hybridization). Particularly, Tana et al[12] showed
higher levels of Veillonella in IBS-C patients and demonstrated a correlation with severity of pain and increased
levels of acetate and propionate in the feces of subjects.
Interestingly, it has been demonstrated that Veillonella
is abundant in jejunal samples of IBS patients and this
bacteria might be involved in small-intestine bacterial
overgrowth (SIBO)[82]. SIBO is defined as a malabsorption syndrome resulting from the presence of abnormal
bacterial load in the small intestine (greater than 105 CFU
per mL of intestinal aspirate and/or colonic-type species). Several studies have reported the prevalence of
SIBO in IBS patients, although conflicting data have also
been reported[83-85].
Furthermore, Rigsbee et al[40] showed a positive correlation among Veillonella, Haemophilus and Streptococcus, suggesting that Veillonella forms co-aggregation complexes
with other bacteria present in the small intestine, such as
Streptococcus and Haemophilus[12,86,87]. Higher proportions
of Haemophilus and Veillonella have also been observed in
microbiomes associated with esophagitis[88]. Thus, these
data suggest that Veillonella might play a role in the onset
of gastro-intestinal disorders, such as IBS.

Faecalibacterium
Reduced levels of Faecalibacterium spp. has been shown
in two studies reported in this review. Rajilić-Stojanović
et al[36] showed that Faecalibacterium was the only microbial
group within the phylum Firmicutes that was significantly
underrepresented in both IBS-C and IBS-A subjects.
Interestingly, Faecalibacterium prausnitzii possess anti-inflammatory properties[77], suggesting that the presence of
this bacterium might modulate inflammatory conditions
associated with IBS.
The available experimental data indicate modifications
in the IBS IμB composition at the phylum level. Specifically, a general increase in Firmicutes and Proteobacteria
with a concomitant reduction of Bacteroidetes and Actinobacteria has been associated with IBS.
Concluding remarks
The progress in DNA sequencing technologies offers
promise to microbial ecology studies, facilitating the adequate detection and quantification of less represented
microorganisms within the large microbial biodiversity in
the intestinal ecosystem. Thus, sufficient research studies
for the investigation of the IμB should include the following basic elements: New generation DNA sequencing
technologies, such as 454 Pyrosequencing and Ion Tor-

γ -Proteobacteria

The studies described in the present review have presented non-controversial data concerning the increased
prevalence of members the phylum Proteobacteria in IBS
subjects[35,47,54,89]. Some studies have reported a significant
increase in the abundance of the class γ-Proteobacteria in
IBS[35]. Notably, Haemophilus was most represented among
γ-Proteobacteria, and Haemophilus parainfluenzae was the
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rent[95], to obtain a high number of reads to satisfy the
biodiversity requirements specified through rarefaction
curves. Confirmation of the results using other methods,
preferentially qPCR. An investigation of the microbiota
components other than eubacteria, such as archaebacteria, fungi, yeasts and viruses.
The identification of microbial biomarkers in the IμB
will contribute to the development of new diagnostic
tools and novel therapeutic strategies for the treatment
of different subtypes of IBS.
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Core tip: The most of irritable bowel syndrome patients reported food as a trigger of gastrointestinal
symptoms and self-referred intolerance to certain food
items. However, it is difficult identify which items are
involved in symptoms triggering because food is a complex milieu of several chemicals, almost all potentially
able to induce symptoms via several ways. It has been
proposed three pathogenic mechanisms by which food
items might induce symptoms: via immune activation
(food hypersensitivity), via direct action of bioactive
molecules (food chemicals) and via luminal distension.

Abstract
Cuomo R, Andreozzi P, Zito FP, Passananti V, De Carlo G, Sarnelli G. Irritable bowel syndrome and food interaction. World J
Gastroenterol 2014; 20(27): 8837-8845 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i27/8837.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i27.8837

Irritable bowel syndrome (IBS) is one of the most common gastrointestinal disorders in Western countries.
Despite the high prevalence of this disorders, the therapeutic management of these patients is often unsatisfactory. A number of factors have been suggested to be
involved in the pathogenesis of IBS, including impaired
motility and sensitivity, increased permeability, changes
in the gut microbiome and alterations in the brain-gut
axis. Also food seems to play a critical role: the most
of IBS patients report the onset or the exacerbation of
their symptoms after the meals. Recently, an increasing attention has been paid to the role of food in IBS.
In this review we summarize the most recent evidences
about the role of diet on IBS symptoms. A diet restricted in fermentable, poorly absorbed carbohydrates and
sugar alcohols has beneficial effects on IBS symptoms.
More studies are needed to improve our knowledge
about the relationship between food and IBS. However,
in the foreseeable future, dietary strategies will represent one of the key tools in the therapeutic manage-
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gastrointestinal (GI) disorder characterized by abdominal pain or
discomfort associated with abnormal bowel habit. Since
the absence of reliable biomarkers, Rome Ⅲ diagnostic
criteria define IBS as recurrent abdominal pain or discomfort for at least 3 d per month in the past 3 mo, associated with 2 or more of the following: improvement
with defecation, onset associated with a change in the frequency of stool or onset associated with a change in the
form (appearance) of stool. Based on stool form, IBS is
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classified in IBS with constipation (IBS-C), IBS with diarrhea (IBS-D), mixed IBS (IBS-M) and unsubtyped IBS
(IBS-U)[1]. Prevalence of IBS in the industrialized world
is approximately 10%-15%, which makes IBS one of the
most common GI disorders[2]. The pathogenesis of IBS
is not completely understood, but several factors seem to
play a role in the pathogenesis of IBS, including dysregulation of the brain-gut axis with impaired gut motility and
sensibility, psyco-social factors, genetic factors, impaired
gut barrier function and changes in the gut microbiome[3].
Food plays a key role in IBS: more than 60% of patients with IBS report the onset or worsening of symptoms after meals, within 15 min in 28% and within 3 h in
93% of these patients[4]. The most of IBS patients (84%)
reported meal-related symptoms to at least one food
item. In addition, self-reported food intolerance is associated with higher symptoms severity score and reduced
quality of life[5-7]. In line with this, patients try to identify
and remove the food items they do not tolerate: a crosssectional study showed that 62% of IBS patients limited
or excluded food items from the diet[8].
The role of food as trigger of GI symptoms in functional disorders is well-known, while it is much more difficult to pinpoint what food groups or items are involved
in symptoms onset or worsening in IBS. For this reason,
dietary recommendations for functional gastrointestinal
disorders (FGIDs) are limited and largely based more
upon empiricism or pathophysiology knowledge rather
than randomized clinical trials or guideline consensus.
The lack of a specific nutritional training and scientific
evidences explains the skepticism of most primary care
practitioners and gastroenterologists about dietary advices, that often are limited to change fiber intake or to
reduce lipids consumption.
In the last years, the potential role of food in the
management of IBS has been revisited [9]. Searching
PubMed (MeDLINe) database using the terms “food”
and “irritable bowel syndrome”, we have found that the
number of published papers increased from 7 in 1997
to 108 in 2011. This renewed interest has led to new
advances in the pathophysiology and management of
IBS, but also to new sources of confusion. For example,
increasing attention has been paid to the role of wheat
in GI symptoms. Recent studies have supported the existence of a subgroup of IBS patients with undiagnosed
non-celiac gluten sensitivity, defined as a condition of
morphological, immunological, or functional disorder
that responds to gluten exclusion[10]. However, the existence of a objective clinical entity is controversial and
recent evidences seem to reappraise the role of gluten in
GI symptoms in these patients, focusing the attention on
fermentable, poorly absorbed, short-chain carbohydrates
present in wheat[11].
In this paper, we performed a literature review about
the putative pathogenic mechanisms of food in IBS as
well as the recent evidences supporting the role of food
as a means of therapeutic strategies in the management of
IBS. Since a great number of papers have been published
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in the last years, we focused mainly on high-quality works.

PUTATIVE MECHANISMS
It should be remembered that food is a complex milieu
of nutrients. On the other side, the ingestion of food
activates a complex response of GI tract that allows the
transfer of nutrients from the intestinal lumen to the
systemic circulation through the processes of digestion,
absorption and expulsion of needless elements. The
great complexity of food composition and GI physiology explain why it is difficult to identify single food items
involved in IBS symptoms triggering or worsening.
Several mechanisms have been proposed to explain
how food triggers GI symptoms in IBS. Gibson propose
at least three pathogenic mechanisms by which food
items might induce GI symptoms in functional bowel
disorders: via immune activation (food hypersensitivity),
via direct action of bioactive molecules (food chemicals),
and via luminal distension[12].
A long-standing debate is whether or not immunological mechanisms are involved in the pathogenesis of
IBS. In the last decades, it has been suggested that increased epithelial barrier permeability leads to immune
activation and low-grade inflammation, that could play a
crucial role in the pathogenesis of IBS[13]. Since the gut is
the gatekeeper that controls nutrients access, it is not difficult to imagine that food antigens in definite conditions
could trigger low-grade inflammation that would change
the motor and sensory function of the gut in a group of
susceptible individuals[14].
Adverse food reactions may play an important role
in GI symptoms triggering, as many patients report an
exacerbation of symptoms after food ingestion[15]. There
is no international consensus for the terms of “food
intolerance”. This expression should be referred to nonimmunological non-toxic adversion to food[16]. Chemicals
with potential bioactivity such as salicylates, amines and
glutamates are natural, pharmacologically active substances that are believed to cause adverse reactions, such as
anaphylactoid reactions, urticaria, and asthma in susceptible individuals by a non-immune direct effect on mast
cells to produce cysteinyl leukotrienes. However, bioactive chemicals would be able to trigger GI symptoms
including nausea, vomiting, abdominal pain, bloating or
diarrhea[17] and a line of evidences support the role of
these molecules in IBS[15]. Although several mechanisms
have been proposed to explain the pathogenesis of these
symptoms, it has been hypothesized that chronic exposure to food chemicals may induce visceral hypersensitivity to luminal stimuli through the activation and overexpression of TRP channels on enteric nervous system
neurons. In addition, some evidences in murine model
suggest that salicylate intolerance may involve mast cells
production of cysteynil leukotriens, which promote
smooth muscle contraction and increase vascular permeability[18]. Salicylates, glutamates and amines have been the
principal targets of elimination diet treating groups, with
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Table 1 Estimated food allergy rates in North America
Prevalence

Infant/child

Adult

Milk
Egg
Peanut
Tree nuts
Fish
Shellfish
Wheat, soy
Sesame
Overall

2.5%
1.5%
1.0%
0.5%
0.1%
0.1%
0.4%
0.1%
5.0%

0.3%
0.2%
0.6%
0.6%
0.4%
2.0%
0.3%
0.1%
3%-4%

Table 2 Pathophysiologic classification of allergic reactions to
[19]
food
Immunopathology
IgE dependent

Non IgE dependent

contrasting results[15].
Luminal distension is another mechanism by which
food induces GI symptoms. It is well-known the presence of visceral hypersensitivity in the majority of patients with IBS, resulting in a lower painful threshold of
gut wall stretching. The presence of certain nutrients
in food, in particular short chain carbohydrates, could
induce or worsen GI symptoms in IBS patients via two
main actions. First, these small molecules are osmotically
active and increase luminal water volume in distal ileum
and colon. Secondly, short chain carbohydrates are substrates for colonic bacterial fermentation, resulting in the
production of gas. The increase of intra-luminal water
and gas volume leads to luminal distension that induces
GI symptoms in subjects with lower pain threshold or
impaired motility pattern such as patients with functional
GI disorders[19].

terocolitis and proctitis (table 2).
The increased prevalence of atopic conditions in patients with diarrhea-predominant IBS[23] and the positive
response to oral sodium cromoglycate treatmentin these
patients[24]. suggest that food hypersensitivity could play a
role in pathogenesis of IBS.
An equivalent of prick test in the gut mucosa, the socalled colonoscopic allergen provocation test (COLAP),
showed promising initial results. Food antigens selected
according to the patients’ history of food intolerance and
the presence of specific IgE in serum were injected into
the mucosa of the cecum during colonoscopy in seventy
adult patients with chronic abdominal symptoms and
suspected gastrointestinal food allergy and in five healthy
volunteers. COLAP test was positive in response to at
least one food antigen in 77% of patients, whereas no reaction was detected in the five healthy volunteers. Moreover, in the clinical follow up over a period of at least
6 months, a food eliminiation diet induced a significant
improvement of symptoms in 29 of 35 patients (83%)
with positive COLAP test. The researchers concluded
that allergic reactions may play a part in a subgroup of
patients with irritable bowel syndrome and COLAP test
may improve the clinical management of these patients,
supporting this “intestinal prick test” as a valuable diagnostic tool of GI food allergy[25].
Several researchers focused on the role of food-specific
IgG and IgG4. Although dietary antigens physiologically
induce the production of IgG4, the hypothesis that these
immunoglobulin are involved in IBS stems from the observation that IBS patients had higher IgG4 titers to certain antigens, such as wheat, beef, pork and lamb, compared to controls[26]. Moreover, two studies revealed that
a food elimination diet based on serum IgG/IgG4 antibodies is able to improve overall symptoms in IBS[26,27].
Despite the initial promising results of COLAP test and
elimination diet based on serum IgG/IgG4 antibodies,
there have been no further published reports of these
tests[28].
In conclusion, the role of hypersensitivity in IBS
remains uncertain. Clinical trials, in vitro and epidemiological studies have suggested a potential role of allergic
mechanisms in the pathogenesis of IBS, but further studies are needed to elucidate this relationship. To date, food
allergy and IBS should be considered as two distinct clini-

FOOD HYPERSENSITIVITY
The term food allergy is used to describe an adverse immune response to food. Food allergy can be classified
on the basis of immunopathologic mechanisms in IgEmediated (considered type Ⅰ hypersensitivity) and nonIgE-mediated reactions (including type Ⅲ and Ⅳ hypersensitivity)[20]. In the Table 1 are reported estimated rates
of food allergies in North America[21].
Classic IgE-mediated food allergies are classified as
type-Ⅰ immediate hypersensitivity reaction. These allergic reactions have an acute onset (from seconds to one
hour) and may have extremely heterogeneous clinical
manifestations[20]. Although it is relatively easy to recognize the allergic manifestations of skin, such as urticaria
and atopic eczema, and respiratory tract, such as rhinitis
or asthma, the GI tract can be affected by food allergies in several ways: oral allergy syndrome (angioedema
of lips and tongue), nausea, abdominal pain, diarrhea or
constipation. Rarely, food allergy manifested as signs and
symptoms that can occur in IBS (diarrhea associated to
abdominal pain)[22]. The spectrum of food allergies also
includes delayed-onset diseases, that can be mediated by
intestinal mucosal mechanisms involving not only IgE
but also T cells, mast cells and eosinophils that produce
proinflammatory mediators. Belong of this kind of disease: atopic dermatitis, celiac disease or eosinophilic GI
diseases, such as esophagitis, gastritis, gastroenteritis, en-
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Disorder
Urticaria and atopic eczema
Rhinitis or asthma
Oral allergy syndrome (angioedema of lips and
tongue)
Nausea, abdominal pain, diarrhea or constipation
Atopic dermatitis
Celiac disease
Eosinophilic esophagitis, gastritis, gastroenteritis,
enterocolitis and proctitis

8839

July 21, 2014|Volume 20|Issue 27|

Cuomo R et al . IBS and food

cal entities. Food allergy should be considered in case of
uncontrolled symptoms in patients with IBS-like symptoms and when a clear allergic response to a specific food
has been identified. Unfortunately, there is not a gold
standard procedure for food allergy diagnosis. At present,
skin prick tests and the radioallergosorbent test, the most
used tests to investigate IgE-mediated allergy, suggest
only individual sensitization but they are not sufficient
per se to diagnose food allergy. For this reason, suspected
food allergy needs to be confirmed by a double-blind,
placebo-controlled food challenge[20].

(leukotrien B4, C4, D4, E4) and a reduction of prostaglandin, prostacyclin and thromboxan as consequence of
cyclooxygenase inhibition. It has been hypothesized that
in patients intolerant to salicylate the inhibition of these
enzymes may be higher than in healthy subjects[34].
The typical triad of intolerance to salicylic acid comprises the occurrence of polyposis nasi, nonallergic asthma and angioedema as well as laryngeal edema following
contact with substances containing acetylsalicylic acid.
Further clinical manifestations of salicylate intolerance
may include gastrointestinal symptoms such as abdominal
pain, swelling, meteorism, colitis and diarrhea.
However, the presentation of such gastrointestinal
symptoms, accompanied or not by typical systemic manifestations, may create diagnostic difficulties; in fact, the
diagnosis of salicylate intolerance may be considered
once other causes have been excluded.
The variety of symptoms of salicylate intolerance is
linked to the different expression and concentration of
cytokines in the different tissues. In fact, for example,
leukotriene B4 is primarily involved in inflammation,
leukotriene C4 is responsible of typical pseudo allergic
mechanisms while leukotrienes C4, D4 and E4 cause
bronchoconstriction, bronchial hyperreactivity, mucus
production and vasodilatation [35]. These mechanisms
have been used to explain intolerance to acetylsalicylic
acid and, although it is possible to hypothesize that other
salicylate derivates may induce symptoms sharing similar
pathogenesis, further studies are needed.
At the moment, elimination diet represents the best
way to diagnose and manage salicylate as well as other
food chemicals intolerance, but, considered the widespread presence of these substances in foods (Table 3),
too severe alimentary restrictions should be avoided for
the risk of unpalatable diets and malnutrition. Moreover,
all studies, which report that dietary manipulation may be
a valid treatment choice in IBS patients, have important
limitations in their trial designs, including inadequate patient selection, appropriateness and duration of exclusion
diets, and methods of food challenge[15].

Fat hypersensitivity
Lipids are a complex group of chemical substances including triglycerides, and its constituent fatty acid, as
well as cholesterol, phospholipids and sterol. Fat is not
a simply nutrient, in fact, lipids are able to modulate the
responses of the gut to various stimuli. In patients suffering from FGIDs, such as irritable bowel syndrome, some
of these modulatory mechanisms, being abnormal, may
lead to the onset of gastrointestinal symptoms[29]. In fact,
it has been hypothesized that in irritable bowel syndrome,
as well as in other FGIDs, patients display intestinal
hypersensitivity and exaggerated reflexes after normal
stimuli, for example after fat ingestion[30]. These patients
complain symptoms such as fullness, bloating and nausea
after lipids intake much more frequently and at lower fat
load than healthy subjects. It has been described that lipids through the inhibition of small bowel motility and the
delaying of intestinal transit may cause gas retention and,
then, abdominal bloating[31]. On the other hand, many evidences show that lipids stimulate colonic motor activity
through a mechanism known as “gastrocolonic reflex”.
Such reflex seems to be upregulated in IBS patients and
may lead to post-prandial diarrhea. Simrén et al[32] have,
also, demonstrated that duodenal lipid load increased rectal sensitivity and perception of rectal distension in IBS
patients, inducing different symptoms in the constipated
and diarrheal subtypes of IBS with the same mechanism.
In fact, if C-IBS patients experience rectal distension
as pain, D-IBS subjects report primarily rectal urgency.
However, although association between lipids intake and
gastrointestinal symptoms has been observed, only few
studies report lower dietary fat consumption in IBS patients if compared to healthy subjects.

LUMINAL DISTENSION
Milk
The enzyme activity of lactase, a β-galactosidase present
on the apical surface of enterocytes in the small intestinal brush border, physiologically starts to decline within
the first few months of life in most of mammalian. In
humans, approximately 70% of the adult population
has a decreased lactase activity[36]. In people with lactase
deficiency, lactose is not hydrolyzed and absorbed in the
small bowel, but passes through the gastrointestinal tract
into the colon into where bacterial fermentation produces gas and short-chain fatty acids and other products that
can cause luminal distension and induce GI symptoms[37].
The typical symptoms of lactose intolerance are similar to those in IBS and include abdominal pain, bloating,
flatus, diarrhoea, borborygmi. Conversely, patients with

FOOD CHEMICALS
Salicylates
Although, aspirin and other non steroidal anti-inflammatory drugs are the best studied compounds belonging
to salicylates, salicylic acid and its derivates are present
in many foods in different concentrations[33]. Salicylate
intolerance is defined as a nonspecific antigen-induced
pseudoallergic hypersensitivity reaction characterized by
systemic and local manifestations[15,18-33].
Symptoms of acetylsalicylic acid intolerance are
caused by overproduction of leukotriene metabolites
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be involved in symptom generation[12].
The low FODMAP diet approach involves the reduction, not complete avoidance, of these sugars in the
diet. Based on the knowledge of the FODMAP status of
foods, foods are classified into high and low FODMAP
content and the latter food consumption is encouraged
(Table 4). In a first period of 6-8 wk, all known or suspected types of food with high content in FODMAP
groups are strictly restricted from the diet, in order to
determine the benefit of FODMAP restriction. Subsequently, individual FODMAPs are reintroduced to test
their individual tolerance of each FODMAP via a series
for food challenges[44]. As the authors rightfully acknowledge, restricting the intake of FODMAPs excludes a
wide variety of foods from the diet with the potential risk
to affect nutrient intake.
Several studies supported the potential benefits of restricting a spectrum of FODMAPs in the diet in IBS[45,46].
Recently, in a randomized double-blind controlled crossover study, Halmos et al[47] demonstrated that a diet low in
FODMAPs for a 3 wk period effectively reduced overall
gastrointestinal symptoms -abdominal pain, bloating and
bowel habit dissatisfaction- in a group of 30 unselected
IBS patients, compared to a standard Australian diet.
In a non-randomized study, the low FODMAP diet
was more effective than United Kingdom national dietary
guidelines for symptom control in a series of consecutive
patients with IBS who attended a follow-up dietetic outpatient visit for dietary management of their symptoms[45].
Other studies are needed to assess the long-term efficacy and safety of FODMAP restriction as well as to
identify patient profiles that predict dietary response.
However, low FODMAP diet represents the one of the
most promising emerging strategies in the management
of IBS.

[15,18,33]

Table 3 Food sources of salicylate reported in literature
Food
Pepper (red chili)
Sweet potato (white)
Apricot
Apricot
Apricot
Orange
Pineapple
Almonds
Raspberries
Dates

State

Significant source of salicylate

Fresh
Fresh
Fresh
Canned
Nectar
Fresh
Fresh
Fresh
Fresh
Fresh

1.20
0.50
2.58
1.42
0.14
2.39
2.10
3.0
3.14
3.73

IBS more frequently report perceived intolerance to milk
or dairy products compared to healthy individuals[8].
Despite the similarity between IBS and lactose intolerance, the prevalence of lactose intolerance in IBS patients
is similar compared to controls[38] and testing patients for
lactose intolerance or the use of lactase supplementation
is not justified[39].
On the other side, subjective perception of intolerance for milk is not a useful criteria to identify people
with lactose malabsorption. Vernia et al[40] tried to define
the relationship between self-referred perception of milk
intolerance and lactose intolerance. In this study, 475 consecutive IBS patients underwent a hydrogen breath test
after an oral load of lactose. Data analysis of 201 ageand sex-matched pairs of IBS patients classified according to self-reported milk tolerance/intolerance showed
that the prevalence of positive HBT was similar in milk
“tolerant” (68.6%) and “intolerant” patients (75.6%),
confirming that self-reported milk intolerance does not
help in identifying lactose intolerance in IBS patients.
However, it is plausible to hypothesize that not lactose but milk-specific component may play a role in IBS
symptoms and reducing milk and dairy products in the
diet could represent an appropriate strategy in the management of IBS.

Wheat
Many individuals complaining GI symptoms benefit from
gluten withdrawal, although they cannot be classified as
either celiac diseases or wheat allergy[48,49]. The hypothesis
that gluten is able to induce IBS-like symptoms in noncoeliac people is not new[50,51]. Gluten has been considered the culprit of the causal relationship between wheat
ingestion and GI symptoms. Indeed, recent literature has
supported the existence of a subgroup of IBS patients
with undiagnosed non-celiac gluten sensitivity, defined as
a condition of morphological, immunological, or functional disorder that responds to gluten exclusion[10]. The
existence of this condition is suggested by clinical trials
showing that gluten-free diet was able to relieve GI symptoms in a randomized, double-blind, placebo-controlled,
rechallenge trials[52]. Biesiekierski et al[52] confirmed the
existence of gluten sensitivity in patients with IBS-D in
a randomized, double-blind, placebo-controlled, rechallenge trial. In this study, 34 IBS patients who reported
symptomatic relief after a GFD for at least 6 wk were enrolled. Nineteen patients received 16 g of non fermentable gluten per day via bread and a muffin, whereas the

Fermentable oligosaccharides, disaccharides,
monosaccharides and polyols
In the last couple of years, increasing evidences support
the efficacy for the management of IBS of a diet with
lower amounts of fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs)[41].
Scientific evidences showed that they are individually
involved as a trigger for symptoms in patients with
functional disorders[42-44]. At the base of the concept of
enclosing these sugars into one group would be the common pathogenetic mechanism by which they contribute to symptoms burden in IBS: when FODMAPs are
poorly absorbed through the small intestine, they pass in
the bowel and increase intestinal luminal water content
through their osmotic activity and induce gas production due to fermentation by gut bacteria. The increased
content of water and gas causes luminal distension that
induces GI symptoms in IBS patients. In addition, products of fermentation such as short-chain fatty acids could
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Table 4 Food sources of fermentable oligosaccharides, disaccharides, monosaccharides and polyols

Excess fructose

Lactose
oligosaccharides

High FODMAP food source

Low-FODMAP food source

Fruits (apples, pears, nashi pears, clingstone peaches,
mango, sugar snap peas, watermelon, tinned fruit in
natural juice)
Honey
Sweeteners (fructose)

Fruit (banana, blueberry, carambola, durian, grapefruit, grape, honeydew
melon, kiwifruit, lemon, lime, mandarin, orange, passionfruit, paw paw,
raspberry, rockmelon, strawberry, tangelo)
Honey substitutes (maple syrup, golden syrup)
Sweeteners (any except polyols)

Milk (cow, goat and sheep)
Ice cream
Yoghurt
Soft cheeses

Milk (lactose-free, rice milk)
Cheese (hard cheeses, camembert)
Yoghurt (lactose-free)
Ice cream substitutes (gelati, sorbet)
Butter
Vegetables (bamboo shoots, bokchoy, carrot, celery, capsicum, choko,
choy sum, corn, eggplant, green beans, lettuce, chives, parsnip, pumpkin,
silverbeet, spring onion, tomato)
Onion/garlic substitutes (garlic-infused oil)
Cereals (gluten-free and spelt bread/cereal products)

Polyols

Fructans and/or
galactans

[44]

Vegetables (artichokes, asparagus, beetroot, Brussels
sprout, broccoli, cabbage, fennel, garlic, leeks, okra,
onions, peas, shallots)
Cereals (wheat and rye when eaten in large amounts)
Legumes (chickpeas, lentils, red kidney beans, baked
beans)
Fruits (watermelon, custard apple, white peaches,
rambutan, persimmon)
Fruits (apples, apricots, cherries, longon, lychee,
Fruits (banana, blueberry, carambola, durian, grapefruit, grape, honeydew
nashi pears, nectarine, pears, peaches, plums, prunes,
melon, kiwifruit, lemon, lime, mandarin, orange, passionfruit, paw paw,
raspberry, rockmelon)
watermelon)
Vegetables (avocado, cauliflower, mushrooms, snow peas)
Sweeteners (sucrose, glucose)
Sweeteners (sorbitol, mannitol, xylitol, maltitol, isomalt

other 15 patients received gluten-free bread and a muffin.
In the gluten group, 68% reported that symptoms were
not adequately controlled compared with 40% in glutenfree group (P = 0.0001). Moreover, patients in the glutenfree group reported significantly greater improvements
in GI symptoms such as pain, bloating, stool consistency
and tiredness compared to patients in gluten group. Researchers suggested that gluten sensitivity may be a distinct clinical entity in a subset of patients with IBS.
Following studies failed to find a specific marker or
pathogenetic mechanisms supporting the idea that gluten
sensitivity is an objective clinical entity. Despite the lack
of evidences, the mass media have publicized the advantages of GFD leading many patients to exclude gluten
from diet. Two years later, the same group of researchers
conducted a placebo-controlled, crossover rechallenge
study in 37 subjects with gluten sensitivity and IBS. After
a two weeks run-in on a gluten-free and low FODMAP
diet test, subjects were placed on high-gluten (16 g gluten/d), low-gluten (2 g gluten/d and 14 g whey protein/d),
or control (16 g whey protein/d) diets for 1 wk, followed
by a washout period of at least 2 wk. Twenty-two participants then crossed over to groups given gluten (16 g/d),
whey (16 g/d), or control (no additional protein) diets
for 3 d. In all participants, gastrointestinal symptoms
improved during reduced FODMAP intake and similarly
worsened when their diets included gluten or whey protein. Participants were then rechallenged gluten (16 g/d),
whey (16 g/d), or control (no additional protein) diets for
3 d and during this rechallenge symptoms increased by
similar levels among groups, again regardless of the protein source. The researchers concluded that gluten sensitivity might not be a discrete entity and that gluten might
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not be a specific trigger of functional gut symptoms once
dietary FODMAPs are reduced[11].
In conclusion, no clear evidences support that gluten
may induce GI symptoms in individuals without CD. The
observed effects of GFD in GI symptoms relief may be
due to the fact that many gluten-containing cereals are
high in fermentable, poorly absorbed,short-chain carbohydrates that seem to have a critical role in triggering IBS
symptoms[12].

DIET AND GUT MICROBIOTA
Gut microbiota is individual-specific and is influenced
by the genetic and environmental factors. In particular
is well-known the role of nutrition in changes of gut
bacteria[53,54]. In a recent study, researchers found that gut
microbiota is able to rapidly switch between herbivorous
and carnivorous functional profiles after a short-term
macronutrient changes in diet[55].
Recently, the intestinal microbiota has been proposed
as an etiological factor in physiopathology and pathogenesis of IBS[56]. Supporting the role of gut bacteria in
IBS are studies that document the onset of IBS symptoms after an acute gastroenteritis and the qualitative and
quantitative changes of bacteria composition that occur
in IBS subtypes[57]. In a recent study, researchers aimed to
assess the microbiota composition by molecular analysis
of fecal samples from 62 patients with IBS patients and
46 healthy individuals. They found that gut microbiota of
IBS patients differed significantly from that of controls.
In particular, the microbiota of IBS patients had a 2-fold
increased ratio of the Firmicutes to Bacteroidetes[58].
However, the role of microbiota is still unclear due to
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methodological problems, influence of confounding factors and large differences between studies.
In agreement with this observation, we can speculate
that diet-induced changes to the gut microbiota may
contribute to the onset or worsening of IBS symptoms,
as well as beneficial effects of certain nutrients on IBS
symptoms could be, at least partially, mediated by changes in gut bacteria.

8

9

10

CONCLUSION
Food is able to trigger IBS symptoms in a great part of
patients. Food related mechanisms involved in to trigger
symptoms seem generally referred to food hypersensitivity, action of bioactive molecules and luminal distension.
Intestinal microbiota aberration has a crucial role in luminal distension and considering that microbiota is often
modified by dietary habits so we have closed the circle.
The food changes the microbiota which in turn induces
the abnormal fermentation of food ingested. A great
attention is now directed to food containing FODMAP
that are able to determine IBS symptoms both via microbiota aberration and luminal distension. Finally, studies
oriented to define relationship between IBS and food
could be a comprehensive strategy to improve medical
therapy of IBS.
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Convergence of neuro-endocrine-immune pathways in the
pathophysiology of irritable bowel syndrome
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Other risk factors for developing IBS include a positive
family history, childhood trauma, dietary factors and
prior gastrointestinal infection. An emerging role has
been attributed to the importance of immune factors in
the pathophysiology of IBS with evidence of altered cytokine profiles and increased levels of mucosal immune
cells. These factors have also been shown to have direct effects on neural signalling. This review discusses
how pathological changes in neural, immune and endocrine pathways, and communication between these
systems, contribute to symptom flares in IBS.
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Core tip: Irritable bowel syndrome (IBS) is a disorder
characterised by symptoms such as diarrhoea and/or
constipation, bloating and abdominal pain. However the
underlying pathophysiology of this common disorder
remains unclear. Nonetheless, a number of mechanisms
have been proposed to contribute to the initiation, exacerbation and persistence of symptoms. Alterations in
brain-gut communication, stress, previous infections,
abnormal microbiota, altered cytokine profiles and increased intestinal permeability have all been proposed
as contributors to IBS and indeed, we propose that
complex interactions between neural, endocrine and
immune factors underlie the heterogeneity of symptoms that is characteristic of IBS.

Abstract
Disordered signalling between the brain and the gut
are generally accepted to underlie the functional bowel
disorder, irritable bowel syndrome (IBS). However,
partly due to the lack of disease-defining biomarkers, understanding the aetiology of this complex and
multifactorial disease remains elusive. This common
gastrointestinal disorder is characterised by alterations
in bowel habit such as diarrhoea and/or constipation,
bloating and abdominal pain, and symptom exacerbation has been linked with periods of stress, both psychosocial and infection-related. Indeed, a high level
of comorbidity exists between IBS and stress-related
mood disorders such as anxiety and depression. Moreover, studies have observed alterations in autonomic
output and neuro-endocrine signalling in IBS patients.
Accumulating evidence indicates that a maladaptive
stress response, probably mediated by the stress hormone, corticotropin-releasing factor contributes to the
initiation, persistence and severity of symptom flares.
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regions which are capable of modulating gut function are
also involved in emotional (e.g. mood, anxiety, pain) and
cognitive behaviours (e.g. memory, decision making) and
hence, in the development of coping strategies and general well-being[16]. A descending pain inhibitory pathway
from the brainstem also exists in order to control the signals reaching the brain. The intrinsic or enteric nervous
system works somewhat independently providing local
reflexes, such as migrating motor complex and peristaltic
reflexes, and yet also receives input from the central nervous system (CNS) via the autonomic nervous system.

INTRODUCTION
Irritable bowel syndrome (IBS) is the most common
functional digestive condition with a worldwide prevalence rate of 10%-20% in the general population[1,2]. As
with other functional disorders it is often difficult to
identify an unequivocal organic cause, at least with the
diagnostic tools available. This disorder accounts for approximately 3% all general practice consultation and up
to 40% of gastrointestinal (GI) referrals[3] leading to a
large economic burden. At the level of the individual,
IBS significantly impinges on the quality of life of a
patient causing recurrent abdominal pain or discomfort
coupled with disturbed bowel habits[4]. IBS is subtyped
according to bowel habit pattern, therefore patients are
classified as diarrhoea-(IBS-D) or constipation-predominant IBS (IBS-C) or an alternating subtype (IBS-A),
which fluxes between the two states[5]. Some reports suggest that IBS-D and IBS-A are more prevalent[6] while
others show an equal distribution between all three subtypes[7]. Although little mortality is associated with IBS a
satisfactory treatment still does not exist, primarily due
to the fact that the aetiology and pathophysiology of IBS
are incompletely understood. Nonetheless, dysfunctional
brain-gut axis signalling is hypothesised to be at the heart
of symptoms of IBS[8] and this incorporates three major
systems, neural, endocrine and immune signalling. In this
review we discuss the contribution of each system to IBS
symptoms and how convergence and interplay between
factors from each system may provide a better understanding of the heterogeneity of IBS.

Autonomic dysfunction
A growing body of evidence suggests the existence of
autonomic dysfunction in IBS[17-19] and some have shown
correlations with symptoms[20]. Low vagal activity can lead
to a reduction in bowel contractions, reduced motility,
and constipation, while high vagal activity can result in
increased contractions and diarrhoea[21]. The sympathovagal balance was found to be disturbed in IBS patients
compared to healthy controls[22]. Furthermore, a study
assessing female IBS patients with constipation and severe abdominal pain showed lower vagal activity than
controls[23], which correlates with a study showing an
increased parasympathetic tone in women with IBS-D
compared to those with IBS-C[24]. Given the close association between the stress axis and the autonomic
nervous system, increased sympathetic tone as seen with
constipation may be due to the increase in corticotropinreleasing factor (CRF) expression[10], which is discussed in
more detail in the next section. Indeed, the psychological
disorders that often co-occur with IBS are also associated
with altered autonomic balance[25].

Neural Signalling in IBS
pathophysiology

Underlying neural causes of visceral hypersensitivity
Visceral hypersensitivity, as seen in a subset of IBS patients, is an exaggerated response to a stimulus such as
colorectal distension, was first noted by Ritchie[26], 1973.
Several neural theories have been proposed for this increased sensitivity, including sensitisation of primary afferent pathways, increased activity of endogenous pain
facilitation and reduced engagement of endogenous pain
inhibition[27]. IBS patients have significantly elevated levels
of anxiety, interpersonal sensitivity, depression, hostility
and somatization of effect, which can impact on pain perception[28]. Some studies indicate a difference in sensitivity
to colon and rectal distension between diarrhoea and control subjects[29,30], while patients with constipation showed
conflicting results[31,32]. However, a comparison between
constipation and diarrhoea predominant IBS patients revealed no significant difference in pain threshold[33].

Autonomic regulation of the gut
The two major persisting symptoms of IBS are visceral
hypersensitivity and altered bowel habit[9] each of which
are entwined within the nervous system. Functions of
the GI tract are modulated by both intrinsic and extrinsic innervation[10]. Extrinsic innervation includes both
branches of the autonomic nervous system, which are
anatomically and functionally integrated within the braingut axis and are responsible for homeostatic regulation
of GI function[11]. The parasympathetic nervous system
stimulates smooth muscle and secretory actions while the
sympathetic element inhibits motor and secretory activity
of the GI tract. The parasympathetic afferent pathway
runs primarily with the vagus and terminates in the nucleus solitary tact, which sends information regarding nonnociceptive information, including gastric accommodation and gastric-colic reflex, to corticolimbic structures[12].
The sympathetic afferent pathways mediates mainly
nociceptive signals through spinal pathways primarily to
the thalamus and then to the sensory cortex and pain matrix[13]. Information is also sent to specific brain regions
such as the hippocampus, amygdala, prefrontal cortex[14]
and the hypothalamus[15] for processing. These central
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Peripheral mechanisms-sensitisation of primary
afferents
Preclinical studies of acute gut inflammation have shown
that sensitization of primary afferent pathways can result
in visceral hyperalgesia[34-36]. A subset of IBS patients develop symptoms following an acute GI infection[37]. Usu-
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ally peripheral sensitization is temporary and response
properties of primary afferents return to normal state after resolution of the inflammation[27]. Evidence from human mucosal biopsies suggests neuroplastic remodelling
in the epithelium[38]. Such plastic changes can affect the
response properties of primary afferents which include
spinal and vagal afferents[39]. Changes in afferent nerve
terminals could affect responsiveness to visceral stimuli
and interfere with the release of neuropeptides from
these terminals resulting in neurogenic inflammation[27].

areas that displays pain evoked activation during acute
stimulation in patients[43]. Mertz et al[45] demonstrated that
the anterior cingulate cortex, thalamus, the insula and
the prefrontal cortex were more activated in IBS patients
than controls and that the pattern of activation was dependent on previous experience. A greater activation of
the thalamic, striatal and dorsolateral prefrontal cortex
was seen in controls as compared to IBS patients during rectal distension indicating an abnormal descending
modulation in IBS[46]. It has also been shown that female
IBS patients have a greater engagement of the emotional
arousal system during expectation of visceral pain than
males[47]. These studies highlight the importance of the
emotional status of patients in pain perception and that
the female predominance may be in part due to the gender differences in the activation of circuits involved in
stress and arousal[27]. Taken together these results indicate
a role for both structural and functional abnormalities in
the CNS in IBS pathophysiology.

Central pain amplification
In turn then there are multiple mechanisms by which
the CNS can modulate afferent signals from the viscera,
including increased activation of endogenous pain facilitation and reduced engagement of endogenous pain inhibition[27]. Of course, these modulatory systems are also
influenced by stress and mood[27]. Neuroimaging studies
consistently support a role for altered neural processing
of visceral stimuli[40]. Indeed, some sophisticated studies
now incorporate the contribution of emotional factors
and cognitive influences such as expectation, attention and
learning, to their analyses of functional connectivity between brain regions and actual CNS structural changes[40].
It was noted that a thinning of the anterior mid-cingulate and insular cortices was evident in IBS patients[41],
these areas being associated with perception of the internal state. Moreover, regional structural changes including
decreased grey matter in the medial and ventrolateral
prefrontal cortex, thalamus and periaqueductal grey are
seen in IBS patients as compared to healthy controls[42].
These may point towards an impaired ability to activate
the descending pain inhibition system. This hypothesis
is supported by the observation that the reduction in
grey matter in the ventrolateral prefrontal cortex was
only found in the patients presenting with a high level
of pain[42]. Central areas involved in the processing of
the affective component of pain such as the pregenual
anterior cingulate cortex and the orbital frontal cortex
showed an increase in grey matter in IBS patients, which
was abolished once data was corrected for anxiety and
depression in these patients[40]. These findings further
confirm the involvement of emotional systems in the
processing of visceral pain. Consistent with this, Chen
et al[43] showed that white matter aberrations are seen in
the anterior cingulate cortex and the insula. However, as
it is still not known whether these changes are present
before symptoms emerge, or are actually acquired due to
altered visceral signalling, these results should be interpreted with caution.

Endocrine pathways in IBS
pathophysiology
CRF
Stress is a pervasive condition that effects everyone
and is defined as a “stereotyped body response to any
demand”[48]. However, the high co-morbidity of stressassociated mood disorders such as anxiety and depression
and altered bowel function in IBS patients[49], suggests
that these individuals are more sensitive to the effects of
stress. Indeed, the relationship between severe and chronic stress and symptom intensity in IBS patients[50] is linked
to chronic stress, with the onset and duration of symptoms increased[51]. As noted above, this may mediated via
altered autonomic signalling[52], however the key signalling
factor initiated by stress is an endocrine hormone, CRF.
CRF is the vital hormone in the body’s response
to stress, activating the hypothalamic-pituitary-adrenal
(HPA) axis in reaction to a variety of physical and psychological stressors. This results in enhanced levels of
adrenocorticotropic hormone and cortisol in IBS patients
as compared to healthy subjects[53,54]. CRF is secreted by
the paraventricular nucleus (PVN) of the hypothalamus
and its release is regulated by the amygdala, which is part
of the limbic system[51].
CRF exerts its biological effects through activation of
CRF1 and CRF2 receptors (CRFR1 and CRFR2), which
are members of the seven transmembrane G-protein
coupled receptor superfamily[55]. CRFR1 is prevalent in
brain regions associated with affective, stress and nociceptive circuitries including the PVN, locus coeruleus and
amygdala[56,57]. CRF neurons project from the PVN to the
spinal cord, where they can alter the function of innervated organs[58].

Enhanced CNS responses
A meta-analysis of functional magnetic resonance imaging studies in IBS patients reported differences in CNS
response to colorectal distension[44]. The differences were
seen in areas associated with visceral afferent signalling,
attention and emotional arousal. The anterior cingulate
cortex is one of the most commonly reported cortical
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antagonist have been disappointing[85].

is mediated centrally, the presence of CRF ligands and its
receptors in the colon[55,59,60] suggests that organ-specific
activation of these receptors may also be important for
stress-induced changes in bowel function. CRFR1 is expressed on enteric neurons and in the mucosal layer[59]
and is likely to be the focal mechanism by which stress
induces changes in GI function including delayed gastric
emptying[61], accelerated colonic transit[62] and motility[63].
The importance of CRF to these effects has been demonstrated using the non-selective CRF receptor antagonist, α-helical CRF[64]. Furthermore, the use of CRFR1
-/- mice has revealed the importance of the CRFR1 subtype in IBS like-symptoms, as these knock-out mice exhibit decreased visceral sensitivity[65], as well as decreased
anxiety and an impaired stress response[66]. In addition
CRF-evoked defecation in rats[67] is inhibited by blocking
CRF1 receptors[68]. These results translate to IBS patients,
where peripheral administration of CRF1 receptor antagonists reduces abdominal pain and anxiety[64]. In contrast
to CRFR1-mediated increases in GI contractile activity,
stimulation of CRFR2 is likely to result in inhibition of
GI motility[69,70] and contribute to stress-induced colonic
permeability dysfunction[71].

Corticosteroids
Mineralocorticoids and glucocorticoids are steroid hormones which mediate the actions of the adrenal hormone, cortisol in the initiation and termination of the
stress response, respectively[86]. Cortisol, which is the natural ligand for corticosteroid receptors, is elevated in IBS
patients both at baseline and in response to stress[53,54]. In
rodent studies, application of corticosterone to the amygdala induces colonic hypersensitivity and anxiety[87,88] and
alters colonic transit[89], actions that are mediated through
both mineralocorticoid and glucocorticoid receptors[90].
These studies demonstrate that central signalling by corticosteroids are potential targets for treating bowel dysfunction in IBS.
Glucagon-like peptide 1
A precipitating factor in symptom exacerbation is food
ingestion, frequently in the form of abdominal pain and
gas[91]. Although food intolerance has not been shown
to cause IBS, ingestion of certain foods can result in
abdominal pain, bloating, flatus and diarrhoea[92,93], especially carbohydrates, including gluten and lactose and
fat-rich meals[92]. This appears to be more common in
females and those who display increased anxiety levels
again demonstrating the multi-factorial nature of IBS[93].
Prolonged and exaggerated colonic motor responses
following a meal has been observed in IBS patients[94]
and balloon distension in the jejunum demonstrated
increased sensitivity in IBS patients following a meal[95].
Recent studies have reported the success of diets low in
fermentable oligosaccharides, disaccharides, monosaccharides and polyols[96-98]. Reduction of poorly absorbed
short-chain carbohydrates such as lactose, fructose and
sorbitol, fructo-oligosaccharides, galacto-oligosaccharides
and incompletely absorbed sugar polyols such as sorbitol
and mannitol relieves symptoms of IBS, such as bloating,
distension, abdominal pain, excessive flatus[98] and osmotic diarrhoea[99]. Although release of gas by fermentation is normal, the sensitivity of IBS bowels to distension
results in visceral pain. The pathophysiological changes
resulting in these symptoms are not yet clear. However,
an important physiological response to the arrival of
food in the GI tract is the secretion of incretin hormones such as glucagon-like peptide 1 (GLP-1) which is
secreted by L-cells. The biological activities of GLP-1 include stimulation of glucose-dependent insulin secretion
and insulin biosynthesis, inhibition of glucagon secretion
and gastric emptying, and the inhibition of food intake.
One report has related GLP-1 to IBS pathophysiology
by demonstrating that a GLP-1 mimetic alleviated some
of the pathophysiological symptoms of IBS with antispasmodic and pain-relieving properties[100]. Although,
the molecular mechanisms by which GLP-1 achieves this
outcome are not completely understood, it is thought
to act in a neurocrine fashion. Indeed, GLP-1 has been
found to increase firing rates in afferent vagal nerves[101]

Effects of CRF on visceral hypersensitivity and colonic
function
Some of the key symptoms of IBS, such as colonic motility, alterations in bowel habit and abdominal pain associated with gut hypersensitivity may be a consequence of
CRFR1 signalling[72]. Consistent with this is increased thalamic expression of CRFR1 following colonic distension
in the maternally separated rat model of IBS[73]. Moreover,
central administration of CRF increases pain behaviours
in response to colonic distension in rats[74] demonstrating
the bidirectional signalling between the CNS and the gut.
Activation of the CRFR1 signalling pathways causes increases in colonic motor activity and visceral pain[75,76], and
conversely, activation of central and peripheral CRFR2
receptors delays gastric emptying[70]. Furthermore, activation of either CRFR1 or CRFR2 causes increased colonic
permeability and inflammation[77]. The pathophysiology
of stress-induced exacerbation of IBS symptoms may
be due to central hypersecretion of CRF, as it has been
shown that inhibition of CRFR1[78] as well as central inhibition with CRF antagonists decreases the response to
water avoidance stress[79]. Also, stress increases intestinal
permeability, visceral hypersensitivity, causes alterations in
gastrointestinal motility and leads to profound activation
of mast cells, resulting in the release of many pro-inflammatory mediators[80-82] which will be discussed in more
detail later. Williams et al[67] illustrated that acute restraint
stress increased large intestine transit rates and stimulated
defecation and this was associated with mucosal mast
cell activation[83,84], which was mediated by CRF[83]. These
studies imply that the brain-gut axis of IBS patients has a
magnified response to CRF. Thus, targeting CRF signalling molecules has been proposed as a potential treatment
for IBS[70]. However, thus far, clinical trials using a CRFR1

WJG|www.wjgnet.com

8849

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS

and also decreasing neurally-evoked chloride secretion[102].
Interestingly, GLP-1 can also modulate GI secretion of
cytokines and alter central CRF pathways that regulate
stress-induced alterations in colonic transit[103]. GLP-1expressing neurons are found in the enteric nervous system but also in brain regions such as the nucleus tractus
solitarius and the ventrolateral medulla[104], revealing that
the action of GLP-1 on gut function may be central or
peripheral. GLP-1 activates the HPA axis through CRF
neuronal stimulation, which may be important in the suppression of feeding behaviour[105]. Other GI hormones,
such as motilin[106], which regulates the migrating motor
complex in the fasting period and cholecystokinin[107] are
elevated in IBS. In contrast, colonic expression of peptide YY[108] and circulating neuropeptide Y are lower in
IBS patients[107]. Consideration must therefore be given to
these and other GI factors in the pathogenesis of IBS.

colon is more susceptible to effects of stress on enteric
nerve function following a prior bout of inflammation[122].
Evidence of immune activation in IBS includes elevated levels of pro-inflammatory cytokines such as interleukin (IL)-6 and IL-8[53,123-125], although not all studies
detected such increases[120,126]. Furthermore, in peripheral
blood mononuclear cells isolated from IBS patients,
abnormal secretion of pro-inflammatory cytokines in
response to immune challenges was observed[123,125,127].
Studies reporting changes in mucosal levels of proinflammatory cytokines in IBS biopsies varied with some
studies describing an upregulation[116,128] but several others describing down-regulation of these cytokines[54,129].
That said, anti-inflammatory cytokines such as IL-10 and
transforming growth factor β appear to be decreased in
IBS colonic and rectal biopsies[54,128,129]. Expression of
chemokines, including IL-8, CXCL-9 and monocyte chemoattractant protein-1, which are important in mucosal
defence, were also decreased in IBS biopsies[129].
The source of these immune messengers are likely to
be from mast cells, the numbers of which are elevated in
IBS[128,130,131] and can secrete IL-6 and IL-1β[132] in addition
to histamine, tryptase, chymase and proteases. Indeed,
Buhner et al[131] described how excitation of non-IBS submucosal neurons with IBS biopsy secretions was dependent on serotonin, tryptase and histamine. Furthermore,
the proximity of activated mast cells to colonic nerves
was found to correlate with visceral pain severity[130].
Cytokines have been shown to have neuromodulatory
effects with IL-6[133], IL-1β[134] and tumour necrosis factor
(TNF) α[135] stimulating submucosal secretomotor neurons. This may result in changes in gut function including
contractility[136], absorption and/or secretion[133]. IL-6 and
IL-1β also influence mucosal ion transport and epithelial
permeability and enhance cholinergically-mediated neurotransmission[133,137,138]. Furthermore, IL-6 has a potential
role in neurogenic secretory diarrhoea[125] as this cytokine
can suppress the inhibitory and anti-secretory effects of
norepinephrine by blocking its release from sympathetic
fibres[139]. Others have provided evidence that IL-6 attenuates the pre-synaptic inhibition of noradrenalin release, thereby releasing the sympathetic brake[134], which
further contributes to a pro-secretory state. Aside from
altered GI motility, the other main debilitating symptom
of IBS is visceral pain sensitivity. Given the demonstrated
effects of cytokines on enteric neuron excitability[133-135]
and proven roles in nociception and sensory pain pathways[140], activation of enteric neurons and subsequent
evocation of visceral pain make cytokines attractive candidates for mediating the visceral pain-related features of
IBS.

Alterations in Immune Function in
IBS
Mounting evidence suggests that alterations in immune
status such as elevations in mucosal mast cell numbers,
pro-inflammatory cytokines and increased intestinal
permeability are frequently noted in IBS patients[109]. Potential biomarkers of the disorder include alterations in
cytokine profiles, mucosal and muscular infiltration of
immune cells, changes in intestinal permeability and luminal microbiota which are discussed below.
Post-infectious IBS
Gross morphological evidence of inflammation is absent from IBS mucosal biopsies and other indicators of
inflammation such as faecal levels of calprotectin and
lactoferrin are not elevated[110,111]. Nonetheless, evidence
is mounting on the important contribution of immune
activation to the development of this syndrome. Indeed,
one of clearest predictors of developing IBS is a prior
history of bacterial or viral gastroenteritis[37,112], with
one study showing a sevenfold increase in the risk of
developing the functional bowel disorder following gastrointestinal infection[113]. Samples from individuals with
post-infectious IBS show persistent increases in mucosal
mononuclear immune cells[114], T-lymphocytes[115] and
mast cells[116], which degranulate following stimulation
releasing compounds such as histamine, tryptase and chymase. The extent of immune activation is an indicator of
the severity of the infective gastroenteritis episode and
the subsequent risk of developing IBS[114,117].
Immune cells and cytokines
Expression of lymphocytes and mast cells are elevated in
IBS mucosal samples[118,119], although not all studies detected increased numbers of mucosal mast cells[118,120,121].
Nonetheless, soluble mediators released from degranulated mast cells were found to induce excitation of rat sensory neurons[121]. This has implications for GI sensory and
motor function, with one study demonstrating that the
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Epithelial barrier integrity
The permeability of the epithelial layer which acts as a
barrier between the external environment of the gut lumen and the body’s internal milieu is an important consideration in immune activation in IBS. Indeed, some IBS
patients have increased intestinal permeability[141], which
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Figure 1 Convergence of neural endocrine and immune signalling pathways in bowel dysfunction. The figure illustrates the complex nature of functional bowel
syndromes such as IBS. It illustrates interaction between three major bodily systems, neural pathways between the brain and gut, hormonal release, primarily from
stress-induced activation of the HPA axis and secretion of immune factors such as cytokines. ACTH: Adrenocorticotropic hormone; CRF: Corticotropin-releasing factor; HPA: Hypothalamic-pituitary-adrenal; IBS: Irritable bowel syndrome.

may be due to proteasomal degradation of tight junction
proteins[128,142]. Additionally, altered secretion of inflammatory cytokines may affect barrier function and permeability[129]. Breakdown of the mucosal barrier by IL-6
and other pro-inflammatory cytokines[137,143] may provide
access for foreign proteins, thus initiating an immune
response in the GI muscle layers resulting in changes in
bowel function. In IBS, where circulating IL-6 levels are
elevated and the HPA axis is hyper-activated[53], a coincident compromise of the mucosal barrier is observed.
Thus, increased permeability of the mucosal barrier and
the subsequent initiation of an immune response may
contribute to the increase in sensitivity to visceral pain in
IBS patients[144].

hesion of enteric pathogens in the human gut, has been
reported in several IBS studies[147-150]. This virtual organ
is integrated into the bi-directional communication in the
brain-gut axis with studies demonstrating that microbiota
dysbiosis exists in IBS patients and manipulation of the
microbial environment with probiotics may lead to symptom improvement[151]. Probiotics have been shown to
modulate the immune response in IBS, suppressing proinflammatory cytokines[152], maintaining intestinal barrier
integrity[153], causing down-regulation of T cells and inhibition of nuclear factor kappa B[154]. Moreover, probiotics
prevented adhesion of enteric pathogens to the wall of
the GI tract[155]. However, more recent longer-term studies did not detect an improvement in symptoms[156,157].
Other members of the innate immune system that are
altered in IBS include the pattern recognition receptors,
toll-like receptors (TLRs), which recognise and respond
to pathogens. Altered expression of TLR4, 5, 7 and 8 in
mucosal biopsies from IBS patients further supports the
importance of interactions between the luminal flora and

Microbiota
An additional factor contributing to brain-gut axis signalling in IBS currently gaining considerable attention is the
importance of disrupting the luminal microbiota[145,146].
Indeed, microbiota dysbiosis, which may facilitate the ad-
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the host in this disorder[158].

as IL-6 can directly induce excitation of enteric neurons
in animal models of IBS[133,176]. IL-6[133], IL-1β[134] and
TNFα[135] can cause activation of submucosal secretomotor neurons thereby acting as neuromodulatory factors
that can directly influence such gut functions as motility,
absorption, secretion and blood flow. IL-6 and IL-1β also
have effects on mucosal ion transport and epithelial permeability, in addition to enhancing cholinergically-mediated neurotransmission[133,137,138]. Indeed, soluble mediators
released from mast cells in IBS biopsies were found to
have excitatory effects on rat sensory neurons[121].
Although the pathophysiology of IBS still requires
further elucidation, recent progress in the field has demonstrated the importance of molecular factors such as
the stress hormone, CRF and cytokine release and their
influence on neural communication between the brain
and gut. Further research will hopefully reveal the aberrant signalling between endocrine, immune and neural
systems in IBS patients and pave the way towards effective new therapies for this common bowel disorder.

Convergence of pathways
The pathophysiology of altered bowel function in IBS
patients remains unclear, however a number of mechanisms have been proposed to contribute to the initiation,
exacerbation and persistence of symptoms. Alterations
in brain-gut communication[159], stress[70], previous infections[37], abnormal microbiota[160], altered cytokine
profiles[53] and increased intestinal permeability[142] have
all been discussed. However, we believe that complex interactions between neural, endocrine and immune factors
underlie the heterogeneity of symptoms that is characteristic of IBS as diagrammed in figure 1.
For example, a perceived threat or stressor, which
frequently precedes symptom flares, evokes responses
from both the immune and stress systems. In healthy
individuals this is a crucial response for the adaptation
and ultimate survival of an organism. However, in the
case of PI-IBS, co-morbidity with anxiety or depression
and the occurrence of stressful life events around the
time of exposure to the enteric pathogen have been
independent predictors of risk for the development
of IBS[114,161,162], although not all studies, including the
Walkerton cohort[112], detected this association. IBS patients are more likely to be stress-sensitive, as measured
by the Holmes and Rahe stress scale, and exhibit elevated
numbers of colonic mucosal mast cells[130]. Moreover,
acute stress causes increases in the numbers of white
blood cells, natural killer cells and CD8+ T-lymphocytes,
decreases B cell numbers and stimulates secretion of
pro-inflammatory cytokines [163,164], whereas secretion
of glucocorticoids and an associated decrease in secretion of pro-inflammatory cytokines is noted in cases of
chronic stress[165]. Patients with IBS often exhibit concurrent increases in markers of a hyperactive stress response
and immune upregulation such as CRF-stimulated HPA
axis hyper-responsivity which is related to the elevation
in IL-6 levels[53]. CRF also stimulates the recruitment and
activation of granulocytes[166] and mast cells[167] to the gut
mucosa.
Immune cells express receptors for several different
stress-related peptides including CRF[168]. Indeed, we have
detected both CRFR1 and IL-6 receptors on T-helper
cells[169]. CRF peptides have potent immunomodulatory
actions[170], including degranulation of mast cells[171] and secretion of cytokines[53,172], although it is not yet clear whether these effects are pro-[173] or anti-inflammatory[174,175].
In terms of crosstalk between the stress system and
the neural response, many of the psychological disorders
frequently found to be co-morbid with IBS also have
the capacity to disrupt autonomic balance[52] and indeed,
anxiety and depression are associated with depressed
parasympathetic activity in IBS patients. Enteric neurons,
which directly regulate absorpto-secretory function and
gut motility have been shown to express both CRF receptors and IL-6 receptors[169]. Indeed, cytokines such

WJG|www.wjgnet.com

REFERENCES
1

2
3
4

5

6

7

8

9

10

11

8852

Drossman DA, Camilleri M, Mayer EA, Whitehead WE.
AGA technical review on irritable bowel syndrome. Gastroenterology 2002; 123: 2108-2131 [PMID: 12454866 DOI:
10.1053/gast.2002.37095]
Longstreth GF, Thompson WG, Chey WD, Houghton LA,
Mearin F, Spiller RC. Functional bowel disorders. Gastroenterology 2006; 130: 1480-1491 [PMID: 16678561]
Thompson WG, Heaton KW, Smyth GT, Smyth C. Irritable
bowel syndrome in general practice: prevalence, characteristics, and referral. Gut 2000; 46: 78-82 [PMID: 10601059]
El-Serag HB, Olden K, Bjorkman D. Health-related quality
of life among persons with irritable bowel syndrome: a systematic review. Aliment Pharmacol Ther 2002; 16: 1171-1185
[PMID: 12030961]
Su AM, Shih W, Presson AP, Chang L. Characterization of
symptoms in irritable bowel syndrome with mixed bowel
habit pattern. Neurogastroenterol Motil 2014; 26: 36-45 [PMID:
23991913 DOI: 10.1111/nmo.12220]
Andrews EB, Eaton SC, Hollis KA, Hopkins JS, Ameen V,
Hamm LR, Cook SF, Tennis P, Mangel AW. Prevalence and
demographics of irritable bowel syndrome: results from a
large web-based survey. Aliment Pharmacol Ther 2005; 22:
935-942 [PMID: 16268967]
Saito YA, Schoenfeld P, Locke GR. The epidemiology of
irritable bowel syndrome in North America: a systematic review. Am J Gastroenterol 2002; 97: 1910-1915 [PMID:
12190153 DOI: 10.1111/j.1572-0241.2002.05913.x]
Collins SM, Bercik P. The relationship between intestinal
microbiota and the central nervous system in normal gastrointestinal function and disease. Gastroenterology 2009; 136:
2003-2014 [PMID: 19457424 DOI: 10.1053/j.gastro.2009.01.075]
Drossman DA, Chang L, Bellamy N, Gallo-Torres HE, Lembo A, Mearin F, Norton NJ, Whorwell P. Severity in irritable
bowel syndrome: a Rome Foundation Working Team report.
Am J Gastroenterol 2011; 106: 1749-1759; quiz 1760 [PMID:
21747417 DOI: 10.1038/ajg.2011.201]
Stasi C, Rosselli M, Bellini M, Laffi G, Milani S. Altered
neuro-endocrine-immune pathways in the irritable bowel
syndrome: the top-down and the bottom-up model. J Gastroenterol 2012; 47: 1177-1185 [PMID: 22766747 DOI: 10.1007/
s00535-012-0627-7]
Aggarwal A, Cutts TF, Abell TL, Cardoso S, Familoni B,

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS

12

13
14

15

16

17

18

19

20

21

22

23

24

25

26
27

Bremer J, Karas J. Predominant symptoms in irritable bowel
syndrome correlate with specific autonomic nervous system
abnormalities. Gastroenterology 1994; 106: 945-950 [PMID:
8143999]
Mayer EA, Tillisch K, Bradesi S. Review article: modulation
of the brain-gut axis as a therapeutic approach in gastrointestinal disease. Aliment Pharmacol Ther 2006; 24: 919-933
[PMID: 16948804]
Fukudo S. Stress and visceral pain: focusing on irritable
bowel syndrome. Pain 2013; 154 Suppl 1: S63-S70 [PMID:
24021863]
Saper CB. The central autonomic nervous system: conscious
visceral perception and autonomic pattern generation.
Annu Rev Neurosci 2002; 25: 433-469 [PMID: 12052916 DOI:
10.1146/annurev.neuro.25.032502.111311]
Fukudo S, Kanazawa M. Gene, environment, and braingut interactions in irritable bowel syndrome. J Gastroenterol
Hepatol 2011; 26 Suppl 3: 110-115 [PMID: 21443722 DOI:
10.1111/j.1440-1746.2011.06631.x]
Gillanders S, Wild M, Deighan C, Gillanders D. Emotion
regulation, affect, psychosocial functioning, and well-being
in hemodialysis patients. Am J Kidney Dis 2008; 51: 651-662
[PMID: 18371541 DOI: 10.1053/j.ajkd.2007.12.023]
Spaziani R, Bayati A, Redmond K, Bajaj H, Mazzadi S, Bienenstock J, Collins SM, Kamath MV. Vagal dysfunction in irritable bowel syndrome assessed by rectal distension and baroreceptor sensitivity. Neurogastroenterol Motil 2008; 20: 336-342
[PMID: 18179607 DOI: 10.1111/j.1365-2982.2007.01042.x]
Spetalen S, Sandvik L, Blomhoff S, Jacobsen MB. Autonomic function at rest and in response to emotional and
rectal stimuli in women with irritable bowel syndrome. Dig
Dis Sci 2008; 53: 1652-1659 [PMID: 17990112 DOI: 10.1007/
s10620-007-0066-0]
van Orshoven NP, Andriesse GI, van Schelven LJ, Smout
AJ, Akkermans LM, Oey PL. Subtle involvement of the
parasympathetic nervous system in patients with irritable
bowel syndrome. Clin Auton Res 2006; 16: 33-39 [PMID:
16477493 DOI: 10.1007/s10286-006-0307-x]
Adeyemi EO, Desai KD, Towsey M, Ghista D. Characterization of autonomic dysfunction in patients with irritable
bowel syndrome by means of heart rate variability studies.
Am J Gastroenterol 1999; 94: 816-823 [PMID: 10086672 DOI:
10.1111/j.1572-0241.1999.00861.x]
Lomax AE, Sharkey KA, Furness JB. The participation of
the sympathetic innervation of the gastrointestinal tract in
disease states. Neurogastroenterol Motil 2010; 22: 7-18 [PMID:
19686308 DOI: 10.1111/j.1365-2982.2009.01381.x]
Pellissier S, Dantzer C, Canini F, Mathieu N, Bonaz B.
Psychological adjustment and autonomic disturbances in
inflammatory bowel diseases and irritable bowel syndrome.
Psychoneuroendocrinology 2010; 35: 653-662 [PMID: 19910123
DOI: 10.1016/j.psyneuen.2009.10.004]
Cain KC, Jarrett ME, Burr RL, Hertig VL, Heitkemper MM.
Heart rate variability is related to pain severity and predominant bowel pattern in women with irritable bowel syndrome.
Neurogastroenterol Motil 2007; 19: 110-118 [PMID: 17244165]
Heitkemper M, Jarrett M, Cain KC, Burr R, Levy RL, Feld
A, Hertig V. Autonomic nervous system function in women
with irritable bowel syndrome. Dig Dis Sci 2001; 46: 1276-1284
[PMID: 11414305]
Jarrett ME, Burr RL, Cain KC, Hertig V, Weisman P, Heitkemper MM. Anxiety and depression are related to autonomic nervous system function in women with irritable
bowel syndrome. Dig Dis Sci 2003; 48: 386-394 [PMID:
12643620]
Ritchie J. Pain from distension of the pelvic colon by inflating a balloon in the irritable colon syndrome. Gut 1973; 14:
125-132 [PMID: 4696535]
Mayer EA, Tillisch K. The brain-gut axis in abdominal
pain syndromes. Annu Rev Med 2011; 62: 381-396 [PMID:

WJG|www.wjgnet.com

28

29

30

31

32
33

34

35

36

37
38
39

40

41

42

43

44

8853

21090962 DOI: 10.1146/annurev-med-012309-103958]
Whitehead WE, Engel BT, Schuster MM. Irritable bowel
syndrome: physiological and psychological differences between diarrhea-predominant and constipation-predominant
patients. Dig Dis Sci 1980; 25: 404-413 [PMID: 7379673]
Prior A, Maxton DG, Whorwell PJ. Anorectal manometry
in irritable bowel syndrome: differences between diarrhoea and constipation predominant subjects. Gut 1990; 31:
458-462 [PMID: 2338274]
Simrén M, Abrahamsson H, Björnsson ES. An exaggerated
sensory component of the gastrocolonic response in patients
with irritable bowel syndrome. Gut 2001; 48: 20-27 [PMID:
11115818]
Harraf F, Schmulson M, Saba L, Niazi N, Fass R, Munakata
J, Diehl D, Mertz H, Naliboff B, Mayer EA. Subtypes of constipation predominant irritable bowel syndrome based on
rectal perception. Gut 1998; 43: 388-394 [PMID: 9863485]
Slater BJ, Plusa SM, Smith AN, Varma JS. Rectal hypersensitivity in the irritable bowel syndrome. Int J Colorectal Dis
1997; 12: 29-32 [PMID: 9112147]
Steens J, Van Der Schaar PJ, Penning C, Brussee J, Masclee
AA. Compliance, tone and sensitivity of the rectum in different subtypes of irritable bowel syndrome. Neurogastroenterol Motil 2002; 14: 241-247 [PMID: 12061908]
Chen J, Winston JH, Sarna SK. Neurological and cellular
regulation of visceral hypersensitivity induced by chronic
stress and colonic inflammation in rats. Neuroscience 2013;
248C: 469-478 [PMID: 23806714 DOI: 10.1016/j.neuroscience
.2013.06.024]
Christianson JA, Bielefeldt K, Altier C, Cenac N, Davis BM,
Gebhart GF, High KW, Kollarik M, Randich A, Undem B,
Vergnolle N. Development, plasticity and modulation of
visceral afferents. Brain Res Rev 2009; 60: 171-186 [PMID:
19150371 DOI: 10.1016/j.brainresrev.2008.12.004]
Christianson JA, Bielefeldt K, Malin SA, Davis BM. Neonatal colon insult alters growth factor expression and TRPA1
responses in adult mice. Pain 2010; 151: 540-549 [PMID:
20850221 DOI: 10.1016/j.pain.2010.08.029]
Spiller R, Garsed K. Postinfectious irritable bowel syndrome.
Gastroenterology 2009; 136: 1979-1988 [PMID: 19457422]
Vergnolle N. Postinflammatory visceral sensitivity and pain
mechanisms. Neurogastroenterol Motil 2008; 20 Suppl 1: 73-80
[PMID: 18402644 DOI: 10.1111/j.1365-2982.2008.01110.x]
Moore BA, Stewart TM, Hill C, Vanner SJ. TNBS ileitis evokes
hyperexcitability and changes in ionic membrane properties of nociceptive DRG neurons. Am J Physiol Gastrointest
Liver Physiol 2002; 282: G1045-G1051 [PMID: 12016130 DOI:
10.1152/ajpgi.00406.2001]
Elsenbruch S. Abdominal pain in Irritable Bowel Syndrome:
a review of putative psychological, neural and neuro-immune
mechanisms. Brain Behav Immun 2011; 25: 386-394 [PMID:
21094682]
Blankstein U, Chen J, Diamant NE, Davis KD. Altered brain
structure in irritable bowel syndrome: potential contributions of pre-existing and disease-driven factors. Gastroenterology 2010; 138: 1783-1789 [PMID: 20045701 DOI: 10.1053/
j.gastro.2009.12.043]
Seminowicz DA, Labus JS, Bueller JA, Tillisch K, Naliboff
BD, Bushnell MC, Mayer EA. Regional gray matter density
changes in brains of patients with irritable bowel syndrome.
Gastroenterology 2010; 139: 48-57.e2 [PMID: 20347816 DOI:
10.1053/j.gastro.2010.03.049]
Chen JY, Blankstein U, Diamant NE, Davis KD. White matter abnormalities in irritable bowel syndrome and relation
to individual factors. Brain Res 2011; 1392: 121-131 [PMID:
21466788 DOI: 10.1016/j.brainres.2011.03.069]
Tillisch K, Mayer EA, Labus JS. Quantitative meta-analysis
identifies brain regions activated during rectal distension in
irritable bowel syndrome. Gastroenterology 2011; 140: 91-100
[PMID: 20696168 DOI: 10.1053/j.gastro.2010.07.053]

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS
45

46

47

48
49
50
51

52
53

54

55

56

57

58

59

60

61

Mertz H, Morgan V, Tanner G, Pickens D, Price R, Shyr Y,
Kessler R. Regional cerebral activation in irritable bowel
syndrome and control subjects with painful and nonpainful
rectal distention. Gastroenterology 2000; 118: 842-848 [PMID:
10784583]
Hall GB, Kamath MV, Collins S, Ganguli S, Spaziani R,
Miranda KL, Bayati A, Bienenstock J. Heightened central
affective response to visceral sensations of pain and discomfort in IBS. Neurogastroenterol Motil 2010; 22: 276-e80 [PMID:
20003075 DOI: 10.1111/j.1365-2982.2009.01436.x]
Labus JS, Naliboff BN, Fallon J, Berman SM, Suyenobu
B, Bueller JA, Mandelkern M, Mayer EA. Sex differences
in brain activity during aversive visceral stimulation and
its expectation in patients with chronic abdominal pain: a
network analysis. Neuroimage 2008; 41: 1032-1043 [PMID:
18450481 DOI: 10.1016/j.neuroimage.2008.03.009]
Selye H. A syndrome produced by diverse nocuous agents.
1936. J Neuropsychiatry Clin Neurosci 1998; 10: 230-231 [PMID:
9722327]
Folks DG. The interface of psychiatry and irritable bowel
syndrome. Curr Psychiatry Rep 2004; 6: 210-215 [PMID:
15142474]
Bennett EJ, Tennant CC, Piesse C, Badcock CA, Kellow JE.
Level of chronic life stress predicts clinical outcome in irritable bowel syndrome. Gut 1998; 43: 256-261 [PMID: 10189854]
Gué M, Tekamp A, Tabis N, Junien JL, Buéno L. Cholecystokinin blockade of emotional stress- and CRF-induced
colonic motor alterations in rats: role of the amygdala. Brain
Res 1994; 658: 232-238 [PMID: 7834346]
Tougas G. The autonomic nervous system in functional
bowel disorders. Gut 2000; 47 Suppl 4: iv78-i80; discussion
iv87 [PMID: 11076926]
Dinan TG, Quigley EM, Ahmed SM, Scully P, O’Brien S, O’
Mahony L, O’Mahony S, Shanahan F, Keeling PW. Hypothalamic-pituitary-gut axis dysregulation in irritable bowel
syndrome: plasma cytokines as a potential biomarker? Gastroenterology 2006; 130: 304-311 [PMID: 16472586]
Chang L, Sundaresh S, Elliott J, Anton PA, Baldi P, Licudine
A, Mayer M, Vuong T, Hirano M, Naliboff BD, Ameen VZ,
Mayer EA. Dysregulation of the hypothalamic-pituitaryadrenal (HPA) axis in irritable bowel syndrome. Neurogastroenterol Motil 2009; 21: 149-159 [PMID: 18684212 DOI:
10.1111/j.1365-2982.2008.01171.x]
Kostich WA, Chen A, Sperle K, Largent BL. Molecular
identification and analysis of a novel human corticotropinreleasing factor (CRF) receptor: the CRF2gamma receptor.
Mol Endocrinol 1998; 12: 1077-1085 [PMID: 9717834]
Sánchez MM, Young LJ, Plotsky PM, Insel TR. Autoradiographic and in situ hybridization localization of corticotropin-releasing factor 1 and 2 receptors in nonhuman primate
brain. J Comp Neurol 1999; 408: 365-377 [PMID: 10340512]
Reyes BA, Valentino RJ, Van Bockstaele EJ. Stress-induced
intracellular trafficking of corticotropin-releasing factor receptors in rat locus coeruleus neurons. Endocrinology 2008;
149: 122-130 [PMID: 17947354]
Swanson LW, Sawchenko PE, Rivier J, Vale WW. Organization of ovine corticotropin-releasing factor immunoreactive
cells and fibers in the rat brain: an immunohistochemical
study. Neuroendocrinology 1983; 36: 165-186 [PMID: 6601247]
Chatzaki E, Crowe PD, Wang L, Million M, Taché Y, Grigoriadis DE. CRF receptor type 1 and 2 expression and anatomical distribution in the rat colon. J Neurochem 2004; 90:
309-316 [PMID: 15228587]
Muramatsu Y, Fukushima K, Iino K, Totsune K, Takahashi K,
Suzuki T, Hirasawa G, Takeyama J, Ito M, Nose M, Tashiro
A, Hongo M, Oki Y, Nagura H, Sasano H. Urocortin and
corticotropin-releasing factor receptor expression in the human colonic mucosa. Peptides 2000; 21: 1799-1809 [PMID:
11150640]
Barquist E, Zinner M, Rivier J, Taché Y. Abdominal surgery-

WJG|www.wjgnet.com

62

63

64

65

66

67
68

69

70
71

72
73

74

75

76

77

8854

induced delayed gastric emptying in rats: role of CRF and
sensory neurons. Am J Physiol 1992; 262: G616-G620 [PMID:
1566844]
Mönnikes H, Schmidt BG, Taché Y. Psychological stressinduced accelerated colonic transit in rats involves hypothalamic corticotropin-releasing factor. Gastroenterology 1993;
104: 716-723 [PMID: 8440432]
Gue M, Junien JL, Bueno L. Conditioned emotional response in rats enhances colonic motility through the central
release of corticotropin-releasing factor. Gastroenterology
1991; 100: 964-970 [PMID: 2001832]
Sagami Y, Shimada Y, Tayama J, Nomura T, Satake M,
Endo Y, Shoji T, Karahashi K, Hongo M, Fukudo S. Effect
of a corticotropin releasing hormone receptor antagonist on
colonic sensory and motor function in patients with irritable
bowel syndrome. Gut 2004; 53: 958-964 [PMID: 15194643]
Trimble N, Johnson AC, Foster A, Greenwood-van Meerveld
B. Corticotropin-releasing factor receptor 1-deficient mice
show decreased anxiety and colonic sensitivity. Neurogastroenterol Motil 2007; 19: 754-760 [PMID: 17539891]
Smith GW, Aubry JM, Dellu F, Contarino A, Bilezikjian LM,
Gold LH, Chen R, Marchuk Y, Hauser C, Bentley CA, Sawchenko PE, Koob GF, Vale W, Lee KF. Corticotropin releasing factor receptor 1-deficient mice display decreased anxiety, impaired stress response, and aberrant neuroendocrine
development. Neuron 1998; 20: 1093-1102 [PMID: 9655498]
Williams CL, Peterson JM, Villar RG, Burks TF. Corticotropin-releasing factor directly mediates colonic responses to
stress. Am J Physiol 1987; 253: G582-G586 [PMID: 2821826]
Lu L, Liu D, Ceng X, Ma L. Differential roles of corticotropin-releasing factor receptor subtypes 1 and 2 in opiate
withdrawal and in relapse to opiate dependence. Eur J Neurosci 2000; 12: 4398-4404 [PMID: 11122350]
Martínez V, Wang L, Rivier J, Grigoriadis D, Taché Y. Central CRF, urocortins and stress increase colonic transit via
CRF1 receptors while activation of CRF2 receptors delays
gastric transit in mice. J Physiol 2004; 556: 221-234 [PMID:
14755002]
Taché Y, Bonaz B. Corticotropin-releasing factor receptors
and stress-related alterations of gut motor function. J Clin
Invest 2007; 117: 33-40 [PMID: 17200704]
Teitelbaum AA, Gareau MG, Jury J, Yang PC, Perdue MH.
Chronic peripheral administration of corticotropin-releasing
factor causes colonic barrier dysfunction similar to psychological stress. Am J Physiol Gastrointest Liver Physiol 2008;
295: G452-G459 [PMID: 18635602]
Martinez V, Taché Y. CRF1 receptors as a therapeutic target for irritable bowel syndrome. Curr Pharm Des 2006; 12:
4071-4088 [PMID: 17100612]
Tjong YW, Ip SP, Lao L, Wu J, Fong HH, Sung JJ, Berman
B, Che CT. Neonatal maternal separation elevates thalamic
corticotrophin releasing factor type 1 receptor expression
response to colonic distension in rat. Neuro Endocrinol Lett
2010; 31: 215-220 [PMID: 20424584]
Gué M, Del Rio-Lacheze C, Eutamene H, Théodorou V,
Fioramonti J, Buéno L. Stress-induced visceral hypersensitivity to rectal distension in rats: role of CRF and mast cells.
Neurogastroenterol Motil 1997; 9: 271-279 [PMID: 9430796]
Holsboer F, Ising M. Central CRH system in depression and
anxiety--evidence from clinical studies with CRH1 receptor antagonists. Eur J Pharmacol 2008; 583: 350-357 [PMID:
18272149 DOI: 10.1016/j.ejphar.2007.12.032]
Taché Y, Million M, Nelson AG, Lamy C, Wang L. Role of
corticotropin-releasing factor pathways in stress-related alterations of colonic motor function and viscerosensibility in
female rodents. Gend Med 2005; 2: 146-154 [PMID: 16290887]
Larauche M, Kiank C, Tache Y. Corticotropin releasing factor signaling in colon and ileum: regulation by stress and
pathophysiological implications. J Physiol Pharmacol 2009; 60
Suppl 7: 33-46 [PMID: 20388944]

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS
78

79
80
81

82

83

84

85

86
87

88

89

90

91

92

93

94

Million M, Grigoriadis DE, Sullivan S, Crowe PD, McRoberts JA, Zhou H, Saunders PR, Maillot C, Mayer EA, Taché Y.
A novel water-soluble selective CRF1 receptor antagonist,
NBI 35965, blunts stress-induced visceral hyperalgesia and
colonic motor function in rats. Brain Res 2003; 985: 32-42
[PMID: 12957366]
Taché Y, Martinez V, Million M, Rivier J. Corticotropin-releasing factor and the brain-gut motor response to stress. Can
J Gastroenterol 1999; 13 Suppl A: 18A-25A [PMID: 10202204]
Söderholm JD, Perdue MH. Stress and gastrointestinal
tract. II. Stress and intestinal barrier function. Am J Physiol
Gastrointest Liver Physiol 2001; 280: G7-G13 [PMID: 11123192]
Nakade Y, Fukuda H, Iwa M, Tsukamoto K, Yanagi H, Yamamura T, Mantyh C, Pappas TN, Takahashi T. Restraint stress
stimulates colonic motility via central corticotropin-releasing
factor and peripheral 5-HT3 receptors in conscious rats. Am
J Physiol Gastrointest Liver Physiol 2007; 292: G1037-G1044
[PMID: 17158256 DOI: 10.1152/ajpgi.00419.2006]
Konturek SJ, Brzozowski T, Konturek PC, Zwirska-Korczala K, Reiter RJ. Day/night differences in stress-induced
gastric lesions in rats with an intact pineal gland or after
pinealectomy. J Pineal Res 2008; 44: 408-415 [PMID: 18086146
DOI: 10.1111/j.1600-079X.2007.00543.x]
Castagliuolo I, Lamont JT, Qiu B, Fleming SM, Bhaskar KR,
Nikulasson ST, Kornetsky C, Pothoulakis C. Acute stress
causes mucin release from rat colon: role of corticotropin
releasing factor and mast cells. Am J Physiol 1996; 271:
G884-G892 [PMID: 8944704]
Castagliuolo I, Wershil BK, Karalis K, Pasha A, Nikulasson ST, Pothoulakis C. Colonic mucin release in response to
immobilization stress is mast cell dependent. Am J Physiol
1998; 274: G1094-G1100 [PMID: 9696710]
Griebel G, Holsboer F. Neuropeptide receptor ligands as
drugs for psychiatric diseases: the end of the beginning?
Nat Rev Drug Discov 2012; 11: 462-478 [PMID: 22596253 DOI:
10.1038/nrd3702]
de Kloet ER, Joëls M, Holsboer F. Stress and the brain: from
adaptation to disease. Nat Rev Neurosci 2005; 6: 463-475
[PMID: 15891777 DOI: 10.1038/nrn1683]
Gunter WD, Shepard JD, Foreman RD, Myers DA, Greenwood-Van Meerveld B. Evidence for visceral hypersensitivity in high-anxiety rats. Physiol Behav 2000; 69: 379-382 [PMID:
10869605]
Myers B, Dittmeyer K, Greenwood-Van Meerveld B. Involvement of amygdaloid corticosterone in altered visceral
and somatic sensation. Behav Brain Res 2007; 181: 163-167
[PMID: 17481745 DOI: 10.1016/j.bbr.2007.03.031]
Venkova K, Foreman RD, Greenwood-Van Meerveld B.
Mineralocorticoid and glucocorticoid receptors in the amygdala regulate distinct responses to colorectal distension.
Neuropharmacology 2009; 56: 514-521 [PMID: 18977372 DOI:
10.1016/j.neuropharm.2008.10.004]
Myers B, Greenwood-Van Meerveld B. Elevated corticosterone in the amygdala leads to persistent increases in anxietylike behavior and pain sensitivity. Behav Brain Res 2010; 214:
465-469 [PMID: 20573588 DOI: 10.1016/j.bbr.2010.05.049]
Simrén M, Abrahamsson H, Björnsson ES. Lipid-induced
colonic hypersensitivity in the irritable bowel syndrome: the
role of bowel habit, sex, and psychologic factors. Clin Gastroenterol Hepatol 2007; 5: 201-208 [PMID: 17174611]
Ragnarsson G, Bodemar G. Pain is temporally related to
eating but not to defaecation in the irritable bowel syndrome (IBS). Patients’ description of diarrhea, constipation
and symptom variation during a prospective 6-week study.
Eur J Gastroenterol Hepatol 1998; 10: 415-421 [PMID: 9619389]
Simrén M, Månsson A, Langkilde AM, Svedlund J, Abrahamsson H, Bengtsson U, Björnsson ES. Food-related gastrointestinal symptoms in the irritable bowel syndrome. Digestion 2001; 63: 108-115 [PMID: 11244249]
Rogers J, Henry MM, Misiewicz JJ. Increased segmental

WJG|www.wjgnet.com

95

96

97

98

99

100

101

102
103

104

105

106

107
108

109

8855

activity and intraluminal pressures in the sigmoid colon of
patients with the irritable bowel syndrome. Gut 1989; 30:
634-641 [PMID: 2731756]
Evans PR, Kellow JE. Physiological modulation of jejunal
sensitivity in health and in irritable bowel syndrome. Am
J Gastroenterol 1998; 93: 2191-2196 [PMID: 9820395 DOI:
10.1111/j.1572-0241.1998.00534.x]
Barrett JS, Gibson PR. Fermentable oligosaccharides, disaccharides, monosaccharides and polyols (FODMAPs) and
nonallergic food intolerance: FODMAPs or food chemicals?
Therap Adv Gastroenterol 2012; 5: 261-268 [PMID: 22778791
DOI: 10.1177/1756283X11436241]
Gearry RB, Irving PM, Barrett JS, Nathan DM, Shepherd
SJ, Gibson PR. Reduction of dietary poorly absorbed shortchain carbohydrates (FODMAPs) improves abdominal
symptoms in patients with inflammatory bowel disease-a
pilot study. J Crohns Colitis 2009; 3: 8-14 [PMID: 21172242
DOI: 10.1016/j.crohns.2008.09.004]
Staudacher HM, Whelan K, Irving PM, Lomer MC. Comparison of symptom response following advice for a diet
low in fermentable carbohydrates (FODMAPs) versus
standard dietary advice in patients with irritable bowel syndrome. J Hum Nutr Diet 2011; 24: 487-495 [PMID: 21615553
DOI: 10.1111/j.1365-277X.2011.01162.x]
Barrett JS, Gearry RB, Muir JG, Irving PM, Rose R, Rosella
O, Haines ML, Shepherd SJ, Gibson PR. Dietary poorly
absorbed, short-chain carbohydrates increase delivery of
water and fermentable substrates to the proximal colon. Aliment Pharmacol Ther 2010; 31: 874-882 [PMID: 20102355 DOI:
10.1111/j.1365-2036.2010.04237.x]
Hellström PM, Näslund E, Edholm T, Schmidt PT, Kristensen J, Theodorsson E, Holst JJ, Efendic S. GLP-1 suppresses gastrointestinal motility and inhibits the migrating
motor complex in healthy subjects and patients with irritable bowel syndrome. Neurogastroenterol Motil 2008; 20:
649-659 [PMID: 18298441]
McKee DP, Quigley EM. Intestinal motility in irritable bowel syndrome: is IBS a motility disorder? Part 1. Definition
of IBS and colonic motility. Dig Dis Sci 1993; 38: 1761-1772
[PMID: 8404395]
Quigley EM. Antibiotics for irritable bowel syndrome: hitting the target, but what is it? Gastroenterology 2011; 141:
391-393 [PMID: 21620844]
Nakade Y, Tsukamoto K, Iwa M, Pappas TN, Takahashi T.
Glucagon like peptide-1 accelerates colonic transit via central CRF and peripheral vagal pathways in conscious rats.
Auton Neurosci 2007; 131: 50-56 [PMID: 16938493]
Lim GE, Huang GJ, Flora N, LeRoith D, Rhodes CJ, Brubaker PL. Insulin regulates glucagon-like peptide-1 secretion
from the enteroendocrine L cell. Endocrinology 2009; 150:
580-591 [PMID: 18818290 DOI: 10.1210/en.2008-0726]
Larsen PJ, Tang-Christensen M, Jessop DS. Central administration of glucagon-like peptide-1 activates hypothalamic
neuroendocrine neurons in the rat. Endocrinology 1997; 138:
4445-4455 [PMID: 9322962]
Simrén M, Björnsson ES, Abrahamsson H. High interdigestive and postprandial motilin levels in patients with the
irritable bowel syndrome. Neurogastroenterol Motil 2005; 17:
51-57 [PMID: 15670264 DOI: 10.1111/j.1365-2982.2004.00582.
x]
Zhang H, Yan Y, Shi R, Lin Z, Wang M, Lin L. Correlation
of gut hormones with irritable bowel syndrome. Digestion
2008; 78: 72-76 [PMID: 18948690 DOI: 10.1159/000165352]
Simrén M, Stotzer PO, Sjövall H, Abrahamsson H, Björnsson ES. Abnormal levels of neuropeptide Y and peptide YY
in the colon in irritable bowel syndrome. Eur J Gastroenterol
Hepatol 2003; 15: 55-62 [PMID: 12544695]
Matricon J, Meleine M, Gelot A, Piche T, Dapoigny M,
Muller E, Ardid D. Review article: Associations between
immune activation, intestinal permeability and the irritable

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS

110

111

112

113
114

115

116

117

118

119

120

121

122

123

124

bowel syndrome. Aliment Pharmacol Ther 2012; 36: 1009-1031
[PMID: 23066886 DOI: 10.1111/apt.12080]
Schoepfer AM, Trummler M, Seeholzer P, Seibold-Schmid B,
Seibold F. Discriminating IBD from IBS: comparison of the
test performance of fecal markers, blood leukocytes, CRP,
and IBD antibodies. Inflamm Bowel Dis 2008; 14: 32-39 [PMID:
17924558 DOI: 10.1002/ibd.20275]
Sidhu R, Drew K, McAlindon ME, Lobo AJ, Sanders DS. Elevated serum chromogranin A in irritable bowel syndrome
(IBS) and inflammatory bowel disease (IBD): a shared model for pathogenesis? Inflamm Bowel Dis 2010; 16: 361 [PMID:
19575362 DOI: 10.1002/ibd.20982]
Marshall JK, Thabane M, Garg AX, Clark WF, Salvadori M,
Collins SM. Incidence and epidemiology of irritable bowel
syndrome after a large waterborne outbreak of bacterial dysentery. Gastroenterology 2006; 131: 445-450; quiz 660 [PMID:
16890598]
Halvorson HA, Schlett CD, Riddle MS. Postinfectious irritable bowel syndrome--a meta-analysis. Am J Gastroenterol
2006; 101: 1894-1899; quiz 1942 [PMID: 16928253]
Gwee KA, Leong YL, Graham C, McKendrick MW, Collins SM, Walters SJ, Underwood JE, Read NW. The role of
psychological and biological factors in postinfective gut
dysfunction. Gut 1999; 44: 400-406 [PMID: 10026328]
Kai Y, Takahashi I, Ishikawa H, Hiroi T, Mizushima T, Matsuda C, Kishi D, Hamada H, Tamagawa H, Ito T, Yoshizaki
K, Kishimoto T, Matsuda H, Kiyono H. Colitis in mice lacking the common cytokine receptor gamma chain is mediated by IL-6-producing CD4+ T cells. Gastroenterology 2005;
128: 922-934 [PMID: 15825075]
Wang LH, Fang XC, Pan GZ. Bacillary dysentery as a causative factor of irritable bowel syndrome and its pathogenesis. Gut 2004; 53: 1096-1101 [PMID: 15247174 DOI: 10.1136/
gut.2003.021154]
Neal KR, Hebden J, Spiller R. Prevalence of gastrointestinal
symptoms six months after bacterial gastroenteritis and risk
factors for development of the irritable bowel syndrome:
postal survey of patients. BMJ 1997; 314: 779-782 [PMID:
9080994]
Chadwick VS, Chen W, Shu D, Paulus B, Bethwaite P, Tie A,
Wilson I. Activation of the mucosal immune system in irritable bowel syndrome. Gastroenterology 2002; 122: 1778-1783
[PMID: 12055584]
Goral V, Kucukoner M, Buyukbayram H. Mast cells count
and serum cytokine levels in patients with irritable bowel
syndrome. Hepatogastroenterology 2010; 57: 751-754 [PMID:
21033222]
Chang L, Adeyemo M, Karagiannides I, Videlock EJ, Bowe
C, Shih W, Presson AP, Yuan PQ, Cortina G, Gong H, Singh
S, Licudine A, Mayer M, Tache Y, Pothoulakis C, Mayer
EA. Serum and colonic mucosal immune markers in irritable bowel syndrome. Am J Gastroenterol 2012; 107: 262-272
[PMID: 22158028 DOI: 10.1038/ajg.2011.423]
Barbara G, Wang B, Stanghellini V, de Giorgio R, Cremon
C, Di Nardo G, Trevisani M, Campi B, Geppetti P, Tonini M,
Bunnett NW, Grundy D, Corinaldesi R. Mast cell-dependent
excitation of visceral-nociceptive sensory neurons in irritable bowel syndrome. Gastroenterology 2007; 132: 26-37 [PMID:
17241857]
Collins SM. The immunomodulation of enteric neuromuscular function: implications for motility and inflammatory
disorders. Gastroenterology 1996; 111: 1683-1699 [PMID:
8942751]
McKernan DP, Gaszner G, Quigley EM, Cryan JF, Dinan TG.
Altered peripheral toll-like receptor responses in the irritable
bowel syndrome. Aliment Pharmacol Ther 2011; 33: 1045-1052
[PMID: 21453321 DOI: 10.1111/j.1365-2036.2011.04624.x]
Dinan TG, Clarke G, Quigley EM, Scott LV, Shanahan
F, Cryan J, Cooney J, Keeling PW. Enhanced cholinergicmediated increase in the pro-inflammatory cytokine IL-6 in

WJG|www.wjgnet.com

125

126

127

128

129

130

131

132
133

134

135

136

137

138

8856

irritable bowel syndrome: role of muscarinic receptors. Am J
Gastroenterol 2008; 103: 2570-2576 [PMID: 18785949]
Liebregts T, Adam B, Bredack C, Röth A, Heinzel S, Lester
S, Downie-Doyle S, Smith E, Drew P, Talley NJ, Holtmann
G. Immune activation in patients with irritable bowel syndrome. Gastroenterology 2007; 132: 913-920 [PMID: 17383420]
Kindt S, Van Oudenhove L, Broekaert D, Kasran A, Ceuppens JL, Bossuyt X, Fischler B, Tack J. Immune dysfunction
in patients with functional gastrointestinal disorders. Neurogastroenterol Motil 2009; 21: 389-398 [PMID: 19126184 DOI:
10.1111/j.1365-2982.2008.01220.x]
Elsenbruch S, Holtmann G, Oezcan D, Lysson A, Janssen
O, Goebel MU, Schedlowski M. Are there alterations of
neuroendocrine and cellular immune responses to nutrients
in women with irritable bowel syndrome? Am J Gastroenterol 2004; 99: 703-710 [PMID: 15089905 DOI: 10.1111/
j.1572-0241.2004.04138.x]
Coëffier M, Gloro R, Boukhettala N, Aziz M, Lecleire S,
Vandaele N, Antonietti M, Savoye G, Bôle-Feysot C, Déchelotte P, Reimund JM, Ducrotté P. Increased proteasome-mediated degradation of occludin in irritable bowel syndrome.
Am J Gastroenterol 2010; 105: 1181-1188 [PMID: 19997094]
Macsharry J, O’Mahony L, Fanning A, Bairead E, Sherlock
G, Tiesman J, Fulmer A, Kiely B, Dinan TG, Shanahan F,
Quigley EM. Mucosal cytokine imbalance in irritable bowel
syndrome. Scand J Gastroenterol 2008; 43: 1467-1476 [PMID:
18752146]
Barbara G, Stanghellini V, De Giorgio R, Cremon C, Cottrell
GS, Santini D, Pasquinelli G, Morselli-Labate AM, Grady
EF, Bunnett NW, Collins SM, Corinaldesi R. Activated mast
cells in proximity to colonic nerves correlate with abdominal pain in irritable bowel syndrome. Gastroenterology 2004;
126: 693-702 [PMID: 14988823]
Buhner S, Li Q, Vignali S, Barbara G, De Giorgio R, Stanghellini V, Cremon C, Zeller F, Langer R, Daniel H, Michel
K, Schemann M. Activation of human enteric neurons by
supernatants of colonic biopsy specimens from patients
with irritable bowel syndrome. Gastroenterology 2009; 137:
1425-1434 [PMID: 19596012]
Galli SJ, Nakae S, Tsai M. Mast cells in the development of
adaptive immune responses. Nat Immunol 2005; 6: 135-142
[PMID: 15662442]
O’Malley D, Liston M, Hyland NP, Dinan TG, Cryan JF.
Colonic soluble mediators from the maternal separation
model of irritable bowel syndrome activate submucosal
neurons via an interleukin-6-dependent mechanism. Am J
Physiol Gastrointest Liver Physiol 2011; 300: G241-G252 [PMID:
21109592]
Xia Y, Hu HZ, Liu S, Ren J, Zafirov DH, Wood JD. IL-1beta
and IL-6 excite neurons and suppress nicotinic and noradrenergic neurotransmission in guinea pig enteric nervous
system. J Clin Invest 1999; 103: 1309-1316 [PMID: 10225974]
Rehn M, Hübschle T, Diener M. TNF-alpha hyperpolarizes
membrane potential and potentiates the response to nicotinic receptor stimulation in cultured rat myenteric neurones.
Acta Physiol Scand 2004; 181: 13-22 [PMID: 15086448]
Zhang L, Hu L, Chen M, Yu B. Exogenous interleukin-6
facilitated the contraction of the colon in a depression rat
model. Dig Dis Sci 2013; 58: 2187-2196 [PMID: 23589140
DOI: 10.1007/s10620-013-2656-3]
Natale L, Piepoli AL, De Salvia MA, De Salvatore G, Mitolo
CI, Marzullo A, Portincasa P, Moschetta A, Palasciano G,
Mitolo-Chieppa D. Interleukins 1 beta and 6 induce functional alteration of rat colonic motility: an in vitro study. Eur
J Clin Invest 2003; 33: 704-712 [PMID: 12864781]
Kindt S, Vanden Berghe P, Boesmans W, Roosen L, Tack
J. Prolonged IL-1beta exposure alters neurotransmitter
and electrically induced Ca(2+) responses in the myenteric
plexus. Neurogastroenterol Motil 2010; 22: 321-e85 [PMID:
19796332]

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS
154 O’Mahony C, Scully P, O’Mahony D, Murphy S, O’Brien F,
Lyons A, Sherlock G, MacSharry J, Kiely B, Shanahan F, O’
Mahony L. Commensal-induced regulatory T cells mediate
protection against pathogen-stimulated NF-kappaB activation. PLoS Pathog 2008; 4: e1000112 [PMID: 18670628 DOI:
10.1371/journal.ppat.1000112]
155 Lee BJ, Bak YT. Irritable bowel syndrome, gut microbiota
and probiotics. J Neurogastroenterol Motil 2011; 17: 252-266
[PMID: 21860817 DOI: 10.5056/jnm.2011.17.3.252]
156 Begtrup LM, de Muckadell OB, Kjeldsen J, Christensen RD,
Jarbøl DE. Long-term treatment with probiotics in primary
care patients with irritable bowel syndrome--a randomised,
double-blind, placebo controlled trial. Scand J Gastroenterol
2013; 48: 1127-1135 [PMID: 23957590 DOI: 10.3109/00365521
.2013.825314]
157 Roberts LM, McCahon D, Holder R, Wilson S, Hobbs FD. A
randomised controlled trial of a probiotic ‘functional food’ in
the management of irritable bowel syndrome. BMC Gastroenterol 2013; 13: 45 [PMID: 23496803 DOI: 10.1186/1471-230X-13-45]
158 Bloom JR, Stewart SL, Chang S, Banks PJ. Then and now:
quality of life of young breast cancer survivors. Psychooncology 2004; 13: 147-160 [PMID: 15022150 DOI: 10.1002/
pon.794]
159 Mayer EA. The neurobiology of stress and gastrointestinal
disease. Gut 2000; 47: 861-869 [PMID: 11076888]
160 Barbara G, Stanghellini V, Cremon C, De Giorgio R, Gargano L, Cogliandro R, Pallotti F, Corinaldesi R. Probiotics and
irritable bowel syndrome: rationale and clinical evidence for
their use. J Clin Gastroenterol 2008; 42 Suppl 3 Pt 2: S214-S217
[PMID: 18685517]
161 Dunlop SP, Jenkins D, Neal KR, Spiller RC. Relative importance of enterochromaffin cell hyperplasia, anxiety, and
depression in postinfectious IBS. Gastroenterology 2003; 125:
1651-1659 [PMID: 14724817]
162 Gwee KA, Graham JC, McKendrick MW, Collins SM, Marshall JS, Walters SJ, Read NW. Psychometric scores and persistence of irritable bowel after infectious diarrhoea. Lancet
1996; 347: 150-153 [PMID: 8544549]
163 Pawlak CR, Jacobs R, Mikeska E, Ochsmann S, Lombardi
MS, Kavelaars A, Heijnen CJ, Schmidt RE, Schedlowski M.
Patients with systemic lupus erythematosus differ from
healthy controls in their immunological response to acute
psychological stress. Brain Behav Immun 1999; 13: 287-302
[PMID: 10600217]
164 Ackerman KD, Martino M, Heyman R, Moyna NM, Rabin
BS. Immunologic response to acute psychological stress in
MS patients and controls. J Neuroimmunol 1996; 68: 85-94
[PMID: 8784264]
165 Leonard BE. Changes in the immune system in depression
and dementia: causal or co-incidental effects? Int J Dev Neurosci 2001; 19: 305-312 [PMID: 11337199]
166 Zheng PY, Feng BS, Oluwole C, Struiksma S, Chen X, Li P,
Tang SG, Yang PC. Psychological stress induces eosinophils
to produce corticotrophin releasing hormone in the intestine. Gut 2009; 58: 1473-1479 [PMID: 19651632 DOI: 10.1136/
gut.2009.181701]
167 Söderholm JD, Yang PC, Ceponis P, Vohra A, Riddell R,
Sherman PM, Perdue MH. Chronic stress induces mast celldependent bacterial adherence and initiates mucosal inflammation in rat intestine. Gastroenterology 2002; 123: 1099-1108
[PMID: 12360472]
168 Song C, Earley B, Leonard BE. Behavioral, neurochemical,
and immunological responses to CRF administration. Is
CRF a mediator of stress? Ann N Y Acad Sci 1995; 771: 55-72
[PMID: 8597429]
169 O’Malley D, Cryan JF, Dinan TG. Crosstalk between interleukin-6 and corticotropin-releasing factor modulate submucosal plexus activity and colonic secretion. Brain Behav
Immun 2013; 30: 115-124 [PMID: 23369733 DOI: 10.1016/
j.bbi.2013.01.078]

139 Rühl A, Hurst S, Collins SM. Synergism between interleukins 1 beta and 6 on noradrenergic nerves in rat myenteric
plexus. Gastroenterology 1994; 107: 993-1001 [PMID: 7926489]
140 De Jongh RF, Vissers KC, Meert TF, Booij LH, De Deyne CS,
Heylen RJ. The role of interleukin-6 in nociception and pain.
Anesth Analg 2003; 96: 1096-1103, table of contents [PMID:
12651667]
141 Dunlop SP, Hebden J, Campbell E, Naesdal J, Olbe L,
Perkins AC, Spiller RC. Abnormal intestinal permeability in subgroups of diarrhea-predominant irritable bowel
syndromes. Am J Gastroenterol 2006; 101: 1288-1294 [PMID:
16771951]
142 Piche T, Barbara G, Aubert P, Bruley des Varannes S, Dainese R, Nano JL, Cremon C, Stanghellini V, De Giorgio R,
Galmiche JP, Neunlist M. Impaired intestinal barrier integrity in the colon of patients with irritable bowel syndrome:
involvement of soluble mediators. Gut 2009; 58: 196-201
[PMID: 18824556]
143 Hiribarren A, Heyman M, L’Helgouac’h A, Desjeux JF. Effect of cytokines on the epithelial function of the human
colon carcinoma cell line HT29 cl 19A. Gut 1993; 34: 616-620
[PMID: 8504961]
144 Zhou Q, Zhang B, Verne GN. Intestinal membrane permeability and hypersensitivity in the irritable bowel syndrome.
Pain 2009; 146: 41-46 [PMID: 19595511]
145 Cremonini F, Talley NJ. Treatments targeting putative mechanisms in irritable bowel syndrome. Nat Clin Pract Gastroenterol Hepatol 2005; 2: 82-88 [PMID: 16265125]
146 Bravo JA, Forsythe P, Chew MV, Escaravage E, Savignac
HM, Dinan TG, Bienenstock J, Cryan JF. Ingestion of Lactobacillus strain regulates emotional behavior and central
GABA receptor expression in a mouse via the vagus nerve.
Proc Natl Acad Sci USA 2011; 108: 16050-16055 [PMID:
21876150 DOI: 10.1073/pnas.1102999108]
147 Mättö J, Maunuksela L, Kajander K, Palva A, Korpela R,
Kassinen A, Saarela M. Composition and temporal stability
of gastrointestinal microbiota in irritable bowel syndrome-a longitudinal study in IBS and control subjects. FEMS Immunol Med Microbiol 2005; 43: 213-222 [PMID: 15747442]
148 Malinen E, Rinttilä T, Kajander K, Mättö J, Kassinen A, Krogius L, Saarela M, Korpela R, Palva A. Analysis of the fecal
microbiota of irritable bowel syndrome patients and healthy
controls with real-time PCR. Am J Gastroenterol 2005; 100:
373-382 [PMID: 15667495 DOI: 10.1111/j.1572-0241.2005.40312.
x]
149 Kassinen A, Krogius-Kurikka L, Mäkivuokko H, Rinttilä T,
Paulin L, Corander J, Malinen E, Apajalahti J, Palva A. The
fecal microbiota of irritable bowel syndrome patients differs
significantly from that of healthy subjects. Gastroenterology
2007; 133: 24-33 [PMID: 17631127]
150 Jeffery IB, O’Toole PW, Öhman L, Claesson MJ, Deane J,
Quigley EM, Simrén M. An irritable bowel syndrome subtype defined by species-specific alterations in faecal microbiota. Gut 2012; 61: 997-1006 [PMID: 22180058 DOI: 10.1136/
gutjnl-2011-301501]
151 Yoon JS, Sohn W, Lee OY, Lee SP, Lee KN, Jun DW, Lee HL,
Yoon BC, Choi HS, Chung WS, Seo JG. Effect of multispecies probiotics on irritable bowel syndrome: a randomized,
double-blind, placebo-controlled trial. J Gastroenterol Hepatol
2014; 29: 52-59 [PMID: 23829297 DOI: 10.1111/jgh.12322]
152 O’Mahony L, McCarthy J, Kelly P, Hurley G, Luo F, Chen
K, O’Sullivan GC, Kiely B, Collins JK, Shanahan F, Quigley
EM. Lactobacillus and bifidobacterium in irritable bowel
syndrome: symptom responses and relationship to cytokine profiles. Gastroenterology 2005; 128: 541-551 [PMID:
15765388]
153 Prakash S, Rodes L, Coussa-Charley M, Tomaro-Duchesneau C. Gut microbiota: next frontier in understanding
human health and development of biotherapeutics. Biologics
2011; 5: 71-86 [PMID: 21847343 DOI: 10.2147/BTT.S19099]

WJG|www.wjgnet.com

8857

July 21, 2014|Volume 20|Issue 27|

Buckley MM et al . Neuro, endocrine and immune pathways in IBS
170 Fekete EM, Zorrilla EP. Physiology, pharmacology, and
therapeutic relevance of urocortins in mammals: ancient
CRF paralogs. Front Neuroendocrinol 2007; 28: 1-27 [PMID:
17083971]
171 Wu Y, Hu J, Zhang R, Zhou C, Xu Y, Guan X, Li S. Enhanced intracellular calcium induced by urocortin is involved in degranulation of rat lung mast cells. Cell Physiol
Biochem 2008; 21: 173-182 [PMID: 18209484]
172 Ando T, Rivier J, Yanaihara H, Arimura A. Peripheral corticotropin-releasing factor mediates the elevation of plasma
IL-6 by immobilization stress in rats. Am J Physiol 1998; 275:
R1461-R1467 [PMID: 9791062]
173 Saruta M, Takahashi K, Suzuki T, Torii A, Kawakami M,
Sasano H. Urocortin 1 in colonic mucosa in patients with
ulcerative colitis. J Clin Endocrinol Metab 2004; 89: 5352-5361

[PMID: 15531481]
174 Tsatsanis C, Androulidaki A, Dermitzaki E, Charalampopoulos I, Spiess J, Gravanis A, Margioris AN. Urocortin 1 and
Urocortin 2 induce macrophage apoptosis via CRFR2. FEBS
Lett 2005; 579: 4259-4264 [PMID: 16054139]
175 Tsatsanis C, Androulidaki A, Dermitzaki E, Gravanis A, Margioris AN. Corticotropin releasing factor receptor 1 (CRF1)
and CRF2 agonists exert an anti-inflammatory effect during
the early phase of inflammation suppressing LPS-induced
TNF-alpha release from macrophages via induction of COX-2
and PGE2. J Cell Physiol 2007; 210: 774-783 [PMID: 17117478]
176 O’Malley D, Dinan TG, Cryan JF. Altered expression and
secretion of colonic interleukin-6 in a stress-sensitive animal
model of brain-gut axis dysfunction. J Neuroimmunol 2011; 235:
48-55 [PMID: 21565410 DOI: 10.1016/j.jneuroim.2011.04.003]
P- Reviewers: Chen L, Hoensch HP, Gonzalez-Reimers E,
Pozo MJ, Zhu YL
S- Editor: Ma YJ L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

8858

July 21, 2014|Volume 20|Issue 27|

World J Gastroenterol 2014 July 21; 20(27): 8859-8866
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i27.8859

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (4): Irritable bowel syndrome

Microbiota-host interactions in irritable bowel syndrome:
Epithelial barrier, immune regulation and brain-gut
interactions
Niall P Hyland, Eamonn MM Quigley, Elizabeth Brint
a considerable body of evidence has accumulated to
indicate the activation or upregulation of both factors
involved in bacterial engagement with the host as well
host defence mechanisms against bacteria. Alterations
in gut barrier function, occurring in response, or in
parallel, to changes in the microbiota, have also been
widely described and can be seen to play a pivotal role
in generating and sustaining host immune responses
both within and beyond the gut. In this manner a plausible hypothesis, based on an altered microbiota and/or
an aberrant host response, for the pathogenesis, of at
least some instances of IBS, can be generated.
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Core tip: Recent discoveries have kindled an interest
in microbiota-host interactions in irritable bowel syndrome (IBS) and have led to new lines of research into
this common and elusive disorder. It is clear that the
microbiota is altered in IBS and that such alterations
could well contribute to the pathogenesis of the disorder through, for example, increased permeability, an
altered immune profile, effects on the central nervous
system and modulation of gut neuromuscular function.
This review will explore these host-microbe interactions
and their relevance to the pathogenesis of IBS. This review will explore these interactions and their relevance
to the pathogenesis of IBS.

Abstract
Irritable bowel syndrome (IBS) is a common, sometimes debilitating, gastrointestinal disorder worldwide.
While altered gut motility and sensation, as well as aberrant brain perception of visceral events, are thought
to contribute to the genesis of symptoms in IBS, a
search for an underlying aetiology has, to date, proven
unsuccessful. Recently, attention has been focused on
the microbiota as a possible factor in the pathogenesis
of IBS. Prompted by a number of clinical observations,
such as the recognition of the de novo development
of IBS following enteric infections, as well as descriptions of changes in colonic bacterial populations in
IBS and supported by clinical responses to interventions, such as antibiotics and probiotics, that modify
the microbiota, various approaches have been taken
to investigating the microbiota-host response in IBS,
as well as in animal models thereof. From such studies
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and surprising line of research into this common and elusive disorder. This review will explore these interactions
and their relevance to the pathogenesis of IBS.

INTRODUCTION
The importance of the microbiota in the pathogenesis of
irritable bowel syndrome (IBS) has only recently begun
to be understood with alterations in the composition of
the gut microbiota being increasingly investigated as a
factor in the pathogenesis and pathophysiology of IBS.
The human microbiota is a complex ecosystem which
may contain as many as 1000 to 1150 bacterial species
and between 1013 to 1014 microorganisms with the greatest density and diversity of bacteria being found in the
distal small bowel and colon[1]. The number of bacteria
within the gut is about 10 times that of all cells in the
human body. While data remains limited, it is evident
that IBS patients have an altered microbiota relative to
healthy individuals. Bacterial diversity is reduced[2] and
more detailed analyses have identified differences at species and strain level[3] among both children and adults
with IBS. Not surprisingly, given the heterogeneity of the
IBS phenotype, these results have not been consistent
and the sizes of the study populations involved have not
been large enough to encompass the entire symptom
and demographic spectrum that is IBS. Other clinical
evidence also supports a role for the microbiota in IBS,
including the role of enteric infections as well as the well
documented symptom responses to antibiotics, such as
rifaximin, and certain probiotics[4].
IBS is one of the most common gastrointestinal ailments worldwide affecting anywhere from 5%-15% of
adults in the general population[5]. Despite considerable
effort, a biomarker(s) specific for IBS has not been identified[6] and its definition remains entirely clinical, based
on the presence of abdominal pain/or discomfort associated with altered bowel habit, often accompanied by
symptoms of bloating and distension[7]. The spectrum
of symptom severity in IBS is broad with the majority
of those affected never seeking medical advice but selfmedicating or instituting dietary or life-style measures to
control symptoms. At the other end of the spectrum are
a smaller number of affected individuals whose symptoms are debilitating and impose a very significant impact
on quality of life. IBS is commonly associated with other
gastrointestinal ailments such as gastroesophageal reflux,
functional dyspepsia and extra-intestinal disorders[8].
Over the years, altered motility, visceral hypersensitivity,
immune alterations and, more recently, compromised epithelial barrier function have all been invoked to explain
the genesis of symptoms in IBS. Whether considered
individually or collectively, these factors undoubtedly
play a role in the onset and exacerbation of symptoms
in IBS, although none can satisfactorily claim to be a
fundamental cause of IBS[9]. Indeed, one of the few true
causes of IBS that has been identified is enteric infection;
several large series attest to the de novo development of
IBS following acute enteric bacterial, viral and parasitic
infections[10]. This latter observation kindled an interest in
microbiota-host interactions in IBS and has led to a new
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INTESTINAL EPITHELIAL BARRIER:
AN INTERFACE FOR HOST-MICROBE
INTERACTIONS IN IBS
Given the size of the intestine and the density of the
commensal flora, the gut represents an enormous interface between the host and its’ environment, and, thereby,
functions as a barrier between the external environment
and the internal milieu and is essential in maintaining
health and preventing disease[11]. The intestinal epithelial
barrier comprises a thick mucus layer and a single layer
of intestinal epithelial cells (IECs) which separate commensal bacteria from the underlying submucosa and as
such are a critical component of commensal-host interactions[12]. It is now well understood that IECs are not an
inert component of this interaction but are both effected
by, and themselves effect, the microbiota. The commensal flora has been shown to directly affect the epithelial
barrier through its regulation of tight junction proteins.
Examples of this include, increased expression and distribution of zonula ocludin-2[13] as well asupregulation of
other gap junction proteins such as occudin2 and claudin-2 in response to a number of probiotic bacteria in
several IECs[14]. Commensal flora also contribute to the
production of mucus as the mucus layer is considerably
reduced in the gut of germ-free mice, but recovers on
exposure to bacterial products[15,16]. Given the influence
of microbes on the integrity of the intestinal epithelium,
this may be of relevance in the context of the compromised epithelial barrier and alterations in permeability
observed in IBS[17,18]. The mechanisms underlying this
increased permeability in IBS include alterations in tight
junction protein expression, localisation or function,
changes in the microbiota, presence of active inflammation and/or presence of pro-inflammatory cytokines and
increased cell shedding[19]. In particular, reduction of the
tight junction protein zonula ocludin-1 (ZO-1) and disruption of apical expression of claudin-1, occludin and
ZO-1 have been observed in IBS[20,21]. In addition, single
nucleotide polymorphisms in the gene encoding the tight
junction protein E-cadherin (CDH1) are associated with
an increased risk for the development of post-infectious
IBS[22]. Of particular note, is the relationship between increased permeability and the severity of abdominal pain
experienced by IBS patients[23]. Moreover, in IBS patients,
Zeng and colleagues partially reversed changes in small
intestinal permeability with a probiotic cocktail[24]. This
increased permeability of the barrier seen in IBS patients
may also contribute to the low-grade inflammation that
characterises this syndrome, due to increased bacterial
translocation[25].
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tory proteins such as PPARγ. For one commensal, Bacteroides fragilis, symbiosis with the host has been shown to
be mediated through the activation of TLR2 on Foxp3+
regulatory T cells by a PSA, produced by the bacterium,
resulting in immunological tolerance[40]. The intimacy of
the interaction between the microbiota and these PPR’s
is also illustrated by the observation that the microbiota
determines expression of TLR2 in the colon[41].
Expression of TLRs has also been recently reported
to be altered in IBS. Increased levels of TLRs 4 and 5
and decreased levels of TLRs 7 and 8 have been shown
in colonic biopsy tissue of IBS patients[42]. The work of
Belmonte et al[43] further characterised these changes according to IBS subtype and showed that only the IBSmixed subgroup showed upregulation of TLRs 2 and 4.
These authors also showed the alterations in expression
were confined to epithelial cells. Similar alterations in
expression of TLRs have been shown in a rat model of
stress-induced IBS[44]. Work performed by Tattoli et al[45]
has further demonstrated that TLR ligands can directly
affect gastrointestinal motility possibly implying that
disruptions in the composition of the microbiota may
result in changes in gut motility, as observed in IBS patients. The colonic mucosal tissue from IBS patients also
displays an altered cytokine profile possibly reflecting the
alterations in TLR expression[46]. And, whilst evidence
has been advanced to indicate that alterations in the microbiota are present in IBS[47], how such changes might
directly affect TLR expression and cytokine production
in these patients remains unclear. Moreover, the microbiota may also have the capacity to influence expression
of non-TLR receptors, such as μ-opioid and cannabinoid
receptors, in IECs which may be equally relevant in the
context of IBS[48].

COMMENSAL REGULATION OF
IMMUNITY: RELEVANCE FOR IBS
The mucosal surface of the intestinal epithelium has
evolved to allow the correct balance of responsiveness, being broadly unresponsive to the presence of the
commensal bacteria in the gut lumen whilst still being
able to mount an immune response to the presence of
pathogenic bacteria[26]. How commensals and the immune system achieve this balance is an area of on-going
investigation[27]. It seems likely that no single mechanism
applies to all commensals; different strains or species employ different strategies. Nonetheless, a range of potential mechanisms have been identified[28,29]. For example,
Bifidobacterium infantis prevents nuclear factor kappa-lightchain-enhancer of activated B cells (NFκB) and interleukin (IL)-8 activation and also inhibits the secretion of the
chemokine CCL20 in response to Salmonella typhimurium,
Clostridium difficile, Mycobacterium paratuberculosis and, even,
bacterial flagellin[30,31]. Some strains, indeed, appear to exert potent anti-inflammatory effects: in an experimental
animal (IL-10 knockout) model of colitis, both a Lactobacillus and a Bifidobacterium suppressed the production
of the pro-inflammatory cytokines interferon-γ, tumor
necrosis factor-α, and IL-12, while levels of the anti-inflammatory cytokine transforming growth factor-β were
maintained[32]. Similar effects have been demonstrated for
the probiotic cocktail VSL#3 in experimental models of
colitis[33,34]. What is very exciting is the observation, again
in an animal model, of the ability of orally administered
probiotics to exert anti-inflammatory effects at sites
well distant from the gut[35]. These differential cytokine
responses to commensals and pathogens have also been
demonstrated in man[36].
Immunological alterations are increasingly being
reported in IBS with the hypothesis that there is a lowgrade inflammatory state associated with this condition.
Investigation of the role of the microbiota in mediating
these immune alterations in IBS are in their infancy, but
further study may provide some insight into the pathogenesis of IBS. Accumulating data support the presence
of an immune engagement between the microbiota and
the host in IBS; an interaction that involves both systemic
and mucosal immunity that could generate a low-grade
inflammatory response.

Commensals, systemic immunity and IBS
In addition to the ability of the microbiota to modulate
local mucosal immune responses, extensive clinical and
experimental data have been generated to indicate that
commensal bacteria can also modify systemic immune
responses[49]. Commensals may promote the development of T helper cells, including TH17 cells and result in
a controlled inflammatory response which is protective
against pathogens, in part, through the production of
IL-17[50]. Commensals, such as Bifidobacterium infantis and
Faecalobacterium prasunitzii, differentially induce regulatory
T cells (Tregs) and result in the production of the anti-inflammatory cytokine, IL-10[51]. Similarly, colonization of
mice with Bifidobacterium fragilis resulted in the expansion
of IL-10 producing Tregs and amelioration of the disease
experimental autoimmune encephalomyelitis in a mouse
model[52]. The regulation of immunity by commensals
is likely to occur, not only via TLRs, but also through a
variety of commensal-derived substances, ranging from
relatively nonspecific fatty acids and peroxides to highly
specific bacteriocins[53,54], which can inhibit or kill other,
potentially pathogenic, bacteria [28]; meanwhile certain
strains produce proteases capable of denaturing bacterial

Toll like receptors, mucosal immunity and IBS
A number of factors may allow the epithelium to tolerate
commensal organisms with the innate immune system
and pattern recognition receptors (PPRs) playing a critical role. PPRs, such as toll-like receptors (TLRs), mediate
the interaction between the host and the microbiota and,
in doing so, facilitate both inflammatory and homeostatic
processes[37]. Indeed commensal-TLR interactions in the
intestine have been predominantly implicated in homeostatic events[38]. Commensal signalling through TLRs
results in the inhibition of the NF-κB inflammatory
pathway[39] and also in the upregulation of TLR inhibi-
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toxins[55].
Systemic immune alterations have also been observed
in IBS. B cells isolated from the blood of IBS patients
display an amplified activation level[56]. Similarly, T cells
isolated from both blood and colonic biopsies showed
increased activation levels in IBS patients compared to
healthy controls; evidenced by increased expression of
the activation markers CD69 and HLA-DR[57]. Increased
levels of antibodies to bacterial flagellin[58,59] and elevated
levels of beta-defensin-2 in the faeces have also been
demonstrated in IBS[60]. In addition, the ratio of IL-10 to
IL-12 cytokines from peripheral monocytes is decreased
in IBS patients compared to healthy controls; this ratio
was normalised following treatment with Bifidobacterium
infantis[61].

expression of the neurotropic factor; brain derived neurotropic factor, as well as serotonin. Moreover, the latter
was resistant to restoration of the microbiota in adulthood[70], implicating a role for the microbiota in early-life
development and its absence with persistent long-term
effects on hippocampal gene expression. The first clinical
study demonstrating the influence of commensal organisms on brain activity, using a probiotic cocktail, is of
particular relevance to IBS. Healthy female subjects, who
consumed the probiotic cocktail containing Bifidobacterium
animalis subsp Lactis, Streptococcus thermophiles, Lactobacillus
bulgaricus, and Lactococcus lactis subsp Lactis twice daily for
four weeks, exhibited altered activity in brain regions that
control central processing of emotion and sensation[71],
areas of particular relevance in the context of IBS. Collectively, these latter observations could address some of
the proposed pathophysiological mechanisms associated
with symptom development in IBS, namely, disturbances
in the brain-gut axis.

COMMENSAL REGULATION OF THE
GUT-BRAIN AXIS: RELEVANCE FOR IBS
The ability of gut microbiota to communicate with the
brain and thus modulate behaviour is emerging as an exciting concept in health and disease. Indeed, it has been
proposed that the microbiota can influence the development[62] and function[63] of the central nervous system
(CNS), thereby, leading to the concept of the microbiotagut-brain axis[64,65]. Studies focusing on the impact of
enteric microbiota on the host and, in particular, on the
CNS are essential to our understanding of how the gutbrain axis may influence the pathogenesis of IBS[64].
Moreover, functionally, an association between psychological stress, intestinal transit and “dysbacteriosis” has
been reported[66].

Influence of commensals on the enteric nervous system
and neuromuscular function
The ENS and human smooth muscle cells, key regulators
of intestinal motility, express the machinery necessary
to respond directly to commensals[72,73]. Therefore, commensals have the capacity to influence neuromuscular
function, indicating a role for this interaction in IBS. Direct influence on the ENS can be inferred by studies examining peripheral TLR expression. TLR-4 and TLRs-3
and -7 are expressed in the ENS of both the murine and
human intestine and colon[72]. Moreover, studies on human smooth muscle cells suggest that a direct interaction
between these and the microbiota is possible, as stimulation of TLR4 induced inhibition of smooth muscle contractility[73]. While other studies have demonstrated that
commensal organisms may influence neurotransmitter release and production of gamma-aminobutyric acid[74]. Of
more direct relevance to IBS, manipulating the host-microbiota interaction to improve neuromuscular function
was demonstrated in a study using Lactobacillus paracasei, in
which the bacterium attenuated gut muscle hypercontractility in an animal model of post-infectious IBS[75]. This
effect was strain-dependent and appeared to be mediated, in part, through a modulation of the immunological
response to the initial infection and, in part, through the
direct effects of the organism, or a metabolite thereof,
on gut muscle. Additionally, studies interrogating the effects of several microbes on intestinal motility in germfree animals highlight the selective and divergent effects
of individual strains on intestinal motor function, with
some, but not all strains, influencing transit[76].
Indirect interactions are mediated through commensal-derived factors including methane (CH4), hydrogen
sulphide (H2S) and short-chain fatty acids. Noteworthy,
in the context of IBS, levels of Methanobrevibacter smithii in
the stools of constipation-predominant IBS patients correlate with levels of CH4 production[77], suggesting that,
in a subgroup of constipation-predominant IBS patients,

Influence of commensals on the central nervous system
There is clear evidence of communication between commensals and the CNS facilitated through neuroendocrine, neuroimmune, the autonomic nervous system and
the enteric nervous system (ENS), collectively forming
complex networks. This communication functions bidirectionally with the microbiota influencing CNS function and vice versa[67]. For example, oral administration of
Bifidobacterium infantis 35624 influences the concentrations
of 5-hydroxyindole acetic acid and dihydroxyphenylacetic
acid in the frontal cortex and amygdala, respectively[68].
Moreover, Bifidobacterium infantis 35624 has been shown,
in an animal model of depression and visceral hypersensitivity (the maternally-separated rat), to normalise immune responses, reverse behavioural deficits and restore
basal norepinephrine concentrations in the brainstem[68].
A more recent study, describing the effects of Lactobacillus rhamnosus (JB-1) on behaviour and central expression
of gamma aminobutyric acid receptors, demonstrated
these effects to be vagal-dependent thereby establishing
the vagus nerve as a key pathway in transducing microbegut to brain signals [69]. Germ-free models have also
proven to be a useful tool in interrogating the influence
of the gut microbiota on central nervous system function. For example, germ free mice display altered central
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bacterial-derived CH4 contributes to the pathophysiology of the disorder. Moreover, CH4, produced mainly by
Methanobrevibacter. smithii in humans, has been associated
with alterations in intestinal motility. In an animal model,
CH4 significantly reduces intestinal transit following in
vivo infusion[78], and in vitro recordings suggesting that one
of the mechanisms by which CH4 influences the ileal
contractile response is via regulatory control of sensory
neurotransmission[79]. Like CH4, H2S also exerts an inhibitory effect on intestinal neuromuscular function[80,81]. Sulphate reducing bacteria, responsible for the disposal of
H2, and subsequent generation of H2S, are also relevant
in the context of IBS[82]. H2S exerts an inhibitory effect
on neuromuscular activity[83]. Further studies confirmed
an inhibitory role for H2S on motor complexes and also
indicated that this effect was independent of the ENS[84].
Moreover, H2S-induced inhibitory responses were sensitive to potassium (K) channel and, in particular KCa+
channel, blockade in the presence of neural inhibition in
vitro[84].
One of the principal roles of the colonic microflora is
to salvage energy from carbohydrates that have not been
digested in the upper gastrointestinal tract, the major
end-products of which are short-chain fatty acids (SCFA),
in addition to the gaseous end-products H2, CO2 and
CH4[85,86]. The SCFAs include acetate, propionate and butyrate, the latter of which has multiple effects in the gastrointestinal tract, including impacts on visceral perception, motility and secreto-motor function[87]. Noteworthy,
faecal bacteria from diarrhoea predominant IBS patients
produce less SCFA in an in vitro fermentation system.
Differences in SCFA production by colonic bacterial
flora in patients with diarrhoea predominant IBS may be
related to the development of gastrointestinal symptoms
and, in particular, neuromuscular dysfunction[88]. SCFAs
may also influence ENS plasticity through monocarboxylate transporters[89]. However, these plastic changes in
the ENS display a level of SCFA specificity, as neither
acetate nor propionate alter the neurochemical make-up
of the myenteric plexus[89]. Moreover, butyrate also appears to directly influence intracellular calcium concentrations in myenteric neurons[90] as well as activating the G
protein coupled receptors, GPR41 and GPR43 which are
widely expressed in rat and human colon[91]. However,
altering the activity of the microbiota, with prebiotics
for example, supports the concept that it is not only the
presence or absence of the microbiota that is capable of
regulating intestinal motor physiology, but that qualitative
changes in the microbiota can alter neuromuscular function[92]. The issue of differentiating between direct effects
of the microbiota or its products and the secondary
consequences induced by components of the microbiota
is one that bedevils the interpretation of many studies in
this area.

such alterations could well contribute to the pathogenesis
of the disorder through, for example, increased permeability, an altered immune profile, effects on the CNS
and modulation of gut neuromuscular function. To date,
however, there is a paucity of clinical studies in IBS patients evaluating the effects of selectively manipulating
the microbiota based on preclinical evidence leading to a
causality dilemma; whether changes in the microbiota are
cause or effect in disorders such as IBS. It is quite unlikely in the context of IBS, given its comorbidities and variability in symptom presentation, that a single microbial
alteration will be identified as causative for all IBS pathogenesis, or that one microbial intervention will universally
improve all symptoms. Rather, several interventions may
prove efficacious in ameliorating various subgroups or
individual symptoms. Moreover, focus has moved from
the description of qualitative changes in the microbiota
in IBS to their metabolic activity. Such an approach has
only recently been applied in the context of IBS, where
the activity of the microbiota was assessed in relation to
symptom presentation[93]. This approach now needs to be
expanded with the expectation that data from such studies which will not only determine which microbes may be
protective, or causative in IBS, but will also identify which
metabolites may be effective therapeutically.
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Core tip: Irritable bowel syndrome (IBS) is a highly
prevalent functional disorder that reduces patients’
quality of life and imposes a significant economic burden to the healthcare system. This article extensively
reviews the literature from January 2008 to July 2013
on the subject of IBS peripherally acting pharmacological treatment. Pathophysiology background and mode
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Abstract

Lazaraki G, Chatzimavroudis G, Katsinelos P. Recent advances
in pharmacological treatment of irritable bowel syndrome. World
J Gastroenterol 2014; 20(27): 8867-8885 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i27/8867.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i27.8867

Irritable bowel syndrome (IBS) is a highly prevalent
functional disorder that reduces patients’ quality of life.
It is a chronic disorder characterized by abdominal pain
or discomfort associated with disordered defecation in
the absence of identifiable structural or biochemical abnormalities. IBS imposes a significant economic burden
to the healthcare system. Alteration in neurohumoral
mechanisms and psychological factors, bacterial overgrowth, genetic factors, gut motility, visceral hypersensitivity, and immune system factors are currently
believed to influence the pathogenesis of IBS. It is possible that there is an interaction of one or more of these
etiologic factors leading to heterogeneous symptoms
of IBS. IBS treatment is predicated upon the patient’s
most bothersome symptoms. Despite the wide range of
medications and the high prevalence of the disease, to
date no completely effective remedy is available. This
article reviews the literature from January 2008 to July
2013 on the subject of IBS peripherally acting pharmacological treatment. Drugs are categorized according to
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INTRODUCTION
Irritable bowel syndrome (IBS) is a highly prevalent
(10%-20% of the United States adult population)[1] functional disorder that reduces patients’ quality of life. IBS
is defined in the Rome Ⅲ criteria as a chronic disorder
characterized by abdominal pain or discomfort associated
with disordered defecation [either constipation (IBS-C),
diarrhea (IBS-D), or mixed/ alternating symptoms of
constipation and diarrhea (IBS-M)][2]. Symptoms should
begin at least 6 mo before and abdominal pain or discomfort should be present at least 3 d per month for 3
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tions have been proposed for this highly prevalent condition; however to date there is no definite effective cure
for this state[7].
In the present review, we report the results of our
search in PubMed, Scopus, and Google Scholar databases
from January 2008 to July 2013 on the subject of IBS
peripherally acting pharmacological treatment. MeSH
terms “irritable bowel syndrome treatment” and “IBS
treatment” were used as search terms. English-written
articles only were included. Data from metanalysis and
clinical studies were included. Abstracts, case reports,
comments/reviews, in vitro studies, animal studies and
pharmacogenetic studies were excluded from the review.
The search resulted in 1018 papers after omission of duplicate articles; finally 86 papers were included after omission of non-relevant articles. Flowgram of the search is
presented in Figure 1. Drugs are categorized according to
their administration for IBS-C, IBS-D or abdominal pain
predominant IBS.

1018 papers

Antidepressants 15
Behavioural treatment 88
Case report 1
Food modifications/ allergy/ herbal
medication 46
Foreign language 73
Irrelevant 97
Probiotics 54
Basic and clinical research 233
Reviews/ editorials/ letters 299

112 papers

Animal models 24

88 papers

IBS-C
Figure 1 Flowgram of the selected studies for the review.

The evaluated studies in each category are reported in
Table 1. Below is a list of available treatment methods
based on the findings.

mo during last 6 mo and should be associated with two
or more of the following: improvement with defecation,
onset associated with a change in stool frequency and/or
change in stool form. Bloating and abdominal distention
are also frequently reported by IBS patients reflecting
sensitivity to normal amounts of intestinal gas. By definition, no disease that could explain the symptoms should
be present[2].
IBS represents important costs for the healthcare
system. One should look carefully for alert signs [i.e.,
anemia, unintentional weight loss, gastrointestinal (GI)
bleeding, nausea/vomiting, family history of cancer] of
a serious underlying disorder to differentiate functional
symptoms from organic disorders. Thus, for younger
patients who meet criteria for IBS with normal physical
examination and no “red flags”, an extensive laboratory
work up should not be considered[3].
It is likely that the definition of IBS represent an
auspice of different conditions/disease states for which
we lack specific biomarkers. Alteration in neurohumoral
mechanisms and psychological factors, bacterial overgrowth, genetic factors, gut motility, visceral hypersensitivity, and immune system factors are currently believed
to influence the pathogenesis of IBS[4-6]. It is possible that
there is an interaction of one or more of these etiologic
factors leading to heterogeneous symptoms of IBS.
Since IBS is not a single disease entity, but rather likely
consists of several different disease states, IBS treatment
is predicated upon the patient’s most bothersome symptoms. Specifically, our treatment strategy seems to target
constipation, diarrhea, bloating or pain[7]. A wide range
of medications (prokinetiks, antispasmodics, sedatives,
tranquilizers, laxatives, fecal bulking agents, probiotics
and antibiotics) along with life style and diet modifica-
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Laxatives
Several clinical observations have reported a decrease in
bowel motility and a prolonged transit time in patients
with IBS-C compared with controls [8,9]. Also, some
IBS-M patients report an alternation in bowel habits with
extended periods with small, hard bowel movements
or no bowel movement followed by periods with loose
stools. Osmotic agents, stimulants, and stool softeners are
all comprised in the category of laxatives. Polyethylene
glycol (PEG) is the only laxative that has been evaluated
in the treatment of IBS. The first study published in
2006 assessed the effects of PEG 3350 in patients with
IBS-C (Rome Ⅱ criteria)[10]. Mean bowel movement frequency was significantly increased; however, there was no
change in mean pain level for the group with the PEG
therapy. In the last 5 years 2 new studies evaluated the
efficacy of PEG in IBS-C. The first study[11], a randomized, double-blind, placebo-controlled trial used fasting
and postprandial (PP) perception of rectal distension as
measurements. Symptoms were also recorded. Forty two
patients with IBS-C (Rome Ⅱ criteria) and with a pain
threshold of < 32 mmHg participated. Patients received
either oral PEG, 3.45 g t.i.d. orally for 30 d or placebo.
PEG improved consistency of faeces. Both, PEG and
placebo increased bowel movements per week (P < 0.001),
and relieved symptoms without significant side-effects.
However, there were not significant differences in fasting and PP rectal tone and thresholds for first sensation,
gas sensation, urge to defecate, and pain between PEG
and placebo. The investigators concluded that changes in
rectal tone and sensation were not related to PEG 3350
and placebo effects. Patients with IBS-C gained some
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Table 1 Pharmacological treatment irritable bowel syndrome-C studies and clinical efficacy during last 5 years
Category/No. of studies/
Ref.
Laxatives/2
Awad et al[11] 2010
Chapman et al[12] 2013
Linaclotide/5
Johnston et al[19] 2010
Chey et al[20] 2012
Rao et al[21] 2012
Quigley et al[22] 2013
Videlock et al[23] 2013
5-HT4 agonists
Renzapride/2
Lembo et al[49] 2010
Ford et al[82] 2009
Cisapride/1
Ford et al[82] 2009
Lubiprostone/4
Johanson et al[57] 2008
Fukudo et al[58] 2011
Drossman et al[59] 2009
Chey et al[60] 2012

vs Placebo

Abdominal distention/
pain

SBMs

Stool consistency

Recommendation vs
placebo

Yes
Yes

NS
NS

NS
SS

SS
SS

Equal
Equal

Yes
Yes
Yes
Yes
Yes

SS
SS
SS
SS
SS

SS
SS
SS

SS
-

SS

SS

Superior
Superior
Superior
Superior
Superior

726

Yes
Yes

SS
NS

SS
NS

SS
NS

Superior but AE
Equal

726

Yes

NS

NS

NS

Equal

Yes
Yes
Yes
No, extention
study, comparison
to inclusion

SS (16/32/48 μg)
SS (48 μg)
SS (16 μg)
SS

SS (16/32/48 μg)
SS (48 μg)
SS (16 μg)
SS

SS (16/32/48 μg)
SS (48 μg)
SS (16 μg)
SS

Superior
Superior(48 μg)
Superior
Favourable profile
of effectiveness,
safety, tolerability

Yes

-

SS

SS

Superior

No. of
patients

CDCA/1
Rao et al[65] 2010

SBMs: Spontaneous bowel movements; SS: Statistically significant; NS: Not significant; 5-HT: 5-hydrodytryptamine; CDCA: Chenodeoxycholic acid.

relief from their symptoms both with PEG and placebo.
In the second study[12], following a 14-d run-in period
without study medication, 139 adult patients with IBS-C
were randomized to receive PEG 3350+E or placebo for
28 d. The primary endpoint was the mean number of
spontaneous bowel movements per day in the last treatment week. In both groups there was an increase in mean
bowel movement frequency compared to run-in. The
difference between the groups in week 4 from 4.40 (PEG
3350+E) to 3.11 (placebo) was statistically significant
(95%Cl: 1.17- 1.95; P < 0.0001). However, although mean
severity score for abdominal discomfort/pain was significantly reduced compared with run-in with PEG 3350+E,
there was no difference vs placebo. Spontaneous bowel
movements (SBMs), responder rates, stool consistency,
and severity of straining also showed superior improvement in the PEG 3350+E group over placebo in the
fourth week. The authors concluded that PEG 3350+E
was superior to placebo for relief of constipation but resulted in no improvement to abdominal discomfort/pain
compared to placebo in spite of the presence of a statistical significant improvement in abdominal discomfort/
pain that was observed compared with baseline.

dantly expressed on enterocytes lining the intestine, stimulates production of cyclic guanosine monophosphate[13].
This leads to a cascade of intracellular events resulting in
the activation of the cystic fibrosis transmembrane conductance regulator (CFTR) and the subsequent transepithelial chloride (Cl-) and potassium (K-) ion efflux from
enterocytes, with secondary passive water secretion into
the intestinal lumen[14]. Linaclotide is minimally absorbed
and therefore believed to act locally[15]. In animal models
linaclotide has been shown to stimulate intestinal secretion, accelerate GI transit time and reduce visceral pain
through GC-C dependent activation[13].
Clinical studies have investigated linaclotide in patients with IBS-C and chronic constipation (CC). In an
earlier phase Ⅱa study[16] 36 women with IBS-C that
received a 5-d course of linaclotide 1000 mg. The result
was a significantly accelerated ascending colon (P = 0.004)
and total colonic transit time at 48 h (P = 0.01). Linaclotide had no effect on gastric emptying or small bowel
transit time; however, it accelerated the time to first bowel movement, decreased stool consistency, and enhanced
ease of stool passage. Data from CC studies have demonstrated improvement of weekly SBMs and various other constipation-related clinical parameters, including stool
consistency and straining in a dose-dependent fashion.
In addition, patients treated with linaclotide experienced
improvements in abdominal discomfort, bloating, and
constipation severity. Constipation symptoms tended to
return to baseline, without evidence of a rebound, after
discontinuation of linaclotide[17,18]. The overall frequency
of adverse events reported with linaclotide and placebo

Guanylate cyclase-c receptor agonists
Linaclotide is a guanylin peptide. Guanylin peptides are
a family of peptides with similar structure to the heatstable enterotoxin produced by Escherichia coli and other
enteric bacteria that cause secretory diarrhea. They have
a conformation to bind with guanylate cyclase-c (GC-C)
receptors. Binding of GC-C receptors, which are abun-
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were similar[18], with diarrhea the most common adverse
event (AE) reported with linaclotide.
In the recent years 4 studies and 1 meta-analysis were
published regarding linaclotide efficacy in IBS. Specifically, a phase Ⅱb study[19] published in 2010 the efficacy,
safety, and dose response of linaclotide administered at
75, 150, 300, and 600 μg once daily for 12 wk. Four hundred twenty patients with IBS-C were assessed. The study
recorded changes from baseline in daily bowel habits
and daily abdominal symptoms. There were also weekly
global assessments. All doses of linaclotide significantly
improved the frequency of SBMs and complete spontaneous bowel movements (CSBM). They also improved
the severity of straining, stool consistency and abdominal
pain compared with placebo. Mean changes in abdominal pain (assessed on a 5-point scale) from baseline were
-0.71, -0.71, -0.90, and -0.86 for linaclotide doses of 75,
150, 300, and 600 μg, respectively, compared with -0.49
for placebo. Other abdominal symptoms and global
measures of IBS-C were also improved compared with
placebo. The drug presented effect within the first week
that sustained during the 12 wk of treatment. Diarrhea
was the only dose-dependent adverse event and was usually of mild or moderate severity. Although all linaclotide
doses were associated with a statistically significant improvement compared with placebo for most end points,
the higher doses of linaclotide (i.e., 300 and 600 μg) were
generally more effective across most parameters. Because
the 300 and 600 μg doses provided comparable efficacy
and the higher dose was associated with an increase in
side effects, a dosage of 300 μg per day was selected for
continued evaluation in phase Ⅲ trials. In 2012, 2 studies were published together. The first, a phase Ⅲ trial[20]
included 804 patients with IBS-C (Rome Ⅱ criteria).
Participants were randomized to linaclotide 290 μg orally
or placebo once daily for 26 wk. The study had the rigorous end point to be a “responder” as recommended for
IBS-C in the Food and Drug Administration guidelines
for IBS clinical trials (May 2012); the percentage of responders was 33.7% in the linaclotide group compared
with 13.9% in the placebo group (P < 0.0001). Significant
differences in favor of linaclotide (P < 0.0001) were also
observed for an even more rigorous end point which
required that patients meet the ≥ 30 % of improvement
in worst abdominal pain and both ≥ 3 CSBMs/wk and
an increase of ≥ 1 CSBM/wk from baseline for a minimum of 9 out of 12 wk. The effects of linaclotide on
abdominal and bowel symptoms were manifested within
the first week of treatment and sustained over the entire
26-wk treatment period. The second study[21] randomized
800 patients with IBS-C to 290 μg linaclotide orally or
placebo once daily, for 12 wk. This was followed by a 4-wk
withdrawal period after randomization. The same FDA
end points that were used in the former trial were used
as primary end points. In the linaclotide group 33.6% of
patients compared with 21% of patients in the placebo
group (P < 0.0001) [number needed to treat (NNT) = 8.0,
95 %CI: 5.4-15.5] met the FDA end points. A statistically
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significant percentage of patients treated with linaclotide
vs placebo met the rest of end points (primary and secondary, P < 0.05 and P < 0.001 respectively). During the
withdrawal period, after randomization, patients remained
improved as long as they were receiving linaclotide whereas those that were re-randomized to placebo presented
relapse of symptoms. Symptoms did not become worse
relative to baseline. In both studies AEs were generally
comparable between linaclotide and placebo groups, with
the exception of diarrhea, which occurred more commonly with linaclotide than with placebo, and was mostly
mild or moderate in severity. Recently further analysis on
the data of these 2 trials was performed[22]. Overall, 803
and 805 patients were randomized. A significantly greater
proportion of patients in the linaclotide group vs placebo
patients presented improvement in abdominal pain/discomfort during the 12 wk treatment period. Similarly,
significantly more linaclotide-treated patients compared
to placebo-treated patients were responders for ≥ 13 wk
(abdominal pain/discomfort: 53.6% vs 36.0%; IBS degree-of-relief: 37.2% vs 16.9%; P < 0.0001). The proportion of sustained responders was also significantly greater
with linaclotide vs placebo in both trials (P < 0.001). In
these trials, treatment-emergent AEs were reported by
more than half of those receiving linaclotide, with the
most noteworthy being a greater incidence of diarrhea
in one of five subjects. These observations are obviously
related to the secretagogue mechanism of the drug.
Finally a meta-analysis to determine the efficacy of
linaclotide, compared with placebo, for patients with
IBS-C or CC was published in 2013[23]. The search identified seven trials of linaclotide in patients with IBS-C or
CC with six finally included in the analysis. The relative
risk (RR) for the response to treatment with 290 mg
linaclotide, compared with placebo, was 1.95 (95%CI:
1.3-2.9), and the NNT was 7 (95%CI: 5-11). Linaclotide
also improved the stool form and reduced abdominal
pain, bloating, and overall symptom severity in patients
with IBS-C or CC.
Therefore, linaclotide has the potential to offer relief
for the multiple symptoms from which patients with
IBS-C suffer.
Serotonin receptor modulators
Serotonin (5-hydrodytryptamine; 5-HT) is predominantly (90%-95% of the body’s 5-HT) produced in the
enterochromaffin (EC) cells in the intestinal mucosa, and
also by a subpopulation of enteric neurons[24]. Acting as
a signaling molecule through the intrinsic and extrinsic
afferent nervous system of the GI tract, 5-HT plays an
important role in various aspects of GI sensory, secretory, absorptive, and motility function[24]. Abnormal levels
have been shown in individuals with IBS. Several studies
describe increased serotonergic activity in association
with IBS-D[25-28]. Similarly, a decrease in serotonergic activity has been observed in IBS-C[26,27]. Pharmaceutical
agents acting on 5-HT receptors have, therefore, evolved
to ameliorate the smooth muscle spasm, abdominal
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pain, and change in bowel habit that IBS patients experience. Of the identified serotonin-receptor subtypes, the
5-HT1p, 5-HT3, 5-HT4, and 5-HT7 receptors seem to
play an important role in GI tract functioning[29]. Intraluminal distension of the intestine (translated to abdominal
pain in IBS patients) stimulates 5-HT release from EC
cells and activates 5-HT3 receptors of primary afferent
neurons. 5-HT3 receptors activation results in the release
of various neurotransmitters, such as acetylcholine. This
induces colonic transit acceleration and abnormal water
transport, which in turn leads to defecation abnormalities. Receptor antagonists of 5-HT3 have been reported
to slow small bowel and colonic transit, decrease intestinal secretion and colonic tone[29]. Of great relevance to
IBS-C and CC are the 5-HT4 receptors. In the gastrointestinal tract, 5-HT4 receptors are located on enteric neurons and smooth muscle cells, and their stimulation leads
to acetylcholine release causing prokinetic effects. Based
on biochemical structure, 5-HT4 agonists can be broadly
categorized as benzamides (metoclopramide, cisapride,
renzapride, mosapride, clebopride, and ATI-7505), carbazimidamides (tegaserod), benzofurancarboxamides (prucalopride), and other agonists such as velusetrag[15].

ditions, such as functional dyspepsia, gastroesophageal
reflux disease, and nausea and vomiting[15]. Data from
animal models show that mosapride accelerates colonic
transit time[45], augments motility in the proximal and distal colon in a dose-dependent manner[45] and has a stimulatory effect on the defecatory reflex[46,47]. In humans a
study showed that mosapride changes rectosigmoid motility and perception in patients with IBS[48].
In 2010, the efficacy and safety of renzapride were
assessed in a study of 1798 women with IBS-C. Patients
were randomized to a 4 mg daily dosage of renzapride, 2
mg b.i.d. or placebo for 12 wk[49]. The primary end point
was global relief of IBS symptoms. A subset of patients
(n = 971) were enrolled in a 12-mo, open-label study of
oral intake of renzapride 4 mg daily. Relief of overall
IBS symptoms was achieved at (mean ± SD) 0.55 ± 0.04,
0.60 ± 0.04 and 0.44 ± 0.04 in the renzapride 4 mg daily,
2 mg b.i.d. and placebo groups (P = 0.027 and P = 0.004
respectively). Stool consistency and frequency were statistically significantly improved in the renzapride group,
as well as bloating and abdominal distension. Three
episodes of ischemic colitis were reported. The authors
concluded that due to the limited benefit of renzapride
over placebo and the reported cases of ischemic colitis,
no further study with renzapride as possible treatment of
IBS-C should be conducted.

5-HT4 agonists
Tegaserod is a selective 5-HT4 receptor partial agonist
with promotility effects in the small and large intestine[30-32] and modulation of visceral sensation[33,34]. The
efficacy and tolerability of tegaserod in the treatment of
women with IBS-C was initially reported in 2 multicenter,
double-blind, placebo-controlled trials. More than 2000
patients from the Western hemisphere were involved[35,36].
These clinical trials consistently reported the superiority
of tegaserod over placebo in improving IBS symptoms
(abdominal pain, stool frequency, stool consistency,
straining, and bloating). Later, other trials have confirmed
the safety and tolerability of tegaserod[37-40]. Side effects
included headache, abdominal pain and diarrhea. Although there were no reports of ischemic colitis in the
clinical trials, 26 events of possible colonic ischemia were
identified during postmarketing surveillance. This was
translated to an estimated incidence of 7 cases of colonic
ischemia per 100000 patient-years of tegaserod use[41].
Cardiovascular and cerebrovascular events in the group
receiving tegaserod were also reported later[42] in a pooled
analysis[13] cardiovascular ischemic events in 11614 patients receiving tegaserod compared with 1 out of 7031
patients in the placebo group (0.1% vs 0.01% respectively,
P = 0.02)]. A pathogenetic mechanism that was proposed was that tegaserod may induce platelet aggregation
through 5-HT4 receptors located on platelets[43]. Later
retrospective studies found no relationship between tegaserod and cardiovascular events; however the drug was
definitely withdrawn from the market in 2009.
Mosapride has stimulatory effects on gastric and colonic motility[44]. Unlike cisapride, mosapride does not
bind to K1 channels or D2 dopaminergic receptors. Mosapride was primarily developed for upper GI tract con-
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Lubiprostone (chloride channel stimulators)
Lubiprostone is a bicyclic fatty acid derivative of prostaglandin E1. The underlying mechanism of lubiprostone
is stimulation of electrogenic chloride secretion by activating chloride channel type-2 (ClC-2)[50] and CFTR[51] in
the intestinal epithelial cells apical membrane. Primary
functions of ClC-2 channels include maintenance of the
membrane potential of the cell, regulation of pH and cell
volume, and regulation of chloride ion channel transport
and fluid secretion. Dose-dependent ClC-2 activation of
ClC-2 channels or CFTR chloride channels in intestinal
epithelial cells produces an active secretion of chloride
ions from cells into the intestinal lumen followed by a
passive secretion of electrolytes and water which increases the liquidity of the luminal contents. The luminal
distension increased by intestinal fluid promotes the GI
tract motility which in turn increases the intestinal and
colonic transit[41]. Besides this mechanism, lubiprostone
enhances and stimulates contraction in colonic as well as
gastric muscles through prostaglandin E receptors (EP1
or EP4)[52], suggesting the modulatory effects of lubiprostone on GI motility through the activation of prostaglandin receptors.
Previous work has demonstrated that lubiprostone accelerates small bowel and colonic transit and increases the
frequency of bowel movement in healthy adults[53]; however, the thresholds for pain do not seem to be affected
by lubiprostone. Multiple randomized controlled trials
(RCTs) have demonstrated the efficacy of lubiprostone
in idiopathic CC[54-56]. In these trials, lubiprostone was
consistently found to be superior to placebo at increasing

8871

July 21, 2014|Volume 20|Issue 27|

Lazaraki G et al . Pharmacological treatment of IBS

the number of weekly SBMs as well as improving stool
consistency, straining, constipation severity, bloating, and
treatment effectiveness. The most commonly reported
side effects included nausea, headache, and diarrhea. A
pooled analysis of 91 patients meeting diagnostic criteria
for IBS-C from the 2 phase Ⅲ constipation trials revealed
significant improvements in constipation symptoms as
well as abdominal symptoms due to lubiprostone as compared to placebo. This observation led to further evaluation of lubiprostone in the treatment of IBS-C[41].
The efficacy and tolerability of lubiprostone have
been assessed in several RCTs. First, 195 IBS-C patients
received daily doses of 16 (8 μg twice daily), 32 (16 μg
b.i.d.) or 48 μg (24 μg b.i.d.) lubiprostone or placebo for
3 mo[57]. In the lubiprostone group mean abdominal
discomfort/pain scores were significantly improved
compared to placebo after 1 and 2 mo (P = 0.023 and P
= 0.039, respectively). All 3 doses of lubiprostone were
superior to placebo with regard to frequency of SBM (P
= 0.0499), constipation severity (P = 0.0056), stool consistency (P < 0.0001), and straining (P = 0.0094) in each
of the 3 mo of treatment. Treatment with lubiprostone
showed significantly higher rates of GI AEs (P = 0.020),
especially diarrhea and nausea. The 16 μg/d dose demonstrated the optimal combination of efficacy and safety
and was therefore the dose selected for further study
in subsequent phase Ⅲ clinical trials. Another Japanese
trial[58] studied adequate dosing of lubiprostone for the
treatment of constipation in CC or IBS-C patients. One
hundred seventy patients (128 without IBS and 42 with
IBS) randomly received a placebo or 16 μg, 32 μg, or
48 μg of lubiprostone daily for two weeks. There was a
dose-dependent increase in weekly average number of
SBM compared to baseline in the first week (placebo:
1.5; 16 μg: 2.3, 32 μg: 3.5; and 48 μg: 6.8, per week, P
< 0.0001). The 32 and 48 μg dosage treatments had a
significantly higher primary efficacy endpoint than the
placebo treatment (P = 0.0017, P < 0.0001, respectively).
The 16 μg treatment showed no significant increase in
change in SBMs during the first week over placebo. The
primary endpoint was significantly better only in patients
with IBS treated with 48 μg of lubiprostone than those
treated with placebo (P = 0.0086).
There was a combined analysis of two phase-Ⅲ RCTs
of lubiprostone 8 μg twice daily vs placebo for 12 wk
that reported data of 1171 patients with IBS-C [Rome Ⅱ
criteria][59]. Patients responded with respect to relief of
IBS symptoms over the past week. Patients were characterized monthly responders (moderate relief in 4/4 wk
or significant relief in 2/4 wk) or overall responders (a
monthly responder in 2/3 mo of the trial). The primary
efficacy endpoint was the percentage of overall responders. Significantly more patients in the lubiprostone group
were considered overall responders compared with the
placebo group (17.9% vs 10.1%, P = 0.001). Lubiprostone was also superior to placebo in improving individual
IBS symptoms (abdominal discomfort/pain, stool consistency, straining, constipation severity), and quality of
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life (QOL). A similar incidence of AEs to those treated
with placebo and lubiprostone was observed. Another
recent study[60] evaluated the long-term safety, tolerability
and patient outcomes of lubiprostone in patients with
IBS-C. This was an extension study analyzing the data of
476 IBS-C patients who had completed one of two randomized phase Ⅲ studies. Patients received placebo or
lubiprostone orally for 36-wk (8 μg, twice daily). Those
receiving lubiprostone during the initial 12-wk phase Ⅲ
trial experienced an increase in response from 15% to
37% and those initially receiving placebo experienced an
increase in response from 8% to 31% at the conclusion
of the 36-wk extension period. The overall safety profile of lubiprostone during this study was similar to that
observed in the preceding phase Ⅲ studies. AEs were
diarrhea (11.0%), nausea (11.0%), urinary tract infection
(9.0%), sinusitis (9.0%) and abdominal distention (5.8%).
Diarrhea and nausea were the most common treatmentrelated AEs.
An evidence-based systematic review was performed
by the ACG IBS Task Force that evaluated lubiprostone
in the treatment of IBS-C[61] concluding that “Lubiprostone in a dose of 8mg twice daily is more effective than
placebo in relieving global IBS symptoms in women with
IBS-C.” Regarding men with IBS-C, the ACG task force
suggested a need for further studies before a recommendation for use in this population. Lubiprostone is contraindicated in patients with mechanical bowel obstruction
and should be avoided in patients with preexisting diarrhea; there have also been postmarketing reports of dyspnea (typically resolves over several hours but sometimes
reoccurs with subsequent dosing)[41].
Bile acid modulators
Bile acids have been used in the treatment of patients
with gallstones and cholestatic liver diseases. Longterm
treatment is generally well tolerated other than the
consistent side effect of diarrhea[62], which mimics the
chronic loose stools observed in patients with a disrupted
enterohepatic circulation from ileal disease resulting in
spillage of bile acid into the colon[63]. In the setting of
bile acid-related diarrhea after ileal resection or disease,
high concentrations of bile acids decrease net colonic
fluid and electrolyte absorption and induce secretion[64].
The mechanisms involved in promoting secretion include
intracellular activation of adenylate cyclase, increased mucosal permeability, and inhibition of apical Cl-/OH- exchange[65]. Furthermore, instillation of bile acids directly
into the colon increases intracolonic pressure and motility
index[66].
Chenodeoxycholic acid (CDCA), a primary bile acid
previously used for dissolution of gallstones, elicited diarrhea at dosages of 750 to 1000 mg/d[67]. CDCA (with hydroxyl groups in the 3α, 7α positions) promoted colonic
secretion in comparison to its 3α, 7β epimer, ursodeoxycholic acid[68]. Previous studies in healthy volunteers[69] and
in patients with gallstones who had CC receiving CDCA
demonstrated a significant increase in the frequency of
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Table 2 Pharmacological treatment irritable bowel syndrome-C studies and clinical efficacy during last 5 years
Category/No. of studies/Ref.
5-HT3 antagonists
Alosetron, cilansetron/4
Cremonini et al[79] 2012
Rahimi et al[80] 2008
Andresen et al[81] 2008
Ford et al[82] 2009

n

vs Placebo

Abdominal
distention/pain

QOL/patient satisfaction/
global improvement

Stool consistency/
bowel habits

Recommendation
vs placebo

705

Yes

-

SS

-

Superior

4.17
Metanalysis
7487
Metanalysis
7216
Metanalysis

Yes

SS

SS

-

Superior

Yes or
mebeverine
Yes

SS

SS

-

Superior

SS

SS

-

Superior

Ramosetron/3
Matsueda et al[85] 2008
Matsueda et al[86] 2008
Lee et al[87] 2011

418
539
343

Yes
Yes
Mebeverine
135 mg t.i.d

SS (5/10 μg)
SS (5 μg)
NS(5 μg)

SS (5/10 μg)
SS (5 μg)
NS (5 μg)

SS (5 μg)
NS(5 μg)

Superior
Superior
Equal

LX-1031/1
Brown et al[92] 2011

155

Yes

SS only the 1st week
(1000 mg 4 times/d)

-

SS
(1000 mg 4 times/d)

Superior

246

Yes

SS 500 mg b.i.d

SS

SS

Superior

1260
1803
Metanalysis

Yes
Yes

SS
SS

SS
SS

SS
-

Superior
Superior

Yes
No
Comparison
to baseline
Yes

NS
SS

SS
SS

NS
-

Equal
-

NS

NS

NS

Equal

Crofelemer/1
Angel et al[94] 2008
Antibiotics
Rifaximin/2
Pimentel et al[105] 2011
Menees et al[106] 2012
5ASA compounds, mesalazine/3
Corinaldesi et al[108] 2009
Andrews et al[109] 2011

20
12

Tuteja et al[110] 2012

17

QOL: Quality of life; ASA: Aminosalicylic acid; SS: Statistically significant; NS: Not significant.

bowel movements and loosening of stools[70]. CDCA also
accelerated colonic transit time resulting in ease of stool
passage, and sense of complete evacuation[69].
Recently a double-blind placebo-controlled study[65]
evaluated pharmacodynamics (colonic transit, bowel
function) and pharmacogenetics of CDCA in 36 female
patients with IBS-C. Participants were randomized to
treatment with delayed-release oral formulations of placebo, 500 mg CDCA, or 1000 mg CDCA for 4 d. Colonic transit and ascending colon emptying were significantly
accelerated in the CDCA group compared to the placebo
group (P = 0.005 and P = 0.028, respectively). Looser
stool consistency (P = 0.003), increased stool frequency
(P = 0.018), and greater ease of passage (P = 0.024) were
noted with CDCA compared with placebo. The investigators also found a correlation between fasting serum 7
alpha-hydroxy-4-cholesten-3-one (7aC4), a biomarker of
bile acid synthesis, and colonic transit time in the placebo
group: subjects with an increased 7aC4 showed a faster
overall colonic transit time. In the CDC group, 7aC4
showed a modest influence on colonic transit at 24 h (P
= 0.055) and 48 h (P = 0.019).

Table 2. Below is a list of available treatment methods
based on the findings.
Antidiarrheals
As mentioned above alterations in bowel habits in IBS
are in part a result of altered GI motility. Accelerated
small bowel and colon transit times as well as exaggerated motility patterns have been demonstrated in those
with IBS-D compared with controls[8,9]. Consequently,
antidiarrheals remain among the more commonly used
gut-acting agents used in the treatment of patients with
IBS-D.
Among the class of antidiarrheals, loperamide is the
only substance that has been evaluated in RCTs for the
treatment of IBS. In total, four studies have been published[71-74] showing an improvement in the number of
bowel movements and stool consistency compared to
placebo in IBS-D patients; however results were rather
disappointing regarding pain. The ACG Task Force recently performed a systematic review of antidiarrheals in
the treatment of IBS and concluded that “The antidiarrheal agent loperamide is not more effective than placebo at reducing abdominal pain or global symptoms of
IBS, but is an effective agent for treatment of diarrhea,
improving stool frequency and stool consistency. RCTs
with other antidiarrheal agents have not been performed.

IBS-D
The evaluated studies in each category are reported in
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Safety and tolerability data on loperamide are lacking”[61].

cidence rates for ischemic colitis and constipation (0.95
and 0.36 cases per 1000 patient-years, respectively) to
rates during the postmarketing cycle before alosetron
withdrawal. No mesenteric ischemia, surgeries, transfusions, or deaths occurred in patients with ischemic colitis
and no cases of contipation were associated with toxic
megacolon, perforation, surgeries, transfusions, or deaths.
AEs were typically of short duration and all improved on
prompt withdrawal of alosetron.
Ramosetron, is also a selective serotonin 5-HT3-receptor antagonist that possesses a specific three dimensional
chemical conformation able to bind long lastingly to
5-HT3 receptors. Traditionally it has been used in oncology as a medication for hyperemesis due to chemotherapy[84]. The first double-blind, RCT[85] randomized 418
IBS-D patients to ramosetron 5 μg, 10 μg or placebo.
Significantly higher rates of patients treated with both
doses of ramosetron reported relief of IBS symptoms
compared to placebo; the outcome measure was “global
assessment of relief of IBS symptoms” in a monthly basis with similar benefits in men and women. The second
study was also double-blind RCT. Five hundred thirty
nine IBS-D patients received 5 μg ramosetron or placebo
once daily. Ramosetron was shown effective for discomfort, altered bowel habits (44% vs 24%, for ramosetron vs
placebo respectively, P = 0.001) and abdominal pain (46%
vs 33%, for ramosetron vs placebo respectively, P = 0.005),
without any serious AEs[86]. Overall 47% of individuals
treated with ramosetron reported a positive response to
treatment compared to 27% of placebo-treated patients
(P = 0.001). Ramosetron was compared to mebeverine in
another study with male IBS-D patients[87]. Patients (n =
343) were randomized to receive 5 μg ramosetron once
daily or 135 mg mebeverine t.i.d for four weeks. Adequate relief of IBS symptoms at the last week of treatment was the primary end point and this was measured as
the proportion of patients reporting relief in an intention
to treat analysis. Both in the ramosetron and mebeverine
groups, responder rates for global IBS symptoms, altered
bowel habits and abdominal pain significantly increased
during treatment. Although abdominal pain/discomfort
and urgency (severity scores), the stool form score, and
the stool frequency in both treatment arms significantly
improved compared to baselines, statistical significance
was not reached. Furthermore, in the comparison between ramosetron and mebeverine groups, the responder
rates were similar (37% vs 38% on ITT analysis) as well
as AEs. Events of severe constipation or ischemic colitis
were not reported. When the oral administration of 5 μg
ramosetron was prolon data analysis of the postmarketing survey[88]. Further RCTs studies ged for a minimum
of 28 wk (up to 52 wk) the responder rate was increased
as well as the overall improvement of IBS symptoms.
The rate was further increased subsequently in the to
evaluate ramosetron are needed.

5-HT3 antagonist (alosetron, cilansetron, ramosetron)
As already mentioned receptor antagonists of 5-HT3
have been reported to slow colonic and small bowel transit and decrease intestinal secretion and colonic tone[29].
Early, rigorous, large clinical trials with alosetron 1 mg
b.i.d. have all demonstrated the efficacy of alosetron in
the global and individual symptoms of IBS-D in women.
Alosetron decreases urgency, reduces stool frequency, and
increases stool consistency. Improvement is seen within
1 wk of therapy, which persists throughout the treatment period[75,76]. The use of alosetron also demonstrated
improvement in 3 QOL domains (including food/diet,
social functioning, and role-physical on the validated generic QOL instrument, the SF-36 75)[77] and in the global
IBS symptoms[78]. Recently a total of 705 women (severe
IBS-D, Rome II criteria) were randomized to alosetron
0.5 mg q.d., 1 mg q.d., 1 mg b.i.d., or placebo for 12 wk[79].
IBSQOL, treatment satisfaction, daily activities, and
lost workplace productivity were evaluated. The authors
concluded that in women with severe IBS-D, alosetron
treatment, including 0.5 mg q.d., resulted in statistically
significant and clinically relevant improvements in healthrelated QOL, restriction of daily activities and treatment
satisfaction over placebo.
During the last 5 years 3 metanalyses have been published on this subject. The first[80] included 8 multicenter,
randomized, placebo-controlled, 12-wk clinical trials
with 4170 patients with IBS randomized to receive either alosetron or placebo. Alosetron was significantly
more effective in global improvement in symptoms than
placebo (RR = 1.60; 95%CI: 1.44-1.76; P < 0.001), in
adequate relief of IBS pain and discomfort (RR = 1.31;
95%CI: 1.20-1.43; P < 0.001). In the alosetron group,
there were 4 cases of ischemic colitis (0.16%) and 2 cases
of serious complications of constipation (0.08%). The
second[81] trial collected data from 14 RCTs [alosetron (n
= 3024) or cilansetron (n = 1116) vs placebo (n = 3043)
or mebeverine (n = 304)]. 5-HT3 antagonists were more
effective than mebeverine and placebo in achieving global
IBS symptoms improvement (pooled RR = 1.60; 95%CI:
1.49-1.72), abdominal pain and discomfort relief (pooled
RR = 1.30; 95%CI: 1.22-1.39). Superiority of both agents
was demonstrated in patients of either sex. Nine patients
(0.2%) in the 5-HT3 antagonists group were reported
with possible ischemic colitis vs none in control groups.
The third meta-analysis[82] pooled the data from eight
clinical trials of alosetron and three clinical trials of cilansetron. This analysis, which included a total of 7216 patients with IBS, found 5-HT3 antagonists more effective
than placebo in treating IBS-D. The RR of IBS symptoms persisting with 5-HT3 antagonists was 0.78 (95%CI:
0.71-0.86) compared to placebo.
Severe complications of constipation and ischemic
colitis have emerged as significant side effects with alosetron use and this led to the drug’s withdrawal from
the United States marketplace in 2000. An expert panel
reviewed the postmarketing data[83] reporting similar in-
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LX-1031
As already mentioned 5-HT is an important neurotransmitter in the GI tract released from EC cells and inter-
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neurons[24]. 5-HT is synthesized through the actions of
the rate-limiting enzyme tryptophan hydroxylase (TPH),
of which 2 different types, TPH1 and TPH2, are expressed by EC cells and neurons. After release of 5-HT
from EC cells or neurons, it is inactivated by uptake
into enterocytes or neurons through the 5-HT reuptake
transporter, followed by metabolization to 5-hydroxyindole acetic acid (5-HIAA), which is excreted in the urine.
Abnormalities of serotonergic signaling, including altered
expression of TPH-1 and 5-HT reuptake transporter,
and altered release of 5-HT, have been implicated in IBS
pathogenesis[24,89]. Specifically, patients with IBS-D have
increased platelet-depleted 5-HT concentrations during fasting and postprandial conditions compared with
healthy volunteers and patients with IBS-C[27].
LX-1031 is an orally administrable, TPH inhibitor, with poor systemic absorption and low penetration
through the blood-brain barrier that decreases serotonin
synthesis[90,91]. Among healthy volunteers, LX-1031 was
well tolerated and dose dependently inhibited 5-HIAA
levels, supporting the potential of the drug to inhibit
5-HT synthesis in the human GI tract upon oral administration[91]. Brown et al[92] reported the results of a phase
IIa study with LX-1031 in patients with non-constipating
IBS. A total of 155 patients were randomized to a 4-wk
treatment with placebo or 250 mg or 1000 mg LX-1031
q.d. After 1 wk, a significantly greater number of patients
obtained adequate relief of IBS symptoms with the
high dose of LX-1031 compared with placebo (48% vs
22%, P = 0.02). In weeks 2-4, the response to LX-1031
was higher compared with placebo, but no statistical
significance was reached. As a result, the therapeutic
gain (adequate relief) decreased from 25% to 10%. Stool
consistency measured with the Bristol Stool Form Scale
improved significantly with the high dose compared with
placebo during weeks 1, 2, and 4. In a subset of patients,
urinary 5-HIAA was measured as a marker of 5-HT synthesis before and after 4 wk of treatment with LX-1031.
Overall, the high dosage decreased 5-HIAA excretion by
approximately 25%. In this subgroup, a significant correlation was found between the percent decrease in urinary
5-HIAA excretion and the adequate relief response at
the end of the treatment, indicating that decreased 5-HT
synthesis is the mechanism underlying the symptomatic
benefit. This is supported further by a post hoc analysis
that showed a significantly higher symptomatic benefit in
those who achieved a > 15% decrease in urinary 5-HIAA
excretion during treatment. LX-1031 was well tolerated
and no safety issues were observed; however, more studies are needed to establish fully the safety and tolerance
profile of this drug[89].

namely the CFTR and calcium-activated chloride channel[93]. The drug is being investigated for the treatment
of acute infectious diarrhea, chronic diarrhea associated
with human immunodeficiency virus/acquired immunodeficiency syndrome, and IBS-D.
A randomized, double-blind, placebo-controlled,
phase Ⅱa 12-wk treatment study evaluated crofelemer for
IBS-D. A total of 246 patients with IBS-D received either
placebo or crofelemer at dosages of 125, 250, or 500 mg
twice daily[94]. The primary end point was improvement
in stool consistency. The study found that none of the
doses of crofelemer improve d stool consistency, stool
frequency, or urgency, or provided adequate relief of IBS
symptoms. However, the 500-mg twice-daily dosage of
crofelemer significantly increased pain- and discomfortfree days especially in women with IBS-D. Large clinical
trials are necessary to evaluate the effectiveness and safety
of crofelemer.
Antibiotics
The potential utility of antibiotics in IBS treatment has
been supported by a growing body of evidence demonstrating the important role of bacteria in IBS pathogenesis. It has been proposed that small intestinal bacterial
overgrowth (SIBO) might explain the physiological
hallmarks of altered gut motility, visceral hypersensitivity, abnormal brain-gut interaction and immune activation seen in IBS[95]. This is supported by multiple lines
of evidence; first, gas analysis is abnormal in 10%-84%
of IBS patients undergoing lactulose breath testing[96,97];
second, the distribution of inflammatory mediators and
⁄or inflammatory cells have been shown to be disturbed
in some patients with IBS[98]. It is thought that SIBO may
contribute to many of the clinical manifestations of IBS
through bacterial fermentation and stimulation of a gut
immune response, characterized by release of inflammatory mediators, such as interleukins and tumour necrosis
factor-α, which may affect motility, secretion and sensation[95,99]. Postinfectious IBS, which occurs in 4%-31%
of individuals assessed up to 12 mo after an episode of
acute gastroenteritis[100], also supports an aetiological role
of bacteria in IBS.
In earlier studies[97,101] the systemic antibiotic neomycin has been evaluated and was found to improve global
symptoms compared with placebo. The non-absorbed
(< 0.4%), oral antibiotic rifaximin is the most thoroughly
studied antibiotic for the treatment of IBS. Rifaximin appears to be well suited for the treatment of IBS because
of its broad-spectrum bactericidal activity in vitro, its efficacy for SIBO in vivo, its favorable tolerability profile and
its lack of association with clinically relevant resistance
or Clostridium difficile colitis[99,102]. Rifaximin has demonstrated its efficacy in RCTs evaluating IBS patients[103,104].
IBS trials utilized high doses of rifaximin: 400 mg three
times daily for 10 d[104], 400 mg twice daily for 10 d[103],
and 550 mg twice daily for 14 d[105]. Rifaximin, at these
high doses, demonstrated statistically significant improvement in symptoms whereas patients reported at signifi-

Crofelemer
Crofelemer is a proanthocyanidin oligomer. Crofelemer
acts through an antisecretory mechanism by reducing
excess intestinal chloride ion secretion. It exerts an antisecretory action on two distinct chloride channel targets
on the luminal membrane of intestinal epithelial cells,
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cantly greater rate global improvement in IBS symptoms
and/or bloating compared to patients treated with placebo. Pimentel et al[105] evaluated rifaximin as treatment for
IBS in TARGET 1 and TARGET 2 studies. These were
phase Ⅲ, double-blind, placebo-controlled trials, identically designed. Patients who suffered from IBS without
constipation were included in the studies and were randomized to receive for two weeks 550 mg rifaximin or
placebo, three times daily. Patients were then followed
for an additional period of 10 wk. The study measured
(weekly assessments) the proportion of patients that
responded reporting adequate relief of global IBS symptoms and IBS-related bloating. A significantly higher rate
of patients in the rifaximin group reported adequate relief of global IBS symptoms and bloating during the first
4 wk after treatment compared to patients in the placebo
group (40.7% vs 31.7%, P < 0.001 and 40.2% vs 30.3%, P
< 0.001, respectively). AEs were similar between the two
groups. A metanalysis[106] that included 5 trials reporting
data from 1803 patients was published in 2012. Rifaximin
was found to be more efficacious than placebo for global
IBS symptom improvement (OR = 1.57; therapeutic
gain = 9.8%; NNT = 10.2). Rifaximin was significantly
more likely to improve bloating than placebo (OR = 1.55;
therapeutic gain = 9.9 %; NNT = 10.1). The authors
noticed that studies with older patients and more females
demonstrated higher response rates, which was consistent regardless of treatment group. Although therapeutic
gain offered by rifaximin is modest, it was similar to that
yielded by other currently available therapies for IBS.
The American Task Force systematic review[61] concludes that rifaximin has shown improvement of global
IBS symptoms and bloating in trials included in their
analysis. Rifaximin has mostly been offered in patients
with IBS-D; therefore it seems as a reasonable option for
IBS patients with bloating and patients with IBS-D. The
suggested dose is 400 mg three times a day for 10-14 d;
however symptoms may recur over three to nine months.

ary cells and increasing number of cellular infiltrations
by eosinophils, neutrophils, lymphocytes, plasmocytes
and fibroblasts of stroma[107]. These morphological criteria are signs of inflammatory processes and activation
of immune mechanisms. In this context mesalazine has
been evaluated in a RCT trial in 20 IBS patients[108]. Patients received 800 mg mesalazine or placebo three times
daily for eight weeks. The primary outcome measure was
changes in the number of colonic immune cells on biopsies obtained at baseline and at the end of treatment.
Symptom severity, changes in subsets of immune cells
and inflammatory mediators were also evaluated. In the
group of mesalazine the total count of immune cells
and specifical the mast cells were reduced as compared
with placebo (P = 0.0082 and P = 0.0014, respectively).
General well-being was also improved in the group of
mesalazine (P = 0.038), but did not seem to have an
impact on abdominal pain (P = 0.084), bowel habits or
bloating (P = 0.177). The drug was well tolerated with
no serious AEs reported. In another study[109] 12 women
with diarrhoea-predominant IBS received oral mesalazine
(1.5 g b.i.d.) for four weeks followed by a 4-wk washout
phase. Molecular profiling of stool bacterial communities
and IBS symptoms were assessed before, during and after
mesalazine treatment. Qualitative and quantitative effects
of mesalazine on stool microbiota, mucosal proteolytic
activity and IBS symptoms were assessed. Faecal bacteria
decreased by 46% on mesalazine treatment (P = 0.014),
but returned to baseline during washout. Eight of 12
(67%) patients responded favorably to mesalazine based
on a global relief questionnaire, with significant decreases
in the number of days with discomfort and increases
in bowel movement satisfaction. In a recent trial [110]
17 patients who developed IBS-D after gastroenteritis
were randomized to receive mesalamine 1.6 gm b.i.d. or
placebo for 12 wk. Mesalamine was not associated with
significant improvement in global symptoms, abdominal
pain, bloating, stool urgency, frequency, or consistency (all
P ≥ 0.11) or QOL (P ≥ 0.16). At this point, data from
all these studies seem inconclusive. Further study of the
bacteriological and anti-inflammatory properties of mesalazine in IBS is necessary.

5ASA compounds
Mesalamine is an anti-inflammatory agent, effective in
the treatment of inflammatory bowel disease. It has been
proposed for IBS-D on the basis of treatment of the underlying chronic inflammation. Bowel infections, bacterial
overgrowth syndrome, antibiotics, stress and unfavorable dietary habits can precede visceral hypersensitivity
and lead to a clinical manifestation of IBS. Although
there is no specific morphologic correlate of IBS, these
predictors can affect the colon microbiota and the local
immune system, decrease the protective properties of
the bowel mucosa, impair mucus production, and may be
caused by only minimal alterations on the cellular level.
The detection of minor lesions is often accompanied by
a decrease of proliferation and enhanced apoptosis of
colonocytes[107]. Progression of the disease leads to more
pronounced morphological changes of the colon mucosa
epithelium: reduced frequency of serotonin-producing
cells and mast cells and increased frequency of second-
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ABDOMINAL PAIN
Antispasmodics
Exaggerated motility response of the small bowel and
colon to environmental stimuli may be responsible for
the symptoms, especially pain, experienced in IBS[111-113].
For this reason antispasmodics have been used for the
symptoms of IBS. Antispasmodics encompass several
different drug classes (smooth-muscle relaxants, antimuscarinics, anticholinergics) and unique agents (pinaverium,
trimebutine). Given their mechanism of action, these
agents are directed at those subgroups of IBS, with a
predominant symptom of abdominal pain and stool patterns that are either mixed or more diarrheal in nature.
The propensity of these agents to promote constipation
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(cognitive behavior treatment) were published[118]. One
hundred thirty-five patients, with IBS symptoms fulfilling
Rome Ⅲ criteria were randomized to over-encapsulated
mebeverine, methylcellulose or placebo for six weeks and
to 1 of 3 website conditions. Mean IBS SSS (symptom
severity scale) decreased by 35 points from baseline to
12 wk of treatment. There was no significant difference in IBS SSS or IBS-QOL score between medication
and website groups. However, IBS SSS at six weeks was
lower in the No-website group than the website groups
(P = 0.037). In the end of the study, the global relief of
IBS symptoms was significantly improved in the website
groups compared to the non-website group at 12 wk of
treatment (Enablement and Subjects Global Assessment
of relief P = 0.001 and P = 0.035 respectively).
Otilonium bromide (OB) has been shown to reduce
the pain severity in IBS patients effectively[61]. OB is
an ammonium derivative with spasmolytic activity in
GI smooth muscle by inhibiting the calcium ion influx
through L-type voltage operated calcium channels. OB
pharmacologically has been demonstrated to inhibit
central/peripheral tachykinin-2 receptor; in this way it
reduces the sensory signals afferent transmission from
the periphery to central nervous system[119]. Additionally,
OB binds with high affinity to muscarinic receptor subtypes M1, M2, M3, M4 and M5[120,121]. M3 sub-receptor
is located in human colonic crypt cells to mediate secretion coupled with calcium channels. Due to its potent
muscarinic blockade of M3, OB exhibits its antisecretory
properties, thus improving stool consistency[121]. Among
researches on the OB efficacy on IBS patients, early studies indicated that OB is effective for abdominal pain and
bloating but there was a difficulty in demonstrating efficacy over placebo[122,123]. A review based on four OB trials
was eventually conducted in 2008. Various antispasmodics were studied, but OB (four trials, 435 patients, RR of
persistent symptoms 0.55, 0.31 to 0.97) showed consistent evidence of efficacy over placebo[124]. Subsequently,
two RCTs were published. The first multi-center phase Ⅳ
double-blind study[125] randomized 356 patients with various IBS subtypes to receive OB (40 mg t.d.s.) or placebo
for 15 weeks, and follow-up was extended 10 additional
weeks. The effect of OB was significantly greater than
placebo in the reduction of weekly frequency of episodes
of abdominal pain at the end of treatment period (P =
0.03); similarly OB was superior to placebo in the reduction of abdominal bloating (P = 0.02) and in the global
efficacy by patient assessment (P = 0.047). However, no
difference between the effect of OB and placebo was
found in the intensity of abdominal pain, the proportion
of patient responders, and the safety and quality of life
scores. During follow-up, the therapeutic effect of OB
remained greater than placebo in terms of withdrawal
rate due to symptom relapse (P = 0.009), global efficacy
of treatment and relapse-free probability (P = 0.038).
Therefore, the study demonstrated superiority of OB
vs placebo in the reduction of pain and bloating, and in
protection from relapse as a result of the long-lasting

makes them a less attractive option for patients with
IBS-C. The anticholinergic properties of these agents
restrict their usefulness in clinical practice. Common side
effects that often limit these drugs usefulness in the treatment of IBS are dizziness, dry mouth, confusion (particularly in elderly patients), blurry vision, urinary retention,
and constipation[41].
A systematic review and meta-analysis of antispasmodics as a class was performed by the ACG IBS Task
Force[61]. The Task Force identified 22 studies suitable for
inclusion in their systematic review. Most of these clinical trials are dated, with only 3 of the studies performed
in the last 10 years. Studies evaluated hyoscine, hyoscyamine, otilonium, cimetropium, pinaverium, trimebutine,
alverine, mebeverine, pirenzipine, prifinium, propinox,
and a trimebutine/rociverine combination. The 22 trials
collectively included data from 1778 patients with IBS.
The pooled analysis of these studies revealed a RR of
symptoms persisting with antispasmodics compared with
placebo of 0.68 (95%CI: 0.57-0.81) and a NNT of 5.
The pooled analysis that was performed on the 13 studies, included 1379 patients in whom AEs were reported.
There was significant heterogeneity among these patients;
moreover these clinical trials were collectively fraught
with methodological flaws, including diagnostic criteria
used, inclusion criteria used, dosing schedule used, duration of therapy studied, study end points used to assess
response, and study size (only three studies enrolled more
than 100 patients). The review concluded that some
drugs in the antispasmodics class (cimetropium, hyoscine,
pinaverium) may be an option for relief of abdominal
discomfort and pain in IBS-patients. Older systematic reviews have yielded mixed results regarding the efficacy of
antispasmodics for IBS[114,115].
Mebeverine is an antispasmodic that has been successfully used in the management of IBS for many years.
Mebeverine is a musculotropic agent that has antispasmodic activity and regulatory effects on the bowel function[116]. During oral administration at doses of 135-270
mg t.i.d., it shows no typical anticholinergic side effects.
There is no indication that the incidence of side effects
caused by mebeverine is higher than that of a placebo[114].
In 2010, a metanalysis was published on the efficacy and
tolerability of mebeverine in IBS in its usual dosages[117].
Eight randomized trials including 555 patients with all
IBS subtypes, randomized to receive either mebeverine
or placebo, met the metanalysis criteria. The pooled RR
for clinical improvement of mebeverine was 1.13 (P =
0.7) and 1.33 (P = 0.12) for relief of abdominal pain.
The efficacy of mebeverine 200 mg compared to mebeverine 135 mg indicated RRs of 1.12 (P = 0.168) for
clinical or global improvement and 1.08 (P = 0.463) for
relief of abdominal pain. Thus, mebeverine was shown
to be well tolerated with no significant AEs; however,
its efficacy in global improvement of IBS did not reach
statistical significance. Recently the results of an exploratory RCT of mebeverine, methylcellulose, placebo and
a self-management online (website) treatment method
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effect. These symptoms improved progressively during
the study. It should be pointed out that IBS trials are subjected to high placebo effect, typically between 30% and
60% thus making difficult to detect the therapeutic gain
and interpretation of the results[126]. The second trial was
an Asian study[127] which randomized 117 participants to
receive 40 mg OB or 100 mg mebeverine, thrice daily for
eight weeks. The abdominal pain/discomfort frequency
score (APDFS) and safety profile were assessed. Compared to baselines, the APDFSs in OB and mebeverine
were significantly reduced (0.55; P = 0.011 and 0.37; P =
0.042 respectively). However, when the improved results
of the two treatments were compared between them,
statistical significance was not reached). One hundred
eighteen AEs were reported (OB = 65 and mebeverine =
53); these comprised mostly dry mouth in both arms, followed by nausea and dizziness (particularly in OB).
Similarly, solifenacin, a muscarinic type 3 receptor antagonist, that is used to treat overactive bladder in adults
has been evaluated in a recent study for the symptomatic
relief of diarrhea in 20 IBS-D patients[128]. After a 2-wk
observation period, all participants received solifenacin
for six weeks. Subsequently, the administration of solifenacin was discontinued and ramosetron, a serotonin 3 receptor antagonist, was administered for four weeks. Two
weeks after initiation of solifenacin, an overall improvement was observed in 16 out of 20 participants (80%).
The efficacy of solifenacin in the treatment of IBS with
diarrhea was not inferior to that of ramosetron. However, the study had the limitation of not being placebocontrolled.
In recent years, increasing attention has been given
to the role of the nonadrenergic and noncholinergic
(NANC) nervous system for the regulation of colonic
motility. Nitric oxide (NO) has been identified as an important component of the NANC nervous system and
as an inhibitory neurotransmitter in the colon[129]. NO
mediates the relaxation of smooth muscle cells in the
GI tract by production of intracellular guanosine 3,5-cyclic monophosphate (cGMP)[129] and is also involved in
nociception[130]. Sildenafil is an orally administered drug
that has been used to augment NO activity and is widely
used as a treatment for erectile dysfunction. In an earlier
study[131] stimulation of the NO-cGMP pathway by sildenaifil administration decreased rectal tone but did not influence rectal distensibility. Relaxation of the rectum was
accompanied by an increase in rectal volumes to reach
perception thresholds in healthy subjects and in patients
with IBS, but no direct effect on rectal perception could
be demonstrated. Recently, another small study[132] evaluated the effects of sildenafil tone inhibition on rectal sensitivity. Eight control subjects and 21 IBS patients (Rome
Ⅱ) were enrolled in a double-blinded study, after dosing
with placebo or sildenafil (50 mg p.o.). Sildenafil increased
the first desire to defecate and the pain in the hypersensitive IBS patients. It also increased rectal compliance, but
only in diarrhea-IBS. No trials regarding the effectiveness
of sildenafil on the relief of the IBS symptoms and the
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quality of life are available.
Opioid receptor agonists
Opioid receptors, including m, d, and k, are expressed
along the GI tract and play a key role in regulating GI
motility, secretion, and visceral sensation. Recently, exogenous opioids have been shown to reduce GI transit
through activation of m-opioid receptor (MOR) and
they can treat diarrhea in acute situations. Agents that
simultaneously activate MOR and antagonize d-opioid
receptor (DOR) have differential GI effects and can possess increased analgesic potency compared to pure MOR
agonists[133]. Eluxadoline is a locally active, mixed MOR
agonist/DOR antagonist with low oral bioavailability that
is being developed for the treatment of IBS-D. In vitro,
eluxadoline reduces contractility in intestinal tissue and
inhibits neurogenically mediated secretion[134]. In a recent
phase Ⅱ study[135] 807 patients were randomly assigned
to groups receiving twice daily 5, 25, 100, or 200 mg oral
eluxadoline or oral placebo for 12 wk. The primary end
point was clinical response at week four, defined by a
mean reduction in daily pain score of more than 30%
from baseline and of at least 2 points on 0-10 scale, as
well as a stool consistency score of 3 or 4 on the Bristol
Stool Scale (1-7) for at least 66% of daily diary entries
during that week. The authors concluded that patients
given eluxadoline were significantly more likely to be
clinical responders, based on a combination of improvement in abdominal pain and stool consistency. Another
selective, potent k-opioid agonist, asimadoline, which has
been shown to improve pain and abnormal bowel function, has been evaluated in a trial[136]. Asimadoline has low
permeability through the blood-brain barrier. In this trial,
596 patients with varying IBS subtypes were randomized to receive 0.15, 0.5, 1.0 mg asimadoline or placebo
b.i.d for twelve weeks. Asimadoline (0.5 mg) significantly
prolonged the total time (number of mo) with adequate
relief of IBS pain or discomfort (46.7% vs 20.0%), adequate relief of IBS symptoms (46.7% vs 23.0%). It also
significantly reduced pain scores (week 12: -1.6 vs -0.7),
increased pain free days (42.9% vs 18.0%), and improved
urgency and stool frequency (-2.3 vs -0.3). These positive results were observed in IBS-D patients with at least
moderate pain in baseline. However, no significant difference was observed in the percentage of months with
adequate relief. Asimadoline failed to show a benefit in
IBS-C.
Drugs acting through the endocannabinoid system
have also been studied. Two types of G-protein- coupled
cannabinoid receptors, CB1 and CB2, have been identified and cloned[137]. CB1-immunoreactivity is located on
the normal colonic epithelium, smooth muscle, and the
myenteric plexus. Dronabinol, a nonselective CB receptor
agonist, has been shown to inhibit and colonic motility
in healthy humans[138]. In a recent study[139], the effect of
dronabinol on colonic sensory and motor functions in 75
patients with mixed IBS subtypes who were cannabinoid
naïve was assessed. Patients were randomly assigned to

8878

July 21, 2014|Volume 20|Issue 27|

Lazaraki G et al . Pharmacological treatment of IBS

groups that were given a single dose of placebo or 2.5 mg
or 5.0 mg dronabinol. Single nucleotide polymorphisms
CNR1 rs806378, fatty acid amide hydrolase (FAAH)
rs324420, and MGLL rs4881 were also studied. In all
patients, dronabinol decreased fasting proximal left colonic motility index compared with placebo and increased
the colonic compliance. The effects of dronabinol were
greatest in IBS patients with diarrhea or IBS alternating.
Dronabinol did not alter sensation or tone but it affected
fasting distal motility index in patients, regardless of
FAAH rs324420 variant (CA/AA vs CC) (P = 0.046)

tics are ongoing and future clinical trials with ROSE-010
are being planned[15].
Ketotifen
Experimental studies have shown that mast cells play
an important role in IBS through visceral hypersensitivity[145]. Patients with IBS excibit an increased number of
mast cells in the small intestine[146], large intestine[147,148]
and rectum[149]. The number of mucosal mast cells and
their proximity to sensory nerves in colonic tissue has
also been studied and found positively correlated to
abdominal pain[148]. Mast cells activation results in degranulation; thus mediators pre-stored in vesicles such
as tryptase, histamine and several cytokines are rapidly
released inducing an inflammatory response. Sodium
cromoglycate and ketotifen are well known membrane
stabilizers that act by blocking mast cell degranulation[145]. Klooker et al[145] conducted a RCT to assess the
effect of ketotifen on IBS. Sixty patients with various
IBS subtypes (Rome Ⅱ criteria) were included in the
study. The idea was to evaluate whether increased number of mast cells and/or increased spontaneous mucosal
tryptase release is associated with visceral hypersensitivity and whether mast cell stabilization with ketotifen
had an impact on visceral perception; this was estimated
by measurements of rectal distension in hypersensitive patients with IBS. Abdominal symptoms were also
monitored. The trial consisted of two weeks of screening/observation, then a treatment period of eight weeks
and a follow-up period of another two weeks. Barostat
measurements were performed at baseline and then after eight weeks of treatment with ketotifen or placebo.
Rectal biopsies were also collected before and after treatment. Ketotifen was shown to be superior to placebo in
increasing the threshold for discomfort in patients with
IBS with visceral hypersensitivity; it also significantly improved abdominal pain and quality of life. Mast cells and
spontaneous release of tryptase were lower in patients
with IBS than in healthy volunteers. However, ketotifen
did not histamine and tryptase release. Further studies
are needed to confirm the beneficial effect of ketotifen
in IBS symptoms and clarify its way of action.

GLP-1 (Rose-10)
GLP-1(glucagon-like peptide 1) is normally released after food intake. It stimulates insulin release and reduces
gastric emptying and small intestinal motility[140]. GLP-1
has been reported to inhibits small intestinal motility in
IBS patients[141] and to prolong colonic transit[142]. The
initial use of GLP-1 analogues was to normalize blood
glucose levels in patients with diabetes; however, based
on the aforementioned observation,s are now being studied to treat abdominal pain attacks in patients with IBS.
The GLP-1 analog ROSE-010 has been demonstrated
to reduce acute IBS pain in a RCT involving 166 IBS patients[143]. Participants were assigned to receive single subcutaneous injections of ROSE-010 100 μg, 300 μg and
placebo in a cross-over design. Patient-rated pain relief
and intensity were evaluated with a visual-analog scale.
The primary outcome measure was the proportion of patients with a minimum 50% pain reduction from 10 to 60
min after treatment. A significantly higher proportion of
patients reported greater than 50% of the maximum total
pain relief response after 100 and 300 μg of ROSE-010
treatments than after placebo (23% and 24% vs 12%; P
=0.011 and P = 0.005, respectively). Times to meaningful and total pain relief were shorter for both doses of
active drug vs placebo. A second single-center RCT evaluated safety, pharmacodynamics, and pharmacokinetics
in women with IBS-C[144]. Patients were administered
once daily 30, 100, or 300 μg ROSE-010 subcutaneously
or placebo for three consecutive days as well as a single
repetitive dose after 2-10 d. Validated scintigraphy was
used to measure GI and colonic transit. Single-photon
emission computed tomography was used to measure
gastric volumes. The primary outcome measures were
gastric emptying of solids half time, the colonic transit
geometric center at 24 h, and the gastric accommodation
volume. Gastric emptying was significantly retarded at
the doses of 100 and 300 μg ROSE-010. Gastric volumes, small bowel or colonic transit at 24 h and bowel
functions were not significantly altered by ROSE-010.
Colonic transit at 48 h was accelerated with the 30 and
100 μg ROSE-010 doses. AEs were vomiting (P = 0.008)
and nausea nausea (P < 0.001). Based on the observation
that at the doses of 30 and 100 μg the drug accelerated
colonic transit time, the authors concluded that it could
be a candidate for relief of constipation in IBS-C. More
in-depth assessments of the IBS pain attack characteris-
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CONCLUSION
IBS is a highly prevalent functional disorder that reduces patients’ quality of life. IBS is not a single disease
entity, but rather likely consists of several different disease states; currently, treatment is predicated upon the
patient’s most bothersome symptoms. Various drug categories (antispasmodics, laxatives, dopamine antagonists,
5-HT3 antagonists and/or 5-HT4 agonists, sedatives,
antibiotics, probiotics), modifications in diet and lifestyle,
and complementary and alternative therapies have been
proposed as symptomatic treatment. It is difficult to draw
conclusions from previous studies since IBS trials are
subjected to high placebo effect, typically between 30%
and 60% thus complicating the detection of the thera-
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peutic gain and interpretation of the results. For IBS-C,
linaclotide and lubiprostone seem promising for the
relief of multiple symptoms from which patients with
IBS-C suffer. Regarding IBS-D, although the 5-HT3 antagonist alosetron was shown to be superior than placebo
at relieving global IBS symptoms in male and female with
a high level of evidence, it was withdrawn from the market due to complications (ischemic colitis). Newer 5-HT3
antagonists (cilansetron, ramosetron) have emerged;
however there is lack of consistent data demonstrating
whether the drug is superior over placebo. In the category of antibiotics, rifaximin has been presented as efficacious in RCTs evaluating IBS patients. It has emerged
as a strong option for the treatment of IBS because of
its broad-spectrum bactericidal activity in vitro, its efficacy
for SIBO in vivo, its favorable tolerability profile and the
lack of association with clinically relevant resistance or
Clostridium difficile colitis. Among the antispasmodics,
OB showed consistent evidence of efficacy over placebo.
Other molecules, i.e. NO donors, Opioid Receptor Agonists, ketotifen, as well as GLP-1 have been proposed for
IBS treatment as well.
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Core tip: Irritable bowel syndrome (IBS) is a functional
bowel disorder with multiple pathophysiology, which is
not fully understood. Intestinal microbiota has recently
been postulated to be involved in the pathophysiology
of IBS. Many studies of IBS focus on investigating the
efficacy of modulating the microbiota by probiotics and
antibiotics. However, the role of the intestinal microbiota in the pathophysiology and management of IBS
is not clear. This review provides the accumulating evidence on it.

Abstract
Irritable bowel syndrome (IBS) is a functional bowel
disorder without any structural or metabolic abnormalities that sufficiently explain the symptoms, which include abdominal pain and discomfort, and bowel habit
changes such as diarrhea and constipation. Its pathogenesis is multifactorial: visceral hypersensitivity, dysmotility, psychosocial factors, genetic or environmental
factors, dysregulation of the brain-gut axis, and altered
intestinal microbiota have all been proposed as possible
causes. The human intestinal microbiota are composed
14
of more than 1000 different bacterial species and 10
cells, and are essential for the development, function,
and homeostasis of the intestine, and for individual
health. The putative mechanisms that explain the
role of microbiota in the development of IBS include
altered composition or metabolic activity of the microbiota, mucosal immune activation and inflammation,
increased intestinal permeability and impaired mucosal
barrier function, sensory-motor disturbances provoked
by the microbiota, and a disturbed gut-microbiota-brain
axis. Therefore, modulation of the intestinal microbiota
through dietary changes, and use of antibiotics, probiotics, and anti-inflammatory agents has been sug-
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INTRODUCTION
Irritable bowel syndrome (IBS) is a functional bowel
disorder characterized by abdominal pain or discomfort
relieved by defecation, and accompanied by changes in
bowel habits such as diarrhea or constipation, which
cannot be explained by structural, biochemical, or metabolic abnormalities[1]. The symptoms of IBS have been
accounted for as resulting from visceral hypersensitivity,
intestinal dysmotility, genetic or environmental factors,
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Figure 1 Putative pathophysiologic role of the microbiota in irritable bowel syndrome. Intestinal microbiota play a substantial role in irritable bowel syndrome
(IBS). Although the microbiota may contribute directly to the symptoms of IBS, it is more likely that altered composition and metabolic activity of the microbiota caused
by stress or other psychological disturbances indirectly activate mucosal immunity and inflammation, increase epithelial permeability, and reduce barrier function,
thereby activating the sensory-motor dysfunction responsible for a variety of symptoms of patients with IBS.

psychological factors, or a dysregulated brain-gut axis[2].
In addition to these factors, bacterial infection, dysregulated intestinal immune function, and chronic low-grade
mucosal inflammation have all been suggested as putative
pathogenetic mechanisms, in which the intestinal microbiota might play an important role, but their role in IBS
cannot be fully explained (Figure 1)[3,4].
Intestinal microbiota is a collective term for a complex ecosystem of microbes inhabiting the intestine[5]. In
the human intestine, this ecosystem may include any one
of over 1000 microbial species, and 1014 cells (i.e., about
10 times more than the number of human cells in the
body[6]), containing 150-fold more genes than the human
genome[7]. The microbiota can be divided into mucosal
and luminal subtypes[8], and it was previously thought to
comprise three predominant enterotypes: Bacteroides, Prevotella, and Ruminococcus[9], although such a strict categorization is no longer widely accepted[10].
To evaluate the composition and metabolic activity of
the intestinal microbiota, culture-dependent and -independent tests have been developed[11]. It has been shown
that size and diversity of the microbiota increase distally
from the upper to the lower gastrointestinal (GI) tract[12]
and are modulated by gastric acid, intestinal motility, and
the function of the ileocecal valve. Their distribution also
varies according to the region of the GI tract with grampositive facultative anaerobic bacteria in the proximal
small intestine and gram-negative anaerobes in the distal
small intestine. Although the composition and diversity
of the microbiota are genetically controlled from birth
and become stable after weaning and throughout life,
qualitative and quantitative changes can occur over the
longitudinal and cross-sectional axes of the intestine:
changes in bacterial enzymes and metabolic activity, as
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well as in microbial populations. The composition and
metabolic activity of the microbiota vary between, but
also within, individuals due to many factors including
mode of delivery at birth, diet, sanitation, antibiotics, and
ageing[13]. At birth, contamination from the vaginal canal
provides the intestine with the maternal microbiome,
while during a delivery by cesarean-section, the gut comes
into contact with commensals from the skin and the surgical environment[14]. The composition of the microbiota
can also be altered by the feeding method: bifidobacteria
increase in breast-fed babies (i.e., babies receiving a highcarbohydrate and high-fiber diet), and Bacteroides spp.
increase in formula-fed babies (babies receiving a high-fat
diet)[15]. Lastly, it can vary across geographical regions, e.g.,
between rural Africa and urban Europe[16].
The intestinal microbiota is essential for maintaining individual health, including normal GI function. In
this context, its main functions are metabolic, protective,
and trophic: it can help to digest and absorb nutrients,
and produces a variety of beneficial compounds such as
short-chain fatty acids (SCFA)[17], it can act as a barrier
against pathogens by adhering to the mucosa, generating
immune responses, and interacting with components of
the epithelial layer, it can also influence the differentiation
and proliferation of the intestinal epithelial cells and the
development of the enteric immune system.
In parallel with the beneficial effects of microbial
activity on the gut, bacterial fermentation may give rise
to large amounts of gas and thus contribute to the symptoms of bloating, flatulence, and abdominal distension,
which are commonly reported by patients with IBS[18].
An association between the microbiota and IBS has been
supported by the evidence of modulation of mucosal immunity: IBS symptoms were found to be more frequent
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after an episode of gastroenteritis, and some IBS symptoms were found to improve after antibiotic treatment
targeting the intestinal microbiota[19]. This putative link
was also demonstrated in studies of probiotics, which
modulated the intestinal microbiota in IBS patients.
Finally, mucosal immunity-gut microbiota-brain axis is
being suggested as a possible pathway for the development of IBS due to altered intestinal microbiota. This
review article explores the role of the microbiota in the
pathophysiology and management of IBS, and provides a
comprehensive summary of the evidence for the concept
of IBS as a microbiota-related disorder.
Despite the large volume of studies of the intestinal
microbiota, our understanding of its role in health and
disease is still in its infancy. In studying the microbiota,
culture-based methods are being replaced by advanced,
culture-independent, molecular techniques. However,
these two approaches are complementary: culture studies
of fecal matter or colonic mucosa are valuable for identifying functional groups and for selective enumeration,
whereas advanced molecular study are a powerful tool
for monitoring changes in microbial composition. The
molecular methodology includes sequencing of the smallsubunit ribosomal RNA genes through amplification of
nucleic acids extracted from fecal or mucosal samples, fingerprinting methods such as denaturing gradient gel electrophoresis, targeted methods such as fluorescence in situ
hybridization and quantitative PCR, new high-throughput
sequencing, and 16S rRNA-based microarraying[20].

neural, metabolic (bacterial and host), immunologic, or
endocrine pathways[25]. The neural pathways was first
suggested in animal models; anxiety-related behavior was
reduced after probiotic treatment, provided vagus nerve
integrity was maintained[26,27]. Metabolic pathways were
revealed in a study that brain function and behavioral
changes were closely associated with bacterial metabolites
such as SCFAs (which comprise most of the circulating
organic acids) and tryptophan metabolites[28,29]. A role
of immunologic pathways was demonstrated in animal
and human studies showing that certain psychological
disorders were associated with pro-inflammatory cytokines, whose levels had been altered by manipulating the
composition of the microbiota[30-32]. Endocrine pathways
in microbiota-gut-brain axis were suggested in a study
showing that the endocrine structure and function of
the GI tract which secrets a variety of hormones such
as cholecystokinin and serotonin [5-hydroxytryptamine
(5-HT)] were reduced in GF rats[33].
Likewise, the intestinal microbiota can be affected by
signals from the central nervous system produced in response to stress or psychological disturbances. Stress can
change GI motility and secretions, which alter the microbial habitat. The microbial habitat may also be altered by
changes in gene expression of some microbial species.
Conversely, the intestinal microbiota can influence neurotransmitters like norepinephrine, dopamine, and serotonin in the brain, and activation of the hypothalamicpituitary-adrenal axis is also thought to be involved in the
microbiota-gut-brain axis.
As a result of alteration of the microbiota in this axis,
mucosal immunity may be activate and thereby epithelial
barrier function can be disrupted, which could contribute
to the visceral hypersensitivity and dysmotility in IBS.
Furthermore, the intestinal microbiota may not only release metabolites but also induce the formation of hostderived immune mediators, thereby affecting the enteric
nervous system both directly and indirectly. However,
much about the role of the microbiota-gut-brain axis in
IBS remains poorly understood.

PUTATIVE PATHOPHYSIOLOGIC ROLE
OF INTESTINAL MICROBIOTA IN IBS
Alteration of the microbiota-gut-brain axis
The microbiota in the gut can be altered by brain function, and microbial alteration can, in turn, influence brain
function. It is evidenced by the finding that patients
with IBS frequently have accompanying psychological
disorders, such as anxiety or depression, and those with
psychological stress are more likely to develop post-infectious (PI)-IBS. This connection between the microbiota,
the gut, and the brain in IBS postulates the existence of
a bidirectional, homeostatic network, and it is an exciting
area of ongoing research.
Animal studies have demonstrated the influence of
the intestinal microbiota on brain development. Brain
dysfunction in Germ-free (GF) mice was reported, including an exaggerated hypothalamic-pituitary response
to mild stress[21], more exploratory and risk-taking behavior[22], and altered brain chemistry and memory, indicative of impaired hippocampal development[23]. Brain
chemistry and behavior were also influenced by altered
microbiota; a study showed that transient alteration of
the microbial composition by diet provoked exploratory
behavior, accompanied by changes of in the levels of
brain-derived neurotrophic factor in the specific regions
of the brain such as hippocampus and amygdala[24]. The
gut microbiota and the brain may be communicated by
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Dysbiosis: quantitative and qualitative changes in the
microbiota
Altered composition of the intestinal microbiota: Intestinal microbiota can be grouped into luminal and mucosal
microbiota. It is generally accepted that the composition
of the luminal and mucosal microbiota differs between
patients with IBS and healthy controls, and the composition may also vary according to the subtype of IBS[34],
although studies of the intestinal microbiota have been
as diverse and complex as the microbiota itself, with inconsistent and conflicting results[29,35-44] (Table 1). According to both the early culture-based and the more recent
advanced molecular studies, it was found in IBS that the
proportions of specific bacterial groups were altered,
the diversity of microbial populations was reduced, and
the degree of variability in the microbiota composition
was different. The findings included decreased levels of
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Table 1 Summary of studies of the intestinal microbiota in patients with irritable bowel syndrome
Ref.

Subject (n )

Method

Finding

Si et al[35]

IBS (25)
Control (25)
IBS (27)
Control (22)
IBS (26)
Control (25)
IBS (41)
Control (33)
IBS (11)
Control (8)
IBS (26)
Control (26)
IBS (20)
Control (15)
IBS (10)
Control (23)
IBS (41)
Control (26)
IBS (24)
Control (23)
IBS (24)
Control (16)
IBS (37)
Control (20)

Culture

Decreased Bifidobacterium
Increased Enterobacteriaceae
Decreased Lactobacillus in IBS-D
Increased Veillonella in IBS-C
Increased coliform and aerob to anaerob ratio
Temporal instability
No difference in fecal/mucosal
Temporal instability
Increased diversity in Bacteroidetes, Lactobacillus

Malinen et al[36]
Mättö et al[37]
Codling et al[38]
Ponnusamy et al[39]
Tana et al[29]
Lyra et al[40]
Krogius-Kurikka et al[41]
Kerckhoffs et al[42]
Kassinen et al[43]
Maukonen et al[44]
Jeffery et al[46]

qPCR
Culture
PCR-DGGE
PCR-DGGE
DGGE
qPCR-16sRNA
Culture
q-PCR
qPCR

Increased Lactobacillus and Veillonella
Increased Ruminococcus torques and decreased
Clostridium thermosuccinogenes in IBS-D
Increased Proteobacteria and Firmicutes
Decreased Actinobacteria and Bacteroidetes
Decreased Bifidobacterium

16S rRNA
sequencing
FISH
qPCR
16S rRNA
sequencing
PCR-DGGE

Decreased Collinsella aerofaciens, Clostridium cocleatum, and Coprococcus
eutactus
Decreased Clostridium coccoides
Temporal instability
Increased ratio of Firmicutes to Bacteroidetes
Clustering in IBS

16S rRNA
pyrosequencing

DGGE: Denaturing gradient gel electrophoresis; FISH: Fluorescent in situ hybridization; IBS: Irritable bowel syndrome; qPCR: Quantitative polymerase
chain reaction.

vidual differences in relation to dietary, genetic and geographical factors, as well as heterogeneity of the disease,
these results should be cautiously interpreted. Research
on the luminal and mucosal microbiota is still in infancy,
and further studies using advanced techniques such as
16s rRNA and DNA sequencing are needed to improve
our understanding of the microbiota changes in IBS.

fecal lactobacilli and bifidobacteria, increased levels of
facultative anaerobic bacteria dominated by streptococci
and Escherichia coli (E. coli), increased ratios of Firmicutes:
Bacteroidetes and higher counts of anaerobic organisms
(such as clostridium)[44,45]. In addition, the microbiota of
IBS patients reportedly belonged to entirely different
enterotypes than those of healthy controls[34,46]. These inconsistent and sometimes conflicting results are thought
to be due to the use of a single fecal sample irrespective
of the fluctuating symptoms of IBS.

Activation of mucosal immunity and inflammation in IBS
The altered composition and metabolic activity of the
intestinal microbiota found in IBS may be associated
with activation of mucosal immunity and inflammation.
Changes in the intestinal microbiota were observed after
an episode of infective gastroenteritis with subsequent
antibiotic use. In fact, some patients start to report IBS
symptoms following such episodes[49], which suggests an
association between IBS and activation of mucosal immunity and inflammation caused by altered microbiota.
Chronic low-grade mucosal inflammation has been frequently observed in many studies of IBS patients and in
animal models of IBS[50-56].
The intestinal microbiota plays an essential role in
the development, functioning, and regulation of both
intestinal and systemic immunities. By interacting with
the microbiota, the intestinal (or enteric) immune system, composed of innate and adaptive immunity, helps
to maintain normal GI function [57]. In IBS patients,
however, the interactions between enteric immunity and
commensal and/or pathogenic microbes were found to
be dys-regulated. Under normal conditions, intestinal microbes are recognized via their ligands, identified by toll-

Altered metabolic activity of the intestinal microbiota:
Intestinal microbiota may produce excessive amounts of
gas by fermenting poorly absorbable carbohydrates (e.g.,
the so-called FODMAPs, fermentable oligosaccharides,
disaccharides, monosaccharides and polyols), which may
cause abdominal pain, bloating, flatulence, and distension in IBS. Additionally, altered fermentation of poorly
absorbable carbohydrates could increase the production
of SCFAs, which would then lead to release of 5-HT
from the intestinal mucosa[47]. In fact, increased numbers
of acetic and propionic acid-producing bacteria (Veionella and Lactobacillus spp) were reported in patients with
IBS[29]. It has been demonstrated that the release of 5-HT
initiated high-amplitude, propagated colonic contractions,
accelerated intestinal transit, and increased gut motility[47,48], all of which may contribute to IBS symptoms,
suggesting that fermentation products play a potential
role of in contributing IBS symptoms.
However, considering the large variability due to different methodologies of microbiota studies, and indi-
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in patients with IBS-D[70], and it was associated with the
expression and distribution of tight junction proteins;
lower levels of the protein zonula occludens (ZO)-1 were
found in IBS patients than controls[71,72]. Elsewhere, increased permeability along with mast cell infiltration into
the colon was found to be associated with the severity of
IBS symptoms[73]. Both the increased permeability and
symptoms of IBS were improved by lactic acid bacteria,
suggesting that there may be an association between an
altered epithelial barrier and IBS symptoms[74]. It is worth
noting that one study of gut permeability found that
the increase was limited to the colon[75], whereas another
IBS study reported that the expression and distribution
of ZO-1 was altered in the jejunum[76]. Generally, this
increase in gut permeability was found to be associated
with bacteria-related protease activity and its receptors in
the intestinal epithelium[77]. It is also thought that a singlenucleotide polymorphism in the gene encoding the tight
junction protein, E-cadherin, may increase the risk of
developing PI-IBS[78]. On the other hand, some bacterial
metabolites produced by the intestinal microbiota were
found to improve epithelial barrier function[79]. It has
also been suggested that the barrier dysfunction with increased mucosal permeability in IBS may also be associated with visceral hypersensitivity[80].

like receptors (TLRs) on intestinal immune cells. Expression of TLRs in the colonic mucosa of IBS patients was
found to be increased[58], as was the level of circulating
antibodies such as antiflagellin antibodies[59]. Together,
these findings suggest that in IBS, bacterial components
such as lipopolysaccharides (LPS) and flagellin are recognized more frequently due to the increased TLRs
and circulating antibodies. In addition, one of the antibacterial proteins, β-defensin-2, was found to be elevated
in IBS[60]. These increased interactions of immunologic
components with the microbiota could eventually lead to
the mucosal inflammation in IBS.
Mucosal inflammation provoked by dysregulated innate and adaptive enteric immunities has been observed
in many studies of IBS[61,62]. The numbers of activated
mast cells were shown to be increased in the colon of
IBS patients, and also to be in close proximity to enteric
nerves, which correlated well with IBS symptoms[63], although this increase was specific to diarrhea predominant
IBS (IBS-D)[52], and varied according to the region of the
intestine[64]. In addition to mast cells, lymphocytes (CD4+
and CD8+ T cells) were also found to be elevated, suggesting that they may play a role in IBS, although there
are some inconsistencies[50,55,56,65]. Immune alterations
associated with IBS were also found in IgA-producing
B cells[66], IgG+ B cells[67], and in the levels of pro- and
anti-inflammatory cytokines such as tumour necrosis
factor-alpha (TNF-α) and interleukin (IL)-10, IL-6, and
interferon-γ in the intestinal mucosa of IBS patients[68].
Similarly, in the peripheral blood, levels of pro-inflammatory cytokines such as IL-6, IL-1β, and TNF-α were
higher in patients with IBS than in controls, but the levels
varied according to IBS subtype[69]. It is thought that mucosal inflammation and activated immunity in IBS may
lead to increased permeability of the intestinal mucosa,
and may thus induce abnormal sensory and motor function, which could contribute to the symptoms of IBS.
However, the association between activated immunity
and the intestinal microbiota is not clearly established,
and further studies in this area are warranted.

Sensory-motor disturbances caused by intestinal
microbiota
In addition to the mucosal inflammation of the gut that
may affect sensory-motor and secretory functions, neuronal structure, and neurotransmitter release in the gut[81],
the intestinal microbiota can directly affect intestinal
sensory-motor functions[82]. Alterations in the microbiota
induced by antibiotic treatment were found to precipitate
visceral hypersensitivity, which was restored by probiotic
treatment[83]. Probiotic treatment was also found to reduce sensation of pain via the enteric nerve in a model
of visceral pain induced by colorectal distension[84]. A
similar level of pain modulation was also achieved by
inducing the expression of opioid and cannabinoid receptors[85]. With respect to motor disturbances, it has
been reported that colonic motor function was enhanced
by supernatants from the E. coli strain Nissle 1917, and
that this was mediated by stimulation of smooth muscle
cells[86]. Also, probiotic treatment was found to increase
small-intestinal motor function in rats[87]. Furthermore,
transplantation of healthy human fecal microbiota into
GF mice increased their colonic motility and shortened
GI transit, which was closely associated with the type and
amount of carbohydrates in the diet[88]. The beneficial
effects of the microbiota on motility were shown to be
region-specific with migrating motor complex velocity
increased in the jejunum but decreased in the colon[89].
These interactions between intestinal microbiota and GI
sensory-motor function may be related to IBS, although
the exact mechanism of the interactions is not well understood.
It seems that normal GI motility relies on TLR4 sig-

Altered mucosal permeability and the epithelial barrier
in IBS
The activation of mucosal immunity and inflammation
driven by the altered microbiota in IBS may increase
mucosal permeability and impair epithelial barrier function. The intestinal epithelium functions not only as an
exchanger, absorbing fluid and nutrients, but also as a
protective barrier against pathogens. It is covered with
a thick layer of mucus, composed of a complex mixture of glycoproteins, mucins, bactericidal enzymes, and
secretory immunoglobulin A (IgA). Alterations to the
epithelial barrier observed in IBS have included increased
mucosal permeability, increased expression of specific
proteins, e.g. MUC20 (gene involved in the production
of mucin) and PARM1, and increased fecal excretion
of the antibacterial protein β-defensin-2[60]. Increased
mucosal permeability in the small intestine was observed
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naling stimulated by the microbiota. It was demonstrated
that mice lacking TLR4, which is frequently stimulated
by bacterial LPS, exhibited longer GI transit times and
reduced abundance of colonic nitrergic neurons[90]. In addition to the microbiota itself, the metabolites from bacterial fermentation may also exert an effect on GI motility. One of the colonic metabolites, CH4, was shown to
delay intestinal transit[91], H2S was shown to inhibit the
contraction of intestinal smooth muscle[92], SCFA, to
stimulate colonic transit by triggering 5-HT release[47],
and tryptamine from tryptophan, to increase intestinal
contractions[93]. Other bacterial metabolites that may be
related to GI motility include bile acid metabolites[94] and
ligands of GABA receptors with a suppressive effect
on GI motility[95]. While the microbiota may affect gut
sensory-motor function, the reverse may also be true: the
microbial ecosystem in the gut may be disturbed by accelerated or decelerated GI transit[88]. It is thought that the
changes in GI transit may alter the flow rate of intestinal
contents and thereby affect the environment for resident
bacteria, which then impinges on both the organizational
structure and the gene expressed in the microbiota.

and that the composition of the microbiota in those
patients could be changed to normal by excluding the
symptom-provoking foods.
Dietary fiber stimulates the production of SCFAs
by mixing with microbes and enzymes. In a healthy gut,
these by-products can improve the function and homeostasis of the GI tract. Although it has been suggested that
some patients with IBS may benefit from dietary fiber,
many patients report an increase in abdominal distension
and bloating as a result of fermentation of the fiber. It
may be that water holding properties of fiber and its ability to accelerate intestinal transit may alter the habitat for
the microbiota and therefore indirectly affect its composition and metabolic activity.
It seems that individualized advice on dietary consumption of non-digestible carbohydrates in the management of IBS, as the inter-individual differences in the
response of the microbiota lead to different responses to
changes in diet[96].
Antibiotics
Antibiotic treatment in IBS assumes that small intestinal
bacterial overgrowth (SIBO) plays an important role in
the development of IBS. Despite the limited validity and
lack of standardization of the methods used to evaluate
SIBO, treatment with non-absorbable antibiotics such as
rifaximin has yielded a therapeutic benefit. Double-blind,
placebo-controlled trials of rifaximin in IBS yielded an
improvement in IBS symptoms, which correlated well
with the reduced excretion of hydrogen in the breath[97,98].
These findings together with the positive effects of other
antibiotic treatments, suggest that a short course of
poorly absorbable antibiotics may be of some use in the
management of IBS symptoms in some patients. However, data on the long-term effects of antibiotics in IBS
are limited. Furthermore, information on the optimal
dose of antibiotics, and predictors of treatment success
and failure are needed to confirm the benefit of this type
of treatment[99].

MODULATION OF THE INTESTINAL
MICROBIOTA FOR MANAGING IBS
SYMPTOMS
Dietary modifications
An association between diet and symptom development
in IBS is reported frequently but its mechanisms are not
clearly defined. Some of the proposed causative factors
include hypersensitivity and/or allergic reaction to specific foods, and alterations of the habitat and metabolic
activity of the intestinal microbiota. Diet is thought to
be a powerful factor influencing the composition and
metabolic activity of the microbiota in an individual. The
composition of the microbiota in babies change after
weaning, and in adults it varies according to geographic
regions due to differences in the food consumed, the
type of meat consumed, and cooking methods (whether
the food is fried, baked or boiled). Therefore, any dietary
strategy aimed at modifying the microbiota should be
matched to the individual because different microbial
species are responsive to different kinds of dietary components.
However, whether a change in the diet can directly affect the microbiota in IBS is not clear. This is partly due
to the lack of well-designed, controlled trials that investigate the effects of diet on IBS. Although specific diets,
e.g., the FODMAPs diet, have been shown to provoke
IBS symptoms in some patients, not all studies regarding
the effects of exclusion diets on the symptoms of IBS
are completely reliable due to a variety of confounding
factors, including a high placebo effect. Nevertheless, it
can be speculated that in some IBS patients, intake of
certain foods may provoke abnormal fermentation due to
aspects of the composition of their intestinal microbiota
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Probiotics
Effects of probiotics: By adhering to intestinal epithelial
cells and competing for nutrients and space, probiotics
can protect against pathogens. This protective effect of
probiotics has been demonstrated in vitro using intestinal cell lines with lactobacilli, bifidobacteria and E. coli
subspecies[100-102]. In addition, probiotics can improve
mucosal barrier function and thereby prevent pathogens
from increasing intestinal permeability[103,104]. Intestinal
permeability can also be increased by stress, which may
facilitate the subsequent translocation of pathogenic
bacteria. However, it was observed that the increase in
intestinal permeability caused by stress was inhibited by
lactobacilli[105-107]. In addition, lactobacilli increased levels
of bacterial fermentation products such as SCFAs (acetic, propionic and butyric acids) and thereby acidifying
the colon, which subsequently increased the numbers
of Bifidobacterium and Lactobacillus species and decreased
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clostridia[108]. In addition to these roles, probiotics were
also shown to modulate immunity in animals with experimentally-induced colitis[109,110]. Furthermore, they were
shown to reduce visceral hypersensitivity by increasing
the expression of opioid and cannabinoid receptors in
the intestinal mucosa[85].
However, regarding the effect of probiotics on IBS
symptoms, the mechanism is not clearly defined. It is possible that probiotics may not only modulate gut dysmotility and hypersensitivity but also have anti-inflammatory
properties. It was found that probiotic treatment attenuated intestinal dysmotility in a mouse model, induced intestinal cell mediators related to reduced hypersensitivity
such as cannabinoid and opioid receptors, and normalized the ratio of cytokines IL-10/IL-12 in the systemic
circulation.

ferent outcomes. Therefore, despite the reported benefits
of probiotics in IBS, there are many aspects of potential
treatment regimens that are yet to be established, such as
adequate dosage, treatment duration, choice of species
for each individual or symptom of IBS, target symptoms
for probiotics, and probiotic formulation. Future studies
should aim to identify which species, strains, and doses
of probiotics provide the optimal therapeutic benefit to
individual patients with IBS, and which specific symptoms of IBS should be the target of probiotic treatment.

CONCLUSION
Intestinal microbiota can play a substantial role in IBS.
Although the microbiota may contribute directly to the
symptoms of IBS, it is more likely that altered composition and metabolic activity of the microbiota caused by
stress or other psychological disturbances indirectly activate mucosal immunity and inflammation, increase epithelial permeability, and reduce barrier function, thereby
activating the sensory-motor dysfunction responsible for
a variety of IBS symptoms. Therefore, our knowledge
of the link between the microbiota and IBS may enable
us to treat focusing on the possible mechanism of this
disorder; Dysbiosis may be restored by probiotic or antibiotic treatment and also by diet modification. Activation
of mucosal immunity and inflammation can be treated
by immune-modulating agents. Increased intestinal
permeability and barrier dysfunction can be a potential
therapeutic target of probiotics. However, the microbial
pathophysiology of IBS is not clearly understood, as
microbiota alterations in IBS might be either a cause of
IBS or a consequence of intestinal secretion and motility
changed by IBS. Furthermore, due to the heterogeneity of IBS studies as well as IBS itself, there has been
variability in the results of studies. Therefore, objective
diagnostic modalities in IBS are warranted, and further
studies using advanced molecular techniques are needed.

Probiotic studies in IBS: A majority of studies of probiotics in IBS have been performed to evaluate their effect on either overall or specific IBS symptoms. Although
most of them have used Lactobacillus or Bifidobacterium
species, single strains or combinations of multiple strains
have also been used with multiple doses (from 106/mL
to 1010/mL) and for variable durations. Similarly, primary
and secondary outcomes in those studies were evaluated
using variable factors such as abdominal pain, symptom
severity, quality of life, and global IBS symptoms. On
balance, these studies found a therapeutic benefit, i.e.,
improvement in symptoms of bloating, flatulence, bowel
frequency, and in global symptoms, although there are
some inconsistencies between specific studies. In particular, beneficial effects of probiotics were reported in a
well-designed study using bifidobacteria such as Bifidobacterium infantis 35624[30,111], B. lactis, B. animalis DN173010,
and B. bifidum MIMBb75[112]. Symptom improvement was
also reported in studies using probiotic mixtures such as
Escherichia coli (DSM 17252) and Enterococcus faecalis (DSM
16440)[113], and Lactobacillus rhamnosus GG, L. rhamnosus
LC705, Bifidobacterium breve Bb99 and Propionibacterium
freudenreichii ssp. shermanii JS[114,115]. By contrast, negative results were reported in studies using other probiotic combinations[116], such as Lactobacillus paracasei spp.
paracasei F19, L. acidophilus La5 and Bifidobacterium lactis
Bb12[117,118], and Lactobacillus plantarum MF1298[119].
In recent studies, it was found that 4-wk treatment
with probiotics improved IBS symptoms and altered
composition of the microbiota as well[120], and that probiotic treatment in IBS patients reduced the genus Bacteroides to the levels of healthy controls and also improved
global IBS symptoms[121]. However, as indicated in several
meta-analyses, the previous studies of probiotics in IBS
fail to report whether symptom improvement was accompanied by a change in the microbiota or not. Furthermore, many systematic reviews pointed out several study
limitations including heterogeneity, inadequate statistical
methods, and possible publication bias. Examples of
heterogeneity include differences in types, doses, and delivery of probiotics[122-125], which may have produced dif-
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in the area of pharmacologic treatment is based on
new knowledge of the pathophysiologic basis of IBS-C
and the development of drugs with increased selectivity
within pharmacologic classes with recognized efficacies.
This narrative review covers the spectrum of available
drugs and their mechanisms of action, as well as the
efficacy and safety profiles of each as determined in
relevant clinical trials that have investigated treatment
options for IBS-C and chronic constipation. A brief summary of laxative-based treatment options is presented,
followed by up-to-date assessments for three classes of
drugs: prokinetics, prosecretory agents, and bile acid
modulators.

Abstract

Core tip: Constipation-predominant irritable bowel syndrome (IBS-C) is one of the most common disorders
seen by gastroenterologists worldwide, and is associated with a substantial burden on health care resources. Pharmacologic treatments for IBS-C have largely
been unsatisfactory, mainly due to the multifaceted and
poorly understood pathophysiology of this disorder. Recently approved drugs and novel investigational compounds are expected to streamline the management of
IBS-C. This narrative review covers the mechanisms,
clinical trial efficacies, and safety profiles of these
pharmacologic agents, in order to help practicing physicians keep up with the rapidly developing field of IBS-C
therapy.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Constipation; Irritable bowel syndrome;
Drug therapy; Serotonergic agents; Prokinetics; 5-hydroxytryptamine type 4 agonists; Secretagogues;
Prosecretory agents; Bile acid modulators

Irritable bowel syndrome (IBS) is a highly prevalent
medical condition that adversely affects patient quality
of life and constitutes a significant economic burden on
healthcare resources. A large proportion of patients suffer from the constipation subtype of IBS (IBS-C), most
commonly afflicting older individuals and those with a
lower socioeconomic status. Conventional pharmacologic and nonpharmacologic treatment options have limited efficacies and/or significant adverse events, which
lead to increased long-term health care expenditures.
Failure to effectively treat IBS-C patients over the past
decades has largely been due to a poor understanding
of disease pathophysiology, lack of a global view of the
patient, and an inappropriate selection of patients and
treatment endpoints in clinical trials. In recent years,
however, more effective and safer drugs have been developed for the treatment of IBS-C. The advancement
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according to their potential for use in the management of
IBS-C; for instance, lubiprostone, which was initially developed and approved for CC, has subsequently received
approval for the treatment of IBS-C. Nonpharmacologic
remedies, such as fiber supplements and probiotics, however, are not discussed.
Studies included in this review were collected from a
PubMed search for English-language articles published
between 1980 and December 2013 using the following keywords alone or in combination: irritable bowel
syndrome, constipation, constipation-predominant irritable bowel syndrome, drug therapy, laxatives, prokinetics, serotonergic agents, 5-HT4 agonists, secretagogues,
prosecretory agents, bile acid modulators, randomized
controlled trials (RCTs), meta-analysis. Governmental
websites [www.clinicaltrials.gov (United States), www.clinicaltrialsregister.eu (European Union)] were searched for
data concerning ongoing clinical trials. Only high quality
studies were cited and discussed in the present review.

able from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i27/8898.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i27.8898

INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most common gastrointestinal (GI) disorders across all ages and
ethnicities, with a worldwide prevalence ranging between
5% and 20%[1-4]. The majority of individuals with IBS
experience impairments to their performance of daily
activities and decreased health-related quality of life, for
which conventional treatments provide limited resolutions[5,6]. For some IBS sufferers, substantial psychologic
and psychiatric disturbances develop over time, leading to
polypharmacy accompanied by the inherent risk of drug
interactions, further deterioration of health status, and
increased health care expenditures[6,7].
The constipation-predominant subtype of IBS (IBS-C),
defined by constipation associated with abdominal pain
that is generally relieved by defecation[8], affects about
34% of the IBS population[9], of which a substantial fraction are of older age and lower socioeconomic status[3].
Recent evidence suggests that IBS-C is associated with
higher rates of functional impairment, as compared to
other subtypes of IBS[10-12]. Conventional laxative-based
pharmacologic treatment of IBS-C, which is mostly
symptom-based, is largely unsatisfactory[13,14]. Yet, despite
the substantial burden of IBS-C-associated ailments and
the well-recognized need for more efficacious and safer
treatments, few novel treatment compounds have been
approved for clinical use. The need for a drug therapy
that effectively treats all of the symptoms of IBS-C (abdominal pain, constipation, and secondary symptoms of
constipation), improves the patient’s health-related quality
of life, and can be used safely on a chronic basis remains
unfulfilled.
Advancement in the treatment of IBS-C requires
a greater focus on the pathophysiologic abnormalities
underlying each of the symptoms of this complex disorder[15], which is the scientific basis for the development of
new pharmaceutical compounds. The present article reviews the current pharmacologic agents for the treatment
of IBS-C, in terms of their clinical trial efficacy, tolerability, and safety. A brief description of the broad spectrum
of laxative-based treatment options is also presented. In
general, this review focuses on the main classes of drugs
that have been the subject of active research in recent
years (prokinetics, prosecretory agents or secretagogues,
and bile acid modulators). Furthermore, in addition to
the well-established drugs (tegaserod and lubiprostone),
newly-approved drugs (prucalopride, velusetrag, linaclotide, plecanatide, chenodeoxycholate (CDC) and elobixibat) as well as drugs currently in development for the
treatment of IBS-C are discussed. As there is significant
overlap between IBS-C and chronic constipation (CC)[16],
drugs that are currently approved or being investigated
for the treatment of CC are also included in this review,
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LAXATIVE-BASED PHRARMACOLOGIC
AGENTS
Conventional laxatives and stool softeners have been
used for decades for the treatment of CC, and have also
been used by IBS-C patients to improve their bowel
habits[13,14]. Clinical experience and, to a lesser extent, evidence from the literature indicate that about half of the
patients treated with laxatives are disappointed by the lack
of long-term efficacy[17-19]. Despite the high prevalence
and the remarkable socioeconomic burden associated
with IBS-C and CC, concrete evidence from high-quality
RCTs on laxative efficacy and safety is very limited[20]. In
fact, only recently have well-conducted studies provided
evidence for the use of bisacodyl in CC and polyethylene
glycol in IBS-C[21,22].
Although laxative-based treatments provide shortterm relief of constipation in many CC and IBS-C patients, there is a lack of high quality evidence to support
their regular use. However, laxatives remain a suitable
therapeutic option for many patients because of their
relative safety, low cost, and over-the-counter availability.
Well-conducted RCTs comparing the most commonly
used laxatives and newer pharmacologic agents will
help to identify the safest and most effective therapy for
regular use. The mechanisms and most common adverse
events of different types of laxatives are summarized in
Table 1.

PROKINETICS
Slow colonic transit is recognized as one of the most important mechanisms underlying constipation. Prokinetics
have been designed to stimulate muscle activity to counter the underlying hypomotility that is linked with slowtransit constipation[23,24]. A crucial role for 5-hydroxytryptamine (5-HT, serotonin) in normal enteric nervous
system function has been documented[25-27], and the ex-
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Table 1 Main types of pharmacologic laxatives
Type
Bulking agents

Stool softeners
(surfactants)

Agents

Mechanism of action

Most common adverse events

Psyllium
Methylcellulose
Calcium polycarbophil
Docusate potassium
Docusate sodium
Docusate calcium

Increase in stool bulk and reduction in
consistency by luminal water binding

Bloating
Flatulence

Softening and lubrication of stools by
increasing water secretion

Nausea
Vomiting
Abdominal pain/cramps
Rectal urgency
Sweet taste
Nausea
Bloating
Flatulence
Abdominal pain/cramps
Electrolyte disturbances (?)

Osmotic laxatives

Milk of Magnesia (magnesium hydroxide)
Osmotic water retention, decreased stool
Magnesium citrate
consistency, and increase fecal volume and
Magnesium sulphate
peristalsis
Sodium picosulphate/magnesium citrate (Picoprep®)
Lactulose/lactilol
Sorbitol
Polyethylene glycol (macrogol)
Stimulant laxatives
Anthraquinones
Luminal water retention through activation
Abdominal pain/cramps
Senna
Dehydration
of CAMP, and induction of colonic
Cascara
Electrolyte disturbances
contractions by acting on enteric nerves
Bisacodyl
Muscle cramps
Phenolphthalein
Melanosis coli/colonic inertia (?)
CAMP: Cyclic adenosine monophosphate.

Table 2 Chemical and clinical characteristics of discontinued/failed prokinetics

Chemical structure
Target receptors
Mechanism of action/
pharmacodynamic
effects
Most common adverse
events

Safety
Approval status

Cisapride

Renzapride

Tegaserod

Piperidinyl benzamide
Nonselective 5-HT4 agonist and
5-HT3 antagonist
Local acetylcholine release;
Acceleration of GI transit

Benzamide derivative
Full 5-HT4 agonist and antagonist of 5-HT3
and 5-HT2b
Local acetylcholine release;
Acceleration of GI transit

Indole carboxaldehyde derivative
5-HT4 and 5-HT1 partial agonist

Diarrhea
Abdominal pain

Prolongation of QTc interval and
fatal arrhythmias
Approved in 1993;
Withdrawn in 2000

Augmentation of the peristaltic reflex;
Enhanced intestinal secretion;
Reduced sensitivity to rectal distension
Diarrhea
Diarrhea
Abdominal pain
Abdominal pain
Headache
Headache
Flatulence
Flatulence
No prolongation of QTc interval
Increased risk of serious ischemic cardiac
events
Phase 3 RCTs terminated due to insufficient Approved in 2002 for IBS-C (not in EU) and
efficacy
in 2004 for CC; Withdrawn in 2007

CC: Chronic constipation; EU: European Union; GI: Gastrointestinal; IBS-C: Constipation predominant-irritable bowel syndrome; QTc: Corrected QT interval; RCT: Randomized controlled trial; 5-HT: 5-hydroxytryptamine.

pression of the 5-HT type 4 (5-HT4) receptor in the GI
tract has been associated with intestinal motility[23,28]. In
the past two decades, several prokinetic agonists of the
5-HT4 receptor have been introduced in clinical practice.
Table 2 presents the chemical and clinical characteristics
of the older prokinetics, whereas Table 3 summarizes the
characteristics of the newer prokinetics.

safety studies for newer drugs, as well as the need for
post-market monitoring.
Tegaserod
Tegaserod, a partial 5-HT4 agonist devoid of the arrhythmogenic effect elicited by cisapride, was demonstrated in
RCTs to be an efficacious and well-tolerated promotility
agent in IBS-C patients[30,31]. The drug received approval
for the treatment of women with IBS-C in July 2002 in
the United States and a few other countries, but not in the
European Union. In August 2004, the United States’s Food
and Drug Administration (FDA) also approved tegaserod for the treatment of patients with CC, and a subsequent multinational high-quality randomized controlled
trial demonstrated its efficacy and tolerability in these
patients[32]. Nevertheless, due to ensuing reports of ischemic cardiac events, tegaserod was withdrawn from the

Cisapride
Cisapride, a non-selective 5-HT4 agonist, was originally
developed for the treatment of functional upper GI
disorders, and later found to be efficacious for treating
constipation[29]. However, its interaction with human
ether-a-go-go-related gene (hERG) potassium channels
leads to cardiac arrhythmias, which caused the drug to be
withdrawn from the global market[29]. This “rise and fall”
of cisapride underscores the importance of longitudinal
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Table 3 Chemical and clinical characteristics of novel prokinetic agents

Chemical structure

Prucalopride

Naronapride

Dihydrobenzofuran
carboxamide
High selectivity and affinity
for 5-HT4 (> 150-fold)

Benzamide

Velusetrag

ROSE-010

DihydroxyquinolineGlucagon-related peptide
carboxamide
Target receptor/affinity
5-HT4 full agonist in the GI
Potent selective agonist of
GLP-1 analogue
tract; partial agonist in the
5-HT4 with high affinity
heart
(500-fold)
Pharmacodynamic effects Accelerated colonic transit in Accelerated colonic transit in Dose-dependent acceleration Acceleration of colonic transit;
health and CC
health
of colonic transit in health
antinociceptive effect in IBS-C
Most common adverse
Diarrhea
Diarrhea
Diarrhea
Nausea
Nausea
Headache
Nausea
Headache
events
Headache
Headache
Abdominal pain
Vomiting
Approval status/stage of
Approved for CC in EU in Phase 2 RCTs in CC completed Phase 2 RCTs in CC completed
Phase 2 RCTs in IBS-C
development
2009 and in Canada in 2011
completed
CC: Chronic constipation; EU: European Union; GI: Gastrointestinal; GLP-1: Glucagon like peptide-1; IBS-C: Constipation-predominant irritable bowel syndrome; RCT: Randomized controlled trial; 5HT: 5-hydroxytryptamine.

efficacious for the disease symptoms, even though worsening of abdominal pain would limit its use in clinical
practice.

market in March 2007, and since 2009, its use has been
limited to emergency situations[33]. Although tegaserod
was eventually removed from the worldwide market, it is
still considered to represent an important step in the development of novel serotonergic drugs for the management of IBS-C and CC.

Velusetrag
The second highly selective 5-HT4 agonist, velusetrag
(TD5108), has demonstrated stimulatory effects on colonic motility and transit in a phase 1 RCT[38]. In that
trial, 60 healthy volunteers received one of four doses of
velusetrag (5, 15, 30 or 50 mg) as a single dose or once
daily for six days. A significant increase in the colonic
transit and bowel emptying time of the descending colon
was observed in participants receiving the single dose,
and accelerated gastric emptying occurred in participants
receiving multiple doses, with no serious adverse events.
A four-week phase 2 RCT in 401 patients evaluated the
efficacy, safety and tolerability of different velusetrag
doses (15, 30 or 50 mg/d) in CC patients[39]. Patients
treated in that study showed significant improvement in
SCBMs, stool consistency, and time to achieve the first
bowel movement, with adverse events, such as diarrhea,
headache, nausea and vomiting, mostly occurring in the
first two days of treatment. The adverse events-related
discontinuation rate was 5%, and no manifestations of
cardiac toxicity were noted. The results of these RCTs
indicate that velusetrag is a safe drug and efficacious for
the treatment of CC, though larger and longer phase 3
trials are required before robust conclusions are drawn.
Furthermore, treatment of IBS-C patients with velusetrag has yet to be evaluated.

Prucalopride
In recent years, three highly selective 5-HT4 agonists,
namely prucalopride, velusetrag, and naronapride, have
been investigated mainly for the treatment of CC (Table
2). In contrast to nonselective 5-HT 4 agonists, these
pharmacologic compounds have not been associated
with adverse cardiovascular events[34]. Large, multicenter
RCTs have shown that prucalopride, the most extensively
investigated drug of this class, is efficacious and safe
for treating patients with CC[34-36]. In October 2009 the
European Medicines Agency (EMA) approved prucalopride (Resolor®, 2 mg once daily) for the treatment of
CC in women for whom laxative-based approaches failed
to grant adequate relief[36]. In November 2011 the drug
received approval in Canada (Resotran®, 1 or 2 mg once
daily) for the same indication; although, to date, the drug
remains unapproved by the United States FDA.
Recently, a large phase 3 RCT conducted in 46 sites
from five countries of the Asia-Pacific region evaluated the efficacy and safety of a 12-wk treatment with
daily prucalopride (2 mg) in CC patients[37]. In that study,
significantly more patients responded to prucalopride
than placebo (33.3% vs 10.3%), with responding patients
having a weekly average of ≥ 3 spontaneous complete
bowel movements (SCBMs). The most frequently reported adverse events were diarrhea, nausea, abdominal
pain, and headache, all of which mainly occurred during
the first and second day of drug administration. Thus,
the authors concluded that daily 2 mg prucalopride was
effective and well tolerated, with a favorable safety profile. Although no studies have yet addressed the efficacy
of prucalopride in IBS-C, it is expected that it will also be
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Naronapride
A third drug, naronapride (ATI-7505), is a full agonist
of 5-HT4 receptors in the GI tract and partial agonist of
these receptors in the heart. It is structurally similar to
cisapride, but without affinity for 5-HT3 receptors and
negligible hERG potassium channel activity[40,41]. The
drug is currently being investigated for the treatment of
upper and lower GI functional disorders, but only limited
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Table 4 Chemical and clinical characteristics of prosecretory agents
Drug

Lubiprostone

Linaclotide

Plecanatide

Chemical structure

A prostone, bicyclic fatty acid (metabolite 14-amino acid peptide, analogue of guanylin
Analogue of uroguanylin
of prostaglandin E1)
Target receptor/
Activation of ClC-2 by direct action on Binding to GC-C with stimulation of cGMP and GC-C receptor activation with CFTRmechanism of action epithelial cells provoking intestinal fluid
CFTR-mediated secretion; desensitization of
mediated secretion
secretion, also mediated by CFTR
afferent pain fibers mediated by production of
extracellular cGMP
Pharmacodynamic
Accelerated small bowel and colonic
Dose-related acceleration of colonic transit
Probable acceleration of colonic transit
effects
transit
Most common
adverse events
Potential other
beneficial effects
Cost
Approval
status/stage of
development

Nausea
Diarrhea
Abdominal pain
Mucosal protection

Dose-dependent diarrhea

Dose-independent diarrhea
Nausea

Antineoplastic

-

AWP is $296 for one month supply
United States FDA-approved for women
with IBS-C and men and women with CC

AWP is $255 for 30 capsules
United States FDA-approved for both IBS-C
and CC EMA-approved for IBS-C only

Phase 2b RCT in CC completed; Phase
3 RCT in CC recruiting patients; Phase
2 RCT in IBS-C recruiting patients

AWP: Average wholesale price; CC: Chronic constipation; CFTR: Cystic fibrosis transmembrane conduction regulator; cGMP: Cyclic guanosine monophosphate; ClC-2: Chloride channel-2; EMA: European Medicines Agency; FDA: Food and Drug Administration; GC-C: Guanylate cyclase-C; IBS-C: Constipation-predominant irritable bowel syndrome; RCT: Randomized controlled trial.

Lubiprostone
Lubiprostone, a chloride channel activator, was the first
secretagogue to be investigated and approved for treatment of CC and IBS-C. Chloride channels have been
recognized as the major effectors of fluid transport and
secretion in the intestinal lumen[47]. In particular, type-2
chloride channels (ClC-2) have been explored with regard to their role in CC and IBS-C[48,49]. Lubiprostone is
a highly specific activator of ClC-2 channels that leads to
increased intestinal secretion[50,51], an effect that requires
the cystic fibrosis transmembrane conductance regulator
(CFTR)[52]. A phase 2, 12-wk double-blind RCT demonstrated that lubiprostone [8, 16 and 24 µg, twice daily
(BID)] reduced abdominal pain in IBS-C patients, though
higher doses were associated with more adverse events,
namely nausea and diarrhea[53]. Schey and Rao demonstrated that 8 µg lubiprostone BID offered the best riskbenefit ratio for IBS-C patients[54].
The positive results from the phase 2 studies led to
two phase 3, multicenter RCTs involving 1171 IBS-C
patients treated for three months with 8 µg lubiprostone
BID[55]. The primary efficacy endpoint was the percentage of overall responders that were at least moderately
relieved for all four weeks of the month or significantly
relieved for at least two weeks of the month. Patientrated symptoms were significantly improved with lubiprostone treatment, with no increase in adverse events
compared to the placebo. As the lubiprostone regimen
was effective, well tolerated and safe, the long-term (up
to 52 wk) efficacy, safety, and tolerability was evaluated
in an extension study including 522 of these same IBS-C
patients[56]. The results of this extended trial confirmed
the efficacy of lubiprostone, with a favorable safety and
tolerability profile for up to 13 mo. However, the absence

data are available in the literature thus far.
Renzapride, clebopride, and mosapride
Renzapride, clebopride, and mosapride are nonselective 5-HT4 agonists that are no longer considered for
the treatment of patients with IBS-C or CC. Though
they were shown to be safe from a cardiovascular standpoint[33], they did not show significant efficacy in IBS-C
clinical trials and were therefore abandoned[42,43].
ROSE-010
ROSE-010 is an experimental glucagon-like peptide-1
(GLP-1) analogue that affects the motility of and nociception in the GI tract[44]. In one RCT investigating the
effect on acute abdominal pain in IBS, ROSE-010 was
favored over a placebo for patient-rated pain relief[45].
More recently, a phase 2 RCT investigating the effect of
ROSE-010 on GI motor functions in women with IBS-C
found that although gastric emptying was delayed, colonic transit was significantly accelerated after 48 h, providing relief of constipation in these patients[46]. Although
these results are encouraging, phase 3 RCTs are needed
to confirm the efficacy and safety of ROSE-010.

PROSECRETORY AGENTS
(SECRETAGOGUES)
In the last decade, intestinal secretion has been the subject of active research for the development of treatments
for CC and IBS-C. The chemical and clinical characteristics of prosecretory agents, drugs that augment intestinal
secretion, thus acting as a stool lubricant and facilitating
its evacuation, are summarized in Table 4.
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of a placebo arm raises some questions about the statistical validity of the data gathered.
Lubiprostone was approved by the United States
FDA in April 2006 for the treatment of CC in men and
women, and in April 2008 for the treatment of IBS-C in
women. The recommended dose is 24 µg BID for CC
and 8 µg BID for IBS-C. A four-week phase 3 RCT evaluated the efficacy and safety of 24 µg lubiprostone BID
in 237 patients with CC and demonstrated significant improvement in the number of SCBMs, stool consistency,
straining effort, and global bowel satisfaction[57]. Thus,
lubiprostone was considered to be the “ideal” drug for
IBS-C, as it was shown to be effective on all symptoms
of IBS-C, including abdominal pain. However, recent
data has suggested that lubiprostone may not have an anti-nociceptive effect in IBS-C. In fact, Whitehead et al[58]
demonstrated that lubiprostone has no effect on visceral
sensory thresholds in 62 IBS-C patients who completed
a barostat test of pain and urge sensory thresholds. The
authors concluded that lubiprostone did not relieve abdominal pain directly, but that the reduction in clinical
pain in patients appeared to be secondary to changes in
stool consistency.

the recommended United States FDA primary endpoints
(responder: a patient who reported (1) ≥ 30% improvement in an average daily worst abdominal pain score;
and (2) an increase of ≥ 1 average weekly SCBMs for at
least half of the trial duration)[67]. The results of that trial
showed that 33.7% of treated patients were United States
FDA endpoint responders, compared to only 13.9% of
those receiving a placebo. Specifically, 48.9% of treated
patients met the criterion for pain responder, and 47.6%
met the SCBM responder criterion, compared to 34.5%
and 22.6% respectively of placebo-treated patients. In
terms of safety and tolerability, diarrhea was the most
common adverse event, occurring most often within the
first four weeks of therapy, while the discontinuation
rates were 10.2% and 2.5% for linaclotide and placebo,
respectively. Another phase 3 RCT included a 12-wk
treatment period followed by a four-week randomized
withdrawal period[66]. The outcome measures of that
study were the United States FDA endpoints for IBS-C
and three other endpoints based on improvement in abdominal pain and SCBMs. The results of this trial also indicated that linaclotide was safe and effective in relieving
IBS-C symptoms, with diarrhea being the most common
adverse event and no worsening of symptoms in the
withdrawal period.
Linaclotide (145 µg, once daily) was also shown by
four well-conducted RCTs to be safe and effective for the
treatment of CC[68-70]. Moreover, the safety and efficacy
of linaclotide for the treatment of patients with IBS-C
and CC has been confirmed by a recent meta-analysis
study[71]. In August 2012, linaclotide (Linzess®; Ironwood
Pharmaceuticals, Inc., Cambridge, MA, United States)
was approved by the United States FDA for the treatment of IBS-C at a dose of 290 µg once daily and CC at
a dose of 145 µg once daily[72]. In the European Union,
the drug received approval for IBS-C patients but not for
CC patients. The approval of linaclotide represented an
important development in the treatment of IBS-C and
CC, especially for those patients with poor tolerance or
response to lubiprostone.
In summary, there is evidence showing that linaclotide
is an effective, well tolerated, and safe therapeutic option
for patients with IBS-C and CC, though the long-term
safety and efficacy of linaclotide as well as a direct comparison with lubiprostone need to be investigated. Importantly, this drug has the advantage of improving both
bowel symptoms and abdominal pain. However, the high
cost of linaclotide and lubiprostone may limit their use in
clinical practice, especially because a large proportion of
IBS-C and CC patients belong to lower socioeconomic
groups.

Linaclotide
Linaclotide, a minimally absorbed first-in-class peptide
agonist of guanylate cyclase C (GC-C), was recently
approved for the treatment of IBS-C and CC. GC-C
mediates intestinal secretion in response to heat-stable
enterotoxins, the major cause of Escherichia coli-induced
secretory diarrhea[59]. Linaclotide binds to GC-C, which
is richly present on the luminal surface of the intestinal
enterocytes[60], and ultimately activates CFTR, resulting
in the secretion of chloride and bicarbonate into the
intestinal lumen. Consequently, intestinal fluid secretion
is increased, stools are softened, and colonic transit may
be accelerated. The effect of linaclotide on ascending
colonic transit has been demonstrated in a phase 2 RCT
involving 36 women with IBS-C[61]. Additionally, unlike
lubiprostone, linaclotide has been also shown to reduce
visceral nociception in laboratory rodents[62]. More recently, this visceral antihyperalgesic effect has been replicated in healthy mice and those with chronic visceral
hypersensitivity[63]. The dual action of linaclotide on both
constipation and abdominal pain in IBS-C is likely related
to its approval by both the United States FDA and the
EMA.
The efficacy and safety of linaclotide for the treatment of IBS-C patients have been demonstrated in four
well-conducted RCTs[61,64-66]. In a 12-wk RCT study of
420 IBS-C patients, Johnston et al[64] found that various
doses of linaclotide (75, 150, 300 and 600 µg, once daily)
were effective in improving all symptoms of IBS-C. The
only observed adverse event in that trial was a dosedependent diarrhea, whereas other adverse events were
comparable between the treatment and placebo groups. A
phase 3, 26-wk RCT[65] was recently conducted with linaclotide (290 µg daily) in 804 IBS-C patients according to
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Plecanatide
Similar to linaclotide, plecanatide is a minimally absorbed
GC-C agonist believed to act on both intestinal secretion
and nociception. A phase 1 RCT was conduced in 72
healthy volunteers to assess the safety, tolerability, pharmacokinetics, and pharmacodynamics of various doses
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Table 5 Chemical and clinical characteristics of bile acid modulators
Chenodeoxycholate

Elobixibat

Chemical structure
Sodium chenodeoxycholic acid (primary bile acid)
Enantiomer of 1,5-benzothiazepine
Mechanism of action Deconjugation to secondary bile acids, thus inducing IBAT inhibition resulting in delivery of endogenous bile acids to the colon,
colonic secretion and propulsive contractions
thus inducing colonic secretion and propulsive contractions
Pharmacodynamic
Accelerated colonic transit
Dose-dependent acceleration of colonic transit
effects
Most common
Diarrhea
Diarrhea
Abdominal cramping/pain
Abdominal cramping/pain
adverse events
Nausea
Potential other
Probable lowering of LDL
Lowering of LDL and cholesterol
beneficial effects
Stage of development
Phase 3 RCT in IBS-C completed
Phase 3 RCTs in CC, completed; extended safety and tolerability RCTs
enrolling
CC: Chronic constipation; IBAT: Ileal bile acid transporter; IBS-C: Constipation-predominant irritable bowel syndrome; LDL: Low-density lipoprotein; RCT:
Randomized controlled trial.

(ranging from 0.1 to 48.6 mg) of oral plecanatide[73]. The
study found no measurable systemic absorption of plecanatide, with adverse events similar to the placebo; thus,
it was concluded that the drug acts locally in the intestine
and is well tolerated and safe. However, low statistical
power prevented the authors from making any conclusions with respect to the pharmacodynamic parameters.
Preliminary results from a phase 2a RCT that is underway
in patients with CC have suggested that plecanatide is
effective, well tolerated, and safe at doses up to 9 mg[74].
Moreover, plecanatide-treated patients showed significant
improvement in bowel symptoms without any observed
serious adverse events. Other phase 2 RCTs using plecanatide in CC and IBS-C patients are still recruiting patients,
and no results have been reported thus far.

a recent four-day double-blind RCT of 36 women with
IBS-C, CDC (500 or 1000 mg, once daily) increased stool
frequency, softened stools and improved straining, with
lower abdominal cramping as the most commonly reported adverse event[82]. The authors concluded that the
effect in these female patients was dependent on specific
genetic variations in the negative feedback inhibition of
bile acid synthesis. Therefore, CDC has the potential to
be used as a “physiologic laxative” for the treatment of
both IBS-C and CC; although, its use in IBS-C may be
limited by the concern for worsening of abdominal pain.
Elobixibat
Elobixibat (formerly A3309) is a first-in-class ileal bile
acid transporter inhibitor that is currently being investigated for the treatment of CC. Elobixibat has some
potential advantages over currently approved drugs
(prucalopride, lubiprostone, linaclotide). First, given its
negligible systemic absorption, it is unlikely to induce cardiovascular toxicity, a theoretical effect of prucalopride.
Second, it has a positive effect on both secretion and motility of the colon, while lubiprostone and linaclotide are
only secretagogues, without any direct effect on colonic
motility[77,78].
In the first human study of the pharmacokinetic and
pharmacodynamic actions of elobixibat, Simrén et al[83]
assessed the safety and tolerability of the drug in 30 patients with CC. The efficacy and metabolic parameters of
patients receiving one of five elobixibat doses (from 0.1
to 10 mg, once daily) were favorable, with no significant
adverse events. Two phase 2 RCTs focusing on the efficacy of elobixibat in CC patients with doses ranging from
5 to 20 mg once daily demonstrated significant improvement of all constipation parameters[84,85]. Furthermore,
safety and tolerability analyses showed no serious adverse
events, with lower abdominal cramping being the most
common. Based on the results of these studies, elobixibat appears to be a promising pharmacologic option for
patients with CC. The efficacy of elobixibat for the treatment of IBS-C has not yet been investigated, though the
abdominal pain that is commonly observed might limit

BILE ACID MODULATORS
Bile acid modulators have been used to treat constipation disorders based on the observation of increased
incidence of diarrhea in patients taking bile acids for gallstones or cholestatic liver diseases[75], and in patients with
terminal ileum disease or resection[76]. The enhancement
of colonic secretion and motility is caused mainly by the
deconjugation of bile acids in the colon to secondary bile
acids[77,78]. Thus far, two drugs, CDC and elobixibat, have
been investigated for the treatment of IBS-C and CC.
Their chemical and clinical characteristics are shown in
Table 5.
CDC
CDC is a primary biliary acid that has been in use for
many years for the dissolution of gallstones. In clinical
studies, the main adverse event of CDC (Chenodal®;
Manchester Pharmaceuticals, Fort Collins, CO, United
States) was a dose-dependent diarrhea[77] that is of the secretory type, due mainly to intracellular activation of adenylate cyclase and increased intestinal permeability[77,79,80].
In a four-week placebo-controlled RCT of 20 gallstone
patients with CC, Bazzoli et al[81] found that CDC significant improved bowel frequency and stool consistency. In
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Table 6 Chemical and clinical characteristics of drugs approved for other gastrointestinal indications and currently investigated for
constipation-predominant irritable bowel syndrome

Brand name
Chemical structure
Mechanism of action
Pharmacodynamic
effects
Most common adverse
events

Itopride

Neomycin/Rifaximin

Ganaton®

Neomycin: Neo-Fradin®
Rifaximin: Xifaxan®
Neomycin: aminoglycoside
Rifaximin: semisynthetic antibiotic based on rifampicin
Neomycin: inhibition of protein synthesis
Rifaximin: inhibition of bacterial RNA synthesis
Eradication of methane; accelerated intestinal transit (?)

Benzamide derivative
Dopamine D2 antagonist and
acetylcholinesterase inhibitor
Gastrokinetic;
Acceleration of intestinal transit (?)
Diarrhea
Headache
Hyperprolactinemia

Approval status/stage of Approved in Japan for functional dyspepsia;
Phase 2 RCT in IBS-C completed in the United
development
States

Neomycin:
Neurotoxicity
Ototoxicity
Nephrotoxicity
Rifaximin:
Headache
Nausea
Dizziness
Fatigue
FDA-approved for hepatic encephalopathy and traveler’s diarrhea;
Phase 2 efficacy RCT in methane + IBS-C patients, comparing neomycin vs
combination rifaximin and neomycin (completed)

FDA: Food and Drug Administration; IBS-C: Constipation-predominant irritable bowel syndrome; RCT: Randomized controlled trial.

its use in clinical practice.

Table 7 Quality of evidence supporting different pharmacologic agents for constipation-predominant irritable bowel
syndrome and chronic constipation
Pharmacologic agent
Laxatives
Psyllium
Docusate sodium
Lactulose
PEG
Senna
Bisacodyl
Prokinetics
Prucalopride
Naronapride
Velusetrag
Rose-010
Secretagogues
Lubiprostone
Linaclotide
Plecanatide
Bile acid modulators
CDC
Elobixibat

Quality of evidence for
IBS-C

Quality of evidence
for CC

No RCTs
No RCTs
No RCTs
Moderate
No RCTs
No RCTs

Moderate
Low
Moderate
High
Low
Moderate

No RCTs
No RCTs
Low
Moderate

High
Low
Low
No RCTs

High
High
Low

High
High
Low

Low
No RCTs

Low
Moderate

OTHER INVESTIGATIONAL AGENTS
The search for safer and more effective drugs for the
treatment of IBS-C is ongoing, with phase 1 and phase 2
clinical trials underway to evaluate various pharmacologic
options, including drugs already approved for other gastrointestinal indications [Ganaton® (Abbott India Ltd.,
Mumbai, India), Neo-Fradin® (X-Gen Pharmaceuticals
Inc., Horseheads, NY, United States), Xifaxan® (Salix
Pharmaceuticals Inc., Raleigh, NC, United States)] (Table
6), as well as novel molecules (DA6886, AZD1722,
RDX5791, TC6499). Thus far, no results from completed
studies are available, and other studies are still recruiting
patients.

PERSPECTIVES AND CONCLUSION
IBS-C has been, and probably will remain for some time,
a troubling disease for many sufferers and an enormous
challenge for the treating physician. The multifactorial
pathogenesis of the disease and the ill-defined drug targets make the goal of manufacturing a “universal drug”
for IBS-C a hard one to attain. In recent years, new drug
therapies have been added to the armamentarium for
the treatment of IBS-C. The current available evidence
indicates that linaclotide is the “ideal” treatment option
for IBS-C patients at this time, but other investigational
agents are showing promise as well. However, large scale,
high quality longitudinal studies of such agents and post-

The quality of evidence was assessed according to the Grading of Recommendations, Assessment, Development and Evaluation (GRADE)
system[86], which defines study quality as high (further research is very unlikely to change confidence in the estimated effect); moderate (further research is likely to have an important impact on confidence in the estimated
effect and may change the estimate); low (further research is very likely
to have an important impact on confidence in the estimated effect and is
likely to change the estimate); or very low (any estimate of effect is very
uncertain). CC: Chronic constipation; CDC: Chenodeoxycholate; IBS-C:
Constipation-predominant irritable bowel syndrome; PEG: Polyethylene
glycol; RCT: Randomized controlled trials.
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market monitoring of approved drugs are needed to
confirm the efficacy, tolerability and safety of these treatments. The quality of current evidence in support of
different drug classes is summarized in Table 7. However,
drug choice is dictated not only by the supporting evidence, but also by the patients’ and societal perspectives.
Patient-relevant symptoms in conjunction with a better understanding of the pathophysiologic mechanisms
underlying IBS-C should drive the development of novel
pharmacologic agents for this complex disorder. Novel
drug therapies are expected to streamline the management of IBS-C, thus increasing patient satisfaction and
ultimately reducing the use of healthcare resources. This
could indeed compensate for the high cost of these
drugs, which is one of the major concerns for many
patients and insurers. Finally, since IBS-C is a spectrum
disorder resulting in a broad range of responses to different drug regimens, the treatment of most IBS-C patients
should be individualized. It is anticipated that in the near
future, a multitude of pharmacologic agents with divergent mechanisms of action will be effective for diverse
subsets of IBS-C patients, and the reconciliation of past
pharmacologic treatment successes and failures will ultimately improve future management of IBS-C.
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principal studies that have focused on MCD as possible
prognostic factor. Finally, we will consider a possible
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Core tip: In several malignancies it has been well demonstrated that mast cell (MC), activated c-Kit receptor
(c-KitR) and tryptase secreted after MC degranulation
play a pivotal role in tumor angiogenesis, helping tumor
cell invasion and metastasis. The close relationship between MC density, angiogenesis and tumor progression
could suggest a role for MCs as a possible prognostic
factor in colorectal cancer (CRC). Moreover, considering
MC-mediated CRC development, c-KitR tyrosine kinase
inhibitors (imatinib, masitinib) and tryptase inhibitors
(gabexate and nafamostat mesylate) could be used to
block MC activation/degranulation and the tryptase/proteinase-activated receptor-2 axis respectively, and may
be evaluated in future clinical trials in CRC patients.

Abstract
Mast cells (MCs), located ubiquitously near blood ves+
sels, are descended from CD34 hematopoietic stem
cells. Initially, although their role has been well defined
in hypersensitivity reactions, the discovery of their
sharing in both innate and adaptive immunity has allowed to redefine their crucial interplay on the regulatory function between inflammatory and tumor cells
through the release of mediators granule-associated
(mainly tryptase and vascular endothelial growth factor). In particular, in several animal and human malignancies it has been well demonstrated that activated
c-Kit receptor (c-KitR) and tryptase (an agonist of the
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(e.g., histamine, tryptase) and synthesized de novo mediators
(i.e., leukotrienes, prostaglandins)[10,20]. Regarding innate
immunity, MCs express some receptors for components
of complement (CR3, CR4, CR5), and others belonging
to the Nod-like receptors family. The recognition of pathogens by the innate immune cells and the link between
innate and adaptive immunity however are via toll-like receptors (TLR type 1, 2, 3, 4, 6, 7 and 9)[21].
Many experimental studies have assessed MCs as protagonists both in inflammation and angiogenesis[20,22,23],
processes closely interconnected and related to tumor
development and progression[24-27]. Following the abovementioned synthetic review of the various functions of
MCs, in the upcoming sections we focus on the crucial
role of MCs in angiogenesis-mediated tumor development and progression and illustrate the most common
identification methods of MCs. In particular, as well as
playing a role in tumor angiogenesis, it has been demonstrated that the number of MCs, so-called MC density
(MCD), increases in several human and animal malignancies, and this increased MCD correlates with increased
angiogenesis. On this basis, we analyze the principal studies that have focused on MCD as a possible prognostic
factor, considering the MC as a possible novel therapeutic
target in colorectal cancer (CRC).

significance of mast cells density in colorectal cancer. World J
Gastroenterol 2014; 20(27): 8910-8920 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i27/8910.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i27.8910

INTRODUCTION
In 1869 Nettleship and Tay[1] described a particular form
of pigmented rash (“urticaria pigmentosa”), which presented a dermographism entirely similar to some urticaria
forms. Mast cells (MCs) were identified by Ehrlich[2] in
1879 and named “mastzellen”(from the German mast =
well-fed) because it was believed that they were particularly numerous in overfed animals. It was subsequently
shown that cutaneous lesions observed in these animals
were characterized by a focal accumulation of some of
these mast cells[2]. In 1949 Ellis[3] described a form of
systemic mastocytosis characterized by an abnormal
infiltration of MCs into extracutaneous organs. Historically, “mastocytosis” is a morbid condition characterized
by a marked increase (usually about ten times compared
to normal) of the density of tissue MCs in specific anatomical sites[4]. Currently, “mastocytosis” includes a wide
spectrum of clinical disorders (with an extremely heterogeneous clinical course and prognosis) sharing particular
tyrosine kinase c-Kit receptor (c-KitR) mutations that
confer its increased activation, determining stem cell factor (SCF)-independent MC proliferation[5,6].
MCs are the progeny of CD34+ hematopoietic stem
cells and require SCF for their differentiation, activation and proliferation[7]. MCs are located throughout the
body; on the epithelial surface, in blood vessels, nerves
and glands [8]. Classically, MCs are divided into three
subgroups according to the protease expression in their
granules: the first type of MC contains only tryptase, the
second only chymase, and the third tryptase, chymase and
other proteases[8,9].
Although the role of mast cells has long been well
defined in hypersensitivity reactions, since 1990[10,11] it
has been discovered that they also have a role in both
innate and adaptive immunity. This has allowed us to
redefine their crucial interplay on the regulatory function
between inflammatory and tumor cells[12-15] by means of
the release of various granule-associated mediators [histamine, serotonin, heparin, tryptase, chymase, thymidine
phosphorylase, tumour necrosis factor, vascular endothelial growth factor (VEGF), fibroblast growth factor-2
(FGF-2), platelet-derived growth factor-β (PDGF-β),
epidermal growth factor (EGF)]; lipid-derived mediators
(leukotrienes, prostaglandins, platelet-activating factor);
cytokines (transforming growth factor-β, interleukins,
IL-6); and chemokines[16-19].
MCs express many types of receptors allowing them
to recognize different stimuli and to respond accordingly[8,9]. For the fragment crystallisable portion of Immunoglobulin (Ig)G and IgE, MCs express various receptors,
and in response to several antigens they release preformed
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INVOLVEMENT OF MAST CELLS IN
ANGIOGENESIS-MEDIATED TUMOR
DEVELOPMENT AND PROGRESSION
During inflammatory reactions, immune cells (MCs, macrophages, neutrophils, and lymphocytes) synthesize proangiogenic factors that induce first neovascularization,
then the further migration of inflammatory cells to the
site of inflammation, amplifying the process[25,28]. At the
same time, there is well-established evidence that tumor
cells are surrounded by an infiltrate of inflammatory
cells, which synergize with stromal cells and malignant
cells in a paracrine manner[29-31]. As a consequence, there
is a stimulation of endothelial cell proliferation and blood
vessel formation[32-34]. It is important to underline that
MCs are located near blood vessels and regulate many
functions of endothelial cells[35-37].
In particular, the c-KitR activated by SCF and tryptase after MC degranulation play pivotal part in tumor
angiogenesis[38,39].
The increased activation of the c-KitR pathway leads
to MC activation, which induces pro-angiogenic cytokines
(such as VEGF, PDGF, FGF-2) and tryptase degranulation[38,39]. MC c-KitR activation induces cross-talk between
MCs and the tumor cell microenvironment (endothelial
and other cells), leading consequentially to the strengthening of pro-angiogenic signaling[6].
Tryptase is also an agonist of proteinase-activated
receptor-2 (PAR-2)[40], which is expressed in epithelial and
endothelial cells with proteolytic activities. It belongs to
the unique superfamily of G-protein-coupled receptors
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Figure 1 Close relationship between mast cells and angiogenesis-mediated tumor progression. FGF-2: Fibroblast growth factor-2; VEGF: Vascular endothelial
growth factor; PDGF-β: Platelet-derived growth factor-β; EGF: Epidermal growth factor; IL: Interleukin; GM-CSF: Granulocyte/macrophage colony stimulating factor;
TNF-α: Tumor necrosis factor-α; ECM: Extracellular matrix; MMP: Matrix metalloproteinase.

and is activated by tryptase. Tryptase activation leads to
cell proliferation and the release of IL-6 and granulocytemacrophage colony-stimulating factor, which act as proangiogenic molecules[41]. Moreover, tryptase degrades
extracellular matrix components[42], activating in its stored
matrix metalloproteinases[43] and plasminogen activators
that together help the invasion and metastasis of tumor
cells[44] (Figure 1). In vitro studies on matrigel and in vivo
studies on the chick embryo chorioallantoic membrane
displayed the capillary growth induced by tryptase and,
conversely, suppressed by tryptase inhibitors[45,46].
Apart from the above biological background, the role
of MCs in tumor development has emerged from observation of a strong correlation between an increase of
MCD and an increase of microvascular density (MVD)
in many human and animal malignancies such as oral
squamous carcinoma[13,47], breast cancer[11,12,16], gastrointestinal cancer[26,48-50], hepatocarcinoma[51], pancreatic
adenocarcinoma[52], renal cell carcinoma[53], non-small
cell lung cancer[54,55], melanoma[56], endometrial carcinoma[27,57], non-Hodgkin’s lymphomas[58], and multiple
myeloma[59]. With particular reference to hematological
disorders, some evidence suggest that high MCD infiltration is directly correlated with tumor progression and
worse disease outcome[60-62].
Conversely, a few studies have shown that high MCD
is linked to good prognosis[63,64].
To further emphasize that MC activation plays a pivotal role in tumor progression, it was shown in breast
cancer that degranulated MCs (MCs-Try) are mainly present in peri-tumoral tissue (to strengthen the hypothesis
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that they are tumor-reactive), unlike those rich in granules
MCs (MCs-TB) which are especially present in tumor
infiltration and contribute to stromal remodeling and differentiation of myofibroblasts (through tryptase released
in stromal microenvironment)[11].
The close relationship between MCD, angiogenesis
and tumor progression could suggest a role for MCs and
the pro-angiogenic factors released from them as novel
therapeutic targets in cancer. In particular, it is possible to
block MC activation/degranulation by means of c-KitR
tyrosine kinase inhibitors (TKI) such as imatinib and masitinib, and also to block the tryptase released from MCs
by means of tryptase inhibitors (gabexate and nafamostat
mesylate)[12,65-67].

PRINCIPAL METHODS FOR
IDENTIFICATION OF TISSUE MAST
CELLS
MCs can be classically or conventionally identified by
means of histochemical methods. Among these, Toluidine blue histochemistry (Undritz Stain) metachromatically stains MC granules, making them appear red or
blue-red due to the presence of sulphated proteoglycans
(heparin)[68]. With the above histochemistry, MCs appear
as rather large oval or elongated cells (diameter of 20-30
μm) containing numerous basophilic granules in their cytoplasm that can hide the nucleus[12,69].
By immunohistochemistry MCs can be stained with
antibodies towards c-KitR (e.g., human-specific mono-
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Table 1 Principal studies correlating mast cell density with survival/stage in colorectal cancer patients
Ref.
Xia et al[83]
Xia et al[84]
Nielsen et al[85]
Tan et al[86]
Fisher et al[88]
Yodavudh et al[89]
Elezoğlu et al[87]
Acikalin et al[49]
Gulubova et al[50]

Disease stage/main
stages

Neoadjuvant
therapy

Patients
(n )/site

All TNM stages
(mainly Ⅱ-Ⅲ)
Stage ⅢB

No

All Dukes’ stage
(mainly B-C)
All TNM stages

No

155
CC
93
CC
584
CRC
60
CRC
331
RC
130
CRC
204
CRC
60
CRC
106
CRC

All Dukes’ stage
(mainly B-C)
All TNM stages
(mainly Ⅱ-Ⅲ)
All TNM stages
(mainly Ⅱ-Ⅲ)
All TNM stages
(mainly Ⅱ-Ⅲ)
All TNM stages
(mainly Ⅱ)

No

NR
No
No
NR
No
No

Methods of MCs identification

Correlation with
overall survival/stage

Immunohistochemistry
No with OS
primary anti-tryptase and anti-chymase abs
Immunohistochemistry
No with OS
primary anti-tryptase ab
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase ab
high OS
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase and anti-chymase abs
high OS
Giemsa method
Yes, high MCD with
low OS
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase ab
low OS
Toluidine blue histochemistry
Yes, high MCD with
high OS
Giemsa method
Yes, high MCD with
low OS
Immunohistochemistry
Yes, high MCD with
primary anti-tryptase ab; toluidine blue
low OS
histochemistry

P value
NS
NS
0.02
< 0.01
NE
< 0.0001
0.035
0.0013
0.038

CC: Colon cancer; OS: Overall survival; NS: Not significant; CRC: Colorectal cancer; MCD: Mast cell density; NR: Not reported; MCs: Minimal consistent set.

pared to in that of IL-10-deficient mice without MCs.
Thus, this result emphasizes the protective role of MCs
within the colonic microenvironment by enhancing the
efficacy of the mucosal barrier. In reality, these data suggest that MCs can play a dual and opposite function, and
this is probably due to the presence in the intestinal tract
of different types of MCs, each with a specific role, with
specific granules, and expressing various receptors[74].
It is noted that patients affected by IBD have an increased cumulative incidence of CRC than the general
population and that this incidence increases with the duration of the bowel disease[78]. In particular, it was found
that high MCD in intestinal adenomatous polyps[75,79-81]
could drive a cascade of events to boost the progressive
growth of adenomatous polyps, the immediate precursors of CRC[75].
In this regard, Taweevisit, considering 192 CRC patients, displayed a direct correlation between MCD, tumor development and grading[82].
With the aim to find a correlation between MCD and
stage/prognosis in CRC patients, many studies (summarized in Table 1) have been conducted with mixed results.
One Author showed no correlation between MCD and
prognosis[83,84]. Other Authors have shown a direct and
significant correlation between high MCD and improved
prognosis[85-87]. The majority of studies however have
shown that high MCD is related to tumor aggressiveness[48-50] and reduced survival[88-90].
Xia et al[83] studied MCD in 39 patients with colon adenoma and in 155 colon cancer (CC) patients of all TNM
stages, evaluating a relationship between MCD (positive
to both tryptase and chymase) and tumor progression.
Interestingly, a significant increase of MCD localized in
adjacent normal colon mucosa in CC patients was noted
compared to those with colon adenomas (P < 0.05)[83].
Moreover, MCD located in adjacent normal colon mu-

clonal antibodies anti-CD117), towards the content of
their granules, i.e., tryptase or chymase[68]. With a primary
anti-c-KitR antibody, a membrane, cytoplasmic or mixed
staining is observed[68]. With primary anti-chymase and
anti-tryptase antibodies a diffuse cytoplasmic staining is
observed[68].
Under the electron microscope MCs present a small,
round nucleus, few mitochondria, some meandering tanks
of rough endoplasmic reticulum and a small Golgi complex. The numerous specific granules (some hundreds)
measure 0.3-0.8 μm in diameter and appear bordered by
a membrane showing a variable fine granular or lamellar
structure[70,71].
Following their activation, MCs degranulate and
exocytose the content into the surroundings. Piecemeal
degranulation is typified by variable losses of the granule
content[71-73].

MAST CELL DENSITY INVOLVEMENT
IN COLORECTAL CANCER AND ITS
POSSIBLE ROLE AS PROGNOSTIC
FACTOR
Normally, MCs are present in the mucosa and submucosa
of the gastrointestinal tract in humans and mice[74].
In a preclinical study in mice, MCs played a crucial
role in epithelial tumorigenesis, appearing in early dysplastic tissue and expanding in polyps[75]. However, when
analysing the potential role of MCs in tumor development in several mice studies, Heijmans et al[76] were unable
to draw certain conclusions due to a lack of a suitable animal model to study CRC. In fact, in IL-10-deficient mice
with MCs Chichlowski et al[77] showed a reduced risk of
development of inflammatory bowel disease (IBD) com-
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same way, hypovascular tumor tissue was related to highly
significantly longer survival than hypervascular tumor tissue (P < 0.0001)[50].
In a recent series of 41 gastrointestinal cancer patients (of whom 22 had CRC of TNM stage ⅢC), Ammendola et al[30] showed a significant correlation between
MCD positive to tryptase and the number of metastatic
lymph nodes harvested (P = 0.01), and between MCD in
primary tumor tissue and in metastatic lymph node tissue
(P = 0.02). These data suggest that MCD in primary tumor tissue could be a useful prognostic marker[30,49], surrogating the number of postoperative metastatic lymph
nodes after surgical treatment in gastrointestinal cancer
patients[91-94].
Even more recently, Malfettone et al[90] showed in 115
CRC patients of all TNM stages that high MCD positive
to tryptase correlates with the advanced stages of CRC
(P = 0.025). In particular, the expression of PAR-2 (especially at the sites most infiltrated by MCs) is related to
MCD expression[90]. Due to the pro-angiogenic activity
of tryptase, which stimulates PAR-2 on endothelial cells,
it is possible to suggest an involvement of tryptase in
CRC angiogenesis[90].

cosa in CC patients was significantly related to pathologic
classification (i.e., papillary plus tubular or other), depth
of penetration (i.e., high T according to TNM), distant
metastases (i.e., M1 according to TNM), and hepatic metastases (P = 0.029, P = 0.054, P = 0.008, P = 0.027)[83].
Instead, there is no correlation between MCD located in
the invasive margin or in adjacent normal colon mucosa
and survival (P = 0.092 and P = 0.003)[83]. Similarly, in 93
CC patients only in stage ⅢB (according to TNM staging), the same Author observed a higher MCD positive to
tryptase in non-metastatic regional-draining lymph nodes
than in metastatic lymph nodes (P = 0.000)[84].
In 1999, Nielsen et al[85] analysis in a large cohort of
CRC patients (n = 584) of all Dukes’ stages displayed
a significant correlation between high MCD positive to
tryptase and good prognosis (P = 0.02); 50% of all patients with high MCD positive to tryptase were still alive
at 3 years.
Subsequently, Tan et al[86] observed that high MCD
(positive to tryptase and chymase) is also related to a
significantly higher 5-year survival rate (SR). In their
study on 60 CRC patients of all TNM stages, a 59% SR
was recorded for patients with high MCD compared to
33.3% in those with low MCD (P < 0.01). Curiously, low
MCD was significantly related to deeper depth of invasion, but also to low rates of lymph node and distant
metastases[86].
Recently, Elezoğlu and Tolunay[87] displayed a significant correlation between MCD positive to tryptase,
MVD, and survival in 204 CRC patients of all TNM
stages. In the MC group, for values < 10, the five-year
SR was 48%, whereas for values > 10 it rose to 58% (P =
0.035). In the MVD arm for values < 10, the five-year SR
was 46%, while for values ≥ 10 it was 58% (P = 0.042)[87].
In 1989 Fisher et al[88] was one of the first researchers
to identify high MCD as an unfavorable prognostic factor
independent from disease stage or lymph nodal status in
331 rectal cancer patients of all Dukes’ stages.
In 60 patients with CRC of all TNM stages Acikalin
et al[49] showed that MCD (evaluated by means of the Giemsa stain) was higher in patients with disease recurrence
compared to those patients who had been disease free
for at least 24 mo (P < 0.001), and that it was correlated
to short disease-free survival (P = 0.0013), vascular invasion (P = 0.06), depth of penetration (P = 0.05), lymph
nodes metastases (P = 0.05), liver metastases (P = 0.05)
and high TNM stage (P = 0.05).
Yodavudh et al[89] confirmed Elezoğlu and Tolunay[87]’
s report of a strong correlation between MCD positive
to tryptase, MVD, and survival in 130 CRC patients of all
TNM stages. Contrarily however, they showed that low
MVD (hypovascular tumor tissue) and low MCD are related to significantly longer survival rates (P < 0.0001).
Gulubova and Vlaykova[50] also confirmed a significant
correlation between MCD positive to tryptase, MVD,
and survival in 106 CRC patients of all TNM stages. Patients with low MCD had a significantly better prognosis
compared to those with high MCD (P = 0.038)[50]. In the
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MAST CELLS, c-KIT RECEPTOR
AND PRO-ANGIOGENIC FACTORS
FROM MAST CELLS RELEASED AS
POSSIBLE THERAPEUTIC TARGETS IN
COLORECTAL CANCER
Ducroc et al[95] demonstrated a pivotal role of MC tryptase in inducing PAR-2 activation in several human CC
cell lines (T84, Caco-2, HT-29, Cl.19A), promoting their
proliferation.
Yoshii et al[96] investigated the distribution of MCD
(positive to tryptase) in 30 human CC, showing the prevalence of MCD in the invasive front rather than in either
the central tumor part or the normal tissue. In addition,
the Authors showed a higher density of PAR-2 in the tumor tissue compared to the normal tissue[96].
Interestingly, two Authors explored the tryptase/PAR-2
axis in one human colon carcinoma cell line (DLD-1)[96,97].
Specifically, the proliferation signal induced by tryptase
on DLD-1 cells is mediated by PAR-2, that in turn leads
to the increase of calcium[98] and transient phosphorylation of mitogen-activated protein kinase/extracellular
signal-related kinase (MEKK) and the mitogen-activated
protein kinase (MAPK) pathway[96]. In addition, the increase of calcium PAR-2/Phospholipase C-mediated led
to the activation of CycloOXygenase-2 (COX-2) and
prostaglandin E2 (PGE2) synthesis, suggesting that the
MEKK and MAPK pathway activation and PGE2 synthesis were together essential for DLD-1 proliferation[96]
(Figure 2).
Sodium-hydrogen antiporter 3 regulator 1 (NHERF-1)
is a cytoplasmic adaptor protein present in various cel-
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Figure 2 In both intestinal and endothelial cells, the tryptase/proteinase-activated receptor-2 and vascular endothelial growth factor/vascular endothelial
growth factor receptor axes, induced by mast cells, lead to tumor angiogenesis and intestinal cell growth. Note that targeting mast cells with molecular agents
(c-KitR tyrosine kinase and tryptase inhibitors) could prevent angiogenesis-mediated colorectal cancer progression. c-KitR: c-Kit receptor; PAR-2: Proteinase-activated
receptor-2; VEGFR: Vascular endothelial growth factor receptor; SCF: Stem cell factor: VEGF: Vascular endothelial growth factor; NHERF-1: Na+/H+ exchanger regulatory factor-1; MEKK-1: Mitogen-activated protein kinase/extracellular signal-related kinase-1; MEKK-4: Mitogen-activated protein kinase/ extracellular signal-related
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Rho: Rhodopsin transcription termination factor; SOS: Son of sevenless protein; Grb2: Growth factor receptor-bound protein 2; Shc: Shc transforming protein kinase;
Ras: Ras protein kinase; Raf: Raf protein kinase; Mitogen-activated protein kinase/extracellular signal-related kinase-1/2; Erk: Elk-related tyrosine kinase; DAG:
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Protein kinase-A.

lular types (including intestinal cells). NHERF-1 regulates
several transmembrane receptors, transporters and other
proteins localized near the plasma membrane, and via the
Ezrin/protein kinase-A- mediated network seems to lead
to CRC progression[99,100].
Interestingly, Malfettone et al[90], having confirmed the
close interplay between MCD and PAR-2 in tumour progression and invasiveness, showed that the PAR-2(+)/cytoplasmic NHERF-1(+) expression immunophenotype
is an unfavourable prognostic factor in CRC patients,
as it is associated with the presence of lymph nodal and
distant metastasis, poor differentiation grade and lymphovascular invasion. If further studies conducted in
stage Ⅱ CRC patients should confirm the role of the
PAR-2(+)/cytoplasmic NHERF-1(+) expression immunophenotype as a negative prognostic biomarker, it will
become a prerequisite to the treatment of patients with
adjuvant chemotherapy.
Finally, if future studies demonstrate that high MCD
positive to tryptase is an independent unfavourable
prognostic factor[30,49,50,88,89] related to a significant and in-
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creased risk of tumor progression, this parameter could
be considered in the decision to give chemotherapy associated with tryptase inhibitors (gabexate and nafamostat
mesylate).
Clearly, before being able to use MC targeted agents,
a more in-depth knowledge of MC-mediated angiogenic
mechanisms and the complex hierarchical relationships
between the various angiogenesis signaling pathways will
be necessary[101-104].
In this regard, tryptase may induce angiogenesis
mainly by the increase of VEGF expression mediated
via PAR-2, which is expressed also on endothelial cells
as well as intestinal cells[12,27,45,54]. Moreover, VEGF and
its receptors are widely expressed in intestinal carcinoma
cells, and VEGF stimulates VEGFR-2-positive tumor,
mast and endothelial cells directly, leading to tumor
growth and angiogenesis by paracrine and autocrine
stimulation signals[26,105,106].
Considering the central role of MCs in the activation
of gastrointestinal and endothelial cells which contribute
to tumor angiogenesis and progression, c-KitR could
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also be a potential therapeutic target for inhibiting their
pro-angiogenic cytokine degranulation (VEGF, PDGF,
FGF, tryptase) and activation[6,38,67,107]. In fact, MC c-KitR
activation potentiates the cross-talk between MCs and endothelial cells (Figure 2), leading to the strengthening of
pro-angiogenic signaling. Therefore, MCs could represent
a possible therapeutic target through tryptase inhibitors
(gabexate and nafamostat mesylate) and c-KitR inhibitors
(imatinib, masitinib) to arrest angiogenesis-mediated tumor growth in gastrointestinal cancer[108-110].

6

CONCLUSION

10

7
8
9

Although the role of MCs was well defined in hypersensitivity reactions, the discovery of their regulatory function
in innate and adaptive immunity has allowed us to understand their complex interplay between inflammatory and
tumor cells. In fact, much evidence obtained from in vitro
and in vivo studies has demonstrated that common MCs
phenotypes, if adequately stimulated by various factors
(histamine, heparin, tryptase, chymase, VEGF, FGF-2,
PDGF-β, EGF), are able to interfere with tumor cells
and the tumor microenvironment inducing tumor angiogenesis and progression[10,12].
Although the majority of studies have reported that
several malignancies are associated with an increase of
MC infiltration, controversial data about the relationship between MCD and prognosis in CRC have been
reported. Considering these studies, conflicting conclusions[48-50], may in part depend on considerable bias
related to CRC disease (radical surgical treatment with
relative lymph node collection, type of resection, histology or stage tumor, colon plus rectal cancer, small sample
size)[83,85,86,88], and different methods of MC evaluation
(histochemistry with Toluidine blue, Giemsa stain, primary antibody anti-tryptase or anti-chymase for immunohistochemistry, standardization of MC counts with reference to magnification, MC location, microscopic field of
evaluation)[76,84,87,90]. Despite these biases, the majority of
the published studies suggest that high MCD in tumors
may play a role as an unfavourable prognostic marker.
Should this prognostic marker be validated in expected
future studies it would be intriguing to conduct clinical
trials employing chemotherapy plus tryptase inhibitors or
TK inhibitors MC c-KitR.
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Core tip: This is a review of the current literature on
second-line options in advanced colorectal cancer. This
review was performed to analyse the different possible
choices in this setting and the best strategies to treat
patients with all available active drugs.

Abstract
Second-line therapy for advanced colorectal cancer is
an integral part of the treatment strategy that needs to
be set from the beginning for each patient, bearing in
mind the expected toxicities of chosen treatments, the
patient's clinical condition, comorbidities, preferences,
the aims of the treatment and the molecular status.
Furthermore, the distinction between lines of therapy is
no longer absolute. The perspective of “continuum of
care” includes switching chemotherapy prior to disease
progression, maintenance therapy, drug "holidays" if
needed, surgical resection of metastases in selected patients, and seems to allow a tailored treatment, in which
patients are more likely to benefit from exposure to all
active agents, which is known to correlate with overall survival. The scenario of second-line treatment has
changed dramatically over the years and could currently
benefit from several options including chemotherapy
with a single agent or in combination and the addition
of molecular-targeted agents developed in the last decade, such as epidermal growth factor receptor antibodies (cetuximab, panitumumab) and vascular endothelial
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INTRODUCTION
Second-line therapy is an integral part of the treatment
strategy for advanced colorectal cancer (aCRC). The
availability of all active agents has been beneficial in patients with this disease, with an overall survival (OS) rate
directly correlated to the number of agents the patients
are exposed to[1]. Recently, the introduction of agents
targeting the angiogenic and epidermal growth factor
receptor (EGFR) pathways, including bevacizumab,
aflibercept, regorafenib, cetuximab and panitumumab,
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have expanded treatment options, particularly for pretreated diseases and upfront treatment[2-8]. The correct
course of treatment, from the first-line to later lines of
treatment, has yet to be validated, but the prudent application of all active drugs in the treatment strategy
should be designed for each patient with advanced CRC.
The strategy should be modified according to the site of
disease, endpoint of cure, age, performance status and
comorbidities.
Treatment options in pretreated patients depend on
different parameters. First, the choice of second-line
therapy is linked to the first-line agents the patients have
been exposed to. If irinotecan was the agent of choice
(e.g. FOLEIRI alone or in combination), oxaliplatin +
5-fluorouracil (e.g. FOLFOX) will be the cornerstone of
treatment for the second-line.
Toxicity parameters, patient condition and preferences are alternative modes of choosing treatments. In the
presence of disseminated disease, in poor performance
status patients, and where palliation of symptoms and
prolongation of progression-free survival (PFS) are the
main endpoints, a sequence of single agents is a concrete
alternative to second-line poly-chemotherapy. Two trials
addressed this issue: the FOCUS and CAIRO trials. In
both trials, the OS was similar in both study groups (upfront and second-line combinations vs single agents in
both the first- and second-lines). However, in both studies, the median OS in the single agent groups was lower
than expected (13.9 and 16.3 mo, respectively) with the
modern agents now available. Conversely, a more intensive schedule, including biologic agents, has shown
a benefit when adopted in combination with standard
doublets. For example, the addition of panitumumab
and aflibercept to FOLFIRI improved the outcomes in
the oxaliplatin-pretreated population[3,7]. In second- or
further lines of treatment, the influence of subsequent
therapies is less pronounced; therefore, an OS benefit is
more likely to be demonstrated. This is the reason why
first-line agents confer little or nonsignificant gains in
median OS. In this trial, the post-progression survival,
that is the survival after first progression until death, has
an enormous influence on the OS with first-line treatment[9]. This confirms that second-lines and beyond have
increasing relevance on the overall treatment strategy.
With the current state-of-the-art CRC treatments, the
advent of new agents, and the different treatment options that are now available, we have performed a review
of the current literature to discuss the different options
for patients with metastatic CRC who have failed firstline treatment.

5-fluorouracil (5-FU) was the only active agent. Furthermore, the model of distinct lines of chemotherapy, in
which regimens containing non cross-resistant drugs are
used in progressive disease, is debated. A continuum of
care approach has been proposed, and seems to allow a
more tailored treatment. This approach includes switching chemotherapy prior to disease progression, maintenance therapy, drug holidays, and surgical resection of
metastases in selected patients. With this approach, the
distinction between lines of therapy is no longer absolute. This model emphasizes the importance of an individualized treatment strategy in aCRC, in which patients
are given the opportunity to benefit from exposure to all
active agents that correlate with OS[10].
Regardless of age, patients with a poor performance
status (PS) (e.g. Eastern Cooperative Oncology Group
PS ≥ 2 or Karnofsky PS < 60) usually tolerate chemotherapy poorly and have a poor short-term prognosis.
Some patients, especially those whose PS decline is
not cancer related, will be treated with monotherapy, often with LV-modulated 5-FU or capecitabine.
As a single agent, irinotecan has shown clinical benefits after 5-FU failure in patients with aCRC. In a randomized trial, 279 patients with 5-FU-refractory disease
were randomly assigned, with a 2:1 ratio, to irinotecan
with best supportive care (BSC) (189 patients) or to BSC
alone (90 patients)[11]. The OS rate was significantly better in the irinotecan group (p = 0.0001), with a 1-year
survival of 36.2% vs 13.8% in the BSC group. The
quality-of-life analysis (except the diarrhoea score) also
favoured irinotecan.
Conversely, oxaliplatin alone in the second-line setting has shown a low level of activity. In a randomized
phase Ⅲ trial, 423 patients with metastatic colorectal
cancer who progressed after IFL (irinotecan, fluorouracil, and leucovorin) therapy were randomly assigned
to bolus and infusional FU and leucovorin (LV5FU2),
single-agent oxaliplatin, or the combination (FOLFOX4).
FOLFOX4 proved to be superior to LV5FU2 in all measures of clinical efficacy (objective response rate, time to
tumour progression, and alleviation of tumour-related
symptoms); however, single-agent oxaliplatin was not
superior to LV5FU2 in any measure of efficacy, with an
objective response rate of 0%[12].
The sequential use of active single agents, rather than
combination regimens, has been proposed to reduce the
overall toxicity of therapy, maintaining the same outcome in terms of survival.
The European FOCUS and CAIRO trials addressed
the issue of initial combination vs single agent therapy.
In the FOCUS trial, 2135 non-pretreated patients
were randomly assigned to three treatment strategies in
the ratio of 1:1:1. Strategy A was single-agent fluorouracil until failure, then single-agent irinotecan. Strategy B
was fluorouracil until failure, then combination chemotherapy (FOLFOX or FOLFIRI). Strategy C was upfront combination therapy. The OS (primary endpoint)
of the patients allocated to Strategy A was 13.9 mo. The

SECOND-LINE TREATMENT: CHOICE OF
CHEMOTHERAPY
The treatment strategy in advanced colorectal cancer has
changed over the years, due (especially) to the availability
of several new drugs which are able to double the average median survival rate, compared to the era in which

WJG|www.wjgnet.com

8922

July 21, 2014|Volume 20|Issue 27|

Andrea C et al . Second-line options in advanced CRC

median survival for each of the other groups was longer
(15 mo for Strategy B, 16.4 mo for Strategy C). Only the
comparison of initial FOLFIRI vs sequential single agent
therapy was statistically significant (median survival: 16.7
vs 13.9 mo). This trial showed that sequential single agent
therapy did not compromise overall survival, and initial
single-agent treatment upgraded to combination when
required was not worse than the first-line combination,
and could be an option to consider.
The trial allowed the use of FOLFOX or FOLFIRI
as the third-line treatment, but only 23% of all patients
received all three active agents, with a higher rate for patients allocated to Strategy C than for Strategy A (33% vs
16%)[13].
In the CAIRO trial, 820 patients with aCRC were
randomized to receive either first-line treatment with
capecitabine, second-line irinotecan, or third-line capecitabine plus oxaliplatin (sequential treatment; n = 410), or firstline treatment with capecitabine plus irinotecan and
second-line treatment with capecitabine plus oxaliplatin
(combination treatment; n = 410). The median OS (primary endpoint) was similar for the sequential vs initial
combination therapy (16.3 vs 17.4 mo) and PFS was superior with combination therapy. The XELIRI regimen
was affected by a higher rate of grade 3-4 diarrhoea, and
almost half of the patients starting with this combination did not receive second-line chemotherapy[14].
As in the FOCUS trial, in the CAIRO study the
proportion of patients treated with a sequential strategy
who eventually received all three drugs (19% in FOCUS
and 36% in CAIRO) was lower when compared with
patients treated with a combination regimen (33% in
FOCUS and 55% in CAIRO). These data support the
hypothesis that patients receiving first-line combination
therapy are more likely to receive all three active agents
during the course of their disease than those who initiate
treatment with a single agent[15].
Thus, in fit patients, a reasonable first-line with a
combination doublet (FOLFOX, XELOX, or FOLFIRI), and the choice of chemotherapy regimen, will be
driven by the expected toxicity profile and by the patient’
s preference. The second-line treatment should be linked
with the first-line choice, and FOLFIRI (or irinotecan
alone) will follow a first-line with an oxaliplatin-based
regimen. Conversely, it seems logical to use FOLFOX in
the second-line treatment if the irinotecan-based regimen has been previously chosen.

were randomly assigned to cetuximab plus irinotecan,
or irinotecan alone. The median OS (primary endpoint)
was similar between the two arms of the study: 10.7 mo
(95%CI: 9.6-11.3) with cetuximab/irinotecan and 10.0
mo (95%CI: 9.1-11.3) with irinotecan alone (HR = 0.975;
95%CI: 0.854-1.114; P = 0.71).
However, cetuximab combined with irinotecan significantly improved the PFS (median, 4.0 vs 2.6 mo; HR =
0.692; 95%CI: 0.617-0.776; P ≤ 0.0001) and RR (16.4%
vs 4.2%; P < 0.0001), and was associated with better
scores in the QOL analysis of global health status (P =
0.047). The lack of difference in terms of survival could
be explained by the fact that almost 47% of the patients
assigned to irinotecan eventually received cetuximab.
The addition of cetuximab to irinotecan did not result
in meaningful increases in toxicity, with the exception of
acneiform rash, diarrhoea, and electrolyte imbalances[16].
The KRAS mutation status was retrospectively obtained in only 23% of the randomized patients. In the
small subset of patients with wild-type KRAS tumours
(15% of the whole population), the PFS was longer
when cetuximab was added to irinotecan, but the RR
and OS were similar[17].
The activity of cetuximab + chemotherapy has been
reported in a pooled analysis by Barni et al[18], which
included 1712 KRAS wild-type patients. The overall
response rate was 31.9%, with similar response rates of
28.7% for the second-line treatment and 31.1% for the
third- or further lines. The overall weighted median OS
and PFS were 12.5 and 6 mo, with a weighted OS of
11.56 and 12.2 mo for the second- and further line CRC
settings, respectively.
Panitumumab is a fully human monoclonal antibody
directed against the EGFR gene. As a single agent, it has
been shown to prolong PFS in patients who had progressed after standard chemotherapy (5-FU, irinotecan
and oxaliplatin)[2].
In the second-line setting, the efficacy of the combination panitumumab-FOLFIRI was evaluated in a phase
Ⅲ trial, in which 1186 patients were randomly assigned
to receive panitumumab plus FOLFIRI, vs FOLFIRI
alone. The patient subgroups on the basis of KRAS
status were considered. In the wild-type KRAS subpopulation, the combination FOLFIRI-panitumumab
resulted in a significant improvement in PFS (5.9 mo for
panitumumab-FOLFIRI vs 3.9 mo for FOLFIRI, HR
= 0.73; 95%CI: 0.59-0.90; P = 0.004). A non-significant
trend toward increased OS was observed, and the median OS was 14.5 mo vs 12.5 mo, respectively (HR = 0.85,
95%CI: 0.70-1.04; P = 0.12). One acceptable hypothesis
to explain the discrepancy between the PFS and OS is
crossover in the chemotherapy alone study groups. The
response rate was improved from 10% to 35% with
the addition of panitumumab. In patients with mutated
KRAS, there was no difference in efficacy. In terms of
safety, there were differences in the incidence of skin
toxicity and hypomagnesaemia between the panitumumab and the control arms of the study (37% vs 2% and

Anti-EGFR in the second-line setting
Cetuximab is a mouse/human chimeric monoclonal
antibody, which binds the EGFR, competitively inhibiting ligand binding, and inducing receptor dimerization
and internalization. In combination with irinotecan, after first-line fluoropyrimidine and oxaliplatin treatment
failure, it was shown to improve the PFS and response
rates in the multicentre, open-label, phase Ⅲ EPIC trial.
In this study, 1298 patients, previously treated during
first-line therapy with a fluoropyrimidine and oxaliplatin,
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3% vs < 1%, respectively), and a 4% increase in grade
3 to 4 events such as diarrhoea, due to the overlapping
toxicities between the EGFR inhibitor and irinotecan
regimen[3].
The phase Ⅲ PICCOLO trial investigated the potential benefits of adding panitumumab to irinotecan in
patients with aCRC, progressing after fluoropyrimidine
treatment with or without oxaliplatin. Four hundred and
sixty patients, including KRAS wild-type and those who
had not been treated previously with EGFR targeting
agents, were randomized to irinotecan alone or irinotecan-panitumumab (IrPan group). There was no difference in OS between the groups (HR = 1.01; 95%CI:
0.83-1.23; P = 0.91), but the patients in the IrPan group
had longer PFS rates (HR = 0.78; 95%CI: 0.64-0.95; P
= 0.015) and a greater response rate (34% vs 12%; p <
0.0001) than patients in the irinotecan group[19].
In KRAS wild-type patients who had not previously
been exposed to a first-line treatment with a combination containing an anti-EGFR, or who had been treated
with chemotherapy plus bevacizumab, an option is to
add an anti-EGFR to chemotherapy (with panitumumab,
in second-line, which is only approved in combination
with FOLFIRI).

KRAS mutation could, therefore, benefit from bevacizumab in second-line therapy.
For patients treated with a first-line bevacizumabcontaining chemotherapy regimen, the continuation
of bevacizumab beyond the first progression with a
second-line fluoropyrimidine-based chemotherapy can
be considered, particularly for those with a KRAS mutation, who would not benefit from the use of an EGFRtargeted therapy.
The Bevacizumab Regimens' Investigation of Treatment Effects (BRiTE) study was a large, observational,
bevacizumab treatment study in which baseline characteristics, bevacizumab-related adverse events, and effectiveness data were collected from 1953 metastatic colorectal
cancer (mCRC) patients who were receiving first-line
treatment including bevacizumab. One-thousand fourhundred and forty-five of the 1953 patients with mCRC
who were enrolled in the BRiTE study, and who experienced disease progression, were classified into three
groups: no post-progression treatment (n = 253), postprogression treatment without bevacizumab (n = 531),
and post-progression treatment with bevacizumab (n =
642). The median OS was 25.1 mo (95%CI: 23.4-27.5
mo), and median PFS was 10.0 mo in the overall BRiTE
population. In multivariate analyses, the use of bevacizumab beyond progression, compared with a second-line
treatment not containing bevacizumab, was strongly and
independently associated with improved survival (HR =
0.48; P < .001) with a median OS of 31.8 mo. Hypertension that required medication was the only bevacizumabrelated side effect that occurred more frequently in the
group of patients treated with a bevacizumab-containing
regimen beyond progression (24.6% vs 19.2%)[21].
Other data supporting the use of bevacizumab beyond progression came from the ARIES study, a community-based observational cohort study that evaluated
the effectiveness and safety of first-line treatment patterns. An analysis of 1074 patients, who progressed after
first-line bevacizumab-containing treatments, evaluated
390 patients who were treated in second-line with an
irinotecan-based regimen ± bevacizumab, and 114 patients treated with an oxaliplatin-based therapy, (always
as second-line) ± bevacizumab. In patients receiving
second-line irinotecan or oxaliplatin-based chemotherapy, the post-progression survival in the bevacizumabtreated patients was longer when compared to those not
on bevacizumab (HR = 0.52, 0.40-0.67, for irinotecanbased + bevacizumab; HR = 0.5, 0.23-1.14, for oxaliplatin-based + bevacizumab)[22].
In a more recent, open-label phase 3 study, 409 patients affected by mCRC, progressing up to 3 mo after
discontinuing first-line bevacizumab plus chemotherapy,
were randomly assigned in a 1:1 ratio to second-line
chemotherapy with or without bevacizumab at 2.5
mg/kg per week. The median OS was 11.2 mo (95%CI:
10.4-12.2) for bevacizumab plus chemotherapy and
9.8 mo (8.9-10.7) for chemotherapy alone (HR = 0.81;
95%CI: 0.69-0.94; unstratified log-rank test, P = 0.0062),

Anti-VEGF in the second-line setting
The efficacy of bevacizumab, in combination with the
FOLFOX4 regimen in previously treated aCRC patients,
was proven in a randomized phase Ⅲ trial in which 829
patients pretreated with fluoropyrimidine and irinotecan
were randomly assigned to receive oxaliplatin, fluorouracil, and leucovorin (FOLFOX4) with or without bevacizumab, or bevacizumab alone.
The median OS (primary endpoint) for the group
treated with FOLFOX4 and bevacizumab was 12.9
mo, compared with 10.8 mo for the group treated with
FOLFOX4 alone (HR for death = 0.75; P < 0.0011),
and 10.2 mo for those treated with bevacizumab alone.
Furthermore, the combination of bevacizumab and
FOLFOX4 resulted in a statistically significant improvement in PFS, when compared with those treated with
chemotherapy alone (7.3 vs 4.7 mo; HR for progression
= 0.61, P < 0.0001). FOLFOX4 plus bevacizumab was
associated with a higher incidence of hypertension,
bleeding, vomiting and neuropathy when compared with
the doublet alone[8].
There are no randomized trials comparing irinotecanbased chemotherapy (FOLFIRI), with or without bevacizumab, as a second-line therapy in patients pretreated
with first-line FOLFOX. A pooled analysis of published
trials (11 publications, 435 patients) showed a pooled
response rate of 26%, with median PFS and OS of 8.3
and 17.2 mo, respectively. This analysis shows that FOLFIRI-bevacizumab is a reasonable and effective option
for aCRC pretreated with oxaliplatin, and not exposed to
bevacizumab in first-line therapy[20].
Patients treated in the first-line with a chemotherapy
regimen including an anti-EGFR, or patients with a
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showing that continuing VEGF inhibition with bevacizumab, plus standard second-line chemotherapy beyond
disease progression, has clinical benefits in patients with
mCRC[23].
Additional data supporting the use of bevacizumab
beyond progression comes from the phase Ⅲ BEBYP
trial by the Gruppo Oncologico Nord Ovest. In this
study (results presented at ASCO 2013), 184 patients
with aCRC treated in the first-line with bevacizumab plus
fluoropyrimidine, FOLFIRI, FOLFOX or FOLFOXIRI
were randomized to receive FOLFOX6 or FOLFIRI in
the second-line, with or without bevacizumab. After a
median follow-up of 22 mo, an improvement in the PFS
for the study arm with bevacizumab was confirmed (5.2
mo vs 6.7 mo; HR = 0.66; 95%CI: 0.49-0.90; unstratified
P = 0.0072). The benefit in terms of PFS was consistent
in all subgroups considered[24].
An alternative option in the second-line for patients
with mCRC, which is resistant to or has progressed following an oxaliplatin-containing regimen, is the combination of aflibercept and FOLFIRI. Aflibercept is a
fusion protein with key domains for human VEGF receptors 1 and 2 with human IgG Fc[25] that blocks all human VEGF-A isoforms, VEGF-B and placental growth
factor[26].
The approval of aflibercept in combination with
FOLFIRI in this setting of patients was based on the
placebo-controlled VELOUR trial, in which 1226 patients with mCRC that had progressed during or within
six mo of receiving oxaliplatin-containing chemotherapy,
with or without bevacizumab, were randomized to FOLFIRI with aflibercept (4 mg/kg Ⅳ) or placebo every two
weeks until progression. Median OS was significantly
longer in patients treated with aflibercept (13.5 vs 12.1
mo) as was the median PFS (6.9 vs 4.7 mo)[7]. The improvement in OS was consistent, regardless of prior
treatments with bevacizumab.

even beyond the first progression following a previous
bevacizumab-containing therapy; additionally, aflibercept is a new option in combination with FOLFIRI. In
KRAS patients, panitumumab can be used in the secondline in combination with FOLFIRI with patients who
have received first-line fluoropyrimidine-based chemotherapy (excluding irinotecan). Cetuximab is indicated in
combination with irinotecan-based chemotherapy, and in
combination with irinotecan alone in those patients who
have failed a previous treatment with an irinotecan-based
regimen. No clear superiority between targeted agents
in the second-line has been shown, as reported by the
SPIRITT trial. This was a randomized phase Ⅱ study,
evaluating panitumumab + FOLFIRI vs bevacizumab +
FOLFIRI in patients with wild-type KRAS mCRC previously treated with a bevacizumab + oxaliplatin-based
chemotherapy in the first-line. In this trial there was no
difference in the OS and PFS between the 2 treatment
arms[27].
With so many options to consider, one cannot definitively state which is the best second-line treatment
choice. The ongoing COMETS study, a GISCAD trial, is
attempting to clarify this point by comparing two different sequences of therapy, irinotecan/cetuximab followed
by FOLFOX-4 vs FOLFOX-4 followed by irinotecan/
cetuximab, in mCRC patients treated with FOLFIRI/bevacizumab as the first-line chemotherapy.
The best strategy is presently unknown. A tailored
sequence of treatments should be planned and proposed
to patients by the beginning of the first-line therapy.
With this in mind, the COMETS trial was designed.
From the discussions between patients and physicians,
bearing in mind the objective of the treatment and patient performance status and preference, the choice of
second-line therapy will be decided, as in other phases
of the disease history.
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Core tip: We focus on methods of the detection of molecular changes in metastatic colorectal cancer cells,
and describe the characteristics for the methods, such
as DNA methylation, mRNA, microRNA, immunomagnetic separation, protein and cancer-associated mutations. Moreover, we review the clinical significance
according to the type of samples, such as blood,
lymph node, bone marrow and peritoneal lavage fluid.
At present, it is difficult to conclude that one specific
molecular marker is superior to others. Comparative
analyses are recommended to assess the prognostic
impact of molecular analyses in the same patient and
determine the biomarkers that provide the most accurate prognostic information.

Abstract

Kamiyama H, Noda H, Konishi F, Rikiyama T. Molecular biomarkers for the detection of metastatic colorectal cancer cells.
World J Gastroenterol 2014; 20(27): 8928-8938 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i27/8928.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i27.8928

Approximately half of all patients with colorectal cancer develop local recurrence or distant metastasis during the course of their illness. Recently, the molecular
detection of metastatic cancer cells in various types
of clinical samples, such as lymph nodes, bone marrow, peripheral blood, and peritoneal lavage fluid, has
been investigated as a potential prognostic marker.
The prognostic value of molecular tumor cell detection was independent of the type of detection method
used. As assays become more sensitive and quantitative, a more thorough assessment of the cancer status
of patients will be based on molecular markers alone.
At present, it is difficult to conclude that one specific
molecular marker is superior to others. Comparative
analyses are recommended to assess the prognostic
impact of molecular analyses in the same patient and
determine the biomarkers that provide the most accurate prognostic information.

INTRODUCTION
Colorectal cancer (CRC) is a common cause of morbidity and mortality[1]. The 5-year survival rate of this disease
is approximately 90% for patients with localized disease
and approximately 66% for patients with regional disease, as determined at diagnosis[2,3]. The incidence of disease recurrence is 25% in the absence of regional node
involvement, suggesting that conventional pathology
may fail to detect occult nodal metastasis[2,4]. Most deaths
from cancer are caused by metastatic disease, and the
prevention of subsequent metastasis is now the focus of
clinical research in this field[5]. The early spread of tumor

© 2014 Baishideng Publishing Group Inc. All rights reserved.

WJG|www.wjgnet.com

8928

July 21, 2014|Volume 20|Issue 27|

Kamiyama H et al . Molecular biomarkers for metastatic CRC cells

protein structure or function can be used as molecular
biomarkers to detect cancers at an early stage, determine
prognosis, and monitor disease progression or therapeutic response[6]. Molecular biomarkers are defined as
markers detected using molecular detection techniques
such as immunohistochemistry or polymerase chain reaction (PCR).
Molecular tests usually begin with the preparation of
a DNA, RNA, or protein extract from a clinical sample.
The ratio of neoplastic cells to normal cells varies considerably from one clinical sample to another. It is difficult to isolate specifically neoplastic cells on the basis
of clinical sample analysis, considering that samples are
often composed primarily of cellular debris and free
substrates (such as DNA, RNA, and protein). Therefore,
clinical samples are frequently a heterogeneous mix of
normal and cancer cells, DNA, RNA, and protein[15].
Two of the most important factors in determining the
efficiency of a molecular marker assay are sensitivity
(i.e., the minimal amount of the substrate that can be
detected) and specificity (i.e., the percentage of assays
that correctly distinguish normal from cancer-containing
samples). The sensitivities and specificities reported in
various studies that used molecular methods to analyze
blood samples are shown in Table 1. In general, there is
a trade-off between sensitivity and specificity[6,15].

Table 1 Sensitivities and specificities of various studies that
took blood samples n (%)
Source

Method

Marker

Sensitivity

Specificity

Serum
MSP
CDKN2A (p16)
14/52 (27)
44/44 (100)
Serum RT-PCR
CEA
51/121 (42)
27/33 (82)
Serum RT-PCR
CK20
22/99 (22) 150/150 (100)
Serum
qPCR
miR-92
80/90 (89)
35/50 (70)
Serum CellSearch
EpCAM
20/74 (27) 228/246 (93)
Serum
CLIA
CEA
188/429 (44) 184/201 (92)

Ref.
[32]
[56]
[38]
[84]
[88]
[112]

MSP: Methylation-specific polymerase chain reaction; qPCR: Quantitative
reverse transcription polymerase chain reaction (RT-PCR); CLIA: Chemiluminescence immunoassay; CEA: Carcinoembryonic antigen; CK20:
Cytokeratin 20; EpCAM: Epithelial cell adhesion molecule.

cells is usually not detected by the imaging technologies
currently available. Metastasis-specific markers are also
urgently required to help in delineating the spread of
disease to neighboring tissues, lymph nodes (LNs), and
distant parts of the body[6].
Molecular biomarkers have also been used to detect
metastatic cancer cells in peripheral blood samples, bone
marrow (BM), LNs, or peritoneal fluid[6,7]. Tumor cells
detected in the peripheral blood are called circulating
tumor cells (CTCs). The precise role of CTCs detected
in patients with metastases remains unknown. Some of
these CTCs may be transiting from the primary tumor to
sites of future metastasis, indicating that metastasis is in
progress. Alternatively, the detected CTCs may primarily
be innocent bystanders that simply reflect a high metastatic burden or aggressive disease. The latter theory
would explain the fact that the detection of CTCs is associated with poor outcome in patients with metastatic
CRC[8]. Tumor cells located in the BM are termed disseminated tumor cells (DTCs). Evidence indicates that
the BM is the common organ to which tumor cells from
many types of carcinomas migrate. It can be speculated
that the BM also forms an important reservoir of tumor
cells, from which these cells may recirculate into other
distant organs where better growth conditions may exist (such as the liver or lungs)[9,10]. The pivotal roles of
biomarkers of LNs may help in identifying patients with
node-negative CRC who are at a high risk of tumor recurrence and who may benefit from adjuvant therapy[11].
Peritoneal dissemination in patients with CRC is less
frequent; therefore, from a prognostic perspective, it is
considered less important compared with LN and liver
metastasis[12]. However, the incidence of peritoneal seeding during potentially curative surgery for primary CRC
reported in a series of 12 patients varied widely from 3%
to 28%, which may be explained by differences in the
methods used for tumor cell detection[13,14].
In this review, we will focus on the different types of
molecular biomarkers of CRC that can be used for the
detection of metastatic cancer cells and discuss their potential as prognostic markers of CRC.

METHODS OF DETECTION OF
MOLECULAR CHANGES IN METASTATIC
CRC CELLS AND THEIR CLINICAL
SIGNIFICANCE
DNA methylation
One of the most promising types of markers is based on
the detection of hypermethylation of promoter regions
of cancer-associated genes[6,16-18]. Many types of cancer
cells use this mechanism to inactivate tumor suppressor
genes[16,19-22]. This assay can detect approximately one
cancer cell among 1000 normal cells, a sensitivity that is
sufficient to detect tumor DNA in most body fluids[23,24].
DNA methylation profiles represent a more chemically
and biologically stable source of molecular diagnostic
information compared with RNA or most proteins[16,25].
Cancer-specific DNA methylation patterns can be found
in detached tumor cells in bodily fluids and biopsies
and in free-floating DNA released from cancer cells[6,16].
The methylation biomarker studies performed till date
varied in methylation targets, source of DNA, and type
of tumor[15-17]. If a patient with CRC tests negative for
a methylation marker in a tumor as well as in a remote
sample, the result is classified as false-negative for disease
detection. Therefore, researchers need to choose multiple
target genes that are reportedly methylated with different
frequencies in tumors and rarely in normal tissues[18,26].

MOLECULAR BIOMARKERS OF CANCER

Serum (peripheral blood): Cancer patients exhibit elevated levels of free DNA in their blood because of a high

Alteration in gene sequence and expression levels and
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50 mL of saline were introduced into the peritoneal cavity and aspirated
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Figure 1 Outline of quantitative methylation-specific polymerase chain reaction analysis in peritoneal lavage. The depth of invasion and subsequent increased likelihood of tumor cells exfoliated from colonic serosa is reflected in the presence of tumor-related methylated DNA in peritoneal cavity. In quantitative
methylation-specific polymerase chain reaction (PCR) step, the DNA polymerase cleaves only probes that are hybridized to the target. Cleavage separates the reporter dye (R) from the quencher dye (Q); resulting in increased fluorescence by the reporter. The increase in fluorescence signal occurs only if the target sequence is
complementary to the probe and is amplified during PCR.

cellular turnover[25,27]. The circulatory DNA from blood or
other body fluids can be captured easily, and the status of
DNA methylation at various gene promoters can be determined using various methods[16,21,25]. Nakayama et al[28] demonstrated that methylated p16 is detectable in the serum
of 69% patients with recurrent CRC. Several studies have
addressed whether gene promoter methylation can be used
to detect prevalent CRC using DNA recovered from the
plasma or serum[19,29-32]. The presence of detectable tumor
DNA in the plasma or serum is generally associated with
a poor prognosis[26,28,29,32]. Wallner et al[26] identified HPP1,
HLTF, and hMLH1 as promising methylation markers in
the serum of patients with CRC because these genes are
not methylated in the serum of healthy controls and are
methylated more frequently in metastatic disease than in
local disease.

and the corresponding matched PLF DNA. The relative
methylation levels of these genes in primary CRC tissues
and paired PLF samples were assessed by quantitative
methylation-specific PCR. An aberrant methylation of
at least one gene was found in 45 out of the 51 (88%)
primary tumors. In the PLF, the frequencies of aberrant
promoter methylation were 16% for CDH1, 2% for p16,
4% for MGMT, and 24% for APC. Patients with PLF
samples that exhibited methylation of more than one of
these four target genes had a significantly shorter relapsefree survival[34].
mRNA (cDNA)
CRC cells show marked changes in the expression of
many genes at the mRNA level[6]. One of the most common approaches used to identify and quantify mRNA
levels in clinical samples is reverse transcription PCR
(RT-PCR)[7,35]. Cytokeratin (CK) mRNA is a common
marker of epithelial cells[36]. Many target genes have been
previously used to detect micrometastasis from CRC, including carcinoembryonic antigen (CEA), MUC1, CK-8,
CK18, CK19, and CK20. There is no specific marker of
CRC, and the detection of disseminated neoplastic cells
is based on epithelial markers such as CK20 and CEA.
CK20 mRNA is considered to be a reliable target for the
detection of disseminated CRC cells, and the frequency

Peritoneal lavage fluid: Few studies have addressed gene
methylation for the detection of micrometastasis to the
peritoneal fluid in patients with gastrointestinal cancer[33].
We first reported the prognostic relevance of the detection of methylation of tumor-related genes in the peritoneal lavage fluid (PLF) of patients undergoing resection of CRC (Figure 1). The methylation pattern of the
promoter of four target genes, CDH1, CDKN2A (p16),
MGMT, and APC, was examined in 51 primary CRCs
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than 100, with DTC detection rates of 11%-35%[73,75-77].
The CK20 detection rate in healthy controls ranged between 0% and 10%. Four groups found an association
between the presence of CK20 transcripts and poor
overall survival (OS)[78].

of false-positive results is reportedly lower (0%-8%)
for CK20 mRNA than for CEA mRNA (0%-33%)[37].
It is important to remember that the altered expression of some of these genes has also been reported in
normal cells, leading to false-positive results[2,7]. To solve
this problem, more quantitative analysis may eventually
determine a cut-off level for differentiating between
cancer and normal cells[38]. Although the isolation of
intact RNA from bodily fluids and tissue samples is also
possible, it generally requires cumbersome efforts to
neutralize ubiquitous RNase enzymes[6].

PLF: Guller et al[37] evaluated the clinical relevance of real-time quantitative PCR (qPCR) detection of CEA and
CK20 transcripts in the PLF and blood from patients
undergoing surgery for CRC and found that it was potentially related to tumor-cell dissemination. Among 39
patients with CRC, 11 had at least one sample that was
positive for CEA or CK20. Six patients had evidence
of disseminated CRCs before resection, whereas 10 had
evidence of disseminated CRCs after resection. CEA
qPCR amplification was detected in eight patients, and
CK20 qPCR amplification was detected in 10 patients.
Nine of the 11 PCR-positive patients developed recurrence (five distal metastases and four local metastases)
after an average follow-up of 12 mo, whereas only two
of the 28 qPCR-negative patients developed recurrence.
In seven patients, disseminated CRCs were found in the
PLF but not in the blood; five of these patients (71%)
developed recurrence.

Serum (peripheral blood): A meta-analysis of nine studies performed between 1998 and 2006 showed that patients
with CTC positivity detected using RT-PCR of blood
samples collected from the tumors’ drainage veins correlated more with LN positivity (50%) than with LN negativity (21%). Furthermore, hepatic metastasis was found
more often in CTC-positive patients (21%) than in CTCnegative patients (8%)[39,40]. A systematic review that evaluated CTCs after surgical resection of CRC and summarized its characteristics found that 14 reports fulfilled the
inclusion criteria[7,36,41-53]. The mean CTC detection rate
was 33.4%. Moreover, there were no differences among
studies that obtained perioperative, early postoperative,
and late postoperative samples or among studies that
included patients with early-stage disease only, curative
patients only, and patients with disease in all stages. The
reported studies showed that perioperative CTC levels
were not useful for predicting CRC recurrence[7]. The
presence of CTCs in the peripheral blood at least 24 h
after CRC resection is an independent prognostic marker
of recurrence[7]. The sensitivity and specificity of target
PCR amplification in CRC patients and control subjects
were 22%-83% and 76%-100%, respectively[38,54-61].

MicroRNAs
MicroRNAs (miRNAs) are small (18-24 nucleotides)
RNAs that regulate the translation and stability of specific target mRNAs[79]. The deregulation of specific miRNAs contributes to a variety of diseases, most notably
the development and progression of cancer, including
CRC[80]. Once thought to be unstable RNA molecules,
miRNAs are now known to be stably expressed in serum,
plasma, urine, saliva, and other body fluids[81]. Biochemical analyses indicate that miRNAs are resistant to RNase
activity as well as extreme pH and temperature[81-83]. The
enormous potential of circulating miRNAs as an ideal
class of cancer biomarkers is based on certain facts. First,
they are remarkably stable molecules, well-preserved in
harsh conditions, and resistant to RNase activity. Second,
their expression profiles are specifically correlated with
certain types of cancer or pathognomonic conditions.
Third, they are easily accessible and can be sampled in a
relatively noninvasive manner and readily detected using
various techniques[81].

LNs: To determine the spread of disease, many studies have attempted to detect CK mRNA in the LNs of
patients with cancer using RT-PCR[2,62-66]. Isolated tumor
cells or micrometastases within regional LNs that are not
detected via conventional histopathological examination
(hematoxylin and eosin staining) have been suspected
to be markers of systemic tumor spread in these patients[11,67]. Tumor-specific changes in mRNA expression
were detected in one or more LNs in 20%-54% patients
with node-negative tumors that could potentially be
upstaged to Dukes’ grade C[2,15,62-66,68]. The detection of
mRNA transcripts encoding CEA in the LNs of patients
with stage Ⅱ CRC has been reported to predict outcome; the adjusted 5-year survival rate was 41% lower
in the group with nodal micrometastases[62]. Micrometastatic LNs metastases identified by RT-PCR were consistently found to be prognostically significant[69].

Serum (peripheral blood): Circulating miRNAs can be
detected in the serum[79-81]. Ng et al[84] were the first to
report that circulating miRNA levels in plasma are different between CRC patients and controls. In a population of 90 patients and 50 controls, the authors found
that miR-92 was expressed at higher levels in the plasma
of patients and that it could distinguish patients from
healthy controls with 70% specificity and 89% sensitivity[79,84]. The expression of miR-92 decreased after surgical tumor resection, suggesting that the circulating levels
of miRNAs may be a useful marker of disease recurrence[84]. A similar study found that the circulating levels

BM: CK20 is the most commonly used marker in RTPCR analyses of BM samples from CRC patients, with
six studies published till date[46,70-74]. In three of those
studies, the number of patients investigated was more
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of miR-141 were elevated in metastatic CRC and that its
expression was associated with poor prognosis, suggesting that this miRNA may be used in conjunction with
CEA to detect CRC with distant metastasis[85].

disease, precluding their use as individual agents for cancer screening[6].
Serum (peripheral blood): CEA is a high molecularweight glycoprotein that belongs to the immunoglobulin
superfamily[89]. The carboxy terminal of CEA contains
a hydrophobic region that is modified to provide a glycosyl phosphatidylinositol link to the cell membrane.
Although its presence can be determined in biopsy samples, it is usually identified in the serum. Specifically, high
CEA levels are associated with cancer progression, and
the levels of this marker are expected to fall after cancer
surgery[89,91]. However, in the absence of cancer, high
CEA levels may also be observed in response to other
conditions such as hepatitis, inflammatory bowel disease,
pancreatitis, and obstructive pulmonary disease. Clinically, the potential value of the CEA test lies in its use
as a prognostic marker that can be used to measure the
course of cancer progression after diagnosis, with higher
CEA levels being indicative of greater disease severity
and poorer prognosis[89,92].

Immunomagnetic separation
The immunomagnetic separation method using the
CellSearch® System (Veridex LLC, Raritan, NJ, United
States) gained approval from the United States Food and
Drug Administration in 2004 for application in cases of
metastatic breast cancer, and it has now been approved
for application in cases of metastatic prostate cancer and
CRC[85-87]. The CellSearch system detects CTCs according to the presence of the following characteristics: a
round-to-oval shape by light scatter; an evident nucleus
by 4′,6-diamidino-2-phenylindole staining; epithelial cell
adhesion molecule positivity (EpCAM +); and CK8 +,
CK18+, CK19+, and CD45- status by immunofluorescence. This method is more efficient in terms of sample
size and processing time compared with other CTC enrichment methods. However, it is limited by its requirement of EpCAM expression; therefore, it potentiates
false-negative results[39].

LNs: The choice of antibody used for IHC is an important factor for the accurate identification of occult
disease. AE1/AE3 (DAKO, Carpinteria, CA, United
States) is the most widely used antibody for IHC analysis
of LNs from CRC patients[69]. This polyclonal antibody
is raised against several CKs, including CK19[69]. Studies
that used IHC to detect occult disease reported diverse
methodologies and design. The sample size included in
these studies ranged from 32 to 147 patients; therefore,
none were well powered to detect smaller but potentially
significant metastases[69].

Plasma (peripheral blood): The CellSearch® system
is the most advanced commercially available technology[9,39]. Cohen et al[88] published one of the largest studies of CTCs in metastatic CRC (mCRC). This study
included 430 patients with mCRC who were recruited at
55 clinical centers in the United Kingdom, Netherlands,
and United States, and it was performed using the CellSearch® system[88]. Patients were eligible to participate in
the study if they were being administered a new first-,
second-, or third-line systemic chemotherapy regimen.
The peripheral blood of patients was collected before
treatment initiation and at four time points after treatment initiation. For analysis, patients were categorized
into favorable (< 3 CTCs/7.5 mL of blood) or unfavorable (> 3 CTCs/7.5 mL of blood) groups[39,88]. The study
showed that, relative to the baseline values, the median
progression-free survival (PFS) and OS rates of patients
in the favorable group (PFS = 7.9 mo; OS = 18.5 mo)
were approximately twice those of patients in the unfavorable group (PFS = 4.5 mo; OS = 9.4 mo)[39].

BM: Most studies describing ICC for the detection of
DTCs in CRC patients have either used the monoclonal
antibody CK2 against CK18 or the pancytokeratin antibody A45-B/B3[93-95]. The DTC detection rate in studies
that used CK2 was between 16% and 32%[96-100], whereas
the detection rate was higher (24%-55%) in studies that
used the A45-B/B3 antibody [101-104]. Both antibodies
rarely detected CK-positive cells in the BM of noncancer controls (0%-5.5%)[78]. Flatmark et al[75] reported the
detection of DTCs in 41 (17%) and 28 (12%) of the 235
BM samples examined by immunomagnetic selection
and ICC, respectively.

Protein
Several protein-based assays have also been developed to
detect cancer cells[89,90]. Most of these are antibody-based
assays, although many new approaches are being developed. Protein-based assays typically detect proteins that
are overexpressed or structurally altered in cancer cells
compared with those in normal cells. These approaches
are generally used in research settings and are not yet applicable to larger clinical studies. The expression levels
of CEA are commonly used to monitor colon cancer
progression[6]. The expression of protein markers for
CRC is increased in the serum of patients with other
cancers and is occasionally increased in patients without
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PLF: A variety of monoclonal antibodies have been used
for the detection of disseminated single CRCs in the
peritoneal cavity, including Ber-Ep4, CA19-9, CAM5.2,
CIP83, Ra96, and C54-0. Bosch et al[105] used a combination of three monoclonal antibodies (Ks20.8, Lu5, and
Ber-Ep4) to perform ICC. The rate of detection of disseminated CRCs in the PLF ranges from 10% to 67%
and from 17% to 29% using ICC alone or in combination with CYT, respectively. Bosch et al[105] showed that
15% and 11% washing samples taken before and after
resection, respectively, tested positive by CYT, and that
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Table 2 Comparison of biomarkers for detection of metastatic colorectal cancer cells
Marker
DNA methylation
mRNA
Micro RNA
CellSearch (EpCAM)
Genetic mutation

Stable

Amplifiable

●

●
●
●

●
●
●

Widely reported

FDA approval

False negative

False positive

●
●

●
●

●

●
●

Ref.
[16]
[7]
[81]
[39]
[15]

EpCAM: Epithelial cell adhesion molecule; FDA: Food and Drug Administration.

remains a subject of additional investigation[11].
CTC detection may be useful for CRC patients receiving chemotherapy. Sequential peripheral blood analyses are more acceptable compared with other resources,
and many research groups are currently assessing the
clinical value of CTC analyses for therapy monitoring in
clinical studies[10]. Monitoring of peripheral blood during
and after systemic adjuvant therapy for CTCs may provide unique information for the clinical management of
individual cancer patients and allow an early change in
therapy, years before the appearance of overt metastasis
signals that are incurable[10]. That is, if CTC levels do not
drop, systemic treatment may not be effective[8].
The molecular detection of tumor cells in regional
LNs is associated with an increased risk of disease recurrence and poor survival in patients with node-negative
CRC[11]. These data may favor molecular or cellular biomarkers to tailor adjuvant chemotherapy in patients with
node-negative disease[11].
In patients with breast cancer, the clinical significance
of CTCs in the peripheral blood is less clear than that of
DTCs in BM[10]. Conversely, a meta-analysis that targeted
CRC patients showed that the significance of CTCs in
the peripheral blood is much clearer than that of DTCs
in BM[109]. The aspiration of BM is invasive, time consuming, uncomfortable for the patient, and difficult to
standardize in terms of sample quality. Another major
limitation is that BM aspiration is not easy to perform
during control visits at outpatient centers, which hampers repeated analyses[10]. The use of DTCs in patients
with CRC may provide limited information for their
clinical management.
The potential of peritoneal lavage to improve outcomes is most important for the selection of patients
for adjuvant chemotherapy who present with seemingly
early-stage disease and who would not otherwise receive
chemotherapy. Second, intraperitoneal chemotherapy
may be advantageous as a prophylactic therapy for patients with positive peritoneal micrometastases[110].
The existence of cancer stem cells in CRC has been
convincingly demonstrated on a functional level. In accordance with this hypothesis, it has been shown that the
number of tumor cells located at the invasive front that
express high amounts of nuclear beta-catenin, which is a
sign of aberrant Wnt signaling activation associated with
ongoing epithelial-mesenchymal transition and stemcell formation, is strongly correlated with metastasis and
poor survival in patients with rectal cancer[11,111].

17% and 13% samples, respectively, tested positive by
the combined method[105]. The best monoclonal antibody
(or combination of antibodies) for the detection of disseminated CRCs has not been defined.
Cancer-associated mutations
Genetic mutation analysis is useful not only for detecting cancer in patients but also for monitoring disease
spread and determining prognosis. In 1995, it was first
reported that TP53 mutations could be used to follow
tumor spread into margins and the draining LNs of
patients with head and neck cancer[6]. K-RAS and TP53
mutations are detected in the LNs of CRC patients without histological evidence of nodal metastasis. Mutations
in K-RAS are observed in approximately 40% patients
with colon tumors. Currently, mutations in K-RAS are
not being used for the early detection of metastatic cancer cells; however, they have significant implications in
predicting the likelihood of response to antibody-based
EGFR inhibitor therapy[90,106].
LNs: Studies performed on patients with CRC showed
that the presence of a tumor-specific KRAS or TP53
mutation in LN samples predicted poor outcome [5].
Hayashi et al[107,108] screened the LNs of patients without
histological evidence of nodal metastasis for KRAS and
p53 mutations[15].

DISCUSSION
Once primary tumors are resected, metachronous metastases must arise from tumor cells that disseminate to
ectopic sites before surgery. Systemic therapy primarily
targets tumor cells that have detached from the primary lesion, have lodged elsewhere, are undetectable
by clinical imaging, and are inaccessible to excision[5].
Therefore, metastasis-specific markers are required to
accurately diagnose the existence of metastatic cancer
cells. Numerous studies have demonstrated a more accurate prediction of the prognosis of patients using
various immunological and PCR-based assays[109]. Each
molecular method has advantages and disadvantages
(Table 2). At present, it is difficult to conclude that one
specific method is superior to others. Assessment of the
independent prognostic impact of molecular analyses
in different compartments within the same populations
using comparative analyses to determine the biomarkers
that provide the most accurate prognostic information
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CONCLUSION

12

The ideal biomarker is one that is found in readily available biological samples and can be noninvasively detected. More reliable molecular markers are required to accurately diagnose the existence of metastatic cancer cells.
Although thousands of papers describing genetic mutations or alterations in gene expression levels associated
with various types of cancers are published each year,
very few of these are translated into reliable molecular
markers that can be used routinely in clinical settings. At
present, it is difficult to conclude that one specific molecular marker is superior to others. Comparative analyses are recommended to assess the prognostic impact of
molecular analyses in the same patient and determine the
biomarkers that provide the most accurate prognostic
information.
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of colonic preneoplastic lesions in obese and diabetic
mice. In addition, several phytochemicals, including
green tea catechins, have been reported to improve
metabolic disorders and prevent the development of
various cancers, including CRC. Moreover, the administration of branched-chain amino acids, which improves
protein malnutrition and prevents the progression of
hepatic failure, is effective for suppressing obesityrelated colon carcinogenesis, which is thought to be associated with improvements in insulin resistance. In the
present article, we summarize the detailed relationship
between metabolic abnormalities and the development
of CRC. This review also outlines recent evidence, in
particular drawing from basic and clinical examinations
using either pharmaceutical or nutritional intervention
that suggests that targeting metabolic alterations may
be an effective strategy for preventing the development
of CRC in obese individuals.
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Abstract

Core tip: Obesity and its related metabolic disorders
increase the risk of colorectal cancer (CRC). Many studies using obese animal models have been conducted
to investigate the chemoprevention of CRC using pharmaceutical or nutritional interventions. Lipid-lowering
and anti-hypertensive medicines suppress the development of colonic preneoplastic lesions in obese mice.
Green tea catechins improve metabolic disorders and
prevent the development of CRC. The administration of
branched-chain amino acids may be effective for suppressing obesity-related CRC. This review summarizes
recent evidence that suggests that targeting metabolic
alterations may be an effective strategy for preventing
the development of CRC in obese individuals.

Obesity and its related metabolic disorders, including
insulin resistance and chronic inflammation, increase
the risk of colorectal cancer (CRC). This observation
suggests that the metabolic abnormalities associated
with obesity can be effective targets for preventing the
development of CRC in obese individuals. In recent
years, many studies using obese and diabetic animal
models have been conducted to investigate the chemoprevention of CRC using pharmaceutical or nutritional
interventions. Pitavastatin, a medicine used to treat
hyperlipidemia, prevents the development of obesityrelated colorectal carcinogenesis by attenuating chronic
inflammation. Anti-hypertensive medicines, such as
captopril and telmisartan, also suppress the formation
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on the emergence of insulin resistance and the subsequent inflammatory cascade. This article also aims to
review the possibility that nutritional or pharmaceutical approaches targeting pathophysiological conditions
caused by obesity is effective in preventing obesityrelated colorectal carcinogenesis.

INTRODUCTION

POTENTIAL PATHOPHYSIOLOGICAL
MECHANISMS CORRELATING OBESITY
TO THE DEVELOPMENT OF CRC

Obesity is recognized to be a serious health problem that
is becoming more prevalent worldwide[1]. It frequently
causes a number of medical problems, including type 2
diabetes mellitus, cardiovascular diseases, hypertension,
and dyslipidemia[2]. In addition, recent epidemiological
and experimental evidence indicates that obesity and its
related metabolic abnormalities, especially diabetes mellitus, are associated with the development of certain types
of epithelial malignancies, including colorectal cancer
(CRC)[2-6]. Renehan et al[7] revealed in a large-scale metaanalysis that the magnitude of the risk of CRC is greater
in obese males than in non-obese males.
Several pathophysiological mechanisms that correlate
obesity with colorectal carcinogenesis have been demonstrated, including the occurrence of insulin resistance
and adipocytokine imbalances, alterations in the insulinlike growth factor-1 (IGF-1)/IGF-1 receptor (IGF-1R)
axis, chronic inflammation, and the induction of oxidative stress[2-6,8]. These findings also suggest that targeting
obesity-associated pathophysiological disorders using
nutritional or pharmaceutical interventions is a promising strategy for suppressing obesity-related colorectal
carcinogenesis. For example, pitavastatin, a 3-hydroxy3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitor, suppresses the development of colonic preneoplastic lesions by attenuating chronic inflammation in
obese and diabetic mice[9]. Anti-hypertensive medicines,
such as captopril and telmisartan, also prevent obesityrelated colorectal carcinogenesis, and this suppressive
effect appears to be associated with the reduction of
oxidative stress and chronic inflammation[10].
Recently, green tea catechins (GTCs) have received
significant attention due to their beneficial impact on
health, as they are reported to improve metabolic abnormalities and prevent cancer[11-15]. Another phytochemical,
curcumin, a component of turmeric, also demonstrates
suppressive effects against colorectal carcinogenesis in
obese mice[16]. Supplementation with branched-chain
amino acids (BCAA: leucine, isoleucine, and valine),
which can inhibit the progression of hepatic failure in
patients with chronic liver disease[17-19], suppresses obesity-related colorectal carcinogenesis by improving insulin
resistance in obese and diabetic mice[20].
The present review summarizes multiple mechanisms
by which obesity and its related metabolic alterations
influence the development of CRC, particularly focusing
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Among the various obesity-related metabolic disorders,
insulin resistance and hyperinsulinemia are considered to
be pivotal risk factors for the development of CRC[21].
Insulin itself and the insulin-regulated signal transduction
network play important roles in oncogenesis[22-24]. Insulin stimulates the growth of CRC cells[25] and promotes
colorectal tumor growth in animal models[26]. In addition,
IGF-1, an important endocrine and paracrine regulator
of tissue growth and metabolism, is biologically activated by insulin resistance[27,28]. A number of studies have
shown that the IGF-1/IGF-1R axis plays a significant
role in the carcinogenesis of various cancers, including
CRC[22-24]. Insulin resistance alters the IGF/IGF-1R axis,
which contributes to the development of CRC[29,30]. The
binding of insulin and IGF-1 to their respective receptors on cancer and/or precancerous cells activates the
phosphatidylinositol 3-kinase (PI3K)/Akt pathway, which
is responsible for cellular processes, such as growth,
proliferation, and survival[22,23]. Moreover, insulin resistance and an increased fat mass create an oxidative stress
environment in tissues and increase the expression of
various pro-inflammatory cytokines, including tumor necrosis factor-α (TNF-α) and interleukin-6 (IL-6), which
stimulate tumor growth and progression[31-35]. Increased
oxidative stress promotes DNA damage and activates
the PI3K/Akt signaling pathway, both of which play essential roles in cancer development[36,37]. Hence, insulin
resistance and subsequent inflammatory cascades involving increased oxidative stress are thought to be significant
factors in the development of obesity-related CRC.
The overproduction of fat storage causes an imbalance in adipocytokines, increasing the levels of leptin
and decreasing the levels of adiponectin in the serum.
This imbalance also contributes to obesity-associated
carcinogenesis[38,39]. Leptin induces the production of
pro-inflammatory cytokines TNF-α and IL-6[40,41], which
may lead to tumor growth and progression as stated
above. With respect to CRC, leptin is reported to stimulate CRC cell growth[42]. In addition, a positive association between the circulating leptin levels and the development of CRC has been indicated in an epidemiological study[43]. These findings suggest that obesity-induced
abnormalities cooperatively increase the risk of cancer,
including CRC, in obese individuals (Figure 1).

8940

July 21, 2014|Volume 20|Issue 27|

Shirakami Y et al . Chemoprevention of colorectal cancer with obesity

Obesity

Diabetes

Obesity-related metabolic abnormalities

Insulin
resistance

Activation of
growth factors

Adipokine
imbalance

Chronic
inflammation

Insulin

IGFs

Leptin

TNF-α

Adiponectin

IL-6

IGF-1R

IGFBP-3

Oxidative
stress
DNA
damage

Carcinogenesis/tumorigenesis

Development
of CRC

Figure 1 Proposed mechanisms linking obesity and its related metabolic abnormalities to the development of colorectal cancer. CRC: Colorectal cancer;
TNF-α: Tumor necrosis factor-α; IL-6: Interleukin-6; IGF-1: Insulin-like growth factor-1; IGFBP-3: IGF-binding protein-3.

tive evidence for the chemopreventive effects of tea preparations against premalignant lesions has been provided in
human intervention studies. Li et al[52] reported the preventive effects of tea on human oral precancerous mucosal
lesion leukoplakia. Clinical efficacy of green tea extract
in patients with human papilloma virus infected cervical
lesions was demonstrated by Ahn et al[53]. The inhibitory effect of GTCs on the development of high-grade
prostate intraepithelial neoplasia was also reported[54,55].
Moreover, a pilot study showed that the administration
of GTCs successfully prevents the development of
colorectal adenomas, which are considered to be precancerous lesions of CRC[56].
Several properties of GTCs are responsible for their
anti-cancer and cancer prevention effects, including
their antioxidant and anti-inflammatory actions[15,57]. A
number of reported studies have indicated that GTCs,
especially the major biologically active component epigallocatechin gallate (EGCG), inhibit proliferation and
induce apoptosis in cancer cells by modulating the activities of diverse receptor tyrosine kinases (RTKs) and
their downstream signaling pathways, such as the Ras/
extracellular signal-regulated kinase and PI3K/Akt signaling pathways[12-14,58-61]. EGCG suppresses cell growth
by inhibiting the activation of IGF-1R, a member of the
RTK family, in human CRC cell lines. This inhibition is
associated with a decrease in the expression of IGF-1/2
and an increase in the expression of IGF-binding protein-3 (IGFBP-3), which negatively controls the function of the IGF/IGF-1R axis[62,63]. Taken together, these

CHEMOPREVENTIVE EFFECTS OF GREEN
TEA CATECHINS ON THE DEVELOPMENT
OF METABOLIC ABNORMALITIES AND
CRC
In recent years, GTCs have received considerable attention due to their salutary influence on health. Several
studies have indicated that GTCs possess various useful properties, such as anti-obesity effects[11]. A recent
meta-analysis of clinical trials demonstrated that GTCs
appear to reduce body weight and fat[44]. Rains et al[45]
reported several potential mechanisms whereby GTCs
may affect body weight: GTCs may increase energy expenditures, promote lipid oxidation, and decrease nutrient absorption. Laboratory, epidemiological, and human
interventional investigations have also shown the effects
of GTCs in ameliorating metabolic syndrome[46,47]. In rodent models of obesity and diabetes, the administration
of green tea or its constituents results in the significant
reduction of body weight and improvements in hyperglycemia, hyperinsulinemia, hyperleptinemia, hepatic steatosis, and liver dysfunction[48-50]. Treatment with GTCs
also decreases the plasma levels of insulin, TNF-α, and
IL-6 in a rat model of insulin resistance[51]. These observations suggest that long-term supplementation of
GTCs may be useful for preventing the progression of
obesity-related metabolic abnormalities. In addition to
their anti-obesity effects, GTCs are known to possess
anti-cancer and cancer prevention properties[12-15]. Posi-
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COX-2, and cyclin D1 on the colonic mucosa[73]. EGCG
also decreased the serum levels of IGF-1, insulin, triglycerides, total cholesterol, and leptin, while increasing
the serum level of IGFBP-3[73]. In accordance with the
results of this study, another study showed that supplementation with BCAA markedly decreased the number
of ACF and BCAC compared with that observed in the
control diet-fed groups by inhibiting the phosphorylation of IGF-1R, GSK-3β, and Akt in the colonic mucosa[20]. In that study, the serum levels of insulin, IGF-1,
IGF-2, triglycerides, total cholesterol, and leptin were
also decreased in the BCAA-treated mice[20].
Taken together, these findings suggest that both
EGCG and BCAA successfully suppress the development of preneoplastic lesions of obesity-related CRC
via diverse mechanisms, including the suppression of
the IGF/IGF-1R axis and improvements in hyperlipidemia, hyperinsulinemia, and hyperleptinemia. Therefore,
nutraceutical approaches, for example, the administration of EGCG or BCAA, may be useful for use in the
chemoprevention of colorectal tumorigenesis in obese
individuals (Figure 2).

reports indicate that the IGF/IGF-1R axis, which plays
a critical role in both the development of cancer and occurrence of obesity-induced pathological events[22,23], is a
critical target of GTCs.

PREVENTION OF OBESITY-RELATED CRC
VIA A NUTRACEUTICAL APPROACH
Recent investigations have shown that an increased amount
of body fat and high body mass index are associated with
an increased risk of colorectal malignancy[2,5-7]. While the
prolonged high consumption of red and processed meat
may also increase the risk of CRC[64], there is persuasive
evidence that positive dietary habits, especially a high level
of consumption of fruits and vegetables, can reduce the
risk of this malignancy[65]. C57BLKS/J- +Leprdb/+Leprdb
(db/db) mice, which are genetically altered and those
leptin receptors are mutated, express phenotypes of
obesity and having type 2 diabetes mellitus in addition to
hyperlipidemia, hyperinsulinemia, and hyperleptinemia[66].
A preclinical animal model using db/db mice was established by Hirose et al[67] in which the intraperitoneal administration of colonic carcinogen azoxymethane (AOM)
is thought to be markedly useful for determining the
underlying mechanisms of how specific agents prevent
the development of obesity-related CRC. Furthermore,
db/db mice are susceptible to AOM, as AOM-induced
colonic precancerous lesions, aberrant crypt foci (ACF)
and β-catenin accumulated crypts (BCAC) develop to
an obviously greater extent in these mice than in control
mice[67].
Diets supplemented with certain types of flavonoids,
including citrus compounds, suppress the development
of premalignant lesions of CRC in db/db mice[68,69]. We
also used this experimental rodent model to examine
the obesity-related cancer chemopreventive effects of
curcumin, a yellow pigment found in the rhizome of
the spice turmeric, which is known to possess both antiinflammatory and cancer prevention properties[70-72]. A
report by Kubota et al[16] revealed that supplementation
with curcumin effectively prevents the development of
colonic preneoplastic lesions in db/db mice treated with
AOM injections in association with the inhibition of the
NF-κB activity and the TNF-α, IL-6, and cyclooxygenase-2 (COX-2) expression in the colonic mucosa and
improvements in adipocytokine imbalances.
In the same manner, we employed a rodent model
to investigate in detail the effects of EGCG and BCAA
on the prevention of obesity-related colorectal carcinogenesis. The mucosa in the db/db mice colon expresses
increased levels of IGF-1R, the phosphorylated form
of IGF-1R (p-IGF-1R), β-catenin, and COX-2[73]. We
observed that drinking water containing EGCG caused a
significant reduction in the number of ACF and BCAC,
which accumulate IGF-1R proteins, and this decreasing
effect was associated with the inhibition of the expression of IGF-1R, p-IGF-1R, the phosphorylated form
of glycogen synthase kinase-3β (GSK-3β), β-catenin,
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PREVENTION OF OBESITY-RELATED CRC
VIA A PHARMACEUTICAL APPROACH
Obesity often leads to various medical problems, including hypertension and dyslipidemia[2]. Hyperactivity of
the renin-angiotensin system (RAS) has been shown to
be involved in the etiology of high blood pressure, obesity, and metabolic syndrome[74]. There is convincing evidence that the RAS is frequently upregulated in human
malignancies due to systemic oxidative stress and hypoxia, which trigger a state of chronic inflammation[75].
We investigated the effects of an angiotensin-converting
enzyme inhibitor, captopril, and an angiotensin-Ⅱ type 1
receptor blocker, telmisartan, both of which can inhibit
the RAS, on the development of colonic preneoplastic
lesions in an obesity-related CRC model[10]. The administration of either captopril or telmisartan significantly
reduced the number of ACF and BCAC and decreased
the expression of TNF-α in the colonic mucosa. Oxidative stress throughout the body is also decreased by the
administration of either captopril or telmisartan[10].
Statins, HMG-CoA reductase inhibitors, are widely
used for the treatment of dyslipidemia. In addition to
their lipid-lowering effects, statins have been shown to
possess anti-cancer properties[76,77]. Statins induce apoptosis in human CRC cells and attenuate inflammationrelated colon carcinogenesis in mice [78,79]. Moreover,
epidemiological studies have indicated the chemopreventive effects of statins on various types of cancer, including CRC[76,77,80]. We conducted a study using a lipophilic
statin, pitavastatin, to examine the cancer prevention effects of such drugs on obesity-related colon carcinogenesis in db/db obese mice treated with AOM injection[9].
Pitavastatin treatment achieved a marked reduction in
the number of BCAC by inhibiting proliferation and
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Figure 2 Mechanisms of action of green tea catechins and branched-chain amino acids in the inhibition of obesity-related colorectal carcinogenesis.
IGF-1: Insulin-like growth factor-1; BCAA: Branched-chain amino acids; COX-2: Cyclooxygenase-2; IGF-1R: Insulin-like growth factors-1 receptor; GSK-3β: Glycogen
synthase kinase-3β.

surrounding inflammation, in which the expression levels of TNF-α, IL-6, and COX-2 in the colonic mucosa
were decreased. In addition, pitavastatin also decreased
the serum levels of total cholesterol, TNF-α, IL-6, and
leptin, while increasing the serum level of adiponectin[9].
These observations suggest that both anti-hypertensive and lipid-lowering agents suppress obesity-related
colorectal carcinogenesis. The potential mechanisms
involve improving dyslipidemia and hyperleptinemia and
attenuating chronic inflammation in the colonic mucosa
by decreasing the expression of pro-inflammatory cytokines. Therefore, the pharmaceutical approach described
above appears to be a feasible strategy for the chemoprevention of obesity-related CRC, as these medicines exert
an original pharmacological effect against the development of obesity-related metabolic disorders in addition
to their cancer prevention effects.

ficacy of nutraceutical and pharmaceutical approaches
for targeting obesity-related metabolic alterations. Restoring such abnormalities to a regular state is a promising strategy for preventing the development of obesityrelated CRC. Tea catechins, especially GTCs and its active
constituent EGCG, can be considered feasible agents
for preventing carcinogenesis, as several human interventional trials have demonstrated the efficacy of GTCs
as chemopreventive agents without serious adverse effects[54,56,61]. BCAA and certain types of statins and antihypertensive medicines are also thought to be potential
agents because they are widely used in clinical practice
and their safety has been adequately proven. Moreover,
a randomized controlled trial demonstrated that BCAA
supplementation can prevent liver cancer in obese individuals[19,81]. Therefore, further advanced translational
research should be conducted to examine whether active
interventions using these agents can prevent the development and recurrence of CRC in patients with obesity.

CONCLUSION
Obesity and its related metabolic disorders, which are associated with an increased risk of several life-threatening
diseases, including cancer, are critical health problems
that must be addressed. Among human cancers, CRC is
one of the most representative malignancies influenced
by obesity. In this review, we reported the potential ef-
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Core tip: The Maastricht Ⅳ consensus, which focused
on the management of Helicobacter pylori (H. pylori ) infection, set important new strategies in terms
of treatment approaches, particularly with regards
to first- and second-line treatment protocols and led
to improved knowledge and understanding of H. pylori resistance to antibiotics. In recent years, various
fluoroquinolone-based protocols, mainly including levofloxacin, have been proposed and effectively tested at
all therapeutic lines for H. pylori eradication. The aim
of the present invited paper is to review the scientific
literature focused on the use of fluoroquinolones in
eradicating H. pylori .

Abstract
Helicobacter pylori (H. pylori ) is a widespread patho-
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N. Fluoroquinolone-based protocols for eradication of Helicobacter pylori. World J Gastroenterol 2014; 20(27): 8947-8956
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gen infecting about 40% of people living in urban
areas and over 90% of people living in the developing
regions of the world. H. pylori is well-documented as
the main factor in the pathogenesis of peptic ulcer disease, chronic gastritis, and gastric malignancies such
as cancer and mucosa-associated lymphoid tissuelymphoma; hence, its eradication is strongly recommended. The Maastricht Ⅳ consensus, which focused
on the management of H. pylori infection, set important new strategies in terms of treatment approaches,
particularly with regards to first- and second-line treatment protocols and led to improved knowledge and
understanding of H. pylori resistance to antibiotics. In
recent years, various fluoroquinolone-based protocols,
mainly including levofloxacin, have been proposed and
effectively tested at all therapeutic lines for H. pylori
eradication. The aim of the present paper is to review
the scientific literature focused on the use of fluoroqui-
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INTRODUCTION
Nalidixic acid, the precursor of all fluoroquinolones, was
developed and marketed during the 1960s for the oral
treatment of urinary tract infections and is still prescribed
with this indication. Several fluoroquinolones were developed since; however, the role of new molecules only
became significant when it was demonstrated that substitutions at the Carbon atoms in C-6 and C-7 positions
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Table 1 Current recommendations for Helicobacter pylori eradication
Treatment
First line
Second line
Third line

Region with low clarithromycin prevalence

Region with high clarithromycin prevalence

PPI - clarithromycin - amoxicillin/metronidazole or bismuth
Bismuth quadruple1. If not available: non-bismuth quadruple (either
quadruple
sequential or concomitant)
Bismuth quadruple1 or PPI - levofloxacin/amoxicillin
PPI - levofloxacin/amoxicillin
Based on susceptibility testing only. Besides clarithromycin and levofloxacin, rifabutin is another candidate that may be used

1

PPI + tetracyclines + bismuth + metronidazole. PPI: Proton pump inhibitors.

improved both antibacterial activity and pharmacological
features. From that point onwards, fluoroquinolones were
tested and used in the treatment of urinary, respiratory,
gastrointestinal, urogenital, and intra-abdominal infections in the context of several pathological conditions[1-5].
Helicobacter pylori (H. pylori) is a widespread pathogen
infecting about 40% of people living in urban areas and
over 90% of people living in the developing regions of
the world[6,7]. H. pylori is well-documented as the main
factor in the pathogenesis of peptic ulcer disease, chronic
gastritis, and gastric malignancies such as cancer and
mucosa-associated lymphoid tissue-lymphoma. Hence, its
eradication is strongly recommended[8-13]. The Maastricht
Ⅲ consensus proposed that triple therapy protocols containing clarithromycin and metronidazole should be used
as first-line treatment for H. pylori infection, in view of
their high efficacy and safety[14]. However, more recent
data show that these antibiotics have lost some efficacy
because of increased primary/secondary drug resistance, so that they permit H. pylori eradication in only a
maximum of 70% of the affected patients (a percentage
significantly lower than the one that can be expected for
the treatment of an infectious disease - about 90% at
per-protocol analysis). Thus, antibiotics different from
clarithromycin and metronidazole have been proposed
for eradicating H. pylori [15,16]. The Maastricht Ⅳ consensus generated important new information with regard to
the treatment of H. pylori infection. In particular, it proposed the prescription of three antibiotics together with
a proton pump inhibitor (PPI; non-bismuth sequential
or quadruple therapy) as first-line treatment for H. pylori
infection in areas of high clarithromycin resistance[17-21].
In recent years, various fluoroquinolone-based protocols, mainly including levofloxacin, have been proposed
and tested at all therapeutic lines for H. pylori eradication.
The aim of this paper is to review the scientific literature
focused on the use of fluoroquinolones in eradicating H.
pylori.
Studies providing information on the use of levofloxacin-based anti-H. pylori protocols were identified
through systematic searches in the MEDLINE and EMBASE databases. Various combinations of the terms “H.
pylori”, “fluoroquinolone”, “levofloxacin”, “ciprofloxacin”, “eradication”, “first-line”, “second-line” and “rescue” were used for the searches. Additionally, references
of retrieved articles were screened to identify additional
relevant studies (cross-referencing). We also performed
a manual search of all review articles, recently published
editorials, and retrieved original studies presented at the
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Digestive Disease Week, United European Gastroenterology Week, and European Helicobacter Study Group conferences. In addition, reference lists from relevant identified papers were manually searched. All original research
articles and abstracts published up to August 1, 2013 were
included. Searches were limited to randomized controlled
trials and studies comparing fluoroquinolone-based protocols to other treatment regimens. Two investigators (Dr
Capone and Dr Rea) independently extracted data from
the included studies by using a structured form. Only
data from patients undergoing fluoroquinolone-based
eradication protocols were included in the analysis. There
was a > 95% agreement in data extraction between the
two investigators.

Current recommendations for
eradicating H. pylori
As mentioned above, the Maastricht Ⅳ consensus introduced important changes to the treatment of H. pylori
infection (Table 1)[17].
The consensus led to abandoning the use of clarithromycin-containing triple therapy in regions where clarithromycin resistance rate is over 15%-20% - for example,
many areas of Europe and North America - if susceptibility testing cannot be carried out[16,22]. However, in areas
of known low clarithromycin resistance, clarithromycincontaining protocols are still recommended for the firstline empirical treatment of H. pylori infection. In these areas of low clarithromycin resistance bismuth-containing
quadruple treatment protocols are considered an effective alternative, whilst in regions with high clarithromycin
resistance, they are the recommended protocols for firstline empirical treatment of H. pylori infection[23-25]. In
countries where a bismuth-based regimen is not easily
available, sequential treatment or a non-bismuth quadruple treatment is recommended as first-line eradication
protocol[26-29].
With regard to the role of fluoroquinolones for H.
pylori eradication, current recommendations stress their
efficacy as a second-line treatment option. In particular,
either bismuth-containing quadruple therapy or levofloxacin-containing triple therapy is recommended after failure
of a regimen containing PPI-clarithromycin. In areas of
low fluoroquinolone resistance, a levofloxacin-containing
regimen (together with a PPI and clarithromycin) can
prove an effective second-line alternative in the presence
of penicillin allergy[30-35]. However, when considering a
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treatment approach including fluoroquinolones, clinicians
should be aware of the rising rates of levofloxacin resistance, particularly in Europe and North America.

and showed resistance rates of 14.1% for levofloxacin,
17.5% for clarithromycin, and 34.9% for metronidazole,
with significantly higher fluoroquinolone resistance in
Western/Central and Southern Europe (> 20%) than in
Northern European countries (< 10%). The results of
this paper correlate well with those reported by O’Connor et al[45] in Ireland. These authors encountered a rate
of levofloxacin resistance of 2.6 % in the under-45 age
group, compared to 19.1% in patients above 45 years of
age. In keeping with the suggested mechanisms of H.
pylori resistance to fluoroquinolones, a significant association was found between fluoroquinolone use among outpatients and the proportion of levofloxacin resistance.
Carothers et al[46] have already shown how H. pylori resistance to fluoroquinolones and its impact on treatment
outcomes are influenced by previous use of this class of
antibiotics. In their study, resistance rates appeared to be
significantly associated with any prior fluoroquinolone
assumption over the previous 10 years and with the total
number of courses prescribed. For patients who have
previously undergone treatment with fluoroquinolones,
a treatment protocol not comprising levofloxacin should
be suggested.
However, previous use of fluoroquinolones for therapeutic purposes is not the only mechanism through which
resistance to the drug occurs. A recent paper from Germany demonstrated that about 85% of all antibiotics
used in general practice is administered in food animals;
animal manure waste is spread onto agricultural land and
will influence ecosystem compartments. Antibiotics such
as fluoroquinolones and tetracyclines are not biodegradable; they can persist in soil for long periods and/or in
high concentrations and can be detected in soil and water[47]. Antibiotic resistance pre-dates the use of antibiotics because resistance determinants have been circulating
within the microbial genome for millennia[48]. Ongoing
non-therapeutic use of antibiotics in food animals will
increase the pool and occurrence rate of resistance genes
in many bacterial species, thus having dramatic public
health consequences. The Maastricht Ⅳ consensus recommendations relating to the rising rate of levofloxacin
resistance are therefore extremely relevant for every-day
clinical practice[17,5,49].

Drug resistance in the treatment
of H. pylori infection
The success of treatment protocols for the eradication of
H. pylori is currently being compromised by the increase
in antimicrobial resistance[36,37].
Clarithromycin resistance in particular has a major
negative impact on the efficacy of the recommended
first-line triple therapy and a progressive increase in its
prevalence may limit its use. The almost two-fold increase
(from 9.8% to 17.5%) of the prevalence of clarithromycin resistance over the past 10 years (in specific areas of
Southern Europe it is higher than 30%) could have been
anticipated on the grounds of the genetic basis of this resistance. By contrast, metronidazole resistance, although
highly prevalent (particularly in Mediterranean Africa),
can be partly overcome and is therefore of secondary
importance. As for amoxicillin, all the surveys performed
so far have reported a resistance rate lower than 1%,
indicating that resistance to this drug is not yet a clinical
concern[38-42].
At present, it is well known that fluoroquinolones are
the only class of antibiotics for clinical use that directly
inhibit bacterial DNA synthesis. Fluoroquinolones inhibit DNA gyrase and topoisomerase Ⅳ, two bacterial
enzymes which have essential and distinct roles in DNA
replication. Resistance to fluoroquinolones occurs mainly
by means of a mutation in the chromosomal genes for
gyrase and topoisomerase Ⅳ. Miyachi et al[43] showed that
primary levofloxacin resistance, found in approximately
15% of H. pylori strains, was related to point mutations
in gyrA at Asn-87 or Asp-91 in 84% of cases; only 14%
of the susceptible strains had gyrA mutations. The difference in occurrence of gyrA mutations between levofloxacin-resistant and -susceptible strains was significant.
Other mechanisms that can determine bacterial resistance
to fluoroquinolones could be microbial SOS response,
auto-induction of resistance and plasmid-mediated resistance, with the latter being more frequent for other
kind of urinary, pulmonary and intestinal infections. In
contrast to other bacteria, resistant H. pylori strains show
no spread of resistance through horizontal transfer of
mobile genetic elements (e.g. plasmids)[44]. As a consequence, the low transmission rate of H. pylori and the lack
of expansion of specific clones in the community imply
that antibiotic resistance in H. pylori is caused by previous
and direct exposure to antibiotics in infected patients. H.
pylori infection is an example of long-lasting infection and
it should be highlighted that the exposure to antibiotics
for this microbe may be much longer than that for most
other pathogens.
A recent paper by Mégraud et al[37] focused on the antibiotic resistance of H. pylori. The study by these authors
included more than 2000 patients with H. pylori infection
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Fluoroquinolone-based
protocols in the first-line
treatment of H. pylori infection
Fluoroquinolones - levofloxacin being the main representative of this class of molecules - are antibacterial
agents with a wide spectrum of activity against Grampositive and -negative bacteria, including in vitro activity
against H. pylori and atypical pathogens. Levofloxacin is
widely used for the rescue treatment of resistant H. pylori infections. Recent meta-analyses have underlined its
better efficacy and tolerability profile in the second-line
treatment of H. pylori infection when compared with the
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Table 2 Randomized controlled trials containing levofloxacin in first-line triple therapy of Helicobacter pylori
Ref.

Year

Nation

Patients

Therapy

Posology

Duration

Shah et al[53]
Qian et al[54]
Cuadrado-Lavín et al[61]
Pan et al[62]
Chen et al[63]
Assem et al[64]
Erçin et al[65]
Liou et al[66]
Chen et al[63]
Molina-Infante et al[69]
Castro-Fernández et al[59]
Gisbert et al[55]
Rispo et al[52]
Nista et al[51]
Lee et al[56]
Cammarota[50]

2013
2012
2012
2010
2010
2010
2010
2010
2010
2010
2009
2007
2007
2006
2006
2004

India
China
Spain
China
Taiwan
Egypt
Turkey
Taiwan
China
Spain
Spain
Spain
Italy
Italy
South Korea
Italy

131
345
250
199
189
450
91
432
300
460
135
64
130
300
267
100

LTE
LAE
LAO
LAE
LCE
LAE
LAL
LAL
LAL
LAO
LAO
LARBIS
LAE
CLE
LAE
CLR

500
500
500
500
500
500
500
500
500
500
500
500
500
500
500
500

7
7
10
7
7
7
14
7
7
10
10
10
7
7
7
7

Comparator
SEQ-L
CAO
NAR
CAE
CLE/CAE
LAL (7)
CAL
CAL
SEQ-L

CAE
CME/CAE
CAE
CLR (250)

ITT
85.0%
78.1%
82.8%
87.1%
78.9%
84.7%
72.0%
74.0%
74.0%
82.6%
71.8%
84.4%
90.8%
87.0%
69.8%
84.0%

LTE: Levofloxacin + tinidazole + esomeprazole; LAE: Levofloxacin + amoxicillin + esomeprazole; SEQ-L: Standard sequential therapy or levofloxacincontaining sequential therapy; LAO: Levofloxacin + amoxicillin + omeprazole; CAO: Clarithromycin + amoxicillin + omeprazole; LCE: Levofloxacin +
clarithromycin + esomeprazole; CAE: Clarithromycin + amoxicillin + esomeprazole; CLE: Clarithromycin + levofloxacin + esomeprazole; LAL: Levofloxacin
+ amoxicillin + lansoprazole; CAL: Clarithromycin + amoxicillin + lansoprazole; LARBIS: Levofloxacin + amoxicillin + ranitidine bismuth citrate; CLR:
Clarithromycin + levofloxacin + rifabutin; ITT: Intention-to-treat.

quadruple protocol comprising bismuth (which we discuss shortly).
Since 2006, several clinical trials have tested the efficacy of levofloxacin in the first-line treatment of H.
pylori. The majority of authors utilised levofloxacin as
part of a triple drug regimen including a PPI and another antibiotic agent (frequently amoxicillin). The first
experience by Cammarota et al[50] in a trial including 100
patients with H. pylori infection treated with levofloxacin
(500 mg/d), clarithromycin and rabeprazole showed an
eradication rate of 84%. An analogous rate of H. pylori
eradication (87%) was reported by Nista et al[51], who
treated 300 infected patients with levofloxacin, clarithromycin and esomeprazole. Drawing upon this existing
research, our team carried out a study to evaluate the efficacy of a triple therapy including levofloxacin in the firstline treatment of H. pylori infection when compared to
the conventional protocol containing clarithromycin. We
prospectively randomized 130 consecutive outpatients
with histological first diagnosis of H. pylori infection
in two treatment groups: the LAE group (65 patients)
was treated with levofloxacin 250 mg bid, amoxicillin 1
g bid, esomeprazole 20 mg bid; and the CAE group (65
patients) with clarithromycin 500 mg bid, amoxicillin 1 g
bid, and esomeprazole 20 mg bid. The success rate was assessed by means of 13C urea breath test, which showed H.
pylori eradication in 90.8% of patients in the LAE group,
compared to 76.9% of those in the CAE group (p < 0.01;
NNT = 7). In our experience the eradication rate was unrelated to the baseline characteristics of the patients and
their underlying gastro-duodenal disease[52].
However, subsequent trials, mainly conducted in Spain
and Asia, did not confirm our remarkable results. In effect, almost all recent papers coming from Spain, Northern Africa, and Asia highlighted that the rate of H. pylori
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eradication achieved by means of levofloxacin-based
triple protocols is less noteworthy than expected (about
85%), probably as a result of the increased rate of H. pylori resistance to fluoroquinolones (Table 2). Indeed, these
quite rather inadequate eradication rates are likely to be
related to a higher prevalence of levofloxacin resistant H.
pylori strains in that particular geographical areas in which
the studies were carried out. Furthermore, not only has
fluoroquinolone resistance readily increased over the last
decade, but regional differences within the same country
can be significant; this appears clearly and particularly
true for Spain and China[53-66].
More recently, levofloxacin has been effectively used
in first-line sequential and quadruple protocols. Romano
et al[67] carried out a randomised trial aimed at evaluating
the efficacy of a levofloxacin-containing sequential regimen compared to a clarithromycin containing sequential
therapy in the eradication of H. pylori infection in patients from Southern Italy, a geographical area with >
15% prevalence of clarithromycin resistance. Eradication
rates in these authors’ intention-to-treat analyses were:
80.8% with clarithromycin sequential treatment; 96.0%
with levofloxacin-250 sequential treatment; and 96.8%
with levofloxacin-500 sequential treatment. The levofloxacin-250 sequential treatment appeared to be costsaving compared to the clarithromycin sequential therapy.
Two years after this study, the same authors performed a
non-inferiority randomized trial to determine whether a
5-d treatment course of levofloxacin-containing quadruple concomitant regimen was as safe and effective as the
10-d course of sequential regimen in eradicating H. pylori
in previously untreated patients. The intention-to-treat
analysis showed similar eradication rates for concomitant
(92.2%) and sequential regimens (93.3%). In addition, the
authors showed that the concomitant regimen cost $9
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less than the sequential one[67,68]. However, once again the
remarkable results of using levofloxacin as the first-line
eradication drug were not similarly satisfying in different
geographical areas. The trials by Molina-Infante et al[69]
(Spain) and by Qian et al[54] (China), using a modified levofloxacin-based quadruple sequential protocol, showed
an eradication rate of 80%-85%, highlighting once again
the importance of geographical differences in terms of H.
pylori resistance to antibiotics[70].
We agree with all the experts who emphasise that susceptibility testing may help to identify the most suitable
treatment protocol and to therefore use only the antibiotic agent that works well locally.

quadruple regiment group (OR = 0.39; 95%CI: 0.18-0.85;
P = 0.02). Consequently, the meta-analysis supported the
use of 10-d levofloxacin-amoxicillin regimens as a secondline treatment for the eradication of H. pylori with excellent tolerability and eradication rates[71].
More recently, Gisbert et al[72] have re-assessed this issue in 100 consecutive patients in whom a non-bismuth
quadruple regimen, administered either sequentially (PPI
+ amoxicillin for 5 d followed by PPI plus clarithromycin
plus metronidazole for 5 more days) or concomitantly
(PPI plus amoxicillin plus clarithromycin plus metronidazole for 10 d) had previously failed. At the end of the
study the per-protocol and intention-to-treat H. pylori
eradication rates were 75.5% and 74%. Intention-to-treat
eradication rates achieved with levofloxacin in the “sequential” and “concomitant” failed regimen groups were
74.4% and 71.4%, respectively. A rate of H. pylori eradication of approximately 75% obtained using levofloxacinbased triple protocol as a second-line regimen was confirmed also by Manfredi et al[73] in Italy. Furthermore, the
efficacy of levofloxacin-based protocols and their value
over time were explored by a Spanish multicenter study.
The study sample comprised 1000 consecutive patients
who had not responded to previous treatment with the
standard clarithromycin-based triple protocol. It showed
per-protocol and intention-to-treat eradication rates of
75.1% and 73.8%, respectively. The treatment (intentionto-treat) efficacy was 76% in year 2006; 68% in year
2007; 70% in year 2008; 76% in year 2009; 74% in year
2010; and 81% in year 2011, underlying the fact that the
efficacy of levofloxacin-based protocols tends to remain
stable over time[74].
However, once again, different results in terms of
efficacy were reported from Eastern countries. Moon
et al[75] evaluated the efficacy and safety of triple therapy
with levofloxacin, metronidazole, and lansoprazole as a
second-line treatment, compared to those of quadruple
therapy. According to the intention-to-treat analysis, the
infection was eradicated in 38 of the 56 patients (67.9%)
treated with triple therapy and in 48 of the 57 (84.2%)
treated with quadruple therapy (P = 0.042). Per-protocol
analysis showed successful eradication in 38 of 52 patients (73.1%) from the triple protocol group and 48 of
52 patients (92.3%) from the quadruple protocol group
(P = 0.01). Even though the choice of metronidazole instead of amoxicillin could partially explain the results of
this study, geographical differences in terms of H. pylori
resistance to fluoroquinolones should not be ignored.
More recently, levofloxacin has been used in a nonbismuth quadruple second-line protocol. Calhan et al[76]
designed a study aiming to investigate the efficacy of two
levofloxacin-containing second-line treatment protocols
for H. pylori infection. The patients were randomized
consecutively to two treatment groups: 73 patients were
assigned to the levofloxacin-containing sequential regimen and 75 to the levofloxacin-containing quadruple
regimen group. The first group received pantoprazole 40
mg and amoxicillin 1000 mg twice daily for 5 d followed

Fluoroquinolone-based
protocols in the second-line
treatment of H. pylori infection
With regard to the role of fluoroquinolones in H. pylori
eradication, current recommendations underline their efficacy as a second-line option, in particular as levofloxacin
containing triple therapy. Levofloxacin has been widely
used for the rescue treatment of resistant infection, and a
meta-analysis by Gisbert et al[34] has highlighted its better
efficacy and tolerability profile in the second-line treatment of H. pylori infection compared to the quadruple
protocol comprising bismuth. More specifically, this
meta-analysis - which included 14 trials with a total of
977 patients - showed that the mean eradication rate with
levofloxacin-based regimens was 80%, with 10-d regimens
appearing to be more effective than 7-d combinations
(81% vs 73%; P < 0.01). The meta-analysis also showed
better results with levofloxacin than with the quadruple
combination (81% vs 70%; OR = 1.80), and a better safety
profile for levofloxacin than for the quadruple regimen,
both overall (19% vs 44%) and in terms of severe adverse
effects (0.8% vs 8.4%).
More recently, Di Caro et al[71] updated Gisbert et al[72],
s meta-analysis by comparing the effectiveness of levofloxacin/amoxicillin-based schemes to that of quadruple
regimens for the eradication of H. pylori in second-line
treatment. In total, 10 articles and four abstracts were
identified; the analysis, including 14 trials with a total of
677 patients, showed an overall eradication rate of 76.5%
in the group treated with levofloxacin-amoxicillin and of
67.4% in that treated with quadruple regimen, with a cure
rate of 70.6% for 7-d regimens and 88.7% for 10-d combinations. Interestingly, even though the 7-d levofloxacinamoxicillin and quadruple protocols showed comparable
efficacy, the 10-d fluoroquinolone-based regimen was
significantly more effective than the quadruple regimen
(OR = 0.5). No differences were reported in quadruple
protocol-based eradication rates among Asian and European studies, whereas levofloxacin-amoxicillin regimens
were more effective in European populations (78.3% vs
67.7%; P = 0.05). The incidence of side effects was lower
in the levofloxacin-amoxicillin treatment group than in the
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by pantoprazole 40 mg twice daily and metronidazole 500
mg three times daily and levofloxacin 500 mg once daily
for 7 d. The second group received pantoprazole 40 mg
twice daily, tetracycline 500 mg four times daily, bismuth
subcitrate 300 mg four times daily and levofloxacin 500
mg once daily for 10 d. The intention-to-treat analysis
showed eradication rates of 82.2% and 90.6%, respectively, for the two treatment groups, with no statistically
significant difference.
On the basis of these studies and findings, the role
of levofloxacin (and the modalities of its use) in the
second-line treatment of H. pylori infection is well defined by Statement 14 of the Maastricht Ⅳ Consensus.
According to these recommendations, after failure of a
PPI- and clarithromycin-containing treatment, either a
bismuth-containing quadruple protocol or a levofloxacincontaining triple protocol is recommended, although the
rising rates of levofloxacin resistance should be taken
into account.

omeprazole-clarithromycin-amoxicillin and a second with
omeprazole-bismuth-tetracycline-metronidazole (or ranitidine bismuth citrate with these antibiotics) had failed
in eradicating the H. pylori infection. These patients were
treated with a 10-d third-line eradication protocol comprising levofloxacin (500 mg bid), amoxicillin (1 g bid),
and omeprazole (20 mg bid). Per-protocol and intentionto-treat eradication rates were 66% and 60%, respectively.
A prospective study carried out in Spain evaluated the
efficacy of different “rescue” treatments empirically
prescribed over the course of 10 years to 500 (consecutive) patients for whom at least one eradication regimen
had failed to cure the H. pylori infection. The ‘rescue’
regimens included: quadruple therapy with omeprazolebismuth-tetracycline-metronidazole; ranitidine bismuth
citrate-tetracycline-metronidazole; omeprazole-amoxicillin-levofloxacin; and omeprazole-amoxicillin-rifabutin.
Antibiotic susceptibility was unknown (rescue regimens
were chosen empirically). Overall, H. pylori eradication
rates with the second-, third- (mostly levofloxacin-based),
and fourth-line rescue regimens were 70%, 74%, and
76%, respectively. Cumulative H. pylori eradication rate
with four successive treatments was 99.5%[32].
A levofloxacin-based third-line H. pylori eradicating
protocol was also compared to the rescue treatment
based on rifabutin. Forty patients were randomised to
receive a 10-d treatment course with either rifabutin (150
mg b.d.) or levofloxacin (500 mg b.d.), plus amoxicillin
(1 g b.d.) and omeprazole (20 mg b.d.). At the end of
the study, per-protocol eradication rates were 45% in
the rifabutin group and 81% in the levofloxacin group
(P < 0.05). Intention-to-treat eradication rates were 45%
and 85%, respectively (P < 0.01)[79]. However, bearing in
mind the efficacy of levofloxacin compared to rifabutin,
regional differences in H. pylori resistance to antibiotics
should be carefully considered. A study by Jeong et al[80]
from South Korea compared rifabutin and levofloxacin
rescue regimens in patients with first- and second-line H.
pylori eradication failures. These patients received treatment with either rifabutin or levofloxacin, plus amoxicillin (1 g b.d) and standard dose PPI. Eradication rates
were 71.4% in the rifabutin group, and 57.1% in the
levofloxacin group. Although there was no significant
difference in H. pylori eradication rates between the two
groups (P = 0.656), the rifabutin based regimen showed
a relatively higher eradication rate in that geographical
region. Once again the choice of antibiotics should be
based on available data on regional H. pylori antibiotic
resistance and susceptibility.

FLUOROQUINOLONE-BASED
PROTOCOLS IN THE THIRD-LINE
TREATMENT OF H. PYLORI INFECTION
The Maastricht Ⅳ consensus clearly states that after failure of second-line treatment, the therapeutic approach
should be guided by antimicrobial susceptibility testing
whenever possible. The work by Cammarota et al[77] assessed the efficacy of a third-line, culture-guided treatment approach for the eradication of H. pylori infection.
Patterns of resistance to antibiotics were analysed in H.
pylori isolates from 94 consecutive patients in whom the
infection had persisted after two eradication protocols.
Using the E-test, susceptibility analysis was performed
for amoxicillin, clarithromycin, metronidazole, tetracycline and levofloxacin. Patients were then treated with
a culture-guided, third-line regimen: 89 patients with a
1-wk quadruple regimen including omeprazole, bismuth,
doxycycline and amoxicillin, and 5 patients with a 1-wk
triple regimen containing omeprazole, amoxicillin and
levofloxacin or clarithromycin. The study showed that 94
patients (100%) were resistant to metronidazole, 89 (95%)
to clarithromycin, 29 (31%) to levofloxacin and 5 (5%) to
tetracycline. No resistance to amoxicillin was found. The
overall eradication rate was 90%. The quadruple regimen
was effective in 91% of patients (ITT). Four patients
(80%, both per protocol and intention-to-treat analyses)
were H. pylori negative after the triple regimen.
Regrettably, antimicrobial susceptibility testing is not
widely and promptly available, being performed almost
exclusively at third-level centres. In view of these limitations, a number of studies have assessed the effectiveness
of empirical third-line H. pylori eradicating protocols,
which frequently included levofloxacin. Gisbert et al[78]
reported on a prospective multicentre study which focused on this type of treatment. The authors included in
their study 100 patients for whom a first treatment with
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CONCLUSION
Even the most effective regimens for the treatment of
H. pylori infection are likely to fail to eradicate H. pylori in
more than 20% of affected patients. At present, clinicians
need to have solid up-to-date knowledge of the first-line
eradication regimens - including the more recent quadruple and sequential (bismuth-including or not) protocols -
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and to be prepared to face treatment failures.
The treatment strategies for the eradication of H. pylori have been enriched by the use and diffusion of fluoroquinolones, an effective and safe option in eradicating
H. pylori infection. However, as highlighted in the current
review and in accordance with the Maastricht Ⅳ consensus, the choice of a first or “rescue” treatment based on
fluoroquinolones should be based on regional H. pylori
antibiotic resistance. It follows that clinicians should be
aware of the prevalence of H. pylori drug resistance in the
geographical area in which they operate. As for second
and third line protocols, another crucial variable for the
selection of the right drugs is the accurate assessment of
the treatment/s that was/were previously used.
In summary, current H. pylori eradication guidelines
recommend the prescription of levofloxacin (a fluoroquinolone) as part of a sequential treatment or a nonbismuth quadruple treatment in first-line eradication
protocols in counties where bismuth-based regimens are
not easily available. With regard to second-line treatment
regimens, levofloxacin-based protocols constitute an encouraging strategy, representing an alternative to quadruple therapy in patients with previous PPI-clarithromycinamoxicillin failure and offering the advantages of efficacy,
simplicity, and safety. Finally, with regards to third-line
and “rescue” protocols, the antibiotic choice should be
guided by antimicrobial susceptibility testing irrespective
of the efficacy of levofloxacin in the empirical eradication strategies. This appears to be the most sensible and
effective treatment option[81-83].
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significant therapeutic gain as compared to placebo.
The reason for which dyspeptic symptoms regress
in some patients following bacterial eradication, but
persist in others remains unclear. Regrettably, trials
included in the meta-analyses are somewhat different
for study design, definition of symptoms, assessment
of symptoms changes, and some may be flawed by potential pitfalls. Consequently, the information could be
not consistent. We critically reviewed the main available
trials, attempting to address future research in this field
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Core tip: The role of Helicobacter pylori infection in
functional dyspesia is still controversial. Some metaanalyses indicated the infection eradication is associated with a significant therapeutic gain as compared to
placebo. However, the considered trials differ for study
design, definition of symptoms, assessment of symptoms changes, and some may be flawed by potential
pitfalls. Therefore, further studies are needed.
Zullo A, Hassan C, De Francesco V, Repici A, Manta R, Tomao S, Annibale B, Vaira D. Helicobacter pylori and functional
dyspepsia: An unsolved issue? World J Gastroenterol 2014;
20(27): 8957-8963 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i27/8957.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.8957

Abstract
Patients with Helicobacter pylori (H. pylori ) infection
may complain of dyspeptic symptoms without presence
of macroscopic lesions on gastroduodenal mucosa.
Such a condition is usually recognized as functional
dyspepsia, and different pathogenetic mechanisms are
involved. The role of H. pylori in these patients is controversial. Several trials assessed the potential role of
H. pylori eradication in improving dyspeptic symptoms,
and data of some meta-analyses demonstrated that
cure of infection is associated with a small (10%), but
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INTRODUCTION
Functional dyspepsia (FD) is classically defined as continuous or frequently recurring epigastric pain or discomfort centred in upper abdomen for which no organic
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cause can be determined[1]. It includes a heterogeneous
and broad range of chronic upper abdominal symptoms
which are widely shared with different gastrointestinal
disorders, including reflux disease, irritable bowel disease,
gallbladder and pancreatic dysfunction, and celiac disease. Therefore, FD is generally diagnosed when other
frequent gastrointestinal diseases are excluded, and upper
endoscopy ruled out macroscopic lesions - i.e., investigated dyspepsia. Such a condition is frequently encountered
in clinical practice, its prevalence being close to 20%-30%
in the general population. Of note, dyspeptic symptoms
persist over the long-term in the majority of patients,
despite periods of remission may occur, so that several
FD patients recurrently require medical consultations
and therapies[2]. Consequently, the management of FD
patients has a relevant economic impact, and it involves
both general practitioners and gastroenterologists. Regrettably, the aetiology of FD remains largely unknown
- different factors being presumably involved - and no
definite and effective treatment is currently available for
all these patients.
The discovery of Helicobacter pylori (H. pylori) in the
‘80thies triggered the expectation that dyspeptic symptoms
could be caused by such a persistent infection in the
stomach, which invariably causes chronic active gastritis.
Starting at the end of ‘90thies, several studies have been
performed to assess the potential role of H. pylori eradication on FD, and a Cochrane meta-analysis including
data of 12 trials involving 2541 patients was published
on 2003[3]. It was calculated that H. pylori eradication had
a small (37% vs 29%; 8%), but statistically significant effect (RR = 0.91; 95%CI: 0.86-0.95) in reducing dyspepsia
symptoms as compared to placebo at 12 mo follow-up,
with a number need to treat (NNT) of 15. An update of
data including 17 trials with 3,566 patients showed that
there was a 10% (95%CI: 6-14) relative risk reduction of
dyspepsia following H. pylori eradication as compared to
placebo, with a NNT of 14 (95%CI: 10-25)[4]. The last
Consensus of an International panel of clinical investigators on gastroduodenal functional disorders (Rome Ⅲ)
recommended H. pylori eradication in all infected patients
with non-ulcer dyspepsia diagnosed at upper endoscopy,
also suggesting non-invasive testing followed by H. pylori
eradication (“test and treat”) in those patients with no
alarm features, although many infected patients with FD
may not gain symptomatic benefit[2].
Can we therefore conclude that everything is clear
on this issue? Unfortunately, results of different studies
are conflicting, so that no definitive information emerges
from the available data. This could depend on different
factors, such as the study design, definition of symptoms,
assessment of symptoms changes, and potential pitfalls.
The knowledge of these limitations could add “a further
light at the end on the tunnel” of FD.

nisms responsible of dyspeptic symptoms. These include
altered gastric emptying (delayed or accelerated), impaired
accommodation of proximal stomach, and sensory abnormalities (gastroduodenal hypersensitivity)[2]. However,
the underlying causes of these alterations are unknown.
To date, no conclusive data have been reported on the
role of H. pylori infection on these dysfunctions. Indeed,
disturbances of either motor or sensory function in the
gastroduodenal tract of patients with H. pylori are not
consistent[5,6]. Some studies found that H. pylori infection
delays gastric emptying, it is associated with a loss of
gastric phase Ⅲ of the migrating motor complex, and its
eradication significantly improves gastric emptying. However, other studies failed to confirm these observations[7].
Nevertheless, at least in theory, H. pylori infection may
cause dyspeptic symptoms through other mechanisms
such as: (1) alterations of gastric acid secretion; (2) persistent and active inflammation of gastric mucosa; and (3)
post-infective changes in gastroduodenal mucosa.
It has been found that gastrin releasing peptide-stimulated maximal acid output (MAO) is 3-fold increased in
dyspeptic patients with H. pylori infection as compared
to uninfected controls[8], and approximately 50% of the
non-ulcer dyspepsia infected patients had a similarly
stimulated MAO when compared with duodenal ulcer
patients[9]. Indeed, H. pylori alters production of both
gastrin (increased) and somatostatin (decreased) in gastric
mucosa, as well as of ghrelin which is involved in acid
secretion, hunger sensations, and gastrointestinal motility[10]. Noteworthy, these alterations of gastric acid secretion normalize 6-12 mo following a successful H. pylori
eradication[10]. Therefore, it is expected that at least some
dyspeptic symptoms probably linked to acid hypersecretion, such as epigastric pain, could regress 1 year after the
cure of infection. Although the level of stimulated gastric
acid secretion at entry was not a predictive factor of FD
improvement following H. pylori therapy[11], no study assessed the relationship between gastric acid output levels
and dyspeptic symptoms 1 year following a successful H.
pylori eradication.
As far as gastritis is concerned, no consistent data
demonstrated that such an inflammatory status of gastric
mucosa may be associated with dyspeptic symptoms. A
certain genetic predisposition to develop dyspeptic symptoms in patients with H. pylori-associated gastritis has
been suggested[12]. Indeed, more than half of the patients
with H. pylori infection are asymptomatic, despite the infection invariably causes a chronic active gastritis. However, it has been widely reported that the active component
of gastritis - i.e., polymorphonuclear infiltration - quickly
and completely recovers following bacterial eradication,
whilst the presence of lymphocytic infiltrate in gastric
mucosa may persist several months or years[13]. It has
been speculated that these cells may cause alterations of
gastric mucosa function by producing different cytokines,
similarly to what it is accepted for irritable bowel disease
(IBS)[14,15]. Therefore, to correlate dyspeptic symptoms
modification and gastritis grade (i.e., lymphocytic infil-

H. PYLORI AND FD PATHOGENESIS
The pathogenesis of FD still remains unrevealed, and
several alterations have been invoked as putative mecha-
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trate) 1 year following a successful bacterial eradication
would be an ideal clinical situation to unravel such an issue. Indeed, at least in theory, a total recovery of gastric
function should be expected only in those patients in
whom both the infection is cured and the inflammation
disappeared - i.e., grade 0 gastritis according to the update
Sydney System classification[13]. Of note, a trial found that
FD symptoms disappeared after curing H. pylori infection
more frequently in patients with gastritis grade score 0-1
than in those with grade 2-3 (32% vs 17%, P = 0.008)[16].
Similarly to IBS in which the role for an acute gastrointestinal infection is recognized as a trigger of symptoms
in a subset of patients, some studies suggest that dyspeptic symptoms may develop following an infection[17]. A
study found that the risk of dyspepsia is 5.2-fold (95%CI:
2.7-9.8) increased 1 year following an acute Salmonellaassociated gastroenteritis [18]. Similarly, another study
found that the risk of hunger pain was 5.77-fold (95%CI:
1.3-25.7) increased 1 year after a water-borne viral gastroenteritis with Norovirus[19]. As for IBS, an increased
infiltration of both enterochromaffin cells (EC) and mast
cells in gastroduodenal mucosa in post-infectious FD patients has been recently reported[20]. In addition, a role for
eosinophils, inflammatory cells, and neuroendocrine cells
(i.e., serotonin) infiltration in duodenal mucosa in postinfectious FD patients has been suggested[21]. Since it is
widely recognized that H. pylori initiates as an acute infection with dyspeptic symptoms, it would appear worthy to
assess whether dyspeptic symptoms persist following H.
pylori eradication in a subset of patients due to a persistence of these cells in gastroduodenal mucosa.

ies. Symptoms modification was evaluated by assessing
the score of symptoms present in the last 1-7 d preceding the end of follow-up in some studies and in the last
1-6 mo in others. Furthermore, some trials considered
symptomatic improvement following the eradication
therapy, irrespectively of whether the patients were actually eradicated or not. Unfortunately, only few studies
correlated the symptoms modifications and gastritis
score at the end of follow-up, in order to assess whether
a complete gastritis regression was also associated with
symptom resolution[16]. Similarly, no study tested the potential correlation between gastric acid secretion normalization and symptom disappearance following a successful bacterial eradication. Finally, in different multicenter
trials, several participating centres enrolled less than 5-10
patients - with only 1 patient included in a centre[16] - so
that a β-type error in patients enrolment cannot be ruled
out. Based on all these observations, it remains unclear
whether it is appropriate to pool data of these heterogeneous trials, and how robust the final data interpretation
may actually be.
Another aspect deserving consideration is that H.
pylori eradication observed in the placebo group would
appear unexpectedly high in some of these trials, with
cure rates approaching 6.3%, 6.6%, 7.4%, 8%, and
12%[23,26,28,29,31], whilst the cure rate was reasonably low
(0%-2%) in others studies[24,27,32]. H. pylori infection virtually persists long-life whether not opportunely treated,
and spontaneous disappearance is considered as an infrequent event[33].
Unexpectedly, in a trial[11], comparison of symptom
modification was performed between patients receiving
eradication therapy and those receiving placebo, rather
than between patients cured from H. pylori and those
with persistent infection. To establish whether H. pylori
infection really impacts on FD symptoms, the comparison should be between patients definitely cured and
those not cured. Indeed, the eradication rate following
the triple therapy used is distinctly lower than 100% and,
most likely, as many as 15%-20% of patients computed
in the eradication therapy group probably remained infected. Both patients and physicians would know whether
FD symptoms disappear by really eliminating H. pylori
infection, rather than following a potentially eradicating
therapy.
In the majority of studies (Table 1), assessment of
symptom modification was based on the overall score,
instead of evaluation of each independent symptom.
This would consider FD as a well-definite disease, rather
than a combination of symptoms, most likely depending
on different pathogenetic mechanisms[34,35]. Intuitively, it
would appear at least implausible to expect that H. pylori
eradication would improve some symptoms - such as abdominal pain, flatulence, diarrhoea, constipation, bloating
- which are generally attributed to large bowel[36].
It is widely recognized that NSAIDs - including lowdose aspirin - may cause dyspeptic symptoms, irrespective
of onset of either gastroduodenal ulcers or erosions[37].

CONCERNS ON H. PYLORI ERADICATION
TRIALS IN FD PATIENTS
Several trials on the role of H. pylori eradication in FD patients are now available, and data of the majority of these
studies have been pooled in some meta-analyses[3,4,22].
However, it is remarkable to note that the evaluation
of symptoms at entry as well as the assessment of their
modifications following bacterial eradication is not the
same among different studies. In detail, type and number
of symptoms evaluated at entry are not the same, and the
definition of symptoms regression or improvement are
somewhat different.
By taking into account only double-blind, placebocontrolled trials with at least 50 patients for arms followed for 6-12 mo, in which the final evaluation of H.
pylori status was performed by means of either upper
endoscopy with biopsies or a 13C-urea breath test, we
identified 12 studies (Table 1)[11,16,23-32]. Noteworthy, the
number and type of symptoms evaluated at entry, the
score used to evaluate symptoms modifications, and the
period considered for final symptoms assessment are
very different among studies. In addition, the use of
non-steroid anti-inflammatory drugs (NSAIDs), and the
presence of gastric erosions at endoscopy were considered as exclusion criteria in some, but not in other stud-
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<5

NA

No

No

NA

<5

Yes

NA

Yes

< 10

No

Yes

<5

NA

No

NA

No

Yes

No

<5

Yes

No

NA

Gastric erosions

No

Low-dose aspirin

Symptoms evaluated

Indigestion; diarrhoea
constipation; reflux;
abdominal pain

Ulcer-like;
motility-like;
reflux-like;
unspecified
Abdominal fullness; early satiety; bloating; nausea
(Rome Ⅱ criteria)

Epigastric pain; belching; heartburn, bloating;
flatulence; sour taste; nausea; halitosis

Rome Ⅲ criteria

Ulcer-like;
motility-like;
reflux-like
Epigastric pain or burning; epigastric fullness;
heartburn, regurgitation; nausea vomiting,
abdominal pain; flatulence; diarrhoea; constipation
Epigastric pain; nausea; bloating; heartburn early
satiety; vomiting; regurgitation; hunger pain

Epigastric pain; nausea;
abdominal distension; eructation; vomiting; early
satiety; regurgitation; retrosternal burning
Epigastric pain; burning; postprandial fullness;
nausea; vomiting

Ulcer-like;
motility-like;
reflux-like

GSRS: 1-7
(the last 7 d)

Likert score:
0-6

DSS
likert score:
1-5
Score for severity: 0-2
Score for frequency:
0-3

PADYQ: 0-44
(the last 30 d)

Likert score:
0-3
(the last 7 d)
Score: 0-16
(the last 1 d)

GSRS: 1-7
(the last 7 d)

Likert score:
0-5
(the last 7 d)
Score: 0-3
(the last 1 d)

GSRS: 0-6
(the last 7 d)

No difference

No difference

Therapy better
than placebo

No difference

Therapy better
than placebo

No difference

No difference

No difference

No difference

Therapy better
than placebo

No difference

Therapy better
than placebo

Score used (period) Primary end-point

Pain or discomfort; heartburn; nausea; postprandial GDSS: 0-20 (the last 6
fullness
mo)

No difference was observed when symptoms resolution
was assessed according to final H. pylori status

Difference was based on the reduction on mean score.
Difference remained significant according to final H.
pylori status. The rate of asymptomatic patients was
lacking
No difference was observed when symptoms resolution
was assessed according to final H. pylori status

No difference was observed when symptoms resolution
was assessed according to final H. pylori status

No difference was observed according to final H.
pylori status. Both patient groups received omeprazole
therapy during the first 3 mo
Therapy success occurred for “postprandial distress
syndrome” but not for “epigastric pain syndrome”

No difference according to final H. pylori status. A
significant difference was observed between patients
with persistent gastritis and those with gastritis healing
No difference was observed when symptoms resolution
was assessed according to final H. pylori status

[32]

[31]

[30]

[29]

[28]

[27]

[26]

[25]

[24]

[23]

[16]

Rate of family history of ulcers (34% vs 23%) and
caffeine use (82% vs 73%) were significantly higher in
therapy group than placebo. Distribution of low-dose
aspirin use was lacking. The rate of “indeterminate”
UBT result was unexpectedly high (16%)
Difference remained significant when symptoms
resolution was assessed according to final H. pylori
status
No difference was observed when symptoms resolution
was assessed according to final H. pylori status

Ref.
[11]

Comment
Evaluation according to the final H. pylori status was
lacking

GSRS: Gastrointestinal symptoms rating score; GDSS: Glasgow dyspepsia severity score; PADYQ: Porto Alegre dyspeptic symptoms questionnaire; DSS: Dyspepsia summary score; NA: Not available.

Therapy = 50
Placebo = 50
(12 mo)
Therapy = 164
Placebo = 164
(12 mo)

Therapy = 129
Placebo = 124
(12 mo)
Therapy = 81
Placebo = 80
(12 mo)
Therapy = 135
Placebo = 143
(12 mo)
Therapy = 135
Placebo = 143
(6 mo)
Therapy = 71
Placebo = 65
(12 mo)
Therapy = 201
Placebo = 203
(12 mo)
Therapy = 75
Placebo =82
(12 mo)
Therapy = 50
Placebo = 50
(12 mo)

Therapy = 160
Placebo = 158
(12 mo)
Therapy = 170
Placebo = 167
(12 mo)

Patients (follow-up)

Table 1 Double-blind, placebo-controlled trials on Helicobacter pylori eradication in functional dyspepsia patients
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posed two main type of FD, there is postprandial distress
syndrome (postprandial fullness and early satiation) and
epigastric pain syndrome (EPS: pain or burning localized
to the epigastrium, not generalized or localized to other
abdominal or chest regions, not relieved by defecation or
passage of flatus, not fulfilling criteria for gallbladder and
sphincter of oddi disorders). For both conditions, criteria
should fulfilled for the last 3 mo with symptom onset at
least 6 mo before diagnosis. This could reduce the confusion in FD definition in future studies, allowing a more
reliable comparison among therapeutic trials. Regrettably,
a recent Korean trial showed that application of these
Rome Ⅲ criteria to FD is very difficult, and only 4 patients fulfilling these criteria were identified by gastroenterologists at 11 tertiary referral hospitals during 1 year[40].
In addition, the observation that EPS frequently overlaps
with non-erosive reflux disease - which is not associated
with H. pylori infection[41] - further puzzles data interpretation[42]. Therefore, the saga continues.
While waiting to understand what subset of FD patients may actually benefit of H. pylori eradication, it should
be considered that bacterial eradication in dyspeptic patients significantly reduces the number of upper endoscopies[43], medical visits[44], and the use of drugs[45], so that
it is cost-effective at long-term follow-up[46]. Prevention
of peptic ulcer onset, and reduction of both cancer and
lymphoma development in the stomach are other remarkable gains favouring H. pylori eradication in symptomatic
patients[47].

Therefore, inclusion of patients taking these drugs in
trials aimed to assess an independent role of H. pylori in
FD should be regarded as confounding. Regrettably, in a
trial[16], the rate of low-dose aspirin users in either therapy
and placebo arm was lacking, so that a different distribution between the two groups cannot be ruled out.
The potential role of gastroduodenal erosions in
dyspeptic patients remains largely unclear. Indeed, gastroduodenal erosions may be encountered in asymptomatic
patients. However, at least in theory, the presence of
breaks on gastric mucosa - irrespective of diameter - may
favour a H+ back diffusion and, consequently, stimulation
of visceral nerve terminations with epigastric pain. In the
considered trials (Table 1), patients with gastroduodenal
erosions were excluded in some studies, whilst enrolled in
others when erosions were either < 5 or < 10. However,
no data on erosions resolution at the end follow-up were
provided, and their potential association with symptom
modification was not assessed. Some data would suggest
that gastric erosions did not regress following H. pylori
eradication[38].

CONCLUSION
The most definite information currently available on
the role of H. pylori eradication in FD patients arises
from two meta-analyses where trials with a follow-up of
6-12 mo were included[3,4,22]. Basically, it has been calculated that H. pylori eradication is associated with a 10%
(95%CI: 6-14) therapeutic gain as compared to placebo,
with a NNT of 14 (95%CI: 10-25), and that symptoms
improvement ultimately occurs in nearly 40% of eradicated patients[4]. Another meta-analysis, including data
more recent studies (overall 14 trials with 2993 patients),
confirmed that improvement of dyspepsia symptoms occurs more frequently after H. pylori therapy than placebo
(OR = 1.38, 95%CI: 1.18-1.62, P < 0.0001), without
differences among Europe, United States and Asia[22].
However, as we discussed, criteria adopted regarding type
of symptoms at entry, evaluation of symptoms modification at follow-up, and clinical characteristics of enrolled
patients (gastroduodenal erosions, use of NSAIDs, etc.)
frequently varied among these studies. In addition, the
role of dietary and lifestyle factors was not considered[39].
These factors could affect symptoms evaluation, particularly when only 1 d - or few days - recording is used,
as occurred in several trials. On the other hand, some
alterations induced by H. pylori infection - i.e., low-grade
chronic inflammation, gastric acid out-put perturbation,
EC and mast cells infiltration, etc. - with a putative role in
FD symptoms were not opportunely assessed following
a successful cure of infection. Unfortunately, despite several trials with some thousands of patients, no clear predictive factors of FD regression after bacterial eradiation
have been identified. During the last decades, progressive
attempts aimed to unify different dyspeptic symptoms
in few, well-structured categories were performed. The
latter functional disorders classification (Rome Ⅲ) pro-
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Core tip: This paper reviews the literature regarding the
relationship between laryngophrayngeal reflux (LPR)
and Helicobacter pylori . The otolaryngology perspective
of LPR and the importance of endoscopic examination
are emphasized.
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INTRODUCTION
Gastroesophageal reflux (GER) can be a normal physiological phenomenon that occurs in most people, especially after meals. GER disease (GERD) develops when
the reflux causes symptoms like heartburn and acid
regurgitation. Laryngopharyngeal reflux (LPR) happens
when gastric contents pass the upper esophageal sphincter, causing symptoms such as hoarseness, sore throat,
coughing, excess throat mucus, and globus. The pattern
of reflux is different in LPR and GER. LPR usually occurs during the daytime in the upright position, whereas
GERD takes place more often in the supine position at
night-time or during sleep[1]. Interestingly, the patients
are different in terms of body type as well. There are
reports suggesting a relationship between GERD and
obesity[2,3]. In contrast, in a group of patients with laryngeal and pharyngeal symptoms, those with abnormal
pharyngeal reflux events did not have a higher mean
body mass index (BMI) than those with normal BMI[4].
A significantly higher percentage of esophageal reflux
events was seen in obese versus non-obese participants.
The authors concluded that abnormal esophageal reflux
(GERD) is associated with increasing BMI and obesity,
although this was not true for patients with pharyngeal

Abstract
Laryngopharyngeal reflux (LPR) occurs when gastric
contents pass the upper esophageal sphincter, causing
symptoms such as hoarseness, sore throat, coughing,
excess throat mucus, and globus. The pattern of reflux
is different in LPR and gastroesophageal reflux. LPR
usually occurs during the daytime in the upright position whereas gastroesophageal reflux disease more often occurs in the supine position at night-time or during
sleep. Ambulatory 24-h double pH-probe monitoring is
the gold standard diagnostic tool for LPR. Acid suppression with proton pump inhibitor on a long-term basis
is the mainstay of treatment. Helicobacter pylori (H.
pylori ) is found in many sites including laryngeal mucosa and interarytenoid region. In this paper, we aim to
present the relationship between LPR and H. pylori and
review the current literature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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pylori ; Gastroesophageal reflux disease; Proton pump
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Table 1 Reflux Symptom Index
Within the past month, how did the following problems affect you?

0 = no
problem

Hoarseness or a problem with your voice
Clearing your throat
Excess throat mucus or postnasal drip
Difficulty swallowing food, liquids, or pills
Coughing after you ate or after lying down
Breathing difficulties or choking episodes
Troublesome or annoying cough
Sensations of something sticking in your throat or a lump in your throat
Heartburn, chest pain, indigestion, or stomach acid coming up

0
0
0
0
0
0
0
0
0

1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2

5 = severe
problem
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
5

A total score of 13 is thought to be clinically significant.

reflux.
Helicobacter pylori (H. pylori) was originally identified
by Marshall and Warren[5]. It was called a Campylobacterlike organism at first. It is a Gram-negative bacterium
with a spiral shape and four to six flagella. It is obligate
microaerophilic, and urease, catalase and oxidase positive.
Although it is susceptible to acid, it is protected from the
harmful effects of acid by both its motility and its ability
to convert urea to ammonium by urease and form a basic
milieu around itself. Although it occurs less commonly
in developed countries and in children, and is more common in developing countries and adults, its prevalence
varies between different regions and socioeconomic
strata of the same country. Probable routes of contamination are fecal-oral, oral-oral, gastro-oral (reflux and
vomiting), and iatrogenic (e.g., insufficiently disinfected
endoscopes)[6]. The relationship of H. pylori with gastritis,
peptic ulcer, gastric carcinoma, and mucosa-associated
lymphoid tissue lymphoma has been demonstrated in
many studies[7]. Different noninvasive [urea breath test
(UBT), serological tests, and stool tests] and invasive
[histological and microbiological examination of biopsy
materials, rapid urease test, and polymerase chain reaction
(PCR)] tests with varying specificity and sensitivity may
be performed for the diagnosis for H. pylori in tissue[8]. H.
pylori is localized primarily in the gastric mucosa. It is reported that the microorganism may exist in paranasal sinuses, tonsils, adenoids, and even middle ear mucosa[9-12].
It may also exist in atypical locations like dental plaque
and saliva[13,14]. In many other studies H. pylori could not
be found in tonsils, adenoids, dental plaque, saliva, or the
oral cavity, which may mean that these tissues are only
temporary colonization sites[15-18].
It has been estimated that half of otolaryngology
patients with laryngeal and voice disorders have LPR[19].
LPR is considered one of the most important and common factors causing inflammation in the upper airways.
The tissue damage is demonstrated in both animals and
humans. It may be caused by direct exposure to acid,
pepsin and bile, and by vagally mediated reflexes[20,21].
Besides acid and pepsin, the presence of H. pylori may be
related to the symptoms and findings of LPR.
The variance between esophageal symptoms and upper aerodigestive tract disease may reflect the relative sus-
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ceptibility of the epithelium of the larynx and pharynx
to reflux-related injury. LPR may also occur in healthy
individuals without symptoms or laryngeal pathology.
LPR-related laryngeal disease and findings tend to resolve
over a longer time and more often need higher levels of
medication and therapy. LPR has an impact on various
laryngeal pathologies including stenosis, malignancy, benign lesions, dysphagia, and functional disorders.

DIAGNOSIS
Laryngeal and voice disorders may present with diverse
clinical manifestations. Many voice clinicians recommend
that LPR be routinely assessed in patients with laryngeal
and voice disorders; however, even among otolaryngologists who have a relatively high index of suspicion for
LPR, it appears that this disorder is still often underdiagnosed and undertreated[22]. The symptoms, manifestations, patterns, and mechanisms of LPR and GERD are
different. Patients with LPR usually deny symptoms of
heartburn and/or regurgitation[21]. Less than half of otorhinolaryngology patients with LPR documented by pH
monitoring complain of heartburn or regurgitation[23].
As with the majority of diseases, the diagnosis of
LPR begins with history taking. It is then confirmed by
laryngoscopy and subsequently validated by response to
a trial of proton pump inhibitor (PPI) therapy. Although
some institutions do perform routine pH testing, for the
majority of cases this testing is reserved for refractory or
complicated cases. The most common symptoms associated with LPR are cough, throat clearing, sore throat, globus, excess throat mucus, choking, and asthma. However,
these entities have a multifactorial etiology and may be
caused by recent sinusitis or other respiratory infections,
smoking, voice abuse, and allergy, or these symptoms
may be lacking. Therefore, accurate diagnosis based on
history is a challenge. Belafsky et al[24] developed the Reflux Symptom Index (RSI), a self-administered nine-item
questionnaire to help categorize the severity of LPR (Table 1). An RSI > 13 is considered abnormal. Symptoms
of GERD, which include heartburn, chest pain, indigestion or acid regurgitation, are important, but it should be
noted that more than half of the patients with LPR do
not have these classic GERD symptoms[25]. Laryngeal
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A

B

C

D

Figure 1 Diagnosis. A: Posterior laryngitis and erythema of the arytenoids; B: Laryngeal edema secondary to laryngopharyngeal reflux (LPR); C: Excessive posterior
laryngitis. Note the thick mucus over the interarytenoid area and vocal cords; D: Normal larynx with only a mild posterior laryngitis treated by proton pump inhibitors
with documented LPR by ambulatory double probe pH measurement.

those findings are not present in many LPR patients. In
our experience, edema (Figure 1B) is the principal, and
most common, finding of LPR along with PL. PL is
characterized by edema or hypertrophy, and sometimes
erythema and hyperemia on the posterior wall of the
glottis. Inflammation may reach the medial surface of the
arytenoid cartilages and aryepiglottic folds. Furthermore,
diffuse vocal fold edema and infraglottic edema reaching from the anterior commissure to the posterior wall
may create an illusion of sulcus vocalis[27]. The nature
of endolaryngeal mucus if it is thick and tenacious also
points to PL (Figure 1C). LPR patients may present with
one or all of these findings[21]. The difficulty in making
an LPR diagnosis is that the findings are sometimes quite
subtle; signs of inflammation and irritation are absent,
and patients may have a normal-looking larynx (Figure
1D). Therefore, a high index of suspicion is needed. Reflux finding score (RFS) may be useful in categorizing the
severity of the mucosal injury on laryngoscopy[26] (Table
2). Laryngoscopy should be done by both flexible and
rigid endoscopes. There are also controversial studies on
this matter. Branski et al[28] have reported on a series of
patients in whom reflux findings were scrutinized by five
observers reviewing videotaped examinations. The conclusions of the paper were that significant variability exists
in describing reflux-related findings. In another important
study by Hicks et al[29], 100 normal subjects underwent
laryngoscopy; their examinations were then reviewed by
otolaryngologists and speech-language pathologists to
estimate the presence of reflux-related lesions in these

Table 2 Reflux finding score
Subglottic edema
0 = absent
Ventricular obliteration
4 = complete
Erythema/hyperemia
4 = diffuse
Vocal cord edema
2 = moderate
3 = severe
4 = polypoid
Diffuse laryngeal edema
2 = moderate
3 = severe
4 = obstructing
Posterior commissure hypertrophy
2 = moderate
3 = severe
4 = obstructing
Granuloma/granulation
2 = present
Thick endolaryngeal mucus/other
2 = present
Total

2 = present
2 = partial
2 = arytenoids only
1 = mild

1 = mild

1 = mild

0 = absent
0 = absent

A total score of 7 is thought to be clinically significant.

examination is the second step in the diagnostic evaluation. The findings of LPR on laryngeal examination vary
considerably. According to Belafsky et al[25-27], laryngeal
edema is the hallmark finding of LPR. However, most
otolaryngologists rely solely on the findings of erythema
or posterior laryngitis (PL) (Figure 1A). Unfortunately,
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identify almost all people who have H. pylori and confirm
that the infection has been fully treated.

healthy volunteers. The key finding in this study was
that nearly 80% of the normal volunteers had an interarytenoid bar or posterior commissure hypertrophy.
Unfortunately, this finding has been taken by many to be
an indication that laryngoscopy is not useful in the clinical evaluation of reflux disease. However, it is important
to realize that the physician’s own perception during a
laryngoscopy strongly affects the diagnosis. That is, mild
laryngeal edema might be the sole finding of LPR.
Traditional diagnostic tests for GERD lack both
sensitivity and specificity for LPR. As mentioned before,
these two patient groups differ in terms of symptoms
and diagnosis. Barium esophagography, radionuclide
scanning, the Bernstein acid-perfusion test, and esophagoscopy with biopsy are all often negative in LPR patients[21]. This is probably because most LPR patients
do not develop esophagitis, because esophageal mucosa
is more resistant to acid- and pepsin-related injury than
the laryngeal and pharyngeal mucosa is[21,23]. Therefore,
evaluating a patient depending on GERD protocols may
lead the otolaryngologist to misdiagnosis. At the present
time, ambulatory 24-h double pH probe (simultaneous
esophageal and pharyngeal) monitoring has become the
diagnostic gold standard for LPR[30-32]. The upper probe
must be placed in a consistent zone at or above (2 cm)
the functional upper esophageal sphincter. This allows
the lower probe to be placed about 5 cm above the lower
esophageal sphincter. However, it is expensive and is not
widely available. Nevertheless, pH monitoring effectively
documents LPR with a high degree of specificity and
sensitivity. Esophageal manometry is also important for
accurate placement of the pH electrodes and particularly
useful in patients with chronic cough.
Endoscopic examination of the esophagus (transnasal
esophagoscopy; TNE) is performed in the clinical setting
with or without sedation. It is generally used to check
GERD-related complications and exclude other diseases.
TNE allows otolaryngologists to screen the esophagus.
In a large series, Postma et al[33] reported that 50% of the
patients had positive findings on TNE, including 17%
esophagitis, 8% hiatal hernia, 5% Barrett’s metaplasia, 5%
Candida esophagitis, and 4% stricture. Esophagoscopy
alone does not diagnose LPR, and only a small percentage of LPR patients have abnormal esophagoscopy.
H. pylori infects the stomach, usually during childhood. The most common cause of peptic ulcers, H. pylori
infection, is present in about half the world’s population.
There are several different methods to test for H. pylori
infection.

Blood tests
Blood tests are used to measure H. pylori IgG, and H.
pylori CagA IgG antibodies. This test is not as accurate as
the other tests. These blood tests can be used to diagnose
whether an H. pylori infection is present. However, the
test cannot determine whether you have an infection at
the time of the test or how long you have had it because
the test remains positive for several years, even if the
infection is cured. As a result, it cannot be used to see if
the infection has been eradicated.
Stool test
A test to detect the genetic traces of H. pylori in the feces
appears to be as accurate as the breath test for initially
detecting the bacteria, and for detecting recurrences after
antibiotic therapy. This test can also be used to diagnose
H. pylori infection and confirm that it has been eradicated.
Biopsy
The most accurate way to identify the presence of H.
pylori is by taking a tissue biopsy. H. pylori DNA was
screened using a nested PCR amplification method for a
portion of the 23S rRNA gene. Tissue samples can also
be cultured on homogenized brain-heart infusion agar.
Suspected colonies are tested and catalase-, oxidase- and
urease-positive, curved Gram-negative rods are defined
as H. pylori.
Another important diagnostic tool is an empiric trial
of PPI therapy over a prolonged period, which has been
proposed as a valid diagnostic test for LPR. The typical
regime is twice daily PPI therapy for 1-6 mo. This recommendation is based on the fact that we have not identified
the specific symptom combination, or combination of
symptoms and laryngeal signs, pathognomonic to LPR.
Besides, ambulatory 24-h double-probe pH measurement
is not available in all clinics. The principal disadvantage
of PPI therapy is its high cost, patient unwillingness, and
placebo effect. Nevertheless it is a useful diagnostic tool
in many cases.

TREATMENT
Treatment for LPR includes lifestyle modifications, acidsuppressive medication, and surgical therapy. Lifestyle
modifications include elevation of the head of the bed,
decreased intake of fat, citrus, tomato, chocolate, caffeine, and alcohol, cessation of smoking, and avoiding
recumbency and further eating 3 h before bedtime. These
measures are helpful if there is associated abnormal
esophageal acid exposure[1]. If only LPR is present, these
measures may be less meaningful because pharyngeal
reflux occurs most often in the upright position during
the daytime. Although Hanson et al[34] have described a
50% response rate to these measures alone in patients
with chronic laryngitis, there are minimal supportive data
on the efficacy of these measures in LPR. Medical acid

Breath test (carbon isotope-urea breath test or UBT)
Up to 2 wk before the test, the patient must stop taking
any antibiotics, bismuth-containing medications such as
Pepto-Bismol, and PPIs. The patient swallows a special
substance containing urea (a waste product the body
produces as it breaks down protein) that has been made
harmlessly radioactive. If H. pylori is present, the bacteria convert the urea into CO2, which is detected and
recorded in the exhaled breath after 10 min. This test can
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in 42 patients who were diagnosed with GERD. They
found that the laryngopharyngeal, but not esophageal,
symptom relief induced by acid suppression was significantly lower among H. pylori antibody-negative than antibody-positive cases. This was a surprising finding. Kountouras et al[40] have suggested that the increasing incidence
of GERD complications after H. pylori eradication may
be explained not just by the diminishing prevalence of H.
pylori infection, but rather by healing of H. pylori-associated peptic ulcer disease, which coexists with GERD. The
appearance of GERD depends on the esophageal acid
exposure, and its symptomatology is related to acid hypersecretion; a condition that predisposes to peptic ulcer
disease. Given that the vast majority of peptic ulcer cases
are caused by H. pylori infection, the bacterium could
therefore also promote GERD development by inducing
esophageal acidity, but this does not necessarily promote
LPR. Cekin et al[41] found no association between H. pylori
and LPR status. In addition, they analyzed two subgroups
based on whether their lesions were benign or malignant/premalignant and found a significant relationship
between LPR positivity and the presence of malignant/
premalignant laryngeal lesions. Again, they found no association between H. pylori status and either of the two
subgroup categories.
LPR in the pediatric population is believed to contribute to failure to thrive, laryngomalacia, recurrent respiratory papillomatosis, chronic cough, hoarseness, esophagitis, and aspiration, among other pathologies. Thus, LPR
should be considered as a chronic disease with a variety
of presentations. High clinical suspicion along with
consultation with an otolaryngologist, who can evaluate
for laryngeal findings, is necessary to diagnose LPR accurately[42]. The majority of infected persons acquire the
bacteria during early childhood and one of the risk factors may be immunological. These factors are possibly
the cause of divergent manifestations of H. pylori infection in children compared with adults.
Tezer et al[43] have concluded that the expression of H.
pylori positivity and degree of GERD correlated with LPR
in 45 patients. H. pylori positivity and degree of GERD
were more adverse in patients with an RFS of ≥ 7. However, their findings relied only on RFS; ambulatory 24-h
double pH probe monitoring was not used. Toros et al[44]
have investigated 45 patients. Although the percentage of
H. pylori positivity was high, there was no significant relationship between the symptoms and H. pylori positivity.
All patients underwent medical therapy mostly for gastroenterological indications rather than laryngopharyngeal
symptoms. In a recent article by Youssef and Ahmed[45],
H. pylori treatment and LPR symptom resolution was
investigated. H. pylori stool antigen (HPSA) test was positive in 57% of the study group. Patients with negative
HPSA were treated with esomeprazole as a single modality with a reported improvement score of 96.6%. Patients
with positive HPSA test results were divided into two
groups: one received only esomeprazole, with reported
improvement in 40%, whereas the second group was
treated with esomeprazole, plus amoxicillin sodium and

suppression is the most important and common method
of treatment. The treatment of LPR has dramatically
changed since the introduction of PPIs, which are the
most widely used drugs for the treatment of reflux. They
maintain a potent and consistent effect on gastric acid
secretion with few adverse effects. Comparisons between
the five available compounds (omeprazole, rabeprazole,
lansoprazole, esomeprazole, and pantoprazole) shows
that they have a similar antisecretory potency on a milligram basis. Treatment recommendation at present is
twice daily dosing of PPIs for at least 3-4 mo. Most
authors suggest a longer duration of at least 6 mo up to
1 year[22,25]. Symptoms frequently improve before the laryngoscopic findings resolve[25]. Although PPIs effectively
reduce the acid secretion, reflux still continues, meaning
that the larynx and pharynx are still exposed to pepsin
and bile.
Surgical therapy or antireflux surgery has been shown
to be effective for patients with aggressive or life-threatening LPR[35]. The main procedure for antireflux surgery
is Nissen fundoplication. The fundus of the stomach is
wrapped around the lower esophageal sphincter to provide an antireflux barrier. Patients who have good control
of GER and LPR symptoms with acid suppression may
not need surgical intervention. However, in patients who
do not respond to medical therapy, the symptoms can be
attributed to pepsin and bile reflux. This patient group
are considered to the best candidates for Nissen fundoplication[36]. However, it is not a widely accepted treatment choice.
No single drug cures H. pylori infection. Treatment
involves taking several medications for 14 d. The recommended first-line therapy is PPI-clarithromycinamoxicillin or metronidazole. The consensus is that 14
rather than 7 d treatment has a slight advantage in terms
of treatment success. With regard to second-line therapies, bismuth-based quadruple therapies remain the best
option. If unavailable, PPI-amoxicillin or tetracycline and
metronidazole are recommended. There are increasing
numbers of patients with H. pylori infection that is resistant to antibiotics, so it is important to take all the medications prescribed and to have a test that confirms that
the infection has been cleared. Antimicrobial susceptibility testing is required in the resistant cases or treatment
failures[37].

DISCUSSION
Regarding the relationship between LPR and H. pylori,
the literature is limited. Rouev et al[38] compared 46 patients with GERD and LPR symptoms and found that
there was an increasing tendency in GERD patients that
develop LPR symptoms. They found 11 patients with H.
pylori infection but the treatment did not affect the overall outcome. In one of the first studies investigating the
relationship between H. pylori positivity and LPR, Oridate
et al[39] compared H. pylori antibody positivity, laryngopharyngeal reflux symptoms, objective laryngopharyngeal
findings, and rate of response to acid-suppressive therapy
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clarithromycin (triple therapy) and reported a 90% incidence of symptom improvement. The incidence of H.
pylori infection in patients with LPR was 57%. They concluded that H. pylori infection should be considered when
treatment is prescribed to patients with LPR because the
standard therapy for GERD might be insufficient. Also,
the use of triple therapy for LPR with H. pylori infection
might result in a higher cure rate. However, in a study by
Ercan et al[46], 32 LPR patients were investigated regarding
the presence of H. pylori and sex, age, degree of gastritis
and esophagitis, and also the number of reflux episodes,
fractional acid exposure times regarding proximal probe
readings. They found that there was no relationship between the presence of H. pylori and LPR. Islam et al[47]
took biopsies from the vocal fold and interarytenoid
region of 50 patients. H. pylori was not found in the histological specimens of the vocal fold and interarytenoid
region. The presence of H. pylori in the gastric mucosa,
determined by UBT and H. pylori antibodies, does not
have an effect on the RFS and RSI. In their prospective
study, Siupsinskiene et al[48] found H. pylori in the biopsy
material from the larynx in more than one-third of the
patients, equally suffering from benign laryngeal disease
and laryngeal cancer, but significantly more often than
in the control group. Patients with chronic laryngitis and
laryngeal cancer showed the highest rate of H. pylori infection in the larynx. However, the relationship was not
clearly identified and they concluded that further studies
are needed to confirm the importance of H. pylori infection for the development of different laryngeal diseases,
as well as the effect of H. pylori eradication on the course
of laryngeal diseases.
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CONCLUSION
Detailed history taking and laryngoscopic examination
constitute the basis for diagnosis of LPR. Most LPR patients have only mild symptoms. Unlike GERD patients,
they seldom have heartburn or regurgitation. Laryngoscopic examination most commonly demonstrates findings in the posterior glottis and vocal folds. Laryngeal
edema is an important indicator for LPR that is most often neglected. Ambulatory 24-h double pH-probe monitoring is the gold standard diagnostic tool for LPR. Acid
suppression with PPI on a long-term basis is the mainstay
of treatment; a trial of PPIs may also be useful as a diagnostic maneuver but it should be at least 4 mo. Laryngeal
acid and pepsin sensitivity is greater in oropharyngeal
mucosa than esophageal mucosa and this constitutes the
main difference of LPR and GERD pathophysiology. H.
pylori is found in many sites, including laryngeal mucosa
and interarytenoid region; however, the importance of
this colonization and its effects on disease progress and
treatment outcome is yet to be identified with prospective
clinical studies.

12

REFERENCES

18

1

13

14

15

16

17

Ylitalo R. Reflux and Its Impact on Laryngology. Textbook

WJG|www.wjgnet.com

8969

of Laryngology. In: Merati AL, Bielamowicz SA, editors.
Hong Kong: Plural Publishing, 2006: 203-303
Smith KJ, O’Brien SM, Smithers BM, Gotley DC, Webb PM,
Green AC, Whiteman DC. Interactions among smoking,
obesity, and symptoms of acid reflux in Barrett’s esophagus.
Cancer Epidemiol Biomarkers Prev 2005; 14: 2481-2486 [PMID:
16284367 DOI: 10.1158/1055-9965.EPI-05-0370]
Stein DJ, El-Serag HB, Kuczynski J, Kramer JR, Sampliner
RE. The association of body mass index with Barrett’s oesophagus. Aliment Pharmacol Ther 2005; 22: 1005-1010 [PMID:
16268976 DOI: 10.1111/j.1365-2036.2005.02674.x]
Halum SL, Postma GN, Johnston C, Belafsky PC, Koufman
JA. Patients with isolated laryngopharyngeal reflux are not
obese. Laryngoscope 2005; 115: 1042-1045 [PMID: 15933517
DOI: 10.1097/01.MLG.0000162656.05715.57]
Marshall BJ, Warren JR. Unidentified curved bacilli in the
stomach of patients with gastritis and peptic ulceration.
Lancet 1984; 1: 1311-1315 [PMID: 6145023 DOI: 10.1016/
S0140-6736(84)91816-6]
Mitchell H, Mégraud F. Epidemiology and diagnosis of Helicobacter pylori infection. Helicobacter 2002; 7 Suppl 1: 8-16
[PMID: 12197904 DOI: 10.1046/j.1523-5378.7.s1.10.x]
Eslick GD. Helicobacter pylori infection causes gastric cancer? A review of the epidemiological, meta-analytic, and experimental evidence. World J Gastroenterol 2006; 12: 2991-2999
[PMID: 16718777]
Mégraud F, Lehours P. Helicobacter pylori detection and antimicrobial susceptibility testing. Clin Microbiol Rev 2007; 20:
280-322 [PMID: 17428887 DOI: 10.1128/CMR.00033-06]
Morinaka S, Ichimiya M, Nakamura H. Detection of Helicobacter pylori in nasal and maxillary sinus specimens from patients with chronic sinusitis. Laryngoscope 2003; 113: 1557-1563
[PMID: 12972933 DOI: 10.1097/00005537-200309000-00027]
Cirak MY, Ozdek A, Yilmaz D, Bayiz U, Samim E, Turet S.
Detection of Helicobacter pylori and its CagA gene in tonsil
and adenoid tissues by PCR. Arch Otolaryngol Head Neck
Surg 2003; 129: 1225-1229 [PMID: 14623755 DOI: 10.1001/archotol.129.11.1225]
Yilmaz T, Ceylan M, Akyön Y, Ozçakýr O, Gürsel B. Helicobacter pylori: a possible association with otitis media with effusion. Otolaryngol Head Neck Surg 2006; 134: 772-777 [PMID:
16647533 DOI: 10.1016/j.otohns.2006.02.002]
Ozmen S, Yücel OT, Sinici I, Ozmen OA, Süslü AE, Oğretmenoğlu
O, Onerci M. Nasal pepsin assay and pH monitoring in chronic
rhinosinusitis. Laryngoscope 2008; 118: 890-894 [PMID: 18520187
DOI: 10.1097/MLG.0b013e318165e324]
Cammarota G, Tursi A, Montalto M, Papa A, Veneto G, Bernardi S, Boari A, Colizzi V, Fedeli G, Gasbarrini G. Role of
dental plaque in the transmission of Helicobacter pylori infection. J Clin Gastroenterol 1996; 22: 174-177 [PMID: 8724252
DOI: 10.1097/00004836-199604000-00004]
Li C, Musich PR, Ha T, Ferguson DA, Patel NR, Chi DS,
Thomas E. High prevalence of Helicobacter pylori in saliva
demonstrated by a novel PCR assay. J Clin Pathol 1995; 48:
662-666 [PMID: 7560176 DOI: 10.1136/jcp.48.7.662]
Bernander S, Dalén J, Gästrin B, Hedenborg L, Lamke LO,
Ohrn R. Absence of Helicobacter pylori in dental plaques in
Helicobacter pylori positive dyspeptic patients. Eur J Clin
Microbiol Infect Dis 1993; 12: 282-285 [PMID: 8513816 DOI:
10.1007/BF01967259]
Di Bonaventura G, Catamo G, Neri M, Neri G, Piccolomini
R. Absence of Helicobacter pylori in tonsillar swabs from
dyspeptic patients. New Microbiol 2000; 23: 445-448 [PMID:
11061634]
Skinner LJ, Winter DC, Curran AJ, Barnes C, Kennedy S, Maguire AJ, Charles DA, Timon CI, Burns HP. Helicobacter pylori
and tonsillectomy. Clin Otolaryngol Allied Sci 2001; 26: 505-509
[PMID: 11843933 DOI: 10.1046/j.1365-2273.2001.00513.x]
Bitar MA, Soweid A, Mahfouz R, Zaatari G, Fuleihan N. Is
Helicobacter pylori really present in the adenoids of children? Eur Arch Otorhinolaryngol 2005; 262: 987-992 [PMID:

July 21, 2014|Volume 20|Issue 27|

Yılmaz T et al . Laryngopharyngeal reflux and H. pylori

19

20
21

22

23

24
25

26

27

28

29

30
31
32

33

15924276 DOI: 10.1007/s00405-005-0926-1]
Koufman JA, Amin MR, Panetti M. Prevalence of reflux
in 113 consecutive patients with laryngeal and voice disorders. Otolaryngol Head Neck Surg 2000; 123: 385-388 [PMID:
11020172 DOI: 10.1067/mhn.2000.109935]
Shaker R, Dodds WJ, Ren J, Hogan WJ, Arndorfer RC. Esophagoglottal closure reflex: a mechanism of airway protection.
Gastroenterology 1992; 102: 857-861 [PMID: 1537523]
Koufman JA. The otolaryngologic manifestations of gastroesophageal reflux disease (GERD): a clinical investigation of
225 patients using ambulatory 24-hour pH monitoring and
an experimental investigation of the role of acid and pepsin
in the development of laryngeal injury. Laryngoscope 1991;
101: 1-78 [PMID: 1895864]
Koufman JA, Aviv JE, Casiano RR, Shaw GY. Laryngopharyngeal reflux: position statement of the committee on
speech, voice, and swallowing disorders of the American
Academy of Otolaryngology-Head and Neck Surgery. Otolaryngol Head Neck Surg 2002; 127: 32-35 [PMID: 12161727
DOI: 10.1067/mhn.2002.125760]
Koufman JA, Belafsky PC, Bach KK, Daniel E, Postma GN.
Prevalence of esophagitis in patients with pH-documented
laryngopharyngeal reflux. Laryngoscope 2002; 112: 1606-1609
[PMID: 12352672 DOI: 10.1097/00005537-200209000-00014]
Belafsky PC, Postma GN, Koufman JA. Validity and reliability of the reflux symptom index (RSI). J Voice 2002; 16: 274-277
[PMID: 12150380 DOI: 10.1016/S0892-1997(02)00097-8]
Belafsky PC, Postma GN, Koufman JA. Laryngopharyngeal
reflux symptoms improve before changes in physical findings. Laryngoscope 2001; 111: 979-981 [PMID: 11404607 DOI:
10.1097/00005537-200106000-00009]
Belafsky PC, Postma GN, Koufman JA. The validity and reliability of the reflux finding score (RFS). Laryngoscope 2001;
111: 1313-1317 [PMID: 11568561 DOI: 10.1097/00005537-2001
08000-00001]
Belafsky PC, Postma GN, Koufman JA. The association between laryngeal pseudosulcus and laryngopharyngeal reflux.
Otolaryngol Head Neck Surg 2002; 126: 649-652 [PMID: 12087332
DOI: 10.1067/mhn.2002.125603]
Branski RC, Bhattacharyya N, Shapiro J. The reliability of
the assessment of endoscopic laryngeal findings associated
with laryngopharyngeal reflux disease. Laryngoscope 2002;
112: 1019-1024 [PMID: 12160267 DOI: 10.1097/00005537-2002
06000-00016]
Hicks DM, Ours TM, Abelson TI, Vaezi MF, Richter JE. The
prevalence of hypopharynx findings associated with gastroesophageal reflux in normal volunteers. J Voice 2002; 16:
564-579 [PMID: 12512644 DOI: 10.1016/S0892-1997(02)00132-7]
Grøntved AM, West F. pH monitoring in patients with benign voice disorders. Acta Otolaryngol Suppl 2000; 543: 229-231
[PMID: 10909027 DOI: 10.1080/000164800454468]
Postma GN. Ambulatory pH monitoring methodology. Ann
Otol Rhinol Laryngol Suppl 2000; 184: 10-14 [PMID: 11051424]
Wiener GJ, Koufman JA, Wu WC, Cooper JB, Richter JE, Castell DO. Chronic hoarseness secondary to gastroesophageal
reflux disease: documentation with 24-h ambulatory pH monitoring. Am J Gastroenterol 1989; 84: 1503-1508 [PMID: 2596451]
Postma GN, Cohen JT, Belafsky PC, Halum SL, Gupta SK,
Bach KK, Koufman JA. Transnasal esophagoscopy: revisited
(over 700 consecutive cases). Laryngoscope 2005; 115: 321-323
[PMID: 15689759 DOI: 10.1097/01.mlg.0000154741.25443.fe]

34
35

36

37
38

39

40

41

42
43

44

45

46

47

48

Hanson DG, Kamel PL, Kahrilas PJ. Outcomes of antireflux
therapy for the treatment of chronic laryngitis. Ann Otol Rhinol Laryngol 1995; 104: 550-555 [PMID: 7598368]
Westcott CJ, Hopkins MB, Bach K, Postma GN, Belafsky PC,
Koufman JA. Fundoplication for laryngopharyngeal reflux
disease. J Am Coll Surg 2004; 199: 23-30 [PMID: 15217625
DOI: 10.1016/j.jamcollsurg.2004.03.022]
Lindstrom DR, Wallace J, Loehrl TA, Merati AL, Toohill RJ.
Nissen fundoplication surgery for extraesophageal manifestations of gastroesophageal reflux (EER). Laryngoscope 2002;
112: 1762-1765 [PMID: 12368611 DOI: 10.1097/00005537-2002
10000-00010]
Selgrad M, Malfertheiner P. Treatment of Helicobacter pylori. Curr Opin Gastroenterol 2011; 27: 565-570 [PMID: 21946029
DOI: 10.1097/MOG.0b013e32834bb818]
Rouev P, Chakarski I, Doskov D, Dimov G, Staykova E.
Laryngopharyngeal symptoms and gastroesophageal reflux disease. J Voice 2005; 19: 476-480 [PMID: 15936924 DOI:
10.1016/j.jvoice.2004.07.008]
Oridate N, Takeda H, Yamamoto J, Asaka M, Mesuda Y,
Nishizawa N, Mori M, Furuta Y, Fukuda S. Helicobacter
pylori seropositivity predicts outcomes of acid suppression
therapy for laryngopharyngeal reflux symptoms. Laryngoscope 2006; 116: 547-553 [PMID: 16585857 DOI: 10.1097/01.
MLG.0000201907.24514.6A]
Kountouras J, Zavos C, Chatzopoulos D. The role of gastric
Helicobacter pylori infection in laryngopharyngeal reflux disease. Otolaryngol Head Neck Surg 2007; 136: 334; author reply
334-335 [PMID: 17275574 DOI: 10.1016/j.otohns.2006.10.027]
Cekin E, Ozyurt M, Erkul E, Ergunay K, Cincik H, Kapucu B,
Gungor A. The association between Helicobacter pylori and
laryngopharyngeal reflux in laryngeal pathologies. Ear Nose
Throat J 2012; 91: E6-E9 [PMID: 22430349]
Venkatesan NN, Pine HS, Underbrink M. Laryngopharyngeal reflux disease in children. Pediatr Clin North Am 2013;
60: 865-878 [PMID: 23905824 DOI: 10.1016/j.pcl.2013.04.011]
Tezer MS, Kockar MC, Koçkar O, Celik A. Laryngopharyngeal reflux finding scores correlate with gastroesophageal
reflux disease and Helicobacter pylori expression. Acta Otolaryngol 2006; 126: 958-961 [PMID: 16864494 DOI: 10.1080/00
016480500529314]
Toros SZ, Toros AB, Yüksel OD, Ozel L, Akkaynak C, Naiboglu B. Association of laryngopharyngeal manifestations and
gastroesophageal reflux. Eur Arch Otorhinolaryngol 2009; 266:
403-409 [PMID: 18648836 DOI: 10.1007/s00405-008-0761-2]
Youssef TF, Ahmed MR. Treatment of clinically diagnosed laryngopharyngeal reflux disease. Arch Otolaryngol
Head Neck Surg 2010; 136: 1089-1092 [PMID: 20855671 DOI:
10.1001/archoto.2010.165]
Ercan I, Cakir BO, Uzel TS, Sakiz D, Karaca C, Turgut S. The
role of gastric Helicobacter pylori infection in laryngopharyngeal reflux disease. Otolaryngol Head Neck Surg 2006; 135:
52-55 [PMID: 16815182 DOI: 10.1016/j.otohns.2006.03.020]
Islam A, Oguz H, Yucel M, Koca G, Gonultas MA, Arslan
N, Demirci M. Does Helicobacter pylori exist in vocal fold
pathologies and in the interarytenoid region? Dysphagia 2013;
28: 382-387 [PMID: 23315289 DOI: 10.1007/s00455-012-9444-7]
Siupsinskiene N, Jurgutaviciute V, Katutiene I, Janciauskas
D, Vaitkus S, Adamonis K. Helicobacter pylori infection
in laryngeal diseases. Eur Arch Otorhinolaryngol 2013; 270:
2283-2288 [PMID: 23572292 DOI: 10.1007/s00405-013-2475-3]
P- Reviewers: Murakami K, Naito Y S- Editor: Gou SX
L- Editor: Kerr C E- Editor: Wang CH

WJG|www.wjgnet.com

8970

July 21, 2014|Volume 20|Issue 27|

World J Gastroenterol 2014 July 21; 20(27): 8971-8978
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i27.8971

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (6): Helicobacter pylori

Natural products and food components with antiHelicobacter pylori activities
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complications (liver and/or kidney dysfunction), the
aged and people who reject the triple therapy. These
prompt us to seek alterative agents instead of antibiotics and to develop more effective and safe therapy with
these agents. The combination of these agents actually may result in lower a dose of antibiotics. There are
many reports world-wide that non-antibiotic substances
from natural products potentially have an anti-H. pylori
agent. We briefly review the constituents derived from
nature that fight against H. pylori in the literature with
our studies.
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Core tip: The present review summarized the natural
products and food components with anti-Helicobacter
pylori (H. pylori ) activities in the literatures and showed
the possibility for its application on human health.
There are many promising in vitro effects on H. pylori
and other infections (infectious diseases). Next, further
in vivo evidence is required. There are many guidelines
for H. pylori treatment which are not always the same
among countries. Thus, we should address the evaluation of in vivo effects using such components in clinical
investigation to make an adequate guideline useful for
all countries for the application on H. pylori treatment.

Abstract
The bacterial pathogen Helicobacter pylori (H. pylori )
colonizes in over half of the world’s population. H. pylori that establishes life-long infection in the stomach
is definitely associated with gastro-duodenal diseases
and a wide variety of non-gastrointestinal tract conditions such as immune thrombocytopenia. Triple therapy
which consists of a proton pump inhibitor and combinations of two antibiotics (amoxicillin, clarithromycin or
amoxicillin, metronidazol) is commonly used for H. pylori eradication. Recently, the occurrence of drug-resistant H. pylori and the adverse effect of antibiotics have
severely weakened eradication therapy. Generally antibiotics induce the disturbance of human gastrointestinal
microflora. Furthermore, there are inappropriate cases
of triple therapy such as allergy to antibiotics, severe
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stomach significantly decreased using GTC-scf compared
to solutions of GTCs[13]. The administration of green tea
polyphenol in a drinking water dose-dependently suppressed H. pylori infection in Mongolian gerbils[14]. One
of the postulated mechanisms of suppression by green
tea polyphenols against H. pylori infection was the inhibition of urease activity via disturbance of cell membrane,
leading to the prevention or even eradication of H. pylori
infection[14]. Another proposed mechanism, the blockage of toll-like receptor 4 activation by EGCg was reported[15]. Anti-H. pylori activity of epicatechin gallate was
second next to EGCg, and hence pyrogallol and gallate
substituent groups of catechin compounds are an important element of antimicrobial activity.

INTRODUCTION
The bacterial pathogen Helicobacter pylori (H. pylori) colonizes in over half of the world’s population[1]. H. pylori
that establishes life-long infection in the stomach is
definitely associated with gastro-duodenal diseases and a
wide variety of non-gastrointestinal tract conditions such
as immune thrombocytopenia[2,3]. Foods and the components possessing anti-H. pylori activity are summarized in
Table 1. Anti-H. pylori effects and combined effects with
agents in clinical trial are summarized in Table 2.

LACTOFERRIN
Lactoferrin is a multifunctional iron-binding glycoprotein
found in milk (human and bovine), neutrophils, saliva
and lacrimal fluid. The inhibitory activity of bovine lactoferrin (bLF) against H. pylori is known in vitro and animal
experiments using BALB/c mouse[4]. Clinical trials were
performed to evaluate whether oral administration of
bLF suppressed H. pylori colonized in the stomach with
bLF alone or with a combination of bLF and antibiotics[5-7]. The clinical study with a combination of bLF and
antibiotics in 150 consecutive H. pylori-positive patients
showed a 100% eradication rate[5], which was significantly
higher than those without prescription. Similarly, Di
Mario et al[6] indicated that the eradication rate of a combination of triple therapy and bLF was 93%, significantly
higher than the other two groups; triple therapy without
bLF or administrating before triple therapy. On the other
hand, a randomized, double-blind, placebo-controlled
study with 59 H. pylori-positive patients indicated that
administration of bLF alone effectively suppressed the
colonization of H. pylori in the stomach[7]. Anti-H. pylori
activity of human lactoferrin was reported in vitro[8], but
not in clinical trials[9,10]. These results showed that bLF
could be a new effective agent against H. pylori and could
enhance the eradication rate when combined with antibiotics. The possible mechanism of bLF is that the cationic
lactoferrin binds to the anionic cell wall materials and allows a greater penetration of the antibiotics.

POLYPHENOL COMPOUNDS
Ginger (Zingiber officinale) belonging to the family Zingiberaceae is cultivated world-wide. Dietary plant phenolic compounds have been shown to exert varieties of
biological actions including anti-H. pylori activity. The
effective compounds possessing anti-H. pylori activity
were identified as 6-gingerol, 8-gingerol, 10-gingerol,
6-shogaol and phenolic acids and their derivatives. The
aqueous and ethanol extracts of ginger inhibited the
growth of antibiotic-resistant H. pylori in vitro[16]. In addition, the combined use of ginger extract and CAM
strengthened growth inhibition of H. pylori with synergic
and additive effects in vitro[17]. The methanol extract of
ginger containing 6-gingerol, 8-gingerol, 10-gingerol and
6-shogaol also effectively inhibited the growth of CagApositive H. pylori[18]. Siddaraju et al[19] reported that gingerfree phenolic (GRFP) and ginger hydrolysed phenolic
(GRHP) fractions of ginger inhibited H. pylori growth in
vitro. GRHP with higher content of cinnamic and coumaric acid showed better inhibition than GRFP, indicating that phenolic acids have anti-H. pylori activity. Similar
effectiveness was reported with phenolic fractions of
Curcuma amada, known as mango ginger[20]. Mango ginger
free phenolics including caffeic, gentisic and ferulic acids, and mango ginger bound phenolics including ferulic,
cinnamic and p-coumaric acids inhibited H. pylori growth
in vitro. Turmeric (Curcuma longa) possesses curcumin,
the major polyphenolic constituent. Both the methanol
extract of the dried powdered turmeric rhizome and
curcumin inhibited the growth of all H. pylori strains examined in vitro[21].
Propolis, a resinous hive product collected by honeybees, is composed of resins (flavonoids and a various
kinds of polyphenols), wax, essential oils and organic
compounds. Propolis exhibits antimicrobial activity with
inhibitions of bacterial motility and enzyme activity most
likely due to the damage of cytoplasmic membrane[22].
Anti-H. pylori activities of Brazilian propolis and Bulgarian propolis were found by in vitro studies[23,24]. The labdan-type diterpenes and some of the prenylated phenolic
compounds in Brazilian propolis were putative antimicrobial constituents derived from propolis[23]. Furthermore,
the combined use of propolis extract and CAM increased

GREEN TEA (CATECHIN COMPOUNDS)
Among the catechin compounds, epigallocatechin-3gallate (EGCg) showed the lowest MIC against H. pylori.
The anti-H. pylori activity of EGCg obviously exhibited
itself even in the antibiotic-resistant [amoxicillin (AMPC),
metronidazole (MNZ) and clarithromycin (CAM)] isolates and showed additive effects in regard to antibiotics[11]. In Mongolian gerbils, the eradication rate of EGCg
was 36.4% due probably to the inhibition of H. pylori
urease activity[12]. However, green tea catechins (GTCs)
failed to show any clear-cut activities against H. pylori
in vivo. The most likely reason for the in vivo inefficacy
was the short gastric transit time of GTCs. Solutions of
GTCs adsorbed to sucralfate (GTC-scf) were used in
animal experiments to prolong the gastric transit time of
GTCs. As a result, colony forming unit of H. pylori in the
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Table 1 Foods and products posessing anti-Helicobacter pylori potential
Food

Putative active component

Bovine milk

Lactoferrin

Green tea
Ginger (Zingiber officinale)

Catechin compounds
6-gingerol, 8-gingerol, 10-gingerol, 6-shogaol, phenolic acids (cinnamic, caffeic,
ferulic, syringic, p-coumaric, protocatechuic, gentisic, gallic)
Phenolic acids (cinnamic, caffeic, ferulic, syringic, p-coumaric, protocatechuic,
gentisic, gallic)
Curcumin
Phenolic compounds
Unknown (phenolics, alkaloids, terpenes, flavonoids, tannins)
Unknown
Polyphenols (quercetin, resveratrol)
Quercetin glycosides
Phenolics
Polyphenol compound

Curcuma amada
Turmeric (Curcuma longa)
Propolis
Acacia nilotica
Calotropis procera
Muscadine grape skin
Apple peel
Virgin oil
Cranberry (Vaccinium
macrocarpon)
Cranbery juice
Plants
Broccoli sprout (Brassica
oleracea)
Paeonia lactiflora
Decalepis hamiltonii
(Maillard reaction products)

Tannins (tellimagrandin-Ⅰ, -Ⅱ)
Sulforaphane
Paeonol, benzoic acid, unknown
2-hydroxy-4-methoxy benzaldehyde (HMBA)
Unknown
Melanoidin

(Maillard reaction products)
Milk (Maillard reaction
products)
Okinawamozuku
(Cladosiphon okamuranus)
Garlic (Allium sativum)
Chinese chive
(Allium tuberosum)
Deep seawater

Aminoreductone
Casein polymer (FP-10),

Essential oils

Unknown (geranial in lemongrass)

Fucoidan
Allicin, diallyl sulfur components
Unknown
Unknown

Ref.
[4-10]
[11-15]
[16-19]

In vitro

[20]

In vitro
In vitro
In vitro
In vitro
In vitro, in vivo (animal)
In vitro
In vitro, in vivo (human)
In vitro, in vivo (human)

[21]
[17,22-24]
[25,26,28]
[27,28]
[29,30]
[31,32]
[33,34]
[35-37]

In vitro
In vitro, in vivo (animal),
in vivo (human)
In vitro
In vitro

[38]
[39,40]
[41-43]
[44,45]

In vitro, in vivo (animal),
in vivo (human)
In vitro
In vitro, in vivo (animal);
in vivo (human)
In vitro, in vivo (animal)

[47]
[48,49]

In vitro
In vitro

[52-55]
[56]

In vitro, in vivo (animal);
in vivo (human)
In vitro, in vivo (animal)

[63]

[46]

[50,51]

[64-66]

concentration of polyphenols in apple peel could be up
to three times higher than that found in the pulp. Apple
peel polyphenols derived from a standardized apple peel
extract (APPE, 60% of total polyphenols; 58% of flavonoids; 30% of flavan-3-ols and procyanidins) was investigated for anti-H. pylori activity on a few strains in vitro[31,32].
APPE (mainly quercetin glycosides) showed growth inhibition of H. pylori via suppression of urease activity and
inhibited the respiratory burst of neutrophils induced by
H. pylori leading to the protection of gastric mucosa.
Virgin olive oil, one of the few edible vegetable oils that
are consumed unrefined, contains a significant amount of
phenolic compounds. Extracts of virgin olive oil and a
very low concentration of the pure dialdehydic form of
decarboxymethyl elenolic acid linked to tyrosol (TyEDA)
effectively killed the H. pylori in vitro[33]. A successful eradication with administration of virgin olive oil was confirmed in two clinical trials consisting of 60 H. pylori-infected adults (30 subjects per trial). These data revealed[34]
a moderate effectiveness of virgin oil in eradication of H.
pylori. Further studies are necessary to confirm these findings including administration conditions, types of olive
oils and combination with common antibiotics.
Native Americans have conveniently used cranberry

the anti-H. pylori activity with synergic and additive effects
in vitro[17].
The plant Acacia nilotica (A. nilotica) contains phenolics, alkaloids, terpenes, flavonoids and tannins[25] as
secondary metabolites, which exhibits beneficial function
for human health[26]. Calotropis procera (C. procera), a wildgrowing plant, has multifarious medicinal and biological
properties[27]. Amin et al[28] demonstrated that methanol
and acetone extracts of A. nilotica and C. procera exhibited
stronger anti-H. pylori activity than MNZ, but not AMPC
and CAM. The anti-H. pylori activity was due to the suppression of H. pylori urease activity.
Muscadine grapes (Vitis rotundifolia), common in the
south-eastern United States, have unique anthocyanin profiles and high flavonoid concentrations. Brown et al[29] previously reported that muscadine grapes exhibited anti-H.
pylori potential in vitro through their major phenolic compounds acting alone or in synergy. Anti-H. pylori effects
of quercetin and resveratrol, active polyphenols identified
in muscadine grape skin (MGS) extracts, were confirmed
in vitro experiment irrespective of the pH condition[30].
In the case of in vivo tests on mice, MGS and quercetin
did not significantly reduce H. pylori growth but regulated
the inflammatory response to H. pylori infection[29]. The
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Stage of experiment
In vitro, in vivo (animal)
in vivo (human)
In vitro, in vivo (animal)
In vitro
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Table 2 Anti-Helicobacter pylori effects and combination effects in clinical studies
Putative anti-H. pylori effect

Food

Effect comminbed with agents in clinical trial
Agents

Bovine milk

Green tea
Ginger (Zingiber officinale)
Curcuma amada
Turmeric (Curcuma longa)
Propolis
Acacia nilotica
Calotropis procera
Muscadine grape skin
Apple peel
Virgin oil
Cranberry
(Vaccinium macrocarpon)
Cranbery juice
Plants
Broccoli sprout (Brassica oleracea)
Paeonia lactiflora
Decalepis hamiltonii

(Maillard reaction products)
(Maillard reaction products)
Milk
(Maillard reaction products)
Okinawamozuku
(Cladosiphon okamuranus)
Garlic (Allium sativum)
Chinese chive (Allium tuberosum)
Deep seawater
Essential oils

Penetration of the antibiotics to H. pylori

bLF + triple therapy

(damage of cell membrane)

(rabeprazole, CAM,
tinidazole)

Inhibition of urease activity via disrupted cell
membrane
Blockage of Toll-like receptor 4 (TLR4)
activation
Damage of cytoplasmic membrane
Suppression of urease activity
Suppression of urease activity
Inhibition of urease activity
Inhibition of H. pylori adhesion to gastric
mucosa

Cranbery juice +
Lactobacillus (La1)

Eradication
rate
100%
93%

22.90%

Ref.

Study design
Open, randomized,
single-center
Open, randomized,
multi-center

[5]

Multicentric,
randomized, controlled,
double-blind

[37]

[6]

Damage of lipid bilayer membrane
Inhibition of urease activity
Bacterial lysis (cell death)
(interference of DNA/protein involved in
DNA protection and bioavailability)
Inhibition of H. pylori urease binding to gastric
mucin
Blockage of interaction between H. pylori and
gastric mucin
Inhibition of H. pylori binding to gastric cell
Interference of the cell division process
-

H. pylori: Helicobacter pylori; CAM: Clarithromycin.

(Vaccinium macrocarpon) originated in North America for
infectious diseases. Burger et al[35] reported that certain
high molecular constituents of cranberry juice inhibited
H. pylori adhesion to human gastric mucus in vitro. Direct in vitro study using cranberry, polyphenol-rich fruit,
documented that the extracts effectively suppressed H.
pylori proliferation compared to other polyphenol-poor
fruits (oranges, pineapples, apples, and white grapes).
The polyphenol-rich fraction obtained by ion-exchange
column chromatography showed a higher growth inhibition of H. pylori than that of the sugar/organic acid-rich
fraction. Thus, the effective antimicrobial component
in cranberry is thought to be polyphenol compounds[36].
Interestingly, a clinical trial with a combination of cranberry juice and probiotic Lactobacillus johnsonii La1 (La1)
in 271 H. pylori-infected children assigned into 4 groups
was performed[37]. The eradication rates of 4 groups were
1.5% (placebo juice/heat-killed La1), 14.9% (placebo
juice/La1), 16.9% (cranberry juice/heat-killed La1) and
22.9% (cranberry juice/La1), respectively (P < 0.01).
The highest rate was found in the group who had been
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administrated cranberry juice/La1 but showed no statistical significance between placebo juice/La1 and cranberry
juice/heat-killed La1 groups. These suggested that regular intake of cranberry juice or La1 may be useful in the
management of asymptomatic children colonized by H.
pylori. However, no synergistic inhibitory effects on H.
pylori colonization were observed when both foodstuffs
were simultaneously consumed.
Tannins are naturally occurring plant polyphenols
and well known to be present in various materials such
as fruits, tea, chocolate, coffee, legume forages, legumes,
trees and grasses, etc. In vitro study with 36 polyphenols
and 4 terpenoids from medicinal plants, monomeric
hydrolyzable tannins such as tellimagrandin Ⅰ and Ⅱ revealed especially strong bactericidal activity with the damage of lipid bilayer membranes[38].

SULFORAPHANE
The sulforaphane, abundant in broccoli (Brassica oleracea)
sprout in the form of its glucosinolate precursor, exhib-
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ited bactericidal activity against H. pylori including antibiotic-resistant strains in vitro assay[39]. In vivo study (animal
and human) with administration of glucoraphanin (precursor of sulforaphane)-rich broccoli sprouts was reported[40]. The bacterial colonization of H. pylori-infected
C57BL/6 female mice treated with broccoli sprout was
significantly reduced and the broccoli sprout attenuated
gastric inflammation (gastritis) in H. pylori-infected mice.
Furthermore, in a clinical trial with 48 H. pylori-positive
patients, 70 g/d of glucoraphanin-rich broccoli sprouts
was consumed for 8 wk. As a result, the levels of clinical
laboratory examinations (urea breath test and H. pylori
antigen in the stool) were significantly lower after consumption for 8 wk but reverted to the baseline at 8 wk
after the end of the trial. They suggested that the dual actions of sulforaphane were the anti-H. pylori activity and
the blocking gastric tumor formation due to induction of
antioxidant enzymes[40].

reaction, is a high-molecular-weight compound. The in
vivo effects of melanoidin, prepared by the Maillard reaction between casein and lactose, on H. pylori colonized
in the stomach of euthymic hairless mice and humans
were investigated. Melanoidin Ⅰ inhibited the binding of
urease to gastric mucin and suppressed H. pylori colonization in mice as well as in human subjects[46]. These results
are critically interesting because melanoidin are common
ingredients in a variety of heat-treated foods. Furthermore, the anti-H. pylori activity of other Maillard reaction
products, aminoreductone (AR), was discovered in vitro
assay[47]. AR effectively exhibited growth inhibition with
bactericidal effects on all 24 H. pylori strains including
antibiotic-resistant strains. The killing activity of AR was
significantly higher than that of its derived melanoidin
and was observed even in acidic condition (pH = 3).
These results indicated that foods containing AR, such as
milk or dairy products are valuable sources for preventing
colonization of H. pylori in the stomach and its associated
tissue damages. Casein polymer (FP-10), made from the
casein of milk with maillard reaction, blocked the interaction between H. pylori and gastric mucin in the stomach.
Therefore, the intake of FP-10 decreased the density of
H. pylori colonized in the human stomach without serious
side effects[48,49].

PAEONIA LACTIFLORA PALLAS
Paeonia lactiflora (P. lactiflora) Pallas (Paeoniaceae) is composed of monoterpene glycosides (albiflorin, benzoylpaeoniflorin, oxypaeoniflorin, and paeoniflorin), monoterpenes (lactoflorin, paeoniflorigenone, and paeonilactones),
benzoic acid and its esters, and gallotannins[41]. P. lactiflora
root was also shown to inhibit the growth of any bacteria[42] except of H. pylori. Ngan et al[43] reported that
paeonol and benzoic acid identified in P. lactiflora root possessed a strong in vitro bactericidal effect even in the antibiotic-resistant H. pylori strains. 1,2,3,4,6-penta-O-galloylβ-D-glucopyranose showed a relatively higher inhibition
of H. pylori urease activity compared to acetohydroxamic
acid, suggesting that P. lactiflora root globally affected
growth inhibition of H. pylori.

FUCOIDAN
Similar to melanoidin, polysaccharides are also well known
as a high-molecular- weight compound. Among the polysaccharides, fucoidan, one of the sulfated polysaccharides,
extracted from Okinawamozuku (Cladosiphon okamuranus)
was reported to effectively inhibit the binding of H. pylori
to gastric cell in vitro[50]. In vivo experiments with Mongolian gerbils, fucoidan reduced the prevalence of H. pyloriinfected animals and also the onset of H. pylori-induced
gastritis in a dose-dependent manner[51].

DECALEPIS HAMILTONII
Pectic polysaccharide from Decalepis hamiltonii (D. hamiltonii) (Swallow root) containing a sulfonamide group and
phenolics was investigated in vitro assay. Carbohydrate and
pectic polysaccharide of swallow root at a 200 μg/mL
concentration exhibited anti-H. pylori activity as equivalent
to that of AMPC (10 g/mL). Anti-H. pylori activity resulted from bacterial lysis observed by the scanning electron microscopy analysis[44]. Later, 2-hydroxy-4-methoxy
benzaldehyde (HMBA), identified from the roots of D.
hamiltonii by the hydrodistillation and cold crystallization
method, was shown to inhibit the growth of H. pylori in
vitro. Increased binding ability of HMBA to DNA and
protein involved in DNA protection and bioavailability,
leads to cell death of H. pylori[45] .

GARLIC (ALLIUM SATIVUM) AND
CHINESE CHIVE (ALLIUM TUBEROSUM)
Garlic, like all allium vegetables, contains a wide range
of thiosulphinates such as allicin (allyl 2-propene thiosulfinate) which is thought to be responsible for the antibacterial activity. The allicin in garlic was also reported
to show anti-H. pylori activity and synergic effect with
omeprazole, PPI, in vitro[52]. On the other hand, a clinical
trial with fresh garlic (10 sliced cloves) or capsaicin-containing peppers (six sliced fresh jalapeños) demonstrated
that neither garlic nor capsaicin had any in vivo effects on
H. pylori[53]. Later, in vitro effectiveness of the anti-H. pylori
activity of pure garlic oil and garlic powder and their diallyl sulfur components in a variety of garlic substances
were described[54]. Interestingly, the anti-H. pylori activity
of garlic oil was noticeably affected by food materials and
mucin by in vitro assay. These data suggested that under
suitable fasting or fed conditions in the stomach, admin-

MAILLARD REACTION PRODUCTS
The maillard reaction between amino and carbonyl
groups in the food is ubiquitously caused by a thermal
process. Melanoidin, the final product of the Maillard
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istration of garlic oil might be effective for prevention
and treatment of H. pylori infections[55]. Furthermore,
Chinese chive (Allium tuberosum)[56], one of the Allium vegetables, definitely inhibited the growth of H. pylori strains
including antibiotic-resistant isolates in vitro. The inhibitory activity of water extracts in Chinese chive was stable
under severe stress conditions such as heat and low pH.
The water extract did not disturb the antibiotics’ activity
by combination assay with antibiotics frequently used in
clinical practice.

is better that the effectiveness (merit and demerit) is confirmed in vivo experiments, particularly in the clinical trials, at the point of translational medicine. There are many
guidelines for H. pylori treatment which are not always
the same among all countries. We need to evaluate in vivo
effects using such components in clinical investigation
to make an adequate guideline useful for all countries for
the application on H. pylori treatment. Furthermore, caution must be used when attempting to extrapolate data
from in vitro studies to the in vivo condition. Much effort
has been focused on plant preparations and their constituents as potential antibacterial products for prevention or
eradication of H. pylori and other bacteria. We hope that
natural products and food components may be useful for
the prevention and/or treatment of H. pylori infection as
well as in other disorders. Therefore, novel, diet-based
therapeutics for use when conventional antibiotic therapies have failed and/or are unavailable, have received
considerable attention.

DEEP SEAWATER
Deep seawater is collected at Muroto promontory in
Japan. Refined deep seawater (RDSW) produced from
deep seawater, a mineral-rich healthy drinking water
for humans, is widely consumed. Beyond satisfying the
general need for water to support life, RDSW has additional merits for the human body such as hemorheology,
allergy and immunology as previously described[57-63]. It
should be noted that all types of RDSW have no side
effects in long-time heavy consumers or adverse effects
in persons with medical problems. Our in vitro and in
vivo studies including animals (Mongolian gerbils) and
clinical trial with H. pylori-positive patients indicated that
RDSW actually exhibited anti-H. pylori activity in vitro and
intake of RDSW significantly decreased the level of urea
breath test value in H. pylori-infected patients[63]. In addition, amelioration of the intestinal flora condition was
observed in RDSW-drinking group. These implicate that
the application of RDSW promotes human health and
provides eurhythmic body.
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inhibitory activity against the growth of H. pylori in vitro
and in vivo as reviewed. Furthermore, probiotics and vitamins also possess anti-H. pylori potentials and may be
readily considered as effective alternative and adjuvant
therapy for H. pylori treatment. Basically, natural products
consumed daily are safe and beneficial for humans. If effective components identified in vitro actually show less
anti-H. pylori activities in vivo, intake of these foodstuffs
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Core tip: Helicobacter pylori (H. pylori ) is found in more
than half the world’s population. It is a major cause of
peptic ulcer disease and gastric carcinoma. The overwhelming majority of those infected will not suffer any
consequences during their lifetime. Furthermore, there
may be a beneficial effect of H. pylori infection on allergy and asthma in young children and a protection
against gastroesophageal reflux disease and its feared
complication of esophageal carcinoma. Universal eradication will be prohibitively expensive, have adverse effects and needs to be evaluated on the basis of robust
clinical data that is not yet available.

Abstract
Helicobacter pylori (H. pylori ) is a Gram-negative spiral

Malnick SDH, Melzer E, Attali M, Duek G, Yahav J. Helicobacter pylori: Friend or foe? World J Gastroenterol 2014;
20(27): 8979-8985 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i27/8979.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.8979

bacterium that is present in nearly half the world’s population. It is the major cause of peptic ulcer disease and
a recognized cause of gastric carcinoma. In addition, it
is linked to non-ulcer dyspepsia, vitamin B12 deficiency,
iron-deficient anemia and immune thrombocytopenic
purpura. These conditions are indications for testing and
treatment according to current guidelines. An additional
indication according to the guidelines is “anyone with
a fear of gastric cancer” which results in nearly every
infected person being eligible for eradication treatment.
There may be beneficial effects of H. pylori in humans,
including protection from gastroesophageal reflux disease and esophageal adenocarcinoma. In addition,
universal treatment will be extremely expensive (more
than $32 billion in the United States), may expose the
patients to adverse effects such as anaphylaxis and
Clostridium difficile infection, as well as contributing to
antibiotic resistance. There may also be an as yet un-
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INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative bacterium
found on the luminal surface of the gastric epithelium[1].
It induces chronic inflammation of the underlying mucosa. The infection is usually contracted in the first years
of life and persists indefinitely unless treated[2]. The
prevalence varies with age and socioeconomic status in
childhood and therefore varies between countries[3].
Approximately 50% of the world’s population is infected with H. pylori[2]. H. pylori infection has been linked
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uncomplicated duodenal ulcers, especially in those with
no history of recent non-steroidal anti-inflammatory
drug consumption[14]. H. pylori is not found in up to 27%
of patients with endoscopically proven duodenal ulcers[15]
and thus needs to be tested for. In addition H. pylori is
found in the majority of uncomplicated gastric ulcers[16].
H. pylori infection has also been linked with unexplained
iron deficiency anemia[17], vitamin B12 deficiency[18] and
immune thrombocytopenic purpura[19]. It is clear that H.
pylori should be tested and treated to eradication in the
above cases.
H. pylori is also linked to gastric cancer. There is a
6-fold increase in the risk of gastric cancer in H. pyloripositive populations compared with uninfected populations[20]. In a nested case control study of Japanese Americans living in Hawaii, H. pylori seropositvity was present
in 94% of those with gastric cancer compared with 76%
of matched controls (OR = 6.0)[21].
There is also an association between H. pylori infection
and MALT lymphoma[22]. In addition MALT lymphoma
regresses following successful treatment for H. pylori.
In summary, H. pylori infection is clearly linked to
peptic ulcer disease, gastric cancer and MALT lymphoma,
immune thrombocytopenia and some cases of vitamin
B12 and iron deficiency. In such situations, it is reasonable to proceed to eradication.

Table 1 Recommendations for testing and treating Helicobacter
pylori infection[5]
Recommendations
Do not test if not prepared to treat
Peptic ulcers
Unexplained iron deficiency anemia
Idiopathic thrombocytopenic purpura
Vitamin B12 deficiency
Long-term proton pump inhibitor therapy
Functional dyspepsia?
Family history of gastric cancer

to gastric and duodenal ulcers (in 1%-10% of infected patients), gastric carcinoma (0.1%-3%) and gastric mucosaassociated lymphoid tissue lymphoma (less than 0.01%)[4].
However, the vast majority of the infected population will
never develop symptoms related to H. pylori infection.
Consensus guidelines have been developed and updated[5] (Table 1). The recommendations for treatment
include peptic ulcer, mucosa-associated lymphoid tissue
(MALT)-lymphoma, gastric cancer, first-degree relatives
of patents with gastric cancer, unexplained iron-deficiency anemia and immune thrombocytopenia. In addition,
the Maastricht Guidelines state that “H. pylori-positive
patients with fear of gastric cancer should receive eradication treatment”[5]. This last recommendation makes it
likely that anyone found to be H. pylori-positive will receive eradication treatment.

DIAGNOSIS OF H. PYLORI INFECTION
There are several methods for diagnosing H. pylori infection, both noninvasive and invasive. The invasive tests are
performed on specimens obtained at endoscopy These
include biopsy urease testing, histology and less commonly bacterial culture and sensitivity. The sensitivity of
a biopsy urease test is between 90%-95% and the specificity is 95%-100%[15].
In addition, there are non-invasive tests, including
urea breath testing, stool antigen testing, and serology.
The urea breath test is based on the hydrolysis of urea
by H. pylori to produce carbon dioxide and ammonia[23].
A labeled carbon isotope is given by mouth and H. pylori
liberates tagged carbon dioxide that can be detected in
the exhaled air.
Laboratory-based enzyme-linked immunosorbent
assay testing to detect immunoglobulin G is inexpensive
and non-invasive. There is a high sensitivity (90%-100%),
but variable specificity (76%-96%). In low prevalence
areas, a positive serology result has a low predictive value
for active infection. In such areas, stool antigen or breath
testing is recommended. Conversion of positive serology to negative 1 year after treatment suggests bacterial
eradication[24].
The presence of H. pylori in the stool of infected patients has enabled the development of fecal assays[15] which
have high sensitivity, specificity and diagnostic accuracy[25].
In summary, there are a range of tests, both invasive
and non-invasive, that are available for the diagnosis of H.
pylori infection.

EPIDEMIOLOGY
The prevalence of H. pylori infection varies from 20% to
50% in industrialized countries to over 80% in developing countries[4,6]. In developing countries, the majority of
children are infected before the age of 10 and the prevalence peaks at more than 80% before the age of 50. In
developed countries, infection in children is unusual but
becomes more common in adulthood. Serology is negative in the vast majority under the age of 10, increases
to 10% in those between 18 and 30 years and to 50% in
those older than 60[7].
The route for infection by H. pylori is unclear[8]. It seems
most likely to be by the oral-fecal or oral-oral route[9].
The risk of acquiring H. pylori is related to socioeconomic status and early life living conditions[10]. In
some countries there is a link between a decline in H.
pylori prevalence and economic development. In Japan,
70%-80% of adults born before 1950, 45% of those
born between 1950 and 1960 and 25% of those born between 1960 and 1970 are infected[11].
Reinfection with H. pylori following successful bacterial eradication is unusual. In adults the rate is less than
2% per year[12] which is similar to the primary adult rate of
infection[13].

DISEASES ASSOCIATED WITH H. PYLORI
H. pylori is present in the majority of the patients with
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Table 2 Randomized controlled trials of Helicobacter pylori eradication and risk of gastric cancer
Ref.
Wong et al[30]
Fukase et al[31]

Province, country

Gastric cancer
5
per 10

No. of patients
treatment/control

Fujian, China
Japan

99/105
62/105

817/813
272/272

7.5
3

No. of patients with
gastric cancer

P value

7 (0.9)/11 (1.4)
9 (3.3)/24 (8.8)

0.330
0.009

The authors suggest that the chemopreventive effect of
H. pylori eradication is only effective before preneoplastic
lesions have developed.
The majority of intestinal-type gastric carcinoma arises
from atrophic gastric mucosa. Although eradication of H.
pylori results in a decrease in inflammation, it is not clear
that mucosal atrophy is improved by H. pylori eradication[32-35]. One study with follow-up of 13.7 years after H.
pylori eradication found no significant inflammatory cell
infiltration at the time of cancer diagnosis. This suggests
that the decrease in mucosal inflammation resulting from
H. pylori eradication is insufficient to prevent gastric carcinoma once severe mucosal atrophy has developed[25].
Fukase et al[31] enrolled 544 patients in a multicenter
study with a 3 year follow-up. The odds ratio for developing gastric cancer was 0.353 in the eradication group
(P = 0.009). A meta-analysis of published trials found
gastric cancer in 33/3112 (1%) of eradication patients vs
50/3031 (1.6%) of untreated patients[36]. This had a relative risk of 0.65 (P = 0.05).
The influence of H. pylori eradication may decrease
with time. In a study of 268 H. pylori-positive patients
who had undergone endoscopic resection of early gastric
cancer, there were 177 patients who had undergone successful H. pylori eradication and 91 who had persistent
H. pylori infection[37]. Although the incidence of metachronous gastric carcinoma was lower in the eradicated
group at 5 years of follow-up (P = 0.007), this difference
was no longer significant in the follow-up period extending to 11.1 years (P = 0.262). Interestingly, in this study
too, multivariate analysis showed severe mucosal atrophy,
but not H. pylori status, as an independent risk factor for
metachronous gastric cancer.
There may be a precancerous state, with moderate to
severe gastric mucosal atrophy or intestinal metaplasia
representing a point of no return in terms of developing gastric cancer, from which H. pylori eradication can
no longer prevent gastric cancer. It thus may be preferable to try to identify those patients at risk of developing
atrophic gastritis and then treat for H. pylori eradication.
It has been suggested that H. pylori eradication will be
most beneficial in terms of preventing cancer in patients
who have chronic atrophic gastritis and negative serum
pepsinogen[38].

INDICATIONS FOR H. PYLORI
ERADICATION
Peptic ulcer disease
H. pylori is found in the majority of duodenal ulcers[14],
especially if there is no history of consumption of nonsteroidal antiinflammatory drugs (NSAIDS). In those patients with a duodenal ulcer who do not have H. pylori infection, there seems to be a worse prognosis with a higher
incidence of ulcer relapse, non-healed ulcer, and relapse
of severe dyspeptic symptoms[26].
H. pylori seems to be associated with the majority of
gastric ulcers[16] but again there is an increasing proportion of patients with gastric ulcers in whom H. pylori is
not detected. Some of these cases may be related to surreptitious use of NSAIDS.
Thus, in cases of peptic ulcer disease, routine testing
and treating of H. pylori is recommended and justified.
The recommendations for testing and treatment of H.
pylori are shown in Table 1.
Carcinoma of the stomach
H. pylori is linked to the development of chronic active
gastritis and atrophic gastritis which are early stages in
the carcinogenesis sequence. There is a clear association
between H. pylori infection and gastric adenocarcinoma.
H. pylori has been recognized as a grade 1 carcinogen by
the International Agency for Research on Cancer[27]. It is
thought that long-term chronic inflammation caused by
H. pylori is the main mechanism for the development of
gastric carcinoma[28].
In spite of the definite connection between gastric
carcinoma and H. pylori infection, it has not been convincingly shown that H. pylori eradication decreases the
incidence of gastric carcinoma. This is due to the fact in
order to perform trials with cancer as the endpoint, more
than 18000 patients will need to be recruited and will
need to be followed up for 10-20 years[29]. In addition, it
may be unethical to include an untreated arm since H.
pylori has been classified as a type 1 carcinogen. There are
only two randomized controlled interventional trials with
gastric cancer development as the primary outcome[30,31]
(Table 2). Both of these studies were performed in high
risk areas of the Far East. In the study of Wong et al[30],
1630 H. pylori-positive patients were followed up for
7 years. In the eradication group 7/817 (0.9%) of the
patients developed gastric carcinoma compared with
11/813 (1.3%) in the placebo group (P = 0.33). It is of
interest to note that none of the patients without precancerous lesions at baseline histology developed cancer.
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Functional dyspepsia
Dyspepsia is a common symptom with an extensive differential diagnosis. It is thought to be present in about
25% of the population in any year, although the majority
of affected people do not seek medical care. About 25%
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the pathway between reflux esophagitis and esophageal
adenocarcinoma. In recent years, there has been an increase in the incidence of esophageal adenocarcinoma
in the developed world, together with an increase in the
incidence of Barrett’s esophagus and esophageal reflux
(Table 3)[48-53].
H. pylori infection is usually acquired in childhood and
generally persists for life[54]. Thus H. pylori has infected
the majority of the world’s population for the majority of
their lifetime[54] and in most cases causes no symptoms.
In recent years, there has been a decrease in the prevalence of H. pylori infection in developed countries. In the
United States less than 6% of children are infected by
H. pylori[55]. A similar trend is becoming apparent in other
parts of the developed world[56,57].
There have been reports of an inverse association
between childhood-onset asthma and H. pylori infection[55,58,59] and protection from other infections[60,61] (Table
3). Recently, it has become clear that the gut microbiota
has an important effect on many disease processes[62] and
that disturbing the balance of the bacteria by antibiotics can produce a state of dysbiosis, with an effect on
pathogen evolution[63]. Clostridium difficile infection linked
to antibiotic use is one example of a deleterious effect
related to antibiotic consumption and its effect on the
microbiome.
Many organisms that are considered as commensals
such as Kelbsiella, Strep viridans and Candida can become
opportunistic pathogens, especially in the aged population. There is no coordinated attempt to eradicate these
organisms from the human population and we suggest
that there should not be a similar effort to eradicate H.
pylori. There is a complex biological relationship between
humans and commensal bacteria that is only now beginning to be understood. The “test and treat” approach to
H. pylori does not address this issue at all.

Table 3 Inverse association of Helicobacter pylori with asthma
[55]
and allergy
H. pylori status
(H. pylori /cagA)
+/+/+

< 15 yr OR
(95%CI)

> 15 yr OR
(95%CI)

1
0.97 (0.65-1.45)
0.63 (0.43-0.93)

1
0.95 (0.68-1.33)
0.97 (0.72-1.32)

H. pylori: Helicobacter pylori.

of those suffering from dyspepsia have an underlying
organic cause, but the remainder have nonulcer dyspepsia
in which there is no clear organic cause after diagnostic
evaluation. Functional dyspepsia (FD) is classified into
postprandial distress syndrome and epigastric pain syndrome[39].
H. pylori eradication has been associated with significant benefits in a subset of patients suffering from FD[40].
Four hundred and four patients with FD who were infected with H. pylori were randomized to receive placebo
or eradication treatment of H. pylori. At 12-mo follow-up,
patients in whom H. pylori was eradicated were more likely
to have symptomatic improvement compared with the
control group (49% vs 36%, P = 0.01). In addition, a systematic review of 17 randomized controlled trials, including 3566 patients with FD, found that eradication of H.
pylori was associated with a small but significant benefit;
14 patients needed to be treated in order to cure one case
of FD[41].
However, it is possible that alterations in the upper gastrointestinal tract microbiome may result in the
development of dyspepsia. Dyspepsia is more likely to
occur after an episode of gastroenteritis[42,43]. It has been
suggested that the effect of H. pylori therapy in improving the symptoms of FD is due to its impact on the
gut microbiome rather than the eradication of H. pylori
alone[44]. The clinical management of H. pylori infection
has recently been reviewed[45].

COST OF ERADICATION OF H. PYLORI
The current recommendations for treating H. pylori make
a strong case for universal eradication. The assertion that
“H. pylori-positive patients with a fear of gastric cancer
should receive eradication treatment”[5] makes it likely that
the majority of the world’s infected population will receive
treatment. The economic implications are enormous.
In the United States the population in 2012 was approximately 300 million. A urease breath test costs $15
and thus the cost of testing would be approximately $4.5
billion. Assuming a 30% positivity rate, then retesting to
confirm eradication would need to be performed on 90
million people with an additional cost of $1.5 billion.
First-line therapy consisting of amoxycillin 1 g bid,
omeprazole 20 mg bid, and clarithromycin 500 mg bid
for 10 d costs $203 (based on www.goodrx.com). This
would cost $18.27 billion for 90 million people who are
H. pylori-positive. This treatment is about 80% effective
and thus 18 million people would still be infected with H.
pylori. Second-line therapy with omeprazole, bismuth sub-

BENEFICIAL EFFECTS OF H. PYLORI
INFECTION
H. pylori has been colonizing the human stomach for
more than 58000 years[46] and has been found in Egyptian
mummies. This long-standing relationship suggests that
there may be some adverse effects in altering the colonization of the human microbiome.
There does appear to be an inverse relationship between H. pylori infection and Barrett’s esophagus[47]. Sonnenberg et al[47] reported a study of more than 78000
patients in the United States who underwent upper
gastrointestinal endoscopy and histopathological analysis
of gastric biopsies. They found that there was a strong
correlation between the presence of H. pylori, chronic
gastritis and intestinal metaplasia. In addition, there was
an inverse association with Barrett’s esophagus. Barrett’s
esophagus is thought to be an intermediate lesion along
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ing young children from asthma and allergic diseases.
Near universal eradication, consistent with current
guidelines, will be prohibitively expensive. Furthermore,
it is likely there will be some fatalities from previously unknown allergic reactions to antibiotics employed, drug adverse effects, an increase in bacterial antibiotic resistance
in treated populations, an increase in Clostridium difficile
infection and unknown effects on the fecal microbiome.
There is an urgent need for robust clinical data to enable and support decisions regarding treatment of H. pylori infection before committing to a huge expenditure of
limited health-care resources for which the overall impact
is uncertain.

salicylate, tetracycline and metronidazole costs $2.68 billion and is expected to be about 70% successful. Repeat
testing of these 18 million people would cost $270 million and there would still be 5.4 million people infected
with H. pylori.
Further treatment would require gastroscopy, biopsy,
bacterial culture and sensitivity testing. The cost of gastroscopy to medicare in an ambulatory surgery clinic is
$341 for the center and $351 for the physician and thus
the total cost for 5.4 million people is $3.74 billion. The
cost of a Helicobacter culture is $159 with a further $222
for susceptibility testing for 4 drugs (Ellie Goldstein, personal communication).This would result in a total cost of
$2 billion for 5.4 million people. Thus the total cost for
eliminating H. pylori from the population of the United
States is in the region of $33 billion dollars!
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diagnosis and prognosis of stomach tumor. Simultaneously, new possible molecular markers with an established role for other neoplasms, were discussed, such
as mesothelin, stomatin-like protein 2 and Notch-1.
Hence, a wide overview including both old and new
diagnostic/prognostic tools was offered. Great attention was also dedicated to possible drugs to be used
against GC. They included monoclonal antibodies, such
as MS57-2.1, drugs used in other pathologies, such as
maraviroc, and natural extracts from plants such as biflorin. We would like to contribute to summarize the most
impressive studies presented at the IGCC, concerning
novel findings about molecular biology of gastric cancer.
Although further investigations will be necessary, it can
be inferred that more and more tools were developed,
so as to better face stomach neoplasms.
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Core tip: Gastric cancer (GC) is one of the most common tumors in the world, although scientists’ knowledge about this neoplasm grew in the last years. In
th
June, an international meeting (10 International Gastric Cancer Congress), focused on GC management,
was held in Verona (Italy). It gave an overview about
the state-of-the-art stomach tumor treatments, including chemotherapy, surgical therapies and nutritional
support. Moreover, several new possible prognostic
markers were shown. Here we report a summary of
novel findings taken from some molecular biology sessions, focused on prognosis and treatment of GC.

Abstract
The Tenth International Gastric Cancer Congress (IGCC)
was held in Verona, Italy, from June 19 to 22, 2013.
The meeting enclosed various aspects of stomach
tumor management, including both tightly clinical approaches, and topics more related to basic research.
Moreover, an overview on gastrointestinal stromal tumors was provided too, although here not discussed.
Here we will discuss some topics related to molecular
biology of gastric cancer (GC), inherent to prognostic,
diagnostic and therapeutic tools shown at the conference. Results about well known subjects, such as
E-cadherin loss of expression/function, were presented.
They revealed that other mutations of the gene were
identified, showing a continuous research to improve
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intervention, whereas in the United States this kind of
radical management in carriers is usually performed[12-15].

dx.doi.org/10.3748/wjg.v20.i27.8986

MARKERS KNOWN IN OTHER CANCERS:
POSSIBLE ROLE IN GC DIAGNOSIS AND
PROGNOSIS

INTRODUCTION
Gastric cancer (GC) represents one of the most frequent
cause of cancer death[1,2], although most of the mechanisms leading to its development have been clarified.
Helicobacter pylori (H. pylori) infection, salted/smoked food
consumption and E-cadherin mutations[2-4] are the main
causes of stomach tumor, according to multifactoriality characterizing almost all neoplasms. Improving early
diagnosis is one of the most yearned target, because of
possible misunderstanding of first GC symptom. Therapies are based above all on surgery and, however, the use
of drugs was recently supported by GC gene expression
analysis, which led to performing target specific treatments[5,6]. Reflecting the need of a multidisciplinary approach, the (10th IGCC) predisposed several sessions in
which the authors were allowed to present their results
in a well targeted context. Discussed topics ranged from
surgical techniques, to patient nutrition, to diagnosis and
chemotherapy. We focused our attention on subjects
related to possible diagnostic/prognostic factors and
to molecular targeted therapies. As we report, together
with novel findings about well characterized molecules,
a role in GC development of markers involved in other
neoplasms growth was also found. Moreover, discussed
therapies provided interesting starting points, as the
results obtained with natural extracts of Capraria biflora
on a GC cell line and the treatment of a mouse model
of peritoneal metastases with maraviroc, an Food and
Drug Administration (FDA) approved drug used for
human immunodeficiency virus (HIV) patients. Hence
we can assert that the 10th IGCC gave an all-round view
about GC, showing the most important trend in this
neoplasm management.

Nearby novel discoveries related to well-known markers,
such as CDH1, novel potential diagnostic and prognostic tools were described.
Santos-Sousa et al[16] presented an emerging role for
mesothelin, a glycosylphosphatidylinositol-anchored cell
surface protein overexpressed both in mesothelioma[17-19]
and in ovarian cancer[18-20]. They found that mesothelin
expression in GC tissue specimens was correlated with
tumor location, macroscopic appearance, Lauren histological classification and stage. Moreover, its cytoplasmic
expression was correlated with lymphatic invasion and
associated with poorer survival. In 2012, Baba et al[21]
discussed the role of mesothelin in GC development
and its possible usefulness as a prognostic factor. They
found that patients positive for mesothelin expression
in gastric tissues showed broader nodal involvement and
deeper tumor invasion. Yet, when the analysis was limited to only advanced GC cases, a higher survival rate was
found in mesothelin positive patients. Considering the
papers of Santos-Sousa et al[16] and of Baba et al[21], it can
be inferred that mesothelin is an independent prognostic
factor of GC, as stressed from authors themselves. But
the first authors showed its cytoplasmic placement as
a key element in exerting prognostic role, whereas the
second ones referred its expected cell membrane localization. Hence further studies are necessary to better
answer questions about mesothelin expression and localization so as to improve our knowledge on its role in GC
development.
Few contributions were presented about the role of
cell cycle regulators in stomach tumor development. Very
interesting were the results presented by Kim et al[22],
which focused their attention on p16 protein, whose
expression was found lost in other neoplasms[23-26]. The
same result was obtained in intestinal histotype of GC
from the analysis performed by the authors, who showed
that loss of p16 expression was related to a higher rate
of cancer recurrence and poorer 5-year disease-free survival. This finding led the authors to hypothesize a role
of loss of p16 expression in GC development, which is
similar to data observed in other cancers.
Stomatin-like protein 2 (SLP-2) is a protein belonging to the stomatin superfamily, which has been found
overexpressed in several kind of tumors[27]. Its overexpression is generally associated with poor prognosis in
esophageal squamous cell carcinoma, human gallbladder
cancer and HER2 negative breast cancer[27-29]. Liu et al[30]
confirmed SLP-2 as a prognostic tool to manage GC.
High level of SLP-2 expression was significantly associated with the depth of invasion, lymph node and distant
metastases, and tumor node metastasis (TNM) stage in

NOVEL FINDINGS ABOUT E-CADHERIN
Many studies about E-cadherin (also known as CDH1)
have been performed over the past several years. Its role
in GC development is ascertained by now[7-9] and several
germline mutations were effectively well characterized[7].
Yet, Sugimoto et al[10] reported the first case of a de novo
large genomic deletion of CDH1 associated with earlyonset diffuse GC. The patient, with a deletion of the
exon 11, was a 41-year-old man with no familial history
of GC. His son was a carrier of the same deletion, hence
according to authors’ conclusions, CDH1 mutational
status should be considered also in the absence of familial history of GC. Again, the investigation of CDH1
mutational status led also to decision of profilactic gastrectomy, as shown by Biffi et al[11]. Authors presented a
case of 41-year-old female patient positive for germline
CDH1 mutation, who had previously undergone surgical
resection of a lobular breast cancer. The case reported
by authors was the first Italian prophylactic surgical
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GC. Notch1 is another possible marker overexpressed
in GC, as shown in two independent cohort studies
performed by Chu et al[31]. Both of them showed that
higher Notch1 expression was correlated with a shorter
survival time, while lower Notch-1 expression was correlated with a better survival of GC patients. These
results suggest that Notch1, whose prognostic role was
found in other tumors[32,33], has a predictive role in clinical outcomes of GC patients too. Moreover, the authors
highlighted the dependence of Notch1 prognostic value
on p65 status, hypothesizing a role as a promising novel
target for GC therapy.
An unexpected result was reported by Chen et al[34].
They found that CD44 positive expression in surgical
specimens of primary GC was not correlated with clinicopathological features and survival outcomes. These
data may be considered surprising because CD44 is a
well-recognized tumor marker[35-37]. It may be possible
that GC development is independent from CD44 expression levels, although it has to be mentioned that in
2013, a paper of Hirata et al[38] was published, in which
the authors found a correlation between expression of a
CD44 variant and GC recurrence.
Epigenetic control of DNA expression was often
found pivotal in etiogenesis of various cancers, since
it leads to gene silencing and therefore to loss of expression of oncosuppressors too[39-41]. Calcagno et al[42]
investigated the expression levels of enzymes with methyltransferase activity, showing that they may exert an
important role in GC development. They found high
levels of DNMT1, DNMT3A and DNMT3B (DNAmethyl-transferase 1, 3A and 3B) expression in gastric
adenocarcinoma tissues, when compared to normal
specimens. However, they found no correlation between
DNMT1, DNMT3A and DNMT3B overexpression
and clinicopathological features, drawing the conclusion that the increased expression may be placed in the
early stage GC development. Besides, the same authors
investigated the effects of hypermethylation in GC cell
lines[43]. They treated two gastric adenocarcinoma cell
lines, ACP02 (diffuse-type) and ACP03 (intestinal-type),
with a demethylating agent and evaluated gene expression compared to untreated cells. The genes neuritin 1
(NRN1) and tumor necrosis factor alpha-induced protein (TNFAIP) were found upregulated in both GC cell
lines compared to controls, while metastasis associated
lung adenocarcinoma transcript 1 (MALAT1) and small
nucleolar RNA D (SNORD) were overexpressed only in
intestinal-type GC cell line. They obtained these data as
before by microarray assay and confirmed them by realtime PCR, finding new genes epigenetically altered in
GC. Also, the overexpression of nonmuscle myosin IIA
(NMIIA) may be associated with progression and poor
prognosis of GC, as revealed by Liu et al[44], because high
expression of this protein is significantly correlated with
the depth of wall invasion, lymph node metastasis, distant metastasis and TNM stage. Another very interesting
prognostic tool was presented by Choi[45], who found
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that in GC patients, the number of loss of eterozygosity (LOH) may be a determinant poor prognostic factor.
The author analyzed LOH of 5 chromosomes having
tumor suppressor genes such as p16, PTEN, Rb, E-cadherin and p53 in 100 surgically resected tumors. Patients
with 2 or more LOHs displayed a poorer 5-year survival
rate than those who had less than 2 LOHs. In particular,
LOH in 17p13 (p53 locus) contributed to a lower survival rate. Therefore, the number and the type of LOH
in GC may be useful prognostic indicators. A very innovative diagnostic tool was presented by Linē et al[46], who
identified a tumor-associated autoantibody signature that
can be used for the early detection of GC among highrisk individuals. The autoantibody production, which
does not correlate with histotype, already occurs in early
GC and it could be associated with shorter overall survival. H. pylori status, grade, localization and size of the
primary tumor were not related to autoantibody signature. Diagnosis of GC at advanced stages is considered
a major reason for lower five-year overall survival rate in
developing countries[47]. Hence, early diagnosis of GC is
fundamental for patient survival.

VASCULAR ENDOTHELIAL GROWTH
FACTOR AS POSSIBLE GC MARKERS
VEGF (vascular endothelial growth factor) has been largely investigated because of its active role in angiogenesis. It
was found that its overexpression is a poorer prognostic
marker in various neoplasms such as osteosarcoma[48],
non-small cell lung carcinoma[49] and melanoma[50].
Some authors analyzed the expression levels of VEGFs either alone, or together with other possible prognostic factors. Kruszyna et al[51] showed that VEGF, hypoxia
inducible factor-1 (HIF-1) and CXC chemokine receptor 4 (CXCR4) were up-regulated in tumoral, but not in
normal specimens. Von Hippel-Lindau tumor suppressor (VHL) and HIF-prolyl hydroxylase 2 (PHD2) were,
instead, expressed at very low levels in tumor tissues. All
these results were found related with malignant tumor
progression and lymph node metastasis, drawing attention to the possibility of considering VEGF, CXCR4,
VHL and PHD2 as prognostic markers of GC. Noteworthy were also the results obtained by Partika et al[52].
Although in few patients, they observed the absence
of VEGF within the GC tissue despite its high plasma
concentration. The authors hypothesized that VEGF in
somehow was quickly eliminated into the blood stream.
Hence, further investigations may be useful to cast light
on the possibility to use plasma levels of VEGF as a
biomarker. Finally, Yingwei et al[53] investigated the expression levels of VEGF, EGF and their receptors in
GC cell lines of different biological properties and the
outcomes of their targeted inhibition. They found that
EGF, EGFR, VEGF and VEGFR mRNA expression
increased sequentially in SGC7901, BGC823, HGC27
and MGC803 cell lines, allowing them to increase their
proliferation, motility and adhesion. Therefore, spe-
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cific inhibition of VEGF and EGF may impair cellular
properties related to tumoral phenotype, representing
a possible therapeutic strategy for GC. On the other
hand, Donizy et al[54] have not found any clinical significance of VEGF-C, VEGF-D, VEGFR-3 expression in
GC patients. The only statistically significant parameter
which they found related to poor prognosis and shorter
long-term survival was the lower level of matrix metalloproteinase-2 (MMP-2). Hence it can be deduced that,
although there are some exceptions, VEGF pathways
may be considered as possible prognostic tools and/or
therapeutic targets.

invasion. In particular, a functional monoclonal antibody
(mAb) MS57-2.1 against novel antigenic markers on the
gastric cancer cell surface, MS57A and MS57B, was generated. Both antigens are membrane bound glycosylated
enzymes and belong to the alkaline phosphatase family[64].
MS57-2.1 mAb was produced by hybridoma method
and it was able to bind specifically to GC cell membrane
with high affinity. Through this binding, a cellular signal
inhibiting tumor cell migration and invasion was found
activated in vitro and tumor metastasis impairment was
detected in vivo. Hence, MS57-2.1 mAb could represent
an effective novel tool in GC therapy because it may
help to impair progression of tumoral phenotype. Other
authors tested the effect of drugs both in vitro and in vivo
experiments. In vitro, Calcagno et al[65] evaluated the cytotoxic and genotoxic potential of E-2-Benzo[D]thiazol
in normal and gastric tumor cells (ACP02 - diffuse-type
gastric adenocarcinoma cell line). Their results showed
DNA damage and apoptosis in tumor cells, without
significant damage to lymphocytes. These findings suggest E-2-Benzo[D]thiazol as a potential drug to improve
GC management. Protein kinase D (PKD) inhibitor
CID755673 may be another anti-neoplastic treatment for
GC, as shown by Tsuboi et al[66]. PKD regulates multiple
normal and abnormal biological processes, including
angiogenesis[67,68]. VEGF pathway seems to be an important driver of tumorigenesis in GC, as previously reported[69,70], also in a paragraph above. Analysis of mechanism of action of CID755673, performed in MKN45
cell line, showed inhibition of PKD phosphorylation,
induced by phorbol myristate acetate, and of VEGF secretion levels in a dose-dependent manner. Hence, PKD
inhibitors may contribute to angiogenesis regression in
GC. In an in vivo model, Graziosi et al[71] studied the effect
of maraviroc, a chemokine CCR5-receptor antagonist, in
GC treatment. Maraviroc is the first member of a new
class of antiretroviral drugs, whose mechanism of action
is pivoted on blocking R5-tropic HIV entry into CD4
cells[72,73]. It was approved by United States FDA to be
used, in combination with other antiretroviral agents, for
treatment of patients carrying both drug-sensitive and
-resistant HIV strains[74]. In cancer, metastasis prevention
induced by maraviroc was observed in hepatocellular
carcinoma[75] and basal breast cancer[76,77]. In their study,
Graziosi et al[71] analyzed a mouse model of peritoneal
carcinomatosis in which maraviroc reduced both GC cell
dissemination and tumor growth. These findings provide
evidences for an important role of CCR5 in cancer cell
invasiveness, suggesting also a possible use of maraviroc
as a further therapy to reduce the risk of metastasis in
GC patients. Finally, among the various possible chemotherapeutic strategies, it has to be mentioned the potential
efficacy of biflorin, a prenyl-ortonaftoquinone obtained
from the roots of Capraria biflora L., in ACP02 cell line.
Calcagno et al[78] reported that biflorin exerts anticancer
activity; it inhibits both tumor cell line growth in culture
and tumor development in mice[79,80]. In fact, biflorin
showed a powerful cytotoxic effect in vitro, inhibiting cell

MICROSATELLITES INSTABILITY
Interesting studies about prognostic significance of microsatellites instability (MSI) were also presented. Pascale
et al [55] analyzed the differences in MSI between two
groups of patients living in higher and lower Italian risk
areas. The authors found that GC patients living in higher
risk areas showed a higher rate of MSI than those in lowrisk areas. These results stress the relationship among
environment, genome and cancer, topic of investigations
for a long time. Although not always demonstrated, it is
undeniable that many authors contributed to reinforce
the aforementioned relationship. The analysis performed
by Pascale et al[55] is hence particularly interesting because
it highlighted the clinical implications derived from possible impact of environment on human genome. Kim
et al[56] presented similarly interesting results, related to
role of MSI in GC medical evaluation. They studied the
link between the MSI-high (MSI-H) and GC prognosis
in patients who underwent gastrectomy. In few patients
MSI-H was detected and there was no relationship with
lymph node involvement. Yet, MSI-H correlated with a
poorer prognosis than MSI-low (MSI-L) and microsatellite stable (MSS) context. It has to be noticed that in literature different results were reported too. Some authors
showed that MSI-H was related to a better prognosis[57-59],
whereas others reported no significant correlation between MSI and GC prognosis[60,61]. And in more recent
reviews, the role exerted by MSI in GC development is
discussed but not definitely clarified[62]. Hence it can be
deduced that far from being well understood, the role
of MSI in GC, although challenging cues were provided
during the 10th IGCC, deserves further investigations in
order to better clarify its role in GC development.

TREATMENT AND THERAPY OF GC
One of the most challenging topics of the 10th IGCC, representing also one of the most innovative section of 10th
IGCC, was referred to biomolecular analysis of therapeutic
management of GC. Various authors obtained promising results, identifying novel potential therapeutic tools
that could have a future clinical application. Liu et al[63]
identified a novel immunological method that can not
only detect GC cells and but also inhibit migration and
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proliferation, migration and invasion. Moreover, after
treatment, morphological analysis spotlighted cell death
by necrosis. Results obtained by authors seemed to be
focused on a possible reduction of MYC copy number in
ACP02 and in the length of telomeres, to give a possible
explanation for biflorin effects.

12

CONCLUSION

13

The 10 th IGCC gave a complete overview about the
state-of-the-art of stomach tumor management. Both in
the basic research and in clinical activity, there has been
a great knowledge improvement. In our opinion, original
suggestions were particularly found in therapy and treatment sections. Treatment of GC with Maraviroc, generally used in HIV patients, may be a turning point, so as
the promising possible use of biflorin. Yet, due to complexity of GC etiogenesis, further studies will be necessary and will have to be performed for a long period of
time to reach the target of a gold standard therapy.
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Core tip: Therapeutic intensity has been progressively
reduced in patients with limited-stage diffuse large
B-cell lymphoma of the stomach, with a consequent
improvement in tolerability and quality of life, and with
unimpaired survival figures. In particular, patients with
Helicobacter pylori (H. pylori )-positive lymphoma and
favourable prognostic factors can be managed with
antibiotics alone, with excellent disease control and
cure rates, keeping chemo-radiotherapy for unresponsive patients. Future studies should be focused on the
establishment of reliable variables able to distinguish
the best candidates for exclusive treatment with H. pylori eradication from those who need for conventional
therapy.

Abstract

Cuccurullo R, Govi S, Ferreri AJM. De-escalating therapy in
gastric aggressive lymphoma. World J Gastroenterol 2014;
20(27): 8993-8997 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i27/8993.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.8993

The treatment of primary gastric diffuse large B-cell
lymphoma (DLBCL) has changed radically over the last
10–15 years, with the abandonment of routine gastrectomy in favor of more conservative therapies. Low-level
evidence suggests that consolidation radiotherapy could
be avoided in patients with limited-stage DLBCL of the
stomach who achieve complete remission after rituximab-CHOP combination. Small, recent prospective trials
suggest that selected patients with limited-stage Helicobacter pylori (H. pylori )-positive DLBCL of the stomach
and favorable prognostic factors can be managed with
antibiotics alone, with excellent disease control and cure
rates, keeping chemo-radiotherapy for unresponsive patients. This recommendation should equally regard patients with mucosa-associated lymphoid tissue-related
or de novo DLBCL. Future studies should be focused
on the establishment of reliable variables able to distinguish the best candidates for exclusive treatment with H.
pylori eradication from those who need for conventional
chemo-immunotherapy.

INTRODUCTION
Diffuse large B-cell lymphoma (DLBCL) is the most
common lymphoma category arising in the stomach, representing 5% of all gastric malignancies. DLBCL usually
arises as a primary form, which is a tumor limited to the
gastric wall, with or without involvement of perigastric
lymph nodes (stage IE-IIE). The treatment of primary
gastric DLBCL (PG-DLBCL) has greatly evolved in the
last decades, mostly due to the development of new chemoimmunotherapy combinations, progress in radiation
technology, improvement of sensitivity of procedures
used in staging and response assessment and expansion
of etiopathogenic knowledge. In particular, gastrectomybased strategies have been abandoned, the role of radiation therapy has been downsized, whereas indications of

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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chemoimmunotherapy and antibiotic therapy have been
extended, resulting in important organ-salvage benefits
and iatrogenic toxicity reduction without survival impairment. However, the level of evidence supporting
therapeutic choices is still low since available literature is
mostly constituted by retrospective analyses of small and
heterogeneous series, whereas only a few prospective
trials with completed accrual are available. This review
travels through the changes in the therapeutic management of patients with PG-DLBCL introduced in the last
decade, defines the impact of each treatment component
and critically analyzes the supporting evidence.

of primary gastrectomy results in impaired survival figures due to significantly higher complications rates[2].
These results are in line with a retrospective comparison of two small prospective trials performed between
1988 and 1996[3]. The first one has been a Groupe d’
étudé des Lymphomes Digestifs (GELD) trial addressing primary gastrectomy followed by chemotherapy in
48 patients with PG-DLBCL; the second one has been
a Groupe d’étudé des Lymphomes de l’Adulte trial addressing anthracycline-based chemotherapy as exclusive
treatment. Patient characteristics distribution has been
similar between two series, with the exception of higher
rates of increased serum lactate dehydrogenase levels
and large tumors in GELD series. Comparison has been
limited to patients with International Prognostic Index of 0-1. After a median follow-up of 59 mo (range
3-128), the 5-year OS has been 91% for both subgroups,
suggesting that gastrectomy is superfluous in patients
with low-risk PG-DLBCL[3]. Thereafter, the role of gastrectomy as part of first-line treatment of PG-DLBCL
has progressively declined. Presently, surgical approach
remains confined to resolution of chemotherapy-related
complications, like bleeding or perforation, which affect
< 1% of PG-DLBCL patients managed with upfront
chemotherapy[2].

FROM GASTRECTOMY TO
CONSERVATIVE CHEMO-RADIOTHERAPY
For several years, surgery played a central role in diagnosis, staging and treatment of PG-DLBCL. Its goal
in these tumors has gradually changed from curative
to staging and palliation, with less concern for radicality. Gastrectomy, once considered essential to diagnose
gastric lymphomas, today has been replaced by modern
endoscopy procedures through which multiple biopsies
of gastric mucosa allow an accurate histopathological
diagnosis. Also computer tomography-scan and 18Fluorodeoxyglucose positron emission tomography (18FDGPET) are important to establish the disease’s anatomical
extension as this is a crucial prognostic factor, reducing
the role of surgery as staging procedure.
Large retrospective studies published more than 15
years ago have suggested that patients with PG-DLBCL
could be managed with an organ-sparing strategy based
on a combination of anthracycline-based polychemotherapy and consolidative irradiation of the stomach and
perigastric lymph-nodes[1]. These studies have suggested
that the extent of surgery (excision or biopsy) has no
impact on outcome of PG-DLBCL and that patients’
quality of life after conservative nonsurgical treatment is
remarkably better than after gastrectomy, with a reduced
risk of severe malabsorption syndrome, vitamin deficits,
anemia, dumping syndrome, secondary nutritional depletion and infections among others.
These preliminary observations have been confirmed
by a large controlled clinical trial, where 589 patients
with newly diagnosed PG-DLBCL have been randomly
allocated among gastrectomy alone, gastrectomy plus
radiotherapy, gastrectomy plus chemotherapy, and chemotherapy alone, with a 10-year overall survival (OS)
of 54%, 53%, 91%, and 96% (P < 0.001), respectively[2].
Late toxicity has been more frequent and severe in patients who undergoing gastrectomy, with more cases of
lethal complications. Lymphoma progression has been
significantly less common among patients treated with
chemotherapy, with rare cases of perforation, obstruction and hemorrhage in patients managed with chemotherapy alone. Accordingly, this trial has demonstrated
that patients with PG-DLBCL must be managed with
anthracycline-based chemotherapy, and that the addition
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FROM CONSERVATIVE
CHEMORADIOTHERAPY TO CHEMO
(IMMUNO) THERAPY ALONE
Rituximab is a chimeric anti-CD20 IgG1 monoclonal
antibody that has drastically changed the natural history
and therapeutic approaches to DLBCL patients[4]. In the
pre-rituximab era, CHOP (cyclophosphamide, doxorubicin, vincristine, prednisone) chemotherapy followed
by involved-field radiotherapy (IF-RT) was the standard
of care for limited-stage DLBCL and, consequently, for
patients with PG-DLBCL[5]. However, large randomized trials failed to demonstrate a survival benefit with
the addition of IF-RT after anthracycline-based polychemotherapy in DLBCL patients (reviewed in[4]), and
the major concerns of secondary radio-induced malignancies and quality-of-life impairment in patients with
a high cure rate led physicians to avoid consolidative
radiotherapy in these patients, even in PG-DLBCL. In
a small, pre-rituximab comparative trial[6], patients with
PG-DLBCL who achieved a complete remission after
four courses of anthracycline-based chemotherapy were
randomly allocated between other two chemotherapy
courses or IF-RT 30 Gy. The addition of IF-RT did not
increase iatrogenic toxicity, but did not modify survival
figures, with a 5-year OS of 82% for both arms. However, induction chemotherapy was heterogeneous and the
trial was undersized for comparison since it was prematurely closed, with a consequent small number of patient
accrued and scarce events.
In the rituximab era, the role of consolidation radio-
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therapy as part of first-line treatment in patients with limited-stage DLBCL is still matter of debate. A worldwide
use of rituximab is associated with a better quality of
response, and a concomitant development of metabolic
tools, like 18FDG-PET, allowed a better definition of
extension of disease and therapeutic response. Randomized trials assessing the role on consolidation IF-RT in
DLBCL patients do not exist in the rituximab era, but
large retrospective studies seem to suggest that IF-RT
is unnecessary in DLBCL patients in complete remission after rituximab-CHOP (R-CHOP chemoimmunotherapy)[4]. In a retrospective Japanese study focused on
PG-DLBCL[7], 23 patients have been treated with six
courses of R-CHOP and 35 have been managed with
3-4 courses of R-CHOP plus radiotherapy, with a 3-year
OS of 91% and 95% (P = 0.27), respectively. With all
the limitations of a retrospective study, these results
support the use of six cycles of R-CHOP without IFRT as first-choice treatment option for PG-DLBCL
patients[7]. Presently, the effect of radiation therapy on
both carcinogenesis and quality-of-life impairment remains matter of debate. In fact, second cancers seem to
be related to underlying susceptibility rather than radiation consequence[8], and the use of techniques of highly
conformal irradiation is associated with improved tolerability. Nevertheless, available literature seems to suggest
that consolidative radiotherapy is unnecessary in patients
with newly diagnosed PG-DLBCL in complete remission after R-CHOP therapy.

phocytes evolve to an antigen-dependent MALT lymphoma. Some other genetic abnormalities like t(1:14),
bcl-10 mutation and trisomies 3, 12 and 18 as well as
the effect of DNA-damaging reactive oxygen species
produced by neutrophils favour the loss of antigenic
dependence [12]. Eventually, other putative karyotype
damages related to t(1:14), p15, Rb, myc, as well as to p53
inativation, and p16 deletion result in the development
of a DLBCL[13], which is usually considered an H. pyloriindependent growing aggressive tumour.
The most important hints linking gastric MALT lymphoma to H. pylori were provided by the observation that
Hp-associated gastritis reproduces features of acquired
MALT, the high prevalence of Hp in gastric lymphoma
patients (92%), mostly in endemic regions, and the high
lymphoma regression rate observed in patients treated
with H. pylori-eradicating antibiotic therapy (reviewed
in[14]). In fact, H. pylori eradication with ample spectrum
antibiotics is the standard first-line treatment for patients
with limited-stage gastric MALT lymphoma associated
with this microorganism[9]. This strategy is associated
with a complete remission rate of 60%-70% and a 5-year
OS of 93% [10,15]. Based on the frequent association
among PG-DLBCL, gastric MALT lymphoma and H.
pylori infection[11], and following the example of gastric
MALT lymphomas, some investigators have treated selected patients with PG-DLBCL with antibiotic therapy
alone, reporting sporadic cases of lymphoma regression[16,17] and complete remission rates of 27%-87% in a
few, small retrospective case-series[18-20], with a relevant
risk of reporting bias. More recently, two prospective
trials demonstrated that H. pylori eradication is feasible
and effective as exclusive treatment in patients with PGDLBCL[21,22]. The first trial has included 16 Taiwanese
patients with stage IE “high-grade transformed MALT
lymphomas”, obtaining a 62% remission rate and no cases of recurrence among responders at a median followup > 5 years[21,23,24]. The second trial, named HG-L1, has
been a multicentre phase Ⅱ study addressing feasibility,
activity and efficacy of H. pylori eradication with clarithromycin, tinidazole or metronidazole and omeprazole,
as exclusive treatment for Western patients with newly
diagnosed PG-DLBCL without aggressiveness indicators
(bleeding ulcers, systemic symptoms, increased serum
lactate dehydrogenase levels)[22]. The HG-L1 trial has
demonstrated that two-thirds of these patients can be
efficiently managed with antibiotics alone, thus, avoiding the use of chemotherapy and radiotherapy, which is
of importance considering that these patients are often
older than 70 years. In fact, this strategy has been associated with a complete remission rate of 63%, a 5-year OS
of 94%, and no deaths due to lymphoma. Importantly,
H. pylori eradication has been associated with long-term
remission both in patients with MALT-related and de
novo DLBCL[18,20], suggesting that near half of de novo
DLBCL are actually dependent on antigenic stimulation
determined by H. pylori infection. Conversely to previous reports suggesting that involvement of perigastric

FROM CHEMOIMMUNOTHERAPY TO
HELICOBACTER PYLORI-ERADICATING
ANTIBIOTIC THERAPY
Half of PG-DLBCL is associated with concomitant areas of mucosa-associated lymphoid tissue (MALT) lymphoma[9-11]. MALT lymphomas constitute an heterogeneous group of indolent malignancies usually arising from
sites of infection, chronic irritation and inflammation,
where tumor microenvironment, mostly orchestrated
by inflammatory cells, is an unavoidable player in the
neoplastic process[12]. In the stomach, Helicobacter pylori
(H. pylori), a member of the superfamily Ⅵ of Gramnegative bacilli, now called Epsilonproteobacteria, classified as type Ⅰ carcinogen by the International Agency of
Research against Cancer, plays a central role in chronic
inflammation, immune system inhibition and related
lymphomagenesis[13]. In collaboration with host factors,
some H. pylori colonization/virulence factors contribute
to carcinogenesis, which is favoured by the concomitance of particular genotypes of both pathogen and
host. H. pylori-related gastric MALT lymphomagenesis is
a multi-step process initiated by infection and followed
by chronic gastritis, MALT acquisition and, eventually,
lymphoma development[14]. Under the antigenic stimulation of H. pylori, and thanks to the influence of products
from some genetic abnormalities, autoreactive B lym-
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lymph nodes is a negative predictor of response to antibiotics[18,20], half of patients with small (size < 1.5 cm)
perigastric lymph nodes enrolled in the HG-L1 trial has
achieved lymphoma regression[22]. In this trial, patients
who did not respond to upfront antibiotics have been referred to salvage treatment with R-CHOP combination,
achieving long-lasting complete remission in all cases,
with a median progression-free survival of 55+ months,
and antibiotic refractoriness has not been associated with
lower survival rates.
Reliable parameters able to distinguish the best candidates for exclusive treatment with H. pylori eradication
from those who need for conventional chemo-immunotherapy remain to be defined. A few studies have been
performed in this context. The prognostic value of ontogenic classification of PG-DLBCL in germinal-centre
B-cell like and non-germinal-centre B-cell like DLBCL
has been investigated in the HG-L1 trial, reporting that
lymphoma regression after H. pylori eradication can be
observed in both DLBCL subgroups [22]. Other small
studies show that nuclear expression of BCL10 predicts
H. pylori independence of MALT-related DLBCL of the
stomach[25], and that autocrine B cell-activating factor of
tumor necrosis factor family (BAFF) signal transduction pathways may contribute to H. pylori-independent
growth of this lymphoma[26]. In fact, BAFF overexpression seems to be associated with pAKT expression and
nuclear expression of BCL3, BCL10 and NF-kappaB,
and is more common among MALT-related DLBCL of
the stomach unresponsive to H. pylori eradication[26]. The
predictive value of these and other molecules on large,
prospective series remains matter of investigation.
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CONCLUSION
On this background, patients with H. pylori-related PGDLBCL and favourable features are eligible for bacteria
eradication as exclusive treatment, keeping conventional
chemo-immunotherapy for unresponsive patients. This
strategy should be equally proposed to patients with de
novo and MALT-associated DLBCL, and with germinalcentre B-cell like and non-germinal-centre B-cell like
DLBCL. Small perigastric lymphadenopathies are not a
major limitation to use this conservative approach, but
close and accurate disease monitoring is strongly suggested in these patients. Clinical and molecular studies
aimed to identify the best candidates for H. pylori eradication as exclusive treatment are strongly encouraged.
The establishment of different molecular pathways
potentially associated with antigenic independence and
tumour aggressiveness as well as the analysis of their
prognostic role on large series remain important steps
forward a rational conservative treatment of gastric DLBCL.
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Core tip: Hepatitis B (HB) vaccines, which are the first
vaccines that have been proven to prevent cancer,
have played a crucial role in preventing HB virus (HBV)
infection worldwide since their development in the
1980s. In particular, the HB vaccines have been rapidly
integrated into the national immunisation programs
of low-income countries since the Global Alliance for
Vaccine and Immunization was launched in 2000.
However, we have still not eradicated HBV. More than
240 million people worldwide are carriers of HBV. The
vaccine strategies, current status of HBV infection, and
unresolved issues related to controlling HBV infection
are discussed in this review.

Abstract
Hepatitis B (HB) virus (HBV) infection, which causes
liver cirrhosis and hepatocellular carcinoma, is endemic
worldwide. Hepatitis B vaccines became commercially
available in the 1980s. The World Health Organization
recommended the integration of the HB vaccine into
the national immunisation programs in all countries.
HBV prevention strategies are classified into three
groups: (1) universal vaccination alone; (2) universal
vaccination with screening of pregnant women plus HB
immune globulin (HBIG) at birth; and (3) selective vaccination with screening of pregnant women plus HBIG
at birth. Most low-income countries have adopted universal vaccine programs without screening of pregnant
women. However, HB vaccines are not widely used in
low-income countries. The Global Alliance for Vaccine
and Immunization was launched in 2000, and by 2012,
the global coverage of a three-dose HB vaccine had
increased to 79%. The next challenges are to further
increase the coverage rate, close the gap between recommendations and routine practices, approach highrisk individuals, screen and treat chronically infected
individuals, and prevent breakthrough infections. To
eradicate HBV infections, strenuous efforts are required to overcome socioeconomic barriers to the HB
vaccine; this task is expected to take several decades
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INTRODUCTION
According to the World Health Organization (WHO),
two billion people (one-third of the global population)
have been infected with the hepatitis B (HB) virus (HBV)
worldwide, and more than 240 million are chronic carriers (4%-6% of the world population)[1]. Chronically
infected individuals have a 25% risk of dying from the
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sequelae of chronic HBV infection, such as cirrhosis
and hepatocellular carcinoma (HCC)[2]. Approximately
600000 people die every year due to the consequences
of HBV infection[1]. Globally, chronic HBV infection
accounts for 54.4% of the cases of liver cancer[3]. HBV
infection is one of the vaccine-preventable infectious
diseases. In 1991, the WHO recommended the integration of the HB vaccine into the national immunisation
programs in countries with an HBV carrier prevalence
of 8% or higher by 1995 and in all other counties by
1997[4].
In this review, the vaccine strategies for the control
of HBV infection and the prospect of HBV eradication
are summarised and discussed.

countries. However, there were concerns about whether
the supply of plasma was adequate to meet the demand
for the vaccine and whether the safety of a vaccine derived from human blood could be verified. A recombinant expression system was developed to address these
problems. The recombinant expression of HBsAg was
achieved in HBV-transfected yeast[26,27]. Electron microscopy revealed that the expressed HBsAg polypeptides
showed the same appearance as the particles isolated
from human plasma. In 1986, the recombinant HB vaccine (the second-generation vaccine) was approved by
the United States Food and Drug Administration[8,24].
Although new recombinant HB vaccines using HBVtransfected mammalian cells containing pre-S2+S envelope proteins (i.e., third generation vaccines) were
commercialised in the 1990s[25,28,29], the majority of vaccine manufacturers are now adopting a yeast-system for
recombinant expression[30]. The complete vaccine series
induces protective levels of anti-HBs antibodies in more
than 95% of infants, children, and young adults[1]. Although the duration of protection provided by the HB
vaccine is controversial, the protection afforded by three
or four doses of a monovalent HB vaccine persists for
at least 20 years[1,31].

HB VACCINE
Discovery of the HBV
In 1963, Blumberg et al[5-8] unexpectedly identified a protein in the blood of Australian aborigines, which was
later named the Australia antigen. The investigators were
examining serum from multi-transfused patients with
conditions such as leukaemia or thalassemia compared to
serum from a variety of healthy individuals from different parts of the world to identify genetic polymorphisms
of serum proteins[9]. The Australian antigen was initially
thought to be associated with leukaemia and Down’s
syndrome[5,10], but further observations revealed that the
Australia antigen is a component of the infectious agent
for HBV. In fact, two patients with Down’s syndrome
and a technician in Blumberg’s laboratory became positive for the antigen after developing hepatitis[6,8,10-12]. The
Australia antigen was eventually confirmed to be correlated with viral hepatitis[13-16]. In 1970, Dane et al[17] discovered hepatitis B virions -double-coated particles approximately 42 nm in diameter- in the serum of patients
with Australia antigen-associated hepatitis.

Universal vaccination vs selective vaccination
Two vaccine programs are being conducted worldwide
to control and eradicate HBV infection. The first program is universal vaccination, which integrates a threeor four-dose series HB vaccine into routine vaccination
programs. The other is selective vaccination, which
targets high-risk individuals identified by assessments of
chronic diseases, lifestyle, and occupation. The WHO
strongly recommends universal vaccination in all countries, and nearly all of the countries throughout the
world are adopting such a program[4]. In addition, highincome countries that can afford to perform screening
of pregnant women give hepatitis B immune globulin
(HBIG) to newborn babies born to HBsAg-positive
mothers at birth. Because screening of pregnant women
is costly and not feasible in low-income countries, the
WHO does not recommend it for all countries. As
shown in Table 1, the current HBV prevention strategies
are classified into three groups: (1) universal vaccination
without screening of pregnant women; (2) universal vaccination with screening of pregnant women plus HBIG;
and (3) selective vaccination with screening of pregnant
women plus HBIG.
In intermediate and highly endemic countries, universal vaccination without screening of pregnant women is
clearly cost-effective[32]. However, the protective efficacy
rate of a three- or four-dose HB vaccine series alone is
70%-80% in perinatal transmission[33-35]. In contrast, HB
vaccine plus HBIG increases the protective efficacy rate
to 95% in perinatal transmission[35]. Although aspects of
the healthcare infrastructure, such as medical personnel,
hospitals, and careful follow-up programs, are indispensable for the screening of pregnant women, the adminis-

Development of the HB vaccine
After the discovery of the Australian antigen, it took
over 10 years to make the HB vaccine commercially
available. The virion of HBV (i.e., the Dane particle)
consists of an inner core and an outer membranous
envelope, which contains the Australian antigen [8,18].
Electronic microscopy analyses revealed that enormous
numbers of spherical and tubular particles of 22 nm in
diameter, which are clearly distinct from the virions, coexist in the serum of HBV-infected patients[11,17,19]. These
particles are empty viral envelopes, containing only
the Australian antigen and non-infectious agents[6,8,18].
The first available vaccines consisted of purified and
formalin-inactivated small empty HBV envelopes containing the hepatitis B surface antigen (HBsAg), which
were harvested from the plasma of chronic HBV carriers[20-23]. These plasma-derived HB vaccines first became
commercially available in the United States in 1981 and
in France in 1982[24,25]. Since 1981, plasma-derived HB
vaccines have been manufactured and used in many
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Table 1 Classification of hepatitis B vaccine prevention strategies
Universal vaccination alone
Low- and intermediate-income countries1
High-and intermediate-income countries1
(e.g., European countries, United States)
High-income countries (e.g., Scandinavian
countries, United Kingdom, Japan)

Universal vac. + pregnantwomen screening + HBIG

Selective vaccination + pregnantwomen screening + HBIG

√
√
√

1

Intermediate-income countries are using a variety of vaccination strategies; HBIG: Hepatitis B immune globulin.

the WHO by the World Hepatitis Alliance, a non-government organisation that represents approximately 280
hepatitis B and hepatitis C patient groups around the
world[36,37]. Of the 194 WHO member states, 126 (64.9%)
completed the surveys, which is not a sufficiently high
response rate. The rates of response to WHO regional
surveys were 26.1% (12/46) in the African Region,
77.1% (27/35) in the Americas Region, 77.3% (17/22)
in the Eastern Mediterranean Region, 83.0% (44/53) in
the European Region, 36.4% (4/11) in the South-East
Asia Region, and 55.6% (15/27) in the Western Pacific
Region.
The WHO member states are classified into five
groups: “high income”, “upper-middle income”, “lowermiddle income”, “low income”, and “other”. The rates
of response to the WHO/World Hepatitis Alliance
survey in these groups were 80% (40/50: high income),
64.2% (34/53: upper-middle income), 68.0% (34/50:
lower-middle income), 47.4% (18/38: low income), and
0% (0/3: other). The proportion of high- and uppermiddle-income countries was 2% (1/46) in the African
Region, 60% (21/35) in the Americas Region, 32% (7/22)
in the Eastern Mediterranean Region, 68% (36/53) in
the European Region, 18% (2/11) in the South-East Asia
Region, and 26% (7/27) in the Western Pacific Region.
The rates of implementation of screening for all
pregnant women plus HBIG at birth and programs administering the HB vaccine to all infants at birth in each
WHO region (except for the African Region) are shown
in Figure 1. According to this report, the rates of screening of pregnant women plus HBIG administration were
63% (Americas), 36% (Eastern Mediterranean), 59%
(Europe), 43% (South-East), and 27% (Western Pacific),
with more than half of the countries in the Americas
and European Regions adopting HBIG administration
after birth. Because high- and upper-middle-income
countries are the majority in both the Americas and
European regions, these regions can afford to provide
screening of all pregnant women plus HBIG administration. In contrast, the Western Pacific Region shows the
lowest rate (27%) of screening of pregnant women plus
HBIG administration and the second-lowest ratio of
high- and upper-middle-income countries.
In light of the low ratio of high- and upper-middleincome countries in the Western Pacific Region, the
WHO Western Pacific Office strongly recommends the
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All infants receive HB vaccine at birth
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Figure 1 World Health Organization global and regional implementation
of universal hepatitis B vaccination at birth and screening of pregnant
women plus hepatitis B immune globulin administration at birth. The data
were drawn from the WHO “Global policy report on the prevention and control
of viral hepatitis”[36]. HBIG: Hepatitis B immune globulin; HB: Hepatitis B.

tration of HBIG can definitely improve the prevention
rate of perinatal transmission.
Universal vaccination with screening of pregnant
women plus HBIG is the most effective strategy to reduce and eradicate HBV, if and when the financial condition of a country allows for the implementation of such
a program. In fact, almost all high-income countries are
conducting universal vaccination with screening of pregnant women plus HBIG. The number of countries providing selective vaccination with screening of pregnant
women plus HBIG is small and has gradually declined.
Because the prevalence of HBV carriers is low in these
counties, universal vaccination is considered not to be
cost-effective; instead, the government’s target high-risk
individuals for vaccination.

GLOBAL POLICY REPORT ON THE
PREVENTION AND CONTROL OF VIRAL
HEPATITIS
In 2012, a global survey of the efforts to prevent and
control viral hepatitis was conducted on the behalf of
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World Bank, public health institutions, donor and recipient countries, the Bill and Melinda Gates Foundation,
pharmaceutical manufacturers, and other members of
the philanthropic and financial communities. The GAVI
Alliance was launched in 2000 to establish vaccination
programs in low-income countries. By bringing together
low-income countries, donor governments, research and
technical institutes, civil society organisations, vaccine
providers, and private philanthropists, the dynamics of
the global vaccine market have been changed by the establishment of sustainable supplies of vaccines, research,
competition, and price reduction. During the first phase
(2000-2005), hepatitis B became one of the three underutilised vaccines [hepatitis B, Haemophilus influenzae
type b (Hib), and yellow fever] immediately available for
routine infant immunisation programs through the new
and under-utilised vaccine flagship program[42-44]. The
HB vaccine was considered to have the greatest potential
in the implementation of under-utilised vaccines. The
widespread use of new and under-utilised vaccines has
the potential to contribute to the United Nations Millennium Development Goal 4 of reducing global childhood
mortality by two-thirds by 2015[42,45,46].
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Figure 2 World Health Organization-estimated global coverage rates for
the BCG, DPT3, polio, MCV1, Hep3, and Hib3 vaccines in 2012. The data are
from[47]. BCG: Bacille Calmette-Guérin; DPT3: Three-dose DTP; MCV1: Measlescontaining vaccine; Hep3: Three-dose hepatitis B; Hib3: Three-dose Hib vaccine

universal administration of a dose of HB vaccine to all
newborn infants rather than a targeted approach for infants born to HBsAg-positive mothers[38]. The coverage
of HB vaccine birth dose administration (within 24 h after birth) varies from 80% to 100% among the six WHO
regions. The Western Pacific Region achieved 100% birth
dose coverage, following sustained efforts by the Western
Pacific Office over many years to improve the birth dose
coverage in low-income counties[38]. Conversely, the birth
dose coverage rate is not high in the regions where highincome counties are implementing screening of all pregnant women, such as the European Region (80%).

GLOBAL COVERAGE OF TRADITIONAL
VACCINES AND UNDER-UTILISED
VACCINES
The global coverage in 2012 of traditional vaccines was as
follows: Bacille Calmette-Guérin (BCG), 89%; the threedose DTP (DPT3) vaccine, 83%; the three-dose polio
vaccine (Polio3), 84%; and the first-dose measles-containing vaccine (MCV1), 84%[47]. In contrast, as shown in
Figure 2, the 2012 coverage of the three-dose HB (Hep3)
vaccine and the three-dose Hib vaccine (Hib3) was 79%
and 45%, respectively[47]. A slight difference in the coverage between traditional vaccines and under-utilised vaccines remains. In the 2000s, the GAVI Alliance began
introducing the combination pentavalent vaccine (DPThepB-Hib)[48]. The GAVI Alliance increased the number
of manufacturers and reduced the price of the pentavalent vaccine. Most GAVI-eligible countries thus switched
to the pentavalent vaccine. By 2015, the GAVI Alliance
aims to support the immunisation of an additional 230
million children with the combination pentavalent vaccine[49]. Therefore, the immunisation status of HBV and
Hib will soon become the same as that of DPT.

GLOBAL ALLIANCE FOR VACCINE AND
IMMUNISATION
Vaccine shortages began to emerge in the late 1990s[39].
Vaccine manufacturers had begun phasing out the production of the traditional, less-expensive vaccines, such
as the diphtheria-pertussis-tetanus (DPT) combination
used in low-income countries. Between 1998 and 2001,
10 of 14 manufacturers partly or totally stopped their
production of traditional vaccines. In 2001, the availability of the traditional DPT combination tuberculosis and
measles vaccine dropped to the lowest level in 10 years.
Moreover, the prices of these vaccines were increased.
Compared to traditional vaccines (e.g., DPT, oral polio, measles), which cost (USD) $0.06-0.10 per dose, the
HB vaccine was expensive in the 1980s and 1990s[40,41].
In 1981, the price of a plasma-derived HB vaccine at
introduction was $30 per dose. Although recombinant
HB vaccines provide a safe and stable supply of HB
vaccine, the price of the recombinant HB vaccine varied
from USD $30 to $40, or nearly $100 for the complete
series of three shots. Therefore, the benefits of the development of HB vaccines were not experienced by lowincome counties, where the vaccines were greatly needed
to prevent HBV infection.
The Global Alliance for Vaccine and Immunization
(the GAVI Alliance) is a public-private partnership whose
partners include United Nations agencies, the WHO, the

WJG|www.wjgnet.com

STATUS OF HB VACCINATION
Universal vaccination without screening of pregnant
women
Almost all of the countries classified by the WHO as
low-income use universal vaccination without screening
of pregnant women. The WHO/United Nations Children’s Fund and the GAVI Alliance have important roles
in the prevention of HBV infection in these countries.
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prevalence of HBV infection varies from low to intermediate[59]. The prevalence of HBV infection is less than 2%
in the central and tropical Latin America region, and it has
remained between 2% and 4% in the Caribbean, Andean,
and south Latin American regions[36,52]. In 2000, the Pan
American Health Organization (PAHO) recommended
that universal infant HB vaccination should be the primary
strategy to prevent HBV transmission[59,60]. The decision
to introduce a birth dose of HB vaccine depended on the
prevalence of HBV carriers in each country. The PAHO
recommended that a birth dose should be added to the
vaccine program in the countries and territories where
the prevalence of HBsAg exceed 8%[59,61]; the majority of
the countries had no birth dose in their routine vaccine
schedules. Without a birth dose, a 2-4-6 mo after birth
schedule is predominant[59]. In 2012, however, the PAHO
advised all of the region’s countries to introduce a birth
dose (within 24 h of birth) for universal infant HB vaccination[62]. As shown in Figure 3, the universal three-dose
HB vaccine immunisation rate of the Americans Region
was 91% in 2012, the highest among the WHO regions.
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Figure 3 World Health Organization-estimated global coverage and coverage in each WHO region for the universal 3-dose hepatitis B vaccine in
2000 and 2012.

With the GAVI Alliance’s support, many low-income
countries were able to introduce an HB vaccine into their
routine vaccine programs. As shown in Figure 3, the
global average of the universal three-dose HB vaccine
immunisation rate was 30% of the WHO member states
in 2000[47]. Very low introduction rates were revealed in
the Africa Region (5%) and the South-East Asia Region
(10%)[50]. Only the Americas Region achieved above 50%
in the universal three-dose HB vaccine immunisation rate
in 2000[50]. However, by 2012 the global average of the
universal three-dose HB vaccine immunisation rates had
more than doubled to 79%[47]. In that year, the routine
three-dose HB vaccination coverage was approximately
90% in the Americas Region and Western Pacific Region,
and the coverage rates in the African Region and SouthEast Asia had increased by 14- and 7-fold, respectively.

Eastern Mediterranean region: The epidemiology of
HBV infection in this region is complex. Before the introduction of the HB vaccine into the region’s routine
immunisation programs, the prevalence of HBV carriers ranged from 2% to 3% in several member states;
however, the prevalence was more than 10% in the
region members of Somalia and Sudan[63]. Similar to
other regions, the universal infant HB immunisation rate
increased to 81% by 2012, which is double the figure in
2000[50]. In 2009, universal infant HB vaccination, including a birth dose (within 24 h of birth), was recommended by the Eastern Mediterranean Regional Office, and a
reduction in the prevalence of chronic HBV infection to
less than 1% among children over 5 years of age by 2015
was set as a time-bound regional goal[63].

African region: All of the African Region WHO member states except for Algeria are in Sub-Saharan Africa,
which has two-thirds of all of the worldwide cases of
human immunodeficiency virus (HIV)[36]. The prevalence
of HBV is estimated at 8% in West Africa and 5%-7%
in Central, Eastern, and Southern Africa[51,52]. Due to
the lower prevalence of the serum hepatitis B e antigen
(HBeAg) in Africa compared to that in Asia, HBV infection in Africa is thought to be acquired almost always in
early childhood by horizontal transmission rather than
by vertical transmission[53-56]. In Sub-Saharan countries,
a birth dose is not used; instead, a 6-, 10-, and 14-wk
(“6-10-14”) after birth vaccination schedule is common[57,58]. Although universal infant HB vaccination was
introduced in only 5% of the African Region member
states in 2000, the introduction rate had increased to
72% by 2012[50]. Although a birth dose might be beneficial for African infants[58], no information about the birth
dose or regional goals in Africa is available.

European region: Although high- and upper-middleincome countries are the majority in the European Region, the rate of universal HB vaccination was only 79%
in 2012, giving the region the rank of fourth highest
among the six WHO regions[50]. Although Italy was one
of the first countries to begin universal HB vaccination
for infants, northern European countries are still using
selective vaccination programs. Three countries give the
first shot of HB vaccine to school-aged children[64]. It
was reported that 13.3 million (1.8%) adults in the European Region had HBsAg; furthermore, two-thirds of the
region’s residents who are infected with HBV live in the
countries that are not part of the European Union/Free
Trade Treaty Association[65], indicating that in the European Region one in 50 adults is an HBV carrier. As long
as northern European countries continue selective vaccination, the universal immunisation rate will not reach
100%.

Americas region: In the WHO Americas Region, the
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policy of mandatory immunisation) in Italy in 1991[75-77].
In some counties, a birth dose (administration within 24
h after birth) is not given if the screened mother is negative for HBsAg[78,79]. In the United States, a birth dose of
the monovalent HB vaccine is given to babies born to
HBsAg-negative mothers before discharge from the hospital[80]. In Europe, a monovalent or polyvalent vaccine
is given to babies born to HBsAg-negative mothers at 2
or 3 mo after birth as the first dose[78,79]. As a birth dose,
a monovalent vaccine should be used. In Germany, four
doses are recommended for the hexavalent vaccine, and
three doses are used for the monovalent vaccine[77,78]. Serum HBsAg is usually used for the screening of pregnant
women. However, serum HBeAg is also used for screening in a few countries[81]. In Taiwan, free HBIG is administered to newborn babies born to HBs-positive and
HBe-positive mothers[81-83]. Because the risk of motherto-child transmission is considered low in babies born to
HBsAg-positive and HBe-negative mothers, the administration of self-paid HBIG is optional for the families of
babies born to HBeAg-negative mothers[82,83].

sation rate in the South-East Asia Region in 2000 was
9%, the second lowest figure among the WHO regions.
Although universal immunisation reached 72% in 2012,
this figure was the lowest among the WHO regions[50].
Mirroring the universal HB vaccination rate, the 2012
DPT coverage rate of the South-East Asia Region was
the second lowest (75%) among the WHO regions[66].
These findings suggest that the implementation of the
entire panoply of immunisation programs is insufficient
in this region. The WHO Regional Office encourages
the South-East Asia member states to intensify their
routine vaccine immunisation programs[67].
Western Pacific region: Although the Western Pacific
Region comprises only 28% of the global population,
the region bears a disproportionate burden of HB-related mortality and morbidity, accounting for almost half
of all chronic HBV infections worldwide. An estimated
160 million people with chronic HBV infection live in
this region, and the regional HBV-related mortality rate
is comparable to that of tuberculosis[68,69]. The control
and prevention of hepatitis B infection is thus the top
priority in this region. In 2005, the Western Pacific region became the first region to set a time-bound goal of
reducing the chronic HBV infection rate to less than 2%
among five-year-old children by 2012[69]. This milestone
influenced the individual countries’ national policies[70]
and resulted in the highest coverage rate (91%) for universal HB vaccine immunisation among the WHO regions in 2012[50].

Selective vaccination with screening of pregnant women
plus HBIG
Denmark, Finland, Iceland, Japan, Norway, Sweden, and
the United Kingdom, which are low-endemic countries
(prevalence of HBsAg < 1%)[65], use selective vaccination[77,78]. Of these seven countries, in 2012, five were
among the 10 countries with the lowest mortality rates
for children under 5 years of age, and all seven are
among the 24 richest countries in 2013[84,85]. In these
countries, selective vaccination is considered more costeffective than universal vaccination. In 2008, however,
Ireland gave up selective vaccination and introduced a
universal childhood vaccination program with a hexavalent vaccine[86,87]; the Netherlands decided to implement
universal vaccination in 2011 [88-90]. Selective vaccination targets individuals at high risk of HBV infection,
but the definition of high risk varies from country to
country. In 70% or more of the countries with selective
immunisation programs, high-risk individuals include
the following: injection drug users; non-injection users
who are living with current injectors; sexual partners of
injection users; children of injectors; MSM; close family contacts; healthcare workers; laboratory staff; police,
fire, and rescue services; babies born to mothers who are
chronically infected with HBV or to mothers who have
had acute hepatitis B during pregnancy; people traveling
to or going to reside in an area of high or intermediate
prevalence; individuals receiving regular blood or blood
products; and individuals in residential accommodations
for those with learning difficulties[77]. In these countries,
HBIG is given to babies born to HBsAg-positive mothers. In England, the indications for HBIG are as follows:
infants of mothers with acute hepatitis, mothers who
are HBsAg-positive and HBeAg-positive, mothers who
are HBsAg-positive and HBeAg/anti-HBe-negative,
mothers whose HBeAg/anti-HBe status is unknown,

Universal vaccination with screening of all pregnant
women plus HBIG
The universal vaccination with screening of all pregnant
women plus HBIG strategy is expensive and complicated, but it is the most powerful strategy to prevent and
control HBV infection. High-income countries, such as
the United States and Italy, are implementing universal
vaccination, screening all pregnant women, and administering HBIG to babies born to HBsAg-positive mothers
at birth.
In the United States in 1982, the Advisory Committee on Immunization Practices (ACIP) recommended
that persons with a substantial risk of HBV infection
should be vaccinated[71]. The initial strategies for preventing HBV infection focused on the immunisation
of high-risk groups: healthcare workers, men who have
sex with men (MSM), drug users, recipients of certain
blood products, and close contacts. However, many
people who had no identifiable source for infection were
infected with HBV[72]. In 1991, the ACIP proposed, for
the first time, that hepatitis B vaccination was recommended for all infants regardless of the HBsAg status of
the mother[73]. In Italy, an HB vaccine program for the
high-risk groups began in 1983[74]. Despite the decreasing circulation of HBV in the late 1980s, a compulsory
universal vaccination against HBV was introduced for all
newborns and for 12-year-old children (a double cohort
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Table 2 Hepatitis B surface antigen prevalence before and after the introduction of universal vaccination for hepatitis B virus
Ref.

95
96
97
94
98

Region

Country

Subjects

North America United States (Hawai)
South America Colombia (Colombian
Amazon)
Asia
Taiwan
(Taipei)
Asia
China
Europe
Italy
(Afragola)

99

Africa

South Africa

100
100

Africa
Africa

Gambia
Gambia

HBsAg positive rate
Year of the introduction
of infant universal
Before-vaccination
Year
After vaccination
vaccination
program
program

Year

School children
5-9 yr of age

1992
1992

1.6%
7%

1989
1992

0.04%
2%

2001-2002
1999

≤ 12 yr of age
Young children
General population
(Gauteng ≤ 24 mo after
Province)
birth
(Keneba) ≤ 24 yr of age
(Mandar) ≤ 24 yr of age

1984
1992
1991

9.8%
9%-12%
13.4%

1984
1992
1978

1.3%
< 1%
0.91%

1994
2005
2006

1995

8%-9%

1995-1996

0.9%

2003-2004

1984
1984

13.3%
35%

1984
1984

0.6%
1%

2003
2003

Table 3 Incidence of acute hepatitis B before and after the introduction of universal vaccination for hepatitis B virus
Ref.

101
102
103
104

Region

Country

North America United States
United States
(Alaska)
Asia
Taiwan
Europe
Italy

Subjects

Annual incidence of acute hepatitis B cases per 100000 population
Year of the
introduction of
Before vaccination
Year
After vaccination
Year
universal vaccination
program
program

0-19 yr of age
Under 20 yr of age

1992
1984

Infants
General population

1984
1991

mothers whose serum HBV DNA levels are ≥ 1 × 106
IU/mL, and infants whose birth weight is less than 1500
g[91,92]. Japan has a unique schedule of HB vaccines plus
HBIG. Babies born to HBeAg-positive mothers are administered HBIG twice (48 h and 2 mo after birth) followed by a three-dose HB vaccine series without a birth
dose[93].

5.36
5.1

1990
1981-1920

0.3
0

2002
1993-1994

1975-1984
1991

1.71
1.3

1993-1994
2005

All studies except a study that was performed in Alaska
were nationwide surveys[101-104]. The study from Taiwan
evaluated the mortality from fulminant hepatitis, whose
pathogen was not identified[103]. The incidence of acute
hepatitis B per 100000 people declined from 3 to 0.3 in
the United States[101], from 19 to 0 in Alaska[102], from
5.36 to 1.71 in Taiwan[103], and from 5.1 to 1.3 in Italy[104].
Clear and sizable reductions in the incidence of acute
hepatitis B were achieved after the introduction of universal HB vaccination programs.

RESULTS OF UNIVERSAL VACCINATION
Prevalence of HBsAg
Since the introduction of infant universal vaccination,
successful results of universal vaccination for HBsAg
have been reported in many countries, although in almost
all of the relevant studies the subjects are children and
adolescents (Table 2). The report from China noted in
Table 2 was a nationwide survey[94], and the remaining
data concern limited areas of the United States, Colombia, Taiwan, Italy, South Africa, and Gambia. With the introduction of infant universal vaccination, the prevalence
of HBsAg declined from 1.6% to 0.04% in the United
States[95], from 7% to 2% in Colombia[96], from 9.8% to
1.3% in Taiwan[97], from 9%-12% to < 1% in China[94],
from 13.4% to 0.91% in Italy[98], from 8%-9% to 0.9% in
South Africa[99], from 13.3% to 0.6% in Gambia (Keneba),
and from 35% to 1% in Gambia (Mandar)[100]. The highly
endemic countries in particular showed a remarkable reduction in the prevalence of HBsAg.

HCC
It takes several decades for HCC to develop after an
individual becomes an HBV carrier[105]. Only approximately 25 years have passed since the first introduction
of universal vaccination for HBV, and thus the number
of studies evaluating the incidence of HCC is still limited (Table 4). HCC associated with HBV infection was
often observed in young children in Taiwan[106-108]; this
finding was very useful for the evaluation of the effectiveness of universal vaccination in a short period. The
study from Taiwan showed that nationwide universal
vaccination reduced the incidence of HCC in children
in 1997[109], which was 13 years after the introduction
of the universal vaccine program in that country. The
annual incidence of HCC per 100000 people in Taiwan
declined from 0.7 to 0.36 in children 6 to 14 years of age
and from 0.52 to 0.13 in those 6 to 9 years of age[109].
This was the first report proving that a vaccine could
prevent cancer. Moreover, in Alaska, universal newborn
vaccination coupled with a simultaneous catch-up vaccination program reduced the annual incidence of HCC

Acute hepatitis B
The incidence of acute hepatitis B is shown in Table 3.
Almost all cases of acute hepatitis B are asymptomatic.
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Table 4 Incidence of hepatocellular carcinoma before and after the introduction of universal vaccination for hepatitis B virus
Ref.

Country

Subjects

102 United States (Alaska) Under 20 yr of age
109
Taiwan
6-14 yr of age
109
Taiwan
6-9 yr of age

Year of the introduction
Annual incidence of HCC cases per 100000 population
of universal vaccination Before vaccination program
Year
After vaccination program
1984
1984
1984

3
0.7
0.52

1984-1988
1981-1986
1974-1984

0
0.36
0.13

Year
1995-1999
1990-1994
1984-1986

HCC: Hepatocellular carcinoma.

per 100000 from 3 to 0[102]. Since 1999, no cases of HCC
have occurred in Alaska[102].

vaccination coverage in both WHO regions in 2011 and
2020[111,113].
A mathematical model predicts that 90% of the complete HB vaccine series coverage rate, including a birth
dose, can achieve an 84% reduction in HBV-related
deaths[127]. On the basis of this mathematical model, a
pessimistic view is that the HB vaccine alone might be
insufficient to eradicate HBV[128]. In addition, there is
concern about the quality of immunisation coverage
data. Inconsistencies in immunisation data have been
observed in many countries. Although there are no data
about such inconsistencies regarding the HB vaccine,
the proportion of verified DPT-3 doses was found to
be lower than 85% (after over-reporting) in 16 of 27
countries[129]. In many cases, the survey-based DPT-3
immunisation coverage rates have not reached the level
suggested by countries’ official reports or WHO/UNICEF estimates[130]. Immunisation data quality audits are
needed to obtain accurate and timely data and to determine how best to improve immunisation programs.

NEXT STEPS
Further increase in vaccine coverage
The GAVI Alliance estimated that 3.7 million future
deaths from HBV infection were averted by vaccine programs conducted during 2000 and 2011[110]. The GAVI
Alliance also estimated that 4.9 million future deaths will
be averted during the years 2011 to 2020 in the 73 GAVI-eligible countries, compared to no vaccinations[111].
Although the global coverage of HB vaccine lags behind
the global coverage levels for DPT, which is an indicator of expanded immunisation programs, the continued
introduction of pentavalent vaccines will improve this
situation.
In the WHO Africa and South-East Asia regions,
however, the coverage of the HB vaccine was still lower
than 80% in 2012[50]. Moreover, these two WHO regions
had not reached 80% DTP3 coverage in 2012[50], a coverage minimum set by the Global Immunization Vision
and Strategy (GIVS) as a target at the national level to
form the framework for strengthening national immunisation programs in 2006 and 2015[112,113]. To improve the
poor immunisation coverage and achieve the GIVS target, the South-East Asia Regional director declared 2012
as the year for intensifying routine immunisations[67,114].
In the South-East Asia Region, the coverage of a threedose HB vaccine increased from 56% in 2011 to 72% in
2012[50].
Although inter-country differences exist, the Africa
Region is facing a significant hurdle in its efforts to meet
the GIVS goal[52,113,115]. Among HIV-infected individuals in sub-Saharan Africa, the prevalence of HBsAg is
15%[116]. HIV sero-positivity increases the risk of failure
to respond to vaccines [117-119]. Many researchers have
noted that to increase the HB vaccine coverage rate, it
is necessary to secure firm commitments from governments (political commitment), financial flow, consistent
scheduling of vaccination outreach programs, stable
vaccine supplies, strong infrastructures (e.g., cold chain,
stock space for new vaccines, delivery points), inter-sectional coordination, adequate human resources (including
educated and trained healthcare providers), the education of women and parents, and surveillance systems to
determine the impact of vaccines[120-126]. The GAVI Alliance is expected to have substantial public impacts on
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Filling a gap between protocol and routine practice
Not only the coverage rate but also age-appropriate
vaccinations (i.e., timely vaccinations) are important to
control infections. However, vaccinations are often delayed after the recommended ages[131-134]. In 31 low- and
middle-income countries, the median fraction of timely
administered vaccinations was 65% for BCG vaccine,
67% for DPT-1, 41% for DTP-3, 68% for polio-1, 38%
for polio-3, and 51% for MCV[131]. The median delay in
the 31 countries was 2.1 wk for BCG, 2.4 wk for DPT-1,
6.3 wk for DPT 3, 2.0 wk for polio-1, 6.6 wk for polio-3,
and 4.1 wk for MCV[131]. Although that study did not discuss the HB vaccine, an HB vaccination delay could presumably be occurring in low- and middle-income countries. For example, in Argentina only 33% of children
were vaccinated on time with the HB vaccine by seven
months of age in 2002[135]. In Cambodia, the timely birth
dose (within 24 h after birth) coverage was 66%[136]. In
the 2000-2002 National Immunization Survey for each
state in the United States, the timely administration of
a three-dose HB vaccine among children aged 24 to 35
mo ranged from 49.4% (Vermont) to 81.6% (Rhode Island)[137]. Although the HB vaccine birth-dose coverage
has increased year after year since 2000 in the United
States, the nationwide coverage was still only 61.5% in
2007[138]. These data suggest that delayed vaccinations
occur frequently in high-income countries just as in low-
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were 6% to 39% (MSM, drug users, commercial sex
workers, and heterosexuals; > three doses) in the Netherlands in 2007, 50.5% (> one dose), and 41.8% (> three
doses) in the United States in 2009, and 22% (prisoners;
> one dose) in England and Wales in 2010[66,152,153]. Even
among healthcare workers, the coverage rate of the HB
vaccine was 84.9% in Belgium, 85.3% in Italy, 87.5%
in Poland, 88.0% in Spain, 93.0% in the United Kingdom, and 75.0% in the United States[154,155]. Household
exposure and close family contacts of HBV carriers are
another high-risk group. According to a survey of European countries, 90% of the countries with a universal
vaccination program and all of the countries with a selective vaccination program recommended HB vaccination for individuals with close family contacts with HBV
carriers[77]. However, the vaccine coverage was found
to be only 25%-34% among the household contacts of
HBV carriers in Italy, the United Kingdom, and Denmark[142,156,157].
If high-risk adults are not identified or approached,
the health of the children in the area will continue to be
threatened. This is a particularly serious problem in the
countries implementing selective vaccination policies,
where almost all children are susceptible to HBV. Thus,
whether these countries with selective vaccination will
change their policies has become the focal point of increasing attention[158-163]. The incidence of acute hepatitis
B in five northern European countries with selective vaccination is illustrated in Figure 4[164-166]. For the past decade in these countries, the incidence of acute hepatitis
B continued to decrease. However, there is no obvious
trend of decline in the incidence of acute hepatitis B per
100000 people, which fluctuates approximately 0.3-0.6
in Denmark and 0.7 to 1.0 in the United Kingdom. Because the burden of HBV has remained more or less the
same over time since 1990 in the Netherlands despite the
use of an intensified targeted approach, the Netherlands
recognised the failure of the target vaccination strategy
and decided to adopt universal vaccination [89]. Many
studies have reported that it is difficult to reach high-risk
groups[89,159,167-170], and the targeting of vaccinations for
adults belonging to high-risk groups must be strengthened to eliminate HBV infection[171].
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Figure 4 Incidence of acute hepatitis B in northern European countries
with selective vaccination (◆: Denmark; ■: Finland; ▲: Norway; ×: Sweden; ✳: United Kingdom). The data for 2006 and 2007 in the United Kingdom
were not available.

income countries.
The situation for programs providing for the screening of pregnant women plus HBIG, which is implemented in high-income countries, is more complicated. The
screening rate of pregnant women varies from 96.5% to
98.8% in Puerto Rico, the United States, Italy, and Denmark[139-142]. In the United States, perinatal HBsAg test
results were documented in 92.6% of maternal medical
records; 13.7% of the infants born to HBsAg-positive
mothers were not administered an HB vaccine, and
20.1% of infants were born to mothers with unknown
HBsAg status[143]. Because the testing and reporting is incomplete in the United States, the true number of perinatal HBV cases per year is likely to be 10 to 20 times
higher[144]. In infants born to HBsAg-positive mothers
in the United States between 1994 and 2008, the administration rates of HBIG and the HB vaccine at birth
remained at the same levels (from 90.3% to 96.4%), and
the rate of completed 3-dose series vaccinations by age
12 mo decreased from 86.0% to 77.7%[145]. The reported
rates of missed HBIG administration at birth were 4.0%
in Denmark, 5.0% in Italy, 19.7% in the United States,
and 62.4% in China[141-143,146]. To eradicate HBV infection, closing and/or filling the gaps between the recommended protocol and routine practices are imperative in
all countries.

Generations miss the benefit of the universal HB
immunisation
More than two decades have passed since the first introduction of nationwide universal vaccination, which
occurred in Taiwan[172]. Unfortunately, the HB vaccine is
not beneficial to individuals who are already chronically
infected with HBV, and the majority of HBV carriers
might have been born before the introduction of universal vaccination in their country. Some chronically infected individuals might miss the opportunities to receive an
infant vaccination or a catch-up vaccination despite the
implementation of vaccine programs. Most chronically
infected people are unaware of their infection and thus
do not receive appropriate treatment.

Intensification of approaching high-risk groups
Because the awareness and knowledge of HBV infection
and the HB vaccine are insufficient among people who
engage in high-risk behaviours[147], it is important to approach high-risk groups using both selective and universal vaccination strategies[148-150]. The European Centre for
Disease Prevention and Control reported that heterosexual transmission (23.4%), nosocomial transmission
(23.2%), injected drug use (13.4%), and transmission
among MSM (10.3%) were the most common routes for
acute hepatitis B transmission in 2011[151]. The coverage
rates of HB vaccination among high-risk populations
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The WHO global action plan indicated that one of
several remaining challenges is the fact that millions of
chronically infected individuals do not have timely access to testing, care, and effective treatment to delay the
development of the disease and to prevent disability[51].
In the United States, the incidence of acute hepatitis B
declined by as much as 80% between 1987 and 2004[173].
However, this decline in acute hepatitis B did not diminish the burden of chronic HBV infection. The burden
of HBV infection in the United States, as measured by
inpatient and outpatient healthcare utilisation, waitlist
registration for liver transplantation, and mortality related to HBV infection, increased substantially throughout
the 1990s due to the immigration of a large number of
persons from Africa and Asia[173]. In the United States,
over half of the individual members of racial/ethnic
minority groups have not been tested for HBV, and only
one-half of those who tested positive have ever received
treatment[174]. Similar to the United States, the United
Kingdom also suffers from the burden of chronically
infected individuals who were born outside the United
Kingdom[175-178]. Chronic HBV infection in migrants has
been estimated to account for 96% of all newly added
chronic HBV infections in England and Wales between
1996 and 2000 [175]. Because screening of the general
population is unlikely to be cost-effective, the screening
of high-risk populations has been introduced in high-income countries[179-182]. In 2008, the United States Centers
for Disease Control updated and expanded the guidelines for testing for chronic HBV infection, in which
persons born in geographic regions with an HBsAgpositive prevalence > 2% are recommended for testing[183]. The guidelines recommend the early testing and
detection of chronic HBV infection. The 2% screening
threshold for the prevalence of chronic HBV infection
was demonstrated to be cost-effective[184]. Recent studies
in the Netherlands and Canada demonstrated that a selective HBV screening program targeted at all migrants
followed by early treatment could be cost-effective[180,185].
This “screen and treat” policy was reported to provide
early disease detection, early antiviral treatment, the prevention of HBV-related advanced liver disease, and good
quality of life[185,186]. In contrast, low-income countries
have no prospect of screening of the high-risk population, diagnosis, or effective treatment[187,188]. The WHO
estimates that less than 50% of the blood supply in subSaharan Africa is screened for HBV[188]. The budgetary
allocation for the implementation of health programs is
critically important to identify and treat HBV carriers.

HBs antibodies seems to not always be necessary for the
diagnosis of “breakthrough infection”[190]. Therefore,
primary vaccine failure (non-responder), waning immunity after vaccination (decline of anti-HBsAb levels over
time), the emergence of escape mutants, and inappropriate vaccine schedules can all be causes of “breakthrough
infection”.
Although the evidence is insufficient, non-genotype
A could be one of the causes of breakthrough infections[191-193]. In the prophylactic treatment of motherto-child transmission, a high maternal viral load is the
highest risk factor for breakthrough infection [82]. Of
course, off-schedule treatment and escape mutants can
also cause a breakthrough infection during prophylactic
treatment in the perinatal period[194]. The frequency of
anti-HBc antibodies in vaccinated children born to HBV
carrier mothers was 3.3% (HBsAg-positive carriers: 0.6%)
in Italy[195], 8.9% (HBsAg-positive carriers: 3.5%) in China[196], 1.7% in the United Kingdom[197], 25.5% (HBsAgpositive carriers: 2.9%) in Thailand[198], and 6% (HBsAgpositive carriers: 2.9%) in Greenland[199]. In all of these
countries except Thailand, HBIG was administered at
birth.
In vaccinated adolescent general populations, the frequency of anti-HBc antibodies was 1.8% in Alaska, 13.8%
in Gambia, and 4.1% in Taiwan[100,200,201]. Although the
rate of breakthrough infection might be influenced by the
prevalence of chronic HBV infection in each country, at
least a few per cent of vaccinated children could experience a breakthrough infection. Nuclear acid amplification testing for the screening of blood donations, which
was introduced for detecting the early window period
of HBV infection, identified blood donors with vaccine
breakthrough infections who had a history of vaccination and were positive for both HBV DNA and antiHBs antibodies[192,193,202]. The blood donors with vaccine
breakthrough infections developed subclinical acute
infection but not chronic infection. Similarly, adolescents
and young adults vaccinated in infancy showed transient
infection but no chronic infection[203,204]. These findings
suggested that a completed series of the HB vaccine
cannot guarantee that HBV infection would be completely prevented[205].
Booster doses
The need for booster doses in HB vaccine programmes
remains controversial. The duration of vaccine-induced
immunity is uncertain, but it is definitely long-term (>
15-20 years)[172,203,206]. Several studies have reported that
booster doses of infantile immunisation should be considered in adolescence[207-209]. However, numerous studies
have demonstrated that booster doses are not needed
in immunocompetent individuals who have received a
complete series of HB vaccines[31,172,190,196,203,204,206,210,211].
At present, the WHO does not recommend the universal
administration of booster doses. However, immunocompromised hosts, such as hemodialysis patients and HIVpositive patients, are known low responders to vaccines.

Breakthrough infections
There is no clear definition of “breakthrough infection.”
Thus, the term is used in several varying contexts[189,190].
In general, “breakthrough infection” means that an HBV
infection occurs despite a history of HB vaccination. In
the literature, “breakthrough infection” is often characterised by the seroconversion for anti-HBc antibodies
or the detection of HBsAg. The pre-existence of anti-
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Although routine serologic examinations of anti-HBs
antibody levels are not needed after HB vaccination, it
is recommended that healthcare providers, chronic hemodialysis patients, HIV-infected patients, and other immunocompromised individuals should be monitored and
receive booster doses if their anti-HBs antibody levels
decrease to less than 10 mIU/mL[190, 211].

lipopolysaccharide and alum, demonstrated more effective seroprotection rate results than a conventional HB
vaccine[215,229]. GM-CSF is a candidate cytokine adjuvant,
and it is used for the revaccination of non-responders[230]. A standard dose vaccine plus GM-CSF showed
almost the same seroprotection rate as that provided
by a high-dose vaccine in healthy non-responders[231].
Although there are several options to overcome poor
responsiveness to HB vaccines, no consensus protocol
has been established.

Low and non-responders
In 5%-10% of healthy individuals, a three-intramuscular-dose series of the HB vaccine fails to produce protective antibody levels (> 10 mIU/mL)[212-214]. Increasing
age, smoking status, male gender, and obesity are the
risk factors for poor or no response to the HB vaccine[212,213,215]. Specific human leukocyte antigen (HLA)
types have been reported to be associated with the antibody response to the HB vaccine[216,217]. The HLAs are
coded by the major histocompatibility complex (MHC)
group of genes located on chromosome six in the human genome. The MHC complex plays a central role in
the development of the adaptive immune response to
HBsAg.
In efforts to overcome the low and non-responsiveness to the HB vaccine, several approaches have been
proposed. An additional dose, an additional three-dose
series, an increased vaccine dose, changing the route
of administration, new adjuvants, and granulocytemacrophage colony stimulating factor (GM-CSF) have
all been proposed to be influential factors for improving
the seroprotection rate. The most common strategy for
low responders and non-responders is to give an additional vaccine or a series of vaccines. The best injection
site was confirmed to be the deltoid muscle, except in
infants[218,219]. Of low and non-responders to the initial
three-dose series, 39%-91% and 61%-100% showed
good responses after one additional dose (4th dose) and
an additional three-dose series, respectively[220,221]. An
additional three-high-dose series vaccine could further
improve the seroprotection rate[222,223]. Moreover, an additional double dose of the combined hepatitis A and
hepatitis B vaccine was shown to increase the seroprotection rate to 59% after the first dose and to 95% after
the third dose in non-responders[224]. The hepatitis A
component might act as an adjuvant for the hepatitis
B response. In the United States, chronic hemodialysis
patients who had no response to an initial three-dose
series are advised to receive a second series using the
same dose and schedule[225]. Clearly, the reduction in the
numbers of non-responders depends on the number of
additional doses[226,227]. Because it is speculated that intradermal inoculation may activate dermal keratinocytes
and Langerhan’s cells, inducing an effective lymphocyte
response[226,228], intradermal vaccination is considered to
be superior to intramuscular vaccination[229]. However,
a meta-analysis showed that intradermal vaccination
was almost equivalent to intramuscular vaccination[229].
The HB vaccine using a new adjuvant system (AS04),
which is a combination of a fragment of the bacterial
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CONCLUSION
HB vaccines are very effective against HBV infection
and were shown to be the first useful tool for cancer
prevention. Financial support for global immunisation,
as encouraged by the GAVI Alliance, has become solid
and stable. However, the path to the eradication of HBV
presents further obstacles. The difficulties to overcome
include identifying the best ways to increase coverage
rates, closing the gap between recommendations and
routine practices, approaching and treating high-risk
individuals, screening and treating chronically infected
individuals, and preventing breakthrough infections.
HBV infection is one of the diseases considered to be a
candidate for global eradication, similar to polio, but it is
presumed that several decades of effort will be necessary
to eradicate HBV. We must acknowledge that the war
against HBV will not be over soon. The difference in the
prevalence of HBsAg between high- and low-endemic
countries is becoming small. Eventually, the countries
implementing selective vaccination for HBV will make
the wise decision to introduce universal vaccination for
global eradication. Although it is uncertain whether the
victory against HBV will be gained using only vaccines;
at present, vaccines are the most cost-effective method
for the control of HBV infections.

REFERENCES
1
2

3
4

5
6
7

9008

World Health Organization (2013). Media Centre. Hepatitis
B. Accessed by September 4, 2013. Available from: URL:
http://www.who.int/mediacentre/factsheets/fs204/en/
Margolis HS, Coleman PJ, Brown RE, Mast EE, Sheingold
SH, Arevalo JA. Prevention of hepatitis B virus transmission
by immunization. An economic analysis of current recommendations. JAMA 1995; 274: 1201-1208 [PMID: 7563509]
Parkin DM. The global health burden of infection-associated cancers in the year 2002. Int J Cancer 2006; 118: 3030-3044
[PMID: 16404738 DOI: 10.1002/ijc.21731]
World Health Organization (2002). Global Alert and Response. Hepatitis B. Prevention and treatment. Accessed by
July 24, 2013. Available from: URL: http://www.who.int/
csr/disease/hepatitis/whocdscsrlyo20022/en/index5.html
Blumberg BS, Alter HJ, Visnich S. A “new” antigen in leukemia sera. JAMA 1965; 191: 541-546
Alter H. Baruch Blumberg (1925-2011). Nature 2011; 473: 155
[PMID: 21562549 DOI: 10.1038/473155a]
Schmid R. History of viral hepatitis: a tale of dogmas and
misinterpretations. J Gastroenterol Hepatol 2001; 16: 718-722
[PMID: 11446877]

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies
8
9
10

11
12
13

14
15
16

17
18

19

20

21
22

23
24

25

26
27

Pérez V. Viral hepatitis: historical perspectives from the
20th to the 21st century. Arch Med Res 2007; 38: 593-605
[PMID: 17613350 DOI: 10.1016/j.arcmed.2006.09.020]
Blumberg BS, Bernanke D, Allison AC. A human lipoprotein polymorphism. J Clin Invest 1962; 41: 1936-1944 [PMID:
13971873 DOI: 10.1172/jci104651]
Blumberg BS, Gerstley BJ, Hungerford DA, London WT,
Sutnick AI. A serum antigen (Australia antigen) in Down‘s
syndrome, leukemia, and hepatitis. Ann Intern Med 1967; 66:
924-931 [PMID: 4225883]
Blumberg BS, Sutnick AI, London WT. Hepatitis and leukemia: their relation to Australia antigen. Bull N Y Acad Med
1968; 44: 1566-1586 [PMID: 5247325]
Patlak M. The hepatitis B story. Accessed July 23, 2013. Available from: URL: http://www.margiepatlak.com/files/QuickSiteImages/hepatitis.pdf
Sutnick AI, London WT, Gerstley BJ, Cronlund MM, Blumberg BS. Anicteric hepatitis associated with Australia antigen. Occurrence in patients with Down’s syndrome. JAMA
1968; 205: 670-674 [PMID: 4233233]
London WT, Sutnick AI, Blumberg BS. Australia antigen
and acute viral hepatitis. Ann Intern Med 1969; 70: 55-59
[PMID: 4236725]
Prince AM. An antigen detected in the blood during the incubation period of serum hepatitis. Proc Natl Acad Sci USA
1968; 60: 814-821 [PMID: 4970112]
Gitnick GL, Gleich GJ, Schoenfield LJ, Baggenstoss AH,
Sutnick AI, Blumberg BS, London WT, Summerskill WH.
Australia antigen in chronic active liver disease with cirrhosis. Lancet 1969; 2: 285-288 [PMID: 4184209]
Dane DS, Cameron CH, Briggs M. Virus-like particles in serum of patients with Australia-antigen-associated hepatitis.
Lancet 1970; 1: 695-698 [PMID: 4190997]
Hilleman MR. Critical overview and outlook: pathogenesis,
prevention, and treatment of hepatitis and hepatocarcinoma
caused by hepatitis B virus. Vaccine 2003; 21: 4626-4649
[PMID: 14585670]
Bayer ME, Blumberg BS, Werner B. Particles associated
with Australia antigen in the sera of patients with leukaemia, Down’s Syndrome and hepatitis. Nature 1968; 218:
1057-1059 [PMID: 4231935]
Hilleman MR, Buynak EB, Roehm RR, Tytell AA, Bertland
AU, Lampson GP. Purified and inactivated human hepatitis
B vaccine: progress report. Am J Med Sci 1975; 270: 401-404
[PMID: 828833]
Buynak EB, Roehm RR, Tytell AA, Bertland AU, Lampson GP, Hilleman MR. Vaccine against human hepatitis B.
JAMA 1976; 235: 2832-2834 [PMID: 819667]
Szmuness W, Stevens CE, Harley EJ, Zang EA, Oleszko WR,
William DC, Sadovsky R, Morrison JM, Kellner A. Hepatitis
B vaccine: demonstration of efficacy in a controlled clinical
trial in a high-risk population in the United States. N Engl
J Med 1980; 303: 833-841 [PMID: 6997738 DOI: 10.1056/
nejm198010093031501]
Szmuness W, Stevens CE, Zang EA, Harley EJ, Kellner A. A
controlled clinical trial of the efficacy of the hepatitis B vaccine (Heptavax B): a final report. Hepatology 1981; 1: 377-385
Laura J, Frost MRR. Access. How do good health technologies get topoor people in poor countires? Harvard Center
for Population and Development Studies. 2008: 68-90. Available from: URL: http://www.hsph.harvard.edu/population-development/training/bell-fellowship/
Zanetti AR, Van Damme P, Shouval D. The global impact
of vaccination against hepatitis B: a historical overview.
Vaccine 2008; 26: 6266-6273 [PMID: 18848855 DOI: 10.1016/
j.vaccine.2008.09.056]
Valenzuela P, Medina A, Rutter WJ, Ammerer G, Hall BD.
Synthesis and assembly of hepatitis B virus surface antigen
particles in yeast. Nature 1982; 298: 347-350 [PMID: 7045698]
McAleer WJ, Buynak EB, Maigetter RZ, Wampler DE, Mil-

WJG|www.wjgnet.com

28

29
30

31

32

33

34

35
36

37

38

39
40

41

42

43

9009

ler WJ, Hilleman MR. Human hepatitis B vaccine from recombinant yeast. Nature 1984; 307: 178-180 [PMID: 6318124]
Michel ML, Pontisso P, Sobczak E, Malpièce Y, Streeck RE,
Tiollais P. Synthesis in animal cells of hepatitis B surface antigen particles carrying a receptor for polymerized human
serum albumin. Proc Natl Acad Sci USA 1984; 81: 7708-7712
[PMID: 6096851]
Michel ML, Tiollais P. Hepatitis B vaccines: protective efficacy and therapeutic potential. Pathol Biol (Paris) 2010; 58:
288-295 [PMID: 20382485 DOI: 10.1016/j.patbio.2010.01.006]
World Health Organization (2002). Global Alert and Resopnses. Hepatitis B. Surveillance and control. Accessed July 24,
2013. Available from: URL: http://www.who.int/csr/disease/hepatitis/whocdscsrlyo20022/en/index4.html
Poorolajal J, Mahmoodi M, Majdzadeh R, Nasseri-Moghaddam S, Haghdoost A, Fotouhi A. Long-term protection
provided by hepatitis B vaccine and need for booster dose:
a meta-analysis. Vaccine 2010; 28: 623-631 [PMID: 19887132
DOI: 10.1016/j.vaccine.2009.10.068]
Tu HA, Woerdenbag HJ, Kane S, Riewpaiboon A, van Hulst
M, Postma MJ. Economic evaluations of hepatitis B vaccination for developing countries. Expert Rev Vaccines 2009; 8:
907-920 [PMID: 19538116 DOI: 10.1586/erv.09.53]
Wong VC, Ip HM, Reesink HW, Lelie PN, Reerink-Brongers
EE, Yeung CY, Ma HK. Prevention of the HBsAg carrier
state in newborn infants of mothers who are chronic carriers of HBsAg and HBeAg by administration of hepatitis-B
vaccine and hepatitis-B immunoglobulin. Double-blind randomised placebo-controlled study. Lancet 1984; 1: 921-926
[PMID: 6143868]
Lo KJ, Tsai YT, Lee SD, Wu TC, Wang JY, Chen GH, Yeh
CL, Chiang BN, Yeh SH, Goudeau A. Immunoprophylaxis
of infection with hepatitis B virus in infants born to hepatitis
B surface antigen-positive carrier mothers. J Infect Dis 1985;
152: 817-822 [PMID: 2931490]
Beasley RP. Rocks along the road to the control of HBV and
HCC. Ann Epidemiol 2009; 19: 231-234 [PMID: 19344859 DOI:
10.1016/j.annepidem.2009.01.017]
World Health Organization (2013). Global Alert and Response (GAR) Global policy report on the prevention and
control of viral hepatitis in WHO Member States. Accessed
by July 29, 2013. Available from: URL: http://www.who.
int/csr/disease/hepatitis/global_report/en/index.html
World Health Organization (2011). Immunization, Vaccines
and Biologicals .Viral hepatitis policy and practice: Report
of a survey of WHO Member States, 2010. Accessed by July
29, 2013. Available from: URL: http://www.who.int/immunization/topics/hepatitis_b_survey_2010/en/#
World Health Organization (2007). Western Pacific regional
plan for hepatitis B control through immunization. Accessed
by July 30, 2013. Available from: URL: http://www.wpro.
who.int/immunization/documents/docs/POA_HepB.pdf
UNICEF (2002). Vaccines for children: supply at risk. Accessed by July 27, 2013. Available from: URL: http://www.
unicef.org/publications/index_4442.html
DeRoeck D. Immunization financing in developing countries
and the international vaccine market: trends and issues. Accessed by July 27, 2013. Available from: URL: http://www.
vaccine-safety-training.org/tl_files/vs/pdf/ADB.pdf
Centers for Disease Control and Prevention (CDC). Global
progress toward universal childhood hepatitis B vaccination, 2003. MMWR Morb Mortal Wkly Rep 2003; 52: 868-870
[PMID: 12970620]
Glatman-Freedman A, Cohen ML, Nichols KA, Porges RF,
Saludes IR, Steffens K, Rodwin VG, Britt DW. Factors affecting the introduction of new vaccines to poor nations: a
comparative study of the Haemophilus influenzae type B
and hepatitis B vaccines. PLoS One 2010; 5: e13802 [PMID:
21072192 DOI: 10.1371/journal.pone.0013802]
GAVI alliance. Hepatitis B vaccine support. Accessed by July

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies

44

45
46
47

48

49

50

51

52

53
54
55

56

57
58

59
60

38, 2013. Available from: URL: http://www.gavialliance.
org/support/nvs/hepb/
WHO, UNICEF, the World Bank (2009). State of the world's
vaccines and immunization. Third edition. Accessed by 28
July, 2013. Available from: URL: http://www.who.int/immunization/sowvi/en/
World Health Organization. Millennium Development
Goals. Accessed by July 28, 2013. Available from: URL:
http://www.un.org/millenniumgoals/
World Health Organization (2010). New and under-utilized
vaccines implementation. Accessed by July 28, 2013. Available from: URL: http://www.who.int/nuvi/en/
World Health Organization (2013). Immunization surveillance, assessment and monitoring.Data, statistics, and
graphics. WHO Region and globally. Accessed by Ausust 7, 2013. Avaibale from: URL: http://www.who.int/
immunization_monitoring/data/gs_gloprofile.pdf
GAVI alliance. Investing in immunisation through the
GAVI Alliance. The evidence base. Accessed by July 28,
2013. Available from: URL: http://www.gavialliance.org/
library/publications/the-evidence-base/
GAVI alliance. GAVI role in ever-growing demand for pentavalent. Accesssed by August 6, 2013. Avaibale from: URL:
http://www.gavialliance.org/library/news/roi/2009/
gavi-role-in-ever-growing-demand-for-pentavalent/
Word Health Organaization (2013). Immunization surveillance, assessment and monitoring. Reginal summaries. Regional profile. Accessed by August 10, 2013. Available from:
URL: http://www.who.int/immunization_monitoring/
data/data_regions/en/index.html
World Health Organization (2012). Prevention Control of
Viral Hepatitis: Framework for Global Action. Accessed by
August 1, 2013. Available from: URL: http://www.who.
int/csr/disease/hepatitis/GHP_framework.pdf
Ott JJ, Stevens GA, Groeger J, Wiersma ST. Global epidemiology of hepatitis B virus infection: new estimates of
age-specific HBsAg seroprevalence and endemicity. Vaccine 2012; 30: 2212-2219 [PMID: 22273662 DOI: 10.1016/
j.vaccine.2011.12.116]
Kiire CF. The epidemiology and prophylaxis of hepatitis B
in sub-Saharan Africa: a view from tropical and subtropical
Africa. Gut 1996; 38 Suppl 2: S5-S12 [PMID: 8786055]
Kew MC. Progress towards the comprehensive control of
hepatitis B in Africa: a view from South Africa. Gut 1996; 38
Suppl 2: S31-S36 [PMID: 8786050]
Nur YA, Groen J, Elmi AM, Ott A, Osterhaus AD. Prevalence of serum antibodies against bloodborne and sexually
transmitted agents in selected groups in Somalia. Epidemiol
Infect 2000; 124: 137-141 [PMID: 10722141]
Ott JJ, Stevens GA, Wiersma ST. The risk of perinatal hepatitis B virus transmission: hepatitis B e antigen (HBeAg)
prevalence estimates for all world regions. BMC Infect Dis
2012; 12: 131 [PMID: 22682147 DOI: 10.1186/1471-2334-12-1
31]
Guido Françoisa CD, Jeffrey Mphahlelec M, Burnettd R,
Van Hala G, Meheusb A. Hepatitis B vaccination in Africa:
mission accomplished? J Epidemiol Infect 2008; 23: 24-28
Ekra D, Herbinger KH, Konate S, Leblond A, Fretz C, Cilote
V, Douai C, Da Silva A, Gessner BD, Chauvin P. A nonrandomized vaccine effectiveness trial of accelerated infant
hepatitis B immunization schedules with a first dose at birth
or age 6 weeks in Côte d’Ivoire. Vaccine 2008; 26: 2753-2761
[PMID: 18436354 DOI: 10.1016/j.vaccine.2008.03.018]
Ropero AM, Danovaro-Holliday MC, Andrus JK. Progress
in vaccination against hepatitis B in the Americas. J Clin Virol 2005; 34 Suppl 2: S14-S19 [PMID: 16461235]
Pan American Health Organization (2000). Conclusions and
Recommendations of the XIV Technical Advisory Group
Meeting on Vaccine-preventable Diseases (TAG) of the Pan
American Health Organization, was held in Foz do Iguaçu,

WJG|www.wjgnet.com

61

62

63

64

65

66

67

68

69

70
71

72

73

74

9010

Brazil, October 2-5, 2000. Accessed by July 30, 2013. Available from: URL: http://www2.paho.org/hq/dmdocuments/2009/tag14_2000_conclusions_Eng.pdf
Pan American Health Organization. PAHO's Regional Immunization Vison and Strategy 2007-2015. Accessed by July
30, 2013. Available from: URL: http://www.who.int/immunization/sage/PAHO_RIVS.pdf
Pan Americam Health Organization (2012). World Hepatitis Day. Hepatitis vaccination in Latin America and the
Caribbean. Accessed by July 30, 2013. Available from: URL:
http://www.paho.org/hq/index.php?option=com_docma
n&task=doc_view&gid=18239&Itemid=
World Health Organization. Regional Office for the Eastern
Mediterranean (2009).The growing threats of hepatitis B
and C in the Eastern Mediterranean Region: a call for action.
Accessed by July 31, 2013. Available from: URL: http://applications.emro.who.int/docs/EM_RC56_3_en.pdf
World Health Organization. Regional Office for Europe.
Hepatitis. What we do. hepatitis. Data and statistics. Hepatitis B. Accessed by September 1, 2013. Available from: URL:
http://www.euro.who.int/en/what-we-do/health-topics/
communicable-diseases/hepatitis/data-and-statistics/hepatitis-b
Hope VD, Eramova I, Capurro D, Donoghoe MC. Prevalence and estimation of hepatitis B and C infections in the
WHO European Region: a review of data focusing on the
countries outside the European Union and the European
Free Trade Association. Epidemiol Infect 2014; 142: 270-286
[PMID: 23714072 DOI: 10.1017/s0950268813000940]
Lu PJ, Byrd KK, Murphy TV, Weinbaum C. Hepatitis B vaccination coverage among high-risk adults 18-49 years, U.S.,
2009. Vaccine 2011; 29: 7049-7057 [PMID: 21782873 DOI:
10.1016/j.vaccine.2011.07.030]
World Health Organization (2011). Regional Office for SouthEast Asia.Immunization. Year of Intensification of Routine
Immunizatio.n Resolution of the WHO Regional Committee
for South-East Asia. Accessed by August 1, 2013. Available
from: URL: http://www.searo.who.int/entity/immunization/topics/system_strengthening/sea_rc64_r3_resolution_i
ri_2011.pdf
World Health Organization. Western Pacific Region(2007).
Expanded programme on immunization. Western Pacific Regional Plan for Hepatitis B Control Through Immunization.
Accessed by July 28, 2013. Available from: URL: http://www.
wpro.who.int/immunization/documents/POA_HepB/en/
index.html
World Health Organization (2009). Hepatitis B control by
2012 in the WHO Western Pacific Region: rationale and implications. Accessed by July 28, 2013. Available from: URL:
http://www.who.int/bulletin/volumes/87/9/08-059220/
en/
Rani M, Yang B, Nesbit R. Hepatitis B control by 2012 in the
WHO Western Pacific Region: rationale and implications.
Bull World Health Organ 2009; 87: 707-713 [PMID: 19784451]
Centers for Disease Control (CDC). Recommendation of
the Immunization Practices Advisory Committee (ACIP).
Inactivated hepatitis B virus vaccine. MMWR Morb Mortal
Wkly Rep 1982; 31: 317-322, 327-328 [PMID: 6811846]
Alter MJ, Hadler SC, Margolis HS, Alexander WJ, Hu PY,
Judson FN, Mares A, Miller JK, Moyer LA. The changing
epidemiology of hepatitis B in the United States. Need for
alternative vaccination strategies. JAMA 1990; 263: 1218-1222
[PMID: 2304237]
Hepatitis B virus: a comprehensive strategy for eliminating
transmission in the United States through universal childhood vaccination. Recommendations of the Immunization
Practices Advisory Committee (ACIP). MMWR Recomm Rep
1991; 40: 1-25 [PMID: 1835756]
Mele A, Stroffolini T, Zanetti AR. Hepatitis B in Italy: where
we are ten years after the introduction of mass vaccination.

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies

75
76

77

78

79

80

81

82

83

84
85

86

87

88

89

J Med Virol 2002; 67: 440-443 [PMID: 12116041 DOI: 10.1002/
jmv.10092]
Bonanni P, Crovari P. Success stories in the implementation
of universal hepatitis B vaccination: an update on Italy. Vaccine 1998; 16 Suppl: S38-S42 [PMID: 9915032]
Bonanni P, Pesavento G, Bechini A, Tiscione E, Mannelli F,
Benucci C, Nostro AL. Impact of universal vaccination programmes on the epidemiology of hepatitis B: 10 years of experience in Italy. Vaccine 2003; 21: 685-691 [PMID: 12531340]
Mereckiene J, Cotter S, Lopalco P, D’Ancona F, Levy-Bruhl
D, Giambi C, Johansen K, Dematte L, Salmaso S, Stefanoff
P, O’Flanagan D. Hepatitis B immunisation programmes
in European Union, Norway and Iceland: where we were
in 2009? Vaccine 2010; 28: 4470-4477 [PMID: 20451643 DOI:
10.1016/j.vaccine.2010.04.037]
O'Flanagan D, Cotter S, Mereckiene J. Hepatitis B vaccination in Europe.November 2008-March 2009. The Health
Protection Surveillance Centre European Centre for disease
Control VENICE II Project. Accessed by August 3, 2013.
Available from: URL: http://venice.cineca.org/Report_Hep
atitis_B_Vaccination.pdf
EUVAC.NET. National Childhood Vaccination Schedules.
Accessed by September 3, 2013. Available from: URL: http://
www.euvac.net/graphics/euvac/vaccination/vaccination.
html
Mast EE, Margolis HS, Fiore AE, Brink EW, Goldstein ST,
Wang SA, Moyer LA, Bell BP, Alter MJ. A comprehensive
immunization strategy to eliminate transmission of hepatitis
B virus infection in the United States: recommendations of
the Advisory Committee on Immunization Practices (ACIP)
part 1: immunization of infants, children, and adolescents.
MMWR Recomm Rep 2005; 54: 1-31 [PMID: 16371945]
Chen HL, Lin LH, Hu FC, Lee JT, Lin WT, Yang YJ, Huang
FC, Wu SF, Chen SC, Wen WH, Chu CH, Ni YH, Hsu HY,
Tsai PL, Chiang CL, Shyu MK, Lee PI, Chang FY, Chang
MH. Effects of maternal screening and universal immunization to prevent mother-to-infant transmission of HBV.
Gastroenterology 2012; 142: 773-781.e2 [PMID: 22198276 DOI:
10.1053/j.gastro.2011.12.035]
Wen WH, Chang MH, Zhao LL, Ni YH, Hsu HY, Wu JF,
Chen PJ, Chen DS, Chen HL. Mother-to-infant transmission
of hepatitis B virus infection: significance of maternal viral
load and strategies for intervention. J Hepatol 2013; 59: 24-30
[PMID: 23485519 DOI: 10.1016/j.jhep.2013.02.015]
Chen SC, Toy M, Yeh JM, Wang JD, Resch S. Cost-effectiveness of augmenting universal hepatitis B vaccination with
immunoglobin treatment. Pediatrics 2013; 131: e1135-e1143
[PMID: 23530168 DOI: 10.1542/peds.2012-1262]
UNICEF (2012). The State of the World's Children 2012.
Accessed by August 5, 2013. Available from: URL: http://
www.unicef.org/sowc2012/statistics.php
Global Finance (2013). The Richest Countries in the World.
Accessed by August 14, 2013. Available from: URL: http://
www.gfmag.com/component/content/article/119economic-data/12538-the-richest-countries-in-the-world.
html#axzz2YEiEtPjQ
Ireland's Health Service Executive national immunisation
programme. Thornton L (2008). Universal hepatitis B vaccination in Ireland-Why now? Accessed by August 4, 2013.
Available from: URL: http://www.immunisation.ie/en/
Downloads/PDFFile_15136_en.pdf
Tilson L, Thornton L, O’Flanagan D, Johnson H, Barry M.
Cost effectiveness of hepatitis B vaccination strategies in
Ireland: an economic evaluation. Eur J Public Health 2008; 18:
275-282 [PMID: 18160389 DOI: 10.1093/eurpub/ckm123]
Houweling H, Spaendonck MC, Paulussen T, Verweij M,
Ruitenberg EJ. Preparing for the next public debate: universal vaccination against hepatitis B. Vaccine 2011; 29: 8960-8964
[PMID: 21945254 DOI: 10.1016/j.vaccine.2011.09.042]
Houweling H, Wittevrongel CF, Verweij M, Ruitenberg EJ.

WJG|www.wjgnet.com

90

91

92

93
94

95

96

97

98

99

100

101

102

103

9011

Public vaccination programmes against hepatitis B in The
Netherlands: assessing whether a targeted or a universal
approach is appropriate. Vaccine 2010; 28: 7723-7730 [PMID:
20933042 DOI: 10.1016/j.vaccine.2010.09.068]
The Health Council of the Netherlands (2009). General vaccination against hepatitis B revisited. Accessed by August 4,
2013. Available from: URL: http://www.gezondheidsraad.
nl/sites/default/files/200903E.pdf
Public Health England (2008). Hepatitis B Guildelines.
HBIG for babies born to hep b infected mothers. Accessed
by July 29, 2013. Available frim: URL: http://www.hpa.org.
uk/Topics/InfectiousDiseases/InfectionsAZ/HepatitisB/
GuidelinesHepatitisB/hepbGuidelines/
Public Health England (2012). Request form for: Issue of
Hepatitis B Immunoglobulin for Infants at Risk of Hepatitis
B Infection. Version 7 updated January 2012. Accessed by
August 4, 2013
Shiraki K. Perinatal transmission of hepatitis B virus and its
prevention. J Gastroenterol Hepatol 2000; 15 Suppl: E11-E15
[PMID: 10921375]
Liang X, Bi S, Yang W, Wang L, Cui G, Cui F, Zhang Y, Liu
J, Gong X, Chen Y, Wang F, Zheng H, Wang F, Guo J, Jia
Z, Ma J, Wang H, Luo H, Li L, Jin S, Hadler SC, Wang Y.
Evaluation of the impact of hepatitis B vaccination among
children born during 1992-2005 in China. J Infect Dis 2009;
200: 39-47 [PMID: 19469708 DOI: 10.1086/599332]
Perz JF, Elm JL, Fiore AE, Huggler JI, Kuhnert WL, Effler
PV. Near elimination of hepatitis B virus infections among
Hawaii elementary school children after universal infant
hepatitis B vaccination. Pediatrics 2006; 118: 1403-1408 [PMID:
17015529 DOI: 10.1542/peds.2006-0724]
de la Hoz F, Perez L, de Neira M, Hall AJ. Eight years of
hepatitis B vaccination in Colombia with a recombinant vaccine: factors influencing hepatitis B virus infection and effectiveness. Int J Infect Dis 2008; 12: 183-189 [PMID: 17913535
DOI: 10.1016/j.ijid.2007.06.010]
Chen HL, Chang MH, Ni YH, Hsu HY, Lee PI, Lee CY,
Chen DS. Seroepidemiology of hepatitis B virus infection in
children: Ten years of mass vaccination in Taiwan. JAMA
1996; 276: 906-908 [PMID: 8782640]
Da Villa G, Romanò L, Sepe A, Iorio R, Paribello N, Zappa
A, Zanetti AR. Impact of hepatitis B vaccination in a highly
endemic area of south Italy and long-term duration of antiHBs antibody in two cohorts of vaccinated individuals.
Vaccine 2007; 25: 3133-3136 [PMID: 17280750 DOI: 10.1016/
j.vaccine.2007.01.044]
Simani OE, Leroux-Roels G, François G, Burnett RJ, Meheus
A, Mphahlele MJ. Reduced detection and levels of protective antibodies to hepatitis B vaccine in under 2-year-old
HIV positive South African children at a paediatric outpatient clinic. Vaccine 2009; 27: 146-151 [PMID: 18940220 DOI:
10.1016/j.vaccine.2008.10.004]
van der Sande MA, Waight P, Mendy M, Rayco-Solon P,
Hutt P, Fulford T, Doherty C, McConkey SJ, Jeffries D, Hall
AJ, Whittle HC. Long-term protection against carriage of
hepatitis B virus after infant vaccination. J Infect Dis 2006;
193: 1528-1535 [PMID: 16652281 DOI: 10.1086/503433]
Shepard CW, Finelli L, Fiore AE, Bell BP. Epidemiology
of hepatitis B and hepatitis B virus infection in United
States children. Pediatr Infect Dis J 2005; 24: 755-760 [PMID:
16148839]
McMahon BJ, Bulkow LR, Singleton RJ, Williams J, Snowball M, Homan C, Parkinson AJ. Elimination of hepatocellular carcinoma and acute hepatitis B in children 25 years after
a hepatitis B newborn and catch-up immunization program.
Hepatology 2011; 54: 801-807 [PMID: 21618565 DOI: 10.1002/
hep.24442]
Kao JH, Hsu HM, Shau WY, Chang MH, Chen DS. Universal hepatitis B vaccination and the decreased mortality from
fulminant hepatitis in infants in Taiwan. J Pediatr 2001; 139:

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies
349-352 [PMID: 11562612 DOI: 10.1067/mpd.2001.116277]
104 Mele A, Tosti ME, Mariano A, Pizzuti R, Ferro A, Borrini B,
Zotti C, Lopalco P, Curtale F, Balocchini E, Spada E. Acute
hepatitis B 14 years after the implementation of universal
vaccination in Italy: areas of improvement and emerging
challenges. Clin Infect Dis 2008; 46: 868-875 [PMID: 18269332
DOI: 10.1086/528687]
105 Kao JH, Chen DS. Global control of hepatitis B virus infection. Lancet Infect Dis 2002; 2: 395-403 [PMID: 12127351]
106 Hsu HC, Wu MZ, Chang MH, Su IJ, Chen DS. Childhood
hepatocellular carcinoma develops exclusively in hepatitis B
surface antigen carriers in three decades in Taiwan. Report
of 51 cases strongly associated with rapid development of
liver cirrhosis. J Hepatol 1987; 5: 260-267 [PMID: 2828461]
107 Chen WJ, Lee JC, Hung WT. Primary malignant tumor of
liver in infants and children in Taiwan. J Pediatr Surg 1988;
23: 457-461 [PMID: 2837562]
108 Chang MH, Chen DS, Hsu HC, Hsu HY, Lee CY. Maternal
transmission of hepatitis B virus in childhood hepatocellular
carcinoma. Cancer 1989; 64: 2377-2380 [PMID: 2553245]
109 Chang MH, Chen CJ, Lai MS, Hsu HM, Wu TC, Kong MS,
Liang DC, Shau WY, Chen DS. Universal hepatitis B vaccination in Taiwan and the incidence of hepatocellular
carcinoma in children. Taiwan Childhood Hepatoma Study
Group. N Engl J Med 1997; 336: 1855-1859 [PMID: 9197213
DOI: 10.1056/nejm199706263362602]
110 GAVI alliance. GAVI publications. Pledging conference
for immunisation. Delivering on the promise. Accessed by
August 8, 2013. Available from: URL: http://www.gavialliance.org/library/publications/pledging-conference-forimmunisation/
111 Lee LA, Franzel L, Atwell J, Datta SD, Friberg IK, Goldie
SJ, Reef SE, Schwalbe N, Simons E, Strebel PM, Sweet S,
Suraratdecha C, Tam Y, Vynnycky E, Walker N, Walker
DG, Hansen PM. The estimated mortality impact of vaccinations forecast to be administered during 2011-2020
in 73 countries supported by the GAVI Alliance. Vaccine
2013; 31 Suppl 2: B61-B72 [PMID: 23598494 DOI: 10.1016/
j.vaccine.2012.11.035]
112 World Health Organaization (2005). Immunization, Vaccines and Biologicals. Global Immunization Vision and
Strategy. Goals. Accessed by August 10, 2013. Available
from: URL: http://www.who.int/immunization/givs/en/
index.html
113 Kamara L, Lydon P, Bilous J, Vandelaer J, Eggers R, GacicDobo M, Meaney W, Okwo-Bele JM. Global Immunization
Vision and Strategy (GIVS): a mid-term analysis of progress
in 50 countries. Health Policy Plan 2013; 28: 11-19 [PMID:
22411879 DOI: 10.1093/heapol/czs020]
114 Vashishtha VM. Status of immunization and need for intensification of routine immunization in India. Indian Pediatr
2012; 49: 357-361 [PMID: 22700663]
115 Machingaidze S, Wiysonge CS, Hussey GD. Strengthening the expanded programme on immunization in Africa:
looking beyond 2015. PLoS Med 2013; 10: e1001405 [PMID:
23526886 DOI: 10.1371/journal.pmed.1001405]
116 Barth RE, Huijgen Q, Taljaard J, Hoepelman AI. Hepatitis
B/C and HIV in sub-Saharan Africa: an association between
highly prevalent infectious diseases. A systematic review
and meta-analysis. Int J Infect Dis 2010; 14: e1024-e1031
[PMID: 20870439 DOI: 10.1016/j.ijid.2010.06.013]
117 Bruguera M, Cremades M, Salinas R, Costa J, Grau M, Sans
J. Impaired response to recombinant hepatitis B vaccine in
HIV-infected persons. J Clin Gastroenterol 1992; 14: 27-30
[PMID: 1532609]
118 Arrazola MP, de Juanes JR, Ramos JT, Aragón AJ, Garcia
de Codes A. Hepatitis B vaccination in infants of mothers
infected with human immunodeficiency virus. J Med Virol
1995; 45: 339-341 [PMID: 7775958]
119 Pasricha N, Datta U, Chawla Y, Singh S, Arora SK, Sud

WJG|www.wjgnet.com

120

121

122

123

124

125

126
127

128

129

130

131

132

133

9012

A, Minz RW, Saikia B, Singh H, James I, Sehgal S. Poor responses to recombinant HBV vaccination in patients with
HIV infection. Trop Gastroenterol 2005; 26: 178-182 [PMID:
16737046]
Clements CJ, Nshimirimanda D, Gasasira A. Using immunization delivery strategies to accelerate progress in Africa
towards achieving the Millennium Development Goals.
Vaccine 2008; 26: 1926-1933 [PMID: 18343540 DOI: 10.1016/
j.vaccine.2008.02.032]
Rainey JJ, Watkins M, Ryman TK, Sandhu P, Bo A, Banerjee
K. Reasons related to non-vaccination and under-vaccination of children in low and middle income countries: findings from a systematic review of the published literature,
1999-2009. Vaccine 2011; 29: 8215-8221 [PMID: 21893149
DOI: 10.1016/j.vaccine.2011.08.096]
Chauke-Moagi BE, Mumba M. New vaccine introduction
in the East and Southern African sub-region of the WHO
African region in the context of GIVS and MDGs. Vaccine
2012; 30 Suppl 3: C3-C8 [PMID: 22939018 DOI: 10.1016/
j.vaccine.2012.05.086]
Wiysonge CS, Uthman OA, Ndumbe PM, Hussey GD. Individual and contextual factors associated with low childhood
immunisation coverage in sub-Saharan Africa: a multilevel
analysis. PLoS One 2012; 7: e37905 [PMID: 22662247 DOI:
10.1371/journal.pone.0037905]
Lahariya C, Subramanya BP, Sosler S. An assessment of
hepatitis B vaccine introduction in India: Lessons for roll out
and scale up of new vaccines in immunization programs.
Indian J Public Health 2013; 57: 8-14 [PMID: 23649136 DOI:
10.4103/0019-557x.111357]
Wang SA, Hyde TB, Mounier-Jack S, Brenzel L, Favin M,
Gordon WS, Shearer JC, Mantel CF, Arora N, Durrheim
D. New vaccine introductions: assessing the impact and
the opportunities for immunization and health systems
strengthening. Vaccine 2013; 31 Suppl 2: B122-B128 [PMID:
23598473 DOI: 10.1016/j.vaccine.2012.10.116]
Travasso C. Poor uptake of hepatitis B vaccine in India has
several causes, study finds. BMJ 2013; 346: f3596 [PMID:
23744767 DOI: 10.1136/bmj.f3596]
Goldstein ST, Zhou F, Hadler SC, Bell BP, Mast EE, Margolis HS. A mathematical model to estimate global hepatitis B
disease burden and vaccination impact. Int J Epidemiol 2005;
34: 1329-1339 [PMID: 16249217 DOI: 10.1093/ije/dyi206]
Thursz M, Njie R, Lemoine M. Hepatitis: Global eradication
of hepatitis B--feasible or fallacy? Nat Rev Gastroenterol Hepatol 2012; 9: 492-494 [PMID: 22868658 DOI: 10.1038/nrgastro.2012.155]
Ronveaux O, Rickert D, Hadler S, Groom H, Lloyd J, Bchir A,
Birmingham M. The immunization data quality audit: verifying the quality and consistency of immunization monitoring systems. Bull World Health Organ 2005; 83: 503-510 [PMID:
16175824]
Lim SS, Stein DB, Charrow A, Murray CJ. Tracking progress towards universal childhood immunisation and the impact of global initiatives: a systematic analysis of three-dose
diphtheria, tetanus, and pertussis immunisation coverage.
Lancet 2008; 372: 2031-2046 [PMID: 19070738 DOI: 10.1016/
s0140-6736(08)61869-3]
Akmatov MK, Mikolajczyk RT. Timeliness of childhood
vaccinations in 31 low and middle-income countries. J Epidemiol Community Health 2012; 66: e14 [PMID: 21551179 DOI:
10.1136/jech.2010.124651]
Clark A, Sanderson C. Timing of children’s vaccinations in
45 low-income and middle-income countries: an analysis of
survey data. Lancet 2009; 373: 1543-1549 [PMID: 19303633
DOI: 10.1016/s0140-6736(09)60317-2]
Akmatov MK, Kretzschmar M, Krämer A, Mikolajczyk
RT. Timeliness of vaccination and its effects on fraction of
vaccinated population. Vaccine 2008; 26: 3805-3811 [PMID:
18565626 DOI: 10.1016/j.vaccine.2008.05.031]

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies
134 Fadnes LT, Nankabirwa V, Sommerfelt H, Tylleskär T, Tumwine JK, Engebretsen IM. Is vaccination coverage a good indicator of age-appropriate vaccination? A prospective study
from Uganda. Vaccine 2011; 29: 3564-3570 [PMID: 21402043
DOI: 10.1016/j.vaccine.2011.02.093]
135 Dayan GH, Shaw KM, Baughman AL, Orellana LC, Forlenza R, Ellis A, Chaui J, Kaplan S, Strebel P. Assessment of
delay in age-appropriate vaccination using survival analysis. Am J Epidemiol 2006; 163: 561-570 [PMID: 16421238 DOI:
10.1093/aje/kwj074]
136 Soeung SC, Thiep C, Duncan R, Patel M, Hennessey K. Using data to guide policy: next steps for preventing perinatal
hepatitis B virus transmission in Cambodia. Vaccine 2012; 31:
149-153 [PMID: 23127515 DOI: 10.1016/j.vaccine.2012.10.079]
137 Luman ET, Barker LE, McCauley MM, Drews-Botsch C.
Timeliness of childhood immunizations: a state-specific
analysis. Am J Public Health 2005; 95: 1367-1374 [PMID:
16043668 DOI: 10.2105/ajph.2004.046284]
138 Zhao Z, Murphy TV, Jacques-Carroll L. Progress in newborn hepatitis B vaccination by birth year cohorts-1998-2007,
USA. Vaccine 2011; 30: 14-20 [PMID: 22063390 DOI: 10.1016/
j.vaccine.2011.10.076]
139 Dayan GH, Caquías CR, García Y, Malik T, Copeland J,
Bi D, Reef S. Medical practices for prevention of perinatal
infections in Puerto Rico. Paediatr Perinat Epidemiol 2008; 22:
31-39 [PMID: 18173782 DOI: 10.1111/j.1365-3016.2007.00873.
x]
140 Schrag SJ, Arnold KE, Mohle-Boetani JC, Lynfield R, Zell
ER, Stefonek K, Noga H, Craig AS, Thomson Sanza L, Smith
G, Schuchat A. Prenatal screening for infectious diseases
and opportunities for prevention. Obstet Gynecol 2003; 102:
753-760 [PMID: 14551005]
141 Spada E, Tosti ME, Zuccaro O, Stroffolini T, Mele A. Evaluation of the compliance with the protocol for preventing perinatal hepatitis B infection in Italy. J Infect 2011; 62: 165-171
[PMID: 21129400 DOI: 10.1016/j.jinf.2010.11.014]
142 Harder KM, Cowan S, Eriksen MB, Krarup HB, Christensen
PB. Universal screening for hepatitis B among pregnant women led to 96% vaccination coverage among newborns of HBsAg positive mothers in Denmark. Vaccine 2011; 29: 9303-9307
[PMID: 22019756 DOI: 10.1016/j.vaccine.2011.10.028]
143 Willis BC, Wortley P, Wang SA, Jacques-Carroll L, Zhang
F. Gaps in hospital policies and practices to prevent perinatal transmission of hepatitis B virus. Pediatrics 2010; 125:
704-711 [PMID: 20211952 DOI: 10.1542/peds.2009-1831]
144 Ward JW. Time for renewed commitment to viral hepatitis
prevention. Am J Public Health 2008; 98: 779-781 [PMID:
18381978 DOI: 10.2105/ajph.2008.136275]
145 Smith EA, Jacques-Carroll L, Walker TY, Sirotkin B, Murphy
TV. The national Perinatal Hepatitis B Prevention Program,
1994-2008. Pediatrics 2012; 129: 609-616 [PMID: 22451702
DOI: 10.1542/peds.2011-2866]
146 Hu Y, Zhang S, Luo C, Liu Q, Zhou YH. Gaps in the prevention of perinatal transmission of hepatitis B virus between
recommendations and routine practices in a highly endemic
region: a provincial population-based study in China. BMC
Infect Dis 2012; 12: 221 [PMID: 22984924 DOI: 10.1186/14712334-12-221]
147 Schenkel K, Radun D, Bremer V, Bocter N, Hamouda O.
Viral hepatitis in Germany: poor vaccination coverage
and little knowledge about transmission in target groups.
BMC Public Health 2008; 8: 132 [PMID: 18433490 DOI:
10.1186/1471-2458-8-132]
148 Hope VD, Ncube F, Hickman M, Judd A, Parry JV. Hepatitis B vaccine uptake among injecting drug users in England
1998 to 2004: is the prison vaccination programme driving
recent improvements? J Viral Hepat 2007; 14: 653-660 [PMID:
17697018 DOI: 10.1111/j.1365-2893.2007.00856.x]
149 Xiridou M, van Houdt R, Hahné S, Coutinho R, van Steenbergen J, Kretzschmar M. Hepatitis B vaccination of men

WJG|www.wjgnet.com

150

151

152

153

154

155

156

157

158

159

160
161

162

163

164

9013

who have sex with men in the Netherlands: should we vaccinate more men, younger men or high-risk men? Sex Transm
Infect 2013; 89: 666-671 [PMID: 23812794 DOI: 10.1136/sextrans-2012-050900]
Judd A, Hickman M, Hope VD, Sutton AJ, Stimson GV, Ramsay ME, Gill ON, Parry JV. Twenty years of selective hepatitis
B vaccination: is hepatitis B declining among injecting drug
users in England and Wales? J Viral Hepat 2007; 14: 584-591
[PMID: 17650293 DOI: 10.1111/j.1365-2893.2007.00844.x]
European Centre for Disease Prevention and Control (2013).
Hepatitis B and C surveillance in Europe 2006-2011. Accessed
by August 18, 2013. Available from: URL: http://ecdc.europa.
eu/en/publications/Publications/Forms/ECDC_DispForm.
aspx?ID=1174
van Houdt R, Koedijk FD, Bruisten SM, Coul EL, Heijnen
ML, Waldhober Q, Veldhuijzen IK, Richardus JH, Schutten M, van Doornum GJ, de Man RA, Hahné SJ, Coutinho
RA, Boot HJ. Hepatitis B vaccination targeted at behavioural risk groups in the Netherlands: does it work? Vaccine 2009; 27: 3530-3535 [PMID: 19464531 DOI: 10.1016/
j.vaccine.2009.03.072]
Beck CR, Cloke R, O’Moore É, Puleston R. Hepatitis B vaccination coverage and uptake in prisons across England and Wales
2003-2010: a retrospective ecological study. Vaccine 2012; 30:
1965-1971 [PMID: 22265944 DOI: 10.1016/j.vaccine.2012.01.020]
De Schryver A, Claesen B, Meheus A, van Sprundel M, François G. European survey of hepatitis B vaccination policies
for healthcare workers. Eur J Public Health 2011; 21: 338-343
[PMID: 20817688 DOI: 10.1093/eurpub/ckq122]
Simard EP, Miller JT, George PA, Wasley A, Alter MJ, Bell
BP, Finelli L. Hepatitis B vaccination coverage levels among
healthcare workers in the United States, 2002-2003. Infect
Control Hosp Epidemiol 2007; 28: 783-790 [PMID: 17564979
DOI: 10.1086/518730]
Scognamiglio P, Girardi E, Fusco M, Piselli P, Spena SR,
Maione C, Pisanti FA, Serraino D. Lack of implementation
of Hepatitis B Virus (HBV) vaccination policy in household
contacts of HBV carriers in Italy. BMC Infect Dis 2009; 9: 86
[PMID: 19500412 DOI: 10.1186/1471-2334-9-86]
Richardson G, Evans MR, Westmoreland D. Hepatitis B
immunisation of household contacts: retrospective study
of vaccine coverage. J Epidemiol Community Health 2001; 55:
934-935 [PMID: 11707490]
Zuckerman J, van Hattum J, Cafferkey M, Gjørup I, Hoel
T, Rummukainen ML, Weiland O. Should hepatitis B vaccination be introduced into childhood immunisation programmes in northern Europe? Lancet Infect Dis 2007; 7: 410-419
[PMID: 17521594 DOI: 10.1016/s1473-3099(07)70136-6]
Dawson AJ. An ethical argument in favour of routine hepatitis B vaccination in very low-incidence countries. Lancet
Infect Dis 2005; 5: 120-125 [PMID: 15680782 DOI: 10.1016/
s1473-3099(05)01284-3]
English P. Should universal hepatitis B immunisation be introduced in the UK? Arch Dis Child 2006; 91: 286-289 [PMID:
16551785 DOI: 10.1136/adc.2005.080028]
British Medical Association. Hepatitis B vaccination in childhood (2010). Accessed by September 3, 2013. Available from:
URL: http://www.hepb.org.uk/news/current/BritishMedicalAssociationcallsforHBVVaccination.pdf
Louise Heiberg I, Hogh B. Horizontal transmission of hepatitis B virus--why discuss when we can vaccinate? J Infect Dis
2012; 206: 464-465 [PMID: 22508941 DOI: 10.1093/infdis/
jis294]
Dannetun E, Tegnell A, Giesecke J. Parents’ attitudes towards
hepatitis B vaccination for their children. A survey comparing
paper and web questionnaires, Sweden 2005. BMC Public Health
2007; 7: 86 [PMID: 17511891 DOI: 10.1186/1471-2458-7-86]
EpiNorth (2013). NETWORK - A Co-operation Project for
Communicable Disease Control in Northern Europe. EpiNorth Data.Epidemiological data. Hepatitis B. Accessed by

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies

165

166
167
168

169
170

171

172

173
174

175

176

177

178
179

180

August 15, 2013. Available from: URL: http://www.epinorth.org/
Public Health England (2012). Epidemiological Data. Hepatitis B annual report 2011. Accessed by August 16, 2013.
Available from: URL: http://www.hpa.org.uk/hpr/archives/2012/hpr3412.pdf
Rantala M, van de Laar MJ. Surveillance and epidemiology
of hepatitis B and C in Europe - a review. Euro Surveill 2008;
13: pii: 18880 [PMID: 18761967]
François G, Hallauer J, Van Damme P. Hepatitis B vaccination: how to reach risk groups. Vaccine 2002; 21: 1-4 [PMID:
12443655]
Rimšelienė G, Nilsen Ø, Kløvstad H, Blystad H, Aavitsland
P. Epidemiology of acute and chronic hepatitis B virus infection in Norway, 1992-2009. BMC Infect Dis 2011; 11: 153
[PMID: 21615904 DOI: 10.1186/1471-2334-11-153]
Papaevangelou G. Hepatitis B immunization programme:
lessons learnt in Greece. Vaccine 1998; 16 Suppl: S45-S47
[PMID: 9915034]
Baars JE, Boon BJ, Garretsen HF, van de Mheen D. The reach
of a free hepatitis B vaccination programme: results of a
Dutch study among drug users. Int J Drug Policy 2010; 21:
247-250 [PMID: 19700297 DOI: 10.1016/j.drugpo.2009.07.001]
Ioannou GN. Hepatitis B virus in the United States: infection, exposure, and immunity rates in a nationally representative survey. Ann Intern Med 2011; 154: 319-328 [PMID:
21357909 DOI: 10.7326/0003-4819-154-5-201103010-00006]
Ni YH, Chang MH, Wu JF, Hsu HY, Chen HL, Chen DS.
Minimization of hepatitis B infection by a 25-year universal
vaccination program. J Hepatol 2012; 57: 730-735 [PMID:
22668640 DOI: 10.1016/j.jhep.2012.05.021]
Kim WR. Epidemiology of hepatitis B in the United States.
Hepatology 2009; 49: S28-S34 [PMID: 19399791 DOI: 10.1002/
hep.22975]
Hu DJ, Xing J, Tohme RA, Liao Y, Pollack H, Ward JW,
Holmberg SD. Hepatitis B testing and access to care among
racial and ethnic minorities in selected communities across
the United States, 2009-2010. Hepatology 2013; 58: 856-862
[PMID: 23359276 DOI: 10.1002/hep.26286]
Public Health England (2006). Health Protection Agency.
Migrant Health: Infectious diseases in non-UK born populations in England, Wales and Northern. Ireland. A baseline report - 2006. Accessed by 19 August, 2013. Available
from: URL: http://www.hpa.org.uk/webc/HPAwebFile/
HPAweb_C/1201767922096
Chu JJ, Wörmann T, Popp J, Pätzelt G, Akmatov MK,
Krämer A, Reintjes R. Changing epidemiology of hepatitis
B and migration--a comparison of six Northern and NorthWestern European countries. Eur J Public Health 2013; 23:
642-647 [PMID: 23132874 DOI: 10.1093/eurpub/cks067]
Uddin G, Shoeb D, Solaiman S, Marley R, Gore C, Ramsay M,
Harris R, Ushiro-Lumb I, Moreea S, Alam S, Thomas HC,
Khan S, Watt B, Pugh RN, Ramaiah S, Jervis R, Hughes A,
Singhal S, Cameron S, Carman WF, Foster GR. Prevalence
of chronic viral hepatitis in people of south Asian ethnicity living in England: the prevalence cannot necessarily be
predicted from the prevalence in the country of origin. J
Viral Hepat 2010; 17: 327-335 [PMID: 20002307 DOI: 10.1111/
j.1365-2893.2009.01240.x]
Williams R, Holt AP. Screening immigrants for tuberculosis--why not for HBV infection? Lancet 2013; 381: 2164-2165
[PMID: 23791343 DOI: 10.1016/s0140-6736(13)61438-5]
European Centre for Disease Prevention and Control (2010).
Technical Report. Hepatitis B and C in the EU neighbourhood:
prevalence, burden of disease and screening policies. Accessed
by August 18, 2013. Available from: URL: http://ecdc.europa.
eu/en/publications/Publications/TER_100914_Hep_B_C
_EU_neighbourhood.pdf
Veldhuijzen IK, Toy M, Hahné SJ, De Wit GA, Schalm SW,
de Man RA, Richardus JH. Screening and early treatment

WJG|www.wjgnet.com

181
182

183

184

185

186

187
188

189

190
191

192

193

194
195

196

197

9014

of migrants for chronic hepatitis B virus infection is cost-effective. Gastroenterology 2010; 138: 522-530 [PMID: 19879275
DOI: 10.1053/j.gastro.2009.10.039]
Wong WW, Woo G, Heathcote EJ, Krahn M. Disease burden
of chronic hepatitis B among immigrants in Canada. Can J
Gastroenterol 2013; 27: 137-147 [PMID: 23516678]
Fretz R, Negro F, Bruggmann P, Lavanchy D, De Gottardi A,
Pache I, Masserey Spicher V, Cerny A. Hepatitis B and C in
Switzerland - healthcare provider initiated testing for chronic hepatitis B and C infection. Swiss Med Wkly 2013; 143:
w13793 [PMID: 23740193 DOI: 10.4414/smw.2013.13793]
Weinbaum CM, Williams I, Mast EE, Wang SA, Finelli L,
Wasley A, Neitzel SM, Ward JW. Recommendations for
identification and public health management of persons
with chronic hepatitis B virus infection. MMWR Recomm Rep
2008; 57: 1-20 [PMID: 18802412]
Eckman MH, Kaiser TE, Sherman KE. The cost-effectiveness
of screening for chronic hepatitis B infection in the United
States. Clin Infect Dis 2011; 52: 1294-1306 [PMID: 21540206
DOI: 10.1093/cid/cir199]
Wong WW, Woo G, Jenny Heathcote E, Krahn M. Cost effectiveness of screening immigrants for hepatitis B. Liver
Int 2011; 31: 1179-1190 [PMID: 21745300 DOI: 10.1111/
j.1478-3231.2011.02559.x]
Woo G, Tomlinson G, Yim C, Lilly L, Therapondos G, Wong
DK, Ungar WJ, Einarson TR, Sherman M, Heathcote JE,
Krahn M. Health state utilities and quality of life in patients
with hepatitis B. Can J Gastroenterol 2012; 26: 445-451 [PMID:
22803020]
Nwokediuko SC. Chronic hepatitis B: management challenges in resource-poor countries. Hepat Mon 2011; 11: 786-793
[PMID: 22224076 DOI: 10.5812/kowsar.1735143X.757]
Lemoine M, Nayagam S, Thursz M. Viral hepatitis in resource-limited countries and access to antiviral therapies: current and future challenges. Future Virol 2013; 8: 371-380 [PMID:
23662157 DOI: 10.2217/fvl.13.11]
FitzSimons D, Hendrickx G, Vorsters A, Van Damme P.
Hepatitis B vaccination: a completed schedule enough to
control HBV lifelong? Milan, Italy, 17-18 November 2011.
Vaccine 2013; 31: 584-590 [PMID: 23142301 DOI: 10.1016/
j.vaccine.2012.10.101]
Leuridan E, Van Damme P. Hepatitis B and the need for a
booster dose. Clin Infect Dis 2011; 53: 68-75 [PMID: 21653306
DOI: 10.1093/cid/cir270]
Abushady EA, Gameel MM, Klena JD, Ahmed SF, AbdelWahab KS, Fahmy SM. HBV vaccine efficacy and detection
and genotyping of vaccineé asymptomatic breakthrough
HBV infection in Egypt. World J Hepatol 2011; 3: 147-156
[PMID: 21860674 DOI: 10.4254/wjh.v3.i6.147]
Stramer SL, Wend U, Candotti D, Foster GA, Hollinger FB,
Dodd RY, Allain JP, Gerlich W. Nucleic acid testing to detect HBV infection in blood donors. N Engl J Med 2011; 364:
236-247 [PMID: 21247314 DOI: 10.1056/NEJMoa1007644]
Seed CR, Jones NT, Pickworth AM, Graham WR. Two cases
of asymptomatic HBV “vaccine breakthrough” infection detected in blood donors screened for HBV DNA. Med J Aust
2012; 196: 651-652 [PMID: 22676882]
Chang MH. Breakthrough HBV infection in vaccinated children in Taiwan: surveillance for HBV mutants. Antivir Ther
2010; 15: 463-469 [PMID: 20516566 DOI: 10.3851/imp1555]
Mele A, Tancredi F, Romanò L, Giuseppone A, Colucci M,
Sangiuolo A, Lecce R, Adamo B, Tosti ME, Taliani G, Zanetti
AR. Effectiveness of hepatitis B vaccination in babies born to
hepatitis B surface antigen-positive mothers in Italy. J Infect
Dis 2001; 184: 905-908 [PMID: 11509998 DOI: 10.1086/323396]
Young BW, Lee SS, Lim WL, Yeoh EK. The long-term efficacy of plasma-derived hepatitis B vaccine in babies born
to carrier mothers. J Viral Hepat 2003; 10: 23-30 [PMID:
12558908]
Boxall EH, A Sira J, El-Shuhkri N, Kelly DA. Long-term per-

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies

198

199

200

201

202

203

204

205

206

207

208

209

210
211
212

sistence of immunity to hepatitis B after vaccination during
infancy in a country where endemicity is low. J Infect Dis
2004; 190: 1264-1269 [PMID: 15346336 DOI: 10.1086/423818]
Poovorawan Y, Chongsrisawat V, Theamboonlers A, Srinivasa K, Hutagalung Y, Bock HL, Hoet B. Long-term benefit
of hepatitis B vaccination among children in Thailand with
transient hepatitis B virus infection who were born to hepatitis B surface antigen-positive mothers. J Infect Dis 2009;
200: 33-38 [PMID: 19473096 DOI: 10.1086/599331]
Børresen ML, Koch A, Biggar RJ, Ladefoged K, Melbye
M, Wohlfahrt J, Krause TG. Effectiveness of the targeted
hepatitis B vaccination program in Greenland. Am J Public
Health 2012; 102: 277-284 [PMID: 21940914 DOI: 10.2105/
ajph.2011.300239]
Dentinger CM, McMahon BJ, Butler JC, Dunaway CE,
Zanis CL, Bulkow LR, Bruden DL, Nainan OV, Khristova
ML, Hennessy TW, Parkinson AJ. Persistence of antibody
to hepatitis B and protection from disease among Alaska
natives immunized at birth. Pediatr Infect Dis J 2005; 24:
786-792 [PMID: 16148845]
Lu CY, Ni YH, Chiang BL, Chen PJ, Chang MH, Chang LY,
Su IJ, Kuo HS, Huang LM, Chen DS, Lee CY. Humoral and
cellular immune responses to a hepatitis B vaccine booster
15-18 years after neonatal immunization. J Infect Dis 2008;
197: 1419-1426 [PMID: 18444799 DOI: 10.1086/587695]
Linauts S, Saldanha J, Strong DM. PRISM hepatitis B surface antigen detection of hepatits B virus minipool nucleic
acid testing yield samples. Transfusion 2008; 48: 1376-1382
[PMID: 18422847 DOI: 10.1111/j.1537-2995.2008.01698.x]
Poovorawan Y, Chongsrisawat V, Theamboonlers A, Leroux-Roels G, Kuriyakose S, Leyssen M, Jacquet JM. Evidence
of protection against clinical and chronic hepatitis B infection 20 years after infant vaccination in a high endemicity
region. J Viral Hepat 2011; 18: 369-375 [PMID: 20384962 DOI:
10.1111/j.1365-2893.2010.01312.x]
Mendy M, Peterson I, Hossin S, Peto T, Jobarteh ML, JengBarry A, Sidibeh M, Jatta A, Moore SE, Hall AJ, Whittle H.
Observational study of vaccine efficacy 24 years after the start
of hepatitis B vaccination in two Gambian villages: no need
for a booster dose. PLoS One 2013; 8: e58029 [PMID: 23533578
DOI: 10.1371/journal.pone.0058029]
Boot HJ, van der Waaij LA, Schirm J, Kallenberg CG, van Steenbergen J, Wolters B. Acute hepatitis B in a healthcare worker:
a case report of genuine vaccination failure. J Hepatol 2009; 50:
426-431 [PMID: 19091440 DOI: 10.1016/j.jhep.2008.07.040]
McMahon BJ, Bruden DL, Petersen KM, Bulkow LR, Parkinson AJ, Nainan O, Khristova M, Zanis C, Peters H, Margolis HS. Antibody levels and protection after hepatitis B
vaccination: results of a 15-year follow-up. Ann Intern Med
2005; 142: 333-341 [PMID: 15738452]
Lu CY, Chiang BL, Chi WK, Chang MH, Ni YH, Hsu HM,
Twu SJ, Su IJ, Huang LM, Lee CY. Waning immunity to
plasma-derived hepatitis B vaccine and the need for boosters 15 years after neonatal vaccination. Hepatology 2004; 40:
1415-1420 [PMID: 15565627 DOI: 10.1002/hep.20490]
Jan CF, Huang KC, Chien YC, Greydanus DE, Davies HD,
Chiu TY, Huang LM, Chen CJ, Chen DS. Determination of
immune memory to hepatitis B vaccination through early
booster response in college students. Hepatology 2010; 51:
1547-1554 [PMID: 20209603 DOI: 10.1002/hep.23543]
Wu TW, Lin HH, Wang LY. Chronic hepatitis B infection
in adolescents who received primary infantile vaccination.
Hepatology 2013; 57: 37-45 [PMID: 22858989 DOI: 10.1002/
hep.25988]
Banatvala JE, Van Damme P. Hepatitis B vaccine -- do we
need boosters? J Viral Hepat 2003; 10: 1-6 [PMID: 12558904]
Are booster immunisations needed for lifelong hepatitis B
immunity? European Consensus Group on Hepatitis B Immunity. Lancet 2000; 355: 561-565 [PMID: 10683019]
Roome AJ, Walsh SJ, Cartter ML, Hadler JL. Hepatitis B

WJG|www.wjgnet.com

213

214

215
216
217

218
219

220

221

222

223

224

225
226

227

228
229

9015

vaccine responsiveness in Connecticut public safety personnel. JAMA 1993; 270: 2931-2934 [PMID: 8254852]
Wood RC, MacDonald KL, White KE, Hedberg CW, Hanson M, Osterholm MT. Risk factors for lack of detectable antibody following hepatitis B vaccination of Minnesota health
care workers. JAMA 1993; 270: 2935-2939 [PMID: 8254853]
Coates T, Wilson R, Patrick G, André F, Watson V. Hepatitis B vaccines: assessment of the seroprotective efficacy of
two recombinant DNA vaccines. Clin Ther 2001; 23: 392-403
[PMID: 11318074]
Roukens AH, Visser LG. Hepatitis B vaccination strategy
in vaccine low and non-responders: a matter of quantity of
quality? Hum Vaccin 2011; 7: 654-657 [PMID: 21508674]
Kubba AK, Taylor P, Graneek B, Strobel S. Non-responders
to hepatitis B vaccination: a review. Commun Dis Public
Health 2003; 6: 106-112 [PMID: 12889288]
Li ZK, Nie JJ, Li J, Zhuang H. The effect of HLA on immunological response to hepatitis B vaccine in healthy people: a
meta-analysis. Vaccine 2013; 31: 4355-4361 [PMID: 23887040
DOI: 10.1016/j.vaccine.2013.06.108]
Leads from the MMWR. Suboptimal response to hepatitis B
vaccine given by injection into the buttock. JAMA 1985; 253:
1705-1707 [PMID: 3156259]
de Lalla F, Rinaldi E, Santoro D, Pravettoni G. Immune response to hepatitis B vaccine given at different injection sites
and by different routes: a controlled randomized study. Eur
J Epidemiol 1988; 4: 256-258 [PMID: 2969825]
Clemens R, Sänger R, Kruppenbacher J, Höbel W, Stanbury
W, Bock HL, Jilg W. Booster immunization of low- and nonresponders after a standard three dose hepatitis B vaccine
schedule--results of a post-marketing surveillance. Vaccine
1997; 15: 349-352 [PMID: 9141203]
Craven DE, Awdeh ZL, Kunches LM, Yunis EJ, Dienstag
JL, Werner BG, Polk BF, Syndman DR, Platt R, Crumpacker
CS. Nonresponsiveness to hepatitis B vaccine in health care
workers. Results of revaccination and genetic typings. Ann
Intern Med 1986; 105: 356-360 [PMID: 2943202]
Bertino JS, Tirrell P, Greenberg RN, Keyserling HL, Poland
GA, Gump D, Kumar ML, Ramsey K. A comparative trial
of standard or high-dose S subunit recombinant hepatitis B
vaccine versus a vaccine containing S subunit, pre-S1, and
pre-S2 particles for revaccination of healthy adult nonresponders. J Infect Dis 1997; 175: 678-681 [PMID: 9041342]
Lin CS, Xie SB, Liu J, Zhao ZX, Chong YT, Gao ZL. Effect of
revaccination using different schemes among adults with
low or undetectable anti-HBs titers after hepatitis B virus
vaccination. Clin Vaccine Immunol 2010; 17: 1548-1551 [PMID:
20719983 DOI: 10.1128/cvi.00064-10]
Cardell K, Akerlind B, Sällberg M, Frydén A. Excellent
response rate to a double dose of the combined hepatitis A
and B vaccine in previous nonresponders to hepatitis B vaccine. J Infect Dis 2008; 198: 299-304 [PMID: 18544037 DOI:
10.1086/589722]
Recommendations for preventing transmission of infections
among chronic hemodialysis patients. MMWR Recomm Rep
2001; 50: 1-43 [PMID: 11349873]
Fabrizi F, Dixit V, Magnini M, Elli A, Martin P. Meta-analysis:
intradermal vs. intramuscular vaccination against hepatitis B
virus in patients with chronic kidney disease. Aliment Pharmacol Ther 2006; 24: 497-506 [PMID: 16886915 DOI: 10.1111/
j.1365-2036.2006.03002.x]
Heininger U, Gambon M, Gruber V, Margelli D. Successful hepatitis B immunization in non- and low responding
health care workers. Hum Vaccin 2010; 6 [PMID: 20855942
DOI: 10.4161/hv.6.9.12420]
Zuckerman AJ. Appraisal of intradermal immunisation
against hepatitis B. Lancet 1987; 1: 435-436 [PMID: 2880225]
Sangaré L, Manhart L, Zehrung D, Wang CC. Intradermal
hepatitis B vaccination: a systematic review and metaanalysis. Vaccine 2009; 27: 1777-1786 [PMID: 19200451 DOI:

July 21, 2014|Volume 20|Issue 27|

Komatsu H. Hepatitis B vaccination strategies
10.1016/j.vaccine.2009.01.043]
230 Lin R, Tarr PE, Jones TC. Present status of the use of cytokines as adjuvants with vaccines to protect against infectious diseases. Clin Infect Dis 1995; 21: 1439-1449 [PMID:
8749629]

231 Kim MJ, Nafziger AN, Harro CD, Keyserling HL, Ramsey
KM, Drusano GL, Bertino JS. Revaccination of healthy
nonresponders with hepatitis B vaccine and prediction of
seroprotection response. Vaccine 2003; 21: 1174-1179 [PMID:
12559795]
P- Reviewer: Zhao HT
S- Editor: Qi Y L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

9016

July 21, 2014|Volume 20|Issue 27|

World J Gastroenterol 2014 July 21; 20(27): 9017-9025
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI:10.3748/wjg.v20.i27.9017

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (12): Nonalcoholic fatty liver disease

Breath volatile organic compounds for the gut-fatty liver
axis: promise, peril, and path forward
Steven Francis Solga
gestions for future development.

Steven Francis Solga, Solga Gastroenterology, Bethlehem, PA
18015, United States
Author contributions: Solga SF solely contributed to this paper.
Correspondence to: Steven Francis Solga, MD, Solga Gastroenterology, 701 Ostrum St. Suite 604A, Bethlehem, PA 18015,
United States. stevesolga@gmail.com
Telephone: +11-610-8663900 Fax: +11-610-8668140
Received: October 25, 2013 Revised: January 15, 2014
Accepted: April 8, 2014
Published online: July 21, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Breath; Volatile organic compounds; Fatty
liver; Gut flora; Breath analysis
Core tip: The biology of the gut-liver axis has always
been fascinating and exceedingly difficult to study. With
the rapidly expanding interest in the gut microbiome,
however, finding better measurement techniques to
evaluate this biology has never been more relevant.
Breath volatile organic compounds (VOCs) measurement presents the unmatched potential to address this
critical unmet need. Breath measurement can be challenging, however, and requires coherent teams including engineers, breath chemists, and clinical researchers. It also requires long term vision and strategy. This
paper describes the rationale for breath VOCs, critically
reviews the history of breath VOC development, and
offers suggestions for progress.

Abstract
The worldwide interest in the gut microbiome and its
impact on the upstream liver highlight a critical upside
to breath research: it can uniquely measure otherwise
unmeasurable biology. Bacteria make gases [volatile organic compounds (VOCs)] that are directly relevant to
pathophysiology of the fatty liver and associated conditions, including obesity. Measurement of these VOCs
and their metabolites in the exhaled breath, therefore,
present an opportunity to safely and easily evaluate,
on both a personal and a population level, some of our
most pressing public health threats. This is an opportunity that must be pursued. To date, however, breath
analysis remains a slowly evolving field which only occasionally impacts clinical research or patient care. One
major obstacle to progress is that breath analysis is
inherently and emphatically mutli-disciplinary: it connects engineering, chemistry, breath mechanics, biology and medicine. Unbalanced or incomplete teams
may produce inconsistent and often unsatisfactory results. A second impediment is the lack of a well-known
stepwise structure for the development of non-invasive
diagnostics. As a result, the breath research landscape
is replete with orphaned single-center pilot studies. Often, important hypotheses and key observations have
not been pursued to maturation. This paper reviews
the rationale and requirements for breath VOC research
applied to the gut-fatty liver axis and offers some sug-
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INTRODUCTION
The gut flora microbiome and the gut-liver axis are
exceptionally difficult to evaluate. However, the now
universal appreciation of the microbiome’s impact on upstream fatty liver and associated disorders such as obesity
compels an even greater interest in improved measurement techniques.
Breath researchers have measured gut flora activity in
exhaled breath for decades. However, there has been little
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gut flora influence: fermentation, effects on metabolism,
inflammatory signaling, or a combination. Notably, it is
understood the gut microbiome is personal; one’s gut
flora, as well as their metabolic response to diet, and upstream liver effects cannot be predicted a priori[22]. Thus,
since exogenous ethanol is metabolized to acetaldehyde
at a variable and unpredictable rate[23], the same should
follow for endogenous ethanol produced from gut flora.
Furthermore, it is acknowledged that there remain many
additional unknowns that exist about the gut-liver axis
(i.e., motility, mucosal barrier, immune system interactions, molecular mechanisms within the hepatocyte).
However, despite both these known differences and true
unknowns, there is a rapidly growing interest in the gut
flora therapies and dietary interventions premised on
these mechanisms[24].
Therefore, notwithstanding the usefulness of fecal
analysis to date, is not clear that it will prove as successful
for wide scale clinical research[25]. Fecal analysis, by virtually any method, has a number of drawbacks: samples are
collected infrequently and episodically, are expensive to
run, and result in large amount data that nevertheless remains challenging to interpret in the setting of multiple,
interrelated physiologic variables: i.e., gut flora modulate
mucosal integrity and immune function with differential
impact on the liver, and vice-versa[26,27]. Fecal analysis
cannot readily account for a number of factors in the
gastrointestinal tract, including transit time, presence or
absence of mucosal disease, and the possible differential
impact bacterial subpopulations (e.g., distal small bowel vs
colonic, and so on).
Breath volatile organic compound (VOC) measurement, therefore, may serve to complement fecal analysis[28]. Individual VOCs can be measured for specific
hypothesis driven goals tailored to match the present understanding of the role of gut flora in the gut-liver axis.
Since the pathogenesis of fatty liver (Table 1) is multifactorial and there are many variables which impact the
gut-liver axis, the most successful research will likely simultaneously measure multiple VOCs.
It is presumed that some of these metabolites (e.g.,
ethanol) are produced only by gut flora, whereas others
(e.g., acetaldehyde) are produced by both gut flora and
human metabolism. Notably, some of these VOCs may
potentiate others. For example, ethanol and acetaldehyde
can increase the growth of gram negative bacteria and
intestinal permeability, respectively, and thereby may promote uptake of inflammatory mediators[37]. Hydrogen
sulfide may reduce gastrointestinal motility and thereby
lead to bacterial stasis and overgrowth[38]. Other VOCs
have multiple affects that overlap multiple categories. For
example, some gut flora metabolize choline efficiently
and their over-abundance can lead both to choline deficiency and an overproduction of the toxic metabolites
dimethylamine and trimethylamine[39]. Both mechanisms
have been implicated in the pathogenesis of fatty liver
and non-alcoholic steatohepatitis[40,41]. Each of these
VOCs have been measured in exhaled breath, though

Table 1 "Fatty liver" volatile organic compounds candidates
Property

Examples

Fermentation
activity[29-31]
Metabolism[32,33]
Inflammation[34-36]

Alcohols and their aldehydes
Acetone and isoprene
Dimethylamine, trimethylamine, hydrogen
sulfide, ethane, methylsulfide, methylmercaptan

sustained success. This paper critically reviews the experience to date and offers suggestions for future progress.
Breath analysis still holds the unique and possibly unmatched potential to better measure this challenging and
highly significant physiology.

Promise: Unprecedented
Opportunity for Breath Volatile
Organic Compounds
The role of gut flora in fatty liver pathogenesis has been
studied for decades. Alcohol fatty liver research, for example, demonstrated that gut flora were necessary but
not sufficient for liver disease, and explored the use of
gut flora therapy (poorly absorbed antibiotics) using animal models[1,2]. Various lines of evidence also pointed to
a key role in the pathogenesis of non-alcoholic fatty liver
disease (NAFLD)[3-5]. Gut flora, via various mechanisms
such as altered small bowel motility and impaired mucosal barrier function, have also been long appreciated to
affect the clinical course of cirrhosis, regardless of liver
disease etiology[6].
Research connecting the gut flora to the liver has
been particularly challenging and fascinating because gut
bacterial biology and liver disease are distinct disciplines
connected anatomically via a nearly inaccessible portal venous system. And although there is a history of gut flora
therapies (i.e., prebiotics, probiotics, dietary interventions)
for liver disease[7,8], progress has been slow because the
science, especially the details of the gut flora, is underdeveloped. Nevertheless, the potential impact was evident:
non-alcohol fatty liver, alcohol fatty liver, and cirrhosis
affect many people.
However, with the now-familiar association of gut
flora dysbiosis to obesity[9,10] and insulin resistance[11-13]
interest in gut flora biology and, along with it, the gutliver axis, has grown and today would be difficult to overstate. The gut flora is now regarded as a newly discovered
metabolic organ. Many essential questions persist and
have triggered a worldwide effort to better understand
this new organ[14-16]. Multiple comprehensive reviews have
addressed the impact of gut flora on fatty liver and/or
obesity[17-20].
The major studies which have propelled these advances have generally used detailed fecal analysis. These
analyses can include a variety of techniques including
DNA sequencing, culture, and metabolic profiling[21]. The
emerging data indicate several possible mechanisms of
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Table 2 Exhaled breath uniquely captures the entire output of the gut liver axis in the context of a person
Gut flora
Bacterial diversity and function
Mucosal or lumen associated
Location
(e.g., small bowel, right colon)

Lumen factors

Hepatic factors

Host

Barrier integrity

Enzyme heterogeneity (e.g., alcohol
dehydrogenase)
Liver disease
Cirrhosis and porto-systemic
shunting

Diet

Immune defense
Mucosal disease (e.g., celiac, crohns)
Transit time

Medications
Co-morbid conditions (e.g., diabetes)
Age, gender, body mass index

usually separately. However, much like the standard
twelve lead electrocardiogram or lipid panels, it is likely
that the most meaningful VOC breath data would come
from the simultaneous measurement and interpretation
of multiple VOCs and/or profiles.
In contrast to fecal analysis, exhaled breath VOC
analysis can measure the global activity of the entire gutliver axis. Because breath measurement is non-invasive,
safe, and potentially inexpensive, it easily enables studies
with repeated measures. For example, it is simple and
highly relevant to envision evaluating the immediate differential effect of various oral challenges (e.g., high/low
fiber, high/low fructose) in various subjects (e.g., lean/
obesity, fatty liver/cirrhosis) using timed VOC measurements over several hours, days, or longer.
The gut liver axis (Table 2) includes many important,
highly variable factors that are difficult to measure physiologically. While fecal analysis is inherently limited, breath
VOC measurement may evaluate the global activity of
the entire system.
In summary, the microbiome and gut-liver axis are a
major research emphasis world-wide, and studies employing fecal analysis are appropriately credited with many advances. However, even if fecal analysis was fully validated, free, easy to perform, and always yielded interpretable
results, it still cannot measure many “upstream” factors
germane to both fatty liver and the metabolic syndrome
and the marked heterogeneity between subjects. Studies using breath VOC analysis, in contrast, can uniquely
evaluate the entire organism in real time. The simple capability of repeated measures greatly expands options in
clinical research.

Breath analysis is appealing because it enables the potential
for non-invasive, real time, easy to use, point of care measurement of metabolites that are, in some cases, difficult
or impossible to measure by blood assays or other means.
Previous attempts to apply breath analysis to gut physiology, however, have not been met with great success. Two
examples, hydrogen and ammonia, are illustrative.

capture preferential methane producers) and carbon dioxide (for quality control), the instrumentation and breath
collection process have not significantly changed in many
years. Hydrogen measurement is technically easy: it is relatively inert; its measurement is not affected by background
ambient air; and it is present at high concentrations (parts
per million)[43]. Breath hydrogen testing has been incorporated into hundreds of published research studies.
The most widely accepted clinical use is in the evaluation of small intestine bacterial overgrowth (SIBO) and
carbohydrate mal-absorption. Regarding the former,
SIBO has emerged as a possible important and modifiable factor in the pathogenesis of irritable bowel syndrome (IBS) for some patients[44]. As a result, the use of
hydrogen breath testing has surged over the last decade
to evaluate SIBO in IBS, including responsiveness to putative gut flora therapy (i.e., rifaximin, a poorly absorbed
antibiotic)[45,46]. Because SIBO or “gut dysbiosis” is challenging to measure by other means, breath hydrogen testing had the potential to fulfill an important unmet need.
However, there remain serious concerns about its
validity. An excellent recent review noted many problems,
including lack of standardized instructions regarding testing substrates, doses and time intervals, as well as varying
definitions of positive vs negative tests persist[47]. Thus,
notwithstanding a surging scientific and public interest
in the possible role of gut flora in IBS, the American
College of Gastroenterology does not endorse routine
breath testing[48].
The results of a recent meeting of the United States
Food and Drug Administration (FDA) Gastrointestinal
Drugs Advisory Committee (GIDAC) provide additional
insight[49]. The meeting’s purpose was the design of clinical trials to evaluate the safety, efficacy, and durability
of response of repeat cycles of Xifaxan (rifaximin). To
the author’s knowledge, this was the first time a breath
test was seriously considered in the drug evaluation and
approval process for a gut disease. But despite its long
history, lack of technical issues, and the unmet need,
GIDAC and the sponsor (Salix) easily agreed that breath
hydrogen testing fails to meet criteria as a valid biomarker
for any purpose and should not utilized[50]. Future developments seem unlikely.

Hydrogen
Breath hydrogen testing has been available for decades[42].
The monitors are relatively inexpensive, portable, and
simple to operate. Aside from the addition of methane (to

Ammonia
In contrast to hydrogen, ammonia is highly volatile and
difficult to measure by any method[51,52]. Due to its relevance to gut flora and various disease states[53], breath

PERIL: A HISTORY OF UNMET
EXPECTATIONS IN BREATH ANALYSIS
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“Fatty liver” VOCs
Hydrogen

Table 3 Breath research often failed to meet its potential for
multiple reasons

Ammonia

Technically easy

Technically difficult

Technical/scientific factors
Monitor/interface/biology
Too many interrelated unknowns
Unique data: uncertain utility Relevance difficult to establish
Relevance may not exist
Non-technical factors
Inadequate teams
Engineers, chemists, doctors,
statisticians
Inadequate synergy
Single center efforts
Lack of focus
Too many diseases, too little strategy
Lack of common languages
Device development is not drug
development
Few models of commercial
Difficult to envision endgame
success

Figure 1 Most volatile organic compounds are challenging to measure.
VOCs: Volatile organic compounds.

researchers have aspired to measure it for greater than
thirty years[54]. A progression of highly sophisticated
measurement platforms (e.g., GC/MS, quantum cascade
lasers[55]) have been used in the hopes that ever faster and
more precise equipment modifications will finally yield
accurate and reproducible results usable for clinical research and patient care. Many technical factors must be
considered (e.g., temperature, humidity, flow, and mode of
breathing) alongside complex biologic concerns (e.g., contamination from oral bacteria)[56,57]. Despite these major
challenges, many small studies were published purporting
to demonstrate the utility of breath ammonia measurement for a specific disease or condition (e.g., hepatic
encephalopathy, renal dialysis, exercise[58-60]). However, it
now appears from work published by highly experienced
groups, that exhaled breath may not reflect systemic
levels, at least not be by the methods described to date.
Aspirations repeatedly exceeded reality. Not surprisingly,
therefore, the current ammonia literature has nearly completely ignored breath research[53,61,62].
In summary, breath hydrogen is easy to measure and
has an established role in clinical research and patient
care. However, it is not a valid biomarker and its impact
has not grown with in parallel with the rise in interest in
gut flora. Breath ammonia is difficult to measure and,
notwithstanding intense efforts by multiple breath research groups, has had little influence on clinical ammonia research. Thus, both the easy and difficult extremes
of the breath metabolite spectrum reveal that, at times,
the breath enterprise exists as only a tangential contributor to overall human research. The literature is replete
with orphaned pilot studies. While hydrogen and ammonia serve as prototypical examples, this pattern has been
duplicated with many metabolites (Table 3).
Notably, most of the candidate “fatty liver” VOCs are
also quite difficult to measure (Figure 1).

research offices and facilities. For example, it must be
proven that a subject’s breath ethanol at 200 ppb would
be measured the same in low (e.g., 50 ppb) and high (e.g.,
5000 ppb) ambient air environments. Once established,
then other important influences should evaluated, including time of day, mode of breathing, mouth rinses, food
intake including composition and timing, and so on.
It must be acknowledged that such studies are often
tedious, have poor publication value and short term return on investment. However, they are essential. Historians note that when the United States Food and Drug Administration (FDA) first promoted the basic drug safety
expectations that evolved into present day preclinical
and phase Ⅰ studies (i.e., the Food, Drug, and Cosmetic
Act of 1938), most pharmaceutical companies simply
folded[63]. The survivors, e.g., Merck, not only responded
by drastically increasing their research enterprise, their
leadership specifically assigned only their best scientists
to these early stage efforts in acknowledgement of both
their critical importance and tedium.
Breath research has to date failed to uniformly meet
these requirements. Breath research papers often detail
monitor mechanics and the ability of the monitor to reproducibly measure a targeted VOC against a known laboratory reference gas standard. Without further evaluation,
small cross-sectional human studies are then performed
purportedly to evaluate a disease state. Unfortunately, this
pattern ultimately results in an unconvincing and inherently limited literature, as illustrated above for both breath
hydrogen and ammonia. Breath VOC researchers have,
therefore, earned skepticism from the broader research
community.
Fecal VOC analysis should also meet these standards.
For example, a recently published study evaluated fecal
VOCs in NAFLD[64]. Using home stool kits, subjects produced samples once, froze them, and later transported
them to the lab. Fecal VOCs were then measured and
compared to DNA analysis. Given the large number of
VOCs measured (two hundred twenty), small sample size
(thirty cases and controls) and observational case-control
study design, the strength of the study’s conclusions is
largely determined by the confidence in the measurement

Path Forward
Volatility mandates reproducibility. first, test the test
By definition, VOCs are dynamic and changeable. Furthermore, they are present only in trace quantities and are
subject to multiple confounders, including environmental
factors. Therefore, studies of VOCs carry an exceptional
burden of validation that requires the demonstration of
reproducibility. Ideally, this includes at least three kinds
of reproducibility: immediate (paired samples back to
back), day to day, and location to location. The latter is
needed because of ambient air influences, especially if
human breath is collected in proximity to medical or
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by purpose, e.g., predictive, prognostic, and so on[73-75].
This compass must guide testing. Poorly designed studies
in the wrong population are destined to yield uninterpretable results; this is especially true in breath analysis,
where experimental monitors are often touted to measure
experimental metabolites via experimental interface samplers to describe unknown biology.
Successful breath VOC research requires (1) multiple
disciplinary teams; (2) extensive early stage validation
studies; and (3) a clear clinical research strategy.
Coherent teams require, at a minimum, the ongoing
participation of engineers, breath measurement experts,
clinical researchers with experience in gut biology, gastroenterology, hepatology, and statistics. The process should
begin with a foundation of knowledge and experience
with breath VOCs resulting in focused testable hypotheses that can be transformed into monitors with specific
performance specifications and operational capacities.
Ideally, multiple monitors are built and are tested clinically
side by side first at a single site and then at multiple sites
for accuracy and reproducibility. After these are clearly
established and normative data are generated, disease
specific hypothesis can be pursued. Finally, a clear long
term clinical research strategy grounded in the requirements for biomarker development should be articulated.
Outside of a few centers of excellence, (e.g., the Austrian
Breath Research Institute, ISTM Keele University) such
a comprehensive approach would be novel for breath research. The recent publication of comprehensive breath
research books[76], growing interest in breath research
conferences, and the development and greater use a specially designed interface sampler[77] are positive steps.

process. However, while the authors and accompanying
editorial carefully and appropriately discuss multiple other
important influences and limitations of the study, neither
substantively addresses this more basic issue[65]. Even for
analyses that may be exploratory and descriptive, more
complete methods discussion is imperative to build a
confidence foundation for additional studies.
Finally, it is noteworthy that while blood VOC analysis may also have important potential, it has similar
downsides. For example, Zhu et al[66], recently reported
that specific gut flora compositions may drive an elevated endogenous ethanol production in a pediatric population with non-alcoholic steatohepatitis. However, blood
assays for VOCs can also be challenging[67]; for example,
despite the fact that ammonia has been measured in
the blood for over one hundred years, the proper blood
source (venous vs arterial)[68] and state (partial pressure
NH3 vs NH4+)[69,70] remain debated. Furthermore, phlebotomy makes studies requiring multiple repeated measures difficult.

Biomarker Development: Breath
Success Requires Exceptional
Teams and Strategy
In the 1950’s and 1960’s, the United States FDA promulgated a three phase strategy to evaluate the safety and
efficacy of new drugs[63]. The phases became familiar
worldwide and created a uniform path for drug development. It is relatively easy, therefore, to interpret and
compare clinical trials as they evolve through the phases.
This is helpful not only for medical researchers, scientists,
and regulators, but also for other stakeholders including
investors and the broader public. Furthermore, drugs are
developed and approved for a specific disease indication.
Because this process is slow and highly resource intensive, progression through the phases occurs only after
careful and continuous consideration of an unmet need
and competing alternatives[71]. As a result of this stepwise structure, regulatory approval, at least in the United
States, is a milestone that is almost always associated with
at least some commercial potential.
Unfortunately for breath research, an analogous path
does not exist for non-invasive diagnostics or biomarker
development[72]. While the FDA indeed regulates non-invasive medical devices, the requirements for approval are
much different, generally lower, and not as well known.
Furthermore, they are not nearly as meaningful. Therefore, while biomarkers researchers may have lower apparent initial development costs and greater latitude than
drug researchers, they risk misunderstanding and misdirection amongst members of the development team.
It is essential, however, that an overall strategy exists.
This begins with an extensive and thorough validation of
a putative biomarker applied to a particular application,
e.g., risk estimation, screening, diagnosis, monitoring, and
so on. Moreover, biomarkers should also be characterized
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Breath VOC Metabolites for the
Gut-Liver Axis: Current Status
The breath VOC metabolites of interest shown in figure
1 are nearly as technically challenging as ammonia. Each
of them, however, have been measured in breath with
the generation of some normative data[33,78]. Many innovative and useful small, single center studies have been
published, as has been recently reviewed[28].
A few studies have specifically focused on the gut liver
axis and demonstrated some physiologic insights. For
example, Cope et al[79], evaluated the effect of an intervention (neomycin, a poorly absorbed antibiotic) on exhaled
breath ethanol in an obese murine model of fatty liver
compared to lean littermates. In addition to utilizing an
intervention, this convincing study also reported repeated
measures and thereby accounted for diurnal ethanol variations. The follow up human studies did not have these
strengths and were therefore less persuasive[80,81]. At present, though, breath VOCs are most developed not for fatty liver but for use in diabetes monitoring, where multiple
groups have many significant recent advances[82,83].
Finally, it must be acknowledged that liver disease,
especially fatty liver, is difficult to accurately measure
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by any means, including blood assays, imaging, or biopsy[84,85]. Moreover, the pathophysiology of fatty liver,
its relationship to steatohepatitis, cirrhosis, and associated
conditions like obesity is complex, and there are many
important mechanisms that do not involve VOCs. Thus,
even if a well validated breath VOC panel existed now,
it would be difficult to definitely tie such a profile to a
clinical outcome of interest, and multiple measurement
modalities are likely needed. As a result, breath research
groups might aspire to participate in established long
term fatty liver research programs (e.g., the United States
based Non-Alcoholic Steatohepatitis Clinical Research
Network[86]) as ancillary studies.
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Core tip: Nonalcoholic fatty liver disease (NAFLD) is the
most common form of chronic liver disease; no clinical or serologic tests have yet replaced liver biopsy for
definitive diagnosis. The histologic spectrum includes
steatosis, steatohepatitis, and cirrhosis with or without
active steatohepatitis. Hepatocellular carcinoma may
occur in cirrhosis, or prior to cirrhosis. Liver biopsy provides vital data for patient care, clinical trials, and for
ongoing research into nuances of the disease process.
The histologic spectrum of NAFLD, features with coexistent diseases, differential diagnoses, grading and
staging methods and the role of liver biopsy, as well as
a brief description of non-invasive alternatives, are discussed.

Abstract
Nonalcoholic fatty liver disease (NAFLD), defined as
abnormal accumulation (> 5%) of hepatic triglyceride
without excess alcohol intake, is the most common
form of chronic liver disease in adults and children in
the United States. NAFLD encompasses a spectrum of
histologic findings including uncomplicated steatosis,
steatosis with inflammation and steatohepatitis [nonalcoholic steatohepatitis (NASH)]; the latter can advance
to cirrhosis and hepatocellular carcinoma. NASH is
currently accepted as the hepatic manifestation of the
set of cardiovascular risk factors collectively known as
metabolic syndrome. In 1999 a system for histologic
grading and staging for NASH was proposed; this was
revised by the NASH Clinical Research Network in 2005
for the entire spectrum of lesions in NAFLD, including
the lesions and patterns of pediatric NAFLD, and for
application in clinical research trials. Diagnosis remains
distinct from grade and stage. A recent European
proposal separates steatosis from activity to derive a
numeric diagnosis of NASH. Even though there have
been promising advancements in non-invasive testing,
these tests are not yet detailed enough to replace the
full range of findings provided by liver biopsy evaluation. Limitations of biopsy are acknowledged, but liver
biopsy remains the “gold standard” for diagnosis and
determination of amounts of necroinflammatory activ-
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD), defined as
abnormal accumulation of triglycerides in the liver (i.e., >
5%) in the absence of significant alcohol intake, is recog-
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nized as the most common cause of chronic liver disease,
and is estimated to affect 30% of adults and 10% of
children in United States[1]. The prevalence of NAFLD
parallels that of metabolic syndrome, insulin resistance,
type 2 diabetes and central obesity[2]. It is currently recognized that mortality in the majority of individuals with
NAFLD is more likely from cardiovascular diseases than
from liver disease[3], thus, even though recent studies
have documented similar epidemiologic and histologic
features of NAFLD and nonalcoholic steatohepatitis
(NASH) in the geriatric population[4,5], this age group will
not be further discussed in this review. The prevalence
is highest in the ethnic Hispanic population, followed by
non-Hispanic whites, Asians and African Americans[6,7].
The prevalence increases significantly up to 80%-90% in
obese adults, 60% in patients with hyperlipidemia, and
30%-50% in diabetics[2]. Only a minority of subjects with
steatohepatitis actually progress to fibrosis or cirrhosis[8].
Currently, however, NAFLD is the third most common
cause of liver transplantation in United States[9], and is
projected to be the leading cause of liver transplantation
in the United States by 2020[1]. In addition, approximately
4%-22% of hepatocellular carcinomas in the Western
world are attributed to NAFLD[10]. Hepatocellular carcinoma may develop in either cirrhosis or non-cirrhotic
NAFLD, as recently reviewed[10,11].
NAFLD is a spectrum of histologic lesions of steatosis at one end, and steatohepatitis and cirrhosis at the
other[12]. However, whether in a given patient there is actual “progression” from steatosis to steatohepatitis without concurrent clinical complications such as weight gain,
or new onset diabetes, has not been adequately studied.
What is accepted is that steatosis itself is considered
“non-progressive” whereas steatohepatitis is the constellation of lesions with potential to progress; this was first
shown in a seminal series of Matteoni et al[13]. Thus, the
ability of the liver biopsy is to separate individuals with
steatohepatitis from those with “only” steatosis (which
includes steatosis with inflammation); this is an important goal that any diagnostic test should meet. NASH is
defined histopathologically by the presence of a constellation of features: steatosis, lobular and portal inflammation and liver cell injury in the form of hepatocyte
ballooning. Initially, in adults, the ballooning and fibrosis
are in a zone 3 distribution; once abnormal matrix is
deposited (i.e., fibrosis), and architectural remodeling occurs, the zonality of injury is less apparent.
Many advances have occurred since the initial recognition that fatty liver disease could occur in overweight
and/or diabetic subjects who weren’t over-exposed
to alcohol by several researchers including Thaler[14],
Klatskin et al[15], Schaffner et al[16] and Ludwig et al[17] in the
late 1970’s and early 1980’s. These include histopathologic
work in humans with careful clinical correlations discerning the prevalence of NAFLD and NASH[18], the roles
of progenitor cells and the ductular reaction in fibrogenesis[18-21], and the role of innate and adaptive immunemediated mechanisms in steatohepatitis[22], progression
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of steatohepatitis to cirrhosis and hepatocellular carcinoma[10,23,24] and genetic and genomic underpinnings of
disease susceptibility and progression[25,26].

LIVER BIOPSY: ROLE, INDICATIONS,
AND DRAWBACKS
The general indications for performing a liver biopsy in
patients with NAFLD are to confirm or exclude the diagnosis, diagnose other liver diseases, and to determine
amounts of damage to the liver for treatment and prognosis. The last includes necroinflammatory activity, which
is potentially reversible, and collagen deposition with
varying degrees of remodeling, which is potentially less
reversible. More specific indications have been recently
stated. According to the 2012 guidelines from American
Association for the Study of Liver Disease (AASLD),
liver biopsy should be reserved for subjects who will
“benefit”, for subjects with potentially competing diagnoses, and for children with either an unclear diagnosis or in
whom consideration is being given for medication[27]. The
European Association for the Study of Liver Disease position statement on liver biopsy differed slightly and recommended liver biopsy in all bariatric surgery subjects,
and as an endpoint in all clinical trials[28]. Liver biopsy
remains the standard against which noninvasive (serologic
and imaging) methods are judged in order to assess these
features. By histologic evaluation, one is able to distinguish between NASH, a lesion with progressive potential,
and no NASH, lesions without potential to progress[28-33].
Performing a liver biopsy on every patient with suspected NAFLD remains a controversial subject in daily
practice, and clearly is not a practical consideration as a
“screening” tool. There are studies, however, that support
the value of liver biopsy. A frequently cited albeit older
study by Skelly et al[34] showed that of 354 biopsied patients
with otherwise unexplained abnormal liver tests 66% had
fatty liver, 50% of those had steatohepatitis, approximately
19% of the remaining biopsies had other treatable causes
diagnosed by the pathology evaluation including autoimmune hepatitis (AIH), primary biliary cirrhosis (PBC), hemochromatosis and alcoholic liver disease (ALD).
A more recent study used a modeling system to show
that obtaining a liver biopsy could provide survival benefit to patients with NAFLD. Gaidos et al[35] evaluated
the long-term benefit of biopsy vs no biopsy. The study
showed that performing an early liver biopsy resulted in a
higher percentage of having mild liver disease ultimately
in NAFLD patients. Early diagnosis and treatment resulted in decrease in progression to severe disease or
transplant and a predicted survival advantage in NAFLD
patients. In addition, the risk of death related to liver biopsy did not offset the survival advantage. Others have
demonstrated the benefits of liver biopsy in NAFLD
by demonstrating the presence of NAFLD or NASH in
“atypical settings” such as concurrent disease processes
such as Hepatitis C[36-38], AIH, PBC, hereditary hemochromatosis (HH)[36], as well as drugs and occupational
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exposures[39-41]. Liver biopsy studies proved the validity
of the concept of the presence of all ranges of necroinflammatory activity and fibrosis, including cirrhosis, in
the presence of normal alanine aminotransferase values
in adults[42-44], and children[45]. The current state of investigation for pathologists is to evaluate which subjects will
develop fibrosis and why, and which findings on early
biopsies, if any, may be predictive of future outcomes.
Liver biopsy studies have given insight into natural
history of NASH, albeit in a selected group of primarily adult subjects. The prevalence of NASH, 12.2% of
over 300 multi-ethnic adult subjects, was established in
a Texas city by liver biopsy in an unbiased community
who were willing to undergo ultrasound and subsequent
liver biopsy. Nearly 30% had evidence of NAFLD by
ultrasound[18]. This was the first study of its kind in
adults, as all prior studies had been done either in living
donors, who did not have evidence of steatohepatitis, or
in autopsies. Liver pathology evaluation was the first to
establish the remarkable incidence of fatty liver of up to
13% in an autopsy study of children who died from accidental deaths[46]. Liver biopsy further characterized the
association of cardiovascular disease and biopsy proven
NAFLD in 150 overweight children compared with 150
overweight children without NAFLD[47].
At the current time, it remains common practice to
attribute cases of cryptogenic cirrhosis to burned out
“NASH”. This is not altogether appropriate unless there
is prior biopsy proof of NASH because clinically it is
known that other forms of liver injury can “burn out”, in
particular alcoholic liver disease and autoimmune liver disease. It was liver biopsy studies that indicated that NASH
may be one of the underlying causes of cryptogenic cirrhosis, which, by definition, has no serologic markers for
determination of cause of liver disease. This was shown
in a small case series[48] then larger case studies comparing NAFLD-related cirrhosis to cirrhosis related to other
forms of serologically diagnosed chronic liver disease[49],
and finally in kindred studies[50]. Liver biopsy in cirrhosis
of otherwise unknown etiology can show evidence of
ongoing steatohepatitis, or burned out disease without
any activity or steatosis in subjects with clinical features
of metabolic syndrome. Additionally, not only will NASH
progress to advanced fibrosis and cirrhosis in a subset of
individuals if the underlying metabolic conditions are unchanged, but several studies have verified that NASH may
also regress spontaneously, as reviewed[51]. This phenomenon has largely been observed in either placebo arms or
in the non-responders of treatment trials[52-54].
In 2009, an AASLD sponsored workshop raised important questions for advancement in the field of NAFLD,
providing guidance for investigators for clinical design
and end points including pathologic and laboratory
data[55]. As evidenced by published recommendations, liver biopsy is an important tool in clinical trials. Outcomes
remain based on histologic features which provide information regarding the effects of intervention on extent
and severity of hepatocellular injury, inflammation, and
architectural alterations as well as the ultimate diagnosis.
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To date, histologic evaluation remains the “hard endpoint” that can be measured with the most reliability[12].
The most commonly used tool for histologic evaluation
is the nonalcoholic fatty liver disease activity score (NAS)
(Details will be discussed in later in the text). The NAS
was not intended to replace the diagnosis but to provide
a sensitive tool to assess the changes that might occur
with treatment[56]. However, unintended use of this score
has been noted by the investigators[56]. A study by NASH
clinical research network (CRN), including 976 adult liver
biopsies, challenged this concept and demonstrated that
while the NAS correlated with the diagnosis, it was in
the lower and higher ends of the spectrum. Therefore, if
NAS were to reflect the diagnosis, a significant portion
of these patients would be misclassified[56]. Most importantly diagnosis of NASH was strongly associated with
the presence of diabetes, quantitative insulin sensitivity
check index (QUICKi) and homeostasis model assessment-estimated insulin resistance (HOMA-IR)[56] while
the diagnosis and the NAS both correlated with aminotransferases. This data further supported the concept that
scoring lesions and diagnosing patterns of injury are different processes for a pathologist[29,56].

LIVER BIOPSY LIMITATIONS
Liver biopsy, as useful as it is, however, does have limitations. The major limitation of liver biopsy is the invasive
nature of the procedure. Though considered “minimal”,
liver biopsy is an invasive procedure and can have complications even in the ideal clinical conditions, including
pain, minor and major bleeding (0.3%). Organ perforation is uncommon, but more likely in blind biopsy. Death
albeit rare, has been reported at 0.01%[57]. Currently, the
majority of liver biopsies are performed under ultrasound
guidance. As with liver biopsy interpretation, operator
experience is an important factor in success[58].
As in other chronic liver diseases, biopsy size is an
important, but often unrecognized consideration in diagnostic accuracy[12,59,60]. A biopsy, at least 1.6 cm in length
with 1.2-1.8 mm diameter, containing approximately 10
portal tracts is considered adequate[61,62]. Even then an adequate liver biopsy represents approximately 1:50.000 of
the entire organ[63].
Some limitations of liver biopsy are due to variability
of the disease process itself, as with all other forms of
chronic liver disease. NAFLD, while a diffuse process of
the liver, can have differences particularly in fibrosis due
to the location of the samples under evaluation. The subcapsular liver tissue is generally more fibrotic, and the left
lobe has larger portal areas near the capsule than the right.
Thus, it is important, particularly for studies, that both pre
and post study biopsies are done in a similar fashion and
from the same region of the liver[12]. Authors have not
always agreed on the amounts of histologic sampling variability in NAFLD. Larson et al[62] found minimal variability
in steatosis, NAS ≥ 5 and fibrosis between two samples
in bariatric subjects. The study also emphasized the need
for not only appropriate length, but also width of liver bi-
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opsy needle. Another study in morbidly obese individuals
undergoing bariatric surgery found moderate histologic
variability between lobes[64]. In two additional studies, one
in bariatrics and one in non-morbidly obese subjects, two
separate biopsies from the same location in the same lobe
were graded and staged independently and showed one or
more points in discordance in fibrosis stage[59,60]. In addition hepatocyte ballooning, one of the diagnostic requirements of NASH, was not present in 24% of patients in
one study in one set of the biopsies[60]. The implications
for clinical studies for evaluating pre and post treatment
biopsies are apparent.
The experience of the pathologist also plays a significant role in making the diagnosis of NAFLD; this is
similar to other liver diseases[58]. The interobserver agreements on steatosis, ballooning and fibrosis were good
amongst pathologists in the study of Kleiner et al[65] that
included 32 adult biopsies and 9 pathologists but not so
strong for location of steatosis and for inflammation[66].
Similar observations were reported in a study of 21 liver
biopsies read by eight experienced Japanese hepatopathologists with good agreement on fibrosis and extent
of steatosis. Younossi et al[67], showed good concordance
for extent of steatosis and degree of fibrosis along with
ballooned hepatocytes in 53 liver biopsies interpreted by
4 experienced liver pathologists.
The high prevalence of NAFLD in the population and the limitations, risks and cost of liver biopsy
have led investigators to seek for non-invasive methods
to diagnose, and stage NALFD. The ideal test would
be cheap, reproducible, and would be able to diagnose
the full spectrum of NAFLD, predict fibrosis, and also
reflect changes that occur with treatment[31,32]. Several
different methodologies including imaging modalities,
serum markers and combined tests are currently being
investigated. Even though advancements are being made
in these fields, none of these can provide detailed and accurate enough information to replace the liver biopsy. For
a more comprehensive summary of recent non-invasive
tests, the reader is referred to current reviews[31,32].
In summary an adequate liver biopsy, with appropriate
clinical history, interpreted by a trained liver pathologist,
is not only pivotal for an accurate and complete diagnosis
(or exclusion) of NAFLD (or NASH), but also is optimal
for obtaining detailed information regarding disease pattern, severity and fibrosis. It provides important information with respect to subtypes, potential future risks,
possible etiology, and natural history of disease, and sets
the ground work for future molecular studies and clinical
trials, assisting clinical colleagues and patients with treatments and follow-up.

entertained. Steatosis initially is found predominantly in
hepatocytes around the terminal hepatic venule (zone
3); when abundant, steatosis can be panacinar, and when
resolving, may be irregular, or azonal. The type of triglyceride accumulation that is observed in NAFLD is
predominantly macrovesicular and is typically characterized by a single or a few lipid droplets within the affected
hepatocytes, displacing the nucleus peripherally within
the cell (Figure 1A). When the droplets are smaller, i.e.,
“small droplet” steatosis, they are well-defined and easily
delineated from one another. Small droplets often form
droplets around the larger droplets and may coalesce
to form the macrodroplet. Albeit small, these types of
droplets should not be confused for true “microvesicular”
steatosis, as the pathophysiology and thus implications
for liver function differ (Figure 1B). Microvesicular steatosis may occur in a patchy distribution in up to 10 % of
NASH cases[68,69], and has been shown in a large study to
be associated with ballooned hepatocytes, and advanced
fibrosis[69].
There are a constellation of histopathologic lesions
required for the diagnosis of steatohepatitis. These include steatosis, inflammation (lobular and portal) and
hepatocyte injury, commonly in the form of ballooning.
Ballooned hepatocytes appear as enlarged hepatocytes
with a flocculent, cleared appearance of the cytoplasm
with irregular cytoplasmic borders[30,70] (Figure 1C). Often
the nucleus is hyperchromatic. Hepatocyte ballooning has
been shown to correlate with oxidative damage[71] and microtubule disruption[30,70], and loss of normal structure of
the cytoskeleton[71,72]. In adult NASH, ballooned hepatocytes are most commonly seen in zone 3 and if fibrosis is
present, they are intermixed with perisinusoidal collagen
fibers. Keratins 8/18, present throughout the cytoplasm
of all normal hepatocytes[72], are damaged in ballooned
hepatocytes; this is manifest with loss of cytoplasmic
immunoexpression (Figure 1D), movement to submembranous location, and highlighting of Mallory-Denk
bodies (MDB)[73]. MDB are ubiquitinated keratins and cytoskeletal structures within the proteosome (Figure 1E).
p62 and ubiquitin are immunomarkers that label MDB[74].
By trichrome stain, MDB can be blue or green (Figure
1F). In NASH, MDBs are often less well-formed than in
alcoholic hepatitis or alcoholic steatohepatitis[75]. Finally,
ballooning has been associated with several relevant clinical markers such as measures of insulin resistance[76],
increased serum cholesterol[76,77] and serum markers of
necroinflammation[78]. Similar correlations have also been
noted in the pediatric population[79].
Lobular inflammation, typically more prominent than
portal inflammation in uncomplicated adult NAFLD,
is mostly mononuclear, but also includes Kupffer cell
clusters, microgranulomas with or without lipid droplets,
and larger lipogranulomas (Figure 1G). Lefkowitch noted
prominent enlargement and aggregation of Kupffer cells
around terminal hepatic venules in NASH, in contrast to
the even distribution in normal livers and uncomplicated
steatosis[80]. Kupffer cells, the largest resident macrophage

HISTOLOGIC FEATURES, GRADING, AND
STAGING OF NAFLD: ADULTS
In NAFLD, 5% or more macrovesicular steatosis is required for the diagnosis. This may occur with or without
other findings, but without it, the diagnosis cannot be
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Figure 1 Histologic features, grading, and staging of nonalcoholic fatty liver disease. A: Mixed large and small droplet steatosis, single droplet, with nucleus
pushed to one side, HE stain, 600 ×; B: Microvesicular steatosis, nuclei in the center with foamy cytoplasm, and megamitochondria HE stain, 600 ×; C: Ballooned
hepatocytes with flocculent cytoplasm, HE stain, 600 ×; D: Loss of cytoplasmic expression of keratin 8/18 in ballooned hepatocytes, 600 ×; E: Mallory-Denk body, HE
stain, 600 ×; F: Mallory-Denk body in blue-green color and dense perisinusoidal fibrosis, Trichrome stain, 600 ×; G: Portal lipogranuloma, HE stain, 400 ×; H: MalloryDenk bodies and satellitosis HE stain, 600 ×; I: Delicate perisinusoidal fibrosis, Trichrome stain, 600 ×; J: Bridging fibrosis, Trichrome stain, 200 ×.

population in liver, are an important component of the
innate immune system[81] and are implicated in the development and the progression of steatohepatitis[82,83] as well
as in fibrosis[83].
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Occasional polymorphonuclear leukocytes may also
occur as a part of lobular inflammation. When intense
and encircling hepatocytes (i.e., satellitosis), one should
consider alcoholic hepatitis (Figure 1H). The intensity
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and distribution of the inflammation varies within the
lobule. In some cases, the intense inflammation in zone
3 may be confused with a portal area with the duct obscured by inflammation. This may be particularly true in
the cases when an artery branch is readily appreciated in
zone 3[84].
Portal inflammation in NAFLD/NASH can be seen
in 4 situations in increased amounts. In most cases, however, it is usually milder than lobular inflammation, and
mononuclear cells are typically predominant[85]. Increased
portal inflammation in active NASH has been associated with increased steatosis, ballooning and fibrosis in
a series of 728 adult and 205 pediatric biopsies[86]. Additionally, portal inflammation was noted to predominate
along with portal fibrosis in a study of 100 pediatric
NAFLD biopsies[87]. When portal inflammation is unusually prevalent, or when lymphoid aggregates occur in
adult NAFLD or NASH, one should consider the possibility of a concurrent liver disease such as viral hepatitis,
autoimmune liver disease, as examples[36,88]. Liver biopsy
data has shown that pathologists are capable of diagnosing NASH concurrently with another serologically
positive liver disease, in particular, HCV, but the criteria
may differ. This concept was shown by 3 separate studies; 2 retrospective reviews of large biopsy series[36,38]
and a prospective study[89]. One group emphasized the
necessity of stricter histologic criteria when evaluating
NASH with other diseases by focusing on the characteristic zone 3 perisinusoidal fibrosis of the former that
does not occur in the latter[36]. The fourth consideration
is increased portal inflammation compared to lobular
in adult patients following otherwise effective intervention[29]. Finally, a different type of portal inflammation,
i.e., polymorphonuclear leukocytes accompanying periportal ductular reaction may be indicative of ALD with
pancreatitis or other forms of biliary obstruction.
Studies have demonstrated expansion of the periportal progenitor cell compartment in NASH. Hepatic
progenitor cells (HPC) reside within the canal of Hering, along the limiting plate. They are rarely visualized by
light microscopy unless activated. HPC are characterized
by high N:C, round to spindled cytoplasm, ovoid nuclei
and positivity for keratin 7 and 19; these characteristics
are altered with progressive stages of development towards hepatocellular or biliary epithelium. In certain circumstances of liver injury and repair, stem cell markers,
Hedgehog pathway markers and others are also reported
in activated HPC[90]. Roskams et al[91] demonstrated increased number of progenitor cells in patients with
NASH and ALD; the study further showed correlation
between numbers of hepatic progenitor cells and fibrosis
stage. In a multi-center study of subjects before and after
various forms of treatment, the investigators demonstrated expansion of progenitor cell component, correlation
between ductular reaction, steatosis, amount of portal inflammation, and NASH activity grade[19]. The group went
on to demonstrate that the ductular reaction correlated
with p21 positive replicative arrest in hepatocytes which
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was also associated with NASH activity and with insulin
resistance. This area of epithelial-mesenchymal communication is one of ongoing interest in NASH.
Apoptotic hepatocytes are common both in NASH
and ALD. Investigators have found that increased apoptosis is associated with disease severity[92,93], as well as
fibrosis in NASH[92].
Isolated arteries observed in zone 3 correlated with
advanced fibrosis in NASH[84]. Care must be taken to
not confuse this region for a portal tract when there is
marked inflammation.
Iron deposition, typically mild, can be noted as punctate granules within reticuloendothelial lining cells and
as granules or blush within hepatocytes. It has been reported in 15%-55% of cases[94]. Reticuloendothelial iron
deposition was associated with steatosis, ballooning, portal inflammation, and fibrosis in a study of 849 patient
biopsies from the NASH CRN[95,96]. The relationships of
iron deposition, hepcidin, iron regulatory genetics, advanced fibrosis and insulin resistance in fatty liver disease
are complex and under intense investigation[96-99].
The typical pattern of fibrosis in adult NASH is initially located in zone 3 in the perisinusoidal spaces in a
pattern that is described as pericellular. When delicate, it
is best appreciated with Masson trichrome or other collagen stains (Figure 1I). As the disease progresses, the
fibrosis becomes denser in zone 3 perisinusoidal spaces
and, with further progression, portal and periportal fibrosis can be appreciated. At that point, ductular reaction is
often present. In time, central-central, central-portal, or
portal-portal bridging, architectural remodeling and finally cirrhosis may occur (Figure 1J). In the advanced stages
of fibrosis and remodeled architecture, perisinusoidal
fibrosis may no longer be present. Cartoon depiction of
progression may be seen in texts[100].

GRADING AND STAGING THE LESIONS
OF NAFLD/NASH
In 1999, a semi-quantitative grading and staging system
to describe and unify the approach of pathologists to the
histopathologic lesions of NASH and fibrosis along with
architectural alterations, was proposed by Brunt et al[101].
The system was developed from evaluation of 51 liver
biopsies of NASH, and followed the broad method
recently developed for chronic hepatitis of separating
activity (grade) from fibrosis (stage), with the recognition
that NASH was not a portal-based process[102]. A semiquantitative activity grade was assigned by a combination
of parameters including steatosis, lobular and portal inflammation, and hepatocyte ballooning (Table 1). Fibrosis staging was based on fibrosis patterns of adult NASH,
and reflects the progression of fibrosis as well as subsequent architectural remodeling. Figures 1I and J illustrate
Stages 1 and 3. The details of staging system can be seen
in Table 2.
In 2002 the Brunt grading and staging was revised by
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Table 1 Brunt grading system
Grade
Mild (1)
Moderate (2)
Severe (3)

Table 3 Nonalcoholic steatohepatitis clinical research network nonalcoholic fatty liver disease scoring system

Steatosis

Ballooning

Inflammation

1-2 (< 66%)
2-3
2-3

Minimal
Present-zone 3
Marked-zone 3

L: 1-2 P: 0-1
L: 2 P: 1-2
L: 3 P: 1-2

Steatosis grade
0: < 5%
1: 5%-33%
2: 34%-66%

Reproduced with permission[101]. Steatosis: grade 1: < 33%; grade 2: >
33%-66%; grade 3: > 66%. Lobular inflammation: grade 1: < 2 foci per 200
× field; grade 2: 2-4 foci per 200 × field; grade 3: > 4 foci per 200 × field.
Portal inflammation: grade 0: None; grade 1: Mild; grade 2: Moderate;
grade 3: Severe. Ballooning: grade 1: Rare; grade 2: Prominent ballooning.
L: Lobular/acinar inflammation; P: Portal inflammation.

3: > 66%

Lobular inflammation

Liver cell ballooning

0: No foci
0: None
1: < 2 foci per 200 × field 1: Few ballooned hepatocytes
2: 2-4 foci per 200 × field
2: Many ballooned
hepatocytes
3: > 4 foci per 200 × field

Reproduced with permission[65]. Nonalcoholic fatty liver disease activity
score (NAS): Steatosis + inflammation + ballooning. Fibrosis, 0: None; 1:
Perisinusoidal or periportal; 1A: Mild, zone 3 perisinusoidal; 1B: Moderate, zone 3 perisinusoidal; 1C: Portal, periportal; 2: Perisinusoidal and
portal/periportal; 3: Bridging fibrosis; 4: Cirrhosis.

Table 2 Brunt staging system
Stage
1
2
3
4

Zone 3 PSF, focal or Portal, periportal Bridging
extensive
+
+
+/+/-

0
+
+/+/-

0
0
+
+/-

sessments of portal inflammation into account. Further
validation of this method in non-morbidly obese subjects
is awaited.
In summary, grading and staging systems are useful tools in terms of providing a standard in pathology
reporting, monitoring response to treatment and/or
progression of disease both in patient care and clinical
trials. However, the diagnosis of NAFLD depends on
interpreting a variety of histologic findings and patterns
and, cannot be replaced or reflected with a single number
or score.

Cirrhosis
0
0
0
+

Reproduced with permission[101]. PSF: Perisinusoidal fibrosis.

NASH CRN for use as a feature-based system in clinical
trials. The system was published in 2005, and has come
to be known as “NAFLD Activity Score (NAS)”[65]. The
NASH CRN Scoring system includes the entire spectrum
of lesions that can be seen in the full range of NAFLD
and NASH, including pediatric liver disease (Table 3).
The disease activity score represents the unweighted sum
of scores for steatosis, hepatocyte ballooning, and lobular
inflammation. The fibrosis stage is an expansion of the
Brunt scoring, with additional subdivisions to stage 1 (1amild perisinusoidal fibrosis, 1b-moderate perisinusoidal
fibrosis, and 1c-portal fibrosis only, as occurs in pediatric
NAFLD).
Alkhouri et al[103] recently published a calculated pediatric NAFLD histological score (PNHS), using the
histologic parameters in NAS. The PNHS consists of
weighted sum of steatosis, hepatocyte ballooning, lobular
inflammation and portal inflammation. The “borderline
NASH” category has been eliminated from the pediatric
scoring system and high scores are associated with a diagnosis of NASH in this patient group[103]. The reader is
referred to the reference for the calculation.
Most recently, an algorithmic approach to scoring
has been proposed by Bedossa et al[104] based on over
600 bariatric patient liver biopsies. The SAF (steatosis,
activity, fibrosis) system is a sum of scores of steatosis,
activity (hepatocyte ballooning + lobular inflammation)
and fibrosis. Many details are modeled on the criteria by
NASH CRN[65]. The SAF system differs from NAS in
three major areas: it includes fibrosis into the final score,
it excludes steatosis from the activity score and one is
able to derive a diagnosis of NASH from a numeric value
of SAF. It is noteworthy that the proponents of this system do not take patterns of any of the lesions or any as-
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PEDIATRIC NAFLD
One of the most consistent observations of pediatric
NAFLD that differed from adults was the difference in
distribution of the fat, and the preferential accentuation
of portal inflammation and fibrosis (Figure 2A, B). Steatosis is commonly either panacinar or distinctly periportal
(zone 1)[87,105-107]. From a study that resulted in a hierarchical analysis of 100 pediatric biopsies, Schwimmer proposed two dominant subtypes of pediatric NAFLD: Type
1, the least common, but seen in Caucasian girls and with
the similar zone 3 accentuation as with adult NAFLD, and
Type 2, the most common, seen more often in boys and
characterized by either panacinar or periportal steatosis,
portal-predominant inflammation and portal-based fibrosis, and most commonly encountered in Asian, Hispanic
or Native American ethnic groups. The remainder of the
biopsies were “overlap” or steatosis[87]. Carter-Kent et al[108]
studied a large multi-ethnic overweight biopsy population
from several North American centers and found less ability to clearly separate the biopsies into discrete patterns
with an overlap of the two main patterns in 82% of cases.
Nobili et al[109] also noted more overlap (52.4%) than either
Type 1 or 2 in a series of 84 Italian overweight subjects.
The NASH CRN refers to zone 1 (periportal) pattern as
“borderline, zone 1”, and zone 3 pattern as “borderline,
zone 3”, and has found similar ethnic correlations to Patton et al[110]. Both patterns have been seen in blinded biopsy reviews by the Central Pathology Committee in adult
biopsies, albeit in small numbers. Interestingly, to date,
there is yet to be a definitive agreement amongst expert
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A

B

Figure 2 Pediatric nonalcoholic fatty liver disease. A: Periportal accentuation of steatosis with sparing of zone 3, pediatric nonalcoholic fatty liver disease (NAFLD),
HE stain, 200 ×; B: Portal fibrosis without zone 3 perisinusoidal fibrosis, pediatric NAFLD, Trichrome stain, 100 ×.

pathologists in the field for pediatric NASH histology, unless there are the very same characteristics found in adult
NASH, as described above. There is also no knowledge
about when or how a transition may occur from pediatric patterns to adult patterns of disease, but an initial
retrospective cross-sectional review of 186 NASH CRN
biopsies has shown that comparing biopsies from children during prepuberty, puberty and post puberty, there
is less steatosis and portal inflammation, but increased
steatohepatitis and Mallory-Denk bodies with the change
in age[111]. These findings are strongly suggestive that with
the changes of aging and associated hormonal alterations
and shifts of insulin sensitivity, the liver is more susceptible to the injury of increased free fatty acids and lipotoxicity. Natural history studies with prospective biopsies are
needed in this growing population.
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Translational approaches: From fatty liver to non-alcoholic
steatohepatitis
Natalia Rosso, Norberto C Chavez-Tapia, Claudio Tiribelli, Stefano Bellentani
noma. NAFLD may not always be considered a benign
disease and hepatologists must be cautious in the
presence of fatty liver. This should prompt the use of
the available experimental models to understand better
the pathogenesis and to develop a rational treatment
of a disease that is dangerously increasing. In spite of
the growing efforts, the pathogenesis of NAFLD is still
poorly understood. In the present article we review the
most relevant hypotheses and evidence that account
for the progression of NAFLD to non-alcoholic steatohepatitis (NASH) and fibrosis. The available in vitro and
in vivo experimental models of NASH are discussed
and revised in terms of their validity in translational
studies. These studies must be aimed at the discovery
of the still unknown triggers or mediators that induce
the progression of hepatic inflammation, apoptosis and
fibrosis.
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Core tip: The molecular mechanism associated with the
accumulation of fatty acids in the liver cells and the resulting molecular cascade leading to hepatic damage is
far from being understood. Due to the development of
reliable in vitro and in vivo models, we are starting to
open the “black box”. This will lead to a better understanding of the active clinical condition and hopefully to
a more effective treatment. This article critically reviews
what is known and what has still to be discovered
about the link between the accumulation of fat within
the liver and the resulting damage.

Abstract
Over the past few decades, non-alcoholic fatty liver disease (NAFLD) has become one, if not the most common,
cause of chronic liver disease affecting both adults and
children. The increasing number of cases at an early
age is the most worrying aspect of this pathology, since
it provides more time for its evolution. The spectrum of
this disease ranges from liver steatosis to steatohepatitis, fibrosis and in some cases, hepatocellular carci-
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a complex
spectrum of diseases ranging from benign steatosis (usually asymptomatic) to more severe alterations like nonalcoholic steatohepatitis (NASH), cirrhosis and, in some
cases, hepatocellular carcinoma (HCC). The most serious
aspect of the disease is the high incidence in pediatric and
adolescent populations, providing longer time for evolution[1]. Day by day, social and medical operators witness
the dramatic increase in the incidence of this phenomenon. The “global society” is driving us towards a global
epidemic of obesity, type 2 diabetes mellitus (T2DM)
and metabolic syndrome (MS). NAFLD and NASH are
strictly linked to the presence of insulin resistance (IR)
and are nowadays considered the hepatic manifestation
of the MS[2]. Although most typical forms of NAFLD
are overwhelmingly associated with IR and MS, it cannot
be said that IR and MS are invariably associated with fatty
liver[3]. Interestingly, NAFLD markers have also been associated with IR in type 1 diabetes[4], which is not closely
related to the MS. Hepatology and Gastroenterology
communities are facing a great challenge since within few
years, NAFLD will be the most important chronic liver
disease worldwide (Figure 1).
Lifestyle changes have occurred in the industrialized
societies due to the introduction of modern technologies
resulting in eating more and more importantly, moving
less. According to the Food and Agriculture Organization of the United Nations (FAO http://www.fao.org/docrep/x0262e/x0262e23.htm), in the next 40 years the daily
caloric requirements will decrease by 350 calories. Several
epidemiological studies have linked NAFLD to unhealthy
diet and sedentary behaviors[5-7], and the only effective
treatment for NAFLD and NASH is to guide the patient
to a healthier lifestyle[8] with lifestyle coaching including
personalized diet, physical activity and cognitive-behaviour therapy[9]. However, the lack of patient compliance
is the main limitation of this approach. Although to a
lesser extent, NAFLD can also occur in non-obese populations[10], suggesting that dietary composition is not the
only cause of fatty liver. Several sets of data reviewed by
Caldwell et al[3] showed that both ethnicity and genetic
polymorphisms play a major role in the development and
progression of the disease, and different genetic profiles
might be also responsible for the variations of steatosis
in the MS.
It is therefore of pivotal importance to further develop a strong translational approach to understand the
pathophysiology of this new disease and to translate it
into clinical practice. In the present paper, we review the
most recently published data on the pathophysiology of
NAFLD in an attempt to amalgamate the available information in order to contribute to the understanding of the
factors involved, including a critical analysis of the in vitro
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Figure 1 Estimation of the main etiological incidence of past, present
and future chronic liver diseases according to the available data from the
United States[130] and Europe[131,132].

and in vivo models.

Pathogenesis
The most accepted scheme to explain the development
of NAFLD and the progression from simple steatosis
to NASH is still based on theories. In 1998, Day[11] proposed the “two hits” theory. The “first hit” is characterized by the accumulation of lipids in hepatocytes due to
an altered intrahepatic lipid metabolism, where insulin
resistance seems to be the key pathogenic factor for the
development of hepatic steatosis[12], while the “second
hit” leads to hepatocyte injury, inﬂammation and fibrosis.
Several factors were suggested to initiate the second hit
such as: (1) proinﬂammatory cytokines and adipokines[13];
(2) mitochondrial dysfunction[13,14]; (3) oxidative stress;
and (4) endoplasmic reticulum (ER) stress[15] with subsequent apoptosis. In 2010, a more complex, global and
realistic model, the “multiparallel hits” hypothesis, was
proposed to explain the pathogenesis of NAFLD[16]. In
this model, the adipose tissue and gut-related factors play
a key role in the initiation of hepatic inflammation, suggesting that simple steatosis and NASH might be two different disorders and pointing to new, non-hepatic players
in the mechanisms of NAFLD and its progression.
Contributors to the development of insulin resistance
During the last few years, the interplay among gut microbiota, obesity and the metabolic consequences (liver
sensitization) has become important. Some of the main
factors involved in this process are summarized in Figure 2. Several clinical and experimental studies recently
reviewed in detail[17] suggest that microbiotal factors may
be the driving forces of IR[18], hepatic steatosis and subsequent inflammatory state. Changes in the composition
of the gut microbiota might induce an increased permeability and translocation of bacterial endotoxins promoting a chronic inflammatory state. This condition can alter
pathways such as insulin signaling, promoting the devel-
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Figure 2 Extrahepatic factors involved in the pathogenesis of non-alcoholic fatty liver disease. The affected organs and their response are represented in a
dynamic circle; in the center are indicated the main factors that contribute to the initiation/perpetuation of the hepatic injury (insulin resistance and chronic inflammatory state). The light blue arrows represent the organ-specific effects of each response. TNF-α: Tumor necrosis factor-α; MCP-1: Monocyte chemotactic protein 1; IL-6:
Interleukin-6; FFA: Free fatty acids; LPS: Lipopolysaccharides; TLR: Toll-like receptor; GIP: Glucose-dependent insulinotropic peptide; GLP: Glucagon-like-peptide.

dence (reviewed extensively by Targher et al[26]) suggesting
that patients with NAFLD have multiple risk factors of
CKD and that NAFLD is associated with an increased
prevalence and incidence of CKD both in patients with
and without diabetes. Renal dysfunction may be promoted by a mosaic of effects such as: (1) inflammatory cytokines released by the adipose tissue (TNF-α (tumor necrosis factor-α), IL6, adiponectin[27], leptin[28]); (2) obesityrelated mechanisms such as altered renal hemodynamics;
(3) excess of renal sodium reabsorption; (4) activation of
renin-angiotensin and sympathetic nervous systems; and
(5) physical compression of kidneys by adipose tissue.
Over the last 14 years there has been a surge in the
number of studies confirming that NAFLD is associated with IR (the “IR dogma”). Based on such studies,
one could expect that, by correcting IR, NAFLD could
be healed. Unfortunately, therapeutic studies[29] failed to
confirm this expectation, suggesting a more complex interplay of factors involved in the pathogenic process.

opment of IR. The molecular basis of IR is the result of
multiple genetic[19] and non-genetic mechanisms. IR can
initiate a dangerous vicious circle, involving inflammation
and hypercoagulability, which increases atherogenesis[20].
Data from animal models indicate that IR develops in
the vasculature well before these responses are detected
in muscle, liver, or adipose tissue[21]. These findings could
explain the high cardiovascular risk observed in subjects
with MS. Moreover, disruption in the endothelial insulin
signaling can promote the development of atherosclerosis in the absence of diabetes-related risk factors including hyperglycemia and hyperinsulinemia. The development of atherosclerosis is associated with a reduced
bioavailability of nitric oxide and an excessive production
of reactive oxygen species[22]. The endothelial dysfunction might be mediated by FoxOs transcription factors;
FoxOs inhibition in endothelial cells has been shown to
have promising atheroprotective effects[23]. Altogether
these findings are in agreement with previous data[24],
reinforcing the idea that hepatic IR and hepatic steatosis
might precede the development of T2DM. Epidemiological evidence (reviewed in detail elsewhere[25]) also suggests an association between MS and the risk of developing chronic kidney disorders beyond the contribution of
hyperglycemia and high blood pressure. The increased
rates of chronic kidney disease (CKD) and cardiovascular
disease are the most important clinical features associated
with NAFLD. To date, there is a mounting body of evi-
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Role of incretin hormones
Incretin hormones, such as glucose-dependent insulinotropic peptide (GIP) and glucagon-like-peptide 1
(GLP-1), are released by the gastrointestinal tract in response to nutrients that increase the glucose-mediated
insulin secretion,31]. In patients with T2DM the incretin
effect is severely reduced[32], due to an impaired secretion
of GLP-1 and a decreased activity of GIP[33]. Recent in
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vitro[34] and in vivo[35] data clearly show that hepatocytes
express GLP-1 receptors, and the exposure to GLP-1
agonists leads to: (1) a reduction of intracellular fat
load[36,37]; (2) enhanced fat oxidation[38]; and (3) an induction of macroautophagy[39], which is a critical process
for the removal of toxic fatty acids from cells. Other
important regulators of glucose homeostasis are the bile
acids, which through various signaling pathways regulate
cholesterol, fasting and mealtime glucose, and metabolism/energy homeostasis, as well as their own synthesis
and blood levels in the enterohepatic circulation[40,41]. The
composition of bile acids in T2DM has been shown to be
altered[42] as a consequence of a reduced gallbladder motility resulting in a reduced secretion of bile acids to the
intestine. A low bile acid concentration is associated with
a reduction in the secretion of GLP-1 and consequently,
an impaired glucose homeostasis with a decreased insulin
secretion[43]. Paradoxically, patients with NAFLD can often present a hyperinsulinemic state. However, instead of
a regulation of gluconeogenesis, insulin promotes de novo
lipogenesis that exacerbates hepatic lipid deposition and
accelerates the development of the disease. One possible
mechanism to explain this situation could be the activation of sterol regulatory transcription factor elementbinding protein-1c (SREBP1c), a master transcription
factor regulator of lipid synthesis, through the stimulation
of the target of rapamycin complex 1 (mTORC1)[44]. The
regulation of incretin hormones represents a promising
strategy for NAFLD. Therapy with GLP-1 agonists (like
exenatide) in T2DM patients promotes a positive effect in
the liver[45], since hepatocytes express GLP-1 receptor[34].
This compound might reduce or even reverse hepatic
fat accumulation and reduce the triglyceride (TG) levels,
most probably as a consequence of a reduced caloric intake, which is one of the main therapeutic contributions
of this kind of drug[46]. Unfortunately, the success of
bile acid interventions is limited in clinical practice and
the results obtained are discordant from those observed
in experimental models[47]. Hyperinsulinemia in NAFLD
leads to upregulation of the production of insulin-like
growth factor-1 (IGF-1) and activation of insulin receptor substrate (IRS)-1. This may activate several molecules
and signaling pathways including p53, mitogen-activated
protein kinases (MAPK), and phosphatidylinositol-3 kinase/Akt[48]. These pathways play a significant role in carcinogenesis by inducing cell proliferation and inhibition
of cell apoptosis[49,50]. Thus, NAFLD and HCC appear to
be regulated by similar signaling molecules and pathways
related to inflammation. This evidence is particularly
interesting to support the idea that NAFLD itself could
promote HCC development in earlier stages, even in the
absence of cirrhosis[51,52].

are stored mainly in adipocytes, and can be accumulated
in other cell types only under particular circumstances.
In this regard, an interesting example was presented by
Cohen et al[53] in migratory birds that store large quantities of TGs in the liver as an energy source in preparation for prolonged seasonal flights. Like migratory birds,
some humans who consume excess calories deposit fat
in the liver, as a maladaptive process. The moiety of the
intracellular fat has distinct toxic effects. As mentioned
before, hepatic accumulation of neutral cholesterol esters
and TG appears not to be a threat[54,55] (though this is
still an open question[56]); however, the presence of the
intermediate products seems to have a more deleterious
effect on liver cells. An altered lipid metabolism leads to
the accumulation of intermediate products such as diacylglycerol (DG) and phospholipids (sphingolipids and
ceramides)[57-59], and these compounds account for the
fatty acid-induced toxicity and for the hepatic IR (Figure
3). Moreover, these metabolites promote the activation
of numerous kinases, including nPKC isoforms, MAPK,
ERKs and c-Jun N-terminal kinase (JNK), S6K and inhibitor kappa beta kinase beta (IKKβ), that participate
in the phosphorylation of the IRS inducing positive or
negative effects on the insulin pathway[60]. Recent data
suggest a connection between altered cholesterol homeostasis and hepatic free cholesterol (FC) accumulation as
a trigger for the pathogenesis of NASH[61,62]. Most probably, FC accumulates within the ER membrane impairing
its fluidity. The resulting stiffening of the ER membrane
leads to an impaired activity triggering the ER stress and
eventual unfolded protein response, cell apoptosis[63,64]
via JNK signaling and to the release of RE Ca2+ stores.
Adjacent mitochondria readily take up the released Ca2+,
and the acute Ca2+ overload results in changes in mitochondrial potential and opening of the permeability
transition pores (PTPs)[65] ensuring a potent cellular cell
signal[66]. Dysregulation in nuclear transcription factors
SREBP-2[67], liver X-receptor (LXR)-α and farnesoid X
receptor (FXR) might be the cause of cholesterol altered
homoeostasis (extensively reviewed by Musso[68]). Interestingly, the incidence of NAFLD in the non-obese population has been associated with a high dietary cholesterol
intake rather than intake of polyunsaturated fatty acids[69].
Chronic inflammatory state
Persistent IR associated with an excessive caloric diet
and sedentary life style lead to obesity, now recognized
as a chronic inflammatory disorder. Thus, inflammation
is considered the major risk of obesity and is associated with white adipose tissue dysfunction. An altered
adipokine profile has been suggested to play a pivotal
role in the initiation and perpetuation of the pathological events[70,71]. In NAFLD, adipose tissue contributes to
the systemic production of TNF-α[72], MCP1, IL6 and
adiponectin; these mediators modify the hepatic inflammatory/immune system[56-59]. Furthermore, it has been
reported that the adipose tissue of obese subjects presents an increased number of macrophages[73], and they

Alterations in hepatic lipid metabolism
TGs are the preferred nutritional storage to buffer fluctuations in energy demand and availability. TG physical
properties allow their accumulation without adverse
osmotic or colloidal effects. In higher organisms, TGs

WJG|www.wjgnet.com

9041

July 21, 2014|Volume 20|Issue 27|

Rosso N et al . From NAFLD to NASH: A translational view

From NAFLD to NASH
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Figure 3 Effect of intracellular fat accumulation within the liver. Liver sensitization induces an alteration of the normal hepatic liver metabolism leading to simple
steatosis with neutral triglyceride (TG) accumulation or in the more severe cases, to the production of intermediate products (DG and phospholipids) responsible
for lipotoxicity. Alteration of several mediators of signaling pathways leads to the events observed during the progression from non-alcoholic fatty liver disease
(NAFLD) to non-alcoholic steatohepatitis (NASH) (hepatic insulin resistance, oxidative stress, inflammation, and fibrosis). IKKb: Protein Kinase-1-mediated IB Kinase;
ROS: Reactive oxygen species; IL-6: Interleukin-6; TNFα: Tumor necrosis factor-α; IGF-1: Insulin-like growth factor-1; PDGF: Platelet-derivedgrowth factor; ECM:
Extracellular matrix; MAPK: Mitogen-activated protein kinases; ERKs: Extracellular signal-regulated kinases; NF-κB: Nuclear factor κB.

might account for much of the adipose tissue inflammatory cytokine secretion. These cells presumably arise
from peripheral blood monocytes that become activated
by hyperinsulinemia and the abnormal levels of FFA
encountered in individuals with IR. Monocytes have also
been shown to be activated in poorly controlled type 1
diabetes, showing an increased ability to attach to the
endothelial cells[74], one of the early stages in atherosclerosis. Moreover, it has been reported that monocytes are
strongly correlated with glycated hemoglobin (HbA1c),
explaining the association between monocytes and IR
in type 1 diabetes[75]. Activation of these cells produces
abundant quantities of cytokines such as TNF-α and
IL6. Studies performed in human monocytes suggest
that these cells might respond to the increased concentrations of saturated non-esterified fatty acids observed
in IR conditions by producing high levels of IL6. This
increased secretion of IL6 could prime these cells to generate a robust local or systemic inflammatory response
contributing to the development of complications such
as T2DM and atherosclerosis[76]. In the liver, fatty acid
accumulation induces mainly the up-regulation of IL8,
produced both by hepatocytes and non parenchymal
cells[77-79]. It was reported that IL6 and TNF-α signaling
via TNF-α receptor-1 are important in NASH-related
development of HCC, and that hypoadiponectinemia accelerated hepatic tumor formation in the mouse model
of NASH[80,81]. A detailed study of the role of the main
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cytokines in humans and animal models can be found in
a recently published work from Braunersreuther et al[82].
Collectively, these data confirm the close relationship
between lipid metabolism and liver cancer in animal experimental models, although there are still many doubts
regarding human studies.
Contribution of oxidative stress
Several papers demonstrate that oxidative stress occurs
during NAFLD, especially due to mitochondrial dysfunction[14,83-86]. It has been reported that activated hepatic
mitochondrial metabolism[87] is a common characteristic
of NAFLD in both human subjects[88] and animal models[89]. However, the regulatory connection linking FFA
to altered mitochondrial function is still undefined. Currently, there are two competing views on the role of lipid
beta-oxidation in the development of NAFLD[88,89]. One
view holds that impaired or incomplete beta-oxidation
leads to hepatic steatosis and accumulation of lipid intermediates that inhibit insulin signaling. The other view
holds that increased supply of FFA to the liver results in
excessive beta-oxidation that fuels reactive oxygen species (ROS) accumulation and inflammation. The loss of
electrons from complexes Ⅰ and Ⅲ in the mitochondrial
electron transport chain can combine with oxygen to
generate ROS, powerful oxidizing agents that indiscriminately damage many important components of the cell
including DNA, lipid membranes and proteins. ROS are
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known to activate pro-apoptotic pathways and initiate
programmed cell death. However, it has also been reported that ROS-related lipoapoptosis appears to be celltype dependent[90,91]. Altogether, the role of specific FFA
metabolic pathways in promoting ROS accumulation
and damage remain largely unclear. The oxidative stress
observed in NAFLD subjects might probably be a bystander consequence of a sensitized liver, rather than the
main cause of the disease.

animal models have been established and proposed as
preclinical platforms for the study of NASH development and the definition of therapeutic options. Table 1
summarizes the most used animal models and their characteristics. The main advantage of this approach is the
possibility to define pathogenic pathways in a cause-effect
response. The goals these models need to fulfill are: (1)
that the pathological pattern of liver injury reflects human steatohepatitis; and (2) that the model should reproduce the context in which human NASH develops. The
most used models are genetically modified animals (see
for detailed reviews[99-102]) such as the ob/ob mouse with a
mutation in the leptin gene[73] or the db/db mouse which
lacks the leptin receptor. However, to develop fibrosis
and consequent NASH, both models require a methionine and choline deficient (MCD) diet[54]. A controversy
still exists about the validity of this diet, since MCD feeding in normal animals induces weight loss and insulin
sensitivity[103] despite the impairment of hepatic receptor
signaling[104]. Moreover, few human diets are deficient in
methionine and choline. Another genetic model consists
of animals with deletions in acyl-CoA oxidase (ACOX).
Although at an initial stage these animals present severe
steatosis and liver inflammatory infiltration with hepatocyte apoptosis, after 6-8 mo they become resistant to
steatosis with (PPAR)-α dependent liver regeneration,
limiting the utility of this model for the study of steatohepatitis. Deletions in methionine adenosyltransferase
(MAT)-1A (MATO mice)[105] and liver-specific pten lead
to the development of steatohepatitis but without MS.
Sterol regulatory element binding protein (SREBP)-1c
transgenic mice, which present an overexpression of this
protein in adipose tissue, show IR secondary to impaired
adipose differentiation leading to severe hepatic steatosis
with the histological features of steatohepatitis[106]. Conversely, these transgenic mice exhibit decreased adipose
mass limiting its application to NAFLD/NASH, where
adipose tissue is the storage compartment that contributes to perturbations of whole-body lipid homeostasis.
An alternative genetically modified animal model is the
KK-Ay mouse in which there is a heterozygous mutation
of the agouti gene (KK-Ay/a). Interestingly, these animals
present impaired hypothalamic appetite suppression[107]
and consequently, they are hyperphagic and develop an
obese phenotype. They also present hepatic steatosis in
conjunction with IR. However, the main limitation of
this model is that NASH does not occur spontaneously,
and a MCD diet is required for the induction.
The use of diet-induced models, extensively reviewed
elsewhere[102], is another strategy in the study of NASH
development. Different diets for small animals have been
characterized[108-110] with good results in the development
of steatosis and inflammation, but marginal results in generating fibrosis. Different effects depending on the composition of the diet have been reported. High-carbohydrate diets stimulate moderate hepatic lipogenesis in rats,
whereas animals fed with high-fat diets present a strong
inhibition of this anabolic pathway. The plasma TG levels

Progression of NAFLD to NASH
The progression from simple steatosis to NASH is
determined by the initiation of the fibrotic response.
Understanding the regulation of the initiation, progression and perpetuation of fibrosis will be very important,
particularly from a therapeutic viewpoint. Hepatic stellate cells (HSC) are the main regulators of extracellular
matrix (ECM) production and play an essential role
in the development of fibrosis (extensively reviewed
elsewhere[92,93]). Under normal conditions, HSC have a
quiescent phenotype and constitute a third of the nonparenchymal cell population; 85% of hepatic vitamin A is
dissolved and stored within quiescent HSC[94]. However,
these cells can be activated by noxious stimuli triggered
by damaged hepatocytes. When activated, HSC undergo
several phenotypic and functional changes. A decrease in
the retinoid content is accompanied by a strong increase
in the production of extracellular components and cell
proliferation. During the initial fibrogenic process, there
is a cross-talk between injured hepatocytes and HSC,
which is further stimulated in a paracrine mode by the
infiltrated leukocytes and activated Kupffer cells (KC).
The initial process is followed by the perpetuation of the
fibrogenic response. The master regulator of this process
is TGF-β[95], a pro-fibrotic cytokine released by almost
all the involved cells, whose effect is cell-type dependent.
For instance, in mature hepatocytes TGF-β is responsible
for inhibition of cell proliferation and participates in the
induction of apoptosis[96], while in HSC it promotes cell
activation[97] and enhanced production of ECM (collagen,
elastin, proteogycans, among others) associated with a
decreased degradation by inhibition of the activity of
matrix metalloproteinases.
From 1980 when Ludwig et al[98] first defined the condition, great efforts have been dedicated to elucidate the
underlying mechanisms involved in this multifactorial and
frequent disorder. In spite of data obtained in clinical settings, animal models and in vitro systems, the molecular
causes of NASH remains mostly speculative, and further
investigations are needed.
In vivo and in vitro experimental models
Due to ethical considerations, mechanistic studies are difficult (or impossible) to be conducted in humans. Consequently, the development of experimental models able to
mimic the human condition becomes a necessary tool in
the study of the pathophysiology and progression from
NAFLD to NASH. Over the last two decades, several

WJG|www.wjgnet.com

9043

July 21, 2014|Volume 20|Issue 27|

Rosso N et al . From NAFLD to NASH: A translational view
Table 1 Summary of the major findings obtained among the most widespread in vivo models
Model

Genetic manipulation

Diet
modifications

Obesity

Metabolic
syndrome (IR)

Hepatosteatosis

ob/ob
mice

Leptin Deficient

No
Yes
MCD

Yes
Yes

Yes
Yes

db/db
mice

Mutation on leptin receptor

No
Yes
MCD

Yes
No

Yes
Yes

No
Yes

No
Yes

AOX
null mice

Nullizygous for acycil CoA oxidase

No

Yes
Variable
(loss weight in
some)
Yes
Variable
(age-related
weight gain)
No

No

Nullizygous for (MAT)-1A

No

No

No

Yes
(before 6-8 mo)
Resistant
(after 8 mo)
Yes

No

MATO
null mice
pten
null mice

Yes
[before 6-8 mo
Resistant
(after 8 mo)]
Yes

Yes

Liver specific pten deletion

No

No

No

Yes

Yes

Yes

(SREBP)-1c
transgenic mice

SREBP-1c overexpressed in
adipose tissue

No

No

Yes

Yes

Yes

Yes

KK-Ay
mice

Heterozygous mutation on
agouti gene (KK-Ay/a)

No
Yes
MCD
No

Yes
Yes

Yes
Yes

Yes
Yes

No
Yes

No
No

No

Hepatic IR

No

-

-

Yes
HFHC
HF
Yes
Cholesterol
Cholate

Yes

Yes

Yes

Yes

Yes
(mild)

No

No
(only hepatic IR)

Yes
(over 1-6 mo)

Yes
(over 1-6 mo)

Yes
(over 1-6 mo)

LIRKO
mice
C57Bl/6J

Liver-specific Leptin
receptor KO
No

Cholesterol-Cholate
(Atherogenic diet)

No

Steatohepatitis

Fibrosis

Yes (in males) No (protected)
Yes
Yes

MCD: Methionine choline deficient diet; HFHC: High fat-high carbohydrate diet; HF: High fructose diet; KO: Knock-out; IR: Insulin resistance.

are higher in the high-carbohydrates diets, whereas the
high-fat diet determines an accumulation of TG in the
liver. However, both diets induce an increase of plasmatic
levels of glucose and insulin[111]. Regarding the generation
of fibrosis, promising evidence has emerged from mice
fed with an atherogenic diet containing 1.25% cholesterol
and 0.5% cholate[112]. Under these dietary conditions, a
progressive formation of steatosis is observed associated
with an evident inflammatory response, induction of
oxidative stress and development of fibrosis in 6-24 wk.
However, these animals are systematically insulin-sensitive, albeit they develop hepatic IR and surprisingly, they
show a weight loss. This makes the cholesterol-cholate
model substantially different from human NASH, severely limiting its application. A valid tool for the study of
hepatic IR and the effect of insulin on leptin homeostasis
is represented by LIRKO mice, a liver-specific insulin
receptor knock-out[113]. These animals present abnormal
glucose metabolism and progressive liver dysfunction, and
display focal dysplasia and hyperplastic nodules. However,
serum TG levels are decreased, most probably by the
inability of insulin to promote TG synthesis in the liver
and by reduced lipolysis in adipose tissue. In spite of the
hyperinsulinemia and IR, these animals are not obese[114].
A promising approach is the administration of a high-fat
diet associated with high fructose to male C57Bl/6J mice,
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which induces results similar to those observed in human
NASH[115]. In spite of the promising results, substantial
objections remain: (1) the long term exposure required
for observing the pathological phenotype[116]; (2) the inclusion of only male animals excluding the application of
this approach to the female population; and (3) rodents
might adapt to high-fat feeding and become resistant to
the development of obesity[117].
Worthy of attention is the fact that under specific
experimental settings, animals can develop NASH from
simple steatosis. However, the data fail to explain why in
humans only some individuals develop NASH while others can live with NAFLD with no complications[118]. This
crucial issue is still an open question, and most probably
may be related to a different response of the cell to fat
storage[119,120].
Contrary to other liver diseases in which in vitro models are important tools in research, convincing data are
still missing in NAFLD and NASH. One of the reasons
may be related to the use of a rather simplistic set-up
to tackle the multistep process of the development of
NASH. The use of an in vitro approach presents several
advantages and disadvantages, as recently reviewed in
detail[121]. A broad spectrum of in vitro validated possibilities is available, such as the use of primary cell culture,
immortalized cell lines, or an even more sophisticated
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system such as precision-cut slices of perfused liver. The
main obstacle of the in vitro system is the extrapolation
of the results to the much more complex human environment. A good example of this limitation is the choice
of free fatty acids (FFA), since it has been reported that
individual FFA have distinct inherent steatotic and toxic
activities, the saturated FFA presenting the highest toxicity[122]. In normal and in NAFLD subjects, the most
abundant FFAs in liver triglycerides are oleic acid (18:1)
and palmitoleic acid (16:1) for unsaturated, and palmitic
acid (16:0) and stearic acid (18:0) for saturated FFAs[123].
The relative concentration has been demonstrated to be a
determinant in their hepatic accumulation and toxicity[124].
For instance, different effects of oleic and palmitic acid
were reported on lipid accumulation and on the induction
of apoptosis. Oleic acid was shown in several hepatic cell
lines to be more steatogenic than palmitic acid[125] but less
toxic that the latter. Long chain FFAs are highly insoluble
in the aqueous phase, and for this reason are carried in
blood associated with serum albumin. Whereas under
physiological conditions the FFA: albumin ratio is around
2:1[78] under pathological states, the ratio can be as high as
7.5:1[126]. This simple, but fundamental, detail is often disregarded in several studies. In addition, since the development of NAFLD and the progression to NASH involve
several cell types, another crucial point is the cell type
used in the experimental system. The vast majority of the
published data has been obtained in hepatocyte cultures,
but for the study of the progression to fibrosis, other cell
types such as HSC and KC must be considered. The crucial role played by the interaction among the different cell
types points to the need of much more controlled experimental setups to provide a comprehensive approach to
the molecular mechanisms involved. For this reason, the
establishment of co-culture systems has been acknowledged to be promising in the last few years[77,127-129] with
regard to the study of the different intracellular mechanisms.
In any case, in spite of the progress in the molecular
biology of NAFLD/NASH, the main limitation of these
in vitro approaches remains the different models and experimental variables used in the different laboratories. This
makes each study somewhat unique and independent from
the others. A better definition of the experimental conditions and standardized models would greatly contribute to
improving the possibility of achieving solid results.

vestigate the still unknown reasons why only some types
of sugars and lipids induce progressive hepatic inflammation, apoptosis and fibrosis. We hope they will help us to
understand the inner mechanism of the damage and design better drugs that will combine with a much healthier
lifestyle to fight this plague.
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INTRODUCTION
The aim of this paper is to provide a concise review of
the main epidemiological literature on fatty liver (FL)
published between January 2011 and October 2013. The
findings from such literature will be considered in light of
the already available knowledge[1,2]. Our main focus will
be on the general population though we will also consider
selected clinical studies. We have organized this paper as
a series of answers to relevant questions about the epidemiology of FL. It is our hope that this format will attract
the interest of practicing physicians as did our previous
review on FL that was presented in this manner[3].

Abstract
We provide a concise review of the main epidemiological literature on fatty liver (FL) published between
January 2011 and October 2013. The findings from the
literature will be considered in light of the already available knowledge. We discuss the limitations inherent in
the categorization of FL into non-alcoholic and alcoholic
FL, the potential relevance of FL as an independent
predictor of cardiometabolic disease, and recent research addressing the role of FL as an independent
predictor of mortality. This review is organized as a
series of answers to relevant questions about the epidemiology of FL.

WHAT IS FATTY LIVER?
A liver is said to be “fatty” when its hepatocytes contain
more than 5% of triglycerides[4,5].
The reference method for the diagnosis of FL is liver
biopsy (LB), which is presently used to classify steatosis
as light (5% to 33%), moderate (> 33% and < 66%) or
severe (> 66%)[4,5]. Although LB is the reference method
for the diagnosis of FL, it is an imperfect gold-standard
because of sampling error[6,7]. More importantly, LB cannot be employed outside Liver Centers, and less invasive
methods are needed to study the epidemiology of FL in
the general population[8].
Liver ultrasonography (LUS) is the method most
commonly employed to assess FL in the general population[8-11]. Compared with LB, LUS has a sensitivity of
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84.8%, a specificity of 93.6%, a positive likelihood ratio
of 13.3, and a negative likelihood ratio of 0.16 for the
detection of moderate to severe FL[11]. LUS offers an accurate assessment of FL starting from an intrahepatic triglyceride content of 10%[11]. We have found LUS to agree
well with LB for the assessment of moderate to severe
FL in children[12] but there are presently not enough data
to draw definitive conclusions about the interchangeability of LUS and LB in pediatric age[13,14].
Magnetic resonance spectroscopy of the liver (LMRS)
has also been used to perform population studies of
FL[15] but is less portable and more expensive than LUS[8].
However, a clear advantage of LMRS over LUS is that
it offers a continuous rather than an ordinal measure of
FL[16].
A further option to study FL in the general population is the use of surrogate markers. A discussion of such
markers is beyond the scope of this article, and the interested reader is referred to a recent review on this topic[8].
We wish however to briefly mention the fatty liver index
(FLI), which we developed in about 500 adult citizens
of Campogalliano (Modena, Northern Italy) during the
Dionysos Nutrition and Liver Study[9,17]. FLI is based on
four common anthropometric and biochemical measures
(body mass index, waist circumference, gamma-glutamyltransferase and triglycerides) and has gained much attention because of its association with prevalent cardiovascular disease, incident type 2 diabetes mellitus (T2DM),
and liver-related mortality[18-22]. More importantly for its
ability to serve as surrogate marker of FL, FLI has been
successfully cross-validated in external populations[23,24].

NAFL(D) and AFL(D) cannot be distinguished at
LB and their differentiation is based on the assessment
of ethanol intake[3,25]. After exclusion of other causes of
FL (mostly hepatitis B or hepatitis C virus infection and
use of steatogenic drugs), the guidelines of the European
Association for the Study of the Liver (EASL) suggest
that NAFLD should be diagnosed when ethanol intake
is less than or equal to 20 g/d in women and less than or
equal to 30 g/d in men[30]. AGA guidelines suggest that
NAFLD should be diagnosed when men consume less
than or equal to 21 drinks per week and women consume
less than or equal to 14 drinks per week[26]. Although the
EASL and AGA cut-points are roughly equivalent, the
former have the advantage of focusing on actual ethanol
intake, possibly avoiding the problems associated with the
choice of different “drink units”[31].
The NAFL(D) vs AFL(D) categorization is vulnerable to many criticisms[25]. Besides the obvious loss of
information[32], the most important criticism is that such
categorization hides the fact that obesity and alcohol
interact in determining the prevalence and incidence of
FL[25,33,34]. From a public health perspective, it is more
useful to study the effect of alcohol intake on FL-related
outcomes independently from other risk factors rather
than dividing FL more or less arbitrarily into NAFL and
AFL[10,17,25]. Another problem is that such a categorization assumes the use of an instrument accurate enough
to detect small differences in ethanol intake. Even the 7-d
weighted food record method that we employed in the
Dionysos Nutrition and Liver study may not be accurate
enough to detect such differences[9].

WHAT IS NON-ALCOHOLIC FATTY LIVER
(DISEASE)?

WHAT IS THE PREVALENCE OF FATTY
LIVER?

FL is usually divided into alcoholic fatty liver (AFL) and
non-alcoholic fatty liver (NAFL)[3,25].
NAFL is however just one part of the spectrum of
liver disease that falls under the umbrella term of non-alcoholic fatty liver disease (NAFLD)[3]. It should be noted
that we are using the term NAFL in a broader sense than
that recently suggested by the American Gastroenterological Association (AGA), i.e., the finding of ‘steatosis
without steatohepatitis’ at LB[26].
Besides NAFL, the NAFLD spectrum includes steato-hepatitis (NASH), fibrosis, cirrhosis and hepatocarcinoma (HCC). The idea behind NAFLD as a spectrum
of liver disease was that simple steatosis might progress
to NASH and then to chronic liver disease. However,
this idea has been increasingly challenged in the last decade[27]. Studies performed in Liver Centers have shown
that, whereas about 20% of cases of NASH will develop
liver fibrosis, simple steatosis will virtually never progress to NASH[1,2,28]. There is indeed the possibility that
NAFL and NASH are twin but independent conditions
and that triglyceride accumulation alone is protective, at
least up to a certain degree, as far as liver outcomes are
concerned[27,29].

FL is the most common liver disease in Western countries, and NAFLD is the most common reason for altered liver enzymes in primary care[30].
In the general population of the Dionysos Nutrition
and Liver Study, 45% of individuals had any degree of
FL at LUS[9,17]. Using a cut-point of 20 g/d for ethanol
intake, 25% had NAFLD and 20% had AFLD[9]. A recent study performed in a large primary care practice has
shown that nearly one in every three patients with persistently elevated alanine transaminase has NAFLD[35,36].
Systematic reviews estimate that about 20%-30% of
individuals in Western countries have NAFLD[26] and
similar figures are being increasingly provided for Eastern countries[37]. The prevalence of NAFLD increases
with age, is highest in males between 40 and 65 years
and is higher in Hispanics and lower in African-Americans[26,30,38]. The prevalence of NAFLD is increasing rapidly among children in parallel with the current epidemic
of obesity[39].
LUS data from the third edition of the National
Health and Nutrition Examination Survey (NHANES
Ⅲ) (1988-1994) have recently been used to provide an
estimate of the prevalence of FL in the general United
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States population[40]. Although these data were collected
more than 20 years ago and may underestimate the present prevalence of FL, they are unique because they were
obtained in a representative sample of the general population. The age-adjusted prevalence of FL in NHANES
Ⅲ, defined as moderate to severe FL at LUS, was 21%
while that of NAFLD was 20%[40].
Because LB can be performed only in Liver Centers,
it is unknown how many individuals in the general population have NASH or liver fibrosis. Projections made
mostly on the basis of autopsy data suggest that 3%-5%
of individuals in the general population might have
NASH[2,41]. Using surrogate markers of liver fibrosis, it
has been postulated that about 3% of individuals in the
general population might have liver fibrosis[42].

(MS)[26,30]. Because of this association, it has become
common to state that NAFLD is the “hepatic component” of MS[46]. However, this hypothesis has not undergone formal testing until very recently[47]. A confirmatory
factor analysis of NHANES III cross-sectional data has
indeed shown that NAFLD is more likely to be a separate entity rather than an additional component of MS[47].
Even if NAFLD is not the “hepatic component” of MS,
however, it remains to be tested whether MS and NALFD contribute independently to ‘hard outcomes’ in the
general population. This is important also in view of the
ongoing controversy about the clinical relevance of the
MS concept[48-50].
Although NAFLD is most commonly associated with
obesity, it is by no means uncommon in lean individuals.
A recent analysis of NHANES Ⅲ data has shown that
the prevalence of NAFLD in lean individuals, defined
as those with body mass index ≤ 25 kg/m2, is a quarter
of that observed in overweight-obese individuals (7%
vs 28%)[35]. Compared with its overweight-obese counterpart, ‘lean NAFLD’ is characterized by younger age,
higher insulin sensitivity and lower frequency of MS[35].

WHAT IS THE INCIDENCE OF FATTY
LIVER?
The incidence of LUS-determined FL (any degree) in the
Dionysos Study was 2 per 1000 person-years[10] but values
of up to 10 per 1000 person-years have been reported by
other studies employing the same method[2,30].

WHAT IS THE RELATIONSHIP BETWEEN
FATTY LIVER AND CARDIOMETABOLIC
DISEASE?

WHAT IS THE NATURAL HISTORY OF
FATTY LIVER?
Systematic reviews of studies performed in tertiary care
centers have clearly shown that NASH is a risk factor
for liver fibrosis, cirrhosis and HCC[1,2,28]. However, as
determined by LUS, most cases of FL in the general
population regress, especially in the presence of weight
loss[10,43,44].
A recent longitudinal analysis of about 11000 individuals from NHANES Ⅲ has shown that LUS-determined NAFLD alone is not an independent predictor
of mortality[45]. However, when considered together with
advanced fibrosis - as detected by surrogate markers NAFLD was associated with increased mortality independently of known risk factors[45]. Another recent analysis
of the same NHANES Ⅲ data (with a different number
of subjects because of different inclusion criteria) has
shown that NAFLD may be an independent predictor of
liver-related mortality in Whites[46]. Considering the different effect measures and statistical methods employed
by these studies[45,46], their results are not necessarily at
odds if one considers that the effect size of the ‘positive’
study was highly variable (relative risk of death attributable to NAFLD = 10.74, 95%CI: 1.17-98.54).

Much of the interest in NAFLD among researchers and
clinicians outside the field of Hepatology stems from its
association with cardiometabolic disease[51-53].
In the last few years, an increasing number of cohort
studies performed in the general population of Western
and Eastern countries has shown that NAFLD, diagnosed by LUS or by surrogate markers such as FLI, is independently associated with incident T2DM[18,21,54,55]. The
available evidence pointing to an association between
NAFLD and incident cardiovascular disease (CVD) is
presently of lower quality than that available for incident
T2DM[54]. In a recent study performed in a tertiary CVD
care center, NAFLD was associated with coronary artery
disease but not with cardiovascular mortality[56]. Likewise,
a recent analysis of NHANES Ⅲ cohort data showed
that NAFLD was associated with incident CVD but not
with CVD mortality[57].
The availability of long-term follow-up data in more
or less representative samples of the general population
will be central in coming years to improve our understanding of the NAFLD-CVD relationship.

WHAT IS THE RELATIONSHIP BETWEEN
FATTY LIVER AND METABOLIC
SYNDROME?
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stiffness, after adjusting for cardiovascular risk factors
and MetS. Also, it has been shown that NAFLD is associated with cardiac alterations, including abnormal left
ventricular structure and impaired diastolic function.
The duration of these subclinical abnormalities may be
important, because treatment to reverse the process is
most likely to be effective earlier in the disease. In the
present review, we examine the current evidence on
the association between NAFLD and atherosclerosis as
well as between NAFLD and cardiac dysfunction in the
pediatric population, and discuss briefly the possible biological mechanisms linking NAFLD and cardiovascular
changes. We also address the approach to treatment
for this increasingly prevalent disease, which is likely to
have an important future global impact on the burden
of ill health, to prevent not only end-stage liver disease
but also cardiovascular disease.
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Abstract

Core tip: Nonalcoholic fatty liver disease (NAFLD) is an
important and emerging health problem in childhood.
It is recognized as part of the metabolic syndrome and
especially the necroinflammatory form is associated
with a high risk for the development of functional and
structural vascular changes as well as left ventricular
dysfunction at an early age. In addition, there seems
to be a complex bidirectional relationship between the
progression to nonalcoholic steatohepatitis (NASH) and
the development of insulin resistance and cardiovascular abnormalities. Early intervention during childhood to
recognize NAFLD, as well as to prevent its progression
to NASH, may be a crucial step in averting an unfavorable cardiac phenotype.

Over the last two decades, the rise in the prevalence
rates of overweight and obesity explains the emergence of nonalcoholic fatty liver disease (NAFLD) as
the leading cause of chronic liver disease worldwide. As
described in adults, children and adolescents with fatty
liver display insulin resistance, glucose intolerance,
and dyslipidemia. Thus NAFLD has emerged as the
hepatic component of the metabolic syndrome (MetS)
and a strong cardiovascular risk factor even at a very
early age. Several studies, including pediatric populations, have reported independent associations between
NAFLD and markers of subclinical atherosclerosis including impaired flow-mediated vasodilation, increased
carotid artery intima-media thickness, and arterial
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“nonalcoholic fatty liver disease”, “fatty liver”, “cardiovascular risk”, “atherosclerosis”, “endothelial dysfunction”, arterial stiffness”, “cardiac structure”, “cardiac
dysfunction”, and “children”.
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NAFLD AND MARKERS OF SUBCLINICAL
ATHEROSCLEROSIS
Pathologic studies have shown that atherosclerosis is an
early process beginning in childhood, with fatty streaks
observed in the aorta and the coronary and carotid arteries of children and adolescents[19,20]. Early assessment
of the arterial damage is therefore important to prevent
future vascular risk since subclinical atherosclerosis can
be reversible if detected early and intervention is provided[10].
Several studies have focused on the relation between
NAFLD and atherosclerosis in the pediatric population (Table 1)[9,14,21-36]. In the earliest study, involving
817 children (aged 2 to 19 years) who died of external
causes (accident, homicide, suicide) from 1993 to 2003,
Schwimmer et al[21] showed that the prevalence of atherosclerosis was increased by a factor of 2 among those with
NAFLD. Fatty liver was present in 15% of the children.
Mild atherosclerosis was present in 21% of the children,
and moderate to severe atherosclerosis in 2%. Atherosclerosis was significantly more common in children with
fatty liver than those without. Body mass index (BMI)
was not independently associated with the presence of
atherosclerosis, but fatty liver status and BMI did interact
significantly (P < 0.01). Consequently, for obese subjects,
the odds of having atherosclerosis was more than 6 times
higher in children with fatty liver than those without[21].
Despite this, there are few data regarding the possible
association between liver histopathologic changes and
atherogenic risk in children.

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a spectrum
of fat-associated liver conditions that can result in endstage liver disease and the need for liver transplantation[1].
Simple steatosis, or fatty liver, occurs early in NAFLD
and may progress to nonalcoholic steatohepatitis (NASH),
fibrosis and cirrhosis with increased risk of hepatocellular carcinoma[1]. Over the last two decades, the rise in the
prevalence rates of overweight and obesity explains the
emergence of NAFLD as the leading cause of chronic
liver disease in pediatric populations worldwide[2,3]. The
liver is one of the main ectopic sites where lipids may
accumulate in obese subjects. Ectopic fat disposition occurs particularly when the energy storage capacity of the
adipose tissue is exceeded, leading to increased net lipid
flux to non-adipose organs, thereby causing lipotoxiciy
and insulin resistance[4,5]. As described in adults, children
and adolescents with fatty liver display insulin resistance,
glucose intolerance, and dyslipidemia[6,7]. Thus NAFLD
has emerged as the hepatic component of the metabolic
syndrome (MetS)[8] and a strong cardiovascular risk factor
even at a very early age[9,10].
Several studies (including pediatric populations) have
reported independent associations between NAFLD and
markers of subclinical atherosclerosis such as impaired
flow-mediated vasodilation (FMD), increased carotid
artery intima-media thickness (cIMT) and arterial stiffness, after adjusting for cardiovascular risk factors and
MetS[9-14]. Also, it has been shown that NAFLD is associated with cardiac alterations, including myocardial
insulin resistance[15], altered cardiac energy metabolism[16],
abnormal left ventricular (LV) structure and impaired
diastolic function[17,18]. The duration of these subclinical
abnormalities may be important, because treatment to
reverse the process is most likely to be effective earlier in
the disease. In the present review, we examine the current evidence on the association between NAFLD and
subclinical atherosclerosis as well as between NAFLD
and cardiac dysfunction in the pediatric population, and
discuss briefly the possible biological mechanisms linking NAFLD and cardiovascular changes. We also address
the approach to treatment for this increasingly prevalent
disease, which is likely to have an important future global
impact on the burden of ill health, to prevent not only
end-stage liver disease but also cardiovascular disease
(CVD).
This is a clinical, narrative review and not a systematic review and meta-analysis. PubMed was extensively
searched for articles using keywords and mesh terms:
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Atherogenic dyslipidemia
In the Bogalusa Heart study in children, investigators
found that the extent to which the intimal surface was
covered with atherosclerotic lesions was significantly associated with elevation of concentrations of total cholesterol (TC), low-density lipoprotein cholesterol (LDL-c),
triglycerides (TG), and lower concentration of highdensity lipoprotein cholesterol (HDL-c)[37]. In particular,
the TC/HDL-c, LDL-c/HDL-c, and TG/HDL-c ratios
have been reported as useful markers of atherogenic
lipid abnormalities, as well as of insulin resistance, MetS,
and high cardiovascular risk[38,39]. Schwimmer et al[9] in a
case-control study involving a large clinical sample of
overweight and obese children and adolescents, showed
that children with a biopsy-proven NAFLD had a significantly higher fasting glucose, insulin, TC, LDL-c, TG,
systolic and diastolic blood pressure than age-, gender-,
and BMI-matched peers without NAFLD. Thus, obese
children and adolescents with a definitive diagnosis of
NAFLD had a more severe cardiovascular risk profile.
Nobili et al[27], in a large group of consecutively recruited
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Table 1 Studies of the association between nonalcoholic fatty liver disease and markers of atherosclerosis in children and adolescents
Ref.

Study population and sample
size

Schwimmer et al[21]

Children (n = 817) who died Autoptic liver Atherosclerosis was assessed
For the entire cohort, mild atherosclerosis was
of external causes from 1993
biopsy
as absent, mild (aorta only),
present in 21% and moderate to severe in 2%.
to 2003; 15% with NAFLD
moderate (coronary artery
Atherosclerosis was significantly more common in
streaks/plaques), or severe
children with fatty liver than those without (30% vs
(coronary artery narrowing)
19%, P < 0.001)
Overweight children with (n Liver biopsy Prevalence of cardiovascular
NAFLD was strongly associated with multiple
= 150), and without (n = 150)
risk factors (abdominal obesity,
cardiovascular risk factors independently of both
NAFLD, matched for gender,
dyslipidemia, hypertension, IR,
BMI and hyperinsulinemia
age, and severity of obesity
and glucose abnormalities)
Obese children with (n = 29),
Liver
cIMT, mean (95%CI)
NAFLD vs no NAFLD and controls: 0.58 (0.54-0.62)
and without NAFLD (n = 33); ultrasound
mm vs 0.49 (0.46-0.52) mm and 0.40 (0.36-0.43) mm; P
healthy lean controls (n = 30)
< 0.01 and P < 0.0005, respectively
Log cIMT was associated with NAFLD severity in a
multiple linear regression analysis adjusted for age,
gender, Tanner stage, and cardiovascular risk factors
Coefficient b, 0.08; P < 0.0005
Obese children with mild (n =
Liver
cIMT, mean ± SD
All obese vs controls:
Left CCA, 0.414 ± 0.071 mm vs 0.352 ± 0.054 mm, P <
32), moderate-severe NAFLD ultrasound
0.0001
(n = 22), and without NAFLD
Left CB, 0.412 ± 0.067 mm vs 0.350 ± 0.058 mm, P <
(n = 26); healthy lean controls
0.0001
(n = 30) matched for age and
Left ICA, 0.324 ± 0.068 mm vs 0.266 ± 0.056 mm, P <
gender
0.0001
NAFLD was significantly associated with left CCA,
CB, ICA in multiple regression linear analyses
adjusted for age, gender, weight, mean ALT level,
TC, obesity, and grade of hepatosteatosis
CCA = standardized b, 0.451; P = 0.01
CB = standardized b, 0.627; P < 0.0001
ICA = standardized b, 0.501; P = 0.020
Obese adolescents with (n
Liver
cIMT, mean ± SD
NWMN vs NWMA vs POMN vs POMA: 0.29 ±
= 25), and without (n = 25)
ultrasound
0.02 mm vs 0.37 ± 0.04 mm vs 0.41 ± 0.05 mm; the
components of MetS;
and elevated
differences were significant between groups with the
normal weight adolescents
ALT
exception of NWMA vs POMN
cIMT was significantly associated with NAFLD in a
with (n = 25) and without (n =
logistic regression analysis after adjustment for age,
25) components of MetS
gender and pubertal status
Odds ratio, 1.2 (95%CI: 1.03-2.1)
Overweight and obese
Liver biopsy
cIMT, median (IQR)
NAFLD vs no NAFLD:
Right cIMT, 0.47 (0.07) mm vs 0.48 (0.05) mm, P =
children with (n = 31), and
0.659
without (n = 49) NAFLD,
Left cIMT, 0.49 (0.12) mm vs 0.47 (0.05) mm, P = 0.039
matched for age, gender, and
NAFLD was not associated with cIMT in a
BMI
multivariate analysis
Randomly selected
Liver
cIMT, mean (95%CI)
NAFLD vs no NAFLD: 0.417 (0.409-0.425) mm vs
adolescents (n = 642) of
ultrasound
0.395 (0.392-0.397) mm, P < 0.001
NAFLD was significantly associated with cIMT in
whom 30.5% and 13.5% were,
a multivariate analysis after adjustment for age, BP,
respectively, overweight and
BMI, TG, c-HDL, TC, IR, MetS, grade of steatosis
obese. Overall prevalence of
Standardized b, 0.0147 (95%CI: 0.0054-0.0240); P =
NAFLD, 12.5%
0.002
Obese children with (n = 100),
Liver
cIMT and FMD, mean (95%CI)
Controls and no NAFLD vs NAFLD: cIMT, 0.47
and without (n = 150)
ultrasound
(0.46-0.48) mm and 0.52 (0.50-0.54) mm vs 0.55
NAFLD; healthy lean controls and elevated
(0.53-0.54) mm, P < 0.0001 and P < 0.01, respectively
FMD, 15.0 (13.9-17.3) and 11.8 (10.1-13.7) vs 6.7
(n = 150)
ALT
(5.0-8.6) %, P < 0.01 and P < 0.001 respectively
NAFLD was associated with low FMD and increased
cIMT in a multiple logistic regression analysis after
adjustment for age, gender, Tanner stage, and MetS
Odds ratio, 2.31 (95%CI: 1.35-3.97); P = 0.002 and 1.99
(95%CI: 1.18-3.38); P = 0.010, respectively
Children with NAFLD
Liver biopsy
Atherogenic lipid profile
The severity of liver injury was strongly associated
(n = 118)
(TG/HDL-c, TC/HDL-c and
with a more atherogenic profile, independently of
LDL-c/HDL-c ratios)
BMI, insulin resistance, and the presence of MetS

Schwimmer et al[9]

Pacifico et al[22]

Demircioğlu et al[23]

Kelishadi et al[24]

Manco et al[25]

Caserta et al[26]

Pacifico et al[14]

Nobili et al[27]
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Weghuber et al[28]

Obese children with (n = 14),
and without (n = 14) NAFLD

El-Koofy et al[29]

Sert et al[30]

Akın et al[31]

FMD, mean ± SD

NAFLD vs no NAFLD: 108.6% ± 11.8% vs 110.7% ±
9.0%; P = 0.41

Overweight/obese children (n Liver biopsy
= 33)

Atherogenic lipid profile (TC,
LDL-c, HDL-c, TG)

Obese children with (n = 44),
Liver
and without (n = 36) NAFLD; ultrasound
lean subjects (n = 37)
and elevated
ALT
Obese children with (n = 56),
Liver
and without (n = 101) NAFLD ultrasound

cIMT, mean ± SD

Children with NAFLD had significantly higher TC,
LDL-c, TG and lower HDL-c compared to patients
with normal liver histology (P < 0.05)
Lean and no NAFLD vs NAFLD: 0.0359 ± 0.012 mm
vs 0.378 ± 0.017 mm vs 0.440 ± 0.026 mm, P < 0.05 and
P < 0.05, respectively

Proton MR
spectroscopy

Gökçe et al[32]

Obese children with (n = 50),
and without (n = 30) NAFLD;
healthy lean controls (n = 30)

Sert et al[33]

Obese children with (n = 97),
Liver
and without (n = 83) NAFLD; ultrasound
lean subjects (n = 68)
and elevated
ALT
Obese children with (n =
Liver
93), and without (n = 307)
ultrasound
NAFLD; healthy lean controls
(n = 150)
Adolescents (n = 964)
Liver
ultrasound

Alp et al[34]

Huang et al[35]

Jin et al[36]

Obese children (n = 71), and
healthy controls (n = 47)

Liver
ultrasound

Liver
ultrasound

cIMT, mean (95%CI)

cIMT, mean ± SD

cIMT, mean ± SD

NAFLD vs no NAFLD: 0.48 (0.47-0.49) mm vs 0.45
(0.44-0.45) mm, P < 0.001
NAFLD was the only variable associated with
increased cIMT in a multiple regression adjusted for
age and gender
b, 0.031 [SE (b) = 0.008]; P < 0.001
NAFLD vs no NAFLD vs control group:
Right cIMT, 0.46 ± 0.21 mm vs 0.35 ± 0.09 mm vs 0.30
± 0.13 mm, P < 0.01
Left cIMT, 0.44 ± 0.09 mm vs 0.35 ± 0.08 mm vs 0.27 ±
0.04 mm, P < 0.01
NAFLD was the only variable associated with
increased cIMT in a multiple regression adjusted for
age, gender, BMI, BP, TG, HDL-c, IR and MetS
Right cIMT = b, 0.241; P < 0.05
Left cIMT = b, 0.425; P < 0.01
Lean and no NAFLD vs NAFLD: 0.354 ± 0.009 mm vs
0.383 ± 0.019 mm vs 0.437 ± 0.028 mm; P < 0.05 and P
< 0.05, respectively

cIMT, mean ± SD

Severe NAFLD vs mild NAFLD vs no NAFLD vs
controls: 0.09 ± 0.01 cm vs 0.10 ± 0.01 cm vs 0.09 ± 0.01
cm vs 0.06 ± 0.01 cm, P < 0.001

PWV, mean ± SD

No NAFLD, low metabolic risk vs NAFLD, low
metabolic risk vs no NAFLD, high metabolic risk
vs NAFLD, high metabolic risk: males, 6.6 ± 0.7
m/s vs 6.7 ± 0.6 m/s vs 6.9 ± 1.0 m/s; females, 6.2
± 0.7 m/s vs 6.3 ± 0.7 m/s vs 6.5 ± 0.7 m/s vs 6.4 ±
0.6 m/s
Males and females who had NAFLD in the presence
of the metabolic cluster had greater PWV
b, 0.20 (95%CI: 0.01-0.38); P = 0.037
Obese vs controls: 4.54 ± 0.66 m/s vs 3.70 ± 0.66 m/s,
P < 0.001
Fatty liver was positively correlated with PWV (P <
0.01)

PWV, mean ± SD

NAFLD: Nonalcoholic fatty liver disease; IR: Insulin resistance; BMI: Body mass index; cIMT: Carotid intima media thickness; CCA: Common carotid artery; CB: Carotid bulbus; ICA: Internal carotid artery; ALT: Alanine aminotransferase; TC: Total cholesterol; MetS: Metabolic syndrome; NWMN: Normal
weight metabolically normal; NWMA: Normal weight metabolically abnormal; POMN: Phenotipically obese metabolically normal; POMA: Phenotipically
obese metabolically abnormal; IQR: Interquartile range; BP: Blood pressure; TG: Triglycerides; FMD: Flow-mediated dilation; HDL-c: High-density lipoprotein cholesterol; LDL-c: Low-density lipoprotein cholesterol; MR: Magnetic resonance; PWV: Pulse wave velocity.

children with liver biopsy-proven NAFLD, found that
the NAFLD activity and fibrosis scores had significant
positive correlations with TG/HDL-c, TC/HDL-c,
and LDL-c/HDL-c ratios. After adjusting for potential
confounders including BMI, insulin resistance, impaired
glucose tolerance, and presence of MetS, both NAFLD
activity score and stage of fibrosis remained independent
predictors of an atherogenic lipid profile. The lipid ratios
were found to be markedly higher in children with established NASH compared with those with simple steatosis
or borderline disease, indicating that severity of liver in-

WJG|www.wjgnet.com

jury in children with NAFLD is strongly associated with
increased atherogenic risk. Very recently, El-Koofy et al[29]
studied the prevalence of MetS, insulin resistance, and
NAFLD in a small group of overweight/obese children
presenting with hepatomegaly and/or raised alanine aminotransferase. Laboratory analysis included fasting blood
glucose, serum insulin, TG, HDL-c, LDL-c and liver biochemical profile in addition to liver biopsy. They found a
close association between obesity, MetS, insulin resistance
and NAFLD. Children with NAFLD had significantly
higher TC, LDL-c, TG, fasting insulin, and lower HDL-c
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compared to patients with normal liver histology.

with ultrasonographycally detected NAFLD had higher
cIMT than those without NAFLD regardless of association with elevated liver enzymes. Moreover, there was a
statistically significant correlation between cIMT values
and the grade of NAFLD. Similar results were obtained
by Gökçe et al[32] and by Sert et al[30,33] in obese children
with ultrasound diagnosed NAFLD. Gökçe et al[32] found
that cIMT was significantly higher in obese with NAFLD
than in obese children without NAFLD and in a control
group. After adjusting for potential confounders (age,
blood pressure, BMI, TG, HDL-c, insulin resistance, and
MetS), NAFLD was observed to be strongly correlated
with cIMT. Sert and colleagues[30,33] confirmed that children with NAFLD have significantly higher cIMT values
than those without NAFLD and the lean group. Components of MetS, such as dyslipidemia, elevated fasting
glucose levels and insulin resistance did not show a significant association with increased cIMT. Finally, in a very
recent study, Alp et al[34] demonstrated that cIMT was
significantly higher in children with ultrasonographycally
detected NAFLD than the control subjects. Additionally,
there was an increase in cIMT values with the increase in
grades of liver steatosis.

Vascular imaging
Recent improvements in imaging technology have identified early vascular changes that can be assessed noninvasively using ultrasonography[40-42]. These early changes
include impairment of FMD, arterial stiffness, and increased cIMT. Measurement of these changes have been
shown to be good surrogate markers for atherosclerosis
disease identification and progression as well as of future
clinical cardiovascular events[43,44].
Carotid intima-media thickness and endothelial
dysfunction
Pacifico et al[22] first showed that severity of ultrasonographycally diagnosed NAFLD in obese children was significantly associated with cIMT, independently of anthropometric and metabolic features. Similarly, Demircioğlu
et al[23], in a subsequent study, observed an association
between ultrasonographically detected NAFLD and
cIMT measured at the common artery, carotid bulb and
internal carotid artery. Moreover, there was an increase in
cIMT values of each segment with the increase in grades
of hepatosteatosis. Kelishadi et al[24] reported a significant
association between cIMT and NAFLD in children and
adolescents, suggesting that the liver and the vessels share
common mediators. In a case-control study involving
a mixed population of 80 overweight and mildly obese
children of whom 31 had biopsy-proven NAFLD, and
49 had no ultrasound evidence of NAFLD as well as
no abnormal levels of aminotransferases, Manco et al[25]
found that cIMT were significantly higher on the left side
in NAFLD cases, though there was a substantial overlap
of cIMT values between cases and controls. No association was found between cIMT and histologic severity of
steatosis, NAFLD activity score, and fibrosis.
The association between NAFLD and carotid atherosclerosis has also been determined in a large, randomly selected adolescent population from Reggio Calabria, a town
in southern Italy[26]. The authors found that NAFLD, as
well as BMI, waist circumference, and systolic blood pressure were independent markers of increased cIMT. In a
study involving a large sample size, Pacifico et al[14] showed
that obese children with ultrasound-diagnosed NAFLD
have a significantly lower FMD response and increased
cIMT compared to obese children without NAFLD independently of other cardiovascular risk factors and MetS,
and that obese children exibit more functional and morphologic vascular changes than healthy lean controls, regardless of liver involvement. The large number of subjects in that study may in part account for the associations
the authors were able to identify between NAFLD and
functional vascular changes, in contrast to the study by
Weghuber et al[28] in which a very small sample of obese
children with NAFLD [diagnosed by nuclear magnetic
resonance spectroscopy (MRS)] had a FMD response
similar to those without NAFLD. In a recent study, Akın
et al[31] demonstrated that obese children and adolescents
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Arterial stiffness
A few pediatric studies have analyzed the relationship
between NAFLD and carotid artery stiffness. In a welldefined community-based cohort of Australian adolescents, Huang et al[35] aimed to examine the association
between NAFLD (diagnosed by ultrasound), MetS, and
arterial stiffness as measured by applanation tonometry.
The enrolled subjects were identified at “high metabolic
risk” and at “low metabolic risk” according to systolic
blood pressure, homeostasis model assessment of insulin resistance (HOMA-IR), TG, and BMI. The authors
found that NAFLD is associated with increased arterial
stiffness only in the presence of the “high risk” metabolic cluster. Jin et al[36], in an attempt to identify a marker
of early vascular functional change in obese children,
compared carotid artery stiffness parameters (i.e., compliance coefficient, stiffness index, and pulse wave velocity,
obtained with ultrasound radiofrequency technology) in
obese children and healthy controls. Arterial stiffness was
higher in obese children than in healthy subjects; in addition the authors demonstrated that in obese children the
carotid arterial stiffness parameters, especially the pulse
wave velocity, were correlated with obesity-related risk
factors, the systolic blood pressure, and the presence of
fatty liver.

NAFLD AND CARDIAC DYSFUNCTION
Information regarding abnormalities in cardiac function
among NAFLD patients is limited in both adults and
children. Moreover, the data are conflicting.
Adult studies
Table 2 summarizes the studies on the effects of NAFLD on
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cardiac metabolism, structure and function in adults[15-17,45-50].
Goland et al[17] have shown a markedly impaired diastolic
function and mild alterations in LV structure in 38 adult
patients with (ultrasound-diagnosed, n = 27; biopsyproven, n = 11) NAFLD, in the absence of diabetes,
hypertension, and morbid obesity. Using multivariate
analysis, early diastolic myocardial velocity on tissue Doppler imaging (TDI) was the only independent index able
to characterize patients with NAFLD. Similar findings
have been later reported by Fotbolcu et al[18] in 35 nondiabetic, normotensive adult patients with ultrasounddiagnosed NAFLD. However, independent predictors of
LV impairment were not determined. Recently, in a study
examining cardiac status by high resolution magnetic
resonance imaging (MRI) in a clinical group of 19 adult
patients with NAFLD (defined as > 5% intrahepatic lipid
on MRS), Hallsworth et al[49] demonstrated significant
changes in cardiac structure and evidence of early diastolic dysfunction in the 19 patients with NAFLD compared
to the 19 age-, gender-, and BMI-matched controls, in the
absence of cardiac metabolic changes or overt cardiac
disease. There was no correlation between blood pressure
and cardiac parameters. Finally, Karabay et al[50] found that
patients with biopsy-proven NAFLD have evidence of
subclinical myocardial dysfunction. However, no significant differences were found among NAFLD groups (i.e.,
simple steatosis, borderline NASH, and definite NASH).
The absence of differences in cardiac function between
subgroup patients may be explained by similar HOMAIR values. Conversely, Perseghin et al[16] showed that 21
men with higher intrahepatic fat content, as measured by
MRS, had excessive fat accumulation in the epicardial area
and abnormal LV energy metabolism compared to the
21 men matched for anthropometric features with lower
intrahepatic fat content. These alterations were detected
despite normal LV morphology and function by cardiac
MRI. Similarly, in a study using cardiac MRI and involving 61 diabetic male subjects, Rijzewijk et al[46] found that,
compared with the 29 men with lower intrahepatic fat
content on MRS, the 32 patients with higher intrahepatic
fat content had decreased myocardial perfusion, glucose
uptake, and high-energy phosphate metabolism but similar values of LV function and morphology.

correlated with the increase in grades of liver steatosis. Recently, Singh et al[51] measured by 2-dimensional
speckle tracking echocardiography myocardial function
in 3 groups of age-, gender-, and Tanner stage-matched
adolescents [lean (n = 14); obese with normal (n = 15)
or increased (n = 15) intrahepatic triglyceride (IHTG)
content (≥ 5.6%)]. The authors showed that obese adolescents with increased IHTG had greater impairment of
systolic and diastolic function, manifested by decreased
systolic and diastolic myocardial strain and strain rate
than BMI-SD score matched obese adolescents with normal IHTG content. The cardiac functional abnormalities
were independently associated only with HOMA-IR,
after adjustment for BMI, conventional cardiovascular
risk factors, and intra-abdominal, intra-cardiac, and intrahepatic fat content. However, given the small number of
adolescents included in their study, the possibility of a
type 2 error raised by the authors themselves is possible.
In a more recent study, Pacifico et al[52] showed that obese
children with NAFLD have features of early LV diastolic
and systolic dysfunction, as measured by two-dimensional
echocardiography using TDI, compared to obese children without NAFLD and lean controls. Notably, when
the group of obese subjects was divided according to
the presence of NASH, it was evident that some functional cardiac differences were more pronounced in the
group of NASH. A major finding of this study was that
the echocardiographic features of early LV diastolic and
systolic dysfunction were significantly associated with
NAFLD independently of several metabolic variables.

PATHOGENESIS
The pathophysiological mechanisms of CVD in NAFLD
are still poorly understood. Probably they involve insulin resistance, an abnormal ectopic fat storage as well as
atherogenic dyslipidemia, and a low-grade inflammatory
state in the presence of genetic susceptibility (Figure 1).
Insulin resistance
The expansion and inflammation of visceral adipose tissue mass, with consequent release of multiple molecules,
is one of the earliest steps in the chain of events involved
in the development of insulin resistance and NAFLD, as
well as atherosclerosis, including free fatty acids (FFAs),
hormones and proinflammatory adipocytokines, particularly in obese and overweight persons[54-57]. In this situation, the liver might function both as the target organ and
the source of the resulting systemic abnormalities that
can promote increased risk of CVD. Increased insulin
resistance occurs when the advanced forms of NAFLD
develop, which potentially sets up a vicious cycle of insulin resistance, increased influx of FFAs into the liver and
increased hepatic steatosis[11]. In turn, hepatic steatosis
(Figure 2A) leads to subacute intrahepatic inflammation through activation of nuclear factor-κB (NF-κB)
pathways (Figure 2B) that exacerbate insulin resistance
both locally in the liver and systematically including

Pediatric studies
In the pediatric population, information on the relationship between NAFLD and cardiac structure and function
is very scant (Table 3)[30,33,34,51-53]. In the earliest study by
Sert et al[30], increased LV mass was found in adolescents
with NAFLD compared to both lean controls and obese
subjects without liver involvement. Similar results were
obtained in a subsequent study by the same authors[33].
In a study including 93 obese children with ultrasounddiagnosed NAFLD, 307 obese subjects without liver
involvement, and 150 age- and gender-matched healthy
controls, Alp et al[34] showed that subclinical systolic and
diastolic impairment could be detected by TDI in obese
children with NAFLD. Also, cardiac dysfunction was
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Table 2 Studies of the association between nonalcoholic fatty liver disease and alterations in cardiac structure and function in the
adult population
Ref.

Study population and sample
size

Lautamäki et al[15]

Goland et al[17]

Perseghin et al[16]

Fallo et al[45]

Rijzewijk et al[46]

Fotbolcu et al[18]

Bonapace et al[47]

Mantovani et al[48]

Diagnosis

Outcomes

T2DM and coronary artery
Hepatic MRS
Myocardial insulin resistance
disease patients with (n = 27),
and perfusion (PET)
and without (n = 28) fatty liver.
The 2 groups were matched for
age, BMI, and fasting plasma
glucose
Nondiabetic, normotensive Liver ultrasound
LV structure and function
patients with NAFLD (n = 38), and liver biopsy (M-mode echocardiography;
and age and gender-matched
in a subgroup
and pulsed Doppler
controls (n = 25)
of 11 NAFLD
echocardiography)
patients
Young nondiabetic men
MRS
LV morphology and
matched for anthropometric
function; Intrapericardial and
features with (n = 21) or
extrapericardial fat content;
without (n = 21) fatty liver
and resting LV energy
metabolism (Cardiac MRI and
cardiac 31P-MRS)
Never-treated essential
Liver ultrasound
LV structure and function
hypertensive patients with
(M-mode echocardiography;
(n = 48) or without (n = 38)
and pulsed Doppler
fatty liver. The 2 groups were
echocardiography)
similar as to gender, age and
blood pressure levels
T2DM patients with (n = 32)
MRS
Cardiac perfusion and
and without (n = 29) fatty liver
substrate metabolism; LV
morphology and function
(PET, cardiac MRI and cardiac
31
P-MRS)
Nondiabetic, normotensive Liver ultrasound
LV structure and function
patients with NAFLD (n = 35)
(M-mode echocardiography;
and control subjects (n = 30).
Pulsed and Tissue Doppler
The 2 groups were similar as to
echocardiography)
gender and age
T2DM patients with (n = 32) Liver ultrasound
and without (n = 18) fatty liver.
The 2 groups were similar
as to gender, age, BMI, waist
circumference, and diabetes
duration
Hypertensive T2DM patients Liver ultrasound
with (n = 59) and without (n =
57) fatty liver

Hallsworth et al[49]

Adult subjects matched for
anthropometric features with (n
= 19) or without (n = 19) fatty
liver

MRS

Karabay et al[50]

NAFLD patients (n = 55) and
healthy controls (n = 21; normal laboratory values and liver
ultrasound)

Liver biopsy

Main results
In patients with T2DM and coronary artery
disease, liver fat is an indicator of myocardial
insulin resistance and reduced coronary functional
capacity

Patients with NAFLD had mild changes in cardiac
geometry (thickening of the interventricular
septum and posterior wall, and increased LV mass)
as well as significant differences in parameters of
diastolic function compared with the control group
Newly found young individuals with fatty liver
had excessive fat accumulation in the epicardial
area and abnormal LV energy metabolism despite
normal LV morphological features and systolic and
diastolic functions
NAFLD patients had similar prevalence of LV
hypertrophy compared to subjects without
NAFLD, but a higher prevalence of LV diastolic
dysfunction

T2DM patients with fatty liver showed decreased
myocardial perfusion, glucose uptake, high-energy
phosphate metabolism compared with similar
patients without hepatic steatosis

Patients with NAFLD had changes in cardiac
geometry (thickening of the interventricular
septum and posterior wall, and increased LV mass)
as well as significant differences in parameters of
systolic and diastolic function compared with the
control group
LV structure and function
T2DM patients with fatty liver showed LV diastolic
(M-mode echocardiography;
dysfunction, even if the LV morphology and
Pulsed and Tissue Doppler
systolic function were preserved
echocardiography)

LV structure (M-mode
echocardiography)

Hypertensive T2DM patients with NAFLD have
a remarkably higher frequency of LV hypertrophy than hypertensive diabetic patients without
NAFLD
Cardiac structure, function,
The major findings in NAFLD patients compared
and metabolism (cardiac MRI,
to controls were: thickening of the cardiac wall,
cardiac tagging, and cardiac independent of changes in LV mass; altered myo31
P-MRS)
cardial strains; concentric remodeling; evidence of
diastolic dysfunction; but no significant difference
in cardiac energetics
LV structure and function
Patients with NAFLD had changes in cardiac ge(M-mode echocardiography; ometry (thickening of the interventricular septum
Pulsed and Tissue Doppler and posterior wall, and increased LV mass) as well
echocardiography; and speckle as significant differences in parameters of diastolic
tracking echocardiography)
function compared with the control group
LV global longitudinal strain and strain rate in systole were lower in NAFLD group as compared to
controls; however no significant differences were
found among NAFLD groups (i.e., simple steatosis,
borderline NASH, and definite NASH)

T2DM: Type 2 diabetes mellitus; BMI: Body mass index; MRS: Magnetic resonance spectroscopy; PET: Positron emission tomography; NAFLD: Nonalcoholic fatty liver disease; LV: Left ventricular; NASH: Nonalcoholic steatohepatitis.
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Table 3 Studies of the association between nonalcoholic fatty liver disease and alterations in cardiac structure and function in
children and adolescents
Ref.

Study population and sample size

Sert et al[30]

Diagnosis

Obese adolescents with (n = 44), and Liver ultrasound
without (n = 36) NAFLD; and control
and elevated
subjects (n = 37)
serum alanine
aminotransferase
Obese children and adolescents
Liver ultrasound
with (n = 93), and without (n = 307)
NAFLD matched for gender and age;
and control subjects (n = 150)

Alp et al[34]

Singh et al[51]

Obese children and adolescents
with (n = 15), and without (n = 15)
NAFLD matched for age, gender,
Tanner stage, and BMI z score; and
control subjects (n = 15) matched for
gender, age, and Tanner stage

Sert et al[33]

Obese adolescents with (n = 97), and
without (n = 83) NAFLD; and control
subjects (n = 68)

Pacifico et al[52]

Obese children and adolescents
with (n = 54), and without (n = 54)
NAFLD matched for age, gender,
pubertal status, and BMI-SD score;
and healthy control subjects (n = 18)
matched for gender, age, and pubertal status

Fintini et al[53]

Children with biopsy-proven
NAFLD (n = 50). No patients without NAFLD, and no healthy control
children were included

Outcomes

Main results

LV structure (M-mode
echocardiography)

Increased LV mass was found in NAFLD
group compared to both lean controls and
obese subjects without NAFLD

LV structure and function;
Epicardial fat (M-mode
echocardiography; Pulsed
and Tissue Doppler
echocardiography)

Increased end-systolic thickness of the
interventricular septum, and larger LV
mass, as well as LV systolic and diastolic
dysfunction were found in NAFLD group.
In addition, obese children with NAFLD had
increased epicardial fat thickness
Hepatic MRS
LV structure and function;
LV global longitudinal strain and early
Intracardiac triglyceride
diastolic strain rates were significantly
content (Integrated backscatter decreased in obese children with NAFLD
ultrasonography and speckle
compared to both lean controls and obese
tracking echocardiography;
subjects without NAFLD. Intracardiac
cardiac MRS)
triglyceride content was not different among
the 3 groups
Liver ultrasound
LV structure and function
Obese adolescents with NAFLD exhibited
and elevated
(M-mode echocardiography;
increased LV dimensions and mass, as well
serum alanine
Pulsed and Tissue Doppler
as LV diastolic dysfunction
aminotransferase
echocardiography)
Hepatic magLV structure and function; Epi- Increased interventricular septum thickness
netic resonance
cardial fat (M-mode echocar- at end-diastole and at end-systole, as well as
imaging; and
diography; Pulsed and Tissue LV systolic and diastolic dysfunction were
liver biopsy in a
Doppler echocardiography) found in NAFLD group. Children with more
subgroup of 41
severe liver histology had worse LV dysfuncNAFLD patients
tion than those with more mild liver changes.
NAFLD group had also increased epicardial
fat thickness
Liver biopsy
LV structure and function
About 35% (n = 18) of the 50 children with
(M-mode echocardiography; NAFLD had LV hypertrophy. Children with
and pulsed Doppler echocar- NASH showed, almost invariably, the presdiography)
ence of clear cut LV hypertrophy

NAFLD: Nonalcoholic fatty liver disease; LV: Left ventricular; BMI: Body mass index; MRS: Magnetic resonance spectroscopy; NASH: Nonalcoholic steatohepatitis.

Abnormal ectopic fat storage and atherogenic
dyslipidemia
In patients with NAFLD, the increased FFAs may induce myocardial lipid accumulation, which is detrimental
to LV function[60-63]. In fact, myocardial steatosis may
cause alterations in myocardial substrate metabolism and
efficiency (cardiac work/myocardial oxygen consumption) that occur early in the cascade of events leading to
impaired LV contractility. Rijzewijk et al[46] showed that
intramyocardial fat content, as detected by 1H-MRS was
significantly higher in uncomplicated type 2 diabetic men
than in nondiabetic control subjects and was associated
with impaired cardiac metabolism[46]. Moreover, using
cardiac MRI and 31P-MRS, Perseghin et al[16] demonstrated that individuals with fatty liver had an increased
amount of fat in the epicardial area and displayed abnormal cardiac metabolism. Epicardial fat is a metabolically
active organ that generates proatherogenic, proinflammatory and prothrombotic adipo-cytokines [64-67]. Its
anatomic location, without any barrier to the adjacent
myocardium, enables local paracrine interaction between
epicardial fat and the myocardium[64]. Thus, epicardial

cardiac insulin resistance[55-58]. Indeed, Lautamäki et al[15]
demonstrated that, in patients with type 2 diabetes and
coronary artery disease, liver fat content was an independent indicator of myocardial insulin resistance and
reduced coronary functional capacity. The consequences
of insulin resistance in the heart are incompletely understood. Using genetically engineered mice with deletion of
insulin receptors in cardiomyocites, Boudina et al[59] have
shown that impaired myocardial insulin signaling leads to
multiple mitochondrial defects that include reduced oxygen consumption and adenosine triphosphate synthesis,
reduced levels of mitochondrial enzymes that regulate
pyruvate and fatty acid metabolism, and decreased content of citric acid cycle proteins. Insulin signaling also
regulates the expression of genes such as peroxisome
proliferator-activated receptor-α in the heart, which
controls the capacity of mitochondria to oxidize fatty
acids. In addition, mitochondria from hearts with defective insulin signaling demonstrate evidence of oxidative
stress. These mechanisms could potentially contribute to
myocardial dysfunction when the heart becomes insulin
resistant.
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Sedentary lifestyle

Genetic variants
PNPLA rs738409
GCKR rs1260326

High fat/
high calory diet

↑ Inflammatory cytokines
↑ Insulin resistance
Visceral fat

Expanded and
inflamed
adipose tissue

NAFLD/NASH

↑ FFAs
↑ Inflammatory cytokines
↑ Insulin resistance

Obesity
Cardiac fat
LV dysfunction

Atherosclerosis
Endothelial
dysfunction

↑ CRP, IL-6,TNF-α, and other
inflammatory cytokines;
↑ Fibrinogen, coagulation, factors;
↑ Hepatic/sistemic insulin
resistance;
FGF-21 resistance;
↑ VLDL, LDL-C
↓ HDL-C

Figure 1 Suggested pathophysiological mechanisms linking nonalcoholic fatty liver disease to atherosclerosis and cardiac abnormalities in obese subjects. FFAs: Fatty free acids; CRP: C-reactive protein; IL-6: Interleukin-6; TNF-α: Tumor necrosis factor-α; FGF-21: Fibroblast growth factor-21; VLDL: Very low density lipoprotein; LDL-c: Low density lipoprotein cholesterol; HDL-c: High density lipoprotein cholesterol; NAFLD: Nonalcoholic fatty liver disease; NASH: Nonalcoholic
steatohepatitis.

and myocardial fat represent abnormal ectopic fat storage and may be a marker of the cumulative effects of
NAFLD and insulin resistance in the setting of pathological adiposity, with consequent adverse associated cardiovascular outcome[65,68].
Cardiac lipotoxicity is a well-described phenomenon
in insulin resistance, and is generally attributed to products of FFA excess metabolism[62,69]. Ceramide is a sphingolipid that is a key mediator of cellular stress pathways
that induce apoptosis and mitochondrial dysfunction. In
normal physiology, ceramide is derived from de novo synthesis or can be derived from sphingomyielin hydrolysis.
Ceramide acts as a lipotoxic intermediate when it builds
up as a result of elevated circulating FFAs. Structural alterations in mitochondria can reduce cardiac function by
providing an insufficient supply of ATP to cardiac myocytes or by increasing reactive oxygen species production, which has been associated with increased apoptosis,
DNA damage, and DNA repair[70]. Recently, it has been
shown that ceramide also plays an important role in the
pathogenesis of obesity-mediated vascular dysfunction
via a mechanism that involves protein phosphatase 2Amediated dephosphorylation of nitric oxide synthase
[71]
Ⅲ . In addition, the treatment of mice with lipotoxic
cardiomyopathy with the inhibitor of ceramide synthesis
myriocin reversed contractile dysfunction in a mouse
model of lipotoxic cardiomyopathy[72]. Taken together, it
is reasonable that ceramide accumulation may contribute
to the pathogenesis of cardiac and vascular dysfunction
in insulin-resistant states.
NAFLD is also characterized by an atherogenic lipid
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profile, consisting of high TG levels, low HDL-c, an
increase in small, dense LDL-c particles, increased very
low-density lipoprotein (VLDL) cholesterol levels and
elevated apolipoprotein B100 concentration[58]. This type
of atherogenic dyslipidemia is strongly linked to adverse
cardiovascular outcome[37,58]. The increased hepatic production of TG-rich VLDL provides a limited compensatory mechanism for IHTG[58,73]. However, this also
results in abnormal HDL-c metabolism causing HDL-c
reduction as well as compositional alterations. In fact, the
amount of liver fat has a significant negative correlation
with subfractions of HDL-c known to be antiatherogenic, which are reduced in NAFLD independently of
peripheral insulin sensitivity[74].
Inflammation
In the presence of increased FFA flux and chronic, low
grade inflammation, the liver is again both the target of
and a contributor to systemic inflammatory changes. The
steatotic and inflamed liver releases several mediators
including C reactive protein (CRP), interleukin-6 (IL-6),
tumor necrosis factor-α (TNF-α) and other inflammatory
cytokines that amplify the systemic, low-grade inflammation[11,55-57]. Increased intrahepatic cytokine expression
results from local activation of the NF-κB pathway (Figure
2B), as mediated by hepatocellular damage and fat-derived
factors, and is likely to play a key role in the progression
of NAFLD and CVD[9,55-57]. Several studies have shown
that a number of genes involved in fatty acid metabolism, lipolysis, monocyte and macrophage recruitment,
coagulation, and inflammation are overexpressed in pa-
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Figure 2 Histological and immunohistochemical features of nonalcoholic fatty liver disease. A: Hematoxylin-Eosin (HE) in nonalcoholic fatty liver disease
(NAFLD) biopsy shows hepatic steatosis (fatty liver). Original Magnification: 10 ×; B: Immunohistochemistry for phosphorylated (p) nuclear factor κB shows the
nuclear expression by hepatocytes in NAFLD (arrows). Original Magnification: 40 ×; C: Macrophages in NAFLD. Immunohistochemistry for CD68 shows the presence
of macrophages in nonalcoholic steatohepatitis (yellow arrows). Original Magnification: 40 ×. Photos were obtained from a liver biopsy of a 60-year-old male affected
by NAFLD. Photos are original and taken in Prof. Gaudio’s Laboratory.

tients with NAFLD[75,76]. In particular, NASH presents a
distinct panel of regulatory genes which are dysregulated
compared to controls and subjects with simple steatosis.
Indeed, circulating levels of several inflammatory markers (CRP, IL-6, monocyte chemotactic protein 1, and
TNF-α), procoagulant factors (plasminogen activator inhibitor 1, fibrinogen, and factor Ⅶ), and oxidative stress
markers are highest in patients with NASH, intermediate
in those with simple steatosis, and lowest in control subjects without steatosis, and the differences are independent of obesity and other potentially confounding factors[76,77].
There is much evidence to suggest that macrophage
infiltration (Figure 2C) could play an essential role in the
pathogenesis of NAFLD and atherosclerosis by communicating inflammatory signals by scavenging modified
lipids[78]. In this light, the systemic inflammation, which is
exacerbated by steatohepatitis, could have a dual role on
the progression of atherosclerotic plaque and steatohepatitis. Macrophages were the first inflammatory cells to be
associated with atherosclerosis[79]; recently, the process
of macrophage polarization has been a subject of interest[80,81]. Two distinct modes of macrophage activation
were proposed to differentiate between inflammatory M1
and anti-inflammatory M2 macrophages[82]. M1-macrophages exert definitive pro-inflammatory roles and M1derived cytokines may be involved in further activating
myofibroblasts and fibrogenetic cells; M2-macrophages
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have been described as wound-healing, based on their
ability to promote wound healing through matrix remodeling and the recruitment of fibroblasts[83]. The process
of macrophage polarization during atherogenesis has
been a subject of interest as macrophage subsets have
been demonstrated to display some degree of plasticity
and heterogeneity within atherosclerotic lesions[80,81]. In
parallel, in NAFLD, the exacerbated release of M1 macrophages derived mediators contributes to the pathogenesis of several liver lesions, namely hepatocyte steatosis
and apoptosis, inflammatory cell recruitment, and activation of fibrogenesis[84,85].
Adipocyte-derived hormones
The term “adipokines” (adipose tissue cytokines) comprises polypeptide factors which are expressed significantly, although not exclusively, by adipose tissue in a regulated manner. Besides adipocytes, accounting for onethird of the cells, adipose tissue is composed of stromal
cells, including macrophages, fibroblasts, and infiltrating
monocytes, all of which contribute to adipokine production[78,86]. The major adipokines (leptin, adiponectin,
resistin) exert several metabolic actions and have a role
in cellular and animal models of liver injury[87]. Leptin
has several immune and metabolic functions. Obesity is
associated with high circulating leptin levels and leptin
resistance in the central nervous system as leptin fails to
correct hyperglycemia in patients with obesity[86]. Several
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in vitro and in vivo studies have identified a close connection between leptin and liver fibrosis. These show that
leptin modulates the biology of different cell types participating in the response to liver injury, such as Kupffer
cells, sinusoidal endothelial cells, and myofibroblast-like
cells[88]. Leptin is also a potential mediator of cardiac hypertrophy in obesity, possibly by causing an increase in
sympathetic vasoconstrictor tone and arterial blood pressure, or through direct stimulation of protein synthesis in
cardiomyocytes[89].
Adiponectin exerts insulin-sensitizing effects in the
liver, skeletal muscle, and adipose tissue. Adiponectin
improves insulin signaling and profoundly affects glucose
metabolism. Adiponectin and leptin have divergent effects on inflammation; adiponectin reduces inflammation, stimulating secretion of anti-inflammatory cytokines
(i.e., IL-10), and inhibiting release of TNF-α, IL-6, and
chemokines[86,87]. Resistin may represent a link between
obesity and insulin resistance; its action determinates
reduction of peripheral insulin sensitivity, increase in
endogenous glucose production by the liver, induction
of insulin resistance and stimulation of proinflammatory
cytokines (i.e., IL-6 and TNF-α)[87].
Recently, hepatocytes and hepatic stem/progenitor
cells (HPC) have been indicated as a source of adiponectin and resistin in the course of NAFLD[90,91]. In NASH,
the expression of adiponectin by liver parenchymal cells
(hepatocytes and HPCs) was down-regulated and it was
inversely correlated with steatohepatitis grade. This is in
agreement with the current understanding of this adipokine. In fact, adiponectin has anti-inflammatory and anti-fibrogenic properties and, in steatotic liver, has been
shown to ameliorate necroinflammation and steatosis
when administered in experimental NASH [87,92]. On
the other hand, HPCs up-regulated their expression of
resistin in correlation with progression towards NASH
and fibrosis[93]. Several lines of evidence link the biology
of resistin with hepatic inflammation, fibrogenesis and
macrophage polarization. In rats, resistin administration
significantly worsens inflammation after lipopolysaccharide injection[94], and activates fibrogenetic cells through
the activation of NF-κB pathway[93,94]. Moreover, hepatic resistin expression increases in NASH; is correlated
with inflammatory cell infiltration, and has been associated with macrophage recruitment within the liver[91].
Widespread research has been conducted on the relationship of adiponectin, as well as of resistin, with cardiovascular risk. Adiponectin exerts a protective effect
against endothelial dysfunction induced by advanced glycation end-products[95]. This process is, in part, mediated
by a decrease in the expression of adhesion molecules,
and provides evidence of the protective role of adiponectin in the pathogenesis of the vascular complications
of obesity/MetS. Low adiponectin levels may impair the
ability of the heart to adapt to acute and chronic stress,
as suggested by studies of adiponectin deficiency in
mice[61]. On the other hand, resistin can act as an effector
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molecule that leads to an atherosclerotic state, possibly
through several mechanisms. It has been shown that
resistin has direct effects on endothelial cell activation
by inducing the expression of cell adhesion molecules,
thereby enhancing leukocyte adhesion[96,97]. Previous “in
vitro” experimental studies on endothelial cells and atherosclerotic plaque progression also showed that resistin
can impair endothelium-dependent relaxation, promote
angiogenesis[98], and induce vascular inflammation[99]. An
increase in resistin concentration significantly decreases
endothelial nitric oxide synthase expression and nitric
oxide production through oxidative stress in cultured human coronary artery endothelial cells[100], suggesting that
the effects of resistin can be mediated by oxidative stress.
However, the precise role of resistin in the clinical scenario remains to be fully elucidated.
Fibroblast growth factor-21 (FGF-21) has emerged
as important endocrine factor involved in glucose and
lipid metabolism and energy regulation[101]. FGF-21 is
primarily expressed by liver, adipose tissue, and pancreas.
FGF-21 stimulates glucose uptake in adipocytes and regulates energy metabolism and enhanced mitochondrial
oxidative function through the activation of AMP-activated protein kinase and sirtuin 1[101]. FGF-21 has a hepato-protective action, but subjects with NAFLD show
a condition of “FGF-21 resistance”, which worsens in
subjects with NASH[102]. A recent study has demonstrated that FGF-21 knockout mice exhibit an increased relative heart weight and develop enhanced signs of dilation
and cardiac dysfunction[103]. In addition, in vitro treatment
of cardiomyocytes with FGF-21 reverses these cardiac
alterations[103]. Thus, FGF-21 resistance or reduced levels
observed in subjects with NAFLD/NASH, might play a
role in cardiac anatomic and functional abnormalities.
Genetic factors
In recent years, genetic studies have highlighted several
single nucleotide polymorphisms (SNPs) that may characterize children with a high risk for NAFLD development
and progression[104-110]. In particular, a common missense
variant (rs738409), characterized by a C-to-G substitution encoding an isoleucine-to-methionine substitution
at amino acid position 148 (I148M), in the patatin-like
phospholipase 3 (PNPLA3) gene has been associated not
only with hepatic fat content and increased serum liver
enzymes but also with increased risk of NASH and fibrosis progression[104,111-114]. The I148M PNPLA3 variant
influences liver triglyceride content without apparently affecting body mass, serum lipid levels and systemic insulin
resistance[113,115]. The association between I148M variant
and both liver enzymes and steatosis has been confirmed
in obese children of different ethnicities[111,112,116,117]. More
recently, a SNP (rs1260326) in the glucokinase regulatory
protein (GCKR) gene has been associated with fatty liver
and with higher serum triglycerides and large VLDL levels in obese children and adolescents[109]. This association
was independent of ethnicity, age, gender, z-score BMI,
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and glucose tolerance[109].

metabolic disease in NAFLD. Although a ≥ 5% weight
loss improves steatosis and cardio-metabolic variables, a
≥ 7% weight loss improves also histological disease activity in NASH; however, the latter goal was achieved by
< 50% individuals even in randomized controlled studies
adopting intensive multidisciplinary lifestyle interventions, making patient compliance a concern. No studies
have yet examined the effect of reducing liver fat and
inflammation on cardiac function and geometry both in
children and adults.

PREVENTION AND TREATMENT
Because of the limited knowledge of the molecular
pathogenesis of NAFLD, the current therapies consist
of strategies aimed at decreasing the incidence of the
known risk factors. Prevention and control of modifiable
risk factors such as overweight and unhealthy lifestyle can
have an impact on the overall health of children and adolescents as well as on the prevention and control of pediatric NAFLD and the related MetS[2,3,10]. Lifestyle changes
and pharmacological treatment of pediatric NAFLD
have extensively been discussed elsewhere[2,3,10]. However,
it is not known how treatment of NAFLD modulates the
risk of CVD.
It has been established that preclinical atherosclerosis
is not an irreversible but rather a dynamic process. Different interventions on cardiovascular risk factors (dyslipidemia, hypertension, diabetes mellitus, and obesity)
have been shown to slow or even regress the progression
of atherosclerosis[118-123]. However, data on the reversibility of subclinical atherosclerotic markers in children
with NAFLD are scant. In a study evaluating a 1-year
intervention program with diet and physical exercise in
children and adolescents with NAFLD, Pacifico et al[124]
showed favorable changes in vascular function as estimated by FMD. In the same study, the authors failed to
demonstrate a significant regression of cIMT, though
there was a trend after the lifestyle intervention. Studies
in adults and children have shown that lifestyle interventions can halt the progression of cIMT[118-120,122,123], but
others have shown no such effect[125,126]. Possible reasons
for such conflicting results include the age of population
(prepubertal children, adolescents, or adults), the type of
population (healthy, otherwise healthy obese, or obese
subjects with obesity related comorbidities), the length
of intervention, the type and intensity of lifestyle intervention, the degree of weight and visceral fat loss, and
different analyses of cIMT measurements (i.e., maximum
or mean value of cIMT). In this context, of great interest is the study by Koskinen et al[127] who showed that
in young adults recovery from the MetS was associated
with reduced cIMT progression during a 6-year followup period. Thus, it is possible that a longer lifestyle intervention may be necessary to regress cIMT in children
with NAFLD. Of note, Pacifico et al[124] demonstrated
that higher cIMT values in obese children with fatty liver
as well as in those with MetS were related to impaired
brachial FMD, supporting the idea that endothelial dysfunction is a necessary step before the development of
structural arterial disease. The restoration of FMD observed in such patients might be the initial step to halt the
progression of the atherosclerotic disease.
In a recent systematic review on the effect of current
non-surgical treatments on liver disease and cardio-metabolic risk in NAFLD, Musso et al[128] found that weight
loss is safe and may ameliorate both liver and cardio-
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CONCLUSION
Although cross-sectional studies have shown that children with NAFLD are at risk for early atherosclerotic
changes and cardiac abnormalities, long-term longitudinal
studies are required to determine more definitively the
extent to which pediatric NAFLD and its severity influence long-term cardiovascular outcomes in the general
population. In particular, follow-up studies may clarify
whether the increased risk of atherosclerotic changes and
cardiac alterations might reflect the clustering of underlying metabolic risk factors, or NAFLD per se, especially
NASH, might confer a risk of adverse cardiovascular
outcome above and beyond that associated with the individual components of MetS. In children, the cardiovascular system remains plastic and damage-reversible if early
and appropriate interventions are established effectively.
Therapeutic goals for NAFLD should address nutrition,
physical activity and avoidance of smoking to prevent
not only end-stage liver disease but also CVD. Future
studies should also examine the long-term effect of reducing liver fat and inflammation on vascular functional
and structural changes as well as on cardiac function and
geometry in children.
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Core tip: In this review article, non-alcoholic fatty liver
disease (NAFLD) spectrum disease is discussed in
detail. The epidemiology of NAFLD/nonalcoholic steatohepatitis and the relationship of NAFLD to different
forms of diabetes mellitus including type 2 diabetes
mellitus and gestational diabetes mellitus are reviewed.
Attention is paid to the main biochemical events, to
dysfunctional adipose tissue and visceral adiposity associated with NAFLD and insulin resistance, to mitochondrial dysfunction and to the role of the entero-insular
axis in NAFLD. Genetics and potential pharmacological
approaches are discussed.

Abstract
Non-alcoholic fatty liver disease (NAFLD) is a chronic
liver disease that might affect up to one-third of the
adult population in industrialised countries. NAFLD
incorporates histologically and clinically different nonalcoholic entities; fatty liver (NAFL, steatosis hepatis)
and steatohepatitis (NASH-characterised by hepatocyte
ballooning and lobular inflammation ± fibrosis) might
progress to cirrhosis and rarely to hepatocellular cancer.
NAFL increasingly affects children (paediatric prevalence is 4.2%-9.6%). Type 2 diabetes mellitus (T2DM),
insulin resistance (IR), obesity, metabolic syndrome
and NAFLD are particularly closely related. Increased
hepatic lipid storage is an early abnormality in insulin
resistant women with a history of gestational diabetes
mellitus. The accumulation of triacylglycerols in hepatocytes is predominantly derived from the plasma nonesterified fatty acid pool supplied largely by the adipose
tissue. A few NAFLD susceptibility gene variants are
associated with progressive liver disease, IR, T2DM and
a higher risk for hepatocellular carcinoma. Although not
approved, pharmacological approaches might be considered in NASH patients.
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HISTORY
The work regarding non-alcoholic fatty liver disease
(NAFLD) was launched only three decades ago, when
Ludwig et al [1] described an “unnamed” and “poorly
understood” liver disease they named non-alcoholic
steatohepatitis (NASH) in 20 patients that histologically
reminded authors of alcoholic hepatitis with a potential
of progression to cirrhosis. Although 20 patients with
NAFLD today could likely be recruited within one day
in a lobby of a hotel, their observation that NASH is an
obesity-associated disease largely accompanied by dia-
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betes mellitus presenting with hepatomegaly and mild
abnormalities of liver tests still accurately describes the
most common clinical findings. There are a number of
confounding factors in determining the true prevalence
and incidence of NAFLD.

sentation are influenced by gender as follows: the males
among NAFLD patients are more prone to present with
elevated LTs, histologically determined NASH, hepatic
fibrosis and higher overall mortality according to the majority of studies[7-9].
The NAFLD spectrum diseases do not differ from
the demographic trends observed in metabolic diseases
including type 2 diabetes mellitus that affect increasingly
younger generations decade by decade[10]. The prevalence
of NAFL in Poland and NAFLD in the United States
was 4.2% and 9.6% based on histopathology at autopsy
in pediatric populations, respectively[11,12]. Excess bodyweight was found in 55.6% of the children with NAFL
in the European study, and the highest rate of NAFLD
was observed in obese United States children (38%); the
latter study found a difference in the NAFLD prevalence among different sub-populations (ethnic origin) in
children[11,12].

Epidemiology of NAFLD/NASH based
on histology
NAFLD incorporates histologically and clinically different non-alcoholic entities as fatty liver (NAFL, steatosis
hepatis) and steatohepatitis (NASH) with or without
fibrosis that might progress to liver cirrhosis and in a few
cases to hepatocellular cancer[2,3].
The gold standard methodologies are difficult to
apply in a general population based study. Histological assessment had an exclusive role for decades as the
only method for grading hepatic steatosis; however this
method has been recently challenged and not only due
to the difficulties in everyday use for diagnostic purposes
in this spectrum of diseases. Hepatic steatosis is defined
as intrahepatic fat content above 5.5%[4,5] or when more
than 5% of the hepatocytes contain typically macrovesicular fat on the histology. Steatosis might be graded
as-S1, mild (up to 10% of hepatocytes); S2, moderate
(10% to 30% of hepatocytes); S3, severe (more than 30%
of hepatocytes)-according to the proportion of the cells
with macrovesicular changes in the liver cells containing
fat.
Under routine clinical circumstances, liver biopsy is
typically indicated when liver tests (LTs) are repeatedly
and chronically elevated (e.g., for six months) and are of
unexplained origin. A few biopsy-based studies report
the NASH prevalence in the general population. Williams et al[6] recruited 400 outpatients aged 18 to 70 years
and performed 134 liver biopsies when the screening abdominal ultrasound suggested hepatic steatosis. Although
ultrasound pre-screening theoretically might implicate
a selection bias, the reported prevalence of NAFLD
was 46% in this United States cohort. The recalculated
NAFLD prevalence-taking into account those who refused the biopsy and those with normal liver histology-is
40% based on the biopsy findings. NASH was diagnosed
in 12.2% of the entire United States cohort and 29.9%
of the NAFLD patients (Table 1). Differences were
found according to ethnic origin, with the highest risk for
NAFLD and NASH presented in patients of Hispanic
origin (> Caucasian > African-American) and according
to the presence of diabetes mellitus (NAFLD prevalence,
74%, NASH prevalence, 22.2%); the NAFLD patients
were more likely to be male (58.9%) and of older age, to
have a higher BMI and to present with hypertension.
We might conclude that the prevalence of NAFLD
and NASH is highly dependent on the structure of the
study population due to the significant differences in
prevalence among different sub-populations. The differences in the prevalence and clinical-pathological pre-
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Epidemiology of NAFLD based
ON PROTON MAGNETIC RESONANCE
SPECTROSCOPY
Grading hepatic steatosis by histological examination potentially holds other biases, including sampling and observation biases. The amount of triglyceride accumulation
in the liver could be assumed to be too low to allow the
formation of macrovesicles and might not be assessed
at histology. Proton magnetic resonance spectroscopy
(1HMRS) has appropriate sensitivity for the quantification
of the intrahepatic lipid content and correlates better
with the biochemical analysis results of liver specimens
even if such a small lipid accumulation is in question[13,14].
Compared to traditional histology, 1HMRS based steatosis (intrahepatocellular lipid content, IHCL) grading
is based on a much larger mass of hepatic tissue that is
investigated without the risks of liver biopsy (27 g vs 100
mg), providing additional advantages over the invasive
method[13,14].
The NAFLD prevalence from the studies using 1HMRS
based IHCL measurements are indicated in Table 1.
The prevalence of fatty liver disease in a populationbased study in the United States using a 1HMRS-based
measurement for the determination of the intrahepatic
triglyceride content (HTGC) was 34%, and in over 90%
of the 2287 enrolled individuals, it was because of nonalcoholic causes[4]. The results of this multi-ethnic study
demonstrated differences in the prevalence of hepatic
steatosis among the different ethnic groups studied, with
a higher prevalence in Hispanic patients, explained by
the higher prevalence of obesity and insulin resistance.
The authors concluded that ethnic differences in the
prevalence of hepatic steatosis in the study reflected
those observed previously for NAFLD-related cirrhosis
(Hispanics > whites > blacks). The finding that the majority of subjects (79%) with NAFLD had normal levels
of serum alanine aminotransferase should be taken into
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Table 1 Prevalence of non-alcoholic fatty liver disease, non-alcoholic fatty liver and non-alcoholic steatohepatitis
NAFLD/NAFL prevalence

NASH prevalence Population studied Population size Method of diagnosis

46 (40)% NAFLD in the entire US
cohort

12.2% in the US
entire cohort

18-70 yr aged US
cohort

328

29.9% in patients
with NAFLD

NAFL: 49.3%-mild, moderate, and
severe
NAFL in 38.9%, 9.0% and 1.4% donor
candidates respectively (mild steatosis
was defined as fatty changes in 5%-30%
of hepatocytes, moderate steatosis in
30% to 60% of hepatocytes, and severe
steatosis in > 60% of hepatocytes
without significant inflammation on
liver histology)
NAFL: 4.2% in pediatric European
population

Remark

Liver biopsy (in
134 ultrasound prescreend patients)

Ref.
[6]

Greatest risk for both
NAFLD and NASH
in Hispanics and with
diabetes

2.2% (Asian
population)

Korean living liver
donor candidates

1% (pediatric
population)

European children
(6 mo-18 yr old)

NAFLD 9.6% in pediatric US
population fatty liver was defined as
> or = 5% of hepatocytes containing
macrovesicular fat

NR

United States
children (2-19 yr
old)

NAFLD 31% in adult Urban US
population

NR

Large, ethnically
diverse,
probability-based
adult population
sample from
Dallas, Texas,
United States
-participants in the
Dallas Heart Study

589

589 US guided liver
biopsy

342
Histopathology
medicolegal
at autopsy (and
autopsy
typical macroscopic
reports/265
imaging)
children died
from trauma
742 children
Histopathology at
(2-19 yr old)
autopsy
who had
autopsy (form
1993 to 2003)

2349

[126]

Excess body weight was
observed in 55.6% of
children with NAFL

Different prevalence
according to
subpopulation (Asians:
10.2%; Black: 1.5%;
Hispanic: 11.8%; White:
8.6%). The highest rate of
NAFLD was seen in obese
children (38%)
1
H-MRS of the liver
79% of patients with
to quantify HTGC
hepatic steatosis had
normal levels of serum
alanine aminotransferase.
Different prevalence
of hepatic steatosis in
different sub-populations:
45% in Hispanics, 33% in
Whites and 24% in Blacks

[11]

[12]

[4]

Based on histological examination or proton magnetic resonance spectroscopy (1H-MRS) measurement in Hallmark Studies. HTGC: Hepatic triglyceride
content; NAFLD: Non-alcoholic fatty liver disease; NAFL: Non-alcoholic fatty liver; NASH: Non-alcoholic steatohepatitis; NR: Not reported.

account when evaluating population-based studies using
score systems that incorporate LT in the diagnosis of
NAFLD[4].
In a recent study, biochemically measured hepatic
triglyceride levels correlated significantly with the hepatic
lipid level (IHCL) measured with 1HMRS. The histologic
and 1HMRS grading of fatty liver was in agreement in
the majority (65%) of these C-virus infected patients. In
contrast, no linear correlation between the biochemically
determined liver triglyceride content and histological examination was found[15].

identify patients with NAFLD, although ultrasonography
might not be regarded as accurate radiologic modality
as the 1HMRS in measuring the intrahepatic lipid level.
The third National Health and Nutrition Examination
Survey (NAHNES) assessed the prevalence of NAFLD
from 1988 to 1994 in the United States based on the
ultrasonography data of 12454 adults. They estimated
that 28.8 million adults might be diagnosed with NAFLD
in the United States; the corresponding prevalence is
19%[16]. The data obtained from the NAHNES study
confirmed that NAFLD occurs with a higher prevalence
in Mexican-Americans compared to non-Hispanic whites
and non-Hispanic blacks. NAFLD was independently associated with insulin resistance and diabetes; and, among
people without diabetes, with dyslipidaemia and obesity.
The study confirmed that NAFLD is more common in
males[16]. The NAFLD prevalence in the Italian Dionysos
project in adults with and without suspected liver dis-

ULTRASOUND BASED NAFLD
PREVALENCE
The diagnostic plethora of NAFLD is further complicated by many studies using ultrasonography data to
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ease was 25% and 20%, respectively using the US based
method for identification[17]. The prevalence of NAFLD
in Japan increased to 2.4-fold from the 12.6% prevalence found in 1989 to the 30.3% prevalence observed
in 1998[18]. A lower prevalence was reported in India, using ultrasonography for the identification of NAFLD:
the prevalence of NAFLD was 18.9% in adults above
20 years of age, with a higher prevalence of NAFLD in
males than females (24.6% vs 13.6%)[19].
A number of studies report the aminotransferasebased approach to diagnose; due to the observation that
more than 75% of the patients with steatosis might have
normal LT values, these studies are not discussed in detail
here[4].

tance and pancreatic β-cell dysfunction.
The prevalence of ultrasonographic NAFLD was
69.4% in 180 patients with T2DM[30]. NAFLD was associated with obesity (abdominal), hypertriglyceridemia and
high-normal ALT levels. The authors concluded that the
progression of NAFLD is independent of the diabetes
progression[30].
The ultrasonography results of 204 patients with
T2DM showed fatty infiltration in 62.2% of the patients;
NAFLD was confirmed by liver biopsy with subsequent
histology in 87% of the patients, indicating a 54.11%
histologically confirmed prevalence in T2DM. Steatohepatitis and fibrosis were found in 38.9% and 23.2%,
respectively, of Indian patients with T2DM[31].
Leite et al[32] found a 78% NASH prevalence at the
histological examination in nearly 100 patients with
T2DM and US evidence of NAFLD. The presence of
high triglyceride, low HDL-cholesterol and increased
ALT levels were independently associated with a higher
risk of histologically confirmed NASH. The prevalence
of advanced fibrosis (≥ stage 2) was found in 38% and
55% of the patients depending on the pathologist who
conducted the histological examination. The presence
of NASH was independently correlated with high serum
[32]
γGT levels, older age and male gender .

Assessment of Fibrosis and
Steatohepatitis
In most patients with NAFLD, a non-invasive score proposed by Angulo et al[20] could be applied to assess liver fibrosis because advanced fibrosis could be diagnosed with
accuracy in 90% of the cases. The authors analysed the
clinical and liver biopsy data of more than 700 patients to
construct this simple scoring system. Transient elastography (Fibroscan), which is a radiological modality used
with high accuracy to non-invasively assess the degree of
fibrosis based on the measurement of liver stiffness[21,22],
might detect even low-grade steatosis because of a recently described novel ultrasonic controlled attenuation
parameter of the machine[23].
Although there are promising biomarkers such as
cytokeratin-18 fragments for NASH to be potentially applied as diagnostic tools in the future[24], the accurate diagnosis of NASH in some cases might require a liver biopsy. A biopsy is typically indicated in the cases in which
the liver tests (LTs) are repeatedly elevated in a chronic
manner (e.g., for six months) and are of unexplained origin and when the patient must be carefully investigated
for alternative diagnoses (e.g., to measure assess hepatic
iron concentration in a C282Y HFE heterozygote individual; when the case is suggestive of autoimmune liver
disease; rarely, when the diagnosis of Wilson disease may
not be established without quantitation of the liver copper content; in other storage diseases; or in rare distinct
forms of liver disease)[25-29].

Gestational diabetes mellitus
Recent novel findings have emerged to confirm the relationship between diabetes mellitus and NAFLD: Women
with a history of gestational diabetes mellitus (GDM)
have an increased risk of developing T2DM decades
later. Prikoszovich et al[33] recruited women with a history
of GDM (pGDM) four to five years after delivery and
assessed the glucose tolerance and oral glucose insulin
sensitivity to measure the whole-body insulin sensitivity
during a 75 g CH OGTT. The lipid storage in the muscle,
liver and flux through the ATP synthase were measured
using 1H/31P magnetic resonance spectroscopy. In a comparison with women without any risk factor for T2DM,
the hepatic content of lipids (HCL) was doubled in the
insulin resistant pGDM women, despite they had normal
glucose tolerance. HCL correlated positively with the
body fat mass and inversely with insulin sensitivity. The
authors concluded that increased hepatic lipid storage is
an early and predominant abnormality in insulin resistant
women with a history of GDM.
The fatty liver index (FLI) -measured using 1HMRSin women with previous GDM predicted further metabolic deterioration and subjects with the highest FLI
values showed significant alterations in FFA kinetics with
a higher risk to develop T2DM in the future[34]. The results of these studies should be taken into consideration
when the role of NAFLD in determining the hepatic and
whole body insulin sensitivity is under scrutiny in glucose
tolerant individuals with insulin resistance.
In 2013, Brumbaugh et al[35] assessed the intrahepatic
lipids in the neonatal offspring of obese women with
gestational diabetes. The neonates born to obese women

Why Is NAFLD worrisome?
Type 2 diabetes mellitus
Type 2 diabetes mellitus (T2DM) and NAFLD are particularly closely related. This relationship among T2DM,
insulin resistance (IR) and NAFLD is expected because
insulin is subsequently delivered directly to the portal vein
after secretion, taking the same route as the absorbed
glucose, and the liver eliminates a large portion of portal
insulin at the first pass.
Obesity in NAFLD is associated with dysfunctional
adipose tissue, and lipotoxicity promotes insulin resis-
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with GDM underwent MRS for intrahepatic lipid content
determination at 1-3 wk of age and demonstrated a mean
68% increase in the IHCL compared with infants born to
normal-weight mothers. The intrahepatic fat deposition
in the neonates positively correlated with the maternal
pre-pregnancy BMI and not with subcutaneous adiposity.

resistance - a hallmark of metabolic syndrome - is also
present because of the lack of (insulin induced) downregulation of the hormone sensitive lipase that eventually
results in enhanced lipolysis and an increased efflux of
free fatty acids to the plasma NEFA pool from the adipocytes. Hyperglycaemia (and hyperinsulinaemia) induces
SREBP-1c and ChREBP in the liver, and these transcription factors subsequently activate genes that are required
for lipogenesis, eventually resulting in increased hepatic de
novo lipogenesis. Hepatic de novo lipogenesis is increased in
insulin-resistant states and in NAFLD[41]. Beta-oxidation
of fatty acids is increased in patients with NASH; the oxidation might not overcome the increased hepatic TAG
production, and the increased NEFA oxidation might
result in increased oxidative stress, enhancing the transition of NAFL to NASH[42,43]. This (patho)biochemical
path provides the reason that the association is remarkably strong between fatty liver and obesity-related insulin
resistance[40,44].

"Metabolic syndrome"
Although many authors agree that the “metabolic syndrome” is a cluster of risk factors, but whether it may
correctly be considered a syndrome is strongly questioned[36]. Provided the term “metabolic syndrome” is
accepted, insulin resistance should be at the core of the
“syndrome”, and many authors agree that NAFLD that
is generally asymptomatic is frequently associated with
obesity, type 2 diabetes and the “metabolic syndrome”[17].
Although a statement was published for synchronising
the various definitions for metabolic syndrome[37], our
experience confirmed that a large proportion of patients
with NAFLD did not fulfill the “metabolic syndrome”
criteria (49%-46% depending on the NCEP in ATP-Ⅲ[38]
or the AHA and IDF joint criteria[37] were applied). The
high proportion of NAFLD patients without “metabolic
syndrome” was observed despite that the HOMA2-IR
values of the NAFLD patients were even higher in this
study population than those with T2DM, provided that
the NAFLD patients were excluded from the latter study
group. None of the definitions of “metabolic syndrome”
could be appraised as a consensus due to that the significant proportion of insulin-resistant NAFLD patients are
excluded by these criteria[39].

NAFLD CONCURRENTLY WITH VISCERAL
AND SUBCUTANEOUS ADIPOSITY AND
INSULIN RESISTANCE
Is there accurate morphological evidence to support this
biochemistry-driven hypothesis that the intrahepatic lipid
content is hand-in-hand with different adipose tissue
deposits, particularly the visceral adipose tissue accumulation that is strongly associated in impaired glucose metabolism?
Bosy-Westphal et al[45] assessed the fat volume including the visceral fat volumes (VAT), the pericardial adipose
tissue (PAT, a well-known marker of visceral adiposity)
and the abdominal subcutaneous adipose tissue using
MRI and compared the results to the IHCL quantified by
the highly sensitive 1H-MRS method in thirty overweight,
not yet diabetic women. The participating individuals
were restricted to a low calorie diet for three months;
at baseline, the visceral adipose tissue volume and PAT
correlated with the IHCL as well as with the insulin resistance measured with the euglycaemic hyperinsulinaemic
clamp and the homeostatic model assessment (HOMA)IR. The strength of the relationship between the visceral
fat volume and IHCL is shown by the finding that the
reductions in IHCL induced by the dietary intervention
and loss of body weight were only correlated with the
decrease in VAT. The exceptional role of NAFLD in
determining insulin resistance is confirmed by the improvements in HOMA-IR and HOMA2-%B after three
months of diet and weight loss that were only related to
the decrease in IHCL[45].
The interpretation of HOMA-IR has been recently
challenged. Traditionally, HOMA-IR reflects the degree
of insulin resistance; however, these estimates based on
the fasting plasma insulin and glucose concentrations[46]
do not take into account whether the secretion of insulin
by the pancreatic β cells is altered or if an alteration is

Biochemistry
The major biochemical event in NAFLD is the accumulation of triacylglycerols (TAG) in the hepatocytes.
Because of the strong associations described above and
to understand the relation of NAFLD to whole-body
metabolic status, Donnelly et al[40] conducted a study using
gas chromatography/mass spectrometry. Hepatic TAG
might accumulate from different sources in the hepatocytes as follows: TAG as a nutrient after absorption from
the intestine are delivered via chylomicrons to the liver,
where they might subsequently be secreted as lipoproteins. Hepatic TAG synthesis is possible, and this process
requires fatty acids and glycerol in the liver The required
fatty acids might be from the plasma non-esterified fatty
acid pool (NEFA), and they might be produced in the
liver as de novo hepatic lipogenesis. It has been reported
that approximately 60% of the TAG accumulated in the
liver is derived from the plasma NEFA pool, even in the
fed state, and that adipose tissue is the largest contributor
to the fatty acid content of the plasma NEFA pool (80%
in the fasted state). One-quarter of the TAG accumulation is derived from hepatic de novo lipogenesis that is
elevated in the fasting state and demonstrates no diurnal
variation, whereas approximately 15% is derived from the
dietary intake. The situation is even worse when insulin
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in the insulin removal (clearance). The differentiation of
total body insulin resistance, peripheral insulin resistance
and hepatic insulin resistance merits research attention. A
recent novel interpretation of HOMA-IR suggests that
it is not a precise estimate of peripheral insulin action
rather it might reflect the ability of insulin to suppress
hepatic glucose production in the fasting state[47]. The
clamp technique used in the previously mentioned study
measures the peripheral insulin action in non-diabetic
individuals resulting from hyperinsulinaemia during the
measurement that is high enough to inhibit the hepatic
glucose production completely[48]. This concept should
be validated in studies using an insulin concentration that
is lower than that regularly used during an euglycaemichyperinsulinaemic clamp measurement to avoid the absolute inhibition of hepatic glucose production[47]. Provided
that this hypothesis regarding HOMA-IR is accurate,
the 1H-MRS based follow-up observation that improvements in HOMA-IR and HOMA2-%B after dietary intervention were only related to the decrease in the IHCL
indicates that a decrease in the intrahepatocellular lipid
content increases the ability of insulin to suppress the
hepatic glucose production in the fasting state, which is a
major determinant of fasting plasma glucose levels[45].
In addition the contribution of the subcutaneous
adipose tissue (SAT) to the whole-body adipose tissue
dysfunction has been also recently confronted against the
broadly accepted “innocent bystander to VAT” concept.
The results of an in vivo human study that functionally assessed SAT in patients with histology-confirmed NASH
provided evidence that the abdominal SAT in NASH patients is highly insulin resistant and required > 6 × more
insulin to the gain similar degree of glycerol release suppression (referring to impaired suppression of lipolysis in
SAT by insulin) than in healthy subjects. Authors therefore suggested that abdominal SAT is dysfunctional in
NASH and plays a profound role in NASH development
and lipotoxicity[49].

sation, incorporation to TAGs and export contributes to
the development of NASH, and hepatic injury is further
accentuated by pathological FA oxidation and altered cell
membrane composition[55]. Lipotoxicity induces hepatocellular apoptosis; Kupffer cell activation; impaired insulin
signaling and hepatic insulin resistance; and hepatic stellate
(Ito) cell activation with subsequent fibrosis. These pathological processes might eventually lead to cirrhosis[55].

DIACYLGLYCEROL ACYLTRANSFERASE
2: Dissociation of Steatosis and
Inflammation-Fibrosis
The hepatotoxicity of saturated FFAs is further supported by the genetic deletion of diacylglycerol acyltransferase 2 (DGAT2) in mice models as follows: in parallel
with the decreased TAG synthesis due to the the increased oxidative stress from the lack of intracellular FFA
esterification, hepatocellular apoptosis with subsequent
fibrosis occurs, resulting in the dissociation of hepatic
steatosis and hepatic fibrosis in the NASH model[56,57].
Overexpression of DGAT2 in the experimental model
causes hepatic steatosis without concomitant liver fibrosis
or insulin resistance, providing evidence for the different
roles that toxic saturated FFAs and TAGs have in the development of NAFLD[57,58].
The pathological effect of lipotoxicity is not limited
to the liver cells, and it might affect the pancreatic β-cells,
contributing to the β-cell dysfunction that is frequently
observed in T2DM[59]. This pathology that affects both
the liver and the pancreatic β-cells is highly important in
determining the plasma glucose levels.
Lipotoxicity in the pancreatic β -cells
The intracellular signaling pathways altered because of
lipotoxicity should partially overlap in the liver cells and
in the pancreatic β-cells (Figure 1).
Saturated fatty acids, among other factors, induce
endoplasmic reticulum stress that induce JNK activation
via the IRE1α/ASK1, a signal that has been described in
pancreatic β-cells as well as in liver cells[60,61]. Subsequently, the activation of the JNK pathway induces the “sensitiser” BH3 proteins (DP5, Bad, Bik), which bind to the
anti-apoptotic Bcl-2 proteins such as Bcl-2 and Bcl-XL;
these proteins designate the pro-apoptotic BH3-only proteins, BIM and PUMA (“activators”), eventually leading
to their activation, which results in the apoptotic death
of the pancreatic β and liver cells via Bak and Bax[61-63].
There is a substantial homology of this unsaturated FFA
induced path and the path of cytokine induced β cell
apoptosis. Palmitoleate (a mono-unsaturated fatty acid)
could inhibit lipoapoptosis by blocking the endoplasmic
reticulum stress-associated increases of the BH3-only
proteins, Bim and PUMA, in hepatocytes[64]. The deteriorating β cell function, in combination with the increasing
hepatic IR and the decreasing suppression of hepatic
glucose output, leads to hyperglycaemia that eventually

LIPOTOXICITY
Free fatty acids (FFA) are directly hepatotoxic, and FFA
levels are elevated in patients with NASH and correlate
with disease severity[50]. Patients with severe fibrosis
shown by liver biopsy had significantly greater serum
concentration of free fatty acids than did the patients
without severe fibrosis[50]. Saturated FFAs (e.g., palmitate)
are apparently more hepatotoxic than unsaturated (monounsaturated) FFAs (e.g., palmitoleate); palmitoleate (known
as a lipokine) was demonstrated to suppress hepatic
steatosis[51,52]. Unsaturated fatty acids do not induce endoplasmic reticulum (ER) stress or apoptosis and are able to
rescue the palmitate-induced ER stress and apoptosis in
liver cells. It has been proposed that the difference in toxicity between saturated and unsaturated fatty acids is that
unsaturated FFAs are more easily esterified into neutral
triglycerides[53,54].
The impairment of liver cellular capacity in FFA utili-
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Figure 1 Endoplasmatic reticulum stress caused by saturated free fatty acids. Endoplasmatic reticulum stress caused by saturated free fatty acids, via three
main mediators [inositol-requiring endoplasmic reticulum-to-nucleus signal kinase 1α (IRE1α), activating transcription factor 6 (ATF6) and RNA-dependent protein
kinase (PRK)-like endoplasmic roticulum (ER) kinase (PERK)], results in the activation of c-Jun N-terminal kinase (JNK) and C/ CCAAT/enhancer binding protein (EBP)
homologous protein. The sequence of BH3 protein activation based on a sensitizer and an activator group was described by Gurzov and Eizirik in β-cells[62,63]. The
sensitizers bind the anti-apoptotic proteins Bcl-2, Bcl-XL and Mcl-1 and release the activators from this bond. JNK both mediates the induction of the sensitizer and
the activator BH3 proteins and also activates Bax. Upregulation of Bcl-2 interacting mediator of cell death (BIM) and p53 upregulated modulator of apoptosis (PUMA)
was also demonstrated in liver cells as a ruslt of free fatty acid (FFA) induction. Proinflammatory cytokines also activate JNK. ER sterss also results in CHOP actvation
and subsequently the activation of the activator BH3 proteins. This complex signaling pathway might link the metabolic (saturated FFAs) stress and the effect of proinflammatory cytokines both in the pancreatic β-cell as well as in liver cells.

might directly (glucotoxicity) and by biochemical and
metabolic consequences further promote this pathologic
process. This cross-talk between the metabolic and cytokine induced pathways might facilitate the identification
of novel drug targets (e.g., DP5, Bim) that would inhibit
the unsaturated FFA induced ER stress mediated apoptotic liver cell death and possess protective properties
against cytokine induced pancreatic β cell death[60-63]. The
cytokines, growth factors and inflammatory mediators
that are important in NAFLD are summarised in Table 2.

mitochondrial swelling in patients with NASH. Patients
with T2DM of long duration might have decreased ATP
production after fasting and after fructose administration.
The mitochondrial dysfunction in NAFLD, from lipotoxicity, oxidative stress and as a result of inflammatory
mediator effect, alters the hepatic energy metabolism, as
recently reported by Koliaki and Roden[67].

Entero-insular axis (DPP-4 and
Incretins) in NAFLD

Mitochondrial dysfunction

A number of studies have assessed both the glucagonlike peptide-1 (GLP-1) and glucose dependent insulinotropic peptide induced insulin secretion in T2DM
patients and concluded that the response to the incretin
hormone stimuli might be compromised as an early
phenomenon in T2DM[68-71]. In the carriers of the transcription factor 7-like 2 gene polymorphism (TCF7L2rs7903146, a widely known risk polymorphism in T2DM
development) the GLP-1 induced insulin secretion, and
not the GLP-1 secretion, is impaired[72]. Similar findings were presented for a common genetic variant in the

A defective hepatic mitochondrial respiratory chain
(MRC) was described in NASH[65]. The mitochondrial
dysfunction, as measured by the activity of the MRC
complexes in liver tissue, was correlated with the serum
TNF-alpha levels and with the degree of insulin resistance that were higher in NASH and with the BMI[65]. In
addition to the mitochondrial dysfunction, Sanyal et al[66]
described structural mitochondrial defects including the
loss of the mitochondrial cristae and paracrystalline inclusions, the presence of linear crystalline inclusions and
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Table 2 Adipokine hormones, cytokines, growth factors and other mediators that play important role in non-alcoholic fatty liver
disease pathology
Mediator/pathway
Adiponectin

Ghrelin

Leptin

Observation /proposed mechanism

Ref.

Shown to have anti-inflammatory and antifibrotic activity, serum levels were found to be decreased in
NAFLD and NASH patients. Plasma adiponectin in NAFLD is related to hepatic insulin resistance and
hepatic lipid content - not to liver disease severity
Serum levels were found to be diminished in NAFLD and NASH patients - no correlation with histological
grade. Ghrelin administration attenuated oxidative stress, inflammation and apoptosis in high fat diet
induced NAFLD animal model
Leptin levels are generally known to be higher in the sera of NASH patients, except for a subgroup; serum
levels were shown to negatively correlate with AST/ALT levels. The livers of leptin-deficient mice were
found to be unusually sensitive to LPS-induced injury. Recombinant leptin therapy was in clinical trial in
patients with NASH and low leptin levels - no results were posted
Serum levels were shown to be significantly higher in patients with NAFLD and NASH
Increased gut permeability and tight junction alterations in NAFLD. Higher prevalence of small intestinal
bacterial overgrowth in NAFLD patients - correlated with the severity of liver steatosis
Both the TLR4 (endotoxin-receptor) protein and RNA levels were found to be elevated in liver in NASH

[127]

Resistin
Small bowel bacterial
overgrowth (SIBO)
Toll-like receptor-4
(TLR4)
Nuclear factor-κB
Increased activation of NF-κB was found in NASH
(NF-κB)
Tumor necrosis factor-α Key mediator of inflammation, serum levels are elevated in NASH. TNF-α expression in adipose tissue is
(TNF-α)
upregulated in several models of obesity. In patients, TNF-α levels were shown to be higher in obese than
in lean individuals, and were correlated with insulin resistance
Interleukin-6 (IL-6)
Increased plasma levels and hepatic expression was described in NASH patients. Increased hepatic IL-6
production may play an important role in NASH, insulin resistance and diabetes development
Transforming growth
A key growth factor and a major inductor of hepatic stellate cell activation and therefore hepatic fibrosis,
factor-β (TGF-β)
TGF-β signaling in hepatocytes may contribute to hepatocyte death and lipid accumulation via Smad
signaling and ROS production
Th17 cells and IL-17
In the livers of mice on a high fat diet and also NASH patients an increased number of hepatic Th17 cells
could be detected. In mice Il-17 neutralization ameliorated LPS induced liver injury
Interleukin-17 exacerbates hepatic steatosis and inflammation in non-alcoholic fatty liver disease
Notch-mTOR pathway Liver-specific ablation of Notch signaling, or its acute inhibition with a decoy Notch1 receptor, prevents
hepatosteatosis by blocking mTor complex 1 (mTorc1) activity. Notch gain of function induces NAFL
through constitutive activation of mTorc1
Mastocyte chymase
This enzyme is important in the convertion of angiotenzin-Ⅰ to angiotenzin-Ⅱ and the activation of
matrix metalloproteinase-9, which both are involved in the development of liver fibrosis. Chymase
inhibitor prevents the nonalcoholic steatohepatitis in a hamster model
Galectin 3
Galectin 3 is a β-galactoside-binding lectin with a multiple functions. It is also a receptor of advanced
lipoxidation endproducts and plays important role in inflammation, fibrosis and carcinogenesis. Its role
is suspected in NASH. Regression of fibrosis by galectin inhibitors in thioacetamide-induced liver disease
animal model. Phase 1 Study with a Galectin inhibitor GR-MD-02 in patients with NASH and advanced
fibrosis
Fibroblast geowth factor Both the intestinal FGF19 production and the hepatic response is impaired in NAFLD patients. A decrease
-19 (FGF19)
in fasting FGF19 levels is associated with the development of non-alcoholic fatty liver disease in obese
adolescents

[128,129]

[128] and
ClinicalTrials.
gov Identifier:
NCT00596934
[130]
[131]
[132]
[132]
[133]

[134]
[135]

[136]

[137]

[138]

[139,140],
ClinicalTrials.
gov Identifier:
NCT01899859
[141]

A few of these molecules are therapeutic targets (e.g., galectin 3) in early phase clinical trials. NAFLD: Non-alcoholic fatty liver disease; NASH: Non-alcoholic steatohepatitis; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

ordinated islet response to metabolic stimuli[76].
Increased serum DPP-4 activity (the soluble form
of the enzyme in human sera) was described in patients
with NAFLD in comparison to healthy controls and
T2DM patients, provided that T2DM patients who presented with clinically obvious (with an US and biochemical based diagnosis) NAFLD were excluded from the
study group[39]. We found a positive correlation among
the γGT, ALAT and serum DPP-4 activities in NAFLD
that supports the finding that the excess DPP-4 found in
the serum of NAFLD patients is of hepatic origin. We
concluded that it is the presence of (fatty) liver disease
that primarily influenced the serum DPP-4 enzymatic
activity and not hyperglycaemia alone[39]. Subsequently,

WFS1 gene, and carriers of the polymorphism had impaired GLP-1-induced insulin secretion independently of
insulin sensitivity[73]. Variants of the KCNQ1 (rs151290,
rs2237892 and rs2237895) gene altered the endogenous
GLP-1 secretion[74,75].
Despite these well-designed, elegant studies that assessed the role of the entero-insular axis in T2DM and its
association with the risk gene polymorphisms in T2DM,
there is limited data regarding the role of the entero-insular axis in NAFLD. Recently, β cell connectedness has
been reported to influence the incretin-induced insulin
secretion in human islets, and lipotoxicity was demonstrated to be able to disrupt this incretin-regulated human
β cell connectivity that might result in the loss of the co-
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higher hepatic expression of DPP-4 at the mRNA level
was described in NAFLD patients, and high glucose
concentrations increased the DPP-4 expression in the
HepG2 cells, in contrast to the insulin and FFAs that
did not alter the DPP-4 expression[77]. The correlation
among the serum levels of soluble CD26/DPP-4 activity and other liver disease biomarkers was also confirmed
in Asian patients[78-80]. A positive correlation between the
serum DPP-4 activity and insulin resistance (HOMA2IR) in NAFLD was also found that is not surprising
provided that the serum DPP-4 activity is considered as
a novel liver disease biomarker. The existence of such a
correlation further supported the recent suggestion that
the soluble form of DPP-4 is a novel adipokine hormone
that could induce insulin resistance without the presence
of incretin hormones in an experimental system[81]. In a
meta-analysis, Fadini et al[82] found that the DPP-4 activity was increased in T2D and was not lowered by glycemic control; the study confirmed that hyperglycaemia
was not a direct determinant of DPP-4 activity and was
lower in metformin-treated patients. A significant role of
DPP-4 in hepatic glucose metabolism is supported by the
study of Edgerton et al[83], who demonstrated that during DPP-4 inhibitor therapy (vildagliptin) and GLP-1 cotreatment, the net hepatic glucose uptake was three-fold
greater in the DPP-4 inhibitor treated group than in the
control group that was treated with portal vein GLP-1
infusion and not with the DPP-4 inhibitor; this effect was
greater than that predicted by the change in insulin. This
finding indicates that the DPP-4 inhibitor was able to increase the hepatic glucose disposal beyond the effects of
GLP-1 on insulin and glucagon secretion.
The effect of DPP-4 inhibitor therapy on liver fibrosis should be assessed, particularly because the fibroblast
activation protein (FAP), which is a duplicate molecule
of DPP-4 (FAP-DPP-4 shows 88% homology at the
cDNA level), is present at the tissue remodelling interface
on hepatic stellate cells (HSCs, ITO cells) that primarily
produce the accumulating extracellular matrix proteins
(including collagens) in chronic liver diseases, eventually
leading to fibrosis and cirrhosis of the liver[84].

peptide (by the cleavage of the neutral endopeptidase),
GLP-1 (28-36) amide, was shown to improve glucose
disposal and decrease hepatic steatosis in high fat diet
mice. The GLP-1 (28-36) amide suppressed the hepatic
gluconeogenesis and improved the pyruvate tolerance
in this model[93]. The large randomised controlled trials
(RCTs) that would also assess safety issues of the DPP-4
inhibitors and the GLP-1 mimetics are missing in NAFL
patients, as well as in NASH patients, in whom the indication for (an auxiliary) drug treatment (in addition to diet,
weight loss and exercise) might be more obvious.

Other Therapies
There is consensus that the most effective treatment of
NAFL in the overwhelming majority of cases is lifestyle
change, including a supervised diet, exercise and weight
loss. However doctors are not always successful in having
patients reach this goal, and the potential pharmacological approaches that should be considered, predominantly
in NASH patients, are briefly reviewed.
Metformin
Metformin is experiencing a booming renaissance in the
treatment of T2DM; however, this drug has no significant effect on liver histology, probably in part because of
the limited anti-steatogenic effect and failure to increase
the adiponectin levels[94]. The guidelines do not recommend this biguanide specifically for the treatment of
NASH (AASLD: Strength 1/Evidence: A)[26,95].
Thiazolidinediones
In contrast to metformin, thiazolidinediones (TZDs) are
experiencing difficulty as pharmacological agents in human medicine. In certain countries there are no remaining
agents from this drug class (e.g., the French Agency for
the Safety of Health Products requested a pharmaceutical
company to suspend the use of pioglitazone containing
products for the treatment of type 2 diabetes in France in
2011 because of an increased risk of urinary bladder cancer). EASL and AASLD discussed pioglitazone, outlining that, from the hepatologist point of view, glitazones
consistently provided benefit for patients with NASH
and could be used to treat biopsy proven steatohepatitis
(AASLD: Strength: 1, Evidence: B)[26,95]. The associations
emphasise that the long-term safety of pioglitazone in
NASH is not established, and it is likely that no doctor is
treating NASH isolated from other safety issues[26].

DPP-4 Inhibitors and GLP-1 Mimetics
in NAFLD Treatment
DPP-4 inhibitors were reported to improve hepatic steatosis and adipose tissue inflammation in mice[85,86]. Human treatments are also documented, in which the DPP-4
inhibitor, sitagliptin, was able to provide benefit for a
refractory case of NAFLD[87]. Sitagliptin improved hepatocyte ballooning in a diabetic patient with NASH[88]. The
available data on the use of GLP-1 mimetics is limited;
the following effects were reported in animal models:
improvement of the FA beta-oxidation; a decrease in the
liver disease biomarker ALAT and hepatic TAGs; reduced
ER-stress related hepatocyte cell death; and enhanced
beneficial macroautophagy[89-92]. The GLP-1 derived non-
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Vitamin E
The nature of the dilemma with vitamin E is somewhat
similar to that with the TZDs. A meta-analyses (of over
100000 participants) reported increased all-cause mortality with a dose of vitamin E ≥ 400 IU/d, and one
meta-analysis found a statistically significant relationship
between vitamin E dosage and all-cause mortality in a
dose-response analysis[96,97]. Although others have ques-
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tioned the results obtained from these meta-analyses[98,99],
recently vitamin E (400 IU/d) was shown to significantly increase the risk of prostate cancer among healthy
men[100]. According to the AASLD recommendation,
this vitamin E dose should be doubled (800 IU/d) to
improve liver histology in non-diabetic adults with biopsy
proven NASH (Strength: 1, Quality: B), and it is not
recommended in NASH patients with T2DM (Strength:
1, Quality: C)[26]. Histological improvement in NASH in
this context should be interpreted for all lesions, except
for improvement in fibrosis, and vitamin E is not recommended for the treatment of NAFLD-cirrhosis or cryptogenic cirrhosis[26,95].

better understanding of bile acid enterohepatic circulation and more research on the FXR-dependent and independent signaling pathways are warranted.
Pre and probiotics
The intestinal microbiome has an increasing role in the
understanding of T2DM pathology. In a recent study, 20
patients with histology-proven NASH were randomised
to receive probiotics or usual care for six months. The
probiotic treatment decreased the ASAT, and the decrease in IHCL was confirmed using 1H-MRS[108]. Other
studies have suggested a potential role for prebiotic fibres
(non-digestible carbohydrates modulating the human microbiome) in NAFLD treatment, and larger RCTs might
provide conclusive evidence[109].

Ursodeoxycholic acid-nor-ursodeoxycholic acid
The AASLD does not recommend ursodeoxycholic acid
(UDCA) A for the treatment of NAFLD and NASH
(Strength 1, Quality: B), and long term, high dose
UDCA increased the rate of serious adverse events (the
development of cirrhosis, varices, cholangiocarcinoma,
liver transplantation or death) in patients with primary
sclerosing cholangitis[26,101]. The pharmacological properties of norUrsodeoxycholic acid (nor-UDCA) might be
more attractive and might later be studied in patients
with NASH[102].

Omega 3 polyunsaturated FA
Di Minno et al[110] recently summarised the potential of
omega-3 fatty acids for the treatment of NAFLD reported in seven human trials, the largest of which was a
6-mo follow-up RCT of 144 patients with NAFLD; however, the authors concluded that well-designed RCTs of
adequate size and duration, with histological endpoints,
are needed to assess the long-term safety and efficacy of
such treatment.

Farnesoid X receptor agonists
The bile acids secreted upon feeding undergo enterohepatic circulation and serve as endogenous ligands to a
class of nuclear hormone receptors that function as ligand-activated transcription factors. Farnesoid X receptor
(FXR) belongs to this class and serves as a receptor for
hydrophobic bile acids. In T2DM, the bile acid composition is altered. The bile acid taurochenodeoxycholic acid
increases insulin release via the FXR dependent inhibition
of the KATP channels, and FXR has been described to
improve insulin sensitivity and glucose uptake in adipose
tissue, liver and skeletal muscle by regulating the genes
that are important in metabolic control[103,104]. The FXR
agonist WAY-362450 was able to decrease inflammation
and fibrosis in a murine model of NASH[105]. The following results of a 6-wk double-blind, randomised, placebocontrolled clinical phase Ⅱ trial of a semi-synthetic
bile acid derivative, obeticholic acid (OCA), in patients
with T2DM and presumed NAFLD has recently been
published: administration of 25 or 50 mg of OCA for
six weeks increased insulin sensitivity and reduced the
markers of liver inflammation and fibrosis. A longer trial
is ongoing with OCA in biopsy-proven NASH patients
(Clinical trials identifier: NCT01265498)[106].
Despite the primary enthusiasm regarding the FXR
agonists, the controversy might not be ignored due to the
recent finding that under high fat diet conditions, FXR
knockout (FXR-KO) mice benefited from the receptor
deficiency, and FXR-KO protected against the HFDinduced impairment of fasting plasma glucose levels and
glucose tolerance[107]. In parallel with the clinical trials, a
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Others
The phase 1 study to evaluate GR-MD-02, a Galectin-3
inhibitor in patients with NASH and advanced fibrosis
(NCT01899859) could on one day be an excellent example of how a long term molecular research[139,140], may potentially pay out in benefiting certain patients. Galectin-3
protein (binding to terminal galactose residues in glycoproteins) is implicated in the pathogenesis of liver fibrosis and the results with compounds inhibiting the protein
suggest a potential role of these drugs in human liver
fibrosis and even in cirrhosis in the NAFLD spectrum
as well (Table 2). Hypothetical approaches, including the
development of a peripheral cannabinoid 1 receptor agonist without psychiatric side effects or the supplementation of vitamin D3 to overcome vitamin D3 deficiency
that is highly prevalent in NAFLD[92,111,112], might have
an effect on future therapies; however, they have yet to
be tested and even limited evidence from concept studies is missing. There are ongoing randomised, controlled
studies with potentially promising compounds such as
resveratrol (500 mg three times daily for six months vs
placebo-NCT01464801) in obese patients with NAFLD/
NASH; however, conclusions from these studies would
be premature.
Surgical interventions
Surgical interventions including Roux-en-Y gastric bypass
might have beneficial effects on NAFLD from calorie
intake reduction that could increase hepatic insulin sensitivity and augment postprandial GLP-1 secretion with a
subsequently improved β cell function[26,113].
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Ref.

Not all GWAS studies were replicated. Risk gene variants with OR higher than 1.31 are indicated in the table. Based on the National Human Genome Research. SNPs: Single nucleotide polymorphisms; NR: Not reported.
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Table 3 Single nucleotide polymorphisms associated with non-alcoholic fatty liver disease in genome wide association studies

Firneisz G. NAFLD and T2DM: The liver disease of our age?

July 21, 2014|Volume 20|Issue 27|

Firneisz G. NAFLD and T2DM: The liver disease of our age?

the development and progression of NAFLD in this
Japanese GWA study[119].
The quality trait data demonstrate the following findings: PNPLA3 I148M (rs738409) is a genetic marker of
progressive liver disease that is characterised with steatosis, inflammation and fibrosis; carriers are more insulin
resistant and more susceptible to T2DM[120,121]; and, in a
15-year-follow-up, there is an association of this genetic
variant and hepatocellular carcinoma incidence in severely obese individuals, with a hazard ratio of HCC of
5.9x for each PNPLA3 148M allele carried (reaching the
HR- 16x in the PNPLA3 148M homozygotes even after
adjustment for age, gender, BMI, type 2 diabetes status
and ALAT)[121,122].

Genetics
Familial clustering and prevalence differences according
to ethnic origin
Although screening of family members is not recommended in NAFLD[26] based on a retrospective review of
90 cases, the authors concluded that familial clustering is
common, and 18% of NASH patients had a first degree
relative with a similar phenotype[114]. Schwimmer et al[115]
found that NAFLD was more common in siblings (59%)
and parents (78%), using 1H-MRS based diagnostics of
children with biopsy proven NAFLD in a familial aggregation study. After adjustment for age, sex, race and
BMI, the study concluded that familial factors are a major
determinant in NAFLD. Gene-environment interactions
might have a role in the data e.g. the condition that family members are living in a common household might
indicate common environmental risk factors (type of oil
used in the diet etc.). The role of genetic risk factors is
supported by the differences based on ethnic origin that
were observed in the NAFLD prevalence in multi-ethnic
cohorts (see the Prevalence chapter and Table 1), with a
higher prevalence in Hispanics and a lower prevalence in
African Americans compared to non-Hispanic whites[4,16].

Other Candidate Genes (Squalene
Synthase and Collagen XIII A1)Qualitative Traits
In the cases in which additional candidate genes were
identified, qualitative traits were also assessed in GWAS.
The NAFLD activity score was associated with the
rs2645424 polymorphism of farnesyl diphosphate farnesyl transferase 1 (FDFT1), the degree of fibrosis was associated with the rs343062 SNP, and the lobular inflammation was associated with the rs1227756 polymorphism
of the Collagen 13 A1 gene[123].
FDFT1 is a membrane-associated enzyme located at
a branch point in the mevalonate pathway. The encoded
protein is the first specific enzyme in cholesterol biosynthesis, catalysing the dimerisation of two molecules of
farnesyl diphosphate in a two-step reaction to form squalene. In addition to the linkage of FDFT1 to the NAFLD
activity score, a coding variant in the FDFT1 gene influences the plasma cholesterol levels, likely via alteration of
the intracellular production of cholesterol[123,124].
Collagen XIII is one of the nonfibrillar collagens and
belongs to the transmembrane collagens, and a number
of alternatively spliced transcript variants have been described; integrins mediate the cell adhesion to the type
XIII collagen[125]. There is no validation of these associations in larger studies.
In summary, we may conclude that genetic and molecular research might lead to the identification of additional
risk and protective gene variants and this together with
deeper understanding of gene-environment interactions
might provide better insight into the molecular pathology
and identification of molecular targets in NAFLD, which
is the most common chronic liver disease affecting up to
one-third of the adult population in industrialised countries. In addition, little is known regarding the long-term
effect of the increasing NAFLD prevalence in paediatric
populations.

Genome wide association studies
Five genome wide association scans (GWAS) are reported for NAFLD in the GWAS catalogue. Although these
studies did not include case numbers that are typically
employed in other GWA studies including T2DM, they
provide remarkable evidence for genetic factors predisposing to or protecting from NAFLD. The risk polymorphisms with the highest ORs are summarised in Table 3,
from the aspect of the NAFLD binary outcomes. Discussion of all the candidate genes is beyond the scope of
this review.

Patatin-Like Phospholipase
Domain Containing 3 Gene (PNPLA3Adiponutrin) in NAFLD Spectrum
Diseases -Binary Traits
We should outline the single nucleotide polymorphism
in the patatin-like phospholipase domain containing a
3-gene (PNPLA3) that is the most studied genetic risk
variant in NAFLD. Adiponutrin is a nutritionally regulated lysophosphatidic-acyltransferase possessing the TAG
hydrolase and DG transacylase activity. This gene is
expressed in liver and adipose tissues, and a high carbohydrate diet increases the gene expression at the mRNA
level in the liver. Dysfunctional PNPLA3 promotes the
accumulation of lipotoxic substrates[116,117]. After the
description that in carriers of the rs738409 C/G polymorphism of the PNPLA3 the hepatic lipid content was
more than two-fold higher, PNPLA3 was subsequently
confirmed in a Japanese GWAS as an NAFLD binary
trait candidate gene[118,119] (Table 3). Polymorphisms in
the SAMM50 and PARVB genes were associated with
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Potential roles of glucagon-like peptide-1-based therapies
in treating non-alcoholic fatty liver disease
Ye Liu, Rui Wei, Tian-Pei Hong
The possible mechanisms involve regulating gene expression that is associated with insulin resistance and
lipid metabolism, and suppressing oxidative stress in
the liver cells, thus preventing the development and
progression of NAFLD. Based on these promising data,
large-scale randomised controlled trials are warranted
to assess the efficacy and safety of GLP-1-based therapies in treating NAFLD.
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Core tip: Recently, an association of defective glucagonlike peptide-1 (GLP-1) signalling with non-alcoholic
fatty liver disease (NAFLD) has been documented. GLP1-based therapies, which are well accepted in treating
diabetes, are effective in improving hepatic endpoints
in NAFLD. In addition to the benefits in controlling metabolic disorders, GLP-1-based agents may directly exert
actions on the liver through activation of GLP-1 receptors in hepatocytes, resulting in the regulation of gene
expression associated with insulin resistance and lipid
metabolism, and the suppression of oxidative stress in
liver cells. Therefore, GLP-1-based therapies may have
potential roles in treating NAFLD.

Abstract
Glucagon-like peptide-1 (GLP-1)-based therapies have
demonstrated efficacy and safety in treating type 2 diabetes, which shares a similar pathophysiological mechanism with non-alcoholic fatty liver disease (NAFLD).
Recent studies showed that glucose-induced GLP-1 secretion was decreased in patients with NAFLD and that
the level of dipeptidyl peptidase-4, which inactivates
intact GLP-1, was upregulated. Moreover, the expression of the GLP-1 receptor was downregulated in livers
from patients with NAFLD, indicating an association of
defective GLP-1 signalling with NAFLD. Notably, GLP-1based therapies are reported to be effective in improving hepatic endpoints in patients with NAFLD, such
as reducing hepatic fat content, hepatic steatosis and
plasma transaminase levels, and preventing fibrosis.
GLP-1-based therapies are beneficial for body weight
control and glycaemic normalisation, which are important for the management of NAFLD. Moreover, clinical
and preclinical studies showed that GLP-1-based agents
might directly exert their actions on the liver through
activation of functional GLP-1 receptors in hepatocytes.
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) encompasses
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a spectrum of diseases ranging from simple hepatic
steatosis through steatohepatitis (NASH) to increasing fibrosis and eventual cirrhosis. NAFLD used to be
considered the leading cause of chronic liver damage
in Western countries. With the spread of a Westernised
lifestyle, NAFLD is exhibiting an increasingly universal
distribution[1,2]. NAFLD is strongly associated with obesity, type 2 diabetes (T2DM), dyslipidemia and cardiovascular disease[3]. Although the cornerstone of NAFLD
therapy remains lifestyle intervention, many patients have
difficulty maintaining lifestyle changes and achieving the
treatment goals.
As novel anti-diabetic treatment options, glucagonlike peptide-1 (GLP-1)-based agents have been shown to
improve the hepatic parameters in T2DM patients with
NAFLD. GLP-1 is an incretin hormone secreted from
intestinal L cells in response to nutrient ingestion, and
has various bioactivities including enhancing glucosedependent insulin secretion from pancreatic β-cells, promoting β-cell survival, inhibiting glucagon secretion from
α-cell, slowing gastric empty and controlling food intake.
These effects help to maintain a euglycaemic level and are
beneficial for weight control. However, under physiological conditions, the intact active GLP-1 is quickly degraded by dipeptidyl peptidase-4 (DPP-4) into the inactive
GLP-1. Therefore, GLP-1 receptor (GLP-1R) agonists,
which are resistant to DPP-4, or DPP-4 inhibitors, which
protect the endogenous GLP-1 from degradation, were
developed by pharmaceutical enterprises. These GLP-1based therapies have been widely accepted in the treatment of T2DM in recent years. It has been proven that
GLP-1-based therapies are beneficial for body weight
control, improve insulin sensitivity and dyslipidemia, and
prevent oxidative stress in patients with T2DM[4-7]. Apart
from these well-documented effects that are helpful for
the metabolic disorders in NAFLD, recent studies have
shown that GLP-1 agents may also have direct effects on
hepatocytes.
In this article, we review the data from both clinical
and preclinical studies that investigate the relationship
between GLP-1 and NAFLD. The possible mechanisms,
especially the direct effects of GLP-1-based therapies on
hepatocytes, are also discussed.

liver histology in individuals with NAFLD, several other
factors that are independent of weight loss may also contribute to this effect. For example, one important factor
is an elevated serum level of GLP-1 resulting from the
altered secretion pattern of this gut hormone after rerouting the flow of chyme, whereby food more quickly
reaches the distal ileum and stimulates the secretion of
GLP-1 from the L cells located there. Nevertheless,
whether NAFLD improvement is associated with the
elevation of GLP-1 level in patients undergoing bariatric
surgery remains to be clarified.
Evidence from NAFLD patients and animal models
GLP-1 levels and DPP-4 expression in NAFLD: Bernsmeier et al[10] evaluated the plasma level of active GLP-1
in patients with NAFLD or NASH and healthy controls
with a standardised oral glucose tolerance test. The
glucose-induced GLP-1 secretion was dramatically decreased in patients with NAFLD or NASH compared
to the controls, suggesting a deficiency of GLP-1 signalling in NAFLD. McDonald et al[11] found that the fasting
GLP-1 level was not significantly different between the
high fat diet (HFD)-treated rats and the control animals
throughout the development of NAFLD, although there
was an age-related decline. Unfortunately, the ELISA
kit that this previous study used for measuring plasma
GLP-1 level had a 100% cross-reaction of active GLP-1
and inactive GLP-1 and could not therefore identify the
level of active GLP-1 from that of total GLP-1. On the
other hand, DPP-4, which inactivates intact GLP-1, has
been shown to be upregulated in the livers of patients
with NAFLD. In a recent report, hepatic DPP-4 mRNA
expression level in liver biopsy samples was significantly
higher in patients with NAFLD compared to healthy
subjects[12]. Moreover, serum DPP-4 activity and the intensity of DPP-4 expression in the human liver were correlated with markers of liver damage, histopathological
grade and insulin resistance in patients with NAFLD[13,14].
These results suggest that excessive GLP-1 inactivation
resulting from DPP-4 overactivity may have a role in the
development of NAFLD.
Expression of GLP-1R in NAFLD: The GLP-1R has
been detected in human liver biopsy samples, primary
human hepatocytes and human hepatoma cell lines at
both the mRNA and protein level[15,16], which raises the
possibility that GLP-1 may exert a direct effect on hepatocytes via functional GLP-1R. Hepatic GLP-1R expression level in patients with NASH was significantly lower
than that in healthy controls. A similar phenomenon was
also found in animal models of NASH. In HFD-induced
NASH rats, GLP-1R mRNA expression was significantly
decreased in the liver after one month of HFD exposure,
indicating an association of downregulated GLP-1R expression with NASH[15].
Based on the aforementioned human data and animal
studies, defective GLP-1 signalling may play a role in the
development and progression of NAFLD. GLP-1-based

ASSOCIATION OF GLP-1 SIGNALING
WITH NAFLD
Observations from bariatric surgery
Bariatric surgery is recommended as a treatment option
for adults with morbid obesity or obese patients with
T2DM. The benefits of weight loss and lowering of
blood glucose have been well documented in patients undergoing the procedure. Additionally, clinical studies and
systemic reviews have reported that the procedure also
improves hepatic histology in most obese patients with
NAFLD or NASH, reversing steatosis, inflammation and
even fibrosis in the liver[8,9]. Although weight loss is one
of the main factors associated with the improvement of
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agents have been well accepted as safe and efficacious
options in the treatment of T2DM, which shares similar
pathophysiological mechanisms with NAFLD. Currently,
increasing amount of data from both clinical and animal
studies suggest that GLP-1-based agents are also beneficial for NAFLD.

transpeptidase levels were significantly improved relative
to baseline[22].
Evidence from prospective placebo-controlled trials
The Liraglutide Effect and Action in Diabetes (LEAD)
program assessed the efficacy and safety of liraglutide
therapy on liver parameters in comparison with placebocontrols in a meta-analysis performed using data from
six 26-wk, phase-Ⅲ, and randomised controlled trials
in patients with T2DM. In this program, 2241 (50.8%)
patients had an abnormal elevation of plasma ALT levels
at baseline. Liraglutide dose-dependently reduced the
ALT levels in these patients, with similar adverse effects
between the liraglutide and control groups. Additionally,
in a sub-study of LEAD-2 where hepatic steatosis was
measured by computerised tomography scan, once-daily
subcutaneous injection of liraglutide (1.8 mg) showed a
trend towards improving hepatic steatosis compared with
placebo (liver-to-spleen attenuation ratio: 0.10 vs 0.00; P
= 0.07). However, this difference became smaller after
adjusting for reduction in body weight and HbA1c[6].

BENEFICIAL EFFECTS OF GLP-1-BASED
THERAPIES ON NAFLD
Suggestions from small clinical studies
In one case report, a 59-year-old male T2DM patient was
treated with exenatide, a GLP-1R agonist, adding to metformin monotherapy. His liver fat content declined from
15.8% to 4.3% as measured by magnetic resonance spectroscopy (MRS) following a 44-wk treatment. This dramatic decrease in liver fat content was accompanied by a
significant improvement of liver enzymes, in particular
alanine transaminase (ALT), the most important marker
of liver steatosis[17].
Cuthbertson et al[18] investigated the impact of GLP1R agonist therapy on intrahepatic lipid in obese T2DM
patients with hepatic steatosis in a prospective clinical
study. Twenty-five patients were given 6 mo of treatment
with GLP-1R agonist (exenatide in 19, and liraglutide in 6
subjects). After 6 mo of treatment with the GLP-1R agonists, the relative reduction from baseline in intrahepatic
lipid, as quantified by MRS, was 42%. This reduction was
significantly correlated with a relative reduction in haemoglobin A1c (HbA1c) but not with that in total body
weight.
Thiazolidinediones (TZDs) are considered an effective option in the treatment of NAFLD[19]. In a small randomised controlled trial, Sathyanarayana et al[20] compared
the effects of exenatide and pioglitazone combination
therapy with pioglitazone alone on hepatic fat content in
T2DM patients who were already on diet control and/or
metformin therapy. The exenatide and pioglitazone combination therapy was associated with a significantly greater decrease in hepatic fat content as evaluated by MRS
when compared to pioglitazone monotherapy, despite a
lack of a significant change in body weight. Reduction in
plasma levels of ALT and triglycerides (TG) was also significantly greater following the combination therapy with
pioglitazone and exenatide. Moreover, the fasting plasma
level of fibroblast growth factor-21, an independent
predictor of NAFLD, was significantly decreased in the
exenatide and pioglitazone combination therapy and was
unchanged in the pioglitazone monotherapy[21]. These results indicate an additive effect of exenatide on the TZDs
for improving hepatic parameters in T2DM patients with
NAFLD.
Analogous to GLP-1R agonists, DPP-4 inhibitors also
show potential benefit for NAFLD patients with T2DM.
In a small clinical study, 30 NAFLD patients with T2DM
were given sitagliptin, a DPP-4 inhibitor. After a 4-month
treatment, not only glycaemic control but also serum
ALT, aspartate aminotransferase (AST) and γ-glutamyl

WJG|www.wjgnet.com

Evidence from animal studies
Zhang et al[23] investigated the effect of liraglutide on hepatic lipid accumulation in hypoadiponectinemia ApoE-/mice fed on HFD. Hepatic steatosis in this animal model
was improved histologically, and hepatic TG content,
total cholesterol (TC) content and total lipid content were
all dramatically reduced by an 8-wk liraglutide treatment.
Similar results were found in a high fat and high fructose
diet-induced NAFLD model in mice[24].
In agreement with the beneficial effects found in patients with T2DM, exendin-4 (also known as exenatide)
therapy led to a reduction in the net weight gain, serum
glucose level and insulin resistance in obese mice compared to their counterparts. Moreover, the increased liver
weight, elevated hepatic TG content and hepatic steatosis were greatly attenuated by exendin-4 treatment[21,25].
Administration of AC3174, an exendin-4 analogue, to
ob/ob mice ameliorated hepatic steatosis and fibrosis histologically in high trans-fat or high lard-fat diet models.
Interestingly, this positive effect on the liver endpoints
was at least partly body weight-independent. AC3174
treatment significantly reduced liver mass (-14.2%), liver
lipid content (-12.9%), and plasma level of ALT and
TG, whereas a calorie-restricted, weight-matched group
displayed only modest nonsignificant reductions in liver
mass (-9%) and liver lipid content (-5.1%) relative to the
controls. Moreover, the improvement by AC3174 in liver
and lipid parameters were abolished in GLP-1R knockout
mice, suggesting the benefits resulted from the exendin-4
analogue was dependent on GLP-1R[26].
Shirakawa et al[27] found that the DPP-4 inhibitor sitagliptin monotherapy improved the diet-induced hepatic
steatosis histologically, and significantly decreased the
grade of steatosis and hepatic TC contents in both wildtype and pancreatic β-cell-specific glucokinase haploinsufficient (GCK+/−) diabetic mice. In a DPP-4-deficient
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Functional GLP-1R is expressed in hepatocytes
GLP-1R was detected in human liver biopsies at both
mRNA and protein levels, although it was downregulated
in patients with NASH[15]. Gupta et al[16] confirmed that
GLP-1R was expressed in primary human hepatocytes
and in two human hepatocellular carcinoma cell lines,
HepG2 and HuH-7. Likewise, GLP-1R was also detectable in rodent hepatocytes[15,25]. Moreover, GLP-1R was
present on the cell membrane of human hepatocytes
and was internalised upon GLP-1 and exendin-4 stimulation[16]. Both GLP-1 and exendin-4 treatments resulted in
a dramatic increase of cyclic adenosine monophosphate
(cAMP) production in the hepatocytes. When the hepatocytes were pre-treated with the GLP-1R antagonist exendin (9-39), cAMP production that was induced by either
GLP-1 or exendin-4 was significantly reduced to below
basal levels[25]. These results indicate that functional GLP1R is expressed in hepatocytes, and native GLP-1 or
GLP-1R agonists may have a direct effect on hepatocytes
via activation of GLP-1R.

rat model, the serum active GLP-1 level was chronically
elevated. The DPP-4-deficient rats had markedly less hepatic fat and TG content and exported significantly less
TG into the circulation than the wild-type animals. HFDinduced hepatic fat accumulation, blood lipid abnormality, and serum ALT and AST level elevation were much
less in the DPP-4-deficient rats than those of the wildtype animals[28,29]. Similar results were also observed in a
DPP-4-deficient mouse model[30].
Collectively, the results from both clinical data and
animal studies suggest that GLP-1-based therapies may
have beneficial effects in the treatment of NAFLD.
Safety issues of GLP-1-based therapies
On the other hand, the safety concerns of GLP-1-based
therapies, especially the long-term safety, have been raised
with their wide usage in the treatment of T2DM. Two
major areas of interest are whether these therapies have
an impact on pancreatitis and cancer. Elashoff et al[31]
raised safety concerns in an analysis of case reports of
pancreatitis, pancreatic cancer and other cancers in patients treated with exenatide or sitagliptin for T2DM. The
data showed that the use of sitagliptin or exenatide increased the odds ratio for reported pancreatitis compared
with 4 other anti-diabetic medications. Pancreatic cancer
was more commonly reported among patients who took
sitagliptin or exenatide compared with the other therapies. However, it is noteworthy that Elashoff ’s study was
based on the United States Food and Drug Administration database containing spontaneous reports of adverse
events, where over-reporting biases were highly likely to
exist. Moreover, T2DM itself is associated with increased
risk of acute pancreatitis and solid tumours, including
pancreatic cancer[32,33]. Retrospective case control studies do not associate pancreatitis with GLP-1R agonists
or DPP-4 inhibitors[34,35]. In line with the observations,
two large-scale endpoint trials have recently shown that
the DPP-4 inhibitors saxagliptin and alogliptin do not
increase the risk of acute and chronic pancreatitis[36,37].
It has been reported that GLP-1R activation promoted
C-cell hyperplasia and medullary thyroid cancer in rodents[38]. However, C cells within the monkey and human
thyroid gland exhibit lower levels of GLP-1R expression.
Long-term clinical studies of sufficient size and duration
to permit conclusions regarding the association of GLP1-based therapies with cancer have not yet been completed[35].

Attenuation of insulin resistance in the liver by
GLP-1-based therapies
Insulin resistance is an essential requirement and is believed to influence “the first hit” in the development of
NAFLD. Recent studies have shown that this crucial
process in the liver may be attenuated by GLP-1-based
therapies.
In rodent NAFLD animal models and isolated primary rodent hepatocytes, either elevated endogenous
GLP-1 level or liraglutide treatment was able to enhance
activation of AMP-activated protein kinase (AMPK),
a critical signal molecule involved in the regulation of
hepatic insulin sensitivity[23,28]. GLP-1 overexpression increased insulin receptor substrate 1 (IRS-1) expression in
the liver, promoted the hepatic activation of IRS-1 and
protein kinase C (PKC) by insulin, and decreased hepatic
glucose production (HGP) and hepatic fatty acid synthesis in the diabetic ob/ob mice[39]. In an HFD-induced
insulin resistance model of ApoE-/- mice, hypoadiponectinemia induced by siRNA further led to a decrease
in glucose infusion rate and insulin’s ability to suppress
HGP, accompanied by a reduction in the expression of
glucose transporter-1 and elevation in the expression of
phosphoenolpyruvate carboxykinase, which is a key enzyme of HGP. Liraglutide treatment completely or partially restored the deterioration in insulin resistance and
the alteration of regulatory factors involved in hepatic
insulin sensitivity[40]. Another GLP-1R agonist exendin-4
stimulated the phosphorylation of other key elements of
the insulin signalling pathway, including phosphoinositide-dependent kinase-1 (PDK-1), protein kinase B (also
called Akt) and PKC, in human hepatocellular cell lines.
GLP-1R knockdown in the cells abolished the effects
of exendin-4 on PDK-1 and PKC[16]. Exendin-4 treatment increased protein kinase A (PKA) activity and Akt
phosphorylation in the hepatocytes isolated from NASH
rats[15], indicating that the GLP-1R agonist attenuates in-

POTENTIAL MECHANISMS OF
GLP-1-BASED THERAPIES IN
AMELIORATING NAFLD
It has been well accepted that GLP-1-based therapies
lead to weight control and glycaemic improvement, which
are both important for the improvement of NAFLD.
Moreover, recent reports have shown that GLP-1-based
therapies also have direct effects on the liver (Figure 1).
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Indirect effects on NAFLD
Benefit on weight control and glycaemic improvement

↑ GLP-1 activity
GLP-1R agonists/DPP-4 inhibitors

Direct effects on hepatocytes

GLP-1R
Hepatocytes
↑ cAMP

Key elements in insulin
signalling pathway
↑ AMPK
↑ GLUT-1
↑ PDK1, PKC, Akt, ect.

↓ Lipid peroxidation
↓ JNK pathway

↓ Insulin resistance

↓ Oxidative stress

Genes involved in lipid
metabolism
Lipogenesis:
↓ SREBP-1, ACC, FAS, ect.
Oxidation of fatty acid :
↑ PPARα, PPARγ, LDL-R, ect.

Improvement of lipid
metabolism

Figure 1 Potential mechanistic roles of Glucagon-like peptide-1 and Glucagon-like peptide-1-based therapies in non-alcoholic fatty liver disease. GLP-1:
Glucagon-like peptide-1; GLP-1R: Glucagon-like peptide-1 receptor; DPP-4: Dipeptidyl peptidase-4; NAFLD: Non-alcoholic fatty liver disease; cAMP: Cyclic adenosine
monophosphate; AMPK: AMP-activated protein kinase; PDK-1: Phosphoinositide-dependent kinase-1; PKC: Protein kinase C; Akt: Protein kinase B; GLUT-1: Glucose
transporter-1; JNK: c-Jun N-terminal protein kinase; SREBP-1: Sterol regulatory element-binding protein 1; ACC: Acetyl-CoA carboxylase; FAS: Fatty acid synthase;
PPAR: Peroxisome proliferator activator receptor; LDL-R: Low-density lipoprotein receptor.

sulin resistance in the liver of NASH animals.

Therefore, the authors hypothesised that HPC activation
was involved in the response of the liver to oxidative
stress in the paediatric NAFLD subjects. GLP-1 may play
a protective role in this process by inducing the resistance
of HPCs to oxidative stress, favouring their proliferation
and differentiation.

Suppression of oxidative stress in the liver by
GLP-1-based therapies
Exendin-4-treated ob/ob mice exhibited a significant
decrease in hepatic level of thiobarbituric reactive substance, an important assessment of lipid peroxidation,
compared with saline-treated group[25]. As a key mechanism involved in hepatic oxidative stress, c-Jun N-terminal
protein kinase signalling pathway was depressed by treatment with either exenatide[15] or liraglutide[23]. These findings indicate that GLP-1R agonists attenuate liver cell
oxidative stress, one of the essential steps in the progression of NAFLD or NASH.
Interestingly, liver cells seem to be able to synthesise
and secrete GLP-1 as intestinal L cells. Nobili et al[41]
evaluated hepatic progenitor cells (HPCs) in liver biopsies from 30 paediatric NAFLD subjects. They found
that the HPC compartment expanded in the paediatric
NAFLD individuals relative to healthy controls. GLP-1
expression in the HPCs of the paediatric NAFLD was
upregulated, and GLP-1 expression level was associated
with the degree of steatosis and NAFLD activity score.

WJG|www.wjgnet.com

Regulation of lipid metabolism-related gene expression
in the liver by GLP-1-based therapies
GLP-1-treated hepatocytes presented a significant increase in cAMP production and an alteration of gene expression profile, including increased expression of both
peroxisome proliferator activator receptor α (PPAR-α)
and acetyl-CoA oxidase, as well as decreased expression
of stearoyl-CoA desaturase 1, sterol regulatory elementbinding protein 1 (SREBP-1) and acetyl-CoA carboxylase
(ACC)[25]. In ob/ob mice, overexpression of GLP-1 reduced hepatic expression of fatty acid synthase (FAS)[39].
These findings suggest that GLP-1 impairs hepatocyte
lipogenesis and enhances β-oxidation of fatty acids.
Moreover, pre-treatment with exendin (9-39) abolished
the effects of GLP-1 on the expression of these genes,
suggesting that GLP-1R is required in this regulatory

9094

July 21, 2014|Volume 20|Issue 27|

Liu Y et al . Roles of GLP-1 in NAFLD

process[25].
Similarly, GLP-1R agonists are also effective in modulating the expression of these aforementioned genes.
Liraglutide downregulated the expression of ACC and
FAS in the liver of NAFLD mice[23] and restored hepatic
transcripts of PPAR-α, low-density lipoprotein receptor
and insulin-induced geng-2, which were downregulated
by hypo-adiponectin in a NAFLD model[40]. Exenatide
increased PPAR-γ expression and determined a PKA-dependent increase of PPAR-α activity in rats with NASH.
The regulatory effect of exenatide on the expression of
genes related to fatty acid β-oxidation was abolished by
either PKA or AMPK inhibitors[15], indicating that the
effects of the GLP-1R agonists on lipid metabolism are
mediated via PKA and AMPK signalling pathway.
In mice fed on HFD, the DPP-4 inhibitor vildagliptin
reduced hepatic expression of phosphomevalonate kinase and farnesyl diphosphate transferase 1, which were
important for cholesterol synthesis[42]. In DPP-4-deficient
mice, elevated GLP-1 level was associated with depressed
SREBP-1 expression in hepatocytes[30].
Taken together, these findings indicate that GLP-1based agents are able to regulate the expression of hepatic genes that are important for lipid metabolism.

sion of NAFLD. With these promising findings, largescale randomised controlled trials are warranted to investigate the efficacy and safety of GLP-1-based therapies in
the treatment of patients with NAFLD.
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Core tip: In recent years, the role of bone marrow stem
cells (BMSCs) in liver regeneration has been explored in

various clinical trials. Because these trials were very diverse, we conducted a descriptive overview to understand
the effects of BMSC transplantation on liver histology and
morphology, on laboratory parameters and prognostic
scores, and finally, on clinical manifestations and quality of
life. This overview suggests that the efficacy of BMSC therapy might be temporary, and therefore, repeated cycles of
BMSCs could be useful to achieve a sustained benefit.
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Abstract
End-stage disease due to liver cirrhosis is an important cause of death worldwide. Cirrhosis results from
progressive, extensive fibrosis and impaired hepatocyte regeneration. The only curative treatment is liver
transplantation, but due to the several limitations of
this procedure, the interest in alternative therapeutic
strategies is increasing. In particular, the potential of
bone marrow stem cell (BMSC) therapy in cirrhosis
has been explored in different trials. In this article, we
evaluate the results of 18 prospective clinical trials, and
we provide a descriptive overview of recent advances
in the research on hepatic regenerative medicine. The
main message from the currently available data in the
literature is that BMSC therapy is extremely promising
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INTRODUCTION
End-stage disease due to liver cirrhosis is an important
cause of death worldwide[1-3]. Currently, the only effective treatment is liver transplantation, but because of
the lack of organ donors, surgical complications, risk of
rejection and high costs[4,5], the pressure on finding new
treatment strategies is increasing[6]. When a successful
etiologic approach is unavailable or has failed, progressive, extensive fibrosis[7,8] with concurrently impaired
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hepatocyte regeneration[9,10] leads to irreversible cirrhosis[11,12]. Therefore, the development of new techniques
to stimulate liver regeneration and reduce the scarring
process is urgently needed. In this respect, there is great
interest in the potential of BMSC therapy to promote
liver regeneration through the use of unsorted mononuclear stem cells (MNCs), hematopoietic stem cells (HSCs)
and mesenchymal stem cells (MSCs). This review article
summarizes the results of the main prospective clinical
trials on BMSC transplantation in patients with cirrhosis,
providing a descriptive overview of recent advances in
the research on hepatic regenerative medicine.

are responsible for oval cell differentiation. In particular,
Wnt signalling is involved in LPC proliferation, while
Notch signalling is involved in biliary differentiation[21].
The human equivalent of oval cells have been detected
in the canal of Hering, and according to the so called
“streaming liver hypothesis”, these cells migrate to the
central vein and progressively differentiate into hepatocytes[22,23]. Conversely, Kuwahara et al[24] have suggested
that LPCs can be located in four different cell niches:
canal of Hering, intralobular bile ducts, periductular
mononuclear cells and peribiliary hepatocytes. The space
of Disse has also been reported to be a potential niche
for LPCs[25].
The origin of LPCs is controversial; they might be in
situ cells, descendants of the foetal ductal plate[26], or derive from BMSCs, as first described by Petersen et al[27].
Furthermore, it has also been hypothesized that they
might arise from MSCs via the mesenchymal to epithelial
transition[28].
Using Y chromosome tracking in rodents [29] and
humans[30], it has also been reported that BMSCs may
contribute to hepatocyte differentiation independently
of mature hepatocytes and LPCs. This limited evidence
highlights the fact that liver regeneration processes are
not yet fully understood, and only with a better understanding of these molecular and cellular mechanisms
will it be possible to develop a targeted therapy for liver
fibrosis.

Liver fibrosis
Cirrhosis is the common final outcome of chronic liver
disease, leading to portal hypertension and end-stage
liver disease (ESLD), and it is mainly caused by alcohol
abuse and viral infections. The prevalence is estimated at
0.15% in the United States[6], and liver cirrhosis-related
deaths constitute 1.8% of all deaths in Europe[13].
The main pathogenetic mechanism that leads to the
subversion of liver architecture is an aberrant healing
process referred to as fibrogenesis, which can be triggered by various factors such as viruses, alcohol abuse,
steatohepatitis, autoantibodies, oxidative stress, and others. The common pathway leading to the deposition of
extracellular matrix (ECM) is the activation of myofibroblasts. Myofibroblasts originate from different sources
such as hepatic stem cells, portal fibroblasts and bone
marrow (BM) derived fibrocytes (haematopoietic lineage)
and mesenchymal cells. These cells can also arise from
epithelial cells via epithelial to mesenchymal transition[8,14].
In the first phase of hepatic injury, the production of
ECM is counterbalanced by the action of proteolytic enzymes such as matrix metalloproteinases (MMPs). With
persistent damage, this equilibrium is compromised, and
the presence of tissue inhibitors of MMPs abnormally
enhances the deposition of ECM and ultimately leads to
the alteration of normal liver structure[15].

STEM CELL THERAPY
In recent years, unsorted MNCs, HSCs and MSCs have
been employed in research focused on liver regeneration[31,32].
HSCs are traceable using CD34 and CD133 markers.
The latter is believed to represent a subpopulation of
the CD34+ cells that have a higher differentiation potential[33]. HSCs can be obtained by BM aspiration or from
peripheral collection through leukapheresis after granulocyte-colony stimulating factor (G-CSF) administration,
whereas MNCs and MSCs can be harvested mainly by
BM aspiration, which requires an invasive procedure.
G-CSF has been used in liver regeneration because of its
ability to increase the number of circulating BMSCs and
to promote repair in the cirrhotic liver[34]. As suggested
by Jin et al[35], G-CSF may also enhance MNC homing to
the liver.
The feasibility and safety of mobilizing BM derived
cells following G-CSF administration was demonstrated
by Gaia et al[36] in eight patients with ESLD. Additionally,
this study reported improved model for end-stage liver
disease (MELD) scores and did not find any development of hepatocellular carcinoma or increase in alphafetoprotein up to eight months after G-CSF administration. A favourable effect of G-CSF administration on
survival and clinical parameters in patients with liver failure has also been reported in other studies[37]. Lorenzini
et al[38] demonstrated the safety of BMSC mobilization

Liver regeneration
The processes and the pathways responsible for liver
regeneration are not yet completely understood. Under
physiological circumstances, the ability of hepatocytes
to re-enter the cell cycle enables liver regeneration and
repair through compensatory hyperplasia and hypertrophy[16-18]. In the case of chronic liver injury, this ability
is compromised, and liver regeneration is carried out
by liver progenitor cells (LPCs). Progenitor-dependent
regeneration takes place if hepatocytes are severely damaged and unable to regenerate efficiently, as occurs in cirrhosis. This hypothesis was first suggested by the finding
that the LPC concentration in patients with chronic liver
disease is greatly increased[19].
These cells were initially identified in animal models
and called “oval cells”. It has been demonstrated that
they are a bi-potential progenitor for hepatocytes and
biliary cells[20]. Highly conserved intracellular pathways
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Levicar et al[54] reported thrombocytopenia after leukapheresis. Finally, Mohamadnejad et al[55] reported a case
of radiocontrast nephropathy that progressed to type
1 hepatorenal syndrome and caused the death of a patient. For this reason, the clinical trial was prematurely
stopped, and BMSC therapy through the hepatic artery
was not considered safe.

and collection through leukapheresis in patients with
cirrhosis, even though no improvement of liver function tests occurred. G-CSF administration can be also
associated with the risk of spleen enlargement[39] or even
rupture, as reported by Falzetti et al[40] in a healthy donor.
Other cells that have been utilized in hepatic regeneration research include foetal annex stem cells (cord
blood and placenta) and embryonic stem cells[41,42]. The
use of embryonic stem cells is limited to in vitro and
animal studies because of difficulties in controlling their
proliferative and differentiation potential. Another type
of cell employed in animal experiments is induced pluripotent stem cells, which are embryonic-like stem cells
derived from somatic cells through the expression of
reprogramming factors[43].

Effect of BMSCs therapy on liver histology and
morphology
In a study by Kim et al[56], which enrolled ten patients, a
significant increase in liver volume compared to baseline
was documented using MRI six months after MNCs
transplantation through a peripheral injection but this
result has not been confirmed[57,58]. In that study, serial
biopsies were performed. All biopsies at baseline showed
low levels of LPC activation and differentiation. After
BMSC therapy, a gradual increase in the LPC count occurred in all patients, with a peak three months after reinfusion. In contrast, no changes in the degree of stellate
cell activation were observed[56].
Terai et al[44] demonstrated increased expression of
proliferating cell nuclear antigen in liver biopsy tissue
one month after peripheral MNC injection. Jang et al[59]
performed a histological evaluation in eleven patients
with alcohol-induced cirrhosis after two MSC transplantations through the hepatic artery. After five months,
significant histological improvement according to the
Laennec system[60] was observed, along with a significant decrease in the expression of transforming growth
factor-beta1, type Ⅰ-collagen and alpha-smooth muscle
actin.
An interesting study by Couto et al[53] suggested that the
hepatic retention of MNCs is fair. In that study, MNCs
(MSCs and HSCs) were labelled with Tc99 and then injected through the hepatic artery in eight patients with
CTP B and C. Remarkably, whole body scintigraphy at
3 and 24 h after injection showed a mean radiotracer retention of 41% and 32%, respectively. Few studies have
evaluated liver histology and morphology, but the available data are consistent with histological improvement,
increased LPC count and decreased expression of fibrosis markers after BMSC therapy.

Hypothesized mechanisms
Stem cell therapy may contribute to the improvement
of liver function[44]. Although the mechanisms involved
are not yet fully understood, some hypotheses have been
proposed[45,46]. One hypothesis is that genomic plasticity, in response to the microenvironment, causes the
trans-differentiation of stem cells into functional hepatocytes[47,48]. Another mechanism is presumably related
to the cell fusion of BMSCs and hepatocytes[49,50]. Additionally, it has been proposed that stem cells may exert
paracrine effects on endogenous hepatocytes to increase
their ability to regenerate, through the release of proliferative cytokines and the production of matrix metalloproteinase-9[51] or by enhancing angiogenesis through
the release of vascular endothelial growth factors[52]. A
better understanding of the action of stem cells in the
context of a fibrotic liver might allow more rational use
of BMSC therapy in liver cirrhosis.

CLINICAL TRIALS
Many clinical trials have recently been published on BMSC
therapy in cirrhotic patients. The results of the main prospective clinical trials are summarized in Table 1. These
studies differ with respect to study design, inclusion/exclusion criteria, type and number of cells infused, route
of delivery and end points. The stage of cirrhosis varied
from Child Turcotte Pugh score (CTP) A to C. Although
cells were harvested mainly by BM aspiration, in some
studies, leukapheresis after G-CSF administration was
performed. Different types of cells were infused, including MNCs, MSCs or HSCs. The number of injected cells
varied from 106 to 109. The most commonly used routes
of delivery were the hepatic artery or portal vein, but in
some studies, peripheral vein and intrasplenic injection
were also utilized.

Effect of BMSC therapy on laboratory parameters and
prognostic scores
The efficacy of BMSC therapy in patients with cirrhosis
was assessed using laboratory parameters such as International Normalized Ratio (INR), total bilirubin (TBil),
creatinine (Cr), albumin (Alb) and/or prognostic scores
(CTP and MELD). These results are summarized in
Table 2.
Significant improvements in laboratory tests were reported at one month after BMSC infusion in one study[53],
at three months in four studies[59,61-63], at six months in six
studies[44,56,64-67] and after twelve months of follow up in
one study[68]. In the remaining studies, the limited number
of patients enrolled prevented statistical evaluation, but

Safety of BMSCs therapy
The majority of the clinical trials demonstrated the safety
of the procedure. Couto et al[53] reported a case of artery
dissection and a case of Tako-Tsubo syndrome after
the injection of BMSCs through the hepatic artery, and
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Table 1 Prospective studies on bone marrow stem cells therapy in patients with cirrhosis
Ref.

Study design

No. of patients

Disease cause/stage

Cell/harvest

Infusion route/n cell infused

Case series

5

Case series

20

Randomized
Vs untreated control
Case series

15
12 control
12

Not-randomized
Vs untreated control

50
50 control

Mixed
CTP B-C
HCV
CTP C
Mixed
CTP A-C
Alcohol
CTP A-B
HCV
ESLD

Hepatic artery
106-107/kg
Intrasplenic
107
Peripheral vein
108
Hepatic artery
107
Portal vein/hepatic artery

Not-randomized
Vs untreated control
Not-randomized
Vs untreated control
Case series

15
10 control
53
105 control
8

Case series

6

Randomized
Vs untreated control

90
50 control

Case series

10

Randomized
Vs untreated control
Case series

15
15 control
8

Case series

9

Levicar et al[54]
Cell Proliferat, 2008

Case series

5

Mixed
CTP A-B

Mohamadnejad et al[55]
World J Gastroenterol, 2007
Lyra et al[70]
World J Gastroenterol, 2007
Terai et al[44]
Stem cells, 2006

Case series

4

Case series

10

Case series

9

Mixed
CTP B-C
Mixed
CTP B-C
Mixed
CTP B-C

MNCs (MSCs)
BM aspiration
MSCs
BM aspiration
MSCs/placebo
BM aspiration
MSCs
BM aspiration
HSCs
Leukapheresis
G-CSF
MSCs
BM aspiration
MSCs
BM aspiration
MNCs
BM aspiration
MNCs/HSCs
BM aspiration
HSCs
BM aspiration
G-CSF
MNCs
BM aspiration
MNCs
BM aspiration
MSCs
BM aspiration
HSCs
Leukapheresis
G-CSF
HSCs
Leukapheresis
G-CSF
HSCs
BM aspiration
MNCs
BM aspiration
MNCs
BM aspiration

Park et al[69]
Cytotherapy, 2013
Amin et al[64]
Clin Transplant, 2013
Mohamadnejad et al[57]
Liver Int, 2013
Jang et al[59]
Liver Int, 2013
Salama et al[68]
Stem Cell Res Ther, 2012
El-Ansary et al[65]
Stem Cell Rev, 2012
Peng et al[61]
Hepatology, 2011
Couto et al[53]
Liver Int, 2010
Nikeghbalian et al[58]
Arch Iran Med, 2011
Salama et al[66]
World J Gastroenterol, 2010
Kim et al[56]
Cell Transplantation, 2010
Lyra et al[62]
Eur J Gastroenterol Hepatol, 2009
Kharaziha et al[67]
Eur J Gastroenterol Hepatol, 2009
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HCV
CTP C
HBV
Mixed1
Mixed
CTP B-C
Mixed
CTP C
HCV
NA
HBV
MELD 7-13
Mixed
CTP B-C
Mixed
MELD > 10
alcohol
CTP B

109
Peripheral vein
106
Hepatic artery
NA
Hepatic artery
109
Portalvein
106-109
Portal vein
107
Peripheral vein
108/kg
Hepatic artery
108
Portal vein
108
Hepatic artery
108
Portalvein/
hepaticartery
108
Hepatic artery
106-107
Hepatic artery
108
Peripheral vein
109

1

In this study the patients had cirrhosis or chronic hepatitis. BMSC: Bone marrow stem cell; CTP :Child Turcotte Pugh score; MNC: Mononuclear stem cell;
HSC: Hematopoietic stem cell; MSC: Mesenchymal stem cells; NA: Not available; GI: Gastrointestinal; Pt: Patients.

some improvement in laboratory tests was reported[54,69,70].
A significant improvement in MELD and/or CTP
score three months after BMSCs infusion in two studies[59,62], at six months in four studies[44,56,65,67] and at nine
months in one study[61] has also been described.
However, the controlled randomized clinical trial
performed by Mohamadnejad et al[57] did not show any
significant difference in either INR or prognostic scores
between treatment and control groups at three and
twelve months after BMSCs infusion. The majority of
the clinical trials showed a significant but time-limited
improvement in laboratory parameters and prognostic
scores, offering encouraging prospects for future trials.

lower limb oedema, hematemesis, ascites and jaundice.
Seven studies reported an improvement in at least one of
the previously mentioned clinical manifestations[44,56,63-66,68].
However, it should be noted that some clinical manifestations, such as ascites, might not accurately reflect efficacy.
In fact, ascites can be over- or underestimated by physical examination and can be modified by pharmacological
interventions other than BMSC therapy (e.g., diuretics,
albumin).
Health-related quality of life after BMSC therapy was
the primary outcome in an interesting study performed
by Salama et al[68]. One hundred patients were assigned
to the treatment or control groups and completed the
Short Form-36 health status evaluation. Self-reported
physical and mental status significantly improved in the
treatment group during the six months following BMSC
reinfusion, while status significantly deteriorated in the
control group; these data are also supported by another

Effect of BMSC therapy on clinical manifestations and
quality of life
Many studies have evaluated the clinical manifestations
associated with ESLD, including hepatic encephalopathy,
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Table 2 Studies that reported a modification of laboratory parameters and prognostic scores
Author

Results compared to

Amin et al[64]
Mohamadnejad et al[57]
Jang et al[59]
Salama et al[68]
El-Ansary et al[65]
Peng et al[61]
Couto et al[53]
Salama et al[66]
Kim et al[56]
Lyra et al[62]
Kharaziha et al[67]
Pai et al[63]
Terai et al[44]

Baseline
Control group
Baseline
Baseline
Control group
Control group
Baseline
Control group
Baseline
Baseline
Baseline
Baseline
Baseline

Laboratory parameters

Prognostic scores

INR

TBil

Alb

Cr

MELD

CTP

I
NI
I
NR
I1
I
NR
NR
I
NR
I
NR
NR

I
NR
NI
I
I
I
I
I
NR
NR
NI
I
NR

I
NI
I
NR
I
I
I
I
I
I
NI
NI
I

NR
NR
NI
NR
NR
NR
NR
NR
NR
NR
I
NR
NR

NR
NI
I
NR
I
I
NR
NR
NI
NI
I
NR
NR

NR
NI
I
NR
NR
NR
NR
NR
I
I
NR
NR
I

1

In this study it was reported prothrombin concentration (PC) and not INR. I: Improved significantly; NI: Not improved; NR: Not reported; INR: International normalized ratio; MELD: Model for end-stage liver disease; CTP: Child turcotte pugh score.

recent study[56].
In addition, Salama et al[68] reported a significantly
higher survival rate in the treatment group compared
to the control group. An improved survival rate after
BMSC therapy was also reported in other studies, but
the data were not statistically significant[61,66]. In summary, clinical manifestations, health-related quality of
life and survival rate have been reported to be improved
after BMSCs therapy.

ture do not allow analytic comparison between the studies. In particular, a crucial issue is the different types of
stem cells used, and in this regard, it could be interesting
to compare the effects of the different types of BMSCs
(unsorted MNCs, MSCs, and HSCs) on objective liver
function parameters.
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Mast cell deficiency exacerbates inflammatory bowel
symptoms in interleukin-10-deficient mice
Hanying Zhang, Yansong Xue, Hui Wang, Yan Huang, Min Du, Qiyuan Yang, Mei-Jun Zhu
age, increased gut permeability, and impaired epithelial
tight junctions. Mast cell deficiency was also linked to
systemic inflammation, as demonstrated by higher serum levels of tumor necrosis factor α and interferon γ in
DKO mice than that in IL-10-deficient mice.
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CONCLUSION: Mast cell deficiency in IL-10-deficient
mice resulted in systematic and gut inflammation, impaired gut barrier function, and severer Th1-mediated
colitis when compared to mice with only IL-10-deficiency. Inflammation and impaired gut epithelial barrier
function likely form a vicious cycle to worsen colitis in
the DKO mice.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colitis; interleukin-10; Inflammation; Inflammatory bowel disease; Mast cells; Mice
Core tip: Colitis is characterized by chronic inflammation and mast cells accumulate at the pathological
sites, implicating their mediating roles, but the exact
roles of mast cells in colitis remain poorly defined and
controversial. In this study, the authors cross-bred
mast cell-deficient mice with interleukin-10-deficient
mice to investigate the role of mast cells in gut inflammation and the onset of colitis. Data show that
mast cells have protective roles in the development of
colitis by suppressing Th1 type immune response and
inflammation, altering gut microbiota composition,
improving gut epithelial barrier function, and reducing
epithelial damage.

Abstract
AIM: To test the role of mast cells in gut inflammation
and colitis using interleukin (IL)-10-deficient mice as an
experimental model.
METHODS: Mast cell-deficient (KitW-sh/W-sh ) mice were
crossbred with IL-10-deficient mice to obtain double
knockout (DKO) mice. The growth, mucosal damage
and colitis status of DKO mice were compared with
their IL-10-deficient littermates.
RESULTS: DKO mice exhibited exacerbated colitis compared with their IL-10-deficient littermates, as shown by
increased pathological score, higher myeloperoxidase
content, enhanced Th1 type pro-inflammatory cytokines
and inflammatory signaling, elevated oxidative stress,
as well as pronounced goblet cell loss. In addition, deficiency in mast cells resulted in enhanced mucosal dam-
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to obtain mast cell heterozygous IL-10-deficient mice. At
five weeks of age, mast cell heterozygous, IL-10-deficient
female mice were fed either with a control diet (D12450B,
10% energy from fat, Research Diets Inc.) or a high energy diet (D12451, 45% energy from fat) for 3 mo and
then bred with the same genotype male mice fed with the
control diet. Offspring with both mast cell-deficient and
IL-10-deficient (double deficient, for simplicity, we called
double knockout, DKO) mice and only IL-10-deficient
mice from the same litter were obtained and used for
further studies. All mice were housed in sterile highefficiency particulate air filter cages, with access to food
and water ad libitum. However, for unknown reasons, very
few or no viable neonatal DKO mice could be obtained
from mothers fed the control diet. Therefore, only IL10-deficient and DKO offspring from mothers fed the
high energy diet were used for further studies. All mice
were sacrificed at 10 wk of age.

INTRODUCTION
Inflammatory bowel disease (IBD), primarily Crohn’
s disease and ulcerative colitis, is one of the most common gastrointestinal diseases. Our understanding of IBD
etiology, however, is far from complete. Interleukin (IL)10-deficient mice develop IBD spontaneously after 3 mo
of age, which is a common model for studying the etiology of Crohn’s disease. The onset of colitis in these mice
is associated with enhanced CD4+ Th1/Th17 mediated
inflammatory responses[1].
Mast cells are generated from bone marrow derived
hematopoietic progenitor cells that migrate into vascularized tissues, where they undergo final maturation[2]. The
resident mast cells comprise about 2%-3% of mucosal
cells in the healthy gut[3], but they can be recruited in large
numbers in response to an array of stimuli. They regulate
epithelial barrier function and inflammation through: (1)
affecting the expression and distribution of tight junction proteins[4,5]; (2) regulating enteric nervous system by
secretion of neurotransmitters[6]; and (3) recruiting and
activating other immune cells by releasing cytokines[7].
The density of mast cells increases in the gastrointestinal tract of IBD patients, indicating the likely involvement of mast cells in the etiology of IBD[8-10]. It has
been reported that mast cells potentiated inflammation
in Dextran Sodium Sulfate (DSS) induced colitis, since
mast cell deficiency dampened DSS-induced body weight
loss and attenuated colonic hypersensitivity[11]. In stressinduced gut inflammation, mast cells mediated epithelial
barrier dysfunction in rats[12,13], and mast cell-deficient
mice had decreased basal jejunum permeability ex vivo[14].
However, mast cells have also been documented to have
a protective role in colonic colitis; deletion of mast cells
in IL-10-deficient mice resulted in enhanced mucosal epithelial permeability[15], while mast cell deficiency has no
inhibitory role in helicobacter induced gut inflammatory
response in IL-10-deficient mice[15]. These data indicate
a complex nature of the role of mast cells in gut inflammation and IBD pathogenesis, which possibly depends
on the genotype and physiological status of mice as well
as environmental factors. Here in this study, we crossbred mast cell-deficient mice with IL-10-deficient mice
to investigate the role of mast cells in gut inflammation
and the onset of colitis, and further explored underlying
mechanisms.

Tissue collection
After euthanasia, the colonic tissue was dissected from
surrounding tissue. A 5 mm section from the colonic
tissue at constant location was fixed in 4% (w/v) paraformaldehyde, processed and embedded into paraffin. The
remaining gut segments were cut opened, rinsed in PBS,
frozen in liquid nitrogen, and stored at -80 ℃ till analysis.
In vivo intestinal permeability
Seven-week-old mice were fasted for 5 h with water provided, and then gavaged with FITC-dextran (Sigma, St
Louis, MO) at 120 μg/kg body weight. Blood was collected 4 hours after gavage and centrifuged for 5 min at
4000 × g. The resulting serum was 1:5 diluted in PBS (pH
7.4), and the fluorescence intensity was measured at excitation 485 nm and emission 520 nm by a SpectraMax M5
Spectrophotometer (Molecular Device, Sunnyvale, CA)[16].
Glucose tolerance test
Mice at eight-week-old were subjected to intraperitoneal
(i.p.) glucose tolerance test after overnight fasting with
free access to water. D-glucose (2 mg/g body weight) was
i.p. injected into mice. The blood glucose level was monitored at 0, 15, 30, 60 and 120 min after injection by tail
tip bleeding using a Contour glucometer (Bayer Healthcare, Mishawaka, IN).
Measurement of GSH content
Glutathione vs glutathione disulfide ratio (GSH/GSSG)
recycle assay was performed as previously described[17].
Briefly, 10 mg colon tissues were homogenized in 200
μL of l.3% picric acid solution (Sigma) and followed by
sonication and centrifugation. The supernatant was assayed for total GSH and GSSG by incubation with 2-vinylpyridine (Sigma), which conjugates any GSH present
in the sample so that only GSSG is recycled to GSH
without interference by GSH. The GSSG (as GSH × 2)
was then subtracted from the total GSH to calculate the
level of GSH.

MATERIALS AND METHODS
Animal care and experimental design
All animal procedures were approved by the University
of Wyoming Animal Care and Use Committee. IL-10deficient mice (B6.129P2-IL-10tm1Cgn/J; stock #002251)
and mast cell-deficient mice (STOCK KitW-sh/HNihrJaeBsmJ; stock #005051) were obtained from the Jackson
Laboratory (Bar Harbor, ME). Both strains are on the
C57/BL6 background. IL-10-deficient mice and mast
cell-deficient mice were cross-bred for two generations
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Table 1 Primer sets used for quantitative reverse transcriptase-polymerase chain reaction analysis of mouse colonic tissue
Gene name

Accession No.

Product size

Direction

Sequence (5’ to 3’)

Ref.

Claudin2

NM_016675.4

120 bp

NM_009902.4

132 bp

GAPDH

NM_008084.2

132 bp

IL-1β

NM_008361

73 bp

INFγ

NM_008337.3

93 bp

iNOS

U43428.1

76 bp

NOX1

NM_172203.1

113 bp

T-bet

NM_019507.2

138 bp

TNF-α

NM_013693.2

67 bp

GGCGTCCAACTGGTGGGCTAC
AACCGCCGTCACAATGCTGGC
CAGGGGCAGTCTCTGTGCGAG
GCCGCTGGACCTGGGAATCAAC
AACTTTGGCATTGTGGAAGG
GGATGCAGGGATGATGTTCT
TCGCTCAGGGTCACAAGAAA
CATCAGAGGCAAGGAGGAAAAC
AGGTCCAGCGCCAAGCATTCAA
AGCAGCGACTCCTTTTCCGCTT
CAAAGTCTCAGACATGGCTTGC
TTCCTCTGTCAGGTCACTTTGG
CAGGCATCCTCATTTTGCGG
CCTTCTGCTGGGAGCGATAA
CCACTGGATGCGCCAGGAAGTT
TTCACCTCCACGATGTGCAGCC
TGGGACAGTGACCTGGACTGT
TTCGGAAAGCCCATTTGAGT

[42]

Claudin3

Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse
Forward
Reverse

Serum tumor necrosis factor α and interferon-γ level
Serum levels of tumor necrosis factor (TNF)-α and interferon (IFN)-γ were analyzed by ELISA (eBiosciences,
San Diego, CA) according to the manufacturer’s manual.
The overall intra-assay and inter-assay coefficient of
variation was < 5.0% and < 10%, respectively.

[42]
[43]
[42]
This study
This study
[42]
[43]

electrophoresed to confirm the targeted sizes. Relative
expression of mRNA was determined after normalization to GAPDH reference using ΔΔ-Ct method.
Gut microflora analysis
Bacterial genomic DNA was extracted from fecal samples
using QIAamp® DNA Stool Mini Kit (Qiagen) per the
manufacturer’s instruction. The abundance of specific
intestinal bacterial groups was quantified by qPCR using
Bio-Rad CFX96 thermocycler as stated above. Genus or
species specific 16S rRNA gene primers were listed in
Table 2. The 16S rRNA of Eubacteria was used as the
internal control.

Histology
For pathobiological examination, embedded colonic
tissue were cut into 5 μm thickness and subjected to
hematoxylin-eosin (HE) staining. HE stained slides were
scored using a scale as previously described[18]. Briefly,
slides were scored for the presence of epithelial hyperplasia, the intensity and severity of inflammation. The maximum score of each colon section is 15. A higher number
indicates more extensive/severe disease symptoms. To
quantify the goblet cell density, the colonic tissue section
was stained with alcian blue per published method[19].
The quantification of goblet cells (goblet cell area vs the
tissue section area) of alcian blue stained section was performed using the Image J software (split color channels).

Immunoblotting
Immunoblot analysis was conducted according to the procedures previously described[17]. Briefly, protein extracts
from colonic tissues were separated by 5%-15% gradient
SDS-PAGE gels and transferred to nitrocellulose membranes for immunoblotting analyses. Antibodies against
myeloperoxidase, phospho-p65 and p65 were purchased
from Cell Signaling Technology (Beverly, MA). Claudin2
and Claudin3 were purchased from Invitrogen (Camarillo,
CA). GAPDH was purchased from GeneTex (Irvine,
CA). Band density was quantified by Image J software and
normalized according to the GAPDH content.

Quantitative reverse transcriptase PCR
Total RNA was extracted from colonic tissue using Trizol
reagent (Sigma) and treated with DNase I (Qiagen, Valencia, CA) followed by purification with RNeasy® Mini Kit
(Qiagen). The cDNA was synthesized with the iScript™
cDNA synthesis kit (Bio-Rad Laboratories, Hercules,
CA). reverse transcriptase PCR (qRT-PCR) was conducted on a Bio-Rad CFX96 thermocycler using glyceraldehyde 3-phosphate dehydrogenase as the housekeeping
gene. The primers are listed in Table 1. Sybr Green
Master Mix (Bio-Rad) was used in all PCR reactions. The
amplification efficiency was 0.90 to 0.99. The qRT-PCR
conditions were 95 ℃, 3 min; 35 cycles of 95 ℃ for 10
s, 56 ℃ for 10 s and 72 ℃ for 20 s. At the end of each
run, dissociation melt curves were obtained to confirm
the purity of PCR products, and the PCR products were
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[42]

Serum total free fatty acid colorimetric assay
Plasma total free fatty acid (FFA) content was analyzed
colorimetrically following the previous published methods[20,21]. Total FFA concentration was calculated based
on the standard curve. Each sample was analyzed in duplicate and mean values were reported.
Statistical analysis
Statistical analyses were conducted as previously described[17,21]. Data were analyzed as a complete randomized design using GLM (General Linear Model of
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Table 2 Primers for quantitative polymerase chain reaction analysis of selected fecal microbiota
Target organism

Primer set

Sequence (5’ to 3’)

Product size

Ref.

Bacteroides

BactF285
UniR338
Ec-ssu1F
Ec-ssu1R
UniF340
UniR514
LabF362
LabR677
Ralb561F
Ralb807R

GGTTCTGAGAGGAGGTCCC
GCTGCCTCCCGTAGGAGT
GGATAACACTTGGAAACAGG
TCCTTGTTCTTCTCTAACAA
ACTCCTACGGGAGGCAGCAGT
ATTACCGCGGCTGCTGGC
AGCAGTAGGGAATCTTCCA
CACCGCTACACATGGAG
CAGGTGTGAAATTTAGGGGC
GTCAGTCCCCCCACACCTAG

53

[44]

115

[45]

210

[46]

315

[44]

246

[47]

Ec-ssul
Eubacteria
Lactobacillus
Ruminococcus albus (Ralb)

Statistical Analysis System, SAS, 2000). Mean ± SE are
reported. Statistical significance is considered as p < 0.05.

cal event in the development of colitis in IL-10-deficient
mice[23]. Consistent with aggravated colitis, the in vivo
intestinal permeability of DKO mice was higher (P <
0.01) than that of their IL-10-deficient littermates (Figure 3A), indicating escalated mucosal barrier damage. In
agreement with impaired intestinal permeability, mast cell
deficiency decreased claudin-3 mRNA expression (Figure
3B) while increased “channel forming” claudin-2 protein
content (Figure 3C). In addition, the myosin light chain
2 (MLC-2) phosphorylation and CK2α protein content
were enhanced in the colon of DKO mice (Figure 3C).

RESULTS
DKO mice showed aggravated colitis compared to their
IL-10-deficient littermates
The severity of colitis was evaluated by examining pathological changes, goblet cell density, pro-inflammatory
cytokine expression and neutrophil content. As shown
in Figure 1A, colon section of DKO mice had a much
higher pathological score than that of IL-10-deficient
littermates. Meanwhile, the colonic tissue of DKO mice
exhibited an increased expression of Th1 type inflammatory cytokines such as IL-1β and IFN-γ (Figure 1B,
C), enhanced NF-κB inflammatory signaling (Figure
1D), and elevated neutrophil infiltration, as indicated by
increased myeloperoxidase (MPO) content (Figure 1E).
Being the major source of secreted mucin in the gastrointestinal tract, goblet cells play a vital role in regulating
intestinal homeostasis. The depletion of goblet cells in
the large intestine is another characterized feature of
IBD. Alcian blue staining revealed that mast cell deletion
resulted in decreased goblet cell staining in the colon of
IL-10-deficient mice (Figure 1F).

Alteration of gut microflora composition
We further evaluated whether gut microflora could be
a factor contributing to the enhanced inflammation in
the DKO gut. Using genus or species specific 16s rRNA
primers, quantitative PCR indicated that DKO mice had
decreased Ruminococcus albus (P < 0.05) but no change in
Bacteroides, Lactic acid bacteria, Clostridium perfringens, Enterococcus and Faecalibacterium prausnitzii compared to their IL10-deficient littermates (Figure 4).
Mast cell deficiency in IL-10-deficient mice led to
systemic inflammation
Besides exasperated colitis, DKO mice exhibited lower
wean (4-wk-old) body weight (Figure 5A) compared to
that of their IL-10-deficient littermates. Upon necropsy
(10-wk-old), DKO mice showed higher spleen and liver
weight (Table 3), associated with enhanced serum TNF-α
and IFN-γ levels (Figure 5B). In addition, mast cell deficiency dramatically impeded systemic glucose tolerance in
IL-10-deficient mice at 15 min, 30 min and 60 min post
injection of glucose (Figure 5C).
Interestingly, the subcutaneous fat weight of DKO
mice at necropsy was 32.3% ± 8.1% less than that of
their IL-10-deficient littermates, while there was no difference in gonadal fat weight (Table 3). Subcutaneous fat
is proposed to be the “sink” for free fatty acids (FFA)[24].
Therefore, we further analyzed the serum FFA level,
which, however, did not differ between DKO mice and
their IL-10-deficient littermates (Figure 5D).

DKO mice experienced increased oxidative stress in the
colon compared to their IL-10-deficient littermates
Oxidative stress has arisen to be another crucial etiological event in colitis progression[22]. Consistent with aggravated colitis, GSH/GSSG recycle assay demonstrated
that mast cell deficiency resulted in a marked decrease
of GSH content (Figure 2A). Meanwhile, mRNA expression of NADPH oxidase 1 (NOX1) was increased
in the colon of DKO mice compared to that of their
IL-10-deficient littermates, but iNOS expression was
unchanged (Figure 2B). These data indicated mast cell
deletion resulted in a more severe oxidative stress in the
colon of IL-10-deficient mice, which was consistent with
the enhanced inflammatory responses observed in the
colon of DKO mice.
DKO mice exhibited more mucosal damage than their IL10-deficient littermates
Increased intestinal permeability is an important etiologi-
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Mast cells play a crucial role in innate immune responses
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Figure 1 Mast cell deficiency aggravated colitis in the colon of interleukin-10-deficient mice. A: Pathological score; B: mRNA expression of inflammatory cytokines; C: Relative IL-1β protein content; D: NF-kB p65 inflammatory signaling; E: Relative myeloperoxidase content in colonic tissue; F: Goblet cell density. Mean
± SE, aP < 0.05, DKO vs IL-10-deficient, bP < 0.01, DKO vs IL-10-deficient, n = 8 for mRNA analysis, n = 10 for others. IL: Interleukin; DKO: Double knockout; MPO:
Myeloperoxidase; NF-kB: Nuclear factor kB.

and IBD pathogenesis. Deletion of mast cells markedly
attenuated multiple organ injury and damped systematic inflammation in response to trauma[25]. In chemical
WJG|www.wjgnet.com

induced colitis, mast cells act as an initiator of innate
immune response and likely aggravate disease indices[10].
However, our data showed that lack of mast cells exac9110
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Figure 2 Oxidative stress in the colon tissue of interleukin-10-deficient and double knockout mice. A: Colonic glutathione concentration was measured by
GSH/GSSG recycling assay; B: mRNA expression of NADPH oxidase 1 (NOX1) and inducible NO synthase (iNOS). Mean ± SE, aP < 0.05, DKO vs IL-10-deficient, n = 8.
IL: Interleukin; DKO: Double knockout.
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Figure 3 Mast cell deficiency exaggerated mucosal damage in interleukin-10-deficient. A: In vivo intestinal paracellular permeability; B: mRNA expression of
Claudin-2 and Claudin-3; C: Relative protein content of Claudin-2, Claudin-3, phosphorylation of MLC-2 and CK2α in colonic tissues. Mean ± SE, aP < 0.05, bP < 0.01,
DKO vs IL-10-deficient, n = 8 for mRNA analysis, n = 10 for western blotting analysis. IL: Interleukin; DKO: Double knockout.

erbated colitis in IL-10-deficient mice, associated with
impaired mucosal barrier function, which was consistent
with a previous study, where deletion of mast cell resulted in earlier onset of spontaneous colitis and associated
with increased intestinal permeability in IL-10-deficient
mice[15]. We speculate that mast cells might have bilateral
roles under different circumstances. Mast cells may act
as inflammatory mediators in intact immune system, but
serve as sentinels under immune compromised conditions, which is currently underappreciated. As an antiinflammatory cytokine, IL-10 plays a substantial role in
intestinal immune regulation and homeostasis. The level

WJG|www.wjgnet.com

of IL-10 was negatively correlated with the mucosal infiltration of inflammatory cells and the severity of IBD in
the colon[26]. Loss of IL-10 signaling by itself is sufficient
to drive changes in pro-inflammatory gene expression,
but other existing endogenous compensatory mechanisms may be able to prevent robust inflammation. Indeed, inflammatory TLR4 signaling functions to maintain
Treg cell populations and intestinal epithelial homeostasis
in IL-10-deficient mice[27]. In this regard, mice lacking
mast cells in addition to IL-10 deficiency would lose their
immune regulation ability thus resulted in exasperated immune deregulation and aggravated colitis. In agreement,
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Figure 4 Abundance of selected fecal microflora in interleukin-10-deficient and double knockout mice. Mean ± SE, aP < 0.05, DKO vs IL-10-deficient, n = 8.
IL: Interleukin; DKO: Double knockout.

improved epithelial barrier function alleviated colitis[23],
clearly indicating that intestinal permeability is an important etiological factor in the development of colitis in IL10-deficient mice. In alignment with enhanced gut inflammation, mast cell deficiency markedly enhanced the gut
permeability in IL-10-deficient mice, which might propel
the progress of colitis. Consistent with the enhanced gut
permeability, we observed that IL-10-deficiency increased
the “pore forming” Claudin-2 protein content, while
decreased mRNA expression of barrier sealing protein,
Claudin-3 in colonic tissue of DKO. Myosin light-chain
kinase (MLCK) phosphorylates the regulatory light chain
of myosin 2 (MLC2) and regulates actin-myosin contraction and further impairs tight junction formation to enhance paracellular permeability[29]. The dramatic increased
phosphorylation of MLC2 in our study might serve as
one of mechanisms for the impaired epithelial barrier
function in DKO mice. Casein kinase 2 (CK2) is a key
regulator of intestinal epithelial homeostasis in chronic
intestinal inflammation, and enhanced intestinal epithelial cell CK2 protein content was observed in chronic
experimental induced colitis[30]. Consistent with the previous report[30] and enhanced colitis, DKO mice showed
increased CK2α protein content in the colon tissue. The
impairment of gut epithelial barrier function and exaggerated gut inflammatory responses might reinforce each
other to deteriorate colitis symptoms.
Besides local gut inflammation, we also observed
systemic inflammation in DKO mice, as evidenced by

Table 3 Organ weights of 10-week-old interleukin-10deficient and double knockout mice at necropsy
Organ weight (g)
Liver
Heart
Spleen
Vastus muscle
Gastrocnemius muscle
Tibials muscle
Subcutaneous fat
Gonadal fat

IL-10-deficient

DKO

P value

1.12 ± 0.041
0.13 ± 0.01
0.09 ± 0.01
0.24 ± 0.01
0.27 ± 0.01
0.081 ± 0.003
0.31 ± 0.03
0.33 ± 0.04

1.26 ± 0.03
0.13 ± 0.01
0.16 ± 0.02
0.23 ± 0.02
0.25 ± 0.01
0.076 ± 0.003
0.21 ± 0.02
0.27 ± 0.03

0.0098
NS
0.0006
NS
NS
NS
0.0052
NS

1

Mean ± SE, n = 10. IL: Interleukin; DKO: Double knockout.

we found that mast cell deficiency induced exaggerated
inflammatory responses in the gut as indicated by increased expression of inflammatory cytokines, enhanced
NF-κB inflammatory signaling and elevated neutrophil
infiltration. Such inflammation might directly contribute
to the far severe colitis pathological changes observed in
the colon of DKO mice. Aligned with enhanced gut inflammation, we also detected more severe oxidative stress
in colonic tissues, which is another possible etiological
factor in the initiation or progression of IBD[28].
Impairment of the epithelial barrier function allows
the transmission of antigens, viruses and bacteria, which
aggravates inflammation and forms a vicious circle to
induce colitis. In IL-10-deficient mice, high intestinal permeability preceded the development of colitis, whereas
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Figure 5 Systemic inflammation in interleukin-10-deficient and double knockout mice. A: Body weight; B: Serum tumor necrosis factor (TNF)-a and interferon (IFN)-g
level; C: Glucose tolerance test; D: Circulatory free fatty acids. Mean ± SE, aP < 0.05, bP < 0.01, n = 8. IL: Interleukin; DKO: Double knockout; FFA: Free fatty acid.

current results showed increased Ruminococcus albus in
DKO compared to their IL-10-deficient littermates. In
support to our result, a previous report indicated that
IBD patients had decreased Ruminococcus albus content in
the gut[41]. The significance of Ruminococcus albus in colitis
development needs to be further defined.
In conclusion, mast cell deficiency resulted in exaggerated colitis in IL-10-deficient mice, which was associated with enhanced gut and systematic inflammation,
oxidative stress, altered gut microbiota and impaired gut
barrier function. Enhanced inflammation and gut permeability likely form a vicious cycle to propel the aggravation of colitis in DKO mice. Our data suggest a protective role of mast cells in the development of colitis in IL10-deficient mice through a balance of multiple factors.

splenomegaly and hepatomegaly, as well as elevated serum TNF-α and IFN-γ levels. We speculated that splenomegaly and hepatomegaly were mediated by increased
serum pro-inflammatory cytokines, which accompanied
colitis as previously reported[31]. Increased serum pro-inflammatory cytokines could enhance glucose metabolism
disorder[32]. Consistently, DKO mice showed glucose intolerance compared with their IL-10-deficient littermates,
which could be attributed to the increased serum TNF-α
and IFN-γ levels in DKO[32-34], but the exact mechanism
remains to be determined.
It has been reported that mast cells are necessary for
adipogenesis, while deficiency in mast cells reduces fat
mass[35,36]. In the lean mice, mast cells are more prevalent
in subcutaneous fat than visceral fat[37]. Indeed, we observed decreased subcutaneous fat in DKO mice while
no change in gonadal fat. Because subcutaneous fat
functions as FFA buffer[24], insufficient subcutaneous fat
might limit the ability of absorbing circulating FFA, leading to elevated serum FFA level and systemic inflammation[24,38]. However, we did not observe significant difference in the serum FFA level between mice with/without
mast cells, ruling out FFA as a source of observed exacerbated inflammatory response in DKO mice.
Gut microbiota is increasingly recognized as an important player in gut inflammation and IBD[39,40]. The
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20.3% P = 0.06). The prevalence of advanced lesions
among pilots and control groups was 5.9% and 4.7%,
respectively (P = 0.49), and the prevalence of cancer
was 0.7% and 0.69%, respectively (P = 0.93).
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CONCLUSION: There tends to be a lower colorectal
adenoma, advanced adenoma and cancer prevalence
but a higher hyperplastic polyp prevalence among pilots
than the general population.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Adenomatous polyps;
Colon neoplasms; Hyperplastic polyps
Core tip: Military and commercial airline pilots are
exposed to cosmic radiation and other specific occupational factors. Several epidemiological studies on a
possible elevated cancer risk, including colorectal cancer, among flight personnel have yielded contradictory
results. We aimed to evaluate the incidence of colorectal neoplasms among Israeli military and commercial
pilots and to compare it with the incidence of colorectal
neoplasms among the general population. We found
that the prevalence of colorectal adenomas, advanced
adenoma and cancer is not higher, and tends to be
even lower, among aircrew than that of the general
population. It seems that ionizing radiation does not
constitute a risk factor for colorectal cancer among air
crew personal.

Abstract
AIM: To assess the prevalence of colorectal neoplasms
(adenomas, advanced adenomas and colorectal cancers)
among Israeli military and commercial airline pilots.
METHODS: Initial screening colonoscopy was performed on average-risk (no symptoms and no family
history) airline pilots at the Integrated Cancer Prevention Center (ICPC) in the Tel-Aviv Medical Center. Visualized polyps were excised and sent for pathological examination. Advanced adenoma was defined as a lesion
>10 mm in diameter, with high-grade dysplasia or villous histology. The results were compared with those of
an age- and gender-matched random sample of healthy
adults undergoing routine screening at the ICPC.

Moshkowitz M, Toledano O, Galazan L, Hallak A, Arber N, Santo E. Incidence of colorectal neoplasms among male pilots. World
J Gastroenterol 2014; 20(27): 9116-9120 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i27/9116.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i27.9116

RESULTS: There were 270 pilots (mean age 55.2 ±
7.4 years) and 1150 controls (mean age 55.7 ± 7.8
years). The prevalence of colorectal neoplasms was
15.9% among the pilots and 20.6% among the con2
trols (P = 0.097, χ test). There were significantly more
hyperplastic polyps among pilots (15.5% vs 9.4%, P =
0.004) and a trend towards fewer adenomas (14.8% vs
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INTRODUCTION
Colorectal cancer (CRC) is the third most common can-
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cer and the second leading cause of cancer death among
both women and men in the Western countries[1]. It is
estimated that up to 90% of CRC cases could be avoided
with appropriate screening which allows the detection of
asymptomatic cancers that are more amenable to curative
therapy as well as the removal of adenomas that could
subsequently develop into invasive cancer[2,3]. Several risk
factors have been reported to be associated with colorectal
adenomas, including obesity, impaired glucose tolerance,
hypertension, low high-density lipoprotein cholesterol,
and hypertriglyceridemia, as well as lifestyle factors, such
as alcohol consumption, cigarette smoking, and lack of
physical exercise[4,5]. Airline pilots are recognized as an occupational group at risk for various types of cancers[6]. Although they must be physically fit, mentally stabile and lead
an appropriate lifestyle in addition to being under closer
medical supervision than most other occupational groups,
they are subject to several occupational exposures that may
pose physiological challenges to their long-term health.
The latter include circadian dysrhythmia, mild hypoxia, and
exposure to reduced atmospheric pressure, low humidity,
noise, vibration, cosmic radiation and magnetic fields[7,8].
Ionizing radiation in higher doses is known, or suspected, to be a cause of several types of cancer[9], and
international recommendations regulate such exposure
during flights[10,11]. Chromosomal analyses have showed
significantly higher numbers of chromosomal translocations among pilots than among controls, and chromosomal translocation frequency was found to be significantly associated with flight years[12,13]. Health studies that
have been conducted on this occupational group over the
past three decades usually focused on radiation-associated
cancer, and those investigations produced inconsistent
results[14-20]. An excess mortality from a variety of lesions
that were reported in some of these studies include tumors of brain[14], testis, urinary bladder[15], prostate and
acute myeloid leukemia[14]. In addition, an excess risk of
breast cancer has been observed among female cabin attendants[18], and several studies reported an increased risk
for colorectal tumors with standardized incidence ratios
ranging from 1.32 to 1.34[19-21].
The recognition that normal colorectal epithelium
progresses to adenomas of increasing degrees of dysplasia and then to invasive cancer has been termed the
“adenoma-carcinoma sequence”, and it has proved to be
an excellent model of human cancer[22]. According to this
model, it can be assumed that an increased incidence of
colorectal tumors would be associated with an increased
incidence of adenomas.
This study aims to evaluate the incidence of colorectal neoplasms among Israeli military and commercial
pilots and to compare it with the incidence of colorectal
neoplasms among the general population.

Tel-Aviv Sourasky Medical Center from 2003 to 2011.
During this period, a total of 270 colonoscopies were
performed on military and commercial pilots. All of
these individuals were at average-risk for colorectal cancer and underwent colonoscopy for the first time and
had all been referred for screening colonoscopy as a primary prevention procedure. Individuals were excluded if
they reported a personal history of colorectal adenoma
or carcinoma at any time; if they had a family history
of colorectal adenoma or carcinoma (one first-degree
relative aged < 70, or two or more family relatives at
any age); if they had a personal history of inflammatory
bowel diseases; if they reported symptoms suggestive of
neoplasia (rectal bleeding, change in bowel habit, abdominal pain, or unexplained weight loss during the previous
6 mo); or if they had a positive fecal occult blood test, or
laboratory abnormalities such as iron-deficiency anemia.
A comparison group was randomly selected from an
average-risk, age- and sex-matched control group (n =
1150) from the same institution who underwent colonoscopy during the same time period for similar indications.
Endoscopic procedures
All participants were interviewed and examined by a gastroenterologist. Colonoscopy was performed according to
the usual protocol in our institute by experienced gastroenterologists using high-resolution Pentax endoscopes. It
was complete to the cecum in 98.7% of patients, and the
present analyses were restricted to subjects who underwent a complete colonoscopic examination. All the lesions
that had been found during colonoscopy were sampled,
removed and sent for pathological examination. The size
of the polyp was estimated with the use of open-biopsy
forceps. If more than one lesion was detected, the colonoscopic findings were classified according to the most
advanced lesion. Advanced adenomas were defined by the
presence of any of the following adenoma characteristics:
size ≥ 10 mm, any villous histology, high-grade dysplasia
or colorectal cancer that was either invasive (through the
muscularis mucosa) or in-situ. For analyses of advanced
adenoma, the subjects were classified according to their
most advanced pathological finding.
Statistical analysis
The proportion of individuals with polyps in the pilot
and control groups was compared using the chi-square
and Fisher’s exact tests. A P value less than 0.05 was considered statistically significant, and the SPSS (Chicago, Illinois, United States) for Windows software, version 13.0
was used for the analysis.

RESULTS
The pilot group was comprised of 270 males whose average age was 55.2 years at the time of the index screening
colonoscopy. They were compared to an age-matched
control group of 1150 males (average age 55.7 years at
time of the index screening colonoscopy) who were also

MATERIALS AND METHODS
Study design
We performed a retrospective case-control study at the
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cally compared the presence of premalignant lesions of
CRC among pilots with that of age- and gender-matched
subjects randomly chosen from the general population.
Our study demonstrated no difference and an even lower
rate of polyps and adenomas, regardless of size or polyp
pathology, between the two groups. The findings of our
study are compatible with those of a recent systematic
review of the epidemiological literature on health of
aircrew members since 1990, which included 65 relevant
publications[6]. It reported that the overall cancer incidence and mortality was generally lower among aircrew
members than in the comparison population, however,
consistently elevated risks were reported for breast cancer
incidence among female aircrew members and for melanoma among both male and female aircrew members.
The conclusion of that review was that ionizing radiation
was considered to contribute little if anything to elevated
risks for cancers among an aircrew, whereas excess ultraviolet radiation was a probable cause of an increased
melanoma risk among them.
One explanation for the low incidence of colorectal tumors among the crew members was the relative
absence of risk factors among that professional group.
Risk factors for colorectal cancer and adenomas have
been extensively studied and include nutritional as well as
lifestyle habits. Compelling evidence indicates that avoidance of smoking and heavy alcohol use, prevention of
weight gain, and maintenance of a reasonable level of
physical activity are associated with markedly lower risks
of colorectal cancer[24]. The systematic monitoring of the
health status of aircrew members presumably contributes
to reducing the risk factors and pre-malignant as well as
cancer rates.
One interesting finding of the current study is the
significantly increased rate of hyperplastic polyps among
air crew members compared to controls. Hyperplastic
colonic polyps have traditionally been considered to have
no malignant potential, and are generally regarded as being of little or no clinical consequence. However, recent
evidence has suggested that some hyperplastic polyps
may develop into cancer via the serrated or microsatellite
instable pathways[24]. Chan et al[25] suggested that rightsided or large hyperplastic polyps appear to be the ones
of concern. We have no explanation for the greater number of hyperplastic polyps among our cohort of pilots,
however, they all were relatively small lesions, and none
of them were on the right side of the colon.
In conclusion, we found that the prevalence of
colorectal adenomas, advanced adenoma and cancer is
not higher and tends to be even lower among aircrew
than that of the general population. There was an increased number of small, left-sided hyperplastic polyps
among the pilots compared to the general population,
but the significance of this observation is not clear and
further studies are needed to confirm it.

Table 1 Endoscopic findings in the study vs control groups
n (%)

Age, yr (range)
Endoscopic finding
Normal
Hyperplastic polyps
Adenomatous polyps
Advanced adenoma
> 3 polyps
High-grade dysplasia
Cancer

Pilots

Controls

Total n = 270

Total n = 1150

55.2 (39-74)

55.7 (40-75)

185 (68.5)
42 (15.5)
41 (14.8)
16 (5.9)
5 (1.85)
2 (0.7)
2 (0.7)

805 (70)
108 (9.4)
234 (20.34)
54 (4.7)
32 (2.8)
9 (0.78)
8 (0.69)

P value

0.65
0.004
0.06
0.49
0.51
0.94
0.93

undergoing routine colonoscopy.
Polyp, adenoma and advanced lesion detection
Eighty-three (30.7%) pilots were found to have polyps of
any type (hyperplastic and/or adenomatous) compared
to 342 (29.7%) controls (P = NS). There was a significant
difference in the number of pilots and controls who had
hyperplastic polyps [n = 42/270 (15.5%) vs n = 108/1150
(9.4%), respectively; P = 0.004]. Adenomas were detected
in 41 (14.8%) pilots compared to 234 (20.3%) controls (P
= 0.06). Similarly, the number of detected advanced adenoma was not significantly different between pilots and
controls [n = 16/270 (5.9%) vs n = 54/1150 (4.7%); P =
0.49] (Table 1).
High-grade dysplasia and carcinoma detection
A total of 16 advanced lesions was detected in 270 pilots,
2 (0.7%) of which were carcinomas and 2 were highgrade dysplasia (0.7%). The control group had similar
rates of advanced lesions: 8 of the 1150 subjects had carcinomas (0.69%) and 9 (0.78%) had high-grade dysplasia
(P = 0.93) (Table 1).

DISCUSSION
Over the last 30 years, studies conducted on airline pilots
usually focused on radiation-associated cancer, and their
results were inconsistent. Nicholas et al[23] reported that
United States pilots and navigators experienced significantly increased mortality due to cancer of the kidney
and renal pelvis, and had a tendency towards increased
mortality due to cancer of the prostate, brain, colon, lip,
buccal cavity, and pharynx. In their first study which was
based on small numbers of subjects, Band et al[20] had
found excess deaths for brain cancer and for rectal cancer
(n = 3; SMR = 4.35; P = 0.033; 95%CI: 1.20-11.20) and
an excess cancer incidence for non-melanoma skin cancer, brain cancer and Hodgkin’s disease. In a later study,
however, the same investigators found a significantly
decreased mortality among pilots for all types of cancers,
except for prostate cancer and acute myeloid leukemia,
which were significantly increased[21].
Unlike previous studies that examined the presence
of CRC or death from CRC, the present study systemati-
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According the “adenoma-carcinoma sequence” model, normal colorectal epithelium progresses to adenomas of increasing degrees of dysplasia and then
to invasive cancer. It can be assumed, therefore, that an increased incidence of
colorectal tumors would be associated with an increased incidence of adenomatous polyps. In this study, the authors demonstrate that the prevalence of
colorectal adenomatous polyps is not increased among male pilots.

11

12

Innovations and breakthroughs

In contrast to previous studies that examined the presence of colorectal cancer
(CRC) or death from CRC among air crew, the present study is the first one that
evaluated systematically the presence of premalignant lesions of CRC among
pilots. This study demonstrated no difference and an even lower rate of polyps
and adenomas, regardless of size or polyp pathology, between pilots and the
general population.

13

Applications

Colorectal cancer screening program among pilots should be equal to that of
general population

14

Terminology
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RESULTS: Sixteen patients were excluded from the
study based on exclusion criteria, of whom 3 were in
the case group and 13 in the control group. Compared
with the control group, more patients in the case group
had underlying diseases of hypertension (10.1% vs
3.5%, P = 0.030) and liver cirrhosis (82.0% vs 57.9%,
P < 0.001). Tumors in 67 (75.3%) patients in the case
group were located in segments Ⅱ, Ⅲ and Ⅵ, and
the figure in the control group was also 67 (39.7%) (P
< 0.001). On multivariate analysis, hypertension (HR
= 7.38, 95%CI: 1.91-28.58, P = 0.004), liver cirrhosis
(HR = 6.04, 95%CI: 2.83-12.88, P < 0.001) and tumor
location in segments Ⅱ, Ⅲ and Ⅵ (HR = 5.03, 95%CI:
2.70-6.37, P < 0.001) were predictive for spontaneous
rupture of HCC. In the case group, the median survival
time and median disease-free survival time were 12
mo (range: 1-78 mo) and 4 mo (range: 0-78 mo), respectively. The 1-, 3- and 5-year overall survival rates
and disease-free survival rates were 66.3%, 23.4%
and 10.1%, and 57.0%, 16.8% and 4.5%, respectively.
Only radical resection remained predictive for overall
survival (HR = 0.32, 95%CI: 0.08-0.61, P = 0.015) and
disease-free survival (HR = 0.12, 95%CI: 0.01-0.73, P
= 0.002).

Abstract
AIM: To investigate the risk factors and surgical outcomes for spontaneous rupture of Barcelona Clinic Liver
Cancer (BCLC) stages A and B hepatocellular carcinoma
(HCC).
METHODS: From April 2002 to November 2006, 92
consecutive patients with spontaneous rupture of BCLC
stage A or B HCC undergoing hepatic resection were
included in a case group. A control arm of 184 cases
(1:2 ratio) was chosen by matching the age, sex, BCLC
stage and time of admission among the 2904 consecutive patients with non-ruptured HCC undergoing hepatic
resection. Histological confirmation of HCC was available for all patients and ruptured HCC was confirmed
by focal discontinuity of the tumor with surrounding
perihepatic hematoma observed intraoperatively. Patients with microvascular thrombus in the hepatic vein

WJG|www.wjgnet.com

CONCLUSION: Tumor location, hypertension and liver
cirrhosis are associated with spontaneous rupture of
HCC. One-stage hepatectomy should be recommended
to patients with BCLC stages A and B disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Rupture; Risk
factor; Tumor location; Surgical outcome
Core tip: There are few reports concerning the risk factors associated with spontaneous rupture of hepatocel-
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Recently, there was a patient with small HCC (3 cm in
diameter, located in the left lateral lobe) admitted in our
department. Surgery was prepared for him. To our surprise, his blood pressure dropped to 50/20 mmHg and
his abdomen enlarged suddenly when he lay on the operating table. Tumor rupture was suspected and confirmed
when his abdomen was opened. This case shocked us,
and we hypothesized that the tumor location may be associated with spontaneous rupture of HCC. We therefore
conducted this retrospective case-control study trying to
investigate the risk factors associated with spontaneous
rupture of BCLC stages A and B HCC, and to reveal the
outcomes after primary hepatectomy during a 10-year period at a single center in China.

lular carcinoma (HCC) and the best approach in cases
of ruptured HCC. This retrospective case-control study
showed that three predictive factors including hypertension, liver cirrhosis and tumor location in segments
Ⅱ, Ⅲ and Ⅵ were associated with spontaneous rupture of HCC. Especially, the relationship between tumor
location and spontaneous rupture of HCC was identified
for the first time.
Li J, Huang L, Liu CF, Cao J, Yan JJ, Xu F, Wu MC, Yan YQ.
Risk factors and surgical outcomes for spontaneous rupture of
BCLC stages A and B hepatocellular carcinoma: A case-control
study. World J Gastroenterol 2014; 20(27): 9121-9127 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i27/9121.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i27.9121

MATERIALS AND METHODS
BCLC classification
HCC was stratified according to the BCLC staging classification. The following categories were used. Stage A
includes single tumors smaller than 5 cm in diameter or
up to 3 tumors all smaller than 3 cm in diameter. Stage B
includes up to 3 tumors (≥ 1 of which is > 3 cm in diameter) or more than 3 tumors of any size. Single tumors
exceeding 5 cm in diameter are included in stage B as well
based on the article by Bruix and Llovet[16].

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common neoplasms encountered clinically, and its incidence is increasing worldwide because of the increasing
prevalence of hepatitis B and C virus infections[1,2]. One
of the life-threatening complications of HCC is the
spontaneous rupture of the tumor, with intra-peritoneal
hemorrhage. Spontaneous rupture of HCC occurs in
3%-26% of all patients with HCC, and high mortality
rates in the range of 32%-6.7% have been reported[3-7].
There were very few reports of risk factors associated
with spontaneous rupture of HCC. Kim et al[5] reported
that CT findings were associated with an increased risk
of rupture, including a large tumor, a contour protrusion
and portal vein thrombosis, which indicated advanced
HCC. In addition, clinicians often feel helpless when facing these complicated situations, and previous studies
have shown a very poor prognosis for HCC rupture, with
a 30-d mortality rate in the range of 30%-70%[8-14].
There is still a debate concerning the best approach in
cases of HCC rupture[9]. Many published studies have reported their various emergency treatments for freshly ruptured tumors and the outcomes afterwards[3,7-14]. The immediate management for ruptured HCC patients usually
includes emergency hepatectomy, hepatic artery ligation,
suture plication, packing hemostasis and transarterial embolization. However, at our hospital, which is a hepatobiliary specialty hospital without an emergency department,
most HCC patients with ruptured tumors were admitted
during the routine work in outpatient department. The
ruptured tumors were usually indicated by a history of
sudden abdominal pain, and confirmed by imaging diagnosis or even in operation. A large series of HCC patients
with ruptured tumors were classified with stages A and
B disease according to the Barcelona Clinic Liver Cancer
(BCLC) classification[15], and most of them were suitable
for hepatic resection. We believed that the ruptured BCLC
stages A and B HCCs might differ from those at advanced
stages in risk factors and clinical outcomes.

WJG|www.wjgnet.com

Patients
From April 2002 to November 2006, a total of 200 consecutive patients with spontaneously ruptured HCC visited the Eastern Hepatobiliary Surgery Hospital. Among
them, 92 were classified with stages A and B disease
according to the BCLC classification and underwent hepatic resection. A control arm of 184 cases (1:2 ratio) was
chosen by matching the age, sex, BCLC stage and time of
admission among the 2904 consecutive patients seen in
our hospital with non-ruptured HCC undergoing hepatic
resection. Histological confirmation of HCC was available for all patients and ruptured HCC was confirmed by
focal discontinuity of the tumor with surrounding perihepatic hematoma observed intraoperatively. The tumor
tissue samples of all the 276 patients were reviewed by
a pathologist, and those with microvascular thrombus in
the hepatic vein branches were excluded from the study.
Clinical data of all patients were retrospectively collected, including underlying diseases, laboratory blood
test results, intraoperative parameters and postoperative
pathological findings. Overall survival time and diseasefree survival time were obtained by follow-up. The liver
function status was evaluated using the Child-Pugh score
system. Tumor location was determined according to the
Couinaud’s classification to segment the liver.
Statistical analysis
Continuous data are expressed as mean ± SD or median
(range) where appropriate and compared using the independent sample t-test. Categorical variables were compared using the χ 2 test with Yates correction or the Fisher
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exact test where appropriate. P < 0.05 was considered
significant. Hazard ratios (HRs) and their corresponding
95%CIs were calculated using simple logistic-regression
analysis. Baseline factors associated with a P value < 0.1
in the univariate analysis were sequentially entered into
the multivariate logistic regression analysis to indicate the
relatively independent risk factors.
Survival rates were obtained by the Kaplan-Meier
method and were compared using the log-rank test. A Cox
regression model was used to analyse the prognostic predictors for survival. Survival time and disease-free survival
time started from the date of hepatic resection until death
and the diagnosis of recurrence or the closing date. The
closing date of this study was March 31, 2011.

Table 1 Comparison of clinical data between patients with and
without spontaneous rupture of hepatocellular carcinoma n (%)
Variable

Case group
(n = 89)

Control group
(n = 171)

Age (yr)
Sex (M/F)
Diabetes
Yes
No
Hypertension
Yes
No
HBsAg status
Positive
Negative
Liver cirrhosis
Yes
No
Child-Pugh
classification
A
B
Tumor BCLC
classification
A
B
Tumor size (cm)
Tumor location1
Segment Ⅰ
Segments Ⅱand Ⅲ
Segment Ⅵ
Segments Ⅳ,Ⅴ,Ⅶ and

48.5 ± 11.2
83/6

50.3 ± 11.5
151/20

3
86

167
4

9
80

6
165

82
7

151
20

73
16

99
72

P value
0.215
0.206
0.626

0.030

0.195

< 0.001

RESULTS

0.148
84
5

Clinical data
Sixteen patients were excluded from the study based on
the exclusion criteria, of whom 3 were in the case group
and 13 in the control group. Among the 89 patients with
spontaneous rupture of HCC (case group), mean age was
48.5 ± 11.2 years and 83 (93.3%) were males. The corresponding figures for the 171 patients without rupture
(control group) were 50.5 ± 11.4 years and a male prevalence of 88.3%. The most common initial symptoms of
spontaneous rupture of HCC were sudden onset of abdominal pain (61 patients, 68.5%). There were 12 (13.5%)
patients who developed hypovolemic shock at admission,
while 16 (18.0%) patients had no symptoms. Emergency
hepatic resection was performed in 12 (13.5%) patients,
while the remaining 77 patients underwent limited onestage operation.
The clinical data for the case group and control group
are presented in Table 1. Compared with the control
group, more patients in the case group had underlying
diseases of hypertension (10.1% vs 3.5%, P = 0.030) and
liver cirrhosis (82.0% vs 57.9%, P < 0.001). Tumors in 67
(75.3%) patients in the case group were located in segments Ⅱ, Ⅲ and Ⅵ, and the figure in the control group
was also 67 (39.7%) (P < 0.001). No significant differences were observed between the case group and control
group with respect to baseline levels of laboratory tests.
Radical resection, defined as a negative margin and no
residual tumor in the liver, was achieved in 80 (89.9%)
patients in the case group, compared with 163 (95.3%)
in the control group (P = 0.011). The 30-d mortality was
1.1% (1/89) in the case group and 0.5% (1/171) in the
control group, and both patients died of liver failure.

159
12
0.653

31
58
8.1 ± 3.1

68
103
6.5 ± 4.2

2
20
47
20

1
16
52
102

0.001
< 0.001

Ⅷ

Tumor protrudes from
0.138
liver surface
Yes
45
70
No
44
101
Satellite nodule(s)
0.288
Yes
29
45
No
60
126
AFP (ng/mL)
138.5 (1.8, 20181.0) 73.8 (2.4, 224492.0) 0.102
WBC (× 109/L)
5.7 ± 2.5
5.9 ± 1.8
0.381
PLT (× 109/L)
154.7 ± 71.8
147.0 ± 61.3
0.112
Total bilirubin (umol/L)
21.67 ± 3.25
13.57 ± 4.33
0.104
Albumin (g/L)
39.18 ± 3.16
40.52 ± 3.45
0.624
ALT (IU/L)
55.5 ± 49.0
60.5 ± 51.0
0.447
PT (s)
13.0 ± 1.5
13.2 ± 1.5
0.286
BUN (mmol/L)
6.01 ± 0.39
5.93 ± 1.01
0.342
Cr (umol/L)
71.65 ± 12.51
74.72 ± 19.46
0.179
Types of liver resection
0.199
Minor ≤ 3 liver
70
120
segments
Major ≥ 4 liver
19
51
segments
Radical resection
0.011
Yes
80
163
No
9
8
Inflow blood occlusion
15.4 ± 6.9
15.4 ± 7.0
0.993
time (min)
Blood loss (mL)
550 (300, 3200)
200 (50, 2000)
0.011
Blood transfusion
38/51
29/142
< 0.001
(yes/no)
Tumor grade
3/86
20/151
0.025
(Ⅰand Ⅱ/Ⅲ and Ⅳ)2
30-d mortality
1 (1.1)
1 (0.6)
0.079

Risk factors associated with spontaneous rupture of
HCC
Four variables including hypertension, liver cirrhosis, tumor size ≥ 10 cm, and tumor location in segments Ⅱ, Ⅲ
and Ⅵ were selected on multivariate analysis to determine
the independent risk factors associated with HCC rupture. The results showed that hypertension (HR = 7.38,
95%CI: 1.91-28.58, P = 0.004), liver cirrhosis (HR = 6.04,
95%CI: 2.83-12.88, P < 0.001) and tumor location in seg-

1

Couinaud’s classification to segment the liver; 2Edmondson-Steiner
classification. HCC: Hepatocellular carcinoma; BCLC: Barcelona Clinic
Liver Cancer; AFP: Alpha-fetoprotein; WBC: White blood cell; PLT: Platelet;
ALT: Alanine aminotransferase; PT: Prothrombin time; BUN: Blood urea
nitrogen; Cr: Creatinine.
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such as central tumor necrosis, trauma and coagulopathy, leads to hemorrhage within the tumor. This further
increases the pressure in the tumor and results in splitting of the overlying liver parenchyma and rupture at
the surface. We think that this hypothesised mechanism
may account for spontaneous rupture of advanced HCC
when the hepatic vein is invaded by the tumor. Moreover,
rupture of advanced HCC may cause heavy bleeding, and
thus the patients are more likely to seek emergency care.
In the present study, we included patients with BCLC
stages A and B HCC which had no vascular invasion,
and the results showed some other risk factors associated
with spontaneous rupture of HCC.
In our series, we noticed that most ruptured tumors
were located in the left lateral lobe (segments Ⅱ and Ⅲ,
n = 20) and the right posterior inferior lobe (segment
Ⅵ, n = 47), resulting in a proportion of 75.3%, and tumor location in segments Ⅱ, Ⅲ and Ⅵ were predictive
for spontaneous rupture of HCC. According to gross
anatomy, the shape of the liver is similar to a wedge.
Compared with the other parts of the liver, either the left
lateral lobe (segments Ⅱ and Ⅲ) or the right posterior
inferior lobe (segment Ⅵ) is a “small room” restricted by
the capsule of the liver. Therefore, when the tumor there
becomes larger than the “room”, the inner pressure of
the tumor can break the local capsule. Sometimes a strike
from outside may lead to the rise of the pressure on the
basis of “small room and big guest”, and cause rupture
of the tumor as well. We also found that there was almost
no overlying liver parenchyma on the ruptured tumor,
neither was it showed by imaging examination nor found
in operation. Especially, we did not find any “tunnel”like tumor tissues at the most possible spot of rupture.
Chen et al[8] also reported that left-lobe tumors presented
a higher risk of rupture. So we doubt that hepatic vein
occlusion is a main factor to initiate the rupture of HCC.
Instead, we think that the differences in mechanics due to
tumor location may play a major role in the pathogenesis
of tumor rupture.
Previous studies have reported that the maximum
tumor size > 5 cm was one of the risk factors predicting
rupture of HCC[5,8]. Interestingly, in our study, tumor
size ≥ 10 cm was not a predictive factor for HCC rupture, while the underlying diseases of hypertension and
liver cirrhosis were predictive for spontaneous rupture
of HCC. Moreover, some tumors as small as 2 cm have
been found to rupture, which was consistent with a
report by Tanaka et al[18]. It is difficult to explain how a
small HCC located in the periphery would rupture via the
above mechanism. More recent studies suggested that
underlying vascular dysfunction may play a role[10]. The
vessels in the ruptured HCC tend to be more friable due
to increased collagenase expression and increased collagen Ⅳ degradation[19]. Our results are consistent with this
proposed mechanism, and we think the reasons may be
as follows. A long history of hypertension always causes
injury of the blood vessels, making them more friable. In
addition, patients with liver cirrhosis always have underly-

Table 2 Multivariate analysis of variables associated with
spontaneous rupture of hepatocellular carcinoma
Variable
Hypertension
Yes
No
Liver cirrhosis
Yes
No
Tumor size
≥ 10 cm
< 10 cm
Tumor locaction1
Segments Ⅱ, Ⅲ and Ⅵ
Other segments

HR

95%CI for HR

7.38
1

1.91-28.58

6.04
1

2.83-12.88

1.62
1

0.80-3.31

5.03
1

2.70-6.37

P value
0.004

< 0.001

0.184

< 0.001

1

Couinaud’s classification to segment the liver. HCC: Hepatocellular carcinoma; HR: Hazard ratio; CI: Confidence interval.

ments Ⅱ, Ⅲ and Ⅵ (HR = 5.03, 95%CI: 2.70-6.37, P <
0.001) were predictive for spontaneous rupture of HCC
(Table 2).
Surgical outcomes
At the closing date of the study, 80 (89.9%) patients in
the case group and 119 (69.6%) in the control group
died. The median survival time (MST) and median disease-free survival time (MDST) of patients in the case
group were 12 mo (range: 1-78 mo) and 4 mo (range: 0-78
mo), respectively, while the figures in the control group
were 51 mo (range: 1-104 mo) and 24 mo (range: 1-87
mo), respectively. The 1-, 3- and 5-year overall survival
rates were 66.3%, 23.4% and 10.1% in the case group,
compared with 85.4%, 63.2% and 46.3% in the control
group (P < 0.001). In addition, the 1-, 3-, and 5-year
disease-free survival rates in the case group were 57.0%,
16.8% and 4.5%, respectively, while they were 65.7%,
39.2% and 27.5% in the control group (P = 0.049) (Figure
1).
Nine variables were selected on multivariate analysis
to determine the prognostic predictors of survival in
patients with spontaneously ruptured HCC (Table 3).
Only radical resection remained statistically predictive for
overall survival (HR = 0.32, 95%CI: 0.08-0.61, P = 0.015),
as well as for disease-free survival (HR = 0.12, 95%CI:
0.01-0.73, P = 0.002).

DISCUSSION
Risk factors for spontaneous rupture of HCC
Spontaneous rupture of HCC is one of the most common and life-threatening emergencies in liver surgery.
However, there were very few studies investigating the
risk factors associated with this dreaded complication
of HCC. A commonly accepted mechanism of rupture
described by Zhu et al[17] is that it is initiated by invasion
and occlusion of the hepatic veins by tumor cells, which
results in increased pressure within the tumor mass. The
venous congestion in combination with various factors,
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1.0

Ruptured HCC
No
Yes
No-censored
Yes-censored

Overall survival

0.8
0.6

P < 0.001

0.4
0.2
0.0

B

1.0

Ruptured HCC
No
Yes
No-censored
Yes-censored

0.8
Disease-free survival

A

0.6

P = 0.049

0.4
0.2
0.0

0

20

40

60

80

100

120

0

20

Months after hepatic resection

Case group
Control group

40

60

80

100

Months after hepatic resection

MST (mo)

MDST (mo)

12 (1-78)
51 (1-104)

4 (0-78)
24 (1-87)

1-, 3-, 5-yr OS

1-, 3-, 5-yr DFS

66.3%, 23.4%, 10.1% 57.0%, 16.8%, 4.5%
85.4%, 63.2%, 46.3% 65.7%, 39.2%, 27.5%

Figure 1 Overall survival (A) and disease-free survival (B) in patients with barcelona clinic liver cancer stages A and B hepatocellular carcinoma with or without rupture. HCC: Hepatocellular carcinoma; MST: Median survival time; MDST: Median disease-free survival time; OS: Overall survival; DFS: Disease-free survival.

Table 3 Predictors of survival on multivariate analysis using a Cox regression model in patients with spontaneous rupture of
hepatocellular carcinoma
Variable

Overall survival

Age
Liver cirrhosis (yes vs no)
BCLC stage (stage A vs stage B)
Tumor size
Tumor location
Satellite nodule(s) (yes vs no)
Blood loss
Blood transfusion (yes vs no)
Radical resection (yes vs no)

Disease-free survival

HR

95%CI

P value

HR

95%CI

P value

1.01
1.05
1.35
0.96
1.02
0.77
1.00
1.00
0.32

0.99-1.03
0.55-2.03
0.60-3.06
0.88-1.06
0.59-1.76
0.46-1.27
1.00-1.00
0.51-1.98
0.08-0.61

0.348
0.878
0.470
0.456
0.936
0.299
0.085
0.994
0.015

1.02
1.29
1.13
0.92
1.24
0.76
1.00
1.12
0.12

0.99-1.05
0.54-3.09
0.41-3.07
0.81-1.05
0.64-2.42
0.39-1.47
1.00-1.00
0.49-2.59
0.01-0.73

0.097
0.566
0.817
0.235
0.524
0.413
0.940
0.788
0.002

HCC: Hepatocellular carcinoma; HR: Hazard ratio; CI: Confidence interval; BCLC: Barcelona clinic liver cancer.

and 48%-54%, respectively, were achieved[23,24]. It seems
that hepatic resection was the most valuable treatment
for patients with ruptured HCC, irrespective of emergency or delayed operation. However, there is still a disparity
concerning the prognosis for these patients undergoing
hepatic resection, because the surgical outcomes may be
complicated by the stage of HCC and the inclusion of
transarterial embolization in the treatment algorithm.
In our series, all the patients with ruptured HCC underwent one-stage hepatic resection without initial treatments. The MST and MDST were 12 mo and 4 mo, respectively, and the 1-, 3- and 5-year overall survival rates
were 66.3%, 23.4% and 10.1%, respectively. The results
were much worse than those patients with non-ruptured
HCC undergoing hepatic resection, although recent
studies have stated that the long-term survival for ruptured HCC may be equivalent to non-ruptured HCC[20].
We think the reason may be as follows. The ruptured
HCC always stays in the “small room”, the increased inner pressure of the tumor not only causes tumor rupture
but also causes intrahepatic metastasis. Considering that

ing coagulopathy. Both of them would lead to hemorrhage within the tumor and then initiate tumor rupture.
Survival of patients with spontaneous rupture of HCC
Spontaneous rupture of HCC can be a fatal complication of HCC. Previous studies have shown a very poor
prognosis, with 30-d mortality rates in the range of
30%-70%[8-14,20,21]. The present study included patients
with BCLC stages A and B HCC, and an overall 30-d
mortality rate of 1.1% (one patient) was observed, which
was much lower than those in previous reports.
Several studies have demonstrated that emergency hepatic resection for ruptured HCC may achieve long-term
survival[20,21]. In another series, the 1- and 3-year survival
rates for patients who underwent emergency resection
were only 60% and 42%, respectively[22]. The MST of
patients with ruptured HCC who had been treated by
hepatectomy in the range of 1.2-25.7 mo has been reported[4,7]. In two case series of delayed resection for
ruptured HCC from Japan, no in-hospital mortality was
observed, and 1- and 3-year survival rates of 71%-77%
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patients with ruptured HCC harbor advanced disease
at presentation, the incidence of coexisting cirrhosis is
high, and peritoneal seeding may occur at the time of
rupture. The current tumor-node-metastasis staging
system classifies ruptured HCC as T4 and as stage Ⅳ
[25]
, which indicated advanced stage. Therefore, we think
the results attained from our series are acceptable and
one-stage hepatic resection should be recommended to
patients with resectable ruptured HCC at BCLC stages
A and B.
Furthermore, this study identified that radical resection remained predictive for surgical outcomes in patients
with ruptured HCC. Inversely, some other acknowledged
prognostic factors like BCLC stage, tumor size and satellite nodule(s) in non-ruptured HCC were not demonstrated to be statistically significant in ruptured HCC,
suggesting that ruptured HCC may differ from nonrupture HCC in biological behaviour and pathological
characteristics.
In summary, this retrospective case-control study
showed that three predictive factors including hypertension, liver cirrhosis and tumor location in segments Ⅱ,
Ⅲ and Ⅵ were associated with spontaneous rupture of
HCC. Especially, the relationship between tumor location
and spontaneous rupture of HCC was identified for the
first time, which challenges the well-known concept that
the congestion of hepatic venous vein is a main factor to
initiate the rupture of HCC. Once the risk factors were
determined, the next step we want to do is to determine
whether we can adopt some measures to prevent tumor
rupture in these patients. Although the surgical outcomes
in patients with ruptured HCC was much worse than
those without, we still think one-stage hepatic resection
should be recommended to patients with ruptured HCC
at BCLC stages A and B.
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RETROSPECTIVE STUDY

Relevance of α-defensins (HNP1-3) and defensin β-1 in
diabetes
Balázs Csaba Németh, Tamás Várkonyi, Ferenc Somogyvári, Csaba Lengyel, Katalin Fehértemplomi,
Szabolcs Nyiraty, Péter Kempler, Yvette Mándi
age- and gender-matched healthy blood donors. The
cumulative copy numbers of the DEFA1/DEFA3 genes
were detected by using quantitative PCR analysis. To
evaluate the HNP 1-3 (human neutrophil peptide 1-3
or α-defensin) levels in the circulation, plasma HNP
1-3 concentrations were measured by ELISA. The expression of DEFA1/A3 in peripheral leukocytes of the
diabetic patients was measured by quantitative RT PCR
analysis. Three SNPs of the human DEFB1 (human
defensin β-1) gene: DEFB1 G-20A (rs11362), DEFB1
C-44G (rs1800972) and DEFB1 G-52A (rs1799946)
were genotyped by Custom TaqMan® Real Time PCR
assay.
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RESULTS: Significant differences were observed in
HNP1-3 levels between the healthy subjects and both
groups of diabetic patients. The mean ± SE was 28.78 ±
4.2 ng/mL in type 1 diabetes, and 29.82 ± 5.36 ng/ml
in type 2 diabetes, vs 11.94 ± 2.96 ng/mL in controls; p
< 0.01 respectively. There was no significant difference
between patients with type 1 and type 2 diabetes in the
high plasma concentrations of HNP1-3. The highest concentrations of α-defensin were found in diabetic patients
with nephropathy (49.4 ± 4.8 ng/mL), neuropathy (38.7
± 4.8 ng/mL) or cardiovascular complications (45.6 ±
1.45 ng/L). There was no significant difference in the
cumulative copy numbers of DEFA1/DEFA3 genes between controls and patients, or between patients with
the two types of diabetes. Comparisons of HNP 1-3
plasma level and DEFA1/A3 copy number of the same
patient did not reveal significant relationship between
2
defensin-α levels and the gene copy numbers (r =
0.01). Similarly, no positive correlation was observed
between the copy numbers and the mRNA expression
levels of DEFA1/A3 . Regarding the C-44G polymorphism of DEFB1 , the GG “protective” genotype was
much less frequent (1%-2%) among both groups of
patients than among controls (9%).

Abstract
AIM: To investigate the genetic background of human
defensin expression in type 1 and 2 diabetes.
METHODS: Associations between DEFA1/DEFA3 gene
copy number polymorphism and diabetes as well as
between the promoter polymorphisms of DEFB1 and
diabetes were studied. The copy number variation of
the DEFA1/DEFA3 genes was determined in 257 diabetic patients (117 patients with type 1 and 140 with
type 2 diabetes). The control group consisted of 221
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independent of DEFA1/DEFA3 copy numbers, but GG
genotype of C-44G SNP in DEFB1 gene may result in
decreased defensin β-1 production.

nological reactions that protect the host from various
pathogens[11]. While the expression of human defensin
beta-1 (HBD1) is generally constitutive, the levels of
human defensin beta-2 (HBD2) are inducible by proinflammatory cytokines and bacteria[10,12,13]. Human beta
defensins are expressed by epithelial cells of the skin,
gut, respiratory and urogenital tissues, the pancreas and
the kidneys. HBD1 is also constitutively expressed by
leukocytes[14-16].
The level of defensin expression varies among individuals, and it has been suggested that this variation is
due to genetic differences in the genes encoding defensins. Defensin genes have been mapped to 8p22-p23[17].
Two types of genetic polymorphisms have been identified in genes encoding defensins: copy number polymorphisms and single nucleotide poymorphisms (SNPs).
Human defensin beta-1 (HBD-1) is encoded by the
gene DEFB1 (OMIM: 602056), in which several SNPs
(single nucleotide polymorphisms) have been characterized. Three frequent SNPs at positions G-20A (rs11362),
C-44G (rs 1800972) and G-52A (rs1799946) in the 5’
-untranslated region (UTR) of DEFB1 were described[18].
The untranslated variants influence HBD-1 expression
or function[19].
The cluster of human alpha-defensin genes on chromosome 8 includes the genes DEFA1 (OMIM: 125220)
and DEFA3 (OMIM: 604522), which are copy-variables.
The genes DEFA1 and DEFA3 differ only in a single
base substitution in the coding sequence, corresponding
to a single amino acid difference between the peptides
encoded[20]. HNP 1-3 differs only in a single N-terminal
acid, and the HNP-2 peptide lacks this residue and
might be a proteolytic product of the other two peptides because no separate gene has been identified to
encode HNP-2[21]. Several copy number polymorphisms
form the major source of genetic polymorphism of
α-defensin genes DEFA1 and DEFA3, encoding human
neutrophil peptides HNP-1, -2 and 3[20,22]. These genes
are present in a cluster that is close to but independent
from the β-defensin cluster on 8p23. The total DEFA1/
DEFA3 copy number has been found to range between
4 and 11 copies per diploid genome with 5 to 9 copies
being the most common[22].
To date, little is known about the genetic basis and
the functions of α - and β -defensins in diabetes. Infections are frequent in diabetic patients because the
antimicrobial function of their immune response is
impaired. It has been reported that mRNA levels of rat
β-defensin-1 are significantly low in the kidneys, which
may explain the high incidence of urinary tract infections in diabetes mellitus[23]. The effects of glucose and
insulin on the β-defensin expression have recently been
demonstrated[24], but no connection has been found between genetic polymorphisms of the HBD1 gene and
diabetes in a Brazilian study on diabetic children[25].
Increased levels of alpha-defensin -1, -2 and -3 have
recently been reported in patients with type 1 diabetes with nephropathy and in cardiovascular complica-
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Core tip: There is growing evidence of the role of innate immunity in diabetes To our knowledge our data
provide the first report on a complex investigation of
defensin-α and defensin β-1 in type 1 and type 2 diabetes. The main conclusion of our manuscript is, that
the elevated HNP1-3 levels in diabetes are independent of the DEFA1/DEFA3 copy numbers, but the GG
genotype of C-44G SNP in the DEFB1 gene may result
in a decreased level of defensin β-1 production. Our
data support the view that both alpha and beta-defensins may have an important role in the pathogenesis of
diabetes and diabetic complications.
Németh BC, Várkonyi T, Somogyvári F, Lengyel C, Fehértemplomi
K, Nyiraty S, Kempler P, Mándi Y. Relevance of α-defensins
(HNP1-3) and defensin b-1 in diabetes. World J Gastroenterol
2014; 20(27): 9128-9137 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i27/9128.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.9128

INTRODUCTION
Defensins are members of small antimicrobial peptides
of the innate immune system[1,2]. However, today these
peptides are also known as danger signals or ”alarmins”
playing important roles in inflammation and immunity[3].
Mammalian defensins are divided into two major families, the α- and β-defensins. Human α-defensins include
human neutrophil peptide 1-4 (HNP1-4) and intestinal
human defensins (HD-5 and HD-6) produced by Paneth
cells. Besides the antimicrobial effects, alpha defensins
display chemotactic activity and induce proinflammatory
cytokines[4-6]. HNPs increase the binding of low density
lipoprotein (LDL) cholesterol to the endothelial surface suggesting that alpha defensins may modulate the
development of atherosclerosis[7]. Neutrophil granulocytes are considered to be the primary cellular origin of
α-defensins; HNP 1-3 comprise 30%-50% of the granule proteins. HNPs can be released into the extracellular
milieu following granulocyte activation as a consequence
of degranulation, leakage, cell death, and lysis during
inflammation[8]. α-defensins are also involved in the formation of neutrophil extracellular traps[9].
Human β-defensins make up another family of antimicrobial peptides[1,10]. In addition to their antibacterial
and antiviral effects, the chemoattractive function of
these defensins has been shown to play a role in immu-
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tions[26,27]. It is tempting to speculate whether copy number polymorphisms and the DEFA1/DEFA3 mRNA in
the granulocytes may influence the levels of HNP1-3 in
patients with types 1 and 2 diabetes.
The aim of our study was to investigate the genetic
background of human defensin-α and human defensin
β-1 production in adult patients with type 1 and type
2 diabetes, especially with complications. Therefore,
we carried out an association study between DEFA1/
DEFA3 copy number polymorphism and diabetes, and
between the promoter polymorphisms of DEFB1 and
diabetes. We also measured the plasma levels of HNP
1-3 in both types of diabetes, and the mRNA expression
of DEFA1/DEFA3 in leukocytes.

matched healthy blood donors. These control subjects
were selected from blood donors at the regional Center of Hungarian National Blood Transfusion Service,
Szeged, Hungary. The exclusion criteria for blood donors were diabetes, nephropathy, hypertension, or ischemic heart disease. All cases and controls were of Hungarian ethnic origin and resident in Hungary. Informed
consent was obtained from all patients and controls,
and the local Ethics Committee gave prior approval to
the study. All patients consented to the study and were
treated according to the Patient Right Protection Act of
our institutions and according to international guidelines.
Assay of HNP 1-3 concentration
Blood samples containing EDTA were obtained from
patients and controls. Plasma was isolated after the
blood was centrifuged at 3000 g for 3 min and stored at
-80 ℃ for further analysis. The HNP1-3 concentrations
in plasma were determined by ELISA (Hycult-Biotech
HK324, Uden, The Netherlands) according to the instructions of the manufacturer.

MATERIALS AND METHODS
Patients
257 diabetic patients (122 men and 135 women) were
enrolled in our study, which included 117 patients with
type 1 and 140 patients with type 2 diabetes. All patients
participating in the study were diagnosed according to
the ADA criteria: Diagnosis and classification of diabetes mellitus. Diabetes Care 36 (Suppl 1) 2013. S64-S74.
The mean age of type 1 diabetic patients was 40.6
years ± 1.51 years, the mean duration of diabetes was
17.7 ± 1.12 years, and their mean HbA1c was 8.86% ±
0.17%. In type 2 diabetic subjects, the mean age was 58.4
± 1.27 years, the mean duration of diabetes was 14.5 ± 0.8
years, and the mean HbA1c was 8.03% ± 0.13%.
Seventy-one subjects in the cohort had diabetic nephropathy (32 with type 1 and 39 with type 2 diabetes)
defined as an albumin-to-creatinine ratio in a random
spot collection being higher than 3.4 mg/mmol, or the
protein content being over 300 mg/d in collected urine.
Abnormal kidney function was described when the glomerular filtration rate (GFR) was lower than 60 mL/min
per 1.73 m2.
One hunred twenty-one patients suffered from retinopathy (47 with type 1 and 68 with type 2 diabetes).
This complication was evidenced as the presence of
background or proliferative retinopathy, macular edema
or diabetes-related blindness, or the administration of
retinal photocoagulation therapy. The retinopathy status was checked by color stereo-ophthalmography and
fluorescence angiography. Neuropathy was diagnosed
in 95 patients (35 with type 1 and 60 with type 2 diabetes). Neuropathy was proven when abnormal peripheral
sensory functions or altered lower limb tendon reflexes
as well as impaired cardiovascular reflex tests were detected. 54 diabetic patients (14 with type 1 diabetes and
40 with type 2 diabetes) had previously been diagnosed
with macrovascular disease including major coronary
events, stroke or a transient ischemic attack, peripheral
artery disease or amputation. A high number of the patients (182) had controlled hypertension (50 with type 1
and 132 with type 2 diabetes).
The control group consisted of 221 age- and gender-
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DNA isolation
Genomic DNA purified from peripheral blood was
used. Leukocyte DNA was isolated using the High Pure
PCR Template Preparation Kit according to the instructions of the manufacturer (Roche Diagnostic GmbH,
Mannheim, Germany). DNA concentrations were measured with a Qubit™ fluorometer (Invitrogen, Carlsbad,
CA, United States) according to the instructions of the
manufacturer. Genomic DNA was stored at -20 ℃ until
further use.
Determination of DEFA1/DEFA3 gene copy numbers by
quantitative real-time PCR
Genomic DNA purified from peripheral blood was
used. Gene copy number determination was carried out
as previously described by Linzmeier[20] with slight modifications. BIO-RAD CFX 96 instrument (Bio-Rad, Hercules, CA, United States) was used for quantitation. The
reaction volume was 15 μL, containing 3 μL of DNA, 1
-1
μmol L each of the primers, 7.5 μL of reaction buffer
(Fermentas Probe/ROX qPCR MasterMix, Fermentas,
Lithuania) and 0.6 μL EVAGreen (20 × EVAGreen™
Biotium Inc., Hayward, CA, United States). Forward
primer: DEFA1 1 F (5’ TAC CCA CTG CTA ACT CCA
TAC 3’), reverse primer: DEFA1 1 R (5’ GAA TGC
CCA GAG TCT TCC C 3’); MPO (myeloperoxidase)
reference gene primer set MPO 1 F (5’ CCA GCC CAG
AAT ATC CTT GG 3’), MPO 1 R (5’ GGT GAT GCC
TGT GTT GTC G 3’). PCR conditions were as follows:
initial denaturation at 95 ℃ for 10 min followed by 40
cycles of denaturation (95 ℃ for 15 s) and extension
(54 ℃ for 1 min).
Quantification was performed by monitoring the
emitted fluorescence after each cycle of PCR reaction
of genomic DNA samples in order to identify the exact
time point at which the log-linear phase could be dis-
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tinguished from the background (crossing point). The
precise amount of DNA added to each reaction mix was
based on optical density. Each DNA sample was analyzed in triplicate, in 2 independent experiments.

mix (Applied Biosystems, CA), 0.375 μ L of primerprobe mix, 6.375 μL of RNase- and DNase-free water
(Sigma), and 0.8 μL of sample DNA, in a total volume
of 15 μ L per single tube reaction. Assay conditions
were 2 min at 50 ℃, 10 min at 95 ℃, and 40 cycles of
95 ℃for 15 s and 60 ℃ for 1 min. Each 96-well plate
contained 90 samples of an unknown genotype and six
reactions with reagents but no DNA. DNase-free water
was used as nontemplate control. Initial and postassay
analysis was performed by using the Sequence Detection
System (SDS) version 2.1 software (Applied Biosystems,
CA) as outlined in the TaqMan Allelic Discrimination
Guide. Genotypes were determined visually based on
the dye-component fluorescent emission data depicted
in the X-Y scatter plot of the SDS software. Genotypes
were also determined automatically by the signal processing algorithms in the software. Results of each scoring method were saved in two separate output files for
later comparison.

DEFA1/DEFA3 mRNA quantification by RT PCR
We collected further 2 mL of venous blood in EDTA
tubes from patients with diabetes and controls. Leukocytes from blood were separated by centrifugation at
1200 rpm/min for 15 min. By using the reverse transcription polymerase chain reaction (RT-PCR), we examined the expression of DEFA1/DEFA3 mRNA in 24
patients with diabetes (12 cases of type 1 and 12 cases
of type 2 diabetes). Total RNA was extracted with High
Pure RNA isolation kit (Roche) according the manufacturer’s instruction. RNA concentration was determined
by the A260 value of the sample. Complementary DNA
(cDNA) was generated from 1 μg total RNA using the
High-Capacity cDNA Reverse Transcription Kit (Applied Biosystems) in a final volume of 20 μ L. After
reverse transcription, amplification was carried out by
using Light Cycler Fast Start DNA MasterPLUS SYBR
Green I mix (Roche). Samples were loaded into capillary tubes and placed in the fluorescence thermocycler
(LightCycler). Initial denaturation at 95 ℃ for 10 min
was followed by 45 cycles of 95 ℃ for 10 s, annealing at
58 ℃ for 8 s, and elongation at 72 ℃ for 12 s. DEFA1/
DEFA3 sense, 5’-TCC CAG AAG TGG TTG TTT
CC-3’; and antisense, 5’-GCA GAA TGC CCA GAG
TCT TC-3’, and for the housekeeping gene GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) sense, 5′
-AAG GTC GGA GTC AAC GGA TTT-3′; antisense,
5′-TGG AAG ATG GTG ATG GGA TTT-3′ primers
were used to amplify specific products from cDNA samples. At the end of each run, melting-curve profiles were
achieved by cooling the sample to 40 ℃ for 15 s, and
then heating the sample slowly at 0.20 ℃/s up to 95 ℃
with continuous measurement of the fluorescence to
confirm the amplification of specific transcripts. Cycleto-cycle fluorescence emission readings were monitored
and analyzed by using LightCycler software (Roche
Diagnostics GmbH). All quantifications were normalized to the housekeeping GAPDH gene. Relative gene
expression was determined by using the ∆∆Ct method.

Statistical analysis
Comparisons of plasma concentrations were carried out
by the Mann-Whitney test and with two-tailed paired
Student test. The level of significance of the genotype
frequency of different DEFB1 SNPs was analyzed by
using the χ 2 test and the Fischer test. Levels p < 0.05
indicated statistical significance. All statistical calculations were performed with the Graph Pad Prism 5.0
statistical program (GraphPad Software, San Diego CA.
United States). The genotype frequencies for each polymorphism of DEFB1 were tested for deviation from the
Hardy-Weinberg equilibrium by the χ 2 test with 1 degree
of freedom.

RESULTS
Plasma levels of HNP1-3 in patients with type 1 and type
2 diabetes
In a pilot study, plasma levels of α-defensin, HNP1-3,
in 50 patients with type 1 diabetes and in 60 patients
with type 2 diabetes were determined and compared
with those of 50 healthy blood donors. There was a high
individual variation in the plasma levels of α-defensin,
but significant differences were observed between the
healthy subjects and both groups of diabetic patients.
The mean value ± SE was 28.78 ± 4.2 ng/mL in patients
with type 1 diabetes and 29.82 ± 5.36 ng/mL in patients
with type 2 diabetes vs 11.94 ± 2.96 ng/mL in controls
(p < 0.01 respectively). The difference between the high
plasma concentrations of HNP1-3 in patients with type
1 or type 2 diabetes was not significant (Figure 1).

Genotyping of SNPs of human defensin beta-1 (DEFB1)
Genotyping was performed by means of Custom TaqMan® SNP Genotyping Assays (Applied Biosystems,
CA). Fluorogenic minor groove binder probes were used
for each case using the dyes 6-carboxyfluorescein (FAM;
excitation, 494 nm) and VIC (excitation, 538 nm): betadefensin-1 polymorphisms DEFB1 G-20A (rs11362)
Applied Biosystems code c_11636793_20, DEFB1
C-44G (rs1800972) c_11636794_10 and DEFB1 G-52A
(rs1799946) c_11636795_20. Thermal cycling was performed on ABI Prism 7000 sequence-detection PCR
systems. The amplification mix contained the following
ingredients: 7.5 μL of TaqMan® universal PCR master
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Plasma levels of HNP1-3 in diabetic patients with
complications
After that, we checked whether the generally high level
of HNP1-3 in the peripheral blood of both groups (type
1 and type 2) of diabetic patients was connected to diabetic complications. Nephropathy was diagnosed in 71

9131

July 21, 2014|Volume 20|Issue 27|

Németh BC et al . Defensins in diabetes
NS

20
DEFA1/DEFA3 copy number

HNP1/3 ng/mL

200

100

10

0
Control
0

Control

DM2

DM1

P < 0.01 vs control

ng/mL). These data are in accordance with previous observations[26,27] of high levels of HNP 1-3 in type 1 diabetic patients with cardiovascular diseases. In a relatively
smaller group of patients (n = 28) with diabetic foot
ulcer (20 with type 1 diabetes and 8 with type 2 diabetes), the HNP1-3 plasma levels were 35.9 ± 1.1 ng/mL.
These high HNP1-3 levels might be the consequence
of the degranulation of recruited neutrophils from the
skin frequently following infections. Our results suggest
that in diabetic complications such as nephropathy, neuropathy and cardiovascular diseases, the HNP1-3 level
in the circulation is elevated independently of the type
of diabetes. All diabetic patients, with or without complications, exhibited significantly higher plasma levels of
HNP1-3 than the control subjects (Figure 2).
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Copy number polymorphism of DEFA1/DEFA3
The cumulative copy numbers of DEFA1/DEFA3 were
determined by using quantitative PCR analysis. In the
control group, 133 DNA samples were used for copy
number determination and 100 DNA samples of diabetic patients with type 1 or type 2 diabetes. There was no
significant difference in copy number between the controls and the patients or between the patients with the
two types of diabetes (Figure 3). In the control group,
DEFA1/DEFA3 copy numbers ranged from 4 to 15 per
genome with a median number of 10 copies. The median copy number of DEFA1/DEFA3 in the patients
with type 1 diabetes was 10 copies per genome (range
5 to 16 copies), and that in the patients with type 2 diabetes was also 10 (range 5 to 15). Comparing the HNP
1-3 plasma level and the DEFA1/A3 copy number of
the same patient, no significant correlation was observed
between defensin levels and genomic copy numbers (r2 =
0.01; Figure 4.).
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Figure 2 Plasma levels of human neutrophil peptides in diabetic patients
with different complications relative to those without complications, and
to healthy controls. Mean ± SE are indicated; significant differences between
groups were determined by unpaired t-test.

patients (32 with type 1 and 39 with type 2 diabetes) and
neuropathy in 95 ones (35 with type 1 and 60 with type
2 diabetes). 115 patients suffered from retinopathy (47
with type 1 and 68 with type 2 diabetes), 54 patients had
cardiovascular diseases (14 with type 1 diabetes and 40
with type 2 diabetes), and 182 had hypertension (50 with
type 1 and 132 with type 2 diabetes). Their data concerning the HNP1-3 levels were compared with those of the
67 patients who did not suffer from these complications,
and with the data of the 100 healthy subjects (Figure 2).
The highest HNP 1-3 concentrations were found in the
diabetic patients with nephropathy (49.4 ± 4.8 ng/mL)
and with neuropathy (38.7 ± 4.8 ng/mL) or with cardiovascular complications (45.6 ± 1.4 ng/mL). These
concentrations were significantly higher than those in
the diabetic patients without complications (25.4 ± 3.5
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DM2

Figure 3 Genomic copy number of DEFA1/DEFA3 in patients with diabetes and in healthy blood donors. Quantitative box-plot analysis (median,
minimum, maximum value, 25% and 75% percentiles) of DEFA1/A3 copy numbers determined in DNA samples from 133 controls, 100 patients with type 1
diabetes (DM1), and 100 patients with type 2 diabetes (DM2).

P < 0.01 vs control

Figure 1 Plasma levels of HNP1-3 in patients with type 1 and type 2 diabetes (DM1 and DM2) and healthy controls. The line represents the mean
plasma levels of HNP1-3. Significant differences as determined by MannWhitney test are indicated. NS: Not significant.

60

DM1

DEFA1/DEFA3 gene expression
The expression of DEFA1/A3 was measured in the peripheral leukocytes of diabetic patients. DEFA1/DEFA3
mRNA was determined in blood samples from 12 pa-
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Table 1 Genotypes of DEFB1 G-20A, DEFB1 G-52A, and
DEFB1 C-44G polymorphisms in patients with diabetes n (%)

HNP1-3 ng/mL

100

DEFB1 G-20A
Patients with diabetes
n = 257
Type 1 diabetes
n = 117
Type 2 diabetes
n = 140
Controls
n = 200
DEFB1 G-52A
Patients with diabetes
n = 257
Type 1 diabetes
n = 117
Type 2 diabetes
n = 140
Controls
n = 200
DEFB1 C-44G
Patients with diabetes
n = 257
Type 1 diabetes
n = 117
Type 2 diabetes
n = 140
Controls
n = 200
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Figure 4 Plasma levels of HNP1-3 in diabetic patients vs copy numbers of
DEFA1/DEFA3. The DEFA1/A3 copy numbers were determined by quantitative
PCR analysis and compared to the HNP1-3 plasma level of the same patient (50
with type 1 and 50 with type 2 diabetes).
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both in the control population and in the patients (p =
0.912 and p = 0.795, respectively). There was no significant difference in genotype distribution between the
patients overall and the healthy controls. Similarly, no
significant differences in genotypes were observed when
the patients were grouped according to type 1 and type 2
diabetes.
As concerns the DEFB1 G-52A SNP, distribution
of the genotypes was in accordance with the HardyWeinberg equilibrium both in the control population and
in the patients (p = 0.252 and p = 0.181, respectively).
We did not detect any significant difference in genotypes
between the patients and the controls, either in type 1 or
type 2 diabetes.
The genotypic distribution of DEFB1 C- 44G polymorphism is shown in Table 1.
The distribution of genotypes was in accordance
with the Hardy-Weinberg equilibrium among the patients with diabetes (p = 0.151) and also in the control
population (p = 0.722). But there was a significant difference in genotype distribution between the patients
overall and the healthy controls (χ 2 test, p = 0.002). The
frequency of the GG genotype was significantly lower in
both types of diabetes (2.5% and 2%, respectively) than
in the healthy controls (9%) (Fisher test vs control, p =
0.001, OR = 9.136, 95%CI: 3.512-23.82). Conversely, the
prevalence of the DEFB1 CC genotype was 61 % in the
group of diabetic patients vs 45% in the controls (Fisher

Figure 5 Relative mRNA expression levels of DEFA1/DEFA3 in diabetic
patients vs copy numbers of DEFA1/DEFA3. The DEFA1/A3 copy numbers
were determined by quantitative PCR analysis and compared to the DEFA1/
DEFA3 mRNA measured by RT-PCR of the same patient (12 with type 1 and 12
with type 2 diabetes).

tients with type 1 and another 12 with type 2 diabetes,
and the relative expressions of DEFA1/DEFA3 were
compared with the DEFA1/DEFA3 copy numbers of
the same patients (Figure 5). The data indicated that peripheral leukocytes had the ability to transcribe DEFA1/
DEFA3 genes (mean ± SE of relative expression 1.5 ±
0.28) and to biosynthetize HNP1-3 peptides. However,
no positive correlation was observed between the copy
numbers and the expression levels of the human neutrophil peptide 1-3 (Figure 5). The variation in expression
levels between individuals did not exhibit a positive correlation with the copy number. Similarly, the expression
of specific mRNA in the leukocytes for HNP 1-3 did
not parallel the HNP 1-3 plasma levels (data not shown).
DEFB1 G-20A, DEFB1 G-52A and DEFB1 C-44G
polymorphisms
The genotypic distributions of DEFB1 G-20A, and
DEFB1 G-52A and DEFB1 C-44G polymorphisms are
presented in Table 1.
The distribution of the DEFB1 G-20A genotypes
was in accordance with the Hardy-Weinberg equilibrium
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distance between the regulators of the genes[28,29].
The fact that in our study no significant correlation
was observed between the genomic copy number variation of DEFA1/DEFA3 and the mRNA expression levels (Figure 5) suggests that the degranulation rather than
the increased gene expression may be responsible for the
increased plasma HNP 1-3 levels in diabetes.
Similar observations have been published about the
copy number polymorphism and expression level variation of DEFA1 and DEFA3 genes[22]. In that study, the
combined expression levels of DEFA1/A3 and the genomic copy number have not been correlated, suggesting the superimposed influence of trans-acting factors.
It is noteworthy that there are several examples of
the absence of a correlation between copy number polymorphisms and the relative transcription level[29].
There are no direct data showing that exaggerated
degranulation is linked to diabetic complications, or it
is higher in DM patients than in controls. However, it
has recently been published that pro-inflammatory conditions during hyperglycemia favor NET - neutrophil
extracellular traps - formation[30], and HNP 1-3 are also
involved in the formation of neutrophil extracellular
traps[9]. It is noteworthy that diabetes is associated with
low grade, sub-clinical and chronic inflammation characterized by abnormal cytokine production. Therefore, the
diabetic microenvironment can induce NET formation,
which may result in a basic high HNP-1 concentration in
the circulations.
In order to detect whether increased mRNA expression is responsible for elevated defensin levels in diabetic
patients, quantitative RT-PCR reactions were performed.
Expression of specific mRNA in the leukocytes was
observed for HNP 1-3 but not parallel with HNP1-3
plasma levels. The mRNA values between patients
and controls were rather equal (mean ± SE of relative
expression 1.5 ± 0.28 vs 1.49 ± 0.35, respectively) suggesting that not an increased gene expression may be responsible for increased plasma levels of HNP 1-3. Our
findings were in good correlation with the observations
of Fang et al[31], that is, α-defensin genes were constitutively transcribed at low level in mature neutrophils, but
they were not inducible.
Eosinophils with transcriptionally active α-defensin
production have recently been detected in the capillary
blood of diabetic patients[32]. Eosinophils but not neutrophils displayed the augmentation of transcriptional
activation of α-defensin expression. In our study, the
majority of the cells in peripheral venous blood were
neutrophils; therefore, our purified DNA and RNA
samples were derived mostly from neutrophils.
The present study demonstrated that the distributions of the C-44G genotypes were different between
patients with diabetes and healthy controls, whereas the
frequency of the GG genotype was significantly higher
in the control population. It indicates that the presence
of G allele probably leads to strengthened HBD1 antimicrobial activity, which is less frequent in patients with

test: p = 0.0009, OR = 2.055, 95%CI: 1.248-2.746).
When the patients were grouped according to the diabetic complications, there was a lower frequency of the
GG genotype among the patients with nephropathy and
among those with neuropathy (1.4% and 1%, respectively).

DISCUSSION
HNP1-3 levels in the circulation were measured, and the
copy number variation of DEFA1/A3 genes was determined in diabetic patients. The diabetic patients exhibited overall higher plasma levels of HNP 1-3 (α-defensin)
with either type 1 or type 2 form of the disease than the
healthy controls. The highest concentrations of HNPs
were detected in patients with nephropathic or neuropathic and cardiovascular complications. An essential
question arises as to why an increased concentration of
plasma α-defensin (HNP1-3) level is associated with
type 1 and type 2 diabetes, especially in the event of diabetic complications such as nephropathy, neuropathy or
cardiovascular problems. The explanation might be that
the elevation in the plasma HNP1-3 level is the consequence of the decreased renal degradation of the peptides in patients with advanced nephropathy[26]. HNP 1-3
promote the accumulation of low density lipoprotein in
the vasculature, inhibit fibrinolytic activity on the surface
of vascular cells, and accumulate in the intima of atherosclerotic plaques. Therefore, HNP 1-3 may have clinical
implications in diabetic patients with hypercholesteremia
or vascular dysfunction[7,27].
The association of high levels of HNP1-3 in patients
with neuropathy in type 1 and type 2 diabetes is yet to
be clarified. The next question is whether there is an
increased gene expression responsible for the elevated
plasma levels of α-defensins. Our study revealed that
there was no correlation between HNP1-3 plasma levels
and the copy numbers of DEFA1/A3 genes. The effect of copy number variations in DEFA1/DEFA3 on
the disease or even on the plasma concentrations of the
peptides remain unclear. Controversal data have been
published about the correlation between DEFA1/A3
copy number and the α-defensin peptide concentration.
Linzmeier and Ganz[20] have shown that the intracellular
HNP1-3 levels in human neutrophils are proportional
to the copy numbers of the DEFA1 and DEFA3 genes
Copy numbers of DEFA1/A3 may be proportional to
the intracellular levels of HNP1-3 in neutrophil granulocytes but possibly not to the circulating HNP1-3 levels.
Additionally, a discrepancy between gene copy number
and the HNP1-3 protein levels has recently been reported in septic patients[28]. There are several potential
explanations of the discrepancy between the gene copy
number and the plasma levels. HNP1-3 is stored primarily in the granules of neutrophils and is released into
the circulation during the activation of the neutrophils.
Moreover, it might also be due to different transcriptional mechanisms modulating these genes or to an increased
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diabetes. The G allele of C-44G SNP generates a putative binding site for nuclear factor κB (NF-κB), and it is
very likely to induce an overexpression. The proposed
effect of this SNP could partially explain why the GG
genotype was considered to be a protective genotype in
atopic dermatitis[33] and also in the susceptibility to Candida colonization in diabetic patients[34]. Conversely, in
these studies, subjects carrying the CC genotype at the
-44 locus site of the gene were at a greater risk of acquiring infection. It has been recently suggested that the
C allele of DEFB1 C-44G SNP probably abrogates NF[35]
κB-dependent DEFB1 upregulation .
These data are consistent with our present observation that the GG phenotype could also be protective
in diabetes, and vice versa, the higher frequency of CC
genotype might be connected with lower expression of
human defensin β-1. Among the 257 patients with diabetes, only 6 (2%) were GG homozygotes, and 61% of
the patients were CC homozygotes, as compared with
45% of CC homozygotes in the control group. Furthermore, the number of GG homozygotes was even lower
(1%) among patients with nephropathy and neuropathy.
These observations draw the attention to the importance of DEFB1 polymorphisms in diabetes, especially
in the cases with nephropathy and neuropathy. Foot
ulcerations in diabetic patients are often combined with
infections. None of the 28 patients with foot ulcer displayed GG genotype of C- 44G SNP of DEFB1 gene. A
high blood glucose level itself can result in low levels of
[23]
β-defensin , and it might be further downregulated in
humans as a consequence of C-44G polymorphism. It is
noteworthy that insulin is an important factor mediating
hBD-1 expression[24].
Taken together, our study demonstrated elevated
levels of α-defensin (HNP1-3) in type 1 and type 2 diabetes, which were more pronounced when there were
diabetic complications. However, there was no correlation between the circulating HNP1-3 levels and the
DEFA1/DEFA3 copy number. Similarly, no correlation
was found between the mRNA expression and the copy
number variation. Further studies are needed to explore
whether the elevated α-defensin levels of the plasma in
diabetes are causally linked to this disease and its complications, or they are simply the consequences of the degranulation of neutrophils under pathologic conditions.
Whatever the mechanism, the elevated HNP1-3 level
might not be genetically determined or at least independent of the copy number variation of the DEFA1/
DEFA3 genes. In contrast, the CC genotype of the
C-44G SNP of DEFB1 was more frequent in diabetic
patients than in healthy controls, which draws the attention to the genetic background of a potentially impaired
function of hBD1 (human defensin β-1) in diabetes.
These data support the view that both alpha and betadefensins may have important roles in the pathogenesis
of diabetes and diabetic complications. Our results
should be regarded as preliminary results, which should
be confirmed on a larger series of patients in a future
multicenter study.
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Background

There is a growing evidence of the role of innate immunity in diabetes. Defensins are members of small antimicrobial peptides of the innate immune system.
In addition to their antibacterial and antiviral effects, immunologic functions
of defensins has been shown to play a role in the homeostasis. To date, little
is known about the genetic basis and the functions of α- and β-defensins in
diabetes. The aim of this study was to investigate the genetic background of
human defensin-α and human defensin β-1 production in adult patients with
type1 and type 2 diabetes, especially with complications.

Research Frontiers

Neutrophil granulocytes are considered to be the primary cellular origin of
α-defensins; HNP 1-3. HNPs can be released into the extracellular milieu following granulocyte activation as a consequence of degranulation, leakage, cell
death, and lysis during inflammation. Human beta defensins are expressed
mainly by epithelial cells of the skin, gut, respiratory and urogenital tissues,
the pancreas and the kidneys. The level of defensin expression varies among
individuals, and it has been suggested that this variation is due to genetic differences in the genes encoding defensins.

Innovations and breakthroughs

These data provide the first report about a complex investigation of defensinalpha and defensin β-1 in type 1 and type 2 diabetes. Increased levels of
alpha-defensin -1, -2 and -3 have recently been reported in patients with type 1
diabetes with nephropathy and in cardiovascular complication. In this study not
only HNP1-3 levels in the circulation were measured, but also the copy number
variation of DEFA1/A3 genes was determined in diabetic patients, together with
the expression of DEFA1/A3 in peripheral leukocytes. Several SNPs (single
nucleotide polymorphisms) have been characterized of human DEFB1 (human defensin β-1) gene in previous studies. In this complex study the authors
demonstrated that elevated HNP1-3 levels in diabetes are independent of
DEFA1/DEFA3 copy numbers, but the GG genotype of C-44G SNP in DEFB1
gene may result in decreased β1-defensin production.

Applications

The data support the view, that both alpha and beta-defensins may have an
important role in the pathogenesis of diabetes and diabetic complications. The
results may contribute to a better understanding of the roles of defensins in
the pathomechanism of diabetes and may represent a future possibility toward
broadening of the prognostic laboratory markers.

Terminology

HNP 1-3 are Human Neutrophil Peptides, members of the human α-defensin
family. Human defensin β-1 (HBD1) is the member of another family of antimicrobial peptides. Two types of genetic polymorphisms have been identified in
genes encoding defensins: copy number polymorphisms and single nucleotide
poymorphisms (SNPs). Several copy number polymorphisms form the major
source of genetic polymorphism of α-defensin genes DEFA1 and DEFA3, encoding human neutrophil peptides Human defensin beta-1 (HBD-1) is encoded
by the gene DEFB1. Three frequent SNPs at positions G-20A (rs11362), C-44G
(rs 1800972) and G-52A (rs1799946) in the 5’-untranslated region (UTR) of
DEFB1 were described. The untranslated variants influence HBD-1 expression
or function.

Peer review

The current manuscript addresses the role of defensins in patients with type
1 and type 2 diabete. The authors, in addition to the protein levels, correlate
absolute mRNA expression to the diabetic patients. The authors explain the
biological role/relevance of the defensine increase.
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Abdominoperineal excision following preoperative
radiotherapy for rectal cancer: Unfavorable prognosis even
with negative circumferential resection margin
Lin Wang, Guo-Li Gu, Zhong-Wu Li, Yi-Fan Peng, Jin Gu
August 2003 and August 2009. Patients with positive
CRM and intraoperative distant metastasis were precluded according to exclusion criteria. Survival analyses were
performed in patients with APE or non-APE procedures.
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RESULTS: 256 of the 283 (90.5%) cases were enrolled
in the analysis, including 78 (30.5%) and 178 (69.5%)
cases who received APE and non-APE procedures. Fewer female patients (P = 0.016), lower level of tumor (P
= 0.000) and higher body mass index (P = 0.006) were
found in the APE group. On univariate analysis, the APE
group had a higher LR rate (5.1% vs 1.1%, P = 0.036)
and decreased DFS (73.1% vs 83.4%, P = 0.021). On
multivariate analysis, APE procedure was also an independent risk factor for LR (HR = 5.960, 1.085-32.728, P
= 0.040) and decreased DFS (HR = 2.304, 1.298-4.092,
P = 0.004). In stratified analysis for lower rectal cancer,
APE procedure was still an independent risk factor for
higher LR rate (5.6% vs 0%, P = 0.024) and shortened
DFS (91.5% vs 73.6%, P = 0.002).
CONCLUSION: Following preoperative 30 Gy/10 F
radiotherapy, APE procedure was still a predictor for
LR and decreased DFS even with negative CRM. More
intensive preoperative treatment should be planned for
the candidates who are scheduled to receive APE with
optimal imaging assessment.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To evaluate whether an abdominoperineal excision
(APE) is associated with increased local recurrence (LR)
and shortened disease-free survival (DFS) in mid-low
rectal cancer with a negative circumferential resection
margin (CRM).

Key words: Abdominoperineal excision; Preoperative radiotherapy; Circumferential resection margin; Survival
Core tip: The present study focused on survival differences between rectal cancer treated with abdominoperineal excision or non-abdominoperineal excision (APE)
following preoperative radiotherapy, with the adjustments of the circumferential resection margin (CRM) to
preclude the influence of surgical radicality. The results

METHODS: 283 consecutive cases of mid-low rectal
cancer underwent preoperative 30 Gy/10 F radiotherapy
and surgery in Peking University Cancer Hospital between
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dress the following question: in patients with pathologically identified negative CRM, is the APE procedure
is still relevant with an unfavorable prognosis when
compared with non-APE surgery following 30 Gy/10 F
nRT?

revealed the more aggressive oncological behavior
of low-lying or fixed tumors, which were unavailable
for the sphincter preservation procedure even with
negative CRM. We also emphasized the importance of
preoperative staging and decision-making before APE
procedure, and reviewed the related hypotheses for
the unfavorable local control of APE in the discussion.

MATERIALS AND METHODS
Patient selection
We retrospectively reviewed the data of 283 rectal cancer
patients who received 30 Gy/10 F neoadjuvant radiotherapy (nRT) and total mesorectal excision at Peking
University Cancer Hospital between August 2003 and
August 2009.

Wang L, Gu GL, Li ZW, Peng YF, Gu J. Abdominoperineal
excision following preoperative radiotherapy for rectal cancer:
Unfavorable prognosis even with negative circumferential
resection margin. World J Gastroenterol 2014; 20(27): 9138-9145
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i27/9138.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i27.9138

Neoadjuvant radiotherapy
All involved patients received preoperative neoadjuvant
radiotherapy followed by TME. The radiotherapy regimen consisted of a 30 Gy dose delivered in 10 fractions
for 2 wk. The biological equivalent dose of this regimen
is 36 Gy, according to linear-quadratic formula. Threedimensional conformal radiotherapy (3D-CRT) was employed routinely.

INTRODUCTION
Treatment for mid-low rectal cancer has substantially improved in the last few decades with the introduction of
total mesorectal excision (TME) combined with neoadjuvant radiotherapy (nRT). Locally advanced rectal cancer could have better local control with a combination
treatment of nRT and TME, which had been proven to
be effective in many large-scale trials[1-5]. With the downstaging and downsize effect of nRT and a better understanding of tumor spread, sphincter-preserving surgery
for low-lying tumor now can be safely performed with
1-cm distal margin[6]. Nevertheless, abdominoperineal
excision (APE) still has indications for low-lying tumors
which invade levator ani or are resistant to nRT[7].
The current literature reports a poorer outcome following APE than non-APE surgery[7-12]. High frequency
of the circumferential resection margin (CRM) in patients who underwent APE was identified in series of
studies, and it had been suggested as the main reason
for worse outcome after APE[11,13-18]. In the results of a
12 year period follow-up of the Dutch TME trial, shortcourse nRT was not effective in patients with a positive
CRM[1]. However, the unfavorable oncological results
of APE might be multifactorial, excluding the increased
CRM involvement rate. For instance, bulkier tumors with
locally aggressive characteristics received more APE. In a
previous report[9], a worse prognosis after APE was observed in patients even with clear CRM in the subgroups
analyses. It is unclear whether surgical quality, APE
procedure itself, or tumor biological behavior is responsible for the higher rate of treatment failure. There is
currently little research comparing outcomes after APE
or non-APE procedures with the adjustment of surgical
radicality following nRT.
In our unit, nRT was a modified short-course regimen as 30 Gy in 10 fractions (biological equivalent dose:
36 Gy) with a prolonged interval of 2-4 wk to surgery,
which has been promoted by the Committee of the Chinese Anti-Cancer Association (CACA) from 2001[19-22].
The present retrospective study was designed to ad-
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Surgery and adjuvant treatment
Surgery was performed 2-4 wk after following the principle of total mesorectal excision[23]. The decision to
perform APE was made before surgery for low-lying or
levator threatening rectal cancer, but made intraoperatively for mid rectal cancer depending on whether sufficient length of muscle tube could be mobilized for a
tumor-free anastomosis. The abdominoperineal excision
was performed in the lithotomy position without an extended resection of levator ani or coccyx. After surgery,
5-fluorouracil-based chemotherapy was administered for
6 mo if patients could tolerate.
Pathological evaluation
The 7th edition of the American Joint Committee on the
Cancer TNM system was used for tumor staging. Following nRT and surgery, the results of histopathologic
examination of the specimens were reviewed by the
same group of experienced pathologists; CRM involvement was assessed following the protocol laid out by
Quirke et al[24-26]. Tumor regression grade (TRG) was
evaluated by a 3-points system assessing residual tumor
cell and fibrosis, with less than 5% residual tumor being
identified as major regression[27,28].
Inclusive and exclusive criteria
Each subject conformed to the following entry criteria:
(1) patient was diagnosed as having rectal adenocarcinoma by biopsy; (2) cancerous lesion was located within
10 cm from the anal verge; (3) the cancer was staged
as T3-4 or any T, N+ by endorectal ultrasound, pelvic
magnetic resonance imaging (MRI), or computed tomography (CT); and (4) presence of distant metastasis
excluded by imaging exams.
Patients with the following characteristics were ex-
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vival (3 years DFS)[30] and local recurrence (LR) rate.

Table 1 Clinical and pathological features of abdominoperineal
excision and non- abdominoperineal excision groups n (%)

Statistical analyses
The categorical variables were analyzed with the Pearson
chi-squared or Fisher’s exact test, and the level of significance was set at 0.05. DFS curves were compared among
groups. The Kaplan-Meier survival curve (method: logrank test) was used for time-to-event parameters. Multivariate Cox proportional hazards regression was used
to analyze the major factors affecting DFS and LR, with
the level of significance set at 0.1. The software IBM
SPSS Statistics for Mac, Version 22.0 (Armonk, NY: IBM
Corp.) was used for the analyses.

Non-APE
APE
P value
(n =178) (n = 78)

Variates
Gender
Male
Female

92 (51.7)
86 (48.3)

53 (67.9)
25 (32.1)

0.016

< 65

119 (66.9)
59 (33.1)

56 (71.8)
22 (28.2)

0.434

82 (46.1)
96 (53.9)

72 (92.3)
6 (7.7)

0.000

97 (54.5)
81 (45.5)

28 (35.9)
50 (64.1)

0.006

97 (63.0)
57 (37.0)

41 (66.1)
21 (33.9)

0.664

> 5 ng/mL
ypCR
G1-2
G3-4

12 (6.7)
120 (67.4)
46 (25.8)

6 (7.7)
56 (71.8)
16 (20.5)

0.651

Complete regression
Major regression
Minor regression

12 (6.7)
27 (15.2)
139 (78.1)

6 (7.7)
7 (9.0)
65 (83.3)

0.402

T0
T1
T2
T3
T4

12 (6.7)
11 (6.2)
56 (31.5)
98 (551)
1 (0.6)

6 (7.7)
5 (6.4)
29 (37.2)
36 (46.2)
2 (2.6)

0.511

N0
N1/N1c
N2a/b

114 (64.0)
37 (20.8)
27 (15.2)

45 (57.7)
24 (30.8)
9 (11.5)

0.209

ypCR
Ⅰ
Ⅱ
Ⅲ

12 (6.7)
57 (32.0)
45 (25.3)
64 (36.0)

4 (5.1)
26 (33.3)
15 (19.2)
33 (42.3)

0.642

Age (yr)
≥ 65

Level of tumor
≤ 5 cm

BMI (kg/m2)

> 5 cm
≤ 23.5

> 23.5

RESULTS

Pre-operative
CEA1
≤ 5 ng/mL

Patient demographics
The records of 283 patients were reviewed. Positive CRM
was identified in 26 of 283 patients (9.2%). The incidence of CRM involvement had no statistical difference
between the APE and non-APE groups [10.3% (9/87) vs
8.7% (17/196), P = 0.653]. Intraoperative liver metastasis
occurred in one patient (0.3%).
There were 256 cases with negative CRM and without synchronous distant metastasis that were entered
into the analysis following the inclusion and exclusion
criteria. The median age was 58 years (range: 22-85
years), with 56.7% (145/256) male patients. The median
body mass index (BMI) was 23.5 (range: 15.6-36.3). The
median distance of tumors from the anal verge was 5.0
cm (range: 1-10 cm).
Initial clinical pre-staging was cⅡin 18.8% (48/256)
and cⅢ in 81.2% (208/256) of cases. The median operation time was 120 min (range: 60-240 min) and the median blood loss was 200 mL (range: 50-4000 mL). 30.5%
(78/256), 67.6% (173/256), and 1.9% (5/256) of patients
received APE, LAR, and the Hartmann procedure.
The distribution of ypTNM stages was: complete response (no microscopic residual tumor cell), 6.3% (16/256);
stage Ⅰ, 32.4% (83/256); stage Ⅱ, 23.4% (60/256); and
stage Ⅲ, 37.8% (97/256).

Differentiation

TRG

ypT

ypN

ypTNM stage

1

Pre-treatment CEA assessment was unavailable in 40 cases. APE: Abdominoperineal excision. CEA: Carcino-embryonic antigen.

cluded: (1) previous chemotherapy, or pelvic radiation; (2)
previous history (within 5 years) of malignant tumor; (3)
intraoperative confirmed metastasis; and (4) pathologically-confirmed circumferential resection margin (CRM)
by Quirke’s protocol[24,29].

Clinical and pathological features
Patients were divided into APE and non-APE groups
according to types of surgery. The characteristics of the
two groups, including preoperative variables and postoperative histologic/pathologic stages, are listed in Table 1.
Statistical analysis showed that fewer female patients
(P = 0.016), lower level of tumors (P = 0.000), and
higher median BMI (P = 0.006) were found in the APE
group compared to the non-APE group. Other patient
characteristics showed no statistical significance between
these two groups.

Follow-up
Patients were followed at three-month intervals for the
first two years and then at six-month intervals for the
next three years. Evaluations consisted of physical examination, serum CEA, a complete blood count, and
blood chemical analysis. Proctoscopy, abdominal ultrasonography, CT of the abdomen and pelvis, and chest radiography was also routinely performed every 6-12 mo.

Local recurrence
The LR rate was 5.1% (4/78) and 1.1% (2/178) in the
APE and non-APE groups, respectively, with a significant difference in univariate analysis (P = 0.036) (Figure

Endpoints
Endpoints of the research were 3-year disease-free sur-
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Non-APE
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APE censored
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Figure 4 Kaplan-Meier curves of disease-free survival in abdominoperineal excision and non-abdominoperineal excision groups for low rectal
cancer (≤ 5 cm) (P = 0.002). APE: Abdominoperineal excision.

Figure 1 Kaplan-Meier curves of local recurrence free survival in abdominoperineal excision and non-abdominoperineal excision groups (P =
0.036). APE: Abdominoperineal excision.

Local recurrence free survival

1.0

cantly higher in the APE group than the non-APE
group [5.6% (4/72) vs 0% (0/72), P = 0.024]. Multivariate analysis was not performed for limited events of local failure (Figure 2).

Non-APE
APE
Non-APE censored
APE censored

0.8
0.6

Disease-free survival
On univariate analysis, there was a significantly shortened 3 years DFS in the APE group compared to the
non-APE group (74.1% vs 84.3%, P = 0.021) (Figure 3).
On the multivariate COX regression model, APE procedure (HR = 2.304, 1.298-4.092, P = 0.004), ypN stage
(HR = 2.288, 1.593-3.284, P = 0.000), and tumor differentiation (HR = 2.044, 1.178-3.545, P = 0.011) were
independently associated DFS.
On stratified analysis in the group of low rectal cancer (level of tumor ≤ 5 cm), the 3 years DFS was also
significantly lower in the APE group than the non-APE
group (91.5% vs 73.6%, P = 0.002) (Figure 4). On the
multivariate COX regression model, APE procedure
(HR = 3.810, 1.544-9.403, P = 0.004), gender (HR =
2.318, 0.983-5.464, P = 0.055), ypT stage (HR = 2.671,
1.303-5.474, P = 0.007), and ypN stage (HR = 3.839,
2.181-6.757, P = 0.000) were independently associated
DFS in lower rectal cancer.

0.4
0.2
0.0
12.00

24.00

36.00

t /mo

Figure 2 Kaplan-Meier curves of local recurrence free survival in abdominoperineal excision and non-abdominoperineal excision groups for low
rectal cancer (≤ 5 cm) (P = 0.024). APE: Abdominoperineal excision.
Non-APE
APE
Non-APE censored
APE censored

1.0
Disease-free survival

36.00

t /mo

t /mo

0.00

24.00

0.8
0.6

DISCUSSION

0.4

APE has been the standard surgery for the lower rectum.
In last few decades, more sphincter preserving surgeries
could be performed with a negative distal margin following the introduction of total mesorectal excision and
novel stapling devices. Furthermore, the rate of APE
has decreased with the application of nRT, which caused
tumor regression and the downstaging effect. Good response to nRT enhances anal sphincter preservation in
rectal cancer patients[4,31-34]. Nevertheless, for distal bulky
tumors which invade the levator ani or sphincter, APE
remains the first choice for treatment.
Previous studies concluded that APE was associated
with a higher local recurrence rate[8,10,12,13,15,35,36] and de-

0.2
0.0
0.00

12.00

24.00

36.00

t /mo

Figure 3 Kaplan-Meier curves of disease-free survival in abdominoperineal excision and non- abdominoperineal excision groups (P = 0.021).
APE: Abdominoperineal excision.

1). On stratified analysis in the low rectal cancer group
(level of tumor ≤ 5 cm), the LR rate was also signifi-
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creased disease-free or cancer-specific survival than the
non-APE procedure[10,12,15,35,37]. In many studies, the unfavorable prognosis of APE compared with non-APE could
be explained by the high incidence of CRM involvement. Wibe et al[13] reported that the APE procedure
was associated with a significantly higher incidence of
positive CRM involvement (12% vs 5%, P = 0.01) when
compared with anterior resection (AR). Consequently,
patients who received APE had worse local control (10%
vs 15%, P = 0.008) and poorer overall survival (55% vs
68%, P < 0.001). Nagtegaal et al[14] also investigated the
results from the Dutch TME trial and found more positive CRMs presented in the patients operated with APE
compared to AR (30.4% vs 10.7%, P = 0.002). Overall
survival differed greatly between APE and AR (38.5% vs
57.6%, P = 0.008). Similar results were reported in many
other studies[11,15-17].
Despite the higher involved CRM rate being accepted as the main cause for the poorer prognosis of APE,
the strategy for performing APE is still multifactorial.
Apparently lower and advanced tumors are treated by
APE rather than non-APE. Some authors indicated that
patients who received APE had more advanced T stage
than those received non-APE[7,37], while others found
more advanced TNM stage in the APE group[13,15,18,38-40].
Consequently, neoadjuvant radiotherapy was more frequently adopted in these high-risk patients for better
local control, even without the expectation of sphincter preservation[10,13,18,40]. For the heterogeneous factors
above that might induce selection bias, it was difficult to
analyze whether the technique of the APE procedure or
pre-existing oncological risks would be responsible for
the poorer outcome of APE.
The present study was designed to analyze the prognostic value of type of surgery in patients following
nRT when excluding CRM positive cases. In our study,
a significant higher incidence of lower tumor (92.3% vs
46.1%, P = 0.000), higher median BMI (64.1% vs 45.5%,
P = 0.006), and male patients (51.7% vs 67.9%, P = 0.016)
was observed in the APE group compared to the nonAPE group. It is not surprising that the location of tumor
predominates over other factors when making a decision regarding type of surgery. Male gender and a higher
BMI were mainly associated with increased difficulty to
perform sphincter preservation procedure with a safe
margin. Tumor-related factors such as tumor differentiation, TRG, LVI, T stage, N stage, and TNM stage were
not significantly different between the APE and nonAPE groups following nRT.
Our results revealed that APE itself was an independent risk factor in patients with a negative margin.
Although with pathological confirmed surgical radicality,
the local recurrence rate in the APE group was statistically higher than the non-APE group (5.1% vs 1.1%, P
= 0.040). On survival analysis, a difference of 3 years
DFS was also significant between the APE and nonAPE groups. In stratified analysis of lower rectal cancer,
APE procedure is also a risk factor for local failure and
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disease relapse.
Reshef et al[9] reported the similar phenomenon that
a higher local recurrence rate (7% vs 3%, P = 0.02) and
shortened disease-free survival (54% vs 70%, P < 0.001)
after APE, rather than non-APE, persisted in patients
with clear CRM. Meanwhile, the proportion of patients
who underwent nRT was significant higher in the APE
group. Patients in the APE group also more frequently
had tumors with an advanced TNM stage.
In our study, we eliminated the bias of tumor biological factors and CRM involvement for pertinent analyses.
Following short-course nRT and surgery with negative
CRM, the prognosis of APE was still less favorable than
the non-APE group. In the Dutch TME and CR07 trial[1-3,5], the local recurrence rate of patients with negative
CRM was 3.2% (22/691) and 3.3% (22/674), respectively, following short-course nRT, which was closely
consistent with our results (3.3%, 6/256).
Some authors advocate that candidates for APE procedure should receive long-course chemoradiation to
enhance downstaging and the downsize effect. Nevertheless, Bujko et al[6] found there was no significant difference
in local recurrence (15.6% vs 10.6%, P = 0.210), despite
patients having a higher incidence of complete response
(16.1% vs 0.7%, P value not given) and lesser CRM involvement (4.4% vs 12.9%, P = 0.017) following longcourse chemoradiotherapy than short-course nRT. New
nRT regimens which have been reported with the addition of oxaliplatin or induction chemotherapy were more
intensive, but failed to reveal oncological superiority[41-44].
Radiotherapy regimen in the present study was 30
Gy in 10 fractions, which was designed to have a similar
biological equivalent dose as 5 × 5 Gy regimen and a prolonged interval of 2-4 wk prior to surgery to increase response rate and clinical efficiency[19-22]. Our results revealed
objective pathologic downstaging and response rate, which
was higher than that of published data of the traditional
short-course regimen. This combination of short-course
regimen and delayed surgery was also adopted in newly
published studies with 8%-10% ypCR rate[45,46].
Apart from nRT, surgical technique was another factor that might influence patient prognosis. Heald et al[8]
postulated that a lack of precisely definable planes for
perineal dissection increased the incidence of implantation of shed cancer cells on large areas of raw surfaces
and soft tissue residues in APE procedure.
In this study, APE was conventionally performed
without extended resection of levator ani and coccyx.
Recently, Holm et al[47,48] introduced extended APE in a
prone jack-knife position and performed more cylindrical resection of low rectal cancer. With this technique,
the amount of tissue beyond the internal sphincter or
muscularis propria significantly increased.
Some authors recommended preoperative decisionmaking of type of surgery by MRI to avoid intraoperative “coning-in” of the mesorectum for those due to
receive APE[48,49]. Bebenek et al[50] also evaluated low rectal specimens and preliminarily revealed extramesorectal
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disease-free survival in APE cases is worse than in non-APE cases, even with
neoadjuvant radiotherapy and R0 resection.

lymphatic drainage besides the mesorectal route. These
findings may elucidate the cause of local recurrence in
patients with negative CRM following APE procedure.
However, extended APE is still controversial in the literature[51,52].
MRI has shown a diagnostic advantage over other radiological methods[53]. In the Mercury trial, patients were
classified to have a good or bad prognosis by mesorectal
invasion on MRI[54]. By this means, patients with low
rectal cancer should be recognized as a high-risk group
because the mesorectum gradually tapers at the anorectal
junction. When staging rectal cancer, MRI can visualize
the construction of the anal-canal region and provide a
more accurate description of the pelvic structures than
was previously available[55]. Patients should also be restaged by MRI following neoadjuvant therapy for reassessment before making surgical plan[53].
In summary, our study proved the unfavorable prognosis of rectal cancer following 30 Gy/10 F nRT and
APE, even with negative CRM. More intensive neoadjuvant regimen, improved surgical technique, and accurate
preoperative assessment should be recommended for
low rectal cancer in the future.
The main limitation of this study was that the pathology department in our hospital did not routinely
perform macroscopic assessment of resected mesorectum or record tumor perforation. Therefore, it is limited
to surgical quality that was comprehensively revealed,
except for CRM assessment. Despite this limitation, our
data was obtained from a high volume hospital with
large number of cases. We believe these findings would
benefit clinical practice.
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Core tip: Minimal surgical trauma is an important goal
to both surgeons and patients. A novel technique, in
which massively enlarged spleens are removed from
the abdominal cavity with an electromechanical morcellator through an existing 12-mm port, was first developed by our surgical team for laparoscopic splenectomy and azygoportal disconnection, and greatly reduces surgical trauma for cirrhotic patients with bleeding portal hypertension and secondary hypersplenism.
This technique resulted in minimal postoperative pain
and scarring, faster and better postoperative recovery,
and lower inflammatory immune responses.

Abstract
AIM: To investigate perioperative outcomes in patients
undergoing modified laparoscopic splenectomy or open
splenectomy and azygoportal disconnection for portal
hypertension.

Jiang GQ, Chen P, Qian JJ, Yao J, Wang XD, Jin SJ, Bai DS.
Perioperative advantages of modified laparoscopic vs open
splenectomy and azygoportal disconnection. World J Gastroenterol
2014; 20(27): 9146-9153 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i27/9146.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.9146

METHODS: This study included 44 patients who underwent modified laparoscopic splenectomy and azygoportal
disconnection (MLSD) and 71 who underwent open procedures for portal hypertension. Blood samples were
collected before surgery and on days 1, 3, and 7 after
surgery. Markers of liver and renal function, C-reactive
protein (CRP), interleukin-6 (IL-6), and procalcitonin
(PCT) were measured, and perioperative variables
were compared between the two groups.

INTRODUCTION
Surgical trauma results in the activation of systemic immunologic and inflammatory responses; a process called
surgical stress. Acute inflammatory responses are initiated by direct tissue trauma caused by incisions, dissections, organ manipulation, and vascular compromise[1-4].
The minimally invasive nature of laparoscopic surgery is
thought to generate weaker systemic immune and inflam-

RESULTS: The modified laparoscopic group showed
significantly better and faster recovery, better liver and
renal function, and fewer complications than the open
group. CRP, IL-6, and PCT concentrations on postoperative days 1, 3, and 7 were significantly lower in the
modified laparoscopic group than in the open group.
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matory responses than traditional open surgery. These
weaker responses are likely caused by the minimal manipulation of organs, as well as smaller surgical incisions.
Modified laparoscopic splenectomy and azygoportal
disconnection (MLSD), which was first developed by
our surgical team, is a novel technique in which massively enlarged spleens are removed from the abdominal
cavity with an electromechanical morcellator through an
existing 12-mm port[5]. Although resulting in less surgical
trauma than open procedures, little is known about the
exact pathophysiologic mechanisms that occur during
MLSD. Other types of laparoscopic surgical techniques
have shown immunologic advantages over traditional
open surgery[1,3,6], with lower concentrations of interleukin-6 (IL-6) and C-reactive protein (CRP) induced by
laparoscopic than by open surgical procedures[7-10]. Laparoscopic splenectomy and azygoportal disconnection
(LSD) has become increasingly popular for the treatment
of cirrhotic patients with bleeding portal hypertension
and secondary hypersplenism. However, the immunologic effects of LSD, and especially MLSD, have not yet
been well clarified. To our knowledge, this report is the
first to compare the immunologic effects of MLSD vs
open splenectomy and azygoportal disconnection (OSD).
We therefore compared systemic inflammatory indices and perioperative outcomes in patients undergoing
MLSD or OSD for portal hypertension, focusing specifically on the immunologic markers IL-6, the main indicator of surgical trauma[11]; CRP, as an important acute
phase reactant produced by the liver; and procalcitonin
(PCT), a pro-peptide of calcitonin produced by the thyroid gland and an early and specific biologic marker of
infection.

intraoperative blood loss, and volume of intraoperative
blood transfusion. Other factors analyzed included Visual Analogue Scale (VAS) pain score on the first day
after surgery, time to first oral intake, first passage of
flatus, and off-bed activity, postoperative hospital stay,
perioperative complications, number of days of postoperative body temperature > 38.0 ℃, and incidence of
non-fever and normal white blood cell (WBC) counts on
postoperative days 1, 3, and 7. Blood analysis included
WBC count, hemoglobin (Hb) concentration, platelet
(PLT) count; and concentrations of aspartate transaminase (AST), alanine aminotransferase (ALT), blood urea
nitrogen (BUN), creatinine (CER), CRP, IL-6, and PCT
determined preoperatively and 1, 3, and 7 d after surgery.
VAS pain score was evaluated by direct interview using a questionnaire that rated pain intensity on a scale of
0-10[12-14], with 0 representing no pain and 10 representing very severe pain.
Surgical procedures
MLSD: After induction and intubation, patients received general anesthesia and were placed in the supine
and parted-legs position. A pneumoperitoneum of 13
mm Hg was obtained with a Veress needle. A five-port
method (Figure 1A) was used, including one 5-mm,
three 10-mm, and one 12-mm port. The splenic artery
was dissociated and clipped with a hem-o-lok, and the
ligaments surrounding the spleen were divided with a
LigaSure vessel-sealing device (Covidien, Boulder, CO,
United States). The splenic artery and vein were transected en bloc through the 12-mm port using a linear
laparoscopic vascular stapler (EndoGIA). During laparoscopic azygoportal disconnection, all paraesophageal
venous collaterals were divided by the LigaSure vesselsealing device, from back to front, from below to above,
and from left to right.
The spleen was removed from the abdominal cavity through the 12-mm port using an electromechanical
morcellator (TSCS, Hangzhou, China), consisting of a
motor-driven cutting tube and large claw forceps. The
spleen was grasped by these forceps through the cutting
tube and extracted by rolling the tube (Figure 1B), allowing a cylindrical spleen sample (Figure 1C) to be cut and
removed from the tube using a mild pulling force. These
steps were repeated until the entire spleen was removed.
The entire upper quadrant was irrigated and carefully
inspected for residual tissue and bleeding.

MATERIALS AND METHODS
Patients
All cirrhotic patients who underwent LSD or MLSD for
bleeding portal hypertension and secondary hypersplenism at the Clinical Medical College of Yangzhou University in China from January 2010 and May 2013 were
eligible for inclusion. Data on these patients were retrospectively entered into a database. Of the 115 cirrhotic
patients with bleeding portal hypertension and secondary hypersplenism, 44 elected to undergo MLSD and 71
chose OSD.
This study was not a randomized trial. During the
pre-operation discussion, all patients were informed that
MLSD is a minimally invasive procedure, but still in the
experimental stage compared with the more typical OSD.
Procedures were selected by individual patients, who provided written informed consent. This study was approved
by the Ethics Committee of the Clinical Medical College
of Yangzhou University.
Data collected included patient gender, age, etiology of cirrhosis, Acute Physiology and Chronic Health
Evaluation (APACHE) Ⅱ score, Child-Pugh class, longitudinal diameter of the spleen, operation time, estimated
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OSD: OSD was performed through either a midline
laparotomy or a left subcostal incision using traditional
methods. Splenectomy was performed before azygoportal disconnection.
Statistical analysis
Data are presented as the mean ± SD, median (range),
or number (%). Group means were compared using Student’s t-test or the Mann-Whitney U test, as appropriate,
and χ 2 tests were used to compare percentages. A P val-
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A

B

C

Figure 1 Five-port position for modified laparoscopic splenectomy and azygoportal disconnection using an electromechanical morcellator. A: Five-port
position; B: Electromechanical morcellator portraying the spleen tissue; C: Cylindrical splenic tissue.

Table 1 Baseline demographic and clinical characteristics of the modified laparoscopic splenectomy and azygoportal disconnection
and open splenectomy and azygoportal disconnection groups
Variable
Gender, M/F, n
Age, mean ± SD, yr
Etiology, n
HBV cirrhosis
HCV cirrhosis
Schistosome cirrhosis
Alcoholic cirrhosis
Autoimmunity liver cirrhosis
APACHE Ⅱ score, mean ± SD
Child-Pugh classification, A/B, n
Longitudinal diameter of spleen, mean ± SD, mm
WBC, mean ± SD, 109/L
Hb , mean ± SD, g/dL
PLT, mean ± SD, 109/L
TBIL, mean ± SD, μmol/L
AST, mean ± SD, U/L
ALT, mean ± SD, U/L
BUN, mean ± SD, mmol/L
CER, mean ± SD, μmol/L

MLSD (n = 44)

OSD (n = 71)

P value

27/17
54.98 ± 10.41

41/30
52.46 ± 10.33

0.701
0.209

23
3
6
3
9
3.32 ± 2.27
29/15
179.45 ± 27.88
2.89 ± 1.65
104.16 ± 26.95
40.32 ± 7.74
19.21 ± 9.76
34.93 ± 21.26
31.14 ± 23.91
5.93 ± 2.25
72.32 ± 17.63

46
5
9
4
7
3.49 ± 2.57
39/32
185.44 ± 33.24
3.07 ± 1.85
95.34 ± 28.14
38.24 ± 9.18
20.88 ± 12.66
35.89 ± 15.08
29.41 ± 15.28
5.38 ± 1.95
71.15 ± 19.81

0.183
0.963
0.882
0.796
0.111
0.712
0.244
0.321
0.596
1.000
0.214
0.454
0.779
0.637
0.168
0.748

ALT: Alanine aminotransferase; AST: Aspartate transaminase; BUN: Urea nitrogen; CER: Creatinine; Hb: Hemoglobin; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MLSD: Modified laparoscopic splenectomy and azygoportal disconnection; OSD: Open splenectomy and azygoportal disconnection; PLT:
Platelet; WBC: White blood cell.

the MLSD than for the OSD group (P < 0.0001; Table 2).
Median intraoperative estimated blood loss was significantly lower for MLSD than for OSD (P < 0.0001), as
was median intraoperative volume of blood transfused (P
< 0.05) (Table 2).

ue < 0.05 was considered significant. SPSS 13.0 software
(SPSS, Chicago, IL, United States) was used for statistical
analysis.

RESULTS

Recovery after surgery
The mean ± SD VAS pain score on the first day after surgery was significantly lower in the MLSD than the OSD
group (P < 0.0001; Table 2). Mean times to first oral
intake, first flatus, and off-bed activity were significantly
shorter in the MLSD than the OSD group (all P < 0.001),
as was median hospital stay (P < 0.0001) (Table 2).

Of 115 cirrhotic patients with bleeding portal hypertension and secondary hypersplenism, 44 underwent MLSD
and 71 underwent OSD. There were no significant differences between groups in terms of patient gender, age,
etiology of cirrhosis, APACHE Ⅱ score, Child-Pugh
class, longitudinal spleen diameter, preoperative WBC
counts, or preoperative Hb, PLT, TBIL, AST, ALT,
BUN, and CER concentrations (Table 1).

Complications
Seven of the 44 patients (15.91%) in the MLSD group
and 26 of 71 (36.62%) in the OSD group experienced

Operation
The median operation time was significantly longer for
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Table 2 Intraoperative and postoperative characteristics of the
modified laparoscopic splenectomy and azygoportal disconnection and open splenectomy and azygoportal disconnection groups
Variable
Operation time, median
(range), min
Estimated blood loss,
median (range), mL
Blood transfused, median (range), mL
VAS pain score on the
first day, mean ± SD
Time to first oral intake,
mean ± SD, d
Time to first flatus,
mean ± SD, d
Time to off-bed activity,
mean ± SD, d
Postoperative hospital
stay, median (range),
d
Perioperative complications, n
Incision complications
Incision hernia
Superficial SSI
Deep SSI
Pneumonia
Organ space SSI
Emergency operation
for bleeding
Pancreatic fistula
Asymptomatic portal
vein thrombosis

Table 3 Postoperative fever and white blood cell counts of the
modified laparoscopic splenectomy and azygoportal disconnection and open splenectomy and azygoportal disconnection groups

MLSD (n = 44)

OSD (n = 71)

P value

Variable

210 (140-390)

180 (110-300)

< 0.0001

150 (50-800)

300 (50-1200)

< 0.0001

0 (0-400)

0 (0-700)

0.024

2.50 ± 0.85

5.06 ± 1.08

< 0.0001

1.52 ± 0.63

2.76 ± 0.62

< 0.0001

2.36 ± 0.97

3.18 ± 1.00

0.0004

2.59 ± 0.69

5.96 ± 0.93

< 0.0001

Postoperative fever,
mean ± SD, d
No fever, n
WBC 0 d, mean ± SD,
109/L
WBC 1 d, median (range),
109/L
WBC 3 d, mean ± SD,
109/L
WBC 7 d, median (range),
109/L
Normal WBC, 1 d, n
Normal WBC, 3 d, n
Normal WBC, 7 d, n

10 (7-18)

15 (7-28)

< 0.0001

7

26

0.017

0
0
0
0
0
0
0

9
1
5
3
3
2
3

0.035

2
5

1
8

0.672
1.000

P value

4.09 ± 3.16

6.89 ± 3.55

< 0.0001

7
2.89 ± 1.65

2
3.07 ± 1.85

0.029
0.596

11.45 (5.2-17.4)

16.9 (6.1-33.90) < 0.0001

11.63 ± 3.29

13.72 ± 4.67

0.011

8.4 (5-23.1)

9.5 (4.9-38)

0.035

15
14
36

3
10
39

< 0.0001
0.023
0.003

MLSD: Modified laparoscopic splenectomy and azygoportal disconnection; OSD: Open splenectomy and azygoportal disconnection; Postoperative fever, the number of days of postoperative body temperature > 38.0 ℃;
WBC: White blood cell count; day 0: Day of admission; day 1: Postoperative day 1; day 3: Postoperative day 3; day 7: Postoperative day 7.

2.82%, P < 0.05; Table 3). Although WBC count at admission was similar in both the MLSD and OSD groups
(P > 0.05 each), median WBC counts on postoperative
days 1 (P < 0.0001), 3 (P < 0.05), and 7 (P < 0.05) were
significantly lower after MLSD than after OSD (Table 3).
The percentage of patients with normal WBC counts on
postoperative days 1 (34.09% vs 4.22%, P < 0.0001), 3
(31.82% vs 14.08%, P < 0.05), and 7 (81.82% vs 54.93%,
P < 0.01) were all significantly higher after MLSD than
after OSD (Table 3).

0.436
0.697
0.436

MLSD: Modified laparoscopic splenectomy and azygoportal disconnection; OSD: Open splenectomy and azygoportal disconnection; VAS: Visual
analog scale; SSI: Surgical site infection.

Postoperative liver and renal function
Preoperative AST and ALT concentrations were similar
in the two groups (Table 1). Although AST concentrations were similar on postoperative day 1 (P > 0.05),
mean AST on postoperative days 3 (P < 0.05) and 7 (P
< 0.001) were significantly lower after MLSD than after
OSD (Table 4). Moreover, although ALT concentrations
on postoperative days 1 and 3 were similar in the two
groups, ALT was significantly lower after MLSD than
after OSD on day 7 (P < 0.01) (Table 4).
Preoperative BUN and CER concentrations were
similar in the two groups (Table 1). Although mean BUN
was significantly lower after MLSD than after OSD on
postoperative day 1 (P < 0.05), BUN concentrations
were similar in the two groups on postoperative days 3
and 7 (Table 4). Similarly, mean CER was significantly
lower after MLSD than after OSD on day 1 (P < 0.05),
but was similar in the two groups on postoperative days
3 and 7 (Table 4).

postoperative complications (P < 0.05). The seven complications in the MSLD group included two patients
with pancreatic fistulae and five with asymptomatic portal vein thrombosis. In the OSD group, one patient had
a pancreatic fistula, eight had asymptomatic portal vein
thrombosis, nine had incision complications [including
five with superficial surgical site infections (SSI), three
with deep SSI, and one with an incision hernia], three
had pneumonia, two had organ space SSI, and three
required emergency laparotomy for bleeding. All complications were successfully managed. The incision complication rate was significantly lower in the MLSD than
in the OSD group (0% vs 12.68%, P < 0.05). Emergency
laparotomy operation for bleeding was not necessary following MLSD (Table 2).
Body temperature and white blood cell counts
Before surgery, none of the patients in either group had
fever. The mean ± SD number of days of postoperative
body temperature > 38.0 ℃ was significantly lower after
MLSD than after OSD (P < 0.0001; Table 3). Seven patients in the MLSD and two in the OSD group did not
have fever postoperatively, making the rate significantly
higher in the MLSD than in the OSD group (15.91% vs

WJG|www.wjgnet.com
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CRP, IL-6, and PCT
Median CRP concentrations were similar preoperatively
in the MLSD and OSD groups, but were significantly
lower in the MLSD group on postoperative days 1 (P <
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groups preoperatively, but were significantly lower in the
MLSD than in the OSD group on postoperative days 1, 3,
and 7 (P < 0.0001 each) (Table 5).

Table 4 Postoperative liver and renal functions of the modified laparoscopic splenectomy and azygoportal disconnection
and open splenectomy and azygoportal disconnection groups
MLSD (n = 44) OSD (n = 71) P value

Variable
AST 1 d, mean ± SD, U/L
AST 3 d, mean ± SD, U/L
AST 7 d, mean ± SD, U/L
ALT 1 d, mean ± SD, U/L
ALT 3 d, mean ± SD, U/L
ALT 7 d, mean ± SD, U/L
BUN 1 d, mean ± SD, mmol/L
BUN 3 d, mean ± SD, mmol/L
BUN 7 d, mean ± SD, mmol/L
CER 1 d, mean ± SD, μmol/L
CER 3 d, mean ± SD, μmol/L
CER 7 d, mean ± SD, μmol/L

57.32 ± 27.89
33.84 ± 22.16
25.66 ± 11.28
40.14 ± 18.81
31.93 ± 25.21
21.14 ± 12.63
5.52 ± 1.76
6.63 ± 2.20
4.76 ± 2.02
75.27 ± 16.22
59.75 ± 16.64
60.88 ± 13.92

87.14 ± 135.13
50.86 ± 43.83
33.63 ± 16.32
61.66 ± 105.43
46.93 ± 56.60
29.68 ± 17.36
6.54 ± 2.33
7.33 ± 2.85
5.52 ± 2.21
84.99 ± 20.92
66.04 ± 19.08
60.83 ± 16.17

DISCUSSION

0.152
0.018
0.005
0.183
0.100
0.003
0.014
0.171
0.069
0.010
0.074
0.986

LSD has become more frequently used at some institutions to treat portal hypertension and has been shown
to be superior to OSD in reducing postoperative pain
severity, time to first flatus, and the duration of hospital
stay and convalescence[15,16]. We developed an even less
invasive technique, MLSD, for portal hypertension, extending the advantages of LSD to patients likely to most
benefit from it (namely cirrhotic patients with bleeding portal hypertension and hypersplenism). This study
compared both subjective and objective parameters,
including measures of surgical trauma, convalescence,
and burden on the immune system, in patients undergoing MLSD and OSD. To our knowledge, this is the first
retrospective clinical study comparing these techniques
in patients with portal hypertension.
None of the patients included in this study had a
liver transplant or TIPS. In China, there is a shortage of
donor livers, whereas TIPS is usually used to treat portal
hypertension, especially as a bridge to transplantation. Although TIPS can reduce portal pressure to prevent recurrent gastroesophageal variceal bleeding, it cannot be used
to treat secondary hypersplenism. Furthermore, TIPS has
been associated with portosystemic encephalopathy.
Traditional LSD utilizes several methods to remove
massively enlarged spleens, including the creation of an
enlarged incision to morcellate and remove the spleen
enveloped in a cumbersome intracorporeal bag or handassisted laparoscopy to remove the spleen through a
hand-assisted incision[15-21]. During MLSD, a massively
enlarged spleen is removed through the existing 12 mm
port using an electromechanical morcellator. Therefore,
MLSD appears to involve less surgical trauma than
LSD. Moreover, to avoid damage to organs or tissues
when using the electromechanical morcellator to cut the
spleen, the patient is placed in the reverse Trendelenburg
position, the dissected spleen is placed in the left subphrenic space, and a splenic retractor or forceps is used
to lift the upper pole of the spleen to maintain it in an
ideal location.
Although the operation time of LSD was longer than
that of OSD, LSD was associated with lower estimated
blood loss and a lower volume of blood transfused[15].
We observed similar outcomes when comparing MLSD
with OSD. Only one patient in the MLSD group required a blood transfusion. These advantages of MLSD
and LSD are due to their good operational view and
exposure, as well as the use of a LigaSure vessel-sealing
device, which is efficient in dividing the splenogastric
ligament and esophagogastric varices.
We also found that convalescence was more rapid
after MLSD than after OSD. VAS pain score on the first
postoperative day was significantly lower, and times to
first oral intake, passage of flatus, and off-bed activity,

ALT: Alanine aminotransferase; AST: Aspartate transaminase; BUN: Blood
urea nitrogen; CER: Creatinine; MLSD: Modified laparoscopic splenectomy and azygoportal disconnection; OSD: Open splenectomy and azygoportal disconnection; day 1: Postoperative day 1; day 3: Postoperative day 3;
day 7: Postoperative day 7.

Table 5 Perioperative C-reactive protein, interleukin-6, and
procalcitonin concentrations of the modified laparoscopic
splenectomy and azygoportal disconnection and open splenectomy and azygoportal disconnection groups
Variable

MLSD (n = 44) OSD (n = 71) P value

CRP day 0, median (range), 1.03 (0.02-49.21)
mg/L
CRP day 1, mean ± SD,
28.39 ± 16.30
mg/L
CRP day 3, mean ± SD,
92.64 ± 53.16
mg/L
CRP day 7, mean ± SD,
41.14 ± 27.61
mg/L
IL-6 day 0, mean ± SD,
6.14 ± 5.61
pg/mL
IL-6 day 1, mean ± SD,
8.09 ± 6.97
pg/mL
IL-6 day 3, mean ± SD,
7.65 ± 6.95
pg/mL
IL-6 day 7, mean ± SD,
6.58 ± 5.66
pg/mL
PCT day 0, mean ± SD,
0.45 ± 0.25
ng/mL
PCT 1 d, median (range),
0.97 (0.36-3.2)
ng/mL
PCT 3 d, median (range),
0.795 (0.3-2.67)
ng/mL
PCT 7 d, median (range),
0.5 (0.28-4.01)
ng/mL

0.96 (0.03-13.32)

0.715

36.86 ± 12.86

0.002

114.06 ± 44.37

0.022

52.49 ± 29.70

0.043

6.60 ± 7.26

0.715

11.78 ± 9.18

0.024

10.84 ± 8.42

0.037

9.83 ± 8.26

0.024

0.47 ± 0.27

0.722

1.96 (0.54-10.08) < 0.0001
1.45 (0.6-4.88) < 0.0001
0.77 (0.38-5.87) < 0.0001

CRP: C-reactive protein; IL-6: Interleukin-6; MLSD: Modified laparoscopic
splenectomy and azygoportal disconnection; OSD: Open splenectomy and
azygoportal disconnection; PCT: Procalcitonin; day 0: Day of admission;
day 1: Postoperative day 1; day 3: Postoperative day 3; day 7: Postoperative day 7.

0.001), 3 (P < 0.05), and 7 (P < 0.05) (Table 5). Similarly,
IL-6 concentrations did not differ preoperatively, but
were significantly lower in the MLSD group on postoperative days 1, 3, and 7 (P < 0.05 each) (Table 5). Additionally, PCT concentrations were similar in the two
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and urinary surgery[7-10,24]. These differences may be due
to CO2 pneumoperitoneum; CO2 insufflation has a protective function during laparoscopic procedures, with
CO2 acidification of the peritoneal cavity attenuating
overall inflammatory response and suppressing peritoneal macrophages, which are cells that initiate inflammatory responses during surgery[31,32].
We observed similar findings, in that the concentrations of IL-6, CRP, and PCT on postoperative days 1, 3,
and 7 were all lower after MLSD than after OSD. These
objective measurements showed that MLSD resulted in
improved immunologic function compared with OSD.
Because liver function in these patients is usually very
poor, postoperative immune dysfunction is an important aspect of treatment for patients with liver cirrhosis,
bleeding portal hypertension, and hypersplenism. IL-6,
CRP, and PCT may be better markers of immune recovery than WBC count in patients with liver cirrhosis,
since patients with leukocytopenia due to hypersplenism
frequently have WBC counts below the lower limit of
the normal range.
Despite longer operation times, MLSD resulted in
better and faster recovery, less liver and renal dysfunction, less fever, and less stimulation of host immunity
than OSD. These findings may be due to: (1) the smaller
size of the incision used to remove the enlarged spleen;
(2) the reduced estimated blood loss during surgery; (3)
CO2 pneumoperitoneum; and/or (4) fewer postoperative complications.
In conclusion, this study indicated that MLSD had
numerous advantages over OSD and is technically feasible and safe. MLSD consisted of a combination of LSD
and a novel technique with an electromechanical morcellator. MLSD was associated with minimal postoperative
pain and scarring, faster and better postoperative recovery, and lower inflammatory immune responses than
OSD. MLSD can therefore extend the advantages of
LSD to patients with portal hypertension. It represents a
promising and minimally-invasive treatment that may become the gold standard of surgical procedures for liver
cirrhosis patients with bleeding portal hypertension and
hypersplenism.

as well as postoperative hospital stay, were significantly
shorter in the MLSD than the OSD group. Similarly,
LSD resulted in faster recovery than OSD, as shown by
a reduced time to first flatus and postoperative hospital
stay[15,16].
MLSD also showed other benefits, including fewer
numbers of days of postoperative body temperature >
38.0 ℃; a lower rate of no fever postoperatively; lower
WBC counts on postoperative days 1, 3, and 7; and higher rates of normal WBC counts on postoperative days
1, 3, and 7. In contrast, a previous study found no significant differences in WBC count on postoperative day
7 between patients undergoing LSD and OSD[16]. These
findings suggest that MLSD results in weaker inflammatory responses and better recovery than OSD.
The absence of incision complications in patients
undergoing LSD may be due to the small sizes of the
incisions, and earlier ambulation after surgery may result
from decreased postoperative pain, but the postoperative
rates of total and incision-associated complications did
not differ significantly in patients undergoing LSD and
OSD[16]. The incisions resulting from MLSD were less
invasive than those resulting from LSD, with no incision
complications after MLSD. However, we found that the
postoperative rates of total and incision-associated complications differed in our MLSD and OSD groups. The
difference between studies was likely due to the smaller
sample size in the previous study, which included 24 patients in the LSD and 30 in the OSD group[16].
The earlier study found that ALT and AST concentrations on postoperative day 7 were significantly lower
in the LSD than in the OSD group[16]. Our findings were
similar, except that AST concentrations on postoperative
day 3 were significantly lower in the MLSD than in the
OSD group. We also found that BUN and CER concentrations on postoperative day 1 were lower in the MLSD
group, providing further evidence for the benefits of
MLSD. These findings also suggest a difference in the
rate of recovery from surgical trauma to the liver and
kidneys.
The immune response to surgical trauma involves a
complex cascade of many types of mediators and immune cells. IL-6 is thought to play a pivotal role in the
pathogenesis of surgical trauma, with increased IL-6
concentrations found to correlate with the magnitude of
surgical trauma[22,23], as well as contributing to fever[24].
CRP is an acute phase molecule produced in the liver
during tissue injury, whereas PCT is a pro-peptide of
calcitonin produced by the thyroid gland and a highly
specific marker of clinically relevant bacterial infections
and sepsis[25,26].
Systemic stress responses are lower after laparoscopic
than after conventional open surgery[4,27], with differences in cytokine concentrations and cell-mediated immune
responses observed both in animal experiments and clinical trials[28-30]. Laparoscopic techniques have been shown
to have an immunologic advantage over traditional open
surgery[1,3,6], with lower concentrations of IL-6 and CRP
induced during laparoscopic than during open general
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Therefore, MLSD appears to involve less surgical trauma than LSD.
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MLSD is technically feasible, safe, and resulted in better and faster recovery,
less liver and renal dysfunction, less fever, and less stimulation of host immunity than open splenectomy and azygoportal disconnection. MLSD represents
a promising and minimally-invasive treatment for liver cirrhosis patients with
bleeding portal hypertension and hypersplenism.
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and IL-6; (2) neutrophil activation and microvascular adherence; and (3) uncontrolled polymorphonuclear and macrophage oxidative burst.
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CLINICAL TRIALS STUDY

Pain sensation in pancreatic diseases is not uniform: The
different facets of pancreatic pain
Jan G D’Haese, Mark Hartel, Ihsan Ekin Demir, Ulf Hinz, Frank Bergmann, Markus W Büchler, Helmut Friess,
Güralp O Ceyhan
neoplasia (IPMN; n = 48), low stage (n = 18) and
high stage neuroendocrine neoplasia (n = 44), and
ampullary cancer (n = 51) was registered and correlated with clinicopathological data. Survival times were
estimated by the Kaplan-Meier method. Patients alive
at the follow-up time were censored. Survival curves
were compared statistically using the log-rank test.
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RESULTS: Forty-nine point one percent of pancreatic
cancer patients revealed no pain, whereas in chronic
pancreatitis only 18.3% were pain free. In contrary,
moderate/severe pain was registered in 15.1% in pancreatic cancer patients that was increased in chronic
pancreatitis with up to 34.2%. Serous cystadenoma
was asymptomatic in most cases (58.1%), whereas
78.9% of all mucinous cystadenoma patients suffered
pain. In neuroendocrine neoplasia pain was not a key
clinical symptom since 64% of low stage neuroendocrine neoplasia and 59% of high stage neuroendocrine
neoplasia patients were pain free. Cancer localization
in the pancreatic body and patients with malignant
pancreatic neoplasms were associated with more severe pain. Tumor grading and stage did not show any
impact on pain. Only in pancreatic cancer, pain was
directly associated with impaired survival.
CONCLUSION: Pancreatic pain depicts different patterns of abdominal pain sensation according to the
respective pancreatic disorder and does not allow a
unification of the term pancreatic pain.

Abstract
AIM: To systematically characterize specific pain patterns in the most frequent pancreatic diseases.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Abdominal pain; Pancreatic neoplasm; Chronic pancreatitis; Intraductal papillary mucinous neoplasia;
Pancreatic cancer

METHODS: Pain in patients with chronic pancreatitis
(n = 314), pancreatic cancer (n = 469), and other
pancreatic tumors (n = 249) including mucinous (n =
20) and serous cystadenoma (n = 31), invasive (n =
37) and non-invasive intraductal papillary mucinous
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Core tip: Abdominal pain is a major clinical feature
in chronic pancreatitis and pancreatic cancer. Little is
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Mechanisms of pain generation in pancreatic cancer
and chronic pancreatitis have not been completely understood. At first glance, pain was reported to occur by
completely different mechanisms in pancreatic cancer
and chronic pancreatitis. In chronic pancreatitis, pain
generation was attributed to ductal strictures, increased
intraductal pressure, interstitial hypertension, and pancreatic pseudocysts [7,8]. The initial hypothesis on the
generation of abdominal pain in pancreatic cancer was
based on the mechanical pressure and/or invasion of
neighboring organs, and especially by cancer cell invasion of the neural plexus. Nowadays a variety of ligands
and their respective receptors have been identified to
play roles in the initiation of pancreatic pain[9]. It is now
widely accepted that pain sensation in both pancreatic
cancer and chronic pancreatitis has been identified as
neuropathic due to the prominent neuroplastic alterations which cannot be seen to that extent in any other
gastrointestinal disorders[10,11]. This specific pancreatic
neuropathy is characterized by enlarged intrapancreatic
nerves which are increased in number and frequently
infiltrated by inflammatory and/or cancer cells, leading
to pancreatic neuritis and perineural cancer cell invasion[12-15]. Furthermore, pancreatic neuropathy is characterized by numerous molecular and morphological
alterations at both the peripheral and the central nervous
system level[10]. Increased peripheral nociceptive signals
mediated by neurotransmitters and neurotrophic factors
together with neural damage and neuroplastic alterations are paralleled by hypersensitive dorsal root ganglia
and spinal cord neurons[10]. At lasts, the cerebral cortex
adapts to these changes by increasing its basal activity[16].
These phenomena are closely associated with increased
abdominal pain sensation in the respective patients[4].
Such neuropathic changes or neuropathic pain sensation
were not registered in other pancreatic tumors like, cystadenomas, IPMN, neuroendocrine neoplasia and ampullary cancer.
Little is known about pain sensation and their mechanisms in pancreatic neoplasms other than pancreatic
cancer and chronic pancreatitis and their pain patterns
have not yet been fully characterized. Therefore, the
current study aimed at systematically analyzing pain sensation in patients with different pancreatic neoplasms.
Both chronic pancreatitis and all pancreatic tumors including pancreatic cancer, mucinous and serous cystadenoma, IPMN, neuroendocrine neoplasia, and ampullary
cancer were evaluated regarding their pain intensity and
frequency and associated with tumor localization, dignity, stage and grading.

known about pain sensations in other, less frequent
pancreatic tumors. This study is to our knowledge the
first to systematically record pain patterns in all pancreatic tumors. Additionally, these were correlated with
clinicopathological data. Pain patterns in pancreatic diseases turned out to be very diverse and mainly dependent on tumor type, anatomic localization and dignity. In
pancreatic cancer pain was significantly associated with
impaired survival.
D’Haese JG, Hartel M, Demir IE, Hinz U, Bergmann F, Büchler
MW, Friess H, Ceyhan GO. Pain sensation in pancreatic diseases is not uniform: The different facets of pancreatic pain. World
J Gastroenterol 2014; 20(27): 9154-9161 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i27/9154.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i27.9154

INTRODUCTION
Chronic enduring visceral pain frequently develops in
pancreatic diseases, especially in chronic pancreatitis and
advanced pancreatic cancer. However, little is known
about the impact of pain in less frequent pancreatic diseases like cystadenomas, intraductal papillary mucinous
neoplasia (IPMN), neuroendocrine neoplasia and ampullary cancer.
Abdominal pain is the most (80%-94%) common
and the most difficult to manage clinical feature among
chronic pancreatitis patients[1,2]. It is often characterized
as burning, intermittent, and shooting pain but can as
well occur as constant or continuous pain with superimposed acute flares. The pathophysiology of chronic pancreatitis pain is poorly understood. A large recent prospective study including 540 chronic pancreatitis patients
demonstrated that disease duration did not correlate
with pain severity or frequency in their cohort[1]. Hence,
this observation contradicts the opposite hypothesis: i.e.,
“burn-out-hypothesis” of chronic pancreatitis progression during which pain improves with progressive pancreatic insufficiency[3].
Pancreatic cancer is a devastating disease with poor
long-term survival, which is often accompanied by abdominal or back pain limiting the quality of life. Pancreatic pain in pancreatic cancer is associated with a poor
prognosis and is typically described as deep-delving pain
penetrating to the back[4]. Early stage pancreatic cancer is
associated with abdominal pain in only 30% of patients,
while 60% of patients with limited and 80% of patients
with advanced pancreatic cancer complain of abdominal
and/or back pain[5]. At the time of diagnosis, the disease
is often advanced and up to 73% of patients suffer from
abdominal pain[6]. The localization of the tumor seems
to play a major role, since patients with tumors in the
head of the pancreas had less pain than patients with
cancer in the body or tail of the pancreas, independent
of tumor stage or size[6].
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MATERIALS AND METHODS
Patients and tissues
Pancreatic tissue samples were collected from patients
following pancreatic resection due to the following pathologies: Pancreatic adenocarcinoma (n = 469), chronic
pancreatitis (n = 314) and other pancreatic tumors/PTm
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ual were multiplied. According to the final pain score,
the patients were categorized into 3 groups: Pain 0 (0)
representing the group of patients who did not have
any pain; Pain Ⅰ (1-3) representing the group of patients with mild pain; and Pain Ⅱ (4-9), the group that
suffered from moderate to severe pain, as demonstrated
previously[13,17,18].

Table 1 Pancreatic disease entities and the severity of pain n (%)
Diagnosis

P value

Pain
Pain 0 Pain Ⅰ Pain Ⅱ

Pancreatic cancer

211
(49.0)
Chronic pancreatitis
54
(18.3)
Serous cystadenoma
18
(58.0)
Mucinous cystadenoma
4
(21.0)
Non-invasive IPMN
19
(46.3)
Invasive IPMN
11
(32.4)
Low stage neuroendocrine neoplasia
9
(64.3)
High stage neuroendocrine neoplasia
23
(59.0)
AmpC
27
(61.4)
Total
322
(49.4)

154
(35.8)
140
(47.5)
12
(38.7)
11
(57.9)
20
(48.8)
18
(52.9)
5
(35.7)
13
(33.3)
13
(29.6)
246
(37.7)

65
< 0.0001
(15.1)
101
(34.2)
1
< 0.02
(3.2)
4
(21.0)
2
0.235
(4.9)
5
(14.7)
0
0.565
(0.0)
3
(7.7)
4
(9.1)
84
(12.9)

Survival
Overall survival was defined as the time from the date
of tumor resection to either death from any cause or last
follow-up. At the time of analysis, 384 patients with pancreatic cancer (81.9%) were dead, and 85 (18.1%) were
alive.
Statistical analysis
Statistical analysis was performed by an expert statistician (UH) using the SAS (Release 9.1; SAS Institute,
Inc, Cary, NC, United States) and GraphPad Prism 4
Software. Survival times were estimated by the KaplanMeier method. Patients alive at the follow-up time were
censored. Survival curves were compared statistically
using the log-rank test. The χ 2 test, if appropriate or the
Fisher’s exact test was used to compare subgroups with
respect to pain severity. Two-sided P values were always
computed, and a P value was considered statistically significant at the 5% level.

IPMN: Intraductal papillary mucinous neoplasia.

(n = 249) including mucinous (n = 20) and serous cystadenoma (n = 31), invasive intraductal papillary mucinous neoplasia (IPMN; n = 37) and non-invasive IPMN (n
= 48), low stage (UICC Stage 1-2) neuroendocrine neoplasia (n = 18) and high stage (UICC Stage 2-4) neuroendocrine neoplasia (n = 44), and ampullary cancer (n =
51). The stage of pancreatic cancer, invasive IPMN, neuroendocrine neoplasia and ampullary cancer was graded
according to the international classification of the UICC.
The study protocol was approved by the ethics committee of the University of Heidelberg (Germany), Tissue
preservation was performed as reported previously[13].

RESULTS
Distinct differences in pancreatic pain depending on
pancreatic disease entity
Almost 50% of patients with pancreatic cancer did not
have any pain (Pain 0), while only 15.1% of patients suffered from moderate to severe pain (Pain Ⅱ; Table 1).
Distinct differences in pancreatic pain are evident when
especially comparing the pain pattern of patients with
chronic pancreatitis to those with pancreatic cancer.
Nearly half of all pancreatic cancer patients (49.1%) revealed no pain at all, whereas this figure was noticeably
less in chronic pancreatitis patients with only 18.3% of
the total chronic pancreatitis population (Table 1). In
other words, while almost 50% of pancreatic cancer patients were pain free, more than 80% of chronic pancreatitis patients had at least mild pain sensations. In detail,
patients with pancreatic cancer showed generally less
pain, with 154 cases of mild pain (Pain Ⅰ: 35.8%) and
65 cases of moderate to severe pain (Pain Ⅱ: 15.1%)
in direct comparison to significantly greater mild pain
(Pain Ⅰ : 47.5%) and moderate to severe pain sensation
(Pain Ⅱ: 34.2%, P < 0.0001, Table 1) in chronic pancreatitis.
Particularly striking were the differences in pain sensation comparing the two different cystadenomas of the
pancreas. Whereas, patients with serous cystadenoma
seem to be almost free of pain in the majority of cases
(Pain 0: 58.1%), nearly 80% of all patients with mucinous cystadenoma suffered at least from mild to severe

Clinicopathological analysis
Consecutive sections obtained from paraformaldehydefixed and paraffin-embedded pancreatic tissue from
each patient were stained with hematoxylin and eosin
for concomitant histomorphological examination. Histopathological verification of the diagnosis and cancer
classification was performed by an expert in pancreatic
pathology.
Pain analysis
In all patients, the individual pain score was prospectively recorded prior to the operation in hospital one day
before surgery, including pain intensity and frequency.
The intensity of pain was graded by using the following scale: 0 = none, 1 = mild, 2 = moderate (abdominal
discomfort or pain which is non-disabling but requires
analgesics) and 3 = severe pain (pain which is disabling
and controlled only by narcotic analgesics) In addition, the frequency of pain was graded as 3 = daily, 2
= weekly, and 1 = monthly. To calculate the severity of
pain, pain intensity and pain frequency of each individ-
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Table 2 Intrapancreatic localization of all included pancreatic tumors n (%)
Diagnosis

Tumor localization
Pancreatic head

Pancreatic cancer
Serous cystadenoma
Mucinous cystadenoma
Non-invasive IPMN
Invasive IPMN
Low stage neuroendocrine neoplasia
High stage neuroendocrine neoplasia
Ampullary cancer
Total

362
(77.2)
8
(25.8)
2
(10.0)
33
(68.8)
26
(70.3)
5
(27.8)
16
(36.4)
0
(0.0)
452
(63.0)

Pancreatic body

Pancreatic tail > 1 pancreatic area Pancreas unspecified

50
(10.7)
9
(29.0)
6
(30.0)
2
(4.2)
3
(8.1)
4
(22.2)
7
(15.9)
0
(0.0)
81
(11.3)

44
(9.4)
9
(29.0)
9
(45.0)
3
(6.3)
4
(10.8)
4
(22.2)
14
(31.8)
0
(0.0)
87
(12.1)

11
(2.4)
4
(12.9)
1
(5.0)
6
(12.5)
4
(10.8)
2
(11.1)
1
(2.3)
0
(0.0)
29
(4.0)

1
(0.2)
1
(3.2)
1
(5.0)
2
(4.2)
0
(0.0)
2
(11.1)
2
(4.5)
0
(0.0)
9
(1.3)

Papilla vateri
1
(0.2)
0
(0.0)
1
(5.0)
2
(4.2)
0
(0.0)
1
(5.6)
4
(9.1)
51
(100)
60
(8.4)

IPMN: Intraductal papillary mucinous neoplasia.

pain (P < 0.02, Table 1). There was no significant difference in the presence of pain between the non-invasive
vs. invasive IPMN but with a trend towards higher pain
sensations in patients with invasive IPMN (14.7% vs 4.9%,
Table 1). Interestingly, abdominal pain in patients with
neuroendocrine neoplasia seems not to be a key clinical
symptom since 64% of patients with low stage neuroendocrine neoplasia and 59% of patients with high stage
neuroendocrine neoplasia did not report of any pain at
all (Table 1). Although not significant, it was again noticeable that patients with the more invasive disorder/
high stage neuroendocrine neoplasia showed greater
moderate to severe pain sensations than low stage neuroendocrine neoplasia (7.7% vs 0.0%, Table 1). Similar to
neuroendocrine neoplasia of the pancreas most patients
with ampullary cancer did not report any symptoms of
pain (61.4%, Table 1).

gy. The percentage of patients with no pain (Pain 0) was
considerably lower in patients with tumors in the pancreatic body (39.0%) or tail (42.0%) compared to those
in the pancreatic head (51.0%). In the entire pancreatic
tumor population the most severe pain was detected
in patients with a tumor located in the pancreatic body
(16.9% vs 13.5% in the pancreatic head and 14.8% in the
pancreatic tail), but this difference showed no statistical
significance. Thirty-five point nine percent of patients
with a tumor in the pancreatic head showed mild pain
(Pain Ⅰ) sensations (vs 44.2% of patients with a tumor in
the pancreatic body and 43.2% of patients with a tumor
in the pancreatic tail). But regarding the largest subgroup
of patients with pancreatic cancer, it was evident (P <
0.02) that 29.8% of these pancreatic cancer patients with
a tumor at the pancreatic body were pain free (Pain 0),
46.8% revealed mild (Pain Ⅰ) and 23.4% moderate/severe (Pain Ⅱ) pain. In contrast, the majority of patients
with pancreatic cancer in the pancreatic head had no
pain (53.0% vs 33.0% Pain Ⅰ and 14% Pain Ⅱ). Accordingly, the rate of patients with moderate to severe pain
(Pain Ⅱ) was considerably higher for pancreatic cancer
patients with a pancreatic body tumor when compared
to pancreatic cancer patients with a pancreatic head or
tail cancer (23.4% vs 14.0% and 17.5% respectively).

Tumors in the pancreatic body and tail are associated
with more severe pain
The pancreatic head was by far the most common tumor localization (63%) among all pancreatic tumors and
represented the most frequent tumor site for pancreatic
cancer and IPMN (Table 2). On the other hand, serous
and mucinous cystadenomas were the only pancreatic
tumors that were most commonly observed in the pancreatic body and tail (Table 2). To clarify whether anatomical tumor localization is affecting the patient’s pain
status, pancreatic tumor localization was related to individual pain sensation. Here, patients with ampullary cancer were excluded due to their solely localization at the
ampullary region and patients with chronic pancreatitis
since these special subtype of patients display an inflammatory disease which is frequently affecting several parts
of the pancreas. Pancreatic tumor localization tends to
influence pain sensation independent of tumor histolo-
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Cancer classification and pancreatic pain
Regarding the tumor dignity, it was evident that within
the malignant and benign pancreatic tumors (excluding
chronic pancreatitis patients) a comparable number of
patients existed who had no abdominal pain at all (Pain 0:
49.2% vs 47.6%). However, patients with more malignant
tumors showed still a significantly higher rate of moderate to severe pain (Pain Ⅱ) when compared to patients
with benign pancreatic lesions (14.4% vs 6.7%, P < 0.05).
Tumor grading and staging did not show any signifi-
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No pain (n = 192)
Survival distribution function (%)

100

DISCUSSION

Mild pain (n = 135)

The present study is the currently largest study to extensively assess and compare pain sensation among the
most frequent pancreatic diseases. With the attained data
it becomes obvious that pancreatic pain depicts different
facets and patterns of abdominal pain sensation according to the respective pancreatic disorder and does not
allow a unification of the term pancreatic pain.
It has been shown that pain in pancreatic cancer is
probably not as frequent as commonly stated[6]. In our
study population, only 51% of patients with pancreatic
cancer suffered from pain, which is even somewhat
lower than the majority of previously published frequencies. But once pain is detected in pancreatic adenocarcinoma, it serves as a predictor of poor outcome, which
was also the case in the presented study[4,19,20]. In all other
pancreatic malignancies, where neural invasion of cancer
cells is not a key pathomorphological phenomenon, no
association of pain and survival was registered. We can
only speculate why pancreatic cancer patients with pain
do have a dismal prognosis. Besides increased neural
cancer cell invasion, patients with severe pain may develop more comorbidities. They will most likely be on
analgesics and narcotics and probably be not as mobile
and physically fit as patients without any pain. They may
therefore easier develop thrombosis and pneumonia
which may further immobilize and worsen prognosis.
However, since pain is a predictor of poor outcome,
the sole presence of pain and especially severe pain may
be used as an indication for more aggressive regional
therapies such as radiotherapy or prolonged adjuvant
therapies in pancreatic cancer but not in other pancreatic
malignancies. When interpreting these results, however,
one has to bear in mind that in the present study we only
analyzed patients that were resected, meaning that there
may be a bias towards less advanced, resectable tumors
in our study cohort. On the other hand, 82% of patients
with chronic pancreatitis suffered from pain in our study
population which is similar to previously published
data[1]. Also here, a possible bias towards more painful
chronic pancreatitis leading to surgery has to be considered. Nevertheless, it becomes evident that pancreatic
pain is very distinct and much more frequent and severe
in chronic pancreatitis when compared to pancreatic
cancer. It was interesting to detect, that the great majority of pancreatic disorders like serous cystadenoma, low
stage neuroendocrine neoplasia, high stage neuroendocrine neoplasia, and ampullary cancer were not associated with abdominal pain at all. To our knowledge, there
are no previous reports on pain patterns in these pancreatic diseases. One may speculate on the reasons why
these entities are not associated with significant pain. It
seems most likely, that these entities are detected rather
early through symptoms other than pain (e.g., jaundice
in ampullary cancer) and are consequently treated and

Moderate/severe pain (n = 57)
75

50

P = 0.0084

25

0

0
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20

30

40

50

60

Months after operation

Figure 1 Kaplan-Meier analysis of postoperative survival according to
pain in patients with pancreatic adenocarcinoma.

cant correlation to pain sensation in all of the analyzed
pancreatic cancer cases. Patients with more advanced disease showed a tendency to suffer from more severe pain
than those with earlier tumor stages (moderate/severe
pain in 5.9% of pT2 tumors vs 16.0% of pT3 and 36.4%
of pT4 tumors). On the other hand, most patients with
pT2 tumors were pain free (61.8%) while only 47.9%
of patients with pT3 and 36.4% of patients with pT4
tumors did not have any pain. We could not detect any
influence of the number of lymph nodes and/or the
number of metastases on the existence or severity of
pancreatic pain in pancreatic cancer patients (data not
shown).
Diabetes and pain
Out of 314 patients with chronic pancreatitis, 225 patients had normal endocrine pancreatic function with
no diabetes mellitus. 14 patients presented with latent
diabetes and 58 patients with manifest diabetes. In 17
patients, the endocrine function was unknown. The additional presence of diabetes did not have any effect on
pancreatic pain sensation since pain pattern of chronic
pancreatitis patients with or without diabetes mellitus
did not differ (data not shown).
Survival and pain
Since recently, pain was found to be associated with impaired survival in pancreatic cancer[6], we have re-investigated this interesting phenomenon in a nearly 3 times
larger study group of pancreatic cancer patients and also
in the other pancreatic tumors. The survival of pancreatic cancer patients was significantly influenced by the
severity of pain (P = 0.0084). Patients without pain had
a 3-year survival rate of 27.9%, with mild pain 15.3%,
and with moderate to severe pain a 3 year survival rate
of 15.2% (Figure 1). The survival of patients with other
pancreatic neoplasms was not influenced by the severity
of pain (data not shown).
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may never get to a stage where they can cause significant
pain. On the other hand it may also be the difference in
tumor biology that leads to less neuropathic changes as
we have previously shown[4].
The anatomic localization of the primary pancreatic
tumor has a major impact on the respective pain pattern. We were able to confirm previously published data
showing the highest prevalence of pain in patients with
pancreatic cancer in the pancreatic body when compared
to tumors in the pancreatic head or tail[21]. The underlying mechanisms for this evident phenomenon may be
due to the close anatomical affiliation of the pancreatic
body with the coeliac plexus and with the respective
peripancreatic neural network. Abdominal pain in pancreatic cancer has a strong neuropathic component due
to the characteristic intrapancreatic neuropathic alterations like neural hypertrophy, increased neural density
and especially due to the prominent perineural cancer
cell invasion[4,14,15,17,22,23]. The increase in neurite formation suggests that neurotropic factors, growth factors,
and axonal guidance molecules can be key molecules in
the development and maintenance of these phenomena.
A few mediators of these neuroplastic changes have
been identified, like artemin and neurturin as the members of the glial cell-derived neurotrophic factor family
of ligands[17,23,24]. We have recently demonstrated that
the severity of pain increases in parallel with the degree
of neural invasion and that therefore the anatomic affiliation of the pancreatic body with the close nerve
plexus may be one of the leading reasons for increased
pain sensation in tumors at this special anatomic location. This hypothesis is underlined by the fact that in
up to 70% of the cases intrapancreatic neural invasion
in pancreatic cancer is directly associated with an evident extrapancreatic plexus invasion of cancer cells[25].
Furthermore, in a post mortem cadaver study pancreatic body tumors featured a special neural route to the
coeliac plexus showing a direct anatomic connection[26].
Keeping these data in mind, it is not over speculated
when regarding abdominal pain sensation as a reliable parameter that mirrors neuro-cancer interactions
in pancreatic cancer patients. Interestingly, the other
investigated pancreatic tumors showed a similar correlation between the localization in the pancreatic body and
pain sensation even though these tumors are known to
show significantly less neural invasion and neuroplastic
changes when compared to pancreatic cancer[4]. Even
though these neuropathic alterations were detected significantly less often, they were still all present in these
pancreatic neoplasms[4]. Therefore, it is possible that the
observed pain pattern in other pancreatic tumors may be
explained by similar mechanism as in pancreatic cancer.
This is moreover underlined by our finding that pain
was more frequently present and more severe in patients
with malignant pancreatic neoplasms as compared to
their benign counterparts. Therefore, pain history should
be carefully investigated since malignancy could be suspected in patients with especially severe pain states and
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apparently benign pancreatic neoplasms. Pain should
therefore be integrated in the diagnostic workup and
may help us in our indications for surgery.
Neither the TNM status nor tumor grading of the
malignant tumor entities showed any significant correlation to the presence or severity of abdominal pain
sensation. However, it has been previously shown that
even T1 tumors can show the features of neural invasion and pain in pancreatic cancer[27]. Therefore, it seems
that the size of the tumor is not terminating the extent
of neuropathic alterations and that the sole presence of
these neuropathic changes can lead to pancreatic pain irrespective of tumor size, grade or location.
Chronic alcohol abuse is the most common etiological factor of chronic pancreatitis. Alcoholic chronic pancreatitis was shown to be associated with more constant
pain sensation as compared to non-alcoholic chronic
pancreatitis which could be reproduced also in our series
(data not shown)[1,28]. However, previous studies could
not find a difference in the severity of pain between
alcoholic and non-alcoholic chronic pancreatitis[1,28], as
we found in our study. The underlying mechanisms for
increased abdominal pain in alcoholic chronic pancreatitis remain to be unravelled. Although diabetes and
consequent peripheral neural damage is known to largely
influence general pain sensation, this does unexpectedly
not seem to be the case for pancreatic pain in our study.
There was no difference in pain sensation between diabetic and non-diabetic chronic pancreatitis patients in
our study population. A recently published study investigated the association of diabetes in pancreatic pain in
the case of pancreatic cancer. Here, the authors report
that patients with diabetes had a significantly lower
frequency of abdominal pain[29] with at the same time
significantly higher prevalence of perineural invasion.
Further studies will be needed to investigate whether
diabetes as such can induce neural plasticity in pancreatic
diseases.
In summary, the results of the presented study demonstrate that pain patterns in pancreatic diseases are very
diverse and mainly dependent on tumor type, anatomic
localization and dignity. Abdominal pain sensation in
pancreatic diseases should therefore be observed and
documented much more carefully since they may be
used as an additional diagnostic tool to estimate pancreatic tumor dignity and patient’s prognosis.
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defecation.

Abstract

Core tip: Until now, there have been no standard treatment methods for obstructed defecation. Although we
believe biofeedback is more beneficial for obstructive
defecation, recent controlled studies indicate that the
efficacy of manometric biofeedback treatment for ob-

METHODS: A total of 88 subjects were assigned to
treatment with either BFT (n = 44) or oral PEG (n =
44). Constipation symptoms (including difficult evacuation, hard stool, digitation necessity, incomplete emptying sensation, laxative dependence, perianal pain
at defecation, and constipation satisfaction), Wexner
Scores, and quality of life scores were assessed after 1,
3, and 6 mo.
RESULTS: At the 6 mo follow-up, the symptoms of
the BFT group patients showed significantly greater
improvements compared with the PEG group regarding
difficult evacuation, hard stools, digitation necessity,
laxative dependence, perianal pain at defecation, constipation satisfaction, Wexner Constipation Score, and
quality of life score (P < 0.05). The quality of life score
of the BFT group at the final follow-up time (6 mo)
was 80 ± 2.2. After a complete course of training, improvements in the clinical symptoms of the BFT group
were markedly improved (P < 0.05), and the Wexner
Constipation Scores were greatly decreased compared
with the oral PEG group (P < 0.05).
CONCLUSION: We concluded that manometric biofeedback-guided pelvic floor exercise training is superior to oral polyethylene glycol therapy for obstructive
defecation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Obstructive defecation; Biofeedback; Polyethylene glycol

AIM: To compare biofeedback-guided pelvic floor
exercise therapy (BFT) with the use of oral polyethylene glycol (PEG) for the treatment of obstructive
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the anorectum and it can be solved by behavioral action,
anorectal squeezing, or relaxative training[7]. Although
PEG has shown certain effects on adult OD, it can have
diverse effects in patients from different countries or
areas. Biofeedback-guided pelvic floor exercise training
is an alternative treatment where physiologic process
information can be converted into a visual signal, which
ultimately should allow patients to learn to control their
impaired defecation process. Compared with the results
of previous clinical studies on biofeedback therapy in
functional pelvic floor disorders, which have yielded
conflicting results with efficacy rates ranging from 18%
to 100%[8-15], biofeedback has been shown to be rather
effective in treating OD in recent clinical studies[1,16-19].
Although these randomized controlled trials were performed to clarify the actual efficiency of BFT for OD,
considering the methodological diversity of the research,
the actual efficiency of BFT for OD still requires clarification. Although some studies show contrary results
regarding the use of biofeedback in patients with normal
transit during straining, the biofeedback technique has a
clear therapeutic benefit for OD, including patients with
STC[20].
Although BFT is more beneficial for OD, recent
controlled studies have indicated that the efficacy of
manometric biofeedback treatment for different types of
OD remains controversial and has been associated with
pathogenesis or learning obstacles. Our present study
should hopefully solve the difficult dilemma of OD
management and offer significant accordance to anorectal surgeons. In patients with OD, the role of manometric biofeedback-guided pelvic floor training is to teach
patients to relax their pelvic and anorectal muscles while
simultaneously applying downward intra-abdominal
pressure to generate a propulsive force toward the anus.
The primary purpose of this research was to compare
the quality of life scores of patients diagnosed with OD
after BFT or oral polyethylene glycol management. The
other aims of the study were to determine whether BFT
training affects the pelvic physiologic mechanism and to
try to establish a new alternative management method
for OD.

structive defecation remains controversial. The main
purpose of this research was to assess and compare
the quality of life scores of patients diagnosed with obstructive defecation following treatment with biofeedback therapy or oral polyethylene glycol management.
Biofeedback had the clear effect of teaching patients
how to squeeze and relax their anorectal and pelvic
floor muscles during defecation. The data in this study
show a clear superiority of biofeedback related to oral
polyethylene glycol for the treatment of this subtype
of constipation. If this research was extended to large
multicenter randomized trials and its efficiency proven,
biofeedback could become the standard treatment
method for obstructive defecation.
A ba-bai-ke-re MMTJ, Wen NR, Hu YL, Zhao L, Tuxun T,
Husaiyin A, Sailai Y, Abulimiti A, Wang YH, Yang P. Biofeedbackguided pelvic floor exercise therapy for obstructive defecation: An
effective alternative. World J Gastroenterol 2014; 20(27): 9162-9169
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i27/9162.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i27.9162

INTRODUCTION
Constipation in adults is a common disorder of the
gastrointestinal area. It affects nearly everyone in the
general population at different points in their lifetime.
Currently, constipation has a profound impact on adult
patients’ quality of life and has been considered a major
social and psychological disability. Chronic functional
constipation influences 2%-30% of individuals in Western countries[1]. Although some of these patients can be
managed with conservative treatments such as a high
fiber diet, laxatives, suppositories, or oral polyethylene
glycol, others are not sensitive to these options. According to large scale epidemiological research by Talley et al[2],
medical treatment is ineffective in 39% of adult patients
with chronic functional constipation. Levitt[3] reported
that a significant number of patients with a single treatment failure instead seek, and subsequently receive, a
surgical alternative. Primary constipation can be further
classified into slow-transit constipation (STC), normaltransit constipation (NTC), and obstructed defecation
(OD). Among the subtypes of chronic functional constipation, OD seems particularly common, occurring in
7%-35% of the adult population[4]. Traditional treatment
is well-established and safe for OD; however, it does
not provide satisfying improvement for many patients,
prompting interest in other therapeutic strategies [5,6].
Treatment with high dietary fiber and anti-constipation
drugs for many OD patients is usually ineffective. OD
patients who do not respond to regular medication seek
further medical treatment; however, there have been no
worldwide standard treatment methods until now. OD
is commonly considered to be a form of maladaptive
behavior, as there is no clear anatomical problem around

WJG|www.wjgnet.com

MATERIALS AND METHODS
Patients and study design
Eighty-eight consecutive patients, referred to the General Surgical Department of the First Affiliated Hospital in
Xinjiang Medical University during the period from September 2011 to June 2013, were included in the trial. The
diagnoses of all participants were confirmed by history,
general medical examination, anorectal testing, and biochemical techniques. All research subjects received the
same standard medication (e.g., suppositories), treatment
strategies, and necessary behavioral education before
biofeedback exercise or polyethylene glycol (PEG) treatment. The patients were clinically assessed using Wexner
Constipation and quality of life scores by a specialist
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Table 2 Wexner Constipation Score system
[24]
score 0; maximum score 30)

Table 1 Clinical, physiologic, and psychological characteristics of biofeedback pelvic floor training and polyethylene
glycol groups
Baseline
n
Age (yr)
Symptoms
Physician visits (past six months)
Mean duration of disease (yr)
Previous treatment Times (yr)
First sensation (mL)
Rest pressure (mm Hg)
Squeeze pressure (mm Hg)
Wexner constipation score
Quality of life score

BFT

PEG

44
54
6.4
3.1
3.5
2.3
19.3
38
63
29 ± 3.9
42 ± 2.9

44
57
6.6
3.3
3.6
2.6
18.7
40
61
30 ± 4.3
43 ± 3.2

Frequency of bowel movements
1-2 times per 1-2 d
2 times per week
Once per week
Less than once per week
Less than once per month
Difficulty: painful evacuation effort
Never
Rarely
Sometimes
Usually
Always
Completeness: (feeling incomplete evacuation)
Never
Rarely
Sometimes
Usually
Always
Failure: (unsuccessful attempts at evacuation per 24 h)
Never
1-3
3-6
6-9
More than 9
Pain: abdominal
Never
Rarely
Sometimes
Usually
Always
Time: minutes in lavatory per attempt
Less than 5
5-10
10-20
20-30
More than 30
History: duration of constipation (yr)
0
1-5
5-10
10-20
More than 20
Assistance: type of assistance
Without assistance
Stimulant laxatives
Digital assistance/enema

BFT: Biofeedback pelvic floor training; PEG: Polyethylene glycol.

who was blinded to treatment assignment; the information collected included constipation onset age, bowel frequency, precipitation factors, laxative use, family history,
gynecologic history, and other relevant disease history.
A protocol synopsis for this study was used as supporting information. A total of 88 patients who satisfied the
inclusion criteria were distributed by computerized randomization into the BFT (biofeedback) group (n = 44)
or the oral PEG group (n = 44). The sample calculation
of this research was performed based on SPSS statistical
software (version 15.0)[21]. The investigators and biofeedback operators were not able to anticipate the patients’
informed consent assignments. The sample size calculation was completed at the Medical Statistical Center, First
Affiliated Hospital of Xinjiang Medical University. Demographic data (i.e., age and gender), constipation grade,
constipation status, mean disease duration, and previous
treatment times were recorded for each patient (Table 1).
To assess the post-treatment efficiency of each group,
the Wexner Scores (Table 2), followed by the Patient Assessment of Constipation Quality of Life questionnaire
(PACQOL) of the patients were completed. PACQOL is
a validated 28-item questionnaire[22,23] used to assess the
severity of chronic functional constipation on the quality of the patient’s life. The PACQOL is scored for four
domains: Worries and Concerns, Satisfaction, Psychosocial Discomfort, and Physical Discomfort. One of the
researchers who were unaware of the patients’ treatment
assignments collected the patient satisfaction, Wexner
Constipation Score, and quality of life score results.
There were no significant differences between the two
groups in terms of demographics (Baseline data, Table 1).
After the management of the two compared methods
had been completed, assessment of the Wexner Scores
and quality of life scores were performed. The anorectal
resting pressure and squeeze pressure of the patients
were measured after each treatment.

(Minimum

Score
0
1
2
3
4
Score
0
1
2
3
4
Score
0
1
2
3
4
Score
0
1
2
3
4
Score
0
1
2
3
4
Score
0
1
2
3
4
Score
0
1
2
3
4
Score
0
1
2

Good Clinical Practice (GCP) for trials on pharmaceutical products[25], and the local regulations of Xinjiang
Uygur Autonomous Region. The research protocol was
approved by the Medical Ethics Committee of the First
Affiliated Hospital of Xinjiang Medical University. Because the research was conducted as an investigational
study, a strict policy of informed consent was followed
and obtained from each of the patients before the study
began. The research consisted of three periods of observation (1, 3, and 6 mo after treatment). The last visit was
to be completed 180 d after either of the two treatment
arms. There were no missing data during the 6-mo follow-up period. The analysis was based on the intentionto-treat principle. All patients were informed that two alternative managements were being compared: manomet-

Medical research ethics and patient informed consent
This research was performed according to the principles
of the Declaration of Helsinki[24], the Guidelines for

WJG|www.wjgnet.com
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ric biofeedback-guided pelvic floor training vs oral polyethylene glycol. The patients assigned to the biofeedback
group received a detailed interpretation of the principle
for biofeedback exercises, while patients assigned to the
oral PEG group additionally received related information
about the advantages of PEG treatment.

were interpreted to the attenders using their own testing
results. The main purpose and possible results of biofeedback and oral PEG were explained to the attenders.
All biofeedback training was performed by one of the
researchers. Another researcher who was unaware of the
management style collected the data. Biofeedback-guided
anorectal training consisted of three different parts. In
the first phase of training, the participants were guided
to squeeze the pelvic muscles according to their breathing rate. In the second part, electromyographic detection
was performed and biofeedback was undertaken according to researchers’ guidance. In the final part, patients
practiced defecating a water balloon catheter. One of the
researchers recorded all patient data using a computervideo system. All patients were trained to finish biofeedback pelvic floor exercises by verbal instructions. As this
skill developed, the participants were instructed to practice pelvic floor exercises during their usual daily activities and while standing. All participants were required to
continue on a high-fiber diet as much as possible during
the biofeedback training.

Research support
This study was supported by the Research Award Fund
of the First Affiliated Hospital of Xinjiang Medical University. Fund serial number: 2012YFY30.
Inclusion/exclusion criteria
The patients were included in the study if they fulfilled
the Rome Ⅲ criteria, consensus statement[26], and underwent standard anorectal testing. Anorectal manometry
(resting pressure and maximum squeeze pressure), balloon expulsion test, electromyography, anoscope, and
anorectal digital examination were evaluated to verify the
diagnoses, according to the recommended guidelines,
from face-to-face interviews performed by the treating
physician. All patients were required to have experienced
constipation symptoms for more than 6 mo. In addition to satisfying the Rome Ⅲ criterion of functional
constipation, patients also had to meet these inclusion
criteria: (1) report of < 3 bowel movements per week
by patient history; (2) failure of treatment with a highfiber diet; (3) history of excessive straining on defecation
with normal bowel frequency; (4) absence of secondary
causes of constipation; and (5) absence of a surgically
treatable cause. Patients were excluded from the trial if
they had the following underlying conditions: (1) previous abdominal surgery or trauma of the pelvic area;
(2) megacolon or megarectum; (3) symptom resolution
upon conservative medical management; or (4) systemic
disease.

Oral PEG treatment
Oral polyethylene glycol treatment was administered according to a previously reported method[27]. The Wexner
Constipation Score and quality of life score of patients
were collected before and after treatment. Oral polyethylene glycol (PEG) is a large polymer that is poorly
absorbed and not easily degraded by microorganisms.
The PEG laxative was given to all PEG group patients,
who were instructed to take 17 g of the laxative orally,
with water, 3 times a day. The patients in the PEG group
participated in a 14-d treatment period according to the
method used in a previous report of a PEG trial[28]. All
of the PEG group participants were required to continue on a high-fiber diet as much as possible during the
treatment.

Sample size and power
Before research was initiated, the sample size was calculated using SPSS software version 15.0. The total
number of patients needed to show a 30% success rate
difference from the previously established success rate
of approximately 50% was determined in order to detect
a clinically significant difference. A sample of at least 44
patients in each group was judged necessary to demonstrate such a difference (P < 0.05), with a power of 90%.

Follow-up
The constipation symptom relief, Wexner score, and
quality of life score were investigated at 1, 3, and 6 mo
after each type of treatment. The follow-up dates ranged
from June 2013 to December 2013. All patients finished
the related questionnaire at 1, 3, and 6 mo after each
type of treatment. The patients accepted 6-mo followup evaluations regardless of their symptomatic improvement. During the follow-up evaluation, anorectal manometry, post-treatment symptom evaluation, Wexner
Score, and quality of life score were completed. Each of
the patients was contacted by telephone within 6 mo by
an investigator and asked whether they had experienced
adequate constipation relief. All patients were scheduled
for 6-mo follow-up evaluations.

Biofeedback pelvic floor training
All 44 patients in the biofeedback-guided pelvic floor
exercise therapy (BFT) group were explained that their
constipation may be related to a certain degree of defecation disorders. Patients were told the possible respective advantages of biofeedback and oral PEG. All
patients in the BFT group underwent 5-wk manometric
(Medtronic Med Ltd)-guided biofeedback training sessions that lasted 30 min each in the outpatient manometric unit. The physiology of the anorectal and pelvic floor

WJG|www.wjgnet.com

Statistical analysis
The statistical analysis was performed using SPSS software version 15.0. The intention-to-treat principle was
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compared with the oral PEG group, showed significantly
greater improvements in the aspects of difficult evacuation, digitation necessity, laxative dependence, and constipation satisfaction. At the time of the 1-mo followup, the symptom of hard stool showed no significant
improvement. At the time of the 3-mo follow-up, the
sensation of incomplete emptying and perianal pain at
defecation showed no significant improvements. At the
6-mo follow-up, the sensation of incomplete emptying
also showed no significant improvement. (Table 3).
At the time of each follow-up, the Wexner Score data
of the BFT group patients were significantly higher than
the PEG group (Table 4). The quality of life score of
the BFT group at the final follow-up time was 80 ± 2.2.
The quality of life scores of the BFT group were also
significantly improved (Table 4). At the final follow-up
time, the BFT group’s average quality of life score was
80 ± 2.2. There was a clear and significant difference
between the two groups in anorectal resting and squeeze
pressure after the BFT treatment.

Table 3 Comparison of biofeedback pelvic floor training and
polyethylene glycol groups at each follow-up time after treatment n (%)
Symptoms
Difficult evacuation
1-mo follow-up
3-mo follow-up
6-mo follow-up
Hard stools
1-mo follow-up
3- mo follow-up
6- mo follow-up
Need for digitation
1-mo follow-up
3-mo follow-up
6-mo h follow-up
Sensation of incomplete
emptying
1-mo follow-up
3-mo follow-up
6-mo follow-up
Laxative dependence
1-mo follow-up
3-mo follow-up
6-mo follow-up
Perianal pain at defecation
1-mo follow-up
3-mo follow-up
6-mo follow-up
Satisfaction
1-mo follow-up
3-mo follow-up
6-mo follow-up

Statistic P value
value

PEG

BFT

39 (88.64)
31 (70.45)
24 (54.54)

31 (70.45)
18 (40.90)
11 (25.00)

4.4698
8.0173
8.0173

0.0345
0.0046
0.0046

34 (77.27)
29 (65.91)
21 (47.73)

28 (63.64)
10 (22.73)
7 (15.91)

1.9653
16.6238
10.2667

0.1610
0.0000
0.0014

31 (70.45)
25 (56.82)
20 (45.45)

7 (15.55)
5 (11.36)
3 (6.82)

26.6779
20.2299
17.0114

0.0000
0.0000
0.0000

28 (63.64)
21 (47.73)
14 (31.82)

15 (34.09)
18 (40.90)
10 (22.73)

7.6858
6.4144
0.9167

0.0056
0.5197
0.3384

37 (84.09)
31 (70.45)
28 (63.64)

25 (56.82)
19 (43.18)
10 (22.73)

7.8610
6.6695
15.0063

0.0051
0.0098
0.0001

28 (63.64)
24 (54.54)
18 (40.91)

12 (27.27)
15 (34.09)
9 (20.45)

11.7333
3.7300
4.3279

0.0006
0.0534
0.0375

8 (18.18)
11 (25.00)
9 (20.45)

19 (42.22)
25 (56.81)
35 (79.54)

6.4651
9.2137
7.0625

0.0110
0.0024
0.0010

DISCUSSION
Obstructed defecation is a common disorder that clearly
influences the life quality of patients. Although Ellis
CN [29] concluded that there were multiple treatment
methods for OD, such as botulinum toxin, transvaginal
repair, transrectal repair, transperineal repair, and rectal
intussusception, there was no standard treatment method
up to now. OD is frequently related to other disorders
of anorectal and pelvic function. Any therapy that does
not address all components will result in less than optimal outcomes and quality of life both before and after
treatment[29]. The primary purpose of our study was to
improve the quality of life score after BFT in patients diagnosed with OD. The final result of this research shows
that, in contrast to recently reported views, biofeedback
training is more effective for the treatment of OD compared with oral PEG administration. In the three month
and final follow-up evaluations, difficult evacuation, hard
stools, digitation necessity, laxative dependence, perianal
pain at defecation, and bowel satisfaction results of the
BFT group were significantly superior to those of the
PEG group. In all follow-up evaluations, BFT demonstrated superior results to the oral PEG group. The
average Wexner Constipation Score of the BFT group in
the final visit was 25 ± 3.1, and the quality of life score
was 80 ± 2.2. This result indicates that BFT can produce
a clearer effect in the management of OD than PEG
treatment.
In this study, 79.54% of patients in the BFT group
resolved their constipation symptoms, compared with
20.45% in the PEG group. The results also show that
patients in the BFT group have a clearer significance
than patients in the PEG group in terms of difficult
evacuation, hard stool, and sensation of incomplete
emptying. The main purpose of biofeedback exercise is
guiding patients to perform normal defecation activity

PEG: Polyethylene glycol; BFT: Biofeedback-guided pelvic floor exercise
therapy.

Table 4 Comparison of biofeedback pelvic floor training and
polyethylene glycol groups wexner scores and quality of life
scores

Wexner scores

Quality of life scores

Symptoms
(mo)

PEG

BFT

1
3
6
1
3
6

16 ± 4.1
18 ± 3.9
19 ± 3.4
50 ± 2.5
57 ± 2.1
64 ± 1.9

22 ± 4.2
23 ± 3.2
25 ± 3.1
62 ± 3.8
71 ± 3.2
80 ± 2.2

Statistic P value
value
14.518
29.3749
68.2902
16.4269
22.5295
36.5105

0
0
0
0
0
0

BFT: Biofeedback pelvic floor training; PEG: Polyethylene glycol.

applied in this study. Non-normal data were expressed as
medians and full ranges. Normal data were expressed as
the mean ± SD. Student’s t-test was used to compare the
treatment results, and the χ 2 test was used for the comparison of proportions. P < 0.05 was considered statistically significant.

RESULTS
At the concluding times of the 1, 3, and 6 mo followup periods, the symptoms of the BFT group patients,
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and improve their quality of life. The average Wexner
Score of the BFT group was 22 ± 4.2, 23 ± 3.2, and
25 ± 3.1 in 1-mo, 3-mo, and 6-mo follow-up time, respectively. This result was closely associated with the
biofeedback resolution of OD. The improvement was
seen in the improved ability to defecate and in the increases in anorectal pressure that were measured in the
rectum when patients performed defecation. Our results
indicate that biofeedback-guided pelvic exercise training
was helpful in improving the life quality of pelvic floor
dysfunction patients. The results show that constipation
improvement of the OD group may correlate with the
frequency of biofeedback training.
We considered that the effectiveness of biofeedbackguided anorectal training depends on the skills of the
biofeedback performer. Therefore, we strongly suggest
that all performers should receive the standard biofeedback guidance course. Considering the diversity of biofeedback in different countries or areas, we consider that
biofeedback-guided pelvic floor exercise training techniques should be standardized. Moreover, all participants
in the BFT group were guided by one highly-experienced
performer. Recent studies in some countries show that
clinical benefits can still be obtained despite any diversity
in performers’ skill.
The comparison of hard stool and incomplete emptying sensation did not demonstrate statistical significance. A possible reason for this result may be associated
with a difference in the patients’ recognition of either a
hard stool or an incomplete emptying sensation in the
questionnaire. We propose that anorectal researchers
should design a more practical questionnaire and formulate it based on patients’ characteristics.
There are at least 8 randomized placebo-controlled
trials of PEG compounds. There are two randomized
control trials comparing PEG with lactulose. PEG was
superior to placebo in increasing stool frequency and
stool consistency[27]. A study reported relief of constipation in 52% of patients on PEG-3350 compared with
11% of patients on placebo[27]. In our study, the patients’
quality of life score was 64 ± 1.9. We considered that
PEG was beneficial to some portion of the OD patients.
The actual efficiency of PEG for OD requires further
investigation and larger controlled trials.
Battaglia et al[30] indicated the clear benefits of biofeedback for OD patients. They found no differences
in the patients’ satisfaction ratings with the treatment.
Our data indicate that biofeedback does provide a specific benefit to this subtype of constipation. The final
quality of life score of the BFT group was significantly
improved compared with the PEG group. We consider
that further large, multicenter, double blind, randomized
controlled trials will demonstrate the actual efficiency of
BFT for OD.
The data in our study indicate clear advantages of
biofeedback related to PEG for the treatment of this
subtype of constipation. Some aspects of our results
were similar to previous studies[31,32]. Five sessions train-
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ing led to a major improvement for 79.54% of patients.
According to our findings, biofeedback training should
be applied as effective treatment for patients with this
form of constipation. By contrast, PEG treatment was
relatively ineffective, poorly-tolerated, and required continuous treatment.
Chiarioni et al[33] performed 14.6 g of PEG with five
weekly biofeedback sessions in patients who did not
respond to conservative therapy. At the 6-mo followup, major improvements were reported by the patients
enrolled in the biofeedback arm (80%) compared with
those in the PEG arm. They reported that biofeedback
also produced greater reductions in straining, incomplete
evacuation sensation, enema use, and abdominal pain (P
< 0.01). Rao et al[34] compared biofeedback with sham
biofeedback or a standard therapy of diet, exercise, and
laxatives in 77 randomly assigned patients. In their study,
dyssynergia of 79% patients was solved using biofeedback training. The overall defecation satisfaction was
also improved in the biofeedback group. These findings
were contrary to the results of our study. Therefore,
whether biofeedback can be established as the first line
treatment for obstructed defecation still requires further
multicenter, large, randomized controlled trials.

COMMENTS
COMMENTS
Background

Chronic constipation has a clear impact on the quality of life of adult patients,
and has been considered a major social and psychological disability. Although
obstructive defecation patients who do not respond to regular medications can
seek further medical treatment, there have been no worldwide standard treatment methods for this type of condition until now. Although the authors consider
biofeedback to be a more beneficial treatment for obstructive defecation, recent
controlled studies have indicated that the efficiency of manometric biofeedback
treatment for different types of obstructive defecation remains controversial and
may be associated with pathogenesis or learning obstacles.

Research frontiers

Biofeedback had a clear effect on obstructed defecation. The main purpose of
this research was to assess the quality of life scores of patients diagnosed with
obstructive defecation after treatment comparing biofeedback training with oral
polyethylene glycol management. The purpose of this study was also to determine whether biofeedback training affects the pelvic physiologic mechanism
and to establish a new alternative management method.

Innovation and breakthroughs

Biofeedback-guided pelvic floor exercise training is an alternative treatment
where physiologic process information can be converted into a visual signal.
In most studies, simple visual, auditory EMG, or pressure signals of sphincter
activity provide feedback to the patients. Most techniques used were based on
the method of simulated evacuation, such as the expulsion of a balloon to demonstrate to the patient normal coordination for successful expulsion. Previous
studies on biofeedback therapy in obstructive defecation have yielded conflicting results, with efficacy rates that range from 18% to 100%. Based on these
reports, biofeedback training requires further research to elucidate the actual
efficiency for patients with this form of constipation.

Applications

The data in this study show a clear superiority for biofeedback relative to oral
polyethylene glycol for the treatment of this subtype of constipation. If this
research was extended to large multicenter randomized trials and its efficiency
proven, biofeedback could become the standard treatment method for obstructive defecation.

Terminology

Obstructive defecation: Obstructive defecation is a state of impaired inhibition
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of the pelvic floor while straining to defecate. Biofeedback: Biofeedback-guided
pelvic floor exercise training is an alternative treatment where physiologic process information can be converted into a visual signal.
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This is an interesting study. If biofeedback therapy could be added as another
treatment in further research, new findings for functional obstructive defecation
may arise.
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OBSERVATIONAL STUDY

Need for infliximab dose intensification in Crohn’s disease
and ulcerative colitis
Carlos Taxonera, David Olivares, Juan L Mendoza, Manuel Díaz-Rubio, Enrique Rey
RESULTS: Fifty nine patients with CD and 38 patients
with UC were enrolled. The rate of intensification per
patient-month was 3.9% for UC and 1.4% for CD (P =
0.005). The median time from baseline to intensification was significantly shorter in UC compared to CD
[6.6 mo (IQR: 4.2-9.5 mo) vs 10.7 mo (IQR: 8.9-11.7
mo), P = 0.005]. In the survival analysis, the cumulative probability of avoiding infliximab dose intensification was significantly higher in CD (P = 0.002). In the
multivariate analysis, disease (UC vs CD) was the only
factor significantly associated with dose intensification.
The infiximab administration costs during the first year
were significantly higher for UC compared to CD (mean
± SD 234.9 ± 53.3 Euros/kg vs 212.3 ± 15.1 Euros/
kg, P = 0.03).
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CONCLUSION: The rate of infliximab dose intensification per patient-month is significantly higher in UC
patients. The infliximab administration costs are also
significantly higher in patients with UC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To compare the need for infliximab dose intensification in two cohorts of patients with Crohn’s disease
(CD) or ulcerative colitis (UC).

Core tip: Infliximab dose intensification to counteract
loss of response is well established in the management
of patients with Crohn’s disease (CD). In ulcerative
colitis, the need for infliximab dose intensification is
less well established. The study compares for the first
time the need for infliximab dose intensification for ulcerative colitis and CD in the same clinical setting. The
need for infliximab dose intensification was significantly higher in patients with ulcerative colitis compared
to patients with Crohn’s disease. The drug administration costs were also higher in patients with ulcerative
colitis. Our data provide a rational basis for economic
planning in patients with ulcerative colitis selected for
anti-tumor necrosis factor-α therapy.

METHODS: Single centre, uncontrolled, observational
study. Consecutive patients with CD and UC who responded to infliximab induction doses were included.
Data collected in a prospectively maintained database
were retrospectively analysed. Differences in the rates
of dose intensification per patient-month and the
intensification-free survival time were compared. We
also evaluated the interval between the first infliximab
induction dose and the first infliximab escalated dose.
The weight-adjusted infliximab administration costs
were also calculated.
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tions accepted in the summary of product characteristics. The main reasons for prescription of infliximab
were steroid-refractory disease and steroid dependence
for both cohorts and perianal disease in the case of CD
patients. The study was approved by the local hospital
ethics committee.

Taxonera C, Olivares D, Mendoza JL, Díaz-Rubio M, Rey E.
Need for infliximab dose intensification in Crohn’s disease and
ulcerative colitis. World J Gastroenterol 2014; 20(27): 9170-9177
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i27/9170.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i27.9170

Criteria for dose intensification
Patients were assessed for the need of infliximab dose
intensification by two specialists in inflammatory bowel
disease with more than 15 years of experience in this
field. Prescription of infliximab in our unit follows a
standard protocol that requires systematic recording in
the database of demographic and disease characteristics
prior to starting treatment, as well as information about
therapy (doses administered and any adverse reactions).
The demographic characteristics and disease characteristics of the patients on initiating treatment were extracted
from this database. For the purposes of the analysis, the
initiation of treatment was taken as baseline.
The need for dose intensification, whether by increased dose or decreased dosing interval, was noted.
For patients who required dose intensification, the time
relative to baseline (that is, the first induction dose) was
recorded. For patients who did not require dose intensification, time on infliximab was calculated as the interval
between the first infliximab induction dose and either
the last follow-up visit or the time of infliximab discontinuation. Other treatment parameters such as concomitant corticosteroid or immunomodulatory therapy were
also extracted. Adverse events were recorded throughout
the infliximab treatment (both before and, if applicable,
after intensification) in the clinical database.
Loss of response to infliximab was evaluated at each
visit during maintenance therapy. In patients with luminal CD or UC the need for infliximab intensification was
supported by measuring the Harvey-Bradshaw index[12]
or the 9-point partial Mayo score[13], respectively. Loss of
response was defined in those patients who responded
to the infliximab induction doses but were not in remission as follows: Harvey-Bradshaw score ≥ 5 for luminal
CD or 9-point partial Mayo score ≥ 4 for UC. Loss of
response in fistulising CD was evaluated by assessing the
number of draining fistulae, the amount of discharge
and the presence of pain and the restriction of daily
activities. Although these measures, together with the
C-reactive protein (CRP) values, were used to guide the
decision to intensify the dose, the final decision was
made by the investigators taking into account the overall
clinical situation of the patient. Before intensification
in patients in whom an infection was suspected, other
causes of persistent symptoms including coexistent cytomegalovirus or Clostridium difficile were ruled out.

INTRODUCTION
Infliximab is a monoclonal antibody that targets tumour
necrosis factor (TNF)-α and it is indicated for Crohn’
s disease (CD) and moderate-to-severe ulcerative colitis
(UC), among other conditions[1]. In the pivotal clinical
trials of infliximab in CD, patients were randomized to
placebo, 5 or 10 mg/kg maintenance dosing after an initial response[2,3]. In the ACCENT I trial for luminal CD,
dose intensification was allowed in patients who had lost
response during maintenance therapy. An analysis of
the results of this trial showed that approximately 90%
of those in the 5 mg/kg maintenance arm and 80% of
those in the 10 mg/kg maintenance arm re-established
response on switching to a higher dose (10 and 15 mg/
kg), respectively[4]. In the case of UC, the pivotal studies used for approval did not allow dose intensification
on loss of response during maintenance[5]. Although the
pivotal clinical trials provide less support for dose intensification in UC, in clinical practice, the need for infliximab dose intensification as a result of loss of response
has been reported by a number of authors[6-10].
In a systematic review in CD patients, the annual
risk of loss of infliximab response and need for infliximab dose intensification was consistently established at
around 13% per patient-year[11]. In UC patients the need
for infliximab dose intensification is less well defined.
No studies have directly compared the need for
dose intensification in CD and UC, even though loss of
response is a problem in clinical practice common to
both diseases. The primary objective of this study was to
compare the need for and time to infliximab dose intensification in patients with CD and patients with UC in
the same clinical setting. The drug administration costs
were also compared between cohorts.

MATERIALS AND METHODS
Study design and selection of patients
In this single centre, uncontrolled observational study,
data collected prospectively as part of a well-established
treatment protocol (see below) were retrospectively
analyzed by chart review. All consecutive patients with
CD or UC who started infliximab in the Inflammatory
Bowel Disease Unit of our hospital between July 2008
and January 2010 were included. Only patients who
responded to the three infliximab induction doses according to standard criteria and received at least the first
infliximab maintenance dose were eligible. Infliximab
was administered for CD or UC according to the indica-
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Infliximab administration costs
The infiximab administration costs were calculated as
the purchase price paid by the hospital together with the
total number of infusions and the number of vials used
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Table 1 Baseline characteristics of the patients enrolled n (%)
Baseline characteristics

Crohn’s disease

(n = 38)

(n = 59)

16 (42.1)
22 (57.9)
41.9 (14.2)
4.5 (2-10.3)

33 (55.9)
26 (44.1)
38.9 (38.9)
6 (1-12)

0.184

15 (39.5)
8 (21.1)
15 (39.5)

21 (35.6)
30 (50.8)
8 (13.6)

0.003

0
21 (55.3)
17 (44.7)

19 (32.2)
33 (55.9)
7 (11.9)

< 0.001

10 (26.3)
28 (73.7)

38 (64.4)
21 (35.6)

< 0.001

7 (18.4)
31 (81.6)

14 (23.7)
45 (76.3)

0.536

Sex
Men
Women
Age (mean ± SD, yr)
Duration of disease [median (interquartile range), yr]
Smoking status
Non-smoker
Smoker
Ex-smoker
Steroid status
Neither steroid dependent nor refractory
Steroid dependent
Steroid refractory
Steroid use at induction
No
Yes
Immunomodulator therapy
No
Yes

per administration. The cost of the drug treatment was
derived from the Catalogue of Pharmaceutical Specialties of the Spanish General Council of Pharmacists for
the year 2010. The costs of the remaining resources,
mainly day-care hospitalizations for infliximab administration, were obtained from the Spanish health-care
costs database SOIKOS. The total administration costs
(infliximab, pre-medication and day-care hospitalization
costs) were calculated for each patient who were in treatment for at least 1 year. Results were weight-adjusted
and expressed as cost (Euros) per kilogram for the first
year of treatment.

0.312
0.738

applicable for quantitative variables. The rates of intensification per patient-month of treatment were calculated.
Intensification-free survival was estimated using the
Kaplan-Meier method and differences between curves
evaluated using the Breslow exact test. A Cox proportional hazards survival regression analysis was employed
to estimate the adjusted hazard ratios and their 95%CI.
Variables with P < 0.10 in the univariate analysis were
included in the model. The null hypothesis was rejected
in each statistical test when P < 0.05. Analysis was performed using the SPSS version 15.0 (Chicago, IL, United States) statistical package for Microsoft Windows.

Outcomes
The co-primary endpoints were the differences in the
rates of patients requiring infliximab dose intensification per month and the intensification-free survival time
between the cohorts of patients with CD or UC. We
also evaluated the interval between the first infliximab
induction dose and the first infliximab escalated dose.
Potential predictors of the need for infliximab dose
intensification such as age, gender, type of disease (CD
or UC), disease duration, reason for infliximab prescription (steroid dependence, steroid-refractory disease, or
perianal disease in the case of CD) and steroid or immunosuppressant use at baseline were investigated. We
also calculated the impact of the type of disease and the
need for dose intensification on infliximab administration costs.

RESULTS
Ninety-seven patients from our prospectively maintained
database of about 1400 patients with inflammatory bowel
disease were evaluated. Demographic characteristics and
the use of steroids or immunosuppressants at baseline
(time of first infliximab induction dose) are shown in Table 1. The two cohorts showed no differences regarding
sex, age and disease duration. At the time of diagnosis,
more patients with CD were smokers, whereas more patients with UC were ex-smokers. Infliximab was indicated
due to steroid-refractory disease in a higher proportion
of UC patients. In one-third of CD patients (n = 19), infliximab was prescribed to treat complex perianal disease.
Twenty-six patients (70%) had extensive UC, and 12 (30%)
left-sided colitis. A greater proportion of UC patients
were receiving steroids at baseline (P < 0.001). Infliximab
was never administered as salvage therapy to hospitalized patients with severe UC refractory to intravenous
steroids. There were no significant differences in the proportions of patients who were receiving immunomodulator treatment at baseline (Table 1).
Thirty-two patients required infliximab dose intensification, 16 of 38 (42%) patients with UC and 16 of 59

Statistical analysis
Study variables were summarized descriptively using
number and percentage for discrete variables and mean
± SD or medians (IQR) as appropriate for continuous
variables. Demographic, disease and treatment characteristics were explored using the χ 2 test for qualitative
variables and the Student t-test and the median test if
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Table 2 Summary of dose intensification
Dose intensification
Time on infliximab1 [median (interquartile range), mo]
Rate of intensification per patient-month
Time to infliximab intensification [median (interquartile range), mo]

Ulcerative colitis

Crohn’s disease

(n = 38)

(n = 59)

9 (5.2-12.5)
3.9%
6.6 (4.2-9.5)

13.1 (8.1-23.3)
1.4%
10.7 (8.9-15.7)

P value
0.006
0.005
0.005

1

Time on infliximab: Interval of time between the first infliximab induction dose and the first infliximab intensified dose, or for patients who did not require
dose intensification time between the initiation of infliximab and either the last follow-up visit or the time of infliximab discontinuation.

= 0.006] (Table 2). Total exposure to infliximab was 404
mo for the 38 patients with UC compared to 1133 mo
for the 59 patients with CD. The rates of patients requiring dose intensification per month with infliximab were
significantly higher for UC compared with CD (3.9% vs
1.4% per month, P = 0.005). The rate of infliximab dose
intensification per patient-month was not significantly
different between perianal and luminal CD (1.2% vs 1.6%
per month, P = 0.4). Patients with UC showed a significantly higher rate of infliximab dose intensification
per patient-month when compared with the cohort of
patients with luminal CD (3.9% vs 1.6% per month, P =
0.03). No significant differences in the rate of infliximab
dose intensification per patient-month were observed
for luminal CD according to Montreal localization (L1 vs
L2+L3, P = 0.6).
In patients who needed infliximab intensification, the
median time from baseline to intensification was significantly shorter in the UC cohort compared to the CD cohort [6.6 mo (IQR: 4.2-9.5 mo) vs 10.7 mo (IQR: 8.9-11.7
mo), P = 0.005]. As shown in Figure 1, the KaplanMeier curves for cumulative probability of avoiding dose
intensification rapidly separated for the two cohorts. The
cumulative probability of avoiding infliximab dose intensification was higher in CD patients, with the Breslow
exact test showing a highly significant difference (P =
0.002).

Cumulative probability of avoiding IFX dose intensification

Disease
1.0

UC
CD

0.8

P = 0.002

0.6

0.4

0.2

0.0
0

6

12

18

t /mo
CD % mean

100

98.2 (1.8)

80.7

69.2 (7.4)

59
100

50
80.1 (6.7)

(5.8)
34
57.4

19
53.0 (9.1)

38

27

(8.8)
15

± SE

n
UC % mean
± SE

n

5

Figure 1 Cumulative probability of avoiding infliximab dose intensification. The data below indicate the number and percent of patients at risk. Comparison using the Breslow test. CD: Crohn’s disease; UC: Ulcerative colitis.

(27%) patients with CD. At the time of intensification,
patients with luminal CD had a Harvey-Bradshaw score
of 8.2 ± 4.6 (range 5-13) and the patients with UC a
9-point partial Mayo score of 5.9 ± 1.5 (range 4-8). Of
these 32 patients with dose intensification, the dose was
increased to 10 mg/kg every 8 wk in 10 patients and the
dosing interval was shortened in the remaining 22 (to 5
mg/kg every 6 wk in 20 patients and to 5 mg/kg every 4
wk in two patients). There were no significant differences according to type of intensification between the two
cohorts. At time of intensification, 18 out of 32 (56.3%)
patients were on immunomodulators; the proportion
was similar regardless of type of disease. Before the first
intensified dose of infliximab, the mean ± SD CRP (mg/
dL) was 1.8 (2.9) for patients with CD and 1.4 (3.2) for
patients with UC.

Predictors of the need for infliximab dose intensification
The only factor significantly associated with the rates of
patients requiring dose intensification per month was
disease, with intensification being more likely with UC
(HR = 2.73, 95%CI: 1.31-5.69, P = 0.007) (Table 3).
Patients who were receiving immunomodulator treatment at baseline showed a trend toward a lower adjusted
rate of infliximab intensification (HR = 0.51, 95%CI:
0.24-1.07, P = 0.08). Neither the need for steroids at
baseline nor having steroid-refractory disease at baseline
were associated with the need for infliximab dose intensification.
Infliximab administration costs
The infiximab administration costs during the first year
were significantly higher for UC patients compared to
CD patients (mean ± SD 234.9 ± 53.3 Euros/kg vs
212.3 ± 15.1 Euros/kg, P = 0.03). The first-year infiximab administration costs to patients weighting 70 kg
were 16443 Euros for UC and 14861 Euros for CD. In

Need for infliximab dose intensification
The duration of exposure to infliximab was longer in
patients with CD than in patients with UC [median 13.1
mo (IQR: 8.1-23.3 mo) vs 9 mo (IQR: 5.2-12.5 mo), P
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Table 3 Summary of factors associated with dose intensification in the multivariate analysis
Factor

Adjusted Hazard ratio

95%CI

P value

1.359
1.015
1.258
0.510
2.732

0.425-4.343
0.991-1.040
0.521-3.041
0.242-1.073
1.313-5.686

0.605
0.216
0.610
0.076
0.007

Corticosteroid dependence (yes/no)
Age
Induction with corticosteroids (yes/no)
0Immunomodulator use (yes/no)
Disease (ulcerative colitis vs Crohn´s disease)

Table 4 Summary of studies of infliximab dose intensification in ulcerative colitis: Proportion of patients who needed infliximab intensification
1

Ref.
Rostholder et al[7]
Oussalah et al[8]
Seow et al[9]
Arias et al[10]
Present study

Patients

Median duration of follow-up (mo)

Dose intensification

50
80
93
136
38

142
18
14
14
9

54%
45%
58%
46%
42%

1

Only patients who responded and started maintenance therapy; 2Mean duration.

of infliximab response was 13.1%, which is similar to the
rate found in our study (1.4% per patient-month or 16.8%
annually of patients who lost response and required dose
intensification). Gisbert et al[11] also studied the outcomes
of infliximab dose intensification and found evidence
of the effectiveness of the approach. For example, in
the ACCENT 1 study, dose intensification to 10 mg/kg
was effective in 90% of the patients in the 5 mg/kg dose
arm who had loss response[4]. In a multicentre study,
dose intensification, whether by doubling the infliximab
dose or by shortening the dosing interval to 5 mg/kg
every 4 wk, enabled response to be regained in 73% of
patients[15].
In the case of UC, the need for infliximab dose intensification is less well defined. The extension study of
the pivotal ACT trial reported that only 7% of patients
required dose intensification[6]. The situation in clinical
practice, however, would seem to be very different. In
observational studies, the proportion of patients who
needed infliximab dose intensification ranged between
42% and 58% for follow-ups between 14 and 18 mo
(Table 4)[7-10]. The need for intensification in our study
(42% after a median of 9 mo of follow-up) is within the
range reported in the other studies performed in a clinical practice setting[7-10].
To the best of our knowledge there are no studies
published comparing the need for infliximab dose intensification for UC and CD in the same hospital or by
the same specialists. Given that the rationale for dose
intensification in UC is not supported by randomized
studies, such a comparison provides further support for
this therapeutic approach. There is also a need for long
term observational data on the costs incurred by patients
selected for anti-TNF-α therapy, without forgetting that
the intensification of the drug is one of the main drivers of the increased direct costs[16]. Our study confirmed
that the drug intensification rates had a significant im-

the multivariate analysis, only the type of disease (P =
0.02) and the need for infliximab dose intensification (P
= 0.008) were associated with increased drug costs.
Safety
Twenty-five patients experienced a total of 42 adverse
events during the whole follow-up period. Five adverse
events were classified as severe: 2 herpes zoster, 1 severe
delayed hypersensitivity reaction, 1 viral meningitis and
1 leishmaniosis. Six adverse events led to the discontinuation of infliximab: 1 herpes zoster, 1 severe delayed
hypersensitivity reaction, 1 viral meningitis and 3 acute
infusion reactions. Two of the severe adverse events that
led to discontinuation occurred in patients with intensified doses.

DISCUSSION
This study compares for the first time the need for infliximab dose intensification between patients with UC
and CD in the same clinical setting. Our study also provides an updated comparison of the drug administration
costs between cohorts, which is necessary in understanding the economic burden of inflammatory bowel disease. Infliximab is a chimeric IgG1 monoclonal antibody
with a high affinity for TNF-α, which is an important
cytokine in the pathogenesis of inflammatory bowel disease[14]. The validity of using TNF-α as a therapeutic target has been demonstrated in randomized clinical trials
with infliximab in both the induction and maintenance
setting of luminal[2] and fistulising CD[3] and in UC[5].
Despite the proven efficacy of infliximab in the
maintenance setting, loss of response is a real problem.
Gisbert et al[11] reviewed 16 studies that assessed loss
of response in CD. For follow-up durations of between
5 and 72 mo, the loss of response ranged from 11% to
54%. The authors calculated that the annual risk of loss
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pact on infiximab administration costs. The infiximab
administration costs were higher in patients with UC,
and this was related to the increased need for drug intensification in this cohort of patients.
We observe a higher rate of dose intensification per
patient-month in patients with UC, and this dose intensification is also required earlier than in patients with CD.
Although it could be argued that the size of the cohort
and follow-up are limited, we have compared more than
400 and 1100 mo of follow-up for patients with UC and
CD, respectively, resulting in highly significant differences in the primary endpoints. In addition the differences
were established very early in time, and do not seem
reasonable that it would change with longer follow-ups.
Loss of response to infliximab and other anti-TNF-α
agents in CD is generally thought to arise because of the
immunogenic nature of these drugs. For example, in a
paediatric study, 22% of responders at the end of followup had developed anti-infliximab antibodies compared
to 75% of children who had lost response[17]. In patients
with UC, repeated administration may lead to the development of anti-infliximab antibodies over time, inducing
a drop in infliximab trough serum levels and hence the
need for dose intensification[9]. Arias et al[10] showed that
patients with UC who displayed low infliximab trough
levels demonstrated shorter time to dose intensification.
However, in our study, the Kaplan-Meier curve of time
to intensification (Figure 1) clearly shows that a proportion of patients with UC require dose intensification
earlier in follow-up than is the case for Crohn’s patients.
This is a reflection that more patients with UC need
infliximab dose intensification at the start of the maintenance period. It may be that UC, which is a different
disease entity, may require higher doses of infliximab for
an initial control of the disease. Seow et al[9] described a
high proportion of patients with UC with absent trough
levels of infliximab that contrast with other studies in
CD. They suggested that the explanation could be a
more rapid clearance of infliximab in UC patients.
Several reasons might explain the reported high rates
of infliximab dose intensification in patients with UC.
First, such an approach in CD patients has been shown
to be effective, while administration every 8 wk of the
10 mg/kg has been shown to have an equivalent safety
profile compared to the lower dose, both in CD[2-4] and
UC[6]. Second, in a subset of patients with UC, infliximab could be used as a last resort to avoid the need
for colectomy. In a subanalysis of pooled data from the
ACT1 and ACT2 trials, there was a significant difference
between the 10 mg/kg dose group and placebo in terms
of reduced need for colectomy but not for the 5 mg/kg
dose group[18]. Third, when the study was performed, infliximab was the only anti-TNF agent approved for use
in UC. In clinical practice, adalimumab has only been
used as an alternative treatment in UC after discontinuation of infliximab due to an adverse effect or after loss
of response despite intensification[19]. Cyclosporine is
also useful when used as rescue therapy in acute severe
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steroid-refractory UC, but patients need to be hospitalized[20,21]. Interestingly, a recent survey of clinical practice
showed that not only adult gastroenterologist but also
paediatric gastroenterologist who prescribed infliximab
considered that intensified doses of infliximab have a
recognized role and perceived benefit in the treatment
of some paediatric UC patients[22].
The study is subject to a number of limitations. First,
this was a retrospective study. However, the data were
collected prospectively by the same two inflammatory
bowel disease specialists according to the infliximab
treatment protocol. Another limitation of the study
was the discretional criteria used to decide infliximab
dose intensification. In the ACCENT 1 study the loss
of response was defined by an increase in CDAI for
patients with CD[4]. In the ULTRA 1 study the need for
adalimumab dose intensification in patients with UC was
defined according to the Partial Mayo Score values[23].
Therefore in clinical trials the definition of loss of response or inadequate response during the maintenance
phase has been based on clinical activity indexes, and
not on c-reactive protein values nor on endoscopic assessment. In our study, the physician global assessment,
supported by the Harvey-Bradshaw score or the Partial
Mayo Score, was used to guide the decision to intensify
the infliximab dose. This assessment is subject to potential bias. CRP values were also taken into account in the
final decision. In conclusion, in contrast to the case in
clinical trials, the decision to escalate the dose of infliximab is based on “real life” clinical practice.
Another weakness of the study is that, in our clinical practice, infliximab trough serum levels and antiinfliximab antibodies titres are not usually determined.
Such information could be useful for explaining the differences in the need for infliximab dose intensification
between the two diseases, and also to understand the
possible role of combination therapy in the reduction of
anti-infliximab immunogenicity[24]. Genetic test were not
available in our study. Genetic polymorphisms may contribute to predict efficacy of infliximab[25,26].
As regards the adverse effects profile, our results are
similar to those of large controlled series in patients with
CD or UC treated with infliximab[2,3,6].
In conclusion, in clinical practice, the rate of patientmonths of treatment with need for infliximab dose
intensification was higher in patients with UC compared
to patients with CD. Patients with UC required intensification of infliximab dosing earlier and infliximab
intensification-free survival was also lower in these patients. The infiximab administration costs were higher in
patients with UC. Our data provide a rational basis for
economic planning in patients with inflammatory bowel
disease selected for anti-TNF-α therapy.
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RESULTS: Median HBsAg titers were different in each
phase of CHB (P < 0.001): IT (4.85 log10 IU/mL), IC
(4.36 log10 IU/mL), ENH (2.95 log10 IU/mL), LR (3.18
log10 IU/mL) and LC (2.69 log10 IU/mL). HBsAg titers
were highest in the IT phase and lowest in the LC
phase. Serum HBsAg titers showed a strong correlation with HBV viral load in the IC phase (r = 0.683, P <
0.001). No correlation between serum HBsAg level and
ALT/AST was observed.
CONCLUSION: The mean baseline HBsAg levels differ
significantly during the five phases of CHB, providing
evidence on the natural history of HBV infection. HBsAg quantification may predict the effects of immunemodulator or oral nucleos(t)ide analogue therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B surface antigen quantification;
Chronic hepatitis B; Natural history; Perspective
Core tip: The quantification of serum hepatitis B surface antigen (HBsAg) has been recently advocated
as a favorable marker of disease activity in chronic
hepatitis B (CHB). Knowledge of HBsAg in the natural history of chronic hepatitis B is important for the
management of the disease, but there is a lack of
corresponding data on the base level of HBsAg in the
natural history of CHB in China. Hence, the aim of
this cross-sectional study was to evaluate the levels
of HBsAg in consecutive phases of the natural history
of hepatitis B virus-infection without the influence of
antiviral treatment before, including the patients’ progression to liver cirrhosis.

Abstract
AIM: To determine the baseline hepatitis B surface
antigen (HBsAg) levels during the different phases of
chronic hepatitis B (CHB) patients in China.
METHODS: Six hundred and twenty-three hepatitis
B virus or un-infected patients not receiving antiviral
therapy were analyzed in a cross-sectional study. The
CHB patients were classified into five phases: immunetolerant (IT, n = 108), immune-clearance (IC, n =
161), hepatitis B e antigen negative hepatitis (ENH, n
= 149), low-replicative (LR, n = 135), and liver cirrhosis (LC, n = 70). HBsAg was quantified (Abbott ARCHITECT assay) and correlated with hepatitis B virus (HBV)
DNA, and serum alanine aminotransferase/aspartate
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B: A Chinese perspective study. World J Gastroenterol 2014;
20(27): 9178-9184 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i27/9178.htm DOI: http://dx.doi.
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Table 1 Definitions of phases of persistent hepatitis B virus
infection
Phase HBV-DNA (IU/mL) HBeAg status ALT (U/L)
IT
IC
ENH
LR
LC

INTRODUCTION

+
+
+/-

≤ ULN
≥ 2ULN
≥ 2ULN
≤ ULN

Any

Liver imaging
No cirrhosis
No cirrhosis
No cirrhosis
No cirrhosis
Cirrhosis

IT: Immune tolerance phase; IC: Immune clearance phase; ENH: HBeAg(-)
hepatitis; LR: Low-replicative; LC: Liver cirrhosis induced by hepatitis B
virus; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; ULN: Upper
limit of normal; “+”: Positive; “-”: Negative.

The liver and peripheral blood of patients with chronic
hepatitis B (CHB) contains large amounts of viral proteins, especially hepatitis B virus (HBV) surface antigens[1]. Detection of hepatitis B surface antigen (HBsAg)
in serum is a fundamental diagnostic marker of HBV
infection[2]. During the natural history of HBV infection
and during antiviral therapy, the level of HBsAg in CHB
changes over time, and the loss of HBsAg and the development of anti-HBs antibodies (HBsAg-seroconversion)
are the ultimate goals of anti-HBV therapy, as they are
believed to represent successful immunological control
of active HBV replication[3-6].
The quantification of serum HBsAg has recently
been advocated as a reliable marker of disease activity in
CHB[7-11]. Knowledge of HBsAg in the natural history of
CHB is important for disease management. The natural
history of CHB has five phases: immune-tolerant (IT),
immune-clearance (IC), non/low-replicative (LR), hepatitis B e antigen negative hepatitis (ENH) and liver cirrhosis (LC). These phases may not occur in all patients
or sequentially[3]. As the natural course of HBV infection
proceeds, liver histology may progressively worsen and
some patients with CHB develop liver failure or hepatocellular carcinoma (HCC)[12,13].
Despite the usefulness of HBsAg quantification as
a predictor for CHB, there is a lack of corresponding
data on the baseline level of HBsAg during the natural
history of CHB in China. Hence, the aim of this crosssectional study was to evaluate the levels of HBsAg in
the consecutive phases of HBV infection in patients not
receiving antiviral therapy, and the patients’ progress to
liver cirrhosis.

immune disorders and metabolic liver disease were negative. Patients with HCC and end-stage liver diseases were
excluded. All useful indicators including patient age, biochemical parameters, and serum HBsAg and HBeAg levels were determined. HBV DNA levels in these patients
were obtained when the serum samples were collected.
The patients were categorized into the five phases of
CHB: immune-tolerant (IT, n = 108), immune-clearance
(IC, n = 161), HBeAg negative hepatitis (ENH, n = 149),
low-replicative (LR, n = 135), and liver cirrhosis (LC, n =
70), which were diagnosed based on clinical manifestations or pathology. The classification of these patients
was based on the 2012 European Association for the
Study of the Liver (EASL), Clinical Practice Guidelinesmanagement of chronic hepatitis B in Asia-Pacific and
the 2010 Chinese Clinical Practice Guidelines of chronic
hepatitis B[3,14,15] (Table 1).
The study protocol, which conformed to the guidelines of the Declaration of Helsinki, was approved by
the Ethics Review Committee of the First Affiliated
Hospital of Zhejiang University School of Medicine.
Serum HBsAg quantification
Serum HBsAg levels were quantified using the Abbott
ARCHITECT assay (Abbott Diagnostics, Germany)
following the manufacturers’ instructions. The dynamic
range was 0.05-250 IU/mL. Samples were diluted 1:500
or 1:1000 using ARCHITECT HBsAg Manual Diluent
(Abbott Diagnostics) if > 250 IU/mL.

MATERIALS AND METHODS

HBV DNA measurement
Serum HBV DNA was quantified by the Determination
Kit for hepatitis B virus DNA (Life River, China) with a
detection range of 5 × 102 IU/mL-108 IU/mL for samples with HBV DNA > 108 IU/mL, and the HBV DNA
assay was repeated after a dilution of 1:1000.

Patients
Six hundred and twenty-three patients with HBV infection, not receiving antiviral therapy, from the First
Affiliated Hospital of Zhejiang University School of
Medicine (Hangzhou, China) were included in this crosssectional study. Two hundred and seventy-nine patients
were hepatitis B e antigen (HBeAg)(+) and 344 were
HBeAg(-). There were 456 males and 167 females with a
median age of 34 years (range: 18-65 years).
None of the patients were co-infected with hepatitis
A virus, hepatitis C virus, hepatitis delta virus, hepatitis
E virus or human immunodeficiency virus. Markers
such as ceruloplasmin, anti-nuclear antibodies and antimitochondrial antibodies for possible co-existing auto-

WJG|www.wjgnet.com

> 107
> 2000
> 2000
< 2000
Any

HBV genotyping
The HBV genotypes were determined using sequence
detection via PCR. All products were directly sequenced
with a HBV Genotype Real Time PCR Kit (ZJ Bio-Tech,
Shanghai, China) and run on a MegaBACE 500 according to the manufacturer’s instructions. HBV genome sequence analysis software was used to analyze the results.
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Table 2 Baseline population characteristics
Immune tolerant
HBeAg status
Sex M/F
Age (yr)
ALT (U/L)
AST (U/L)
HBsAg (log10 IU/mL)
HBV DNA (log10 IU/mL)
Genotype
B/C

Positive
60/48
26 (18-44)
25 (9-40)
20 (6-36)
4.85 (3.97-5.15)
8.50 (7.12-9.49)
60/48

Immune clearance

HBeAg negative hepatitis

Positive
127/34
29 (18-45)
188 (80-1322)
100 (7-1063)
4.36 (3.08-5.25)
7.93 (3.93-9.23)

Negative
124/25
41 (22-60)
40 (80-3755)
228 (20-2136)
2.95 (0.82-4.89)
5.73 (3.3-9.28)

83/78

86/62

Low replicative
Negative
95/40
39 (22-65)
23 (17-39)
14 (9-38)
3.18 (2.53-3.60)
2.64 (2.18-3.30)
74/61

Liver cirrhosis

P value

Positive/negative
50/20
49 (26-65)
45 (9-341)
49 (10-302)
2.69 (2.20-4.04)
4.68 (3.28-8.75)

< 0.001
< 0.001
< 0.001
< 0.001
< 0.001
< 0.001

37/33

0.006

HBsAg: Hepatitis B s antigen; HBeAg: Hepatitis B e antigen; HBV: Hepatitis B virus; ALT: Alanine transaminase; AST: Aspartate aminotransferase.

Statistical analysis
Variables were compared between groups, using the
Mann-Whitney U and Fisher’s exact tests for univariate
comparisons, and the Kruskall-Wallis test and ANOVA
for multivariate comparisons. Pearson’s correlation coefficient (r) was used to describe the correlation between
two variables. Statistical analysis was performed using
SPSS 16.0 software.

phase (r = 0.683, P < 0.0001), a modest correlation in
the ENH (r = 0.342, P = 0.001) and IT (r = 0.287, P
= 0.003) phases, but a poor correlation between serum
HBsAg titers and serum HBV DNA in the LR (r = 0.156,
P = 0.071) and LC (r = 0.177, P = 0.143) phases.
The ratio of HBsAg (log10 IU/mL) to HBV DNA in
each phase of CHB was also determined (Figure 2). The
HBsAg/HBV DNA ratio was significantly higher in the
LR phase compared to the IT, IC, ENH and LC phases
(1.17 vs 0.56, 0.56, 0.54 and 0.57, respectively, P < 0.001).
All patients were genotype B or C. In both viral genotypes, median HBsAg titers were also different among
the five phases of CHB, however, there was no difference in the median HBsAg titers between genotype B
and C in all five phases.

RESULTS
All patients with HBV infection were enrolled in the
study from January 2012 to January 2013 and were classified into the five phases of CHB: IT (n = 108), IC (n
= 161), ENH (n = 149), LR (n = 135) and LC (n = 70).
More male patients (73.2%) than female patients were
enrolled into this cohort study. HBeAg(+) patients were
significantly younger than HBeAg(-) patients (P < 0.001),
and the patients in the IT phase were younger than
those in the IC phase (P = 0.035), while the patients in
the LC phase were older than those in the LR and ENH
phases (P < 0.001). There were no significant differences
between the LR and ENH phase with regard to patient
age (P = 0.584). A detailed description of the patients is
shown in Table 2.

Correlation between HBsAg titers and clinical
parameters
Serum HBsAg was not associated with ALT and AST
levels in any of the phases of persistent CHB (Table 3).
No significant correlations between serum HBsAg levels
and gender, INR, serum bilirubin, albumin, sodium or
cholinesterase levels were observed. Quantification of
serum HBsAg was not associated with age (Table 3).

DISCUSSION

Distribution of serum HBsAg levels
Serum HBsAg levels were widely distributed, and there
were significant differences in serum HBsAg levels between the HBV infected patients in the different phases.
The highest HBsAg level among the five phases was
found in the IT group (median 4.85 log10 IU/mL), followed by the IC group with a median HBsAg level of
4.36 log10 IU/mL, a moderate HBsAg level was found in
the ENH (2.95 log10 IU/mL) and LR groups (3.18 log10
IU/mL), and the lowest level was observed in the LC
group (2.69 log10 IU/mL) (Table 2 and Figure 1A). The
median HBsAg level in HBeAg(+) patients was significantly higher than that in HBeAg(-) patients.

This study aimed to determine baseline HBsAg levels
during the different phases of CHB infection in a Chinese cohort. Both serum HBsAg levels and HBsAg/HBV
DNA ratios were obviously different during the five
phases of CHB. This finding was previously clearly demonstrated by Jaroszewicz et al[16] in a European cohort, by
Nguyen et al[17] in an Asian cohort and by Ramachandran
et al[18] in an Indian cohort. However, the present study is
the largest to characterize HBsAg levels in the different
phases of CHB infection.
Our results showed that median HBsAg titer was
highest in the IT phase (4.85 log10 IU/mL) followed
by the IC phase (4.36 log10 IU/mL), and both of these
phases were HBeAg positive. As indicated in Table 3,
HBsAg titers were higher in the HBeAg positive phase
compared with the HBeAg negative phase, including the
ENH (2.95 log10 IU/mL) and LR (3.18 log10 IU/mL)

Correlation between HBsAg titers and HBV DNA
The correlations between serum HBsAg titers and serum HBV DNA in each phase of CHB are shown in
Figure 1B-F. There was a strong correlation in the IC
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A

B

P < 0.001

10

P = 0.041

P < 0.001

6

HBV DNA log10 IU/mL

HBsAg log10 IU/mL

P < 0.001
4

2

0

IT

IC

C

ENH
Phase of CHB

LR

9

8

7

6

LC

8

8
HBV DNA log10 IU/mL

10

6
4

r = 0.683
P < 0.001

2

2

3

E

4
Serum HBsAg log10 IU/mL

3.5

4.0

5

4

r = 0.342
P < 0.001

2

0

2
4
Serum HBsAg log10 IU/mL

F

Low replicative
3.5

5.5

6

0

6

4.5
5.0
Serum HBsAg log10 IU/mL
HBeAg negative hepatitis

10

0

r = 0.287
P = 0.003

D

Immune clearance

HBV DNA log10 IU/mL

Immune tolerant

6

Liver cirrhosis
10

HBV DNA log10 IU/mL

HBV DNA log10 IU/mL

8
3.0

2.5

r = 0.156
P = 0.071
2.0

2.0

2.5

3.0
3.5
Serum HBsAg log10 IU/mL

4.0

4.5

6
4

r = 0.177
P = 0.143

2
0

0

1

2
3
Serum HBsAg log10 IU/mL

4

6

Figure 1 Distribution of hepatitis B surface antigen titers during natural history of chronic hepatitis B and correlation between serum hepatitis B surface
antigen titers and hepatitis B virus DNA in different phases of chronic hepatitis B. A: Median values with 95% confidence interval; B-D: The ratio of serum hepatitis B surface antigen (HBsAg) to hepatitis B virus (HBV) DNA levels in the five phases of chronic hepatitis B (CHB). Dots represent individual values, bars 95%CI of
median, and numbers are median values.

phases. The lowest HBsAg titers were observed in the
LC phase (2.69 log10 IU/mL). All patients were genotype
B or C. In both viral genotypes, the median HBsAg titers
were also different among the five phases of CHB; however, there were no differences in median HBsAg titers
between genotype B and C in all five phases.
Quantification of HBsAg was introduced more than
20 years ago, but has only recently been significantly

WJG|www.wjgnet.com

improved by new automated quantitative assays. Several
studies have suggested that quantitative HBsAg is an effective tool for identifying patients who are candidates
for therapy, and for monitoring response to pegylated
interferon (Peg-IFN), telbivudine and entecavir treatment, and HBV DNA levels[8,19-21]. Our results demonstrated that there was a positive correlation between
serum HBsAg and serum HBV DNA levels in the IC
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Table 3 Correlation between hepatitis B s antigen and laboratory parameters in different phases

Age
HBV-DNA (log10 IU/mL)
ALT (U/L)
AST (U/L)

IT (n = 108)

IC (n = 161)

LR (n = 135)

LC (n = 70)

r

P value

r

P value

ENH (n = 149)

r

P value

r

P value

r

P value

0.153
0.287
-0.119
0.060

0.144
0.003
0.107
0.535

0.025
0.683
-0.102
-0.072

0.757
< 0.001
0.198
0.161

-0.053
0.342
0.102
0.034

0.519
< 0.001
0.215
0.681

-0.102
0.156
-0.057
-0.011

0.319
0.071
0.422
0.880

0.254
0.177
-0.093
-0.082

0.134
0.143
0.445
0.499

HBV: Hepatitis B virus; IT: Immune tolerance phase; IC: Immune clearance phase; ENH: Hepatitis B e antigen negative hepatitis; LR: Low-replicative; LC:
Liver cirrhosis induced by HBV.

HBsAg/HBVDNA log10 IU/mL

2.0

less. This is very important in a developing country, such
as China. However, the usefulness of serum HBsAg
levels as a substitute for both cccDNA and serum HBV
DNA needs to be further elucidated, as studies have
indicated a poor correlation with cccDNA[25], and only a
positive correlation with HBV DNA in HBeAg positive
CHB[26].
Our results also indicated that the levels of HBsAg
were lowest in the LC phase, representing long-term
immune clearance of HBV infection. A possible mechanism for this may be long-term vigorous immune action,
but not complete clearance of HBV in the LC phase.
Another possible explanation is a reduction in healthy
hepatocytes which can synthesize HBsAg, due to liver
fibrosis.
This was a cross-sectional study. A longitudinal study
designed to follow the different phases of HBV infection
is required. However, HBV infection is a progressive disease in most phases, such as the IC, ENH and LC phases.
On the other hand, according to recent guidelines, CHB
patients in the IC, ENH and LC phases should receive
antiviral treatment. Therefore, it is very difficult to design
a longitudinal follow-up study to evaluate HBsAg levels
in different phases of HBV infection.
In conclusion, this Chinese cohort study demonstrated that (i) HBsAg titers are different in the five phases
of HBV infection; HBsAg levels are highest in the IT
phase and lowest in the LC phase; HBsAg shows a
strong correlation with HBV DNA in the IC phase; and
there were no differences in the median HBsAg titers
between genotype B and C in all five phases. Our findings have provided evidence of the pathophysiology and
natural history of hepatitis B infection. Future longitudinal studies should be conducted to confirm these results.

P < 0.001

1.5

1.0

0.5

0.0

0.56

0.56

0.54

1.17

0.57

IT

IC

ENH

LR

LC

Figure 2 Ratio of hepatitis B surface antigen and hepatitis B virus DNA in
each phase of chronic hepatitis B. Median values with 95% confidence interval (of median) are shown. IT: Immune-tolerant; IC: Immune-clearance; ENH:
Hepatitis B e antigen negative hepatitis; LR: Low-replicative; LC: Liver cirrhosis;
HBsAg: Hepatitis B surface antigen; HBV: Hepatitis B virus.

phase, a modest correlation in the ENH and IT phases,
and a poor correlation between serum HBsAg titers and
serum HBV DNA in the LR and LC phases. In a recent
study by Nguyen et al[17], Asian patients with HBV infection also showed a strong correlation between HBsAg
levels and HBV DNA during the IC phase. In agreement with the results of Nguyen et al[17], our study also
indicated that the serum HBsAg/HBV DNA ratio was
significantly higher in the LR phase compared with the
IT, IC, ENH and LC phases (1.17 vs 0.56, 0.56, 0.54 and
0.57, respectively, P < 0.001). The reason why HBsAg
levels and HBV DNA titers appear unrelated in different
stages of HBV infection is unclear. A possible explanation may be that HBsAg production far exceeds that
required for the production of virions and is secreted
in the form of noninfectious particles. Commercially
available HBsAg quantification methods may detect all
forms of HBsAg; however, the clinical significance of
the different HBsAg forms and their ratios is unknown.
Another possible explanation is that the S gene of HBV
may integrate into host genome in CHB patients.
Several studies have suggested that there is a relationship between serum HBsAg titers and intrahepatic
markers of HBV infection, such as covalently closed circular DNA (cccDNA) and intrahepatic HBV DNA[22-24].
Compared to both serum HBV DNA and intrahepatic
cccDNA, the costs for determining serum HBsAg are
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The quantification of serum hepatitis B surface antigen (HBsAg) has recently
been advocated as a reliable marker of disease activity in chronic hepatitis
B (CHB). Knowledge of HBsAg in the natural history of chronic hepatitis B is
important for disease management. Despite the usefulness of HBsAg quantification as a predictor for CHB, there is a lack of corresponding data on the
baseline level of HBsAg during the nature history of CHB in China.

Research frontiers

As the natural course of hepatitis B virus (HBV) infection proceeds, liver histology may progressively worsen and some patients with CHB may develop liver
failure or hepatocellular carcinoma. Furthermore, serum HBsAg levels are
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strongly correlated with intrahepatic HBV DNA and covalently closed circular
DNA (cccDNA); cccDNA is superior to serum HBV DNA as a predictor of the
sustained response to antiviral therapy.

Innovations and breakthroughs

Quantification of serum HBsAg helps in the management of patients with chronic HBV infection. Median HBsAg levels differ significantly during the natural
history of HBV infection, progressively declining from immune tolerance to the
inactive phase. The combination of HBsAg < 1000 IU/mL and HBV DNA < 2000
IU/mL at a single time point accurately identifies true inactive carriers. During
antiviral treatment, HBsAg levels decline more rapidly in patients treated with
pegylated interferon (Peg-IFN) than in those treated with nucleos(t)ide analogues, and in responders to Peg-IFN compared to non-responders, suggesting
that a response-guided therapy in both HBeAg-positive and -negative patients
treated with Peg-IFN could improve the cost-effectiveness of this therapeutic
approach. This is the first study to determine the baseline HBsAg levels during
each phase of the natural history of chronic hepatitis B.
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12
13
14

Applications

15

As the population of hepatitis B carriers and CHB patients in China is approximately 1/3 to 1/2 of patients worldwide, baseline HBsAg quantification data
could be used for further cohort studies in China.

Peer review

This is a good clinical study in which the authors, for the first time, determine
the baseline HBsAg levels during each phase of the natural history of chronic
hepatitis B. The results of this study help further understand the pathophysiology and the natural history of hepatitis B infection.
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disease relapse between visits; need for rescue therapy
(biologic therapy, methotrexate, steroids); thiopurine
discontinuation, hospitalization or surgical intervention. A secondary outcome defined treatment failure as
a change from remission to moderate or severe (not
mild) in addition to the previously defined criteria.
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RESULTS: Sixty-five of 182 patients in the PIBDNet
registry met criteria for inclusion in this study. Fortyfive of 65 (69%) of included patients achieved remission within 180 d of thiopurine initiation. For the
primary outcome, 47% and 23% of patients remained
in SFR at 6 and 12 mo. The mean thiopurine dose at
initiation for the 65 included patients was 0.89 ± 0.31
mg/kg per day. Metabolite levels were obtained in 48%
(31/65) of the included patients with a mean 6TG level
8
of 258 pmole/8 × 10 RBC ± 147. For the secondary
outcome, 65% and 42% of patients remained in SFR
at 6 and 12 mo.
CONCLUSION: Thiopurines were less effective in maintaining remission for pediatric CD in this “real world”
cohort than has been previously described. Variation
in thiopurine dosing and metabolite measurement was
found among practitioners.

Abstract
AIM: To evaluate the effectiveness of thiopurines in
maintaining steroid-free remission in routine clinical
practice.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Pediatric; Remission; Thiopurines; Mercaptopurine

METHODS: The multi-center Pediatric Inflammatory
Bowel Disease Network (PIBDNet) cohort study prospectively collected data on thiopurine naïve patients
initiating mercaptopurine (6MP) or azathioprine. Patients with a diagnosis of Crohn’s disease (CD) were
included in our study upon entering remission as determined by physician global assessment (PGA) within
365 d of initiation of thiopurines. The primary outcome
of the study was maintenance of steroid-free remission
(SFR) at each follow up visit. Patients were considered
treatment failures if there had been a change in PGA
from remission to mild, moderate or severe disease;
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Core tip: This manuscript describes the real world effectiveness of thiopurines in maintaining remission for
pediatric Crohn’s disease. The outcomes differ in comparison to the initially published randomized controlled
trial for pediatric Crohn’s but are similar to more recently published studies evaluating the effectiveness of
thiopurines. The study evaluates data from a pediatric
inflammatory bowel disease registry and is representative of real world clinical care. Varitation in practitioner
approach to thiopurine dosage and metabolite mea-
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Participating practitioners included pediatric gastroenterologists from both university and private practice settings of
various sizes[19]. Evaluation of data from patients enrolled
from 2004-2008 was performed. Enrolled patients were
aged 1-17 years with a diagnosis of CD. Data was collected
and recorded at initiation and each subsequent follow up
visit. Disease activity was assessed by physician global assessment (PGA) at the time of the visit and categorized as
inactive (remission), mild, moderate, or severe disease.
All patient management decisions were determined
by each practitioner rather than a standardized protocol. Variations in practice approach among practitioners
included thiopurine dosage, decisions about continuing
thiopurines, timing or need to obtain 6MP metabolite
levels, need for additional medications, and frequency of
follow up visits.
Patients were included in this analysis if clinical remission by PGA had been achieved within 70-365 d
from thiopurine initiation. This visit was considered
time zero for this analysis. We restricted this analysis to
patients achieving clinical remission between 70-365 d
in order to isolate the effect of thiopurine monotherapy.
Seventy days was chosen a priori with the expectation
that the therapeutic effect of thiopurines would not have
been achieved prior to 10 wk after initiation. Patients not
achieving remission by 365 d after thiopurine initiation
were considered non-responders and excluded.
Additional exclusion criteria for the primary analysis were: inadequate follow up data (< 70 d of follow
up after thiopurine initiation or no follow up visit after
achieving remission), current or previous treatment with
infliximab, methotrexate (MTX), cyclosporine, or tacrolimus, heterozygote or homozygote mutant TPMT status,
or patients who required surgical intervention prior to
entering remission.

surement was found. Implementation of a more standardized approach to use of thiopurines could impact
clinical outcomes.
Boyle BM, Kappelman MD, Colletti RB, Baldassano RN, Milov
DE, Crandall WV. Routine use of thiopurines in maintaining
remission in pediatric Crohn’s disease. World J Gastroenterol
2014; 20(27): 9185-9190 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i27/9185.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i27.9185

INTRODUCTION
The incidence of pediatric Crohn’s disease (CD) is increasing and nearly 25% of patients with inflammatory
bowel disease (IBD) present during childhood[1-3]. Thiopurines have been shown to be effective in the treatment
of children and adults with CD[4-6] and are associated
with a steroid sparing effect[7]. However, studies describing the effectiveness in maintaining steroid-free remission (SFR) with thiopurines have been inconsistent[6-13].
The efficacy of thiopurines was previously evaluated by
a randomized controlled trial (RCT) in pediatric patients
with moderate to severe CD. This study found that
greater than 90% of patients achieving clinical remission
remained in clinical remission for 18 mo[7]. Subsequent
retrospective pediatric studies have found thiopurines to
be less effective than the initial RCT[14,15], as has the more
recent SONIC trial performed in adults[16].
Variation in the delivery of chronic illness care and
its negative impact upon outcomes has been previously
described[17]. Evaluation of pediatric IBD registry data
identified significant variation between care centers in
the initial management of patients with CD including
the frequency of thiopurine use, thiopurine dosing, and
thiopurine methyl transferase (TPMT) measurement[18,19].
Efforts to reduce variation in pediatric IBD care using
quality improvement methods have led to improved patient outcomes[20].
The aim of our study was to examine maintenance
of SFR in patients who achieved clinical remission after
initiating thiopurine therapy. The multi-center Pediatric
Inflammatory Bowel Disease Network (PIBDNet) prospectively collected data on patients initiating thiopurine
therapy, thus presenting an opportunity to investigate
this research question using data from a large number of
diverse clinical practices and care approaches representative of real world clinical care.

Study outcomes
After entering remission, each subsequent visit was evaluated for maintenance of SFR or treatment failure. In our
primary analysis (analysis 1), treatment failure was defined
as a change in PGA from remission to mild, moderate or
severe; disease relapse recorded between visits; a need for
rescue therapy [MTX, infliximab, cyclosporine, tacrolimus, corticosteroids (CS)]; thiopurine discontinuation; or
hospitalization/surgical intervention after entering remission. Patients treated with CS upon entering remission
who remained on CS for an additional 30 d were also
considered treatment failures.
A secondary outcome considered a change in PGA
from remission to moderate or severe disease (but not
mild) as a treatment failure (analysis 2) in addition to the
previously defined criteria for treatment failure in the
primary analysis.
Exploratory analyses included patients with normal
or heterozygote TPMT status that met inclusion criteria
defined above. Primary and secondary outcomes for
this combined cohort were performed using the above
definitions for treatment failure to determine if TPMT

MATERIALS AND METHODS
Study subjects
The PIBDNet multi-center cohort study prospectively collected data from thiopurine naïve patients initiating mercaptopurine (6MP) or azathioprine (AZA) therapy. Fortyeight practice sites enrolled patients in the cohort study.
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SFR were performed for each analysis described above.
A comparison of demographic data for included and excluded patients was performed using chi-square testing
for discrete variables and student t-test for continuous
variables.

182 patients enrolled

117 patients excluded
41 - failed to achieve remission
40 - < 70 d of follow up or no follow up after entering remission
18 - heterozygote TPMT
16 - required surgical intervention, rescue medication or had
  missing data prior to entering remission
2 - discontinued thiopurines prior to entering remission

RESULTS
Demographics
One hundred eighty-two patients were enrolled in the
PIBDNet cohort. Sixty-five patients met inclusion criteria for this analysis. Reasons for exclusion are shown in
Figure 1. Demographic data including age, gender, disease duration, disease location, and disease activity at enrollment by PGA was similar for included and excluded
patients (Table 1).

65 patients included

Figure 1 Flowchart of patient inclusion for primary analysis. TPMT: Thiopurine methyl transferase.

Study outcomes
For the primary outcome, 47% of patients remained in
SFR 6 mo after achieving remission (Figure 2-analysis 1).
By 12 mo, 23% of patients remained in SFR. Forty-five
of the 65 patients achieved remission between 70-180 d
after thiopurine initiation. For this cohort, 51% and 28%
maintained remission at 6 and 12 mo.
Patients could have multiple reasons for treatment
failure. Thirty-eight patients had a change in PGA from
remission to active disease. Fourteen patients required
steroid therapy. Sixteen patients were lost to follow up
within 12 mo of study entry.
For the secondary outcome in which a PGA of mild
was not considered a reason for treatment failure, we
found that 65 % and 42 % of patients remained in SFR
at 6 and 12 mo (Figure 2-analysis 2). For the 45 patients
achieving remission between 70-180 d, 67% and 47%
maintained remission for this secondary outcome at 6
and 12 mo.
The exploratory analysis included the 65 patients
with normal TPMT status and 12 additional patients
with heterozygote TPMT status (total n = 77) and found
similar results: 45% and 26% of patients remained in
SFR for the primary outcome at 6 and 12 mo; 61% and
42% of patients remained in SFR for the secondary outcome at 6 and 12 mo.

Table 1 Demographics-primary analysis n (%)

Age (yr)
Gender
Male
Female
Disease duration
< 12 mo
> 12 mo
Race
Caucasian
Disease location
Upper
Ileal
Colonic
Thiopurine
6MP
AZA
PGA
Remission
Mild
Moderate
Severe
Mean initiation dosage
(mg/kg)
6TG level
(pmole/8 × 108 RBC)

Included
(n = 65)

Excluded
(n = 117)

P value

12.98 ± 2.8

13.4 ± 2.9

NS

39 (60.0)
26 (40.0)

65 (55.6)
52 (44.4)

NS

59 (90.7)
6 (9.2)

100 (85.5)
17 (14.5)

NS

52 (80.0)

102 (87.2)

NS

37 (56.9)
49 (75.4)
54 (83.1)

79 (67.5)
91 (77.9)
97 (82.9)

NS
NS
NS

42 (64.6)
23 (35.4)

87 (77.0)
26 (23.0)

NS

7 (10.8)
22 (33.8)
31 (47.7)
5 (7.7)

5 (4.4)
41 (36.3)
58 (51.3)
9 (8.0)

NS

1.06 ± 0.37
231 ± 161
(n = 55)

0.002
NS

0.89 ± 0.31
258 ± 147
(n = 31)

NS: No significant.

Dose
The mean dose in mg/kg per day (mean ± SD) at thiopurine initiation for the 65 included patients was 0.89
± 0.31 mg/kg per day compared to 1.06 ± 0.38 mg/kg
per day for the 117 excluded patients (P = 0.002). The
mean dose upon entering remission for the 65 included
patients was 1.09 ± 0.33 mg/kg per day.

status impacted maintenance of remission.
Dose
Thiopurine dosage in mg/kg per day was determined
at registry enrollment and upon entering remission and
was expressed as dose of 6MP. For patients treated with
AZA, a conversion factor of dose in mg/2.07[21] was
used to express medication dose as a 6MP equivalent.
Dosing and decisions to obtain 6MP metabolites levels
was determined by each practitioner and varied according to their clinical practice.

Metabolite levels
In total, 47% (86/182) of patients had metabolite levels
obtained. Thirty-one of the 65 included patients had
6TG levels [pmole/8 × 108 red blood cells (RBC)] obtained with an mean level of 258 pmole/8 × 108 RBC ±
147 [median 238 (range: 25-746)]. Of the 117 patients
excluded from study entry, 55 patients had 6TG levels

Statistical analysis
Kaplan Meier survival curves evaluating maintenance of
WJG|www.wjgnet.com
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Cummulative survival

1.00

63 patients aged 15-65 years found that 42% of patients
receiving thiopurines vs 7% receiving placebo remained
in remission 15 mo after thiopurine initiation[5].
For our study, variation in practitioner practice patterns could have impacted outcomes. The mean dose at
thiopurine initiation for included patients was less than
recommended dosing (< 1.0 mg/kg per day) suggesting
the relative decreased SFR for this cohort could relate
to inadequate dosing rather than medication ineffectiveness. The use of quality improvement methods in
pediatric IBD to impact clinical outcomes by delivering
more consistent care, including with regard to thiopurine dosing, has been previously described[18]. Metabolite measurement for this cohort was also variable with
< 50% of included patients having metabolites obtained. This failure to optimize thiopurine dosing may
also have contributed to the reduced maintenance of
remission[23].
Additional limitations of our study common to all
studies utilizing registry data include patients lost to
follow-up and inability to account for missing data. Furthermore, the impact of medication adherence upon
outcomes was not captured and therefore could not be
evaluated. Previous studies evaluating adherence in pediatric IBD have found that nearly 40% of thiopurine
doses may be missed[24,25]. The use of PGA as our study
outcome also allowed for variation in practitioner assessment of clinical remission vs active disease. Finally,
the number of patients who met inclusion criteria was
somewhat limited.
However, despite the limitations described, it is recognized that variable thiopurine dosing, metabolite measurement by practitioners, and imperfect adherence by
patients is a clinical reality. Thus, we believe that our results reflect clinical effectiveness of thiopurines in actual
practice. A more structured approach to care, including
more consistent thiopurine dosing and potentially metabolite testing may improve clinical outcomes.
In conclusion, the use of thiopurines by practicing
clinicians was effective for some pediatric patients with
CD in maintaining clinical remission. However, treatment failure within 12 mo of achieving remission was
common for this cohort of patients. A more consistent
approach to thiopurine dosing and metabolite measurement may improve clinical outcomes.

Analysis = 1
Analysis = 2

0.75
0.50
0.25
0.00
0

200

400

600

800

t /d

Figure 2 Kaplan Meier curves evaluating maintenance of remission.

with a mean of 231 pmole/8 × 108 RBC ± 161 [median
195 (range: 29-965)]. This difference between included
and excluded patients was not significant (P = 0.2).

DISCUSSION
Thiopurines are commonly used therapies for adult and
pediatric patients with CD, having been shown to be
effective for maintaining remission and providing a steroid sparing effect. Our multi-center prospective study
evaluating patients from diverse centers throughout
the United States found that 47% and 23% of patients
maintained SFR at 6 and 12 mo; 65% and 42 % of patients remained steroid free with a PGA of either remission or mild disease at 6 and 12 mo respectively.
The effectiveness of thiopurines in maintaining remission in previous pediatric studies in CD has been
mixed. The RCT evaluating children with moderate to
severe CD found greater than 90% of patients treated
with steroid therapy and 6MP at diagnosis maintained
disease remission through 18 mo[7]. Maintenance of remission in our study was comparatively reduced. Despite
differences in study design (RCT vs prospective cohort
study), methods of assessing disease activity (HarveyBradshaw index vs PGA), dosing variation and definition
of treatment failures between the studies, the differences
in study outcomes warrant further consideration.
Our findings expand upon a growing body of literature suggesting that the effectiveness of thiopurines
in routine clinical practice for pediatric CD is lower
than might have been predicted from the initial RCT. A
single-center, retrospective study found 60% and 40%
of pediatric patients with CD to maintain SFR at 6 and
12 mo. Another small pediatric study evaluating patients
with CD or UC treated with thiopurines found 30% SFR
at 6 mo[14,15].
The 2008 Cochrane review evaluating the maintenance of disease remission in adult patients with CD
found thiopurines to be effective in maintaining remission with higher doses of AZA appearing more effective than lower dosages[22]. The SONIC trial found that
steroid free clinical remission was achieved in only 30%
and 24% at 26 and 52 wk respectively for patients receiving thiopurine monotherapy[16]. Furthermore, a trial of
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Role of Notch signaling pathway in gastric cancer:
A meta-analysis of the literature
Xiao Du, Zhong Cheng, Yi-Han Wang, Zi-Heng Guo, Si-Qin Zhang, Jian-Kun Hu, Zong-Guang Zhou
expressed in diffuse type and poor differentiation type
of GC. DLL4 was significantly over-expressed in advanced T stage, N stage and TNM stage in GC patients.
However, the stratified analysis showed that there was
no statistically significant difference in Hes1 expression
between different subgroups. Sporadic reports showed
that Notch1 and Jagged1 were independent poor prognostic predictors in GC.
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CONCLUSION: The Notch signaling pathway plays an
important role in tumor progression of gastric cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This article quantitatively summarizes the
evidence for the association between Notch signaling
pathway and gastric cancer (GC) by meta-analysis,
and finds that Notch1 and Notch2 signaling pathways
have been activated in GC; increased expression of
Notch1 is associated with non-cardia location, > 5 cm
size, diffuse type, positive lymphovascular invasion
and distal metastasis; Notch1 and Jagged1 may be
independent poor prognostic predictors in GC. Notch
signaling may participate in tumor formation and progression of GC.

Abstract
AIM: To perform a meta-analysis to quantitatively summarize the evidence for the association between the
Notch signaling pathway and gastric cancer (GC).
METHODS: An electronic search of the MEDLINE, EMBASE and Chinese National Knowledge Infrastructure,
which contain articles published from 1966 onwards,
was conducted to select studies for this meta-analysis.

Du X, Cheng Z, Wang YH, Guo ZH, Zhang SQ, Hu JK, Zhou
ZG. role of Notch signaling pathway in gastric cancer: A
meta-analysis of the literature. World J Gastroenterol 2014;
20(27): 9191-9199 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i27/9191.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.9191

RESULTS: Fifteen studies with a total of 1547 gastric cancer cases and 450 controls were included in
this meta-analysis. Overall, the expression of Notch1,
Notch2, Delta-like 4 and Hes1 was significantly higher
in tumor tissues of GC compared to normal tissues.
Specifically, stratified analyses showed that significantly
increased expression of Notch1 was associated with
non-cardia location, > 5 cm size, diffuse type, positive
lymphovascular invasion and distal metastasis. Statistically significant higher expression of Notch3 was found
in diffuse type GC. Jagged1 was also significantly over-
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INTRODUCTION
Gastric cancer (GC) is one of the most fatal malignancies
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and the fourth most common cancer worldwide, although
its overall incidence is decreased in recent years[1]. 21600
new cases and 10990 new deaths of GC were estimated
to occur in 2013 in United States[2] and these rates might
double in Asian or Pacific Islanders due to the high rate
of chronic infection with Helicobacter pylori (H. pylori). Some
risk factors for this disease have been revealed, including
diet, H. pylori infection and genetic alterations[3,4]. However, so far, less is known about how GC exactly occurs,
although numerous investigations have been conducted.
The Notch signaling pathway plays a pivotal role in
self-renewal of stem cells and cell-fate determination of
progenitors[5]. In mammals, there are four Notch receptors (Notch 1-4) and five ligands, two of the Jagged family (Jagged1-2) and three of the Delta-like family (DLL1,
DLL3, DLL4)[6]. After binding of the receptors to their
ligands, the γ-secretase complex mediates the cleavage
of the transmembrane domain of the Notch receptor to
release the intracellular domain of the Notch receptor
(NICD). Then, NICD translocates into the nucleus and
works as a transcriptional coactivator, thus regulating the
expression of target genes, including the hairy enhancer
of split (Hes) and Hes-related (Hey) family[6].
Currently, a number of case-control studies have been
conducted to investigate the association between the
Notch signaling pathway and gastric cancer in humans.
However, the function of components of the Notch
pathway in GC is still controversial, because different
even opposite effects were indicated. To date, no quantitative summary of the evidence has ever been performed.
Therefore, we conduct this meta-analysis to quantitatively
summarize the evidence for the roles which the Notch
signaling pathway plays in GC.

articles have to provide information on: (1) any study
describing the association of at least one component
of the Notch signaling pathway with gastric cancer; (2)
any study reporting the numbers of both controls and
gastric cancer cases; (3) results expressed as odds ratio
(OR) with 95%CIs; and (4) case-control or nested casecontrol studies. Major reasons for exclusion of studies
were (1) no control; (2) duplicate; or (3) no usable data
reported.
Data extraction
All data were extracted independently by 2 investigators
(Du X and Cheng Z) according to the pre-specified selection criteria. Disagreement was resolved by the investigator (Hu JK), who participated in the discussion with them
and made an ultimate decision. The following data were
extracted: study design and period, statistical methods,
population, number of gastric cancer cases and controls
studied and results of studies.
Statistical analysis
Statistical analyses were performed using Reviewer
Manager Software (Version 5.1.7, The Nordic Cochrane
Centre, Cochrane Collaboration), which was provided by
Cochrane Collaboration. P < 0.05 was considered statistically significant. Meta-analysis was done using either the
random effects model or fixed effects model. Heterogeneity was checked by the χ 2 test. If the results of the trials had heterogeneity, the random effects model was used
for meta-analysis. The results were expressed as OR for
the categorical variables and 95%CI. In addition, we observed whether there was any publication bias by use of
the funnel plot, but tests for funnel plot asymmetry were
only used when there are at least ten studies included in
each meta-analysis.

MATERIALS AND METHODS
Literature search strategy
A search of the following electronic databases was performed: MEDLINE (1966 to December 2012), EMBASE (1980 to December 2012) and Chinese National
Knowledge Infrastructure (CNKI) (1979 to December
2012). The following key words or text words were used:
Notch or Notch intracellular domain or NICD or Delta
or Delta-like or DLL or Jagged or HES or Herp or Hey,
AND gastric or stomach or cardia or gastrointestinal,
AND adenocarcinoma or carcinoma or cancer or neoplasm or tumor or tumour. Only studies conducted on
human subjects were included, without restriction on
language. The reference lists of reviews and retrieved
articles were hand searched at the same time. We did not
consider abstracts or unpublished reports. If more than
one article was published by the same author using the
same case series, we selected the study with higher sample
size.

RESULTS
Study characteristics
A total of 522 articles in English and 32 in Chinese were
retrieved (Figure 1). After screening the title, reviewing
the abstract and reading the full-text articles, 15 cohort
studies were finally identified to match our inclusion criteria (shown in Supplementary data)[7-21]. Studies were carried out in China, Japan, South Korea and Italy. In those
15 studies which investigated the associations with gastric
cancer regarding components of the Notch signaling
pathway, 13 focused on acceptor Notch1[7-11,13-20], 4 on ligand Jagged1[9,16,17,20], 3 on target protein Hes1[9,13,14], and 2
on ligand DLL4[18,21]. Only 1 study focused on Notch2[13],
Notch3[9], Jagged2[9] and DLL1[16], respectively. Characteristics of the studies included in this meta-analysis are
presented in Table 1.
Quantitative data synthesis
Notch1: The combined results based on the included
studies showed that there was a significant difference in
Notch1 expression between GC tissue and normal tissue,

Inclusion and exclusion criteria
We reviewed abstracts of all citations and retrieved
studies. For inclusion in the meta-analysis, the identified
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s classification and histological differentiation, overall
meta-analysis showed that Jagged1 expression was significantly different between intestinal type GC (i-GC) and
diffuse type GC (d-GC) subgroups, well or moderate differentiation and poor or undifferentiated differentiation
subgroups in GC patients (Table 3).

554 related citations identified
and sceened
427 excluded
157 not English or Chinese languages
182 not human studies
88 not case-control studies

DLL4: The combined results based on all studies showed
that the expression of DLL4 was significantly higher in
cancer tissue of GC than in normal tissue (OR = 3.84,
95%CI: 2.52-5.83) (Figure 3B, Table 3). When stratifying
for T stage, N stage and TNM stage, overall meta-analysis
showed that DLL4 was significantly over-expressed in
advanced stage in GC patients. There was no significant
difference observed when stratifying for gender, age,
differentiation and distal metastasis in patients with GC
(Table 3).

127 abstract reviewed for
detailed evaluation
105 excluded
45 not human studies
60 not case-control studies
22 full-text articles reviewed for
detailed evaluation
7 excluded
4 duplicate data
2 No usable data
1 not for gastric cancer

Hes1: The combined results based on all studies showed
that there was a significant difference in Hes1 expression between GC tissue and normal tissue (OR = 14.31,
95%CI: 4.11-49.87) (Figure 3C, Table 3). When stratifying for gender, age, Lauren’s classification, histological
differentiation, T stage, N stage, distal metastasis and
TNM stage, we found no statistically significant difference between subgroups in patients with GC (Table 3).

15 articles included in analysis

Figure 1 Flow diagram of study identification, inclusion, and exclusion.

and Notch1 expression was significantly higher in GC
than in the control group (OR = 2.90, 95%CI: 2.07-4.07)
(Figure 2A).
When stratifying for gender in GC, we found that
there was not a statistically significant difference in
Notch1 expression between males and females (OR =
1.21, 95%CI: 0.92-1.59) (Table 2). Similar results were
also found in various stratified analyses of age (≤ 60
years vs > 60 years), histological differentiation (well/
moderate vs poor/undifferentiated), T stage (T1-2 vs
T3-4), N stage (N0 vs N1-3) and tumor node metastasis
(TNM) stage (stages Ⅰ -Ⅱ vs Ⅲ -Ⅳ ) (Table 2). When
stratifying by the location, tumor size, Lauren’s classification, lymphovascular invasion, and distal metastasis, we
observed statistically significant differences in Notch1
expression between these subgroups (Table 2).
Statistically significant heterogeneity was observed
among the included studies (χ 2 = 64.84, P < 0.00001, I2
= 89%) (Figure 2A). Test of publication bias was shown
by the funnel plot (Figure 2B). This is a scatter plot of
the OR estimated from individual studies plotted on the
horizontal axis (HOR), against the standard error of the
estimate shown on the vertical axis (SE (log[OR])). Most
of the studies analyzed lied within the 95% confidence
interval (Figure 2B). Review of funnel plots could not
rule out the potential for publication bias for the analysis.

Other components of Notch signaling pathway: There
were significant differences between gastric cancer tissue
and normal tissue in Notch2 expression (OR = 292.00,
95%CI: 23.75-3589.39) (Table 3). No difference in Notch2
expression was found between i-GC and d-GC, whereas
Notch3 expression was significantly higher in i-GC compared to d-GC. Jagged2 expression was also significantly
different among subgroups by Lauren’s classification and
T stage (Table 3).
Prognostic impact of Notch signaling pathway: A small
number of articles reported the prognostic significance of
the Notch signaling pathway in GC. Positive expression
of Notch1 or Jagged1 protein has been proven to be associated with poor prognosis, respectively[10,15,17], and both
were independent prognostic predictors in GC[10,17]. Kang
et al[9] showed that high mRNA expression of Notch3 and
Jagged2 was related to better survival outcome on univariate analysis, and only Notch3 expression was an independent marker of prognosis when using multivariate Cox’s
proportional hazard regression analysis.

DISCUSSION
Notch signaling is a key pathway in the self-renewal of
stem cells, cell fate determination and differentiation
during embryonic and postnatal development and adult
cell homeostasis. So far, the role of each Notch component, as an oncogene or a tumor suppressor, is still
controversial. Clearly, the function of Notch signaling is
context-dependent and could act both as an oncogene

Jagged1: The combined results based on all studies showed
that there was no significant difference in Jagged1 expression between gastric cancer tissue and normal tissue (OR
= 0.94, 95%CI: 0.00-254.96) (Figure 3A, Table 3). When
stratifying for gender, age, location, T stage, N stage and
TNM stage, no significant differences were among subgroups in patients with GC. When stratifying for Lauren’
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Table 1 Characteristics of studies included in the meta-analysis
Ref.

Study Detected target No. of cases No. of controls No. of cases No. of controls No. of cases No. of controls
design
detected for detected for detected for detected for detected for detected for
Jagged1
Jagged1
Hes1
Hes1
Notch1
Notch1

Country

Ethnicity

Gou et al[7]
Huang et al[8]
Kang et al[9]

China
China
South
Korea

Asians
Asians
Asians

HCC
HCC
HCC

Li et al[10]
Liu et al[11]
Piazzi et al[12]
Sun et al[13]

China
China
Italy
China

Asians
Asians
Caucasians
Asians

HCC
HCC
HCC
HCC

Wang et al[14]

China

Asians

HCC

Yang et al[15]
Yang et al[16]

China
China

Asians
Asians

HCC
HCC

Yeh et al[17]

Taiwan,
China
China
China
China

Asians

HCC

Asians
Asians
Asians

HCC
HCC
HCC

Japan

Asians

HCC

Zhang et al[18]
Zhang et al[19]
Zhou et al[20]
Ishigami et al[21]

Notch1
Notch1
Notch1,
Notch3,
Jagged1,
Jagged2, Hes1
Notch1
Notch1
DLL1
Notch1,
Notch2, Hes1
Notch1, Hes1,
NICD
Notch1
Notch1,
Jagged1, DLL1
Notch1,
Jagged1
Notch1, DLL4
Notch1
Jagged1,
Notch1
DLL4

108
68
103

NC
28
NC

103

NC

103

NC

168
317
74

27
NC
10

74

10

-

-

72

16

72

16

-

-

135
63

27
63

-

-

63

63

90

NC

-

-

96

NC

45
54
60

25
54
NC

-

-

60

20

-

-

-

-

-

-

HCC: Hospital-based case-control; NC: No control; DLL: Delta-like; NICD: Intracellular domain of Notch.

Table 2 Meta-analysis of Notch1 and gastric cancer
Stratification of gastric cancer
Gender:
Male vs female
Age (yr):
≤ 60 vs > 60
Location:
Cardia vs noncardia
Tumor size:
≤ 5 cm vs > 5 cm
Lauren's classification:
Intestinal vs diffuse
Histological differentiation:
Well/moderate vs poor/undifferentiated
Lymphovascular invasion:
Negative vs positive
T stage:
T1-2 vs T3-4
N stage:
N0 vs N1-3
Distal metastasis:
Negative vs positive
TNM stage:
Stages Ⅰ-Ⅱ vs Ⅲ-Ⅳ

No. of participants

OR (95%CI)

Statistical method

P value

Ref.
[8-11,15,17-20]

1040

1.21 (0.92-1.59)

Fixed

0.18

9

607

1.36 (0.96-1.91)

Fixed

0.08

4[8,10,11,19]

589

0.62 (0.43-0.91)

Fixed

0.01a

5[8,11,17,19,20]

634

0.68 (0.49-0.94)

Fixed

0.02a

5[8,11,15,19,20]

680

1.45 (1.03-2.03)

Fixed

0.03a

5[9,11,13,15,17]

1220

1.42 (0.85-2.37)

Random

0.17

11[7-11,14,15,17-20]

258

0.49 (0.28-0.87)

Fixed

0.01a

2[10,17]

453

0.71 (0.24-2.09)

Random

0.54

5[7,10,14,18,20]

1220

1.07 (0.57-2.00)

Random

0.83

11[7-11,14,15,17-20]

285

0.33 (0.14-0.78)

Fixed

0.01a

3[10,14,18]

567

0.91 (0.53-1.57)

Random

0.74

7[8,9,14,15,17-19]

a

P < 0.05. TNM: Tumor node metastasis.

and gastrointestinal tract[30]. The multifaceted features of
Notch family members suggest the necessity to check
the activation patterns and potential roles of Notch
signaling in different tumor types without any initial impression. Researchers also focused on the relationship
between the Notch signaling pathway and gastric cancer,
and a rapidly growing number of related outcomes has

and as a tumor suppressor gene in tumorigenesis of different types of cancer[22,23]. For instance, Notch has an
oncogenic role in colorectal cancer[24], breast cancer[25],
lung cancer[26], and neuroblastoma[27]. On the contrary,
Notch acts as a tumor suppressor in squamous cell carcinoma of the skin[28] and cervical uterus[29], hepatocellular carcinoma and neuroendocrine tumors of the lung

WJG|www.wjgnet.com
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A

Study or subgroup
Huang 2009
Li 2007
Sun 2011
Wang 2012
Yang 2007
Yang 2009
Zhang 2010
Zhang 2012

Cancer tissue

Normal tissue

Events

Total

Events

54
104
34
18
80
23
28
20

68
168
74
72
135
63
45
54

5
7
0
3
3
3
7
41

Weight

Total
28
27
10
16
27
63
25
54

13.1%
13.6%
8.3%
12.5%
12.8%
12.7%
13.2%
13.7%

Total (95%CI)
679
250
100.0%
Total events
361
69
2
2
2
Heterogeneity: Tan = 2.86; c = 64.84, df = 7 (P < 0.00001); I = 89%
Test for overall effect: Z = 2.25 (P = 0.02)

B

Odds ratio

Odds ratio

M-H, Random, 95%CI

M-H, Random, 95%CI

17.74 [5.72, 55.02]
4.64 [1.86, 11.60]
17.89 [1.01, 316.50]
1.44 [0.37, 5.65]
11.64 [3.34, 40.55]
11.50 [3.24, 40.86]
4.24 [1.47, 12.23]
0.19 [0.08, 0.43]
4.29 [1.21, 15.24]
0.005
0.1
Cancer tissue

1

10
200
Normal tissue

0.0

SE (log[OR])

0.5

1.0

1.5

2.0

0.005

0.1

1

10

200

OR

Figure 2 Forest plot for the association between Notch1 and gastric cancer (A) and funnel plot for all studies included in this meta-analysis of Notch1 and
gastric cancer (B).

created but conclusions remain controversial[8,13,19]. For
example, Zhang et al[19] found that Notch1 expression
was decreased in gastric tumors compared to normal tissue, which was contrary to the traditional concept. Metaanalysis provides a quantitative approach for combining
the results of various studies on the same topic, and for
estimating and explaining their diversity.
In this meta-analysis, we searched all English and
Chinese articles focused on the role of Notch signaling
in GC. Surprisingly, only 1 paper was conducted in Caucasians, and others were all investigated in Asian countries. Geographical distribution imbalance of GC due
to the diverse infection rate of H. pylori may be one of
major reasons. Notch1 has been found to be expressed
in most GC cell lines as well as normal gastric mucosa[31],
but other data showed that no expression was detected
in normal gastric mucosa[13]. According to the results of
the current study, we found that Notch1 was expressed in
both gastric cancer tissues and normal mucosa, but significantly higher expression was seen in cancer tissues than
in normal tissues (OR = 2.90, p = 0.02), suggesting that
Notch1 is activated in GC. This is consistent with the
role of Notch1 as an oncogene in many solid malignancies. Thus far, mutated Notch1 has only been detected
in T-cell acute lymphoblastic leukemia, but not in other
common human cancers including GC[32]. More interestingly, Notch1 was found to be more preferably expressed

WJG|www.wjgnet.com

in intestinal metaplasia tissues and well-differentiated
intestinal type GC (i-GC), whereas four poorly or undifferentiated GC cell lines were negative for its expression.
Our meta-analysis also found that higher Notch1 expression was seen in i-GC, but no differences existed in relation to histological differentiation. Therefore, it is speculated that Notch1 itself, not mutated type, may play a role
in promoting metaplastic transition of gastric epithelial
cells to tumor cells. Moreover, GC patients with larger tumor size (> 5 cm), positive lymphovascular invasion and
distal metastasis had significantly higher expression rates
of Notch1 (Table 2), suggesting that Notch1 may also
participate in tumor progression and metastasis of GC.
Only one study considering Notch2 function was
included in this review. Notch2 has also been proven
to act as an oncogene in some types of cancers, and in
GC, Notch2 expression was rare in normal or inflammatory tissues, whereas in both i-GC and d-GC tissues the
positive rate could reach as high as 98.6% and 97.3%,
respectively[13]. Although some authors found that inhibition of the Notch2 pathway with γ-secretase antagonists
may not cause either growth arrest or death of GC cells,
this phenomenon may be a result of other signaling
pathways’ compensation in response to the suppressed
Notch signaling activity [13]. Conversely, other studies showed that activation of Notch2 signaling would
promote both cell proliferation and xenografted tumor
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0.76
-

-

-

0.60 (0.02-15.19)

-

-

-

-

-

9196

Jagged1

0.67

-

0.21

0.15

0.78 (0.42-1.42)

-

0.82 (0.44-1.50)

0.50 (0.03-8.54)

2.18 (1.23-3.86)

2.02 (1.11-3.69)

0.02a
0.09

0.63 (0.26-1.50)

1.19 (0.48-2.94)

0.94 (0.00-254.96)
1.26 (0.36-4.39)

OR (95%CI)

-

0.54

0.97

P value

Jagged2

0.41

-

0.51

0.60

0.03a

-

0.10

0.12

P value

1.32 (0.44-3.98)

-

3.70 (1.05-13.08)

0.62

-

0.04a
(T1 vs T2-4)
0.91 (0.23- 3.55)
0.89

1.36 (0.44-4.18)

< 0.0a
0.63

3.97 (1.17-13.46)

-

0.17 (0.02-1.40)

2.90 (0.76-11.02)

OR (95%CI)

0.02a

0.30

0.70

0.98
0.36

P value

DLL4

0.15 (0.03-0.80)

0.55 (0.10-3.00)

0.12 (0.06-0.23)

0.29 (0.16-0.54)

0.89 (0.52-1.54)

-

-

0.52 (0.13-2.16)

3.84 (2.52-5.83)
1.03 (0.57-1.86)

OR (95%CI)

Hes1
OR (95%CI)

1.76 (0.36-8.51)
0.70 (0.15-3.36)

0.03a

0.39 (0.04-4.38)

< 0.01a
0.49

1.72 (0.49-6.00)

1.78 (0.95-3.34)

1.71 (0.88-3.30)

-

1.13 (0.45-2.81)

< 0.01a

0.69

-

-

0.37

< 0.01a 14.31 (4.11-49.87)
0.93
1.05 (0.47-2.35)

P value

0.66

0.48

0.39
(T1 vs T2-4)
0.45

0.07

0.11

-

0.80

< 0.01a
0.90

P value

growth of GC cells[33]. More importantly, co-expression and nuclear co-translocation of Notch2 and target protein Hes1 were found to be more frequent than Notch1 both
in vivo and in vitro in GC[13], suggesting that Notch2 mediated signaling would be more important in GC carcinogenesis and progression.
Using qRT-PCR tests, Notch3, Jagged1 and Jagged2 expression were found to be increased significantly in tumors compared to normal tissue[9]. Our meta-analysis results
showed that overexpression of Notch3, Jagged1 and Jagged2 was associated with intestinal-type carcinomas (p < 0.05, Table 3). Moreover, Jagged1 expression has been correlated with aggressiveness of GC and poor survival rate[34]. Jagged2 was also found to be expressed significantly higher in early T stage, implying a possibility that Jagged2 may
participate in the initiation of tumorigenesis. Other two Notch ligands DLL1 and DLL4 have been found to be able to control Notch1 signaling activation in GC[35], and expression of DLL4 was associated with advanced T and TNM stages. However, the exact roles of Notch3, Jagged and DLL in gastric carcinogenesis remain unclear.
Hes family members are major downstream target genes in the network of Notch signaling pathway, thus, high expression of Hes partially reflects activation of Notch signaling. Hes1/4/6 were expressed in most GC cell lines as well as normal gastric mucosa, while Hes2/3 were expressed in neither these cell lines nor the normal stomach[31,36].
From our meta-analysis, Hes1 expression was significantly higher in tumor tissues than in normal tissues (OR = 14.31, p < 0.01). Further investigation found that Hes1 could
repress transcription of the ATOH1 gene, which encodes a transcription factor implicated in the gastrointestinal epithelial differentiation. These facts indicate that the canonical Notch signaling pathway might play a role in maintenance of stem or progenitor cells through inhibition of epithelial cell differentiation in gastrocarcinogenesis[37].
Few studies focused on the prognositic significance of Notch signaling in GC was found, therefore we could not perform a collective meta-analysis. Sporadic reports
showed that positive expression of Notch1 and Jagged1 was independent makers for poorer prognosis. This is consistent with our meta-analysis results that Notch1 and
Jagged1 were more frequently expressed in advanced GC. Kang et al[9] showed that high mRNA expression of Notch3 and Jagged2 was associated with prolonged survival,
whereas our meta-analysis failed to show significant clinicopathological value of Notch3 and Jagged2. The real mechanism of these components acted in GC needs to be further investigated.

1.19 (0.54-2.63)

-

1.84 (0.71-4.75)

2.40 (0.73-7.92)

2.04 (0.89-4.67)

2.61 (1.17-5.84)

-

0.75 (0.30-1.88)

1.01 (0.46-2.26)

292.00 (23.75-3589.39) < 0.01a
-

Notch3
OR (95%CI)

P value

Notch2

OR (95%CI)

P < 0.05. DLL: Delta-like; TNM: Tumor node metastasis.

a

Tumor tissue vs normal tissue
Gender:
Male vs female
Age (yr):
≤ 55 vs > 55
Location:
Cardia vs noncardia
Lauren's classification:
Intestinal vs diffuse
Histological differentiation:
Well/moderate vs poor/undifferentiated
T stage:
T1-2 vs T3-4
N stage:
N0 vs N1-3
Distal metastasis:
Negative vs positive
TNM stage:
Stages Ⅰ-Ⅱ vs Ⅲ-Ⅳ

Stratification of gastric cancer

Table 3 Meta-analysis of other components of Notch signaling pathway and gastric cancer
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Study or subgroup

Tumor
Events

Yang 2009
Zhou 2012

Normal

Total

18
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63
60

Events

Total

2
20

63
20

Weight
52.3%
47.7%

Study or subgroup

Cancer tissue
Events

Events

Total

180
45

41
6

180
25

92.4%
7.6%

Total (95%CI)
225
205
Total events
123
47
2
2
Heterogeneity: c = 3.76, df = 1 (P = 0.05); I = 73%
Test for overall effect: Z = 6.29 (P < 0.00001)

100.0%

Study or subgroup

Weight

88
35

Tumor
Events

Normal
Total

1
2

10
16

18.6%
81.4%

Total (95%CI)
146
26
Total events
100
3
2
2
Heterogeneity: c = 1.21, df = 1 (P = 0.27); I = 17%
Test for overall effect: Z = 4.18 (P < 0.0001)

100.0%

60
40

74
72

0.001

0.1
Tumor

1

OR

OR

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

10
Normal

1000

3.24 [2.06, 5.11]
11.08 [3.49, 35.21]
3.84 [2.52, 5.83]
0.01

Events

Sun 2011
Wang 2012

Total

0.94 [0.00, 254.96]

Weight

Total

Ishigami 2013
Zhang 2010

C

Normal tissue

OR
M-H, Random, 95%CI

12.20 [2.69, 55.27]
0.06 [0.00, 0.98]

Total (95%CI)
123
83
100.0%
Total events
60
22
2
2
2
Heterogeneity: Tan = 15.03; c = 12.05, df = 1 (P = 0.0005); I = 92%
Test for overall effect: Z = 0.02 (P = 0.98)

B

OR
M-H, Random, 95%CI

0.1
Cancer tissue

1

OR

OR

M-H, Fixed, 95%CI

M-H, Fixed, 95%CI

10
Normal tissue

100

38.57 [4.51, 329.91]
8.75 [1.85, 41.34]
14.31 [4.11, 49.87]
0.01

0.1
Tumor

1

10
100
Normal

Figure 3 Forest plot. A: For the association between Jagged1 and gastric cancer; B: For the association between Delta-like 4 and gastric cancer; C: For the association between Hes1 and gastric cancer.

There are several limitations in this meta-analysis.
First, only published studies were included in the metaanalysis; therefore, publication bias may have occurred
as shown in Figure 2B. Second, as in most meta-analyses,
these results should be interpreted with caution because
the populations were from different countries and controls were not uniform. Third, no information on the
association between infection with H. pylori, a strong
risk factor for GC, and Notch signaling was obtained
from most studies. Fourth, the conclusions drawn from
subgroup analyses may be limited because of the small
sample size. To minimize the potential bias, we designed
a rigorous protocol before conducting meta-analysis, and
performed a scrupulous search for published studies using explicit methods for study selection, data extraction
and statistical analysis.
In summary, this meta-analysis suggests that Notch1
and Notch2 signaling pathways have been activated in
gastric cancer and Notch signaling may participate in tumor formation and progression. Better designed studies
based on larger cases both in vivo and in vitro are needed
to further evaluate the role that the Notch signaling pathway plays in gastric carcinogenesis.

sociation, West China Hospital, Sichuan University.
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Core tip: Patients with intraductal papillary mucinous
neoplasm are not only at risk for malignant degeneration within the cyst, but some reports have indicated
an increased risk for the development of pancreatic
adenocarcinoma separate from the cyst. The current
international guidelines emphasize surveillance of the
cyst but this case report highlights the importance for
endosonographers to carefully evaluate parenchyma
not involved with the cyst to identify small pancreatic
adenocarcinomas.
Law JK, Wolfgang CL, Weiss MJ, Lennon AM. Concomitant
pancreatic adenocarcinoma in a patient with branch-duct intraductal papillary mucinous neoplasm. World J Gastroenterol
2014; 20(27): 9200-9204 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i27/9200.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i27.9200

Abstract
Branch duct intraductal papillary mucinous neoplasms
(BD-IPMN) are pre-malignant pancreatic cystic lesions
which carry a small risk of malignant transformation
within the cyst. Guidelines exist with respect to surveillance of the cysts using computed tomography, magnetic resonance imaging, and/or endoscopic ultrasound
(EUS). There are reports that patients with IPMNs are at
increased risk of developing pancreatic adenocarcinoma,
which arises in an area separate to the IPMNs. We present two cases of pancreatic adenocarcinoma arising
within the parenchyma, distinct from the IPMN-associated cyst, identified with EUS. This case report highlights
that patients with BD-IPMN are at increased risk for pancreatic adenocarcinoma separate from the cyst and also
the importance for endosonographers to carefully survey
the rest of the pancreatic parenchyma separate from the
cyst in order to identify small pancreatic adenocarcino-

WJG|www.wjgnet.com

INTRODUCTION
Incidental pancreatic cysts are detected frequently due
to the widespread availability and use of cross-sectional
imaging. Over the past decade, 2.6% of patients undergoing multidetector computed tomography (CT) scans and
up to 13.5% of patients undergoing magnetic resonance
imaging (MRI) were found to have incidentally detected
pancreatic cysts[1,2].
Intraductal papillary mucinous neoplasm (IPMN)
account for almost 50% of surgically resected cystic
pancreatic neoplasms[3] and can progress from benign
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We present two cases of patients with BD-IPMN
who had no high-risk or worrisome features within their
cysts but were found to have a pancreatic adenocarcinoma unrelated to a cyst while undergoing routine surveillance with EUS.

A

CASE REPORT
Case 1
A 67-year-old man with a history of resected prostate
cancer and no significant family history underwent an
abdominal CT scan for surveillance of his prostate cancer. An incidental 1.4 cm cyst in the uncinate process of
the pancreas was found. EUS with fine needle aspiration
(EUS-FNA) was performed at an outside hospital. The
findings were consistent with a branch duct IPMN (BDIPMN), with no worrisome features. He underwent surveillance with a pancreatic protocol CT scan six months
later, which revealed a 2 cm cystic lesion in the uncinate
process (Figures 1A, B) with multiple smaller cysts in
the body, none of which had any worrisome or highrisk features. Six months later the patient was seen in our
multidisciplinary pancreatic cyst clinic; he underwent a
routine EUS and was found to have a 2.2 cm cyst (Figure
1C). In addition, a 2.6 cm × 1.9 cm mass was identified
within the head of the pancreas, separate from the cyst
(Figure 1D). EUS-FNA of the lesion was performed,
which confirmed an adenocarcinoma on cytopathology.
The patient underwent a pancreaticoduodenectomy and
was found to have a moderately differentiated adenocarcinoma, with invasion through the muscularis propria
and into the submucosa of the small intestine, with 1 of
34 lymph nodes involved by metastatic adenocarcinoma.
In addition, an IPMN with low to intermediate grade
dysplasia was found.

B

C

D

Case 2
A 55-year-old man had an incidental finding of a 3 cm ×
3 cm multi-lobulated cyst in the uncinate process and a
2 cm × 2 cm cyst in the distal tail of the pancreas, when
he underwent an abdominal CT scan for evaluation of
flank pain. He was found to have markedly atypical cells
worrisome for malignancy in the cyst in the uncinate
process, and underwent a pylorus-preserving pancreaticoduodenectomy. The pathology demonstrated an
IPMN with high-grade dysplasia with no evidence of
involvement of the surgical resection margin. He underwent routine transabdominal surveillance of the remnant
pancreas with a combination of CT and MR imaging at
6-monthly intervals. Five years after initial detection, the
lesion in the tail was noted to have increased minimally
in size to 2.4 cm on a MRI scan. In addition, multiple
sub-centimeter cystic lesions were present throughout
the remnant body and tail (Figure 2A), none of which
contained any suspicious features. The patient underwent a routine EUS which demonstrating a 2.9 cm cystic
lesion in the tail of the pancreas (Figure 2B), with additional smaller cysts in the body and tail of the pancreas

1

Figure 1 Abdominal imaging and endoscopic ultrasound of a patient 1
undergoing routine surveillance for a pancreatic cyst. (A) and (B) demonstrate the cystic lesion in the head/uncinate process of the pancreas as seen on
computed tomography scan (arrow); and seen on endoscopic ultrasound (C).
Image (D) shows a mass1 within the head of the pancreas which was separate
to the cyst.

neoplastic epithelium to invasive carcinoma through
increasing severity of dysplasia. The risk of malignant
transformation is dependent on whether or not there
is involvement of the main pancreatic duct. Main, or
mixed duct IPMN is associated with a risk of high-grade
dysplasia or invasive adenocarcinoma of 44% to 62% in
surgical series[4]. In contrast, only 16% to 25% of surgically resected branch-duct IPMN contain either highgrade dysplasia or invasive adenocarcinoma[4].
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A

A

Table 1 High-risk and worrisome criteria
High-risk stigmata

Worrisome features

Jaundice secondary to a pancreatic
cyst
Enhancing solid component
Main pancreatic duct ≥ 10 mm

P

Acute pancreatitis
Cyst ≥ 3 cm
Thickened or enhancing cyst
walls on cross-sectional imaging
Main pancreatic duct 5-9 mm
Non-enhancing mural nodule
Abrupt change in the caliber of
the main pancreatic duct with
distal pancreatic atrophy

B

DISCUSSION
Patients with IPMN are known to be at increased risk of
developing pancreatic ductal adenocarcinoma, the majority of which arise from an IPMN related cyst. Patients
with IPMN are followed using the International Consensus Criteria guidelines, which recommend surveillance of
patients with BD-IPMN and no worrisome features at
3-6 mo intervals alternating with MRI and EUS for cysts
> 2 cm and for patients with smaller cysts, CT and/or
MRI are recommended every one to three years depending on the cyst size[4]. Both the EUS literature[5,6], and
these guidelines, stress the importance of looking for
high-risk or worrisome features in the IPMN related cysts
(Table 1). However, there have been a number of retrospective studies reporting cases of patients with IPMN
developing adenocarcinoma in areas unrelated to pancreatic cysts with incidences of between 4% to 11%[7-14]. In a
single prospective study, which followed 89 patients with
IPMN over a 17 years period, 4 developed concomitant
pancreatic adenocarcinoma[15].
The current guidelines recommend that BD-IPMN
measuring < 2 cm are followed with MRI or CT, with
EUS being used for larger cysts or those with worrisome
features[4]. However, very few studies have compared the
sensitivity and specificity of these three imaging modalities. One prospective, multicenter study by Canto et al[16],
compared CT, MRI and EUS in high-risk patients, and
found that EUS was the most sensitive test for identifying cysts. Several studies have shown that EUS is
superior to CT for identifying small solid pancreatic
neoplasms, but there are no studies to date examining
its role in detecting concomitant pancreatic adenocarcinoma in patients with IPMN. In this series, both patients
underwent high quality imaging with either CT or MRI
with a mass only detected on EUS. A recent study by He
et al[17], found that up to 17% of patients who underwent
resection of IPMN, will develop lesions in the remnant
pancreas which fulfill the criteria for surgical resection.
It may be that high risk groups such as this may benefit
from increased use of EUS. Large, prospective studies
are necessary to compare these three imaging modalities
and determine their optimum combination and timing.

C

1

Figure 2 Abdominal imaging and endoscopic ultrasound of the pancreatic
remnant in patient 2 who was status post pancreaticoduodenctomy for
intraductal papillary mucinous neoplasm. A: magnetic resonance imaging of
the remnant pancreas performed 6 mo before the endoscopic ultrasound (EUS).
The arrow demonstrates the cyst in the tail of the pancreas; B: EUS image
of the cyst in the tail of the pancreas (arrow) corresponding to the MRI image
seen in (A); C: demonstrates an ill-defined hypoechoic area1 in the body of the
pancreas.

none of which contained any worrisome features. However in the body of the pancreas, separate to any cyst, a
1.4 cm mass was visualized (Figure 2C). EUS-FNA was
performed, and cytopathology confirmed a pancreatic
adenocarcinoma. The patient underwent a staging CT
scan, which found multiple spiculated nodules in the
lung, which were confirmed as metastatic pancreatic adenocarcinoma on biopsy.
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In conclusion, patients with IPMN are at risk of developing concomitant pancreatic adenocarcinoma. Small
concomitant pancreatic adenocarcinomas may not be
seen on CT or MRI. Endosonographers should examine
not only the cysts, but also the entire pancreatic parenchyma carefully.

5

6

COMMENTS
COMMENTS
Case characteristics

Two patients undergoing surveillance for branch duct intraductal papillary mucinous neoplasm are found to have concomitant adenocarcinoma (i.e., separate
from the cystic lesion) found on endoscopic ultrasound.

Clinical diagnosis

7

Differential diagnosis

8

Pancreatic adenocarcinoma separate and distinct from branch duct intraductal
papillary mucinous neoplasm (BD-IPMN) was detected in two patients undergoing surveillance by endoscopic ultrasound (EUS).
In both cases, the adenocarcinoma was an incidental finding that was not detected on cross sectional imaging; the differential for a solid-appearing lesion in the
pancreas includes pancreatic neuroendocrine tumor, lymphoma, and metastases.

Imaging diagnosis

Both patients were undergoing surveillance of BD-IPMN with cross-sectional imaging as recommended by the international consensus guidelines and included either
computed tomography (CT), magnetic resonance imaging (MRI), and/or EUS.

9

Pathological diagnosis

Through EUS-guided fine needle aspiration, a cytopathologic diagnosis confirmed pancreatic adenocarcinoma.

10

Treatment

In the first case, the patient underwent surgical resection in the form of a pancreaticoduodenectomy; the second patient presented with lung metastases and
was treated with palliative chemotherapy

Term explanation

Concomitant pancreatic adenocarcinoma is the term used to describe a lesion
that is unrelated to the cystic lesion.

11

Experiences and lessons

These two cases are meant to emphasize the need for endosonographers to
survey the pancreatic parenchyma not involved with cyst in the evaluation of
patients with BD-IPMN.

Peer review

12

In the two cases, endoscopic ultrasound were preferable to CT and MRI in surveillance of pancreatic adenocarcinoma from BD-IPMN. However, it is still hard
for us to choose which cyst to take a FNA if EUS finds some cysts which are <
2 cm with no worrisome features in clinical practice.
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CASE REPORT

Benign esophageal stricture after thermal injury treated
with esophagectomy and ileocolon interposition
Toshihiro Kitajima, Kota Momose, Seigi Lee, Shusuke Haruta, Hisashi Shinohara, Masaki Ueno, Takeshi Fujii,
Harushi Udagawa
with balloon dilation for long areas of stricture is generally difficult, and stent placement in patients with benign esophageal stricture, particularly young patients,
is not yet widely accepted due to the incidence of late
adverse events. Considering the curability and qualityof-life associated with a long expected prognosis, we
determined that surgery was the best treatment option for this young patient. In this case, we decided to
perform an esophagectomy and reconstruction with
ileocolon interposition in order to preserve the reservoir
function of the stomach and to avoid any problems
related to the reflux of gastric contents. In conclusion,
resection of the esophagus is a treatment option in patients with benign esophageal injury, especially in cases
involving young patients with refractory esophageal
stricture. In addition, ileocolon interposition may help
to improve the quality-of-life of patients.
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Abstract

Key words: Thermal injury; Benign esophageal stricture; Esophageal resection; Ileocolon interposition;
Video-assisted thoracic surgery

Thermal injuries of the esophagus are rare causes of
benign esophageal stricture, and all published cases
were successfully treated with conservative management. A 28-year-old Japanese man with a thermal
esophageal injury caused by drinking a cup of hot coffee six months earlier was referred to our hospital. The
hot coffee was consumed in a single gulp at a party.
Although the patient had been treated conservatively
at another hospital, his symptoms of dysphagia gradually worsened after discharge. An upper gastrointestinal
endoscopy and computed tomography revealed a pinhole like area of stricture located 19 cm distally from
the incisors to the esophagogastric junction, as well as
circumferential stenosis with notable wall thickness at
the same site. The patient underwent a thoracoscopic
esophageal resection with reconstruction using ileocolon interposition. The pathological findings revealed
wall thickening along the entire length of the esophagus, with massive fibrosis extending to the muscularis
propria and adventitia at almost all levels. Treatment
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Core tip: This is a very rare case of the refractory esophageal thermal injury which required the esophagectomy.
In general, there are several non-surgical options available to treat benign esophageal stricture. However,
considering the curability and quality-of-life associated
with a long expected prognosis, we determined that
esophagectomy with ileocolon interposition was the
most proper treatment option for this young patient.
Kitajima T, Momose K, Lee S, Haruta S, Shinohara H, Ueno M,
Fujii T, Udagawa H. Benign esophageal stricture after thermal
injury treated with esophagectomy and ileocolon interposition.
World J Gastroenterol 2014; 20(27): 9205-9209 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i27/9205.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i27.9205
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INTRODUCTION

A

Although benign esophageal stricture can be induced by
several causes, thermal injuries of the esophagus caused
by swallowing extremely hot foreign bodies are uncommon[1,2]. There are only a few case reports of thermal
injury to the esophagus, all of which were successfully
treated with conservative management[2-8]. In patients
who receive non-surgical treatments that ultimately prove
ineffective, such as balloon dilation and stent placement,
surgery is typically the only remaining therapeutic option; however, the procedure is highly invasive. Moreover,
when treating young patients for benign esophageal
stricture, it is important that surgeons preserve digestive
function and improve the quality-of-life of the patient.
A previous report indicated that ileocolon interposition
after gastrectomy or distal esophagectomy is superior
to the placement of a gastric conduit as an esophageal
substitute with respect to quality-of-life[9,10]; in addition, a
favorable outcome of ileocolon interposition following
esophagectomy for esophageal cancer was described in
our previous report[11]. We herein report a case of benign
esophageal stricture caused by thermal injury that was
successfully treated with esophageal resection and ileocolon interposition, additionally providing a review of the
pertinent literature.

B

C

CASE REPORT
A 28-year-old Japanese young man with a history of a
thermal esophageal injury six months earlier that had
been treated conservatively at another hospital was referred to our hospital. He had consumed a cup of coffee
in a single gulp at a party and was later examined at the
medical department of another hospital with complaints
of odynophagia and dyspnea. He underwent an emergency tracheotomy because his respiratory status rapidly
worsened and tracheal intubation was impossible due to
the laryngo-pharyngeal mucosal swelling. Upon admission to the hospital, a computed tomography (CT) scan
revealed edematous changes in the mucosa between the
oral cavity and esophagus, although perforation was not
confirmed, and an upper gastrointestinal endoscope was
not able to pass through the esophagus due to the severe
mucosal swelling. After 40 d of conservative management with parenteral nutrition and the administration of
a proton pump inhibitor, upper gastrointestinal endoscopy revealed healing of the mucosal edematous changes,
and the patient was able to resume the oral intake of
food. He was discharged from the hospital 53 d after
admission. After discharge, the symptoms of dysphagia
gradually worsened to the point that he was only able to
consume liquid and jelly-like foods. He was referred to
our hospital five months after the onset of dysphagia.
The patient had no past medical history and no history
of smoking or drinking. A laboratory analysis revealed
no abnormalities in any of the parameters examined. An
upper gastrointestinal endoscopy revealed a pin-hole like
stricture located 19 cm distally from the incisors (Figure
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cm

Figure 1 Preoperative findings. A: An upper gastrointestinal endoscopy revealed a pin-hole like stricture that was located 19 cm distally from the incisors;
B: An esophagography revealed circumferential stenosis of the esophagus
extending distally 19 cm from the incisors to the esophagogastric junction (arrow); C: A Computed tomography detected circumferential stenosis and wall
thickness at the same site (arrow).

1A). An esophagography revealed circumferential stenosis of the esophagus extending distally 19 cm from the
incisors to the esophagogastric junction (Figure 1B). A
CT scan detected circumferential stenosis and wall thickening at all levels that showed stenosis on the esophagogram (Figure 1C).
The patient was diagnosed with a benign esophageal
stricture caused by thermal injury. He underwent a thoracoscopic esophageal resection with preservation of the
bilateral vagus nerves, and a surgical reconstruction was
performed via the retrosternal route using ileocolon interposition (Figure 2), as reported in our previous paper[11].
The intraoperative findings revealed that the esophagus
was firm throughout its entire length and tightly adhered
to the surrounding organs. Grossly, it was noted that the
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A

Mucosa

Adventitia

Mucosa

Adventitia

Figure 4 Histopathological findings. A: Massive fibrosis and infiltration
of plasmacytes and lymphocytes were primarily detected in the submucosa
throughout the esophagus (hematoxylin and eosin stain (H and E); original
magnification, × 11); B: Massive fibrosis extended to the muscularis propria and
adventitia along nearly all of the esophagus. The lumen was largely covered by
regenerative squamous epithelium with scattered erosion (Masson`s trichrome
stain; original magnification, × 11).

Figure 2 Design of the surgical reconstruction performed via the retrosternal route using ileocolon interposition.

Anal

B

contents or repetitive aspiration occurred. His dysphagia
significantly improved after the procedure. The patient
has been able to maintain a well-balanced dietary life style
with his school colleagues and has gained back the 10 kg
of body weight that he had lost before the operation. As
of the time of writing, the patient has been doing well for
10 months, with no evidence of complications.

Oral

Stomach

DISCUSSION
Benign esophageal stricture is the result of deep esophageal injuries and is known to be induced by chemical,
infectious, and physical factors, as well as other causes[1,2].
Chemical factors include gastroesophageal reflux diseases
(GERD) and caustic ingestion, and infectious factors
include Candida, herpes, cytomegalovirus, tuberculosis
and syphilis. Physical factors involve surgery, radiation
therapy and a long retention time for a nasogastric tube.
Other causes include prior anastomosis and a heterogeneous group of inflammatory conditions, such as Crohn’
s disease[1,2]. Thermal injury is a rare cause of benign
esophageal stricture, and there have been only seven
reports of esophageal acute thermal injury published in
the English-language literature[2-8], according to a search
of the PubMed. To perform this search, we used the
following key words: “esophageal thermal injury/burn”
and “thermal injury/burn of the esophagus.” Although
all reported cases improved with conservative management and antisecretory treatment, such as proton pump
inhibitors or histamine 2-receptor antagonists, to prevent
further injury from gastric acid, the present case is the
first case report of a severe esophageal stricture caused
by thermal injury that required esophageal resection.
Several non-surgical options are available to treat
benign esophageal stricture, including balloon dilation
and stent placement. Benign esophageal stricture can be
categorized as simple or complex based on the length,

Figure 3 Gross findings of the resected specimen. Remarkable wall thickness was observed throughout the entire length of the esophagus, and the
luminal area was distinctively stenosed, particularly at the esophagogastric
junction. The oral side of the specimen was additionally resected because of
the pin-hole like stricture detected at the proximal margin.

wall was thickened and had become trabeculated throughout the entire length of the resected esophagus, and the
luminal area was distinctly stenosed, particularly at the
esophagogastric junction (Figure 3). Histopathologically,
massive fibrosis with focal infiltration of plasmacytes and
lymphocytes was primarily observed in the submucosa
throughout the esophagus (Figure 4A). Furthermore, the
massive fibrosis extended to the muscularis propria and
adventitia at almost all levels along the esophagus. The
lumen was largely covered by a regenerative squamous
epithelium with scattered erosion (Figure 4B).
Anastomotic leakage was not observed in the esophagogram on postoperative day (POD) 7 and the oral intake
of food was resumed. However, the patient suffered from
aspiration pneumonia due to transient unilateral recurrent
laryngeal nerve paralysis. He restarted the oral intake of
food on POD 16 and was discharged from our hospital
on POD 22. After discharge, no regurgitation of gastric
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shape and diameter of the stricture. The present case can
be classified as a complex stricture, which is defined as
an area of stricture that is long (> 2 cm) or tortuous or
that has a diameter that prevents the passage of an endoscope with a normal diameter[12,13]. Treatment with balloon dilation for complex strictures is generally difficult,
and permanent or temporary stenting in patients with
benign esophageal stricture, particularly young patients, is
not widely accepted due to the incidence of late adverse
events, including the development of new areas of stricture due to stent-induced granulation tissue formation,
esophageal ulceration or stent migration[14-16]. Therefore, in
this case, we considered surgery to be the best treatment
option with respect to curability in this young patient.
In the present case, we judged resection of the esophagus to be necessary because the patient was young and
there was a possibility of esophageal cancer as a late complication of esophageal thermal injury[17]. We performed
an esophageal resection via video-assisted thoracic surgery rather than transhiatal esophagectomy because the
wall thickness of the thoracic esophagus was circumferentially and extensively confirmed on the preoperative
CT scan, and we expected that it would be technically
difficult to dissect the areas of severe adhesion between
the esophagus and surrounding structure.
In cases of esophageal cancer requiring reconstruction after esophagectomy, the stomach is the first choice
as an esophageal substitute due to its plasticity, facility and
rich submucosal vascular network[18]. Interposition with a
long jejunal segment is another option; however, it can be
difficult to obtain a sufficiently long jejunal segment, and
the antethoracic subcutaneous route with microvascular
anastomoses of intermammary vessels is often adopted,
which seemed unsuitable for this young patient with benign disease. When a patient has a history of gastrectomy, concurrent gastric disease or involvement of cancer
in the stomach, we use the colon instead of the stomach
or jejunum. In terms of the choice of graft site in the
colon, our facility prefers to use the ileocolon for several
reasons[11]. Our previous report demonstrated the feasibility and favorable outcomes of colonic interposition
after esophagectomy with extended lymphadenectomy in
cases of esophageal cancer[11]; we therefore extended our
application of ileocolon interposition to cases involving a
relatively long expected prognosis due to the detection of
early-stage esophageal cancer, a lack of comorbid disease
or the presence of benign esophageal disease. Similarly,
some studies have shown that this method is superior
to gastric pull-up as an esophageal substitute in terms
of the quality-of-life of esophageal cancer patients[9,10].
Long-segment colon interposition that does not include
the ileal segment has been reported to provide acceptable long-term functional results in patients with benign
acquired esophageal disease, such as caustic injury and
gastroesophageal reflux[19]. On the other hand, Uhl et al[20]
have also reported fundus rotation gastroplasty (FRG)
technique after esophageal resection. Although the FRG
technique allows for an increase in the remaining gastric
reservoir, the reported rate of anastomotic leakage was
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9.2%, which is greater than the 5.4% described in our
previous report[11]. In addition, it is unlikely that the FRG
technique is more effective than ileocolon interposition at preventing the regurgitation of gastric contents.
Therefore, in this case, we chose ileocolon interposition
reconstruction in order to preserve gastric function and
improve the quality-of-life of the patient, and we preserved the bilateral vagus nerves to preserve postoperative gastric motility and pyloric function. Furthermore,
the ileocolic segment, including the ileocecal valve, can
prevent the reflux of gastric contents, which may cause
long-standing postoperative reflux problems.
However, the long-term problems of patients who
undergo ileocolon interposition remain unclear. Wain
et al[19] reported that the frequency of patients with stenosed pharyngeal anastomosis due to corrosive injuries
was higher than that caused by other acquired esophageal disease. Functional failure of the colonic graft has
been found to be related to the severity of the initial
insult, and most failures were recognized in patients who
recovered nutritional autonomy more than 1 year after
jejunostomy removal[21]. In addition to late failures of
grafts, we should also acknowledge the possibility of certain specific types of malabsorption, such as vitamin B12
deficiency, because the terminal ileum is responsible for
the selective assimilation of vitamin B12 and bile acids[22],
especially in young patients. Therefore, long-term followup is necessary for success after ileocolon interposition in
this patient.
In conclusion, this is a rare case of thermal esophageal injury that resulted in refractory esophageal stricture.
To the best of our knowledge, this is the first case report
of thermal esophageal injury that required esophageal
resection. We conclude that resection of the esophagus
in patients with benign esophageal injury is a treatment
option, especially in cases involving young patients with
refractory esophageal stricture. In addition, performing
ileocolon interposition may help to improve the qualityof-life of the patient.

COMMENTS
COMMENTS
Case characteristics

A 28-year-old man with a thermal esophageal injury caused by drinking a cup of
hot coffee six months earlier.

Differential diagnosis

This is the first case report of thermal esophageal injury that required esophageal resection.
Imaging diagnosis
An upper gastrointestinal endoscopy and computed tomography revealed a
pin-hole like area of stricture located 19 cm distally from the incisors to the
esophagogastric junction, as well as circumferential stenosis with notable wall
thickness at the same site.

Pathological diagnosis

The pathological findings revealed wall thickening along the entire length of
the esophagus, with massive fibrosis extending to the muscularis propria and
adventitia at almost all levels.

Peer review

This paper illustrates is an interesting application of oesophagectomy in a relatively rare presentation of refractory oesophageal stricture. The case report is
well written; outlines the necessity for the surgery; and adequately describes the
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choice of surgical technique and it’s appropriateness for this particular patient
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CASE REPORT

Endoscopic submucosal tunnel dissection salvage technique
for ulcerative early gastric cancer
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Hong Sik Lee, Soon Ho Um, Chang Duck Kim, Ho Sang Ryu
because of the risks associated with their heart conditions. The endoscopic submucosal tunnel dissection
salvage technique procedures described in these cases
were performed under conscious sedation, and were
completed within 30 min. The complete en bloc resection of EGC using endoscopic submucosal tunnel
dissection salvage technique was possible with a free
resection margin, and no other complications were
noted during the procedure. This is the first known report concerning the use of the endoscopic submucosal
tunnel dissection salvage technique salvage technique
for treatment of ulcerative EGC. We demonstrate that
endoscopic submucosal tunnel dissection salvage technique it is a feasible method showing several advantages over endoscopic submucosal dissection for cases
of EGC with fibrosis.
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Core tip: The fibrosis found in ulcerative early gastric
cancer (EGC) has been an obstacle to successful endoscopic submucosal dissection (ESD). This report demonstrates the first use of the endoscopic submucosal
tunnel dissection (ESTD) salvage technique for treatment of ulcerative EGC with fibrosis. ESTD involves the
use of an endoscopic cap under the tunnel flap, which
enables a clear view of the submucosal dissection line,
making it easier than conventional ESD to resect an
EGC lesion without complication. Therefore, the ESTD
salvage technique has several advantages for resection
of EGC with severe fibrosis due to previous ESD or severe ulceration.

Abstract
Endoscopic submucosal dissection is an effective treatment modality for early gastric cancer (EGC), though
the submucosal fibrosis found in ulcerative EGC is an
obstacle for successful treatment. This report presents
two cases of ulcerative EGC in two males, 73- and
80-year-old, with severe fibrosis. As endoscopic ultrasonography suggested that the EGCs had invaded the
submucosal layer, the endoscopic submucosal tunnel
dissection salvage technique was utilized for complete
resection of the lesions. Although surgical gastrectomy
was originally scheduled, the two patients had severe
coronary heart disease, and surgeries were refused
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A

INTRODUCTION
Early gastric cancer (EGC) is defined by gastric carcinomas confined to the mucosa or submucosa regardless of
the presence of regional lymph node metastases[1]. Endoscopic submucosal dissection (ESD) is an effective treatment modality for EGC, though the fibrosis found in
ulcerative EGC has been an obstacle to successful treatment[2,3]. A recent study demonstrated that the severity of
endoscopic submucosal fibrosis correlated with lower en
bloc resection rates and incomplete resection[2]. Following
the publication of a report detailing the use of peroral
endoscopic myotomy to treat achalasia[4], an endoscopic
submucosal tunnel dissection (ESTD) method has been
described for the treatment of submucosal tumors in the
esophagus and gastric cardia[4-6]. In two cases reported
here, the ESTD salvage technique was used to overcome
the procedural limitations associated with fibrosis. These
cases represent the first report in which ESTD was used
to treat ulcerative EGC with fibrosis.

B

CASE REPORT

Figure 1 Endoscopic images. A: Ulcerative early gastric cancer on the anterior wall of the proximal antrum; B: Radial endoscopic ultrasonography revealed
an irregular heterogeneous hypoechoic lesion with smooth tapering in the third
layer of the gastric wall with indication that the cancer had invaded the superficial submucosal layer (arrow).

Case 1
A 73-year-old asymptomatic man was referred to our
hospital for the treatment of EGC detected by esophagogastroduodenoscopy in a local clinic. Upper endoscopy
revealed an ulcerative lesion, 30 mm in diameter, covered
with a white coat and partial erythema on the anterior
wall of the proximal antrum. The surrounding mucosa
was irregular and slightly elevated (Figure 1A). The patient was diagnosed with type Ⅲ EGC that included a
depressed lesion in the center with swollen surrounding mucosa. Radial endoscopic ultrasonography (EUS)
(GF-UCT 240; Olympus Co., Tokyo, Japan) revealed an
irregular heterogeneous hypoechoic lesion with smooth
tapering in the third layer of the gastric wall and indicated that the EGC had invaded the submucosal layer
(Figure 1B). No lymph node enlargement was observed
around the stomach by EUS or abdominal computed
tomography. ESD was not indicated due to invasion of
the EGC above the submucosal 1 layer, as determined
by esophagogastro-duodenoscopy and EUS. As the patient also suffered from severe coronary heart disease,
the scheduled surgical gastrectomy was refused because
of the risks associated with his condition. Therefore, an
endoscopic resection was proposed as an alternative and
performed following the patient’s informed consent.
For the endoscopic procedure, propofol was administered intravenously to induce sedation, and supplemental
oxygen (2 L/min) was administered nasally throughout
sedation. Additional propofol was used to maintain anes-

thesia, and cardiorespiratory function was monitored during the 30-min procedure. ESTD was performed using
carbon dioxide insufflation. Severe fibrosis was revealed
with an ESD endoscope (GIF-Q260J; Olympus Co.). A
submucosal injection with saline and sodium hyaluronate
into the EGC lesion failed to induce mucosal elevation.
Therefore, the ESTD salvage technique (Figure 2) was
used for resection of the EGC. For this procedure, marking dots were placed on the surrounding EGC using
argon plasma coagulation (APC-300; ERBE Elektromedizin, Tübingen, Germany), and markings for the tunnel
gate were placed 4 cm from the proximal side of the lesion. A solution of saline and sodium hyaluronate with
diluted epinephrine and indigo carmine was injected into
the submucosal layer of the tunnel area and surrounding
the EGC lesion to raise the mucosal layer. The tunnel
gate was incised with a hook knife (Olympus Co.) and a
circumferential incision around the lesion, excluding the
tunnel side, was performed. The hook knife was inserted
through the tunnel gate for direct dissection of the EGC
following confirmation of the lesion margin. A standard
water-jet endoscope cap (D-201-11804; Olympus Co.)
was used to facilitate hook knife dissection below the
tunnel flap and EGC lesion. The resected lesion was removed completely from the muscle layer, and the overlying tunnel mucosal flap from the tunnel gate to the lesion
was also removed (Figure 3). A complete en bloc resection
was successfully performed with no adverse events.
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Figure 2 Key procedures of the endoscopic submucosal tunnel dissection salvage technique. A: An area surrounding the early gastric cancer (EGC) lesion
and tunnel gate is marked with argon plasma coagulation; B: A solution containing saline and sodium hyaluronate with diluted epinephrine and indigo carmine is injected into the submucosal layer around the EGC lesion and tunnel area; C: A hook knife is used to make an incision at the tunnel gate and a circumferential incision
surrounding the lesion; D: A tunnel dissection of the EGC lesion is made with a hook knife and an endoscopic submucosal dissection cap; E: The EGC margin is confirmed and the lesion is directly dissected; F: The resected lesion and the overlying tunnel mucosae are removed without clipping.

The histopathology of the excised tissue indicated a
well-differentiated tubular carcinoma that was defined
as an intestinal type according to Lauren’s classification.
The tumor measured 30 mm × 27 mm, and invasion was
determined to be up to the muscularis mucosae (pT1a)
(Figure 4). Lymphatic, venous, and perineural invasion was not evident, and the removed tissue had a free
resection margin with no lateral or deep invasion. An
esophagogastroduodenoscopy performed three months
after the operation showed no significant findings other
than some scarring as a result of the ESTD. Examination of a biopsy specimen of the resection scar showed
no remnants of the tumor. The patient had no evidence
of cancer recurrence after one year and is scheduled for
periodic checkups.

sent for an ESTD procedure. A complete en bloc resection
was completed by the same endoscopist using a similar
method as described in case 1, and there were no adverse
events. The histopathology of the resected tissue indicated a well-differentiated tubular carcinoma of an intestinal type according to Lauren’s classification. The EGC
measured 27 mm × 15 mm in size with invasion to the
muscularis mucosae (pT1a). There was a free resection
margin with no lymphatic, venous, or perineural invasion.
Esophagogastroduodenoscopy performed six months
after the procedure showed no significant findings other
than the scar from ESTD. The patient is scheduled for
follow-up in an outpatient clinic.

Case 2
An 80-year-old man was admitted to our hospital for
the treatment of EGC that was detected in a local clinic.
Esophagogastroduodenoscopy showed an ulcerative
EGC lesion 30 mm in diameter on the anterior wall of
the distal antrum. The patient underwent radial EUS,
which revealed an irregular hypoechoic lesion that appeared to invade the submucosal layer. This patient also
refused surgical gastrectomy due to a coronary heart
problem. Upper endoscopy showed ulcerative EGC with
severe fibrosis. After explaining the risks associated with
endoscopic resection, the patient provided informed con-

ESD is gaining recognition as the preferred treatment
option for EGC[7]. Nevertheless, fibrosis accompanying
large ulcerative EGC remains an obstacle to successful
ESD, resulting in a difficulty in achieving complete and en
bloc resection[2,3,8]. To overcome these limitations, we used
an ESTD salvage technique to treat EGC with features
that exceeded the expanded indications for ESD.
When performing an ESTD, the endoscopist must
create the tunnel gate on the proximal side of the lesion.
Hence, ESTD can be performed on the body or antrum
along the greater curvature side of the stomach. There
is currently no consensus concerning the distance of the
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Figure 3 Endoscopic submucosal tunnel dissection salvage technique. Endoscopic images showing; A: Marking of the surrounding the early gastric cancer (EGC)
lesion and tunnel gate; B: Submucosal injection and incision of the tunnel gate; C: Initiation of tunnel dissection from tunnel gate; D: Tunnel dissection with hook knife
and an endoscopic submucosal dissection cap; E: Direct dissection of EGC; F: En bloc resection.

A

B

Figure 4 Histopathology findings. Hematoxylin and eosin staining of a biopsy sample (case 1) revealed the presence of a well-differentiated tubular carcinoma
invading the muscularis mucosa (arrow) (magnification × 100) (A) and lesion was composed of predominantly discrete glands with pseudostratified hyperchromatic
nuclei and some fused glands (magnification × 200) (B).

could exceed these criteria before the procedure due to
invasion above the submucosal 1 layer, gastrectomy was
recommended as the preferred treatment option. However, this treatment was refused by both patients, and the
amount of observed fibrosis indicated that a complete
en bloc resection was unlikely using the standard ESD
method. Therefore, the ESTD salvage technique was
performed, with favorable results. Although the EUS indicated invasion of the submucosal layer, histopathology
revealed the invasion was only to the muscularis mucosae
(pT1a). It is possible that previous biopsies may have induced ulceration and fibrosis, which appeared as an invasion of the submucosal layer on EUS.
The use of ESTD to treat EGC has several advantages over ESD. First, it is easier to establish a safety margin when complete en bloc resection is difficult to perform

tunnel gate from the proximal side of the lesion. In the
cases reported here, the tunnel gate was placed 4-5 cm
from the proximal side of the EGC, as previously described[5]. However, we suggest that a distance of 2-3 cm
from the proximal side may produce a sufficient submucosal tunnel to treat EGC.
The use of ESTD to remove EGC has limited indications, such as EGC with severe fibrosis due to previous
ESD or severe ulceration, and achievement of a sufficient
resection margin because of submucosal invasion. In the
present cases, ulcerative EGC with severe fibrosis was
confirmed, and submucosal invasion was suspected from
preoperative EUS. Current indications for ESD based on
the criteria of Gotoda et al[9] include an ulcerative mucosal EGC < 3 cm in diameter or a submucosal 1 invasion
depth of the EGC ≤ 3 cm. As the EGC in our patients
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perform in large ulcerative early gastric cancer due to fibrosis and this report
describes the first known use of endoscopic submucosal tunnel dissection to
complete en bloc resection for ulcerative early gastric cancer with fibrosis.

due to severe fibrosis or when submucosal invasion is
suspected. Second, the higher risk of bleeding that is associated with severe fibrosis can be prevented. As the
dissection in ESTD is parallel to the lesion, the vessels
are exposed, allowing easier control of bleeding. In addition, ESD can be a time-consuming and technically
difficult procedure if the resected mucosa cannot be
pulled up and the resection line cannot be fully seen. In
ESTD, the endoscopic cap under the tunnel flap enables
a clear view of the submucosal dissection line, making it
easier to resect an EGC lesion and shortening the overall
procedure time. Despite the severe fibrosis in the present
cases, the ESTD procedures were performed within 30
min. Although general anesthesia has been used to perform ESTD, conscious sedation sufficed in these cases.
However, further research is required to assess the safety
and effectiveness of the ESTD salvage technique for
resection of EGC due to the limited number of patients
and short follow-up time of cases using this procedure.

Peer review

In this case report, endoscopic submucosal tunnel dissection was used to treat
two cases of ulcerative early gastric cancer with submucosal fibrosis that were
not suited for treatment by conventional endoscopic submucosal dissection.
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TO THE EDITOR
We read with a great interest the article by Almadi et al[1]
about the complications and survival in 73 patients undergoing colonic stenting for malignant reasons leading
to colorectal luminal obstruction. The authors mainly
investigated the predictors for the stent related complications such as perforation, bleeding and obstruction
and for the long term survival. They noted that many
parameters such as age, sex, length and location of stenosis, neoadjuvant therapy, time between the onset of
symptoms and self expanding metal stent (SEMS) insertion, and time between SEMS insertion and surgery had
no significant association with the risk of developing
complications and long term survival.
Although there is ongoing debate, SEMS placement
has been accepted as effective and relatively safe procedure for either palliation or bridge to surgery for the
left sided colonic or proximal rectum obstruction due to
underlying malignancy[2]. Nevertheless, SEMS application can cause serious problems up to one third of the
patients and some studies reported negative effect of
SEMSs on survival in patients with malignancy[3]. One
of the most important life threatening complications
of SEMS insertion is perforation. It has been already
reported that the classical risk factors for SEMS associated perforation in the colorectum are the existence
of acute angular or very curved stenotic segments,

Abstract
Self expanding metalic stent (SEMS) application can
cause serious problems up to one third of the patients
and some studies reported negative effect of SEMSs
on survival in patients with malignancy. The SEMS
type especially the rigid one like Wall-stent rather than
more flexible type Ultraflex was also reported to have
bad impact on the risk of perforation we believe that
stent based management protocol for patients with
non-perforating left sided obstructing colorectal cancer
is a complex method that needs qualified medical and
technical team.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Self expanding metalic stent; Colon tumor;
Colonic obstruction; Complications; Perforation
Core tip: Self expanding metalic stent (SEMS) application can cause serious problems up to one third of
the patients and some studies reported negative effect of SEMSs on survival in patients with malignancy.
We believe that stent based management protocol
for patients with non-perforating left sided obstructing colorectal cancer is a complex method that needs
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right sided colonic obstruction and use of dual-design
stents[4,5]. The SEMS type especially the rigid one like
Wall-stent rather than more flexible type Ultraflex was
also reported to have bad impact on the risk of perforation[6]. In the present study, the authors reported 4.1%
rate of perforation associated with the use of Wall-flex
type SEMSs and they stated that none of the patient or
tumor characteristics were found to be a predictor for
complications. However, they did not analyze the role of
these risk factors mentioned above. The authors also did
not give any data about if co-axial stent application in
this study which was reported to be around 12.6% had
resulted in any case of perforation. In our daily practice,
we principally never put SEMS into curved stenotic colonic segments with acute angles to avoid SEMS induced
perforation and always use flexible stents for the same
purpose as well. We also avoid using multiple stents and
practically do not use the co-axial application of metallic
stents since this does not provide greater luminal space
at all. Furthermore, like multiple stents, co-axial technique can increase the possibility of pressure injury due
to excessive tensile force to the outer corner wall by the
long stent ends. Another flaw with this report is that the
authors did not seem to analyze the relation with the severity of obstruction (complete or incomplete) and the
rate of stent associated complications.
Thus, we believe that stent based management protocol for patients with non-perforating left sided obstructing colorectal cancer is a complex method that needs

qualified medical and technical team. In every case, it
is necessary to pay attention to the real risk factors for
SEMS associated complications like bowel perforation.

REFERENCES
1

2

3

4

5

6

Almadi MA, Azzam N, Alharbi O, Mohammed AH, Sadaf N,
Aljebreen AM. Complications and survival in patients undergoing colonic stenting for malignant obstruction. World
J Gastroenterol 2013; 19: 7138-7145 [PMID: 24222958 DOI:
10.3748/wjg.v19.i41.7138]
Zhang Y, Shi J, Shi B, Song CY, Xie WF, Chen YX. Self-expanding metallic stent as a bridge to surgery versus emergency surgery for obstructive colorectal cancer: a meta-analysis.
Surg Endosc 2012; 26: 110-119 [PMID: 21789642 DOI: 10.1007/
s00464-011-1835-6]
Choi JH, Lee YJ, Kim ES, Choi JH, Cho KB, Park KS, Jang BK,
Chung WJ, Hwang JS. Covered self-expandable metal stents
are more associated with complications in the management
of malignant colorectal obstruction. Surg Endosc 2013; 27:
3220-3227 [PMID: 23494513 DOI: 10.1007/s00464-013-2897-4]
Lee JG, Yoo KH, Kwon CI, Ko KH, Hong SP. Angular positioning of stent increases bowel perforation after selfexpandable metal stent placement for malignant colorectal
obstruction. Clin Endosc 2013; 46: 384-389 [PMID: 23964336
DOI: 10.5946/ce.2013.46.4.384]
Cho YK, Kim SW, Lee BI, Lee KM, Lim CH, Kim JS, Chang
JH, Park JM, Lee IS, Choi MG, Choi KY, Chung IS. Clinical outcome of self-expandable metal stent placement in
the management of malignant proximal colon obstruction.
Gut Liver 2011; 5: 165-170 [PMID: 21814596 DOI: 10.5009/
gnl.2011.5.2.165]
Inquirer M. Wealth and benefactions. Science 1923; 57: 445
[PMID: 17757928 DOI: 10.1016/j.gie.2007.08.043]
P- Reviewers: Sira MM, Tang WF, Vettoretto N
S- Editor: Gou SX L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

9216

July 21, 2014|Volume 20|Issue 27|

World J Gastroenterol 2014 July 21; 20(27): I-VI
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
www.wjgnet.com

© 2014 Baishideng Publishing Group Inc. All rights reserved.

INSTRUCTIONS TO AUTHORS
search directions to help readers understand his/her important
academic point of view and future research directions in the
field; (3) Diagnostic Advances: The editorial board members
are invited to write high-quality diagnostic advances in their
field to improve the diagnostic skills of readers. The topic covers general clinical diagnosis, differential diagnosis, pathological
diagnosis, laboratory diagnosis, imaging diagnosis, endoscopic
diagnosis, biotechnological diagnosis, functional diagnosis, and
physical diagnosis; (4) Therapeutics Advances: The editorial
board members are invited to write high-quality therapeutic
advances in their field to help improve the therapeutic skills of
readers. The topic covers medication therapy, psychotherapy,
physical therapy, replacement therapy, interventional therapy,
minimally invasive therapy, endoscopic therapy, transplantation
therapy, and surgical therapy; (5) Field of Vision: The editorial
board members are invited to write commentaries on classic
articles, hot topic articles, or latest articles to keep readers at
the forefront of research and increase their levels of clinical
research. Classic articles refer to papers that are included in Web
of Knowledge and have received a large number of citations
(ranking in the top 1%) after being published for more than
years, reflecting the quality and impact of papers. Hot topic
articles refer to papers that are included in Web of Knowledge
and have received a large number of citations after being published for no more than 2 years, reflecting cutting-edge trends
in scientific research. Latest articles refer to the latest published
high-quality papers that are included in PubMed, reflecting the
latest research trends. These commentary articles should focus
on the status quo of research, the most important research
topics, the problems that have now been resolved and remain
to be resolved, and future research directions. Basic information
about the article to be commented (including authors, article
title, journal name, year, volume, and inclusive page numbers; (6)
Minireviews: The editorial board members are invited to write
short reviews on recent advances and trends in research of molecular biology, genomics, and related cutting-edge technologies
to provide readers with the latest knowledge and help improve
their diagnostic and therapeutic skills; (7) Review: To make a systematic review to focus on the status quo of research, the most
important research topics, the problems that have now been resolved and remain to be resolved, and future research directions;
(8) Topic Highlight: The editorial board members are invited to
write a series of articles (7-10 articles) to comment and discuss
a hot topic to help improve the diagnostic and therapeutic skills
of readers; (9) Medical Ethics: The editorial board members are
invited to write articles about medical ethics to increase readers’ knowledge of medical ethics. The topic covers international
ethics guidelines, animal studies, clinical trials, organ transplantation, etc.; (10) Clinical Case Conference or Clinicopathological
Conference: The editorial board members are invited to contribute high-quality clinical case conference; (11) Original Articles:
To report innovative and original findings in gastroenterology
and hepatology; (12) Brief Articles: To briefly report the novel

GENERAL INFORMATION

World Journal of Gastroenterology (World J Gastroenterol, WJG, print
ISSN 1007-9327, online ISSN 2219-2840, DOI: 10.3748) is a
peer-reviewed open access (OA) journal. WJG was established
on October 1, 1995. It is published weekly on the 7th, 14th, 21st,
and 28th each month. The WJG Editorial Board consists of 1353
experts in gastroenterology and hepatology from 68 countries.
Aims and scope
The primary task of WJG is to rapidly publish high-quality
original articles, reviews, and commentaries in the fields of
gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal
oncology, gastrointestinal radiation oncology, gastrointestinal
imaging, gastrointestinal interventional therapy, gastrointestinal
infectious diseases, gastrointestinal pharmacology, gastrointestinal pathophysiology, gastrointestinal pathology, evidence-based
medicine in gastroenterology, pancreatology, gastrointestinal
laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics, gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal therapeutics. WJG is
dedicated to become an influential and prestigious journal in
gastroenterology and hepatology, to promote the development
of above disciplines, and to improve the diagnostic and therapeutic skill and expertise of clinicians.
WJG is published by Baishideng Publishing Group (BPG)
in both electronic and online forms. All WJG articles are published in WJG website and PubMed Central. The major advantages of OA journals are faster release and delivery, no page or
graph restrictions, and increased visibility, usage and impact.
Full-text PDF articles and electronic/online versions are freely
available to global readers. After the paper is published, the
author(s) can obtain high-quality PDF files, which contain the
journal cover, a list of editorial board members, table of contents, text, and back cover of the journal. BPG has a strong
professional editorial team composed of editorial board members, editors-in-chief, science editors, language editors, and electronic editors. BPG currently publishes 43 OA clinical medical
journals, including 42 in English, has a total of 15471 editorial
board members or peer reviewers, and is a world first-class
publisher.
Columns
The columns in the issues of WJG will include: (1) Editorial:
The editorial board members are invited to make comments
on an important topic in their field in terms of its current research status and future directions to lead the development of
this discipline; (2) Frontier: The editorial board members are
invited to select a highly cited cutting-edge original paper of
his/her own to summarize major findings, the problems that
have been resolved and remain to be resolved, and future re-

WJG|www.wjgnet.com



July 21, 2014|Volume 20|Issue 27|

Instructions to authors

Publisher
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

and innovative findings in gastroenterology and hepatology;
(13) Meta-Analysis: Covers the systematic review, mixed treatment comparison, meta-regression, and overview of reviews, in
order to summarize a given quantitative effect, e.g., the clinical
effectiveness and safety of clinical treatments by combining data
from two or more randomized controlled trials, thereby providing more precise and externally valid estimates than those which
would stem from each individual dataset if analyzed separately
from the others; (14) Case Report: To report a rare or typical
case; (15) Letters to the Editor: To discuss and make reply to
the contributions published in WJG, or to introduce and comment on a controversial issue of general interest; (16) Book
Reviews: To introduce and comment on quality monographs of
gastroenterology and hepatology; and (17) Autobiography: The
editorial board members are invited to write their autobiography
to provide readers with stories of success or failure in their
scientific research career. The topic covers their basic personal
information and information about when they started doing research work, where and how they did research work, what they
have achieved, and their lessons from success or failure.

Instructions to authors
Full instructions are available online at http://www.wjgnet.
com/1007-9327/g_info_20100315215714.htm
Indexed and abstracted in
Current Contents®/Clinical Medicine, Science Citation Index
Expanded (also known as SciSearch®), Journal Citation Reports®,
Index Medicus, MEDLINE, PubMed, PubMed Central, Digital
Object Identifier, and Directory of Open Access Journals. ISI,
Thomson Reuters, 2011 Impact Factor: 2.471 (32/74 Gastroenterology and Hepatology).

Name of journal
World Journal of Gastroenterology

SPECIAL STATEMENT

All articles published in journals owned by the BPG represent
the views and opinions of their authors, and not the views,
opinions or policies of the BPG, except where otherwise explicitly indicated.

ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
Launch date
October 1, 1995

Biostatistical editing
Statistical review is performed after peer review. We invite an
expert in Biomedical Statistics to evaluate the statistical method
used in the paper, including t test (group or paired comparisons), chi-squared test, ridit, probit, logit, regression (linear,
curvilinear, or stepwise), correlation, analysis of variance, analysis of covariance, etc. The reviewing points include: (1) Statistical methods should be described when they are used to verify
the results; (2) Whether the statistical techniques are suitable or
correct; (3) Only homogeneous data can be averaged. Standard
deviations are preferred to standard errors. Give the number of
observations and subjects (n). Losses in observations, such as
drop-outs from the study should be reported; (4) Values such
as ED50, LD50, IC50 should have their 95% confidence limits
calculated and compared by weighted probit analysis (Bliss and
Finney); and (5) The word “significantly” should be replaced
by its synonyms (if it indicates extent) or the P value (if it indicates statistical significance).

Frequency
Weekly
Editors-in-chief
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon,
Department of Surgery, Universidad Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital, Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of Biomedical
Sciences, College of Medicine, University of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of Laboratory
Medicine, Division of Pathology, Karolinska Institutet, Stockholm
141-86, Sweden

Conflict-of-interest statement
In the interests of transparency and to help reviewers assess any potential bias, WJG requires authors of all papers to
declare any competing commercial, personal, political, intellectual, or religious interests in relation to the submitted work.
Referees are also asked to indicate any potential conflict they
might have reviewing a particular paper. Before submitting,
authors are suggested to read “Uniform Requirements for
Manuscripts Submitted to Biomedical Journals: Ethical Considerations in the Conduct and Reporting of Research: Conflicts
of Interest” from International Committee of Medical Journal
Editors (ICMJE), which is available at: http://www.icmje.org/
ethical_4conflicts.html.

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of
Medicine, Chief Gastroenterology, VA Long Beach Health Care
System, University of California, Irvine, CA, 5901 E. Seventh Str.,
Long Beach, CA 90822, United States
Editorial office
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: bpgoffice@wjgnet.com

Statement of informed consent
Manuscripts should contain a statement to the effect that all human studies have been reviewed by the appropriate ethics com-

Help desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

WJG|www.wjgnet.com

II

July 21, 2014|Volume 20|Issue 27|

Instructions to authors

should be provided with the contributed article to ensure the privacy and secrecy of research is protected.
Authors should retain one copy of the text, tables, photo
graphs and illustrations because rejected manuscripts will not be
returned to the author(s) and the editors will not be responsible
for loss or damage to photographs and illustrations sustained during mailing.

mittee or it should be stated clearly in the text that all persons
gave their informed consent prior to their inclusion in the study.
Details that might disclose the identity of the subjects under
study should be omitted. Authors should also draw attention to
the Code of Ethics of the World Medical Association (Declaration of Helsinki, 1964, as revised in 2004).
Sample wording: [Name of individual] has received fees for
serving as a speaker, a consultant and an advisory board member
for [names of organizations], and has received research funding from [names of organization]. [Name of individual] is an
employee of [name of organization]. [Name of individual] owns
stocks and shares in [name of organization]. [Name of individual] owns patent [patent identification and brief description].

Online submissions
Manuscripts should be submitted through the Online Submission System at: http://www.wjgnet.com/esps/. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS TO AUTHORS (http://www.wjgnet.com/1007-9327/
g_info_20100315215714.htm) before attempting to submit online.
For assistance, authors encountering problems with the Online
Submission System may send an email describing the problem to
bpgoffice@wjgnet.com, or by telephone: +86-10-5908-0039. If
you submit your manuscript online, do not make a postal contribution. Repeated online submission for the same manuscript is
strictly prohibited.

Statement of human and animal rights
When reporting the results from experiments, authors should
follow the highest standards and the trial should conform to
Good Clinical Practice (for example, US Food and Drug Administration Good Clinical Practice in FDA-Regulated Clinical
Trials; UK Medicines Research Council Guidelines for Good
Clinical Practice in Clinical Trials) and/or the World Medical
Association Declaration of Helsinki. Generally, we suggest authors follow the lead investigator’s national standard. If doubt
exists whether the research was conducted in accordance with
the above standards, the authors must explain the rationale for
their approach and demonstrate that the institutional review
body explicitly approved the doubtful aspects of the study.
Before submitting, authors should make their study approved by the relevant research ethics committee or institutional
review board. If human participants were involved, manuscripts
must be accompanied by a statement that the experiments were
undertaken with the understanding and appropriate informed
consent of each. Any personal item or information will not be
published without explicit consents from the involved patients.
If experimental animals were used, the materials and methods
(experimental procedures) section must clearly indicate that appropriate measures were taken to minimize pain or discomfort,
and details of animal care should be provided.

MANUSCRIPT PREPARATION

All contributions should be written in English. All articles must be
submitted using word-processing software. All submissions must
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample
margins. Style should conform to our house format. Required information for each of the manuscript sections is as follows:
Title page
Title: Title should be less than 12 words.
Running title: A short running title of less than 6 words should
be provided.
Authorship: Authorship credit should be in accordance with the
standard proposed by ICMJE, based on (1) substantial contributions to conception and design, acquisition of data, or analysis and
interpretation of data; (2) drafting the article or revising it critically
for important intellectual content; and (3) final approval of the version to be published. Authors should meet conditions 1, 2, and 3.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book
Antiqua with ample margins. Number all pages consecutively,
and start each of the following sections on a new page: Title
Page, Abstract, Introduction, Materials and Methods, Results,
Discussion, Acknowledgements, References, Tables, Figures,
and Figure Legends. Neither the editors nor the publisher are
responsible for the opinions expressed by contributors. Manuscripts formally accepted for publication become the permanent
property of Baishideng Publishing Group Co., Limited, and may
not be reproduced by any means, in whole or in part, without the
written permission of both the authors and the publisher. We
reserve the right to copy-edit and put onto our website accepted
manuscripts. Authors should follow the relevant guidelines for
the care and use of laboratory animals of their institution or
national animal welfare committee. For the sake of transparency
in regard to the performance and reporting of clinical trials, we
endorse the policy of the ICMJE to refuse to publish papers
on clinical trial results if the trial was not recorded in a publiclyaccessible registry at its outset. The only register now available, to
our knowledge, is http://www.clinicaltrials.gov sponsored by the
United States National Library of Medicine and we encourage
all potential contributors to register with it. However, in the case
that other registers become available you will be duly notified.
A letter of recommendation from each author’s organization

WJG|www.wjgnet.com

Institution: Author names should be given first, then the com
plete name of institution, city, province and postcode. For ex
ample, Xu-Chen Zhang, Li-Xin Mei, Department of Pathology,
Chengde Medical College, Chengde 067000, Hebei Province,
China. One author may be represented from two institutions,
for example, George Sgourakis, Department of General, Visceral, and Transplantation Surgery, Essen 45122, Germany; George
Sgourakis, 2nd Surgical Department, Korgialenio-Benakio Red
Cross Hospital, Athens 15451, Greece.
Author contributions: The format of this section should be:
Author contributions: Wang CL and Liang L contributed equally
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu
XM designed the research; Wang CL, Zou CC, Hong F and Wu
XM performed the research; Xue JZ and Lu JR contributed new
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the
data; and Wang CL, Liang L and Fu JF wrote the paper.
Supportive foundations: The complete name and number of
supportive foundations should be provided, e.g. Supported by
National Natural Science Foundation of China, No. 30224801
Correspondence to: Only one corresponding address should be

III

July 21, 2014|Volume 20|Issue 27|

Instructions to authors

provided. Author names should be given first, then author title,
affiliation, the complete name of institution, city, postcode, province, country, and email. All the letters in the email should be in
lower case. A space interval should be inserted between country
name and email address. For example, Montgomery Bissell, MD,
Professor of Medicine, Chief, Liver Center, Gastroenterology
Division, University of California, Box 0538, San Francisco, CA
94143, United States. montgomery.bissell@ucsf.edu

Pathological changes in atrophic gastritis after treatment. A:...;
B:...; C:...; D:...; E:...; F:...; G: …etc. It is our principle to publish
high resolution-figures for the E-versions.
Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned
clearly in the main text. Provide a brief title for each table. Detailed
legends should not be included under tables, but rather added into
the text where applicable. The information should complement,
but not duplicate the text. Use one horizontal line under the title,
a second under column heads, and a third below the Table, above
any footnotes. Vertical and italic lines should be omitted.

Telephone and fax: Telephone and fax should consist of +,
country number, district number and telephone or fax number,
e.g., Telephone: +86-10-59080039 Fax: +86-10-85381893
Peer reviewers: All articles received are subject to peer review.
Normally, three experts are invited for each article. Decision on
acceptance is made only when at least two experts recommend
publication of an article. All peer-reviewers are acknowledged on
Express Submission and Peer-review System website.

Notes in tables and illustrations
Data that are not statistically significant should not be noted.
a
P < 0.05, bP < 0.01 should be noted (P > 0.05 should not be
noted). If there are other series of P values, cP < 0.05 and dP
< 0.01 are used. A third series of P values can be expressed as
e
P < 0.05 and fP < 0.01. Other notes in tables or under illustrations should be expressed as 1F, 2F, 3F; or sometimes as other
symbols with a superscript (Arabic numerals) in the upper left
corner. In a multi-curve illustration, each curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain sequence.

Abstract
There are unstructured abstracts (no less than 200 words) and
structured abstracts. The specific requirements for structured
abstracts are as follows:
An informative, structured abstract should accompany each
manuscript. Abstracts of original contributions should be structured into the following sections: AIM (no more than 20 words;
Only the purpose of the study should be included. Please write
the Aim in the form of “To investigate/study/…”), METHODS (no less than 140 words for Original Articles; and no less
than 80 words for Brief Articles), RESULTS (no less than 150
words for Original Articles and no less than 120 words for Brief
Articles; You should present P values where appropriate and
must provide relevant data to illustrate how they were obtained,
e.g., 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001), and CONCLUSION
(no more than 26 words).

Acknowledgments
Brief acknowledgments of persons who have made genuine
contributions to the manuscript and who endorse the data and
conclusions should be included. Authors are responsible for
obtaining written permission to use any copyrighted text and/or
illustrations.

REFERENCES

Coding system
The author should number the references in Arabic numerals according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated with increased intestinal permeability[1,2]”. If references are
cited directly in the text, they should be put together within the
text, for example, “From references[19,22-24], we know that...”.
When the authors write the references, please ensure that
the order in text is the same as in the references section, and also
ensure the spelling accuracy of the first author’s name. Do not list
the same citation twice.

Key words
Please list 5-10 key words, selected mainly from Index Medicus,
which reflect the content of the study.
Core tip
Please write a summary of less than 100 words to outline the
most innovative and important arguments and core contents
in your paper to attract readers.
Text
For articles of these sections, original articles and brief articles,
the main text should be structured into the following sections:
INTRODUCTION, MATERIALS AND METHODS, RESULTS and DISCUSSION, and should include appropriate Figures and Tables. Data should be presented in the main text or in
Figures and Tables, but not in both.

PMID and DOI
Pleased provide PubMed citation numbers to the reference list,
e.g., PMID and DOI, which can be found at http://www.ncbi.
nlm.nihgov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used
in E-version of this journal.

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly
in the main text. Provide a brief title for each figure on a separate
page. Detailed legends should not be provided under the figures.
This part should be added into the text where the figures are applicable. Keeping all elements compiled is necessary in line-art
image. Scale bars should be used rather than magnification factors, with the length of the bar defined in the legend rather than
on the bar itself. File names should identify the figure and panel.
Avoid layering type directly over shaded or textured areas. Please
use uniform legends for the same subjects. For example: Figure 1

WJG|www.wjgnet.com

Style for journal references
Authors: the name of the first author should be typed in boldfaced letters. The family name of all authors should be typed
with the initial letter capitalized, followed by their abbreviated
first and middle initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of the
cited article and italicized journal title (journal title should be
in its abbreviated form as shown in PubMed), publication date,
volume number (in black), start page, and end page [PMID:

IV

July 21, 2014|Volume 20|Issue 27|

Instructions to authors

Chapter in a book (list all authors)
11 Lam SK. Academic investigator’s perspectives of medical
treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer
disease: investigation and basis for therapy. New York:
Marcel Dekker, 1991: 431-450
Author(s) and editor(s)
12 Breedlove GK, Schorfheide AM. Adolescent pregnancy.
2nd ed. Wieczorek RR, editor. White Plains (NY): March
of Dimes Education Services, 2001: 20-34
Conference proceedings
13 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours
V. Proceedings of the 5th Germ cell tumours Conference;
2001 Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56
Conference paper
14 Christensen S, Oppacher F. An analysis of Koza’s compu
tational effort statistic for genetic programming. In: Foster
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic programming. EuroGP 2002: Proceedings of the 5th
European Conference on Genetic Programming; 2002 Apr
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191
Electronic journal (list all authors)
15 Morse SS. Factors in the emergence of infectious diseases.
Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05;
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm
Patent (list all authors)
16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assignee.
Flexible endoscopic grasping and cutting device and positioning tool assembly. United States patent US 20020103498.
2002 Aug 1

11819634 DOI: 10.3748/wjg.13.5396].
Style for book references
Authors: the name of the first author should be typed in boldfaced letters. The surname of all authors should be typed with
the initial letter capitalized, followed by their abbreviated middle
and first initials. (For example, Lian-Sheng Ma is abbreviated as
Ma LS, Bo-Rong Pan as Pan BR) Book title. Publication number.
Publication place: Publication press, Year: start page and end
page.
Format
Journals
English journal article (list all authors and include the PMID where applicable)
1 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J,
Kubale R, Feuerbach S, Jung F. Evaluation of quantitative
contrast harmonic imaging to assess malignancy of liver
tumors: A prospective controlled two-center study. World J
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748/wjg.13.6356]
Chinese journal article (list all authors and include the PMID where applicable)
2 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic effect of Jianpi Yishen decoction in treatment of Pixudiarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287
In press
3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M.
Signature of balancing selection in Arabidopsis. Proc Natl
Acad Sci USA 2006; In press
Organization as author
4 Diabetes Prevention Program Research Group. Hyper
tension, insulin, and proinsulin in participants with impaired
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID:
12411462 PMCID:2516377 DOI:10.1161/01.HYP.00000
35706.28494.09]
Both personal authors and an organization as author
5 Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European men suffering from lower urinary tract symptoms. J Urol
2003; 169: 2257-2261 [PMID: 12771764 DOI:10.1097/01.
ju.0000067940.76090.73]
No author given
6 21st century heart solution may have a sting in the tail. BMJ
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184]
Volume with supplement
7 Geraud G, Spierings EL, Keywood C. Tolerability and
safety of frovatriptan with short- and long-term use for
treatment of migraine and in comparison with sumatriptan. Headache 2002; 42 Suppl 2: S93-99 [PMID: 12028325
DOI:10.1046/j.1526-4610.42.s2.7.x]
Issue with no volume
8 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen
section analysis in revision total joint arthroplasty. Clin
Orthop Relat Res 2002; (401): 230-238 [PMID: 12151900
DOI:10.1097/00003086-200208000-00026]
No volume or issue
9 Outreach: Bringing HIV-positive individuals into care.
HRSA Careaction 2002; 1-6 [PMID: 12154804]

Statistical data
Write as mean ± SD or mean ± SE.
Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test
as χ2 (in Greek), related coefficient as r (in italics), degree of freedom as υ (in Greek), sample number as n (in italics), and probability as P (in italics).
Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 96 h, blood glucose concentration, c (glucose) 6.4 ±
2.1 mmol/L; blood CEA mass concentration, p (CEA) = 8.6
24.5 mg/L; CO2 volume fraction, 50 mL/L CO2, not 5% CO2;
likewise for 40 g/L formaldehyde, not 10% formalin; and
mass fraction, 8 ng/g, etc. Arabic numerals such as 23, 243, 641
should be read 23243641.
The format for how to accurately write common units and
quantums can be found at: http://www.wjgnet.com/1007-9327/
g_info_20100315223018.htm.
Abbreviations
Standard abbreviations should be defined in the abstract and
on first mention in the text. In general, terms should not be abbreviated unless they are used repeatedly and the abbreviation
is helpful to the reader. Permissible abbreviations are listed in
Units, Symbols and Abbreviations: A Guide for Biological and
Medical Editors and Authors (Ed. Baron DN, 1988) published
by The Royal Society of Medicine, London. Certain commonly
used abbreviations, such as DNA, RNA, HIV, LD50, PCR,
HBV, ECG, WBC, RBC, CT, ESR, CSF, IgG, ELISA, PBS, ATP,
EDTA, mAb, can be used directly without further explanation.

Books
Personal author(s)
10 Sherlock S, Dooley J. Diseases of the liver and billiary
system. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296

WJG|www.wjgnet.com



July 21, 2014|Volume 20|Issue 27|

Instructions to authors

Italics
Quantities: t time or temperature, c concentration, A area, l length,
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

www.wjgnet.com/1007-9327/g_info_20100315222818.htm.
Responses to reviewers
Please revise your article according to the comments/suggestions provided by the reviewers. The format for responses to
the reviewers’ comments can be found at: http://www.wjgnet.
com/1007-9327/g_info_20100315222607.htm

Examples for paper writing
All types of articles’ writing style and requirement will be
found in the link: http://www.wjgnet.com/esps/NavigationInfo.aspx?id=15.

Proof of financial support
For papers supported by a foundation, authors should provide
a copy of the approval document and serial number of the
foundation.

RESUBMISSION OF THE REVISED
MANUSCRIPTS

STATEMENT ABOUT ANONYMOUS PUBLICATION OF THE PEER REVIEWERS’ COMMENTS

Authors must revise their manuscript carefully according to the
revision policies of Baishideng Publishing Group Co., Limited.
The revised version, along with the signed copyright transfer
agreement, responses to the reviewers, and English language
Grade A certificate (for non-native speakers of English), should
be submitted to the online system via the link contained in the
e-mail sent by the editor. If you have any questions about the
revision, please send e-mail to esps@wjgnet.com.

In order to increase the quality of peer review, push authors to
carefully revise their manuscripts based on the peer reviewers'
comments, and promote academic interactions among peer reviewers, authors and readers, we decide to anonymously publish
the reviewers’ comments and author’s responses at the same
time the manuscript is published online.

PUBLICATION FEE

Language evaluation
The language of a manuscript will be graded before it is sent for revision. (1) Grade A: priority publishing; (2) Grade B: minor language
polishing; (3) Grade C: a great deal of language polishing needed; and
(4) Grade D: rejected. Revised articles should reach Grade A.

WJG is an international, peer-reviewed, open access, online journal.
Articles published by this journal are distributed under the terms
of the Creative Commons Attribution Non-commercial License,
which permits use, distribution, and reproduction in any medium,
provided the original work is properly cited, the use is non commercial and is otherwise in compliance with the license. Authors of
accepted articles must pay a publication fee. Publication fee: 1398
USD per article. All invited articles are published free of charge.

Copyright assignment form
Please download a Copyright assignment form from http://

WJG|www.wjgnet.com

VI

July 21, 2014|Volume 20|Issue 27|

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com

I S S N 1 0  0 7  -   9  3 2  7
27

9   7 7 10  0 7   9 3 2 0 45

© 2014 Baishideng Publishing Group Inc. All rights reserved.

ISSN 1007-9327 (print)
ISSN 2219-2840 (online)

World Journal of
Gastroenterology
World J Gastroenterol 2014 July 28; 20(28): 9217-9632

Published by Baishideng Publishing Group Inc

Editorial Board
2014-2017
The World Journal of Gastroenterology Editorial Board consists of 1353 members, representing a team of worldwide
experts in gastroenterology and hepatology. They are from 68 countries, including Albania (1), Algeria (1),
Argentina (7), Australia (31), Austria (9), Belgium (10), Brazil (20), Brunei Darussalam (1), Bulgaria (2), Cambodia
(1), Canada (25), Chile (4), China (161), Croatia (1), Cuba (1), Czech (6), Denmark (2), Egypt (9), Estonia (2), Finland
(6), France (17), Germany (56), Greece (31), Guatemala (1), Hungary (14), Iceland (1), India (33), Indonesia (2), Iran
(10), Ireland (9), Israel (18), Italy (195), Japan (151), Jordan (1), Kuwait (1), Lebanon (7), Lithuania (1), Malaysia (1),
Mexico (10), Morocco (1), Netherlands (5), New Zealand (4), Nigeria (3), Norway (6), Pakistan (6), Poland (12),
Portugal (8), Puerto Rico (1), Qatar (1), Romania (10), Russia (3), Saudi Arabia (2), Singapore (7), Slovenia (2), South
Korea (64), Spain (51), Sri Lanka (1), Sudan (1), Sweden (12), Switzerland (5), Thailand (7), Trinidad and Tobago
(1), Tunisia (2), Turkey (56), United Kingdom (47), United States (173), Venezuela (1), and Vietnam (1).

EDITORS-IN-CHIEF
Stephen C Strom, Stockholm
Saleh A Naser, Orlando
Andrzej S Tarnawski, Long Beach
Damian Garcia-Olmo, Madrid
GUEST EDITORIAL BOARD
MEMBERS
Jia-Ming Chang, Taipei
Jane CJ Chao, Taipei
Kuen-Feng Chen, Taipei
Tai-An Chiang, Tainan
Yi-You Chiou, Taipei
Seng-Kee Chuah, Kaohsiung
Wan-Long Chuang, Kaohsiung
How-Ran Guo, Tainan
Ming-Chih Hou, Taipei
Po-Shiuan Hsieh, Taipei
Ching-Chuan Hsieh, Chiayi county
Jun-Te Hsu, Taoyuan
Chung-Ping Hsu, Taichung
Chien-Ching Hung, Taipei
Chao-Hung Hung, Kaohsiung
Chen-Guo Ker, Kaohsiung
Yung-Chih Lai, Taipei
Teng-Yu Lee, Taichung City
Wei-Jei Lee, Taoyuan
Jin-Ching Lee, Kaohsiung
Jen-Kou Lin, Taipei
Ya-Wen Lin, Taipei
Hui-kang Liu, Taipei
Min-Hsiung Pan, Taipei
Bor-Shyang Sheu, Tainan
Hon-Yi Shi, Kaohsiung
Fung-Chang Sung, Taichung
Dar-In Tai, Taipei

WJG|www.wjgnet.com

Jung-Fa Tsai, Kaohsiung
Yao-Chou Tsai, New Taipei City
Chih-Chi Wang, Kaohsiung
Liang-Shun Wang, New Taipei City
Hsiu-Po Wang, Taipei
Jaw-Yuan Wang, Kaohsiung
Yuan-Huang Wang, Taipei
Yuan-Chuen Wang, Taichung
Deng-Chyang Wu, Kaohsiung
Shun-Fa Yang, Taichung
Hsu-Heng Yen, Changhua
MEMBERS OF THE EDITORIAL
BOARD

Albania
Saadi Berkane, Algiers

Algeria
Samir Rouabhia, Batna

Argentina
N Tolosa de Talamoni, Córdoba
Eduardo de Santibanes, Buenos Aires
Bernardo Frider, Capital Federal
Guillermo Mazzolini, Pilar
Carlos Jose Pirola, Buenos Aires
Bernabé Matías Quesada, Buenos Aires
María Fernanda Troncoso, Buenos Aires



Australia
Golo Ahlenstiel, Westmead
Minoti V Apte, Sydney
Jacqueline S Barrett, Melbourne
Michael Beard, Adelaide
Filip Braet, Sydney
Guy D Eslick, Sydney
Christine Feinle-Bisset, Adelaide
Mark D Gorrell, Sydney
Michael Horowitz, Adelaide
Gordon Stanley Howarth, Roseworthy
Seungha Kang, Brisbane
Alfred King Lam, Gold Coast
Ian C Lawrance, PerthFremantle
Barbara Anne Leggett, Brisbane
Daniel A Lemberg, Sydney
Rupert W Leong, Sydney
Finlay A Macrae, Victoria
Vance Matthews, Melbourne
David L Morris, Sydney
Reme Mountifield, Bedford Park
Hans J Netter, Melbourne
Nam Q Nguyen, Adelaide
Liang Qiao, Westmead
Rajvinder Singh, Adelaide
Ross Cyril Smith, StLeonards
Kevin J Spring, Sydney
Debbie Trinder, Fremantle
Daniel R van Langenberg, Box Hill
David Ian Watson, Adelaide
Desmond Yip, Garran
Li Zhang, Sydney

March 26, 2014

Austria
Felix Aigner, Innsbruck
Gabriela A Berlakovich, Vienna
Herwig R Cerwenka, Graz
Peter Ferenci, Wien
Alfred Gangl, Vienna
Kurt Lenz, Linz
Markus Peck-Radosavljevic, Vienna
Markus Raderer, Vienna
Stefan Riss, Vienna

Belgium
Michael George Adler, Brussels
Benedicte Y De Winter, Antwerp
Mark De Ridder, Jette
Olivier Detry, Liege
Denis Dufrane Dufrane, Brussels
Nikos Kotzampassakis, Liège
Geert KMM Robaeys, Genk
Xavier Sagaert, Leuven
Peter Starkel, Brussels
Eddie Wisse, Keerbergen

Frank J Burczynski, Winnipeg
Wangxue Chen, Ottawa
Francesco Crea, Vancouver
Mirko Diksic, Montreal
Jane A Foster, Hamilton
Hugh J Freeman, Vancouver
Shahrokh M Ghobadloo, Ottawa
Yuewen Gong, Winnipeg
Philip H Gordon, Quebec
Rakesh Kumar, Edmonton
Wolfgang A Kunze, Hamilton
Patrick Labonte, Laval
Zhikang Peng, Winnipeg
Jayadev Raju, Ottawa
Maitreyi Raman, Calgary
Giada Sebastiani, Montreal
Maida J Sewitch, Montreal
Eldon A Shaffer, Alberta
Christopher W Teshima, Edmonton
Jean Sévigny, Québec
Pingchang Yang, Hamilton
Pingchang Yang, Hamilton
Eric M Yoshida, Vancouver
Bin Zheng, Edmonton

Chile
Brazil
SMP Balzan, Santa Cruz do Sul
JLF Caboclo, Sao jose do rio preto
Fábio Guilherme Campos, Sao Paulo
Claudia RL Cardoso, Rio de Janeiro
Roberto J Carvalho-Filho, Sao Paulo
Carla Daltro, Salvador
José Sebastiao dos Santos, Ribeirao Preto
Eduardo LR Mello, Rio de Janeiro
Sthela Maria Murad-Regadas, Fortaleza
Claudia PMS Oliveira, Sao Paulo
Júlio C Pereira-Lima, Porto Alegre
Marcos V Perini, Sao Paulo
Vietla Satyanarayana Rao, Fortaleza
Raquel Rocha, Salvador
AC Simoes e Silva, Belo Horizonte
Mauricio F Silva, Porto Alefre
Aytan Miranda Sipahi, Sao Paulo
Rosa Leonôra Salerno Soares, Niterói
Cristiane Valle Tovo, Porto Alegre
Eduardo Garcia Vilela, Belo Horizonte

Brunei Darussalam
Vui Heng Chong, Bandar Seri Begawan

Bulgaria
Tanya Kirilova Kadiyska, Sofia
Mihaela Petrova, Sofia

Cambodia
Francois Rouet, Phnom Penh

Canada
Brian Bressler, Vancouver

WJG|www.wjgnet.com

Marcelo A Beltran, La Serena
Flavio Nervi, Santiago
Adolfo Parra-Blanco, Santiago
Alejandro Soza, Santiago

China
Zhao-Xiang Bian, Hong Kong
San-Jun Cai, Shanghai
Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing

March 26, 2014

Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki

WJG|www.wjgnet.com

Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged

March 26, 2014

Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin

WJG|www.wjgnet.com

David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania

March 26, 2014

Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona

WJG|www.wjgnet.com

Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata

March 26, 2014

Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México

WJG|www.wjgnet.com

Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu

March 26, 2014

Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia

WJG|www.wjgnet.com

Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras

VII

Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul

March 26, 2014

Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow

WJG|www.wjgnet.com

Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel AButt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Abhishek Deshpande, Cleveland
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
AmyEFoxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego

VIII

Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
Robert Thomas Jensen, Bethesda
Huanguang “Charlie” Jia, Gainesville
Rome Jutabha, Los Angeles
Andreas M Kaiser, Los Angeles
Avinash Kambadakone, Boston
David Edward Kaplan, Philadelphia
Randeep Kashyap, Rochester
Rashmi Kaul, Tulsa
Ali Keshavarzian, Chicago
Amir Maqbul Khan, Marshall
Nabeel Hasan Khan, New Orleans
Sahil Khanna, Rochester
Kusum K Kharbanda, Omaha
Hyun Sik Kim, Pittsburgh
Joseph Kim, Duarte
Jae S Kim, Gainesville
Miran Kim, Providence
Timothy R Koch, Washington
Burton I Korelitz, New York
Betsy Kren, Minneapolis
Shiu-Ming Kuo, Buffalo
Michelle Lai, Boston
Andreas Larentzakis, Boston
Edward Wolfgang Lee, Los Angeles
Daniel A Leffler, Boston
Michael Leitman, New York
Suthat Liangpunsakul, Indianapolis
Joseph K Lim, New Haven
Elaine Y Lin, Bronx
Henry C Lin, Albuquerque
Rohit Loomba, La Jolla
James David Luketich, Pittsburgh
Mohammad F Madhoun, Oklahoma City
Thomas C Mahl, Buffalo
Ashish Malhotra, Bettendorf
Pranoti Mandrekar, Worcester
John Marks, Wynnewood
Wendy M Mars, Pittsburgh
Julien Vahe Matricon, San Antonio
Craig J McClain, Louisville
George K Michalopoulos, Pittsburgh
Tamir Miloh, Phoenix
Ayse Leyla Mindikoglu, Baltimore
Huanbiao Mo, Denton
Klaus Monkemuller, Birmingham
John Morton, Stanford
Adnan Muhammad, Tampa
Michael J Nowicki, Jackson
Patrick I Okolo, Baltimore
Giusepp Orlando, Winston Salem
Natalia A Osna, Omaha
Virendra N Pandey, Newark
Mansour A Parsi, Cleveland
Michael F Picco, Jacksonville
Daniel S Pratt, Boston
Xiaofa Qin, Newark
Janardan K Reddy, Chicago
Victor E Reyes, Galveston
Jon Marc Rhoads, Houston
Giulia Roda, New York
Jean-Francois Armand Rossignol, Tampa
Paul A Rufo, Boston
Madhusudana Girija Sanal, New York
Miguel Saps, Chicago
Sushil Sarna, Galveston
Ann O Scheimann, Baltimore
Bernd Schnabl, La Jolla

March 26, 2014

Matthew J Schuchert, Pittsburgh
Ekihiro Seki, La Jolla
Chanjuan Shi, Nashville
David Quan Shih, Los Angeles
William B Silverman, Iowa City
Shashideep Singhal, New York
Bronislaw L Slomiany, Newark
Steven F Solga, Bethlehem
Byoung-Joon Song, Bethesda
Dario Sorrentino, Roanoke
Scott R Steele, Fort Lewis
Branko Stefanovic, Tallahassee
Arun Swaminath, New York
Kazuaki Takabe, Richmond
Naoki Tanaka, Bethesda
Hans Ludger Tillmann, Durham

WJG|www.wjgnet.com

George Triadafilopoulos, Stanford
John Richardson Thompson, Nashville
Andrew Ukleja, Weston
Miranda AL van Tilburg, Chapel Hill
Gilberto Vaughan, Atlanta
Vijayakumar Velu, Atlanta
Gebhard Wagener, New York
Kasper Saonun Wang, Los Angeles
Xiangbing Wang, New Brunswick
Daoyan Wei, Houston
Theodore H Welling, Ann Arbor
C Mel Wilcox, Birmingham
Jacqueline Lee Wolf, Boston
Laura Ann Woollett, Cincinnati
Harry Hua-Xiang Xia, East Hanover
Wen Xie, Pittsburgh

IX

Guang Yu Yang, Chicago
Michele T Yip-Schneider, Indianapolis
Kezhong Zhang, Detroit
Huiping Zhou, Richmond
Xiao-Jian Zhou, Cambridge
Richard Zubarik, Burlington

Venezuela
Miguel Angel Chiurillo, Barquisimeto

Vietnam
Van Bang Nguyen, Hanoi

March 26, 2014

S

Contents
FIELD OF VISION

Weekly Volume 20 Number 28 July 28, 2014
9217

Could metabolic syndrome lead to hepatocarcinoma via non-alcoholic fatty
liver disease?
Scalera A, Tarantino G

TOPIC HIGHLIGHT

9229

Androgen receptor signaling in hepatocellular carcinoma and pancreatic
cancers
Kanda T, Jiang X, Yokosuka O

9237

Hepatectomy for hepatocellular carcinoma in the era of liver transplantation
Lu WP, Dong JH

9245

Polymorphisms in the IFNL3/IL28B gene and hepatitis C: From adults to
children
Indolfi G, Azzari C, Resti M

9253

Hepatitis C virus reinfection after liver transplantation: Is there a role for
direct antiviral agents?
Dall’Agata M, Gramenzi A, Biselli M, Bernardi M

9261

Cytokinome profile evaluation in patients with hepatitis C virus infection
Capone F, Guerriero E, Colonna G, Maio P, Mangia A, Castello G, Costantini S

9270

Epidemiology and natural history of hepatitis C virus infection
Lee MH, Yang HI, Yuan Y, L’Italien G, Chen CJ

9281

Approaches to improve quality of care in inflammatory bowel diseases
Shah R, Hou JK

9286

Update on the prevention of local recurrence and peritoneal metastases in
patients with colorectal cancer
Sugarbaker PH

9292

Familial colorectal cancer: A review
Armelao F, de Pretis G

9299

Helicobacter pylori infection - recent developments in diagnosis
Lopes AI, Vale FF, Oleastro M

WJG|www.wjgnet.com



July 28, 2014|Volume 20|Issue 28|

World Journal of Gastroenterology

Contents

Volume 20 Number 28 July 28, 2014
9314

Diagnosing Helicobacter pylori infection in vivo by novel endoscopic
techniques
Ji R, Li YQ

9321

Gastroretentive drug delivery systems for the treatment of Helicobacter pylori
Zhao S, Lv Y, Zhang JB, Wang B, Lv GJ, Ma XJ

9330

Non-alcoholic fatty liver disease and obesity: Biochemical, metabolic and
clinical presentations
Milić S, Lulić D, Štimac D

9338

Role of diet and lifestyle changes in nonalcoholic fatty liver disease
Nseir W, Hellou E, Assy N

9345

Managing malignant biliary obstruction in pancreas cancer: Choosing the
appropriate strategy
Boulay BR, Parepally M

9354

Pancreatic cancer: Advances in treatment
Mohammed S, Van Buren Ⅱ G, Fisher WE

9361

Cachexia and pancreatic cancer: Are there treatment options?
Mueller TC, Burmeister MA, Bachmann J, Martignoni ME

9374

Neoadjuvant strategies for pancreatic cancer
Polistina F, Di Natale G, Bonciarelli G, Ambrosino G, Frego M

9384

Therapeutic applications of curcumin for patients with pancreatic cancer
Kanai M

9392

Pathophysiological roles of Pim-3 kinase in pancreatic cancer development
and progression
Li YY, Mukaida N

9405

Role of non-coding RNAs in pancreatic cancer: The bane of the microworld
Tang YT, Xu XH, Yang XD, Hao J, Cao H, Zhu W, Zhang SY, Cao JP

REVIEW

9418

Atypical causes of cholestasis
Nguyen KD, Sundaram V, Ayoub WS

WJG|www.wjgnet.com

II

July 28, 2014|Volume 20|Issue 28|

World Journal of Gastroenterology

Contents

Volume 20 Number 28 July 28, 2014
9427

Osteoporosis and fractures in liver disease: Relevance, pathogenesis and
therapeutic implications
Nakchbandi IA

9439

Interaction between Helicobacter pylori infection, nonsteroidal antiinflammatory drugs and/or low-dose aspirin use: Old question new insights
Sostres C, Gargallo CJ, Lanas A

9451

Rapid on-site evaluation of endoscopic-ultrasound-guided fine-needle
aspiration diagnosis of pancreatic masses
Iglesias-Garcia J, Lariño-Noia J, Abdulkader I, Domínguez-Muñoz JE

9458

Epidemiology, demographic characteristics and prognostic predictors of
ulcerative colitis
Silva BC, Lyra AC, Rocha R, Santana GO

9468

Ulcerative colitis as a polymicrobial infection characterized by sustained
broken mucus barrier
Chen SJ, Liu XW, Liu JP, Yang XY, Lu FG

ORIGINAL ARTICLE

9476

Establishment of an orthotopic pancreatic cancer mouse model: Cells
suspended and injected in Matrigel
Jiang YJ, Lee CL, Wang Q, Zhou ZW, Yang F, Jin C, Fu DL

9486

Viral infection parameters not nucleoside analogue itself correlates with host
immunity in nucleoside analogue therapy for chronic hepatitis B
Li CZ, Hu JJ, Xue JY, Yin W, Liu YY, Fan WH, Xu H, Liang XS

9497

Down-regulation of FoxM1 inhibits viability and invasion of gallbladder
carcinoma cells, partially dependent on inducement of cellular senescence
Tao J, Xu XS, Song YZ, Qu K, Wu QF, Wang RT, Meng FD, Wei JC, Dong SB, Zhang YL,
Tai MH, Dong YF, Wang L, Liu C

RESEARCH REPORT

9506

Conventional, but not remote ischemic preconditioning, reduces iNOS
transcription in liver ischemia/reperfusion
Björnsson B, Winbladh A, Bojmar L, Sundqvist T, Gullstrand P, Sandström P

9513

Association of caveolin-3 and cholecystokinin A receptor with cholesterol
gallstone disease in mice
Xu GQ, Xu CF, Chen HT, Liu S, Teng XD, Xu GY, Yu CH

WJG|www.wjgnet.com

III

July 28, 2014|Volume 20|Issue 28|

World Journal of Gastroenterology

Contents

Volume 20 Number 28 July 28, 2014
9519

Remote ischemic postconditioning protects against gastric mucosal lesions in
rats
Wang T, Zhou YT, Chen XN, Zhu AX, Wu BH

EVIDENCE-BASED

9528

MEDICINE
CASE CONTROL STUDY

Liver fibrosis evaluation by ARFI and APRI in chronic hepatitis C
Li SM, Li GX, Fu DM, Wang Y, Dang LQ

9534

Postprandial response of bone turnover markers in patients with Crohn’s
disease
Karatzoglou I, Yavropoulou MP, Pikilidou M, Germanidis G, Akriviadis E, Papazisi A,
Daniilidis M, Zebekakis P, Yovos JG

9541

Association of metabolic syndromes and risk factors with ampullary tumors
development: A case-control study in China
He XD, Wu Q, Liu W, Hong T, Li JJ, Miao RY, Zhao HT

RETROSPECTIVE STUDY 9549

Esophageal dilations in eosinophilic esophagitis: A single center experience
Ukleja A, Shiroky J, Agarwal A, Allende D

9556

Treatment of rectal cancer by transanal endoscopic microsurgery: Experience
with 425 patients
Guerrieri M, Gesuita R, Ghiselli R, Lezoche G, Budassi A, Baldarelli M

9564

Prognostic significance of nuclear hepatoma-derived growth factor expression
in gallbladder cancer
Tao F, Ye MF, Sun AJ, Lv JQ, Xu GG, Jing YM, Wang W

CLINICAL TRIALS STUDY 9570

Safety trial of high-intensity focused ultrasound therapy for pancreatic cancer
Sofuni A, Moriyasu F, Sano T, Itokawa F, Tsuchiya T, Kurihara T, Ishii K, Tsuji S, Ikeuchi N,
Tanaka R, Umeda J, Tonozuka R, Honjo M, Mukai S, Fujita M, Itoi T

9578

Study of detection times for liver stiffness evaluation by shear wave
elastography
Huang ZP, Zhang XL, Zeng J, Zheng J, Wang P, Zheng RQ

OBSERVATIONAL STUDY 9585

Alterations in enterocyte mitochondrial respiratory function and enzyme
activities in gastrointestinal dysfunction following brain injury
Zhu KJ, Huang H, Chu H, Yu H, Zhang SM

SYSTEMATIC REVIEWS

9592

Atrial fibrillation in patients with gastroesophageal reflux disease:
A comprehensive review
Roman C, Bruley des Varannes S, Muresan L, Picos A, Dumitrascu DL

WJG|www.wjgnet.com

IV

July 28, 2014|Volume 20|Issue 28|

World Journal of Gastroenterology

Contents

Volume 20 Number 28 July 28, 2014
9600

Gene-diet interactions in gastric cancer risk: A systematic review
Kim J, Cho YA, Choi WJ, Jeong SH

META-ANALYSIS

9611

Lifetime risk of esophageal adenocarcinoma in patients with Barrett's
esophagus
Gatenby P, Caygill C, Wall C, Bhatacharjee S, Ramus J, Watson A, Winslet M

CASE REPORT

9618

Severe splenic rupture after colorectal endoscopic submucosal dissection
Herreros de Tejada A, Giménez-Alvira L, Van den Brule E, Sánchez-Yuste R, Matallanos P,
Blázquez E, Calleja JL, Abreu LE

9621

Undiagnosed Borrmann type Ⅱ gastric cancer due to necrosis and
regenerative epithelium
Hur J, Chang JH, Kim BK, Ko HY, Lee JH, Kim SJ, Song MA, Kim TH, Kim CW, Han SW

9626

Primary colonic melanoma presenting as ileocecal intussusception: Case
report and literature review
Li WX, Wei Y, Jiang Y, Liu YL, Ren L, Zhong YS, Ye LC, Zhu DX, Niu WX, Qin XY, Xu JM

LETTERS TO THE EDITOR 9631

Neutrophil-lymphocyte ratio is useful for the prognosis of patients with
hepatocellular carcinoma
Kayadibi H, Sertoglu E, Uyanik M, Tapan S

WJG|www.wjgnet.com



July 28, 2014|Volume 20|Issue 28|

World Journal of Gastroenterology

Contents
APPENDIX

Volume 20 Number 28 July 28, 2014
I-VI

Instructions to authors

ABOUT COVER

Editorial Board Member of World Journal of Gastroenterology , Ajay Goel, PhD,
Professor, Gastroenterology, Baylor University Medical Center and Charles A
Sammons Cancer Center, Dallas, TX 75246, United States

AIMS AND SCOPE

World Journal of Gastroenterology (World J Gastroenterol, WJG, print ISSN 1007-9327, online
ISSN 2219-2840, DOI: 10.3748) is a peer-reviewed open access journal. WJG was established on October 1, 1995. It is published weekly on the 7th, 14th, 21st, and 28th each month.
The WJG Editorial Board consists of 1353 experts in gastroenterology and hepatology
from 68 countries.
The primary task of WJG is to rapidly publish high-quality original articles, reviews,
and commentaries in the fields of gastroenterology, hepatology, gastrointestinal endoscopy, gastrointestinal surgery, hepatobiliary surgery, gastrointestinal oncology, gastrointestinal radiation oncology, gastrointestinal imaging, gastrointestinal interventional therapy, gastrointestinal infectious diseases, gastrointestinal pharmacology, gastrointestinal
pathophysiology, gastrointestinal pathology, evidence-based medicine in gastroenterology, pancreatology, gastrointestinal laboratory medicine, gastrointestinal molecular biology, gastrointestinal immunology, gastrointestinal microbiology, gastrointestinal genetics,
gastrointestinal translational medicine, gastrointestinal diagnostics, and gastrointestinal
therapeutics. WJG is dedicated to become an influential and prestigious journal in gastroenterology and hepatology, to promote the development of above disciplines, and to
improve the diagnostic and therapeutic skill and expertise of clinicians.

INDEXING/ABSTRACTING

World Journal of Gastroenterology is now indexed in Current Contents®/Clinical Medicine, Science
Citation Index Expanded (also known as SciSearch®), Journal Citation Reports®, Index Medicus, MEDLINE, PubMed, PubMed Central, Digital Object Identifier, and Directory of Open
Access Journals. ISI, Journal Citation Reports®, Gastroenterology and Hepatology, 2012 Impact
Factor: 2.547 (34/74); Total Cites: 19145 (6/74); Current Articles: 944 (1/74); and Eigenfactor®
Score: 0.06035 (6/74).

FLYLEAF

I-IX

EDITORS FOR
THIS ISSUE

Responsible Assistant Editor: Xiang Li
Responsible Electronic Editor: Dan-Ni Zhang
Proofing Editor-in-Chief: Lian-Sheng Ma

NAME OF JOURNAL
World Journal of Gastroenterology
ISSN
ISSN 1007-9327 (print)
ISSN 2219-2840 (online)
LAUNCH DATE
October 1, 1995
FREQUENCY
Weekly
EDITORS-IN-CHIEF
Damian Garcia-Olmo, MD, PhD, Doctor, Professor, Surgeon, Department of Surgery, Universidad
Autonoma de Madrid; Department of General Surgery, Fundacion Jimenez Diaz University Hospital,
Madrid 28040, Spain
Saleh A Naser, PhD, Professor, Burnett School of
Biomedical Sciences, College of Medicine, University
of Central Florida, Orlando, FL 32816, United States
Stephen C Strom, PhD, Professor, Department of
Laboratory Medicine, Division of Pathology, Karolinska Institutet, Stockholm 141-86, Sweden

WJG|www.wjgnet.com

Editorial Board

Responsible Science Editor: Yuan Qi
Proofing Editorial Office Director: Xiu-Xia Song

Andrzej S Tarnawski, MD, PhD, DSc (Med), Professor of Medicine, Chief Gastroenterology, VA
Long Beach Health Care System, University of California, Irvine, CA, 5901 E. Seventh Str., Long Beach,
CA 90822, United States
EDITORIAL OFFICE
Jin-Lei Wang, Director
Xiu-Xia Song, Vice Director
World Journal of Gastroenterology
Room 903, Building D, Ocean International Center,
No. 62 Dongsihuan Zhonglu, Chaoyang District,
Beijing 100025, China
Telephone: +86-10-59080039
Fax: +86-10-85381893
E-mail: editorialoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
http://www.wjgnet.com
PUBLISHER
Baishideng Publishing Group Inc
8226 Regency Drive,
Pleasanton, CA 94588, USA
Telephone: +1-925-223-8242
Fax: +1-925-223-8243
E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

VI

http://www.wjgnet.com
PUBLICATION DATE
July 28, 2014
COPYRIGHT
© 2014 Baishideng Publishing Group Inc. Articles published by this Open-Access journal are distributed under
the terms of the Creative Commons Attribution Noncommercial License, which permits use, distribution,
and reproduction in any medium, provided the original
work is properly cited, the use is non commercial and is
otherwise in compliance with the license.
SPECIAL STATEMENT
All articles published in journals owned by the Baishideng
Publishing Group (BPG) represent the views and opinions of their authors, and not the views, opinions or
policies of the BPG, except where otherwise explicitly
indicated.
INSTRUCTIONS TO AUTHORS
Full instructions are available online at http://www.
wjgnet.com/1007-9327/g_info_20100315215714.htm
ONLINE SUBMISSION
http://www.wjgnet.com/esps/

July 28, 2014|Volume 20|Issue 28|

World J Gastroenterol 2014 July 28; 20(28): 9217-9228
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i28.9217

© 2014 Baishideng Publishing Group Inc. All rights reserved.

FIELD
BRIEF
OFARTICLE
VISION

Could metabolic syndrome lead to hepatocarcinoma via
non-alcoholic fatty liver disease?
Antonella Scalera, Giovanni Tarantino
HCC and it was demonstrated that IGF ligands exerted
their effects on HCC cells through IGF-1R and that it was
involved in the degeneration of pre-neoplastic lesions via
an increase in their mitotic activity. Both IGF-2R and TGF
β, a growth inhibitor, levels are reduced in human HCC
compared with adjacent normal liver tissues. Another key
mechanism involves peroxisome proliferator-activated
receptor (PPAR)γ. In in vitro studies, PPARγ inhibited various carcinomas including HCC, most probably by regulating apoptosis via the p21, p53 and p27 pathways. Finally,
as a clinical consequence, to improve survival, efforts to
achieve a “healthier diet” should be promoted by physicians and politicians.
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Abstract
It was estimated that from 2002 to 2008 the risk of developing cancer increased a quarter-fold in men and twofold in women due to excessive BMI. Obesity, metabolic
syndrome and type 2 diabetes mellitus are strictly related
and are key pathogenetic factors of non-alcoholic fatty
liver disease (NAFLD), the most frequent liver disease
worldwide. The most important consequence of the “metabolic epidemics” is the probable rise in the incidence of
hepatocarcinoma (HCC), and NAFLD is the major causative factor. Adipose tissue is not merely a storage organ
where lipids are preserved as an energy source. It is an
active organ with important endocrine, paracrine, and
autocrine actions in addition to immune functions. Adipocytes produce a wide range of hormones, cytokines, and
growth factors that can act locally in the adipose tissue
microenvironment and systemically. In this article, the
main roles of insulin growth factor (IGF)-1 and IGF-2 are
discussed. The role of IGF-2 is not only confined to HCC,
but it may also act in early hepato-carcinogenesis, as preneoplastic lesions express IGF-2 mRNA. IGF-1 and IGF-2
interact with specific receptors (IGF-1R and IGF-2R). IGF1R is over-expressed in in vitro and in animal models of
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Core tip: Obesity, metabolic syndrome and type 2 diabetes mellitus are strictly related and are key pathogenetic factors in non-alcoholic fatty liver disease, one
of the most frequent liver diseases worldwide. It is
necessary to stress that one of the most important consequences of the “metabolic epidemics” is the probable
rise in the incidence of cancers, particularly hepatocarcinoma. Thus, to improve survival, efforts to achieve
a “healthier diet” should be promoted by physicians
and politicians, even though no changes in genes have
been observed in the postprandial state induced after
the acute effect of specific diets in patients exhibiting
non-alcoholic fatty liver disease and insulin resistance.
Scalera A, Tarantino G. Could metabolic syndrome lead to hepatocarcinoma via non-alcoholic fatty liver disease? World J
Gastroenterol 2014; 20(28): 9217-9228 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9217.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9217
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glucose metabolism in the induction and progression
of HCC, it should be remembered that there are many
known risk factors associated with HCC, however, HCV
and HBV infections are the most studied. Other known
risk factors are alcohol abuse and toxin exposure (such
as aflatoxin)[18]. In this scenario it is fundamental to emphasize that, even though the possibility of developing
HCC in HBV or HCV subjects is higher than in patients
affected by NAFLD or non-alcoholic steatohepatitis
(NASH), it is also true that MS and its hepatic manifestation (NAFLD and then NASH) affects 20%-30% of the
general population in Western countries, and its incidence
is increasing (Table 2[19-30]). Based on these data, Siegel et
al[21] estimated that 200000-500000 individuals are potentially at risk of developing HCC.

COMMENTARY ON HOT TOPICS
Major risk factors for the development of hepatocellular
carcinoma (HCC) are infection with hepatitis B virus
(HBV) and hepatitis C virus (HCV), at least in developed
countries. Moreover, the etiology of HCC is multifactorial and, in addition to infections, other factors such as alcohol consumption and intake of aflotoxin-contaminated
food were found to contribute to HCC development[1].
Recently, it was determined that non-alcoholic fatty liver
disease (NAFLD) is related to obesity, diabetes and metabolic syndrome (MS)[2]. NAFLD, the abnormal accumulation of fat in the liver, affects approximately 20%-30%
of the total population in Western countries and the strict
clinical and patho-physiological links with obesity, insulin
resistance (IR) and type 2 diabetes mellitus (T2DM) have
led to the recent suggestion that NAFLD can be considered a new criterion of MS[3]. HCC is the most common
primary liver malignancy and is one of the most lethal
cancers worldwide[4]. Epidemiologically, the incidence
and mortality of HCC has increased over the past several
decades in the United States, Japan and several European
countries[4-7]. A correlation was noted between the raised
incidence of HCC and obesity: overweight and obese
individuals had an increased risk of developing HCC of
17% and 90%, respectively, compared to those with normal weight[8,9]. In 2013 an interesting study evaluated the
performance status in HCC subjects and found that patients with worse performance status had not only higher
Child-Turcotte-Pugh and Model for End-Stage Liver Disease scores, but also larger tumor volume, more frequent
vascular invasion and T2DM (P < 0.001). T2DM was a
prognostic predictor of increased risk of mortality. These
data support the role of T2DM, not only in the genesis
of HCC, but also in its progression and therefore its
treatment[10]. An increased risk of developing HCC and
having a worse prognosis after this diagnosis was demonstrated not only in T2DM patients, but also in obese subjects and those with the criteria of MS[11]. The purpose of
our review is to summarize the principal findings on this
issue focusing on the principal pathophysiologic aspects
and epidemiologic evidence.

Epidemiological evidence concerning impaired glucose
metabolism, insulin resistance and diabetes
In 2012, Campbell et al[31] conducted a large prospective
cohort study which included over one million subjects
and found that diabetic women and men had an increased risk of 1.40 (95%CI: 1.05-1.86) and 2.26 (95%CI:
1.89-2.70) for developing HCC, respectively. The increased incidence of HCC in obese and diabetic subjects
has led to the necessity to characterize the role of MS
in liver carcinogenesis. Glucose intolerance, hyperglycemia, T2DM, obesity, hypertension and dyslipidemia are
the key components in MS[32]. Turati et al[33] carried out a
case-control study in Southern Italy, and found not only
an increased incidence of HCC in subjects affected by
MS, but also that the risk increases with the number of
MS criteria. Although the only two MS components associated with HCC were T2DM and obesity, the risk was
increased four-fold in subjects with ≥ 2 MS components,
and to over six-fold in subjects without chronic infection
with HBV and/or HCV, compared with non-MS subjects.
Even if the role of impaired glucose metabolism is
important in hepato-carcinogenesis, its impact on HCC
natural history is still controversial. Recently, Howell et
al[34] compared diabetic and-non diabetic subjects treated
for HCC and found that there was no difference in survival between the two groups. In contrast, a meta-analysis
by Wang et al [35] found that patients with coexisting
T2DM had a shorter survival time and a higher risk for
tumor recurrence after curative treatments. This evidence
was subsequently confirmed and associated with macrovascular invasion[36,37]. Moreover, Abe et al[38] demonstrated that intensive care of T2DM and abstinence from alcohol consumption improved prognosis in HCC patients.
In some reports, authors deduced that in HIV/HCV
positive subjects the presence of T2DM favors the progression of chronic liver disease to HCC[39-41]. These are
only two examples in many studies to show that T2DM
can worsen the prognosis of subjects with other known
risk factors for the development of HCC.

HCC DEVELOPMENT
In recent decades many authors have focused their attention on the prevalence and/or incidence of HCC in
subjects affected by MS, T2DM and obesity. Despite
very recent data showing an association between liver
cancer and MS, at least in HBV-and HCV-endemic areas
such as Southern Taiwan[12], in 2012 this association was
questioned in five meta-analyses, which all concluded that
both increased body mass index (BMI) and altered glucose metabolism influence the risk of developing HCC.
A systematic literature search in 2012 identified five studies evaluating the relationship between HCC and MS,
T2DM and obesity. The results of this meta-analysis are
shown in Table 1[13-17].
When examining the possible impact of lipid and
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The World Health Organization (WHO) estimates that
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Table 1 Results of a meta-analysis of hepatocellular carcinoma and metabolic syndrome, type 2 diabetes mellitus and obesity in
2012
Ref.

Database

Esposito et al[13]
Chen et al[14] (2012)

Tanaka et al[15] (2012)
Wang et al[16] (2012)

Wang et al[17] (2012)

Results

43 articles, including
Metabolic syndrome was associated with liver cancer (relative risk 1.43, P < 0.0001), especially in Asian
38940 cases of cancer
populations
26 prospective studies, Overweight subjects have an increased risk of primary liver cancer of 1.48 (95%CI: 1.31-1.67), and obese
including 25337 prisubjects of 1.83 (95%CI: 1.59-2.11)
mary liver cancer cases
9 cohort studies on
Overweight/obese individuals had a relative risk of 1.74 (95%CI: 1.33-2.28) for developing liver cancer
Japanese populations
17 case-control studies Statistically significant increased risk of HCC prevalence among diabetic individuals (RR = 2.31, 95%CI:
and 32 cohort studies 1.87-2.84). The pooled risk estimate of 17 case-control studies (OR = 2.40, 95%CI: 1.85-3.11) was slightly
higher than that of 25 cohort studies (RR = 2.23, 95%CI: 1.68-2.96). Metformin treatment was potentially
protective. Long duration of diabetes and sulfonylureas or insulin treatment possibly increased HCC risk.
Increased risk of HCC mortality (RR = 2.43, 95%CI: 1.66-3.55) for individuals with (vs without) diabetes
25 cohort studies
Among these, 18 studies showed that DM was associated with an increased incidence of HCC (SRRs = 2.01,
95%CI: 1.61-2.51), compared with individuals without DM
There was a statistically significant heterogeneity among these studies (Q = 136.68, P < 0.001, I(2) =
87.6%). Analyses sub-grouped by controlling confounders revealed that the increased incidence of HCC
was independent of geographic location, alcohol consumption, history of cirrhosis, or infections with
hepatitis B (HBV) or hepatitis C virus (HCV). In addition, DM was also positively associated with HCC
mortality (SRR = 1.56; 95%CI: 1.30-1.87)

Table 2 Principal risk factors for developing hepatocellular carcinoma, epidemiological evidence
Risk factors for HCC
NAFLD
NASH
HBV
HCV
Alcohol

Incidence of HCC

Epidemiology

1%-2% overall[19]
4%-27% overall[21]
3%-8% overall[22]
0%-5% per year[23]
1%-7% overall[25]
2%-8% per year[26,27]
1%-2% per year in cirrhotics[29]

The prevalence of NAFLD in the general population of Western countries is 20%-30%[20]
About 2%-3% of the general population is estimated to have NASH[20]
Two billion people worldwide have been exposed to HBV, and 400 million people have chronic
HBV infection[24]
About 150 million people worldwide are infected with HCV[28]
The WHO reports about two billion alcohol consumers worldwide and 76.3 million people with
diagnosable alcohol use disorders[30]

HCC: Hepatocellular carcinoma; NAFLD: Non-alcoholic fatty liver disease; HCV: Hepatitis C virus; HBV: Hepatitis B virus; WHO: World Health
Organization.

1.51-2.36) for obese subjects[47], similar to the data shown
in a meta-analysis by Tanaka et al[15] in 2012.
An Italian study found that subjects with a BMI > 25
had an approximately two-fold increase in HCC risk (OR
= 1.9, 95%CI: 0.9-3.9) compared to normal weight subjects and the risk rose when HbsAg-negative and HCVnegative subjects were investigated (OR = 3.5)[48].
In 2002, Nair et al[49] focused their attention on the
possibility that obesity might have a negative impact on
the prognosis of HCC patients treated with curative
surgical therapy such as orthotopic liver transplantation
(OLT). Obesity was an independent predictor of mortality after OLT, especially long-term survival which was significantly lower in obese subjects. The authors deduced
that the increased incidence of cardiovascular events was
the main reason for these results. In a subsequent study
by Mathur et al[50], it was confirmed that obesity predicts a
poorer outcome after OLT for HCC, and that recurrence
of HCC was doubled in overweight and obese patients.

more than 1.4 billion people are overweight (BMI > 25
kg/m2), and more than 500 million are obese (BMI ≥
30 kg/m2) worldwide[42]. It was estimated that obesity
in the United States is responsible for up to 20% of all
cancer deaths in women and 14% in men[43]. A recent
meta-analysis focused on the incidence of various malignancies across 30 European countries in relation to
increased BMI (BMI ≥ 25 kg/m2) and found that in
2002 over 70000 new cancer cases were attributable to
excess body fat[44]. This meta-analysis did not investigate
the risk of developing HCC in obese subjects, but many
other reports showed that, not only MS and T2DM,
but also obesity, related or unrelated to other signs or
symptoms of MS, is a risk factor for the development of
HCC[45]. In a 14-year prospective cohort study based on
more 1200000 Koreans, cancer of the liver was found to
be the second most common cancer in obese men (after
gallbladder cancer) and the third in obese women (after
breast and pancreatic cancer), indicating a positive association between BMI and the frequency of other cancers[46].
When the principal results of cohort studies from 1966
to 2007 are summarized, the relative risks of HCC were
1.17 (95%CI: 1.02-1.34) for overweight and 1.89 (95%CI:
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The relationship between T2DM, MS and HCC seems to
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IGFBPs

Insulin

IGF-1R/IR

IGF-1

Ir

IGF-2

IGF-1R

IGF-2R

Figure 1 Insulin growth factor pathway scheme. The insulin-like growth factor (IGF) pathway is composed of several components. IGF ligands are IGF-1 and
IGF-2, two peptides that share high similarities with insulin. A family of carrier proteins, called insulin-like growth factor binding proteins (IGFBPs), bind IGF-1 and
IGF-2 in the blood. IGF-1 and IGF-2 act as autocrine, paracrine and endocrine growth factors and are mostly produced in the liver, especially IGF-1 in the postnatal
era and IGF-2 during fetal development. They can act on various receptors, but have higher affinity with IGF-1R, a tyrosine kinase receptor structurally similar to the
insulin receptor (Ir). IGF-1 can also bind Ir, but with lower affinity than IGF-1R, while IGF-2 binds Ir only during fetal development. IGF-2R is structurally similar to IGF1R, but binds only IGF-2 and most probably acts on this growth hormone with an inhibitory effect, as a clearance site. Another receptor is a hybrid receptor consisting
of insulin and IGF-1R hemireceptors which preferentially binds IGF-1, while insulin does not have optimal binding[70].

be closely related to NAFLD development. However, it
is still controversial as to whether these diseases should
be considered as risk factors for the development of
HCC independently of the presence of NAFLD. The
relationships between T2DM, MS and HCC seem to be
closely related to NAFLD development. Recent studies
showed that the majority of obese patients or those with
MS develop NAFLD. In a single topic conference held by
the AASLD, it was shown that up to 70% of T2DM and
obese subjects exhibited various degrees of NAFLD[51].
In accordance with this statement, the occurrence of
NAFLD in the absence of MS seems to be relatively
uncommon. In a study by Marchesini et al[52], 18% of
normal weight subjects developed NAFLD, however, this
percentage rose dramatically in obese and MS subjects,
reaching 67%. Logistic regression analysis demonstrated
that the presence of MS carried a high risk of a more
severe form of NAFLD, i.e., NASH, with an OR of 3.2
after correction for sex, age, and BMI.
Fujii et al[53] in 2013 published an interesting study
on a new NASH-HCC animal model that demonstrated
the relationship between NAFLD-NASH, T2DM, MS
and HCC development. A group of healthy male mice
were treated with streptozocin (STZ) and a high-fat diet
(HFD) or with STZ only or no treatment, and a group of
healthy female mice were treated with STZ and a HFD.
The infusion of STZ early after birth led to pancreatic
islet injury and to diabetes, in addition, hepato-cellular
injury with pathological fat accumulation, increased lipo-
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genesis and fatty acid oxidation was induced by the HFD.
At 6 wk after the beginning of the study, SFD-HFD
mice developed fatty liver and NASH after 8 wk. Pericellular fibrosis around central veins was noted at 8 and 12
wk. HCC developed in all STZ-HFD male mice after 16
wk, but not in STZ-HFD female mice or in STZ male
mice. Comparing these results the authors concluded
that T2DM predisposes to HCC, but liver inflammation,
NASH, and fibrosis were interrelated processes and were
essential for HCC evolution.
HCC develops in two thirds of cases against the
background of chronic liver disease caused by HCV and/
or HBV infections or by alcohol abuse or hemochromatosis[54,55]. A third of HCC patients are classified as having
cryptogenic cirrhosis due to the absence of these underlying diseases. To date, MS seems to be the principal
noxious stimuli causing the majority of cryptogenic cirrhosis cases[56]. Moreover, recent evidence has shown that
obesity and T2DM have a negative prognostic impact on
the natural history of HCC. As we previously mentioned,
Turati et al[33] in a recent report found a high risk of developing HCC in subjects with at least one of the MS
components, increasing to up to four-fold if two or more
factors were present. Moreover, obesity increased the risk
of developing HCC and HCC mortality by 2-5 times, and
T2DM doubled the HCC risk independently of the presence of alcoholic liver disease, viral hepatitis, or other
demographic variables. A subsequent report also found
that, in patients with viral hepatitis (HCV or HBV), the
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simultaneous presence of obesity and T2DM multiplied
this risk by 100-fold[57].
Even in the non-fibrotic liver, MS seems to be a risk
factor for the development of HCC, similar to that in the
cirrhotic liver. Kawada et al[58] enrolled a total of 1168 patients with HCC and found that HCC developed in 75%
of cases with non-cirrhotic liver affected by NASH (6 of
8 NASH subjects). This result was of poor significance
due to the small number of examined cases. However, in
2012 Baffy et al[59] in an interesting review reported that
from 2004 to 2011 at least 116 cases of HCC had been
demonstrated in histologically-confirmed NAFLD without cirrhosis. It seems that simple MS and NAFLD, in
the absence of NASH, can promote the development of
HCC, as shown by Guzman et al[60].

disease or cirrhosis, or with the reduced expression of
growth hormone receptors in tumoral tissues[71,72].
A separate discussion should be included for IGF-2.
Physiologically the expression of IGF-2 is restricted
during fetal development. A mono-allelic, maternally
imprinted, IGF-2 is produced and in adulthood it is replaced by a bi-allelic form[72]. During hepato-carcinogenesis, reactivation of the fetal promoter leads to the overexpression of fetal IGF-2[73]. IGF-2 has a stimulatory effect
on cell proliferation[74] and angiogenesis[75], in addition,
it has an anti-apoptotic effect and its concentrations are
positively associated with the expression of vascular endothelial growth factor (VEGF) in in vitro studies[76]. The
role of IGF-2 is not only confined to HCC, but it may
also act in early hepato-carcinogenesis, as pre-neoplastic
lesions express IGF-2 mRNA[77,78].
To determine their physiological and pathological
functions, IGF-1 and IGF-2 need to interact with specific receptors (IGF-1R and IGF-2R). IGF-1R is overexpressed in in vitro and in animal models of HCC[72,74]
and it was demonstrated that IGF ligands exerted their
effects on HCC cells through IGF-1R, and that it was
involved in the degeneration of pre-neoplastic lesions via
an increase in their mitotic activity[79]. IGF-2R is a clearance site for IGF-2, so it may exert inhibitory effects
on the IGF pathway[80]. IGF-2R was under-expressed in
in vitro studies, animal models and human HCC[70]. The
levels of IGF-2R and TGFβ, another growth inhibitor,
are reduced in human HCC compared with adjacent
normal liver tissues[81]. From all of these findings, it is
easy to imagine that the IGF substrates, IRS-1 and IRS-2,
are both able to promote HCC formation and progression. Conversely, IGF-binding proteins (IGFBPs), due to
the reduced bio-availability of free IGF-1 and IGF-2 in
the bloodstream, seem to be able to inhibit the growth
of HCC. Indeed IGFBP-3 and IGFBP-7 levels are decreased in HCC tissues and the addition of these molecules in HCC models reduces the growth and volume
of hepatic tumor formation[70].
On the basis of the evidence linking IR and T2DM
to HCC, in the last decade many studies have tried to
analyze the possible role of anti-diabetic drugs in HCC
therapy. Recently Singh et al[82] conducted a meta-analysis
and concluded that some agents, such as metformin, can
reduce the risk of HCC, while others, such as insulin, can
increase the risk of HCC. In the same report, thiazolidinediones (TZD) did not seem to modify the risk, but
several in vitro[83] and animal[84] studies have found that
these molecules might act as regulators of the cell cycle,
inhibiting HCC growth.

MECHANISMS IN DETERMINING HCC
Major role of the IGF pathway
Hyperglycemia exerts deleterious metabolic effects on the
liver, disrupting glucose, lipid, bile acid and triglyceride
metabolism and leading to the impairment of several cellular processes[61-63]. It should be stressed that IR leads to
an inflammatory systemic state, with hyper-production of
pro-inflammatory cytokines such as TNFα and IL-6, and
some adipokines such as leptin, whereas other molecules
with anti-inflammatory properties are decreased, such as
adiponectin[64]. These findings are not surprising as IR is
almost always associated with obesity, and both are fundamental components of MS. In this sense, it is obvious that
IR and obesity, through the development of a systemic
chronic inflammatory state, leads to the promotion of inflammation and fibrosis in the liver, which are prodromal
signs of hepato-carcinogenesis[65]. Decreased adiponectin
level is almost always found in subjects with IR and in
subjects with increased BMI in the setting of NASH and
is linked to the development of hepatic fibrosis[66].
Moreover, IR and hyperinsulinemia can up-regulate
the production of insulin-like growth factor-1 (IGF-1)
and generally deregulate the insulin-like growth factor
(IGF) pathway[67].
The aberrant activation of growth factor signaling
pathways is an important mechanism in the development
and progression of HCC. The most studied growth factor signaling pathways are the transforming growth factor
α (TGF-α)/EGF-R, transforming growth factor β (TGF
β)/TβR, hepatocyte growth factor/MET and wingless
(Wnt/frizzled/β-catenin)-signaling pathways[68]. Coupled
with these, dysregulation of the IGF pathway, involved in
the fine regulation of proliferation and anti-apoptosis of
HCC cells, is of critical importance[69,70] (Figure 1[70]).
Many studies have demonstrated that IGF-1 mRNA
was under-expressed in HCC tissues[71], while in animal
models and in humans with HCC, IGF-2 was overexpressed[70]. These molecules are mostly produced in the
liver and it was proposed that the reduction in IGF-1
production may be correlated with reduced hepatic function, due to the simultaneous presence of chronic liver
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Role of transcriptional factors
TZD acts on peroxisome proliferator-activated receptors
(PPAR). PPARα, γ, and δ are members of the nuclear
receptor superfamily of ligand-activated transcription
factors that have central roles in the storage and catabolism of fatty acids. Each of the three PPAR subtypes is
expressed in a distinct, tissue-specific pattern. PPARα
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is highly expressed in the liver, heart, kidney, skeletal
muscle, and brown adipose tissues which are metabolically very active. PPARγ is most highly expressed in white
and brown adipose tissue, large intestine, and spleen. In
contrast to PPARα and PPARy, which are abundantly expressed in just a few tissues, PPARδ is virtually expressed
in all tissues at comparable levels. Another important
function of PPARs is to regulate the cell cycle, and due
to this property, they are involved in carcinogenesis[85].
PPARα seems to inhibit carcinogenesis, having antiangiogenetic activity, via the production of thrombospondin, and anti-inflammatory properties (it suppresses
interleukin 1β, TNF and ICAM1 expression)[86-88]. On
the other hand, the stimulation of PPARα by agonists
induces hepatomegaly and HCC following long-term
therapy in animal models[89]. Physiologic stimulation of
PPARα may suppress cancer through the modulation
of microenvironment and microcirculation, however, its
continuous abnormal stimulation may promote hepatocarcinogenesis[90]. PPARγ is overexpressed in fatty liver
and is constitutionally expressed in adipose tissue and
macrophages[91]. There are contrasting data on its role in
hepato-carcinogenesis as it is over-, normally or underexpressed in various studies[83,92,93]. In in vitro studies,
PPARγ inhibits various carcinomas including HCC, most
probably by regulating apoptosis via the p21, p53 and p27
pathways[90]. A recent study by Pang et al[94] confirmed the
inhibitory action of PPARγ on hepato-carcinogenesis, via
the up-regulation of plasminogen activator factor 1 (PAI
1).

pressed cytokines, such as TNFα, IL-1β, TGFβ and interferon γ, are able to block the maturation of pre-adipocytes to adipocytes. The low-grade chronic inflammatory
state was linked to IR in obese mice[99], and in particular
TNFα seems to play a fundamental role by inhibiting the
tyrosine phosphorylation of Ir[100] and enhancing the production of another important pro-inflammatory cytokine,
IL-6[101]. Shimizu et al[102] recently reviewed the principal
evidence linking obesity, inflammation and HCC development.
Two important adiponectins are involved in this process. Adiponectin has anti-angiogenetic and anti-proliferative properties, but is also under-expressed in obese subjects in favor of an increased expression of leptin[103,104].
Levels of adiponectin are inversely proportional to
BMI[105], thus, hypo-adiponectinemia is associated with
the development of most consequences of obesity, such
as cerebrovascular diseases and dyslipidemia[106]. Animal
models showed that hypo-adiponectinemia could have a
role in hepato-carcinogenesis, especially when inflammation and necrosis are present (NASH)[107,108]. Studies on
humans have shown that adiponectin might be useful as
a prognostic factor in HCC as its serum concentration
seems to be positively correlated with a poorer prognosis[109,110], even if in early HCC it seems to have less relevance[111].
Complex role of leptin, visfatin and PAI-1
Leptin is a protein encoded by the ob gene[112] involved
in the regulation of body weight and energy balance and
it is produced mainly by adipocytes[113]. Obese patients
have increased levels of circulating leptin, and are also
resistant to its activity[103]. In the liver, leptin prevents lipid
accumulation and lipotoxicity[114]. On the other hand,
animal models have shown that it has pro-fibrogenic
properties, increasing the expression of procollagen I,
TGF-β1, smooth muscle actin and increasing the production of tissue inhibitor of metalloprotease 1 in activated
hepatic stellate cells (HSCs)[115,116], the principal players in
liver fibrosis. Moreover, leptin promotes HSC proliferation inhibiting their apoptosis[117], and activated HSCs are
themselves able to produce leptin[118]. This adipokine production, and consequently its action, is impaired not only
in obese, but also in NAFLD subjects with or without
NASH, even if the relationships between its serum levels
are, to date, not correlated to the severity of liver fibrosis, as expected due to its fibrogenic properties[114]. The
possible role of leptin in hepato-carcinogenesis is likely
due to its pro-inflammatory[119,120] and pro-fibrogenic[121]
actions, however, recent studies have also found that
increased leptin levels are associated with the induction
of VEGF in HSCs[122] and with venous invasion in renal
cancer[123,124], suggesting a possible similar role in HCC.
However, there are many contrasting data on this issue.
The immune-modulator effect of leptin may lead to
natural killer cell proliferation and activation and consequently to a reduction in tumor size[125]. Two subsequent
studies by Wang et al[126,127] support the affirmation that

Role of pro-inflammatory and anti-inflammatory
molecules
Adipose tissue is not merely a storage organ where lipids
are preserved as an energy source. It is an active organ
with important endocrine, paracrine, and autocrine actions as well as immune functions. Adipocytes produce a
wide range of hormones, cytokines, and growth factors
that can act locally in the adipose tissue microenvironment and systemically[95]. Pathologic hypertrophy and
hyperplasia of adipocytes that can be found in obese
subjects lead to a dysregulation of many endocrine functions with important consequences[96]. The maturation of
adipocytes is impaired in obesity. This leads to a relative
increase in pre-adipocyte populations and consequently
a modification in the local microenvironment. Preadipocytes produce cytokines with pro-inflammatory and
angiogenetic properties, ideal for their own proliferation.
Cytokines overproduced in adipocytes during obesity include interleukin (IL)-6, Il-8, Il-1β, tumor necrosis factor
α (TNFα), VEGF, and chemokine ligand 2 and 5 (CCL2
and CCL5), which can promote the recruitment of immune cells and vasculogenesis[97]. Moreover, the production of proinflammatory and chemoattractant molecules
by adipose tissue leads to macrophage recruitment and
activation, which are able to increase the chronic lowgrade inflammatory response[98]. The pro-inflammatory
state is also able to self-renew as many of the overex-
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Figure 2 Main causes and concomitant causes of hepatocellular carcinoma, focusing on the metabolic syndrome and type 2 diabetes mellitus. Hepatocellular carcinoma (HCC) development is often the final step in liver damage during chronic liver disease. Classically the step between a “normal” liver and HCC is liver
cirrhosis. Liver cirrhosis causes disruption of the delicate and complex hepatic architecture. The formation of cirrhotic nodules has, per se, an important role in HCC
development as the hepatic architecture is chronically replaced by fibrous tissue. This process is on the one hand, an attempt to repair the liver damage, and on the
other hand, it leads to an increased hepatocellular turn-over with impaired vascularization, increased necrosis, apoptosis and inflammation. The final step is loss of
control and the formation of malignant hepatic cells. It is easily understood that almost all causes of chronic liver damage, resulting in cirrhosis, can develop HCC.
Recently type 2 diabetes (T2DM), MS and obesity have been identified as risk factors for HCC in the presence or absence of cirrhosis. In summary, these diseases
are able to increase and accelerate the chronic necroinflammatory process present in cirrhotic liver, but their action is also important in the first steps of chronic liver
damage. The altered metabolism of gluco-lipids leads to fat accumulation in the liver, causing non-alcoholic fatty liver disease (NAFLD). Fat is an important inducer of
inflammation and can alter the normal cellular turn-over acting both locally in the liver and systemically via paracrine, autocrine and endocrine actions. Nonalcoholic
steatohepatitis (NASH) is an eventual evolution of NAFLD and it is possible that not only NASH, with necroinflammation leading to cirrhosis, but also “simple” fatty
liver can induce cancer development, as a first step, in the liver. This point merits further investigation. A separate discussion needs to be included for the so called
“mutagens”. HBV and aflatoxin β1 are the two most important mutagens involved in HCC development and in the non-cirrhotic liver. HBV: Hepatitis B virus; HCV:
Hepatitis C virus; HDV: Hepatitis D virus.

adipokines have different roles in HCC progression[131].

leptin may have positive prognostic significance in HCC,
improving overall survival.
Although leptin and adiponectin are the most studied adipokines, adipose tissue produces a wide range
of molecules classified in this group. Some cytokines
(TNFα, TGFβ, IL-1β, IL-6, IL-8, IL-10), chemokines
and acute phase proteins (haptoglobin, serum amyloid-A,
and PAI-1) are classified in this group[128]. As we previously described, they are involved in the initiation and
progression of the systemic, chronic inflammatory status
found in obese subjects, which in turn is related to HCC
pathogenesis. In 1999, a study found that PAI-1 could
inhibit the invasion and proliferation of HCC cells in
vitro[129]. This evidence contrasts with the concept that
PAI-1 is overexpressed in obese subjects and that higher
concentrations of this adipokine worsen IR and impair
lipid metabolism[130]. Recently, the first theory was confirmed in a report that correlated inhibition of HCC progression with PPARγ stimulation via PAI-1 activation[94].
Conversely, visfatin, another adipokine, seems to have a
negative impact on hepato-carcinogenesis, indicating that
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CONTRASTING EVIDENCE
Chiang et al[132] in an up-to-date prospective cohort study
based on nationwide health screening units, found that
T2DM (adjusted HR = 3.38) was positively associated
with deaths due to HCC. Surprisingly, hypertriglyceridemia (HR = 0.38) and hypercholesterolemia (HR = 0.50)
were inversely associated with HCC mortality. MS, as
defined by the American Heart Association/National
Heart Lung Blood Institute criteria (HR = 0.63) or by
the International Diabetes Federation criteria (HR =
0.62), was inversely associated with deaths due to HCC,
especially in men[132]. This finding has not been proved by
another contemporary systemic review and meta-analysis
analyzing four studies (3 cohorts and 1 case control)
with a total of 829651 participants. The age range of the
participants was between 30 and 84 years. The combined
analysis showed an overall 81% increased risk of HCC in
cases with MS (relative risk, 1.81)[133].
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CONCLUSION
The global cancer burden doubled in the last thirty years
of the twentieth century, and it is estimated that it will
similarly increase between 2000 and 2020 and nearly triple by 2030[134]. In 2005, the WHO produced a document
which emphasized that more than 50% of total cancers
developed in countries where obesity was a prominent
risk factor[135]. Subsequently, it was estimated that from
2002 to 2008 the risk of developing cancer increased a
quarter-fold in men and two-fold in women due to excessive BMI. Obesity, MS and T2DM are strictly related and
are key pathogenetic factors of NAFLD, one of the most
frequent liver diseases worldwide.
It is of crucial relevance to remember that one of the
most important consequences of the “metabolic epidemics” is the probable rise in the incidence of cancers, such
as HCC[70,80], even though other causes inducing HCC
should not be neglected (Figure 2). Therefore, to improve
survival[136], efforts to achieve a “healthier diet” should be
promoted by physicians and politicians, even though no
changes in genes were observed in the postprandial state
induced after the acute effect of specific diets in patients
exhibiting NAFLD and IR, who showed peripheral adipose tissue dysfunction and exhibited inappropriately low
leptin biosynthesis[137]. Finally, new treatments for T2DM
are expected to reduce the future burden of T2DMrelated HCC[138].
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Androgen receptor signaling in hepatocellular carcinoma
and pancreatic cancers
Tatsuo Kanda, Xia Jiang, Osamu Yokosuka
trogen receptors and/or AR signaling pathways, which
may contribute to the gender differences observed
with HCC. Our recent work also showed that AR has a
critical role in pancreatic cancer development, despite
pancreatic cancer not being a male dominant cancer.
Aryl hydrocarbon (or dioxin) receptor is also involved
in both HCC and pancreatic cancer through the formation of complex with AR. It is possible that AR might
be involved in their carcinogenesis through major histocompatibility complex class Ⅰ chain-related gene A/B.
This review article describes AR and its role in HCC and
pancreatic cancer and suggests that more specific AR
signaling-inhibitors may be useful in the treatment of
these “difficult to treat” cancers.
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Abstract
Hepatocellular carcinoma (HCC) and pancreatic cancer remain difficult to treat, and despite the ongoing
development of new treatments, the overall survival
rate has only modestly improved over the past decade.
Liver and pancreatic progenitors commonly develop
from endoderm cells in the embryonic foregut. A previous study showed that HCC and pancreatic cancer
cell lines variably express androgen receptor (AR), and
these cancers and the surrounding tissues also express
AR. AR is a ligand-dependent transcription factor that
belongs to the nuclear receptor superfamily. Androgen
response element is present in regulatory elements on
the AR-responsive target genes, such as transforming
growth factor beta-1 (TGF beta-1) and vascular endothelial growth factor (VEGF). It is well known that the
activation of AR is associated with human carcinogenesis in prostate cancer as well as HCC and pancreatic
cancer and that GRP78, TGF beta, and VEGF all play
important roles in carcinogenesis and cancer development in these cancers. HCC is a male-dominant cancer
irrespective of its etiology. Previous work has reported
that vertebrae forkhead box A 1/2 are involved in es-
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Core tip: Recent studies have shown that androgen
receptor (AR) could play an important role in carcinogenesis and cancer development in hepatocellular
carcinoma (HCC) and pancreatic cancer. HCC is a maledominant cancer. Although pancreatic cancer is not
male-dominant, because liver and pancreatic progenitors develop commonly from endoderm cells in the
embryonic foregut, AR might play an important role in
these cancers.
Kanda T, Jiang X, Yokosuka O. Androgen receptor signaling
in hepatocellular carcinoma and pancreatic cancers. World J
Gastroenterol 2014; 20(28): 9229-9236 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9229.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9229

INTRODUCTION
The liver and pancreas progenitors develop from endo-
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derm cells in the embryonic foregut[1]. The liver arises
from lateral domains of endoderm in the developing
ventral foregut[1,2], and from a small group of endodermal
cells tracking down the ventral midline[1-3]. The pancreas
is also induced in lateral endoderm domains, adjacent and
caudal to the lateral liver domains, and in cells near the
dorsal midline of the foregut[4,5]. Under specific experimental conditions, pancreatic progenitor(s) and pancreatic
oval cells may differentiate into hepatocytes[1]. Thus, given
that the liver and pancreas share differentiation patterns[6],
it is possible that carcinogenesis and cancer development
in the liver and pancreas may resemble each other.
The occurrence of hepatocellular carcinoma (HCC)
has increased in Japan[7] and is increasing in the United
States[8]. Cirrhosis due to chronic hepatitis B virus (HBV)
and hepatitis C virus (HCV) infections is the leading risk
factor for HCC[9,10]. HCC is a male-dominant cancer[11].
Advanced HCC, defined as metastatic or locally advanced
disease not responsive to locoregional therapies such as
surgery[12], local ablation[13], or transcatheter arterial chemoembolization[14], is still associated with poor prognosis
even if anti-angiogenesis therapies, especially treatment
with sorafenib, were used for treatment[15].
The global annual incidence rate of pancreatic cancer
is reported to be approximately 8/100000 persons and
pancreatic cancer has an exceptionally high mortality
rate[16,17]. Pancreatectomy seems to offer the only chance
for long-term survival[18], although recent advancement
in chemotherapies brought the improvement of survival
of patients with invasive cancer in Japan[19]. These facts
indicate the urgent need for the development of novel
and more effective adjuvant therapies for HCC and pancreatic cancer.

scriptional activation function of AR is associated with
gender differences as well as human carcinogenesis.

AR AND HCC
Expression of AR in HCC tissues
It has been reported that AR is expressed in HCC and
the surrounding liver tissues[26,27]. An immunohistochemical study showed that 67.7% of HCC were positive for
AR; 51.6% for estrogen receptor (ER); 83.9% for progesterone receptor (PgR) and 38.7% for apolipoprotein D
receptor and that chronic HCV infection correlated positively with AR and PgR status[28]. Some HCC specimens
have elevated AR, ER and PgR expression, indicating that
these hormone receptors could be involved in hepatocarcinogenesis and cancer development. The recurrence
rate of HCC was significantly higher in the AR-positive
group than in the AR-negative group, and the survival
rate of HCC was better in AR-negative patients than in
AR-positive patients[29]. Boix et al[30] reported that higher
tumor recurrence was observed in AR-positive surrounding tissues than in AR-negative tissues. There were also
contrary reports[30-32]. Only two-thirds of HCC contained
AR, and there seemed no clear association between AR
expression and liver fibrosis[30]; thus, further investigation
might be needed.
AR and HBV
More than 2 billion people have been exposed to HBV
and 350 million are chronically infected with HBV globally. HBV causes acute and chronic hepatitis, cirrhosis, and
HCC[33,34]. We compared the gene expression profile for
nuclear receptors and related genes between HepG2.2.15,
which secretes complete HBV virion, and HepG2 by realtime RT-PCR[35]. Among AR-related molecules, nuclear
receptor subfamily 1, group I, member 3 (NR1I3), mediator complex subunit 16 (THRAP5), mediator complex
subunit 4 (MED4), mediator complex subunit 17 (CRSP6),
mediator complex subunit 24 (THRAP4), mediator complex subunit 13 (THRAP1) and mediator complex subunit
1 (PPARBP) all were upregulated significantly higher in
HepG2.2.15 cells compared to HepG2 cells[35]. These data
support the association between HBV and AR[35,36]. It has
been reported in Taiwan[37-40] that the association between
the trinucleotide (CAG) repeats in the AR gene and higher
testosterone levels increase in HCC risk. Higher levels of
androgen signaling, reflected by higher testosterone levels
and 20 or fewer AR-CAG repeats, which is the association
of CAG repeat in the AR gene, might be associated with
an increased risk of HBV-related HCC in men[37]. The
CAG polymorphism in exon 1 of the AR gene has been
associated with the development of HCC with shorter
AR alleles conferring a higher risk in men[37,39,40]. In contrast, women harboring 2 AR alleles with more than 23
CAG repeats had an increased risk of HCC compared to
women with only short alleles or a single long allele[38]. In
women, hepatocytes expressing the longer AR allele seem
to confer a higher risk for HCC[38,39]. Polymorphisms of

ANDROGEN RECEPTOR
Androgen and androgen receptor (AR) signaling has an
important role in the initiation and progression of many
hormone-related cancers including prostate and breast
cancer[20]. AR consists of the N terminus harboring transcriptional activation domain(s), a central DNA-binding
domain and a C-terminal ligand-binding domain. AR
is a testosterone/5-alpha-dihydrotestosterone (DHT)dependent transcription factor belonging to the nuclear
receptor superfamily[21,22]. AR is primarily responsible
for mediating the physiological effects of androgens by
binding to specific DNA sequences, androgen responsive
element (ARE), which is present in regulatory elements
on the AR-responsive target genes. Androgen binding
changes the protein conformation in AR and leads to its
translocation from the cytoplasm into the nucleus. In the
nucleus, AR forms a homodimer and is recruited to the
ARE. ARE is present in regulatory elements on the ARresponsive target genes, such as transforming growth
factor beta-1 (TGF beta-1)[23] and vascular endothelial
growth factor (VEGF)[24]. Glucose-regulated protein 78
(GRP78/BiP), one of the endoplasmic reticulum chaperones, is also an AR-interacting protein[25]. Thus, the tran-
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androgen, and AR on HBV replication[49]. The androgen pathway could increase the transcription of HBV
through direct binding to the androgen-responsive element sites in HBV enhancer I[47]. The direct relationship
between HBV and AR was supported by our HepG2
experiments[35].

Table 1 Representative primary androgen-responsive genes
and androgen-responsive genes lacking genomic androgen
response elements, previously reported in hepatocllular
carcinoma and/or pancreatic cancer
[24]

ARGs

Signal pathways

Primary ARGs
CYR61
SNAI2
FN1

1

Wnt/β-catenin
Epithelial-mesenchymal
transition (EMT)
Cell surface and
extracellular matrix
Na,K-ATPase pump
AKT
Angiogenesis
Serine/threonine kinase
Organic cation transporter
P53/N-myc
NF-kB inhibitory family
Glycogen catabolism

ATP1A1
FKBP5
VEGFA
SGK
SLC22A3
NDRG1
NFKBIA
PYGB
ARGs lacking AREs
ADAMTS1
Inflammatory process
CXCR7
Orphan G-protein coupled
receptor
GATA2
Transcription factor
MYC
Oncogene
KLF4
Cell proliferation

Reported diseases
HCC, pancreatic cancer
HCC, pancreatic cancer

AR and HCV
HCV infection affects approximately 4 million Americans and is the leading cause of cirrhosis and HCC in
the United States[50]. HCV infection is a leading cause of
HCC in Japan[7,11,51]. The HCV genome encodes structural proteins (core, E1, E2 and p7) and non-structural
proteins (NS2, NS3, NS4A, NS4B, NS5A and NS5B).
The HCV core protein is approximately 21 kDa in size
and is associated with hepatocarcinogenesis[52-57]. HCV
augments AR-mediated signaling through the HCV core
protein[58]. HCV infection and HCV core protein enhance
AR activation in the presence of the AR-ligand DHT.
AR is activated by the MAPK, phosphatidylinositol
3-kinase/AKT and JAK/signal transducer and activator of transcription 3 (STAT3) pathways[59]. STAT3 is
also involved in HCV-induced AR activation, and HCV
augments the phosphorylation status of STAT3. HCV
core increases STAT3 phosphorylation at both Ser-727
and Tyr-705, which in turn activates AR. AR expression
increases HCV-mediated VEGF mRNA expression and
angiogenesis[58]. The status of angiogenesis in HCC has
been correlated with disease progression and prognosis.
It has also been reported that higher serum testosterone
is associated with increased risk of advanced hepatitis
C-related liver diseases in men[60]. In immortalized human
hepatocytes, HCV increased AR mRNA expression[58].
However, further studies are needed to determine whether AR increases HCV replication.

HCC
Pancreatic cancer
Pancreatic cancer
HCC, pancreatic cancer
HCC, pancreatic cancer
HCC, pancreatic cancer
HCC, pancreatic cancer
HCC
HCC, pancreatic cancer
HCC, pancreatic cancer
HCC, pancreatic cancer
Pancreatic cancer
HCC, pancreatic cancer
HCC, pancreatic cancer

1

Genes were annotated in accordance with NCBI and Reference [24].
CYR61: Cystein-rich, angiogenic inducer, 61; SNAI2: Snail family zinc
finger 2; FN1: Fibronectin 1; ATP1A1: ATPase, Na+/K+ transporting,
alpha 1 polypeptide; FKBP5: FK506 binding protein 5; VEGFA: Vascular
endothelial growth factor A; SGK: Serum/glucocorticoid regulated kinase 1;
SLC22A3: Solute carrier family 22, member 3; NDRG1: N-myc downstream
regulated 1; NFKBIA: Nuclear factor kappa light polypeptide gene
enhancer in B-cells inhibitor, alpha; PYGB: Phosphorylase, glycogen, brain;
ADAMTS1: ADAM metallopeptidaas with thrombospondin type 1 motif,
1; CXCR7: Chemokine (C-X-C motif) receptor 7; GATA2: GATA binding
protein 2; MYC: V-myc avian myelocytomatosis viral oncogene homolog;
KLF4: Kruppel-like factor 4 (gut); ARE: Androgen responsive element.

the AR-regulating genes and cytokine genes might be related to HCC[41].
HBx protein is about 17 kDa in size, and associated
with hepatocarcinogenesis[42,43]. HBx likely augmented AR
activity by increasing the phosphorylation of AR through
HBx-mediated activation of the c-Src kinase signaling
pathway[44]. HBx can physically bind to the AR and increase the gene transactivation activity of AR[45,46]. HBx
increased the N-terminal transactivation domain (NTD)
activation of AR through c-Src kinase and also enhanced
AR dimerization by inhibiting glycogen synthase kinase3β activity, which acts as a negative regulator of the conformational changes of AR[46].
Further, AR promotes transcription of HBV, resulting in a higher HBV titer in male HBV carriers and an
increased risk of HCC[47-49]. It was reported that higher
HBsAg and HBV titers were found in male HBV transgenic mice, compared with control mice, and that HBV
enhancer I contained a DNA element responsive to transcriptional regulation by ligand-stimulated AR[47]. Similar
observations in HBV transgenic mice lacking AR in liver
hepatocytes, were also reported by another group[48]. The
absence of HBx did not affect the effects of gender,
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Androgen-responsive genes and androgen-responsive
genes lacking genomic androgen responsive elements
in HCC
The addition of functional AR in human HCC cells leads
to the promotion of cell growth. AR may promote hepatocarcinogenesis via increased cellular oxidative stress and
DNA damage as well as suppression of the p53-mediated
DNA repairing system[61]. AR is also associated with
HCC migration and invasion[62,63]. It has been reported
that vertebrae forkhead box A 1/2 (Foxa1/2) is involved
in estrogen receptor and/or AR signaling pathways, contributing to the observed gender differences of HCC[64].
Despite its cause, HCC is a male-dominant cancer; thus,
AR could play a critical role in hepatocarcinogenesis
and development. RNA expression profiling of LNCaP
prostate cancer cells has described about 500 transcripts
with altered expression[65,66]. Primary androgen-responsive
genes (ARGs), that is, the subset regulated directly by
AR-occupied androgen responsive elements (AREs), may
in turn produce effects on secondary target genes[24]. Representative primary ARGs and ARGs lacking genomic
AREs[24] that have been reported in HCC or pancreatic
cancer are shown in Table 1. These genes have often
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A

HBx

STAT3

HBx
AR

GSK-3beta
P

IL-6R

Dioxin

Androgen
/DHT

ARNT

c-Src

P

P
HBV replication

STAT3
STAT3

IL-6

GP130

HCV core
P

B

Androgen
/DHT

P
Foxa1/2

AR

P

ARE

P

Hepatocarcinogenesis
Tumor progression
TGF beta-1
GRP78/BiP
VEGF

P

STAT3

P

MAPK

AR

P

STAT3
STAT3

P

ARNT
ADAM10
MMP-9

AHR
AR
ARE

Cell proliferation
Angiogenesis

c-Src

AHR

P

TGF beta-1
GRP78/BiP
VEGF

EGF
MMP-9
Cell invasion
Cell proliferation
MICA/B
Immune
suppression

Cell proliferation
Angiogenesis

Figure 1 Androgen receptor signaling in hepatocellular carcinoma (A) and pancreatic cancers (B). ADAM10: A disintegrin and metalloprotease 10; AHR: Aryl
hydrocarbon (or dioxin) receptor; AR: Androgen receptor; ARE: Androgen responsive element; ARNT: AHR nuclear translocator; DHT: 5-alpha-dihydrotestosterone;
Foxa1/2: Vertebrae forkhead box A 1/2; GRP78/BiP: Glucose-regulated protein 78; GSK-3beta: Glycogen synthase kinase-3beta; HBV: Hepatitis B virus; HCV: Hepatitis C virus; MICA/B: Major histocompatibility complex class I chain-related gene A/B; MMP-9: Matrix metalloprotease 9; STAT3: Signal transducer and activator of
transcription 3; TGF beta-1: Transforming growth factor beta-1; VEGF: Vascular endothelial growth factor.

been reported to be associated with hepatocarcinogenesis
and/or pancreatocarcinogenesis.

tional enhancers and induces the transcription of CYP1A1[77]. Previous work[78] has revealed that the liver and
pancreas from AHR-deficient mice had no significant
2,3,7,8-TCDD-induced lesions. It has also been shown
that AHR is involved in many physiological functions,
including circadian rhythm[79], which is involved in both
HCC[80-82] and pancreatic cancer[83,84]. AR might influence
the progression of pancreatic cancer and HCC by affecting circadian rhythm, the disruption of which is associated with cancer development[84].
AHR also downregulates natural killer (NK) cell
inflammatory cytokine production[85]. Several matrix metalloproteases (MMPs), such as a disintegrin and metalloprotease (ADAM)10 and MMP-9, are targets of AHR
pathways [86]. ADAM10 and MMP-9 cleave NKG2D
ligands, leading to the release of soluble major histocompatibility complex class Ⅰ chain-related gene A (MICA)
and MICB, which then act to inhibit NK cells, γδTCR
bearing cells and some other T lymphocyte subsets, contributing to immune-suppression[79]. Interestingly, recent
work has suggested that MICA is involved in human
hepatocarcinogenesis[87,88] and that MICA/B is expressed
in human HCC and hepatoma cell lines[89], despite their
expression being significantly decreased in HCV-infected
Huh7.5 cells[90].
The migration of tumor cells play a role in tumor
progression and this process requires acquisition of an
invasive phenotype involving MMPs production and cell
motility[91]. Targeting the AR domain involved in AR/Src
association impairs EGF signaling, which stimulates transmigration and MMP-9, in human fibrosarcoma HT1080
cells[92], suggesting AR might be new potential targets in
the therapeutic approach to human pancreatic cancer.
Further studies are needed.

AR AND PANCREATIC CANCER
Human normal pancreas tissue and human pancreatic
adenocarcinoma tissue also express AR[67]. Pancreatic
cancer also over-expresses interleukin-6 (IL6), and serum
IL6 levels are correlated with a poor prognosis of pancreatic cancer[68]. IL6 phospholylates MAPK and activates
the AR NTD through STAT3[69,70]. MAPK and STAT3
increase the transactivation of AR[69,71]. We have demonstrated that IL6 increases the phosphorylation of STAT3
and MAPK, which in turn increases the activation of AR
in pancreatic cancer cells[72]. IL6 also promotes pancreatic
cancer cell migration in the presence of AR[72]. AR might
play an important role in pancreatic carcinogenesis and
the development of pancreatic cancer, making AR a candidate of therapeutic targets for new pancreatic cancer
treatments[72,73].
Both aryl hydrocarbon (or dioxin) receptor (AHR)
and AHR nuclear translocator (ARNT) are known to interact with AR in a testosterone-dependent manner[74,75].
AHR, but not ARNT, increased the AR-transcriptional
activity independent of exogenous AHR ligand treatment [2,3,7,8-tetrachlorodibenzo-p-dioxin (TCDD)][74].
It has also been shown that normal expression levels
of ERK1/2 are required for testosterone to induce the
interaction between AR and AHR and the expression
of liver receptor homolog 1 in ovarian granulosa cells[75].
In humans, a wide variety of health effects and cancer
development are associated with the exposure to dioxins[76]. Once the ligand is bound, AHR translocates into
the nucleus, and the AHR-ARNT-dioxin complex then
binds to dioxin response elements acting as transcrip-
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CONCLUSION
In summary, HCC, pancreatic cancers, and their surrounding tissues express AR at various levels (Figure 1).
AR, but not androgen, might be involved in the carcinogenesis and cancer development of HCC or pancreatic
cancer. In HBV-related hepatocarcinogenesis, the interaction between the CAG repeats in the AR gene as was reported from Taiwan[37-41]. AR also promotes the transcription of HBV, which leads to a higher HBV titer in male
HBV carriers and an increased risk of HCC[47-49,93]. Currently, the effect of AR on HCV replication is unclear,
however, HCV increases AR-mediated transcriptional activity especially in the presence of AR[58]. AR might play
an important role in pancreatic carcinogenesis and the
development of pancreatic cancer[72]. AHR is involved in
both HCC[80-82] and pancreatic cancer[83,84]. AR could be
in involved the carcinogenesis of HCC and pancreatic
cancer through MICA/B[87-90]. Future directions in treatment development should specifically target AR in these
cancers.
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Abstract

INTRODUCTION

The aim of management of hepatocellular carcinoma
(HCC) is to improve the prognosis of the patients by
radical resection and preserve remnant liver function.
Although liver transplantation is associated with a lower
tumor recurrence rate, this benefit is counteracted by
long-term complications. Therefore, hepatectomy could
be the first choice of treatment in selected patients
with HCC. However, the higher frequency of tumor recurrence and the lower rate of resectability after hepatectomy for HCC led to an unsatisfactory prognosis.
New strategies are required to improve the long-term
outcome of HCC after hepatectomy. In this paper, we
introduce some strategies to increase the low rate of
resectability and reduce the high rate of tumor recurrence. Some aggressive treatments for tumor recurrence to extend long-term survival are also involved.
We believe that hepatectomy combined with other
therapies, such as portal vein embolization, transarterial chemoembolization, radioembolization, antiviral
treatment, radiofrequency ablation and salvage transplantation, is a promising treatment modality for HCC
and may improve survival greatly.

Liver cancer is the fifth most frequently diagnosed cancer
in men worldwide but the second most frequent cause
of cancer death. In women, it is the seventh most commonly diagnosed cancer and the sixth leading cause of
cancer death. An estimated 748300 new liver cancer cases
and 695900 cancer deaths occurred worldwide in 2008,
and half of these cases and deaths were estimated to occur in China[1]. After Starzl et al[2] performed the first case
of human liver transplantation (LT), a new avenue was
opened for treatment of HCC. In recent years, some authors have advocated LT even for resectable early HCC
associated with cirrhosis because LT was believed to cure
the tumor and the underlying cirrhosis at the same time
in well-selected patients who met the Milan or UCSF
criteria[3]. Although LT is associated with a lower tumor
recurrence rate, this benefit is counteracted by long-term
complications such as immunosuppression-related complications and a significant risk of tumor progression, or
the severe shortage of grafts for patients on transplantation waiting lists leading to dropout[4]. Therefore, hepatectomy became the first-line treatment of HCC.
The 5-year survival rate and tumor recurrence rate
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PVE
The cutoff points for potential liver remnant volume in
patients with normal liver parenchyma and those with
cirrhosis are 25% and 40%, respectively, in order to provide adequate functional hepatic reserve. However, some
patients are not appropriate for resection as their tumor
is too extensive and/or the residual liver is too small.
Techniques have been used preoperatively to increase the
volume of residual functional liver, thereby increasing
the proportion of candidates for resection. PVE was first
proposed almost a decade ago[11]. In PVE, the portal vein
supplying the resected hemi-liver was embolized in order
to induce hypertrophy of the other hemi-liver. This has
been demonstrated to result in an increase in functional
residual liver hypertrophy of 70%-80% in the future liver
remnant[12]. However, it has been reported that live metastases present in the regenerating lobe grow at a faster
rate than in the normal parenchyma[13].

were 30%-50% and 70%-85% after hepatectomy, respectively[3]. Consequently, new strategies are required to improve the long-term outcome of HCC after hepatectomy.
In this paper we propose three strategies to optimize
long-term survival: (1) increasing resectability rate; (2)
improving disease-free survival by preventing recurrence;
and (3) prolonging survival after recurrence.

STRATEGIES TO INCREASE
RESECTABILITY
Various factors may limit the application of surgical
resection in patient cases, such as tumor spread, severe
underlying cirrhosis, having too small of a residual liver
to provide adequate functional hepatic reserve (< 25%
of a normal liver or < 40% of a cirrhosis-afflicted liver),
and involvement of the inferior vena cava (IVC) or the
three main hepatic veins[5]. Only 10%-37% of patients
with HCC could be offered the curative hepatic resection
at the time of diagnosis[6]. The prognosis of the patients
with unresectable HCC and without specific anti-HCC
treatment is very poor. The median survival for patients
with unresectable HCC is eight to nine months, but only
one to two months for those patients with advanced
stage HCC[7,8].
Four strategies can be used to increase the clinical
resectability rate in patients with HCC, which mainly
include (1) downstaging treatment; (2) portal vein embolization (PVE); (3) hepatectomy with vascular reconstructions (e.g., the IVC and/or hepatic vein); and (4) ex situ
liver resection.

Hepatectomy with vascular reconstructions
Traditionally, involvement of the IVC or/and hepatic
vein was considered a contraindication for hepatectomy
because of a higher surgical risk. Recent advances of in
liver surgical techniques have improved the resectability
rate in patients with HCC. In Hemming et al[14]’s report,
16 patients’ hepatic veins were reconstructed to provide
venous outflow to the affected hepatic segments, with 1and 3-year survival rates of 88% and 50%, respectively,
and a perioperative death rate of 12%. In another Hemming et al[15]’s report, the IVC was reconstructed in 22
patients with hepatic malignancies, with a mortality rate
of 9%, and 1-, 3- and 5-year global survival rates of 85%,
60% and 33%, respectively.
Hepatectomy with vascular reconstructions may be undergone for the patients with involvement of IVC or/and
hepatic vein by HCC in selected cases, which must be addressed at highly skilled centers in the hepato-biliary-pancreatic surgery where surgeons are familiar with techniques
of both complex liver surgery and LT. The higher surgical
risk with the procedure could be balanced by the possible
good benefits, particularly when the cases were considered
as the lack of alternative curative treatments[14,15].

Downstaging treatment
Tumor downstaging is a new concept in the management of unresectable malignancy [7,8]. Some regional
therapies can downstage tumors from unresectable to
resectable lesions because tumors shrink in size, satellite lesions disappear, main portal vein tumor thrombi
regress and disappear, and future remnant part of the
liver undergoes hypertrophy[7,8]. Several requirements
are needed for successful tumor downstaging and salvage surgical resection for unresectable HCC[7,8]: (1) an
approach which can shrink the tumor effectively; (2)
radiological monitoring of the tumor response to the
treatment closely; (3) assessment by a surgeon with a
view to perform hepatic resection at the proper time
repeatedly; and (4) a curative hepatic resection. Downstaging therapies in patients with unresectable HCC for
a salvage hepatic resection include: transarterial chemoembolization (TACE), transarterial 90Y microspheres,
hepatic artery infusion, or a combination of hepatic
artery ligation with HAI[8].
Clinical studies suggested that 10.9%-57.1% of unresectable HCC cases were successfully downstaged from
unresectable to resectable lesions[9]. The initial reason for
the tumor being unresectable does not affect the prognosis after liver resection[10].
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Ex vivo liver resection
Because of the limited warm ischemia tolerance of the
liver or poor accessibility of the tumor region, some
HCCs cannot be resected using a conventional approach.
In such situations, the techniques of ex vivo liver surgery,
pioneered by Rudolf Pichlmayr in 1988, offer new chances for R0 hepatic resection[16]. Ex vivo liver surgical techniques require the use of measures originally developed
for transplantation and liver resection. This approach
allows better access to difficult tumor locations and extended resection procedures with complicated vascular
reconstructions[17].
Ex vivo liver surgery is an important extension of surgical treatment possibilities, and the procedure is suitable
only for a small number of carefully selected patients and
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should be reserved for use in specialized centers. However, the early postoperative mortality rate is high, especially
when the liver parenchyma has a pre-existing injury like
cholestasis. In these patients, ex situ liver surgery should
be avoided[17].

hepatectomy aiming grossly at a narrow (1 cm) and a
wide (2 cm) resection margin in patients with macroscopically solitary HCC. They found the survival time of the
patients after HCC recurrence was significantly worse in
the narrow margin group than in the wide margin group
(5-year overall survival rate: 49.1% vs 74.1%), therefore,
a resection margin more than 2 cm could decrease postoperative recurrence rate and improve survival outcomes
for patients with macroscopically solitary HCC [27].

IMPROVEMENT OF DISEASEFREE SURVIVAL BY PREVENTING
RECURRENCE

Anatomical hepatic resection
In hepatic anatomic resection, the hepatic parenchyma is
dissected based on the portal venous anatomy to remove
the parenchyma of one or more Couinaud’s segments fed
by portal branches bearing the HCC. The concept was
first reported by Makuuchi et al[28] in 1985. Anatomical
hepatic resection of the hepatic parenchyma encompassing the portal area of the tumor may reduce recurrence
compared with wedge resection because the intrahepatic
metastases of HCC spread via the portal vein as an efferent vessel, and may be more reasonable because the
maximal extent of possible functional liver parenchyma
was preserved and the intrahepatic metastasis was eradicated[29]. Hasegawa et al[29] found that in the anatomic
resection group both the 5-year overall survival and
disease-free survival rates were significantly better than
those in the nonanatomic resection group.

The frequency of tumor recurrence is still very high after liver resection for HCC. In different series between
43%-65% of the patients had recurrences within 2 years
after removal of the first tumor and up to 70%-85% of
the patients had recurrence within 5 years[3,18]. The recurrence rate may be reduced by careful attention to some
of the following technical aspects: wider resection margin, anatomical resection encompassing portal area of
tumor, using an anterior approach to minimize the risk
of tumor cell dissemination, minimizing intraoperative
blood loss so as to avoid blood transfusion, and effective
adjuvant treatment.
Reducing blood loss and transfusion
Reduced blood transfusion is a significant factor in multivariate analysis for improving survival after resection of
HCC. The association of transfusion with decreased survival may be partly due to unmeasured effects of intraoperative hemorrhage[19,20]. Blood loss may be an important
prognostic factor for HCC after resection and it was firstly reported by our group[19]. In our report, multivariate
regression analysis revealed that intraoperative blood loss
independently influenced the HCC prognosis[19]. Katz et
al[20] also found increased intraoperative blood loss during HCC resection was an independent prognostic factor
for tumor recurrence and overall survival time. Factors
associated with increased intraoperative blood loss on
multivariate analysis were male gender, vascular invasion,
extent of hepatectomy, and operative time[20]. Intraoperative blood loss may increase the risk of spillage of cancer
cells and spread during hepatectomy, which could stimulate HCC recurrence[21,22]. Some of techniques during hepatic resection may reduce intraoperative blood loss, such
as low CVP anesthesia and portal triad clamping, which
could minimize intraoperative blood loss during hepatic
parenchymal transection[23,24].

Anterior approach for difficult major right hepatectomy
Traditionally, it is a standard approach to mobilize the
right liver before parenchymal transection for a major
right hepatectomy. However, there are several disadvantages during the rough mobilization of the right liver:
(1) excessive bleeding caused by avulsion of the hepatic
veins; (2) prolonged hepatic ischemia of the future remnant liver part from rotation of the hepatoduodenal ligament; (3) iatrogenic tumor rupture; and (4) spillage of
cancer cells into the systemic circulation[30]. To avoid the
above disadvantages, the anterior approach first reported
by Lai et al[31] can be adopted, which is considered as one
of the “no touch techniques “to advanced HCC. Using
this nonconventional approach, hepatic parenchymal was
transected from the anterior surface down to the IVC before mobilization of the right hemi-liver.
A prospective randomized controlled study was performed in 120 patients who had large (≥ 5 cm) right
liver HCC and underwent curative major right hepatic
resection. Overall survival time in the anterior approach
technique group was better than the conventional technique group (median > 68.1 mo vs median = 22.6 mo),
while major operative blood loss ≥ 2 L also occurred
less frequently in the anterior approach group (8.3% vs
28.3%)[30].
Belghiti et al[32] propose a new technique of hanging
the liver after lifting it with a tape passed between the
anterior surface of the IVC and the hepatic parenchyma,
which has three advantages: (1) it gives the shorter distance of the transection between the anterior surface of

Wide resection margin
As a general principle of surgical oncology, wide resection margin to ensure histologic clearance is a very important factor for reducing local cancer recurrence[25].
A wider margin may reduce local recurrence, but it has
to be balanced with the need to preserve liver remnant
volume in cirrhotic patients. A reduced postoperative
recurrence rate and better prognosis were found to be associated with a macroscopic margin of 1 cm or more[25,26].
Shi et al[27] compared the efficacy and safety of partial

WJG|www.wjgnet.com

9239

July 28, 2014|Volume 20|Issue 28|

Lu WP et al . Hepatectomy for HCC in lt era

the liver and the anterior surface of the IVC; (2) it facilitates the hepatic parenchymal transection for a easier hemostasis of the transection surface and the IVC protection; and (3) it permits the surgeon to follow the middle
hepatic vein trunk safely. With Belghiti’s modification of
the anterior approach to right hepatectomy, the risk of
massive bleeding is reduced[32].

by the examination of autologous lymphocytes activated
in vitro with recombinant interleukin-2 and antibody to
CD3[38]. They found that adoptive immunotherapy decreased the frequency of HCC recurrence by 18% compared with control patients after hepatectomy and had
significantly longer recurrence-free survival and diseasespecific survival, but not overall survival time[38]. In a
prospective randomized trial from Japan, Kubo et al[39]
reported that the cumulative survival rate was higher in
the interferon group (interferon-alpha 6 MIU intramuscularly every day for 2 wk, then three times a week for
14 wk and finally twice a week for 88 wk) than that in
the control group. According to another prospective randomized clinical trial of postoperative interferon therapy,
there was a significant benefit on reduction of late recurrences in hepatitis c virus (HCV)-pure patients adherent
to treatment. Interferon does not appear to affect overall
prevention of HCC recurrence after resection, but it may
reduce late recurrence in HCV-pure patients receiving effective treatment[40].

Postoperative adjuvant therapy
The aim of postoperative adjuvant therapy is to eliminate
micrometastases and hence reduce the risk of intrahepatic metastatic recurrence, thereby improving the prognosis
of hepatectomy for HCC[33]. TACE, radioembolization,
immunotherapy, and antiviral therapy may be promising
adjuvant therapies after hepatectomy for patients with
HCC, which may be beneficial to get prolonged diseasefree survival time[34].
TACE
Postoperative TACE is regional chemotherapy to treat
the intrahepatic micrometastases after hepatectomy. The
procedure uses a catheter which was inserted percutaneously through the femoral artery to deliver both chemotherapy medication and embolization materials into the
hepatic artery under X-ray image guidance. According to
their meta-analysis, Mathurin et al[35] reported that postoperative transarterial chemotherapy improved survival
and decreased the cumulative probability of recurrence.
They found that postoperative transarterial chemotherapy
improved survival significantly at 2 (difference, 22.8%;
95%CI: 8.6%-36.9%; P = 0.002) and 3 years (difference,
27.6%; 95%CI: 8.2%-47.1%; P = 0.005).

Antiviral therapy
In hepatitis B virus-related HCC patients, preoperative
high viral load can lead to poorer overall and recurrencefree survival than those with low viral load after curative
resection. To prevent postoperative recurrence, antiviral
therapy should be initiated in those patients with hepatitis B virus infection in whom the level of viral DNA
is ≥ 10000 copies/mL[41]. According to a cohort study
involving 4569 hepatitis b virus (HBV)-related HCC patients, Wu et al[42] reported that the nucleoside analoguetreated cohort had a lower risk of HCC recurrence [n =
106 (20.5%) vs n = 1765 (43.6%)] and lower overall death
as well [n = 55 (10.6%) vs n = 1145 (28.3%)]. On their
modified Cox regression analysis, nucleoside analogue
use was independently associated with a reduced risk of
HCC recurrence as well as a lower risk of HCC recurrence among patients with HBV-related HCC after liver
resection.

Radioembolization
In a prospective randomized trial from Hong Kong[36], adjuvant treatment with radioembolization (1 dose of postoperative adjuvant intra-arterial iodine-131-labeled lipiodol,
1850 MBq) for patients with HCC after curative resection
and recovered within 6 wk could significantly increase the
long-term disease-free survival and overall survival time up
to 7 years after randomization. However, there was no significant difference between the adjuvant radioembolization
treatment group and the control group in disease-free and
overall survival at 8 years after randomization. The possible
reason for the insignificant difference is that the adjuvant
131
I-lipiodol cannot prevent new lesions developing from
the cirrhotic liver in the long term. However, in Partensky
et al[37]’s plot study from France, patients undergoing adjuvant therapy with intra-arterial 131I-lipiodol after curative
liver resection for HCC failed to demonstrate any clinically
significant adverse effect.

AGGRESSIVE TREATMENT OF
RECURRENCE IMPROVES SURVIVAL
The early discovery of HCC recurrence depends on
the frequency and duration of follow-up examinations.
About 30%-91% of cases of recurrence is confined to
the liver and in multiple or diffuse patterns of HCC the
rate is up to 50%[18].
Treatment modalities, including repeat resection,
TACE, and percutaneous ablation (e.g. radiofrequency
ablation) have been used in postoperative recurrent HCC
and may improve survival rates.

Adjuvant immunotherapy
Some of small trials suggested that immunomodulation
may reduce the risk of HCC recurrence after hepatic
resection. A randomized controlled trial from Japan assessed whether postoperative immunotherapy could
reduce the recurrence rate after hepatectomy for HCC
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and were better than those treated by other palliative
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reserve.

The extent of the primary hepatic resection and status of liver parenchyma decided the resectability rates
ranging from 10% to 77% with mortality ranging from 0%
in most series to 8%[25].
In a study analyzing the poor prognostic factors after
repeat resection, Tsujita found that (1) portal vein invasion at primary hepatectomy; (2) recurrence interval; (3)
tumor size; (4) gender; and (5) estimated blood loss were
the independent adverse prognostic factors[43]. In another
study, Arii showed that survival in patients with multicentric carcinogenesis was better than that in intrahepatic
metastasis group after repeat resection (3-year survival
rate: 80.0% vs 38.1%), which suggested that patients with
multicentric HCC may be more favorable candidates for
repeat hepatic resection[44].

Radiofrequency ablation therapy
Percutaneous radiofrequency ablation can be used for
patients with recurrent HCC after hepatectomy who are
not eligible for repeat hepatic resection, which should be
limited to the patients with a solitary tumor smaller than
5 cm or less than 3 small lesions. For patients with recurrent HCC treated by radiofrequency ablation (RFA), the
complete ablation rates were 93.3%-96.0% and 5-year
overall survival rates were 18.0%-51.6%[47,48]. Pre-RFA
serum AFP level[47,48] and resected tumor size[47] were
significant prognostic factors. The effectiveness rate of
sequential combined TACE and RFA is better than that
of RFA alone for patients with intrahepatic recurrence[49].
Performing TACE before RF ablation can achieve better ablation than RFA alone in selected candidates with
recurrent HCC smaller than 5 cm[49]. The results could be
explained as follows[50]: (1) occlusion of hepatic arterial
flow by means of TACE before RFA reduces the cooling
effect of hepatic blood flow on thermal coagulation; and
(2) filling the peripheral portal vein around the tumor by
lipiodol sponge particles used in TACE via multiple arterio-portal communications may reduce the portal flow
around the recurrent tumor. However, the long-term
survival of patients with intrahepatic recurrence treated
by repeat hepatectomy or salvage transplantation may be
better than that of patients treated by RFA.

Salvage transplantation
Salvage transplantation is defined as management for
patients with recurrence or hepatic decompensation
after liver resection, which should be considered when
repeat resection is not feasible. It has been shown to be
the optimal strategy with the best use of organs. Salvage
transplantation may not be an appropriate option when:
(1) the recurrence is extrahepatic; or (2) the patient has
contraindications to liver resection. In addition to these
factors, previous hepatic resection due to scarring and
vascularized adhesions would pose increased challenges,
particularly when the hepatic hilum and the peri-caval
area were dissected extensively during liver resection[45].
In a report from France, Fuks et al[46] showed that
salvage transplantation is an effective approach for the
patients who developed recurrence within the Milan
criteria after initial hepatectomy. After salvage transplantation, overall survival at 5 years was 71% and mortality
rate was 5%[44]. Predictive factors for nontransplantability
due to recurrence beyond the Milan criteria included microscopic vascular invasion, satellite nodules, tumor size
> 3 cm, poorly differentiated tumor and liver cirrhosis[46].
Therefore, it may be a feasible and rational strategy to use
primary resection for HCC with preserved liver function
and salvage transplantation for the patients who developed recurrence within the Milan criteria.

Extrahepatic recurrence
The extrahepatic HCC recurrence rate was associated
with early recurrence (within 6 mo after hepatic resection) and poor survival time after hepatectomy (5-year
survival rate: 24.0%)[51]. Taketomi et al[51] also showed that
the presence of microscopic hepatic vein invasion and
the amount of blood loss during operation were independent risk factors for extrahepatic HCC recurrence. There
are three patterns of extrahepatic HCC recurrence after
hepatectomy[52]: (1) pattern Ⅰ (first recurrence in the liver
and then spread outside the liver after repetitive intrahepatic recurrences and repetitive locoregional treatments);
(2) pattern Ⅱ (simultaneous recognition of intrahepatic
and extrahepatic recurrences); and (3) pattern Ⅲ (extrahepatic, but no intrahepatic, lesions at first recurrence).
Although pattern Ⅰ has a better long-term overall survival in the three patterns, prognosis was poor in all three
patterns once extrahepatic HCC recurrence developed[52].
Some selected patients with solitary extrahepatic recurrent HCC may benefit from aggressive surgical resection, which can be indicated not only for patients with
localized intrahepatic recurrence but also for those who
developed extrahepatic metastasis. A report from Hong
Kong showed that the aggressive resection of a solitary
lung metastasis in 9 patients resulted in a good longterm prognosis after recurrence (5-year survival rate:
67%)[53]. Other reports have also found that long-term
survival time was prolonged after the aggressive resection
in selected patients with solitary extrahepatic recurrent

TACE
TACE is considered the most widely used locoregional
treatment for patients with intrahepatic recurrent HCC
that is unresectable for multifocal pattern or inadequate
functional reserve of the remaining liver. It also is considered the first-line approach of palliative therapies for recurrent HCC. After TACE for the intrahepatic recurrent
HCC after resection, the 1-year survival rate ranged from
64% to 88%, but the 5-year survival rate was only in the
range from 0% to 27%[25]. Although the survival results
of TACE for recurrent HCC were still modest compared
with repeat resection, it does play an important role in
the overall treatment strategy, because it is applicable to
most intrahepatic recurrent patients with unresectable
disease for multifocal pattern or inadequate liver function
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HCC in the adrenal gland or abdomen[54-56]. Therefore,
it appeared that aggressive resection may be a beneficial
treatment for the patients with isolated extrahepatic HCC
recurrence.

9
10

CONCLUSION
The aim of management of HCC is to improve the prognosis of the patients by radical resection and preserve
remnant liver function. The first choice of treatment
is hepatectomy of the tumor-bearing part of the liver.
Meanwhile, there are some strategies to increase the low
resectability rate in the clinic, such as downstaging treatment, PVE, ex situ liver resection, and hepatectomy with
vascular reconstructions. The surgeon can improve disease-free survival by preventing recurrence with various
techniques including wider resection margin, anatomical
resection encompassing portal area of tumor, using an
anterior approach to minimize the risk of tumor cell dissemination, minimizing intraoperative blood loss so as to
avoid blood transfusion, and effective adjuvant treatment.
Repeat resection, TACE and RFA used in postoperative
intrahepatic recurrent HCC and surgical resection are effective options for patients with isolated extrahepatic recurrence. Overall, we believe that hepatectomy combined
with other therapies, such as PVE, TACE, radioembolization, antiviral treatment, RFA and salvage transplantation, is a promising treatment modality for HCC and may
improve survival rates greatly. Future clinical research
should reveal the optimal combination of therapies in
properly selected patients.
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Pegylated-IFN-α and ribavirin association) clearance
of HCV, while the rs12980275 SNP did not affect the
virological response. The possible role of IFNL3 gene
variation as a pre-treatment and on-treatment predictor of virological response in children is highly attractive
but still undetermined. Further paediatric studies are
needed to evaluate if testing for SNPs in IFNL3 , either
alone or together with other predictors of response to
treatment, could be used to direct treatment strategies,
including an avoidance of unnecessary protease inhibitor therapy and the duration of treatment.
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Abstract

spontaneous and treatment-induced clearance of hepatitis C virus in children. Data from adult studies suggest
a role of IFNL3 testing in the decision-making process
of whether to treat a patient, the use of two or three
drugs and whether the standard duration of treatment
or a shorter duration should be proposed. These options are attractive if applicable to children. While waiting for the approval of new interferon-free regimens,
paediatric collaborative studies to evaluate the possible
role of genetic polymorphisms of IFNL3 as pre-treatment and on-treatment predictors of response, alone
or together with other predictors, are highly needed.

The purpose of the present review is to summarise the
current knowledge on the association between single
nucleotide polymorphisms (SNPs) in the interferon L3
(IFNL3 ) gene and hepatitis C virus (HCV) infection in
children. Many studies in adults have demonstrated
that genetic variation in IFNL3 is a strong predictor of
the virological response in treatment-naive patients
with HCV genotype 1 who were treated with PegylatedIFN-α and ribavirin. Genetic variation in IFNL3 is also
associated with the spontaneous clearance of HCV. Thus
far, few paediatric studies have explored the association
between variations in the IFNL3 gene and either spontaneous or treatment-induced clearance of HCV. The CC
genotype of the rs12979860 SNP is associated with the
spontaneous clearance of HCV in children independently
of HCV genotype. Four paediatric studies have shown
that both the CC genotype of the rs12979860 SNP and
the TT genotype of the rs8099917 SNP are associated
with the treatment-induced (IFN monotherapy and
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INTRODUCTION

Type Ⅲ IFNs

The major aims of the present review are (1) to provide paediatricians with a brief overview of the current
knowledge on the association between single nucleotide
polymorphisms (SNPs) in the interferon L3 (IFNL3) gene
and hepatitis C virus (HCV) infection in adults; and (2) to
summarise the data available in children with regards to
future possible research endeavours and the possible impact of these data on the management of chronic HCV
infection in children.

Receptor complex

Tyk2
JAK

STAT
PKs

NOMENCLATURE AND CORRECT
DEFINITION OF THE IFNL3/IL28B GENE

Nucleus
ISGs

Two major SNPs, rs12979860 and rs8099917, have been
identified on chromosome 19q13.13 as variants that
are associated with both spontaneous HCV clearance
and response to treatment with Pegylated-IFN-α (PegIFN-α) combined with ribavirin[1,2]. The rs12979860 SNP
is located 3 kilobases upstream of the promoter region
of the IFNL3 gene as well as of the IFNL1 and IFNL2
genes. The rs8099917 SNP lies between IFNL3 and
IFNL2, about 8 kilobases downstream from IFNL3 and
about 16 kb upstream from IFNL2. IFNL1, IFNL2 and
IFNL3 are three closely related genes (known as IFN-λ
genes) that are located in close proximity to each other
on chromosome 19. The IFNL1, IFNL2 and IFNL3
genes were formerly known as IL29, IL28A and IL28B,
respectively, and encode for type-III IFNs (IFN- λ1,
IFN-λ2 and IFN-λ3 formerly IL29, IL28A and IL28B,
respectively)[3-6]. The nomenclature that was used to describe the IFN-λ family reflects its structural similarity
to the IL-10 superfamily and its close functional correlation to type-I IFNs[7]. Recently, Prokunina-Olsson et al[8]
described a dinucleotide variant upstream of the IFNL3
gene in ss469415590 (TT or HG) that is in strong linkage
disequilibrium with rs12979860. In individuals of African
ancestry, the IFNL4-generating ss469415590[ΔG] allele
was shown to be superior to the rs12979860[T] allele in
predicting poorer response to the treatment of chronic
hepatitis C with Peg-IFN-α and ribavirin. This SNP results in a frame shift mutation that leads to a novel gene
product designated as IFN-λ4, which has a high (40.8%)
amino acid sequence homology with IFN-λ3[8].
Although the majority of the articles published on
this topic refer to the IL28B gene and IL28B, which are
the accepted names, IFNL3 gene and IFN-λ3 will be
used in this review.

DNA

Figure 1 Type Ⅲ interferons bind to their receptor complexes and activate Janus kinase and protein tyrosine kinase 2, which leads to activation
of the signal transducer and activator of transcription protein kinases.
Activation of the JAK-STAT pathway leads, in turn, to the induction ISGs, which
have immunomodulatory functions and are responsible for the antiviral activity
of IFN-λs (see text for more details). IFNs: Interferons; JAK: Janus kinase; Tyk2:
Tyrosine kinase 2; STAT PKs: Signal transducer and activator of transcription
protein kinases; ISGs: IFN-stimulated genes.

protein tyrosine kinase 2, which leads to the activation
of the signal transducer and activator of transcription
(STAT) protein kinases[13]. Activation of the JAK-STAT
pathway leads, in turn, to the induction of genes with
immunomodulatory functions, namely, IFN-stimulated
genes that are responsible for the antiviral activity of IFN[13]
λs (Figure 1) . Although types Ⅰ and III IFNs share the
same second messengers (i.e., JAK/STAT), the IFN-λs
are known to induce the expression of IFN-stimulated
genes in a manner different from that of type I IFNs[13].
The rs12979860 T/C polymorphism, with its particular
location upstream of the promoter region for the IFNL3
gene as well as its proximity to the IFNL1 and IFNL2
genes, can theoretically influence all three IFN-lambda
genes. Thus, the rs12979860 T/C polymorphism has been
hypothesised and tested as a surrogate marker of altered
promoter activity in this particular region. Although early
studies failed to find altered mRNA expression of IFNL3
associated with the rs12979860 SNP, the specificity of
real-time PCR primers for IFNL3 has increased (to distinguish between IFN-λ3 and the closely related IFN-λ2).
It is now clear that SNPs in the IFNL3 gene do affect the
expression of IFN-λ3 within the liver, peripheral blood
mononuclear cells and whole blood, with the unfavourable T allele resulting in less IFN-λ3 expression[13].

BIOLOGY AND MECHANISM OF ACTION
OF TYPE-III IFNS
IFNs have a direct antiviral activity on viral replication
and an indirect antiviral activity that is mediated by the
activation of host genes that regulate an immune response
against the virus[9-12]. The binding of type Ⅲ IFNs to
their receptor complexes activates Janus kinase (JAK) and
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SNPS IN THE IFNL3 GENE AND
HEPATITIS C IN ADULTS
The association between SNPs of the IFNL3 gene and

9246

July 28, 2014|Volume 20|Issue 28|

Indolfi G et al . IFNL3 variability and HCV in children

the outcome of HCV infection was first described in
September 2009 by Ge et al[1] (Table 1). The authors
performed a genome wide association study of more
than 1600 adults with chronic infections of genotype
1 HCV who underwent combined treatment with PegIFN-α and ribavirin. A SNP on chromosome 19q13.13,
rs12979860, was associated with a sustained virological
response (SVR, defined as an undetectable level of HCV
RNA 24 wk after the end of treatment). The authors
found that the CC genotype of the rs12979860 SNP was
associated with an improved response to treatment in all
of the patients, independent of their ethnicities, when
compared to the CT and the TT genotypes[1]. The highest
genome-wide significance was found in the EuropeanAmerican population sample (CC vs CT and TT odds ratio, OR = 7.3; 95%CI: 5.1-10.4; P = 1.06 × 10-25)[1]. Then,
Thomas et al[2] determined the effect of rs12979860 variation on the outcome of HCV infection in a cohort of
more than 1000 adults with either persistent infection or
spontaneous clearance. The C allele and the CC genotype
of the rs12979860 SNP were associated with spontaneous resolution of HCV infection among individuals of
both European and African ancestry (CT vs CC, OR =
0.35; 95%CI: 0.25-0.48; P = 4 × 10-11; TT vs CC, OR =
0.29; 95%CI: 0.18-0.47; P = 4 × 10-7). Interestingly, in the
same study, the geographic frequency of distribution of
the different alleles was explored in 2371 individuals with
unknown HCV status from 51 populations worldwide[2].
The protective C allele was more frequent and fixed in
East Asians (range 90%-100%), had an intermediate
frequency in Europeans (range 52%-85%) and was the
minor allele in Africans (range 23%-54%)[2]. The pattern
of distribution of the C allele closely reflected the heterogeneity in response to IFN-based treatments in different
ethnic groups[14-16], supporting the hypothesis that this genetic polymorphism explains much of the variation that
exists within a population in response to treatment with
Peg-IFN-α combined with ribavirin[2]. Since October
2009, multiple studies have confirmed and reinforced the
association between the C allele of the rs12979860 SNP
and the spontaneous and treatment-induced clearance of
HCV in adults (for a comprehensive review see Lange
and Zeuzem[3]).
At around the same time of the publication by Ge
et al[1], two other groups each led by Tanaka et al[17] and
Suppiah et al[18], reported the results of genome wide association studies to determine the SVR of patients who
were treated for HCV genotype 1 infection. Tanaka et
al[17] found that the rs12980275 and the rs8099917 SNPs
in the IFNL3 gene were associated with an SVR within
a Japanese population (null virological response vs SVR
for rs12980275, OR = 26.7; 95%CI: 9.3-76.5; P = 7.41 ×
10-13 and for rs8099917, OR = 36.5; 95%CI: 11.6-114.6;
P = 5 × 10-14). The role of the rs8099917 SNP was confirmed by Suppiah et al[18] in an Australian cohort with
HCV genotype 1 infection, where those who were homozygous for the T allele had a greater chance to eradicate the virus as a result of treatment with Peg-IFN-α
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combined with ribavirin than patients carrying the G
allele (OR = 1.98; 95%CI: 1.57-2.52; P = 9.25 × 10-9)[18].
Subsequent studies confirmed the relationships between
the rs8099917 SNP and HCV clearance, but fewer data
are available on rs12980275[3].
Although the initial observations that were described
were found in patients who were infected and treated for
HCV genotype 1 infection, different studies have since
confirmed the major role of these SNPs on the outcome
of treatment for genotype 4 infection and the minor role
in the treatment outcomes of patients infected with HCV
genotypes 2 and 3[3].

SNPS IN THE IFNL3 GENE AND VIRAL
KINETICS OF RESPONSE TO TREATMENT
The data described above demonstrate that genetic variation of IFNL3 is a strong predictor of a SVR in treatment-naive patients who are infected with HCV genotype
1 who are treated with Peg-IFN-α and ribavirin. SNPs in
the IFNL3 gene together with race, gender, age, weight,
serum glucose, hepatic steatosis, liver fibrosis stage and
adherence to therapy are pre-treatment predictors of
virological response[19]. In addition to pre-treatment predictors, the likelihood of a SVR is associated with ontreatment predictors, particularly with the rate of virological decline during therapy, commonly referred to as
“viral kinetics of response”. Rapid virological response
(RVR, an undetectable level of HCV RNA after 4 wk of
treatment) and early virological response (undetectable
level of HCV RNA acid after 12 wk of treatment) predict the likelihood of achieving an SVR[19,20]. For patients
who achieve an RVR, SVR rates are higher than 70%,
and therapy can be shortened[21,22]. There is evidence that
the CC genotype of the rs12979860 SNP in the IFNL3
gene is associated with significantly higher rates of viral
clearance after 2, 4, 12 and 48 wk of treatment and a
lower virological relapse rate[23]. The correlation between
RVR and the CC genotype of the IFNL3 gene is so close
that recently these two on-treatment predictors have been
considered to drive one another to promote an SVR[24]. It
is worth noting that evaluation of the rs8099917 SNP is
important for adults who do not achieve an RVR because
although the CC genotype is predictive of an SVR in this
group of patients, it is not associated with an SVR for
those individuals who have achieved an RVR[24]. These
findings suggest that testing for IFNL3 SNPs can be useful for making informed decisions about whether to continue therapy for patients who do not achieve an RVR.

SNPS OF THE IFNL3 GENE AND HCV
PROTEASE INHIBITORS IN ADULTS
Recently, two direct-acting antiviral agents, boceprevir[20,25-27] and telaprevir[20,27-29] have been approved for
combined use with Peg-IFN-α and ribavirin in adults
with chronic genotype 1 hepatitis C. Triple therapy has
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Table 1 Selected studies exploring the association between single nucleotide polymorphisms in the interferon L3 gene and
spontaneous and treatment-induced clearance of hepatitis C virus in adults
Ref.

Number of
SNPs evaluated
patients enrolled

Ge et al[1]

1671

rs12979860

Thomas et al[2]

1008

rs12979860

Tanaka et al[17]

314

rs12980275
rs8099917

Suppiah et al[18]

293

rs8099917

Summary of the results
The CC genotype was associated with response to treatment with Peg-IFN-α and ribavirin independent of the ethnicity of the patient
CC vs CT and TT, OR = 7.3; 95%CI: 5.1-10.4; P = 1.06 × 10-25
The C allele and CC genotype were associated with spontaneous resolution of HCV infection among
individuals of both European and African ancestry
CT vs CC, OR = 0.35; 95%CI: 0.25-0.48; P = 4 × 10-11; TT vs CC, OR = 0.29; 95%CI: 0.18-0.47; P = 4 × 10-7
The T allele of the rs8099917 SNP and the A allele of the rs12980275 SNP were associated with response to treatment with Peg-IFN-α and ribavirin Japanese patients
null virological response vs SVR for rs12980275, OR = 26.7; 95%CI: 9.3-76.5; P = 7.41 × 10-13 and for
rs8099917 OR = 36.5; 95%CI: 11.6-114.6; P = 5 × 10-14
The T allele was associated with response to treatment with Peg-IFN-α and ribavirin in Australian
patients
OR = 1.98; 95%CI: 1.57-2.52; P = 9.25 × 10-9

SNPs: Single nucleotide polymorphisms; HCV: Hepatitis C virus; IFN: Interferon.

in 1/8 (17%) with chronic infection (P = 0.04)[35]. The
same correlation between the rs12979860 SNP in the
IFNL3 gene and the spontaneous clearance of HCV in
children was subsequently established for infection with
HCV genotypes 2 and 3 in a cohort of 28 Italian children
who were infected perinatally[36]. Again, the CC genotype
was found in 3/4 (75%) and in 4/20 (20%) of the children with spontaneous clearance and chronic infection,
respectively (CC vs CT and TT, OR = 15; 90%CI: 1.2-376;
p = 0.04)[36]. These two studies demonstrated for the
first time that the rs12979860 SNP in the IFNL3 gene is
associated with the spontaneous clearance of HCV independently of age and HCV genotype. These preliminary
results have been confirmed in two recently closed crosssectional multicentre collaborative studies[37,38]. In one of
these studies, 177 Italian children were enrolled[38]. Thirty
children with spontaneous clearance of HCV and 147
children with persistent infection were compared with a
population sample of ethnically matched controls with
unknown hepatitis C status obtained using data from the
1000 Genomes Project. The children with spontaneous
clearance had greater frequencies of the C allele and the
C/C genotype (76.7% and 56.7%, respectively) compared
with both children with viral persistence (C allele 56.5%,
P 0.004; C/C genotype 32.7%, P = 0.02) and to the ethnically matched individuals (C allele 59.7%, P = 0.02;
C/C genotype 34.7%, P = 0.03). Children with the C/C
genotype were 2 times more likely to show clearance of
the hepatitis C virus relative to children with the C/T and
T/T genotypes combined (OR = 2.7; 90%CI: 1.3-5.8)[38].

been proven to be more effective than combined dual
treatment, but the role of SNPs in the IFNL3 gene in the
context of the increased SVR rates after triple therapy
has been debated. Regardless, it has become increasingly
evident that the response to triple therapy is also affected
by polymorphisms in the IFNL3 gene[30,31]. Retrospective analyses from both of the boceprevir [32] and the
telaprevir[33,34] registration trials showed that, although the
presence of a direct-acting antiviral agent does attenuate the difference, treatment-naive individuals with the
rs12979860 CC genotype responded better in that they
had higher SVR rates, better viral kinetics of response
and a consequent lower risk of selection of resistanceassociated HCV variants compared with individuals with
the CT and TT genotypes[32-34]. In addition, the major
benefit of direct-acting antiviral agents is that they allow for a shorter treatment duration (24-28 wk) with
response-guided therapy. Furthermore, it is evident that
patients with the CT and TT genotypes are those who
might benefit more from the addition of a third drug.
In treatment-experienced patients who are scheduled to
receive boceprevir/telaprevir therapy, there may be little
utility for IFNL3 genotyping once patients have been
stratified based on a response to prior treatment[32,34].

SNPS IN THE IFNL3 GENE AND
SPONTANEOUS CLEARANCE OF HCV IN
CHILDREN
Thus far, three studies have been published on the association between spontaneous clearance of HCV in
children and SNPs in the IFNL3 gene (Table 2). RuizExtremera et al[35] explored the role of rs12979860 in 8
children with chronic infection and 7 with transient viremia. All of the children included in the study acquired
the infection perinatally from their mothers and were infected with the HCV genotype 1. The CC genotype was
present in 5/7 children with transient viremia (83%) and
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SNPS IN THE IFNL3 GENE AND
TREATMENT-INDUCED CLEARANCE OF
HCV IN CHILDREN
In 2011, at the Annual Meeting of the European Society for Paediatric Gastroenterology, Hepatology, and
Nutrition, Hierro et al[39] presented the result of a study
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Table 2 Paediatric studies exploring the association between single nucleotide polymorphisms in the interferon L3 gene and
treatment-induced clearance of hepatitis C virus
Ref.

Number of
children enrolled

SNPs
evaluated

Summary of the results

Hierro et al[39]

69

rs12979860
rs8099917

Domagalski et al[40]

82

rs12979860
rs8099917
rs12980275

Komatsu et al[41]

63

rs8099917

Shaker et al[42]

34

rs12979860

The CC genotype of rs12979860 and the T/T genotype of rs8099917 were associated with
treatment-induced (IFN monotherapy and Peg-IFN-α and ribavirin association) clearance of HCV
(viral genotype data not provided)
The CC genotype of rs12979860 and the T/T genotype of rs8099917 were associated with treatment-induced (Peg-IFN-α and ribavirin association) clearance of HCV (viral genotypes 1 and 4; OR
= 6.81; 95%CI: 1.98-23.42; P = 0.001 and OR = 3.14; 95%CI: 1.26-7.85; P = 0.013, respectively)
The rs12980275 SNP was not associated with virological response.
The rs8099917 SNP was not associated with treatment-induced (response-guided IFN monotherapy and/or Peg-IFN-α and ribavirin association) clearance of HCV (viral genotypes 1, 2, 3 and 4)
The CC genotype of rs12979860 was associated with treatment-induced (Peg-IFN-α and ribavirin
association) clearance of HCV (viral genotype 4)
OR = 2.45; 95%CI not reported; P = 0.02

SNPs: Single nucleotide polymorphisms; HCV: Hepatitis C virus; IFN: Interferon.

that explored the rs12979860 and rs8099917 SNPs in
the IFNL3 gene in a cohort of 92 Spanish children
with chronic hepatitis C. Both the CC genotype of the
rs12979860 SNP and the TT genotype of the rs8099917
SNP were associated with a response to treatment in the
69 children who received treatment (7 with IFN and 62
with Peg-IFN-α and ribavirin; overall SVR 59% for CC vs
25% for non-CC, P = 0.01 and SVR 52% for TT vs 21%
non-TT, P = 0.009)[39].
Subsequently, 3 further studies (Table 2) were published that investigated the association between SNPs
in the IFNL3 gene and treatment outcomes for HCV
infection in children[40-42]. In 82 Polish children infected
with HCV genotypes 1 and 4 and who were treated with
Peg-IFN-α and ribavirin, the rs12979860 CC and the
rs8099917 TT genotypes were associated with higher
SVR rates (OR = 6.81; 95%CI: 1.98-23.42; P = 0.001
and OR = 3.14; 95%CI: 1.26-7.85; P = 0.013, respectively), while the rs12980275 SNP was not found to be
significantly associated with a SVR[40]. Interestingly, early
virological response was associated with the rs12979860
CC genotype[40]. This observation suggests that, as in
adults, variations in the IFNL3 gene influence early ontreatment viral kinetics in children.
The rs8099917 SNP in the IFNL3 gene was evaluated
in 63 Japanese children with mixed genotypes who were
treated with response-guided Peg-IFN as a monotherapy
or combined with ribavirin[41]. In this study, the duration
of the treatment was not the standard 48 wk for genotypes 1 and 4 and 24 wk for genotypes 2 and 3, but rather, it was determined based on when the levels of HCV
RNA became undetectable in serum. No association was
found between the rs8099917 SNP and SVR in the children who were treated[41]. These results are in agreement
with the observation that, in adults, different IFNL3
SNPs appeared to have limited potential for responseguided treatment strategies[43,44].
Finally, very recently, rs12979860 was found to be
associated with a response to combined dual treatment
in 34 Egyptian children infected with HCV genotype 4.
Children with the CC genotype were found to be 2 times
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more likely to achieve an SVR compared to those with
CT and TT genotypes together (OR = 2.45; 95%CI not
reported; P = 0.02)[42].

IFN-BASED TREATMENT IN CHILDREN
WITH CHRONIC HEPATITIS C AND SNPS
IN THE IFNL3 GENE: TO TREAT OR NOT
TO TREAT?
Children who develop a chronic hepatitis C infection usually experience a mild disease[45-47]. In the largest paediatric
observational study that has been conducted thus far, endstage liver disease was described in a small subgroup (3%)
of children with chronic HCV infection[45]. Although
HCV can lead to advanced liver disease during childhood, the vast majority of children with chronic infection
experience a slow, progressive disease. In the majority of
these children, there is no clear indication for antiviral
therapy[48,49]. For this reason, whether to treat children is
a complex decision that should be individualised for each
child and based on the efficacy of the treatment and on
rate and severity of treatment-related adverse events. In
that context, the possible role of IFNL3 gene variations
as pre-treatment and on-treatment predictors of an SVR
in children is highly attractive. For adults, as for children,
the initial hope to improve the prediction of response to
poorly tolerated IFN-based regimens using IFNL3 gene
testing was the same. Currently, it is clear that for adult patients, the positive predictive value of IFNL3 association
with response to treatment cannot be translated into a
sufficiently sensitive or specific test that can be used independently to predict the outcomes for individual patients.

GENETIC VARIATION OF THE IFNL3
GENE IN CHILDREN: POSSIBLE FUTURE
RESEARCH SCENARIOS
The natural history of HCV infection in children is dif-
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ferent compared to that in adults[45]. Today, the majority
of children infected by HCV acquire the infection perinatally from their mothers[45,50-52]. Spontaneous clearance of
HCV is an unpredictable event that occurs in the first 30
mo of life in less than 20% of the infected children[45,47,53].
The association between genetic variation of IFNL3 and
spontaneous clearance of HCV in children supports the
hypothesis that innate immunity plays an important role
in children as in adults in the spontaneous elimination of
the virus[54]. Future research efforts should be oriented
towards elucidating the role of innate immunity in the
successful eradication of HCV infection as well as its ineffective control in the majority of children who develop
a chronic infection.
With regards to treatment-induced clearance of HCV,
IFNL3 testing is not sufficiently sensitive to be used
alone to predict the outcome of treatment for individual
patients. To achieve this goal, a consideration of both
multiple pre-treatment and on-treatment factors seems
to be an appropriate research strategy to be developed
further. The likelihood of achieving such treatment algorithms is unrealistic for adults in the context of a rapidly evolving scenario of new, highly effective IFN-free
treatments. The time-lapse to new treatments in children
will be longer; therefore, the determination of the role
of IFNL3 genotype variation is still possible. Additional
paediatric studies are needed to evaluate whether IFNL3
genotype testing alone or together with other predictors
of response to treatment with Peg-IFN-α and ribavirin,
with or without direct-acting antiviral agents, could provide useful information as to whether a patient should
avoid treatment, avoid protease inhibitor therapy entirely
or undergo a shorter duration of triple therapy.
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Hepatitis C virus reinfection after liver transplantation: Is
there a role for direct antiviral agents?
Marco Dall'Agata, Annagiulia Gramenzi, Maurizio Biselli, Mauro Bernardi
(DAAs) has been developed. The aim of this review
is to summarize the use of DAAs in LT HCV patients.
PubMed, Cochrane Library, MEDLINE, EMBASE, Web of
Science and clinical trial databases were searched for
this purpose. To date, only three clinical studies on the
topic have been published and most of the available
data are in abstract form. Although a moderately successful early virological response has been reported,
DAA treatment regimens were associated with severe
toxicity mitigating their potential usefulness. Moreover,
the ongoing nature of data, the lack of randomized
studies, the small number of enrolled patients and the
heterogeneity of these studies make the results largely
anecdotal and questionable. In conclusion, large welldesigned clinical studies on DAAs in HCV LT patients
are required before these drugs can be recommended
after transplantation.
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Abstract

Core tip: Considering the increasing shortage of donor
organs and the accelerated progression of hepatitis C
(HCV) in liver transplant recipients, the development of
effective strategies to treat HCV recurrence are of paramount importance. The new classes of direct antiviral
agents (DAAs) improved the results of antiviral therapy
in HCV-infected immunocompetent patients. The aim of
this review was to identify and summarize the potential
benefit of DAAs in the liver transplant setting.

Recurrence of hepatitis C virus (HCV) infection following liver transplantation (LT) is almost universal and can
accelerate graft cirrhosis in up to 30% of patients. The
development of effective strategies to treat or prevent
HCV recurrence after LT remains a major challenge,
considering the shortage of donor organs and the accelerated progression of HCV in LT recipients. Standard
antiviral therapy with pegylated-interferon plus ribavirin
is the current treatment of choice for HCV LT recipients,
even though the combination is not as effective as it is
in immunocompetent patients. A sustained virological
response in the setting of LT improves patient and graft
survival, but this is only achieved in 30%-45% of patients and the treatment is poorly tolerated. To improve
the efficacy of pre- and post-transplant antiviral therapy, a new class of potent direct-acting antiviral agents
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INTRODUCTION

Table 1 Current stage of development of direct antiviral
agents

Since the discovery of hepatitis C virus (HCV) in 1989
as the causative agent of non-A, non-B hepatitis, impressive progress has been made in treating this infection. Currently available therapeutic strategies are mainly
based on a combination of peginterferon (PEG-IFN)
and ribavirin (RBV). This treatment succeeds in eradicating HCV in many chronically infected patients thereby
reducing the risk of developing cirrhosis, liver cancer
and the need for liver transplantation (LT). However,
current therapies remain ineffective in some patients
and are associated with significant toxicity in others. In
particular, the treatment of HCV recurrence after LT remains disappointing and represents a major problem for
most transplant programs.
Chronic HCV-induced end-stage liver disease is
the leading indication for LT[1,2] while HCV graft reinfection is the major cause of allograft loss[3,4]. Indeed,
the natural history of HCV infection in post-transplant
recipients has an accelerated course compared with nontransplanted patients, resulting in early development of
cirrhosis[5-16]. In addition, a subgroup of patients (about
2%-5%) develop fibrotic cholestatic hepatitis, a severe
and aggressive form of HCV recurrence characterized
by rapid progression to graft failure and death[8]. Once
cirrhosis develops, the annual risk of hepatic decompensation is about 40%[8,10] and about 10%-25% of patients
will die or require re-transplantation within five years
post-transplantation[12]. Unfortunately, the outcome of
retransplantation is poor and most transplant centers
refuse to offer a second LT on this account[13]. Factors associated with graft loss in HCV-infected patients include
host and viral factors[8,14,17-21] as well as immunosuppression that may facilitate viral replication[22-24].
Considering this scenario, effective strategies to treat
or prevent post-transplant HCV recurrence are of paramount importance. Three approaches have been identified according to the timing of treatment: pretransplant
antiviral therapy, only feasible in patients with compensated cirrhosis due to the frequent and severe treatmentrelated complications; post-transplant pre-emptive treatment; and treatment for established reinfection. This
review addresses the treatment of post-transplant HCV
focusing on the use of new antiviral drugs.

Inhibitors of the NS3/4A serine protease
First-generation
Boceprevir
Approved
Telaprevir
Approved
Faldaprevir
Active clinical development
Sovaprevir
Active clinical development
Asunaprevir
Active clinical development
Simeprevir
Active clinical development
Danoprevir
Active clinical development
Vaniprevir
Active clinical development
Second-generation
MK-5172
Active clinical development
NS5A inhibitors
Daclatasvir
Advanced clinical development
GS-5885
Active clinical development
ABT-267
Active clinical development
PPI-461
Active clinical development
MK-8762
Active clinical development
NS5B polymerase inhibitors
Nucleos(t)ide inhibitors
Sofosbuvir
Advanced clinical development
Mericitabine
Active clinical development
ALS-2200
Active clinical development
Non-nucleos(t)ide inhibitors
Setrobuvir
Active clinical development
ABT-333
Active clinical development
GSK625433
Active clinical development

combination[25,26]. Thus, the preferred approach is to delay
antiviral treatment until histological evidence of recurrent
post-transplant HCV-related chronic hepatitis is established. In this setting, the interferon (IFN) plus ribavirin
combination for 12 mo is associated with an overall sustained virological response (SVR) of about 20% to 30%[27]
while the PEG-IFN and RBV association leads to SVR
rates of about 30%-45%[28-32]. Among many factors that
could jeopardize the response to treatment[28-36], polymorphism of the IL28B gene encoding IFN plays a pivotal
role. Indeed, it has been demonstrated that combination
analyses of single nucleotide polymorphisms of IL28B in
recipient and donor tissues and mutations in HCV RNA
allow prediction of SVR to therapy[37,38]. Moreover, early
virological response is the main predictor of SVR[39].
The recent introduction of direct-acting antivirals
(DAAs), including protease, polymerase and other nonstructural protein inhibitors, heralds a new era in HCV
treatment[40]. At present, only boceprevir (BCV) and
telaprevir (TLV) have been released and approved by the
Food and Drugs Administration in May 2011 for immunocompetent patients in association with PEG-IFN and
RBV (Table 1). Both drugs inhibit the same viral protein, namely NS3/4A, that is crucial for viral replication,
and are more active against genotype 1 than other HCV
genotypes[41,42].

TREATMENT OF HCV IN TRANSPLANTED
PATIENTS
In the post-transplant setting, HCV patients can be
treated with a pre-emptive approach immediately following transplantation, or with a recurrence-based approach
when liver damage is diagnosed. The advantages of preemptive or early post-transplant treatment are that serum
HCV-RNA levels are characteristically low and significant
histological graft damage is virtually absent. Although
these factors predict a favorable response, this therapeutic
approach is difficult to manage because of poor tolerability and reduced efficacy of the peginterferon/ribavirin
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LITERATURE RESEARCH
We searched the following electronic databases: PubMed,
MEDLINE, the Cochrane Library, EMBASE, Web of
Science, and clinical trial databases for original studies
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DAA therapy in the LT setting were found in the literature[44-54]. All of them pertain to the treatment of established HCV reinfection and no study was found on the
use of DAA in post-transplantation prophylactic or preemptive therapy. The main results of these studies are
summarized in Table 2. They present several methodological limitations that hamper their comparison, such as
a small study population, lack of randomization, heterogeneous study design, different treatment schedules and
follow-up periods.
In an open study, Pungpapong et al[44] reported data
on 60 LT HCV-patients from three centers. Thirty-five
patients were treated with TLV combined with PEGIFN/RBV for 12 wk followed by PEG-IFN/RBV for
36 wk, and 25 with BCV plus PEG-IFN/RBV for 44
wk. All patients received a four-week lead-in therapy with
PEG-IFN/RBV, and most of them (93%) were on maintenance immunosuppressive treatment with cyclosporine
(CSA). In the TLV group, 30 out of 35 patients (86%)
achieved undetectable HCV-RNA levels after an average
of six weeks’ treatment, whereas in the BCV group 12
out of 25 (48%) achieved undetectable HCV-RNA levels
after an average of 11 wk. At the last follow-up (24 wk),
67% (14 out of 21) of TLV-treated patients and 45% (10
out of 22) of BCV-patients were HCV-RNA negative
without viral breakthrough. However, the CSA dose was
reduced in both groups to 70% of the original dose in the
TLV group and 56% in the BCV group. Cytopenia was
the most frequent adverse event requiring dose reduction
of PEG-IFN and RBV or administration of hematological growth factors. Glomerular filtration rate declined in
all patients, but none developed severe renal dysfunction.
Hepatic decompensation occurred in two patients in the
TLV group and in three in the BCV group. Biopsy-proven acute rejection developed in two TLV and one BCV
patient. Two patients died from multiorgan failure due to
sepsis in the TLV group and hepatic decompensation in
the BCV group[44].
Coilly et al[45] evaluated the efficacy and safety of triple
therapy (PEG-IFN/RBV + TLV or BCV) in 37 LT HCV
genotype 1 patients from five French centers. They included patients who were naive (18), non-responders (14)
or relapsers (5) to a previous course of dual therapy after
LT. These patients received four-week lead-in therapy
with PEG-IFN plus RBV followed by addition of BCV
(800 mg tid) in 18 patients and TLV (750 mg tid) in 19 for
48 wk. The immunosuppressant regimen was CSA in 22
patients and tacrolimus (TAC) in 15. In the BCV group,
the virological responses at weeks 4, 12 and 48 were 56%,
89% and 72%, respectively. In the TLV group, the virological responses at weeks 4, 12 and 48 were 47%, 58%
and 40%, respectively. Negative viremia 12 wk after the
end of treatment was obtained in 20% (1 out of 5) in the
TLV group and in 71% (5 out of 7) in the BCV group.
Sixteen patients discontinued the treatment (11 patients
due to treatment failure, 5 to adverse events). The most
common adverse event was anemia (50% in BCV group,
40% in the TLV group) requiring erythropoietin (EPO)

Table 2 Available data from the studies in extenso on the use
of direct-acting antiviral agents in the post-liver transplantation
setting
Pungpapong

et al [44]

Patients (n)
60
Baseline characteristics
Regimen (n)
TLV
35
BCV
25
Four-week lead-in
100%
phase
IS therapy (n)
TAC
3
CSA
65
SIR
1
Fibrosis stage (n)
FO-F2
31
F3-F4
38
Cholestatic
NA
hepatitis (n)
Results
HCV-RNA
negative
Week 4
NA
Week 8
Week 12

NA
91% (55/60)

Week 24
Week 48

56% (24/43)
NA

Adverse events
Hematological AEs
Anemia
Leukopenia
Thrombocytopenia
Infectious
complication
Renal insufficiency
Acute rejection
Dermatological
toxicity
Hepatic decompensation
Death

Coilly

Werner

Werner

et al [45]

et al [46]

et al [48]

37

9

14

9
0
0%

14
0
0%

19
18
100%

15
22
0

4
4
1

6
6
2

20
17
6

6
3
1

7
7
NA

51%
(19/37)
NA
73%
(27/37)
NA
61%
(17/28)

44% (4/9) 43% (6/14)
NA
89% (8/9)
NA
NA

NA
71%
(10/14)
57% (8/14)
50% (7/14)

93%
77%
12%
12%

92%
40%
32%
27%

66%
22%
44%
11%

71%
36%
64%
14%

38%
5%
10%

13%
NA
5%

11%
0%
33%

7%
7%
NA

12%

NA

0%

7%

3%

8%

0%

7%

BCV: Boceprevir; TLV: Telaprevir; HCV: Hepatitis C virus; IS: Immunosuppressive; TAC: Tacrolimus; CSA: Cyclosporine; SIR: Sirolimus; NA: Not
available.

and all abstracts involving DAAs in the treatment of recurrent HCV after LT. Hypothetically, antiviral therapy
in this context could be administered before LT to suppress viral replication and prevent recurrence. However,
since DAAs are poorly tolerated by cirrhotic patients and
there is a high risk of life-threatening complications, we
selected only publications dedicated to post-transplant
treatment[43]. Therefore, the use of DAAs in decompensated cirrhosis before LT should be discouraged for the
time being.

Results AND DISCUSSION
Five non-randomized studies and six abstracts on triple
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Table 3 Preliminary data on virological response during triple therapy in post-liver transplantation
Verna et al
Patients (n)
Regimen
BCV
TVL
Four-week lead-in phase
Fibrosis
F0–F2
F3–F4
Cholestatic hepatitis (n)
IS therapy
TAC
CSA
HCV genotype
HCV-RNA negative
Week 4
Week 8
Week 12
Week 24

[49]

101

Aqel et al

[50]

McCashland et al

[51]

Burton et al

[52]

Kwo et al

[53]

de Oliviera et al

23

10

12

7

6

10
91
96%

23
0
100%

0
10
NA

0
12
100%

0
7
100%

0
6
NA

58
43
10

NA
NA
NA

7
3
NA

8
4
NA

5
2
7

NA
NA
NA

23
67
1

0
23
1

0
10
1

0
12
1

2
5
1

6
0
1

70% (64/92)
78% (61/78)
79% (68/86)
NA

43% (10/23)
NA
NA
17% (4/23)

22% (2/9)
NA
100% (3/3)
100% (1/1)

92% (11/12)
NA
NA
NA

29% (2/7)
71% (5/7)
NA
NA

NA
NA
33% (1/3)
NA

[54]

BCV: Boceprevir; TLV: Telaprevir; HCV: Hepatitis C virus; IS: Immunosuppressive; TAC: Tacrolimus; CSA: Cyclosporine; SIR: Sirolimus; NA: Not
available.

administration or red blood cell transfusions. Infection
was observed in ten out of 37 patients (27%), three of
whom died from septic shock. This study also showed
that a reduced dose of calcineurin inhibitors was needed.
In the BCV group, the doses of CSA and TAC were
reduced by 2-fold and 5-fold, respectively; while these
reductions were 3-fold and 23-fold in the TLV group, respectively.
In a study by Werner et al[46] nine HCV-infected LT
patients were treated with a combination of TLV, PEGIFN and RBV in association with tacrolimus (TAC; 4 patients) or cyclosporine A (CSA; 4 patients) or sirolimus (1
patient), reporting data on efficacy and safety after 12 wk
of treatment. At weeks four and 12, four (44%) and eight
(89%) patients respectively were found to be HCV-RNA
negative. However, two patients dropped out before
completion of 12-week treatment because of side-effects.
In one case, the discontinuation of antiviral treatment
was not followed by a relapse of viral replication and
this patient was still HCV-RNA negative at the end of
the study. Cytopenia requiring RBV dose reduction was
observed in about 33% of cases. Use of EPO or blood
transfusion, or administration of granulocyte colonystimulating factor, was needed in about 66% of cases.
Moreover, patients treated with TAC experienced more
side-effects and prolonged hospitalization. Patients with a
CSA immunosuppression regimen needed a 2.5-fold dose
reduction, whereas TAC patients required a much greater
dose reduction (22-fold). Therefore, the use of DAAs
hampered the management of immunosuppressant drug
trough levels. Werner et al[47] recently reported the SVR at
24 wk after the end of treatment, showing a HCV-RNA
negative outcome in 5 of the 9 patients.
In an even more recent published study, Werner et
al[48] analyzed 14 HCV-infected LT patients treated with a
combination of TLV, PEG-IFN and RBV. In this study,
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a SVR at 24 wk after end of treatment was observed in
5 out 14 patients (36%). Three further patients obtained
HCV-RNA negativization during follow-up with a possible scenario showing an SVR of 57%.
The preliminary results, only presented in abstract
form, show the same methodological drawbacks as the
three full-length studies reported above. In addition, the
reported data are preliminary, often related to ongoing
studies. The results of these reports are summarized in
Table 3.
In the largest currently ongoing multicenter study in
the United States[49], 101 LT HCV patients were treated
with triple therapy after lead-in with PEG-IFN and RBV.
HCV-RNA negativization was obtained in 70%, 78%
and 79% of patients, after 4, 8 and 12 wk of treatment,
respectively. Concerning the adverse events, 49% of patients required transfusions because of severe anemia and
32% developed a worsening of renal function. Hematological growth factors were used in 86% of cases and
PEG-IFN and/or RBV dose reduction was needed in
27% and/or 78% of cases, respectively. Hospitalization
was required in 21% of cases, two patients experienced
rejection and two patients died during treatment.
After a four-week lead-in phase study with PEG-IFN
and RBV, Aqel et al[50] added BCV to 23 LT HCV genotype 1 patients. Ten (43%) achieved a complete virological response after four weeks and four of them continued
to be negative at week 24. All patients required growth
factors (EPO, granulocyte colony-stimulating factor) support for hematological adverse events.
A further ongoing US single center study[51] reported
the preliminary results of a small group of LT patients
with recurrent HCV treated for a maximum of 24 wk
with PEG-IFN/RBV plus TLV. After a four-week treatment, a virological response was documented in two out
of nine patients (22%), but only four patients were HCV-
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nia[59]. In addition, TLV and BCV cause several adverse
dermatological events, such as generalized pruritus with
eczematiform lesions and anorectal disorders[60,61]. These
data suggest careful monitoring and management of LT
patients under treatment with triple antiviral therapy.
A further concern in the use of DAAs in LT is their
interaction with calcineurin inhibitors (CSA and TAC).
TLV and BCV are both CYP3A4 substrates and inhibitors and have the potential to saturate or inhibit P-glycoprotein in the gut, increasing calcinineurin inhibitor
levels[62]. In healthy volunteers, evaluation of the effect of
TLV and BCV on the pharmacokinetics of a single dose
of CSA and TAC showed an increase in maximum plasma concentration (Cmax). The increase in Cmax of CSA
and TAC after a single dose of TLV was about 1.4-fold
and 9.3-fold, respectively[63], whereas a single dose of
BCV increased the Cmax of CSA and TAC by 2-fold and
9.9-fold, respectively[64]. Coilly et al[65] also reported an
estimated oral clearance reduction of 50% with CSA and
about 80% with TAC.

RNA negative, three after 12 wk of treatment and one
after 24 wk. Concerning adverse events, 20% of cases
experienced anemia, 10% suffered leukopenia, and 20%
had depression.
Burton et al[52] evaluated TLV in 12 LT HCV genotype
1 patients after a four-week lead-in phase with PEGIFN and RBV. Triple therapy was administered for 12
wk, then all patients received an additional 36-wk period
with PEG-IFN/RBV only. By week four, the viral load
became undetectable in 11 out of 12 patients (91%).
Treatment was withdrawn in two patients because of a
presumed resistance to TLV with a rise of viremia. As
far as side-effects are concerned, 42% patients required
blood transfusion and 25% were hospitalized.
Another two very small series studies of genotype 1
HCV LT patients[53,54] showed virological response rates
ranging from 33% to 100% after 12 wk of PEG-IFN/
RBV plus TLV. Unfortunately, the number of patients
achieving 12-wk of treatment is not reported.
It should be pointed out that the results of two
phase 3 ongoing clinical trials on TLV are expected, one
performed in six European countries (clinicaltrials.gov:
NCT01571583), one in 22 United States centres (clinicaltrials.gov: NCT01467505).
The data about other DAAs in the transplant setting
are very few. It is worth mentioning that there are only
two case reports on the use of a new potent HCV replication inhibitor named daclatasvir in the treatment of
post LT recurrent cholestatic hepatitis C[55,56]. Daclatasvir
was administered for 24 wk in association with PEGIFN/RBV or with sofosbuvir, a potent oral nucleotide
analogue inhibitor of HCV polymerase activity, respectively. Interestingly, a complete SVR without serious adverse events was obtained in both cases. Moreover, there
are two ongoing phase 2 studies about sofosbuvir and
RBV and/or ledispavir in HCV post-transplanted patients (clinicaltrials.gov:NCT01779518; clinicaltrials.gov:
NCT01938430).
There are several limitations to the interpretation of
the few available data on the use of DAAs in the LT setting. Most studies refer to genotype 1 patients and lack
of SVR, making it difficult to assess the overall treatment
efficacy and compare PEG-IFN/RBV dual treatment
and triple therapy regimens. Moreover, there are no comparative data on BCV-based and TLV-based therapy. In
addition, tolerability and the risk of severe adverse events
represent major concerns in the use of DAAs in LT. It is
well known that the tolerability of the standard therapy
based on PEG-IFN/RBV in LT patients is poor. In particular, hematological toxicity leads to a dose reduction
in almost 70% of patients and premature termination of
treatment in almost 30%[57]. Moreover, there are some
reports that antiviral therapy might increase the risk of
acute graft rejection[26,58]. In this context, the addition of
DAAs could increase the incidence and severity of sideeffects, thereby reducing the applicability of this new
therapeutic strategy. Indeed, a bone marrow suppressive
effect of TLV and BCV could amplify RBV- and PEGIFN-induced anemia, neutropenia and thrombocytope-
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CONCLUSION
Based on these scant preliminary results, it is difficult to
offer any guidelines on the use of DAAs, mainly represented by TLV and BCV, in LT patients as the available
data are neither consistent nor conclusive. DAA efficacy
in terms of SVR cannot be quantified, nor can their adverse event profile be ascertained in the post-LT setting.
In addition, the potential predictors of SVR have not yet
been identified. However, the lack of clinically apparent
drug interactions between calcineurin inhibitors and daclatasvir, combined with an SVR in both patients treated
to date offers an exciting and effective prospect for patients with HCV recurrence after LT. Given the potential
clinical benefits, hard clinical data on the effects of these
new potent HCV inhibitors in patients with post-LT recurrence of HCV infection are urgently needed.
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Cytokinome profile evaluation in patients with hepatitis C
virus infection
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Susan Costantini
of cytokines, especially in cancer patients. Acquired
knowledge would enable health providers with tools to
evaluate disease onset through progression as well as
identifying innovative therapeutic strategies. Understanding the role each cytokine plays in the metabolic
network is of great importance. This paper reviews our
group’s ‘‘omics’’ work. In particular, it addresses the
role cytokines play in liver disease in six different scenarios. The first is the role the cytokines play in chronic
inflammatory diseases and cancers. The second is the
significance of the cytokinome profile. The third is the
role of liver cirrhosis as an inflammatory disease. The
fourth is the comparison of cytokine levels evaluated
in patients with chronic hepatitis C virus (HCV) or with
HCV-related cirrhosis. The fifth is the comparison of cytokine levels evaluated in patients with HCV-related cirrhosis in the presence and absence of type 2 diabetes.
And lastly, we present a comparison of cytokine levels
evaluated in patients with HCV-related cirrhosis in the
presence and absence of hepatocellular carcinoma.
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Abstract

Core tip: In this review we report the usefulness of
cytokinome profiling in improving our understanding
of the role cytokines play in the evolution of chronic
inflammatory processes leading to cancer. The serum
levels of cytokines were evaluated in patients with hepatitis C virus infection-related liver diseases in the presence and absence of either hepatocellular carcinoma
or type 2 diabetes. In addition, the complex interaction
network, between the significant cytokines and their
metabolic pathways, was studied using bioinformatics
and systems biology approaches.

The ‘‘omics sciences’’ (genomics, transcriptomics, proteomics) are often used to study living organisms as
a whole system by evaluating the complex expression
patterns of genes, miRNA, proteins, and metabolites.
This study aimed, through bioinformatics and systems
biology, to decipher the cytokinome profile in the evolution of inflammatory processes leading to cancer. The
cytokinome was defined as the totality of cytokines
and their interactions in and around biological cells.
The system biology approach would provide a better understanding of the complex interaction network
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comprehensive understanding of the cytokines’ cellular,
humoral, and chemotactic roles at a critical time in various cancers, as well as roles cytokines might play in the
treatment course of a correlated infection[15].

Capone F, Guerriero E, Colonna G, Maio P, Mangia A, Castello G, Costantini S. Cytokinome profile evaluation in patients
with hepatitis C virus infection. World J Gastroenterol 2014;
20(28): 9261-9269 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i28/9261.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9261

CHALLENGE AND SIGNIFICANCE OF THE
CYTOKINOME PROFILE
The complexity of the cytokine system in humans can
be elucidated using the cytokinome, which evaluates the
complex network of interactions used to regulate either
cytokine synthesis or their cognate receptors. In addition,
the cytokinome provides an insight into both antagonistic and synergistic interactions among different cytokines,
which occur in many different and often redundant
ways (Figure 1)[16]. An intriguing problem related to the
cytokine family and their receptors is the existence of
pleiotropy in the cytokine system. Pleiotropy enables one
cytokine to activate various receptors and many different
cytokines to activate the same receptor. Elucidation of
these complex cytokine interactions results in the production of more efficient and selective targeted therapeutics
against cancer via direct interaction with the receptors
instead of cytokines.
An accurate and comprehensive understanding of
cytokine functions can be obtained from simultaneous
and coherent measurements of cytokine concentrations
in serum[17,18]. However, this approach is limited by the
inherently difficult simultaneous measurement of the
various cytokine concentrations, in the same biological
fluid, due to large differences in concentrations spanning
several magnitude orders. At present, a broad-spectrum
bead-based multiplex immunoassay is a viable approach
to effectively characterize cytokine levels in serum[19-22].
Systems biology approaches are powerful tools in
analyzing the system as a whole. The enormous amount
of data derived by “omics” disciplines, computational
methods, and algorithms, resulted in a comprehensive
and integrated vision of the biological phenomenon
under investigation. In fact, until the last century, the
common approach in the biological sciences was to break
down the object of study down to its elementary parts,
and study all the singular units, in order to explain the life
processes. These analytical and reductionist approaches
have provided significant functional understanding specific molecular mechanisms and properties of living organisms, such as genes, proteins, and metabolites. However,
this single component focused approach was not able
to predict the behavior of the system as a whole. Novel
methodologies study the living organism as a whole, even
if the laws regarding the organizational forces of these
systems are not yet well understood. The essence is to
understand the collective phenomena in the framework
of the functionality of the whole system[23].
The definition and evaluation of the human cytokinome is an important tool in analyzing the cytokine
interaction network of healthy subjects as well as cancer
patients. Computational models can provide a broader

INTRODUCTION
Inflammation is a physiological process in response to
acute tissue damage resulting from physical injury, ischemic injury, infection, exposure to toxins, chemical irritation, and/or several types of trauma[1,2]. The process
is a protective attempt, by the organism, to remove the
injurious stimuli as well as to initiate the tissue healing
process[3,4].
In certain cases, inflammation becomes chronic as a
result of a persistent inflammatory stimulus or a dysregulation in the control mechanisms that normally turn the
inflammatory process off[2,5,6]. Many cancers may arise
from sites of an infection, chronic irritation, or inflammation. The cancer microenvironment, which is largely
orchestrated by inflammatory cells and cytokines, is an
indispensable participant in the neoplastic process. Moreover, cancer not only alters the metabolic needs of the
tissue, it also fosters DNA and protein damage, proliferation, survival, mutagenesis, migration, and metastasis of
malignant cells[7,8]. Therefore, many players, belonging to
the different “omics” levels (genomics, transcriptomics,
proteomics), play very important roles in the progression
of chronic inflammation processes leading to cancer. An
interesting example for this phenomenon is chronic hepatitis C virus (HCV) that induces, after some years, the
development of liver fibrosis, cirrhosis, and hepatocellular carcinoma (HCC). Recent studies, on the application
of genomics, transcriptomics, and proteomics of HCV
infections and HCV-induced liver disease, identified new
markers that may be useful in improving the diagnosis
and the prognosis of these diseases[9-13].
The major physiological difference between cancer
and normal cells is the presence of hypoxia, which induces many cytokines and chemokines[14]. Both cytokines and
chemokines play numerous roles in the cell-cell communication at the tissue level, where the outcome is determined by a cytokine concentration milieu and cell type[8].
Current understanding describes that activated immune
cells provide both anti- and pro-tumorigenic signals.
Hence, these cells provide potential targets for the development of therapeutics based on environmental and/or
cellular context. Since the control of cytokine production is highly complex and multifactorial, cytokine effects
are mediated through multiple regulatory networks. The
intricate complexity of cytokine networks conceals the
role a single cytokine may play in the pathogenesis of
a disease. It is, therefore, informative to investigate the
immunopathogenesis of a disease process by analyzing
multiple cytokine panels. This approach could provide a
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Chronic inflammation - cancer

Omics science
Cytokines/cytokinome
Metabolomics

Proteomics

Transcriptomics
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Figure 1 Relationship of the “omics sciences”, chronic inflammation, and cancer. The scheme shows (1) the necessity to integrate data derived from all the “omics
sciences” for obtaining a complete picture of the system; and (2) the importance of including the cytokinome profile, at the proteomics level, due to the crucial role of
cytokines in the chronic inflammation process leading to cancer.

understanding of the effects exerted by drugs that act on
cytokine populations and/or their receptors in the regression of chronic inflammation or cancer progression. In
addition, knowledge of cytokine levels may be used with
diagnosticorprognostic tools by the physicians.

provide physicians with information necessary for better
prognosis. In addition, this information could potentially
elucidate the correlation between LC and its involvement
in the development of liver cancer in presence and absence of other complications like HCV or type 2 diabetes.

EXAMPLE OF AN INFLAMMATORY
DISEASE: LIVER CIRRHOSIS

CYTOKINE EVALUATION IN CHRONIC
HCV AND LC PATIENTS

Liver cirrhosis (LC) represents the fifth leading cause of
death in the Western world. The condition arises from
complications associated with various liver diseases and
is characterized by an abnormal liver structure and function. A majority of liver diseases injure and kill liver cells,
while inflammation and cellular repair processes generate
scar tissue[24]. The morphology of LC is determined by
the amount of time that has elapsed from the onset of
parenchymal extinction. If active injury continues, new
lesions of extinction will coexist with old lesions. In the
case of an inactive and remote primary disease, the liver
contains only lesions in the late stages of repair. Once LC
has developed, severity may either progress or regress towards normal. Progression depends on the activity of the
primary disease and on the secondary obstructive events
in portal and hepatic veins. Hence, the LC is permanent
and irreversible liver damage, which can go from minimal
signs to the advanced symptoms as liver function decreases[25]. The LC is characterized by protein blood flow
disturbances due to progressive disruption of normal
vascular anatomy and physiology[26]. Cirrhotic patients are
recognized as being at risk of developing HCC at a rate
of 1% to 4% per year after cirrhosis has been established.
The production of cytokines function as immune
response key players in cell proliferation and apoptosis
suppression, increases the risk of cancer[3]. The evaluation of a large panel of cytokines in cirrhotic patients may

The serum levels of 32 cytokines, chemokines and
growth factors [ β -nerve growth factor (NGF), chemokine (C-C motif) ligand (CCL) 3, CCL27, CXCL
[chemokine (C-X-C motif) ligand] 1, CXCL9, CXCL10,
CXCL12, interferon (IFN)-2, hepatocyte growth factor
(HGF), interleukin (IL)-1a, IL-1b, IL-1ra, IL-2R, IL-3,
IL-4, IL-5, IL-6, IL-8, IL-10, IL-12p70, IL-12p40, IL-16,
IL-17, IL-18, leukemia inhibitory factor (LIF), monocyte
chemoattractant protein (MCP)-3, macrophage colonystimulating factor (M-CSF), macrophage migration inhibitory factor (MIF), stem cell factor (SCF), stem cell
growth factor (SCGF)-β, tumor necrosis factor (TNF)-α,
TNF-related apoptosis inducing ligand (TRAIL)] were
evaluated in 30 patients with chronic HCV, in 30 patients
with HCV-related LC, and in 20 healthy donors by multiplex biometric ELISA-based assays[27]. General patient
demographics are as follows: 15 women and 15 men had
HCV; 16 women and 14 men had HCV-related LC; and
11 women and 9 men were used as healthy controls. Differences in the cytokine serum levels between diseased
patients and healthy controls are reported in Table 1.
Significant up-regulation of IL-1α, IL-1β, IL-2R,
IL-6, IL-8, CXCL1, CXCL9, CXCL10, CXCL12, MIF,
and β-NGF was seen in HCV and LC patients compared
to healthy controls. The only exception was hepatocyte
growth factor (HGF), which was up-regulated in LC but
not in HCV patients. HGF is a multifunctional growth
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Table 1 Differences in the serum levels of pro-inflammatory
molecules between patients with either hepatitis C virus
orliver cirrhosis and the healthy controls
Controls vs LC

a↑
b↑
a↑
b↑
b↑
b↑
b↑
b↑
a↑
a↑
b↑

b↑
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b↑
b↑
b↑
b↑
b↑
b↑
a↑
b↑
b↑
b↑

Mean concentration (pg/mL)

IL-1a
IL-1b
IL-2R
IL-6
IL-8
CXCL1
CXCL9
CXCL10
CXCL12
MIF
b-NGF
HGF

Controls vs HCV

0.9

0.7

a

0.6
0.5
0.4
0.3
0.2
0.1
0.0

IL-1a

b-NGF

2500

Mean concentration (pg/mL)

P values obtained for all significant molecules in chronic hepatitis C virus
(HCV) and HCV-related cirrhosis (LC) patients with respect to controls
using the nonparametric Mann-Whitney U test. aP value < 0.05, bP < 0.01,
up arrows indicate an increase in patients’ cytokine serum level vs healthy
controls. HCV: Hepatitis C virus; LC: Liver cirrhosis; IL: Interleukin; NGF:
Nerve growth factor; HGF: Hepatocyte growth factor; MIF: Migration
inhibitory factor.

factor that regulates growth and cell motility, exerts mitogenic effects on hepatocytes and epithelial cells and
plays diverse roles in organ development, tissue regeneration, and cancer progression[28]. Moreover, it has been
implicated, along with IL-6, IL-8 and IL-1, in the hepatic
stellate cell activation pathway. However, numerous reports have examined the relationship between HGF and
the occurrence of HCC facilitation/suppression, and
have suggested that this growth factor could be used as
an index of cellular growth and HCC development in
LC patients[29]. In fact, HGF levels were significantly different in LC patients in respect to both healthy controls
and chronic inflammation patients, and its concentration
in HCC patients was higher than in LC patients. This
strongly suggests the importance of HGF role in the
progression of chronic inflammation leading to LC and
cancer as well as being used as a specific marker for predicting the occurrence of HCC in chronic HCV-related
liver diseases[27].
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Figure 2 Differences in the concentration (pg/mL) of significant cytokines,
chemokines, and growth factors among hepatitis C virus, hepatitis C virusrelated liver cirrhosis patients, and healthy controls. The mean concentrations, for each significant molecule, in healthy control subjects, HCV, and HCVrelated LC patients were calculated using a t test. Healthy control - light grey;
HCV patients - cyan, HCV-related LC patients - green bars. The cytokine expression was statistically different between HCV and HCV-related LC patients (aP
< 0.05). HCV: Hepatitis C virus; LC: Liver cirrhosis; IL: Interleukin; NGF: Nerve
growth factor; HGF: Hepatocyte growth factor; MIF: Migration inhibitory factor.

Comparison between chronic HCV and LC patients
Since IL-1α, IL-1β, IL-2R, IL-6, IL-8, CXCL1, CXCL9,
CXCL10, CXCL12, MIF, and β-NGF were increased
in both HCV and LC patients, their mean concentrations were compared by t test. Figure 2 shows that the
concentrations of all the proteins and, in particular,
IL-8, CXCL9 and β-NGF were higher (with P < 0.05)
in patients with LC than in those with HCV. Subsequent
comparison of serum levels for all pro-inflammatory
molecules, in HCV and LC patients compared to HCC
patients, showed the mean concentrations of all molecules was higher in HCC patients than in LC patients[30].
This indicates that the expression of pro-inflammatory
molecules tends to increase in chronic inflammation progression leading to LC and HCC, making these molecules
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0.8

potential markers for prognostic studies. The serum
levels of statistically significant cytokines, chemokines,
and growth factors in HCV and LC patients were correlated with clinical data using the Pearson correlation
coefficient. Patients with HCV had higher levels of IL1β, IL-2R, MIF, and β-NGF than controls, resulting in
a significant positive correlation with the transaminase
values. Therefore, these proteins can be considered indices of immune activation. These results are in agreement
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has become a topic of great scientific interest. The serum levels of 33 cytokines, chemokines, adipokines, and
growth factors [adiponectin, adipsin, β-NGF, CCL27,
C-peptide, CXCL1, CXCL9, CXCL12, ghrelin, gastric inhibitory polypeptide (GIP), glucagon- like peptide [glp]-1,
glucagon, HGF, IFN-α2, IL-1α, IL-2R, IL-3, IL-12p40,
IL-16, IL-18, insulin, leptin, LIF, MCP-3, M-CSF, MIF,
plasminogen activator inhibitor (PAI)-1, resistin, SCF,
SCGF-β, TNF-α, TRAIL, visfatin] were evaluated at the
same time by a BioPlex panel. The serum levels of (1) patients with LC, HCV-related cirrhosis and type 2 diabetes
(LCD);(2) patients with HCV and type 2 diabetes (CHD);
and (3) healthy controls were used to identify specific
molecules at the various stages of disease allowing for
differentiation amongst them [35]. Twenty patients (12
women, 8 men) with LC, 10 patients (4 women, 6 men)
with CHD, 10 patients (4 women, 6 men) with LCD, and
20 healthy control subjects (11 women, 9 men) were used
for this study.
Higher levels of IL-1α, IL-2R, IL-12, IL-18, CXCL1,
CXCL9, MIF, β-NGF, HGF, C-peptide, GIP, insulin,
PAI-1, adiponectin, leptin, resistin, and adipsin were
found in patients with LCD and LC compared to healthy
controls (Table 2). Ghrelin concentration decreased in
both LCD and LC patients compared to healthy controls
(Table 2). Hence, the same molecules seem to be significant for both LC and LCD patients except for glucagon
levels, which were increased in LCD patients but not LC (P
< 0.05). Significant molecules were similar between LCD
and LC patients, with the exception of IL-2R, IL-18,
and glucagon, which were higher in LCD patients. This
indicates that the lower levels of these three molecules in
LC patients are most likely due to the presence of type 2
diabetes. Moreover, in LC patients, glucagon and HGF
showed a significant positive correlation with glycemia
and body mass index values and a negative correlation
with albumin values, which are lower in these patients
compared to controls. Since type 2 diabetes can be associated with HCC in HCV patients without LC[36], the levels
of the significant molecules in CHD and LC patients
were compared using a Student’s t test. The comparison
allowed for separation of cytokines in two groups (similar
or different) so molecules could be used as specific markers of the two different processes. In particular, β-NGF
was higher in LC patients, whereas glucagon and IL-18
were higher in CHD patients (with P < 0.05). β-NGF is
a pro-inflammatory protein as well as an index of inflammatory process, related to chronic infection, causing the
progression to LC and cancer. Glucagon and IL-18 are
mainly associated with diabetes, occurring as part of the
metabolic syndrome, with an increased risk of HCC.

Table 2 Comparison of cytokine serum levels in all patients
and healthy controls
Cytokines
Adiponectin
Adipsin
C-peptide
CXCL1
CXCL9
Ghrelin
GIP
Glucagon
HGF
IL-12
IL-18
IL-1a
IL-2R
Insulin
Leptin
MIF
PAI-1
Resistin
b-NGF

Controls vs CHD

Controls vs LC

Controls vs LCD

a↑
a↑
b↑
b↑
b↑
a↓
a↑
a↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
a↑
b↑

a↑
a↑
b↑
b↑
b↑
a↓
a↑

a↑
a↑
b↑
b↑
b↑
a↓
a↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
a↑
b↑

b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
b↑
a↑
b↑

P values obtained for all significant molecules in patients with (1) HCV
hepatitis and type 2 diabetes (CHD); (2) with HCV-related LC, and (3) with
HCV-related cirrhosis and type 2 diabetes (LCD), with respect to healthy
control subjects, were calculated using the nonparametric Mann-Whitney
U test. aP value < 0.05, bP < 0.01; up- and down-arrows indicate if the proinflammatory molecule serum concentrations in patient groups increased/
decreased vs healthy controls. HCV: Hepatitis C virus; LC: Liver cirrhosis;
IL: Interleukin; NGF: Nerve growth factor; HGF: Hepatocyte growth
factor; MIF: Migration inhibitory factor; PAI: Plasminogen activator
inhibitor.

with literature data on the participation of IL-1 and IL2R in the progression of liver injury to fibrosis[31] as well
as β-NGF involvement in liver cancer growth and metastasis. All three molecules could potentially be used as
an index of chronic infection leading to LC and HCC[32].
An increase in MIF serum levels has previously been reported in hepatitis B patients[33]. Our work suggests MIF
may also play a role in HCV-related chronic inflammation
patients. CXCL1, CXCL9, CXCL10, and HFG, in LC
patients, showed a significant negative correlation with albumin values. Since HGF was the only molecule that was
statistically different between HC and LC patients, these
data suggested that the four proteins could be useful for
diagnostic/prognostic purposes.

CYTOKINE EVALUATION IN LC PATIENTS
IN THE PRESENCE OR ABSENCE OF TYPE
2 DIABETES
Type 2 diabetes has recently been recognized as a cofactor that may modify the course of HCV infection, as
well as functioning as an independent predictor of HCC.
Recent studies have shown that type 2 diabetes is associated with hepatocarcinogenesis in patients with HCV
infection without LC[34]. Hence, the search for specific
immunological markers, which follow the progression of
HCV to LC and HCC in association with type 2 diabetes,
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CYTOKINE EVALUATION IN LC PATIENTS
IN THE PRESENCE AND ABSENCE OF
HCC
In another study, 30 HCV-related LC patients (16 fe-
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subsequently, to cancer. High levels of ghrelin are often
correlated with malnutrition, which is a common problem in LC and HCC, and may readily deteriorate the
clinical liver functions resulting in poor prognosis[37]. The
aforementioned data were analyzed using the Ingenuity
Pathway Analysis Version 7.1 (Ingenuity Systems, Inc.,
Redwood City, CA, United States). This computational
analysis showed that IL-18, ADIPOQ, GHRL, HGF,
CXCL12, and IL-2RA were associated in a network
named “Cell-To-Cell Signaling and Interaction, Hematological System Development and Function, Immune Cell
Trafficking” based on associated functions and data mining from experimental studies reported in the literature
(Figure 3). The two subunits of nuclear factor kappalight-chain-enhancer of activated B cells (NFκB1 and
NFκB2), signal transducer and activator of transcription
(STAT3), Fork-head box protein O1 (FOXO1), nuclear
receptor subfamily 3 group C member 1 (NR3C1), and
MET proto-oncogene are involved in the development,
progression, and metastasis of HCC. The interaction
of these six hub genes goes as follows: (1) STAT3 is
associated with NF κ B2, IL-6R, ERbB-2, ADIPOQ,
and FOXO1; (2) FOXO1 is associated with NR3C1,
STAT3 and PRL; (3) two subunits of NFκB correlate
with CXCL12 and IL-2R; and (4) NR3C1 is associated
with NFκB2, STAT3, NFκB1, and IL-18. Overall, the
interactome approach showed that all the significant cytokines are strictly correlated and connected with interesting functional hub nodes.
It is important to underline that the functional role of
cytokines depends on those signal transduction pathways
that they are able to activate, and on liver cells that have
receptors to these cytokines to initiate signal transduction. Using Ingenuity Pathway Analysis, the metabolic
pathways, in which the significant cytokines are involved,
were analyzed (Table 4). Results showed these molecules
being present in pathways such as IL-6 signaling, HGF
signaling, and ErbB2-ErbB3 signaling, which are important in the progression of chronic inflammation processes leading to cancer[38-40].

Table 3 Comparison of serum levels of significant cytokines
between patients with live cirrhosis and patients with
hepatocellular carcinoma
LC vs HCC

Cytokines
Adiponectin
Adipsin
CXCL12
Ghrelin
HGF
IL-16
IL-18
IL-2R
PECAM-1
Prolactin
sHER-2/neu
sIL-6Ra

b↓
a↓
a↑
b↑
a↑
b↑
a↑
b↑
a↑
a↑
a↑
a↑

P value was calculated using Mann-Whitney U test. aP value < 0.05, bP <
0.01, Up- and down-arrows indicate an increase/decrease in the serum
concentrations in patient groups vs healthy controls. HCC:Hepatocellular
carcinoma; LC: Liver cirrhosis; IL: Interleukin; HGF: Hepatocyte growth
factor.

males and 14 males), 34 HCC patients with HCV-related
LC (11 females and 23 males) and 20 healthy control
subjects (11 females and 9 males) were enrolled with the
aim to study the progression from cirrhosis to cancer
(paper submitted). A panel of 46 cytokines, chemokines,
growth factors, and cancer biomarkers {adiponectin,
adipsin β-NGF, CCL27, C-peptide, CXCL1, CXCL9,
CXCL12, fibroblast growth factor (FGF)-basic,follistatin,
ghrelin, granulocyte colony-stimulating factor (G-CSF),
GIP, glp-1, glucagon, HGF, IFN-α2, IL-1α, IL-2R, IL-3,
IL-12p40, IL-16, IL-18, insulin, leptin, LIF, MCP-3,
M-CSF, MIF, osteopontin, PAI-1, platelet-derived
growth factor-AB/BB,platelet-endothelial cell adhesion
molecule (PECAM)-1, prolactin (PRL), resistin, epidermal growth factor receptor, V-erb-b2 erythroblastic leukemia viral oncogene homolog 2 [sHER-2/neu (ErbB2)],
SCF, SCGF-β, sIL-6Ra, tyrosine kinase with immunoglobulin and EGF homology domains-2, vascular endothelial growth factor (sVEGFR)-1, sVEGFR-2, TNF-α,
TRAIL, visfatin} was evaluated. The data suggest that
the expression of sHER-2/neu, sIL-6Ra, PECAM-1,
PRL, IL-2R, IL-16, IL-18, CXCL12, HGF, and ghrelin
tends to increase in the progression from LC to HCC.
On the other hand, levels of adiponectin and adipsin
decreased (Table 3). Serum levels of these biochemical
markers have different significance during the progression of a disease; therefore, they can characterize the
degree of the carcinogenic state in the liver of patients
with HCV and LC. Furthermore, the serum levels of
the significant proteins in LC and HCC patients were
correlated with clinical/biochemical data by Pearson
correlation. In short, sIL-6Ra showed a significant correlation with the Child-Pugh score in patients with LC,
whereas ghrelin serum levels correlated with body mass
index (BMI) in HCC patients. These results confirmed
that sIL-6Ra could be used as a predictor of liver damage and of inflammatory processes leading to LC and,
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CONCLUSION
Over the past several years, there has been a renaissance
of research into connecting inflammation and cancer.
Inflammation plays a role in tumor suppression by stimulating an antitumor immune response, but more often,
under certain conditions, it appears to stimulate tumor
development[41]. The intensity and nature of the inflammation can explain this apparent contradiction. In fact, in
the presence of persistent inflammatory stimuli, inflammation may become chronic. However, it has been suggested that cancer-associated inflammation is similar to
that of chronic inflammation. In both cases, growth and
angiogenic factors are produced to stimulate tissue repair.
In some cases, though, these factors can also promote
cancer-cell survival, implantation, and growth[7]. Thus,
it is now clear that the immune response can promote
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Figure 3 Ingenuity pathway analysis of the significant molecules. The illustration shows the network of significant cytokines (green symbols), hub nodes (light
blue symbols), and other involved molecules (white symbols) obtained by the ingenuity pathway analysis software. IL: Interleukin;HGF: Hepatocyte growth factor.

anticancer effects as well as carcinogenesis and tumor
growth[41].
Considering that cytokines are expressed before and
during the inflammatory processes, they play a pivotal
role in cancer developmental stages[27,30]. Recently, the
serum levels of many cytokines have been evaluated by
a broad-spectrum bead-based multiplex immunoassay in
patients with (1) chronic HCV or with LC; (2) with LC
in the presence and absence of type 2 diabetes; and (3)
with LC in the presence and absence of HCC. Certain
interleukins and chemokines were identified as putative
markers of the progression of HCV to LC by increasing
fibrosis, and can be used as platforms for designing new
drugs able to block the progression of the inflammatory
processes[27,30]. Further research, with a larger sample
size, is necessary before specific cytokines are used in the
clinical diagnosis of different stages in liver injury. Thus
far, we have learned that HGF is up-regulated only in
patients with HCV-related LC, showing a negative correlation coefficient with albumin values, and can be used as
an index of the progression from HCV to LC and HCC.

WJG|www.wjgnet.com

Glucagon, on the other hand, is higher in LCD patients
than in LC patients, showing a significant positive correlation with glycemia and BMI and a negative correlation
with albumin values, and can be used as index of the copresence of type 2 diabetes and cirrhosis in HCV patients. And last, sIL-6Ra has higher levels in LC patients
than in HCC patients, showing a significant correlation
with the Child-Pugh score in LC patients, and can be
used as an index of progression from LC to HCC.
All the data related to the cytokine evaluations have to
be computationally modeled, using graphs or metabolic
networks, to connect the various data groups in terms
of probabilistic dynamic maps of biochemical and/or
physiological activities and/or pathogenetic pathways.
This approach would enable the use of the human cytokinome as a valuable tool for the analysis of the cytokine
interaction network in both healthy subjects and HCC
patients[16]. Further studies may open the data sets to
other diseases and implement other statistical tools and
classification methods to improve or to discover new
predictive relationships among data groups. It is neces-

9267

July 28, 2014|Volume 20|Issue 28|

Capone F et al . Cytokinome profile in HCV patients
Table 4 List of cytokines with significantly different serum
levels between liver cirrhosis and hepatocellular carcinoma
patients, and the pathways in which they play important roles
Ingenuity canonical pathways
T helper cell differentiation
Role of macrophages, fibroblasts, and
endothelial
Hepatic fibrosis/hepatic stellate cell activation
Leptin signaling in obesity
IL-6 Signaling
AMPK Signaling
Hepatic cholestasis
Acute phase response signaling
Role of cytokines in mediating communication
between immune cells
IL-2 signaling
ErbB2-ErbB3 signaling
Role of JAK1 and JAK3 in cytokine signaling
Chemokine signaling
HGF Signaling
Type Ⅱ diabetes mellitus signaling
p38 MAPK signaling
LXR/RXR activation
CXCR4 signaling
NF-kB signaling

10

Molecules
IL-18, IL-6R, IL-2RA
IL16, IL-18, IL-6R,
CXCL12
LEP, HGF, IL-6R
LEP, GHRL
IL-18, IL-6R
LEP, ADIPOQ
IL-18, GCG
IL-18, IL-6R
IL-18

11

12

IL-2RA
ERBB2
IL-2RA
CXCL12
HGF
ADIPOQ
IL-18
IL-18
CXCL12
IL-18

13

14

15

LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; HGF: Hepatocyte
growth factor.

16

sary to point out that the usefulness of the cytokinome,
in the evaluation of human diseases, can only be achieved
through frequent and thorough repopulation of the related databases[42,43].

17
18
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asymptomatic HCV infection is essential for elucidating the natural history of HCV-caused hepatocellular
carcinoma, and for exploring potential seromarkers
that have high predictability for risk of hepatocellular
carcinoma. However, prospective cohorts comprising individuals with HCV infection are still uncommon.
The risk evaluation of viral load elevation and associated liver disease/cancer in HCV (REVEAL-HCV) study
has followed a cohort of 1095 residents seropositive
for antibodies against hepatitis C virus living in seven
townships in Taiwan for more than fifteen years. Most
of them have acquired HCV infection through iatrogenic
transmission routes. As the participants in the REVEALHCV study rarely receive antiviral therapies, it provides
a unique opportunity to study the natural history of
chronic HCV infection. In this review, the prevalence,
risk factors and natural history of HCV infection are
comprehensively reviewed. The study cohort, data collection, and findings on liver disease progression of the
REVEAL-HCV study are described.

Abstract

Core tip: This review includes summary tables describing the epidemiology of hepatitis C virus (HCV) infection in previous studies and recent findings from the
risk evaluation of viral load elevation and associated
liver disease/cancer in HCV study.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Epidemiology; Risk evaluation of viral load elevation and associated liver disease/cancer; Long-term liver progression

Hepatitis C virus (HCV) affects 130-210 million people
worldwide and is one of the major risk factors for hepatocellular carcinoma. Globally, at least one third of
hepatocellular carcinoma cases are attributed to HCV
infection, and 350000 people died from HCV related
diseases per year. There is a great geographical variation of HCV infection globally, with risk factors for
the HCV infection differing in various countries. The
progression of chronic hepatitis C to end-stage liver
disease also varies in different study populations. A
long-term follow-up cohort enrolling participants with
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dence of transfusion associated hepatitis, traced from
1970 to 1998, demonstrated a decrease from 33% to
nearly eliminated HCV transmission caused by the effectiveness of a series of donor screening intervention[20].
In developing countries where HCV testing in blood
donation has not been feasible, receiving blood products
remains a dominant source of HCV infection. Most of
these countries are located in Africa and Asia, where
blood safety is threatened by poverty, insufficient instruments and laboratory reagents, limited supply of trained
professionals, traditional cultural barriers, and difficulties
in mobilizing volunteer donors[21,22].
In developed countries, HCV is mainly transmitted by
drug abusers sharing injection equipment[23]. The prevalence of anti-HCV among intravenous drug users ranged
from 31% to 98%[24]. It has been reported that injection
drug use accounts for 60% and 80% of HCV infection
in United States[7] and Australia[25], respectively. In developing countries, HCV transmission is mainly by unsafe
therapeutic injections[12,17]. Unsafe injections, defined as
reuse of syringes or needles from patient to patient without sterilization, resulted in 2.3-4.7 million HCV infections every year approximately[26]. Transmission of HCV
through contaminated injection equipment has been recognized in most developing countries[8,27-29]. The results
indicated that the injection equipment were contaminated
or non-disposable, which resulted in the spread of HCV.
People with increased frequencies of injections for therapeutic purposes had elevated cumulative risks of HCV
infection. The evidence suggested that it is important
to reduce injection reuse and overuse in the prevention
aspect of HCV control, especially in areas with limited
disposable injection equipment and health professionals.
Other sources of HCV transmission include activities involving the potential for percutaneous exposure to
blood or blood-derived body fluids, such as tattooing[15],
acupuncture[17,30], sharing cottons[31], and other biologically
plausible modes of transmission, like body-piercing, cosmetic procedures, and commercial barbering[32]. Vertical
transmission from mother to neonate is rare[33] and intrahousehold and within-couples spread of HCV infections
is possible[34,35]. It was also indicated that lower education,
poverty[7,23], and residing in highly deprived area[36] are risk
factors for positive anti-HCV.

INTRODUCTION
Hepatitis C virus (HCV) is recognized as a major cause
of chronic liver disease. Liver cirrhosis generally occurs
in 20%-30% patients with chronic infection after 2 to 3
decades[1]. Once cirrhosis occurs, hepatocellular carcinoma develops in 1%-4% of these patients per year[2]. It
was estimated that HCV was attributable to one thirds
of hepatocellular carcinoma cases globally[3], representing
a significant public health burden. In this review article,
we summarize the prevalence, risk factors and the natural
history of hepatitis C virus infection. In addition, we describe the study population, data collection, and findings
of liver disease progression of the Risk Evaluation of
Viral Load Elevation and Associated Liver Diseases/Cancers in HCV (REVEAL-HCV) study.

PREVALENCE OF HCV INFECTION
According to WHO reports, 3% of the world’s population has been infected with HCV, representing 170 million people at risk of developing chronic liver diseases[4,5].
The HCV-estimated prevalence in economically developed countries is relatively low with 1%-2% of the adult
population whereas 5%-10% in less developed countries[4-6]. The countries with higher reported prevalence
were located in Africa, Eastern Mediterranean, SouthEast Asia and the West Pacific[5,6]; areas with lower prevalence included North America, northern and western
Europe and Australia.
The HCV seroprevalence studies provide useful descriptive data to understand global HCV epidemiology.
A large number surveys were conducted to estimate the
distributions of HCV. However, most studies mainly
enrolled specific populations, such as blood donors and
clinical patients, which are not representative of the
population of the regions in which they reside. Moreover, the estimated prevalence might be underestimated
or overestimated because blood donors are healthier than
the general population and clinical patients already had
symptoms.
The community-based studies were relatively limited
and not available in most countries. The seroprevalence
of HCV has a considerable geographical variation, which
may be explained by different distributions and different
contributions of risk factors in different study regions.
The community-based HCV seroprevalence in different
countries is displayed in Table 1. It has a striking geographical variation in anti-HCV seroprevalence, ranging
from 0.5%-24.3%[7-18].

HCV INFECTION AND LIVER-RELATED
DISEASES
HCV infection is infrequently diagnosed during the
acute phase because majority of persons have either no
symptoms or only mild symptoms. The asymptomatic
infection becomes chronic in most cases, and people are
unaware of the infections until end-stage liver diseases
occur.
Several follow-up studies [37-44] were conducted to
evaluate the clinical outcomes related to HCV infection,
which are summarized in Table 2. These studies mainly
enrolled specific populations such as patients in liver clin-

RISK FACTORS FOR HCV INFECTION
The most important transmission modes of HCV are
through blood or blood-related products. It was noticed
that the supply of blood in the world was contaminated
with an unidentified agent causing post-transfusion
non-A, non-B hepatitis[19]. In developed countries posttransfusion hepatitis C has become relatively rare. Inci-

WJG|www.wjgnet.com

9271

July 28, 2014|Volume 20|Issue 28|

Lee MH et al. Reviews for HCV
Table 1 Seroprevalence of antibodies against hepatitis C virus in community-based studies
Study site

Study period

Study population

Population
size

% with
HCV
antibody

% with positive
HCV RNA
among anti-HCV
seropositives

1988-1994

National Health and Nutrition Examination Survey, subjects aged ≥
6 yr
Individuals aged 21-64 yr residing in the municipality of San Juan

21241

1.8

73.9

964

6.3

Not done

Individuals over 15 yr in south western Greece
A subset of Oslo Health Study, subjects older than 30 yr
Individuals aged 20-59 undergoing routine medical checkup in social
security medical centers
Random sample of all ages in northern Spain
Individuals of all ages which representative to southern Italy

1500
11456
6283

0.5
0.7
1.2

Not done
79.5
81.0

1170
1352

1.6
12.6

63.0
84.7

2973

0.9

80.8

68000
11904
973

3.2
4.9
23

Not done
Not done
Not done

3999

24.3

Non done

America
United States[7]
Puerto Rico[15]
Europe
Greece[11]
Norway[9]
France[10]

2001-2002

Spain[16]
Italy[12]
Asia
India[8]

1997-1998
1996

China[18]
Taiwan[17]
Japan[14]
Africa
Egypt[13]

1992
1991-1992
1984-1995

Individuals of all ages living in rural area and engaged in agriculturerelated occupations
Individuals aged 1-59 yr in 30 provinces
Males aged 30-65 yr participated a cancer screening project
Residents aged 20-89 yr in southern Miyazaki Prefecture

1997

Adults and children aged older than 10 yr residing in Nile Delta

1997-1998
2000-2001
1994

1999

HCV: Hepatitis C virus.

Table 2 Follow-up studies to evaluate liver-related morbidities and mortality associated with hepatitis C virus infection
Ref.

Study
population

Mean
follow-up
(yr)

Identification of
infection

213 patients

3.9

Patients recalled the
time of transfusion

Seeff et al[38], 2001
222 patients
United States
Wiese et al[44], 2005
683 CHC
Germany
women
Kenny-Walsh[37], 1999 376 CHC
Ireland
women
Thomas et al[41], 2000
1667 drug
United States
abusers
Tanaka et al[40], 2004
1927 blood
Japan
donors

25

Time of transfusion

25

8.8

Vaccinated in
1978-1979
Vaccinated in
1977-1978
First injection use

8.3

Unknown

667 CHC
adults

7.9

Unknown

1125 adults

8.2

Unknown

Tong et al[42], 1995
United States

Suruki et al[39], 2006
Japan

Uto et al[43], 2009
Japan

17

Liver-related disease
LC

HCC

51.1%

5.3%

1.3%

Mortality

Comments

All-cause Liver-related
15.3%

14.5%

67.1%

4.1%

0.1%

2%
ESLD incidence:
3101
3341

9831

25001

Most participants had symptoms
Patients from tertiary care center
with a history of transfusion
Recall bias
70% were males
Relatively young and healthy
CHC defined as HCV RNA (+)
Relatively young and healthy
CHC defined as HCV RNA (+)
1/3 with HIV (+)
Recall bias
Participants from Osaka Red
Cross Blood Center
relatively healthy
Community-based
CHC defined by at least 1 HCV
RNA/core antigen result
70% participants of age older
than 60 yr
Serial tests for serum ALT
Community-based
Tested for HCV RNA/core
antigen

1

Per 100000 person-year. LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; CHC: Chronic hepatitis C.

ics[42], patients with post-transfusion hepatitis[38], blood
donors[40], drug abusers[41] and women vaccinated with
contaminated immunoglobulin[37,44]. The Japanese studies recruited residents in a community where HCV is
endemic (prevalence approximately 25%), and most of
the participants were of advanced age[39,43]. Most of the
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studies had difficulties in defining the source of HCV
infection[38-43], particularly for the studies that enrolled the
general population[39,43]. Although the time of HCV infection was reported in some studies, it might be biased by
asking participants if they recalled their transfusion time
or first injection use[38,41,42].
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Table 3 Serum levels of hepatitis C virus RNA and liver-related diseases
Ref.

Study population

Naito et al[50]

De Moliner et al[45]

Fanning et al[47]

Lagging et al[48]

Hisada et al[51]

Study design

22 HCV carriers with
Cross-sectional
detectable RNA and
persistently normal serum
ALT levels in Japan
96 patients without
Cross-sectional
antiviral treatments in Italy

77 women infected HCV
genotype 1b through
vaccination in Ireland

98 patients without
antiviral treatments in
Sweden
385 drug users with
detectable HCV RNA in
United States

Cross-sectional

Cross-sectional

Case-cohort

Serum RNA
measurements

Findings

Comments

Competitive
RT-PCR

Serum viral load were
correlated with HAI score
(r = 0.68, P < 0.01)

First-generation
bDNA assay
(QuantiplexTM
HCV RNA 1.0)
RT-PCR

Serum viral load was
not correlated with liver
histological diagnosis (r = 0.58)

Limited number of study
participants
Temporality
No control for confounders
Temporality
No control for confounders

Serum viral load was weakly
(r = 0.26, P < 0.05) correlated
with HAI score
Not correlated with the degree
of fibrosis (r = 0.22, P > 0.05)

Temporality

Homogeneous participants with
defined source of infection and
the same duration of infection
Temporality

RT-PCR with
Serum viral load was not
Cobas Amplicor
associated with the degree of
HCV monitor test
inflammation or fibrosis
Third-generation Elevated serum levels of HCV Coinfected with HIV or HTLV-Ⅱ
of bDNA assay RNA increased the risk of ESLD Large population with eight yr of
follow-up
(QuantiplexTM death (relative hazard = 2.3 per
HCV RNA 3.0)
log10 IU/mL, 95%CI: 1.5-5.9)

RT-PCR: Reverse-transcription polymerase chain reaction; HAI: Histological activity index; HCV: Hepatitis C virus; ESLD: End-stage liver disease; HTLV:
Human T lymphotropic virus; HIV: Human immunodeficiency virus.

in the prediction of severity of liver diseases used crosssectional design, resulting in the limitations of causal
temporality. A report followed 6570 drug users for
around eight years with a case-cohort design and showed
that the HCV RNA level was a predictor of end-stage
liver disease death, with adjusted hazard ratio and 95%CI
2.3 (1.5-5.9)-fold higher per log10 IU/mL increase in
HCV load[51]. However, some of the drug users were coinfected with HIV and some had human lymphotropic
virus type Ⅱ; thus, the generalizability to the population
in the community was limited.
There are six major HCV genotypes[52]. Table 4 shows
the associations of HCV genotype and liver related diseases. Most of the studies were limited to cross-sectional
design[53] or enrolled clinical patients[53-57]. A prospective
study followed 163 liver cirrhosis patients for seventeen
years and indicated that HCV genotype 1b was a major
risk factor with a three times higher risk of developing
hepatocellular carcinoma compared with participants infected with other types[54]. However, most patients in the
study had other liver-related co-morbidities and had been
treated with interferon. Since patients infected with HCV
genotype-1 had lower likelihood of sustained virological
response and were recommended for longer duration of
therapy[58], it was possible that the lower response rate
resulted from the HCV genotype-1b infected patients
with higher hepatocellular carcinoma incidence observed
in the study. Moreover, the findings only indicated that
infected HCV genotypes had an impact on the prognosis of late clinical stage. Whether HCV genotypes could
predict progression of liver disease, especially for healthy
carriers of chronic hepatitis C searching for clinical con-

The clinical outcomes after HCV infection were
highly variable. There were around 1.3%-51% of individuals with HCV infection who developed liver cirrhosis and 0.1%-5.3% developed hepatocellular carcinoma
during 3.9-25 years[42,44]. The incidence of hepatocellular
carcinoma was lower in blood donors than in the general population because the blood donors were relatively
healthy and young[40]. Liver-related mortality ranged from
15.3%-67.1%[38,42]. Discrepancies resulted not only from
the risk factors associated with progression distributed
differently between these studies but also heterogeneity
in study populations. Study participants from tertiary care
facilities[42] might suffer from more severe conditions and
the referral bias might lead to overestimations of serious
liver diseases after HCV infection. Vaccinated women of
childbearing age and blood donors were relatively young
and healthy[37,40,44]. The estimations of progressions of
liver disease were strongly influenced by study population
samplings.

HCV INFECTION MARKERS AND RISK
FOR LIVER DISEASES
There have been a number of studies that attempted
to examine the relationship of serum concentration of
HCV RNA with liver disease severity by relating it to
histopathological abnormality[45-50] (Table 3). Some studies identified that the HCV RNA load correlated with
hepatic inflammation[47,49,50]; however, others indicated
that serum levels of HCV RNA were not associated
with hepatic inflammation[45] nor fibrosis[46,48-50]. These
studies were conducted to elucidate serum HCV RNA
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Table 4 Hepatitis C virus genotypes and liver-related diseases
Ref.

Study population

Study design

1872 HCV infected
patients from 14
tertiary referral
centers in France

Cross-sectional

162 LC and 162 HCC
cases in Italy

Case-control

Kobayashi et al[56]

140 untreated CHC
patients in Japan

Retrospective
follow-up

Fattovich et al[55]

292 biopsy-proven
LC patients form 7
referral centers in
Europe
163 liver cirrhosis
patients in Italy

Prospective
follow-up

Martinot-Peignoux et al[53]

Silini et al[57]

Bruno et al[54]

Prospective
follow-up

HCV genotypes
determination

Findings

Comments

Reverse
LC in genotype 1b and 4
hybridization with (13% and 13%) were found
line probe assay
more frequently than in
(LiPA)
genotype 1a, 2, or 3
(8%, 9%, and 7%), P = 0.03
Polymerase chain
Genotype 1b vs others:
reaction
OR = 1.7 (1.1-2.9)

Clinical patients
temporality
Only proportions provided, not
control for other confounders

Clinical patients
Temporality
Matched with age, gender,
child’s class
Enzyme-linked Deterioration of the stage of
Clinical patients
Only proportions calculated and
immunosorbent
liver histology:
time not taken into analytical
assay
Genotype 1, 63%
consideration
Genotype 2, 39%
P < 0.05
Nested polymerase
HCC risk
Clinical patients and more than
Genotype 1b vs others
chain reaction
1/2 were treated with interferon
HR = 1.0 (0.5-2.3)
INNO-LiPA HCV
Ⅱ (Bayer Corp.,
Tarrytown, NY)

HCC risk
Genotype 1b vs 2a/c
HR = 3.0 (1.4-6.5)

Interferon treated patients
Incidence of HCC calculated

CHC: Chronic hepatitis C; LC: Liver cirrhosis; HCC: Hepatocellular carcinoma; OR: Odds ratio; HR: Hazard ratio.

disposable needles and heparinized vacuum syringes.
They were fractioned on the day of collection and stored
at -70 ℃ until assayed. Serum samples of all participants
were tested for hepatitis B surface antigen (HBsAg) by
radioimmunoassay (Abbott Laboratories, North Chicago,
IL, United States), anti-HCV by enzyme immunoassay
(Abbott Laboratories), and serum levels of aspirate aminotransferase and alanine aminotransferase by a serum
chemistry autoanalyzer (Model 736, Hitachi, Tokyo, Japan) using commercial reagents (Biomerieux, Marcy L’
Etoile, France).
Participants who were seropositive for anti-HCV
were further examined for serum HCV RNA levels by
polymerase chain reaction using the COBAS TaqMan
HCV test, v2.0 (Roche Diagnostics, Indianapolis, NJ,
United States), and an in vitro nucleic acid amplification
test for the quantification of HCV RNA. The quantification method used the high pure system viral nucleic acid
kit for manual specimen preparation and the COBAS
TaqMan 48 Analyzer for automated amplification and
detection. The manufacturer’s procedures for sample
preparation to extract HCV RNA, automated reverse
transcription of the target RNA to generate complementary DNA, and amplification of target cDNA, were followed. In any test procedure, a replicate of negative, lowpositive, and high-positive controls were included in each
run for HCV RNA quantification. The HCV RNA titer
was expressed in International Units (IU)/mL, according
to the WHO International Standard for HCV RNA NAT
assays, and the linear range for the COBAS TaqMan
HCV test was from 25 to 3.9 × 108 IU/mL. Moreover,
those with positive serum HCV RNA levels were examined for HCV genotypes by melting curve analysis, which
could effectively differentiate different HCV genotypes

sultation, still lacked sufficient evidence.

REVEAL-HCV STUDY COHORT
The REVEAL-HCV study cohort[59,60] is a communitybased study that recruited subjects from seven townships
in Taiwan during 1991-1992. The study areas included
two northern townships (Sanchi and Chutung) and two
southern townships (Potzu and Kaohsu) on the main
Taiwan Island, and three townships (Makung, Huhsi, and
Paihsa) on the Penghu Islets.
At the beginning, 89293 inhabitants aged 30-65 years
old in the seven study townships were invited to participate in the study. Among them, 23820 (11973 males
and 11847 females) were enrolled after giving written informed consent. At enrollment, well-trained public health
nurses personally interviewed the participants using structured questionnaires. The collected information included
sociodemographic characteristics (age, sex, educational
levels, occupation, etc.), lifestyle (cigarette smoking, alcohol consumption, and betel nut chewing), and personal
and family history of major diseases. Anthropometric
measurements including weight and height were also performed. The vital statuses of the study participants were
followed by the computerized linkage with the national
cancer registration and death certification profiles. The
national identification number, date at birth, and sex were
used as the linking variables to double-check the vital status and causes of death of study participants.
In addition to the questionnaire interview, 10 mL
blood samples were collected from each participant at
study entry and during follow-up. We invited the participants to undergo health examinations every six to
twelve months. The blood samples were obtained using
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Cumulative risk (%)

20

as a follow-up scale. The cumulative lifetime incidence
(from 30 to 80 years old) of HCC was 18.6% for the
participants in the REVEAL-HCV cohort. In previous
reports of the REVEAL-HCV study, the risk of developing hepatocellular carcinoma was significantly associated
with increasing age, positive HCV RNA, elevated serum
ALT levels and HCV genotype 1[59]. Figure 2 shows the
cumulative lifetime incidence of hepatocellular carcinoma
by sex, HCV RNA, serum levels of ALT, HCV genotype.
The cumulative lifetime risk was 19.7% and 17.15% for
males and females (P = 0.18), respectively. The lifetime
risk was 3.63% and 24.77% for those with undetectable
and detectable serum HCV RNA levels, respectively.
There was a biological gradient of cumulative lifetime
incidence of hepatocellular carcinoma across the serum
ALT levels. For those with serum ALT levels ≤ 15 U/L,
16-45 U/L, > 45 U/L, the cumulative lifetime risks were
11.62%, 18.45% and 34.3%, respectively. In addition, the
cumulative risks for HCV genotype non-1 and HCV genotype 1 were 20.1% and 25.85%, respectively. In Taiwan,
the most prevalent HCV genotypes were 1b and 2a[64].
Thus, the results implied that HCV genotype 1b infection
increased the risk of hepatocellular carcinoma[65].

15

10

5

0
30

40

50

60
Age (yr)

70
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Figure 1 Cumulative life-time risk (30-80 years old) of hepatocellular carcinoma.

by showing different melting temperatures[61,62].

AGE AND SEX SEROPREVALENCE OF
ANTI-HCV IN REVEAL-HCV STUDY
COHORT
Among the 23820 participants who agreed to be enrolled
in this study, there were 1,313 seropositive for anti-HCV.
The overall anti-HCV seroprevalence in the community
was 5.5%. Seroprevalence increased with advancing age in
the population. For females, the seroprevalences of HCV
were 3.0%, 3.6%. 4.2%, 6.8%, 7.3%, 9.7% and 9.8%, respectively, for the age groups 30-34, 35-39, 40-44, 45-49,
50-54, 55-59, and 60-65 years old. The corresponding
seroprevalences for males were 2.7%, 3.7%, 3.2%, 5.2%,
5.6%, 6.4%, and 6.1%, respectively. Females had higher
age-specific anti-HCV seroprevalences than males, with
an overall seroprevalence of 6.2% vs 4.8%, respectively[63].
There were 1095 participants who were seropositive
for anti-HCV but seronegative for HBsAg. Among them,
975 (89%) had adequate retrievable serum samples for
the HCV RNA test. Comparing those who had adequate
serum samples (n = 975) and those without adequate serum samples for an HCV RNA test (n = 120), there were
no significant differences in the distributions of baseline
characteristics, except for gender. However, for the 975
anti-HCV seropositives with adequate samples for HCV
RNA test, the gender proportion was similar to that of
all 1095 anti-HCV seropositives.

LONG-TERM PREDICTORS OF
HEPATOCELLULAR CARCINOMA IN
REVEAL-HCV STUDY COHORT
In the multivariate analysis, the seromarkers, including serum levels of HCV RNA and ALT and HCV genotype,
remained significantly associated with hepatocellular carcinoma after adjustment for age, sex, cigarette smoking,
alcohol consumption, obesity and history of diabetes[59].
The seromarkers were mutually independent risk predictors of hepatocellular carcinoma among patients with
chronic hepatitis C virus infection. It will be interesting
to integrate the relevant seromarkers for the development of prediction models for hepatocellular carcinoma
among chronic hepatitis C patients. Furthermore, the
new predictors, such as host genetic markers, will increase
the accuracy of long-term prediction of end-stage liver
diseases.

ADVANTAGES AND LIMITATIONS OF
REVEAL-HCV STUDY
The REVEAL-HCV can be considered as a natural history cohort. Most of the participants in this cohort had
no experience of antiviral treatment. In Taiwan, chronic
hepatitis C patients rarely received antiviral treatment
with interferon because of its high cost and adverse effects, until November 2003, when patients with abnormal
serum ALT levels (> 82 U/L) and moderate fibrosis
proven by liver biopsy could be reimbursed for treatment
by the National Health Insurance. To ensure study participants received standard care, those who had abnormal
serum levels of ALT and α-fetoprotein or abnormal

CUMULATIVE LIFETIME INCIDENCE OF
HEPATOCELLULAR CARCINOMA IN
REVEAL-HCV STUDY COHORT
The participants were followed from 1991 to the end
of 2008. One hundred and one newly developed hepatocellular carcinoma cases occurred after 17944 personyears of follow-up, giving the incidence rate of 562.9
per 100000 person-years. Figure 1 shows the cumulative
lifetime incidence of hepatocellular carcinoma, using age
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Figure 2 Cumulative life-time risk. A: Cumulative lifetime risk (30-80 years old) of hepatocellular carcinoma by gender; B: Cumulative lifetime risk (30-80 years old)
of hepatocellular carcinoma by hepatitis C virus (HCV) RNA; C: Cumulative lifetime risk (30-80 years old) of hepatocellular carcinoma by serum levels of alanine aminotransferase; D: Cumulative lifetime risk (30-80 years old) of hepatocellular carcinoma by HCV genotype. ALT: Alanine aminotransferase.

ultrasound findings were referred to medical centers for
further clinical managements in this study. This cohort,
comprising 1000 anti-HCV seropositives, provided an exceptional opportunity to examine the seromarker changes
and liver disease occurrence of anti-HCV seropositives
during the natural course of HCV infection.
Unlike other cohorts that enrolled patients with experiences of drug injections[51] or HCV-contaminated
vaccinations [44], the REVEAL-HCV cohort enrolled
participants living in the community. Thus, the exact
time of HCV infection was not obtainable for our study
participants. The major risk factors of HCV infection
in the REVEAL-HCV cohort were iatrogenic factors[17];
therefore, it was difficult to obtain the exact time of
HCV infection. In addition, it was not practical to have
the asymptomatic participants examined by liver biopsy,
thus the information on advanced fibrosis or mild cirrhosis was not available in this community-based cohort.

munity as clinical patients represent the general population. Based on the findings by including this population,
prevention strategies could precede clinical stages. Individuals seropositive for anti-HCV should be monitored
regularly and tested for their serum HCV RNA by sensitive assays. Those who have high serum HCV RNA levels
and ALT levels, and HCV genotype 1 infection, should
be consulted for their high risk for the liver diseases and
intensive care options discussed.
In the near future, several issues could be addressed.
The seromarkers, serum HCV RNA and ALT levels and
HCV genotype, could be used to predict subsequent risk
of HCV related hepatocellular carcinoma, indicating that
the seromarkers have potential to be used as pretreatment
markers in clinical decisions to classify high-risk patient
who need intensive care. However, a risk assessment
calculator, which incorporates several patients’ characteristics, is more convenient and comprehensive for clinical
consultations. It is helpful for communications between
clinicians and patients to discuss treatment options based
on patients’ individual risk profiles. Therefore, to develop
a risk calculator including the seromarkers found in our
study will be informative.
In addition, it is probable that the host genetic background affects HCV infection outcomes. IL28B gene
variants were found to be associated with sustained vi-

CONCLUSION
Individuals with HCV infection are often asymptomatic
and unaware of their illness until severe liver diseases
present; therefore, it is necessary to understand the natural history of chronic hepatitis C virus infection from a
prospective viewpoint. Residents living in the same com-

WJG|www.wjgnet.com

9276

July 28, 2014|Volume 20|Issue 28|

Lee MH et al. Reviews for HCV

rological response among chronic hepatitis C patients
receiving antiviral therapy[66-68]. Moreover, the individuals who carried the variants with favorable treatment
response had increased probability of experiencing
spontaneous HCV RNA clearance[69,70]. Patients without
experiencing spontaneous HCV resolution, who were
considered to have active HCV infection and with detectable HCV RNA, had an increased risk of hepatocellular
carcinoma and liver-related mortality[59,60]. Thus, the associations between IL28B variants and the hepatocarcinogenesis deserve to be investigated. However, most individuals in Asia carry the favorable genotype[71]. In other
worlds, the minor allele frequency of IL28B in the Asian
population is rare. It is essential to carry out a large-scale
study to elucidate the associations between IL28B variants and the risk of hepatocellular carcinoma. Recently,
the development of high-throughput technology has
enabled researchers to test hundreds of thousands of
single nucleotide polymorphisms distributed throughout
the human genome. Comparing hepatocellular carcinoma
cases and controls to evaluate the differences in their
genetic variants will help to identify genetic markers that
could be utilized as predictive tools.
The substitution of amino acids 70 and 91 in the
HCV core region was associated with hepatocarcinogenesis among clinical patients with HCV genotype 1b infection and antiviral treatment[72]. In addition, the amino
acid substitution had predictability for early and sustained
virological responses in treated patients[73,74]. Even considering the genetic variation of IL28B gene, the association
between the amino acid substitutions in HCV core region
and antiviral treatment response remained[73]. Interestingly, the amino acid substitution in HCV core region had
impact on the risk of hepatocellular carcinoma and the
survival of HCV-infected patients without treatment[75].
Both host and virus factors are important determinants
of liver diseases. The elucidation of the interactive effects
of host and virus factors on hepatocarcinogenesis will
help prevent severe HCV-related liver diseases.
The expression of HCV core protein in the transgenic mice was directly responsible for the insulin resistance[76]. Among non-diabetic patients infected with
HCV genotype 3, insulin resistance was associated with
an increased risk of liver fibrosis[77]. Metabolic factors,
including obesity and diabetes, were found to be predictors for the development of hepatocellular carcinoma
among hepatitis C patients[78]. The relationship between
diabetes and hepatocellular carcinoma were observed in
a large scale community-based study conducted in the
United States[79]. Therefore, it was suspected that the lipid
metabolism might represent one of the pathways leading to hepatocarcinogenesis. The association between
HCV infection and the development of diabetes remains
controversial[80,81]. A large follow-up study will help the
elucidation of the relationship between HCV infection and the incidence of diabetes. Other than diabetes,
HCV infection has been reported to be responsible for
extrahepatic diseases[60,82]. In addition, to investigate the
associations and mechanisms of HCV infection and ex-
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trahepatic diseases, it is worth evaluating the reductions
of hepatic and extrahepatic diseases after implementation
of HCV antiviral therapy.
In conclusion, chronic hepatitis C patients have increased risk for hepatocellular carcinoma and need intensive care. Determining host and virus genetic variants,
and their interactions, will aid the development of predictive biomarkers and therapeutic strategies.

REFERENCES
1
2

3
4
5

6

7

8

9

10

11

12

13

9277

Lauer GM, Walker BD. Hepatitis C virus infection. N Engl
J Med 2001; 345: 41-52 [PMID: 11439948 DOI: 10.1056/
NEJM200107053450107]
Fattovich G, Stroffolini T, Zagni I, Donato F. Hepatocellular
carcinoma in cirrhosis: incidence and risk factors. Gastroenterology 2004; 127: S35-S50 [PMID: 15508101 DOI: 10.1053/
j.gastro.2004.09.014]
Parkin DM. The global health burden of infection-associated
cancers in the year 2002. Int J Cancer 2006; 118: 3030-3044
[PMID: 16404738 DOI: 10.1002/ijc.21731]
World Health Organisation. Hepatitis C: global prevalence.
Weekly Epidemiological Record 1999; 74: 421-428
Global surveillance and control of hepatitis C. Report of
a WHO Consultation organized in collaboration with the
Viral Hepatitis Prevention Board, Antwerp, Belgium. J
Viral Hepat 1999; 6: 35-47 [PMID: 10847128 DOI: 10.1046/
j.1365-2893.1999.6120139.x]
Madhava V, Burgess C, Drucker E. Epidemiology of chronic
hepatitis C virus infection in sub-Saharan Africa. Lancet
Infect Dis 2002; 2: 293-302 [PMID: 12062995 DOI: 10.1016/
S1473-3099(02)00264-5]
Alter MJ, Kruszon-Moran D, Nainan OV, McQuillan GM,
Gao F, Moyer LA, Kaslow RA, Margolis HS. The prevalence of hepatitis C virus infection in the United States,
1988 through 1994. N Engl J Med 1999; 341: 556-562 [PMID:
10451460 DOI: 10.1056/NEJM199908193410802]
Chowdhury A, Santra A, Chaudhuri S, Dhali GK, Chaudhuri S, Maity SG, Naik TN, Bhattacharya SK, Mazumder DN.
Hepatitis C virus infection in the general population: a community-based study in West Bengal, India. Hepatology 2003;
37: 802-809 [PMID: 12668973 DOI: 10.1053/jhep.2003.50157]
Dalgard O, Jeansson S, Skaug K, Raknerud N, Bell H. Hepatitis C in the general adult population of Oslo: prevalence
and clinical spectrum. Scand J Gastroenterol 2003; 38: 864-870
[PMID: 12940441 DOI: 10.1080/00365520310004542]
Dubois F, Desenclos JC, Mariotte N, Goudeau A. Hepatitis
C in a French population-based survey, 1994: seroprevalence, frequency of viremia, genotype distribution, and risk
factors. The Collaborative Study Group. Hepatology 1997; 25:
1490-1496 [PMID: 9185773 DOI: 10.1002/hep.510250630]
Gogos CA, Fouka KP, Nikiforidis G, Avgeridis K, Sakellaropoulos G, Bassaris H, Maniatis A, Skoutelis A. Prevalence
of hepatitis B and C virus infection in the general population and selected groups in South-Western Greece. Eur J
Epidemiol 2003; 18: 551-557 [PMID: 12908721 DOI: 10.1023/
A:1024698715741]
Guadagnino V, Stroffolini T, Rapicetta M, Costantino A,
Kondili LA, Menniti-Ippolito F, Caroleo B, Costa C, Griffo
G, Loiacono L, Pisani V, Focà A, Piazza M. Prevalence, risk
factors, and genotype distribution of hepatitis C virus infection in the general population: a community-based survey
in southern Italy. Hepatology 1997; 26: 1006-1011 [PMID:
9328327 DOI: 10.1002/hep.510260431]
Habib M, Mohamed MK, Abdel-Aziz F, Magder LS, AbdelHamid M, Gamil F, Madkour S, Mikhail NN, Anwar W,
Strickland GT, Fix AD, Sallam I. Hepatitis C virus infection
in a community in the Nile Delta: risk factors for seroposi-

July 28, 2014|Volume 20|Issue 28|

Lee MH et al. Reviews for HCV

14

15

16

17

18

19

20

21
22

23

24
25
26

27

28

29

tivity. Hepatology 2001; 33: 248-253 [PMID: 11124843 DOI:
10.1053/jhep.2001.20797]
Okayama A, Stuver SO, Tabor E, Tachibana N, Kohara
M, Mueller NE, Tsubouchi H. Incident hepatitis C virus
infection in a community-based population in Japan. J
Viral Hepat 2002; 9: 43-51 [PMID: 11851902 DOI: 10.1046/
j.1365-2893.2002.00331.x]
Pérez CM, Suárez E, Torres EA, Román K, Colón V. Seroprevalence of hepatitis C virus and associated risk behaviours:
a population-based study in San Juan, Puerto Rico. Int J Epidemiol 2005; 34: 593-599 [PMID: 15802378 DOI: 10.1093/ije/
dyi059]
Riestra S, Fernández E, Leiva P, García S, Ocio G, Rodrigo L.
Prevalence of hepatitis C virus infection in the general population of northern Spain. Eur J Gastroenterol Hepatol 2001; 13:
477-481 [PMID: 11396524 DOI: 10.1097/00042737-20010500000003]
Sun CA, Chen HC, Lu CF, You SL, Mau YC, Ho MS, Lin SH,
Chen CJ. Transmission of hepatitis C virus in Taiwan: prevalence and risk factors based on a nationwide survey. J Med
Virol 1999; 59: 290-296 [PMID: 10502258]
Xia GL, Liu CB, Cao HL, Bi SL, Zhan MY, Su CA, Nan JH,
Qi XQ. Prevalence of hepatitis B and C virus infections in
the general Chinese population. Results from a nationwide
cross-sectional seroepidemiologic study of hepatitis A, B, C,
D, and E virus infections in China, 1992. Int Hepatol Comm
1996; 5: 62-73 [DOI: 10.1016/S0928-4346(96)82012-3]
Feinstone SM, Kapikian AZ, Purcell RH, Alter HJ, Holland PV. Transfusion-associated hepatitis not due to viral
hepatitis type A or B. N Engl J Med 1975; 292: 767-770 [PMID:
163436 DOI: 10.1056/NEJM197504102921502]
Alter HJ, Houghton M. Clinical Medical Research Award.
Hepatitis C virus and eliminating post-transfusion hepatitis. Nat Med 2000; 6: 1082-1086 [PMID: 11017126 DOI:
10.1038/80394]
Shan H, Wang JX, Ren FR, Zhang YZ, Zhao HY, Gao GJ, Ji Y,
Ness PM. Blood banking in China. Lancet 2002; 360: 1770-1775
[PMID: 12480443 DOI: 10.1016/S0140-6736(02)11669-2]
Tagny CT, Mbanya D, Tapko JB, Lefrère JJ. Blood safety
in Sub-Saharan Africa: a multi-factorial problem. Transfusion 2008; 48: 1256-1261 [PMID: 18713111 DOI: 10.1111/
j.1537-2995.2008.01697.x]
Armstrong GL, Wasley A, Simard EP, McQuillan GM, Kuhnert WL, Alter MJ. The prevalence of hepatitis C virus infection in the United States, 1999 through 2002. Ann Intern Med
2006; 144: 705-714 [PMID: 16702586 DOI: 10.7326/0003-4819144-10-200605160-00004]
Memon MI, Memon MA. Hepatitis C: an epidemiological
review. J Viral Hepat 2002; 9: 84-100 [PMID: 11876790 DOI:
10.1046/j.1365-2893.2002.00329.x]
Garner JJ, Gaughwin M, Dodding J, Wilson K. Prevalence of
hepatitis C infection in pregnant women in South Australia.
Med J Aust 1997; 167: 470-472 [PMID: 9397060]
Kane A, Lloyd J, Zaffran M, Simonsen L, Kane M. Transmission of hepatitis B, hepatitis C and human immunodeficiency
viruses through unsafe injections in the developing world:
model-based regional estimates. Bull World Health Organ
1999; 77: 801-807 [PMID: 10593027]
Frank C, Mohamed MK, Strickland GT, Lavanchy D, Arthur RR, Magder LS, El Khoby T, Abdel-Wahab Y, Aly Ohn
ES, Anwar W, Sallam I. The role of parenteral antischistosomal therapy in the spread of hepatitis C virus in Egypt.
Lancet 2000; 355: 887-891 [PMID: 10752705 DOI: 10.1016/
S0140-6736(99)06527-7]
Khan UR, Janjua NZ, Akhtar S, Hatcher J. Case-control
study of risk factors associated with hepatitis C virus infection among pregnant women in hospitals of Karachi-Pakistan. Trop Med Int Health 2008; 13: 754-761 [PMID: 18384475
DOI: 10.1111/j.1365-3156.2008.02075.x]
Stark K, Poggensee G, Höhne M, Bienzle U, Kiwelu I, Sch-

WJG|www.wjgnet.com

30

31

32
33
34
35

36

37

38

39

40

41

42

43

9278

reier E. Seroepidemiology of TT virus, GBC-C/HGV, and
hepatitis viruses B, C, and E among women in a rural area of
Tanzania. J Med Virol 2000; 62: 524-530 [PMID: 11074483]
Shin HR, Kim JY, Ohno T, Cao K, Mizokami M, Risch H,
Kim SR. Prevalence and risk factors of hepatitis C virus
infection among Koreans in rural area of Korea. Hepatol
Res 2000; 17: 185-196 [PMID: 10794972 DOI: 10.1016/
S1386-6346(99)00074-1]
Hagan H, McGough JP, Thiede H, Weiss NS, Hopkins S,
Alexander ER. Syringe exchange and risk of infection with
hepatitis B and C viruses. Am J Epidemiol 1999; 149: 203-213
[PMID: 9927214 DOI: 10.1093/oxfordjournals.aje.a009792]
Shepard CW, Finelli L, Alter MJ. Global epidemiology of
hepatitis C virus infection. Lancet Infect Dis 2005; 5: 558-567
[PMID: 16122679 DOI: 10.1016/S1473-3099(05)70216-4]
Rehermann B, Nascimbeni M. Immunology of hepatitis B
virus and hepatitis C virus infection. Nat Rev Immunol 2005; 5:
215-229 [PMID: 15738952 DOI: 10.1038/nri1573]
Akhtar S, Moatter T. Multilevel modeling of intra-household
spread of hepatitis C virus infection, Karachi, Pakistan. Am J
Trop Med Hyg 2007; 76: 446-449 [PMID: 17360866]
McMahon JM, Pouget ER, Tortu S. Individual and couplelevel risk factors for hepatitis C infection among heterosexual drug users: a multilevel dyadic analysis. J Infect Dis 2007;
195: 1572-1581 [PMID: 17471426 DOI: 10.1086/516785]
Hutchinson SJ, Goldberg DJ, King M, Cameron SO, Shaw
LE, Brown A, MacKenzie J, Wilson K, MacDonald L. Hepatitis C virus among childbearing women in Scotland: prevalence, deprivation, and diagnosis. Gut 2004; 53: 593-598
[PMID: 15016757 DOI: 10.1136/gut.2003.027383]
Kenny-Walsh E. Clinical outcomes after hepatitis C infection
from contaminated anti-D immune globulin. Irish Hepatology Research Group. N Engl J Med 1999; 340: 1228-1233 [PMID:
10210705 DOI: 10.1056/NEJM199904223401602]
Seeff LB, Hollinger FB, Alter HJ, Wright EC, Cain CM, Buskell ZJ, Ishak KG, Iber FL, Toro D, Samanta A, Koretz RL,
Perrillo RP, Goodman ZD, Knodell RG, Gitnick G, Morgan
TR, Schiff ER, Lasky S, Stevens C, Vlahcevic RZ, Weinshel
E, Tanwandee T, Lin HJ, Barbosa L. Long-term mortality
and morbidity of transfusion-associated non-A, non-B, and
type C hepatitis: A National Heart, Lung, and Blood Institute collaborative study. Hepatology 2001; 33: 455-463 [PMID:
11172349 DOI: 10.1053/jhep.2001.21905]
Suruki R, Hayashi K, Kusumoto K, Uto H, Ido A, Tsubouchi
H, Stuver SO. Alanine aminotransferase level as a predictor of hepatitis C virus-associated hepatocellular carcinoma
incidence in a community-based population in Japan. Int J
Cancer 2006; 119: 192-195 [PMID: 16432841 DOI: 10.1002/
ijc.21796]
Tanaka H, Tsukuma H, Yamano H, Oshima A, Shibata H.
Prospective study on the risk of hepatocellular carcinoma
among hepatitis C virus-positive blood donors focusing on
demographic factors, alanine aminotransferase level at donation and interaction with hepatitis B virus. Int J Cancer 2004;
112: 1075-1080 [PMID: 15386355 DOI: 10.1002/ijc.20507]
Thomas DL, Astemborski J, Rai RM, Anania FA, Schaeffer M,
Galai N, Nolt K, Nelson KE, Strathdee SA, Johnson L, Laeyendecker O, Boitnott J, Wilson LE, Vlahov D. The natural
history of hepatitis C virus infection: host, viral, and environmental factors. JAMA 2000; 284: 450-456 [PMID: 10904508
DOI: 10.1001/jama.284.4.450]
Tong MJ, el-Farra NS, Reikes AR, Co RL. Clinical outcomes after transfusion-associated hepatitis C. N Engl J
Med 1995; 332: 1463-1466 [PMID: 7739682 DOI: 10.1056/
NEJM199506013322202]
Uto H, Stuver SO, Hayashi K, Kumagai K, Sasaki F, Kanmura S, Numata M, Moriuchi A, Hasegawa S, Oketani M, Ido A,
Kusumoto K, Hasuike S, Nagata K, Kohara M, Tsubouchi H.
Increased rate of death related to presence of viremia among
hepatitis C virus antibody-positive subjects in a community-

July 28, 2014|Volume 20|Issue 28|

Lee MH et al. Reviews for HCV

44

45

46

47

48

49

50

51

52
53

54

55

56

based cohort study. Hepatology 2009; 50: 393-399 [PMID:
19585614 DOI: 10.1002/hep.23002]
Wiese M, Grüngreiff K, Güthoff W, Lafrenz M, Oesen U,
Porst H. Outcome in a hepatitis C (genotype 1b) single
source outbreak in Germany--a 25-year multicenter study.
J Hepatol 2005; 43: 590-598 [PMID: 16237783 DOI: 10.1016/
j.jhep.2005.04.007]
De Moliner L, Pontisso P, De Salvo GL, Cavalletto L, Chemello L, Alberti A. Serum and liver HCV RNA levels in patients with chronic hepatitis C: correlation with clinical and
histological features. Gut 1998; 42: 856-860 [PMID: 9691926
DOI: 10.1136/gut.42.6.856]
Duvoux C, Pawlotsky JM, Bastie A, Cherqui D, Soussy CJ,
Dhumeaux D. Low HCV replication levels in end-stage hepatitis C virus-related liver disease. J Hepatol 1999; 31: 593-597
[PMID: 10551380 DOI: 10.1016/S0168-8278(99)80336-5]
Fanning L, Kenny E, Sheehan M, Cannon B, Whelton M, O’
Connell J, Collins JK, Shanahan F. Viral load and clinicopathological features of chronic hepatitis C (1b) in a homogeneous patient population. Hepatology 1999; 29: 904-907 [PMID:
10051496 DOI: 10.1002/hep.510290310]
Lagging LM, Garcia CE, Westin J, Wejstål R, Norkrans G,
Dhillon AP, Lindh M. Comparison of serum hepatitis C virus
RNA and core antigen concentrations and determination of
whether levels are associated with liver histology or affected
by specimen storage time. J Clin Microbiol 2002; 40: 4224-4229
[PMID: 12409402 DOI: 10.1128/JCM.40.11.4224-4229.2002]
Lau JY, Davis GL, Kniffen J, Qian KP, Urdea MS, Chan CS,
Mizokami M, Neuwald PD, Wilber JC. Significance of serum
hepatitis C virus RNA levels in chronic hepatitis C. Lancet
1993; 341: 1501-1504 [PMID: 8099380 DOI: 10.1016/0140-6736
(93)90635-T]
Naito M, Hayashi N, Hagiwara H, Hiramatsu N, Kasahara
A, Fusamoto H, Kamada T. Serum hepatitis C virus RNA
quantity and histological features of hepatitis C virus carriers with persistently normal ALT levels. Hepatology 1994; 19:
871-875 [PMID: 8138259 DOI: 10.1002/hep.1840190411]
Hisada M, Chatterjee N, Kalaylioglu Z, Battjes RJ, Goedert
JJ. Hepatitis C virus load and survival among injection drug
users in the United States. Hepatology 2005; 42: 1446-1452
[PMID: 16317675 DOI: 10.1002/hep.20938]
Simmonds P. Viral heterogeneity of the hepatitis C virus.
J Hepatol 1999; 31 Suppl 1: 54-60 [PMID: 10622561 DOI:
10.1016/S0168-8278(99)80375-4]
Martinot-Peignoux M, Roudot-Thoraval F, Mendel I, Coste
J, Izopet J, Duverlie G, Payan C, Pawlotsky JM, Defer C,
Bogard M, Gerolami V, Halfon P, Buisson Y, Fouqueray
B, Loiseau P, Lamoril J, Lefrere JJ, Marcellin P. Hepatitis C
virus genotypes in France: relationship with epidemiology,
pathogenicity and response to interferon therapy. The GEMHEP. J Viral Hepat 1999; 6: 435-443 [PMID: 10607261 DOI:
10.1046/j.1365-2893.1999.00187.x]
Bruno S, Crosignani A, Maisonneuve P, Rossi S, Silini E,
Mondelli MU. Hepatitis C virus genotype 1b as a major
risk factor associated with hepatocellular carcinoma in patients with cirrhosis: a seventeen-year prospective cohort
study. Hepatology 2007; 46: 1350-1356 [PMID: 17680653 DOI:
10.1002/hep.21826]
Fattovich G, Ribero ML, Pantalena M, Diodati G, Almasio
P, Nevens F, Tremolada F, Degos F, Rai J, Solinas A, Mura
D, Tocco A, Zagni I, Fabris F, Lomonaco L, Noventa F, Realdi G, Schalm SW, Tagger A. Hepatitis C virus genotypes:
distribution and clinical significance in patients with cirrhosis type C seen at tertiary referral centres in Europe. J
Viral Hepat 2001; 8: 206-216 [PMID: 11380799 DOI: 10.1046/
j.1365-2893.2001.00291.x]
Kobayashi M, Tanaka E, Sodeyama T, Urushihara A, Matsumoto A, Kiyosawa K. The natural course of chronic hepatitis
C: a comparison between patients with genotypes 1 and
2 hepatitis C viruses. Hepatology 1996; 23: 695-699 [PMID:

WJG|www.wjgnet.com

57

58
59

60

61

62

63

64

65

66

67

68

9279

8666319 DOI: 10.1002/hep.510230406]
Silini E, Bottelli R, Asti M, Bruno S, Candusso ME, Brambilla S, Bono F, Iamoni G, Tinelli C, Mondelli MU, Ideo G.
Hepatitis C virus genotypes and risk of hepatocellular carcinoma in cirrhosis: a case-control study. Gastroenterology 1996;
111: 199-205 [PMID: 8698200 DOI: 10.1053/gast.1996.v111.
pm8698200]
Strader DB, Wright T, Thomas DL, Seeff LB. Diagnosis,
management, and treatment of hepatitis C. Hepatology 2004;
39: 1147-1171 [PMID: 15057920 DOI: 10.1002/hep.20119]
Lee MH, Yang HI, Lu SN, Jen CL, Yeh SH, Liu CJ, Chen
PJ, You SL, Wang LY, Chen WJ, Chen CJ. Hepatitis C virus
seromarkers and subsequent risk of hepatocellular carcinoma: long-term predictors from a community-based cohort
study. J Clin Oncol 2010; 28: 4587-4593 [PMID: 20855826 DOI:
10.1200/JCO.2010.29.1500]
Lee MH, Yang HI, Lu SN, Jen CL, You SL, Wang LY, Wang
CH, Chen WJ, Chen CJ. Chronic hepatitis C virus infection
increases mortality from hepatic and extrahepatic diseases:
a community-based long-term prospective study. J Infect Dis
2012; 206: 469-477 [PMID: 22811301 DOI: 10.1093/infdis/
jis385]
Liu CJ, Chuang WL, Lee CM, Yu ML, Lu SN, Wu SS, Liao
LY, Chen CL, Kuo HT, Chao YC, Tung SY, Yang SS, Kao
JH, Liu CH, Su WW, Lin CL, Jeng YM, Chen PJ, Chen DS.
Peginterferon alfa-2a plus ribavirin for the treatment of dual
chronic infection with hepatitis B and C viruses. Gastroenterology 2009; 136: 496-504.e3 [PMID: 19084016]
Yeh SH, Tsai CY, Kao JH, Liu CJ, Kuo TJ, Lin MW, Huang
WL, Lu SF, Jih J, Chen DS, Chen PJ. Quantification and genotyping of hepatitis B virus in a single reaction by real-time
PCR and melting curve analysis. J Hepatol 2004; 41: 659-666
[PMID: 15464248 DOI: 10.1016/j.jhep.2004.06.031]
Lee MH, Yang HI, Jen CL, Lu SN, Yeh SH, Liu CJ, You SL,
Sun CA, Wang LY, Chen WJ, Chen CJ. Community and personal risk factors for hepatitis C virus infection: a survey of
23,820 residents in Taiwan in 1991-2. Gut 2011; 60: 688-694
[PMID: 21068131 DOI: 10.1136/gut.2010.220889]
Yu ML, Chuang WL, Chen SC, Dai CY, Hou C, Wang JH, Lu
SN, Huang JF, Lin ZY, Hsieh MY, Tsai JF, Wang LY, Chang
WY. Changing prevalence of hepatitis C virus genotypes:
molecular epidemiology and clinical implications in the
hepatitis C virus hyperendemic areas and a tertiary referral
center in Taiwan. J Med Virol 2001; 65: 58-65 [PMID: 11505444
DOI: 10.1002/jmv.2001]
Lee MH, Yang HI, Lu SN, Jen CL, You SL, Wang LY, L’
Italien G, Chen CJ, Yuan Y. Hepatitis C virus genotype 1b increases cumulative lifetime risk of hepatocellular carcinoma.
Int J Cancer 2014; 135: 1119-1126 [PMID: 24482200]
Suppiah V, Moldovan M, Ahlenstiel G, Berg T, Weltman
M, Abate ML, Bassendine M, Spengler U, Dore GJ, Powell
E, Riordan S, Sheridan D, Smedile A, Fragomeli V, Müller
T, Bahlo M, Stewart GJ, Booth DR, George J. IL28B is associated with response to chronic hepatitis C interferon-alpha
and ribavirin therapy. Nat Genet 2009; 41: 1100-1104 [PMID:
19749758 DOI: 10.1038/ng.447]
Tanaka Y, Nishida N, Sugiyama M, Kurosaki M, Matsuura
K, Sakamoto N, Nakagawa M, Korenaga M, Hino K, Hige S,
Ito Y, Mita E, Tanaka E, Mochida S, Murawaki Y, Honda M,
Sakai A, Hiasa Y, Nishiguchi S, Koike A, Sakaida I, Imamura
M, Ito K, Yano K, Masaki N, Sugauchi F, Izumi N, Tokunaga
K, Mizokami M. Genome-wide association of IL28B with
response to pegylated interferon-alpha and ribavirin therapy
for chronic hepatitis C. Nat Genet 2009; 41: 1105-1109 [PMID:
19749757 DOI: 10.1038/ng.449]
Ge D, Fellay J, Thompson AJ, Simon JS, Shianna KV, Urban
TJ, Heinzen EL, Qiu P, Bertelsen AH, Muir AJ, Sulkowski
M, McHutchison JG, Goldstein DB. Genetic variation in
IL28B predicts hepatitis C treatment-induced viral clearance.
Nature 2009; 461: 399-401 [PMID: 19684573 DOI: 10.1038/na-

July 28, 2014|Volume 20|Issue 28|

Lee MH et al. Reviews for HCV

69

70

71

72

73

74

ture08309]
Rauch A, Kutalik Z, Descombes P, Cai T, Di Iulio J, Mueller T,
Bochud M, Battegay M, Bernasconi E, Borovicka J, Colombo
S, Cerny A, Dufour JF, Furrer H, Günthard HF, Heim M,
Hirschel B, Malinverni R, Moradpour D, Müllhaupt B, Witteck A, Beckmann JS, Berg T, Bergmann S, Negro F, Telenti
A, Bochud PY. Genetic variation in IL28B is associated
with chronic hepatitis C and treatment failure: a genomewide association study. Gastroenterology 2010; 138: 1338-145,
1338-145, [PMID: 20060832]
Duggal P, Thio CL, Wojcik GL, Goedert JJ, Mangia A, Latanich R, Kim AY, Lauer GM, Chung RT, Peters MG, Kirk
GD, Mehta SH, Cox AL, Khakoo SI, Alric L, Cramp ME,
Donfield SM, Edlin BR, Tobler LH, Busch MP, Alexander G,
Rosen HR, Gao X, Abdel-Hamid M, Apps R, Carrington M,
Thomas DL. Genome-wide association study of spontaneous
resolution of hepatitis C virus infection: data from multiple
cohorts. Ann Intern Med 2013; 158: 235-245 [PMID: 23420232
DOI: 10.7326/0003-4819-158-4-201302190-00003]
Thomas DL, Thio CL, Martin MP, Qi Y, Ge D, O’Huigin
C, Kidd J, Kidd K, Khakoo SI, Alexander G, Goedert JJ,
Kirk GD, Donfield SM, Rosen HR, Tobler LH, Busch MP,
McHutchison JG, Goldstein DB, Carrington M. Genetic
variation in IL28B and spontaneous clearance of hepatitis
C virus. Nature 2009; 461: 798-801 [PMID: 19759533 DOI:
10.1038/nature08463]
Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H, Suzuki Y, Hosaka T, Kobayashi M, Kobayashi M, Arase Y, Ikeda K,
Kumada H. Amino acid substitutions in the hepatitis C virus
core region are the important predictor of hepatocarcinogenesis. Hepatology 2007; 46: 1357-1364 [PMID: 17657816 DOI:
10.1002/hep.21836]
Akuta N, Suzuki F, Hirakawa M, Kawamura Y, Yatsuji H,
Sezaki H, Suzuki Y, Hosaka T, Kobayashi M, Kobayashi M,
Saitoh S, Arase Y, Ikeda K, Chayama K, Nakamura Y, Kumada H. Amino acid substitution in hepatitis C virus core
region and genetic variation near the interleukin 28B gene
predict viral response to telaprevir with peginterferon and
ribavirin. Hepatology 2010; 52: 421-429 [PMID: 20648473 DOI:
10.1002/hep.23690]
Akuta N, Suzuki F, Kawamura Y, Yatsuji H, Sezaki H,
Suzuki Y, Hosaka T, Kobayashi M, Kobayashi M, Arase
Y, Ikeda K, Kumada H. Predictive factors of early and sustained responses to peginterferon plus ribavirin combination
therapy in Japanese patients infected with hepatitis C virus

75

76

77

78

79

80

81

82

genotype 1b: amino acid substitutions in the core region and
low-density lipoprotein cholesterol levels. J Hepatol 2007; 46:
403-410 [PMID: 17126448 DOI: 10.1016/j.jhep.2006.09.019]
Akuta N, Suzuki F, Seko Y, Kawamura Y, Sezaki H, Suzuki
Y, Hosaka T, Kobayashi M, Hara T, Kobayashi M, Saitoh S,
Arase Y, Ikeda K, Kumada H. Complicated relationships of
amino acid substitution in hepatitis C virus core region and
IL28B genotype influencing hepatocarcinogenesis. Hepatology 2012; 56: 2134-2141 [PMID: 22806754 DOI: 10.1002/
hep.25949]
Shintani Y, Fujie H, Miyoshi H, Tsutsumi T, Tsukamoto K,
Kimura S, Moriya K, Koike K. Hepatitis C virus infection
and diabetes: direct involvement of the virus in the development of insulin resistance. Gastroenterology 2004; 126: 840-848
[PMID: 14988838 DOI: 10.1053/j.gastro.2003.11.056]
Muzzi A, Leandro G, Rubbia-Brandt L, James R, Keiser O,
Malinverni R, Dufour JF, Helbling B, Hadengue A, Gonvers
JJ, Müllhaupt B, Cerny A, Mondelli MU, Negro F. Insulin
resistance is associated with liver fibrosis in non-diabetic
chronic hepatitis C patients. J Hepatol 2005; 42: 41-46 [PMID:
15726693 DOI: 10.1016/j.jhep.2004.09.022]
Chen CL, Yang HI, Yang WS, Liu CJ, Chen PJ, You SL,
Wang LY, Sun CA, Lu SN, Chen DS, Chen CJ. Metabolic
factors and risk of hepatocellular carcinoma by chronic
hepatitis B/C infection: a follow-up study in Taiwan. Gastroenterology 2008; 135: 111-121 [PMID: 18505690 DOI: 10.1053/
j.gastro.2008.03.073]
Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB.
Diabetes increases the risk of hepatocellular carcinoma in the
United States: a population based case control study. Gut 2005;
54: 533-539 [PMID: 15753540 DOI: 10.1136/gut.2004.052167]
Ruhl CE, Menke A, Cowie CC, Everhart JE. The Relationship
of Hepatitis C Virus Infection with Diabetes in the United
States Population. Hepatology 2014; Epub ahead of print
[PMID: 24500979]
Mason AL, Lau JY, Hoang N, Qian K, Alexander GJ, Xu
L, Guo L, Jacob S, Regenstein FG, Zimmerman R, Everhart
JE, Wasserfall C, Maclaren NK, Perrillo RP. Association of
diabetes mellitus and chronic hepatitis C virus infection.
Hepatology 1999; 29: 328-333 [PMID: 9918906 DOI: 10.1002/
hep.510290235]
Lee MH, Yang HI, Wang CH, Jen CL, Yeh SH, Liu CJ, You SL,
Chen WJ, Chen CJ. Hepatitis C virus infection and increased
risk of cerebrovascular disease. Stroke 2010; 41: 2894-2900
[PMID: 20966408 DOI: 10.1161/STROKEAHA.110.598136]

P- Reviewer: Chuang WL, Chiu KW, Franceschi F, Kawaguchi T,
Lakatos PL, Xia HHX S- Editor: Gou SX
L- Editor: Stewart G E- Editor: Wang CH

WJG|www.wjgnet.com

9280

July 28, 2014|Volume 20|Issue 28|

World J Gastroenterol 2014 July 28; 20(28): 9281-9285
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i28.9281

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (3): Inflammatory bowel disease

Approaches to improve quality of care in inflammatory
bowel diseases
Rajesh Shah, Jason K Hou
Rajesh Shah, Department of Medicine, Baylor College of Medicine, Houston, TX 77030, United States
Jason K Hou, Houston VA HSR&D Center of Excellence, Michael E DeBakey Veterans Affairs Medical Center, Houston, TX
77030, United States
Author contributions: Shah R contributed in the literature review and manuscript authorship; Hou JK contributed in literature
review, manuscript authorship and editorial input in the manuscript; all the authors approved of the final draft submitted.
Supported by in part by the Houston VA HSR&D Center of Excellence, No. HFP90-020
Correspondence to: Jason K Hou, MD, Houston VA HSR&D
Center of Excellence, Michael E DeBakey Veterans Affairs Medical Center, One Baylor Plaza, Houston, TX 77030,
United States. jkhou@bcm.edu
Telephone: +1-713-7980950 Fax: +1-713-7980951
Received: September 27, 2013 Revised: December 17, 2013
Accepted: April 21, 2014
Published online: July 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Crohn’s disease; Ulcerative colitis; Quality
Core tip: There is growing recognition in the variation
and lack of quality of care in medicine, including the
care of patients with inflammatory bowel disease. We
review the existing literature on approaches to quality
improvement and their potential application and barriers when applied to inflammatory bowel disease care.
Shah R, Hou JK. Approaches to improve quality of care in
inflammatory bowel diseases. World J Gastroenterol 2014;
20(28): 9281-9285 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i28/9281.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9281

Abstract

QUALITY OF CARE AND USE OF
QUALITY MEASURES

Studies across medical disciplines have shown gaps in
the care recommended in evidence based guidelines
and the care actually delivered. Quality improvement
projects using systematic audit and feedback interventions such as quality measures, will become increasingly important tools to address these gaps in care. These
gaps are also apparent in the care of patients with
inflammatory bowel disease. Multiple organizations, including the American Gastroenterology Association and
the Crohn’s and Colitis Foundation of America, have
developed programs designed to implement quality
measures to improve the care of inflammatory bowel
disease (IBD) patients. Early results show promise of
improving quality, but numerous barriers remain. Gastroenterologists need to be aware of these processes
to provide the highest care possible to patients with
IBD. We review the existing literature on approaches to
quality improvement and their potential application and
barriers when applied to IBD care.
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Quality in medical care has been defined by the Institute
of Medicine as “the degree to which health services for
individuals and populations increase the likelihood of
desired health outcomes and are consistent with current
professional knowledge”[1]. Another description of quality care has also been called the triple aim, which is summarized as improving the experience of care, improving
the health of populations and reducing per capita costs
of healthcare[2]. The current healthcare system is undergoing a shift from a fee for service model to a performance based model. This change will occur over the next
few years and will likely change how we practice medicine. Integral to this shift from a fee for service to a performance based system is the concept of quality. To this
end, different systems have been developed to improve
quality and quantify that improvement.
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Clinical practice guidelines are one of the current
methods of improving the quality of care. They are developed through review of the literature and evidence
based consensus, yet many of these recommendations
have not translated into clinical practice. Despite development and distribution of numerous guidelines, gaps
persist between recommended care and provided care.
McGlynn et al[3] evaluated a broad sampling of the United
States population by randomly sampling patients, as part
of the Community Tracking Study. Patients were sampled
by telephone for any healthcare encounters in the preceding 2 years and then the investigators reviewed their medical charts for performance of specific quality measures.
They found that 54.9% of quality measures were being
met and little difference existed between provision of
acute care, preventative care or chronic disease care. Similarly, gaps have been observed in specialty care. Calvin et
al[4] reviewed the compliance of physicians with prescription of beta blockers and angiotensin-converting-enzyme
inhibitors or angiotensin receptor blocker’s according
to evidence based guidelines to patients with congestive
heart failure. They found that only 63% of physicians
were compliant with these guidelines and interestingly
37% of patients were noncompliant with evidence based
prescription medication. These results highlight the obstacles to delivery of quality care, which requires the participation of the physician and the patient. Kanwal et al[5]
examined the adherence, to quality measures for ascites
and cirrhosis among practitioners in the VA healthcare
system. Though variation existed for individual quality
measures, they found only 33.2% of patients received all
recommended care. Absence of comorbid conditions,
treatment by a gastroenterologist and care received at an
academically affiliated hospital were correlated with higher rate of adherence to quality measures. These studies
showed the limitation of passive guideline distribution to
effect patient care and that more targeted interventions
are needed to improve the quality of patient care.

and feedback to the provider, which may include external
or financial incentives for adherence. However, audit and
feedback interventions are limited by the type of data
readily available for auditing. Current quality measures are
therefore limited to processes or outcomes with available
administrative or billing data, which may fail to capture
the breadth of quality of care provided. Audit using manual chart review are more comprehensive, however are
too time consuming to be used in routine practice. Use
of standardized templates embedded in electronic medical records or use of information retrieval techniques
from plain text medical records, such as natural language
processing, are being developed. These approaches may
expand the ability to quantify processes and outcomes
beyond administrative data.
To have meaningful and long-term impact in clinical
outcomes, quality measures need to be systematically integrated in clinical care, involving multidisciplinary teams
and open access to share best practices. One approach
to implement quality measures is the Donabedian model
of structure, process, and outcome improve quality of
care[7]. Structure involves identifying the practice or system level factors that may influence how care is delivered.
These include organizational structure (multi-disciplinary
models), support staff numbers and qualifications and
certifications for excellence in disease care[8]. A process
is defined as the actions required to move through the
defined health care structure, including how patients
interact with clinic staff and how diagnostic tests are
performed. Outcomes are the effects of the health care
delivered and may be either process measures (i.e., if a
vaccination was administered), or outcome measure (i.e.,
colon cancer). Consideration of all of these components
will identify not only what needs to be measured, as in
quality measures, but what the components of a high
quality care organization will require and how patients
interact with that organization.
Systematic integration of quality measures has been
used effectively in other disciplines of medicine to improve patient care. The Cystic Fibrosis Foundation’s Quality Care Initiative provides an example of a successful
intervention using quality measures in a chronic disease
with a meaningful improvement in clinical outcomes. The
initiative began as a collection of over 100 centers that
provide cystic fibrosis (CF) care. After developing quality
measures, which included weight, forced vital capacity and
mortality they implemented a transparent system of audit
and feedback. Outcomes were shared across all participating centers through regular meetings to review these outcomes and processes that result in improved outcomes.
Since it was created, they have managed to improve the
median age of death among CF patients from 27 years
to 37 years[9]. In cardiology, the Northern New England
Cardiovascular Disease Study Group, which is a collaboration of multiple sites, has worked to improve several
cardiovascular disease outcomes. Over a 2 year period,
they achieved a 24% reduction of in-hospital mortality
related to coronary artery bypass grafting[9]. Taking these

METHODS TO IMPROVE QUALITY OF
CARE
Audit and feedback systems are among the most effective
interventions for quality improvement. In audit and feedback interventions, a provider’s performance is measured
and the results of their performance are shown to the
provider with the intention of highlighting areas of deficiency and encouraging a change in practice. A systematic
review of audit and feedback studies showed modest
gains when feedback was provided in a timely manner
and in written format[6]. Audit and feedback is one of the
underlying principles behind quality and performance
measures. Quality measures are sets of quantifiable processes and outcomes defined by evidence based medicine
and expert consensus to reflect high quality care for a
specific disease. In contrast to clinical practice guidelines,
which provide only passive dissemination of recommendations, quality and practice measures incorporate audit
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examples, we can see how influencing particular processes
in a collaborative and continuous way is able to affect
meaningful clinical outcomes.

characteristics, prior surgeries and medications, quality of
life and measures to assess time from referral to scheduled appointment with a specialist, to a local community
to measure its ability to record pertinent patient data.
They found a lower prevalence of anemia than expected,
a lower prevalence of surgeries than expected and overall
good access to care. Parker et al[15] measured the effect of
a simple vaccination questionnaire prior to a clinic visit
on the quality metric of vaccination compliance. They
found significant improvement in the compliance with
influenza vaccine before (54%) and after implementation
of the questionnaire (81%).
In adult gastroenterology practice, the American Gastroenterology Association (AGA), in association with the
American College of Gastroenterology and Crohn’s and
Colitis Foundation of America, has worked to develop
a set of quality measures for IBD. The IBD measures
(Tables 1 and 2) have been developed through collaboration of the AGA and the Crohn’s and Colitis Foundation
of America (CCFA) through two separate panels. The
IBD performance measures are now part of the Centers
for Medicare and Medicaid Services pay for performance
program, Physician Quality Report Service (PQRS)[16]. As
physicians submit data to this system, they are currently eligible for reimbursement incentives and beginning in 2015
penalties will be applied to reimbursement if not meeting
particular standards[9]. This vividly shows the shift towards
performance based care, which will shape the near future
of our healthcare system. The CCFA has developed a
separate IBD quality measure set using RAND/DELPHI
panel consensus and reflect expert consensus of the available literature for the specific purpose of quality improvement rather than financial incentives[17].
The PQRS IBD measure set has also been adopted by
the Bridges to Excellence (BTE) program, which is being
implemented through the Digestive Health Recognition
Program by the AGA. BTE works by providers selecting
25 consecutive patients seen within a 12-mo period who
have an IBD diagnosis. From each chart, specific metrics
must be extracted, entered through a web portal and
submitted to a third party for adjudication. Each metric is
weighted and if a provider achieves a threshold number
of points, they will be awarded BTE recognition for 2
years[9]. Many third party payers are reviewing this system
and considering incorporating this into incentives for reimbursement.

QUALITY OF CARE IN INFLAMMATORY
BOWEL DISEASE
Inflammatory bowel disease (IBD) is very similar to the
previously mentioned diseases of coronary artery disease,
CHF, cirrhosis and CF, in that it is a chronic medical condition with a growing impact on the healthcare system.
Kappelman et al[10] examined the annual cost of IBD by
review of administrative claims data. Their results showed
Crohn’s disease and ulcerative colitis (UC) mean annual
costs were $8265 and $5066, respectively. When examined
based on costs incurred inpatient, outpatient or medications related, costs were relatively equally distributed.
Despite numerous guideline publications addressing
IBD care, gaps remain in the care provided and recommended. Reddy et al[11] examined this gap in IBD patient
care by reviewing the medical charts of patients referred
to their tertiary referral center. They found that patients
with active disease were receiving suboptimal dosing of
current medications (64% for mesalamine) or were given
medications, such as steroids, for prolonged periods of
time without attempting steroid sparing agents (77%).
Wagnon et al[12] also showed, through a mailed survey
study, that the screening and treatment for osteoporosis
was highly variable between high (52%) and low volume
centers (16%). In a retrospective study of adherence to
colorectal cancer screening in ulcerative colitis patients,
Velayos et al[13] found that only approximately 25% of
patients received adequate screening. These observations
show that gaps in IBD care exist and implementation of
quality improvement in IBD projects could have a meaningful impact.

QUALITY OF CARE INTERVENTIONS IN
IBD
One of the first attempts to adopt quality improvement
projects in IBD started in the United Kingdom after
an audit in 2006 showed variation in the quality of care
delivered to IBD patients. This group developed a set
of quality measures addressing both structural measures
and process measures centered on delivery of better patient care[9]. The Improve Care Now (ICN) consortium
in the United States is a collaboration between pediatric
gastroenterology centers to developed quality measures
regarding IBD. Prospective data is aggregated in a central
database and used to generate weekly audit and feedback reports for the participating centers. These reports
are reviewed by the sites and modifications are made to
processes to improve outcomes. Involvement in this program has resulted in an increase in remission rates from
55% to 75% over the past few years[9].
In Sweden, Rejler et al[14] developed a quality improvement framework, consisting of demographic data, disease
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FUTURE DIRECTIONS AND POTENTIAL
BARRIERS
While the quality measures for adults with IBD are a first
step towards improving care, systemic and multidisciplinary approaches will be needed to affect meaningful
and durable practice change. The CCFA, in collaboration
with leaders from the ICN, have started a feasibility study
to develop such a project. This pilot will be performed in
both academic and community practices and is designed
to study the best ways to implement IBD quality measures
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Table 1 American gastroenterology association inflammatory
[16]
bowel disease performance measures

Table 2 Crohn’s and Colitis Foundation of America inflam[17]
matory bowel disease process measures

Performance measures

Process measures

IBD characteristics
Type
Anatomic location
Activity
Preventive care
Corticosteroid sparing therapy
Bone loss assessment
Influenza immunization
Pneumococcal immunization
Smoking screening and cessation assessment
Testing
Latent tuberculosis testing prior to anti-TNF therapy
Assessment for Hepatitis B prior to anti-TNF therapy
Inpatient care
Clostridium difficile testing in patients with new onset
diarrhea
Venous thromboembolism prophylaxis

Treatment
If anti-TNF therapy is considered, then test for tuberculosis with skin testing or interferon gamma release assay
If anti-TNF therapy is considered, then assess for latent
hepatitis B virus
Consider steroid sparing agent, if steroids needed at 10
mg (of more) daily for > 16 wk
Test for Clostridium difficile if a patient presents with new
symptoms of diarrhea
If planning to start 6-mercaptopurine or azathioprine,
then test for thiopurine methyltransferase and dose accordingly
If a patient is hospitalized with severe colitis and does
not improve after 3 d of IV steroids, flexible sigmoidoscopy with biopsies should be performed to check for
CMV infection and surgery consulted
Surveillance
If a patient with UC has low grade dysplasia in flat
mucosa, then procto-colectomy or repeat surveillance in
6 mo should be offered
If a patient has extensive UC or Crohn’s disease involving the colon for 8-10 yr, then surveillance colonoscopy
should be performed every 1-3 yr
Health maintenance
If a patient is on immunosuppressive therapy, then
vaccinations for influenza and pneumococcus should be
offered, as well as education regarding avoidance of live
vaccines
If a patient has Crohn’s disease, smoking status should
be assessed and smoking cessation recommended

IBD: Inflammatory bowel disease; TNF: Tumor necrosis factor.

in adult gastrointestinal practices. As in the ICN, this project will involve individual reporting of quality measure
and sharing of knowledge between sites to improve the
overall care delivered to adult patients with IBD.
However several barriers to implement quality improvement in IBD still exist. Although success in improvement of remission rates have been observed in ICN,
the structure and processes of care may not translate
into adult practices. For example, in contrast to pediatric
care of IBD or CF, care for adults with IBD is decentralized with many patients receiving care from non-referral
centers. The differences in practice patterns between
providers in academic and community gastroenterologists have been previously described in IBD. Esrailian
et al[18] performed a survey study comparing diagnostic
and treatment decisions for IBD among community
and academic-center affiliated gastroenterologists. They
mailed surveys with clinical vignettes and asked for
structured responses. They found overall agreement between groups regarding diagnostic measures, but found
variation in treatments recommended both between
and within groups. This suggests that heterogeneity exists both between community and academic groups and
within these groups regarding therapeutic options. Spiegel et al[19] also examined this issue in a national survey
study comparing the responses of community gastroenterologists and UC experts. They found dramatic differences regarding both diagnostic evaluation and treatment decisions, though the vignettes were developed to
address controversial issues in UC management. Other
related, but distinct issues, are the differences between
care endpoints in pediatric and adult practices. While nutrition is important in adult patients with IBD, outcomes
assess growth and height may be less relevant in adults.
These are some of the limitations to be addressed prior
to wide adoption of quality improvement projects can
occur in adult gastroenterology practices.

WJG|www.wjgnet.com

TNF: Tumor necrosis factor; UC: Ulcerative colitis.

Another limitation to wide spread adoption of quality improvement interventions will be the time and financial constraints placed on physicians to implement
the proposed quality improvement systems. Currently,
physicians are faced with many pressures for their time
and the possible addition of new processes could lead to
unexpected adverse outcomes such as patient selection
or new deficiencies in care areas not addressed in quality
measures. A related issue involves the cost of establishing
this system and the structure needed to provide continuous quality improvement. Illustrating this, the ICN network has shown an improved outcome of remission after
implementing many process measures, but the program
remains expensive and difficult to continue funding[9].
Potential means to address these barriers are through innovations in bioinformatics. Development of integrated
templates with automated data extraction of relevant
clinical data into databases or information retrieval from
plain text in EMR notes via natural language processing
are possible means of accurately and efficiently gathering
the data necessary for audit and feedback. Further work
in these areas is required.

CONCLUSION
The system of quality measures and measurement of
outcomes in IBD suggests many benefits regarding out-
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comes. Several quality improvement programs have been
established in IBD to develop the fundamental concepts
and strategies for future quality improvement initiatives.
Much has been learned from studying other chronic
conditions, including CF and cardiac diseases, which can
be applied to future quality initiatives within the field of
IBD. Limitations remain to developing these systems
and their implementation, and ongoing studies are need
to identify which outcomes should be used and how to
accurately and efficiently provide feedback to providers. Overall, the healthcare system is moving towards a
performance based model and as gastroenterologists we
should be leading the development of potential measures
and appropriate outcomes to help deliver the best care
possible to our patients.
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Update on the prevention of local recurrence and peritoneal
metastases in patients with colorectal cancer
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metastases may not be so effectively treated. There
are both credits and debits of this proactive approach.
Selection factors should be reviewed by the multidisciplinary team for individualized management of patients
with or at high risk for peritoneal metastases.
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Core tip: The prevention of a disease process has always been superior to the treatment of the same disease throughout the history of medicine and surgery.
Local recurrence and peritoneal metastases occur in
approximately 8% of colon cancer patients and 25% of
rectal cancer patients and should be prevented. If peritoneal metastases are treated along with the primary
colon resection, improved 5-year survival was seen.
These results are superior to the results of treatment
after peritoneal metastases developed as recurrence. A
second-look in selected patients has been shown to be
effective.

Abstract
The prevention of a disease process has always been
superior to the treatment of the same disease throughout the history of medicine and surgery. Local recurrence and peritoneal metastases occur in approximately
8% of colon cancer patients and 25% of rectal cancer
patients and should be prevented. Strategies to prevent
colon or rectal cancer local recurrence and peritoneal
metastases include cytoreductive surgery and hyperthermic perioperative chemotherapy (HIPEC). These
strategies can be used at the time of primary colon or
rectal cancer resection if the HIPEC is available. At institutions where HIPEC is not available with the treatment
of primary malignancy, a proactive second-look surgery
is recommended. Several phase Ⅱ studies strongly support the proactive approach. If peritoneal metastases
were treated along with the primary colon resection,
5-year survival was seen and these results were superior to the results of treatment after peritoneal metastases had developed as recurrence. Also, prophylactic
HIPEC improved survival with T3/T4 mucinous or signet
ring colon cancers. A second-look has been shown to
be effective in two published manuscripts. Unpublished
data from MedStar Washington Cancer Institute also
produced favorable date. Rectal cancer with peritoneal
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INTRODUCTION
Common sense values prevention over treatment. Benjamin Franklin said, “An ounce of prevention is worth
a pound of cure.” Also, it is self evident that the most
remarkable improvements in healthcare have come about
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Colon cancer recurrence

Table 1 National Institutes of Health randomized study:
Long-term intraperitoneal 5-fluorouracil can prevent the
occurrence of peritoneal metastases n (%)

Low density

Sites of treatment failure for IV or IP 5-FU

Nodular

Primary
cancer
Single cells

IP 5-FU
IV 5-FU
Statistical analysis P2

Fusiform

No. of
patients

No. of
recurrences

Peritoneal
surface

Liver

36
30

13 (36)
11 (37)

2/10
10/11
0.003

3/11
4/11
1.000

From ref. [11] with permission. 5-FU: 5-fluorouracil.

frequently seen with recurrence of a primary colon cancer of the splenic flexure.

High density

PERITONEAL METASTASES WITH
PRIMARY COLON AND RECTAL CANCER

Figure 1 Local-regional treatment failure with colorectal cancer resection may present as local recurrence and/or peritoneal metastases. Free
cancer cells or tiny nodules disseminated from the primary cancer may implant
and grow at high density at the resection site as a local recurrence. Low density
cancer implants at a distance will become peritoneal metastases.

When patients present with primary colon cancer there is
an approximate 8.5% incidence of peritoneal metastases
observed at the time of diagnosis or at the time of colon
cancer resection[1,2]. The incidence of involvement of the
peritoneum is higher with rectal cancer and estimated at
about 25%[3,4]. These poor prognosis patients are usually
not approached with a curative treatment option. They
are given a palliative surgical procedure and then systemic
chemotherapy. Their survival is very limited and consistently less than one year.
At a few peritoneal surface oncology centers around
the world, an individualized management plan that includes cytoreductive surgery and hyperthermic perioperative chemotherapy may be initiated with the primary
cancer resection. An individualized treatment plan for
this group of patients will be defined at a later time.
Realizing that the first and foremost goal of cancer
surgery is to provide local control, it is appropriate that
we would survey the incidence of local recurrence and
peritoneal metastases observed at the time of colon or
rectal cancer resection. It is important to note that local
control has improved greatly for colon and rectal cancer
in recent years as a result of total mesocolic resection
and total mesorectal resection. Currently, local recurrence
rates are approximately 20% for colon malignancy and
10% for rectal cancer. Although this is a great improvement over previous statistics, there is still a group of patients that may greatly profit from individualized management strategies.
It has been established that local control can be improved by the use of intraperitoneal cytotoxic agents
used either at the time of or soon after the performance
of a colon or rectal cancer resection. Sugarbaker presented data suggesting that peritoneal metastases can be
prevented with intraperitoneal 5-fluorouracil treatment.
Randomized patients who received the intravenous 5-fluorouracil had a statistically significant higher incidence
of local recurrence or peritoneal metastases than those
patients treated with the intraperitoneal 5-fluorouracil[5].
The data are presented in Table 1.

as a result of prevention. Sanitation, vaccination, behavior modification such as smoking cessation, reduction in
incidence of stroke through the use of antihypertensive
medicines, and endoscopic screening are examples. Colonoscopy has been successful in preventing colon cancer in
the West and esophagogastroduodenoscopy effective preventing esophagus cancer and gastric cancer in Japan and
Korea. This manuscript attempts to establish that hyperthermic perioperative chemotherapy (HIPEC) in properly
selected primary and colon rectal cancer patients can prevent local recurrence and peritoneal metastases that would
otherwise develop in the follow-up of these patients.

PATTERNS OF SPREAD OF PRIMARY
COLORECTAL CANCER
An important concept concerns the fact that local recurrence and peritoneal metastases have the same natural
history (Figure 1). Free cancer cells or tiny nodules that
are disseminated from the primary colorectal malignancy
will enter the free peritoneal space. At low density, these
cancer cells will implant at a distance from the primary
malignancy and develop into peritoneal metastases. At
higher density within the resection site, these free cancer
cells or tiny nodules will implant and grow within the
colon or rectal resection site. This high density seeding
near the primary cancer resection will result in a fusiform
distribution of metastases. In rectal cancer, this fusiform
distribution of metastases will most likely occur on the
hollow of the sacrum. In right colon cancer, the local
recurrence will be on the second portion of the duodenum, and along the right ureter. In left colon cancer, the
disease recurrence is seen in the left paracolic sulcus and
in and around the first portion of the jejunum. Cancer
trapped above or below the duodenal mesocolic fold is
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Primary colorectal
cancer at high risk

PROMAC-PM
second-look + HIPEC

PROMAC-PM up
front HIPEC

Colorectal cancer resection

Primary colorectal cancer
resection, cytoreductive surgery
and HIPEC

FOLFOX chemotherapy × 3 mo

FOLFOX chemotherapy × 6 mo

Second-look surgery at
5-6 mo with cytoreduction
and HIPEC

Follow-up

FOLFOX chemotherapy × 3 mo

Preferred pathway used at
washington cancer institute

Follow-up

Used for patients referred
form an outside hospital

Figure 2 Two ways to enter the proactive management clinical pathway. HIPEC: Hyperthermic perioperative chemotherapy; FOLFOX: Folinic acid, 5-fluorouracil,
and oxaliplatin.

to have peritoneal metastases at an outside institution,
they are referred for definitive treatment after the primary colon cancer has been either resected or bypassed.
Patients are to receive FOLFOX chemotherapy for 3 mo
and then after a 5-6 wk, they come back for definitive cytoreductive surgery and a CC-1 cytoreduction combined
with HIPEC. Following the second-look cytoreduction
with HIPEC, the FOLFOX chemotherapy is completed
for a total of 12 cycles. This pathway is used at institutions where HIPEC is not available at the time of the
primary colorectal cancer resection.

PROACTIVE APPROACH TO COLON
OR RECTAL CANCER PERITONEAL
METASTASES
Currently, the multidisciplinary team at the Medstar
Washington Cancer Institute is pursuing a clinical pathway that provides a proactive management of primary
colon cancer that either has or may have a high risk of
peritoneal metastases. In order to fulfill the requirements
of this clinical pathway, patients must have all of their
treatments for the primary malignancy and for the peritoneal metastases within nine months of diagnosis of
the primary disease. The three requirements of complete
treatment are 12 cycles of systemic chemotherapy with
folinic acid, 5-fluorouracil, and oxaliplatin (FOLFOX).
These cycles of chemotherapy may be administered in a
neoadjuvant manner or as adjuvant treatment following
colon cancer resection. Secondly, with the primary cancer
resection or at a second-look, patients must have a complete cytoreduction of all the visible peritoneal metastases. Finally, with the major resection which is the cytoreduction, patients must receive HIPEC using mitomycin C,
5-fluorouracil, and systemic 5-FU plus leucovorin.

UP-FRONT HIPEC
At institutions where HIPEC is available at the time of
primary colorectal cancer resection, the primary resection is augmented intraoperatively by complete cytoreductive surgery. Not only the bowel resection, but also
greater and lesser omentectomy and oophorectomy in
women are required. Prior to the intestinal reconstruction, HIPEC is administered. After HIPEC, the bowel
anastomosis is performed and the abdomen is closed.
These patients then receive their 12 cycles of FOLFOX
chemotherapy. It should be emphasized that in either the
second-look HIPEC or the up-front HIPEC, all treatments are to be completed within 9 mo of the cancer
diagnosis.
Current indications for the proactive management
of local recurrence and peritoneal metastases for colon

SECOND-LOOK HIPEC
Figure 2 shows two ways that a patient may enter the proactive management clinical pathway. If patients are found
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Elias and colleagues had three requirements for a
systemic second-look in patients with colon malignancy.
Patients with perforated cancer, ovarian metastases or
peritoneal metastases underwent a second-look procedure after receiving a full course of modern systemic
chemotherapy. Of the 29 patients who underwent
second-look, 16 (55%) were found to have peritoneal
metastases at second-look. With a median follow-up of
2 years, 50% of these patients remained disease-free. In
those 13 patients who did not have peritoneal metastases
at second-look, 9 patients (69%) remained disease-free.
In this study, there was no mortality and a 14% incidence
of grade Ⅲ/Ⅳ morbidity. Elias and colleagues concluded
that an early intervention to prevent peritoneal metastases was superior to a watch-and-wait policy operating
after the peritoneal metastases become evident in CT
scan follow-up[8]. Currently, a randomized trial is being
performed in order to further establish the efficacy of
this treatment plan.
At the Medstar Washington Cancer Institute, we have
early results with 20 patients who have had the proactive management with colon cancer. Upon reoperation in
these 20 patients, 62% had a peritoneal cancer index between 1 and 10. Also, 85% had a complete cytoreduction
with the second-look surgery. In our patients who had
only 4 cycles of chemotherapy prior to the second-look
surgery, all 20 patients (100%) were found to have progressive peritoneal metastases (submitted for publication).
Delhorme et al[9] have published data on a mandatory
second-look surgery (MSLS) for the treatment of histologically confirmed peritoneal metastases present with
the primary colon cancer resection. At their MSLS, 71%
of patients were found to have persistent or progressive
disease and the median peritoneal carcinomatosis index
was 10. There was no postoperative mortality and a 7%
incidence of grade Ⅲ/Ⅳ complications. The 2-year overall survival and disease-free survival rates were 91% and
38%, respectively. Following MSLS with HIPEC, peritoneal recurrence was observed in only 8% of patients vs
100% of the patients treated in a standardized fashion.

Table 2 Current indications for proactive management of
peritoneal metastases and local-regional progression for colon
cancer
1

Biopsy-proven cancer nodule(s) on any peritoneal surface including the
primary cancer (T4)
1
Positive biopsy or pathologic enlargement of an ovary
1
Cancer at the surgical margin of resection (R-1)
Perforation through the malignancy (iatrogenic by colonoscopy or
spontaneous)
Positive peritoneal cytology
Adjacent organ involvement or fistula formation
Lymph nodes positive at the margins of resection
Rupture of the primary cancer during resection
1

Eligible for second-look plus hyperthermic perioperative chemotherapy.

cancer are listed in Table 2. Three groups of patients are
considered for second-look plus HIPEC. These are patients with a biopsy-proven cancer nodule on any peritoneal surface including the primary malignancy, a positive
biopsy or pathologic enlargement of an ovary, or cancer
at a surgical margin of resection (R-1 resection).
For the up-front HIPEC, the eligibility requirements
are not as strict. It is thought that the intraoperative
chemotherapy combined with a primary colon cancer
resection is of very low morbidity and carries no mortality. Patients who should have up-front HIPEC include
those with a perforation through the malignancy either
iatrogenic by colonoscopy or spontaneous, a positive
peritoneal cytology, adjacent organ involvement or fistula
formation, lymph nodes positive at the margins of resection as determined by frozen section, and rupture of the
primary cancer during the resection.

DATA TO SUPPORT PROACTIVE
MANAGEMENT STRATEGIES
Phase Ⅱ data exists to support these proactive management strategies of colon cancer at high risk for local
recurrence or peritoneal metastases. Pestieau and Sugarbaker looked at their results in patients treated with
peritoneal metastases simultaneously with the primary
resection. In five patients who had concomitant colon
resection, cytoreductive surgery, and perioperative chemotherapy, there were no survivors less than five years.
These results were compared to patients who were
treated after the peritoneal metastases had occurred in
follow-up. The results of the proactive management were
superior with a P value of 0.0001[6].
Sammartino and colleagues reported on the prevention of peritoneal metastases from colon cancer patients
at high risk with the use of a prophylactic HIPEC. Twenty-five patients with colon cancer with clinical T3/T4,
mucinous, or signet ring cell histology underwent hemicolectomy, omentectomy, and HIPEC. The control group
was 50 patients treated by a standard surgical resection.
The incidence of peritoneal metastases was reduced
from 28% to 4% (P < 0.03). Also, overall survival was
increased (P < 0.03)[7] (Figure 3).

WJG|www.wjgnet.com

RECTAL CANCER WITH PERITONEAL
METASTASES
A valid question regards recommendations for rectal cancer patients at high risk for local recurrence or peritoneal
metastases. In these patients, the up-front proactive management may be the only option. Verwaal and colleagues
showed that rectal cancer patients rarely show long-term
survival with cytoreductive surgery and HIPEC[10].
Da Silva and Sugarbaker[11] reported on rectal cancer
patients with peritoneal metastases treated with CRS and
HIPEC had a 17 mo median survival and a 0% 5-year
survival as compared to colon cancer patients who had a
35 mo median survival and a 30% 5-year survival. These
authors postulated that pelvic peritonectomy after an
anterior resection or abdomino-perineal resection makes
an adequate peritonectomy difficult or impossible. With
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Age (60 yr vs 45)
Sex (female or male)
Location (appendix or colon)
Location (rectum or colon)
Presentation (recurrence or primary)
Differentiation (poor or good-moderate)
Histology (signet cell or non-signet cell)
No. of affected regions (6-7 or 0-5)

0.50

1.00

2.00

4.00

8.00

14.00

HR

Figure 3 Hazard ratios and multilevel confidence intervals for prognostic factors of survival in patients with peritoneal carcinomatosis of colorectal origin
treated by CRS and hyperthermic perioperative chemotherapy[7]. HR: Hazard ratio.

less and a less than 1% mortality at experienced centers.
There are some debits that remain to globally introduce this treatment strategy. The surgical technology for
primary cancer resection combined with HIPEC is complex and there is a more extended learning curve. Also, to
this point in time, a uniform HIPEC treatment has not
emerged. The perioperative chemotherapy management
plans need to optimized. Finally, CRS and HIPEC are not
generally available at the institutions performing primary
colon or rectal cancer surgery. Also, many patients who
are in need of the proactive approach are not referred.

Table 3 Cytoreductive surgery and hyperthermic perioperative
chemotherapy for proactive management of local recurrence and
peritoneal metastases for colorectal cancer
Credits

Debits

Long-term survival in 50% of
patients
Selection factors have been well
defined
An important addition to
the MDT for management of
colorectal malignancy
Morbidity (10%) and mortality
(1%) at experienced centers is
acceptable

Many patients treated for a few to
benefit
The surgical technology is complex
and requires an extended learning
curve
Referral by medical oncologist are
often late with a large extent of
disease
So far a uniform HIPEC treatment
has not emerged; perioperative
chemotherapy needs to be optimized

FUTURE DIRECTIONS
The most important outcome to result from this update
concerns a change in the evaluation of the clinical features and histopathology (including peritoneal cytology)
of patients with primary colon and rectal cancer. Every
patient needs to be carefully considered by the multidisciplinary team for upfront HIPEC at the time of primary
colorectal cancer resection or second-look HIPEC as a
planned part of the overall treatment strategy. An estimated 30% of patients with primary disease should have
a change in the primary cancer treatment strategy in order
to prevent local recurrence and/or peritoneal metastases.
Including the gastrointestinal pathologist, who would
review the resected specimen in the operating room, is
an essential member of the multidisciplinary team. This
change in treatment strategy for primary colorectal cancer
comes about as a result of the large number of manuscripts that document extent of peritoneal metastases as
a major determinant of the success of cytoreductive surgery with HIPEC. Maximum benefit cannot be achieved
through clinical follow-up or radiologic follow-up to treat
patients who have a moderate to large extent of disease.

HIPEC: Hyperthermic perioperative chemotherapy.

this incomplete cytoreduction in the pelvis after a rectal
cancer resection, the results of CRS and HIPEC are
poor.

CREDITS AND DEBITS OF A PROACTIVE
TREATMENT STRATEGY
The expected credits and debits of a proactive approach
to the management of colon and rectal local recurrence
and peritoneal metastases are presented in Table 3. The
anticipated results of treatment with a PCI of less than
10 is 50% or perhaps even 70% at 5 years. The selection
factors for treating patients proactively have been well
defined. These selection factors should be used by the
multidisciplinary team for individualized management
of colorectal cancer patients. With up-front HIPEC or
second-look HIPEC, the morbidity should be 10% or

WJG|www.wjgnet.com
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The goals of HIPEC to prevent local recurrence and
peritoneal metastases is to treat minimal residual disease
or prevent subsequent disease progression altogether.

6

7
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disease and screening guidelines are recommended in
this moderate risk population, the optimal screening
strategy has to be determined.
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INTRODUCTION
The heritable component of colorectal cancer (CRC) is
around 35%[1]. Up to 3%-5% of all CRC are represented
by the hereditary syndromes[2]. Lynch syndrome, adenomatous and hamartomatous polyposis syndromes have
a Mendelian inheritance pattern. The genes responsible
for these disorders have been identified and carriers of
the pathogenic mutations have a high lifetime risk of
colorectal and extracolonic cancers. However, syndromic CRC represents a small fraction of all CRCs. In the
25%-30% of all CRC cases the disease occurs in families without evidence for one of the known inherited
syndromes.
Non syndromic or familial CRC is generally defined as
clustering of CRC that is distinguished from the hereditary syndromes. Familial CRC is an heterogeneous condition that includes patients with unrecognized hereditary
syndromes and patients with seemingly sporadic forms
that aggregate in families. In these patients the molecular
mechanism has not been established. Probably a combination of environmental and inherited genetic factors (common, low-penetrance, genetic alterations) play a role in the
development of CRC in these families. Intensive colonoscopic surveillance is offered to high-risk individuals from
families with Lynch syndrome[3]; reduced CRC mortality
has been demonstrated in these individuals [4,5]. Colonoscopic surveillance is already offered to people with
moderate risk due to a family history (FH) of CRC[6-8], but
evidence supporting reduced mortality is lacking.

Abstract
Familial colorectal cancer constitutes a heterogeneous
group of patients in whom the underlying molecular
mechanism is still unknown. Predisposition to a such
neoplasms in this setting seems to be due to common
low-penetrance genetic components, but the role of
genetic testing in clinical practice has to be determined.
Although screening guidelines in this moderate-risk
population are empiric, data obtained in epidemiologic,
meta-analyses and cohort studies and, more recently,
the increased risk of advanced adenomas in first degree relatives who underwent screening colonoscopy
support the need to include these individuals in specific
screening programs. However, data to determine what
test to use, how often to use and which organizational
strategy to implement are needed. At present, screening uptake in this population is less than optimal; offering the opportunity to access to screening and improving screening uptake is a first significant step.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Familial risk; Heterogeneous; Risk population; Screening uptake
Core tip: Although first degree relatives of patients with
colorectal cancer have a 2- to 4- increased risk for this
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Table 1 Relative and absolute risk of developing colorectal cancer according to family history
Family history
No family history
One first degree relative with CRC
More than one first degree relative with CRC
One first degree relative diagnosed with CRC before age 45

Relative risk of CRC

Absolute risk of CRC by age 79

1
2.25 (95%CI: 2.00-2.53)
4.25 (95%CI: 3.01-6.08)
3.87 (95%CI: 2.40-6.22)

5%1
11%2
21%2
19%2

1

Data from the American Cancer Society, August 2013; 2The absolute risk of colorectal cancer (CRC) was calculated using the relative risk and the absolute
risk by the age 79.

This review focuses on familial CRC. We will review
the current knowledge about its genetic background and
the current screening strategies in this moderate risk
population. The concept of familial CRC should be considered an evolving entity. More information will become
available in the next years; the knowledge of the molecular basis of familial CRC could be relevant not only
to determine the optimal diagnostic and preventive approaches but also it could have prognostic implications;
a better survival has been demonstrated in a prospective
observational study among patients with stage Ⅲ CRC[9]
and in a retrospective study[10].

tives (FDRs) of patients with CRC have a 2- to 4-fold
risk of developing this neoplasm compared with the general population. A first degree relative is a family member
who shares at least 50% of their genes with a particular
individual in a family (i.e., parents, offspring and siblings).
The familial risk is directly related to the number of
FDRs affected and inversely related to the age of youngest FDRs. In Table 1 the pooled estimates of CRC risk
among FDRs according to a meta analysis are reported[24]
and the absolute lifetime risk has been calculated; similar
estimates were reported in two other meta analyses[25,26].
In a study[27] from the Utah population database, including 2327327 persons with ≥ 3 generation family histories
and 10556 CRC cases, familial relative risk was calculated
for various constellations of family risk of CRC. The
authors demonstrated that increased number of affected
FDRs influences risk much more that affected SDRs or
TDRs. However, when combined with a positive firstdegree family history, a positive second- and third-degree
family history can significantly increase risk. In familial
colon cancer, there is evidence of an anticipation phenomenon; in individuals with affected FDRs, CRC arise
10 years earlier than those without FH[28,29]. These associations have been demonstrated also for colorectal adenomas; the familial risk of CRC with adenoma in a FDR[24]
is 1.99 (95%CI: 1.55-2.55). In a case-control study[30], an
increased risk of large adenomas was associated with
a history of large adenomas in relatives (OR = 2.27;
95%CI: 1.01-5.09); however, a systematic review about
the risk for CRC in individuals with a family history of
adenomatous polyps raised methodological limitations
about the studies analyzed[31].
Based on these studies, most scientific societies[6-8]
recommend that screening in FDRs should be more aggressive than that recommended in average risk population, starting at a younger age than average-risk population (Table 2); screening is recommended also in FDRs
of individuals with advanced colorectal adenomas[6-8]. Although evidence of anticipation exists in individuals with
affected FDRs, thus justifying the onset of screening at
a younger age, there are no data that suggest differences
in natural history between sporadic and familial non syndromic CRC.
These recommendations are empiric, but further
evidence supports the need to include these individuals
in specific CRC screening programs. Many studies focused on the risk of CRC[24]; a lesser number of studies
addressed the risk of finding adenomas in this popula-

GENETICS
The heterogeneous nature of non syndromic CRC suggests that the variation in genetic risk is likely to be a
consequence of the co-inheritance of multiple low-penetrance variants, some of which are common. This in the
so-called polygenic model of complex disease. Although
the risk of CRC associated with each of these common
variants is individually modest, they make a significant
contribution to the overall disease burden by virtue of
their frequencies in the population.
Genome-wide association studies[11-19] have identified
a number of common genetic risk loci for CRC; in a recent systematic meta-analysis[20] 16 variants at 13 loci have
been considered to have the most high credible association with CRC; in the same study 23 less credible variants
at 22 loci were identified; the association was evaluated
within a statistical and causal inference framework according to BFDP and Venice criteria[21,22]. In a recent
study[23] a risk prediction model for CRC has been developed, combining age, gender, family history and information obtained from a panel using 10 common genetic
variants showed to be associated with CRC susceptibility;
the authors generated risk models from 44389 subjects
(24395 cancers and 19994 cancer-free controls) from 7
geographically distinct populations; although individualized genetic risk prediction was not feasible, applying risk
model to Scottish population identified approximately
7% of the tested subjects with > 5% predicted 10-year
absolute risk of CRC; this could help to refine preventive
strategies in CRC screening programs.

SCREENING
Many studies have demonstrated that first degree rela-
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Table 2 Screening guidelines in familial colorectal cancer
[6]

[7]

ACG
First degree relative with CRC
diagnosed at age < 60 or two or more
first degree relatives
First degree relative with CRC
diagnosed at ≥ 60

ASGE

USMTF

Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 5 yr
Same as average risk

Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 5 yr
Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 10 yr

-

As average risk individuals

Second- or third-degree relatives
with CRC

[8]

Colonoscopy at age 40 or 10 yr
younger than affected relative; if
normal repeat every 5 yr
Screening should be at an earlier age
(40); individuals may choose to be
screened with any recommended
form of testing
-

CRC: Colorectal cancer; ASGE: American Society for Gastrointestinal Endoscopy; ASG: American College of Gastroenterology; USMTF: US Multi-Society
Task Force.

Table 3 Colonoscopy-based screening controlled studies: Risk of advanced adenomas
Design
Prospective, case-control
Prospective, case-control
Prospective, cross-sectional
Prospective, cross-sectional

Age (yr)

No relatives/no
controls

AA in relatives/AA in
controls

OR

95%CI

Ref.

40-74
40-50
45-75
40-70

185/370
228/220
1252/765
374/374

10.8%/4.9%
5.3%/2.3%
11.3%/6.3%
7.5%/2.9%

2.5
2.56
2.41
3.07

1.1-5.4
0.87-7.47
1.69-3.43
1.50-6.30

[32]
[33]
[39]
[42]

AA: Advanced adenomas; OR: Odds ratio.

tion[32-44]; there is a particular risk of advanced adenomas progressing to invasive cancer; a 2.6%-5.7% annual
transition rate was calculated[45]. Advanced adenomas
are defined as those larger than 10 mm and/or with
high-grade dysplasia and/or with villous component.
Colonoscopy-based screening studies in relatives of
individuals with CRC detected advanced adenomas of
screened individuals ranging from 3.3%[41] to 21.3%[40];
the majority of these studies lack of a control group of
average risk individuals undergoing screening colonoscopy. In Table 3 controlled studies are reported[32,33,39,42];
in three of them[32,39,42] a 2.5-3.0 fold increased risk of
advanced adenomas in individuals with family history
undergoing screening colonoscopy has been found in
multivariate analysis when compared with those without
family history; the lack of significance found in fourth
study[33] could be due do to the different age range of
relatives (from 40- to 50 years of age), that is lower than
the age range of the relatives considered in the other
studies. Some predictors of adenomas such as increasing age[32,34,36,39,42], male sex[34,37-40] and strength of family
history[32,34,36] have been identified with a 1.5- to 3.0-fold
increased risk; this information could help to refine
screening recommendations.
A further evidence derives from screening programs
carried out in average risk individuals; in fecal occult
blood test positive individuals the risk of advanced adenomas is increased in those with family history (OR
= 1.53, 95%CI: 1.27-1.83) versus those without family
history[46]. In colonoscopy-based screening studies [47]
family history of colorectal cancer was associated with a
higher risk of advanced neoplasms (OR = 2.5; 95%CI:
1.5-4.2). Although controlled studies with mortality end-
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points are lacking, a 16 year prospective follow-up study
in 1124 individuals at “moderate-risk” (i.e., not fulfilling
Amsterdam criteria) because of family history of CRC
was carried out in a tertiary referral family cancer clinic
in England[48]. These individuals underwent colonoscopy
every 3-5 years, the number of cases of CRC observed (4
vs 26.5; RR = 0.15, 95%CI: 0.08-0.30) and the number of
death from CRC (2 vs 10.7; RR = 0.19, 95%CI: 0.10-0.38)
was significant lower than expected.
Although some evidence supports screening in these
individuals, controversy exists whether people with family history should be managed in specific screening and
with specific surveillance protocols. European guidelines
recommend that in absence of hereditary syndromes,
individuals with positive family history should not be excluded from CRC screening programs[49].
It is unclear which organizational strategy should be
used in this at moderate risk population. Opportunistic screening has been evaluated in many observational
studies[50] using mailed survey and telephone interviews.
These studies have evaluated colorectal screening practices, including use of screening test, adherence to guidelines and barriers against screening in these individuals.
A recent meta-analysis[51] evaluated 17 studies, accounting
for a total of 13269 individuals with a family history of
CRC; pooled screening participation levels were calculated for each screening modality; fecal occult blood testing,
sigmoidoscopy-based and colonoscopy-based screening
participation were respectively 25% (95%CI: 12-38), 16%
(95%CI: 7-27) and 40% (95%CI: 26-54). Colonoscopy
uptake among FDRs is less than 40% even if they are
invited to screening[32,37,52], but in an organized screening
program from Italy[53], the colonoscopy uptake among

9294

July 28, 2014|Volume 20|Issue 28|

Armelao F et al . Familial colorectal cancer: A review

725 invited to screening was significant higher than those
not invited (78% vs 8%, P < 0001). Randomized controlled trials are needed[54] to evaluate systematic interventions promoting adherence to CRC screening among
FDRs. Many factors have been identified as predictors of
screening participation in this individuals; a recent systematic review[55] included 10 relevant papers according
to reviewer’s inclusion criteria; the review revealed that
receiving recommendation from a clinician, the strength
of family history and the relationship with the affected
relative are associated with screening uptake.
It remains to be clarified what screening test to use;
no prospective controlled studies have compared different screening tests in this population. In a multicenter
prospective, double-blind study[56] on 595 FDRs with
CRC submitted to screening colonoscopy, fecal immunochemical testing demonstrated a high diagnostic accuracy
for CRC; using receiver-operating characteristic curves,
area under the curve (AUC) was 0.96 (95%CI: 0.95-0.98);
for advanced adenomas diagnosis AUC was 0.74 (95%CI:
0.66-0.82).
Economic issues should also be considered before
implementing screening programs in these individuals;
using the MISCAN-COLON model, a microsimulation
model designed to evaluated costs and outcomes of CRC
screening, the authors[57] compared colonoscopy screening of all individuals (colonoscopy every 10 years starting at age 50) with three family history-based screening
programs (colonoscopy every 10 years starting from age
40; colonoscopy every 5 years starting from age 40 and
colonoscopy every 5 years starting from age 50); the costeffectiveness of family history based screening programs
varied from $18000 to $51000 per life year gained.

4

5

6

7

8

9

10

CONCLUSION
Although the evidences of the studies are still incomplete
and screening strategies are controversial in this moderate
risk population, we suggest that screening colonoscopy at
age 40 should be recommended especially in those with
a CRC diagnosed at age < 60 or with more first degree
relatives affected in the family.
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Helicobacter pylori infection - recent developments in
diagnosis
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endoscopic evaluation methodologies for the diagnosis
of H. pylori infection, such as magnifying endoscopy
techniques and chromoendoscopy. In addition, the diagnostic contribution of histology and the urea breath
test was explored recently in specific clinical settings
and patient groups. Recent studies recommend enhancing the number of biopsy fragments for the rapid
urease test. Bacterial culture from the gastric biopsy is
the gold standard technique, and is recommended for
antibiotic susceptibility test. Serology is used for initial
screening and the stool antigen test is particularly used
when the urea breath test is not available, while molecular methods have gained attention mostly for detecting antibiotic resistance.
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Core tip: Considering the importance of a reliable diagnosis in the setting of current recommendations for
Helicobacter pylori (H. pylori ) eradication therapy, recent developments in both invasive and non-invasive
methods may further contribute to improving H. pylori
detection. The manuscript presents an extensive overview of the major advances in endoscopy, histology,
culture, urea breath test, serology, stool tests and molecular methods, emphasizing their major contributions
and potential shortcomings.

Abstract
Considering the recommended indications for Helicobacter pylori (H. pylori ) eradication therapy and the

broad spectrum of available diagnostic methods, a
reliable diagnosis is mandatory both before and after
eradication therapy. Only highly accurate tests should
be used in clinical practice, and the sensitivity and
specificity of an adequate test should exceed 90%. The
choice of tests should take into account clinical circumstances, the likelihood ratio of positive and negative
tests, the cost-effectiveness of the testing strategy and
the availability of the tests. This review concerns some
of the most recent developments in diagnostic methods
of H. pylori infection, namely the contribution of novel
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INTRODUCTION

Table 1 Summary of diagnostic methods

A reliable primary diagnosis and control of treatment
success of Helicobacter pylori (H. pylori) infection is crucial
for patients with a wide spectrum of H. pylori-related
conditions, including uncomplicated or complicated ulcer
disease, mucosa associated lymphoid tissue (MALT) lymphoma, atrophic gastritis and previous partial gastric resection for gastric cancer. Accurate diagnosis of H. pylori
infection involves the combined knowledge, effort and
research of laboratories, gastroenterologists and pathologists. Traditional diagnosis is made using a combination
of tests, both invasive and noninvasive. Considering the
broad spectrum of diagnostic methods, only highly accurate tests should be used in clinical practice under specific
circumstances and currently, the sensitivity and specificity of such tests should exceed 90%. The choice of tests
usually depends on clinical circumstances, the likelihood
ratio of positive and negative tests, the cost-effectiveness
of the testing strategy and of the availability of the tests.
The present paper aimed to present an overview of the
most recent advances in both biopsy- and non-biopsybased diagnostic methods for H. pylori infection (Table 1).

Endoscopy
Histology
Rapid urease test
Culture
Molecular methods
Serology
Urea breath test
Stool antigen test

Reference
method

Antibiotic resistance
detection

Invasive
Invasive
Invasive
Invasive
Both
Noninvasive
Noninvasive
Noninvasive

Yes
Yes
No
Yes
No
No
No
No

No
No
No
Yes
Yes
No
No
No

observed in these high-risk subjects after H. pylori eradication. This study emphasizes the high risk of cancer
development in subjects with H. pylori-associated highly
active non-atrophic gastritis and the utility of the two
serological tests and endoscopic RHG for their identification.
Considering that H. pylori eradication is essential for
metachronous gastric cancer prevention in patients undergoing endoscopic mucosectomy (EMR) for early gastric cancer, as reported by Fukase et al[3], Lee et al[4] aimed
to determine the optimal biopsy site for H. pylori detection in the atrophic remnant mucosa of 91 EMR patients.
Three paired biopsies for histology were taken at the
antrum, corpus lesser (CLC), and greater curve (CGC).
Additional specimens were obtained at the antrum and
CGC for a rapid urease test (RUT). H. pylori infection was
defined as at least two positive specimens on histology
and/or RUT. Pepsinogen levels were used to determine
serological atrophy. The authors concluded that CGC
is the optimal biopsy site for H. pylori diagnosis in EMR
patients with extensive atrophy and that an antral biopsy
should be avoided, especially in serologically atrophic patients.
Although gastroscopic biopsy-based tests such as the
RUT, histological examination, and culture have been
widely used to diagnose H. pylori infection, many investigators have attempted to categorize the endoscopic findings characteristic of an H. pylori-infected stomach.
In 2002, Japanese endoscopists[5] found that collecting
venules, seen as numerous minute red dots in the gastric
corpus, were a characteristic finding in the normal stomach without H. pylori infection, using both standard and
magnifying endoscopy (identification of micro mucosal
patterns). This finding was termed “regular arrangement
of collecting venules” (RAC). However, these findings
are not a reliable method of diagnosis because of their
low sensitivity and specificity.
Although magnifying endoscopy provides more
precise information concerning abnormal mucosal patterns[6,7], it is not available in all endoscopy units. Moreover, its use requires training under an experienced supervisor and expertise. In addition, magnifying endoscopy
is not necessarily appropriate for routine clinical practice
because it is time-consuming and only a few facilities
carry out this technique on a routine basis. On the other
hand, endoscopic features corresponding to Sydney Sys-

ENDOSCOPY
Considering that accurate prediction of H. pylori infection
status on endoscopic images can improve early detection
of gastric cancer, especially in some geographic areas, the
contribution of both conventional and novel endoscopic
evaluation methodologies has received increased attention, particularly in specific clinical settings. A summary
of the latest endoscopic studies is presented below. Watanabe et al[1] studied the diagnostic yield of endoscopy
for H. pylori infection at three endoscopist career levels
- beginner, intermediate and advanced. For this study,
77 consecutive patients who underwent endoscopy were
analyzed for H. pylori infection status by histology, serology and urea breath test (UBT). The diagnostic yield was
88.9% for H. pylori-uninfected, 62.1% for H. pylori-infected, and 55.8% for H. pylori-eradicated. Intra-observer
agreement for H. pylori infection status was good (k >
0.6) for all physicians, while inter-observer agreement
was lower (k = 0.46) for beginners than for intermediate
and advanced (k > 0.6). For all physicians, good interobserver agreement in endoscopic findings was seen for
atrophic change (k = 0.69), but the accuracy was lower
for beginners.
In 496 asymptomatic Japanese middle-aged men, a
prospective evaluation (mean follow-up period of 54
years), of gastric cancer development was performed in
non-atrophic stomachs with highly active inflammation
identified by serum levels of pepsinogen and H. pylori
antibody, together with a specific endoscopic feature:
endoscopic rugal hyperplastic gastritis (RHG) (reflecting
localized highly active inflammation)[2]. Cancer incidence
was significantly higher in patients with RHG, high H.
pylori antibody titers and low PG Ⅰ/Ⅱ ratio than in patients without. Significantly, no cancer development was
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Figure 1 Endoscopic features of Helicobacter pylori infection (antral nodularity).

tem pathological findings have not yet been identified,
and the diagnosis of H. pylori infection in the gastric mucosa by endoscopic features has not yet been established
(Figure 1). In this setting, the Study Group of Japan
Gastroenterological Endoscopy Society for Establishing
Endoscopic Diagnosis of Chronic Gastritis performed
a prospective multicenter study enrolling 275 patients[8],
investigating the association between endoscopic findings
(conventional findings and indigo carmine contrast) and
histological diagnosis of H. pylori (antrum and corpus).
It was shown that specific endoscopic findings, such as
diffuse redness, spotty redness and mucosal swelling assessed by conventional endoscopy and swelling of areae
gastricae by the indigo carmine contrast method, were useful for diagnosing H. pylori infection.
Cho et al[9] aimed to establish a new classification for
predicting H. pylori-infected stomachs by non-magnifying
standard endoscopy alone. A total of 617 participants
who underwent gastroscopy were enrolled prospectively
and a careful close-up examination of the corpus at the
greater curvature was performed, maintaining a distance
of 10 mm between the endoscope tip and the mucosal
surface. Despite being a monocenter study in which
standard endoscopy was not directly compared with magnifying endoscopy, these results suggest two important
contributions for prediction of H. pylori infection status:
(1) the observation of gastric mucosal patterns using
standard endoscopy and proposal of a new endoscopic
classification including a normal RAC and three abnormal mucosal patterns; and (2) an accuracy of prediction
of H. pylori positivity at least similar to that reported in
magnifying endoscopy studies (sensitivity of 95.2% and
specificity of 82.2%)[10]. In the future, multicenter trials
comparing standard endoscopy against magnifying endoscopy, including changes in mucosal patterns after H.
pylori eradication, and including endoscopists with different levels of expertise, are needed to confirm the reliability of these data.
Chromoendoscopy has also regained attention recently as an additional methodology to detect H. pylori in
the gastric mucosa. A multicenter Japanese study involving 275 patients evaluated the possibility of diagnosing
H. pylori by conventional endoscopy and chromoendos-
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copy using indigo carmine compared with histology
performed according to the Sydney System[7]. Based on
several indices, the authors obtained a sensitivity of 94%
in the corpus and 88% in the antrum. However, the specificities in the corpus and in the antrum were low (62%
and 52%, respectively). Another study using a Cuban
adult population[11] also aimed to evaluate the diagnostic
yield of chromoendoscopy with red phenol at 0.1% for
the detection of H. pylori infection against histology. This
study reported a sensitivity of 72.6% (95%CI: 64.9-79.2)
and a specificity of 75.5% (95%CI: 61.9-85.4). The authors concluded that it might be a useful method to diagnose H. pylori infection in the gastric mucosa, potentially
with some specific advantages (topographic localization,
avoidance of contamination and fast and immediate reading).

HISTOLOGY
Although histology has been considered to be the gold
standard for H. pylori detection, the influence of clinical
practice on the histopathological detection of H. pylori infection has been insufficiently explored. Recognizing that
the number and distribution of H. pylori organisms vary
in patients taking proton pump inhibitors (PPIs), it has
been recommended to discontinue PPIs two weeks before endoscopy and to take biopsies from both the body
and the antrum.
In a representative study, Lash et al[12] aimed to evaluate the yield of different gastric sampling strategies and
to determine the adherence to the Sydney System guidelines in a nationwide sample of endoscopists in United
States. Using a database of biopsy records diagnosed at a
single pathology laboratory, the results of gastric biopsies
taken to evaluate gastric inflammatory conditions in patients with no endoscopic lesions were reviewed. The incisura angularis, rarely sampled, yielded minimal additional
diagnostic information and the acquisition of at least
two biopsy specimens from the antrum and corpus, essentially following the Sydney System recommendations,
was confirmed as a sensible strategy that guarantees the
maximum diagnostic yield for the most common gastric
inflammatory conditions.
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In a Canadian study[13], electronic patient records were
evaluated for the sites of gastric sampling and PPI use at
endoscopy, collecting 150 cases with biopsies taken from
both the antrum and body, which were randomly selected
for pathological re-review with special stains. The gastric
regions sampled, H. pylori distribution and influence of
clinical factors on pathological interpretation were assessed. This study confirmed that, despite national and
international guidelines for managing H. pylori infection,
these guidelines are infrequently adhered to, with PPIs
frequently contributing to false diagnosis, and sampling
only one region increases the likelihood of missing active
infection by at least 15%.
Considering that atrophy of the stomach mucosa
develops in about 50% of H. pylori infected individuals
by the age of 65, and is considered a pre-malignant lesion for gastric cancer[14-16], H. pylori eradication is recommended in the presence of atrophy[17], because atrophy
may reverse after successful eradication therapy. It is
critically important and challenging, therefore, to determine the presence or absence of H. pylori in patients with
atrophic gastritis. During atrophy progression, however,
the density of H. pylori in the stomach mucosa decreases,
and may disappear completely during the late stages of
atrophy[14,16]. This may explain the markedly lower sensitivity of biopsy-based tests (RUT, histology, culture)
in the presence of atrophy. Similarly, UBT and antigen
stool detection can also give false-negative results in these
circumstances. In contrast, serology is not influenced to
such an extent by a lower density of the microorganism,
and is reliable even in advanced gastric body atrophy[14,16].
Maastricht guidelines updates have reserved serology
for special situations, including extensive atrophy of the
stomach mucosa on the basis that other tests might be
misleading at a low bacterial density. Thus, the debate
continues regarding the most appropriate H. pylori diagnostic method in atrophic gastritis.
Lan et al[18] aimed to evaluate the site and sensitivity
of biopsy-based tests in terms of degree of gastritis with
atrophy. Biopsy-based tests (i.e., culture, histology Giemsa
stain and RUT) and non-invasive tests (anti-H. pylori IgG)
were performed in 164 uninvestigated dyspepsia patients.
The sensitivity of biopsy-based tests decreased when the
degree of gastritis with atrophy increased, regardless of
biopsy site. In moderate to severe antrum or body gastritis with atrophy, additional corpus biopsy increased the
sensitivity to 16.67%, as compared with single antrum
biopsy. These results confirm that in moderate to severe
gastritis with atrophy, biopsy-based test should include
the corpus for avoiding false negative results in H. pylori
detection.
Since the discovery of H. pylori, pathologists have
used different diagnostic techniques, including immunohistochemical (IHC) methods and special stains, such
as Giemsa and Warthin-Starry, on an institution- and
laboratory-dependent basis (with variable sensitivities and
specificities for identifying H. pylori). On the other hand,
it is clear that IHC staining is highly sensitive and specific

WJG|www.wjgnet.com

for H. pylori, with the lowest rate of inter observer variation and is much faster than conventional histology[19].
However, the necessity for routine special stains and/or
IHC stains has been debated in recent years. A recent
study by Wang et al[20] confirmed what many pathologists
assume: routine special stains, specifically IHC stains, are
not cost-effective or necessary. Recently, Smith et al[21], in
a retrospective study involving 200 consecutive gastric
biopsy specimens, further confirmed that H. pylori is easily observed in the majority of cases with HE (sensitivity
91% and specificity 100%), remaining the most expedient
and least expensive test for identifying H. pylori in gastric
biopsies.
An institutional quality assurance study of a conventional method for the diagnosis of H. pylori - associated
gastritis was performed by Hartman et al[22] in the United
States, based on head-to-head evaluation by four methods, HE stain, Giemsa stain, Warthin-Starry stain, and H.
pylori immunostaining of 356 gastric biopsy specimens.
About 83% of H. pylori gastritis identified were diagnosed on the initial HE-stained slides, further supporting
the use of routine ancillary stains to diagnose H. pylori
infection in gastric biopsy specimens. Usually, the use of
special stains is only recommended for biopsy specimens
with moderate to severe chronic active or inactive gastritis in which H. pylori is not identified by HE staining, for
post-treatment biopsy specimens and in cases in which
structures “suspicious”, but not definitive, for H. pylori
are observed by HE staining[23].
Both routine conventional histology-based methods
and novel methods for H. pylori detection have increasingly focused on specific clinical settings and patient
groups (bleeding peptic ulcer, gastric cancer). Falsenegative results may occur when using histological and
RUT to detect H. pylori in biopsy specimens obtained
during peptic ulcer bleeding episodes (PUB). Choi et al[24]
evaluated different diagnostic methods in the specific
setting of peptic ulcer, concluding that histology was the
most accurate test, regardless of bleeding, compared with
culture, serology and RUT. Ramirez-Lazaro et al[25] found
that IHC and real-time PCR methods might improve the
sensitivity of biopsy-based diagnosis in this specific setting (PUB).
In patients submitted to a subtotal gastrectomy due
to gastric cancer, the identification and treatment of
H. pylori are the key points in the prevention of cancer
recurrence. Xu et al[26] evaluated the predictive value of
neutrophil infiltration, a hallmark of active inflammation
(updated Sydney system), as a histological marker of H.
pylori infection, in 315 dyspeptic patients undergoing upper gastrointestinal endoscopy, including patients with a
subtotal gastrectomy. The diagnosis of H. pylori infection
was based on UBT and on anti-H. pylori immunoglobulin
G (IgG) antibody in patient with a subtotal gastrectomy.
Although neutrophil infiltration of gastric mucosa was
strongly associated with overall H. pylori infection, in patients with a subtotal gastrectomy, the diagnostic accuracy
of neutrophil infiltration in H. pylori infection was low.
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De Martel et al[27], using data from a large Venezuelan
cohort of 1948 adults, compared the gastric detection of
H. pylori by polymerase chain reaction (PCR) of the vacA
gene in one antral biopsy, to the detection of H. pylori by
histopathology (HE and Giemsa staining) in five biopsies
(antrum and corpus). Overall, H. pylori was detected in
85% and 95% of the subjects by PCR and histopathology, respectively, thus confirming that histopathology on
five biopsies is an accurate tool for H. pylori detection in
most subjects, compared with the PCR method on one
biopsy. However, in subjects with the most severe precancerous lesions (intestinal metaplasia type Ⅲ and dysplasia), PCR displayed elevated sensitivity for detecting
the bacteria (significantly more often than histopathology
on a single biopsy), thus suggesting its potential usefulness in this setting.
Tian et al[28] reported a meta-analysis evaluating H. pylori diagnostic methods in patients with a partial gastrectomy. The pooled sensitivity and specificity were 93 and
85% for histology, 77 and 89% for UBT, and 79 and 94%
for RUT, respectively, thus leading to the conclusion that
histology was the most reliable test in this setting. Lee et
al[4] evaluated 91 patients requiring endoscopic mucosal
resection for early gastric cancer (GC), obtaining three
pairs of biopsies from the antrum, CLC and CGC. The
sensitivity of histology in detecting H. pylori was significantly higher in the CGC than that in the antrum or CLC,
suggesting that the CGC might be the optimal biopsy site
for H. pylori in patients with extensive atrophy.
The utility of routine biopsy of the gastric ulcer margin (currently performed to exclude malignancy) in diagnosing H. pylori infection, has recently been re-assessed
by Lin et al[29], by examining prospectively a cohort of 50
patients with gastric ulcer (54% uninfected). Histology,
RUT and UBT were compared; six biopsied specimens
from the margin of the gastric ulcer and one specimen
each from the antrum and body of non-ulcerous parts
were obtained for histology using HE staining. The diagnostic accuracy of the histological examination of the
ulcer margin was quite good and importantly, the addition of one specimen from the antrum or body did not
increase its diagnostic yield, thus emphasizing its accuracy
and usefulness for diagnosing H. pylori infection in these
patients.
An increasing body of evidence supports H. pylori
colonization in the esophageal mucosa of dyspeptic patients. Contreras et al[30] have further contributed to the
field, with a study examining the presence of H. pylori in
the gastroesophageal mucosa by histology, fluorescence
in situ hybridization (FISH) and PCR analysis of DNA
(using genus- and species-specific PCR primers) extracted
from gastric and esophageal biopsies of 82 symptomatic
Venezuelan patients. H. pylori in the stomach was detected by PCR and FISH, respectively, in 61% and 90%
of dyspeptic patients, and in the esophagus in 70% and
73%. By combining the results of both methods, H. pylori
was observed in the gastroesophageal mucosa in 86% of
patients. These findings deserve specific attention and
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further elucidation.
Finally, the histology reporting of gastritis of the
staging system OLGA (Operative Link on Gastritis Assessment) has also been re-examined, considering its
relevance to the prediction of the gastric cancer risk[31,32].
Carrasco et al[33] reviewed the histology of the normal
gastric mucosa, overviewing the role of H. pylori in the
multistep cascade of GC. The role of the OLGA staging
system in assessing the risk of GC was emphasized; specifically, the epigenetic bases of chronic gastritis, mainly
DNA methylation of the promoter region of E-cadherin
in H. pylori - induced chronic gastritis and its reversion after H. pylori eradication. In addition, the authors discussed
the finding of circulating cell-free DNA, offering the opportunity for non-invasive risk assessment of GC.

Rapid Urease Test
The RUT is based on the production of large amounts
of urease enzyme by H. pylori, which splits the urea test
reagent to form ammonia, enabling its detection by a
rapid indirect test. Many commercial RUTs are available,
including gel-based tests, paper-based tests and liquidbased tests, providing a result in 1-24 h, depending on the
format of the test and the bacterial density in the biopsy
specimen. Typically, commercial RUTs have specificities
above 95%-100%; however, the sensitivity is slightly less,
ranging from 85%-95%[34].
Compared with histology and culture, urease tests
are faster, cheaper and have comparable sensitivity and
specificity in normal clinical settings. The sensitivity can,
however, decrease in patients with bleeding peptic ulcers
(67%-85%), as well as in patients with partial gastrectomy
(79%)[24,28,34,35]. Formalin contamination of forceps used
to collect the biopsy may also contribute to reduced sensitivity[24,36].
An important conclusion of several studies is that
enhancing the number of biopsy fragments and/or collecting them from various regions of the stomach (antrum
and body, from example), achieves a higher sensibility of
the RUT[37]. Moreover, it was shown recently that combining tissues prior to RUT increased the detection of
H. pylori, compared with testing separate specimens, and
produced faster results[38].

CULTURE
Since the discovery of H. pylori, bacterial culture has been
used as routine diagnostic test, being considered the gold
standard. Currently, the Maastricht-4 Consensus Report
recommends H. pylori culture for performing antibiotic
susceptibility testing if primary resistance to clarithromycin is higher than 20% or after failure of second-line
treatment[17].
Despite its long use, culture tests remain a challenge
because of the fastidious nature of the bacterium, with
particular growth requirements of medium and atmosphere. The most commonly used media include Bru-
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cella, Columbia Wilkins-Chalgren, brain-heart infusion or
trypticase agar bases, supplemented with sheep or horse
blood[39]. An alternative to blood is supplementation of
the agar base with b-cyclodextrin or yolk emulsion[40,41].
The most recent advances on H. pylori culture concern
growth medium composition, besides the usual serum or
blood additives. A recent study showed that supplementation of media with cholesterol instead of serum was
a viable option for H. pylori growth[42]. Another original
approach used liquid culture medium for the rapid cultivation and subsequent antibiotics susceptibility testing
of H. pylori directly from biopsy specimens, with a final
detection step by an enzyme linked immunosorbent assay
(ELISA)[43].
Concerning the growth atmosphere, H. pylori is a capnophilic organism that requires an atmosphere enriched
with CO2 (varying from 5%-10%). In addition, it has
been considered a microaerophile, but there is no general
consensus about its specific O2 requirements[44]. A recent
advance on this topic was made by Park et al[45], who
showed that unlike previous reports, H. pylori may be a
capnophilic aerobe whose growth is promoted by atmospheric oxygen levels in the presence of 10% CO2.
Typically, culture of H. pylori is performed on gastric
biopsy samples, and because bacteria display an irregular
distribution in the gastric mucosa, culture of more than
one biopsy, from the antrum and corpus, is sometimes
mandatory, especially after antibiotic treatment. Another
important issue to bear in mind are factors that may affect the outcome of H. pylori culture from endoscopic
gastric mucosal specimens. Besides the issue concerning bleeding peptic ulcers, for which culture has a lower
sensitivity than in nonbleeding cases, other host-related
factors, such as high activity of gastritis, low bacterial
load, drinking alcohol and the use of histamine H2 receptor blockers, have been recently described as the cause of
failed H. pylori culture from gastric mucosa in the infected
subjects[24,46].
Culturing from stools has been shown to be extremely difficult because of the complex nature of the sample
regarding microbiota composition and shedding of unviable H. pylori cells, and this technique has been successful
in the setting of rapid gastrointestinal tract transit[47]. In
a recent study, the authors were able to culture H. pylori
in nine and 12 rectal and ileal fluids, respectively, after
polyethylene glycol (colyte) ingestion in 20 healthy adults
with positive UBT[48]. Other studies have looked for the
role of the oral cavity as a reservoir of H. pylori. A recent
work evaluated the occurrence of the organism in subgingival plaque and was able, by culture, to recover H. pylori
in nine of 30 studied patients that were H. pylori positive
with RUT and histopathological examination. Thus, they
concluded that detection of H. pylori in dental plaque of
dyspeptic patients cannot be neglected and might represent a risk factor for recolonization of the stomach after
systemic eradication therapy[49]. The same conclusion was
reached by another study in which H. pylori was detected
in subgingival dental plaque of children and their families,
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possibly acting as a “reservoir” contributing to the intrafamilial spread[50].

MOLECULAR METHODS
Diagnostics tests rely more and more on molecular tests,
which can provide faster, more accurate and sensitive
detection of the bacterium than conventional methods,
with the possibility of extension to other purposes, such
as detection of antibiotic resistance and virulence determinants, and bacterial quantification. Moreover, biological samples other than gastric biopsies can be used,
obtained using less invasive methods, such as stool or
oral cavity samples. Whatever the case, amplification of
the nucleic acids by PCR is almost always present, either
conventional PCR or, increasingly, by real-time PCR.
H. pylori, like a few other bacteria, acquires resistance
by mutation, which has enabled the development of
numerous assays, in several formats, to detect mutations
leading to resistance, especially to macrolides and fluoroquinolones. To detect H. pylori and resistances to fluoroquinolones and clarithromycin, there is a multiplex PCR
followed by a hybridization and alkaline phosphatase
reaction on a membrane strip (the Genotype® HelicoDR
kit), that uses as a starting material biopsy specimens, as
well as culture material extracted from it. The test shows
a high sensitivity and permits detecting infection with
multiple strains. The performance in detecting fluoroquinolone-resistance strains was, however, lower than culture, emphasizing the need to expand the range of gyrA
mutations included in the kit[51,52]. Several real-time PCR
based assays, using either TaqMan or FRET (Fluorescence
Resonance Energy Transfer) are available, as in-house
assays or commercial kits, for clarithromycin resistance,
performed on cultured strains, directly on biopsies[53-55] or
in stool samples. The latter is particularly useful as a noninvasive test in pediatric populations, where a high prevalence of clarithromycin-resistant strains is suspected,
as well as for tracking the emergence of clarithromycin
resistance following eradication treatment[57,58].
Recently, a dual-priming oligonucleotide (DPO)-based
multiplex PCR was developed to detect both H. pylori
infection and the most common point mutations conferring resistance to clarithomycin, directly on gastric biopsy
specimens. This assay proved to be fast and does not
require expensive instrumentation, making it valuable in
countries with a high prevalence of clarithromycin resistance[59,60].
The detection of clarithromycin-resistance from formalin-fixed, paraffin-embedded gastric biopsies has also
been described, and is useful mostly before treatment
when culture and susceptibility testing is not available, or
to detect primary resistance to clarithromycin in the case
of failure of an empirical therapy based on this antibiotic.
Real-time PCR assays, as well as a peptide nucleic acidfluorescence in situ hybridization (PNA-FISH) method,
have been described recently[61-63].
Another area of particular interest is the detection

9304

July 28, 2014|Volume 20|Issue 28|

Lopes AI et al . H. pylori diagnosis advances

of virulence determinants, such as the cagA (cytotoxinassociated gene A) and the vacA (vacuolating cytotoxin)
major toxins. Several studies showed that the risk of
progression of gastric preneoplastic lesions is higher in
patients infected with strains harboring the most virulent
cagA and vacA genotypes than in patients infected with
the least virulent strains. Therefore, H. pylori genotyping
may be useful to identify patients at high risk of progression of gastric preneoplastic lesions and who need more
intensive surveillance[64]. Concerning vacA, a novel method for genotyping the vacA intermediate gene region
was reported recently, using a novel primer combination
allowing the amplification of smaller DNA fragments
than the original PCR, which can therefore be applied to
paraffin-embedded biopsies. Patients infected with vacA
i1 strains showed an increased risk of gastric atrophy and
gastric carcinoma, with odds ratios of 8.0 (95%CI: 2.3-27)
and of 22 (95%CI: 7.9-63)[65].
CagA undergoes phosphorylation on tyrosines within
the Glu-Pro-Ile-Tyr-Ala (EPIYA) motifs at the polymorphic C-terminus[66]. Several studies suggest a role for
the polymorphic CagA EPIYA-containing region in the
pathogenicity of H. pylori, although conflicting results
have been reported[67,68]. The in vivo role of this region
was emphasized recently in a study showing that infection
with strains harboring two or more CagA EPIYA C motifs was associated with the presence of surface epithelial
damage, and with atrophic gastritis and gastric carcinoma.
Moreover, the presence of two or more CagA EPIYA C
motifs increased the risk of atrophic gastritis from 7.3
(95%CI: 2.1-25) to 12 (95%CI: 2.5-58) and of gastric carcinoma from 17 (95%CI: 5.4-55) to 51 (95%CI: 13-198),
when compared with one EPIYA C motif. Therefore, genotyping H. pylori virulence determinants could represent
a useful approach in defining severe gastric-disease risk.
Bacterial quantification can also be important for
clinical management of the infection; for example, for
monitoring the treatment outcome or in particular settings, such as upper gastrointestinal bleeding[69].
A recently developed real-time quantitative PCR assay
based on H. pylori ureC (single copy gene) copy number
proved to be around 10 times more sensitive than the
conventional PCR method. Moreover, the copy number
of ureC was significantly increased when overall gastritis,
bacterial density, chronic inflammation and intestinal
metaplasia were present[70]. Nevertheless, further studies
are necessary to determine the optimum cut-off point,
making it possible to differentiate between asymptomatic colonization and infection with clinical implications
for patients. These highly sensitive real-time quantitative
PCRs can have a large application on the study of environmental reservoirs as well[71,72].
By improving our knowledge of bacteria, at the molecular level, new strategies for treatment/prevention of
bacterial-associated diseases, as well as diagnostic tests,
can be developed. Proteomic approaches aimed at identifying gene products differentially expressed in association
with a given pathology can provide an important input
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towards understanding the pathways that are associated
with the respective disease, contributing to the identification of novel therapeutic or diagnostic targets.
Our current knowledge on the proteome of this organism is largely based on data obtained for the soluble
proteome[73], membrane proteome[74,75] and secreted proteome[76] of strain 26695, the first isolate to be sequenced.
More recently, relevant contributions have made been
through this approach, such as novel biomarkers for gastric cancer and for peptic ulcer disease[77,78].

NONINVASIVE TESTS
Although the reliability of both the 13C-UBT and a
monoclonal ELISA stool test (HpSA) to diagnose H. pylori infection in very young children has been confirmed,
additional background information is warranted for epidemiological studies in infants and toddlers.

UREA BREATH TESTS
The 13 C-urea breath test (13C-UBT) is one of the most
reliable tests for diagnosing H. pylori infection. It is a
non-invasive, simple and safe test that provides excellent
accuracy both for the initial diagnosis of H. pylori infection and for the confirmation of its eradication after
treatment. The simplicity, good tolerance and economy
of the citric acid test meal probably make its systematic
use advisable. The UBT protocol may be performed with
relatively low doses (< 100 mg) of urea: 75 mg or even
50 mg seem to be sufficient. With the most widely used
protocol (with citric acid and 75 mg of urea), excellent
accuracy is obtained when breath samples are collected
as early as 10-15 min after urea ingestion. A unique and
generally proposed cut-off level is not possible, because
it has to be adapted to different factors, such as the test
meal, the dose and type of urea, or the pre-/post-treatment setting. As positive and negative UBT results tend
to cluster outside of the range between 2 and 5, a change
in cut-off value within this range would be expected to
have little effect on the clinical accuracy of the test[79,80].
UBT is now marketed for use with a nondispersive,
isotope-selective infrared spectroscope or laser-assisted
ratio analysis, which are reliable and valid alternatives to
isotope ratio mass spectrometry (IRMS) of potential interest for epidemiologic studies of children, for screening
symptomatic children before endoscopy or assessment
of treatment efficacy. These devices are far smaller and
cheaper, and they allow for in-office, near-immediate
reading of results. Validation studies to establish the cutoff value for this test were preliminarily performed in
Japan[81]; however, further data are needed[82,83].
The 13 C-UBT in adults has a high sensitivity
(88%-95%) and specificity (95%-100%)[17]. However, the
test has shown heterogeneous accuracy in the pediatric
population, especially in young children, with values of
sensitivity and specificity ranging from 75% to 100%,
before and after treatment (using several protocols),
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Pacheco et al[92] evaluated the diagnostic accuracy of
detecting H. pylori infection of low dose 13C-UBT with
early sampling at pediatric age (129 patients between the
ages of 2.1 and 19 years old, median = 11.6 years) submitted to upper gastrointestinal endoscopy. The 13C-UBT
was performed after a 4-h fasting period with four points
of collection: baseline (T0, at 10, 20 and 30 min) after
ingestion of 25 mg 13C-urea diluted in 100 mL of apple
juice; analysis of exhaled breath samples was performed
with an isotope-selective infrared spectrometer. The sensitivity and specificity were similar at T10, T20 and T30
(94.7%/96.8%; 96.2%/96.1% and 96.2%/94.7%, respectively).
Recently, Queiroz et al[93] investigated the agreement
between the 13C-UBT and a monoclonal ELISA (HpSA)
to detect H. pylori antigen in stool in a prospective study
enrolling 414 South-American infants (123 from Brazil
and 291 from Peru) aged 6-30 mo. Breath and stool samples were obtained at intervals of at least three-months.
13
C-UBT and stool test results concurred with each other
in 94.86% cases (kappa coefficient = 0.90, 95%CI: 87-92).
In the H. pylori-positive group, DOB and OD values were
positively correlated (r = 0.62, P < 0.001, suggesting that
both 13C-UBT and stool monoclonal test are reliable to
diagnose H. pylori infection in very young children.
In contrast to pediatric studies, where attention has
been focused on methodological issues, in adult studies,
the validity and usefulness of UBT have increasingly been
evaluated in a wide spectrum of specific clinic settings.
Olafsson et al[94] evaluated 620 UBT in 595 subjects at a
gastroenterology clinic. UBT was negative in 526 patients,
but: (1) 45% patients were tested < 4 wk before the end
of treatment; and (2) 23% of negative results occurred
in patients recently treated. The authors emphasized the
need for strict protocol adherence in clinical practice for a
fully reliable UBT assessment. Velayos et al[95] investigated
the accuracy of UBT performed immediately after emergency endoscopy in 74 patients with peptic ulcer bleeding
by comparing the results with those of UBT performed
after hospital discharge in a subset of 53 patients (gold
standard). Although UBT carried out immediately after
emergency endoscopy in peptic ulcer bleeding is an effective, safe and easy-to-perform procedure, the relatively
low sensitivity and specificity suggested the requirement
of a subsequent control, in accordance with recommendations concerning peptic ulcer bleeding[96].
Few studies using UBT have been performed in patients subjected to a partial gastrectomy, a specific group
in which the identification of H. pylori infection is mostly
relevant. Wardi et al[97] evaluated the sensitivity and specificity of the continuous UBT (BreathID) in 76 post gastrectomized patients (older than 18 years) (lowering the
gastric pH by the addition of citric acid), against RUT
and histology as gold standards. H. pylori was positive in
14/76 (18.4%) patients when histology was considered as
the gold standard method. The positive predictive values
of the continuous UBT and the RUT were 0.64 and 0.35,
respectively. The negative predictive value was high by

despite being a simple and safe non-invasive test in children older than 6 years old[84]. Although several modifications have been proposed since the original description by Graham of the 13C-UBT to diagnose H. pylori
infection[85], in children, performance criteria are not yet
sufficiently established[86]. In the specific age group of
younger children, accurate non-invasive tests for diagnosing H. pylori infection are required, as they may avoid
invasive and painful procedures, such as endoscopy and
blood sampling, and to overcoming the false negative
results observed with gold standard tests (histology, culture, and RUT), where colonization of the stomach may
be weak and patchy.
Potential explanations for UBT performance variability in children might include: (1) urease activity from
the oral bacterial flora[87]; (2) differences in delta time
(decrease in specificity if samples obtained at 15 min instead of 30 min); and (3) variability in cut-off values. The
administration of 13C-urea in capsules to avoid activity of
oral bacteria, though effective in adults, is not feasible in
infants or toddlers[88]. Finally, the cut-off value (usually
determined by a ROC curve) represents a crucial factor
for the accuracy of the test, where low cut-off values
might increase sensitivity but reduce specificity, and vice
versa[81]. Additionally, the individual’s CO2 production is
influenced by anthropometric characteristics, as well as by
age and sex (lower in young children with relatively low
weight and height)[89].
Leal et al [90] performed an informative systematic
review and meta-analysis (31 articles and 135 studies
from January 1998 to May 2009), aiming to evaluate the
performance of the 13C-UBT diagnostic test for H. pylori
infection in children. Studies with at least 30 children
and reporting the comparison of 13C-UBT against a gold
standard for H. pylori diagnosis (H. pylori culture, histologic examination, or RUT) were included for analysis.
Children were stratified in subgroups of < 6 and ≥ 6
years of age. The 13C-UBT performance meta-analyses
showed: (1) good accuracy in all ages combined [sensitivity 95.9%, specificity 95.7%, diagnostic odds ratio (DOR)
424.9]; (2) high accuracy in children > 6 years (sensitivity
96.6%, specificity 97.7%, DOR 1042.7); and (3) greater
variability in accuracy estimates and a lower specificity
in children ≤ 6 years (sensitivity 95%, specificity 93.5%,
DOR 224.8). The authors identified as potentially important sources of heterogeneity: (1) tracer dose; (2) pretest
meal; and (3) cut-off value, observing that a unique
tracer dose of 50 mg of 13C-urea showed greater accuracy when it was adjusted to body weight (50-75 mg were
used between studies). Accordingly, Mégraud[91] previously reported that reducing the dose from 75 to 45 mg
in younger children resulted in improved specificity. Although citric acid has demonstrated good performance in
adults, it is not well accepted by children, and apple, orange, or grape juice seem to be good alternatives. Finally,
a cut-off value of 6.0‰ improved overall performance in
children younger than 6 years, as compared to a cut-off
of 4.0 ‰ for children older than 6 years.
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both the methods, 0.92 and 0.95, respectively, supporting
the view that BreathID might have some reliability to exclude H. pylori after partial gastrectomy.

nal lateral flow chromatography (LFC); Meridian Bioscience, Europe Srl Milano, Italy); the H. pylori fecal antigen
test (based on monoclonal LFC; Vegal Farmaceutica, Madrid, Spain) and the one-step H. pylori antigen (based on
LFC with polyclonal antibodies; IHP-602, ACON Laboratories, Inc, San Diego, United States). Data comparison
showed an uneven performance, favoring the Premier
Platinum HpSA Plus test (sensitivity 92.2%; specificity
94.4%). The selection of the stool antigen assay is very
important to achieve accurate results.
Stool antigen tests are also useful to detect H. pylori in
infected animal models, such as C57BL/6 mice[105].

STOOL ANTIGEN TESTS
The stool antigen test is a non-invasive method to detect
H. pylori, usually recommended when the UBT is not
available[98]. Besides being non-invasive, the advantages
of using this method include the unneeded requirement
of expensive equipment and medical personnel, and the
collection of the sample at home without a visit to the
hospital. This method is especially relevant for children’s
access to a safe diagnosis and also for its low cost[99,100].
A meta-analysis revealed that the global sensitivity and
specificity of stool antigen tests are 94% (95%CI: 93-95)
and 97% (95%CI: 96-98), respectively[101]. A prospective
study to evaluate the efficacy of a new EZ-STEP H. pylori polyclonal enzyme immunoassay (EIA) stool antigen
test enrolled 555 patients undergoing routine checkups.
At the optimal cut-off value (optical density 0.160), this
test presented high level of sensitivity (93.1%), specificity
(94.6%) and accuracy (93.8%)[99].
There are two types of stool antigen tests used for
H. pylori detection, the EIA and an assay based on immunochromatography. Two new stool tests were developed
recently[102]. These tests are the Testmate pylori antigen
EIA, in which plastic 96-well EIA microtiter plates are
coated with monoclonal antibody (Mab) 21G2[103], and
the Testmate rapid pylori antigen, which is based in immunochromatography and is presented as a test strip. For
the EIA test, a drop of the suspended stool sample or a
sample of the diluted bacterial antigen sample is mixed
with the peroxidase-conjugated MAb 21G2. After proper
incubation and washing, the optical density is measured
and considered positive if greater than 0.100. For the test
strip, a drop of stool sample is applied in the specimen
application of the test strip. When H. pylori antigens are
present, they form immune complexes with the red latexlabeled MAb 21Ge and migrate by capillarity action until
captured by the solid phase anti-mouse rabbit polyclonal
antibodies and form a visible red test line. A control line
is also present. After application of these tests to 111
stool samples, both new tests provide 100% specificity, sensibility and accuracy[102], which is very promising.
However, not all studies report these high values for sensitivity and specificity. For example, the report of Chehter
et al[100] analyzed the stools of 75 patients and determined
a lower sensitivity (87.2%) and specificity (44%); Iranikhah et al[104] analyzed the stools of 103 children and obtained similar values for sensitivity (85%), but improved
specificity (83%).
Recently, five different stool antigen tests were compared: the Premier Platinum HpSA Plus test (based on
monoclonal EIA; Meridian Bioscience, Inc, Cincinnati,
OH, United States); the Hp Ag test (based on monoclonal EIA; Dia.Pro Diagnostic Bioprobes Srl, Milano, Italy);
the ImmunoCard STAT! HpSA test (based on monoclo-
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Antibody - based tests
Serology was one of the first methods used for diagnosis
of H. pylori infection[106]. Currently, serology is recommended for initial screening, requiring further confirmation by histology and/or culture before treatment [107].
Detection of antibodies is useful for detecting past or
present exposure. In fact, a limitation of serology tests
is the failure to distinguish between past and current H.
pylori infection[99]. Moreover, the antibody levels to H.
pylori are significantly heritable. Thus, individual genetic
differences of the human host contribute substantially to
antibody levels to H. pylori[108].
Serological tests have several advantages, namely they
are non-invasive and they do not produce false negative
results in patients receiving treatment (proton pump inhibitors and antibiotics) or presenting acute bleeding[109].
Blood samples are used for serology testing, detecting anti-H. pylori antibodies (IgG) by ELISA. Recently,
the performance of 29 different serological tests kits was
compared, revealing sensitivities ranging from 55.6% to
100%, specificities ranging from 59.6% to 97.9 %, positive predictive values ranging from 69.8% and 100%,
and negative predictive values ranging from 68.3% and
100%[106]. According to the goal, such as screening, initial
diagnosis and confirmation of another test, the most appropriate kit should be chosen. Antibody-based tests for
the detection of H. pylori are easily available, but present
high negative predictive value[110]. The heterogeneity of H.
pylori strains has been well documented, with considerable
variation in the prevalence of specific strains, especially
from different geographical areas[111-113]; thus, the success
of a serology test depends on the use of antigens that
are present in H. pylori strains from a given population.
Moreover, kits developed using H. pylori strains from
the west are not suitable for detecting H. pylori infection
in the East[114]. The use of high-molecular-weight cellassociated antigens that are conserved in H. pylori strains
overcomes this limitation[115]. Several H. pylori immunogenic proteins have been presented as candidates to detect infection, such as the FlidD protein[116]; multiple recombinant (CagA, VacA, GroEL, gGT, HcpC and UreA)
proteins[116]; CagA[115] or Omp18[117].
Modifications to serology tests have been suggested,
such as the automated immunoaffinity assay for H. pylori
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IgG detection using purified antigen of H. pylori immobilized on magnetic nanobeads, which is faster than ELISA
and requires a smaller volume of serum[118]. The lateral
flow immunoassay, an immunochromatographic assay,
maintains the serological approach with the advantage of
being fast, economic and requiring no additional equipment or experience[119].
Detection of gastrin and the serum PG Ⅰ/Ⅱ ratio
combined with H. pylori serology is useful to predict
gastric preneoplastic conditions[110]. The PG Ⅰ/Ⅱ ratio
decreases with advancing extensive atrophic gastritis,
since PG I is produced by chief and mucous neck cells in
the fundus glands, which are impaired in case of gastritis
of the fundus; while PG Ⅱ is produced by the former
cells and also by cardiac, pyloric and duodenal Brunner’s
glands[120].

versus adults) and clinical conditions, such as peptic ulcer
bleeding, atrophic gastritis, post-gastrectomy status, as
well as for wider application in epidemiological studies.
The specific contribution of each method to the evolving
strategies and algorithms for evaluation and management
of H. pylori infection (test and treat) will remain of paramount relevance.
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of H. pylori infection is possible by analysis of surface
architecture of the mucosa, which inﬂuences the clinical management. These endoscopic techniques might
lead us to easier diagnosis and treatment of H. pylori related diseases.
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Core tip: Attempts to diagnose Helicobacter pylori (H.
pylori ) infection directly during endoscopy have been

made in the past. With the aid of novel endoscopic
techniques, it becomes easier to observe indirect and
direct evidence of the presence of a H. pylori infection. Thus, the endoscopists can assess the abnormal
mucosa in vivo and can generate smart biopsy samples
rather than random biopsy samples.

Abstract
Infection with Helicobacter pylori (H. pylori ) is a worldwide problem. Endoscopic observation of H. pylori infection in vivo would be helpful to obtain an immediate
diagnosis. The aim of this review is to describe recent
advances in endoscopic technology and to review the
available literature pertaining to its clinical application
in H. pylori infection. Endoscopic visualization of H. pylori infection is not always feasible using conventional
endoscopy. Thus, advanced endoscopic techniques
have been developed with the aim of providing a precise and ‘‘real-time’’ endoscopic diagnosis. Recently,
new endoscopic techniques such as magnifying endoscopy, narrow band imaging, I-Scan, endocytoscopy and
endomicroscopy help focus examination of the stomach
to diagnose disease in a time-efﬁcient manner, and
the analysis of mucosal surface details is beginning to
resemble histologic examination. The new detailed images have enabled endoscopists to observe microscopic
structures, such as gastric pit patterns, microvessels
and cell morphology. Accordingly, endoscopic prediction
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INTRODUCTION
Helicobacter pylori (H. pylori) infects about half of the world’s
population. It is now well accepted as a crucial factor in
the multistep carcinogenic process of gastric cancer[1,2].
There is considerable interest in diagnostic methods for H.
pylori infection both before and after treatment. Generally,
H. pylori infection can be diagnosed by invasive (endoscopy
and biopsy) and non-invasive techniques (e.g., serology,
urea breath test, stool test). For patients with dyspepsia,
alarm symptoms or tumor history, prompt endoscopy
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is recommended to clarify the underlying disease. At the
time of endoscopy certain mucosal findings may be highly suggestive of H. pylori infection, and biopsy specimens
can be assessed for the presence of organisms directly by
histological staining, or indirectly by urease testing. However, multiple non-targeted biopsies usually add to the
cost and time of the procedures, and infections may be
missed based on tests in random biopsy samples in which
H. pylori is not present.
In recent years, various new endoscopic techniques
have been developed that allow a clear visualization of
minute mucosal structures. The new detailed images have
enabled endoscopists to observe microscopic structures,
such as gastric pit patterns, microvessels, cell morphology, and even microbes. Accordingly, more and more
speciﬁc endoscopic features suggestive of H. pylori infection were recognized, which were useful for immediate
and less invasive endoscopic diagnosis, being closer to the
pathological diagnosis. In this article, we will review the
capabilities of novel imaging techniques in the diagnosis
of H. pylori infection from the perspective of endoscopic
practice.

tric mucosa. Therefore, an endoscopic procedure using
phenol red, a pH indicator, to assess the distribution of
H. pylori has been developed. Cho et al[6] used phenol red
staining to reveal the intragastric distribution of H. pylori.
A 0.1% phenol red solution was sprayed on the gastric
mucosa, and the extent of staining was positively correlated with the urea breath test values and with H. pylori
density by histology.

Magnifying endoscopy
Magnifying endoscopy allows the structure of the mucosa to be observed in detail. The resolution of most
magnifying endoscope is less than 10 µm, and it is easy
to visualize the subepithelial capillary network surrounding gastric pits (Figure 1). Hence, the correlation between
histopathologic and magniﬁed endoscopic features of H.
pylori-associated gastritis was reported as satisfactory with
a good interobserver agreement[7].
According to Yagi’s classiﬁcation, the normal body
mucosa shows collecting venules and true capillaries that
form a network surrounding gastric pits with a pinholelike appearance (Z0 pattern), while other three types
(Z1, Z2, and Z3) corresponded to the H. pylori-positive
mucosa. Z0 pattern had a 93.8% sensitivity and a 96.2%
specificity for predicting normal gastric mucosa without
H. pylori infection[8]. Similarly, Nakagawa’s classiﬁcation
divided the morphology of collecting venules into three
patterns: regular (R), irregular (I), and obscured (O). The
sensitivity and specificity of R pattern gastric mucosa as
an indicator of the absence of H. pylori infection were
63.9% and 100%, respectively[9]. Recently, Kawamura et
al[10] focused on the white gastric mucosal crypt openings.
They classified the whiteness of the crypt openings as
the “white-edged dark spot” type, the “white” type and
the “dense white pit” type. The sensitivity and specificity
of the “white” and “dense white pit” types for predicting
H. pylori infection were 78.5% and 81.7%, respectively.
The majority of the studies to evaluate gastric mucosal patterns have been conducted by Japanese investigators. Anagnostopoulos et al[11] tested the feasibility of
magnifying endoscopy in a Western population, and the
gastric body was categorized into four types: type 1, regular arrangement of collecting venules and regular, round
pits; type 2, regular, round pits, but loss of collecting
venules; type 3, loss of normal collecting venules, with
enlarged white pits surrounded by erythema; and type 4,
loss of normal round pits, with irregular arrangement of
collecting venules. The sensitivity and specificity of types
2 and 3 patterns for predicting H. pylori infection were
100% and 92.7%, respectively. The type 4 pattern corresponded to atrophic gastritis with a sensitivity of 90%
and a specificity of 96%. A prospective study of 129
patients performed in Turkey conﬁrmed that high resolution magnifying endoscopy is superior to standard endoscopy for the diagnosis of H. pylori-associated gastritis[12].
H. pylori infection almost invariably causes chronic
inﬂammation of the gastric mucosa, and collecting ve-

Standard endoscopy
Endoscopic visualization of H. pylori infection is not always feasible using conventional endoscopy. On the basis
of many earlier studies, the diagnosis of non-bleeding
duodenal ulcer by endoscopy has a > 90% positive
predictive value for the diagnosis of H. pylori infection,
while gastric ulcer has a positive predictive value of
60%-90%[3]. Unfortunately, standard endoscopic features
often labeled as gastritis such as erythema, area gastricae,
clefts and nodularity have a poor correlation with pathologic ﬁndings. This may be due to features of erythema
are hard to adequately deﬁne and obtain a consensus.
It is worth noting that antral nodularity which shows a
chicken-skin appearance has a high specificity (96%) for
diagnosis of H. pylori infection, but the sensitivity is only
32%[4].
On standard endoscopy, H. pylori-negative mucosa
usually shows numerous minute points throughout the
gastric body. On closer observation, the points are shown
to be star-ﬁsh like arrangements of vessels, and this endoscopic ﬁnding was termed “regular arrangement of
collecting venules (RAC)”. It is often observed in the
gastric body, especially in young patients. RAC was considered a characteristic endoscopic feature of H. pylorinegative normal stomach. In a study by Hidaka et al[5], the
sensitivity and specificity of RAC-negative pattern in gastric body for predicting a H. pylori-infected stomach were
100% and 90%, respectively. However, the antrum does
not show the generalized features of the H. pylori-negative normal stomach, and close observation or magniﬁed
view is essential for more exact diagnosis.
Chromoendoscopy also can be used for diagnosis of
H. pylori infection. H. pylori has strong urease activity and
produces abundant ammonia on the surface of the gas-
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Figure 1 Gastric body mucosal patterns on magnifying endoscopy. A: Normal mucosa comprises a honeycomb−type subepithelial capillary network (SECN) with
a regular arrangement of collecting venules (arrow) and regular, round pits; B: Helicobacter pylori (H. pylori)-associated gastritis appears loss of the normal SECN and
collecting venules, with enlarged white pits surrounded by erythema; C: Corresponding histologic features of Figure 1A; D: Corresponding histologic features of Figure
1B.

nules are not seen probably because infiltrated inflammatory cells, degenerated epithelium, and disruption of the
microvascular systems prevent a clear endoscopic view.
Currently, there are no comparative data among these
classifications concerning the diagnostic accuracy for the
H. pylori infection. It is therefore difficult to objectively
comment on the advantage of each of these classifications. Generally, observation of regular collecting venules
and normal round pits by magnifying endoscopy suggests
that a biopsy is unnecessary.

vessels; and type 3: well-demarcated oval or tubulovillous
pits with clearly visible coiled or wavy vessels. The sensitivity and specificity of types 1 + 2 + 3 for detection of
H. pylori infection were 95.2% and 82.2%, respectively[13].
In the antrum the SECN was seen without the collecting venules. This may be due to the presence of collecting venules in the antrum at a deeper level of the gastric
epithelium. Yagi et al[14] compared the diagnostic value of
conventional endoscopy and magnifying NBI in patients
after endoscopic resection, and the interobserver agreement was moderate (0.56) for conventional endoscopy
and substantial (0.77) for magnifying NBI. The sensitivity
and specificity were 79% and 52% for conventional endoscopy and 91% and 83% for magnifying NBI endoscopy, respectively.
Magnifying NBI was also used to investigate the
changes of gastric mucosal patterns before and 12 wk
after H. pylori eradication. Patients who had been successfully treated showed remarkable changes of gastric mucosal patterns: enlarged or elongated pits were improved to
small oval or pinhole-like round pits, and the density of
fine irregular vessels was decreased. In patients without
severe atrophy and intestinal metaplasia, the diagnostic
efficacy of magnifying NBI for predicting the results of
H. pylori eradication was excellent (sensitivity and specificity, 100%). However, no change occurred in patients with
severe gastric atrophy and intestinal metaplasia, regardless
of the H. pylori eradication[15]. NBI enhances the quality
of microstructure imaging without the need of a dye.

Narrow band imaging
Narrow band imaging (NBI) is based on the principle
that depth of light penetration into tissues is directly
proportional to the wavelength, which implies that the
shorter the wavelength, the more superficial the penetration. The NBI images look like chromoendoscopy
without dye focusing on capillaries. Combining the NBI
system and magnifying endoscopy brings a better visualization of superficial gastric mucosal and capillary patterns. NBI identifies the gastric pits and vascular network
similar to previous reports with magnifying endoscopy.
The normal pattern shows small, round pits surrounded
by honeycomb-like subepithelial capillary networks
(SECNs) (Figure 2). Abnormal patterns were classified
into three types: type 1: slightly enlarged, round pits with
unclear or irregular SECNs; type 2: obviously enlarged,
oval or prolonged pits with increased density of irregular
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Figure 2 Narrow band imaging of the gastric body. A: Normal mucosa shows uniform small, round pits surrounded by honeycomb-like subepithelial capillary networks (SECNs); B: Helicobacter pylori (H. pylori)-associated gastritis shows obviously enlarged, oval or prolonged pits; C: Corresponding histologic features of Figure
2A; D: Corresponding histologic features of Figure 2B.

pylori infection should be determined in future trials.

However, the light intensity of NBI is so weak that it is
hard to observe the whole stomach only with NBI mode,
and it is generally used in combination with magnifying
endoscopy to further characterize mucosal changes detected by white light endoscopy.

Infrared Raman spectroscopy
Raman spectroscopy is a vibrational spectroscopic technique which can be used to probe biomolecular structures and conformations of tissues. With the use of nearinfrared (NIR) excitation light, NIR Raman spectroscopy
could interrogate a deeper tissue penetration. In the
stomach, more than 90% diagnostic accuracies have been
achieved for discriminating neoplastic lesions from normal gastric mucosa tissues. In a feasibility study, normal,
H. pylori-infection and intestinal metaplasia gastric tissue
samples from 56 patients were measured using a rapidacquisition NIR Raman spectroscopic system. The principal components analysis and linear discriminant analysis
techniques were implemented to develop effective diagnostic algorithms for classification of different gastric
tissues. The sensitivity and specificity for detection of H.
pylori infection tissues were 80.0% and 100%, respectively[18]. The Raman band at around 1542 cm-1 representing
proteins and porphyrin biomolecules showed higher percentage signals for H. pylori-infection tissue compared to
the normal tissue, indicating that inﬂammatory mediators
(e.g., monocytes, lymphocytes) were increased in the stromal layer of the tissue. Recently, the latest rapid NIR Raman endoscopy that is capable of working concurrently
with white light imaging has been used[19], and additional
tests should be carried out to validate the results.

I-Scan
Along with the NBI system, I-Scan and Fuji Intelligent
Chromoendoscopy are also the recent development in
computed virtual chromoendoscopy imaging. I-Scan is
based on the post processing of reflected light. Because
of a new computed spectral estimation technology, it is
not dependent on optical filters[16]. Qi et al[17] compared
the diagnostic value and image quality of white light
magnifying endoscopy and magnifying endoscopy with
I-Scan for H. pylori infection. No significant difference
in diagnostic sensitivity was observed between white
light magnifying endoscopy and magnifying I-Scan, but
the accuracy and specificity were significantly higher for
magnifying I-Scan than for white light magnifying endoscopy (accuracy: 94.0% vs 84.5%, and specificity: 93.5% vs
80.6%)[17]. The study suggested that I-Scan may provide
a better image quality for H. pylori infection. However,
I-Scan consists of three types of algorithms: surface
enhancement, contrast enhancement, and tone enhancement (TE). TE contains a variety of modes such as TE-g
for gastric lesion, TE-v for vessel changes, and TE-e for
pit patterns. The best optimal mode of the I-Scan for H.
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A

B

Figure 3 Comparison of confocal laser endomicroscopy images and histology of surface gastric mucosa. A: Accumulated white spots (arrow) visible on the
epithelial layer and gastric pits after topical application of acriﬂavine; B: Histopathology specimens (arrows).

Table 1 Results of novel endoscopic techniques for Helicobacter pylori infection
Endoscopic method

Endoscopic features

Sensitivity

Specificity

Limitation

Standard endoscopy
Magnifying endoscopy
NBI

Antral nodularity
Gastric pits/collecting venules
SECNs

32.0%
63.9%-93.2%
95.2%

96.0%
96.2%-100%
82.2%

I-Scan
NIR Raman endoscopy
Endocytoscopy
Endomicroscopy

Gastric pits/collecting venules
Raman spectra
Observe organisms directly
Observe organisms directly/neutrophils
infiltration

94.0%
80.0%
89.2%

93.5%
100.0%
95.7%

Low sensitivity
Lack of uniform diagnostic criteria
Low light intensity, and magnification is usually
required
Magnification is usually required
Inconvenient for clinical practice
Lack of clinical validation
Depend upon knowledge of pathology

NBI: Narrow band imaging; NIR: Near-infrared; SECNs: Subepithelial capillary networks.

endomicroscopic imaging. Fluorescein sodium shows the
characteristic morphology of mucosal tissue. Whereas
topically used acriflavine strongly labels the superficial
epithelial cells and nuclei.
H. pylori was for the ﬁrst time detected by endomicroscopy in 2005[22]. The bacteria were stained with
topical acriﬂavine and appeared as white dots within the
superﬁcial gastric epithelium, and ex vivo examination of
cultures proved the presence of H. pylori and the active
uptake of acriﬂavine into the bacteria. Ji et al[23] evaluated
the diagnostic efﬁcacy of endomicroscopy in a prospective study. They refined the confocal imaging of H. pylori
infection into 3 features: white spots resembling H. pylori
organisms (Figure 3), neutrophils and microabscesses.
The diagnosis based on the 3 features has a sensitivity of
89.2% and a specificity of 95.7%, and the mean kappa
value for inter-observer agreement was 0.78. Subsequently, Wang et al[24] focused on the histological severity of H.
pylori-associated gastritis, especially atrophy and intestinal
metaplasia, also with a rather good diagnostic accuracy.
Until now, there were no side effects reported regarding
acriﬂavine, but acriﬂavine accumulates in nuclei and carries therefore a potential mutagenic risk. Other contrast
agents, such as ﬂuorescein sodium and cresyl violet, need
to be evaluated in further controlled trials.
Using endomicroscopy, the endoscopists can assess
the abnormal mucosa in vivo and can generate smart
biopsy samples for rapid urease testing and histology

Endocytoscopy
Endocytoscopy is a novel optical imaging technique that
enables real-time surface imaging (about 25 µm deep) of
gastric mucosa under 450-fold magnification. The probebased endocytoscope can be passed over the working
channel of a standard endoscope[20], and a distal plastic
cap is attached to the endoscope to reduce motion artefacts. In a pilot study, Kimura et al[21] cultured H. pylori
ex vivo from gastric mucus of three gastric ulcer patients.
Staphylococcus aureus and red blood cells were used as
controls. Live, moving bacteria can be observed directly
without staining in the culture medium using a probebased endocytoscope. However, this was a pilot ex vivo
study, and further in vivo human studies during endoscopy
are needed.

Confocal laser endomicroscopy
Confocal laser endomicroscopy allows subsurface analysis of the gastric mucosa at 1000-fold magniﬁcation during endoscopy. Currently, two endomicroscopy systems
are available including an integrated endoscopy system
(Pentax Endomicroscopy System) and a probe-based
system (Cellvizio Endomicroscopy System). The lateral
resolution of integrated endomicroscopy is up to 0.7 µm
and the range of the Z-axis was 0-200 µm below the surface layer. Fluorescent contrast agents are necessary for
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examination rather than random biopsy samples. Accordingly, Kiesslich et al[22] reported that H. pylori infection was
detected in a patient who had negative urease test results.
However, further studies are needed to exactly specify the
diagnostic yield of endomicroscopy compared with blind
biopsies.

8

9

CONCLUSION
Attempts to diagnose H. pylori infection directly during endoscopy have been made in the past. Endoscopic
visualization of H. pylori infection is not always feasible
using conventional endoscopy. The goal of ideal diagnostic endoscopy is virtual histology or “on-line’’ in vivo
histology. Many newly developed endoscopic methods
offer features that allow more and new mucosal details
to be seen, and it becomes easier to observe indirect or
direct evidence of the presence of a H. pylori infection
(Table 1). Furthermore, these techniques are important in
alerting subtle abnormalities such as intestinal metaplasia
and neoplasia that may be missed on routine endoscopy.
However, we should note that the majority of the studies performed are descriptive, and large prospective trials
comparing current techniques are needed to allow clear
recommendations regarding which endoscopic imaging
technique should be used in different clinical settings.
User-friendly diagnostic criteria which can be reproducible in clinical application are important. In addition, the
diagnostic accuracy of novel endoscopy is affected by the
learning curve, and training and experience are needed to
become competent with image interpretation and allow
routine clinical use.
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the gastric residence time. We then focus on various
aspects useful in the development of gastroretentive
drug delivery systems, including current trends and
the progress of novel forms, especially with respect to
their application for the treatment of H. pylori infections.
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Core tip: Helicobacter pylori (H. pylori ) is one of the
most common pathogenic bacteria. It is the primary
known cause of gastritis, gastroduodenal ulcer disease
and gastric cancer. In addition to triple therapies, oral
site-specific drug delivery systems (especially gastroretentive dosage forms) prolong the gastric retention
time and can increase the concentration of the drug at
the target site, thereby improving the therapeutic effect. This review focuses on gastroretentive drug delivery strategies and their application to the eradication of
H. pylori .

Abstract
Helicobacter pylori (H. pylori ) is one of the most com-

mon pathogenic bacterial infections and is found in the
stomachs of approximately half of the world’s population. It is the primary known cause of gastritis, gastroduodenal ulcer disease and gastric cancer. However,
combined drug therapy as the general treatment in the
clinic, the rise of antibiotic-resistant bacteria, adverse
reactions and poor patient compliance are major obstacles to the eradication of H. pylori . Oral site-specific
drug delivery systems that could increase the longevity
of the treatment agent at the target site might improve
the therapeutic effect and avoid side effects. Gastroretentive drug delivery systems potentially prolong the
gastric retention time and controlled/sustained release
of a drug, thereby increasing the concentration of the
drug at the application site, potentially improving its
bioavailability and reducing the necessary dosage.
Recommended gastroretentive drug delivery systems
for enhancing local drug delivery include floating sys-
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INTRODUCTION
Helicobacter pylori (H. pylori) is one of the most common
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Although immune cells can normally recognize H.
pylori and induce immune responses, H. pylori exert resistance to local immune responses by reducing the recognition of immune sensors and interfering with the uptake
of antigens, as well as by other genetic mechanisms[17-19].

pathogenic bacteria and is found in the stomachs of
more than half of the world’s population. H. pylori infections are the primary known cause of gastritis, gastroduodenal ulcer disease and gastric cancer[1]. Even after 30
years of experience in H. pylori treatment, clinicians and
researchers are still exploring the ideal regimens for clinical application[2].
Although H. pylori has been shown to be highly sensitive to a single antimicrobial agent in many antibacterial
in vitro trials, in clinical the eradication rate of H. pylori
is still low[3]. There are three explanations for this finding: first, many antibiotics are unstable in the low pH of
gastric acid; second, the concentration of the drug in the
deep gastric mucus where the bacterium lives is too low
and third, the amount of time that the antibiotic resides
in the stomach is too short[4]. Triple therapies consisting
of the combined use of antibiotics are frequently used in
the clinical treatment of H. pylori associated with gastroduodenal disease. However, the high level of antibiotic
resistance by H. pylori, drug side effects and poor patient
compliance are major drawbacks of multidrug therapy.
For these reasons, prolonging the gastric residence
time of the drug while improving its stability in gastric
acid is a logical approach to overcome these issues. Gastroretentive dosage forms are one of the oral site-specific
drug delivery systems that have been proposed. Research
into gastroretentive drug delivery systems has resulted in
the development of several formulations such as floating
systems, mucoadhesive/bioadhesive systems, expandable
systems and magnetic systems, all of which could prolong gastrointestinal (GI) residence time to improve drug
effectiveness against H. pylori[5-7].

Stomach pathophysiology following H. pylori infection
H. pylori is highly adapted to colonize the human stomach, whereas most other bacteria cannot persist in the
low pH environment. H. pylori secretes toxins and other
effector molecules[20] and stimulates numerous signaling
pathways[21]. The primary pathogenic factors of H. pylori
are altered local acid homeostasis, disruption of the gastric mucosal barrier, induction of gastric inflammation
and resistance to the immune response[22,23]. Some studies
have found that the secretion of vacuolating toxin A and
γ-glutamyl transpeptidase both contribute to H. pylori persistence in the gastric niche and toimmune tolerance[24].
Recent findings observed abnormalities in the tight
junction complexes in patients with H. pylori infections[25-27], which indicated that H. pylori infection can increase gastric mucosal permeability and result in disruption of the gastric mucosal barrier. Acid secretion studies
demonstrated that increased acid secretion occurred upon
H. pylori infection, resulting in local inflammation[28,29].
First-line therapy of treating H. pylori
The recommended H. pylori treatment is a combination
therapy with a proton pump inhibitor and two of the following antibiotics for 7, 10 or 14 d: clarithromycin, amoxicillin and metronidazole. However, in clinical practice, at
least 20% of the patients might relapse[5,30,31], and in some
Western countries, the cure rate is only 25%-60%[32].
Drug resistance is considered the primary reason for the
observed ineffectiveness[33-35]. Currently, sequential therapy and non-bismuth quadruple therapy are the trends
in the treatment of H. pylori. Several studies have shown
that these novel treatment schedules are superior to triple
therapy with regard to antibiotic resistance and the clinical eradication rate[36-41].
Recently, a “hybrid” therapy that combines sequential
and concomitant therapies has been considered as a novel
innovation[42-44]. Hsu et al[42] observed that the eradication
rate using hybrid therapy was greater than 95%.
Although there is a high rate of eradication of H.
pylori in clinical practice, bacterial resistance, side effects
and poor patient compliance are major drawbacks of the
multidrug therapies.
Based on H. pylori pathophysiology and the problems
in clinical practice, oral site-specific drug delivery systems
that can prolong the residence time at the reaction site
are considered to be an ideal strategy. Gastroretentive
dosage forms as a novel site-specific system could potentially improve the stability of antibiotics in gastric acid by
employing different formulation strategies and allowing
the antibiotic to localize to the target site in the stomach
by increasing residence time[45].

H. PYLORI AND TREATMENT
STRATEGIES
H. pylori
H. pylori is a spiral gram-negative bacterium commonly
found in the stomach. It was discovered and identified
in 1982 by the Australian scientists Barry Marshall and
Robin Warren. More than half of the world’s population
harbors H. pylori in their GI tract, including up to 70%
of people in developing countries and 25%-50% in developed countries[8]. H. pylori is well known to also cause
several GI diseases, such as peptic ulcers and gastric carcinoma. In some countries, H. pylori infection has been
shown to increase the risk of gastric cancer four-fold and
even higher[9-12]. In gastric biopsy specimens, H. pylori bacteria are 2.5-5.0 µm long and 0.5-1.0 µm wide and have
four to six unipolar sheathed flagella[13,14].
Most H. pylori localize deep in the less acidic region
of the gastric mucus layer, which is more hospitable for
survival, and do not directly interact with host cells[15]. H.
pylori secretes urease, which hydrolyzes urea to ammonia
and carbonic dioxide. These products can neutralize the
acidic environment of the stomach and result in the release of toxins[16].
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PHYSIOLOGICAL AND PHYSICAL
ASPECTS OF GASTRORETENTIVE
DOSAGE FORMS

Table 1 Primary factors that influence gastric emptying
Influence factors

Chronic renal failure
Delay[46]
Diabetes
Delay[47]
H. pylori infection with
No
non-ulcer dyspepsia
association[48]
The form of the food Liquid food is faster than solid food[49]
Carbohydrate or fat Slow[50,51]
Dosage form
Liquid dosage is faster than solid form[52]

Physiological factors affecting the gastric retention of
oral drugs
There are several factors that affect the gastric retention
time of oral drugs, including physiological problems and
pharmaceutical factors.
Gastric emptying is a brief but key factor associated
with the physiological problems. One of the primary
functions of the stomach is to digest food, which involves the process of gastric emptying. To understand
the influence of oral dosage gastric retention, the factors
that control gastric emptying should be known. Table 1
shows the primary influential factors of gastric emptying.

(1.004-1.010); (2) providing a sufficient barrier to protect
the stability of the active agent from gastric acid; and (3)
releasing the drug in a controlled or sustained manner to
achieve the therapeutic effect.
Usually, floating formulations are prepared using hydrophilic matrices that either have a lower density (Figure
1A) or float on the top of the gastric fluid after absorbing
water and swelling (Figure 1B). Cellulose ether polymers
are used as the hydrophilic matrices, and low-density fatty
acids are also used to increase the buoyancy. Hydrodynamically balanced systems (HBSs), gas-generating systems and low-density systems are the primary approaches
used in designing intragastric floating systems[59].
HBSs are a single-unit dosage form containing a
mixture of drugs, a gel barrier comprising hydrophilic
polymers and other excipients. Hydroxypropyl methyl
cellulose, ethylcellulose), hydroxyethylcellulose, hydroxypropylcellulose, sodium carboxymethylcellulose, agar, carrageenansand alginate acid are commonly used excipients.
After oral administration, the hydrocolloid is dissolved
by either hydration or swelling and maintained at a low
density, which allows for controlled drug release from the
swollen gel matrix (Figure 2)[6,60].
Gas-generating systems achieve their buoyant properties by the generation of gas bubbles. For example, CO2
can be generated from sodium bicarbonate at an acidic
pH. Thus, acids are required in the formulation. These
systems include single- and multi-unit forms[61,62].
Low-density systems are made of low-density materials, entrapping oil or air. Multi-unit systems such as
microparticles are the most common type[63,64]. The lowdensity materials that are commonly used include empty
hard gelatin capsules, polystyrene foams and pop-rice
grains. The external surface of the low-density materials comprises EC and cellulose acetate phthalate and is
coated with drugs, with the entrapped oil and air providing the desired buoyancy.
In the last decade, the emulsification solvent evaporation method for the preparation of low density systems
achieved tremendous popularity. A large number of studies have employed this method, and different anti-bacterial agents were encapsulated in these systems for the treatment of H. pylori (e.g., metronidazole[65,66], tetracycline[67]
and amoxicillin[68]). A number of commercialized floating
dosage products exist in the market, one of which targets
H. pylori, and they are listed in Table 2[6].
Yang et al[67] prepared a triple layer tablet based on

Physical properties of the oral dosage form and gastric
retention
Two important features that affect the oral dosage gastric residence time are the density and size of the drug.
The density of the dosage determines the location and
amount of time the drug resides in the stomach. Lowdensity systems can float on top of the gastric juice,
where as high-density systems sink to the bottom of the
stomach. Both positions could prolong the gastricretention time.
Size is important in designing an oral dosage form.
The diameter of the human pyloric sphincter is 12 ± 7
mm[53]. Although there is no unified standard regarding
dependence of the dosage size on gastric emptying, many
scientists have studied the relationship between gastric
emptying and tablet size. Khosla et al[54] and Coupe et al[55]
observed that the tablets greater than 13 mm in diameter
were more difficult to disintegrate and less likely to be
emptied from a full stomach in humans. Recent studies
showed that micro- or nano-sized delivery systems are
a more efficient form for targeting agent. In addition to
dosage density and size, the physiochemical properties of
the active agent, e.g., the molecular weight and lipophilicity of the drug[56], are important parameters. Shah et al[4]
showed that gastric mucus is more permeable to small
molecules. Larhed et al[57] demonstrated that a high lipophilicity drug has more difficulty in crossing the hydrophilic mucus layer.

GASTRORETENTIVE DRUG DELIVERY
SYSTEMS AGAINST H. PYLORI
Floating systems
Floating drug delivery systems were first described by
Davis in 1968 and are low-density systems that can prolong the gastric retention time and increase bioavailability
by floating on top of the gastric contents[58]. The desired
formulation of floating systems should comply with the
following requirements: (1) maintaining a lower density
or higher buoyancy than that of the gastric contents
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A

B

Figure 1 Floating systems. Low-density floating dosage (A) and the density of dosage can be lowered after administration (B).

Drug diffusion

Table 2 Different marketed products of floating systems

Gastric
fluid

Product
Topalkan

Gelatinous barrier
Eroding gel barrier
Drug
Hydrophilic polymers

Active ingredient

Company

Aluminum
magnesium
Antacid

Pierre Fabre
Medicament, France

Ciprofloxacin

Depomed, United
States

ferent mechanisms. This formulation involves a mucous
coating or an adhesive polymer and is considered to be
a bioadhesive form[69]. The adhesive polymers primarily used for bioadhesive materials are listed in Table 3[70].
Micro- and nanoparticles, which have higher mucosal
permeability and drug delivery efficiency, are thought
to be an ideal bioadhesive carrier[71]. Once this dosage
form is orally administered, it is dissolved in the gastric
liquid and firmly sticks to the mucosal surface, which
is predicted to prolong the residence time of the drug.
The electronic theory, adsorption theory, wetting theory
and diffusion theory are invoked to explain the adhesive
mechanisms[72,73].
Despite the bioadhesive properties of these polymers,
they are difficult to maintain because of the turnover of
gastric mucosa and gastric emptying. Despite these difficulties, several studies have shown promising results.
Liu et al[81] published a study on amoxicillin bioadhesive microspheres that use an emulsion-solvent evaporation technique, with Carbopol-934p as the mucoadhesive
polymer and EC as the matrix. The in vitro release test

Figure 2 Hydrodynamically balanced system.

HBSs, which was composed of a rate-controlling polymer matrix and a drug core. Hydroxypropyl methylcellulose and poly (ethylene oxide) comprised the polymer
layers, and tetracycline and metronidazole were encapsulated in the core. The in vitro evaluation demonstrated
the sustained delivery of the antibiotics over 6-8 h while
the tablet remained afloat. Rajinikanth et al[68] developed
an intragastric in situ gelling system that floated for the
controlled delivery of amoxicillin in the treatment of H.
pylori infections. The in vivo H. pylori clearance efficacy was
10 times higher than the effects in an in vivo gerbil model
because of the prolonged GI residence time of the formulation.
Bioadhesive systems
Bioadhesive/mucoadhesive drug delivery systems are a
dosage form that can stick to the mucosal surface by dif-
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Loating liquid
alginate
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Floating liquid
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Drug core

Table 3 Classification of bioadhesive polymers
Anionic

Cationic

Alginate[74]
Chondroitin sulfate[77]
Carboxymethylcellulose
Carrageenan
Pectin
Poly (acrylic acid) (Carbopol®)[80]

Expandable
material

Neutral

Poly-LPolyethylene glycol[76]
lysine[75]
Polybrene Polyvinylpyrrolidone[78]
Chitosan[79]
Polyethylene oxide
Dextran

Drug release
Gastric fluids

Polymer shell

Figure 3 Drug release from expandable systems.

showed that approximately 90% of the amoxicillin was
released in the pH 1.0 HCl solution after 4 h. In vitro and
in vivo mucoadhesive tests showed that mucoadhesive microspheres adhered more strongly to the gastric mucous
layer than non-adhesive amoxicillin microspheres. Amoxicillin mucoadhesive microspheres were retained in the GI
tract for an extended period of time[81]. Jayvadan KP and
Jayant RC also formulated mucoadhesive amoxicillin microspheres for the treatment of H. pylori infections. They
prepared the microspheres using a similar method and
carrier polymer. The amoxicillin microspheres showed a
high efficiency of drug entrapment. The in vitro adhesive
test showed that mucoadhesive microspheres adhered
more strongly to the gastric mucous and that more than
50% of the microspheres were retained in the GI tract
after 12 h. Furthermore, in vivo tests were performed by
orally administering amoxicillin powder and mucoadhesive microspheres in an H. pylori infection animal model
under fed conditions at single and multiple doses. The
results indicated that the mucoadhesive microspheres had
a better clearance than the powder[82].

the treatment of H. pylori infections. The microspheres
were prepared by the emulsification-solvent evaporation
method using EC as the matrix polymer and Carbopol934P as the bioadhesive material. The microspheres
showed strong mucoadhesive properties and good buoyancy during the in vitro evaluation and a significant anti-H.
pylori effect after oral administration to Mongolian gerbils
infected with H. pylori.
Expandable systems
The dosage size in the stomach is one of the influential
factors of gastric retention time. Expandable drug delivery systems are small for easy swallowing and expand to a
larger size after contact with gastric juices, which can prolong the gastric retention time (Figure 3)[85,86]. Thus, an
optimal expandable dosage requires the following properties: convenience for oral ingestion, expandable upon
contact with the gastric contents, controlled drug release
and either a degradable nature or a reduction in size enabling safe evacuation after drug release[85,87,88]. Superporous hydrogels that are pH and temperature sensitive, are
fast-swelling and have a high swelling capacity are considered to be a novel material for swellable systems[89]. Chen
et al[90] synthesized superporous hydrogels that used croscarmellose sodium (AC-Di-Sol®) as a composite material,
and its addition resulted in a significant improvement in
the properties of the superporous hydrogels. Park et al[91]
prepared chitosan-based superporous hydrogels using
freeze drying and gas blowing techniques. In vitro tests
showed that the superporous hydrogels were highly sensitive to the pH of the swelling media. These swelling behaviors and degradation kinetics are important variables
in determining the gastric retention time.

Floating-bioadhesive systems
Although significant advances have been made in both
floating and bioadhesive systems, there are still many
challenges. First, the floating systems are unable to release the drug at the intended site. Second, gastric emptying may reduce the buoyancy of the floating systems in
the stomach. Third, the turnover of the gastric mucosa
and gastric emptying reduce the adhesive force of bioadhesive systems. Therefore, a dual working system would
overcome the drawbacks associated with bioadhesive and
floating systems and would have a significant effect on
improving the therapeutic outcomes.
Zheng et al [83] designed floating-bioadhesive microparticles to increase the efficacy of antibiotics against
H. pylori. The formulation containing clarithromycin was
prepared by the method of emulsification/evaporation
and internal gelation with EC, sodium alginate and chitosan. In vitro buoyancy and drug release tests showed
that approximately 74% of the microparticles floated in
an acetate buffer solution for 8 h and 90% of the clarithromycin was released in a sustained manner within 8
h. An in vivo mucoadhesive test demonstrated that 61%
of the microparticles were retained in the stomach after 4 h. Rajinikanth et al[84] developed stomach-specific
floating-bioadhesive microspheres of clarithromycin for

WJG|www.wjgnet.com

Novel drug delivery systems for the treatment of H.
pylori infection
Diseases of the GI tract present challenging targets for
drug delivery, particularly for oral formulations. Recently,
advances in micro- and nanotechnology research opened
up a vast potential for the development of GI-targeted
drug delivery systems. Liposomes, a type of nanoparticle,
became a focal point of GI-targeted delivery systems[92,93].
Liposomes are microscopic phospholipid bubbles with
a bilayer membrane[94]. They are nontoxic, nonhemolytic
and nonimmunogenic[95]. Singh et al[96] prepared double liposomes that encapsulated two drugs: the inner liposome
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was first loaded with one drug(amoxicillin) by thin film
hydration and then was enveloped with a thin lipid film
containing the second drug(ranitidine bismuth citrate).
This formulation showed prolonged, sustained drug release, efficient binding to H. pylori, increased inhibition of
bacterial growth, reduced bacterial secretion and an ulcer
protective ability in an in vitro test. Jain et al[97] designed a
gastroretentive polyelectrolyte-coated multilayered liposome containing amoxicillin and metronidazole. The
system was prepared by alternative coatings of polyanionic poly (acrylicacid) and polycationic poly (allylamine
hydrochloride), using liposomes as the core. Compared
with conventional liposomes, the multilayered liposomes
showed prolonged drug release in simulated gastric fluid.
In vitro and in vivo evaluations indicated the bacterial clearance activity and binding propensity of the system were
good.
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CONCLUSION
Over the past two decades, there have been significant
advances in the development of gastroretentive drug
delivery systems for the treatment of H. pylori infections.
The literature has shown that gastroretentive dosage
forms are effective at not only prolonging retention time
in the stomach but also targeting H. pylori. However, we
still lack sufficient in vivo data, especially in humans. Although some studies have indicated that the gastroretentive delivery systems work well in animal models (e.g., rats
and Mongolian gerbils), these results may not translate
to humans because of the differences among species.
Therefore, screening and synthesizing new active agents
and developing efficient targeted drug delivery systems
are drawing more focus in the field, with one example
being ligand-targeted drug formulations based on specific
interactions[98,99]. However, with the development and
study of natural products, many traditional herb extracts,
such as ascardole, Mexicantea herbs and Pterocarpus santalinus,
have exhibited anti-H. pylori activity and may serve as potential treatment options[100-102].
Progress in developing an efficient gastroretentive
form for the eradication of H. pylori is closely linked to
the development of pharmaceutical technology and functional polymer materials and to an increased understanding of the mechanisms of H. pylori pathogenicity.
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though some may present with fatigue, dyspepsia, dull
pain in the liver and hepatosplenomegaly. Treatment
for NAFLD and NASH involves weight reduction through
lifestyle modifications, anti-obesity medication and bariatric surgery. This article reviews the available information on the biochemical and metabolic phenotypes
associated with obesity and fatty liver disease. The
relative contribution of visceral and liver fat to insulin
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Abstract
Non-alcoholic fatty liver disease (NAFLD) is the most
common liver disease in the world. Presentation of the
disease ranges from simple steatosis to non-alcoholic
steatohepatitis (NASH). NAFLD is a hepatic manifestation of metabolic syndrome that includes central abdominal obesity along with other components. Up to
80% of patients with NAFLD are obese, defined as a
2
body mass index (BMI) > 30 kg/m . However, the distribution of fat tissue plays a greater role in insulin resistance than the BMI. The large amount of visceral ad2
ipose tissue (VAT) in morbidly obese (BMI > 40 kg/m )
individuals contributes to a high prevalence of NAFLD.
Free fatty acids derived from VAT tissue, as well as
from dietary sources and de novo lipogenesis, are released to the portal venous system. Excess free fatty
acids and chronic low-grade inflammation from VAT
are considered to be two of the most important factors contributing to liver injury progression in NAFLD.
In addition, secretion of adipokines from VAT as well
as lipid accumulation in the liver further promotes inflammation through nuclear factor kappa B signaling
pathways, which are also activated by free fatty acids,
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Core tip: This article reviews biochemical, metabolic and
clinical relationships between non-alcoholic fatty liver
disease and obesity. Visceral adipose tissue influences
hepatic steatosis to a greater extent than the body
mass index, despite evidence that liver fat may develop
independent of skeletal muscle and adipose tissue insulin resistance. Obese individuals with non-alcoholic fatty
liver disease usually present with symptoms of metabolic syndrome or its components.
Milić S, Lulić D, Štimac D. Non-alcoholic fatty liver disease and
obesity: Biochemical, metabolic and clinical presentations. World
J Gastroenterol 2014; 20(28): 9330-9337 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9330.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9330

INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is the most
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common liver disease worldwide[1]. It is comprised of a
spectrum of disorders characterized by liver steatosis with
> 5% of hepatocytes infiltrated with fat in individuals
with no history of alcohol abuse (< 30 g/d in men and
< 20 g/d in women) and no competing etiologies for hepatic steatosis[2,3]. The presentation of the disease ranges
from what can be considered as “silent liver disease”, or
fatty steatosis, to non-alcoholic steatohepatitis (NASH)[4].
Approximately 10%-25% of patients with silent liver disease develop NASH, and 5%-8% of those will develop
liver cirrhosis within 5 years[2,5]. Furthermore, 12.8% of
patients with liver cirrhosis will develop hepatocellular
carcinoma (HCC) within 3 years[6]. NASH is considered
to be a major cause of cryptogenic cirrhosis as 70% of
patients have risk factors for NAFLD[7], including metabolic syndrome and its components, a sedentary lifestyle
and a high-fat diet (HFD)[8,9]. NAFLD is also associated
with an increased risk for developing cardiovascular
disease, insulin resistance (IR), type 2 diabetes (T2D),
obesity, chronic kidney disease, post-operative complications after major liver surgery and colorectal cancer[10-12].
The prevalence of NAFLD is influenced by age, gender,
ethnicity, and the presence of sleep apnea and endocrine
dysfunctions (hypothyroidism, hypopituitarism, hypogonadsim, and polycystic ovary syndrome)[13,14].
Obesity is a chronic disease defined by a body mass
index (BMI) > 30 kg/m2, and morbid obesity, one of
the most rapidly growing subgroups, is defined as a BMI
> 40 kg/m2[15]. Its prevalence is increasing in adults and
children, and has been described by the World Health
Organization as a global epidemic with an estimated 500
million obese adults and 1.5 billion overweight or obese
individuals worldwide[16,17]. Obesity is associated with an
overall increase in mortality and a decrease in lifespan
of up to 20 years[18]. Considered as a state of chronic
low-grade inflammation, obesity has been associated
with complications such as T2D, cardiovascular disease,
hypertension, stroke, gallbladder disease, osteoarthritis,
and psychosocial problems[18,19]. Obesity has also been associated with a spectrum of cancer types (colon, breast,
endometrium, kidney, esophagus, stomach, pancreas and
gallbladder), and together with IR, represents a risk factor
for developing HCC[20].
NAFLD is strongly linked to obesity, with a reported
prevalence as high as 80% in obese patients and only
16% in individuals with a normal BMI and without metabolic risk factors[21,22]. Fatty liver severity in the morbidly
obese also correlates with the degree of impaired glycemic status[23]. Hepatic steatosis is correlated with BMI,
but is more closely associated with visceral adiposity
(measured as waist circumference), as visceral adipose tissue (VAT) is more lipolitically active on a per unit weight
basis than subcutaneous fat[24-26]. However, Stefan et al[27]
identified a form of metabolically benign obesity where
insulin sensitive obese individuals have a lower percentage of accumulated liver fat compared to IR obese subjects. This implies that the prevention and reduction of
hepatic fat accumulation may lower IR even in subjects
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with increased adiposity[27,28].

BIOCHEMICAL PRESENTATION
Both the liver and VAT contain hepatocytes and adipocytes in close proximity to immune cells (natural killer
and natural killer T cells), hepatic stellate cells, Kupffer
cells, endothelial cells and macrophages, with prompt access to blood vessels and similar biochemical signaling
pathways[29,30]. In the liver, the inhibitor of nuclear factor kappa-B kinase subunit beta/nuclear factor kappa-B
(IKK-β/NF-κB) signaling pathway is activated by obesity
and a HFD. This pathway is associated with the chronic
inflammation that occurs in hepatic steatosis, as transgenic mice selectively expressing constitutively active IKK-â
in hepatocytes demonstrated subacute inflammation in a
study by Cai et al[31]. Furthermore, the hepatic production
of the proinflammatory cytokines tumor necrosis factoralpha (TNF-α), interleukin-6 (IL-6) and IL-1 β were increased in these mice to a similar extent as those induced
by a HFD in wildtype mice, indicating that lipid accumulation in the liver leads to subacute hepatic inflammation
through NF-êB activation and downstream cytokine production. Free fatty acids (FFAs) are able to activate this
pathway in the liver, and increase hepatic diacylglycerol
(DAG) content, the activity of protein kinase C-delta and
plasma levels of monocyte chemoattractant protein-1
(MCP-1), thus explaining the VAT-induced FFA increase
in hepatic circulation that leads to chronic low-grade
inflammation and IR in fatty liver[32]. Overexpression in
mice of MCP-1, a high-affinity ligand for the C-C motif
chemokine receptor-2, contributes to macrophage infiltration into adipose tissue, IR, and hepatic steatosis associated with obesity[33].
Increased lipid metabolites such as DAG can cause
IR by interfering with the ability of insulin to phosphorylate insulin receptor substrate-2 through activation of
protein kinase C-epsilon[34]. In a murine model of HFDinduced NAFLD, paradoxical lowering of hepatic DAG
content by the inhibition of diglyceride acyltransferase 2,
an enzyme that catalyzes the formation of triglycerides
from DAG and acyl-CoA, protected against fat-induced
hepatic IR and improved hepatic steatosis, hepatic insulin
signaling, and in vivo hepatic insulin sensitivity[35]. However, this inhibition increases circulating levels of FFAs,
cytochrome P4502E1, and other markers of lipid peroxidation/oxidant stress, resulting in lobular necroinflammation and fibrosis, suggesting that the accumulation of
triglycerides may be a protective mechanism to prevent
progressive liver damage in NAFLD[36]. Also, inhibition
of suppressors of cytokine signaling (SOCS) in obese
subjects with persistently elevated cytokine levels improves insulin sensitivity, normalizes increased expression
of sterol regulatory element binding protein-1c, the key
regulator of fatty acid synthesis in liver, and dramatically
ameliorates hepatic steatosis and hypertriglyceridemia[37].
Furthermore, FFAs activate c-Jun N-terminal kinase 1,
resulting in the secretion of IL-6 by adipose tissue, which
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may lead to increased expression of liver SOCS-3[38,39].
VAT is also a source of a number of secreted
adipocyte-derived cytokines called adipokines[40]. The
most well described adipokines are adiponectin, an insulin sensitizer, and leptin, a hormone mainly secreted
by adipocytes[41], which play functional roles in NAFLD
pathogenesis. Obesity is considered a state of central
and peripheral leptin resistance, and obese individuals, as
well as individuals with NAFLD and NASH, have higher
circulating levels of leptin[42-44]. Leptin regulates energy
intake and energy expenditure, metabolism and reproductive function[45], and also prevents lipid accumulation in
non-adipose tissues, such as liver[41]. Leptin may play an
important role in improving hepatic IR as it suppresses
stearoyl-CoA desaturase activity, an enzyme that plays
an important role in metabolism and catalyzes the ratelimiting reaction of monounsaturated FA synthesis[46].
Leptin indirectly mediates hepatic stellate cell activation
and liver fibrosis in animals by inducing the production
of transforming growth factor-β and connective tissue
growth factor in Kupffer cells[45].
Adipose tissue macrophages secrete high amounts
of TNF-α and IL-6, which suppress the production
of adiponectin[47,48]. The decreased levels of circulating
adiponectin in NAFLD are related to hepatic IR and to
the amount of liver fat[49]. Adiponectin acts as a modulator of the inflammatory response, as it increases liver
fat oxidation by inactivating acetyl-CoA carboxylase and
activating AMP-activated protein kinase, and by enhancing expression of the peroxisome proliferator-activated
receptor- α gene[49,50]. Adiponectin also decreases the
activity of another enzyme involved in FA synthesis,
FA synthase[51]. An additional source of inflammatory
mediators has been described that may play a role in
NAFLD pathogenesis, such as from gut-derived portal
endotoxemia[52]. Consumption of high amounts of refined sugar and saturated fat may cause derangement of
the gut flora[53]. Small intestinal bacterial overgrowth and
translocation result in excessive ethanol production and
release of bacterial lipopolysaccharides[54,55]. Both ethanol
and lipopolysaccharides induce hepatic inflammation by
activating TNF-α production in Kupffer cells[56].
Other adipokines have more recently been implicated
in NAFLD. A study by Pagano et al[57] found higher levels of circulating resistin in one group of patients with
NAFLD compared with lean and obese controls, though
other studies report varying levels. Visfatin, a protein
preferentially expressed in VAT, can predict the presence
of portal inflammation in NAFLD patients[58]. In addition, circulating levels of omentin and adipoline, released
by VAT stromovascular cells, are increased in patients
with NAFLD and predict hepatocyte ballooning[59].

metabolized by β-oxidation for the generation of ATP[61],
or by esterification for the production of triglycerides
that are either stored in lipid droplets within hepatocytes,
or packaged and released into the blood as very lowdensity lipoprotein particles. FFAs are derived from three
distinct sources: dietary sources, de novo lipogenesis (DNL)
from carbohydrates or amino acids, and release from
lipids stored in VAT or subcutaneous fat[34,62]. Hepatic fat
from adipose tissue lipolysis, or from lipoproteins hydrolyzed above a rate that can be taken up by adipose tissue,
accounts for 60% of FFAs, with 25% from DNL, and
15% from dietary sources[63].
The increased lipolysis in VAT results in release of
excess FFAs into the portal vein[64]. Isotope dilution/
hepatic vein catheterization techniques to measure this
release showed that the lipolytic contribution of FFA was
5%-10% in subjects with a normal BMI and up to 30%
in individuals with greater amounts of VAT[65]. In the
fasting state, hepatic FFAs are predominantly delivered
by systemic circulation[63], with an increase in portal supply after a meal[66]. When released into portal circulation,
FFAs are then taken up by hepatocytes[64] mainly through
long chain fatty acid synthetase activity provided by
members of the FA transporter protein family[67]. Once
within the hepatocyte, FFAs are bound to coenzyme A as
fatty acyl-CoAs to form hepatic triglycerides and stimulate the reduction of insulin-induced glucose uptake and
induce intracellular inflammation[64,68,69]. However, high
levels of FFAs can induce intracellular inflammation and
IR without being converted to fatty acyl-CoAs[70].
In the process of DNL, excess glucose is released
into the hepatic acetyl-CoA pool by glycolysis of carbohydrates for the production and storage of triglycerides[71]. DNL provides 5%-10% of the hepatic triglyceride
pool in the fasting state, with an increased contribution
in IR individuals[65,72]. DNL is modified by total energy
intake, dietary fat to carbohydrate ratio, and glucose and
insulin concentration[73]. Thus, the hyperinsulinemia and
hyperglycemia that occur with IR create an imbalance
in lipid input relative to output and promote hepatic
steatosis[61]. The potent suppressive effect of insulin on
hormone-sensitive lipase, the principal regulator of FFA
release from VAT, is impaired in IR resulting in an increased efflux of FFAs[74]. Hyperinsulinemia leads to an
upregulation of transcription factors regulating DNL and
an inhibition of FFA β-oxidation, further promoting hepatic fat accumulation[35,64]. However, it has not yet been
determined whether fatty liver results from IR of adipose
tissue and skeletal muscle or from alteration of hepatic
insulin signaling[64]. Despite the role of VAT in liver fat
accumulation through direct hepatic exposure to excess
FFAs in the portal circulation, liver fat may be involved
in IR in the absence of VAT, presumably by the secretion
of hepatokines[75]. Seppälä-Lindroos et al[76] concluded
that liver fat correlates with IR independent of BMI and
visceral adiposity. Fatty liver has also been observed in
IR mice lacking VAT and subcutaneous fat and in IR humans with lipodystrophies[77,78]. Furthermore, metabolic

METABOLIC PRESENTATION
The liver plays a central role in lipid metabolism and imports serum FFAs and manufactures, stores and exports
lipids and lipoproteins[60]. In the hepatocytes, FFAs can be
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als[92]. Shimada et al[93] reported that the combined evaluation of the serum adiponectin level, homeostasis assessment model-insulin resistance score, and serum type IV
collagen 7S level can predict 90% of early-stage NASH
cases. Other metabolic markers that should be evaluated
include the pro-atherogenic serum lipid profile, uric acid
(20% of patients with NAFLD have hyperuricemia),
urine microalbumin, high-sensitivity C-reactive protein,
serum ferritin levels (1.5 times higher than normal in
NASH), as well as fasting glucose, insulin, proinsulin and
C-peptide levels[40,87]. Targher et al[94] have found that plasma concentrations of high-sensitivity C-reactive protein,
fibrinogen, and plasminogen activator inhibitor-1 activity
are lower in non-obese healthy individuals, intermediate
in overweight non-steatotic subjects, and highest in overweight patients with biopsy-proven NASH. In addition,
variations in the intestinal microbiota have recently been
linked both to obesity and NAFLD[87]. A study by Mouzaki et al[95] identified a greater fecal level of Clostridium coccoides and a lower percentage of Bacteroidetes in NASH
patients as compared to both simple steatosis and healthy
control groups with lower BMIs.
Hepatic steatosis can be detected using noninvasive
methods such as ultrasonography, computed tomographic scanning, magnetic resonance tomography and proton
magnetic resonance spectroscopy, which is considered
more accurate for measuring liver fat as it is a quantitative
rather than qualitative or semiquantitative method[96]. The
most available method, ultrasonography, has sensitivity
of 100% and specificity of 90% when fat on liver biopsy
[97]
≥ 20% , though technical difficulties lead to unreliable
results in morbidly obese patients[40]. Transient elastography (fibroscan) can be used to measure liver stiffness,
which is a surrogate marker for fibrosis[87]. However, as
noninvasive procedures cannot distinguish simple steatosis from NASH, liver biopsy is considered the gold standard for NAFLD diagnosis[87].
A study by Ciupińska-Kajor et al[98] reported that
morbid obesity is associated with a higher prevalence of
more advanced fibrosis, confirming that severe fibrosis
and cirrhosis are more common among morbidly obese
individuals with NAFLD. Accordingly, the treatment
for NAFLD and NASH is focused on weight reduction
through lifestyle modifications, anti-obesity medication
and bariatric surgery[99]. In addition to significant weight
loss, bariatric surgery promotes improvement in symptoms of metabolic syndrome in most obese patients with
NAFLD, including T2D and pathological liver histological features such as grade of steatosis, hepatic inflammation, and fibrosis[99-101].

syndrome was more strongly associated with VAT at
lower levels of obesity, and with liver fat at higher obesity
levels, independent of each other and of overall adiposity[75]. Hepatic fat accumulation is a major determinant
in T2D, which further contributes not only to hepatic
steatosis level, but also to progressive liver damage in
NASH, fibrosis, cirrhosis and HCC[79].
Similar to the adipose tissue inflammation after adipocyte lipid accumulation, subacute inflammatory response in the liver might be induced by hepatic steatosis,
involving oxidative stress in the endoplasmic reticulum
(ER)[64,80,81]. ER stress in liver and adipose tissue is induced by nutrient fluctuations and excess lipid levels in
genetically or HFD-induced obese mice[64,82]. Subacute inflammation, together with IR, hepatic steatosis, oxidative
stress and impaired adipocytokine ratios, provide a favorable environment for HCC development by promoting
cell growth kinetics and DNA damage[79]. Furthermore,
hepatocyte apoptosis induction, inflammatory cell invasion and activation, and fibrogenesis lead to cirrhosis, and
possibly to NASH-related HCC[20].
FA β-oxidation, which occurs in liver mitochondria[61],
may be impaired by the increased FFA load in NAFLD,
resulting in the generation of reactive oxygen species[83].
The resulting oxidative stress leads to liver injury, inflammation and the initiation and progression of fibrosis[32].
Insufficient mitochondrial function along with structural
abnormalities such as enlarged mitochondria, loss of
mitochondrial cristae and presence of paracrystalline inclusion bodies, have been observed at all successive steps
leading to NASH[84].

CLINICAL PRESENTATION
NAFLD was initially thought to be more prevalent in
women, though opposing results have been reported[85].
Affected patients typically present between the fourth
and sixth decade of life and are often overweight or
obese[40]. The majority of NAFLD patients are clinically
asymptomatic, though some may present with fatigue,
dyspepsia, dull pain in the liver and hepatosplenomegaly[86]. Elevated liver enzymes are detected in approximately
20% of NAFLD patients[86]. Aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) levels can be
normal or moderately elevated (1.5 to 2 times the upper
normal limit) with an AST/ALT ratio < 1, indicating
that these enzymes are poor markers of fatty liver[87,88].
In a large study by Marchesini et al[89] including 799 obese
subjects, median ALT and AST levels increased with obesity class and exceeded normal limits in 21% of subjects.
Furthermore, alkaline phosphatase and gamma-glutamyl
transpeptidase levels may vary, but independently of
BMI[90]. Stranges et al[91] also concluded that BMI was not
a reliable indicator, and found that abdominal height was
consistently a better correlate of ALT and gammaglutamyl transpeptidase levels in unrecognized fatty liver.
Low adiponectin levels are closely associated with
non-alcoholic hepatic steatosis in healthy obese individu-
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CONCLUSION
Obesity reflects a generalized proinflammatory state with
high risk for metabolic comorbidities, such as NAFLD,
that are highly influenced by the distribution of adipose
tissue. Evidence suggests that VAT is directly associated
with the development and progression of NAFLD. The
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most important pathological mechanisms in hepatic steatosis involve increased VAT secretion of proinflammatory cytokines and adipokines and release of FFAs into
the portal system and systemic circulation, causing dyslipidemia and systemic IR. Obese patients with NAFLD
usually do not present with specific symptoms besides
a high BMI, metabolic syndrome manifestations and
normal or moderately elevated liver enzyme levels. These
patients should be followed in clinical practice for the
development of diabetes and HCC, via ultrasound and
alpha-fetoprotein every six months. Treatment should
be centered on weight loss, exercise, diet and lifestyle
changes, which should also be evaluated after six months.
Furthermore, blood and platelet counts, as well as liver
biochemical tests and prothrombin time should be evaluated twice per year, with screening for cardiovascular risk
every one to two years. Importantly, staging of liver damage by liver biopsy, or newer non-invasive methods like
transient elastography, if available, should be performed
every three to five years.

12

13

14

15
16
17

REFERENCES
1

2

3
4

5

6

7

8

9

10

11

Mavrogiannaki AN, Migdalis IN. Nonalcoholic Fatty liver
disease, diabetes mellitus and cardiovascular disease: newer
data. Int J Endocrinol 2013; 2013: 450639 [PMID: 23653642
DOI: 10.1155/2013/450639]
Milić S, Stimac D. Nonalcoholic fatty liver disease/steatohepatitis: epidemiology, pathogenesis, clinical presentation
and treatment. Dig Dis 2012; 30: 158-162 [PMID: 22722431
DOI: 10.1159/000336669]
Petta S, Muratore C, Craxì A. Non-alcoholic fatty liver disease
pathogenesis: the present and the future. Dig Liver Dis 2009;
41: 615-625 [PMID: 19223251 DOI: 10.1016/j.dld.2009.01.004]
Sanyal AJ, Brunt EM, Kleiner DE, Kowdley KV, Chalasani N,
Lavine JE, Ratziu V, McCullough A. Endpoints and clinical
trial design for nonalcoholic steatohepatitis. Hepatology 2011;
54: 344-353 [PMID: 21520200 DOI: 10.1002/hep.24376]
Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, Kechagias S. Long-term followup of patients with NAFLD and elevated liver enzymes.
Hepatology 2006; 44: 865-873 [PMID: 17006923 DOI: 10.1002/
hep.21327]
White DL, Kanwal F, El-Serag HB. Association between
nonalcoholic fatty liver disease and risk for hepatocellular
cancer, based on systematic review. Clin Gastroenterol Hepatol 2012; 10: 1342-1359.e2 [PMID: 23041539 DOI: 10.1016/
j.cgh.2012.10.00]
Caldwell SH, Oelsner DH, Iezzoni JC, Hespenheide EE, Battle
EH, Driscoll CJ. Cryptogenic cirrhosis: clinical characterization
and risk factors for underlying disease. Hepatology 1999; 29:
664-669 [PMID: 10051466 DOI: 10.1002/hep.510290347]
Ortiz-Lopez C, Lomonaco R, Orsak B, Finch J, Chang Z,
Kochunov VG, Hardies J, Cusi K. Prevalence of prediabetes
and diabetes and metabolic profile of patients with nonalcoholic fatty liver disease (NAFLD). Diabetes Care 2012; 35:
873-878 [PMID: 22374640 DOI: 10.2337/dc11-1849]
Souza MR, Diniz Mde F, Medeiros-Filho JE, Araújo MS.
Metabolic syndrome and risk factors for non-alcoholic
fatty liver disease. Arq Gastroenterol 2012; 49: 89-96 [PMID:
22481692 DOI: 10.1590/S0004-28032012000100015]
Anstee QM, Targher G, Day CP. Progression of NAFLD to
diabetes mellitus, cardiovascular disease or cirrhosis. Nat
Rev Gastroenterol Hepatol 2013; 10: 330-344 [PMID: 23507799
DOI: 10.1038/nrgastro.2013.41]
Lonardo A, Sookoian S, Chonchol M, Loria P, Targher G.

WJG|www.wjgnet.com

18
19

20

21

22

23

24

25

26

9334

Cardiovascular and systemic risk in nonalcoholic fatty liver
disease - atherosclerosis as a major player in the natural
course of NAFLD. Curr Pharm Des 2013; 19: 5177-5192 [PMID:
23432668 DOI: 10.2174/13816128130301]
Vanni E, Bugianesi E, Kotronen A, De Minicis S, Yki-Järvinen H, Svegliati-Baroni G. From the metabolic syndrome to
NAFLD or vice versa? Dig Liver Dis 2010; 42: 320-330 [PMID:
20207596 DOI: 10.1016/j.dld.2010.01.016]
Loria P, Carulli L, Bertolotti M, Lonardo A. Endocrine
and liver interaction: the role of endocrine pathways in
NASH. Nat Rev Gastroenterol Hepatol 2009; 6: 236-247 [PMID:
19347015 DOI: 10.1038/nrgastro.2009.33]
Vernon G, Baranova A, Younossi ZM. Systematic review:
the epidemiology and natural history of non-alcoholic fatty
liver disease and non-alcoholic steatohepatitis in adults. Aliment Pharmacol Ther 2011; 34: 274-285 [PMID: 21623852 DOI:
10.1111/j.1365-2036.2011.04724.x]
Kubik JF, Gill RS, Laffin M, Karmali S. The impact of bariatric surgery on psychological health. J Obes 2013; 2013:
837989 [PMID: 23606952 DOI: 10.1155/2013/83798]
Obesity: preventing and managing the global epidemic.
Report of a WHO consultation. World Health Organ Tech Rep
Ser 2000; 894: i-xii, 1-253 [PMID: 11234459]
Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK,
Paciorek CJ, Singh GM, Gutierrez HR, Lu Y, Bahalim AN,
Farzadfar F, Riley LM, Ezzati M. National, regional, and
global trends in body-mass index since 1980: systematic
analysis of health examination surveys and epidemiological
studies with 960 country-years and 9·1 million participants.
Lancet 2011; 377: 557-567 [PMID: 21295846 DOI: 10.1016/
S0140-6736(10)62037-5]
Fontaine KR, Redden DT, Wang C, Westfall AO, Allison
DB. Years of life lost due to obesity. JAMA 2003; 289: 187-193
[PMID: 12517229 DOI: 10.1001/jama.289.2.187]
Kaplan MS, Huguet N, Newsom JT, McFarland BH, Lindsay J. Prevalence and correlates of overweight and obesity
among older adults: findings from the Canadian National
Population Health Survey. J Gerontol A Biol Sci Med Sci 2003;
58: 1018-1030 [PMID: 14630884 DOI: 10.1093/gerona/58.11.
M1018]
Bechmann LP, Hannivoort RA, Gerken G, Hotamisligil
GS, Trauner M, Canbay A. The interaction of hepatic lipid
and glucose metabolism in liver diseases. J Hepatol 2012; 56:
952-964 [PMID: 22173168 DOI: 10.1016/j.jhep.2011.08.025]
Williams CD, Stengel J, Asike MI, Torres DM, Shaw J, Contreras M, Landt CL, Harrison SA. Prevalence of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis among
a largely middle-aged population utilizing ultrasound and
liver biopsy: a prospective study. Gastroenterology 2011; 140:
124-131 [PMID: 20858492 DOI: 10.1053/j.gastro.2010.09.038]
Bellentani S, Saccoccio G, Masutti F, Crocè LS, Brandi G,
Sasso F, Cristanini G, Tiribelli C. Prevalence of and risk factors for hepatic steatosis in Northern Italy. Ann Intern Med
2000; 132: 112-117 [PMID: 10644271 DOI: 10.7326/0003-4819
-132-2-200001180-00004]
Silverman JF, O’Brien KF, Long S, Leggett N, Khazanie PG,
Pories WJ, Norris HT, Caro JF. Liver pathology in morbidly
obese patients with and without diabetes. Am J Gastroenterol
1990; 85: 1349-1355 [PMID: 2220728]
Hsiao TJ, Chen JC, Wang JD. Insulin resistance and ferritin
as major determinants of nonalcoholic fatty liver disease
in apparently healthy obese patients. Int J Obes Relat Metab
Disord 2004; 28: 167-172 [PMID: 14610526 DOI: 10.1038/
sj.ijo.0802519]
Thamer C, Machann J, Haap M, Stefan N, Heller E, Schnödt
B, Stumvoll M, Claussen C, Fritsche A, Schick F, Häring H.
Intrahepatic lipids are predicted by visceral adipose tissue
mass in healthy subjects. Diabetes Care 2004; 27: 2726-2729
[PMID: 15505012 DOI: 10.2337/diacare.27.11.2726]
Mårin P, Andersson B, Ottosson M, Olbe L, Chowdhury B,
Kvist H, Holm G, Sjöström L, Björntorp P. The morphology

July 28, 2014|Volume 20|Issue 28|

Milić S et al . Relationship between NAFLD and obesity

27

28
29
30

31

32

33

34

35

36

37

38

39
40

41

and metabolism of intraabdominal adipose tissue in men.
Metabolism 1992; 41: 1242-1248 [PMID: 1435298 DOI: 10.1016
/0026-0495(92)90016-4]
Stefan N, Kantartzis K, Machann J, Schick F, Thamer C, Rittig K, Balletshofer B, Machicao F, Fritsche A, Häring HU.
Identification and characterization of metabolically benign
obesity in humans. Arch Intern Med 2008; 168: 1609-1616
[PMID: 18695074 DOI: 10.1001/archinte.168.15.1609]
Stefan N, Häring HU. The metabolically benign and malignant fatty liver. Diabetes 2011; 60: 2011-2017 [PMID: 21788578
DOI: 10.2337/db11-0231]
Wree A, Kahraman A, Gerken G, Canbay A. Obesity affects the
liver - the link between adipocytes and hepatocytes. Digestion
2011; 83: 124-133 [PMID: 21042023 DOI: 10.1159/000318741]
Lonardo A, Caldwell SH, Loria P. Clinical physiology of
NAFLD: a critical overview of pathogenesis and treatment.
Expert Rev Endocrinol Metab 2010; 5: 403-423 [DOI: 10.1586/
eem.10.5]
Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, Lee J,
Shoelson SE. Local and systemic insulin resistance resulting from hepatic activation of IKK-beta and NF-kappaB.
Nat Med 2005; 11: 183-190 [PMID: 15685173 DOI: 10.1038/
nm1166]
Boden G, She P, Mozzoli M, Cheung P, Gumireddy K, Reddy
P, Xiang X, Luo Z, Ruderman N. Free fatty acids produce insulin resistance and activate the proinflammatory nuclear factor-kappaB pathway in rat liver. Diabetes 2005; 54: 3458-3465
[PMID: 16306362 DOI: 10.2337/diabetes.54.12.3458]
Kanda H, Tateya S, Tamori Y, Kotani K, Hiasa K, Kitazawa
R, Kitazawa S, Miyachi H, Maeda S, Egashira K, Kasuga M.
MCP-1 contributes to macrophage infiltration into adipose
tissue, insulin resistance, and hepatic steatosis in obesity.
J Clin Invest 2006; 116: 1494-1505 [PMID: 16691291 DOI:
10.1172/JCI26498]
Postic C, Girard J. Contribution of de novo fatty acid synthesis to hepatic steatosis and insulin resistance: lessons
from genetically engineered mice. J Clin Invest 2008; 118:
829-838 [PMID: 18317565 DOI: 10.1172/JCI34275]
Choi CS, Savage DB, Kulkarni A, Yu XX, Liu ZX, Morino K,
Kim S, Distefano A, Samuel VT, Neschen S, Zhang D, Wang
A, Zhang XM, Kahn M, Cline GW, Pandey SK, Geisler JG,
Bhanot S, Monia BP, Shulman GI. Suppression of diacylglycerol acyltransferase-2 (DGAT2), but not DGAT1, with antisense oligonucleotides reverses diet-induced hepatic steatosis and insulin resistance. J Biol Chem 2007; 282: 22678-22688
[PMID: 17526931 DOI: 10.1074/jbc.M704213200]
Yamaguchi K, Yang L, McCall S, Huang J, Yu XX, Pandey
SK, Bhanot S, Monia BP, Li YX, Diehl AM. Inhibiting triglyceride synthesis improves hepatic steatosis but exacerbates
liver damage and fibrosis in obese mice with nonalcoholic
steatohepatitis. Hepatology 2007; 45: 1366-1374 [PMID:
17476695 DOI: 10.1002/hep.21655]
Ueki K, Kondo T, Tseng YH, Kahn CR. Central role of suppressors of cytokine signaling proteins in hepatic steatosis, insulin resistance, and the metabolic syndrome in the
mouse. Proc Natl Acad Sci USA 2004; 101: 10422-10427 [PMID:
15240880 DOI: 10.1073/pnas.0402511101]
Sabio G, Das M, Mora A, Zhang Z, Jun JY, Ko HJ, Barrett
T, Kim JK, Davis RJ. A stress signaling pathway in adipose
tissue regulates hepatic insulin resistance. Science 2008; 322:
1539-1543 [PMID: 19056984 DOI: 10.1126/science.1160794]
Quehenberger O, Dennis EA. The human plasma lipidome.
N Engl J Med 2011; 365: 1812-1823 [PMID: 22070478 DOI:
10.1056/NEJMra1104901]
Monsour HP, Frenette CT, Wyne K. Fatty liver: a link to
cardiovascular disease--its natural history, pathogenesis,
and treatment. Methodist Debakey Cardiovasc J 2012; 8: 21-25
[PMID: 23227282]
Buechler C, Wanninger J, Neumeier M. Adiponectin, a key
adipokine in obesity related liver diseases. World J Gastroen-

WJG|www.wjgnet.com

42

43

44

45

46

47

48

49

50

51

52
53
54

55

56

57

9335

terol 2011; 17: 2801-2811 [PMID: 21734787 DOI: 10.3748/wjg.
v17.i23.2801]
Mantzoros CS. The role of leptin in human obesity and
disease: a review of current evidence. Ann Intern Med 1999;
130: 671-680 [PMID: 10215564 DOI: 10.7326/0003-4819-130-8
-199904200-00014]
Chitturi S, Farrell G, Frost L, Kriketos A, Lin R, Fung C,
Liddle C, Samarasinghe D, George J. Serum leptin in NASH
correlates with hepatic steatosis but not fibrosis: a manifestation of lipotoxicity? Hepatology 2002; 36: 403-409 [PMID:
12143049 DOI: 10.1053/jhep.2002.34738]
Huang XD, Fan Y, Zhang H, Wang P, Yuan JP, Li MJ, Zhan
XY. Serum leptin and soluble leptin receptor in non-alcoholic fatty liver disease. World J Gastroenterol 2008; 14: 2888-2893
[PMID: 18473416 DOI: 10.3748/wjg.14.2888]
Wang J, Leclercq I, Brymora JM, Xu N, Ramezani-Moghadam M, London RM, Brigstock D, George J. Kupffer cells mediate leptin-induced liver fibrosis. Gastroenterology 2009; 137:
713-723 [PMID: 19375424 DOI: 10.1053/j.gastro.2009.04.01]
Biddinger SB, Miyazaki M, Boucher J, Ntambi JM, Kahn
CR. Leptin suppresses stearoyl-CoA desaturase 1 by mechanisms independent of insulin and sterol regulatory elementbinding protein-1c. Diabetes 2006; 55: 2032-2041 [PMID:
16804073 DOI: 10.2337/db05-0742]
Weisberg SP, McCann D, Desai M, Rosenbaum M, Leibel
RL, Ferrante AW. Obesity is associated with macrophage
accumulation in adipose tissue. J Clin Invest 2003; 112:
1796-1808 [PMID: 14679176 DOI: 10.1172/JCI19246]
Zoico E, Garbin U, Olioso D, Mazzali G, Fratta Pasini AM,
Di Francesco V, Sepe A, Cominacini L, Zamboni M. The effects of adiponectin on interleukin-6 and MCP-1 secretion
in lipopolysaccharide-treated 3T3-L1 adipocytes: role of the
NF-kappaB pathway. Int J Mol Med 2009; 24: 847-851 [PMID:
19885628 DOI: 10.3892/ijmm_00000302]
Bugianesi E, Pagotto U, Manini R, Vanni E, Gastaldelli A,
de Iasio R, Gentilcore E, Natale S, Cassader M, Rizzetto
M, Pasquali R, Marchesini G. Plasma adiponectin in nonalcoholic fatty liver is related to hepatic insulin resistance
and hepatic fat content, not to liver disease severity. J Clin
Endocrinol Metab 2005; 90: 3498-3504 [PMID: 15797948 DOI:
10.1210/jc.2004-2240]
Tomas E, Tsao TS, Saha AK, Murrey HE, Zhang Cc Cc, Itani
SI, Lodish HF, Ruderman NB. Enhanced muscle fat oxidation and glucose transport by ACRP30 globular domain:
acetyl-CoA carboxylase inhibition and AMP-activated
protein kinase activation. Proc Natl Acad Sci USA 2002; 99:
16309-16313 [PMID: 12456889 DOI: 10.1073/pnas.222657499]
Xu A, Wang Y, Keshaw H, Xu LY, Lam KS, Cooper GJ. The
fat-derived hormone adiponectin alleviates alcoholic and
nonalcoholic fatty liver diseases in mice. J Clin Invest 2003;
112: 91-100 [PMID: 12840063 DOI: 10.1172/JCI17797]
Day CP. From fat to inflammation. Gastroenterology 2006; 130:
207-210 [PMID: 16401483 DOI: 10.1053/j.gastro.2005.11.017]
Bengmark S. Ecological control of the gastrointestinal tract.
The role of probiotic flora. Gut 1998; 42: 2-7 [PMID: 9505873
DOI: 10.1136/gut.42.1.2]
Mezey E, Imbembo AL, Potter JJ, Rent KC, Lombardo R,
Holt PR. Endogenous ethanol production and hepatic disease following jejunoileal bypass for morbid obesity. Am J
Clin Nutr 1975; 28: 1277-1283 [PMID: 1190105]
Billiar TR, Maddaus MA, West MA, Curran RD, Wells CA,
Simmons RL. Intestinal gram-negative bacterial overgrowth
in vivo augments the in vitro response of Kupffer cells to
endotoxin. Ann Surg 1988; 208: 532-540 [PMID: 3052329
DOI: 10.1097/00000658-198810000-00015]
Solga SF, Diehl AM. Non-alcoholic fatty liver disease:
lumen-liver interactions and possible role for probiotics. J
Hepatol 2003; 38: 681-687 [PMID: 12713883 DOI: 10.1016/
S0168-8278(03)00097-7]
Pagano C, Soardo G, Pilon C, Milocco C, Basan L, Milan G,

July 28, 2014|Volume 20|Issue 28|

Milić S et al . Relationship between NAFLD and obesity

58

59

60

61

62

63

64
65
66

67

68

69
70

71

72

Donnini D, Faggian D, Mussap M, Plebani M, Avellini C,
Federspil G, Sechi LA, Vettor R. Increased serum resistin
in nonalcoholic fatty liver disease is related to liver disease severity and not to insulin resistance. J Clin Endocrinol
Metab 2006; 91: 1081-1086 [PMID: 16394091 DOI: 10.1210/
jc.2005-1056]
Aller R, de Luis DA, Izaola O, Sagrado MG, Conde R,
Velasco MC, Alvarez T, Pacheco D, González JM. Influence
of visfatin on histopathological changes of non-alcoholic
fatty liver disease. Dig Dis Sci 2009; 54: 1772-1777 [PMID:
19005759 DOI: 10.1007/s10620-008-0539-9]
Yilmaz Y, Yonal O, Kurt R, Alahdab YO, Eren F, Ozdogan
O, Celikel CA, Imeryuz N, Kalayci C, Avsar E. Serum levels
of omentin, chemerin and adipsin in patients with biopsyproven nonalcoholic fatty liver disease. Scand J Gastroenterol
2011; 46: 91-97 [PMID: 20809771 DOI: 10.3109/00365521.201
0.516452]
Mirza MS. Obesity, Visceral Fat, and NAFLD: Querying the
Role of Adipokines in the Progression of Nonalcoholic Fatty
Liver Disease. ISRN Gastroenterol 2011; 2011: 592404 [PMID:
21991518 DOI: 10.5402/2011/592404]
Asaoka Y, Terai S, Sakaida I, Nishina H. The expanding role
of fish models in understanding non-alcoholic fatty liver
disease. Dis Model Mech 2013; 6: 905-914 [PMID: 23720231
DOI: 10.1242/dmm.011981]
Koutsari C, Jensen MD. Thematic review series: patientoriented research. Free fatty acid metabolism in human obesity. J Lipid Res 2006; 47: 1643-1650 [PMID: 16685078 DOI:
10.1194/jlr.R600011-JLR200]
Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J,
Boldt MD, Parks EJ. Sources of fatty acids stored in liver
and secreted via lipoproteins in patients with nonalcoholic
fatty liver disease. J Clin Invest 2005; 115: 1343-1351 [PMID:
15864352 DOI: 10.1172/JCI23621]
Stefan N, Kantartzis K, Häring HU. Causes and metabolic
consequences of Fatty liver. Endocr Rev 2008; 29: 939-960
[PMID: 18723451 DOI: 10.1210/er.2008-0009]
Nielsen S, Guo Z, Johnson CM, Hensrud DD, Jensen MD.
Splanchnic lipolysis in human obesity. J Clin Invest 2004;
113: 1582-1588 [PMID: 15173884 DOI: 10.1172/JCI21047]
Parks EJ, Hellerstein MK. Thematic review series: patientoriented research. Recent advances in liver triacylglycerol
and fatty acid metabolism using stable isotope labeling
techniques. J Lipid Res 2006; 47: 1651-1660 [PMID: 16741290
DOI: 10.1194/jlr.R600018-JLR200]
Ehehalt R, Füllekrug J, Pohl J, Ring A, Herrmann T, Stremmel W. Translocation of long chain fatty acids across the
plasma membrane--lipid rafts and fatty acid transport proteins. Mol Cell Biochem 2006; 284: 135-140 [PMID: 16477381
DOI: 10.1007/s11010-005-9034-1]
Morino K, Petersen KF, Shulman GI. Molecular mechanisms of insulin resistance in humans and their potential
links with mitochondrial dysfunction. Diabetes 2006; 55
Suppl 2: S9-S15 [PMID: 17130651 DOI: 10.2337/db06-S002]
Wellen KE, Hotamisligil GS. Inflammation, stress, and
diabetes. J Clin Invest 2005; 115: 1111-1119 [PMID: 15864338
DOI: 10.1172/JCI25102]
Shi H, Kokoeva MV, Inouye K, Tzameli I, Yin H, Flier JS.
TLR4 links innate immunity and fatty acid-induced insulin
resistance. J Clin Invest 2006; 116: 3015-3025 [PMID: 17053832
DOI: 10.1172/JCI28898]
Knebel B, Haas J, Hartwig S, Jacob S, Köllmer C, Nitzgen
U, Muller-Wieland D, Kotzka J. Liver-specific expression
of transcriptionally active SREBP-1c is associated with fatty
liver and increased visceral fat mass. PLoS One 2012; 7:
e31812 [PMID: 22363740 DOI: 10.1371/journal.pone.003181]
Schwarz JM, Linfoot P, Dare D, Aghajanian K. Hepatic de
novo lipogenesis in normoinsulinemic and hyperinsulinemic subjects consuming high-fat, low-carbohydrate and
low-fat, high-carbohydrate isoenergetic diets. Am J Clin

WJG|www.wjgnet.com

73

74

75

76

77

78

79
80
81
82
83

84
85

86

87

88

89

9336

Nutr 2003; 77: 43-50 [PMID: 12499321]
Parks EJ, Krauss RM, Christiansen MP, Neese RA, Hellerstein
MK. Effects of a low-fat, high-carbohydrate diet on VLDLtriglyceride assembly, production, and clearance. J Clin Invest
1999; 104: 1087-1096 [PMID: 10525047 DOI: 10.1172/JCI6572]
Lewis GF, Carpentier A, Adeli K, Giacca A. Disordered
fat storage and mobilization in the pathogenesis of insulin
resistance and type 2 diabetes. Endocr Rev 2002; 23: 201-229
[PMID: 11943743 DOI: 10.1210/er.23.2.201]
Kim LJ, Nalls MA, Eiriksdottir G, Sigurdsson S, Launer LJ,
Koster A, Chaves PH, Jonsdottir B, Garcia M, Gudnason
V, Harris TB. Associations of visceral and liver fat with the
metabolic syndrome across the spectrum of obesity: the
AGES-Reykjavik study. Obesity (Silver Spring) 2011; 19:
1265-1271 [PMID: 21183935 DOI: 10.1038/oby.2010.291]
Seppälä-Lindroos A, Vehkavaara S, Häkkinen AM, Goto
T, Westerbacka J, Sovijärvi A, Halavaara J, Yki-Järvinen H.
Fat accumulation in the liver is associated with defects in
insulin suppression of glucose production and serum free
fatty acids independent of obesity in normal men. J Clin
Endocrinol Metab 2002; 87: 3023-3028 [PMID: 12107194 DOI:
10.1210/jc.87.7.3023]
Moitra J, Mason MM, Olive M, Krylov D, Gavrilova O, Marcus-Samuels B, Feigenbaum L, Lee E, Aoyama T, Eckhaus M,
Reitman ML, Vinson C. Life without white fat: a transgenic
mouse. Genes Dev 1998; 12: 3168-3181 [PMID: 9784492 DOI:
10.1101/gad.12.20.3168]
Agarwal AK, Garg A. Congenital generalized lipodystrophy: significance of triglyceride biosynthetic pathways.
Trends Endocrinol Metab 2003; 14: 214-221 [PMID: 12826327
DOI: 10.1016/S1043-2760(03)00078-X]
Loria P, Lonardo A, Anania F. Liver and diabetes. A vicious
circle. Hepatol Res 2013; 43: 51-64 [PMID: 23332087 DOI:
10.1111/j.1872-034X.2012.01031.x]
Hotamisligil GS. Inflammation and metabolic disorders.
Nature 2006; 444: 860-867 [PMID: 17167474 DOI: 10.1038/nature05485]
Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin
resistance. J Clin Invest 2006; 116: 1793-1801 [PMID: 16823477
DOI: 10.1172/JCI29069]
Muoio DM, Newgard CB. Biomedicine. Insulin resistance
takes a trip through the ER. Science 2004; 306: 425-426 [PMID:
15486283 DOI: 10.1126/science.1104680]
Sanyal AJ, Campbell-Sargent C, Mirshahi F, Rizzo WB,
Contos MJ, Sterling RK, Luketic VA, Shiffman ML, Clore
JN. Nonalcoholic steatohepatitis: association of insulin
resistance and mitochondrial abnormalities. Gastroenterology 2001; 120: 1183-1192 [PMID: 11266382 DOI: 10.1053/
gast.2001.23256]
Pessayre D, Fromenty B. NASH: a mitochondrial disease.
J Hepatol 2005; 42: 928-940 [PMID: 15885365 DOI: 10.1016/
j.jhep.2005.03.004]
Lonardo A, Carani C, Carulli N, Loria P. ‘Endocrine NAFLD’
a hormonocentric perspective of nonalcoholic fatty liver
disease pathogenesis. J Hepatol 2006; 44: 1196-1207 [PMID:
16618516 DOI: 10.1016/j.jhep.2006.03.005]
Gao X, Fan JG. Diagnosis and management of non-alcoholic
fatty liver disease and related metabolic disorders: consensus statement from the Study Group of Liver and Metabolism, Chinese Society of Endocrinology. J Diabetes 2013; 5:
406-415 [PMID: 23560695 DOI: 10.1111/1753-0407.12056]
Attar BM, Van Thiel DH. Current concepts and management approaches in nonalcoholic fatty liver disease. ScientificWorldJournal 2013; 2013: 481893 [PMID: 23576902 DOI:
10.1155/2013/481893]
Kotronen A, Westerbacka J, Bergholm R, Pietiläinen KH,
Yki-Järvinen H. Liver fat in the metabolic syndrome. J Clin
Endocrinol Metab 2007; 92: 3490-3497 [PMID: 17595248 DOI:
10.1210/jc.2007-0482]
Marchesini G, Avagnina S, Barantani EG, Ciccarone AM,

July 28, 2014|Volume 20|Issue 28|

Milić S et al . Relationship between NAFLD and obesity

90

91

92

93

94

95

Corica F, Dall’Aglio E, Dalle Grave R, Morpurgo PS, Tomasi
F, Vitacolonna E. Aminotransferase and gamma-glutamyltranspeptidase levels in obesity are associated with insulin
resistance and the metabolic syndrome. J Endocrinol Invest
2005; 28: 333-339 [PMID: 15966506]
Thamer C, Tschritter O, Haap M, Shirkavand F, Machann
J, Fritsche A, Schick F, Häring H, Stumvoll M. Elevated serum GGT concentrations predict reduced insulin sensitivity
and increased intrahepatic lipids. Horm Metab Res 2005; 37:
246-251 [PMID: 15952086 DOI: 10.1055/s-2005-861411]
Stranges S, Dorn JM, Muti P, Freudenheim JL, Farinaro E,
Russell M, Nochajski TH, Trevisan M. Body fat distribution,
relative weight, and liver enzyme levels: a population-based
study. Hepatology 2004; 39: 754-763 [PMID: 14999694 DOI:
10.1002/hep.20149]
Targher G, Bertolini L, Scala L, Poli F, Zenari L, Falezza G.
Decreased plasma adiponectin concentrations are closely
associated with nonalcoholic hepatic steatosis in obese individuals. Clin Endocrinol (Oxf) 2004; 61: 700-703 [PMID:
15579183 DOI: 10.1111/j.1365-2265.2004.02151.x]
Shimada M, Kawahara H, Ozaki K, Fukura M, Yano H, Tsuchishima M, Tsutsumi M, Takase S. Usefulness of a combined
evaluation of the serum adiponectin level, HOMA-IR, and serum type IV collagen 7S level to predict the early stage of nonalcoholic steatohepatitis. Am J Gastroenterol 2007; 102: 1931-1938
[PMID: 17511754 DOI: 10.1111/j.1572-0241.2007.01322.x]
Targher G, Bertolini L, Rodella S, Lippi G, Franchini M, Zoppini G, Muggeo M, Day CP. NASH predicts plasma inflammatory biomarkers independently of visceral fat in men. Obesity (Silver Spring) 2008; 16: 1394-1399 [PMID: 18369343 DOI:
10.1038/oby.2008.64]
Mouzaki M, Comelli EM, Arendt BM, Bonengel J, Fung SK,

Fischer SE, McGilvray ID, Allard JP. Intestinal microbiota
in patients with nonalcoholic fatty liver disease. Hepatology
2013; 58: 120-127 [PMID: 23401313 DOI: 10.1002/hep.26319]
96 Szczepaniak LS, Nurenberg P, Leonard D, Browning JD,
Reingold JS, Grundy S, Hobbs HH, Dobbins RL. Magnetic
resonance spectroscopy to measure hepatic triglyceride
content: prevalence of hepatic steatosis in the general population. Am J Physiol Endocrinol Metab 2005; 288: E462-E468
[PMID: 15339742 DOI: 10.1152/ajpendo.00064.2004]
97 Dasarathy S, Dasarathy J, Khiyami A, Joseph R, Lopez R, McCullough AJ. Validity of real time ultrasound in the diagnosis
of hepatic steatosis: a prospective study. J Hepatol 2009; 51:
1061-1067 [PMID: 19846234 DOI: 10.1016/j.jhep.2009.09.00]
98 Ciupińska-Kajor M, Hartleb M, Kajor M, Kukla M, Wyleżoł
M, Lange D, Liszka L. Hepatic angiogenesis and fibrosis are
common features in morbidly obese patients. Hepatol Int 2013;
7: 233-240 [PMID: 23519653 DOI: 10.1007/s12072-011-9320-9]
99 Hafeez S, Ahmed MH. Bariatric surgery as potential treatment for nonalcoholic fatty liver disease: a future treatment
by choice or by chance? J Obes 2013; 2013: 839275 [PMID:
23431426 DOI: 10.1155/2013/839275]
100 Vargas V, Allende H, Lecube A, Salcedo MT, Baena-Fustegueras JA, Fort JM, Rivero J, Ferrer R, Catalán R, Pardina E,
Ramón Y Cajal S, Guardia J, Peinado-Onsurbe J. Surgically
induced weight loss by gastric bypass improves non alcoholic fatty liver disease in morbid obese patients. World J
Hepatol 2012; 4: 382-388 [PMID: 23355916 DOI: 10.4254/wjh.
v4.i12.382]
101 Fabbrini E, Sullivan S, Klein S. Obesity and nonalcoholic
fatty liver disease: biochemical, metabolic, and clinical implications. Hepatology 2010; 51: 679-689 [PMID: 20041406
DOI: 10.1002/hep.23280]
P- Reviewer: Krupp D, Lonardo A S- Editor: Qi Y
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

9337

July 28, 2014|Volume 20|Issue 28|

World J Gastroenterol 2014 July 28; 20(28): 9338-9344
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i28.9338

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (12): Nonalcoholic fatty liver disease

Role of diet and lifestyle changes in nonalcoholic fatty liver
disease
William Nseir, Elias Hellou, Nimer Assy
William Nseir, Elias Hellou, Department of Internal Medicine,
EMMS, The Nazareth Hospital, Nazareth 16100, Israel
William Nseir, Nimer Assy, Faculty of Medicine in the Galilee,
Bar-Ilan University, Safed 13100, Israel
Nimer Assy, Liver Unit, Ziv Medical Center, Safed 13100, Israel
Author contributions: Nseir W wrote the manuscript and participated in the design, editing, and polishing; Hellou E participated in the design; Assy N participated in the design, editing,
and polishing.
Correspondence to: William Nseir, MD, Department of Internal Medicine, EMMS, The Nazareth Hospital, POBox 11, Nazareth 16100, Israel. w.nseir@yahoo.com
Telephone: +972-4-6028851 Fax: +972-4-6028851
Received: November 4, 2013 Revised: February 24, 2014
Accepted: April 15, 2014
Published online: July 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Diet; Caloric restriction; Lifestyle changes;
Physical activity; Aerobic exercise; Resistance exercise;
Management; Nonalcoholic fatty liver disease
Core tip: To date there is no effective drug treatment
for nonalcoholic fatty liver disease (NAFLD). A combination of dietary modifications and increased physical
activity remains the mainstay of NAFLD therapy. In
order to prevent the hepatic, extra-hepatic, including
metabolic complications of NAFLD, it is important to
manage this condition early. Therefore, a plan should
be carried out immediately when NAFLD is diagnosed
combining diet and proper exercise activity. This review
highlights the role of diet and lifestyle changes in the
management of NAFLD, and focuses on human studies
regarding dietary modifications and physical activity.

Abstract
Nonalcoholic fatty liver disease (NAFLD) has become
one of the most common causes of liver disease worldwide and has been recognized as a major health burden. The prevalence of NAFLD has grown proportionally
with the rise in obesity, sedentary lifestyle, unhealthy
dietary pattern, and metabolic syndrome. Currently,
there is no drug therapy that can be formulated for
treating NAFLD. A combination of dietary modifications
and increased physical activity remains the mainstay
of NAFLD management. It is hard to maintain this
mode of management; however, it seems to have
significant long-term benefits. Furthermore, NAFLD
patients, whether obese or not, should be educated
that a healthy diet and physical activity have benefits
beyond weight reduction. Further large controlled randomized trials are needed in order to identify the best
dietary regimen and physical activity in the management of NAFLD patients. This review highlights the role
of diet and lifestyle modifications in the management
of NAFLD, and focuses on human studies regarding dietary modifications and physical activity.
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INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is a significant
health problem worldwide. NAFLD affects 20%-30% of
the adult population[1]. NAFLD can progress to nonalcoholic steatohepatitis (NASH), characterized by inflammation, apoptosis, and ballooning degeneration. This form
of liver injury carries a 20%-50% risk for progressive
fibrosis, 30% risk for cirrhosis, and 5% risk for hepatocellular carcinoma[2-6].
The nonstop rising incidence of obesity in today’s
generation is associated with many health complications
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Table 1 Soft drink consumption linked with nonalcoholic
fatty liver disease (mean ± SD)
Dietary constituent
Total energy intake (kcal)
Added sugar (g/d)
Percent of added sugar from
soft drinks

NAFLD

Controls

(n = 31)

(n = 30)

2300 ± 500
75.6 ± 8.4
43%

2200 ± 600
33.6 ± 12.6
8%

Table 2 Dietary products that promote or improve nonalcoholic fatty liver disease

P value
Soft drinks
High fructose corn syrup
Processed carbohydrates
Saturated fatty acids
Polyunsaturated fatty acids
High protein
Red meat

0.3
0.001
0.001

NAFLD: Nonalcoholic fatty liver disease.

Promote NAFLD

Improve NAFLD

Yes
Yes
Yes
Yes
No
Yes
Yes

No
No
No
No
Yes
No
No

NAFLD: Nonalcoholic fatty liver disease.
[7,8]

in addition to NAFLD . These include cardiovascular
diseases, diabetes, hyperlipidemia, and hypertension. This
constellation is recognized as metabolic syndrome (MetS).
About 70% of patients with fatty liver have MetS and
30% of patients with MetS have fatty liver[9]. NAFLD
patients have multiple components of the MetS, whether
or not they are overweight or obese. Insulin resistance (IR)
is present in NAFLD patients and is a significant predictor of NAFLD and NASH in most patients[10].
NAFLD is a multifactorial disease that involves a
complex interaction of genetics, diet, and lifestyle, all of
which combine to form the NAFLD phenotype. Currently, the only established treatment of NAFLD is the
use of diet and lifestyle changes in order to decrease
body weight, and to improve glycemic control, dyslipidemia, and cardiovascular risk[11-13].
As NAFLD and the other components of MetS are
strongly associated with obesity, weight loss constitutes
the principal key in NAFLD management. Sudden or
quick weight loss achieved through dietary modification may lead to the progression of liver failure in some
NAFLD patients. Alternatively, weight loss through
surgical methods, even with rapid weight reduction after
surgery, has been successful in reducing NAFLD progression[14-16].
This review highlights the role of diet and lifestyle
modifications in the management of NAFLD, and focuses on human studies regarding dietary modifications
and physical activity.

lar findings were observed by Cortez-Pinto et al[21].
There is a lack of randomized clinical trials (RCTs) regarding the positive effect of foods or nutritional supplementation on NAFLD. NAFLD patients have a tendency
towards a lower intake of fish rich in omega-3[18,22].

CALORIC RESTRICTION
As much as 40 years ago, Drenick et al[23] assigned 41
severely obese subjects to three different diet regimens
of prolonged fasting, hypocaloric diet of 500 kcal/d, or
intestinal bypass surgery. On repeat liver biopsy after one
year, patients showed an improvement in steatosis with
a mean weight loss of 40.9 kg in the prolonged fasting
group and 59.5 kg in the hypocaloric diet. Similar results
were obtained by Huang et al[24] using a diet of 1400
kcal/d among patients with NASH. Repeated liver biopsies indicated histological improvement in steatosis with
a mean weight loss of 10.3 kg over a period of 6 mo.
Lewis et al[25] investigated 18 morbidly obese subjects who
underwent magnetic resonance imaging and spectroscopy (MRS) to measure liver size and fat content before
and after treatment with Optifast very low caloric diet
(VLCD). After six weeks, subjects had a mean weight reduction of 9 kg and 43% reduction in mean liver fat. Several studies have demonstrated that a reduction in caloric
intake of 500 kcal with or without physical activity for a
period of 6 mo resulted in a significant decrease in liver
fat based on MRS examination[26-28]. Vitola et al[29] showed
that moderate diet-induced weight loss decreases intrahepatic triglyceride (IHT) content and improves insulin
sensitivity in the liver and skeletal muscle in obese adolescents who have normal glucose intolerance. It seems that
a very low caloric diet is effective in reducing liver fat and
weight. However, larger clinical randomized trials (CRT)
are needed.

DIETARY CHANGES
Commonly, patients with NAFLD consume high caloric diets, especially in the form of carbohydrate and
fats, in comparison to control population. The increased
consumption of carbohydrate in the form of beverages
has increased the total energy intake share from 3.9%
in 1977 to 9.2% in 2001[17]. Zelber-Sagi et al[18] showed
that NAFLD patients consume a larger quantity of soft
drinks and meat than controls. Soft drinks are the leading
source of added sugar worldwide and have been linked
to NAFLD[19,20] (Table 1). Musso et al[11] noted increased
protein intake among NAFLD patients. NAFLD diets
in these patients also tended to have a higher content of
saturated fat and cholesterol and less polyunsaturated
fatty acids (PUFAs) than healthy persons (Table 2). Simi-
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CARBOHYDRATE RESTRICTION
Simple carbohydrates in the diet, in particular fructose,
have been linked to NAFLD[30]. As carbohydrate consumption affects glucose homeostasis and free fatty
acids metabolism in the liver, carbohydrate-restricted
diet also has been studied. Yancy et al[31] demonstrated in
120 overweight subjects with hyperlipidemia that a low-
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carbohydrate, ketogenic diet (< 20 g/d), compared with
low-fat, low-cholesterol, reduced-caloric diet, achieved a
12.9% weight loss and lipid profile improvement. Tendler
et al[32] examined the effect of a low-carbohydrate diet (<
20 g/d) on hepatic steatosis in five patients with NAFLD.
After 6 mo, repeated liver biopsies showed a reduction
in steatosis, inflammation, and fibrosis, and a weight loss
of 12.8 kg. Huang et al[24] placed 23 patients with biopsyproven NASH on a diet of 45% carbohydrate, 35% fat,
and 20% protein for 12 mo. They showed that in 9 of
15 patients who underwent repeated liver biopsies, there
was a significant histological improvement in hepatic
steatosis. Recently, a small CRT showed that short-term
carbohydrate restriction is more efficacious at reducing
IHT than caloric restriction[33]. In an RCT of 307 obese
patients with mean BMI of 36.1 kg/m2, both low-fat and
low-carbohydrate diets decreased blood pressure, serum
triglycerides, VLDL, and LDL levels[34].

an open-label study. In addition to significantly lowering their serum AST, ALT, and GGT activities and their
serum TG and fasting blood glucose levels, they found
that the n-3 PUFA supplementation ameliorated the
ultrasonographic and hemodynamic features of hepatic
steatosis. Spadaro et al[44] investigated the efficacy of n-3
PUFAs in 40 patients with NAFLD, and reported that
serum ALT activity, serum TG levels, as well as fatty liver improved after six mo of n-3 PUFA therapy. Eicosapentaenoic acid (EPA) is one of the most important fatty
acids of the n-3 PUFAs. In a pilot trial that involved 23
patients with biopsy-proven NASH who were given 2.7
grams of EPA daily for 12 mo[45], the EPA treatment
improved serum ALT and AST activities and free fatty
acid levels. In six of the seven patients who agreed to
have a repeat liver biopsy at the end of the study, they
found an improvement in the extent of hepatic steatosis
and fibrosis and the severity of the hepatic inflammation. In a preliminary study, Sofi et al[46] investigated the
effectiveness of one-year consumption of an n-3 PUFArich diet in 11 patients with NAFLD. They reported that
the long-term consumption of olive oil enriched with n-3
PUFAs was able to decrease serum liver enzyme activities and TG levels. In an RCT that involved 134 patients
with NAFLD, Zhu et al[47] reported that n-3 PUFAs from
seal oils are safe and efficacious in hyperlipidemic patients with NAFLD. Specifically, they found that these
n-3 PUFAs can improve their serum ALT activities and
serum lipid levels, and normalize hepatic fat infiltration.
Oya et al[48] studied the association between dietary n-3
PUFAs and NAFLD in Japanese men and women, and
they found that dietary EPA and EPA with DHA may
be independent and preventive nutrients for NAFLD in
Japanese men.

FAT RESTRICTION
The composition of dietary lipid may influence the IHT.
One study has demonstrated that an isocaloric high fat
diet in postmenopausal women increased the IHT[35]. Furthermore, a study comparing diets of NAFLD patients
with NASH patients found that patients with NASH
consumed a higher percentage of calories from fat that
those with steatosis alone, despite consuming fewer total
calories[36]. Petersen et al[37] applied a 3% low-fat reducedcaloric diet (1200 kcal/d) to eight patients with NAFLD.
Based on MRS they showed an 81% reduction in hepatic
lipid content and weight loss of 8% over a maximum period of 16 wk.
Specific types of fat play an important role in NAFLD
pathophysiology in addition to the total fat content of
the diet. It is difficult to determine the effects of saturated fats independent of total calories[38]. Trans-fatty
acids (TFA) are unsaturated acids with at least one double
bond in the trans configuration. They are rarely found
naturally in the food supply. Therefore, the role of TFA
in human NAFLD needs to be studied.
Polyunsaturated fatty acids and specifically the n-3
PUFA and mono-unsaturated fatty acid may play a
protective role in NAFLD (Table 2). The intake of n-3
PUFAs of marine origin leads to elevated serum concentration of adiponectin, largely independent of food
intake or adiposity and decreases serum insulin, TGs,
and leptin levels. These effects have been used to explain the anti-diabetic action, weight loss, and decrease
in adiposity that occur with the intake of n-3 PUFA-rich
diets[39-41]. In addition, PUFAs up regulate gene expression of proteins involved in fatty acid oxidation, while
they decrease those involved in lipogenesis including
SREBP-1[42]. n-3 PUFA concentrations are lower in patients with NAFLD, and have a higher ratio of n-6 to
n-3 PUFA[43]. Capanni et al[22] investigated the efficacy of
n-3 PUFA supplementation in 42 patients with NAFLD
who were treated daily with 1 g n-3 PUFA for 12 mo in

WJG|www.wjgnet.com

PROTEIN
The exact effect of protein on NAFLD is not so clear.
Recently, it was shown that a Western dietary pattern at
14 years-of-age in a general population sample was associated with an increased risk of NAFLD at 17 years, particularly in obese adolescents[49]. Several previous studies
showed a significant association between meat (red meat)
consumption and NAFLD[18,50,51].

PHYSICAL ACTIVITY
Physical activity (PA) is another modality for weight
reduction in NAFLD therapy. Despite the difficulties,
increased PA is highly beneficial in the management of
NAFLD. PA has been shown to produce a reduction of
35% for diabetes and 49% for cardiovascular diseases in
patients with NAFLD[52,53]. In an observational analysis
of 348 patients with NAFLD, after one year Suzuki et
al[54] demonstrated an improvement in transaminase levels with weight loss, and they concluded that reducing
weight by at least 5% with subsequent weight control and
exercising regularly may be beneficial in treating NAFLD.
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Sreenivasa Baba et al[55] reported in a pilot trial that moderate intensity in aerobic exercise helped to normalize
ALT levels in 65 NASH patients receiving a moderately
energy-restricted diet. Significant improvement was not
noted in body mass index, serum aminotransferase levels,
and fasting glucose in patients adherent to the prescribed
diet and exercise regimen.
Hickman et al[56] followed 31 patients with NASH over
a period of 3 mo with a combination of dietary modifications (55% carbohydrate, 15% protein, and 30% fat
diets) and moderate exercise (150 min/wk of aerobic exercise). Patients achieved a mean weight loss of 4% with
a noted significant serum alanine aminotransferase (ALT)
reduction. Vilar Gomez et al[57], in an RCT, assigned 60
patients with liver biopsy-proven NAFLD to hypocaloric
diet plus aerobic exercise daily and three Viusid sachets
daily or a hypocaloric diet and exercise for a period of six
mo. They showed that treatment with diet and exercise
leads to a notable improvement in histological features of
NAFLD.
Cross-sectional studies have shown that higher levels of PA are associated with lower levels of IHT[58-60].
Previous studies have reported a beneficial effect of
aerobic exercise on liver function, independent of weight
reduction[55,61]. In recent years, there has been increased
attention on resistance training as a useful adjunctive
tool of exercise[62,63]. Ibañez et al[64] showed that resistance
training without a concomitant weight loss diet significantly improved insulin sensitivity and fasting glycemia
and decreased abdominal fat. The benefit of PA alone
in the absence of any changes in body weight was examined in NAFLD patients. Hallsworth et al[65] assigned
19 sedentary adults with NAFLD to 8 wk of resistance
exercise (RE). Eleven were assigned to RE and eight to
normal treatment; they showed a benefit of RE as a lipidlowering treatment for NAFLD independent of weight
loss. Lee et al[66] examined the effects of aerobic exercise
versus RE without caloric restriction on abdominal adiposity, IHT, and insulin sensitivity. They concluded that
both aerobic and resistance exercise alone are effective
for reducing abdominal fat and IHT in obese adolescent
boys. Recently, one exercise-related interventional study
examined the long-term effects of aerobic and resistance
training on the adipokines and neuropeptides in NAFLD
obese adolescents and found a significant improvement
in NAFLD biomarkers[67].

for treating NAFLD or NASH due to lack of high quality, large CRT, and strong evidence-based data with hepatic histopathological evidence. Based on available data,
patients with NAFLD should optimally achieve a 5%-10%
weight reduction (avoid rapid weight loss of more than 1.6
kg/wk). NAFLD patients, whether obese or of normal
weight, should be informed that a healthy diet has benefits beyond weight reduction. They should be advised
to reduce saturated/trans-fat and to increase polyunsaturated fat with special emphasis on omega-3 fatty acids
(1 g/d fish oil), reduce added sugar to its minimum, and
avoid soft drinks containing sugar (including fruit juices
that contain a lot of fructose). For those who are red
meat eaters, less meat and increased fish consumption,
increased fiber intake, and minimizing fast food intake
should be recommended.
Physical activity as aerobic or resistance exercise or
combination should be integrated strongly in NAFLD
management. Nutritional counseling with a multidisciplinary team including dietitians, psychologists, and physical activity supervisors is the preferable method in the
management of NAFLD patients.

REFERENCES
1

2

3

4
5

6

7

CONCLUSION
NAFLD is linked strongly to MetS and cardiovascular
diseases[68], and may predict the tendency to develop
diabetes. The most common cause of death in patients
with NAFLD is cardiovascular disease, not chronic liver
disease[69,70]. Therefore, to detect and manage NAFLD
early is the mainstay in preventing hepatic, extra-hepatic,
and metabolic complications. Nutrition has been demonstrated to be associated with NAFLD and NASH[18-21,35].
Currently, no firm recommendations can be formulated

WJG|www.wjgnet.com

8

9

9341

Browning JD, Szczepaniak LS, Dobbins R, Nuremberg P,
Horton JD, Cohen JC, Grundy SM, Hobbs HH. Prevalence
of hepatic steatosis in an urban population in the United
States: impact of ethnicity. Hepatology 2004; 40: 1387-1395
[PMID: 15565570 DOI: 10.1002/hep.20466]
Matteoni CA, Younossi ZM, Gramlich T, Boparai N, Liu
YC, McCullough AJ. Nonalcoholic fatty liver disease: a
spectrum of clinical and pathological severity. Gastroenterology 1999; 116: 1413-1419 [PMID: 10348825]
Willner IR, Waters B, Patil SR, Reuben A, Morelli J, Riely
CA. Ninety patients with nonalcoholic steatohepatitis: insulin resistance, familial tendency, and severity of disease.
Am J Gastroenterol 2001; 96: 2957-2961 [PMID: 11693332 DOI:
10.1111/j.1572-0241.2001.04667.x]
Angulo P. Nonalcoholic fatty liver disease. N Engl J Med
2002; 346: 1221-1231 [PMID: 11961152 DOI: 10.1056/NEJMra011775]
Bugianesi E, Leone N, Vanni E, Marchesini G, Brunello F,
Carucci P, Musso A, De Paolis P, Capussotti L, Salizzoni M,
Rizzetto M. Expanding the natural history of nonalcoholic
steatohepatitis: from cryptogenic cirrhosis to hepatocellular carcinoma. Gastroenterology 2002; 123: 134-140 [PMID:
12105842]
Starley BQ, Calcagno CJ, Harrison SA. Nonalcoholic fatty
liver disease and hepatocellular carcinoma: a weighty connection. Hepatology 2010; 51: 1820-1832 [PMID: 20432259
DOI: 10.1002/hep.23594]
Pi-Sunyer FX. The obesity epidemic: pathophysiology and
consequences of obesity. Obes Res 2002; 10 Suppl 2: 97S-104S
[PMID: 12490658 DOI: 10.1038/oby.2002.202]
Haynes P, Liangpunsakul S, Chalasani N. Nonalcoholic
fatty liver disease in individuals with severe obesity. Clin
Liver Dis 2004; 8: 535-47, viii [PMID: 15331062 DOI: 10.1016/
j.cld.2004.04.007]
Alberti KG, Eckel RH, Grundy SM, Zimmet PZ, Cleeman
JI, Donato KA, Fruchart JC, James WP, Loria CM, Smith SC.
Harmonizing the metabolic syndrome: a joint interim statement of the International Diabetes Federation Task Force on
Epidemiology and Prevention; National Heart, Lung, and
Blood Institute; American Heart Association; World Heart

July 28, 2014|Volume 20|Issue 28|

Nseir W et al . Diet and lifestyle in fatty liver

10
11

12
13

14
15

16

17
18

19

20

21

22

23

24

25

Federation; International Atherosclerosis Society; and International Association for the Study of Obesity. Circulation
2009; 120: 1640-1645 [PMID: 19805654 DOI: 10.1161/CIRCULATIONAHA.109.192644]
Clark JM. The epidemiology of nonalcoholic fatty liver
disease in adults. J Clin Gastroenterol 2006; 40 Suppl 1: S5-10
[PMID: 16540768 DOI: 10.1097/01.mcg.0000168638.84840.ff]
Musso G, Gambino R, De Michieli F, Cassader M, Rizzetto
M, Durazzo M, Fagà E, Silli B, Pagano G. Dietary habits and
their relations to insulin resistance and postprandial lipemia
in nonalcoholic steatohepatitis. Hepatology 2003; 37: 909-916
[PMID: 12668986 DOI: 10.1053/jhep.2003.50132]
Clark JM. Weight loss as a treatment for nonalcoholic fatty
liver disease. J Clin Gastroenterol 2006; 40 Suppl 1: S39-S43
[PMID: 16540766 DOI: 10.1097/01.mcg.0000168641.31321.fa]
Hollingsworth KG, Abubacker MZ, Joubert I, Allison ME,
Lomas DJ. Low-carbohydrate diet induced reduction of hepatic lipid content observed with a rapid non-invasive MRI
technique. Br J Radiol 2006; 79: 712-715 [PMID: 16940371]
Weiner RA. Surgical treatment of non-alcoholic steatohepatitis and non-alcoholic fatty liver disease. Dig Dis 2010; 28:
274-279 [PMID: 20460923 DOI: 10.1159/000282102]
Mathurin P, Hollebecque A, Arnalsteen L, Buob D, Leteurtre E, Caiazzo R, Pigeyre M, Verkindt H, Dharancy S, Louvet A, Romon M, Pattou F. Prospective study of the longterm effects of bariatric surgery on liver injury in patients
without advanced disease. Gastroenterology 2009; 137:
532-540 [PMID: 19409898 DOI: 10.1053/j.gastro.2009.04.052]
Furuya CK, de Oliveira CP, de Mello ES, Faintuch J, Raskovski A, Matsuda M, Vezozzo DC, Halpern A, Garrido AB,
Alves VA, Carrilho FJ. Effects of bariatric surgery on nonalcoholic fatty liver disease: preliminary findings after 2 years.
J Gastroenterol Hepatol 2007; 22: 510-514 [PMID: 17376042]
Nielsen SJ, Popkin BM. Changes in beverage intake between 1977 and 2001. Am J Prev Med 2004; 27: 205-210 [PMID:
15450632 DOI: 10.1016/j.amepre.2004.05.005]
Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M,
Blendis L, Halpern Z, Oren R. Long term nutritional intake
and the risk for non-alcoholic fatty liver disease (NAFLD): a
population based study. J Hepatol 2007; 47: 711-717 [PMID:
17850914]
Abid A, Taha O, Nseir W, Farah R, Grosovski M, Assy N.
Soft drink consumption is associated with fatty liver disease
independent of metabolic syndrome. J Hepatol 2009; 51:
918-924 [PMID: 19765850 DOI: 10.1016/j.jhep.2009.05.033]
Assy N, Nasser G, Kamayse I, Nseir W, Beniashvili Z, Djibre A, Grosovski M. Soft drink consumption linked with
fatty liver in the absence of traditional risk factors. Can J
Gastroenterol 2008; 22: 811-816 [PMID: 18925303]
Cortez-Pinto H, Jesus L, Barros H, Lopes C, Moura MC,
Camilo ME. How different is the dietary pattern in non-alcoholic steatohepatitis patients? Clin Nutr 2006; 25: 816-823
[PMID: 16677739 DOI: 10.1016/j.clnu.2006.01.027]
Capanni M, Calella F, Biagini MR, Genise S, Raimondi L,
Bedogni G, Svegliati-Baroni G, Sofi F, Milani S, Abbate R,
Surrenti C, Casini A. Prolonged n-3 polyunsaturated fatty
acid supplementation ameliorates hepatic steatosis in patients with non-alcoholic fatty liver disease: a pilot study.
Aliment Pharmacol Ther 2006; 23: 1143-1151 [PMID: 16611275
DOI: 10.1111/j.1365-2036.2006.02885.x]
Drenick EJ, Simmons F, Murphy JF. Effect on hepatic morphology of treatment of obesity by fasting, reducing diets
and small-bowel bypass. N Engl J Med 1970; 282: 829-834
[PMID: 5418545 DOI: 10.1056/NEJM197004092821502]
Huang MA, Greenson JK, Chao C, Anderson L, Peterman
D, Jacobson J, Emick D, Lok AS, Conjeevaram HS. Oneyear intense nutritional counseling results in histological
improvement in patients with non-alcoholic steatohepatitis:
a pilot study. Am J Gastroenterol 2005; 100: 1072-1081 [PMID:
15842581]

WJG|www.wjgnet.com

26

27

28

29

30
31

32

33

34

35

36

37

38

9342

Lewis MC, Phillips ML, Slavotinek JP, Kow L, Thompson
CH, Toouli J. Change in liver size and fat content after treatment with Optifast very low calorie diet. Obes Surg 2006; 16:
697-701 [PMID: 16756727 DOI: 10.1381/096089206777346682]
Shah K, Stufflebam A, Hilton TN, Sinacore DR, Klein S,
Villareal DT. Diet and exercise interventions reduce intrahepatic fat content and improve insulin sensitivity in obese
older adults. Obesity (Silver Spring) 2009; 17: 2162-2168
[PMID: 19390517 DOI: 10.1038/oby.2009.126]
Larson-Meyer DE, Newcomer BR, Heilbronn LK, Volaufova J, Smith SR, Alfonso AJ, Lefevre M, Rood JC, Williamson DA, Ravussin E. Effect of 6-month calorie restriction
and exercise on serum and liver lipids and markers of liver
function. Obesity (Silver Spring) 2008; 16: 1355-1362 [PMID:
18421281 DOI: 10.1038/oby.2008.201]
Thomas EL, Brynes AE, Hamilton G, Patel N, Spong A,
Goldin RD, Frost G, Bell JD, Taylor-Robinson SD. Effect of
nutritional counselling on hepatic, muscle and adipose tissue fat content and distribution in non-alcoholic fatty liver
disease. World J Gastroenterol 2006; 12: 5813-5819 [PMID:
17007047]
Vitola BE, Deivanayagam S, Stein RI, Mohammed BS, Magkos F, Kirk EP, Klein S. Weight loss reduces liver fat and
improves hepatic and skeletal muscle insulin sensitivity in
obese adolescents. Obesity (Silver Spring) 2009; 17: 1744-1748
[PMID: 19498349 DOI: 10.1038/oby.2009.171]
Nseir W, Nassar F, Assy N. Soft drinks consumption and
nonalcoholic fatty liver disease. World J Gastroenterol 2010;
16: 2579-2588 [PMID: 20518077]
Yancy WS, Olsen MK, Guyton JR, Bakst RP, Westman EC.
A low-carbohydrate, ketogenic diet versus a low-fat diet to
treat obesity and hyperlipidemia: a randomized, controlled
trial. Ann Intern Med 2004; 140: 769-777 [PMID: 15148063]
Tendler D, Lin S, Yancy WS, Mavropoulos J, Sylvestre P,
Rockey DC, Westman EC. The effect of a low-carbohydrate,
ketogenic diet on nonalcoholic fatty liver disease: a pilot
study. Dig Dis Sci 2007; 52: 589-593 [PMID: 17219068 DOI:
10.1007/s10620-006-9433-5]
Browning JD, Baker JA, Rogers T, Davis J, Satapati S, Burgess SC. Short-term weight loss and hepatic triglyceride
reduction: evidence of a metabolic advantage with dietary
carbohydrate restriction. Am J Clin Nutr 2011; 93: 1048-1052
[PMID: 21367948 DOI: 10.3945/ajcn.110.007674]
Foster GD, Wyatt HR, Hill JO, Makris AP, Rosenbaum DL,
Brill C, Stein RI, Mohammed BS, Miller B, Rader DJ, Zemel
B, Wadden TA, Tenhave T, Newcomb CW, Klein S. Weight
and metabolic outcomes after 2 years on a low-carbohydrate
versus low-fat diet: a randomized trial. Ann Intern Med 2010;
153: 147-157 [PMID: 20679559 DOI: 10.7326/0003-4819-153-3
-201008030-00005]
Westerbacka J, Lammi K, Häkkinen AM, Rissanen A, Salminen I, Aro A, Yki-Järvinen H. Dietary fat content modifies
liver fat in overweight nondiabetic subjects. J Clin Endocrinol
Metab 2005; 90: 2804-2809 [PMID: 15741262 DOI: 10.1210/
jc.2004-1983]
Vilar L, Oliveira CP, Faintuch J, Mello ES, Nogueira MA,
Santos TE, Alves VA, Carrilho FJ. High-fat diet: a trigger of
non-alcoholic steatohepatitis? Preliminary findings in obese
subjects. Nutrition 2008; 24: 1097-1102 [PMID: 18640006 DOI:
10.1016/j.nut.2008.05.017]
Petersen KF, Dufour S, Befroy D, Lehrke M, Hendler RE,
Shulman GI. Reversal of nonalcoholic hepatic steatosis,
hepatic insulin resistance, and hyperglycemia by moderate
weight reduction in patients with type 2 diabetes. Diabetes
2005; 54: 603-608 [PMID: 15734833]
Brøns C, Jensen CB, Storgaard H, Hiscock NJ, White A,
Appel JS, Jacobsen S, Nilsson E, Larsen CM, Astrup A,
Quistorff B, Vaag A. Impact of short-term high-fat feeding
on glucose and insulin metabolism in young healthy men. J
Physiol 2009; 587: 2387-2397 [PMID: 19332493 DOI: 10.1113/

July 28, 2014|Volume 20|Issue 28|

Nseir W et al . Diet and lifestyle in fatty liver

39

40

41

42

43

44

45

46

47

48

49

50

51

52

jphysiol.2009.169078]
Yu S, Rao S, Reddy JK. Peroxisome proliferator-activated
receptors, fatty acid oxidation, steatohepatitis and hepatocarcinogenesis. Curr Mol Med 2003; 3: 561-572 [PMID:
14527087]
Flachs P, Mohamed-Ali V, Horakova O, Rossmeisl M,
Hosseinzadeh-Attar MJ, Hensler M, Ruzickova J, Kopecky
J. Polyunsaturated fatty acids of marine origin induce adiponectin in mice fed a high-fat diet. Diabetologia 2006; 49:
394-397 [PMID: 16397791 DOI: 10.1007/s00125-005-0053-y]
Nseir W, Mograbi J, Ghali M. Lipid-lowering agents in
nonalcoholic fatty liver disease and steatohepatitis: human
studies. Dig Dis Sci 2012; 57: 1773-1781 [PMID: 22419057
DOI: 10.1007/s10620-012-2118-3]
Clarke SD. Nonalcoholic steatosis and steatohepatitis. I.
Molecular mechanism for polyunsaturated fatty acid regulation of gene transcription. Am J Physiol Gastrointest Liver
Physiol 2001; 281: G865-G869 [PMID: 11557505]
Araya J, Rodrigo R, Videla LA, Thielemann L, Orellana M,
Pettinelli P, Poniachik J. Increase in long-chain polyunsaturated fatty acid n - 6/n - 3 ratio in relation to hepatic steatosis in patients with non-alcoholic fatty liver disease. Clin Sci
(Lond) 2004; 106: 635-643 [PMID: 14720121 DOI: 10.1042/
CS20030326]
Spadaro L, Magliocco O, Spampinato D, Piro S, Oliveri C,
Alagona C, Papa G, Rabuazzo AM, Purrello F. Effects of n-3
polyunsaturated fatty acids in subjects with nonalcoholic
fatty liver disease. Dig Liver Dis 2008; 40: 194-199 [PMID:
18054848 DOI: 10.1016/j.dld.2007.10.003]
Tanaka N, Sano K, Horiuchi A, Tanaka E, Kiyosawa K,
Aoyama T. Highly purified eicosapentaenoic acid treatment improves nonalcoholic steatohepatitis. J Clin Gastroenterol 2008; 42: 413-418 [PMID: 18277895 DOI: 10.1097/
MCG.0b013e31815591aa]
Sofi F, Giangrandi I, Cesari F, Corsani I, Abbate R, Gensini
GF, Casini A. Effects of a 1-year dietary intervention with
n-3 polyunsaturated fatty acid-enriched olive oil on nonalcoholic fatty liver disease patients: a preliminary study.
Int J Food Sci Nutr 2010; 61: 792-802 [PMID: 20465434 DOI:
10.3109/09637486.2010.487480]
Zhu FS, Liu S, Chen XM, Huang ZG, Zhang DW. Effects
of n-3 polyunsaturated fatty acids from seal oils on nonalcoholic fatty liver disease associated with hyperlipidemia.
World J Gastroenterol 2008; 14: 6395-6400 [PMID: 19009658]
Oya J, Nakagami T, Sasaki S, Jimba S, Murakami K, Kasahara T, Wasada T, Sekiguchi H, Hasegawa M, Endo Y, Iwamoto Y. Intake of n-3 polyunsaturated fatty acids and nonalcoholic fatty liver disease: a cross-sectional study in Japanese men and women. Eur J Clin Nutr 2010; 64: 1179-1185
[PMID: 20683463 DOI: 10.1038/ejcn.2010.139]
Oddy WH, Herbison CE, Jacoby P, Ambrosini GL, O’Sullivan TA, Ayonrinde OT, Olynyk JK, Black LJ, Beilin LJ,
Mori TA, Hands BP, Adams LA. The Western dietary pattern is prospectively associated with nonalcoholic fatty liver
disease in adolescence. Am J Gastroenterol 2013; 108: 778-785
[PMID: 23545714 DOI: 10.1038/ajg.2013.95]
Shi L, Liu ZW, Li Y, Gong C, Zhang H, Song LJ, Huang CY,
Li M. The prevalence of nonalcoholic fatty liver disease and
its association with lifestyle/dietary habits among university faculty and staff in Chengdu. Biomed Environ Sci 2012;
25: 383-391 [PMID: 23026517 DOI: 10.3967/0895-3988.2012.0
4.002]
Kim CH, Kallman JB, Bai C, Pawloski L, Gewa C, Arsalla A,
Sabatella ME, Younossi ZM. Nutritional assessments of patients with non-alcoholic fatty liver disease. Obes Surg 2010;
20: 154-160 [PMID: 18560947 DOI: 10.1007/s11695-008-9549-0]
Bassuk SS, Manson JE. Epidemiological evidence for the
role of physical activity in reducing risk of type 2 diabetes and cardiovascular disease. J Appl Physiol (1985) 2005;
99: 1193-1204 [PMID: 16103522 DOI: 10.1152/japplphysi-

WJG|www.wjgnet.com

53
54

55

56

57

58

59

60

61

62

63

64

65

9343

ol.00160.2005]
LaMonte MJ, Blair SN, Church TS. Physical activity and
diabetes prevention. J Appl Physiol (1985) 2005; 99: 1205-1213
[PMID: 16103523 DOI: 10.1152/japplphysiol.00193.2005]
Suzuki A, Lindor K, St Saver J, Lymp J, Mendes F, Muto A,
Okada T, Angulo P. Effect of changes on body weight and
lifestyle in nonalcoholic fatty liver disease. J Hepatol 2005; 43:
1060-1066 [PMID: 16140415 DOI: 10.1016/j.jhep.2005.06.008]
Sreenivasa Baba C, Alexander G, Kalyani B, Pandey R,
Rastogi S, Pandey A, Choudhuri G. Effect of exercise and
dietary modification on serum aminotransferase levels in
patients with nonalcoholic steatohepatitis. J Gastroenterol
Hepatol 2006; 21: 191-198 [PMID: 16706832 DOI: 10.1111/
j.1440-1746.2005.04233.x]
Hickman IJ, Jonsson JR, Prins JB, Ash S, Purdie DM, Clouston AD, Powell EE. Modest weight loss and physical activity in overweight patients with chronic liver disease results
in sustained improvements in alanine aminotransferase,
fasting insulin, and quality of life. Gut 2004; 53: 413-419
[PMID: 14960526]
Vilar Gomez E, Rodriguez De Miranda A, Gra Oramas B,
Arus Soler E, Llanio Navarro R, Calzadilla Bertot L, Yasells
Garcia A, Del Rosario Abreu Vazquez M. Clinical trial: a nutritional supplement Viusid, in combination with diet and
exercise, in patients with nonalcoholic fatty liver disease.
Aliment Pharmacol Ther 2009; 30: 999-1009 [PMID: 19691668
DOI: 10.1111/j.1365-2036.2009.04122.x]
St George A, Bauman A, Johnston A, Farrell G, Chey T,
George J. Independent effects of physical activity in patients
with nonalcoholic fatty liver disease. Hepatology 2009; 50:
68-76 [PMID: 19444870 DOI: 10.1002/hep.22940]
Perseghin G, Lattuada G, De Cobelli F, Ragogna F, Ntali G,
Esposito A, Belloni E, Canu T, Terruzzi I, Scifo P, Del Maschio A, Luzi L. Habitual physical activity is associated with
intrahepatic fat content in humans. Diabetes Care 2007; 30:
683-688 [PMID: 17327341 DOI: 10.2337/dc06-2032]
Zelber-Sagi S, Nitzan-Kaluski D, Goldsmith R, Webb M,
Zvibel I, Goldiner I, Blendis L, Halpern Z, Oren R. Role
of leisure-time physical activity in nonalcoholic fatty liver
disease: a population-based study. Hepatology 2008; 48:
1791-1798 [PMID: 18972405 DOI: 10.1002/hep.22525]
Johnson NA, Sachinwalla T, Walton DW, Smith K, Armstrong A, Thompson MW, George J. Aerobic exercise training reduces hepatic and visceral lipids in obese individuals
without weight loss. Hepatology 2009; 50: 1105-1112 [PMID:
19637289 DOI: 10.1002/hep.23129]
Albright A, Franz M, Hornsby G, Kriska A, Marrero D, Ullrich I, Verity LS. American College of Sports Medicine position stand. Exercise and type 2 diabetes. Med Sci Sports Exerc
2000; 32: 1345-1360 [PMID: 10912903]
Pollock ML, Franklin BA, Balady GJ, Chaitman BL, Fleg
JL, Fletcher B, Limacher M, Piña IL, Stein RA, Williams M,
Bazzarre T. AHA Science Advisory. Resistance exercise in
individuals with and without cardiovascular disease: benefits, rationale, safety, and prescription: An advisory from
the Committee on Exercise, Rehabilitation, and Prevention,
Council on Clinical Cardiology, American Heart Association; Position paper endorsed by the American College
of Sports Medicine. Circulation 2000; 101: 828-833 [PMID:
10683360]
Ibañez J, Izquierdo M, Argüelles I, Forga L, Larrión JL,
García-Unciti M, Idoate F, Gorostiaga EM. Twice-weekly
progressive resistance training decreases abdominal fat and
improves insulin sensitivity in older men with type 2 diabetes. Diabetes Care 2005; 28: 662-667 [PMID: 15735205]
Hallsworth K, Fattakhova G, Hollingsworth KG, Thoma
C, Moore S, Taylor R, Day CP, Trenell MI. Resistance exercise reduces liver fat and its mediators in non-alcoholic
fatty liver disease independent of weight loss. Gut 2011; 60:
1278-1283 [PMID: 21708823 DOI: 10.1136/gut.2011.242073]

July 28, 2014|Volume 20|Issue 28|

Nseir W et al . Diet and lifestyle in fatty liver
66

67

Lee S, Bacha F, Hannon T, Kuk JL, Boesch C, Arslanian S.
Effects of aerobic versus resistance exercise without caloric
restriction on abdominal fat, intrahepatic lipid, and insulin
sensitivity in obese adolescent boys: a randomized, controlled trial. Diabetes 2012; 61: 2787-2795 [PMID: 22751691
DOI: 10.2337/db12-0214]
de Piano A, de Mello MT, Sanches Pde L, da Silva PL, Campos RM, Carnier J, Corgosinho F, Foschini D, Masquio DL,
Tock L, Oyama LM, do Nascimento CM, Tufik S, Dâmaso
AR. Long-term effects of aerobic plus resistance training on the adipokines and neuropeptides in nonalcoholic
fatty liver disease obese adolescents. Eur J Gastroenterol
Hepatol 2012; 24: 1313-1324 [PMID: 22932160 DOI: 10.1097/
MEG.0b013e32835793ac]

68

69

70

Nseir W, Shalata A, Marmor A, Assy N. Mechanisms linking nonalcoholic fatty liver disease with coronary artery disease. Dig Dis Sci 2011; 56: 3439-3449 [PMID: 21655948 DOI:
10.1007/s10620-011-1767-y]
Söderberg C, Stål P, Askling J, Glaumann H, Lindberg G,
Marmur J, Hultcrantz R. Decreased survival of subjects with
elevated liver function tests during a 28-year follow-up.
Hepatology 2010; 51: 595-602 [PMID: 20014114 DOI: 10.1002/
hep.23314]
Ekstedt M, Franzén LE, Mathiesen UL, Thorelius L, Holmqvist M, Bodemar G, Kechagias S. Long-term followup of patients with NAFLD and elevated liver enzymes.
Hepatology 2006; 44: 865-873 [PMID: 17006923 DOI: 10.1002/
hep.21327]
P- Reviewer: Charatcharoenwitthaya P, Miura K
S- Editor: Zhai HH L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

9344

July 28, 2014|Volume 20|Issue 28|

World J Gastroenterol 2014 July 28; 20(28): 9345-9353
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i28.9345

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (14): Pancreatic cancer

Managing malignant biliary obstruction in pancreas cancer:
Choosing the appropriate strategy
Brian R Boulay, Mayur Parepally
patic; Stents; Biliary tract diseases

Brian R Boulay, Mayur Parepally, Division of Gastroenterology
and Hepatology, University of Illinois Hospital and Health Sciences System, Chicago, IL 60612, United States
Author contributions: Boulay BR and Parepally M performed
literature search and contributed equally to the creation of this
topic highlight.
Correspondence to: Brian R Boulay, MD, MPH, Division of
Gastroenterology and Hepatology, University of Illinois Hospital
and Health Sciences System, 840 S Wood Street, MC 716, Chicago, IL 60612, United States. bboulay24@gmail.com
Received: October 29, 2013 Revised: January 30, 2014
Accepted: March 12, 2014
Published online: July 28, 2014

Core tip: Biliary obstruction is a common problem in
pancreatic malignancy. Relief of obstruction is commonly performed using endoscopic stent placement. Clinical setting determines the strategy, including whether
decompression is needed and which stent type is most
appropriate. Self-expanding metallic stents have longer
patency than plastic stents and are preferred in most
settings. When endoscopic therapy fails, percutaneous
or surgical strategies may be used.
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Abstract
Most patients with pancreatic cancer develop malignant
biliary obstruction. Treatment of obstruction is generally
indicated to relieve symptoms and improve morbidity
and mortality. First-line therapy consists of endoscopic
biliary stent placement. Recent data comparing plastic
stents to self-expanding metallic stents (SEMS) has
shown improved patency with SEMS. The decision of
whether to treat obstruction and the means for doing
so depends on the clinical scenario. For patients with
resectable disease, preoperative biliary decompression
is only indicated when surgery will be delayed or complications of jaundice exist. For patients with locally advanced disease, self-expanding metal stents are superior to plastic stents for long-term patency. For patients
with advanced disease, the choice of metallic or plastic
stent depends on life expectancy. When endoscopic
stent placement fails, percutaneous or surgical treatments are appropriate. Endoscopic therapy or surgical
approach can be used to treat concomitant duodenal
and biliary obstruction.

INTRODUCTION
Malignant bile duct obstruction can be a devastating consequence of pancreatic cancer. Its development may contribute to poor outcomes including cholangitis, delay in
treatment (including chemotherapy or surgery), decreased
quality of life and increased mortality. Pancreatic ductal
adenocarcinoma has a dismal five-year survival rate of
only 6%, and biliary obstruction correlates with decreased
survival times[1]. As many as 70% of patients have some
degree of biliary obstruction at the time of their initial
diagnosis with pancreatic cancer[2]. In most of these situations, the adverse nature of biliary obstruction can be
improved with decompression. For purposes of palliation,
decompression can improve patient comfort by relieving
jaundice and pruritus[3]. It can also facilitate treatment by
allowing total bilirubin levels to drop to less than 1.5 times
the upper limit of normal, which is necessary to prevent
toxicity in some chemotherapy regimens[4].

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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The role of biliary stents in achieving biliary decompression has been well established for the past 20 years,
with more recent studies showing an increased role for
self-expandable metal stents (SEMSs) compared to plastic stents[5-10]. Endoscopic biliary stenting is technically
successful in over 90% of attempted cases[9]. Thus, endoscopic retrograde cholangiopancreaticogram (ERCP)
with biliary stent placement has become the standard of
care in situations where biliary decompression is desired.
The purpose of this article is to review the efficacy
and outcomes of different strategies including stenting
in relieving malignant bile duct obstruction. The strategy
and choice of stent may differ based on clinical scenario
and disease stage, including resectable disease, locally
advanced disease treated with neoadjuvant therapy, and
metastatic disease in which only palliative therapy is available. Second-line methods including percutaneous drainage, endoscopic ultrasound (EUS) guided biliary drainage
and surgical bypass will be discussed and compared to
current methods utilized as the standard of care. In cases
of concurrent gastric outlet obstruction and malignant
biliary obstruction, strategies such as double stenting,
double surgical bypass, and EUS guided biliary drainage
with duodenal stenting will also be discussed.

due to stent migration, overgrowth of tissue at the ends
of the stent, or food debris. Duodenal contents can also
flow back up the biliary system in a retrograde fashion, as
demonstrated by contrast studies[11]. This duodenal biliary
reflux may cause stent occlusion in any type of stent.

RESECTABLE DISEASE
The choice of modality for decompression varies by
the clinical setting and expected treatment for each patient. For pancreatic cancer without local advancement
or metastases, prompt surgical resection is the definitive
method of treatment and the only hope of cure[12]. There
is debate over whether jaundice should be relieved prior
to surgery. In theory, relieving jaundice would improve
surgical outcomes by overcoming the impaired immune
response and coagulopathy associated with cholestasis.
Over the past 10 years, multiple studies have examined
the role of biliary decompression with stenting in localized disease prior to pancreaticoduodenectomy. In many
cases, preoperative biliary drainage was found to be associated with increased complications including infections,
abscesses, pancreatic fistulas and wound infection[13,14].
Authors have hypothesized that these complications are
due to infection of bile from instrumentation with foreign objects into the biliary system[13,15].
In 2010, a Dutch multicenter randomized trial demonstrated that preoperative biliary drainage and stenting
was associated with increased complications compared
to surgery alone in resectable disease[16]. In this trial, 202
patients were randomized to undergo either preoperative
biliary drainage followed by surgery within 4-6 wk, or
surgery alone within 1 wk of diagnosis. Rates of serious
complications were 39% in the early - surgery group and
74% in the group with biliary drainage (RR = 0.54, P <
0.001). There was also no mortality benefit or shortened
length of stay with preoperative drainage.
The trial garnered much attention due to its large size,
as well as its randomized prospective multicenter design.
However, some methodological issues may limit the generalizability of the above conclusions. As the preoperative biliary drainage group waited 4-6 wk for surgery, one
could theorize that a shorter interval between stent placement and surgery may have allowed fewer stent-related
complications. (The authors chose this length of time
prior to surgery to allow normal synthetic and clearance
functions of the liver). The use of plastic stents rather
than larger diameter SEMS was also cited as a factor
in the poor performance of the biliary decompression
group. These issues may warrant further studies to address them and may guide clinical practice.
Based on the data from this study, routine preoperative biliary decompression is not currently recommended.
However, for patients who present with cholangitis or
intractable pruritus stent placement is an appropriate intervention prior to pancreaticoduodenectomy.

BACKGROUND ON STENTS
Polyethylene or plastic stents are used for relief of biliary obstruction in numerous settings, and offer excellent
patency for short-term use. These stents are available in
multiple diameters ranging from 7 French to 11.5 French,
though 10 French stents are the most commonly used
with distal common bile duct obstruction. The benefits
of polyethylene stents include low cost for the prosthesis
itself, as well as removability at the time of surgical procedures.
One of the factors that initially led to plastic stents
being used preferentially in pancreatic cancer was the notion that uncovered SEMS could complicate pancreaticoduodenectomy by interfering with transection of the bile
duct proximal to the resection specimen[6]. Experience
has shown that as long as > 2 cm of common hepatic
duct is exposed proximal to the SEMS, then surgery is no
more complex than in the presence of a plastic stent[7].
Thus, the choice of stents in treatment of malignant
biliary obstruction relies on other factors such as costeffectiveness, expected length of survival, and certainty
of the diagnosis of malignancy.
Any stent is subject to occlusion in the setting of
distal common bile duct obstruction, though the mechanisms can differ by stent design. For plastic stents, the
development of biofilm and bacterial colonization is the
most important factor[8]. For uncovered SEMS, tissue
ingrowth through the mesh interstices at the level of the
tumor remains the most likely source of occlusion. For
partially or fully covered SEMS, occlusion may occur
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tion (RR = 8.11). The study also noted that CSEMSs and
USEMSs had similar rates of cholecystitis (approximately
2% in each group). A more recent retrospective cohort
study by Lee et al[22] had different conclusions, with no
difference in overall recurrent obstruction (CSEMSs
35% vs USEMSs 38%) among 749 patients. While tumor
ingrowth associated with obstruction was higher in the
USEMS group (76% vs 9%, P < 0.001), other mechanisms of obstruction still occurred with CSEMSs, including tumor overgrowth, sludge formation, food debris, and
migration. CSEMSs were found to have higher rates of
migration (36% vs 2%, P < 0.001) and acute pancreatitis
(6% vs 1%, P < 0.001). Despite its large size, limitations
to the study include its nonrandomized and retrospective
design, with lack of uniform follow-up data for patients.
In an effort to decrease rates of migration while
maintaining the patency achieved with CSEMSs, partially
covered SEMSs have also been used in practice. Through
subgroup analysis, Saleem et al[21] did not find any difference in rate of migration or stent patency in partially
covered SEMSs compared to fully covered SEMSs. A
multicenter randomized trial by Telford et al[23] compared
partially covered SEMSs to USEMSs, and found no significant difference in rates of obstruction and patient survival. It did note a statistically significant increase in adverse events (62% vs 44%, P = 0.046) and stent migration
(12% vs 0%, P = 0.0061) with partially covered SEMSs.
Limitations to this study included some imbalance in the
distribution of patients to the treatment group, and difficulties in recruiting an adequate number of patients.
A more recent study by Kitano et al[24] demonstrated
the use of a modified CSEMS aimed at reducing stent
migration. The anti-migration system in this model of
CSEMS used low axial force and uncovered flare ends,
and was compared to USEMSs of a similar design. A
total of 120 patients were included in the prospective
randomized multicenter study. Patients were randomized
to receive the modified CSEMS or USEMS. The CSEMS
cohort had significantly longer durations of stent patency
(mean of 219.3 d vs 166.9 d, P = 0.047) and less need
for reintervention (23% vs 37%, P = 0.08) compared to
USEMSs. The rate of tumor ingrowth was also significantly less in the CSEMSs group (0% vs 25%, P < 0.01).
Neither group demonstrated stent migration; survival
time (median 285 d in CSEMSs vs 223 d in USEMSs, P
= 0.68) and serious adverse events also did not differ significantly. It would be useful for a study to compare these
CSEMSs with partially covered SEMSs and USEMSs
concurrently to show which type has overall superiority.
The limitations found in each category of SEMSs
make it difficult to use one type as the ideal stent for biliary decompression in obstruction caused by pancreatic
cancer. In addition, some of the studies do have conflicting data, which indicates the need for further investigation to determine which type of stent should be used in
the future. While SEMS show improved patency rates
compared to plastic stents, occlusion still occurs with
disturbing frequency. A recent Korean review of SEMS

LOCALLY ADVANCED DISEASE AND
NEOADJUVANT THERAPY
Plastic stents vs self-expanding metal stents
The poor long-term survival for pancreatic cancer even
in surgically resected disease has prompted interest in the
use of neoadjuvant therapy in operable pancreatic cancer
to improve patient survival[17]. This strategy has also been
used in locally advanced cases that may require downstaging to permit eventual surgical resection. Patients who
receive neoadjuvant therapy such as gemcitabine-based
regimens require biliary decompression to allow the safe
use of such chemotherapeutic agents[4]. Biliary stenting
during the neoadjuvant period has been the common
method for achieving this decompression, with the goal
of stent patency up until surgery. Unfortunately, the performance of plastic stents during the preoperative period
has been lackluster. A retrospective study showed that the
median time from stent placement to surgery was 150 d,
while the median duration of stent patency was 134.5 d[5].
In order to achieve a longer duration of stent patency
during this time, SEMSs have been studies for use rather
than plastic stents.
Multiple studies have now demonstrated that the use
of SEMSs in such patients lead to improved outcomes
during neoadjuvant therapy[5,6,10,11,18]. A retrospective review of plastic stent performance during neoadjuvant
therapy revealed that over half the patients with plastic
stents required repeat stent exchange due to stent occlusion or cholangitis[5]. Adams et al[10] demonstrated in 2012
that in a retrospective cohort of 52 patients, the complication rate was almost 7 times higher with plastic stents.
It was also estimated the rate of hospitalization for these
cases was 3 times higher than patients with metal stents.
Although SEMSs are more expensive than plastic stents,
data thus far indicates that their superiority in patency
and improved patient outcomes make them the safer and
ultimately the more cost effective choice for patients in
whom attempted surgical resection is planned[19].

TYPES OF SEMSs: NO PERFECT CHOICE
More recent literature has focused on comparing the
different types of SEMS for use in patients undergoing
neoadjuvant therapy or in palliative cases. Major categories of SEMSs include uncovered (USEMSs) and covered
(CSEMSs) groups. USEMSs have a mesh design that
allows them to embed in the biliary duct wall but it also
makes them susceptible to tissue ingrowth, which can lead
to occlusion in as many as 20% of patients. CSEMSs were
designed to prevent tissue ingrowth, but because of this
they are known to have increased rates of migration[20].
Several studies have demonstrated the trade-off
between tissue ingrowth in USEMS and migration in
CSEMS. A meta-analysis by Saleem et al[21] concluded that
CSEMSs had a significantly longer duration of patency
than USEMSs (average of 61 more days) in palliative
cases, but also noted their increased incidence in migra-
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patency among 107 patients with unresectable pancreatic
cancer showed stent occlusion in 36% of patients during
a median survival period of 33 d[25]. This appears consistent with the experience of other large studies as detailed
above. There is still a need for other types of SEMSs that
would minimize the flaws of existing designs.

RECOMMENDED STRATEGY FOR
STENTING IN LOCALLY ADVANCED
DISEASE
The use of a plastic stent for biliary decompression in locally advanced disease appears largely unwarranted based
on the studies reviewed above. However, practitioners
may be hesitant to place a SEMS if the diagnosis of malignancy is uncertain at that time of ERCP. Routine use
of EUS-guided fine needle aspiration with on-site cytologic review is limited to certain centers, and the differential diagnosis for distal common bile duct strictures may
include chronic pancreatitis or autoimmune cholangiopathy, in which case a removable stent is the best option.
With the recent availability of fully covered SEMS and
data to show their comparable efficacy with uncovered
SEMS, the use of a fully covered SEMS appears to be a
sound strategy when suspicion of malignancy is high and
life expectancy is greater than 4 mo (Figure 1).

ALTERNATIVE STENT DESIGNS AND
STRATEGIES
Drug eluting stents have been designed in an attempt to
improve SEMS patency by eluting a chemotherapeutic
agent such as paclitaxel to prevent tumor ingrowth and
stent occlusion[26]. Prior studies have shown that they effectively inhibit cells responsible for stent occlusion[27]
and can be safely used in animal models[28] and humans[29].
Recently Jang et al[30] conducted a multicenter prospective
comparative study to compare the efficacy of this type
of stent to covered SEMS in patients with unresectable
distal malignant biliary obstruction. In a non-randomized
fashion, 60 patients were enrolled into a paclitaxel coated
SEMS group while 46 were enrolled to the covered
SEMS group. There was no significant difference in rates
of stent patency between both groups. There are ongoing
efforts to design new drug eluting stents with different
chemotherapeutic agents such as gemcitabine. Further
trials are needed to determine whether these stents can
improve upon the performance of the current generation
of SEMSs.
Other stents have been designed to prevent reflux
of duodenal contents into the biliary system, which is
another known cause of stent occlusion[11]. Dua et al[31]
demonstrated through a randomized prospective trial
that an anti-reflux plastic biliary stent (AR-PBS) could
stay patent for a longer duration compared to traditional
plastic stents (median patency 145 d for AR-PBS compared to 101 d for PBS, P = 0.002). Subsequent studies
focused on the use of anti-reflux metal stents (ARMSs).
In a retrospective single center case series, Hu et al[32] described the use and outcomes of ARMSs in 23 patients.
Median patency of the stents was 14 mo and overall
patency was reported at 3, 6 and 12 mo (95%, 74%, 56%
respectively). A separate study group designed their own
anti-reflux SEMS (AR-SEMS), and in their own prospective case series described the placement of AR-SEMSs
in five patients with unresectable hilar malignant biliary
obstruction[33]. Stent occlusion occurred early in four patients with patency durations ranging 4-26 d, and the fifth
patient’s stent remained patent for 235 d. The authors
noted that the outcomes may have been different from
Hu et al[32] due to differences in stent design, as their stent
was an end-flared type. Hu et al[32], in comparison, used
stents that were hemispheric type and were covered in a
hemispheric silicon membrane. Further studies need to
be conducted to confirm the efficacy of AR-SEMSs and
show superiority to current stents before they can be applied to more widespread use.
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Palliative stenting
Another area of focus in malignant biliary obstruction is
the placement of stents for palliative purposes in incurable pancreatic cancer. The rationale for their placement
is similar in many respects to that of patients undergoing
neoadjuvant therapy: relief of jaundice and pruritus, normalization of bilirubin levels to allow palliative chemotherapy, and prevention of other adverse outcomes such
as cholangitis and frequent hospitalizations. However in
patients with advanced disease and shorter life expectancies, it may be difficult in justifying the use of SEMSs
as long- term patency is less of a goal in these cases. A
meta-analysis by Moss et al[19] showed that SEMSs cost
15-40 times more than most plastic stents, and are only
cost effective if the patient survives > 4 mo. One of the
included studies demonstrated that the presence of liver
metastases was independently related to survival (P <
0.0005 with multivariate analysis), with a median survival
of 2.7 mo compared to 5.3 mo without liver metastases[34]. Cost analysis demonstrated that plastic stents were
more cost effective in the patients with liver metastases
compared to SEMSs. Soderlund et al[35] reached similar
conclusions, showing that the survival period for patients
with distant metastases was similar to patency time in
plastic stents. They concluded that SEMSs should only be
reserved for patients who did not have distant metastases.
While some other prognostic factors have been identified
to predict mortality in pancreatic cancer, the data is limited and generally used to determine surgical risk[36-38].
Recently there has been growing use of double layer
stents (DLSs) as a cost-effective alternative to SEMSs in
palliative cases. Such stents are designed with a stiff outer
layer to allow stricture cannulation and a smooth inner
layer that is less likely to occlude. A recent retrospective
review demonstrated DLSs had a longer duration of
stent patency than plastic stents (95 d vs 59 d, P = 0.014).
There was also no significant difference in patency be-
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Suspected/confirmed neoplasm

Stage

Resectable

Locally advanced

Metastatic

Surgery

ERCP possible?

ERCP possible?

Yes

SEMS

No

No

Percutaneous drainage
or EUS-guided drainage

Yes

Life expectancy > 6 mo?

Yes
No
Neoadjuvant therapy
(unless metastatic)
SEMS

Palliative plastic stent

Figure 1 Algorithm for relief of malignant biliary obstruction from pancreas cancer. SEMS: Self-expanding metallic stents; ERCP: Endoscopic retrograde cholangiopancreaticogram; EUS: Endoscopic ultrasound.

tween the DLS and SEMS group[39]. These results were
consistent to past studies[40-42], and may pave the way in
routine use of DLSs in palliative relief of obstruction
due to advanced pancreatic cancer.

uncomfortable for patients. External drains can require
significant maintenance, including emptying and flushing
of the drain as well as routine drain exchange to prevent
occlusion[43]. It should also be noted that PTC can cause
bacteremia, cholangitis and hemobilia. Internal-external
and external biliary drains can also be prone to leakage,
dislodgement and obstruction. However, in cases when
ERCP fails these drains are an appropriate means of biliary decompression.

OTHER METHODS FOR BILIARY
DRAINAGE
Percutaneous transhepatic biliary drainage
In cases where patients are not candidates for ERCP or
have failed attempted transpapillary stent placement, percutaneous transhepatic cholangiography (PTC) has traditionally been used as a method for biliary drainage. This
method can offer the same benefits of biliary decompression in improving patient comfort and preventing
adverse outcomes. In most cases an internal-external biliary drain is passed through the site of malignant biliary
obstruction to the duodenum, where it can reestablish internal bile drainage and normal enterohepatic circulation.
Efforts are made to discontinue the external drainage
component unless it continues to have high output or the
patient is in a state of sepsis, in which case internalization
is delayed. In some of these situations, or cases when
exclusively external percutaneous biliary drains are placed
due to inability to transverse the site of obstruction, having continued external drainage can be cumbersome and
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Percutaneous stent placement
Percutaneous stent placement has been another option
to relieve malignant biliary obstruction, but historically
have been avoided for similar reasons as above. In a study
conducted 25 years ago, Speer et al[44] randomized patients into groups receiving biliary stents by percutaneous
or endoscopic routes. It concluded that endoscopically
placed stents had improved efficacy and lower mortality,
due to complications including hemorrhage and bile leaks
in the percutaneous group. These results have contributed to the use of endoscopic stent placement as first-line
treatment. However, recent studies using improved technology including the percutaneous placement of SEMSs
have shown to be safe and effective[45-47]. This may lead to
more routine us of percutaneous stent placement, especially in cases when ERCP is not possible.
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EUS guided biliary drainage
Other endoscopic alternatives are being used in relieving malignant biliary obstruction not amenable to stent
placement via ERCP. Endoscopic ultrasound-guided biliary drainage (EUS-BD) has been demonstrated to be a
safe and effective means of biliary drainage. EUS-BD
can be achieved by multiple techniques including EUSguided rendezvous, EUS-guided choledochoduodenostomy (EUS-CDS), and EUS- guided hepatic gastrostomy
(EUS-HGS)[48]. In situations when the endoscope can
reach the ampulla, rendezvous can be achieved by inserting an FNA needle into the common bile duct or left
intrahepatic duct under EUS guidance, followed by navigating a guidewire through the bile duct past the stricture
into the duodenum. A duodenoscope can then be used
to allow over-the-wire cannulation with ERCP and retrograde stent placement. When the papilla cannot be
reached due to malignant obstruction of the duodenum,
EUS-CDS and EUS- HGS offer ways to create tracts to
the bile duct with extrahepatic and intrahepatic approaches respectively. Both these methods also utilize guidewires
that are advanced past the ampulla into the duodenum,
which is followed by anterograde dilation of the tract and
stent placement. At this time, these procedures remain
technically complex and limited to high-volume centers
with expertise in therapeutic endoscopy[49]. Complications
may include bile leak, bleeding, or pneumoperitoneum.
Future trials will further assess the efficacy of these
methods and seek to improve their feasibility and safety.
Adjunctive techniques may hold some promise for
improving the long-term performance of stents in malignant obstruction. An emerging method known as
endobiliary bipolar radiofrequency ablation (RFA) has
been able to achieve safe and effective biliary decompression and patency. The procedure involves placement of
a bipolar RFA catheter across the biliary stricture under
fluoroscopic guidance, with subsequent energy delivery
to cause local tumor necrosis. In an open-label pilot
study, Steel et al[50] recruited 22 patients with unresectable
obstruction with the goal of using bipolar RFA prior to
placing uncovered SEMSs in each patient. In all, 21 of
the patients had successful RFA catheter deployment and
SEMS placement. At 90 d, 76% (16/21) of those patients
still had stent patency. Further studies are investigating
this novel method, and will need to determine the longterm efficacy and safety of RFA, along with direct comparison to existing SEMS performance.

ity of the studies used older data which preceded the use
of SEMS. Another meta-analysis using the same studies
demonstrated high rate of complications in surgical bypass, but similar overall mortality to patients treated with
endoscopically placed stents[52]. Both of these meta-analyses included studies in which plastic biliary stents were the
stent of choice; newer data comparing surgical bypass to
SEMS is lacking but might be expected to yield a different
result favoring endoscopic treatment. Nonetheless, surgical biliary bypass remains an appropriate treatment for
patients with a life expectancy exceeding six months.

MANAGEMENT OF CONCURRENT
GASTRIC OUTLET AND BILIARY
OBSTRUCTION
Surgical bypass can also be used to relieve concomitant
malignant biliary and gastric outlet obstruction caused by
pancreatic cancer. However many patients with this presentation are either poor surgical candidates, or may decline a comparatively invasive surgery that would include
both gastrojejunostomy and biliary bypass. With the
advent of enteral and biliary SEMSs in the past decade,
biliary and gastroduodenal obstruction can be relieved
using endoscopic double stenting in a safe and less invasive manner. In 2002, Kaw et al[53] conducted a retrospective review of 18 patients who underwent simultaneous
biliary and duodenal SEMS placement. Median survival
time for the cohort was 78 d and only 4 out of 18 patients experienced recurrent obstruction (2 with biliary
obstruction and 2 with duodenal obstruction; all were
successfully stented). Similar results have been obtained
in subsequent studies[54-56], with SEMS placement at the
duodenal stricture followed by an endoscopic approach
to the papilla for ERCP guided biliary stent placement. If
the stricture involved the papilla, biliary stenting was performed through the mesh of the duodenal SEMS with
high rate of success. In patients where the transpapillary
approach fails, EUS-BD can be performed after the initial endoscopic duodenal SEMS placement to allow biliary stenting[55,56]. Given the limited use of EUS-BD and
its recent development, this approach may be limited to
high volume centers.

CONCLUSION
Malignant biliary obstruction caused by pancreatic cancer
is associated with poor outcomes and decreased survival
in patients. Biliary decompression through the interventions discussed in this review can be performed to improve patient quality of life and mortality. Although the
available data seems to indicate that resectable disease
should proceed straight to surgery, there may still be
benefit in preoperative stenting if surgery will be delayed
or if jaundice is associated with complications. The role
for stenting in biliary decompression is clearer in locally
advanced disease and with incurable patients for palliative

Surgical biliary drainage
Finally, surgical biliary bypass for drainage remains an
option. Glazer et al[51] performed a meta-analysis of trials
comparing surgical bypass and endoscopic stent placement in patients with unresectable pancreatic cancer.
Recurrent biliary obstruction was less likely in surgically
treated patients (3.1% vs 28.7% of stent-treated patients)
over a mean survival time of 4 mo. The length of hospital
stay for either treatment type was fairly long (21.8 d for
surgical bypass, 14.6 d for stent treatment) and the major-
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purposes.
Numerous studies have shown the overall superiority
of SEMS compared to plastic stents in terms of longterm stent patency and improved patient outcomes. At
this time, there is no ideal type of SEMS as both uncovered and covered SEMSs are associated with their own
benefits and limitations. A recent study has demonstrated
a modified covered SEMS with less migration and similar
patency to traditional CSEMS, but further studies using
this stent will be needed to demonstrate clear superiority. Drug eluting stents may offer a more effective option
in the future, although current designs have not shown
superiority to the current generation of SEMSs. In palliative stenting, it is potentially not cost effective to use
SEMSs in patients with shorter life expectancy given their
expense relative to plastic stents. The presence or absence
of distant metastases can help guide what type of stent
should be used, but predictive mortality models may offer
a way to further stratify patients in an accurate and cost
effective fashion. Double layer stents may provide a less
expensive option for some patients, while still maintaining superiority to regular plastic stents.
Although percutaneous transhepatic cholangiography
with internal-external and external drainage catheters
have been used when ERCP and stent placement is not
possible, it has some disadvantages such as patient discomfort, need for maintenance and routine exchanges,
and can be associated with hemobilia, cholangitis and
sepsis. Percutaneous SEMS placement may be an underutilized strategy given successful trials utilizing it, but
it can still have some of the complications mentioned
above. EUS-guided biliary drainage and RFA ablation
may provide a better alternative, but require more research into their safety and efficacy. Surgical bypass may
be appropriate in cases when life expectancy exceeds 6
months, or in patients with concomitant duodenal obstruction. Endoscopic double SEMS placement or EUSBD with endoscopic duodenal stent placement may be
safe and less invasive methods for palliation of malignant
and duodenal obstruction due to pancreatic cancer.
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tumors as a result of neoadjuvant therapy. Furthermore, pancreatectomy involving vascular reconstruction
and pancreatectomy with minimally invasive techniques
have demonstrated safety without significantly compromising oncologic outcomes. Lastly, a deeper understanding of molecular aberrations contributing to the
development of pancreatic cancer shows promise for
future development of more targeted and safe therapeutic agents.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Pancreatic cancer is a leading cause of cancer
mortality. However, recent advances have improved
our ability to treat patients with this highly lethal disease. This review article discusses some of the salient
advances in the field, such as improvements in chemotherapeutic regimens, imaging technology, surgical
technique, and our understanding of the pathogenesis
of pancreatic cancer.

Abstract
Pancreatic cancer is a leading cause of cancer mortality
and the incidence of this disease is expected to continue increasing. While patients with pancreatic cancer
have traditionally faced a dismal prognosis, over the
past several years various advances in diagnosis and
treatment have begun to positively impact this disease.
Identification of effective combinations of existing
chemotherapeutic agents, such as the FOLFIRINOX
and the gemcitabine + nab-paclitaxel regimen, has improved survival for selected patients although concerns
regarding their toxicity profiles remain. A better understanding of pancreatic carcinogenesis has identified
several pre-malignant precursor lesions, such as pancreatic intraepithelial neoplasias, intraductal papillary
mucinous neoplasms, and cystic neoplasms. Imaging
technology has also evolved dramatically so as to allow
early detection of these lesions and thereby facilitate
earlier management. Surgery remains a cornerstone of
treatment for patients with resectable pancreatic tumors, and advances in surgical technique have allowed
patients to undergo resection with decreasing perioperative morbidity and mortality. Surgery has also become
feasible in selected patients with borderline resectable
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INTRODUCTION
Pancreatic cancer is the tenth most commonly diagnosed
cancer and the fourth leading cause of cancer mortality
in the United States; the overall 5-year survival is only
5%[1]. Even patients who undergo complete resection,
chemotherapy, and radiation have a 5-year survival of
only 20%[2], underscoring the need for novel therapies. In
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onstrated a significant pathologic response[16]. Despite
concerns of toxicity and tolerability, in the carefully selected patient with good performance status and early or
advanced disease, FOLFIRINOX demonstrates potential
for improved oncologic outcomes.
Nab-paclitaxel (trade name, Abraxane) is a nanoparticle albumin-bound (nab) paclitaxel that was initially developed to avoid hypersensitivity reactions resulting from
solvents used to dissolve the agent[17]. It was approved by
the FDA in 2004 for use in metastatic breast cancer and
metastatic non-small cell lung cancer[18,19]. In the phase
Ⅲ Metastatic Pancreatic Adenocarcinoma Clinical Trial
(MPACT), the addition of nab-paclitaxel to gemcitabine
demonstrated improved median overall survival (8.5
mo vs 6.7 mo, HR = 0.72, P < 0.001), improved 1-year
survival (35% vs 22%), improved 2-year survival (9% vs
4%), and improved objective response rate (23% vs 7%)
when compared with gemcitabine alone[20]. Although this
response is not as dramatic as those observed with FOLFIRINOX, this regimen was well-tolerated and demonstrated a safer toxicity profile. It has emerged as an
option for patients who cannot tolerate FOLFIRNOX
because of poor performance status.
The role of nab-paclitaxel was investigated in pancreatic cancer after molecular profiling done on pancreatic
tumors demonstrated high levels of the albumin-binding
protein SPARC (secreted protein acidic and rich in cysteine)[21]. Nab-paclitaxel has demonstrated anti-tumor
activity in cancers of the breast and lung, particularly in
tissues that express high levels of SPARC[22]. It is believed
that among patients with pancreatic cancer, tumors with
high SPARC expression serve as albumin-binding sites
that sequester nab-paclitaxel and concentrate drug levels
intratumorally[23]. Another mechanism proposed involves
an albumin receptor (gp60) on endothelial cells that
transports paclitaxel into the tumoral interstitial space[24].
Gemcitabine plus erlotinib is another multi-drug regimen that has shown improved progression-free survival
and overall survival[25,26]. However, due to their greater
potential for improved outcomes, FOLFIRINOX and
gemcitabine + nab-paclitaxel are the preferred treatment
options for patients with acceptable performance status.

the year 2012, 43000 cases of pancreatic cancer were diagnosed and, as the general population continues to age,
this incidence is expected to increase[3].
This review article discusses recent advances made
in the treatment of pancreatic cancer, such as new chemotherapeutic regimens that have improved survival,
the recognition of potentially pre-malignant lesions, the
emergence of improved imaging modalities allowing early
detection of pancreatic masses, the growing practice of
minimally invasive and robotic pancreatic surgery, and an
improved understanding of the molecular changes contributing to pancreatic cancer development.

ADVANCES IN CHEMOTHERAPY
REGIMENS
Few effective chemotherapeutic options exist for metastatic pancreatic cancer. Since the 1990s, gemcitabine
has been considered the standard agent of choice, and,
although multiple different agents have been evaluated
in combination with gemcitabine or alone, few have
demonstrated positive impact on survival in patients
with advanced disease[4-9]. More recently, higher response
rates have been observed with the FOLFIRINOX
(5-fluorouracil, leucovorin, irinotecan, oxaliplatin) regimen and with the gemcitabine + nab-Paclitaxel regimen
than with gemcitabine alone. In the Actions Concertées
dans les Cancer Colo-Rectaux et Digestifs (ACCORD)
11 trial, 342 patients with metastatic pancreatic cancer
were randomly assigned to receive either FOLFIRINOX
or single-agent gemcitabine as first-line treatment for
pancreatic cancer[10]. Endpoints included overall survival,
progression-free survival, tumor response (RECIST criteria), safety, and quality of life. On interim analysis, a significantly improved median overall survival was observed
in the FOLFIRINOX arm (11.1 mo vs 6.8 mo, HR =
0.57, P < 0.001) compared with the gemcitabine arm[10].
However, there were significantly more grade 3-4 toxicities, such as cytopenias, diarrhea, and neutropenic fever,
in the treatment group (all P < 0.01). Subsequent studies
have confirmed the efficacy of the FOLFIRINOX regimen[11,12], but have questioned its applicability to patients
of older age, with poor performance status, and with
co-morbid conditions[13]. FOLFIRINOX also remains
controversial with respect to its tolerability; studies report
manageable side effects as well as significant toxicity resulting in treatment discontinuation[11,14]. In small studies,
components of the FOLFIRINOX regimen have been
dose-attenuated, raising the concern that physician modification of the regimen may affect patient outcomes[15].
Favorable outcomes are also beginning to be observed with the use of this regimen in the neoadjuvant
setting for patients with borderline resectable or locally
unresectable disease. In a recent study of 21 patients with
either unresectable or borderline resectable pancreatic
cancer who received neoadjuvant FOLFIRINOX, a 33%
R0 resection rate was achieved (55% borderline resectable, 10% locally unresectable) and 24% of patients dem-
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EARLY IDENTIFICATION AND
TREATMENT OF PREMALIGNANT
LESIONS
Early detection and management of adenomatous polyps, in situ lesions, and other premalignant or potentially
malignant entities of the colon and breast have resulted
in less mortality due to these cancers. It is now believed
that pancreatic ductal adenocarcinoma also arises from a
series of similar progressive genetic mutations and specific precursor lesions, such as pancreatic intraepithelial
neoplasia (PanIN), intraductal papillary mucinous neoplasms (IPMN), and mucinous cystic neoplasms.
PanINs are by far the most common of these precur-
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sor lesions[27]. Autopsy studies have shown that panINs
increase with age, are more common in the head of the
pancreas, and are seen at much higher rates in pancreata
with tumors than those with pancreatitis[28-30]. They involve the same molecular events seen in the development
of adenocarcinoma of other organs, such as activation
of K-ras mutants, overexpression of p53, and loss of
p16 and SMAD4[31]. Although no specific sequence has
been elucidated, certain mutations (K-ras, p16) occur before others (TP53, SMAD4), and higher grades of panIN
indicate higher levels of mutations[32].
IPMN belong to a heterogenous group of cystic lesions and are also considered precursor lesions for the
development of invasive carcinoma. Main-duct IPMNs
connect to the main duct of Wirsung while side-branch
IPMNs originate from smaller branches off the main
duct. Main duct and branch duct IPMNs were associated
with malignancy in 70% and 25% of cases, respectively.
Other groups have produced similar findings[33]. There
is a strong consensus for resection of main-duct IPMNs
due to their higher risk for associated malignancy.
Mucinous cystic neoplasms comprise around 25% of
all resected cystic neoplasms[34]. They are characterized by
dense stroma surrounding a tumor with mucin-producing
epithelial cells, which are susceptible to various degrees
of atypia. In a study of mucinous cystic neoplasms by the
Massachusetts General Hospital, the risk of malignancy
among 163 cases was 17.5%, and all malignant tumors
had either nodules or were greater than 4 cm in size[35].
Patients are typically managed by surgical resection. If
non-operative management is pursued, lifelong surveillance is essential.
With the widespread use of radiographic imaging and
improvement in its resolution, there has been an increase
in the incidence of cystic lesions, which are now found
in approximately 1% of all abdominal computed tomographic scans obtained[36]. Given the variable potential for
malignancy, groups have developed criteria to characterize these lesions and risk-stratify patients. The diagnostic
algorithm often includes endoscopic ultrasound (EUS)
with fine needle aspiration of cyst fluid to assess cytology,
the presence of mucin, tumor markers carcinoembryonic
antigen, and DNA for loss of heterozygosity and K-ras
mutations.
High resolution endoscopic ultrasound (EUS) is an
imaging modality that is able to detect focal lesions as
small as 2-3 mm in size[37]. Studies have shown that EUS
is superior or at least equal to computed tomography
(CT) or magnetic resonance imaging in its sensitivity for
detecting lesions, determining tumor size and extent, and
assessing lymph node involvement and vascular invasion[38,39]. Conventional CT scans also provide detailed
high-resolution views of pancreatic tumors in relation
to the superior mesenteric artery, celiac axis, superior
mesenteric vein, and portal vein, and this imaging modality remains the preferred choice for initial evaluation of
most patients suspected to have pancreatic cancer.
Early detection of pre-malignant and potentially
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malignant lesions represents a significant advance in the
treatment of pancreatic cancer. Since invasive pancreatic
cancer is rarely cured, resection of these premalignant
lesions is believed to be warranted. However, further refinements in our understanding of premalignant lesions
and more accurate risk-stratification of patients is necessary so that patients with a low risk of malignancy can
avoid an operation.

ADVANCES IN SURGICAL PRACTICE
Surgery plays a critical role in the management of pancreatic cancer, and many advances in surgical practice
patterns as well as surgical technique have resulted in
reduced perioperative morbidity and mortality. Centralization of pancreaticoduodenectomy, for example, to
higher-volume centers with higher-volume surgeons, has
contributed to a reduction in postoperative mortality,
such that the risk of mortality at high volume centers is
currently as low as 3%[40].
Historically, pancreatic tumors were considered either
resectable or unresectable. In 2003, the National Comprehensive Cancer Network introduced the “borderline
resectable” classification for pancreatic cancer, which
refers to tumors that are involved with nearby structures
so as to be neither clearly resectable nor clearly unresectable[41]. Aggressive management of this group of patients
with neoadjuvant chemotherapy has made surgery feasible and may have improved survival in selected patients.
The safety of vascular reconstruction in conjunction with
pancreaticoduodenectomy has also been demonstrated in
a systematic review of the literature[42].
Aside from more complex open surgeries, pancreatic
cancer is also being increasingly approached laparoscopically. Early studies show that minimally invasive approaches can be performed safely and facilitate shorter
hospital stay, earlier return to preoperative activity level,
and reduced postoperative recuperation allowing for less
delay in time to adjuvant chemotherapy or radiation[43-45].
With evolving technology and experience, laparoscopic
distal pancreatectomy has become a standard approach
for benign and malignant lesions of the pancreatic body
and tail. In a multicenter study comparing open and laparoscopic distal pancreatectomy for patients with pancreatic ductal adenocarcinoma, Kooby et al[46] showed that
there were no significant differences in positive margin
rates, number of nodes examined, number of patients
with at least one positive node, or overall survival, and
that there was shorter hospital stay (7.4 d vs 9.4 d, P = 0.06)
in the laparoscopic distal pancreatectomy group.
Laparoscopy has been extended to pancreaticoduodenectomy as well, and several case series have demonstrated feasibility, safety, and efficacy of this approach
as compared to open surgery[47]. The robotic platform is
also being increasingly adopted in pancreatic surgery. This
approach overcomes limitations of laparoscopy, such as
two-dimensional visualization, lack of dexterity, and poor
ergonomics. In a series of 30 patients undergoing robot-
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assisted major pancreatectomy and reconstruction, Zureikat et al[48] reported an overall pancreatic fistula rate of
27% and a 90-d Clavien grade Ⅲ-Ⅳ complication rate of
23%. They concluded that robot-assisted surgery can be
performed safely with postoperative complication rates
comparable to those of open pancreatectomy[48]. Further
experience and larger, controlled studies are needed to
clearly define potential benefits and elucidate long-term
oncologic outcomes of minimally invasive pancreaticoduodenectomy.

determine whether these mutations are more prevalent
among specific demographic groups or whether they affect oncologic outcomes.

CONCLUSION
Pancreatic cancer remains a highly lethal disease. By the
time patients are diagnosed, the disease may often be advanced, precluding patients from surgery. Recent advances in chemotherapeutic regimens have not only improved
our ability to treat patients with metastatic disease, but
have also shown favorable outcomes in the neoadjuvant
setting. Advances in imaging technology and a better understanding of the pathogenesis of pancreatic cancer are
allowing earlier diagnosis and early aggressive management of potentially pre-malignant entities. Emergence
of high volume centers, the incorporation of imaging
technology, and the availability of specialty services, such
as interventional radiology, have reduced perioperative
morbidity and mortality associated with pancreaticoduodenectomy. Furthermore, advances in surgical technology
are allowing these procedures to be performed in less
invasive fashion and are demonstrating safety and feasibility. Despite these advances, there remains room for
improvement. Today’s pancreatic oncologists must focus
on further understanding the genetic and molecular factors contributing to oncogenesis and on the development
of more targeted and less toxic systemic therapies.

ADVANCED UNDERSTANDING OF
GENETIC AND MOLECULAR FACTORS
Many genetic alterations, including germ line and somatic
mutations, contribute to the development of pancreatic
cancer. Recent studies indicate that pancreatic cancer cells
carry an average of 63 genetic mutations per cancer, and
these mutations can be grouped into twelve core signaling pathways[49]. Over 90% of pancreatic cancers possess
mutations in the k-ras oncogene, which is mutated in
20%-30% of all human malignancies[50]. Mutations within
this oncogene are most often located on exon 1 of codon
12 and sometimes on codons 61 and 13[50,51]. Mutated
k-ras upregulates several pathways, such as the PI3KAKT pathway, which is involved in a series of important
cellular functions, including survival and proliferation[52].
Other oncogenes involved in pancreatic carcinogenesis
include those involved with the Notch signaling pathway[53] and the sonic hedgehog pathway[54].
The most widely recognized tumor suppressor
gene (TSG) implicated in pancreatic cancer development is p53, which is found to be mutated in over 75%
of specimens[55]. Other TSGs of importance include
DPC4 (Deleted in Pancreatic Cancer, locus 4), LKB1
(liver kinase B1), p16, MAPK (mitogen activated protein
kinase), and BRCA 2. These various discoveries contribute to the development of more targeted therapies and
may also provide prognostic information. Over 50% of
pancreatic adenocarcinomas have been demonstrated to
have an inactivating mutation in SMAD4[56]. Tascilar et
al[56] measured SMAD4 protein expression in 249 pancreatic adenocarcinomas and found that patients with
this mutation had significantly longer survival than those
without it (19.2 mo vs 14.7 mo), even after adjusting for
other factors such as tumor size, margins, lymph node
status, pathological stage, blood loss, and use of adjuvant
chemoradiotherapy.
Whole exome sequencing and copy number analysis
of a prospective cohort of 142 patients with pancreatic
cancer recently defined 16 significantly mutated genes,
ranging from those which were previously known to contribute to pancreatic cancer pathogenesis (KRAS, TP53,
CDKN2A, SMAD4, MLL3, TGFBR2, ARID1A, SF3B1)
to newly discovered genes involved in chromatin modification (EPC1, ARID2), DNA damage repair (ATM),
and other mechanisms (ZIM2, MAP2K4, NALCN,
SLC16A4, MAGEA6)[57]. Larger studies are needed to
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Cachexia and pancreatic cancer: Are there treatment
options?
Tara C Mueller, Marc A Burmeister, Jeannine Bachmann, Marc E Martignoni
Although many substances have been tested in clinical and preclinical settings, so far none of them have
been proven to have a long-term effect in ameliorating
cancer-associated cachexia. However, recent studies
have demonstrated that multidimensional therapeutic modalities are able to alleviate pancreatic cancerassociated cachexia and ultimately improve patients’
outcome. In this current review, we propose a stepwise
and pragmatic approach to facilitate and standardize
the treatment of cachexia in pancreatic cancer patients.
This strategy consists of nutritional, dietary, pharmacological, physical and psychological methods.
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Core tip: Cachexia in pancreatic cancer is frequently
described and reduces survival and quality of life of the
concerned patients. Despite intense pre-clinical and
clinical research activities, there are still no pharmaceutical agents with proven effectiveness in the long term.
Furthermore, it is evident that only multimodal concepts can improve patients’ outcome. Therefore, the
current pharmacological and nutritional therapy options
are reviewed and a stepwise and pragmatic approach
will be presented to facilitate and standardize the treatment of cachexia in pancreatic cancer patients. This
strategy combines nutritional, dietary, pharmacological
and as well physical and psychological methods.

Abstract
Cachexia is frequently described in patients with pancreatic ductal adenocarcinoma (PDAC) and is associated with reduced survival and quality of life. Unfortunately, the therapeutic options of this multi-factorial
and complex syndrome are limited. This is due to
the fact that, despite extensive preclinical and clinical research, the underlying pathological mechanisms
leading to PDAC-associated cachexia are still not fully
understood. Furthermore, there is still a lack of consensus on the definition of cachexia, which complicates
the standardization of diagnosis and treatment as well
as the analysis of the current literature. In order to
provide an efficient therapy for cachexia, an early and
reliable diagnosis and consistent monitoring is required,
which can be challenging especially in obese patients.
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body tissue masses based on a CT-scan may ultimately facilitate the standardization of diagnosis of cachexia in the
future[5]. Furthermore, this method allows for the quantification of occult tissue loss in muscle, subcutaneousand visceral adipose tissue (VAT), even in obese patients.
It has been shown that not only the degree of weight
loss impacts survival of pancreatic cancer patients, but
also the proportion of muscle and fat loss in the different compartments[6,7]. To perform the assessment, crosssectional areas of the left and right psoas muscles at the
level of the fourth lumbar vertebra (L4) can be used. The
surface is usually expressed in square millimeter[8]. Studies
using these CT-image based techniques show that the loss
of muscle tissue is particularly associated with a shorter
survival in cancer patients[5]. Congruently, a recent study
in which body tissue mass was measured by CT scans in
pancreatic cancer patients, was able to show that sarcopenia in obese patients is an occult condition, associated
with a shorter survival[7].

INTRODUCTION
Cachexia, definition and diagnostic criteria
Cachexia is a multi-factorial, systemic syndrome characterized by pathological weight loss due to excessive wasting of skeletal muscle and adipose tissue mass. It can occur in the course of chronic benign diseases like chronic
heart failure or chronic obstructive pulmonary disease
(COPD) as well as in the course of infectious diseases
like tuberculosis or human immunodeficiency virus (H
Ⅳ)-infection. However, it is most frequently observed
concomitantly with malignancies, especially in pancreaticand lung cancer. The mechanisms that lead to cachexia
are still poorly understood, but consensus is that is has to
be regarded as a complex of multiple, interactive patientand tumor-specific components, such as metabolic and
humoral changes as well as psychological issues, anorexia,
fatigue and adverse effects of anticancer therapies (Figure
1).
In cancer patients, the presence of cachexia is associated with poor prognosis, reduced treatment tolerance and
a marked reduction in quality of life (QoL)[1,2]. Therefore,
the preservation of lean body mass (LBM) is critical for
cancer patients, but despite all efforts an effective treatment for cachexia is still lacking.
The diagnostic criteria for cancer cachexia are still not
very strictly defined. In addition, weight loss is multi-factorial and can be difficult to assess. In particular the loss
of skeletal muscle tissue can be hard to quantify, especially
in obese individuals. These problems combined with the
use of different diagnostic criteria by different research
groups in the past, has led to heterogeneity in clinical and
experimental trials. Therefore, an international consensus
regarding the definition of cachexia was made in 2011.
According to this consensus, cachexia is defined by unintended weight loss of more than 5% of body weight or
weight loss of more than 2% in individuals with a body
mass index (BMI) of less than 20 kg/m², over 6 mo. Additionally, the presence of sarcopenia (skeletal muscle
depletion) with any degree of weight loss of more than
2% should be classified as cachexia[3]. Sarcopenia can
be detected by the following methods of assessment:
anthropometry of mid-upper-arm muscle area (men <
32 cm2, women < 18 cm2), appendicular skeletal muscle
index determined by dual-energy X-ray absorptiometry
(men < 7.26 kg/m2, women < 5.45 kg/m2), lumbar skeletal-muscle index determined from oncology computed
tomography (CT) imaging (men < 55 cm2/m2, women <
39 cm2/m2), and whole-body fat-free mass index without
bone determined by bioelectrical impedance (men < 14.6
kg/m2, women < 11.4 kg/m2)[4].
Furthermore, reduced food intake, anorexia, markers
of systemic inflammation like C-reactive protein (CRP),
responsiveness to chemotherapy and disease progression should be assessed for the diagnosis of cancer cachexia[2,3]. However, studies published after 2011 still frequently use their own diagnostic criteria or cut off values
for cachexia. New techniques, like measuring different
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Cachexia in pancreatic cancer: incidence, impact on
prognosis and outcome
In Western countries, pancreatic ductal adenocarcinoma
(PDAC) is among the top five causes of cancer deaths[9].
Unfavorable prognosis of this cancer entity can be attributed to late diagnosis and aggressive tumor biology
and affection other organ systems due to the function
and anatomical location of the pancreas. Furthermore,
among all malignancies patients with PDAC have the
highest incidence of cancer cachexia and experience
severe symptoms of this syndrome[6,10-13]. Cachexia has
been shown to be present in up to 70%-80% of patients
with PDAC and is associated with reduced survival, more
progressive disease and higher rates of metastatic disease[12-15]. The presence of cachexia was shown to worsen
the post-operative outcome of patients with pancreatic
cancer[15,16]. However, currently the only hope for cure of
pancreatic cancer is the complete surgical resection of
the tumor, which is only possible in non-metastatic and
locally restricted stages.
Especially the loss and the rate of loss of VAT tissue seems to be correlated with a worse prognosis in
pancreatic cancer patients, possibly due to the metabolic
activity of this tissue[17]. Moreover, an association of
VAT-loss with the presence of diabetes and anemia was
observed in these patients[6]. Alterations in metabolism
and a systemic inflammatory reaction contribute largely
to the wasting of muscle and adipose tissue in pancreatic
cancer. A central role in the development and regulation of cachexia in pancreatic cancer is attributed to the
inflammatory response in the liver[18]. The acute phase response in the liver is characterized by the production of
inflammatory compounds like CRP as well as the de novo
synthesis of pro-inflammatory cytokines like interleukin
(IL)-6, IL-1β, IL-8 and tumor necrosis factor (TNF)-α.
Additionally, high quantities of these cytokines are produced by peripheral mononuclear cells and pancreatic
cancer cells[18,19]. These pro-inflammatory mediators not
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Figure 1 Multifactorial genesis of cachexia in pancreatic cancer. GI: Gastrointestinal.

only maintain the acute phase response in the liver, but
also have effects on the central nervous system that lead
to anorexia and fatigue. It was shown that patients with
progressive weight loss exhibit increased levels of proinflammatory cytokines, which enhance lipid and protein
catabolism whereas anabolic pathways [e.g., IGF-1/Akt/
mammalian target of rapamycin (mTOR)] seem to be
inhibited[6,19-21]. In pancreatic cancer patients, elevated
levels of these cytokines were associated with poor performance status and weight loss[22]. Accordingly, IL-1 and
IL-6 gene polymorphisms have been shown to be associated with a higher incidence of cachexia and shortened
survival in pancreatic cancer patients[23].
Moreover, neuro-endocrine hormones (e.g., leptin,
neuropeptide Y, corticotropin-releasing factor, melanocortin, neurotensin) and tumor-derived factors such as
proteolysis-inducing factor or lipid mobilizing factor contribute to tissue catabolism and appetite regulation in a
complex interaction which is not yet fully understood[12].
Finally, secondary symptoms of pancreatic cancer like
chronic pain, nausea and pancreatic insufficiency additionally reduce appetite and food intake[24].

cachexia and stabilizing weight can be crucial for patients
with pancreatic cancer and may prolong their survival[23].
In consistency with the multi-factorial pathogenesis
of cachexia in pancreatic cancer, it is widely recognized
that a multimodal treatment approach is necessary[1]. This
includes nutritional support and exercise as measures to
stabilize weight, as well as pharmacological treatment of
inflammatory and metabolic changes, and the treatment
of secondary symptoms that exacerbate cachexia such
as loss of appetite, mechanical or functional impairment
of the gastrointestinal tract, chronic pain, fatigue and depression[4].
However, there is currently no guideline on clinical
management of cachexia in pancreatic cancer and - albeit
extensive research - there is still no successful pharmacological treatment. In the following paragraphs, current
treatment options will be discussed and a multimodal,
stepwise approach will be presented (Figure 2).
Nutritional support for cachectic pancreatic cancer
patients
Supportive nutrition and caloric supplementation are
important components of supportive care for cachectic
patients with pancreatic cancer[26]. Preferably nutrition
should be delivered enteral to avoid the side effects of
parenteral nutrition [27]. Cachectic patients should be
supplemented with 1000-1500 calories per day (20-25
kcal/kg per day for bedridden and 25-30 kcal/kg per day
for ambulatory patients) in form of a balanced essential
amino-acid mixture, given between meals[27,28]. For an
adequate enteral function, it is important that vitamin
D and exocrine pancreatic insufficiency are treated by
supplementation[26,28]. For a sufficient supplementation
2000 IE of pancreatic enzymes are needed per 1g of fat.
Furthermore, other concomitant symptoms that affect
appetite and food intake, like mechanical or functional
gastrointestinal disorders as well as depression and fatigue need to be addressed.
Recent studies demonstrate a clear benefit of nutritional supplementation for patients with pancreatic can-

CURRENT TREATMENT OPTIONS OF
CACHEXIA IN PANCREATIC CANCER
PATIENTS
As mentioned above, the best way to treat pancreatic
cancer patients is to surgically resect the tumor. However,
less than 15% of patients are eligible for surgery at first
presentation[25], and only approximately 70% of these
tumors are fully resectable at the operation[14]. Palliative
treatment of non-resectable pancreatic cancer consists
of chemotherapy, radiotherapy (not routinely) and supportive care. An essential element of supportive care is
the preservation of QoL. It was shown that cachexia
substantially reduces QoL in pancreatic cancer patients.
In addition, cachexia is exacerbated by systemic chemotherapy and decreases its tolerance[4,10]. Hence, treating
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Figure 2 A stepwise, clinical approach for the treatment of cachexia in pancreatic cancer patients. GI: Gastrointestinal; NSAIDs: Non-steroidal anti-inflammatory drugs; COX-2: Cyclooxygenase-2; CT: Computed tomography.

cer. For example, a study using CT-imaging to monitor
body tissue loss showed that independent of the disease
stage, pancreatic cancer patients who received any type
of nutritional supplementation lost less muscle tissue
compared to those receiving no nutritional supplementation. Moreover, survival time was increased in patients
which received nutritional supplementation[6]. However,
the number of patients included in this study was low
and a variety of different nutritional products were used.
Another study of palliative pancreatic cancer patients
demonstrated that compliance with oral nutrition prescription improved energy/protein intake and weight
stabilization[29]. Furthermore, it was shown that nutrition intervention together with chemotherapy improved
outcomes and QoL of patients with pancreatic or lung
cancer, without inhibiting meal intake[30]. Additional parenteral nutrition for cachectic pancreatic cancer patients
also showed improvements in BMI, phase angle and ratio
of extracellular mass to body cell mass[31].
However, to which extend or in which combination
oral or parenteral nutritional support should be provided
is still under extensive discussion. According to the ESPEN-guidelines (European Society for Clinical Nutrition
and Metabolism) parenteral nutritional support is indicated if inadequate food and enteral intake (< 60% of estimated energy expenditure) is anticipated for more than
10 d. Other indications are severe mucositis, radiation
enteritis or intestinal failure and peri-operative support of
cachectic patients. Parenteral nutrition should not be used
and is probably harmful in well-nourished patients with
adequate oral food intake[27].

in pancreatic cancer patients. The most frequently tested
dietary supplements in the treatment of cancer cachexia
are summarized in Table 1.
N3-fatty acids like eicosapentaenoic acid (EPA) or
docosahexaenoic acid (DHA), which are largely contained in fish oil, have been studied intensively as additional treatment for cancer cachexia[32-35]. N3- or omega-3
polyunsaturated fatty acids have been shown to modulate
levels of pro-inflammatory cytokines, hepatic acute phase
proteins, eicosanoids, and tumor-derived factors in animal models of cancer cachexia[12]. EPA and DHA are
metabolized by cyclooxygenase (COX) and 5-lipoxygenase
yielding in metabolites with less inflammatory and immunosuppressant potency than the substances derived from
arachidonic acid[12]. Moreover, it was shown that EPA
induced apoptosis in three different pancreatic cancer cell
lines and inhibited cell growth in a dose-dependent manner[36]. N3-fatty acids are meanwhile ingredients of most
enteral and in some parenteral supplements. However,
in oral nutritional support the doses needed to achieve
an effect are high and a large amount of product needs
to be consumed, which can be problematic for cachectic
patients.
Another dietary supplement that has been proposed
for the treatment of cachexia treatment is L-Carnitine.
L-Carnitine is required to transport long-chain fatty acids, as a major source of energy, into the mitochondrial
matrix for β-oxidation. Highest levels of L-Carnitine
are observed in skeletal and cardiac muscle. It has been
suggested that a deficiency of L-Carnitine contributes
to cachexia in cancer patients[37,38]. In animal models,
supplementation of L-Carnitine resulted in a significant
improvement of food intake, muscle weight and physical performance. On the molecular level L-Carnintine
administration decreased proteasome activity and related
gene-expression, as well as the expression of genes involved in apoptosis. In addition, it was shown that in vitro

DIETARY SUPPLEMENTS AND CANCER
CACHEXIA
In addition to the simple supplementation of calories,
specific nutrients can be administered to fight cachexia
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Table 1 Dietary supplements in the treatment of cancer cachexia
Agent
N3-fatty acids (EPA, DHA, fish oil)
L-Carnitine
Antioxidants
(GSH, ALA, NAC, vitamins A/C/E)
Branched-chain-amino acids
Lactoferrin

Mechanism of action

Ref.

Reduction of pro-inflammatory cytokines and acute-phase-response
Antioxidant, cofactor of mitochondrial production of Acetyl-coA (ß-oxidation, aminoacid metabolism)
Reduction of ROS-formation and oxidative stress

[32-36]
[37-40]
[42-45]

Anabolic effects, stimulation of appetite and food intake
Increase of hemoglobin in anemic patients, iron-metabolism, decrease of inflammatory response

[46-49]
[50]

EPA: Eicosapentaenoic acid; DHA: Docosahexaenoic acid; GSH: Glutathione; ALA: Alpha-lipoic acid; NAC: N-acetyl-cysteine.

application of L-Carnitine to muscle cells resulted in a
direct decrease of the proteolytic rate[39]. Clinical trials
have been reviewed by Silvério et al[38] in 2011. A recent
randomized multicenter trial included 72 patients with
pancreatic cancer and compared patients who received
4 g oral L-Carnitine for 12 wk to a placebo group. An
increase in body weight, QoL and a trend towards increased overall survival was observed in the L-Carnitinetreated group[40].
Oxidative stress and the formation of reactive oxygen
species (ROS) play an important role in the pathogenesis
of cancer cachexia and represent another potential target
for intervention. Mechanisms that lead to the accumulation of ROS are mainly the lack of natural antioxidants
due to reduced food intake and the chronic inflammatory
reaction. The formation of ROS is further exacerbated
by the use of alkylating chemotherapeutic agents such as
cisplatin[41,42]. Exogenous antioxidants are vitamins A, C,
E and polyphenols. Endogenous antioxidants are a range
of enzymes, especially glutathione peroxidase, as well as
glutathione, alpha-lipoic acid (ALA), N-acetyl cysteine,
reduced coenzyme Q10, melatonin, and plasma protein
thiols[41,43]. A few clinical trials showed that antioxidants
reduced levels of ROS and pro-inflammatory cytokines
in advanced cancer patients[44]. However, in a recent study
on melatonin as treatment for cancer cachexia it was
shown that there was no improvement of weight, QoL
or appetite in patients with advanced cancer[45].
Other dietary supplements in cachexia treatment include branched chain amino acids like valine, leucine and
its metabolite β-hydroxy-β-methylbutyrate, which have anabolic effects on skeletal muscle mass. Experimental data
suggests that they enhance protein anabolism and improve
appetite and food intake in cancer cachexia[46,47]. However,
results from clinical trials have been rather disappointing
so far and have not yet led to a recommendation towards
their use alone or in combination protocols[48,49].
Another nutritional supplement with potentially beneficial effects on cachexia is lactoferrin. In a recent clinical trial it was demonstrated that supplementation of lactoferrin was able to ameliorate cancer-associated anemia
in patients with advanced stage (Ⅲ/Ⅳ) solid, malignant
tumors (gynecological, colon, stomach, prostate, bladder,
lung). Furthermore, there was a decrease of serum levels
of inflammatory markers in the lactoferrin-treated arm[50].
Even though a large amount of clinical studies have
investigated the effects of these dietary supplements
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in the treatment of cancer cachexia, many of which
observed positive effects, the overall results remain inconclusive for a definite recommendation on their use in
clinical practice. This is also due to the fact that design,
products and used definitions of cachexia vary largely
between the trials, a problem encountered generally in
clinical trials of dietary supplements[51]. However, some
of the trials specifically in patients with pancreatic cancer
show promising results and should be verified in larger
and standardized clinical trials.

PHARMACOLOGICAL TREATMENT OF
CACHEXIA IN PANCREATIC CANCER
PATIENTS
Pharmacological treatment of cachexia includes drugs
that improve appetite, the treatment of secondary
symptoms that enhance cachexia, and newer drugs that
specifically target the molecular mechanisms involved in
the pathogenesis of cachexia[26,52]. The current pharmacological approaches are summarized in Table 2. Although
more and more drug targets are proposed based on extensive research in animal models, so far very few pharmacological treatments have been translated into clinical
practice and there is no single pharmacological treatment
that successfully and consistently ameliorates cachexia in
pancreatic cancer patients.
Appetite stimulation
Drugs that ameliorate appetite and food intake are an
important component of cachexia therapy in cancer patients, since the majority of them suffer from anorexia.
Drugs containing the active ingredient of cannabis (Tetrahydrocannabinol, THC) like dronabinol have been used
to fight chemotherapy related nausea and anorexia in the
past. The endocannabinoid system plays an important
role in energy homeostasis. However, results of trials investigating the role of cannabis extracts in the treatment
of cancer induced cachexia have been disappointing in
terms of weight gain, although improvements in appetite
and mood were observed in some studies[53]. Furthermore, there are significant side effects of this treatment,
which is why it is currently not recommended in Europe.
These include impairment of cognitive function, mental
confusion and somnolence and may enhance depression
and other psychiatric disorders[41].
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Table 2 Pharmacological treatment approaches for cancer cachexia
Agent
Potentially
effective
therapies

Progesterone
(MA, MPA)
Corticosteroids
Anabolic androgens

Experimental
therapies

Treatments
without
proven
effectiveness

SARMs
NSAIDs
COX-2 selective
inhibitors
Thalidomide
Anti-TNF mAb
Anti-IL-6 mAb
ACE-Inhibitors
Myostatin-inhibitors/
ActⅡrb-antagonists
Ghrelin/Ghrelin
mimetics
Mirtazepin, Olanzapine
Pentoxifylline
Insulin, IGF-1, GH
Cannaboids (dronabinol)

Mechanism of action

Ref.

Appetite stimulation through neuropeptide y
[59,61,90-92]
down-regulation of pro-inflammatory cytokines
Inhibition of prostaglandin activity, suppression of IL-1 and TNF-α
[62]
Muscle anabolism, up-regulation of protein synthesis, dose-dependent alterations of Akt[64,65]
phosphorylation, GLUT-4 and ISR-expression
Selective modulation of androgen receptors in muscle tissue only
[67-69]
Inhibition of COX-1 and -2 prostaglandin-synthesis, decrease of inflammatory reaction
[71,72]
Inhibition of prostaglandin-synthesis, decrease of inflammatory reaction, additional
[70,73,92]
antineoplastic and anti-angiogenetic effects
Inhibition of TNF-α, and other pro-inflammatory cytokines, NF-κB, inhibition of COX-2
[74-76]
Inhibition of TNF-α
[78,79]
Inhibition of IL-6
[85]
Inhibition of angiotensin converting enzyme, role in cancer cachexia not yet fully understood
[88,89]
Inhibition of ActⅡrb signaling, stimulation of muscle growth and regeneration
[4,66,86,87]
Stimulation of GH-secretion, appetite stimulation though neuropeptide y, decrease of
sympathetic nerve activity
Appetite stimulation through serotonergic blockade
Inhibition of TNF-α
Regulation of body composition (fat, glucose and protein metabolism) via PI3K/Akt-,
MAPK-pathways
Appetite stimulation, energy hemostasis

[54-57]
[58,59]
[77]
[63,64,95]
[53]

MA: Megestrol acetate; MPA: Medroxyprogesterone acetate; COX-2: Cyclooxygenase-2; SARMs: Selective androgen receptor modulators; NSAIDs: Nonsteroidal anti-inflammatory drugs; TNF: Tumor necrosis factor; IL: Interleukin; IGF: Insulin-like growth factor; GH: Growth hormone; GLUT-4: Glucose
transporter-4; ISR: Induced systemic resistance; MAPK: Mitogen-activated protein kinase.

Another new approach to treat anorexia is to target the leptin/ghrelin/neuropeptide-γ axis. Ghrelin is a
peptide hormone which is produced in the stomach and
stimulates growth hormone (GH)-secretion and increases
appetite through neuropeptide-γ system[52]. Ghrelin and
the ghrelin receptor agonists (anamorelin and RC-1291)
are currently in phase Ⅲ clinical trials and show promising preliminary results in increasing food intake and
body weight in cancer patients, with minimal adverse effects[54-57]. In addition, these positive effects were shown
to be potentiated by the traditional Japanese medicine
Rikkunshito, which stimulates endogenous ghrelin production[55]. However, results from clinical trials are not
univocal in terms of efficacy, dose prescription and more
research is needed.
Neuroleptic drugs like mirtazapine and olanzapine
are often used to treat chemotherapy-induced nausea
through serotonic blockage. In addition, they increase appetite which is why they have been proposed as additional
treatment of anorexia in cancer cachexia[58]. Furthermore,
they might have positive effects on pro-inflammatory cytokine levels. However, the mechanisms of action are not
fully understood and clinical trials are needed to evaluate
their effect on cancer cachexia, specifically. A trial comparing treatment with the progesterone megestrol acetate
(MA) in combination with olanzapine was more effective
than MA alone in cachectic patients with advanced gastrointestinal or lung cancer (stage Ⅲ/Ⅳ)[59].

stimulate appetite through direct and indirect pathways
in the central nervous system. In addition, it is suggested
that they antagonize the catabolic effects and downregulate the production of pro-inflammatory cytokines[12].
Synthetic progesterones such as MA and medroxyprogesterone acetate (MPA) have been shown to significantly
improve appetite and partially reverse fat loss in randomized controlled trials but failed to improve global QoL or
survival in most cancer cachexia trials[41,60,61]. In a recent
updated meta-analysis (35 trials, including almost 4000
patients) it has been shown that, compared to a placebo
group, treatment with MA improved appetite, weight
gain and QoL in patients suffering from cachexia due to
cancer, HIV/AIDS or other pathologic conditions. However, significant side-effects were observed, in particular
thromboembolic complications and edema[61]. Therefore,
a careful and individual risk/benefit analysis should be
performed before its application in cachectic patients
with pancreatic cancer. Furthermore, the optimal dose
for prescription of MA remains to be determined. In
clinical practice, MA is often combined with corticosteroids and some older clinical trials also reported possible
benefits of the combination of MA with ibuprofen in
cancer patients[12].
Corticosteroids (e.g., prednisolone, methylprednisolone) inhibit prostaglandin activity and suppress pro-inflammatory cytokines like IL-1 and TNF-α. Furthermore,
there are central effects leading to improved appetite and
euphoria. However, the effects generally don’t last longer
than 2-4 wk and long-term corticosteroid therapy is associated with substantial adverse effects like dysmetabolism,
osteoporosis, myopathy and an increased risk of infec-

Progesterones, corticosteroids and anabolic hormones
Progesterones represent another pharmacological approach. The mechanism of progesterone action is to
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tions[12]. There are only a few, older trials that specifically
evaluated corticosteroids in cancer cachexia. A recent
randomized double blind study indicated that treatment
with dexamethasone in patients with advanced cancer (all
types of solid tumors) ameliorated fatigue and QoL[62].
It is widely recognized that during cachexia, signaling
of insulin, insulin-like growth factor-1 (IGF-1) and GH
is dysregulated. GH normally induces the production of
IGF-1 in the liver and other tissues. IGF-1 stimulates
protein synthesis, myoblast differentiation, and muscle
growth, whereas it suppresses protein degradation. The
dysregulation of this axis causes an anabolic/catabolic
imbalance which leads to loss of LBM[63]. In cachetic
patients low serum concentrations of IGF-1 have been
observed, while there seems to be a peripheral GH and
Insulin resistance, which leads to a negative protein balance, especially in skeletal muscle tissue. The United
States Food and Drug Administration currently approved
recombinant GH for treatment of muscle wasting in
HIV/AIDS, parenteral nutrition-dependent short bowel
syndrome, and pediatric chronic kidney disease[64]. However, the therapeutic application of Insulin, GH or IGF-1
for pancreatic cancer patients is currently not recommended due to adverse effects (paresthesia, arthralgia,
sodium retention and peripheral edema) of the high
doses that would be required due to the peripheral insulin and GH-resistance[63,64]. New experimental therapies
try to target post-receptor pathways of IGF-1, GH and
insulin, like the phosphoinositide 3-kinase (PI3K)/Akt/
mTOR pathway. However, the oncogenic potential of
cell growth promoting treatments has to be kept in mind,
since alterations in the PI3K/Akt pathway are common
in cancer[63].
Testosterone and its synthetic derivates (e.g., nandrolone, oxandrolone) are anabolic steroid hormones. They
increase muscle mass through upregulation of proteinsynthesis. Furthermore, there is also interaction with the
Insulin/IGF-1/GH system in terms of dose-dependent
alterations of Akt-phosphorylation, glucose transporter-4
(GLUT-4) and insulin receptor-expression. Low doses of
testosterone increase insulin sensitivity, while high doses
increase insulin resistance[63]. In cachexia due to HIV/
AIDS or COPD, treatment with testosterone has been
shown to improve body weight and functional parameters, however there are only very few trials on its use in
cancer cachexia[64,65]. Adverse effects reported are elevated
transaminase levels, jaundice, virilization and decreased
high density lipoprotein concentrations. Furthermore,
there are many interactions with other medications, e.g.,
oral anticoagulation. In addition, it has to be kept in mind
that anabolic steroids potentially lead to fluid retention,
which might cause false positive results in clinical trials
on weight gain[64]. A more promising new approach is
the treatment with SARMs. These molecules react with
androgen-receptors in muscle tissue only, minimizing
the systemic side effects of androgen therapy. Apparently, several pharmaceutical companies are currently
testing these agents to fight sarcopenia due to aging and
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cancer cachexia[66]. For example, Ostarine has demonstrated promising results in Phase Ⅰ and Ⅱ clinical trials
and may have the ability to perform as a potent anabolic
agent with minimal side effects[67]. Similarly, Enobosarm
is currently being tested in phase Ⅱ clinical trials[68,69].
However, larger clinical trials are warranted to confirm
these preliminary results.
Anti-inflammatory drugs
Non-steroidal anti-inflammatory drugs (NSAIDs) or
selective cyclooxygenase-2 (COX-2)-inhibitors not only
reduce the inflammatory response but also have a positive effect on resting energy expenditure (REE) and were
shown to prolong survival in malnourished patients with
advanced cancer (mostly gastrointestinal cancers)[70,71].
NSAIDs that have been evaluated in cancer cachectic
patients are ibuprofen and indomethacin. A recent systematic review of 13 clinical trials found that all but two
trials showed an improvement in body weight, physical
performance and QoL, while side effects were extremely
rare. However, the number of patients included in these
trials is small and they used variable outcomes. Therefore,
evidence is too frail to recommend the use of NSAIDs
to treat cancer cachexia in clinical routine yet[72].
Selective inhibitors of COX-2 (e.g., celecoxib) also received a lot of attention in the search for cachexia treatments. They reduce the systemic inflammatory reaction
and there is evidence of anti-neoplastic properties in animal models[41]. Phase Ⅱ clinical trials in cachectic cancer
patients with solid tumors at different sites have shown
an increase in LBM and QoL[73]. However, more clinical
trials are needed to confirm these results.
Anti-cytokine strategies
Since pro-inflammatory cytokines, such as TNF-α and
IL-6, play a prominent role in the pathogenesis of cachexia in pancreatic cancer, systemic inflammation remains an important area for novel therapeutic targets[74].
Results from animal models regarding anti-cytokine strategies provide evidence that targeting cytokine signaling
can ameliorate cachexia, even though it has been widely
accepted that this complex syndrome is not caused by
only one single, specific cytokine[41].
However, most clinical trials of inhibitors of synthesis
or activity of TNF-α have so far not proven to be effective in preserving lean body mass in cancer patients[60,74].
The drug thalidomide, which downregulates the production of TNF-α and other pro-inflammatory cytokines
and inhibits NF-κB, COX-2 and angiogenesis, was shown
to be effective in the treatment of cancer cachexia in
patients with gastro-intestinal and pancreatic cancer[4,75].
However, thalidomide has strong adverse effects, which
warrant a careful risk-benefit analysis. A recent metaanalysis concluded that evidence is not sufficient to recommend its routine use to treat cancer cachexia[76].
Pentoxifyllin, which is another inhibitor of TNF-α,
failed to improve weight loss in cachectic cancer patients
with different types of solid tumors[74,77]. Anti-TNF-α an-
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tibodies such as infliximab and etanercept did not show
any significant improvements in cachectic patients and
were not well tolerated, either[78,79]. Finally, results from
preclinical studies suggested a potential new treatment for
cachexia by inhibiting TNF-α converting enzyme. However, some of these substances were patented but never
achieved to pass phase Ⅱ clinical trials. Penna et al[74] have
reviewed other patented substances that inhibit cytokines
directly or via receptor modulation or inhibition of NFκB in detail recently. Notably, none of these substances
has been evaluated for their efficiency in ameliorating
cachexia in pancreatic cancer in larger clinical trials so far.
Elevated IL-6 levels were quite consistently associated with weight loss and a reduced the rate of survival
in cancer patients[18,22,80-82]. Iwase et al[83] even showed that
IL-6 was elevated in cachectic patients, whereas TNF-α
was not. Several studies showed that IL-6 was significantly over-expressed in pancreatic tissue, and serum levels
were significantly elevated in cachectic compared to noncachectic patients with pancreatic cancer[18,22,84]. Preclinical
and clinical (phase Ⅰ and Ⅱ) studies performed on the
IL-6 antibody ALD518 in patients with non-small cell
lung cancer (NSCLC) demonstrated that this treatment
has the potential to improve anemia, reduce cancer-related cachexia and ameliorate fatigue, while having minimal
adverse effects[41,85]. However, further research is clearly
needed in this regard, since despite some promising results of small clinical trials, there is currently no approved
anti-cytokine treatment for cancer cachexia[74].

agents at the moment. One of these is a phase Ⅱ trial in
advanced or metastatic pancreatic cancer. The other trial
is a randomized, double-blind, placebo-controlled multicenter study for treatment of cachexia in patients with
stage Ⅳ NSCLC or stage Ⅲ/Ⅳ pancreatic cancer. Beside
these two industry-sponsored trials there is one more
ongoing trial sponsored by the Greater Glasgow Health
Board. This pre-MENAC study investigates the feasibility of a multimodal exercise/nutrition/anti-inflammatory
treatment for cachexia in non-operable stage Ⅲ / Ⅳ
NSCLC and pancreatic cancer.

COMBINATION PROTOCOLS
In regard to the multi-factorial pathogenesis of cachexia
in pancreatic cancer, more and more clinical trials are
testing combination protocols of the above-mentioned
dietary supplements and pharmaceutical interventions.
For example, a trial by Mantovani et al[90] compared
4 different treatments with a combination arm, recieving all 4 treatments (progesterones, EPA, L-Carnitine;
thalidomide) over 4 mo in patients with advanced stage
solid tumors at any site. The most effective treatment in
terms of LBM gain, REE, fatigue, appetite, IL-6 levels
and Eastern Cooperative Oncology Group performance
status score was the combination regimen that included
all agents. The same research group implicated a new
combination protocol in a non-randomized trial. The
16-week treatment consisted of a diet with high polyphenol content, oral nutritional support enriched with n-3
fatty acids (EPA and DHA), MPA, antioxidant treatment
with ALA and carbocysteine lysine salt, vitamins E, A
and C, and celecoxib. This treatment resulted in a positive
response with increase of LBM and QoL in patients with
advanced stage solid tumors at any site. Furthermore,
there was a decrease of ROS and pro-inflammatory cytokines. No adverse effects were observed[42].
Another phase Ⅲ randomized trial included 104
advanced-stage gynecological cancer patients and assigned them to receive either a combination of MA with
L-Carnitine, celecoxib, and antioxidants or MA alone over
4 mo. It was demonstrated that the combination arm
was more effective with respect to LBM, REE, appetite,
fatigue and global QoL. The inflammation and oxidative
stress parameters IL-6, TNF-α, CRP, and ROS decreased
significantly in the combination arm, while no significant
change was observed in the MA arm[91]. Similarly, another
trial compared two combination treatment arms, with or
without MA and found no superiority of additional MA
administration[92].

Emerging pharmacological therapies
Recently, the myostatin/ActRⅡb pathway is receiving
more and more attention in cachexia research. Animal
models have shown that targeting this pathway can lead
to dramatic increases in muscle mass[86,87]. ActRⅡb-receptor and myostatin inhibitors are currently being evaluated in clinical trials of muscle wasting and degenerative
disorders. Among the first agents developed for clinical
settings are the monoclonal anti-myostatin antibodies
LY2495655 and BYM338, which are currently undergoing phase Ⅱ trials in patients with NSCLC and PDAC[4].
Apparently, several pharmaceutical companies have currently explored this pathway as therapeutic target in aging
and sarcopenia, but their results have not yet been published[66].
Another interesting recent finding was that in patients
with cachexia related to congestive heart failure, treatment with angiotensin-converting enzyme (ACE) inhibitors caused an increase in both subcutaneous fat and
muscle mass[88]. There is also some preliminary evidence
that ACE inhibitors have the potential to ameliorate cancer cachexia, at least in NSCLC patients[89]. However, the
exact role of angiotensin Ⅱ in human cancer cachexia
remains to be determined.
Searching the clinical trials databases of the NIH in
the US (clinicaltrials.gov) or the EMA in Europe (clinicaltrialsregister.eu) for cachexia in pancreatic cancer,
revealed only a very limited number of current trials.
Only two ongoing trials are testing new pharmaceutical
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MULTIMODAL THERAPY AND A
STEPWISE APPROACH FOR CLINICAL
PRACTICE
Considering the multidimensional background of cancer
cachexia, it is more and more accepted that multimodal
therapeutic approaches, including exercise, nutrient sup-
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plementation, appetite stimulation and pharmacological
intervention, have to be implemented and individually adjusted for patients at different stages of cachexia[4,93]. Successful surgical removal of the tumor and/or oncological
treatments should be the starting point for rehabilitation
of patients with cancer-associated muscle wasting[94].
Figure 2 shows a stepwise approach of multimodal
therapy options. On the first level oral nutrition should
be optimized by a high calorie diet, regulation of blood
glucose levels and supplementation of pancreatic enzymes. Improving patients’ metabolism by insulin or metformin treatment was shown to increase whole body fat
(without counteracting muscle loss) and survival in initial
study results[95]. If there is no response to these measures,
oral nutrition should be supplemented with high calorie
drinks, enriched with dietary supplements such as EPA,
L-Carnitine and antioxidants. In case of insufficiency of
food intake, supplemental parenteral nutrition should be
considered. Only the next step would require total parenteral nutrition. A large-scale meta-analysis showed that
nutritional interventions were successful in increasing
energy intake, body weight and some aspects of QoL[96].
Since pharmacological treatments have so far not been
consistently efficient in the long term, they represent the
last step and should be applied in the setting of clinical
trials.
Screening for cachexia should ideally be carried out
at the time of diagnosis of pancreatic cancer since early
stages (pre-cachexia) can easily be missed although they
are probably the most susceptible to any treatment intervention. Optimal screening should be performed using
CT-image based techniques, since they allow for the most
accurate assessment of cachexia, especially in obese patients. Since these measurements are not a standard in all
CT scans today, an individual agreement with the radiologist has to be defined. In addition, nutrition risk scores
and performance indexes can be used to aid decisions
about form and level of treatment necessary. Monitoring of course and progress of disease should be implemented in regular intervals and should be combined with
dietary counseling.
Supportive multidimensional pharmacological therapy
should aim at ameliorating anemia, immunosuppression,
depression and fatigue[41]. Moreover, secondary symptoms like pain, diarrhea or stomatitis need to be managed
correctly to evaluate the efficacy of new treatments of
cancer cachexia[97]. The evidence for interventions with
resistance exercise training is not as extensive yet, but
first results are promising[4,98]. Finally, the contemporary
use of psychological and behavioral interventions, such
as relaxation, hypnosis or group-psychotherapy, as well
as careful psychosocial counseling and access to self-help
groups should be provided for these terminally ill patients[12,41].

past 10 years, there is still no effective treatment for
cancer patients suffering from cachexia. In pancreatic
cancer, cachexia is encountered in up to 80% of patients
and significantly contributes to the related morbidity and
mortality[12].
Since many factors lead to cachexia in these patients,
a multimodal treatment approach is needed, including nutritional support and pharmacological intervention as well
as the treatment of symptoms exacerbating weight loss
such as chronic pain, gastrointestinal disorders, fatigue
and depression. Furthermore, interventions should be
implemented in a stepwise manner, starting with oral nutritional support and dietary counseling from the time of
diagnosis. Screening and monitoring of cachexia should
be performed regularly, ideally using CT-scan based techniques.
After reviewing the current nutritional and pharmacological approaches to treat cachexia, combination protocols using anti-inflammatory, anti-oxidative nutrients
and drugs seem the most promising. Treatment with
single agents such as progesterones or TNF-α inhibitors
has not shown to be successful and unnecessarily expose
these patients to the risk of substantial adverse side effects.
New targeted therapies derived from extensive research in animal models hold promise for the future. In
particular drugs targeting IL-6 and its downstream targets
as well as the myostatin/ActRⅡb pathway are up-andcoming. However, it is always challenging looking into
the crystal ball and new therapeutic approaches will only
be available outside of clinical trials when the marketing
approval will be granted. This is at least valid for new
chemical entities or new indications for already existing
drugs. While waiting for the results of ongoing trials,
we strongly encourage further research and clinical trials
on new treatments for this devastating condition. Furthermore, diagnostic criteria and design of clinical trials
should be standardized as far as possible to make analyses and comparisons of future intervention trials more
meaningful.
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Neoadjuvant strategies for pancreatic cancer
Francesco Polistina, Giuseppe Di Natale, Giorgio Bonciarelli, Giovanni Ambrosino, Mauro Frego
patient selection. Neoadjuvant strategies are multiples
and include neoadjuvant chemotherapy (nCT), and the
association of nCT with radiotherapy (nCRT) given as
either a combination of a radio sensitizing drug as gemcitabine or capecitabine or and concomitant irradiation
or as upfront nCT followed by nRT associated to a radio
sensitizing drug. This latter seem to be most promising as it may select patients who do not go on disease
progression during initial treatment and seem to have a
better prognosis. The clinical relevance of nCRT may be
enhanced by the application of higher active protocols
as FOLFIRINOX.
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Core tip: The present paper is a review on the upcoming issue of neoadjuvant strategies for pancreatic cancer patients. Protocols, timing and results of the largest series from different strategies are here presented
and discussed. To authors knowledge this is the first
published paper that considers even latest papers on
neoadjuvant treatment for even potentially resectable
pancreatic cancer.

Abstract
Pancreatic cancer (PC) is the fourth cause of cancer
death in Western countries, the only chance for long
term survival is an R0 surgical resection that is feasible
in about 10%-20% of all cases. Five years cumulative
survival is less than 5% and rises to 25% for radically
resected patients. About 40% has locally advanced in
PC either borderline resectable (BRPC) or unresectable
locally advanced (LAPC). Since LAPC and BRPC have
been recognized as a particular form of PC neoadjuvant
therapy (NT) has increasingly became a valid treatment option. The aim of NT is to reach local control
of disease but, also, it is recognized to convert about
40% of LAPC patients to R0 resectability, thus providing a significant improvement of prognosis for responding patients. Once R0 resection is achieved, survival
is comparable to that of early stage PCs treated by
upfront surgery. Thus it is crucial to look for a proper
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INTRODUCTION
Pancreatic cancer (PC) is the fourth-leading cause of
death due to cancer in Western countries and accounts
for nine cases per 100000 inhabitants per year in Europe[1]. The only chance for long-term survival is an R0
surgical resection that is feasible in about 10%-20% of
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all cases. Cumulative survival after 5 years is less than 5%
and rises to 25% for radically resected patients; in this latter group, local recurrences occur in about 50% of cases
and distant metachronous metastases appear in more
than 70% of patients[2,3].
Only about 20% of patients are diagnosed with surgically resectable pancreatic cancer; 40% of patients have
the metastatic disease and the remaining 40% have locally advanced pancreatic cancer in either the Borderline
Resectable Pancreatic Cancer (BRPC) or the Locally Advanced Pancreatic Cancer (LAPC) form[4].

Table 1 Definition of borderline resectable and locally
advanced according to the MD Anderson Cancer Center and
the American Hepatopancreatobiliary Association/Society
of Surgical Oncology/Society for Surgery of the Alimentary
Tract/National Comprehensive Cancer Network classification
systems of stage III pancreatic cancer
Definition system

Vessel

MDACC

SMV

DEFINITION OF LAPC AND BRPC
Due to the complexity of the anatomy in the pancreatic region, even small cancers may be found at an advanced stage where the vascular invasion is so far as to
be deemed unresectable (UR). Thanks to technological
progresses in the field of preoperative imaging in the
last decade, a new pathological entity has arisen. BRPC
is seen in a subgroup of patients in the LAPC group
whose conditions are considered to be resectable with a
need for vascular resection and reconstruction, but who
remain at a higher risk for local recurrence. A definitive
definition of BRPC is still lacking and currently there are
two different classification systems: the MD Anderson
Cancer Center[5] (MDACC) system and the American Hepatopancreatobiliary Association (AHPBA)/Society of
Surgical Oncology (SSO)/Society for Surgery of the Alimentary Tract (SSAT) system[6], which has been endorsed
by the National Comprehensive Cancer Network (NCCN)
guidelines. These two classification systems substantially
overlap each other with one particular difference: the
abutment of the celiac trunk is classified to be “borderline
resectable” in the MDACC classification while it is considered to be unresectable in the AHPBA/SSO/SSAT/
NCCN classification; this discrepancy is probably due
the increased confidence in pancreatic surgery associated
with vascular resections of some surgical groups as compared with other surgeries[7]. The criteria for the definition of UR, LAPC and BRPC are summarized in Table 1.
Moreover, the MDACC added cancer feature data from
tumors and the patient’s biology as considerations to create three groups of patients: (1) patients with radiologically well defined cancers; (2) patients with inconclusive
but suspicious metastatic disease radiologic findings; and
(3) patients with a borderline status for major abdominal
surgery. This last classification may have some importance in assigning patients to a somewhat personalized
treatment but, on the other hand, it further enhances the
discrepancies between classification systems.

AHPBA/SSO/
SSAT/NCCN

LAPC

Short segment
No reconstruction
occlusion
feasible
PV
Short segment
No reconstruction
occlusion
feasible
SMA
Abutment
Encasement
CHA
Abutment, short
Long encasement
encasement
CT
Abutment1
Encasement1
Metastases
Absent
Absent
SMV
Abutment,
No reconstruction
Encasement, Ocfeasible
clusion
PV
Abutment,
No reconstruction
Encasement, Ocfeasible
clusion
SMA
Abutment
Encasement
CHA
Abutment, Short
Long encasement
encasement
CT
Nor encasement
Abutment1
1
or abutment
Metastases Nor visceral nor Nor visceral nor extraextra-regional
regional nodal
nodal

1

Differences. SMV: Superior mesenteric vein; PV: Portal vein; SMA:
Superior mesenteric artery; CHA: Common hepatic artery; CT: Celiac
trunk; BRPC: Borderline resectable; LAPC: Locally advanced; MDACC:
MD Anderson Cancer Center; AHPBA: American Hepatopancreatobiliary
Association; SSO: Society of Surgical Oncology; SSAT: Society for Surgery
of the Alimentary Tract; NCCN: National Comprehensive Cancer Network.

consequence, approximately 20% of patients that were
thought to be resectable on CT scans show the metastatic
disease when a laparotomy is conducted[14,15].
Magnetic Resonance Imaging (MRI) is of limited
interest in such a setting; this technique is effective only
in cases of patients with ascites and a previously known
intolerance to iodinated contrast media. Moreover MRI
may be helpful in better characterizing small (< 1 cm) hepatic lesions shown by CT scans and small intrapancreatic
lesions that have not yet altered the pancreatic profile[16,17].
Endoscopic ultrasounds are increasing important with
an accuracy as high as 85%, with a 75% specificity and a
100% sensitivity of diagnosing pancreatic cancer resectability[18-20].
Staging laparoscopy, coupled with laparoscopic ultrasounds of the liver and pancreatic region, has shown to
produce a better definition of either nodal invasion or the
local invasiveness of the disease. This technique has been
shown to be superior to CT scans in terms of accuracy in
detecting the presence of hepatic metastases[13,21-24].
The most widely accepted criteria for selecting patients that should undergo staging laparoscopy for pancreatic cancer currently are pancreatic head tumors > 3
cm in maximum diameter, cancers located in the body
and tail of the gland, and cancers with unclear margins

STAGING OF PANCREATIC CANCER
Triphasic, thin-cut, contrast-enhanced CT scans show an
87% success rate in diagnosing vascular invasion from
pancreatic cancer[8-11]. The main limitations of this technique include its poor effectiveness of diagnosing small
amounts of hepatic and/or peritoneal spread[12,13]. As a
WJG|www.wjgnet.com
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Table 2 Studies on chemotherapy for advanced pancreatic cancer
Ref.

CT regimen

Conroy et al[33]
Louvet et al[45]
Rocha Lima et al[46]
Poplin et al[47]
Kindler et al[49]

Gunturu et al[53]
Peddi et al[55]

Study

FOLFIRINOX vs Multicentric phase
Ⅱ trial
Gem
GEMOX vs GEM
phase Ⅲ
alone
Irinotecan + GEM Multicenter, open
vs GEM alone
label, phase Ⅲ
GEM vs GEM FDR
phase Ⅱ,
vs GEMOX
multicentric
GEM +
Double blind,
Bevacizumab vs placebo controlled,
GEM + placebo
phase Ⅲ
FOLFIRINOX
Single centre,
retrospective
FOLFIRINOX
Registry

LAPC (n )

ORR (%)

0

NA

NA

NA

98

14.9 vs 27.3

10.3 vs 10.3

51

25.9 vs 4.2

86

OS median Res rate (%) Metastatic ORR (%)

OS median

342

31.6 vs 9.4

11.1 vs 6.4

NA

215

18.3 vs 26.4

6.7 vs 8.5

9.8 vs 11.7

NA

293

14.9 vs 4.8

5.4 vs 5.9

36

9.2

NA

737

NR

4.9 vs 6.2 vs 5.7

31

NA

NA

NA

189

NR

5.8 vs 5.9

16

50

NA

NA

19

47

NA

18

34

NA

NA

22

18

NA

CT: Chemotherapy; LAPC: Locally advanced pancreatic cancer; ORR: Overall response rate; OS: Overall survival; Res: Resection; NA: Not available; NR:
Not reported; FOLFIRINOX: 5-fluorouracil + leucovorin + oxaliplatin + irinotecan; GEM: Gemcitabine; GEM FDR: Gemcitabine fixed dose ratio.

on imaging and Carbohydrate Antigen 19.9 > 100 U/mL
in patients with normal serum bilirubin levels[25].

patients who underwent neoadjuvant therapies completed
the cycles in 90%-100% of cases, compared with 62%
of patients who completed adjuvant chemotherapy in
the CONLO-001 study[25]; (2) neoadjuvant therapies may
help in avoiding unnecessary major abdominal surgery
for patients who go on disease progression during treatment; (3) giving chemotherapic agents to a patient with
pancreatic tissue not yet altered by the trauma of surgery
seems to have a better effect due to better vascularization
and subsequent drug delivery to neoplastic tissues[34]; (4)
for BRPC and LAPC patients, neoadjuvant therapy lead
to a downstaging of the disease, increasing the rate of
R0 resections[5,38-44]; (5) some studies report a decreased
incidence of anastomotic fistulas after neoadjuvant therapies, probably due to the pancreatic and peripancreatic
fibrosis inducted by treatment[45,49-51]; and (6) two recent
comparative analyses on the costs of various treatments
for pancreatic cancer showed an economic advantage in
neoadjuvant treatment regimens[45,52].

BASIS FOR NEOADJUVANT THERAPY
Patients with LAPC and either BRPC or UR pancreatic
cancer have about a 50% chance for curative resection, as
compared with stage Ⅰ and Ⅱ pancreatic cancers[5,26-28].
This is mainly due to the high frequency of invasion of
the retroperitoneal margin and/or the nervous plexus of
the SMA, whose resection adds further morbidity to the
intrinsic morbidity related to pancreatic resections with
vascular reconstructions[29-32]. The most significant factor
predicting long-term survival in pancreatic cancer patients is an R0 resection, a widely accepted procedure. An
R1 resection is associated, independent of the original
stage of disease, with a prognosis similar to patients with
the inoperable disease[33-42].
Early retrospective analyses showed that the chance
to obtain an R0 resection for both UR-LAPC and BRPC
patients was about one half compared with that for T1
and T2 patients[43-45].
At the same time, some randomized multicentric
studies with adjuvant therapies for resectable pancreatic
cancer showed a survival advantage for treated patients
for both overall survival and disease-free survival[33,46,47],
while studies performed with adjuvant radiotherapy and
Intraoperative Radiotherapy showed a good efficacy in a
local control of disease.
Recent meta-analyses done on early published studies on neoadjuvant treatments of BRPC and LAPC[48]
showed an increased rate of R0 resections with unchanged mortality and morbidity as compared with those
treated by upfront surgery. Moreover, these meta-analyses
show some evidence of additional advantages over neoadjuvant strategies: (1) patients treated by upfront surgery
often show a delay in the beginning of adjuvant treatment
due to surgical complications, even minor ones. This fact
leads to an evident survival handicap. Neoadjuvant therapy may avoid this handicap[25]. In three different studies,

WJG|www.wjgnet.com

NEOADJUVANT CHEMOTHERAPY FOR
LAPC AND BRPC
Gemcitabine-based chemotherapy
Older randomized trials exploring the effects of neoadjuvant chemotherapy alone on pancreatic cancer
included both BRPC/LAPC patients and metastatic
pancreatic cancer patients (Table 2). Gemcitabine-based
studies evaluated both metastatic and LAPC patients
and showed a 20%-30% response rate without any difference between metastatic and locally advanced. In
two studies, Gemcitabine was given with Oxaliplatin vs
Gemcitabine alone[45,46]. In one study, Gemcitabine was
given with Irinotecan vs Gemcitabine alone[47]. In another study, Gemcitabine was given with Bevacizumab vs
Gemcitabine alone[49]. All of these studies showed that
results were significantly superior in favor of the combination therapy vs Gemcitabine alone but no study had
resection as an endpoint. In a meta-analysis by Andriulli
and others exploring the effects of Gemcitabine-based
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Table 3 Studies on neoadjuvant chemotherapy for locally advanced pancreatic cancer
Ref.
Lee et al[51]

Sahora et al[52]
FARIS1 et al[54]
Hosein1 et al[39]

LAPC (n )

Study type

CT regimen

Staging system

Prospective
nonrandomized
Prospective
phase Ⅱ
Single centre,
retrospective
Prospective
phase Ⅱ

Gemcitabine +
capecitabine

NCCN

18 BR 25 UR 61 BR 24 UR

NeoGEMTAX

APBCC
NR

FOLFIRINOX

NCNN

33 BR 10 UR 46 BR 20 UR
12 BR
32
13 UR
22
NR

FOLFIRINOX

NR

14 BR
4UR

Res rate (%) R0 resections/total
resections

55.5

ORR

OS median

9/11 BR 5/6 UR

NR

23.1 mo
(cumulative)

13/15 BR 1/2 UR
7/8

NR
NR

22.7

27.3% (CT
alone)
NR

7/8

16 mo
(resected patients)
NR
16 mo
(resected patients)

1

Some patients had CRT. ORR: Overall response rate; OS: Overall survival; NR: Not reported; NeoGEMTAX: Gemcitabine + docetaxel; FOLFIRINOX:
5-Fluorouracil + leucovorin + oxaliplatin + irinotecan; GEM: Gemcitabine; GEM FDR: Gemcitabine fixed dose ratio; NCCN: National comprehensive cancer
network; APBCC: Asan pancreaticobiliary cancer center.

neoadjuvant therapy for pancreatic cancer, the reported
of 1 and 2 year survival rates are 54.2% and 27% for
patients with LAPC, respectively, with a complete/partial
response ratio of 27% (95%CI: 18-38)[50]. A recent report
by Lee et al[51] studied 43 patients affected by both LAPC
(25) and BRPC (18), as defined by the NCCN criteria.
The patients were treated with a combination of Gemcitabine and Capecitabine and the authors reported a
18.6% radiological response rate and a stable disease rate
of 69.8%. In the LAPC group, 24% underwent surgical
resection with 83.3% having R0 resections. In the BRPC
group, 61% underwent resection with 81.8% having R0
resections. Sahora and collaborators, in a prospective
study on 13 LAPC patients and 12 BRPC patients treated
by neoadjuvant Gemcitabine and docetaxel chemotherapy, reported an overall resection rate of 32% with 87.5%
having R0 resections and a median survival time of 16
mo for resected patients (95%CI: 8-24 mo) vs 12 mo for
unresected patients[51]. An overview of these studies is
given in Table 3.

Moreover, several dosage adjustments of chemotherapic
were required during treatment, although this procedure did not seem to interfere with the overall results[39].
A more recent study from Marthey on a preliminary
prospective database with FOLFIRINOX in 53 LAPC
patients showed an 83% disease control rate with a 30%
response rate and a final 32% resectability rate although
some of the responding patients underwent external
beam radiotherapy as a continuation of the treatment
schedule[56]. The preliminary result of this study is that
FOLFIRINOX is effective at controlling pancreatic cancer with an overall response rate higher than 30%. This
finding forecasts more focused phase Ⅲ clinical trials on
this subject.
Neoadjuvant chemoradiotherapy
Evidence to support the use of neoadjuvant chemoradiotherapy (CRT) for LAPC is limited but rapidly increasing.
The theoretical hypothesis that CRT is based on is that
while chemotherapy provides control for a micro-disseminated disease and also acts as a radiation sensitizer,
radiotherapy (RT) may have a huge impact on the local
control of the disease. Since the mid-1980s, studies have
been published on the treatment of LAPC by 5-FU-based
CRT protocols that were shown to prolong survival when
compared with radiation alone[57].
The next step was the use of Gemcitabine as a chemotherapic drug instead of 5-FU, with some evidence
of a higher efficacy on both local response and overall
survival[57]. In a recent meta-analysis from Gillen et al[40]
111 trials including as many as 4394 pancreatic cancer patients were evaluated[47]. The authors found an overall response rate of 42% for LAPC and overall disease control
for 77% of LAPC patients. Laparotomies was performed
in 47% of initially UR patients and, among these patients,
33% were resected; 79% had R0 resections. The overall
reported median survival duration was 10.2 mo while for
the 33% of resected patients, the median survival duration was 20.5 mo. Similar results were found by other systematic reviews[39,48,58-60]. A recent multi-institutional phase
[61]
Ⅱ study on GEMOX-based CRT by Kim et al clearly
reports on the efficacy of their CRT protocol. This is the
first prospective trial where resectability is a clear end-

FOLFIRINOX-based chemotherapy
Based on the work of Conroy et al[33] reporting on the
results of a phase Ⅲ study on the efficacy of FOLFIRINOX chemotherapy on both LAPC and metastatic pancreatic cancer, this study compared FOLFIRINOX with
Gemcitabine alone and showed the significant superiority
of FOLFIRINOX in Overall Survival (OS), Progression
Free Survival (PFR) and Overall Response Rate. Notably,
as for the Gemcitabine-based studies, LAPC showed
the same response rate as metastatic pancreatic cancer.
Retrospective and registry analyses data on neoadjuvant
FOLFIRINOX are currently available and show mostly
consistent results for both metastatic pancreatic cancer
and LAPC[33,53-55]. A recent retrospective study published
by Hosein et al[39] on 18 patients with LAPC (4 BRPC and
14 UR, as defined using the AHPBA/SSO/SSAT criteria
for resectability definition) report a 38.8% post-treatment
radiologic resectability with a 62.5% rate of R0 resections and a 1 year progression free survival (PFS) rate as
high as 83%; the 1 year overall survival rate was 100%.
They did not find any statistically significant difference in
survival rates between the R0 and R1 resected patients.
WJG|www.wjgnet.com
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point, including resectable pancreatic cancer, BRPC, and
UR with a clear definition according to NCCN criteria.
The study enrolled 68 patients (23 resectable, 39 BRPC
and 6 UR). Sixty-six patients completed the protocol and
were evaluated for surgery and 48 underwent laparotomies with 84% having R0 resections. In particular, 13 out
of 19 eligible patients from the BRPC group had a postCRT R0 resection. The median OS was 18.2 mo (95%CI:
13-26.9 mo) with the best performance for the initially
resectable patients (26.5 mo). The resected patients from
the BRPC pre-treatment group had a median OS of 18.4
mo.
The evidence that about 30% of LAPC patients
develop systemic metastases during the early cycles of
treatment[40] indicates the need for some early systemic
control of the disease. To this end, some researchers
treated LAPC patients with upfront chemotherapy followed by CRT. The presumed advantage of such a treatment schedule is that the early therapeutic approach
may use not only RT-sensitizing drugs such as 5-FU and
Gemcitabine or Capecitabine but rather drugs that are
more effective against cancer. On the other hand, this
approach may select patient who did not progress, thus
avoiding the additional toxicity of unnecessary Radiotherapy (RT). Two retrospective and two prospective
studies on this issue showed promising results. Huguet et
al[62] used an upfront administration of Gemcitabine followed by Gemcitabine-based CRT for 71% of patients
who did not progress. The authors recorded a 15 mo
median OS with a 10.8 mo median PFS that was significantly better than the median OS and PFS of patients
treated by Gemcitabine-based CT only in the same study.
These data completely consist with those reported by
Krishnan[63], who retrospectively analyzed the effect on
323 LAPC patients who had received primary CRT (247
patients) or induction Gemcitabine-based CT followed
by Gemcitabine-based CRT (76 patients). They found
that there was a strongly statistically significant improvement in both OS and PFS in the CT-CRT group when
compared with patients in the CT-alone group (P < 0.001
in both cases).
Last year, data from one phase Ⅱ and one phase Ⅲ
prospective trials on CT followed by CRT became available. Mukherjee et al[64] treated 114 patients (the SCALOP
study) with induction Gemcitabine/Capecitabine-based
chemotherapy. The 74 patients who were not progressing
were randomized to undergo a course of external beam
RT given with Capecitabine (36 patients) or Gemcitabine
(36 patients) administered concomitantly. In the setting
of a strong survival advantage for CRT patients vs CT
alone, the authors reported a better performance in both
OF and DFS for the Capecitabine group, which showed
a median OS of 15.2 mo and a DFS of 12 mo vs 13.4 mo
(OS) and 10.4 mo (DFS) for the Gemcitabine-based CRT
patients (P < 0.001).
Leone et al[65] published results of upfront GEMOX
CT followed by Gemcitabine-based CRT; this study is
the only one to include surgery as an option while also
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reporting on the resectability rate. The authors enrolled
39 patients with both BRPC (15 patients) and LAPC (24
patients) as defined by the NCCN criteria and applied an
induction GEMOX-based CT and then a restaging; nonprogressing patients then underwent a 50.5 Gy fractioned
RT with concomitant Gemcitabine infusion on a twiceweekly base standard dose. The study reports that 94.9%
of patients maintained at least a stable disease with no
complete responses and 10.2% were partial responses;
15 patients were deemed resectable at the end of the
treatment (38.4%) and, of these, 14 were operated on
(one patient refused) with nine R0 resections (64.2%).
The overall median PFS was 10.2 mo with 40% DFS at 1
year and 12% DFS at 2 years. The DFS was significantly
longer for resected patients (P < 0.000001). The overall
median OS was 16.7 mo while it was 27.8 mo for BRPC
and 13.3 mo for LAPC (Table 4). These data substantially
confirm that BRPC and LAPC patients converted to resectability may have a significant survival advantage and
even a chance for a cure by an appropriate multimodal
treatment.

NEOADJUVANT TREATMENT FOR
RESECTABLE PANCREATIC CANCER
The impressive initial results obtained by neoadjuvant
treatment for LAPC lead one to consider applying neoadjuvant strategies even to resectable pancreatic cancer.
In a prospective phase Ⅱ trial giving GEMOX CT to
28 patients, Heinrich et al[66] showed that neoadjuvant
treatment did not affect resectability rates with a good
tolerance profile since the same author began, in 2011, a
randomized multicentric phase Ⅲ study tht gave adjuvant
Gemcitabine vs neoadjuvant GEMOX to resectable pancreatic cancer patients (NEOPAC study). This study is
still continuing[67]. Tujima et al[68] reported on 34 patients
with resectable pancreatic cancer randomized to receive
standard upfront resection (21 patients) or two cycles
of neoadjuvant therapy with Gemcitabine and oral S-1.
They found no difference in resectability rates between
the two groups and a statistically significant difference
in the 1 and 2 years survival rates for treated patients
that decreased over time to become consistent with that
of the untreated patient survival rates at 3 years. More
recent papers including neoadjuvant CRT are available.
The study from Sho et al[69] compared 61 resectable (22
patients) or borderline resectable (39 patients) pancreatic
cancer patients treated by a Gemcitabine-based 50 Gy
fractionated course of RCT with 71 pancreatic cancer
patients treated by upfront resection. The study presents
some potential biases from the lack of pre-neoadjuvant
Chemoradiotherapy (nCRT) histological confirmation of
the diagnosis for some patients and the administration of
adjuvant CT to some others. Otherwise, they report no
difference in the resection rates between the groups and a
statistically significant reduction in post-operative pancreatic fistulas (P = 0.045) and length of hospital stay (P =
0.0173) for nCRT patients vs upfront surgery. Moreover,
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Table 4 Studies on neoadjuvant chemoradiotherapy for locally advanced pancreatic cancer
Ref.
Shinchi et al[57]

Tinkl et al[60]

Study type

CT regimen

Prospective
randomized
trial
Prospective
study

5-FU concurrent
infusion

Kim et al[61]

Phase Ⅰ study

Huguet et al[62]

Phase Ⅱ and
Ⅲ trial

Krishnan et al[63]

Prospective
nonrandomized
trial

Mukerjee et al[64]

Open label,
randomized,
phase Ⅱ trial

Leone et al[65]

Prospective
nonrandomized
trial
Prospective
non-randomized trial

Polistina et al[76]

RT

Staging
System

External beam RT
NR
(50.4 Gy/28 fractions)
vs no RT
Gemcitabine
Three dimensional
NR
conformal
55.8 Gy tumor
50.4 Gy nodes
Gemcitabine +
Concurrent external NCCN
oxaliplatin
beam RT
27 Gy/15 fractions
Upfront CT:
External beam RT
NR
FOLFUGEM, GEMOX, (55 Gy/30 fractions)
Gemcitabine vs GEMOX
167 patients
72 patients
Chemoradiation (247
30 Gy (220 patients) MDACC
patients)
or
Upfront GEM CT
55 Gy (27 patients)
followed by CRT
30 Gy (64 patients)
5-FU, GEM, CAPE
or
(76 patients)
55 Gy (12 patients)
Upfront CT
58 Gy/30 fractions
NR
GEM or CAPE
CRT
GEM or CAPE
Upfront CT
GEMOX
CRT
GEM
Upfront GEM CT
GEM CRT

50.4 Gy

NCCN

SBRT
30 Gy/3 fractions

LAPC Resection rate R0 resections/ ORR
(n )
(%)
total resections (%)

OS median
(mo)

31

NR

NR

31

13.2 vs 6.4

120

31.6

35/38

NR

25

38

28.9

7/11

15.7

12.5 (all
patients)

167

NR

NR

NR

13.1

323

NR

NR

NR

9.1

74
38
GEM
36
CAPE
39
15 BR
24 UR

NR

NR

20.2 15.2 (GEM) vs
13.4 (CAPE)

28.2

11/11

NR

16.7
27.8 BR
13.3 UR

8

2/3

69.5

10.6

MDACC 23 UR

NR: Not reported; RT: Radiotherapy; CT: Chemotherapy; CRT: Chemoradiotherapy; LAPC: Locally advanced pancreatic cancer; ORR: Overall response
rate; OS: Overall Survival; GEM: Gemcitabine; CAPE: Capecitabine; FOLFUGEM: Leucovorin + gemcitabine + 5-fluorouracil; GEMOX: Gemcitabine +
Oxaliplatin; NCCN: National comprehensive cancer network; MDACC: MD Anderson Cancer Center; BR: Borderline resectable; UR: Unresectable; SBRT:
Stereotactic body radiotherapy.

there was a statistically significant reduction on nodal
metastases in nCRT patients (P = 0.0001) and an R0 resection rate that was statistically higher in nCRT patients
vs upfront surgery patients (92% vs 56%; P < 0.0001); no
data on OS and DFS are reported.
In the most recently published study of Van Buren et
al[70] in a phase Ⅱ trial, the effects of induction fixed dose
rate Gemcitabine followed by 30 Gy RT as neoadjuvant
treatment of potentially resectable pancreatic cancer were
examined. They enrolled 59 patients, of which 29 had
BRPC. They report a 72.8% resection rate with a toxicity
similar to other reported series and an R0 resection rate
of 88% of resected patients (95%CI: 75-96) and a median OS of 16.8 mo (19.7 mo for resected patients).
Neoadjuvant therapy for resectable pancreatic cancer is an upcoming issue to be explored since it appears
to have no significant toxicity nor shows a reduction in
surgical resections. Conversely, from preliminary results,
neoadjuvant therapy appears to reduce post-operative
complications and hospital stay durations and also increase the rate of R0 resections. Further large randomized studies are necessary to confirm its usefulness and
to assess the best treatment planning and schedule. An
WJG|www.wjgnet.com

overview of studies is given in Table 5.

CONCLUSION
Pancreatic cancer remains a highly lethal disease in spite
of all surgical, oncological, and technological progress
of the last 30 years. Over this period, the prognosis of
virtually all solid cancers has significantly increased; the
prognosis for pancreatic cancer has remained almost the
same. Pancreatic cancer patients had an overall 3% 5 year
survival rate in the 1970s compared with the 5%-6%
survival rate they have nowadays. In the last decade,
LAPC has been recognized as an autonomous pathological entity; surgeons and oncologists have begun to try to
standardize specific therapeutic strategies according to
the evidence that only the achievement of surgical resection with negative margins may give a chance for a cure.
The evidence that R0 resection rates are higher after
neoadjuvant therapies highlights the need for research
in this specific field. Based on a literature review on the
issue, it appears that there are several critical points that
still remain unresolved. First of all, there is a need for an
univocal classification system that clearly distinguishes
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Table 5 Studies on neoadjuvant chemotherapy for potentially resectable pancreatic cancer
Ref.

Study type

Heinrich et al[66]
Tajima et al[68]
Sho et al[69]
Van Buren et al[70]

CT regimen

Patients (n )

Prospective nonGemcitabine + cisplatin
randomized phase Ⅱ
Pilot study
S1 vs upfront surgery

Resection rate R0 resections rate OS median (mo)
(%)
(%)

28

34 (total)
13 (S1) vs 21 (upfront surgery)
Single centre
GEM CRT (external beam
61
50 to 54 Gy)
Prospective phase Ⅱ FDR GEM + bevacizumab
59
trial
induction
GEM + bevacizumab
Accelerated RT
30 Gy/10 fractions

93

80

26.5

100

84.6 vs 85.7

97

92

2 yr
55.6% vs 29.6%
NR

38/43 (88.3%)

16. 8 (overall)

72.8

19.7
(resected
patients)

CT: Chemotherapy; OS: Overall survival; NR: Not reported; GEM: Gemcitabine; CRT: Chemoradiotherapy.

between borderline resectable and UR pancreatic cancer;
the currently available systems do not allow for this distinction and tumors deemed “resectable” by the MDACC
are deemed “unresectable” by the NCCN classification.
This situation is somewhat misleading in objectively interpreting data from various groups of researchers.
Most of the studies are retrospective and done on series collected before the rise of LAPC as an independent
entity, therefore the classification was done “ex-post”
and this may be a further bias. Very few studies report on
resectability rates or even have resection as a study endpoint; the data are mostly extracted from a larger series
of patients including mostly metastatic pancreatic cancer.
These studies are of great significance as they show the
potentialities of treatment but are non-specific and therefore potentially highly biased.
Nonetheless, an encouraging level of evidence suggests that patients undergoing neoadjuvant therapies for
LAPC have a better prognosis than patients treated by
upfront surgery or adjuvant therapy alone. At the same
time, it appears that even patients with LAPC may have a
chance for cure if down-staged to have an R0 resection,
thereby achieving survival curves identical to those of
primarily resectable patients. Such evidence currently suggests that even initially resectable pancreatic cancer can
benefit from a neoadjuvant treatment, but this hypothesis
is yet to be confirmed.
We are convinced that there is an enormous need for
high-quality, randomized prospective studies that include
a better selection of patients and searches for better strategies for each patient.

nary results on the use of Gemcitabine and the Vascular
Endothelial Growth Factor inhibitor Axitinib did not
improve outcomes in a published series[73] and the antiHER2 drug Trastuzumab associated with Capecitabine
did not seem to improve patient outcomes[74].
Recently, interest has been rising about a tumoral cytoplasmic protein involved in intracellular transport and
RNA inclusion of Gemcitabine metabolites: the Intratumoral Human Equilibrative Nucleoside Transporter-1,
whose presence seems to be related to responses to
Gemcitabine therapy[75], but which still lacks a standard
definition of a proper tissutal concentration of the molecule.
Stereotactic Body Radiotherapy has been tested in
some non-randomized studies. Polistina et al[76] treated 24
patients with intraoperatively proven UR LAPC with a 3
wk Gemcitabine CT followed by 30 Gy SBRT in three
consecutive fractions and concomitant Gemcitabine at a
standard dose. They report a 33% radiologic conversion
to resectability and 8% R0 resections (with three patients
refusing reoperation) and minimal treatment toxicity (no
grade 3 or 4 events) with a 20 mo median survival time
for resected patients and one histological complete tumor
response. Similar toxicity and response rate results have
been published by other groups[77].
SBRT CRT is a promising tool as it hypothetically
adds the benefits of systemic CT to the local control of
disease as obtained with more focused delivery of radiation to the tumor bed. There is less risk to nearby organs
and a subsequent decreased toxicity. However, there is a
strong need for prospective, randomized trials to confirm
these preliminary results.

LOOKING FORWARD
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Core tip: A growing body of evidence supports the idea
that curcumin is a promising anticancer drug. Curcumin
has anticancer effects, both alone and in combination
with other anticancer drugs, through the modulation
of a variety of molecular targets in preclinical models.
However, the poor bioavailability of curcumin has been
the major challenge to its clinical application. This problem has been overcome by the development of highly
bioavailable forms of curcumin (THERACURMIN®), and
higher plasma curcumin levels can now be achieved
without increased toxicity. Further clinical trials will be
necessary to test the therapeutic applications of this
promising agent in patients with pancreatic cancer.

Abstract
A number of preclinical studies have demonstrated anticancer effects for curcumin in various types of tumors,
including pancreatic cancer. Curcumin has anticancer effects both alone and in combination with other anticancer drugs (e.g. , gemcitabine, 5-fluorouracil, and oxaliplatin), and it has been shown to modulate a variety of
molecular targets in preclinical models, with more than
30 molecular targets identified to date. Of these various
molecules, NF-kB is thought to be one of the primary
targets of curcumin activity. Based on these promising
preclinical results, several research groups, including
our own, have progressed to testing the anticancer effects of curcumin in clinical trials; however, the poor
bioavailability of this agent has been the major challenge for its clinical application. Despite the ingestion of
gram-level doses of curcumin, plasma curcumin levels
remain at low (ng/mL) levels in patients, which is insufficient to yield the anticancer benefits of curcumin. This
problem has been solved by the development of highly
bioavailable forms of curcumin (THERACURMIN®), and
higher plasma curcumin levels can now be achieved
without increased toxicity in patients with pancreatic
cancer. In this article, we review possible therapeutic
applications of curcumin in patients with pancreatic
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INTRODUCTION
Pancreatic cancer is one of the most lethal malignancies
worldwide[1], and the majority of patients are diagnosed
too late for curative resection. Even in patients who have
undergone curative resection, the disease relapse rate
within 2 years is greater than 80%[2]. Systemic gemcitabine-based chemotherapy has been a standard therapy for
patients with advanced pancreatic cancer since 1997,
when a randomized phase Ⅲ study demonstrated that
gemcitabine monotherapy significantly improved cancer-
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lished on this topic since 1983, with that number increasing rapidly year after year. Numerous preclinical studies have demonstrated anticancer effects for curcumin
against not only pancreatic cancer[14,17,22,24,26-28,32,35] but also
a variety of other malignancies, including breast[21], colon[23,29], gastric[30], head and neck[25], hepatic[15], ovarian[20],
lung[31]and prostate cancers[19], as well as lymphoma and
leukemia[16,18].
Li et al[14] were the first to report the anticancer effects
of curcumin against pancreatic cancer cells. They demonstrated that curcumin can suppress tumor growth in
pancreatic cancer cell lines in a time- and dose-dependent
manner by inhibiting nuclear transcription factor-kappa
B (NF-κB). The efficacy of curcumin has also been demonstrated using an orthotopic mouse model of pancreatic cancer[36]. Although treatment with either curcumin (1
g/kg orally) or gemcitabine (25 mg/kg via intraperitoneal
injection) had modest antitumor effects, the combination
of curcumin and gemcitabine suppressed tumor growth
more effectively than either agent alone. In addition to
gemcitabine, curcumin has also been shown to potentiate
the effects of other cytotoxic agents, including cisplatin,
oxaliplatin, and 5-fluorouracil, in preclinical models[25,29,37].
Curcumin can modulate the activity of a variety of
molecules that play important roles in cancer progression,
with more than 30 molecular targets identified to date[38].
Of these molecules, NF-κB appears to be one of the
primary targets of curcumin[14,27,36]. Interestingly, recent
studies have demonstrated that changes in microRNA
(miRNA) expression levels following treatment with curcumin or a curcumin analog are involved in the anticancer
effects of these agents[28,39]. For example, curcumin can
upregulate the expression of miR-200[28], which plays important roles in regulating the epithelial-to-mesenchymal
transition (EMT) and cancer progression[40]. Conversely,
curcumin can downregulate the expression of miR-21[28],
which is overexpressed in a variety of tumors, including
pancreatic cancer, and is considered to be an oncogenic
miRNA[41]. Representative preclinical studies of the anticancer effects of curcumin against pancreatic cancer are
summarized in Table 1.
Based on these promising preclinical results, several
researcher groups, including our own, have progressed to
testing the anticancer effects of curcumin in clinical trials.

OH

HO

OH
OCH3

H3CO

Figure 1 Chemical structure of curcumin.

related symptoms compared with 5-fluorouracil[3]. Over
the past decade, many efforts have been made to improve the overall survival of patients with this disease by
combining gemcitabine with a second cytotoxic agent.
However, most of these gemcitabine combination therapies have failed to show significant survival advantages
over gemcitabine monotherapy[4-11]. Therefore, novel approaches - other than simply adding additional cytotoxic
agents to gemcitabine - are warranted. In addition, it is
important to consider the balance between efficacy and
quality of life when choosing a palliative chemotherapy,
as patients with pancreatic cancer often suffer from cancer-related symptoms, such as fatigue, appetite loss, and
pain.
Curcumin is a natural polyphenol compound derived
from turmeric (Curcuma longa). Constituting 1%-5% of
turmeric preparations, curcumin has a molecular weight
of 368.37 and the molecular formula C21H20O6 (Figure
1). Curcumin has long been used as a food (e.g., in the
popular Indian curry), a coloring agent and in traditional
medicine[12,13]. A number of preclinical studies have demonstrated that curcumin has anticancer effects against a
variety of tumors, including pancreatic cancer, both in vitro and in vivo[14-32]. These promising results have attracted
the interest of many researchers hoping to develop this
agent as a chemopreventive as well as a chemotherapeutic
drug[33,34]. In contrast with conventional cytotoxic drugs
- which often have side effects such as nausea, vomiting
or fatigue - curcumin has minimal toxicity. This is a great
advantage when treating patients with pancreatic cancer,
who generally show poor tolerance to intensive therapy
due to their poor clinical conditions. Safety is another
advantage of this agent. The safety of curcumin has
been approved by the Food and Drug Administration
and World Health Organization; In addition, its safety is
strongly supported by the fact that this agent has been
used in traditional Hindu and Chinese medicine for thousands of years.
In this article, we review possible therapeutic applications of curcumin for the treatment of patients with
pancreatic cancer.

CLINICAL TRIALS INVOLVING CURCUMIN
IN PATIENTS WITH PANCREATIC
CANCER
Despite numerous published preclinical studies, relatively few clinical trials have been reported so far. Several
phase Ⅰ and pharmacokinetic studies have been conducted using curcumin, and they found no dose-limiting toxicity (DLT) up to at least 12 g/d when administered orally
to both healthy volunteers[42,43] and cancer patients[44-46].
The minor toxicities of Grade 1-2 diarrhea and nausea
have been reported, although these were likely due to the

ANTICANCER EFFECTS OF CURCUMIN
AGAINST PANCREATIC CANCER IN
VITRO AND IN VIVO
A PubMed search using the key words ‘‘curcumin’’ and
‘‘cancer’’ reveals that over 2000 articles have been pub-
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with that observed in pancreatic cancer patients treated
with gemcitabine-based chemotherapy alone. Cumulative
toxicity from curcumin was not observed, and 4 patients
were able to continue this intake regimen for over 6 mo,
indicating that this agent is safe for long-term use. Even
though the preliminary results were from a small sample,
the observed median survival time (MST) of 5.4 (95%CI
3.6-7.4) mo and a 1-year survival rate of 19% (95%CI
4.4%-41.4%) are promising results, particularly considering the poor prognosis of patients with pancreatic cancer
with resistance to gemcitabine-based chemotherapy.
Epelbaum et al[49] reported the results from another
clinical trial testing the efficacy and feasibility of curcumin in combination with gemcitabine monotherapy in
chemo-naive patients with advanced pancreatic cancer.
Seventeen patients were enrolled in the study, and they
received the standard dose and schedule of gemcitabine
in combination with an 8-g daily oral dose of curcumin.
In contrast to the previous 2 studies that showed low toxicity for 8-g daily oral doses of curcumin[47,48], this study
reported that 5 patients (29%) discontinued the curcumin
regimen after a period of several days to 2 wk due to
intractable abdominal fullness and/or pain. Indeed, the
dose of curcumin was eventually reduced to 4 g/d due
abdominal complaints in 2 other patients. The researchers discussed the possibility that increased gastrointestinal
toxicity could be caused by the combination of curcumin
and gemcitabine, and they concluded that 8 g oral curcumin is not a viable treatment dose when combined with
gemcitabine in patients with pancreatic cancer. One possible explanation for the discrepancy between our results
and those of Epelbaum et al[49] is that the baseline clinical
condition of the patients was poorer in the Epelbaum et
al[49] study than in ours, and therefore, the abdominal fullness or pain experienced by these patients may have been
primarily attributable to cancer-related symptoms.
Table 2 summarizes the published clinical trials that
have tested the effects of curcumin in patients with pancreatic cancer.

Table 1 A summary of representative preclinical studies on
the anticancer effects of curcumin against pancreatic cancer
Reported molecular targets

NF-kB↓ (Ref. 14)
NF-kB↓, cyclin-D1↓
c-myc↓, Bcl-2↓
Bcl-xL↓, cIAP-1↓
MMP↓, COX2↓
VEGF↓ (Ref. 36)
NF-kB↓, Sp-1, Sp-3, Sp4↓
cyclin-D1↓, survivin↓
VEGF↓ (Ref. 27)
NF-kB↓, PGE2↓
VEGF↓, miR-21↓
miR-200↑ (Ref. 28)

Curcumin dose required for the reported
effects

in vitro (μmol/L)

in vivo

≥ 5.4

NA
1 g/kg per day, po

≥ 25

≥ 25

100 mg/kg per day,
intraperitoneal injection

≥4

NA

cIAP1: Cellular inhibitor of apoptosis portein-1; MMP: Matrix metalloproteinase; COX2: Cyclooxygenase-2; VEGF: Vascular endothelial growth factor; PGE2: Prostaglandin E2; NA: Not available.

ingestion of large volumes of curcumin at one time. Due
to poor bioavailability, curcumin doses greater than 8
g/d do not lead to further increases in plasma curcumin
levels; therefore, daily oral doses of 8 g or less have been
most commonly used in clinical trials.
Dhillon et al[47] were the first to report a phase Ⅱ
clinical trial of the effects of curcumin against pancreatic
cancer. Twenty-five patients, including 3 chemo-naive patients, were enrolled in this study. Of the 22 patients that
could be evaluated for responses, one patient showed
a stable disease course for over 18 mo and another patient showed a partial response in a liver metastasis (73%
decrease in size), although this effects lasted for only 1
month. Furthermore, curcumin treatment was found to
be safe in patients with pancreatic cancer, and no toxicity
was associated with curcumin intake.
Our group conducted a phase Ⅰ/Ⅱ clinical trial of
curcumin in patients with pancreatic cancer who had
become resistant to gemcitabine-based chemotherapy[48].
In contrast with the study by Dhillon et al[47], which tested
the safety and efficacy of curcumin monotherapy, our
study evaluated the efficacy of combined gemcitabinebased chemotherapy and curcumin treatment, which
we tested based on the preclinical results showing that
curcumin could potentiate the anticancer effects of gemcitabine[36]. As no previous studies had demonstrated the
safety and feasibility of this drug combination in cancer
patients, we began with a phase Ⅰ study involving an 8-g
daily oral dose of curcumin in combination with gemcitabine-based chemotherapy. The first 3 patients that
could be assessed completed their first treatment cycle
without a predefined DLT. Therefore, we selected this
dose for the following phase Ⅱ study. In total, 21 patients
who showed disease progression during previous gemcitabine-based chemotherapy were enrolled in the study.
The addition of an 8-g daily oral curcumin dose did not
increase the risk of clinically relevant toxicity, and the
toxicity profile of the combined drugs was comparable
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APPLICATION OF A HIGHLY
BIOAVAILABLE FORM OF CURCUMIN
(THERACURMIN®) IN CLINICAL TRIALS
Several investigators, including ourselves, have tested
plasma curcumin levels in clinical trials, and most studies have reported that plasma curcumin levels remained
at low (ng/mL) levels, despite multi-gram doses of curcumin[42,45,46,48]. As described in the previous section, the
intake of oral doses of curcumin greater than 8 g did not
lead to further increases in plasma curcumin levels in human subjects[42-44]. Therefore, the poor bioavailability of
curcumin has been the primary challenge to its clinical
application. As a result, many efforts have been made to
improve the bioavailability of this agent using a variety
of approaches, including innovative drug delivery systems (nanoparticles, liposomes and phospholipids)[50-65]
and the development of new curcumin analogs[66,67]. For
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Table 2 A summary of published clinical trials testing curcumin in patients with pancreatic cancer
Dhillon et al
Sample size
Study design
Study period
Dose of curcumin
Prior history of chemotherapy
Concomitant use of anticancer drug
Major toxicity associated with curcumin
Median survival time (mo)

[47]

25
Phase Ⅱ
20081
8 g/d
Yes (n = 22)
No
None
NA

Kanai et al

[48]

Epelbaum et al

21
Phase Ⅰ/Ⅱ
2008-2009
8 g/d
Yes (n = 21)
Yes
None
5.4

[49]

Kanai et al

17
Phase Ⅱ
2004-2006
8 g/d
None
Yes
Abdominal discomfort (n = 5)
5

[69]

14
Phase Ⅰ
2011-2012
200 mg/d2 (n = 9) 400 mg/d2 (n = 5)
yes (n = 14)
Yes
Abdominal pain (n = 2)
4.4

1

Publication year; 2THERACURMIN® was used in this study. NA: Not available.

1600

Table 3 A comparison of representative studies reporting
plasma curcumin levels in human subjects

1400
1200

et al [42]
Sample size
Dose of curcumin
(g/d)
Plasma curcumin
levels (ng/mL,
mean ± SE)

3 (1)
12
57

1

Sharma

et al [45]

Garcea

et al [46]

3
3.6
4 ± 0.2

3
3.6
<1

Kanai

1000

et al [68]

ng/mL

Lao

6
0.211

600

440

400

275 ± 67

200
0

324
85

Conventional
curcumin (8 g)

1

Plasma curcumin was detected in only one subject.

THERACURMIN®
(200 mg)

THERACURMIN®
(400 mg)

Figure 2 Plasma curcumin levels following administration of conventional
curcumin and THERACURUMIN®. Each point corresponds to an individual
patient. Bars denote the median value. Adapted from Kanai et al[69].

example, a nanoparticle-based drug delivery system has
been shown to improve the water solubility of hydrophobic agents such as curcumin, and several different
types of nanoparticle-based curcumin have been published[52,56-59,61,62,64,65].
Of these new varieties of nanoparticle-based curcumin, we chose THERACURMIN® for further study, as it
showed a greater than 30-fold increase in bioavailability
compared with conventional curcumin in rat models[64].
THERACURMIN® was prepared as follows[64,68]. First,
gum ghatti - which primarily consists of polysaccharides
obtained from ghatti tree exudates - was dissolved in
water to make a gum ghatti solution. Curcumin powder
was mixed into this solution, and water and glycerin
were added to adjust the final weight. This mixture was
ground using a wet grinding mill (DYNO-MILL®KDL,
Willy A Bachofen AG) and then dispersed with a highpressure homogenizer (Homogenizer 15MR-8TA, APV
Gaulin). Stable THERACURMIN® is obtained from this
procedure.
To verify the improved bioavailability of THERACURMIN® in human subjects, we conducted a dose-escalation and pharmacokinetic study[68]. Six healthy human
volunteers were recruited and given THERACURMIN®
via a single oral dose of 150 mg. Following an interval of
2 wk, the same subjects were then given THERACURMIN® via a single oral dose of 210 mg. The Cmax values
for THERACURMIN® at the 150 and 210 mg doses were
189 ± 48 and 275 ± 67 ng/mL (mean ± SEM), respectively. No toxicity associated with THERACURMIN®
intake was observed in this study.
These results indicate that the ingestion of THERA-

WJG|www.wjgnet.com

800

CURMIN® can lead to higher plasma curcumin levels
than those achieved with conventional curcumin (Table
3). Therefore, we considered this new form of curcumin
to be a promising tool for testing the potential anticancer
effects of curcumin in clinical trials, and we conducted a
phase Ⅰ study testing the safety of THERACURMIN® in
patients with pancreatic cancer[69].
A total of 16 patients (14 patients with pancreatic
cancer and 2 patients with biliary tract cancer) who failed
standard gemcitabine-based chemotherapy were enrolled
in the study. Based on our previous pharmacokinetic
study, we chose to use THERACURMIN® containing
200 mg curcumin (Level 1) as the starting dose. THERACURMIN® was administered orally every day in combination with standard gemcitabine-based chemotherapy.
Ten patients were assigned to the Level 1 group and
six to the Level 2 group (THERACURMIN® containing 400 mg curcumin). Peak plasma curcumin levels
(median) following THERACURMIN® administration
were 324 ng/mL (range = 47-1029 ng/mL) for Level 1
and 440 ng/mL (range = 179-1380 ng/mL) for Level 2.
Importantly, these values were significantly higher than
the median value (85 ng/mL) observed in our previous
study using 8-g doses of conventional curcumin (Figure
2). With respect to safety, two patients reported increased
abdominal pain following THERACURMIN® administration. Computed tomography scans performed prior
to THERACURMIN® administration in these patients
revealed dilated colons, which could have been due to in-
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testinal obstructions caused by peritonitis carcinomatosa.
As described in the previous section, Epelbaum et al[49]
reported abdominal fullness or pain following curcumin
administration in patients with pancreatic cancer. We
speculate that curcumin may irritate the intestine, potentially increasing abdominal pain in patients with intestinal
obstructions due to peritonitis carcinomatosa or other
complications. In future clinical trials, we advise caution
when administering curcumin to these types of patients.
Other observed toxicities were comparable to those
for gemcitabine-based chemotherapy alone, and repetitive exposure to high concentrations of curcumin did
not cause any unexpected serious adverse events, nor
did they increase the incidence of adverse events in patients with pancreatic cancer receiving gemcitabine-based
chemotherapy. In fact, three patients safely continued
THERACURMIN® treatment for > 9 mo. With respect
to efficacy, no responses were observed in this study
based on RECIST; however, the MST was 4.4 mo (95%
confidence interval: 1.8-7.0 mo) for the 14 patients with
pancreatic cancer, and three patients (21%) survived for
> 12 mo following initiation of THERACURMIN®.
Interestingly, fatigue- and functioning-associated quality of life (QOL) scores scaled by EORTC QLQ-C30
significantly improved following THERACURMIN® administration. In five patients, the fatigue score improved
by > 20, which was interpreted as a significant and clinically relevant change[70]. Preclinical and clinical studies
demonstrating the benefits of curcumin on heart disease,
depression, and fatigue, also support these findings[71-73].
As improved QOL has been demonstrated to contribute
to better outcomes in cancer patients[74], it is tempting to
speculate that THERACURMIN® may prolong the overall survival of patients with pancreatic cancer through
QOL improvements. A randomized placebo-controlled
clinical trial is now underway to verify this hypothesis
(UMIN000010326).
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5

6

7

8
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CONCLUSION
A growing body of evidence supports the idea that curcumin is a promising anticancer drug. In preclinical models, curcumin has been shown to have anticancer effects,
both alone and in combination with other anticancer
drugs, through the modulation of a variety of molecular
targets. However, the poor bioavailability of curcumin
has been the major challenge to its clinical application.
This problem has now been solved by the development
of highly bioavailable forms of curcumin (THERACURMIN®), which can induce higher plasma curcumin
levels without increased toxicity. Further clinical trials will
be necessary to test the therapeutic applications of this
promising agent in patients with pancreatic cancer.
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Pathophysiological roles of Pim-3 kinase in pancreatic
cancer development and progression
Ying-Yi Li, Naofumi Mukaida
therefore, Pim-3 can exhibit its kinase activity once it is
expressed. Pim-3 expression is regulated at transcriptional and post-transcriptional levels by transcription factors (e.g. , Ets-1) and post-translational modifiers (e.g. ,
translationally-controlled tumor protein), respectively.
Pim-3 could promote growth and angiogenesis of human pancreatic cancer cells in vivo in an orthotopic nude
mouse model. Furthermore, a Pim-3 kinase inhibitor inhibited cell proliferation when human pancreatic cancer
cells were injected into nude mice, without inducing any
major adverse effects. Thus, Pim-3 kinase may serve as
a novel molecular target for developing targeting drugs
against pancreatic and other types of cancer.
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Core tip: The present review describes the current
knowledge on the roles of Pim-3 in pancreatic cancer
development and progression, and provides the possibility for Pim-3 as a therapeutic target in human pancreatic cancer.

Abstract
Pim-3 is a member of the provirus integration site for
Moloney murine leukemia virus (Pim) family proteins
that exhibit serine/threonine kinase activity. Similar to
the other Pim kinases (Pim-1 and Pim-2), Pim-3 is involved in many cellular processes, including cell proliferation, survival, and protein synthesis. Although Pim-3
is expressed in normal vital organs, it is overexpressed
particularly in tumor tissues of endoderm-derived organs, including the liver, pancreas, and colon. Silencing
of Pim-3 expression can retard in vitro cell proliferation
of hepatocellular, pancreatic, and colon carcinoma cell
lines by promoting cell apoptosis. Pim-3 lacks the regulatory domains similarly as Pim-1 and Pim-2 lack, and
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancerrelated deaths in the United States[1]. Patients usually
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suffer from non-specific abdominal discomfort in the
primary stages, which often delay early diagnosis and
treatment. Furthermore, even in the initial evolutionary
phase of disease development, pancreatic cancer cells
tend to undergo invasion and metastasis. Therefore,
complete removal of tumors by surgical procedures is
often impossible. Another major stumbling block in
treating pancreatic cancer is its frequent resistance to
chemotherapy and radiotherapy treatment. Consequently, pancreatic cancer has an exceptionally poor prognosis,
with an overall 5-year survival rate of less than 5%[2,3].
Thus, a novel molecular targeted therapy will be a required therapeutic option for human pancreatic cancer
treatment.
Malignant lesions of the pancreas show a ductal,
acinar, or endocrine lineage. Nearly 80% of pancreatic
carcinomas are classified as pancreatic ductal adenocarcinoma (PDAC)[4]. An activating mutation in a key
proto-oncogene has been observed in most PDACs, and
is presumed to be the first significant event involved
in pancreatic carcinogenesis[4]. The development and
progression of PDAC is associated with additional multiple genetic and epigenetic alterations in several protooncogenes, tumor-suppressor genes, and signaling pathways. Pim-3 kinase has essential roles in the regulation
of signal transduction cascades. Moreover, its expression
is enhanced in human pancreatic cancer cell lines, and
blocking of its expression induced apoptosis and decreased chemoresistance in human pancreatic cancer[5,6].
The provirus integration site for the Moloney murine leukemia virus (Pim) family is a proto-oncogene,
which belongs to the calcium/calmodulin-regulated
kinase group and exhibits serine/threonine kinase activity[7]. The Pim family consists of three members: Pim-1,
Pim-2, and Pim-3[8]. The Pim-1 gene was first discovered
as a proviral insertion site in Moloney murine leukemia
virus[9]. A subsequent study demonstrated that Pim-1
transgenic mice are predisposed to the development
of experimental T cell lymphoma in cooperation with
c-Myc and N-Myc[10]. Pim-2 was similarly identified as
a proviral integration site in Moloney murine leukemia
virus-induced T cell lymphomas[11], and can synergize
with c-Myc-induced lymphomagenesis[8]. Pim-3 was first
identified as a novel gene induced by membrane depolarization or forskolin in rat PC12 pheochromocytoma
cells, and was designated as kinase induced by depolarization (KID-1)[12]. Subsequently, KID-1 was renamed
Pim-3 due to its high sequence similarity with the other
Pim family proteins Pim-1 and Pim-2. Although Pim-3
can be detected in several normal tissues, including those
of the brain and heart, it is expressed in high levels in
tumor tissues of various organs, particularly those of
endoderm-derived organs such as the pancreas, liver, colon, and stomach[5,13,14].
In this review, we aim to highlight the pathophysiological roles of Pim-3 in the development and progression of cancer, particularly pancreatic cancer. Moreover,
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by considering the sequence similarity of Pim-3 with
other Pim kinases, we were able to rationalize and predict the possible functions of Pim-3 by extrapolating
from the data established for other Pim family members,
particularly Pim-1. We further discuss the potential of
Pim-3 as a novel molecular target for antineoplastic
therapy.

Structure of Pim-3 protein
The open reading frame of human Pim-3 mRNA encodes a protein consisting of 326 amino acids with a
calculated molecular weight of 35861 (Figure 1)[13]. Human Pim-3 protein shares a high percentage of sequence
homology with other members of the Pim family; Pim-3
and Pim-1 are 71% identical at the amino acid level, and
Pim-3 and Pim-2 are 44.0% identical[14-17].
The crystal structure of the Pim-3 protein has not
yet been established, but several research groups have
independently reported the crystal structure of Pim-1
and Pim-2 in the free form, as well as in complex with
their inhibitors[18-22]. The Pim-1 kinase adopts a twolobe kinase fold connected by a hinge region (residues
121-126)[18]. The N-terminal lobe is composed of antiparallel β-sheets, while the C-terminal lobe is composed
mainly of α-helices (Figure 1). The adenosine triphosphate (ATP)-binding site is located in a deep intervening
cleft between the two lobes and the hinge region. The
Pim family proteins have no regulatory domains. Moreover, the ATP binding pocket in Pim-1 remains open
irrespective of the presence or absence of ATP[18], indicating a continuous maintenance of an active state conformation. Similar findings have been reported for the
structure of Pim-2 kinase[20]. This may account for the
good correlation between protein expression levels and
overall kinase activity in the case of Pim-1 and Pim-2[15].
Given the high sequence similarity (Figure 1 and NCBI
Reference Sequence: NP_001001852.2), it is highly likely
that Pim-3 kinase can adopt a similar three dimensional
active conformation. Importantly, several residues believed to confer specificity in Pim-1 kinase are also conserved within Pim-2 and Pim-3 proteins.

Mechanisms underlying control
of Pim-3 expression
Pim-3 mRNA is detected in several normal human tissues, including the heart, brain, lung, kidney, spleen, placenta, skeletal muscle, and peripheral blood leukocytes,
but not in the colon, thymus, liver, or small intestine[13].
Pim-3 is expressed in endothelial cells[23]. Focal cerebral
ischemia enhances Pim-3 mRNA expression in the periinfarction cortex at early time points[24]. Similarly, ischemia reperfusion injury enhances intra-cardiac Pim-3 expression through the p38-mediated signaling pathway[25].
In the mouse embryo, Pim-3 gene expression is detected
in the liver, kidneys, lungs, thymus, central nervous sys-
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Pim-1 1
Pim-2 1
Pim-3 1

10
M L L S K I N S L A
M L T K P L Q - - M L L S K F G S L A

20
H L - R A A P C N D
- - - G P P A P
H L C G P G G V D H

30
L H A T K L A P G K
P G T P T P P P G G
L P V K I L Q P A K

40
- E K E P L E S Q Y
K D R E A F E A E Y
A D K E S F E K A Y

50
Q V G P L L G S G G
R L G P L L G K G G
Q V G A V L G S G G

Pim-1 51
Pim-2 51
Pim-3 51

60
F G S V Y S G I R V
F G T V F A G H R L
F G T V Y A G S R I

70
S D N L P V A I K H
T D R L Q V A I K V
A D G L P V A V K H

80
V E K D R I S D W G
I P R N R V L G W S
V V K E R V T E W G

90
E L P N G T R V P M
P L S D S V T C P L
S L - G G A T V P L

100
E V V L L K K V S S 100
E V A L L W K V G A 100
E V V L L R K V G A 100

110
Pim-1 101 - - G F S G V I R L
Pim-2 101 G G G H P G V I R L
Pim-3 101 A G G A R G V I R L

120
L D W F E R P D S F
L D W F E T Q E G F
L D W F E R P D G F

130
V L I L E R P E P V
M L V L E R P L P A
L L V L E R P E P A

140
Q D L F D F I T E R
Q D L F D Y I T E K
Q D L F D F I T E R

150
G A L Q E E L A R S 150
G P L G E G P S R C 150
G A L D E P L A R R 150

160
Pim-1 151 F F W Q V L E A V R
Pim-2 151 F F G Q V V A A I Q
Pim-3 151 F F A Q V L A A V R

170
H C H N C G V L H R
H C H S R G V V H R
H C H S C G V V H R

180
D I K D E N I L I D
D I K D E N I L I D
D I K D E N L L V D

190
L N R G E L K L I D
L R R G C A K L I D
L R S G E L K L I D

200
F G S G A L L K D T 200
F G S G A L L H D E 200
F G S G A L L K D T 200

210
Pim-1 201 V Y T D F D G T R V
Pim-2 201 P Y T D F D G T R V
Pim-3 201 V Y T D F D G T R V

220
Y S P P E W I R Y H
Y S P P E W I S R H
Y S P P E W I R Y H

230
R Y H G R S A A V W
Q Y H A L P A T V W
R Y H G R S A T V W

240
S L G I L L Y D M V
S L G I L L Y D M V
S L G V L L Y D M V

250
C G D I P F E H D E 250
C G D I P F E R D Q 250
C G D I P F E Q D E 250

260
Pim-1 251 E I I R G Q V F F R
Pim-2 251 E I L E A E L H F P
Pim-3 251 E I L R G R L L F R

270
Q R V S S E C Q H L
A H V S P D C C A L
R R V S P E C Q Q L

280
I R W C L A L R P S
I R R C L A P K P S
I R W C L S L R P S

290
D R P T F E E I Q N
S R P S L E E I L L
E R P S L D Q I A A

300
H P W M Q D V L L - 300
D P W M Q T P A E D 300
H P W M L G A D G G 300

310
Pim-1 301 P - - - - - - Q E T
Pim-2 301 V T P Q P L Q R R P
Pim-3 301 A - - - - - - P E S

320
A E I H L - - - - C P F G L V L A T L
C D L R L - - - - -

330
- - - - H S L S P G
S L A W P G L A P N
- - - - C T L D P D

340
P - - - - - - - - G Q K S H P M A M S
D V A S T T S S S E

S K
Q G
S L

50
50
50

350

Figure 1 Amino acid alignment of human Pim family proteins[13]. The amino acid sequences of human Pim family kinases are aligned and common residues
shared with Pim-3 are highlighted. The box indicates the hinge region. Residues marked with white and red are important for adenosine triphosphate binding and substrate selectivity, respectively.

tem, periphery of the pancreas, secretory epithelium of
the stomach, and intestinal epithelium[26].
Pim-3 mRNA is found to be expressed in a panel
of human Ewing’s family tumor cell lines[27] and nasopharyngeal carcinoma cell lines[28]. Likewise, we revealed
that Pim-3 protein is scarcely detected in adult normal
endoderm-derived organs, such as the liver, pancreas,
colon, and stomach, but its expression is augmented
in premalignant and malignant lesions of these organs
(Table 1)[5,13,29,30]. Pim-3 protein is mostly detected in the
cytoplasm of these tumors. In the liver, aberrant expression of Pim-3 protein is also observed in precancerous
lesions such as regenerative nodules and adenomatous
hyperplasia[13]. Similarly, in the colon and stomach, Pim-3
protein is detected at higher levels in adenoma tissues
compared with adenocarcinoma tissues[29,30]. These observations suggest that Pim-3 plays a crucial role in the
initial phase of carcinogenesis.
Pim-3 expression is regulated mainly at transcriptional and post-transcriptional levels. We will discuss the
regulatory mechanisms of these two levels in detail.

members of Ets family transcription factors: friend leukemia integration transcription factor (FLI), Ets-related
gene (ERG), FEV, Ets translocation variant 1, or Ets
translocation variant 4[31]. Deneen et al[27] demonstrated
that EWS/Ets fusion proteins can enhance Pim-3 gene
transcription in NIH 3T3 cells.
We have determined the 5′-flanking region of the
human Pim-3 gene as that necessary in order to elucidate the molecular mechanisms underlying constitutive
Pim-3 expression in human pancreatic cancer cells. The
human Pim-3 gene contains a canonical TATA box and
putative binding sites for several known transcription
factors, such as signal transducer and activator of transcription (Stat)3, Sp1, and Ets-1, as well as nuclear factors NF- κB and NF-1[32]. Pim-3 expression is enhanced
in murine embryonic stem cells by leukemia inhibitory
factor (LIF)/gp130-dependent signaling and the Stat3
transcription factor[33]. In contrast, the transfection of
the dominant negative form of Stat3 failed to inhibit the
promoter activity of the Pim-3 gene in human pancreatic
cancer cells[32]. We further demonstrated that the region
between -264 and -164 bp is essential for constitutive
Pim-3 gene expression. This region contains one NFκB, two Sp1, and two Ets-1 binding sites. Pim-1 gene can
be induced by CD40-mediated signaling in an NF-κBdependent manner[34]. However, mutation in the NF-κB
binding site of the Pim-3 gene failed to reduce promoter

Transcriptional regulation of Pim-3 expression
Ewing’s sarcoma (EWS)./Ets fusion proteins are pathognomonic for EWS. These fusion proteins arise from the
chromosomal translocations that combine a portion of
the amino-terminal region of EWS to one of the five
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and Pim-3 have been shown to bind to the serine/threonine protein phosphatase 2A (PP2A), resulting in their
dephosphorylation, ubiquitination, and proteasomal degradation[40,41].
3′UTR of Pim-1 harbors multiple binding sites for
miRNAs, including miRNA-33[42], miRNA-16[43], miRNA-1[44], miRNA-328[45], and miRNA-210[46]. miRNAs
are generally highly conserved evolutionarily[42]. They can
bind to the putative target sites present in the 3′UTR of
the Pim-1 gene and directly inhibit its expression at the
post-transcriptional level, thereby blocking proliferation
and growth of cancer and smooth muscle cells. The relevant analysis for the structure of human Pim-3 mRNA
indicates that the 3’UTR of the Pim-3 gene harbors multiple binding sites for miRNAs (www.ebi.ac.uk; www.microrna.org). It will be interesting to know whether Pim-3
translation can be regulated in a similar manner.
We have identified a translationally controlled tumor
protein (TCTP/TPT1) that interacts with Pim-3 by using yeast two-hybrid screening[47]. TCTP was aberrantly
expressed and co-localized with Pim-3 in human pancreatic cancer cells. Mapping studies have confirmed that
this co-localization is due to the interaction between the
amino acids in the C-terminal fold of Pim-3 and the
amino acids in the N-terminal sequence of TCTP. Pim-3
had no effect on TCTP expression or phosphorylation,
although overexpression of TCTP increased Pim-3 expression in a dose-dependent manner. RNAi-mediated
ablation of TCTP expression reduced Pim-3 protein,
but not mRNA via the ubiquitin-proteasome degradation
pathway. The resultant reduced Pim-3 expression eventually inhibited tumor growth in vitro and in vivo by arresting cell cycle progression and enhancing apoptosis. Furthermore, TCTP and Pim-3 expression were significantly
correlated in pancreatic adenocarcinoma specimens and
in tumors from patients showing high expression levels
of TCTP and Pim-3 obtained at an advanced stage of
cancer. Thus, TCTP-mediated enhancement of Pim-3
protein expression may be involved in the regulation of
cell cycle progression and apoptosis in pancreatic carcinogenesis[47].

Table 1 Increased expression patterns for Pim kinases in
various types of malignancies
Tumor subtype
Solid tumor
Pancreatic cancer
Colon carcinoma
Gastric cancer
Hepatocellular carcinoma
Prostate adenocarcinoma
Bladder carcinoma
Squamous cell carcinoma of head and neck
Nasopharyngeal carcinoma
Oral squamous cell carcinoma
Liposarcoma
Ewing’s sarcoma
Hematological malignancies
Acute myeloid leukemia
B Cell chronic lymphocytic leukemia
Primary mediastinal large B cell lymphoma
Mantle cell lymphoma
Diffuse large B cell lymphoma
Burkitt’s lymphoma

Pim-1 Pim-2 Pim-3
+
+
+
+
+
+
+
ND
+
+
ND

ND
ND
ND
+
+
ND
ND
ND
ND
ND
ND

+
+
+
+
+
ND
ND
+
ND
ND
+

ND
ND
+
+
+
+

+
+
ND
+
+
ND

ND
ND
ND
ND
ND
ND

ND: not determined.

activities in human pancreatic cancer cells [32]. Further
examination has revealed that the two Sp1 binding sites
and the distal Ets binding site are crucial for constitutive
Pim-3 gene expression in human pancreatic cancer cells.
The crucial roles of Ets-1 in constitutive Pim-3 gene expression are further supported by our observations that
the overexpression of Ets-1 enhances Pim-3 expression,
whereas the transfection of the dominant negative form
of Ets-1 or Ets-1 small interfering RNA (siRNA) reduces Pim-3 expression in human pancreatic cancer cells[32].
As the expression of both Ets-1 and Sp1 is enhanced in
various types of cancer, including pancreatic cancer[35,36],
Ets-1 and Sp1 may act cooperatively to induce constitutive Pim-3 gene expression as observed with their other
target genes[37].
Post-transcriptional regulation of Pim-3 expression
Pim kinase mRNAs have multiple copies of AUUUA
sequences in their 3′ untranslated regions (UTR); a typical characteristic sequence of mRNA with a short halflife. GC-rich sequences are present in the 5′ UTR of Pim
mRNAs and frequently require cap-dependent translation. Indeed, the overexpression of eukaryotic translation initiation factor 4E (eIF4E) leads to an increase in
Pim-1 protein levels, indicating that Pim-1 mRNA is
translated in a cap-dependent manner[38]. Moreover, the
eukaryotic translation initiation factor eIF4E can bind
a stem-loop-pair sequence present in the 3′ UTR of
Pim-1 mRNA, which allows nuclear export and translation of Pim-1 transcript[39]. Since Pim-3 mRNA shows
analogous sequences as Pim-1 mRNA, the translation of
Pim-3 mRNA can be regulated in a similar way.
Similar to Pim-1, Pim-3 can autophosphorylate some
of its serine residues, but whether this has any functional
significance is yet to be determined[19]. Moreover, Pim-1
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Biological functions of Pim-3
Treatment with Pim-3 shRNA can decrease in vitro proliferation of various types of cancer cells by inducing
apoptosis[5,13,29]. The major function of BAD (Bcl-2associated death promoter), a pro-apoptotic BH3-only
protein, is to regulate apoptosis. Unphosphorylated BAD
binds and eventually inactivates anti-apoptotic family
members, primarily Bcl-XL, but also Bcl-2. Phosphorylation of BAD at Ser112, Ser136, and Ser155 impairs its binding to Bcl-XL and Bc1-2, and the translocation of BAD
from the surface of mitochondria to the cytosol is guided by the protein 14-3-3. The presence of unbound Bc1XL maintains mitochondrial membrane potential and
inhibits apoptosis[48,49]. Pim-1 and Pim-2 can phosphorylate BAD at Ser112, while Akt phosphorylates Ser136 and
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Cell cycle progression
Phosphorylated p27, p21 ( ↑ )
Phosphorylated Cdc25A ( ↑ )
Phosphorylated Cdc25C ( ↑ )
Phosphorylated C-TAK1 ( ↑ )

Survival
Phosphorylated Bad ( ↑ )
Bcl-2 ( ↑ )

Insulin secretion
SOCS6 ( ↓ )

Protein synthesis
PGC-1a ( ↑ )
AMPK ( ↑ )
EIF4B

Embryonic stem
cell self-renewal

Pim-3

Endothelial cell spreading
and migration

Transcription
Phosphorylated -c-Myc ( ↑ )
c-Myc ( ↑ )
Phosphorylated STAT3 ( ↑ )

Figure 2 Presumed biological functions of Pim-3. Pim-3 can interact with various target molecules, and thereby regulates various biological pathways including
apoptosis, cell cycle, protein synthesis, and transcription.

Ser155. The phosphorylation of BAD can result in its inactivation, leading to the subsequent inhibition of apoptosis[50,51]. Elevated levels of Pim-3 increases the amount
of BAD phosphorylated at Ser112 and inhibits apoptosis,
while Pim-3 shRNA treatment dephosphorylates Ser112
and promotes apoptosis (Figure 2)[5,29]. Therefore, similar
to Akt and other Pim kinases, Pim-3 can modulate apoptosis by phosphorylating the pro-apoptotic molecule,
BAD. Moreover, Pim-3 gene transduction increased
Bcl-2 expression, suppressed apoptosis (as evidenced by
reduced caspase-3 activation), and eventually protected
against hepatic failure in D-galactosamine-sensitized rats
receiving lipopolysaccharide[52]. Similarly, the transfection of the Pim-3 gene into cardiomyocytes attenuated
ischemia/reperfusion injury-induced cell death through
a p38 mediated MAPK signaling pathway[25]. Erythropoietin can protect renal cells from apoptosis by activating
Stat5, and this anti-apoptotic effect is also mediated by
Pim-3[53].
Pim-3 shows a high sequence identity with Pim-1,
even at their kinase domains (Figure 1). Both Pim-1
and Pim-3 bind to a consensus peptide substrate
(AKRRRRHPSGPPTA) with a remarkable high affinity
(Kd = 40-60 nmol/L), whereas the binding affinity of
this peptide for Pim-2 is relatively weak (640 nmol/L)[19].
Therefore, Pim-1 and Pim-3 can phosphorylate the
same or a similar set of substrates, and the evaluation of
Pim-1 characteristics and functions can provide useful
insights into deciphering the major biological functions
of Pim-3. In addition to BAD, Pim kinases can phosphorylate a wide range of cellular proteins. These include transcription factors (Stat[54], c-Myc[55], Myb[56], and
runt-related transcription factors RUNX1 and RUNX3),
cell cycle regulators (p21CIP, p27KIP1, Cdc25A, and Cdc25C),
signaling pathway intermediates (suppressor of cytokine
signaling 1 (SOCS1)[57], SOCS3[58], and MAP3K5[59]), and
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regulators of protein synthesis (eukaryotic translation
initiation factor 4B (eIF4B))[60].
Pim-1 can phosphorylate Cdc25A, thereby increasing its phosphatase activity and the activity of cyclin D1associated kinases, which can result in cell cycle progression[61]. Pim-1 phosphorylates Cdc25C-associated kinase
1 (C-TAK1), which can potently inhibit Cdc25C and
promote cell cycle progression at the G2/M phase[62].
Pim-1 can phosphorylate the threonine residue of p21,
another molecule involved in cell cycle progression. Its
phosphorylation leads to its relocation to the cytoplasm,
resulting in enhanced protein stability and eventually
leading to increased cell proliferation[63,64]. All Pim kinases, including Pim-3, can phosphorylate CDK inhibitor p27 at its threonine residues, thereby inducing the
binding of p27 to 14-3-3 protein, resulting in its nuclear
export and proteasome-dependent degradation[65]. Moreover, Pim-1 phosphorylates and inactivates forkhead
transcription factors FoxO1a and FoxO3a, resulting in
depressed p27 gene transcription, which leads to cell cycle progression (Figure 2)[65]. Similarly, transfection with
Pim-3 shRNA reduced the G1 population of human
pancreatic cancer cells compared with the cells transfected with scramble shRNA[5]. Moreover, a small-molecule
Pim-3 kinase inhibitor markedly retarded in vitro growth
of human pancreatic cancer cell lines by inducing G2/M
arrest[66], suggesting a potential role for Pim-3 in cell
cycle progression. Cell cycle progression is consistently
accelerated in hepatocytes of transgenic mice, which express human Pim-3 cDNA selectively in hepatocytes[67],
and downregulation of Pim-3 decreased the amounts of
Cdc25C, cyclin B1, and phospho-p21 (our unpublished
data). Thus, Pim-3 can promote cell cycle progression
and eventually contribute to carcinogenesis by modulating the functions of these regulatory molecules involved
in cell cycle progression.
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Mice deficient in all three Pim kinases are designated
as triple knockout (TKO) mice. TKO mice have reduced
body size at birth and throughout the postnatal period
of their life, but are viable and fertile[68]. However, TKO
mouse-derived embryonic fibroblasts (MEFs) show depressed AMP-dependent protein kinase (AMPK) activity,
grow slowly in culture medium, and have decreased rates
of 5′-cap-dependent protein synthesis[69]. Transduction
of the Pim-3 gene alone into these MEFs can reverse
AMPK activation, increase protein synthesis, and drive
the growth to a similar level as wild-type MEFs. Moreover, Pim-3 expression can markedly increase the levels
of c-Myc and the peroxisome proliferation-activated
receptor γ co-activator 1α (PGC-1α), enzymes capable
of regulating glycolysis, and mitochondrial biogenesis[69].
Similarly, Pim-1 and Pim-2 phosphorylate serine and
threonine residues of c-Myc protein[55]. Furthermore,
Pim-1 can act as a co-activator of Myc by phosphorylating Ser10 of histone H3 on the nucleosome at the Mycbinding sites[70]. Thus, Pim-3 can augment the rate of
protein synthesis by modulating AMPK, c-Myc, and
PGC-1α (Figure 2).
Pim-1 and Pim-3 together play a significant role in
maintaining the self-renewal capacity of mouse embryonic stem (ES) cells in vitro[33]. ES cells overexpressing
Pim-1 and Pim-3 have a greater capacity to self-renew
and display a greater resistance to LIF deprivation, as
evidenced by a clonal assay. On the other hand, ablation
of Pim-1 and Pim-3 genes increases the rate of spontaneous differentiation in a self-renewal assay, and impairs
the growth of undifferentiated ES cell colonies with increased rate of apoptosis[33].
Pim-3 is highly expressed at the cellular lamellipodia
in endothelial cells, and is co-localized with focal adhesion kinase (FAK). In addition, Pim-3 shRNA treatment
impairs endothelial cell spreading, migration, and proliferation, leading to a reduction in tube-like structure
development in a Matrigel assay[23]. However, TKO mice
did not display any apparent abnormal phenotypes in
embryogenesis or vascular development[68].
Pim-3 expression is detected in the β cells located in
the pancreatic islets[71]. Pim-3-deficient mice exhibit an
increased glucose tolerance and insulin sensitivity. Moreover, Pim-3 can negatively regulate insulin secretion by
inhibiting the activation of Erk1/2 via SOCS6[71]. In contrast, the inhibition of another survival kinase, Akt, can
induce hyperglycemia[72,73].
The switch from the latent phase to productive viral
reactivation (lytic phase) is crucial for sustaining viral
multiplication in infected host cells. Findings from a
recent clinico-epidemiological study indicated the importance of lytic reactivation in the development and progression of Kaposi’s sarcoma (KS)[74]. Latency-associated
nuclear antigen (LANA) is presumed to be a novel regulator of the life cycle of γ herpes virus, including Kaposi’
s sarcoma herpes virus (KSHV). Pim-1 and Pim-3 contribute to the viral reactivation of KSHV by phosphorylating LANA, and thereby promote KS progression[74].
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Roles of Pim-3 in cancer
development and progression,
particularly in THE pancreas
Pim-3 can contribute to cancer development and progression by acting on tumor cells and microenvironments. The primary activities of Pim-3 on tumor cells
include the delivery of survival signaling, the regulation
of cell cycle progression, protein synthesis, and Myc
activation (Figure 3). In addition to its effects on tumor
cells, Pim-3 can have profound impacts on tumor microenvironments, especially the neovascularization process
(Figure 3). In the following sections we will discuss the
roles of Pim-3 in carcinogenesis, with a focus on these
two aspects.
Effects of Pim-3 on tumor cells
Forced expression of Pim-3 can promote anchorageindependent growth, whereas co-expression of a kinasedead Pim-3 mutant can attenuate EWS/FLI-mediated
NIH 3T3 tumorigenesis in immunodeficient mice[27].
These observations suggest the involvement of Pim-3 in
cancer development and progression.
Pim-3 can prevent apoptosis in pancreatic cancer
cells by phosphorylating BAD, a pro-apoptotic molecule
on the serine residues (Ser112, Ser136, or Ser155), which in
turn prevents Bcl-XL binding and promotes BAD translocation from the surface of the mitochondria to the
cytosol via the protein 14-3-3[48,49]. Among the serine residues present in BAD, Ser112, but not Ser136 and Ser155, is
abundantly phosphorylated in human pancreatic cancer
cell lines. Moreover, the ablation of endogenous Pim-3
reduces the population of phosphorylated BAD, followed by an enhancement of apoptosis, whereas Pim-3
overexpression produces exactly the opposite phenotypes. These observations suggest that Pim-3 has a crucial role in preventing apoptosis of human pancreatic
cancer cells.
Cell survival can be regulated by Wnt/ β -catenin
and Stat3 signaling pathways. An integrative molecular
screening using siRNA identified Pim-3 as a new regulator of Wnt/β-catenin signaling[75]. Thus, Pim-3 can
positively regulate the Wnt/β-catenin signaling pathway
in the colorectal cancer cell lines (DLD-1 and SW480)[75].
Moreover, Pim-3 is a positive regulator of Stat3 signaling in the prostate cancer cell line (DU-145) and in the
pancreatic cancer derived cell line (MiaPaCa2)[56]. Thus,
Pim-3 can promote cancer cell survival by modulating
Wnt/β-catenin and/or Stat3 signaling pathways.
Pm-1 can promote cell cycle progression by phosphorylating and modulating the functions of molecules
involved in cell cycle progression. Moreover, Pim kinases
positively regulate transcription factors controlling the
expression of genes implicated in cell cycle progression[65]. Since Pim-3 shares a high sequence identity with
Pim-1, it is possible that Pim-3 can perform similar regulatory functions as Pim-1. Treatment with Pim-3 shRNA
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Figure 3 Presumed roles of Pim-3 in pancreatic carcinogenesis. Pim-3 expression is regulated at transcriptional and post-transcriptional levels by transcription
factors (such as Ets-1) and post-translational controllers (such as translationally controlled tumor protein), respectively. Pim-3 kinase activation contributes to pancreatic carcinogenesis by inducing cell survival, cell cycle progression, gene transcription, protein synthesis in tumor cells, and angiogenesis.

phoma slowly over time[8]. Thus, Myc-driven tumorigenesis depends on physiological levels of Pim-1 and Pim-2
expression. Several mechanisms have been proposed to
explain the cooperation between Myc and Pim kinases.
Myc recruits Pim-1 to the E-boxes of the Myc target
genes such as Fos-related antigen 1 [FOSL1 (Fra-1)],
DNA-binding protein inhibitor ID2, and Pim-1 phosphorylates Ser10 of histone H3 on the nucleosome at the
Myc-binding sites that acts as a co-activator of Myc[70].
An expression profile analysis demonstrated that about
20% of Myc-regulated genes are also under the control
of Pim-1[70]. Moreover, Pim-1 and Pim-2 phosphorylate
c-Myc protein at its serine and threonine residues[55].

showed a marked reduction in the G1 population of
human pancreatic cancer cells, while scramble shRNA
had few effects[5]. Furthermore, a small-molecule Pim-3
kinase inhibitor markedly retarded the in vitro growth of
human pancreatic cancer cell lines by inducing G2/M
arrest[66]. These findings indicate that Pim-3 may have a
major influence in cell cycle progression of cancer cells.
Pim-1 and Pim-2 help in cell survival by suppressing
myc-induced apoptosis[10,11]. Transgenic mice expressing Eμ (immunoglobulin heavy-chain enhancer)-Pim-1
and Eμ-Myc succumb to lymphoma in utero or around
birth[76]. On the contrary, Eμ-Myc transgenic mice that
are deficient in Pim-1 and Pim-2 genes develop lym-
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This results in the stabilization and subsequent enhancement of the transcription activities of c-Myc protein.
Furthermore, Pim-3 can enhance c-Myc mRNA expression through the activation of PGC-1α[69]. The enhanced expression of c-Myc and PGC-1α may account
for enhanced glycolysis. Thus, Pim kinases can promote
tumorigenesis by modulating the activities of c-Myc and
promoting Warburg effects[10,11].

thermore, a lack of apparent phenotypes in TKO mice
suggests that Pim kinases are dispensable for the maintenance of normal functions of vital organs. Collectively,
Pim kinases can be good candidate molecules for targeted cancer therapy. Examples of Pim-1 inhibitors include
an anti-Pim-1 antibody and a cell penetrating peptide,
both of which suppresses tumor growth in vivo in xenograft mouse models transplanted with human cancer cell
lines[88,89].
The crystal structure of Pim-3 has not yet been
reported. However, the crystal structure of Pim-1 and
Pim-2 has been resolved, which revealed the presence
of a unique hinge region that connects the two lobes of
the protein kinase domain[18-20]. As a result, ATP binds to
Pim kinases in a fundamentally different way from how
it binds to other protein kinases[18,19]. Thus it may be possible to design compounds which will selectively inhibit
Pim kinases but not other serine/threonine kinases[16].
Several independent research groups have developed
small-molecule inhibitors against Pim kinases, including
flavonol quercetagetin[90], imidazole[1,2-b]pyridazines[91,92],
benzylidene-thiazolidine-2,4-dione [93-95], 3,5-disubstituted indole derivatives[96], pyrazolo[3,4-g]quinoxaline
derivatives[97], 1,6-dihydropyrazolo[4,3-c]carbazoles and
3,6-dihydropyrazolo[3,4-c]carbazole derivatives[98], and
pyrrolo[2,3-a]carbazole and pyrrolo[2,3-g]indazole derivatives[99-101]. Among them, 1,6-dihydropyrazolo[4,3c]carbazoles, 3,6-dihydropyrazolo[3,4-c]carbazoles, and
pyrrolo[2,3-g]indazoles can inhibit Pim-3 activities[98,100].
In our previous studies, we have demonstrated that derivatives of stemoamide synthetic intermediates can inhibit Pim-3 as well as Pim-1 and Pim-2 activities, and can
reduce tumor growth in vivo in mouse xenograft models
using human pancreatic cancer cell line without causing
major adverse side-effects[102,103].
The substrates preferred by Pim-1 and Pim-3[19] are
very similar in identity. Therefore, designing isoform
specific inhibitors that will differentiate and preferentially bind to one Pim member over the other is extremely
challenging. Indeed, pyrrolo[2,3-a]carbazole has low
nanomolar binding affinity for Pim-1 and Pim-3 kinases,
but only weakly inhibits Pim-2 (IC50 for Pim-1, 0.57 +
0.04 µmol/L; IC50 for Pim-2, > 10 µmol/L; IC50 for
Pim-3, 0.04 + 0.01 µmol/L)[104]. Similar pharmacological
observations have been recorded with phenanthrene derivatives[77]. However, it will be interesting to find out if
an inhibitor which specifically inhibits the action of one
Pim member will provide any additional advantage over
a multi-Pim kinase inhibitor.
Akt can phosphorylate a similar set of substrates to
Pim kinases, such as BAD, thereby initiating the proliferation of cancer cells[105]. Akt is aberrantly activated in
various types of tumors, and Akt inhibitors have been extensively investigated[72]. The Akt inhibitor “GSK690693”
has exhibited potent antitumor activity in pre-clinical
trials on animals[105]. Akt is a key signaling protein and
Akt-2 is directly involved in the insulin receptor signal-

Roles of Pim-3 in tumor microenvironments
One of the basic characteristic features of tumor tissues
is the abundance of newly formed vasculature for the
supply of nutrients and oxygen to the growing tumor
cells, as well as the elimination of metabolic wastes and
carbon dioxide. Pim-3 is abundantly expressed at mRNA
and protein levels at the cellular lamellipodia, and is colocalized with FAK in endothelial cells[23]. Pim-3 shRNA
treatment impaired endothelial cell spreading, migration, and proliferation, leading to a reduction in tube-like
structure formation in a Matrigel assay[23]. Moreover, tumor necrosis factor (TNF)-α transiently increases Pim-3
mRNA expression via the TNF receptor-1 pathway in endothelial cells (ECs), and eventually promotes EC spreading and migration[77]. Constitutive Pim-3 overexpression
in gastric cancer tissues can induce angiogenesis[30].
Tumor-associated neovasculature formation is regulated by various angiogenic factors. Notably, vascular
endothelial growth factor (VEGF) has an important role
in tumor-associated vasculature formation[78,79]. Although
most pancreatic cancer tissues are hypovascular, elevated
levels of VEGF are sometimes detected in pancreatic
cancer cells[80]. Earlier studies have demonstrated that
Pim-3 overexpression was responsible for increased
VEGF expression and the growth of pancreatic cancer
in vivo in an orthotopic nude mouse model[81]. The lack of
any vascular phenotypes in Pim-3-deficient mice indicates
that Pim-3 is dispensable for normal vasculature formation. However, given distinctive gene expression profiles
of tumor-associated ECs[82], Pim-3 may have distinct
roles in tumor-associated endothelial cells.

Pharmacological
characterization of Pim-3
Inhibitors
It is obvious from our discussions that aberrant activation and expression of Pim kinases are associated with
various types of cancer. Enhanced expression of Pim-2
kinase is detected in hematologic malignancies and prostate cancer. Additionally, increased Pim-1 expression is
observed in pancreatic cancer, squamous cell carcinoma,
gastric cancer, colorectal cancer, hepatocellular carcinoma[83-85], bladder carcinoma[86], and liposarcoma[87]. In
contrast, Pim-3 expression is selectively overexpressed
in malignant lesions of endoderm-derived organs such
as the liver[13], pancreas[5], colon[29], and stomach[30]. Fur-
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ing pathway. Consequently, the genetic disruption of Akt
kinase genes results in severe phenotypic changes, such
as neonatal mortality, severe growth retardation, and
reduced brain size[106-108], and Akt-2 inhibition induces
severe hyperglycemia[105]. The use of Akt inhibitors for
anti-cancer treatment is seriously limited because of these
shortcomings. In contrast, Pim kinases, including Pim-3,
are not involved in the insulin receptor signaling pathway, and the inhibition of Pim kinases hardly shows any
detrimental effects on normal glucose metabolism. Thus,
Pim kinases are more effective molecular targets than Akt
for targeted cancer therapy, and are particularly useful for
treating pancreatic cancer, which is frequently complicated by hyperglycemia.

5

6

7

CONCLUSION
8

Pim-3 kinase is aberrantly expressed in malignant lesions
but not in normal tissues of endoderm-derived organs,
such as the liver, pancreas, colon, and stomach[5,13,29,30],
and contributes to tumorigenesis by inhibiting apoptosis
of tumor cells and promoting cell cycle progression.
Moreover, genetic deficiency of the Pim-3 gene does not
result in apparent changes in phenotypes, suggesting that
Pim-3 may be physiologically dispensable. Unlike Akt
kinases[72], Pim kinases are not involved in the insulin
receptor signaling pathway; therefore, the inhibition of
Pim kinases has very little influence on glucose metabolism. Indeed, inhibition of Pim-3 kinase activities slows
the growth or even causes regression of pancreatic
tumors in mice without causing hypoglycemia[66,102,103].
Since Pim-3 kinase is constitutively active once it is expressed aberrantly, inhibition of Pim-3 can be used for
inhibiting cancer progression. Furthermore, there is accumulating evidence to suggest that Pim-3 plays a vital
role in the interaction between tumor cells and their
surrounding stroma. Further studies on these aspects
will unravel the novel pathophysiological role of Pim-3.
Nevertheless, strategies to inhibit Pim-3 activity warrant
intensive investigation in order to discover and develop
new targeted anti-cancer therapeutics.
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and therapeutic targets. Non-coding RNAs (ncRNAs),
generally including microRNAs and long non-coding
RNAs, have recently been found to be deregulated in
many human cancers, which provides new opportunities for identifying both functional drivers and specific
biomarkers of pancreatic cancer. In this article, we
review the existing literature in the field documenting
the significance of aberrantly expressed and functional
ncRNAs in human pancreatic cancer, and discuss how
oncogenic ncRNAs may be involved in the genetic and
epigenetic networks regulating functional pathways
that are deregulated in this malignancy, particularly
of the ncRNAs’ role in drug resistance and epithelialmesenchymal transition biological phenotype, with the
aim of analyzing the feasibility of clinical application of
ncRNAs in the diagnosis and treatment of pancreatic
cancer.
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Core tip: The deregulation mechanisms of pancreatic
cancer remain inscrutable. ncRNAs have recently been
found to provide new opportunities for identifying both
functional drivers and specific biomarkers of pancreatic cancer. Here, we review the expression profile of
ncRNAs in human pancreatic cancer, with the aim of
analyzing the feasibility of clinical application of ncRNA
in pancreatic cancer’s diagnosis and treatment.

Abstract
Our understanding of the mechanisms underlying the
development of pancreatic cancer has been greatly advanced. However, the molecular events involved in the
initiation and development of pancreatic cancer remain
inscrutable. None of the present medical technologies
have been proven to be effective in significantly improving early detection or reducing the mortality/morbidity of this disease. Thus, a better understanding of
the molecular basis of pancreatic cancer is required for
the identification of more effective diagnostic markers
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lecular mechanisms that are more directly associated with
the sustained proliferation and aggressive of pancreatic
cancer cells is urgently needed. In recent years it has been
proposed that in addition to the accumulated mutations
that favor cancerous growth, epigenetic events may also
play an important role in the development and maintenance of pancreatic cancer[12]. ncRNAs are already known
as master epigenetic regulators that have a role in regulating diverse cellular processes including cell proliferation,
development, differentiation, apoptosis and consequently
oncogenesis. In view of the differentially expressed oncogenic and tumour suppressor ncRNAs targeting multiple
genes in important cancer-relevant genetic and epigenetic
networks in pancreatic cancer, it is logical to suggest that
distinct ncRNA expression signatures may be associated
with different grades and stages and meanwhile provide
therapy strategy for this malignancy.

INTRODUCTION
Pancreatic cancer is a lethal malignancy with poor prognosis due to advanced stage disease at initial diagnosis,
frequent recurrence and the absence of treatment strategies that specifically and effectively target these tumors[1].
Only 15% of pancreatic adenocarcinoma patients are
candidates for surgical resection at the time of diagnosis[2]. Chemotherapy is considered the main treatment
option for unresectable cases, while chemo-radiotherapy
may improve survival and quality of life[3,4]. However,
even with advancements in medicine, pancreatic cancer
is still extremely resistant to the currently available regimens. The burden of pancreatic disorders is expected to
increase over time[5]. This situation represents a challenge
for doctors as well as scientists in seeking the best active
regimen with the least side effects[6]. Therefore, there is
an urgent need to understand the molecular mechanisms
underlying this disease, including the genetic and epigenetic networks influencing the malignant transformation,
metastasis and chemo-resistance mechanisms of pancreatic cancer.
In recent years, it has become increasingly apparent
that the non-protein-coding portion of the genome is of
crucial functional importance: in relation to both normal
physiology and diseases[7]. The relevance of the non-coding genome to human disease has mainly been studied
in the context of the widespread disruption of miRNA
expression and function in human cancers. Research is
also being conducted aimed at understanding the nature
and extent of other ncRNAs in disease, such as PIWI-interacting RNAs (piRNAs), small nucleolar RNAs (snoRNAs), transcribed ultraconserved regions (T-UCRs) and
large intergenic non-coding RNAs (lincRNAs)[7]. Along
with miRNAs, dysregulation of these ncRNAs is being
found to show key relevance to pancreatic tumorigenesis.
Consequently, exploring ncRNAs as therapeutic targets
and biomarkers for the diagnosis and prognosis of pancreatic cancer is of interest.

TYPES OF NCRNAS AND THEIR
FUNCTIONS
RNA is the bridge between stable DNA and versatile proteins. Traditional studies are mainly focused on
protein-coding RNAs, however, the coding exons of
genes account for only 1.5% of the genome[13]. With the
development of new scientific technologies, especially
concerning the widespread use of microarray technology in molecular biology research, significant portions
of eukaryotic genomes have been found to give rise to
non-protein-coding RNAs, many of which remain unannotated.
In general, ncRNAs are grouped into two major classes based on their length (Table 1). Transcripts shorter
than 200 nucleotides (nt) are usually referred to as small
ncRNAs, which include miRNAs, Piwi-interacting RNAs,
small-interfering RNAs and some bacterial regulatory
RNAs. The well-documented about 22 nt long miRNAs
serve as important regulators of gene expression and as
intricate components of the cellular gene expression network[14-16]. lncRNAs are mRNA-like transcripts ranging in
length from 200 nt to 100 kb; they are poorly conserved
and do not function as templates for protein synthesis.
ncRNAs have recently been discovered to act as robust
regulators of gene expression that are frequently deregulated in human cancers, providing new opportunities
to unravel the aberrantly expressed cellular pathways.
However, as noted above, while the biological functions
and molecular mechanisms of ncRNAs have been widely
investigated in cancer studies (Figure 1), their prognostic
value associated with pancreatic cancer remains to be elucidated.

MECHANISMS OF PANCREATIC CANCER
DEREGULATION
The pancreas is a glandular organ of both the digestive
system and endocrine system of vertebrates and displays
an astonishing capacity to carry out cellular functions.
Pancreatic dysfunction can be highly deleterious. As the
fourth leading cause of cancer-related death in United
States and worldwide, pancreatic cancer continues to
remain a devastating disease with only 5.2% of patients
alive for more than 5 years[8]. Genetic analysis of pancreatic cancer indicated that multiple mutations accumulate
over time with some of them being more frequent than
others [such as KRAS (about 90%), p16/CDKN2A
(about 75%), TP53 (about 65%), SMAD4 (about 50%)]
in these tumors[9,10]. However, blocking the activity of
these frequently mutated genes did not turn out to be a
promising therapeutic strategy[11]. Identification of mo-
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Although all types of ncRNAs are transcribed in human
cells, most of the current findings concerning ncRNAs
are focused on miRNAs. Additionally, IncRNAs are also
gaining prominence as emerging key elements of cel-
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Table 1 Types of non-coding RNAs in pancreatic cancer and their functions
Types

Name

Expression profile

Related biological function

Let-7[117]
miR-15/16[17,18]
miR-34a[29]
miR-132[88]
miR-200[36]
miR-421[30,31]
pi-651[42]
U50, SNORD[46,118]

Up
Up
Down
Down
Down
Up
Up?
Up?

Downregulates STAT3 phosphorylation
Promoting tumor angiogenesis
Inactivates p53 and modulates pancreatic cancer pathogenesis
Transcribed by RNA polymerase Ⅱ and promoter methylation
Leading to drug resistance
Suppresses expression of DPC4/Smad
piRNAs target transposon repression and DNA methylation

PPP3CB/MAP3K1 4/DAPK1 loci
HOTAIR[73]
HSATII (satellite repeat RNAs)[70]

Up
Up
Up

Metastases associated with the MAPK pathway[69]
Associates with the polycomb repressive complex 2
Reflect global alterations in heterochromatin silencing

Short ncRNAs
miRNAs

piRNAs
snoRNAs
Long ncRNAs
lincRNAs
Other lncRNAs

HOTAIR: homeobox transcript antisense RNA; MAPK: mitogen-activated protein kinase; STAT3: Signal transducer and activator of transcription 3.

lncRNA
lncRNA

Protein

Modulate protein activity
Specific subcelluler compartment/location
Epigenetic regulation

5’

lncRNA
3’

exon1

exon2

Intron

Stop
lncRNA

Pre-mRNA

Protein

5’

miRNA

piRNP
complex

Pri-miRNA

Germline transposon sliencing
Epigenetic regulation
Translational repression

Nucleus

3’

piRNA
precursors

snoRNA
precursor
Mature
snoRNA

lncRNA

piRNA
cluster

Pri-miRNA
Exportin-5

Cytoplasm

RISC

snoRNP
endo-siRNA

Methylation and
pseudouridylation of rRNA

3’UTR
mRNA
cleavage

miRNP
Translation
inhibit

Figure 1 biogenesis and functional machinery of small ncRNAs (miRNAs, piRNAs, snoRNAs) and lncRNAs. (1) miRNAs: pri-miRNA is transcribed by RNA
polymerase Ⅱ, then cleaved by Droshain into pre-miRNA. Pre-miRNAs are then transported to the cytoplasm via an Exportin-5-mediated mechanism and further
processed by the RNase Ⅲ endonuclease into mature miRNAs. Mature miRNAs are then incorporated into the RISC, where they direct the complex to specific
mRNAs through complementary base pairing in their 3’UTRs; (2) piRNAs: piRNAs are mainly expressed from piRNA clusters. Subsequently, additional piRNAs influence the functions of ribonucleoprotein (piRNP) complexes in transposon repression through target degradation and epigenetic silencing; (3) snoRNAs: snoRNAs
are transcribed from introns. Following splicing, debranching and trimming, mature snoRNAs are either exported, in which case they function in rRNA processing, or
remain in the nucleus, where they are involved in alternative splicing; and (4) lncRNAs: lncRNAs exhibit a 5’ terminal methylguanosine cap and are often spliced and
polyadenylated. lncRNAs contain structural domains that can sense or bind to other RNAs via complementary base pair interactions, in addition to interacting with
proteins and possibly DNA and displaying other as yet unknown functions. endo-siRNA: endogenous small-interfering RNA; lncRNA: long non-coding RNA; miRNA,
microRNA; piRNA: PIWI-interacting RNA; pre-miRNA: primary miRNA; pre-miRNA: Precursor miRNA; rRNA: ribosomal RNA; RISC: RNA-induced silencing complex;
sncRNA: small non-coding RNA; snoRNA: small nucleolar RNA; 3’UTRs: 3’ untranslated regions.

miRNAs in pancreatic cancer
miRNAs The most widely studied class of ncRNAs are
miRNAs, which are small ncRNAs of 22 (18-25) nt in
animals that mediate post-transcriptional gene silenc-

lular homeostasis (Table 1), which draws our attention
toward emphasizing the role of miRNAs and lncRNAs
in pancreatic cancer development and progression in this
review.
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ing by controlling the translation of mRNAs into proteins[17,18]. Following the discovery that in C. elegans, the
small RNAs encoded by the lin-4 gene are associated
with the control of developmental timing through negatively regulating lin-14 translation[19], there was an explosion in the field of small ncRNA biology in subsequent
years across different species. The biogenesis of miRNAs
involves several steps (Figure 1). First, a several kilobaselong primary RNA (pri-miRNA) is transcribed by RNA
polymerase Ⅱ. The pri-miR is then cleaved by Droshain
(an RNase Ⅲ endonuclease) into a hairpin loop structure known as the precursor miRNA (pre-miRNA), after
which the pre-miR is transported to the cytoplasm via a
RanGTP-dependent Exportin-5-mediated mechanism,
where it is further processed by the RNase Ⅲ endonuclease into a 17-25 nt-long mature duplex miRNA. Mature
single-stranded miRNAs are then incorporated into the
RNA-induced silencing complex (RISC) and direct the
complex to specific mRNAs through complementary
base pairing with their 3’ untranslated regions (3’UTRs).
Partial complementarity between the 3’UTR of the target
gene and the seed region of the miRNA leads to mRNA
decay and/or inhibition of translation[17,20]. It is predicted
that on an average, each miRNA may regulate about 200
gene transcripts[21].

with chronic pancreatitis and pancreatic ductal adenocarcinoma (PDAC) using microarray technology revealed
that some miRNAs, including miR-29c and miR-96, were
differentially expressed in both the chronic pancreatitis
and PDAC samples, whereas the expression of miR196s, miR-203 and miR-210 was altered only in PDAC
tissues[28]. Moreover, p53 inactivation contributes to the
reduction of miR-34a levels, which raises the possibility
that loss of miR-34a function modulates the pathogenesis of pancreatic cancer[29]. Our previous findings have
identified miR-421 and miR-483-3p as potent regulators
of DPC4/Smad4, which may provide a novel therapeutic
strategy for the treatment of DPC4/Smad4-driven pancreatic cancer[30,31]. Taken together, these findings indicate
that miRNAs play an important role in the development
and progression of pancreatic cancer.
miRNAs in pancreatic drug resistance: Chemotherapy represents an important therapeutic strategy for most
patients with pancreatic cancer. Prior to the 1990s, 5-fluorouracil (5-FU) was the accepted monotherapy. However,
soon after Burris and colleagues reported the results of a
phase Ⅲ clinical trial directly comparing gemcitabine and
5-FU[3], showing that gemcitabine confers significantly
increased median survival, gemcitabine became the firstline treatment and gold standard for pancreatic cancer
chemotherapy. Nevertheless, drug resistance can cause
failure of this treatment[6]. Despite investigations into
the mechanisms underlying drug resistance over the past
50 years, much is still unknown about exactly how this
phenomenon occurs. The three most common reasons
for the acquisition of drug resistance are the expression
of energy-requiring transporters, insensitivity to drug-induced apoptosis and the induction of drug-detoxification
mechanisms[32]. The tumor cell microenvironment (e.g.,
interactions between cell surface integrins and extracellular matrix components) is responsible for innate drug
resistance[33]. miRNAs appear to be critical regulators of
drug resistance in pancreatic cancer cells[34]. For example,
in one study, the levels of the oncogenic miR-155 were
shown to increase after pancreatic cancer cells were treated with gemcitabine[35]. miR-200a, miR-200b and miR200c are all downregulated in pancreatic cancer cells that
are resistant to gemcitabine[36]. A recent report suggests
that miR-34 is involved in the self-renewal of pancreatic
cancer stem cells, while the loss of miR-34 in pancreatic
cancer is associated with an enrichment of cancer stem
cells that are insensitive to chemotherapy[37] (Figure 2).
Evidence also indicates that miRNAs might regulate the
epithelial-mesenchymal transition (EMT) through the
regulation of cadherin1 and other molecules[38], which
mediate various types of cellular drug-resistance mechanisms (Figure 2). Many members of the Let-7 family are
downregulated in EMT-type cells that are resistant to
gemcitabine. In an investigation of the expression levels
of miR-200 and Let-7 in EMT-phenotype pancreatic
cancer cells that are resistant to gemcitabine, re-expression of the downregulated miR-200 family upregulates

miRNAs in pancreatic cancer development and
progression: miRNAs have emerged as critical components of networks of complex functional pathways
controlling important cellular processes, such as proliferation, differentiation, apoptosis, stress response and
drug resistance[22]. Recent analyses of tumor miRNA
expression profiles have demonstrated that the miRNAs
that are abnormally expressed in tumors usually exhibit
reduced expression levels compared to their expression
levels in normal tissues[23]. The role of miRNAs in tumorigenesis and tumor development has recently been
reviewed in detail elsewhere[24], and it is therefore only
briefly recapped here. First, downregulated expression
of a tumor suppressor miRNA can lead to the expression of miRNA target genes that promote tumorigenesis,
causing excessive cell proliferation and abnormal differentiation and resulting in tumorigenesis. On the other
hand, the overexpression of oncogenic miRNAs can lead
to decreased expression of target genes with tumor suppressor functions, thereby promoting tumor initiation
and development. Another role of oncogenic miRNAs
is the regulation of tumor angiogenesis. The cellular
levels of miR-15b and miR-16 are downregulated under
hypoxic conditions, leading to diminished inhibitory effects of miR-15b and miR-16 on VEGF and thereby
promoting tumor angiogenesis[25]. miRNAs such as miR10b and miR-373 are also important drivers of tumor
metastasis[26,27]. A number of expression profiling studies
have demonstrated that deregulation of miRNA expression occurs in pancreatic cancer tissues and cell lines.
An extensive analysis of miRNA expression profiles
in tissue samples from normal pancreases and patients
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EMT-phenotype cell
Target PRC2 to the cis
Fibroblasts

Stellate cells

miRNA
Other ncRNAs

Cancer cell

Drug-resistance cell

Cell EMT-phenotype

Metastatic
gene

cpG
island

Blood vessels and
nerves
Cancer stem cell

Tumor and its
microenvironment

Figure 2 pancreatic cancer cell microenvironment (the cellular elements are predominately mesenchymal cells such as pancreatic stellate cells, fibroblasts, blood vessels and nerves) and the links between cancer cells and drug-resistant cells determined through the epithelial-mesenchymal transitionphenotype as well as between cancer stem cells and the ncRNAs in their surroundings. PRC2: polycomb repressive complex 2; EMT: epithelial-mesenchymal
transition.

cadherin1 and downregulates ZeB1 and vimentin (EMT
inducers). Knockdown of ZeB1 in mesenchymal Panc1
cells results in the upregulation of miR-200c[36]. Therefore, re-expression of specific miRNAs could serve as a
new strategy for the treatment of pancreatic cancer via
the targeted elimination of either cancer stem cells or
EMT-phenotype cells that contribute to tumor recurrence and metastasis.

transcribed by RNA polymerase Ⅱ (Figure 1), although
in some cases, they can be found within the introns of
lncRNAs. snoRNAs and snoRNPs are likely to contribute to tumorigenesis through an effect on ribosomes and
protein translation, and snoRNAs might also be involved
in the regulation of gene expression by giving rise to other regulatory RNA species, such as miRNAs[44]. Initial insights into the potential roles of snoRNAs in cancer were
provided by a study in which substantial downregulation
of snoRNAs was observed in meningiomas compared
with normal brains[45]. Other studies have shown that a
germline homozygous 2 bp (TT) deletion in the snoRNA
U50 is associated with the development of prostate cancer[46]. However, the mechanisms through which both
piRNAs and snoRNAs function to target pancreatic cancer remain unknown. The currently available data suggest important roles of piRNAs and snoRNAs that go
beyond the regulation of the genome in germline tissues,
and further studies are needed to reveal their specific
roles in pancreatic tumorigenesis.

Other small ncRNAs in pancreatic cancer
Other ncRNAs, such as piRNAs and snoRNAs, are also
reported to be associated with cancer. Thousands of different piRNA species have been found in mammals[39].
piRNAs are generated from single-stranded RNA precursors through a Dicer-independent mechanism[40], providing essential protection for germ-cell genomes against the
activity of transposable elements[41] (Figure 1). Regarding
the role of piRNAs in cancer, they were first described
to be over-expressed in seminomas but not in non-seminomas of the adult testis. Recent studies have highlighted
the role of piRNAs in the regulation of tumorigenesis.
For example, the expression of piR-651 in gastric, colon,
lung, and breast cancer tissues is higher compared to normal adjacent tissues[42]. The levels of piR-651 have also
been associated with the stage of tumor-node-metastasis
(TNM)[43].
snoRNAs are small non-coding RNAs with lengths
ranging from 60 to 300 nt. snoRNAs are normally located within the introns of protein-coding genes and are
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lncRNAs in pancreatic cancer
An updated view of lncRNAs: lncRNAs are a heterogeneous group of non-coding transcripts more than
200 nt long. This class of ncRNAs makes up the largest
portion of the mammalian non-coding transcriptome[7].
Although the proverbial “dark matter” of the genome
was initially argued to be spurious transcriptional noise,
recent evidence suggests that it may play a major bio-
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logical role in cellular development, differentiation and
metabolism[47]. lncRNAs often overlap with, or are interspersed between, multiple coding and non-coding
transcripts[48,49]. Many transcripts resist classification into
any particular category and instead exhibit a combination
of these qualities. Based on their genomic proximity to
protein-coding genes, lncRNAs are generally classified
into five types: (1) sense; (2) antisense; (3) bidirectional;
(4) intronic; and (5) intergenic[7,50]. In many cases, the
secondary structure of lncRNAs dictates their function.
For example, conservation of the secondary structure
of the lncRNA maternally expressed gene 3 (MEG3)
and its propensity to fold into thermodynamically stable
secondary and higher-order structures maintains the
tumor suppressor function of this lncRNA, rather than
its primary sequence[51]. By virtue of their ability to base
pair with other RNAs, lncRNAs can act as highly specific sensors of the expression of mRNAs, miRNAs and
other lncRNAs (Figure 1). The conversion of modified
nucleotides for detection via high throughput sequencing
is currently revealing widespread nucleotide modifications throughout the transcriptome[52]. There is a growing
catalog of bifunctional mRNAs: coding transcripts can
lose their ability to encode a protein, and noncoding transcripts can acquire a coding function[53-55]. Many of these
posttranscriptional modifications are reversible, and given
the range of modifications and targets observed, they
may constitute an additional layer of posttranscriptional
regulation, analogous to the epigenetic landscape regulated by lncRNAs[56].
There are three types of well-known lncRNAs: homeobox transcript antisense RNA (HOTAIR), lincRNAs
and T-UCRs. lncRNAs are essential in many physiological processes, such as X-chromosome inactivation in
mammals, in which the X-inactivation-specific transcript
(XIST) lncRNA (17 kb) recruits the polycomb complex
to silence the X chromosome from which it is transcribed[57]. lincRNAs, which are transcribed from intergenic regions, are associated with active transcription in
the regions across which transcriptional elongation takes
place[58]. Thus far, the aberrant regulation of T-UCR
expression in cancers has been found to occur in two
main ways: through altered interactions with miRNAs[59]
and via hypermethylation of CpG islands in their promoters[60]. Among various examples of the involvement
of lncRNAs in cancer, the role of HOTAIR in human
neoplasia is the best understood[61]. HOTAIR might play
an active role in modulating the cancer epigenome and
mediating cell transformation[61].

indicating the functions of lncRNAs, these ncRNAs are
emerging as new factors in the cancer paradigm, showing
potential roles in both oncogenic and tumor-suppressive
pathways[66]. Recent studies have demonstrated that certain
lncRNAs are specifically associated with certain types of
cancer, and their expression level may function as an indicator of metastasis or prognosis[61,67,68]. Despite the many
lncRNAs that have been identified or validated in human
cancer tissues, there is a paucity of information regarding
the expression of lncRNAs in pancreatic cancer. Tahira
et al[69] were the first to perform a microarray interrogation of protein-coding genes and putative lncRNAs and
indicated that subsets of intronic/intergenic lncRNAs
are expressed in both pancreatic tumor and non-tumor
tissue samples. They identified loci harboring intronic
lncRNAs (PPP3CB, MAP3K1 4 and DAP K1 loci) that
were differentially expressed in PDAC metastases and
were enriched in genes associated with the MAPK pathway. In an interesting study performed by Ting et al[70],
aberrant overexpression of satellite repeat RNAs (HSAT
Ⅱ) ranging from 100 to 5000 nt was observed in patients
with PDAC. The overexpression of satellite transcripts in
cancer may reflect global alterations in heterochromatin
silencing and could potentially be useful biomarkers for
pancreatic cancer detection[70].
HOTAIR is a long intervening non-coding RNA
(lincRNA) that associates with the polycomb repressive
complex 2 (PRC2), and its overexpression is correlated
with poor survival in breast, nasopharyngeal and liver
cancer patients[61,71,72]. Kim et al[73] showed that knockdown of HOTAIR in PANC1 and L3.6pL pancreatic
cancer cells decreases cell proliferation, alters cell cycle
progression and induces apoptosis, demonstrating an expanded function of HOTAIR in pancreatic cancer cells.
HOTAIR is a negative prognostic factor for pancreatic
cancer patients and exhibits pro-oncogenic activity in
both in vitro and in vivo bioassays.
Nevertheless, only a small number of lncRNAs have
been well characterized in pancreatic cancer, and little of
the underlying molecular mechanism has been elucidated.
The potential importance of lncRNAs in pancreatic cancer demands further study.
ncRNAs are linked to epigenetic mechanism of
pancreatic cancer in the microenvironment
Pancreatic cancer and its microworld: Several lines
of evidence indicate that tumorigenesis is a complex and
multistep process. Cancers acquire the same set of functional capabilities during development and progression
through various mechanistic strategies. The importance
of the local tumor microenvironment to tumor progression has been recognized for many years and was highlighted in several reviews[74-76]. The cellular elements of
pancreatic tumor environment are predominately mesenchymal cells such as pancreatic stellate cells, fibroblasts,
blood vessels and nerves (Figure 2). Using in vitro and
in vivo models containing tumor cells and stromal cells,
investigators have shown that stromal signals and cell-

lncRNAs and pancreatic cancer: Although the functional annotation of lncRNAs on a genomic scale has
remained elusive for quite some time, lncRNAs may play
critical roles in the regulation of multiple biological processes[62], including epigenetic regulation, transcriptional
regulation, the processing of small RNAs, and other
regulatory functions[63-65]. Due to advancements in cancer
transcriptome profiling and the accumulating evidence
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the functioning of other mechanisms[87]. We have reported that the downregulation of miR-132 in pancreatic
cancer tissues is due to promoter methylation, which
consequently impairs the binding of essential transcription factors[88]. miR-107 and miR-148a have also been
observed to be hypermethylated in the promoter region
and, thus, down-regulated in pancreatic cancer[89,90]. Using
a pyrosequencing technique, Wang et al[91] showed that
the promoters of miR-124 family members (miR-124-1,
miR-124-2 and miR-124-3) are highly methylated in pancreatic cancer tissues compared with non-cancerous tissues, and in vitro studies have shown that miR-124 inhibits
cell proliferation, invasion and metastasis.
Important roles of lncRNAs have been described
in epigenetic processes, and this broad topic has been
reviewed elsewhere[92]. Lee noted that lncRNAs are implicated in almost every epigenetic regulation event[93]. The
intriguing story of lncRNAs was initially related to the
phenomena of genomic imprinting and X-chromosome
inactivation[94,95]. The lncRNA AS1DHRS4 is transcribed
from the locus of the dehydrogenase/reductase SDR family
member 4 (DHRS4) gene and recruits DNA methyl transferases and other factors to the DHRS4 gene cluster,
inducing DNA methylation in the DHRS4L2 promoter
region[96]. Two other lncRNAs have been reported to
induce either DNA methylation in specific regions of
the Kcnq1 locus or demethylation at the Sphk1 CpG island[97,98]. Another potential mechanism is that lncRNAs
recruit demethylases and/or acetylases to the promoter
regions of oncogenes, and thus, the lncRNAs might direct the transcriptional activation of such protein-coding
genes[99]. Some potential epigenetic mechanisms involving
lncRNAs related to pancreatic cancer are as follows[99]:
(1) lncRNAs affect DNA methylation; (2) lncRNAs alter
nucleosome positioning; and (3) lncRNAs display an incis function or carry out trans-regulation.
It is evident that multiple epigenetic mechanisms
are indeed crucial in the development and progression
of pancreatic cancer. As one category of epigenetic
alterations, our understanding of ncRNA-epigeneticbased events provides a new research model for studying
PDAC.

to-cell interactions including proteases, growth factors,
and mediators of invasion are critical determinants of
pancreatic cancer behavior[77,78]. As pancreatic cancer has
an especially abundant stroma originating from abundant
pancreatic stellate cells, lacking of suitable models limited
the exploration of interactions between pancreatic cancer
cells and the adjacent stromal cells[79]. It was found that
conditioned medium from human pancreatic stellate cells
(HPSCs) stimulated pancreatic tumor cell proliferation
and metastasis in vitro and in vivo via mitogen-activated
protein kinase (MAPK) and Akt pathways[80]. However,
simple models composed of cancer cells and their adjacent stromal cells in the tumor progress have several
important limitations. Fortunately, with the development
of ncRNA detection techniques, measurable biologically
ncRNAs secreted from variational stroma complex provided novel research models in the exploration of role of
tumor microenvironment in pancreatic carcinogenesis.
Epigenetics and pancreatic cancer: Epigenetics is a
term used to describe mitotically and meiotically heritable
states of gene expression that are not due to changes
in DNA sequences[81], such as DNA methylation and
histone tail modifications. Epigenetic regulations are important in all aspects of biology[82], and studies conducted
during the past decade have shown that they play a key
role in carcinogenesis and tumor progression[83]. It is evident that multiple epigenetic mechanisms are crucial in
the development and progression of PDAC. In addition
to genetic changes, epigenetic alterations add another
layer of complexity and contribute to the heterogeneity
of PDAC. Ongoing studies on chromatin dynamics are
revealing the existence of robust machinery that can mediate epigenetic changes in pancreatic cells[12]. Epigenetic
biomarkers, such as miRNAs, DNA methylation and satellite repeats, can be utilized to assess pancreatic cancer
risk, progression and therapeutic responses; the use of
these markers is regarded as the road to the early detection of pancreatic cancer. Numerous drugs that target
specific enzymes involved in the epigenetic regulation of
gene expression are emerging as an effective and valuable
approach to chemotherapy[84]. A noteworthy characteristic
of epigenetic-based inheritance is its reversibility, which
contrasts with the stable nature of DNA sequence-based
alterations.

ncRNA-based diagnosis and
treatment of pancreatic cancer
Regarding the identification of molecular markers for
pancreatic cancer diagnosis/prognosis, some promising
candidate genes have been proposed[100]. However, none
of these candidates have been proven to be effective in
significantly improving early detection or reducing the
mortality/morbidity of this disease. Thus, a better understanding of the molecular basis of pancreatic cancer is
required for the identification of more effective diagnostic markers and therapeutic targets.
Not only are numerous miRNAs preferentially expressed between pancreatic cancer tissues and normal tissues, they are also extremely stable in both blood plasma

ncRNAs are linked to epigenetic mechanisms associated with the biological phenotype of pancreatic
cancer: Epigenetics influence genomic inheritance via
miRNA-dependent mechanisms as well as DNA and
histone modifications[12]. Members of the miR-200 family have been identified as modulators of the EMT due
to negative activity against zinc finger E-box-binding
homeobox1 and 2 (ZEB1 and ZEB2), which function as
repressors of EMT-opposing genes[38,85,86]. The miR-34
family has been shown to be primarily inactivated by
aberrant CpG methylation in PDAC, revealing an interesting example of an epigenetic mechanism influencing

WJG|www.wjgnet.com

9411

July 28, 2014|Volume 20|Issue 28|

Tang YT et al . Non-coding RNAs modulate pancreatic cancer progression

and serum[101]. Studies have demonstrated that miRNAs
that are differentially expressed in PDAC can be profiled
in blood as a minimally invasive biomarker assay for pancreatic cancer[102]. Consequently, miRNA levels serve as
suitable tumor markers and biomarkers for testing conducted for clinical diagnosis. It has been suggested that
endocrine tumors of the pancreas can be distinguished
from acinar-type tumors based on a set of 10 miRNAs.
These miRNAs are potentially associated with normal
endocrine differentiation or endocrine tumorigenesis[103],
indicating the diagnostic utility of miRNA expression
signatures in pancreatic cancer. Another report addressing serum samples from pancreatic cancer patients and
matched cancer-free controls indicates that numerous
miRNAs display significantly different expression levels
and present high sensitivity and specificity for distinguishing the various stages of pancreatic cancer compared
to cancer-free controls[104]. miR-210 and miR-1290 were
subsequently found to show ideal diagnostic performance
in a qRT-PCR miRNA array analysis of sera from pancreatic cancer patients and controls[105,106]. A recent study
analyzed the expression of several miRNAs in different types of pancreatic disease to determine if miRNA
expression could aid in the diagnosis of PDAC and its
precursor, pancreatic intraepithelial neoplasm (PanIN)[107].
Results showed that compared to the non-neoplastic
parenchyma, miR-148a was significantly underexpressed,
whereas miR-196a and miR-10b were highly overexpressed in PanIN. miR-217 expression was shown to decrease in PanIN compared to that in the non-neoplastic
tissue[107], suggested that these miRNA markers may be
involved in an early event in pancreatic carcinogenesis.
These findings provide compelling reasons to pursue
the targeting of miRNAs as novel molecular diagnostic
markers and for use in therapeutic approaches in the early
stage of pancreatic carcinogenesis.
The knowledge that miRNAs regulate their targets
through base pairing has led to the use of antisense
oligonucleotides (ASOs) to inhibit miRNA function
therapeutically. ASOs inhibit miRNAs based on base pair
complementarity. Three main classes of ASOs have been
developed: locked nucleic acids (LNAs), anti-miRNA
oligonucleotides (AMOs) and antagomirs, which incorporate different chemical modifications to increase their
stability and efficacy[108-110]. However, as cancer progression is influenced by multiple miRNAs, recent research
in this field suggests that several miRNAs can be simultaneously inhibited using mixed ASOs targeting multiple
miRNAs[111]. One multiple-target anti-miRNA AMO was
designed to suppress miR-21, miR-155 and miR-17-5p,
which are oncogenic miRNAs that are frequently overexpressed in many types of tumors, showing promising
results related to inhibiting cancer growth.
Dozens of lncRNAs have been found to be dysregulated in pancreatic cancer, raising the possibility that
lncRNAs may represent promising biomarkers for the
diagnosis and prognosis of this disease. The strategy of
inhibiting the function of deregulated miRNAs could
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also be useful for lncRNAs. The progress in the use of
RNAi-mediated gene silencing for the treatment of different diseases is encouraging, as this strategy provides a
straightforward approach for selectively silencing oncogenic lncRNAs. Thus far, few lncRNAs have been characterized as potential biomarkers in human body fluids.
For example, the lncRNA PCA3 has been demonstrated
as a more specific and sensitive marker of prostate cancer
in urine samples from patients compared to the widely
used serum prostate-specific antigen (PSA)[112,113], highlighting the advantages of PCA3 over PSA and enabling
noninvasive diagnosis. Targeting human H19 for the
treatment of bladder cancer with a plasmid-based system
was found to be successful[114]. Decreased expression of
the lncRNA HOTAIR has been shown to alter cell cycle
progression and induce apoptosis, displaying a unique
association with the treatment of pancreatic cancer patients, and overexpression of HOTAIR may serve as a
potential biomarker of pancreatic cancer prognosis[73].
Circulating lncRNAs may be promising biomarkers for
cancer diagnosis, and knockdown of lincRNAs can be
achieved using siRNAs[61,115]. However, successful inhibition of long ncRNAs appears to be more difficult than
inhibiting miRNAs, presumably due to the extensive
secondary structure of lncRNAs. It is therefore urgent
to ask important questions such as the following[66]: (1)
How stable are circulating lncRNAs, and is their stability
altered in various disease states? (2) although the RNA
contents of microvesicles and exosomes reported thus
primarily consist of small miRNAs, is it possible that
long protein-coding mRNAs and lncRNAs are also packaged into microparticles in a manner similar to miRNAs?
(3) as considerable numbers of circulating lncRNAs may
be dysregulated in various human diseases, might these
lncRNAs be causing the disease, or do they become
altered as a consequence of the disease itself ? These
ncRNAs could represent an unexpected source of potential diagnostic and prognostic biomarkers that might
aid in addressing the great challenges related to the battle
against pancreatic cancer[66].
However, the overall treatment strategy is to correct
imbalances of ncRNAs (Figure 3), including drugs or
adenovirus-associated vectors enhancing ncRNA processing or synthetic-anti ncRNAs, epigenetic ncRNA silencing or other strategies. ncRNAs may represent a gold
mine for all diagnostic and therapeutic strategies. More
studies need to be conducted to confirm this phenomenon and how these ncRNAs are involved in the early
stage of pancreatic carcinogenesis.

CONCLUSION
The outlook for patients with PDAC is bleak, primarily
because these tumors are detected late and are often too
advanced for surgical resection[116]. The number of patients who die annually from pancreatic cancer continues
to increase, despite an overall decrease in cancer deaths
worldwide. It is our goal to be able to reduce the local
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Upregulation of anti-oncogenic ncRNA levels

Downregulation of oncogenic ncRNA levels

Dysregulation ncRNA levels

Normal ncRNA levels

Figure 3 overall therapeutic strategy is to correct imbalances of ncRNAs, including inhibiting/restoring their functions via biological and/or biochemical
techniques. ncRNA: Non-coding RNA.

invasiveness of pancreatic cancer, allow more patients
to undergo curative surgical resection and prevent local
recurrence, which is observed in 80% of pancreatic cancer patients. Research on ncRNAs has not only increased
greatly but has changed in character during the past
quarter century, providing new research methodology to
improve our understanding of the biological functions,
molecular mechanisms and prognostic value associated
with pancreatic cancer in the curable stage.
A major challenge remains regarding the elucidation
of the biological pathways or signaling networks underlying cancer development and how specific ncRNAs interact or contribute to malignant transformation. There is
increasing evidence suggesting an association of ncRNAs
with disease, and knowledge of disease-related ncRNAs
is essential in relation to the pathogenesis of pancreatic
cancer at the molecular level. We must also continue to
expand our research into the associated genetic and epigenetic mechanisms to obtain complete picture regarding
the alterations of gene expression that occur in pancreatic cancer.
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Core tip: The approach and management of cholestasis
remain an important aspect of the clinical practice. Different causes of cholestasis have been identified. We
will review in this paper some atypical causes of cholestasis that clinicians should be aware off and consider
in their approach to management of patients with cholestasis.
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from: URL: http://www.wjgnet.com/1007-9327/full/v20/i28/9418.
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INTRODUCTION
Abstract

Cholestasis is the impairment of bile flow due to biliary
tract obstruction or impairment of bile acid uptake, conjugation, or excretion[1]. It is classified as intrahepatic or
extrahepatic. Intrahepatic cholestasis primarily involves
the bile canaliculi and the intrahepatic bile ducts. Extrahepatic cholestasis involves the extrahepatic ducts, the
common hepatic duct or the common bile duct.
The diagnosis of intrahepatic cholestasis is made
once extrahepatic biliary obstruction is ruled out by various imaging modalities, and depending on the clinical
situation, may be confirmed by liver biopsy. Among the
most common causes of cholestatic liver disease are primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC). As those diseases are discussed thoroughly
in guidelines from the American Association for Study of
Liver Disease and the European Association for Study of
Liver Disease, the primary focus of this review is discussion of atypical causes of cholestasis.

Cholestatic liver disease consists of a variety of disorders. Primary sclerosing cholangitis and primary biliary
cirrhosis are the most commonly recognized cholestatic
liver disease in the adult population, while biliary atresia and Alagille syndrome are commonly recognized
in the pediatric population. In infants, the causes are
usually congenital or inherited. Even though jaundice is
a hallmark of cholestasis, it is not always seen in adult
patients with chronic liver disease. Patients can have
“silent” progressive cholestatic liver disease for years
prior to development of symptoms such as jaundice
and pruritus. In this review, we will discuss some of the
atypical causes of cholestatic liver disease such as benign recurrent intrahepatic cholestasis, progressive familial intrahepatic cholestasis, Alagille Syndrome, biliary
atresia, total parenteral nutrition induced cholestasis
and cholestasis secondary to drug induced liver injury.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

BENIGN RECURRENT INTRAHEPATIC
CHOLESTASIS

Key words: Cholestasis; Benign recurrent intrahepatic
cholestasis; Progressive familial intrahepatic cholestasis; Alagille syndrome; Biliary atresia; Total parenteral
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recurrent intrahepatic cholestasis (BRIC) is a rare genetic
disorder characterized by repeated episodes of severe
pruritus and jaundice lasting from weeks to months[2].
The pathophysiology of BRIC is not well understood. It
is an autosomal-recessive disease with incomplete penetrance secondary to a mutation in the ATP8B1 gene
located on chromosome 18. It encodes for the FIC1 protein, an aminophospholipid flippase[3-6].
Pruritus is commonly the prodromal symptom of
each attack, followed by jaundice several weeks later.
Patients may also present with malaise, anorexia, nausea,
vomiting, steatorrhea, malabsorption, and weight loss.
Laboratory studies show a rise in the serum alkaline
phosphatase (ALP) level following the onset of pruritus.
It is subsequently followed by a rise in serum conjugated
bilirubin level, while serum gamma-glutamyl transpeptidase (GGT), aspartate aminotransferase, and alanine aminotransferase (ALT) levels remain normal or only mildly
elevated.
No specific treatment is available for preventing or
reducing the duration of attacks. Treatment is primarily
focused on symptomatic relief until spontaneous resolution of each episode. Prognosis remains good without
progression toward cirrhosis[7]. With resolution of an
attack, pruritus will rapidly and completely resolve along
with gradual improvement to jaundice and liver enzyme
abnormalities. Patients generally remain asymptomatic
between attacks with asymptomatic periods lasting from
months to years[7].

lipids in the setting of the hydrophobic bile salt exposure.
There is evidence that the loss of the FIC1 flippase increases the susceptibility of the canalicular membrane to
damage from the hydrophobic bile salts[12].
The onset and severity of jaundice and cholestasis
differ with each type of PFIC. PFIC1 generally presents
within the first month of life with recurrent episodes of
jaundice and eventually progresses to permanent jaundice.
PFIC2 is more severe compared to PFIC1, usually resulting in permanent jaundice at time of presentation within
the first month of life and liver failure within the first
year of life. PFIC2 may be complicated by hepatocellular
carcinoma and cholangiocarcinoma. Patients with PFIC1
may have extrahepatic features not seen in PFIC2, such
as watery diarrhea, short stature, sensorineural deafness,
pancreatitis and liver steatosis. PFIC3 generally occurs
later in life with majority of patients presenting either in
late infancy, childhood, or even early adulthood[11]. Serum
GGT level is normal in PFIC1 and PFIC2 but is elevated
in PFIC3. The types of PFIC can be distinguished using
these clinical and laboratory features along with immunestaining of liver biopsy tissue, biliary lipid analysis, and
DNA/RNA sequencing. Ursodiol should be considered
in all types of PFIC but appears to be most beneficial in
those with less severe disease[11]. Liver transplantation is
currently the only definitely treatment available for PFIC.

ALAGILLE SYNDROME
Alagille syndrome (ALGS), also known as Alagille-Watson syndrome or arteriohepatic dysplasia, is an autosomal-dominant disorder with variable penetrance. ALGS
may involve five body areas (liver, heart, skeleton, face,
and eye). The involvement of these areas is the basis for
the “Classic Criteria” described by Alagille to establish
the diagnosis[13] (Table 1). Other findings include vascular
malformations, vascular accidents, and renal structural
problems. The severity of the disease is determined primarily by the degree of the liver and cardiac involvement.
The etiology in approximately 97% of cases is due
to mutations in the JAG1 gene[14,15] while the remainder
is due to mutations in the NOTCH2 gene[16]. Both genes
are involved in the highly conserved Notch signally pathway. A diagnosis is made if the Classic Criteria is met (bile
duct paucity with at least three of five clinical features) or
by genetic testing of JAG1 and NOTCH2 if only some
features of ALGS are present[17]. Accurate diagnosis continues to be challenging because some clinical features
are not specific to ALGS and overlap with other genetic
disorders and syndromes.
Patients usually present at birth or within the first
three months of life with jaundice, alkaline phosphatase
elevation, and conjugated hyperbilirubinemia, due to bile
duct paucity as seen on liver biopsy. Bile duct obliteration
is progressive and increases with age. It eventually results
in cirrhosis and liver failure. The most common congenital heart disease seen in ALGS is peripheral pulmonary
stenosis[18,19]. Other abnormalities include atrial septal

PROGRESSIVE FAMILIAL INTRAHEPATIC
CHOLESTASIS
Progressive familial intrahepatic cholestasis (PFIC) is
a rare heterogeneous group of autosomal-recessive
disorders resulting in intra-hepatic cholestasis during
childhood. PFIC usually presents during the neonatal
period or within the first year of life. Unlike BRIC, it
will eventually progress to cirrhosis and death. The exact
incidence of PFIC is unknown but it has been estimated
to occur in 1/50000 to 1/100000 births[8]. Three types
of PFIC have recently been identified based on genetic
testing. They are the results of mutations in three different genes: APT8B1 gene encoding for the FIC1 protein
in PFIC1 (similar to BRIC), ABCB11 gene encoding for
the bile salt export pump protein in PFIC2, and ABCB4
gene encoding for the multidrug resistance-associated
protein 3 (MRP3) in PFIC3[9-11]. FIC1 functions as an
aminophospholipid flippase. It is also expressed in many
extrahepatic tissues. A disturbed function of FIC1 results
in loss of lipid asymmetry in the canalicular membrane
of the hepatocytes. This disturbance leads to impaired
biliary bile acid secretion by altering the bile salt export
pump (BSEP) in the liver[9]. MRP3 is a phospholipid
translocator involved in the biliary phophatidylcholine
excretion. It is predominantly expressed in the canalicular
membrane of the hepatocytes. In PFIC3, cholestasis is
mainly the result of the absence of the biliary phospho-
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Table 1 The “Classic criteria” for diagnosis of Alagille Syndrome
Organ system
Liver
Heart
Musculoskeletal
Face
Eye

Disorder

Description

Cholestasis
Congenital heart disease
Vertebral abnormalities
Dysmorphic facies

Chronic cholestasis due to bile duct paucity
Peripheral pulmonary artery hypoplasia or stenosis
“Butterfly” vertebral arch defects
“Triangle face” with broad forehead, deep-set eyes, upslanting palpebral fissures, prominent ears, straight
nose with bulbous tip, and pointed chin
Anterior chamber defects
Posterior embryotoxon (prominent Schwalbe's line)

defect, ventricular septal defect, and Tetraology of Fallot[18,19].
Pruritus may be very severe and difficult to treat in
ALGS. Special attention is paid to nutrition as growth retardation is seen in a significant portion of patients. Liver
transplantation appears quite successful with a 5-year survival rate of 80% but is linked to the degree of cardiac
and renal dysfunction[20,21].

of liver function can be achieved. However, the majority
of patients will eventually require liver transplantation,
since only 23%-25% of patients can survive without liver
transplantation until the age of 20[30,31].
Nevertheless, prognosis remains good with an overall
survival rate with or without liver transplantation of upwards of 89% at 10 years in the United Kingdom[32] and
up to 90% at 20 years in Switzerland[33].

BILIARY ATRESIA

SEPSIS

Biliary atresia (BA) is a rare disorder of neonates with
multiple etiologies resulting in obliteration of the biliary
tree. BA is classified into three types based on the most
proximal level of biliary obstruction. BA type 1 has patency to the common bile duct. BA type 2 has patency to
the common hepatic duct. BA type 3, the most common
type occurring in greater than 90% of cases, results in
complete occlusion of extrahepatic bile ducts up to the
level of the porta hepatis. In the majority of cases, BA is
an isolated finding not associated with any other congenital abnormalities. Less common clinical variants associated with congenital abnormalities include cystic biliary
atresia (BAS) which is associated with cystic changes
within the obliterated biliary tree[22] and biliary atresia
splenic malformation syndrome which is associated with
asplenia or polysplenia, situs inversus, absence or obliteration of the inferior vena cava, and cardiac abnormalities[23].
The incidence of BA is estimated to be from 1/14000
to 1/20000 live births in European countries[24,25], and
1/15000 live births in the United States[26]. It is most
common in East Asian countries with up to 1/2700 live
births in Taiwan[27,28]. The pathogenesis is poorly understood but probably multifactorial. Current hypotheses
include perinatal viral infections, inflammatory and immune dysregulation, genetic predisposition, abnormality
in embryogenesis, and toxic insult[29].
Liver biopsy is generally performed in all suspected
cases of BA and is also used to rule-out other causes
of neonatal cholestasis. Early diagnosis is essential and
should be followed promptly by the Kasai procedure.
The Kasai procedure involves complete resection of
the gallbladder and extrahepatic biliary tree at the porta
hepatis to expose any remaining patent ductules. The
porta hepatis is then anastomosed to a jejunal Rouxen-Y limb, allowing for drainage of bile into the intestinal
tract. Complete resolution of jaundice with restoration

Cholestasis is commonly seen in the setting of sepsis due
to multiple mechanisms. Generally, a conjugated hyperbilirubinemia is seen in the ranges of 2-10 mg/dL. It is
associated with an elevation in the serum ALP typically
no greater than 2-3 times the upper limit of normal and
often seen without significant elevation in serum transaminases[34].
The principal mechanism of cholestasis during sepsis
is from disruption of bile flow. Bile salts are normally
synthesized in hepatocytes or reabsorbed in the intestine
and imported into the hepatocytes using the sodiumdependent transporter taurocholate cotransporter and
organic anion transport proteins (OATPs). Bile salts are
then excreted into canaliculi by the BSEP and MRP proteins. Similar to its effect on bilirubin metabolism, lipopolysaccharide (LPS) has also been shown to impede bile
acid transport in animal models through both inhibition
of transporter activities as well as down-regulation of
gene expressions[35-37]. This ultimately leads to decreased
bile flow, cholestasis, and jaundice without biliary obstruction.
Cholestasis associated with sepsis is also attributable
to impairment in bilirubin metabolism. Bilirubin is normally transported into hepatocytes by OATPs, conjugated
by the uridine diphosphate-glucuronosyltransferase enzyme, and excreted into bile by the canalicular multispecific organic anion transporter 1 (cMOAT) or commonly
known as the multidrug resistance-associated protein 2
(MRP2). Endotoxin, specifically LPS, has been shown in
a rat model of sepsis to inhibit bilirubin uptake and excretion without significant effect on conjugation[38]. The
mechanism is probably due to dysfunction of OATPs
and MRP2 by endotoxemia[35].
Though not a direct cause of cholestasis, hemolysis during sepsis may also lead to jaundice by releasing large quantities of bilirubin which overwhelms the liver’s capacity to
uptake and excrete bilirubin. This can occur through a
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variety of mechanisms including toxin secretion, such as
with Clostridium perfringens infection[39,40], direct destruction
of red blood cells, glucose-6-phosphate dehydrogenase
deficiency, or immune-mediated hemolysis. An example
of immune-mediated hemolysis is “cold agglutinin” association with Mycoplasma pneumonia and Legionella infections
which causes intravascular hemolysis at low temperature[41]. Drug-induced immune hemolytic anemia may also
occur. It can be seen with antibiotics such as cefotetan,
ceftriaxone, and piperacillin[42].
Other causes of cholestasis to consider in the setting
of sepsis are biliary obstruction, cholangitis, and ischemic
liver injury due to septic shock.

Additionally, the picture may be complicated by the
fact that patients who require TPN have primary gastrointestinal disorders that can cause liver dysfunction
and cholestasis. Short bowel syndrome is usually seen in
patients who had extensive small bowel resection. It is
also a common indication for TPN. It is associated with
cholestasis due to bacterial overgrowth in the remnant
bowel loop[49,50]. Furthermore, these patients tend to be
malnourished and have failure to thrive. They are also
prone to recurrent infections and may be on multiple
medications. All of these factors may contribute to cholestasis that is difficult to delineate from TPN-induced
cholestasis.
TPN-induced cholestasis is managed initially by ruling out other causes of cholestasis. Afterwards, it can
be managed by adjusting TPN formulations, initiating
cyclical TPN, encouraging and maximizing oral nutrition.
TPN-induced cholestasis usually resolves with discontinuation of TPN and resumption of full enteral nutrition.
In the TPN dependent patient, metronidazole has been
shown to prevent cholestasis by suppressing bacterial
overgrowth[51,52].

TPN-INDUCED CHOLESTASIS
Total parenteral nutrition (TPN) is commonly administered in patients with intestinal failure, intolerance to enteral nutrition, or inadequate enteral intake. Mild elevation
in liver transaminases and ALP commonly occurs after
initiation of TPN, but is of little clinical consequence if
it remains stable. TPN-induced cholestasis occurs when
serum conjugated bilirubin rises to greater than 2 mg/dL.
It may be associated with rises in serum ALP, GGT, and
transaminases[43]. If unrecognized and untreated, it can
progress towards cirrhosis and liver failure. The pathophysiology of TPN-induced cholestasis is multifactorial
and complex. It can be divided into three categories: (1)
due to lack of enteral nutrition; (2) due to direct toxicity
of TPN components and from overfeeding; and (3) due
to the underlying disorders requiring the use of TPN[43].
Lack of enteral nutrition contributes to cholestasis
by multiple processes. There is a decrease of cholecystokinin release which slows gallbladder emptying and
subsequently results in gallbladder stasis, sludging, stone
formation, and promotes cholestasis. Lack of enteral
nutrition also decreases gastrointestinal motility, dampens
gut immunity, and increases intestinal permeability due
impaired mucosal healing. All of these changes contribute to bacterial overgrowth and translocation, resulting
in increased endotoxin within the portal circulation. The
increase in portal endotoxin eventually leads to a decrease
in bile flow and cholestasis[35,44].
The components of TPN itself, especially when
given in excess, may cause cholestasis. Infusion of lipids at greater than 1 g/kg per day may exceed the liver’
s capacity to clear the lipid particles, resulting in steatosis
and cholestasis[45,46]. High rate of glucose infusion causes
elevation in insulin level, which activates fatty acid synthesis and inhibits fatty acid breakdown. Once the liver’s
capacity to transport the fatty acids through lipoproteins
production is overwhelmed, fatty acids will accumulate
within the hepatocytes, resulting in steatosis and cholestasis[47]. This is particularly true when TPN is administered
continuously without periods of fasting and in states of
insulin resistance. Trace elements such as copper and
manganese have also been implicated in causing cholestasis[48].
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INTRAHEPATIC CHOLESTASIS OF
PREGNANCY
Intrahepatic cholestasis of pregnancy (ICP) is a reversible
form of cholestasis, which occurs in the second or third
trimester of pregnancy and is characterized by symptoms
of pruritus, elevation in fasting serum bile acid levels, and
spontaneous relief of signs and symptoms within 4-6 wk
after delivery[53,54]. The incidence of ICP ranges from 0.1%
to 15.6%[55]. Geographic variations in incidence rates have
been noted, reflecting greater susceptibility in certain
regions of the world such as Bolivia, Chile and the Scandinavian countries[56,57].
The pathogenesis of ICP is multifactorial and includes genetic, hormonal and environmental factors.
Studies have demonstrated mutations in the ABCB4
gene leading to abnormalities in the MDR3 protein in
approximately 16% of patients with ICP[58-62]. Such mutations lead to dysfunction of bile transport across the
canaliculus. Hormonal factors also play a role. There is a
greater incidence of ICP in twin pregnancies where peak
estrogen levels are higher than in singleton pregnancies.
ICP also occurs most commonly in the third trimester
when serum concentrations of estrogen are highest. In
addition, high-dose of oral contraceptives and progesterone can trigger ICP[53]. We recommend that progesterone
treatment be avoided in pregnant women with a prior history of ICP and discontinued in patients with cholestasis
occurring during pregnancy. For reasons that are unclear,
ICP occurs more commonly in the colder months in
Chile and Scandinavia, indicating that undefined environmental factors may also contribute to the occurrence of
ICP[57].
The primary presenting symptom of ICP is intense
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needed for diagnosis.
The clinical importance of ICP lies primarily in the
potential fetal risks, including prematurity, asphyxiation
during delivery, or intrauterine death. Bile acid levels > 40
μmol/L any time during pregnancy might be associated
with greater risk of fetal complication rates[64-67]. A large
cohort study demonstrated women with severe ICP and
a singleton pregnancy had increased risks of preterm delivery, neonatal unit admission and stillbirth compared to
controls. Furthermore, risks of preterm delivery, meconium-stained amniotic fluid and stillbirth rose with increasing maternal serum bile acid concentrations[68]. Therefore,
delivery at 36-38 wk of gestation is an important strategy
to preventing stillbirth or other fetal complications[57].
Ursodeoxycholic acid, dosed at 10-20 mg/kg daily,
is the first-line treatment for ICP based on evidence obtained from randomized clinical trials and a recent metaanalysis, which demonstrate improvement in pruritus,
liver function tests, and reduction in fetal complications[63,66,69]. Dexamethasone administration can be considered to increase fetal lung maturity, but is ineffective
in improving pruritus and ALT levels[70]. S-AdenosylL-methionine is less effective than UDCA[71] but can
be used as an adjunctive therapy if pruritus or bile acid
levels do not adequately respond to ursodeoxycholic acid
alone[72,73]. After delivery, transaminase and bile acid levels
should normalize. Persistent elevation in ALT, AST or
bile acids should prompt evaluation for other etiologies
of liver disease, including PBC and PSC. Given findings
from a large Swedish cohort study, evaluation for hepatitis C should also be considered due to a strong association between ICP and hepatitis C infection[74].

Table 2 Common causes of drug-induced liver injury in the
United States
Types of drugs
Analgesics/NSAIDs

Antimicrobials

CNS Agents

Anti-inflammatory/
Immunologics

Endocrine
Statins
Anesthetics
Cardiovascular
Others

Specific drugs (number of cases)
Acetaminophen (124)
Drugs in combination with APAP (3)
Diclofenac (4)
Celecoxib (2)
Isoniazid (37)
Amoxicillin/clavulanate (24)
Nitrofurantoin (13)
Trimethoprim/sulfamethoxazole (9)
Ciprofloxacin (5)
Levofloxacin (4)
Terbinafine (4)
Telithromycin (5)
Fialuridine (3)1
Azithromycin (3)
Oxacillin (3)
Minocycline (3)
Amoxicillin (2)
Doxycycline (2)
Fluconazole (2)
Nevirapine (2)
Valproate (16)
Phenytoin (15)
Methyldopa (8)
Lamotrigine (5)
Duloxetine (6)
Atomoxetine (3)
Fluoxetine (2)
Nefazodone (2)1
Buproprion (2)
Interferon beta (6)
Sulfasalazine (3)
Etanercept (3)
Mercaptopurine (3)
Antithymocyte globulin (2)
Propylthiouracil (13)
Troglitazone (4)1
Atorvastatin (3)
Cerivastatin (2)1
Halothane (3)
Desflurane (2)
Labetolol (2)
Amiodarone (2)
Disulfiram (6)
Allopurinol (2)
Ranitidine (2)

DRUG INDUCED LIVER INJURY
Drug-induced liver injury (DILI) due to idiosyncratic
drug reactions from drugs and herbal products is a rare
but devastating phenomenon accounting for 13% of all
cases of fulminant hepatic failure in the United States;
this number rises to 52% if hepatotoxicity due to acetaminophen is also included[75]. The types of liver injury
can be categorized into hepatocellular, cholestatic, or
mixed (cholestatic and hepatocellular) injury based on the
pattern of liver enzyme abnormalities. Cholestatic and
mixed types of liver injury make up approximately half
of all cases of DILI[76]. The medication class that is most
commonly associated with DILI in the United States and
Europe is anti-microbials[77-81]. Amoxicillin-clavulanic is
the most common individual inciting agent reported in
various studies[77,79,80]. In Korea, and likely in other Asian
countries, herbal products more frequently cause DILI
than medications[82]. Among the intravenous medications,
anti-microbials remain the most common class of medication to cause DILI followed by anti-neoplastic drugs
based on a recent study from the United States[83].
Drug-induced cholestasis produces a wide spectrum
of pathology that can be classified as either acute or
chronic[84]. Acute processes include cholestasis without
hepatitis (minimal or no parenchymal inflammation),

1

Discontinued or non-FDA approved drugs. APAP: Acetaminophen;
NSAIDs: Non-steroidal anti-inflammatory drugs; CNS: Central nervous
system; FDA: Food and drug administration. Adapted From: Russo et al[90]
and Chalasani et al[80].

pruritus, which can occur throughout the body and is
usually worst at night. Occurrence of such symptoms
during pregnancy should prompt evaluation for liver
function test abnormalities and fasting serum bile acid
levels. A diagnosis is made if fasting serum bile acid levels
are greater than 10 μmol/L[63]. However, symptoms may
precede laboratory abnormalities in liver transaminases
or serum bile acid levels. Furthermore, liver function
tests and bile acid levels should be repeated if pruritus is
persistent. Even though isolated elevation of bile acids
may occur, elevation of serum transaminases as high as
1000 units/L is often seen. A liver biopsy is generally not
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cholestasis with hepatitis (with parenchymal inflammation), and cholestasis with bile duct injury and inflammation. Chronic drug-induced cholestasis may vary from
asymptomatic with mild ductopenia noted on liver biopsy
to progressive inflammation, fibrosis, loss of interlobular
bile ducts, and eventually permanent cholestasis, resulting in a disorder known as the “vanishing bile duct syndrome”. Cholestasis may also involve the large extrahepatic biliary tract producing a pattern similar to PSC in
rare occasions.
The pathophysiology of DILI is poorly understood.
Few medications, such as acetaminophen or valproic acid,
produce hepatoxicity through a predictable dose-dependent mechanism. The mechanism in the majority of cases
is rather due to idiosyncratic drug reactions unrelated to
the dose or the mechanism of action of the drug[76]. In
some cases there may be a component of immunoallergic
drug reactions contributing to DILI as illustrated by the
presence of fever, rash, and eosinophilia[85]. There is evidence of genetic predisposition given that certain HLA
haptotypes are more susceptible to DILI associated with
flucloxacillin and amoxicillin-clavulanate[86,87].
In the majority of cases of DILI, complete recovery
should occur upon discontinuation of the suspected
medication or herbal product. Jaundice is one of the
strongest prognostic factors and is associated with a
higher rate of mortality/liver transplantation, also known
as Hy’s Law[88]. The rate of mortality/liver transplantation is about 9%-12% based on three large series from
the United States, Spain, and Sweden[77,80,89]. Prognosis is
better for cholestatic compared to hepatocellular DILI,
based on the data from Spain and Sweden but the opposite was found in results from the United States.
A list of medications commonly associated with intrahepatic cholestasis is listed in Table 2. A searchable
database of hepatotoxic drugs and herbal products is
available online from the National Institute of Health:
http://www.livertox.nih.gov.
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Core tip: Up to 40% of patients with chronic liver disease may experience a fracture. The pathogenic mediators include fibronectin, insulin like growth factorⅠ, and various cytokines. Decreased vitamin D and/or
treatment with corticosteroids contribute to worsening
bone health. Treatment should include calcium and vitamin D supplementation in all patients with chronic liver
disease. Therapy with bisphosphonates should be considered, especially in patients receiving corticosteroids.

Abstract
It is being increasingly recognized that patients with
liver disease develop bone loss that can be severe
enough to lead to atraumatic fractures and thus markedly diminish life quality and expectancy. The estimated
prevalence for liver-related osteoporosis is between
20-420/100000 of the general population, and fractures
between 60-880/100000. It should be kept in mind that
up to 40% of patients with chronic liver disease may
experience a fracture. The pathogenic mediators include
fibronectin, insulin like growth factor-Ⅰ, and various cytokines, but decreased vitamin D and/or treatment with
corticosteroids contribute to worsening bone health.
Despite the advances in bone biology that have shed
some light on the pathogenesis of this bone loss, treatment options remain nonspecific and tightly linked to
treatments of other forms of osteoporosis. Thus, treatment should include calcium and vitamin D supplementation in all patients with chronic liver disease. Therapy
with bisphosphonates should be considered, especially
in patients receiving corticosteroids. This review focuses
on the prevalence of this entity as well as the evidence
available with regard to the pathogenesis of bone loss
in liver disease, the diagnostic steps required in all pa-
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INTRODUCTION
Osteoporosis denotes a state in which the bones become
porous resulting in increased risk for fractures[1]. The
general population started first associating this condition
with menopause and loss of estrogen, even though it was
clear to members of the medical profession from the
beginning that it is a condition associated with a great variety of diseases ranging from inadequate calcium intake
or uptake to abnormalities in various bone-associated cell
functions[2-4]. Because of the involvement of the liver in
many metabolic effects it is not surprising that one of the
secondary causes of osteoporosis is liver disease.
The bone represents the pool that allows for the tight
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regulation of circulating calcium. Indeed, calcium is a
most tightly controlled electrolyte in the blood stream[5].
This takes place at the level of the bone forming cells
- the osteoblasts -, the bone resorbing cells, - the osteoclasts -, or the bone-embedded cells - the osteocytes. In
this review we discuss the evidence on the role of these
cells in the pathogenesis of osteoporosis associated with
liver disease. Most of the bone consists of a collagen matrix[6], but a great number of proteins and growth factors
such as insulin like growth factor-Ⅰ (IGF-Ⅰ) have also
been found in this matrix and affect osteoblast function
as they are produced or osteoclast function when bone is
resorbed[7].
Since the liver produces various molecules that can
act as growth factors or hormones it has been further
postulated that a decrease in liver function will result in
osteoporosis, through affecting the production of boneactive liver molecule. A selection of these various factors
will be discussed.
Lastly, a diagnostic approach based on the pathogenesis of bone loss associated with liver disease will be followed by a discussion of the possible therapeutic options
available and their merits.

alcoholic liver disease in the population ranges between
2%-44%, chronic hepatitis B between 0.1-0.7, chronic
hepatitis C ranges between 0.003% to 4.5%, and autoimmune liver diseases 0.03%[12]. In addition, despite the
relatively small number of patients who receive liver
transplants amounting to 5000 transplants per year in
Europe this group is at an especially high risk for bone
disease[12]. Thus the potential for bone loss associated
with chronic liver diseases amounts in the most conservative calculations to 2.23% (This number was obtained by
adding the numbers at the lower ranges of the prevalence
of different types of liver disease: 0.1 + 2 + 0.1 + 0.003
+ 0.03 = 2.233) and can reach up to half the population
(this number was obtained by adding the numbers at the
upper ranges of the prevalence of different types of liver
disease: 0.1 + 44 + 0.7 + 4.5 + 0.03 = 49.33) (Table 1).
Unfortunately, epidemiologic data are missing with regard
to the real extent of osteoporosis in patients with chronic
liver disease. However, a range of 1%-21% prevalence
of osteoporosis and a risk of fracture between 3%-44%
have been reported in the past[13,14]. Taken together, this
suggests that per 100000 persons there are at least 2000
patients with chronic liver disease, of whom 20-420 have
osteoporosis, and 60-880 experienced fractures. Of note
is that a previous fracture increases the risk for later fractures further. Thus, the potential social and economic
burden of the development of osteoporosis and the associated increased in fracture risk in patients with liver
disease that tend to be younger than most osteoporotic
patients is remarkable. A health problem of this size requires increased awareness for this problem, a better understanding of the underlying causes, and development
of useful therapeutic concepts.

CLINICAL RELEVANCE OF BONE LOSS
ASSOCIATED WITH LIVER DISEASE
The definition of osteoporosis is based on a low bone
mineral density (BMD) usually measured using dual energy X-ray densitometry (DXA) and prior fracture[8]. A
BMD measurement 2.5 standard deviations below that
of healthy young adults defines the presence of osteoporosis[8]. However, this value only reflects the decrease in
mineral content in the bone matrix. While on a population scale this value seems to offer a good measure of
the risk for fractures, this does not hold true for individuals. Recent attempts have been made to individualize risk
assessment based on the development of the Fracture
Risk Assessment Tool called FRAX, which take age and
other measures in evaluating the risk for an individual of
developing a fracture over the next 10 years[9] (Link for
tool to calculate risk: http://www.shef.ac.uk/FRAX/). In
validating this method roughly a doubling of the risk for
development of an osteoporotic fracture was found in
patients with liver disease (hazard ratio: HR for men 3.59
and 1.79 for women)[9]. Microarchitectural abnormalities
are not directly taken into account using FRAX evaluations of fracture risk. However the FRAX algorithm
takes into account the development of previous fractures,
which independently reflects poor bone quality and can
be associated with micro cracks.
A major consequence of the development of fracture
is the associated disability that makes the patient dependent on others resulting in excess death within 1 year of
10/100 hip fractures/100000 persons/year (excess risk
of death of 10% in patients with hip fractures)[10,11].
The prevalence of cirrhosis in Europe is 0.1%, non
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PATHOGENESIS OF OSTEOPOROSIS IN
LIVER DISEASE
Normal physiology
In the adult skeleton a continuous remodeling takes place
whereby the osteoclasts resorb bone and the osteoblasts
form new bone[14]. The purpose is to repair the micro
defects that accumulate in the skeleton and provide stable
circulating calcium levels[5]. This remodeling is tightly
controlled by a variety of molecules ranging from calcium-regulating hormones, to cytokines active in hematopoiesis and a variety of systemic proteins[14]. Whenever
relatively more resorption or relatively less bone formation takes place, bone is lost. This results in the development of osteoporosis and the resulting increased risk of
fractures. The osteocyte, which represents terminally differentiated osteoblasts embedded in the matrix and is the
mediator of bone remodeling in response to mechanical
strain has emerged as a major regulator of bone resorption by controlling the number of osteoclasts, as well as
bone formation by modifying osteoblast-induced bone
mineralization. Finally, they also control phosphate homeostasis[15].
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Table 1 Epidemiology of bone abnormalities in liver disease
Prevalence of liver diseases[12]
Cirrhosis
Non-alcoholic liver disease
Chronic hepatitis B between
Chronic hepatitis C
Autoimmune liver diseases
Liver transplantations
Total
In patients with liver disease
Prevalence of osteoporosis[13,14]
Estimated prevalence

Table 2 Predominant changes in bone cell activity in various
liver diseases

1

Fractures[13,14]
Estimated risk

0.10%
2%-44%
0.1%-0.7%
0.003%-4.5%
0.03%
5000/yr
2.233%-49.36%

Increased resorption

Decreased formation

teoporosis that could be attributed to an increase in osteoclast-mediated bone resorption. Of note is that the cohort
was cirrhotic, vitamin D-25 deficient and partially hypogonadal, suggesting that the increase in resorption could
be a reflection of the other problems including vitamin D
deficiency or hypogonadism[7]. Further, in early stages of
disease another picture at the bone cell level may ensue.
In a group of kidney transplant recipients patients, none
was vitamin D deficient and there were no differences between patients affected with chronic hepatitis C and those
not infected in the incidence of osteoporosis, which was
18%[37]. Finally, in a cohort of liver transplant recipients,
patients with chronic hepatitis B or C had lower BMD
values compared to patients with NASH (and hence insulin resistance), but similar values as the alcoholic cirrhotic
patients[38]. Whatever the changes in BMD however there
is an increased risk for fractures: 2.69 events/1000 personyears vs 1.29 which is more than two fold[39].

1%-21%
20-420 osteoporotic patients/2000
patients with liver disease/100000
persons
3%-44%
60-880 osteoporotic patients/2000
patients with liver disease/100000
persons

1

The data on the prevalence of liver diseases are obtained from a study
limited to Europe.

Reported changes in bone in various liver diseases
Chronic liver dysfunction can severely affect bone[13].
Early reports focussed on an increase in bone resorption, since in these studies patients were mostly either
postmenopausal women or older men[16]. Later it became
clear that mostly bone formation was affected resulting
in a disease entity called hepatic osteodystrophy, which
denotes bone loss associated with liver disease[17-22]. It is
however important to realize that there are different liver
disease entities that differ in their pathogenesis and hence
may partially differ in the cause of the associated bone
loss (Table 2). While hemochromatosis and Wilson disease are associated with increased iron and copper load
and hence may affect bone disease[23-25], viral hepatitis is
associated with an activated immune response and release
of mostly resorption-activating cytokines[26-30]. Autoimmune diseases can be grouped in cholestatic diseases
including primary biliary cirrhosis and primary sclerosing cholangitis and non-cholestatic autoimmune hepatitis[17,18,31-34]. Since cholestasis is associated with increased
bilirubin levels the possibility of bone deterioration due
to increased bilirubin should also be addressed[35]. Decreased liver function is associated with a number of
abnormalities that will be discussed. Treatment of the
various liver conditions is associated with the use of
sometimes bone active substances, adding a further layer
of complexity in understanding liver associated bone disease[36]. Finally, the worsening in liver function, which is
common in all types of liver disease, is in of itself associated with changes that also can explain bone loss[27].
For a better understanding of bone loss in chronic
liver disease examples will be provided for each disease
entity:

Cholestatic liver disease: The two cholestatic liver
diseases, primary biliary cirrhosis and primary sclerosing
cholangitis have been associated with an increased risk
for osteoporosis and hence an increase in fracture risk[40].
Histomorphometric evaluations have shown that the
most consistent associated abnormality is a decrease in
bone formation[17]. This occurs in the absence of vitamin
D deficiency or hypogonadism, and could possibly be
attributed to the increase in bilirubin[17,41]. With regard to
autoimmune hepatitis, it can be viewed as a condition between cholestatic immune liver disease and viral hepatitis.
Iron overload: Hemochromatosis is associated with
iron accumulation and results in liver failure. The best
evidence on the role of iron overload are studies in
animals loaded with iron and resulting in a decrease in
bone formation[23]. In a study from 2009 in patients with
hemochromatosis, 25% had osteoporosis and 41% had
osteopenia. Bone mineral density was lower in patients
with higher iron loads and with lower markers of bone
formation[42]. This confirms the findings on bone histomorphometry from older studies that show a decrease
in bone formation in patients with higher tissue iron
load[14,24].
Wilson disease: Copper accumulation in the liver is
known as Wilson’s disease. It is hereditary and tends
to affect patients at a younger age compared to hemochromatosis. Accumulation of copper in bone is also
detrimental for bone health, where osteoporosis was

Viral hepatitis: In this disease entity an inflammatory
response dominates the pathophysiologic response to
the infection with an association of increased cytokine
release[27]. Twenty-one percentage of the patients had os-
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Viral hepatitis
Transplantation
Corticosteroid therapy
Cholestatic liver disease
Iron and copper overload
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tion of 300 mg/L (1/100 of albumin)[62]. Its production
by the liver is diminished in liver disease and in cases of
poor nutritional status[63]. Similarly to studies on the IGF
system, genetic manipulation in animals provided interesting insights. Indeed, it turns out that circulating fibronectin
can infiltrate the bone matrix, where it contributes to enhancing matrix mineralization and strength thereby affecting the microarchitectural properties of bone[57]. A major
limitation for looking at a relationship between circulating
fibronectin levels and bone characteristics in patients, however, is the large variability in circulating levels in healthy
adults and the association of decreased fibronectin levels
with malnutrition, a condition that in of itself affects bone
health[63]. Further, there are no known pharmacologic interventions that can affect circulating fibronectin independent of their effects on nutritional status.
Adding to the complexity of understanding the fibronectin role in bone is the fact that an isoform of fibronectin, called oncofetal fibronectin that is produced by
the matrix-producing stellate cells in the liver, is increased
in patients with cholestatic liver disease, chronic hepatitis
C, as well as a variety of other liver diseases[58,63]. This isoform can directly inhibit osteoblast function and its administration results in a decrease in bone mineral density
by almost 20% after two weeks in mice. This makes this
molecule an important candidate to counteract in patients
with chronic cholestatic liver disease. Unfortunately, there
are currently no therapeutic interventions that are under
study to counteract this effect.

documented in 41% of the adults and 68% of the children[43,44]. Most disturbing in this regard was the lack
of improvement in the children 1 year after chelation
therapy, even though, at least in adults, penicillamine does
not seem to affect mineral metabolism[45]. This, taken
together with the knowledge that penicillamine used for
treatment in patients with Wilson’s disease results in hypercalciuria and hyperphosphaturia, suggest the need for
rigorous follow-up of mineral metabolism and appropriate replacement in these patients in the hope of restoring
bone health[46].
Transplant recipients: Liver transplant effects on bone
can be divided in two parts. First, the liver disease that resulted in the need for a transplant in of itself will result in
decreased bone mineral density as discussed above. The
second issue is that associated with the transplant itself, in
particular the medications used. Thus, these patients tend
to have extensive problems related to their bones[47-52].
The reported excellent response to bisphosphonates may
suggest that the major pathogenic contributor is an increase in bone resorption due to treatment and immune
suppression[48,52].
Non alcoholic fatty liver disease: There is only data on
BMD but no evaluations of bone biopsies, which suggest a
doubling of osteoporosis risk in men in the presence of fatty liver changes[53]. In women, the data are inconclusive[54,55].

ROLE OF THE LIVER IN BONE
REMODELING

Insulin-like growth factor family
IGF-Ⅰ is produced by osteoblasts and by the liver[56,64].
It binds to IGF binding proteins, which consists of a set
of 6 regulatory proteins that can enhance or diminish its
functional effects. The third component is an acid labile
subunit that binds to IGF-Ⅰ and hence prolongs its half
life in serum[7]. IGF-I is diminished with aging and in
patients with liver disease[7]. These two populations have
a higher incidence of osteoporosis making this system a
candidate for mediating bone loss in patients with chronic
liver diseases. Much insight was gained from studies in
various genetic models affecting this system in mice. Most
importantly, these studies unequivocally established a role
for circulating IGF-Ⅰ in affecting bone health[56,65]. While
restoration of circulating IGF-Ⅰ in the absence of IGFⅠ in osteoblasts normalized bone mechanical properties
and morphology in adults, increasing circulating IGFⅠ by three fold in the presence of normal osteoblast
IGF-Ⅰ production resulted in improved mineral density
by 18% in adulthood[65]. Further, studies using low dose
IGF-Ⅰ seem to suggest a beneficial effect on bone mineral density[66]. However, because of the complexity of
the IGF system, its role in increasing bone resorption and
its involvement in glucose metabolism it failed to become
established as a therapeutic regimen[7]. This is unfortunate,
because patients with osteoporosis associated with liver
disease might have benefitted from the development of
this therapeutic option.

The liver controls many processes in the healthy individual. It produces a large number of proteins, some of which
have been documented to affect bone health such as IGF[56]
[57-59]
. It can respond to bone-active
Ⅰ and fibronectin
hormones by producing cytokines such as PTH induction
of liver interleukin-6 (IL-6)-production[60], and it can even
metabolize various bone-active molecules therefore shortening their half life, affecting their circulating levels or
activity such as osteocalcin[61].

EXAMPLES OF PROTEINS PRODUCED
BY THE LIVER AND AFFECTING BONE
THROUGH THE CIRCULATION
Factors implicated in inducing bone loss in liver disease
are listed in Table 3 and discussed below.
Fibronectin
Fibronectin is a large molecule produced by almost all cell
types in humans. The osteoblasts produce fibronectin at
the same time that collagen is produced as they lay down
the matrix during bone formation[57]. Once mineralized,
this matrix represents the new bone. Fibronectin is also
produced in large amounts by the liver; it moves from
there into the blood stream and circulates at a concentra-
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a modification of this system is unlikely to provide any
therapeutic benefits with regard to bone health in patients
with liver disease.

Table 3 Factors implicated in inducing bone loss in liver
disease
Fibronectin (plasma and oncofetal forms)
IGF-Ⅰ
RANKL/OPG
IL-6
Sex hormones
Bilirubin
Vitamin D metabolism
Corticosteroid therapy

IL-6 family of cytokines: This family includes among
others, IL-6 and IL-11. IL-6 is produced by osteoblasts
and can either directly activate the osteoclasts or stimulate the osteoblasts to produce RANKL and thus indirectly activate the osteoclasts[71]. Its effects seem to be
counteracted by IL-11 at the bone[72]. In the osteoblasts
its role is not clear, with some studies showing inhibition
of differentiation in vitro[73] and others showing stimulation[74-76]. In the liver, IL-6 is upregulated after injury and
results in the acute phase response and liver regeneration.
Since any type of liver injury is also associated with the
attempt at regeneration, IL-6 is essentially upregulated in
all types of liver disease[77,78]. This increase will eventually
result in activation of the osteoclasts and increased bone
resorption. Indeed, inhibiting the IL-6 receptor in mice
blocks osteoclast resorption[79]. A humanized antibody
against IL-6 receptor has already been approved for the
treatment of rheumatoid arthritis but has not been tested
in liver disease[80].

IGF-Ⅰ: Insulin like growth factor-Ⅰ; IL: Interleukin; OPG: Osteoprotegerin; RANKL: Receptor-activator of nuclear factor kappa ligand.

Role of cytokines
The liver itself produces a variety of cytokines in response to bone active hormones, such as IL-6 production
in response to PTH. However, the diseased liver can also
produce a variety of cytokines, such as in chronic viral
hepatitis infection. Most of these cytokines, if able to get
to the bone can affect bone homeostasis. Two cytokine
systems will be discussed.
Receptor-activator of nuclear factor kappa ligand/
osteoprotegerin system: Parathyroid hormone is a key
molecule regulating calcium homeostasis. At the level
of the bone it is able to stimulate the osteoblasts to
form bone and the osteoclasts to resorb bone. Since the
osteoclast does not have a PTH receptor, the effect of
PTH on the osteoclasts is mediated by other molecules
produced in response to PTH on osteoblasts[67]. The best
known cytokines are receptor-activator of nuclear factor kappa ligand (RANKL) and osteoprotegerin system
(OPG). RANKL can directly activate the osteoclast leading to increased resorption, while osteoprotegerin acts as
a decoy receptor that binds RANKL and hence prevents
it from activating the osteoclast. An increase in RANKL
or a decrease in osteoprotegerin enhance bone resorption
and hence increase bone loss[68].
Patients with alcoholic and chronic liver disease have
an increase in RANKL and normal OPG in early disease
stages[69]. Thus, in non-cirrhotic patients the ratio of
RANKL/OPG was higher than in controls supporting
a role for increased resorption in these patients. In advanced stages however, RANKL was normal and OPG
was increased, resulting in reversal of the relationship.
This would suggest a decrease in bone resorption and
possibly an increase in bone formation[68]. A unifying
hypothesis would be that since RANKL is produced by
osteoblasts in response to PTH, the decrease in RANKL
reflects diminished osteoblast function. In addition, since
OPG is normally taken up by the liver, a decrease in liver
function might be associated with an increase in OPG
that has not been cleared away yet[70]. Why OPG does not
exert any substantial effects on bone mineral density in
patients with liver disease is probably due to the lack of
a molecule to inhibit in view of the lower than normal
RANKL values. Taken together, these data suggest that
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Sex hormones
Normal sex-hormone levels are required for healthy
bones. Despite the differential effects of estrogen and
testosterone on bone architecture, it is established that
hypogonadism or menopause are associated with accelerated bone loss due mostly to increased osteoclast
activity[81,82]. The liver is responsible for metabolizing sex
hormones and produces sex-hormone binding globulins.
This is exemplified by the development of gynecomastia
in men with liver cirrhosis in whom the change in sexhormone binding proteins effects a relative increase in estrogens in relationship to androgens[83]. However chronic
diseases are often associated with a change in the metabolism of estrogens with a decrease in degradation of weak
estrogen metabolites[84]. Since these estrogens are weak
they cannot overrule the estrogen deficiency associated
with menopause in women or affect enough protection in
men to overcome the liver disease-associated bone problems. In women, it has been established that estrogen
replacement is not contraindicated due to chronic liver
disease[85,86]. It should be noted however, that since orally
administered estrogen is to a large degree affected by a
first pass metabolism through the liver in healthy women,
the use of similar doses in women with liver disease may
result in higher circulating levels. For this reason a transdermal form of administration should be considered.
In men, the low testosterone levels have been associated
with a decrease in survival[87], presumably because of
the association between hypogonadism and severity of
chronic diseases. Nevertheless, testosterone replacement
can be associated with liver toxicity and increased risk of
hepatocellular carcinoma development. Because most
of the toxicity is due to first pass metabolism it is also
reasonable in men to use transdermal modes of delivery
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instead of oral administration[88]. The possibility of development of hepatic carcinoma seems minimal at best, but
nevertheless needs to be discussed with the patient[89].

and who will be treated for more than 4-12 wk with corticosteroids[36].
The use of penicillamine has been discussed above
(under Wilson disease). The use of ursodeoxycholic acid
improves cholestasis in patients with cholestatic liver disease, but neither improves nor worsens bone disease[95,100].
In the case of viral hepatitis[28] antiviral therapy increases
BMD by 3%-4% over 2 years. This increase takes place in
the responders, while BMD in non-responders remained
stable.

Bilirubin
Liver diseases are often associated with increased bilirubin levels. In vitro data have shown that bilirubin can
inhibit osteoblast proliferation[35]. There is some controversy on whether bilirubin elevations are associated with
decreased BMD, because advanced liver disease can be
associated with increased bilirubin levels, but also with
many more abnormalities which themselves can cause a
decrease in BMD[90,91]. In contrast, in patients with cholestatic autoimmune liver diseases there seem to be a relationship whereby increased bilirubin results in decreased
BMD and increased fracture risk[40]. The attempt at bulking advanced liver diseases with cholestatic autoimmune
liver diseases might have caused a problem in establishing
such a relationship[41]. At any rate, it has been established
in bone histomorphometry studies that chronic cholestatic liver disease leads to decreased bone formation[19]
associated with significantly decreased blood levels of
osteocalcin, a marker of bone formation[92,93].

Other players
A large number of modifiers exist, including malnutrition, muscle wasting, low body mass index, all of which
are affected in sick patients and will result in lower bone
density and increased risk for fractures as occurs in the
general population[101-103]. Genetic factors have also been
examined including polymorphisms of the vitamin D
receptor (VDR)[104-107], collagen α1(I) (COL1A1)[107-110],
IGF-I, IL-1 receptor antagonist (IL1RA), and estrogen
receptor-α (ERα)[108]. Conflicting data exist for VDR
and Col1A1, no association with IGF-1 or IL1RA, and
increased risk for osteoporosis in the presence of polymorphisms in ERα. Another potential player is homocysteine, which is elevated in liver disease[111]. It is detected
in bone, and mostly indirect evidence suggests effects on
osteoblasts, osteoclasts and collagen crosslinking[112-114].
Some studies reported a relationship between increased
homocysteine levels and increased fracture risk, while
others reported only a relationship between increased circulating homocysteine levels and decreased bone mineral
density[115,116]. Finally, abnormalities in cytokines include
an increase in colony stimulating factor-1, which stimulates osteoclasts and bone resorption[117], tumor necrosis
factor, which also stimulate bone resorption[118-121], and
IL-17[122]. Leptin production is increased in fibrosing diseases of the liver[123] and in patients with chronic hepatitis
C[124]. In cholestatic liver disease it is diminished, presumably because of the poor nutritional status[125,126].

Vitamin D metabolism
Vitamin D3 becomes hydroxylated in the liver to D 25
before the kidney forms the active metabolite vitamin D
1,25, which increases calcium resorption in the gastrointestinal tract, osteoclast-mediated bone resorption, and
osteoblast-mediated mineralization[94]. A decrease in vitamin D 25 is a reflection of diminished liver function or
malnutrition. However, liver disease has to be advanced
in order for vitamin D metabolism to become compromised[95,96]. Another issue is that in liver disease bile production is hampered leading to a decrease in fat absorption and a resultant abnormal uptake of vitamin D[95].
Indeed, 92% of patients with liver disease have some
degree of vitamin D deficiency[97]. This is reflected in decreased calcium resorption (which depends on adequate
levels of vitamin D), and a resultant need to maintain calcium in the blood by activating bone resorption. The net
result is bone loss[97]. It therefore should be kept in mind
that normalization of mineral metabolism is the first step
to improve bone health in patients with liver disease.

TRANSLATING THE INFO INTO A
DIAGNOSTIC REGIMEN
Based on the prevalence of osteoporosis in patients with
liver disease and the increased risk for fractures it seems
reasonable to exclude contributing factors to osteoporosis and measure BMD in all patients with liver disease.
The following steps are cheap but can have a major impact on bone health in these patients (Table 4).

Side effects of treatments used in the therapy of various
liver diseases
The most important one seems to be the use of corticosteroids, which itself inhibits the osteoblasts, diminishing bone formation, but also interferes with vitamin D
metabolism and calcium absorption[98,99]. Therefore the
need to supplement all patients receiving any amount of
corticosteroids with 1000 mg of supplemental calcium
and 800-1000 IU of supplemental vitamin D has been
increasingly recognized[36]. Since this will only counteract
some of the effects of corticosteroids on bone it has
been proposed to add bisphosphonate therapy in patients
at medium or high risk for the development of fractures
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Vitamin D status
A measurement of Vitamin D 25 can be performed and
should be used to determine whether vitamin D replacement is needed. In patients with liver cirrhosis, osteoporosis or those receiving corticosteroids moving to calcium
and vitamin D supplementation even without testing
seems reasonable.
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Table 4 Diagnostic testing

Table 5 Therapy

Vitamin D (not needed if supplementation contemplated)
Calcium (to exclude endocrine problems)
Bone mineral density measurement (particularly if considering
corticosteroid therapy)

All patients
Vitamin D supplementation
Calcium supplementation
Depending on the general condition and confounding problems
Consider Bisphosphonate therapy, especially in patients receiving
corticosteroids)

Calcium level in the circulation
Normally the body maintains circulating calcium levels at
the expense of bone calcium. The evaluation of calcium
levels is therefore not mainly in order to detect hypocalcemia due to vitamin D deficiency, which should not be
found in a patient receiving medical care for liver disease,
but to detect cases of hypercalcemia due to primary
hyperparathyroidism, which is more prevalent in older
women at 2.1% vs 0.3% in the general population, and
result in bone loss[127]. Treatment of hyperparathyroidism
is then indicated.

tion[128]. Unfortunately no data exist on its efficacy in
patients with liver disease. Another option would be the
administration of GH or IGF-Ⅰ. Because GH levels
tend to be normal and a beneficial effect was only shown
in GH-deficient states this is not a viable option[129]. The
administration of IGF-Ⅰ seems beneficial in rats, but no
studies exist in humans on the use of IGF-Ⅰ[130]. Strontium ranelate is also an option that has not been studied
in patients with liver disease[131]. There are, however,
reports of liver abnormalities that developed after treatment with strontium ranelate[132]. Since the Wnt-signaling
pathway is activated in osteoblasts during bone formation, indirectly activating this pathway (by neutralizing the
endogenous inhibitors) results in increased bone formation. One such molecule is an antibody to sclerostin, and
is currently under investigation in humans, but data on
patients with liver disease will not be available in the near
future[130].

Bone mineral density measurement
Due to the overall risk of osteoporosis and fractures
in this patient population it seems reasonable to evaluate bone mineral density at least once in patients with
chronic liver disease. Patients with density 2.5 standard
deviation below peak bone mass should then be evaluated and treated based on the guidelines available for the
normal population. Patients with liver disease and osteopenia [BMD 1-2.5 SD below peak bone mass] should
be viewed as a high risk population and therapy should
be more aggressively contemplated than in the normal
population. Patients receiving corticosteroids should also
undergo a BMD measurement, supplementation with
calcium and vitamin D, and the option of therapy with
a bisphosphonate should be discussed with them. Due
to the increased risk of fractures that is independent of
BMD measurement it might be worthwhile to consider
evaluating the risk based on FRAX algorithms and then
making a decision for therapy if the patient does not
wish to perform a bone mineral density measurement.

Inhibition of osteoclast resorption
The currently available inhibitors are bisphosphonates
and RANKL antibody. There are some studies looking at
the use of bisphosphonate in patients with liver disease
but none on the use of RANKL antibody, despite the
potential for its use. The benefit of these medications
even in cases in which bone formation is inhibited and
bone resorption is not increased was documented. This is
because bisphosphonates decrease remodeling and hence
diminish the normal bone loss associated with aging. This
occurs at the expense of loss of the rejuvenating function
of remodeling required for the repair of microfractures
and matrix structural abnormalities that accumulate over
the years. Nevertheless, despite this theoretical disadvantage, the few studies that looked at the use of bisphosphonate in cholestatic liver disease showed an improvement in BMD and a decrease in fracture rates[48,52,106,133,134].
Hormone replacement therapy could be considered in
postmenopausal women. Raloxifene has been tested as
well as calcitonin in small studies, but in view of currently
available data on bisphosphonates, it seems reasonable to
consider these as a second line therapy[135-137].

SUMMARY OF THERAPEUTIC
IMPLICATIONS
The evidence points to a decrease in bone formation and
in some cases an increase in bone resorption. The therapeutic options have increased in recent years but compared to other disease entities remain limited (Table 5). In
addition to calcium and vitamin D supplementation the
current options are available:
Stimulation of osteoblast function
The best therapeutic intervention would be to improve
liver function and hence diminish the inhibitory signals
(oFN and bilirubin) and increase the stimulating signals
(IGF-Ⅰ) originating from the liver. Parathyroid hormone
administered intermittently has been shown to stimulate
bone formation to a larger degree than bone resorp-
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CONCLUSION
Liver diseases are associated with bone loss that is due to
decreased bone formation or increased bone resorption
depending on the etiology of liver disease. This is associated with increased fracture risk. Factors related to the
role of liver in bone health are also involved in mediating
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the bone loss. Bone loss in liver disease is an important
yet neglected disease entity that should be addressed in
all patients with chronic liver disease. A minimum of
vitamin D and calcium supplementation should be complemented by evaluation of bone density and treatment
based on the guidelines set for patients at moderate to
high risk in the general population.
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Core tip: Helicobacter pylori (H. pylori ) infection, nonsteroidal anti-inflammatory drugs (NSAID) or low dose
aspirin use independently increases the risk for the development of peptic ulcer disease. In clinical practice,
the presence of H. pylori infection associated with low
dose aspirin and/or NSAID use in the same patient is
becoming more frequent and therefore the potential interaction between these factors and the consequences
of it has important implications. In real clinical practice,
we can find different clinical scenarios involving these
three factors associated with the presence of different
gastrointestinal and cardiovascular risk factors. These
huge variety of possible combinations greatly hinder
the decision making process of physicians.

Abstract
Previous reports clearly demonstrated that Helicobacter
pylori (H. pylori ) infection, nonsteroidal anti-inflamma-

tory drugs (NSAID) or low dose aspirin (ASA) use significantly and independently increased the risk for the
development of peptic ulcer disease. Today, the presence of H. pylori infection associated with low dose ASA
and/or NSAID use in the same patient is becoming more
frequent and therefore the potential interaction between
these factors and the consequences of it has important
implications. Whether NSAID intake in the presence of H.
pylori infection may further increase the risk of peptic ulcer carried by the presence of only one risk factor is still
a matter of debate. Studies on the interaction between
the two risk factors yielded conflicting data and no consensus has been reached in the last years. In addition,
the interaction between H. pylori infection and low-dose
ASA remains even more controversial. In real clinical
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INTRODUCTION
Helicobacter pylori (H. pylori) infection, NSAID or low dose
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aspirin (ASA) use independently and significantly increases the risk for the development of peptic ulcer disease. In
a systematic review, the reported pooled relative risk for
traditional NSAID-related gastrointestinal (GI) bleeding
was 4.50 (95%CI: 3.82-5.31)[1]. In addition, meta-analysis
published in 2006 of 14 randomized, placebo-controlled
trials showed a relative risk of 2.07 (95%CI: 1.61-2.66)
for major GI bleeding attributable to low-dose ASA
when compared with placebo[2]. Finally, the association
between H. pylori infection and the relative risk of peptic ulcer bleeding was further studied in a meta-analysis
which confirmed that H. pylori infection increased the risk
of ulcer bleeding (OR = 1.79)[3]. Today, in clinical practice, the presence of H. pylori infection associated with
low dose ASA and/or NSAID use in the same patient
is becoming more frequent and therefore the potential
interaction between these factors and the consequences
of it has important implications. Whether NSAID intake
in the presence of H. pylori infection may further increase
the risk of peptic ulcer carried by the presence of only
one risk factor is still a matter of debate. Studies on the
interaction between the two risk factors yielded conflicting data and no consensus has been reached in the last
years[4]. In addition, the interaction between H. pylori infection and low-dose ASA use is complex poorly defined
and remains even more controversial[5]. In real clinical
practice, we can find different clinical scenarios involving
these three factors associated with the presence of different GI and cardiovascular risk factors. These huge variety
of possible combinations greatly hinder the decision
making process of physicians. In this review we present
current knowledge on the upper GI risk associated with
NSAID and/or low-dose ASA use and H. pylori, and discuss the expanding clinical data on H. pylori infection and
eradication in NSAID and low-dose ASA users. Finally,
we review current consensus recommendations.

ous life-threatening events. From a clinical point of view,
NSAID-related upper GI adverse events could be categorized in different types depending on the consequences
for the patients:
Symptoms like dyspepsia, nausea, vomiting, abdominal
pain and heartburn are the most frequent side GI effects associated with NSAID intake, and can be present
in up 40% of NSAIDs users[10]. Sadly, about 50%-60%
of patients with complications will not have predictive
warming signs or symptoms[11] and conversely, as many as
50% of patients with dyspepsia have normal-appearing
mucosa[12].
NSAIDs related gastroduodenal injury with unclear
clinical significance
This damage occurs in 30%-50% of patients taking
NSAIDs but most lesions are asymptomatic [9]. Only
15%-30% of NSAIDs users have endoscopically confirmed GI ulcers[12].
Symptomatic ulcers and GI complications (GI bleeding,
ulcer perforation and obstruction)
Approximately 1%-1.5% of patients will develop GI
complications in the first year of treatment[13-16] and when
symptomatic ulcers are included this figure rises up to
4%-5%[17].
Mortality
In the different population based surveys regarding allcause upper GI bleeding, mortality ranges between 3%
and 14%. In a systematic review, Tramér et al[18] reported
a mortality rate for NSAID exposure of more than 2 mo
as high as 12% in 11000 cases of GI bleed or perforation,
although there was a large variation Therefore mortality
data associated with NSAIDs treatment are still scant[19].
It is important to note that the increase in NSAID consumption or the introduction of potent antisecretory
medications has not affected the long-term downward
trends of ulcer mortality. In Spain, in the year 2001,
50114 GI bleeding events were reported with 18191 GI
complications and 1022 deaths attributed to aspirin or
other NSAIDs use. The mortality rate in this study[20]
was estimated as 15.3 deaths/100000 NSAID/aspirin
users. However, this lower rate estimate could be due to
fact that both NSAIDs associated GI complications have
been decreasing in recent years. It is also important to
highlight that recent data indicate that most PUB-linked
deaths are not direct sequelae of the bleeding ulcer itself.
Instead, mortality derives from multiorgan failure, cardiopulmonary conditions, or terminal malignancy, suggesting that improving treatments of the bleeding ulcer may
affect mortality very little[21].
The GI risk factors for NSAID induced ulcer complications are widely reported[22], but not all risk factors are
equally important. Patients with a previous ulcer bleeding
are at the highest risk[22,23]. GI risk factors also include
patients older than 65 years, a previous ulcer history, and
concomitant use of NSAIDs with anticoagulants, and

NSAID-related gi damage
It has been estimated that over 30 million people consume NSAIDs worldwide and the per capita consumption averages 278 prescriptions per 1000 patient[6]. In
Europe, NSAIDs represents more than 7.7% of all prescriptions and probably these figures are underestimated
because of over-the-counter use is not included[7]. In
2004, a total of 111 million NSAID prescriptions were
written in the United States[8], and it is expected that
the use of NSAIDs will increase because the incidence
of rheumatic diseases also is growing. NSAIDs have
emerged as one of the most important cause of peptic
ulcer complications in many developed countries where
the incidence of H. pylori-related ulcer is rapidly declining.
NSAIDs injure the whole gut by causing topical injury to
the mucosa and/or systemic effects associated with mucosal prostaglandin depletion derived from COX-1.
From an endoscopic point of view, NSAIDs produced a wide range of lesions including petechia and
erosions with little clinical consequences[9] to more seri-
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aspirin or clopidogrel[24,25].

ing. A case-control study of hospitalizations for bleeding
ulcer revealed that low-dose ASA alone was associated
with an adjusted OR of 3.3 (2.5-4.4), while the combination of low-dose ASA plus an NSAID had an OR of 7.7
(3.6-16.4)[29]. In another case-control study[40] of hospitalizations for bleeding peptic lesions, NSAID plus low-dose
ASA use also increased the risk when compared with low
dose ASA alone [OR = 3.8 (1.8-7.8)]. Although H. pylori
is a frequently reported risk factor for upper GI bleeding
in aspirin users, the real effect of H. pylori eradication on
reducing the risk of bleeding remains unclear and we are
going to discuss it in the next paragraphs.

LOW-DOSE ASPIRIN RELATED GI
DAMAGE
Today, low dose ASA, commonly defined as 75-325 mg
daily, is one of the most widely used drugs in the world
and the cornerstone of therapy for cardiovascular disease[26]. One survey suggested that over one-third of the
United States adult population use low dose ASA regularly[27]. In England in 2007, over 30 million primary care
prescriptions were issued for low dose ASA[28]. Guidance
from the American College of Cardiology Foundation
Task Force on Clinical Expert Consensus Documents
state that low dose ASA is associated with a two to four
fold increase in GI adverse events, increasing with concomitant medication use[29-31]. Low dose ASA is associated with a wide range of side effects in the upper GI
tract, including ulcers, GI bleeding, perforation and even
death[32]. Gastro-oesophageal reflux and dyspeptic symptoms seem to be the most frequent low dose ASA related
symptoms[30,33]. Low dose ASA users can also develop
mucosal injury through the whole GI tract even at very
low doses. However, low dose ASA related mucosal lesions developed more frequently in upper GI tract. This
mucosal damage includes petechiaes, ecchymosis, erosions and ulcers[34]. Endoscopically-controlled studies have
shown that the prevalence of erosions in gastroduodenal
mucosa in low dose ASA users is about 60%[35,36]. One
recent study of 187 patients taking low dose ASA without
gastroprotective drugs showed that ulcer prevalence was
11% (95%CI: 6.3%-15.1%) and ulcer incidence in patients
followed for 3 mo was 7% (95%CI: 2.4%-11.8%)[30], identical figures to ulcer incidence were found by Laine et al[37]
in patients who were taking enteric-coated low dose ASA.
The main clinical problem occurs when an ulcer erodes a
vessel and starts bleeding or, less commonly, perforates.
American College of Cardiology Foundation Task Force
on Clinical Expert Consensus Documents state that low
dose ASA is associated with a 2-4 fold increase in symptomatic or complicated ulcer, increasing with concomitant
medication use[29-31]. Death is the worst outcome of GI
complications, but mortality data associated with low
dose ASA use are scarce. A nationwide study in Spain
of mortality associated with hospital admission because
of GI complication events found an aspirin-associated
death rate of 24.8 cases per 1000000 people[20]. Low-dose
ASA use was responsible for between 8.2% and 12.2%
of all complications and deaths. There are some factors
that put patients on low dose ASA treatment at increased
risk of upper GI complications. The most important
risk factors include a history of an ulcer a history of a
bleeding ulcer[29], age > 70 years[35], H. pylori infection
and concomitant drug therapy with NSAIDs, cyclooxygenase-2 (COX-2) inhibitors, other antiplatelet agents
(clopidogrel) or anticoagulants[29,38,39]. Multiple risk factors
have a cumulative effect on complications; not all patients
who take ASA are at the same risk of upper GI bleed-
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Role of H. pylori infection in peptic ulcer disease
H. pylori is one of the most common chronic bacterial
infections in humans, with almost 50% of the world
population infected[41]. The prevalence rates of H. pylori
infection are highly inconsistent worldwide. Recent international studies have shown that H. pylori prevalence
varies from 7% (in Czech population)[42] to 92% (in Pakistani population)[43], finding lower prevalences in North
America and in Western European countries. At any rate,
there is now evidence that H. pylori infection prevalence is
declining during the last few decades in both developing
and developed nations.
It is well known that acidic environment of human
stomach is the ideal environment to H. pylori. The influence of H. pylori on gastric pH is not simple, depends on
severity and phenotype of the induced gastritis. Acute
infection leads to a transient hypochlorhydria, which
facilitates the survival of bacteria and helps in its colonization of the stomach[44,45]. However, chronic infection
may be associated with both, hypochlorhydria and hyperchlorhydria, depending on distribution of inflammation[46,47]. Most of chronically infected patients manifest
a corpus predominant gastritis and produces decreased
amounts of acid that non infected stomachs. With time,
loss of oxyntics glands occurs, resulting in an irreversible
achlorhydria, intestinal metaplasia, dysplasia and even
cancer. Therefore, it is not surprising that patients with
gastric ulcers have normal o decreased acid production.
Conversely, some chronic infected patients have antral
predominant gastritis with high gastric acid output[48].
This hyperacidity might predispose to gastric metaplasia
of duodenal mucosa and it allows H. pylori colonization
of duodenum and further propagate duodenal ulceration.
Normally, patients with duodenal ulcers have increased
acid output.
Although most infected patients remain asymptomatic, H. pylori infection predisposes to peptic ulcer disease
(PUD), gastric carcinoma and mucosa-associated lymphoid tissue lymphoma.
In a recent meta-analysis that evaluated the current
global incidence and prevalence of PUD over the last
decade by systematic review of 18 large population based
studies from mainly Western countries, the 1-year inci-
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dence rates of PUD were 0.10% to 0.19% for physiciandiagnosed and 0.03% to 0.17% when based on hospitalization data[49]. There is not doubt that H. pylori infection
plays an important role in the occurrence of this PUD.
In early studies it was estimated that H. pylori was responsible for up to 95% of all gastro-duodenal ulcers[50], but
more recent studies have found the prevalence of H.
pylori in patients with PUD to range from 36% to 73%,
depending on several factors: geographic location, socioeconomics level, etc.[51,52].
PUD can lead to serious complications including
acute upper GI bleeding and perforation. The mortality from these complications ranges between 4% and
30%[53]. There are discrepancies concerning time trends
of hospitalizations owing to complicated ulcers. Generally, studies that reported decreasing peptic ulcer bleeding
rates are more recent and are populations based. In this
regard, it is interesting a Spanish study by Lanas et al[54]
published in 2011. Authors showed that the incidence per
100000 person-years of hospitalizations due to upper GI
ulcer bleeding and perforations decreased over time [from
54.6 and 3.9 in 1996 (r2 = 0.944) to 25.8 and 2.9 in 2005
(r2 = 0.410) respectively], being bleeding peptic ulcer the
most common cause of upper GI bleeding. A recent
systematic review of 71 articles, including 8496 patients
showed that the mean prevalence of H. pylori infection in
peptic ulcer bleeding was 72 %[55]. This prevalence varied
based on geographic area, gastrolesive drugs use, age of
patients, and time and diagnosis test used.
It is now well known that H. pylori eradication improves peptic ulcer healing and reduce risk of ulcer
bleeding recurrence. In 2001, Leodolter et al[56], published
a meta-analysis (included 24 trials) that found that the 12
month ulcer remission rate was 97 and 98% for gastric
and duodenal ulcer respectively in patients with successfully eradicated infection, vs 61% and 65% in patients in
whom infection persisted. Another meta-analysis compared eradication of infection with ulcer healing treatment (ranitidine or omeprazole) to prevent recurrent
ulcer bleeding. Treatment of H. pylori infection reduced
recurrent bleeding by 17% compared with ranitidine for
16 weeks or omeprazole for 2 wk and by 4% compared
with ranitidine or omeprazole for 1-2 years[57]. A more
recent Cochrane Database meta-analysis that included
56 trials found that in duodenal ulcer healing, eradication
therapy was superior to ulcer healing drug and no treatment[58]. In gastric ulcer healing, no significant differences
were detected between eradication therapy and ulcer healing treatment. In preventing duodenal and gastric ulcer
recurrence no significant differences were detected between eradication therapy and maintenance therapy with
ulcer healing drugs, but eradication therapy was superior
to no treatment.
Concerning duodenal ulcer perforation, the data
showed by a recent systematic review and meta-analysis,
that the simple closure surgery method plus H. pylori
eradication is better than operation plus antisecretory non
eradication therapy for preventing ulcer recurrence[59].
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Interaction between H. pylori infection and NSAID/Low Dose ASA
use
NSAIDs, low dose ASA and H. pylori infection damage
the gastric mucosa by different or shared mechanisms
than can result in a synergist or antagonist effect.
Interaction between H. pylori infection and NSAIDs use
mechanisms of upper gi damage with NSAIDs
and h. pylori infection: NSAIDs damage the gastric
mucosa by two broad mechanisms, a systemic effect
due to inhibition of the enzyme cyclooxigenase-1 and
consequent depletion of prostaglandin synthesis and
also through a direct topical injury. Topical damage is
initiated because most of NSAIDs are weak acids. Due
to a low dissociation constant, which varies according
to the particular agent, these weak acids remain in their
non-ionized lipophilic form in the highly acidic gastric
lumen. Such conditions favour migration through the
gastric mucus across plasma membranes and into surface
epithelial cells, where NSAIDs are dissociated into the
ionized form, resulting in trapping of hydrogen ions that
induced mucosal damage. However, the systemic effects
of NSAIDs on the gi mucosa have apparently the predominant role. NSAIDs inhibit cyclo-oxygenases (COX),
and the biosynthesis of prostaglandins. COX-1 derived
prostaglandins play an important protective role in the
gut by stimulating the synthesis and secretion of mucus
and bicarbonate, increasing mucosal blood flow and promoting epithelial proliferation. When NSAIDs inhibit
this enzyme create a gastric environment that is more
susceptible to damage induced by other endogenous
or exogenous factors, like H. pylori. On the other hand,
H. pylori infection also decreases mucosal blood flow,
induced apoptosis and produces a local inflammatory
response and may render the mucosa more susceptible
to damage induced by other factors such as NSAID or
ASA. The interaction of mechanisms between these two
factors is not well understood. A decrease in the viscosity of mucus or the effect on gastric pH associated with
hypo or hyperchlorhydria depending on the phenotype
of the induced H. pylori-induced gastritis have been proposed to explain the variability of effects reported by
the interaction of H. pylori infection and NSAID or ASA
gastroduodenal mucosal damage[46,47]. From a pathophysiologic point of view, it has been suggested that H. pylori
infection could protect against, and even accelerating
the healing of NSAID induced ulcers as a result of acid
suppression favored by H. pylori induced pangastritis, especially in the presence of proton pump inhibitors[60,61].
This hypothesis however has not been confirmed by clinical studies. An interesting discovery related to the gastric
injury induced by NSAIDs is an increase in mucosal tolerance or adaptation to this damage that developed with
their more prolonged administration. This adaptation
has been first demonstrated in rats[62] and then confirmed
in human. Several studies[63,64] revealed that intragastric
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aspirin when administered repeatedly induces acetylation
of COX-2 which is upregulated during continued treatment with this NSAIDs resulting in the local generation
of 15-(R)epilipoxin A4. This lipoxin exterts gastroprotective effect in the gastric mucosa and was also implicated
in the enhanced gastric mucosal resistance to aspirin
induced damage in animal model. H. pylori is though to
worse this adaptation via mechanism involving oxygen
and pro-inflammatory mediators[65].

0.20-0-93 ). Sub-analysis of these data showed that eradication was significantly effective when performed in
NSAIDs naïve users (OR = 0.26, 95%CI: 0.14-0.49), but
is not so effective in chronic users (OR = 0.95, 95%CI:
0.53-1.72). Regarding data on ulcer complications, eradication was significantly effective to prevent ulcer bleeding
in those patients. None of eradicated patients (332) vs
four of non eradicated patients (340) presented a bleeding ulcer (OR = 0.13, 95%CI: 0.02-0.92). In 2012, Tang
et al[67] developed a meta-analysis with a similar objective
than Vergara´s meta-analysis. The analysis of data of
seven randomized controlled studies showed that 6.4%
and 11.8% of NSAIDs users, with and without eradication treatment, respectively, developed PUD (OR = 0.50;
95%CI: 0.36-0.74). This preventive effect was also more
significant in NSAIDs naïve takers (OR = 0.26, 95%CI:
0.14-0.49) than in chronic users (OR = 0.74, 95%CI:
0.46-1.20).

role of NSAID and h. pylori infection in peptic
ulcer disease development: It is widely accepted that
the risk of NSAID-induced ulcers varies according to
the presence of some host risk factors like advanced age,
comorbility, co-prescription of other drugs, history of
peptic ulcer, and H. pylori infection.
It has been established that the presence of both,
H. pylori infection and NSAID use, increases the risk of
uncomplicated and complicated PUD. Huang et al[3] published in 2002 an interesting meta-analysis that included
data from 25 observational studies and evaluated the role
of these risk factors in the development of PUD. They
showed that uncomplicated PUD was significantly more
common in NSAID users with H. pylori infection than in
those without infection and also was significantly more
common in NSAID takers than in controls, irrespective
of H pylori infection. When the comparison was between
NSAIDs users with H. pylori infection and individuals not
taking NSAIDs and without infection, the risk of PUD
in the patients with both risk factors was 61.1 (9.98-373).
Data analysis showed that H. pylori infection increased
the risk of PUD in NSAIDs users 3.53 folds in addition
to the risk associated with NSAID use (OR = 19.4) and
use of NSAID increased the risk of PUD 3.55 fold in
H. pylori positive patients in addition to the risk associated with H. pylori infection (OR = 18.1). It is important
to note that the extremely large odds ratios seen in the
comparisons between control populations might have resulted from a zero event rate in H pylori negative controls.
Also, they evaluated the prevalence of H. pylori infection
and NSAIDs use in 893 patient with bleeding ulcer and
1002 controls without bleeding. H. pylori infection and
NSAIDs use increased the risk of ulcer bleeding 1.79
fold and 4.85 fold, respectively. If both risk factor were
present the risk increased to 6.13. Therefore, with this
evidence, we can summarize that both, H. pylori infection
and NSAIDs use, are independent risk factor for development of complicated and uncomplicated PUD, and
probably, both have a synergistic effect.

Role of H. pylori eradication in the secondary prevention of pud in NSAIDs users: Although the data
summarized above suggest a beneficial effect of H. pylori
eradication in the prevention of PUD, one of the remaining key issues is whether the effect is sufficient to prevent
PUD in NSAIDs users at higher risk as those with history of prior ulcer[68].
Chan et al[22] have developed two very interesting studies in which they try to provide evidence on this key issue. In the first study, published in 2001, they examined
ulcer reebleding in NSAID or low dose ASA users with
history of upper GI bleeding and who were infected with
H. pylori. They enrolled 150 NSAIDs users with history
of prior ulcer which was healed with PPI (at least during
8 wk). After healing of ulcers patients were randomized to receive either eradication treatment or long term
maintenance PPI therapy. Treatment with PPI was more
effective in as much as the probability of recurrent bleeding, over 6 mo, was 18.8% for eradicated group vs 4.4%
for maintenance PPI therapy group (absolute difference
14.4%, 95%CI: 4.4-24.4%, p = 0.005). In the second
study, published in 2002, they evaluated the role of eradication in NSAIDs naïve users who had H. pylori infection
and prior history of dyspepsia or peptic ulcer. The rate
of endoscopic ulcers in the eradication group compared
with control group were 12% vs 34.4% (RR = 0.65; p =
0.0085) and the corresponding 6 month probabilities of
complicated PUD were 4.2% vs 27.1 % (RR = 0.85; p =
0.0026). With these data H. pylori eradication seems to be
insufficient to prevent ulcer recurrence in NSAIDs users.
In summary, current evidence suggests that, in
NSAIDs naïve users, eradicating H. pylori for both, primary and secondary prophylaxis can reduce effectively ulcer
risk, however, in those patients who are already long-term
NDAIDs users there is no clear benefit. Furthermore
H. pylori eradication seems insufficient to prevent ulcer
recurrence in NSAID users and PPI co-therapy has been
recommended as necessary for appropriate prevention in
this population. Treatment of both risk factors, eradica-

role of H. pylori eradication in the primary prevention of pud in NSAIDs users: Two recent metaanalysis have evaluated whether eradication of H. pylori
prevents PUD in NSAIDs users.
Vergara et al[66], in 2005, analyzed 5 studies that included 939 patients. The analysis of data showed that
7.4% of patients in the eradicated group developed a
PUD vs 13.3 % in the control group (OR = 0.43, 95%CI:
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crease of apoptosis of epithelial cells, and recruitment of
polymorphonuclear cells. And H. pylori also may further
aggravate this local injury by reducing viscosity of mucus
and impairing the gastric adaptation to prolonged use of
low dose ASA.
Low dose ASA inhibits selectively and irreversibly
of COX-1 that suppresses prostaglandin synthesis and
platelet production of thromboxane A2. This irreversible nature of COX-1 inhibition and its antitrombotic
effect is what differentiate low dose ASA from NSAIDs.
These differences may explain why low dose ASA is less
ulcerogenic than NSAIDs but, at the same time, increases
more the risk of bleeding from
pre-existing ulcers such
[5]
as those caused by H. pylori . Because of that, H. pylori
may have a more significant role in low dose ASA induced gastric damage than with other NSAIDs. And it is
important to note that, although H. pylori promote gastric
mucosa prostaglandin secretion by up regulating COX-2,
it is probably insufficient to counteract the potent prostaglandin inhibition by low dose ASA.

Table 1 Mechanisms of upper gastrointestinal injury with
Helicobacter pylori infection, low dose aspirin and non
steroidal anti-inflammatory drugs
Mechanism

LDA

NSAID

Prostaglandin/effect Selective and
Inhibition of
on COX enzyme
irreversible
both isoforms
inhibition of of COX enzyme
COX-1
(COX-1 and 2)
Gastric pH
Decrease
Decrease

PMN mediated
gastric mucosa injury
Gastric mucosal flow
Gastric adaptation to
LDA and NSAIDs

Increase

Increase

Decrease

Decrease

H. pylori
Increase/up
regulation
COX-2
Decrease or
increase or no
effect
Increase
Increase
Reduce

Adapted from reference [5]. LDA: Low dose aspirin; NSAID: Non steroidal anti-inflammatory drugs; H. pylori: Helicobacter pylori; PMN: Polimorphonuclear cells; COX: Cicloxigenase.

tion of infection and PPI treatment, is likely to afford
the greatest protection. The reasons for the differences
observed on the effects of H. pylori eradication between
NSAIDs naïve and chronic NSAIDs users are not clear,
but a plausible explanation has been proposed. Early epidemiological studies showed that the risk of ulcer complications with NSAID use is increased during the first
months. Initiation of NSAIDs treatment may precipitate
ulcer complications in H. pylori positive patients who are
susceptible to develop complication ulcers. Weeding of
these susceptible patients in the initiation of treatment
will select a group of chronic NSAIDs takers who can
tolerate these drugs irrespective of H. pylori. Because of
that, eradication seems to be more beneficial in NSAIDs
naïve patients than in chronic users.
Interaction between H. pylori infection and low dose
ASA use
Literature about interaction between H. pylori infection
and low dose ASA is scarce and also controversial.

role of low dose asa and h. pylori infection in
peptic ulcer disease development: A recent systematic review about the influence of H. pylori on upper GI
bleeding risk in low dose ASA users concluded that the
current data are insufficient to allow meta-analyses and
that no firm conclusion could be drawn on this issue[69].
Ten of 13 studies evaluated were cohort studies that
comprise heterogeneous group of patients whit different
dosages of ASA, different inclusion criteria and different
techniques to detect H. pylori. Moreover, the existing RCT
had a small sample size and short follow up.
Lanas et al[40] performed the first study that suggested
that H. pylori infection is a significant risk factor to upper
GI bleeding in low dose ASA takers (OR = 4.7; 95%CI:
2.0-10.9). In this case-control study, the prevalence of H.
pylori infection was 89.9% in cases of upper GI bleeding
vs 68.7% in controls (p = 0.0001). H. pylori was found to
be an independent risk factor for ulcer bleeding (OR =
4.7, 95%CI: 2.0-10.9).

mechanisms of upper gastrointestinal damage with
low dose asa and h. pylori infection: H. pylori and
low dose ASA exert their gastric damage through different mechanism that may interact in a synergistic or antagonistic manner (Table 1).
Low dose ASA increases gastric acidity by decreasing prostaglandin. The influence of H. pylori infection on
gastric pH depends on the severity and phenotype of the
induced gastritis like we have explained previously, and its
role in ASA induced injury will depend on its modulation
of gastric acidity. The different phenotypes of H. pylori
gastritis may contribute to contradictory data concerning its effect on gastric damage in low dose ASA takers.
Thereby it has been argued that H. pylori infection could
protect against low dose ASA induced ulcers. But, there
are other mechanisms through which low dose ASA
damages gastric mucosa: exposure of gastric epithelial
cells to luminal acid, reduction of mucosal blood flow, in-

Role of H. pylori eradication in the primary prevention
of pud in low dose asa users: Nowadays there are not
large studies that evaluate the effect of H. pylori eradication
in preventing PUD in medium risk low dose ASA users.
It is interesting a small randomized controlled trial
(RCT) developed by Giral et al[70] that included 32 patients
and evaluated the role of eradication of H. pylori in primary prevention previous to begin long term low dose
ASA treatment (300 mg). In this study, eradication of H.
pylori seemed to have a protective effect at 4 mo followup. In contrast, a recent cohort study that examined the
potential risk factors for the development of erosions in
long term low dose ASA users showed that H. pylori infection may be a protective factor against low dose ASA
induced gastric erosions due to the gastric acid reducing
effect of infection[71]. Gastric erosions appeared more
frequently and were more numerous in H. pylori negative patients compared to H. pylori positive patiens. At
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baseline, 48.5 % of positive H. pylori patients had gastric
erosions vs 66.4% in negative H. pylori patients (p = 0.17)
and at 3 mo 40% vs 64% (p = 0.029). It is important to
note, that although gastric erosions may be a precursor
to PUD, this endpoint is less clinical relevant that peptic
ulcer bleeding.
The ongoing HEAT (Helicobacter Eradication Aspirin Trial) study whose objective is to evaluate the role of
H. pylori eradication in low dose ASA users and the occurrence of peptic ulcer bleeding can provide quality evidence on the role of eradication of infection in primary
prevention of PUD in low dose ASA users.

which, according to author’s conclusion, would confirm
the hypothesis that H. pylori eradication is beneficial in
ASA users as secondary prevention strategy. However,
ASA users without current or past H pylori infections
who develop ulcer bleeding have a high risk of recurrent
bleeding (incidence of recurrent bleeding 5.22; 95%CI:
3.04-8.96). The study is of great interest, but the lack of
direct comparisons and the clinical differences between
the cohorts reduces the impact of the findings.
In summary, current evidence suggests that H. pylori
infection increases the risk of PUD (complicated and
uncomplicated ulcers) in low dose ASA users. Still, there
is insufficient evidence on the role of H. pylori eradication
in primary and secondary prevention in ASA users. H.
pylori eradication seems to reduce the risk of ulcer bleeding in high-risk low dose ASA users. In fact, the available
evidence suggests that H. pylori eradication is probably
as effective as long term maintenance PPI treatment in
secondary prevention of peptic ulcer bleeding in these
patients. In any case, the evidence is scant and comes
from studies with small sample size and short follow up,
and probably recommending not using maintenance PPI
treatment in the high risk patient with previous peptic
ulcer may be yet too risky. In average-risk low dose ASA
users, the role of H. pylori eradication is controversial.

Role of H. pylori eradication in the secondary prevention of pud in low dose asa users: Several studies have focused on the role of H. pylori eradication in
secondary prophylaxis of ulcers (uncomplicated and
complicated) and most of them have suggested an increased risk of upper GI bleeding in low dose ASA users
with H. pylori infection.
Chan et al[22] developed a RCT that evaluated the roles
of H. pylori eradication and long term maintenance PPI
as secondary prevention strategies in low dose ASA users who were H. pylori positive and had suffered upper
GI bleeding. After healing of ulcers cause bleeding with
PPI, patients were randomized to receive either eradication treatment or long term maintenance PPI therapy. At
6 mo follow up, the probability of rebleeding was comparable in both groups [1.9% in the eradication group
vs 0.9% in PPI group (absolute difference 1%; 95%CI:
1.9%-3.9%)].
Lai et al[72] performed a RCT that examined whether
long term maintenance PPI treatment provided some
benefit in preventing recurrent ulcer bleeding in long
term low dose ASA users who had already received H.
pylori eradication therapy; 1.6% (1/62) of patients who
were treated with PPI had a recurrent ulcer complication
vs 14.8% (9/61) in placebo group during a median follow up of 1 year. According to these data, treatment with
PPI, in addition to eradication, appears to reduce the rate
of rebleeding in those patients. However it is important
to note that 4 patients who had recurrent bleeding had
a relapse of H. pylori infection and 2 had taken NSAIDs
before recurrent complication.
Interestingly, the largest long-term prospective cohort
study has been published recently[73]. One of the points
of interest is that, unlike previous studies, the study has a
long follow-up period (patients were censored at the first
occurrence of ulcer bleeding, after 10 years of followup or death). They recruited a total of 904 low dose
ASA users that were divided into 3 cohorts: (1) H. pylori
positive ASA users with bleeding ulcers in which H. pylori
were eradicated; (2) H. pylori negative ASA users with
bleeding ulcers; and (3) new users of ASA without prior
peptic ulcer. None of the subjects received regular PPI.
The adjusted incidence of ulcer bleeding (cases per 100
patients-years) were not significantly different between
the H. pylori eradicated cohort (1.09; 95%CI: 0.61-1.98)
and the average risk cohort (0.67; 95%CI: 0.42-1.06),
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International guidelines statements
In this section, we summarize in a table (Table 2) the
statements and recommendations of the Maastricht Ⅳ/
Florence Consensus Report (2012)[74], Second Asia-Pacific Consensus Guidelines for H. pylori (2009)[75], American
College of Gastroenterology Guideline on the Management of H. pylori (2007)[76] and Ⅲ Spanish Consensus
Conference on H. pylori infection (2013) about H. pylori
eradication in NSAIDs and low dose ASA users (2013)[77].
The four revised clinical guidelines agree that H. pylori
infection and NSAIDs use are independent risk factors
for the development of PUD. Therefore, regardless of
whether or not a patient is taking NSAIDs or low dose
ASA, all patients with peptic ulcer should be tested and
when infected, treated for H. pylori. American Guideline
recommends cotherapy with a PPI in all NSAIDs users with history of complicated peptic ulcer. Asian and
European Guidelines recommend co-therapy in chronic
NSAIDs user with history of complicated ulcer, without
recommendations on naïve NSAIDs users, and Spanish
consensus recommends co-therapy according to risk factors.
European and Asian Guidelines recommend H. pylori
eradication before starting NSAIDs treatment. No clinical guidelines makes a firm recommendation on what
attitude to take to (chronic and naïve) low dose ASA and
chronic NSAIDs users without history of peptic ulcer.

New insights
Recently low-dose ASA has emerged as the most impor-
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Table 2 Summary of statements and recommendations of main international guidelines about Helicobacter pylori eradication in non
steroidal anti-inflammatory drugs and low dose aspirin users
Statements and recommendations
H. pylori infection is a risk factor of PUD in NSAIDs and low dose ASA users
Eradication of H. pylori infection reduces the risk of complicated an uncomplicated
gastroduodenal ulcers in NSAID and low dose ASA users
In NSAIDs naïve users, H.pylori eradication is beneficial. It is mandatory in patients with a
peptic ulcer history

Guideline/consensus

EL GR

Maastricht Ⅳ Consensus
American Guideline
Maastricht Ⅳ Consensus

EL: 2a GR: B

Maastricht Ⅳ Consensus
Ⅱ Asian-Pacific Guidelines
Ⅲ Spanish Consensus

In chronic NSAIDs users with history of peptic ulcer, eradication alone is insufficient to prevent
ulcer recurrence and/or bleeding. They require continued PPI treatment
In low dose ASA naïve users with peptic ulcer history, eradication of H. pylori infection is
indicated
In chronic low dose ASA users with a history of peptic ulcer, eradication of H. pylori infection is
indicated

The long-term incidence of peptic ulcer bleeding is low in low dose ASA users after receiving
eradication even in the absence of gastroprotective treatment

American Guideline
Maastricht Ⅳ Consensus
Ⅱ Asian-Pacific Guidelines
Maastricht Ⅳ Consensus
Ⅱ Asian-Pacific Guidelines
Ⅲ Spanish Consensus
American Guideline
Maastricht Ⅳ Consensus
Ⅱ Asian-Pacific Guidelines
Ⅲ Spanish Consensus
American Guideline
Maastricht Ⅳ Consensus

EL: 1b GR: A
EL: 1b GR: A
EL: 1a GR: A
EL: weak GR: low
EL: 1b GR: A
EL: 1b GR: A
EL: 2b GR: B
EL: 1b GR: B
EL: weak GR: low
EL: 2b GR: B
EL: 1b GR: B
EL: weak GR: low
EL: 2b GR: B

EL: Evidence level; GR: Grade of recommendation; PUD: peptic ulcer disease; ASA: Aspirin; NSAID: non steroidal anti-inflammatory drugs; H. pylori: Helicobacter pylori.

tant cause of PUB in Western countries. In addition, a
secondary analysis of cardiovascular trials showed that
daily use of ASA also reduces the risk of all cancers[78].
With increasing use of ASA for cardiac thrombosis diseases and cancer prevention due to the increase of elderly
population, the global burden of low dose ASA-related
PUD is expected to increase in the next years. Therefore,
last years most research efforts are focus on the interaction between H. pylori and low dose ASA use. Current
European and United States guidelines recommend test
and treat H. pylori infection in low dose ASA users who
are at risk of ulcer bleeding[21,31,74] Despite these guidelines, the long-term benefit of eradicating H. pylori in
high-risk ASA users is uncertain. Chan et al[73] recently
found that the long-term incidence of recurrent ulcer
bleeding with ASA use is low after H. pylori infection is
eradicated, however ASA users without current or past H.
pylori infections who develop ulcer bleeding have a high
risk of recurrent bleeding. On the other hand, PPI cotherapy should be given selectively to H. pylori eradicated
ASA users who use concomitant NSAIDs, anticoagulants, corticosteroids, or other antiplatelet drugs. They
hypothesize that most of the ulcers in H. pylori positive
ASA users were related to H. pylori alone. Therefore ASA
probably provoked bleeding from pre-existing H. pylori
induced ulcers. H. pylori eradication lead to mucosal integrity such that resumption of ASA was not ulcerogenic
enough to induce recurrent ulceration and bleeding. In
contrast, the H. pylori negative low dose ASA users represented a group of patients who were susceptible to the
GI toxicity of low-dose ASA. It is important to highlight
that this was not a randomized trial. Given the very low
incidence rate of ulcer bleeding, a long-term prospective cohort study may provide the best alternative to a
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randomized trial to address this important clinical question. In addition study cohorts were all ethnic Chinese so
that generalizability of study results to other populations
needs further evaluation.
There are a few studies of the association between
genetic polymorphisms and the risks of ASA/NSAID
induced ulcer or bleeding. A recent Japanese study[79]
indicated that the number of COX-1-1676T alleles was
a significant risk factor for peptic ulcer in NSAID users.
Carrying the CYP2C9 variants is reported a significantly
increased risk of NSAID-related GI bleeding[80,81]. The
polymorphisms of interleukin-1β (IL-1β)[82] and tumor
necrosis factor-α (TNF-α)[83] have been associated with
development of peptic ulcer. In a recent investigation,
carriage of the IL-1b-511 T allele was significantly associated with peptic ulcer among low-dose ASA users.
Recently, one study from Japan[84] showed that SLCO1B1
1b haplotype may identify patients at increased risk for
aspirin-induced peptic ulcer. Data on which polymorphisms are significant risk factors for GI events in aspirin/NSAID users are still lacking and further large-scale
clinical studies are required and future development in
this research area will provide important results for patient individualized management.
Interestingly, a Japanese study[85] reported that the
interaction between H. pylori infection and low dose ASA
use depends on gastric acid. They concluded that in the
presence of sufficient amounts of gastric acid, H. pylori
infection and ASA could synergistically damage gastric
mucosal integrity, while in the absence of sufficient
amounts of gastric acid, the synergistic effect could be
completely counteracted and the infection could even
suppress the ASA-related gastropathy. Further studies
in larger and different population are needed in order to
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confirm these results.
In clinical practice the coincidence of H. pylori infection with the intake of low dose ASA and/or NSAID
in the same patient is becoming more frequent and may
have important clinical and economic consequences.
Therefore it is mandatory to establish clear strategies for
the management of these patients. Further clinical studies focused on the combined effect of H. pylori infection
with low dose ASA/NSAID intake should be performed.
In addition, economical cost-effectiveness studies of the
different strategies (H. pylori “test and treat”, long term
PPI use) should be carried out.
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REVIEW

Rapid on-site evaluation of endoscopic-ultrasound-guided
fine-needle aspiration diagnosis of pancreatic masses
Julio Iglesias-Garcia, Jose Lariño-Noia, Ihab Abdulkader, J Enrique Domínguez-Muñoz
may increase diagnostic yield of EUS-FNA specimens by
10%-30%, and thus, diagnostic accuracy. However, we
should point out that many recent studies have reported adequacy rates of > 90% without ROSE, indicating
that, perhaps, at high-volume centers, ROSE may not
be indispensable to achieve excellent results. The use
of ROSE can be considered important during the learning curve of EUS-FNA, and also in hospital with diagnostic accuracy rates < 90%.
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Core tip: Endoscopic ultrasound (EUS) has become
a crucial tool for the evaluation of solid pancreatic
masses. EUS-guided fine-needle aspiration (FNA) and
fine-needle biopsy (FNB) have been proven to be safe
and useful tools in this setting, and can diagnose pancreatic lesions with high sensitivity and specificity. The
use of rapid on-site evaluation can increase adequacy
rates and diagnostic yield of EUS-guided FNA or FNB by
10%-30%.

Abstract
Endoscopic ultrasound (EUS) has become an essential
tool for the study of pancreatic diseases. Specifically,
EUS plays a pivotal role evaluating patients with a
known or suspected pancreatic mass. In this setting,
differential diagnosis remains a clinical challenge. EUSguided fine-needle aspiration (FNA) and fine-needle
biopsy (FNB) have been proven to be safe and useful tools in this setting. EUS-guided FNA and FNB, by
obtaining cytological and/or histological samples, are
able to diagnose pancreatic lesions with high sensitivity
and specificity. In this context, several methodological features, trying to increase the diagnostic yield of
EUS-guided FNA and FNB, have been evaluated. In this
review, we focus on the role of rapid on-site evaluation (ROSE). From data reported in the literature, ROSE
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INTRODUCTION
Endoscopic ultrasound (EUS) has become a crucial tool
in the study of pancreatic diseases. Specifically, EUS plays
a pivotal role when evaluating patients with pancreatic
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solid tumors[1,2]. Distinguishing different types of pancreatic solid tumors is an important clinical challenge. Therapeutic strategy in this context is based on the ability to
determine the presence of a malignant lesion. Although
ductal adenocarcinoma is considered as the main cause
of pancreatic mass, many other neoplasms (e.g., lymphoma, cystic tumors, and metastasis) and benign conditions
(e.g., chronic pancreatitis) with different prognoses and
treatment options can be detected in the pancreas. Taking this into account, a cytopathological confirmation is
highly relevant for establishing the best treatment.
EUS-guided fine-needle aspiration (FNA) and fineneedle biopsy (FNB) are considered safe and accurate
methods for tissue sampling of intramural and extramural gastrointestinal lesions, including the pancreas. In fact
EUS-guided FNA and FNB, by obtaining cytological
and/or histological samples, are able to diagnose pancreatic lesions with high sensitivity and specificity[3]. Several
studies have evaluated the accuracy of cytology and/or
histology after EUS-guided FNA or FNB for the diagnostic evaluation of pancreatic masses.
There are several methodological features, including
trying to increase the diagnostic yield of EUS-guided
FNA and FNB by rapid on-site evaluation (ROSE).
Although experts recommend an on-site evaluation of
samples obtained in order to optimize the diagnostic
yield of EUS-guided FNA, its effect on diagnostic accuracy has not been properly defined. Reports on the need
for ROSE during the procedure are scarce. In this review,
we first analyze the role of EUS-guided FNA and FNB
for the diagnosis of solid pancreatic masses. Finally, we
present the most relevant data published, analyzing the
role of EUS-guided FNA and FNB with ROSE in this
setting.

ogy as true positive, sensitivity increased to 91% (95%CI:
90%-92%); however, the specificity decreased to 94%
(95%CI: 93%-96%). EUS-guided FNA also showed a
good positive predictive value (99%) and a good negative
predictive value (64%). However, it is important to point
out that in cases with findings related to chronic pancreatitis, the sensitivity of EUS-guided FNA for the detection of malignancy is clearly decreased[17,18].
In order to optimize tissue retrieval, with the aim
of obtaining core specimens, various EUS-guided techniques have been explored. One approach is the use of
the Tru-Cut needle (Quick-Core), with variable success
and complication rates[19-21]. This Tru-Cut needle has
demonstrated that histological samples can be obtained
safely[21,22]. However, there are certain limitations with the
Quick-Core needle that preclude its routine clinical use.
Most importantly, its diagnostic yield is limited for lesions
located in the pancreatic head, related to the mechanical
friction of the needle-firing mechanism associated with
the bent position of the scope[23-25]. In this setting, a novel
needle has been designed (Procore) to overcome the
limitations of the Tru-Cut needle (mainly in the second
portion of the duodenum). A study published with the
19-gauge caliber needle allowed a histological evaluation
with an overall accuracy of 85.9% (89.4% in pancreatic
solid lesions)[26], with a high inter-observer agreement
between pathologists when evaluating the quality of the
samples obtained[27]. A new study has been recently published using the 22-gauge Procore needle in pancreatic
masses, which was able to obtain a sample suitable for
histological evaluation in 88.5% of the cases[28].
However, certain drawbacks of EUS-guided FNA
need to be emphasized. In certain cases, the procedure
is difficult to perform, because of vessel interposition,
duodenal stenosis and/or tumor hardness, particularly in
chronic pancreatitis, which hampers the overall accuracy
of the procedure. In other occasions, EUS-guided FNA
samples cannot be interpreted due to bleeding or noncellular samples. A systematic review of 53 studies estimated
a negative predictive value of EUS-guided FNA in the
diagnosis of pancreatic adenocarcinoma of 60%-70%[15].
In patients with indeterminate or negative findings at
the first EUS-guided FNA, presenting a high suspicion
of malignancy, repeating the procedure is highly recommended. Several studies have demonstrated that performing a second EUS-guided FNA was useful for determining the correct and true situation in a high percentage
of cases with inconclusive findings at initial EUS-guided
FNA; in fact, by repeating EUS-guided FNA up to three
times, sensitivity can increase up to 90%[29-31]. Hence, a
new puncture seems necessary to exclude malignancy in
cases where the first EUS-guided FNA was negative for
malignancy. When combining all the information available on the high accuracy in the evaluation of pancreatic
tumors, Eloubeidi et al[32] recommended performing EUSguided FNA in all patients with solid pancreatic masses.

USEFULNESS OF EUS-GUIDED FNA AND
FNB IN THE DIFFERENTIAL DIAGNOSIS
OF SOLID PANCREATIC TUMORS
The role of EUS-guided FNA in the diagnosis of solid
pancreatic tumors has been evaluated in many welldesigned studies. Reported sensitivity and accuracy for
malignancy ranges from 75% to 92% and from 79%
to 92%, respectively[4-14]. Two large reviews have been
published evaluating the accuracy of EUS-guided FNA
in pancreatic masses. One of them included 28 studies
(4225 patients). The authors evaluated the usefulness of
EUS-FNA to differentiate between benign and malignant
lesions. Sensitivity, specificity and diagnostic accuracy
were 83% (54%-95%), 100% (71%-100%) and 88%
(65%-96%), respectively[15]. The second one, a more recent meta-analysis, published by Hewitt et al[16], included
33 studies, with a total of 4984 patients. The authors
showed that sensitivity for malignant cytology was 85%
(95%CI: 84%-86%), and specificity was 98% (95%CI:
97%-99%). When including atypical and suspicious cytol-
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EUS-guided FNA in the absence of cytopathologist. All
procedures at both hospitals were performed by the same
endosonographer. At Center Ⅰ, a definite diagnosis of
positive or negative for malignancy was reported in 78%
compared with 52% for Center Ⅱ (OR = 2.94; P = 0.001);
the rate of patients with an unsatisfactory sample was 9%
compared with 20% in Center Ⅱ (OR = 0.36; P = 0.035).
Iglesias-Garcia et al[14] published their experience in a
study including a total of 182 patients. An on-site cytopathologist was available in 95 cases (52.2%). A significantly
higher number of needle passes was performed when
ROSE was not available (3.5 ± 1.0 vs 2.0 ± 0.7; P < 0.001).
The presence of an on-site cytopathologist was associated with a significantly lower number of inadequate samples (1.0% vs 12.6%, P = 0.002), and significantly higher
diagnostic sensitivity (96.2% vs 78.2%; P = 0.002) and
overall accuracy (96.8% vs 86.2%; P = 0.013) for malignancy. In a prospective study evaluating 540 patients who
underwent EUS-guided FNA procedures of 656 lesions
(mostly of pancreatic masses and lymph nodes), which
ROSE was available for 607 lesions. From all lesions evaluated on-site by a cytologist, 5/243 considered initially
benign (2.1%) finally turned to be malignant. In contrast,
among 300 lesions considered malignant after ROSE,
294 (98%) were still malignant at the final report. Agreement was excellent between ROSE and final cytological
evaluation (κ = 84.0%, 95%CI: 80.2-87.7). Compared
with the true final status, accuracy for final interpretation
was slightly higher for ROSE (95.8% vs 93.9%). Most of
the discrepancies were related the characteristics of the
lesions, either because of the presence of scanty cells,
strange morphology, or because of the need for different
types of immunostaining for final diagnosis[41]. Collins
et al[42], over a consecutive 3-year period, analyzed 379
patients that underwent ROSE and 377 patients that did
not. The percentage of repeat procedures on the nonROSE group was 5.8%, which was slightly higher than
in the ROSE group (2.9%). The use of ROSE decreased
the number of repeated procedures by approximately
50% (P = 0.024). In patients requiring an additional procedure, the use of ROSE provided a higher number of
definitive diagnoses. However, the presence of a cytopathologist is not always possible in many centers, mainly
because of the availability according to the organization
of the pathology department, which is directly associated
with costs. Trying to overcome this common situation,
Alsohaibani et al[43], in a retrospective study suggested
that on-site cytotechnologist interpretation of adequacy
of tissue samples might also be useful for improving the
diagnostic yield of EUS-guided FNA. The patients were
divided into two groups. In Group Ⅰ, samples were prepared by an endoscopy nurse (n = 47) and in Group Ⅱ
by an on-site cytotechnologist (n = 55). Pancreatic masses
were the main target site. The final diagnosis was higher
in the group with on-site cytotechnologists preparing the
slides (77% vs 53%), suggesting that if an on-site cytopathologist cannot be provided, a trained cytopathology
technician should be present to provide an assessment of

ROLE OF ROSE AFTER EUS-GUIDED FNA
The idea of including ROSE is based on the fact that up
to 30% of FNA interpretation may be nondiagnostic, because of multiple factors, including scant cellularity and/
or crush artifacts from poor slide preparation. In this
setting, ROSE of FNA specimens may be beneficial for
rapid clinical diagnosis, probably decreasing the number
of nondiagnostic procedures. However, data on the role
of ROSE are limited, with scant data available over the
past few years. In the recently published guidelines from
the European Society of Gastrointestinal Endoscopy,
the role of ROSE and its relevance in EUS-guided sampling in gastroenterology has been described[33]. We try to
analyze different aspects of ROSE evaluation after EUSguided FNA, and its clinical usefulness in the diagnosis
of solid pancreatic masses.
Visual inspection of the samples obtained
It is not clear whether the evaluation of the samples
obtained after puncture is useful in order to increase the
accuracy of EUS-guided FNA. Neither trained technologists nor cytotechnologists, in a prospective double-blinded study, could properly establish the obtention of an
adequate sample by gross visual inspection. The κ score
for the agreement between visual evaluation and final
microscopic assessment was only 0.2, which is considered
poor. False-positive assessments occurred in 30% of the
slides[34].
ROSE performed by cytopathologists and
cytotechnicians
The role of ROSE has been mainly studied in percutaneous FNA. In this setting, ROSE is accepted as useful, by
diminishing the number of inadequate diagnoses. In addition, ROSE may have an impact on costs by decreasing
the number of repeat procedures[35-37]. However, data on
ROSE in EUS-guided FNA are scarce. Published data suggest that the presence of a cytopathologist during EUSFNA is cost-effective and useful. We summarize the most
important and relevant data reported in the literature.
Chang et al[38] reported a 100% rate of adequate specimens with the on-site evaluation of a cytopathologist
during EUS-guided FNA. However, the absence of an
on-site cytological evaluation resulted in 29% of patients
requiring a second procedure to obtain an adequate
specimen. Erickson et al[39] also published a lower diagnostic accuracy of EUS-FNA (decreasing by 10%-15%)
without the presence of an on-site cytopathologist. The
only concerns were the prolonged procedure time and
the potentially increased risk of complications from the
need for multiple needle passes. Klapman et al[40] demonstrated that an on-site cytopathologist evaluating the
samples improved the diagnostic accuracy of EUS-FNA.
In their study, they analyzed the EUS-guided FNA results
from two university hospitals. At Center Ⅰ, 108 patients
underwent EUS-guided FNA in the presence of an onsite cytopathologist. At Center Ⅱ, 87 patients underwent
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Table 1 Diagnostic performance of rapid on-site evaluation by a cytopathologist/cytotechnician in the
evaluation of solid pancreatic masses
Ref.

Year

Klapman et al[40]
Alsohaibani et al[43]
Iglesias-Garcia et al[14]
Collins et al[42]

2003
2009
2011
2013

No. of cases

Accuracy

With ROSE

Without ROSE

With ROSE

Without ROSE

P value

108
47
95
379

87
60
987
377

78%
77%
96.80%
97.10%

52%
53%
86.20%
94.10%

0.001
0.001
0.013
N.S.

ROSE: Rapid on-site evaluation.

sample adequacy.
However, ROSE was not found to be better than the
standard approach in all studies. In a prospective multicenter study with 409 patients, two centers used ROSE
and two did not[8]. Results were similar in both groups,
and merely differed in a higher negative predictive value
in the subgroup of patients with extraintestinal mass lesions in the group with ROSE. In another study (analyzing 247 pancreatic solid lesions and 276 lymph nodes), a
retrospective analysis of risk factors for inadequate EUSguided FNA specimens was performed. Cytopathological
adequacy was higher for lymph nodes (96% vs 84%, P =
0.008) but not for pancreatic solid lesions (99% vs 100%;
P = 1) if ROSE was available[44].
Finally, a recent meta-analysis aimed to determine
whether ROSE, together with the variability of the reference standard and other sources of heterogeneity may affect the diagnostic yield of EUS-guided FNA when evaluating solid pancreatic masses[45]. Hebert-Magee et al[45]
included 34 studies. The pooled sensitivity and specificity
was 88.6% (95%CI: 87.2%-89.9%) and 99.3% (95%CI:
98.7%-99.7%), respectively. The LR+ and LR- were
33.46 (95%CI: 20.76-53.91) and 0.11 (95%CI: 0.08-0.16),
respectively. In this study, the main factor determining
the accuracy of EUS-guided FNA was the presence of
ROSE (P = 0.001). Thus, EUS-guided FNA was considered an effective modality in the diagnosis of pancreatic
cancer when evaluating solid pancreatic lesions, which
was higher with the availability of ROSE.
Another important point is the potential application
of ROSE with the use of new histological needles. A recent study from Krishnan et al[46] aimed to investigate the
utility of ROSE in achieving a final diagnosis for EUSguided FNB core specimens. The authors evaluated 60
consecutive patients referred for EUS-guided FNA of
lesions inside or adjacent to the gastrointestinal tract. All
patients underwent EUS-guided FNB to evaluate the
additive value of ROSE to the diagnostic accuracy of
specimens obtained using a core biopsy needle. EUSguided FNB was feasible in all 60 cases. On-site specimen adequacy and final diagnostic accuracy was 58%
(95%CI: 45.1%-71.2%) and 83% (95%CI: 71.9%-91.5%),
respectively. Results were better than those obtained for
standard EUS-guided FNA.
Table 1 summarizes the diagnostic accuracy from the
most relevant papers comparing EUS-guided FNA or
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FNB with and without ROSE.
However, little is known about the impact of ROSE
on EUS-guided FNA procedural time, and it remains
unclear whether using ROSE prolongs the procedure or
makes it less time-consuming by reducing the number
of needle passes. According to some published data, it
is assumed that an average time for obtaining the specimen and performing on-site examination is 15 min per
sample[47]. Average time used by the cytopathologist for
ROSE in computed-tomography-guided and ultrasoundguided FNA specimens is relatively high (48.7 and 44.4
min, respectively)[48].
Regarding complications, scarce information is available from the different studies. In the study from IglesiasGarcia et al[14], complication rate in the group of cases
without ROSE was significantly higher, probably related
to the higher number of passes needed to obtain the final
diagnosis. However, all complications reported were considered as mild, and no mortality was associated with the
procedures.
ROSE performed by an endosonographer
As previously commented, the presence of cytopathologist is not possible in all centers, for all EUS-guided FNA
or FNB procedures. In this context, there is a trend to
train endosonographers for ROSE during EUS-guided
FNA, in order to reduce costs. Some studies have attempted to resolve this question.
A prospective double-blind study showed that even
experienced endosonographers, trained in the management of samples obtained by FNA, were less accurate
than a cytotechnician in assessing specimen adequacy
(68%-76% vs 82%; P = 0.004) and in the determination
of malignancy (69%-72% vs 89%; P < 0.001)[49]. A second
study, including 73 procedures, could not find any difference when analyzing sample adequacy, number of needle
passes, or EUS-guided FNA performance characteristics
in two different 2-year periods. In one of them, ROSE
was performed by endosonographers and in the other,
this evaluation was performed by cytopathologists[50].
Hayashi et al[51] retrospectively evaluated patients from
two different periods who underwent EUS-guided FNA
for the study of solid pancreatic masses. Before initiating
ROSE at the start of the second period, two endosonographers underwent training for cytological interpretation,
focused on four cytological features of pancreatic ductal
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carcinoma: anisonucleosis, nuclear membrane irregularity,
overlapping, and enlargement. During EUS-guided FNA
in Period 2, endosonographers classified the Diff-Quik
smears under three atypical grades and evaluated the adequacy. One made all diagnoses. The rate of inconclusive
diagnoses, interpreted as suspicious, atypical, and inadequate for diagnosis was reduced from 26.4% to 8.2% (P
= 0.004). Moreover, diagnostic accuracy increased from
69.2% to 91.8% (P < 0.001). Authors concluded that
samples evaluated by trained endosonographers, with a
simple cytological grading system, could be considered
useful in this context.

6

7

8

9

CONCLUSION
EUS-guided FNA and FNB are effective modalities for
the diagnosis of solid pancreatic masses, with high diagnostic accuracy. It is well known that diagnostic performance is clearly associated with the presence of a skilled
team, including both endosonographers and cytopathologists. In this context, ROSE appears to be a useful tool
for optimizing the yield of this procedure. Although
gross visual inspection cannot assess the adequacy of
EUS-guided FNA or FNB specimens for cytopathological examination, ROSE performed by cytopathologists
provides a highly accurate diagnosis with an excellent
agreement with the final cytopathological diagnosis.
ROSE may increase adequacy rates of EUS-guided FNA
or FNB specimens by 10%-30%. However, we should
point out that many recent studies have reported adequacy rates > 90% without the use of ROSE, indicating
that, in high-volume centers, ROSE may not be indispensable to achieve excellent results. Finally, data on costeffectiveness are limited. After analyzing all data available,
implementation of ROSE should be considered, mainly
for the learning curve of the technique and at centers in
which specimen adequacy rates are < 90%.
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useful in identifying patients who tend to have more
severe evolution of the disease and a poor prognosis.
In this group of patients, better clinical surveillance and
more intensive therapy may change the natural course
of the disease. The aim of this article was to review the
epidemiology and demographic characteristics of UC
and the factors that may be associated with its clinical
prognosis.
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Core tip: Ulcerative colitis has gained importance over
the past few decades due to its increasing incidence
rate worldwide. This condition is a chronic disease that
affects quality of life, and it can lead to death if not
treated properly. Over the past few decades, advances
in treatment have provided benefits for patients, including a reduction in mortality. Due to phenotypic variability, different therapeutic modalities may be used. It
is important to recognize the factors associated with a
more severe clinical course so that clinical decisions can
be made as early as possible.

Abstract
Ulcerative colitis (UC) is a chronic disease characterized
by diffuse inflammation of the mucosa of the colon and
rectum. The hallmark clinical symptom of UC is bloody
diarrhea. The clinical course is marked by exacerbations
and remissions, which may occur spontaneously or in
response to treatment changes or intercurrent illnesses.
UC is most commonly diagnosed in late adolescence
or early adulthood, but it can occur at any age. The
incidence of UC has increased worldwide over recent
decades, especially in developing nations. In contrast,
during this period, therapeutic advances have improved
the life expectancy of patients, and there has been a
decrease in the mortality rate over time. It is important
to emphasize that there is considerable variability in
the phenotypic presentation of UC. Within this context,
certain clinical and demographic characteristics are
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INTRODUCTION
Ulcerative colitis (UC) is a chronic disease that is characterized by diffuse inflammation of the rectal and colonic
mucosa. UC involves the rectum in 95% of cases and
may be extended continuously and circumferentially to
more proximal parts of the large intestine. The clas-
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sic clinical symptom of UC is the presence of bloody
diarrhea. The clinical course is characterized by periods
of remission and exacerbation, which may occur either
spontaneously or in response to treatment[1].
The incidence of inflammatory bowel disease (IBD)
has increased in several regions of the world in recent decades, especially in developing nations. Evidence indicates
that there is an interaction between genetic and environmental factors in the etiology of the disease[2]. Several
studies have shown that certain clinical and demographic
characteristics may be associated with different phenotypes and a poor prognosis in UC.
The identification of patients who tend to have more
severe evolution of UC is important so that intensive
treatments may be started earlier, with the goal of reducing complications and mortality.
The aim of this article was to review the epidemiology and demographic characteristics of UC and the
factors that have been associated with poor prognostic
outcomes.

tients with UC was higher in the first half of the twentieth century. Beginning in the mid-1950s, despite the
ongoing increase in incidence, it appears that there has
been a drop in the number of deaths, possibly due to the
usage of corticosteroids and sulfasalazine and the optimization of surgical techniques[15]. Despite this progress,
data published in the 1980s showed that mortality in UC
was higher than in the general population[16]. Fortunately,
overall, individuals with UC currently have mortality
rates similar to or only slightly higher than the rate in the
general population[17,18]. This outcome may have been a
consequence, among other factors, of the increased use
of immunosuppressive therapy in recent years. However,
when considering only the UC population, it is clear that
mortality is higher in certain subgroups, and especially in
newly diagnosed patients and in patients with extensive
colitis[17].
In meta-analyses of population-based cohort studies
reported by Jess et al[20], five of 10 studies reported on
UC-related mortality. The authors reported that among
patients with UC, the mean percentage of deaths ascribed to UC itself was 17% (range 11% to 30%). In this
subgroup of patients, the most common causes of death
were colorectal cancer (CRC) (mean 37%, range 24% to
44%) and surgical or postoperative complications (mean
44%, range 17% to 100%). The remaining causes were
primarily related to severe disease, i.e., toxic megacolon,
intestinal perforation, intestinal infarction, myocardial
infarction secondary to anemia and end-stage liver disease due to primary sclerosing cholangitis. Additionally, the authors concluded that compared with general
population, patients with UC are at an increased risk of
dying of gastrointestinal diseases (OR = 2.5; 95%CI:
1.9-3.2; p < 0.001), nonalcoholic liver diseases (OR =
4.0; 95%CI: 2.5-6.5; p < 0.001), pulmonary embolisms
(OR = 4.0; 95%CI: 1.5-8.7) and respiratory diseases (OR
= 1.6; 95%CI: 1.3-2.0; p < 0.001), counterweighted by
decreased mortality from pulmonary cancer (OR = 0.3;
95%CI: 0.1-0.9; p = 0.04). The overall mortality rate due
to malignancy was not increased in UC, although there
was a trend toward more frequent CRC (standardized
mortality ratio = 1.9; 95%CI: 1.0-3.8; p = 0.07). The
mortality rate due to hematological malignancy, and specifically leukemia and non-Hodgkin’s lymphoma, were
not increased[17].
In an Australian study performed in 401 patients with
UC, Selinger et al[19] concluded that the major causes of
death were circulatory (n = 42; 44.2%), malignant (n =
22; 23.2%), digestive (n = 11; 11.6%) and respiratory (n
= 7; 7.4%) diseases. Mortality from circulatory diseases
was significantly more common in UC than in the general population [44.2% vs 33.8%; P = 0.0001; RR = 1.38
(95%CI: 1.11-1.72)], mainly due to ischemic heart disease
[24.2% vs 15.9%; P = 0.04; RR = 2.04 (1.45-2.85) ]. Death
from cholangiocarcinoma occurred nearly 15 times more
often among patients with UC than in the general population [4.3% vs 0.3%; p < 0.0001; RR = 14.28 (95%CI:
5.40-37.80)]. Fatal CRC was more frequent in UC than in

EPIDEMIOLOGY AND DEMOGRAPHIC
CHARACTERISTICS
Incidence and prevalence
The occurrence of UC worldwide has increased over the
past few years. In contrast to the developed countries of
North America and Western Europe, where the incidence
of UC has plateaued or even decreased[3,4], publications
show that the number of cases has increased in developing countries, such as those in Latin America, Asia and
Eastern Europe[5-7]. Despite the increased incidence in
these places, there are still differences in UC incidence
and prevalence in different regions of the world. The incidence rate of UC may vary from 0.5 to 31.5 per 100000
people each year, depending on the studied population[8].
The prevalence is lower in developing countries. In
Asian populations, for example, the prevalence ranges
from 5.3 to 63.6 per 100000 people[9,10], whereas in North
America, it ranges from 37.5 to 238 per 100000 people[11].
In addition to the gradient between the occurrence of
UC in the West and in Asian countries, it has been noted
that in Europe, although there are exceptions, there is
also a geographical gradient for the incidence of IBD,
with higher rates in the north and a lower frequency
in the south[12]. Similarly, Sonnenberg et al[13] suggested
a greater frequency of IBD in the northern United
States compared with the south of the country. In Latin
America, the prevalence of UC also appears to be variable. A study conducted in Puerto Rico suggested that
the prevalence of UC is 12.53 cases per 100000 people[5].
Victoria et al[14] concluded that the prevalence of UC in a
southeastern region of Brazil has been increasing in recent years and that during the period from 2001 to 2005,
the prevalence was 14.81 cases per 100000 habitants.
Mortality
According to previous studies, the mortality rate of pa-
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UC in men[28]. However, this hypothesis was refuted in a
more recent study by a group of Spanish investigators[29].
Moreover, in contrast to the cited studies, other authors
have found a high female incidence of the disease[30]. In
a recent publication describing 35404 cases of IBD, Betteridge et al[31] reported a female predominance among
patients with UC (RR = 1.35; 95%CI: 1.32-1.39).

the general population [6.3% vs 2.7%; p = 0.047; RR =
2.36 (95%CI: 1.09-5.14)][19].
A Danish cohort study of 36080 patients with UC
was performed by Jess et al[20]. The authors reported that
the overall risk of dying, compared with the risk in the
general population, was high in the first year after UC diagnosis (HR = 2.43; 95%CI: 2.31-2.57) and then rapidly
declined to a constant level of approximately 1.1 after 2
years. The risk of dying from infectious diseases, cardiovascular diseases, gastrointestinal disorders with or without the inclusion of IBD or CRC remained significantly
increased in the long term, with HR estimates of 1.64
(95%CI: 1.24-2.17) for infectious diseases, 1.11 (95%CI:
1.01-1.21) for cardiovascular diseases, 1.26 (95%CI:
1.07-1.48) for gastrointestinal disorders other than UC
and 1.47 (95%CI: 1.23-1.76) for CRC[20].

PREDICTORS OF PROGNOSIS
Family history
Although a family history of UC is a risk factor for developing the disease, it does not seem to be a negative
prognostic factor in patients with UC[32,33].
In a prospective study, Henriksen et al[34] found a
10.1% incidence of a family history of IBD among
454 individuals with UC. The authors concluded that
although the group with a positive family history had further exacerbations of the disease in five years, there was
no significant difference in drug therapy or indication
for colectomy. In a retrospective study in 411 children
with a diagnosis of IBD, 244 (59.4%) of whom had UC,
Roma et al[35] concluded that children with familial IBD
had an earlier onset of disease compared with those with
sporadic IBD. However, this difference had no significant impact on the clinical phenotypes, course and/or
outcome of disease. Kuwahara et al[36] obtained clinical
data for 46114 UC cases. The present age and the age at
disease onset were lower among patients with UC who
had a family history than among those without a family
history. However, the clinical course of patients with UC
was not affected by family history.

Age
In recent decades, although there has been an increased
incidence of UC in different age groups, the majority of
patients with UC are in the age group of 30-40 years at
diagnosis[11]. It has been observed that the average age
at diagnosis is usually slightly higher in Asian countries
compared with Western countries[21].
Certain publications indicate that a second incidence
peak occurs in an older age group[22,23]. A study by Souza
et al[24] in southeastern Brazil showed that there was a
trend toward a second peak of new hospital admissions
due to UC in the age group of 60-69 years old. However,
there is no consensus in the literature regarding the existence of this second peak[11].
Although UC is less common in children, recent
studies have shown that the number of UC cases has
increased in pediatric patients and adolescents. In Scotland, for example, in recent years, an increased incidence
of UC in the age group under 16 years was observed.
Comparing the periods 1990-1995 and 2003-2008, incidence rates increased from 1.59/100000 per year (95%CI:
1.28-1.94) to 2.06/100000 per year (95%CI: 1.70-2.47; p
= 0.023)[25]. In a recent publication, Pant et al[26] demonstrated that in the United States, between 2000 and 2009,
the number of hospitalizations of pediatric patients with
UC increased from 4171 to 7127 per year. Lindberg et
al[27] suggested that the increased frequency of disease
is more significant during puberty and adolescence than
during childhood. The authors demonstrated that in recent years, although the incidence has increased in the
age group of 11-15 years, this rate has remained stable in
children under 10 years of age.

Environmental factors
Patients with IBD have a genetic predisposition to the
development of such diseases. It appears, however, that
this predisposition alone is not sufficient for the onset
of inflammation. The current belief is that genetically
predisposed patients, when in contact with environmental factors, develop an inadequate immune response that
ultimately causes inflammation of the gastrointestinal
tract [37]. Over time, many studies have attempted to
support the hygiene hypothesis, although the data are
conflicting, and well-designed prospective studies are
needed[38]. Until then, among the studied factors, only
smoking and appendectomy have a well-defined influence
on the risk of developing UC.
In contrast to what happens in CD, smoking is a protective factor against the development of UC. In a metaanalysis, Calkins concluded that the risk of non-smokers
developing UC is approximately three times higher than
that of smokers (OR = 2.9; 95%CI: 2.6-3.2)[39]. Moreover, among patients with UC, those who do not smoke
have a less favorable evolution of the disease over time[40].
Aldhous et al[41] concluded that five years after diagnosis,
a decrease in the extent of UC was more common in
smokers than in groups of former smokers and nonsmokers. Smoking seems to be a protective factor against

Gender
Most UC studies have shown a male predominance or
an equal distribution between genders[11,21]. In the past,
Italian investigators have even suggested that polymorphisms in an enzyme involved in the signal transduction
of insulin (cytosolic low-molecular-weight protein tyrosine phosphatase) could increase predisposition to the
development of Crohn’s disease (CD) in women and of
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rates of colectomy than do eutrophic patients[63], an increased need for permanent ileostomy, longer hospital
stays, higher rates of incisional hernia after ileoanal pouch
anastomosis[64,65], an increased risk of nonalcoholic fatty
liver disease[66] and thromboembolism[67] and increased
inflammation of the colon[61]. Increased body weight
has also been associated with an early loss of response
to infliximab in IBD[68]. In contrast, a study conducted
by Markel et al[69] did not find any association between
preoperative BMI and infectious complication in a postoperative wound in children with UC. In this group, 78%
of patients were overweight (BMI > 25) at the time of
surgery.

colectomy (OR = 0.57; 95%CI: 0.38-0.85) and against the
development of CRC (OR = 0.5; 95%CI: 0.2-0.9)[42,43].
Appendectomy influences the emergence of IBD
and is considered to be a risk factor for the development
of CD[44]. Conversely, in one of the first studies on this
topic, Rutgeerts et al[45] concluded that appendectomy
protects individuals against the emergence of UC. While
studying the reason for this protection, Matsushita et al[46]
suggested that the appendix plays an important role in
the pathogenesis of UC. In a meta-analysis, Koutroubakis
et al[47] concluded that performing an appendectomy reduced the chance of developing UC by 69% (OR = 0.31;
95%CI: 0.261-0.373). Certain studies have also suggested
that appendectomy might influence the clinical course
of UC by reducing the rate of recurrence of the disease
and the need for immunosuppression and colectomy[48-50].
However, the data are still conflicting, and the influence
of appendectomy on the clinical course of UC needs to
be further investigated in prospective studies.
The intestinal microbiota plays an important role in
homeostasis and immune system functioning. Currently,
it is believed that different environmental and genetic
factors can promote changes in that microbiota. The formation of a pathogenic microflora in genetically predisposed individuals is associated with changes in epithelial
function, dysregulation of the immune function of the
gastrointestinal tract and persistent intestinal inflammation[51]. Future studies may indicate which environmental
factors are associated with the formation of an abnormal
microbiota and whether these changes are only the cause
or also be consequences of the changes introduced by
IBD.

Age at diagnosis
The influence of age at diagnosis on the clinical course
of UC is another controversial issue. Therefore, the Montreal classification of UC, in contrast to the classification
of CD, does not include age at diagnosis as a criterion. So
far, there is no convincing evidence that the creation of
subgroups according to age at diagnosis would affect the
clinical course of UC patients[70].
Certain authors have evaluated the influence of age at
diagnosis on the clinical evolution of patients with UC.
Riegler et al[71] evaluated 1705 patients with UC in Italy
and reported that younger patients had a greater need
to use corticosteroids and a higher incidence of diarrhea and weight loss at diagnosis. An important study on
the clinical course of UC (IBSEN study), conducted by
Norwegian investigators, prospectively evaluated patients
with UC for 10 years. Based on multivariate analysis,
the authors found that the risk of colectomy in patients
with an age at diagnosis of 50 years was 72% lower
than in patients under 30 years old (HR = 0.28; 95%CI:
0.12-0.65)[72]. The hypothesis of a milder and less aggressive clinical course in patients with an older age at diagnosis was corroborated by other recent studies[73,74]. In
contrast, other studies found no significant differences in
prognosis when comparing groups with different ages at
diagnosis[75,76].

Nutritional factors
Knowledge about nutrition and nutritional status is not
only important for the multidisciplinary team that treats
patients with IBD but also for the patients themselves,
who may have a wide range of questions regarding how
nutrition affects their quality of life and the evolution of
the disease[52].
Nutritional deficiencies occur in 20% to 85% of
patients with IBD, and protein-energy malnutrition is
the most common[53,54]. Although malnutrition is often
related to CD, studies have shown similar rates of malnutrition between patients with CD and patients with
UC[55,56]. Malnutrition in these patients is associated with
a poor quality of life and infection and with increased inhospital mortality, length of stay and financial costs[55,57,58].
It is noteworthy that body mass index (BMI), an indicator
commonly used to define nutritional status, has several
limitations[59]. Jahnsen et al[60] reported that despite finding higher BMI values in patients with UC than in those
with CD, lean body mass was not higher than in controls.
Furthermore, a higher percentage of fat mass in patients
with UC contributed to their increased weight. Therefore,
BMI itself has adverse implications for the course of
UC[61,62].
Overweight or obese patients with UC have higher
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Extent of disease
According to the Montreal classification, based on location, UC can be classified into three different subtypes:
proctitis (when inflammation is restricted to the mucosa
of the rectum), left colitis (when inflammation extends
beyond the rectum and to the splenic flexure) and extensive colitis (when inflammation reaches the mucosa
proximal to the splenic flexure)[70]. The most frequent
location of UC may vary between different studies. Left
colitis was most frequent in studies conducted in France
(extensive colitis: 19.1%; left colitis: 52.3%; proctitis:
28.7%) and Portugal (extensive colitis: 28%; left colitis:
52%; proctitis: 21%)[3,77]. In Asia, it appears that more
patients have inflammatory processes limited to the mucosa of the rectum, as demonstrated by Ng et al[78] (extensive colitis: 31%; distal colitis: 32%; proctitis: 37%). In
a study from southeastern Brazil that evaluated patients
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diagnosed with UC in the period from 1980-1999 and in
which the applied classification was different from the
Montreal classification, the results were similar to those
found in the Asian population. The occurrence of extensive colitis was detected in 28.3% of cases, whereas the
frequencies of left and proctosigmoiditis were 29.7% and
32.4%, respectively[24].
Furthermore, the extent of the disease in each patient
is not fixed over time. In this context, it is important to
emphasize that in patients with proctitis or left colitis, the
inflammatory process may progress to more proximal
segments of the colon. This phenomenon may require
greater clinical surveillance and even changes in the therapeutic regimen. In a study by Alkim et al[79], for example,
the progression of inflammation to the more proximal
segments of the colon occurred in 16.1% of patients
with proctitis. The percentage was even higher in a study
by Park et al[80], which showed that in 5 and 10 years, there
was proximal progression in 44.7% and 60% of patients,
respectively, with proctitis or left colitis.
The extent of UC influences the clinical course and
prognosis of the disease. Patients with extensive colitis
are more likely to be subjected to more intensive therapies or even colectomy[79,81]. In a retrospective study, Lee
et al[82] demonstrated that the extent of disease is a factor
that is independently associated with resistance to therapy
with aminosalicylates (HR = 1:46; 95%CI: 1.01-2.10; p
= 0.04). A Canadian study showed that left colitis (OR =
8.67; 95%CI: 1.79-41.87; p < 0.001) and extensive colitis
(OR = 14.08; 95%CI: 3.12-63.60; p < 0.001) are also associated with more frequent usage of immunosuppressive drugs in patients with UC[83].
Whereas patients with proctitis do not seem to be
at an increased risk of developing CRC compared with
the general population, individuals with left or extensive
colitis have a higher propensity to evolve this complication[84-87]. In a recent study, Manninen et al[85] concluded
that patients with UC are at an increased risk of developing dysplasia and CRC compared with the general
population (OR = 1.99; 95%CI: 1.14-3.25). The authors
also noted that this risk is even higher in patients with extensive colitis (OR = 3.09; 95%CI: 1.5-5.75). Similar data
were found in a recent meta-analysis, which described
the risk of CRC in patients with UC as higher than in the
general population (OR = 2.4; 95%CI: 2.1-2.7). Again,
the risk was even higher in patients with extensive colitis (OR = 4.8; 95%CI: 3.9-5.9)[86]. The most recent data
on the evolution of CRC risk over time are conflicting.
Whereas certain authors have shown a tendency to stabilize the risk[88,89], Jess et al[90] showed a reduction in the period from 1979 to 2008. The authors suggested that this
reduction occurred as a result of advances in therapeutic
approaches to UC. Further studies are needed to evaluate
the behavior of the risk of CRC in UC over time.

to be important prognostic factors in patients with UC.
The stratification of disease activity is important both
in the choice of treatment modalities and in the assessment of prognosis. Lennard-Jones et al[91] evaluated 56
variables among patients with active UC in 181 hospital
admissions. The authors concluded that fever, tachycardia, the number of evacuations and serum albumin level
are important predictors of treatment failure and the
need for colectomy. Those patients who had persistent
fever and more than 8 stools per day in the first 24 h of
hospitalization had a 4-5 times higher chance of becoming refractory to medical treatment and needing surgery.
Carbonnel et al[92] evaluated factors associated with the
failure of intravenous steroid therapy in hospitalized patients with active UC. The authors found that the risk of
treatment failure was higher in patients meeting the criteria for severe disease in the classification of Truelove and
Witts (RR = 2.26; 95%CI: 1.11-4.61). Lau et al[83] reported
that more than 10 evacuations per day and the presence
of blood in the stool at diagnosis were associated with
greater usage of immunosuppression in patients with
UC. Furthermore, Travis et al[93] concluded that patients
with severe colitis who were hospitalized for more than 3
d and who persisted in having more than 8 stools per day
and an elevated C-reactive protein level (> 45 mg/l) had
a higher chance of colectomy. In a cohort study that evaluated the prognosis of patients during the first ten years
of the disease, Solberg et al[72] concluded that anemia, an
elevated erythrocyte sedimentation rate and fever at diagnosis were associated with a greater need for colectomy
over time.
Endoscopic exams allow the direct evaluation of lesions of the intestinal mucosa in patients with UC. The
severity of the lesions usually reflects clinical disease
activity and may help to identify patients who are more
likely to evolve worse disease behavior over time[92]. In a
recent study, Canadian investigators found that the presence of moderate to severe endoscopic lesions was associated with an increased need for immunosuppression[83].
Carbonnel et al[94] demonstrated that patients admitted
with active UC who had extensive and deep ulcerations
(severe endoscopic activity) had a greater need for colectomy than did those with moderate endoscopic activity.
Rutter et al[95] demonstrated that there is a close relationship of the degree of endoscopic activity (OR = 2.54;
95%CI: 1.45-4.44; p = 0.001) and histological activity (OR
= 5.13; 95%CI: 2.36-11:14; p < 0.001) with the risk of
developing CRC in patients with UC.
Several studies have considered fecal markers, and
especially lactoferrin and calprotectin, as useful tools for
the assessment of disease activity in UC and the response
to treatment[96-98]. Recently, studies have shown that calprotectin and lactoferrin are also useful as predictors of
clinical relapse in UC[99,100]. A study conducted by British
investigators, who evaluated patients admitted with severe
UC who needed intravenous corticosteroids, showed that
a higher average concentration of fecal calprotectin was
associated with an increased rate of colectomy[101].

Disease activity
Clinical and laboratory characteristics that are consistent
with greater disease activity at diagnosis have been shown
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Extraintestinal manifestations
The manifestations of UC may not be restricted to the
colon and rectum. A variable percentage of patients may
also have abnormalities in other organs and systems.
Joint, skin, liver, eye and hematologic manifestations are
common in patients with UC. Extraintestinal manifestations have been shown to be associated with a greater
extent of disease and a worse prognosis[102]. Lakatos et
al[103] conducted a study with 619 patients with UC who
were followed for 25 years. The authors concluded that
the presence of extraintestinal manifestations was associated with greater extent of disease. In the pediatric
population, a recent study of Gower-Rousseau et al[104]
concluded that the presence of extraintestinal manifestations in pediatric patients with UC increases the risk of
colectomy (HR = 3.4; 95%CI: 1.2-10.0; p = 0.02).
Individuals with UC and primary sclerosing cholangitis (PSC) have a different phenotypic behavior compared
to patients with UC only. In this group of patients, the
presence of PSC is associated with increased occurrence
of extensive colitis and CRC[105-107]. In a meta-analysis
performed by Soetikno et al[108], the presence of PSC
in patients with UC increased the risk of dysplasia and
CRC (OR = 4.79; 95%CI: 3.58-6.41). Kornfeld et al[109]
reported that the cumulative risk of individuals with UC
and PSC to develop CRC was 25%, 33% and 40% at 10,
20 and 30 years from diagnosis of UC, respectively.

antinuclear antibodies is associated with an increased risk
of steroid dependency (OR = 3.9; 95%CI: 1.4-14.9; p =
0.033).

CONCLUSION
The global prevalence and incidence of UC have increased in recent decades. The increase in the number of
new cases has been more evident in developing countries.
Nevertheless, the mortality rate of UC has decreased
over time, and currently, mortality in patients with UC
is similar to or slightly higher than that in the general
population. Environmental factors appear to be associated with the pathogenesis of UC. Among these factors, smoking and appendectomy have been considered
protective against the development of UC. Moreover,
evidence suggests that smoking and appendectomy are
associated with less severe forms of UC and seem to
confer protection against colectomy. Inversely, a greater
extent of disease and higher disease activity are associated with a worse prognosis. Additionally, one should be
attentive to the occurrence of nutritional deficiencies and
extraintestinal manifestations, especially PSC, as well as
to the presence of positive p-ANCA. The influence of
age at diagnosis on the clinical course of UC is controversial, and therefore, further studies are needed to better
evaluate this issue. Thus, based on current knowledge, it
appears that demographic and clinical characteristics are
useful to identify patients who tend to have more severe
evolution of the disease. Earlier identification may allow
more intensive therapeutic measures to be adopted earlier
in the management of such patients.

Serological markers
Anti-Saccharomyces cerevisiae antibody (ASCA) and perinuclear anti-neutrophil cytoplasmic antibody (p-ANCA)
were the first serological markers of IBD identified. The
presence of a positive ASCA is more associated with
CD, and p-ANCA is more associated with UC[110]. Over
the past several years, however, these two serum markers
not only became markers used to differentiate both IBD
forms but also appeared to have prognostic implications.
There is evidence that the presence of ASCA is associated with severe and refractory CD, whereas p-ANCA
positivity in patients with UC seems to be associated with
resistance to treatment[111,112]. This association has been
reinforced by other recent publications. Ferrante et al[113]
demonstrated that the usage of infliximab in patients
with UC and p-ANCA+/ASCA- is more associated with
a suboptimal early clinical response (OR = 0.40; 95%CI:
0.16-0.99; p = 0.049). In a study in a pediatric population
with IBD, Dubinsky et al[114] concluded that the presence
of a positive p-ANCA was independently associated with
a primary non-response to anti-TNFα in UC patients.
Papp et al[115] found no association between ASCA,
anti-laminaribioside carbohydrate antibody (ALCA),
anti-chitobioside carbohydrate antibody (ACCA), antimannobioside carbohydrate antibody (AMCA) or antiouter membrane porin C (anti-OmpC) and different
phenotypes of UC.
There are only few studies on the role of antinuclear
antibodies in UC. In a study in 97 patients with UC,
Barahona-Garrido et al[116] concluded that the presence of
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elements of UC pathology are thought to be the intestinal bacteria, gut mucus, and the mucosa-associated
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Core tip: Long-term or even life-long medication bothers patients with ulcerative colitis (UC). Existing treatment ignores the cause of UC, so establishing the
etiology of UC is the key to resolving this problem. UC
can be viewed as a polymicrobial infection that is characterized by a sustained broken mucus barrier with
subsequent bacterial migration toward the mucosa and
proliferation of complex bacterial biofilms on the epithelial surface. Regulation of mucus secretion and viscosity, suppression of bacterial biofilms, probiotics and
immunostimulation should be increasingly considered
to treat UC.

Abstract
To reduce medication for patients with ulcerative colitis (UC), we need to establish the etiology of UC. The
intestinal microbiota of patients with inflammatory
bowel disease (IBD) has been shown to differ from that
of healthy controls and abundant data indicate that it
changes in both composition and localization. Small
intestinal bacterial overgrowth is significantly higher in
IBD patients compared with controls. Probiotics have
been investigated for their capacity to reduce the severity of UC. The luminal surfaces of the gastrointestinal tract are covered by a mucus layer. This normally
acts as a barrier that does not allow bacteria to reach
the epithelial cells and thus limits the direct contact
between the host and the bacteria. The mucus layer in
the colon comprises an inner layer that is firmly adherent to the intestinal mucosa, and an outer layer that
can be washed off with minimal rinsing. Some bacteria
can dissolve the protective inner mucus layer. Defects
in renewal and formation of the inner mucus layer allow bacteria to reach the epithelium and have implications for the causes of colitis. In this review, important
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INTRODUCTION
Ulcerative colitis (UC) belongs to a subgroup of inflammatory bowel diseases (IBDs), is characterized as chronic
inflammation, and has become a global health threat[1,2].
High disease-recurrence rates, long-term or even lifelong medication bothers patients with UC[3-5]. Existing
treatment ignores the cause of UC, and is unable to
cure UC, which is why patients need long-term medication; therefore, establishing the etiology of UC is the
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Table 1 Interaction of mucus and bacteria
Effect of mucus on bacteria

Effect of bacteria on mucus

Limits the direct contact between the host and bacteria
Maintenance of the mucus layer is stimulated by bacterial fermentation products
Serves as a source of nutrients for bacterial growth
Mediate the expression of MUC2
Contributes to the selection of the species-specific colon flora
Dissolve the protective inner mucus layer
Contains several proteins that limit bacterial growth and penetration

age in DSS colitis[19]. Sulfation of the mucins is significantly reduced in UC patients, and suggest that colonic
mucins plays an important role in maintaining the normal
physiological function of the colon and the possible role
of mucus in the pathogenesis of UC[20]. Phosphatidylcholine (PC) accounts for > 70% of total phospholipids
within the intestinal mucus layer, and the mucus PC
content is reduced by about 70% in UC[21]. MUC2 is the
major mucin in the large intestine[22,23], which is secreted
by goblet cells, and the expression of it correlated with
the activity of disease and the extent of the inflammatory
process in the large intestine[24]. Individuals with UC have
decreased numbers of goblet cells and reduced mucus
thickness at presentation[25], and goblet cell abnormalities
play an etiological role in UC. DSS models of colitis were
characterized by depletion of goblet cell and adherent
mucin[19]. In UC, the cooperation of aberrant expression
of Hes1 and the disappearance of caudal type homeobox
2 (CDX2) caused Hath1 suppression, resulting in goblet cell depletion[26], and the present study suggests that
Hes1 is essential for Hath1 gene suppression via Notch
signaling. Gersemann et al[27] also pointed that in UC, the
protective mucus layer, acting as a physical and chemical barrier between the gut epithelium and the luminal
microbes, is thinner and in part denuded as compared
to controls, and this could be caused by a missing induction of the goblet cell differentiation factors Hath1 and
KLF4, leading to immature goblet cells. This goblet cell
differentiation in UC can lead to defects in renewal and
formation of the inner mucus layer and may enable the
luminal microbes to invade the mucosa and trigger the
inflammation[16,27,28]. So we can easily reach the conclusion
that understanding the regulation of goblet cell differentiation and the intestinal mucus turnover and renewal of
the inner protective mucus layer is important for novel
ways to improve treatment of UC[16,21].

key to resolving this problem. Important elements of
IBD pathology are thought to be genetics, the intestinal
microbiome, the gut mucosa, and the mucosa-associated
immune system[6,7]. Studies using dextran sulfate sodium
(DSS) models of colitis also suggest that the key contributors in disease pathogenesis include alteration in the
mucosal barrier integrity and function[8,9]. The human
gastrointestinal tract is a vast surface inhabited by a complex and diverse community of micro-organisms[10], and
the intestinal mucus is an efficient system for protecting
the epithelium from bacteria by promoting their clearance and separating them from the mucosal immune
cells, thereby inhibiting inflammation and infection[11].
UC is an immune-mediated disorder that results from an
abnormal interaction between colonic bacteria and mucosal immune cells in a genetically susceptible host[12]. In
this review, UC is thought to be a polymicrobial infection
characterized by sustained broken mucus barrier.

ROLE OF MUCUS AND BACTERIA IN UC
The gastrointestinal tract is covered by a layer of mucus
that protects the epithelium from luminal antigens and
provides lubrication to advance the bolus[13]. A welldeveloped mucus barrier and not the epithelial cell layer
is the first line of defense against a variety of enteric
pathogens[14,15]. Leukocytes migrate into and patrol within
the mucus layer, executing the surveillance function without any collateral damage. The sticky outer mucus surface
offers the opportunity for probiotic strains to grow and
build protective interlaced layers, preventing bacterial accumulation and microcolony formation on the colorectal
surface[16,17]. Before bacteria can adhere and invade the
mucosa, they must first traverse the mucus barrier[17]. The
inflammation takes place only after the mucus barrier is
broken and the defense is overwhelmed. UC is caused
by a weakening in gut barrier, mainly due to increased
infiltration of gut bacteria and the resultant recruitment
of neutrophils and formation of crypt abscess[18]. Understanding the role of mucus and bacteria and their interaction will help us to establish the etiology of UC more
clearly (Table 1).

role of bacteria in UC
UC is a multifactorial disease that is dependent on host
genetics, environment, immune response and intestinal
microbiota. The dysregulation of the gut microbiota
plays an important role in the pathogenesis of UC[29]. The
immunoregulatory function of the intestinal microbiota
consists of priming the mucosal immune system and
maintenance of intestinal epithelial homeostasis. Epithelial barrier dysfunction brings about increased bacterial
translocation through the lamina propria[30,31]. Ineffective
bacterial clearance leads to excessive Toll-like receptor (TLR) stimulation, secretion of proinflammatory
cytokines and activation of innate and T-cell-mediated

role of mucus in UC
Mucus production and secretion is a continuously ongoing process with a renewal of the inner protective mucus
in the distal colon within an hour. Rapid renewal of the
mucus barrier prevents microbial contact with the epithelial cells. Alteration of the adherent mucus barrier is a
predisposing factor for early onset of epithelial cell dam-
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lytes[51]. The inner mucus layer normally acts as a barrier
that does not allow bacteria to reach the epithelial cells
and thus limits the direct contact between the host and
bacteria[52]. The mucus layer covering the gastrointestinal
tract also has been reported to serve as a source of nutrients for bacterial growth. Thus, its presence influences
intestinal colonization by attracting bacteria that have the
ability to survive and multiply within the mucus layer[53,54].
We have also found that the numerous O-glycans on the
MUC2 mucin serve as nutrients for the bacteria as well as
attachment sites, and as such, probably contribute to the
selection of the species-specific colon flora[44]. Overproduction of MUC2 may alter adherence and invasion of
Shigella dysenteriae into human colonic epithelial cells. At
the same time, the mucus also contains several proteins
that limit bacterial growth and penetration, such as the
antibacterial proteins and IgA[10,20]. These are important
for the assembly and stability of the microbiota.

immune responses. TLR-2 can bind a wide range of
ligands, including lipoteichoic acid from Gram-positive
bacteria, bacterial lipopeptides and glycolipids, and fungal
β glucan (zymosan). TLR-4 can bind lipopolysaccharide
from Gram-negative bacteria. Flagellin has innate qualities through its repetitive structures that are able to bind
TLR-5, and also is a polypeptide that is internalized, processed and presented by professional antigen-presenting
cells (APCs). Thus, the earliest phases of an immune
response are dependent upon the recognition and interpretation of the antigenic composition of the milieu
by T cells and APCs as revealed by innate and adaptive
immune responses. TLR-9 is able to recognize bacterial
DNA[32-34], and the stimulation of TLR-9 causes activation of nuclear factor-κB signaling, and leads to immune
response and mucosal inflammation. These features
could help to explain the mechanism of UC.
Defects in renewal and formation of the inner mucus layer allow bacteria to reach the epithelium and have
implications for the causes of colitis[28]. Neutrophils
and mononuclear cells infiltrate the lamina propria and
activate nuclear factor-κB translocation, which in turn
increases proinflammatory cytokines such as interleukin
(IL)-1β, IL-6 and tumor necrosis factor-α, and inhibits
the production of anti-inflammatory cytokines such as
IL-10[35]. Fusobacterium varium (F. varium) was present in the
colonic mucosa of a high proportion (84%) of UC patients[36] and contribute to the clinical activity in UC[37]. L.
crispatus CCTCC M206119 strain is involved in exacerbation of intestinal inflammation in DSS-colitis mice, and
may interact directly with colonic epithelial cells or lamina
propria mononuclear cells after disruption of the mucosal barrier and balance of gut flora by DSS administration. Campylobacter spp.[38], Escherichia coli[39-41], Enterohepatic
Helicobacter[42,43], and Bacteroides ovatus[44] are also responsible
for the induction of intestinal inflammation.
However, not all the bacteria promote inflammation;
Pediococcus acidilactici[45], Lactobacillus spp.[45], and Bacteroides
spp.[46] show a variety of beneficial immunomodulatory
effects in UC. Their products, rather than live bacteria,
may be capable of inducing immunoregulatory effects,
and may restore the dysregulated functions of immune
cells[47]. Some recent studies have demonstrated that TLR
signaling in intestinal sites can also inhibit inflammatory
responses and maintain colonic homeostasis[48,49].

Effect of bacteria on mucus
The mucus barrier, however, can be compromised by
environmental or genetic factors as well as specific pathogens such as Serpulina, Fusobacterium, Enterobacteriaceae, or
Gardnerella. These bacteria can specifically form adherent
biofilms on the epithelial surface, compromising the mucus barrier and allowing migration of other indigenous
bacteria into the mucosa. The commensal bacteria in the
colon live and thrive in the outer loose mucus layer, and
can dissolve this layer[55]. Nevertheless, the association
of the microbiota with the mucus is not well understood
and requires further investigation.
The importance of bacterial exposure to produce a
functional mucus barrier is demonstrated by germ-free
animals in which the inner mucus layer is thin[56], but
can be restored by exposure to bacterial components[56].
Maintenance of the mucus layer is also known to be
stimulated by bacterial fermentation products[57]. In conclusion, the bacteria can influence mucus production[56].
Proteins secreted by probiotic bacteria of antimicrobial
substances can enhance the mucosal barrier function and
compete with enteropathogens for adhesion sites[58,59].
The composition of short-chain fatty acids in the intestine is determined by the composition of the microbiota,
and butyrate can mediate MUC2 mRNA via activator
protein-1 and acetylation/methylation of histones at
the MUC2 promoter. The microbiota can also mediate
MUC2 mRNA[58], and MUC2 can potentially be modulated in several other ways either during infection, such
as at the level of gene expression, or even at the level of
secretion into the intestinal lumen. Each regulatory step
may influence the biological function of MUC2, which in
turn influences how the host responds to enteric pathogens[16]. MUC2 is reportedly overexpressed in response
to bacterial components, such as lipopolysaccharide or
lipoteichoic acid, in cultured intestinal or airway epithelial
cells and also bladder epithelial cells[13,60].
Bacteria can also dissolve the protective inner mucus layer, potentially triggering colitis. MUC2 is the

Effect of mucus layer on bacteria
The mammalian gastrointestinal tract harbors a vast microbial ecosystem, known as the microbiota. Gut microbiota includes around 1000 different species and > 15000
different strains of bacteria, for a total weight of about
1 kg. The luminal surfaces of the gastrointestinal tract are
covered by a mucus layer composed mainly of mucins,
which are high-molecular-weight glycoproteins characterized by extended serine, threonine, and proline-rich domains in the protein core[50]. This layer is a biochemically
complex medium, rich in carbohydrates, antimicrobial
peptides and other proteins, as well as lipids and electro-
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major colonic secretory mucin. We found that bacteria
can produce proteases capable of dissolving the inner protective mucus layer by specific cleavages in the
MUC2 mucin and that this cleavage can be modulated
by site-specific O-glycosylation. However, because of
O-glycosylation, the mucin domains are highly resistant to proteases and are not expected to be cleaved by
proteases[52]. However, MUC2 glycosylation can still be
metabolized by intestinal commensal or pathogenic bacteria, serving as an energy source, suggesting a role in
intestinal microbiota selection[20,61]. The 980-amino-acidlong C-terminal part of MUC2 has two cleavage sites.
One is localized to the NR2QA sequence within the
VWD4 domain where the cleavage site is surrounded by
numerous cysteines that are involved in disulfide bond
formation. The second cleavage site is localized prior to
the first cysteine in the MUC2 C-terminal VWD4 domain. The enzyme secreted by Entamoeba histolytica can
dissolve the guanidinium-chloride-insoluble mucus gel
that we now know is the major constituent of the inner
firm mucus layer[10]. Porphyromonas gingivalis also secretes
a protease as an active enzyme to cleave MUC2, and this
enzyme was isolated and identified as Arg-gingipain B.
Citrobacter rodentium colonizes the outer mucus layer in
high numbers, lacks a functional flagellum and is thus
non-motile, and therefore likely utilizes specific mucinases or glycosidases to digest mucin in order to overcome the mucus barrier[16,20].

of commensal bacteria for normal intestinal function,
an abnormal host response to commensal bacteria has
been implicated as a crucial factor in the pathogenesis of
IBD[77,78]. Recent research has shown that some commensal and pathogenic bacterias are closely related to UC, but
it is difficult to draw a definitive conclusion in evaluating
the role of microflora in pathogenesis of UC, and to find
specific micro-organisms associated with the pathogenesis of UC.

USE OF PROBIOTICS IN UC
Bacteria are closely related to UC, and recently some
studies have investigated the use of probiotics in
UC[47,79,80]. Probiotics contain viable organisms; sufficient
amounts of which reach the intestine in an active state,
thus exerting positive health effects[81]. Their mechanisms
of action are still unclear, but several have been postulated to contribute to the anti-inflammatory effect of
probiotics in the gut, including competitive exclusion of
pathogens. Probiotics may potentially alter the intestinal
microbiome exogenously or provide an option to deliver
microbial metabolic products to alter the chronicity of
intestinal mucosal inflammation[82]. Bifidobacteria and
lactobacilli produce harmful substances for Gram-positive and Gram-negative bacteria, and they compete with
pathogens (i.e., Clostridium, Bacteriodetes, Staphylococcus, and
Enterobacter) for cell adhesion[83,84]. Production of antimicrobial agents (e.g., IgA) and organic acids, modulation
of lymphocyte and dendritic cell function[85,86], enhancement of the epithelial barrier function, modulation of
the membrane permeability and mucosal immune system,
and keeping pathogens away from the intestinal mucosal
surface are also included. Probiotics have been investigated for their capacity to reduce the severity of UC (Table
2). The efficacy of VSL#3 (Bifidobacterium breve, Bifidobacterium infantis, Bifidobacterium longum, Lactobacillus paracasei,
Lactobacillus acidophilus, Lactobacillus plantarum, Lactobacillus
bulgaricus, and Streptococcus thermophilus) in UC patients has
also been demonstrated[94-96]. Also, some natural antiinflammatory effects have recently been shown for Lactobacillus salivarius, L. plantarum, Lactobacillus casei Shirota,
Lactobacillus reuteri and Bifidobacterium based on experimental colitis models[76,97-99].

CHANGES OF BACTERIAS IN UC
The intestinal microbiota of IBD patients has been
shown to differ from that of healthy controls; abundant
data indicate that the microbiota in IBD patients changes
in both composition and localization[62,63], and the changes are not a product of colitis, which has previously been
reported[64]. These support an integrative view of microbial ecology relevant to IBD[65], and butyrate-producing
bacteria could be important to gut homeostasis[66,67]. The
diversity of fecal microbiota is significantly lower in UC
patients. Bacteroides[68], Clostridium subcluster XIVab[66], Lactobacillus spp.[67], Akkermansia muciniphila[69] and Clostridium
leptum[70] are decreased in UC patients, and the number of
Enterococcus[68], Escherichia coli[71], Actinobacteria[72], Proteobacteria[73] and Campylobacter ureolyticus[73] are higher in UC patients than in healthy subjects. Sulfate-reducing bacterium
levels are also raised in UC[74], and are crucial for induction of DSS colitis in mice. Some research has proposed
that F. varium might be one of the elusive pathogenic factors in UC[6]. Data also showed that the amount and composition of bacteria clearly differed between the mucus
layers in animals not treated with DSS, with significantly
higher loads of bacteria in the outer mucus layer[75], and
Lactobacillus crispatus CCTCC M206119 strain is involved
in exacerbation of intestinal inflammation in DSS-colitis
mice[76]. Recently, we also found that small intestinal bacterial overgrowth was significantly higher in IBD patients
as compared to controls[35]. Despite the requirement
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CONCLUSION
UC is mainly due to increased infiltration of gut bacteria
and the resultant recruitment of neutrophils and formation of crypt abscess[18], and can be viewed as a polymicrobial infection that is characterized by a sustained broken mucus barrier with subsequent bacterial migration
toward the mucosa and proliferation of complex bacterial biofilms on the epithelial surface. Regulation of the
mucus secretion and viscosity, suppression of bacterial
biofilms, probiotics and immunostimulation should be
increasingly considered to treat UC and evaluated in the
future[17].
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Table 2 Probiotics have undergone investigation for their capacity to reduce the severity of ulcerative colitis
Probiotics

Method

Conclusion

B. infantis 35624[87] Oral administration of B. infantis 35624 for 6-8 wk is taken by
patients with ulcerative colitis
L. reuteri ATCC
Mild to moderate UC were received an enema solution containing
55730[88]
10 (10) CFU of L. reuteri ATCC 55730 for 8 wk, in addition to oral
mesalazine
B. breve strain[89]

L. delbruekii and
L. fermentum[90]
L. casei DG[91]

EcN[92]

B. longum[93]

This microbe can reduce systemic pro-inflammatory biomarkers
in UC
In children with active distal ulcerative colitis, rectal infusion
of L. reuteri is effective in improving mucosal inflammation and
changing mucosal expression levels of some cytokines involved in
the mechanisms of inflammatory bowel disease
Mild to moderate UC ingested 1 g of the probiotic powder [10 (9) Administration of live B. breve strain Yakult and GOS can improve
CFU/g] three times a day, and 5.5 g of GOS once a day for one the clinical condition of patients with UC
year
Mild to moderate UC were treated with sulfasalazine 2400 mg/d Oral supplementation with probiotics could be helpful in
with a probiotic preparation (which contained powder with 10 (9) maintaining remission and preventing relapse of UC
CFU of L. delbruekii and L. fermentum, for eight consecutive weeks
Mild left-sided UC were received oral 5-ASA and rectal L. casei Manipulation of mucosal microbiota by L. casei DG and its effects
DG
on the mucosal immune system seem to be required to mediate
the beneficial activities of probiotics in UC patients
Moderate distal UC were randomly assigned to treatment with EcN is a well tolerated treatment alternative in moderate distal UC
either 40, 20, or 10 mL enemas (n = 24, 23, 23) containing 10 (8)
EcN/mL (n = 20). The study medication was taken once daily for 2,
4, 8 wk
The probiotic group ingested one daily capsule consisting of B. Patients with UC on probiotic therapy experienced greater qualitylongum 2 × 10 (9) CFU
of-life changes than before

B. Infantis: Bifidobacterium infantis; L. Reuteri: Lactobacillus reuteri; B. Breve: Bifidobacterium breve; L. Delbruekii: Lactobacillus delbruekii; L. Fermentum: Lactobacillus
fermentum; L. Casei: Lactobacillus casei; EcN: E. coli Nissle; B. Longum: Bifidobacterium longum; CFU: Colony-forming units; GOS: Galacto-oligosaccharide; 5-ASA:
5-aminosalicylic acid; UC: Ulcerative colitis.
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RESULTS: Diluted Matrigel could form a gel drip in the
pancreatic parenchyma, effectively preventing leakage
from the injection site and avoiding dispersion in the
abdominal cavity. Pan02 cells were able to adhere to a
dish, proliferate, and migrate in the gel drip. The tumor
formation rate in the Matrigel group was 100% at both
2 and 3 wk after injection, whereas it was 25.0% and
37.5% in the PBS group at 2 and 3 wk, respectively (P
< 0.05). The intraperitoneal tumor implantation rate
was 75.0% in the PBS group after 3 wk of injection,
while it was 12.5% in the Matrigel group (P < 0.05).
Hepatoduodenal ligament and duodenal invasions with
obstructive jaundice and upper digestive obstruction
with mesenteric lymph node metastasis were observed
in the pancreatic head group. In the pancreatic tail
group, spleen and gastric invasion were dominant,
leading to retroperitoneal lymph nodes metastasis.
Positive immunohistochemical staining of cytokeratin
and negative staining of vimentin and chromogranin A
confirmed that the orthotopic pancreatic tumor injected
with Pan02 cells suspended in Matrigel was of epithelial
origin and expressed exocrine markers of cancer.

Abstract
AIM: To establish an orthotopic mouse model of pancreatic cancer that mimics the pathological features of
exocrine pancreatic adenocarcinoma.
METHODS: Pan02 cells were suspended in low-temperature Matrigel and injected into the parenchyma of
pancreatic tails of C57BL/6 mice, with cells suspended
in phosphate buffered saline (PBS) serving as a control.
Primary and implanted tumors were confirmed pathologically. The rate of tumor formation and intraperitoneal implantation in the two groups were compared at
different time points after injection. Leakage and intraabdominal dispersion of Matrigel and PBS, both dyed
with methylene blue, were compared after injection
into the parenchyma of the pancreas. We observed
adherence and proliferation in Pan02 cells suspended
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CONCLUSION: This method of low-temperature Matrigel suspension and injection is effective for establishing
an orthotopic mouse model of pancreatic cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Orthotopic mouse model; Matrigel; C57BL/6 mouse; Pan02
Core tip: This article describes a simple and effective
method to establish an orthotopic pancreatic cancer
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temperature Matrigel.

model in immunocompetent mice. The orthotopic pancreatic cancer models in the pancreatic head and tail
both effectively mimic the relative pathological features
of exocrine adenocarcinoma of the human pancreas.
This model system will provide a platform for exploring
new research outcomes for the effective treatment and
management of pancreatic cancer.

MATERIALS AND METHODS
Materials
The murine pancreatic adenocarcinoma cell line Pan02
was purchased from the Frederick National Laboratory
for Cancer Research (New York, United States). Culture
medium (RPMI 1640) and fetal bovine serum (FBS) were
obtained from Gibco (California, United States). Matrigel was purchased from Sigma (Sannois, United States),
and 6 to 8-week-old female C57BL/6 mice with a body
weight of 18-22 g were obtained from Shanghai Slac
Laboratory Animal Co. Ltd. (Shanghai, China).

Jiang YJ, Lee CL, Wang Q, Zhou ZW, Yang F, Jin C, Fu DL.
Establishment of an orthotopic pancreatic cancer mouse model:
Cells suspended and injected in Matrigel. World J Gastroenterol
2014; 20(28): 9476-9485 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i28/9476.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9476

Cell culture and laboratory animals: Pan02 cells were
maintained in RPMI 1640 supplemented with 10% FBS
and 2 mmol/L L-Glutamine. Cell cultures were maintained in a humidified incubator at 37 ℃ with 5% CO2.
All laboratory mice were supplied with sterilized food
and tap water ad libitum and maintained in a specific
pathogen-free environment at a constant temperature and
humidity, followed by 12 h light/dark cycles to acclimatize the animals to environmental variation. All of animal
study protocols were duly approved by the Institutional
Ethics Committee for Animal Care of Shanghai Laboratory Animal Center, Chinese Academy of Sciences.

INTRODUCTION
Pancreatic cancer is one of the most malignant tumors of
the gastrointestinal tract. Despite tremendous progress
in the treatment of pancreatic cancer over the past two
decades, treatment efficacy remains limited duo to late
diagnosis, a low surgical resection rate, early development
of recurrence and metastasis, and a lack of effective adjuvant options[1-4]. Thus, there is an urgent need for basic
research in pancreatic cancer to understand the biological
characteristics underlying the genesis of this disease.
Establishing animal models has proved to be an effective pathway for basic research in pancreatic cancer[5].
Among the available animal-based tumor models, the
tumor xenograft model is the most widely used due to
its susceptibility to forming stable, uniform tumors. The
orthotopic transplantation strategy, in which a tumor is
transplanted into the corresponding host organ as the
primary tumor site, has recently gained popularity. An
orthotopic xenograft tumor can simulate a similar microenvironment to that of the primary tumor via a variety of
endogenous growth factors that promote tumor growth,
invasion, metastasis, and other pathophysiological processes better than subcutaneous or intraperitoneal transplantation[6].
Due to the very thin structure of the mouse pancreas,
local injection of a tumor cell suspension will cause high
pressure in the local tissue and leakage from the injection
site, resulting in intra-abdominal dissemination and a low
tumor formation rate. Matrigel is a basement membrane
matrix that exists as a liquid at low temperature and polymerizes to form a three-dimensional matrix at room
temperature. Thus, Matrigel prevents leakage when injected at a low temperature, as it polymerized in response
to the rise in body temperature in vivo. At the same time,
cells can still adhere, proliferate, and migrate in Matrigel.
In the present study, we established an orthotopic pancreatic carcinoma model in mice that mimics the pathological features of pancreatic cancer in both the head
and tail region by injecting Pan02 cells suspended in low-
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Orthotopic injection of ice-cold Matrigel and PBS into
the pancreatic parenchyma of C57BL/6 mice
C57BL/6 mice were anesthetized by intraperitoneal injection of 1% pentobarbital (70 mg/kg). After local shaving
and disinfection, the abdominal cavity was opened by a
1.5-cm longer longitudinal incision into the left upper
quadrant. The tail of the pancreas was identified after the
spleen was lifted. Twenty microlitre of ice-cold Matrigel
containing methylene blue was then slowly injected into
the pancreatic parenchyma using an ice-cold 27-gauge
needle and an ice-cold calibrated syringe. To further prevent leakage, the needle was kept on the injection site for
30 s prior to removal. The control mouse was injected
with the same amount of ice-cold phosphate buffered
saline (PBS) containing methylene blue. Dye leakage from
the injection site and contamination to the abdominal cavity was compared.
In vitro culture of Pan02 cells suspended in Matrigel
Subconfluent cultures of Pan02 cells were digested and
harvested with 0.25% trypsin, re-suspended, and washed
in pre-cooled PBS. The cells were counted and tested for
viability using trypan blue exclusion, and cell viability was
always > 95%. Thereafter, 1 × 106 cells were resuspended
in ice-cold PBS and gently mixed with the same volume
of ice-cold Matrigel. Sixty microlitre of the mixture was
dripped into 5-cm culture dishes and incubated in a humidified incubator at 37 ℃ for 15 min. Then, 5 mL of prewarmed complete medium was added to the cultures. Cell
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adherence, proliferation, and migration were monitored
using an inverted phase-contrast microscope (Nikon).

manually using the avidin-biotin complex horseradishperoxidase method. Primary antibodies against the following antigens were applied according to the manufacturer’s guidelines: cytokeratin (Dako, AE1/AE3, 1:100),
vimentin (Dako, V9, 1:200), chromogranin A (Dako,
LK2H101, 1:100), and Ki67 (Dako, KiS5, 1:100). Heatinduced antigen-retrieval techniques were used for each
antibody. Bound secondary antibodies were visualized
with diaminobenzidine (Dako, Copenhagen, Denmark)
and counterstained with Harris hematoxylin. Normal
pancreatic tissues were used as a positive control, and the
primary antibodies were omitted in the negative controls.

Establishment of an orthotopic pancreatic cancer model
in C57BL/6 mice
Subconfluent cultures of Pan02 cells were collected,
washed, counted, and tested for viability, as described
previously. The cells were resuspended in ice-cold, serum
free RPMI 1640 and divided into two groups, with the
same volume of ice-cold Matrigel or ice-cold PBS added
to one group, respectively. The mixtures were mixed gently to produce a homogeneous suspension.
General anesthesia, shaving, disinfection, abdomen
cavity opening, and the identification of the pancreas tail
of C57BL/6 mice were carried out as described previously. A total of 1 × 106 viable Pan02 cells were suspended in ice-cold Matrigel or ice-cold PBS in a 20 μL volume
and injected to compare local tumor formation and extrapancreatic tumor implantation. The injection technique
and highlights were described previously. To ensure that
the same injection technique was used for all mice, injections were always carried out by the same person (YongJian Jiang). The spleen and pancreas were placed back
into the abdominal cavity, and the abdominal cavity was
closed by a running two-layer silk suture. Postoperative
status and wound healing were monitored every day for
one week. To date, we have not observed any fatality or
wound infection related to this surgery.
According to pilot studies in the Matrigel group, a
visible tumor appeared 1 wk after injection and death
occurred 4 wk after injection. Half of the mice in both
groups were sacrificed by ether narcosis and cervical dislocation at 2 and 3 wk after tumor cell injection, respectively.
Immediately after sacrifice, a cross incision was made to
thoroughly assess the whole abdominal cavity. In the tail
of pancreas, suspicious implantation lesions and possible
metastasis foci were recorded, harvested, and routinely
processed for histological microscopic examination.

Statistical analysis
The tumor formation rate and implantation rate were expressed as frequencies (%). The Fisher’s exact probability
test was performed for comparison, and P values < 0.05
were considered to be significant.

RESULTS
Matrigel prevented leakage from the injection point and
Pan02 cells could adhere, proliferate, and migrate in the
Matrigel drip
When 20 μL of PBS containing methylene blue dye was
injected into the tail of the pancreatic parenchyma, leakage occurred after the needle was pulled out. As depicted
in Figure 1A, the dye contaminated the surface of the
pancreas, adjacent organs, and lateral abdominal wall,
whereas the “Matrigel packet” was formed when the
methylene blue stained Matrigel was injected in the same
manner, and no leakage occurred after the needle was
withdrawn (Figure 1B).
Another important question was whether Pan02 cells
could survive, proliferate, and migrate in the Matrigel drip
after the Matrigel turned from a watery consistency into
a gel-like matrix in response to increased temperature. As
shown in Figure 2, the cells adhered to dishes one day
after the cells suspended in the Matrigel and cultured in
complete medium. After 2 d, the cells proliferated and
pierced out of the margin of the Matrigel, and cells proliferated out of the Matrigel within 2 additional days.

Pathological characteristics of orthotopic cancer
injected into the head of the pancreas in C57BL/6 mice
The operation procedure was performed as mentioned
above, except the incision made in the right upper quadrant. The head of the pancreas was identified after the
duodenum was lifted. A total of 1 × 106 viable Pan02
cells suspended in ice-cold Matrigel were injected into the
parenchyma of the pancreatic head. The mice were sacrificed, and the abdominal cavity was thoroughly inspected
at 2 wk after tumor cell injection, when the mice displayed
jaundice and some of them became moribund. Pancreatic
head lesions and suspicion metastasis foci were recorded
and harvested for pathological examination.

Matrigel increased the formation rate of orthotopic
pancreatic tail tumor
C57BL/6 mice injected in the pancreatic tail with Pan02
cells suspended in Matrigel or PBS were sacrificed at 2
or 3 wk, and tumor formation in the tail of the pancreas
and intra-abdominal tumor implantation was assessed.
As shown in Figure 3, tumors formed in the tail of the
pancreas in all C57BL/6 mice in the Matrigel suspended
group. The tumors were approximately 8 mm in diameter
at 2 wk and 10 mm in diameter at 3 wk. Intra-abdominal
cavity implantation was not observed in the Matrigel
group, except in one C57BL/6 mouse at 3 wk after injection. In the PBS group, tumor formation only occurred
in 25% of the C57BL/6 mice at 2 wk and 37.5% at 3
wk, which were both significantly less frequent than in

Immunohistochemical staining of orthotopic pancreatic
tumors injected with Pan02 cells in C57BL/6 mice.
Paraffin embedded samples of orthotopic pancreatic
tumor, adjacent pancreas, and spleen were cut into 4-μm
sections. Immunohistochemical staining was performed
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A

B

Figure 1 Pictorial depiction of the leakage of two different materials from the injection site. Methylene blue containing phosphate buffered saline (A) and Matrigel (B) were injected into the parenchyma of the pancreatic tail of C57BL/6 mice.
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Margin

C

Margin

D

Margin

Margin

Figure 2 Adherence, proliferation, and expansion of Pan02 cells suspended in Matrigel and cultured ex vivo. (A) 0 d, (B)1 d, (C) 2 d, and (D) 4 d. White lines
indicated the margin of the Matrigel drip.

the Matrigel group (Table 1). In the PBS group, intraabdominal tumor implantation was observed at the lateral
abdominal wall, stomach wall, colon serosa, and peritoneal omentum (Figure 3), and the incidence of tumor
implantation was higher than that of the Matrigel group
(Table 1).

examination. In this group, obstructive jaundice was
frequently observed due to obvious parietal peritoneum,
viscera yellow-staining, distended gall bladder, and dilated
common bile duct (Figure 4). The tumor in the pancreatic head was 6-8 mm × 5-6 mm × 4-5 mm in size. Hepatoduodenal ligaments and duodenum invasion occurred
in all eight mice. There was obvious stomach retention
in three mice due to duodenal obstruction. No liver metastasis or other distant metastasis was observed, except
an enlarged mesenteric lymph node, which was detected
in three mice, with pathologically confirmed lymph node
metastasis in two mice (Figure 4).
In the pancreatic tail injected group, none of the mice
had jaundice or became moribund within 3 wk after injec-

Orthotopic cancer models in the head and tails of the
pancreas simulated the pathological findings in human
pancreatic cancer
The paw gradually became yellow ten days after injection in the pancreatic head group. Two of the eight mice
become moribund four days later. In total, eight mice in
the pancreatic head group were sacrificed for exploratory
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Figure 3 Tumor formation and intra-abdominal tumor implantation. Pan02 cells were suspended in low-temperature phosphate buffered saline (PBS) or Matrigel,
and injected into the pancreas tail of C57BL/6 mice. Half of the mice were sacrificed at 2 wk, with the remainder being sacrificed at 3 wk after injection. Tumor formation (white arrow) at the injection site and intra-abdominal tumor disseminated foci (white arrowhead) were thoroughly examined and marked.

Table 1 Comparison of tumor formation and tumor intra-abdominal implantation between the two methods
Time after injection

Two weeks
Three weeks

Group

Matrigel group
PBS group
Matrigel group
PBS group

No. of mice No. of tumor
formed mice
8
8
8
8

Tumor
formation
rate

P value

100.0%
25.0%
100.0%
37.5%

0.007

8
2
8
3

0.026

No. of tumor
Tumor
implanted
implantation rate
mice
(100%)

1
6

12.5%
75.0%

P value

0.041

PBS: Phosphate buffered saline.

Pathologic characteristics and immunohistochemical
study of orthotopic Pan02 tumors
The orthotopic pancreatic lesions and adjacent normal
pancreas, duodenum and spleen, as well as suspicious
intra-abdominal cavity implantation foci, were routinely
collected, fixed in 10% formalin overnight, and sliced
into 4-μm sections for hematoxylin-eosin staining. Figure
5A and B display images of the pancreatic tail and head
lesions under light microscopy after injection with Pan02
cells suspended in Matrigel. Notably, we observed spindle

tion. The size of the tumors in the pancreas tail was similar to those observed in the pancreas head. Invasion into
adjacent organs, such as the spleen, stomach, and colon,
was commonly observed. None of the mice with pancreatic tail cancer displayed liver or other distant metastasis.
Lymph nodes metastases were pathologically confirmed
in three of the eight mice in the 2- and 3- week groups
after injection into the pancreatic tail. Pan02 cells tended
to metastasize to retroperitoneal lymph nodes alongside
the abdominal aorta (Figure 4).

WJG|www.wjgnet.com
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A

B

Figure 4 Different lymph node metastatic pathways arise from different sites of orthotopic pancreatic cancer. Pancreatic cancer in the head (A) and pancreatic cancer in the tail (B). The region outlined by the green dot displayed residual lymphocytes in the metastatic lymph nodes.

A

B

Duodenum

C

Pancreas

Tumor

Tumor
Spleen

Pancreas

Figure 5 Cross-section and HE staining of orthotopic pancreatic cancer in the Matrigel group. A: Full view of the pancreatic tail cancer (× 40); B: Full view of
the pancreatic head cancer (× 40); C: Local view illustrating the duct-shape structure within the tumor tissue (× 200).

or oval tumor cells located between the spleen and normal pancreatic tissue (Figure 5A) or tumor cells that
invaded the duodenal mucosa (Figure 5B). Most of the
tumor cells were arranged in a “weaved” pattern, while
several formed duct-like structures (Figure 5C). Moreover, strong infiltration of leukocytes within the tumor
area was observed. Tumors implanted in fat tissue, the
abdominal wall, the gastric wall, and the colon serosa are
shown in Figure 6A-D, respectively.
Immunohistochemistry revealed that the tumor cells
were positive for cytokeratin and negative for vimentin
and chromogranin A (Figure 7A-C). We also evaluated
the tumor cell proliferation of the tumor using Ki67, and
the percent of Ki67 positive cells in the tumor tissue was
approximately 10%, demonstrating the high malignancy

WJG|www.wjgnet.com

of Pan02 tumors (Figure 7D).

DISCUSSION
Current animal models of pancreatic cancer include xenograft models[7-9], carcinogen-induced models[10-13], and
genetically engineered models[14-18]. In the carcinogeninduced model, when pancreatic cancer is induced, hepatocellular carcinoma and other tumors occur simultaneously due to poor specificity of the carcinogen; thereby,
the accuracy of using such animal models is limited. A
genetically engineered model was recently developed,
and it is particularly useful for the study of certain genes
in tumorigenesis and tumor progression. However, such
models are not suitable for inducing tumors in animals at
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Tumor
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Stomach

Colon

Tumor

Tumor

Figure 6 Cross-sections and hematoxylin-eosin staining of intra-abdominal disseminated foci observed under light microscopy (× 100). A: Tumor implanted
in the fat tissue; B: Tumor implanted in the abdominal wall; C: Tumor implanted in the stomach wall; D: Tumor implanted in the colon serosal.

A

B

C

D

Figure 7 Immunohistochemical staining of Pan02 tumor sections, observed under light microscopy (× 100). A: immunohistochemical staining of cytokeratin
(yellow stained membrane indicates cytokeratin-positive cells); B: Immunohistochemical staining of vimentin; C: Immunohistochemical staining of chromogranin A; D:
Immunohistochemical staining of Ki67 (yellow stained nuclei indicate Ki67-positive cells). The left portions of the sections are normal pancreatic tissue.
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a large-scale due to their difficult technical requirements,
long cycle time, and huge expense.
Xenograft models are extensively applicable for pancreatic cancer research due to their simple operation and
short time for tumor formation[19]. There are two main
types of xenograft model, subcutaneous transplantation,
and orthotopic transplantation. The latter is more relevant, as it simulates local invasion and distant metastasis
in a manner similar to human pancreatic cancer, although
it is more difficult and complicated than subcutaneous
xenograft models.
The use of orthotopic pancreatic cancer models in
immunocompetent mice specifically benefits research on
the interactions between the tumor and local microenvironment, especially in regard to immune aspects[20,21].
The Pan02 cell lines were established by Corbett et al[22]
via injection of 3-methyl-cholanthrene into the pancreas
of female C57BL/6 mice. It has been widely used for immunological studies of pancreatic cancer[23-25].
The direct injection method, which involves injection
of pancreatic cancer cells directly into the mouse pancreas using surgical exposure and ultrasound guidance, is
most commonly applied to establish orthotopic xenograft
pancreatic carcinoma. However, the injection of a cell
suspension causes high pressure within the local tissue
and, because the mouse pancreatic tissue is very thin, the
cell suspension can easily extravasate from the injection
point (Figure 1A), resulting in reduced tumor formation
and increased intra-abdominal tumor implantation. Matrigel is a biological matrix that remains in a liquid state at
low temperatures and can form a gel when the temperature rises above 22 ℃. Partecke et al[26] used Matrigel as
a support to inject pancreatic cancer cell lines to establish orthotopic pancreatic cancer. In this study, we used
Matrigel as three-dimensional matrix to contain mouse
pancreatic cancer cells for direct injection to establish
an orthotopic mouse pancreatic cancer model, prevent
injection site leakage effectively, and improve the orthotopic tumor formation rate. In vitro experiments were performed to assess the feasibility of using of Matrigel as a
three-dimensional support. In vivo experiments were used
to compare the orthotopic tumor formation and intraabdominal implantation rates. We also compared the difference between pathological characteristics in orthotopic
pancreatic tail and head tumors.
In our study, when Matrigel containing methylene
blue dye was injected into living tissues at low temperature, it changed from a liquid to a gel state as the local
tissue temperature increased, and it effectively prevented
leakage from the injection point (Figure 1B). Next, Pan02
cells were mixed with Matrigel at low temperature and
then cultured in complete medium after the suspension
was heated to form a gelatinous broth. As shown in Figure 2, cells adhered to the culture dish within one day.
After 2 d, “pseudopodia” of some cells were observed
protruding outside the edges of the Matrigel. After 4 d,
the cells beyond the edge of the Matrigel were able to
grow and formed a sheet. In vitro co-culture experiments
demonstrated that Matrigel encapsulated cells within a
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short time after they mixed. Moreover, Pan02 cells could
still adhere, grow, and migrate after being encapsulated
within a Matrigel drip
Based on the two points delineated above, we hypothesized that an orthotopic xenograft tumor would be
formed after Pan02 cells suspended in low-temperature
Matrigel were injected into the pancreas of C57BL/6
mice. As shown in Figure 3, C57BL/6 mice injected with
the suspension of Pan02 cells in low-temperature Matrigel
formed tumor foci in the tail of the pancreas with a 100%
success rate. The size of tumor foci was approximately
8 mm at 2 wk after implantation, and reached approximately 10 mm after 3 wk. The tumor formation rate of
Pan02 cells suspended in PBS was only 25% at 2 wk after
injection and 37.5% at 3 wk, significantly lower than those
observed in the Matrigel group. Furthermore, in the PBS
group, tumor implantation occurred in the abdominal
wall, stomach, colon, and left lower quadrant abdominal
adipose in some C57BL/6 mice at 3 wk after injection
(Figures 3 and 6), and the incidence of intraperitoneal
tumor implantation was 62.5%, which was significantly
higher than that of the Matrigel group (12.5%). These
results support the idea that Pan02 cells suspended in lowtemperature Matrigel will effectively prevent leakage from
the injection point, improve tumor formation rate, and
reduce the risk of intraperitoneal tumor implantation.
The orthotopic cancer models established in the pancreatic head and tail both mimicked the pathological behavior of the human pancreatic carcinoma. For example,
duodenal and hepatoduodenal ligaments invasion were
prominent in the pancreatic head group, causing upper
digestive tract obstruction and obstructive jaundice, respectively, which are commonly present in human pancreatic head cancer patients. Alternatively, spleen, stomach,
and colon invasion often occurred in the pancreatic tail
group, which is similar to human pancreatic tail cancer. In
the pancreatic head group, lymph nodes metastasis often
emerged in the mesentery, whereas it tended to undergo
metastasis to retroperitoneal lymph nodes in the pancreatic tail group. Next, we further investigated the different
lymphatic metastasis pathway of these two groups.
HE staining of tumor sections revealed that spindle
or oval-shaped tumor cells were arranged in a weave pattern, indicative of a poorly-differentiated tumor. The
positive-cytokeratin and negative-vimentin staining also
suggested that the tumors were derived from epithelia,
not mesenchyme. The fact that the tumor stained negative for chromogranin A excluded the possibility of a
neuroendocrine origin. The few morphological abnormal
ducts formed in the tumor tissue also suggest that the
tumor was of exocrine origin. The tumor also displayed
a high proliferation index (Ki67), suggesting high malignancy. Moreover, this tumor displayed the identical poordifferentiation characteristics and poor-survival observed
in C57BL/6 mice after orthotopic implantation of Pan02
cells[26]. The rapid progress and poor survival of the orthotopic pancreatic cancer in C57BL/6 mice markedly
simulate that of human pancreatic cancer.
In summary, the method of suspending and injecting
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tumor cells in low-temperature Matrigel proved to be a
reliable method for establishing an orthotopic pancreatic cancer model in mice, demonstrating a high rate of
tumor formation and less intraperitoneal tumor dissemination. The orthotopic pancreatic cancer established in
both the pancreatic head and tail simulated the pathological manifestation of human pancreatic cancer. The difference in the lymph node metastatic pathway between the
two groups requires further study.
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leakage, and directly increase the orthotopic pancreatic cancer formation rate.
Matrigel is a basement membrane matrix that exists as a liquid at low temperature and polymerizes to form a three-dimensional matrix at room temperature.
Matrigel has been reported to be a cancer cell supporting material for establishing orthotopic mice pancreatic cancer in mice.

7
8
9

Innovations and breakthroughs

In the present study, the authors verified the approach of establishing an
orthotopic pancreatic cancer model in C57BL/6 mice by injecting Pan02 cells
suspended in low-temperature Matrigel. We thoroughly compared the formation rate and intra-abdominal implantation rates of the Matrigel group and PBS
groups. The authors’ data clarify the application of Matrigel for establishing an
orthotopic pancreatic cancer model in mice. The poor differentiation and exocrine origin of the tumor were confirmed by HE staining and immunohistochemical methods. The orthotopic pancreatic cancer established in the pancreatic
head and tail could mimic the pathological manifestations associated with
human pancreatic cancer, including upper digestive tract obstruction, obstructive jaundice, spleen invasion, and stomach invasion. The different lymph node
metastatic pathways involved in the pancreatic head and tail groups require
further exploration.

10

11

Applications

12

This study provides an important foundation for the application of this method
in establishing an orthotopic pancreatic cancer model in mice, thus providing a
platform for basic research on the experimental treatment of pancreatic cancer.

Terminology

Matrigel is a gelatinous protein mixture secreted by Engelbreth-Holm-Swarm
mouse sarcoma cells. This mixture resembles the complex extracellular environment found in many tissues, and it is usually used as a substrate for culturing cells.

13

Peer review

14

This article reports a simple and effective method for establishing an orthotopic
pancreatic cancer model in mice. It provides a new methodology for investigating the effective treatment and management of pancreatic cancer. In the methodology of Matrigel and PBS injection, it is wise to use methylene blue, a dye,
to ensure an adequate injection. This manuscript is also well written and easy
to follow.
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RESULTS: Both groups achieved significant hepatitis
B virus (HBV) replication inhibition and alanine aminotransferase normalization at 48 wk. At the baseline,
compared to healthy controls, CHB patients had a lower circulating CD8 T cell frequency (29.44% ± 11.55%
vs 37.17% ± 7.30%, P = 0.03) and higher frequencies
of programmed death 1 positive CD8 T cells (PD-1+
CD8 T) (16.48% ± 10.82% vs 7.02% ± 3.62%, P =
0.0001) and CD4+ CD25+ FoxP3+ T regulatory cells
(Tregs) (23.64% ± 9.38% vs 13.60% ± 6.06%, P =
0.001). On therapy, at the beginning 24 wk with the
levels of hepatitis B virus deoxyribonucleic acid (HBV
DNA) and HBeAg declining, the frequencies of PD-1+
CD8 T cells and Treg cells gradually and significantly
declined at 12 and 24 wk in both therapy groups. At
treatment week 4, patients treated with LDT had a
lower frequency of PD-1+ CD8 T cells compared to patients treated with LAM (10.08% ± 6.83% vs 20.51%
± 20.96%, P = 0.02). The frequency of PD-1+ CD8 T
cells in all of the CHB patients was significantly correlated with both the HBV DNA level (r = 0.45, P = 0.01)
and HBeAg level (r = 0.47, P = 0.01) at treatment
week 24, but the frequency of Treg cells was only significantly correlated with the HBeAg level (r = 0.44,P
= 0.02). Furthermore, the ability of CD8 T cells to secrete pro-inflammatory cytokines was partially restored
after 24 wk of therapy.

Abstract
AIM: to determine the relationship between host immunity and the characteristics of viral infection or
nucleoside analogues (NAs) themselves in patients with
chronic hepatitis B (CHB) receiving NA therapy.

CONCLUSION: NA-mediated HBV suppression could
down-regulate the production of negative regulators
of host immunity during the first 24 wk of therapy and
could partially restore the ability of CD8 T cells to secrete pro-inflammatory cytokines. This immune modulating response may be correlated with the levels of
both HBV DNA and HBeAg.

METHODS: Fifty-two hepatitis B envelope antigen
(HBeAg) positive CHB patients were enrolled and divided equally into two groups. One group received telbivudine (LDT, 600 mg/d), and the other group received
lamivudine (LAM, 100 mg/d). Clinical, virological and
immunological parameters were assessed at the base-
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that ADV treatment caused increased CD4+ T-cell responses in patients with CHB compared to the placebo.
Restoration of the T-lymphocyte subpopulation has been
detected in CHB patients treated with ETV[12]. Additionally, recent evidence suggests that interactions between
LDT and the host immune system may be involved in its
putative benefits[13-16]. Although these data suggest that
NAs might restore the host immune system by reducing HBV replication, there remains a lack of evidence
of whether there are differences between different NAs.
Furthermore, little is known about the relationship between the change in host immunity and hepatitis B envelope antigen (HBeAg) levels during NA therapy.
To gain further understanding of the effects of direct
antiviral therapy on host immunity in HBeAg-positive
CHB patients, we investigated the longitudinal relationship between two important negative immune modulating factors in chronic HBV infection, PD-1+ CD8 T
and FoxP3+ Treg cell frequencies, and measurements of
viral infection in HBeAg-positive CHB patients undergoing treatment with LDT and LAM, the most widely
prescribed anti-hepatitis B agents worldwide. We also examined pro-inflammatory cytokine secretion by T cells in
some patients on antiviral therapy.

Core tip: We compared the host immunity of hepatitis
B envelope antigen (HBeAg)-positive patients treated
with telbivudine (LDT) to those treated with lamivudine
(LAM) and longitudinally investigated the relationship
between two important negative immune modulating
factors and viral infection parameters in HBeAg-positive
chronic hepatitis B (CHB) patients that were treated
with the nucleoside analogues (NAs) LDT and LAM. NAmediated inhibition of hepatitis B virus replication could
cause the downregulation of PD-1+ CD8 T cells and
Treg cells during the first 24 wk of therapy and could
also partially restore the ability of CD8 T cells to secrete
pro-inflammatory cytokines. The immune modulating
effect associated with NA treatment in CHB patients
was correlated with the levels of both HBV DNA and
HBeAg.
Li CZ, Hu JJ, Xue JY, Yin W, Liu YY, Fan WH, Xu H, Liang XS. Viral infection parameters not nucleoside analogue
itself correlates with host immunity in nucleoside analogue
therapy for chronic hepatitis B. World J Gastroenterol 2014;
20(28): 9486-9496 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i28/9486.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9486

MATERIALS AND METHODS
Patients
Fifty-two treatment-naïve patients with CHB who attended Changhai Hospital (Shanghai, China) were enrolled in
the study. All patients were seropositive for hepatitis B
surface antigen (HBsAg) and HBeAg for at least 6 mo,
with HBV deoxyribonucleic acid (HBV-DNA) levels ≥
105 IU/ml. All patients were negative for anti-hepatitis D
virus (anti-HDV), anti-hepatitis C virus (anti-HCV), antihuman immunodeficiency virus 1/2 (anti-HIV1/2), and
autoantibodies. Forty-four of the 52 patients were male,
and the mean age of all patients was 39.0 ± 10.0 years.

INTRODUCTION
Persistent infection with hepatitis B virus (HBV) remains
a challenging global health problem. Currently more than
370 million people are chronically infected, and this rate
is estimated to increase by 4 million per year. Hepatitis B
is a leading cause of chronic hepatitis, cirrhosis and hepatocellular carcinoma and accounts for approximately 1
million deaths annually[1]
Multiple types of interferon (IFN), lamivudine (LAM),
adefovir dipivoxil (ADV), entecavir (ETV), telbivudine
(LDT) and tenofovir disoproxil fumarate have been approved for the treatment of chronic hepatitis B (CHB).
These agents vary with respect to antiviral and clinical
efficacy, resistance profiles, tolerability and safety[2]. LDT
(β-L-2′-deoxythymidine) is an orally bioavailable L-nucleoside with a potent and specific anti-HBV activity[3]. In
the absence of head-to-head studies, current cross-trial
data suggest that LDT therapy tends to yield a higher
rate of HBeAg seroconversion over time, particularly in
patients who demonstrate an early virologic response (i.e.,
undetectable viremia at treatment week 24) compared
with other nucleoside agents (NAs)[4-8].
Several studies have shown that NAs have immunomodulating capabilities in patients with CHB. Boni et
al[9,10] showed that LAM treatment restores T-cell responsiveness and overcomes cytotoxic T-cell hyporesponsiveness in CHB patients. Recently, Cooksley et al[11] showed

WJG|www.wjgnet.com

Healthy controls
The recruited healthy controls (HCs, n = 14) had no
previous history or current evidence of any liver disease,
with normal serum ALT values. They were also negative
for HBsAg, anti-hepatitis A virus, anti-HCV, and antiHIV IgM antibodies.
Study design
Patients were randomly assigned into two therapy groups
in a 1:1 ratio; one group received LAM (100 mg/d),
whereas the other group received LDT (600 mg/d), and
both groups were followed serially with protocol visits
for a period of 12 mo. The nature and possible consequences of this study were explained to all patients, and
all of them gave written informed consent. The study
protocol was approved by the Ethics Committee of
Changhai Hospital. The study was registered on ClinicalTrials.gov with the identifier NCT01480492.
Clinical, virological, and immunological parameters
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106 cells/ml in RPMI-1640 medium containing phorbol
myristate acetate (0.1 μg per 100 μL), ionomycin (0.75 μg
per 100 μL) and 1 µL Brefeldin A (Sigma Aldrich, Poole,
Dorset, United Kingdom), then incubated for 6 h at
37 ℃ with 5% CO2. The cells were washed, stained with
APC-conjugated anti-CD8 antibody, permeabilized and
fixed using Cytofix/Cytoperm (Pharmingen, San Diego,
CA, United States) according to the manufacturer’s instructions. FITC-conjugated anti-interleukin-2 (IL-2) and
APC-conjugated anti-IFN-γ antibodies were added (30
min, 22 ℃), washed twice and analyzed by flow cytometry.

were assessed in the studied patients at the baseline and
at 4, 12, 24, 36 and 48 wk during antiviral therapy.
At each assessment, the patients were evaluated for
HBV-DNA, HBeAg, hepatitis B envelope antibody, HBsAg, and hepatitis B surface antibody. An adverse event
inquiry was completed, and blood samples were drawn
for immunoassays, blood chemistry and hematology.
Virological assessments
HBsAg, anti-HBs, total and IgM hepatitis B core antibody and HBeAg were determined using a chemiluminescent microparticle immunoassay (Abbott Laboratories, North Chicago, IL). The S/CO values of HBeAg
were converted to PEI U/ml with a HBeAg quantitation
conversion formula[17]. Anti-HCV, anti-HDV, anti-HGV,
anti-HIV-1, and anti-HIV-2 antibodies were measured
using commercially available kits (Abbott Laboratories,
North Chicago, IL) in our clinical lab. Serum HBV-DNA
levels were measured by fluorescent quantitative PCR
with commercially available kits (PE/B/MJ/L, Shenzhen,
China) according to the manufacturer’s instructions. The
threshold of the HBV DNA detection limit was 500 IU/
ml. All specimens were examined in the Clinical Laboratory Center of Changhai Hospital, Shanghai.

Statistical analysis
ANOVA with Tukey’s multiple comparison test was used
to compare the means of the independent groups. Mean
log10 values of HBV DNA at the baseline and at followup were analyzed using Student’s t-test. The R value was
calculated for the HBV DNA or HBeAg levels and for
the frequencies of Treg or PD-1+ CD8 T and PD-1+
CD4 T cells at the baseline and during the follow-up visits. The frequencies of IFN-γ and IL-2 producing T cells
derived from patients before and during antiviral treatment were compared using Student’s t-test, and paired
data were compared using the Mann-Whitney U test.
Frequencies of significant proliferative responses were
compared using χ 2 analysis. P < 0.05 was considered statistically significant.

Isolation of peripheral blood mononuclear cells
EDTA- and heparin-anticoagulated blood (5-7 ml) was
collected from each patient and used directly for fluorescence-activated cell sorting (FACS) or for peripheral
blood mononuclear cell (PBMC) isolation. PBMCs (2 ×
106-6 × 106) were isolated by Ficoll-Hypaque density gradient centrifugation, washed twice in phosphate-buffered
saline and analyzed immediately.

RESULTS
The clinical characteristics of the 52 CHB patients and
age- and sex-matched HCs enrolled in this study are
shown in Table 1. The patient population was predominantly male, with raised serum ALT and elevated HBV
DNA levels compared to the HCs. Of the 52 patients,
28 were in the LAM therapy group and 24 received LDT.
Both patient groups had similar baseline characteristics
for AST, ALT, serum albumin, bilirubin levels and HBV
DNA or HBeAg levels.

Flow cytometric analysis
For PD-1 expression on CD4 and CD8 T cells, peripheral
blood (100 μl) was stained with fluorescein isothiocyanate
(FITC)-conjugated anti-human CD4 (San Diego, CA), allophycocyanin (APC)-conjugated anti-human CD8 (San
Diego, CA) and phycoerythrin (PE)-conjugated anti-PD-1
monoclonal antibodies (BD Biosciences, San Jose, CA) according to the manufacturers’ instructions. Flow cytometry
was performed using a FACSCalibur (Becton Dickinson,
San Jose, CA). FACS data were analyzed using the CellQuest software (Becton Dickinson Rutherford, NJ).
For FoxP3+ Treg cell examination, peripheral blood
(100 μL) was first surface-stained with FITC-conjugated
anti-human CD4 antibody and APC-conjugated anti-human CD25 antibody for 30 min, then lysed with FACSTM
lysis solution (BD Pharmingen) and treated with fix/
perm mixture (eBiosciences) according to the manufacturer’s instructions. Finally, the cells were incubated with
PE-conjugated anti-human FoxP3 antibody overnight.
Isotope controls were used to ensure antibody specificity. The stained cells were analyzed by flow cytometry.

Clinical outcomes
After antiviral treatment with LAM or LDT for 48 wk,
the LDT group achieved a higher HBeAg/HBeAb seroconversion rate than the LAM group (18.18% vs 7.69%,
p = 0.57). No patient achieved HBsAg/HBsAb seroconversion in either group. Serum HBV loads were significantly reduced in both groups as early as at treatment
week 12 (HBV DNA PCR negative rate; LAM: 53.86%
vs LDT: 55.56%). By treatment week 48, all patients had
undetectable serum HBV loads, and serum ALT returned
to normal. No patients withdrew from the treatment due
to intolerable side effects.
Pretreatment: cellular phenotype in patients with CHB
At baseline, the patients with CHB had significantly lower
levels of CD8 T cells (29.44% ± 11.55%) than the HCs
(37.17% ± 7.30%, P = 0.03) (Figure 1C). The frequency

IFN-γ and interleukin-2 staining
Ex vivo-purified PBMCs were stimulated at 2 × 106-3 ×
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Table 1 Baseline clinical characteristics of the different therapy groups and healthy controls

Sex ratio (male/female)
Age (mean ± SD)
ALT median (U/L, range)
AST median (U/L, range)
TBil median (μmol/L, range)
Median albumin (g/dL, range)
HBV DNA (Log10 IU/mL) (mean ± SD)
HBeAg (PEIU/mL) (mean ± SD)

HCs (n = 14)

LAM (n = 28)

LDT (n = 24)

P (LAM vs LDT)

11:3
40 ± 11.4
30 (30-34)
23 (17-30)
4.0 (3.0-7.0)

26:2
39.86 ± 10.9
145 (60-453)
87.5 (20-274)
19.25 (7.7-35.6)
3.6 (2.4-4.4)
6.28 ± 0.78
46.53 ± 48.63

18:6
34.71 ± 8.40
227 (60-957)
129.5 (29-585)
37.5 (35-47)
3.7 (3.4-4.7)
5.85 ± 0.64
53.91 ± 83.59

NS
NS
NS
NS
NS
NS
NS
NS

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; TBil: Total bilirubin; HBV DNA: Hepatitis B virus deoxyribonucleic acid; HBeAg:
Hepatitis B virus envelope antigen; HCs: Healthy controls; LAM: Lamivudine; LDT: Telbivudine; NS: Not significant.

of CD4 T cells did not change significantly in the CHB
patients compared to the HCs. Next, we determined the
expression of PD-1 in both CD4 and CD8 T cells and
found that the CHB patients had higher frequencies of
PD-1 expression in both CD4 T cells (34.10% ± 24.26%)
and CD8 T cells (16.48% ± 10.82%) compared to the
HCs (12.75% ± 8.03% for CD4, p = 0.003; vs 7.02% ±
3.62% for CD8, p = 0.0001) (Figure 1E and F). Patients
with CHB also had a significantly higher frequency of
Treg cells (23.64% ± 9.38%) than the HCs (13.60% ±
6.06%, p = 0.001) (Figure 1G).

Finally, we compared the frequencies of PD-1+ CD8
T cells and Treg cells in the two groups at different time
points during therapy and found that there were no differences between the two groups at any time point, except at week 4, when the LDT therapy group had a lower
frequency of PD-1+ CD8 T cells than the LAM group
(10.08% ± 6.83% vs 20.51% ± 20.96%, p = 0.02).
Correlation of viral infection levels with host immunity
in HBeAg-positive patients receiving NAs
Based on the similar pattern of changes in host immunity
in the two groups, we can infer that the reduction in virus
levels caused by the antiviral therapy induced the change
in the host immune system and that this change was not
due to the NAs themselves. Thus, we combined the two
groups to analyze the correlation between viral load and
changes in the host immune system.
During therapy, the frequencies of PD-1+ CD8 T
cells and Treg cells decreased gradually, and at treatment
weeks 12 and 24, the frequencies of both PD-1+ CD8 T
cells and Treg cells significantly decreased from the baseline levels (Figure 3A and B).
In the first 24 wk of treatment, the frequencies of
PD-1+ CD8 T cells and Treg cells declined concurrently
with the decline of the HBV DNA and HBeAg levels. At
week 24, the viral load and HBeAg level were positively
correlated with the frequencies of PD-1+ CD8 T cells
and Treg cells (Figure 3C-F). However, the trend towards
decline only continued to week 36, and then the frequencies of PD-1+ CD8 T cells and Treg cells both increased
gradually from week 36, even though the viral load and
HBeAg level declined continually (Figure 3C-F).

On treatment: suppression of HBV replication and
reduction of HBeAg level with NAs are associated with
the downregulation of negative immune regulators
The HBV DNA level decreased by more than 2 logs
from the pretreatment level at week 12 in both treatment
groups (Figure 2A), while the HBeAg level decreased to
more than 5 times lower than the pretreatment level at
week 12 in both groups (Figure 2B). In addition to these
changes, the negative regulators of host immunity, including PD-1 expression on CD8 T cells and the frequency
of Treg cells, also decreased (Figure 2C-F). In patients
receiving LAM, there was no obvious change in the frequencies of PD-1+ CD8 T cells and Treg cells at week 4
(baseline vs 4 wk; 17.53% ± 12.61% vs 20.96% ± 20.53%,
P = NS for PD-1 and 24.14% ± 9.40% vs 21.81% ±
7.70%, P = NS for Treg), even though both the HBV
DNA and HBeAg levels declined significantly (Figure
2C). However, in patients receiving LDT, there was a
significant decrease in the frequency of PD-1+ CD8 T
cells at treatment week 4 compared to the baseline (Figure
2D).
At treatment week 12, there was a significant reduction in the frequencies of both Treg cells and PD-1+
CD8 T cells in patients receiving either LAM or LDT
treatment (Figure 2C-F). At week 24, the only significant
difference was observed in the frequency of Treg cells
compared to the baseline in both groups (Figure 2E and
F). At treatment week 36, the frequencies of both PD-1+
CD8 T cells and Treg cells increased again in both treatment groups, though there was continued reduction in
the HBV DNA and HBeAg levels on therapy compared
to the baseline (Figure 2A and B).
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Effect of HBV DNA and HBeAg levels on the function of
CD8 T cells
To determine whether the decrease in viral load or
HBeAg level caused by antiviral therapy could affect the
quantity and quality of CD8 and CD4 T cells, we determined the frequencies of pro-inflammatory cytokinesecreting CD8 T cells and IL-17A+ CD4 T cells during
the treatment and analyzed the correlations between
viral load or HBeAg level and the frequency of proinflammatory cytokine-secreting CD8 T and CD4 T cells
at different time points. We found that along with the
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Figure 1 Pretreatment cellular phenotype of patients with chronic hepatitis B. A: Representative dot plots of CD4, CD8, programmed death-1 (PD-1) and FoxP3
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decline in viral load, the frequencies of pro-inflammatory
cytokine-secreting CD8 T cells, IL-2 and IFN-γ positive
CD8 T cells increased significantly (Figure 4A-C). At
treatment week 12, the frequencies of pro-inflammatory
cytokine-secreting CD8 T cells, IL-2 and IFN-γ positive
CD8 T cells increased to the highest level compared to
all other time points during therapy (Figure 4A-C). From
treatment week 24 on, though the viral load and HBeAg
level continued to decline, the pro-inflammatory cytokine
secreting ability of CD8 and CD4 T cells began to decline, and at treatment weeks 36 and 48, the frequencies

WJG|www.wjgnet.com

of pro-inflammatory cytokine-secreting CD8 and CD4
T cells declined significantly compared to those at treatment week 12 (Figure 4A-C).
We further analyzed the correlation between the frequency of pro-inflammatory cytokine-secreting CD8 or
CD4 T cells with the viral load or HBeAg level at time
points when viral replication was significantly inhibited
by NAs. We found that at treatment week 12, the HBeAg
level was negatively correlated with the frequency of
IL-2+ and IFN-γ+ CD8 T cells (Figure 4D and E). At
treatment weeks 24 and 36, though the quantities of pro-
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inflammatory cytokine-secreting CD8 and CD4 T cells
decreased slightly compared to those at treatment week
12, the HBeAg level was still significantly correlated with
the frequency of IFN-γ+ CD8 T cells (Figure 4E). Notably, the viral load was only negatively correlated with the
frequency of IFN-γ+ CD8 T cells at treatment week 12,
while the viral load was positively correlated with the frequency of IL-17A+ CD4 T cells at baseline and at treatment weeks 12, 24 and 36 (Figure 4G-I).
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DISCUSSION
The results of this novel study demonstrate that both
LAM and LDT can significantly suppress HBV replication as early as at week 4 of treatment. Along with the
suppression of HBV replication by LAM or LDT, both
groups displayed the downregulation of negative immune
regulators, including PD-1 expression on CD8 T cells and
the frequency of Treg cells. A lower Treg cell frequency
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was observed at weeks 12 and 24 in both treatment
groups, but downregulation of PD-1 expression on CD8
T cells only occurred in patients receiving LDT at weeks
4 and 12. Unfortunately, the decrease in negative immune
regulators was only maintained through treatment week
24, although the HBV DNA and HBeAg levels continued
to decline. These results suggest that the downregulation
of negative immune regulators during NA therapy was
primarily related to the decline in viral load and HBeAg

WJG|www.wjgnet.com

level and was not directly related to the NAs themselves.
Furthermore, the rebound of negative immune regulators
in the later periods of antiviral therapy may contribute to
the low HBeAg conversion rate and HBV persistence in
patients treated with NAs.
Cellular immunity plays a critical role in clearing the
virus from HBV-infected individuals[9,10,18,19]. Differences
in the host immune response may significantly affect the
outcome of HBV infection. Previous studies have sug-
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in patients that remained HBeAg-positive. We found that
in the first 24 wk of therapy, along with a decline in the
HBeAg level, the frequencies of both PD-1+ CD8 T
cells and Treg cells decreased gradually, and at week 24,
the HBeAg level was positively correlated with both the
PD-1+ CD8 T cell and the Treg cell frequencies (Figure
3D and E). Furthermore, we determined the correlation
between the HBeAg level and the ability of CD8 T cells
to secrete pro-inflammatory cytokines and found that in
the first 24 wk of therapy, concurrent with the decline in
HBeAg level, the percentage of IL-12 and IFN-γ+ CD8
T cells gradually increased, and at some time points, the
HBeAg level was negatively correlated with the ability of
CD8 T cells to secrete pro-inflammatory cytokines. All
these data suggested that HBeAg drives the upregulation
of negative immune regulatory factors in chronic HBV
infection, resulting in T cell impairment.
It is well recognized that oral NAs demonstrate superior antiviral potency, but with relatively lower HBeAg
seroconversion rates compared to PegIFN[28]. Notably,
compared with the other oral NAs, relatively higher
HBeAg responses have been reported with LDT treatment[5,6]. In the GLOBE study participants (baseline ALT
≥ 2 × ULN), HBeAg loss was achieved for 41% of the
patients treated with LDT for 2 years vs 32% in the LAM
group (P = 0.021); 36% of the patients in the LDT group
achieved HBeAg seroconversion vs 27% in the LAM
group (P = 0.022)[8]. Currently, we know little about why
patients treated with LDT experienced a higher HBeAg
response. Recently, some researchers have described the
immune modulatory effects associated with LDT and
other NA treatments in CHB patients. The two main
categories of the immune response are adaptive immunity (e.g., CD4+/CD8+ T cells, Th1/Th2, Treg, PD-1/
PD-L1, Th17, IL-21, TFH) and innate immunity (e.g.,
NK, NKT, TLR, dendritic cells and macrophages)[9-16,18-21].
We first directly compared the immune systems of
HBeAg-positive patients treated with LDT vs LAM and

gested that Treg cells and PD-1 expression on T cells play
a major role in the fine-tuning of T cell functions during
chronic HBV infection[20-24]. We also observed that the
immune profile of HBeAg+ CHB patients consisted of a
significantly lower CD8+ T cell frequency and higher frequencies of Treg cells and PD-1+ CD8 and CD4 T cells
(Figure 1). It is plausible that Treg activity and PD-1 expression on T cells may be induced by HBV replication.
Recent studies have found that reducing the HBV viral
load is followed by a decrease in the Treg cell frequency
and lower PD-1 expression on host T cells [25-27]. We
found that in the first 24 wk of treatment, in addition to
a reduction in viral load, there was also a reduction in the
Treg cell frequency, and the frequency of PD-1 expressing CD8 T cells decreased gradually. Particularly at week
24, these negative immune regulatory factors decreased
significantly, and their reduction was positively correlated
with the change in HBV DNA level (Figure 3E and F).
These results suggested that the HBV load plays an important role in host immune tolerance.
The function of the HBV precore or HBeAg is
largely unknown because it is not required for viral assembly, infection, or replication. However, HBeAg does
appear to play a role in viral persistence. It has been suggested that HBeAg may promote chronic HBV infection
by functioning as an immunoregulatory protein. Peng et
al[23] found that HBeAg persistence in CHB patients likely
increased the expression of PD-1 and CTLA-4 on HBVspecific CD8 T cells, which may be associated with the
low intensity of T cell responses and the high HBV DNA
load. Evans et al[13] longitudinally studied 18 HBeAg-positive patients undergoing treatment with direct antivirals
to determine the relationship between treatment-induced
viremia reduction and HBeAg seroconversion with respect to PD-1 levels and T-cell reactivity and found that
HBeAg seroconversion (in 6/18 patients) resulted in a
further PD-1 decrease, with a 50% reduction in the frequency of PD-1+ CD8 T cells, which was not observed
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ture strategy for combined therapy with immune modulators and NAs for these
patients.

found that the main negative immune regulators involved
in chronic HBV infection in both groups declined along
with virus replication, but there were no significant differences between the two groups. We only found that
the mean frequency of PD-1+ CD8 T cells in patients
treated with LDT was lower than that in patients treated
with LAM during treatment week 4 (LAM: 20.51% ±
20.96% vs LDT: 10.08% ± 6.83%, P = 0.02). Further
analysis revealed that the difference may be caused by the
significant decline in the HBeAg level in patients receiving LDT treatment from the baseline to week 4. Our
results not only further provide evidence of the immune
modulatory effect associated with NA treatment in CHB
patients but also suggested that the immune modulatory
effect was associated with the decrease in the levels of
HBV DNA or HBeAg caused by NA therapy.
In summary, we have demonstrated a role for distinct
negative immune modulators in chronic HBV infection.
Direct inhibition of HBV replication by NA treatment
could cause the down-regulation of the host negative immune modulators PD-1 on CD8 T cells and a decrease
in the frequency of FoxP3+ Treg cells in the first 24 wk
of therapy and could also restore the ability of CD8 T
cells to secrete pro-inflammatory cytokines. The immune
modulatory effect associated with NA treatment in CHB
patients was correlated with the HBV DNA and HBeAg
levels. Unfortunately, we did not carry out accurate quantitative examination of HBsAg during the study, and thus
we cannot determine whether host immune changes during therapy were also correlated with the HBsAg level.
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nice illustration. The data suggested that NAs might restore the host immune
response by reducing HBV replication, but there is a lack of evidence on whether
there are differences between different NAs; additionally, little is known about
the relationship between the alterations in the host immune response and the
HBeAg levels during nucleoside analogue therapy. The aim of this paper was to
determine the relationship between host immunity and virological parameters or
the NAs themselves in patients with chronic hepatitis B receiving treatment with
different NAs.
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METHODS: Four FoxM1 shRNAs were transfected into
GBC-SD cells with Lipofectamine 2000 to select the
appropriate shRNA for down-regulation of FoxM1. A recombinant lentivirus for shFoxM1 (Lv-shFoxM1), which
expresses FoxM1-speciﬁc shRNA, and a negative control carrying green fluorescent protein, which expresses
a scrambled RNA, were constructed. After transfection
with the recombinant adenovirus and screened with
puromycin, RT-PCR and Western blot were utilized
to evaluate the inhibition efficiency. Cell viability was
evaluated by MTT assay, and cell migration and invasion were assessed using the Transwell system. Cells
were suspended in serum-free medium and seeded into
Transwell inserts either uncoated (for migration assay)
or coated (for invasion assay) with growth factor-reduced Matrigel. To verify the involvement of FoxM1 in
the senescence of tumor cells, staining of senescence
β-galactosidase (SA β-gal), the widely used biomarker
of cellular senescence, was also performed.
RESULTS: After successful transfection of four FoxM1
small interfering RNAs (shRNAs) with Lipofectamine
2000, the shF1822 was selected as the most appropriate shRNA according to its obvious inhibitory effect.
The recombinant adenovirus was then constructed with
the shF1822 and successfully transfected into the GBCSD cells, resulting in the significant inhibition of FoxM1
expression at both the mRNA and protein levels, compared with the negative control (P < 0.05). After transfection, down-regulation of FoxM1 significantly inhibited
cell viability according to the MTT assay (P < 0.05). In
addition, Transwell migration and invasion assays also
suggested the suppression of invasion ability of the
transfected cells. SA β-gal staining showed that down-
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AIM: To investigate the effect of knockdown of Fork-
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Forkhead box M1 (FoxM1), which is characterized
by the forkhead box domain, is a proliferation-associated
transcription factor that has important roles in cellular
proliferation, cell cycle progression, tissue repair and carcinogenesis[9,10]. We have previously reported the involvement of FoxM1 in cellular senescence in hepatocellular
carcinoma (HCC) through p53-FoxM1 pathway, indicating
a new promising target for treating digestive cancers[11,12].
In addition, our previous study also showed that FoxM1
expression was closely correlated with GBC differentiation, Nevin stage and metastasis, and that GBC patients
with highly expressed FoxM1 would have a poorer overall
survival by multivariate analysis, indicating the potential
roles of FoxM1 in GBC[13]. Thus in this study, by regulating the expression of FoxM1 with small interfering RNAs
(siRNAs), we explored the impact of FoxM1 on cellular
viability in a human GBC cell line, which was probably via
the regulation of cellular senescence.

regulation of FoxM1 could induce more senescent GBC
cells (P < 0.05), suggesting the possible involvement of
the senescence process of the FoxM1-deficient cells in
GBC.
CONCLUSION: FoxM1 is functionally involved in viability of GBC cells, partially dependent on the inducement
of cellular senescence, and is a potential target for GBC
therapy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Forkhead box M1; Gallbladder carcinoma;
Senescence; Viability; Invasion
Core tip: Gallbladder cancer is characterized by early
metastases, thus it is in urgent need to identify novel
therapies to enhance the therapeutic effect. We have
previously reported that Forkhead box M1 (FoxM1)
expression was closely correlated with gallbladder carcinoma differentiation, Nevin stage and metastasis,
indicating the potential roles of FoxM1 in gallbladder
carcinoma. In this study, by regulating the expression
of FoxM1 with small interfering RNAs, we demonstrated
the impact of FoxM1 on cellular viability in a human
gallbladder carcinoma cell line, which was probably via
the regulation of cellular senescence, revealing FoxM1
as a potential target for gallbladder carcinoma therapy.

MATERIALS AND METHODS
Cell culture and treatment
The human GBC cell line GBC-SD was purchased from
the Cell Bank of the Chinese Academic of Sciences
(Shanghai branch), and were cultured in DMEM medium
containing 10% fetal bovine serum (Gibco, Grand Island,
NY, United States) at 37 ℃ with 5% CO2. At 24 h after
cell seeding in the culture dish, the recombinant adenovirus vector containing specific shRNA was transfected
into the GBC-SD cells with Lipofectamine 2000, at different multiplicities of infection.

Tao J, Xu XS, Song YZ, Qu K, Wu QF, Wang RT, Meng FD,
Wei JC, Dong SB, Zhang YL, Tai MH, Dong YF, Wang L, Liu
C. Down-regulation of FoxM1 inhibits viability and invasion
of gallbladder carcinoma cells, partially dependent on inducement of cellular senescence. World J Gastroenterol 2014;
20(28): 9497-9505 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i28/9497.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9497

shRNA transfection
RNA interference mediated by duplexes of 21-nucleotide
RNA was performed in GBC-SD cells. The following
four shRNAs of FoxM1 were synthesized by Shanghai
GenePharma Co (Shanghai, China): FoxM1-homo-461
(5’-GCT GGG ATC AAG ATT ATT AAC-3’), FoxM1homo-579 (5’-GCA GTA GTG GGC CCA ACA
AAT-3’), FoxM1-homo-1044 (5’-GGA AGC GCA TGA
CTT TGA AAG-3’) and FoxM1-homo-1822 (5’-GGA
AAT GCT TGT GAT TCA ACA-3’). A negative control
shRNA duplex (shRNA-NC, FoxM1-homo-NC 5’-ACT
ACC GTT GTT ATA GGT G-3’), labeled with the
fluorophore FAM, was used to detect the transfection
efficiency. The shRNA-NC did not target any known
mammalian gene and was synthesized by Shanghai GenePharma Co (Shanghai, China). shRNA transfection
was carried out with Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, United States) according to the procedure
recommended by the manufacturer.

INTRODUCTION
Gallbladder carcinoma (GBC) is the fifth most common
malignant tumor of the digestive system, and the most
common malignant neoplasm of the biliary tract, with
an incidence of 1-2 cases/100000 worldwide. However,
in Eastern countries such as China and South America,
this neoplasm is more common, with an incidence up to
96 cases/100000[1,2]. GBC is characterized by early lymph
node and distant metastases, thus only 10% of patients
present with early-stage disease and are candidates for
surgical resection[3]. Currently, the prognosis of advanced
GBC is very poor, as the overall survival is less than 1
year following diagnosis[4]. As no specific chemotherapy
or radiotherapy for the disease has emerged with satisfying effects, many researchers have been trying to explore new approaches to benefit GBC patients, but only
achieved limited progress[5-8]. It is then in urgent need to
identify novel therapies to enhance the therapeutic effect
and improve the survival of GBC patients.

WJG|www.wjgnet.com

Construction of recombinant lentivirus
A recombinant lentivirus for shFoxM1, which expresses
FoxM1-speciﬁc shRNA, was purchased from GenePharma (Shanghai, China). A negative control carrying green
fluorescent protein, which expresses a scrambled RNA,
was constructed as a control. The virus containing the
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construct was isolated using plaque screening, purification and amplification. Protocol of lentivirus infection
was according to the GenePharma Recombinant Lentivirus Operation Manual (http://www.genepharma.com).

least 100 cells) using bright-ﬁeld microscopy. The staining
results were recorded as ‘‘positive’’ or ‘‘negative’’, according to the method reported by te Poele et al[14].
Cell invasion and migration assays
Cell invasion and migration assays were performed using Transwell permeable supports with 8 μm pore size
(Costar, Cambridge, MA, United States). Cells were suspended in serum-free medium and seeded into Transwell
inserts either uncoated (for migration assay) or coated (for
invasion assay) with growth factor-reduced Matrigel (BD
Biosciences, Bedford, MA). Bottom wells were filled with
complete medium, and after 24 h, the invaded cells were
fixed with methanol and stained with a crystal violet solution. The number of cells that penetrated the membrane
was determined by counting the mean cell number in five
randomly selected high-power fields.

Reverse transcription-polymerase chain reaction
analysis
Total RNA was isolated from cell groups using the RNAfast200 Total RNA Extract Kit (Fastgene, Shanghai, China). Primers used in PCR were designed according to the
reported FoxM1 cDNA sequence. The primer sequences
were 5’-CAC CCC AGT GCC AAC CGC TAC TTG-3’
(forward), and 5’-AAA GAG GAG CTA TCC CCT CCT
CAG-3’ (reverse). The primer sequences of β-actin were
5’-CGC GAG AAG ATG ACC CAG AT-3’ (forward)
and 5’-GCA CTG TGT TGG CGT ACA GG-3’ (reverse).
PCR cycling parameters included an initial denaturation
step at 95 ℃ for 5 min; 35 cycles at 94 ℃ for 30 s, 58 ℃
for 30 s, and 72 ℃ for 1 min; and a final elongation phase
at 72 ℃ for 7 min. Each sample was assayed in triplicate.

Statistical analysis
All data are expressed as mean ± SD. To compare the
means of normally distributed variables, analysis of variance or Student’s t test was applied. A P value less than
0.05 was considered significant in all tests. All analyses
were performed using the SPSS software version 19.0
(SPSS Inc, Chicago, IL, United States).

Western blot
Cells were lysed in ice-cold RIPA lysis buffer (Beyotime
Inc., NanTong, China). The total protein concentration
was determined with the Bradford reagent (Beyotime
Inc.). Equivalent amounts of proteins were then separated by 12% SDS-PAGE and transferred to nitrocellulose
membranes (Bio-Rad, Hercules, CA, United States). The
membranes were subsequently immunoblotted with the
appropriate primary antibody at 4 ℃ for 12 h, and then
incubated with HRP conjugated anti-goat or anti-rabbit
antibody (Santa Cruz, CA, United States). Signals were
detected on X-ray films using the ECL detection system
(Pierce, Rockford, IL, United States). Equal protein loading was assessed by the expression of β-actin.

RESULTS
Expression of FoxM1 is significantly correlated with the
prognosis of GBC patients
The expression of FoxM1 has been reported to be associated with the prognosis of cancer patients in a series of
tumors[15-17]. Likewise, our previous study has also demonstrated the potential impact of FoxM1 on the poor
prognosis of GBC patients[13]. As shown in Figure 1A-F,
the expression of FoxM1 in GBC tissues was significantly
higher than that in the pericarcinoma tissues and adjacent
non-GBC gallbladder samples (P < 0.05). Furthermore,
the Kaplan-Meier analysis also demonstrated that GBC
patients with positive FoxM1 expression had a poorer
overall survival than those with negative FoxM1 expression (P < 0.05) (Figure 1G)[13].

MTT assay for cell viability
GBC-SD cells were seeded at 5 × 103 cells per well in
96-well flat-bottom plates before transfection. For the
assay, 20 μL of MTT solution (5 g/L) was added to each
well, and the cells were incubated for 4 h. Then supernatants were removed and formazan crystals were dissolved
in 200 mL dimethylsulfoxide. After the insoluble crystals
were completely dissolved, the absorbance values at 490
nm were measured using a microplate reader (Bio-Rad,
Hercules, CA, United States).

Analysis of inhibitory efficiency of the shRNAs
To investigate the inhibitory efficiency of the shRNAs in
GBC-SD cells, PCR and Western blot were performed
48 h after the shRNA transfection. We found that the
FoxM1-homo-1822 was more efficient and could significantly inhibit the expression of FoxM1 (Figure 2).
Thus, the FoxM1-homo-1822 was selected as the optimal
shRNA of FoxM1 in the following experiments.

Senescence β -galactosidase assay
Senescence β-galactosidase (SA β-gal) staining is widely
used to assess cellular senescence in vivo and in vitro,
with the positive green or blue-colored staining of
β-galactosidase at pH 6.0 being remarkably increased in
senescent cells. Senescent cells in the GBC-SD cell line
were analyzed using a SA β-gal staining kit (Beyotime
Inc., Nantong, China) according to the manufacturer’s instructions. The percentage of SA-β-gal positive cells was
calculated by counting the cells in five random ﬁelds (at
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Silencing of FoxM1 by adenovirus transfection at the
mRNA and protein levels
GBC-SD cells, which have a high level of FoxM1 expression, were stably transfected with the FoxM1 shRNA
or negative control (NC-shRNA) (Figure 3). After 3-wk
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Figure 1 Immunohistochemical analysis of Forkhead box M1 in gallbladder carcinoma (A and D), pericarcinoma (B and E) and healthy tissues (C and F).
Typically, immunohistologic features showed high levels of Forkhead box M1 (FoxM1) expression in carcinoma, low levels of FoxM1 expression in pericarcinoma, and
negative staining of FoxM1 in healthy gallbladder tissues. G: Kaplan-Meier analysis of the GBC patients, indicating the poorer survival of the patients with positive
FoxM1 expression (P < 0.05). Original magnification (× 100, top; × 400, bottom).
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Figure 2 Expression of Forkhead box M1 in gallbladder carcinoma-SD cells transfected with different shRNAs, detected by RT-PCR (A) and Western blot (B).
Results showed that the shF1822 could significantly inhibit the expression of Forkhead box M1 (FoxM1), both at the mRNA and protein levels. Data are from three
independent experiments.
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Figure 3 Representative photograph (× 100) showing recombinant adenovirus transfection efficiency evaluated by fluorescence microscopy (transfected
with the negative control, top; transfected with the shF1822, bottom). A, D: Under an ordinary light microscope; B, E: Under a fluorescence microscope; C, F:
Superimposed image of the two images.
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Figure 4 Expression of Forkhead box M1 in gallbladder carcinoma-SD cells transfected with the recombinant adenovirus with shF1822, detected by RTPCR (A) and Western blot (B). Results showed that the shF1822 could significantly inhibit the expression of Forkhead box M1 (FoxM1), both at the mRNA and protein levels. Data are from three independent experiments.
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screening with puromycin, the total RNA and protein of
the transfected cells were isolated and analyzed by RTPCR and Western blot, respectively. Compared with the
blank (no siRNA) and NC-shRNA transfected cells, the
expression of FoxM1 was significantly suppressed in cells
transfected with FoxM1 shRNA, at both the mRNA and
protein levels (P < 0.05) (Figure 4).
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Defective viability induced by FoxM1 down-regulation
As shown in Figure 5, down-regulation of FoxM1 expression in GBC-SD cells caused significant inhibition of
cell viability compared with the control and NC-shRNA
cells (P < 0.05). Furthermore, the Transwell system was
utilized to determine whether down-regulation of FoxM1
affected the invasive and migratory ability of GBC-SD
cells. Compared with the control and NC-shRNA cells,
suppression of FoxM1 significantly inhibited the invasion
and migration of GBC-SD cells, as indicated by a marked
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Figure 5 Down-regulation of Forkhead box M1 inhibited cell viability as
revealed by MTT assay. Compared with the control and NC groups, shF1822
significantly inhibited the proliferation of GBC-SD cells at 48 h and 72 h. Data
are mean ± SD from three independent experiments. aP < 0.05 vs control.
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Figure 6 Down-regulation of Forkhead box M1 suppressed cell invasion and migration in gallbladder carcinoma-SD cells as measured by the Transwell
cell coated or uncoated with growth factor-reduced Matrigel. Compared with the control group (A) and NC group (B), shF1822 (C) significantly inhibited the invasion ability of gallbladder carcinoma (GBC)-SD cells; D: Cells that invaded the bottom well were counted from 10 different visual fields. Compared with the control
group (E) and NC group (F), shF1822 (G) significantly inhibited the migration ability of GBC-SD cells; H: Cells that invaded the bottom well were counted from 10 different visual fields. Data are mean ± SD from three independent experiments. aP < 0.05 vs control.
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Figure 7 Senescence was induced by Forkhead box M1 down-regulation in gallbladder carcinoma-SD cells. β-gal staining suggested that, compared with
the control (A) and NC (B) groups, suppression of FoxM1 (C) induced more senescent cells in gallbladder carcinoma (P < 0.05). Data are mean ± SD from three
independent experiments. Arrow: Positive SA-β-gal cells. aP < 0.05 vs control.

decrease in the number of cells that invaded the bottom
well (P < 0.05, Figure 6).

senescence of GBC-SC cells, suggesting that the impaired viability of GBC-SC cells was probably partially
dependent on the inducement of cellular senescence.
FoxM1, a critical regulator of cell cycle progression,
has important roles in cell proliferation, organogenesis,
senescence and carcinogenesis[9,10]. Genome-wide gene
expression profiling of cancers has independently identified FoxM1 as one of the genes whose expression is
most commonly up-regulated in human solid tumors,
such as liver, prostate, brain, breast, lung, colon, and
pancreatic tumors[19]. In addition, subsequent studies also
demonstrated that high expression of FoxM1 predicted
the poor prognosis of several malignancies, such as gastric cancer, lung cancer, and liver cancer[15,16,20]. Likewise,
we discovered that the FoxM1 was also up-regulated in
GBC. Furthermore, according to our previous results, we
demonstrated that high expression of FoxM1 was closely
correlated with differentiation, Nevin stage and metastasis of GBC, and thus the prognosis of GBC patients[13].
Consistent with the observed decreased cell proliferation, FoxM1 deficiency has been reported to be associated with reduced expression of many cell cycle-regulatory
genes that are known to potently promote progression
through the S-, G2- and M-phases of the cell cycle. Thus,
knockdown of FoxM1 was supposed to be associated
with impaired proliferation of tumor cells. Previous studies have also verified the inhibition of viability in FoxM1deficient cells in a series of tumor cells, indicating the
possible similar effect of FoxM1 on GBC cells[12,21,22]. In

Senescence of GC cells induced by FoxM1
down-regulation
We further examined the mechanism behind FoxM1
depletion-mediated impaired viability in GBC-SD cells.
As a signiﬁcant molecule for regulating cellular senescence in a series of malignancies, FoxM1 depletion might
also trigger a cellular senescence program in GBC. SA[18]
β-gal staining was thus performed . Positive SA-β-gal
staining was observed in approximately 20% of GBC-SD
cells treated with FoxM1 siRNA, which was significantly
higher than those in the control group and NC-shRNA
group (P < 0.05, Figure 7).

DISCUSSION
In the previous and present study, we demonstrated the
overexpression of FoxM1 in both GBC-SD cells and
primary GBC tissues. FoxM1, a transcription factor ubiquitously expressed in most cancer cells, is essential for
sustaining proliferation of GBC-SD cells. We have previously demonstrated the correlation between high FoxM1
expression and the poor prognosis of GBC patients, and
in the present study, the impaired viability and invasion
ability of GBC-SD cells were also induced by downregulation of FoxM1. Furthermore, SA-β-gal staining
indicated that FoxM1 down-regulation could induce the

WJG|www.wjgnet.com

9503

July 28, 2014|Volume 20|Issue 28|

Tao J et al . FoxM1 in gallbladder carcinoma
this malignancy, and that silencing this protein significantly impaired the cellular
viability in gallbladder carcinoma, suggesting that it is a potential therapy target.

our study, consistent with the supposition, we found that
down-regulation of FoxM1 by shRNA transfection could
significantly inhibit the viability of GBC-SD cells. In addition, Transwell assays also demonstrated suppressed
migration and invasion ability of the GBC-SC cells transfected with the FoxM1 shRNA, further verifying the impaired proliferation of FoxM1-deficient cells.
Cellular senescence is an irreversible growth arrest,
characterized by decreased cell proliferation, combined
with accumulation of mitotic defects and chromosomal
instability[23]. This permanent exit from the cell cycle
represents an important tumor suppression mechanism.
In accordance with its proliferation stimulating function,
FoxM1 prevents both oncogene- and oxidative stressinduced premature senescence[24]. Previous studies demonstrated that, early-passage FoxM1-/- mouse embryonic
fibroblasts (MEFs), immortalized FoxM1-/- MEFs, and
pancreata from mice with a pancreas-specific knockout
of FoxM1 displayed premature senescence, indicating
the prevention of premature senescence by FoxM1[24-26].
Accordingly, silencing of FoxM1 by RNA interference
in U2OS cells resulted in cellular senescence[24]. We have
also discovered that in HepG2 and SMMC-7721 HCC
cells, knockdown of FoxM1 led to cellular senescence,
whereas the senescent cells were decreased by FoxM1
overexpression[11]. Likewise, in this study, to elucidate the
functional relevance of FoxM1 in GBC, SA-β-gal staining was performed to determine the senescent cells. Our
data suggested that lower expression of FoxM1 in GBCSD cells was associated with more senescent cells, indicating the involvement of FoxM1 in the prevention of
senescence in GBC.
In conclusion, as FoxM1 was highly expressed in
GBC, our results for the first time demonstrated that
down-regulation of FoxM1 expression in GBC-SC cells
by RNA interference could inhibit cell proliferation, invasion and induce cellular senescence, providing clear evidence that FoxM1 is a potential therapeutic target for the
treatment of GBC.

Applications

By understanding how FoxM1 is functionally involved in cellular viability in gallbladder carcinoma and by blocking its expression, this study proposes a future
strategy for therapeutic intervention in the treatment of patients with gallbladder
carcinoma.

Terminology

Cellular senescence is an irreversible growth arrest, characterized by decreased cell proliferation, combined with accumulation of mitotic defects and
chromosomal instability. This permanent exit from the cell cycle represents an
important tumor suppression mechanism. Non-surprisingly, in accordance with
its proliferation stimulating function, FoxM1 prevents both oncogene- and oxidative stress-induced premature senescence.

Peer review

The authors examined the functional involvement of FoxM1 in gallbladder carcinoma. This research is well organized and of relevant interest and scientific
innovation.
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Conventional, but not remote ischemic preconditioning,
reduces iNOS transcription in liver ischemia/reperfusion
Bergthor Björnsson, Anders Winbladh, Linda Bojmar, Tommy Sundqvist, Per Gullstrand, Per Sandström
group than in the IPC (ΔCt: 5.86 ± 0.82) group (P =
0.025). The IL-1 receptor transcription activity was
reduced in the IPC group (ΔCt: 1.88 ± 0.53 to 4.81 ±
0.21), but not in the R-IPC group, during reperfusion
(P = 0.027). In the MD, a significant drop in the NOx
levels was noted in the R-IPC group (12.3 ± 2.2 to 4.7
± 1.2 µmol/L) at the end of ischemia compared with
the levels in early ischemia (P = 0.008). A similar trend
was observed in the IPC group (11.8 ± 2.1 to 6.4 ± 1.5
µmol/L), although this difference was not statistically
significant. The levels of NOx rose quickly during reperfusion in both groups.
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CONCLUSION: IPC, but not R-IPC, reduces iNOS and
IL-1 receptor transcription during early reperfusion,
indicating a lower inflammatory reaction. NOx is consumed in the ischemic liver lobe.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To study the effects of preconditioning on inducible nitric oxide synthase (iNOS) and interleukin 1 (IL-1)
receptor transcription in rat liver ischemia/reperfusion
injury (IRI).
METHODS: Seventy-two male rats were randomized
into 3 groups: the one-hour segmental ischemia (IRI,
n = 24) group, the ischemic preconditioning (IPC, n =
24) group or the remote ischemic preconditioning (RIPC, n = 24) group. The IPC and R-IPC were performed
as 10 min of ischemia and 10 min of reperfusion. The
iNOS and the IL-1 receptor mRNA in the liver tissue
was analyzed with real time PCR. The total Nitrite and
Nitrate (NOx) in continuously sampled microdialysate
(MD) from the liver was analyzed. In addition, the NOx
levels in the serum were analyzed.

Core tip: Ischemic preconditioning has been shown to
reduce ischemia/reperfusion injury (IRI) in the liver. NO
has been shown to be important in the preconditioning process as well as in IRI. This study shows that
ischemic preconditioning (IPC) but not remote ischemic
preconditioning (R-IPC) reduces inducible nitric oxide
synthase and interleukin 1 receptor transcription during early reperfusion. As it has been shown that IPC
protects the liver more than R-IPC, this reduction in
inflammatory activation may be important. In addition,
this study shows that nitrite and nitrate are consumed
in the liver during ischemia, unlike the levels in peripheral blood.

RESULTS: After 4 h of reperfusion, the iNOS mRNA
was significantly higher in the R-IPC (ΔCt: 3.44 ± 0.57)

Björnsson B, Winbladh A, Bojmar L, Sundqvist T, Gull-
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than after IR alone[15-19]. Several studies have investigated
the role of NO in IPC and found that NO is involved in
the process, although the exact mechanisms are unclear.
It has been shown, however, that IPC reduces sinusoidal
endothelial cell death and that this effect is likely to be
dependent on NO production[20,21]. Furthermore, eNOS,
but not iNOS, expression has been found to be increased
during the early (2 h) phase of reperfusion in IPC-treated
animals compared with those that have been subjected to
ischemia and reperfusion without IPC[22].
The concept of remote-IPC (R-IPC) has recently
emerged and has been investigated primarily as a method
to protect the myocardium[23]. This method has also been
investigated in the context of liver IRI and has been
found to provide some protection against IRI in the liver,
although it may be less effective than IPC in reducing tissue damage[14,24-26]. Only one study has compared the two
methods in the setting of liver IRI, and this study showed
that the protective effect on transaminase elevation was
less with R-IPC than with IPC[14]. The underlying mechanisms for R-IPC have been less extensively studied than
the mechanisms involving “conventional” IPC, although
it has been shown that R-IPC increases hepatic blood
flow and that the total hepatic vein Nitrite and Nitrate
(NOx) is higher in R-IPC treated animals than in the control group (ischemia reperfusion only) at the end of 2 h
of reperfusion, which indicates a role for NO[27]. Furthermore, it has been shown that administration of the NO
scavenger inhibits the protective effect of R-IPC and that
eNOS-/- transgenic mice do not benefit from R-IPC[28,29].
In addition, the hepatic microcirculatory blood flow
was found to be better preserved, and thus, the authors
conclude that the NO produced by activated eNOS is an
essential mediator of the protection that R-IPC provides
against IRI[28,29].
The changes in NOx in the liver parenchyma have
not been evaluated in the settings of IPC and R-IPC.
In this study, we examine the changes in the NOx
(Nitrite and Nitrate) concentrations in serum and microdialysate during IRI after both conventional and remote
IPC, as well as the gene expression of iNOS and the IL1β receptor in rat livers.

strand P, Sandström P. Conventional, but not remote ischemic
preconditioning, reduces iNOS transcription in liver ischemia/
reperfusion. World J Gastroenterol 2014; 20(28): 9506-9512
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i28/9506.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i28.9506

INTRODUCTION
In a more aggressive liver surgery, Pringle’s manoeuvre is
frequently used to occlude the vascular inflow to the liver
during resection, thereby reducing intraoperative bleeding. However, the disadvantage to this procedure is that
it may simultaneously cause ischemia-reperfusion injury
(IRI). The consequences of IRI have been extensively
studied, and it has been shown that excessive amounts
of reactive oxygen species (ROS) are formed during reperfusion and that they may damage the liver cells[1]. A
possible mechanism that triggers this damage is the reaction between ROS and cellular components such as lipids
and proteins[1]. Nitric oxide (NO) is thought to be one
important factor in the IRI process. It has been shown
that during IRI, the availability of NO in the rat liver decreases, and this may be related to subsequent and more
severe injury[2]. Furthermore, a model using endothelial
nitric oxide synthase (eNOS) knockout mice has shown
that an eNOS deficiency increases the IRI[3]. It can therefore be stated that the physiological amounts of NO produced by eNOS most likely serve as a protective agent
against IRI. The vasodilatory effect of NO appears to
be important, although the mechanisms involved in this
protection are still unclear. Studies involving inducible nitric oxide synthase (iNOS) inhibitors have suggested that
the inhibition of iNOS decreases IRI[4,5]. Thus, it seems
likely that iNOS activation is involved in the IRI process
and that it is most likely deleterious to IRI. It has been
suggested that a hepatocyte-derived interleukin-1β (IL1β) in conjunction with tumor necrosis factor-α (TNF-α)
is an important mediator of IRI[6]. An up-regulation of
the IL-1β receptor appears to promote iNOS transcription, although the downstream mechanisms involved are
not clear[7]. In addition, IL-1 has been shown to induce
TNF-α synthesis in Kuppfer cells as well as inducing
neutrophil recruitment and promoting the production
of ROS[8]. Blocking the IL-1 receptor has been shown to
reduce IRI, although it is not known if this reduction is
related to the reduced iNOS transcription. However, the
effect appears to be mediated, at least in part, through
improved microcirculation, which may indicate NO involvement[9].
To reduce the IRI, Ischemic Preconditioning (IPC)
has been proposed, which has a protective effect that has
been established in several animal studies[10-14]. Among
the mechanisms postulated for the action of IPC are
decreased endothelial injury and hepatocyte apoptosis,
and it has been shown that adenosine triphosphate (ATP)
levels are higher after IPC and ischemia/reperfusion (IR)

WJG|www.wjgnet.com

MATERIALS AND METHODS
Study protocol and animals
The Local Ethics Committee for Animal Experiments at
Linköping University, Linköping, Sweden approved the
study protocol (Permit number: 2-09). Seventy-two male
Sprague-Dawley rats (258-444 g, Scandjur, Sollentuna,
Sweden) were randomized into 3 groups; A: ischemia (n
= 24), B: IPC + ischemia (n = 24) and C: remote IPC +
ischemia (n = 24). The animals within each group were
then randomly stratified to no reperfusion, 1 h of reperfusion or 4 h of reperfusion. Before the 1 h segmental
ischemia, the animals in group B were preconditioned by
10 min of ischemia to the lobe of the liver that was later
subjected to the ischemic insult. This was followed by 10
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min of reperfusion. In group C, the preconditioning was
applied through a tourniquet to the left hind leg for the
same length of time as group B. During this time period,
nothing was performed to the animals in group A. The
animals were acclimatized for 1 wk at 21 ℃ on a 12-h
light/dark cycle with free access to standard rat food pellets and tap water.

0.5 µg RNA were used in the reverse transcriptase cDNA
conversion with a High Capacity cDNA Reverse Transcription Kit in a total volume of 20 µl in accordance
with the manufacturer’s protocol (Applied Biosystems,
CA, United States). cDNA samples were stored at -20 ℃
until assayed. For the real-time PCR reaction, a 2 µl
sample containing 50 ng cDNA (0.025 µg/µl) was used
in a total reaction volume of 20 µl. The samples were
analyzed in triplicate with Fast Master Mix and TaqMan
Gene Expression Assay (Applied Biosystems) in a 7500
Fast Instrument (Applied Biosystems). In the results, the
mean of the samples’ Ct has been normalized against the
mean Ct for GAPDH, presented as ΔCt.

Anesthesia, surgery, blood and tissue sampling
A detailed description of the procedures can be found
elsewhere[14]. Briefly, the rats were anesthetized, intubated
and ventilated throughout the experiment. Their body
temperatures were maintained within 38 ℃-39 ℃, and the
animals were monitored. A laparotomy was performed
via a midline incision, and the ligament attachments of
the liver were divided. Blood was sampled before the
laparotomy and at the end of the experiment. Microdialysis was performed during the entire experiment from two
lobes (ischemia and control) of the liver. Immediately
after the final blood sampling, the liver was harvested and
preserved in liquid nitrogen, tissue for iNOS and IL-1
receptor analysis was sampled from the ischemic liver.

IL-1R
The quantitative PCR for IL1R was performed with Fast
SYBR Green Master Mix (Applied Biosystems). The final
concentration of the primers was 100 nmol/L. In the
negative controls, the cDNA was replaced with distilled
water. The final amount of cDNA in each reaction was
comparable to 1 ng of RNA. The PCR program was set
at 40 cycles at 95 ℃ for 20 s, 95 ℃ for 1 s and 60 ℃ for
20 s. At the end of the reaction, a dissociation curve analysis was performed. Specific primers for rat IL-1R (Invitrogen) were used. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) and beta-actin (b-actin) (CyberGene
AB, Stockholm, Sweden) were used as housekeeping
genes. The primers were designed using Primer Express
(Applied Biosystems). All reactions were performed in
duplicate by the EpMotion-pipetting robot (Eppendorf,
Hamburg, Germany), including none-template controls
and endogenous control probes. The results were analyzed using the ΔCt method and presented as a relative
gene expression. The 7900 Fast Real-Time PCR system
with 7900 System SDS 2.3 Software (Applied Biosystems)
was used following the manufacturer’s protocol.

NOx
NOx (the sum of NO2- and NO3-) was analyzed in the
serum and microdialysate following the instructions in
the commercial “Nitrite/Nitrate Fluorometric Assay Kit”
(Cayman Chemical Company, Ann Arbor, MI, United
States). Prior to the analysis, the serum was ultrafiltrated
through a 10 kDalton cut-off filter (Millipore, Solna,
Sweden). The microdialysate, on the other hand, was analyzed without any processing. The standard curves were
plotted. For nitrate, 10 µl of the sample was diluted in
70 µl of the assay buffer. Aliquots of 10 µl enzyme cofactor and 10 µl of nitrate reductase mixture were added
to the buffered sample. After 30 min of incubation at
room temperature, 10 µl of DAN (2,3-diaminonaphthalene) were added and incubated for another 10 min.
For nitrite, 10 µl of the sample was diluted with 90 µl
of assay buffer, and 10 µl of DAN was added. Both the
nitrate and nitrite samples were then incubated for 10
min, and 20 µl of NaOH was added. All of the samples
were read in threes using fluorometry with an excitation
wavelength of 355 nm and an emission wavelength of
430 nm.

Parenchymal metabolism (microdialysis)
The details of the probes, pumps, fluids and rates, as
well as the sampling intervals, have been published previously[14]. After sampling, the fluid was frozen at -70 ℃ for
later analysis, as described above.
Statistical analysis
Data are presented as the mean ± SE unless otherwise
stated. A P value < 0.05 was considered statistically significant. Groups were compared with ANOVA followed
by Fisher’s post hoc test when appropriate, while temporal changes within the groups were analyzed using the t
test or the Mann-Whitney U test. Statistica 8.0 software
(StatSoft Inc, Tulsa, OK, United States) was used for the
statistical calculations.

iNOS in liver tissue
Approximately 10 mg of dry weight liver tissue was
disrupted and homogenized in the Micro-Dismembrator (Braun Biotech, Allentown PA, United States)
at 2900 rpm for 30 s. The RNA extraction was performed in accordance with the manufacturer’s protocol
(Qiagene, Valencia CA, United States). However, no
β -mercaptoethanol was used. The RNA was eluted
in 300 µl RNAse-free water; the RNA concentration
was measured at 260 nm and the purity (about 2.0) was
260/280 nm (NanoDrop, Thermo Scientific, Erembodegem, Belgium). It was then stored at -70 ℃ until assayed.

WJG|www.wjgnet.com

RESULTS
The comparison of se-AST and se-ALT has been published earlier[14]. The greatest rise in both the AST and
ALT was observed in the IRI group, followed by the
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Figure 1 Nitrite and nitrate in serum or in microdialysis (mean ± SE) in rats subjected to 60 min of segmental (left lateral lobe) ischemia (shaded area) of
the liver and 4 h of reperfusion after conventional or remote ischemic preconditioning. A: Nitrite and Nitrate in serum. Initially, a significant rise was observed
during the ischemia followed by a significant fall during the reperfusion in both the IPC and the R-IPC groups. For the IPC group, the fall started immediately after
ischemia, but in the R-IPC group, a rise was observed during the first 60 min of reperfusion; B: Nitrite and Nitrate in microdialysis. In both the IPC and R-IPC groups,
the NOx levels dropped significantly during ischemia in the ischemic lobes, but during reperfusion there was an upward trending movement. In the control lobes, no
fall was observed during ischemia. IPC: Ischemic preconditioning; R-IPC: Remote ischemic preconditioning; NOx: Nitrite and nitrate; IRI: Ischemia/reperfusion injury.

R-IPC group, and finally by the IPC group. As there was
a significant difference between the R-IPC and the IRI
group regarding AST, it was concluded that R-IPC offers
some protection against liver IR in the rat liver.

sion, as shown in figure 2A. The transcription of iNOS
at the end of the reperfusion was significantly higher in
all of the groups, IRI (ΔCt = 3.66), IPC (ΔCt = 5.86)
and R-IPC (ΔCt = 3.44) compared with at the end of
the ischemia (ΔCt = 10.21, 10.78 and 11.49, respectively)
(P < 0.001). Moreover, the mRNA was also significantly
lower in the IPC group than in the IRI group or the R-IPC
group at the end of the reperfusion (P = 0.039 respective
P = 0.025) (figure 2A).

NOx in serum
The combined amounts of nitrite (NO2-) and nitrate
(NO3-) were measured in serum and referred to as S-NOx.
In the IPC group, an initial rise (20.2-27.7 µmol/L) was
found during ischemia followed by a decline (27.7-23.4
µmol/L) that started immediately in the reperfusion
phase. In the R-IPC group, an initial rise (20.0-25.2
µmol/L) during the ischemia and 1 h of reperfusion was
followed by a decline (25.2-23.7 µmol/L) during later
parts of the reperfusion. In both of the groups, the rise
and decline in S-NOx was statistically significant (both
groups, P < 0.001) but no significant difference was
noted between the groups (figure 1A). The IRI group
followed a similar pattern, although neither the initial rise
nor the later decline was statistically significant.

IL-1 receptor mRNA in liver tissue
The expression of the IL-1 receptor in the liver tissue
from the ischemic lobe was measured with semi-quantitative real-time PCR. In the IPC group, significantly (P
= 0.027) reduced IL-1 mRNA transcription at the end
of reperfusion compared with the end of ischemia was
noted (ΔCt: 1.88-4.81). In the IRI and R-IPC groups, this
decrease was not observed, as the transcription activity
changed minimally (ΔCt: 2.89-3.43 in the IRI group and
ΔCt: 3.26-2.99 in the R-IPC group, ns). When the groups
are compared, the IPC group has significantly more IL-1
receptor mRNA at the end of ischemia than do the IRI
and R-IPC groups (P = 0.029 and P = 0.0044, respectively). At the end of reperfusion, no statistically significant
differences were found between the groups (figure 2B).

NOx in microdialysis fluid
In the R-IPC group, there was a significant fall (12.3-4.7
µmol/L) at the end of ischemia (P = 0.008) compared
with the levels in early ischemia. Similar trends were observed in the IRI group (13.2-5.8 µmol/L) and the IPC
group (11.8-6.4 µmol/L), although the change was not
statistically significant. During reperfusion, the levels
rose quickly again, to significantly (P < 0.01) higher levels
in the IPC and R-IPC groups, while the rise in the IRI
group was not statistically significant (P = 0.065) (figure
1B). A comparison among the groups did not reveal any
statistically significant differences.

DISCUSSION
This is the first study to compare NO involvement in
conventional and remote IPC in the setting of rat liver
IRI. We have previously shown that the elevation of
transaminase during IRI is less pronounced with IPC
than with R-IPC, although R-IPC appears to offer some
protection against I/R in the rat liver[14]. This most likely
represents differences in the protection against IRI offered by these different methods of preconditioning.
Therefore, it is important to investigate further the mechanisms involved.

iNOS mRNA in liver tissue
The iNOS mRNA in the liver tissue from the ischemic
lobe was measured with real time PCR and increased
from the end of the ischemia to the end of the reperfu-
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Figure 2 Inducible nitric oxide synthase or interleukin-1R mRNA in liver tissue (mean ± SE) in rats previously subjected to 60 min of ischemia/reperfusion
injury after ischemic preconditioning or remote ischemic preconditioning. A: iNOS transcription. The iNOS transcription was significantly increased in the R-IPC
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The iNOS transcription after 4 h of reperfusion was
shown to be more active in the R-IPC group than in the
IPC group, although the levels of NOx did not differ
between the groups. Earlier work has failed to show an
expression of the iNOS protein after 2 h of reperfusion
in a rat model similar to the present[22]. This discrepancy
in findings is most likely explained by the time factor and
the fact that the present study measures gene expression,
which is expected to be observed earlier than the protein
expression reported previously.
The activation of iNOS transcription in the liver during early reperfusion is significantly more apparent with
remote IPC than with conventional IPC. This activation,
on the other hand, does not lead to detectable differences
in the NOx levels whether they are measured in the local
environment of the liver or in serum. This may indicate
that after only 4 h of reperfusion, the increased mRNA
transcription has not resulted in increased NO production, and thus this increase may be a result of different
degrees of tissue damage rather than an explanation for
it. In this study, the step between the transcription and
its product, the enzyme, was not analyzed, thus making it
difficult to draw conclusions about the actual effects of
iNOS in the early phase of reperfusion. If and how this
increase in iNOS transcription affects the later stage of
reperfusion injury may only be speculated upon.
Significantly greater transcription of the IL-1 receptor
was observed in the IPC group than in the other groups
at the end of ischemia (figure 2B). As the ROS and H2O2
that are generated in response to ischemia and reperfusion are known to contribute to the formation of the active IL-1 receptor, this difference is likely to be caused by
the IPC[30]. IL-1 has been shown to activate protein kinase
B/akt, which in turn is known to phosphorylate eNOS
and thus increase the bioavailability of NO in the rat liver
during early ischemia[31,32]. The significant decrease in the
IL-1 receptor transcription observed during reperfusion
in the IPC group may be explained by the inherent negative feedback in the IL-1 pathway[14,33]. Therefore, at 4 h
of reperfusion, we have a lower level of iNOS and IL-1
receptor transcription in the IPC group that may correWJG|www.wjgnet.com

spond to the reduction in IRI in this group.
This study has shown that the levels of NOx dramatically decrease in the liver tissue, measured directly with
microdialysis, during segmental ischemia of the liver.
This suggests that the NOx is consumed in the ischemic
liver. Despite this, a rise in serum NOx was observed in
both groups during ischemia. In an environment where
the circulation is closed, the NOx could be expected to
remain near the level it was before the occlusion. One of
the possible explanations for the decrease in the NOx in
the liver found in this study is that nitrate is reduced to
nitrite, which is reduced to NO. This has previously been
shown to take place in physiological conditions with enhanced acidic environments[34]. This source of NO could
be important within the context of IRI and has previously been shown in a mouse model[35].
The classic view that NOS is the only source of NO
has been challenged by recent results from experiments
in the cardiovascular system, which show that nitrite is
reduced to NO by several enzymatic and non-enzymatic
pathways, a process that is enhanced in acidic environments [34]. The existence of this pathway appears to
make NOx a less suitable proxy for NO than previously
thought[36]. Furthermore, the current findings, obtained
with microdialysis directly from the liver tissue, show
that serum NOx does not reflect the liver parenchymal
concentration of NOx. This supports earlier results that
have shown significant differences between study groups
in the NOx obtained from the hepatic vein, whereas no
difference was noted in the samples obtained from the
hepatic artery[27]. This supports the conclusion that serum
NOx may not accurately reflect the level of NO production in the liver. Earlier studies on the involvement of the
NO system in liver IRI have relied partially on the serum
measurement of NO2- and NO3-[36,37]. The current results,
along with the earlier results from others, therefore, challenge the conclusions drawn from this approximation[27].
As increased IL-1 receptor formation has been shown
to precede an increase in iNOS transcription, the reduction observed in the IPC group may explain the lower
transcription of iNOS found in this group compared
9510
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with the R-IPC group[7]. Another possible explanation as
to why iNOS transcription is lower in the IPC group than
in the R-IPC group is that the NO produced during IPC
rapidly degrades to NOx, which in turn may constitute
a biological pool for later nitrite reduction to NO, thus
prolonging the increased bioavailability of NO in the
liver. As NO has been shown to inhibit iNOS transcription, the increased bioavailability of NO may explain the
results found in the IPC group[38]. Administering nitrite
before ischemia may increase the availability of NO during liver ischemia and thereby decrease later reperfusion
injury, as has been shown in the setting of myocardial
ischemia[39]. This needs to be tested in the liver in an experimental model.
In conclusion, IPC reduces the transcription of
iNOS during early reperfusion, possibly through the early
transcription of the IL-1 receptor, but this effect is not
observed with R-IPC. NOx is consumed in the ischemic
liver and is possibly reduced to NO. Serum NOx does
not reflect the tissues’ NOx during liver IRI.

ischemic preconditioning on the liver IR injury. The topic of the investigation was
IL-1 transcription. The inflammatory cascade was evaluated with the additional
help of NOx measurement (serum and liver tissue) and iNOS transcription (liver
tissue). As reported previously by other investigators, serum NO or NOx measurement was not reflected tissue damage in this study. Authors concluded that
ischemic preconditioning reduces the transcription of iNOS during early reperfusion, possibly through the early transcription of IL-1 receptor, but this effect is
not seen with remote organ- ischemic preconditioning. The experimental design
and methodology are well designed. Statistical analyses are found suitable for
healthy evaluation of the results.
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RESULTS: Establishment of the mouse CGD model
was verified by the presence of cholesterol gallstones
in mice fed the lithogenic diet. Compared with mice
maintained on a normal diet, those fed the lithogenic
diet had significantly higher mean liver-to-body weight
ratio (0.067 ± 0.007 vs 0.039 ± 0.007, P < 0.01), serum total cholesterol (4.22 ± 0.46 mmol/L vs 2.21 ±
0.11 mmol/L, P < 0.001), bile total cholesterol (1.33 ±
0.33 mmol/L vs 0.21 ± 0.11 mmol/L, P < 0.001), and
bile phospholipid concentrations (3.55 ± 1.40 mmol/L
vs 1.55 ± 0.63 mmol/L, P = 0.04), but lower total bile
acid concentrations (726.48 ± 51.83 μmol/L vs 839.83
± 23.74 μmol/L, P = 0.007). The lithogenic diet was
also associated with significantly lower CAV3 in the liver
and lower CAV3 and CCKAR in the gallbladder compared with the control mice (all P < 0.05).
CONCLUSION: CAV3 and CCKAR may be involved in
cholesterol gallstone disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cholesterol gallstone disease; Caveolin-3;
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Abstract

Core tip: Cholesterol gallstone disease (CGD) is one of
the most common digestive diseases worldwide, while
the mechanisms of this disease are not fully understood. In this study, we established a mouse model
of CGD and observed that the formation of gallstones
was accompanied by an increase in serum and bile total cholesterol concentrations, while by a decrease in
total bile acid concentration in bile. The formation of
gallstones was also accompanied by downregulation of
hepatic caveolin-3 (CAV3) expression, and downregulation of CAV3 and cholecystokinin A receptor (CCKAR)
expression in the gallbladder. Our results suggest that
CAV3 and CCKAR may be involved in CGD.

AIM: To investigate the role of caveolin-3 (CAV3) and
cholecystokinin A receptor (CCKAR) in cholesterol gallstone disease (CGD).
METHODS: To establish a mouse model of CGD, male
C57BL/6 mice were fed with a lithogenic diet containing 1.0% cholic acid, 1.25% cholesterol and 15% fat; a
similar control group was given a normal diet. The fresh
liver weights and liver-to-body weight ratio were compared between the two groups after one month. Serum
lipid profile and bile composition were determined with
an autoanalyzer. The Cav3 and Cckar mRNA and CAV3
and CCKAR protein levels in the liver and gallbladder
were determined via real-time polymerase chain reac-
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lithogenic diet, and investigated the association of CAV3
and CCKAR with CGD.

Xu GQ, Xu CF, Chen HT, Liu S, Teng XD, Xu GY, Yu CH.
Association of caveolin-3 and cholecystokinin A receptor with
cholesterol gallstone disease in mice. World J Gastroenterol
2014; 20(28): 9513-9518 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i28/9513.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9513

MATERIALS AND METHODS
Animals
Eight-week-old male C57BL/6 mice were purchased
from Shanghai SLAC Laboratory Animals (Shanghai,
China) and maintained in a standard facility. After acclimatized to laboratory conditions for two weeks, the mice
were randomly divided into two groups (n = 8, each), and
fed for one month ad libitum either a standard laboratory
chow diet (control) or a lithogenic diet containing 1.0%
cholic acid, 1.25% cholesterol and 15% fat. All experiments were carried out in accordance with current institutional guidelines for the care and use of experimental
animals.

INTRODUCTION
Cholesterol gallstone disease (CGD) accounts for
80%-90% of the gallstones found at cholecystectomy,
and is the most common digestive disease requiring hospital admission[1,2]. Epidemiological studies conducted in
the United States showed that 10%-15% of adults have
CGD, and more than one million people are newly diagnosed annually[3,4]. The prevalence of CGD has increased
in developing countries possibly due to the western lifestyle adopted[5,6].
CGD results from bile lipids and bile salts imbalance
in the gallbladder[7]. The development of CGD is associated with supersaturation of bile with cholesterol, rapid
precipitation of cholesterol crystals in the gallbladder,
increased bile salt hydrophobicity, and inflammation of
the gallbladder[8]. Of these events, precipitation of excess
cholesterol in the bile is a prerequisite for gallstone formation[9]. In general, cholesterol is solubilized in mixed
micelles together with bile salts and phospholipids in
bile. However, cholesterol precipitation and subsequent
cholesterol gallstone formation may occur as a result of
cholesterol supersaturation in bile[10,11].
Multifactorial factors are involved in the mechanism
of CGD[12]. Impaired gallbladder emptying, which provides sufficient time for cholesterol crystal nucleation,
contributes significantly to gallstone formation[13]. Caveolins are a family of small integral membrane proteins consisting of caveolin-1, caveolin-2, and caveolin-3 (CAV3)[14].
Caveolin-1 and caveolin-2 are the major structural proteins of caveolae, and are abundantly coexpressed in endothelial and adipose cells[15], while CAV3 is mainly found
in muscle cells[16]. Caveolins are postulated to be mainly
involved in modulation of cholesterol movement and
storage[14,17]. A recent in vitro study observed that CAV3
was involved in the regulation of gallbladder muscle hypomotility[18]. Knockdown of CAV3, mediated via small
interfering RNA, decreased contraction of gallbladder
muscle cells isolated from guinea pigs, and increased
cholecystokinin A receptor (CCKAR) in the caveolae[18].
CCKAR is a major physiologic mediator of smooth muscle contraction of the gallbladder. Lack of CCKAR may
deteriorate gallbladder contraction and enhance gallstone
formation[19]. Polymorphism of Cckar gene was associated with gallstone formation in humans[20,21].
To date, the in vivo association between CAV3 and
CGD has not been fully elucidated, and whether CCKAR
is differentially expressed during the process of cholesterol gallstone formation remains uncertain. In this study,
we established a mouse model of CGD induced by a

WJG|www.wjgnet.com

Serum and bile analysis
The mice were sacrificed after one month of experimental feeding. Blood, liver, bile, and gallbladder samples
were harvested. Serum triglyceride, total cholesterol, highdensity lipoprotein cholesterol (HDL-C), and low-density
lipoprotein cholesterol (LDL-C) levels were measured in
a Hitachi autoanalyzer 7600 (Hitachi, Tokyo, Japan). The
bile samples were diluted 6-fold with deionized water, and
bile composition was also analyzed using the Hitachi autoanalyzer 7600 in accordance with standard procedures.
Real-time polymerase chain reaction
To evaluate the expression levels of Cav3 and Cckar
mRNA in the livers and gallbladders, real-time polymerase chain reaction (PCR) was performed using an
ABI 7500 Sequence Detection System (Applied Biosystems, Foster City, CA) with a TaKaRa real-time PCR kit
in accordance with the manufacturer’s instructions. All
primers used in this study (Table 1) were designed with
Primer Premier 5.0 software (Premier, Canada) and synthesized at Invitrogen (Invitrogen Biotechnology, Shanghai, China). PCR products were quantified by measuring
the calculated cycle thresholds for individual targets and
-ΔΔCT
method was used
β -actin mRNA. The comparative 2
for quantification and statistical analysis, and results were
expressed as fold changes relative to controls.
Western blot
Proteins extracted from mouse livers and gallbladders
were run on 12% SDS-PAGE and transferred onto nitrocellulose membranes. The transferred membranes were
incubated for 2 h at room temperature with blocking
buffer TBST (20 mmol/L Tris-HCl, 140 mmol/L NaCl,
0.05% Tween-20, pH 7.5) containing 5% skim milk, and
then incubated overnight at 4 ℃ with anti-CAV3 (1:3000;
BD transduction) and anti-CCKAR (1:500; Santa Cruz)
antibodies. After five 3-min washes in TBST, the membranes were incubated for 1 h at room temperature with
horseradish peroxidase-conjugated secondary antibody
(1:1000, Beijing Zhongshan Biotechnology, Beijing,
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Table 1 Primers used for real-time reverse-transcription polymerase chain reaction
Gene

Forward primers

Reverse primers

Cav3
Cckar
β -actin

5'-TGAGGACATTGTGAAGGTAGA-3'
5'-CTTCCTGTTGCCAAGTGA-3'
5'-GAAGATCAAGATCATTGCTCCT-3'

5'-TACTTGGAGACGGTGAACG-3'
5'-TTAGCCTCTTCTCTTTAGCA-3'
5'-TGGAAGGTGGACAGTGAG-3'

Table 2 Serum lipid profile and bile composition comparison

Serum lipid profile

Bile composition

Triglyceride, mmol/L
Total cholesterol, mmol/L
HDL-C, mmol/L
LDL-C, mmol/L
Total cholesterol, mmol/L
Phospholipids, mmol/L
Total bile acids, μmol/L

Control diet

Lithogenic diet

P value

0.83 ± 0.15
2.21 ± 0.11
1.35 ± 0.11
0.58 ± 0.12
0.21 ± 0.11
1.55 ± 0.63
839.83 ± 23.74

0.75 ± 0.04
4.22 ± 0.46
1.86 ±0.10
2.19 ± 0.43
1.33 ± 0.33
3.55 ± 1.40
726.48 ± 51.83

0.355
< 0.001
< 0.001
< 0.001
< 0.001
0.040
0.007

HDL-C: High-density lipoprotein cholesterol; LDL-C: Low-density lipoprotein cholesterol.

Mice fed a lithogenic diet had significantly higher
levels of serum total cholesterol, HDL-C, and LDL-C
compared with the control mice (Table 2). Bile total cholesterol and phospholipid concentrations were also significantly higher in mice fed a lithogenic diet, while total
bile acid levels in bile were significantly lower (Table 2).
To investigate the associations between CAV3 and
CCKAR and CGD, the mRNA levels of Cav3 and Cckar
in the livers and gallbladders were analyzed. Real-time
PCR showed that mRNA levels of Cav3 and Cckar in the
gallbladder of mice fed a lithogenic diet were significantly
lower than those of the control mice (Figure 2A). Cav3
mRNA levels in the liver of mice fed a lithogenic diet
was also significantly lower than those of the controls
(Figure 2B). Cckar mRNA was not detected in the liver.
The proteins CAV3 and CCKAR were analyzed in
the livers and gallbladders by Western blot. According
to the mRNA expression results, the protein levels for
CAV3 and CCKAR in the gallbladder of mice fed a lithogenic diet were significantly lower compared with the
controls (Figure 3). The protein levels of CAV3 in the
liver of mice fed a lithogenic diet were also significantly
lower than in the controls (Figure 4). These results suggested that the development of CGD was accompanied
by downregulation of CAV3 expression in the liver, and
downregulation of CAV3 and CCKAR expression in the
gallbladder, implying that CAV3 and CCKAR may be involved in CGD.

P < 0.01

0.08
Liver-to-body weight ratio

0.07
0.06
0.05
0.04
0.03
0.02
0.01
0.00
Control diet

Lithogenic diet

Figure 1 Liver-to-body weight ratio in mice fed a normal or lithogenic diet.

China). The antigens were detected using an EZ-ECL kit
(Biological Industries, Israel). The intensities of the separate bands were analyzed using QuantityOne software
(Bio-Rad), and normalized to glyceraldehyde 3-phosphate
dehydrogenase (GAPDH; Cell Signaling Technology).
Statistical analysis
Statistical analyses were performed using SPSS software
version 13.0 (SPSS, Chicago, IL). Data are expressed as
mean ± SD and were compared using Student’s t test. P <
0.05 (2-sided tests) was considered statistically significant.

RESULTS
Mice fed with lithogenic diet containing 1.0% cholic acid,
1.25% cholesterol and 15% fat for one month developed
gallstones. In addition, the mice fed the lithogenic diet
had significantly higher mean liver weight and liver-tobody weight ratio compared with the control mice fed a
normal diet (Figure 1). Histological analysis showed significant fatty infiltration of the liver in mice fed a lithogenic diet, while the control mice exhibited normal liver
architecture.
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DISCUSSION
In this study, we established a mouse model of CGD and
observed that the formation of gallstones was accompanied by increases in serum and bile total cholesterol
concentrations, while total bile acid concentrations in bile
decreased. Lower levels of hepatic CAV3 expression, and
CAV3 and CCKAR in the gallbladder were also found in
the mouse model compared with the control mice.
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1.4

P < 0.05

B

Control diet

P < 0.05

1.2

Lithogenic diet

1.2
Relative mRNA level

1.0

Relative mRNA level

P < 0.05

1.4

0.8
0.6
0.4

1.0
0.8
0.6
0.4
0.2

0.2

0.0
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Cav3

Control diet

Cckar
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Figure 2 Cav3 and Cckar mRNA in the gallbladder (A) and liver (B) of both control and cholesterol gallstone disease mice.
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1.2

Control diet

1.0

1.4
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1.2
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Relative protein level
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0.8
0.6
0.4
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Figure 3 Western blotting for caveolin-3 and cholecystokinin A receptor
in the gallbladder of both control and cholesterol gallstone disease mice.
CAV3: Caveolin-3; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

0.0
CAV3

CCKAR

Figure 4 Western blotting for caveolin-3 in the liver of control and cholesterol gallstone disease mice. CCKAR: Cholecystokinin A receptor; CAV3:
Caveolin-3; GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

The mechanisms underlying the pathogenesis of
CGD are incompletely understood [22]. Epidemiologic
studies imply the involvement of multiple environmental
factors and genetic elements in cholesterol gallstone formation[23,24]. The former includes diet as a risk factor for
cholesterol gallstone formation[25]. In the present study,
mice developed cholesterol gallstones fed for one month
with a lithogenic diet containing 1.0% cholic acid, 1.25%
cholesterol and 15% fat. Significant increases in serum
total cholesterol and LDL-C levels were observed in mice
fed the lithogenic diet. This change mimics the alterations
in serum lipid profiles observed in CGD patients[26,27].
Hypersecretion of biliary cholesterol and cholesterol
supersaturation of the bile are the most important prerequisites for gallstone formation[11]. Bile acids are the
major components of bile, and are involved in cholesterol elimination. Decreases in total bile acid levels may
be associated with reduced cholesterol elimination in the
bile and subsequent cholesterol supersaturation. In the

WJG|www.wjgnet.com

1.0

present study, we observed that bile total cholesterol and
phospholipid levels were significantly higher in the mouse
CGD model, while total bile acid concentrations in bile
were lower than in the control mice.
Decreased gallbladder motility is crucial to the formation of cholesterol crystals in bile[13]. The mechanisms
associated with decreased gallbladder motility remain
unclear. Caveolins are scaffolding proteins that have important roles in cholesterol homeostasis[14,17]. Besides its
role in cholesterol metabolism, CAV3 was also found to
be involved in regulation of gallbladder muscle hypomotility in vitro[18]. However, the in vivo association between
CAV3 and CGD is not fully understood. In this study, we
observed that CAV3 expression was lower in the liver and
gallbladder of the mouse model of CGD, compared with
the normal controls.
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CCKAR is a major mediator of smooth muscle contraction of the gallbladder. One-third of CCKAR (-/-)
mice spontaneously develop gallstone disease at 12 and
24 mo of age[19]. Polymorphism of Cckar gene in patients
is also an independent risk factor for gallstone disease[21].
However, whether CCKAR is differentially expressed
during the process of CGD formation remains unclear.
Here, we observed that the expression of CCKAR was
significantly lower in the gallbladder of CGD mice
than in the control group. These observations suggest
the involvement of CAV3 and CCKAR in cholesterol
gallstones. However, the precise mechanism remains to
be determined. Further study is also needed to clarify
whether our findings are relevant to humans, and the
possibility of therapeutic intervention for the disease.
In conclusion, our results showed that both mRNA
and protein of CAV3 and CCKAR were differentially expressed in the liver and gallbladder of a mouse model of
CGD compared with control mice. Further investigation
may enhance our understanding of the pathogenesis of
CGD, and enable exploration of novel therapeutic targets.
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Remote ischemic postconditioning protects against gastric
mucosal lesions in rats
Tao Wang, Ye-Ting Zhou, Xin-Nian Chen, An-Xiang Zhu, Bo-Hua Wu
animals in each group at each timepoint and processed
to determine levels of malondialdehyde (MDA), superoxide dismutase (SOD), xanthine oxidase (XOD) and
myeloperoxidase (MPO). Additional samples were processed for histologic analysis by hematoxylin and eosin
staining. Blood samples were similarly collected to determine serum levels of lactate dehydrogenase (LDH),
creatine kinase (CK), tumor necrosis factor (TNF)-α and
interleukin (IL)-10.
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RESULTS: The pathologic changes in gastric tissue
induced by IR were observed by light microscopy. Administration of RIP dramatically reduced the gastric
damage score after 6 h of reperfusion (5.85 ± 0.22 vs
7.72 ± 0.43; P < 0.01). In addition, RIP treatment decreased the serum activities of LDH (3.31 ± 0.32 vs 6.46
± 0.03; P < 0.01), CK (1.94 ± 0.20 vs 4.54 ± 0.19; P
< 0.01) and the concentration of TNF-α (53.82 ± 0.85
vs 88.50 ± 3.08; P < 0.01), and elevated the concentration of IL-10 (101.46 ± 5.08 vs 99.77 ± 4.32; P <
0.01) induced by IR at 6 h. Furthermore, RIP treatment
prevented the marked elevation in MDA (3.79 ± 0.29
vs 6.39 ± 0.81) content, XOD (7.81 ± 0.75 vs 10.37 ±
2.47) and MPO (0.47 ± 0.05 vs 0.82 ± 0.03) activities,
and decrease in SOD (4.95 ± 0.32 vs 3.41 ± 0.38; P <
0.01) activity in the gastric tissue as measured at 6 h.

Abstract

CONCLUSION: RIP provides effective functional
protection and prevents cell injury to gastric tissue induced by limb IR via anti-inflammatory and antioxidant
actions.

AIM: To investigate the protective effects of remote
ischemic postconditioning (RIP) against limb ischemiareperfusion (IR)-induced gastric mucosal injury.
METHODS: Gastric IR was established in male Wistar
rats by placing an elastic rubber band under a pressure
of 290-310 mmHg on the proximal part of both lower
limbs for 3 h followed by reperfusion for 0, 1, 3, 6, 12
or 24 h. RIP was performed using three cycles of 30 s
of reperfusion and 30 s of reocclusion of the femoral
aortic immediately after IR and before reperfusion for
up to 24 h. Rats were randomly assigned to receive IR (n
= 36), IR followed by RIP (n = 36), or sham treatment
(n = 36). Gastric tissue samples were collected from six
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Core tip: In the present study, the effects of remote
ischemic postconditioning (RIP) on limb ischemiareperfusion-induced gastric mucosal lesions were
evaluated. This study demonstrates that RIP performed
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ditions (12 h light-dark cycle and temperature between
22-24 ℃) with ad libitum standard rat chow and water. All
animals were allowed to acclimate for one week prior to
the start of experimental procedures. The experimental
protocol was approved by the Institutional Animal Care
and Use Committee of Lanzhou University.

immediately before reperfusion ameliorates gastric mucosal lesions, increases superoxide dismutase activity,
and decreases xanthine oxidase and myeloperoxidase
activities and the level of malondialdehyde in gastric
homogenates. In addition, RIP attenuated serum lactate dehydrogenase and creatine kinase activities, and
significantly reduced the concentration of tumor necrosis factor-α, while elevating the concentration of interleukin-10.

Reagents
The reagents and detection kits used were as follows:
SOD, malondialdehyde (MDA), xanthine oxidase (XOD),
myeloperoxidase (MPO), lactate dehydrogenase (LDH)
and creatine kinase (CK) detection kits were obtained
from Nanjing Jiancheng Bioengineering Institute, China;
tumor necrosis factor (TNF)-α and interleukin (IL)-10
enzyme-linked immunosorbent assay (ELISA) kits were
obtained from Wuhan Boster Bioengineering Institute,
China. All other chemicals were of analytical grade or
equivalent.
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INTRODUCTION

Experimental protocol
The animals were randomized into one of three groups
(n = 36 each): IR group, animals were subjected to gastric
IR injury induced for 3 h by placing an elastic rubber
band under a pressure of 290-310 mmHg on the proximal part of both lower limbs[7,11] that was then released
to allow reperfusion; RIP group, animals were additionally subjected to RIP, consisting of three cycles of 30 s
femoral aortic declamping (reperfusion) and 30 s reocclusion at the onset of reperfusion; sham group, animals
were not submitted to any IR (Figure 1). Global ischemia
in the hindlimbs was veriﬁed by the absence of femoral
arterio venular blood flow using laser Doppler flowmetry
throughout the experiment. The animals were anesthetized by inhalation of 2%-3% isoflurane[12], and the
anesthesia was only maintained during the experimental
operation. Rats were kept supine for the duration of the
experiment. The three groups underwent 0, 1, 3, 6, 12 or
24 h reperfusion. Following reperfusion, blood samples
from the inferior vena cava were collected, and six rats
were euthanized by venous bloodletting at each timepoint
and the stomachs were immediately removed, cut along
the lesser gastric curvature, rinsed in ice-cold saline and
divided into three portions.

Gastric mucosa can be damaged by oxidative stress induced by ischemia-reperfusion (IR), due to free radicals
and/or reactive oxygen species (ROS). The crucial role
of oxygen free radicals in the pathogenesis of IR is supported by many lines of evidence demonstrating that superoxide dismutase (SOD), a highly specific scavenger of
superoxide, prevents IR-induced gastrointestinal injury[1,2].
Experimental studies have also shown that IR-induced
gastric mucosal damage produced by temporal clamping
of the celiac artery in rats is accompanied by the formation of free radicals[3,4].
Treatments with antioxidants, such as melatonin,
beta-carotene, allopurinol and SOD, are shown to protect
the gastrointestinal mucosa against the IR-induced oxidative stress[5]. Additionally, some studies have shown that
remote preconditioning with short ischemic episodes of
the stomach and non-gastric tissue (heart, liver and limb)
protects the gastric mucosa against acute gastric lesions
caused by severe IR[6,7]. Moreover, reports from recent
studies show that remote ischemic postconditioning (RIP)
performed in the limbs reduces infarct size after acute
myocardial infarction[8] and attenuates brain injury after
focal ischemia[9]. More recently, work from our group
has shown that RIP performed bilaterally in the lower
limbs attenuates the intestinal injury induced by limb IR
in rats[10]. However, whether RIP inhibits gastric injury
after limb ischemia is unknown. The present study was
therefore designed to investigate the mechanisms and
gastroprotective effects of hindlimb RIP on rat models
of gastric ischemic injury induced by limb IR.

Serum assays
Collected blood samples were left to clot at room temperature for 1 h before centrifugation (2500 rpm for 15
min at room temperature) to separate the serum, which
was stored at -20 ℃ in microcentrifuge tubes until analysis. Serum LDH and CK were quantified using specific
assay kits according to the manufacturer’s instructions. All
the samples were analyzed in duplicate for LDH and CK
in a 721(N) spectrophotometer (Shanghai, China) by the
same analyst. Serum TNF-α and IL-10 concentrations
were measured by ELISA according to the manufacturer’s
instructions, and all samples were tested in duplicate in
a SM-3 Auto ELISA Analyzer (Shanghai, China) by the
same analyst.

MATERIALS AND METHODS
Animals
The present study was performed on 108 adult male
Wistar rats (220-250 g) obtained from the Animal Experimental Center of the Gansu College of Traditional
Chinese Medicine (Lanzhou, China). The animals were
housed in individual cages and kept under standard con-
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Figure 1 Surgery protocols. Ischemia-reperfusion (IR, n = 36) was elicited by 3 h ischemia (I). For animals in the remote ischemic postconditioning group (RIP,
n = 36), this was followed by three cycles of 30 s of reperfusion (R) followed by 30 s of I. There was no intervention in the sham group (n = 36). All groups were examined after 0, 1, 3, 6, 12 or 24 h of R.

Biochemical analysis
The tissue samples from the gastric mucosa were homogenized in a 0.9% saline solution and centrifuged at
2000-3000 rpm for 10 min at 4 ℃. The supernatant was
collected and MDA content and SOD, XOD and MPO activities were quantified using specific assay kits according to
the manufacturer’s instructions. All assays were performed
using the same spectrophotometer unless otherwise stated.
Each sample measurement was performed in triplicate.

repeated measures analysis, and the means of all groups
were compared using the least significant difference test
for multiple comparisons. P < 0.05 was used to determine signiﬁcance.

RESULTS
Serum LDH, CK, TNF-α and IL-10
The activity of LDH and the concentration of IL-10
were significantly elevated in the IR and RIP groups immediately after ischemia was induced and at all reperfusion timepoints compared with the sham group (Figure
2A and D). The activity of CK and the concentration
of TNF- α were also significantly elevated in the IR
and RIP groups compared to the sham group during
the reperfusion (Figure 2B and C). Compared to the IR
group, RIP treatment significantly decreased the activities of LDH (6.46 ± 0.03 vs 3.31 ± 0.32; P < 0.01) and
CK (4.54 ± 0.19 vs 1.94 ± 0.20; P < 0.01) at 6 h (Figure
2A and B) and signiﬁcantly attenuated the concentration
of TNF-α (88.50 ± 3.08 vs 53.82 ± 0.85; P < 0.01) at 6 h
and throughout the 24 h reperfusion period (Figure 2C).
However, RIP did not decrease IL-10 levels compared
to the IR group, but increased the concentration at the
3 h timepoint (151.71 ± 4.06 vs 135.42 ± 8.62; P < 0.01)
(Figure 2D).

Measurement of gastric mucosal injury
Gastric mucosal samples were ﬁxed in a 4% formaldehyde solution, parafﬁn-embedded and sectioned at a
thickness of 4 µm. After deparafﬁnization and gradual
hydration, sections were examined using hematoxylin and
eosin staining. Gastric mucosal injury and repair were
observed and photographed under a light microscope
by an experienced pathologist who was unaware of the
treatment. Based on a cumulative-length scale where an
individual lesion was limited to the mucosal epithelium
(including pinpoint erosions, ulcers, and hemorrhagic
spots), the index was scored according to its length: (1)
≤ 1 mm; (2) > 1 mm and ≤ 2 mm; and (3) > 2 mm and
≤ 3 mm. For lesions > 1 mm in width, the score was
doubled. The sum total of the scores of all lesions represented the gastric mucosal injury index as outlined by
Zhang et al[13].

MDA content, SOD, XOD and MPO activities
Ischemia and the subsequent reperfusion resulted in a
signiﬁcant elevation in MDA content in gastric tissue
from both the IR and RIP groups compared to sham
controls (Figure 3A), whereas a decrease in SOD activity

Statistical analysis
Data were entered into a database and analyzed using
SPSS software (SPSS, Chiacgo, IL, United States) and
are expressed as mean ± SD. Data were analyzed using a
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Figure 2 Serum levels after ischemia reperfusion. Serum levels of A: Lactate dehydrogenase (LDH); B: Creatine kinase (CK); C: tumor necrosis factor (TNF)-α; D:
Interleukin (IL)-10 immediately after 3 h ischemia (0 h) and 1, 3, 6, 12 and 24 h reperfusion in sham, ischemia reperfusion (IR) and remote ischemic postconditioning
(RIP) groups (n = 6 per group at each timepoint). aP < 0.05 vs sham group, bP < 0.01 vs sham group; dP < 0.01 vs IR group.
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Figure 3 Gastric oxidative stress and lipid peroxidation after ischemia reperfusion. A: The gastric content of malondialdehyde (MDA); The activity levels of B:
Superoxide dismutase (SOD); C: Xanthine oxidase (XOD); D: Myeloperoxidase (MPO), immediately after 3 h ischemia (0 h) and 1, 3, 6, 12 and 24 h reperfusion in
sham, ischemia reperfusion (IR) and remote ischemic postconditioning (RIP) groups (n = 6 per group at each timepoint). aP < 0.05 vs sham group, bP < 0.01 vs sham
group; cP < 0.05 vs IR group, dP < 0.01 vs IR group.
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Figure 4 Histologic evaluation of gastric tissue. Hematoxylin and eosin staining of gastric sections obtained from A: Sham surgery; B: Ischemia reperfusion (IR); C:
Remote ischemic postconditioning (RIP) after 6 h (magnification × 200); D: Quantitative scores for acute gastric lesions from sham, IR and RIP groups (mean ± SD; n
= 6); bP < 0.01 vs sham group; dP < 0.01 vs IR group.

was observed during reperfusion (Figure 3B). Treatment
with RIP significantly attenuated the elevation in MDA
compared with IR at 6 h (3.79 ± 0.29 vs 6.39 ± 0.81; P <
0.01) and throughout the 24 h reperfusion period. RIP
also significantly attenuated the decrease in SOD activity
compared to IR (6 h: 4.95 ± 0.32 vs 3.41 ± 0.38; P < 0.01).
Reperfusion following the ischemic event resulted in
increases in XOD and MPO activities in gastric tissues
(Figure 3C and D). RIP treatment blocked the increase
in XOD at 6 h (7.81 ± 0.75 vs 7.34 ± 0.63 in sham), and
significantly attenuated the increase in MPO activity (0.82
± 0.03 vs 0.47 ± 0.05 in IR; P < 0.01).

duce ROS, cytokine release and cascade activation, which
lead to skeletal muscle injury and organ specific and/or
“systemic” effects[14]. Furthermore, the insult can produce
consumption of endogenous antioxidants[10,15-17], resulting
in remote organ injury to the heart, lungs, liver, kidneys
and the gastrointestinal tract. Hypotension and sepsis are
important predisposing factors in the etiology and pathogenesis of massive upper gastrointestinal hemorrhage
following surgical operations[18], and a hemorrhagic shock
of short duration is the most powerful factor causing
gastric mucosal lesions[19]. These lesions are often referred
to as stress ulcers resulting from ischemic-hypoxic gastric
mucosa injury. Therefore, limb ischemia can result in IRI
of the gastric mucosa, which is an important clinical condition with undesirable outcomes concerning patients’
morbidity and mortality.
In recent years, studies have revealed that ROS[20],
microvascular dysfunction, polymorphonuclear (PMN)
leukocyte infiltration[21], nitric oxide release[22] and gastric
acid secretion[23] during reperfusion may play a role in the
pathogenesis of gastric mucosal IRI. Several interventions (surgical and pharmacologic) are used to reduce
such injury[20,24-26]. A potent surgical therapeutic technique
called ischemic postconditioning (IPostC) is described
as a modified schedule of reperfusion characterized by
intermittent restoration of blood flow after a prolonged
episode of ischemia[27]. Gyurkovics et al[28] demonstrated
in a recent experimental study that IPostC provides effective functional protection to skeletal muscles from IRI

Effects of RIP on pathologic changes of gastric mucosa
Ischemia reperfusion resulted in signiﬁcant injury as evidenced by gastric mucosal edema, epithelial hemorrhage,
hyperemia and erosion, and infiltration of inflammatory
cells between the muscularis mucosa and the glands after
6 h (Figure 4B), which were ameliorated by RIP treatment (Figure 4C). Quantitative scoring of the lesions
showed a significant reduction in the RIP group compared with the IR group (5.85 ± 0.22 vs 7.72 ± 0.43; P <
0.01) (Figure 4D).

DISCUSSION
The local and remote consequences of acute limb IR
injury (IRI) continue to be a serious clinical problem in
trauma surgery. Protracted limb ischemic insult can pro-
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and distant organ (lung and renal) injuries caused by bilateral lower limb IRI by attenuating the formation of ROS,
PMN cell accumulation and decrease in inflammatory
reaction mechanisms. In addition, a second remote ischemic condition technique known as RIP protects myocardium from IRI by reducing oxygen radical-induced injury
and improving antioxidant action[29], and protects against
focal cerebral ischemia by modulating nerve activity and
protein synthesis[9]. Previous work showing that IPostC
provides effective functional protection to lung and renal
injuries caused by lower limb IRI[28] suggested that limb
ischemia could be extrapolated to RIP. Indeed, the results
of the current study show that RIP conducted in the
hindlimb immediately after reperfusion markedly attenuates gastric ischemic injury.
The gastric mucosal injury induced by IR was mild
immediately after ischemia, but severe after reperfusion,
in agreement with a previous study indicating that reperfusion of acutely ischemic extremities produces structural
and functional changes in the gastrointestinal tract[17].
It is well established that IR-induced gastric lesions are
mediated, at least in part, by excessive formation of oxygen free radicals and/or ROS, resulting in suppression
of gastric microcirculation, neutrophil infiltration, and
release of proinflammatory cytokines[30]. These changes
may elicit the progression of acute erosions observed immediately after the IR into deep gastric lesions appearing
12 and 24 h after reperfusion[31]. The results of the present study indicate that these changes occur much earlier,
as reperfusion resulted in gastric mucosal lesions with
edema, epithelial hemorrhage, hyperemia and erosion,
and inflammatory cell infiltration observed just 6 h after
reperfusion.
In this study, limb IRI produced an increase in gastric
tissue levels of MDA, XOD and MPO, and a decrease in
the level of SOD, which is in agreement with previous
studies[21,31,32]. The observed elevation in serum LDH and
CK levels may be attributed to cell membrane damage
and/or ischemia-induced lactate accumulation[33], and to
cell death induced by the acutely ischemic gut[34]. These
changes were attenuated by RIP conducted immediately
after reperfusion in the lower limb, which also protected
against gastric ischemia. It is plausible that RIP protects
the ischemic stomach through these antioxidative and cytoprotective effects, as SOD, MDA, XOD and MPO are
crucial in the protection against gastric injuries.
TNF-α plays a major role in the generalized inflammatory process by activating neutrophils and upregulating the expression of adhesion molecules in endothelial
cells and granulocytes[35]. IL-10 may be protective and can
limit tissue damage caused by inflammation via inhibition
of cytokine synthesis[36] and suppression of TNF-α production[37]. Results of the present study along with our
previous work[10] have shown that RIP treatment, which
attenuates small intestinal injury resulting from limb IRI,
can reduce serum levels of TNF-α and increase levels
of IL-10. Consistent with the theory that the release of
the inflammatory mediators may induce end-organ injury

WJG|www.wjgnet.com

at sites remote from the focus of IR, recent work also
showed lower TNF-α levels and reduced distant organ
(lung and renal) impairment with RIP treatment[28].
In summary, the present study demonstrates that
treatment with RIP attenuates gastric IRI and helps to
restore and maintain the structural integrity of gastric
mucosa. This protective effect may be mediated by the
reduced generation of ROS, and anti-inflammatory and
antioxidant actions. Thus, intervention with RIP, which
targets the first few minutes of reperfusion, may be a
valuable clinical treatment for gastric IR.
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Liver fibrosis evaluation by ARFI and APRI in chronic
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a better correlation with liver fibrosis stages in chronic
hepatitis C than APRI (r = 0.478, P < 0.05). The areas
under the ROC curves for ARFI and APRI were 0.775
and 0.721 for stages ≥ S2, 0.901 and 0.787 for stages
≥ S3, and 0.792 and 0.780 for S = 4, respectively.
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CONCLUSION: Both ARFI and APRI could evaluate
liver fibrosis stages in chronic hepatitis C. ARFI is more
accurate than the APRI index.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver fibrosis; Chronic hepatitis C; Acoustic
radiation force impulse; AST/PLT ratio index; Sensitivity; Specificity
Core tip: This study has utilized acoustic radiation force
impulse (ARFI) technology and the AST/PLT ratio index
(APRI) model to detect and analyze the degree of liver
fibrosis in 128 patients with hepatitis C. The clinical value and accuracy of these two methods were explored
in the evaluation of liver fibrosis stages of patients with
chronic hepatitis C. ARFI could more accurately evaluate liver fibrosis in patients with chronic hepatitis C
than the APRI.

Abstract
AIM: To explore the value of liver fibrosis assessment
by acoustic radiation force impulse (ARFI) and the AST/
PLT ratio index (APRI) in chronic hepatitis C patients.
METHODS: One hundred and twenty eight patients
with chronic hepatitis C were examined using ARFI elastometry and APRI, calculated according to known formulae. The gold standard of liver biopsy was referred;
ROC curve analysis was used to assess all ARFI and
APRI values. The corresponding cut-off values, sensitivities, and specificities were calculated and compared. In
addition, the correlation of liver fibrosis stages in chronic
hepatitis C patients with ARFI measurements and APRI
were also tested to evaluate significant data.

Li SM, Li GX, Fu DM, Wang Y, Dang LQ. Liver fibrosis evaluation by ARFI and APRI in chronic hepatitis C. World J Gastroenterol 2014; 20(28): 9528-9533 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i28/9528.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9528

INTRODUCTION
In recent years, the incidence of chronic hepatitis C has
shown an upward trend. The body’s stress repair response
keeps on working in response to continuous inflammatory stimuli, thus accumulating a large number of extracellular matrixes in the liver tissue[1]. If effective degrada-

RESULTS: The values of ARFI in S1-S4 were 1.23 ±
0.34 m/s, 1.48 ± 0.43 m/s, 2.06 ± 0.45 m/s, and 2.30
± 0.87 m/s. The values of APRI in S1-S4 were 0.31
± 0.45 m/s, 0.28 ± 0.38 m/s, 0.58 ± 0.59 m/s and
0.65 ± 0.34 m/s. ARFI (r = 0.649, P < 0.05) showed
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tion is not performed, cirrhosis or even cancer will occur.
Hence, early diagnosis is important for timely prevention
and treatment of liver fibrosis. The degree of liver fibrosis, caused by chronic hepatitis C, is an important factor
that affects the treatment and prognosis of patients with
liver diseases[2]. Therefore, the method of quantitatively
assessing the stage and grading of liver fibrosis is very
important. The traditional method to evaluate the degree
of liver fibrosis and cirrhosis is an invasive technique liver biopsy[3]. However, this method is not suitable for
continuous observation of liver fibrosis and complications limit its usage[4]. At present, there are two kinds of
widely used noninvasive measurements for detecting liver
fibrosis: acoustic radiation force impulse (ARFI) and the
AST/PLT (aspartate aminotransferase/platelet) ratio index (APRI). ARFI evaluates liver stiffness non-invasively
and was invented recently. This technique can easily and
accurately assess the degree of liver fibrosis in clinical
practice[4-6]. Fierbinteanu-Braticevici et al[7] reported that
ARFI elastography showed very good accuracy in assessing all stages of liver fibrosis. In addition, a meta-analysis
by Nierhoff et al[8] also demonstrated good diagnostic
accuracy. The APRI is a mathematical model that can be
used as a noninvasive diagnostic method for evaluating
liver fibrosis[9]. Abd El Rihim et al[10] reported that APRI
appeared to be clinically useful to detect cirrhosis. Lin
et al[11] observed that APRI showed an acceptable accuracy for the assessment of liver fibrosis in patients with
chronic hepatitis C. Only a few studies of liver fibrosis
have reported the accuracy and reliability of both ARFI
and APRI. Hence, the present study used ARFI and the
APRI model to detect and analyze the degree of liver
fibrosis in 128 patients with hepatitis C. We also explored
the clinical value and accuracy of these two methods in
the evaluation of liver fibrosis stages of patients with
chronic hepatitis C. This study aimed to provide a reference to develop practical guidance for diagnosing liver
fibrosis in patients with chronic hepatitis C.

of the liver was detected while patients were in the lateral
decubitus position, with the right upper limb elevated.
During measurements with the probe in the vertical position, the patients were asked to hold their breath; pipeline
structuring was avoided. The sampling depth was 3-4 cm
from the body surface. The region of interest was set far
away from the pipe and was continuously measured 8-9
times. The shear wave velocity and depth of sampling
were recorded. The recorded liver stiffness index was the
average value of the measurements.
Liver biopsy method: Liver biopsy was taken within 3
d after ARFI. Beforehand, hepatic function and routine
blood tests were done. Liver samples were taken from the
region of interest by a Bard Magnum biopsy gun, which
was then sliced, stained and observed under a microscope. The Scheuer scheme was adopted as the pathological diagnosis standard. Generally, liver fibrosis is divided
into five stages; S0, S1, S2, S3 and S4. S0: no fibrosis; S1:
fibrotic portal regions, expanded local perisinusoidal and
intralobular fibrosis; S2: fibrosis around portal regions,
fibrous septum formation, and lobular structure preservation; S3: a lot of fibrous septum formation and lobular
structure disorder without cirrhosis; and S4: early period
of cirrhosis[13].
APRI index determination: An automatic biochemistry
analyzer and an automated hematology analyzer detected
the AST and PLT levels just before, or one day before,
the liver biopsy. APRI = AST (ULN)/PLT (109/L)[14].
Statistical analysis
SPSS 19.0 statistical software was used to measure (mean
± SD) and the t test or variance analysis were used for
comparisons. Spearman’s analysis was used to determine
any correlations. P < 0.05 indicated that the differences
were statistically significant. ROC curve analysis was used
to analyze the accuracy of diagnosis of the degrees of
hepatic fibrosis. The area under the ROC curve value was
close to one, indicating high diagnostic accuracy.

MATERIALS AND METHODS
General data
One hundred and twenty-eight patients with chronic
hepatitis C, who were treated in our hospital from February 2011 to June 2013, were enrolled as the subjects. Patients with other types of hepatitis and liver cancer were
excluded. All the subjects gave informed consent, and
the ethics committee of our hospital approved the study.
There were 86 males and 42 females, with an average age
of 69.1 ± 4.7 years. The diagnostic standard of hepatitis
C was based on the Viral Hepatitis Prevention and Treatment Programs, which were revised at the Xi’an Conference in 2000[12].

RESULTS
ARFI detection results of hepatitis C patients with or
without liver fibrosis
The flexibility or elasticity grade of liver tissue can be
obtained from real time ultrasound, after excluding influencing factors, such as intrahepatic vasculature and
fat. Representative ARFI detection results are shown in
Figure 1. Figure 1A shows ARFI detection of chronic
hepatitis C patients without liver fibrosis, while Figure
1B shows ARFI detection of chronic hepatitis C patients
with liver fibrosis. The value in Figure 1B is significantly
higher than in Figure 1A.

Instruments and methods
ARFI detection: The ARFI elastometry used in this
study was a color Doppler ultrasound technique (Philips
IU22) with a convex array probe. To avoid the influence
of respiration and cardiac impulse, the right anterior lobe
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comparison of ARFI and the APRI index in different stages
of liver fibrosis on patients with chronic hepatitis C
Table 1 shows the comparison of ARFI measurements
and APRI in different stages of liver fibrosis of patients
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A

B

0.43 m/s

1.41 m/s
14

14

Figure 1 Images of acoustic radiation force impulse detection with or without liver fibrosis in patients with chronic hepatitis C. A: Acoustic radiation force
impulse (ARFI) detection of chronic hepatitis C patients without liver fibrosis; B: ARFI detection of chronic hepatitis C patients with liver fibrosis.

A

Table 1 Comparison of acoustic radiation force impulse and
AST/PLT ratio Index in different stages of liver fibrosis

S1
S2
S3
S4
F value
P value

Cases number
41
40
30
17

ARFI (m/s)
1.23 ± 0.34
1.48 ± 0.43
2.06 ± 0.45a,c
2.30 ± 0.87a,c
1.536
0.026

1.00

APRI

0.80

0.31 ± 0.45
0.28 ± 0.38
0.58 ± 0.59a,c
0.65 ± 0.34a,c
1.268
0.038

APRI

Stages of liver
fibrosis

0.60
0.40
0.20
0.00

a

P < 0.05 vs S1; cP < 0.05 vs S2. ARFI: Acoustic radiation force impulse;
APRI: AST/PLT ratio index.

S1

S2

S3

S4

Stage

B

with chronic hepatitis C. The results showed that the
ARFI and APRI values significantly increased with increasing liver fibrosis; the differences were statistically
significant (P < 0.05).

4.00

ARFI

3.00

Correlation between liver fibrosis stages of patients with
chronic hepatitis C, ARFI detection, and APRI index
In patients with chronic hepatitis C, ARFI and APRI
values were positively correlated with liver fibrosis stage.
Both showed increasing trends with increased degree of
fibrosis. The Spearman correlation coefficients were 0.649
(P = 0.001) for ARFI and 0.478 (P = 0.001) for APRI
(Figure 2).

2.00

1.00

0.00

S1

S2

S3

S4

Stage

Figure 2 Correlation between acoustic radiation force impulse, AST/PLT
ratio index and liver fibrosis stages. Acoustic radiation force impulse (ARFI)
detection and AST/PLT ratio index (APRI) were positively correlated with liver
fibrosis stages. A: APRI detection was positively correlated with liver fibrosis
stage; B: The ARFI index was positively correlated with liver fibrosis stage.

Diagnostic significance of ARFI and APRI in different
degrees of liver fibrosis and corresponding ROC curves
The comparison of diagnostic parameters, such as diagnostic threshold, sensitivity and specificity of ARFI
and APRI at different stages of liver fibrosis is shown in
Table 2. The ROC curves of different stages are shown
in Figure 3. The area under the ROC curve was used
to evaluate different degrees of liver fibrosis in patients
with hepatitis C. The results showed that in stages ≥ S2,
≥ S3, and = S4; all ARFI values were greater than the
corresponding APRI value, indicating that ARFI had a
higher credibility rating in detecting liver fibrosis than
APRI. The highest value of the ROC curve (0.901) was
in the ARFI detection at stage ≥ S3.
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DISCUSSION
This study used ARFI and APRI models to detect and
analyze the degree of liver fibrosis in 128 patients with
hepatitis C. The test results of these two methods were
assessed and compared to determine their accuracy. Their
clinical significance in evaluating liver fibrosis stages of
patients with chronic hepatitis C was also determined.
The findings of the present study should initiate and
promote the use of these noninvasive methods as new
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Table 2 Comparison of the diagnostic significance of acoustic radiation force impulse detection and AST/PLT Ratio Index in
different stages of liver fibrosis
Diagnostic parameters

≥ S2

Diagnostic threshold
Area under curve
95%CI
Sensitivity
Specificity

≥ S3

S4

ARFI

APRI

ARFI

APRI

ARFI

APRI

1.530
0.775
0.692-0.867
0.576
0.895

0.171
0.721
0.620-0.837
0.876
0.564

1.790
0.901
0.786-0.954
0.764
0.965

0.278
0.787
0.721-0.886
0.703
0.765

1.789
0.792
0.664-0.933
0.789
0.754

0.443
0.780
0.678-0.876
0.789
0.812

ARFI: Acoustic radiation force impulse; APRI: AST/PLT ratio index.

A

1.0

APFI
ARFI
Reference line

0.8
Sensitivity

Early diagnosis for timely prevention of liver fibrosis
The incidence of chronic hepatitis C has been increasing gradually, and is a potentially deadly threat to people’
s health. Sustained and repeated inflammatory stimuli can
cause a stress repair response in the body, leading to the
accumulation of a large number of extracellular matrixes
in the liver tissue, with accompanying fibrosis hyperplasia[15-19]. Untimely and ineffective degradation of fibrosis
can cause cirrhosis or even liver cancer. Therefore, early
diagnosis is important for the timely prevention and
treatment of liver fibrosis and cirrhosis. Currently, liver
biopsy is the main diagnostic method for liver fibrosis.
However, it is an invasive method and associated complications limit its safe use[20].
Liver fibrosis assessment was evaluated based on two
facts; (1) liver stiffness is caused by fibrosis; and (2) Elastrography - an objective and reliable technique to measure
hepatic tissue elasticity[21-24]. Castera et al[25] used transient
elastography technology and reported that chronic hepatitis C significantly correlated with the stages of liver
fibrosis. However, the disadvantages of early transient
elastography findings were their instability and inaccuracy.
These disadvantages were influenced by certain factors
during assessment, e.g., obesity, width of the intercostal
space and ascites. It may also limit the use of elastography
in evaluating the degrees of liver fibrosis of patients with
hepatitis C[26,27]. ARFI is a new noninvasive real-time dynamic ultrasound imaging technology for evaluating liver
tissue elasticity. It can measure the degree of liver fibrosis
by detecting and evaluating stages of liver stiffness[22,23,28].
As a complement to ARFI technology, various mathematical modalities for assessing liver fibrosis objectively have
ben developed in recent years, such as the AAR index, the
APRI and the Shata index. The APRI is a mathematical
technique to assess the degree of liver fibrosis. Its advantage is that only two simple biochemical markers (AST
and PLT) are used. Therefore, the APRI is receiving more
attention as a non-invasive diagnostic tool[15,29,30].

Source of the curve

0.6
0.4
0.2
0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

B

1.0

Source of the curve
APFI
ARFI
Reference line

Sensitivity

0.8
0.6
0.4
0.2
0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

C

1.0

Source of the curve
APFI
ARFI
Reference line

Sensitivity

0.8
0.6
0.4
0.2
0.0
0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

The accuracy and reliability of ARFI technology and
APRI index in evaluating liver fibrosis
In this study, the comparison of ARFI and APRI in different stages of liver fibrosis showed that, with increasing
severity of liver fibrosis, ARFI APRI values increased
significantly. ARFI and APRI values at stages S3 and S4
were higher than at S1 and S2 stages. However, the ARFI
and APRI values were significantly different from each

Figure 3 ROC curves of different stages of liver fibrosis in patients with
chronic hepatitis C. A: ROC curve of liver fibrosis stages ≥ S2 in patients with
chronic hepatitis C; B: ROC curve of liver fibrosis stages ≥ S4 in patients with
chronic hepatitis C; C: ROC curve of liver fibrosis stage = S4 in patients with
chronic hepatitis C.

tools for quick detection and treatment of patients with
chronic hepatitis C.
WJG|www.wjgnet.com
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(liver fibrosis stages) for patients with chronic hepatitis
C, compared with the APRI. These preliminary findings
could be used as an important reference for clinical investigations on noninvasive modalities for diagnosing liver
fibrosis stages in patients with chronic hepatitis C.

other. This result was similar to the report of Fierbinteanu-Braticevici et al[7], who also reported that, with increasing degree of liver fibrosis, ARFI and APRI values
increased significantly. This implies that ARFI and APRI
can effectively evaluate the different stages of liver fibrosis of patients with chronic hepatitis C.
In this study, the degrees of liver fibrosis of patients
with chronic hepatitis C were positively correlated with
ARFI and APRI values (Spearman correlation coefficients were 0.649 and 0.478, all P < 0.05). Furthermore,
a correlation coefficient analysis showed that the correlation between ARFI measurements and the stages of liver
fibrosis was better than that of the APRI. The difference
may reflect the basic principle of these methods. The theory of ARFI is to emit low-frequency pulse shear waves
via the convex array probe. The elastic modulus of the
underlying tissue is obtained by longitudinal focal compression and lateral displacement, which are produced
by the high frame rate of ultrasonic imaging. The state
of elasticity of the liver tissue can be measured without
any external pressure[31]. APRI index is calculated using
determined AST and PLT levels. AST is easily influenced
by liver protection and immuno-enhancement activities,
which cannot reflect the real content. Therefore, correlations between the APRI and the stages of liver fibrosis
are less accurate than the ARFI.
The area under the ROC curve was used in this study
to evaluate the different degrees of liver fibrosis in hepatitis C patients. The results showed that in the stages ≥
S2, ≥ S3, and = S4; all the ARFI values were greater
than the corresponding APRI values. Generally, the
area under the ROC curve, if greater than 0.8, provides
highly credible evidence of the clinical significance of a
particular diagnostic method. In this study, only the area
under the curve in stages ≥ S3 was greater than 0.8. This
suggests that ARFI measurements were more credible
than the APRI mathematical model. Friedrich-Rust et al[17]
reported that the area under the curve in stages ≥ S2 was
greater than 0.8. The results are somewhat different to
ours. This might reflect a different sample size or pathological examination standard. Generally, the findings on
ARFI technology were similar; i.e., ARFI has a higher
diagnostic efficiency for liver fibrosis staging in chronic
hepatitis C.
The present study suggested that 1.779 m/s can be
used as an ARFI diagnostic threshold to diagnose severe
liver fibrosis (S3-S4). Patients with < 1.779 m/s realtime hepatic tissue elasticity had lower grades of fibrosis;
therefore, liver biopsy was temporarily postponed for
close monitoring, which could help the patients avoid
early biopsy and associated complications. In performing
an ARFI elastometry, the patient’s respiration and shearwave measurements, near large vessels, might be unsuccessful because of subcutaneous fat thickness, which can
be avoided by careful and professional handling.
In conclusion, both ARFI and APRI could evaluate
the degree of liver fibrosis objectively. ARFI measurements were more accurate and provided quantitative values to assess the real time hepatic tissue elasticity states
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Applications

This study attempted to develop practical guidance for diagnostic purposes.

Peer review

This manuscript is very well written. In this manuscript, the authors explored
the diagnostic value of the acoustic radiation force impulse technology and the
AST/PLT ratio index for the assessment of liver fibrosis in chronic hepatitis C
patients. This manuscript provided a reference for developing practical guidance for diagnosing liver fibrosis in patients with chronic hepatitis C.
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type Ⅰ collagen (CTX-Ⅰ) and the bone formation marker procollagen type Ⅰ N propeptide were measured.
Activity of the disease was assessed by calculation of
the Crohn’s disease activity index (CDAI).
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RESULTS: Serum CTX-I was significantly higher in patients compared to controls (CTX-I: 453 ± 21 pg/mL
vs 365 ± 25 pg/mL, P = 0.008), and values were significantly correlated with the activity of the disease (r
= 0.435, P = 0.001). Results from OGTT-induced suppression of CTX-I showed two different trends. Patients
with more active disease (assessed as CDAI > 150)
had a more excessive suppression of CTX-I compared
to controls (55% vs 43% P < 0.001), while patients on
remission (assessed as CDAI < 150) demonstrated an
attenuated CTX-I suppression (30% vs 43% P < 0.001).
In line with this, CTX-I suppression after oral glucose
load was significantly correlated with the activity of the
disease (r = 0.913, P < 0.001).
CONCLUSION: The physiological skeletal response of
postprandial suppression of bone resorption is maintained in patients with CD and is strongly dependent to
the activity of the disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Crohn’s disease; Bone metabolism; Postprandial bone resorption; Oral glucose tolerance test;
C-terminal crosslinking telopeptide of type Ⅰ collagen

Abstract

Core tip: Serum C-terminal crosslinking telopeptide of
type Ⅰ collagen is significantly higher in patients with
Crohn’s disease (CD) compared to controls and values
are significantly correlated with the activity of the disease, reflecting probably the increased osteoclastogenesis induced by the secretion of inflammatory cytokines.
Despite higher bone turnover, however, the physiological skeletal response of postprandial suppression of
bone resorption is maintained in patients with CD but is

AIM: To investigate the postprandial response of bone
turnover markers in patients with Crohn’s disease (CD).
METHODS: Fifty nine patients with CD aged 38 ± 14
years, and 45 healthy individuals matched for age and
body mass index were included in the study. All participants underwent an oral glucose tolerance test (OGTT)
after an overnight fast and serum levels of the bone
resorption marker C-terminal crosslinking telopeptide of
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been studied in diseases that affect bone metabolism
through different pathogenetic mechanisms, such as type
2 diabetes mellitus[20] and thyroid diseases[21]. The effect
of inflammatory bowel diseases that disturb both bone
metabolism and the secretion of gut hormones[22] is currently unknown.
In the present study, we addressed this issue by examining the response of bone turnover markers after an oral
glucose load in patients with Crohn’s disease.

strongly dependent to the activity of the disease.
Karatzoglou I, Yavropoulou MP, Pikilidou M, Germanidis G,
Akriviadis E, Papazisi A, Daniilidis M, Zebekakis P, Yovos JG.
Postprandial response of bone turnover markers in patients with
Crohn’s disease. World J Gastroenterol 2014; 20(28): 9534-9540
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i28/9534.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i28.9534

MATERIALS AND METHODS
Patients with CD who were followed at the Gastroenterology Department of AHEPA University Hospital from
September 2010 until May 2011 were initially screened
for eligibility. Exclusion criteria were impaired renal function (serum creatinine > 120 μmol/L), impaired liver
function, malignancy, thyroid disease, use of proton
pump inhibitors, diabetes mellitus and the presence of
diseases (i.e., primary hyperparathyroidism or Paget’s disease of bone) and/or the use of medications (i.e., glucocorticoids within 6 mo prior to enrollment, administered
either locally or systematically; bisphosphonates; calcimimetics) known to affect bone metabolism. This study
was approved by the local ethics committee of Aristotle
University of Thessaloniki and was conducted according
to the principles of the Helsinki Declaration II. Written
informed consent was obtained from all participants.
The diagnosis of Crohn’s disease was based on the
presence of specific endoscopic findings (aphthous ulcers, cobblestoning, areas of inflammation interspersed
between normal bowel areas) or evidence from imaging
studies in patients with compatible clinical symptoms
(such as abdominal pain and liquid or soft stools). Disease activity was based on the Crohn’s disease activity
index (CDAI) calculation, which is considered the gold
standard for assessing disease activity (Table 1).
One hundred and ten patients were initially screened
for the study, and 59 patients were finally enrolled (Figure
1). None of the patients was supplemented with calcium
and/or vitamin D at the time of the study. Forty-five
healthy individuals matched for age and body mass index
(BMI) who were recruited from the medical and nursing
staff of the hospital were used as controls.
Of the 59 patients, 20 patients had ileal disease, 7 had
colonic disease, and 32 had ileocolonic disease. Twentynine patients were receiving treatment with the antiTNF-α agent, infliximab. The rest of the patients (n =
30) were mostly treated with azathioprine (AZA), while
those with colonic disease (n = 7) were treated with mesalazine and/or AZA. Remission was defined as CDAI
< 150 and active disease as CDAI > 150. Based on these
criteria, 23 patients had active disease (39%), and 36 patients were in remission, of whom 26 (70%) were being
treated with infliximab.

INTRODUCTION
Inflammatory bowel diseases (IBD), such as Crohn’s disease (CD) and ulcerative colitis (UC), are associated with
an increased prevalence of osteoporosis, ranging from
12%-42%[1,2], with low bone mass being more common
in patients with CD than UC[3,4]. Fracture risk is also increased in these patients, particularly in older individuals
(> 60 years old)[5,6].
The underlying pathophysiology is still not completely
understood, but the etiology seems to be multifactorial. Many of the patients with IBD receive long-term
treatment with corticosteroids, and bone loss is more
commonly observed in these patients[7] due to the wellestablished negative effects of corticosteroids on bone
formation and calcium balance. Malabsorption, calcium
and vitamin D deficiency, and hypogonadism due to the
inhibitory effects of the disease itself as well as corticosteroid treatment effects on pituitary function are also
implicated[8,9].
However, low bone mineral density (BMD) is present
even in newly diagnosed patients with IBD who are not
receiving corticosteroids or who have normal calcium
homeostasis[10].
Recent data have illustrated the role of disease-related
inflammation and secreted soluble mediators such as interleukins 1 and 6 (IL-1, IL-6), tumor necrosis factor-α
(TNF-α) and receptor activator of nuclear factor kappa-B ligand (RANKL) in directly affecting bone metabolism[1,9,11,12]. In addition, treatment with the anti-TNF-α
agent infliximab is associated with improvement in bone
mineral density in patients with CD[1,13-15].
In the human skeleton, bones are continuously renewed, and bone resorption is equally coupled with bone
formation. Several studies have shown that a variety of
nutrients, including glucose[16,17] and protein[16], result in
an acute suppression of bone turnover markers. In response to oral glucose in particular, there is a rapid suppression of bone resorption within minutes, with a 50%
decrease in serum C-terminal crosslinking telopeptide
of type Ⅰ collagen (CTX-I)[18]. The greater suppression
of bone resorption during oral glucose administration vs
intravenous glucose administration[19] and the inhibition
of this response after the administration of octreotide[17]
propose a key role for gastrointestinal peptides in this
physiological skeletal response.
Postprandial suppression of bone resorption has
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Research protocol
After an overnight fast, all participants underwent a 75
g oral glucose tolerance test (OGTT) between 0730 and
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110 patients with IBD visited the outpatient clinic of the Department
of Gastroenterology from September 2010 until May 2011

1

Table 1 Components of Crohn’s disease activity index
Clinical or laboratory variable
Number of liquid or soft stools each day for seven
days
Abdominal pain (graded from 0-3 on severity) each
day for seven days
General well being, subjectively assessed from 0 (well)
to 4 (terrible) each day for seven days
Presence of complications1
Taking diphenoxylate and atropine (lomotil) or
opiates for diarrhea
Presence of an abdominal mass (0 as none, 2 as
questionable, 5 as definite)
Hematocrit of < 0.47 in men and < 0.42 in women
Percentage deviation from standard weight

Weighting factor
×2
Exclusion of patients diagnosed with
ulcerative colitis (n = 30)

×5
×7
× 20
× 30

80 patients with Crohn’s disease

× 10
×6
×1

Excluded patients (n = 20)
9 pt treated with corticosteroids
3 pt with osteoporosis treated with BPs
3 pt with DMT2
2 pt with uncontrolled thyroid disease
3 pt under treatment with PPI for peptic ulcer

1

The index consists of eight factors, each summed after adjustment with
a weighting factor. Remission of Crohn's disease is defined as Crohn’s
disease activity index below 150.

0930 h. All samples were centrifuged at 4  ℃, and the
serum was separated and stored at -70  ℃ until analysis.
Serum levels of the bone formation marker procollagen
type Ⅰ N propeptide (P1NP) and the bone resorption
marker CTX-I were assayed. For all participants, baseline levels of serum thyrotropin, serum total calcium,
phosphate, PTH, 25-OH vitamin D, and creatinine were
measured using standard laboratory methods. Plasma
glucose levels at 0, 60, and 120 min were measured by a
glucose oxidase colorimetric technique on an automated
analyzer (Targa; Menarini, Florence, Italy). Data on BMD
measurements assessed by dual X-ray energy absorptiometry (DXA) were retrieved from the hospital’s medical
records. Osteoporosis or osteopenia was defined according to the criteria of the World Health Organization as a
T-score below -2.5 or below -1.5, respectively. For young
adults and premenopausal women, we also used the
T-score-based definition, as has been recently proposed
by the International Osteoporosis Foundation working
group on osteoporosis pathophysiology[23].

60 patients met the eligibility criteria

One patient with IGT was excluded
after OGTT was performed

59 patients were included in the
final analysis

Figure 1 Flow chart of enrolled patients. IBD: Inflammatory bowel disease;
pt: Patients; BPs: Bisphosphonates; DMT2: Diabetes mellitus type 2; PPI: Proton pump inhibitors; OGTT: Oral glucose tolerance test; IGT: Impaired glucose
tolerance.

Roche Elecsys 2010 platform (Roche Diagnostics) according to the manufacturer’s instructions. The coefficients of variation were 5.1% for CTX-I and 1.9% for
P1NP.

Assays
Serum 25-hydroxyvitamin D levels (nmol/L) were measured using an RIA (RIA; DiaSorin, Sallugia, Italy) according to the manufacturer’s instructions. The minimum
detectable concentration was 3.7 nmol/L, and the withinrun and total run assay coefficients of variation were between 8.6%-12.5% and 1.9%-4%, respectively.
Serum parathyroid hormone (PTH) levels (pmol/L)
were measured by an electrochemiluminescence immunoassay (ECLIA, Cobas; Roche, West Sussex, United Kingdom) according to the manufacturer’s instructions. The
minimum detectable concentration was 0.1 pmol/L, and
the within-run and total run assay coefficients of variation were between 0.6%-2.8% and 1.6%-3.4%, respectively. No cross-reactions were detected with osteocalcin,
PTH fragment 1-37, PTH-related protein, bone-specific
alkaline phosphatase, or beta-CrossLaps.
Serum P1NP and CTX-I were measured using the
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Statistical analysis
The results are presented as the mean ± SE. The postprandial response of bone turnover is expressed as the
percent change from baseline at 2 h after oral glucose for
CTX-I and P1NP, as previously described[20,21]. The differences between patients and controls were assessed using
a two-tailed Student’s t-test or the non-parametric MannWhitney U test for independent samples, as appropriate.
A paired sample t-test was used to assess the differences
in bone markers during the performance of the OGTT
within each group. Correlations between the percent
change for CTX-I at 2 h after OGTT and activity of the
disease were assessed by the Pearson correlation coefficient (r), and multivariate regression analysis was used
for adjusting for confounding factors such as age, gender,
duration of the disease, baseline levels of CTX-I, 25-OHvitamin D and PTH levels. Multinomial regression analy-
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Total number
Male
Premenopausal women
Age (yr)
BMI (kg/cm2)
Patients with active disease
Disease duration (yr)
TSH (mIU/L)
PTH (pmol/L)
25-OH vitamin D (nmol/L)
Serum calcium (mmol/L)
Serum phosphate (mmol/L)
Glucose (mmol/L)
Serum creatinine (μmol/L)

45
29 (64)
8 (17)
35.64 ± 2
27.1 ± 0.9
1.74 ± 0.15
4 ± 0.2
64.8 ± 3.2
2.2 ± 0.1
1.1 ± 0.05
5.1 ± 0.1
62 ± 1.9

Crohn’s
disease

P value

59
38 (64)
10 (17)
37.7 ± 1.8
27 ± 0.28
23 (39)
7 ± 2.3
1.6 ± 0.79
4.2 ± 0.12
31.7 ± 3
2.5 ± 0.08
1.1 ± 0.16
4.5 ± 0.7
71 ± 2.2

NS
NS
NS
NS
< 0.001
NS
NS
NS
NS

a

500
400
pg/mL

Healthy
subjects

Serum CTX

600

Table 2 Demographic and laboratory values in patients with
Crohn’s disease and healthy subjects n (%)

300
200
100
0

Controls Patients with active CD

Patients with CD
on remission

Figure 2 Baseline levels of serum C-terminal crosslinking telopeptide of
type Ⅰ collagen in controls and in patients with Crohn’s disease active or
in remission. CTX: C-terminal crosslinking telopeptide of type Ⅰ collagen; CD:
Crohn’s disease. aP < 0.05 vs control group.

TSH: Serum thyrotropin; PTH: Parathyroid hormone; NS: Not significant;
BMI: Body mass index.

500

sis was used to describe the relationship between disease
location (ileal, colonic and ileocolonic) and the numerical
parameters of bone metabolism (25-OH vitamin D levels, percent change of CTX-I from baseline after glucose
load, baseline CTX-I and P1NP levels). Data on BMD
values were analyzed only descriptively due to the use of
different DXA scans. A P value < 0.05 was considered
statistically significant. Data were analyzed using SPSS
16.0 (SPSS Inc., Chicago, IL, United States).

Serum CTX

Patients with CD
Control group

450
400
a

350
pg/mL

300

a

a

250

a

200
150
100
50

RESULTS

0
-30

The patient population studied consisted of 59 subjects
(38 males and 21 females) with a mean age of 37.7 years
(range 20 to 64 years). Demographic characteristics and
laboratory values are depicted in Table 2.
Patients with Crohn’s disease had significantly lower
values of 25-OH vitamin D compared to the control
group (31.7 ± 3 nmol/L vs 64.8 ± 3.2 nmol/L, P < 0.001,
respectively) (Table 2). However, PTH levels were not
accordingly increased (mean values 4.2 ranging from 2 to
10 pmol/L), and only two patients (3%) developed secondary hyperparathyroidism (assessed by PTH levels >
6.1 pmol/L). Vitamin D levels were not associated with
the activity of the disease or the intestinal area affected
(ileal, colonic or ileocolonic disease). Seven patients (12%),
of whom 2 were receiving infliximab, had osteopenia at
the time of screening.
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Figure 3 The effect of oral glucose load in serum C-terminal crosslinking telopeptide of type Ⅰ collagen levels in patients with Crohn’s disease and in the control group. CTX: C-terminal crosslinking telopeptide of
type Ⅰ collagen; CD: Crohn’s disease. aP < 0.05 vs baseline values.

(CTX-I: 453 ± 21 pg/mL vs 365 ± 25 pg/mL, P = 0.008,
and P1NP: 50.8 ± 3.7 ng/mL vs 42.4 ± 2.7 ng/mL, P =
0.074, respectively) and were significantly correlated with
the activity of the disease (CDAI) (r = 0.435, P = 0.001).
When patients with active disease (n = 23) and in remission (n = 36) were analyzed separately, CTX-I levels were
significantly higher compared to controls only in patients
with active CD (Figure 2). Vitamin D levels did not show
any correlation with baseline CTX-I or P1NP levels in
either group.

Bone turnover markers
There was a wide range of bone turnover within the
patient population, with serum P1NP ranging from 7.6
to 141.5 ng/mL (mean 50.8 ng/mL) and CTX-I ranging
from 150 to 820 pg/mL (mean 453.5 pg/mL). Serum
CTX-I was significantly correlated with serum P1NP levels (r = 0.271, P = 0.038).
Baseline values of CTX-I but not P1NP were significantly higher in patients compared to the controls
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Oral glucose load
Oral glucose load significantly suppressed CTX-I levels in
both patients and controls, while there was no significant
change in P1NP levels (Figure 3). Patients with active
disease (CDAI > 150) had more excessive suppression
of CTX-I compared to controls (55% vs 43% P < 0.001),
while patients in remission (CDAI < 150) demonstrated
an attenuated CTX-I suppression (30% vs 43%, P < 0.001)
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Patients with active CD

0

tion and vitamin D deficiency are frequently encountered
in this patient population, resulting in reduced calcium
absorption and impaired bone mineral deposition. In our
study and consistent with published data[25], 70% of the
patient population had serum vitamin D levels below 50
nmol/L. However, the incidence of secondary hyperparathyroidism was not accordingly increased, suggesting
that other regulators of calcium homeostasis may also be
involved. Animal models of colitis proposed that vitamin
D may exert an immunomodulatory role in IBD[26]. In
our patients, however, we found no relationship between
vitamin D levels and activity of Crohn’s disease.
Emerging evidence has proposed that intestinal inflammation plays a significant role in the development of
metabolic bone disease in patients with Crohn’s disease.
Increased release of several soluble cytokines, such as
IL-1, IL-2, IL-6, IL-8 and TNF-α from the inflamed intestine[27-29] exert direct effects on bone, activating osteoclast precursors and promoting osteoclastogenesis[30,31].
Measurements of serum bone markers in IBD have
demonstrated inconsistent results, showing either increased levels of bone resorption markers without a
compensatory increase of formation markers, reduced
levels of bone formation and no change in bone resorption markers[32], increased bone formation and resorption
markers or no significant change between IBD patients
and controls[33]. Discrepancies between studies can be attributed to small sample sizes and factors related to the
heterogeneity of IBD, such as disease activity and duration, small intestinal involvement and/or resection, steroid use, age and differences in the pathophysiology of
bone disease in CD vs UC[33].
In our study, patients with CD had significantly higher
levels of CTX-I compared to age matched controls; these
levels were significantly correlated to the activity of the
disease, likely reflecting the increased osteoclastogenesis
induced by the secretion of inflammatory cytokines. On
the contrary, values of P1NP did not differ significantly
compared to controls, but were associated with CTX-I,
showing that the two processes of bone formation and
resorption remain coupled.
Glucose-induced suppression of CTX-I in CD patients demonstrated two different trends. Patients who,
according to the standard accepted index of activity,
CDAI, were in remission demonstrated an attenuated
decrease in CTX-I in comparison to the healthy controls,
while patients with more active disease showed a much
more excessive decrease in CTX-I. Current data cannot
explain the underlying pathophysiology or the clinical relevance of this observation, and we can only speculate on
the potential mechanisms involved.
It appears that more secretion of inflammatory cytokines in patients with active CD would lead to increased
osteoclastogenesis and bone remodeling units compared
to controls, as reflected by higher baseline CTX-I levels.
In such cases, glucose load would inhibit the activity of a
greater number of osteoclasts, which would be in agreement with the greater decrease in bone resorption.

Patients with CD
on remission

%suppression of CTX
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-30
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-40
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Figure 4 %suppression of serum C-terminal crosslinking telopeptide of
type Ⅰ collagen levels at 2 h after oral glucose load in controls and in
patients with Crohn’s disease active or in remission. aP < 0.05 vs control
group; cP < 0.05 vs patients with active Crohn’s disease (CD). CTX: C-terminal
crosslinking telopeptide of type Ⅰ collagen.

(Figure 4). In agreement with this observation, the suppression of CTX-I after OGTT was strongly related to
the activity of the disease (r = 0.913, P < 0.001), and this
relationship remained robust after adjusting for age, baseline values of CTX-I, PTH or 25-OH vitamin D levels.
No significant correlations were observed between
CTX-I suppression after OGTT and PTH or 25-OH vitamin D levels, duration or location of the disease.

DISCUSSION
In this study, we have shown that the physiological
skeletal response of postprandial suppression of bone
resorption is maintained in patients with CD but with a
magnitude that differs depending on the activity of the
disease.
Meal-induced suppression of bone resorption is a
short-acting effect, probably mediated by non-transcriptional mechanisms and independent of gender, age and
menopausal status[24].
Two recent studies have investigated the postprandial
response of bone resorption in patients with type 2 diabetes mellitus[20], thyroid diseases and beta-thalassemia
major[21], that are very often complicated with low bone
mass and increased fracture risk. It has been shown
that the postprandial suppression of bone resorption
in patients with overt diabetes is significantly attenuated, suggesting an additional contributing factor in the
deterioration of bone quality and bone mass observed
in these patients[20]. On the other hand, in patients with
hyperthyroidism and beta-thalassemia major, despite the
high bone turnover state observed at baseline, the degree
of postprandial suppression of bone resorption remains
unaltered, indicating the significance of this response for
bone homeostasis[21].
Inflammatory bowel diseases disturb bone accrual
and maintenance through multiple mechanisms. Malnutri-
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However, as we have previously shown in patients
with increased bone turnover due to other causes such
as hyperthyroidism, suppression of bone resorption
after oral glucose was of similar magnitude compared
to healthy controls[23], suggesting that in CD, apart from
increased bone turnover, intrinsic factors related to the
disease itself may contribute to this observation.
Patients in remission demonstrated a significantly
attenuated suppression of bone resorption after oral glucose load. This attenuation is probably due to the effect
of anti-TNF-α treatment on osteoclasts, which inhibits
osteoclastogenesis and consequently the number of osteoclasts.
Limitations of this study include the lack of data on
the measurements of factors that could be involved in
the mechanisms of this phenomenon, such as inflammatory cytokines or gastrointestinal peptides that are considered the key mediators of this skeletal response under
physiological conditions.
Nevertheless, this is the first attempt to address the
postprandial suppression of bone resorption in CD
patients. Further research is needed to clarify the mechanisms that regulate this response in Crohn’s disease that
severely disturbs both the functional integrity of the intestine and bone remodeling.
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CASE CONTROL STUDY

Association of metabolic syndromes and risk factors with
ampullary tumors development: A case-control study in
China
Xiao-Dong He, Qiao Wu, Wei Liu, Tao Hong, Jing-Jing Li, Ruo-Yu Miao, Hai-Tao Zhao
were collected by retrospective review of the patients’
records and health examination reports, or by interview.
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RESULTS: A total of 181 patients and 905 age- and
sex-matched controls were enrolled. We found that a
history of diabetes, cholecystolithiasis, low-density lipoprotein, and apolipoprotein A were significantly related
to ampullary adenomas. Diabetes, cholecystolithiasis,
chronic pancreatitis, total cholesterol, high-density lipoprotein, and apolipoprotein A were also significantly
related to ampullary cancer.
CONCLUSION: Some metabolic syndrome components and medical conditions are potential risk factors
for the development of ampullary tumors. Cholelithiasis, diabetes, and apolipoprotein A may contribute to
the malignant transformation of benign ampullary adenomas into ampullary cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Metabolic syndromes; Ampullary adenoma;
Ampullary cancer; Risk factors
Core tip: Although ampullary tumors are relatively rare,
the rapid development of, and advances in, endoscopy
and imaging techniques have profoundly increased
their discovery rate. Despite the increasing numbers of
published studies, the etiology for ampullary tumors is
incompletely defined. This is the first study to evaluate
the impact of metabolic syndromes on ampullary tumors patients.

Abstract
AIM: to evaluate the risk factors for ampullary adenoma and ampullary cancer.

He XD, Wu Q, Liu W, Hong T, Li JJ, Miao RY, Zhao HT. Association of metabolic syndromes and risk factors with ampullary tumors development: A case-control study in China. World
J Gastroenterol 2014; 20(28): 9541-9548 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9541.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9541

METHODS: This case-control study included ampullary
tumor patients referred to Peking Union Medical College Hospital. Controls were randomly selected from an
existing database of healthy individuals at the Health
Screening Center of the same hospital. Data on metabolic syndromes, medical conditions, and family history
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recording is routinely performed in our gastrointestinal
oncology clinic, and the forms are kept as part of the patients’ medical records. Age, sex, history of hypertension
or diabetes mellitus, hepatitis B virus (HBV) infection,
metabolic syndromes, and previous cholecystectomy data
were abstracted.
Using the Statistical Package for Social Science Program (version 13; SPSS, Chicago, IL, United States), controls were randomly selected from an existing database
of healthy individuals at the PUMCH Health Screening
Center. They were frequency matched to cases by sex
and exact age at a ratio of 5:1. The database consists of
healthy individuals who are genetically unrelated family members, spouses, and friends of patients who had
cancer other than gastrointestinal cancer. The PUMCH
Health Screening Center is one of the major centers providing routine physical examinations in Beijing. Most of
those who come for examinations are native residents.
We performed a manual retrospective review of the
health examination reports to collect demographic, clinical, and risk factor information for the controls. Doctors
at the physical examination center collected the dataincluding age, sex, demographic data, and history of systemic diseases and gastrointestinal surgery, and then performed a complete physical examination. Measurements
of height without shoes and weight while clothed were
recorded. The body mass index was used as a measurement of obesity. Other related information was collected
and recorded in a structured data collection sheet. This
information was recorded by examining physicians using
the same procedure as was used for the current patients.
Controls were interviewed between 2006 and 2010. Two
participants were excluded from the study because of incomplete health examination records.
Ampullary tumors were diagnosed by endoscopy. All
specimens were classified following an examination at the
Department of Pathology, Peking Union Medical College Hospital. Cholelithiasis (including cholecystolithiasis,
choledocholithiasis, and hepatolithiasis) and chronic pancreatitis were diagnosed using data from clinical imaging
studies - abdominal ultrasonography (US), computed
tomography (CT), endoscopic retrograde cholangiopancreatography, and magnetic resonance imaging - and by
reviewing medical records. All patients underwent at least
one of the aforementioned imaging studies. For control
subjects, possible risk factors were determined based on
abdominal US data and by reviewing health examination
reports. All of the controls had previously undergone US
screening for detection of stones.

INTRODUCTION
Although tumors of the ampulla can be benign or malignant, most are malignant[1-3]. Ampullary cancer is less
aggressive and has a better prognosis after curative resection than cancer of the distal bile duct or the pancreas[4,5].
The favorable prognosis is thought to be due to its early
clinical presentation with obstructive jaundice[6] and its
high resectability rate[2]. Despite a relatively favorable outcome following resection, 32%-44% of patients have a
relapse, either locally or distantly.
Ampullary adenoma may occur sporadically or in the
setting of familial adenomatous polyposis[7]. It is considered a premalignant lesion leading to ampullary cancer
because of its capacity for malignant transformation via
the adenoma-carcinoma sequence[3,6,8,9], which is generally
accepted as valid for colorectal tumors[10].
Numerous published studies investigated the clinicopathological aspects of ampullary tumors, most of which
focused on the prognosis associated with this disease.
Studies investigating risk factors associated with the proposed adenoma-carcinoma sequence are scarce, especially
regarding metabolic syndrome components and ampullary tumors. The aim of this study was to evaluate, in
detail, the relations between metabolic syndromes and
other risk factors with ampullary cancer and the precursor lesions.

MATERIALS AND METHODS
Study population and design
We conducted a hospital-based case-controlled study that
included 1086 subjects (181 patients with a histologicallyconfirmed ampullary tumor, 905 healthy controls) from
Peking Union Medical College Hospital (PUMCH) in
Beijing, China. This hospital is a major diagnostic and
treatment center for periampullary adenocarcinoma in
China.
Using the PUMCH Patient Information Database, we
compiled a list of all patients who had been diagnosed
with ampullary adenoma or ampullary cancer between
2006 and 2010. Periampullary adenocarcinomas, such as
those of the pancreatic head, distal bile duct, and duodenum, as well as neuroendocrine tumors, were excluded.
Patients who had undergone a primary attempt at curative resection and whose diagnoses were confirmed by
pathology examination were included in this study. We
performed a manual retrospective review of the patients’
records to collect demographic, clinical, and risk factor information. This included a detailed assessment
of the family history of cancer, personal medical history, hormone and medication intake, and occupational
exposure to chemicals. Data collection, including age,
sex, demographic data, history of systemic diseases and
gastrointestinal surgery, and a complete physical examination were conducted by the doctors before operating.
Other related information was collected by interviewing
patients or their family members, and was recorded by
a physician in a structured data collection sheet. Such
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Laboratory tests
Clinical nurses obtained blood samples via venipuncture
from all study participants, who had fasted overnight. The
blood was then sent for laboratory examination. Serum
lipids, including triglyceride (Tri), total cholesterol (TC),
high-density lipoprotein (HDL), low-density lipoprotein
(LDL), apolipoprotein A (ApoA), and apolipoprotein B
(ApoB), were measured using the Hitachi modular analytics system (Roche Modular DPP; Hitachi, Tokyo, Japan).
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Hepatitis B surface antigen (HBsAg) and hepatitis B
core antibody (anti-HBc) assays were performed using a
second-generation, enzyme-linked immunosorbent assay
(Abbott Laboratories, North Chicago, IL, United States).
Chronic hepatitis B infection was diagnosed if both HBsAg and anti-HBc assays were positive.

DISCUSSION
The relation between risk factors and ampullary tumors
has been rarely investigated. We believe this to be the
first and the largest hospital-based case-control study to
evaluate metabolic syndromes for ampullary tumors. Our
results provide evidence that some metabolic syndromes
(diabetes, ApoA-related) and cholecystolithiasis are associated with an increased risk of ampullary cancer. There
is also evidence that its premalignant lesion, ampullary
adenoma, may be involved in an adenoma-carcinoma
transformation.
Diabetes is one of the major public health challenges
in both industrialized and developing countries. Increasing epidemiological evidence supports the idea that longstanding diabetes is one of the most important risk
factors for overall cancer incidence[11-13]. A recent casecontrol study reported a 4.7-fold increased risk of cancer
in persons with diabetes[11]. However, few studies have
addressed the association of diabetes with ampullary
tumor risk. In this study, not only did we find a positive
link between diabetes and ampullary cancer (odds ratio:
4.75), we also found that diabetes increases the risk of
ampullary adenoma by 2.59 times. It is the first time that
diabetes and the development of ampullary tumors have
been linked by published evidence. However, unlike pancreatic adenocarcinoma, as reported by Gapstur et al[14]
and Butler et al[15] and in our previous study, we did not
find a positive relation between plasma glucose concentration and ampullary tumor development.
The exact role of diabetes in ampullary tumor development is still unknown, but some biological mechanisms
have been used to explain this relationship between cancer and diabetes. People with diabetes have been known
to generate more reactive oxygen species than healthy
controls. Normal cell DNA may be damaged by direct
oxidation or by interference with cell DNA repair[16],
thus potentially leading to tumor development. Another
mechanism may be hyperinsulinemia; in diabetic patients,
insulin resistance and hyperinsulinemia is a common phenomenon[17]. Insulin is a growth promoter, it can upregulate the production of insulin-like growth factor-1, which
can promote tumor development by inhibiting apoptosis,
stimulating cell proliferation, and enhancing angiogenesis[18-20]. It has also been reported that insulin may promote the growth of most human pancreatic cancers[21,22]
and increase the replication markers of pancreatic ductal
carcinoma.
Hyperlipidemia has been recently reported to be associated with cancer development, which is generally
characterized by high levels of TC, Tri, and LDL, and a
low level of HDL in serum[23-26]. Some experts suggest
that dyslipidemia are risk factors for prostate, colon, and
breast cancers. However, to our knowledge, no previous
studies have investigated the association between lipid
metabolism and risk of ampullary tumor development.
We found that dyslipidemia is indeed a risk factor for the
development of ampullary tumors. Patients with a high
level of LDL and a low level of ApoA were at high risk

Statistical analysis
Analyses of variables were carried out using SPSS software. Univariate analyses were performed using Fisher’
s exact test for categorical variables. Variables with a P
value of < 0.05 in the univariate analyses were further
adjusted for age and sex in a multiple logistic regression
analysis. The model was built using a forward selection
process. Variables with a likelihood ratio test P value of
< 0.05 were kept in the model and considered statistically significant.

RESULTS
We included 181 patients and 905 controls in the analysis.
In the patient group, 57 had ampullary adenomas, and
124 had ampullary cancers. The ampullary tumor patients
and the control group had the same mean age (61.8 ±
11.2 years, 61.7 ± 11.2 years, P = 0.934) and there were
no differences between the two groups in sex (P = 1.000).
Ampullary adenoma
Ampullary adenoma patients had a significantly higher
prevalence of hypertension (38.6% vs 23.2%), diabetes
(19.3% vs 8.1%), cholelithiasis (28.1% vs 4.2%), cholecystectomy (19.3% vs 2.5%), and chronic pancreatitis (7.0%
vs 0.7%). They also had higher levels of TC (31.6% vs
15.5%), LDL (38.6% vs 16.8%), and ApoB (43.9% vs
27.1%). Their HDL (64.9% vs 89.8%) and ApoA (64.9%
vs 99.3%) rates were lower than in the controls. During
the multivariate logistic regression analysis, hypertension,
cholecystectomy, chronic pancreatitis, TC, HDL, and
ApoB failed to relate to the development of ampullary
adenoma, but the other factors remained significant after
adjustment for covariates (Table 1).
Ampullary cancer
In the univariate analyses for ampullary cancer, a history
of diabetes (20.2% vs 11.3%), chronic pancreatitis (5.6% vs
0.3%), incidence of cholelithiasis (23.8% vs 4.5%) and cholecystectomy (8.9% vs 3.7%), serum fasting blood glucose
(FBG) level (33.9% vs 17.4%), TC (41.1% vs 13.5%), Tri
(49.2% vs 30.1%), LDL (39.5% vs 16.1%), and ApoB (46.8%
vs 25.3%) were significantly higher in ampullary cancer
patients than in controls. The prevalence of HBsAg-/antiHBc+ (30.6% vs 50.0%) and the levels of HDL (41.9% vs
84.2%) and Apo a (47.6% vs 98.7%) were lower in the cancer patients than in the controls. In the multivariate logistic
regression analysis, the incidence of cholecystectomy and
HBV infection and the high levels of Tri, LDL, FBG, and
ApoB failed to show a relation to the development of ampullary cancer, but the other factors remained significant
after adjustment for covariates (Table 2).
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Table 1 Risk factors for ampullary adenoma: univariate and multivariate logistic regression analyses using Fisher’s exact test n (%)
Risk factor

Controls

Age
< 50 yr
≥ 50 yr
Sex
Female
Male
Smoking
No
Yes
Alcohol abuse
No
Yes
HBV
HBsAg-/anti-HBcHBsAg+/anti-HBc+
HBsAg-/anti-HBc+
Diabetes mellitus
No
Yes
Hypertension
No
Yes
Cholecystolithiasis
No
Yes
Cholecystectomy
No
Yes
Chronic pancreatitis
No
Yes
TC (mmol/L)
< 5.70
≥ 5.70
Tri (mmol/L)
< 1.7
≥ 1.7
HDL (mmol/L)
< 0.93
≥ 0.93
LDL (mmol/L)
< 3.63
≥ 3.63
FBG (mmol/L)
< 6.1
≥ 6.10
ApoA (g/L)
<1
≥1
ApoB (g/L)
<1
≥1
BMI (kg/m2)
< 25.0
≥ 25.0

Cases

Univariate analysis

P value

OR (95%CI)

45 (15.7)
240 (84.3)

8 (14.0)
49 (86.0)

1 (reference)
0.843

1.148 (0.510-2.588)

145 (50.9)
140 (49.1)

29 (50.9)
28 (49.1)

1 (reference)
1.000

1.000 (0.566-1.766)

225 (78.9)
60 (21.1)

44 (77.2)
13 (22.8)

1 (reference)
0.727

1.108 (0.561-2.189)

209 (73.3)
76 (26.7)

48 (84.2)
9 (15.8)

1 (reference)
0.094

0.516 (0.241-1.101)

147 (51.6)
7 (2.5)
131 (45.9)

32 (56.1)
_
25 (43.9)

1 (reference)
_
0.665

_
0.877 (0.494-1.556)

262 (91.9)
23 (8.1)

46 (80.7)
11 (19.3)

1 (reference)
0.015

2.274 (1.244-5.965)

219 (76.8)
66 (23.2)

35 (61.4)
22 (38.6)

1 (reference)
0.020

2.086 (1.145-3.801)

273 (95.8)
12 (4.2)

41 (71.9)
16 (28.1)

1 (reference)
0.000

8.878 (3.921-20.103)

278 (97.5)
7 (2.5)

46 (80.7)
11 (19.3)

1(reference)
0.000

9.497 (3.502-25.755)

283 (99.3)
2 (0.7)

53 (93.0)
4 (7.0)

1(reference)
0.008

10.679 (1.907-59.79)

240 (84.2)
45 (15.8)

39 (68.4)
18 (31.6)

1 (reference)
0.008

2.462 (1.294-4.682)

200 (70.2)
85 (29.8)

40 (70.2)
17 (29.8)

1 (reference)
1.000

1.000 (0.537-1.862)

29 (10.2)
256 (89.8)

20 (35.1)
37 (64.9)

1 (reference)
0.000

0.210 (0.108-0.408)

237 (83.2)
48 (16.8)

35 (61.4)
22 (38.6)

1 (reference)
0.001

3.104 (1.675-5.752)

242 (84.9)
43 (15.1)

42 (73.7)
15 (26.3)

1 (reference)
0.052

2.010 (1.026-3.939)

2 (0.7)
283 (99.3)

20 (35.1)
37 (64.9)

1 (reference)
0.000

0.013 (0.003-0.058)

208 (72.9)
77 (27.1)

32 (56.1)
25 (43.9)

1 (reference)
0.017

2.110 (1.176-3.788)

164 (57.5)
121 (42.5)

40 (70.2)
17 (29.8)

1 (reference)
0.078

0.576 (0.312-1.065)

Multivariate analysis

P value

OR (95%CI)

0.041

2.590 (1.055-6.676)

0.000

11.068 (3.395-36.084)

0.004

3.039 (1.412-6.541)

0.000

105.282 (22.229-498.635)

BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; Tri: Triglyceride; TC: Total cholesterol; FBG: Fasting blood glucose;
HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

potential risk factor for cancer[27,28]. Increased levels of
triglycerides, LDL, and total cholesterol, and decreased
levels of ApoA and HDL in serum have been reported to
have a relationship with increased proinflammatory cytokines, such as interleukin-6, tumor necrosis factor-α, and

of developing ampullary adenoma. A high level of TC
and low levels of ApoA and HDL were also contributing
risk factors for ampullary cancer development.
While the exact molecular mechanism by which
hyperlipidemia is involved is unclear, inflammation is a
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Table 2 Risk factors for ampullary cancer: Univariate and multivariate logistic regression analysis using the fisher exact test n (%)
Controls
Age
< 50 yr
≥ 50 yr
Gender
Female
Male
Smoking
No
Yes
Alcohol drinking
No
Yes
HBV
HBsAg–/anti-HBc–
HBsAg+/anti-HBc+
HBsAg–/anti-HBc+
Diabetes mellitus
No
Yes
Hypertension
No
Yes
Cholecystolithiasis
No
Yes
Cholecystectomy
No
Yes
Chronic pancreatitis
No
Yes
TC (mmol/L)
< 5.70
≥ 5.70
Tri (mmol/L)
< 1.7
≥ 1.7
HDL (mmol/L)
< 0.93
≥ 0.93
LDL (mmol/L)
< 3.63
≥ 3.63
FBG (mmol/L)
< 6.1
≥ 6.10
Apo a (g/L)
<1
≥1
Apo b (g/L)
<1
≥1
BMI (kg/m2)
< 25.0
≥ 25.0

Cases

Univariate

P value

OR (95%CI)

Multivariate

100 (16.1)
520 (83.9)

20 (16.1)
104 (83.9)

1 (reference)
1

1.000 (0.592–1.689)

259 (41.8)
361 (58.2)

52 (41.9)
72 (58.1)

1 (reference)
1

1.000 (0.681–1.488)

448 (72.3)
172 (27.7)

86 (69.4)
38 (30.6)

1 (reference)
0.513

1.151 (0.756-1.752)

453 (73.1)
167 (26.9)

88 (70.9)
36 (29.1)

1 (reference)
0.659

1.110 (0.724-1.700)

295 (47.6)
15 (2.4)
310 (50.0)

84 (67.7)
2 (1.6)
38 (30.6)

1 (reference)
0.546
0

0.468 (0.105–2.088)
0.430 (0.284–0.652)

550 (88.7)
70 (11.3)

99 (79.8)
25 (20.2)

1 (reference)
0.011

1.984 (1.198–3.285)

452 (72.9)
168 (27.1)

93 (75.0)
31 (25.0)

1 (reference)
0.659

0.897 (0.576–1.397)

592 (95.5)
28 (4.5)

160 (76.2)
50 (23.8)

1 (reference)
0

12.469 (7.37–21.095)

597 (96.3)
23 (3.7)

113 (91.1)
11 (8.9)

1 (reference)
0.018

2.527 (1.198–5.328)

618 (99.7)
2 (0.3)

117 (94.4)
7 (5.6)

1 (reference)
0

536 (86.5)
84 (13.5)

73 (58.9)
51 (41.1)

1 (reference)
0

4.458 (2.914-6.821)

415 (66.9)
205 (30.1)

63 (50.8)
61 (49.2)

1 (reference)
0.001

1.960 (1.327-2.894)

522 (84.2)
98 (15.8)

52 (41.9)
72 (58.1)

1 (reference)
0

7.375 (4.861-11.19)

520 (83.9)
100 (16.1)

75 (60.5)
49 (39.5)

1 (reference)
0

3.397 (2.235-5.165)

512 (82.6)
108 (17.4)

82 (66.1)
42 (33.9)

1 (reference)
0

2.428 (1.586-3.717)

612 (98.7)
8 (1.3)

59 (47.6)
65 (52.4)

1 (reference)
0

84.280 (38.578-184.121)

463 (74.7)
157 (25.3)

66 (53.2)
58 (46.8)

1 (reference)
0

2.592 (1.743-3.853)

364 (58.7)
256 (41.3)

67 (54.1)
57 (45.9)

1 (reference)
0.37

1.210 (0.821-1.782)

P value

OR (95%CI)

0.021

4.75 (2.739-9.853)

0

14.06 (6.82-28.986)

0.038

8.863 (1.132-69.388)

0

5.303 (2.188-12.853)

0

4.053 (2.122-7.741)

0

48.58 (19.126-123.393)

18.487 (3.793–90.10)

BMI: Body mass index; HDL: High-density lipoprotein; LDL: Low-density lipoprotein; Tri: Triglyceride; TC: Total cholesterol; FBG: Fasting blood glucose;
HBV: Hepatitis B virus; HBsAg: Hepatitis B surface antigen.

interleukin-1[29,30]. Additionally, increased levels of LDL
are associated with oxidized LDL, which is linked with an
increase in reactive oxygen species[31,32]. It is well known
that reactive oxygen species can cause DNA damage by
activating oncogenes and inactivating tumor suppressor
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genes[33], all of which have been found to play a role in
carcinogenesis. Together, these data suggest that dyslipidemias may play a role in ampulla tumor development.
Our retrospective cohort study did not confirm the exact
roles of the various lipids in ampullary adenoma and
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Figure 1 Risk factors for ampullary adenomas and ampullary cancer.

ampullary cancer. Although further studies are needed
to clarify the potential roles, we believe that dyslipidemia
plays a key role in the development of ampullary tumors.
Observational studies in humans have shown relations
between several medical conditions and an increased risk
of pancreaticobiliary adenocarcinoma, including cholecystitis[34,35], cholecystectomy[36], chronic pancreatitis[12,37-39],
obesity[40], and HBV infection[41,42]. However, findings to
support these associations have been somewhat contradictory. In the present study, cholecystolithiasis was an
independent factor for an increased risk of developing
ampulla adenoma (odds ratio: 11.068) and ampulla cancer
(odds ratio: 14.06). It may even be involved in the transformation from adenoma to carcinoma. It is reported
that there might be some relationship between diabetes
and cholelithiasis[43,44]. Given the possibility that the relationship between ampullary tumors and cholelithiasis
might be confounded by diabetes, we excluded the diabetes patients and found that the results did not change the
association (data not shown).
We believe we are the first to observe a significant
positive linear trend that chronic pancreatitis might be a
risk factor for ampullary tumors, which is also a strong
risk factor for both pancreatic and ampullary cancers (OR
= 8.863). The χ 2 test indicated that chronic pancreatitis
is associated with the risk of developing ampullary adenoma, but a multivariate logistic regression test indicated
that chronic pancreatitis is not correlated with ampullary
adenoma formation.
Hepatitis B virus infection is a major public health
burden in China[45-47]. The association between HBV and
pancreaticobiliary adenocarcinoma has been proven,
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however, our results do not show a relationship between
HBV infection and ampullary tumors development,
whereas cigarette smoking, alcohol abuse, cholecystectomy, and obesity are risk factors.
This study revealed that some metabolic syndromes
and medical conditions independently increased the risk
of ampullary tumor development. Among them, a history of diabetes, cholelithiasis, and a high ApoA level
were associated with progression to malignancy and may
be involved in the adenoma-carcinoma transformation
(Figure 1). Our study is the first one to evaluate risk factors involved in the adenoma-carcinoma sequence, so our
results should be of value to the surgical and oncological
communities.
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ated with this disease. This study found that some metabolic syndrome components and medical conditions are potential risk factors for the development of
ampullary tumors. Cholelithiasis, diabetes, and apolipoprotein A may contribute
to the malignant transformation of benign ampullary adenomas into ampullary
cancer.
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independently increased the risk of ampullary tumor development. Better understanding of the underlying pathophysiology of the association between the risk
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RESULTS: Sixty-one patients were identified with EoE
and 22 (36%) of them underwent esophageal dilations for stricture/narrowing. The peak eos/hpf was
significantly higher in patients who received a dilation
(P = 0.04). Four (18% of pts.) minor complications occurred: deep mucosal tear 1, and small mucosal tears
3. There were no cases of esophageal perforations.
Higher peak eos/hpf counts were not associated with
increased risk of complications.
CONCLUSION: Esophageal dilation appears to be a
safe procedure in EoE patients, carrying a low complication rate. No correlation was found between the
peak of eosinophil count and complication rate. Complications can occur independently of the histologic
features. The long-term outcome of EoE treatment,
with or without dilation, needs to be determined.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: Balloon dilation; Dysphagia; Esophagus disorder; Esophageal stricture; Esosinophilic esophagitis

AIM: To diagnose the clinical and histologic features
that may be associated with or predictive of the need
for dilation and dilation related complications; examine the safety of dilation in patients with eosinophilic
esophagitis (EoE).

Core tip: The field of gastroenterology does not currently
have standardized treatment guidelines for eosinophilic
esophagitis. Current data on the safety of dilations in patients with eosinophilic esophagitis (EoE) are conflicting
and lack information on factors that influence whether
or not a patient will require dilation. This study revealed
that higher peak eos/hpf counts appear to influence
whether or not an EoE patient will require dilation during
the course of their treatment. However, complications
appear to occur independently of the histologic features.
Esophageal dilation appears to be a safe procedure in
EoE patients, carrying a low complication rate.

METHODS: The medical records of all patients diagnosed with EoE between January 2002 and July 2010
were retrospectively reviewed. Esophageal biopsies
were reexamined by an experienced pathologist to
confirm the diagnosis (≥ 15 eos/hpf per current guidelines). Patients were divided into 2 groups: patients
who did not receive dilation therapy and those who
did. Demographics, clinical history, the use of pharmacologic therapy, endoscopic and pathology findings,
and the number of biopsies and dilations carried out,
if any, and their locations were recorded for each patient. The dilation group was further examined based
on the interval between diagnosis and dilation, and
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bleeding in 0.3%, and immediate perforation in 1.0% of
cases. In a systematic literature review by Jacobs et al[20],
including 468 patients and combined total of 671 dilations, a single perforation was found, which confirmed
that earlier heightened fear of perforation had indeed
been exaggerated. Researchers also looked at whether or
not a correlation exists between dilation-related complications and eos/hpf count.
This study aimed to examine the differences in clinical
and pathological presentations between EoE patients who
did and did not require a dilation throughout their clinical
history. The relations between dilation, rate of complications and histologic features in EoE patients who received
a dilation were evaluated as well. We were especially interested if higher peak eos/hpf was associated with or
predictive of the need for dilation and higher rates of
complication. The study also further assessed the safety
and outcomes of esophageal dilations in EoE patients.

http://www.wjgnet.com/1007-9327/full/v20/i28/9549.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9549

INTRODUCTION
Eosinophilic esophagitis (EoE) is a recognized cause of
dysphagia, food impaction, and heartburn that is unresponsive to anti-reflux measures. The disease is characterized by mucosal eosinophilic infiltration, a count of
15 or more eosinophils per high power field (eos/hpf)
that is isolated to the esophagus[1-3]. Clinicians must rule
out other esophageal disorders that cause similar physiological and histological presentations in order to diagnose an individual with EoE. This is because esophageal
eosinophilia can be associated with gastroesophageal reflux disease (GERD), Crohn’s disease, and various types
of gastritis and esophagitis[3,4]. An EoE diagnosis is typically differentiated from GERD if the individual does
not respond to anti-reflux measures and proton pump
inhibitors, and histologic criteria for EoE are met[5-7].
Chronic inflammatory eosinophilic infiltrates often
lead to tissue remodeling and fibrosis, which causes luminal narrowing and loss of elasticity[8-10]. These morphological changes contribute to symptoms associated with
EoE, such as chest pain, heartburn, acid reflux, feeding
intolerance, and especially dysphagia and food impaction[11-12]. The methods of management can consist of
dietary, pharmacological, and endoscopic interventions.
Persistent eosinophilia causes strictures to form over
time such as confined and longitudinal narrowing, transient or fixed rings, feline esophagus, Schatzki rings, and
small caliber esophagus[13-15]. Dysphagia and food impaction, attributable to these mucosal abnormalities, are
currently treated with topical steroids and/or mechanical
dilation[1,3,16]. Long-term use of steroids is discouraged
due to adverse side effects and risks of toxicity. The disease process often rebounds after the individual stops
using steroids[1,16].
Dilation is an important therapy for individuals who
need immediate relief from dysphagia and prevention
of food impaction. It also provides relief for patients
whose symptoms have not responded to therapy with
steroids, and those who do not want to be on long term
medications or significantly restrict their diets[1,3,17].
Early descriptions of routine endoscopies and therapeutic interventions, such as dilation, in EoE patients
indicated that the fragile and inelastic mucosa associated
with the disease increased risks of deep tissue tears, lacerations, and perforations[4,11,12,14,18]. However, more recent
studies with larger patient samples have indicated esophageal dilation as a safe therapy in EoE patients [16,19-21].
Schoepfer et al[16] reported in a multi-center study a series
of 207 patients with EoE who received mechanical dilation. No major complications defined as severe esophageal injury were observed. Jung et al [19] reviewed 293
dilations performed in 161 EoE patients and reported
complications such as deep mucosal tears in 9.2%, major
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MATERIALS AND METHODS
Subjects
A retrospective systematic chart review of patients diagnosed with EoE between January 2004 and July 2010
was conducted at the Cleveland Clinic Florida. Medical
records, endoscopic reports, and biopsy reports and
slides were reviewed. Age, gender, clinical history of
allergic or chronic sinusitis or rhinitis, endoscopic presentation, pharmacological therapy for EoE number of
endoscopies (EGDs), number of biopsies and esophageal dilations and their locations, outcomes of dilations,
histopathology (eos/hpf), and length of follow up were
collected. All dilations were done using the rule of 3.
Patients were divided into 2 groups: patients who did
not receive dilation (ND) and patients who did (YD).
Those who received dilation were further divided in to
groups based on if they were diagnosed with EoE prior
to their first dilation, or at the time of the dilation (AT),
and if there was a complication (YC) or not (NC).
Complications were defined as bleeding, perforation,
deep mucosal tears, chest pain, and hospitalizations that
were related to the esophageal dilation procedure. Rents
were not considered a complication.
Histology
Histological slides were reexamined and confirmed to
have a peak eosinophil count greater than or equal to 15
eos/hpf by an expert GI pathologist (D.A.) (Figure 1).
The peak values of eos/hpf at time of diagnosis and at
time of dilation were reported in every case, as well as
the number of slides reviewed. Affected sites were classified as proximal, mid, or distal esophagus or the gastroesophageal junction (GEJ).
Statistical analysis
Peak eos/hpf count at diagnosis, number of EGDs, and
sites affected of ND and YD groups were compared using t-tests for independent samples. The peak eos/hpf
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Table 2 Endoscopic findings in the esophagus at the time of
diagnosis n (%)
Type of findings
Erosions
Inflammation
Linear furrowing
Ridges and cobblestone
Ringed
Schatzki ring
Stenosis
Benign strictures
Tortuous
White plaques
No abnormalities

Figure 1 Reactive squamous mucosa with marked increased intraepithelial eosinophilia involving the entire thickness of the epithelium, occasional
eosinophilic microabscesses and degranulation of eosinophils (HE stain,
× 400).

Age (yr)
Asthma/allergic history
Presenting symptoms
Dysphagia
Food impaction
Reflux
No symptoms
Symptomatic
Peak eos/hpf
Length of follow up (yr)
Number of EGDs

No Dilation

Dilation

(n = 39)

(n = 22)

38 (18-61)
12 (31)
0
15 (38)
9 (23)
9 (23)
6 (15)
33 (85)
47.9 eos/hpf
4.8 ± 1.51 yr
1.4 ± 0.7

49 (23-61)
10 (45)
0
22 (100)
10 (45)2
0
0
22 (100)
52.6 eos/hpf
5.2 ± 1.4 yr
2.6 ± 1.5

2 (9)
2 (9)
4 (18)
0
7 (32)
6 (37)
4 (18)
9 (41)
0
2 (9)
0

Endoscopic appearance: In 24 (62%) patients the whole
esophagus was observed as abnormal, in 8 (20%) only one
segment of esophagus appeared abnormal, and in 7 (18%)
no clear cut abnormalities were seen. Twenty (51%) patients had 1 abnormality reported, 11 (28%) patients had 2,
and 1 (3%) had 3 (Table 2).
Histological findings: An average of 2.1 ± 0.8 biopsies
were taken (ranging from 1 to 4). The mean peak count
of eos/hpf was 47.9 (range 15-99). The number of areas involved varied from 1 to 4. Nine (23%) patients had
a single biopsy from the esophagus, 20 (51%) patients
were biopsied at 2 different locations, 9 (23%) at 3 different locations, and 1 (3%) at 4 locations. Eighteen (46%)
patients had one site involved, 16 (41%) had 2 sites involved, 4 (10%) had 3, and 1 (3%) had 4. Fifteen (38%)
had documented upper and lower esophagus involvement by EoE (Table 3).

1

Patients lost to follow up not included. ND 15 (38%) and YD 3 (14%), patients lost to follow up; 210 patients of 22 YD group had food impaction.

and size of dilation in YD groups of YC and NC, PR
and AT were compared using t-tests for independent
samples. A P value of 0.05 or less was considered statistically significant. An ad hoc one-way ANOVA weighted
means analysis with a Tukey’s HSD was done to compare peak eos/hpf count at diagnosis between ND, PR,
and AT groups.

Patients who received dilations
Seventeen (77%) of the 22 patients who required dilations were males. The mean age of patients at time of
dilation was 49 years (range 23-67). All patients presented with dysphagia. Ten (45%) of them were treated for
food impactions.

RESULTS
Sixty-one patients were diagnosed with EoE during the
study’s review period. Esophageal dilations were performed in 22 (36%) patients. Eighteen (29%) patients
were lost to follow up. All remaining patients were
treated with topical steroids. The treatment consisted of
2 puffs of 110-220 mcg of fluticasone to swallow twice
a day in 40 patients, 160 mcg ciclesonide for 2, and 1 mg
of budesonide in liquid form for 1.

Endoscopic appearance: Endoscopic abnormalities
were observed in all patients who received dilations. In 13
(59%) patients the whole esophagus was abnormal and in
9 (41%) only one site appeared abnormal. Thirteen (59%)
patients had 1 abnormality reported, 6 (27%) had 2, and 2
had 3 (14%) (Table 2).
A total of 28 esophageal dilations were performed,
24 of them were done using TTS balloon and 4 with
over the guidewire Savary dilator. Eighteen (82%) patients had a single dilation, 2 (9%) received 2, and 2

Patients without dilation
Twenty-seven (69%) of the 39 patients were males. The
mean age of patients at time of diagnosis was 38 years
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Dilation

6 (15)
1 (3)
13 (33)
1 (3)
14 (35)
2 (5)
0
0
1 (3)
4 (10)
8 (21)

(range 18-61). Fifteen (38%) patients presented with
dysphagia, 9 (23%) with food impaction, 9 (23%) with
reflux, and 6 (15%) were asymptomatic (EoE was an
incidental finding). All patients who presented with food
impaction were treated and diagnosed based on an EGD
done during a visit to the emergency room (ER) (Table 1).

Table 1 Comparison of eosinophilic esophagitis patients who
did and did not require dilations n (%)
Characteristic

No dilation
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Histological findings: An average of 1.5 ± 0.7 biopsies were taken at time of diagnosis (ranging from 1 to 3).
The mean peak count of eos/hpf at diagnosis was 52.6
(range 15-145). The number of slides involved varied
from 1 to 3. Ten (45%) patients had a single biopsy from
the esophagus, 10 (45%) patients had biopsies from 2
different locations, and 2 (10%) cases were biopsied at
3 different locations. Ten (45%) patients had one site
involved, 10 (45%) had 2 sites involved, and 2 (10%)
had 3. Ten patients had one site involved, 10 had 2 sites
involved, and 2 had 3. All sites biopsied were positive
for eosinophilia with ≥ 15 eos/hpf. The peak eos/hpf
counts were significantly higher in patients who received
a dilation (P < 0.05).

Table 3 Site involvement based on biopsy readings at time of
diagnosis
Location

No dilation

Dilation

7
31
22
4
3

1
19
8
3
2

Proximal
Mid
Distal
GEJ
Not specified
GEJ: Gastroesophageal junction.

Table 4 Comparison of PR and AT groups
Characteristics

PR Group
(Diagnosis before
st
1 dilation)
(n = 6)
Mean

AT Group
st
(Diagnosis at 1
dilation)
(n = 16)

Range

Mean

Time of diagnosis: The diagnosis of EoE was established for 6 (27%) patients based on biopsies from
EGDs performed prior to their first dilation. The average time interval between diagnosis and need for dilation
was 10.5 mo (range of 1-18 mo). Sixteen (73%) patients
were diagnosed with EoE based on biopsies obtained
at the time of the initial EGD with dilation. Therefore,
those patients had no established diagnosis of EoE at
the time of dilation. Three (14%) patients were lost to
follow up (Table 4).
The peak eos/hpf at time of diagnosis was significantly higher (P < 0.05) for AT group when compared
to PR group. However, there was no significant difference in peak eos/hpf between both groups at the time
of dilation. PR underwent significantly more EGDs during their treatment period. There were no significant differences in peak eos/hpf at time of diagnosis between
ND, PR and AT groups.

Range

Peak eos/hpf at 1st diagnosis
31.6 ± 18.4 15-92
Peak eos/hpf at 1st dilation
45.7 ± 30.8
73.6 ± 42.4 15-145
Number of biopsies at diagnosis 1.7 ± 0.8
1-3
1.7 ± 0.6
1-3
Number of EGDs
3.7 ± 2.0
2-7
2.2 ± 1.2
1-5
Number of dilations
1
1
1.4 ± 0.7
1-3
Length of follow up (yr)1
5 ± 1.2
4-7
5.2 ± 1.4
4-9
1

1/6(17%) and 2/16(12.5%), respectively lost to follow up.

Table 5 Comparison of patients with and without complication after dilation n (%)
Complications
Age (yr)
Asthma/allergy history
Peak eos/hpf at time of dilation

Percentage of eosinophilic
esophagitis patients

60

35 (20-51)
2 (50)
78 ± 51

No complications
41 (20-54)
8 (44)
63 ± 37

Complications: Minor complications were reported
following 4 (14%) dilations. Three (11%) dilations were
associated with a small mucosal tear and 1 (4%) case
of very deep mucosal tear. All of them occurred in AT
patients. Two of the small tears occurred at the GEJ
and one in the distal esophagus. Two of these patients
reported severe chest pain after the procedure and had
X-ray negative for perforation. The deep mucosal tear
occurred in the mid esophagus. No perforations occurred. No patients were hospitalized for procedure related complications.
There was no significant difference in peak eos/hpf
count between YC and NC groups (Table 5). There was
also no significant difference in size of dilation.

55%

50
40
27%

30
20
10
0

9%

9%
15 mm 18 mm

19 mm

20 mm

Maximal diameter of dilation

Figure 2 Maximal size of dilation used in 22 eosinophilic esophagitis patients.

(9%) had 3 procedures. The mean dilation size was 18.4
mm. Six patients received a maximum dilation size of
20 mm, 2 received a 19 mm, 12 received an 18 mm, and
2 received a 15 mm (Figure 2). Three (11%) dilations
were performed in the mid-esophagus, 11 (39%) in the
distal part of the esophagus, 12 (43%) at the GEJ, 1 (3%)
involved the entire esophagus, and 1 (3%) was not specified. Over the course of their treatments, group YD had
significantly more EGDs than group ND.
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DISCUSSION
The prevalence of EoE has increased over the last decade in both children and adults in Western countries.
EoE has been documented in most racial groups, although many studies have reported predominance in
Caucasian males[22]. The prevalence of EoE in an outpatient population undergoing upper endoscopy was
reported 0.4%-0.5%[23], but EoE was found in 12% of
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patients presenting with dysphagia[24]. Based on recent
studies, the prevalence of EoE is lower in Asia with reported rate 0.34% in China[25] and 0.02% of the routine
endoscopies in Japan[26].
In adults with EoE, solid food dysphagia is the most
common presenting symptom, followed by food impaction. Other common symptoms in adults include heartburn, chest pain and upper abdominal pain. Therefore
any of the above symptoms and reflux not responding
to proton pump inhibitor therapy should raise a high index of suspicion about possibility of EoE while evaluating
those cases.
The need for esophageal dilatation in EoE patients is
relatively high and reported in 27%-30.3% of cases[16,27].
In our series, 36% of EoE patients underwent esophageal
dilations.
The findings of our study contribute to preceding research on the use and safety of dilation in EoE patients in
order to help develop a standard of care for EoE patients.
Who needs dilation therapy?
Based on our findings, peak eos/hpf at time of diagnosis can be linked to severity of findings and presence of a significant clinical stricture, and may influence
whether or not an EoE patient requires a dilation. The
severity of eosinophilic infiltration should be taken into
account when deciding to dilate. However often at the
time of dilation this information is not available. Endoscopists should also consider the severity of the patients’
symptoms of dysphagia and recurring food impaction,
the presence of benign strictures, and endoscopic appearance when choosing to dilate based on the endoscopic appearance.
All sites biopsied in YD patients were positive for
eosinophilic infiltration with ≥ 15 eos/hpf. Whereas not
all esophageal biopsies taken from ND patients presented with eosinophil count that qualify as EoE. Another
interesting observation is that even though the whole
esophagus appeared abnormal in many cases, the biopsies did not always reflect eosinophilic infiltration of the
entire esophagus. This may be because most endoscopists avoided additional biopsies of the proximal esophagus since there was no developed protocol regarding
esophagus biopsies in EoE. It may also suggest that
localized increases in eosinophils may affect the mucosal
integrity of surrounding areas or the whole esophagus.
Unfortunately due to its retrospective design, this
study did not have standardized guidelines for the number and location of biopsies taken to diagnose or rule
out EoE. Overall more biopsies were taken at time of
diagnosis in patients that did not receive dilations. One
reason may be that patients who did receive dilations
exhibited symptoms and abnormalities that were more
obviously associated with EoE. Therefore endoscopists
might have felt fewer biopsies would suffice for diagnosis. The AT group also may have had less biopsies taken
because dilations were done during the same procedure.
Endoscopists may have been wary to cause increased
trauma or may not have been able to biopsy at the site
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of dilation.
Performing dilation overall increases the number
of EGDs, EoE patients will require over the course of
their treatment. This may be because those who received
dilations are watched more closely or have more complicated cases of the disease. PR group had significantly
more EGDs than AT group. This is most likely to be
attributable to the fact that they received 2 EGDs for
diagnosis and dilation, while the other 2 groups only received 1. Therefore it may be more economical to dilate
patients who endoscopists think might be likely to later
require dilations at the time of their first endoscopy. ND
patients did have the lowest average of EGDs, 1.4 ± 0.7,
which may suggest less severe disease and/or symptoms.
When do dilations happen: Higher peak eos/hpf counts
appear to correlate with the need for dilation. Although
the peak eos/hpf at time of diagnosis for PR was significantly lower than AT, there was no difference in peak
count at the time of dilation. Therefore peak eos/hpf in
PR patients had significantly increased during the time
between diagnosis and dilation. Similar to the ND group,
the PR patients were treated with topical steroids after
diagnosis. However, unlike the ND group, their symptoms recurred with such severity that they later required
dilation. The topical steroids did not provide lasting
relief. Based on this, peak eos/hpf count at time of diagnosis does not appear to help predict whether or not a
patient will later require dilation. Future research should
examine factors that may bring differences between ND
and PR patients to light.
Is it safe to dilate: Based on our study’s results, dilation
therapy appears to be a safe and effective measure to alleviate dysphagia in EoE patients by enlarging the diameter of the esophagus. Only a minority of patients had
recurrent symptoms requiring repeat dilations. Higher
peak eos/hpf counts were associated with increased
need for dilation. No association was found between
peak eos/hpf and rate of complication. Higher eos/hpf
counts and the length of affected segment do not appear
to be associated with increased risks of complication.
The safety of dilation is important because dysphagia
is the most uniform symptom and common complaint
in adults with EoE[12,13,20,27]. Dilation allows for immediate resolution of dysphagia while steroids take more
time. This is especially important in patients suffering
from food impactions. Dilations also benefit patients
with recurring dysphagia who refuse to take steroids, do
not respond well to them, or have cannot take them for
long periods of time. Schoepfer et al[16] suggested that
the benefits of dilation were long-term with or without
topical steroids. Their study found long-term resolution
of dysphagia and food impaction symptoms, with recurrence after 23 ± 22 mo in patients who did not receive
steroid treatment afterward vs 20 ± 14 mo in patients
who did.
In our study we did not report rents and superficial
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mucosal tears as major complications because they are
expected to occur during dilation in EoE patients as previously described[20,28]. Vasilopoulos et al[29] suggested that
rents after an upper endoscopy can be considered markers for identifying patients with EoE. However patients
should be advised prior to the procedure of the likelihood of rents because they can be associated with acute
post-procedural chest pain[20,28,29].
No perforations occurred in our study. This finding,
alongside other recent studies, indicates that the risk of
perforation is not nearly as high as the earliest studies suggested. However, decisions concerning dilation
therapy should be individualized to the EoE patient.
Studies often suggested potential factors that may increase risks of complications such as: proximal location,
smaller diameter of strictures, younger age, steroid use,
and the number of dilations[4,19,27,28]. However conclusive
evidence that any of these factors significantly increase
risk of dilation has not been presented in prospective
fashion. Therefore, endoscopists should have a comprehensive understanding of conservative dilation methods
and patient history when considering dilation.
Cohen et al[4] encountered more complications with
patients who had an eos/hpf of 40 or more, the difference was not statistically significant. However, both Cohen’s study and ours were limited by small sample group.
Larger studies would be needed to justify whether or not
endoscopists should be concerned about eos/hpf count
in relation to risk of dilation-related complications. Especially because the repercussions of this knowledge
might require EoE patients to undergo two endoscopies;
one to biopsy the mucosa for histologic reading and the
second one to perform dilation. This could also raise
cost of care of EoE patients. Currently, no publications
conclusively suggest a positive correlation between eos/
hpf and complication rate.
EoE has increasingly come to the attention of endoscopists over the past two decades. Despite progress
in the field, current publications are still limited in their
abilities to provide a comprehensive understanding of
the causes of the chronic disease and long-term outcomes. This study is limited by its retrospective design
and consequently the absence of a standardized method
of recording EGD reports, as well as the loss of 29%
patients to follow up. The body of research also lacks
successful long-term treatment options for alleviating
symptoms and diminishing the inflammatory response,
as well as preventative and curative measures. Recommendations for treatment of EoE have primarily been
based on retrospective reviews of small patient samples
by expert gastroenterologists and endoscopists[1-3,13].
The field of research on EoE would greatly benefit
from prospective studies. Future research must work
to establish standardized methods of recording patient
symptoms, histories, and EGD reports, deciding when
and how to perform dilation, and reporting endoscopic
findings. They should also follow standardized guidelines
for both balloon and Savary dilations. Long-term follow
up of patients would provide longitudinal data on the
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effectiveness of disease interventions and the course of
the disease. Unfortunately, no cure for EoE is currently
known. Longitudinal, prospective studies will be a step
in the right direction towards developing curative therapies for EoE patients. Until then, our study supports the
use of dilation therapy to help relieve acute dysphagia
when mucosal abnormalities are present in EoE patients.
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Background

Symptoms of eosinophilic esophagitis (EoE) are managed with pharmacologic,
endoscopic, and dietary interventions. Endoscopic esophageal dilations help
relieve symptoms dysphagia and food impaction in individuals who have developed esophageal strictures as a result of food impaction.

Research frontiers

The field of gastroenterology does not currently have standardized treatment
guidelines for eosinophilic esophagitis. Current data on the safety of dilations in
patients with EoE is conflicting. Research on EoE also lacks information on factors that may influence whether or not a patient will require dilation and when.

Innovations and breakthroughs

Initial studies on the safety of dilation in patients with eosinophilic esophagitis
classified the procedure as high risk of tearing and perforation. However, larger
follow up studies suggested that the initial cautionary reports exaggerated the
risks. This study reports that higher peak eos/hpf counts do not appear to be
associated with increased risk of complication. Higher peak eos/hpf counts do
appear to influence whether or not an EoE patient will require a dilation during
the course of their treatment.

Applications

By understanding the clinical and histologic characteristics that influence
whether or not a patient will develop a stricture, need dilation, or be at risk for
complications from dilation will help clinicians and endoscopists make more
informed decisions when caring for patients with EoE.

Terminology

EoE is characterized by mucosal eosinophilic infiltration, a count of 15 or more
eosinophils per high power field. The mucosal eosinophilic infiltration leads to
chronic inflammation within esophageal tissue. Clinicians must rule out other
esophageal disorders that cause similar physiological and histological presentations in order to diagnose an individual with EoE. Common symptoms include
heartburn that is unresponsive to anti-reflux measures, dysphagia, and food
impaction.

Peer review

The authors investigated clinical and histologic features that may be associated
with or predictive of the need for dilation and dilation related complications.
The safety of dilation in patients with EoE was also assessed to contribute to
existing understanding. The study revealed no correlation between the peak of
eosinophil count and complication rate. Complications can occur independently
of the histologic features. Esophageal dilation appears to be a safe procedure
in EoE patients, carrying a low complication rate.
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RETROSPECTIVE STUDY

Treatment of rectal cancer by transanal endoscopic
microsurgery: Experience with 425 patients
Mario Guerrieri, Rosaria Gesuita, Roberto Ghiselli, Giovanni Lezoche, Andrea Budassi, Maddalena Baldarelli
nor intraoperative complications. Conversion to other
surgical procedures was never required. Major complications (urethral lesions, perianal or retroperitoneal
phlegmon and rectovaginal fistula) occurred in six
(1.4%) patients and minor complications (partial suture
line dehiscence, stool incontinence and rectal haemorrhage) in 42 (9.9%). Postoperative pain was minimal.
Definitive histological examination of the 425 malignant lesions showed 80 (18.8%) pT0, 153 (36%) pT1,
151 (35.5%) pT2, and 41 (9.6%) pT3 lesions. Eighteen
(4.2%) patients (ten pT2 and eight pT3) had a local
recurrence and 16 (3.8%) had distant metastasis. Cancer-specific survival rates at the end of follow-up were
100% for pT1 patients (253 mo), 93% for pT2 patients
(255 mo) and 89% for pT3 patients (239 mo).
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CONCLUSION: TEM is a safe and effective procedure
to treat rectal cancer in selected patients without evidence of nodal involvement. T2-T3 lesions require preoperative neoadjuvant therapy.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To describe our experience in treating rectal cancer by transanal endoscopic microsurgery (TEM), report
morbidity and mortality and oncological outcome.

Key words: Rectal cancer; Transanal endoscopic microsurgery; Chemoradiotherapy; Local excision; Downstaging

METHODS: A total of 425 patients with rectal cancer
(120 T1, 185 T2, 120 T3 lesions) were staged by digital
rectal examination, rectoscopy, transanal endosonography, magnetic resonance imaging and/or computed
tomography. Patients with T1-N0 lesions and favourable histological features underwent TEM immediately.
Patients with preoperative stage T2-T3-N0 underwent
preoperative high-dose radiotherapy; from 1997 those
aged less than 70 years and in good general health also
underwent preoperative chemotherapy. Patients with
T2-T3-N0 lesions were restaged 30 d after radiotherapy
and were then operated on 40-50 d after neoadjuvant
therapy. The instrumentation designed by Buess was
used for all procedures.

Core tip: The gold standard treatment for locally advanced rectal cancer, major surgery, is associated with
a high incidence of definitive stoma. In the 1980s,
Buess pioneered the removal of rectal lesions with fullthickness excision by transanal endoscopic microsurgery (TEM). It was subsequently demonstrated that
T1-N0 lesions can be treated by TEM alone. However,
neoadjuvant chemoradiotherapy can downstage T2T3-N0 lesions and even elicit a complete response. In
our experience, the local recurrence and survival rates
of selected patients with local-advanced rectal cancer
and no nodal involvement treated with neoadjuvant
therapy and TEM do not differ significantly from patients treated by major surgery.

RESULTS: There were neither perioperative mortality
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All patients underwent clinical examination, which included digital rectal examination (DRE) to assess tumour
fixation; routine laboratory testing, including CEA and
CA 19-9 markers; colonoscopy with collection of large
biopsies for histology and grading; rigid rectoscopy to
measure tumour distance from the anal verge, evaluate
its circumferential location in the wall and establish the
appropriate decubitus position on the operating table;
transanal endosonography (EUS); abdominal and pelvic
computed tomography (CT) scanning with 3 mm slice
thickness or magnetic resonance imaging (MRI), bone
scintigraphy and chest-X-rays. Before RT, the site of each
negative biopsy was marked endoscopically with an Indian ink tattoo, so that it could to be identified even after
reduction of the primary lesion.
Patients with T1-N0 lesions underwent TEM immediately; those who had T2-T3 lesions underwent RT in
a 10-15 MV linear accelerator (daily dose 180 cGy, total
dose 5040 cGy, 28 fractions over 5 wk). Anus, rectum,
mesorectum and regional and iliac lymph nodes were
irradiated. Since January 1997, patients < 70 years old
having a good performance status received preoperative
chemotherapy with continuous infusion of 5-fluorouracil
(200 mg/m2/d); from 2003 they received capecitabine
(1650 mg/m2/d) during RT. Restaging was performed
30 d after RT completion by DRE, rectoscopy, transanal
EUS, MRI or CT. If a lower T stage was documented by
EUS, CT/MRI, and definitive histological examination
the tumour was considered as being downstaged and
TEM was performed 40-50 d after completion of neoadjuvant therapy.
Bowel preparation was performed the day before the
operation with 4 L of an osmotic agent (Selg-Esse 1000,
Promefarm, Milano, Italy); short-term antibiotic prophylaxis (cefuroxime 2 g + metronidazole 500 mg) was
administered at the time of anaesthesia induction.
Our institution’s protocol envisages evaluation 1 mo
after discharge by clinical examination, DRE and rectoscopy. Subsequent follow-up visits, which include clinical
examination, rectoscopy with multiple biopsies, EUS, and
MRI or CT, are scheduled at 3-mo intervals over the first
2 years, at 6-mo intervals until the 5th year, and annually
thereafter.

Guerrieri M, Gesuita R, Ghiselli R, Lezoche G, Budassi A,
Baldarelli M. Treatment of rectal cancer by transanal endoscopic
microsurgery: Experience with 425 patients. World J Gastroenterol 2014; 20(28): 9556-9563 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i28/9556.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9556

INTRODUCTION
Transanal endoscopic microsurgery (TEM) is a safe and
feasible minimally invasive surgical approach to treat benign adenoma and early-stage carcinoma of the rectum[1].
The standard treatment for more advanced rectal cancer
remains major surgery with anterior or abdominoperineal
resection and total mesorectal excision[1]. However, these
procedures are associated with high rates of complications, including genitourinary and sexual dysfunction
(30%-40%), anastomotic leak (5%-17%), and long-term
functional bowel disturbance[2]. Perioperative mortality
is usually 2%-3%, and overall morbidity is 20%-30%[3].
These considerations explain the interest in the development of locoregional approaches also for more advanced
rectal disease. The demonstration that neoadjuvant
treatment improves overall and disease-free survival (respectively OS and DFS) of patients with rectal cancer
has raised hopes for treatment approaches involving less
morbidity and mortality, and that ensure a better quality
of life. Preoperative chemoradiotherapy (CRT) downstages 59% of locally advanced rectal tumours and induces a reduction > 50% in 22%[4]. Recent studies show
that radiotherapy (RT) may induce complete pathological
response in 10% to 30% of patients[2]. These favourable
findings have enabled selected patients with T2-T3-N0
rectal cancer to be treated by local excision. We report
our institution’s experience with TEM in terms of operative morbidity and mortality with emphasis on oncological outcome.

MATERIALS AND METHODS
From February 1992 to February 2013, 425 patients with
rectal cancer (120 stage T1, 185 stage T2, and 120 stage
T3) underwent TEM at the Department of General
Surgery of Università Politecnica delle Marche (Ancona,
Italy). All were enrolled in this study.

Surgical technique and instruments
The instrumentation was designed by Buess et al[5] and
developed by Wolf (Tuttlingen, Germany) and was used
for all procedures. It comprised a modified 12- or 20-cm
long rectoscope with three-dimensional vision and three
operative channels. The lesion was located preoperatively
by rigid rectoscopy; the patient was placed in supine, lateral or prone decubitus so that the lesion lay in the inferior part of the operative field. The rectoscope was fixed
to the operative field by a Martin’s arm. A working insert
was connected with sealing elements to prevent gas loss.
The rectum was inflated with CO2; endoluminal pressure
was controlled by the endosurgical unit. Full-thickness
excision was performed with a margin of at least 1 cm of

Inclusion criteria
T1-N0-M0 rectal lesions; T2-T3-N0-M0 rectal lesions
[diameter < 3 cm, high-risk patients (ASA 3-4) and patients who refused conventional resection].
Written informed consent was obtained with regard
to the oncological risks of local excision (local recurrence and distant metastasis) and to possible intra- and
postoperative complications (bleeding, suture dehiscence,
temporary gas or stool incontinence, conversion to laparotomy with colonic resection and colostomy, etc.). All
patients agreed to undergo close follow-up.
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ated using Kruskal-Wallis analysis of variance and results
were shown by means of box-plots.
OS, cancer-specific survival (CSS), and event-free survival (EFS) were estimated using Kaplan-Maier curves.
The log-rank test was applied to compare curves between
strata; 95%CI were calculated for the estimated cumulative probabilities.
A level of probability equal to 5% was used to assess
statistical significance. All analyses were performed using
the R statistical package.

Table 1 Main patient characteristics n (%)
Variables
Preoperative stage T1 (120 patients)
Sex, male
Age (yr)
[median, (25th p-75th p)]
Follow-up (mo)
[median, (25th p-75th p)]
Operative time (min)
[median, (25th p-75th p)]
Hospital stay (d)
[median, (25th p-75th p)]
Definitive histology [n (%)]
pT1
pT2
Stage T2 before radiotherapy (185 patients)
Sex, male
Age (yr)
[median, (25th p-75th p)]
Follow-up (mo)
[median, (25th p-75th p)]
Operative time (min)
[median, (25th p-75th p)]
Hospital stay (d)
[median, (25th p-75th p)]
Post-radiotherapy stage
pT0
pT1
pT2
Stage T3 before radiotherapy (120 patients)
Sex, male
Age (yr)
[median, (25th p-75th p)]
Follow-up (mo)
[median, (25th p-75th p)]
Operative time (min)
[median, (25th p-75th p)]
Hospital stay (d)
[median, (25th p-75th p)]
Postradiotherapy stage
pT0
pT1
pT2
pT3

79 (65.0)
68 (60-74)
82 (48-144)
70 (60-90)
2 (2-3)

RESULTS

110 (91.7)
10 (8.3)

Patients with preoperative stage T1 (Table 1) were more
frequently males (65.0%), had a median age of 68 years
(25th-75th percentile: 60-74) and a median follow-up of 82
mo (25th-75th percentile: 48-144). The median operative
time was 70 min (25th-75th percentile: 60-90), the median
hospital stay was 2 d (25th-75th percentile: 2-3), and according to definitive histology, five lesions (4.2%) were
stage pT2.
Patients with T2 stage before RT (Table l) were more
frequently males (64.9%) and had a median age of 68
years (25th-75th percentile: 60-72). The median follow-up
was 53 mo (25th-75th percentile: 32-125), the median operative time was 70 min (25th-75th percentile: 60-120) and
the median hospital stay was 4 d (25th-75th percentile: 3-5).
After RT, 63 (34.1%) lesions were stage pT0, 25 (13.5%)
were stage pT1 and 97 (52.4%) were stage pT2.
Patients with stage T3 before RT (Table 1) were more
frequently males (58.3%) and had a median age of 69.5
years (25th-75th percentile: 62.5-75). The median follow-up
was 70 mo (25th-75th percentile: 42-133.5), the median operative time was 90 min (25th-75th percentile: 60-120), and
the median hospital stay was 3 d (25th-75th percentile: 3-4).
After RT, 17 (14.2%) lesions were stage pT0, 13 (10.8%)
were stage pT1, 49 (40.8%) were stage pT2, and 41 (34.2%)
were stage pT3.
The main characteristics of patients with T2 and T3
lesions before RT are reported in Table 1, respectively.
Side effects of RT were cutaneous erythema in 69%
and diarrhoea in 26% of patients.
Neither perioperative mortality nor intraoperative
complications were observed. Conversion to other surgical procedures was never required. Postoperative pain
was minimal and analgesics (a single dose of Lixidol 30
mg, Roche, Milano, Italy) were required over the first
48 h by 39 (9%) patients. Patients were allowed to drink
on the 1st postoperative day and to eat the next day. All
were walking freely within 12 h of the operation. Minor
complications, i.e., partial suture line dehiscence, stool
incontinence and rectal haemorrhage, occurred in 42 patients (9.9%). Partial suture line dehiscence was managed
by antibiotic therapy; stool incontinence resolved within
2 mo of the operation after treatment by physiotherapy
and anal sphincter biofeedback, and haemorrhage was
addressed with blood transfusions.

120 (64.9)
68 (60-74)
53 (32-125)
70 (60-120)
4 (3-5)
63 (34.1)
25 (13.5)
97 (52.4)
70 (58.3)
69.5 (62.5-75)
70 (42-133.5)
90 (60-120)
3 (3-4)
17 (14.2)
13 (10.8)
49 (40.8)
41 (34.2)

normal mucosa. For posterior and lateral lesions, the largest possible amount of local perirectal fat was dissected
and removed to reach the avascular plane of the mesorectal fascia or the prostate capsule/vaginal septum for
anterior lesions. Real-time intraoperative histological margin assessment confirmed complete excision in doubtful
cases. A running suture closed the rectal defect.
Statistical analysis
A stratified analysis was performed according to preoperative or pre-RT disease stage. There were 120 patients
with T1 preoperative stage, 185 with T2 and 120 patients
T3 pre-RT stage.
The main patient characteristics were summarized using absolute and per cent frequencies for categorical variables; median and 25th and 75th percentiles were used as a
central and variability measure for quantitative variables.
Comparisons of post-RT disease stages were evalu-
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died, with a cumulative probability at the end of followup (255 mo) of 50% (95%CI: 21-68).
Patients with pre-RT stage T3 (Table 2) developed local recurrence or metastasis (n = 13) or died from cancer
(n = 11) with cumulative probabilities of 12% (95%CI:
5-17) and 11% (95%CI: 6-17), respectively. The probability of death at the end of follow-up (239 mo) was 50%
(95%CI: 33-70).
The Kaplan-Meier curves of EFS, CSS, and OS probabilities are shown in Figure 1, with T2 and T3 patients
subdivided by post-RT stage.

Table 2 Cumulative probability of recurrence at the end of
follow-up
Cumulative probability

Value

Preoperative stage T1 (120 patients)
Follow-up: 253 mo

Patients with stage T1 before
radiotherapy
Probability of death (95%CI)
0.47 (0.21-0.64)
Events (n)
22
Stage T2 before radiotherapy (185 patients)
Follow-up: 255 mo
Patients with stage T2 lesions before
radiotherapy
Probability of local recurrence or
0.13 (0.08-0.18)
metastasis (95%CI)
Events (n)
21
Probability of cancer-specific
0.07 (0.03-0.12)
death (95%CI)
Events (n)
10
Probability of death (95%CI)
0.50 (0.21-0.68)
Events (n)
33
Stage T3 before radiotherapy (120 patients)
Follow-up: 239 mo
Patients with stage T3 lesions before
radiotherapy
Probability of local recurrence or
0.12 (0.05-0.17)
metastasis (95%CI)
Events (n)
13
Probability of cancer-specific
0.11 (0.06-0.17)
death (95%CI)
Events (n)
11
Probability of death (95%CI)
0.55 (0.33-0.70)
Events (n)
33

DISCUSSION
TEM has been devised to remove adenomas localized in
the middle and upper rectum[6].
Local cancer resection has been performed for many
years in selected elderly, high-risk patients, and in those
who refused permanent colostomy, as well as for palliative therapy[7-12]. Although the gold standard approaches,
i.e., anterior and abdominoperineal resection, have provided excellent results in terms of local recurrence and
survival rates, they are dearly paid for by a high incidence
of complications and impaired quality of life (anorectal, sexual and urinary dysfunction). On the other hand
some conventional sphincter-preserving techniques, such
as transanal resection with a Parks retractor, are associated with an unacceptably high rate of recurrence (up
to 29%). Unlike conventional transanal excision with an
anal retractor, TEM offers an exceptionally good view of
the whole rectum and enables precise removal of lesions
located not only in the lower and middle rectum, but also
in the upper rectal area. It also affords highly precise dissection and full-thickness excision with a suitable margin
(ablation with 1 cm of free margin and with the largest
possible amount of adjacent perirectal fat).
Over time the TEM indications have been extended
to include selected patients with early rectal cancer.
Local excision is considered as a curative approach
for primary tumours limited to the mucosa or invading
the submucosa without high-risk features (poor differentiation, vascular and neural invasion, mucinous histology and ulceration), as also reported in the guidelines
for colon and rectal cancer treatment (Clinical Guideline
Colorectal Cancer: The diagnosis and the management
of colorectal cancer; November 2011).
The first prospective randomized trial comparing
treatment of T1-N0 rectal cancer by TEM vs anterior
resection was published in 1996; it described non-significant differences in local recurrence (4.2%) and five-year
survival (96%). The rate of local recurrence after local
resection of pT1 lesions using TEM is 4%-6% and is not
significantly different from the rates reported for conventional surgery[13].
None of our 120 T1 patients had a recurrence or distant metastasis or died from the tumour.
Our study demonstrated that TEM provides comparable results to open surgery in terms of survival, but be-

Major complications occurred in six patients (1.4%).
There were two urethral lesions, a perianal and two retroperitoneal phlegmons, and a rectovaginal fistula. One
urethral lesion occurred in a male patient during wide
anterior dissection of the prostate capsule; the lesion was
sutured during the TEM procedure and the patient was
discharged with a urinary catheter that was removed 3
wk later without further problems. The other urethral lesion involved an elderly male patient who refused other
procedures and is still alive with a urinary catheter. The
perianal phlegmon required drainage and temporary
laparoscopic ileostomy. One retroperitoneal phlegmon
required surgical drainage and colostomy; the other was
treated by surgical drainage and temporary ileostomy that
was closed after 6 mo. Finally, the rectovaginal fistula was
treated by laparoscopic ileostomy and a new suture by
TEM, the ileostomy was then closed. The patient is alive
and has experienced no further complications.
Figure 1 shows the cumulative probabilities of failure and 95%CI at the end of follow-up, as estimated by
Kaplan-Meier analysis for the three strata.
Twenty-two subjects with T1 stage preoperatively died
from other causes, with a probability of death at the end
of follow-up (253 mo) equal to 47% (95%CI: 21%-64%);
no local recurrences, metastases or cancer-specific deaths
occurred in this stratum.
Patients with pre-RT stage T2 (Table 2) had a 13%
probability of developing local recurrence or metastasis
(95%CI: 8-18). The cumulative probability of cancer-specific death was 7% (95%CI: 3-12). Thirty-three patients

WJG|www.wjgnet.com

9559

July 28, 2014|Volume 20|Issue 28|

Guerrieri M et al . Chemoradiotherapy and TEM for rectal cancer

A

Overall survival and 95%CI

1.0

Probability

0.8
0.6
0.4
0.2
0.0
0

5

10

15

20

t /yr
Event free survival and 95%CI

1.0

Event free survival according to
post RT disease stage

1.0

0.8

0.8

0.6

0.6

Probability

Probability

B

0.4
0.2

0.4
0.2

0.0

0.0
0

50

100

150

200

250

0

50

t /mo

1.0

0.8

0.8

0.6

0.6

Probability

Probability

1.0

0.4

0.2

0.0

0.0
50

100

150

200

250

pT1

P = 0.421
50

100

150

200

250

t /mo

Overall survival and 95%CI

0.8

0.8

0.6

0.6

Probability

1.0

0.4

0.2

0.0

0.0
150

200

250

Overall survival according to
post RT disease stage

pT1
pT2

pT0 vs pT2: P = 0.013
0

50

t /mo

WJG|www.wjgnet.com

pT0

0.4

0.2

100

pT0

pT2

0

1.0

50

200

Cancer survival according to
post RT disease stage

t /mo

0

150

0.4

0.2

0

100

t /mo

Cancer survival and 95%CI

Probability

pT2

100

150

200

250

t /mo

9560

July 28, 2014|Volume 20|Issue 28|

Guerrieri M et al . Chemoradiotherapy and TEM for rectal cancer
Event free survival and 95%CI
1.0

1.0

0.8

0.8

0.6

0.6

Probability

Probability

C

0.4

0.2

0.0

0.0
50

100

150

pT1
pT3

0.4

0.2

0

Event free survival according to
post RT disease stage

200

P = 0.10
0

50

t /mo

1.0

1.0

0.8

0.8

0.6

0.6

Probability

Probability

Cancer survival and 95%CI

0.4

0.2

0.0

0.0
50

100

150

200

150

Cancer survival according to
post RT disease stage
pT1
pT3

0.4

0.2

0

100

t /mo

200

P = 0.123
0

50

t /mo

100

150

200

t /mo

Overall survival and 95%CI
1.0

Overall survival according to
post RT disease stage

1.0

pT0
pT1

0.8

0.8

0.6

0.6

pT2

Probability

Probability

pT3

0.4
0.2

0.4
pT0 vs pT3: P = 0.038
pT1 vs pT3: P = 0.166
pT2 vs pT3: P = 0.020

0.2

0.0

0.0
0

50

100
t /mo

150

200

0

50

100

150

200

t /mo

Figure 1 Survival analysis. A: Patients with preoperative T1 lesions; B: Patients with T2 lesions before radiotherapy (RT); C: Patients with T3 lesions before radiotherapy.

ing a minimally invasive procedure, it also offers superior
outcomes under most other respects.
An extension of the indications to include more advanced lesions is a matter of debate; however, advances
in neoadjuvant RT techniques and chemotherapy have
enabled exploration of multimodal treatment strategies
to improve local control rates.
Preoperative CRT reduces local recurrence rates and
improves OS compared with surgery alone, and it is more
effective than postoperative RT[1,2,4,7,9,14-22]. It has the potential to induce tumour downstaging, thus enabling less
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radical surgery, sphincter preservation, eradication of any
micrometastatic disease (locoregional and distant) early
in the treatment course, and a reduction in complication
rates, thereby enhancing quality of life. Preoperative RT
also offers biological (decreased tumour seeding at the
time of surgery and increased radiosensitivity because of
greater cell oxygenation) and functional advantages (possibility of converting coloanal resection to local excision).
An additional benefit in patients with locally advanced
unresectable disease is an increased resectability rate.
Preoperative chemoradiation does not add to the overall
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tidisciplinary approach (radiologist, gastroenterologist, surgeon, oncologist and
radiotherapist) to reduce the cancer mortality rate. Traditional surgery provides
excellent results in terms of local recurrence and distant metastasis, but carries
a high rate of mortality and postoperative complications, in addition to severely
affecting quality of life.

surgical complication rate, including wound infection and
anastomotic leaks. Local excision is associated with low
mortality and a very low rate of complications compared
with major resection.
However, successful TEM performance rests on the
key factors of patient selection, preoperative staging
of the primary rectal tumour, and assessment of node
involvement. Even though EUS and MRI have similar
sensitivities (67% vs 66%) and specificities (78% vs 76%)
in detecting nodal disease, both are highly operatordependent. MRI provides excellent imaging of th rectum,
mesorectum, fascia propria of the rectum, and other pelvic structures.
The role of TEM in managing T2-T3 lesions remains
controversial, and the technique is mainly applied to treat
older patients with co-morbidities or to perform palliative
surgery. The results of 100 TEM resections of small T2T3-N0-M0 distal rectal lesions subjected to preoperative
high-dose RT at our institution were published in 2005.
The probability of local recurrence at 10-year follow-up
was 5%; the probability of metastasis was 2%; CSS was
89% and OS was 72%. These rates are not significantly
different from those obtained with radical or laparoscopic surgery at our institution[10,16].
In our 185 selected patients with T2 rectal lesions,
preoperative CRT and TEM involved a probability of
local recurrence and metastasis of 13% (95%CI: 8-18).
DFS in pT2 patients at the end of follow-up was 93%
(95%CI: 88-97).
Neither local recurrence nor distant metastasis arose
in patients whose tumour had been downstaged or in
those where the tumour mass had been greatly reduced
(≥ 50%). We thus agree with previous reports that response to CRT is the strongest predictor of successful
local excision[2,4,22-24].
The role of TEM in patients with T3 lesion has been
less frequently explored, and radical surgery remains the
gold standard treatment for these lesions. Local excision is restricted to patients with high co-morbidities,
advanced age, high ASA grade and to those who refuse
conventional resection. In a previous study of neoadjuvant therapy and TEM in a selected group of 120 patients with T3 lesions before RT[25], we reported a probability of local recurrence and metastasis of 12% (95%CI:
5-17), and a DFS at the end of follow-up of 89% (95%CI:
83-94): these rates are similar to those of open or laparoscopic surgery.
In conclusion, TEM can be considered as a first-line
treatment for rectal adenoma and T1 rectal cancer. In
T2-T3 rectal cancer, patient selection and preoperative
CRT are mandatory to achieve results comparable to
those of major surgery. Randomized studies are needed
to gain further insights into the possibility of extending
the indications for TEM.

Research frontiers

Early diagnosis (by faecal occult blood test, colonoscopy, and digital rectal
examination) and promotion of minimally invasive surgical approaches are the
current challenges for this disease.

Innovations and breakthroughs

In the 1980s, Buess developed a new surgical tool based on a modified rectoscope with a magnified operative field that allows the removal rectal lesions by
full-thickness excision. Neoadjuvant chemoradiotherapy can frequently downstage rectal lesions and even induce a complete response.

Applications

In their experience, selected patients with rectal cancer and no nodal involvements can benefit from transanal endoscopic microsurgery (TEM) local excision
(T1N0 lesions immediately, T2-T3-N0 after neoadjuvant therapy), experiencing
a low rate of postoperative complications and a limited impact on quality of life.
The oncological results are similar to those of traditional surgery.

Peer review

The authors present their experience with 425 patients who underwent TEM.
This is a retrospective study, but the TEM sample is large and valuable as a
reference. The results are exciting.
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Prognostic significance of nuclear hepatoma-derived
growth factor expression in gallbladder cancer
Feng Tao, Min-Feng Ye, Ai-Jing Sun, Jie-Qing Lv, Guan-Gen Xu, Yuan-Ming Jing, Wei Wang
RESULTS: Nuclear HDGF expression was significantly
higher (77.5%) in GBC than in chronic cholelithiasis
(21.5%, P < 0.001). High nuclear HDGF levels were
associated with histopathological subtype (P < 0.05),
clinical stage (P < 0.01), and perineural invasion (P
< 0.01) but not with sex, age, history of gallstones,
or lymph node metastasis. A univariate Kaplan-Meier
analysis showed that positive nuclear HDGF expression
was associated with decreased overall survival (P <
0.01). Multivariate Cox regression analysis showed that
nuclear HDGF expression and lymph node metastasis
were independent risk factors for disease-free survival.
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Abstract
AIM: To assess the expression of nuclear hepatomaderived growth factor (HDGF) in benign and malignant
gallbladder lesions and to determine its clinicopathological significance.

Core tip: Gallbladder cancer (GBC) is a highly invasive,
rapidly proliferating tumor. Unfortunately, most conventional treatments for this tumor remain associated
with poor survival. Therefore, it is necessary to identify
prognostic biomarkers that are independently correlated with tumor aggressiveness. This study documents
hepatoma-derived growth factor (HDGF) immunostaining in gallbladder carcinomas for the first time and
shows that the expression of nuclear HDGF is closely
related to the carcinogenesis, clinical biological behaviors, and prognosis of GBC.

METHODS: We studied 40 patients with gallbladder
cancer (GBC) and a control group of 40 patients with
cholelithiasis. All diagnoses of GBC and cholelithiasis
were confirmed by histopathological examination after
surgery. None of the patients received chemotherapy
or radiotherapy before surgery. All tissue samples were
fixed in 4% formalin immediately after removal and
embedded in paraffin for immunohistochemical staining. The HDGF expression in the GBC and cholelithiasis
specimens was examined by immunohistochemical
staining. The relationship between the HDGF expression and the clinicopathological parameters of GBC was
analyzed.
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were included as controls. All diagnoses of GBC, cholelithiasis, and lymph node metastasis were confirmed
by histopathological examination, and all tissue samples
were fixed in 4% formalin immediately after removal and
embedded in paraffin for immunohistochemical staining.
The survival information for the 40 GBC patients was
obtained through phone calls. This study was approved
by the Ethics Committee of Shaoxing Hospital of Zhejiang University. Written informed consent was obtained
from each participant.

com/1007-9327/full/v20/i28/9564.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9564

INTRODUCTION
Gallbladder cancer (GBC) is the most common biliary
tract malignancy and the seventh most common gastrointestinal cancer[1-3]. According to the data from the
SEER Program, the incidence of GBC is estimated at
2.5 per 100000 persons. Despite its comparatively lower
incidence rate, GBC-associated mortality is higher than
the mortality of other cancers[4]. The median survival of
GBC patients is less than 1 year due to the early spread
of tumors via lymphatic, perineural, and hematogenous
routes as well as direct invasion of the liver[5,6]. Therefore,
the development of novel and effective therapeutic strategies for GBC, as well as an increased understanding of
biomarkers and their effects on therapeutic responses,
may improve patient prognosis.
Hepatoma-derived growth factor (HDGF), a heparinbinding growth factor, has a wide range of biological
functions, including roles in mitogenic activity and vascular development[7]. Consistent with these critical roles,
HDGF has been characterized as an oncogene. Thus, it
plays important roles in promoting cancer cell proliferation, angiogenesis, invasion, and migration in several
malignancies, including oral squamous cell carcinoma as
well as gastric, colonic, lung, and esophageal cancers[8-12].
Furthermore, clinicopathological analysis has shown that
a high level of HDGF expression is associated with poor
prognosis in several types of cancers, such as breast cancer and pancreatic ductal carcinoma[13,14], and that HDGF
overexpression is correlated with an increasing rate of
lymph node metastasis in gastric cancer[15]. However, the
significance of HDGF expression in the prognosis of
GBC has not been fully evaluated.
In this study, using immunohistochemistry (IHC),
we investigated the HDGF expression levels in benign
and malignant lesions of the gallbladder and studied the
clinicopathological significance of its expression in the
prognosis of GBC.

Immunohistochemical analysis and evaluation of HDGF
expression
Immunohistochemical staining was performed using
the standard immunoperoxidase staining procedure, and
HDGF expression in the specimens was evaluated according to the methods described by Pinheiro et al[16]. The
sections were semi-quantitatively scored according to the
extent of immunoreactivity as follows: 0, 0% immunoreactive cells; 1, < 5% immunoreactive cells; 2, 5%-50%
immunoreactive cells; and 3, > 50% immunoreactive
cells. The staining intensity was scored semi-quantitatively
as follows: 0, negative; 1, weak; 2, intermediate; and 3,
strong. The final immunoreaction score was defined as
the sum of the two parameters (extent and intensity),
and the samples were classified as negative (0), weakly
stained (1-2), moderately stained (3), or strongly stained
(4-6). For statistical purposes, only moderate and strong
final immunoreaction scores were considered positive;
negative and weakly stained final scores were considered
negative.
Statistical analysis
The data were analyzed using SPSS 19.0 (Statistical Package for the Social Sciences version 19.0). The relationship between HDGF expression and histology or clinical
factors was analyzed using the χ 2 independence test or
Fisher’s exact test. The Kaplan-Meier test was used for
univariate survival analysis. The Cox proportional hazard
model was used for multivariate analysis and to determine
the 95%CI. P < 0.05 was considered statistically significant.

MATERIALS AND METHODS

RESULTS

Patients and clinicopathological data
Samples from 40 patients with GBC pathologically confirmed after surgery were collected at the Shaoxing Hospital of Zhejiang University, China. None of the patients
received chemotherapy or radiotherapy before surgery.
The patients included 11 males and 29 females with an
average age of 70.6 years. According to the Union for
International Cancer Control staging system, 2 (5.0%), 3
(7.5%), 12 (30.0%), 12 (30.0%), and 11 (27.5%) patients
were diagnosed with stage 0, Ⅰ, Ⅱ, Ⅲ, and Ⅳ disease,
respectively. Additionally, 21 cases were diagnosed with
lymph node metastases. A total of 40 patients with cholelithiasis who had undergone simple cholecystectomy

Nuclear HDGF expression in benign and malignant
lesions of the gallbladder
To determine the potential role of HDGF in GBC progression, we evaluated HDGF expression in GBC and
cholelithiasis tissues by IHC (Figure 1A-E). HDGF was
mainly located in the nuclei, which was consistent with
the known cellular function of HDGF protein as a nuclear-targeted mitogen that exhibits mitogenic activity in
various cells after translocation to the nucleus[17]. Approximately 77.5% (31/40) of the GBC cases had positive
nuclear HDGF staining in the tumor cells. In contrast,
only 21.5% (11/40) of the cases had positive staining in
the cholelithiasis tissues (Table 1, Figure 1D, P < 0.001).
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Figure 1 Enhanced expression of hepatoma-derived growth factor in gallbladder cancer and its negative association with prognosis. A: Negative staining in
normal glandular epithelium (× 200); B: Moderate staining predominantly localized in the cell nuclei in an adenocarcinoma. Arrows denote areas of positivity (× 200); C:
Moderate to strong staining predominantly localized in the cell cytoplasm in an adenocarcinoma. Arrows denote areas of positivity (× 200); D: Average staining scores
of nuclear hepatoma-derived growth factor (HDGF) expression in cholelithiasis and gallbladder cancer (GBC) tissues; E: Average staining scores of cytoplasmic
HDGF expression in cholelithiasis and GBC tissues; F: Kaplan-Meier plots of overall survival in GBC patients with positive and negative HDGF expression scores.

Table 1 Hepatoma-derived growth factor expression in tissues from malignant gallbladder cancer and cholelithiasis groups n (%)
Tissue types
GBC
Cholelithiasis

Cases (n )
40
40

Nuclear HDGF
2

Positive cases

χ

31 (77.5)
11 (21.5)

20.05

Cytoplasmic HDGF
2

P value

Positive cases

χ

< 0.001

13 (32.5)
9 (22.5)

1.003

P value
0.317

HDGF: Hepatoma-derived growth factor; GBC: Gallbladder cancer.

However, the incidence of cytoplasmic HDGF was
comparable between the tumor and cholelithiasis tissues:
positive staining was observed in tumor cells in 32.5%
(13/40) of cases and in cholelithiasis tissues in 22.5%
(9/40) of cases (Table 1, Figure 1E, P > 0.05). Thus, the
differences in HDGF protein levels between the tumor
and cholelithiasis tissues were much more significant in
the nuclei than in the cytoplasm.

pathological characteristics, such as gender, age, or history of gallstones (P > 0.05).
Correlation between HDGF expression and survival
in patients with gallbladder cancer.
A total of 12 patients survived at least 1 year, and 28
patients survived less than 1 year, with an average survival
time of 9.7 mo. The patients who survived less than 1
year were found to have significantly higher HDGF expression than the patients who survived over 1 year (Table
3). The Kaplan-Meier survival analysis revealed that the
histopathological subtype (P < 0.01), the TNM stage (P
< 0.05), the presence of lymph node metastasis (P < 0.01),
and the presence of perineural invasion (P < 0.05) were
significantly associated with the average survival time.
The average survival time for HDGF-negative patients
was significantly higher than for patients with positive
HDGF expression (P < 0.01) (Table 4, Figure 1F). To
obtain a more precise estimate of prognosis, the Cox
proportional hazard regression model was applied. The

Association of HDGF expression with the
clinicopathological characteristics of gallbladder
adenocarcinoma
As shown in Table 2, HDGF overexpression was found
to be significantly correlated with histopathological subtypes (P < 0.05), TNM stage (P < 0.01), and perineural
invasion (P < 0.01), indicating a potential role for HDGF
in promoting aggressive phenotypes in GBC. However,
HDGF expression was not significantly associated with
the presence of lymph node metastasis or other clinico-

WJG|www.wjgnet.com

9566

July 28, 2014|Volume 20|Issue 28|

Tao F et al . HDGF expression in gallbladder cancer
Table 2 Association between hepatoma-derived growth factor expression and the clinicopathological characteristics of gallbladder
cancer n (%)
Parameter

Cases (n )

Category

Age

< 60

Histopathological subtypes

TNM stage
Lymph node metastasis
Perineural invasion
Gallbladder stones

Male
Female
High
Middle
Low
0-Ⅰ
Ⅱ-Ⅳ
Negative
Positive
Absent
Present
Negative
Positive

2

χ

8 (88.9)
23 (74.2)
7 (63.6)
24 (82.8)
3 (37.5)
12 (85.7)
16 (88.9)
1 (20.0)
30 (85.7)
14 (73.7)
17 (83.0)
5 (41.7)
26 (92.9)
14 (82.4)
17 (77.3)

0.227

0.634

0.755

0.385

8.027

0.018

7.349

0.007

0.029

0.865

9.858

0.002

0.152

0.697

9
31
11
29
8
14
18
5
35
19
21
12
28
17
23

≥ 60

Sex

HDGF
Positive cases

P value

HDGF: Hepatoma-derived growth factor; TNM: Tumor node metastasis.

Table 3 Correlation between patient survival time and
hepatoma-derived growth factor expression
Survival time

Cases (n )

< 1 yr
≥ 1 yr

28
12

Table 4
survival

HDGF
2

Positive cases

χ

25 (89.3)
6 (50.0)

5.352

Parameter

P value

Age

0.021

Category Cases
(n )
< 60
≥ 60

Sex

Male
Female
Histopathological
High
Middle
subtypes
Low
TNM stage
0-Ⅰ
Ⅱ-Ⅳ
Lymph node
Negative
Positive
metastasis
Perineural
Absent
Present
invasion
HDGF
Negative
Positive

HDGF: Hepatoma-derived growth factor.

results confirmed that HDGF expression and the presence of lymph node metastasis were negatively correlated
with post-operative survival, suggesting that high HDGF
expression is a risk factor for disease-free survival (Table
5).

DISCUSSION
GBC is associated with highly invasive, rapidly proliferating tumors. Unfortunately, the most aggressive conventional treatments for GBC still remain associated with
poor survival[18,19]. Therefore, it is necessary to identify
prognostic biomarkers that are independently correlated
with tumor aggressiveness. This study documents HDGF
immunostaining in GBC for the first time, showing that
a high level of nuclear HDGF expression is found in approximately 77.5% of cases.
HDGF, located on chromosome 1q21-23, is a
heparin-binding growth factor that was originally purified from media conditioned with the human hepatoma
cell line HuH7[20]. HDGF comprises 240 amino acids
and contains multiple functional domains, including a
conserved N-terminal domain 100 amino acids in length
that is responsible for DNA binding and 2 bipartite
nuclear localization sequences for nuclear localization[21].
HDGF is a nuclear-targeted mitogen that exhibits mitogenic activity and stimulates the proliferation of various
cells, including fibroblasts, vascular smooth muscle cells,

WJG|www.wjgnet.com

Univariate log-rank analysis of disease-specific

8
32
11
29
8
14
18
5
35
19
21
12
28
9
31

Mean survival time (mo)
95%CI
14.8 (4.3-25.2)
14.3 (9.2-19.4)
20.2 (10.4-30.1)
12.7 (7.9-17.5)
30.4 (21.5-39.2)
12.1 (5.6-18.5)
7.2 (4.8-9.7)
36.0 (36.0-36.0)
11.4 (7.4-15.4)
19.4 (11.4-27.4)
9.1 (4.4-13.8)
27.6 (18.3-37.0)
10.3 (6.3-14.2)
32.1 (22.1-42.2)
9.6 (6.1-13.1)

P

value
0.930
0.142
0.003

0.015
0.005
0.013
0.001

HDGF: Hepatoma-derived growth factor; TNM: Tumor node metastasis.

endothelial cells, and a variety of cancer cell lines, after
translocation to the nucleus[17,22]. Consistent with these
findings, Chen et al[13] determined that the nuclear HDGF
staining level, but not the cytoplasmic staining level, was
correlated with the proliferation index in breast cancer. In
this study, we also detected significantly increased nuclear
HDGF expression in the vast majority of GBC tissues
compared with cholecystitis tissues, while cytoplasmic
HDGF localization had no prognostic significance. Although the role of cytoplasmic HDGF expression has
not yet been clarified, it is thought to be associated with
HDGF receptors located at the plasma membrane[23]. Additional studies are necessary to identify the precise biological role of cytoplasmic HDGF in different cancers.
Invasion and metastasis are the predominant characteristics of malignant diseases[24]. In multiple studies, it
has been shown that elevated levels of HDGF in different types of tumors are correlated with metastatic poten-
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development of novel and effective therapeutic strategies for GBC as well as
an increased understanding of biomarkers and their effects on therapeutic responses may improve patient prognosis.

Table 5 Multivariate analysis of disease-specific survival
Parameter

Category

HR

95%CI

P value

HDGF expression

Negative
Positive
0-Ⅰ
Ⅱ-Ⅳ
Negative
Positive
High
Middle
Low
Absent
Present

4.298

1.134-88.887

0.038

0.008

0.084-15.014

0.930

4.368

1.060-6.134

0.037

2.061

0.828-3.402

0.151

0.073

0.218-3.170

0.787

TNM stage
Lymph node
metastasis
Histopathological
subtypes
Perineural invasion

Research frontiers

Hepatoma-derived growth factor (HDGF), a heparin-binding growth factor,
plays important roles in the promotion of cancer cell proliferation, angiogenesis,
invasion, and migration in several cancers. However, the significance of HDGF
expression in the prognosis of GBC has not been fully evaluated. In this study,
the authors demonstrate that the overexpression of nuclear HDGF is closely
related to the clinical biological behaviors and prognosis of GBC.

Innovations and breakthroughs

Recent research has highlighted the significant increase in nuclear HDGF staining in GBC. In this study, the authors found that HDGF overexpression, along
with advanced stages and poor differentiation, represents a significant prognostic factor for reduced disease-specific survival.

Applications

HR: Hazard ratio; HDGF: Hepatoma-derived growth factor; TNM: Tumor
node metastasis.

The study results suggest that nuclear HDGF overexpression could predict a
poor prognosis in GBC patients and suggest HDGF as a potential molecular
target for GBC therapy.

Terminology

tial, increased malignancy, and an unfavorable prognosis
for the patients[8-12,25]. However, the molecular mechanism
underlying HDGF-induced metastasis remains unclear.
One possibility is that HDGF may promote tumor progression through the modulation of angiogenesis or facilitate epithelial-mesenchymal transition to create a niche
environment for metastasis[23,26]. In this study, we also
found that upregulated nuclear HDGF expression was
strongly correlated with the degree of tumor differentiation, perineural invasion, and TNM stage in GBC patients. Further survival analysis showed that after surgery,
the survival time of cases with positive nuclear HDGF
expression was significantly lower than the survival time
of cases with negative expression. Cox multivariate
analysis showed that HDGF expression was negatively
correlated with the postoperative survival ratio and was
an independent indicator of poor prognosis. These findings indicate the potential role of HDGF in promoting
aggressive phenotypes of GBC and the potential utility
of HDGF expression levels as a prognostic biomarker of
GBC.
This study was a retrospective analysis and had some
limitations. The sample size of the study was relatively
small, with only 40 cases. To further understand the specific role of HDGF in the prognosis of GBC, additional
comprehensive prospective studies must be performed.
In conclusion, nuclear HDGF overexpression is
present in a substantial proportion of GBC cases and is
significantly correlated with the clinical biological behaviors of GBC. More importantly, HDGF overexpression,
along with advanced stages and poor differentiation,
represents a significant prognostic factor for reduced
disease-specific survival. Our data suggest that nuclear
HDGF overexpression could predict a poor prognosis in
GBC patients, suggesting HDGF as a potential molecular
target for GBC therapy.

HDGF, located on chromosome 1q21-23, is a heparin-binding growth factor that
was originally purified from media conditioned with the human hepatoma cell
line HuH7.

Peer review

This work is a good descriptive study in which the authors examined the expression of HDGF in gallbladder cancer. The results are interesting and suggest
that nuclear HDGF overexpression is present in a substantial proportion of GBC
cases and is significantly correlated with clinical biological behaviors. More importantly, nuclear HDGF overexpression was predictive of a poor prognosis in
GBC patients. The value of the manuscript is very clear.
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CLINICAL TRIALS STUDY

Safety trial of high-intensity focused ultrasound therapy for
pancreatic cancer
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Kentaro Ishii, Syujiro Tsuji, Nobuhito Ikeuchi, Reina Tanaka, Junko Umeda, Ryosuke Tonozuka,
Mitsuyoshi Honjo, Shuntaro Mukai, Mitsuru Fujita, Takao Itoi
changed to 30.9 ± 1.7 mm from 31.7 ± 1.7 mm at
pre-therapy. There were no significant changes in tumor size, mean number of treatment sessions (2.7 ±
0.1 mm), or mean total treatment time (2.4 ± 0.1 h).
The rate of symptom relief effect was 66.7%. The effectiveness of primary lesion treatment was as follows:
complete response, 0; partial response, 4; stable disease, 22; progressive disease, 4. Treatment after HIFU
therapy included 2 operations, 24 chemotherapy treatments, and 4 best supportive care treatments. Adverse
events occurred in 10% of cases, namely pseudocyst
formation in 2 cases and mild pancreatitis development
in 1. However, no severe adverse events occurred in
this study.
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CONCLUSION: We suggest that HIFU therapy is safe
and has the potential to be a new method of combination therapy for PC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract

Key words: High-intensity focused ultrasound; Pancreatic cancer; Safety trial; Tumor ablation; Ultrasonography

AIM: To evaluate the safety and clinical application of
high-intensity focused ultrasound (HIFU) therapy for
unresectable pancreatic cancer (PC).

Core tip: The results of chemotherapy and chemoradiotherapy for unresectable pancreatic cancer (PC) have
not been satisfactory. Therefore, new advances in therapy are expected. High-intensity focused ultrasound
(HIFU), which uses focused ultrasound energy for therapeutic methods such as tissue ablation from an external body, is a new ultrasound technology. HIFU therapy
is a new technology therapy for PC. The HIFU device
used in this study was the FEP-BY02 (Yuande Bio-Medical Engineering, Beijing, China), which is designed to
reduce adverse events. According to the current safety
trial, HIFU therapy is non-invasive and promising for
clinical effectiveness. HIFU therapy has the potential to
be a new method of combination therapy for PC.

METHODS: Thirty PC patients (16 cases in stage III
and 14 cases in stage IV) with visualized pancreatic
tumors were admitted for HIFU therapy as an optional
local therapy in addition to systemic chemotherapy or
chemoradiotherapy. Informed consent was obtained.
This study began at the end of 2008 and was approved
by the ethics committee of our hospital [Institutional
Review Board (IRB): 890]. The HIFU device used was
the FEP-BY02 (Yuande Bio-Medical Engineering, Beijing,
China).
RESULTS: The mean tumor size after HIFU therapy
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Table 1 Patient characteristics
Number of cases
Age (yr)
Sex (M/F)
Performance status (0/1/2/3/4)
Location (head/uncus/body/tail/others)
Mean tumor size (mm)
Pre-therapy
(operation/chemotherapy/radiation/IVR/BSC)

M: Male; F: Female; IVR: Interventional radiology; BSC: Best supportive
care.

INTRODUCTION
Pancreatic cancer (PC) is known to have one of the
poorest prognoses among malignant tumors. The yearly
mortality of PC is on the increase, and is currently at
more than 216000 cases[1]. Most cases of PC are only
discovered (with recent advances in diagnostic imaging)
at an unresectable condition, when the prognosis is poor
and the 5-year survival rate is less than 1%[1].
Most PC patients who undergo common treatments
such as surgery, chemotherapy, and radio-chemotherapy
receive only a small benefit because of the histological
and anatomical characteristics of the tumors. Treatments
are expected to both increase antitumor efficacy[2-4] and
improve clinical benefit response (CBR)[5]. However, the
effect of chemotherapy is not sufficient for unresectable
PC. Therefore, new advances in treatment are needed.
Recently, the advancement of ultrasound technology has been expanded to not only diagnostic imaging
and needle biopsy for percutaneous procedures, but also
directive treatment of tumors. Moreover, ultrasound
technology has been developed making use of focusedultrasound energy for therapeutic intention such as tissue
ablation.
High-intensity focused ultrasound (HIFU) is a new
non-invasive therapy technique for PC. HIFU has the
ability to ablate the deep tissue inside the body from an
external source using a HIFU system, and can induce cell
destruction and tissue necrosis. Results[6] from a China
report in 251 patients with advanced PC suggested that
HIFU therapy could provide relief from pain and reduce
the size of tumors without causing complications, thus
prolonging patient survival. Moreover, some reports[7-17]
from China suggested that HIFU is a useful palliative
treatment for unresectable PC.
The aim of our study is to evaluate the safety and
clinical application of HIFU therapy for unresectable PC.

the cancer research project group of Tokyo Medical University.
The sample size calculations by a two-tailed test indicated that approximately 30 patients would be required
for evaluation of an adverse event. The settings were α
= 0.05 and β = 0.20 when π0 = 0.10 and π = 0.30 (the
predictive value of the complication was set at 10%). If it
were more than 30%, the research would be judged to be
too dangerous and halted.
Thirty patients with unresectable PC were included in
this study (19 men and 11 women), which ages ranging
from 44 to 85 years old (mean 64.3 ± 1.5). Patient characteristics are shown in Table 1. According to the UICC
guidelines, of the 30 patients, 16 were in stage Ⅲ and
14 were in stage Ⅳ. The tumor was located in the head
of the pancreas in 13 cases, uncus in 4 cases, body in 9
cases, tail of the pancreas in 1 case, and residual pancreas
after surgery in 3 cases. Performance status was mostly 0
to 1, as indicated in Table 1. The occasionally overlapping
therapies before HIFU included 3 operations, 28 chemotherapy treatments, 4 radiation treatments, 5 interventional radiology treatments, and 1 best supportive care
(BSC) treatment.
Inclusion criteria
In patients with unresectable progressive PC including
recurrence PC after surgery, where standard therapy was
not effective or suitable, where pain control was defective, or a combination of these.
The inclusion criteria were as follows: (1) age ≥ 20
years old; (2) status of former therapy is indeterminate;
(3) if previously treated with radiation therapy, the patient must wait for at least 4 wk; (4) for other therapies,
a waiting period of 4 wk may be required in order to
avoid affecting the study; (5) the functions of the main
internal organs (heart, liver, lung, and kidney) were stable;
(6) WBC ≥ 2000/μL, PLT ≥ 5 × 104/μL; (7) a survival
period of at least 4 weeks was anticipated; (8) visualization of the lesion is possible by ultrasound (US); and (9)
an adequate acoustic window for treatment is available
and the depth of the tumor is within 2 to 10 cm from the
skin surface.
All patients provided written informed consent (IC)
before admission into the trial. The Institutional Review
Board in our institution reviewed and approved the trial.

MATERIALS AND METHODS
Study design
This is a prospective single center research study using continuous registration of subjects by non-random sampling.
Patients
The trial was performed at the Department of Gastroenterology and Hepatology at Tokyo Medical University in
Japan from December 2008 until December 2011 under
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30
64.3 ± 1.5 SD
9/11
18/8/ 3/1/0
13/4/9/1/ 3
31.67 ± 1.7 SD
3/28/4/5/1
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Computer control

Treatment table
with Dual
transducers

GE ultrasound
imaging system

Figure 1 FEP-BY series high intensity focused ultrasound therapy system. The system includes a computer control system, a GE ultrasound imaging system,
and a treatment table with dual transducers.

Exclusion criteria
The exclusion criteria were as follows: (1) a known or
possible malignant tumor in other internal organs; (2) a
known or potential pregnancy; (3) active inflammation or
infection is present; (4) obstructive jaundice is present (although acceptable after drainage); (5) serious cardiopathy
or encephalopathy is present; (6) coagulopathy is present
or expected, such as in cases of antiplatelet therapy or
anticoagulant therapy; (7) a physician assessed a patient as
being an improper subject for this research; (8) a tumor
embolism was present in the inferior vena cava; and (9)
a calcified lesion was present in a major artery (unless it
could be avoided).

The position and size of the tumor and its relationship to the contiguous organ were determined by imaging
ultrasonography prior to therapy. The intestinal cavity of
the patients was cleansed by fasting. During therapy, the
patient lied supine on the treatment table. The system has
2 transducers, with the upper transducer being used for
PC. The B-mode ultrasound was used to define the target area, therapeutic range, therapeutic layers, and power.
The therapy was planned and performed using a dot accumulation type (i.e., the line is formed by dots, the plane
by lines, and the space by planes). After a treatment area
was focused, an echo probe was scanned in accordance
with the size of the tumor from front to back, from right
to left, and from top to bottom; the focal zone was set
up in advance. The detailed parameters as follows: (1) the
distance between dots was 0.2-0.3 cm; (2) the focal area
was extended 1 cm out of the tumor boarder; and (3) the
distance between planes was 0.5-1.0 cm. The therapeutic
probe was then moved according to the planned procedure. The number of treatments per individual patient
was dependent upon tumor size.
The input electric power ranged from 0.5 to 2 kW
and the effective treatment depth ranged from 2 to 15
cm. The practice focused sphere was 3 mm × 3 mm × 8
mm, whereas the effective focused sphere was 6 mm ×
6 mm × 10 mm. The primary parameters for treatment
and their ranges included the following: (1) input electric
power (500-1350 W); (2) unit transmit time (t1) (0.1-0.2
s; (3) intermission time (t2) (0.2-0.4 s) and t2/t1 ratio
(2/1); (4) total number of shots at each treatment point
(1-10 times); and (5) treated layer distance (5-8 mm) and
spot distance (2-5 mm). The parameters were adjusted
based on the location and depth of the tumor, the density
of tumor tissue, and the attenuation of the ultrasound.

Methods
A patient who met the above criteria for this research was
contacted by the diagnostic imaging committee, which
then evaluated the imaging data and confirmed the patient’
s suitability. When a favorable decision was made, the patient was given a registration number and entered the study.
Devices
The HIFU therapeutic system used was the Model FEPBY02 HIFU system (Yuande Bio-Medical Engineering,
Beijing, China) (Figure 1). The FEP-BY Series HIFU
therapeutic system has the capacity to convey HIFU
from an external source deep into tissue, with a large
convergence angle. The aperture of the ultrasound array
is 37 cm, the radius of curvature is 25.5 cm, and there is
an array of 251 elements (1.1 MHz frequency). The focus
is oval in shape, with a short axis of approximately 3 mm
and a long axis of 10 mm (Figures 2 and 3). There was
no anesthesia or sedation required during the entire treatment procedure (Figure 4).
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Transducer
Highly focused
transducer emits
An ultrasound
wave

Focus

Ultrasound wave
converges to a focus

Aperture diameter: 37 cm
Radius of curvature: 25.5 cm
Multi-element array: 251

The tissue temperature increased to more
than 60 ℃ within a second and coagulative
necrosis occurred within a few seconds.

Figure 2 Principles of the high intensity focused ultrasound therapy system. The tissue temperature increased to more than 60 ℃ within a second and coagulative necrosis occurred within a few seconds. The configuration (aperture diameter and radius of curvature) is for the structure used for reduction of the risk of skin
burn.

Therapeutic transducer
Imaging
transducer

Tumor

HIFU beam
Focus

3 mm

Target organ

Ablated tumor
volume (Lesions)

10 mm

Undamaged
tissue in front
of focus

3 mm

Figure 3 Principles of the high intensity focused ultrasound therapy system. The FEP-BY Series High Intensity Focused Ultrasound (HIFU) therapy system has
the ability to convey HIFU from an external source deep into tissues with a large convergence angle. The focus is oval in shape, with a short axis of approximately 3
mm and a long axis of 10 mm. Transducers have a multi-element array and concave focusing. The angle of convergence is 80°. The size of the focal point is smaller
than 3 mm × 3 mm × 10 mm.

Therapy dose was affected by tissue attenuation. The attenuation (α) was calculated with the thickness of the
abdominal wall (t) and the distance with skin and target
focus (DSF). The energy of the focus was calculated with
the attenuation (α), electric power (W), pulse (P), transmit
time (t1), intermission time (t2), and the distance of the
treatment focus; it was set at a dose of 1000 J. The shift
of focus was manually moved, and the whole procedure
of the treatment was automatically controlled by the com-
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puter (Figures 5 and 6).
Definitions
We established an efficacy and safety evaluation decision
committee and a diagnostic imaging committee to ensure
a fair evaluation decision and uniformity.
The anticipated adverse events from the HIFU therapy were skin burn, pancreatitis, formation of a pancreatic
pseudocyst, leakage of pancreatic and bile duct juice,
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symptoms including NRS pain score (a greater than 30%
improvement in pain relief was considered effective), appetite, fatigue, sleep, and weight, based on the patient’s
declaration (“up” or “down”); and (3) adverse events. After the procedures, the results (e.g., symptoms, blood tests,
and adverse events) on the following days were recorded.
The efficacy of HIFU therapy was evaluated initially and
every 3 mo after HIFU therapy. All patients were hospitalized for HIFU therapy and observation.

RESULTS
All pancreatic tumors were visualized by the HIFU ultrasound monitor system, and the tumor locations could be
fixed. They were treated while under visualization. Clinical data is shown in Table 2. The mean total therapeutic
time was short (2.4 h).

Figure 4 High intensity focused ultrasound therapy. The system has 2
transducers, with the upper transducer being used for pancreatic cancer. Ultrasound gel was painted thoroughly over the target region. The position, size,
and relationship of the tumor to the adjacent organ were determined by imaging
ultrasonography before the therapy. During therapy, the patient lied supine on
the treatment table.

Therapeutic effects
The therapeutic effect data is shown in Table 3. With regards to treatment effectiveness of the primary lesion, 4
patients achieved PR and 2 patients could receive surgery
after HIFU therapy.

intestinal perforation, gastrointestinal bleeding, tumor
bleeding, hematoma formation, obstruction of the celiac
and superior mesenteric arteries, and tumor dissemination. A severe adverse event would be which could lead
to death, urgent open surgery, or hospitalization of one
month and more. The predictive value of adverse events
was set at 10%. If it reached more than 30%, the research
would be stopped due to it being judged too dangerous.
The therapeutic effect of imaging after HIFU therapy
was evaluated by the change of B-mode ultrasonography
(US) and computed tomography (CT) imaging; specifically the echogenicity in B-mode US and the vascularity
change using contrast agent in US and CT. Complete
tumor ablation was defined as when the entire tumor
changed in high echo in B-mode US and/or the reduction of vascularity change in contrast-enhanced ultrasonography (CE-US) and/or CE-CT.
Evaluation of efficacy was based on WHO criteria;
response to treatment was classified as complete response, partial response (PR), stable disease (SD), or progressive disease.
Evaluation of pain was based on the Numeric Rating
Scale (NRS), which is the most widespread method. The
NRS divides pain into 11 steps, with the degree of pain
being given a number; “0” meaning “no pain” and “10”
meaning “the strongest pain experienced so far”.

Clinical beneficial rate
The CBR takes into consideration pain, appetite, fatigue,
sleep, weight, and other factors. The pain relief effect
rate was 66.7% and the rate of symptom relief effect was
73.3% (Table 3).
Adverse events
Adverse events were pseudocyst formation in 2 patients
and development of mild pancreatitis in 1 patient (which
occurred after 2 wk, with the patient having had a past
history of pancreatitis after radiation therapy). One case
of pseudocyst was treated conservatively by medication
and resolved. Another case of pseudocyst was 20 mm in
size and at first merely observed for a time. However, the
pseudocyst was increasing in size and the patient complained of symptoms of pressure after 3 mo. Therefore,
endoscopic drainage and stenting was performed. A mild
pancreatitis case was treated by medication and recovered
after about 2 wk. No severe adverse events occurred in
this study.

DISCUSSION
HIFU is a new technique of noninvasive therapy for
PC. The principle of HIFU therapy is to ablate the deep
tissues inside the body from the outside using a HIFU
system. HIFU can induce cell destruction, tissue necrosis,
and eventually fibrosis. HIFU therapy is different from
conventional hyperthermia therapy[18-20]. The results of
previous animal experiment reports showed that temporary temperature was from 70 ℃ to 100 ℃ at the focal
area inside the body[7,18]. According to some studies[7,17-20],
HIFU could damage tumors or control the growth of
tumor tissue. The effects of HIFU[7] are considered as

Outcomes
The primary study endpoints were to evaluate the safety
of HIFU therapy for unresectable PC and to establish a
HIFU therapeutic method for PC. We evaluated the following points: (1) therapeutic effects, namely changes
in tumor marker (serum CA19-9 level; normal values <
37 U/mL) and imaging, including B-mode US, CE-US,
CT, magnetic resonance imaging, and positron emission
tomography (PET); (2) CBR, namely changes in clinical
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Figure 5 Monitoring system and treatment table. The B-mode ultrasound was used to define the target area, therapeutic range, therapeutic layers, and power. The
whole procedure of the treatment and the shift of focus were automatically controlled by computer.

A

Pre HIFU

C

Post HIFU 2

During HIFU

B

Figure 6 High intensity focused ultrasound therapy. The whole procedure of the treatment and the focus steering were automatically controlled by computer. The
yellow mark in the “Pre HIFU” image is the target location of the focal point. The echogenic region below the yellow mark is indicative of cavitation bubbles generated
by the application of HIFU. HIFU: High Intensity Focused Ultrasound.

mainly thermal and mechanical. Mechanical effects are
associated with cavitation, microstreaming, and radiation
forces. HIFU can biologically cause tissue heating, coagulation necrosis, and eventually fibrosis.
PC has one of the worst prognoses among malignant
tumors. The difficulty in therapy is due to its fast progression and the complexity of its anatomical characteristics.
The median survival time of unresectable PC is about 6
mo. In addition, the therapeutic results for unresectable
PC patients who undergo common therapies such as
chemotherapy and radio-chemotherapy are still not satisfactory. Moreover, such patients frequently endure severe
cancer pain. HIFU therapy may be useful as an optional

WJG|www.wjgnet.com

therapy for patients with progressive symptoms that are
not candidates for surgery, and may become one of the
palliative therapies for unresectable PC.
Results from a Chinese study consisting of 251 patients with unresectable PC suggested that HIFU therapy
could elicit an anti-tumor effect without causing complications, and thus prolong survival[6]. Moreover, 84%
of patients with pain due to advanced cancer obtained
significant relief of their pain after HIFU therapy. According to several reports from China[7,8], HIFU therapy
is suggested to be useful as one of the palliative therapies
for unresectable PC.
Although HIFU therapy may be non-invasive and
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Table 2 Clinical data n (%)
Mean number of procedures (range)
Mean total therapeutic time (h) per case (range)
Rate of complete tumor ablation
Rate of anesthesia/sedation administered
Rate of pain killer administered

Table 3 Therapeutic effects
2.7 ± 0.1 SD
2.4 ± 0.1 SD
24/30 (80)
0/30 (0)
1/30 (3.3)

Rate of pain relief effect1 (%)
Rate of clinical benefit2 (%)
Rate of usefulness of evaluation after HIFU
using CE-US and/or CT/PET3 (%)
Rate of half reduction in CA19-9 level (%)
Mean tumor size (mm)
Efficacy of primary lesion (CR/PR/SD/PD)
Therapy after HIFU
(operation/chemotherapy/radiation/BSC)
Adverse events4 (%)

effective, this therapeutic method is a novel technique
and requires further investigation. The safety of HIFU
therapy for unresectable PC needs to be established; randomized controlled trials should be conducted to determine whether HIFU therapy for unresectable PC results
in local tumor response or clinically beneficial outcome
by improving pain relief, functional status, quality of life,
or survival in the future.
The most important aspect of HIFU therapy is its
clinical safety. Previous animal studies suggested that
HIFU therapy was safe in treating abdominal animal
tumors[7,17]. There are significant differences between
animal and human bodies. Moreover, the pancreas is a
highly sensitive organ which can incur serious inflammatory change from heat effects when using HIFU. The
anticipated adverse events from the HIFU procedure include skin burn, development of pancreatitis, formation
of a pancreatic pseudocyst, leakage of pancreatic and bile
duct juice, intestinal perforation, gastrointestinal bleeding, tumor bleeding, hematoma formation, obstruction
of the celiac and superior mesenteric arteries, and tumor
dissemination. In our safety trial, there were 2 cases of
pancreatic pseudocysts and 1 case of mild pancreatitis after 2 wk of HIFU therapy. The pancreatitis also occurred
after previous radiation therapy; the patient was probably
sensitive to the stimulus and the HIFU procedure may
have become a trigger. The adverse events observed during this study are similar to those described in a previous
report from China. No serious adverse events, such as intestinal perforation or arterial obstruction, were observed.
Vigilance for these serious adverse events is needed during the therapy. Our results suggest that HIFU therapy
for unresectable PC is also safe.
The required measures to prevent the aforementioned
complications are described as follows. Obtaining accurate and appropriate positioning before therapy is necessary. Although the pancreas moves only slightly with each
breath, it is important to observe the range of the breath
movement effect in the therapeutic lesion, and establish
the treatment range and tumor edge in order to prevent
damage to contiguous tissues. Intestinal cleansing preparation is required before therapy, as gas and residue in the
intestine will interfere with ultrasound view and positioning. Constipation needs to be prevented in order to minimize intestinal gas in the therapeutic area. Ultrasound
waves could be scattered by gas, resulting in a reduction
of the therapeutic effect. Scattered ultrasound waves
may also damage or injure the adjacent intestines. The
therapeutic target should start at the bottom and edge of
the pancreatic tumor, and then move toward the upper
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16/21 (66.7)
22/30 (73.3)
22/30 (73.3)
3/14 (21)
30.9 ± 1.7 SD
0/4/22/4
2/24/0/4
3/30 (10)

1
“Effective” indicates a more than 30% improvement in pain relief; 2“Effective” was based on the patient’s declaration about appetite, fatigue, sleep,
and weight. Pain: 16/21 (66.7%), appetite; 4/30 (13.3%), fatigue; 2/30
(6.7%), sleep; 8/30 (26.7%), weight; 2/30 (6.7%); 3CE-US: 18/30 (60%); CT:
10/30 (33%); MRI: 3/30 (10%); PET: 2/30 (6.7%); 4Pancreatic pseudocyst 2
cases → ECD and observed pancreatitis 1 case (after 2 wk and past history
of pancreatitis). CE-US: Contrast-enhanced ultrasonography; HIFU: Highintensity focused ultrasound; CT: Computed tomography; CR: Complete
response; PR: Partial response; SD: Stable disease; PD: Progressive disease;
BSC: Best supportive care; PET: Positron emission tomography.

and central areas. The appropriate target spot, area, and
distance should be recognized by moving the treatment
probe in 3 mm increments in the target area.
Treatment parameters chosen for this study yielded
adequate tumor recession without increasing the risk for
detrimental biological effects. The therapeutic effectiveness for the current study was almost comparable to the
previous studies in China, although there was the discrepancy in the rate of half reduction of CA19-9 level. The
tumor size was slightly reduced after HIFU therapy, but
there was no significant difference. However, an interesting point is that two cases resulted in surgical operation
after HIFU therapy in this study. It is expected that such
cases will increase in the future. It is necessary to increase
the rate of complete tumor ablation for more effective
therapy. Therefore, not only our technique, but also further development of the treatment instruments is needed.
As for the evaluation of therapeutic effect, it is unclear
what examination is the best. Treatment effectiveness
for the current study should be judged comprehensively
by the relief of pain, CBR, CE-US, CT, and PET results
from our study. The current study shows that HIFU
therapy is safe and has the potential to be a new method
of combination therapy for PC.
In conclusion, the clinical application of HIFU therapy for unresectable PC is safe, and may become one of
the preferred combination therapies for PC in the future.
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creatic cancer (PC) have not been satisfactory. Therefore, new advances in
therapy are expected.

6

Research frontiers

The research frontiers are new technology therapy using ultrasound for unresectable PC.

Innovations and breakthroughs

Ultrasound technology has been developed which uses focused ultrasound
energy for therapeutic intention, such as tissue ablation from an external body.
The therapy to which the technique applied is High-Intensity Focused Ultrasound (HIFU) therapy. HIFU therapy is a new technology therapy for PC. The
HIFU device used in this study was the FEP-BY02 (Yuande Bio-Medical Engineering, Beijing, China), which is designed to reduce adverse events. According
to the current safety trial, HIFU therapy is noninvasive and promising for clinical
effectiveness. HIFU therapy has the potential to be a new method of combination therapy for PC.

7
8

9

Applications

HIFU therapy for PC is safe and noninvasive. Moreover, no anesthesia or sedation is needed. The clinical effectiveness is promising. HIFU therapy has the
potential to be a new method of combination therapy for PC.

10

Terminology

New advances in therapy for unresectable PC are expected. HIFU therapy,
which uses focused ultrasound energy for therapeutic intention such as tissue
ablation, is promising. The current study suggests that HIFU therapy is safe and
has the potential to be a new method of combination therapy for PC.
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Peer review

The manuscript describes clinical trial results from pancreatic cancer treatment
with HIFU trial. This is a timely and important topic, as HIFU applications continue to emerge, and their safety, efficacy, and applicability are being evaluated
in a clinical setting. The manuscript is well-written and should be published. The
authors designed a case series of patients with unresectable pancreatic cancer
treated by HIFU therapy to evaluate its safety and clinical output. They found
no severe adverse events and concluded that HIFU therapy is safe and has the
potential to be a new method of combination therapy for PC. The study design
is good and the manuscript is written in a clear style.
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CLINICAL TRIALS STUDY

Study of detection times for liver stiffness evaluation by
shear wave elastography
Ze-Ping Huang, Xin-Ling Zhang, Jie Zeng, Jian Zheng, Ping Wang, Rong-Qin Zheng
0.996). For stage F1, these values were 7.12 ± 1.72 kPa,
7.24 ± 1.72 kPa, 7.21 ± 1.74 kPa, 7.10 ± 1.78 kPa and
7.04 ± 1.70 kPa, respectively (F = 0.075, P = 0.990). For
stage F2, they were 9.37 ± 3.87 kPa, 9.18 ± 3.68 kPa,
9.19 ± 3.81 kPa, 9.18 ± 3.81 kPa and 9.19 ± 3.53 kPa,
respectively (F = 0.012, P = 1.000). For stage F3, these
were 11.91 ± 3.88 kPa, 11.78 ± 4.04 kPa, 11.83 ± 4.07
kPa, 11.94 ± 4.17 kPa and 12.00 ± 4.02 kPa, respectively (F = 0.010, P = 1.000). For stage F4, the readings
were 19.30 ± 7.63 kPa, 19.40 ± 7.36 kPa, 19.54 ± 7.43
kPa, 19.73 ± 7.21 kPa and 20.25 ± 7.22 kPa, respectively (F = 0.054, P = 0.995). There were no significant
differences between these groups. Intraclass correlation
coefficients among different pathological stages (F0-F4)
with different detection VMs were 0.995, 0.993, 0.996,
0.994 and 0.996, respectively. The mean elasticity values
from 1 VM, 2 VMs, 3 VMs, 5 VMs and 10 VMs can accurately distinguish fibrosis stages (F0 vs F1234, F01 vs
F234, F012 vs F34 and F0123 vs F4) with no significant
differences in the five groups (P > 0.05 for all).
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Abstract
AIM: To investigate enough valid measurements (VMs) to
assess liver fibrosis in chronic hepatitis B patients (CHB).

CONCLUSION: One VM may be sufficient to assess liver
fibrosis by using SWE without any significant loss of accuracy in patients with CHB. However, future studies of
larger patient samples are necessary for the validation of
this method.

METHODS: One hundred and twelve CHB patients (25
women, 87 men) with a mean age of 38.43 years received liver stiffness evaluations using real-time shear
wave elastography for 10 VMs. All patients underwent
liver biopsy. Based on the biopsy pathology, the liver
stiffness data obtained from different VMs (1, 2, 3, 5
and 10 times) were compared for the evaluation of
liver fibrosis. The correlation between the elastic modulus means of the liver obtained from different VMs of
detection at each pathological stage was analysed. The
receiver operating characteristic (ROC) curve was employed to determine the diagnostic performance of different VMs of detection, and the areas under the ROC
curve of different groups were compared.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver stiffness measurement; Elastography;
Shear wave elastography; Non-invasive diagnosis; Liver fibrosis
Core tip: We evaluated the impact of different valid measurements (VMs) on the liver stiffness measurement by
shear wave elastography in 112 chronic hepatitis B patients. Liver stiffness values obtained from 1 VM, 2 VMs,
3 VMs, 5 VMs and all 10 VMs were similar, and there
were no significant differences between these groups.
The repeatability was excellent among different pathological stages in different groups. The mean elasticity
values can accurately distinguish fibrosis stages with no

RESULTS: The liver stiffness values obtained from 1 VM,
2 VMs, 3 VMs, 5 VMs and all 10 VMs for stage F0 were 6.95
± 2.01 kPa, 6.87 ± 1.83 kPa, 6.90 ± 1.88 kPa, 6.95 ± 1.93
kPa and 7.15 ± 1.89 kPa, respectively (F = 0.043, P =
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which the detection area cannot be adjusted, while SWE
uses two-dimensional real-time imaging and the detection
area can be changed as needed, meaning that operators
using SWE easily obtain satisfactory imaging. To the best
of our knowledge, whether the liver stiffness measurement (LSM) obtained from different VMs of SWE detection has internal consistency and whether different VMs
of SWE detection have equivalent performance in the
evaluation of liver stiffness have not be studied until now.
Thus, we aimed to evaluate the impact of different
VMs on the evaluation of liver stiffness by real-time
SWE, and investigate a sufficient number of VMs to assess liver fibrosis without any significant loss of accuracy
in patients with chronic hepatitis B.

significant differences seen in the five groups. One VM
may be enough to assess liver fibrosis using shear wave
elastography without any significant loss of accuracy.
Huang ZP, Zhang XL, Zeng J, Zheng J, Wang P, Zheng RQ. Study
of detection times for liver stiffness evaluation by shear wave
elastography. World J Gastroenterol 2014; 20(28): 9578-9584
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i28/9578.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i28.9578

INTRODUCTION
Liver fibrosis is a progressive change in a variety of
chronic liver diseases, including cirrhosis. The early and
accurate determination of the degree of liver fibrosis in
patients with chronic liver disease and effective therapy
can significantly improve the prognosis of patients, which
is of important clinical significance[1]. The current “gold
standard” for the clinical diagnosis of liver fibrosis and
cirrhosis is liver biopsy, but it still has certain risks and
limitations, such as the fact that it is invasive, painful and
costly, and there is intra- and inter-observer variability[2,3].
Therefore, non-invasive technology for the accurate diagnosis of liver fibrosis has become an urgent clinical need.
Liver stiffness measurements using elastography for
the non-invasive evaluation of liver fibrosis have been
developed in the last few years, for example, transient
elastography (TE), acoustic radiation force imaging, realtime shear wave elastography (SWE), and so on. Among
these technologies, TE has gained increasing attention
globally for the diagnosis of liver fibrosis[4,5]. Although
TE features low cost, practical use and high accuracy, its
limitations still cannot be ignored - it still fails to accurately distinguish moderate liver fibrosis, different degrees
of liver inflammation also affect the detection accuracy,
inter-observer discrepancies in results are common, and
it cannot be used for the examination of patients with
ascites[6,7]. Recently, SWE, developed by Supersonic Imagine[8], has boasted good prospects for clinical application[9,10]. However, the designer of SWE has not provided
exact valid measurements (VMs) for its application in the
clinical evaluation of liver stiffness. The VMs reported
in the recent literature are inconsistent (commonly seen
are 5, 4 and 3 VMs), and some studies fail to mention
it at all[11-13]. Although a number of studies have recommended that the VMs of TE operation can be used for
reference by the user of SWE[12], we cannot blindly copy
the TE standard practice in view of the following reasons. First, the effective VMs of TE are still controversial
- although most studies suggest that the effective VMs of
TE should reach more than 10, some studies have shown
that the number of measurements had no impact on the
diagnostic performance of TE, and accurate diagnostic
performance can be achieved through only 3 VMs[14].
Second, SWE and TE have different principles and parameters: TE is a one-dimensional imaging modality in

WJG|www.wjgnet.com

MATERIALS AND METHODS
Subjects
From April 2010 to April 2012, one hundred and twelve
patients with chronic hepatitis B seeking treatment in the
Third Affiliated Hospital of Sun Yat-sen University were
enrolled. This included 87 males and 25 females, aged
19-62 years, with an average age of 38.43 ± 10.64 years.
All subjects received ultrasound-guided liver biopsy to
determine the pathological diagnostic stage and underwent LSM by SWE on the second day after liver biopsy.
This study was approved by the Ethics Committee of the
Third Affiliated Hospital of Sun Yet-sen University, and
all participants signed the written informed consent.
Instruments and methods
Instruments: SWE studies were performed using the
AixplorerTM ultrasound system (SuperSonic Imagine
S.A., Aix-en-Provence, France) and an SC6-1 convex array
probe at a frequency of 6 MHz was employed.
Examination methods: The subject took a supine position and lifted their right upper limb. The detection site was
fixed 1.5-2 cm beneath the right liver capsule and away from
intrahepatic vessels and the gallbladder. After the elasticity
imaging mode was selected, the subject held their breath
for 3-5 s for imaging. When the target area was located, the
operator launched the SWE sequence measurement. After
the colour images were frozen, the circular quantitative
sampling frame with a diameter of 30 mm was initiated to
measure the elastic modulus of the liver in the region of interest (ROI). Then, the system automatically calculated the
elastic modulus mean (in kPa) within the ROI. All patients
were continuously assessed for 10 VMs by a doctor with
SWE operating experience. The elastic modulus obtained
from each valid measurement was recorded, then 1 VM, 2
VMs, 3 VMs and 5 VMs were extracted randomly from all
10 VMs; the means of elastic modulus by using 1 VM, 2
VMs, 3 VMs, 5 VMs and all 10 VMs were calculated.
Histological assessment: The right liver was chosen as
the puncture site. An 18G automatic biopsy gun was used
under ultrasound guidance to perform biopsy of the liver
tissue. The liver biopsy specimens of all subjects were
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A

B

C

D

E

Figure 1 Liver elasticity maps assessed using the shear wave elastography technique. The liver stiffness is changed in colour by different fibrosis levels. A:
Fibrosis levels F0; B: Fibrosis levels F1; C: Fibrosis levels F2; D: Fibrosis levels F3; E: Fibrosis levels F4.

Table 1 Comparison of liver stiffness values obtained from different valid measurements of shear wave elastography in patients
with chronic hepatitis B at different pathological stages
Stage

n

1 VM (kPa)

2 VMs (kPa)

3 VMs (kPa)

5 VMs (kPa)

10 VMs (kPa)

F

P

F0
F1
F2
F3
F4

13
33
24
21
21

6.95 ± 2.01
7.12 ± 1.72
9.37 ± 3.87
11.91 ± 3.88
19.30 ± 7.63

6.87 ± 1.83
7.24 ± 1.72
9.18 ± 3.68
11.78 ± 4.04
19.40 ± 7.36

6.90 ± 1.88
7.21 ± 1.74
9.19 ± 3.81
11.83 ± 4.07
19.54 ± 7.43

6.95 ± 1.93
7.10 ± 1.78
9.18 ± 3.81
11.94 ± 4.17
19.73 ± 7.21

7.15 ± 1.89
7.04 ± 1.70
9.19 ± 3.53
12.00 ± 4.02
20.25 ± 7.22

0.043
0.075
0.012
0.01
0.054

0.996
0.99
1
1
0.995

VMs: Valid measurements.

sent to the Department of Pathology, the Third Affiliated Hospital of Sun Yat-sen University for pathological
diagnosis. Fibrosis was staged on a five-point scale from
0 to 4 according to the METAVIR scoring system[15] (F0,
absent; F1, enlarged fibrotic portal tract; F2, periportal
or initial portal-portal septa but intact architecture; F3,
architectural distortion but no obvious cirrhosis; and F4,
cirrhosis).

obtained from different VMs of detection at each pathological stage was analysed using the intraclass correlation
coefficient[16] (ICC, which reflects the consistency of the
measurements: ICC < 0.2 indicates poor consistency,
0.2-0.4 indicates general consistency, 0.4-0.75 indicates
good consistency, and ≥ 0.75 indicates very good consistency). A receiver operating characteristic (ROC) curve
was employed to determine the diagnostic performance
of different VMs of detection; the areas under the ROC
curve of different groups were compared. Detection
level was set at α = 0.05.

Statistical analysis
SPSS13.0 statistical software (SPSS Inc., Chicago, IL) was
employed for statistical analyses of the information collected. Measurement data are expressed as mean ± SD.
Comparison of the elastic modulus means of the liver
obtained from different VMs of detection at each pathological stage was subjected to one-way ANOVA; the correlation between the elastic modulus means of the liver

WJG|www.wjgnet.com

RESULTS
Liver stiffness mapping
All of the cases could obtain a satisfactory elasticity map,
as shown in Figure 1. Figure 1 show the elasticity map-
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Liver stiffness (kPa)

Liver stiffness (kPa)

1 VM

D
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25
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5

2 VMs 3 VMs 5 VMs 10 VMs
P = 0.990
F3

25
20
15
10
5
0

1 VM

Liver stiffness (kPa)

5

2 VMs 3 VMs 5 VMs 10 VMs
P = 0.996

0

E

10

0
1 VM

C

F1
15

Liver stiffness (kPa)

Liver stiffness (kPa)

15

2 VMs 3 VMs 5 VMs 10 VMs
P = 1.000

1 VM

2 VMs 3 VMs 5 VMs 10 VMs
P = 1.000

F4

50
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20
10
0
1 VM
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P = 0.995

Figure 2 Box-plot showing liver stiffness measurement at different stages of fibrosis in chronic hepatitis B. Box plots show 25%-75% interquartile range (box),
median (middle line), 5%-95% range (two outer lines), and outliers (black dots). LSM: liver stiffness measurement; CHB: Chronic hepatitis B; VMs: Valid measurements.

Comparison of liver stiffness values obtained from
different VMs of detection at each pathological stage
The liver stiffness values obtained from 1 VM, 2 VMs, 3
VMs, 5 VMs and all 10 VMs for stage F0 were 6.95 ± 2.01
kPa, 6.87 ± 1.83 kPa, 6.90 ± 1.88 kPa, 6.95 ± 1.93 kPa
and 7.15 ± 1.89 kPa, respectively. For stage F1, the results
were 7.12 ± 1.72 kPa, 7.24 ± 1.72 kPa, 7.21 ± 1.74 kPa,
7.10 ± 1.78 kPa and 7.04 ± 1.70 kPa, respectively. For
stage F2, these were 9.37 ± 3.87 kPa, 9.18 ± 3.68 kPa, 9.19
± 3.81 kPa, 9.18 ± 3.81 kPa and 9.19±3.53 kPa, respectively. For stage F3, the results were 11.91 ± 3.88 kPa,
11.78 ± 4.04 kPa, 11.83 ± 4.07 kPa, 11.94 ± 4.17 kPa and
12.00 ± 4.02 kPa, respectively. For stage F4, the results
were 19.30 ± 7.63 kPa, 19.40 ± 7.36 kPa, 19.54 ± 7.43
kPa, 19.73 ± 7.21 kPa and 20.25 ± 7.22 kPa, respectively.

Table 2 Correlation between liver stiffness values obtained
from different valid measurements at different pathological
stages
Stage
F0
F1
F2
F3
F4
Overall

n

ICC

95%CI

13
33
24
21
21
112

0.995
0.993
0.996
0.994
0.996
0.998

0.988-0.998
0.988-0.996
0.993-0.998
0.989-0.997
0.992-0.998
0.997-0.998

ICC: Intraclass correlation coefficient.

ping for patients who were classiﬁed as predicted ﬁbrosis
levels F1, F2, F3 and F4, respectively.
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Table 3 Area under the receiver operating characteristic curve of the elastic modulus of the liver obtained from different valid
measurements of shear wave elastography at different pathological stages
Stage

1 VM
ROC

F0-1234
F01-234
F012-34
F0123-4

2 VMs
95%CI

0.772 (0.683-0.846)
0.862 (0.784-0.920)
0.896 (0.824-0.945)
0.919 (0.852-0.962)

ROC

3 VMs

95%CI

ROC

0.782 (0.694-0.854)
0.855 (0.775-0.914)
0.899 (0.827-0.948)
0.929 (0.865-0.969)

5 VMs

95%CI

ROC

0.775 (0.687-0.849)
0.852 (0.772-0.912)
0.902 (0.831-0.950)
0.934 (0.871-0.972)

95%CI

0.763 (0.674-0.839)
0.858 (0.779-0.916)
0.907 (0.838-0.954)
0.941 (0.880-0.977)

All 10 VMs
ROC

95%CI

0.740 (0.649-0.818)
0.866 (0.789-0.923)
0.909 (0.840-0.955)
0.949 (0.891-0.982)

VMs: Valid measurements; AUROC: Area under the receiver operating characteristic curve.

Table 4 Comparison of area under the receiver operating characteristic curve of the elastic modulus of the liver obtained from
different valid measurements of shear wave elastography at different pathological stages
Different VMs
1 VM vs 2 VMs
1 VM vs 3 VMs
1 VM vs 5 VMs
1 VM vs 10 VMs
2 VMs vs 3 VMs
2 VMs vs 5 VMs
2 VMs vs 10 VMs
3 VMs vs 5 VMs
3 VMs vs 10 VMs
5 VMs vs 10 VMs

F0-1234

F01-234

F012-34

F0123-4

Difference

P

Difference

P

Difference

P

Difference

P

0.001
0.003
0.009
0.032
0.006
0.018
0.042
0.012
0.035
0.023

0.618
0.917
0.800
0.365
0.785
0.420
0.152
0.487
0.073
0.451

0.008
0.011
0.005
0.004
0.003
0.003
0.012
0.006
0.015
0.009

0.323
0.321
0.682
0.787
0.617
0.704
0.415
0.227
0.245
0.461

0.003
0.006
0.012
0.013
0.003
0.009
0.010
0.005
0.007
0.002

0.703
0.57
0.297
0.379
0.595
0.208
0.475
0.208
0.609
0.900

0.010
0.015
0.022
0.030
0.004
0.012
0.020
0.007
0.015
0.008

0.267
0.171
0.068
0.089
0.477
0.152
0.212
0.152
0.302
0.538

VMs: Valid measurements.

of TE are still controversial[14,19]. In a study by Kettaneh
et al[20], the AUROCs for the diagnosis of significant
fibrosis or cirrhosis barely differed across LSE median
values obtained from the first 3, 5 and 10 VMs; they inferred that patients will benefit from this procedure with
no significant loss in performance if only 5 valid shots
are requested. In another study, Jang et al[14] also showed
that three VMs may be sufficient to assess liver fibrosis
using LSM without any significant loss of accuracy in patients with CHC and patients with CHB. Moreover, VMs
of SWE reported in the literature were variable. Ferraioli
et al[12] showed that real-time SWE is more accurate than
TE in assessing significant fibrosis (F > 2), using a group
of 121 patients with CHC, in which four consecutive
SWE measurements were used. Bavu et al[10] reproduced
five consecutive measurements for 113 patients to test
their LSM, and also suggested that SWE is superior to
TE for the assessment of mild and intermediate ﬁbrosis.
SWE, as a novel technique, is applied in clinic; it is necessary to determine how many VMs are appropriate for the
LSM of SWE so that users can abide by the unified standards and facilitate their communications.
Our study showed that the 1 VM, 2 VMs, 3 VMs, 5
VMs and all 10 VMs groups reported no statistical differences in the elastic modulus means at each stage from
F0 to F4 (P > 0.05 for all). In addition, analysis of ICCs
showed that ICCs among the five groups at each stage
were all up to 0.99, thus indicating very good consistency
(ICC greater than 0.75). In our study, satisfactory images
were obtained from all patients monitored by the visual
two dimensional ultrasound, which uses the 30 mm diameter circular quantitative sampling frame containing

At the five different pathological stages of liver fibrosis from F0 to F4, the elastic modulus values of the liver
obtained from 1 VM, 2 VMs, 3 VMs, 5 VMs and all 10
VMs of SWE at each stage showed no statistical differences (P = 0.996, 0.990, 1.000, 1.000, 0.995), as shown in
Table 1 and Figure 2.
Correlation between elastic modulus values of the liver
obtained from different VMs at each pathological stage
At the five different pathological stages of liver fibrosis
from F0 to F4, the ICCs among elastic values of the liver
obtained from the five different groups of VMs of SWE
at each stage were all > 0.75 (Table 2).
Comparison of the diagnostic performance of different
VMs of SWE detection in the evaluation of liver fibrosis
Liver stiffness values obtained from 1 VM, 2 VMs, 3
VMs, 5 VMs and all 10 VMs of SWE were used to determine the liver fibrosis stage and draw the ROC curve, as
shown in Figure 3. Areas under the ROC curve (AUROC)
at each stage in the group of five different VMs are
shown in Table 3. The pairwise comparison of AUROC
for each group showed no statistically significant differences (P > 0.05 for all) (Table 4).

DISCUSSION
LSM by elastography, such as TE, is now widely recognised in some countries for the assessment of liver
fibrosis in chronic liver disease. According to the usual
definition, only LSM with more than 10 VMs is generally considered reliable[17,18]. However, the effective VMs
WJG|www.wjgnet.com
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B

F0 vs F1234
1.0

0.8

0.6

0.6

0.4

1 VM 0.772
2 VMs 0.782
3 VMs 0.775
5 VMs 0.763
10 VMs 0.740

0.2

1 VM 0.862
2 VMs 0.855
3 VMs 0.852
5 VMs 0.858
10 VMs 0.866

0.0
0.0

0.2

0.4
0.6
1-specificity

0.8

0.0

1.0

D

F012 vs F34
1.0

0.6

0.6

1 VM 0.896
2 VMs 0.899
3 VMs 0.902
5 VMs 0.907
10 VMs 0.909

0.2

0.0

0.4
0.6
1-specificity

0.8

1.0

F0123 vs 4

0.8

0.4

0.2

1.0

0.8

Sensitivity

Sensitivity

0.4

0.2

0.0
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Figure 3 Receiver operating characteristic curves of all groups showed that the diagnostic performance of 1 VM, 2 VMs, 3 VMs, 5 VMs and 10 VMs of detection in distinguishing degree of liver fibrosis was equivalent. The receiver operating characteristic curves using these different VMs for predicting significant fibrosis (≥ F0) (A), (≥ F1) (B), (≥ F2) (C) and cirrhosis (F4) (D) in chronic hepatitis B. AUROC values among 1, 2, 3, 5 and all 10 VMs taken did not differ significantly
(P > 0.05 for all). VMs: Valid measurements.

a homogeneous colour-coded map. As every circular
frame is made up of numerous pixels and each pixel corresponds to a tissue elasticity measurement acquiring an
elastic modulus value, the even elastic modulus value of
the local liver tissue in the circular frame is eventually calculated to assess liver stiffness. This may explain why the
elastic modulus value of 1 VM is close to those of other
VMs and has good repeatability. Compared with SWE,
TE is a one-dimensional imaging method, meaning that
many measurements are needed to obtain highly successful measurements to calculate liver stiffness.
Our study showed that the results obtained from the
1 VM, 2 VMs, 3 VMs, 5 VMs and 10 VMs groups of detection were highly consistent; therefore, it may be speculated that, in the clinical application of SWE to evaluate
the degree of liver fibrosis, stable elastic modulus mean
data can be achieved through only 1 VM of detection,
and its performance is equivalent to that of 2, 3, 5 and 10
VMs. This is because SWE detection requires the patients
to hold their breath for 3-5 s each time to obtain stable
images in order to generate a quantitative liver elastic
modulus. The smaller the number of detections, the easier it is for patients to accept SWE detection. In addition,
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less detection can also prevent repeated work to simplify
the process and improve efficiency.
The elastic modulus means obtained from these different VMs of detection were used to draw an ROC
curve, and the AUROCs in the five groups at each stage
were very close, showing no statistical differences (P
> 0.05 for all). We also found that liver stiffness values
increased with the degree of liver fibrosis, and that all
values accurately predicted cirrhosis. In comparison with
previous studies, we found that LSM predicted cirrhosis
less accurately than significant fibrosis when comparing
F0-F1. However, the relatively small sample of F0 might
explain this finding.
This study has some limitations. First, the population
used to generate the results with real-time SWE is limited,
particularly for F0. Second, the detection site, which was
fixed at 1.5-2 cm beneath the right liver capsule, confined
the detection range to some extent, which might lead to
selection bias. As a result, further studies based on different detection depths and areas are needed. Finally, we
only focused on patients with CHB. Therefore, a larger
study, possibly an international multi-centre trial including
multiple kinds of chronic liver disease patients, should be
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carried out to confirm our results.
In conclusion, our preliminary study shows that only
one VM may be sufficient to assess the stage of liver
fibrosis using LSM by SWE without any significant loss
of diagnostic accuracy in patients with CHB. However,
this needs to be verified by other researchers in further
practice, so that this study can provide a relevant basis
and reference for the clinical application of SWE and a
simplified working process.
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OBSERVATIONAL
BRIEF ARTICLE
STUDY

Alterations in enterocyte mitochondrial respiratory function
and enzyme activities in gastrointestinal dysfunction
following brain injury
Ke-Jun Zhu, Hong Huang, Hui Chu, Hang Yu, Shi-Ming Zhang
6 h and remained at a low level until day 7 after TBI
(control, 5.42 ± 0.46; 6 h, 5.20 ± 0.18; 12 h, 4.55 ±
0.35; 24 h, 3.75 ± 0.22; 2 d, 4.12 ± 0.53; 3 d, 3.45
± 0.41; 7 d, 5.23 ± 0.24, P < 0.01). The value of
phosphate-to-oxygen (P/O) significantly decreased at
12, 24 h, day 2 and day 3, respectively (12 h, 3.30 ±
0.10; 24 h, 2.61 ± 0.21; 2 d, 2.95 ± 0.18; 3 d, 2.76 ±
0.09, P < 0.01) compared with the control group (3.46
± 0.12). Two troughs of mitochondrial respiratory function were seen at 24 h and day 3 after TBI. The activities of mitochondrial complex Ⅰ (6 h: 110 ± 10, 12 h:
115 ± 12, 24 h: 85 ± 9, day 2: 80 ± 15, day 3: 65 ±
16, P < 0.01) and complex Ⅱ (6 h: 105 ± 8, 12 h: 110
± 92, 24 h: 80 ± 10, day 2: 76 ± 8, day 3: 68 ± 12, P
< 0.01) were increased at 6 h and 12 h following TBI,
and then significantly decreased at 24 h, day 2 and day
3, respectively. However, there were no differences in
complex Ⅰ and Ⅱ activities between the control and
TBI groups. Furthermore, pyruvate dehydrogenase
(PDH) activity was significantly decreased at 6 h and
continued up to 7 d after TBI compared with the control group (6 h: 90 ± 8, 12 h: 85 ± 10, 24 h: 65 ± 12,
day 2: 60 ± 9, day 3: 55 ± 6, day 7: 88 ± 11, P < 0.01).
The changes in α-ketoglutaric dehydrogenase (KGDH)
activity were similar to PDH, except that the decrease
in KGDH activity began at 12 h after TBI (12 h: 90 ±
12, 24 h: 80 ± 9, day 2: 76 ± 15, day 3: 68 ± 7, day
7: 90 ± 13, P < 0.01). No significant change in malate
dehydrogenase (MDH) activity was observed.

Ke-Jun Zhu, Shi-Ming Zhang, Department of Neurosurgery, the
First Affiliated Hospital of Soochow University, Suzhou 215006,
Jiangsu Province, China
Ke-Jun Zhu, Hong Huang, Hui Chu, Hang Yu, Department
of Trauma Surgery, the 100th Hospital of PLA, Suzhou 215007,
Jiangsu Province, China
Author contributions: Zhu KJ and Zhang SM designed the research; Huang H, Chu H and Yu H performed the research; Zhu
KJ wrote the paper.
Supported by The Scientific Research Foundation of the Chinese PLA Medical Programs, No. ms031
Correspondence to: Shi-Ming Zhang, Professor, Department
of Neurosurgery, the First Affiliated Hospital of Soochow University, 188 Shizi Jie, Suzhou 215006, Jiangsu Province,
China. mmboyzkj@hotmail.com
Telephone: +86-512-65063560 Fax: +86-10-65063508
Received: February 9, 2014
Revised: March 26, 2014
Accepted: April 21, 2014
Published online: July 28, 2014

Abstract
AIM: To determine the alterations in rat enterocyte mitochondrial respiratory function and enzyme activities
following traumatic brain injury (TBI).
METHODS: Fifty-six male SD rats were randomly
divided into seven groups (8 rats in each group): a
control group (rats with sham operation) and traumatic
brain injury groups at 6, 12, 24 h, days 2, 3, and 7
after operation. TBI models were induced by Feendy’
s free-falling method. Mitochondrial respiratory function (respiratory control ratio and ADP/O ratio) was
measured with a Clark oxygen electrode. The activities
of respiratory chain complex Ⅰ-Ⅳ and related enzymes
were determined by spectrophotometry.

CONCLUSION: Rat enterocyte mitochondrial respiratory function and enzyme activities are inhibited following
TBI. Mitochondrial dysfunction may play an important
role in TBI-induced gastrointestinal dysfunction.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Mitochondria; Brain injury; Enterocyte; Rats;
Malate dehydrogenase

RESULTS: Compared with the control group, the mitochondrial respiratory control ratio (RCR) declined at
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However, the alterations in rat enterocyte mitochondrial
respiratory function and enzyme activities following TBI
have not been previously described.
The purpose of this study was to determine the effect of TBI on rat enterocyte mitochondrial respiratory
function and enzyme activities, as well as to reveal the
mechanisms involved in the alterations in rat enterocyte
mitochondrial function following TBI.

Core tip: Many researchers over the years have attempted to reveal the possible mechanism involved in
gastrointestinal dysfunction following traumatic brain
injury (TBI). Mitochondria are thought to be the primary target of oxidative damage and play an important
role in oxidative stress. However, alterations in rat enterocyte mitochondrial respiratory function and enzyme
activities following TBI have not been described previously. The purpose of this study was to determine the
effect of TBI on rat enterocyte mitochondrial respiratory function and enzyme activities, as well as to reveal
the alterations in rat enterocyte mitochondrial function
following TBI.

MATERIALS AND METHODS
Rat models of TBI
Fifty-six male Sprague-Dawley rats, weighing 220-250 g,
were provided by the Experimental Animal Center of
Soochow University and randomly divided into seven
groups (8 rats in each group): a control group (rats with
sham operation) and TBI groups at 6, 12, 24 h, day 2,
day 3, and day 7 after operation. The TBI models were
induced as described by Feendy[12]. Briefly, rats were
anesthetized and fixed in a stereotactic frame after a 12-h
overnight fast. A right parietal bone window (diameter
5 mm) was drilled under aseptic conditions just behind
the cranial coronal suture and beside the midline. A
freefalling weight consisting of a steel rod weighing 40
g with a flat end diameter of 4 mm was allowed to fall
onto a piston resting on the dura from a height of 25
cm to produce a standardized parietal contusion in the
exposed intact cranial dura. The animals were sacrificed
at the appropriate time points and tissue specimens were
prepared. Animals in the control group were also anesthetized and fixed in the stereotactic frame with a right
parietal bone window alone and no brain injury.
All rats were housed two to three per cage with ad
libitum access to food and water and maintained on a
12/12-h light/dark cycle (lights on at 7:00 a.m.). All procedures were approved by the Institutional Animal Care
Committee.

Zhu KJ, Huang H, Chu H, Yu H, Zhang SM. Alterations in enterocyte mitochondrial respiratory function and enzyme activities
in gastrointestinal dysfunction following brain injury. World J
Gastroenterol 2014; 20(28): 9585-9591 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9585.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9585

INTRODUCTION
Traumatic brain injury (TBI) is an increasing problem
worldwide due to its high mortality and disability. There
are a number of complications after TBI, one of which
is gastrointestinal dysfunction[1]. Conversely, gastrointestinal dysfunction may lead to malnutrition, electrolyte
imbalances, translocation of bacteria, and even systemic
inflammatory response syndrome (SIRS) [2-4]. These
complications delay recovery and increase mortality in
patients with TBI. Many researchers over the years have
attempted to reveal the possible mechanism involved in
gastrointestinal dysfunction following TBI. Most previous studies have focused on the microstructure of gut
mucosa, mucosal barrier disruption, mucosal blood flow,
inflammatory mediators, and cytokines[5-8]. However, the
exact mechanism of gastrointestinal dysfunction following TBI is still unknown.
Ischemia or hypoperfusion of intestinal mucosa often
occurs after TBI in order to perfuse vital organs such as
the heart and brain. When TBI occurs, there is decreased
blood supply to the intestinal mucosa and intestinal
mucosal epithelial cells are under high pressure due to
oxidative stress[9]. Unfortunately, the energy store in the
intestinal mucosa is too small to cope with ischemia or
hypoperfusion, and intestinal epithelial cells are very sensitive to ischemia and hypoxia. A large number of free
radicals are generated which attack the intestinal epithelial
cells and destroy intestinal mucosal barrier function in
the presence of ischemia. Mitochondria are an important
part of oxidative phosphorylation and energy supply. In
addition, they also generate reactive oxygen species (ROS)
and the bulk of mitochondrial ROS are generated at the
electron transport chain[10,11]. For that reason, mitochondria are thought to be the primary target of oxidative
damage and play an important role in oxidative stress.
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Preparation of enterocyte mitochondria
Enterocyte mitochondria were isolated as previously described[13]. Briefly, the experimental animals underwent
laparotomy and one segment of small intestine (30-cm in
length) was removed for subsequent procedures. Thirty
mL of 0.01 mol/L ice-cold PBS were used to wash the
intestinal contents and the gut was turned over to expose the intestinal mucosa. Intestinal epithelial cells were
shaved off and placed in 50 mL of ice-cold buffer (containing 0.01 mol/L PBS and 10 mmol/L EDTA) and
centrifuged at 3500 r/min for 2.5 min. The supernatant
was discarded and the pellet was washed once with isolation buffer containing 25 mmol/L sucrose, 10 mmol/L
Tris, 2 mmol/L EDTA, pH 7.4. The buffer was centrifuged at 3500 r/min for 2.5 min. The pellet was washed
twice with isolation buffer and homogenates were prepared. The homogenates were diluted to 50 mL and centrifuged at 1700 r/min for 10 min. The supernatant was
collected and centrifuged at 10500 r/min for 8 min. The
mitochondrial pellet was suspended in isolation buffer.
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The mitochondrial protein concentration was determined
using a bicinchoninic acid method with bovine serum albumin (BSA) as the standard. The above procedures were
carried out at 4 ℃.

Table 1 Changes in mitochondrial respiratory function (mean
± SD)

Measurement of mitochondrial respiratory function
Mitochondrial respiratory function was measured using
a Clark oxygen electrode. A mitochondrial suspension
containing 1 mg mitochondrial protein was added to 1
mL of assay buffer at 30 ℃. Oxygen consumption was
measured in the absence (state 4 respiration) and presence of 0.25 mmol/L ADP (state 3 respiration) and succinate (final concentration 5 mmol/L). The respiratory
control ratio (RCR) was expressed as the ratio of state 3
to state 4 activity, and ADP/O was expressed as the ratio
of ADP added to that of oxygen consumed during state
3 respiration.

State 3
respiration

State 4
respiration

RCR

P/O

Control
TBI 6 h
TBI 12 h
TBI 24 h
TBI 2 d
TBI 3 d
TBI 7 d

24.46 ± 1.71
23.89 ± 1.85
23.04 ± 2.30
19.65 ± 1.94
20.04 ± 2.01
18.73 ± 1.88
25.22 ± 1.76

4.33 ± 0.25
4.54 ± 0.53
4.21 ± 0.74
5.42 ± 0.18
5.05 ± 0.32
5.27 ± 0.61
4.36 ± 0.46

5.42 ± 0.46
5.20 ± 0.18b
4.55 ± 0.35b
3.75 ± 0.22b
4.12 ± 0.53b
3.45 ± 0.41b
5.23 ± 0.24b

3.46 ± 0.12
3.42 ± 0.15
3.30 ± 0.10b
2.61 ± 0.21b
2.95 ± 0.18b
2.76 ± 0.09b
3.43 ± 0.11

b

P < 0.01 vs control. TBI: Traumatic brain injury; RCR: Respiratory control
ratio; P/O: ADP/O ratio.

then placed in the assay mixture containing 200 μmol/L
TPP, 0.5 mmol/L NAD+, 130 μmol/L coenzyme A,
2.5 μmol/L rotenone in plate wells (final mitochondrial
concentration 50 μg/mL). The reaction was started by
2 mmol/L α-ketoglutarate and scanned at 340 nm for 2
min to measure NADH generation. MDH was assayed in
the same way, except the reaction was started by 5 mmol/
L malate.

Measurement of mitochondrial respiratory chain
complex Ⅰ-Ⅳ activities
Complex Ⅰ activity was assayed by monitoring the decrease in nicotinamide adenine dinucleotide (NADH)
at 340 nm. The final concentration of mitochondrial
protein was 30 μ g/mL. The reaction was started by
adding 200 μmol/L NADH and was scanned at 340
nm for 3 min. Rotenone (3 μmol/L) was added to the
reaction system as a blank control. Complex Ⅱ activity
was assayed with mitochondria (final concentration 30
μg/mL) and the reaction was started with 10 mmol/L
succinate and scanned at 600 nm for 2 min. Complex Ⅲ
activity was assayed in a mixture containing 250 mmol/L
sucrose, 1 mmol/L EDTA, 50 mmol/L KPi, pH 6.5
(adjusted to reduce auto-oxidation of reduced CoQ1),
2 mmol/L KCN, 50 μmol/L cytochrome C, 0.1% BSA,
and the reaction was started by 20 μg/mL mitochondria
and 50 μmol/L reduced CoQ1, with the increase in absorption at 550 nm recorded for 2 min. Complex Ⅳ activity was assayed by monitoring the decrease in reduced
cytochrome C at 550 nm.

Statistical analysis
The software SPSS 13.0 was used for statistical analysis.
The data were expressed as mean ± SD, and statistical
differences were calculated by one-way analysis of variance. Statistical significance was assigned at P < 0.05.

RESULTS
Changes in mitochondrial respiratory function
As shown in Table 1, compared with the control group,
RCR declined at 6, 12, 24 h, day 2, day 3 and day 7, respectively (6 h: 5.20 ± 0.18, 12 h: 4.55 ± 0.35, 24 h: 3.75
± 0.22, day 2: 4.12 ± 0.53, day 3: 3.45 ± 0.41, day 7: 5.23
± 0.24, P < 0.01). The phosphate-to-oxygen (P/O) level
significantly decreased at 12, 24 h, day 2 and day 3, respectively (12 h: 3.30 ± 0.10, 24 h: 2.61 ± 0.21, day 2: 2.95
± 0.18, day 3: 2.76 ± 0.09, P < 0.01).

Measurement of pyruvate dehydrogenase, α-ketoglutaric
dehydrogenase, and malate dehydrogenase
The pyruvate dehydrogenase (PDH) assay was carried
out according to Hinman’s method[14]. Briefly, MDA reacted mitochondrial suspension was placed in assay buffer containing 2.5 mmol/L NAD, 0.1 mmol/L coenzyme
A, 0.2 mmol/L thiamin pyrophosphate, 0.3 mmol/L
dithiothreitol, 1 mmol/L MgCl2, 1 mg/mL BSA, 0.05 M
phosphate buffer, pH 7.8, 0.6 mmol/L INT, 0.1 mg/mL
dihydrolipoic acid dehydrogenase, and the reaction was
started with 5 mmol/L pyruvate and scanned at 500 nm
for 5 min. The activities of α-ketoglutaric dehydrogenase
(KGDH) and malate dehydrogenase (MDH) were assayed as described by Humphries[15]. Briefly, a mitochondrial suspension was diluted with water to 0.5 mg/mL.
After adding different concentrations of MDA (equal
volume of 0.01 mol/L HCl for control), the reaction solution was incubated at 37 ℃ for 5 min. An aliquot was
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Groups

Changes in mitochondrial respiratory chain complex Ⅰ-

Ⅳ activities

As shown in Figure 1, compared with the control group,
the activities of mitochondrial complex Ⅰ (6 h: 110 ± 10,
12 h: 115 ± 12, 24 h: 85 ± 9, day 2: 80 ± 15, day 3: 65 ±
16, P < 0.01) and complex Ⅱ (6 h: 105 ± 8, 12 h: 110 ±
92, 24 h: 80 ± 10, day 2: 76 ± 8, day 3: 68 ± 12, P < 0.01)
increased at 6 h and 12 h following TBI, and then significantly decreased at 24 h, day 2 and day 3, respectively.
There were no differences in complex Ⅲ and Ⅳ activities
between the control and TBI groups.
Changes in PDH, KGDH, and MDH activities
As shown in Figure 2A-C, compared with the control
group, PDH activity was significantly decreased at 6 h
and continued up to 7 d after TBI compared with the
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Figure 1 Activities of rat enterocyte mitochondrial complex Ⅰ-Ⅳ after traumatic brain injury. Activities of mitochondrial complex Ⅰ (6 h: 110 ± 10, 12 h: 115 ±
12, 24 h: 85 ± 9, day 2: 80 ± 15, day 3: 65 ± 16) and complex Ⅱ (6 h: 105 ± 8, 12 h: 110 ± 92, 24 h: 80 ± 10, day 2: 76 ± 8, day 3: 68 ± 12) increased at 6 h and 12
h following traumatic brain injury, and then significantly decreased at 24 h, day 2 and day 3, respectively, and compared with the control group. There were no differences in complex Ⅲ and Ⅳ activities between the control and TBI groups. bP < 0.01 vs control group.

control group (6 h: 90 ± 8, 12 h: 85 ± 10, 24 h: 65 ± 12,
day 2: 60 ± 9, day 3: 55 ± 6, day 7: 88 ± 11, P < 0.01).
The minimum PDH activity was seen at day 3. The
changes in KGDH activity were similar to those of PDH,
except that the decrease in KGDH activity began at 12 h
(12 h: 90 ± 12, 24 h: 80 ± 9, day 2: 76 ± 15, day 3: 68 ± 7,
day 7: 90 ± 13, P < 0.01). No significant change in MDH
activity was observed.

dition, oxygen radicals are generated in mitochondria
during oxidative phosphorylation and electron transport.
In the physiological state, the production and depletion
of free radicals are in equilibrium. The relative balance
is destroyed when TBI occurs and vast amounts of free
radicals are produced through strong lipid peroxidation.
Damaged mitochondria are associated with decreased
energy production and increased ROS production. In
turn, increased oxidant production may aggravate mitochondrial lesions, and even activate the apoptotic signaling pathway[26]. Previous studies have revealed the occurrence of mitochondrial swelling, matrix destruction, and
reduced enterocyte numbers following TBI[5,27], which are
the morphological basis of mitochondrial dysfunction.
Thus, we hypothesized that mitochondrial dysfunction
may play an important role in TBI-induced gastrointestinal dysfunction.
However, no studies on enterocyte mitochondrial
respiratory function and enzyme activities following
TBI have been reported to date. In this study, we found
that mitochondrial respiratory function and two related
enzyme activities (PDH and KGDH) decline following
TBI. The activities of mitochondrial complexes Ⅰ and
Ⅱ are also changed after TBI. Our findings showed that
TBI inhibited enterocyte mitochondrial respiratory function and related enzyme activities, suggesting that mitochondrial dysfunction may play an important role in TBIinduced gastrointestinal dysfunction.
Mitochondrial respiratory function is divided into five
states. Of these, the values of states 3 and 4 are stronger
for the evaluation of mitochondrial respiratory function.
The ratio of state 3 to state 4 is called the mitochondrial
RCR, and is the most sensitive indicator of mitochondrial
respiratory function. A decreased level of RCR indicates
a coupling defect in mitochondrial oxidative phosphorylation. State 4 represents permeability of the mitochondrial membrane, with an increase suggesting increased
permeability[28]. The P/O ratio refers to the amount of
ATP produced during the movement of two electrons

DISCUSSION
Many studies have shown that the intestine may play an
important role in the development and progression of
SIRS, sepsis, and MODS. Thus, it is believed that the intestine is not only the target organ, but also the promoter
of MODS[16-18]. Gastrointestinal dysfunction is often
seen during conditions of stress, such as TBI, burn, and
hemorrhagic shock, from which a sequence of complications then develop that may even be life threatening[19-21].
TBI is a major cause of death and disability throughout
the world. Many patients with severe TBI often die of
MODS, but not of the injury itself[22]. For these reasons,
gastrointestinal dysfunction following TBI is an increasingly recognized phenomenon and is currently an important research hotspot in the bio-medical field.
Much progress has been made in the study of gastrointestinal dysfunction following TBI. Hang et al[5]
confirmed that significant destruction of gut structure
and impairment of barrier function could be induced by
TBI 3 h after brain injury lasting for more than 7 d. An
increase in intestinal mucosal permeability, decrease in
intestinal motility and mucosal blood flow, and widening of intercellular tight junctions were also found in
TBI rats[6,8,23]. There is evidence to suggest that increased
early apoptosis of intestinal mucosal epithelial cells and
attack by oxygen free radicals may contribute to stressdamage of the intestinal mucosal barrier in the early
stage of TBI[24,25]. Mitochondria are involved in energy
metabolism and provide energy for life activities. In ad-
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and the value of P/O can reflect mitochondrial respiratory function to some extent. Impaired mitochondrial
respiratory function in intestinal epithelial cells has been
observed in animal models suffering shock or burns. Our
results revealed that mitochondrial RCR decreased significantly at the early stage of TBI, and the drop in P/O
ratio was later than that of RCR. These findings suggest
that RCR is more susceptible to TBI than the P/O ratio.
Furthermore, two troughs in mitochondrial respiratory
function were found at 24 h and day 3 after TBI. We
hypothesize that the formation of the first trough may
be related to intestinal ischemia, while the second may
be associated with intestinal reperfusion and intracranial
hypertension.
The mitochondrial respiratory chain is a major source
of ROS in eukaryotic cells. Dysfunction of mitochondrial respiratory chain complexes may result in an imbalance of ROS production, which has been implicated in
a number of degenerative diseases, tumors, sepsis, and
biological aging[30-32]. The changes in respiratory chain
complex Ⅰ-Ⅳ activities following TBI were discovered
to be discrepant in our research. The activities of mitochondrial complexes Ⅰ and Ⅱ increased in the early
stage of TBI and then significantly decreased until day
7. These activities were reduced to a minimum at day 3.
An increase in the early course of TBI is considered to
be a compensatory mechanism for energy requirements.
There were no differences in complex Ⅲ and Ⅳ activities
between the control and TBI groups. It has been confirmed that mitochondrial complex Ⅲ and Ⅳ activities
decrease with age[33,34]. We speculate that complexes Ⅲ
and Ⅳ may correlate with chronic oxidative stress, while
complexes Ⅰ and Ⅱ are responsible for acute mitochondrial injury.
Our findings also demonstrated that three mitochondrial dehydrogenases showed different tolerance to TBI.
More specifically, PDH and KGDH activities significantly decreased in the early stage of TBI and continued
up to 7 d after TBI compared with the control group.
The minimum PDH and KGDH activities were seen at
day 3. However, no significant change in MDH activity
was observed. Long et al[35] found that the binding affinity of PDH and KGDH to malondialdehyde (MDA) was
markedly higher than that of PDH. In addition, the level
of mitochondrial MDA increased in the oxidative stress
state. These may be the reasons for the different alterations in the three mitochondrial dehydrogenases after
TBI.
The main purpose of this paper was to investigate the
change in mitochondrial respiratory function and determine the mechanism of intestinal dysfunction after TBI.
In fact, there may be several such reasons, including ischemia, reperfusion, and changes in intracranial pressure,
which could explain intestinal dysfunction. TBI often
induces the abnormal release of pituitary hormones[36-38],
which can lead to intestinal dysfunction. The brain-gut
axis is also an interesting possible mechanism.
However, there are several limitations in this study.
Firstly, the studies were performed in rats and are still far
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Figure 2 Activities of rat enterocyte mitochondrial related enzymes after
traumatic brain injury. A: Pyruvate dehydrogenase (PDH) activity was significantly decreased at 6 h and continued up to 7 d after TBI compared with the
control group (6 h: 90 ± 8, 12 h: 85 ± 10, 24 h: 65 ± 12, day 2: 60 ± 9, day 3:
55 ± 6, day 7: 88 ± 11). The minimum PDH activity was seen at day 3; B: The
changes in α-ketoglutaric dehydrogenase (KGDH) activity were similar to those
of PDH, except that the decrease in KGDH activity began at 12 h (12 h: 90 ±
12, 24 h: 80 ± 9, day 2: 76 ± 15, day 3: 68 ± 7, day 7: 90 ± 13); C: No significant change in malate dehydrogenase (MDH) activity was observed. bP < 0.01
vs control group.

through a defined electron transport chain by the reduction of an oxygen atom. The value of P/O is high in
intact mitochondria, but low in damaged or dysfunctional
mitochondria[29]. Mitochondrial RCR, respiratory state 4,
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from suitable for human experiments. Secondly, the findings were limited by the small number of studies used
in the analyses. Thirdly, the studies could not be carried
out in living organisms to obtain dynamic outcomes related to mitochondrial function. Finally, the results were
derived only from male rats and there could be sexual
dimorphism in enterocyte functions. Further study is
needed to explain the mechanisms involved in the variation in the three dehydrogenases and respiratory chain
complex Ⅰ-Ⅳ activities. For example, mitochondrial
respiratory complexes and their enzyme related gene expression could be investigated.
In conclusion, rat enterocyte mitochondrial respiratory function and the activities of PDH and KGDH
declined following TBI. The activities of mitochondrial
complexes Ⅰ and Ⅱ also changed after TBI. In turn,
these alterations in mitochondrial function may aggravate existing gastrointestinal dysfunction. Mitochondrial
dysfunction may play an important role in TBI-induced
gastrointestinal dysfunction. Larger studies are required
to explore what improvement in mitochondrial outcomes
mean and how to protect mitochondrial function. Nevertheless, this study suggests a possible strategy to attenuate gastrointestinal complications after TBI by protecting
mitochondrial function in intestinal epithelial cells.

TBI. Their findings demonstrated that rat enterocyte mitochondrial respiratory
function and activities of pyruvate dehydrogenase and α-ketoglutaric dehydrogenase decline following TBI. Activities of mitochondrial complexes Ⅰ and Ⅱ
also changed after TBI. The study provides evidence that enterocyte mitochondrial dysfunction is induced by TBI.
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RESULTS: Two thousand one hundred sixty-one titles
were found of which 8 articles met the inclusion criteria. The presence of AF in patients with GERD was reported to be between 0.62%-14%, higher compared to
those without GERD. Epidemiological data provided by
these observational studies showed that patients with
GERD, especially those with more severe GERD-related
symptoms, had an increased risk of developing AF compared with those without GERD, but a causal relationship between GERD and AF could not be established
based on these studies. The mechanisms of AF as a
consequence of GERD remain largely unknown, with
inflammation and vagal stimulation playing a possible
role in the development of these disorders. Treatment
with proton pomp inhibitors may improve symptoms
related to AF and facilitate conversion to sinus rhythm.
CONCLUSION: Although links between AF and GERD
exist, large randomized clinical studies are required
for a better understanding of the relationship between
these two entities.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To analyze the potential relationship between
gastroesophageal reflux disease (GERD) and the development of atrial fibrillation (AF).

Key words: Gastroesophageal reflux disease; Esophagitis; Atrial fibrillation; Pathophysiology; Proton pump
inhibitors

METHODS: Using the key words “atrial fibrillation and
gastroesophageal reflux”, “atrial fibrillation and esophagitis, peptic”, “atrial fibrillation and hernia, hiatal” the
PubMed, EMBASE, Cochrane Library, OVIDSP, WILEY
databases were screened for relevant publications on
GERD and AF in adults between January 1972-December 2013. Studies written in languages other than
English or French, studies not performed in humans,
reviews, case reports, abstracts, conference presenta-
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Core tip: The link between gastroesophageal reflux
disease and atrial fibrillation is currently not understood completely. A few papers from the literature address this issue, but none has been able to draw firm
conclusions. This review of the literature analyzes the
potential relationship between gastroesophageal reflux
disease and the development of atrial fibrillation. Five
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“lone atrial fibrillation”[9]. Recently, several other factors
that may be involved in the development of AF, such
as: obesity, sleep apnea, alcohol abuse, latent hypertension, gastroesophageal reflux disease, systemic and local
inflammation have been described. According to some
authors, other factors contributing to the initiation of AF
may exist, but they currently remain unidentified[10-12].
The aim of this paper is to analyze the potential relationship between gastroesophageal reflux disease and the
development of atrial fibrillation.

electronic databases were screened for publications on
gastroesophageal reflux disease and atrial fibrillation
in adults and the 8 articles found are analyzed and discussed. Although evidence on atrial fibrillation associated with gastroesophageal reflux disease exists, large
randomized clinical studies are required to provide definite answers.
Roman C, Bruley des Varannes S, Muresan L, Picos A, Dumitrascu DL. Atrial fibrillation in patients with gastroesophageal
reflux disease: A comprehensive review. World J Gastroenterol
2014; 20(28): 9592-9599 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i28/9592.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9592

MATERIALS AND METHODS
Using the key terms: “atrial fibrillation and gastroesophageal reflux”; “atrial fibrillation and esophagitis, peptic”;
“atrial fibrillation and hernia, hiatal”, the PubMed EMBASE, Cochrane Library, WILEY, OVIDSP databases
were searched for relevant publications on AF and
GERD between January 1972-December 2013. Eligibility criteria for the studies included were: a minimum of
10 adult subjects with the diagnoses of GERD and AF;
studies with case-control design, consecutive cases or
selected cases regardless of prospective or retrospective
design; studies that followed the effectiveness of therapeutic interventions on symptoms of GERD and AF.
Finally, only papers available in full text were included in
this review.
Studies not performed on humans, papers treating
the subject of radiofrequency ablation of AF and the
consecutive development of GERD, studies for which
not even the abstract was available, abstracts or posters
presented at various conferences and papers written in
languages other than English or French were not taken
into consideration. Duplicate titles and reviews were also
excluded.

INTRODUCTION
Gastroesophageal reflux disease (GERD) is one of the
most frequent gastrointestinal diseases encountered in
outpatient clinics[1]. The prevalence of this condition is
growing and its annual prevalence rate varies between
0.8% and 40% in different populations[2]. While in Western countries it is reported to be as high as 10%-15%[3], a
lower prevalence of 5% has been reported in Asia. However, along with changes in diet and the increasing number of cases of obesity[4] and metabolic syndromes[5], the
prevalence of GERD seems to be increasing in this part
of the world. The prevalence of GERD is also increasing
in children and adolescents, suggesting that the process
may begin early in susceptible individuals. According to
the Montreal consensus[6-8], GERD is defined as a condition which appears when the reflux from the stomach
into the esophagus determines symptoms that disturb
the patient and/or provokes complications. Clinically, the
symptoms of GERD may be grouped in 2 syndromes:
the esophageal syndrome (reflux chest pain syndrome,
the typical reflux syndrome, reflux esophagitis, reflux
stricture, Barrett’s esophagus and esophageal adenocarcinoma) and extra-esophageal manifestations (Figure 1).
In affected patients, GERD impairs the health status and
the quality of life[3,6]. The focus of specialists is directed
mainly towards the esophageal and other digestive manifestations of the disease, the cardiovascular involvement
in GERD being a less investigated aspect.
Atrial fibrillation (AF) is the most common arrhythmia encountered in clinical practice, with a prevalence
of 1% in the general population. The prevalence of AF
increases with age, reaching 10% in octogenarians. It impairs the quality of life (by causing a decrease in exercise
capacity, an increased risk of developing heart failure and
stroke) and increases mortality.
AF is frequently associated with other cardiovascular
diseases, such as hypertension, ischemic heart disease,
valvular heart disease, heart failure, cardiomyopathies,
and diabetes. In 10%-15% of patients, a structural heart
disease cannot be identified, the term for this case being
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RESULTS
The search strategy returned a total of 2161 references
(Figure 2) of the five electronic databases screened. After
exclusion of duplicate or irrelevant references, 56 articles
were retained for a more detailed analysis. Twenty eight
articles assessed the presence of GERD after AF ablation and for this reason they were not taken into account.
Another 4 publications were reviews, 10 were case reports, 1 case-series, 1 editorial, 1 comment and opinion, 2
letters to the editor and 1 poster, none of them meeting
the inclusion criteria and were therefore excluded.
Of the 8 articles included in the present review, 5
studies were prospective, of which only one was a randomized study. A summary of study characteristics is
presented in Table 1.
Epidemiological data provided by these observational
studies showed that patients with GERD, especially
those with more severe GERD-related symptoms, had
an increased risk of developing AF compared with those
without GERD, but a causal relationship between GERD
and AF could not be established based on these studies.
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esophageal
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Reflux cough
Reflux laryngitis
Reflux asthma
Reflux dental

Sinusitis
Pulmonary fibrosis
Pharyngitis
Recurrent otitis media

Figure 1 Clinical syndromes caused by gastroesophageal reflux: “Montreal classification”. GERD: Gastroesophageal reflux disease.

ate paroxysmal AF. However, up to the present, the
mechanism of AF as a consequence of gastroesophageal
reflux remains unknown, with inflammation and vagal
stimulation playing a possible role in the development of
these disorders. These studies raise arguments regarding
a possible reciprocal relationship between these two entities. Several studies have shown that proton pump inhibitors (PPIs) could represent an alternative to the standard
antiarrhythmic treatment by improving symptoms related
to AF and by facilitating conversion to sinus rhythm, with
the advantage of being less expensive and with fewer side
effects.
In 2003, Weigl et al[14] conducted a study on 89 patients with reflux esophagitis of which 18 (6 women,
aged 39-69 years) had lone AF. The diagnosis of GERD
was based on gastroscopy. Lone AF was defined if the
patients had at least two episodes of AF alternating with
sinus rhythm documented on electrocardiography within
3 mo before endoscopy. Patients with chronic AF were
excluded. Once the patients were diagnosed with reflux
esophagitis, they received PPIs therapy in standard doses
for at least 2 mo. Under this treatment, both gastrointestinal and AF related symptoms improved in 14 patients
(78%), these patients having a sinus rhythm on the electrocardiogram (ECG). In these patients, the doses of the
antiarrhythmic drugs were not increased and there was
no need for administering another one. Furthermore, in
5 patients antiarrhythmic drugs were interrupted. The
conclusion of this study was that in a subset of patients
with AF, adequate treatment of esophagitis could be beneficial, with fewer side effects than standard therapy. This
study had several limitations, including the small group
of patients investigated, the retrospective design, the absence of a control group and the impossibility to rule out
the placebo effect.
In 2006, Cuomo et al[15] studied the relationship be-

Baseline articles n = 2161
Duplicates n = 118
In other languages n = 3, in
animals n = 13, in children n = 6
Excluded on basis of title and abstract
for clearly not being related to
association AF and GERD n = 1965
GERD induced by AF ablation n = 28
Reviews n = 4, case reports n = 10,
case series n = 1, editorial n = 1,
comment n = 1, letter n = 2,
poster n = 1

Articles included in study n = 8

Figure 2 Selection of articles included in the review. GERD: Gastroesophageal reflux disease; AF: Atrial fibrillation.

DISCUSSION
GERD and AF are two diseases frequently encountered
in clinical practice and their association is currently being
investigated, as they share some common factors such
as sleep apnea, obesity and diabetes. The relationship
between gastrointestinal symptoms and arrhythmias was
first described by Ludwig Roemheld, under the name of
“Roemheld gastrocardiac syndrome”, in which an oesophago-gastric stimulus was able to induce arrhythmiarelated symptoms[13].
Several observational studies have shown that GERD
and especially esophagitis could determine and perpetu-

WJG|www.wjgnet.com

9594

July 28, 2014|Volume 20|Issue 28|

Roman C et al . Atrial fibrillation and GERD
Table 1 Atrial fibrillation associated with gastroesophageal reflux disease: Data from literature
Ref.

Type of study

Patients (n)

Weigl et al[14],
2003
Cuomo et al[15],
2006

Retrospective

GERD and lone AF (n = 18)

Diagnosis of GERD and AF

Conclusion

Gastroscopy
PPIs therapy could be beneficial in a subgroup of
ECG
patients with AF, with fewer side effects
Prospective,
GERD and arrhythmias (n = 32)
Upper endoscopy
PPIs therapy seems to improve GERD and
mechanistic
Control group (n = 9)
Simultaneous 24-h pH-meter and
cardiac symptoms in dysrhythmic patients in
Holter monitoring
whom esophageal acid stimulus induces cardiac
autonomic reflexes
Bunch et al[16],
Prospective,
Olmsted County residents
Self-report questionnaire
There was no association between GERD and AF.
2008
epidemiologic,
(n = 5288)
Medical records
Patients with esophagitis are more predisposed to
randomized
ECG
develop AF
ICD-9 codes
Kunz et al[17],
Retrospective,
n = 163627
ICD-9 codes
GERD is associated with a higher risk of AF
2009
epidemiologic
Shimazu et
Retrospective
GERD and AF (n = 86)
Questionnaire F-scale
AF is an independent risk factor for GERD
al[18], 2011
ECG, Holter monitoring
Huang et al[19],
Prospective,
GERD (n = 29688)
ICD-9 codes
Taken independently, GERD is associated
2012
epidemiologic
Control group (n = 29597)
Endoscopy or 24-hs pH-meter
with a higher risk of future AF in a nationwide
ECG, Holter monitoring
population-based cohort
Reddy et al[21],
Prospective,
GERD and AF (n = 10)
Symptoms questionnaire
Patients with GERD are more likely to have
2013
matched,
Control group (n = 30)
AF and a positive vagal response during
case-control,
radiofrequency catheter ablation
mechanistic
Kubota et al[22], Cross-sectional
n = 201
Questionnaire F-scale
Significant correlation between nonvalvular AF
2013
Control group (n = 278)
ECG, Holter monitoring
and symptomatic GERD
AF: Atrial fibrillation; GERD: Gastroesophageal reflux disease; PPIs: Proton pomp inhibitors; ECG: Electrocardiogram; ICD: International statistical
classification of diseases.

tween the presence of acid reflux in the esophagus and
neurocardiac function of patients with GERD and arrhythmias and the efficacy of PPIs on symptoms of
GERD and arrhythmias. In this case-control study, 32
patients (13 females, mean age 47.0 ± 2.2 years) with
GERD and arrhythmia-related symptoms, and 9 patients
with GERD only (5 females, mean age 53.0 ± 2.0 years)
were included. Validated questionnaires and endoscopy
were used to establish the diagnosis of GERD. Holter
ECG was performed for each patient, during esophageal
manometry, acid perfusion and 24-h pH monitoring. For
further evaluation of the relationship between acid reflux
and neurocardiac function, a full dose of PPIs was administrated to all patients for 3 mo. The results showed
that in 56% of patients with GERD and arrhythmias a
statistically significant correlation between the esophageal
pH and heart rate variability was achieved. PPIs therapy
was also efficient in these patients with a significant reduction of cardiac symptoms (13/16 vs 4/11 of patients,
P < 0.01). The authors concluded that in patients with
GERD and arrhythmias, in whom esophageal acid stimulus induced cardiac autonomic reflexes, acid suppression
seemed to improve both GERD and arrhythmia-related
symptoms. The limitations of this study were the evaluation of cardiac symptoms with a simple questionnaire,
without a thorough cardiologic assessment during and
after PPIs treatment, and the lack of a control group
treated with placebo.
In 2008, Bunch et al[16] published a prospective observational study on 5288 subjects conducted between 1988
and 1994, using a self-report questionnaire. Their aim
was to assess the presence of GERD in this population
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and the long-term risk of developing AF. Diagnosis of
AF was based on medical records, ECG database, and
International Classification of Diseases, Ninth Revision
(ICD-9 codes). Of the total patients surveyed, 741 (14%)
developed AF over a follow up period of approximately
11 years. Male gender, age, the presence of hypertension,
congestive heart failure, and esophagitis were associated with the risk of developing AF. After adjustment
for other risk factors (HR = 0.81, 95%CI: 0.68-0.96, P
= 0.014), an inverse relationship between GERD and
AF was found. A borderline statistical significance was
obtained in patients with daily symptoms of GERD, vs
patients with less frequent GERD-related symptoms. The
presence of esophagitis increased the risk of AF, but this
correlation was not present when other risk factors were
taken into account (P = 0.72). However, patients with
esophagitis were more likely to develop AF. The limitations of this study were the fact that the presence of
GERD was assessed using a subjective tool (a self-report
questionnaire), the diagnosis of AF being based upon
ICD-9 codes, ECG database and medical records and
thus possibly missing asymptomatic episodes of AF, and
incomplete information provided about AF subtypes.
Two other retrospective studies performed recently,
one in 2009 by Kunz et al[17] and the second by Shimazu
et al[18] in 2011 have concluded that GERD is associated
with an increased risk of developing AF. In the study
conducted by Kunz et al[17], 163627 ambulatory patients
from the National Capitol Area military health care system, were evaluated between January 2001 and October
2007. The diagnoses of GERD and AF were established
using the ICD-9 codes. Of 163627 subjects, 7992 (5%)
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had AF. The results showed that GERD was associated with an increased risk of developing AF (RR: 1.39,
95%CI: 1.33-1.45). This relationship persisted (RR: 1.19,
95%CI: 1.13-1.25) after adjustment for other risk factors
(age, male sex, hypertension, diabetes, hyperlipidemia,
smoking). In the study by Shimazu et al[18], 188 outpatients (78 females) with a mean age 60.4 ± 0.9 years were
included. Patients were classified upon the frequency
scale (F scale), a formulated questionnaire used in Japan,
for identifying symptoms of GERD. Eighty six (46%)
patients had AF, of which 25 had paroxysmal AF and 61
permanent AF. Two of 25 patients with paroxysmal AF
and 10 of 61 patients with permanent AF showed valvular AF. Total scores on F-scale were significantly higher in
patients with AF (87%) compared with those with lower
scores (42%) (P = 0.019). The reflux and total score did
not differ between patients with paroxysmal AF and
permanent forms (P = 0.609,P = 0.677). The univariate
analysis demonstrated a significant correlation between
AF and GERD (P < 0.001). The main limitation of this
study was that the questionnaire responses were not correlated with endoscopic findings and thus the pathophysiological relationship between these two entities could be
erroneous.
In 2012, Huang et al[19] performed a prospective study
on 29688 patients with GERD selected from a 1000000
person cohort dataset from the Taiwan National Health
Insurance database. This group was compared with a
control group which included 29597 subjects without history of GERD or arrhythmias. The patients with GERD
were diagnosed using ICD-9 codes and the presence of
AF was confirmed using the ICD-9-CM code, ECG and
Holter monitors. Patients included in this study were
followed up for three years. During this period, AF occurred in 184 (0.62%) of the patients with GERD and
in 167 (0.56%) of the control group. Results showed
that the incidence of AF was significantly higher in patients with GERD compared to those without GERD
(P = 0.024). Taken independently, GERD was associated
with a higher risk of AF (HR = 1.31; 95%CI: 1.06-1.61,
P = 0.013). Furthermore, the investigators analyzed the
impact of PPI therapy in patients with GERD and AF,
and the results showed that the patients who received
PPI therapy had an increased risk of developing AF
(HR = 1.46; 95%CI: 1.15-1.86, P = 0.002). However,
patients with GERD not treated with PPIs did not have
an increased risk of AF. A possible explanation for this
finding was the fact that patients who received PPIs had
more severe GERD-related symptoms and the severity
of the disease determined and increased risk of AF, not
the administration of PPIs per se. Nevertheless, there are
some concerns about the possible pro-arrhythmic effect
of PPIs[20], which makes the interpretation of the results
more difficult.
Recently, Reddy et al[21] studied the role of radiofrequency catheter ablation of AF in patients with GERD
and/or irritable bowel syndrome (IBS). In this prospective, case-control matched study, 30 patients with AF
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and definitive clinical diagnosis of GERD and/or IBS
and 30 patients with AF only were enrolled. All patients
underwent the ablation procedure during which vagal
response was evaluated (sinus bradycardia, asystole, atrioventricular block or hypotension). Pre- and post ablation,
the patients were questioned about their gastrointestinal
symptoms using a symptom-based questionnaire. The
patients were followed up at 3, 6 and 12 mo. Compared
to patients with AF only, patients with GERD and/or
IBS had a positive vagal response during the AF ablation
procedure (60% vs 13%, P < 0.001). A greater number
of these patients had self-reported AF triggers (defecation, abdominal bloating, alcohol carbonated beverages,
cold water and greasy food consumption) compared to
the other group (20/67 vs 7/23%, P = 0.007). However,
interpretation of these data must be proceeded with caution, due to the relatively small number of patients included, the observational nature of the study and the lack
of evaluation of heart rate variability.
Another study, published in 2013 by Kubota et al[22],
analyzed the relationship between nonvalvular AF and
GERD in 201 outpatients and 278 participants of a
community-based annual health screening program. For
the diagnosis of GERD, the F-scale was used. Sixty one
patients had permanent AF and 25 paroxysmal AF. The
results showed that the incidence of GERD was significantly increased in patients with AF (P = 0.004). The
multivariate analysis demonstrated that nonvalvular AF
was an independent risk factor for symptomatic GERD
(Wilks’ lambda = 0.983, P = 0.004). However, the patients included in the study lacked endoscopic examination and the follow up period was short.
Possible links between GERD and AF
The mechanism by which esophageal reflux determines
AF is currently unknown. The mechanisms which are
presumably involved derive from several observational
studies.
A number of studies draw attention on an imbalance
of the autonomic nervous system that could initiate or
maintain AF. In patients with structural heart diseases,
often seen in elderly, the stimulation of the sympathetic
nervous system initiates AF, while in young people, lone
AF is more common, due to a higher parasympathetic
system tone. This type of lone AF, vagally mediated, appears especially at night, during rest and postprandial.
However, adrenergically mediated AF also exists, occurring during daytime, under stress and during exercise.
Both types of lone AF may coexist in the same patient.
Heart rate variability analysis is an accurate and noninvasive method used for the evaluation of cardiac autonomic function[23], and the studies using this tool have
shown that chemical, electrical and mechanical stimulation of the esophagus may modify the sympatho-vagal
balance[24]. In a group of 28 patients with non-cardiac
chest pain, using the Bernstein test, Tougas et al[25] demonstrated that only symptomatic patients (patients who
experienced angina-like symptoms during acid infusion,
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Figure 3 Main physiopathological hypotheses for the relationship gastroesophageal reflux disease-atrial fibrillation. IL1β: Interleukin 1β; IL6: Interleukin 6;
CRP: C-reactive protein.

also named acid sensitive patients), had an increased vagal
tone. The esophageal acid reflux may induce vagal system
overstimulation that could be a trigger of AF by slowing
the sinus node depolarization rate and atrioventricular
node conduction[26]. Swanson[27] showed that young athletes are more predisposed to experience AF, due to an
increased vagal tone. Young subjects have an increased
atrial vulnerability demonstrated in electrophysiological
studies, which correlates with a shorter atrial effective
refractory period[28]. Esophageal reflux is induced by exercise, increases with exercise intensity and duration and
worsens postprandial or in a state of dehydration[27] (Figure 3).
Another mechanism that may explain the link between GERD and AF is the local atrial inflammation
seen in patients with esophagitis, because of the proximity of the esophagus to the left atrium. Performing right
atrial septal biopsies, Frustaci et al[29] demonstrated the
presence of atrial lymphomononuclear infiltrates in 8 of
12 patients with lone atrial fibrillation. Esophageal reflux
may also release inflammatory mediators such as IL1β,
IL6[30] and highly sensitive C-reactive protein which correlates with the incidence[31], defibrillation efficacy[32], recurrence[33] and prognosis of AF[34]. These inflammatory
mediators play an important role in the pathogenesis of
AF[35,36].
Thirdly, GERD may induce an autoimmune response
that may be implied in the pathogenesis of AF. In patients with lone AF, autoantibodies against myosin heavy
chain have been detected[37].
Another hypothesis is that acid esophageal reflux
may decrease coronary blood flow in patients with ischemic heart disease[38], thus causing chronic atrial ischemia
which could be a trigger for initiation of AF[39].
Genetic factors may also play a role in the pathophysiology of lone AF, as recently suggested[40]. However, a
link between genetic factors, gastroesophageal reflux and
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initiation of AF has not been studied so far.
Hiatal hernia may favor the occurrence of GERD
or may aggravate pre-existing GERD in some patients.
Atrial tachyarrhythmia associated with GERD was reported for the first time by Landmark et al[41] in 1979, but
the mechanism by which hiatal hernia-GERD provokes
arrhythmias has not yet been elucidated. There are two
possible explanations: first, a large hiatal hernia may have
a mechanical effect on the left atrium[42] compressing and
irritating it. The second hypothesis is the presence of inflammation of the lower esophagus related to acid reflux
favored by hiatal hernia.
Limitations of the study
The studies reviewed in this article have an intense inhomogeneity regarding inclusion criteria, study type (e.g.,
retrospective/prospective), choice of statistical analysis
method (Cox regression, Fisher exact test, etc.), and most
importantly, the outcome of the trials (incidence of AF
over time/correlation between GERD and AF/multivariate AF prediction model validation). Therefore neither
fixed nor random effects’ statistics could be performed.
The systematic review structure is far beyond the purpose of the present study. With these data, we could only
structure our work as a simple, non-systematic, comprehensive review. The present article is a preliminary step
for future systematic reviews and randomized trials.
In conclusion, Data from the literature indicate that
GERD may play a role in the initiation and perpetuation of
AF. Several mechanisms have been proposed in the attempt
to explain this finding, but robust evidence is still lacking.
Identifying these mechanisms and their influence on different types of AF could contribute to a better understanding
of the pathophysiology of AF in such patients.
In the subset of patients with AF and concomitant
GERD, there is weak evidence that PPIs administration
could improve AF related symptoms and facilitate con-
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version to sinus rhythm.
Large randomized clinical studies are required for a
more profound understanding of the relationship between GERD and AF.
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gion. However, most previous studies have limitations,
such as a small sample size and a retrospective casecontrol design. In addition, past studies have been unable to elucidate the specific mechanism in gene-diet
interaction associated with gastric carcinogenesis.
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CONCLUSION: additional large prospective epidemiological and experimental studies are required to identify
the gene-diet metabolic pathways related to gastric
cancer susceptibility.
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Core tip: Gene-diet interactions related to gastric carcinogenesis may provide a unique environment for cancer growth or suppression in each individual. Gene-diet
interactions may explain the large variation in gastric
cancer incidence in different populations and the inconsistent findings of previous gene or diet studies. Therefore, this review provides an overview of the published
epidemiological studies that have investigated the
interactions between gene variants and dietary factors
associated with gastric cancer risk.

Abstract
AIM: to conduct a systematic review of the published
epidemiological studies investigating the association of
the interactions between gene variants and dietary intake with gastric cancer risk.
METHODS: A literature search was conducted in
PubMed, EMBASE, and MEDLINE for articles published
between January 2000 and July 2013, and 38 studies were identified. Previous studies included various
dietary factors (e.g. , fruits and vegetables, soybean
products, salt, meat, and alcohol) and genetic variants
that are involved in various metabolic pathways.

Kim J, Cho YA, Choi WJ, Jeong SH. Gene-diet interactions in
gastric cancer risk: A systematic review. World J Gastroenterol
2014; 20(28): 9600-9610 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i28/9600.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9600

RESULTS: Studies suggest that individuals who carry
high-risk genetic variants and demonstrate particular
dietary habits may have an increased risk of gastric
cancer compared with those who do not carry high-risk
genetic variants. Distinctive dietary patterns and variations in the frequency of genetic variants may explain
the higher incidence of gastric cancer in a particular re-
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INTRODUCTION
Although the incidence of gastric cancer has steadily declined in past decades, gastric cancer is the second leading
cause of death from cancer worldwide[1,2]. Evidence has
indicated that environmental factors such as Helicobacter
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Articles identified through
database research (n = 622)
Duplicated articles removed (n = 105)

Articles screened by
titles and abstracts (n = 517)
Articles exclude
Other than gastric cancer (n = 293)
Full-text articles included (n = 224)

Full-text articles assessed (n = 31)

Full-text excluded (n = 193)
General reviews (n = 88)
No epidemiological studies (n = 6)
No dietary intake factors (n = 45)
No gene-diet interaction (n = 54)

Additional articles included from the
references of other articles (n = 7)
Final articles assessed (n = 38)

Figure 1 Study flow chart depicting the literature search and study selection.

pylori (H. pylori) colonization, cigarette smoking, and diet
may play an important role in gastric carcinogenesis[3].
It has been reported that high intake of fresh fruits and
vegetables has a protective effect against gastric cancer,
whereas salted, smoked, pickled, and preserved foods
rich in salt, nitrites, and preformed N-nitroso compounds
are associated with an increased risk of gastric cancer[4,5].
Polymorphisms in genes may also contribute to the etiology of gastric cancer by altering the activity of enzymes
that are involved in diverse molecular processes, such as
DNA synthesis and repair (e.g., MTHFR), carcinogen-metabolism (e.g., GST and NAT), the inflammatory response
(e.g., IL-1B), tumor suppression (e.g., p53), and so on[6].
The incidence of gastric cancer varies geographically;
high-risk areas include East Asia (especially China and
Japan), Eastern Europe, and parts of Central and South
America[7]. Gastric cancer is thought to result from a
combination of environmental factors and the accumulation of generalized and specific genetic alterations[8].
Therefore, gene-diet interactions, which provide a unique
environment for cancer growth or suppression in each
individual, may explain the large amount of variation in
gastric cancer in different populations and the inconsistent findings of gene or diet studies[8,9]. In this present
study, we reviewed previous studies that have investigated
the interactions between dietary intake and gene polymorphisms associated with gastric cancer risk in diverse
populations in epidemiological studies.

January 2000 to July 2013. The search strategy used combinations of the following terms: gastric cancer, stomach
cancer, gene, polymorphism, and diet. The following
inclusion criteria were used for selecting the studies: (1)
measurement of gastric cancer incidence; (2) measurement of dietary factors; (3) epidemiological study with a
case-control or cohort study design; and (4) assessment
of the interaction effect of dietary factors and genetic
variants on gastric cancer risk.
We assessed the relevance of the studies using a hierarchical approach based on the title, the abstract, and the
full-text article. The references of the retrieved papers
were also examined to identify additional papers; an additional seven articles were included. The identified studies
were screened by two authors independently. The study
flow chart depicting the literature search and study selection is presented in Figure 1. We identified a total of 38
eligible studies, which were assessed by two reviewers.
In terms of gene-diet interactions, many genes and their
polymorphisms were examined. Therefore, we summarized previous studies based on the metabolic pathways of
genetic variants. The following data were extracted from
each eligible study as follow: (1) study (year) and country;
(2) study design (number of cases and controls, source of
control); (3) exposure [gene (polymorphisms), diets/nutrients]; and (4) outcome (gene, diets/nutrients, interaction).

RESULTS
In this review, we identified 38 studies that investigated
the gene-diet interactions. The studies were mostly performed in Asia (n = 23), followed by the Europe (n = 9)
and America (n = 6). In Asia, studies performed among

MATERIALS AND METHODS
The studies were identified in a search of the electronic
databases of PubMed, MEDLINE, and EMBASE from
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Chinese people were most common (n = 11), followed by
Korean (n = 8), Japanese (n = 3), and Indian (n = 1) populations. In Europe, two nested case-control studies were
conducted within the European Prospective Investigation
into Cancer and Nutrition (EPIC) cohort study. An additional seven independent studies were conducted in Poland (n = 3) and Italy (n = 4). In America, Mexico was the
most popular study location (n = 3), followed by Brazil (n
= 2) and the United States (n = 1). The incidence rates of
gastric cancer in the studies were measured in a hospitalsetting or in the general population in a specific region of
a country.
The studies examined various dietary factors (e.g.,
fresh fruits and vegetables, meat, salted and preserved
foods, and alcohol) and polymorphisms in many genes.
We summarized the findings of the previous studies in
Tables 1-3, according to the role of the genetic polymorphisms that have been studied in association with gastric
cancer. Table 1 presents the interactive effect between
DNA synthesis and repair-related genetic polymorphisms
(e.g., MTHFR, hOGG1, and XRCC) and various dietary
factors on gastric cancer risk. Table 2 shows the effect
of diet on gastric cancer risk according to the carcinogen metabolism-related genetic polymorphisms (e.g.,
CYP2E1, GSTT1, GSTM1, SULT1A1, and ALDH2). Finally, Table 3 presents the effect of diet on gastric cancer
risk according to the other selected genetic variants (e.g.,
IL-1B, IL-10, and p53).

viduals carrying the MTHFR 677TT genotype who had
low folate intake had a higher gastric cancer risk compared with those with the CC genotype (P for interaction
< 0.05)[15]. Another population-based case-control study in
Mexico also reported that MTHFR 677TT carriers with
high folate intake had a lower risk of diffuse-type gastric
cancer, whereas those with low folate intake had a higher
risk of intestinal-type gastric cancer compared with C
allele carriers[14]. Stolzenberg-Solomon et al[18] found that
alcohol consumption increased gastric cancer risk among
MTHFR 677TT carriers in China. The increased gastric
risk can be explained by DNA hypomethylation caused
by the decrease in MTHFR enzyme activity among the
individuals carrying the T allele who consume few fruits
and vegetables and large amounts of alcohol[17]. This dietary habit may impair folate metabolism, particularly in
those with folate deficiencies[20]. In contrast, some studies
have found no association between MTHFR polymorphisms and either folate intake[11,21] or alcohol intake[16,21]
and gastric cancer risk. It has been suggested that the
differences in folate status between different populations
may have caused the inconsistent findings on the role of
MTHFR genetic variants in gastric carcinogenesis[17]. In
addition to MTHFR polymorphisms, Zhang et al[11] also
investigated the modifying effect of polymorphisms of
methionine synthesis reductase (MTRR) and methionine
synthase (MTR), but found no interactions.
Human oxoguanine glycosylase 1 (hOGG1) is responsible for repairing 8-hydroxy-deoxyguanosine residue,
which is the major form of oxidative DNA damage induced by reactive oxygen species (ROS)[22]. hOGG1 SerCys substitution at codon 326 results in decreased DNA
repair activity, and thus might increase gastric cancer
risk[23]. Tsukino et al[23] reported that high cruciferous vegetable intake had a protective effect against gastric cancer
only among individuals carrying the Ser/Ser genotype
(P for interaction = 0.053) and that high salt intake was
positively associated with gastric cancer risk only among
Cys carriers (P for interaction = 0.001). These results may
suggest that the protective effect of dietary antioxidant
compounds and other natural compounds (e.g., phenols,
flavonoids, and isothiocyanates) against gastric cancer
is stronger among subjects with the hOGG1 Ser/Ser
genotype[23]. Takezaki et al[24] also found that a greater risk
of gastric cancer associated with the frequent consumption of pickled vegetables, meat, and alcohol among the
subjects carrying the Cys/Cys genotype than among the
Ser carriers, but these interactions had only borderline
significance. Oxidative damage due to dietary factors
may induce carcinogenesis in the stomach, and it is more
pronounced in Cys/Cys carriers, who have less ability to
repair DNA damage[24].
Several other genetic variants related to DNA repair
pathways were also examined. In a population-based
case-control study in Poland, Huang et al[25] investigated
four DNA repair genes (e.g., XRCC1, XPD, MGMT, and
XRCC3), which represent four repair pathways. The
risk associated with low fruit or vegetable intake tended

DISCUSSION
This review summarizes the previous studies that have
investigated the gene-diet interactions according to the
roles of the genetic polymorphisms that have been studied in association with gastric cancer.
effect of DNA synthesis and repair-related genetic
polymorphisms and dietary factors on gastric cancer
risk
Polymorphisms of genes associated with DNA synthesis
and repair enzymes may contribute to an increased risk
of gastric carcinogenesis by altering the function or efficiency of DNA synthesis and repair[10].
Genetic variation in one-carbon metabolism may affect normal patterns of DNA methylation and synthesis
and therefore determine susceptibility to gastric cancer[11].
Methylenetetrahydrofolate reductase (MTHFR) irreversibly converts 5,10-methylene-tetrahydrofolate to 5-methyltetrahydrofolate, which is the main circulating form
of folate and a methyl group donator[6]. A meta-analysis
by Boccia et al[12] revealed a higher risk of gastric cancer
among individuals with the MTHFR 677TT genotype
compared with those with wild-type homozygotes, because of reduced enzyme activity[13]. Several studies have
investigated the association between dietary factors (e.g.,
fruits, vegetables, folate, and alcohol) and MTHFR polymorphisms and have reported significant interactions[14-19].
In a population-based case-control study in China, indi-
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Table 1 Interactive effect between DNA synthesis and repair-related genetic polymorphisms and diet on gastric cancer risk
Ref.

No. case/
control

Gene

(control)

(polymorphism)

101/198
(Population)

hOGG1
(Ser326Cys)

Diet/nutrient

Outcome
Gene

Diet/nutrient

Interaction

No assoc

Pickled
vegetable (freq.
vs non-freq): OR
= 2.53 (1.52-4.21)

Stolzenberg90/398
MTHFR
Alcohol
Solomon et
(Population)
(C677T, A1298C)
MTRR (A66G)
al[18], 2003,
China
Tsukino et al[23],
142/271
hOGG1 (Ser326Cys) Salt, fruit,
2004, Japan
(Hospital)
vegetable, Vt
C, β-carotene

No assoc

Unknown

The positive assoc between pickled vegetable
(P interaction = 0.093) or meat (P interaction =
0.083) and GC risk was stronger in Cys/Cys
carriers than in Ser carriers; a frequent alcohol
consumption (≥ 2 times/wk) increased GC risk
in Cys/Cys carriers (P interaction = 0.086)
Alcohol drinkers increased GC risk among those
with MTHFT 677TT carriers (P interaction = 0.03)

No assoc

Unknown

Huang et al[25],
2005, Poland

No assoc

Takezaki et
al[24], 2002,
China

Nan et al[26],
2005, South
Korea

281/390
(Population)

110/220
(Hospital)

XRCC (Arg399Gln)
XPD (Lys751Gln)
MGMT (Ile143Val,
Leu84Phe)
XRCC3 (Thr241Met)
hMLH1 promoter

Meat,
soybean,
vegetable,
garlic, tea,
alcohol

Fruit/
vegetable

Cereal,
Unknown
potato, fruit,
vegetable,
mushroom,
butter/
cheese/
margarine,
protein, Vt C,
P, K, Zn, Ca,
alcohol
Alcohol
677TT vs CC: OR
= 2.95 (1.57-5.55)

Unknown

High vegetables increased GC risk and high
potato intake decreased GC risk among cases with
hMLH1 promoter hypermethylation; high intake
of protein, P, K, Zn, Vt C, and Ca was associated
with higher GC risk without hypermethylation
of the hMLH1 gene promoter; high alcohol
consumption was associated with a higher GC
risk among those with hypermethylation of the
hMLH1 gene promoter

Unknown

677TT vs CC: OR
= 1.62 (1.00-2.59)

No assoc

Alcohol drinking modified the association
between MTHFR C677T and GC risk (P
interaction = 0.09)
No interaction

Graziano et
162/164
al[19], 2006, Italy (Population)

MTHFR (C677T)

LacasañaNavarro et al[21],
2006, Mexico
Boccia et al[16],
2007, Italy

201/427
(Hospital)

MTHFR (C677T)

Folate,
alcohol

102/254
(Hospital)

MTHFR
(C677T, A1298C)

Mu et al[17],
2007, China

206/415
(Population)

MTHFR
(C677T, A1298C)

Fruit,
vegetable,
alcohol
Fruit,
vegetable

Zhang et al[11],
2007, Poland

305/427
(Population)

MTHFR (2 SNPs)
MTR (1 SNP)
MTRR (7 SNPs)
MTHFR (C677T)

Galván Portillo
248/478
et al[14], 2009,
(Population)
Mexico
Duan et al[29],
2012, China

400/400 for
rs751402;
403/403 for
rs2296147
(Population)

ERCC5 (rs751402,
rs2296147)

Gao et al[15],
2013, China

264/535
(Population)

MTHFR (C677T)

The positive assoc between salt and GC risk was
observed only in Cys allele carriers (P interaction
= 0.01); the protective effect of cruciferous
vegetable on GC risk was stronger among Ser/
Ser genotype carriers (P interaction = 0.053)
Fruit (low vs
The positive assoc between low fruit or vegetable
high): OR = 2.2 intake was modified by selected polymorphisms
(1.3-3.6)
in XRCC1, XPD, MGMT (P interaction = 0.1-0.2)

Folate

Folate,
choline, Vt
B6, Vt B12,
methionine
Alcohol

Folate

677TT vs CC for Alcohol (high vs
diffuse GC: OR = low): OR = 3.74
2.92 (1.19-5.58)
(1.13-12.45)
677TT vs CC: OR
No assoc
= 2.80 (1.41-5.56)
No assoc

No assoc

677TT vs C
Folate (P = 0.001)
allele: OR = 0.23
(0.06-0.84)
rs751402
Unknown
(AA vs GG):
OR = 1.99
(1.20-3.31);
rs2296147
(CC vs TT): OR =
2.17 (1.04-4.54)
677TT vs CC: OR Folate (high vs
= 2.08 (1.28-3.66) low): OR = 0.54
(0.34-0.83)

Low fruit/vegetable consumers increased GC
risk among individuals with 677TT genotype
MTHFR 677TT genotype showed a stronger
positive association among low fruit/vegetable
intake subjects compared with high intake groups
No interaction

Among individuals with MTHFR 677TT
genotype, low folate intake increased, but
high folate intake decreased diffuse GC risk (P
interaction = 0.055)
Alcohol drinking substantially increased GC risk
for subjects carrying rs2296147 CC homozygous
variants, but their interaction was not statistically
significant

MTHFR 677TT carriers increased GC risk among
subjects with low folate intake (P interaction =
0.005）

ERCC5: Excision repair cross-complementing group 5; hOGG1: Human 8-oxoguanine DNA glycosylase 1; hMLH1: Human mutL homolog 1; MTHFR:
Methylenetetrahydrofolate reductase; MGMT: O-6-methylguanine-DNA methyltransferase; MTR: 5-methyltetrahydrofolate-homocysteine methyltransferase; MTRR: 5-methyltetrahydrofolate-homocysteine methyltransferase reductase; XPD: Xeroderma pigmentosum D; XRCC: X-ray repair complementing
defective repair in Chinese hamster cells; Freq: Frequent; GC: Gastric cancer; No assoc: No association; OR: Odds ratio; Vt: Vitamin; P: Phosphorous; K:
Potassium; Zn: Zinc; Ca: Calcium.
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Table 2 Interactive effect between carcinogen metabolism-related genetic polymorphisms and diet on gastric cancer risk
Ref.

No. case/
control
(control)

Gene

332/528
(Hospital)

CYP2E1 (RsaI C/A)

Setiawan et
al[33], 2000,
China
Gao et al[42],
2002, China

143/433
(Population)

GSTT1 (null)
GSTM1 (null)

98/196
(Population)

CYP2E1 (RsaI)

Gao et al[46],
2002, China

153/223
(Population)

GSTM1 (null)
GSTT1 (null)

Boccia et al[39],
2005, Italy

76/260
(Hospital)

SULT1A1 (His/His)

Nan et al[35],
2005,
South Korea

421/632
(Hospital)

CYP1A1 (Ile/Val)
CYP2E1 (c1/c2)
GSTM1 (null)
GSTT1 (null)
ALDH2 (*1/*2)

Kobayashi
et al[40], 2009,
Japan
Malik et al[60],
2009, India

Outcome

(polymorphism)

Nishimoto
et al[58], 2000,
Brazil

Boccia et al[59],
2007, Italy

Diet/Nutrient
Gene
Meat

Diet/nutrient

No assoc

The frequency of meat
No interaction
consumption was
higher in case only
among Japanese, not
Brazilians
Salt, fruit, alcohol GSTT1 null vs
Fruit (P < 0.001)
High salt intake increased GC risk
normal: OR =
Alcohol (P = 0.051)
only among GSTT1 null carriers.
2.5 (1.01-6.22)
Meat, soybean,
No assoc
Unknown
No interaction
vegetable (pickled
or raw), tomato,
garlic, tea, alcohol
Tea, alcohol
No assoc
Tea drinking was a
Tea consumption decreased GC
protective effect on
risk among those with GSTT1 null
GC risk: OR = 0.38
genotype; frequent alcohol intake
(0.24-0.62)
increased GC risk in those with
GSTM1 positive genotype.
Fruit, vegetable,
His/His vs
Frequency of GC was
Among individuals carrying
grilled/
Arg/Arg: OR = higher among those
SULT1A1 His/His genotype, high
barbecued meat, 3.32 (1.17-9.45) with high fruit intake
fruit or grilled/barbequed meat
alcohol
(P = 0.043)
intake increased GC risk; alcohol
intake increased GC risk among
those with His/His genotype.
Kimchi, soybean
CYP1A1 Val
Kimchi (high vs low): High intake of kimchi or soybean
paste, vegetable, carriers vs Ile/ OR = 1.57 (1.22-2.01);
pastes was associated with
allium, seafood, Ile: OR = 1.34 Soybean pastes (high increased GC risk among carriers
soybean food
(1.04-1.73)
vs low): OR = 1.62
with CYP1A1 Ile/Ile, CYP2E1
(1.26-2.09);
c1/c1, GSTT1 positive, or ALDH2
Non-fermented
*1/*1 genotype; non-fermented
alliums (high vs low):
alliums were associated with a
OR = 0.70 (0.54-0.89); decreased GC risk among carriers
Non-fermented
of CYP1A1 Ile/Ile, CYP2E1 c1/c2
seafood (high vs low):
or c2/c2, GSTM1 null, GSTT1
OR = 0.66 (0.51-0.85) positive, or ALDH2 *1/*2 or *2/*2
genotype; non-fermented seafood
was associated with a reduced GC
risk among carriers with CYP1A1
Ile/Ile, CYP2E1 c1/c1, ALDH2
*1/*1 genotype.

CYP1A1 (*2A)
Alcohol, fruit/
GSTT1 null
Alcohol
CYP2E1 (*5A or *6)
vegetable, grilled and NAT2 slow ( < 7 g/d vs ≥ 7 g/d):
mEH
meat, meals salt
acetylators:
OR = 2.10 (1.22-3.60)
(rapid, slow, very slow)
addition
OR = 3.00
GSTM1 (null)
(1.52-5.93)
GSTT1 (null)
NAT2 (slow)
SULT1A1
(Arg/His, His/His)
149/296
NAT2 (4 SNPs)
Grilled/
No assoc
No assoc
(Hospital)
CYP1A1 (Ile462Val)
barbecued meat,
CYP1A2 (5’UTR)
HCA
108/195
GSTM1 (null)
High salted tea GSTM1 null vs
Salted tea (high vs
(Population)
GSTT1 (null)
normal: OR =
low): OR = 14.78
GSTP1 (1313Ile/Val)
1.98 (1.22-3.21);
(8.22-27.23)
GSTM3
CYP2E1 Rsal c2
(intron 6 3-bp del)
vs c1: OR = 2.18
CYP1A1 (6235T/C)
(1.12-4.24);
CYP2E1 (Rsal-1091C/T)
GSTM3 intron
6 3-bp del B vs
A: OR = 0.50
(0.27-0.92)
107/254
(Hospital)
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Alcohol drinkers carrying the
variant allele of CYP2E1 (*5A or
*6 alleles) had an increased GC
risk compared to those drinking
without the variant allele (P for
heterogeneity = 0.001)

No interaction

No interaction
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Piao et al[43],
2009,
South Korea
Zhang et al[36],
2009,
South Korea

2213/1699
(Population)

GSTM1 (null)
GSTT1 (null)

Alcohol

No assoc

No assoc

No interaction

471/471
(Hospital)

NAT2 acetylator

Meat, Vt B6, Fe,
nut, stew, Kimchi,
soybean paste,
soybean food,
allium, seaweeds,
alcohol

No assoc

High intake of kimchi, stews,
soybean paste, and alcohol were
increased GC risk in slow/
intermediate acetylators.

Shin et al[44],
2011,
South Korea

445/370
(Hospital)

ALDH2 (*1/*2)

Alcohol

No assoc

High intake of stews,
kimchi, soybean
paste, sodium, welldone meat, and
alcohol increased GC
risk; high intake of
nuts, non-fermented
soybean foods, nonfermented alliums
decreased GC risk.
Ex-drinker vs neverdrinker: OR = 1.68
(1.07-2.64)

Duell et al[41],
2012, Europe

364/1272
(EPIC study;
nested casecontrol)

ADH1A (2 SNPs)
ADH1B (5 SNPs)
ADH1C (9 SNPs)
ADH7 (10 SNPs)
ALDH2 (2 SNPs)

Alcohol

Zhang et al[61],
2012, China

618/1147
(Population)

GSTP1 (Ile105Val)

Alcohol

Matsuo et al[45],
2013, Japan

697/1372
(Hospital)

ALDH2 (Glu504Lys)

Alcohol, fruit/
vegetable

Eom et al[37],
2013,
South Korea

477/477
(Hospital)

CYP1A2 (3 SNPs)
CYP2E1 (3 SNPs)
EPHX1 (3 SNPs)
GSTM1 (null)
GSTT1 (null)

Aflatoxin B1

There was an interaction between
drinking status and ALDH2
genotype (ALDH*1/*1 vs ALDH2
*1/*2, P interaction = 0.048).
Alcohol intake modified the
association between ALDH1A
rs1230025 and GC risk.

Allelic OR
Alcohol (high vs low):
ADH1A
OR = 2.37 (1.37-4.10)
rs1230025: OR =
1.30 (1.07-1.59);
ADH1C
rs283411: OR =
0.59 (0.38-0.91);
ALDH2
rs16941667:
OR = 1.34
(1.00-1.79)
Ile/Ile vs Val/
Alcohol (drinker vs Alcohol drinking increased GC risk
Val: OR = 3.32 nondrinker): P < 0.002 among Val/Val carriers compared
(1.79-6.17)
with Ile/Ile carriers
Alcohol (heavy vs non- A significant interaction between
drinker): OR = 1.72
alcohol drinking and ALDH2 Lys
(1.17-2.52)
allele (P = 0.0054)
CYP1A2 (CT vs
Aflatoxin B1 (low
No interaction
CC): OR = 0.72
vs high): OR = 1.94
(0.52-0.98)
(1.43-2.63)

CYP2E1: Cytochrome P450, family 2, subfamily E, polypeptide 1; CYP1A1: Cytochrome P450, family 1, subfamily A, polypeptide 1; EPHX1: Microsomal
epoxide hydrolase 1; GSTP1: Glutathione S-transferase P1; GSTT1: Glutathione S-transferase T1; GSTM1: Glutathione S-transferase M1; SULT1A1: sulfotransferase family, cytosolic, 1A, phenol-preferring, member 1; ADH: Alcohol dehydrogenase; ALDH2: Aldehyde dehydrogenase 2 family; NAT2: N-acetyltransferase 2; Fe: Iron; Vt: Vitamin; GC: Gastric cancer; No assoc: No association; HCA: Heterocyclic amine.

to be modified by selected polymorphisms in XRCC1,
XPD, and MGMT (P for interaction = 0.1-0.2)[25]. Additionally, Nan et al[26] found that high vegetable intake
and low potato intake were associated with an increased
risk of gastric cancer caused by hypermethylation of
the hMLH1 promoter, which is correlated with the loss
of gene expression in South Korea. It is assumed that
pickled vegetables are a major source of vegetables in
Korean diets; thus, high salt consumption may affect
gastric carcinogenesis[27]. In this study, high intake of butter, cheese, and margarine was associated with a lower
risk of gastric cancer regardless of hypermethylation of
the hMLH1 promoter, which is in agreement with the
relatively low incidence of gastric cancer in countries that
consume large amounts of these foods[28]. Duan et al[29]
investigated two polymorphisms in excision repair crosscomplementing group 5 (ERCC5) promoter region in
China and found their genetic effect on increased gastric
cancer risk, especially for the diffuse subtype. They also
found that alcohol drinking appeared to elevate the risk

WJG|www.wjgnet.com

of gastric cancer among variant carriers, but their interaction effects were not statistically significant.
effect of carcinogen metabolism-related genetic
polymorphisms and dietary factors on gastric cancer
risk
Potential carcinogens are activated by phase Ⅰ enzymes
[e.g., cytochrome P450 (CYP)] or detoxified by phase
Ⅱ enzymes [e.g., glutathione S-transferases superfamily
(GST), N-acetyltransferase (NAT) and sulfotransferase
(SULT)]. Genetic polymorphisms of these enzymes may
alter enzyme activity and thus affect susceptibility to gastric cancer[6,30].
Salt and salted food consumption is known to elevate gastric cancer risk directly by damaging the gastric
mucus or indirectly through correlating with H. pylori
infection[31,32]. Setiawan et al[33] reported a positive association between high salt intake and gastric cancer among
GSTT1 null carriers in China. GSTM1 and GSTT1 genes
exhibit homozygous deletion (null) genotype polymor-
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Table 3 Interactive effect between other genetic polymorphisms and diet on gastric cancer risk
Ref.

No. case/control

Gene

(control)

(polymorphism)

Mu et al[47],
2005, China

206/415
(Population)

Sul et al[52],
2006, United
States
Ko et al[49],
2009,
South Korea

155/134
(Hospital)

GSTM1 (null)
GSTT1 (null)
GSTP1 (Ile/Val)
p53 codon 72
(Arg/Pro)
p53 codon 72
(Pro/Arg)

Wright et al[54],
2009, Poland
López Carrillo
et al[48], 2012,
Mexico

Oliveira et al[50],
2012, Brazil

Diet/nutrient

Diet/nutrient

Interaction

Green tea

Multi-genetic index
(≥ 3 vs 0-1): OR =
2.21 (1.02-4.79)

Green tea (high
vs low): OR = 0.39
(0.17-0.91)

Na, calorie,
fiber, fat, Vt C,
alcohol
Soybean
product

No assoc

Unknown

No assoc

No assoc

Among individual carrying p53
codon 72 Pro/Pro genotype, no
green tea drinking increased GC
risk compared with those with Arg
carriers and green tea drinking
Possible interactions were observed
between Vt C or fat intake and Pro/
Pro genotype on GC risk
Low intake of soybean product
increased GC risk among carriers of
IL-10 gene variants (-592 GG/GA,
-819 TC/CC, or -1082 AG/GG)

Vt C

No assoc

Capsaicin

No assoc

Fruit/juice
(P < 0.001)
Unknown

84/336
(Korean MultiCenter Cancer
Cohort; nested
case-control)
279/414
(Population)
158/317
(Hospital)

IL-1B (4 SNPs)
IL-2 (2 SNPs)
IL-4 (2 SNPs)
IL-8 (3 SNPs)
IL-10 (3 SNPs)
SLC23A1 (4 SNPs)
SLC23A2 (9 SNPs)
IL-1B (-31C/T)

200/246
(Population)

IL-1RN (VNTR)
TNF-β (A252G)

Alcohol

HFE (9 SNPs)

Fe

PRKAA1 and
PTGER4
(rs13361707)
ZBTB20 (rs9841504)
EGFR (6 SNPs)

Alcohol

Agudo et al[53],
365/1284
2013, Europe (EPIC study, nested
case-control)

Song et al[55],
2013,
South Korea

3245/1700
(Hospital)

Zhang et al[56],
2013, China

401/420
(Hospital)

Outcome
Gene

Salty food,
alcohol

IL-1RN (VNTR)
Drinker vs nonL/2+2/2 vs LL; OR drinker: OR = 3.09
= 2.53 (1.66-3.80)
(1.91-5.02)
H63D (G allele vs
No assoc
CC) (dominant): OR
= 1.73 (1.20-2.51) for
non-cardia; OR =
1.93 (1.25-2.98) for
intestinal type
rs13361707 (TT
No assoc
vs CC): OR = 1.68
(1.41-2.01)
rs2072454 (T allele
Salty food (P <
vs C allele):
0.001); Alcohol
OR = 0.77 (0.61-0.97) drinking (P < 0.006)

No interaction
IL-1B-31 C allele carriers infected
with H. pylori (CagA+) strains with
moderate/high consumption of
capsaicin showed an increased
GC risk compared to T carriers
(P interaction between Cap
consumption and IL-1B-31C carrier =
0.04)
No interaction

No interaction

No interaction

No interaction

GSTM1: Glutathione S-transferase M1; GSTT1: Glutathione S-transferase T1; GSTP1: Glutathione S-transferase P1; p53: Tumor protein p53; IL: Interleukin;
SLC23A1: Solute carrier family 23 (ascorbic acid transporter) member 1; HFE: Hemochromatosis; PRKAA1: 5’-AMP activated protein kinase catalytic subunit alpha-1; PTGER4: Prostaglandin E receptor 4; TNF-β: Tumor necrosis factor beta; ZBTB20: Zinc finger and BTB domain containing protein 20; EGFR:
Epidermal growth factor receptor; Fe: Iron; Vt: Vitamin; GC: Gastric cancer; No assoc: No association; Na: Sodium.

addition, Zhang et al[36] found that high consumption of
salted foods was associated with a higher risk of gastric
cancer in slow/intermediate acetylators than in rapid
NAT2 acetylators in Koreans. It has been suggested that
the slow/intermediate NAT2 acetylator genotype may
have less capacity to detoxify the carcinogens in the diet
and thus may increase susceptibility to gastric cancer in
individuals who consume large amounts of foods containing those carcinogens[36]. Eom et al[37] investigated the
interactions between dietary intake of aflatoxin B1 and
the polymorphisms of aflatoxin B1 metabolic enzymes
(CYPA2, CYP2E1, EPHX1, GSTM1, and GSTT1), but
found no interactions.
Prolonged cooking of meat at a high temperature
produces several potent carcinogens including heterocyclic amines (HCAs)[38]. Boccia et al[39] reported that the

phisms. Individuals carrying one of these variants have
no enzyme activity, and thus are more susceptible to
carcinogens[34]. In South Korea, Nan et al[35] found that
high intake of kimchi and soybean pastes fermented with
salt and other chemicals is a risk factor for gastric cancer
among individuals carrying CYP1A1 Ile/Ile and CYP2E1
c1/c1, as well as the GSTM1-positive, GSTT1-positive,
or ALDH2 *1/*1 genotypes. N-nitroso compounds
from kimchi and soybean pastes would not be rapidly
metabolized in individuals with the CYP1A1 Ile/Ile or
CYP2E1 c1/c1 genotypes, and the increased exposure of
the gastric mucosa to N-nitroso compounds may elevate
the risk of gastric cancer[35]. High plasma concentrations
of glutathione-conjugated carcinogens in individuals with
the GSTM1-positive genotype or the GSTT1-positive
genotype may increase the risk of gastric cancer[35]. In

WJG|www.wjgnet.com

9606

July 28, 2014|Volume 20|Issue 28|

Kim J et al . Gene-diet interactions of gastric cancer

positive association between gastric cancer risk and high
consumption of grilled/barbecued meat in Italy was
more pronounced among SULT1A1 His/His carriers
compared with Arg/Arg carriers. It is possible that low
enzyme activity in the individuals with SULT1A1 His/His
genotype may result in less detoxification of HCAs from
high consumption of grilled/barbequed meat[39]. However, Kobayashi et al[40] did not find any interaction between the consumption of grilled or barbequed meat and
polymorphisms in NAT2, CYP1A1, and CYP1A2. The
authors assumed that the relatively low intake of HCAs
among the Japanese might have affected the findings.
The increased acetaldehyde levels induced by heavy
alcohol drinking may lead to DNA damage and subsequently increase gastric cancer risk[41]. Several studies
have investigated the differential role of alcohol on gastric cancer risk according to polymorphisms in various
genes (e.g., GSTT1, GSTM1, CYP2E1, SULT1A1, and
ALDH2)[33,36,39,41-45]. In the EPIC study, Duell et al[41] investigated 29 polymorphisms in alcohol metabolism-related
genes, alcohol intake, and gastric cancer risk. They found
that genetic variants at the ADH1 and ALDH2 loci
may influence gastric cancer risk and that alcohol consumption may modify the effect of ADH1 rs1230025.
Similarly, Matsuo et al[45] reported that heavy drinking was
associated with an increased risk of gastric cancer among
ALDH2 Lys allele carriers in a Japanese population. Boccia et al[39] found that alcohol intake increased gastric cancer risk among individuals with the SULT1A1 His/His
genotype who had a low SULT1A1 enzyme activity. They
hypothesized that high alcohol consumption may elevate
gastric cancer risk more among individuals with low enzyme efficiency in their detoxification reactions.
Tea consumption has a protective effect against
gastric carcinogenesis[32]. Gao et al[46] found that regular
tea consumption among those with the GSTM1 or the
GSTT1 null genotype was associated with decreased
gastric cancer risk in China. This result suggests that the
protective effect of tea consumption against gastric cancer is independent of the detoxification mechanisms involving GSTM1 and GSTT1. However, Mu et al[47] found
no interactions between tea consumption and these polymorphisms. Unexpectedly, Boccia et al[39] reported that
the positive association between the SULT1A1 His/His
genotype (compared with the Arg/Arg genotype) and
gastric cancer risk was more pronounced among individuals with high fruit intake in Italy. The authors assumed
that the His/His genotype was possibly associated with
unknown risk factors, such as heavy contamination with
herbicides or pesticides related to gastric cancer risk.

saicin consumption synergistically increased the risk of
gastric cancer in genetically susceptible individuals (IL1B-31C allele carriers) infected with the more virulent H.
pylori (CagA-positive) strains in Mexico. They suggested
that capsaicin consumption, H. pylori infection, and IL1B-31C genotypes may affect gastric carcinogenesis via
the same metabolic pathway (e.g., an increased inflammatory response and an altered gastric acidic environment).
In South Korea, Ko et al[49] investigated several inflammation-related polymorphisms and found that IL-10 genetic
variants and low intake of soybean products increased
gastric cancer risk compared with the same variants combined with high consumption of soybean products. Soybeans are a major source of isoflavones (e.g., genisten and
daidzein), which have anti-inflammatory and anti-oxidative effects. In those who consume fewer soybeans, IL-10
genetic variants may allow infection with more virulent H.
pylori strains and increase gastric inflammation[49]. Oliveira
et al[50] investigated the modifying effects of alcohol on
the association between genetic polymorphisms anti- or
pro-inflammatory cytokines and gastric cancer risk in
Southeast Brazilians but found no significant interactions.
The tumor protein 53 gene (p53) is the most frequently studied tumor suppressor gene[51]. It has been reported
that the p53 codon 72 Arg/Arg genotype may induce
apoptosis with faster kinetics and suppress transformation more efficiently than the Pro/Pro variant[47]. Sul et
al[52] reported that the p53 codon 72 Pro/Pro genotype
combined with low vitamin C intake showed a strong
positive relationship with distal gastric cancer. Vitamin
C, an important anti-oxidant, inhibits carcinogenesis by
neutralizing ROS that can damage DNA. Additionally,
Mu et al[47] also reported that the p53 codon 72 Pro/Pro
genotype was more strongly associated with an increased
risk of gastric cancer among non-green-tea drinkers
compared with green-tea drinkers who were Arg carriers.
They also found that individuals with a high multi-genetic
index (e.g., GSTM1, GSTT1, GSTP1, and p53 codon 72
genotype) who consumed green tea were at higher risk
of developing gastric cancer in China, suggesting that the
combination of multiple genes from different pathways
may contribute to the development of gastric cancer[47].
Some studies have investigated the modifying effect of
some dietary factors on the roles of other genetic variants
in gastric carcinogenesis, but did not find any significant
interactions[53-56]. Because iron overload can increase oxidative stress and DNA damage, Agudo et al[53] investigated
the interaction between the Hemochromatosis (HFE)
gene mutation and iron overload in gastric carcinogenesis.
In the EPIC study, individuals carrying the mutation of
HFE polymorphism (H63D) had an increased risk of
non-cardia and intestinal-type gastric cancer due to iron
overload, but they found no interaction with iron intake[53].
In addition, it has been suggested that the common genetic variation in SLC23A1 and SLC23A2 could impact
gastric cancer risk based on the role of ascorbic acid in
the stomach, but Wright et al[54] found no association between SLC23A2 and ascorbic acid intake.

effect of other selected genetic polymorphisms and
dietary factors on gastric cancer risk
Individual differences in the inflammatory response may
contribute to the variation in the malignant transformation of the gastric mucosa, which may be modulated
by genetic variants of inflammation-related cytokines[6].
López-Carrillo et al[48] reported that moderate to high cap-
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Limitations of studies investigating gene-diet
interactions and gastric cancer risk
Previous studies investigating the gene-diet interaction
effects on gastric cancer have several limitations. First,
a majority of the studies were case-control studies,
which are susceptible to both recall and selection bias.
In particular, hospital-based controls may not adequately
represent the prevalence of genetic variants or dietary
habits in the general population because some of them
may be related to their diseases. Second, many studies are
underpowered to detect the interactions between genetic
polymorphisms and dietary factors because they have a
relatively small sample size or effect size. The lack of statistical power may explain why the results of the analysis
of the interactions between polymorphisms and dietary
status did not reach statistical significance. Third, the
dietary data may not be entirely accurate because information about dietary intake was based on a questionnaire
that assessed the average intake frequencies and portion
size. In addition, exposure to dietary carcinogens may not
develop into gastric cancer for 20 years or more, and recent dietary habits might not reflect the past eating habits
accurately. Fourth, the etiology of gastric cancer varies
according to the histological type (diffuse vs intestinal)
and the anatomic location (cardia vs non-cardia)[57]. Although some studies have reported differential gene-diet
interactions according to the subtype of gastric cancer[14],
most studies did not conduct stratified analyses. Given
these limitations, the findings from these studies should
be interpreted with caution.
Different dietary habits and frequencies of genetic
polymorphisms are observed in diverse populations. In
addition, previous studies also provide some evidence of
possible gene-diet interaction effects on gastric cancer
risk, indicating differential effects of dietary factors on
gastric carcinogenesis in genetically susceptible individuals. It may explain the geographical variations in gastric
cancer and the inconsistent findings from previous studies investigating the role of either diet or gene in gastric
carcinogenesis. However, additional large prospective
studies are required to confirm these findings. We speculate that findings from gene-diet interaction studies may
provide a basis for identifying at-risk subpopulations and
promoting primary prevention of gastric cancer.

the effects of carcinogen metabolism-related genetic polymorphisms and other
selected polymorphisms with dietary intake may increase the risk of gastric cancer
in diverse populations. This evidence suggests the modifications in genetic variants, particularly from dietary intake, are associated with gastric carcinogenesis.

Applications

Future studies may include a larger study population to determine consistent
findings compared with the previous studies. This review may be expanded to
further investigation on a specific role of genetic variants with dietary intake in
additional regions associated with gastric cancer risk.

Terminology

Genetic variation is the phenotypic and genotypic differences among individuals in a population. Polymorphism is one of two or more variants of a particular
DNA sequence. Genotype is the genetic constitution of an organism or cell.

Peer review

Indeed, genetic variants interacting with dietary intake are possibly associated
with gastric cancer risk among individuals in different regions. This review may
be useful to understand the increase risk of gastric cancer from the alterations
in genetic variants and their interaction with nutrition.
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META-ANALYSIS

Lifetime risk of esophageal adenocarcinoma in patients
with Barrett's esophagus
Piers Gatenby, Christine Caygill, Christine Wall, Santanu Bhatacharjee, James Ramus, Anthony Watson,
Marc Winslet
RESULTS: The mean age at diagnosis of Barrett’s
esophagus was 61.6 years in males and 67.3 years in
females. The mean life expectancy at diagnosis was
23.1 years in males, 20.7 years in females and 22.2
years overall. Using data from published meta-analyses,
the lifetime risk of development of adenocarcinoma
was between 1 in 8 and 1 in 14 and the lifetime risk of
high-grade dysplasia or adenocarcinoma was 1 in 5 to
1 in 6. Using data from 3 large recent population-based
cohort studies the lifetime risk of adenocarcinoma was
between 1 in 10 and 1 in 37 and of the combined endpoint of high-grade dysplasia and adenocarcinoma was
between 1 in 8 and 1 in 20. Age at Barrett’s esophagus
diagnosis is reducing and life expectancy is increasing,
which will partially counter-balance lower annual cancer
incidence.
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CONCLUSION: There is a significant lifetime risk of
development of high-grade dysplasia and adenocarcinoma in Barrett’s esophagus.
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Abstract

Key words: Barrett esophagus; Esophageal neoplasms;
Forecasting; Meta-analysis; Cohort studies

AIM: To investigate the lifetime risk of development of
esophageal adenocarcinoma and/or high-grade dysplasia in patients diagnosed with Barrett’s esophagus.

Core tip: The mean life expectancy for patients at diagnosis of Barrett’s esophagus is 22 years. Based on
current estimates for high-grade dysplasia and adenocarcinoma incidence, the lifetime risk of requiring an intervention for high-grade dysplasia or adenocarcinoma
development based on data from recent meta-analyses
is 1 in 5 to 1 in 6 and based on data from recent population-based studies is between 1 in 8 and 1 in 20.

METHODS: Data were extracted from the United Kingdom National Barrett’s Oesophagus Registry on date
of diagnosis, patient age and gender of 7877 patients
from who had been registered from 35 United Kingdom
centers. Life expectancy was evaluated from United
Kingdom National Statistics data based upon gender
and age at year at diagnosis. These data were then
used with published estimates of annual adenocarcinoma and high-grade dysplasia incidences from metaanalyses and large population-based studies to estimate overall lifetime risk of development of these study
endpoints.
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MATERIALS AND METHODS
Data on patient gender, age at CLE diagnosis and date
of CLE diagnosis were extracted from the United Kingdom National Barrett’s Oesophagus Registry database.
Cases of CLE were included if patients were diagnosed
between 1994 and 2008 from centers registering ≥ 20
patients. Patients were included if aged between 18 and
95 years at date of diagnosis. In the United Kingdom between one half[15] and two thirds[16] of patients with CLE
have intestinal metaplasia detected at index endoscopy.
This yielded a total of 7877 patients from 35 centers in
the United Kingdom. Life expectancy was evaluated from
United Kingdom National Statistics data[17] based upon
gender, age at last birthday and year of diagnosis (which
are available for ages up to 95 years at last birthday). Fractions of year of age at diagnosis were subtracted from
the patient’s age before evaluating the life expectancy.
The rate of development of cases of esophageal adenocarcinoma was then evaluated by taking the published
incidence rates and subsequently estimating the total
number of expected cancers and lifetime risk of developing esophageal adenocarcinoma for an individual. The
analysis was then undertaken for the combined endpoint
of high-grade dysplasia and esophageal adenocarcinoma
using the published incidence of these diagnoses. Changes in age at diagnosis and life expectancy over time were
examined using linear regression to allow any changes to
be quantified.

INTRODUCTION
Barrett’s columnar-lined esophagus (CLE) is defined as
a replacement of the epithelium of the distal esophagus
from the normal squamous lining to metaplastic columnar epithelium which is thought to be secondary to prolonged gastro-esophageal reflux disease[1,2]. The presence
of CLE is a marker of increased risk of development
of esophageal adenocarcinoma. An analysis of a subset
of 1761 patients within the United Kingdom National
Barrett’s Oesophagus Registry cohort undergoing an indepth natural history study demonstrated that the annual
risk of development of adenocarcinoma was 23 cases in
3912 years of follow-up (0.59% per annum)[3], higher in
those with low-grade dysplasia[4] and recent meta-analyses
have estimated the annual incidence of adenocarcinoma
to be 0.32% (in patients without dysplasia at index endoscopy)[5], 0.44%[6], 0.55%[7], and 0.51%[8] per annum.
The majority of patients who have CLE diagnosed do
not develop esophageal cancer[9], but the lifetime risk
has not been well quantified. A study suggested that
10% of patients had developed high-grade dysplasia or
adenocarcinoma within 10 years of symptom onset[10].
The rate of obesity is 20%[3] and the majority of patients
presented with symptoms of gastro-oesophageal reflux[10]. A single center study showed that in a cohort of
1150 patients with CLE followed up for more than one
year, 44 died from esophageal adenocarcinoma, which
accounted for 15.8% of all deaths[11]. The overall survival
for this tumor remains poor (12% 5 year survival in the
United Kingdom[12]). National statistics data for 2012
demonstrate that 1.9% of deaths in males and 0.8% of
deaths in females were due to esophageal cancer[13]. It is
postulated that there is a sequence of changes eventually
leading to cancer development from metaplasia, through
dysplasia to adenocarcinoma[4]. A confirmed diagnosis of
high-grade dysplasia is an indication for consideration of
intervention to the CLE segment (either by endoscopic
therapy or esophagectomy) due to the significant possibility of the presence of an occult carcinoma and high risk
of subsequent development of cancer[1]. Patients who are
diagnosed with CLE may be offered surveillance in an
attempt to detect dysplasia and potentially curable cancer.
In an attempt to assist clinicians and patients in decision making with regard to enrollment into surveillance
programs, this study models the risk of development of
adenocarcinoma based upon the life expectancy of patients at diagnosis of CLE and annual risk of adenocarcinoma development using data from the United Kingdom
National Barrett’s Oesophagus Registry (which has been
registering cases of Barrett’s esophagus since 1996[14]), 4
recent meta-analyses of adenocarcinoma risk in Barrett’
s esophagus, 3 population-based studies and Office for
National Statistics data on the United Kingdom popula-
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Ethical permission
Ethical permission for studies of this kind undertaken
by United Kingdom BOR was granted by the London
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2002 number MREC/02/26.

RESULTS
There were 2740 females (34.8% of the entire cohort) and
5137 males (65.2%) in the cohort. The mean age at diagnosis was 67.3 years in females, 61.6 years in males and
63.6 years overall. The median age at diagnosis was 69.2
years in females, 62.6 years in males and 65.0 years overall.
The histogram showing the distribution of age at diagnosis is shown in Figure 1. Eight patients were excluded as
they were diagnosed at > 95 years of age and life expectancy data were not available from the Office of National
Statistics at these ages. The life expectancy for each individual was evaluated which demonstrated that the mean
life expectancy at diagnosis for the United Kingdom age
and gender-matched population was 20.7 years in females,
23.1 years in males and 22.2 years overall.
Lifetime risk of adenocarcinoma
The number of cases of esophageal adenocarcinoma expected to develop during the patients’ projected lifetimes
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Figure 1 Age distribution at columnar-lined esophagus diagnosis.

Table 1 Development of adenocarcinoma
Ref.

Number of Incidence of adenocarcinoma
Annual incidence of
Number of cancers expected Individual’s lifetime risk of
1
patients
(n /yr follow-up)
adenocarcinoma (95%CI)
to develop (95%CI)
adenocarcinoma (95%CI)

Desai et al[5]
Yousef et al[6]
Sikkema et al[7]
Thomas et al[8]
Gatenby et al[3]

11434
11279
14109
9469
807

186/58547
209/47496
344/61804
186/36635
23/3912

0.32% (0.27-0.37)
0.44% (0.38-0.50)
0.56% (0.50-0.62)
0.51% (0.44-0.59)
0.59% (0.38-0.87)

557 (479-643)
771 (670-883)
975 (874-1084)
890 (766-1027)
1030 (653-1546)

0.071 (0.061-0.082)
0.098 (0.085-0.112)
0.124 (0.111-0.138)
0.113 (0.097-0.130)
0.131 (0.083-0.196)

1

95%CI evaluated using an exact poisson distribution.

Time trends
Linear regression analysis of age at diagnosis of CLE
showed that this was reducing with time P = 0.005, B =
-0.158 [95%CI: -0.267-(-0.48)], i.e., average age at Barrett’s
esophagus diagnosis fell by one year for each 6.3 year
increase in calendar years. Population-matched life expectancy was increasing with P < 0.001, B = 0.320 (95%CI:
0.219-0.421), i.e., life expectancy at diagnosis of Barrett’s
was increasing by one year for each 3.1 increase in calendar years.

based upon the published adenocarcinoma incidence
rates from meta-analyses are shown in Table 1. These
equate to an individual’s lifetime odds of developing adenocarcinoma of between 1 in 8[7] to 1 in 14[5] (95%CI:
1/5-1/16).
Combined endpoint of high-grade dysplasia and
adenocarcinoma
Since three of the four meta-analyses reported data on the
incidence of high-grade dysplasia and adenocarcinoma
(which would commonly be considered an indication for
an intervention on the CLE segment), the number of
cases of high-grade dysplasia and adenocarcinoma are estimated in Table 2. These equate to an individual’s lifetime
odds of developing high-grade dysplasia or adenocarcinoma to around 1 in 5 to 1 in 6.
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DISCUSSION
Principal findings
These data demonstrate that the general population’s
mean life expectancy at the age at diagnosis of Barrett’s
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Table 2 Development of high-grade dysplasia and adenocarcinoma
Ref.

Number of
Incidence of high-grade
patients dysplasia or adenocarcinoma
(n /yr follow-up)

Yousef et al[6] 2008
Sikkema et al[7] 2010
Thomas et al[8] 2007
Gatenby et al[3] 2008

4491
4528

178/22609
194/22559

806

39/3908

Annual incidence of
high-grade dysplasia or
adenocarcinoma
1
(95%CI)
0.79% (0.67-0.91)
0.86% (0.74-0.99)
0.9%
1.0% (0.71-1.4)

Individual’s lifetime risk
Number of cases expected
of developing high-grade
to develop high-grade
dysplasia or adenocarcinoma dysplasia or adenocarcinoma
(95%CI)
(95%CI)
1379 (1184-1598)
1506 (1302-1734)
1577
1748 (1243-2390)

0.175 (0.150-0.203)
0.191 (0.165-0.220)
0.200
0.222 (0.158-0.303)

1

95%CI evaluated using an exact poisson distribution.

esophagus is 22.2 years and is likely to continue to increase. Assuming the annual incidence of development
of adenocarcinoma is 0.32% to 0.56%, this would equate
to a lifetime risk of development of adenocarcinoma of
between 0.071 to 0.124 (between 1 in 8 and 1 in 14) if
the population with Barrett’s esophagus have the same
life expectancy as the general population. If it is assumed that patients would undergo an intervention for
the metaplastic segment if either high-grade dysplasia or
adenocarcinoma were detected then the lifetime risk of
requiring this intervention would be 0.175 to 0.200 (between 1 in 5 and 1 in 6). There are further factors which
may affect an individual’s risk.

documented intestinal metaplasia and reported the lowest annual incidence rates of high-grade dysplasia and
adenocarcinoma. Previous United Kingdom studies have
demonstrated that the presence or absence of intestinal metaplasia did not have an appreciable influence on
adenocarcinoma risk[15,16], but a United States study has
reported that no cases of dysplasia or cancer arose in
subjects who did not have intestinal metaplasia detected
at index endoscopy[19]. A large recent study has examined
the role of intestinal metaplasia and is discussed below[20].
Gender
The meta-analyses reported similar proportions of male
and female patients (with males accounting for 68%[6],
64%[7] and 62%[8]). The incidence of esophageal adenocarcinoma in males appears to be higher than in females
(1.02% per annum and 0.45% respectively reported by
Yousef et al[6]) with 82% of reported cancers in the analysis of Thomas et al[8] occurring in males. The populationbased cohort studies (below) have examined the role of
gender further.

Dysplasia at entry
Three of the meta-analyses examined patients with dysplasia at study entry, whereas Desai et al[5] examined cases
with documented intestinal metaplasia and no dysplasia
only. Yousef et al[6] demonstrated a lower risk in cases
after excluding those with high grade dysplasia (or early
incident cancers) at baseline. Thomas et al[8] did not demonstrate an increase in adenocarcinoma incidence in subjects with dysplasia at study entry compared to those with
non-dysplastic Barrett’s epithelium.

Age at diagnosis
Thomas et al[8] showed no effect on cancer incidence dependent on age at diagnosis, but the large population-based
cohorts which have suggested a significant influence of
age with higher dysplasia and cancer risk at older age.

Segment length
Desai et al[5] examined the the subset of patients without
dysplasia and with short segment disease and found that
the annual incidence of adenocarcinoma was around
half that of the whole cohort (0.19% per annum). There
were similar adenocarcinoma incidence rates in long segment disease (0.67% per annum) and short segment disease (0.61% per annum)[6]. Thomas et al[8] also reported
similar adenocarcinoma incidence in short and long segment disease, but a trend for lower risk in short segment
disease (P = 0.25) and we have demonstrated the highest
risk is in the longest segments[18].

Smoking, alcohol consumption and obesity
Thomas et al[8] reported no significant difference in adenocarcinoma incidence dependent upon smoking or
alcohol consumption. There were no data from the metaanalyses regarding the risk of adenocarcinoma development associated with obesity, however it seems likely that
there will be an increased risk in obese patients[21].
Treatment
Desai et al[5] demonstrated no benefit in antireflux surgery
over medical therapy, but improved reflux control is likely
to reduce the risk of adenocarcinoma development[22-24].

Intestinal metaplasia
There is controversy regarding the necessity for the demonstration of intestinal metaplasia within the columnar
epithelium for the diagnosis of Barrett’s esophagus and
risk of development of esophageal adenocarcinoma.
Yousef et al[6] reported intestinal metaplasia was present in 90% (when stated). The rate quoted by Sikkema
et al[7] was 78%. Desai et al[5] only examined cases with
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Region of origin
Yousef et al[6] showed similar adenocarcinoma incidence in
United Kingdom (0.70%), 0.64% in the United States and
0.56% in other European studies. Sikkema et al[7] showed
annual adenocarcinoma incidences of 0.63% in the United
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females increased with older age. Adenocarcinoma incidence was higher in males compared to females, at older
age at diagnosis of Barrett’s esophagus and in patients
with dysplasia at baseline. Cases of high-grade dysplasia
and adenocarcinoma continued throughout the followup period beyond 10 years from diagnosis. Using the
incidence rates from this paper and applying them to our
data, the lifetime risk of development of adenocarcinoma for the cohort was 9.6% (1 in 10) and lifetime risk of
developing high-grade dysplasia or adenocarcinoma was
12.9% (1 in 8).
Hvid-Jensen et al[28] examined the Danish Pathology
Registry and the Danish Cancer Registry during the period from 1992 to 2009. Their cohort comprised 11028
patients with Barrett’s esophagus followed up for a median of 5.2 years. Sixty-six incident adenocarcinomas were
detected, yielding the lowest reported incidence rate for
adenocarcinoma of 0.12% per annum. Patients with lowgrade dysplasia at the index endoscopy had an incidence
rate for adenocarcinoma of 0.51% per annum and those
with no dysplasia at diagnosis had an annual adenocarcinoma risk of 0.10%. Using this incidence, the lifetime
risk for an individual patient in the United Kingdom cohort would be 2.67% (1 in 37), but this paper also noted
that adenocarcinoma incidence increased with older patient age.

Kingdom, 0.65% in the United States, 0.65% in Australia
0.65% and 0.56% in other European countries, but higher
rates of the combined endpoint of high-grade dysplasia
and adenocarcinoma in the United Kingdom (1.30% per
annum) compared to the United States (1.10% per annum) and other European countries (0.73%). Thomas
et al[8] reported similar adenocarcinoma and high-grade
dysplasia and adenocarcinoma incidence in studies from
United Kingdom, United States and Europe.
Time trends
Thomas et al[8] demonstrated that there was a trend for
a lower incidence of adenocarcinoma with time (P =
0.117). This has not been elucidated, but may be due to
a combination of changes in patient factors (i.e., more
females, more short segment disease, younger patients[25],
improved smoking habits and alcohol consumption) and
improved reflux control.
Recent large studies
Since the publication of the meta-analyses, three further
large population-based studies have been published. A
further case-control study of mortality in patients with
Barrett’s esophagus in the general population registered
with the Clinical Practice Research Database (a United
Kingdom database of primary care records) compared
patients with Barrett’s esophagus to age and gendermatched control subjects[26].
Bhat et al[20] reported the results from the Northern
Ireland Barrett’s esophagus Register which includes all
subjects diagnosed with Barrett’s esophagus in Northern
Ireland between 1993 and 2005. The cohort comprised
8522 patients. Seventy-nine patients developed esophageal cancer, 16 developed gastric cardia cancer and 36 developed high-grade dysplasia after a mean of 7.0 years of
follow-up (a combined incidence of 0.22% per annum).
Intestinal metaplasia was present in 46% of patients and
these patients had a higher risk of adenocarcinoma (0.38%
per year compared to 0.07% in patients without intestinal
metaplasia). The adenocarcinoma incidence was 0.28% in
males and 0.13% in females. Patients with low-grade dysplasia had a higher annual incidence of adenocarcinoma
development (1.40% per annum compared to 0.17% in
those with no dysplasia). If the incidence rate from this
study were used then the predicted lifetime risk of development of adenocarcinoma in our cohort was 5.8% in
males (1 in 17) and 3.0% in females (1 in 33). The lifetime
risk for the whole cohort of development of high-grade
dysplasia or adenocarcinoma was 4.89% (1 in 20).
de Jonge et al[27] reported the results from the Dutch
nationwide pathology registry which contained data on
16333 patients without prevalent cancer and at least one
year of follow-up. About 9.8% had low-grade dysplasia
at baseline. Total follow-up was 78105 patient-years. The
annual incidence of adenocarcinoma was 0.43% and of
high-grade dysplasia and adenocarcinoma was 0.58%.
They noted that among the patients who developed highgrade dysplasia and adenocarcinoma the proportion of
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Comparison with studies of mortality in Barrett’s
esophagus
Sikkema et al[7] reported the number of incident cases
of esophageal adenocarcinoma and mortality outcomes
from 17 studies. There were 131 cases of incident esophageal adenocarcinoma [of whom 75 (7%) were reported
to have died from their disease) and 992 patients had died
from other causes (cardiovascular disease (35%), followed
by respiratory disease (20%), other malignancies (16%),
unrelated gastrointestinal conditions (4%), other causes
(4%)]. Desai et al[5] reported the number of incident cases
of esophageal adenocarcinoma and mortality outcomes
from 16 studies. There were 56 cases of incident esophageal adenocarcinoma and 693 patients had died of other
causes. For these patients, whose final outcome could be
determined, 11.7% had developed adenocarcinoma (1 in
8.5) from the data from Sikkema et al[7] and 7.5% (1 in 13)
from the data from Desai et al[5]. These data support the
lifetime adenocarcinoma risk calculated in this paper.
Solaymani-Dodaran et al[26] demonstrated that overall
mortality in patients with Barrett’s esophagus was 21%
higher than in control subjects from the general population (with higher rates of neoplastic, respiratory and
gastrointestinal causes of death). The hazards ratio for
patients with Barrett’s esophagus to die due to esophageal
cancer compared to control subjects was 12.8. In this
study 4.5% of the Barrett’s esophagus cohort and 1.1%
of the control cohort died due to esophageal cancer. This
compares to 1.4% of all deaths in England and Wales in
2012 and more than 2% of all deaths in those aged 45-74
being secondary to esophageal cancer[13].
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Other considerations
There are three assumptions made in the methodology
which are potential weaknesses: (1) patients with Barrett’s
esophagus have similar life expectancy to the general population; (2) adenocarcinoma risk for all individual patients
after Barrett’s esophagus diagnosis is equal and remains
constant; and (3) adenocarcinoma incidence in Barrett’s
esophagus is not significantly changing with time.
There is limited evidence from the study by SolaymaniDodaran et al[26] that the mortality in subjects with Barrett’s
esophagus is higher than that of the general population,
but this has not been more widely demonstrated and in
the single center United Kingdom study the excess mortality was due to cases of esophageal adenocarcinoma[11].
The second assumption is less robust. Firstly, there are
a number of patient factors (see above) which are likely
to affect an individual’s risk and secondly, the assumption
that the adenocarcinoma risk does not vary as a patient
ages during follow-up does not have a strong basis with
suggestion from two of the population-based studies that
cancer risk increases with age[27,28]. Furthermore, the published studies tend to have follow-up periods of less than
half of the projected 22 years of life for a typical patient
and far shorter than for those diagnosed at a young age. It
is possible that exclusion of older patients from surveillance programs may reduce the perceived annual incidence
of esophageal cancer, but not the lifetime risk and United
Kingdom cancer registry data demonstrate that the annual
incidence of esophageal cancer increases with age and
more than half of esophageal cancers arise in males age
older than 70 and females age 75[29,30].
Finally, the assumption that adenocarcinoma incidence is not changing is likely to be challenged in future,
but whether this is due to differences in surveillance practices or a change in the biology of Barrett’s esophagus is
not clear.
This is the first study to address this important issue
with large numbers and calculations based on the best available published evidence and should guide clinicians and
patients in their interpretation of the overall risk of cancer
(and high-grade dysplasia) development. Further studies to
examine subgroup risk will help tailor targeted surveillance
to those who would benefit most from it whilst reassuring
those at low risk and optimize resource use.

and adenocarcinoma to be between 17 and 20% (1 in 5 to 1 in 6) from the data
from meta-analyses.

Applications

These data will assist clinicians and patients in their decisions to enrol in surveillance programmes.

Terminology

Barrett’s esophagus describes a change in the lining of the lower esophagus
secondary to prolonged gastro-esophageal reflux and has a risk of development
of esophageal cancer, specifically adenocarcinoma of the esophagus. Highgrade dysplasia describes the immediate pre-cancerous changes which may
also harbour an occult cancer and are generally viewed as an indication for an
intervention to the esophagus to reduce the risk of developing more extensive
esophageal cancer, which cannot be treated with curative intent.

Peer review

This Paper confirms and provides additional evidence supporting the low dysplasia/cancer progression rates in individuals with Barrett’s esophagus. The
study is well conducted.
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Severe splenic rupture after colorectal endoscopic
submucosal dissection
Alberto Herreros de Tejada, Luis Giménez-Alvira, Enrique Van den Brule, Rosario Sánchez-Yuste,
Pilar Matallanos, Esther Blázquez, Jose L Calleja, Luis E Abreu
case of SR after colorectal ESD reported in the literature. Endoscopists performing colorectal ESD in the left
colon must be aware of this potential complication.
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Core tip: Splenic rupture after colonoscopy is a very
rare but potentially serious complication. This is a case
of a 65-year-old woman who suffered severe splenic
rupture after colorectal endoscopic submucosal dissection (ESD) for lateral spreading tumor in the descending colon. Colorectal ESD is usually a long and
position-demanding technique, implying torquing and
loop formation. To our knowledge this is the first case
of splenic rupture after colorectal ESD reported in the
literature.
Herreros de Tejada A, Giménez-Alvira L, Van den Brule
E, Sánchez-Yuste R, Matallanos P, Blázquez E, Calleja JL,
Abreu LE. Severe splenic rupture after colorectal endoscopic
submucosal dissection. World J Gastroenterol 2014; 20(28):
9618-9620 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i28/9618.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i28.9618

Abstract
Splenic rupture (SR) after colonoscopy is a very rare
but potentially serious complication. Delayed diagnosis
is common, and may increase morbidity and mortality associated. There is no clear relation between SR
and difficult diagnostic or therapeutic procedures, but
it has been suggested that loop formation and excessive torquing might be risk factors. This is a case of a
65-year-old woman who underwent endoscopic submucosal dissection (ESD) for lateral spreading tumor in
the descending colon, and 36 h afterwards presented
symptoms and signs of severe hypotension due to SR.
Standard splenectomy was completed and the patient
recovered uneventfully. Colorectal ESD is usually a long
and position-demanding technique, implying torquing
and loop formation. To our knowledge this is the first
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INTRODUCTION
Splenic rupture (SR) after colonoscopy is a very rare
complication, with an estimated incidence rate of 1-21
cases/100000 colonoscopies/year[1,2], with a higher proportion in female population[2-5]. It was first reported in
the mid-70 s[5,6], and since then slightly over 100 cases
have been reported worldwide[2], probably due to under-
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Most of the cases published in the literature were not
related to difficult diagnostic or therapeutic colonoscopies[2-4]. It has been suggested that loop formation and
excessive torquing might induce significant stress over the
splenocolic attachments and trigger splenic surface avulsion[2,3,7]. Some authors consider that tension over iatrogenic adhesions between left colon and spleen in patients
with previous abdominal surgery may be related[3,6,8], but
conclusive data have not been reported so far. Though
mild cases with favorable prognosis can be treated conservatively (observation or splenic embolization)[2,3], those
with significant bleeding (hemoglobin drop > 3 g/dL)
require emergent surgery and splenectomy[2-4,10].

Figure 1 Endoscopy view of lateral spreading tumor granular mixed type
(0-Is + Ⅱa), 30 mm size (descending colon).

Case report
A 65-year-old woman with no significant medical history and no prior surgery was admitted for endoscopic
submucosal dissection (ESD) of a lateral spreading tumor granular mixed type (0-Is + Ⅱa), 30 mm in larger
diameter, located in the proximal descending colon (Figure 1). Procedure was performed under deep sedation
controlled by anesthesiologist in the endoscopy unit. A
pediatric colonoscope (PCF-H180 AI/L, Olympus Co.)
with a regular 11.8 mm plastic cap attached (D-201-11304,
Olympus Co.) was used to perform ESD; special knifes
utilized were Flush knife 1.5 BT (Fujifilm, Co) and Hook
knife (Olympus, Co.). En-bloc resection was completed
successfully in 74 min without apparent complications.
The patient started experiencing dizziness and significant
hypotension 36 h after the procedure, with a drop in hemoglobin level of 7 g/dL. Resuscitation maneuvers were
initiated and emergent CT showed signs of SR, with active vascular contrast extravasation, perisplenic hematoma
and large hemoperitoneum (Figure 2). The patient was
taken to the operating room and emergent laparotomy
demonstrated 2.5 L hemoperitoneum and multiple splenic lacerations, with no signs of colonic lesions. Standard
splenectomy was completed, with no further events. According to guidelines, standard post-splenectomy vaccination on the patient was started right after surgery. The
patient was discharged 6 d after. Final pathology of the
ESD specimen showed a 32 mm × 22 mm tubular adenoma with low-grade dysplasia and free lateral and deep
margins (R0) (Figure 3), whereas the assessment of the
spleen did not show any significant abnormality.

B

A

1
1

C

1

Figure 2 Computerized tomography images. A, B: Multiplanar sagital and
coronal reformation images: periesplenic hematoma (black arrow) and large hemoperitoneum (white arrows); C: Active splenic vascular contrast extravasation:
focal areas of high attenuation (arrow) in splenic subcapsular space. 1Spleen.

reporting or due to a bias toward the publication of severe cases[2,3,7].
Delay in diagnosis is common and may be related
to increased morbidity and mortality (up to 5%)[2,3], as
well as to a source of professional liability[8]. Sudden upper left quadrant abdominal pain and left shoulder pain
(Kehr´s sign), significant hemoglobin drop or symptoms
associated with low blood pressure should alert us[2-4,7,8].
Diagnosis of this complication may be right during colonoscopy withdrawn (free blood sign in the left colon)[7],
but usually happens several days after[2-4,9]. Emergent
abdominal computerized tomography (CT) provides diagnostic confirmation[2,3].
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DISCUSSION
To the best of our knowledge, SR after colorectal ESD
has not previously been described, probably due to the fact
that the number of procedures worldwide is exceedingly
small compared to the number of diagnostic or regular
therapeutic colonoscopies. Nevertheless, it is expected that
increasing number of colorectal ESD will be performed
every year with the progressive adoption of this technique.
In addition, this technique commonly implies long procedures, with frequent changes of patient´s position and
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Figure 3 Pathology images. A: Macroscopic appearance of resected specimen post formalin-fixed; B: Histological appearance of tubular adenoma featuring mucosal low-grade neoplasia and normal mucosa. Hematoxylin and eosin staining section (× 25).

scope movements (torquing and bending) to get the best
of gravity for adequate working field, a risk factor suggested in several studies[2,3,7].
In the present report the timeline between the procedure and the onset of symptoms supports the causal
relationship between colorectal ESD and splenic injury.
The location of the colonic neoplasia next to the splenic
flexure and the extended time (> 1 h) with repeated
torquing and bending might have contributed to this uncommon complication. Endoscopists performing ESD
worldwide must be aware of this rare but potentially
deadly complication, particularly if the target lesion is
located next to the splenic flexure. We recommend that
in those cases informed consent for ESD should particularly address this potential risk for legal purposes.

Experiences and lessons

COMMENTS
COMMENTS

3

Colorectal ESD is increasingly extending in the world, and endoscopists must
be aware of the possibility of splenic rupture as a delayed and life-threatening
complication.

Peer review

This is the first case of splenic rupture after colorectal ESD ever reported, and despite its uncommonness, it should be included in the list of possible complications.
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Undiagnosed Borrmann type Ⅱ gastric cancer due to
necrosis and regenerative epithelium
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malignant findings. The patient underwent laparoscopic
distal gastrectomy with D2 lymph node dissection. The
surgical specimen revealed that the mucosal layer was
completely replaced with regenerative epithelium without cancer cells.
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Core tip: We present a case of Borrmann type Ⅱ gastric
cancer undiagnosed by three repeat endoscopic biopsies with multiple specimens due to necrosis and superficial regenerative epithelium. When endoscopic and
ultrasonography findings highly suggest malignancy,
operation or surgical biopsy should be considered.
Hur J, Chang JH, Kim BK, Ko HY, Lee JH, Kim SJ, Song MA,
Kim TH, Kim CW, Han SW. Undiagnosed Borrmann type Ⅱ
gastric cancer due to necrosis and regenerative epithelium. World
J Gastroenterol 2014; 20(28): 9621-9625 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i28/9621.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i28.9621

Abstract
Endoscopic biopsy is essential to the proper diagnosis
and treatment of gastric cancer. Unfortunately, the
results of endoscopic biopsy are not always the same
as what is expected based on gross endoscopic findings. The results of endoscopic biopsy can be negative
for malignancy in Borrmann type Ⅳ advanced gastric
cancer (AGCa) or gastric lymphoma. However, in the
case of type Ⅱ AGCa, repeated biopsies negative for
malignancy have not been reported. A 49-year-old
male patient underwent esophagogastroduodenoscopy three times due to large gastric ulcer suspected
to be Borrmann type Ⅱ cancer. However, three repeat
endoscopic biopsies with multiple specimens showed
necrosis and superficial regenerative epithelium without
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INTRODUCTION
Endoscopic examination and biopsy are the cornerstones
of the detection of gastric cancer[1]. Endoscopic biopsy
has high sensitivity, with specificity[2]. The accuracy of
biopsy can be increased by multiple-specimen collection
and repeated performance[3]. In rare cases, endoscopic
biopsies cannot reveal malignancy in patients with gastric
cancer. Certain instances of Borrmann type Ⅳ advanced
gastric cancer (AGCa) and gastric lymphoma are not revealed by endoscopic biopsy[4-6]. However, in the case of
type Ⅱ AGCa, repeated biopsies negative for malignancy
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Figure 1 Esophagogastroduodenoscopy and endoscopic ultrasonography findings. A, B: Initial esophagogastroduodenoscopy (EGD) finding. A 2 cm x 2 cmsized, deep round ulcer, with an elevated thick and fused mucosal fold at the greater curvature side of the lower body; C, D: EGD finding three weeks later. The gastric
ulcer was still noted, without discernible change. Some regenerating tissue was found at the ulcer base; E, F: EGD and ultrasonography (EUS) findings three months
later. EGD still showed a large ulcer that had not grossly changed since the last EGD. On EUS, the mucosal, submucosal and muscular layer of the stomach were
involved in the ulcerative lesion, and the serosa was focally abutted.

have not been reported. Herein, we report a case of Borrmann type Ⅱ gastric cancer undiagnosed by three repeat
endoscopic biopsies with multiple specimens and discuss
the underlying reasons.

sized, deep round ulcer, with an elevated thick and fused
mucosal fold at the greater curvature side of the lower
body, was found (Figure 1A and B). This large ulcer was
suspected to be Borrmann type Ⅱ gastric cancer or, less
likely, a benign gastric ulcer. Eight biopsy specimens were
obtained at the margin of the ulcer and base. Abdominal computed tomography (CT) was performed, which
showed a 3 cm ulcerofungating lesion at the lower body,
without enlarged lymph nodes (Figure 2A). The result
of endoscopic biopsy was necrosis and acute inflammation, suggesting benign ulceration without a finding of
malignancy. The patient was treated with a proton pump
inhibitor for three weeks and then underwent EGD again
to rule out gastric malignancy. On EGD, the gastric ulcer
was still noted, without discernible change (Figure 1C).
Some regenerating tissue was found at the ulcer base

CASE REPORT
A 49-year-old male patient underwent upper gastrointestinal series at a primary clinic because he had mild epigastric discomfort. This examination showed abnormal
findings that were suspicious of a gastric submucosal
tumor. The patient was referred to our medical center for
further evaluation. He had a past history of hypertension
and benign prostatic hyperplasia. His father had a history
of gastric cancer. The patient underwent esophagogastroduodenoscopy (EGD), during which a 2 cm × 2 cm-
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Figure 2 Abdominal computed tomography findings. A: Initial computed tomography (CT) finding: a 3 cm ulcerofungating lesion at the lower body, without enlarged lymph nodes, was observed; B: CT finding three months later: a 3 cm ulcerofungating lesion in the gastric body, without definitive change since the last exam,
including in the lymph nodes.

(Figure 1D). We performed endoscopic biopsy again, collecting ten biopsy specimens at the margin of the ulcer
to exclude malignancy. However, the result of biopsy was
also ulceration with regenerating epithelium. Despite the
negative biopsy findings, we recommended gastric surgery due to the strong potential for gastric cancer. The
patient refused surgery. We had no choice but to recommend endoscopic ultrasonography (EUS) and abdominal
CT three months later, with treatment with a proton
pump inhibitor during the intervening period.
After three months, EGD/EUS and abdominal CT
were performed. EGD still showed a large ulcer that had
not grossly changed since the last EGD. The surrounding gastric mucosa was slightly eroded (Figure 1E). On
EUS, the mucosal, submucosal and muscular layers of the
stomach were involved in the ulcerative lesion, and the
serosa was focally abutted (Figure 1F). Endoscopic biopsy
was performed again, and five biopsy specimens were
obtained. The pathologic result was ulceration with regenerative epithelium and without malignancy. Abdominal
CT followed, demonstrating a 3 cm ulcerofungating lesion
in the gastric body, without definitive change since the
last exam, including no enlargement in the lymph nodes
(Figure 2B). We strongly recommended surgery, including
surgical biopsy, because malignancy was highly suspected
on EUS. Finally, the patient agreed to surgery. The tumor
markers CEA and CA 19-9 were present at 1.2 ng/ml
and 8.16 U/ml, respectively. During the operation, a frozen biopsy specimen from the ulcer revealed malignancy.
The patient underwent laparoscopic distal gastrectomy
with D2 lymph node dissection. The gross specimen
showed a round ulcerofungating lesion among the gastric
folds with focal fold conversions (Figure 3A). Microscopic
examination showed moderately differentiated tubular
adenocarcinoma cells. The tumor focally penetrated the
serosa, and lymphatic invasion was observed. Vascular,
perineural invasion and lymph node metastasis were absent. The large ulcer was covered with superficial regenerative epithelium. Bunches of cancer cells were scattered
below the regenerative mucosa (Figure 3B). The mucosa
surrounding the ulcer was normal epithelium without
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cancer cells. The reconstruction of a cross-sectional specimen was performed (Figure 3C). Multiple cancer cells
were noted in the submucosa (Figure 3D and E), muscle
and serosa. However, there were no cancer cells in the
mucosal layer in the ulcer, including at the margins (Figure
3F). The mucosal layer was completely replaced with regenerative epithelium without cancer cells. After surgery,
the patient recovered well and was discharged. Thereafter,
he received adjuvant chemotherapy and was regularly followed up at an outpatient clinic.

DISCUSSION
All gastric ulcers should be evaluated for malignancy. A
study reported that less than 3% of gastric ulcers are malignant[7]. The gross characteristics suggesting malignancy
are as follows: effaced, interrupted, fused or nodular mucosal folds approaching the margin of the crater[8]. In the
case of suspicious malignancy, multiple biopsies should
be performed, and short-term follow-up endoscopy
should be considered if the pathologic result is a negative
finding. Although endoscopic biopsy has high sensitivity
and high specificity[2], false-negative results can occur under several circumstances. First, the results depend on the
site of biopsy. In ulcerative gastric cancer, the ulcer’s margin is considered to be a suitable place for biopsy because
the ulcer base is often covered with necrotic tissue[9]. In
the present case, we performed multiple biopsies at the
ulcer’s margin, but these biopsies yielded a negative result
due to necrosis and superficial regenerative epithelium.
Second, the number and amount of biopsy specimens
are important. Biopsies should be performed a sufficient
number of times and in sufficient amounts. It has been
reported that at least 3 or 4 biopsies from gastric cancer
should be performed for a pathologic diagnosis[3]. In
the present case, we performed biopsies to collect more
than five specimens of ample amounts, despite the negative result. Third, the type of gastric cancer can affect
the biopsy results. There have been reports concerning
the difficult diagnosis of type Ⅳ AGCa and gastric lymphoma[4-6]. In type Ⅳ AGCa and in gastric lymphoma, the
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Figure 3 Gross surgical specimen and microscopic findings with reconstruction mapping. A: Gross specimen. A deep round ulcerofungating lesion among the
gastric folds with focal fold conversions; B: Gross histopathologic finding for a coronal section (hematoxylin and eosin stain, × 1). The large ulcer was covered with
superficial regenerative epithelium, and bunches of cancer cells were scattered below the epithelium; C: Reconstruction mapping. The four solid lines separate the
mucosa, submucosa, muscularis propria and serosa. The thick solid line is the muscularis mucosa layer (arrow). The red dots indicate cancer cells. The dotted line is
an imaginary line that separates regenerative epithelium from the submucosal layer. Above this line, the light blue area is a regenerative epithelial area. Underneath,
there is yellow area in which no cancer cells are found; D-F: Each figure corresponds with a part of Figure 3C (hematoxylin and eosin stain, × 40). Multiple cancer
cells were noted in the submucosa, muscle and serosa. However, there were no cancer cells in the mucosal layer in the ulcer, including at the margins and base of
the ulcer.

cancer cells can spread below the mucosal layer, so there
are cases of biopsies that are negative for malignancy.
However, Borrmann type Ⅱ AGCa not diagnosed by repeat endoscopic biopsy with multiple specimens has not
been reported. In the present case, the first biopsy result
was ulceration with necrotic and inflammatory cells, and
the following two biopsies indicated ulceration with regenerative epithelium.
EUS and CT can be used in the diagnosis and staging
of gastric cancer. These studies occasionally show crucial
findings indicating gastric cancer. Universally, EUS is the
most accurate test for the diagnosis of the depth of a lesion. EUS can also be utilized for regional lymph node
staging and has high sensitivity for perigastric lymph
nodes. However, EUS has certain shortcomings. Lesions
located in the upper third of the stomach and with a depressed morphology can be overestimated or underestimated[10,11]. Thickening of the gastric wall due to perifocal
inflammatory change or the absence of the serosal layer
in certain areas of the stomach induces overestimation
on EUS. In contrast, microscopic infiltration can be
underestimated[10]. In the present case, EUS was helpful for the diagnosis of gastric cancer, showing invasion
of the third muscular layer with focal serosal irregularity. These findings strongly supported a malignant ulcer,
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despite pathologic inconsistency. CT is widely available
and noninvasive. In evaluating lymph nodes, the accuracy
of CT is slightly lower compared with the accuracy of
EUS. However, CT is good for the evaluation of widely
metastatic disease. When peritoneal metastasis and hematogenous metastasis are smaller than 5 mm, they may not
visible on CT[12]. In the present case, the CT findings did
not give us a confirmative result.
In the case of suspected gastric malignancy, endoscopic biopsy should be performed carefully, at multiple
sites and abundantly. If the biopsy results do not match
gross endoscopic findings, repeat biopsy is needed. However, necrosis or regenerative epithelium can hinder proper diagnosis, as in our case. Therefore, when endoscopic
and EUS findings highly suggest malignancy, operation
or surgical biopsy should be considered.

COMMENTS
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Case characteristics

Borrmann type Ⅱ gastric cancer undiagnosed by three repeat endoscopic
biopsies.

Clinical diagnosis

Borrmann type Ⅱ gastric cancer.

Differential diagnosis
Benign gastric ulcer.
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Laboratory diagnosis
Tumor markers were normal.

Imaging diagnosis

esophagogastroduodenoscopy showed a 2 cm x 2 cm-sized, deep round ulcer,
with an elevated thick and fused mucosal fold at the greater curvature side of
the lower body. Computed tomography (CT) showed a 3 cm ulcerofungating
lesion at the lower body, without enlarged lymph nodes. Endoscopic ultrasonography showed the mucosal, submucosal and muscular layer of the stomach
were involved in the ulcerative lesion, and the serosa was focally abutted.

4

5

Pathological diagnosis

Surgical specimen showed moderately differentiated tubular adenocarcinoma
cells. The tumor focally penetrated the serosa, and lymphatic invasion was observed. Vascular, perineural invasion and lymph node metastasis were absent.
The large ulcer was covered with superficial regenerative epithelium.

6

Treatment

The patient underwent laparoscopic distal gastrectomy with D2 lymph node
dissection.

Experiences and lessons

7

Necrosis or regenerative epithelium can hinder proper diagnosis of ulcerative
gastric cancer.
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Peer review

9

Interesting and well written case report. No great new news as the approach
to unresolving ulcer is operation. Nice pictures including CT and the pathology
that is very informative.
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CASE REPORT

Primary colonic melanoma presenting as ileocecal
intussusception: Case report and literature review
Wen-xiang Li, Ye Wei, Yi Jiang, Ya-Lan Liu, Li Ren, Yun-Shi Zhong, Le-Chi Ye, De-Xiang Zhu, Wei-Xin Niu,
Xin-Yu Qin, Jian-min Xu
mass in the ascending colon. Histological examination
showed epithelioid and spindle tumor cells with obvious
cytoplasmic melanin deposition. Immunohistochemical
staining revealed that the tumor cells were positive for
S-100, HMB-45 and vimentin, confirming the diagnosis
of melanoma. The patient history and a thorough postoperative investigation excluded the preexistence or
coexistence of a primary lesion elsewhere in the skin,
anus or oculus or at other sites. Thus, we consider our
case to represent an aggressive primary colon melanoma presenting as ileocecal intussusception and intestinal obstruction.
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Core tip: Primary malignant melanoma originating in
colon is an extremely rare disease. Herein, we report a
case of primary colon melanoma causing ileocecal intussusception. A misdiagnosis of intestinal lymphoma, with
widespread abdominal lymph nodes metastasis, was
made before and during the operation. Immunohistochemical staining confirmed the diagnosis of melanoma.

Abstract
Primary malignant melanoma originating in the colon
is an extremely rare disease. Herein, we report a case
of primary melanoma of the ascending colon. The patient was a 57-year-old male who was admitted to our
hospital for persistent abdominal pain and episodes
of bloody stool, nausea and vomiting. A computed tomography scan revealed lower intestinal intussusception and enlarged lymph nodes in the abdominal cavity
and retroperitoneum. During laparoscopic operation,
multiple enlarged lymph nodes were found. Several
segments of the proximal small intestine were incarcerated into the distal small intestine, forming an internal
hernia and obstruction. The necrotic terminal ileum was
invaginated into the ascending cecum. Subsequently,
adhesive internal hernia reduction and palliative right
hemicolectomy were performed. Pathologic examination of the excised specimen revealed a polypoid
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Li WX, Wei Y, Jiang Y, Liu YL, Ren L, Zhong YS, Ye LC, Zhu
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review. World J Gastroenterol 2014; 20(28): 9626-9630 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
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INTRODUCTION
In the clinic, malignant gastrointestinal melanomas are
relatively rare and frequently metastasize from cutane-
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imaging appearance similar to that of lymphoma (Figure
1). Supine abdominal radiography displayed pneumatic
and dilated convolutions, and upright abdominal radiography disclosed air-fluid levels in the left upper abdomen,
suggestive of lower intestinal obstruction. On physical
examination, the abdomen was extensively distended,
with no visible intestinal pattern or peristaltic waves. Tenderness and rebound tenderness could be felt in the right
lower quadrant on deep palpation.
Laparotomy exploration of the patient was performed. No palpable mass was found on the liver. Multiple enlarged intraperitoneal, retroperitoneal and mesenteric lymph nodes were discovered, parts of which had
merged into large blocks. The wall of the small intestine
was also studded with miliary lymph nodes and edematous with exudates. Several segments of the proximal
small intestine were incarcerated into the distal small intestine, forming an internal hernia. However, there were
no obvious signs of necrotic changes of the incarcerated
intestines. Approximately 10 cm of the necrotic terminal
ileum was invaginated into the cecum and the ascending
colon. Judging from intraoperative findings and preoperative imaging results, an intraoperative diagnosis of intestinal lymphoma with widespread abdominal lymph node
metastasis and secondary ileocecal intussusception and
multiple internal hernias was made. At last, the patient
underwent adhesive internal hernia reduction and palliative right hemicolectomy.
Macroscopic examination of the excised specimen
showed that approximately 10 cm of the necrotic terminal ileum was invaginated into the colon. A 4 cm × 2.5
cm × 2.5 cm polypoid mass was located in the ascending
colon, with a dull-gray cut surface. Microscopic examination revealed that tumor cells had invaded into the submucosa, accompanied by mucous hyperemia and mucosa
necrosis, suggesting pathological changes due to acute intestinal obstruction (Figure 2A). Three of eight resected
mesenteric lymph nodes were positive for metastases
(3/8), and a total of 16 intestinal lymph nodes were all
negative (0/16). Microscopic analysis revealed epithelioid
and spindle cells with obvious melanin granules in the
cytoplasm. The melanin was so rich in most cells that
the nucleolus could not be distinguished, even at higher
magnification (Figure 2B). A definite diagnosis of colon
melanoma was based on immunohistochemical examination, revealing that nearly all of the tumor cells were
positive for S-100, HMB-45 and vimentin (Figure 3A-C).
Ki-67, a cell cycle-associated antigen that is a marker of
proliferation, was present in 80% of cells (Figure 3D).
To exclude the possibility of metastasis, the patient
underwent thorough postoperative dermatologic and
ophthalmologic examinations, including ophthalmoscopy
and a whole-body CT scan, with no suspicious primary
lesions found at other sites. Postoperative blood investigations revealed anemia and hypoproteinemia, so the patient received blood transfusion and nutritional support
treatment. After 1 wk of hospitalization, the patient was
discharged with a passable performance status and ap-

Figure 1 Computed tomography scan showing right lower intestinal
intussusception (arrow) and multiple enlarged lymph nodes within the
abdominal cavity and retroperitoneum.

ous primaries. However, primary melanomas can also
originate from certain regions within the gastrointestinal
tract (GIT), including the esophagus, small intestine,
rectum and anus[1]. The small intestine has the highest
predilection for the development of metastatic melanoma due to its abundant blood supply to the GIT, and
the anorectum is the most common site for primary GIT
melanomas due to the presence of melanocytes[2,3]. The
colon is deemed to be an especially uncommon site for
melanoma, the incidence of which is extremely low compared with that of other types of colon cancers. Only 12
cases of colon melanoma have been reported, based on a
recent literature survey[4]. Until now, the existence of primary melanoma in the colon has remained controversial,
as the colon does not naturally harbor any melanocytes.
Due to its low incidence, there is no comprehensive understanding of the pathogenesis and natural history of
colon melanoma. Moreover, large databases have not
been well established, and a standardized treatment strategy is yet to be determined. Despite the poor prognosis,
surgical operation remains the mainstay of treatment for
patients with colon melanoma, with either curative or
palliative intent. In this paper, a case of solitary malignant
melanoma of the ascending colon, presenting as ileocecal
intussusception and intestinal obstruction, is presented,
and a review of the relevant literature is provided.

CASE REPORT
The patient was a 57-year-old male who was referred to
our hospital with a complaint of persistent lower right abdominal pain for 5 d and episodes of bloody stool, nausea
and vomiting. The patient’s personal and family medical
histories were unremarkable, except that he had suffered
from hypertension for many years and that his father had
died of lymphoma. A plain abdominal computed tomography (CT) scan revealed extensively dilated intestines and
right lower intestinal intussusception involving a long segment of the small intestine. Enlarged lymph nodes were
revealed within the abdominal cavity and retroperitoneum, part of which had merged into large blocks, with an
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Figure 2 Histopathologic findings of excised specimen. A: Microscopic examination showing tumor cells invading the colonic submucosa (arrow) (hematoxylin
and eosin, × 100); B: Microscopic examination showing epithelioid and spindle tumor cells with melanin deposition in the cytoplasm (hematoxylin and eosin, × 200).

A

B
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D

Figure 3 Immunohistochemistry findings of excised specimen. A-C: Tumor cells diffusely expressing S-100 (A), HMB-45 (B) and vimentin (C); D: 80% of tumor
cells were positive for Ki-67 (immunohistochemistry, × 200).

petite. No severe complications related to the operation
occurred in the patient during either hospitalization or
follow-up. However, the patient was in the final phase of
a progressive life-limiting illness, and he died only 1 mo
after discharge due to a worsening condition.

small intestine is the most common site for metastatic
melanoma, followed by the large intestine and stomach[6].
Compared with metastatic melanoma, primary melanomas originating in the small and large intestines are relatively rare events[7]. Only few cases with primary intestinal
melanoma have been reported so far.
More than half of adult intestinal intussusceptions
are caused by malignant tumors, such as lymphomas
and benign tumors, including lipoma and leiomyoma. In
contrast, adult intestinal intussusceptions attributed to
melanoma are extremely scarce. In the small intestine, the
most common clinical presentation of primary melanoma
is intestinal obstruction secondary to intussusception[8,9].
Although metastatic melanoma in the small intestine is

DISCUSSION
Malignant GIT melanoma is an uncommon clinical entity
with a poor prognosis. The vast majority are frequently
metastases from cutaneous primaries. Approximately
more than 4% of patients dying from melanoma will
have certain parts of their GIT involved during their lifetime, and the percentage reaches 60% by autopsy[5]. The
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more frequent than primary tumors, these metastases
seldom present as intestinal intussusception[2]. Due to its
special anatomical features, the ileocecum has a predilection for the formation of intussusception under certain
pathological conditions. Regarding cases of ileocecal
intussusception caused by colon or ileocecal melanoma,
only two studies can be found in the literature[10,11]. The
case described above is an aggressive primary melanoma
of the ascending colon, presenting as ileocecal intussusception and multiple small intestine incarcerations. To the
best of our knowledge, this represents the first complex
case under such special circumstances so far.
In their early stages, GIT melanomas are usually asymptomatic. Diagnosis is frequently delayed until the
occurrence of a potentially life-threatening complication,
such as intestinal intussusception, obstruction, bleeding
or perforation[12]. For most patients with metastatic GIT
melanoma, a surgical procedure is performed on an emergency basis[13]. The patient in our case mainly presented
typical symptoms associated with intestinal obstruction.
Although a CT scan revealed lower intestinal intussusception and extensive intestinal dilatation, no obvious intestinal tumor was visible due to lack of contrast-enhanced
CT. However, the enlarged intraperitoneal and retroperitoneal lymph nodes were in accordance with the manifestations of lymphoma. During intraoperative exploration,
gray-white blocks of merged lymph nodes located at the
root of the mesentery were found, with an appearance
also hinting of lymphoma. Thus, a misdiagnosis of intestinal lymphoma, with widespread abdominal lymph nodes
metastasis and secondary ileocecal intussusception, was
made. Based on our findings and experience in the process of treatment, we can conclude that even in exigent
circumstances, for a patient suspected of having malignant tumors, contrast-enhanced CT or other more effective radiological examinations are requisite if the patient’s
general condition permits. In an attempt to achieve higher
rates of diagnosis, intraoperative frozen-section analysis
of the metastatic node should be performed, especially
when the suspected primary tumor could not be found.
Patients with primary GIT melanoma have associated
with a worse prognosis than do patients with cutaneous
melanoma. Melanomas arising from mucosal surfaces,
including the intestinal mucosa, tend to be more aggressive due to the rich lymphatic and vascular supplies of
the mucosa. According to a study of metastatic colon
melanoma, the median survival times of patients undergoing curative or palliative resection was 48.9 mo and 5.7
mo, respectively[14]. This poor prognosis may be related
to delayed diagnosis and severe complications that have
already occurred in most cases. One study involving a
smaller number of patients noted that intestinal perforation and obstruction were directly associated with the dismal prognosis of primary colon melanoma[10]. However, a
systematic review of retrospective case series to elucidate
the factors influencing prognosis is lacking.
The actual existence of primary melanoma in the
intestine remains a controversial topic. Different theories
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concerning the origin of malignant melanoma of the
intestine have been proposed. According to current theories of embryogenesis, melanocytes develop from neural
crest-derived precursors and migrate along the branchial
arches. Although neural crest-derived cells are abundant
within the intestine, factors released from the branchial
arches deprive these cells of potential melanocyte differentiation[15]. Another argument is that APUD cells might
account for the cellular origin of primary melanoma in
the intestine because these cells can differentiate into
melanocytes[16]. Given that most GIT melanomas are
metastatic, comprehensive medical history investigation,
relevant physical examination and imaging studies are
required for a definitive diagnosis. In the setting of GIT
melanomas with unknown primaries, the most accepted
explanation is the model of tumor regression. Certain
scholars hold that GIT melanomas with unknown primaries may be metastatic, with either unidentified or spontaneously regressed cutaneous malignancy. In a study
consisting of 437 cutaneous melanoma cases, 12.3%
manifested at least partial regression[17]. Although we
consider our case to be primary disease, the possibility of
metastasis from an otherwise regressed cutaneous melanoma cannot be completely excluded.
As in cutaneous melanoma, melanoma cells of the
GIT are composed of different proportions of epithelioid and spindle cells. In most cases, melanin pigment
deposition in the cytoplasm is helpful in diagnosis. However, approximately 30% of tumor cells are completely
amelanotic. A panel of immunohistochemical stains,
including stains for S-100, HMB-45 and vimentin, are
required for amelanotic cells. In our case, over 90% of
the cells were positive for S-100, HMB-45 and vimentin,
further confirming our diagnosis. Moreover, 80% of cells
were positive for Ki-67, suggesting that the tumor was
mitotically active.
It is generally accepted that patients with limited local
disease should be managed with curative surgical resection with wide margins[4]. For patients with multiple sites
involved, palliative surgery can alleviate acute symptoms,
such as intestinal obstruction and intussusception. A
pooled analysis revealed that beyond being palliative, surgery is also a significant predictor of improved survival
for patients with primary GIT melanomas[18]. Although
chemotherapy may aid in controlling disseminated disease
and has played an important role in improving the quality
of life of patients and reducing local recurrence, neither
single-agent nor combination regimens seem to significantly improve survival[19]. Postoperative radiotherapy
and immunotherapy have also been shown to ameliorate
residual disease and lymphadenopathy. These adjuvant
therapies are worthy of further investigation.
In conclusion, primary malignant melanoma of the
colon, causing intussusception, is an extremely rare clinical phenomenon. Comprehensive preoperative investigation, intraoperative exploration and postoperative analysis
are necessary for definitive diagnosis and experience accumulation.

9629

July 28, 2014|Volume 20|Issue 28|

6

COMMENTS
COMMENTS
Case characteristics

A 57-year-old male presented with persistent abdominal pain and episodes of
bloody stool, nausea and vomiting.

7

Tenderness and rebound tenderness could be felt in the right lower quadrant on
deep palpation.

8

Clinical diagnosis

Differential diagnosis

Lymphoma with widespread abdominal lymph nodes metastasis.

Laboratory diagnosis

9

Hemoglobin, 83.0 g/L; white blood cells count, 16.1 × 109/L. A metabolic panel
showed that electrolyte levels, liver and kidney function were all within normal
limits.

Imaging diagnosis

10

A computed tomography scan revealed lower intestinal intussusception, and
enlarged lymph nodes in the abdominal cavity and retroperitoneum.

Pathological diagnosis

Immunohistochemical staining revealed that the tumor cells were positive for
S-100, HMB-45 and vimentin, confirming the diagnosis of melanoma.

11

Treatment

The patient underwent adhesive internal hernia reduction and palliative right
hemicolectomy.

Experiences and lessons

12

Intraoperative frozen-section analysis of the metastatic node should be performed when the suspected primary tumor could not be found.

Peer review

This is a rare presentation of colonic melanoma with ileocecal intussusception.
In the abstract, the authors have mentioned laparoscopic surgery whereas in
the text it is open exploration - needs clarification.
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Core tip: Neutrophil-lymphocyte ratio (NLR), total tumor size (> 9 cm) and macro-vascular invasion may
play a role in the prediction of recurrence in patients
with hepatitis B virus-related hepatocellular carcinoma
after liver transplantation. Assessment of both NLR and
platelet-lymphocyte ratio, as inflammation markers,
may increase the prediction rate for these patients.
Factors affecting the laboratory results should also be
evaluated, in such a study.

Abstract
There is increasing evidence that neutrophil-lymphocyte ratio (NLR) may play a role in predicting
recurrence in patients with hepatitis B virus-related
hepatocellular carcinoma (HCC) after liver transplantation. In the original study by Yan et al , it was aimed
to determine whether an elevated NLR is associated
with tumor recurrence. Total tumor size (> 9 cm) and
macro-vascular invasion were found to be more significant than NLR according to the multivariate logistic
regression analysis. Therefore, substantive significance
should be emphasized rather than NLR because total
tumor size and macro-vascular invasion are easier and
more expressive than NLR in assessing HCC recurrence. NLR and platelet-lymphocyte ratio (PLR) are
markers which are easy to obtain and can be used as
inflammation indicators. Moreover, assessment of both
NLR and PLR may add some value as a good predictor
of risk for post-liver transplantation HCC recurrence.
However, while the study was constructed on whole
blood analysis, further details about the features and
performance characteristics of the whole-blood analyzer, and preanalytical/analytical variables should also
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TO THE EDITOR
We read with great interest the recently published article
by Xiao et al[1] regarding the value of neutrophil-lymphocyte ratio (NLR) for predicting recurrence in patients
with hepatocellular carcinoma after liver transplantation.
In the original study, it was aimed to determine whether
an elevated NLR is associated with tumor recurrence in
patients with hepatitis B virus (HBV)-related hepatocellular carcinoma (HCC) after liver transplantation (LT),
and to determine the optimal predictive NLR cut-off
value. They concluded that preoperative elevated NLR
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significantly predicted an increased risk for tumor recurrence in HCC patients after LT. The study is important
because it provides scientific information on this clinically relevant condition. However, we think that some
points should be discussed.
Firstly, some of the parameters shown to be significant in univariate analysis were evaluated by multivariate
logistic regression analysis, and ultimately total tumor
size (> 9 cm) and macro-vascular invasion were found
to be more significant than NLR. Therefore, substantive significance should be emphasized rather than NLR
because total tumor size and macro-vascular invasion
are easier and more expressive than NLR in assessing
HCC recurrence. Additionally, performing a forward
stepwise multivariate logistic regression analysis can give
the chance to establish a regression equation including
the most significant parameters in enhancing diagnostic
accuracy of just one single test parameter, NLR.
Secondly, systemic inflammation has been linked to
poor outcome and increased tumor progression. Such
systemic inflammatory responses have been investigated
using markers such as the elevation of NLR and plateletto-lymphocyte ratio (PLR)[2-4]. These studies focusing
on the impact of these parameters on recurrence after
LT may contribute to the selection criteria of HCC liver
recipients, in addition to the combination of NLR and
PLR by regression analysis may increase the accuracy
of the selection process[3]. In the light of this information, assessing PLR besides NLR may add some value
as a good predictor of risk for post-LT HCC recurrence
while analyzing the whole blood count in the current
study.
Thirdly, although the study was constructed on the
basis of whole blood analysis, further details about the
features and performance characteristics of the wholeblood analyzer, and preanalytical/analytical variables were
not specified. It is well-known that the WBC reference
ranges may vary depending on many factors such as the
population studied, individual laboratory, and instruments
or measurement methods used (e.g., waiting period prior
to analysis)[5]. The types of collection tubes, waiting period

prior to analysis, instrumental parameters and reference
ranges for each parameter must be specified as they are
easily affected by analytical and pre-analytical variables in
studies based on laboratory results[6]. The authors stated
that the preoperative NLR is affected by many factors,
such as unidentified sepsis, weight loss, massive hemorrhage and instrumental error, which make the NLR inaccurate. Therefore, samples should also be analyzed more
than once to avoid random error in such studies.
In conclusion, although easily measured, NLR is
more complicated due to being a combined factor of inflammation and immune reaction. It would be better to
assess NLR with other inflammation markers to predict
inflammatory tumor micro-environment. Possible causes
affecting neutrophil and lymphocyte counts and the confounding factors, which have a considerable effect on
the clinical availability of NLR, should be discussed in
more detail in this study population.
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tion outcomes in the new era of direct-acting antivirals
may evolve for new therapeutic targets, representing a
chance for modulated and personalized treatment management, when also very potent therapies will be available. In the present review we discuss the most recent
data about HCV epidemiology, the new perspectives for
the prevention of HCV infection and the most recent
evidence regarding HCV diagnosis, therapy and predictors of response to it.

Abstract

Core tip: Challenges and opportunities will characterise
the story of hepatitis C virus (HCV) infection also in
the new era. Despite the great therapeutic advances,
improvements in HCV surveillance, epidemiological
mapping, testing, prevention and therapy are urgently
needed. Currently HCV vaccine candidates have shown
promising results in animal models and data from
clinical phase 1/2 trials are expected. Predictors of response to therapy represent a chance for modulated
and personalized treatment management, when also
very potent therapies will be available. The ultimate
goal of global HCV control will be achieved with the
joint efforts of researchers and public health workers.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus epidemiology; Hepatitis C
virus diagnosis; Hepatitis C virus vaccine; Direct-acting
antivirals; Predictors of response to hepatitis C virus
therapy

Despite the great successes achieved in the fields of
virology and diagnostics, several difficulties affect improvements in hepatitis C virus (HCV) infection control
and eradication in the new era. New HCV infections still
occur, especially in some of the poorest regions of the
world, where HCV is endemic and long-term sequelae
have a growing economic and health burden. An HCV
vaccine is still no available, despite years of researches
and discoveries about the natural history of infection
and host-virus interactions: several HCV vaccine candidates have been developed in the last years, targeting
different HCV antigens or using alternative delivery systems, but viral variability and adaption ability constitute
major challenges for vaccine development. Many new
antiviral drugs for HCV therapy are in preclinical or early clinical development, but different limitations affect
treatment validity. Treatment predictors are important
tools, as they provide some guidance for the management of therapy in patients with chronic HCV infection:
in particular, the role of host genomics in HCV infec-
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dence regarding HCV diagnosis, therapy and predictors
of response to it.

INTRODUCTION
The history of hepatitis C virus (HCV) has always been
characterized by discoveries, challenges, opportunities and
difficulties. Starting with the same virus name: a Lancet
editorial in 1975 suggested the term non-A, non-B hepatitis to describe the hepatitis neither diagnosed as A nor B,
underlining that the diagnosis was one of exclusion[1]. Fifteen years after, in 1989, Choo et al[2] successfully cloned
a single cDNA clone derived from a new flavi-like virus,
by using numerous molecular biological methods: the
virus responsible for most post-transfusion hepatitis, also
called type C hepatitis, parenterally transmitted non-A
non-B hepatitis (PT-NANB), non-B transfusion-associated hepatitis, post-transfusion non-A non-B hepatitis, HC,
was finally identified[3,4]. This discovery paved the way
for the development of several diagnostic tests that have
been developed over time, starting from the first-generation enzyme-linked immunosorbent assay (EIA-1) for the
detection of antibodies to HCV epitopes, with low rates
of sensitivity and specificity, until the introduction of
molecular methods for the detection of acute infection,
HCV RNA and genotyping analysis. Currently used molecular tests allow the detection, quantification and analysis of viral genomes and the identification of viral genotype or subtype, as well as detecting nucleotide or amino
acid substitutions associated with resistance to antiviral
drugs; new enzyme immunoassays can quantify hepatitis
C core antigens, that can be used as alternatives to HCV
RNA in patients with chronic HCV infection[5-12]. Despite
the great successes achieved in the fields of virology and
diagnostics, several difficulties affect improvements in
HCV infection control and eradication. New HCV infections still occur, especially in some of the poorest regions
of the world, where HCV is endemic and long-term
sequelae such as cirrhosis and hepatocellular carcinoma
(HCC) have a growing economic and health burden. In
developed countries, the lack of recognition of infection
is the main barrier to controlling existing infection and allowing an adequate therapy[13-15]. The development of an
effective primary prevention measure is an unmet need:
an HCV vaccine is still no available, despite years of researches and discoveries about the natural history of infection and host-virus interactions. Several HCV vaccine
candidates have been developed in the last years, targeting
different HCV antigens or using alternative delivery systems, but viral variability and adaption ability constitute
major challenges for vaccine development[16]. Many new
antiviral drugs for HCV therapy are in preclinical or early
clinical development, but different limitations affect treatment validity, such as comorbidity and risk-conditions,
drug-drug interactions, severe adverse effects, alternate
genotypes and host immune response. Treatment predictors are important tools, as they provide some guidance
for the management of therapy in patients with chronic
HCV infection[17-19].
In this review we will discuss the most recent data
about HCV epidemiology, the new perspectives for the
prevention of HCV infection and the most recent evi-
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HCV EPIDEMIOLOGY
HCV is a single-stranded RNA member of the Flaviviridae family, packed into a small (50 nm) enveloped viral
particle. The single polyprotein precursor of approximately 3100 amino acids, originated by the translation of
the single genomic open reading frame, is processed by
cellular and viral proteases into 3 structural proteins (core,
E1 and E2) and 7 non-structural (NS) polypeptides (p7,
NS2, NS3, NS4A, NS4B, NS5A and NS5B). These proteins have different functional roles in the virus life cycle:
the core protein constitutes the viral nucleocapsid; E1
and E2 are glycoproteins that form the functional envelope that facilitates viral entry into host cells and induces
neutralizing antibody proliferation; the NS proteins are
required for the constitution of the replicase complex, assembly, release of infectious particles and viral propagation[20,21]. The presence of 2 hypervariable regions (HVR)
in the E2 envelope glycoprotein, the lack of proofreading
ability and the high rate of generating new viral variants
during infection allow HCV to continuously evolve, adapt
and escape the host immune responses. Moreover, HCV
has developed numerous strategies to impair immune
responses and evade the host immune system, by delaying and reducing both the intrinsic and adaptive immune
response arm[22-28]. All these immunological determinants
partially explain HCV ability to persist in the infected
organism and to establish a chronic infection, most often without production of striking symptoms, until the
emergence of long-term complications such as hepatic
fibrosis, cirrhosis and HCC. Approximately 75%-85%
of people infected with HCV will develop chronic hepatitis, 60%-70% will develop hepatic steatosis or fibrosis,
5%-20% will develop cirrhosis and in 1%-5% disease
will progress to life-threatening complications and HCC,
within 20 years from acute infection[29,30].
It has been calculated that 130-170 million people are
infected with HCV, with a global prevalence of infection estimated at 2%-3%[31-34]. HCV prevalence is characterized by a high variability between world’s regions,
individual countries and between age and risk groups
within countries: this can be partially explained by the
characteristic of the analysed population and the primary
mode of transmission. HCV prevalence is highest in
Africa and the Middle East, where Egypt, Cameroon,
Saudi Arabia, Iraq and Syria account for the majority of
cases and prevalence ranges from 2% to 15%. North
America, Australia, Japan and Northern and Western
Europe report lower prevalence of HCV infection, with
no country showing a rate > 2%. China, India, Egypt,
Pakistan and Indonesia account for approximately half
of the global HCV-infected subjects[33-36]. In general,
developing countries present the major HCV-related
burden but also the major limitations in surveillance: data
from most African, Asian and South American countries
are lacking. In Egypt, the country with the highest HCV
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prevalence, there is evidence for an age-related distribution of infection: HCV seroprevalence ranges from 19%
in subjects < 18 years old to > 50% in the 30-year-old
age group. In this country HCV is endemic and ongoing
HCV transmission levels are high, mainly due to unsafe
medical procedures and household contacts. The use of
improper sterilization procedures during the eradication
campaign of schistosomiasis carried out in Egypt from
the 1950s to the 1980s has led to an extensive transmission of HCV among persons alive during that campaign,
but blood transfusion and needle reuse still remain the
principal risk factors. Although lower prevalence rates,
other developing countries have a similar epidemiological pattern, with an age-related distribution of cases and
a virus transmission linked to unsafe medical procedures
and blood transfusions; however, recent data show the
increasing role played by injection drug use in the spread
of infection, especially in China and Iran [37-52]. HCV
prevalence in the majority of developed countries is
classified as low, but marked differences in the epidemiological picture exist among countries, principally related
to temporal and transmission factors and resulted in
diverse age-specific distribution of HCV cases[53]. Most
recent survey on the number of HCV infected people
in United States estimated a total of 5-7 million people
seropositive, one third of which belonging to high-risk
populations, such as incarcerated persons and homeless,
and a general HCV prevalence of 1.6%-1.8%, with 75%
of cases in subjects born between 1945 and 1965. The
expanded consumption of illicit injection drugs, the use
of unsafe medical procedures and contaminated blood
transfusions are the most likely causes of the creation
of the adult cohort of HCV cases, evidence confirmed
by the decline in new infections recorded from the mid1980s, due to improvements of healthcare practices and
the more recent introduction of screening of blood and
organ donors[54-58]. HCV prevalence and transmission
routes in Australia are similar as in the United States, but
age distribution of cases is quite different, with the peak
prevalence recorded in people aged 30-39 years, probably
related to an increase of parenteral drug use throughout
the 1980s and 1990s[59,60]. Among developed countries
with a low prevalence of HCV infection, Japan shows
some distinctive features that differentiate it sharply
from other countries: most of HCV cases are recorded
in people aged 40-69 years, while HCV prevalence in
younger people is very low, so reflecting the occurrence
of infection in the distant past, linked to improper sterilization procedures and unsafe medical practice [61-63].
HCV epidemiological pattern in Europe is heterogeneous: Northern and Western European countries reported
very low (< 1%) prevalence rates, while Southern and
some Eastern countries reported intermediate-to-high
prevalence rates (> 2.5%). Notably, completeness of collected information is limited in many countries of the
Mediterranean and the Balkan area, particularly in highrisk groups. The observed differences reflect the variable
modes of transmission among countries, strongly related
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to cultural practices, presence of safe and effective medical and screening procedures and prevalence of specific
risk behaviours. In general, iatrogenic spread of HCV
infection through blood transfusion occurred in the past
is the main cause of the high HCV prevalence in the
older population, observed in particular in Southern European countries. Improved blood supply safety from the
1990s limited HCV diffusion among younger cohorts,
but sharing of injecting equipment among intravenous
drug users has become the predominant route for HCV
transmission. The expansion of intravenous drug use
is recorded both in Western and in Eastern European
countries. Nosocomial infections still occur in European
countries, although the advances in medical procedures:
50%-70% of new HCV cases can be attributed to nosocomial exposure, according to recent estimates in Italy
and Spain. Another important factor that substantially
contributed to HCV epidemic in Europe is immigration
from endemic areas, especially during the last 10-15 years
in Northern and Western Europe[64-70]. It is important to
highlight that a considerable proportion of HCV positive
subjects are unaware of its status and many new infections are not diagnosed or reported: lack of recognition
of infection affects epidemiology estimates and treatment opportunities, especially in high-risk groups, so
hampering effective control of infection, even with treatments of high efficacy[15].
Also the genetic diversity of the virus contributes
to complicate HCV epidemic picture and constitutes a
severe challenge for effective therapy. HCV is characterized by an high genomic variability and is classified into 7
genotypes (1-7), which differ by more than 30% sequence
diversity, and at least 67 subtypes, characterized by a about
20% sequence divergence, according to the last update to
the previous consensus HCV classification[71-73]. Moreover, when HCV infects an individual, multiple closely
related but distinct viruses, a “quasispecies” population,
can be identified, with sequence variations up to 10%:
as already observed, HCV polymerase is characterized
by the absence of proofreading capacity, and this leads
to an high mutational rate of 10-5-10-4 nucleotides per
replication cycle[74]. Identification of HCV genotypes and
subtypes is a crucial step for the definition of epidemiological patterns and effective treatment. Current commercially available methods allow the detection of nucleotide
sequence disparity using direct or indirect approaches
and new sequencing technologies can detect minor viral
populations in complex quasispecies mixtures; however,
improvements in specificity, reading sequence lengths and
general clinical significance of generated sequences are
required[75,76]. Global distribution of HCV genotypes is
characterized by marked geographical differences, reflecting the evolving pattern of transmission modes and other
influencing factors such as immigration and screening
diffusion. In Figure 1 most common HCV genotypes
across the world are shown. Genotype 1 is distributed
worldwide and is responsible for the majority of cases in
the Americas, Europe, Australia and Japan; subtype 1b is
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Figure 1 Most common hepatitis C virus genotypes across the world.

the commonest in Europe and Asia, while subtype 1a is
distributed widely in Northern Europe and United States.
Genotype 2 is more prevalent in industrialized countries
as well as in South America and Asia, particularly in Japan
and China, where the subtype 2a is commonly isolated;
genotype 2b is widespread in Northern Europe and United States; genotype 2c is the most common subtype in
Western and Southern Europe, Pakistan and India. Genotype 3, and in particular subtype 3a is prevalent in Europe, United States, Australia and Southern Asia; recent
data indicate an increasing trend in isolation of genotype
3a and a general decrease of genotype 1b and 2 over
time, probably related to the reduced iatrogenic transmission of infection and the diffusion of illicit parenteral
drugs, especially in Eastern and Southern Europe[77-79].
Genotypes 4-7 are limited to distinct areas and/or countries. Genotypes 4 and 5 are mainly identified in Africa
and the Middle East: genotype 4a is prevalent in Egypt,
while genotype 4c is highly prevalent in Central Africa;
genotype 5 is mostly isolated in South Africa. Genotype 6
and its numerous subtypes are found mainly in Southeast
Asia, and in some countries such as Thailand, Vietnam,
and Myanmar genotype 6 is the responsible for the majority of new HCV cases. Genotypes 4, 5 and 6 were believed to be confined in Northern Africa, Central Africa
and Southeast Asia, respectively, but increasing migration
waves and globalisation processes are causing a spread of
these genotypes outside the cited areas, in nearby areas of
Asia and as far as western countries such as United States,
Canada and Northern Europe. Genotype 7 has a minor
clinical relevance and was recently found in patients from
Central Africa and Thailand[34,61,75,80-84].
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Association between HCV genotype and fibrosis progression appears inconclusive, although increasing clinical
and experimental data show that infection with genotype
3 is associated with a higher risk of severe hepatic steatosis, accelerated fibrosis progression rate and increased
oncogenesis[82,85-87]. Conversely, each genotype has different response rates to antiviral therapies. While 80% of
HCV genotype 2-and 3-infected patients reach sustained
virological response (SVR) under pegylated-interferon
with ribavirin (pegIFN/RBV) combination therapy, this
regimen leads to a SVR only for about 50% of genotype
1- and 4-infections; genotypes 5 and 6 have intermediate
response rates[87]. There is increasing evidence that SVR
rates with dual pegIFN/RBV therapy for genotype 3
infected patients appear worse than for genotype 2 infections. The introduction of direct-acting antivirals (DAAs)
into combined regimens markedly increased SVR rates
for genotype 1 infected patients: the first-generation NS3NS4A protease inhibitors telaprevir (TVR) and boceprevir (BOC), approved for treatment of only genotype 1,
lead to SVR rates of 63%-75%, although with an increase
of side effects. New combinations of DAAs have shown
a favorable safety profile and an improvement of antiviral
activities also against non-genotype 1 HCV, but risks of
resistance, treatment failures and the well-known limitations of IFN-based regimens are issues that have still to
be overcome[88-94].

HCV PREVENTION
The global burden of HCV disease is now fully recognised, thanks to several epidemiological and natural
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supply limit the use of these animals; moreover, chimpanzees have major differences in immunologic responses to infection from humans, so the results obtained with
this model have to be interpreted with caution, especially
those regarding protective immunity[111-115]. Another commonly used animal model for HCV research is a chimeric
mouse model, in which engineered mice engrafted with
human hepatocytes are able to be infected with HCV
either from patient sera or produced in vitro: main limitations of this model are high mouse mortality rate and
lack of adaptive immune response to HCV. Improved
mouse models characterized by a partially reconstituted
human immune system and human liver, susceptibility to
HCV infection and ability to generate a specific response
against the virus have been recently described[111,116,117].
Although very useful in viral pathogenesis understanding and vaccine development, animal models cannot
substitute accurate evaluations in humans. The design
of preventive vaccine trials presents several challenges,
especially in the case of HCV: the number of enrolled
subjects should be very high to ensure adequate power to
the trial, study results may not be applicable to countries
other than those where the trial has been performed, factors such as HCV prevalence, exposure frequency, infectivity and chronicity may affect significance of the trial,
endpoints and correlates of protective immunity should
be clearly defined[118-121]. Experience achieved in the field
of HIV vaccine development, with several recent highprofile failures, highlights the need for accurate studies
on HCV vaccine design.
Several approaches have been adopted to develop an
effective preventive HCV vaccine: they can be classified on
the basis of targeted immunity (humoral immunity, cellmediated immunity or both) or employed strategy (recombinant protein or viral peptide vaccines, virus-like particles
vaccines, DNA/recombinant vaccines, DNA/viral vector
vaccines). HCV vaccine candidates combining recombinant
envelope E1 and E2 proteins and adjuvants have been
demonstrated to elicit humoral responses and production
of neutralizing antibodies both in animal model and human phase Ⅰ trials[122-124]. A subunit approach combining
HCV core protein and ISCOMATRIX® adjuvant has been
investigated to promote a broad and strong humoral and
cellular immune response to HCV antigens in primates
and healthy volunteers, with conflicting results[125,126].
Formulations combining several highly conserved CD4+
and CD8+ epitopes with different adjuvants, bacterial
pore-forming toxoids, heat shock proteins or influenzabased virosomes are promising strategy for the induction
of cross-protective humoral and cellular immunity[127]. A
virus-like particles approach, based on insect cells infected
with a recombinant baculovirus containing the cDNA
of HCV structural proteins (core, E1, and E2), has been
shown to induce both humoral and cellular immune
responses in animal models, but protection against infection after HCV challenge has not been demonstrated.
Similar recently described approaches include the use of
engineered HBV S envelope protein, murine leukemia

history studies performed during the two decades after
virus’ discovery. Primary prevention of new infections
and management of existing infections (secondary prevention) are the fundamental approaches to controlling
HCV epidemic. Despite the great advances in the treatment of HCV infections, the still heavy public health
burden and the limitations of current available therapies
highlight the key role of primary prevention strategies to
reducing worldwide disease diffusion. Among the different strategies to prevent infections of major public health
relevance, vaccination has proved to be the most effective preventive approach to control infectious diseases
and interrupt transmission chains. The history of the
epidemic sustained by another hepatotropic virus, HBV,
is the demonstration of the fundamental importance
of the availability of an effective vaccine in preventing
viral infections and virus associated disease[95-97]. The
development of a preventive HCV vaccine constitutes
an irreplaceable tool to control HCV spread, but several
major hurdles hamper the achievement of this important
purpose. As already observed, HCV is characterized by
an high genetic diversity and variability, because of the
lack of proof-reading activity of its polymerase: as such,
infection is sustained by a quasispecies of multiple closely
related but distinct viruses, with the ability to persist in
infected people by escaping immune control of cytotoxic
T lymphocytes (CTL) and antibodies against different
regions of the viral envelope. Moreover, HCV is able to
impair CD4+ T cell response at the beginning of infection and causes a rapid immune exhaustion of CD8+ T
cells as the infection endures[98-102]. Strategies to develop
a preventive HCV vaccine should consider these aspects:
in particular, an effective HCV vaccine should elicit both
a strong humoral immune response, by inducing neutralizing antibodies targeting multiple conserved B and T cell
epitopes, and a cellular immune response, by stimulating
a rapid activation of T-helper 1 lymphocytes as well as
CTL. Moreover, fundamental steps for the development
of an HCV vaccine will be the definition of suitable correlates of protection and cross-protection evaluations
against the various HCV genotypes. The lack of convenient experimental model systems is another important
challenge towards the full understanding of viral pathogenesis and immune response to HCV infection. Only
recently the availability of a cell culture-derived HCV
model (HCVcc), consisting of human hepatoma cell lines
infected with the 2a strain of HCV, and of a cell-culturebased system that allows production of infectious HCV
in physiologically relevant human hepatocytes (HCVpc)
provide useful tools for the study of HCV interactions
with host cell and for testing neutralizing and cross-protective potential of antibodies induced by various HCV
vaccine candidates[103-110]. Nevertheless, these in vitro systems do not allow the study of T cell response to HCV
infection, and a suitable animal model is still required
to study innate and adaptive immune responses in vivo.
Chimpanzees constitute the only acceptable animal model
for HCV analysis, but ethical issues, high costs and scarce
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virus and vectored measles viruses[128-135]. DNA vaccines
present the advantage of inducing cytotoxic lymphocyte
responses; however, the induced immunity is often brief,
weak and unlikely to be effective in infection prevention.
Several strategies include a priming with a DNA vaccine
followed by a protein-based vaccine to boost CD4+ and
CD8+ T cells and humoral immune responses[127-138]. A
potent T cell-mediated immunity can be obtained with the
use of a defective or attenuated viral or bacterial vector
expressing HCV structural and non-structural antigens:
viral vectors include adenoviruses, vaccinia virus, modified
vaccinia Ankara (MVA), pox virus and other viruses. Adenoviral vectors have shown the most promising results
in inducing strong and broad CD4+ and CD8+ T cell responses. Vaccine strategies based on these vectors reduced
peak viremia and induced protection against chronic
infection in primates, but did not prevent HCV primary
infection[139-143]. Currently, a phase 1/2 trial, designed to
assess safety, immunogenicity and efficacy of a primeboost vaccine based on an adenoviral vector and a MVA
vector in active intravenous drug users aged 18 to 45 years
in United States, is ongoing[144].

the characterization of conserved amino-acid sequences,
in the NS5 region of the genome, throughout the genotypes, and the detection, within them, of those epitopes
that shared T and B cell recognition, have the second
and then the third generation of assays been produced[149]. Currently, third generation assays that include,
in solid phase, antigens from the core and recombinant
antigens from NS3, NS4 and NS5 regions are diffusely
used[150]. The evolution from first, to second and finally
to third generation has led to a progressive increase in
sensitivity and specificity, as well as in a reduction of the
window period (8-10 wk after exposure). In fact, this latter purpose has been reached, both in house-made and
commercially standardized assays, by simultaneously detect antibody and antigens in the same assays, thus reaching the same sensitivity and specificity of the routinely
used assays and also achieving the capability of detecting
HCV infection about 21-50 d earlier than simple antiHCV assays[151].
In the effort at having an assay capable to discriminate between acute and chronic HCV infection, antiHCV IgM assays were produced. The attempts, however,
have been frustrated by the presence of anti-HCV IgM
antibodies both in the acute and in the chronic infection,
although in different percentage, so that their significance
is often unclear, and the assays are not used in clinical
practice[152].
Avidity assays, used to distinguish primary from
chronic or recurrent viral infection in many other diseases, have also been tested in the HCV infection. As
reported by some authors, the avidity index has been
found significantly lower in primary than in chronic, but
also lower in past than in chronic infection. Even if these
assays may sometimes be an useful help at assessing the
timing of hepatitis C infection after the onset of symptoms, they nevertheless have had poor success in clinical
practice as well[153,154].
Recently, rapid immuno-chromatographic assays for
the detection of anti-HCV antibody, based on recombinant antigens from the core, NS3, NS4 and NS5 regions,
were evaluated and shown to possess > 99% specificity
and sensitivity ranging from 86% to 99%. As they are
able to generate a result within an hour, they can be used
as point-of-care testing[146,155,156].
Currently, CDC recommends the use of an approved
screening test, either an EIA or a rapid test, and the use
of another assay to confirm a positive result as a true
positive one[146].
The recombinant immunoblot assay and other immunoblot assays are commonly used to confirm a reactive
result at an anti-HCV screening test. The same antigens
as in EIAs are used in these assays, but the antigens are
separately coated on a membrane and the result depends
on the number of bands present on the membrane. The
immunoblot assays, more specific than EIAs, can confirm a true positive anti-HCV result but are unable to
confirm an active HCV infection, which only a molecular
test can reveal[148].

DIAGNOSTIC TOOLS IN HCV INFECTION
Background
The diagnosis of hepatitis C infection is usually obtained
by detection of anti-HCV antibodies. The anti-HCV reactivity by screening assays can indicate a past, acute or
chronic hepatitis and despite the high specificity of the
assays (> 99%) false positive results are not rare, especially in some clinical situation such as in pregnant women,
in patients with immunologic or hematologic diseases
and when testing is performed among population with
low risk of infection. In all these circumstances the antiHCV reactivity must be confirmed with a confirmatory
test. Two major guidelines [European Association for
the Study of the Liver (EASL) and Centers for Disease
Control and Prevention (CDC)] currently recommend
the detection of anti-HCV antibodies together with molecular determination of HCV-RNA for the diagnosis of
HCV infection[145,146]. In addition, in the course of infection more and more often it is also advisable to assess the
genotype of the virus, as well as its quantitative plasma
load, also done by molecular tests. Particularly, these are
useful, if not mandatory, in the phases of therapeutic decision, choice of treatment and control of efficacy. Thus,
several viral markers, either serological or molecular, can
be used in the course of HCV infection both for diagnostic and monitoring purposes.
Serological tests
Detection of anti-HCV antibodies: Several enzyme
immunoassays (EIAs), microparticle EIAs and chemiluminescence immunoassays have been developed to
detect anti-HCV antibodies[147]. First generation assays
can identify as anti-HCV positive about 80% of patients
with diagnosis of non-A non-B hepatitis[148]. Only after
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Detection of HCV antigen: In addition to the previously described tests that allow the simultaneous detection
of antigens and antibodies, assays for the detection of
HCV core antigen alone were also developed. It is now
available an automated, quantitative chemiluminescence
immunoassay which has been shown to have sensitivity
and specificity ranging from 80% to 99% and from 96%
to 99%, respectively[11,148]. Several studies demonstrated
that the test can similarly detect and quantify all the genotypes and that the quantification of core HCV antigen
shows a good correlation with the HCV-RNA levels[10,157].
On these bases, recently, Ottiger et al[158] proposed a new
algorithm to confirm an anti-HCV reactive result and also
a mathematical formula to extrapolate HCV-RNA levels
by measuring HCV antigen. It must be noted, though,
that slight differences across the genotypes and from one
patient to another have been reported.
As this is an immunoassay, it is easy to use and less
expensive compared to a molecular assay. Moreover, as it
is able to detect core antigens it can be used to confirm
acute infection and also to monitor HCV response to
therapy. The lower limit of detection, varying according
to the HCV genotype from 500 to 3000 IU/mL of HCVRNA[159], represents the important limitation of the assay.
However, even taking this restriction into account, HCV
antigen assay can represent a useful diagnostic marker in
those laboratories where HCV-RNA molecular tests cannot be performed[160], pending their hopefully fast conformation to international standards.

ent HCV genotypes and several subtypes have been characterized so far[71]. The HCV genotype along with HCVRNA baseline level is considered the major predictor
of SVR to antiviral therapies. In clinical practice, HCV
genotype can be assessed by commercially available techniques based on real-time PCR with genotype specific
probes/primers, semi-automated sequencing and automated reverse hybridization that analyze the 5’ NC region
of HCV genome, representing the most conserved one.
However, analysis of 5’ NC region can lead to errors in
subtype attribution, because it is not the most appropriate
for discrimination among subtypes. For this reason a new
version of automated reverse hybridization, the most
commonly used method, analyzes both the 5’ NC and
the core regions. The gold standard of genotyping is the
sequencing of NS5B region, able to accurately assign the
genotype, with the advantage that the obtained sequence
can be used for phylogenetic analysis to epidemiological
purposes[164-167].
Recently, hybridization on oligonucleotide microarray
assay, containing genotype and subtype specific oligonucleotides on the corresponding sequences of the NS5B
region, have been successfully developed for identifying
HCV genotypes and subtypes[168].

NEW THERAPEUTIC ERA AND ITS
IMPLICATIONS
To date and for many years, the peg-IFN/RBV combination, able to eradicate the virus in approximately 50% of
treated patients[169], has characterized the standard of care
(SOC) for chronic HCV infection. The recent development and availability of new molecules named DAAs are
implementing the HCV therapeutic options[170,171].
These new DAAs include: NS3/NS4 protease inhibitors, divided into linear and macrocyclic, NS5a phosphoprotein inhibitors, NS5B polymerase nucleoside and nonnucleoside inhibitors and host-targeting antivirals[172].
Currently, only TVR and BOC, the first two NS3
protease inhibitors, are available and approved for use
in Europe, in combination with SOC, in HCV, genotype
1, chronically infected patients[173,174]. Both are linear ketoamides molecules that target the catalytic site of the
NS3/4A protease, blocking the release of HCV NS proteins required to assemble the viral replication complex.
Moreover, they also work by stopping the release of
immune modulating host proteins, thus promoting the
innate immune response to HCV infection[175].
As HCV is a virus with high genetic heterogeneity,
high rate of turnover and no proofreading activity, when
used in mono-therapy DAAs cause the rapid emergence
of resistant variants, so that they are approved for use in
combination with peg-IFN/RBV[175].
The efficacy of TVR and BOC has been evaluated in
phase Ⅲ clinical trials. In summary, two trials have been
performed for each: in naïve chronic HCV patients (advance for TVR and sprint 2 for BOC) and in treatment
experienced SOC failed patients (realize for TVR and

Molecular tests
Detection of HCV-RNA: HCV-RNA is detectable in
plasma and in serum 1 to 3 wk after infection, about 1
mo before the appearance of anti-HCV antibody, and is
a hallmark of ongoing viral replication[152,161]. Nucleic acid
testing (NAT) used for detecting and quantifying HCVRNA characterizes the gold standard for HCV diagnosis
and can be done by mean of polymerase chain reaction
(PCR), branched DNA signal amplification (bDNA) and
transcription mediated amplification. Currently, all NATs
for detecting and quantifying HCV-RNA levels are standardized by the use of the WHO International Standard
and the HCV-RNA results are expressed in Unit International (UI/mL)[162].
The development and the availability of the semiautomated or fully-automated real-time PCR that exhibit
excellent sensitivity, specificity and high dynamic range
will probably lead to the replacement of the qualitative
assays. Several real-time assays are being commercialized
which have been demonstrated to be accurate enough in
detecting and quantifying HCV-RNA to be suitable for
clinical practice. Differences have been reported with
regard to the HCV-RNA quantification based on the
genetic diversity of the viruses and, probably, due to the
mismatching between primers or probes and HCV target
sequences[163].
Detection of HCV genotype: As already said, 7 differ-
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Table 1 Boceprevir and telaprevir response guided therapy and futility rules
End-point

Boceprevir

RGT

Futility rules

Telaprevir

Non-cirrhotic treatment naïve patients, previously relapsers or
partial responders
HCV-RNA undetectable at weeks 8 and 24
HCV-RNA > 100 IU/mL at week 12
HCV-RNA detectable at week 24

Non-cirrhotic treatment naïve patients previously relapsers
HCV-RNA undetectable at weeks 4 and 24
HCV-RNA > 1000 IU/mL at weeks 4 and 12
HCV-RNA detectable at week 24

HCV: Hepatitis C virus.

Table 2 Qualitative and quantitative hepatitis C virus RNA assays available for clinical use
Assay
Qualitative
Amplicor HCV v2.0
Cobas Amplicor HCV v2.0
Ampliscreen1
Versant HCV RNA
Procleix HIV-1/HCV1
Quantitative
Amplicor HCV Monitor
Cobas Amplicor HCV Monitor v2.0
Versant HCV 1.0 Assay K-PCR
Abbott RealTime HCV Assay
LCx HCV RNA Quantitative Assay
Cobas Ampliprep/Taqman

Manufacturer

Method

LOD, IU/mL
(dynamic range, IU/mL)

Roche molecular system
Roche molecular system
Roche molecular system
Siemens healthcare diagnostics
Chiron corporation

RT-PCR (manual)
Semi-automated RT-PCR
Semi-automated RT-PCR
Semi-automated TMA
TMA (manual)

50
50
< 50
10
< 50

Roche molecular system
Roche molecular system
Siemens healthcare diagnostics
Abbott diagnostics
Abbott diagnostics
Roche molecular system

RT-PCR (manual)
Semi-automated RT-PCR
Semi-automated RT-PCR
Semi-automated RT-PCR
Semi-automated RT-PCR
Semi-automated RT-PCR

N/A (600-700000)
600 (600-500000)
15 (15-100000000)
12 (12-100000000)
25 (25-2630000)
15 (15-100000000)

1

Used for blood screening only. HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; RT-PCR: Reverse transcription-polymerase chain reaction;
LOD: Limit of detection.

respond 2 for BOC)[93,94,176,177]. All these studies demonstrated significant improvement of SVR in DAAs arms
compared to SOC. Several post-marketing studies are currently being performed confirming these favorable preliminary data. However, while representing new therapeutic chances for clinicians and patients, DAAs also entail
new challenges and efforts to lab workers.

HCV-RNA detection and quantification[145].
Each real-time assay has its own linear range, with
its own upper and lower limit of detection, but the terminology used to interpret the results is the same[178-182]
(Table 2). It is possible to define: (1) lower limit of quantification (LLOQ): the lowest value of HCV-RNA that is
possible to accurately quantify, HCV-RNA is detectable
and quantifiable; (2) limit of detection (LOD): the lowest value of HCV-RNA that can be detected, always <
LLOQ, HCV-RNA is detectable but not quantifiable; (3)
< LLOQ: HCV-RNA is detectable but not quantifiable,
the interpretation is the same as LOD; and (4) target no
detected (TND): no HCV-RNA amplification, HCVRNA is undetectable or not detected.
Timing of sample collection is also assessed by
guidelines, depending on the specific futility rules of
each drug, as otherwise it happens for SOC. However,
HCV-RNA kinetics induced by DAA treatments seems
to have a different trend in comparison to that observed
by IFN-based therapies (typically biphasic)[183,184]. DAAs
determine an initial shorter delay before the beginning of
the biphasic decline, in addition the decline observed in
each phase is faster. If no fast decrease in the HCV-RNA
levels is observed within the first two days, that is at the
end of the first phase of decline, resistant variants can be
selected[185]. Due to the faster HCV-RNA kinetics induced
by current DAAs, which will be at least equaled if not improved by the next generation ones, timing of sampling
must be very strict during treatment with DAAs, and is

Detection of HCV-RNA in the new era
As already said, the use of TVR and BOC in HCV treatment leads to a substantial improvement in SVR rates,
but the managing and monitoring of the patients in triple
therapy has become more complicated than in SOC. Due
to the differences in the “stopping rules”, also known as
“futility rules”, between SOC and DAAs treatment, and
between the two DAAs (TVR and BOC), HCV-RNA
quantitative monitoring faces new challenges. Not only
has it to be very accurate for several reasons: for understanding HCV-RNA kinetics, for establishing eligibility
for response guided therapy (RGT) and for complying
with stopping rules, it also has to be very frequently and
rapidly performed[178,179] (Table 1). In fact, a prompt result from the laboratory is often important not only to
avoid unnecessary side effects and the waste of ineffective expensive drug, but also to prevent the occurrence
of resistant variants in patients for which it is impossible
to achieve SVR. For these reasons, EASL Guidelines
recommend the use of a real-time PCR-based assay with
a lower limit of detection as low as 10-20 IU/mL for
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for a routine use. Although they can produce a significant
amount of information, they can generate sequence errors, unreadable sequences, false positive and false negative results for substitutions, insertions and deletions. For
that reasons, sophisticated software and trained personnel
are needed[9,188].
A list of primary RAMs to TVR and BOC has been
drawn up and an overlapping of the resistance profile
between the two drugs has been found. In vitro, a degree
of resistance was established for each mutation by phenotypic analysis of the mutated strains and was divided
into low, intermediate and high level of resistance (Table
3). If selective drug pressure continues, other compensatory mutations are likely to be induced, with an increase
of replicative fitness[171,188,190,191]. However, while a high
degree of cross resistance between these linear NS3/4
inhibitors was observed, cross resistance in the class of
macrocyclic inhibitors seems to occur more rarely and
in far less sites. Nevertheless, whereas mutations at R155
amino acid position were potentially selected by all the
NS3/4 protease inhibitors, the mutations at D168 amino
acid position were selected only by the new macrocyclic
NS3/4 inhibitors[192-195] (Table 4).
Differences between subtypes have been described
both in terms of response to treatment and in terms of
selection of resistant variants. Indeed, with both protease
inhibitors SVR rates are higher in subtype 1b than in 1a.
In fact, not only are the mutations subtype specific, but
they also depend on the genetic barrier of the subtype.
Typically, when treatment failure occurs R155K/T and
V36M mutations are selected in genotype 1a, whereas
A156S/T, V36A and T54A in genotype 1b. R155K mutation is selected faster in subtype 1a than in subtype 1b,
because the change of a single nucleotide is sufficient to
cause an amino-acid substitution in the first, whilst two
changes are required in the latter[196,197].
Unlike HIV, which integrates the viral genome into
host cells and HBV whose viral genome is present in
the nucleus of hepatocytes as cccDNA, HCV has no
latent reservoir. While warranting the possibility of viral
eradication, this implies that the virus is not stored and
the RAMs, selected by treatment, tend to be replaced by
wild-type virus after the end of drug pressure. Although
data from literature indicate an extremely high variability
from one patient to another in the time required for the
disappearance of the HCV resistant variants, probably
depending on the viral fitness of the respective variant,
this aspect must be taken into account when sequencing
HCV in search for RAMs[171,196].
In DAAs failing patients HCV sequencing for individuation of RAMs can yield useful information at an
investigative level, but it is unclear its role as a clinical
tool and it is not currently recommended in this setting.
Likewise, at the moment screening for resistance is not
indicated in naïve patients before initiation of treatment
with TVR or BOC, mainly because the circulation of mutated strains in the general population has to be very low.
However, an entire new generation of DAAs is currently

Table 3 Degree of telaprevir and boceprevir resistance
associated mutations
Degree of resistance
Low level

Intermediate
High level

Mutations

Fold increase

V36A/M/C
T54A/S
R155K/T/Q
V36A/M + R155K/T
A156V/T
V36A/M + A156V/T

3.5-7
6-12
8.5-11
57-71
74-410
> 700

likely to need a further restriction in a future revision of
the guidelines.
In summary, for clinical purposes, every piece of information from HCV-RNA testing can be important. A
detectable, though not quantifiable HCV-RNA (< LLOQ
or LOD) may lead to different therapeutic decisions than
undetectable HCV-RNA (TND or < LOD), thus all
phases of HCV testing, including timing of sample collection, HCV-RNA measuring and result reporting, must
be equally very accurate.
Detection of resistant variants
As already said, due to the virus HCV characteristics
(high rate of turnover, no proof-reading activity with
production of about 10-3-10-5 mutations per nucleotide
per genomic replication), HCV exists as a whole of viral
variants, called “quasi-species”. In other words, the viral
population consists of a prevalent population, typically
called “wild type” virus (the virus with the best fitness)
and of the minority variants selected during HCV replication and favorable to the virus[74,171,186,187]. There are
also differences in nucleotide sequences within genotype
(greater) and subtypes (smaller)[71]. It is against this quite
heterogeneous viral population that old and new drugs
must work.
Resistant viral variants are quickly selected if the new
DAAs, that have been shown to have low genetic barrier,
are administered in mono-therapy[188]. The combination
of the new DAAs with peg-IFN/RBV partially protects
against the onset of resistance-associated mutations
(RAMs). The function of peg-IFN/RBV is to suppress
pre-existing resistant variants, therefore treatment failure occurs more easily in poor IFN responder patients,
unfortunately those in greater need of DAAs and for
whom DAAs are indicated. Factors associated with IFN
response and tests to predict response are discussed elsewhere in this review.
So far, RAMs can be identified only with “in house”
assays. Several methods for sequence analysis can be
performed: TaqMAMA, hybridization assays, restriction
enzyme assays, direct sequencing and next generation sequencing (NGS) techniques[188,189]. The well standardized
and most commonly used in clinical practice direct sequencing can detect the prevalent population of the quasi-species (> 25%), whilst the NGS, used only in research
laboratories, can also reveal minority species (> 5%).
Currently, the NGS techniques present several problems
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Table 4 Resistance associated mutations and cross-resistance to approved and advanced phase-studied NS3/4 protease inhibitors
Drug

Molecule

Telaprevir
Linear
Boceprevir
Linear
Faldaprevir
Linear
Danoprevir Macrocyclic
Vaniprevir Macrocyclic
Simeprevir Macrocyclic

V36A/M F43S T54S/A V55A/K Q80R/K S122A/ I132V R155K/
G/R
T/Q
-2
-2

-2
-2

-

3

-3

-2
-3
-2

-3

-2
-2
-2
-2
-2
-2

1

A156S/ V158I D168A/ I170F/T M175L
1
D/T/V
V/T/H V170A/T
-2
-2
-3
-3
-3

-3

-3
-2
-2
-2
-2

-3
-3
-3

-3

1

The I170F/T and the V170A/T mutations were detected in hepatitis C virus genotype 1a and 1b, respectively, in which I and V represent the consensus
amino acid, respectively; 2Indicates resistance associated mutations detected in virologically failed patients and confirmed by phenotypic tests; 3Indicates
mutations detected as additional mutations or still of uncertain significance.

being developed, some of which with potential use in
IFN-free settings and some of which very close to commercial release. One of the emerging aspects in terms
of viral susceptibility to these newest drugs is that some
polymorphisms, detected in certain viral subtypes, can
selectively reduce susceptibility to one or more of them.
In fact, for instance, the protease inhibitor simeprevir has
most recently been approved by FDA with the mandatory condition that patients harboring a polymorphic
Q80K variant strain of genotype 1a-HCV have to be excluded from treatment. Thus, a viral genotype has to be
acquired in potential candidates for simeprevir treatment.
It is likely that similar limitations will be issued for other
new drugs in the nearest future. Therefore, resistance
testing in naïve patients, which seemed a mere research
exercise so far for the lacking of data indicating a clinical
utility, may soon become a pretreatment requirement at
least in selected cases.

treatment duration.
More recently, a number of independent genomewide association studies (GWAS) have shown associations between single nucleotide polymorphisms (SNPs)
near the interleukin 28B (IL28B) gene and viral clearance
or SVR to peg-IFN/RBV[204,205] as well as inosine triphosphatase (ITPA) and RBV-anemia[203]. Other SNPs have
also been identified to correlate with treatment outcomes
or drug-related toxicities.
The role of host genomics in HCV infection outcomes in the new era of DAAs may evolve thanks to
new therapeutic targets, especially when more potent and
numerous new DAAs will be available and a chance of
modulating and personalizing treatment and patient management will become real.
Impact of IL28B polymorphisms on HCV replication and
response to therapy
Several studies have demonstrated the role of SNPs
upstream of the IL28B gene on chromosome 19 coding for IFN-λ3 (rs12979860, rs8099917, rs12980275,
and rs8103142)[204-211] in predicting treatment induced
and spontaneous clearance from HCV infection. Based
on both GWAS and genetic mapping data, patients with
the SNPs haplotypes associated with HCV clearance are
more likely to achieve SVR and this could be explained
by the biology of these genetic variations. The IL28B
gene encodes for IFN-λ3, belonging to the IFN-λ family which plays an important role in antiviral immunity.
Recent findings described the association between the
IL28B SNPs and the expression of intrahepatic interferon-stimulated genes (ISG) in liver[203]. Low ISG expression prior to treatment has been already correlated with
high response to IFN-based therapy and the protective
IL28B genotype is associated to lower levels of ISG expression, suggesting that ISG induction in part segregates
according to IL28B haplotype[203,212].
The first and largest GWAS was conducted in the
IDEAL trial, in which about 1600 HCV genotype 1- infected patients of European, African-American or Hispanic ancestry were enrolled: although more than 500000
SNPs were studied, rs12979860 with its favorable biallelic variant CC represented the best predictor of SVR

ROLE OF HOST PHARMACOGENETICS:
THE NEW PREDICTORS OF HCV
TREATMENT OUTCOMES
The primary goal of therapy against HCV is to eradicate
infection and its target is to achieve SVR, defined as having undetectable serum HCV RNA 24 wk after cessation
of treatment. The main antiviral tools are unsuccessful in
about 50% of cases[198-201], in particular in HCV/HIV coinfected. Given the variability of response and in order to
reduce several side effects and to avoid the heavy medical cost, baseline viral and host parameters to predict an
individual response before the treatment would be quite
useful[202]. Several studies have proven the role of both viral factors (such as HCV genotype, quasispecies diversity,
baseline viremia) and host factors (i.e., age, sex, ethnicity,
grade of liver fibrosis, body mass index, co-morbidities)
in predicting the natural course of hepatitis C and response to therapy.
However, the observations that the treatment response rate in African/Americans is less than half of
that observed in Caucasians[203] suggested that additional
factors associated with patient genetic background are related to likelihood of an SVR and may influence tailored
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in these ethnic groups. Specifically, carriers of the protective genotype achieved an SVR in 82% in comparison of
an SVR of 38% in the CT or TT-genotype[207].
The C allele distribution shows a geographical pattern
with a lower frequency among African individuals than
European descents and is more prevalent in East Asians,
where the highest rates of SVR were observed. This
might account for more than half of the ethnic difference in treatment response rates[206].
Other SNPs of IL28B (rs8105790, rs11881222,
rs28416813, rs4803219 and rs7248668) have been identified in HCV genotype 1 infected patients[204,213,214], although
SNPs rs12979860 and rs8099917 were found to be predominant in different populations and strongly associated with treatment outcome: in particular the favorable
variants, homozygosis for the SNPs rs12979860 (CC)
and rs8099917 (TT), are significantly associated with
SVR in HCV-genotype 1-infected patients treated with
peg-IFN/RBV. A recent meta-analysis confirmed the
strength of these genotypes as independent predictors[215]; however, in consideration of the high prevalence of rs12979860 in different populations and its
relevant effect on treatment outcome, the determination
of this SNP seemed sufficient for predicting response
to therapy[216] and the current consensus considered it
as the strongest predictor[217], suggesting the possibility
of personalized therapy with its significant clinical and
pharmacoeconomic implications.
Thus, carriers of rs1297860CC infected with HCV
genotypes 1/4 may be treated with peg-IFN/RBV,
whereas carriers of the allele T with HCV genotype 1
and no advanced liver fibrosis may delay therapy and wait
for new DAAs[218]. On this question the EASL Clinical
Practice Guidelines for the management of HCV infection indicate the determination of IL28B polymorphisms
as an useful tool to identify patient’s likelihood of response to therapy, but with a low predictive value, and
for this reason it should not be used to defer therapy in
carriers of unfavorable genotype, but mostly in need of
treatment (i.e., patients with fibrosis). Moreover, IL28 genotyping is less clinically significant in patients with more
IFN-responsive 2/3 HCV genotype infections[145].
In the new era of DAAs therapy an important question is whether and how the determination of IL28B
polymorphisms may be useful in predicting patient’s
likelihood of response and the potential implications for
treatment decision making: data from SPRINT-2 trial in
naïve chronic HCV patients and from RESPOND-2 trial
in those treatment experienced indicated that rs1297860 is
associated with SVR to triple therapy with boceprevir in
combination with peg-IFN/RBV (rs1297860 CC vs nonCC; OR 2.6 and 2.1, respectively)[94]. Likewise SVR rates
to triple therapy with TVR are 87%-90% in carriers of
favorable in comparison to 59%-72% in carriers of nonfavorable IL28B genotype[203,219]. In consideration to the
expected high SVR rates associated to DAAs therapy, in
the future it is reasonable that IL28B variations will be
useful for identifying patients appropriate for simpler peg-
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IFN/RBV regimen and allocating the more expensive triple therapy to patients with unfavorable IL28 genotypes.
However, further cost-effectiveness analyses of tailored therapies are needed for better understanding how
IL28 genotyping may help to evaluate the risk/benefit
antiviral treatment profile.
Inosine triphosphatase gene variants and ribavirininduced hemolytic anemia
Hemolytic anemia is a common side effect of RBV-based
HCV therapy, although reversible and dose-related. However, in more than 15% of cases it is cause of ribavirin
dose reduction or premature withdrawal from therapy[218].
In a recent GWAS, Fellay et al[220] identified two variants (rs1127354 and rs7270101) in the ITPA gene functionally responsible for ITPA deficiency and correlated to
the risk of RBV-induced anemia in European-American
population. Later it was confirmed that rs1127354 is
strongly associated with protection against anemia in a
Japanese cohort of 474 patients[221] and similar data were
shown by Naggie et al[222] in HCV/HIV co-infected patients with all HCV genotypes.
Tanaka et al[223] also reported the association of two
SNPs, rs11697186 and rs6139030, which were within
and around DDRGK1 gene on chromosome 20, with
reduced platelet counts in response to peg-IFN/RBV
treatment in 303 Japanese HCV patients. The SNP
rs11697186 was in strong linkage disequilibrium with rs
1127354 ITPA variants[224].
Overall, SNP ITPA was not associated to treatment
outcomes and does not predict SVR[225]. These findings
further support the perspective of pharmacogenetic diagnostic tools tailoring therapy to minimize drug-induced
adverse events, even though in the future DAAs likely
will progressively replace RBV-based treatment.
Genetic variants of low-density lipoprotein-cholesterol
receptor
The low-density lipoprotein receptor (LDLR) promotes
HCV endocytosis and thus particle entry to the cell.
Association of polymorphisms within the LDLR gene
with the pathogenesis of familial hypercholesterolemia,
atherosclerosis and obesity is known[226]. LDLR gene
variant was associated to SVR to peg-IFN/RBV[227] and
in HIV/HCV co-infected higher levels of LDLR are observed in carriers of rs1297860 CC than in non-CC carriers[228], probably due to the reduced LDLR gene expression induced by a lower activity of endogenous IFN-α
in CC carriers[229]. Most likely for this reason LDLR can
improve the predictive value of IL28B variants for HCV
treatment response[228].
Vitamin D receptor
Previous studies supported the importance of 25-OH
vitamin D deficiency {defined as 25-hydroxyvitamin D
[25(OH)D3] serum concentration < 20 ng/mL} in influencing HCV therapy outcome[230,231] and this is relevant
because vitamin D status might represent a potentially
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modifiable determinant of treatment outcome[232]. Very
interestingly, some studies showed the promising possibility of adding vitamin D to conventional peg-α-2b/ribavirin therapy for treatment-naïve patients with chronic
HCV genotype 1 and 2/3 infection significantly improves
the viral response[231,233].
In recent times, the interesting findings were that three
SNPs identified in two large GWAS (GC, encoding the
vitamin D binding protein; DHCR7, encoding 7-dehydrocholesterol reductase; and CYP2R1, encoding a liver
25-hydroxylase) were genetic determinants of reduced
25(OH)D3 serum levels[234,235]. More recently, Lange et al[236]
investigated the association between these SNPs and the
risk of HCV-induced HCC development in 1279 chronic
HCV infected patients with HCC and 4325 without HCC,
respectively. The results of this study indicated a mild association of genetic variations in CYP2R1, GC and DHCR7
with progression to HCC in patients with chronic hepatitis
C and confirmed the functional role of vitamin D in the
prevention of HCV-related HCC.
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Abstract

Core tip: The intestinal immune-system maintains a delicate balance between immunogenicity against invading
pathogens and tolerance of the commensal microbiota.
Inflammatory bowel disease involves a breakdown
in tolerance towards the microbiota. Dendritic cells,
macrophages and B-cells are known as professional
antigen-presenting cells (APC) due to their specialization in presenting processed antigen to T-cells, and in
turn shaping types of T-cell responses generated. Here,
we present an updated knowledge toward the role of
these APC in intestinal immunity, both in the steady
state and in inflammation, and how they interact with
one another and with the intestinal microenvironment
to shape mucosal immune responses.

The intestinal immune system maintains a delicate
balance between immunogenicity against invading
pathogens and tolerance of the commensal microbiota.
Inflammatory bowel disease (IBD) involves a breakdown in tolerance towards the microbiota. Dendritic
cells (DC), macrophages (MΦ) and B-cells are known
as professional antigen-presenting cells (APC) due to
their specialization in presenting processed antigen to
T-cells, and in turn shaping types of T-cell responses
generated. Intestinal DC are migratory cells, unique
in their ability to generate primary T-cell responses in
mesenteric lymph nodes or Peyer’s patches, whilst MΦ
and B-cells contribute to polarization and differentiation
of secondary T-cell responses in the gut lamina propria.
The antigen-sampling function of gut DC and MΦ enables them to sample bacterial antigens from the gut
lumen to determine types of T-cell responses generated. The primary function of intestinal B-cells involves
their secretion of large amounts of immunoglobulin A,
which in turn contributes to epithelial barrier function
and limits immune responses towards to microbiota.
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Intestinal DC in the steady state are generally hyporesponsive[11] and maintain immune tolerance in the gut by
generation of tolerogenic T-cell responses[12,13] towards
food antigens and commensal bacteria, preventing unnecessary inflammation and hypersensitivity. Although
distinguishing DC from MФ in the gut can be difficult,
intestinal DC in mice can be identified as CD11chiMHC
Class Ⅱ+CX3CR1-F4/80- cells and further subdivided
into DC subsets expressing combinations of CD11b,
CD103 and CD8α[14]. Although previous studies suggested a subset of DC exist expressing CX3CR1, the receptor for the chemokine fractalkine, mononuclear phagocytes in the gut mucosa expressing CX3CR1 also express
the pan-MФ marker F4/80 and tissue macrophage
marker CD68[15]. Subsequent studies confirmed that all
CX3CR1hi cells in the gut are indeed MФ[16]. DC can also
be distinguished from MФ in both mice and humans on
the basis of CD64 expression, with DC being CD64-[17].
Several intestinal DC subsets contribute to regulatory
T-cell (T-reg) generation in mice These include CD8α+
DC that promote T-reg generation in the presence of
transforming growth factor (TGF)-β[18,19], and CD103+
DC. CD103 (αE integrin) is expressed by the majority of
DC in the murine intestinal LP[20]; these DC are migratory and travel to the MLN via the afferent lymph[21-23]. In
the steady state, this constitutive migration of CD103+
DC from the LP to the MLN establishes T-cell responses
specific for harmless luminal antigens, and is essential
for the establishment of oral tolerance[10,13,21,24]. The ability of CD103+ DC to synthesize retinoic acid (RA)[25,26],
which enhances generation of gut-homing T-reg at the
expense of Th17 cells[25-28], is one of the key mechanisms
by which CD103+ DC participate in immune tolerance in
the gut. Human studies indicate DC from MLN maintain
some of the unique tolerogenic properties of murine
intestinal CD103+ DC[21,29]. Furthermore, CD103+ DC
from the LP in both mice and humans express indoleamine 2,3-dioxygenase (IDO), an enzyme involved in
the ability to drive T-reg development, is required for the
establishment of immune tolerance in the gut[30]. Plasmacytoid DC (pDC) are also key participants in oral tolerance[31] likely to be due to their expression of IDO.
Intestinal CD103+ DC can be subdivided into two
major subsets; CD103 +CD11b + and CD103 +CD11b DC[32]. CD103+CD11b+ DC stimulate Th17 and Th1
cell differentiation[33,34], whilst CD103+CD11b- DC can
drive Th1 polarisation and IFNγ-production from CD8+
T-cells[34,35]. However, other studies have shown both
CD103+ subsets can generate T-reg responses[36]. Interpretation of the regulatory function of these intestinal
subsets is further complicated by the fact that mice
lacking either CD103+CD11b+[33,37] or CD103+CD11bDC[38] have normal numbers of intestinal FoxP3+ T-reg.
CD103-CD11b+ intestinal DC are also potent inducers
of both Th17 and Th1 responses, even in the absence
of overt stimulation[35], and a subsequent study using
comparative analysis of transcriptomes determined that
CD103+Sirpα- DC in the human gut are related to murine

INTRODUCTION
Dendritic cells (DC), macrophages (MФ) and B-cells
comprise heterogenous populations of cells, known as
“professional antigen-presenting cells (APC)” due to
their specialization in antigen presentation. APC are critical for initiating, maintaining and shaping T-cell mediated
immune responses. DC are unique in their ability to drive
primary T-cell responses (reviewed in[1,2]), but MФ and
B-cells can polarize effector T-cell responses[3-5]. All three
types of APC also have other critical roles in both innate
and adaptive immunity; at intestinal sites, a combination
of these functions and crosstalk between APCs enable
them to be critical for maintenance of immune homeostasis in the gut.
The gastrointestinal tract is in contact with a huge
amount of antigens, including a diverse commensal microbiota, food antigens and also potentially pathogenic
microbes. As effector cells of both innate and adaptive immune responses, DC, MФ and B-cells are central
to not only maintaining protective immunity against
pathogens but also preventing inflammatory intestinal
immune responses against the microbiota and food antigens (tolerance). The microbiota is recognized by pattern recognition receptors (PRRs) on all three types of
APC, including Toll-like receptors (TLRs; reviewed in[6]).
Similar effector functions to those involved in protective
immunity against pathogens are engaged during inappropriate inflammatory responses against harmless antigens,
such as those seen in inflammatory bowel disease (IBD).
IBD, including Crohn’s disease (CD) and ulcerative colitis
(UC), is thought to result from a dysregulated intestinal
immune response to the gut microbiota[7] resulting in a
breakdown in mucosal tolerance. Given the huge antigenic load in the normal healthy intestine, APC in the steady
state maintain a tolerogenic or hyporesponsive state,
giving these cells crucial roles in maintaining mucosal
homeostasis. In this review, we discuss the different roles
of the three “professional” APC: DC, MФ and B-cells, in
intestinal immune tolerance and inflammation, and how
these APC interact with one other to shape their function
and contribution to mucosal immune homeostasis.

ANTIGEN PRESENTING CELLS AND
INTESTINAL HOMEOSTASIS
Dendritic cells
DC stimulate primary T-cell responses and determine
whether these T-cell responses generated are immunogenic (e.g., against invading pathogens) or tolerogenic (e.g.,
against commensal bacterial antigens)[1,2]. The primary
function of intestinal DC is to transport antigens into
secondary lymphoid tissue [mesenteric lymph nodes
(MLN) and Peyer’s patches (PP)] and subsequently generate antigen-specific intestinal T-cell responses. Intestinal
DC from the gut lamina propria (LP) transport intestinal
bacterial antigens into MLN[8,9] and are essential for inducing oral tolerance to food antigens[10].
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CD103+CD11b- DC (and human blood CD141+ DC),
whilst human intestinal CD103 +Sirp α + DC were related to murine CD103+CD11b+ DC (and human blood
CD1c+ DC). In this study, both these human intestinal
DC subsets were able to induce Th17 cells, with only
CD103+Sirpα+ supporting induction of T-reg[39].

mune homeostasis have been underappreciated. B-cells
perform several immunological functions; arguably their
main function is antibody production, but B-cells also
function as APC and secrete cytokines. At intestinal sites,
B-cells follow a distinct differentiation pathway and are
specialized in IgA production as differentiated plasma
cells[43]. Most intestinal plasma cells secrete IgA[5]; in
the gut lumen, secretory IgA (sIgA) acts as a barrier to
protect the epithelium from pathogens. Within the gut
lumen, sIgA interacts with intestinal antigens including
the intestinal microbiota, food antigens and self antigens[44]. In such a manner, sIgA limits access of intestinal
antigens into the bloodstream, and is able to control the
intestinal microbiota[5]. The sIgA system in the gut is
tightly integrated with both innate and adaptive immune
mechanisms, contributing towards intestinal immune homeostasis. For example, sIgA can limit innate responses
against commensal bacteria[45] whilst also functioning to
influence adaptive T-cell responses[46]. Several regulatory
compounds involved in intestinal tolerance also promote
IgA secretion, including IL-10, TGFβ and RA[43].
The antigen-presenting function of B-cells enables
them to interact with T-cells directly to polarize effector
T-cell responses[47] (although they are not capable of inducing primary responses). Several disease models demonstrate that IL-10 produced by B-cells is important for
the generation of mucosal T-regs[48-51]. However, IL-10
produced by DC and MФ is also important in T-reg generation[42,52], and alone is not sufficient to induce T-regs
directly; cognate T-cell/B-cell interactions are also required, mediated by co-stimulatory molecules CD80 and
CD86[53,54].
IL-10-producing B-cells with suppressive capacity
are known as regulatory B-cells (B-reg) and can suppress
experimental colitis[55-57]. A subset of B-reg can also produce regulatory cytokine TGFβ in response to antigenic
stimulation[58-60], demonstrating an important role for
B-cells in avoiding inappropriate responses to the intestinal microbiota and food proteins. Indeed, functional
impairment of this subset of TGFβ-producing B-cells is
associated with food allergy pathogenesis[58-60]. It has recently been demonstrated that a subpopulation of B-cells
carries the integrin αvβ6 (not endogenously expressed)
which is able to convert latent TGFβ into its active form.
These cells also expressed CX3CR1, had high levels of
TGFβ, generated T-regs, suppressed T-cell activation and
inhibited food allergy symptoms[61]. This study suggests
CX3CR1+ B-cells carrying αvβ6 may represent the TGF-β
producing B-regs described in the studies above.

MФ
Intestinal MФ have various innate functions that enable them to contribute to both immune tolerance via
selective inertia and contribute to protective immune
responses and inflammation in other circumstances[15].
Tissue MФ do not usually migrate to lymphoid tissue,
but can contribute to adaptive immune responses by presenting processed antigen to effector T-cells in situ in the
LP[3,4]. Although intestinal MФ share expression of MHC
Class Ⅱ, CD11c and CD11b with DC, F4/80, CD68 and
CD64 can be used to identify MФ in the gut. It has also
now evident that all CX3CR1hi mononuclear phagocytes
are MФ[16], although a subset of inflammatory, migratory
CD103- DC expressing intermediate levels of CX3CR1
has recently been identified[23].
Resident intestinal MФ express low levels of co-stimulatory molecules including CD80, CD86 and CD40[34-38],
and like intestinal DC, are hyporesponsive to stimulation
by TLR ligands[12,35,39,40] in the steady state. MФ in the gut
also contribute to maintaining intestinal immune tolerance by constitutively producing the anti-inflammatory
cytokine interleukin (IL)-10 [39,40]. Perhaps the most
striking role for intestinal MФ in maintaining mucosal
homeostasis is their role in generation and maintaining
survival of T-regs. F4/80 knockout (KO) mice do not
develop tolerance or antigen-specific CD8+ T-regs normally after being fed soluble antigen[41]. MФ secretion of
IL-10 plays a key role in maintaining FoxP3 expression
on T-regs under inflammatory conditions, essential for
maintaining regulatory activity and suppressing colitis[42].
Furthermore, tolerance induction following feeding with
protein antigens in mice was associated with expansion
and differentiation of FoxP3+ T-reg by IL-10-producing
CX3CR1+ MФ in the mucosal LP[4].
Intestinal CX3CR1+ MΦ have recently been subcharacterised; CX3CR1hi MΦ in the steady state represent
regulatory MΦ that are resistant to TLR stimulation and
produce IL-10 constitutively, whilst a smaller population of cells expressing intermediate levels of CX3CR1
represent cells partially differentiated from Ly6C+CCR2+
monocytes into regulatory CX3CR1hi MΦ. These CX3CR1int cells represent TLR-responsive, pro-inflammatory
MΦ that accumulate during experimental colitis due
to arrested differentiation[16]. This study demonstrated
that both resident regulatory MΦ and inflammatory
MΦ at intestinal sites are both derived from the same
(Ly6C+CCR2+) precursor, but are at different phases of
differentiation.

INAPPROPRIATE ANTIGEN-PRESENTING
CELL RESPONSES TO MICROBIOTA AND
INFLAMMATION
Despite playing essential roles in intestinal immune tolerance, APC are likely to be of fundamental importance in
the pathogenesis of T-cell mediated inflammation in the

B-cells
The role of B-cells in intestinal inflammation and im-
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gut; all APC can influence T-cell responses directly and can
secrete both pro- and anti-inflammatory cytokines. IBD
is thought to result from a dysregulated immune response
and breakdown of tolerance to the gut microbiota[7,62,63].
The intestinal microbiota is essential for development of
colonic inflammation in most murine models of colitis[64],
although in the steady state the gut microbiota functions
to reduce bacterial trafficking to MLN by mononuclear
phagocytes to downregulate inflammatory responses and
autoimmunity[65]. Analysis of the intestinal microbiota of
IBD patients demonstrates decreased biodiversity, with decreased proportions of Firmicutes but increased proportions of Gammaproteobacteria[66]. It is currently unclear
whether intestinal dysbiosis in IBD patients contributes to
or is a consequence of inflammation but the interplay between the host and the microbiota actively shapes intestinal
homeostasis and contributes to IBD pathology. This provides a role for all APC in IBD pathogenesis due to their
bacterial recognition properties via PRR expression. The
ability of DC and MФ to sample antigens from the gut
lumen, and ability of B-cells to produce sIgA that modify
immune responses to luminal antigens suggests APC play
important roles in dysregulated immunity in IBD. Expression of TLRs on DC[67,68], MФ[69-71] and B-cells[72] are
upregulated in animal models of colitis and human IBD,
potentially contributing to enhanced or inappropriate responses to luminal bacterial antigens.

hanced recruitment of immature DC into inflamed tissue associated with increased expression of chemokine
CCL20 in the intestinal epithelium[86]. CCL20 may therefore regulate attraction of DC (and T-cells) in IBD.
The specific microenvironment of the gut, including microbes, various types of intestinal cells such as
epithelial cells, and active cellular mediators can dynamically shape the properties and functions of DC. For
example, human blood DC express both skin and gut
homing markers; however, they lost homing marker expression when cultured in vitro. Conditioning of human
enriched blood DC with colonic biopsy extract induced a
gut-homing phenotype and a homeostatic profile, mediated by retinoid acid and TGFβ, respectively[87]. In UC
patients, circulating DC displayed a reduced stimulatory
capacity for T cells and enhanced expression of skinhoming markers CLA and CCR4 on stimulated T cells
that were negative for gut-homing marker β7; and this
dysregulation of DC could be partially restored by probiotic bacterial strain Lactobacillus casei Shirota[88].
Bacterial recognition by dendritic cells and gut-homing
An important function of DC is their ability to imprint
homing properties on T-cells and B-cells, in order to
localize immune responses to a particular tissue[89-92].
Murine intestinal DC specifically imprint gut-homing
molecules α4β7 and CCR9 on T-cells and B-cells from
different sources, thus targeting lymphocytes to intestinal
tissue[89-91]; this gut-specific imprinting property of DC is
confined to the CD103+ “tolerogenic” intestinal DC subset. T-cells imprinted with gut-homing capacities in such
a manner are T-regs, linking gut-homing with intestinal
immune tolerance. Furthermore, CD103+ DC induce
B-cell class switching to IgA-producing cells with known
tolerogenic properties, alongside imprinting gut-homing
properties[20,93,94]. These functional properties of CD103+
DC are dependent on RA and TGFβ[39,95,96]. A loss of
CD103+ DC from inflamed murine intestine has been
reported[97,98], suggesting the increased DC infiltrates in
colitis/IBD represent alternative inflammatory DC subsets. Further evidence to link gut-homing and intestinal
immune tolerance was provided by studies showing that
expression of gut-homing markers α4β7 and CCR9 on
T-cells is essential for induction of oral immune tolerance
in mice[99]. Both CCR9 and α4β7 expression on DC also
confer tolerogenic properties[98,100,101], and a loss of α4β7+
DC impairs induction of IL-10-producing T-regs and accelerates T-cell mediated colitis[98].
MyD88 is an essential intracellular signaling adapter
for most TLR signals[102], which are induced in APC following bacterial recognition. MyD88-dependent TLR signaling in DC specifically enables them to imprint gut-specific homing properties via an increased RA synthesizing
capacity[103]. In this study, TLR stimulation was sufficient
to educate extraintestinal DC with gut-homing imprinting capacity providing a crucial role for the microbiota
in shaping gut DC function in intestinal homeostasis.
Although it is unclear whether the intestinal dysbiosis in

Intestinal dendritic cells in gut inflammation
As the only cells capable of driving primary T-cell responses[73], intestinal DC would be expected to play an
important role in T-cell dominated inflammatory diseases at intestinal sites, such as IBD. For example, animal
models of colitis provide strong evidence that interactions between the intestinal microbiota and intestinal
DC are essential for IBD pathogenesis[63,74]. Activated
DC accumulate throughout the LP and MLN in colitis[75-77]; intestinal DC present during inflammation may
be derived from newly recruited precursors[78], although
it is likely that tissue-resident in situ DC can also generate inflammatory responses. Therefore, intestinal DC
are likely to play both protective and pathogenic roles
in intestinal immunity, fitting with their functional plasticity in their ability to generate either inflammatory or
tolerogenic immune responses. In murine DSS-induced
colitis, DC ablation during DSS administration ameliorated disease manifestation, but colitis was exacerbated
if DC were ablated before DSS treatment[79]. In a T-cell
transfer model of colitis induced by CD45RBhiCD4+
T-cells, transplanted T-cells formed aggregates with subepithelial CD11c + DC in the MLN [80]. Furthermore,
colitis was associated with increased CD11c + DC in
MLN, and blocking OX40-OX40L interactions between
DC and T-cells prevented the development of colitis[81].
In human IBD activated DC also accumulate at sites of
intestinal inflammation[82-84]. Some human studies have
shown an increase in number and maturation of DC
within inflamed IBD tissue[85], but others suggest en-
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IBD patients is a cause or a result of intestinal inflammation[66], it is likely that such alterations in bacterial populations will have knock on effects on gut DC function in
tolerance and immunity, perhaps disrupting the delicate
balance that is maintained in the healthy gut and further
contributing to pathology.

ANTIGEN-PRESENTING CELL
CROSSTALK
As established, DC, MΦ and B-cells have critical roles
both in maintaining mucosal immune tolerance to the gut
microbiota and food antigens, but also in driving inflammatory responses that can be protective in healthy individuals, but detrimental in IBD. Although each type of APC
exhibits unique functions allowing them to participate in
gut immunity, with knock on effects on adaptive T-cell
responses, APC can also interact with one another to directly shape immune responses generated. DC in particular are at the centre of virtually all multi-cellular signalling
networks underlying intestinal immune homeostasis[118].

Intestinal macrophages and B-cells in inflammation
Intestinal MФ and B-cells can contribute to adaptive immune responses by presenting processed antigen to effector T-cells in situ in the LP[3,4,47], and polarizing effector
T-cell responses, thereby providing a role for MΦ and
B-cells in IBD pathogenesis. Properties of intestinal MΦ
are strikingly different in inflammation compared with
the steady state. Under inflammatory conditions, MΦ
infiltration into intestinal sites of inflammation occurs;
these MΦ express high levels of TLRs, co-stimulatory
and inflammatory receptors[35,37,69,104], and produce large
quantities of pro-inflammatory cytokines and mediators[104-108]. Inflammatory MΦ in the murine intestine
are derived from Ly6C+ monocytes; CCR2 is essential
for recruitment of these Ly6C+ monocytes to sites of
inflammation and in an inflammatory context, these
monocytes upregulate expression of TLR2 and NOD2,
suggesting an enhanced responses to the microbiota and
bacterial products[70]. Although this study actually suggests these inflammatory monocyte precursors develop
into CX3CR1+ regulatory DC, concurrent studies have
shown Ly6C+CCR2+ monocytes differentiate into regulatory CX3CR1hi MΦ but that in colitis, there is accumulation of inflammatory Ly6C+CX3CR1+, TLR-responsive,
pro-inflammatory semi-mature MΦ arising from arrested
differentiation[16]. The upregulated expression of TLRs
on both inflammatory monocytes and macrophages during intestinal inflammation strongly suggests interactions
of these cells with the microbiota and bacterial products
play a key role in IBD.
B-cells can also present antigen to effector T-cells
in the LP, but their unique antibody-secreting function
enables B-cells to directly control the intestinal microbiota via sIgA[5]. Due to the regulatory function of IgA
in contributing to maintenance of epithelial barrier function[109,110], aberrations in the mucosal IgA system are
likely to be part of IBD pathogenesis. However, IgA has
been reported to play a pathogenic role in the pathogenesis of other gut-based inflammatory disorders, including
Coeliac disease[111]. Although production of sIgA directly
links B-cells to immune regulation and homeostasis,
their role in IBD is unclear due to their other cytokineand chemokine-producing functions. Intestinal B-cells
in IBD are increased[112] and highly activated, producing
chemokines including Eotaxin-1, leading to acute eosinophilia[113]. Furthermore, a loss of anti-inflammatory IL-10
production by B-cells in IBD has been reported[114] alongside unusual B-cell morphology[115], changes in DNA
methylation[116] and other B-cell gene alterations[117]. However, the role of B-cell in IBD pathogenesis is unclear
and warrants further investigation.
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Activation of intestinal B-cells by dendritic cells and
macrophages
The interplay between innate immunity and B-cells at the
intestinal mucosal interface play a key role in maintaining
mucosal immune homeostasis[119]. Although DC are usually described for their ability to prime T-cell responses,
DC can also directly activate B-cells[120,121], present unprocessed antigens to B-cells[122,123] and influence the differentiation and survival of antibody-secreting cells[124].
Intestinal DC release powerful B-cell stimulating factors
including BAFF and APRIL[125,126]; pDC in particular induce IgA production by B-cells in the gut, independently
of T-cells, in this manner. In the steady state, this process
is dependent on stromal cell-derived type I IFN signalling[127]. Macrophages also release BAFF at levels sufficient to potently induce B-cell proliferation[128]. BAFF
and APRIL promote survival of B-cells and plasma cells
but also activate IgA production[129-134]. Intestinal DC and
MΦ also produce IgA-inducing cytokines including IL-10
and TGFβ[39,118,135]. Some intestinal DC can also produce
IL-6, which is a cytokine implicated in the differentiation
of IgA class-switched B-cells into IgA class-switched
plasma cells[124,136]. Alongside directly shaping B-cell responses, gut DC induce expression of gut-homing receptors CCR9 and α4β7 by B-cells[94].
RA is essential for induction of gut-homing receptors
on B-cells[94], as is the case for T-cells[137]. The IgA promoting effects of gut DC is at least partially dependent
on RA and TGFβ[94,138,139] and intestinal MΦ also secrete
RA/TGFβ[39]. A key question that remains unanswered
is whether intestinal MΦ can also imprint tissue homing properties on B-cells and directly promote IgA class
switching, properties that are both dependent on the
presence of RA. Secretion of RA by intestinal DC and
MΦ is dependent upon their expression of retinal dehydrogenases, which are critical for RA synthesis[25,137-139].
The expression of these enzymes by intestinal DC is
restricted to CD103+ DC[25,140], and CD103+ intestinal
DC do indeed promote IgA synthesis by gut-homing
B-cells[138]. Studies have since demonstrated that follicular
DC also promote IgA generation in the gut in response
to bacterial stimuli, and express key factors for B-cell mi-
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Table 1 Summary of information available regarding classification of gut antigen-presenting cells, primary functions of gut antigenpresenting cells and their effects on T-cells, tolerogenic and inflammatory properties of antigen-presenting cells at intestinal sites,
and effects of immunomodulation of gut antigen-presenting cells by the microbiota
Classification

Primary
function

Effects on
T-cells

Dendritic cells
Mice: CD11chi MHC Class Ⅱ+ CX3CR1-/med F4/80CD64-. Subsets based on CD11b, CD103 and CD8á
expression
Humans: HLA-DR+ Lineage cocktail (CD3/CD14/
CD16/CD19/CD34)-. Subsets based on CD103,
CD11c, CD1c, CD141 and CD123 expression
Antigen sampling
Migration to secondary lymphoid tissue and
stimulation of naïve T-cells to generate primary
T-cell responses
Determine whether primary T-cell responses are
immunogenic or tolerogenic, imprint gut-homing
receptors on T-cells during stimulation

CD103+ CD11b- DC generate RA for T-regs/IgA
secretion by B-cells, and imprinting gut-homing
properties on lymphocytes. CD8á+ DC and pDC
generate T-reg
Gut DC in general are hyporesponsive to TLR
stimulation
Inflammatory TLRhi gut DC in IBD likely to contribute to
properties/
enhanced inappropriate responses to the microbiota
subsets
Infiltrates of CD103- DC in inflammation
CD103+CD11b+ can polarise inflammatory Th17
responses
Modulation
Direct modulation by microbiota
by gut
Commensal bacteria can induce iNOS+TNF+ DC
microbiota
that promote IgA responses
Commensal bacteria induce regulatory cytokine
production by DC, such as IL-10 and TGFb, and
also regulatory mediator RA

Tolerogenic
properties/
subsets

Macrophages

B-cells

Mice: CD11c+ MHC Class Ⅱ+ F4/80+ CD68+
CD64+ CX3CR1hi
Subsets based on levels of expression of
CX3CR1. Ly6C+ in inflammation
Humans: HLA-DR+ CD11c+ CD64+ CD68+
Some CX3CR1 expression
Antigen sampling
Phagocytosis of apoptotic cells, bactericidal
activity, production of anti-inflammatory
IL-10
Contribute to effector T-cell responses
in situ in the lamina propria, including
expansion and differentiation of T-regs via
IL-10 production
CX3CR1hi MФ produce IL-10 critical for
T-reg generation
Hyporesponsive to TLR stimulation

CD19+ CD20+ CD79a+
Immature B-cells: +CD20
Plasma (antibody secreting) cells:
CD38+CD138+

TLRhi MФ in colitis and IBD also likely
to contribute to enhanced inappropriate
responses to the microbiota
Ly6C+CX3CR1+ inflammatory macrophages
arise from arrested differentiation in colitis
Direct modulation by microbiota
CX3CR1+ MФ directly sample luminal
antigens; this process is dependent on the
microbiota

TLRhi B-cells enhanced in IBD
Eotaxin-1 producing B-cells enhanced
in IBD
CD15+ B-cells with functional surface
IgM enhanced in IBD
Indirect modulation by microbiota
DC and MФ sampling commensal
bacteria induce IgA production by
B-cells via BAFF and APRIL release, and
production of IgA-inducing cytokines
IL-10 and TGFb

Antibody secretion as differentiated
plasma cells (mainly IgA in the gut)

Contribute to effector T-cell responses
in situ in lamina propria and also
induce differentiation of T-regs via both
IL-10 production and direct interaction
IgA production limits immune
responses against commensal bacteria
Regulatory B-cells produce IL-10,
induce differentiation of T-regs and
also produce TGFb

TGFβ: Transforming growth factor beta; TNF: Tumor necrosis factor; DC: Dendritic cells; MΦ: Macrophages; IL-10: Interleukin 10; T-reg: Regulatory T cells;
TLR: Toll-like receptors; pDC: Plasmacytoid DC; RA: Retinoic acid; HLA: Human leukocyte antigen; IBD: Inflammatory bowel disease.

gration and survival. However, this process is dependent
on the presence of exogenous RA[141].
Regulatory effects of DC/B-cell interactions are not
restricted to induction of IgA production by B-cells;
B-cell conversion into immunosuppressive B-cells (regulatory B-cells) is partially dependent on DC production
of RA[142]. However the in vivo effects of intestinal DC
and MΦ on conversion of gut-specific regulatory B-cells
is unknown. Crosstalk between intestinal DC and B-cells
can also lead to active immunity as well as regulatory immune responses; murine CD11b+ CD11c+ DC from the
small intestine lamina propria express TLR5 and respond
to flagellin from flagellated bacteria by inducing IgA+
plasma cells and antigen-specific Th17 and Th1 subsets
to generate protective immunity[138]. Crosstalk between
gut DC/MΦ is bidirectional; immunoglobulins secreted
by B-cells can have a direct effects on DC differentiation
and activation[143,144], though this process at intestinal sites
has not been described in detail.

microbiota, APC contribute to both innate and adaptive immune responses that can be either immunogenic
or tolerogenic through TLR stimulation [11,145]. TLRdependent activation of DC in particular can determine
protection or immune tolerance that maintains immune
homeostasis at intestinal sites[146,147]. Commensal bacteria
can induce intestinal iNOS+/TNF+ DC that, in the intestinal lamina propria, promote IgA responses by releasing
BAFF and APRIL in response to nitric oxide[148]. These
DC may also enhance IgA responses in Peyer’s patches
by upregulating expression of TGFβ receptor type Ⅱ
on follicular B-cells[148]. IgA-inducing cytokines including
IL-10 and TGFβ are secreted by DC and MФ in response
to microbial TLR ligands[118,136]. Gut DC also produce
RA and IL-6 in response to microbial TLR ligands[94,136]
which have direct effects on both B-cell secretion of IgA
and imprinting gut-homing markers on B-cells[94], as mentioned above.
Non-migratory APC expressing CX3CR1, likely to
be MФ[15], continuously sample antigens by extending
transepithelial projections without disrupting tight junctions[149]; CX3CR1+ APC may be able to directly present
commensal antigens to subepithelial B-cells[43,47]; Murine

Role of the gut microbiota in antigen-presenting cell
crosstalk
In response to pathogenic bacteria or the commensal
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intestinal APC initiate production of commensal reactive IgA by presenting commensal bacterial antigens to
B-cells[9,150]. It is likely that CX3CR1+ APC transfer antigen to CD103+ migratory DC prior to DC migration to
secondary lymphoid tissue to prime tolerogenic T-cell
responses towards the microbiota[15]. Commensal bacteria
play a critical role in antigen sampling by CX3CR1+ APC
as antibiotic treatment reduces the number of transepithelial projections[145,151]. However, it has recently been
shown that CX3CR1hi cells can migrate to MLN and
traffic Salmonella antigen to induce T-cell responses and
IgA production in the absence of MyD88 or following
antibiotic treatment[65]. In this study, MyD88-dependent
recognition of commensal bacteria in the gut reduced
bacterial trafficking to MLN by CX3CR1hi APC to down
regulate excess inflammation and autoimmunity.
A subset of intestinal pDC expressing TLR7 and
TLR9 are capable of producing high levels of type I
IFN[152] which in turn promotes not only maturation and
differentiation of myeloid DC, but also class-switching
of antibodies produced by B-cells[153] (Table 1).
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CONCLUSION
DC, MФ and B-cells are professional APC that are fundamental components of both the innate and adaptive
immune system in the gut; their plasticity allows these
cells to function in an environment where they are constantly exposed to the commensal microflora and food
antigens, but can also be exposed to harmful pathogens.
Intestinal APC are individually specialized to perform
specific functions but their role in shaping both primary
and secondary T-cell responses, including generation and
differentiation of T-regs, highlights their importance in
intestinal immune homeostasis and IBD pathogenesis.
APC function in the gut is in turn directly shaped by the
microbiota. Furthermore, crosstalk between APC is essential for intestinal immunity and tolerance. Clarification
and a better understanding of the functions of intestinal
APC subsets, especially in humans, may provide novel
therapeutic targets for manipulating mucosal immunity
and tolerance, leading to new and more effective treatment for IBD.
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that inhabit the pouch in UC and FAP patients and its
interaction with the mucosal immune system. A metaanalysis was not attempted due to the highly heterogeneous microbiota composition and the different detection methods used by the various studies. Although no
specific bacterial species, genus, or family has as yet
been identified as pathogenic, there is evidence that
a dysbiosis characterized by decreased gut microbiota
diversity in UC-IPAA patients may, in genetically predisposed subjects, lead to aberrant mucosal immune
regulation triggering an inflammatory process.
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Abstract

Core tip: This is a systemic review assessing the relationship between the microbiota that inhabit the ilealanal pouch following restorative proctocolectomy in
ulcerative colitis and familial adenomatous polyposis
patients and the inflammatory response that can occur. A meta-analysis was not attempted in view of the
highly heterogeneous microbiota composition and the
different detection methods utilized. Although no specific bacterial species, genus, or family has as yet been
identified as pathogenic, there is evidence that dysbiosis and reduced bacterial diversity of the microbiota
found in ulcerative colitis patients who have undergone
restorative proctocolectomy may, in genetically predisposed subjects, lead to aberrant mucosal immune
regulation triggering an inflammatory process.

Restorative proctocolectomy with ileal pouch-anal anastomosis (IPAA) has become the surgical treatment of
choice for many patients with medically refractory ulcerative colitis (UC) and familial adenomatous polyposis
(FAP). UC patients with IPAA (UC-IPAA) are, nevertheless, susceptible to inflammatory and noninflammatory sequelae such as pouchitis, which is only rarely
noted in FAP patients with IPAA. Pouchitis is the most
frequent long-term complication of UC-IPAA patients,
with a cumulative prevalence of up to 50%. Although
the aetiology of pouchitis remains unclear, accumulating evidence suggests that a dysbiosis of the pouch
microbiota and an abnormal mucosal immune response
are implicated in its pathogenesis. Studies using culture
and molecular techniques have detected a dysbiosis of
the pouch microbiota in patients with pouchitis. Risk
factors, genetic associations, and serological markers
suggest that interactions between the host immune response and the pouch microbiota underlie the aetiology
of this idiopathic inflammatory condition. This systematic review focuses on the dysbiosis of the microbiota
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ileostomy[13]. Risk factors linked to pouchitis include extensive UC[2,14], backwash ileitis[14], extraintestinal manifestations, chiefly primary sclerosing cholangitis[15-17],
being a non-smoker, and regular use of nonsteroidal antiinflammatory drugs[18,19].
Genetic polymorphisms in interleukin-1 receptor antagonist (IL-1Ra) or the presence of perinuclear neutrophil cytoplasmic antibodies[20] have also been associated
with pouchitis. Although definitive proof is still lacking[21], indirect evidence from clinical practice supports
the hypothesis that the pouch microbiota (i.e., a microbial
imbalance) plays an important role in the pathogenesis
of pouchitis[22,23]. It has been seen, in fact, that mucosal
inflammation is localized in the area of the gut characterized by the highest bacterial concentrations[24] and is limited to the mucosal surface[25]. Short-term, oral antibiotic
therapy (i.e., metronidazole or ciprofloxacin)[4,26] has been
reported to be an effective treatment for both pouchitis
and pre-pouch ileitis in up to 87.5% of patients[27,28]. Probiotics have also been shown to reduce disease relapse
and the risk of disease onset[29]. Findings on risk factors, genetic associations, and the serological markers of
pouchitis all seem to point to the conclusion that host
immune responses and pouch microbiota interactions
trigger this idiopathic inflammatory condition[30].

com/1007-9327/full/v20/i29/9665.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.9665

INTRODUCTION
About 20%-25% of patients with ulcerative colitis (UC)
require a colectomy at some point in their lives, and in
most cases the operative surgical procedure chosen is a
restorative proctocolectomy (RPC) with ileal pouch-anal
anastomosis (IPAA)[1,2]. Diseased colonic/rectal tissue is
removed during the procedure, and transanal fecal continence is maintained by creating an ileal pouch. Although
effective, inflammation of the ileal pouch (pouchitis) is a
common complication, with almost 50% of patients experiencing an acute episode within 5 years and about 5%
of those going on to develop chronic inflammation[1-5].
The cumulative incidence of pouchitis in patients who
undergo an IPAA for familial adenomatous polyposis
(FAP) is much lower, ranging from 0% to 10%[6]. Reasons for the higher frequency of pouchitis in UC remain
unknown.
Common clinical symptoms in patients with pouchitis
include increased bowel movements, abdominal pain/
cramping, urgency, incontinence, generalized fatigue/malaise, fever, and, occasionally, bloody stools. The diagnosis
of pouchitis is based on assorted clinical, endoscopic,
and histologic findings, including endoscopic and microscopic evidence of inflammation of the ileal pouch[7].
In the absence of evident signs of inflammation of the
terminal ileum, fecal lactoferrin, or calprotectin (mucosal
inflammation markers) can help to distinguish pouchitis
from irritable pouch syndrome[8]. Once diagnosed, disease activity can be quantified using the pouchitis disease
activity index (PDAI), which takes into consideration
clinical findings, histology, and laboratory parameters[9].
Histological features of pouchitis can also be nonspecific, including acute inflammation with polymorphonuclear leukocyte infiltration, crypt abscesses, and
ulceration in association with a chronic inflammatory
infiltrate[7,10]. A discrepancy between endoscopic and histologic findings, possibly linked to sampling errors, has
been noted in patients with pouchitis[11,12]. Morphological
alterations of the epithelium lining the ileal pouch, characterized by flattening and a reduced number or complete
disappearance of the villi leading to villous atrophy (colonic metaplasia), normally develop within 12-18 mo after
ileostomy closure[10,12]. Although a causal association has
not been proven, once colonic metaplasia has developed
in the pouch, pouchitis may occur[13].
In accordance with Mahadevan and Sandborn’s definition, the pattern of pouchitis is classified as infrequent
(1 or 2 acute episodes), relapsing (3 acute episodes), or
continuous. Recurrent pouchitis is defined, according to
this classification, as relapsing (more than two episodes)
or chronic[13]. Chronic pouchitis is usually refractory to
medical therapy and/or requires maintenance therapy,
and may lead to pouch excision and permanent terminal
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SEARCH STRATEGY
Inclusion and exclusion criteria
Studies focusing on the analysis of the gut microbiota
following IPAA in patients with UC or FAP were eligible
for inclusion. Studies examining pouch disease were also
included, with microbiota analysis being carried out in
at least 10 patients. Studies or case reports dealing exclusively with operative or postoperative management or
referring to fewer than 10 patients following IPAA were
excluded. Studies reporting on partial analysis of the
microbiota or on patients with anastomosis for Crohn’s
disease (CD) were also excluded. Only studies providing
information on analysis of the entire bacterial microbiota
were included. Whenever publications reporting on overlapping patient data were being considered, only the most
complete and recent set of data were included.
Search strategy
With the assistance of a clinical librarian, two researchers (Angriman I and Scarpa M) consulted Medline, the
Embase Medical Database, the Cochrane Database of
Systematic Reviews, and the Cochrane Central Register
of Controlled Trials (CENTRAL) for studies concerning
ileal pouches carried out between January 1978 (publication date of the first manuscripts on RPC) and October 2013. The keywords and Medical Subject Headings
(MeSH) used were “pouchitis OR chronic pouchitis OR
acute pouchitis OR inflammation of the ileal pouch AND
microbiota OR bacteria OR microbiome”. Only clinical studies in English, Dutch, Spanish, German, French,
and/or Italian were considered. A manual cross-reference

9666

August 7, 2014|Volume 20|Issue 29|

Angriman I et al . Relationship between microbiota and pouchitis

Combined search results of 3 databases: 234 publications
202 considered not relevant based on title
32 publications selected on title
20 considered not relevant based on abstract
12 publications selected on abstract

6 excluded because of:
Analysis before and after therapy
Only study of bacterial imbalance
Analysis of microbiota only from stools
Comparing FAP and UC

6 full-text articles eligible

Figure 1 Flow diagram of literature review, eligibility determination, and inclusion in the systematic review and meta-analysis. FAP: Familial adenomatous
polyposis; UC: Ulcerative colitis.

normal immune responses[35]. Alterations in the intestinal
mucosal-associated microbiota have, in fact, been linked
to the pathogenesis of several gastrointestinal inflammatory disorders.
Many of the studies concerning the microbiota after
IPAA that were carried out prior to the formulation of
PDAI in 1994 show inconsistencies in their definition
and diagnosis criteria, as well as in the distinction between
acute and chronic pouchitis[9]. In addition, the majority of
studies focusing on the pouch microbiota also used culture methods, despite 60%-80% of gut bacterial species
being unculturable[36,37]. Variability in the use of fecal or
mucosal samples further contributed to the discrepancies
in findings noted in many of these studies.
It is well-established that, within the first year after
ileostomy closure, the overall composition of microbiota
shows similarities with that of the colon[38,39]. A number
of studies using fecal cultures to evaluate the microbiota
of pouches in UC and FAP patients[40,41] produced conflicting results with regard to the ratio of anaerobic bacteria to aerobic bacteria, total bacterial counts, and sulfatereducing bacteria[42] in the pouchitis and in non-pouchitis
patients. The high grade of variability in these kinds of
studies may be due to the daily variability of stool composition in relation to diet. Moreover, the high frequency
of bowel movement in IPAA patients may enhance this
variability.
The mucosal-adherent microbiota, which is in close
contact with the gut mucosa, has recently been shown[37,43]
to be distinct from the luminal and fecal ones, which are
made up of free-living or particle-attached cells. The differences in community structure are probably linked to a
number of factors, such as differential substrate availability (mucus vs undigested dietary residues), oxygen levels,
and host-microbe interactions. In particular, mucosa adherent microbiota may be influenced by drugs. The close
proximity of the mucosal-adherent microbiota to the

search for qualified papers was also carried out to identify
additional relevant articles, and the resulting studies that
were compatible with the inclusion criteria were evaluated
independently. Unpublished data or findings published
in abstracts were not taken into consideration. A negotiated agreement was reached between the two researchers
whenever there was discordance regarding study inclusion.
Data extraction
Only data from original articles were extracted using a
preformatted sheet with spaces for the following parameters: demographic data, pouchitis symptoms, presence of
GI bleeding, frequency of bowel movements, abdominal
pain, PDAI score, and endoscopic and histological diagnoses (Figure 1).

STATISTICS
Review Manager 4.2 software (The Cochrane Collaboration, Copenhagen: The Nordic Cochrane Centre, 2003)
was used for all statistical analyses. A meta-analysis was
not attempted due to the highly heterogeneous microbiota composition and the different detection methods used.

POUCH BACTERIOLOGY AND POUCHITIS
The composition of the bacterial microbiota in the terminal ileum differs significantly from that found in the
colon[31,32], and there are likewise significant differences
in the microbial composition of the luminal and mucosal
compartments of the gut[33]. Moreover, it is known that
the gut microbiota profoundly influences the intestinal
mucosa and gut-associated lymphoid tissue[34]. Although
the microbiota that colonizes the mucosal surface usually
exercises beneficial trophic, immunomodulatory, and anti-inflammatory effects, an “imbalanced” microbiota can
damage the mucosa by producing toxins or triggering ab-
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gut epithelium suggests that these bacteria may be more
relevant than the luminal microbiota in the pathogenesis
of inflammatory bowel disease (IBD), since they, as well
as their excreted products, probably have direct contact
with the host[37]. Moreover, since they live in a mucous
environment their populations are more protect, and thus
more constant.
The ideal microbiota analysis probably would examine
both the fecal and mucosal-adherent microbiota. In fact,
fecal microbiota may give a rough but more complete
idea of whole bowel microbiota, while mucosa adherent
bacteria directly cross-talk with the host and are more
likely to be involved in the pathogenesis of pouchitis.
Knowledge about the complexity and diversity of the
gut microbiota underwent a radical revision when 16S
rRNA techniques were introduced[31,32], with 16S rRNA
gene sequencing results representing gene copy number
rather than true bacterial counts. Possibly biased by differential DNA extraction and PCR amplification rates,
the methodology represents, nevertheless, the best available option, and is considered the “gold standard” for the
analysis of gut-associated complex microbial communities[44]. Some studies used molecular techniques to show
that microbiota that inhabit the ileal-anal pouch differ
from that of the normal large intestine. UC pouches with
or without pouchitis appear to harbor particularly more
unusual microbes. Proteobacteria, which normally account for only a small proportion of the microbiota in
the healthy colon[31] and were found to make up 20% in
IBD patients[32], comprised up to 90% (median = 66.6%)
in UC-IPAA patients in one study[45]. That same study
also showed lower than normal proportions of Bacteroidetes, Lachnospiraceae and Ruminococcaceae. A comparison
of the two study cohorts revealed that the UC-IPAA
patients had increased proportions of the phylum Proteobacteria and decreased levels of Bacteroidetes with respect to
the FAP-IPAA patients.
Consistent with a reduced bacterial diversity observed
in both CD[46] and UC[47,48], another study demonstrated
that there is a significantly lower bacterial diversity in UCIPAA patients, with or without pouchitis, with respect
to FAP-IPAA patients[49]. However, only minor compositional differences were detected in the microbiota of
UC patients with active pouchitis with respect to those
with no disease history. The authors of that study hypothesized that dysbiosis predisposes UC patients to
pouchitis either by increasing the likelihood of immune
system stimulation or by reducing microbiota diversity,
which may itself be sufficient to stimulate the immune
system, leading to mucosal inflammation. The observation that VSL#3 administration increases bacterial diversity and thus reduces relapse risk[50] supports the second
hypothesis. Zella et al[45] demonstrated that the microbial
environment in the pouches of UC-associated, healthy
UC and FAP patients is distinctly different. Using 16S
ribosomal gene-based Terminal Restriction Fragment
Length Polymorphism (TRFLP) data, those investigators identified significant differences in fecal and mucosal
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bacterial communities in the three patient cohorts. Broad
differences in TRFLP profiles were further analyzed using DNA sequencing, which revealed multiple significant
variations in specific bacterial genera in the pooled fecal
bacterial DNA samples in the UC and FAP groups.
Tannock et al[51] demonstrated that bacteria uncommonly present in the stools of humans in general and in
FAP patients in particular comprised about 50% of the
microbiota of patients with pouchitis when antibiotictreated (CP-off = asymptomatic), and that antibiotic treatment reduced the proportion of the unknown bacteria in
their feces. Chronic or recurrent pouchitis was therefore
found to be associated with microbiota containing bacteria not commonly associated with human feces or FAP
pouches. The uncommon bacteria constituting a large
proportion of the CP-off but not of the untreated CPon (symptomatic) microbiota were found to be members
of the Caulobacteraceae, Sphingomonadaceae, Comamonadaceae,
Peptostreptococcaceae and Clostridiaceae. At least some of
these groups could theoretically be linked to the pathogenesis of pouchitis. The investigators also noted a wide
diversity in the clostridial operational taxonomic units in
the CP-off microbiota, presumably denoting particularly
favorable conditions in the pouch for the expansion of
clostridial populations. The authors concluded that C.
perfringens may play a role in the etiology of pouchitis in
some patients.
Although it is not clear if reduced biodiversity causes,
perpetuates, or is a result of IBD, other studies have also
demonstrated a quantitative and qualitative (biodiversity)
reduction in the representation of the Firmicutes phylum,
particularly clostridial cluster Ⅳ members, in the feces of
CD patients. This phylogenetic group contains several
butyrate-producing bacteria, such as Faecalibacterium prausnitzii (F. prausnitzii). Butyrate and other short chain fatty
acids are considered important energy sources for colonic
epithelial cells, have anti-inflammatory properties, and
improve the intestinal barrier function of epithelial cells.
A reduction in butyrate-producing bacteria in the colon
or pouch might then have an overall detrimental effect
on the gut mucosa[52-56]. Indeed, although F. prausnitzii
was not detected in chronic pouchitis stool microbiota,
low levels were found in FAP and normal pouch feces.
Members of the Lachnospiraceae, some of which produce
butyric acid, were depleted in chronic pouchitis microbiota in FAP and normal pouches (average 33.61% and
21.86%, respectively). The authors reported that normal
and FAP pouches showed similar proportions of Lachnospiraceae and clostridial cluster Ⅳ, indicating that measures
of these bacterial groups in the microbiota could be useful biomarkers of pouch health.
In a recent study, we reported that the Enterobacteriaceae, Streptococcaceae, Enterococcaceae, and Bacteroidaceae
were the most frequent strains of cultivable bacteria
adherent to the pouch mucosa, while Lachnospiraceae, Fusobacteiaceae, Veillonella, Staphylococcaceae, Bifidobacteriaceae,
Eubacteriaceae, Bacillaceae, Moraxellaceae, Burkholderiaceae and
Corynebacteriaceae were the least frequent ones. Although
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associated with CD and UC[63-66].
In conclusion, studies using molecular techniques to
analyze the microbiota have confirmed that there is dysbiosis of the pouches of UC-IPAA patients; there are,
however, conflicting results with regard to differences in
the abundance of particular species and phylotypes associated with pouchitis and in the degree of community
diversity of the pouch microbiota (Table 1). As dysbiosis
of the gut microbiota could be a pathogenic prerequisite
for the idiopathic development of gut inflammation, this
would explain the higher frequency of pouchitis in UCIPAA with respect to FAP-IPAA patients. Although dysbiosis is found in the UC pouch, it may not be the single
cause leading to inflammation, but rather a predisposing
factor.

their incidence in the pouch mucosa was similar in the
chronic pouchitis and normal pouch groups, we detected
a significantly higher incidence of Clostridiaceae spp. in the
chronic/recurrent pouchitis group compared to that of
the normal pouch. The presence of Clostridiaceae spp. was
found to be an independent predictor of chronic/relapsing pouchitis[57] at multiple logistic regression analysis.
In another study, we found that patients with a clinical
diagnosis of pouchitis had a significantly reduced level
of Enterococcaceae spp. (including bacteria strictly adherent
to the pouch mucosa and in the pouch mucous) vs those
without a clinical diagnosis. Total Enterobacteriaceae spp.
and Streptococcaceae spp. counts in the mucosa were also decreased in patients with clinical pouchitis compared with
patients with ‘‘healthy’’ pouches. Our findings indicate
that Bacteroidaceae spp. and Clostridiaceae spp. are more frequently associated with microscopic inflammation of the
pouch mucosa and may therefore play a pathogenic role
in pouchitis. Enterococcaceae spp., as well as possibly Enterobacteriaceae spp. and Streptococcaceae spp., may instead play
an active role in maintaining immunologic homeostasis
within the pouch mucosa, with low levels feasibly favoring the development of pouchitis[58].
Zella et al[45] similarly noted an overall increase in fecal
Clostridium spp. in UC-associated pouchitis with respect
to that in FAP patients. They also noted a reduction in
Bacteroides spp. in the inflamed pouch with respect to FAP
pouches, confirming that a mucosal and luminal dysbiosis
exists in pouchitis not only when compared to the healthy
UC pouch but also to a non-IBD one.
The overall decrease in the Bacteroidetes phylum
in the inflamed pouch is consistent with several studies
that included data on the molecular analysis of intestinal
microbiota in both CD and UC[47,59,60]. In line with previous reports, those studies also found that healthy UC
pouches differed significantly from FAP ones, leading to
the hypothesis that an alteration in the ileal pouch microbiota may be exclusive to the UC disease state, with or
without inflammation. In particular, since Bacteroidetes
may play a key role in maintaining gut health, a relative
reduction in this population may favor inflammation[45].
In addition, those authors found a significant increase in
clostridia, namely among the Clostridium, Lachnospiraceae,
and Roseburia genera, in the inflamed pouch. Roseburia
are flagellated commensal inhabitants of the colon. Flagellin has been shown to induce proinflammatory gene
expression by activating toll-like receptor 5 (TLR5); subjects with TLR5 polymorphisms and low levels of antiflagellin antibodies may be protected from developing
CD. Present in 50% of CD and 6% of UC patients, high
levels of anti-flagellin antibodies, specifically anti-CBir1
antibodies to flagellin of Clostridium spp., may be associated with the development of pouchitis[61,62]. Additionally,
the mucin-degrading Akkermansia genus of the Verrucomicrobia phylum was significantly more prevalent in
pouchitis. There are several theories regarding the role of
mucin in protecting the intestinal epithelium in IBD, with
mutations, alterations, and degradation of mucins being
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POUCH IMMUNE RESPONSES TO
BACTERIA
While some investigations have failed to identify a specific microbe as a causative agent[23], others have stated that
they believe sulfate-reducing bacteria, such as Clostridiaceae
spp., Enterobacteriaceae spp. and Bacteroidaceae spp., might
be implicated in the pathogenesis of pouchitis[67-71]. Our
group recently observed that Clostridiaceae spp. adherent
to pouch mucosa are associated with chronic/relapsing
pouchitis while Enterococcaceae spp. and possibly Enterobacteriaceae spp. and Streptococcaceae spp. may play a role in
maintaining immunologic homeostasis within the pouch
mucosa, with low levels of these bacteria favoring the
development of acute pouchitis[57,58]. Deregulated mucosal cell immunity toward the microbiota also seems to be
implicated in the pathogenesis of pouchitis. Epithelial
and immune cells within the intestinal mucosa recognize
conserved microbial structures, known as pathogenassociated molecular patterns (PAMPs), through membrane-bound and cytoplasmic receptors [so-called pattern
recognition receptors (PRRs)], which, when activated,
trigger intracellular signaling pathways to elicit a variety
of stereotyped (so-called innate) immune responses[72].
Fragments of bacterial peptidoglycan (the main
component of the bacterial cell wall) can, for example,
serve as PAMPs that bind to the PRR toll-like receptor 2
(TLR2), while bacterial lipopolysaccharides (LPS; found
in the outer membrane of gram-negative bacteria) can
serve as PAMPs that bind to TLR4. Binding of these
conserved bacterial structures to TLRs triggers a number
of intracellular signaling cascades which, through NF-kB
and protein kinase activation, lead to the transcription of
a series of genes[73]. In macrophages this activation results
in the expression of several pro-inflammatory cytokines
[including interleukin (IL)-1β, tumor-necrosis factor
(TNF)-α, and IL-6], chemokines, adhesion molecules,
leukotrienes, nitric oxide, and production of reactive
oxygen species, while in dendritic cells it enhances major
histocompatibility complex class Ⅱ and co-stimulatory
molecule expression favoring subsequent antigen-specific, T-helper cell activation[74,75]. Microbiota associated
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PAMPs modulating the release of a number of biologically active molecules profoundly influence the function and integrity of the intestinal mucosa.
Experimental findings indicate that these mechanisms are activated in pouchitis. In a recent study, Toiyama et al[76] reported that TLR-2 and TLR-4 were greatly up-regulated
in the mucosa of active pouchitis, while TLR-3 and TLR-5 expression was barely detectable in the normal ileum and not detectable at all in pouch mucosa with or without inflammation. We confirmed in a recent study that high mucosal TLR-2 and TLR4 mRNA levels are associated with chronic/relapsing pouchitis[57].
Epithelial cells are also equipped with various antimicrobial peptides that act rapidly to kill a wide range of microorganisms. Defensins are an important class of antimicrobial peptides, which are small cationic arginine-rich peptides with a molecular weight of 3-5 kDa expressed exclusively in Paneth cells (α-defensins) or generally in intestinal
epithelial cells (β-defensins)[74,75]. They are classified as α- and β-defensins depending on the position of three intramolecular disulfide bridges between cysteine residues. The
α-defensins include the human neutrophil peptides 1-4, as well as epithelial human defensin 5 (HD-5) and human defensin 6 (HD-6). α-defensins, which may act as chemokines, have a wide variety of antimicrobial activities[77-79]. HD-5 and HD-6 are the major antimicrobial peptides of the small intestine, and their expression is increased in the colonic mucosa of IBD patients in the form of metaplastic Paneth cells[80-83]. In contrast with enteric α-defensins, human β-defensin 1 (HBD1) and other members of the β-defensin
family appear to be expressed by most epithelial cells of the small and large intestines. HBD-1 is expressed constitutively, while HBD-2 and HBD-3 expression require NF-κB
activation[84]. Microbes or their products could be involved in defensin deregulation in normal pouches after surgery and in the presence of pouchitis[85]. A recent study reported
that defensins are up-regulated in response to bacterial PAMPs or cytokines[86]. The increase in HBD-2 and HBD-3 in pouchitis may thus reflect mucosal damage and infection[85]. The interplay between the microbiota adherent to the pouch mucosa, the mucosal innate immune system, and defensin expression may thus contribute to the pathogenesis of pouchitis.
Some evidence suggests that there is a disruption in the host-gut microbiota homeostasis[67-71] associated to (or even caused by) the deregulation of the innate immunity machinery within the ileal mucosa[73,76]. In fact, in recent studies, we observed that Enterococcaceae spp., Enterobacteriaceae spp. and Streptococcaceae spp. may play an active role in maintaining immunologic homeostasis within the pouch mucosa, as low levels seem to favor the development of acute pouchitis[21]. The presence of Clostridiaceae spp. adherent to the
pouch mucosa and the high TLR-2 and TLR-4 mRNA expressions were, moreover, associated with chronic/relapsing pouchitis[57].

FAP: Familial adenomatous polyposis. E. coli: Escherichia coli; LH-PCR: Length Heterogeneity Polymerase Chain Reaction.
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Year

Komanduri et al[89]

Ref.

Table 1 Studies on the pouch microbiota in which molecular methods were used
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CONCLUSION
4

Accumulating experimental evidence indicates that dysbiosis of the ileal-anal pouch microbiota and deregulation
of the mucosal immune system play an important role in
the pathogenesis of pouchitis. While its diversity was reduced, only minor compositional differences were found
in the microbiota of UC patients with active pouchitis
with respect to that in subjects without disease history.
However, there are no studies in the literature which have
analyzed the direct impact of pouchitis therapy on pouch
microbiota. The most likely hypothesis is that dysbiosis
predisposes UC patients to pouchitis by increasing the
likelihood of immune system stimulation or by reducing
microbiota diversity, which is itself sufficient to induce
unbalanced activity of the immune system leading to
mucosal inflammation. The failure to identify a particular
bacterial species associated with pouchitis concurs with
clinical experience indicating that antibiotics with a very
different spectrum of antimicrobial activity are equally
effective in pouchitis. Some investigators have recently
shown that many patients with the form that is refractory
to empirical antibiotic treatment have antibiotic resistant
coliforms, and microbiological testing has been able to
predict an effective antibiotic regime for those patients[87].
Together with other findings, this suggests that antibiotic
therapy is effective in pouchitis as it reduces the total gut
microbial load, and therefore the stimulus to the immune
system rather than eliminating a specific disease-activating
bacterial species. Although the connection between dysbiosis of the microbiota and aberrant immune responses
remains unclear, alterations in the mucosal immune system support the hypothesis that dysbiosis plays an active
role in inducing and maintaining persistent inflammation.
The dysbiosis in UC-IPAA patients, characterized by reduced diversity of the microbiota, may lead to aberrant
mucosal immune regulation triggering the inflammatory
processes in genetically predisposed patients. Secondary effects on the function of the epithelial membrane
barrier and defensin overexpression could subsequently
worsen dysbiosis and favor the chronic activation of mucosal immune responses[88].
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Optimization of the treatment with immunosuppressants
and biologics in inflammatory bowel disease
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of an anti-tumor necrosis factor alpha a switch to another
one should be considered. Data on the efficacy of combination therapy are up to now insufficient to consider
this strategy in all IBD patients. The final outcome of the
treatment should be considered the clinical remission,
with mucosa healing, and not the clinical response. The
evaluation of serum concentration of thiopurine methyl
transferase activity, thiopurine metabolites, biologic serum levels and antibiologic antibodies could be useful for
the management of the treatment but it has not been
routinely applied in clinical practice. The evidence of high
risk development of lymphoma and cutaneous malignancies should be considered in patients treated with immunosuppressants and biologics for a long period.

Sara Renna, Mario Cottone, Ambrogio Orlando, Division of
Internal Medicine, ‘‘Villa Sofia-V. Cervello’’ Hospital, 90146 Palermo, Italy
Author contributions: Renna S, Cottone M and Orlando A designed and wrote the introductory editorial for the Topic Highlights.
Correspondence to: Sara Renna, MD, Division of Internal
Medicine, ‘‘Villa Sofia-V. Cervello’’ Hospital, 90146 Palermo,
Italy. sararenna.md@gmail.com
Telephone: +39-091-6802966 Fax: +39-091-6802042
Received: October 29, 2013 Revised: January 18, 2014
Accepted: April 28, 2014
Published online: August 7, 2014

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Many placebo controlled trials and meta-analyses evaluated the efficacy of different drugs for the treatment
of inflammatory bowel disease (IBD), including immunosuppressants and biologics. Their use is indicated in
moderate to severe disease in non responders to corticosteroids and in steroid-dependent patients, as induction and maintainance treatment. Infliximab, as well as
cyclosporine, is considered a second line therapy in the
case of severe ulcerative colitis, or non-responders to intravenous corticosteroids. An adequate dosage and duration of therapy with thiopurines should be reached before
evaluating their efficacy. Methotrexate is a valid option
in patients with Crohn’s disease but its use is confined to
patients who are intolerant or non-responders to thiopurines. Evidence for the use of methotrexate in ulcerative
colitis is insufficient. The use of thalidomide and mycophenolate mofetil is not recommended in patients with
inflammatory bowel disease, these treatments could be
considered in case of failure of all other therapeutic options. In patients with moderately active ulcerative colitis,
refractory to thiopurines, the use of tacrolimus is considered an alternative to biologics. An increase of the dose
or a decrease in the interval of administration of biological treatment could be useful in the presence of an incomplete clinical response. In the case of primary failure
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Core tip: The clinical expression of inflammatory bowel
disease (IBD) is heterogeneous with different clinical
courses, so it is not easy to find the best therapy for all
patients. In recent years the goals of the therapy for
IBD patients have evolved from symptomatic control
to altering the course of disease by achieving a “deep
remission”. Many trials have evaluated the efficacy of
immunosuppressants and biologics in achieving clinical
and endoscopic remission but the optimization of these
treatments is still a debated point. We propose some
recommendations about the correct use of immunosuppressants and biologics for the treatment of IBD, based
on the current evidence.
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the second one, of trials evaluating the outcome after
17 wk of follow up. This discrepancy confirms that a
longer time of treatment gives a greater chance of obtaining a positive result. Based on these data the use of
thiopurines as a single therapy is not recommended in
active CD but a combination with corticosteroids could
be useful while waiting for the slow time of action of
thiopurines. Unfortunately treatment with thiopurines is
sometimes associated with the occurrence of side effects
that preclude their use. In these cases the discontinuation
of treatment causes a complete resolution of the symptoms. Some of these side effects are severe, including
suppression of white blood cells, pancreatitis and hepatitis, but other side effects could be mild, such as nausea,
abdominal pain and fever. In the presence of a mild
side effect during AZA use a trial of 6-MP is recommended because half of the intolerant patients tolerate
a switch to 6-MP. A study was conducted to assess the
long term outcomes of 6-MP treatment in patients with
AZA intolerance. Fifty-two per cent of included patients
tolerated 6-MP. In particular 6-MP was more tolerated
in patients with hepatotoxicity and arthralgia/myalgia
during AZA treatment. Less evident was the switching
advantage in patients with hematologic and pancreatic
toxicity[8]. The role of thiopurines in CD is more important in the maintainance period, particularly in steroiddependent CD, to induce early steroid sparing. A metaanalysis, including 7 placebo controlled trials, evaluated
the efficacy of thiopurines in quiescent CD. AZA and
6-MP were effective in maintaining remission and inducing steroid sparing, but higher doses of AZA (2.5 mg/kg
daily) were more effective than lower doses[7,9]. According
to these data the dosage of 2.5 mg/kg daily is suggested
to optimize the treatment with thiopurines.
The efficacy of immunosuppressants was also evaluated in fistulizing CD. Eleven placebo controlled trials
on the efficacy of immunosuppressants and antibiotics
in fistulizing CD have been included in a meta-analysis.
The analysis showed that both immunosuppressants and
antibiotics were able to significantly reduce the number
of open actively draining fistulas by at least 50% from
the baseline. The incidence of severe adverse events was
higher in patients treated with immunosuppressants than
in patients treated with placebo (P = 0.037)[10]. Regarding
the maintainance treatment a questionable point is how
long treatment with thiopurines should be continued. A
meta-analysis showed that stopping thiopurine treatment
increases the risk of relapse at 6, 12 and 18 mo. A clear
benefit of continuing thiopurines for at least 18 mo was
observed[11]. In a trial of Lémann et al[12] patients who
discontinued AZA after more than 3 years of efficacious
treatment had a higher probability of relapse compared
with those who continued it. According to the ECCO
guidelines[1] in patients treated with thiopurines as maintenance treatment, discontinuation may be considered after 4 years of remission. Benefit and risks of continuing
them should be considered case by case.
A question related to the long term treatment with immunosuppressants is the reported high risk of lymphoma

INTRODUCTION
Inflammatory bowel disease (IBD) refers to 2 chronic inflammatory disorders of the gastrointestinal tract: Crohn’s
disease (CD) and ulcerative colitis (UC). The clinical expression of IBD is heterogeneous, especially in CD, with a
wide spectrum of patterns and different clinical courses,
so it is not easy to find the best therapy for all patients.
The course of IBD is characterized by phases of relapse
and remission and the main goal of the therapy is to
achieve and maintain disease remission. In recent years
the goals of therapy for IBD patients have evolved from
symptomatic control to altering the course of disease
by achieving a “deep remission”. This is defined as the
contemporary presence of sustained clinical remission,
complete mucosal healing and normalization of serological activity indexes (C-reactive protein and erythrocyte
sedimentation rate). Many trials have evaluated the efficacy of different drugs for the treatment of CD and UC,
including immunosuppressants and biologics. Although
recent guidelines have been published to direct the clinicians on the correct management of IBD[1-3], up to now
the optimization of treatment with immunosuppressants
and biologics is a debated point. However, nearly half of
the IBD guideline recommendations are based on expert
opinion and the guidelines are not frequently updated[4].
We propose some recommendations about the correct
use of immunosuppressants and biologics for the treatment of CD and UC, based on the current evidence.

CROHN’S DISEASE
Immunosuppressant therapies
Although the efficacy of corticosteroids in active CD is
clear, their use is not indicated in maintaining treatment
and the long-term therapy is associated with serious
adverse consequences[5]. To avoid the long term use of
corticosteroids many studies have investigated the efficacy of immunosuppressants, including thiopurines,
methotrexate (MTX), tacrolimus, thalidomide and mycophenolate mofetil (MMF) for the treatment of active and
quiescent CD.
Thiopurines
6-mercaptopurine (6-MP) and its prodrug azathioprine
(AZA) are purine analogues able to reduce cell proliferation and with immune modifier properties. The
efficacy of thiopurines for the treatment of active CD
is controversial. In a meta-analysis[6] evaluating 8 trials
on AZA and 6-MP therapy in patients with active CD,
a higher response rate was observed in patients treated
with thiopurines compared with patients treated with
placebo. The time of peak response in the included trials ranged from 9 wk to more than 26 wk; the minimum
period for an adequate response was found to be more
than 17 wk. A more recent meta-analysis[7], including 5
trials, showed no significant efficacy of thiopurines in
active CD. The discrepancy between the results of the
two meta-analyses is probably due to the exclusion, in
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and cutaneous malignancies. Patients with IBD treated
with thiopurines alone or in combination with anti-TNFα
had an increased risk of developing lymphoproliferative
disorders[13-15]. Many lymphomas associated to immunosuppressive therapy in IBD patients seem to be related to
a loss of control of Epstein-Barr virus (EBV) infection.
Young males seronegative for EBV are at risk for fatal
forms of primary EBV infection, with lymphoproliferation. This incidence could be limited avoiding the treatment with thiopurines in this subgroup of patients[16,17].
Hepatosplenic T cell lymphoma (HSTCL) is another
rare, lethal form of lymphoma[15]. Patients at risk are
typically young men, treated for prolonged periods with
thiopurines in combination with anti-TNF-a. The risk
of HSTCL can be limited by avoiding prolonged combination therapy in young males. Concerning the risk of
cutaneous malignancies, an increased risk of nonmelanoma skin cancers (NMSC) has been reported in patients
treated with thiopurines. This risk persists in patients previously exposed to thiopurines, suggesting a definite impact on carcinogenic events[18-20]. In a retrospective study,
26403 patients with CD and 26974 patients with UC
were matched with non-IBD controls. The incidence of
NMSC was higher among patients with IBD compared
with controls and thiopurine use was associated with
NMSC, as was biologic use among patients with CD[18].
Another prospective cohort study evaluated the incidence of NMSC among 19486 patients with IBD. The
authors showed that ongoing thiopurine treatment and
past thiopurine exposure were risk factors for NMSC.
These patients should be protected against UV radiation and receive lifelong dermatologic screening[19]. In a
third study[20], 9618 IBD patients were followed up and
matched with 91378 controls. At the end of the study a
diagnosis of basal cell skin cancer was made in 1696 individuals and a diagnosis of squamous cell skin cancer in
341 patients. IBD patients had an increased risk for basal
cell skin cancer, compared with controls. Among patients
with IBD, the use of thiopurines increased the risk of
squamous cell skin cancer compared with controls. In
order to explain the interindividual variability in efficacy
and toxicity, the importance of measuring serum concentrations of thiopurine metabolites, 6-thioguanine nucleotide (6-TGN) and 6-methylmercaptopurine (6-MMP), has
been recently proposed. Furthermore thiopurine methyl
transferase (TPMT), that is one of the enzymes involved
in the thiopurine metabolism, has been measured to predict the tolerability of thiopurines. A decreased TPMT
activity has been related with myelotoxicity, whereas a
high activity of TPMT has been related with thiopurine
ineffectiveness. Low TPMT activity and high 6-TGN
concentrations have been related to therapeutic success.
A prospective study was conducted to compare the
6-TGN levels in active IBD patients with those in patients in clinical remission. One hundred patients were
included (41 with an exacerbation, 59 in remission).
Twenty-six of the 41 patients (63%) with active disease
and 24 of the 59 patients (41%) in clinical remission had
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a 6-TGN level below the therapeutic cut-off level of 235
pmol/8 × 108 erythrocytes (P = 0.04)[21]. Recent studies suggest that too low 6-TGN and too high 6-MMP
nucleotide concentrations can be reversed by a combination therapy of allopurinol and thiopurines. In a study
a dose-escalation of allopurinol was performed in 11
IBD patients with low 6-TGN and/or elevated 6-MMP
concentrations, treated with AZA. Adequate 6-TGN
concentrations were achieved with a combination of 25
mg allopurinol and 50 mg AZA in one patient and with
50 mg allopurinol and 50 mg AZA in nine patients. The
6-MMP concentrations were normalized immediately
in all patients. The authors concluded that combination
therapy with 50 mg allopurinol and 50 mg AZA daily is
efficacious in IBD patients with inadequate thiopurine
metabolite concentrations to optimize AZA therapy[22].
The results of a recent prospective study do not
support the capability of TPMT activity or 6-TGN to
predict treatment outcome and no serum threshold value
was identified to adjust the thiopurine dose. A total of
113 IBD patients treated with thiopurines were included.
The TPMT activity was determined at inclusion (> 5 U/
mL required) and thiopurine metabolites were periodically monitored. At the end of the study no cut-off point
with worthwhile sensitivity/specificity was found. Eight
patients showed thiopurine-related toxicity that could not
be linked to TPMT activity or 6-TGN levels[23].
Up to now the use of thiopurine metabolites has not
been applied in clinical practice. A survey performed
to evaluate the extent to which IBD gastroenterologists
are utilizing thiopurine metabolism in practice showed
that TPMT evaluation was performed by only 30% of
gastroenterologists before AZA initiation. In patients
on thiopurine therapy, 6-TGN and 6-MMP levels were
determined by 54% and 44% of gastroenterologists respectively and 81% did not recheck metabolite levels after
dose escalation or reduction[24].
Methotrexate
Despite the wide use of thiopurines in the management
of both CD and UC, approximately 20% of patients are
intolerant and 30% are refractory to AZA/6-MP. An alternative immunosuppressant in these cases is MTX, an
inhibitor of dihydrofolate reductase. Based on the results
of 3 small studies[25-27], where the efficacy of oral MTX
was compared with placebo or 6-MP, MTX was considered ineffective in the treatment of active CD. A placebocontrolled trial[28] compared the efficacy of intramuscular
MTX (25 mg once weekly) with placebo. After 16 wk
of therapy, 39% of patients were in clinical remission in
the MTX group, compared with 19% of patients in the
placebo group. The authors supported the efficacy of
intramuscular MTX in active CD, although a higher rate
of adverse events was reported with respect to placebo,
including dyspepsia, alopecia, myelosuppression, increase
in transaminase levels, abdominal pain, headache and arthralgia. To avoid some of these adverse events folic acid
given routinely the day after MTX injection is recom-

9677

August 7, 2014|Volume 20|Issue 29|

Renna S et al . optimization of immunosuppressants and biological therapy

results come from the pediatric population. In a study[41]
28 patients (young adults and children) with refractory
moderate to severe IBD (19 CD, 9 UC) received thalidomide (1.5-2.5 mg/kg daily). Remission was achieved in
21 out of 28 (75%) patients (17 with CD, 4 with UC).
In a recent small study[42] 12 children, non-responders to
previous drugs including AZA/6-MP, MTX and biologics, received thalidomide as rescue therapy. After 6 mo a
significant improvement was observed in terms of symptoms, corticosteroid use, hospitalizations, laboratory values, fistula closure and surgery. Unfortunately a high rate
of adverse reactions was reported during treatment with
thalidomide, including peripheral neuropathy, dizziness
and allergic reaction.
Based on these data the use of thalidomide can be
proposed only in patients with active CD, refractory to
conventional immunosuppressants and biologics, as rescue therapy. However given its teratogen nature and the
high probability of side effects, its use for maintenance
therapy is difficult to justify. However contraception
should be recommended in woman with CD during
thalidomide treatment. Up to now there are no recommendations for the use of thalidomide in CD. However it
could have a role in the treatment of children with active
CD despite immunosuppressive treatment.

mended. Furthermore, the teratogenic effect of this drug
must be considered when it is started.
The efficacy of MTX in quiescent CD was observed
in a trial[29] in which MTX (15 mg weekly) intramuscularly
was compared with placebo. After 40 wk of treatment,
relapse occurred in 35% of patients treated with MTX
and in 61% of patients treated with placebo. However
in another two studies[25,26] the superiority of MTX with
respect to placebo, 5-ASA or 6-MP was not confirmed.
Up to now the use of MTX in CD is confined to patients
who are intolerant or non-responders to thiopurines.
Tacrolimus
Several studies, but not randomized controlled trials,
evaluated the efﬁcacy of oral or intravenous tacrolimus in
the treatment of active luminal CD. Six of these studies,
including a total of 70 patients, have been systematically
reviewed[30]. The duration of treatment varied from weeks
to years. A total of 31 treated patients (44.3%) achieved
a complete remission at the end of the studies. Eight
studies evaluated the efficacy of tacrolimus in patients
with perianal CD[31-38]. Data were available for 49 patients
with perianal disease who were treated with oral or intravenous tacrolimus and for 8 patients treated with topic
tacrolimus. Among the patients treated with oral or intravenous tacrolimus 14 patients (28.6%) achieved remission
and 19 patients (38.8%) achieved a partial response. Regarding the topic treatment, in a placebo controlled trial
8 patients with perianal CD were stratified according to
ulcerating or fistulizing disease. A benefit in the ulcerating group was observed. No benefit was reported in the
fistulizing group[36].

Mycophenolate mofetil
MMF is an immunosuppressant largely used for the prevention of solid organ transplantation rejection. It is an
antimetabolite similar to AZA and its use has been proposed in the management of autoimmune diseases, including psoriasis[43], rheumatoid arthritis[44] and IBD[45,46].
A retrospective study[47] assessed the efficacy and
tolerance of MMF in 20 patients with CD who were intolerant or non-responders to AZA and/or MTX. The
authors reported only 20% success with MMF and 25%
intolerance. A study[48] compared the efficacy of MMF
with AZA in 45 patients with active CD, 15 treated with
MMF and 30 with AZA over a period of 1 year. All
patients who completed the 12 mo of treatment (77%
AZA, 60% MMF) achieved remission but MMF patients
had almost twice as many flare-ups (80% vs 47%) with respect to AZA patients. The authors concluded that both
drugs were effective in inducing remission, AZA was
more effective in maintaining remission but the onset of
therapeutic effect was delayed less under MMF than under AZA. A randomized trial[49] compared the efficacy of
AZA plus corticosteroids with MMF plus corticosteroids
in 70 patients with active CD. The authors observed a
significant reduction in clinical activity with MMF plus
corticosteroids compared to AZA plus corticosteroids. In
patients with more severe CD, MMF plus corticosteroids
caused a significant suppression of clinical activity earlier
than AZA plus corticosteroids with few adverse effects.
Based on these data, although AZA is still the immunosuppressant of choice in the treatment of IBD, MMF
may have a role for steroid-dependent patients refractory
to other immunosuppressive therapies. Up to now there

Thalidomide
Thalidomide, originally used to treat morning sickness,
had been withdrawn from the market because of its
teratogenic effect. Subsequently immunomodulatory
properties of thalidomide have been discovered as inhibitors of TNF-a synthesis. Thus in recent years its use was
proposed for a few diseases including CD. No published
randomized controlled trials on thalidomide efficacy in
adult CD patients are available. In one trial[39] the efficacy
of its analogue lenalidomide was evaluated. In this study,
89 patients were included and randomized to receive 25
mg of lenalidomide daily, 5 mg of lenalidomide daily
or placebo. At the end of the study the rate of clinical
remission in both treatment groups was not significantly
different from the placebo group. Other data come from
uncontrolled studies. In a study[40] 25 patients with luminal and fistulizing CD were treated with thalidomide. At
the end of the study 6 out of 8 patients treated for luminal disease and 9 out of 11 patients treated for fistulizing
disease achieved clinical response after a median followup of 12 mo. The 4 patients treated for both luminal and
fistulizing disease had a fistula response and 3 of them
had also a luminal response. The authors concluded that
thalidomide was an effective treatment in patients with
refractory luminal and fistulizing CD. Other encouraging
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2-47 mo) 89 patients (80.9%) had a clinical benefit, 18
of these achieved a clinical response (16.4%), 71 were in
complete remission (64.5%) and 11 discontinued adalimumab (10%) due to lack of efficacy or severe side effects.
At multivariable analysis only a higher induction regimen
was related to remission at week 6. At the end of the
follow-up, none of the variables were associated with
remission[55]. All the 110 patients treated in this study
have been followed up for a further 24 mo. At the end
of the follow up (mean 38.6 ± 8.6 mo) 54 patients (49%)
were still on maintainance treatment with adalimumab
with significant clinical benefit; 56 patients stopped treatment because of ineffectiveness (35), side effects (15) or
mucosal healing (6). Mucosal healing was reported in 15
out of 60 patients who underwent colonoscopy (25%).
At univariable analysis a lower induction regimen (80/40
mg) was associated with a best response to infliximab (P
< 0.001, OR = 6, 95%CI: 1.01-35.91) while 160/80 mg
induction regimen was associated with a lower risk of
surgery with respect to 80/40 mg (P = 0.04, OR = 0.311,
95%CI: 0.969-0.998)[56].
The advantage of biologics with respect to thiopurines is the more rapid effect. After 4 wk of treatment
most of the treated patients show a clinical benefit[57,58].
However from 17% to 21% of patients treated with infliximab develop antibodies directed against the murine
sequences of infliximab molecule during the treatment,
with immediate-type hypersensitivity reactions. Intravenous hydrocortisone premedication reduces antibodies
to infliximab but some patients discontinue the treatment
because of side effects, despite premedication and schedule treatment. Adalimumab, that is a recombinant human
monoclonal antibody containing only human peptide
sequences, has been proposed as an effective option in
patients who had showed a previous allergic reaction to
infliximab[59]. Furthermore some patients treated with
infliximab experience a loss of efficacy over time. In the
Gain study[60] 22% of CD patients with loss of response
or previous intolerance to infliximab achieved remission
with adalimumab. Based on these data, in the case of
primary failures, loss of response or intolerance to infliximab, adalimumab can be used as a second line treatment. On the other hand the effectiveness of infliximab
as a second line therapy after adalimumab failure has also
been evaluated in CD patients. In a recent study 15 patients who discontinued adalimumab for loss of response
(5), adverse events (3) or partial response (7), were treated
with infliximab. After infliximab therapy all the patients
who had discontinued adalimumab due to loss of efficacy or adverse events obtained a clinical response, but 2
of them developed adverse events. None of the patients
who discontinued adalimumab due to partial response
reached remission with infliximab[61]. Up to now no trial
has compared the efficacy and safety of infliximab and
adalimumab in CD patients, thus the only factor that can
guide the choice of one of the two biologics as first line
therapy is the route of administration (subcutaneous for
adalimumab and intravenous for infliximab). This should

are no recommendations for the use of MMF in CD.
biological therapies
In recent years the use of biologics has changed the management of IBD. The efficacy of anti-TNFα molecules
(infliximab, adalimumab and certolizumab pegol) has
been largely investigated in the treatment of active and
quiescent CD, with good results[50,51]. Up to now infliximab and adalimumab have been approved for the use in
CD in many countries. These two anti-TNFα are both
equal options in patients with moderate to severe steroidrefractory or steroid-dependent disease and in patients
who are non responders or intolerant to immunosuppressants. Their use is also indicated in the case of complex
perianal disease, in combination with surgical therapy.
Furthermore, in presence of axial arthropathy (sacroileitis
and ankylosing spondylitis) the efficacy of anti-TNFα
treatment has been well established, as well as in the case
of peripheral arthritis, non-responder to sulfasalazine[1,2].
Certolizumab pegol is not approved in the European
Union but in the United States and Switzerland it has the
same indications as infliximab and adalimumab.
Two meta-analyses[50,51] confirmed the efficacy of antiTNFα antibodies in inducing and maintaining remission of luminal CD. Some studies evaluated the efficacy
of these drugs in a subgroup of patients with steroiddependent CD. Regarding infliximab, the study by Lémann et al[52] was planned to treat patients with steroiddependent CD. These patients received infliximab 5
mg/kg or placebo at weeks 0, 2, and 6. All patients were
treated also with AZA/6-MP for 52 wk. Among the
113 enrolled patients, the steroid-free remission rate was
higher in the infliximab group than in the placebo group
(75% vs 38%, P < 0.001 at week 12 and 40% vs 22%,
P = 0.04 at week 52). Regarding adalimumab, data on
steroid-dependent patients could be taken from a subgroup analysis of the CHARM study[53]. At week 26, 19%
of patients treated with adalimumab (40 mg every other
week) achieved a sustained corticosteroid-free remission
compared with 3% of patients treated with placebo (P =
0.006). At week 56, 29% of patients treated with adalimumab achieved a sustained corticosteroid-free remission
compared with 5% of patients treated with placebo (P =
0.001). Recently the long term efficacy of adalimumab
in steroid-dependent CD patients has been evaluated
in a long-term open label extension of the CHARM
study. After 4 years of follow up 16% of patients taking
corticosteroids at baseline were in corticosteroid-free
remission[54]. A prospective observational study including 110 steroid-dependent CD patients reported clinical
data on the efficacy and prognostic factors of response
to adalimumab in corticosteroid-dependent CD patients.
At week 6, 100 patients had a clinical benefit (91%), 50
of these (45.5%) were in steroid-free clinical remission,
the other 50 (45.5%) achieved a clinical response. Nine
patients (8.1%) did not achieve a clinical benefit and only
one patient discontinued adalimumab due to intolerance.
At the end of the follow-up (mean 14.6 ± 10 mo, range
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be discussed with the patient and the choice of treatment
should be made case by case. In the case of patients with
primary failure to one anti-TNFα a switch to the other
one should be considered. However, in the case of failure
of one anti-TNF-α, before switching to the other one,
an increase in dose or a decrease in the interval between
infusions has been proposed. In a study, 54 out of 108
CD patients treated with infliximab received a dose intensification, defined as an increase in infliximab dose, a decrease in interval, or both, at 30 mo from initial infusion.
At 30 mo 69.1% of patients were event-free from an
interval decrease, 48.5% from a dose increase, and 45.7%
from any dose intensification. Of the 54 patients who
received a dose intensification, 75.9% were able to obtain
and maintain a clinical response[62]. In another prospective
study 14 CD patients, initially responders to adalimumab,
experienced a relapse. All patients were then treated with
adalimumab 40 mg weekly for 12 wk before returning to
adalimumab 40 mg every other week. Nine out of the 14
CD patients achieved a clinical response (1) or remission
(8) 3 mo after reinstituting the standard dosage[63]. Also,
in the CHARM study[53] the dosage of adalimumab could
be escalated to open-label treatment with 40 mg weekly in
patients with continued non response or recurrent flare.
A total of 140 out of 854 enrolled patients completed
the study on open-label adalimumab 40 mg weekly.
Two questionable points regarding biological therapy
are: when to start and when to stop the treatment?
Some studies supported an early use of biologics in
CD. In a randomized, controlled trial[64] early combined
infliximab and thiopurines treatment was more effective
than a conventional step-up approach at 6 and 12 mo.
Furthermore a subgroup analysis of the CHARM study[65]
showed a higher remission rate at 26 and 56 wk in patients with disease duration < 2 years with respect to patients with disease duration > 5 years. These data are not
enough to confirm that an early treatment with biologics
can improve patient outcomes. Therefore, a widespread
early use of biologics in all CD patients cannot be recommended[1,2] but in patient subgroups with a predicted
disabling course[66] (extensive disease, severe rectal disease,
young age, severe perianal disease, steroid need at diagnosis) early introduction of biologics can be considered.
Regarding long term treatment, adalimumab was able
to maintain remission for up to 4 years in patients who
responded to induction therapy[54] and long-term treatment with infliximab seems to have a safe maintenance
efficacy[67]. Despite these promising results the duration
of biological therapy over 1 year is recommended only
after a careful evaluation on a case-by-case basis and
should be discussed with each patient[1,2]. Some prospective studies[68,69] showed that mucosal healing after biological therapy predicts a prolonged remission. Based
on this observation a colonoscopy evaluation in patients
receiving long-term anti-TNF-a therapy could guide the
choice of treatment duration.
Recently pharmacokinetics and inter-individual variability of clearance and immunogenicity of biologics have

WJG|www.wjgnet.com

been evaluated to explain their efficacy and tolerability.
Antidrug antibodies (ADA) impacted the clearance of infliximab and trough levels have been shown to correlate
with clinical remission. In CD patients high trough levels
of infliximab were associated positively with sustained
clinical response, low C-reactive protein (CRP) levels and
endoscopic improvement[70]. In the SONIC trial, steroidfree remission at weeks 30 and 46 was more frequent in
patients with high infliximab trough levels. Furthermore
concomitant immunosuppressive therapy was shown to
increase the trough levels of infliximab[71]. In the ACCENT trial a complete fistula healing was achieved in
64% of CD patients with high infliximab trough levels
and in 25% of patients without detectable trough levels[72]. In another study, in patients with infliximab levels
below 12 mg/mL at mid infusion, a dose increase produced a response in 25 out of 29 patients and was more
effective than changing to another anti-TNF-a agent[73].
However the definition of therapeutic thresholds is still
unclear. In a large series of 532 CD patients treated with
infliximab from various trials a trough level of 3 mg/mL
discriminated inflammatory activity[74]. A cut-off of 3
mg/mL was associated with steroid-free remission in the
SONIC trial[71].
For adalimumab, pharmacokinetic-efficacy relations
are less clear. In the CLASSIC trials correlations between
adalimumab serum levels and remission rates were weak
during induction and absent during maintenance therapy[75]. In an observational cohort study[76] a relationship
between adalimumab serum trough levels and remission
or response rates was not demonstrated.
Regarding the ADA evaluation, it seems to be the most
important variable associated with low infliximab trough
levels and low efficacy. The appearance of antibodies to
infliximab (ATI) has been associated with loss of response
and infusion reactions. In a study[77], 73% of patients with
loss of response to infliximab and all patients who developed infusion reactions showed ATI positive.
The occurrence of human antichimeric antibodies (HACA) was also inversely correlated with clinical
response and positively correlated with infusion reactions[78,79]. Premedication with glucocorticoids seems to
reduce significantly the HACA levels[77]. In a study it was
observed that in 65% (11 out of 17) of patients initially
positive for HACA, antibodies disappeared during maintenance treatment with infliximab but only in those with
a clinical response[80]. Furthermore the addition of immunosuppressants to infliximab therapy seems to restore
the efficacy in patients positive for HACA[81]. As for thiopurine metabolites up to now the utilization of biologic
serum levels or ADA have not been routinely applied in
clinical practice.

ULCERATIVE COLITIS
Immunosuppressant therapies
According to the ECCO guidelines[3] patients with steroid-dependent UC should be treated with thiopurines.
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The evidence to support the use of MTX in UC is insufficient. In patients with severely active UC, non-responder to intravenous steroids, the use of cyclosporine or
infliximab is recommended.

tients intolerant to thiopurines. MTX was well tolerated
in a majority of individuals. Based on these data there is
insufficient evidence to support the use of MTX in UC
as an alternative to thiopurines.

Thiopurines
The efficacy of AZA in active UC was evaluated in two
controlled trials, at the dosage of 2-2.5 mg/kg daily[82,83].
A meta-analysis[7] of these trials was conducted and a
trend towards the benefit of AZA compared with placebo was observed but this did not achieve any statistical
significance (RR = 0.85, 95%CI: 0.71-1.01, P = 0.07). In
these two trials the efficacy of AZA was also investigated
in quiescent UC. The meta-analysis of these trials showed
a statistically significant benefit of AZA compared
with placebo in preventing relapse (RR = 0.60, 95%CI:
0.37-0.95, P = 0.03)[7]. In a study[84] the efficacy of AZA
was investigated in a subgroup of patients with steroiddependent UC, comparing it to mesalamine. Seventy-two
patients were randomised to receive AZA (2 mg/kg daily)
or mesalamine (3.2 g daily), in addition to prednisolone (40
mg daily) for 6 mo. At the end of the follow up AZA was
significantly more effective than mesalamine at achieving
clinical and endoscopic remission with steroid sparing.
More recently an observational cohort study was conducted in 42 patients with steroid-dependent UC treated
with AZA (2-3 mg/kg daily) over a 3-year period. In this
study AZA showed sustained efficacy for maintenance
of clinical remission off steroids. Furthermore patients
with earlier UC were those who most probably had sustained steroid-free remission at the end of 12 mo while
on AZA[85]. Considerations regarding the best dosage and
the best duration of therapy with thiopurines are similar
to the treatment for CD.

Tacrolimus
In patients with severely active UC not responding to
intravenous corticosteroids a second line therapy with tacrolimus, as well as with ciclosporin or infliximab may be
appropriate[3]. A placebo controlled trial evaluated the efficacy of tacrolimus in 60 patients with moderate or severe
UC. Patients were treated with a high concentration (10-15
ng/mL) of tacrolimus, a low concentration (5-10 ng/mL)
of tacrolimus or placebo. At week 2, a clinical improvement was observed in 68.4% of patients treated with
high concentration of tacrolimus and in 10% of patients
treated with placebo (P < 0.001). Clinical remission was
observed in 20% of patients treated with a high concentration. In the open label extension, 55.2% of all patients
had a clinical improvement at week 10. The optimal target
range appears to be 10-15 ng/mL. The incidence of side
effects in the tacrolimus group was significantly higher
than in the placebo group (P = 0.043). The most common event was finger tremor[89]. A more recent placebo
controlled trial was conducted on 62 patients with steroidrefractory UC. A response rate of 50% was reported in
patients treated with oral tacrolimus compared to 13.3%
in patients treated with placebo (P = 0.003) after 2 wk of
treatment. Rates of mucosal healing were higher in the
treatment group respect to the placebo group (43.8% vs
13.3%, P = 0.012), but the rates of clinical remission were
not significantly different (3 out of 30 vs 0 out of 30, P
= 0.238)[90]. A retrospective review of 130 steroid refractory patients with moderate to severe UC showed that
94 patients (72%) had achieved remission after 3 mo of
follow up and that the addition of thiopurines correlated
significantly with remission rates[91]. However another
retrospective study on 32 refractory UC patients revealed
that only 4 out of 30 steroid-dependent patients were able
to discontinue steroids after a median follow-up of 29 wk
and 12 out of 32 patients underwent colectomy[92]. The
efficacy of rectal tacrolimus ointment has been analysed
in a small study on 8 patients with steroid dependent
proctitis refractory to immunosuppressive and infliximab
treatment. After 8 wk of therapy 6 out of 8 patients had
achieved remission[93].
A recent prospective study investigated the efficacy
of topical tacrolimus in the treatment of refractor pouchitis. Ten patients with antibiotic-refractory pouchitis
were treated for 8 wk with a tacrolimus enema. The mean
pouchitis disease activity index score decreased from 15.9
± 0.8 to 7.8 ± 0.8 during 8 wk of treatment (P < 0.01)
but endoscopic healing was not achieved[94].

Methotrexate
Data on the efficacy of MTX in UC comes from small
prospective studies where different doses and routes
of administration have been used, with inconsistent
results[26,86,87]. A placebo-controlled trial showed no benefit of oral MTX at the dosage of 12.5 mg per week in
UC patients[86]. A study[26] compared the efficacy of oral
MTX at the dosage of 15 mg weekly with 6-MP (1.5
mg/kg daily) and mesalamine (3 g daily) in 72 steroiddependent patients (34 UC and 38 CD). After 30 wk
a significantly higher remission rate was observed in
UC patients treated with 6-MP (78.6%) with respect to
patients treated with mesalamine (25%) but no statistical differences were observed between patients treated
with MTX (58.3%) with respect to patients treated with
mesalamine. With regard to maintaining remission, after
76 wk UC patients treated with 6-MP presented significantly higher remission rates with respect to the other 2
groups. More recently a retrospective study[88] evaluated
the efficacy and safety of MTX in 131 patients with IBD
(99 CD, 32 UC) intolerant or non-responsive to thiopurines. In UC patients clinical response occurred in 78%
of patients refractory to AZA/MP and in 65% of pa-
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Cyclosporine
A second line therapy with cyclosporine is indicated in
the case of severe UC, which does not respond to 3-5 d
of intravenous steroids. If no improvement is observed
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within 4-7 d a colectomy is recommended. Two placebo
controlled trials investigated the efficacy of cyclosporine
in the treatment of severe UC[95,96]. In the first study[95] 30
patients with severe UC were randomized to intravenous
cyclosporine at the dosage of 4 mg/kg daily or methylprednisolone at the dosage of 40 mg daily. After 8 d
responders were treated with the same medication orally,
in combination with AZA. After 8 d, 8 out of 15 patients
(53%) who received methylprednisolone had a response
compared with 9 out of 14 (64%) receiving cyclosporine.
In non-responders, 3 out of 7 methylprednisolone patients and 1 out of 3 cyclosporine patients improved
when both treatments were combined. At 12 mo, 7 out
of 9 patients (78%) initially controlled with cyclosporine
maintained their remission compared with 3 out of 8
(37%) initially treated with methylprednisolone.
In the second study[96] 20 patients with severe UC,
non-responders to 7 d of intravenous corticosteroids,
were treated with intravenous cyclosporine (4 mg/kg
daily) or placebo. Nine out of 11 patients (82%) treated
with cyclosporine had a response within a mean of 7 d
compared with 0 out of 9 patients who received placebo
(P < 0.001).
Unfortunately the use of cyclosporine is associated
with important adverse effects that are mainly dose dependent. A controlled trial investigated the additional
clinical benefit of 4 mg/kg over 2 mg/kg intravenous
cyclosporine in the treatment of severe UC. Seventythree patients were included. After 8 d response rates
were 84% in patients treated with 4 mg/kg and 86% in
patients treated with 2 mg/kg. Furthermore short-term
colectomy rates were 13% in patients treated with 4 mg/
kg and 9% in patients treated with 2 mg/kg. The authors
concluded that high-dose cyclosporine has no additional
clinical benefit over low dose in the treatment of severe
UC[97]. Up to now 2 mg/kg daily has become the standard dose used in current clinical practice.
A study assessed the long-term colectomy-sparing
effects and safety of cyclosporine in 71 patients with
severe UC. Sixty out of 71 patients (85%) responded to
intravenous cyclosporine and were discharged on oral
cyclosporine. Of these 60 patients, 26 were transitioned
from cyclosporine to 6-MP. Cumulative colectomy rates
for the entire cohort were 39% at 1 year, 42% at 2 years,
and 46% at 5 years. In the sub-group of patients maintained with 6-MP only one patient required a colectomy;
whereas colectomy was carried out in 76% of patients
who were not transitioned from cyclosporine to 6MP.
In conclusion concomitant 6-MP therapy was associated
with a reduced risk of colectomy (OR = 0.01, 95%CI:
0.001-0.09, P < 0.0001) on long-term follow-up. Side effects were noted in two-thirds of the patients, the majority of which were mild. The authors concluded that transition to oral thiopurines after intravenous cyclosporine
was useful in preventing a future colectomy[98].

come from small, uncontrolled, retrospective studies, in
which patients with IBD and not only UC were included.
A retrospective study[99] evaluated the efficacy of MMF
(1-2 g daily) in patients with IBD, only 7 of them with
UC, treated over a 3-year period. Thirty-nine patients (32
CD and 7 UC), intolerant or non-responders to AZA,
were identified. During the study period 40% of patients
(a total of 16 patients, only 4 with UC) achieved remission and complete steroid withdrawal, 30% could not
tolerate the drug, and 30% did not respond. An openlabel prospective and uncontrolled 6 mo trial[100] on the
efficacy of MMF (2 g daily) in combination with steroids
was conducted in 24 IBD patients (11 CD, 13 UC). Only
10 out of 24 patients achieved remission after 3 mo. All
but one CD patient had relapsed by the end of the study.
The authors concluded that MMF at the dosage of 2 g
daily was unable to induce and maintain remission for a
period of 6 mo in 23 out of 24 chronic active IBD patients. A retrospective study[101] reported the results on
the efficacy of MMF in 70 patients with IBD (51 CD, 19
UC) over a 5-year period. Seventeen of the 70 patients
(24.3%) had a sustained steroid-free remission for 33 mo.
Treatment with MMF was discontinued in 53 patients, 17
because of side effects and 36 because of non response
to the treatment. A more recent study[102] was conducted
in 14 patients with IBD (9 CD, 5 UC) intolerant or refractory to conventional medical therapy who received
MMF (500-2000 mg bid). Of the 11 patients who were
not in remission at baseline, 7 out of 11 (63.6%) achieved
remission after 8 wk. All 3 patients in remission at baseline maintained their remission. At 6 mo 64.3% patients
were in remission. Of 12 patients followed for 12 mo, 8
were in remission (66.7%).
As for CD patients, MMF may be considered an alternative immunosuppressant therapy in steroid-dependent
patients with UC, refractory to AZA/6-MP. Up to now
there are no recommendations for the use of MMF in
UC.
Biologic therapies
The use of anti-TNFα in UC patients is recommended in
the case of severe UC that is refractory to steroids[103,104]
after exclusion of other causes of persistent symptoms
such as coexistent cytomegalovirus or Clostridium difficile
infection. Furthermore steroid-dependent UC patients,
refractory or intolerant to thiopurines, can be treated
with biologics. Also in patients with UC, as well as in CD
patients, in the presence of axial arthropathy the efficacy
of anti-TNFα treatment has been well established, as
well as in the case of peripheral arthritis, not responding
to sulfasalazine[3].
A Cochrane meta-analysis on infliximab in moderate
to severe UC, refractory to corticosteroids and/or immunomodulators, showed that infliximab was more effective than placebo in inducing clinical remission[105]. Two
placebo-controlled trials evaluated the efficacy of adalimumab in patients with moderately active UC despite
conventional therapy[104,106]. In one of these studies[104]

Mycophenolate mofetil
As for CD, also for UC - data on the efficacy of MMF

WJG|www.wjgnet.com

9682

August 7, 2014|Volume 20|Issue 29|

Renna S et al . optimization of immunosuppressants and biological therapy

adalimumab was compared with placebo in patients naïve
to biologics. At week 8, clinical remission was observed
in 18.5% of patients in the adalimumab group compared
with 9.2% in the placebo group (P = 0.031). In the second study[106] 40.3% of the included patients had been
previously treated with infliximab. Clinical remission was
achieved in significantly more patients receiving adalimumab than placebo at week 8 (16.5% and 9.3%, P = 0.02)
and week 52 (17.3% and 8.5%, P = 0.01). The authors
observed that the clinical remission rates in the adalimumab group were higher in patients who were naïve to
anti-TNFa therapy at baseline. Other studies reported a
benefit of adalimumab in patients with active UC previously exposed to infliximab with up to 27% of clinical
remission in the short term[107-109].
An Italian multicentre study reported data on the effectiveness of adalimumab in a cohort of 88 UC patients,
retrospectively reviewed. Clinical remission rates were reported in 17%, 28.4%, 36.4% and 43.2% of the patients
at 4, 12, 24 and 54 wk respectively. Twenty-two patients
required colectomy. Clinical remission and low C-reactive
protein at week 12 predicted clinical remission at week
54. Previous immunosuppressant use was associated with
a lower probability of clinical remission at week 54 and
with a higher rate of colectomy[110].
Golimumab, a fully human monoclonal anti-TNF-a
antibody, has been recently approved by the United States
Food and Drug Administration for inducing and maintaining clinical remission in patients with moderate to
severe UC. The efficacy of golimumab induction therapy
has been evaluated in a trial on 1064 patients with UC.
Patients were treated with golimumab at the dosage of
100 mg and then 50 mg, 200 mg and then 100 mg, 400
mg and then 200 mg, or placebo. The rates of clinical
response at week 6 were 51% and 54.9% among patients
treated with 200 mg/100 mg and 400 mg/200 mg golimumab, respectively, vs 30.3% among patients treated with
placebo (P ≤ 0.0001). The rates of clinical remission and
mucosal healing were significantly greater in both golimumab groups than in the placebo group (P ≤ 0.0014).
The rates of serious adverse events were 6.1% and 3.0%
in the placebo and golimumab groups, respectively[111].
In a subsequent trial the efficacy of golimumab as
maintenance therapy was evaluated. Patients who responded to induction therapy with golimumab (n = 464)
were treated with placebo or golimumab (50 or 100 mg)
every 4 wk through week 52. Patients who responded
to placebo in the induction study continued to receive
placebo. Non responders in the induction study received
100 mg of golimumab. At weeks 30 and 54, a higher
percentage of patients who received 100 mg of golimumab were in clinical remission and had mucosal healing
(27.8% and 42.4%) compared with patients who received
placebo (15.6% and 26.6%; P = 0.004 and P = 0.002,
respectively) or 50 mg of golimumab (23.2% and 41.7%,
respectively)[112].
Regarding the maintainance treatment, according to
the ECCO guidelines[3] in patients responding to anti-
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TNF α both maintaining remission with thiopurines
and anti-TNFα are considered appropriate. In patients
with severe UC, responding to intravenous steroids,
ciclosporin or infliximab, thiopurines should be considered to maintain remission. However, in patients
responding to infliximab, continuing infliximab is also
considered appropriate. The prior failure of thiopurines
favours maintenance with anti-TNF-a therapy. According to the Italian guidelines[2] 1 year scheduled treatment
with infliximab is indicated in patients who have responded to infliximab induction. In patients who are thiopurine
naïve, maintenance therapy with thiopurines may be a
valuable option as maintainance treatment. The duration
of therapy over 1 year should be evaluated case-by-case.
In severe UC infliximab is considered a second line
salvage therapy before colectomy, such as cyclosporine[2,3].
A small randomised controlled study showed that a single
dose (5 mg/kg) of infliximab was an effective salvage
therapy in patients with severe UC refractory to intravenous corticosteroids. Colectomy rates at 3 mo were
significantly lower in patients receiving infliximab than
placebo (7 out of 24 vs 14 out of 21, P = 0.017)[113]. The
authors observed that patients with a less active disease
who were randomised after 5-7 d of intravenous corticosteroids seemed to benefit more than patients with
more severe disease randomised at day 3. A retrospective
Italian study[114] then suggested that patients receiving a
single infusion were more likely to require a colectomy at
2 mo than those who receive more infusions.
Other studies reported variable results[115,116]. A placebo controlled trial showed a colectomy rate at 3 years of
50% in patients with severe UC treated with infliximab
with respect to 76% in patients treated with placebo (P =
0.012)[117].
The impact of preoperative infliximab use on the
rate of surgical interventions and on post-surgical complications in patients with IBD was investigated in a
meta-analysis. Twelve studies (8 on UC, 3 on CD and 1
on both UC and CD) were included in the analysis. In
comparison with control groups, infliximab neither decreases the rate of colectomy nor increases the rate of
infectious complications. However thrombotic events,
ileal pouch complications, sepsis and anastomotic leaks
were increased in patients treated with infliximab. On
the other hand patients treated with biological therapies
have a more severe disease and most of the time are
refractory to other therapies. Thus it is possible that the
postsurgical complications in these studies were associated with the severity of the disease and not with the
treatment[118].
A questionable point is what is the best second line
rescue therapy in severe UC: infliximab or cyclosporine?
Up to now no randomised trial showed clear advantages
of one strategy over the other. A retrospective study
compared 2 cohorts of patients receiving infliximab
or cyclosporine as a rescue therapy. A lower immediate
colectomy rate was reported in the cyclosporine group[119].
At the end of the study the risk of colectomy was 11.2
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(95%CI: 2.4-53.1, P = 0.002) at 3 mo and was 3.0 (95%CI:
1.1-8.2, P = 0.030) at 12 mo in infliximab treated patients,
in comparison with cyclosporine treated patients.
Another retrospective study[120] compared 2 historical
cohorts of severe UC patients treated with cyclosporine
(35 patients) or infliximab (30 patients). At 3 mo the
colectomy rate was 28.5% in the cyclosporine group and
17% in the infliximab group (P = 0.25), at 12 mo the
colectomy rate was 48% vs 17% (P = 0.007). At the end
of the follow-up the colectomy rate was 60% vs 30% (P
= 0.04). A high level of C reactive protein (P = 0.04), an
extensive disease (P = 0.01) and no AZA treatment (P =
0.001) were related to the risk of colectomy.
In the CYSIF trial[121] 111 patients with severe UC despite 5 d of intravenous corticosteroids were randomized
to receive intravenous cyclosporine (2 mg/kg daily for 8
d) followed by oral cyclosporine (4 mg/kg daily) or infliximab (5 mg/kg at weeks 0, 2 and 6), followed by oral
AZA. At day 7, 85% of patients responded to treatment
in both groups. At day 98 treatment failure was reported
in 60% of patients treated with cyclosporine compared
with 54% of patients treated with infliximab (P = 0.49),
with a colectomy rate of 18% in the cyclosporine group
respect to 21% in the infliximab group (P = 0.66).
Regarding the evaluation of biologics serum levels or
ADA in UC, in patients with UC infliximab serum levels
were correlated with albumin serum levels[122]. Patients
with high serum albumin have a prolonged infliximab
half-life and increased efficacy. Furthermore in UC patients the colectomy rate was significantly higher in the
case of undetectable infliximab trough levels[123]. In a
post hoc analysis from the ACT Ⅰ and ACT Ⅱ studies
higher infliximab concentrations were associated with
an increased clinical remission and mucosal healing. The
highest proportion of patients in clinical remission was
observed in patients with serum levels of infliximab between 2.4 and 6.8 mg/mL at week 30[124].
As for CD also in UC - biologics serum levels or
ADA have not been routinely applied in clinical practice.

26 wk 57% of patients assigned to combination therapy
achieved a steroid-free remission, compared with 44% of
patients assigned to infliximab alone and 30% of patients
assigned to AZA alone. However the greater efficacy of
combination therapy was observed mainly in patients
with normal value of CRP and absence of endoscopic lesions at baseline.
Regarding UC, a recent trial [125] suggested that in
steroid-refractory patients with active UC a combination
therapy with AZA and infliximab was more effective
than either monotherapy. At week 16 clinical remission
was achieved in 24% of patients receiving AZA, in 22%
of patients received infliximab and in 40% of patients receiving combination therapy (P = 0.032 for combination
therapy vs AZA monotherapy and P = 0.017 for combination therapy vs infliximab monotherapy).
These data are up to now insufficient to consider
combination therapy efficient in all IBD patients. Furthermore, it is still being debated whether combined
immunosuppressive therapy increases the long term toxicity. In clinical practice the use of combination therapy
should be reserved for patients who do not respond to
monotherapy.
The evidence of higher incidence of hepatosplenic
T cell lymphoma in young men treated with combined
immunosuppressive therapy [126,127] should avoid prolonged combination therapy in young males. The recent
observation that most of the lymphomas associated with
immunosuppressive therapies in IBD patients were due
to a loss of control of EBV infection leads to a recommendation of avoiding the use of thiopurines in patients
seronegative for EBV[128].

CONCLUSION
The use of immunosuppressive therapy, with conventional immunosuppressants or biologics, is indicated in
the case of moderate to severe disease not responding to
corticosteroids and in steroid-dependent IBD patients,
as induction and maintainance treatment. Cyclosporine,
infliximab and tacrolimus are considered a second line
therapy in patients with severe UC not responding to 3-5
d of intravenous corticosteroids. The choice of biologics
instead of immunosuppressants in the case of steroiddependent IBD patients is guided by the severity of
the disease, the presence of complex perianal disease
in patients with CD or the concomitant extra-intestinal
manifestations. Furthermore the recent observation
that patients seronegative for EBV and treated with immunosuppressants have a higher risk of lymphomas,
should lead to avoiding treatment with thiopurines in this
subgroup of patients. The slow onset of action of thiopurines precludes their use as a single therapy in active
IBD patients but they can be used in combination with
corticosteroids. When treatment with thiopurines is chosen, adequate dosage and duration of therapy should be
reached before evaluating their efficacy. The evaluation
of serum concentration of thiopurine methyl transferase

COMBINATION THERAPY IN IBD
Some studies supported the efficacy of combination
therapy with biologics and thiopurines both in CD and
UC. A trial compared the efficacy of induction treatment with infliximab plus AZA/6-MP to AZA/6-MP
alone in steroid-dependent CD patients[52]. At the end
of the study, combination therapy was more effective
than thiopurines alone. Furthermore a higher remission
rate was observed in the subgroup of patients naive to
AZA/6MP. In patients with previous thiopurines failure
the difference between infliximab and placebo was not
statistically significant. In another study[70] combined immunosuppressive therapy with infliximab and AZA was
able to obtain a higher steroid-free remission rate with
respect to monotherapy with infliximab or AZA. Patients
with moderate to severe CD were treated with infliximab,
AZA or a combination therapy with the 2 drugs. After
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activity and thiopurine metabolites could be useful for
the management of the treatment but up to now it has
not been routinely applied in clinical practice. The use of
thalidomide and MMF is not recommended in IBD patients, the decision to use them might only be made on a
case by case basis after failure of all other options including optimization of anti-TNFα therapies and surgical
strategies.
Regarding biological treatment, dose intensification
could be useful in the presence of incomplete response.
In the case of primary failures to one anti-TNF α, a
switch to the other one should be considered. In cases
of intolerance to infliximab, the use of adalimumab as a
second line treatment is recommended. Data on the efficacy of combination therapy are up to now insufficient
to consider this strategy in all IBD patients. Furthermore
the evidence of higher incidence of hepatosplenic T
cell lymphoma in young men treated with combined immunosuppressive therapy means prolonged combination
therapy should be avoided in these patients. As for immunosuppressants also for biologics - the evaluation of
biologic serum levels and antibiologic antibodies could be
useful for the management of the treatment but it is not
routinely applied in clinical practice.
The final outcome of the treatment should be considered the clinical remission, with mucosa healing and not
the clinical response.
Considering the evidence of high risk of cutaneous malignancies in patients treated with immunosuppressants and biologics for a long term period, lifelong
sun protection and periodical dermatological screening
should be recommended for these patients.
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Core tip: In inflammatory bowel diseases (IBD) there is
increasing use of immunosuppressives and the biological agents, which are being used earlier in the course
of disease, and for longer durations. This, however,
has the potential to increase the risk of opportunistic
and serious infections in these patients, most of which
are preventable. A balance thus needs to be struck
between medication use to control the disease with
minimization of the risk of an opportunistic infection.
This outcome is achieved by the physician’s tailored use
of justified therapies, and the patients’ education and
actions to minimize infection risk. The purpose of this
review is to explore the evidence and guidelines available to all physicians managing patients with IBD.

Abstract
Over the past decade there has been a dramatic change
in the treatment of patients with Crohn’s disease and
ulcerative colitis, which comprise the inflammatory
bowel diseases (IBD). This is due to the increasing use
of immunosuppressives and in particular the biological
agents, which are being used earlier in the course of
disease, and for longer durations, as these therapies
result in better clinical outcomes for patients. This,
however, has the potential to increase the risk of opportunistic and serious infections in these patients,
most of which are preventable. Much like the risk for
potential malignancy resulting from the use of these
therapies long-term, a balance needs to be struck
between medication use to control the disease with
minimization of the risk of an opportunistic infection.
This outcome is achieved by the physician’s tailored use
of justified therapies, and the patients’ education and
actions to minimize infection risk. The purpose of this
review is to explore the evidence and guidelines available to all physicians managing patients with IBD using
immunomodulating agents and to aid in the prevention
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INTRODUCTION
Patients with one of the inflammatory bowel diseases
(IBDs), Crohn’s disease (CD) or ulcerative colitis (UC),
are at an increased risk of infection, which is partly inherent to the diseases themselves, but may also be due to the
therapies used in their management. The pathogenesis
of IBD is potentially secondary to an inappropriate in-
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ing to the induction of apoptosis[12]. By contrast, macrophage function is primarily affected in patients receiving
a TNFα agent and it has clearly been documented that
these medications reactivate TB and thus a meticulous
screening program is required for these patients prior to
undergoing these therapies[10].
There is thus a definite risk of infections other then
TB with the use of the IBD medications, but overall they
appear to be uncommon. In the Australia and New Zealand study only 2.2% of the patient population receiving
TNFα therapy suffered a serious opportunistic infection.
Almost half of these cases, however, were on a combination of immunosuppressive therapies[9]. This is similar
to the findings of one of the first studies investigating
opportunistic infection rates undertaken at the Mayo
Clinic. This investigation demonstrated that the use of
steroids, thiopurines and infliximab all impact on the rate
of opportunistic infections in IBD. It noted that steroid
use alone increased the risk by 2.6 fold (95%CI: 1.4-4.7)
but this, however, increased further to 12.9 fold (95%CI:
4.5-37.0) when 2 or more of these drugs were used in
combination[13].
Despite how rare an opportunistic infection may be,
however, the difficulty is in recognizing and treating them
once they have occurred and the fact that they can result
in significant morbidity and mortality. Prevention is thus
certainly regarded as much better than cure in these situations. The prevention of opportunistic infections is, therefore, both the patient’s and treating physician’s primary
goal and can be achieved through the use of multiple modalities that include vaccinations, chemoprophylaxis and
education of the patients and clinicians. Each of these
factors is vital for the successful implementation of appropriate guidelines for the best patient management[14].

nate immune response to normal colonic flora and this
may result in the lack of an appropriate immunological
response to potential pathogens[1]. In the more severe
cases of IBD, patients may suffer from concurrent malnutrition and can need radical surgical procedures, which
can further compromise the patients’ immunological
responses[2]. The drugs required for disease control, such
as the corticosteroids, immunological modulators like the
thiopurines, methotrexate and cyclosporine, as well as the
anti-tumor necrosis factor alpha (TNFα) medications,
also have as their primary function the inhibition, and
control, of immune system activity. Therefore, these can
further reduce the immunological responses resulting in
an increased risk of opportunistic infection.
The prevalence of opportunistic infections in IBD,
however, is difficult to assess as this can vary markedly
between countries but as they may result in mortalities
within the IBD patient population their avoidance is of
great importance[3-6]. As an example, the background
risk of tuberculosis (TB) in Spain is high at 21/100000,
where it is considered endemic and the risk of infection
can increase by up to 90-fold in IBD patients receiving an TNFα medication[7]. By contrast there is a much
lower background prevalence of TB in countries like
the United States at 6.8/100000[8] and 0.9/100000 in the
non-indigenous Australian-born population[9]. The risk
to both the general population, and the immunosuppressed IBD patient, is thus vastly less in these countries
and was demonstrated in an Australian and New Zealand
study examining the prevalence of serious infections in
IBD patients receiving a TNFα agent where not a single
patient suffered from either primary, or reactivated TB,
despite 3 patients receiving TB chemo prophylaxis due to
a positive Quantiferon gold test prior to the initiation of
TNFα therapy[9]
While there is much concern regarding the TNFα
drugs, as they may result in reactivation of granulomatous infections, particularly TB[10], there is frequently less
emphasis given to the other immunomodulating medications and whether they should also be regarded with
caution, especially when used in combination with the
TNFα therapies. The future of IBD medicine is, however, moving towards more biological medications (certoluzimab, golimumab, natalizumab and vedoluzimab)
and the use of combination therapies. The risk to benefit
ratio of these medications for the IBD patient thus needs
to be continually assessed and monitored in order to give
the best outcomes, much like the balancing act required
to maintain IBD remission while minimizing the risk of
cancers in these patients[11].
Many infections have been associated with the use of
the IBD medications, however, some may be specifically
due to the mechanisms of action of individual medications[12]. Patients on the thiopurine agents appear to be at
greater risk of developing viral infections like cytomegalovirus (CMV), Epstein Barr virus (EBV) and varicella
zoster virus (VZV), which is thought to be secondary to
the effect of the thiopurine metabolites on T cells lead-
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DEFINITION OF IMMUNOSUPPRESSION
An immunocompromised patient is someone in whom
there is defective phagocytic, cellular, or humoral immunity, which leads to an increased risk of opportunistic
infection and/or infective complications[15,16]. While the
presence of active IBD can itself lead to an increased risk
of infections, independent of immunomodulating drugs,
secondary to loss of the intestinal mucosal integrity, the
IBD patient is not considered as immunocompromised
per se. IBD patients are thus considered as being immunosuppressed primarily as a result of the therapy they
receive and/or from the presence of malnutrition[16,17].
The ECCO Consensus guidelines outline the various IBD
therapies, which classify a patient as being immunocompromised and include the following: (1) treatment with
steroids (prednisone or its equivalent of > 20 mg/d, or 2
mg/kg per day if < 10 kg, for 2 wk or more, and within 3
mo of stopping); (2) treatment with therapeutic doses of
a thiopurine or discontinuation within the 3 mo preceding;
(3) treatment with methotrexate or discontinuation within
the preceding 3 mo; and (4) treatment with a TNFα agent
or discontinuation within the preceding 3 mo[16,17].
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History

Examination

Investigations

Previous travel or
living in tropical
areas, future travel

Any active
infections

Full blood count and
differentials

Dental
examination

C-reactive protein

Bacterial, viral or
fungal infections

Pap smear
Risk of latent or
active TB including
country of origin,
potential contacts,
previous treatments

What to do at diagnosis
At the initial diagnosis, or first presentation, of an IBD
patient, a thorough history, clinical examination and panel
of blood investigations should be performed prior to
commencing any immunosuppressive, or biologic, therapy. This should include a history of previous, and current, infections including viral [VZV, herpes simplex virus
(HSV), human immunodeficiency virus (HIV), hepatitis
B virus (HBV) and hepatitis C virus, EBV and CMV],
bacterial (TB, pneumococcal and urinary tract infections)
and fungal infections. A detailed vaccination and travel
history is also crucial in further determining what vaccinations need to be recommended, boostered or checked.
Figure 1 summarizes the patient pre-IBD therapy work
up and Table 1 summarizes the vaccination recommendations based on current guidelines and evidence.
Once a patient is on a immunocompromising medication, inactivated vaccinations only are recommended
and these are suggested in guidelines for immunocompromised patients who do not have an increase risk of
infectious complications[24]. Live attenuated vaccinations
need to be avoided in these patients (Table 1) as there is
a risk that the administration of live vaccines to immunocompromised persons may result in adverse events, or
vaccine-related disease, due to unchecked replication of
the vaccine virus or bacteria. This is particularly noted
for the measles-, mumps-, rubella[25,26] and VZV-containing vaccines[27] and for Bacille Calmette-Guérin (BCG)
vaccine[28,29]. The risk of disease, however, varies for different vaccines and for different individuals so caution
is required for the use of vaccination in the setting of
immunocompromise. In significantly immunocompromised persons the use of almost all the live vaccines are
contraindicated.
The live attenuated vaccinations include yellow fever,
oral polio, BCG, measles-mumps-rubella, typhoid Ty21a,
VZV, live attenuated influenza virus and herpes zoster
(Centre for Disease Control, 2009). Ideally a patient
should not be receiving an immunomodulating medication for at least 3 mo prior to vaccination and in the case
of steroids, the patient should avoid use for at least a
month. If a live vaccine must be given to an IBD patient,
the recommencement of an immunomodulatory medication should be withheld for at least 3 wk[16].

HCV, HBV and HIV
serology (including
HBV sAb if history of
vaccination against HBV)
Stool cultures
EBV, CMV and VZV
serology

Immunization
status

Quantiferon gold assay,
or tuberculin skin test
(depending on local
guidelines) for TB
screening

Figure 1 The patient pre-inflammatory bowel disease therapy work up.
HIV: Human immunodeficiency virus; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; TB: Tuberculosis; CMV: Cytomegalovirus; EBV: Epstein Barr virus; VZV:
Varicella zoster virus.

VACCINATIONS
Understanding the role of vaccination in the IBD population is crucial for the patient, specialist and primary care
physicians involved in patient care. As advances in medical therapies lead to healthier patients with a better quality
of life, focus must shift from treating infection to maintaining well-being in our patients by the prevention of
disease. Vaccination is one of those vital, but frequently
forgotten, areas in infection prevention. Patients with
IBD are at risk of the same vaccine-preventable illnesses
as the general population, and since most IBD patients
will be diagnosed after they have completed their childhood immunization schedules, and most will require immunosuppression therapy at some stage in their lifetime,
the opportunity should be taken to explore each patient’s
immunization status at the time of the diagnosis of their
IBD[15].
The institution of immunosuppressive and biological
therapies also impact on which vaccinations a patient is
allowed to receive and can also impact on the patient’s
response to vaccination with some studies demonstrating a lower response rate to vaccination once on these
agents [18,19]. There is usually only a small window of
opportunity in which to vaccinate the patient prior to
the institution of treatment with an immunomodulatory agent. This must be taken advantage of in order to
achieve the best possible patient outcomes. To date it is
clear that the vaccination rates in the IBD populations
are suboptimal and these need to be improve[20-23] and
as there are now clear published international guidelines
created to increase physician awareness of this issue and
to improve vaccination rates and outcomes in the IBD
population[16].

WJG|www.wjgnet.com

RECOMMENDED VACCINATIONS INACTIVE VACCINES
HBV vaccination
IBD patients who have less than 10 IU/L hepatitis B surface antibodies (anti-HBs) should be vaccinated against
HBV according to the standard schedule (3 doses at 0, 1
and 6 mo) regardless of if they are immunosuppressed
or not. When HBV vaccines are administered to a young
healthy population, there is a > 95% protective seroconversion rate[30-32]. Yet studies in the IBD populations have
revealed much lower rates of detectable anti-HBs post
vaccination (33%-36%)[20,33], which could be attributable to
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Table 1 Vaccines recommended in immunocompromised inflammatory bowel disease patients
Infectious disease
Influenza
Pneumococcal disease
Hepatitis B virus
Human papilloma virus
Tetanus-Diptheria
Measles-Mumps-Rubella
Varicella zoster
Yellow fever
Cholera
Poliomyelitis
Meningococcal
Tuberculosis

Vaccine type

Recommendation

Inactivated trivalent virus
23-valent purified capsular antigen
Recombinant peptide
Quadrivalent vaccine
Toxoid
Live attenuated
Live attenuated
Live attenuated
Oral live
Oral killed
Oral live attenuated
Injectable inactivated
Conjugated polysaccharide
C polysaccharide combined
BCG live vaccine

Recommended annually
Recommended 5 yearly
Recommended standard or double dose schedule
In women according to local guidelines, standard schedule
Recommended in vaccinated patients 10 yearly
Contraindicated
Contraindicated
Contraindicated
Contraindicated
Use with caution
Contraindicated
Recommended
Authorised yet not recommended
Authorised yet not recommended
Always contraindicated

BCG: Bacille Calmette-Guérin.

an older age group[33] but also the use of biological therapy[18,34]. The use of a thiopurine medication, however, appears to have no negative impact on the efficacy of HBV
vaccination but this may need further investigation[18].
Due to the significantly lower response rates to standard HBV vaccination in IBD patients, some studies
have suggested a modified dosing regimen that doubles
the standard antigen dose, given at 0, 1 and 2 mo. This
was noted to result in 60% of the IBD patients having
hepatitis B surface antigen levels > 10 IU/L[18]. Comparison between this and the standard vaccination regime
has been studied in IBD where 148 patients were vaccinated with either the standard, or double dose, protocol
with an anti-HBs of > 10 IU/L considered a successful
response[35]. The seroconversion rate in the standard protocol group was 41% compared to a 75% seroconversion in the double dose protocol group. The advantage
of the double dosing protocol was seen regardless of
the use of immunosuppressive treatments and also was
noted for achieving higher titres of anti-HBs with levels
> 100 IU/L.
Considering the variability of HBV seroconversion, the best time to offer immunization is at the time
of diagnosis prior to commencement of any immunomodulator therapy. Serological testing should then be
undertaken after completion of the vaccination schedule
(1-3 mo after the last dose) to determine if immunity
was conferred[16,31,32]. If the standard protocol fails to
achieve seroconversion, an additional vaccine can achieve
a successful antibody response in between 25%-50% of
patients and a complete second three-dose course has
been shown to be successful in between 40%-100% of
patients in non-IBD population studies[31,36].
Debate has also occurred around the ideal anti-HBs
titre that should be reached post-vaccination in the IBD
population. Post-vaccination anti-HBs titres of > 10
IU/L is considered to have conferred protection against
infection in healthy subjects. This is long-term protection
and relies on immune memory. In the immunocompromised patient, however, protection may be primarily reli-

WJG|www.wjgnet.com

ant on the amount of circulating antibody rather than the
immune memory. Thus titres > 100 IU/L in the United
Kingdom are now considered as the new cut-off point
for the vaccination to be considered as successful in the
immunocompromised patient[32,37]. If these titres are not
achieved after the 3-dose schedule, a 4th dose is then administered, or repetition of the full 3-dose series.
Influenza virus vaccination
Annual vaccination against influenza is recommended
in IBD patients from the time of diagnosis[16]. Immunosuppressed patients have a higher risk of complications
secondary to the influenza virus and there is greater associated morbidity and mortality[38]. The inactivated trivalent
influenza vaccine comprises two type A subtypes (H1N1
and H3N2) as well as type B subtype. Studies have demonstrated mixed efficacy of the vaccine in the immunosuppressed population, mostly in paediatric IBD patients,
which have demonstrated poor seroprotection results[39-42].
However, more recent data in adult IBD patients have
demonstrated adequate seroprotection rates without exacerbation of intestinal disease[43]. Regardless of these
findings, however, in most cases the immune response is
adequate to warrant ongoing annual vaccination.
Pneumococcal vaccination
Streptococcus pneumoniae is the most common bacteria responsible for pneumonia and sepsis. IBD patients are
also at increased risk of invasive pneumococcal sepsis[17,20]. Vaccination with the 23-valent strain is thus recommended to be administered every 5 years in the IBD
population[16].
Again, as seen with other vaccines, effectiveness of
this vaccine is diminished in patients on immunomodulating therapies, especially in combination, and therefore
it should, ideally, be administered prior to commencement of such treatments[44]. Considering that the vaccine
comprises 23 antigens to mount an immune response
too, some degree of protection can be achieved and,
therefore, it is considered worthwhile.
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Human papilloma virus vaccination
The human papilloma virus (HPV) is the most common
sexually transmitted infection [45]. This virus is oncogenic and can lead to cervical dysplasia with progression
through to carcinoma[46,47]. While data is lacking of a clear
link with this risk being heightened and the use of immunosuppression, and biological therapies, there is a theoretical risk of HPV-associated tumours in prolonged and
combination immunosuppressing IBD therapy. Vaccination against HPV in IBD is thus advisable in the appropriate populations (young women ageing from 12 years
to 26 years old) according to the local guidelines[16,48].

tive, TB until treatment for TB has been commenced and
has been in effect for at least 4 wk in order to avoid reactivation of TB, or according to local guidelines[52-55].
Prophylaxis for Pneumocystis jiroveci with trimethoprimsupha-methoxazole [12] should also be considered in
patients on combination immunomodulatory regimes,
usually when they are receiving the combination of 3
agents that includes steroids[12,16,56], or in patients with
low lymphocyte counts (< 600/mL)[57]. Alternative agents
are aerosolized pentamidine, dapsone and atovaquone[58].
Data is lacking in this area and should be considered
closely by the clinician on a case-by-case basis.

Tetanus and diphtheria
It is recommended that the general population should
receive the tetanus, diphtheria and accellular pertussis
vaccine every 10 years. This also holds true for patients
with IBD. If the vaccination history is dubious then this
should occur early within the IBD patient’s course of
treatment[16,49].

HSV
IBD patients with frequent and or severe recurrent HSV
disease can be given oral anti-viral therapy to control
these infections[16]. Considering most infections with
HSV are mild and self-limiting, chemoprophylaxis is not
recommended in IBD patients commencing immunomodulators. If HSV infection, however, disseminates
during immunosuppressing therapy, then treatment with
high dose antivirals and cessation of immunosuppressors
is recommended[16].

LIVE ATTENUATED VACCINES
Measles-mumps-rubella vaccination
Childhood immunizations against measles, mumps and
rubella should be included in the initial history taking of
the new IBD patient. In most developed countries there
is a low risk of acquiring these infections as an adult due
to herd immunity[50]. The evidence to support administration of the combined vaccine in patients prior to immunosuppressive therapy institution is also lacking and thus
this is currently not a recommended vaccination by the
ECCO guidelines.

HBV infection
HBV is a very common infection worldwide and is well
known to reactivate in patients receiving immunosuppressive medications. This can result in significant morbidity and mortality, from liver function tests derangement
through to fulminant hepatic failure and death unless
anti-viral prophylaxis is given. This treatment strategy in
preventing HBV flares is well established in patients with
HBV-HIV co-infection and chronic HBV infected patients receiving systemic chemotherapy[59] and is becoming increasingly important in IBD patients particularly
on combination immunomodulatory therapy and on the
biologics[60]. There have been several case reports of fatal
HBV flares in patients with IBD on immunosuppressant
drugs[61-64] drawing concerns that the TNF alpha drugs
may be involved in regulating HBV replication[65]. Patients
who test positive for HbsAg should go onto anti-viral
prophylaxis prior to commencing any immunosuppressive therapy. This is regardless of a detectable DNA viral
load or not. Most recent guidelines suggest treatment
with either entecavir or tenofovir over lamivudine due
to fewer issues with developing viral resistance to these
agents however most studies have been focused on lamivudine prophylaxis to date[59].

Varicella vaccination
If patients with IBD have no history of having had varicella infection in childhood, serology should be checked
and vaccination considered. Varicella infection in adults
is more severe than in children, can be fatal and particularly severe if the patient is immunocompromised[51].
Unfortunately, this vaccination is a live vaccine, and thus
IBD patients who are varicella naïve and are already immunosuppressed should not receive it. If, however, the
patient is known not to be immune to varicella prior to
IBD therapy, a 2-dose schedule should be given at least 3
wk prior to commencing an immunosuppressive medication[16]. Careful consideration of patients who might be at
greater risk of varicella infection, such as children, teachers or health care workers, should guide the clinician in
this decision.

HIV infection
Prior to highly active anti-retroviral therapy (HAART),
immunosuppressive agents, especially the anti-TNF
drugs were contraindicated in HIV-infected IBD patients.
Now that viral replication can be controlled and immune
reconstitution achieved with the use of HAART, both
the immunosuppressive and biologic agents can be used
to treat IBD in patients who have a CD4+ T lymphocyte
count > 500/μL[66,67]. In those patients who are not on

CHEMOPROPHYLAXIS
Antibiotic prophylaxis has been a commonly used therapy in immunosuppressed patients to prevent opportunistic infections and the best example of this in IBD is for
suspected latent, or active, TB. The TNF-α agents should
be avoided in patients suspected of having latent, or ac-
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HAART, but require immunosuppressive or biologic
agents, then initiation of HAART should take priority,
especially if CD4+ T cell counts are < 500/μL.

of equal importance. This usually requires the best use of
one of the most precious commodities a doctor has with
their patient, time.

EDUCATION
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Patients need to be educated on how to recognize early
symptoms of an opportunistic infection and to act quickly to get the required treatment if they are immunocompromised. Fever tends to be the most reliable, and sometimes the only, symptom for heralding the development
of an opportunistic infection[68] and IBD patients should
always seek medical advice and/or review should they be
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should be considered to assess for CMV colitis. This diagnosis is made on histological examination of biopsies
taken at the interface of ulcers. Serum CMV PCR can
also be performed but is not specific for active CMV
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In an era of increasing use of immunosuppressing medications in IBD and for longer durations, together with
advocacy of the use of combination therapy, patients and
their doctors need to be more vigilant about prevention
and detection of opportunistic infections. IBD patients
are at the same risk for vaccine-preventable illness as the
general population. As IBD therapy can affect vaccine efficacy, then vaccination should be considered early in the
course of disease and ideally prior to the commencement
of any immunocompromising medication. The challenge
for doctors is to balance the medical management of
IBD, knowing the risks of individual therapies, and recognizing that prevention of opportunistic infections is as

WJG|www.wjgnet.com

11
12

13

14

9696

Xavier RJ, Podolsky DK. Unravelling the pathogenesis of inflammatory bowel disease. Nature 2007; 448: 427-434 [PMID:
17653185 DOI: 10.1038/nature06005]
Viget N, Vernier-Massouille G, Salmon-Ceron D, Yazdanpanah Y, Colombel JF. Opportunistic infections in patients
with inflammatory bowel disease: prevention and diagnosis. Gut 2008; 57: 549-558 [PMID: 18178610 DOI: 10.1136/
gut.2006.114660]
Lichtenstein GR, Feagan BG, Cohen RD, Salzberg BA, Diamond RH, Chen DM, Pritchard ML, Sandborn WJ. Serious
infections and mortality in association with therapies for
Crohn’s disease: TREAT registry. Clin Gastroenterol Hepatol
2006; 4: 621-630 [PMID: 16678077]
Colombel JF, Loftus EV, Tremaine WJ, Egan LJ, Harmsen WS, Schleck CD, Zinsmeister AR, Sandborn WJ. The
safety profile of infliximab in patients with Crohn’s disease: the Mayo clinic experience in 500 patients. Gastroenterology 2004; 126: 19-31 [PMID: 14699483 DOI: 10.1053/
j.gastro.2003.10.047]
Winther KV, Jess T, Langholz E, Munkholm P, Binder V.
Survival and cause-specific mortality in ulcerative colitis: follow-up of a population-based cohort in Copenhagen County.
Gastroenterology 2003; 125: 1576-1582 [PMID: 14724807 DOI:
10.1053/j.gastro.2003.09.036]
Jess T, Winther KV, Munkholm P, Langholz E, Binder V.
Mortality and causes of death in Crohn’s disease: follow-up
of a population-based cohort in Copenhagen County, Denmark. Gastroenterology 2002; 122: 1808-1814 [PMID: 12055588
DOI: 10.1053/gast.2002.33632]
Gómez-Reino JJ, Carmona L, Valverde VR, Mola EM, Montero MD. Treatment of rheumatoid arthritis with tumor necrosis factor inhibitors may predispose to significant increase
in tuberculosis risk: a multicenter active-surveillance report.
Arthritis Rheum 2003; 48: 2122-2127 [PMID: 12905464 DOI:
10.1002/art.11137]
Wolfe F, Michaud K, Anderson J, Urbansky K. Tuberculosis
infection in patients with rheumatoid arthritis and the effect of infliximab therapy. Arthritis Rheum 2004; 50: 372-379
[PMID: 14872478 DOI: 10.1002/art.20009]
Lawrance IC, Radford-Smith GL, Bampton PA, Andrews JM,
Tan PK, Croft A, Gearry RB, Florin TH. Serious infections
in patients with inflammatory bowel disease receiving antitumor-necrosis-factor-alpha therapy: an Australian and New
Zealand experience. J Gastroenterol Hepatol 2010; 25: 1732-1738
[PMID: 21039834 DOI: 10.1111/j.1440-1746.2010.06407.x]
Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica
J, Schwieterman WD, Siegel JN, Braun MM. Tuberculosis
associated with infliximab, a tumor necrosis factor alphaneutralizing agent. N Engl J Med 2001; 345: 1098-1104 [PMID:
11596589 DOI: 10.1056/NEJMoa011110]
Mill J, Lawrance IC. Prevention of cancer in IBD - a balancing act. Minerva Gastroenterol Dietol 2013; 59: 261-272 [PMID:
23867946]
Aberra FN, Lichtenstein GR. Methods to avoid infections
in patients with inflammatory bowel disease. Inflamm Bowel
Dis 2005; 11: 685-695 [PMID: 15973124 DOI: 10.1097/01.
MIB.0000160742.91602.b7]
Toruner M, Loftus EV, Harmsen WS, Zinsmeister AR, Orenstein R, Sandborn WJ, Colombel JF, Egan LJ. Risk factors for
opportunistic infections in patients with inflammatory bowel
disease. Gastroenterology 2008; 134: 929-936 [PMID: 18294633
DOI: 10.1053/j.gastro.2008.01.012]
Walsh AJ, Weltman M, Burger D, Vivekanandarajah S, Con-

August 7, 2014|Volume 20|Issue 29|

Mill J et al . Medical therapy in IBD

15
16

17

18

19

20

21

22

23

24

25
26

27

nor S, Howlett M, Radford-Smith G, Selby W, Veillard AS,
Grimm MC, Travis SP, Lawrance IC. Implementing guidelines on the prevention of opportunistic infections in inflammatory bowel disease. J Crohns Colitis 2013; 7: e449-e456
[PMID: 23601754]
Gisbert JP, Chaparro M. Vaccination strategies in patients
with IBD. Nat Rev Gastroenterol Hepatol 2013; 10: 277-285
[PMID: 23419290]
Rahier JF, Ben-Horin S, Chowers Y, Conlon C, De Munter
P, D’Haens G, Domènech E, Eliakim R, Eser A, Frater J, Gassull M, Giladi M, Kaser A, Lémann M, Moreels T, Moschen
A, Pollok R, Reinisch W, Schunter M, Stange EF, Tilg H, Van
Assche G, Viget N, Vucelic B, Walsh A, Weiss G, Yazdanpanah Y, Zabana Y, Travis SP, Colombel JF. European
evidence-based Consensus on the prevention, diagnosis and
management of opportunistic infections in inflammatory
bowel disease. J Crohns Colitis 2009; 3: 47-91 [PMID: 21172250
DOI: 10.1016/j.crohns.2009.02.010]
Sands BE, Cuffari C, Katz J, Kugathasan S, Onken J, Vitek C,
Orenstein W. Guidelines for immunizations in patients with
inflammatory bowel disease. Inflamm Bowel Dis 2004; 10:
677-692 [PMID: 15472534 DOI: 10.1097/00054725-20040900000028]
Gisbert JP, Villagrasa JR, Rodríguez-Nogueiras A, Chaparro
M. Efficacy of hepatitis B vaccination and revaccination and
factors impacting on response in patients with inflammatory
bowel disease. Am J Gastroenterol 2012; 107: 1460-1466 [PMID:
23034605 DOI: 10.1038/ajg.2012.79]
Fiorino G, Peyrin-Biroulet L, Naccarato P, Szabò H, Sociale
OR, Vetrano S, Fries W, Montanelli A, Repici A, Malesci
A, Danese S. Effects of immunosuppression on immune
response to pneumococcal vaccine in inflammatory bowel
disease: a prospective study. Inflamm Bowel Dis 2012; 18:
1042-1047 [PMID: 21674732 DOI: 10.1002/ibd.21800]
Melmed GY, Ippoliti AF, Papadakis KA, Tran TT, Birt JL,
Lee SK, Frenck RW, Targan SR, Vasiliauskas EA. Patients
with inflammatory bowel disease are at risk for vaccinepreventable illnesses. Am J Gastroenterol 2006; 101: 1834-1840
[PMID: 16817843 DOI: 10.1111/j.1572-0241.2006.00646.x]
Yeung JH, Goodman KJ, Fedorak RN. Inadequate knowledge of immunization guidelines: a missed opportunity for
preventing infection in immunocompromised IBD patients.
Inflamm Bowel Dis 2012; 18: 34-40 [PMID: 21337671 DOI:
10.1002/ibd.21668]
Wilckens V, Kannengiesser K, Hoxhold K, Frenkel C,
Kucharzik T, Maaser C. The immunization status of patients
with IBD is alarmingly poor before the introduction of specific guidelines. Scand J Gastroenterol 2011; 46: 855-861 [PMID:
21506630 DOI: 10.3109/00365521.2011.574734]
Gupta A, Macrae FA, Gibson PR. Vaccination and screening for infections in patients with inflammatory bowel
disease: a survey of Australian gastroenterologists. Intern
Med J 2011; 41: 462-467 [PMID: 19849740 DOI: 10.1111/
j.1445-5994.2009.02114.x]
Chalmers A, Scheifele D, Patterson C, Williams D, Weber J,
Shuckett R, Teufel A. Immunization of patients with rheumatoid arthritis against influenza: a study of vaccine safety
and immunogenicity. J Rheumatol 1994; 21: 1203-1206 [PMID:
7966058]
Mitus A, Holloway A, Evans AE, Enders JF. Attenuated
measles vaccine in children with acute leukemia. Am J Dis
Child 1962; 103: 413-418 [PMID: 14474744]
Monafo WJ, Haslam DB, Roberts RL, Zaki SR, Bellini
WJ, Coffin CM. Disseminated measles infection after vaccination in a child with a congenital immunodeficiency. J
Pediatr 1994; 124: 273-276 [PMID: 8301437 DOI: 10.1016/
S0022-3476(94)70318-3]
Galea SA, Sweet A, Beninger P, Steinberg SP, Larussa PS,
Gershon AA, Sharrar RG. The safety profile of varicella
vaccine: a 10-year review. J Infect Dis 2008; 197 Suppl 2:

WJG|www.wjgnet.com

28

29

30

31

32
33

34

35

36
37

38

39

40

41

42

9697

S165-S169 [PMID: 18419392 DOI: 10.1086/522125]
Cheent K, Nolan J, Shariq S, Kiho L, Pal A, Arnold J. Case
Report: Fatal case of disseminated BCG infection in an
infant born to a mother taking infliximab for Crohn’s disease. J Crohns Colitis 2010; 4: 603-605 [PMID: 21122568 DOI:
10.1016/j.crohns.2010.05.001]
Hesseling AC, Marais BJ, Gie RP, Schaaf HS, Fine PE, Godfrey-Faussett P, Beyers N. The risk of disseminated Bacille
Calmette-Guerin (BCG) disease in HIV-infected children.
Vaccine 2007; 25: 14-18 [PMID: 16959383 DOI: 10.1016/
j.vaccine.2006.07.020]
Coates T, Wilson R, Patrick G, André F, Watson V. Hepatitis B vaccines: assessment of the seroprotective efficacy of
two recombinant DNA vaccines. Clin Ther 2001; 23: 392-403
[PMID: 11318074 DOI: 10.1016/S0149-2918(01)80044-8]
Mast EE, Weinbaum CM, Fiore AE, Alter MJ, Bell BP, Finelli
L, Rodewald LE, Douglas JM, Janssen RS, Ward JW. A comprehensive immunization strategy to eliminate transmission
of hepatitis B virus infection in the United States: recommendations of the Advisory Committee on Immunization Practices (ACIP) Part II: immunization of adults. MMWR Recomm
Rep 2006; 55: 1-33; quiz CE1-4 [PMID: 17159833]
WHO Publication. Hepatitis B vaccines: WHO position
paper--recommendations. Vaccine 2010; 28: 589-590 [PMID:
19896455 DOI: 10.1016/j.vaccine.2009.10.110]
Vida Pérez L, Gómez Camacho F, García Sánchez V, Iglesias
Flores EM, Castillo Molina L, Cerezo Ruiz A, Casáis Juanena
L, De Dios Vega JF. [Adequate rate of response to hepatitis
B virus vaccination in patients with inflammatory bowel
disease]. Med Clin (Barc) 2009; 132: 331-335 [PMID: 19268981
DOI: 10.1016/j.medcli.2008.07.013]
Brezinschek HP, Hofstaetter T, Leeb BF, Haindl P, Graninger WB. Immunization of patients with rheumatoid
arthritis with antitumor necrosis factor alpha therapy and
methotrexate. Curr Opin Rheumatol 2008; 20: 295-299 [PMID:
18388521 DOI: 10.1097/BOR.0b013e3282ffdeca]
Gisbert JP, Menchén L, García-Sánchez V, Marín I, Villagrasa JR, Chaparro M. Comparison of the effectiveness of
two protocols for vaccination (standard and double dosage)
against hepatitis B virus in patients with inflammatory bowel disease. Aliment Pharmacol Ther 2012; 35: 1379-1385 [PMID:
22530631 DOI: 10.1111/j.1365-2036.2012.05110.x]
Hou JK, Velayos F, Terrault N, Mahadevan U. Viral hepatitis
and inflammatory bowel disease. Inflamm Bowel Dis 2010; 16:
925-932 [PMID: 20480515 DOI: 10.1002/ibd.21284]
Are booster immunisations needed for lifelong hepatitis
B immunity? European Consensus Group on Hepatitis B
Immunity. Lancet 2000; 355: 561-565 [PMID: 10683019 DOI:
10.1016/S0140-6736(99)07239-6]
Hassan IA, Chopra R, Swindell R, Mutton KJ. Respiratory viral infections after bone marrow/peripheral stemcell transplantation: the Christie hospital experience. Bone
Marrow Transplant 2003; 32: 73-77 [PMID: 12815481 DOI:
10.1038/sj.bmt.1704048]
Mamula P, Markowitz JE, Piccoli DA, Klimov A, Cohen L,
Baldassano RN. Immune response to influenza vaccine in
pediatric patients with inflammatory bowel disease. Clin
Gastroenterol Hepatol 2007; 5: 851-856 [PMID: 17544875]
Cullen G, Bader C, Korzenik JR, Sands BE. Serological response to the 2009 H1N1 influenza vaccination in patients
with inflammatory bowel disease. Gut 2012; 61: 385-391
[PMID: 21757451 DOI: 10.1136/gutjnl-2011-300256]
deBruyn JC, Hilsden R, Fonseca K, Russell ML, Kaplan
GG, Vanderkooi O, Wrobel I. Immunogenicity and safety of
influenza vaccination in children with inflammatory bowel
disease. Inflamm Bowel Dis 2012; 18: 25-33 [PMID: 21472826
DOI: 10.1002/ibd.21706]
Lu Y, Jacobson DL, Ashworth LA, Grand RJ, Meyer AL, McNeal MM, Gregas MC, Burchett SK, Bousvaros A. Immune
response to influenza vaccine in children with inflammatory

August 7, 2014|Volume 20|Issue 29|

Mill J et al . Medical therapy in IBD

43

44

45
46
47

48

49

50

51

52

53

54

55
56

bowel disease. Am J Gastroenterol 2009; 104: 444-453 [PMID:
19174786 DOI: 10.1038/ajg.2008.120]
Dotan I, Werner L, Vigodman S, Agarwal S, Pfeffer J,
Horowitz N, Malter L, Abreu M, Ullman T, Guzner-Gur H,
Halpern Z, Mayer L. Normal response to vaccines in inflammatory bowel disease patients treated with thiopurines.
Inflamm Bowel Dis 2012; 18: 261-268 [PMID: 21438101 DOI:
10.1002/ibd.21688]
Melmed GY, Agarwal N, Frenck RW, Ippoliti AF, Ibanez P,
Papadakis KA, Simpson P, Barolet-Garcia C, Ward J, Targan
SR, Vasiliauskas EA. Immunosuppression impairs response
to pneumococcal polysaccharide vaccination in patients with
inflammatory bowel disease. Am J Gastroenterol 2010; 105:
148-154 [PMID: 19755964 DOI: 10.1038/ajg.2009.523]
Palefsky J. Human papillomavirus infection in HIV-infected
persons. Top HIV Med 2007; 15: 130-133 [PMID: 17720998]
Muñoz N. Human papillomavirus and cancer: the epidemiological evidence. J Clin Virol 2000; 19: 1-5 [PMID: 11091143]
Muñoz N, Bosch FX, de Sanjosé S, Herrero R, Castellsagué X,
Shah KV, Snijders PJ, Meijer CJ. Epidemiologic classification
of human papillomavirus types associated with cervical cancer. N Engl J Med 2003; 348: 518-527 [PMID: 12571259 DOI:
10.1056/NEJMoa021641]
Sinclair JA, Wasan SK, Farraye FA. Health maintenance in
the inflammatory bowel disease patient. Gastroenterol Clin
North Am 2012; 41: 325-337 [PMID: 22500521 DOI: 10.1016/
j.gtc.2012.01.006]
Wasan SK, Baker SE, Skolnik PR, Farraye FA. A practical
guide to vaccinating the inflammatory bowel disease patient.
Am J Gastroenterol 2010; 105: 1231-1238 [PMID: 20104218
DOI: 10.1038/ajg.2009.733]
Bernstein CN, Rawsthorne P, Blanchard JF. Populationbased case-control study of measles, mumps, and rubella
and inflammatory bowel disease. Inflamm Bowel Dis 2007; 13:
759-762 [PMID: 17230540 DOI: 10.1002/ibd.20089]
Prevention of varicella: Recommendations of the Advisory
Committee on Immunization Practices (ACIP). Centers for
Disease Control and Prevention. MMWR Recomm Rep 1996;
45: 1-36 [PMID: 8668119]
Obrador A, López San Román A, Muñoz P, Fortún J, Gassull
MA. [Consensus guideline on tuberculosis and treatment
of inflammatory bowel disease with infliximab. Spanish
Working Group on Crohn Disease and Ulcerative Colitis].
Gastroenterol Hepatol 2003; 26: 29-33 [PMID: 12525326 DOI:
10.1157/13042212]
Fonseca JE, Lucas H, Canhão H, Duarte R, Santos MJ, Villar M,
Faustino A, Raymundo E. [Guidelines for the diagnosis and
treatment of latent tuberculosis infection and active tuberculosis in patients with inflammatory joint diseases proposed
for treatment with tumour necrosis factor alpha antagonist
drugs]. Rev Port Pneumol 2006; 12: 603-613 [PMID: 17117328]
Ledingham J, Wilkinson C, Deighton C. British Thoracic
Society (BTS) recommendations for assessing risk and managing tuberculosis in patients due to start anti-TNF-{alpha}
treatments. Rheumatology (Oxford) 2005; 44: 1205-1206 [PMID:
16172152 DOI: 10.1093/rheumatology/kei103]
Centers for Disease Control and Prevention (CDC). Trends
in tuberculosis--United States, 2005. MMWR Morb Mortal
Wkly Rep 2006; 55: 305-308 [PMID: 16557214]
Seddik M, Melliez H, Seguy D, Viget N, Cortot A, Colombel
JF. Pneumocystis jiroveci (carinii) pneumonia after initiation of infliximab and azathioprine therapy in a patient with

57

58
59
60

61

62

63

64

65

66

67
68
69
70

Crohn’s disease. Inflamm Bowel Dis 2005; 11: 618-620 [PMID:
15905713 DOI: 10.1097/01.MIB.0000164002.32735.c2]
Mansharamani NG, Balachandran D, Vernovsky I, Garland
R, Koziel H. Peripheral blood CD4 + T-lymphocyte counts
during Pneumocystis carinii pneumonia in immunocompromised patients without HIV infection. Chest 2000; 118:
712-720 [PMID: 10988193 DOI: 10.1378/chest.118.3.712]
Warren E, George S, You J, Kazanjian P. Advances in the
treatment and prophylaxis of Pneumocystis carinii pneumonia. Pharmacotherapy 1997; 17: 900-916 [PMID: 9324180]
Lok AS, McMahon BJ. Chronic hepatitis B: update 2009.
Hepatology 2009; 50: 661-662 [PMID: 19714720 DOI: 10.1002/
hep.23190]
Mastroianni CM, Lichtner M, Citton R, Del Borgo C, Rago
A, Martini H, Cimino G, Vullo V. Current trends in management of hepatitis B virus reactivation in the biologic therapy
era. World J Gastroenterol 2011; 17: 3881-3887 [PMID: 22025876
DOI: 10.3748/wjg.v17.i34.3881]
Loras C, Gisbert JP, Mínguez M, Merino O, Bujanda L, Saro C,
Domenech E, Barrio J, Andreu M, Ordás I, Vida L, Bastida G,
González-Huix F, Piqueras M, Ginard D, Calvet X, Gutiérrez
A, Abad A, Torres M, Panés J, Chaparro M, Pascual I, Rodriguez-Carballeira M, Fernández-Bañares F, Viver JM, Esteve
M. Liver dysfunction related to hepatitis B and C in patients
with inflammatory bowel disease treated with immunosuppressive therapy. Gut 2010; 59: 1340-1346 [PMID: 20577000
DOI: 10.1136/gut.2010.208413]
Esteve M, Saro C, González-Huix F, Suarez F, Forné M,
Viver JM. Chronic hepatitis B reactivation following infliximab therapy in Crohn’s disease patients: need for primary
prophylaxis. Gut 2004; 53: 1363-1365 [PMID: 15306601 DOI:
10.1136/gut.2004.040675]
Millonig G, Kern M, Ludwiczek O, Nachbaur K, Vogel W.
Subfulminant hepatitis B after infliximab in Crohn’s disease:
need for HBV-screening? World J Gastroenterol 2006; 12:
974-976 [PMID: 16521231]
Esteve M, Loras C, González-Huix F. Lamivudine resistance
and exacerbation of hepatitis B in infliximab-treated Crohn’s
disease patient. Inflamm Bowel Dis 2007; 13: 1450-1451 [PMID:
17712837 DOI: 10.1002/ibd.20202]
Herbein G, O’Brien WA. Tumor necrosis factor (TNF)alpha and TNF receptors in viral pathogenesis. Proc Soc Exp
Biol Med 2000; 223: 241-257 [PMID: 10719836 DOI: 10.1046/
j.1525-1373.2000.22335.x]
Calabrese LH, Zein N, Vassilopoulos D. Safety of antitumour necrosis factor (anti-TNF) therapy in patients with
chronic viral infections: hepatitis C, hepatitis B, and HIV
infection. Ann Rheum Dis 2004; 63 Suppl 2: ii18-ii24 [PMID:
15479865 DOI: 10.1136/ard.2004.028209]
Gaylis N. Infliximab in the treatment of an HIV positive
patient with Reiter’s syndrome. J Rheumatol 2003; 30: 407-411
[PMID: 12563704]
Pizzo PA. Fever in immunocompromised patients. N Engl
J Med 1999; 341: 893-900 [PMID: 10486422 DOI: 10.1056/
NEJM199909163411207]
Binion DG. Strategies for management of Clostridium difficile infection in immunosuppressed patients. Gastroenterol
Hepatol (N Y) 2011; 7: 750-752 [PMID: 22298971]
Alain S, Ducancelle A, Le Pors MJ, Mazeron MC, de Saussure P, Bouhnik Y, Lavergne A. Cytomegalovirus infection
in patients with active inflammatory bowel disease. J Clin
Virol 2005; 33: 180-182 [PMID: 15911437]

P- Reviewer: Hoensch HP, Li JD, Soares RLS S- Editor: Gou SX
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

9698

August 7, 2014|Volume 20|Issue 29|

World J Gastroenterol 2014 August 7; 20(29): 9699-9715
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i29.9699

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (3): Inflammatory bowel disease

Treating inflammatory bowel disease by adsorptive
leucocytapheresis: A desire to treat without drugs
Abbi R Saniabadi, Tomotaka Tanaka, Toshihide Ohmori, Koji Sawada, Takayuki Yamamoto, Hiroyuki Hanai
including myeloid lineage leucocytes, which in patients
with IBD are elevated with activation behaviour and
prolonged survival. Accordingly, these leucocytes appear logical targets of therapy and can be depleted by
adsorptive granulocyte/monocyte apheresis (GMA) with
an Adacolumn. Based on this background, recently GMA
has been applied to treat patients with IBD in Japan and
in the European Union countries. Efficacy rates have
been impressive as well as disappointing. In fact the
clinical response to GMA seems to define the patients’
disease course, response to medications, duration of active disease, and severity at entry. The best responders
have been first episode cases (up to 100%) followed
by steroid naïve and patients with a short duration of
active disease prior to GMA. Patients with deep ulcers
together with extensive loss of the mucosal tissue and
cases with a long duration of IBD refractory to existing medications are not likely to benefit from GMA. It is
clinically interesting that patients who respond to GMA
have a good long-term disease course by avoiding drugs
including corticosteroids in the early stage of their IBD.
Additionally, GMA is very much favoured by patients for
st
its good safety profile. GMA in 21 century reminds us
of phlebotomy as a major medical practice at the time
of Hippocrates. However, in patients with IBD, there is
a scope for removing from the body the sources of proinflammatory cytokines and achieve disease remission.
The bottom line is that by introducing GMA at an early
stage following the onset of IBD or before patients develop extensive mucosal damage and become refractory
to medications, many patients should respond to GMA
and avoid pharmacologics. This should fulfill the desire
to treat without drugs.
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Abstract
Ulcerative colitis and Crohn’s disease are the major phenotypes of the idiopathic inflammatory bowel disease
(IBD), which afflicts millions of individuals throughout
the world with debilitating symptoms, impairing function
and quality of life. Current medications are aimed at
reducing the symptoms or suppressing exacerbations.
However, patients require life-long medications, and this
can lead to drug dependency, loss of response together
with adverse side effects. Indeed, drug side effects
become additional morbidity factor in many patients
on long-term medications. Nonetheless, the efficacy of
anti-tumour necrosis factors (TNF)-α biologics has validated the role of inflammatory cytokines notably TNF-α
in the exacerbation of IBD. However, inflammatory cytokines are released by patients’ own cellular elements
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health, this relationship may become unbalanced, and
translate into development of UC or CD[3,4]. Accordingly,
both clinical and experimental observations indicate that
IBD flare-ups are triggered by a combined loss of the socalled intestinal barrier function and a dysregulated immune response to the intestinal microbiota[3,5].
A multitude of clinical manifestations represent the
expression of IBD. These include diarrhoea, rectal bleeding, abdominal discomfort, fever, anaemia, and weight
loss. Both UC and CD tend to run a remitting-relapsing
course affected by diverse factors mentioned above. The
severity of UC is often presented by a clinical activity
index (CAI), which is described by several authors[6-9].
Another, but complementary parameter is endoscopic
activity index (EI), which is a true reflection of mucosal
damage or otherwise mucosal remission[10] calculated according to Rachmilewitz[6] or the Mayo scoring method[7].
Further, disease activity in CD, which is the other phenotype of IBD is assessed by the well known CD activity
index (CDAI)[11]. A CDAI of < 150 reflects remission.
The authors of this review (Tanaka T, Ohmori T, Sawada
K, Yamamoto T, Hanai H) are gastroenterologists and
routinely evaluate patients by both CAI and endoscopy/
colonoscopy with greater reliance on endoscopic evaluation[10]. Therefore, in this article, our endeavours were supported by the diagnostic power of colonoscopy to identify
patients with an active flare of IBD who were identified
as the most likely responders to selective, but therapeutic
removal of circulating myeloid linage leucocytes (granulocytes and monocytes/macrophages) by extracorporeal
adsorption as a non-pharmacologic treatment intervention. This strategy is known as GMA, which stands for
adsorptive granulocyte and monocyte apheresis, described
later. In Figure 1 colonoscopic photographs from the
colonic mucosa of a healthy human subject and from patients with UC are presented. The mucosa is the surface
through, which nutrients and water from the food in the
intestine are absorbed into the blood stream. Accordingly,
healthy mucosa has a well developed vascular network for
adequate absorption of water and nutrients. However,
in patients with IBD, the vascular patterns may become
invisible or lost due to inflammation or ulcers, seen in Figure 1. As the mucosal layer is involved in the absorption
of nutrients and water from the gut, during severely active
IBD, absorption of nutrients and water is seriously impaired. Extensive and deep ulcers together with near total
loss of the mucosal tissue are not uncommon in patients
with severe IBD even in the presence of conventional
medications. This condition is debilitating, the patients
may suffer from weight loss. For example unabsorbed
food and water will pass as watery diarrhoea, or bloody
diarrhoea (due to bleeding ulcers). Patients with deep
ulcers and extensive loss of the mucosal tissue are not
likely to respond to any drug based medication or even
to therapeutic depletion of myeloid leucocytes by GMA,
they have fulminant UC (disease persists in the presence
of optimal medication) and often must opt for resection
of the affected gut segment. Needless to say that only an

Core tip: The efficacy of anti-tumour necrosis factor-α
biologics has validated the role of inflammatory cytokines in the exacerbation of inflammatory bowel disease
(IBD). However, inflammatory cytokines are released
by patients’ own cellular elements including myeloid lineage leucocytes, which in patients with IBD are elevated
with activation behaviour. Accordingly, these leucocytes
appear logical targets of therapy and can be depleted
by adsorptive granulocyte/monocyte apheresis (GMA).
Therefore, in patients with IBD, there is a scope for removing from the body the sources of pro-inflammatory
cytokines, and this should fulfill the desire to treat without drugs. Therefore, by introducing GMA at an early
stage following the onset of IBD or before patients develop extensive mucosal damage, many patients should
respond to GMA and avoid pharmacologics.
Saniabadi AR, Tanaka T, Ohmori T, Sawada K, Yamamoto
T, Hanai H. Treating inflammatory bowel disease by adsorptive leucocytapheresis: A desire to treat without drugs. World J
Gastroenterol 2014; 20(29): 9699-9715 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i29/9699.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i29.9699

INFLAMMATORY BOWEL DISEASE
The idiopathic inflammatory bowel disease (IBD), which
includes ulcerative colitis (UC) and Crohn’s diseases (CD)
is an immune disorder characterized by inflammation
of the gastrointestinal tract in genetically susceptible individuals when exposed to environmental risk factors[1].
Therefore, IBD has long been thought to have a genetic
basis and involves response of the immune mechanisms
to certain environmental agent(s). The development of
IBD among monozygotic twins and an increased incidence in countries undergoing rapid Westernization
highlight the relevance of genetic predisposition together
with environmental factors in disease pathogenesis and
incidence[2]. What all these mean is that in patients with
IBD, the intestinal immune profile becomes dysregulated
showing exaggerated response to triggers that would
have been insignificant in an individual without genetic
susceptibility factor.
However, it is clinically relevant to bear in mind that
whereas UC is confined to the colon and the rectum
(large intestine), CD may affect any part of the gut from
the mouth to the perianal region. Most commonly CD
affects the distal ileum and the colon; up to 65% of CD
patients present with small intestinal involvement. Both
UC and CD are debilitating chronic health disorders that
afflict millions of individuals throughout the world with
symptoms, which impair function and quality of life.
Further, the human intestine is host to thousands of
bacterial species, collectively referred to as the intestinal
microbiota or microflora[3]. While it is understood that
the presence of this microbiota is essential for human
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Figure 1 Colonoscopy images. A: Colonoscopy showing normal mucosa with visible vascular patterns in a healthy, non-inflammatory bowel disease (IBD) individual; B: During strong inflammation in a patient with IBD, visible vascular patterns are lost; C: Inflammation can lead to ulcerated mucosa and contact bleeding. Both
mucosal inflammation and ulcers lead to inadequate absorption of water and nutrients from the gut. The affected patients may lose weight and become anaemic due
to bloody diarrhoea, which if untreated can be very debilitating.

initial diagnostic colonoscopy can identify such patients
as non-responders to drug based interventions so that the
patient can opt for surgical intervention at an early stage.
This should significantly shorten morbidity time and help
to avoid futile use of medical resources.

peutic outcomes supporting the idea that many patients
with IBD can be treated without drugs, but by targeted
apheresis.

CYTOKINES AND INFLAMMATORY
BOWEL DISEASE

THERAPEUTIC OPTIONS FOR PATIENTS
WITH IBD

As stated above, the precise cause of IBD is not fully understood at present, and currently available medications
do not eradicate the fundamental cause. Therefore, it
should be logical to identify known exacerbating factors
as therapeutic targets. In line with this thinking, patients
with active IBD show elevated cytokine expression, aberrant antigen-antibody complexes, T-cell anomalies, and
an increased numbers of granulocytes and monocytes/
macrophages (myeloid lineage leucocytes)[22,23], which
show activation behaviour[24,25], and prolonged survival[26].
The interaction between neutrophils and macrophages
is thought to induce a state of chronic inflammation,
which contributes to the perpetuation of IBD. Additionally, the chronic nature of IBD means that afflicted individuals need life-long drug therapy and this can lead to
refractoriness[18] and drug-related adverse side effects[19].
However, it is now widely known that IBD is exacerbated
and perpetuated by the so-called inflammatory cytokines
including TNF-α, interleukin (IL)-1β, IL-23 and others[27-29]. Accordingly, patients with active IBD respond
to anti-cytokine antibodies, notably, to anti-TNF-α biologics[30,31] albeit having known serious side effects[32-34].
Nonetheless, the clinical response to anti-TNF biologics
has validated the role of this cytokine as an exacerbating
factor in dysregulated immune profile. Further cytokines
like TNF-α, IL-1β and others are produced by patients’
own cellular elements, notably by the myeloid lineage
leucocytes[24,25,35,36]. Hence, elevated circulating myeloid
lineage leucocytes appear logical targets of therapy by
selective leucocytapheresis we introduced as GMA above.
In this article, we have reviewed the latest developments
in therapeutic leucocytapheresis to treat IBD with the
Adacolumn GMA.

However, currently available medications aid in the
induction and maintenance of remission by targeting
various points along the disordered immune pathway
implicated in IBD flare ups[12-17]. Despite these seemingly advances, knowledge on the precise cause of IBD
is inadequate at present. Accordingly, up to now drug
therapy has been empirical rather than based on a sound
understanding of disease aetiology. While drug therapy
initially appears effective in the majority of patients,
it comes at the cost of serious side effects[18-20], which
add to the disease complexity. First-line medications
for exacerbation of IBD include 5-aminosalicylic acid
or sulphasalazine in combination with a corticosteroid
together with azathioprine (or 6-mercaptopurine) and
nutritional support for some patients[6,16,17]. Treatment
failure in patients with severe disease has often been
an indication for surgical intervention in many steroid
refractory patients[14,21] although in recent years, cyclosporin A (CsA) has been introduced for corticosteroid
refractory UC[8,9,15]. Despite being moderately effective in
this clinical setting in reducing surgery rate, there remain
serious concerns over long-term efficacy and toxicity of
CsA[20]. The development of new anti-tumour necrosis
factor (TNF)-α antibodies like infliximab and adalimumab represent progress, but there is concern about
safety and long term efficacy of biologics. However, this
is not to say that drugs have no place in the treatment of
IBD. In fact, no one can deny the role of medicines in
the elimination of most diseases that our ancestors were
left defenseless against. Instead, in this review, our endeavour has been to present clinical evidence and thera-
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other parts of the world. The perception then was that
disease reflected presence of disease-causing substances
in the blood and bloodletting was to expel the pathologic
agents. Bloodletting was routinely and extensively practiced for diseases like inflammation, fever, hypertension,
and other undiagnosed diseases, its most high profile patient was the first US president, George Washington (reviewed in ref[45]). Bloodletting as a major medical practice
was subsequently popularized by Claudius Galen (129-203
AC), a Greek physician who practiced in Rome and became a well respected authority in medicine for over 1500
years. In the late 19th century, bloodletting under a more
modern name, phlebotomy was popularly used to treat
conditions like haemochromatosis, polycythaemia vera
and others. It may just be the folly of the past, but it is
difficult to imagine that this procedure would have been
so widely practiced for such a long time if it had not been
associated with efficacy.
Even in this era of modern medicine and if we consider IBD, and innovations in biologic therapy, it is clinically relevant to bear in mind that drug therapy by its very
nature, involves adding a foreign substance or substances
to the body system and although initially may be effective, but potentially can lead to the disease becoming
drug dependent or drug refractory (body’ reaction to a
foreign substance). Hence, a therapeutic strategy based
on a non-drug intervention, a correction or support of
body’s natural processes like GMA[41-53], if effective has
an unrivalled advantage over drug based medication.

b
b

3

Blood neutrophil count (× 10 /mL)

10.0

b
5.0

2.5

0.0

Control

Active CD

Active UC

Severe UC

Figure 2 Blood neutrophil (granulocyte) counts in healthy controls and
patients with inflammatory bowel disease. This figure shows a very marked
elevation of neutrophils during active inflammatory bowel disease (IBD). Additionally, in patients with IBD, neutrophils show activation behaviour and
increased survival time in the circulation[26,36] as well as within the mucosal tissue[25]. bP < 0.01 vs control group. UC: Ulcerative colitis; CD: Crohn’s disease.

EVOLUTION OF APHERESIS AS A
THERAPEUTIC PRACTICE
The word “apheresis” means to take away or to remove,
clean from disease causing elements. In the modern time,
apheresis means an extracorporeal medical technique for
selective removal of components of the blood to achieve
a therapeutic effect. Thus apheresis is an extracorporeal
therapy. In classical sense, the most basic practice in
apheresis involves passing of a patient’s blood through
a medical device where removal of components takes
place; it is a kind of bloodletting. In the early 20th century,
dialysis[37], and centrifugation[38] were introduced for selective depletion of soluble elements[37] or blood cells[38] to
achieve therapeutic effects. Even in today’s biologic based
therapy targeting a pathologic cytokine, chemokine or
an adhesion molecule, apheresis is considered as a nondrug strategy to manage diseases for which there is no
effective drug based medication like removing toxic substances from the plasma, which threaten well-being[39,40].
Strategies that selectively remove plasma components or
blood cells as therapeutic interventions have generally
been safe, and not associated with any major side effect
in a significant number of patients[39-41]. Recently, apheresis has been considered as an effective alternative to drug
therapy or as an adjunct to conventional medications to
enhance drug efficacy with potential to reduce standard
medication dosage like the GMA trials in patients with
IBD where corticosteroids were avoided or were tapered
to a minimum[41-44].
However, today’s selective removal of constituents
of circulating blood to achieve a therapeutic effect by
apheresis is reminiscent of the rather crude technique of
bloodletting (phlebotomy) and its therapeutic application at the time of Hippocrates (460-377 BC) in Ancient
Greece. Bloodletting was widely practiced as a major
therapeutic intervention in the Ancient civilization of
Egypt from where it expanded to Ancient Greece and
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TARGET LEUCOCYTES FOR
THERAPEUTIC GMA
For an extracorporeal intervention like GMA to be a novel non-drug therapeutic option, it should selectively deplete leucocytes, which in patients with IBD are thought
to contribute to the disease pathogenesis. For example,
patients with active IBD are found to have compromised
lymphocytes[42,47,54] in the presence of elevated and activated granulocytes and monocytes/macrophages[46,48]
seen in Figure 2. Additionally, certain sub-populations of
lymphocytes like the CD4(+)CD25(+) phenotype, known
as the regulatory T-cells (Treg) have essential immunoregulatory function and therefore, are indispensable to the
host[55-61]. Based on these understandings, the Adacolumn
for GMA is designed to spare lymphocytes, seen in Figure 3, and boost Treg phenotype[48,61]. The column is filled
with specially designed cellulose acetate beads of 2mm
in diameter as leucocytapheresis carriers[22]. As shown in
Figure 3, the carriers remove from blood in the Adacolumn most of the granulocytes, monocytes/macrophages
together with a significant fraction of platelets[23,48]. Surprisingly, the procedure has been associated with a sustained increase in absolute lymphocyte counts following
a course of GMA[22]. The increase in lymphocyte counts
includes the Treg phenotype, CD4(+)CD25(+)[61]. The
mechanisms for sparing lymphocytes are briefly described
here and illustrated in Figure 4. Patients with IBD may
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Figure 3 Selective depletion of myeloid lineage cells (neutrophils, monocytes and platelets) by adsorptive granulocyte and monocyte apheresis with the
Adacolumn in patients with inflammatory bowel disease. In each case, the column inflow count was expressed as 100% and the column outflow count (return
to patient) was expressed as a percentage of the inflow count taken 30 min (peak fall) during a 60-min granulocyte and monocyte apheresis (GMA) session. The
data serve as a solid basis for the argument that GMA selectively depletes granulocytes, monocytes/macrophages together with a significant fraction of platelets, but
spares lymphocytes[22,23,48,117].

have immune complexes (IC) in their plasma[23,62,63]. Cellulose acetate adsorbs immunoglobulin G (IgG) and IC
from the plasma[23,62,63]. Upon adsorption, the binding sites
on IgG and IC become available for the fragment crystallizable gamma (Fcγ) receptors (FcγRs) on myeloid lineage
leucocytes[23,62,63]. Further, cellulose acetate with adsorbed
IgG and IC generates complement activation fragments
including C3a and C5a[23,63]. The opsonins C3b/C3bi and
others derived from the complement activation fragments
also adsorb onto the carriers and serve as the binding
sites for the leucocyte complement receptors, CR1, CR2,
CR3 (Mac-1, CD11b/CD18). Hence, leucocyte adsorption to the GMA carriers in the Adacolumn is governed
by the opsonins, FcγRs and the leucocytes complement
receptors[23]. The expressions of these sets of receptors are common features of myeloid lineage leucocytes.
Lymphocytes are not known to express complement receptors except on small subsets of B, T and natural killer
(NK) cells. Similarly, FcγRs are not widely expressed on
lymphocytes except on small populations of CD19+B
cells and CD56+NK cells[62]. These basic phenomena proceed well on the carriers and lend GMA selectivity (Figure
4). Further, to our knowledge, there is no published data
showing elevated peripheral lymphocytes in patients with
active IBD and in one of the best controlled studies on
lymphocytapheresis in IBD, Lerebours et al[64] selectively
depleted circulating lymphocytes in patients with CD. At
the end of an 18-mo follow-up, the clinical outcome in
the lymphocytapheresis group was 21% inferior to that
of the control group. This well planed controlled clinical
trial[64] rules out therapeutic benefit from removing lymphocytes in patients with IBD.

pan [65-77], and Europe [78-91], but also from the United
States[92-96] have described the efficacy of GMA in patients
with IBD. The clinical application of GMA with the Adacolumn began following a pioneering multicentre clinical
trial by Shimoyama et al[41] described below under steroid
sparing effects of GMA. Since then, GMA has been
widely applied in Japan and in the European Union (EU)
countries to treat patients with IBD. Efficacy rates have
been both striking[42-44] as well as disappointing[92,93], reflecting patients’ diverse demographic features prior to GMA.
Further, the authors of this review regularly apply GMA
to treat patients with IBD for longer than a decade. Based
on our experience, the best responders are first episode
cases who are often drug naïve and have a short duration
of IBD[52], followed by steroid naïve patients[42,50,53,75]. Efficacy rate in first episode cases has been as high as 100%[52]
and in steroid naïve cases over an 85%[42,50]. Likewise, recently, Yokoyama et al[74] reported that the most appropriate time to apply GMA therapy in patients with UC was
immediately after a clinical relapse. The authors found
that the best responders were those with a short duration
of active disease[74]. However, patients with deep mucosal
lesions and extensive loss of the mucosal tissue at the lesion sites[52,53,82,93] together with those who have a long duration of active UC and exposure to multiple conventional
drugs including corticosteroids when the UC has become
refractory to medications are not likely to benefit from
GMA[49,52,92,93]. These are clinically relevant findings because patients who responded to GMA have a better longterm clinical outcome by avoiding corticosteroids during
their first active UC phase[70], while knowing GMA nonresponders should help to save medical cost by avoiding
futile application of GMA. Figure 5 shows clinical remission rates in typical cohorts of patients with active UC. As
shown, the remission rate for patients with the first UC
episode has been 100%[52]. All these first episode cases
were steroid naïve with a short (< 4 mo) duration of UC.

CLINICAL EFFICACY RATES FOR GMA IN
UC PATIENTS
Hitherto, a large number of articles mostly from Ja-
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Figure 4 A tentative illustration of the mechanisms, which mediate the selective adhesion of myeloid lineage leucocytes to the granulocyte and monocyte
apheresis cellulose acetate carriers. The first event is adhesion of plasma immunoglobulin (IgG) and immune complexes (IC) to the carriers, which serve as the
binding sites for the fragment crystallizable gamma receptor (FcγR) on myeloid leucocytes. Then complement activation (helped by IgG and IC) generates C3a, C5a,
C3b/C3bi fragments. Of these C3b/C3bi (opsonins) adsorb onto the carriers and serve as the binding sites for the complement receptors (CR) on myeloid leucocytes.
Adhesion of leucocytes results in the release of interleukin-1 receptor antagonis, hepatocyte growth factor, soluble tumour necrosis factor receptors, all with therapeutic effects (Figure 13). Modified from Reference[23].

Clinical remission rate (%)
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ity of GMA induced remission has been good[50,53,69,75,87].
Patients who relapse respond well to another course of
GMA therapy[87]. Regarding remission rates, Tanaka et al[49]
reported an efficacy of 73.8% based on CAI in a cohort
of 61 steroid naive patients. Similar efficacy rate has been
reported by Hanai et al[50].
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Steroid
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In the first pivotal study by Shimoyama et al[41] mentioned
above, the steroid sparing effect of GMA was unequivocally demonstrated. In a multicentre setting[22,41], 105
patients with active UC while on prednisolone (PSL)
were randomly assigned to GMA (n = 53) or to PSL (n
= 52). As seen on Figure 6, at entry, in the PSL group,
the steroid dose was increased to induce remission, while
patients in the GMA group received GMA, at one session per week over five consecutive weeks as remission
induction therapy. As seen on the figure, PSL dose was
then tapered in line with disease improvement or remission. At the end of the trial, 21 patients (44.2%) in the
PSL group and 31 patients (58.5%) in the GMA group
were in remission. The results of this study suggested
that GMA has significantly better efficacy as compared
with the conventional corticosteroid and can spare patients from steroids. Likewise, in a later study by Hanai
et al[44], the authors randomly assigned 69 patients with
corticosteroid dependent moderately severe UC (at the
time of relapse) to GMA (n = 46) or to PSL (n = 23).

Steroid
Patients with a
dependent long duration of
cases
UC refractory to
(n = 59) medications (n = 8)

Figure 5 Clinical remission rates in typical cohorts of patients with active
ulcerative colitis. The remission rate for patients with the first ulcerative colitis
(UC) episode was 100%. All these first episode cases were steroid naïve with a
short (< 4 mo) duration of UC; both steroid naïve and short disease duration are
granulocyte and monocyte apheresis (GMA)-responder features. Accordingly,
the remission rate in corticosteroid naïve cohort looks better than for steroid
dependent cohort. GMA non-responder patients had deep ulcers with near total
loss of the mucosal tissue at the lesion sites, a long duration of UC, and exposure to multiple drugs; a few were candidates for colectomy[42,49,52].

GMA non-responder patients had deep ulcers with near
total loss of the mucosal tissue at the lesion sites, a long
duration of UC, and exposure to multiple drugs[49,52]; a few
were candidates for colectomy[49,52]. Further, sustainabil-
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sessions. Normal body temperature, stool frequency, and
disappearance of blood in stool were seen after 24.3 ±
11.5 d. The endoscopic index improved from 2.6 ± 0.3 to
0.4 ± 0.2. One patient who initially responded developed
bloody diarrhoea later and 2 cases remained unchanged.
The dose of steroid was tapered during GMA therapy by
50%. No serious adverse effect was observed. This study
showed that GMA was effective and well tolerated in
children with active UC refractory to corticosteroids.
Very recently, Tanaka et al[75] reported good efficacy
and safety outcomes for GMA in children and adolescents with active IBD, all corticosteroid naïve, which is a
GMA responder feature. In a single centre setting, a total
of 24 consecutive children and adolescents, age 11-19
years were given mesalazine or sulphasalazine as a firstline medication. Seventeen patients relapsed or did not
respond to the first-line medications, and received GMA
at 2 sessions in the first week, and then weekly, up to an
11 sessions. Patients who achieved a decrease of at least
5 points in the CAI score were to continue with GMA,
while non-responders were to receive 0.5 to 1.0 mg/kg
per day PSL plus additional GMA sessions similar to
GMA responder cases. At entry and week 12, patients
were clinically and endoscopically evaluated, allowing
each patient to serve as her or his own control. In this
study, 7 patients achieved remission with the first-line
medications and did not receive GMA. Five patients did
not respond to the first 5 GMA sessions and received
PSL plus GMA, while 12 patients responded to the first
5 GMA sessions and received additional sessions. At entry, the average CAI was 14.1 ± 0.4, range 11-17, and the
average endoscopic index was 9.2 ± 0.3, range 7-11. The
corresponding values at week 12 were 2.1 ± 0.2, range 1-4
and 2.4 ± 0.2, range 1-4. PSL was tapered to 0 mg within
3 mo in the 5 cases who did receive PSL in combination with GMA. This study is the closest one can expect
to clinical practice rather than to clinical trial. With the
strategy they applied, all 24 consecutive patients achieved
clinical remission, most with endoscopic remission as
well[75]. The authors’ conclusion states that in growing
patients with active UC refractory to first-line medications, GMA induced clinical remission and mucosal healing, while in non-responders to GMA monotherapy, addition of a low dose PSL enhanced the efficacy of GMA
and tapering of the PSL dose soon after remission was
not associated with UC relapse. Avoiding corticosteroid
at an early stage of UC should ensure better long-term
clinical course[70,75].
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45
40
35
30
Prednisolone

25
20

GMA

15
10
-14

0

10

20

30

40

50

Time (d) after start of trial

Figure 6 Steroid sparing effect of granulocyte and monocyte apheresis.
In this trial, 105 patients with active ulcerative colitis while on the corticosteroid
prednisolone (PSL) were randomly assigned to granulocyte and monocyte
apheresis (GMA) (n = 53) or to PSL (n = 52). In the PSL group, the steroid dose
was increased at entry to induce remission, while patients in the GMA group
received GMA, at one session per week over five consecutive weeks. PSL dose
was then tapered in line with disease improvement or remission. At the end of
the trial, 21 patients (44.2%) in the PSL group and 31 patients (58.5%) in the
GMA group were in remission. Therefore, GMA showed significantly better efficacy than PSL and spared patients from steroids[22,41,44].

At entry, the mean dose of PSL was 12 mg per day per
patient in both groups. As remission induction therapy,
in the GMA group, patients were given up to an 11 treatment sessions over 10 wk, while in the PSL group, the
mean dose of PSL was increased to 30 mg per day per
patient. At week 12, an 83% of the patients in the GMA
group were in clinical remission vs 65% of the patients in
the PSL group. Further, during the 12 wk of treatment,
the cumulative amount of PSL received per patient was
1157 mg in the GMA and 1938 mg in the PSL group.
This study provided further support for GMA as an effective adjunct to standard drug therapy of moderately
severe UC with significant corticosteroid sparing effect.
They reported steroid related adverse side effects in a significant number of patients, while for GMA, side effects
were flushing and transient lightheadedness in a small
number of patients.

GMA FOR CHILDREN OR ADOLESCENTS
WITH UC
In children and adolescents with IBD, conventional drugs
like salicylates, thiopurines, corticosteroids or the new
anti-TNF-α biologics may adversely affect the patients’
growth and development. Therefore, GMA as a nondrug therapeutic intervention, if effective in this clinical
setting is unrivalled by any currently known drug based
medication. With this in mind, Tomomasa et al[76] were
the first to apply GMA to children who had active UC.
In that study, 12 children, age 5 to 15 years, all with active UC refractory to corticosteroids were given one
GMA session per week for 5-10 consecutive weeks. In
8 patients, clinical symptoms improved after two GMA
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GMA IN PATIENTS WITH CD
So far, this review has focused mainly on the efficacy of
GMA in patients with active UC. This is because IBD in
the colon or in the rectum is strongly affected by neutrophils[50,54], while the role of myeloid lineage leucocytes in
the small intestinal IBD lesions has not been defined yet.
Nonetheless the majority of CD patients have colonic
lesions, and therefore, GMA seems to produce signifi-
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cant efficacy in most patients with active CD[85,97,98]. Additionally, as described for UC, patients with severe CD
refractory to currently available pharmacologicals may not
respond well to GMA[93]. Perhaps most IBD physicians
in the West are not fully aware that unlike Europe where
there is no striking difference in the prevalence of UC
and CD, in Japan, the prevalence of UC is more than 3
times higher than that of CD. Accordingly, the first Adacolumn multicenter study in Japan that led to reimbursement approval was in patients with active UC[22,41]. This
is why most GMA papers from Japan are on studies in
patients with UC. However, subsequently, a clinical trial in
patients with CD refractory to conventional medications
was undertaken[98], and led to reimbursement approval
for patients with CD in Japan. However, the first study
in CD was reported by Matsui et al[97], on 7 patients who
were refractory to standard medications, each patient
received 5 GMA sessions over 5 consecutive weeks. Five
of 7 patients achieved remission. It is clinically relevant
to mention here that the only 2 GMA non-responders
in Matsui’s study had primarily small intestinal lesions.
Subsequently, Fukuda et al[98] reported an efficacy rate of
52% by applying 5 GMA sessions to each of 21 patients
with severe CD. However, it is imperative to elaborate that
the patients Fukuda et al[98] included had received conventional medications including 2 wk of optimum nutritional
therapy (a routine treatment for CD in Japan) and only
patients who remained with a high CDAI score received
GMA. Therefore, 52% remission rate in a cohort of patients with severe and medication refractory CD was very
encouraging. Further, Domènech et al[85], treated 12 steroid
dependent patients with CD. The remission rate was 70%.
Finally, Muratov et al[79] treated 7 patients with CD who
had relapsed while on optimum conventional medication and a few on biologics. The median CDAI decreased
from 290 at weeks 1 to 184 at week 7 and to 128.5 (remission level) at 12 mo. It is clear from the aforementioned
reports that up to now, only very complicated and severe
cases of CD have received GMA therapy.

first 2-3 wk and then 1 session per week up to 10 or 11
sessions[50,52]. Hanai et al[50] reported that although patients
with steroid naïve UC responded well to 5 GMA sessions,
steroid refractory patients with severe UC responded better to 10 sessions. In contrast, Suzuki et al[42,52] administer
2 GMA sessions per week and cease when CAI decreases
to 4 or less (clinical remission level); patients who do not
improve after several sessions are classified as non-responders[52]. These treatment regimens are all contrary to
the initial clinical trials in which 5 GMA sessions over five
consecutive weeks were applied[22,41]. Regarding duration
of one GMA session, Kanke et al[66] found that 90 min
was significantly better than the routinely applied 60 min
per GMA session. Likewise, Yoshimura et al[73] increased
the processed blood volume from the conventional 1800
mL per GMA session to over 3000 mL per session. In
this study, the efficacy rate in the higher processed blood
volume group was significantly greater than in the 1800
mL per session group[73]. In a prospective multicentre
study, Sakuraba et al[99] found that intensive GMA at 2
sessions per week induced remission in shorter time and
at a significantly higher rate when compared to weekly
GMA. The authors assigned 112 patients with moderately active UC to 2 groups. Group 1 patients received one
GMA session per week, while group 2 patients received 2
sessions per week, up to 10 sessions in both groups. The
remission rate in group 1 was 46.7%, while in group 2
was 73.1%. Further, the mean time to remission was 28.1
d, in group 1 and 16.3 d in group 2. In spite of these outcomes, there is evidence to suggest that the efficacy of
GMA is time dependent. Recently, Yamamoto et al[100] administered one GMA session per day over 5 consecutive
days. There was no safety concern, but the efficacy rate
was very much less than in the 5 GMA sessions reported
by Shimoyama et al[41]. As reviewed above, in patients with
active IBD, large numbers of myeloid lineage leucocytes
in the colonic mucosa are seen in biopsies[49,53] or by measuring a specific neutrophil protein[101]. The infiltrated neutrophils may take several weeks to clear in spite of CAI
showing clinical remission[102]. Additionally, the immunomodulatory actions of GMA are time dependent. In line
with this assertion, in rheumatoid arthritis patients, there
was a sustained increase in CD4+ T-lymphocytes up to 12
wk following the last GMA session[22]. Similarly, there was
a striking down-modulation of the inflammatory chemokine receptor CXCR3 on leucocytes several weeks after
the last GMA session[23]. Clearly further investigations are
warranted for establishing the optimum frequency and
duration of GMA session.

EFFECTIVE DOSAGE OF GMA
The evolution of modern medicine has relied on the outcomes of clinical trials to determine the dosage of drugs
with maximum efficacy margin and minimum adverse
side effect. Fortunately for GMA, which is a non-drug
treatment strategy, reliance on clinical trial outcomes has
been less demanding or at least lack of it has not caused
serious concern partly because of its good safety profile,
and partly for the fact that GMA removes from the body
instead of adding to it. Accordingly, unlike drugs, loss
of efficacy, dependence and refractoriness are not likely.
Nonetheless, it is a basic requirement to know the most
effective frequency and the number of GMA sessions for
patients with mild, moderate or severe IBD as this can
help to save time and cost. The reality is that up to now
GMA treatment has been an empirical practice. Some
institutes administer 2 GMA sessions per week in the
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TREATMENT COST
In a comprehensive study, Panés et al[78] estimated the
treatment cost for patients with UC in the EU countries
for conventional medications and GMA. The average
annual cost per patient treated with conventional medications was estimated to be 6740€, while the cost for GMA
was 6959€, which is very close to the conventional medi-

9706

August 7, 2014|Volume 20|Issue 29|

Saniabadi AR et al . Treating IBD without drugs

A

B

Before GMA

Post GMA (week 12)

Figure 7 Typical immunohistochemical images taken from colonic biopsy specimens in a patient with total colitis in active stage (A) and following remission (B). This figure shows that the mucosal tissue is densely infiltrated by myeloid lineage leucocytes and granulocyte and monocyte apheresis has reduced the
concentration of these leucocytes in the mucosa. The specimens seen in this figure are from a 60-year-old male with moderately severe ulcerative colitis and corticosteroid naive, baseline clinical activity index, 13.

cations. In contrast, for steroid-dependent patients, the
average annual cost was 6059€ for conventional medications and 11436€ for GMA. Further, this study found
that the efficacy rate in patients who achieved clinical
remission with GMA was 22.5% higher than for conventional therapy. The authors concluded that incorporating
GMA in the therapeutic management of patients with
moderate-to-severe UC, GMA is cost-effective and the
extra cost is compromised by GMA’s safety profile when
compared with drug therapy.

COLONOSCOPIC FEATURES OF GMA
RESPONDER AND NON-RESPONDER
PATIENTS
As reviewed above, several studies have reported that
any patient with a fair level of intact colonic mucosa is
a potential responder to GMA. With this in mind, in
the authors’ hospitals, all patients receive endoscopic
evaluations and the evaluation is used to treat or not to
treat a patient by GMA. However, as stated above, by
applying GMA at an early stage[70], most first episode
cases respond[52], and we do not have many drug refractory patients with badly damaged mucosal tissue. Even
patients with a near equal CAI score may have very different mucosal damage status, indicating that CAI per
se does not reflect the full extent of mucosal damage in
patients with IBD[49]. Figure 8 shows typical colonoscopy
features of patients who may respond well to GMA and
be spared from drug based medications. These two cases
were from a subgroup of patients who were identified
as responders by colonoscopy. These cases were steroid
naïve with severe UC based on clinical evaluation (CAI >
14) without endoscopy, nonetheless good responders to
GMA because, firstly, the mucosal tissue was preserved
and secondly, the patients were not exposed to multiple
drugs prior to GMA. The photographs show complete
restoration of the mucosal vascular patterns post GMA.
Almost all such cases readily respond to GMA. Without
colonoscopy, clinical evaluation would have identified
these patients as having severe UC, a potential candidate
for steroid therapy. However, such responders to GMA
without corticosteroids should have good long-term
clinical course[70].
In contrast, Figure 9 shows colonoscopic features of
GMA non-responder patients. Here, colonoscopy photographs from two typical GMA non-responder patients at
entry and at week 12 are presented. The colonoscopy images at entry revealed deep and extensive colonic lesions
with virtually no mucosal tissue left at the lesion sites.

GMA REDUCES MUCOSAL
CONCENTRATION OF MYELOID LINEAGE
LEUCOCYTES
As reviewed above, one pathologic feature of active
IBD is presence of a large number of granulocytes and
monocytes/macrophages in the colonic mucosa[49,53]. In
clinical settings, GMA is applied as an extracorporeal
procedure to reduce the excess and activated myeloid
lineage leucocytes from patients’ systemic circulation.
One could logically argue that removal of the leucocytes
from the circulating blood should lead to depletion of
these cells in the colonic mucosa where they are believed
to exacerbate and perpetuate IBD[25,27,36]. Figure 7 shows
typical immunohistochemical images taken from colonic
biopsy specimens in a patient with total colitis in active
stage and following GMA induced remission. The figure
shows that the colonic mucosal tissue is densely infiltrated by myeloid lineage leucocytes with the formation
of crypt abscess and GMA has reduced the concentration of these leucocytes in the mucosa. It is relevant to
mention here that the images seen in Figure 7 are typical for IBD lesions in the large intestine because similar
images are uncommon in biopsies from small intestinal
IBD lesions found in most patients with CD. It might be
equally true to say that CD patients with the active IBD
lesions confined to the small intestine may not be the
right candidates for GMA therapy[97].
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At entry

Week 8 post start of GMA

At entry

Week 12 post start of GMA

Figure 8 Typical endoscopic features of patients who may respond well to granulocyte and monocyte apheresis and be spared from drug based medications. These cases were from a subgroup of patients who have been identified as good responders by colonoscopy. These patients were steroid naïve with severe
ulcerative colitis (clinical activity indices > 14), yet good responders to granulocyte and monocyte apheresis (GMA), firstly because the mucosal tissue was preserved
and secondly, the patients were corticosteroid naïve at the time of relapse. The photographs show complete restoration of the mucosal vascular patterns at post GMA.

A

B

Figure 9 Colonoscopy images showing deep and extensive colonic lesions together with inflammatory polyps and contact bleeding. Typical colonoscopic
images from patients with severely damaged mucosal tissue (A), granulocyte/monocyte apheresis non-responders (B). However, most patients with the entry mucosal
damage seen in this figure are medication refractory and unlikely to respond to granulocyte and monocyte apheresis, some opt for colectomy.

cause of pathological and psychological morbidity[103].
It is interesting that PG and psoriatic skin lesions are
reported to be good responders to GMA[103-107]. To our
knowledge, most treated cases have responded well and
yet, it all happened by chance[103]. A patient with IBD associated PG was treated for IBD, but the response of
pyoderma lesions was more striking than anything expected from GMA. The young patient had very stressful
deep refractory lesions over a long period of time (Figure
10). The lesions fully remitted after 10 GMA sessions[103].

However, no patient with the entry mucosal damage seen
in this figure is likely to show any significant fall in CAI, a
few may have fulminant UC, candidates for surgery.

TREATMENT OF PYODERMA
GANGRENOSUM ASSOCIATED WITH IBD
Pyoderma gangrenosum (PG)-like skin lesions are seen
in up to 2% of patients with IBD and can be a major
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A

B

Before GMA

C

Post 5 GMA sessions

Post 10 GMA sessions

Figure 10 Pyoderma gangrenosum lesions. Pyoderma gangrenosum lesions associated with Crohn’s disease (A), partially re-epithelialized after 5 granulocyte and
monocyte apheresis (GMA), sessions (B), fully re-epithelialized after 10 GMA sessions (C)[103].

these clinical settings.
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SPECIFIC IMMUNOLOGICAL EFFECTS
The CD14+CD16+ monocyte phenotype is known to
be pro-inflammatory as a major source of TNF [108]
and shows dramatic expansion in inflammatory conditions. Accordingly, Hanai et al[109] reported elevated
CD14+CD16+ monocytes in patients with IBD and a
very marked depletion of these TNF-producing monocytes by GMA. This monocyte sub-set was depleted to
levels seen in healthy persons[109]. In Figure 11, typical
effect of GMA is shown by flow cytometry. This action
of GMA should significantly alleviate inflammation in
patients with dysregulated immune profile. Additionally, as reviewed above, GMA has been associated with a
sustained increase in circulating lymphocytes[20] including
the CD4(+)CD25(+) Treg phenotype[61]. In spite of this,
the clinical efficacy associated with a course of GMA is
unlikely to reflect its effects on peripheral leucocytes per
se. It is inferred that additional mechanisms of actions
might follow a course of GMA. As seen in Figure 4,
leucocytes that bear the FcγR and complement receptors
adhere to the GMA carriers[23,62]. The adsorbed leucocytes release an array of substances both toxic and nontoxic, but anti-inflammatory as well, which reach the
patients’ circulation via the column outflow that returns
to patients. Among these, cytokines, C3a and C5a are of
short half-life and may not reach the patients’ circulation
in fully active form. Hanai et al[110] reported a significant
increase in the column outflow blood levels of soluble
TNF receptors Ⅰ and Ⅱ known to neutralize TNF without invoking TNF-like actions[111].
Further, GMA-related suppression of inflammatory
cytokines (TNF-α, IL-1β, IL-6 and IL-8) released by
peripheral leucocytes has been reported[112]. In in-vitro
settings, exposure of human blood to the GMA carriers caused the release of significant amounts of IL-1
receptor antagonist (IL-1ra) and hepatocyte growth factor (HGF)[113], seen in Figure 12. The release of these
substances (albeit very small) should proceed inside the
Adacolumn during GMA in clinical settings and reach
the patients’ circulation via the column outflow line. IL-
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Figure 11 Typical flow cytometry outputs. Flow cytometry showing immunophenotyping of elevated pro-inflammatory CD14(+)CD16(+)DR(++) monocytes
in a patient with inflammatory bowel disease and depletion of these tumour
necrosis factor-producing leucocytes by granulocyte and monocyte apheresis
(GMA). In this patient, an 18.9% of monocytes were identified as CD14+CD16+
phenotype in active ulcerative colitis (UC) stage and this was reduced to just
3.5% when the patient achieved remission following a course of GMA therapy.
Normal level is < 8%[109].

Subsequently, other authors independently reported cases
of pyoderma or psoriatic skin lesions responding well to
GMA[104-107]. The mechanism associated with the efficacy
of GMA in these conditions is not very clear, but the
chemokine receptor, CXCR3 is known to have an active
role in the initiation and perpetuation of inflammatory
skin lesions and is strongly down-modulated by GMA[23].
This action of GMA, if duplicated by follow-up studies
can serve as a major break-through in our efforts to understand the mechanisms of clinical efficacy of GMA in
WJG|www.wjgnet.com
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Figure 12 Adsorption dependent release of interleukin-1 receptor antagonist, and hepatocyte growth factor from myeloid lineage leucocytes (granulocytes
and monocytes) in in-vitro setting. Hepatocyte growth factor (HGF) is known to promote ulcer healing and cell regeneration, while interleukin-1 receptor antagonist
(IL-1ra) is strongly anti-inflammatory[113]. GMA: Granulocyte and monocyte apheresis.

1ra is known to control intestinal inflammation[114], while
HGF is believed to promote epithelial cell regeneration,
an essential step in ulcer healing[115]. Further, examinations
of mucosal biopsy specimens suggested that GMA suppresses cytokine profiles within the mucosa[79,116]. A wary
reader may wonder why this is possible with a system that
impacts peripheral blood leucocyte counts. One answer
could be that GMA reduces the number of leucocytes
that are destined for the mucosa, partially by depleting
them (Figure 3) and partially by down-modulating the adhesion receptors on the remaining leucocytes[117]. Muratov
et al[79] found a marked decrease in tissue interferon (IFN)-γ
or TNF-α positive leucocytes in clinical responders after GMA. In parallel, significantly lower levels of IFN-γ
producing leucocytes were detected in peripheral blood.
IFN-γ positive T-cells in pretreatment biopsies completely
disappeared or decreased in post-treatment biopsies sampled 2 wk after the last GMA session in responders and
appeared to predict the maintenance of long-term remission, up to 12 mo. However, our view is that the impact
of GMA on the CD4(+)CD25(+) Treg[61] reviewed above
is potentially very interesting in patients with dysregulated
immune behaviour in whom, the immune system is in a
state of exuberant activity. In Figure 13, the immunological actions of GMA in patients with IBD are summarized
based on published findings. In addition to adsorption of
elevated and activated myeloid lineage leucocytes to the
GMA carriers, the column outflow blood is a potential
source of anti-inflammatory substances.

tor for refractoriness and adverse drug effects. Indeed,
adverse drug side effects become additional morbidity factors in many patients on long-term medications.
Although, the fundamental cause(s) of IBD is not well
known, but the exacerbating factors like TNF- α and
other inflammatory cytokines are known and have been
targeted. Bearing in mind that inflammatory cytokines are
generated by the patients’ own cellular elements including myeloid lineage leucocytes, it seems logical to apply
GMA and deplete the elevated and activated myeloid
lineage leucocytes. When the elevated cytokine producing leucocytes are depleted, the patients’ immune system
should be able to adjust itself to a more normal function
or at least drug efficacy could be better. As GMA removes from the body instead of adding, it has not been
associated with dependency, refractoriness, and safety
concern. However, lets’ not forget that efficacy outcomes
with GMA in patients with IBD have been impressive
as well as disappointing. A review of the clinical experience indicates that GMA responders and non-responders
define patients’ past disease course, severity and response
to medications. This is to say that IBD patients present with diverse clinical and endoscopic disease severity
levels, long or short duration of IBD, and a history of
exposure to medication (or otherwise). Hence, their clinical response to medical interventions or to GMA can be
complete remission, partial response or no response at
all. Regarding GMA, it has been found that first episode
cases together with steroid naïve and patients with a short
duration of active IBD, but without extensive loss of
the mucosal tissue respond well and are spared from additional pharmacologic interventions. Additionally, GMA
responder patients have good long-term disease course.
Therefore, if this strategy is adhered to at an early stage
during the development of IBD, there should be fewer
drug-refractory or cases with badly damaged mucosal tissue that are medication or GMA non-responders. GMA
is not a rescue therapy in patients in whom drug therapy
has failed, while disease severity is worsening, but rather

PUTTING EVERYTHING TOGETHER
IBD is a debilitating chronic, life-long health disorder, affecting millions of individuals with symptoms, which impair function and quality of life. The aetiology of IBD is
not precisely understood at present, and therefore, hitherto drug therapy has been empirical rather than based
on a sound understanding of disease mechanism(s). This
empirical approach to medication might be a major fac-
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Patients with active IBD
Elevated and activated, cytokineproducing my eloid lineage leucocytes
High inflammatory cytokine profile
(TNF-a, IL-1b, IL-23, others)
Impaired response to conventional
pharmacologicals

Blood returning to patients
Potentially containing anti-inflammatory effectors,
IL-1ra, HGF, sTNF RⅠ, RⅡ, other soluble substances
Low in activated leucocytes, low inflammatory
cytokine profile
Favourable immune condition for IBD remission
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Pre-column neutrophil
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Selective adsorption of my eloid lineage
leucocytes to the column carriers, release
of IL-1ra, HGF, sTNF RⅠ, RⅡ, others,
platelet loss
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Figure 13 An idealistic view of the events attributed to therapeutic granulocyte and monocyte apheresis with the Adacolumn in patients with inflammatory
bowel disease. Scanning photomicrographs of leucocytes adsorbed onto a granulocyte and monocyte apheresis (GMA) carrier and the basic events, which follow
on the surface of the carriers during GMA in clinical setting (see Figure 4 as well). Normal, non-activated and non-adherent neutrophils and monocytes/macrophages
express extensive surface microvilli. The villi bear various receptors like tumour necrosis factor (TNF) receptors, and L selectin, which are shed upon adsorption of
the cells to the carriers. Further as seen, adsorbed leucocytes undergo extensive release reaction. Up to now, interleukin-1 receptor antagonist (IL-1ra), hepatocyte
growth factor (HGF), IL-10 and soluble TNF receptors have been measured. During GMA, the blood, which returns to patients via the column outflow line may be
likened to a biologic cocktail containing a large number of soluble substances released by the adherent leucocytes. The adsorptive nature of GMA is thought to be the
most intriguing feature of this non-pharmacological treatment intervention. M: Monocyte; N: Neutrophil; P: Platelet; IBD: Inflammatory bowel disease.

to minimize the number of patients who need such intervention. Centuries ago, bloodletting was a major medical
practice to cure disease because of lack of today’s medicines, while today, GMA therapy reflects advance in our
knowledge of immune behaviour in IBD and a desire to
treat without drugs.
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Inflammatory pathways in the early steps of colorectal
cancer development
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are among the cells mostly involved in these processes
and proteins, as cyclooxygenases and resolvins, are
crucial in these inflammatory pathways. Indeed, the
activation of these pathways establishes an oxidative
and anaerobic microenvironment with DNA damage
to epithelial cells, and shifting from an aerobic to an
anaerobic metabolism. Many cellular mechanisms, such
as proliferation, apoptosis, and autophagy are altered
causing failure to control normal mucosa repair and
renewal.
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Core tip: This paper examines the most important inflammatory pathways involved in the very early steps
of colorectal carcinogenesis. In particular, it emphasizes
the role played by cells of the immune system and key
proteins, like cyclooxygenases, resistins, hypoxia-inducible factor 1, nuclear factor E2-related factor 2, and
sirtuins, in fostering changes in mechanisms, like cell
proliferation, DNA damage, apoptosis and autophagy,
anaerobial metabolism and tissue remodeling, considered central for colorectal cancer development.

Abstract
Colorectal cancer is a major cause of cancer-related
death in many countries. Colorectal carcinogenesis is
a stepwise process which, from normal mucosa leads
to malignancy. Many factors have been shown to influence this process, however, at present, several points
remain obscure. In recent years some hypotheses have
been considered on the mechanisms involved in cancer
development, expecially in its early stages. Tissue injury resulting from infectious, mechanical, or chemical
agents may elicit a chronic immune response resulting in cellular proliferation and regeneration. Chronic
inflammation of the large bowel (as in inflammatory
bowel diseases), has been associated with the subsequent development of colorectal cancer. In this review
we examine the inflammatory pathways involved in the
early steps of carcinogenesis, with particular emphasis
on colorectal. Firstly, we describe cells and proteins recently suggested as central in the mechanism leading
to tumor development. Macrophages and neutrophils
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INTRODUCTION
Colorectal cancer is still a major health concern. In recent
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years new hypotheses have been considered on the mechanisms involved in the early stages of colorectal carcinogenesis. Among them, it has been postulated that inflammation, and in general colorectal mucosa injury caused by
several environmental agents, can play an important role.
Indeed, tissue injury resulting from infectious, mechanical, or chemical agents may elicit a chronic immune response resulting in cellular proliferation and regeneration.
If the immune response fails to resolve injury, a microenvironment rich in cytokines, growth factors, and products
of cellular respiration substaines a prolonged proliferation in attempt to repair, resulting in the accumulation of
genetic errors and continued inappropriate proliferation.
Evidence supports a role for inflammatory responses in
the development of colorectal cancer. Chronic inflammation of the large bowel [as in inflammatory bowel
diseases (IBD)], has been associated with the subsequent
development of colorectal cancer.
Here we examine the inflammatory pathways involved in the early steps of carcinogenesis, with particular emphasis on colorectal. Firstly, we describe cells and
proteins recently suggested as central in the mechanism
leading to tumor development. A second chapter is targeted to the description of the tumor microenvironment
and its oxidative and anaerobic metabolism. Finally, the
role of inflammation in colorectal tissue remodelling is
discussed.

and 1 and TNF-α in stromal, epithelial and endothelial
cells, and also in a subset of monocytes. Together, these
proinflammatory cytokines rapidly recruit neutrophils
to the site of infection. Neutrophils normally traffic to
peripheral tissues, where they are phagocytosed by Mfs
after transmigration and apoptosis. Apoptotic cell phagocytosis might downregulate IL-23 secretion and then
curb IL-17 and granulocyte colony stimulating factor (GCSF) production and eventually granulopoiesis. If this
processes were interrupted, tissue Mfs would continue
to express IL-23. This could drive IL-17 expression and
increase neutrophils retrieval in peripheral tissues[7-9].
The production of arginase has been associated with
M2 type macrophages. The switch from (nitric oxide) NO
production to induction of arginase in these “alternatively activated” cells up-regulates polyamine and proline
biosynthesis, that can stimulate cell replication, collagen
deposition, and tissue repair[10,11]. Some in vivo evidences
indicate that an exacerbated local M1 macrophage-like
inflammation favors oxidative microenvironment, while
M2 macrophage-like inflammation substains progressive
tumor growth[12-14] (Figure 1).
Immune cells are known to express specific recognition molecules for cell surface glycans, such as galectins,
sialic acid binding Ig-like lectins (siglecs), and selectins.
Some carbohydrate determinants are preferentially expressed in nonmalignant epithelial cells, whereas other
determinants are expressed in association with cancers.
The carbohydrate determinants associated with cancers,
such as sialyl Lewis-A or sialyl Lewis-X, are clinically
used as tumor markers. Most siglecs are known to inhibit
excess activation of immune cells. It is noteworthy that
only the glycans that are expressed in normal epithelial
cells serve as ligands for siglec-7 and -9, whereas cancerassociated glycans do not. Their expression is lost at the
early stage of colon carcinogenesis as a result of epigenetic silencing of glycol-genes involved in their synthesis.
The majority of immune cells expressing siglec-7 and -9
in normal colonic mucosa are macrophages/monocytes.
The ligation of siglec-7 and -9 suppresses lipopolysaccharide (LPS) induced cyclooxygenases (COX)-2 and PGE2
production. These results suggest that normal glycans of
colonic epithelial cells exert a suppressive effect on tissue
macrophage COX2 expression in colonic mucosa, thus
maintaining immunological homeostasis in normal mucosal membranes. These results also imply that the cancerassociated impaired glycosylation of siglec-7 and -9
ligands serves to enhance COX2 production by mucosal
macrophages[15-18].

INFLAMMATORY CELLS AND PROTEINS
Macrophages
Macrophages (Mfs) represent 10%-20% of all mononuclear cells found in the intestinal lamina propria making
the intestine the largest reservoir of Mfs in humans.
Type Ⅰ macrophages (M1) (classical activated) as
cells able to produce large amounts of proinflammatory
cytokines, are implicated in the mechanism of killing
pathogens and tumor cells by secreting agents such as
tumor necrosis factor α (TNF-α), interleukin (IL)-12, reactive nitrogen (iNOS), and oxygen intermediates (ROS).
In contrast, Type Ⅱ macrophages (M2) (alternative activated), generated by various signals which include IL-4,
IL-13, IL-10, and glucocorticoid hormones, moderate the
inflammatory response, eliminate cell wastes, promote
angiogenesis and tissue remodeling, and release cytokines,
including IL-10[1-4].
Macrophages in tumors, usually termed tumorassociated macrophages (TAMs), play important roles in
determining the clinical outcome, and often express the
M2 phenotype. M1 macrophages are often abundant in
chronic inflammatory sites, and where tumors are initiated and start to develop. Moreover, it is possible that
the macrophages switch to an M2-like phenotype as the
tumor begins to invade, vascularize, and develop [5,6].
IL-23 is produced by macrophages within a few
hours after the activation. This, in turn, triggers rapid
IL-17 responses from tissue-resident macrophages. IL-17
promotes the production of IL-1, IL-6, IL-8, CXC lig-
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Neutrophils
Neutrophils (polymorphonuclear cells, PMN) have a
well-established role in the first line of defence against
microbial pathogens but, because of their short life and
fully differentiated phenotype, their role in cancer-related
inflammation has long been considered negligible.
Upon encountering inflammatory signals, neutrophils
change their responsiveness to allow directed migration
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Figure 1 Inflammatory cells and proteins in the early phases of colorectal carcinogenesis. A: Inflammation and necrosis lead to monocytes recruitment and
macrophages M1 polarization, with establishment of an inflammatory microenvironment and cytokines release [tumor necrosis factor α (TNFα), interleukin (IL)-12,
IL-23]. Stromal, epithelial, and endothelial cells express lipooxygenases (5-LOX, 12-LOX), and cyclooxygenases 2 (COX2) proteins, with formation of inflammatory
mediators leukotrienes and prostaglandins (i.e., LTB4, PGE2) that drive neutrophils recruitment. Neutrophils, at the site of injury, amplify inflammation through myeloperoxydase (MPO), reactive oxygen species (ROS) and matrix metalloproteinases (MMP); B: If the inflammatory stimulus is switched-off the stromal and epithelial
cells expressing 15-LOX drive the formation of pro-resolving mediators lipoxins (LXA4 and LXB4). These lipids block the neutrophils migration and stimulate the
phagocytosis of apoptotic neutrophils by macrophages M1. The clearance of neutrophils sustain the switch to M2-phenotype, with secretion of anti-inflammatory cytokines such as IL-10 and transforming growth factor beta (TGFβ); C: If the stimulus is not resolved, the stromal and epithelial cells amplify the inflammatory signals
(through IL-1, IL-8, 5-LOX and 12-LOX). In this way neutrophils apoptosis is inhibited, with continuous tissue and DNA damage by MPO, ROS and MMPs. The macrophages M1 support the inflammatory environment and the phagocyte afflux (IL-23 and IL-17), while M2 macrophages cause tissue remodeling.

and enhancement of microbicidal capacity. Neutrophil
life-span is influenced during inflammation to enhance
their anti-microbial action. Activated PMN are able to
produce and release pro-inflammatory mediators, such as
IL-1, IL-8, and macrophage inflammatory protein (MIP)1s. PMN synthesize and store within cytoplasmic granules large quantities of serine proteinases (e.g., neutrophil
elastase), enzymes, including myeloperoxidase (MPO) and
lysozyme, and ROS. The most abundant granule enzyme
is MPO, which forms cytotoxic hypochlorous acid (HOCl)
from the reaction of chloride anion with hydrogen peroxide produced after the respiratory burst[19,20].
In addition, cytokines IL-23 and IL-17 activate the
inflammatory program of PMN by inducing the synthesis and the release of MPO and metalloproteinases
{neutrophil collagenase [matrix metalloproteinases
(MMP)-8], gelatinase B (MMP-9)} contributing, like ser-
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ine proteinases, to tissue destruction through their proteolytic activity.
Once their physiological function has been performed
in the tissues, neutrophils change their phenotype from a
pro-inflammatory state, where they produce and release
pro-inflammatory mediators such as LTB4 and PAF, to
a more anti-inflammatory pro-resolution state whereby
they release products (e.g., lipoxins) that can influence the
resolution phase of inflammation[8,9,21,22].
The resolution of inflammation therefore relies on
the effective “switching off ’ of the neutrophil, the promotion of apoptosis and the successful recognition and
uptake of cells by phagocytes such as macrophages. The
apoptotic neutrophils stimulate macrophages into a proresolution phenotype, reducing the inappropriate inflammatory response further. In the intestine, the process of
PMN apoptosis can be delayed or accelerated by a num-
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ber of factors. Several host-derived cytokines, including
IL-1, IL-8, and granulocyte-macrophage colony stimulating factor (GM-CSF), inhibit PMN apoptosis. There is
now evidence that suggests MPO can act as a paracrine
signalling molecule, promoting neutrophil survival. By
contrast, the cytokines IL-10 and TNF-α and the products of respiratory burst, can induce apoptosis[23-26].
Under a persistent inflammation, this regulatory
mechanism can be compromised. Indeed, it has been
demonstrated that a low level of persistent inflammation
in normal colorectal mucosa does exist in patients with
colorectal cancer or adenomas[27]. Neutrophils continually
accumulate within the intestinal mucosa and apoptotic
neutrophils that are not eliminated by macrophages undergo secondary necrosis and release the contents of intracellular granules, which can induce pathological tissue
damage[28,29] (Figure 1).

12-LOX metabolites promote cancer cell proliferation, metastasis, and angiogenesis, whereas 15-LOX
metabolites seem to be protective against inflammation
and carcinogenesis. 15-LOX is important for the resolution of inflammation and for the terminal differentiation
of normal cells. 15-LOX enzymes are usually preferentially expressed in normal tissues and benign lesions, but
not in carcinoma of the colon. In contrast, 5-LOX and
12-LOX are generally absent in normal epithelia, but
they can be induced by pro-inflammatory stimuli, and
are often constitutively expressed in various epithelial
cancers including colonic ones. A strong correlation between 5-LOX expression and increased polyp size, higher tumor grade and histological epithelial localisation has
been reported, and a 5-LOX overexpression has been
seen in adenomatous colonic polyps and cancer compared to normal mucosa. This data support a role for
5-LOX in the early stages of colon cancer[38-41]. Signaling
pathways leading to PGE2 and PGD2 in turn actively
induce the formation of lipoxin (LX) A4 and lipoxin B4,
which stop further recruitment of neutrophils and stimulate non-phlogistic monocyte infiltration. Both PGE2
and/or PGD2 switch eicosanoid biosynthesis from predominantly “proinflammatory” LTB4 to “antiinflammatory” LXA4 production. Specific lipoxins and the related
members of the resolvin and protectin families provide
potent signals that selectively stop neutrophil and eosinophil infiltration; stimulate non-phlogistic recruitment
of monocytes (that is, without elaborating pro-inflammatory mediators); promote the uptake and clearance
of apoptotic cells and microorganisms by macrophages;
increase the exit of phagocytes from the inflamed site
through the lymphatics; and stimulate the expression
of molecules involved in antimicrobial defence. LXA4
treatment exerts anti-inflammatory responses in immune
cells, reducing bowel inflammation via NF-κB and decreasing the damage caused to the intestinal epithelium,
and some studies have shown that LXA4 analogs attenuated chemically induced colitis in rodents. Resolvin
E1 (RvE1) reduces PMN transendothelial migration,
superoxide generation and release, and attenuate colonic
mucosal inflammation in vivo, probably by inhibiting
phosphorylation of NF-κB and decreasing the levels
of pro-inflammatory mediators. The resolvins have also
recently been found to influence neutrophil apoptosis
by suppressing MPO-induced survival mechanisms with
improved resolution of inflammation[42-44].
Therefore, it has been hypothesized that the balance
struck by linoleic and arachidonic acid metabolisms in
the LOX pathway activity shifts from the antitumorigenic
15-LOX-1 and 15-LOX-2 pathways to the protumorigenic 5-LOX and 12-LOX pathways during tumorigenesis[45]
(Figure 1).
Recently a role for the acyl-CoA synthetase 4 (ACSL4)
in this shift has been reported. ACSL4 is an enzyme that
esterifies arachidonic acid (AA) into arachidonoyl-CoA.
It is poorly expressed in the gastrointestinal tract, but its
expression is increased in colon cancer. It has been re-

COX and resolvins
Lipid mediators such as eicosanoids, which are derived
from the arachidonic acid, are among the earliest signals
released in response to injury or an inflammatory stimulus. Two families of enzymes, namely, the cyclooxygenases (COX-1 and COX-2) and the lipoxygenases [5-lipoxygenase (5-LOX), 12-LOX, and 15-LOX], metabolize
arachidonic acid to form lipid autacoids[30].
The 5-LOX pathway is closely related to chronic
inflammation and carcinogenesis. Evidence suggests
a potential role of 5-LOX products in early stages of
colorectal carcinogenesis. 5-LOX is highly expressed
in neutrophils and monocytes and is upregulated upon
stimulation with IL-4 and IL-13. During cell activation,
arachidonic acid released from membrane phospholipids is converted by 5-LOX in leukotriene B4 (LTB4) or
LTC4. Two types of receptors, LTB4 receptor 1 (BLT1)
and receptor 2 (BLT2) are known, and BLT1 is mainly
involved in inflammatory responses. Overproduction of
LTB4 in human colon cancer tissue and LTB4-mediated
proliferation of colon cancer cells were reported. It has
also been demonstrated a strong expression of BLT1 in
the carcinomatous regions of human colon tissues, but
not in the normal regions. Leukotriene B4 has been implicated in the pathogenesis of IBD[31-33].
The COX pathway contributes to neutrophil accumulation, and PGE2, a prominent product of the COX-2
pathway, plays a central role in checking leukocyte function by activating a specific PGE2 receptor. During
the tissue progression of inflammatory events, PGE2
inhibits the production of proinflammatory cytokines,
acts upreguling M2-type responses in Mfs but may also
perpetuate chronic inflammatory responses by causing
more prooxidant conditions, leading to DNA damage or
reduced DNA repair. Thus, chronic inflammation leads
to a chronic infiltration of neutrophils and macrophages
with consequent damage to tissue. The increase in PGE2
production mediated by overexpression of COX-2, promotes colorectal tumorigenesis and activates the Wnt
signaling pathway in colorectal cancer[34-37].

WJG|www.wjgnet.com

9719

August 7, 2014|Volume 20|Issue 29|

Mariani F et al . Inflammation in colorectal carcinogenesis

nitric oxide (NO). Moreover, depending on the concentration, genetic background, and NO enzyme involved,
NO may induce protective effects. Clinical data show
that iNOS levels are elevated in actively inflamed mucosa
from inflammatory bowel diseases; however, there is controversy about its role in intestinal carcinogenesis[56,57].
Also carcinoma associated fibroblasts (CAFs), originated either by resident fibroblasts or by recruitment
of circulating mesenchymal stem cells, are profoundly
affected by oxidative stress. CAFs activation leads to
lactate production and to lactate upload by neighbouring
cancer cells, thus supporting their respiration and anabolic functions[58,59].
Thus, a persistent oxidative stress may, first, induce
DNA damage such as modified base products and strand
breaks that may lead to further mutation and chromosomal aberration of cancer (genomic instability) and, secondly, constantly activate transcription factors and induce
expression of proto-oncogenes, such as NF-κB, c-fos,
c-jun, and c-myc. In addition, ROS are involved in tumor
angiogenesis, through the release of vascular endothelial growth factor, angiopoietin, and apoptosis evasion.
The accumulation of tissue damage and the subsequent
angiogenesis, remodeling, and connective tissue replacement, with a loss of cell cycle control, may contribute to
tumor initiation.

ported that ACSL4 leads to increased COX-2 and LOX-5
levels and controls both lipooxygenase and cyclooxygenase metabolism of AA, resulting in inhibition of apoptosis and increase in cell proliferation. Thus, a new association therapy has been proposed, according to which
a concomitant ACSL4, LOX and COX-2 inhibition may
reduce side effects and improve cancer treatment[46,47].

OXIDATIVE MICROENVIRONMENT
DNA damage
The chronic inflammatory response represents a fine
balance between active inflammation, repair, and destruction occurring in response to a persistent stimulus over
a prolonged period of time. The activation of immune
cells in response to a stimulus results in the elaboration
of cytokines, chemokines, ROS, and reactive nitrogen
species (RNS). Consequently, oxidative stress comes
from the imbalance between endogenous generation of
ROS and anti-oxidant defence systems that involve scavenging of low reactive ROS such as superoxide radical
(HO2·) and hydrogen peroxide (H2O2), the precursors of
highly damaging hydroxyl radical (OH·). The release of
large amounts of ROS and RNS leads to oxidation of
nucleic acids, proteins and lipids, and induction of several promutagenic DNA lesions. Indeed, DNA damage
accumulation is associated with decrease of antioxidant
defences[48-51].
It is estimated that ROS derived from chronic inflammatory cells may be a primary factor in the development
of up to one-third of all cancers. Neutrophils and macrophages are a major source of oxidants that causes genetic
alterations and may promote cancer development. Moreover, it has been reported a key role of MPO-mediated
metabolic activation of inhaled chemical carcinogens in
early stages of pulmonary carcinogenesis. Furthermore,
it has been established that the type of DNA base modifications, as detected in target cells exposed to reagent
H2O2, is highly comparable with the damage induced by
activated neutrophils. In addition, HOCl also has been
demonstrated to be an inhibitor of DNA strand break
repair. Consequently the defects in DNA repair proteins
genes may carry early to a mutated neoplastic clone, presumably as a result of markedly increased epithelial cell
proliferation associated with inflammation, also in nonneoplastic colonic tissue. Unlike normal colonic mucosa,
inflamed colonic mucosa shows abnormalities in these
molecular pathways even before any histological evidence
of dysplasia or cancer, and it has been reported by several
works that the number of gene mutations in individually
growing tumors was associated with the number of infiltrating neutrophils[52-54].
In addition, in colitis-associated colon carcinogenesis,
ROS/RNS may contribute to the p53 mutations and can
functionally impair the protein components of the DNA
mismatch repair system[55]. iNOS expression is induced
during inflammation and catalyzes the production of
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Anaerobial metabolism
The inflammation sites are associated with changes in the
tissue metabolism. More than 80 years ago, Otto Warburg suggested that cancer could be caused by a decrease
in the energy metabolism of mitochondria in parallel
with an increased glycolytic flux. In the following years it
has been shown that cancer cells exhibit multiple alterations in structure, function and activity of mitochondria
and glycolytic enzymes. The imbalance in glucose uptake
and lactic acid production in the colonic neoplastic cells
when compared with non-neoplastic cells has been well
documented, and insulin signalling has been linked to an
increased colon cancer risk. According to some studies,
insulin pro-tumorigenic action may be due to an overproduction of ROS with subsequent DNA damage[60]. In this
view, the mitochondria contribute to ROS generation,
thus leading to DNA alteration. Both nuclear and mitochondrial DNA damage has been related to cancer development. Mitochondrial transcription factor A (TFAM)
is a protein involved in transcription, replication and
repair of mtDNA. It is essential also for mitochondrial
biogenesis and function. Recent studies reported that its
expression is related to clinical and pathological gradient
of colorectal cancer, and that its loss can induce mtDNA
instability with enhanced carcinogenic potential[61,62].
Hypoxia inducible factor 1
Inflammation can cause a significant hypoxia, resulting in
the induction of hypoxia-response genes. Hypoxia leads
to a coordinated transcriptional response mainly through
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Figure 2 Oxidative microenvironment in the inflammatory milieu of colorectal mucosa. Inflammation leads to an oxidative microenvironment with consequent
modification of cell metabolism. The major players of these changes is hypoxia inducible factor 1 (HIF1), nuclear factor erythroid 2-related factor 2 (Nrf2), and sirtuins
(SIRT). HIF1 activation supports the metabolic switch to anaerobial metabolism [fructose-1,6 bisphosphate aldolase (ALD); phosphoglycerate kinase (PGK); enolase
1 (ENO1); lactate dehydrogenase (LDH)]. Nrf2 is involved in the antioxidant defences of epithelial cells [NAD(P)H dehydrogenase (NQO1); glutathione S-transferase
(GST); heme oxygenase-1 (HO-1)], while sirtuins affect apoptosis and anti-inflammatory genes.

the activation of the transcription factor hypoxia inducible factor 1 (HIF1), which is composed by two subunits:
HIF-1α that is oxygen-sensitive and HIF-1β [known also
as aryl hydrocarbon receptor nuclear translocator] that is
constitutively expressed.
HIF undergoes a negative regulation in normoxia.
The stabilization of HIF-1α protein, however, is not
limited to hypoxic conditions, and the so-called “hypoxic
response” can also start with a suitable support of oxygen. This oxygen-independent hypoxic response can
result from a wide variety of genetic abnormalities and
dysfunctions in signaling pathways, such as tumor suppressor genes deletion (VHL, p53, PTEN), or by the activation of oncogenic pathways related to PI3K/Akt, Src,
or activation of growth factors (such as EGF or IGF).
Further, ROS, NO, and the heat shock promote HIF-1α
expression in normoxic conditions. Pyruvate and oxaloacetate, the major products of the tricarboxylic acid cycle,
contribute to the stabilization of HIF. Promoter analysis
revealed that HIF-1α directly regulates more than 60
target genes, and genes induced by HIF-1α in hypoxic
conditions are similar to those induced in normoxic conditions[63-67].
HIF-1 mediates adaptation to hypoxia through the
activation of genes that increase the glycolysis, as the
glucose transporter Glut1. This mechanism increases
glucose entry into the cell and accelerates glycolysis. En-
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zymes such as aldolase, phosphoglycerate kinase [whose
levels are increased already at the stage of aberrant crypt
foci (ACF), early lesions in colorectal cancer development], Enolase, Lactate Dehydrogenase, and the carrier
of lactate MCT4 contain consensus sequences for HIF.
The increased induction of HIF target enzymes increases
the environment acidity[68-71] (Figure 2).
It has been shown that the generation of mitochondrial reactive oxygen species during hypoxia promotes
HIF stabilization. In turn, HIF-1α is also implicated in
the control of mitochondrial activity. HIF-1α controls
the expression of cytochrome c oxidase subunit Ⅳ (COX
Ⅳ, isoform2) through HRE elements present on the
gene. A continuous ROS production contributes to create
mutations in the mitochondrial DNA. The presence of
these mutations has been indicated as a factor promoting
colorectal carcinogenesis[72-74].
A hypoxic microenvironment is established very early
during the development of the tumor when the tumor
has a volume of about 2-3 mm in diameter (possibly at
the stage of aberrant crypt foci, ACF)[75]. HIF directly
activates the genes coding for transferrin, vascular endothelial growth factor (VEGF), endothelin1 and nitric
oxide synthase, which are involved in vasodilation and
neovascularization. So, the tumor responds by increasing
the glycolytic metabolism and angiogenic potential; thus,
HIF is an important player in all the phases of neoplastic
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growth by regulating survival, inhibition of apoptosis,
neoangiogenesis and tumor metastasis[76,77].

been demonstrated to play important roles in many
physiological and pathophysiological conditions, including metabolism, cell survival, cancer, aging and caloric
restriction-mediated longevity[86,87].
Sirtuins are a group of highly phylogenetically conserved proteins that catalyze the deacetylation of target
proteins. The deacetylation reaction spends NAD+, a
key molecule in energy metabolism, thus linking protein
regulatory control to metabolic conditions[88].
Mitochondrial SIRT3 is involved in tumor metabolism. SIRT3 induces fatty acid oxidation and regulates
ROS homeostasis by targeting the mitochondrial enzymes
Mn-SOD and SOD2. SIRT3 seems to maintain genomic
stability by controlling ROS levels, that have been associated with mutagenesis promotion and genomic instability.
ROS can modulate both cell survival and apoptotic pathways; thus SIRT3 may also promote tumorigenesis and
prevent apoptosis, maintaining ROS at the appropriate
level for a proliferative and aggressive phenotype. In contrast, some reports support a role for SIRT3 in inducing
growth arrest and apoptosis in colorectal carcinoma[89,90].
SIRT1 regulates both apoptosis and autophagy by
deacetylating p53 and other proteins involved in these
pathways[91]. As a consequence, SIRT1 might be considered a facilitator for cancer development. Nevertheless,
although pro-oncogenic effects of SIRT1 have been reported in some studies, there are also reports showing a
tumor-suppressor role for this protein as well. Although
information about the role of sirtuins in IBD is limited,
there are several reports that show an antiinflammatory effect for these molecules. In fact, the best-known
SIRT1 activator is resveratrol, that reverses colitis-associated decrease in SIRT1 gene expression, provokes the
down-regulation of NF-κB and the increase of COX-2
expression, and other changes, in a dextran sulfate
sodium-induced colitis, and resveratrol suppresses colon
cancer associated with colitis[92,93]. In addition, SIRT1
is a negative regulator of NF-kB activity. With respect
to colorectal cancer, several studies support the notion
that SIRT1 could be involved in carcinogenesis, and
SIRT1 has been found to be upregulated in various human cancers, including colon cancer[94,95]. SIRT1 expression is associated with microsatellite instability and CpG
island methylator phenotype in human colorectal cancer. Conversely, there are also studies that indicate that
SIRT1 can act as tumor suppressor. SIRT1 suppresses
intestinal tumorigenesis and colon cancer growth in a
[96,97]
.
β -catenin-driven mouse model of colon cancer
SIRT1 has been shown to regulate Wnt signalling, to
promote constitutive Wnt signalling and Wnt-induced
cell migration, showing more a protumor action than an
antitumor effect. In another study, SIRT1 has properties of a growth suppressor. Knockdown of SIRT1 increases the rate of tumor growth, whereas overexpression of SIRT1 reduces tumor formation in nude mice.
Furthermore, pharmacological inhibition of SIRT1
increases the rate of cell proliferation in culture. These
results together suggest that SIRT1 has properties of a

Nuclear factor E2-related factor 2
Nrf2, or nuclear factor erythroid 2-related factor 2, is a
positive regulator of the human antioxidant response
element (ARE) that drives the expression of antioxidant
enzymes such as NAD(P)H: quinone oxidoreductase 1
(NQO1), those involved in glutathione synthesis, and
genes involved in limiting the inflammatory process[78,79].
Nrf2 signaling in physiological conditions acts as a
switch that is turned on by the presence of stressors in
the cellular microenvironment and that is rapidly deactivated when the insult is withdrawn and homeostasis is restored. However, under pathological conditions, the tight
regulation of Nrf2 by rapid protein turnover is highly
susceptible to being altered. This could result in the loss
of responsiveness to cell stressors and subsequent vulnerability of the cell to various insults or in the acquisition of a constitutively active phenotype[80,81].
Constitutive signalling toward the expression of cytoprotective enzymes would confer cells a survival advantage
under adverse conditions. Therefore, constitutive activation or augmented signalling of the Nrf2 pathway might
be decisive for cell fate during tumorigenesis and affect the
response to chemotherapy. Under these conditions, Nrf2
can be defined as a proto-oncogene[82] (Figure 2).
The involvement of Nrf2 in cancer pathogenesis is
a controversial topic, provided a number of reports that
still assign Nrf2 a role in cancer chemoprevention from
genotoxic agents or inflammation[83].
Nrf2 knockout leads to an enhanced oxidative and
inflammatory environment which would contribute to an
increased level of free radicals, PGE2, LKTB4 and NO
accumulation in the cells, leading to hyperproliferation of
colonic crypts. However, some reports have shown that
drugs that activate Nrf2 can promote cell growth, and an
increasing number of works points to a potential role for
Nrf2 and its transcriptional target genes in tumorigenesis.
In conclusion Nrf2 can function as a proto-oncogene in
plenty of solid tumors and leukemias. Nrf2 can be activated by numerous compounds and is also frequently
deregulated in a wide variety of cancers by mutations,
aberrant epigenetic or posttranslational regulation, or hyperactivation of oncogenic signalling pathways involving
other transcription factors such as NF-κB, various protein
kinases, structural proteins such as E-cadherin, or other
regulators such as p62. Overexpressed or hyperactivated
Nrf2 can participate in tumorigenesis by helping cells escape from diverse forms of stress through the induction
of anti-oxidant target genes or by directly promoting cell
survival, proliferation, and even metastasis[84,85].

SIRTUINS, INFLAMMATORY BOWEL
DISEASE, AND COLORECTAL CANCER
Mammals express seven sirtuins (SIRT1-7) that have
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Figure 3 Inflammation and remodelling of colorectal mucosa. Macrophages and neutrophils cause tissue damage and DNA damage by reactive oxygen species
(ROS) formation. Inflammatory cytokines stimulate crypt stem cells proliferation driven by Wingless and Hedgehog. Defects in apoptosis and autophagy systems cause
accumulation and proliferation of transformed cells. Indeed, inflammatory cells cause extracellular matrix (ECM) modifications, substaining disassembly of normal tissue
architecture, angiogenesis and tumor invasion. CAF: Carcinoma associated fibroblasts; TAMs: Tumor-associated macrophages; MMP: Matrix metalloproteinases.

context-dependent tumor suppressor[98,99]. These results
show that sirtuins have pleiotropic effects on cancer development (Figure 2).

also by producing and releasing IL-22. IL-22 has a beneficial action on intestinal epithelial barrier by promoting cell proliferation, migration, and mucus production.
This action is mediated probably by the IL-22 receptor
(IL-22R), that is expressed by the epithelial cells of the
gastrointestinal tract. There is also a soluble receptor for
IL-22, IL-22BP, that acts by preventing the binding to the
membrane-bound IL-22R and thus terminating the IL22-induced regenerative program. So, as decreased levels
of IL-22 are detrimental to the regeneration of epithelial
monolayer, a defective control by IL-22BP can speed
colon cancer development by sustaining a prolonged epithelial proliferation[102,103].

INFLAMMATION AND REMODELLING
Generally, the repair of the damaged epithelium can rapidly be completed following the decrease of intestinal inflammation. Very few tissues in adult mammals have the
ability for true regeneration; among them are the bone
marrow, liver, intestinal epithelium, and epidermis of the
skin.
There is accumulating evidence that loss of control
over normal tissue repair or renewal mechanisms may
lead to malignant transformation. Cancer has been described as a “wound that does not heal” or “the wound
is a tumor that heals itself ”. But is there a link between
tissue repair and cancer? The association between cancer
and persistent inflammatory or regenerative states strongly suggests this connection[100,101] (Figure 3).
Further, PMNs recruited to the inflammation site act
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STROMAL INVOLVEMENT
Macrophages remove apoptotic neutrophils, the phagocytosis of which may lead to a change toward a more reparative (M2) macrophage phenotype and the resolution
of the inflammatory phase of wound healing[104-106].
There is evidence for extracellular matrix (ECM)
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proteins and activated ECs increasing the lifespan of
neutrophils. The protection against neutrophil apoptosis
is a result of adhesion to matrix proteins fibronectin and
laminin, and activated EC-coated substrates, leading to an
appropriate function[107,108].
The proliferative phase of wound healing involves
new ECM deposition, including the deposition of dense
fibrous connective tissue, within the site of injury. The
architecture of the collagen scaffolds in tumors is severely
altered. Tumor-associated collagens are often linearized
and crosslinked, reflecting elevated deposition and significant posttranslational modification[109,110].
The ECM provides a physical scaffold for cell adhesion and migration, it influences tissue tension, and it
signals to cells through ECM receptors. Proteolysis of
the ECM regulates cellular migration by modifying the
structure of the ECM scaffold and by releasing ECM
fragments with biological functions. ECM proteolysis is
therefore tightly controlled in normal tissues but typically
deregulated in tumors[111-113].
Following the deposition of significant amounts of
ECM (predominantly collagens type Ⅰ and Ⅲ) during
the proliferative phase, the remodeling phase of wound
healing begins. This phase is characterized by MMP and
tissue inhibitor of metalloproteinase (TIMP)-mediated
degradation and remodeling of the newly deposited collagen. An altered expression of some MMPs has also
been reported in colorectal carcinogenesis[114,115].
TIMPs, which are secreted proteins, bind and inhibit
enzymatically active MMPs at a 1:1 molar stechiometric proportion, thus inhibiting the proteolytic activity
of MMPs. The impact of TIMPs is essential for the
homeostasis of the ECM. The sensitive balance between
MMPs and TIMPs is essential for many physiological
processes in the gut[116].
Moreover, it has been demonstrated that serum antigen concentrations of MMP-9, TIMP-1 and TIMP-2,
were significantly increased in patients with ulcerative
colitis and crohn disease compared to controls. These
results suggest that MMPs and TIMPs may contribute to
the inflammatory and remodeling processes in IBD[117].
M2-like TAMs release a number of potent proangiogenic cytokines, such as VEGF-A, VEGF-C, TNF-α,
IL-8, and bFGF. Additionally, these TAMs also express
a broad array of proteases known to play roles in the
angiogenic process. These proteases include urokinasetype plasminogen activator (uPA), the matrix metalloproteinases MMP-2, MMP-7, MMP-9, and MMP-12,
and elastase uPA and MMP support angiogenesis by
remodeling and breaking down the ECM. Degradation
of ECM leads to the mobilization of growth factors and
facilitates the migration of vascular cells into new environments[118,119].
Among the proteolytic enzymes expressed by TAMs
there are several members of the cysteine cathepsin family, which have been implicated in cancer progression.
Cysteine cathepsins are specifically involved in cancer,
cysteine cathepsins B and L have been investigated most
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intensively, and invariably their increased expression
and/or activity correlates with malignant progression[120].
Several investigations have confirmed significantly higher
levels of cathepsins D, L, H, and, in particular, cathepsin
B in colorectal carcinoma[121].
Fibroblasts are among the most active cell types of the
stroma. They are present in the stroma of normal tissues,
including colorectal, where they perform tissue repair
functions under certain physiological conditions, and in
the stroma of tumors, in which they might represent the
main component. They have been given various names:
tumor-associated fibroblasts, CAF or myofibroblasts.
The differentiation of fibroblasts into myofibroblasts
is an important step in tissue repair. Migration of colonic
fibroblasts into and through the extracellular matrix during the initial phase of mucosal healing appears to be a
fundamental component of wound contraction[122,123].
After differentiation, subepithelial myofibroblasts
form a pericryptal fibroblast sheet adjacent to the basal
lamina of colonic crypts. Intestinal subepithelial myofibroblasts contribute to the coordination of tissue regeneration by producing TGF-β, epidermal growth factor,
basic fibroblast growth factor, proinflammatory cytokines, and the formation of new basement membrane.
In a state of permanent activation, fibroblasts can
promote tumor growth and tumor progression, favoring
a variety of tumor-specific mechanisms. These activated
fibroblasts can be characterized molecularly by several
markers that should be expressed by the fibroblasts in
their activated state. Some of the most common CAF
markers are a-smooth muscle actin, fibroblast-specific
protein 1 (FSP1 or S100A4) and fibroblast activation protein. Together with M2 macrophages, and as previously
stated above, CAF are a large component of the stroma
and generally tumor promoting[124-126].

THE STEM CELL ROLE AND THE
EPITHELIUM RESPONSE
Thus, rapid resealing of the epithelial surface barrier following injuries or physiological damage is essential to
preserve the normal homeostasis. In a state of chronic
injury or inflammation, stem cells are under a continuous stimulus of proliferation; pathway activation and
presumed expansion of stem cell pools would persist so
long as repeated injury prevents full regeneration[127].
Epithelial cell proliferation is stimulated in crypts near
the damaged mucosal area to replenish the decreased cell
pool. This appears as an elongation of the crypt, which
may subsequently divide into two crypts. Maturation
and differentiation of undifferentiated epithelial cells is
needed to maintain the numerous functional activities of
the mucosal epithelium[128,129].
Recent studies have revealed that the key signal regulating the proliferation of immature epithelial cells in the
crypt may be Wnt signaling. Wnt signaling is an important
part of normal epithelial renewal within the small and
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large intestine. Wnt signaling has long been studied in the
development of colon cancer, a disease characterized by
the unregulated proliferation of intestinal epithelial cells.
A series of studies in mice has revealed that Wnt signaling also regulates the proliferation of immature epithelial
cells within the normal crypt. Two morphogenic signaling pathways, specifically Hedgehog (Hh) and Wingless
(Wnt), serve to illustrate how pathways involved in stem
cell proliferation during development, and regeneration
have also been implicated in several different epithelial
cancers. These observations suggest that cancer growth
may represent the continuous operation of an unregulated state of tissue repair and that continuous Hh/Wnt
pathway activities in carcinogenesis may represent a deviation from the return to quiescence that normally follows
regeneration[130-133].

nisms that allow them to escape their own tumor suppressor systems. Impairment or deregulation of the main
apoptotic pathways is a major characteristic of cancer
cells. In this regard, a cross link between Nrf2 and some
effectors of the main apoptotic pathways has been
proposed on several occasions. Tumor suppressor p53,
which induces apoptosis upon DNA damage, partially in
a ROS-dependent fashion, has been shown to inhibit the
transcriptional activation of Nrf2 target genes in various
cancer cell lines. This finding is supported by another
report in which mice with decreased p53 levels showed
enhanced expression of Nrf2 target genes after treatment
with a genotoxic agent. These data suggest that Nrf2 inhibition is needed for p53-dependent apoptosis[139].
Many derangements in cell signaling occur within
chronically inflamed tissues, which may lead to inappropriate suppression of apoptosis and subsequent tumorigenesis. Through careful microdissection of chronically
inflamed and neoplastic tissues, several consistently
upregulated survival signaling pathways have been identified, with subsequent attempts made to develop inhibitors to key pathway intermediates[140].

AUTOPHAGY
Autophagy is usually considered as a tumor-suppressing
mechanism, though it can also enable tumor cell survival
upon stress, and may promote metastasis formation.
Autophagy is a key response mechanism to numerous
extracellular and intracellular stresses. These include,
for example, nutrient and growth factor deprivation and
hypoxia. Autophagy is the only cellular catabolic process
that can eliminate damaged or ROS-overproducing mitochondria, and thereby limit general oxidative damage.
Nutrient or growth factor limitation, hypoxia and other
cellular stressors are known to deactivate the signaling
system that leads to autophagy induction and suppression
of cell growth and proliferation[134,135].
Several pathways (including RAS/PKA, RAS/ERK,
IRE1/JNK, TGF-β, WNT/GSK3, HIF) and transcription factors (TFs), such as NRF2, FoxO and p53 have
been described to affect autophagy. Interestingly, these
signaling pathways are also important in cell growth,
proliferation, angiogenesis, immunity, cell survival and
cell death, functions whose alteration are listed among
the hallmarks of cancer. Thus, these data show that
the control of autophagy is affected during tumorigenesis[136-138]. Numerous studies examined the role of
autophagy in cancer, but the results are rather ambiguous. On the one hand, autophagy has tumor suppressing functions by suppressing chromosomal instability,
restricting oxidative stress, promoting oncogene-induced
senescence, and reducing intratumoral necrosis and local
inflammation. On the other hand, enhanced autophagy
represents a prominent mechanism used by tumor cells
to escape from hypoxic, metabolic, detachment-induced
and therapeutic stress as well as to develop metastasis
and dormant tumor cells. During tumorigenesis, autophagy is frequently switched on and off, resulting in highly
regulated anti- and pro-tumorigenic effects. Therefore,
autophagy can be considered as a double-edged sword
during tumorigenesis.
During tumorigenesis, cells not only increase their
proliferative potential but also need to develop mecha-
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TARGETING THE NF-kB PATHWAY
NF-κB is a ubiquitously expressed transcription factor
that plays a pivotal role in regulating cellular responses
to environmental challenges, such as stress, infection,
and inflammation. NF-κB is activated in response to
cytokines and inflammatory mediators such as TNF-α,
IL-1, LPS and ROS, and its regulatory products include
growth factors, cytokines, immunoreceptors, and cell
survival proteins, making it a complex modulator of the
immune response.
Moreover, there is growing evidence of a connection
between inflammation, NF-κB and tumor development.
Viral oncogenes and some chemical and physical carcinogens, especially nicotine and carcinogens in tobacco,
promote cell proliferation, survival, and inflammation
via NF-κB activation. The role of NF-κB in promoting
carcinogenesis is evidenced by numerous studies which
indicate that this factor blocks apoptosis by regulating
anti-apoptotic proteins, or by inhibiting the accumulation
of ROS[141,142]. In chronic inflammation, the cytokines
and chemokines produced by inflammatory cells activate
NF-κB, which translocates into the nucleus, inducing the
expression of certain tumorigenic, adhesion proteins,
chemokines, and inhibitors of apoptosis that promote
cell survival. Therefore, NF-κB may contribute to the development of colitis-associated colorectal cancer by sustaining the ongoing inflammatory process in the gut mucosa. NF-κB is also connected to the regulation of many
genes differently expressed in invasion and metastasis:
cyclin D1 and cMyc oncogenes, and VEGF and IL-8 are
directly or indirectly enhanced by NF-κB activation. Several products have been suggested to inhibit NF-κB activation, including curcumin, ginseng extract, resveratrol,
green tea extract, among others, and are known for their

9725

August 7, 2014|Volume 20|Issue 29|

Mariani F et al . Inflammation in colorectal carcinogenesis
Table 1 Main players in inflammatory pathways related to early phases of colorectal cancer development
Player

Role in early steps of colorectal cancer

IL-23
IL-17
Arginase
sialyl Lewis-A and sialyl Lewis-X

Induction of IL-17, activation of PMN respiratory burst
Production of inflammatory cytokines, neutrophils recruitment and activation
Stimulation of cell growth, collagen deposition, and tissue repair
Their accumulation on neoplastic cell escape the binding with siglec-7 and -9 in macrophages, thus enhancing COX-2
production
MPO
Hypochlorous acid (HOCl) formation, promotion of neutrophil survival
MMP-8, MMP-9
Tissue destruction and remodeling
5-LOX
Induced by IL-4 and IL-13, role in first step of leukotriene synthesis. Generally absent in normal epithelia
LTB4, LTC4, LTD4, LTE4
Chemoattraction of PMN, eosinophils, and macrophages. Activation of PMN. Increased microvascular permeability.
Proliferation of colon cancer cells
COX-2
PGE production, neutrophil accumulation, perpetuate of inflammatory responses, Wnt signalling activation
12-LOX
Cancer cell proliferation, metastasis, and angiogenesis. Generally absent in normal epithelia
15-LOX
Resolution of inflammation. Generally absent in cancer cells
Lipoxins, resolvins and protectins Resolution of inflammation (stop of PMN recruitment and superoxide generation and release, stimulation of nonphlogistic monocyte infiltration, promotion of the uptake and clearance of apoptotic cells, increase the exit of phagocytes from the inflamed site)
ACSL4
Increased COX-2 and LOX-5 levels, controls of COX-2 and LOX-5 metabolism of AA, inhibition of apoptosis and
increased cell proliferation
TFAM
Regulation of mtDNA transcription, replication and repair. Essential for mitochondrial biogenesis and function
HIF-1
Activate also by ROS, mediates adaptation to hypoxia. Regulation of cell survival, inhibition of apoptosis, neoangiogenesis and tumor metastasis
Nrf2
Antioxidant enzymes expression, , promotion of cells survival by escaping to stress, cells proliferation, and metastasis
SIRT1
Regulation of both apoptosis and autophagy
SIRT3
Regulation of ROS homeostasis
IL-22
Promotion of epithelial repair
NF-κB
Activated by TNF-α, IL-1 and ROS, regulation of infection and inflammation. Apoptosis inhibition. Regulation of
cyclin D1, cMyc, VEGF and IL-8
IL: Interleukin; MPO: Myeloperoxidase; MMPs: Matrix metalloproteinases; LOX: Lipoxygenase; ACSL4: Acyl-CoA synthetase 4; TFAM: Mitochondrial
transcription factor A; HIF1: Hypoxia inducible factor 1; Nrf2: Nuclear factor erythroid 2-related factor 2; SIRT1–7: Seven sirtuins; NF-κB: Nuclear factor
kappa-light-chain-enhancer of activated B cells; PMN: Polymorphonuclear cells; TNF-α: Tumor necrosis factor α; VEGF: Vascular endothelial growth
factor.

antiproliferative properties[143,144].

to draw a more definite one.

CONCLUSION
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INTRODUCTION

Abstract

Thanks to the advent of targeted therapies for colorectal
cancer (CRC), it is now possible to assign, more accurately than hitherto, therapy according to specific molecular
profiles within a distinct tumour and subsequently to personalize treatment. Although discoveries such as KRAS
gene mutations were a breakthrough in targeted therapy
for CRC patients, various factors must be clarified to
maximize the efficacy of this strategy. In particular, studies are required to identify other intracellular anomalous
pathways involved in CRC so that drugs targeting them
may be developed in order to have the right drug for the
right patient.
Colorectal cancer is the third most common neoplastic disease worldwide[1]. It is one of the leading causes
of cancer mortality, accounting for about 10% of all
cancer deaths, with approximately 40%-50% of all cases
diagnosed as metastatic[2]. Advances in the treatment
of metastatic CRC (mCRC) over the last 20 years have
improved overall survival (OS) from a median of 10 mo
to approximately 24 mo[1]. Although CRC is considered
curable if diagnosed at an early stage, 5-year survival is
less than 10% in patients with unresectable metastatic

Systematic analysis of the epidermal growth factor receptor (EGFR) pathway revealed that biomarkers could
be used to predict the response to and outcome of antiEGFR therapies in patients affected by metastatic colorectal cancer. We have conducted a review on the most
recent findings and advances on this topic. To this aim,
we searched the PubMed database for articles devoted
to predictive and prognostic biomarkers for patients
administered cetuximab- and panitumumab-based
therapies. Here we review the state of the art and the
controversies about the molecular factors known to be
predictors of the efficacy of anti-EGFR therapy, namely,
KRAS, BRAF, NRAS, PI3KCA and PTEN, and we discuss
their prognostic value in colorectal cancer patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: KRAS; Anti-epidermal growth factor receptor; Metastatic colorectal cancer; Biomarkers
Core tip: This is a review underlining the importance
of biomarkers in the treatment of metastatic colorectal
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disease[3,4]. About 40%-50% of CRC patients develop
metastases during their clinical history, and 80%-90% of
them have liver secondary lesions[5].
Approximately 50% of mCRC patients present with
a synchronous primary tumour and metastatic lesions,
whereas the others develop metachronous relapses. Surgery is the only potentially curative therapy for mCRC.
Resection of hepatic metastases results in 5-year survival
rates ranging from 35% to 55%, although the outcome
depends on tumour- and treatment-related variables such
as number of lesions, the maximum diameter of lesions
and resection margins[6,7]. Similarly, 5-year survival rates
after resection of lung metastases from CRC range from
20% to 60%[8]. Chemotherapy is palliative in metastatic
patients; although used as pre-operative conversion treatment it can be part of “curative” treatment[9]. In fact,
in patients with initially unresectable liver metastases,
conversion chemotherapy enabled liver resection in up to
one-third of cases, with survival rates similar to those of
patients with initially resectable liver metastases[10-12]. Unfortunately, most mCRC patients are not eligible for surgical resection and the only treatment option to prolong
survival times is palliative chemotherapy.
For several decades, the mainstay of mCRC treatment was 5-fluorouracil (5-FU)/leucovorin (LV) chemotherapy which resulted in a median survival of about 11
mo[13]. During the last 15 years, combination regimens
with oxaliplatin or irinotecan added to 5-FU/LV have
led to a considerable improvement of the outcome of
patients with mCRC[14,15]. Irrespective of the first-line
chemotherapy regimen, an OS exceeding 2 years is currently achieved when patients receive all available active
anti-CRC cytotoxic drugs[16]. The introduction of the socalled targeted or biological drugs (namely, bevacizumab,
cetuximab, panitumumab, aflibercept and regorafenib)
has further improved the survival of mCRC patients. In
contrast to standard drugs that target cell proliferation,
targeted agents interfere with processes that control cell
growth, survival, angiogenesis and spread. Because these
compounds act on selective pathways, their efficacy is
limited when treatment selection is driven by particular
molecular profiles.
Most of the targeted inhibitors currently under development or in clinical use are molecules with high affinity
for growth factor receptors, i.e., the fibroblast growth factor receptor, vascular endothelial growth factor receptor,
platelet-derived growth factor receptor, mast/stem cell
growth factor receptor and epidermal growth factor receptor (EGFR). The addition of monoclonal antibodies
(mAbs) that bind the vascular endothelial growth factor
and the EGFR to chemotherapy regimens in mCRC has
been shown to be effective, thereby increasing treatment
options[17,18].
It is now generally recognized that the large individual
differences in treatment response among mCRC patients
are due to the fact that tumours differ at the molecular
level because of the unique genetic and environmental
context of each specific patient. Therefore, it is essential
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to understand these different molecular properties in order to optimize treatment. Personalized treatment is one
of the most challenging aspects of medicine, particularly
oncology. It is defined as treatment that is based on the
patient’s individual genetic features, and it improves cancer OS and it reduces detrimental side effects. Several
prognostic and predictive biomarkers have been identified
over the past decade and they can be used to personalize
treatment for patients affected by mCRC. Prognostic biomarkers identify patients with different disease outcomes
regardless of treatment, and may provide details about
the disease prognosis/behaviour. Predictive biomarkers
help to categorize patients who are most likely to benefit from a specific treatment and can guide or support
therapeutic decisions[19]. Thus, efforts have been made to
identify tumour-related predictive factors that can suggest
treatment response[20]. Patient-related aspects, such as
age, gender and presence of comorbidities, are candidate
prognostic factors.
This review focuses on the advances made in the personalized treatment of mCRC and discusses the potential
of new markers in selecting patients. The results obtained
in clinical trials are analyzed, particularly in view of how
these may influence routine clinical practice

FACTORS PREDICTIVE OF THE EFFICACY
OF ANTI-EGFR TREATMENT IN MCRC
PATIENTS
The Erb family of cell membrane receptors includes
HER1/erbB1 (EGFR), HER2/c-neu (ErbB-2), HER3
(ErbB-3), and HER4 (ErbB-4)[21]. Since the EGFR gene
was identified as an oncogene, it has become one of the
major targets of biologic therapeutics, and prompted the
development of anti-EGFR mAbs and tyrosine kinase
inhibitors (TKIs). The mAbs cetuximab (anti-IgG1)
and panitumumab (anti-IgG2) act by binding to the extracellular ligand site of the receptor, whereas erlotinib
and gefitinib, the two major EGFR TKIs, compete with
the binding of ATP to the TK domain of the receptor,
thereby resulting in inhibition of EGFR autophosphorylation. Both strategies (mAb and TKI) interrupt the intracellular downstream signalling cascade.
The first clinical trials with anti-EGFR mAbs enrolled patients whose tumours expressed high levels of
EGFR; however overall response rates (ORRs) were
low[22], which suggested that other unidentified factors
could affect response to these agents[23]. Lièvre et al[24]
were the first to identify a link between KRAS mutations
and lack of response to EGFR-targeted therapy. They
analysed 30 patients receiving cetuximab plus irinotecan
as second- or third-line treatment. KRAS mutations were
observed in 13 of the 30 (43%) patients. None of the
responders (0/11) presented KRAS mutations, whereas
68.4% (13/19) of non-responders did (P = 0.0003). The
OS was significantly higher in KRAS-WT patients than in
patients carrying a KRAS mutation (median OS: 16.3 mo
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vs 6.9 mo, respectively, P = 0.016).
The next challenges were to understand why KRASmutated tumours do not respond to anti-EGFR mAbs,
and to investigate if other components of the EGFR
pathway could help to predict the effect of anti-EGFR
therapies. In this context, studies focused on key signalling molecules downstream of the EGFR, including mutations in the KRAS, NRAS, BRAF, and PIK3CA genes,
and PTEN protein expression. KRAS mutations result in
constitutive activation of downstream EGFR signalling
pathways thereby determining an unfavourable prognosis
and a poor treatment response. Mutations in the BRAF
gene, which encodes a serine/threonine kinase that activates the RAS-MAPK pathway, have been found in
4%-15% of CRCs[25-27]. Cell lines harbouring RAS/BRAF
mutations are more resistant to cetuximab in vitro compared with wild-type cells[28]. The PIK3CA gene encodes
the p110α catalytic subunit of the phosphoinositide 3-kinase (PI3K) protein, which is a component of the PI3KAkt signalling pathway downstream of ligand-induced
EGFR activation. This catalytic subunit is activated
consequent to its interaction with RAS proteins. PIK3CA
mutations occur in 10%-18% of CRCs[25,28,29]. Cell lines
with activating PIK3CA mutations have been found to
be resistant to cetuximab as compared with wild-type cell
lines[28]. However, two studies found a lack of correlation
between mutational status and cetuximab response in
patients with colon cancer[24,30]. As PIK3CA mutations are
rare, these data were based on only five patients, which
could explain the lack of association between PIK3CA
mutations and treatment response. The phosphatase and
tensin homolog (PTEN) acts as a tumour suppressor
protein by inhibiting the PI3K-Akt signalling pathway.
Cell lines deficient in PTEN expression are more resistant to cetuximab in vitro than those with normal PTEN
expression[28]. The loss of PTEN protein expression is
a negative predictive factor of the efficacy of cetuximab
therapy in patients with mCRC[31]. Subsequently, SartoreBianchi et al[32] devised the Quadruple Index, which is
based on changes in the four above-mentioned factors.
They found that 70% of tumours harboured at least one
molecular alteration, and that the probability of treatment response was 51% among patients with no alterations, 4% among patients with 1 alteration, and 0% for
patients with ≥ 2 alterations (P < 0.0001). Accordingly,
PFS and OS decreased in the following order: patients
with tumors harboring none, 1 or ≥ 2 molecular alterations (P < 0.001).

Erb family of oncogenes. Patients with point mutations
in the KRAS gene generally exhibit mutations within
codon 12 at exon 2 (82%-87%), codon 13 (13%-18%),
codon 61 (exon 3) and 146 (exon 4)[33]. In patients carrying a wild-type KRAS gene copy, the binding of antiEGFR antibodies to the external part of receptor induces
conformational changes with its internalization and a
sequential direct inhibition of TK activity, and blockage of downstream RAS/RAF/MEK/ERK pathway.
KRAS mutations prevent the mAb-induced inhibition of
EGFR activity because they induce constitutive activation of the intracellular domain of the KRAS protein. In
CRC patients the incidence of KRAS mutations is about
30%-45%[34]. KRAS mutational status can be evaluated
on samples of either the primary tumour or the metastases because KRAS mutations are highly concordant (approximately 95%) in the two tissue samples[35].
The proof of principle that patients carrying KRAS
mutations do not benefit from treatment with either of
the two anti-EGFR mAbs comes from two randomized
clinical trials comparing panitumumab or cetuximab with
best supportive care in heavily pretreated mCRC patients[33,36]. In the CO.17[36] and AMGEN[33] studies, a survival benefit over best supportive care was observed only
in KRAS-WT patients treated with cetuximab (median
OS: 9.5 mo vs 4.8 mo) or panitumumab (median PFS:
12.3 wk vs 7.3 wk), respectively. In patients with KRAS
mutated tumours mAbs did not prolong PFS or OS as
compared with best supportive care. Furthermore, the
efficacy of first-[37-39] and second-line[40,41] chemotherapy
improved when it was combined with anti-EGFR antibodies in the mCRC setting.
The cetuximab combined with irinotecan in first-line
therapy for metastatic colorectal cancer phase Ⅲ study
evaluated 599 patients receiving FOLFIRI with cetuximab and 599 patients receiving FOLFIRI alone[37]. Sixtyfour per cent of the cases evaluated were exon 2-KRASWT, and both the risk of disease progression (HR of
PFS: 0.68, 95%CI: 0.50-0.94) and death (HR of OS:
0.84, 95%CI: 0.64-1.11) were lower in cetuximab-treated
patients. No difference in PFS or OS was noted when cetuximab was added to FOLFIRI in KRAS-MUT patients.
The fluorouracil, leucovorin, oxaliplatin with and
without cetuximab in the first-line treatment of metastatic colorectal cancer study also evaluated the effect
of KRAS mutational status on clinical outcome of patients[42]. This was a phase Ⅱ study in which 169 mCRC
patients were randomized to receive FOLFOX-4 plus
cetuximab, and 168 to receive FOLFOX-4 alone. Patients with KRAS-WT tumours treated with cetuximab
had a significant increase in tumour response rate (61%
vs 37%, OR = 2.54, P = 0.011) and a decrease in the risk
of disease progression (HR = 0.57, P = 0.016) compared with patients receiving FOLFOX-4 alone. In the
KRAS mutant population, patients treated with FOLFOX-4 plus cetuximab had a median PFS lower than
patients administered FOLFOX-4 alone (8.6 mo vs 5.5
mo, respectively)[42].

KRAS AS PREDICTIVE FACTOR
Within the EGFR/RAS/RAF/MEK/ERK kinase signalling pathway, the KRAS protein is a GTPase normally
bound to the internal part of the cell wall. It serves as a
molecular switch that transmits extracellular signals from
the EGFR to the nucleus, thereby regulating cell growth,
proliferation, and apoptosis. The KRAS gene is located
on the short arm of chromosome 12 and belongs to the
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Similarly, the addition of panitumumab to first-line
chemotherapy with FOLFOX[39,43] and to second-line
chemotherapy with FOLFIRI[41] significantly prolonged
PFS and OS only in KRAS-WT mCRC patients.

the difference was much more pronounced in a subgroup
of rectal patients (43% vs 22%)[51].

TYPE OF KRAS MUTATION AND
RESPONSE TO ANTI-EGFR MABS

KRAS AS PROGNOSTIC FACTOR

Exon-2 KRAS mutations are highly specific negative biomarkers of the efficacy of anti-EGFR mAbs in mCRC.
However, not all KRAS mutations are equal in terms of
effect on cell proliferation and resistance to anti-EGFR
inhibitors[52]. Preclinical data showed that cell lines with
KRAS codon 13 glycine (G)-to-aspartate (D) mutations
(p.G13D) respond to treatment with cetuximab similarly
to WT clones[53]. Moreover, it has been reported that
about 10% of patients carrying a KRAS mutation in
tumour tissue respond to anti-EGFR mAbs[31,54,55] and a
further 15% reach long-term disease stabilization[56]. In
patients responding or showing long-term stabilization,
codon 13 mutations are more frequent than in the overall
KRAS-mutated tumour population.
A recent large retrospective analysis of 579 chemorefractory mCRC patients treated with cetuximab demonstrated that not all KRAS mutations are equally effective
in predicting resistance to anti-EGFR mAbs[52]. Among
patients receiving any cetuximab-based treatment, OS
and PFS were significantly longer in patients bearing a
p.G13D-mutation (n = 32) (median OS = 7.6 mo; median PFS = 4 mo) than in patients with other KRAS-mutated tumours (median OS = 5.7 mo; median PFS = 1.9
mo) in both univariate and multivariate analysis adjusted
for potential prognostic factors and data set. Overall response rate did not differ significantly between patients
with p.G13D mutations and other KRAS mutations (6.3%
vs 1.6%, respectively, P = 0.15), There was a significant
interaction between type of KRAS mutation (p.G13D vs
other KRAS mutations) and OS benefit with cetuximab
treatment (HR = 0.30, 95%CI: 0.14-0.67, P = 0.003).
The addition of cetuximab to first-line chemotherapy
in patients with KRAS p.G13D mutations seemed to be
beneficial in a pooled analysis of CRYSTAL and OPUS
studies in which patients were randomized to receive
FOLFIRI (CRYSTAL) or FOLFOX (OPUS) with or
without cetuximab as first-line treatment for mCRC[57].
Among the 83 patients harbouring the G13D mutation,
those receiving chemotherapy plus cetuximab had a better PFS and OS than did patients treated with chemotherapy alone, whereas patients with any other KRAS
mutation did not benefit from combination therapy.
Peeters et al[58] examined the role of mutations in
codons 12 or 13 of the KRAS gene in a pooled analysis
of patients enrolled in three clinical trials in which panitumumab was added to FOLFOX4 in first-line treatment [59], to FOLFIRI in second-line treatment[41], or
compared with best supportive care in heavily pre-treated
mCRC patients[22]. They did not find that G13D mutation performs differently than codon 12 mutations, and
thus concluded that codon 13 KRAS-MUT tumours are
unlikely to benefit from panitumumab in the same way as

The role of KRAS as an independent prognostic marker
in CRC is largely controversial. The CO.17 study[36] analysed the prognostic implications of KRAS status by assessing the interaction between KRAS status and survival
in patients receiving best supportive care alone. There
was no significant difference in median OS in patients
with the KRAS-WT or KRAS-MUT (4.8 mo vs 4.6 mo,
respectively, the HR for death in the KRAS mutant population was 1.01, P = 0.97).
Similarly, Kim et al[44] found that the response rate,
PFS and OS did not differ between KRAS-WT and
KRAS-MUT mCRC patients treated with chemotherapy
alone. These findings suggested that KRAS is not a prognostic marker for CRC. In contrast, the results of a multivariate analysis of 89 mCRC patients treated with cetuximab after failure of irinotecan-based chemotherapy,
suggested that KRAS mutational status is an independent
prognostic factor in mCRC[45]. KRAS-MUT patients had
a lower relative risk (RR) (0% vs 40%, P < 0.001), and a
shorter PFS (median PFS: 10.1 wk vs 31.4 wk, P = 0.0001)
and OS (median OS: 10.1 mo vs 14.3 mo, P = 0.026) than
KRAS-WT patients. However, interpretation of these
data should be tempered by the fact that it is difficult
to differentiate the effect of KRAS mutational status
on survival from the response to treatment in a patient
population treated with cetuximab[46].
The RASCAL Collaborative Group evaluated thousands of patients with any-stage colorectal cancer to study
the prognostic value of mutations in codons 12 and 13
of the KRAS gene[47,48]. They found that KRAS-MUT patients had a higher risk of disease progression and death
compared with patients not carrying KRAS mutations,
particularly when valine codon 12 was involved[47]. The
RASCAL-2 study concluded that the G12V mutation in
the KRAS gene at codon 12 increases the risks of recurrence or death only in Dukes’ C colorectal tumours[48].
The retrospective analysis of mCRC patients enrolled
in the MRC FOCUS trial[49] showed that KRAS mutations
have a modest negative prognostic impact on OS (HR =
1.24, 95%CI: 1.06-1.46, P = 0.008) but not on PFS (HR,
1.14, 95%CI: 0.98-1.36, P = 0.09).
Contrasting results also emerged when the prognostic
significance of KRAS mutations was evaluated in patients
with non-metastatic colorectal cancer. In fact, in the retrospective analysis of more than 1050 stage Ⅱ-Ⅲ colon
cancer patients enrolled in the PETACC-3 trial, KRAS
mutations did not have any prognostic value regarding
PFS or OS[50]. The QUASAR trial randomized stage ⅡⅢ colon and rectal cancer patients to receive adjuvant
5FU-FA or nothing. Overall, KRAS mutant patients had
a higher rate of recurrence (28% vs 21%, P = 0.002), but
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treatment received.
Similarly, in a Dutch retrospective analysis of BRAF
status conducted in patients treated with capecitabine/
oxaliplatin/bevacizumab with or without cetuximab
for mCRC, 8.7% of tested samples (45 of 519) had the
BRAF V600E mutation[64,65]. Patients with BRAF mutations showed a shorter median PFS irrespective of treatment group. In a retrospective pooled study from the
European Consortium that included 761 chemorefractory patients treated with cetuximab plus chemotherapy,
De Roock et al[61] reported a 4.7% rate of BRAF mutation (35 patients with V600E mutations and 1 patient
with mutation D548Gn). Compared with BRAF-WT
subjects, BRAF-MUT patients had a significantly lower
ORR (8.3% vs 38% for WT, OR = 0.15, P = 0.0012), and
a shorter PFS (median, 8 wk vs 26 wk in WT, HR = 3.74,
P < 0.0001) and OS (median, 26 wk vs 54 wk in WT, HR
= 3.03, P < 0.0001).
BRAF mutation was a negative prognostic factor
also in the PRIME trial[59]. In fact, patients with RASWT but BRAF-MUT tumours had a worse PFS and OS
compared with subjects with both RAS and BRAF wildtype disease. In RAS-WT/BRAF-MUT subgroup, the
addition of panitumumab to chemotherapy produced a
small, statistically not significant benefit in term of DFS
and OS (P = 0.12 and 0.76, respectively)[59].
The only trial to report that BRAF mutation plays
both a prognostic and predictive role is the PICCOLO
phase Ⅲ trial[66], which was designed to evaluate the addition of panitumumab to single-agent irinotecan as
second- or subsequent-line therapy in 1198 prospectively
tested KRAS WT mCRC patients. BRAF-MUT tumours
(13.6%) showed a worse OS than BRAF-WT tumours,
and the addition of panitumumab to irinotecan had a detrimental effect on survival (HR = 1.84, 95%CI: 1.10-3.08,
P = 0.029).
In conclusion, BRAF mutation seems to be a negative
prognostic factor rather than a negative predictive marker
of the efficacy of anti-EGFR mAb. BRAF-MUT patients have a worse survival than BRAF-WT patients irrespective of treatment received. They may benefit from
anti-EGFR mAB, but to a significantly lesser extent than
BRAF-WT patients.

codon 12 KRAS-MUT tumours.
Two studies evaluated whether KRAS codon 61 and
146 mutations were associated with clinical outcome in
mCRC patients treated with cetuximab[60,61]. Loupakis et
al[60] found KRAS codon 61 and 146 mutations in 7 (8%)
and 1 (1%) cases, respectively, among 87 patients with
WT KRAS codons 12 and 13 treated with cetuximab
plus irinotecan. None of the 8 patients with mutations
in KRAS responded to the treatment, while 22 of the
68 WT cases (32.3%) did. KRAS 61 and 146 mutations
caused a significantly shorter PFS (median PFS, 3.8 mo vs
5.1 mo, P = 0.028) as compared with KRAS 61/146 WT,
whereas no significant differences were detected in OS
(median OS, 9.7 mo vs 14.7 mo, respectively, P = 0.39). In
the European Consortium study[61], 40% of patients harboured a KRAS mutation, 2.1% (16/747) in codon 61,
and 2% (15/747) in codon 146. Patients with codon 61
mutations had a lower RR than WT patients.
In conclusion, assessment of KRAS codon 61/146
mutations might help to identify mCRC patients who
may benefit from treatment with anti-EGFR mAbs. In
fact, the recently updated guidelines on for cetuximab
and panitumumab usage include the analysis of KRAS
exon 3 codon 61 and exon 4 codon 146 mutations (www.
emea.com).

BRAF
The BRAF protein is a cytoplasmic serine-threonine kinase that is mutated in approximately 7% of human cancers: specifically, in 8%-10% of sporadic CRCs[62]. The
BRAF protein is one of the main effectors of KRAS, because it is immediately downstream of KRAS and it must
be phosphorylated by KRAS to be activated. The point
mutation V600E causes a classic CTG to CAG substitution at codon 600, which results in constitutive activation
of the RAS/RAF/MEK/ERK pathway similar to KRAS
mutations. KRAS and BRAF mutations are mutually exclusive in CRC[62].
Di Nicolantonio et al[62] performed a retrospective
analysis of 113 tumour samples treated with cetuximab
or panitumumab with or without chemotherapy. Seventynine patients with KRAS-WT were identified. In this cohort, 11 (13.9%) patients were BRAF mutants. None of
them reported an objective tumour response.
In the CRYSTAL study[37], 9% (59 of 625) of patients
had BRAF mutations and they had a shorter median OS
in both the FOLFIRI (10.3 mo) and FOLFIRI/cetuximab (14.1 mo) arms compared with the KRAS-WT/
BRAF-WT population in which survival was 21.6 and
25.1 mo, respectively. BRAF-MUT status was unrelated
to cetuximab efficacy; thus the authors concluded that
BRAF mutation is an indicator of poor prognosis, and
that it did not predict the efficacy of cetuximab in their
dataset. Also in the combined analysis of the CRYSTAL
and OPUS results[63], BRAF mutation was found to be
a negative prognostic marker. In fact, PFS and OS were
lower in the BRAF-MUT population irrespective of

WJG|www.wjgnet.com

NEUROBLASTOMA-RAS
Neuroblastoma-ras (NRAS) is a member of the RAS
oncogene family and is located on chromosome 1. The
product of this gene is a GTPase enzyme membrane
protein that shuttles between the Golgi apparatus and the
cellular membrane. KRAS, BRAF and NRAS mutations
are mutually exclusive[67]. In CRC, the NRAS mutation
rate is 3%-5%[61]. NRAS mutations are associated with
lack of response to treatment with cetuximab[61]. In the
study by De Roock et al[61], NRAS-mutant patients treated
with either cetuximab or panitumumab (2.6% of 644
KRAS-WT subjects) had a significantly lower ORR than
NRAS-WT patients (7.7% vs 38.1%). Progression-free
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survival and OS did not differ statistically between mutated and not mutated patients. In contrast, in the COIN
trial[68], which failed to demonstrate a survival benefit with
the addition of cetuximab to first-line oxaliplatin-based
chemotherapy in exon 2 KRAS-WT mCRC patients, no
benefit in OS was obtained with the combination treatment, even in the subgroup of KRAS/NRAS/BRAFWT subjects. The presence of any mutation in the
KRAS, NRAS or BRAF genes negatively affected OS,
regardless of treatment received.
A retrospective evaluation of biomarkers in patients
enrolled in the PRIME trial indicated that NRAS plays
an important role in predicting the efficacy of panitumumab. Among the 656 patients with KRAS-WT exon 2,
108 (17%) had other mutations in KRAS exon 3 or 4, in
NRAS exons 2, 3 or 4, or in BRAF exon 15[59]. Patients
with KRAS-WT exon 2 tumours bearing any other RAS
mutation did not benefit from the addition of panitumumab to FOLFOX (median OS 17.1 mo vs 17.1 mo,
P = 0.12). In contrast, patients with “all RAS” wild-type
tumours (namely, wild-type for KRAS exons 2/3/4 and
for NRAS exons 2/3/4) significantly benefited from the
combination treatment (median OS 25.8 mo vs 20.2 mo,
HR = 0.77, 95%CI: 0.64-0.94, P = 0.009).
The FIRE-3 phase Ⅲ trial (AIO KRK-0306), conducted at 150 German and Austrian cancer centres,
involved a head-to-head comparison of FOLFIRI plus
either cetuximab or bevacizumab as first-line treatment in
patients with mCRC. Of the 752 patients enrolled, KRAS
wild-type tumours were identified in 592 patients who
were then randomized 1:1 to receive first-line FOLFIRI
every two weeks plus either cetuximab at 400 mg/m2 on
day 1 followed by 250 mg/m2 weekly (arm A) or bevacizumab at 5 mg/kg every 2 wk (arm B). The primary
analysis showed a median OS almost 4 mo longer in arm
A vs arm B. The results of a pre-planned analysis of the
effect of KRAS mutations in exon 3 (codon 59/61) and
exon 4 (codon 117/146), of NRAS mutations in exon
2 (cordons 12/13), exon 3 (codons 59/61) and exon 4
(codons 117/146), and of the BRAF V600E mutation
on treatment efficacy were presented at the 2013 ESMO
Congress[69]. Mutational analyses were done by pyrosequencing in 396 of 592 randomised patients (66.9%).
Among patients with “all RAS” wild-type tumours, OS
was significantly longer with FOLFIRI/cetuximab than
with FOLFIRI/bevacizumab (33.1 mo vs 25.6 mo, P =
0.01). The OS HR for adding cetuximab vs bevacizumab
in patients with all RAS-WT tumours was 0.70 (P =
0.01). Overall survival was the same, 20.6 mo vs 20.3 mo,
respectively, in patients with mutated RAS treated with
either cetuximab or bevacizumab. A similar trend was
observed in the association between PFS and mutational
status; PFS was slightly longer in patients with RAS-WT
treated with FOLFIRI/cetuximab than in those treated
with FOLFIRI/bevacizumab: 10.4 mo vs 10.2 mo (P =
0.54) respectively. The HR for PFS in RAS-WT patients
was 0.93 (P = 0.63). In the presence of any RAS mutation, PFS was significantly longer in patients adminis-
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tered bevacizumab therapy than in patients treated with
cetuximab: 12.2 mo vs 6.1 mo (P = 0.004). These findings
may impact on clinical decisions because RAS mutational
analysis may identify the subgroup of patients who are
more likely to benefit from first-line cetuximab with respect to bevacizumab.

PI3KCA
Activation of phosphatidylinositol 3-kinase (PI3K)
caused by TK located at the cytoplasmic surface of the
cell wall, results in the phosphorylation of PIP2 to phosphatidylinositol 3-kinase (PIP3). Phosphatidylinositol
3-kinase activates AKT, which in turn triggers downstream pathways thereby promoting cell survival and
proliferation. The PIK3CA gene encodes the catalytic
subunit for PI3K, and mutations within this gene result
in aberrant AKT stimulation, which in turn promote the
growth of various cancers[70,71]. Although PIK3CA mutations account for 10%-20% of CRC tumours, their effect
on patient outcome is not yet clear[21,29,72].
Ogino et al[72] examined the tumour tissue of 450 patients with resected stage Ⅰ-Ⅲ colon cancer from two
independent prospective cohort studies and found that
82 patients (18%) had PIK3CA mutations in exons 9 and
20[72]. They concluded that PIK3CA mutation increases
cancer-specific mortality in patients with KRAS-WT
tumours (HR = 3.80, 95%CI: 1.56-9.27), but seemed to
have no significant effect on mortality in KRAS-MUT
patients (HR = 1.25, 95%CI: 0.585-2.96). In contrast, in
the metastatic setting, a PIK3CA mutation was identified
in 17.7% (14/85) of cetuximab-treated mCRC patients,
but ORR, time-to-progression and OS did not differ
between mutated and non-mutated patients[73]. Moreover, the PIK3CA mutation was unrelated to outcome in
KRAS-WT tumours treated in the cetuximab arm of the
CAIRO 2 study[74]: 5-year survival was 90% in PIK3CAWT and 82% in PIK3CA mutants (log-rank P = 0.075).
Two European groups published opposite results regarding the predictive role of PIK3CA mutations in antiEGFR mAbs resistance. Sartore-Bianchi et al[70] analysed
exons 9 and 20 PIK3CA mutational status in 110 mCRC
patients treated with cetuximab or panitumumab. Fifteen
patients (13.6%) had PIK3CA mutations, and none of
them responded to treatment with anti-EGFR mAbs (P
= 0.038). The correlation between PIK3CA mutations
and lack of response was even stronger in the KRASWT subgroup of patients (P = 0.016). The authors concluded that PIK3CA mutations could help to distinguish
potential non-responders to anti-EGFR mAbs within
the KRAS-WT subpopulation. On the other hand, in a
similar study, Prenen et al[71] analyzed PIK3CA mutations
in 200 patients with chemorefractory mCRC, and did
not find a link between PIK3CA and anti-EGFR mAb
resistance. Thirteen percent (5/39) of their patients with
PIK3CA mutations responded to cetuximab, and 11%
(18/160) did not (P = 0.78). The data from the largest
European analysis[61] conducted so far (773 DNA samples
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did not affect ORR or PFS in 162 KRAS-WT mCRC
patients treated with cetuximab, but PTEN loss was associated with a shorter OS (P = 0.013). The reasons for
these discrepancies are not clear. It is difficult to interpret
these data because of the small sample size, the presence of KRAS mutant tumours and the fact that PTEN
expression was evaluated in primary tumours and/or in
metastatic sites. Moreover, evaluation of PTEN protein
expression by immunohistochemistryor other methods
(i.e., western blot) is influenced by the subjective parameter of the interpreter in the definition of cut-off levels.
Therefore, these data should be considered exploratory
and the value of PTEN as a predictive or prognostic
marker in CRC cannot yet be established.

from patients treated with cetuximab from 11 centres)
explained the discrepancies between the Sartore-Bianchi
et al[70] and Prenen et al[71] studies. In these studies, 14.5%
of samples harboured PIK3CA mutations and a lower
response rate to cetuximab was associated with PIK3CA
exon 20 mutations but not to those with mutations in
exon 9[61]. The Sartore-Bianchi et al[70] cohort had more
exon 20 mutations (73%) than exon 9 mutations (27%),
whereas the Prenen et al[71] cohort had the opposite - 13%
and 78%, respectively[75].
Based on these results, PIK3CA mutations, even
though promising, need further prospective studies before they can be used in clinical practice.

PTEN

CHEMOTHERAPY BACKBONE FOR
ANTI-EGFR MABS

PTEN functions as a key tumour suppressor gene that is
involved in the homeostatic maintenance of PI3K/AKT
signalling. In wild type cells, signal transduction events
deriving from EGFR activation and directed via PI3K
are balanced by the presence of this negative regulatory
molecule. Loss of PTEN function causes increased levels
of phosphatidylinositol-3,4,5-triphosphate (PIP-3), the
major substrate of PTEN, thereby resulting in persistent
activation of PI3K effectors[76,77]. PTEN activity can be
altered by gene mutations (5%), allelic losses at chromosome 10q23 (23%), and epigenetic mechanisms such as
hypermethylation of the PTEN promoter region (19.9%
in CRC with MSI-H vs 2.2% in MSI-L)[78]. Loss of PTEN
protein expression evaluated by immunohistochemistry
is present in between 20% and 40% of unselected CRC
cases[32]. Moreover, it is associated with KRAS, BRAF and
PIK3CA mutations, and EGFR polysomy. Interestingly,
while there is concordance of KRAS status in primary
and distant tumours[79,80], PTEN expression is concordant
in the primary tumour and metastases only in 60% of
cases[35,79] because PTEN loss is more frequent in distant
metastases than in the primary tumour. Preclinical analyses have also shown that PTEN loss provokes resistance
to cetuximab-induced apoptosis in CRC cell lines[28].
Frattini et al[31] found that none of 11 patients expressing lower levels of PTEN responded to combination treatment with irinotecan and cetuximab, whereas
10 (63%) of 16 patients with intact PTEN protein expression had a partial response. Loupakis et al[35] recently
reported that low expression of PTEN as measured by
immunohistochemistry in the primary tumour did not
affect response rate, PFS or OAS of mCRC patients
treated with cetuximab plus irinotecan. By contrast, when
PTEN was measured in the metastatic samples, ORR
and PFS were significantly better in patients with high
PTEN expression than in those with low PTEN expression: 26% vs 5% (P = 0.007) and 4.7 mo vs 3.3 mo (P =
0.005), respectively. Sartore-Bianchi et al[70] found that loss
of PTEN was related to lack of response to cetuximab
and panitumumab (P = 0.001), and to a shorter PFS and
worse OS in 81 tumour specimens of mCRC. Differently,
Laurent-Puig et al[81] showed PTEN protein expression

WJG|www.wjgnet.com

The choice of chemotherapy backbone may influence the
efficacy of EGFR-targeted mAbs. The COIN study[68] investigated the use of cetuximab in addition to oxaliplatinbased chemotherapy (66.1% with capecitabine and 33.9%
with infusional 5FU) in the first-line setting for mCRC.
Surprisingly, the addition of cetuximab to oxaliplatinbased chemotherapy did not increase OS or PFS compared with chemotherapy alone, even in the KRAS-WT
subpopulation.
The CRYSTAL[37] and OPUS[42] studies, that demonstrated benefit from the addition of cetuximab to chemotherapy, both used infusional 5-FU regimens (FOLFIRI
and FOLFOX, respectively). Similarly, in the COIN trial,
the subgroup of patients treated with infusional 5FU
benefited from cetuximab treatment (OS: HR = 0.72,
95%CI: 0.53-0.98), whereas those treated with capecitabine did not (OS: HR = 1.02, 95%CI: 0.82-1.26), although
the formal test for interaction was not significant (P =
0.10)[68]. The NORDIC Ⅶ[82] trial also reported that no
benefits came from adding cetuximab to oxaliplatinbased regimen (with bolus 5FU). The use of oral and
bolus administration of fluoropyrimidines in COIN and
NORDIC VII studies (instead of an infusional regimen)
may explain the lack of benefit in survival. However, this
hypothesis seems to be confuted by the FUTURE randomised phase Ⅱ study, which compared cetuximab plus
oxaliplatin + UFT (oral fluoropyrimidine) with cetuximab
plus FOLFOX4 (infusional fluoropyrimidine) as first-line
treatment for mCRC patients. In fact, in the KRAS-WT
population, median PFS and OS were very similar (PFS:
9.2 mo vs 6.8 mo, P = 0.18; OS: 20.8 mo vs 20.1 mo, P =
0.74) in the two arms using oral or infusional fluoropyrimidine[83].
Although the results of COIN and NORDIC VII
studies seem to cast doubts on the efficacy of the oxaliplatin + cetuximab combination, significant benefits in
survival from the addition of anti-EGFR mAbs to FOLFOX4 were reported in the PRIME[39] and OPUS[84] trials.
Moreover, in the randomised phase Ⅱ AIO 0104[85] and
CELIM[86] trials, which used oral and infusional fluoro-
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Table 1 New approach integrates novel molecular biomarkers with the pathologic features
Biomarker

Incidence

Prognostic value

Predictive value

B-RAF mutations
K-RAS mutations
Mut G13D
N-RAS mutations
PI3KCA mutations
PTEN status

4%-15%
40%
15%-20%
3%-5%
10%-20%
20%-40%

Poor prognosis[38,49,62,64,66,68,72,74,83]
Controversial data[36,65,68,72,86]

Controversial data
Major predictor of resistance to anti-EGFR mAbs[24,37,39,56,61]
Weaker resistance[52]
Predictor of resistance[59,69]
Controversial data[61,70,71,73]
Controversial data[31,70]

Conflicting results[28,30,61,65,70,71,73]
Conflicting results[31,32,35,81,87]

pyrimidines, respectively, the activity of cetuximab was
similar in oxaliplatin- and irinotecan-containing regimens.
Lastly, it is now clear that cetuximab or panitumumab
should not be added to an oxaliplatin-based chemotherapy regimen in patients with any mutation in exon 2/3/4
KRAS or NRAS genes or in patients with unknown mutational status, because it exerts a detrimental effect on
survival (EMA protocol number 000741-II/50, 25 July
2013; EMA protocol number 702774/2013, 21 November 2013).

3
4
5
6

CONCLUSION

7

Before the era of personalised medicine, cancer prognosis and treatment decisions were made mainly based on
the histopathologic characteristics of the tumour. The
new approach integrates novel molecular biomarkers
with the pathologic features of a tumour to improve the
prediction of prognosis and treatment efficacy (Table 1).
During recent years, attempts have been made to understand the molecular mechanisms underlying resistance
to EGFR inhibitors to refine the selection of candidates
for these treatments, and improve the clinical outcome
of patients treated with anti-EGFR mAbs. Encouraging progress has been made in our understanding the
behaviour of mCRC at molecular level, which led to
the discovery of other biomarkers of resistance to antiEGFR mAbs besides KRAS. The development of new
technologies, such as next-generation sequencing, will
enable the simultaneous analysis of many genes, and lead
to the identification and validation of predictive biomarkers for existing and new target therapies. Translating
discoveries from bench to clinical practice is a costly and
time-consuming process, but the benefits of personalised
medicine justify this effort.

8

9

10

11

12
13

ACKNOWLEDGMENTS
We thank Jean Ann Gilder (Scientific Communication srl,
Naples, Italy) for linguistic revision and editing.

14

REFERENCES
1
2

Siegel R, Naishadham D, Jemal A. Cancer statistics, 2013.
CA Cancer J Clin 2013; 63: 11-30 [PMID: 23335087 DOI:
10.3322/caac.21166]
Koehler A, Bataille F, Schmid C, Ruemmele P, Waldeck A,
Blaszyk H, Hartmann A, Hofstaedter F, Dietmaier W. Gene
expression profiling of colorectal cancer and metastases di-

WJG|www.wjgnet.com

15

9739

vides tumours according to their clinicopathological stage.
J Pathol 2004; 204: 65-74 [PMID: 15307139 DOI: 10.1002/
path.1606]
Ries L, Melbert D, Krapcho M. SEER Cancer Statistics Review, 1975-2005. Bethesda, MD: National Cancer Institute,
2008: 1975-2005
Greenwald P. Colon cancer overview. Cancer 1992; 70:
1206-1215 [PMID: 1511368]
Field K, Lipton L. Metastatic colorectal cancer-past, progress
and future. World J Gastroenterol 2007; 13: 3806-3815 [PMID:
17657834]
Adam R, Hoti E, Folprecht G, Benson AB. Accomplishments
in 2008 in the management of curable metastatic colorectal cancer. Gastrointest Cancer Res 2009; 3: S15-S22 [PMID:
20011559]
Rees M, Tekkis PP, Welsh FK, O’Rourke T, John TG.
Evaluation of long-term survival after hepatic resection for
metastatic colorectal cancer: a multifactorial model of 929
patients. Ann Surg 2008; 247: 125-135 [PMID: 18156932 DOI:
10.1097/SLA.0b013e31815aa2c2]
Fiorentino F, Hunt I, Teoh K, Treasure T, Utley M. Pulmonary metastasectomy in colorectal cancer: a systematic review and quantitative synthesis. J R Soc Med 2010; 103: 60-66
[PMID: 20118336 DOI: 10.1258/jrsm.2009.090299]
Bilchik AJ, Poston G, Adam R, Choti MA. Prognostic variables for resection of colorectal cancer hepatic metastases: an
evolving paradigm. J Clin Oncol 2008; 26: 5320-5321 [PMID:
18936470 DOI: 10.1200/JCO.2008.18.3152]
Barone C, Nuzzo G, Cassano A, Basso M, Schinzari G, Giuliante F, D’Argento E, Trigila N, Astone A, Pozzo C. Final
analysis of colorectal cancer patients treated with irinotecan
and 5-fluorouracil plus folinic acid neoadjuvant chemotherapy for unresectable liver metastases. Br J Cancer 2007; 97:
1035-1039 [PMID: 17895897 DOI: 10.1038/sj.bjc.6603988]
Pozzo C, Basso M, Cassano A, Quirino M, Schinzari G,
Trigila N, Vellone M, Giuliante F, Nuzzo G, Barone C. Neoadjuvant treatment of unresectable liver disease with irinotecan and 5-fluorouracil plus folinic acid in colorectal cancer
patients. Ann Oncol 2004; 15: 933-939 [PMID: 15151951]
Wang CC, Li J. An update on chemotherapy of colorectal
liver metastases. World J Gastroenterol 2012; 18: 25-33 [PMID:
22228967 DOI: 10.3748/wjg.v18.i1.25]
Modulation of fluorouracil by leucovorin in patients with
advanced colorectal cancer: evidence in terms of response
rate. Advanced Colorectal Cancer Meta-Analysis Project. J
Clin Oncol 1992; 10: 896-903 [PMID: 1534121]
de Gramont A, Figer A, Seymour M, Homerin M, Hmissi A,
Cassidy J, Boni C, Cortes-Funes H, Cervantes A, Freyer G,
Papamichael D, Le Bail N, Louvet C, Hendler D, de Braud
F, Wilson C, Morvan F, Bonetti A. Leucovorin and fluorouracil with or without oxaliplatin as first-line treatment in
advanced colorectal cancer. J Clin Oncol 2000; 18: 2938-2947
[PMID: 10944126]
Douillard JY, Cunningham D, Roth AD, Navarro M, James
RD, Karasek P, Jandik P, Iveson T, Carmichael J, Alakl M,
Gruia G, Awad L, Rougier P. Irinotecan combined with
fluorouracil compared with fluorouracil alone as first-line
treatment for metastatic colorectal cancer: a multicentre ran-

August 7, 2014|Volume 20|Issue 29|

De Stefano A et al . EGFR-antibodies in metastatic colorectal cancer treatment

16

17

18

19

20
21

22

23

24

25

26

27

28

domised trial. Lancet 2000; 355: 1041-1047 [PMID: 10744089]
Grothey A, Sargent D. Overall survival of patients with advanced colorectal cancer correlates with availability of fluorouracil, irinotecan, and oxaliplatin regardless of whether
doublet or single-agent therapy is used first line. J Clin
Oncol 2005; 23: 9441-9442 [PMID: 16361649 DOI: 10.1200/
JCO.2005.04.4792]
Hurwitz H, Fehrenbacher L, Novotny W, Cartwright T,
Hainsworth J, Heim W, Berlin J, Baron A, Griffing S, Holmgren E, Ferrara N, Fyfe G, Rogers B, Ross R, Kabbinavar
F. Bevacizumab plus irinotecan, fluorouracil, and leucovorin for metastatic colorectal cancer. N Engl J Med 2004; 350:
2335-2342 [PMID: 15175435 DOI: 10.1056/NEJMoa032691]
Cunningham D, Humblet Y, Siena S, Khayat D, Bleiberg H,
Santoro A, Bets D, Mueser M, Harstrick A, Verslype C, Chau
I, Van Cutsem E. Cetuximab monotherapy and cetuximab
plus irinotecan in irinotecan-refractory metastatic colorectal
cancer. N Engl J Med 2004; 351: 337-345 [PMID: 15269313
DOI: 10.1056/NEJMoa033025]
Dienstmann R, Vilar E, Tabernero J. Molecular predictors of response to chemotherapy in colorectal cancer.
Cancer J 2011; 17: 114-126 [PMID: 21427555 DOI: 10.1097/
PPO.0b013e318212f844]
Markman B, Javier Ramos F, Capdevila J, Tabernero J. EGFR
and KRAS in colorectal cancer. Adv Clin Chem 2010; 51:
71-119 [PMID: 20857619]
Heinemann V, Stintzing S, Kirchner T, Boeck S, Jung A.
Clinical relevance of EGFR- and KRAS-status in colorectal
cancer patients treated with monoclonal antibodies directed
against the EGFR. Cancer Treat Rev 2009; 35: 262-271 [PMID:
19117687 DOI: 10.1016/j.ctrv.2008.11.005]
Van Cutsem E, Peeters M, Siena S, Humblet Y, Hendlisz A,
Neyns B, Canon JL, Van Laethem JL, Maurel J, Richardson
G, Wolf M, Amado RG. Open-label phase III trial of panitumumab plus best supportive care compared with best supportive care alone in patients with chemotherapy-refractory
metastatic colorectal cancer. J Clin Oncol 2007; 25: 1658-1664
[PMID: 17470858 DOI: 10.1200/JCO.2006.08.1620]
Siena S, Sartore-Bianchi A, Di Nicolantonio F, Balfour J,
Bardelli A. Biomarkers predicting clinical outcome of epidermal growth factor receptor-targeted therapy in metastatic
colorectal cancer. J Natl Cancer Inst 2009; 101: 1308-1324
[PMID: 19738166 DOI: 10.1093/jnci/djp280]
Lièvre A, Bachet JB, Le Corre D, Boige V, Landi B, Emile
JF, Côté JF, Tomasic G, Penna C, Ducreux M, Rougier P,
Penault-Llorca F, Laurent-Puig P. KRAS mutation status is
predictive of response to cetuximab therapy in colorectal
cancer. Cancer Res 2006; 66: 3992-3995 [PMID: 16618717 DOI:
10.1158/0008-5472.CAN-06-0191]
Barault L, Veyrie N, Jooste V, Lecorre D, Chapusot C, Ferraz JM, Lièvre A, Cortet M, Bouvier AM, Rat P, Roignot P,
Faivre J, Laurent-Puig P, Piard F. Mutations in the RASMAPK, PI(3)K (phosphatidylinositol-3-OH kinase) signaling
network correlate with poor survival in a population-based
series of colon cancers. Int J Cancer 2008; 122: 2255-2259
[PMID: 18224685 DOI: 10.1002/ijc.23388]
Tan YH, Liu Y, Eu KW, Ang PW, Li WQ, Salto-Tellez M,
Iacopetta B, Soong R. Detection of BRAF V600E mutation by
pyrosequencing. Pathology 2008; 40: 295-298 [PMID: 18428050
DOI: 10.1080/00313020801911512]
Calistri D, Rengucci C, Seymour I, Lattuneddu A, Polifemo
AM, Monti F, Saragoni L, Amadori D. Mutation analysis of
p53, K-ras, and BRAF genes in colorectal cancer progression. J Cell Physiol 2005; 204: 484-488 [PMID: 15702478 DOI:
10.1002/jcp.20310]
Jhawer M, Goel S, Wilson AJ, Montagna C, Ling YH, Byun
DS, Nasser S, Arango D, Shin J, Klampfer L, Augenlicht LH,
Perez-Soler R, Mariadason JM. PIK3CA mutation/PTEN
expression status predicts response of colon cancer cells
to the epidermal growth factor receptor inhibitor cetux-

WJG|www.wjgnet.com

29

30

31

32

33

34

35

36

37

38

39

9740

imab. Cancer Res 2008; 68: 1953-1961 [PMID: 18339877 DOI:
10.1158/0008-5472.CAN-07-5659]
Velho S, Oliveira C, Ferreira A, Ferreira AC, Suriano G,
Schwartz S, Duval A, Carneiro F, Machado JC, Hamelin R,
Seruca R. The prevalence of PIK3CA mutations in gastric
and colon cancer. Eur J Cancer 2005; 41: 1649-1654 [PMID:
15994075 DOI: 10.1016/j.ejca.2005.04.022]
Moroni M, Veronese S, Benvenuti S, Marrapese G, SartoreBianchi A, Di Nicolantonio F, Gambacorta M, Siena S, Bardelli A. Gene copy number for epidermal growth factor receptor (EGFR) and clinical response to antiEGFR treatment in
colorectal cancer: a cohort study. Lancet Oncol 2005; 6: 279-286
[PMID: 15863375 DOI: 10.1016/S1470-2045(05)70102-9]
Frattini M, Saletti P, Romagnani E, Martin V, Molinari F,
Ghisletta M, Camponovo A, Etienne LL, Cavalli F, Mazzucchelli L. PTEN loss of expression predicts cetuximab efficacy
in metastatic colorectal cancer patients. Br J Cancer 2007; 97:
1139-1145 [PMID: 17940504 DOI: 10.1038/sj.bjc.6604009]
Sartore-Bianchi A, Di Nicolantonio F, Nichelatti M, Molinari
F, De Dosso S, Saletti P, Martini M, Cipani T, Marrapese G,
Mazzucchelli L, Lamba S, Veronese S, Frattini M, Bardelli A,
Siena S. Multi-determinants analysis of molecular alterations
for predicting clinical benefit to EGFR-targeted monoclonal antibodies in colorectal cancer. PLoS One 2009; 4: e7287
[PMID: 19806185 DOI: 10.1371/journal.pone.0007287]
Amado RG, Wolf M, Peeters M, Van Cutsem E, Siena S,
Freeman DJ, Juan T, Sikorski R, Suggs S, Radinsky R, Patterson SD, Chang DD. Wild-type KRAS is required for panitumumab efficacy in patients with metastatic colorectal cancer. J Clin Oncol 2008; 26: 1626-1634 [PMID: 18316791 DOI:
10.1200/JCO.2007.14.7116]
Wong R, Cunningham D. Using predictive biomarkers to
select patients with advanced colorectal cancer for treatment
with epidermal growth factor receptor antibodies. J Clin
Oncol 2008; 26: 5668-5670 [PMID: 19001346 DOI: 10.1200/
JCO.2008.19.5024]
Loupakis F, Pollina L, Stasi I, Ruzzo A, Scartozzi M, Santini
D, Masi G, Graziano F, Cremolini C, Rulli E, Canestrari E,
Funel N, Schiavon G, Petrini I, Magnani M, Tonini G, Campani D, Floriani I, Cascinu S, Falcone A. PTEN expression
and KRAS mutations on primary tumors and metastases
in the prediction of benefit from cetuximab plus irinotecan for patients with metastatic colorectal cancer. J Clin
Oncol 2009; 27: 2622-2629 [PMID: 19398573 DOI: 10.1200/
JCO.2008.20.2796]
Karapetis CS, Khambata-Ford S, Jonker DJ, O’Callaghan
CJ, Tu D, Tebbutt NC, Simes RJ, Chalchal H, Shapiro JD,
Robitaille S, Price TJ, Shepherd L, Au HJ, Langer C, Moore
MJ, Zalcberg JR. K-ras mutations and benefit from cetuximab in advanced colorectal cancer. N Engl J Med 2008; 359:
1757-1765 [PMID: 18946061 DOI: 10.1056/NEJMoa0804385]
Van Cutsem E, Köhne CH, Hitre E, Zaluski J, Chang Chien
CR, Makhson A, D’Haens G, Pintér T, Lim R, Bodoky G,
Roh JK, Folprecht G, Ruff P, Stroh C, Tejpar S, Schlichting M,
Nippgen J, Rougier P. Cetuximab and chemotherapy as initial treatment for metastatic colorectal cancer. N Engl J Med
2009; 360: 1408-1417 [PMID: 19339720 DOI: 10.1056/NEJMoa0805019]
Van Cutsem E, Köhne CH, Láng I, Folprecht G, Nowacki
MP, Cascinu S, Shchepotin I, Maurel J, Cunningham D,
Tejpar S, Schlichting M, Zubel A, Celik I, Rougier P, Ciardiello F. Cetuximab plus irinotecan, fluorouracil, and leucovorin as first-line treatment for metastatic colorectal cancer: updated analysis of overall survival according to tumor KRAS
and BRAF mutation status. J Clin Oncol 2011; 29: 2011-2019
[PMID: 21502544 DOI: 10.1200/JCO.2010.33.5091]
Douillard JY, Siena S, Cassidy J, Tabernero J, Burkes R, Barugel M, Humblet Y, Bodoky G, Cunningham D, Jassem J,
Rivera F, Kocákova I, Ruff P, Błasińska-Morawiec M, Šmakal
M, Canon JL, Rother M, Oliner KS, Wolf M, Gansert J. Ran-

August 7, 2014|Volume 20|Issue 29|

De Stefano A et al . EGFR-antibodies in metastatic colorectal cancer treatment

40

41

42

43

44

45

46

47

48

domized, phase III trial of panitumumab with infusional
fluorouracil, leucovorin, and oxaliplatin (FOLFOX4) versus
FOLFOX4 alone as first-line treatment in patients with previously untreated metastatic colorectal cancer: the PRIME
study. J Clin Oncol 2010; 28: 4697-4705 [PMID: 20921465 DOI:
10.1200/JCO.2009.27.4860]
Sobrero AF, Maurel J, Fehrenbacher L, Scheithauer W, Abubakr YA, Lutz MP, Vega-Villegas ME, Eng C, Steinhauer
EU, Prausova J, Lenz HJ, Borg C, Middleton G, Kröning
H, Luppi G, Kisker O, Zubel A, Langer C, Kopit J, Burris
HA. EPIC: phase III trial of cetuximab plus irinotecan after
fluoropyrimidine and oxaliplatin failure in patients with
metastatic colorectal cancer. J Clin Oncol 2008; 26: 2311-2319
[PMID: 18390971 DOI: 10.1200/JCO.2007.13.1193]
Peeters M, Price TJ, Cervantes A, Sobrero AF, Ducreux M,
Hotko Y, André T, Chan E, Lordick F, Punt CJ, Strickland
AH, Wilson G, Ciuleanu TE, Roman L, Van Cutsem E, Tzekova V, Collins S, Oliner KS, Rong A, Gansert J. Randomized
phase III study of panitumumab with fluorouracil, leucovorin, and irinotecan (FOLFIRI) compared with FOLFIRI alone
as second-line treatment in patients with metastatic colorectal cancer. J Clin Oncol 2010; 28: 4706-4713 [PMID: 20921462
DOI: 10.1200/JCO.2009.27.6055]
Bokemeyer C, Bondarenko I, Makhson A, Hartmann JT,
Aparicio J, de Braud F, Donea S, Ludwig H, Schuch G,
Stroh C, Loos AH, Zubel A, Koralewski P. Fluorouracil,
leucovorin, and oxaliplatin with and without cetuximab
in the first-line treatment of metastatic colorectal cancer. J
Clin Oncol 2009; 27: 663-671 [PMID: 19114683 DOI: 10.1200/
JCO.2008.20.8397]
Oliner K, Douillard J, Siena S, Tabernero J, Burkes R, Barugel M, Humblet Y, Bodoky G, Cunningham D, Jassem J, Rivera F, Kocáková I, Ruff P, Blasinska-Morawiec M, Smakal M,
Williams R, Rong A, Wiezorek J, Sidhu R, Patterson S. Analysis of KRAS/NRAS and BRAF mutations in the phase III
PRIME study of panitumumab (pmab) plus FOLFOX versus
FOLFOX as first-line treatment (tx) for metastatic colorectal
cancer (mCRC). J Clin Oncol 2013; 31 (Suppl 15 ): Abstr3511
Kim ST, Park KH, Kim JS, Shin SW, Kim YH. Impact of
KRAS Mutation Status on Outcomes in Metastatic Colon
Cancer Patients without Anti-Epidermal Growth Factor
Receptor Therapy. Cancer Res Treat 2013; 45: 55-62 [PMID:
23613671 DOI: 10.4143/crt.2013.45.1.55]
Lièvre A, Bachet JB, Boige V, Cayre A, Le Corre D, Buc E,
Ychou M, Bouché O, Landi B, Louvet C, André T, Bibeau F,
Diebold MD, Rougier P, Ducreux M, Tomasic G, Emile JF,
Penault-Llorca F, Laurent-Puig P. KRAS mutations as an
independent prognostic factor in patients with advanced
colorectal cancer treated with cetuximab. J Clin Oncol 2008;
26: 374-379 [PMID: 18202412 DOI: 10.1200/JCO.2007.12.5906]
Garassino MC, Farina G, Rossi A, Martelli O, Torri V. Should
KRAS mutations be considered an independent prognostic
factor in patients with advanced colorectal cancer treated
with cetuximab? J Clin Oncol 2008; 26: 2600; author reply
2601-2602 [PMID: 18487581 DOI: 10.1200/JCO.2008.16.8195]
Andreyev HJ, Norman AR, Cunningham D, Oates JR, Clarke
PA. Kirsten ras mutations in patients with colorectal cancer:
the multicenter “RASCAL” study. J Natl Cancer Inst 1998; 90:
675-684 [PMID: 9586664]
Andreyev HJ, Norman AR, Cunningham D, Oates J, Dix
BR, Iacopetta BJ, Young J, Walsh T, Ward R, Hawkins N,
Beranek M, Jandik P, Benamouzig R, Jullian E, Laurent-Puig
P, Olschwang S, Muller O, Hoffmann I, Rabes HM, Zietz C,
Troungos C, Valavanis C, Yuen ST, Ho JW, Croke CT, O’
Donoghue DP, Giaretti W, Rapallo A, Russo A, Bazan V,
Tanaka M, Omura K, Azuma T, Ohkusa T, Fujimori T, Ono
Y, Pauly M, Faber C, Glaesener R, de Goeij AF, Arends JW,
Andersen SN, Lövig T, Breivik J, Gaudernack G, Clausen
OP, De Angelis PD, Meling GI, Rognum TO, Smith R, Goh
HS, Font A, Rosell R, Sun XF, Zhang H, Benhattar J, Losi L,

WJG|www.wjgnet.com

49

50

51

52

53

54

55

56

57

9741

Lee JQ, Wang ST, Clarke PA, Bell S, Quirke P, Bubb VJ, Piris J,
Cruickshank NR, Morton D, Fox JC, Al-Mulla F, Lees N, Hall
CN, Snary D, Wilkinson K, Dillon D, Costa J, Pricolo VE,
Finkelstein SD, Thebo JS, Senagore AJ, Halter SA, Wadler
S, Malik S, Krtolica K, Urosevic N. Kirsten ras mutations in
patients with colorectal cancer: the ‘RASCAL II’ study. Br
J Cancer 2001; 85: 692-696 [PMID: 11531254 DOI: 10.1054/
bjoc.2001.1964]
Richman SD, Seymour MT, Chambers P, Elliott F, Daly CL,
Meade AM, Taylor G, Barrett JH, Quirke P. KRAS and BRAF
mutations in advanced colorectal cancer are associated with
poor prognosis but do not preclude benefit from oxaliplatin or irinotecan: results from the MRC FOCUS trial. J Clin
Oncol 2009; 27: 5931-5937 [PMID: 19884549 DOI: 10.1200/
JCO.2009.22.4295]
Roth AD, Tejpar S, Delorenzi M, Yan P, Fiocca R, Klingbiel
D, Dietrich D, Biesmans B, Bodoky G, Barone C, Aranda
E, Nordlinger B, Cisar L, Labianca R, Cunningham D, Van
Cutsem E, Bosman F. Prognostic role of KRAS and BRAF in
stage II and III resected colon cancer: results of the translational study on the PETACC-3, EORTC 40993, SAKK 60-00
trial. J Clin Oncol 2010; 28: 466-474 [PMID: 20008640 DOI:
10.1200/JCO.2009.23.3452]
Hutchins G, Southward K, Handley K, Magill L, Beaumont
C, Stahlschmidt J, Richman S, Chambers P, Seymour M, Kerr
D, Gray R, Quirke P. Value of mismatch repair, KRAS, and
BRAF mutations in predicting recurrence and benefits from
chemotherapy in colorectal cancer. J Clin Oncol 2011; 29:
1261-1270 [PMID: 21383284 DOI: 10.1200/JCO.2010.30.1366]
De Roock W, Jonker DJ, Di Nicolantonio F, Sartore-Bianchi
A, Tu D, Siena S, Lamba S, Arena S, Frattini M, Piessevaux H,
Van Cutsem E, O’Callaghan CJ, Khambata-Ford S, Zalcberg
JR, Simes J, Karapetis CS, Bardelli A, Tejpar S. Association
of KRAS p.G13D mutation with outcome in patients with
chemotherapy-refractory metastatic colorectal cancer treated
with cetuximab. JAMA 2010; 304: 1812-1820 [PMID: 20978259
DOI: 10.1001/jama.2010.1535]
Molinari F, Felicioni L, Buscarino M, De Dosso S, Buttitta
F, Malatesta S, Movilia A, Luoni M, Boldorini R, Alabiso O,
Girlando S, Soini B, Spitale A, Di Nicolantonio F, Saletti P,
Crippa S, Mazzucchelli L, Marchetti A, Bardelli A, Frattini M.
Increased detection sensitivity for KRAS mutations enhances the prediction of anti-EGFR monoclonal antibody resistance in metastatic colorectal cancer. Clin Cancer Res 2011;
17: 4901-4914 [PMID: 21632860 DOI: 10.1158/1078-0432.
CCR-10-3137]
Lee CN, Chen HY, Liu HE. Favorable response to erlotinib in
a lung adenocarcinoma with both epidermal growth factor
receptor exon 19 deletion and K-ras G13D mutations. J Clin
Oncol 2010; 28: e111-e112 [PMID: 20008635 DOI: 10.1200/
JCO.2009.24.0747]
Benvenuti S, Sartore-Bianchi A, Di Nicolantonio F, Zanon
C, Moroni M, Veronese S, Siena S, Bardelli A. Oncogenic
activation of the RAS/RAF signaling pathway impairs the
response of metastatic colorectal cancers to anti-epidermal
growth factor receptor antibody therapies. Cancer Res 2007;
67: 2643-2648 [PMID: 17363584 DOI: 10.1158/0008-5472.
CAN-06-4158]
De Roock W, Piessevaux H, De Schutter J, Janssens M,
De Hertogh G, Personeni N, Biesmans B, Van Laethem JL,
Peeters M, Humblet Y, Van Cutsem E, Tejpar S. KRAS wildtype state predicts survival and is associated to early radiological response in metastatic colorectal cancer treated with
cetuximab. Ann Oncol 2008; 19: 508-515 [PMID: 17998284
DOI: 10.1093/annonc/mdm496]
Tejpar S, Bokemeyer C, Celik I, Schlichting M, Sartorius U,
Van Cutsem E. Influence of KRAS G13D mutations on outcome in patients with metastatic colorectal cancer (mCRC)
treated with first-line chemotherapy with or without cetuximab. J Clin Oncol 2011; 29 (Suppl 15): Abstr3511

August 7, 2014|Volume 20|Issue 29|

De Stefano A et al . EGFR-antibodies in metastatic colorectal cancer treatment
58

59

60

61

62

63

64
65

66

67

Peeters M, Douillard JY, Van Cutsem E, Siena S, Zhang K,
Williams R, Wiezorek J. Mutant KRAS codon 12 and 13 alleles in patients with metastatic colorectal cancer: assessment
as prognostic and predictive biomarkers of response to panitumumab. J Clin Oncol 2013; 31: 759-765 [PMID: 23182985
DOI: 10.1200/JCO.2012.45.1492]
Douillard JY, Oliner KS, Siena S, Tabernero J, Burkes R, Barugel M, Humblet Y, Bodoky G, Cunningham D, Jassem J,
Rivera F, Kocákova I, Ruff P, Błasińska-Morawiec M, Šmakal
M, Canon JL, Rother M, Williams R, Rong A, Wiezorek
J, Sidhu R, Patterson SD. Panitumumab-FOLFOX4 treatment and RAS mutations in colorectal cancer. N Engl J Med
2013; 369: 1023-1034 [PMID: 24024839 DOI: 10.1056/NEJMoa1305275]
Loupakis F, Ruzzo A, Cremolini C, Vincenzi B, Salvatore
L, Santini D, Masi G, Stasi I, Canestrari E, Rulli E, Floriani I,
Bencardino K, Galluccio N, Catalano V, Tonini G, Magnani
M, Fontanini G, Basolo F, Falcone A, Graziano F. KRAS
codon 61, 146 and BRAF mutations predict resistance to cetuximab plus irinotecan in KRAS codon 12 and 13 wild-type
metastatic colorectal cancer. Br J Cancer 2009; 101: 715-721
[PMID: 19603018 DOI: 10.1038/sj.bjc.6605177]
De Roock W, Claes B, Bernasconi D, De Schutter J, Biesmans
B, Fountzilas G, Kalogeras KT, Kotoula V, Papamichael D,
Laurent-Puig P, Penault-Llorca F, Rougier P, Vincenzi B,
Santini D, Tonini G, Cappuzzo F, Frattini M, Molinari F,
Saletti P, De Dosso S, Martini M, Bardelli A, Siena S, SartoreBianchi A, Tabernero J, Macarulla T, Di Fiore F, Gangloff
AO, Ciardiello F, Pfeiffer P, Qvortrup C, Hansen TP, Van
Cutsem E, Piessevaux H, Lambrechts D, Delorenzi M, Tejpar
S. Effects of KRAS, BRAF, NRAS, and PIK3CA mutations on
the efficacy of cetuximab plus chemotherapy in chemotherapy-refractory metastatic colorectal cancer: a retrospective
consortium analysis. Lancet Oncol 2010; 11: 753-762 [PMID:
20619739 DOI: 10.1016/S1470-2045(10)70130-3]
Di Nicolantonio F, Martini M, Molinari F, Sartore-Bianchi
A, Arena S, Saletti P, De Dosso S, Mazzucchelli L, Frattini M,
Siena S, Bardelli A. Wild-type BRAF is required for response
to panitumumab or cetuximab in metastatic colorectal cancer. J Clin Oncol 2008; 26: 5705-5712 [PMID: 19001320 DOI:
10.1200/JCO.2008.18.0786]
Bokemeyer C, Van Cutsem E, Rougier P, Ciardiello F,
Heeger S, Schlichting M, Celik I, Köhne CH. Addition of
cetuximab to chemotherapy as first-line treatment for KRAS
wild-type metastatic colorectal cancer: pooled analysis of
the CRYSTAL and OPUS randomised clinical trials. Eur J
Cancer 2012; 48: 1466-1475 [PMID: 22446022 DOI: 10.1016/
j.ejca.2012.02.057]
Tol J, Nagtegaal ID, Punt CJ. BRAF mutation in metastatic
colorectal cancer. N Engl J Med 2009; 361: 98-99 [PMID:
19571295 DOI: 10.1056/NEJMc0904160]
Tol J, Koopman M, Cats A, Rodenburg CJ, Creemers GJ,
Schrama JG, Erdkamp FL, Vos AH, van Groeningen CJ, Sinnige HA, Richel DJ, Voest EE, Dijkstra JR, Vink-Börger ME,
Antonini NF, Mol L, van Krieken JH, Dalesio O, Punt CJ.
Chemotherapy, bevacizumab, and cetuximab in metastatic
colorectal cancer. N Engl J Med 2009; 360: 563-572 [PMID:
19196673 DOI: 10.1056/NEJMoa0808268]
Seymour MT, Brown SR, Middleton G, Maughan T, Richman S, Gwyther S, Lowe C, Seligmann JF, Wadsley J, Maisey
N, Chau I, Hill M, Dawson L, Falk S, O’Callaghan A, Benstead K, Chambers P, Oliver A, Marshall H, Napp V, Quirke
P. Panitumumab and irinotecan versus irinotecan alone for
patients with KRAS wild-type, fluorouracil-resistant advanced colorectal cancer (PICCOLO): a prospectively stratified randomised trial. Lancet Oncol 2013; 14: 749-759 [PMID:
23725851 DOI: 10.1016/S1470-2045(13)70163-3]
Hawkes E, Cunningham D. Relationship between colorectal
cancer biomarkers and response to epidermal growth factor receptor monoclonal antibodies. J Clin Oncol 2010; 28:

WJG|www.wjgnet.com

68

69

70

71

72

73

74

75

76

77
78

79

9742

e529-e531; author reply e532-e533 [PMID: 20679615 DOI:
10.1200/JCO.2010.29.5626]
Maughan TS, Adams RA, Smith CG, Meade AM, Seymour
MT, Wilson RH, Idziaszczyk S, Harris R, Fisher D, Kenny
SL, Kay E, Mitchell JK, Madi A, Jasani B, James MD, Bridgewater J, Kennedy MJ, Claes B, Lambrechts D, Kaplan R,
Cheadle JP. Addition of cetuximab to oxaliplatin-based firstline combination chemotherapy for treatment of advanced
colorectal cancer: results of the randomised phase 3 MRC
COIN trial. Lancet 2011; 377: 2103-2114 [PMID: 21641636
DOI: 10.1016/S0140-6736(11)60613-2]
Stintzing S, Jung A, Rossius L, Modest DP, Fischer von
Weikersthal L, Decker T, Möhler M, Scheithauer W, Kirchner
T, Heinemann V. Analysis of KRAS/NRAS and BRAF mutations in FIRE-3: A randomized phase III study of FOLFIRI
plus cetuximab or bevacizumab as first-line treatment for
wild-type (WT) KRAS (exon 2) metastatic colorectal cancer
(mCRC) patients. Europe: ECCO/ESMO, 2013
Sartore-Bianchi A, Martini M, Molinari F, Veronese S,
Nichelatti M, Artale S, Di Nicolantonio F, Saletti P, De
Dosso S, Mazzucchelli L, Frattini M, Siena S, Bardelli A.
PIK3CA mutations in colorectal cancer are associated with
clinical resistance to EGFR-targeted monoclonal antibodies. Cancer Res 2009; 69: 1851-1857 [PMID: 19223544 DOI:
10.1158/0008-5472.CAN-08-2466]
Prenen H, De Schutter J, Jacobs B, De Roock W, Biesmans
B, Claes B, Lambrechts D, Van Cutsem E, Tejpar S. PIK3CA
mutations are not a major determinant of resistance to the
epidermal growth factor receptor inhibitor cetuximab in metastatic colorectal cancer. Clin Cancer Res 2009; 15: 3184-3188
[PMID: 19366826 DOI: 10.1158/1078-0432.CCR-08-2961]
Ogino S, Nosho K, Kirkner GJ, Shima K, Irahara N, Kure S,
Chan AT, Engelman JA, Kraft P, Cantley LC, Giovannucci
EL, Fuchs CS. PIK3CA mutation is associated with poor
prognosis among patients with curatively resected colon
cancer. J Clin Oncol 2009; 27: 1477-1484 [PMID: 19237633
DOI: 10.1200/JCO.2008.18.6544]
Cappuzzo F, Varella-Garcia M, Finocchiaro G, Skokan M,
Gajapathy S, Carnaghi C, Rimassa L, Rossi E, Ligorio C,
Di Tommaso L, Holmes AJ, Toschi L, Tallini G, Destro A,
Roncalli M, Santoro A, Jänne PA. Primary resistance to cetuximab therapy in EGFR FISH-positive colorectal cancer
patients. Br J Cancer 2008; 99: 83-89 [PMID: 18577988 DOI:
10.1038/sj.bjc.6604439]
Tol J, Dijkstra JR, Klomp M, Teerenstra S, Dommerholt M,
Vink-Börger ME, van Cleef PH, van Krieken JH, Punt CJ,
Nagtegaal ID. Markers for EGFR pathway activation as
predictor of outcome in metastatic colorectal cancer patients
treated with or without cetuximab. Eur J Cancer 2010; 46:
1997-2009 [PMID: 20413299 DOI: 10.1016/j.ejca.2010.03.036]
Bardelli A, Siena S. Molecular mechanisms of resistance
to cetuximab and panitumumab in colorectal cancer. J Clin
Oncol 2010; 28: 1254-1261 [PMID: 20100961 DOI: 10.1200/
JCO.2009.24.6116]
Cully M, You H, Levine AJ, Mak TW. Beyond PTEN mutations: the PI3K pathway as an integrator of multiple inputs
during tumorigenesis. Nat Rev Cancer 2006; 6: 184-192 [PMID:
16453012 DOI: 10.1038/nrc1819]
Di Cristofano A, Pandolfi PP. The multiple roles of PTEN in
tumor suppression. Cell 2000; 100: 387-390 [PMID: 10693755]
Goel A, Arnold CN, Niedzwiecki D, Carethers JM, Dowell
JM, Wasserman L, Compton C, Mayer RJ, Bertagnolli MM,
Boland CR. Frequent inactivation of PTEN by promoter
hypermethylation in microsatellite instability-high sporadic
colorectal cancers. Cancer Res 2004; 64: 3014-3021 [PMID:
15126336]
Molinari F, Martin V, Saletti P, De Dosso S, Spitale A, Camponovo A, Bordoni A, Crippa S, Mazzucchelli L, Frattini M.
Differing deregulation of EGFR and downstream proteins in
primary colorectal cancer and related metastatic sites may

August 7, 2014|Volume 20|Issue 29|

De Stefano A et al . EGFR-antibodies in metastatic colorectal cancer treatment

80

81

82

83

be clinically relevant. Br J Cancer 2009; 100: 1087-1094 [PMID:
19293803 DOI: 10.1038/sj.bjc.6604848]
Santini D, Loupakis F, Vincenzi B, Floriani I, Stasi I, Canestrari E, Rulli E, Maltese PE, Andreoni F, Masi G, Graziano
F, Baldi GG, Salvatore L, Russo A, Perrone G, Tommasino
MR, Magnani M, Falcone A, Tonini G, Ruzzo A. High concordance of KRAS status between primary colorectal tumors
and related metastatic sites: implications for clinical practice. Oncologist 2008; 13: 1270-1275 [PMID: 19056857 DOI:
10.1634/theoncologist.2008-0181]
Laurent-Puig P, Cayre A, Manceau G, Buc E, Bachet JB,
Lecomte T, Rougier P, Lievre A, Landi B, Boige V, Ducreux
M, Ychou M, Bibeau F, Bouché O, Reid J, Stone S, PenaultLlorca F. Analysis of PTEN, BRAF, and EGFR status in determining benefit from cetuximab therapy in wild-type KRAS
metastatic colon cancer. J Clin Oncol 2009; 27: 5924-5930
[PMID: 19884556 DOI: 10.1200/JCO.2008.21.6796]
Tveit KM, Guren T, Glimelius B, Pfeiffer P, Sorbye H, Pyrhonen S, Sigurdsson F, Kure E, Ikdahl T, Skovlund E, Fokstuen
T, Hansen F, Hofsli E, Birkemeyer E, Johnsson A, Starkhammar H, Yilmaz MK, Keldsen N, Erdal AB, Dajani O, Dahl O,
Christoffersen T. Phase III trial of cetuximab with continuous or intermittent fluorouracil, leucovorin, and oxaliplatin
(Nordic FLOX) versus FLOX alone in first-line treatment of
metastatic colorectal cancer: the NORDIC-VII study. J Clin
Oncol 2012; 30: 1755-1762 [PMID: 22473155 DOI: 10.1200/
JCO.2011.38.0915]
Douillard J, Zemelka T, Fountzilas G. Randomized phase II
study evaluating UFOX plus cetuximab vs FOLFOX4 plus
cetuximab as first-line therapy in metastatic colorectal cancer. Ann Oncol 2012; 23 (Suppl 4): Abstr0-0017

84

85

86

87

Bokemeyer C, Bondarenko I, Hartmann JT, de Braud F,
Schuch G, Zubel A, Celik I, Schlichting M, Koralewski P.
Efficacy according to biomarker status of cetuximab plus
FOLFOX-4 as first-line treatment for metastatic colorectal
cancer: the OPUS study. Ann Oncol 2011; 22: 1535-1546
[PMID: 21228335 DOI: 10.1093/annonc/mdq632]
Moosmann N, von Weikersthal LF, Vehling-Kaiser U,
Stauch M, Hass HG, Dietzfelbinger H, Oruzio D, Klein S,
Zellmann K, Decker T, Schulze M, Abenhardt W, Puchtler
G, Kappauf H, Mittermüller J, Haberl C, Schalhorn A, Jung
A, Stintzing S, Heinemann V. Cetuximab plus capecitabine
and irinotecan compared with cetuximab plus capecitabine
and oxaliplatin as first-line treatment for patients with metastatic colorectal cancer: AIO KRK-0104--a randomized trial
of the German AIO CRC study group. J Clin Oncol 2011; 29:
1050-1058 [PMID: 21300933 DOI: 10.1200/JCO.2010.31.1936]
Folprecht G, Gruenberger T, Bechstein WO, Raab HR,
Lordick F, Hartmann JT, Lang H, Frilling A, Stoehlmacher
J, Weitz J, Konopke R, Stroszczynski C, Liersch T, Ockert D,
Herrmann T, Goekkurt E, Parisi F, Köhne CH. Tumour response and secondary resectability of colorectal liver metastases following neoadjuvant chemotherapy with cetuximab:
the CELIM randomised phase 2 trial. Lancet Oncol 2010; 11:
38-47 [PMID: 19942479 DOI: 10.1016/S1470-2045(09)70330-4]
Razis E, Briasoulis E, Vrettou E, Skarlos DV, Papamichael D,
Kostopoulos I, Samantas E, Xanthakis I, Bobos M, Galanidi E,
Bai M, Gikonti I, Koukouma A, Kafiri G, Papakostas P, Kalogeras KT, Kosmidis P, Fountzilas G. Potential value of PTEN
in predicting cetuximab response in colorectal cancer: an
exploratory study. BMC Cancer 2008; 8: 234 [PMID: 18700047
DOI: 10.1186/1471-2407-8-234]
P- Reviewer: Serafino A S- Editor: Zhai HH
L- Editor: O’Neill M E- Editor: Wang CH

WJG|www.wjgnet.com

9743

August 7, 2014|Volume 20|Issue 29|

World J Gastroenterol 2014 August 7; 20(29): 9744-9758
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i29.9744

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (5): Colorectal cancer

p38α MAPK pathway: A key factor in colorectal cancer
therapy and chemoresistance
Valentina Grossi, Alessia Peserico, Tugsan Tezil, Cristiano Simone
cancer cells (colon, prostate, breast, lung tumor cells).
This function is mediated by the negative regulation
of cell cycle progression and the transduction of some
apoptotic stimuli. However, despite its anti-proliferative
and tumor suppressor activity in some tissues, the p38α
pathway may also acquire an oncogenic role involving
cancer related-processes such as cell metabolism, invasion, inflammation and angiogenesis. In this review, we
summarize current knowledge about the predominant
role of the p38α MAPK pathway in CRC development
and chemoresistance. In our view, this might help establish the therapeutic potential of the targeted manipulation of this pathway in clinical settings.
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Core tip: The pro-apoptotic effects of p38α activation
are long recognized; however, a significant number of
reports describes the involvement of p38α in cancerspecific metabolism, survival, proliferation, and chemoresistance of colorectal cancer cells and tissues. p38α
blockade exerts its chemosensitizing effects through
nuclear accumulation of FoxO3A and activation of its
pro-apoptotic gene expression program, thereby improving the efficacy of anti-cancer treatments. Apoptosis induction upon p38α inhibition requires Bax, which
may thus serve as a predictive bio-marker for p38αtargeted therapy response. The novel role described for
the p38-FoxO3A axis in chemoresistance might offer
new options for combined therapies and personalized
medicine approaches.

Abstract
Colorectal cancer (CRC) remains one of the most common malignancies in the world. Although surgical resection combined with adjuvant therapy is effective at the
early stages of the disease, resistance to conventional
therapies is frequently observed in advanced stages,
where treatments become ineffective. Resistance to cisplatin, irinotecan and 5-fluorouracil chemotherapy has
been shown to involve mitogen-activated protein kinase
(MAPK) signaling and recent studies identified p38α
MAPK as a mediator of resistance to various agents
in CRC patients. Studies published in the last decade
showed a dual role for the p38α pathway in mammals.
Its role as a negative regulator of proliferation has been
reported in both normal (including cardiomyocytes, hepatocytes, fibroblasts, hematopoietic and lung cells) and

WJG|www.wjgnet.com

Grossi V, Peserico A, Tezil T, Simone C. p38α MAPK pathway:
A key factor in colorectal cancer therapy and chemoresistance.
World J Gastroenterol 2014; 20(29): 9744-9758 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i29/9744.htm

9744

August 7, 2014|Volume 20|Issue 29|

Grossi V et al . p38α MAPK pathway

There is still much to be learned about the treatment
of colorectal cancers and increasing efforts are needed to
complement traditional chemotherapy with targeted molecular approaches.

DOI: http://dx.doi.org/10.3748/wjg.v20.i29.9744

INTRODUCTION

MAPKs and p38 MAPK signaling
MAPKs are expressed in all cell types and regulate a variety of physiological processes such as cell growth, metabolism, differentiation and cell death. To date, six distinct
groups of MAPKs have been characterized in mammals:
the extracellular signal-regulated kinases ERK 1/2, ERK
3/4, ERK5, ERK 7/8, the Jun N-terminal kinases JNK
1/2/3 and the p38 MAPKs p38α/β/γ/δ[6,7].
MAPK signaling shows a cascade organization, in
which activation of upstream kinases by receptors leads
to sequential activation of a MAPK module (MAPKKK,
MAPKK, MAPK). In this context, specific interactions
between MAPKs and their substrates are crucial for
mediating signaling input and output[8,9]. Indeed, mechanisms are described that limit protein interactions to
preserve signaling specificity. In particular, MAPKs only
phosphorylate the consensus motif S/TP in their target
proteins and a second level of specificity is warranted by
a conserved docking domain that binds kinases allowing
substrate phosphorylation[10]. In these complexes, structural scaffold proteins link together the components of
the signaling pathway to assure effective signaling transmission between kinases.
p38 MAPKs are a family of serine/threonine-directed
kinases classified as “stress-activated” kinases. Activation of p38 MAPKs has been observed in response to a
variety of extracellular stimuli in different organisms, and
p38 homologues have been identified in yeast (hog1 and
Spc/Sty1), fruit fly (p38a/b/c), worm (pmk-2) and frog
(p38)[11-13]. In yeast, the p38 pathway is involved in the response to extracellular stress stimuli and cell cycle-related
events[14,15]. Mammalian p38 MAPKs play similar roles
and their activation allows cells to interpret a wide range
of external signals and respond appropriately by generating a plethora of different biological effects such as inflammation, differentiation, cell proliferation and survival
in a tissue-specific and signal-dependent manner[16,17].
In mammals, four genes have been identified that encode p38 MAPKs: MAPK14 (p38α), MAPK11 (p38β),
MAPK12 (p38γ) and MAPK13 (p38δ). p38α and p38β
are closely related proteins that might have overlapping
functions. While p38α and p38β expression is abundant
in most tissues, p38γ and δ seem to be expressed in a
tissue-specific manner, e.g., p38γ is detected in muscle
and p38δ is predominant in skin, small intestine and
kidney[18,19]. Besides being tissue-specific, the expression
profile of p38 isoforms also seems to be influenced by
the differentiation status of the cell. For example, undifferentiated intestinal epithelial cells express the α, β and
γ isoforms, while differentiated cells express the α, γ and
[20,21]
. Additionally, three alternative splicing
δ isoforms
isoforms of the MAPK14 gene have been reported. The
Mxi2 variant is identical to p38α in amino acids 1-280

Colorectal cancer (CRC) is the third most frequent cancer in males and the second in females. The majority of
CRC patients have sporadic disease with no apparent
evidence of inheritance, while the remaining 25% have a
family history of CRC suggesting a hereditary contribution, exposure to common high risk factors among family
members, or a combination of both. Genetic mutations
have been identified as the cause of inherited cancer
risk in some tumor-prone families; these mutations are
estimated to account for only 5% to 6% of CRC cases
overall[1]. The knowledge derived from the study of syndromes with Mendelian dominant inheritance, which are
characterized by a primary predisposition to benign or
malignant tumors of the large bowel, has provided important clues regarding the molecular events driving CRC
progression from normal epithelium to adenoma (mutations of APC/β-catenin, KRAS/BRAF and then DCC/
SMAD2/SMAD4/TGFβRII) to carcinoma [PI3KCA,
PTEN, p53, BAX, with the involvement of the DNA
mismatch repair (MMR) genes MLH1, MSH2, PMS2 and
MSH6].
Current treatment for CRC is based on combination therapies, which in most cases include surgery, local
radiotherapy and chemotherapy. The type and timing of
treatment depend on stage classification. Besides, preoperative therapy for colorectal cancer has been used
before surgery, resulting in improved quality of surgery,
reduced toxic effects and increased radiosensitivity. The
main disadvantage of pre-operative chemoradiotherapy is
related to possible over-treatment of patients with early
stage or undetected metastatic disease before surgery.
Current clinical trials keep on investigating the incorporation of more effective combination chemotherapies
into the multimodality treatment of this disease. Currently, 5-FU combined with leucovorin and irinotecan
(FOLFIRI) is the recommended first-line chemotherapy
for CRC. Other frequently used compounds include
capecitabine, a more convenient alternative to intravenous infusions of 5-FU for patients who are able to
tolerate oral chemotherapy, and platinum-based drugs,
such as oxaliplatin and cisplatin[2-4]. Oxaliplatin is used in
combination with leucovorin and 5-FU in the FOLFOX
regimen. In addition, targeted therapies with monoclonal
antibodies designed to inhibit EGF (such as cetuximab
or panitumumab) or VEGF (bevacizumab) signaling have
been proven of potential benefit in addition to standard
chemoradiotherapy[5].
Clinical trials are now directed to evaluate new drug
combinations, treatment schedules, and radiotherapy approaches, and to set up new methods of diagnostic imaging with the aim of enhancing tumor regression, increasing overall survival, and improving the quality of life for
CRC patients.
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and showed reduced binding of p38 MAPK substrates;
however, it can bind to ERK1/2 MAPKs, modulating
their nuclear import[22-24]. The Exip variant has a unique
53-amino acid C-terminus and is insensitive to usual activating treatments; nevertheless, it is able to regulate the
NFkB pathway[25]. The CSB1 variant shows a 25 amino
acids difference in its internal sequence, but its contribution is unknown[22].
Various combinations of upstream kinases regulate
the activation of p38 isoforms. There are two major
MAPKKs known to activate p38: MAPKK3 and MAPKK6, which are activated by their upstream kinases, such
as MTK1 (also known as MEKK4) and the apoptosis
signal-regulating kinase 1 (ASK1)[19], but other MAPKKindependent mechanisms involving the growth arrest and
DNA-damage-inducible protein alpha (GADD45α) and
the ataxia telangiectasia and Rad3-related protein (ATR)
have also been described[26,27]. p38 MAPK is relatively
inactive in its non-phosphorylated form and becomes
rapidly activated by phosphorylation of two Thr-GlyTyr motifs[28,29]. Phosphorylated p38 proteins can activate
several transcription factors, such as ATF-2, CHOP-1,
MEF-2, p53, and Elk-1, but also a variety of kinases,
including MNK1, MNK2, MSK1, PRAK, MAPKAPK2
and MAPKAPK3, that are involved in controlling cytoplasmic and/or nuclear signaling networks and response
to cytokines, growth factors, toxins and pharmacological
drugs.

induced by different stimuli through up-regulation of
the pro-apoptotic proteins Fas and Bax and downregulation of the activity of the ERK and Akt survival
pathways[44,45]. In accordance with these observations,
overexpression of p38α enhances apoptosis induced by
the constitutive active mutant MKK3bE in cardiomyocytes; however, overexpression of p38β promotes cell
survival[46].
The role of p38 as a tumor suppressor has also been
highlighted by using genetically modified mouse models.
Several studies taking advantage of mouse models deficient for p38 or its upstream activators (such as MAPKKs, GADD45α, MAPK5) demonstrated higher susceptibility to tumor development[47-50]. Concordant with
the anti-tumorigenic function of p38, in some types of
cancer inactivation of tumor suppressor pathways is promoted by the up-regulation of negative regulators of p38
MAPK, such as the phosphatases DUSP26 and PPM1D,
and inhibitors of MAPKKKs upstream activators (e.g.,
ASK1 and GST-proteins)[51-53].
p38α negatively regulates malignant transformation
induced by oncogenic H-Ras, and several mechanisms
have been proposed to explain this putative tumor-suppressor role, including inhibition of the ERK pathway[54],
induction of premature senescence[55], stimulation of
p53-dependent cell cycle arrest[51] and upregulation of cell
cycle inhibitors, such as p16INK4a[49] and p21Cip1[56]. Other
reports indicate that p38α may antagonize malignant
transformation induced by N-Ras in fibroblasts[57] and by
K-Ras in colon cancer cells[58], although the mechanisms
involved are poorly understood.
While p38 signaling has been shown to act as a tumor
suppressor, this function seems to be effective mainly at
the onset of cellular transformation[59-61], since in various cell lines p38 has been shown to enhance tumor cell
growth after acquisition of the malignant phenotype. Enhanced p38 MAPK phosphorylation has been correlated
with poor overall survival in patients with HER-2 negative breast cancer[62] or with hepatocellular carcinoma[63].
Moreover p38 MAPK is involved in sustaining tumor
growth in other types of cancer including follicular lymphoma, lung, thyroid, colorectal, ovarian[64,65] and breast
carcinomas, as well as gliomas and head and neck squamous cell carcinomas[66-69]. In these cases, depending on
the type and stage of the tumor, cancer cells with protumorigenic activation of the p38 MAPK pathway may
have a selective advantage.
The potential pro-tumorigenic role of p38α signaling is based on correlations with bad prognosis in cancer,
and there is evidence that this pathway may contribute
to the survival or proliferation of cancer cell lines from
different origins, including breast[70], colorectal[71], prostate[72] or skin[73]. In addition, p38α is involved in cancer
cell metabolism by driving HIF1α stabilization[74], in
chondrosarcoma cell proliferation[75] and in tumor dormancy[76]. Typical features of cancer aggressiveness, such
as migration and invasion, are also positively regulated by
p38 MAPK activation in breast, head and neck squamous

P38 MAPK PATHWAYS IN HUMAN
CANCER
Uncontrolled proliferation is a result of altered signaling mechanisms and a hallmark of cancer[30]. The genetic
basis of signaling cascade deregulation relies on somatic
mutations in components of these pathways, as reported
in a large-scale screening study on the status of protein
kinases in tumors. However, the functional meaning of
these mutations remains still unclear and genetic alterations cannot explain, per se, the loss of intracellular equilibrium in cancer[31].
The p38 MAPK pathway, together with various
signaling cascades such as JNK, ERK, AMPK and
PI3K[30,32,33], regulates the balance between cell survival
and cell death with direct effects on the development of
various cancers. The tight regulation of survival/death
signals by p38 MAPKs can result in opposite molecular
functions in tumor development. Indeed, p38 MAPKs
can play a dual role: they can either mediate cell survival
or promote cell death through different mechanisms.
Most reports support the pro-apoptotic role of p38
MAPKs; for example, p38α and/or p38β are mediators
of apoptosis in several cell types such as neurons[34-37] or
cardiac cells[38-40]. In other cell types, p38 MAPKs activate
apoptosis through transcriptional and post-transcriptional
mechanisms, upon stimulation with TNF-α[41], TGF-β[42]
or oxidative stress [43]. Moreover, p38α sensitizes cardiomyocytes and MEF-derived cell lines to apoptosis
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and hepatocellular carcinomas[66-69]. Importantly, we also
detected aberrant activation of p38 in high grade CRC
biopsies[77] and inflammatory bowel disease-associated
human CRC specimens (Simone C, unpublished results).

a dramatic increase in cell death by inducing a molecular
switch from autophagic to apoptotic cell death in CRC
cells[21]. Moreover, p38α blockade interfered with the
signal-dependent transcription of a subset of genes involved in cell cycle control, autophagy and cell death[21,71].
Our results indicate that the autophagy response to p38α
blockade initially represents a survival pathway, while
prolonged inactivation of the kinase leads to cell death.
Indeed, reactivation of p38α induces a significant reduction of autophagic markers together with a slow reentry
into the cell cycle[21,88].
Further evidence supporting the role of p38α as a
negative regulator of autophagy comes from studies
showing that manipulation of p38-interacting protein
and p38α alters the localization of mATG9, a protein
required for autophagosome formation. p38α mediates
starvation-induced mATG9 trafficking to form autophagosomes, suggesting that p38α could provide the link to
nutrient-dependent signaling cascades activated during
autophagy[89]. The role of p38 signaling in the negative
control of autophagy has also been described in hepatocytes under hypo-osmotic stress or upon addition of
amino acids or insulin[90], and in cultured Sertoli cells
treated with SB203580, a p38 specific inhibitor, which
show accumulation of large autophagolysosomes[91].
Moreover, Keil et al[92] demonstrated that Atg5, an E3
ubiquitin ligase required for autophagosome elongation
and LC3 lipidation, is phosphorylated by p38α and that
regulation of p38α by GADD45/MEKK4 negatively
modulates the autophagic process.
Despite the profound differences in the metabolism
of normal and cancer cells, in both the activity of the
autophagic machinery strongly depends on cell metabolic
status[93]. An altered cellular metabolism is a common
feature of cancer cells. Indeed, cancer cells predominantly
produce energy by high rates of glycolysis, even in the
presence of high oxygen tension, rather than by comparatively low rates of glycolysis followed by oxidation
of pyruvate in mitochondria, as in most normal cells[94].
Cancer cells predominantly produce ATP through constitutive activation of aerobic glycolysis (50% of their ATP
is obtained through the glycolytic flux, vs 10% observed in
normal cells), a process that generally relies on the stabilization and activation of the transcription factor HIF1α,
which regulates the expression of the glucose transporter
GLUT1, the rate-limiting enzymes HK1/2 and PKM2,
and LDHA, the enzyme responsible for the conversion of
pyruvate into lactate. As such, HIF1α links aerobic glycolysis to carcinogenesis, representing one of the crossroads
for tumor suppressor and oncogenic pathways[95,96].
p38α is required to sustain HIF1 α protein levels
and the expression of its target genes; thus, its inhibition causes a rapid drop in ATP levels in CRC cells. This
acute energy need triggers AMPK-dependent nuclear
accumulation of FoxO3A and subsequent activation of
its transcriptional program, leading to sequential induction of autophagy, cell cycle arrest and cell death. In vivo,
pharmacological blockade of p38α has both a cytostatic

P38α AND COLORECTAL CANCER: ROLE
IN THE AUTOPHAGIC RESPONSE
Signaling networks are important to maintain genome
stability during cell cycle to protect cells from tumorigenesis. Besides, additional control mechanisms include cell
death and autophagy.
Autophagy is an evolutionarily conserved catabolic
process regulating turn over and elimination of proteins,
cellular organelles, such as peroxisomes, ribosomes and
mitochondria, and the endoplasmic reticulum. The resulting metabolites are recycled for biosynthesis and energy
metabolism. This process includes the formation of
double-membrane cytosolic vesicles, termed autophagosomes, which then fuse with endosomes and lysosomes
to form autolysosomes, wherein degradation finally occurs. Like apoptosis, autophagy has emerged as a key
process in physiologic cell response. It is constitutively
active at low levels, but can be robustly activated under
metabolic stress[78,79].
Complex connections exist between autophagy, apoptosis and cellular homeostasis; indeed, autophagy can act
both as a protector and an executioner. The general view
is that autophagy is a survival pathway; however, autophagy induction by prolonged starvation and other stresses
can result in cell death[78,79]. The ability of autophagy to
regulate cell death makes it a target in several diseases,
such as cancer and neurodegenerative disorders[80].
Beclin-1/Atg6 has a central role in autophagy by interacting with the ‘‘nucleation step’’ kinase class Ⅲ PI3K
(Vps34) and with the anti-apoptotic proteins Bcl-2/BclxL. Beclin-1 can be released from Bcl-2/Bcl-xL complexes by pro-apoptotic BH3 proteins to trigger autophagy;
however, Bax and Bak (pro-apoptotic proteins) can also
be released from these complexes to trigger apoptosis[81].
Mice lacking beclin-1 or genes that play an important role
in the autophagy machinery show increased tumorigenesis[80,82]. Autophagy appears deregulated during carcinogenesis and it is an important barrier for cellular transformation. However, autophagy has a two-faced role,
which depends on the balance between cytoprotective
and potentially oncogenic effects vs cell-death-promoting
and tumor-suppressive effects[83]. Noticeably, autophagy
can support tumor progression by contributing to tumor
dormancy[84]. In mouse hepatocellular carcinoma cells,
dormancy is regulated by the activity ratio between ERK
and p38 MAPK[85].
Our group has previously reported that p38α is required for CRC cell proliferation and survival and that its
genetic depletion or the pharmacological blockade of its
kinase activity induces growth arrest, autophagy and cell
death in a cell type-specific manner[21,86,87]. Interestingly, in
these cells inhibition of the autophagic activity promoted
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Figure 1 Schematic representation of the p38α involvement in colorectal cancer. A: p38α is involved in the regulation of key metabolic cascades in colorectal
cancer (CRC), sustaining HIF1α protein expression and the transcription of HIF1α target genes, such as GLUT1, HK2, PKM2 and LDHA; B: p38α blockade causes a
significant decrease in the intracellular levels of ATP, which correlates with a time-dependent reduction of HIF1α protein levels and the consequent decrease in HIF1α
target gene expression and phospho-activation of AMPK. AMPK activity is required for the nuclear accumulation of FoxO3A and the subsequent activation of FoxO3A
target genes involved in autophagy, metabolism, cell cycle arrest and cell death, leading to autophagic cell death in CRC in vitro and in vivo. PI3K/Akt and JNK kinases regulate the nuclear/cytoplasmic shuttling of FoxO3A protein by phosphorylation.

and cytotoxic effect on colorectal neoplasms, and is associated with nuclear enrichment of FoxO3A and expression of its target genes p21 and PTEN[88].
The signaling perturbation imposed by p38α inhibition in CRC involves a reduction of S473 Akt phosphoactivation together with the enrichment of the PTEN
phosphatase, a pattern that correlates with the decreased
Akt-dependent phospho-inhibition of FoxO3A on the
T32 and S253 residues. Conversely, JNK, a potent activator of FoxO3A, was significantly phospho-activated in
SB202190-treated CRC cell lines[88]. Importantly, PI3K
class Ⅰ enzymes negatively regulate autophagy in several
cellular systems including CRC cells, and the JNK pathway has also been reported to be required for starvationinduced autophagy in cancer cells and for autophagic cell
death[97,98]. Of note, PI3K/Akt and JNK can also crosstalk with p38α by cooperating at the chromatin level, and
Akt can be activated by p38α/β through MAPK/APK2dependent phosphorylation of serine 473[99]. Conversely,
the antagonism between JNK and p38α signaling has
been shown in different ways, including direct repression of the JNK upstream kinases Grap2/HPK1 and
MKK7[47,100] (Figure 1).

plays a significant role in CRC formation and progression
and that the kinase pathway including RAS, RAF, MEK
1/2, and ERK 1/2 is activated in most human tumors.
Mutations in BRAF and KRAS oncogenes occur in
36% of all human cancers, including 15% of colorectal
cancers and 40% of melanomas[101]. Haigis et al[102] demonstrated that KRAS affects proliferation and differentiation, whereas activated NRAS (a protein of the RAS
family) suppresses apoptosis. However, although initial
results demonstrated that inhibition of RAF or MEK1
exerts a cytostatic and cytotoxic effect in CRC cells in
vitro and in xenograft models[103,104], the MEK1 inhibitor
CI-1040 showed poor antitumor activity in phase Ⅱ clinical trials[105].
Interestingly, it has been recently reported that ATPcompetitive kinase inhibitors have potent antitumor
effects on mutant BRAF tumors, with evidence of decreased tumor growth; in contrast, KRAS mutant tumors
showed an opposite mechanism, with enhanced tumor
growth in xenograft models [106]. Additionally, Corcoran et al[107] demonstrated that BRAF-mutant CRC cells
were less sensitive to vemurafenib (RAF inhibitor) and
displayed incomplete pospho-ERK suppression. They
observed a rapid ERK reactivation occurring through
EGFR-mediated activation of RAS and CRAS. Taken
together, these findings support the idea that RAF and
MEK inhibitors might be used depending on the cellular
context and in combination with other therapeutic drugs.

CROSSTALK BETWEEN THE P38 AND
THE MEK/ERK PATHWAYS IN CRC
It is now widely accepted that the MEK/ERK pathway
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to prove efficacy in CRC clinical trials[116,120]. Sorafenib,
which is a type-Ⅱ kinase inhibitor, has been tested in our
lab in association with the type-Ⅰ inhibitor SB202190 in
CRC cell lines and animal models to investigate whether
combination of these compounds may entail enhanced
effects allowing to control more efficiently cancer cell
growth[121]. Simultaneous inhibition of p38α DFG-in
and -out conformations and BRAF leads to a synergistic increase of the apoptotic response in CRC cells,
the most suitable type of cell death in tumor treatment.
These observations are consistent with structural data
and other studies showing that the DFG-in and DFGout conformations of p38α can be targeted by type[117,122,123]
. In
Ⅰ and type-Ⅱ kinase inhibitors, respectively
fact, since sorafenib is able to bind to p38α, the residual
kinase activity exerted by the remaining pool of p38α in
the DFG-in conformation may constitute the basis of
sorafenib clinical failure in CRC. Therefore, concomitant
inhibition with a type-Ⅰ inhibitor such as SB202190 is
expected to abrogate the residual activity of p38α with
consequent synergistic effects[121]. For these reasons, it
is important to create the basis for a novel drug design
paradigm of kinase inhibition, in which both the DFG-in
and DFG-out conformations are simultaneously targeted,
either with a combination of inhibitors (type-Ⅰ and typeⅡ inhibitors) or with one single agent acting against both
conformations[124].
A recent report presented the latest clinical results
about the multikinase inhibitor Regorafenib (FluoroSorafenib), that targets, among others, RAF, wild type
BRAF and mutated BRAF, and showed a particularly
high inhibitory activity on p38 MAPK[125]. When administrated sequentially with standard chemotherapy,
it displayed a good tolerance and a promising activity
in patients with CRC. Currently, Regorafenib is being
evaluated in phase Ⅱ clinical trials in combination with
FOLFOX6 and FOLFIRI in patients with mutant KRAS
or BRAF CRC[125,126] and is now proposed for an international phase Ⅲ clinical trial for the treatment of patients
with metastatic CRC who have progressed after standard
therapies (Figure 2).

Recently, we showed that the crosstalk between the
p38 α and ERK pathway is crucial for CRC therapy
response. Indeed, p38 α inhibition by SB202190 upregulates HER3, one of the receptor tyrosine kinases
(RTK) of the EGF pathway, in CRC and this effect is
dependent upon the activity of FoxO3A and its cofactor
Sirt1[108]. This observation was also confirmed by using
a structurally and functionally different p38α inhibitor,
BIRB796, which is in phase Ⅲ clinical trials for the treatment of inflammation[109]. In turn, HER3 up-regulation
leads to overactivation of the MEK/ERK pathway, even
in the presence of mutated RAF or RAS which are still
able to over-activate ERK signaling in response to extracellular ligands (i.e., EGF)[110]. Of note, in breast cancer
cells FoxO3A is able to increase expression of RTKs,
including HER3, in response to AKT inhibition[111], and
the phosphatase PP2A mediates the interplay between
the p38α and the MEK/ERK pathways in primary fibroblasts and breast epithelial cells[112,113].
Activation of the MEK/ERK pathway in CRC cells
upon p38α inhibition leads to the rescue of a pro-apoptotic program driven by the extrinsic pathway through
transcriptional up-regulation of TRAIL and activation
of caspase-8. Concomitant MEK inhibition triggers Baxdependent apoptosis by enabling signaling propagation
through t-Bid and caspase 3. Of note, recent research
showed that the MEK/ERK pathway might affect Bid
processing by caspase-8, thus resembling the activity of
casein kinases Ⅰ/Ⅱ, which regulate caspase 8-dependent
Bid cleavage by phosphorylation[114]. Bid phosphorylation
at MAPK phosphorylation sites was induced by p38α
inhibition and abrogated by concomitant inhibition of
MEK1. Interestingly, the therapeutic efficacy of p38α/
MEK1 inhibition in CRC is independent from mutations
in p53, KRAS and BRAF genes, and from the CIN or
MIN phenotype; conversely, Bax-/- cells showed almost
50% apoptosis reduction with respect to wild type cells.
Combined inhibition of p38α and MEK1 efficiently
reduces the volume of xenografted tumors and AOM/
DSS-induced tumors in vivo[77].
Intriguingly, we observed p38α activation in HT-29,
HCT-116 and Caco2 CRC cells treated with MEK1 inhibitors, a phenomenon that does not occur in human
primary non-tumorigenic colon cells (Grossi V, Peserico
A and Simone C, unpublished results), suggesting that a
reciprocal compensatory role of these two pathways may
exist in cancer cells. Indeed, inhibition of ERK activity
triggers p38 activation also in cervical carcinoma HeLa
cells[115].
Sorafenib, an experimental antitumor agent, potently
inhibits nine protein kinases, including BRAF. It has also
been shown to target the DFG-out conformational state
of p38α and to affect p38α kinase activity in vitro[116,117].
Sorafenib induces apoptosis by down-regulating Mcl-1
in several cell lines and xenografted tumors, including
HT-29 and HCT-116 CRC cells[116,118,119]. It has been approved for clinical use by the FDA in hepatocellular carcinoma (HCC) and renal cell carcinoma (RCC), but failed
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P38α AND CHEMORESISTANCE:
P38 INHIBITORS AS TARGETED
THERAPEUTICS
Cancer cells can develop chemoresistance in the course
of chemotherapy due to signaling pathways that have
been altered during tumorigenesis. Following drug exposure, some clones within the cancer tissue can reprogram the expression of a specific set of genes leading to
overactive and/or suppressed signaling networks. These
adaptive changes may ultimately favor survival by desensitizing cells to drug-induced death signals. Due to this
mechanism, patients might suffer from recurrent tumors
originated from resistant clones[127-130].
The occurrence of chemoresistance is responsible for
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Figure 2 Schematic representation of the p38α/ERK cross-talk in colorectal cancer. A: Inhibition of MEK1 triggers phospho-activation of the p38 MAPK pathway, indicating the existence of a p38α/ERK crosstalk in CRC cells; B: p38α inhibition induces increased expression of HER3, one of the receptor tyrosine kinases
(RTK) of the EGF pathway, and this effect is dependent upon the activity of FoxO3A and its cofactor SIRT1. In turn, HER3 up-regulation leads to over-activation of the
MEK/ERK pathway. Moreover, p38α inhibition leads to the rescue of a pro-apoptotic program driven by the extrinsic pathway through transcriptional up-regulation of
TRAIL and activation of caspase-8; C: Concomitant MEK inhibition triggers Bax-dependent apoptosis by enabling signaling propagation through t-Bid and caspase 3.
Bid phosphorylation at MAPK phosphorylation sites is induced by p38α inhibition and abrogated by concomitant inhibition of MEK1.

the limited success of various drugs in many cancers. For
example, cisplatin, a chemotherapeutic agent frequently
used against colorectal tumors, has been shown to induce
cell death rates of up to 70% in the first phase of therapy; however, over time this rate gradually decreases to
15% due to the existence of unresponsive (chemoresistant) cells during chronic chemotherapy exposure[4,131,132].
Thus, studies focusing on specific resistance mechanisms with the aim of finding new therapeutic strategies
directed against specific targets have become increasingly
desirable to improve patient survival. p38α might well
be one of these targets. Indeed, response to cisplatin
treatment is potentiated upon p38α inhibition, resulting
in ROS-dependent upregulation of the JNK pathway in
cancer cells, including CRC. In vivo, p38α inhibition cooperates with cisplatin treatment to reduce the size and
malignancy of xenografted breast tumors in mice[133].
Additionally, we recently showed that p38α signaling is
activated in cisplatin-treated CRC cells, and that p38α
genetic ablation or pharmacological blockade sensitizes
chemoresistant CRC cells to cisplatin. Furthermore,
p38α inhibitors showed an additive effect with cisplatin
in chemosensitive CRC cells, and co-treatment induced
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Bax-dependent apoptosis in both sensitive and resistant
cells in vitro and in xenografted mouse models[134].
Chemoresistant cells may either show specific resistance to a particular drug or display multidrug resistance. P-glycoprotein (P-gp) is a well-established plasma
membrane transporter which is involved in the efflux of
chemotherapeutic agents by pumping drugs like cisplatin,
vincristine and doxorubicin outside of cancer cells. When
high p38 activity is observed in chemoresistant cells, P-gp
expression is often upregulated and chemoresistance can
be reversed by SB203580 treatment[135,136]. Using p38 inhibitors together with common chemotherapeutics has
also given promising results in different experimental setups. Co-treatment with SB202190 and the chemotherapy
drug irinotecan appears to sensitize chemoresistant CRC
cells to chemotherapy thus supporting an important role
for p38 in controlling chemoresistance[137,138]. SCIO-469
has been shown to reduce tumor growth in multiple
myeloma xenograft tumors and to enhance the effect of
bortezomib by inhibiting p38α. Additionally, VWCS, a
peptide inhibitor, has been recently proposed both as a
specific p38α inhibitor and a therapeutic agent[139-142]. In
non-cancerous cells, p38 is involved in the inhibition of
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Figure 3 Schematic representation of the p38α as a mediator of resistance in colorectal cancer. A: p38α is a mediator of resistance to irinotecan, 5-FU and
cisplatin and its activation correlates with impaired response to therapy in colorectal cancer (CRC) patients; B: p38α pharmacological inhibition combined with chemotherapeutic agents decreases viability of cancer cells and strongly increases Bax-dependent apoptotic cell death by activating the tumor suppressor protein FoxO3A.
FoxO3A activation up-regulates transcription of its target genes (p21, PTEN, Bim and GADD45), which forces both chemosensitive and chemoresistant CRC cells to
undergo apoptosis.

caspase 3, 8 and 9 activity in different conditions[143,144].
Similarly, CRC cells treated with SB202190 or SB203580
together with 5-fluorouracil showed increased caspase
activity and sensitivity to chemotherapy due to increased
Bax expression[145].
At the molecular level, chemoresistant cells within a
CRC tissue may show different characteristics compared to
their drug-sensitive parental cells; namely, increased expression of specific anti-apoptotic genes (e.g., BCL2, BCL2L1
and MCL1) has been often detected in chemoresistant
clones[146,147]. Expression of these anti-apoptotic genes is
regulated by various upstream molecules; still, Bcl-2 and
Bcl-xL upregulation upon DNA damage has been found
to take place in a p38-dependent way in human cervical
cancer cells[148]. The requirement of p38 in Bcl-2-dependent apoptosis inhibition after DNA damage has also been
reported in E1A/Ras-transformed fibroblasts[149]. Furthermore, inhibition of p38 by SB203580 appears to block
hypoxia-induced Bcl-2 upregulation in endothelial cells,
whereas inhibition of related pathways (PKC, ERK1/2 or
PI3K) does not affect Bcl-2 expression[150].
Cyclooxygenase-2 (Cox-2), a downstream protein of
p38α, is frequently found upregulated in response to several chemotherapeutics and its inhibition by non-steroidal
anti-inflammatory drugs (NSAIDs) is thought to reduce
the risk of CRC development by inducing cell death in
adenomas[151,152]. Since Cox-2 activity is also associated
with p38 activation, its upregulation has been shown to
be reduced in SB203580-treated CRC cells, resulting in
increased apoptosis in response to ursolic acid[153]. These
studies show that chemoresistant CRC cells may induce a
p38-mediated resistance mechanism to support survival
or to delay the ongoing cell death processes. Inhibition
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of p38 by SB203580 has also been reported as an effective sensitizer reducing cell migration/invasion and enhancing sensitivity to etoposide treatment through Cox-2
downregulation in neuroblastomas[154].
Due to correlation with metastatic potential, cell migration in advanced tumors is another important issue
to overcome in cancer therapy. p38α acts as a potent
inducer of tumor invasion by regulating matrix metalloproteinases (MMP1, MMP3 and MMP13) in metastatic
cancer cells[155]. TGFβ, which contributes to tumor progression and cell migration, acts through the p38 MAPK
pathway, and p38 activity is required for TGFβ-mediated
migration[67]. Death receptor-3-mediated p38 activation is
required to promote survival and migration of CRC cells,
and SB202190 treatment was found to decrease metastasis in in vivo breast cancer models[156,157]. These studies
indicate that the p38 MAPK pathway is also involved in
metastasis and affects cancer cell behavior beyond chemoresistance in advanced cancers (Figure 3).

CONCLUSION
The current idea is that tumorigenesis requires deregulation of several cellular processes and acquisition of particular features: independence from proliferation signals,
evasion of apoptosis, insensitivity to anti-growth signals,
unlimited replicative potential and ability to invade, metastasize and sustain angiogenesis for nutrient supply[30].
In addition, cancer cells need to acquire drug resistance
and avoid oncogene-induced senescence[158]. In recent
years, an emerging role has also been established for a
subclass of neoplastic cells within tumors, termed cancer stem cells (CSCs)[30]. Importantly, CSCs show similar
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10%-15% of all CRCs[163].
Several p38α inhibitors passed phase Ⅰ clinical trials and are currently in phase Ⅱ or Ⅲ for inflammatory
diseases and cancer[109,164]. Of note, LY2228820 dimesylate, a selective inhibitor of p38 MAPK, passed a human
phase Ⅰ study in patients with advanced cancer[165]. Thus,
these agents could be available for future combined
therapy with chemotherapeutic agents and molecularly
targeted drugs. Still, it is important that further clinical
trials are developed to investigate the incorporation of
more effective combination chemotherapy regimens into
the multimodality treatment of CRC.

characteristics to normal intestinal stem cells, from which
they are believed to originate. They are thought to be
responsible for cancer relapse and to contribute to tumor chemoresistance. Recent reports identified the p38Hsp27 axis as a survival pathway in hypoxic and serumstarved colorectal CSCs[159]. Moreover, the p38-Hsp27
pathway has been shown to mediate CSCs drug resistance
to cisplatin[160] and anti-angiogenic agents[161].
Although the association of p38α activation with
pro-apoptotic functions has been studied for years, in
this review we showed that there are a significant number of reports highlighting its involvement in cancer cell
survival, proliferation and chemoresistance. Indeed, p38α
is over-active in CRC cells and tissues and is required to
maintain cancer-specific metabolism[87]. Combined use
of p38α inhibitors (SB202190, SB203580, BIRB796) and
autophagy inhibitors (3MA, bafilomycin), MEK inhibitors (PD98059, UO126, CI-1040), HER2 inhibitors (lapatinib), multikinase inhibitors (sorafenib) or chemotherapeutic agents (5-FU, irinotecan, cisplatin) significantly
reduced CRC growth in vitro and in preclinical models by
inducing a higher degree of apoptosis compared to each
single treatment[21,71,77,121,134]. Thus, targeting p38α in CRC
offers oncologists various options for combined therapies
and personalized medicine approaches: p38α inhibitors
may be used in association with autophagy inhibitors,
with molecularly-targeted drugs directed against the EGF
pathway and with conventional chemotherapy. Besides,
the phosphorylation status of p38 MAPK might be used
as a marker of resistance and a predictor of therapy response in CRC.
p38α blockade exerts its chemosensitizing effects
through nuclear accumulation of the transcription factor
FoxO3A and activation of its pro-apoptotic gene expression program. Besides being involved in the response
to the above mentioned p38 inhibitors and to cisplatin,
FoxO3A is also implicated in the cellular response to
paclitaxel, doxorubicin, imatinib, PI3K-Akt inhibitors,
EGFR/HER2 inhibitors, and ionizing radiation[162]. Elucidation of the cellular players involved in resistance to
chemotherapy and sensitization to cell death is a key issue
for improving the efficacy of anti-cancer strategies, since
response to treatment is often compromised by the development of chemoresistance. In this light, the new role
described for the p38-FoxO3A axis in chemoresistance
might prove of high importance for the design of new
therapeutic strategies for CRC in combination with the
above mentioned drugs.
Bax is required for proper apoptosis induction in all
the combined therapeutic applications involving p38α inhibitors described for CRC in this review. Thus, Bax status may also represent a predictive bio-marker for p38αtargeted therapy response. Retention of one Bax wildtype allele is still sufficient to transduce apoptotic signals,
while inactivation of the second allele produces apoptosis
resistance. Importantly, Bax inactivating mutations have
been described in more than 50% of CRCs characterized
by a MIN phenotype, however these only account for
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Abstract
INTRODUCTION

Advances in genomics, molecular pathology and metabolism have generated many candidate biomarkers
of colorectal cancer with potential clinical value. Epidemiological and biological studies suggest a role for adiposity, dyslipidaemia, hyperinsulinemia, altered glucose
homeostasis, and elevated expression of insulin-like
growth factor (IGF) axis members in the risk and prognosis of cancer. This review discusses some recent past
and current approaches being taken by researches in
obesity and metabolic disorders. The authors describe
three main systems as the most studied metabolic candidates of carcinogenesis: dyslipidemias, adipokines
and insulin/IGF axis. However, each of these components is unsuccessful in defining the diseases risk and
progression, while their co-occurrence increases cancer
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The term ‘‘biomarkers’’ was first used in 1989 as a Medical Subject Heading (MeSH): “measurable and quantifiable biological parameters which serve as indices for
health and physiology-related assessments, such as disease
risk, psychiatric disorders, environmental exposure and its
effects, disease diagnosis, metabolic processes, substance
abuse, pregnancy, cell line development, epidemiologic
studies, etc.”[1-4]. Biomarkers aid in early diagnosis, disease
prevention, drug target identification, drug response predictions, etc.[5-9].
The National Cancer Institute defines a biomarker as:
“a biological molecule found in blood, other body fluids,
or tissues that is a sign of a normal or abnormal process,
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or of a condition or disease. A biomarker may be used
to see how well the body responds to a treatment for a
disease or condition. Also called molecular marker and
signature molecule”[10]. According Tanaka et al[11], the ideal
biomarkers for cancer have applications in determining
predisposition, early detection, assessment of prognosis,
and drug response. In cancer research and medicine,
biomarkers are used[6-12]: To help diagnose conditions
(diagnostic); To indicate, before treatment, the long-term
outcome for patients and to provide an estimate of the
severity and likely outcome of the disease (prognostic);
To predict how well a patient will respond to treatment
(predictive).
Colorectal cancer (CRC) is the third most common
malignant neoplasm worldwide; the global incidence
of this cancer is estimated at 1 million people per year.
According to the National Cancer Society, there will
be 143460 new cases and 51690 deaths worldwide in
2013[13-15]. In Poland, colorectal cancer ranks second in
tumour incidence regardless of sex[16]. Experimental, genetic, epidemiologic and socioeconomic studies[17-20] have
suggested that CRC is results from complex interactions
between inherited susceptibility (Lynch syndrome Ⅰ and
Ⅱ, familial polyposis), clinical conditions (ulcerative colitis, Crohn’s disease) and environmental/lifestyle-related
risk factors (physical inactivity, smoking, excessive alcohol
consumption, high-fat/low-fibre diet, overweight/obesity). The hypothesis that diet and related metabolic, anthropometric and hormonal markers play a role in cancer
aetiology was originally supported by a series of early
case-control studies, epidemiological correlation studies
and pioneering work on rodents in experimental laboratory studies carried out in the 1940s[21].
Overweight/obesity and other metabolic disorders
(hyperglycaemia, hyperinsulinemia, dyslipidaemia, type 2
diabetes, hypertension) are positively associated with the
risk of CRC[22-28].
Elevated body mass index (BMI), physical inactivity,
and visceral adiposity were found to be consistent risk
factors for colon cancer and adenoma[25,27]. The European Prospective Investigation into Cancer and Nutrition
(EPIC) study suggested that visceral adiposity and related
metabolic abnormalities may play an important role in
colon carcinogenesis[29].
In the aetiopathogenesis of colorectal cancer in overweight/obese patients, fat tissue is said to be of high
importance to the processes of neoplastic transformation[30,31]. Fat tissue is treated like glandular tissue, performing endocrine, paracrine and autocrine functions,
regulating triglyceride metabolism, influencing the coagulation system and inhibiting the anti-lipolytic effect of insulin[16,32-35]. Previous reviews and studies of the metabolic
biomarkers of CRC[24,30-34] have indicated two hormonal
systems, adipokines and the insulin/insulin-like growth
factor (IGF) axis, as the most studied metabolic candidates of carcinogenesis.
In this review, we focus on the risk and prognostic
effects of selected metabolic biomarkers in colorectal
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cancer.

DYSLIPIDEMIA
Dyslipidaemia is a pathological alteration in the levels of
serum lipids and lipoproteins. Generally, dyslipidaemia
is defined as having levels of total cholesterol (TC), lowdensity lipoprotein (LDL), triglycerides (TG), apolipoprotein B (apoB) or lipoprotein above the 90th percentile
or levels of high-density lipoprotein (HDL) and apolipoprotein A-1 (apoA-1) below the 10th percentile of the
general population[35]. Lipids and lipoproteins have been
associated with neoplastic processes, such as inflammation, insulin resistance and oxidative stress[36]. Abnormal
levels of all lipid components studied are associated with
an increased risk of obesity-related cancers. According to
Gallagher et al[37] the cholesterol content of tumour cells
is higher than that of normal cells, owing to the increased
absorption of cholesterol from the circulation and the de
novo lipogenesis of cancer cells.
Findings on the relationship between the levels of total cholesterol and triglycerides and the risk of CRC have
been inconsistent. This increase in lipid accumulation has
been shown to promote proliferation and protect cancer
cells from apoptosis[37]. Scientists have observed different
associations between serum TC and CRC risk; a positive
relation[38,39], a positive association with the risk of rectal
cancer only[36,40], inverse[41], and no significant association[36,42]. For example, a positive association between the
serum TC levels and the risk of colorectal carcinoma in
situ after adjusting for age, sex, body mass index, smoking
status and alcohol consumption was reported by Yamada
et al[39], and high total cholesterol (≥ 240 mg/dL) was
positively associated with the risk of colon cancer in men
(HR, 1.12, 95%CI: 1.00-1.25, P = 0.05) in a large prospective study in South Korea[43]. However, a case-control
study by Chung et al[44] showed an inverse association between the lipid (TC and TG) levels and risk of CRC. In
Notarnicola et al[45] studies, colorectal cancer patients with
distant metastases have been significantly higher levels
of TC, LDL-cholesterol (LDL-C) and the LDL-C/HDL
cholesterol (HDL-C) ratio than patients without metastases (P < 0.05).
A few cohort studies have investigated the relationship between high serum TG concentrations in patients
with metabolic disorders and the risk of colon cancer[40].
In a large-scale cohort study performed by Ulmer et al[46]
high serum TG concentrations were found to be correlated with a high risk of rectal cancer (HR = 1.56, 95%CI:
1.00-2.44) in men and women combined, whereas no association was found for colon cancer.
In the metabolic syndrome and cancer (Me-Can)
project[26,41], 2834 men and 1861 women were diagnosed
with colorectal cancer. In men, a significant association
was observed between the TG level and CRC (RR =
1.17, 95%CI: 1.06-1.28) and a modest positive association was observed for total cholesterol and CRC. However, no relationship between these factors was found in
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women.
In the Swedish apolipoprotein mortality risk study[40],
2472 colon and 1510 rectal cancer patients were selected,
and baseline measurements of glucose, TC, TG, LDL-C,
HDL-C, apoB, and apoA-I were recorded. The researchers observed a higher risk of colon cancer in patients
with high levels of glucose and TG and an increased risk
of rectal cancer in those with high TC levels. Stratification by glucose level showed that colon cancer risk was
positively associated with the TG level primarily in those
with a glucose level of < 6.11 μmmol/L.
Melvin et al[38] summarised the results of 28 studies to
quantify the link between the markers of lipid metabolism and the risk of obesity-related cancers. In this metaanalysis, the associations between four components of
the serum lipid profile (TC, TG, HDL, and Apo-AI) and
the risk of cancers that were previously shown to be linked
with obesity were examined. To summarise the study, the
authors concluded that “the modest relative risks suggest
serum lipids to be associated with the risk of cancer, but
indicate it is likely that other markers of the metabolism
and/or lifestyle factors may also be involved”.
The EPIC study[27,29,36,47], a multi-centre prospective
cohort study, was designed to investigate the relationships
between diet and other lifestyle factors and the incidence
of different forms of cancer. The total cohort involved
over 520000 subjects from ten Western European countries who joined the study between 1992 and 2000. In
this group, there were 1238 colorectal cancer patients (779
colon cancer patients and 459 rectal cancer patients). The
association between the serum concentrations of TC,
HDL, LDL, TG, ApoA and ApoB and the incidence of
CRC was examined. In this cohort study, the concentrations of HDL and apoA were found to be inversely associated with the risk of colon cancer [RR (1 SD increase
of 16.6 mg/dL in HDL) 0.78, 95%CI: 0.68-0.89] [RR
(1 SD increase of 32.0 mg/dL in apoA), 0.82, 95%CI:
0.72-0.94]. No association was observed with the risk of
rectal cancer.
Similarly, researchers in the Department of Gastroenterology and Hepatology at the National Institute for
Public Health and the Environment in the Netherlands
found that high levels of HDL may prevent colon cancer[36]. The mechanism behind this association requires
further elucidation to gain an understanding of the
involvement of HDL in the regulation of the levels of
proinflammatory cytokines and the modulation of oxidative stress. Furthermore, HDL mimetics (constructed
from a number of peptides and proteins with varying
structures that possess anti-inflammatory and antioxidant properties reminiscent of HDL) have been shown
to reduce the viability and proliferation of CT26 cells, a
mouse colon adenocarcinoma cell line and to decrease
CT26 cell-mediated tumour burden in BALB/c mice
when administered subcutaneously or orally[48].
Additional studies of HDL role in CRC will be useful for a more complete understanding of the circulating
lipids-cancer relationship[49].
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ADIPOKINES
Adipose tissue consists of a variety of cells and structures, including adipocytes (30%-50%), preadipocytes,
fibroblasts, collagen fibres, blood vessels and immune
cells (monocytes, macrophages and lymphocytes). Since
1994, when the first adipokine, leptin, was discovered, a
new era began in the investigation of the metabolic function of the white adipose tissue. Currently, there are a
number of known adipose-derived peptides and proteins.
These can be divided into two classes: adipocytokines or
cytokines, adipokines, which are secreted by adipocytes
(leptin, adiponectin, resistin, visfatin), and which are secreted from the stromavascular fraction of adipose tissue
cells for example: interleukin 6 (IL6), plasminogen activator inhibitor-1, tumor necrosis factor α[16,50,51].
Adipokines affects a number of body processes,
including appetite, energy balance, glucose and lipid metabolism, inflammation, thermogenesis, neuroendocrine
function, reproduction, angiogenesis, cell proliferation,
and atherosclerosis[51].
Leptin
Leptin, the first discovered adipokine-derived hormone,
contains 162 amino acids and is encoded by the OB
gene[52]. Initial interest on this adipokine was focused on
its role in obesity, but the last decade brought attention
to its association with the inflammatory response, insulin
signalling, and carcinogenesis[53-55].
Leptin acts predominantly through the plasma membrane receptor Ob-R, which is encoded by the OB gene.
As a result of alternative splicing, it has at least six isoforms, from OB-Ra to OB-Rf, with OB-Rb being the predominant isoform responsible for the biological actions
of leptin. This adipokine stimulates colorectal cancer
cells by activating multiple signalling pathways. It induces
the trans-phosphorylation of a variety of kinases, including cytoplasmic Janus kinase, tyrosine kinase, phosphoinositide kinase, mammalian target of rapamycin kinase
(mTOR), and protein kinase C to promote cellular proliferation, stimulate the invasive capacity of early neoplastic
cells, increase the formation of lamellipodial structures
that are important for cell motility and regulate malignant
cell migration[56,57]. Leptin also inhibits apoptosis, induces
angiogenesis, and promotes cellular proliferation in these
cell lines similar to the effects of IGF-1. Of particular
importance for colorectal cancer is the influence of leptin
on suppressors of cytokine signalling, which blocks ObR-mediated signal transduction[58,59].
Leptin was found to be overexpressed in colorectal
cancer, and its expression increases gradually from normal mucosa, simple adenoma with low-grade dysplasia,
adenoma with high-grade dysplasia to adenocarcinoma[60].
Interestingly, it has also been reported that peroxisome proliferator-activated receptor-γ (PPAR-γ) activation in leukaemia inhibits the cytokine-induced activation
of the JAK/STAT pathway. Hence, PPAR-γ agonists are
functional antagonists of leptin signalling with respect
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to tumourigenesis[61-64]. However, increased leptin and
PPAR-γ expression in colorectal cancer are both associated with favourable outcomes and longer diseasefree survival. The STAT3 protein acts as a transcription
factor to increase the expression of the anti-apoptotic
protein Mc1-1. It is postulated that elevated expression
of STAT3 and its target genes in colorectal carcinoma
may be markers of malignancy. Bartucci et al[65] suggested
that leptin activation of the extra cellular signal-regulated
kinases 1/2 (ERK1/2) and AKT signalling pathways enhances cell growth in soft agar and improves sphere formation associated with E-cadherin overexpression. Hoda
et al[66] proved that leptin serves as a mitogenic agent and
has an anti-apoptotic effect on the cells of the large intestine. The connection between cancer and leptin and its
receptors should be considered as a dynamic system in
relation to the external and internal environment[16,54,55].
Considering the therapeutic aspect, researchers have
asked whether receptors on the surface of cancer cells
can be therapeutic targets for newly developed drugs,
such as monoclonal antibodies or low-molecular-weight
tyrosine kinase inhibitors.
A number of epidemiological studies[55,67-69], with different results have examined the association of the levels
of leptin and its soluble receptors with CRC. In a large
Scandinavian case-control study, leptin was found to be
associated with increased risk for CRC in men but not in
women. In studies of the Japanese population, leptin was
suggested to increase the risk of female colorectal cancer
in the Japan Collaborative Cohort Study and the Women’s
Health Initiative cohort of postmenopausal women[68-70].
Cong et al[71] summarised their research, stating that the
serum leptin concentrations were significantly higher
in the CRC group than in the control group for both
males and females; however, these concentrations were
significantly lower in males than in females. The authors
observed a statistically significant relationship between
leptin expression and tumour differentiation but not tumour location or TNM stage.
In a previous study from our laboratory in which a total of 146 colorectal cancer patients in various stages of
clinical progression of CRC were enrolled[72], we did not
observe statistically significant differences in the levels of
leptin or its receptors (OB-Ra and OB-Rb) between the
groups of colorectal cancer patients in different stages
of clinical and pathological progression. A statistically
significant difference was observed in OB-Ra expression
between patients with a normal body weight and obese
patients with respect to TNM stage. Similar results were
obtained by Arpaci et al[73], who found that serum leptin
does not correlate with the stage of CRC progression.
However, the results of a study by Wang et al[61] (108
patients with CRC) showed that leptin/OB-R expression
is significantly associated with T stage, TNM stage, lymph
node metastasis and distant metastasis. The authors suggested that leptin regulates proliferation and apoptosis of
colorectal carcinoma cells through the PI3K/Akt/mTOR
signalling pathway.
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The EPIC study examined the association of serum
leptin and sOR-R with CRC risk and lifestyle and dietary
factors (BMI, WH and circulating metabolic biomarkers).
This study concluded that sOB-R is strongly inversely associated with the risk of CRC, independent of BMI and
the levels of leptin and circulating metabolic biomarkers.
Leptin was not related to CRC risk[70].
In conjunction with adiponectin, leptin may be used
as a predictor for adverse outcome (leptin to adiponectin
ratio). Most of the studies in this area have indicated that
leptin may potentiate the growth of cancer cells in vitro,
while adiponectin has an opposite effect[74,75].
Adiponectin
Adiponectin (ADN) is a 244-amino acid protein belonging to the collagen superfamily. It is an insulin-sensitising
hormone with anti-diabetic, anti-inflammatory, antiatherogenic and anti-proliferative properties[76]. Levels
of this hormone are inversely correlated with body fat
percentage. Full-length ADN exists in three forms in
human serum: a low molecular weight trimer, a middle
molecular weight hexamer that forms through the selfassociation of two trimers, and a high molecular weight
(HMW) multimer[77]. This adipokine exerts its action by
binding to two main receptors, AdipoR1 and AdipoR2
(which show homology to G protein coupled receptor) ,
and one minor receptor, T-cadherin (Cdh13)[78]. AdipoR1
is expressed abundantly in muscle tissue, whereas AdipoR2 is expressed at high levels in the liver[79]. T-cadherin
is located on the cellular surface of endothelial, epithelial,
and smooth muscle cells[80]. ADN has been shown to suppress the secretion of proinflammatory cytokines by macrophages and to increase glucose uptake and decrease the
proliferation of obesity-associated cancer cell lines[81,82].
According to Williams et al[80], the anti-tumour effects of
ADN may be either indirect, through improving insulin
resistance and hyperinsulinemia or modulating neovascularisation and inﬂammation, and/or direct, through antiproliferative and/or pro-apoptotic actions on cancer cells.
ADN has been shown to act indirectly on colorectal cancer cells by regulating whole body insulin sensitivity and
contributing to the inflammatory state through mutations
of the K-ras proto-oncogene. Sugiyama et al[83] showed
that adiponectin suppresses colon cancer cells through its
receptor-mediated AMPK activity.
Hypoadiponectinaemia is inversely linked to the risk
of obesity-associated neoplasms and insulin resistance in
vivo[74].
Most retrospective case-control studies have confirmed that lower adiponectin levels are associated with
an increased risk for CRC. The adiponectin level is inversely correlated with the number of adenomas (P =
0.02) but is not correlated with the tumour size. This
finding suggests that ADN plays a protective role in cancer progression[84-86].
In the Health Professionals Follow-up Study, Wei et al[87]
evaluated the association between adiponectin and colorectal
cancer among 18225 men. CRC patients had statistically
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and matched by age and date of blood draw. Plasma adiponectin was determined to be significantly associated
with reduced risk of CRC among men but not among
women, and plasma sOB-R was not associated with overall CRC risk in either men or women[96].

significantly lower ADN levels and higher BMIs, waist
circumferences, and waist-to-hip ratios than the control
subjects. Men in the highest quintile of adiponectin presented a 58% lower risk of CRC than those in the lowest
quintile, even after adjustment for body size, physical activity, and waist circumference.
Conversely, Fukumoto et al[88] revealed that there is no
measurable association between the circulating level of
adiponectin and the incidence of colorectal adenoma.
In the European Prospective Investigation into Cancer and Nutrition Study, Aleksandrova et al[70] explored
HMW and non-HMW adiponectin fractions in relation
to CRC risk. Non-HMW adiponectin was associated with
CRC risk, even after adjustment for body mass index
and waist circumference (RR = 0.39, 95%CI: 0.26-0.60,
P < 0.0001), whereas the association with total ADN
was not significant (RR = 0.81, 95%CI: 0.60-1.09, P =
0.23)[89]. Adiponectin receptors are expressed on the cell
surface in both colorectal cancer and healthy tissue. According to Dalamaga et al[74], an upregulation of adiponectin receptors in colorectal cancer tissues induced by
hypoadiponectinaemia may compensate and maintain the
adiponectin signalling pathways. The results from several
case-control colorectal cancer studies have demonstrated
the important role of a variety of adiponectin genes
(ADIPOQ) with regard to increasing or reducing the risk
for colorectal cancer[90]. The cross-sectional study of a
cohort of hospital-based patients in Japan (47 with adenoma, 34 with early cancer, 17 with advanced cancer, and
26 without tumours as controls) showed that a decreased
level of ADN is as a strong risk factor for both colorectal
adenoma and early stage of cancer[91].
The level of AND and the tissue expression of its
receptors was shown to be associated with CRC and
with the clinico-pathological characteristics of CRC,
notably stage and grade, by Gialamas et al[92] at Harvard
University.
He et al[93] measured the incidence of five polymorphisms in the ADIPOQ gene and two polymorphisms
in the ADIPOR1 gene and analysed their association
with CRC risk in 420 CRC patients and 555 age- and
gender-matched healthy individuals. The rs12733285C/T
genotype and the presence of the A allele of rs1342387
(A/G or A/A) in ADIPOR1 are protective factors for
CRC, while the rs266729G/C genotype and the presence
of the G allele of ADIPOQ are risk factors for colon
cancer, after excluding the rectal cancer cases. Liu et al[94]
suggested that mutations in ADIPOQ may contribute to
increased colorectal cancer risk in the Chinese population
and that their contribution may be modified by environmental factors, such as smoking status, family history of
cancer and BMI.
Song et al [95] prospectively evaluated the association of plasma adiponectin and soluble leptin receptor
(sOB-R) with CRC risk in the Nurses’ Health Study
(1990-2008) and the Health Professionals Follow-up
Study (1994-2008) among 616 incident CRC cases and
1205 controls that were selected using risk-set sampling
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Resistin
Resistin, an adipocyte-specific hormone, is a 12.5-kDa
cysteine-rich protein that is abundantly secreted by macrophages. Human resistin may interfere with insulin
signalling by stimulating the expression of phosphatase
and tensin homolog deleted on chromosome ten, which
dephosphorylates 3-phosphorylated phosphoinositide
(PIP3)[97,98]. According to Benomar et al[99], the resistin
receptors are still unknown, while Daquinag et al[100] has
stated that an isoform of decorin (ΔDCN) is a functional
receptor of resistin in adipocyte progenitors and may
regulate white adipose tissue expansion. Other studies[101]
have identified adenylyl cyclase-associated protein 1 as a
novel functional receptor for human resistin and clarified
its intracellular signalling pathway in the modulation of
the inflammatory action of monocytes.
Resistin upregulates proinflammatory cytokines in
human peripheral blood mononuclear cells through the
NF-κB pathway. In addition, it promotes endothelial
cell activation, including the stimulation of endothelin-1
release and the upregulation of cellular adhesion molecules, such as vascular and intercellular adhesion molecule-1 and intercellular adhesion molecule-1. The resistin
concentration is increased in obesity, and overexpression
of this peptide is associated with insulin resistance and
dyslipidaemia[102].
The role of resistin in colorectal cancer is “far from
being elucidated”[103].
In a case-control study in which 40 CRC patients
and 40 controls were enrolled, the association between
circulating resistin and the risk of CRC was examined[103].
Markedly higher resistin levels were observed in the CRC
patients than in the controls[104], and these levels were also
higher in women than in men. The concentrations of
leptin, adiponectin, and resistin in patients with adenomatous polyps and colorectal cancer were examined by
Kumor et al[105]. The serum concentrations of leptin and
adiponectin were lower in the patients with adenomas
compared to the control group. The serum resistin level
was not significantly different in the adenoma group (P
> 0.05) but was higher than in the controls (P < 0.05).
There was a correlation between adiponectin and leptin
serum concentration (r = 0.61). The authors concluded
that the serum levels of adiponectin and resistin may play
an important role in colon carcinogenesis. Leptin may
possibly have prognostic value, independent of BMI.
Visfatin
Visfatin (pre-B cell colony-enhancing factor) is 52-kDa
peptide that was discovered by Fukuhara et al[106] in 2005. It
possesses NAD biosynthetic activity and regulates growth,
apoptosis, and angiogenesis in mammals[107]. Visfatin is
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Table 1 Features of the insulin-like growth factors genes
Gene

Molecular weight
(kDa)

IGF1
IGF2
IGF1R

7.7
7.5
225

IGF2R
IGFBP1
IGFBP2
IGFBP3
IGFBP4
IGFBP5
IGFBP6
IGFBP7

270
25.3
31.4
28.7
26
28.6
22.8
29.130

[117]

Mature protein
(number of amino acids)

Chromosomal
localization

Gene size (kb)

Exons (n )

70
67
α 706
β 626
2450
234
289
264
237
252
216
282

12q22-12q24
11p15
15q25-15q26

100
30
100

6
9
21

6q25-6q27
7p12-7p14
2q31-2q34
7p12-7p14
17q12-17q21
2q31-2q24
12q13
4q12

140
5.2
32
8.9
12
33
4.7

48
4
4
5
4
4
4

IGF: Insulin-like growth factor; IGFBP: Insulin-like growth factor binding proteins.

as well[115,121]. IR and IGF1R are members of the tyrosine
kinase class of membrane receptors. IGF2R recognises
IGF2 and attenuates IGF2 signalling via IGF1R[34,115,118].
Epidemiologic studies have demonstrated an association between obesity and the risk of colorectal cancer[122,123]. Obesity and lifestyle factors influence the levels
of circulating IGFs[124,125] and, thus, increase colorectal
cancer incidence, as a one of many mechanisms of carcinogenesis. Insulin resistance in addition to type 2 diabetes mellitus, adipokine inflammation and others, which
provides risk for cancer.
The most important colorectal cancer risk factors
among metabolic disorders are insulin resistance, hyperinsulinemia and hyperglycaemia[16,22,24,26,27,113,115,120,122,123,126-129].
There is a significantly elevated risk for proximal colorectal cancer in men suffering from type 2 diabetes mellitus
and no significant increase in risk in women with this
condition[129]. Other studies have indicated that diabetes
mellitus type 2 is a risk factor for distal CRC[130] and both
proximal and distal CRC[131].
However, several studies have revealed a decrease in
cancer risk in diabetic patients treated with metformin,
an anti-diabetic agent[132,133]. Metformin reduces insulin
resistance and improves glycaemic control, and many
studies have shown that it inhibits the growth of cancer cells[134]. Its pleiotropic effects on multiple pathways
against the growth of cancer cell are associated with the
activation of AMPK by proteins, including the enzymes
LKB1 serine-threonine kinase, calcium/calmodulindependent protein kinase and TGF-β-activated protein
kinase[135] and by the tumour suppressor gene ATM,
which has been implicated in DNA repair and cell cycle
arrest[136,137]. Metformin inhibits the mTOR signalling
pathway by decreasing the levels of INS and IGF1, independent of AMPK[138].
A relationship between type 2 diabetes mellitus and
CRC has been proposed in many studies. As far as we
know, the treatment modalities for diabetes can modify
the insulin and glucose levels, therefore increasing CRC
incidence. Not only drugs, but life style factors, such as
diet therapy, weight control, exercise and smoking, may

a newly identified insulin mimetic adipocytokine that
directly interacts with the insulin receptor but not the
insulin-like growth factor receptor and can subsequently
promote cancer cell proliferation. It is more highly
expressed in primary colorectal cancer than in nonneoplastic mucosa[85,108,109]. A study performed by Huang
et al[110] revealed that visfatin induces the expression of
stromal cell-derived factor-1, a chemokine that plays a
role in CRC progression, via β1 integrin signalling in
colorectal cancer cells.
Nakajima et al[85,109] observed that the visfatin and resistin levels in colorectal cancer patients were significantly
higher than those of controls in a multivariate analysis (P
< 0.01 and P = 0.03, respectively). In case-control studies, an increased level of visfatin was found to be a strong
risk factor for both early and advanced CRC[111,112] and to
correlate with stage progression[109].

INSULIN-LIKE GROWTH FACTOR
SYSTEM
The insulin-like growth factor system includes the IGF
ligands (insulin, IGF1, and IGF2), IGF receptors (IGF1R
and IGF2R) and IGF binding proteins (IGFPBs) (Table
1). The association between the IGF system and cancer
has been a topic of investigation for many years[24,34,113-117].
Insulin-like growth factors exert their biological functions through their specific receptors. Insulin (INS) signal
transduction occurs through its receptor (IR), which has
two isoforms (IRA and IRB). IRA recognises INS, IGF1
and IGF2 but has the highest affinity for IGF2. The INS
signal that is transduced through the IRB isoform is associated with glucose homeostasis. IGF signals that are
passed through IGF1R, which induce the kinase activity
of the receptor, activate the phosphoinositide 3-kinase
(PI3K), protein kinase B (Akt), mTOR, PI3K/Akt/
forkhead box O (FoxO) and Ras/MAPK/ERK1/2
pathways[118,119], which play a role in cancer growth. Many
studies have indicated an association between type 2
diabetes and an increased risk of developing colorectal
cancer[118-120]. IGF1R recognises IGF1 and IGF2 and INS
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Table 2 Insulin-like growth factor system/prognostic factors in colorectal cancer
IGF system

Researches

Insulin

IGF1

IGF2

IGF1R
IGF2R
IGF1/IGFBP3 ratio
IGFBPs

There were no statistical significance relative to insulin serum level in groups independently of clinical stage of CRC and tumor
localization, Nowakowska-Zajdel et al[127], Kaczka et al[147], Nowakowska-Zajdel[148]
Hyperinsulinemia and hyperglycaemia has been associated with higher mortality from CRC, Yang et al[131], Deng et al[149]
High IGF1 levels is associated with increased risk of CRC, Ma et al[156]
IGF1 serum levels are increased in patients with locally advanced CRC (pT3, pT4) in comparison to less advanced cancer. Higher
serum level of IGF1 is observed in patients with G3 (histopathological malignancy), in male patients older than 60 yr and in
mucinogenous cancer, Kukliński et al[157]
EPIC cohort and meta-analysis of prospective studies pointed a relatively modest association of CRC risk with IGF1 levels,
Rinaldi et al[160]
The serum levels is significantly elevated in patient with CRC vs control group and without difference between metastatic and
local CRC, Matuschek et al[158]
Higher IGF2 levels were associated with better overall survival in CRC patients, Liou et al[166]
IGF2 serum levels were higher in patients with more advancer CRC, Zhao et al[164]
The IGF2 overexpression in tumor cells was associated with more advanced CRC and poor survival, Wang et al[162],
Kuklinski et al[163]
IGF1R is overexpressed in CRC cells, Pollak et al[168]
IGF2R imprinting is observed in CRC, Ouyang et al[170], Kuhlmann et al[171]
Higher IGF1/IGFBP-3 ratio is associated with CRC risk, Rowlands et al[179]
Total IGFBP-3 levels is significantly related with risk of CRC, Rinaldi et al[160]
Lower IGFBP-3 levels correlate with the CRC risk, Wolpin et al[128]
High levels of IGFBP-3 has been associated with reduced risk of CRC, Ma et al[181]
No correlation between circulating IGFBP-3 and mortality, Kaplan et al[178]
IGFBP-7 is overexpressed in CRC cells, Ruan et al[177]

IGF: Insulin-like growth factor; IGFBP: Insulin-like growth factor binding proteins; CRC: Colorectal cancer.

similarly impact cancer risk[122,132-134,139].

with diabetes is the level of glycated haemoglobin A1C
(HbA1C). HbA1c has been proven to be an independent
predictor of aggressive clinical behaviour in CRC patients,
leading to more right-sided and advanced cancers that
present at a younger age and show poor 5-year survival[145].
However, in their recent study involving 25476 patients
with type 2 diabetes mellitus, Miao Jonasson et al[146] did
not find any association between HbA1C and risk for all
cancers or specific types of cancer.
Many studies have indicated no significant difference
in the insulin levels of CRC patients compared with controls and no correlation between insulin levels and advanced stage or malignancy[127,147,148]. It was observed that
insulin levels are higher in obese CRC patients group in
comparison with CRC patients with a proper BMI[15]. Hyperinsulinemia and hyperglycaemia have been associated
with higher mortality from CRC and more advanced tumours compared to non-diabetic patients. However, the
insulin and glucose levels of CRC patients do not seem
to be prognostic factors[131,149] (Table 2). Future studies
should further examine the possibility of insulin levels
and hyperglycaemia as risk factors of cancer.

Insulin
Insulin signal transduction occurs through its receptors
(IRA, IRB) and IGF1R as well as hybrid receptors (IGF1R/IR). The cellular signalling of IR and hybrid receptors is similar but not identical because different cell types
use this control system to regulate different processes. In
the liver, gluconeogenesis is inhibited and glycogen storage is activated, while in epithelial cells, the consequences
of pathway activation is stimulation of proliferation and
inhibition of apoptosis[121]. Most cancers express both
IR and IGF1R genes. It is important to recognise that
receptors perform their functions in signal transduction
in both cancer cells and normal tissues. The expression
levels of IGF receptors in cancer are sometimes higher
than those observed in normal cells[115].
Abnormal autocrine production of insulin in cancer
is uncommon, but many cancers show a high level of
insulin-independent glucose uptake. In cancers in diabetic patients with insulin resistance, the transformed
cells are more insulin sensitive than the liver, muscle or
adipose tissue. In addition, hyperinsulinemia stimulates
the growth of cancer cells and influences cancer risk
and prognosis [140,141]. Higher circulating insulin levels
that are directly or indirectly caused by IGF1 (circulating levels of IGF1 are dependent on GH secretion and
weakly affected by insulin) may modulate carcinogenesis[126,129,142,143]. Hyperinsulinemia may influence cancer
cell growth through IRA/IGF1R by increasing signalling,
and increasing the expression of IRA on cancer cells can
mediate the effects of metabolism in cancer[144].
One prognostic factor in CRC that is connected
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IGF1
IGF1 shows approximately 50% structural homology to
insulin. IGF1 is produced by many cell types, including
cancer cells. The liver is its main site of IGF1 production,
which is stimulated by GH[114,115]. The GH/IGF1 axis is
the regulator of postnatal growth. The production of
IGF1 by cancer cells might be sufficient for both autocrine and paracrine effects on tumour growth. IGF1 and
IGF2 function as hormones and tissue growth factors.
A large case-control study showed that higher IGF1
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levels are associated with increased risk of advanced
colorectal adenoma[150,151]; this finding is supported by
other studies[152-155]. Ma et al[156] observed that high IGF1
levels are associated with increased risk of CRC (RR, 2.51;
95%CI: 1.15-5.46), but there are some studies that do not
report a statistically significant association between IGF1
and colorectal adenoma[153,154]. It is theoretically possible
that adenomas could progress to cancer independently of
IGF1 or the autocrine or paracrine mechanism of IGF1
signalling. Further prospective research is needed.
In addition, the IGF1 levels in the serum are increased in patients with locally advanced colorectal
cancer (pT3, pT4) in comparison to less advanced cancer, and higher serum levels of IGF1 are observed in
patients with G3 cancer (histopathological malignancy),
in male cancer patients older than 60 years and in mucinogenous cancer[157]. This study highlighted IGF1 as a
putative prognostic factor, but it was observed that there
were no significant differences in the IGF1 levels in
colorectal cancer patients when compared to the control
group[157,158]. Thus, IGF1 does not seem to be a marker
of existing colorectal cancer[157].
The biological activity of IGF is regulated by the insulin-like growth factor binding proteins (IGFBP) family.
Some research has indicated that high circulating IGF1
levels and an increased IGF1/IGFBP3 ratio disturbs
GH/IGF1 homeostasis, which could be an indicator of
risk for cancer development[159]. Rinaldi et al[160] studied
the EPIC cohort and performed a meta-analysis of prospective study results. They indicated a relatively modest
association of CRC risk with serum IGF1 (1121 cases
of CRC and 1121 matched controls). In this study, the
IGF1 and IGFBP3 levels were analysed, and it was examined whether the relative risk associated with the IGF1
level was modified by anthropometric and dietary factors
related to IGF1 and CRC risk. The serum IGF1 levels
were not significantly associated with CRC risk, but total
IGFBP3 showed a significant relationship with risk of
CRC. No significant interaction was found between IGF1
and IGFBP3 (total and intact). The same data obtained in
relation to gender and separately for right and colon cancer. When IGF1 was adjusted for total IGFBP3, its association with right-sided colon cancer was stronger than
for overall colon cancer -[RR (top vs bottom quintile), 1.98,
95%CI: 1.01-3.89]. Analysis of the BMI and WHR revealed a significant positive association of the IGF1 level
and risk of rectal cancer among participants whose BMI
was in the lowest tertile of the distribution (BMI of <
25 kg/m2, RR = 1.06, 95%CI: 1.01-1.12)[160]. The authors
stated that a limitation of their study and other studies in
their meta-analysis was that only a single blood sample
had been collected from each patient (Table 2).

Overexpression of IGF2 can modulate carcinogenic
effects through IRA[162], but the lower affinity of IGF2
for this receptor results in a less powerful activation in
comparison with INS. It protects the receptor from
downregulation.
IGF2 overexpression in tumour cells is associated
with more advanced colorectal cancer and poor survival[162,163]. Zhao et al[164] stated that the IGF2 serum
levels are higher in patients with more advanced cancer.
Other studies have shown that higher levels of circulating
IGF2 are associated with better overall survival in CRC
patients[165]. Liou et al[166] indicated that higher plasma
IGF2 levels are associated with better overall survival
in colorectal cancer patients. The presence of loss of
imprinting (LOI) of IGF2 is associated with the overexpression of IGF2 in tumours and with worse overall survival in metastatic patients. The authors concluded that
the overexpression of IGF2 in tumours might not correlate with the circulating IGF2 levels. The bioavailability
of IGF ligands might be higher in tumour tissues.
Matuschek et al [158] showed significantly elevated
serum levels of IGF2 in a group of colorectal cancer
patients (n = 21) compared to a healthy control group (n
= 13) (P < 0.01), but sensitivity and specificity were only
approximately 70%. There was no difference in the serum IGF2 levels between metastatic and local colorectal
cancer patients, suggesting that IGF2 is not a tumour or
prognostic marker. However, this study examined only
very small groups. Thus, these results are preliminary, and
more research should be conducted in this area in the future (Table 2).
IGF1R
The IGF1R is a transmembrane heterotetramer that
consists of two α subunits and two β subunits. The α
subunits are responsible for binding IGF1, and the β
subunits are involved in the phosphorylation and synthesis of intracellular proteins. There is approximately
60% sequence homology between IGF1R and IR.
IGF1R possesses tyrosine kinase activity. The postreceptor signal transduction includes the phosphorylation of
IRS1 and the activation of PI3K and mitogen-activated
protein kinases (MAPKs)[115,167]. IGF2 and INS bind to
IGF1R but with lower affinity than IGF1 (2- to 15- and
1000-fold, respectively)[115]. IGF1R regulates cell proliferation through its signalling pathway, protecting cells
against apoptosis or inducing cell growth. IGF1R is frequently overexpressed in human colorectal cells as well as
in ovary, breast, endometrial, thyroid and glioma cells[168].
IGF1R blockage results in the inhibition of tumour
growth. IGF1R expression is significantly downregulated
in adults but is still present in most tissues. The increased
expression of IGF1R that is observed in some tumours
may respond to paracrine, autocrine or circulating IGFs.
Binding of IGF1 and IGF2 ligands to IGF1R promotes
receptor autophosphorylation and activates various signalling pathways, including the MAPK and PI3-K/Akt1
pathways[115].

IGF2
IGF2 is produced by the liver, but many tissues have the
ability to synthesise this peptide. The hepatic synthesis of
IGF2 is independent on GH. IGF2 plays a role during
foetal development[161].
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IGF2R
The mammalian mannose 6-phoshate/IGF2 receptor
(M6P/IGF2R) is a monomeric receptor that binds IGF2
with a 500-fold increased affinity over IGF1. IGF2R
does not bind INS[117]. Four classes of ligands bind to the
extracytoplasmic receptor domain of IGF2R, lysosomal
enzymes, IGF2, retinoic acid and urokinase-type plasminogen activator receptor[169]. IGF2R is a tumour suppressor that regulates the internalisation and degradation of
extracellular IGF2, thus mediating the circulating levels of
IGF2. Another main function of the receptor is to regulate the intracellular trafficking of lysosomal enzymes[169].
Recent data have indicated that IGF2R plays a crucial
role in cancer prevention. Ouyang et al[170] observed loss
of function mutations in the IGF2R gene in colorectal
cancer. LOI of IGF2 leads to the overexpression of
IGF2, and LOI of IGF2 is associated with increased susceptibility to colorectal cancer and more advanced disease
in other several cancer types[170,171].

IGFBP3 ratio and higher C-peptide levels[180]. IGFBP3
modulates the activity of IGF1[172]. Furthermore, high
levels of IGFBP3 have been associated with reduced risk
of CRC (RR, 0.28, 95%CI: 0.12-0.660)[181]. The differences in these studies indicate that there is variability in
the IGF1 levels and that many others factors, such as life
style factors, influence the IGF system.
IGFBP-2 is another binding protein that modulates
the interaction of IGFs with IGF1R. Some of studies have shown significant inverse associations between
IGFBP1 and CRC[182,183], but others have shown no association[142].

CONCLUSION
The list of metabolic biomarkers with potential diagnostic and prognostic users in colorectal cancer patients
is continuously growing. Results on the relationship
between the levels of TC and TG and the risk of CRC
have been inconsistent. High concentrations of serum
HDL are associated with a decreased risk of colon cancer. The serum adiponectin, leptin, resistin and visfatin
levels and/or the expression of its receptors may be
good metabolic biomarkers of CRC. Hyperinsulinemia
and hyperglycaemia could be biomarkers of the higher
mortality from CRC, but the high IGF2 levels seemed to
be connected with better overall survival in the patients.
The high HbA1C as an independent predictor of aggressive clinical behaviour may be a prognostic biomarker in
CRC patients. Additionally the risk factors of CRC are
the IGF1 circulating levels and increased IGF1/IGFBP3
ratio as well.
In the future, technological advances will likely facilitate the use of biomarker profiling to individualize
treatment of colorectal cancer. To validate the metabolic
biomarkers as prognostic and predictive factors seemed
to be evaluated as clinical trials proceed. More evidence
from a large, epidemiological studies could improve understanding the CRC risk and prognosis as well.

IGFBP
Six IGF binding proteins (IGFBP-1-6) have a high affinity for IGFs, and four IGFBPs, also known as IGFBPrelated proteins (IGFBP-rp-1-4), have a low affinity
for IGFs. IGFBPs are tumour suppressors, and their
increased expression attenuates the proliferative and antiapoptotic effects of IGFs.
The majority of circulating IGFBPs are synthesised in
the liver, but many organs are capable of producing these
proteins. IGFBP-3 is the most abundant binding protein
in the serum. IGFs are regulated by the IGFBP family.
Some of these binding proteins have IGF-independent
actions (IGFBP1, IGFBP3, IGFBP5 and IGFBP7)[117].
IGFBP7 is representative of the IGFBP-rps. IGFBP-3
binds and sequesters the majority of the IGF1 ligands. It
has been shown to inhibit proliferation and induce apoptosis in human colon cancer cells in vitro and in an experimental CRC animal model[172-174]. Epidemiological studies
showed that higher circulating IGF1 levels and lower
IGFBP-3 levels independently correlate with increased
CRC risk[128]. However, such data has not been confirmed
in all studies[175]. IGFBP3 and IGFBP7 genes seem to be
multifunctional genes, and their deregulation is related to
metastatic CRC. In CRC patients, a significant correlation
between the expression levels of these genes was noted,
but no relation to overall survival was confirmed[176].
IGFBP7 exhibits low affinity for the IGFBP ligands
IGF1 and IGF2. IGFBP7 is expressed in many tumour
types and is overexpressed in CRC tissue[177]. Its expression is associated with a favourable prognosis in CRC
patients. However, future research should explore the
molecular role of IGFBP7.
Recently, Kaplan et al[178] demonstrated that there is no
significant correlation between overall cancer mortality
and circulating IGF1 or IGFBP3 levels. Another study indicated that the IGF1 and IGFBP3 levels show potential
as prognostic markers, but in prostate cancer[179]. In CRC,
the risk of cancer may be associated with a higher IGF1/
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Pharmacogenetics research on chemotherapy resistance in
colorectal cancer over the last 20 years
Mariusz Panczyk
sensitivity of tumour tissue to cytostatics is a key element in the currently developing trend of personalized
medicine. Scientists hope to increase the percentage
of positive treatment response in CRC patients due to
practical applications of pharmacogenetics/pharmacogenomics. Over the past 20 years the clinical usability
of different predictive markers has been tested among
which only a few have been confirmed to have high
application potential. This review is a synthetic presentation of drug resistance in the context of CRC patient
chemotherapy. The multifactorial nature and volume of
the issues involved do not allow the author to present a
comprehensive study on this subject in one review.
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Abstract
During the past two decades the first sequencing of
the human genome was performed showing its high
degree of inter-individual differentiation, as a result of
large international research projects (Human Genome
Project, the 1000 Genomes Project International HapMap Project, and Programs for Genomic Applications
NHLBI-PGA). This period was also a time of intensive
development of molecular biology techniques and enormous knowledge growth in the biology of cancer. For
clinical use in the treatment of patients with colorectal
cancer (CRC), in addition to fluoropyrimidines, another
two new cytostatic drugs were allowed: irinotecan
and oxaliplatin. Intensive research into new treatment
regimens and a new generation of drugs used in targeted therapy has also been conducted. The last 20
years was a time of numerous in vitro and in vivo studies on the molecular basis of drug resistance. One of
the most important factors limiting the effectiveness
of chemotherapy is the primary and secondary resistance of cancer cells. Understanding the genetic factors
and mechanisms that contribute to the lack of or low
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Core tip: Insufficient effectiveness of chemotherapy is
still the most important factor limiting the successful
treatment of patients with colorectal cancer (CRC). Drug
resistance in anticancer therapy has been recognized
virtually from the very beginning, as cytostatic drugs
were first used in oncology practice. Intensive research
on the causes of low sensitivity in colorectal cancer
cells to such drugs as fluoropyrimidines, irinotecan and
oxaliplatin, has resulted in evidence on the importance
of genetic factors in phenotype conditioning of drug resistance. This review is a synthetic presentation of drug
resistance in the context of its role in chemotherapy,
and the potential clinical use of different biomarkers in
individualization of CRC patient treatment.
Panczyk M. Pharmacogenetics research on chemotherapy resistance in colorectal cancer over the last 20 years. World J
Gastroenterol 2014; 20(29): 9775-9827 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i29/9775.htm DOI:
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validation has remained an unmet objective for almost all
putative biomarkers[8].
Treatment options in CRC have systematically advanced over the last several years with the introduction
of effective chemotherapeutic and targeted drugs. However, providing individual treatment with low toxicity and
significant benefit is still an unsolved problem[9]. This part
of the review focuses on pharmacogenomic knowledge
of substances routinely administered in patients with
CRC: fluoropyrimidines, irinotecan (CPT-11), and oxaliplatin (OX).

http://dx.doi.org/10.3748/wjg.v20.i29.9775

RESEARCH ON THE EFFECTIVENESS OF
CYTOTOXIC ANTINEOPLASTIC DRUGS
FOR THE TREATMENT OF COLORECTAL
CANCER
Since the beginning of the 21st century, very rapid development of high-throughput research techniques described
by the term ‘‘omics’’ (genomics, transcriptomics, proteomics and metabolomics) has been observed. Pharmacogenomics uses advanced research techniques “omics”,
which allow researchers to identify the genetic basis of
inter-individual differences in the pharmacodynamics and
pharmacokinetics of drugs[1,2]. An important objective
of this research is to identify biomarkers for predicting
treatment outcomes, as well as avoiding the toxic effects
arising during the course of pharmacotherapy (prognostic
and predictive markers)[3]. The terms pharmacogenetics
and pharmacogenomics are closely related and are often
used interchangeably, although there are some historical
differences between them. Today, pharmacogenomics is
commonly used synonymously with “individualized” or
“personalized” medicine, although the latter term is often
understood to stratify medical treatment by the use of
genomic biomarkers rather than to treat an individual.
Accordingly, the Personalized Medicine Coalition defined
personalized medicine as “the application of genomic
and molecular data to better target the delivery of health
care, facilitate the discovery and clinical testing of new
products, and help determine a person’s predisposition to
a particular disease or condition”[4,5].
Environmental factors such as age, sex or health condition of the patient are the classic factors which affect
treatment outcomes and have been studied for decades.
The influence of genetic factors on response variability is
far greater than sex, age, or interactions with other drugs.
Therefore, it seems advisable to determine the basis of
all abnormal body reactions in relation to the treatment
used. It should also be noted that the distribution frequency of correct responses to drug usage in a population is far from a normal distribution, which means that
the presence of treatment non-responders and overresponders (increased toxicity) is much more common
than has been assumed so far[6]. The first studies on pharmacogenomics and colorectal cancer (CRC) outcome
were conducted and published approximately 20 years
ago[7]. Since then, hundreds of possible biodeterminants
have been studied with many expectations. The technology, and its spread, has improved incredibly, and the
importance with which this subject is regarded by many
research groups throughout the world has grown relentlessly. The reproducibility of some results was, initially,
promising, as were some confirmatory clues derived from
deeper biological studies, but the final step of clinical
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5-FLUOROURACIL AND
FLUOROPYRIMIDINES
In 1957 Heidelberger et al[10] reported the antitumour activity of 5-fluorouracil (5-FU). Charles Heidelberger synthesized 5-FU as a result of experiments which showed
the ability of tumour cells to acquire uracil for DNA
synthesis[11]. Fifty years after the first synthesis of 5-FU
it is still a standard component of adjuvant and palliative therapy having a proven impact on survival time in
patients with CRC[12]. Experimental studies have shown
that 5-FU is converted to an active metabolite, FdUMP
(fluorodeoxyuridine monophosphate), which is a potent
inhibitor of DNA synthesis (Figure 1). FdUMP forms a
ternary complex together with thymidylate synthase enzyme (TS) and 5,10-methylenetetrahydrofolate (CH2THF)
cofactor, responsible for the catalytic conversion of
deoxyuridine monophosphate (dUMP) to deoxythymidine monophosphate (dTMP). dTMP is a substrate for
deoxythymidine triphosphate (dTTP) necessary for the
process of DNA synthesis (Figure 2). Furthermore,
on the basis of fundamental and clinical research it has
been proven that the addition to an exogenous therapy a
source of folic acid, such as leucovorin (LV) increases the
degree of inhibition of TS supporting the formation of
active complexes of 5-FU with the enzyme[13]. 5-FU/LV
combination therapy in patients with diagnosed CRC is
much more effective than monotherapy with 5-FU[14].
The purpose of individualized therapy is to choose
the most effective treatment and the optimal dosage for
each patient, while minimizing toxicity and side effects of
the therapy. This objective is particularly important in the
case of the new generation of anticancer drugs which
include expensive targeted therapies such as the antibodies cetuximab and bevacizumab. The much cheaper 5-FU
therapy can also be individualized in a selection of CRC
patients with potentially best response to the administration of 5-FU which appears to be justified medically and
financially. Despite significant progress in understanding
the 5-FU activity mechanisms, the identification of molecular markers potentially clinically useful in predicting
5-FU treatment efficacy is still the subject of research.
TS
TS is an important enzyme involved in the metabolism
of folic acid and catalyzes dUMP methylation to dTMP,
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reductive methylation of deoxyuridine monophosphate (dUMP) to deoxythymidine monophosphate (dTMP) with the reduced folate, CH2THF, as the methyl donor. This
reaction provides the sole de novo source of thymidylate, which is necessary for DNA replication and repair. TS contains a nucleotide-binding site and a binding site
for CH2THF. The 5-FU metabolite, FdUMP, binds to the nucleotide-binding site of TS, forming a stable ternary complex with the enzyme and CH2THF which blocks
binding of the normal substrate dUMP, thereby inhibiting dTMP synthesis. Inhibition of thymidylate synthesis causes disruption of nucleotide levels that results in DNA
damage[402].

which is a critical reaction in maintaining the balance of
available deoxynucleotides (dNTPs) in cells, substrates
necessary for the synthesis and repair of DNA. The interaction with TS is the main aim of such cytostatic drugs
as 5-FU, and the level of TYMS gene expression and TS
protein is a prognostic marker in the treatment of several
types of cancer. Thus, the 5-FU cell sensitivity profile
may be affected by genetic variants of the TYMS gene,
expression level of TYMS/TS gene/ -protein, and intracellular concentration of dNTP and CH2THF[15]. Expression of TS as a sensitivity determinant for fluoropyrimidines has been shown in vitro[16] as well as in vivo, where
intratumour TS expression level was associated with the
chemosensitivity of tumour tissue exposed to 5-FU. The
most important data collected during the past few years
indicate that TS expression varies considerably between
different types of cancers and that the degree of tumour

WJG|www.wjgnet.com

response to 5-FU treatment is inversely proportional to
the measured level of intratumour mRNA and protein
expression[17]. Leichman et al[18] first proved that there
is an inverse relationship between intratumoural TYMS
gene expression and the degree of response to 5-FU
treatment. CRC patients with low levels of TYMS gene
expression had a significantly higher rate of response to
therapy and longer median survival compared to patients
with higher TYMS expression in tumour tissue (13.6 mo
vs 8.2 mo, P = 0.02)[19]. A meta-analysis of 13 clinical
trials of patients with advanced CRC (total number of
patients: 887 cases) carried out by Popat et al[20] showed
that patients with low TS expression had longer overall
survival (OS) than patients with higher TS expression
in tumour tissue. Recently, a meta-analysis including 24
clinical trials with more than 1100 CRC patients was also
published[21]. The pooled relative risk of overall response
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Figure 3 Some of the described polymorphisms affect inter-individual differences in patient sensitivity to 5-fluorouracil treatment. Polymorphisms in the
thymidylate synthase gene (TYMS gene), 5’ and 3’ untranslated regions (5’UTR and 3’UTR), exons (E1-E7), binding site for upstream stimulating factor (USF), variable number tandem repeats (VNTR), single nucleotide polymorphism (SNP), deletion/insertion polymorphism (Del/Ins), two-tandem repeats (TSER*2), three-tandem
repeats (TSER*3), TSER*3 G>C (single nucleotide polymorphism of TSER*3). Regulation of TYMS gene expression. TSER polymorphism (TS 2R/3R repeat) is a
tandem repeat upstream of the TYMS translational start site containing either double (2R) or triple (3R) repeats of 28-bp sequences. These tandem repeats regulate
transcription and translation of TYMS. Additional functional variants of the TYMS gene have been identified and TSER 2R/3R repeat is now studied together with a G
to C SNP within the second repeat of the 3R allele. TSER 3RC/3RC genotype causes lower transcriptional activity of TYMS, comparable with the TS 2R/2R genotype.
TS 1494del6bp is another functional variant of the TYMS gene and has been shown to decrease RNA stability and therefore influence TS mRNA and TS protein expression in vitro[52].

rate (ORR) indicated that the group with lower TS expression had greater sensitivity to fluoropyrimidine-based
chemotherapy than patients with high TS expression level[21]. Numerous studies were also carried out to investigate different TS expression levels in tissue derived from
primary tumours and metastases[22,23]. Analysis of the two
subgroups it was demonstrated that predictive TS expression levels determined in tissue derived from metastases
were more pronounced than those determined in primary
tumours[21]. Furthermore, during the assessment of the
predictive values of TS expression level, the results obtained using RT-PCR techniques were statistically more
significant than those in which the expression was determined using immunohistochemistry (IHC) techniques[21].
These results indicated that low TS expression in
CRC patients with advanced tumours was associated with
increased individual sensitivity to 5-FU therapy[7,17,19,24-39].
Furthermore, in vitro studies using cell lines and tumour
tissues demonstrated that 5-FU therapy contributes to
the induction of TS expression[40,41]. This increase in TS
expression upon 5-FU exposure seems to be a result of a
negative feedback loop in which ligand-free TS binds to
its own mRNA and inhibits its own translation[42]. When
stably bound by FdUMP, TS can no longer bind its own
mRNA and suppress translation, resulting in increased
protein expression. This constitutes a potentially important resistance mechanism, as acute increases in TS would
facilitate recovery of enzyme activity[41].
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Although, the reason for ontogenetic variation in TS
expression is still not clear, one of the main examined
hypotheses is the possible influence of TYMS gene polymorphisms on TS expression. As it is now known, some
of the described polymorphisms affect inter-individual
differences in patient sensitivity to 5-FU treatment (Figure
3 and Table 1)[43-52]. Polymorphism of the variable number
of tandem repeats (VNTR) located in the TYMS gene
sequence is one of the studied genetic variants that may
have clinical relevance as a predictive marker for the effectiveness of 5-FU treatment. Horie et al[53] reported a 28-nucleotide sequence in the 5’-region of the TYMS gene,
which occurs in the population with a variable number
of iterations: two (2R) or three (3R). According to the
classification proposed by Kawakami and Watanabe, it is
assumed that VNTR in this region is responsible for the
occurrence of two alleles, 2R and 3R, and three different
genotypes (2R/2R, 2R/3R and 3R/3R)[54]. The results of
various studies suggest that the 3R allele is responsible
for four times higher mRNA level of the TYMS gene
observed in tissue tumours obtained from patients with
metastatic CRC compared to patients who were carriers
of the 2R variant (P < 0.004)[55]. Homozygous patients
having both alleles with a double repeat (2R/2R) showed
a significantly higher percentage of favourable response
to 5-FU treatment as compared to those who had the
3R/3R genotype (50% vs 9%, P = 0.04)[55]. In addition to
the predictive values for 5-FU chemotherapy, retrospec-
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Table 1 Some common polymorphisms of genes TYMS , MTHFR , DPYD and UMPS and their potential impact on the functioning of
proteins associated with the pharmacology of 5-fluorouracil
dbSNP rs cluster ID

Type of
polymorphism

Function

Ref.

Thymidylate synthase (TYMS) (OMIM # 188350)
rs45445694
VNTR
TSER*2/ TSER*3
TSER polymorphism (TS 2R/3R repeat) is a tandem repeat upstream of the TYMS
translational start site containing either double (2R) or triple (3R) repeats of 28-bp
sequences
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 45445694
rs34743033
SNP
TSER*3G>C
TSER*2/*3 repeat is studied together with a G to C SNP within the second repeat
of the TSER*3 allele
TSER*3C allele = decrease transcriptional activity of TYMS
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 34743033
rs151264360
Del/Ins
TS 1494del6bp
-6-bp deletion, decreased stability of TS mRNA
+6-bp insertion, increased stability of TS mRNA
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 151264360
Methylenetetrahydrofolate reductase (MTHFR) (OMIM # 607093)
rs1801133
SNP
677C>T
At codon 222 in exon 4 (Ala → Val)
Reduces enzymatic activity and increased thermolability
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801133
rs1801131
SNP
1298A>C
At codon 429 in exon 7 (Glu → Ala)
Reduces MTHFR activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801131
rs4846051a
SNPs
1305T>C
At codon 435 (synonymous), effect unknown
rs201095365b
1798G>A
At codon 600 (Glu → Lys), effect unknown
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4846051
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 201095365
Dihydropyrimidine dehydrogenase (DPYD) (OMIM # 612779)
rs3918290
SNP
IVS14+1G>A
Exon 14 is skipped as a result of the G → A translocation at intron 14, inactive
enzyme is formed
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3918290
rs75017182
SNP
c.1129– 5923C>G
Cryptic splice donor site leads to a 44 bp fragment of intron 10 insert in mrna,
frameshift and premature stop codon in exon 11
Associated with toxicity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 75017182
SNPs
IVS5+18G>A
G → A translocation at intron 5, effect unknown
IVS6+139G>A
G → A translocation at intron 6, effect unknown
IVS9–51T>G
T → G translocation at intron 9, effect unknown
rs1801265
SNP
85T>C
At codon 29 in exon 2 (Cys → Arg)
Decreased expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801265
rs2297595
SNP
496A>G
At codon 166 in exon 6 (Met → Val)
Significantly conserved site close to the Fe-S motif, may disrupt electron transport
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2297595
rs1801159
SNP
1627A>G
At codon 543 in exon 13 (Ile → Val)
Decreased expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801159
rs55886062
SNP
1679T>G
At codon 560 in exon 13 (Ile → Ser)
Might destabilize FMN (flavine mononucleotide) binding domain
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 55886062
rs1801160
SNP
2194G>A
At codon 732 in exon 18 (Val → Ile)
Decreased expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801160
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[43-51,68,409-413]

[44-46,49,50,414]

[44,46,49,51,72,415]

[66-69,72,313,316,362]

[67-69,72,313,316]

[71,416]

[88,412,417,418]

[92,419]

[92,417]

[85,420-424]

[420,421,424-427]

[421,424,427-430]

[92,422,431-434]

[424,428]
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rs67376798

SNP
2846A>T

At codon 949 in exon 22 (Asp → Val)
Significantly conserved site near the Fe-S motif, may disrupt cluster formation and
electron transport and lead to lower DPD activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 67376798
Uridine monophosphate synthetase (UMPS) [OMIM #613891]
rs121917890a
SNPs
213A>G
At codon 96 (Arg → Gly), effect unknown
rs121917892b
326T>G
At codon 109 (Val → Gly), effect unknown
rs1801019c
638G>C
At codon 213 (Gly → Ala), increase activity
rs2291078d
1050T>A
At codon 350 (synonymous), effect unknown
rs121917891e
1285G>C
At codon 429 (Gly → Arg), effect unknown
rs3772809f
1336A>G
At codon 446 (Ile → Val), effect unknown
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 121917890
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 121917892
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1801019
d
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2291078
e
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 121917891
f
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3772809

[92,412,417,422,425,426,
432,435-437]

[122-126]

SNP: Single nucleotide polymorphism.

tive studies have demonstrated that this polymorphism
also has the properties of a toxicity marker for fluoropyrimidine-based chemotherapy. Patients who are carriers of the 3R/3R genotype exhibited reduced toxicity
as compared to patients with the 2R variant. A high TS
expression level related to the presence of 3R/3R genotype accounts for less effective inhibition of TS, which
contributes to both an increased likelihood of survival
of cancer cells (drug resistance), and a reduced loss of
healthy cells and less toxic therapy[55]. Moreover, a single
nucleotide polymorphism (SNP) of guanine instead of
cytosine (G/C) in 3R determines two different alleles (3C
or 3G)[55]. Based on the presence of this polymorphism
two different groups of patients can be distinguished
with two levels of TS expression: a high expression
group with (2R/3G, 3C/3G and 3G/3G genotype carriers) and a low expression group (2R/2R, 2R/3C and
3C/3C genotypes). Taking into account the study results
published by Mandola et al[56], it is believed that the presence of the 28-bp G>C SNP within the second repeat
of the 3R allele TYMS promoter enhancer region (TSER)
is associated with a weaker bond in the promoter region
of USF-1 transcription factor leading to a decreased
transcriptional activity of TYMS gene. A lower transcription rate of the TSER 3RC allele in vitro is also observed
when compared with TSER 3RG, comparable with the
TSER 2R/2R genotype[56,57]. These results may, at least
partly, explain why some patients with 3R/3R genotype
have low TS expression and a good response to 5-FU
chemotherapy.
The third described polymorphism is an insertion/deletion of hexanucleotide TTAAAG sequence at 1494 position on the 3’-UTR (1494del6)[58]. This polymorphism
may contribute to stability changes of secondary mRNA
structure as has been demonstrated for alterations of
the 3’-region in other genes[59]. Ulrich et al[58] analysed the
mRNA expression level of TYMS gene in 43 patients
and showed that homozygous patients with 6-bp deletion
had a steady-state TS mRNA level three times lower than
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patients who were homozygous for the 6-bp insertion
alleles (P = 0.017). Furthermore, it was shown that homozygous patients with deletion (del/del) had significantly lower mRNA levels of the TYMS gene which was also
associated with greater sensitivity to 5-FU-based therapy
as compared to homozygous patients with (ins/ins) insertion (P = 0.017)[57,60]. There is a need for further analyses
to allow identification of TYMS transcription regulatory
mechanisms including the role played by combinations
of different genetic variants, such as polymorphisms,
SNPs and VTNR in TYMS/TS expression variability in
populations.
A major limitation of correlational research on the
pharmacogenetic importance of polymorphisms and
TYMS/TS expression is an increasing proportion of
patients who are treated with combination therapy, for
which 5-FU is not the only component in the chemotherapy. Therefore, it is often difficult to determine whether
the observed greater sensitivity in a small number of
patients to a treatment is associated with the presence
of genetic determinants (e.g., 2R/2R homozygous status,
6 bp- /6 bp- 3’‑UTR, allele G of the G>C SNP) or is a
result of drugs other than 5-FU used in the combination
therapy[50].
Methylenetetrahydrofolate reductase
The use of folic acid in combination with 5-FU has been
standard in the treatment of advanced CRC for more
than 30 years [61]. The intracellular metabolic balance
of folic acid is regulated by methylenetetrahydrofolate
reductase (MTHFR), a critical enzyme in the folic acid
pathway catalysing irreversible conversion of CH2THF to
5-methyltetrahydrofolate (CH3THF) (Figure 2). 677C>T
is one of numerous polymorphisms of the MTHFR gene
described in the literature, which may contribute to activity changes in this enzyme. 677TT genotype is responsible
for a 30% reduction in enzymatic activity compared to
677CC genotype associated with reduced thermolability
observed in vitro[62], which results in a decreased eryth-
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5-FU treatment in CRC patients[75]. Large-scale and wellplanned clinical trials are necessary to determine if the
practical application of MTHFR 677C>T and 1298>C
gene polymorphisms would be possible to predict treatment efficacy. It is also necessary to assess whether these
SNPs may be used as prognostic markers in patients undergoing CRC treatment based on 5-FU.

rocyte concentration of CH3THF and accumulation of
CH2THF[63]. The frequency of specific genetic variants
of MTHFR for SNP 677C>T is ethnically diverse. Analyses of Caucasian and Asian populations suggest that the
prevalence of 677TT genotype oscillates between 12% and
15% with a frequency of 677CT homozygotes at the 50%
level. Whereas, in a population of African-Americans
there was a very low frequency of 677TT genotype[64]. An
important consequence of the presence of MTHFR 677T
variant is the possibility of accumulation of CH2THF in
the cells, which may have a significant effect on the pharmacological efficacy of 5-FU. This is due to the fact that
the effect of 5-FU is largely dependent on the concentration of foliants. The 5-FU-5-FdUMP metabolite irreversibly forms a stable complex with TS and CH2THF. Creation of this complex inhibits the activity of TS, which
leads to an intracellular drop in dTMP concentration and
finally inhibition of DNA synthesis. Increased concentration of CH2THF as a consequence of the presence
of the MTHFR 677C>T polymorphism may therefore
contribute to changes in the chemosensitivity of cancer
cells exposed to 5-FU by increasing the amount and stability of CH2THF-TS-FdUMP ternary complex, and thus
a stronger inhibition of DNA synthesis. Sohn et al[65] in
both in vitro and in vivo studies observed that the presence
of 677T allele of the MTHFR gene is responsible for
greater chemosensitivity in colon cancer cells, suggesting
that the genetic variant 677C>T may be a pharmacogenetic factor used to assess the effectiveness of 5-FU-based
chemotherapy. However, clinical studies published in recent years have led to contradictory and inconsistent conclusions[64]. In advanced CRC patients undergoing 5-FUbased therapy, in three published studies the presence of
the 677T variant of the MTHFR gene was associated with
a higher percentage of positive responses[66-68], while the
results of another study did not confirm the existence of
such a relationship (Table 1)[69].
Another frequent polymorphism of the MTHFR
gene is SNP 1298A>C, which results in substitution of
glutamine amino acid by alanine an in enzyme protein sequence[70,71]. Similar to SNP 677C>T, 1298A>C polymorphism contributes to the reduction in enzymatic activity
of MTHFR, but has no connection with the thermolabile
proteins. The observed frequency of the mutated 1298C
allele is approximately 33%[70,71]. Some of the published
studies on SNP 1298A>C suggest that the presence of
the 1298C variant of the MTHFR gene has no impact
on the percentage of positive responses to 5-FU treatment[68,69,72], while two studies suggest that it is associated
with significantly decreased patient survival time[67,73].
Thus, contrary conclusions concerning both polymorphic
variants of 677C>T and 1298A>C of the MTHFR gene
call into question their practical application as response
predictors in 5-FU-based therapy[74]. However, recent
reports suggest that the simultaneous assessment of
several markers, such as MTHFR 1298A>C and TYMS
3’UTR ins/del polymorphisms makes it possible to obtain accurate assessments to predict the toxic effects of
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Dihydropyrimidine dehydrogenase
5-FU as a prodrug, in order to achieve its intracellular
cytotoxic activity, requires metabolic activation (with over
80% of the administered dose of 5-FU degrading rapidly)[76]. Considering 5-FU metabolic pathways in cells, it
seems important to conduct pharmacogenetic analysis of
the molecular factors that are associated with biotransformation of the drug. Inter-individual variability in the
response of patients to 5-FU treatment may in fact be
associated with a decrease in the activity of enzymes responsible for catabolism of the drug, which will result in
an increase in drug concentration and longer half-life, and
thus an increased risk of serious toxic effects[77]. Dihydropyrimidine dehydrogenase (DPD) acts as a regulatory
enzyme in the 5-FU catabolic pathway responsible for
conversion of 5-FU to 5-fluorodihydrouracil (5-FUH2).
After this conversion, 5-FUH2 is further metabolized to
its final metabolite, 5-fluoro-β-alanine, which is excreted
in the urine (Figure 1)[78].
Partial DPD activity deficiency in the general population is about 5%, and its total loss is very rare, about
0.2%[79]. Partial or total loss of DPD activity may be
associated with the presence of genetic determinants
influencing the function of the DPYD gene including
SNPs[80], deletion mutations[81,82] and methylation[83]. DPD
deficit was first described in an autosomal recessive disease in patients with various neurological symptoms and
an accumulation of uracil and thymine in the urine[84]. In
recent years, several research groups have investigated the
genetic variations present in the DPYD gene, and DPD
expression levels in tumour cells with respect to their use as
predictive markers for predicting both the effectiveness and
toxicity of 5-FU treatment[85]. So far, more than 15000 genetic polymorphisms have been recorded in NCBI dbSNP
in the coding, intronic and untranslated 3’ and 5’ regions
of DPYD. Conditions resulting in a mutant DPYD allele
include base substitutions, splicing deficits and frameshift
mutations[85-87]. Taking into account the effect of catabolic
processes on the pharmacokinetics of 5-FU and toxicity
resulting from dosage, patients with low DPD activity are
at an increased risk of serious or even fatal side effects
when using the standard 5-FU dose. Also, case reports
of severe and fatal toxicity in patients with markedly low
DPD activity and treated with capecitabine suggest that
DPD deficiency increases the risk of toxicity after oral
administration of 5-FU[88].
Meinsma et al[89] described the molecular basis of observed DPD activity deficiency by testing the phenotype
and genotype of patients with no DPD activity. Among
the analysed cases, there was no 165 nucleotide fragment
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DPYD gene

3’UTR

5’UTR
E1

E13

E14

E24
E24

*
SNP

DPYD*2A

G (normal)

Exon 14
Exon 14

Intron 13

*
Intron 14

165 bp
T (mutated)

Deletion of exon 14

Figure 4 A schematic map of the human DPYD gene is shown with the location of SNP DPYD*2A (IVS14+1G>A); exon 14 is skipped as a result of the G>A
translocation at intron 14.

of mRNA sequence as a result of ejection of one of the
exons, moreover, no enzyme DPD protein was detected
in these patients[89]. Wei et al[90] identified a heterozygous
deletion of 165 nucleotides in a British cancer patient, in
whom there was no partial DPD activity and who had
serious toxicity following administration of 5-FU. They
found that a G to A transition within the 5’ splice site of
intron 14 resulted in exon skipping and an inactive DPYD
allele (IVS14+1G>A, DPYD*2A) (Figure 4)[90]. Other
rare (frequency < 0.1%) polymorphisms and mutations
have also been identified (85T>C, 496A>G, 1627A>G,
2194G>A, and 2846G>T) as factors possibly affecting
the appearance of toxic symptoms after standard 5-FU
treatment (Table 1). DPD activity deficiency is observed
in approximately 60% of cases occurring in patients with
severe toxicity, and DPYD*2A polymorphism is found in
50% of patients with the 4th stage of neutropenia as a result of 5-FU treatment[91]. In total, more than 40 DPYD
polymorphisms were described to have potential use in
5-FU treatment prediction. In addition to single polymorphism changes it has also been demonstrated that
the presence of a haplotype consisting of three new intronic SNPs (IVS5+18G>A, IVS6+139G>A, and IVS951T>G), and synonymous mutation (1236G>A) may be
associated with a decrease in DPD activity[92]. Moreover,
hypermethylation of the promoter region of the DPYD
gene is described as a possible mechanism of variable
DPD activity[83,93]. It is believed that only a few of the
reasons listed above are responsible for drug resistance
and/or toxicity of fluoropyrimidines[94].
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Low DPD expression level should lead to reduced
catabolism of 5-FU and therefore contribute to a more
effective accumulation of the drug inside cells. On the
other hand, high DPD activity in tumour tissue should be
responsible for the development of drug resistance by reducing the cytotoxic effects of 5-FU. Also, genetic changes in the functioning of other genes encoding enzymatic
proteins of the 5-FU metabolic pathway, such as DPYS
(dihydropyrimidinase)[95] or UPB1 (β-ureidopropionase)[96]
may contribute to a decrease in therapy effectiveness.
Furthermore, it was proved that the patients with low
expression of three genes, TYMS, DPYD and thymidine
phosphorylase (TYMP) have a significantly longer survival time compared to patients with high expression of
any of these genes[17]. A similar correlation between low
expression of the DPYD gene determined using RT-PCR
and better response to 5-FU based therapy was found
in patients with advanced CRC treated with first-line
capecitabine[97]. On the other hand, the results of recent
studies in patients with metastatic CRC treated with fluoropyrimidine suggest that this correlation is weak or there
is no evidence of an association between the expression
of DPYD and effectiveness of chemotherapy[37,98,99]. The
acquired uncertain evidence is derived mostly from retrospective clinical studies and suggests that low expression
of the DPYD gene may be a sensitivity marker in tumour
cells for fluoropyrimidines and thus allow us to predict
the degree of response to treatment. However, currently
little good quality clinical data have confirmed the predictive value of DPYD expression determination in order to
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predict the efficacy of 5-FU therapy in CRC patients[94].

longer time to progression (TTP) in comparison with
those cases in which a low level of TP expression was
found (8.7 mo vs 6.0 mo). Conversely, neither TS nor
DPD, both enzymes that have been previously shown to
correlate with resistance to 5-FU, were able to predict response to CAPIRI[98,108]. Presumably, the cells with higher
expression of TP may exhibit an increased sensitivity
to 5-FU, due to the increase in FdUMP concentration,
which is the result of increased 5-FU activation. On the
other hand, low TS expression may lead to serious DNA
damage. Since cancer cells are characterized by a higher
degree of proliferation compared to normal cells, low
TS expression in tumour tissue may lead to a decrease in
the dUMP substrate necessary for DNA synthesis, which
would inhibit its replication and proliferation. Therefore,
the low level of TS expression in tumour cells is associated with a less aggressive course of the disease and a
more favourable prognosis in patients. In conclusion,
a low level of TS expression may be prognostic rather
than a predictor of fluoropyrimidines effectiveness[108,109].
However, the prognostic value of TS expression was not
observed in one of the largest retrospective studies[110],
which may give rise to questions as to whether further
retrospective analysis can provide useful data to confirm
the clinical significance of this marker. As highlighted in
the meta-analysis by Popat et al[20], large methodological
differences in individual primary studies make it difficult to come to decisive conclusions. The results of this
analysis showed that patients whose tumour tissue had a
high level of TS expression were observed to have worse
OS compared to the group of patients with a low level
of expression. However, as emphasized by the authors
of the meta-analysis, the heterogeneity of the studies and
possible publication bias do not allow a straightforward
conclusion[20].

TYMP
TYMP is the gene encoding thymidine phosphorylase
(TP), an enzyme that catalyses phosphorylation of thymidine or deoxyuridine to thymine or uracil, and thus is
essential for the nucleotide salvage pathway, that recovers
pyrimidine nucleosides formed during RNA or DNA
degradation[100]. Several studies suggest that TP is a promoter of tumour growth and metastasis by inhibiting
apoptosis and induction of angiogenesis[100]. There is evidence that the level of TP expression is connected with
angiogenesis, growth and progression of certain types
of cancer[101]. An observed increase in TP expression in
tumour tissues as compared to that occurring in normal
tissues is visible inter alia in CRC[102]. In most of the analysed cases, high TP expression is related to aggressiveness of cancer and poor prognosis, although there are
conflicting reports in this regard (Table 2)[100].
TP is involved in the metabolism of 5-FU, where catalysed by TP, 5-FU is converted to 5-fluoro-2’-deoxyuridine (5-FUDR) (Figure 1). This is the first stage of 5-FU
activation in tumour cells consequently leading to inhibition of DNA synthesis by reducing the pool of available
dTTP to the substrate of this reaction. Capecitabine, an
oral form of 5-FU prodrug, is designed to reduce the
gastrointestinal toxicity of 5’-deoxy-5-fluorouridine (5’
DFUR) and to generate 5-FU preferentially at the tumour
site[103]. 5’DFUR may be transformed in cancer cells in a
reaction catalysed by TP or uridine phosphorylase[103,104].
Since TP expression is significantly higher in tumour cells,
it allows targeted activation which minimizes the toxicity
of such therapy[105]. In phase Ⅲ clinical trials, metastatic
CRC patients who were treated with capecitabine monotherapy had a significantly lower incidence of toxic effects in comparison to patients treated with 5FU/LV[106].
Moreover, since the enzymatic activity of TP is essential
to obtain an adequate level of concentration of an active form of capecitabine, it may be a useful marker for
predicting the effectiveness of chemotherapy using this
drug[98].
Soong et al[107] published a study on the relationship
between the expression level of TP (determined by microarrays and immunohistochemistry) and survival time
of 945 CRC patients treated with 5-FU. The results of
this study suggest that the low level of TP expression
may be associated with the improved treatment outcomes
observed, and may be a good predictive marker for response to 5-FU chemotherapy[107]. Also, the results presented by Salonga et al[17] confirm the link between low
TP expression and a positive response to 5-FU. However,
results different from the above were obtained by Meropol et al[98]. Patients with metastatic CRC treated with
combination therapy using CPT-11 plus capecitabine
(CAPIRI) were subjected to an assessment of TP protein
expression in primary tumour tissues and metastases.
Positive results for TP expression confirmed by IHC
techniques were associated with a statistically significant

WJG|www.wjgnet.com

Uridine monophosphate synthetase
In mammalian cells, the last step of pyrimidine nucleotide synthesis involves the conversion of orotate to
uridine monophosphate (UMP) and is catalysed by
UMP synthase (UMPS). This bifunctional enzyme has 2
sequential activities, orotate phosphoribosyltransferase
(OPRT) and orotidine-5-monophosphate decarboxylase
(ODC)[111]. The protein product of the UMPS gene is the
OPRT enzyme, which catalyses the conversion of 5-FU
into FUMP, a common substrate for the production of
5-fluorouridine triphosphate and dUTP, two cytotoxic
metabolites that target RNA and DNA, respectively. Muhale et al[112] showed that in the anabolic pathway of 5-FU,
UMPS is the only gene that rounds out a manifestation
of the phenotype of resistance to 5-FU. Furthermore, the
high OPRT enzyme activity or increased expression of
mRNA for UMPS gene is associated with longer survival
times, suggesting that the UMPS may be a clinically useful marker for predicting the effectiveness of treatment
with 5-FU[113-121]. In clinical in vitro studies carried out by
Isshi et al[122], OPRT and DPD enzymatic activity was
determined by radioassay in tumour tissues taken from
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Table 2 Gene/protein expression or metabolic enzyme activity in colorectal cancer cells and correlation with outcome of patients
receiving fluoropyrimidine-based chemotherapy
Treatment setting

Method

Patients (n )

Thymidylate synthase (TYMS) [OMIM # 188350]
5-FU
RT-PCR
29
5-FU
RT-PCR
39
5-FU
IHC
57
5-FU
IHC
62
5-FU
RT-PCR
92
5-FU
RT-PCR
309
5-FU
IHC
391
5-FU
IHC
945
FUdR
IHC
36
5-FU/LV or 5-FU
RT-PCR
29
5-FU/LV
RT-PCR
33
5-FU/LV
RT-PCR
36
5-FU/LV
RT-PCR
42
5-FU/LV
RIA
102
5-FU/OX
RT-PCR
45
5-FU/MTX
IHC
108
5-FU or 5-FU/MTX or 5-FU/LV
IHC
24
5-FU or 5-FU/MTX or 5-FU/LV
IHC
27
5-FU or 5-FU/MTX or 5-FU/LV
IHC
48
5-FU/LV/CPT-11
RT-PCR
13
5-FU/LV/CPT-11
IHC
54
5-FU/LV/CPT-11
IHC
57
UFT/LV
RT-PCR
37
Capecitabine
RT-PCR
37
Capecitabine
IHC
39
Capecitabine/CPT-11
IHC
556
5-FU-based therapy
IHC
681
Dihydropyrimidine dehydrogenase (DPYD) (OMIM # 612779)
5-FU
RT-PCR
29
5-FU
RT-PCR
39
5-FU
IHC
62
5-FU
IHC
303
5-FU
RT-PCR
309
5-FU
IHC
391
5-FU
IHC
945
5-FU/LV
RT-PCR
33
UFT/LV
RT-PCR
37
5-FU/LV/CPT-11
RT-PCR
13
Capecitabine
RT-PCR
37
Capecitabine/CPT-11
RT-PCR
67
Capecitabine/CPT-11
IHC
556
5-FU-based therapy
ELISA
64
5-FU-based therapy
RT-PCR
102
5-FU-based therapy
RT-PCR
144
5-FU-based therapy
IHC
150
Thymidine phosphorylase (TYMP) (OMIM # 131222)
5-FU
IHC
62
5-FU
IHC
945
5-FU/LV
RT-PCR
33
5-FU/LV/CPT-11
RT-PCR
13
Capecitabine
RT-PCR
37
Capecitabine/OX
IHC
41
Capecitabine/CPT-11
RT-PCR
67
Capecitabine/CPT-11
IHC
556
5-FU-based therapy
RT-PCR
144
5-FU-based therapy
IHC
150
Uridine monophosphate synthetase (UMPS) (OMIM #613891)
5-FU
RT-PCR
38
5-FU
RT-PCR
39
5-FU/LV/OX
RT-PCR
58
5-FU/LV/cisplatin
RT-PCR
22
UFT
RIA
40
UFT
RIA
124
UFT
IHC
150
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Better response to
chemotherapy

Form of the
disease

Ref.

Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Not significant
Not significant
Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Low expression
Not significant
Not significant
Low expression
Low expression
Low expression
Not significant
Low expression
Not significant
Not significant
Not significant
Not significant

mCRC
CRC
mCRC
aCRC
CRC
CRC
aCRC
CRC
mCRC
mCRC
aCRC
mCRC
CRC
mCRC
aCRC
aCRC
aCRC
mCRC
mCRC
aCRC
aCRC
aCRC
mCRC
aCRC
CRC
aCRC
CRC

Iyevleva et al[24]
Ishida et al[25]
Hosokawa et al[26]
Ciaparrone et al[27]
Nakajima et al[28]
Kornmann et al[29]
Westra et al[438]
Soong et al[107]
Davies et al[31]
Kornmann et al[32]
Salonga et al[17]
Lenz et al[7]
Leichman et al[19]
Etienne et al[33]
Shirota et al[34]
Paradiso et al[35]
Belvedere et al[439]
Aschele et al[23]
Aschele et al[36]
Yanagisawa et al[37]
Bendardaf et al[38]
Paradiso et al[440]
Ichikawa et al[39]
Vallböhmer et al[97]
Lindebjerg et al[441]
Koopman et al[110]
Karlberg et al[442]

Not significant
Not significant
Low expression
Low expression
Low expression
Not significant
Not significant
Low expression
Low expression
Not significant
Low expression
Not significant
Low expression
Low expression
Low expression
Low expression
Low expression

mCRC
CRC
aCRC
CRC
CRC
aCRC
CRC
aCRC
mCRC
aCRC
aCRC
aCRC
aCRC
aCRC
CRC
aCRC
aCRC

Iyevleva et al[24]
Ishida et al[25]
Ciaparrone et al[27]
Jensen et al[443]
Kornmann et al[29]
Westra et al[438]
Soong et al[107]
Salonga et al[17]
Ichikawa et al[39]
Yanagisawa et al[37]
Vallböhmer et al[97]
Meropol et al[98]
Koopman et al[110]
Oi et al[444]
Lassman et al[445]
Gustavsson et al[446]
Tokunaga et al[447]

Not significant
Not significant
Low expression
Not significant
Not significant
High expression
High expression
Not significant
Low expression
Low expression

aCRC
CRC
aCRC
aCRC
aCRC
mCRC
aCRC
aCRC
aCRC
aCRC

Ciaparrone et al[27]
Soong et al[107]
Salonga et al[17]
Yanagisawa et al[37]
Vallböhmer et al[97]
Petrioli et al[448]
Meropol et al[98]
Koopman et al[110]
Gustavsson et al[446]
Tokunaga et al[447]

Not significant
Not significant
Not significant
High expression
High expression
High expression
High expression

mCRC
CRC
CRC
mCRC
CRC
CRC
CRC

Sameshima et al[449]
Ishida et al[25]
Dong et al[450]
Matsuyama et al[113]
Ichikawa et al[114]
Ochiai et al[115]
Tokunaga et al[116]
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UFT
UFT/LV
UFT/LV
5-FU-based therapy
5-FU-based therapy
5-FU-based therapy
5-FU-based therapy
5-FU-based therapy

IHC
RT-PCR
RT-PCR
RT-PCR
RIA
RT-PCR
RIA
RIA

160
37
103
10
11
52
54
90

High expression
High expression
High expression
Not significant
Not significant
Not significant
High expression
High expression

CRC
mCRC
CRC
CRC
CRC
CRC
CRC
CRC

Tokunaga et al[117]
Ichikawa et al[118]
Yamada et al[119]
Ishibashi et al[451]
Yamada et al[452]
Kinoshita et al[453]
Fujii et al[120]
Ochiai et al[121]

5-FU: 5-fluorouracil; LV: Leucovorin; FUdR: 5-fluorodeoxyuridine; MTX: Methotrexate; OX: Oxaliplatin; UFT: Compound tegafur tablets; CPT-11:
Irinotecan; CTX: Cetuximab; RT-PCR: Reverse trascriptase polymerase chain reaction; IHC: Immunohistochemistry; ELISA: Enzyme-linked immunosorbent
ssay; RIA: Radioimmunoassay; CRC: Colorectal cancer; aCRC: Advanced colorectal cancer; mCRC: Metastatic colorectal cancer.

patients diagnosed with CRC (n = 62) and fluorescein
diacetate assay (FDA) or histoculture drug response assay
(HDRA) were used to determine the chemosensitivity in
relation to 5-FU. The chemosensitivity test proved positive in 60% of the specimens with ORPT activity of 0.413
(nmol/min per mg protein) or above and 50% of those
with DPD activity of 30 (pmol/min per mg protein) or
below. Of the patient specimens showing OPRT activity of 0.413 or above and DPD activity of 30 or below,
88.9% were positive for 5-FU sensitivity, suggesting the
possibility that the combination of these two levels may
be predictive of positive 5-FU sensitivity[122]. Tokunaga
et al[116] indicated that high OPRT (IHC) expression in
patients with CRC stage Ⅱ-Ⅳ is associated with a longer OS, which was not confirmed in a study using RTPCR in a smaller study group[37]. The prognostic value of
UMPS/OPRT expression in both tumour and stromal
cells, but each with an opposite effect on outcome, was
an unexpected finding in a retrospective analysis of a
large trial[110].
There are several described SNPs located in UMPS[123-126],
including 286A>G (Arg96Gly), 1285G>C (Gly429Arg),
326T>G (Val109Gly), and 638G>C (Gly213Ala). Kitajima
et al[123] analysed the effects of several SNPs gene UMPS
(638G>C, 1050T>A, and 1336A>G) on the sensitivity
to 5-FU in a group of 31 patients with CRC. They found
no relationship between the effectiveness of treatment
with 5-FU and frequency of any of the genetic variants
among respondents[123]. In clinical in vitro trials it was
shown that the functional polymorphism, Gly213Ala
(638G>C) substitution, contributes to an increase in enzymatic OPRT activity[127]. With reference to the above
results, in vivo studies showed that patients with substitution of 213Ala in the OPRT protein sequence, after
exposure to 5-FU, experience much more severe symptoms of toxicity[124] such as grade 3 diarrhoea (P = 0.031)
and grade 2-3 anorexia (P = 0.035)[125]. The probable
mechanism of gastrointestinal toxicity is related to the
incorporation of 5-FU into RNA (F-RNA), but not with
inhibition of the biosynthesis of dTMP by conversion
of 5-FU to FdUMP[128]. Therefore, 5-FU/LV administration at a higher OPRT enzymatic activity (especially with
the homozygous genotype 638CC) significantly increases
the level of F-RNA in enterocytes, which may increase
the likelihood of severe diarrhoea[125].
There are still many unknown factors that may participate along with SNPs gene UMPS in chemosensitivity
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or mechanisms of resistance to 5-FU, which makes it
necessary to analyse other regions of the gene including
the promoter and regulatory region. A lack of confirmed
reliable test data from in vivo studies on the correlation
between the expression of UMPS/OPRT and the effectiveness of treatment with 5-FU, makes it now impossible
to determine the potential clinical value of this marker.
Other potential factors
A total of 20 polymorphic variants and 20 haplotype
systems of the CYP2A6 gene have been described,
which encode P-450 cytochrome isoenzyme involved in
the metabolic activation of tegafur (UFT). Based on the
results obtained from genotype/haplotype-phenotype
association tests, Wang et al[129] showed that the variant
CYP2A6*4 is the main determinant contributing to the
reduction of formed 5-FU with UFT, and the presence
of the allele affects the level of decrease in CYP2A6
gene expression. A different correlation was observed in
the case of 14 haplotype (a novel CYP2A6*1B alleles),
which was associated with an increase in UTF microsomal activation to 5-FU, and the presence of the haplotype contributed to increased expression of CYP2A6.
The authors speculate that the phenotype of increased
metabolic activity of CYP2A6 may be the result of the
sum of three different variants (22C>T, 1620T>C and
a gene conversion in the 3’-UTR) included in this haplotype. Wang et al[129] conclude that variants CYP2A6*4
and CYP2A6*1B are major genetic factors responsible
for inter-individual variation of UTF activation degree to
5-FU.
Microsatellite instability (MSI) is common in many
types of tumours and is observed in 10%-14% of sporadic CRC. The MSI phenomenon is caused by mutations
located in mismatch repair (MMR) genes, this group of
genes are hMSH2, hMLH1 and hMSH6. Protein products of these genes are responsible for the repair of
DNA damage caused during the replication process. It
is believed that the MMR deficiency operation is one of
the possible causes of resistance to fluoropyrimidines[130].
Meyers et al[131] showed that the restoration of a functional protein MLH1 in an MMR-deficient human colon
cancer cell line contributes to increased sensitivity to 5-FU,
which suggests that MMR deficiency in cells may be associated with resistance to 5-FU. It is likely that MMR
deficiency in cancer cells contributes to increased tolerance to the presence of DNA damage occurring as a re-
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sult of replication errors, instead of undergoing cell cycle
arrest or death[132]. The results of several studies suggest
that the presence of MMR deficit in tumour cells is associated with chemosensitivity to 5-FU based therapy[133].
Most of these studies found low sensitivity to 5-FU in
the case of MMR deficiency, which was confirmed by a
recent pooled reanalysis of randomized trials[134]. On the
other hand, among patients with Ⅱ and Ⅲ stage CRC,
prolonged survival time in cases with high MSI was detected[133,135,136]. In addition, when comparing the group
of MSI patients with patients who were microsatellite
stable it was found that MSI prolongs disease-free time,
but is not beneficial in 5-FU adjuvant chemotherapy[137].
Furthermore, it was found that in most of these cases,
where the tumours showed positive results for MSI, the
expression was observed in wild-type p53[138] which is an
important determinant of 5-FU sensitivity.
The tumour suppressor protein p53 plays a key role
in the control of cell cycle progression and cell death[139].
It is estimated that in about 50% of cases with various
types of tumours a number of mutations in P53 gene
which encodes the p53 can be seen[140]. p53 is responsible
for cell cycle arrest and directing cells to the apoptotic
pathway in a situation where there is a risk of sustaining
damage to the integrity of the genome preventing the
transfer of damaged DNA into daughter cells. Longley
et al[41] demonstrated that p53 and p53-target genes are
activated in response to RNA-directed 5-FU cytotoxicity.
Moreover, in vitro test results indicate that the loss of p53
functionality contributes to reducing chemosensitivity of
cells to 5-FU[41,141]. Studies on expression have also shown
that overexpression of p53 is correlated with resistance
to 5-FU-based chemotherapy[136,142,143] although there is no
conformity with the results obtained by other researchers[35]. The impact of the presence of specific mutations
of P53 gene was also described, which may contribute to
transformation and drug resistance[144]. Indeed, Pugacheva
et al[145] suggested that certain p53 mutants may increase
dUTPase expression, resulting in 5-FU resistance. Thus,
5-FU chemosensitivity may be dependent on the particular TP53 genotype.

CPT-11 metabolite, exhibited the ability to increase the
antitumour effect of such cytostatics as cisplatin, mitomycin C, 5-FU, and etoposide[147]. In in vitro tests using
colon and hepatocellular carcinoma cell lines it was also
observed that SN-38 had greater cytotoxic activity compared to cisplatin, mitomycin C, doxorubicin and 5-FU[148].
The in vivo tests showed that the positive response rate
to CPT-11 monotherapy ranged from 17% to 27% of
cases[149]. The effectiveness of CPT-11 based treatment
was observed in both the group of patients for which
this was the first application of treatment as well as in
patients for whom 5-FU therapy was found to be ineffective[150]. The clinical application of the combination of
CPT-11 with 5-FU/LV (FOLFIRI) resulted in a significant percentage increase in positive responses, prolonged
time to tumour progression and survival. Efficacy was
demonstrated both in chemotherapy-naive patients and
those who progressed after 5-FU-based chemotherapy
when compared with 5-FU/LV alone[151].
Tumour-specific somatic mutations and abnormal
gene expression as well as germline genetic variations
have been reported to be associated with CPT-11 therapeutic efficacy and toxicity. However, the available studies
do not provide unequivocal confirmation that somatic
mutations have a significant impact on the outcome of
CPT-11 treatment, which prevents their usage as predictive markers. Generally, genetic variations may influence
both the pharmacokinetics and pharmacodynamics of
CPT-11[152-154]. Taking into account the results of previous
preclinical and clinical tests, CPT-11 resistance phenotype
may be associated with three different mechanisms: (1)
insufficient intra-tumour accumulation of SN-38 (determined by pharmacokinetic factors); (2) a change in TOPI
activity that decreases levels of the SN-38-Topo Ⅰ-DNA
complex (pharmacodynamic factors); and (3) alterations
in the events downstream from the ternary complex, for
example, apoptosis, cell cycle regulation, checkpoints, and
DNA repair (pharmacodynamic factors)[155,156].
Carboxylesterase
Hydrolysis of the bulky dipiperidino moiety of CPT-11
produces the active metabolite SN-38. The enzymes
responsible for these reactions have been identified as
human carboxylesterases CES1, CES2 (Figure 5) and
the recently described isoenzyme CES3. However, CES3
catalytic activity is low and therefore not likely to play
a significant role in the metabolism of CPT-11. Several
studies indicated that the CES2 isoenzyme plays a major
role in CPT-11 and SN-38 hydrolysis[157].
Resequencing of CES1 and CES2 allowed the identification of SNPs and haplotype structure of these
genes[158-163]. Numerous SNPs and haplotypes have been
described in several populations: Europeans, Africans,
and Asian-Americans[163]. Charasson et al[158] studied 115
cases (Caucasian population) for sequence analysis of all
12 exons of the CES2 gene and 5’ and 3’ untranslated
regions, and identified 11 SNPs. One of these SNPs located at position 830 of gene (830C>G) was associated

IRINOTECAN
7-ethyl-10-[4-(1-piperidino)-1-piperidino]carbonyloxy
camptothecin (CPT-11) is a synthetic analogue of a
naturally occurring alkaloid, camptothecin. CPT-11 was
first approved for clinical use in Japan in 1994 for the
treatment of small-cell lung cancer and hematologic malignancies, and then in 1995 in France for the treatment
of advanced CRC. Finally, in 1996, CPT-11 was approved
by the US Food and Drug Administration (FDA) and
approved for use in the treatment of CRC in 1998. Currently, CPT-11 is mainly used in CRC diagnosed patients
with metastases, with recorded relapse or progression
after application of standard 5-FU-based therapy[146].
In preclinical screening tests using the HST-1 human
squamous carcinoma cell line, SN-38, which is an active
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Figure 5 Irinotecan is metabolized to APC or NPC and potential other intermediate metabolites (M1, M2) via a cytochrome P450 mediated process. Neither
7-ethyl-10-[4-N-(5-aminopentanoic acid)-1-piperidino]carbonyloxycamptothecin (APC) nor 7-ethyl-10-(4-amino-1-piperidino)carbonyloxycamptothecin (NPC) contribute directly to irinotecan activity in vivo. NPC is further converted to 7-ethyl-10-hydroxy-camptothecin (SN-38) by carboxylesterase. All irinotecan metabolites are
pH sensitive, thus are at risk of transforming from inactive to active products, and vice versa. SN-38 is subsequently conjugated predominantly by the enzyme UDPglucuronosyltransferase 1A1 (UGT1A1) to form a glucuronide metabolite (SN-38G)[403].

with a decrease in CES2 expression, which has been reported in 60 cases in the North American population[158].
The CPT-11 intra-tumour activation process is partially
explained as some authors have provided experimental
data indicating that the level of CES2 activity may be a
predictor of CPT-11 toxicity[164], while others failed to
detect CES2 activity in cultured cells[165].
Kubo et al[166] found 12 new SNPs located in the
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CES2 gene sequence including the nonsynonymous SNP
100C>T (Arg34Trp) and the SNP at the splice acceptor
site of intron 8 (IVS8-2A>G). In vitro test results regarding
functional characterization of these SNPs, as well as the
additional nonsynonymous SNP 424G>A (Val142Met),
suggest that the presence of 34Trp and 142Met variants is responsible for the loss of enzyme activity, and IVS8-2G allele is associated with a significant reduction in metabolic
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activity of CES2[166]. Kim et al[161], studying a Japanese population, based on linkage analysis of 21 polymorphisms
of the CES2 gene, identified a panel comprising a number
of haplotypes and found that some haplotypes were rare
in the population, including nonsynonymous SNPs may
contribute to the reduction of enzyme activity. Furthermore, Kim et al[161] found that patients who are carriers of
nonsynonymous SNPs, 100C>T (Arg34Trp) or 1A>T
(Met1Leu) have a significantly reduced ratio of (SN-38 +
SN-38G)/CPT-11 area under the plasma concentration
curve (AUC). In vitro test results regarding functional analysis of these SNPs allowed determination of their impact
on the efficiency of translation and transcription of the
CES2 gene. It has been shown that the presence of the
1A>T genetic variant does not affect the transcriptional
activity of the gene, but it is important for the efficiency
of the translation course[161]. These observations are the
starting point for further research into CES2/CES2 pharmacogenetics, the results of which can be used in future
to individualize dosing of CPT-11 and other prodrugs
activated by carboxylesterases.
Carboxylesterase hydrolyzes CPT-11 to SN-38 primarily in the liver, but also in plasma and the gastrointestinal tract. It was found that the CES1 gene is highly expressed in the liver, which is the main organ responsible
for the metabolic activation of CPT-11. It is likely that
the genetic variants of CES1 can affect the concentration
of CPT-11 metabolites in plasma. However, the clinical relevance of genetic determinants of CES1 on the
pharmacokinetics/pharmacodynamics of CPT-11 is not
fully understood. Functional human CES1 genes include
CES1A1 and CES1A2 which are inversely located on
chromosome 16q. In addition to structural variations
of the CES1 gene family, several SNPs and small deletion/insertion variants were found. The influence of the
-816C variant located in the CES1A2 promoter region on
increased transcriptional activity of the CES1A2 gene
was described. Furthermore, Tanimoto et al[167] showed
that the mRNA expression level of the CES1A2 gene
is related to the sensitivity of tumour cells to CPT-11.
Besides, it was found that the polymorphism -816A>C
is coupled to several other SNPs (-62T>C, -47G>C,
-46G>T, -41C>G, -40A>G, -37G>C, -34del/G and
-32G>T) located in the proximal promoter region, which
is associated with increased transcription of CES1A2, as
bound transcription factors such as Sp1 are found in this
area[168]. The studies by Yoshimura et al[168] suggest that the
genetic variant CES1A may affect the dose-dependent
antitumour activity of CPT-11.
In conclusion, there are certain conditions relating to
the impact of polymorphisms located in the CES1/CES2
genes on the metabolism of CPT-11, which, if they are
confirmed in large clinical trials, in the future may allow
the setting of individual regimens of CPT-11 in patients
with cancer (Table 3).

glucuronide (SN-38G) by the uridine diphosphate glucuronosyltransferase enzymes (UGTs), primarily the UDPglycosyltransferase 1 family (UGT1As) isoenzyme. SN38G metabolite is excreted into the bile and urine, where
it can be removed from the body. However, rehydrolysis
of SN-38G to SN-38, which can take place in the digestive tract under the influence of bacterial β-glucuronidase,
can cause acute diarrhoea observed during treatment with
CPT-11[169].
UGTs are one of the most important classes of enzyme proteins participating in the coupling reaction phase
Ⅱ of xenobiotic metabolism. Currently there are 17 human UGT isoenzymes described that have been assigned
to one of two families identified as UGT1 and UGT2,
which are further subdivided on the basis of amino acid
sequence similarity into UGT1A, UGT2A and UGT2B
subfamilies. Members of the UGT1 family are encoded
by the UGT1A locus on chromosome 2q37, which contains 13 first exons, each having its own promoter and
enhancer regions, which are spliced to identical exons 2-5
(Figure 6). UGT1A1 isoenzyme is responsible in humans
for bilirubin conjugation with glucuronic acid, and some
genetic variants located in the UGT1A1 gene are associated with the development of hyperbilirubinemic syndromes. These diseases, including Gilbert’s syndrome and
Crigler-Najjar syndrome type Ⅰ and Ⅱ, are most often
described in cases with no or low activity of UGT1A1
as a result of polymorphisms in the sequence of the
promoter or coding region[170-172]. Two other isoenzymes,
namely the liver UGT1A9 and extrahepatic UGT1A7 are
considered important in the SN-38 enzymatic inactivation
process. Several research groups have tested in vitro the
impact of genetic variation in UGT1A1, UGT1A7 and
UGT1A9 on the level of SN-38 glucuronidation[173,174].
Among the frequently occurring genetic variants in the
UGT1A gene locus 100 SNPs were described, which
are located both in the promoter region as well as the
coding sequence of the UGT1A gene, many of these
polymorphisms remain in linkage disequilibrium to the
other alleles[175]. Determination of the possible clinical
consequences of these functional changes is being studied, and has been fairly well documented for some of the
identified alleles. A number of in vivo studies were aimed
to determine the effect of different UGT1A genotypes
on the pharmacokinetics and toxicity of CPT-11[176-183].
One of the best known UGT1A1 polymorphisms is
VNTR concerning the number of repetitions of the dinucleotide part of TA [A(TA)nTAA, n = 5-8], which is located in the TATA sequence of the promoter region. The
wild-type allele contains six repeats (TA)6 (UGT1A1*1),
which are located between position -53 and -42 of the
translational start codon. While (TA)7 (UGT1A1*28),
an often quoted variant in Gilbert’s syndrome[172], in the
in vitro study was responsible for a 63% reduction in
translational activity compared to wild-type alleles[184].
Other variations such as (TA)5 (UGT1A1*36), and (TA)8
(UGT1A1*37), respectively, contribute to the growth and
reduction of transcriptional activity, as observed in in vitro

UDP-glycosyltransferase 1 family
SN-38 is glucuronidated, mainly in the liver, to SN-38
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Table 3 Selected common polymorphisms of UGT1A1 , UGT1A7, UGT1A9, CES2, CYP3A4, CYP3A5, MDR1, MRP1, MRP2,
BCRP , OATP1B1 genes and their potential impact on functioning of proteins related to CPT-11 pharmacology
dbSNP rs cluster ID

Type of polymorphism

Function

Ref.

UDP-glycosyltransferase 1A1 (UGT1A1) (OMIM # 191740)
rs8175347
VNTR
[177,178,180,182,191,192,197
-53(TA)6>7
UGT1A1*28, reduced activity
,219,317,356,454-460]
-53(TA)6>5
UGT1A1*36, increased activity
-53(TA)6>8
UGT1A1*37, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 8175347
rs3755319
SNP
[187]
-3279T>G
UGT1A1*60, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3755319
rs10929302a
SNP
[192,404]
-3156G>A
UGT1A1*93, reduced activity
rs887829b
-3140G>A
effect unknown
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 10929302
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 887829
rs4148323
SNP
[186,191,461]
211G>A
Gly71Arg, UGT1A1*6, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4148323
rs35350960
SNP
[172,174,189]
686C>A
Pro229Gln, UGT1A1*27, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 35350960
rs34993780
SNP
[170,174,189]
1456T>G
Tyr486Asp, UGT1A1*7, reduced activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 34993780
UDP-glycosyltransferase 1A7 (UGT1A7) (OMIM #606432)
rs17868323a
SNP
[188,189,197,237]
387T>G
Asn129Lys, UGT1A7*2 and *3, increased activity
rs17863778b
391C>A
Arg131Lys, UGT1A7*2 and *3, increased activity
rs11692021c
622C>T
Trp208Arg, UGT1A7*3 and *4, reduced activity
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 17868323
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 17863778
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 11692021
UDP-glycosyltransferase 1A9 (UGT1A9) (OMIM #606434)
rs45625337
VNTR
[190,197,462]
–118(T)9>10
UGT1A9*22, increased activity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 45625337
rs2741049
SNP
[197,463]
IVS1+399C>T
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2741049
Carboxylesterase 2 (CES2) (OMIM #605278)
SNP
[159,161,166]
1A>T
Met1Leu, CES*5
rs72547531a
100C>T
Arg98Trp, CES*2
rs72547532b
424G>A
Val206Met, CES*3
rs8192924c
617G>A
Arg270His, CES*6
rs11075646d
830C>G
Synonymous
rs72547533e
IVS8-2A>G
Splicing defect, CES*4
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 72547531
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 72547532
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 8192924
d
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 11075646
e
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 72547533
Cytochrome P450, subfamily IIIA, polypeptide 4 (CYP3A4) (OMIM #124010)
rs2740574a
SNP
[211,464,465]
-392A>G
CYP3A4*1b, altered pharmacokinetics and toxicity
rs4986907b
485G>A
CYP3A4*15, Arg162Gln
rs4986908c
520G>C
CYP3A4*10, Asp174His
rs12721627d
554C>G
CYP3A4*16, Thr185Ser
rs4987161e
566T>C
CYP3A4*17, Phe189Ser, altered pharmacokinetics
rs55785340f
664T>C
CYP3A4*2, Ser222Pro, altered pharmacokinetics and toxicity
rs28371759g
878T>C
CYP3A4*18, Leu293Pro, altered pharmacokinetics and toxicity
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2740574
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4986907
c
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4986908
d
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 12721627
e
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4987161
f
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 55785340
g
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 28371759
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rs4986910

SNP
1334T>C
CYP3A4*3, Met444Thr
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4986910
Cytochrome P450, subfamily IIIA, polypeptide 5 (CYP3A5) (OMIM #605325)
rs776746
SNP
6986A>G
Synonymous
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 776746
Multidrug resistance 1 (MDR1, ABCB1) (OMIM #171050)
rs1128503
SNP
1236C>T
Synonymous, CTP-11 or SN-38 AUC ↑
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1128503
rs2032582
SNP
2677G>T/A
Ser893Ala or Ser893Thr
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2032582
rs1045642
SNP
3435C>T
Synonymous, CTP-11 AUC ↑
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1045642
rs10276036
SNP
IVS9-44A>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 10276036
Multidrug resistance-associated protein 1 (MRP1, ABCC1) (OMIM #158343)
rs35605
SNP
1684T>C
Synonymous
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 35605
rs17287570
SNP
c.1677+4951A>C
Effect unknown
rs3765129
SNP
IVS11-48C>T
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3765129
rs2074087
SNP
IVC18-30C>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2074087
Multidrug resistance-associated protein 2 (MRP2, ABCC2) (OMIM #601107)
rs1885301
SNP
-1549A>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1885301
rs2804402
SNP
-1019A>G
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2804402
rs717620
SNP
-24C>T
Effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 717620
rs2273697
SNP
1249G>A
Val417Ile, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2273697
rs3740066
SNP
3972C>T
Synonymous, CTP-11 or APC or SN-38G AUC ↑
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3740066
Breast cancer resistance protein (BCRP, ABCG2) (OMIM #603756)
rs2622604a
SNP
c.-19-17758A>G
Synonymous
rs3109823b
c.-19-3436G>A
Synonymous
a
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2622604
b
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3109823
rs2231142
SNP
421C>A
Gln141Lys, no significant changes in CPT-11 pharmacokinetics
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2231142
rs2231137
SNP
34G>A
Val12Met, higher drug resistance in vitro (SN-38)
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2231137
rs1481012
SNP
c.841+179T>C
Synonymous
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1481012
Organic anion-transporting polypeptide 1B1 (OATP1B1, SLCO1B1) (OMIM #604843)
rs2306283
SNP
388A>G
Asn130Asp, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2306283
rs4149056
SNP
521T>C
Val174Ala, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 4149056
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Figure 6 Graphic representation of the human UGT1A gene locus encoding the UGT1A enzymes and the major UGT1A1, 1A7 and 1A9 polymorphisms that
are responsible for glucuronidation of SN-38. Individual first exons are positioned at the 5’ end of the chromosome and common exons 2-5 at the 3’ end. Individual
exon 1 sequences are combined with exons 2-5 sequence, which is present in every UDP-glycosyltransferase 1A1 (UGT1A1) transcript, the intervening sequence of
the primary transcript is eliminated by splicing[404]. The promoter variant, UGT1A1*28, *36 and *37 results from a TA insertion/deletion in the (TA)6TAA element of the
UGT1A1 promoter region. This alteration leads to decreased/increased gene expression[184].

studies (Figure 6). Iyer et al[185] found that human hepatic
tissue homozygous for the (TA)7/(TA)7 polymorphism
and tissue heterozygous for the (TA)6/(TA)7 genotype
had a significantly decreased rate of glucuronidation of
SN-38 and bilirubin compared with tissue containing the
reference sequence allele [(TA)6/(TA)6]. SN-38 glucuronidation decreased in the following manner: 6/6 > 6/7 >
7/7[185].
In addition, Han et al[186] investigated the genetic variation of the UGT1A gene. They showed that two SNPs
UGT1A1*6 (211G>A, Gly71Arg) and UGT1A9*22 were
important factors influencing the metabolism of CPT-11
and the toxicity of therapy[186]. Both studied polymorphisms affect the coupling efficiency of SN-38 with
glucuronic acid which results in serious toxic effects[186].
The UGT1A1*60 allele is related to the presence of SNP
-3279T>G, and is located in the distal enhancer region
[phenobarbital-responsive enhancer module (PBREM)],
and is another of the genetic variants of UGT1A1
which contributes to the reduction in gene transcription activity and an increase in bilirubin concentration in
serum[187]. UGT1A1*27 (686C>A, Pro229Gln) is a rare
nonsynonymous polymorphism in the population, in vitro
studies have shown its relation with a reduced level of
glucuronidation of SN-38, and it has been observed in
patients with symptoms of Gilbert’s syndrome[174]. Another nonsynonymous variant is UGT1A1*7 (1456T>G,
Tyr486Asp) recorded in an Asian population and is associated with Crigler-Najjar syndrome type Ⅱ[170] for which
a decrease in activity of the enzyme deactivation pathway
of SN-38 was observed[174].
The frequently occurring functional SNPs of the UGT1A7 gene include: UGT1A7*2 [387T>G (Asn129Lys),
391C>A, (Arg131Lys)], UGT1A7*3 [387T>G (Asn129Lys), 391C>A, (Arg131Lys), 622C>T (Trp208Arg)],
and UGT1A7*4 [622C>T (W208R)][188]. For these SNPs
in clinical in vitro studies conditioned by UGT1A7*3 and
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UGT1A7*4, the phenotype shows a reduced rate of
glucuronic acid conjugation with SN-38[189]. In contrast to
these genetic variants, a common VNTR polymorphism
-118(T)9>10 (UGT1A9*22), which is located in the promoter region of the UGT1A9 gene is associated with increased transcriptional activity, which has been confirmed
in vitro[190].
First evidence from clinical trials on the role of
UGT1A1*28 in the development of toxicity resulting
from administration of CPT-11 was published by Ando
et al[191]. They studied the relationship of the genetic
variants of UGT1A1 with serious toxic effects (grade 4
leucopoenia and/or grade 3 or 4 diarrhoea) in a group
of 118 Japanese patients undergoing CPT-11 therapy in
a variety of regimens[191]. Also Innocenti et al[192] studying
a group of 66 patients (including 50 Caucasians) treated
with CPT-11 alone, demonstrated that the UGT1A1*28
allele is an important factor in the development of grade
4 neutropenia. In this study, it was observed that the incidence of severe neutropenia was much more common
in patients with genotype (TA)7/(TA)7 (50%) compared
to heterozygous (TA)6/(TA)7 (12%) and homozygous
(TA)6/(TA)6 (0%). Moreover, another genetic variant,
-3156G>A, is in strong linkage with UGT1A1*28 and
was a better predictor of toxicity than the UGT1A1*28
polymorphism[192]. Also Marcuello et al[182] studied the
effect of the UGT1A1*28 variant on the occurrence
of severe toxic effects in a group of 95 cases with CRC
(Caucasians) who were treated with CPT-11 containing
regimens (5-FU or raltitrexed). In this study, the incidence
of acute diarrhoea (grade 3 or 4) was significantly higher
in patients who were carriers of UGT1A1*28 mutations
[homozygous (50%) and heterozygous (33%)] in comparison to homozygotes of wild-type (17%). Also, symptoms of neutropenia were more frequently noted in the
homozygotes group with the UGT1A1*28 allele, however, this relationship was not statistically significant[182].
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The first systematic analysis of clinical studies on the
impact of UGT1A1*28 on the effectiveness of CPT-11
therapy was published by Dias et al[193]. These results were
generally supportive of the clinical utility of genotyping
UGT1A1*28 prior to commencement of CPT-11 therapy in order to decrease the risk of severe neutropenia
and diarrhoea through the pre-emptive dose reduction
of CPT-11 for UGT1A1*28 homozygotes. The metaanalyses indicate that there is unlikely to be an important
association between UGT1A1 genotype and ORR with
CPT-11, however, this does not provide direct evidence
that a dose reduction for UGT1A1*28 homozygotes will
not lead to an important reduction in ORR[193]. Hu et al[194]
published a meta-analysis of the relationship between the
presence of UGT1A1*28 and the incidence of neutropenia induced by CPT-11. It has been shown that the presence of UGT1A1*28 is associated with an increased risk
of developing neutropenia, not only in cases of medium
or high CPT-11 dose applied, but also in patients treated
with low doses of the drug. The dose-dependent manner
of SN-38 glucuronidation explained why the association between UGT1A1*28 and neutropenia was dose
dependent[194]. Also, Hu et al[195] published a meta-analysis
of clinical studies on the relationship between the presence of the variant UGT1A1*28 and the risk of severe
diarrhoea. Also in this case, in patients who are carriers
of one or two mutant alleles [genotypes (TA)7/(TA)7 or
(TA)6/(TA)7] there was an increased risk of severe diarrhoea induced by CPT-11. However, this increased risk
was present only in the group of patients with high and
medium drug dose[195]. This evidence supports the assessment of UGT1A1*28 in routine clinical practice. The
FDA-approved diagnostic blood test (Invader®) is available specifically for testing the UGT1A1*1 (wild-type)
and the UGT1A1*28 genotype. However, the proposed
benefit of testing CRC patients for UGT1A1 genotype
is that the risk for adverse drug-related side effects (e.g.,
severe neutropenia) among patients found to be homozygous for the *28 genotype can be reduced by lowering
their initial and/or subsequent doses of CPT-11. The
concomitant harm is that a reduction in CPT-11 dosage
may also reduce the effectiveness of chemotherapy in tumour suppression and long-term survival[133,196].
In recent years, several studies were published on
the effects of UGT1A polymorphisms on CPT-11 effectiveness in CRC cancer therapy. Marcuello et al[182] observed a trend in reduced OS in patients with genotype
(TA)7/(TA)7 or (TA)6/(TA)7 in a study of 95 (Caucasians)
cases with metastatic CRC who underwent therapy based
on CPT-11. The probable reason for poor response to
treatment, as concluded by the authors, was the need to
reduce the dose of CPT-11 in patients with symptoms of
severe diarrhoea, and who were carriers of the mutant allele UGT1A1*28. Toffoli et al[177] studying a group of 71
patients (Caucasian) with CRC and metastasis observed
that in the homozygous group (TA)7/(TA)7 there was a
higher percentage of positive responses to the treatment
based on CPT-11 and longer survival time as compared
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to the homozygous group (TA)6/(TA)6. The authors
suggested that toxicities in (TA)7/(TA)7 patients could
be well-managed during the entire course of treatment
without a reduction of CPT-11 dosage[177]. The impact
of genetic variants of UGT1A7 on the effectiveness of
therapy with capecitabine/CPT-11 was examined [197].
The analysis of 66 cases of CRC (including 55 Caucasians) demonstrated that the homozygous groups UGT1A7*2/*2 and UGT1A7*3/*3 showed low enzymatic
activity and a lower incidence of severe diarrhoea (P =
0.003), but a higher percentage of positive responses to
treatment (P = 0.013) compared with the other genotypes[197]. Also, considering the impact of another polymorphism located in the sequence UGT1A9 [-118 (T)9>10,
UGT1A9*22], it was observed that the presence of
genotype (T)9/(T)9 significantly reduced the toxicity (P =
0.002) and increased the degree of response to treatment
(P = 0.047)[197]. These results suggest that the low activity
phenotype of isoenzymes UGT1A7/1A9 conditioned
by the presence of genetic variants is associated with a
protective effect against toxicity such as severe diarrhoea.
The authors explained that this observation may be due
to reduced excretion of SN-38G to the intestine, where
it is under the influence of bacterial β-glucuronidase hydrolysed to SN-38, responsible for toxic effects such as
severe diarrhoea[197,198]. This finding also raised caution
that higher intestinal levels of SN-38G can promote diarrhoea, while hepatic glucuronidation offers protection
against neutropenia[197].
Cecchin et al [176] performed genotyping of (UGT1A1*28, UGT1A1*60, UGT1A1*93, UGT1A7*3 and
UGT1A9*22) in a large group of 250 CRC patients with
metastases treated with the FOLFIRI regimen. In addition, the study determined the relationship of these
genetic variants with the incidence of severe hematologic
and nonhematologic toxicities, the degree of response to
therapy, and TTP and OS[176]. The results demonstrated
that only the variant UGT1A7*3 may be a marker of severe hematologic toxicity after the application of the first
cycle of therapy (P = 0.04). In addition, UGT1A1*28
allele and Ⅱ haplotype (all the variant alleles, but not
UGT1A9*22) were associated with a response indicator
of the therapy (P = 0.01), and the UGT1A1*28 allele was
also the only marker associated with TTP. The authors
concluded that genetic variants near UGT1A1*28 may
be predictors in CRC patients treated with FOLFIRI[176].
Liu et al[199] examined the impact of a polymorphic variant UGT1A1*28 on toxicity and the results of treatment
in a group of 128 Chinese CRC patients with metastases
undergoing therapy with FOLFIRI. It was found that,
although the need to reduce the dose of CPT-11 was
significantly higher in patients with genotype (TA)6/(TA)6
(P < 0.01), it had no significant effect on the rate of response to CPT-11 therapy, PFS and OS[199].
The above reports make it difficult to draw clear conclusions whether reduced UGT1A activity conditioned
by the presence of genetic variants in the gene sequence
only intensifies the anti-cancer activity of CPT-11, or
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alleles in most described genetic variants of CYP3A in
the Caucasian population (e.g., CYP3A4*17, CYP3A4*18,
and CYP3A5*1), or the presence of these variants does
not result in measurable changes in enzyme activity in vivo
(e.g., CYP3A4*1B)[157]. In conclusion, the current research
findings do not support the clinical use of CYP3A4/5
genotyping in order to differentiate individual doses of
CPT-11.

results in a better response to treatment with the simultaneous increased frequency of severe toxic complications.
It seems that the overall balance of the effectiveness/
toxicity of the therapy depends primarily on the treatment regimen used. Moreover, the appearance of severe
toxicities depends on the exposure levels of SN-38 in
the tissues, however, the antitumour responses can be
influenced by additional factors related to properties of
target tumours, such as the tumour stage, acquisition of
resistant factors, and sensitivity to other chemotherapeutic agents when combined.

ABC and SLC transporters
In addition to the importance of the metabolism of
CPT-11, the influence of the above-mentioned enzymes
on the pharmacokinetics of the drug, and its own influence can also be demonstrated on different transporters,
especially from the ABC (ATP-binding cassette transporter superfamily) group of transporters. ABC transporters play an important role in the pharmacology of
CPT-11[157], and are one of the major causes of cancer
cell resistance observed in vitro and in vivo[212]. A number
of polymorphic variants of genes encoding proteins of
ABC transporters and their potential impact on the transcription/expression and changes in transport activity
have been described[213]. CPT-11, SN-38 and SN-38G are
transported from cells to the extracellular environment
via ABCB1 multidrug resistance (MDR1), ABCC1 multidrug resistance protein 1 (MRP1), ABCC2 multidrug
resistance protein 2 (MRP2), ABCG2 breast cancer resistance protein (BCRP) and SLCO1B1 organic aniontransporting polypeptide 1B1 (OATP1B1) (Figure 7)[214].
Transport proteins which export CPT-11 and its metabolites to bile and urine were examined due to their potential impact on the effectiveness of anticancer therapy, and
the occurrence of adverse reactions[215,216].
Studies regarding the influence of transport protein
P-glycoprotein encoded by the gene ABCB1/MDR1 on
CPT-11 pharmacology, have given ambiguous results.
More than a dozen different polymorphisms have been
identified in the sequence of the gene ABCB1. Research
evaluating the impact of SNPs on the pharmacokinetics
of CPT-11 typically focus on three well-known polymorphisms 1236C>T, 2677G>T/A and 3435C>T, which are
in strong linkage disequilibrium[157]. Some studies have
shown that both single genetic variants and haplotypes
of ABCB1 can increase the bioavailability of CPT-11
and SN-38[210,217], while other studies have come to the
opposite conclusion[216,218]. Furthermore, Korean studies
found an association between the presence of wild-type
ABCB1 and the occurrence of neutropenia[218], which was
not confirmed by the results from American research[216].
Similarly, a lack of correlation between the occurrence
of SNPs ABCB1 and toxicity of CTP-11 therapy was
found in French studies[179]. On the other hand, studies by
Glimelius et al[219] demonstrated that patients who are carriers of the mutated allele ABCB1 are less responsive to
treatment with CPT-11. Carriers of at least one TT genotype of ABCB1 1236C>T, 2677G>T/A or 3435C>T
were less likely to respond to treatment (OR = 0.32). A
post hoc analysis showed that fewer patients with at least

CYP3A4 and CYP3A5
CYP3A4, which is highly expressed in the liver, is considered one of the major P-450 cytochrome isoenzymes
involved in the metabolism of a large group of drugs.
CYP3A4 and CYP3A5 are responsible for CPT-11 oxidation to the APC metabolite (7-Ethyl-10-(4-N-aminopentanoic acid)-1-piperidino)carbonyloxycamptothecin
and inactive NPC (7-Ethyl-10-(4-amino-1-piperidino)car
bonyloxycamptothecin), which can be hydrolysed to an
active form of SN-38 (Figure 5). Inter-individual variation
in CYP3A4 activity may contribute to changes in the pharmacokinetic parameters of CPT-11[200-202].
Several polymorphisms located in genes CYP3A4 and
CYP3A5 have been described[203-206]. There are different
SNPs for CYP3A4 and the frequencies of genotypes and
alleles occurrence in different populations have been published. Relatively frequent SNPs are CYP3A4*2 (664T>C,
Ser222Pro), CYP3A4*10 (520G>C, Asp174His), and CYP3A4*17 (566T>C, Phe189Ser) in Caucasians and Mexicans (2%-5%), CYP3A4*15 (485G>A, Arg162Gln) in
African-Americans (2%-4%) and CYP3A4*16 (554C>G,
Thr185Ser) and CYP3A4*18 (878T>C, Leu293Pro) in
East Asians (1%-10%)[207]. Perhaps some of these genetic
variants of CYP3A4 may have impact on the pharmacokinetics of CPT-11. An analysis of gene haplotypes of
CYP3A4 conducted in a group of 416 cases from the
Japanese population has allowed the identification of 25
haplotypes[208]. However, the influence of individual haplotypes on the pharmacokinetic parameters of CPT-11
was tested among 177 Japanese patients undergoing chemotherapy[209]. Haplotype *16B which consists of polymorphisms 554C>G (Thr185Ser) and IVS10+12G>A
was present only in male patients, and in this group a
significantly lower concentration ratio of APC/CPT-11
(in vivo tests of CYP3A4 activity) was observed compared with other patients. However, no relationship was
observed between the genotypes and total clearance of
CPT-11, and the frequency of toxicity symptoms in the
study group[209]. Despite significant individual variability[206] and occurrence of more polymorphisms within
genes CYP3A4 and CYP3A5, in the currently published
studies there is no significant correlation between genotype CYP3A4/5 and the pharmacokinetics of CPT-11 or
toxicity[210,211]. No significant correlation between genotypes CYP3A4/5 and the pharmacokinetic parameters
of CPT-11 may be associated with the low frequency of
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Figure 7 UDP-glycosyltransferase 1 family. A: The active metabolite of irinotecan, SN-38, is a DNA topoisomerase I (TOP1) inhibitor which leads to cancer cell
death. TOP1 is a nuclear enzyme required in replication, responsible for unwinding DNA and preventing lethal strand breaks. SN-38 is cytotoxic and destabilizes the
TOP1-DNA covalent complex formed in colorectal cancer cells. SN-38 causes irreversible double strand breaks which lead to S phase arrest followed by cell death.
To do so, SN-38 attaches to the complexes and blocks future replication forks preventing repair of double strand breaks[405]; B: Irinotecan uptake and transport into the
liver is facilitated by: OATP1B1 (SLCO1B1), ABCB1, MRP1 (ABCC1), MRP2 (ABCC2), and MXR (ABCG2). Specifically, ABCB1 is present on the bile membrane and
is responsible for the secretion of irinotecan and its metabolites into the liver[406]. Irinotecan is metabolized in the liver and converted to SN-38, the active metabolite
and TOP1 inhibitor, by carboxylesterases (CE) mediated hydrolysis. SN-38 is then glucoronized to SN-38 glucuronic acid (SN-38G) and detoxified in the liver via conjugation by the UGT1A family, which releases SN-38G into the intestines for elimination[407]. Approximately 70% of SN-38 becomes SN-38G, which has 1/100 of the
antitumour activity and is virtually inactive. In the intestinal lumen, bacterial β-glucuronidases can reverse the reaction and transform inactive SN-38G back into the
active form SN-38. This factor contributes to varied toxicity, specifically dose limiting diarrhoea[198].

one ABCB1 1236T-2677T-3435T haplotype responded
to treatment compared with others (43% vs 67%, P =
0.027)[219]. Given the conflicting results obtained in earlier
research on the impact of genetic variants of ABCB1
on the effectiveness of CPT-11 therapy[179,210,216-218], the
conclusions presented by Glimelius et al[219] need to be
confirmed in in vivo studies in a larger population.
Several in vitro studies have shown that ABCC1/
MRP1 is involved in the transport of CPT-11 and
SN-38. The ABCC1 transporter is responsible for the
efflux of SN-38 from the hepatocyte into the interstitial
space[220]. Polymorphisms 462C>T, 1684T>C, 4002G>A,
14008G>A, 34215C>G, IVS9+8A>G, IVS30+18A>G,
IVS11-48C>T and IVS18-30C>G in the ABCC1 gene
have been identified [210,216] . Two SNPs of ABCC1,
1684T>C and IVS18-30C>G, are responsible for differentiated pharmacokinetic phenotypes of CPT-11 as measured by the AUC values for its metabolites: APC and
SN-38G/SN-38. Polymorphism 1684T>C contributes
to an increase in AUC value for SN-38, and SNP IVS11-
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48C>T causes a decrease in AUC for APC. The positive
association between ABCC1 1684T>C and SN-38 AUC
is consistent with increased transport of SN-38 from
the hepatocyte into the plasma[216]. In comparison to the
available data on the role of ABCB1 in drug resistance
and bioavailability of CPT-11, the clinical significance of
the genetic variation of ABCC1 is not sufficiently documented, and therefore further functional studies should
be carried out to confirm these preliminary observations[216]. There are several rare variants of ABCC1, which
may potentially affect the transport function, but the
low frequency of occurrence of these alleles hinders unequivocal conclusions regarding their clinical significance
in pharmacotherapy of CPT-11[221-224]. Similarly, there is
insufficient evidence regarding the effect of the polymorphisms in the gene expression of ABCC1 measured by
mRNA levels in lymphocytes or duodenal enterocytes[225].
In vivo tests on animals showed that the biliary excretion of CPT-11 carboxylate and SN-38 carboxylate, and
both the lactone and carboxylate forms of SN-38G was
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lower in ABCC2-deficient rats[226]. Moreover, the impact
of gene polymorphisms ABCC2/MRP2 on the bioavailability of CPT-11 has been described. Innocenti et al[192,227]
examining a group of 64 cancer patients showed that
the silent polymorphic variant 3972T>C was associated
with the AUC value of CPT-11 (P = 0.02), for APC (P
< 0.0001) and for the APC/CPT-11 ratio (P < 0.0001).
Kitagawa et al[228] also studied the effects of gene SNPs
of ABCC2 on the toxicity of CPT-11 therapy. However,
in the 120 Japanese patients studied, there was no association between genetic variants 1249G>A, or -24C>T
gene ABCC2 and the incidence of severe complications
after treatment with CPT-11[228].
There are many studies confirming the important role
of protein ABCG2/BCRP in the transport of CPT-11
and its metabolites. Scientific evidence supports the
proposition that overexpression of ABCG2/ABCG2
leads to the development of drug resistance in tumour
cells against drugs that are derivatives of camptothecin
such as topotecan[229], CPT-11 and SN-38[230-233]. Several
possible mechanisms were described which may contribute to drug resistance conditioned by the activity of
gene ABCG2, such as: demethylation of CpG islets in
the ABCG2 promoter resulting in increased gene transcription[234], gene amplification[235], and truncation at
the 3’UTR of the ABCG2 mRNA, which is associated
with a loss of the miRNA-159c binding site conferring
higher mRNA stability[236]. Furthermore, it has recently
been demonstrated that the ABCG2 mRNA content of
liver metastatic tumour cells from CRC patients treated
with CPT-11 is higher than that from CPT-11-naive
patients[207]. Cha et al[237] suggested that the presence of
introning SNP in gene sequence ABCG2 (rs2622604)
may contribute to changes in transport protein activity
which can effect the increase in CPT-11 concentration in
cells. This may lead to an increased risk of severe myelosuppression (grades 3 and 4) in patients with this genetic
variant[237]. The same research team also identified another SNP (rs3109823), which like the previous one had
a strong association with severe myelosuppression[237].
Following this study, Poonkuzhali et al[238] showed that a
polymorphic variant of rs2622604 was associated with
decreased expression of ABCG2 measured by the level
of mRNA. These results support the hypothesis that patients who are carriers of the rs2622604 negative variant,
have in their livers, a low level of SN-38 excretion to the
bile which leads to the growth of intracellular concentrations of SN-38 in hepatocytes. This, in turn, contributes
to accumulation of CPT-11/SN-38 in the blood and
an increased risk of severe myelosuppression. On the
other hand, although described by Cha et al[237], another
SNP rs3109823 showed a stronger association with myelosuppression than the variant rs2622604, and Poonkuzhali et al[238] did not prove it had an effect on the gene
expression level of ABCG2.
Functional in vitro studies on the importance of amino acid substitution in the sequence of protein ABCG2
(Gln141Lys, 421C>A) have shown that it contributes
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to the reduction of transport activity substrates such as
mitoxantrone, topotecan, SN-38[239,240], and therefore can
contribute to an increase in cell chemosensitivity[241,242].
There were also several in vivo studies published on the
effect of this polymorphism on the pharmacokinetics of CPT-11. de Jong et al[243] studied a group of 85
patients diagnosed with solid tumours who received
chemotherapy based on CPT-11. They reported greater
accumulation of SN-38 and SN-38 glucuronide in one
of two homozygous carriers of the 421 variant alleles.
However, the AUC of CPT-11 (P = 0.72) and its active
metabolite SN-38 (P = 0.67) did not differ significantly
between patients carrying the wild-type sequence and
patients carrying at least one variant allele[243]. Also, the
results of research published by Jada et al[244] confirmed
the findings that there is no relationship between the
presence of genetic variants 421C>A gene ABCG2, and
the change in the pharmacokinetics of SN-38. Available
results from this study suggest that the probable coexistence of SNPs other than 421C>A genetic variants [e.g.,
34G>A (Val12Met) and 1322G>T (Ser441Asn)] of the
gene ABCG2 may have some clinical implications for the
pharmacology of CPT-11. Furthermore, additional in
vitro and in vivo studies are needed to better clarify the role
of the 34G>A polymorphism as this SNP is prevalent in
many populations and there are many conflicting reports
regarding the functional effects of this polymorphism[245].
Systematic prospective studies with well-chosen and less
heterogeneous groups of patients should be conducted
to provide more reliable evidence on the role of gene
polymorphisms of ABCG2 on the pharmacokinetics of
CPT-11.
Organic anion-transporting polypeptide 1B1 (OATP1B1, SLCO1B1), expressed on the basolateral membrane in hepatocytes, has been reported to contribute to
the hepatic uptake of SN-38[246]. SLCO1B1 transports
among others, CPT-11, SN-38 and SN-38G from blood
to liver cells. Several polymorphic variants of the gene
SLCO1B1, among them SLCO1B1*1b (388A>G) and
SLCO1B1*5 (521T>C), have been described. In vitro
research on the haplotype SLCO1B1*15, which is a
combination of the SNPs, showed that it is responsible
for a 50% reduction in the intracellular concentration of
CPT-11, which may cause intra-individual variability in
the toxicity of this drug[246,247]. Another pharmacokinetic
study revealed that CPT-11 clearance was 3-fold reduced
and systemic exposure to CPT-11 was enhanced in patients with the SLCO1B1*15 haplotype[248]. The literature
also describes the case of a patient with severe toxic
complications after CPT-11 treatment and the presence
of the haplotype *15[249]. The effect of these SNPs and
haplotype *15 on induction of CPT-11 toxicity should
be confirmed by further in vivo studies. Other studies on
the toxicity of CPT-11 and its effects on different genetic
factors were carried by Takane et al[250]. By analysing three
genetic variants of UGT1A1*6, UGT1A1*28 and SLCO1B1*15 a strong correlation was found between the
presence of these alleles and excessive accumulation of
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XRCC1 conditioning the presence of arginine in the
protein sequence XRCC1 (399ARG) leads to weaker DNA
repair capacity, as compared with 1196A (399Gln). However, these findings, derived from in vivo studies, have
not been confirmed in numerous in vitro studies, which
unanimously showed that the presence of glutamine
in codon 399 was associated with a reduced ability to
repair DNA as assessed by the persistence of DNA
adducts, elevated levels of sister chromatid exchanges,
increased RBC glycophorin A, TP53 mutations, and
prolonged cell cycle delay[262]. Hoskins et al[251] also investigated the effect of the gene variant IVS4+61 TOP1 on
the frequency of severe neutropenia (grade 3/4). The
cause of the differences observed in vivo in the toxicity
of CPT-11 therapy and the frequency of different variants of the TOP1 gene, can be related to the stability
of complexes SN-38-TOP Ⅰ -DNA in bone marrow
cells, which may lead to greater sensitivity and increased
bone marrow toxicity. Furthermore, Hoskins et al[251]
found that patients who are carriers of the homozygous
CC gene haplotype PARP1 (with SNPs combination
852T>C-IVS19-297C>T) often suffer toxic effects due
to CPT-11 treatment in comparison to patients with
different arrangement of alleles in this haplotype. This
observation suggests that the presence of the haplotype
852C-IVS19-297C is related to decreased DNA repair
capacity by PARP1 protein, leading to increased loss of
bone marrow cells and symptoms of neutropenia as a
result of the cytotoxic effect of CPT-11[251].
In vitro research using colon/colorectal carcinoma cell
lines, showed that there is a link between the presence
of functional aberration in p53 and phenotype hypersensitivity to camptothecins[263-266], whereby some of the
experimental test models showed only moderate cellular
sensitivity[267]. Moreover, HT-29 colon carcinoma cells
characterized by mutations in p53 had a much higher
sensitivity to CPT-11 than control cells expressing wildtype p53[268]. Also, experiments with cell clones derived
from tumour tissues with evidence of impaired activity
of p53 showed that the apoptosis induction path is an
important determinant of sensitivity to camptothecins.
On the other hand, p53 is required for targeting apoptotic proteins in the sensitization of colon carcinoma to
TNF-related apoptosis-inducing ligand (TRAIL) pathway
therapy using CPT-11[269]. Most experimental data show
that the initiation of apoptosis resulting from exposure
to camptothecins is much weaker for cells with wildtype p53 compared with mutated p53. Tomicic et al[270]
proposed that the phenotype conditioned by wild-type
p53, formed in the presence of CPT-11 complexed with
DNA and TOPⅠ is degraded more easily, leading to the
reduced DNA transcription/replication effect of camptothecins and contributes to the development of drug resistance. In cells lacking functional p53, TOP1-cc (TOP1cleaved DNA 3’-phosphotyrosyl intermediates referred
to as cleavable complexes) is not efficiently degraded
upon transcription stalling, thus TOP1-linked singlestrand breaks accumulate, which may interfere with DNA

SN-38, which resulted in severe toxic complications observed with the use of CPT-11.
In summary, it can be stated that frequent polymorphisms in genes encoding ABC and SLC transporters can
have a significant impact on changes in the pharmacokinetics and pharmacodynamics of CPT-11. However, the
practical application of previously published results will
require additional study in vivo including CRC patients.
Topoisomerase Ⅰ , DNA repair genes and cell cycle
regulation
There is substantially less knowledge on CPT-11 pharmacodynamics, including DNA damage repair or cell death
pathways, following the formation of camptothecinTOPⅠ-DNA complexes[251]. SN-38 is an inhibitor of
topoisomerase Ⅰ (TOPⅠ) an enzyme that prevents the
unfolding of DNA during transcription and replication.
Scientists studying cancer cells which exhibited resistance
to CPT-11, found that a possible cause of low sensitivity
to the drug may be associated with the presence of mutations or low TOP1 gene expression[252,253]. The impact
of the presence of different genetic variants of TOP1
gene expression was described, which may be a cause of
primary drug resistance[254]. Genetic variation in the drug
target of SN-38, as well as in cellular effectors responsible for DNA repair and apoptosis, are a potential source
of clinically observed inter-individual variability in the
efficacy and toxicity of treatment based on CPT-11[255].
Knowledge of the causes of drug resistance leading to
CPT-11 treatment failure, provides the opportunity to
better plan treatment and to predict the effects of therapy
for an individual patient. The activity of numerous genes
and proteins[155,255] and a mutual network of connections
between various intracellular pathways are responsible for
the phenotype of sensitivity to CPT-11. The molecular
factors involved in CPT-11 pharmacodynamics may include: drug target-TOPⅠ, cell cycle division 45-like protein (CDC45L), nuclear factor-κB (p50 subunit; NFκB1),
poly (ADP-ribose) polymerase Ⅰ (PARP1), tyrosyl DNA
phosphodiesterase (TDP1), and X-ray cross complementation factor (XRCC1)[256-260].
XRCC1 plays a key role in base excision repair by
forming a complex with DNA repair proteins including
PARP1 and DNA polymerase β[261]. Hoskins et al[251] studied a group of 107 (European) patients with advanced
CRC, treated with CPT-11. They conducted an analysis
of the impact of genetic variant 1196G>A (Arg399Gln)
of the gene XRCC1 on the efficacy of CPT-11 therapy.
They found that patients who demonstrated a favourable response to treatment more commonly had the genotype 1196GG variant allele than 1196T (genotypes GA
or AA) (46% vs 26%, P = 0.10). Patients homozygous
for an XRCC1 haplotype (GGCC-G) were more likely
to show an objective response to therapy than other
patients (83% vs 30%, P = 0.02). This effect was also
confirmed in a multivariate analysis (OR = 11.9, P =
0.04)[251]. A possible explanation for these findings is that
the presence of the allele in the 1196G gene sequence
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replication. p53 defective cells are, due to lack of p21 expression, only transiently arrested in G2, having no time
to repair excessive camptothecin-induced replicationdependent double-strand breaks (DSB), thus undergoing
mitotic cell death accompanied by apoptosis[270].
Malfunction of DSB repair mechanisms is essential
for the survival of cancer cells and is one of the major
reasons why these cells avoid the cytotoxic effects of
camptothecin derivatives. Therefore, it seems reasonable
to state that cells with a compromised DSB repair mechanism may have greater susceptibility to therapy based
on camptothecins. The main paths of the DSB repair
mechanisms include homologous recombination (HR)
and non-homologous end-joining (NHEJ). Mutations in
genes RAD51, XRCC2, BRCA2, RAD54 and MUS81
involved in HR contribute to the hypersensitivity of cells
exposed to camptothecins because the protein products
of these genes are essential for proper functioning of
the HR pathway in S and G2 phases of the cell cycle[270].
The results indicate that DSB induced in cells by derivatives of camptothecin are repaired either by NHEJ or
HR[270-272]. As HR requires replication it might even be
the predominant route of defence against the killing effects of camptothecins that require replication to elicit
cytotoxicity[270]. In conclusion, the decisive role in the
creation of phenotype drug resistance to CPT-11 is the
status of p53, the degree of degradation of the TOPI
complex from DNA, DSB repair by HR on stalled replication forks, and downstream pro- and anti-apoptotic
pathways, while the NHEJ pathway seems to be much
less important[270].

Combination therapy with 5-FU/LV plus OX (FOLFOX) is currently a standard in treating gastric cancer and
CRC with a 40% positive response ratio during first
relapse therapy[275]. Despite the efficiency of combined
therapy, a high percentage of patients show drug resistance to a higher or lower degree, which suggest that the
therapeutic efficiency of FOLFOX is characterised by
high variability. Since approval of the clinical application
of OX in the treatment of patients with advanced CRC
in 1999 in Europe and then in 2004 in the United States,
access to data concerning OX pharmacology has grown
significantly. In preclinical studies, OX showed activity
towards colon cancer cell lines characterised by primary
and acquired resistance to cisplatin[132]. Also, in many other experimental models with a phenotype of resistance to
cisplatin it was shown that the sensitivity/drug resistance
profiles of both platinum derivatives were different[276].
Resistance to platinum compounds, as is the case
with other cytotoxic compounds, is multi-factorial and
individual platinum derivatives have different degrees of
cross-resistance. Generally, in the majority of studies of
experimental cancers, carboplatin has cross-resistance
with cisplatin, but not with OX. On the basis of numerous studies, six major cell drug resistance mechanisms
towards platinum derivatives, have been identified[277,278].
Processes connected with transporting to and from cells
could be included here, as they contribute to lower intracellular drug concentration. Also, an increase in drug
detoxication may be of importance (e.g., increased concentration of sulphydril-containing molecules or activity
of metabolic enzymes) or an increase in the quenching
of DNA monoadducts. Lastly, in the cells with resistance
to platinum compounds, a system of recognition and/or
DNA damage repair may malfunction[279].

OX
Within the last 40 years, a few thousand platinum derivatives have been synthesised and tested with regards to
their anti-cancer activities. Among these compounds, the
most interesting ones seem to be those discovered in the
early 70s, such as derivatives of the 1, 2-diaminocyclohexane (DACH) carrier ligand that are non-cross-resistant
with cisplatin. In the last two decades, many scientists
searching for new and effective cytostatic medicines directed their research efforts towards this platinum derivative group. Interest in the DACH group compounds is
associated with their beneficial properties in comparison
with other platinum derivatives such as cisplatin or carboplatin. Not only do DACH compounds demonstrate less
nephrotoxicity (as opposed to cisplatin) and myelosuppression (as opposed to carboplatin), but they also have
higher efficacy in cancer which proved to be resistant to
treatment with cisplatin. Research results in both cell lines
and in vivo observations prove that the efficacy of DACH
compounds, in comparison to cisplatin and carboplatin,
may be related to breaking inner resistance to these cytostatics. The significant cytostatic activity of OX was
proved during tests on several human cancer cell lines
and is believed to be the most important platinum derivative from the DACH group[273,274].
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Intracellular drug accumulation
Membrane transporters and channels, collectively known
as the transporters, are some of the best known factors
determining chemosensitivity and drug resistance and
the history of research into their significance in anticancer therapy dates back to the beginning of scientists’
interest in the causes of chemotherapy failure[280]. Only
a small group of the known transporters have been
recognised as relevant for intracellular accumulation of
platinum derivatives. There is a broad review concerning
membrane transporters and channels that can be found
in the publications of Choi and Kim[281], Hall et al[282] and
Liu et al[283].
Potential platinum uptake or influx transporters
include copper transporter (CTR) proteins[284], organic
cation transporters (OCTs) belonging to the SLC22 family[285] and an undefined cis-configuration specific platinum influx transporter[286]. In addition, some outwarddirected drug transporters facilitating the active efflux
of platinum compounds have been linked to decreased
accumulation of platinum compounds and include adenosine triphosphate (ATP) binding cassette (ABC) multidrug transporters[287], and copper-transporting P-type
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Figure 8 Intracellular drug accumulation. The free fraction of oxaliplatin is biotransformed non-enzymatically and subsequently forms complexes with chloride, glutathione (GSH), methionine (Met) and cysteine (Cys). Oxaliplatin undergoes non-enzymatic conversion in physiologic solutions to active derivatives via displacement
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diaquo DACH platinum [Pt(H2O)2(DACH)]2+, which covalently bind with macromolecules. There is no evidence of cytochrome P450-mediated metabolism in vitro. The
major route of platinum elimination is renal excretion. The main mechanism of action is mediated through the formation of DNA adducts which is thought to be related
to the anti-tumour effects of oxaliplatin. An important factor is the induction of apoptosis by the primary DNA-Pt lesions, which is possibly enhanced by the contribution
of targets other than DNA. Several influx and efflux transporters such as organic cation transporters (OCTs) 1, 2 and 3 (SLC22A1, SLC22A2 and SLC22A3), copper
efflux transporters (CTRs), P-type ATPases, ATP7A and ATP7B have been identified, which may play an important role in determining tumour sensitivity and/or resistance to oxaliplatin[408].
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Table 4 Selected common polymorphisms of MDR1 , GSTP1, ERCC1, ERCC2, XRCC1 genes and their potential impact on
functioning of proteins related to OX pharmacology
dbSNP rs cluster ID

Type of
polymorphism

Function

Ref.

Multidrug resistance 1 (MDR1, ABCB1) (OMIM #171050)
rs1128503
SNP
[152,296,318,485]
1236C>T
Synonymous, effect unknown
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1128503
rs2032582
SNP
[152,296]
2677G>T/A
Ser893Ala or Ser893Thr, the GG genotype carriers have the highest while the
AT genotype carriers have the lowest levels of ABCB1 expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 2032582
rs1045642
SNP
[152,296,350,485]
3435C>T
Synonymous, TT genotype carriers have lower intestinal ABCB1 expression
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1045642
Glutathione S-transferase π (GSTP1) (OMIM #134660)
rs1138272
SNP
[311,477]
341C>T
Ala114Val, altered enzyme kinetics, altered toxicity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1138272
rs1695
SNP
[51,180,311-329,467,477]
313A>G
Ile105Val, decreased enzymatic activity, altered toxicity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1695
Excision repair cross-complementation group 1 (ERCC1) (OMIM #126380)
rs11615
SNP
[51,313,344,345,357,486]
354T>C
Synonymous, decreased transcriptional activity of ERCC1
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 11615
rs3212948
SNP
[487]
321+74C>G
Intronic SNP (intron 2), protective effect of the C allele to cancer risk
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 3212948
Excision repair cross-complementation group 2 (ERCC2, XPD) (OMIM #126340)
rs13181
SNP
[51,313,336,337,350,351,353,
2251A>C
Lys751Gln, the Gln allele is associated with a higher DNA adduct level or lower
356,357,486]
DNA repair capacity
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 13181
rs1799793
SNP
[313,336,337,353]
862G>A
Asp312Asn, lower DNA repair capacity for the Asn allele than the Asp allele
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 1799793
X-ray cross complementation factor (XRCC1) (OMIM #194360)
rs25487
SNP
[51,313,349,350,361-364,486]
1196A>G
Arg399Gln, reduced base excision repair function for Gln allele than the Arg
allele
http://www.ncbi.nlm.nih.gov/SNP/snp_ref.cgi?rs = 25487
SNP: Single nucleotide polymorphism.

adenosine triphosphatases (ATPases) (Figure 8). Insufficient intra-tumour concentration of platinum compounds is a critical factor determining both primary and
secondary resistance. Lowered inflow and/or increased
activity of outward-directed cellular transport is a frequent phenomenon in clones of chemoresistant cancer
cells[280] exposed to cisplatin, OX[288] and carboplatin.
However, currently, it is not quite clear whether and to
what degree transporters help maintain therapeutic platinum concentrations in cancer cells, thus playing a crucial
(clinically relevant) role in sensitivity and cell resistance
to platinum derivatives[283]. During the last 15 years, a
series of clinical studies have been designed to establish
the connection between efficiency of chemotherapy
based on OX and the level of expression of membrane
transporters in both cancer cells and in healthy tissue.
These studies of transporters including ATP7A, ATP7B,
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ABCC2, ABCG2, ABCB1, OCT2 and CTR1 are detailed
below and summarized in Table 4.
The first clinical studies concerning the dependency
between the results of treatment with platinum compounds in cancer chemotherapy and the expression of
transporter concerned the P-type copper transporting
ATPases ATP7A and ATP7B. In a study of 50 patients
with an advanced stage of CRC and treated with 5-FU/
LV/OX (FOLFOX) a correlation was observed between
resistance and the level of expression of these transporters[289]. ATP7A and ATP7B involved in the sequestration
and extrusion of copper from a compartment localized
within the trans-Golgi network to the plasma membrane,
have also been implicated in the efflux of platinum compounds[290]. While examining their CRC patients, Martinez-Balibrea et al[289] showed that low expression of the
ATP7B gene measured by its level of mRNA was linked
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with significantly longer TTP (P = 0.0009) as opposed
to the group of patients with a higher level of mRNA
(12.14 mo vs 6.43 mo) who also had a greater risk of disease progression (HR = 3.56, P = 0.002). Furthermore,
patients with both a low level of mRNA and ATP7B
protein noted, had the longest TTP and benefitted from
FOLFOX therapy most, as opposed to patients with a
high level of mRNA and protein (14.64 mo vs 4.63 mo,
respectively, P = 0.01)[289].
Various multidrug resistance-associated proteins
(MRPs) belonging to the ABCC subfamily of ABC efflux
transporters have been implicated in mediating resistance
to platinum compounds[291]. Cancer cells resistant to platinum compounds are able to remove OX metabolites that
are coupled with glutathione (GSH) into the intracellular
environment via ATP transport dependent on hydrolysis
through biological membranes[292]. On the basis of the
above mechanism, it may be assumed that GHS accessibility and the effectiveness of conjunction with GHS
are the key factors for the development of such resistance towards OX. Beretta et al[293] stated that some of
the superfamily ABC transporters (ABCC1/MRP1 and
ABCC4/MRP4) had significant expression in ovarian
cancer cells with secondary OX resistance. Overexpression of ABCC1 or ABCC4 in cancer cell lines derived
from ovarian cancer cells was connected with resistance
to cisplatin and OX. The above results prove that the development of OX resistance is induced by the activity of
MRP proteins, and it may be conducive to use cytostatics
other than platinum derivatives that are not substrates of
ABCC1 or ABCC4[293] in patients with relapsing cancer
previously treated with OX. Furthermore, in other research it was observed that administering 5-FU inhibits
the expression of ATP7B and human organic cation
transporter 2 (OCT2) with a simultaneous 5.8-fold increase in the level of mRNA for the ABCC2 gene (MRP2)
coding another transporter from ABCC[294]. Theile et al[294]
proposed as one mechanism for FOLFOX synergism,
the 5-FU mediated suppression of ATP7B, the overexpression of glutathione exporters such as MRP2 and
the decrease in glutathione levels by the OX metabolite
oxalate.
In studies of another transporter from the superfamily of ABC - ABCG2/BCRP it was found that overexpression may be a negative marker of OX therapy
effectiveness[294]. Lin et al[295] tested the level of expression of protein ABCG2, measured by the IHC method,
in a group of patients with CRC both in the primary
and metastatic cancer tissue. They observed that lower
expression of ABCG2 was noted more frequently in
patients with better response to FOLFOX therapy than
in patients with higher protein expression (63.6% vs
9.5%, respectively). Moreover, it was found that in the
majority of cases the level of ABCG2 expression was
higher in tissue derived from metastatic tissue than from
primary tumours[295]. Therefore, Lin et al[295] concluded
that ABCG2 expression is related to response to therapy
based on FOLFOX among patients with metastatic CRC
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and that ABCG2 may be a selective marker in predicting
the effectiveness of FOLFOX.
Wu et al [296] evaluated the influence of SNPs of
ABCB1/MDR1 gene (1236C>T, 2677G>T/A and
3435C>T) on the outcome of treatment in CRC patients
treated with OX-based therapy. Carriers of the 1236C>T
variation of the ABCB1 gene had longer OS following post-operative OX therapy. Additionally, carriers of
the 1236TT-2677TT-3435TT genotype combination had
worse PFS (P = 0.043) and recurrence-free survival (P =
0.006)[296]. On the other hand, Yue et al[297] showed that
SNPs of the ABCB1 gene were not pharmacogenetic
factors which determined prognostics for chemosensitivity to OX-based therapy in CRC patients.
The SLC22 family of transporters includes several
subgroups of proteins classified on the basis of position and transporting mechanisms. The subgroup of
organic cation transporters (OCTs) consists of only
three members: SLC22A1 (OCT1), SLC22A2 (OCT2)
and SLC22A3 (OCT3)[285]. Currently, we have a limited
range of accessible data concerning the connection between genetic variations and the level of OCT1 or OCT2
expression in tumour tissue and the results of treatment
after administering therapy based on platinum derivatives.
It is, however, postulated that these transporters may be
of potential clinical importance as predictive markers.
In an experimental model using transfected cells it was
noted that the expression of the OCT1 gene significantly
increased intracellular OX accumulation[298]. On the other
hand, research results showed that OX is an excellent
substrate for OCT2[298,299]. Zhang et al[298] showed that in
transfected HEK293-hOCT2 cells, the amount of accumulated OX was 23.9-fold greater than that in control
cells. Whereas, in the presence of cimetidine, which is an
OCT2 inhibitor, the amount of accumulated OX was significantly lower. They also stated that in the transfected
cells, the cytotoxic effect significantly increased following
treatment with OX compared with control cells[298]. It is
thought that OCT2 expression may modulate the sensitivity of CRC cells to OX. It is also postulated that the
level of OCT2 expression may condition drug resistance
in CRC patients treated with therapy based on a scheme
including platinum[298]. However, the results of the above
studies are not fully credible as while testing OCT2 expression in tissue, it was noted that a positive result was
obtained in 11 of 20 tissue samples from patients with
colon cancer, while a negative effect was obtained in 4
healthy tissue samples[300]. In contrast, all colon cancer cell
lines investigated for transporter gene expression were
found to lack OCT2 mRNA expression[298,300]. Therefore,
it is worth stressing that if a significant role of OCT2
was proved to mediate transport of platinum derivatives
in pre-clinical studies[298], the results of clinical studies do
not confirm this observation.
The role and significance of copper influx and transporters efflux (CTRs) in cell accumulation of platinum
compounds has been widely discussed in the literature[284,301,302]. CTR1 is an important transporting protein
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ing platinum derivatives[309]. GSTs are coded by genes
belonging to at least five main groups: α (GSTA1), μ
(GSTM1), π (GSTP1), σ (GSTS1) and θ (GSTT1). Many
of these genes have genetic polymorphisms that influence their transcription and/or enzymatic activity of the
proteins coded by them[310]. One of the isoenzymes from
the GSTs family - GSTP1, has high expression in CRC
tissues and partakes in detoxication processes of platinum derivatives, therefore, it may be a source of drug
resistance in some patients treated with therapy based on
cytostatics that are platinum analogues. The published
research suggests a connection between some of the
polymorphic variables of GSTP1 gene and the increase
in effectiveness of anticancer therapy[51].
Two major polymorphisms in GSTP1 - 313A>G
(Ile105Val) and 341C>T (Ala114Val) - induce amino
acid changes in the electrophile-binding active site of the
enzyme[311]. SNP 313A>G, responsible for substitution
of isoleucine through valine in codon 105 (Ile105Val)
causes lowered enzymatic activity of GSTP1[312]. There
are a few clinical studies available which refer to the influence of this polymorphism on the frequency of occurrence of toxic effects due to FOLFOX or IROX therapy
(CPT-11/OX) in patients with metastatic CRC[180,313,314].
McLeod et al[180] state that in a group of patients treated
with FOLFOX, who were homozygous for the 105Val
variation, treatment discontinuation was more frequent
due to symptoms of neurotoxicity (P = 0.01). However,
the necessity to discontinue therapy was not dependent
on the frequency of occurrence of individual genotypes
in groups treated with other combinations (IROX or
capecitabine/OX). Most probably, the presence of the
313GG genotype is connected with significant lowering of
the catabolic activity of GSTP1 than it is the case of allele 313A carriers (genotypes 313AG or 313AA), which leads
to increased OX accumulation and thus a greater risk of
3rd degree neurotoxicity[313,314]. On the other hand, Inada
et al[315], while examining CRC patients, demonstrated that
genotype 313AA carriers were more likely to develop early
OX-induced grade 1 peripheral neurotoxicity than patients with 313G alleles (313AG or 313GG), but they did not
observe a connection between the frequency of these genetic variations and the risk of grade ≥ 2 neurotoxicity.
In addition, the results of other research did not confirm
the existence of SNP 313A>G dependence and neurotoxicity of OX therapy[316-321].
As replacing isoleucine with valine (Ile105Val) leads
to a lowering of the cell’s ability to protect itself against
cytotoxic factors, this polymorphism may contribute to
an increase in chemosensitivity to OX[312]. A few clinical
studies showed that patients with the 313GG genotype
benefitted more from combined therapy including OX
than patients with the 313A allele[51,322-324]. However, three
recently published studies on the efficiency of FOLFOX
in patients with advanced CRC, on the basis of genotyping GSTP1 gene for SNP 313A>G, showed no connection between the presence of the allele and PFS[313,321,325].
Ye et al[326] performed a systematic analysis of five clinical

that is responsible for regulating copper concentrations,
ensuring the biological balance of copper ion concentration. When the copper concentration is too low this leads
to deactivation of enzymatic systems dependent on copper ions, whereas when the concentration is too high it
causes cell toxicity[303]. Holzer et al[304] put forward a thesis
that CTR1 plays an important role in OX accumulation
only when exposed to a relatively low concentration (2
μmol/L) and does not have any relevance at higher OX
concentrations. Furthermore, it is postulated that intracellular OX concentration is less dependent on the transporting activity of CTR1 than that of other platinum
derivatives, e.g., cisplatin and carboplatin. Additionally, it
was shown that similar to CTR1, CTR2 may also have
analogical properties as a cisplatin and carboplatin concentration regulator and possibly OX as well[305]. Further
in vivo research confirming the above hypotheses is necessary.
Clinical studies concerning transporters for platinum
derivatives have concentrated on evaluation of the connection between intratumour expression of certain transporters and the results of treatment after chemotherapy
based on platinum derivatives. The results of these studies are not completely certain due to many limitations.
One of these limitations is the lack of functional research
into transporting activity as accessible data focus on gene
or protein expression using methods such as RT-PCR
or IHC, respectively. Generally, correlations observed
in the research were not supported by the analysis of
pharmacokinetic variables in relation to accumulation of
platinum derivatives in the tumour tissue, and the size of
individual groups was small. Furthermore, it is necessary
to conduct in vivo research into the meaning of genetic
variability of membrane transporters and channels for
gene expression and their influence on the pharmacokinetics and effectiveness of OX-based therapy.
Glutathione S-transferases
The phenotype of resistance to platinum derivatives may
be dependent on the variable activity of detoxification
channels. In the cytoplasm, platinating agents become acquated, which then enables them to react with thiol-containing molecules, including GSH and metallothioneins
(Figure 8). In the cell, GSH plays the role of antioxidant
which helps maintain a reductive intracellular environment by coupling oxidated particles with sulphydryl
groups. It is assumed that high GSH concentration and/
or metallothionein may cause deactivation of platinum
compounds before they have a chance to interact with
DNA in the nucleus (it is estimated that only 1% of the
dosage that enters the cell stands a chance of bonding
with nuclear DNA[306]) to quench Pt-DNA monoadducts
before conversion to more lethal diadducts, or the efflux of Pt-glutathione conjugates[307,308]. There is ample
evidence to show that glutathione S-transferers (GSTs)
belonging to the superfamily of dimeric enzymes of the
second metabolism phase are responsible for a differential sensitivity profile towards anticancer drugs, includ-
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studies[314,325,327-329] involving 415 CRC patients treated
with OX. In this analysis, no dependence between the
313A>G polymorphism and the level of response to
OX-based therapy (P = 0.13) was confirmed[326]. In order
to put forward any definite conclusions concerning the
predictive significance of SNP 313A>G, it is necessary to
carry out clinical research on a large group of patients.
Among the available clinical data, studies on copy
number variations (CNV) of GSTT1 and its potential
influence on the toxicity of OX-based therapy have been
observed. While investigating CNV of GSTT1, Goekkurt et al[330] found no statistically relevant dependence
between genetic variables of this gene and the frequency
of toxic effects due to therapy in patients with gastric
cancer, although there was a trend showing that patients
with the null variant were less likely to develop hematologic toxicity. Two other clinical studies of patients with
metastatic CRC treated with OX did not confirm the
hypothesis of the potential influence of CNV of GSTT1
on therapy toxicity[316,317]. It is necessary to conduct further research which would clearly resolve the role of
genetic GSTs variability in the development of toxicity in
CRC patients undergoing treatment which includes OX.

which contribute to the changes in activity measured by
the level of mRNA[335] and ERCC2 SNPs 312G>A gene
(Asp312Asn), and 2251T>G (Lys751Gln) are recognised
as determinants of suboptimal activity of the DNA repair system[336,337]. Study results suggest that ERCC1 is a
potential predictive marker of response to therapy based
on platinum compounds due to the fact that low ERCC1
expression is connected to cancer cells’ sensitivity to chemotherapy with those drugs[34,338-340].
Shirota et al[34] were the first research group to study
the influence of ERCC1 gene expression on the results
of treatment in 50 patients with advanced stage CRC and
the phenotype of resistance in those treated with 5-FU/
OX. They stated that patients with high intra-tumour
ERCC1 expression measured by mRNA level had shorter
survival time than patients with a lower level of expression (P = 0.008)[34]. Uchida et al[341], while examining 91
patients treated with a combination of capecitabine/OX
stated that a high mRNA level for the ERCC1 gene was
associated with shorter time to treatment failure compared to patients with lower expression (P = 0.046). In
another study, low expression of the ERCC1 gene was
also associated with better response to both primary (P
= 0.047) and secondary chemotherapy, although in the
latter case this association was on the verge of statistical
relevance (P = 0.054). Furthermore, high expression of
the ERCC1 gene was related to shorter OS in primary
therapy (P = 0.014)[342]. The above results from clinical
studies support the hypothesis put forward at the beginning regarding the influence of ERCC1 gene expression
on the results of treatment with platinum derivatives,
whereas a high level of mRNA may be the cause of clinical resistance to OX.
The literature also describes polymorphisms located
in the ERCC1 gene sequence, one of them being a silent
SNP 354C>T (Arg118Arg). Although the mechanism
through which this SNP influences the change in ERCC1
activity is not fully known, it is postulated that AAC codon exchange on a rarely occurring AAT influences the
effectiveness of the translation process, however, for 354T
allele, there is a decrease in protein expression of about
50%[343]. In two clinical studies of patients with advanced
CRC, it was observed that carriers of the 354TT genotype
had higher response rates to OX treatment[344] and longer
PFS[345]. However, in five other studies, the survival time
of patients with CRC was longer in genotype 354CC carriers[51,313,314,339,346]. While examining 168 patients, Chang et
al[346] showed that in a group with genotypes which included allele 354T (354CT or 354TT), poorer treatment results
were noted in comparison with those of patients with
genotype 354CC [in terms of response (P = 0.01), PFS (P
= 0.01) and OS (P = 0.01)]. Additionally, while evaluating the association between genetic variants 354C>T and
protein expression determined by IHC, it was shown that
a higher level of expression was related to the presence
of allele 354T[346]. In addition, Chen et al[314], while examining 166 patients, pointed out that carriers of genotypes
with at least one 354T allele were characterised by poor re-

Nucleotide excision repair pathway (ERCC1, ERCC2,
XRCC1)
Blocking the process of DNA replication using platinum
derivatives by creating adducts with nuclear nucleic acid
leads to the induction of apoptosis and the death of cancer cells[331,332]. The observed inter-individual variability
in the ability to recognise and repair such DNA damage
through the nucleotide excision repair (NER) pathway is
one of the factors that may influence the success of OXbased therapy. DNA strands are separated and a DNA
residue containing the adducts is removed (Figure 9). The
mechanism of recognition and repair of the damaged
DNA fragments itself is dependent on several factors.
Lowered efficiency of the DNA repair system may, in
consequence, lead to the increased sensitivity of cancer
cells to therapy which includes platinum compounds[333].
excision repair cross-complementation group 1 (ERCC1)
and ERCC2 protein [otherwise known as xeroderma
pigmentosum group D (XPD)] are the two main compounds of the NER group that play a crucial role in
regulation of the activity of other elements that are part
of the NER pathway. Together with xeroderma pigmentosum group F (XPF) protein, ERCC1 is responsible
for recognising these places in the DNA strand where
adducts are located, whereas ERCC2 is a subunit of human transcriptional initiation factor TFⅡH with ATPdependent helicase activity[334]. Considering the above,
it may be assumed that functional SNPs in ERCC1 and
ERCC2 genes may directly contribute to the phenotype
sensitivity to platinum compounds, such as OX, through
conditioning congenital suboptimal activity of the NER
pathway. For genes ERCC1 and ERCC2, there are several
frequent and probably functional SNPs described, among
them are 354C>T and 8092C>A in the ERCC1 gene,

WJG|www.wjgnet.com

9803

August 7, 2014|Volume 20|Issue 29|

Panczyk M. Chemoresistance in colorectal cancer
3’

3’
Pt

5’

5’
RPA/XPA
XPC
TFIIH

(1) DNA damage recognition
and verification

3’
Pt
Pt

XPC

3’
TFIIH

XPB

XP
A

5’

(2) Nuclease binding

XPD

RPA

5’

XPF/ERCC1
XPG

3’

XPC
ERCC1/XPF

Pt
XP
A

(3) ERCC1/XPF nuclease
catalyzed incision

XPG

XPB

5’

3’
TFIIH

XPD

RPA

5’

DNA pol
XPA
XPF/ERCC1

3’

3’
Pt
Pt
Pol s/e

XPB

XPG

5’
(4) DNA synthesis, XPG
incision and ligation

XPD

RPA

5’

DNA ligase

Pt
Pt

XPG
TFIIH
RPA

3’

3’

5’

5’

Figure 9 Nucleotide excision repair pathway. (1) DNA damage formed by platinum agents leads to DNA double helix distortion. Several distinct complexes are
involved in sequential steps than can be summarized as DNA damage recognition (XPCHR23B), damage demarcation, and verification (TFⅡH), assembly of a preincision complex (RPA and XPA) and helix unwinding (XPB and XPD); (2) Endonuclease recruitment with dual incision of the damaged strand on the 5’ side (ERCC1XPF heterodimers) and 3’ side (XPG) followed by the removal of the excised oligomer; (3) DNA repair synthesis to fill in the resulting gap; and (4) ligation. ERCC1:
Excision repair cross-complementation group 1; Pol σ/ε : Polymerase σ/ε; RFC: Replication factor C; TFⅡH: Transcription factor Ⅱ H; XP (A,B,C,D,F,G): Xeroderma
pigmentosum complementation group (A,B,C,D,F,G)[340].
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sponse (P = 0.01) and shorter OS (P = 0.01). Park et al[339]
also found a significant correlation between polymorphic
variants in codon 118 and treatment outcome in 106 patients with advanced refractory CRC receiving 5-FU/OX.
For patients with genotype 354CC, median survival time
was 15.3 mo, while in a group of allele 354T (354CT and
354TT genotypes) carriers it was only 11.1 mo.
Partially different from fluoropyrimidine genes previously described, the frequency of these polymorphisms
varied with race and may account for reduced response
rates in Black patients compared with Caucasian patients, as expressed by Goldberg et al[347] and confirmed
in more recent studies, as in the subgroup of patients
in the CAIRO study[110]. It is postulated that the differences in the observed associations and the strength of
the correlations may be connected with inter-population
differences in the frequency of occurrence of alleles and
genotypes. For instance, the frequency of occurrence of
SNP 354C>T (Arg118Arg) in an East Asian population
was much lower than that in other ethnic groups[340].
The presence of allele 354T in the ERCC1 gene is
connected with the change in the expression of gene/
protein[339], while allele 2251G which is a variation of the
ERCC2 gene was described as having influence on a
low number of X-ray induced chromatic aberrations[336].
Carriers of genotype 2251TT had a 7-fold greater risk of
suboptimal repair of DNA damage compared to carriers of allele 2251G (genotypes 2251GG or 2251GT)[336].
It is postulated that patients who have both allele 354T
(ERCC1) and 2251G (ERCC2) that are connected with
a highly efficient detection system and DNA damage
repair, may have resistance to OX, thus contributing to
a worse prognosis. However, the results of clinical studies do not confirm the above hypothesis. The 2251T>G
(Lys751Gln) polymorphism did not show any relation
with survival time compared with the frequency of genotype dispersion in patients with gastro-oesophageal cancer[348,349] and CRC[350,351] who underwent treatment based
on various platinum derivatives. Whereas, studies of the
synonymous SNP Arg156Arg (C>A) ERCC2 gene carried out in patients with gastric cancer treated with OX
showed that carriers of A allele (genotypes CA or AA)
were characterised by a higher response rate and longer
TTP compared to patients with genotype CC[352]. A similar
trend was observed in the studies by Park et al[353], who examined patients with metastatic CRC, and noted that the
presence of A allele contributed to better treatment response and longer median survival compared to patients
with different variants of the ERCC2 gene. Functional
studies confirmed the SNPs influence of the ERCC1
(354C>T) and ERCC2 (2251T>G) genes on the phenotype of NER pathway efficiency[335,354,355]. In a study of 73
patients treated with 5-FU/OX it was observed that in
patients with the genotype 2251TT (751Lys/Lys) median survival time was 17.4 mo, while for carriers of genotypes
with the 2251G allele it was 12.8 mo (751Lys/Gln) and 3.3
mo (751Gln/Gln) (P = 0.02)[353]. The influence on genetic
variants of the genes ERCC1 and ERCC2 was also stud-
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ied in a group of 166 metastatic CRC patients who were
treated with a combination of 5-FU/LV/OX (FOLFOX4)[356]. In the analysis of associations between SNPs
and the results of treatment it was shown that the occurrence of each of the genotypes ERCC1-354TT, ERCC22251AC and ERCC2-2251CC, independently of each other,
was related to shorter PFS. The median PFS was 11.2
mo for patients without any of the three genotypes, 9.8
mo for those with one of the high-risk genotypes, and 8
mo for those with both the ERCC1-354TT and either ERCC2-2251AC or -2251CC genotypes (P = 0.002)[356]. In the
meta-analysis published by Yin et al[357] it was shown that
SNPs 354C>T (ERCC1) and 2251T>G (ERCC2) may
be clinically useful in the evaluation of treatment results
in patients with gastric cancer and CRC who underwent
treatment which included OX (FOLFOX or XELOX).
However, as the authors of this analysis emphasise, it is
necessary to carry out wide and well-planned prospective
clinical studies to clearly show the utility of these markers
in clinical practise[357].
Apart from studies which focused on the analysis
of individual determinants of therapy efficiency such as
SNPs, a joined analysis of a few potential predictive factors in forecasting the effects of chemotherapy in CRC
patients was also carried out. Kim et al[358] assessed the
expression of proteins ERCC1, TS and GSTP1 using
IHC for potential application in predicting the effects
of therapy in 70 patients with advanced stage CRC who
underwent treatment with 5-FU/OX. They observed that
positive expression occurred in 55.7% (ERCC1), 68.6%
(TS) and 71.4% (GSTP1) of the analysed cases. It was
confirmed that a low level of TS expression was related
to better chemotherapy outcome (P = 0.009), however,
in the case of ERCC1 and GSTP1 proteins there was
no statistically relevant association between the level of
expression and efficiency of treatment (P = 0.768, P =
0.589, respectively). The median OS was significantly
longer in patients with negative ERCC1 protein expression (P = 0.0474). Additionally, patients with positive
expression of both ERCC1 and TS had poorer OS (P =
0.0017). Also, multi-variant analysis confirmed that positive expression of ERCC1 and TS significantly influenced
OS (HR = 1.72, P = 0.023), which justifies simultaneous
clinical application of the two markers for predicting the
efficiency of 5-FU/OX therapy[358].
Apart from the NER pathway, the base pair excision
repair pathway (BER) may also influence the efficiency
of therapy based on platinum derivatives. XRCC1 plays a
key role in the BER pathway and it has been demonstrated that the Arg399Gln (1196A>G) substitution in the
XRCC1 gene is associated with increased levels of DNA
damage markers[359]. This relatively frequently occurring
polymorphism probably contributes to the change in
XRCC1 protein conformation in the domain binding
other elements of the BER complex, which may lead to
a decrease in the efficiency of the DNA repair system.
A deficiency in DNA repair pathways has been shown
to confer resistance to several drugs, including platinum
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compounds[360]. It was shown that the presence of allele
399Arg (1196A) is associated with better survival time in
patients with gastric[349] and lung cancer[361] undergoing
chemotherapy with platinum derivatives. Also, Suh et al[362]
observed that better treatment outcomes in patients with
metastatic CRC treated with FOLFOX occurred in those
where the presence of allele 399Arg (1196A) was noted.
However, the results of other clinical studies published
in patients with advanced CRC and gastric cancer treated
with OX, did not confirm the above observations[51,313,350].
Liang et al[363] attempted to analyse the influence of both
polymorphisms on genes engaged in DNA repair processes: ERCC1 (354C>T) and XRCC1 (1196A>G). They
studied a group of 113 patients diagnosed with metastatic CRC who underwent chemotherapy that included
OX. The analysis of individual SNPs showed no significant influence of these polymorphisms on prediction of
disease control rates (DCR) or OS (P = 0.662 and 0.631,
respectively). However, while evaluating the influence of
the combination of both SNPs, a significant correlation
between genetic variations of ERCC1 (354C>T) and
XRCC1 (1196A>G), DCR (P = 0.01) and OS (P = 0.001),
were independently observed. This was the first study to
prove the importance of the clinical application of genetic determinants located in ERCC1 and XRCC1 genes in
the selection of patients with metastatic CRC who were
expected to benefit most from OX-based therapy[363].
Subsequent results obtained by Stoehlmacher et al[364],
who studied the influence of Arg399Gln (1196A>G)
polymorphism on the efficiency of treatment with 5-FU/
OX in 61 patients with metastatic CRC, confirmed the
significance of this SNP as a predictive marker. Seventythree percent of patients with the favourable 399Arg/Arg
(1196AA) genotype responded to treatment, and patients
who possessed at least one 399Gln (1196A) allelic polymorphism in XRCC1 were 5.2-fold more likely to fail 5-FU/
OX chemotherapy[364].
Among the available data, one clinical study conducted a multivariate analysis of a few of the predictive
factors described above in patients with refractory CRC
who underwent treatment with the 5-FU/OX combination. Analysis of multiple gene polymorphisms proved
that the efficiency of such therapy may be dependent on
the presence of two or more unfavourable variants for
genes ERCC1, ERCC2, TYMS and GSTP1 as the carriers of these SNPs were characterised by a significantly
shorter OS[51]. In summary, for the successful prediction
of the effectiveness of a particular therapy, a few predictive markers need to be applied where several cytostatic
drugs are used in a combination therapy.

highly conserved, strand-specific repair pathway which
is a multi-stage process initiated when DNA damage is
recognised by specific proteins[367]. In many types of cancer, various defects in activity of these proteins are noted,
particularly three proteins: MSH2, MSH6 and MLH1[368].
In a situation when MMR shows a deficit in activity,
this results in the accumulation of numerous types of
DNA damage in the genome, which leads to MSI[369].
Experimental data have shown that MMR deficits are
associated with resistance to the cytotoxic activity of alkylating agents[370]. Studies of DNA repair mechanisms
after exposure to cisplatin showed that Pt-DNA adducts
are recognised by the complex of MMR proteins[371]. The
MMR pathway is one of the factors influencing cisplatin
activity, which was proved by pre-clinical studies where
cells with deficient activity of proteins MLH1, MSH2 and
MSH6 had the phenotype of moderate resistance to cisplatin, but remained sensitive to the cytotoxic activity of
OX[276,372]. Interestingly, Pt-DNA adducts are recognised
by MSH1 protein only when damage occurs after cells
are exposed to cisplatin, but not when Pt-DNA adducts
are created due to the influence of OX[371,372]. Therefore,
even though the MMR pathway is a key element in the
mechanism of DNA repair, this system seems not to
recognise Pt-DNA adducts created following exposure
to OX. Generally, it is assumed that if attempts to repair
Pt-induced DNA damage fail, this eventually leads to
initiation of apoptosis[373,374]. Adducts induced by OX
do not activate JNK (JNK-c-Jun NH2-terminal kinase,
also known as stress activated protein kinase) and c-Abl
(a nuclear protein)[375], which allow OX to maintain its
cytotoxic activity in both MMR-proficient and -deficient
cells[372,375]. Cisplatin depends on an intact MMR system
for maximal cytotoxicity and for signalling apoptosis via
the JNK-mediated pathway[371,375,376]. The binding of the
MMR complex to Pt-DNA adducts appears to increase
the cytotoxicity of the adducts[377], either by activating
downstream signalling pathways that lead to apoptosis[375]
or by causing “futile cycling” during translation synthesis
past Pt-DNA adducts[372]. Therefore, cisplatin and OX
have a different ability for activating signal paths to induce apoptosis in response to Pt-DNA adducts, which
may be the basis of the observed differences in the profile of drug resistance in these platinum derivatives[378].
Protein p53 mediates the transduction of a signal
induced by DNA damage following exposure to cisplatin[379]. p53 interacts with several significant elements
that are part of the NER pathway, such as xeroderma
pigmentosum, complementation group C (XPC), TFⅡ
H and replication protein A (RPA), which points to its
role in supervising the DNA repair process[380]. While
testing 60 different cell lines, Vekris et al[381] showed that
the expression of p53 was positively correlated with cell
sensitivity to four different platinum derivatives: cisplatin, carboplatin, OX and tetraplatin. As p53 takes part in
apoptosis induction and participates in the process of
removing Pt-DNA adducts created by platinum derivatives, this protein may contribute to both chemosensitiv-

MMR and apoptosis regulation
The cytotoxic effects caused by OX are stronger than
those caused by cisplatin due to the result of a stronger
reduction in DNA damage[365]. Resistance to cytostatic
platinum derivatives is probably the result of variable
functionality of the proteins responsible for recognising
damage resulting from Pt-DNA adducts[366]. MMR is a
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ity and drug resistance[382]. A systematic analysis of cellular sensitivity to OX in relation to p53 status in pairs of
cisplatin-sensitive and -resistant cells showed that OX is
less potent than cisplatin in cisplatin-sensitive cell lines,
whereas it was capable of overcoming cisplatin resistance
in the majority of sublines. Cell sensitivity to OX seems
also dependent on the occurrence of genetic variants in
gene TP53. While studying the cell line A431 which is
characterised by a mutation in codon 273 of p53, it was
observed that it has high resistance to OX[276].
Clinical application of the above in vitro studies to
test a various panel of factors influencing the phenotype of chemosensitivity or drug resistance will require
a series of in vivo studies with the participation of well
selected groups of patients. Currently available data
from pre-clinical studies show the potential significance
of some molecular factors connected with the DNA
repair processes and those participating in control of the
cell cycle and apoptosis, which could serve as predictive
markers in forecasting the efficiency of OX therapy in
CRC patients.

noted that drug resistance remains the most critical factor in the success of therapy. Currently, the main problem for researchers working on the effectiveness of cancer treatment is how to produce a rational treatment plan
based on the classic cytostatic drugs and targeted drugs.
Overcoming resistance in many cases is only possible by
selecting an appropriate drug combination and optimal
dosing during the treatment cycle. Due to the fact that
many of the drug-resistance mechanisms are determined
by individual patient characteristics, the key to successful
therapy may be personalized cancer medicine. However,
in recent years most scientists conducting research in the
field of molecular mechanisms of drug resistance have
focused on individual processes associated with metabolism, biodistribution, and anticancer drug mechanisms.
Such research does not include the wider context and
different body processes that constitute the effectiveness
of a therapeutic strategy[384].
In the current paradigm accepted by scientists, it is
considered that individual differences in response are the
results of individual patient features that can be identified at a molecular level. These features are subject to
genetic variation and the environmental pattern which
are specific for each patient. It can be assumed that understanding the molecular mechanisms of inter-individual differences in the effectiveness of cancer treatment
will allow the optimization of cancer therapy. Therefore,
in the past two decades there has been a significant research effort to acquire information on the mechanisms
responsible for the effectiveness of therapies. The approach that underlies individualized medicine is based
on the assumption that by using molecular profiling and
a set of biomarkers we can improve treatment efficacy
in a patient, prolonging survival time and/or reduce the
risk of serious complications[385].
Is it possible to apply these concepts in the individualization of treatment of CRC patients in the near future? In the previous chapters a variety of prognostic and
predictive markers were described, which in recent years
have been subject to various test procedures in order to
determine their potential clinical value in the treatment
of CRC. A technological breakthrough in molecular
studies, as observed in recent years [single-nucleotide
polymorphism arrays, complementary DNA microarrays,
DNA methylation and microRNA (miRNA) profiling as
well as next-generation sequencing] also made it possible
to create individual molecular profiling for patients which
is more profitable in economic terms. The data obtained
using these high-throughput methods give hope for the
practical application of various biomarkers to predict
the effectiveness of treatment in individual patients with
CRC.
Of the main variables affecting the therapeutic efficacy of cytostatics, the level of DNA synthesis and/or the
intensity of cell division are important, and in the case
of targeted drugs, the expression level of molecules in
a signalling pathway in which the drug is targeted. As in
the case of cytostatic drugs, the predominant mechanism

FUTURE PERSPECTIVES IN
PERSONALIZED MEDICINE FOR THE
TREATMENT OF COLORECTAL CANCER
The last few decades have resulted in huge progress
in understanding the complex processes regulating the
growth and development of tumours. However, the
major challenge in basic and clinical research is to solve
the problem of primary and secondary drug resistance,
which in many cases significantly reduces the antitumour
efficacy of therapy. Early research on the development
of new chemotherapeutic agents with significant antitumour potency, led to the introduction in oncology
practice of few effective drugs, including those currently
used in the treatment of CRC. Although they strongly
induce apoptosis in intensively dividing cells, their strongest drawback is that they have the same effect on both
cancer cells and healthy tissue. Therefore, to maintain
the effectiveness of cancer treatment, it is necessary to
use a maximum dose that provides a strong cytotoxic
effect against tumour tissue, while minimizing toxicity
to a patient. On the other hand, the intensive development of molecular tests in the last two decades initiated
the development of “targeted” drugs and new treatment
strategies such as targeted therapy. These new techniques
have increased the hope of achieving substantial benefits
in patients for whom the use of cytostatics proved not
to be very effective. The main advantage of targeted
therapy is the ability to avoid toxic effects of the drug
with little impact on healthy cells. However, soon after
the first research reports on targeted therapy and its high
potential in clinical applications, drug resistance still remains a problem even with these ‘‘smart drugs’’. Similar
to conventional cytostatics, resistance to a new class of
drugs is an important issue in oncology[383]. It should be
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of drug resistance is a wide panel of pharmacokinetic
factors, and for targeted therapy it is mainly processes related to pharmacodynamics (genetic alteration/mutation
of the target itself, persistent activation of downstream
signalling pathways, and bypass mechanisms). Such a
clear distinction does not describe the complexity of
drug resistance mechanisms. Given the holistic nature
of personalized medicine, it is necessary to develop and
validate a wider panel of biomarkers which would reflect
the multifactor mechanisms of resistance. In addition,
when using predictors in clinical practice, we must take
into account different therapeutic objectives which are
set for specific subgroups of patients. From the point
of view of drug resistance in cancer therapy, at least two
main objectives require to be met in personalized medicine: (1) risk minimization of inducing resistance; and (2)
breaking existing primary or secondary resistance. Finding the optimum combination of drugs and dosage regimen can, in many cases, lead to better efficiency in firstline treatment, and prevent cancer relapse. Furthermore,
an equally important problem is the selection of resistant
clones during the first treatment cycle, which in the case
of relapse can significantly reduce the therapeutic efficacy
of new combinations of drugs. Use of dynamic-response
markers in clinical practice that would allow monitoring
of the course of treatment is a promising line of research
in personalized medicine. Changing the level of expression of marker genes or activity of posttranslational
protein modification during the course of therapy has
been assesssed in several studies. Analysis of molecular
changes taking place during treatment may provide information regarding the development of resistance resulting
from drug exposure, which is particularly important in
the context of the existence of secondary drug resistance
mechanisms. In such cases, a change in treatment regimen may be important for the future of a patient.
There are several main obstacles which currently prevent the full application of personalized medicine in clinical practice, despite significant progress in the study of
causes of drug resistance in the treatment of CRC. Interindividual differences in the response to treatment in patients with CRC may be subject to genetic and epigenetic
features which can be classified as genomic aberrations
[e.g., MSI[386,387], chromosomal instability (CIN)[388,389] and
CpG island methylator phenotype (CIMP)[390-393]] as well
as polymorphic variation (e.g., SNP or VNTR). This multifactor substrate conditioning efficacy in CRC makes it
difficult to plan reliable research on predicting markers. In
addition, the available clinical data indicate that CRCs are
a molecularly heterogeneous group of neoplasms, which
is why it is important to plan future studies taking into
account this heterogeneity. Only this type of approach
will provide a link between specific molecular features
and effectiveness of the treatment. Another of the existing barriers for development of personalized medicine
is the need for invasive biological sampling. A large part
of the results of clinical trials on CRC drug resistance is
based on the analysis of biological material derived from
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tumour biopsy. The possibility of using blood serum may
be a way of solving this problem[394]. Another barrier that
prevents truly individualized treatment of CRC patients
is the small amount of research data that could connect
mutation analysis and gene expression during the course
of translation and activity of specific marker proteins.
The main research stream based on transcriptome analysis does not provide information on protein expression,
and mRNA level does not allow the determination of
protein activity. It was not until recently when proteome
analysis (proteomics) was developed, including important
protein-protein interactions, that a number of new drugs
for targeted therapy, such as inhibitors of kinases and
their substrates were developed. Analysis of the activity of individual proteins involved in intracellular signal
transduction is a very important aspect of research on tumour biology, and as shown by Pierobon et al[395], the level
of protein expression and the level of protein activation
(e.g., phosphorylation) do not always correlate, suggesting
that the latter could be a better predictive biomarker for
patient stratification. In conclusion, due to the heterogeneity of CRC and the complexity of drug resistance,
prediction of the effectiveness of treatment in individual
patients should be based on prediction biomarkers derived from the genome and proteome. Analysis of multiple markers is also justified as most modern standards of
CRC treatment use a combination of several anticancer
drugs. Combination therapy is based on the inhibition
of tumour cells on several molecular levels. In order to
rationally combine different therapies that would presumably be more effective than monotherapy, it is therefore
necessary to use an integrated approach for the analysis
of multiple pathways simultaneously. In this way, it will
be possible to highlight pathway alterations that can be
targeted by different agents.
The most recent data in the field of biomarker research show that only the interdisciplinary research
approach, using combined analysis of genome and proteome, makes it possible to recognise prognostic and
predictive factors which will help select patients in terms
of relevant clinical features for individualized therapy[396].
Among a number of potential predictive markers described in the preceding sections of this review, only a
small number were found to be clinically useful. In many
cases, the analysis of the same marker provided contradictory data sometimes leading to opposing conclusions.
There may be several reasons for these discrepancies,
including the following: (1) methodological differences
(prevalence of retrospective studies); (2) use of different and non-standardized research techniques; (3) use
of inappropriate statistical analysis for a given type of
data; and (4) diverse and/or insufficiently large groups
of patients[385]. Therefore, to increase the credibility of
preclinical and clinical prediction, it is necessary when
planning research to take into account all variables which
can affect the outcome of the analysis. Adoption of uniform research standards in the form of guidelines, such
as reporting recommendations for tumour MARKer
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prognostic studies[397], provide an opportunity to obtain
reliable data. Moreover, the current retrospective analysis,
the results of which suggest a correlation should only be
used as a source of hypotheses to be verified during the
course of later well-designed studies.
In summary, from a clinical point of view, there is a
need for innovative patient stratification methods which,
based on validated biomarkers, will help clinicians to
make correct therapeutic decisions. The effectiveness
of anticancer drugs such as classical cytostatics and
targeted drugs should be carefully reviewed in properly
selected groups of patients whose common molecular
profile will determine susceptibility or resistance to treatment[398]. The implementation of new technologies has
led to the accumulation of huge amounts of genomic
and proteomic data and the identification and validation
of predictive biomarkers for existing and new targeted
therapies, and will likely improve patient outcomes in the
future[399]. Although the initial costs of cancer management and personalized medicine may be high[400], in the
future they should result in significant benefits from both
a clinical and economical perspective.
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genes; and the identification of additional cancer risk
modifiers that can be used to perform risk assessments
for individual mutation carriers. We performed a comprehensive review of the genetically characterized and
uncharacterized hereditary CRC syndromes and of lowand moderate-penetrance loci and variants identified
through genome-wide association studies and candidate-gene approaches. Current challenges and future
perspectives in the field of CRC predisposition are also
discussed.

Abstract

Core tip: The risk of developing colorectal cancer (CRC)
can have genetic influences, especially when there is a
family history of the disease. Much of this genetic predisposition to develop cancer is already known, including high-penetrance genes, i.e. , those responsible for
hereditary cases, and low-penetrance alleles, which are
responsible for both sporadic and familial cases. However, despite recent developments in gene identification
techniques, the genetic causes of many hereditary cases remain unknown. This review details the hereditary
CRC syndromes and their genetic causes, the roles of
low- and moderate-risk genetic factors in familial cases
and the state-of-the-art in the identification of new
causal genes.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hereditary colorectal cancer; Familial colorectal cancer; High penetrance; Low penetrance; Cancer
syndromes; Cancer susceptibility; Hereditary cancer
genes; Risk variants; Heritability

The development of colorectal cancer (CRC) can be
influenced by genetic factors in both familial cases and
sporadic cases. Familial CRC has been associated with
genetic changes in high-, moderate- and low-penetrance susceptibility genes. However, despite the availability of current gene-identification techniques, the genetic causes of a considerable proportion of hereditary
cases remain unknown. Genome-wide association studies of CRC have identified a number of common lowpenetrance alleles associated with a slightly increased
or decreased risk of CRC. The accumulation of low-risk
variants may partly explain the familial risk of CRC, and
some of these variants may modify the risk of cancer
in patients with mutations in high-penetrance genes.
Understanding the predisposition to develop CRC will
require investigators to address the following challenges: the identification of genes that cause uncharacterized hereditary cases of CRC such as familial CRC type
X and serrated polyposis; the classification of variants
of unknown significance in known CRC-predisposing
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tions in a DNA mismatch repair (MMR) gene (MLH1,
MSH2, MSH6 or PMS2).
Carriers of a heterozygous mutation (or epimutation)
in a MMR gene are at high risk of developing CRC and at
increased risk of developing malignancies at extracolonic
sites such as the endometrium, ovary, stomach, small
bowel, hepatobiliary tract, urinary tract, brain and skin[9].
A detailed description of the clinical and pathological
features of LS is provided in Table 2. Of note, biallelic
deleterious germline mutations in MMR genes lead to a
constitutional mismatch repair-deficiency, a syndrome
characterized by a broad spectrum of early-onset malignancies such as hematologic neoplasms and brain and
LS-associated tumors and a phenotype that resembles the
phenotype associated with neurofibromatosis type 1[10].
Mismatch repair genes behave like tumor suppressors;
cancer arises when a second hit (mutation, deletion or
CpG island methylation) somatically inactivates the wildtype allele in a target cell (e.g., a cell of the colonic epithelium)[11-14]. The complete inactivation of the corresponding MMR gene in the tumor causes a marked reduction in
MMR function, which results in microsatellite instability
(MSI)[15,16].
The identification of MMR gene mutation carriers
is critical for improving cancer surveillance and the effectiveness of preventive measures[17,18]. Before MMR
genes and their causal role in hereditary CRC cancer
were identified, the International Collaborative Group
on hereditary non-polyposis colorectal cancer established
the Amsterdam criteria in 1990. These criteria, the first
clinical criteria used to define hereditary non-polyposis
colorectal cancer, were used to identify families for research studies[19] and subsequently modified (Amsterdam
[20]
Ⅱ) to include extracolonic LS-related cancers . However, the Amsterdam criteria failed to identify a large portion of MMR gene mutation carriers[21,22]. The Bethesda
guidelines, which were less restrictive and had a sensitivity
greater than 90% but a specificity of only 25%, were later
defined[23,24].
Tumor testing is used to enhance the predictive
power of clinical selection features and to identify the
genes most likely to have a causative germline mutation.
Standard tumor testing for LS involves the study of MSI
and/or immunohistochemistry to detect the protein
products expressed by MMR genes. However, because
10%-15% of sporadic CRCs also exhibit MSI[21,25-28], the
detection of somatic MLH1 promoter methylation and
somatic BRAF V600E mutations in patients with a MMR
deficiency could help identify tumors that are more likely
to be sporadic[29]. If the results of these tests suggest a diagnosis of LS, then germline molecular genetic testing of
MMR genes is performed. The National Comprehensive
Cancer Network has established unified CRC screening
strategy guidelines (http://www.nccn.org).
In recent years, the concept of population-based
universal screening for LS has gained strength among researchers and clinicians. The identification of individuals
who are at increased risk of hereditary cancer allows for
the possibility of specialized surveillance and early can-

BACKGROUND
Colorectal cancer (CRC) is the third most common
cancer, accounting for 10% of all cancers and affecting
approximately 1 million people worldwide every year[1].
Although most cases of CRC are thought to be sporadic,
crude estimates indicate that familial CRC, defined by the
presence of two or more first-degree relatives affected
with CRC, accounts for more than 20% of all cases[2-4].
All CRC syndromes caused by known high-penetrance
CRC genes collectively account for 2%-6% of all cases
of CRC. For decades, gene-identification strategies such
as genome-wide linkage studies or studies involving highthroughput sequence capture methods and next-generation sequencing technologies have sought to identify new
high-penetrance genes that could explain the aggregation
of CRC in high-risk families. Despite this technological
progress, the genetic etiology of familial cancers such as
familial colorectal cancer type X (fCRC-X) or serrated
polyposis (SP) remains unknown.
For years, scientists have hypothesized that the heritable nature of CRC might be associated with the coinheritance of multiple low-risk variants[2,3] that may
interact with environmental factors. This hypothesis was
supported by the identification of single-nucleotide polymorphisms (SNPs) localizing to different genomic regions that influence the risk of CRC[5]. The risk of CRC
associated with each of the variants is individually low;
however, the combined effect of these variants could
significantly contribute to disease burden, especially given
the high prevalence of these variants in the general population. Moreover, the presence of these or other SNPs
might modify the risk of cancer in families with mutations in known predisposing genes such as those associated with lynch syndrome (LS)[6-8].
In this review, we present current knowledge on the
genetics of inherited CRC syndromes and of moderate- and low-risk variants of CRC; we also describe the
approaches currently being used to understand the genetic causes of uncharacterized hereditary cases of CRC.
Current challenges and future perspectives are discussed.
Clinical issues such as surveillance, prophylactic and preventive measures, treatments and genetic counseling are
not reviewed.

GENETICALLY CHARACTERIZED
INHERITED COLORECTAL CANCER
SYNDROMES
A summary of the main genes associated with hereditary
cancer syndromes is provided in Table 1; information on
the modes of inheritance of these syndromes, the types
of mutations identified in patients with these syndromes
and the molecular features of tumors are also presented.
LS
LS (MIM No. 120435) is an autosomal dominantly inherited disorder caused by germline mutations or epimuta-

WJG|www.wjgnet.com

9829

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition
Table 1 Hereditary colorectal cancer genes, major associated syndromes, modes of inheritance, types of mutations identified and
specific molecular characteristics of associated tumors
Gene

Syndrome

Inheritance

Mutations reported

Tumor molecular features

MLH1

Lynch syndrome

Autosomal dominant

MMR deficiency (MSI)

MSH2

Lynch syndrome

Autosomal dominant

MSH6

Lynch syndrome

Autosomal dominant

PMS2

Lynch syndrome

Autosomal dominant

EPCAM
APC

Lynch syndrome
(Attenuated) familial
adenomatous polyposis

Autosomal dominant
Autosomal dominant
De novo mutations
Mosaicisms

MUTYH

MUTYH-associated polyposis

Recessive
Autosomal dominant

GREM1
SMAD4

Polymerase proofreadingassociated polyposis
Polymerase proofreadingassociated polyposis
Hereditary mixed polyposis
Juvenile polyposis

BMPR1A

Juvenile polyposis

Autosomal dominant

STK11

Peutz-Jeghers

Autosomal dominant

PTEN

PTEN hamartoma tumor4

Autosomal dominant

Point mutations1
Large rearrangements
CpG island methylation
Point mutations
Large rearrangements
CpG island methylation2
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Large rearrangements2
Point mutations
Large rearrangements
ASE
(deep-intronic and promoter mutations)
Point mutations
Large rearrangements
Point mutations
(exonuclease domain)
Point mutations
(exonuclease domain)
40-kb upstream duplication3
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Point mutations
Large rearrangements
Promoter

POLE
POLD1

Autosomal dominant
Autosomal dominant
Autosomal dominant

MMR deficiency (MSI)

MMR deficiency (MSI)
MMR deficiency (MSI)
MMR deficiency (MSI)
-

Base excision repair deficiency:
KRAS c.34G>T
Hypermutated: excess of G:
C>T:A transversions
Hypermutated: excess of G:
C>T:A transversions
-

1

Point mutations include missense, non-sense, frameshift and splice-site mutations and small intragenic deletions/insertions; 2MSH2 germline CpG island
methylation occurs secondary to EPCAM deletions; 3Founder Ashkenazi mutation; 4PTEN hamartoma tumor syndrome includes Cowden, Bannayan-RileyRuvalcaba, PTEN-related Proteus and Proteus-like syndromes. ASE: Allele-specific expression; MMR: DNA mismatch repair; MSI: Microsatellite instability.

that inactivate MSH2 (via the methylation of CpG islands) occur in approximately 1% of LS cases[41,42]. Finally, the constitutional inactivation of MLH1 by CpG
island hypermethylation also causes Lynch syndrome;
for this reason, MLH1 promoter methylation screening
could be useful in individuals who have experienced a
loss of MLH1 expression in their tumors and who have
a negative germline sequence screen[43-45]. Large deletions
and genetic rearrangements account for 20%, 5%, 20%,
7% and 100% of mutations in MSH2, MLH1, PMS2,
MSH6 and EPCAM, respectively[40,46-49].
In some populations, recurrent mutations (i.e., those
occurring repeatedly de novo) or ancestral (founder) mutations can change the aforementioned proportions; preliminary screening for these mutations can facilitate the
molecular diagnosis of LS[50-54].
For years, researchers have sought to identify genetic
modifiers that could affect the risk of cancer in MMR
gene mutation carriers to explain the high variability in
individual cancer risk among carriers. Identifying these
modifying factors can enable an efficient stratification of
mutation carriers based on their predicted risk and thereby offer a more appropriate clinical management strategy
based on personalized surveillance programs. Initial at-

cer detection, potentially resulting in decreased diseasespecific mortality[30]. Because the prevalence of LS in the
population is relatively high (approximately 3% of all
diagnosed cases of CRC) and because surveillance strategies aimed at cancer prevention and early detection in LS
patients have proven benefits[17], there is a clear rationale
for exploring universal LS screening at the population
level. Moreover, universal screening for LS is feasible, as
LS tumors exhibit MMR deficiencies that can easily be
identified with a simple PCR-based assay for MSI or by
immunohistochemistry to identify the loss of expression
of a MMR protein. Several studies have demonstrated
the feasibility of this approach from a research and a
clinical perspective[31-34]. In fact, in 2009, the Evaluation
of Genomic Applications in Practice and Prevention recommended that all patients newly diagnosed with CRC
be screened for LS through PCR-based MSI testing or
immunohistochemistry[35]. However, at the population
level, significant challenges and barriers to the successful
implementation of this screening process exist[36].
MLH1 and MSH2 germline mutations, MSH6 mutations and PMS2 mutations account for approximately
90%, 7%-10% and less than 5% of mutations in families
with LS, respectively[37-40]. Germline deletions in EPCAM
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Table 2 Clinico-pathological characteristics of Lynch
syndrome

Table 3 Clinical characteristics of familial adenomatous
polyposis

Clinico-pathological characteristics

Clinical characteristics

The onset of colorectal cancer (CRC) occurs at an early age
(average 45 yr)
Predilection to develop proximal (right-sided) colon cancer
High risk of multiple primary colorectal tumors
(synchronous or metachronous)
Specific pathological features of lynch syndrome-related colorectal tumors:
Poorly differentiated
Mucinous
Signet-cell features
Crohn’s-like lymphocytic reaction
Excess of tumor-infiltrating lymphocytes
Increased survival (in patients with CRC)
Accelerated carcinogenesis
Increased risk of cancer at extracolonic sites:
Endometrium
Ovary
Stomach
Small bowel
Hepatobiliary tract
Pancreas
Upper uroepithelial tract
Brain (Turcot’s syndrome)
Sebaceous adenomas, carcinomas and keratoacanthomas
(Muir-Torre syndrome)

Hundreds to thousands of colonic adenomatous polyps (on average
beginning at age 16 yr)1
Colorectal cancer (100% penetrance if not treated; average age 39 yr)1
Other gastrointestinal polyps and malignant lesions:
Fundic gland polyps in the stomach
Adenomatous polyps in the stomach and small bowel
Periampullary carcinoma
Duodenal cancer
Congenital hypertrophy of the retinal pigmented epithelium (CHRPE)
Other less common manifestations:
Embryonal tumors (hepatoblastoma and medulloblastoma)
Pancreatobiliary carcinoma
Papillary thyroid carcinoma (especially cribriform-morular variant)
Adrenal cortical tumors
Gardner syndrome subtype (specific characteristics):
Colonic adenomatous polyposis
Desmoid tumors
Epithelial inclusion cysts
Osteoid osteomas
Supernumerary and/or impacted teeth
CHRPE
Turcot syndrome subtype (specific characteristics):
Colonic adenomatous polyposis
Tumors of the central nervous system (medulloblastoma)
1

AFAP: Patients have 10-100 colorectal adenomas. Polyps develop preferentially
in the proximal colon, and the onset of colorectal cancer (CRC) occurs
10-15 years later than in patients with classic familial adenomatous
polyposis. The cumulative risk of CRC by age 80 years is estimated to be
approximately 70%.

tempts to identify cancer risk modifiers in patients with
LS were based on the study of candidate genes; however,
few of these studies were validated in larger-sized populations[55]. With the arrival of genome-wide association
studies (GWAS), researchers hypothesized that the common variants associated with the risk of CRC in the general population could modify cancer risk in LS families.
This hypothesis was verified in the case of rs16892766
(8q23.3) and rs3802842 (11q23.1) in MLH1 mutation
carriers[6-8]. Similarly, we recently identified an association between the presence of a common variant in the
telomerase gene (hTERT rs2075786) that causes shorter
telomeres and an increased risk of developing LS-related
tumors at a young age (< 45 years) in two independent
series of patients with LS[56]. The identification of additional modifying factors will enable the estimation of
individualized cancer risks that can be used to deliver tailored clinical surveillance protocols to mutation carriers.

Most classic FAP cases arise as a consequence of a
germline heterozygous mutation in adenomatous polyposis coli (APC), a gene located on chromosome 5q21. All
individuals who carry a germline pathogenic mutation in
the APC gene (the first hit according to Knudson’s twohit hypothesis) eventually develop FAP. As is the case
for other tumor suppressor genes, tumor development
requires the somatic inactivation of the wild-type allele.
Given that thousands of adenomas can form within
15-40 years, it is likely that only two hits are necessary for
the initiation of tumorigenesis; however, given that only
one or a few of these adenomas progress to cancer, it is
likely that several additional mutations are needed[63,64].
In most cases of FAP, the APC mutation is inherited
in an autosomal dominant manner; however, in 15%-20%
of cases, the APC mutation appears to arise de novo (i.e.,
spontaneously). Patients with these types of mutations
therefore do not present with a family history of the disease[65]. However, approximately 20% of individuals with
an apparent de novo APC mutation appear to have somatic
mosaicism[66].
A truncating germline APC mutation that constitutively activates the Wnt pathway can be detected in approximately 80% of classic FAP cases[67-69], whereas fewer
than 30% of individuals with attenuated phenotypes
carry an identifiable APC mutation[70]. Approximately
90% of mutations are detected by sequence analysis (small
intragenic deletions/insertions and missense, nonsense

Familial adenomatous polyposis
Familial adenomatous polyposis (FAP; MIM No. 175000)
is the second most common inherited CRC syndrome. In
its classic form, FAP is an autosomal dominantly inherited disease characterized by the development of hundreds
to thousands of colorectal adenomatous polyps after the
first decade of life. FAP is estimated to have a prevalence
of 2-3 per 100000 individuals and to account for 0.2%-1%
of all CRCs[57-60]. If left untreated, the classic form of
FAP results in nearly complete penetrance of CRC by the
age of 50 years. FAP is usually classified into classic and
attenuated FAP (AFAP) depending on the number of
polyps detected. A summary of the clinical characteristics
of FAP is shown in Table 3[61,62].
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MUTYH-associated polyposis
Bi-allelic (homozygous or compound heterozygous) mutations in the MUTYH gene, which encodes a base excision repair protein, are responsible for certain cases of
adenomatous polyposis. MUTYH-associated-polyposis
(MAP; MIM No. 608456) represents the first known polyposis syndrome with a recessive pattern of inheritance;
therefore, the disease is theoretically restricted to one
generation.
Because of the variability in clinical features observed
among mutation carriers, the diagnosis of MAP based
on clinical findings alone remains difficult. Two thirds
of MAP patients have CRC at the time of diagnosis,
and up to one third of patients have CRC but no polyps.
Most MAP patients have < 100 adenomas at diagnosis
and a mean age of 45 years; these patients tend to develop CRC at a mean age of 50 years[88-92]. Other features
variably present in MAP include: duodenal polyps and
cancer; gastric fundic gland polyps; gastric, ovarian, bladder, breast or endometrial tumors; benign and malignant
tumors of the skin and thyroid gland; dental abnormalities (jaw-bone cysts); and CHPRE[93-97]. Because the phenotypes associated with MAP are highly variable, a wide
spectrum of clinical characteristics should be considered
in patients with suspected MAP (Table 4)[98,99].
The MUTYH protein is a base excision repair glycosylase involved in repairing one of the most frequent
and stable forms of oxidative damage, namely the oxidation of a guanine leading to the formation of 8-oxo-7,
8-dihydro-2’-deoxyguanosine (8-oxoG). When an oxoG:
A mismatch is present in the DNA-template, a G:C to T:
A transversion occurs in the subsequent round of replication[100]. For this reason, G:C to T:A transversions frequently occur in MUTYH-associated adenomas and tumors. One such transversion in the KRAS gene (c.34G>T
in codon 12) is frequently encountered (64%) in patients
with MAP CRC. Therefore, the analysis of somatic
KRAS has been recommended as a pre-screening test to
identify CRC patients eligible for MUTYH germline molecular genetic testing[98,101,102].
Colorectal tumors that develop in the context of a
MUTYH mutation have specific molecular and histological features that differentiate these tumors from sporadic
tumors and that overlap with features of hereditary
(LS) and sporadic MSI tumors. These features include a
preferential proximal location, a mucinous component
and the increased presence of tumor infiltrating lymphocytes. However, only a minority (range: 0%-18%) of
MUTYH-associated tumors exhibit MSI. All of these
features raise the suspicion of a MAP etiology for the
CRC, especially when the disease is diagnosed at a young
age and when polyps and/or a recessive inheritance pattern are detected[103].
Approximately 30% of APC mutation-negative cases
of polyposis harbor bi-allelic mutations in the MUTYH
gene. At least one of two MUTYH missense mutations
found in 1%-2% of the general population [c.536A>G
(p.Tyr179Cys) and c.1187G>A (p.Gly396Asp), annotated

Table 4 Clinical characteristics of individuals with suspected

MUYTH -associated polyposis
Clinical characteristics

One to ten colonic adenomas before 40 yr of age
Tens to hundreds of colonic adenomas and/or hyperplastic polyps
Colonic polyposis (i.e., > 100 colonic polyps) in the absence of a
germline APC mutation
Colorectal cancer with the somatic KRAS mutation c.34G>T in codon 12
Family history of colon cancer (with or without polyps) consistent with
autosomal recessive inheritance
The definitive diagnosis is confirmed by the presence of a biallelic MUTYH
mutation. APC: Adenomatous polyposis coli.

or splice-site mutations); the remaining 8%-12% consist
of whole or partial gene deletions[67-69,71,72]. Moreover, interstitial deletions of chromosome 5q22 that also delete
APC have been reported in individuals with the classic
and attenuated forms of FAP. These individuals often
have dysmorphic features and mild-to-moderate cognitive
impairments[73,74]. No germline epimutations (CpG island
methylation) have been identified in the APC gene[75].
It is widely accepted that the methods used to identify mutations fail to detect certain mutations because
of factors such as polymorphisms in the sequences to
which PCR primers bind that lead to allele dropout, or
due to somatic mosaicism or because the mutations occur in regions not targeted by the currently used methods. Castellsagué et al[76] and Spier et al[77] reported the
occurrence of imbalanced allele-specific expression of
APC in 8%-9% of APC/MUTYH mutation-negative
polyposis cases, indicating that the underlying mutations
were not detected by standard mutation detection techniques. Some of these cases carried pathogenic deep intronic variants predicted to activate cryptic splice sites[77],
whereas others carried mutations in the promoter region
of APC[78].
If no disease-causing APC mutation is found, molecular genetic testing of MUTYH, POLE and POLD1
(exons coding for the exonuclease domain) should be
considered (more information on MUTYH- and polymerase proofreading-associated polyposes can be found
in the corresponding sections of this review).
In FAP, mutations in certain codons or regions are associated with specific phenotypic features. For example,
profuse polyposis (which corresponds to an average of
5000 polyps) has been reported to be associated with mutations in codons 1250-1464[79]; AFAP is associated with
mutations in the 5’ region of the gene (codons 1-177), in
exon 9 and in the 3’ region of the gene[80-84]. AFAP has
also been associated with interstitial deletions of chromosome 5q22 that also delete APC[73] and with somatic
mosaicism for APC mutations that are generally associated with classic FAP[66,85,86]. APC mutations that cause
Gardner’s syndrome typically occur in the region between
codons 1403 and 1578. Additionally, certain genotypes
have been found to be associated with extracolonic manifestations of the disease[87].
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according to the longest (hypothetical) coding sequence
NM 001128425.1] is present in approximately 90% of
MAP patients in the western part of the world; a biallelic
status for one and/or the other variant was found in up
to 70% of Caucasian patients with MAP[98]. Additional
common mutations that were most likely founder mutations have been reported in different populations: the
c.1147delC (p.Ala385Profs*23) mutation was reported
in northern European MAP patients, the c.1214C>T
(p.Pro405Leu) mutation was reported in Dutch MAP
patients, the c.1437_1439del (p.Glu480del) mutation
was reported in Italian MAP patients, the c.1438G>T
(p.Glu480*) mutation was reported in British Indian MAP
patients, the p.Tyr104* mutation was reported in Pakistani
MAP patients, the c.1227_1228dup (p.Glu410Glyfs*43)
mutation was reported in Spanish, Portuguese and Tunisian MAP patients and the p.Ala359Val mutation was
reported in Japanese and Korean MAP patients[90,104-111].
The presence of recurrent mutations facilitates genetic
testing for MUTYH, thus allowing for an initial screening
of the common mutations found in the corresponding
population.

Tumors that develop in patients with polymerase
proofreading-associated polyposis and sporadic colorectal
and endometrial tumors with POLE mutations (somatic
POLD1 mutations are rare) are hypermutant and microsatellite-stable. These hypermutated tumors have approximately 5000 somatic base substitutions in their coding
regions and an altered mutation spectrum characterized
mostly by increased proportions of G:C→T:A and A:T
→C:G transversions[116]. As is the case with microsatellite
instability in LS, a feasible molecular approach for identifying hypermutated tumors in patients with polyposis
should be developed to facilitate the selection of cases
suspected of carrying germline polymerase proofreading
mutations.
Although the phenotypes associated with POLE and
POLD1 mutations vary among carriers, the evidence
gathered so far supports the recommendation of the
sequencing of the exonuclease domains of POLE and
POLD1 for genetic testing purposes.
Hereditary mixed polyposis syndrome
Hereditary mixed polyposis syndrome (HMPS; MIM No.
601228) is an unusual disease characterized by the apparent autosomal dominant inheritance of multiple types of
colorectal lesions (including Peutz-Jeghers polyps, juvenile polyps, serrated lesions, conventional adenomas and
CRC) and a lack of extracolonic manifestations[117].
Linkage studies conducted in large families identified
CRAC1 on chromosome 15q13.3 as the candidate region
that causes HMPS[118,119]. Moreover, families of Ashkenazi descent with hereditary mixed polyposis syndrome
shared a disease haplotype in the CRAC1 region[120]. The
sequencing of the shared region did not yield useful
results; however, the study of copy number alterations
revealed the presence of a heterozygous single-copy duplication of a region approximately 40 kb in length that
co-segregated with the disease. The duplication extended
from intron 2 of SCG5 to a site immediately upstream
of the GREM1 CpG island. The SCG5-GREM1 duplication increased the transcription of GREM1, a gene that
encodes the secreted BMP antagonist[121]. No non-Ashkenazi affected individuals with duplications in the region
implicated in HMPS have yet been identified.

Polymerase proofreading-associated polyposis
DNA polymerase ε (POLE) and δ (POLD1) mutations
have recently been identified in patients with familial
CRC, many of whom have multiple adenomas[112].
The two germline mutations POLE p.Leu424Val and
POLD1 p.Ser478Asn were detected in individuals with
multiple colorectal adenomas and CRC. An additional
variant of POLD1, p.Pro327Leu, the pathogenicity of
which has not yet been determined, was also identified
in a multiple adenoma patient[112]. The two pathogenic
mutations are characterized by a dominant pattern of
inheritance and associated with a high risk of multiple
colorectal adenomas, large adenomas, early-onset CRC
and multiple CRCs. POLD1 mutations are also associated
with an increased risk of endometrial cancer in female
carriers[112,113]. A recent study performed by our group
identified a de novo POLE p.L424V mutation in patient
with adenomatous polyposis and early onset CRC, and
a novel pathogenic mutation in POLD1, p.L474P, in a
non-polyposis Amsterdam Ⅱ family without MMR defects[113]. Based on these findings, the term “polymerase
proofreading-associated polyposis” may be misleading
and should be carefully used, at least until more POLE/
POLD1 families are described and the full phenotypic
spectrum of this syndrome is defined.
All germline mutations identified thus far in POLE
and POLD1 are located within the proofreading (exonuclease) domain of the respective polymerase, suggesting a deficient ability to proofread and repair errors during DNA replication[112,114-116]. Non-exonuclease domain
POLE and POLD1 mutations do not appear to be associated with familial CRC. Mutations in non-exonuclease
domain regions have been identified in colorectal and endometrial tumors that are mostly MSI-positive; however,
these mutations appear to be passenger mutations[116].

WJG|www.wjgnet.com

Hamartomatous polyposis syndromes
Juvenile polyposis: Juvenile polyposis syndrome (JPS;
MIM No. 174900) is the most common hamartomatous syndrome, with an estimated incidence of one per
100000[122].
The diagnosis of JPS is made when any of the following three criteria is met[123-125]: (1) the patient has
multiple (3-10) juvenile polyps of the colorectum; (2) a
patient with a familial history of JPS has any number of
juvenile polyps; or (3) the patient has extracolonic (e.g., in
the stomach or small intestine) juvenile polyps.
Juvenile polyps are hamartomas that have a normal
epithelium with a dense stroma, an inflammatory infiltrate and a smooth surface with dilated, mucus-filled
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cystic glands in the lamina propria. Most juvenile polyps
are benign; however, malignant transformation can occur.
Members of families with JPS have an estimated lifetime risk of developing gastrointestinal cancer of 9% to
50%[126]. Most of these cancers consist of colon cancer;
however, cancers of the stomach, upper gastrointestinal
tract and pancreas have also been reported[122].
Germline mutations in SMAD4 or in BMPR1A
have been identified in approximately 40% of JPS patients[127,128]. Both genes encode proteins involved in the
TGF-beta signaling pathway, an important modulator of
many cellular processes.
JPS patients with mutations in the SMAD4 gene are
predisposed to developing massive gastric polyps and
usually have a family history of upper gastrointestinal
polyposis[127,129]. A large proportion of JPS patients with
SMAD4 mutations have a juvenile polyposis/hereditary
hemorrhagic telangiectasia overlap syndrome (MIM No.
175050). Hereditary hemorrhagic telangiectasia is a dominant disorder characterized by epistaxis, visceral arteriovenous malformations and telangiectasias[130].
Sweet et al[131] found two rare germline variants of
ENG, a gene associated with a predisposition to hereditary hemorrhagic telangiectasia, in two JPS patients with
no symptoms of hemorrhagic telangiectasia. Subsequent
studies in other JPS patients did not identify deleterious ENG mutations in genetically uncharacterized JPS
patients[132-134]. PTEN mutations have been identified
in JPS patients[134]; however, it has been suggested that
these patients were clinically misclassified and most likely
belonged to the PTEN hamartoma tumor group[135]. Microdeletions at 10q22-q23, a region that includes both
PTEN and BMPR1A, have also been reported[136].

which usually develop in childhood, are found in 95% of
patients with PJS[138,139].
A clinical diagnosis can be made when any of the following criteria are fulfilled[137]: (1) the patient has two or
more histologically confirmed PJS-type hamartomatous
polyps; (2) a patient with a family history of PJS has any
number of PJS-type polyps; (3) a patient with a family
history of PJS has characteristic mucocutaneous pigmentation; (4) a patient with characteristic mucocutaneous
pigmentation has any number of PJS-type polyps; and (5)
the patient has a pathogenic mutation in STK11.
The risk of gastrointestinal and extraintestinal malignancies, including duodenal, colon, breast, pancreas,
stomach, small bowel, cervix, uterus, ovary, testes, and
thyroid tumors, is significantly increased in patients with
JPS[140-143]. Benign and malignant gonadal and gynecologic
tumors, including ovarian sex cord tumors with annular
tubules, mucinous tumors of the ovaries and fallopian
tubes and large-cell calcifying Sertoli cell tumors of the
testes, can also be observed in these patients[144].
The clinical manifestations of JPS can vary; however,
there are no reports of STK11 mutation carriers lacking
clinical manifestations of the disease.
Aretz et al[145] reported that 100% of individuals with
familial PJS have detectable STK11 mutations, whereas
91% of simplex cases (i.e., a single occurrence in a family)
who met the relevant diagnostic criteria had a detectable
mutation. Clinical misdiagnoses of PJS could account for
the decreased rate of detection of mutations in simplex
cases.

PTEN hamartoma tumor syndrome: The PTEN ham-

artoma tumor syndrome (PHTS, MIM No. 601728) comprises Cowden syndrome, Bannayan-Riley-Ruvalcaba syndrome, PTEN-related Proteus syndrome and Proteus-like
syndrome. A presumptive diagnosis of PHTS is based on
clinical signs; the definitive diagnosis of PHTS is, by definition, made only when a PTEN mutation is identified.
The clinical characteristics of PHTS are shown in Table
5[146]. The specific clinical features of the four PHTS syndromes were reviewed by Orloff and Eng[147] and are not
further described in this review.
The clinical phenotypes of PTEN mutation carriers
are highly variable and range from macrocephaly and
developmental delays (reported in a two-year-old patient)
to a history of multiple primary neoplasias (reported in
a 60-year-old patient)[146]. However, to date, no strong
genotype-phenotype correlations have been reported[148].
Moreover, significant intra-familial phenotypic variability
and overlapping mutation spectra have been observed[149].
The lifetime risks for a variety of cancers are increased in patients with PHTS; more specifically, these
patients have an estimated lifetime risk of breast, thyroid,
endometrial, renal cell and colon tumors and melanoma
of 85%, 35%, 28% 34%, 9% and 6%, respectively[150,151].
Germline PTEN mutations have been identified in
patients with autism/ pervasive developmental disorder
and macrocephaly and to a particularly significant extent

Peutz-Jeghers syndrome: Peutz-Jeghers syndrome (PJS;
MIM No. 175200) is an autosomal-dominant condition
caused by germline mutations in STK11 (formerly known
as LKB1), which encodes a serine-threonine kinase. PJS is
clinically characterized by the occurrence of gastrointestinal polyposis and mucocutaneous pigmentation and a
predisposition to develop cancer.
The presence of PJS-type hamartomatous intestinal
polyps is required for a clinical diagnosis of PJS, even
though these patients also develop other types of polyps,
including colonic adenomatous polyps or gastric PJS
polyps that resemble hyperplastic polyps. PJS-type polyps have characteristic histological features, including a
notable frond-like, elongated epithelial component, cystic
gland dilatation extending into the submucosa or muscularis propria and arborizing smooth muscle extending
into the polyp fronds. These polyps are found throughout the gastrointestinal tract but occur predominantly in
the small intestine and colon[137].
Cutaneous lesions found in patients with PJS include
small melanocytic macules on the labial mucosa, lips, palate and tongue, around the eyes and nostrils and in the
perianal region. Hyperpigmented macules on the fingers
are also common. Mucocutaneous pigmented lesions,
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tinal Hereditary Tumors (InSiGHT), which is under the
umbrella of the Human Variome Project, has attempted
to classify MMR VUS (http://www.insight-group.org/
variants/classifications/)[158].
When a pathogenic germline mutation is identified
in a family, carriers of the mutation can benefit from increased surveillance and a more informed decision about
preventive measures; at the same time, non-carriers do
not have to undergo intensive (and, in the case of CRC,
invasive) surveillance. In the absence of an identified
pathogenic mutation, these individuals may decide to undergo preventive surgery based on family history alone.
The effects of germline variants in many of the main
cancer-related genes on protein function are unknown
(VUS); as a result, it is difficult to make any inferences on
the risk of cancer in patients with these variants. It has
been estimated that up to 10% of Caucasians undergoing genetic testing have variants that are designated VUS,
which leads to important issues in genetic counseling.
Current attempts to classify these variants involve the use
of data from co-segregation studies, in silico functional
predictions, personal and family cancer history, the cooccurrence of these variants and pathogenic mutations,
the frequency of these variants in the general population
(controls), molecular characteristics of the tumors, effects on RNA (splicing, allele-specific expression) and in
vitro functional consequences, which, in the case of MMR
genes, include impairment of MMR activity and the
abnormal subcellular localization and abrogation of the
formation of physiological dimers[158-164].
The coupling of next-generation sequencing technologies with genomic sequence enrichment methods
has made the sequencing of comprehensive panels of
cancer-predisposing genes technically feasible; consequently, this approach has become cost-effective for diagnostic applications and can be used to overcome the issue
of syndrome-overlapping genes and gene-overlapping
syndromes. However, the more frequent use of this approach for genetic diagnostic purposes will result in an
exponentially increased number of identified VUS and a
more urgent need to classify these VUS to their highest
level.
Another challenge for the coming years involves the
identification of additional cancer risk modifiers, including environmental and genetic factors. Identifying these
factors for syndromes with incomplete cancer penetrance
will facilitate an accurate individual risk assessment that
will enable the application of personalized surveillance
protocols and preventive measures. For example, the
importance of individual risk assessments is supported
by the extreme heterogeneity in CRC risk in carriers of
MMR gene mutations. Dowty et al[165] studied 17500 family members of 166 MLH1-mutated and 224 MSH2mutated families and showed that the cumulative risk of
CRC by age 70 follows a U-shaped distribution. These
authors also observed that 17% of male MSH2 mutation
carriers have estimated lifetime risks of CRC of 0%-10%
and that 18% of these carriers have lifetime risks of

Table 5 Clinical characteristics of the PTEN hamartoma
tumor syndrome
Clinical characteristics
Benign neoplasia
Dermatologic
Palmoplantar keratoses
Trichilemmomas
Lipomas
Fibromas
Freckling of the glans penis
Vascular anomalies/hemangiomas
Lhermitte-Duclos (dysplastic gangliocytoma of the cerebellum)
Genitourinary tumors/malformations
Colorectal polyposis
Mucosal lesions
Thyroid goiter/nodules
Proliferative breast changes
Malignant neoplasia
Breast cancer
Non-medullary thyroid cancer
Renal cancer
Endometrial cancer
Colorectal cancer
Melanoma
Central nervous system
Macrocephaly
Autism/developmental delay
Dysmorphic characteristics
Dolichocephaly
Postaxial polydactyly

in patients with a personal or family history of Cowden
or Bannayan-Riley-Ruvalcaba syndromes[152-156].
To determine whether germline methylation is found
in patients with Cowden syndrome and in patients with a
Cowden-like syndrome who lack germline PTEN mutations, Bennett et al[157] observed that germline methylation upstream of PTEN occurred in 42% and 33% of
mutation-negative patients with Cowden syndrome and
Cowden-like syndromes, respectively. This hypermethylation did not silence PTEN. However, a newly characterized tumor suppressor gene, KILLIN, the promoter of
which overlaps with the PTEN 5’UTR and the 5’ end of
its coding region, was silenced by this hypermethylation.
This finding must be validated in other groups of patients before it can be used for diagnostic purposes.
Current challenges and future perspectives in
genetically characterized inherited syndromes
One of the most significant challenges for researchers,
clinicians and genetic counselors in treating or investigating hereditary CRC (and any other cancer syndrome)
involves the assessment of the pathogenicity of variants
of unknown or uncertain significance (VUS). Enormous
efforts are currently being undertaken to establish genespecific interpretation guidelines that can be made available to diagnostic laboratories, research laboratories,
genetic counselors and clinicians worldwide. Some of
these efforts have been conducted with the support and
coordination of international societies or consortiums;
for example, the International Society for Gastrointes-

WJG|www.wjgnet.com

9835

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition
Table 6 Genetic variants identified using candidate-gene association studies
Gene
MUTYH
MUTYH
MUTYH
APC
CHEK2
CHEK2
MLH1
DNMT3B
GSTM1
TERT

Variant

Frequency in controls

OR (95%CI)

Cumulative evidence of
association

Ethnicity

Biallelic mutation
G382D (rs36053993)
Y165C (rs34612342)
I1307K (rs1801155)
1100delC
I157T (rs17879961)
rs1800734 (promoter)
rs1569686 (promoter)
Present/null
rs2736100 (intron 2)

0.01%
0.00%
0.01%
6.80%
0.71%
3.91%
21.11%
16.99%
50.64%
49.34%

10.19 (5.0-22.0)
6.49 (2.6-10.4)
3.32 (1.1-9.8)
1.96 (1.4-2.8)
1.88 (1.3-2.7)
1.56 (1.3-1.8)
1.51 (1.3-1.7)
0.57 (0.5-0.7)
1.10 (1.0-1.2)
1.07 (1.0-1.1)

Strong
Strong
Strong
Strong
Strong
Strong
Strong
Strong
Moderate
Moderate

Caucasian
Caucasian
Caucasian
Ashkenazi
Caucasian
Caucasian
Caucasian
All
All
Caucasian

Genetic variants identified using candidate-gene association studies, significantly associated with a risk of colorectal cancer in meta-analyses and showing
strong and moderate cumulative evidence of association according to Venice criteria and false-positive report probability tests[189].

10p14 [177], 11q13.4 (POLD3)[176], 11q23.1 [180], 12p13.3
(CCND2) [173], 12q13.13 (DIP2B, ATF1) [174], 14q22.2
(BMP4)[182], 15q13.3[181], 16q22.1 (CDH1)[182], 18q21.1
(SMAD7) [173,183], 19q13.11 (RHPN2) [182], 20p12.3 [182],
20q13.33 (LAMA5)[174] and Xp22.2 (SHROOM2)[176].
There is almost no evidence of interactive effects
among these loci. However, the distribution of alleles associated with a risk of CRC follows a normal distribution
in both cases and controls, with a shift towards higher
numbers of these alleles in cases, which is consistent with
a polygenic model of disease predisposition. It has been
estimated that individuals carrying a large number of
these alleles have an approximately threefold higher risk
of developing CRC than those with a median number of
these alleles[184]. Data suggest that only a small proportion
(at most 10%) of the heritability associated with CRC can
be explained by the identified loci[174,182,184-188].

90%-100%. If carriers who are at low risk of developing
CRC can be distinguished from patients who will definitely develop a tumor, subsequent cancer surveillance
strategies could be applied accordingly.
The existence of genetic anticipation in cancer syndromes and the mechanisms that might explain this
phenomenon have been studied and discussed for years.
In LS, despite the numerous reports and clinical observations identifying anticipation in the age of cancer onset
in successive generations, it is still unclear whether true
genetic anticipation contributes to the early diagnosis of
LS. More recently, methods that correct for random effects, that isolate the confounding effect of changes in
secular trends, screening and medical practices and that
adjust for changes in age-specific incidence across birth
cohorts, appear to confirm the presence of this phenomenon in families with LS[166-168]. However, the molecular
mechanism underlying this phenomenon has not yet
been identified. Telomere shortening, the accumulation
of mismatch repair slippage events in subsequent generations and environmental factors have been suggested as
causative mechanisms of anticipation[169,170]. Our group
recently ruled out telomere length attrition as the cause
of anticipation in patients with LS[171]. Anticipation has
also been observed in patients with hereditary non-polyposis CRC without MMR deficiency[172].

OTHER RISK VARIANTS
In addition to the low-risk variants identified by GWAS,
numerous genetic variants (> 3500 variants in > 1300
genes) that are associated with a low-moderate risk of
CRC have been identified through candidate-gene approaches. The results from these candidate-gene association studies are usually inconsistent and difficult to interpret. In an effort to comprehensively evaluate candidategene association studies for CRC, Ma et al[189] recently
performed meta-analyses for variants included in at least
three independent datasets (267 variants in 150 genes)
and used Venice criteria and false-positive report probability tests to assess the evidence for true associations.
A total of 67 variants in 50 genes were found to be significantly associated with a risk of CRC. The cumulative
epidemiological evidence for a risk of CRC was strong,
moderate and weak in eight, two and 52 of the variants,
respectively. Table 6 shows the 10 variants with strong
and moderate evidence of association and their estimated
risks. The authors of this study suggested that these variants may explain approximately 5% of the familial cancer
risk in Caucasians.

LOW-PENETRANCE LOCI IDENTIFIED BY
GWAS IN HEREDITARY CRC
GWAS conducted since 2007 using samples from the
general population and common genetic markers (SNPs)
have successfully identified low-penetrance loci associated with CRC. To date, at least 21 independent loci have
been conclusively associated with the risk of CRC in
Caucasians (P < 5.0 × 10-8, and these associations were
confirmed in independent case-control series) (source:
http://www.genome.gov/gwastudies). These loci include 1q25 (LAMC1)[173], 1q41 (DUSP10)[174], 2q32.3
(NABP1)[173], 3q26.2(MYNN)[174], 5q21[175], 6p21.2 (CDKN1A)[176], 8q23.3 (EIF3H)[177], 8q24.21 (c-MYC)[173,177-181],
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of tumors developed via the serrated pathway[202].
Although the genetic basis of SP is unknown, both
recessive and dominant transmission patterns have been
proposed[197,203,204]. Because serrated polyps were reported
in individuals with biallelic mutations in PTEN, BMPR1A, SMAD4 and MUTYH or with a duplication in the
GREM1 gene[205-208], Clendenning et al[209] hypothesized
that these genes might be altered in individuals with SP
and might account for some of the cases with this condition. However, no deleterious germline mutations were
identified in a case series of 65 patients with SP.
It has been suggested that lifestyle factors such as
smoking, obesity and diet, which have been associated
with the presence of serrated polyps[210-212], could be responsible for SP or for the modification of the risk of
disease in the presence of predisposing genetic mutations
or risk variants.
If the cause of SP is genetic, current sequencing and
genotyping technologies or methods that identify copy
number alterations, structural variants or epigenetic modifications can be used to understand the etiology of this
disease in the near future.

Table 7 Clinical criteria established for the identification of
serrated polyposis
Clinical criteria
At least five serrated polyps proximal to the sigmoid colon, two of
which are larger than 10 mm in diameter
Any number of serrated polyps occurring proximally to the sigmoid
colon in an individual who has a first-degree relative with serrated
polyposis
More than 20 serrated polyps of any size distributed throughout the
colon
Diagnosis is made when one of the criteria is fulfilled.

HEREDITARY CRC OF UNKNOWN
ETIOLOGY
Despite recent developments in genotyping and sequencing technologies, the genetic etiology of several familial
CRCs, including serrated polyposis (formerly known as
“hyperplastic polyposis”) and hereditary non-polyposis
CRC without a MMR defect (also known as familial CRC
type X) remains unknown.

Familial CRC type X
Approximately 40% of the families meeting the Amsterdam criteria for a diagnosis of hereditary non-polyposis
CRC lack evidence of heritable defects in the MMR system; more specifically, these patients have no germline
mutations in the MMR genes, no tumor microsatellite
instability and no loss of immunohistochemical staining
of the MMR proteins. Because the genetic etiology of
this disease is unknown, these families are said to have
fCRC-X. As has been the case for other familial cancer
syndromes, the identification of the genes associated
with fCRC-X will facilitate the molecular diagnosis of the
disease and the development of appropriate surveillance
guidelines and clinical management protocols for these
patients.
Familial CRC-X is clearly clinically different from
Lynch syndrome; in particular, patients with familial
CRC-X have a lower incidence of CRC and a lower risk
of extracolonic tumors and tend to develop cancer at a
later age[213-217]. Familial CRC-X tumors are characterized
by the presence of microsatellite stability and chromosomal instability and the absence of high CpG methylator
phenotypes; these characteristics overlap with some of
the characteristics of sporadic MMR-proficient tumors.
However, some molecular features specific to familial
CRC-X tumors have been reported[218-221].
Significant but mostly unsuccessful efforts have been
made to understand the genetic cause(s) of fCRC-X.
Several dominant predisposition loci that have been
mapped to different chromosomal regions such as
3q13.31-q27.1, 3q22, 4q21.1, 5q14-q22, 7q31, 8q13.2,
9q22.2-31.2, 10p15.3-p15.1, 12q24.32 and 13q22.113q31.3 have been identified using genome-wide linkage
studies in families with CRC; however, no causal genes
have yet been identified[222-230].

Serrated polyposis
SP is a rare condition characterized by multiple and/or
large serrated colonic polyps and an increased risk of
CRC. The diagnosis of serrated polyposis is made based
on established clinical criteria[190] (Table 7). Patients with
SP most likely consist of a heterogeneous group of patients with a variety of SP phenotypes that are most likely
caused by different genetic alterations[191]. At least three
different subgroups have been described: (1) a right-sided
phenotype with large sessile serrated adenomas associated with early-onset CRC characterized by the presence
of a BRAF mutation; (2) a left-sided phenotype with
large amounts of small polyps characterized by the presence of a KRAS mutation; and (3) a mixed phenotype
with features of phenotypes 1 and 2[191,192]. Conventional
colonic adenomas have been identified in up to 80% of
individuals with SP and are more frequently present in
CRC-affected individuals with SP[193,194].
Reported case series indicate that 25%-70% of SP patients had CRC at the time of diagnosis or during followup. Additionally, 10%-50% of SP patients had a family
history of CRC[191,195-199]. In fact, studies have reported
a fivefold increase in the risk of CRC and a 3.5-fold increase in the risk of pancreatic cancer in first-degree relatives of individuals with SP[194,199,200].
Serrated polyps are the precursors of CRC tumors
developed through the serrated neoplasia pathway, which
is characterized by BRAF mutations and the CpG island
methylator phenotype with or without MSI depending on
whether MLH1 is methylated. Several subtypes of serrated polyps have been defined: hyperplastic polyps, sessile
serrated adenomas and traditional serrated adenomas[201].
However, the majority of CRC tumors arising in patients
with serrated polyps exhibit a diverse range of molecular
profiles and generally do not harbor molecular hallmarks
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plain the risk of cancer in familial cases[187,188,239]. Sequencing the loci identified by GWAS to identify common and
rare variants in patients with fCRC-X therefore represents
an alternative approach. This approach has been successfully used in other diseases such as hypertriglyceridemia,
diabetes and inflammatory bowel disease[240-243].
In summary, the genetic basis of fCRC-X will become
clearer when all of the approaches mentioned above are
applied in practice. However, alternative mechanisms
involving gene-gene and gene-environment interactions,
epigenetic and structural alterations and other non-classic
gene silencing mechanisms might explain fCRC-X cases
that are not detected by current risk variant or mutationidentification techniques.

Despite the ability of whole-exome and wholegenome sequencing to uncover numerous new causal
mutations and genes in Mendelian disorders, few such
genes and mutations have been identified in hereditary
cancer syndromes[112,231,232] and none have been identified
in fCRC-X.
Current evidence indicates that families with fCRC-X
constitute a very heterogeneous group. Because the Amsterdam criteria indicate that this disease is characterized
by strong familial aggregation, it is likely that certain
cases of fCRC-X are caused by high-penetrance mutations (i.e., that have a monogenic component). If this is
the case, reports on new hereditary CRC genes identified
by whole-exome or whole-genome strategies will likely be
published in the near future. However, because no such
genes have yet been identified, it is likely that any genes
identified in the future would explain only a small number of fCRC-X cases.
In contrast, candidate-gene approaches have identified several high-penetrance genes that might be involved
in the etiology of uncharacterized familial CRC[233-237].
It is likely that most of the familial aggregation observed in fCRC-X is associated with non-genetic factors.
Lifestyle and environmental factors could interact with
multiple genetic risk factors to increase the risk of CRC
in these families. This scenario is consistent with a multifactorial disease model associated with polygenic diseases
and supported by the less aggressive clinical characteristics of fCRC-X (e.g., the late onset of the disease, the
lower risk of CRC and the almost complete absence of
multiple primary tumors).
Because some families appear to fit the monogenic
model and others the polygenic model, finding the optimal approach for exploring the genetic basis of fCRC-X
remains challenging[238]. The selection criteria used to
identify patients with fCRC-X will need to include the
Amsterdam criteria, a very early onset of cancer and severe clinical manifestations; these criteria and insightful
data analyses will play a key role in determining the ability of exome sequencing to identify rare and deleterious
mutations within gene-coding regions. Furthermore, it is
possible that other mechanisms of gene silencing such as
germline epigenetic or copy number alterations or the deregulation of tumor suppressor genes via regulatory noncoding RNAs such as microRNAs could be associated
with the hereditary forms of the disease.
Elucidating the polygenic component of the disease
will also remain challenging. GWAS of patients with
fCRC-X would be very useful; however, collecting an
adequate number of samples (thousands of samples) is
almost impossible given the rarity of fCRC-X, even if
samples were to be collected worldwide. A closely related
approach based on the hypothesis that variants associated
with the risk of CRC in the general population are also
associated with the risk of CRC in fCRC-X involves genotyping the population-based GWAS CRC risk variants
in a large fCRC-X cohort. GWAS have already provided
evidence suggesting that low-penetrance alleles may ex-

WJG|www.wjgnet.com

ACKNOWLEDGMENTS
I thank Marta Pineda for critical review of the paper.

REFERENCES
1

2

3

4

5

6

7

8

9838

Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM.
Estimates of worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917 [PMID: 21351269
DOI: 10.1002/ijc.25516]
Lichtenstein P, Holm NV, Verkasalo PK, Iliadou A, Kaprio
J, Koskenvuo M, Pukkala E, Skytthe A, Hemminki K. Environmental and heritable factors in the causation of cancer-analyses of cohorts of twins from Sweden, Denmark, and
Finland. N Engl J Med 2000; 343: 78-85 [PMID: 10891514 DOI:
10.1056/NEJM200007133430201]
Aaltonen L, Johns L, Järvinen H, Mecklin JP, Houlston R.
Explaining the familial colorectal cancer risk associated with
mismatch repair (MMR)-deficient and MMR-stable tumors.
Clin Cancer Res 2007; 13: 356-361 [PMID: 17200375 DOI:
10.1158/1078-0432.CCR-06-1256]
Abdel-Rahman WM, Peltomäki P. Lynch syndrome and related familial colorectal cancers. Crit Rev Oncog 2008; 14: 1-22;
discussion 23-31 [PMID: 19105568 DOI: 10.1615/CritRevOncog.v14.i1.10]
Theodoratou E, Montazeri Z, Hawken S, Allum GC, Gong J,
Tait V, Kirac I, Tazari M, Farrington SM, Demarsh A, Zgaga
L, Landry D, Benson HE, Read SH, Rudan I, Tenesa A, Dunlop MG, Campbell H, Little J. Systematic meta-analyses and
field synopsis of genetic association studies in colorectal cancer. J Natl Cancer Inst 2012; 104: 1433-1457 [PMID: 23019048
DOI: 10.1093/jnci/djs369]
Wijnen JT, Brohet RM, van Eijk R, Jagmohan-Changur S,
Middeldorp A, Tops CM, van Puijenbroek M, Ausems MG,
Gómez García E, Hes FJ, Hoogerbrugge N, Menko FH, van
Os TA, Sijmons RH, Verhoef S, Wagner A, Nagengast FM,
Kleibeuker JH, Devilee P, Morreau H, Goldgar D, Tomlinson IP, Houlston RS, van Wezel T, Vasen HF. Chromosome
8q23.3 and 11q23.1 variants modify colorectal cancer risk in
Lynch syndrome. Gastroenterology 2009; 136: 131-137 [PMID:
19010329 DOI: 10.1053/j.gastro.2008.09.033]
Talseth-Palmer BA, Brenne IS, Ashton KA, Evans TJ,
McPhillips M, Groombridge C, Suchy J, Kurzawski G, Spigelman A, Lubinski J, Scott RJ. Colorectal cancer susceptibility loci on chromosome 8q23.3 and 11q23.1 as modifiers for
disease expression in Lynch syndrome. J Med Genet 2011; 48:
279-284 [PMID: 21097774 DOI: 10.1136/jmg.2010.079962]
Talseth-Palmer BA, Wijnen JT, Grice DM, Scott RJ. Genetic
modifiers of cancer risk in Lynch syndrome: a review. Fam
Cancer 2013; 12: 207-216 [PMID: 23471748 DOI: 10.1007/
s10689-013-9614-2]

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition
9

10
11

12

13

14

15

16

17

18

19

20

21

22

Lynch HT, Lynch PM, Lanspa SJ, Snyder CL, Lynch JF, Boland CR. Review of the Lynch syndrome: history, molecular
genetics, screening, differential diagnosis, and medicolegal
ramifications. Clin Genet 2009; 76: 1-18 [PMID: 19659756 DOI:
10.1111/j.1399-0004.2009.01230.x]
Wimmer K, Kratz CP. Constitutional mismatch repairdeficiency syndrome. Haematologica 2010; 95: 699-701 [PMID:
20442441 DOI: 10.3324/haematol.2009.021626]
Hemminki A, Peltomäki P, Mecklin JP, Järvinen H, Salovaara R, Nyström-Lahti M, de la Chapelle A, Aaltonen LA.
Loss of the wild type MLH1 gene is a feature of hereditary
nonpolyposis colorectal cancer. Nat Genet 1994; 8: 405-410
[PMID: 7894494 DOI: 10.1038/ng1294-405]
Liu B, Parsons RE, Hamilton SR, Petersen GM, Lynch HT,
Watson P, Markowitz S, Willson JK, Green J, de la Chapelle A.
hMSH2 mutations in hereditary nonpolyposis colorectal cancer kindreds. Cancer Res 1994; 54: 4590-4594 [PMID: 8062247]
Liu B, Nicolaides NC, Markowitz S, Willson JK, Parsons RE,
Jen J, Papadopolous N, Peltomäki P, de la Chapelle A, Hamilton SR. Mismatch repair gene defects in sporadic colorectal
cancers with microsatellite instability. Nat Genet 1995; 9:
48-55 [PMID: 7704024 DOI: 10.1038/ng0195-48]
Kane MF, Loda M, Gaida GM, Lipman J, Mishra R, Goldman H, Jessup JM, Kolodner R. Methylation of the hMLH1
promoter correlates with lack of expression of hMLH1 in
sporadic colon tumors and mismatch repair-defective human tumor cell lines. Cancer Res 1997; 57: 808-811 [PMID:
9041175]
Aaltonen LA, Peltomäki P, Leach FS, Sistonen P, Pylkkänen
L, Mecklin JP, Järvinen H, Powell SM, Jen J, Hamilton SR.
Clues to the pathogenesis of familial colorectal cancer. Science 1993; 260: 812-816 [PMID: 8484121 DOI: 10.1126/science.8484121]
Aaltonen LA, Peltomäki P, Mecklin JP, Järvinen H, Jass JR,
Green JS, Lynch HT, Watson P, Tallqvist G, Juhola M. Replication errors in benign and malignant tumors from hereditary nonpolyposis colorectal cancer patients. Cancer Res 1994;
54: 1645-1648 [PMID: 8137274]
Palomaki GE, McClain MR, Melillo S, Hampel HL,
Thibodeau SN. EGAPP supplementary evidence review:
DNA testing strategies aimed at reducing morbidity and
mortality from Lynch syndrome. Genet Med 2009; 11: 42-65
[PMID: 19125127 DOI: 10.1097/GIM.0b013e31818fa2db]
Stupart DA, Goldberg PA, Algar U, Ramesar R. Surveillance colonoscopy improves survival in a cohort of subjects
with a single mismatch repair gene mutation. Colorectal
Dis 2009; 11: 126-130 [PMID: 19143775 DOI: 10.1111/
j.1463-1318.2008.01702.x]
Vasen HF, Mecklin JP, Khan PM, Lynch HT. The International
Collaborative Group on Hereditary Non-Polyposis Colorectal
Cancer (ICG-HNPCC). Dis Colon Rectum 1991; 34: 424-425
[PMID: 2022152 DOI: 10.1007/BF02053699]
Park JG, Vasen HF, Park KJ, Peltomaki P, Ponz de Leon M,
Rodriguez-Bigas MA, Lubinski J, Beck NE, Bisgaard ML, Miyaki M, Wijnen JT, Baba S, Lynch HT. Suspected hereditary
nonpolyposis colorectal cancer: International Collaborative
Group on Hereditary Non-Polyposis Colorectal Cancer
(ICG-HNPCC) criteria and results of genetic diagnosis. Dis
Colon Rectum 1999; 42: 710-715; discussion 715-716 [PMID:
10378593 DOI: 10.1007/BF02236922]
Hampel H, Frankel WL, Martin E, Arnold M, Khanduja K,
Kuebler P, Nakagawa H, Sotamaa K, Prior TW, Westman J,
Panescu J, Fix D, Lockman J, Comeras I, de la Chapelle A.
Screening for the Lynch syndrome (hereditary nonpolyposis
colorectal cancer). N Engl J Med 2005; 352: 1851-1860 [PMID:
15872200 DOI: 10.1056/NEJMoa043146]
Sjursen W, Haukanes BI, Grindedal EM, Aarset H, Stormorken A, Engebretsen LF, Jonsrud C, Bjørnevoll I, Andresen PA, Ariansen S, Lavik LA, Gilde B, Bowitz-Lothe IM,
Maehle L, Møller P. Current clinical criteria for Lynch syn-

WJG|www.wjgnet.com

23

24

25

26

27

28

29

30
31

32
33

34

9839

drome are not sensitive enough to identify MSH6 mutation
carriers. J Med Genet 2010; 47: 579-585 [PMID: 20587412 DOI:
10.1136/jmg.2010.077677]
Umar A, Boland CR, Terdiman JP, Syngal S, de la Chapelle
A, Rüschoff J, Fishel R, Lindor NM, Burgart LJ, Hamelin
R, Hamilton SR, Hiatt RA, Jass J, Lindblom A, Lynch HT,
Peltomaki P, Ramsey SD, Rodriguez-Bigas MA, Vasen HF,
Hawk ET, Barrett JC, Freedman AN, Srivastava S. Revised
Bethesda Guidelines for hereditary nonpolyposis colorectal
cancer (Lynch syndrome) and microsatellite instability. J Natl
Cancer Inst 2004; 96: 261-268 [PMID: 14970275 DOI: 10.1093/
jnci/djh034]
Laghi L, Bianchi P, Roncalli M, Malesci A. Re: Revised
Bethesda guidelines for hereditary nonpolyposis colorectal
cancer (Lynch syndrome) and microsatellite instability. J Natl
Cancer Inst 2004; 96: 1402-143; author reply 1402-1403 [PMID:
15367575 DOI: 10.1093/jnci/djh280]
Samowitz WS, Curtin K, Ma KN, Schaffer D, Coleman LW,
Leppert M, Slattery ML. Microsatellite instability in sporadic
colon cancer is associated with an improved prognosis at the
population level. Cancer Epidemiol Biomarkers Prev 2001; 10:
917-923 [PMID: 11535541]
Hutchins G, Southward K, Handley K, Magill L, Beaumont
C, Stahlschmidt J, Richman S, Chambers P, Seymour M, Kerr
D, Gray R, Quirke P. Value of mismatch repair, KRAS, and
BRAF mutations in predicting recurrence and benefits from
chemotherapy in colorectal cancer. J Clin Oncol 2011; 29:
1261-1270 [PMID: 21383284 DOI: 10.1200/JCO.2010.30.1366]
Pérez-Carbonell L, Ruiz-Ponte C, Guarinos C, Alenda C,
Payá A, Brea A, Egoavil CM, Castillejo A, Barberá VM, Bessa
X, Xicola RM, Rodríguez-Soler M, Sánchez-Fortún C, Acame
N, Castellví-Bel S, Piñol V, Balaguer F, Bujanda L, De-Castro
ML, Llor X, Andreu M, Carracedo A, Soto JL, Castells A,
Jover R. Comparison between universal molecular screening for Lynch syndrome and revised Bethesda guidelines in
a large population-based cohort of patients with colorectal
cancer. Gut 2012; 61: 865-872 [PMID: 21868491 DOI: 10.1136/
gutjnl-2011-300041]
Sinicrope FA, Foster NR, Thibodeau SN, Marsoni S, Monges
G, Labianca R, Kim GP, Yothers G, Allegra C, Moore MJ,
Gallinger S, Sargent DJ. DNA mismatch repair status and colon cancer recurrence and survival in clinical trials of 5-fluorouracil-based adjuvant therapy. J Natl Cancer Inst 2011; 103:
863-875 [PMID: 21597022 DOI: 10.1093/jnci/djr153]
Parsons MT, Buchanan DD, Thompson B, Young JP, Spurdle
AB. Correlation of tumour BRAF mutations and MLH1
methylation with germline mismatch repair (MMR) gene
mutation status: a literature review assessing utility of tumour features for MMR variant classification. J Med Genet
2012; 49: 151-157 [PMID: 22368298 DOI: 10.1136/jmedgenet-2011-100714]
Manolio TA. Bringing genome-wide association findings
into clinical use. Nat Rev Genet 2013; 14: 549-558 [PMID:
23835440 DOI: 10.1038/nrg3523]
Hampel H, Frankel WL, Martin E, Arnold M, Khanduja K,
Kuebler P, Clendenning M, Sotamaa K, Prior T, Westman
JA, Panescu J, Fix D, Lockman J, LaJeunesse J, Comeras I, de
la Chapelle A. Feasibility of screening for Lynch syndrome
among patients with colorectal cancer. J Clin Oncol 2008; 26:
5783-5788 [PMID: 18809606 DOI: 10.1200/JCO.2008.17.5950]
de la Chapelle A, Palomaki G, Hampel H. Identifying Lynch
syndrome. Int J Cancer 2009; 125: 1492-1493 [PMID: 19536819
DOI: 10.1002/ijc.24491]
Heald B, Plesec T, Liu X, Pai R, Patil D, Moline J, Sharp RR,
Burke CA, Kalady MF, Church J, Eng C. Implementation of
universal microsatellite instability and immunohistochemistry screening for diagnosing lynch syndrome in a large academic medical center. J Clin Oncol 2013; 31: 1336-1340 [PMID:
23401454 DOI: 10.1200/JCO.2012.45.1674]
Ward RL, Hicks S, Hawkins NJ. Population-based molecular

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

35

36

37

38

39
40

41

42

43

44
45

46

screening for Lynch syndrome: implications for personalized
medicine. J Clin Oncol 2013; 31: 2554-2562 [PMID: 23733757
DOI: 10.1200/JCO.2012.46.8454]
Teutsch SM, Bradley LA, Palomaki GE, Haddow JE, Piper M,
Calonge N, Dotson WD, Douglas MP, Berg AO. The Evaluation of Genomic Applications in Practice and Prevention
(EGAPP) Initiative: methods of the EGAPP Working Group.
Genet Med 2009; 11: 3-14 [PMID: 18813139 DOI: 10.1097/
GIM.0b013e318184137c]
Bellcross CA, Bedrosian SR, Daniels E, Duquette D, Hampel
H, Jasperson K, Joseph DA, Kaye C, Lubin I, Meyer LJ, Reyes
M, Scheuner MT, Schully SD, Senter L, Stewart SL, St Pierre
J, Westman J, Wise P, Yang VW, Khoury MJ. Implementing
screening for Lynch syndrome among patients with newly
diagnosed colorectal cancer: summary of a public health/
clinical collaborative meeting. Genet Med 2012; 14: 152-162
[PMID: 22237445 DOI: 10.1038/gim.0b013e31823375ea]
Miyaki M, Konishi M, Tanaka K, Kikuchi-Yanoshita R,
Muraoka M, Yasuno M, Igari T, Koike M, Chiba M, Mori
T. Germline mutation of MSH6 as the cause of hereditary
nonpolyposis colorectal cancer. Nat Genet 1997; 17: 271-272
[PMID: 9354786 DOI: 10.1038/ng1197-271]
Berends MJ, Wu Y, Sijmons RH, Mensink RG, van der Sluis
T, Hordijk-Hos JM, de Vries EG, Hollema H, Karrenbeld
A, Buys CH, van der Zee AG, Hofstra RM, Kleibeuker JH.
Molecular and clinical characteristics of MSH6 variants: an
analysis of 25 index carriers of a germline variant. Am J Hum
Genet 2002; 70: 26-37 [PMID: 11709755 DOI: 10.1086/337944]
Peltomäki P. Role of DNA mismatch repair defects in
the pathogenesis of human cancer. J Clin Oncol 2003; 21:
1174-1179 [PMID: 12637487 DOI: 10.1200/JCO.2003.04.060]
Senter L, Clendenning M, Sotamaa K, Hampel H, Green J,
Potter JD, Lindblom A, Lagerstedt K, Thibodeau SN, Lindor
NM, Young J, Winship I, Dowty JG, White DM, Hopper
JL, Baglietto L, Jenkins MA, de la Chapelle A. The clinical
phenotype of Lynch syndrome due to germ-line PMS2 mutations. Gastroenterology 2008; 135: 419-428 [PMID: 18602922
DOI: 10.1053/j.gastro.2008.04.026]
Niessen RC, Hofstra RM, Westers H, Ligtenberg MJ, Kooi
K, Jager PO, de Groote ML, Dijkhuizen T, Olderode-Berends
MJ, Hollema H, Kleibeuker JH, Sijmons RH. Germline hypermethylation of MLH1 and EPCAM deletions are a frequent cause of Lynch syndrome. Genes Chromosomes Cancer
2009; 48: 737-744 [PMID: 19455606 DOI: 10.1002/gcc.20678]
Kuiper RP, Vissers LE, Venkatachalam R, Bodmer D,
Hoenselaar E, Goossens M, Haufe A, Kamping E, Niessen
RC, Hogervorst FB, Gille JJ, Redeker B, Tops CM, van Gijn
ME, van den Ouweland AM, Rahner N, Steinke V, Kahl P,
Holinski-Feder E, Morak M, Kloor M, Stemmler S, Betz B,
Hutter P, Bunyan DJ, Syngal S, Culver JO, Graham T, Chan
TL, Nagtegaal ID, van Krieken JH, Schackert HK, Hoogerbrugge N, van Kessel AG, Ligtenberg MJ. Recurrence and
variability of germline EPCAM deletions in Lynch syndrome. Hum Mutat 2011; 32: 407-414 [PMID: 21309036 DOI:
10.1002/humu.21446]
Valle L, Carbonell P, Fernandez V, Dotor AM, Sanz M,
Benitez J, Urioste M. MLH1 germline epimutations in selected patients with early-onset non-polyposis colorectal cancer.
Clin Genet 2007; 71: 232-237 [PMID: 17309645 DOI: 10.1111/
j.1399-0004.2007.00751.x]
Hitchins MP. The role of epigenetics in Lynch syndrome.
Fam Cancer 2013; 12: 189-205 [PMID: 23462881 DOI: 10.1007/
s10689-013-9613-3]
Ward RL, Dobbins T, Lindor NM, Rapkins RW, Hitchins
MP. Identification of constitutional MLH1 epimutations and
promoter variants in colorectal cancer patients from the Colon Cancer Family Registry. Genet Med 2013; 15: 25-35 [PMID:
22878509 DOI: 10.1038/gim.2012.91]
Wijnen J, van der Klift H, Vasen H, Khan PM, Menko
F, Tops C, Meijers Heijboer H, Lindhout D, Møller P,

WJG|www.wjgnet.com

47

48

49

50

51

52

53

54

55

56

57

9840

Fodde R. MSH2 genomic deletions are a frequent cause of
HNPCC. Nat Genet 1998; 20: 326-328 [PMID: 9843200 DOI:
10.1038/3795]
Charbonnier F, Raux G, Wang Q, Drouot N, Cordier F, Limacher JM, Saurin JC, Puisieux A, Olschwang S, Frebourg
T. Detection of exon deletions and duplications of the mismatch repair genes in hereditary nonpolyposis colorectal
cancer families using multiplex polymerase chain reaction of
short fluorescent fragments. Cancer Res 2000; 60: 2760-2763
[PMID: 10850409]
Wagner A, Barrows A, Wijnen JT, van der Klift H, Franken
PF, Verkuijlen P, Nakagawa H, Geugien M, JaghmohanChangur S, Breukel C, Meijers-Heijboer H, Morreau H, van
Puijenbroek M, Burn J, Coronel S, Kinarski Y, Okimoto R,
Watson P, Lynch JF, de la Chapelle A, Lynch HT, Fodde R.
Molecular analysis of hereditary nonpolyposis colorectal
cancer in the United States: high mutation detection rate
among clinically selected families and characterization of
an American founder genomic deletion of the MSH2 gene.
Am J Hum Genet 2003; 72: 1088-1100 [PMID: 12658575 DOI:
10.1086/373963]
Plaschke J, Krüger S, Dietmaier W, Gebert J, Sutter C,
Mangold E, Pagenstecher C, Holinski-Feder E, Schulmann
K, Möslein G, Rüschoff J, Engel C, Evans G, Schackert HK.
Eight novel MSH6 germline mutations in patients with familial and nonfamilial colorectal cancer selected by loss of
protein expression in tumor tissue. Hum Mutat 2004; 23: 285
[PMID: 14974087 DOI: 10.1002/humu.9217]
Pineda M, González S, Lázaro C, Blanco I, Capellá G. Detection of genetic alterations in hereditary colorectal cancer
screening. Mutat Res 2010; 693: 19-31 [PMID: 19931546 DOI:
10.1016/j.mrfmmm.2009.11.002]
Borràs E, Pineda M, Blanco I, Jewett EM, Wang F, Teulé A,
Caldés T, Urioste M, Martínez-Bouzas C, Brunet J, Balmaña
J, Torres A, Ramón y Cajal T, Sanz J, Pérez-Cabornero L,
Castellví-Bel S, Alonso A, Lanas A, González S, Moreno V,
Gruber SB, Rosenberg NA, Mukherjee B, Lázaro C, Capellá
G. MLH1 founder mutations with moderate penetrance
in Spanish Lynch syndrome families. Cancer Res 2010;
70: 7379-7391 [PMID: 20858721 DOI: 10.1158/0008-5472.
CAN-10-0570]
Mur P, Pineda M, Romero A, Del Valle J, Borràs E, Canal
A, Navarro M, Brunet J, Rueda D, Ramón Y Cajal T, Lázaro
C, Caldés T, Blanco I, Soto JL, Capellá G. Identification of a
founder EPCAM deletion in Spanish Lynch syndrome families. Clin Genet 2014; 85: 260-266 [PMID: 23530899]
Borelli I, Barberis MA, Spina F, Casalis Cavalchini GC,
Vivanet C, Balestrino L, Micheletti M, Allavena A, Sala P,
Carcassi C, Pasini B. A unique MSH2 exon 8 deletion accounts for a major portion of all mismatch repair gene mutations in Lynch syndrome families of Sardinian origin. Eur J
Hum Genet 2013; 21: 154-161 [PMID: 22781090 DOI: 10.1038/
ejhg.2012.150]
Tomsic J, Senter L, Liyanarachchi S, Clendenning M,
Vaughn CP, Jenkins MA, Hopper JL, Young J, Samowitz W,
de la Chapelle A. Recurrent and founder mutations in the
PMS2 gene. Clin Genet 2013; 83: 238-243 [PMID: 22577899
DOI: 10.1111/j.1399-0004.2012.01898.x]
Scott RJ, Lubinski J. Genetic epidemiology studies in hereditary non-polyposis colorectal cancer. Methods Mol Biol 2009;
472: 89-102 [PMID: 19107430 DOI: 10.1007/978-1-60327-492-0
_4]
Bellido F, Guinó E, Jagmohan-Changur S, Seguí N, Pineda
M, Navarro M, Lázaro C, Blanco I, Vasen HF, Moreno V,
Capellá G, Wijnen JT, Valle L. Genetic variant in the telomerase gene modifies cancer risk in Lynch syndrome. Eur J
Hum Genet 2013; 21: 511-516 [PMID: 22948024 DOI: 10.1038/
ejhg.2012.204]
Burn J, Chapman P, Delhanty J, Wood C, Lalloo F, CachonGonzalez MB, Tsioupra K, Church W, Rhodes M, Gunn A.

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

58

59

60
61
62

63
64
65

66

67

68

69

70

71

72

73

The UK Northern region genetic register for familial adenomatous polyposis coli: use of age of onset, congenital hypertrophy of the retinal pigment epithelium, and DNA markers
in risk calculations. J Med Genet 1991; 28: 289-296 [PMID:
1650842 DOI: 10.1136/jmg.28.5.289]
Järvinen HJ. Epidemiology of familial adenomatous polyposis in Finland: impact of family screening on the colorectal cancer rate and survival. Gut 1992; 33: 357-360 [PMID:
1314763 DOI: 10.1136/gut.33.3.357]
Bülow S, Faurschou Nielsen T, Bülow C, Bisgaard ML,
Karlsen L, Moesgaard F. The incidence rate of familial adenomatous polyposis. Results from the Danish Polyposis
Register. Int J Colorectal Dis 1996; 11: 88-91 [PMID: 8739833
DOI: 10.1007/BF00342466]
de la Chapelle A. Genetic predisposition to colorectal cancer. Nat Rev Cancer 2004; 4: 769-780 [PMID: 15510158]
Half E, Bercovich D, Rozen P. Familial adenomatous polyposis. Orphanet J Rare Dis 2009; 4: 22 [PMID: 19822006 DOI:
10.1186/1750-1172-4-22]
Knudsen AL, Bülow S, Tomlinson I, Möslein G, Heinimann
K, Christensen IJ. Attenuated familial adenomatous polyposis: results from an international collaborative study. Colorectal Dis 2010; 12: e243-e249 [PMID: 20105204 DOI: 10.1111/
j.1463-1318.2010.02218.x]
Fearon ER, Vogelstein B. A genetic model for colorectal
tumorigenesis. Cell 1990; 61: 759-767 [PMID: 2188735 DOI:
10.1016/0092-8674(90)90186-I]
Kinzler KW, Vogelstein B. Lessons from hereditary colorectal cancer. Cell 1996; 87: 159-170 [PMID: 8861899 DOI:
10.1016/S0092-8674(00)81333-1]
Bisgaard ML, Fenger K, Bülow S, Niebuhr E, Mohr J. Familial adenomatous polyposis (FAP): frequency, penetrance,
and mutation rate. Hum Mutat 1994; 3: 121-125 [PMID:
8199592 DOI: 10.1002/humu.1380030206]
Hes FJ, Nielsen M, Bik EC, Konvalinka D, Wijnen JT, Bakker
E, Vasen HF, Breuning MH, Tops CM. Somatic APC mosaicism: an underestimated cause of polyposis coli. Gut 2008;
57: 71-76 [PMID: 17604324 DOI: 10.1136/gut.2006.117796]
Sieber OM, Heinimann K, Gorman P, Lamlum H, Crabtree
M, Simpson CA, Davies D, Neale K, Hodgson SV, Roylance
RR, Phillips RK, Bodmer WF, Tomlinson IP. Analysis of
chromosomal instability in human colorectal adenomas with
two mutational hits at APC. Proc Natl Acad Sci USA 2002; 99:
16910-16915 [PMID: 12486240 DOI: 10.1073/pnas.012679099]
Aretz S, Stienen D, Uhlhaas S, Pagenstecher C, Mangold E,
Caspari R, Propping P, Friedl W. Large submicroscopic genomic APC deletions are a common cause of typical familial
adenomatous polyposis. J Med Genet 2005; 42: 185-192 [PMID:
15689459 DOI: 10.1136/jmg.2004.022822]
Michils G, Tejpar S, Thoelen R, van Cutsem E, Vermeesch
JR, Fryns JP, Legius E, Matthijs G. Large deletions of the
APC gene in 15% of mutation-negative patients with classical polyposis (FAP): a Belgian study. Hum Mutat 2005; 25:
125-134 [PMID: 15643602 DOI: 10.1002/humu.20122]
Lefevre JH, Rodrigue CM, Mourra N, Bennis M, Flejou
JF, Parc R, Tiret E, Gespach C, Parc YR. Implication of
MYH in colorectal polyposis. Ann Surg 2006; 244: 874-89;
discussion 874-879 [PMID: 17122612 DOI: 10.1097/01.
sla.0000246937.54435.50]
Giardiello FM, Brensinger JD, Petersen GM. AGA technical
review on hereditary colorectal cancer and genetic testing.
Gastroenterology 2001; 121: 198-213 [PMID: 11438509 DOI:
10.1053/gast.2001.25581]
Bunyan DJ, Eccles DM, Sillibourne J, Wilkins E, Thomas
NS, Shea-Simonds J, Duncan PJ, Curtis CE, Robinson DO,
Harvey JF, Cross NC. Dosage analysis of cancer predisposition genes by multiplex ligation-dependent probe amplification. Br J Cancer 2004; 91: 1155-1159 [PMID: 15475941 DOI:
10.1038/sj.bjc.6602121]
Pilarski RT, Brothman AR, Benn P, Shulman Rosengren S.

WJG|www.wjgnet.com

74

75

76

77

78

79

80

81

82

83

84

85

86

9841

Attenuated familial adenomatous polyposis in a man with
an interstitial deletion of chromosome arm 5q. Am J Med
Genet 1999; 86: 321-324 [PMID: 10494086]
Heald B, Moran R, Milas M, Burke C, Eng C. Familial adenomatous polyposis in a patient with unexplained mental
retardation. Nat Clin Pract Neurol 2007; 3: 694-700 [PMID:
18046442 DOI: 10.1038/ncpneuro0658]
Romero-Giménez J, Dopeso H, Blanco I, Guerra-Moreno A,
Gonzalez S, Vogt S, Aretz S, Schwartz S, Capella G, Arango
D. Germline hypermethylation of the APC promoter is not a
frequent cause of familial adenomatous polyposis in APC/
MUTYH mutation negative families. Int J Cancer 2008; 122:
1422-1425 [PMID: 18027849 DOI: 10.1002/ijc.23247]
Castellsagué E, González S, Guinó E, Stevens KN, Borràs
E, Raymond VM, Lázaro C, Blanco I, Gruber SB, Capellá G.
Allele-specific expression of APC in adenomatous polyposis
families. Gastroenterology 2010; 139: 439-447, 447.e1 [PMID:
20434453]
Spier I, Horpaopan S, Vogt S, Uhlhaas S, Morak M, Stienen
D, Draaken M, Ludwig M, Holinski-Feder E, Nöthen MM,
Hoffmann P, Aretz S. Deep intronic APC mutations explain
a substantial proportion of patients with familial or early-onset adenomatous polyposis. Hum Mutat 2012; 33: 1045-1050
[PMID: 22431159 DOI: 10.1002/humu.22082]
Kadiyska TK, Todorov TP, Bichev SN, Vazharova RV, Nossikoff AV, Savov AS, Mitev VI. APC promoter 1B deletion
in familial polyposis--implications for mutation-negative
families. Clin Genet 2014; 85: 452-457 [PMID: 23725351 DOI:
10.1111/cge.12210]
Nagase H, Miyoshi Y, Horii A, Aoki T, Ogawa M, Utsunomiya J, Baba S, Sasazuki T, Nakamura Y. Correlation between the location of germ-line mutations in the APC gene
and the number of colorectal polyps in familial adenomatous
polyposis patients. Cancer Res 1992; 52: 4055-4057 [PMID:
1319838]
van der Luijt RB, Vasen HF, Tops CM, Breukel C, Fodde R,
Meera Khan P. APC mutation in the alternatively spliced
region of exon 9 associated with late onset familial adenomatous polyposis. Hum Genet 1995; 96: 705-710 [PMID: 8522331
DOI: 10.1007/BF00210303]
Friedl W, Meuschel S, Caspari R, Lamberti C, Krieger S,
Sengteller M, Propping P. Attenuated familial adenomatous
polyposis due to a mutation in the 3’ part of the APC gene.
A clue for understanding the function of the APC protein.
Hum Genet 1996; 97: 579-584 [PMID: 8655134 DOI: 10.1007/
BF02281864]
Walon C, Kartheuser A, Michils G, Smaers M, Lannoy
N, Ngounou P, Mertens G, Verellen-Dumoulin C. Novel
germline mutations in the APC gene and their phenotypic
spectrum in familial adenomatous polyposis kindreds. Hum
Genet 1997; 100: 601-605 [PMID: 9341879 DOI: 10.1007/
s004390050560]
Soravia C, Berk T, Madlensky L, Mitri A, Cheng H, Gallinger S, Cohen Z, Bapat B. Genotype-phenotype correlations
in attenuated adenomatous polyposis coli. Am J Hum Genet
1998; 62: 1290-1301 [PMID: 9585611 DOI: 10.1086/301883]
Sieber OM, Segditsas S, Knudsen AL, Zhang J, Luz J, Rowan
AJ, Spain SL, Thirlwell C, Howarth KM, Jaeger EE, Robinson
J, Volikos E, Silver A, Kelly G, Aretz S, Frayling I, Hutter P,
Dunlop M, Guenther T, Neale K, Phillips R, Heinimann K,
Tomlinson IP. Disease severity and genetic pathways in attenuated familial adenomatous polyposis vary greatly but
depend on the site of the germline mutation. Gut 2006; 55:
1440-1448 [PMID: 16461775 DOI: 10.1136/gut.2005.087106]
Friedl W, Aretz S. Familial adenomatous polyposis: experience from a study of 1164 unrelated german polyposis
patients. Hered Cancer Clin Pract 2005; 3: 95-114 [PMID:
20223039 DOI: 10.1186/1897-4287-3-3-95]
Aretz S, Stienen D, Friedrichs N, Stemmler S, Uhlhaas S,
Rahner N, Propping P, Friedl W. Somatic APC mosaicism:

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

87

88

89

90

91

92

93

94

95

96

97

a frequent cause of familial adenomatous polyposis (FAP).
Hum Mutat 2007; 28: 985-992 [PMID: 17486639 DOI: 10.1002/
humu.20549]
Nielsen M, Bik E, Hes FJ, Breuning MH, Vasen HF, Bakker E,
Tops CM, Weiss MM. Genotype-phenotype correlations in
19 Dutch cases with APC gene deletions and a literature review. Eur J Hum Genet 2007; 15: 1034-1042 [PMID: 17568392
DOI: 10.1038/sj.ejhg.5201871]
Farrington SM, Tenesa A, Barnetson R, Wiltshire A, Prendergast J, Porteous M, Campbell H, Dunlop MG. Germline
susceptibility to colorectal cancer due to base-excision repair gene defects. Am J Hum Genet 2005; 77: 112-119 [PMID:
15931596 DOI: 10.1086/431213]
Cleary SP, Cotterchio M, Jenkins MA, Kim H, Bristow R,
Green R, Haile R, Hopper JL, LeMarchand L, Lindor N,
Parfrey P, Potter J, Younghusband B, Gallinger S. Germline MutY human homologue mutations and colorectal
cancer: a multisite case-control study. Gastroenterology
2009; 136: 1251-1260 [PMID: 19245865 DOI: 10.1053/
j.gastro.2008.12.050]
Nielsen M, Joerink-van de Beld MC, Jones N, Vogt S,
Tops CM, Vasen HF, Sampson JR, Aretz S, Hes FJ. Analysis of MUTYH genotypes and colorectal phenotypes in
patients With MUTYH-associated polyposis. Gastroenterology 2009; 136: 471-476 [PMID: 19032956 DOI: 10.1053/
j.gastro.2008.10.056]
Morak M, Laner A, Bacher U, Keiling C, Holinski-Feder
E. MUTYH-associated polyposis - variability of the clinical phenotype in patients with biallelic and monoallelic
MUTYH mutations and report on novel mutations. Clin
Genet 2010; 78: 353-363 [PMID: 20618354 DOI: 10.1111/
j.1399-0004.2010.01478.x]
Out AA, Tops CM, Nielsen M, Weiss MM, van Minderhout
IJ, Fokkema IF, Buisine MP, Claes K, Colas C, Fodde R, Fostira F, Franken PF, Gaustadnes M, Heinimann K, Hodgson
SV, Hogervorst FB, Holinski-Feder E, Lagerstedt-Robinson
K, Olschwang S, van den Ouweland AM, Redeker EJ, Scott
RJ, Vankeirsbilck B, Grønlund RV, Wijnen JT, Wikman FP,
Aretz S, Sampson JR, Devilee P, den Dunnen JT, Hes FJ.
Leiden Open Variation Database of the MUTYH gene. Hum
Mutat 2010; 31: 1205-1215 [PMID: 20725929 DOI: 10.1002/
humu.21343]
Sieber OM, Lipton L, Crabtree M, Heinimann K, Fidalgo
P, Phillips RK, Bisgaard ML, Orntoft TF, Aaltonen LA,
Hodgson SV, Thomas HJ, Tomlinson IP. Multiple colorectal
adenomas, classic adenomatous polyposis, and germ-line
mutations in MYH. N Engl J Med 2003; 348: 791-799 [PMID:
12606733 DOI: 10.1056/NEJMoa025283]
Ponti G, Ponz de Leon M, Maffei S, Pedroni M, Losi L, Di
Gregorio C, Gismondi V, Scarselli A, Benatti P, Roncari B,
Seidenari S, Pellacani G, Varotti C, Prete E, Varesco L, Roncucci L. Attenuated familial adenomatous polyposis and
Muir-Torre syndrome linked to compound biallelic constitutional MYH gene mutations. Clin Genet 2005; 68: 442-447
[PMID: 16207212 DOI: 10.1111/j.1399-0004.2005.00519.x]
Aretz S, Uhlhaas S, Goergens H, Siberg K, Vogel M, Pagenstecher C, Mangold E, Caspari R, Propping P, Friedl W.
MUTYH-associated polyposis: 70 of 71 patients with biallelic
mutations present with an attenuated or atypical phenotype. Int J Cancer 2006; 119: 807-814 [PMID: 16557584 DOI:
10.1002/ijc.21905]
Nielsen M, Poley JW, Verhoef S, van Puijenbroek M, Weiss
MM, Burger GT, Dommering CJ, Vasen HF, Kuipers EJ,
Wagner A, Morreau H, Hes FJ. Duodenal carcinoma in MUTYH-associated polyposis. J Clin Pathol 2006; 59: 1212-1215
[PMID: 16943222 DOI: 10.1136/jcp.2005.031757]
Vogt S, Jones N, Christian D, Engel C, Nielsen M, Kaufmann
A, Steinke V, Vasen HF, Propping P, Sampson JR, Hes FJ,
Aretz S. Expanded extracolonic tumor spectrum in MUTYHassociated polyposis. Gastroenterology 2009; 137: 1976-85.

WJG|www.wjgnet.com

98
99

100

101

102

103

104

105

106

107

108

109

9842

e1-10 [PMID: 19732775]
Nielsen M, Morreau H, Vasen HF, Hes FJ. MUTYH-associated polyposis (MAP). Crit Rev Oncol Hematol 2011; 79: 1-16
[PMID: 20663686 DOI: 10.1016/j.critrevonc.2010.05.011]
Grover S, Kastrinos F, Steyerberg EW, Cook EF, Dewanwala A, Burbidge LA, Wenstrup RJ, Syngal S. Prevalence
and phenotypes of APC and MUTYH mutations in patients
with multiple colorectal adenomas. JAMA 2012; 308: 485-492
[PMID: 22851115 DOI: 10.1001/jama.2012.8780]
Shibutani S, Takeshita M, Grollman AP. Insertion of specific
bases during DNA synthesis past the oxidation-damaged
base 8-oxodG. Nature 1991; 349: 431-434 [PMID: 1992344
DOI: 10.1038/349431a0]
Lipton L, Halford SE, Johnson V, Novelli MR, Jones A,
Cummings C, Barclay E, Sieber O, Sadat A, Bisgaard ML,
Hodgson SV, Aaltonen LA, Thomas HJ, Tomlinson IP. Carcinogenesis in MYH-associated polyposis follows a distinct
genetic pathway. Cancer Res 2003; 63: 7595-7599 [PMID:
14633673]
Nielsen M, de Miranda NF, van Puijenbroek M, Jordanova
ES, Middeldorp A, van Wezel T, van Eijk R, Tops CM, Vasen
HF, Hes FJ, Morreau H. Colorectal carcinomas in MUTYHassociated polyposis display histopathological similarities to
microsatellite unstable carcinomas. BMC Cancer 2009; 9: 184
[PMID: 19527492 DOI: 10.1186/1471-2407-9-184]
van Puijenbroek M, Nielsen M, Tops CM, Halfwerk H,
Vasen HF, Weiss MM, van Wezel T, Hes FJ, Morreau H.
Identification of patients with (atypical) MUTYH-associated
polyposis by KRAS2 c.34G > T prescreening followed by
MUTYH hotspot analysis in formalin-fixed paraffin-embedded tissue. Clin Cancer Res 2008; 14: 139-142 [PMID: 18172263
DOI: 10.1158/1078-0432.CCR-07-1705]
Gismondi V, Meta M, Bonelli L, Radice P, Sala P, Bertario L,
Viel A, Fornasarig M, Arrigoni A, Gentile M, Ponz de Leon M,
Anselmi L, Mareni C, Bruzzi P, Varesco L. Prevalence of the
Y165C, G382D and 1395delGGA germline mutations of the
MYH gene in Italian patients with adenomatous polyposis
coli and colorectal adenomas. Int J Cancer 2004; 109: 680-684
[PMID: 14999774 DOI: 10.1002/ijc.20054]
Nielsen M, Franken PF, Reinards TH, Weiss MM, Wagner
A, van der Klift H, Kloosterman S, Houwing-Duistermaat JJ,
Aalfs CM, Ausems MG, Bröcker-Vriends AH, Gomez Garcia
EB, Hoogerbrugge N, Menko FH, Sijmons RH, Verhoef S,
Kuipers EJ, Morreau H, Breuning MH, Tops CM, Wijnen JT,
Vasen HF, Fodde R, Hes FJ. Multiplicity in polyp count and
extracolonic manifestations in 40 Dutch patients with MYH
associated polyposis coli (MAP). J Med Genet 2005; 42: e54
[PMID: 16140997 DOI: 10.1136/jmg.2005.033217]
Dolwani S, Williams GT, West KP, Newman J, Stock D,
Griffiths AP, Best J, Cheadle JP, Sampson JR. Analysis of inherited MYH/(MutYH) mutations in British Asian patients
with colorectal cancer. Gut 2007; 56: 593 [PMID: 17369389
DOI: 10.1136/gut.2006.094532]
Kim JC, Ka IH, Lee YM, Koo KH, Kim HC, Yu CS, Jang SJ,
Kim YS, Lee HI, Lee KH. MYH, OGG1, MTH1, and APC alterations involved in the colorectal tumorigenesis of Korean
patients with multiple adenomas. Virchows Arch 2007; 450:
311-319 [PMID: 17252231 DOI: 10.1007/s00428-006-0363-6]
Yanaru-Fujisawa R, Matsumoto T, Ushijima Y, Esaki
M, Hirahashi M, Gushima M, Yao T, Nakabeppu Y,
Iida M. Genomic and functional analyses of MUTYH
in Japanese patients with adenomatous polyposis. Clin
Genet 2008; 73: 545-553 [PMID: 18422726 DOI: 10.1111/
j.1399-0004.2008.00998.x]
Gómez-Fernández N, Castellví-Bel S, Fernández-Rozadilla
C, Balaguer F, Muñoz J, Madrigal I, Milà M, Graña B, Vega A,
Castells A, Carracedo A, Ruiz-Ponte C. Molecular analysis of
the APC and MUTYH genes in Galician and Catalonian FAP
families: a different spectrum of mutations? BMC Med Genet
2009; 10: 57 [PMID: 19531215 DOI: 10.1186/1471-2350-10-57]

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition
110 Prior TW, Bridgeman SJ. Identifying mutations for MYHassociated polyposis. Curr Protoc Hum Genet 2010; Chapter
10: Unit 10.13 [PMID: 20063264]
111 Abdelmaksoud-Dammak R, Miladi-Abdennadher I,
Amouri A, Tahri N, Ayadi L, Khabir A, Frikha F, Gargouri A,
Mokdad-Gargouri R. High prevalence of the c.1227_1228dup
(p.Glu410GlyfsX43) mutation in Tunisian families affected
with MUTYH-associated-polyposis. Fam Cancer 2012; 11:
503-508 [PMID: 22744763 DOI: 10.1007/s10689-012-9543-5]
112 Palles C, Cazier JB, Howarth KM, Domingo E, Jones AM,
Broderick P, Kemp Z, Spain SL, Guarino E, Salguero I,
Sherborne A, Chubb D, Carvajal-Carmona LG, Ma Y, Kaur
K, Dobbins S, Barclay E, Gorman M, Martin L, Kovac MB,
Humphray S, Lucassen A, Holmes CC, Bentley D, Donnelly
P, Taylor J, Petridis C, Roylance R, Sawyer EJ, Kerr DJ, Clark
S, Grimes J, Kearsey SE, Thomas HJ, McVean G, Houlston
RS, Tomlinson I. Germline mutations affecting the proofreading domains of POLE and POLD1 predispose to colorectal adenomas and carcinomas. Nat Genet 2013; 45: 136-144
[PMID: 23263490]
113 Valle L, Hernández-Illán E, Bellido F, Aiza G, Castillejo A,
Castillejo MI, Navarro M, Seguí N, Vargas G, Guarinos C,
Juarez M, Sanjuán X, Iglesias S, Alenda C, Egoavil C, Segura
A, Juan MJ, Rodriguez-Soler M, Brunet J, González S, Jover
R, Lázaro C, Capellá G, Pineda M, Soto JL, Blanco I. New
insights into POLE and POLD1 germline mutations in familial colorectal cancer and polyposis. Hum Mol Genet 2014; 23:
3506-3512 [PMID: 24501277 DOI: 10.1093/hmg/ddu058]
114 Donehower LA, Creighton CJ, Schultz N, Shinbrot E, Chang
K, Gunaratne PH, Muzny D, Sander C, Hamilton SR, Gibbs
RA, Wheeler D. MLH1-silenced and non-silenced subgroups
of hypermutated colorectal carcinomas have distinct mutational landscapes. J Pathol 2013; 229: 99-110 [PMID: 22899370
DOI: 10.1002/path.4087]
115 Church DN, Briggs SE, Palles C, Domingo E, Kearsey SJ,
Grimes JM, Gorman M, Martin L, Howarth KM, Hodgson
SV, Kaur K, Taylor J, Tomlinson IP. DNA polymerase ε and
δ exonuclease domain mutations in endometrial cancer.
Hum Mol Genet 2013; 22: 2820-2828 [PMID: 23528559 DOI:
10.1093/hmg/ddt131]
116 Briggs S, Tomlinson I. Germline and somatic polymerase
epsilon and delta mutations define a new class of hypermutated colorectal and endometrial cancers. J Pathol 2013; 230:
148-153 [PMID: 23447401 DOI: 10.1002/path.4185]
117 Whitelaw SC, Murday VA, Tomlinson IP, Thomas HJ, Cottrell S, Ginsberg A, Bukofzer S, Hodgson SV, Skudowitz RB,
Jass JR, Talbot IC, Northover JM, Bodmer WF, Solomon E.
Clinical and molecular features of the hereditary mixed polyposis syndrome. Gastroenterology 1997; 112: 327-334 [PMID:
9024286 DOI: 10.1053/gast.1997.v112.pm9024286]
118 Tomlinson I, Rahman N, Frayling I, Mangion J, Barfoot
R, Hamoudi R, Seal S, Northover J, Thomas HJ, Neale K,
Hodgson S, Talbot I, Houlston R, Stratton MR. Inherited
susceptibility to colorectal adenomas and carcinomas: evidence for a new predisposition gene on 15q14-q22. Gastroenterology 1999; 116: 789-795 [PMID: 10092300 DOI: 10.1016/
S0016-5085(99)70061-2]
119 Jaeger EE, Woodford-Richens KL, Lockett M, Rowan AJ,
Sawyer EJ, Heinimann K, Rozen P, Murday VA, Whitelaw
SC, Ginsberg A, Atkin WS, Lynch HT, Southey MC, Debinski H, Eng C, Bodmer WF, Talbot IC, Hodgson SV, Thomas
HJ, Tomlinson IP. An ancestral Ashkenazi haplotype at the
HMPS/CRAC1 locus on 15q13-q14 is associated with hereditary mixed polyposis syndrome. Am J Hum Genet 2003;
72: 1261-1267 [PMID: 12696020 DOI: 10.1086/375144]
120 Jaeger E, Webb E, Howarth K, Carvajal-Carmona L, Rowan
A, Broderick P, Walther A, Spain S, Pittman A, Kemp Z, Sullivan K, Heinimann K, Lubbe S, Domingo E, Barclay E, Martin L, Gorman M, Chandler I, Vijayakrishnan J, Wood W, Papaemmanuil E, Penegar S, Qureshi M, Farrington S, Tenesa

WJG|www.wjgnet.com

121

122
123

124

125

126
127

128

129

130

131

132

133

9843

A, Cazier JB, Kerr D, Gray R, Peto J, Dunlop M, Campbell H,
Thomas H, Houlston R, Tomlinson I. Common genetic variants at the CRAC1 (HMPS) locus on chromosome 15q13.3
influence colorectal cancer risk. Nat Genet 2008; 40: 26-28
[PMID: 18084292 DOI: 10.1038/ng.2007.41]
Jaeger E, Leedham S, Lewis A, Segditsas S, Becker M,
Cuadrado PR, Davis H, Kaur K, Heinimann K, Howarth K,
East J, Taylor J, Thomas H, Tomlinson I. Hereditary mixed
polyposis syndrome is caused by a 40-kb upstream duplication that leads to increased and ectopic expression of the
BMP antagonist GREM1. Nat Genet 2012; 44: 699-703 [PMID:
22561515 DOI: 10.1038/ng.2263]
Gatalica Z, Torlakovic E. Pathology of the hereditary
colorectal carcinoma. Fam Cancer 2008; 7: 15-26 [PMID:
17564815 DOI: 10.1007/s10689-007-9146-8]
Sachatello CR, Hahn IS, Carrington CB. Juvenile gastrointestinal polyposis in a female infant: report of a case and review
of the literature of a recently recognized syndrome. Surgery
1974; 75: 107-114 [PMID: 4543470]
Jass JR, Williams CB, Bussey HJ, Morson BC. Juvenile
polyposis--a precancerous condition. Histopathology 1988;
13: 619-630 [PMID: 2853131 DOI: 10.1111/j.1365-2559.1988.
tb02093.x]
Giardiello FM, Hamilton SR, Kern SE, Offerhaus GJ, Green
PA, Celano P, Krush AJ, Booker SV. Colorectal neoplasia in
juvenile polyposis or juvenile polyps. Arch Dis Child 1991; 66:
971-975 [PMID: 1656892 DOI: 10.1136/adc.66.8.971]
Howe JR, Mitros FA, Summers RW. The risk of gastrointestinal carcinoma in familial juvenile polyposis. Ann Surg Oncol
1998; 5: 751-756 [PMID: 9869523 DOI: 10.1007/BF02303487]
Sayed MG, Ahmed AF, Ringold JR, Anderson ME, Bair JL,
Mitros FA, Lynch HT, Tinley ST, Petersen GM, Giardiello
FM, Vogelstein B, Howe JR. Germline SMAD4 or BMPR1A
mutations and phenotype of juvenile polyposis. Ann Surg
Oncol 2002; 9: 901-906 [PMID: 12417513 DOI: 10.1007/
BF02557528]
Howe JR, Sayed MG, Ahmed AF, Ringold J, Larsen-Haidle
J, Merg A, Mitros FA, Vaccaro CA, Petersen GM, Giardiello
FM, Tinley ST, Aaltonen LA, Lynch HT. The prevalence
of MADH4 and BMPR1A mutations in juvenile polyposis
and absence of BMPR2, BMPR1B, and ACVR1 mutations. J
Med Genet 2004; 41: 484-491 [PMID: 15235019 DOI: 10.1136/
jmg.2004.018598]
Friedl W, Uhlhaas S, Schulmann K, Stolte M, Loff S, Back W,
Mangold E, Stern M, Knaebel HP, Sutter C, Weber RG, Pistorius S, Burger B, Propping P. Juvenile polyposis: massive
gastric polyposis is more common in MADH4 mutation carriers than in BMPR1A mutation carriers. Hum Genet 2002; 111:
108-111 [PMID: 12136244 DOI: 10.1007/s00439-002-0748-9]
O’Malley M, LaGuardia L, Kalady MF, Parambil J, Heald
B, Eng C, Church J, Burke CA. The prevalence of hereditary
hemorrhagic telangiectasia in juvenile polyposis syndrome.
Dis Colon Rectum 2012; 55: 886-892 [PMID: 22810475 DOI:
10.1097/DCR.0b013e31825aad32]
Sweet K, Willis J, Zhou XP, Gallione C, Sawada T, Alhopuro
P, Khoo SK, Patocs A, Martin C, Bridgeman S, Heinz J, Pilarski R, Lehtonen R, Prior TW, Frebourg T, Teh BT, Marchuk
DA, Aaltonen LA, Eng C. Molecular classification of patients
with unexplained hamartomatous and hyperplastic polyposis. JAMA 2005; 294: 2465-2473 [PMID: 16287957 DOI:
10.1001/jama.294.19.2465]
Gallione CJ, Repetto GM, Legius E, Rustgi AK, Schelley SL,
Tejpar S, Mitchell G, Drouin E, Westermann CJ, Marchuk
DA. A combined syndrome of juvenile polyposis and hereditary haemorrhagic telangiectasia associated with mutations in MADH4 (SMAD4). Lancet 2004; 363: 852-859 [PMID:
15031030 DOI: 10.1016/S0140-6736(04)15732-2]
Howe JR, Haidle JL, Lal G, Bair J, Song C, Pechman B, Chinnathambi S, Lynch HT. ENG mutations in MADH4/BMPR1A mutation negative patients with juvenile polyposis.

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

134

135

136

137

138
139

140

141

142

143

144

145

146

Clin Genet 2007; 71: 91-92 [PMID: 17204053 DOI: 10.1111/
j.1399-0004.2007.00734.x]
van Hattem WA, Brosens LA, de Leng WW, Morsink FH,
Lens S, Carvalho R, Giardiello FM, Offerhaus GJ. Large
genomic deletions of SMAD4, BMPR1A and PTEN in juvenile polyposis. Gut 2008; 57: 623-627 [PMID: 18178612 DOI:
10.1136/gut.2007.142927]
Eng C, Ji H. Molecular classification of the inherited hamartoma polyposis syndromes: clearing the muddied waters.
Am J Hum Genet 1998; 62: 1020-1022 [PMID: 9545417 DOI:
10.1086/301847]
Dahdaleh FS, Carr JC, Calva D, Howe JR. Juvenile polyposis
and other intestinal polyposis syndromes with microdeletions of chromosome 10q22-23. Clin Genet 2012; 81: 110-116
[PMID: 21834858 DOI: 10.1111/j.1399-0004.2011.01763.x]
Beggs AD, Latchford AR, Vasen HF, Moslein G, Alonso A,
Aretz S, Bertario L, Blanco I, Bülow S, Burn J, Capella G,
Colas C, Friedl W, Møller P, Hes FJ, Järvinen H, Mecklin JP,
Nagengast FM, Parc Y, Phillips RK, Hyer W, Ponz de Leon M,
Renkonen-Sinisalo L, Sampson JR, Stormorken A, Tejpar S,
Thomas HJ, Wijnen JT, Clark SK, Hodgson SV. Peutz-Jeghers
syndrome: a systematic review and recommendations for
management. Gut 2010; 59: 975-986 [PMID: 20581245 DOI:
10.1136/gut.2009.198499]
Erbe RW. Inherited gastrointestinal-polyposis syndromes. N
Engl J Med 1976; 294: 1101-1104 [PMID: 768769 DOI: 10.1056/
NEJM197605132942007]
Higham P, Alawi F, Stoopler ET. Medical management
update: Peutz Jeghers syndrome. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2010; 109: 5-11 [PMID: 20123375
DOI: 10.1016/j.tripleo.2009.08.022]
Boardman LA, Thibodeau SN, Schaid DJ, Lindor NM, McDonnell SK, Burgart LJ, Ahlquist DA, Podratz KC, Pittelkow
M, Hartmann LC. Increased risk for cancer in patients with
the Peutz-Jeghers syndrome. Ann Intern Med 1998; 128:
896-899 [PMID: 9634427 DOI: 10.7326/0003-4819-128-11-1998
06010-00004]
Choi HS, Park YJ, Youk EG, Yoon KA, Ku JL, Kim NK, Kim
SM, Kim YJ, Moon DJ, Min JS, Park CJ, Bae OS, Yang DH,
Jun SH, Chung ES, Jung PM, Whang Y, Park JG. Clinical
characteristics of Peutz-Jeghers syndrome in Korean polyposis patients. Int J Colorectal Dis 2000; 15: 35-38 [PMID:
10766089 DOI: 10.1007/s003840050005]
Lim W, Olschwang S, Keller JJ, Westerman AM, Menko FH,
Boardman LA, Scott RJ, Trimbath J, Giardiello FM, Gruber
SB, Gille JJ, Offerhaus GJ, de Rooij FW, Wilson JH, Spigelman AD, Phillips RK, Houlston RS. Relative frequency and
morphology of cancers in STK11 mutation carriers. Gastroenterology 2004; 126: 1788-1794 [PMID: 15188174 DOI: 10.1053/
j.gastro.2004.03.014]
Hearle N, Schumacher V, Menko FH, Olschwang S, Boardman LA, Gille JJ, Keller JJ, Westerman AM, Scott RJ, Lim
W, Trimbath JD, Giardiello FM, Gruber SB, Offerhaus GJ,
de Rooij FW, Wilson JH, Hansmann A, Möslein G, RoyerPokora B, Vogel T, Phillips RK, Spigelman AD, Houlston RS.
Frequency and spectrum of cancers in the Peutz-Jeghers syndrome. Clin Cancer Res 2006; 12: 3209-3215 [PMID: 16707622
DOI: 10.1158/1078-0432.CCR-06-0083]
Young RH. Sex cord-stromal tumors of the ovary and testis:
their similarities and differences with consideration of selected problems. Mod Pathol 2005; 18 Suppl 2: S81-S98 [PMID:
15502809 DOI: 10.1038/modpathol.3800311]
Aretz S, Stienen D, Uhlhaas S, Loff S, Back W, Pagenstecher
C, McLeod DR, Graham GE, Mangold E, Santer R, Propping P, Friedl W. High proportion of large genomic STK11
deletions in Peutz-Jeghers syndrome. Hum Mutat 2005; 26:
513-519 [PMID: 16287113 DOI: 10.1002/humu.20253]
Mester J, Eng C. When overgrowth bumps into cancer: the
PTEN-opathies. Am J Med Genet C Semin Med Genet 2013;
163C: 114-121 [PMID: 23613428 DOI: 10.1002/ajmg.c.31364]

WJG|www.wjgnet.com

147 Orloff MS, Eng C. Genetic and phenotypic heterogeneity in
the PTEN hamartoma tumour syndrome. Oncogene 2008; 27:
5387-5397 [PMID: 18794875 DOI: 10.1038/onc.2008.237]
148 Tan MH, Mester J, Peterson C, Yang Y, Chen JL, Rybicki LA,
Milas K, Pederson H, Remzi B, Orloff MS, Eng C. A clinical
scoring system for selection of patients for PTEN mutation testing is proposed on the basis of a prospective study
of 3042 probands. Am J Hum Genet 2011; 88: 42-56 [PMID:
21194675 DOI: 10.1016/j.ajhg.2010.11.013]
149 Lachlan KL, Lucassen AM, Bunyan D, Temple IK. Cowden
syndrome and Bannayan Riley Ruvalcaba syndrome represent one condition with variable expression and age-related
penetrance: results of a clinical study of PTEN mutation
carriers. J Med Genet 2007; 44: 579-585 [PMID: 17526800 DOI:
10.1136/jmg.2007.049981]
150 Tan MH, Mester JL, Ngeow J, Rybicki LA, Orloff MS, Eng
C. Lifetime cancer risks in individuals with germline PTEN
mutations. Clin Cancer Res 2012; 18: 400-407 [PMID: 22252256
DOI: 10.1158/1078-0432.CCR-11-2283]
151 Nieuwenhuis MH, Kets CM, Murphy-Ryan M, Yntema HG,
Evans DG, Colas C, Møller P, Hes FJ, Hodgson SV, Olderode-Berends MJ, Aretz S, Heinimann K, Gómez García EB,
Douglas F, Spigelman A, Timshel S, Lindor NM, Vasen HF.
Cancer risk and genotype-phenotype correlations in PTEN
hamartoma tumor syndrome. Fam Cancer 2014; 13: 57-63
[PMID: 23934601 DOI: 10.1007/s10689-013-9674-3]
152 Goffin A, Hoefsloot LH, Bosgoed E, Swillen A, Fryns JP.
PTEN mutation in a family with Cowden syndrome and
autism. Am J Med Genet 2001; 105: 521-524 [PMID: 11496368
DOI: 10.1002/ajmg.1477]
153 Herman GE, Butter E, Enrile B, Pastore M, Prior TW, Sommer A. Increasing knowledge of PTEN germline mutations:
Two additional patients with autism and macrocephaly.
Am J Med Genet A 2007; 143: 589-593 [PMID: 17286265 DOI:
10.1002/ajmg.a.31619]
154 Herman GE, Henninger N, Ratliff-Schaub K, Pastore M,
Fitzgerald S, McBride KL. Genetic testing in autism: how
much is enough? Genet Med 2007; 9: 268-274 [PMID: 17505203
DOI: 10.1097/GIM.0b013e31804d683b]
155 Orrico A, Galli L, Buoni S, Orsi A, Vonella G, Sorrentino V.
Novel PTEN mutations in neurodevelopmental disorders
and macrocephaly. Clin Genet 2009; 75: 195-198 [PMID:
18759867 DOI: 10.1111/j.1399-0004.2008.01074.x]
156 Varga EA, Pastore M, Prior T, Herman GE, McBride KL. The
prevalence of PTEN mutations in a clinical pediatric cohort
with autism spectrum disorders, developmental delay, and
macrocephaly. Genet Med 2009; 11: 111-117 [PMID: 19265751
DOI: 10.1097/GIM.0b013e31818fd762]
157 Bennett KL, Mester J, Eng C. Germline epigenetic regulation of KILLIN in Cowden and Cowden-like syndrome.
JAMA 2010; 304: 2724-2731 [PMID: 21177507 DOI: 10.1001/
jama.2010.1877]
158 Thompson BA, Spurdle AB, Plazzer JP, Greenblatt MS,
Akagi K, Al-Mulla F, Bapat B, Bernstein I, Capellá G, den
Dunnen JT, du Sart D, Fabre A, Farrell MP, Farrington SM,
Frayling IM, Frebourg T, Goldgar DE, Heinen CD, HolinskiFeder E, Kohonen-Corish M, Robinson KL, Leung SY, Martins A, Moller P, Morak M, Nystrom M, Peltomaki P, Pineda
M, Qi M, Ramesar R, Rasmussen LJ, Royer-Pokora B, Scott
RJ, Sijmons R, Tavtigian SV, Tops CM, Weber T, Wijnen J,
Woods MO, Macrae F, Genuardi M. Application of a 5-tiered
scheme for standardized classification of 2,360 unique mismatch repair gene variants in the InSiGHT locus-specific
database. Nat Genet 2014; 46: 107-115 [PMID: 24362816]
159 Hofstra RM, Spurdle AB, Eccles D, Foulkes WD, de Wind N,
Hoogerbrugge N, Hogervorst FB. Tumor characteristics as
an analytic tool for classifying genetic variants of uncertain
clinical significance. Hum Mutat 2008; 29: 1292-1303 [PMID:
18951447 DOI: 10.1002/humu.20894]
160 Menéndez M, González S, Obrador-Hevia A, Domínguez

9844

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

161

162

163

164

165

166
167

168

169
170

171

172

173

A, Pujol MJ, Valls J, Canela N, Blanco I, Torres A, PinedaLucena A, Moreno V, Bachs O, Capellá G. Functional characterization of the novel APC N1026S variant associated
with attenuated familial adenomatous polyposis. Gastroenterology 2008; 134: 56-64 [PMID: 18166348 DOI: 10.1053/
j.gastro.2007.10.009]
Perera S, Li B, Tsitsikotas S, Ramyar L, Pollett A, Semotiuk K,
Bapat B. A novel and rapid method of determining the effect
of unclassified MLH1 genetic variants on differential allelic
expression. J Mol Diagn 2010; 12: 757-764 [PMID: 20864636
DOI: 10.2353/jmoldx.2010.090240]
Borràs E, Pineda M, Brieger A, Hinrichsen I, Gómez C,
Navarro M, Balmaña J, Ramón y Cajal T, Torres A, Brunet
J, Blanco I, Plotz G, Lázaro C, Capellá G. Comprehensive
functional assessment of MLH1 variants of unknown significance. Hum Mutat 2012; 33: 1576-1588 [PMID: 22736432 DOI:
10.1002/humu.22142]
Borràs E, Pineda M, Cadiñanos J, Del Valle J, Brieger A, Hinrichsen I, Cabanillas R, Navarro M, Brunet J, Sanjuan X, Musulen E, van der Klift H, Lázaro C, Plotz G, Blanco I, Capellá
G. Refining the role of PMS2 in Lynch syndrome: germline
mutational analysis improved by comprehensive assessment
of variants. J Med Genet 2013; 50: 552-563 [PMID: 23709753
DOI: 10.1136/jmedgenet-2012-101511]
Heinen CD, Juel Rasmussen L. Determining the functional
significance of mismatch repair gene missense variants using
biochemical and cellular assays. Hered Cancer Clin Pract 2012;
10: 9 [PMID: 22824075 DOI: 10.1186/1897-4287-10-9]
Dowty JG, Win AK, Buchanan DD, Lindor NM, Macrae FA,
Clendenning M, Antill YC, Thibodeau SN, Casey G, Gallinger S, Marchand LL, Newcomb PA, Haile RW, Young GP,
James PA, Giles GG, Gunawardena SR, Leggett BA, Gattas
M, Boussioutas A, Ahnen DJ, Baron JA, Parry S, Goldblatt J,
Young JP, Hopper JL, Jenkins MA. Cancer risks for MLH1
and MSH2 mutation carriers. Hum Mutat 2013; 34: 490-497
[PMID: 23255516 DOI: 10.1002/humu.22262]
Nilbert M, Timshel S, Bernstein I, Larsen K. Role for genetic anticipation in Lynch syndrome. J Clin Oncol 2009; 27:
360-364 [PMID: 19075283 DOI: 10.1200/JCO.2008.16.1281]
Boonstra PS, Gruber SB, Raymond VM, Huang SC, Timshel
S, Nilbert M, Mukherjee B. A review of statistical methods
for testing genetic anticipation: looking for an answer in
Lynch syndrome. Genet Epidemiol 2010; 34: 756-768 [PMID:
20878717 DOI: 10.1002/gepi.20534]
Boonstra PS, Mukherjee B, Taylor JM, Nilbert M, Moreno
V, Gruber SB. Bayesian modeling for genetic anticipation in
presence of mutational heterogeneity: a case study in Lynch
syndrome. Biometrics 2011; 67: 1627-1637 [PMID: 21627626
DOI: 10.1111/j.1541-0420.2011.01607.x]
Gruber SB, Mukherjee B. Anticipation in lynch syndrome:
still waiting for the answer. J Clin Oncol 2009; 27: 326-327
[PMID: 19075261 DOI: 10.1200/JCO.2008.19.1445]
Coolbaugh-Murphy MI, Xu JP, Ramagli LS, Ramagli BC,
Brown BW, Lynch PM, Hamilton SR, Frazier ML, Siciliano
MJ. Microsatellite instability in the peripheral blood leukocytes of HNPCC patients. Hum Mutat 2010; 31: 317-324
[PMID: 20052760 DOI: 10.1002/humu.21190]
Seguí N, Pineda M, Guinó E, Borràs E, Navarro M, Bellido F,
Moreno V, Lázaro C, Blanco I, Capellá G, Valle L. Telomere
length and genetic anticipation in Lynch syndrome. PLoS
One 2013; 8: e61286 [PMID: 23637804]
Timshel S, Therkildsen C, Bendahl PO, Bernstein I, Nilbert
M. An effect from anticipation also in hereditary nonpolyposis colorectal cancer families without identified mutations.
Cancer Epidemiol 2009; 33: 231-234 [PMID: 19748845 DOI:
10.1016/j.canep.2009.06.007]
Peters U, Jiao S, Schumacher FR, Hutter CM, Aragaki AK,
Baron JA, Berndt SI, Bézieau S, Brenner H, Butterbach K,
Caan BJ, Campbell PT, Carlson CS, Casey G, Chan AT,
Chang-Claude J, Chanock SJ, Chen LS, Coetzee GA, Coetzee

WJG|www.wjgnet.com

174

175

176

177

9845

SG, Conti DV, Curtis KR, Duggan D, Edwards T, Fuchs CS,
Gallinger S, Giovannucci EL, Gogarten SM, Gruber SB, Haile
RW, Harrison TA, Hayes RB, Henderson BE, Hoffmeister
M, Hopper JL, Hudson TJ, Hunter DJ, Jackson RD, Jee SH,
Jenkins MA, Jia WH, Kolonel LN, Kooperberg C, Küry S,
Lacroix AZ, Laurie CC, Laurie CA, Le Marchand L, Lemire
M, Levine D, Lindor NM, Liu Y, Ma J, Makar KW, Matsuo K,
Newcomb PA, Potter JD, Prentice RL, Qu C, Rohan T, Rosse
SA, Schoen RE, Seminara D, Shrubsole M, Shu XO, Slattery
ML, Taverna D, Thibodeau SN, Ulrich CM, White E, Xiang Y,
Zanke BW, Zeng YX, Zhang B, Zheng W, Hsu L. Identification of Genetic Susceptibility Loci for Colorectal Tumors in
a Genome-Wide Meta-analysis. Gastroenterology 2013; 144:
799-807.e24 [PMID: 23266556]
Houlston RS, Cheadle J, Dobbins SE, Tenesa A, Jones AM,
Howarth K, Spain SL, Broderick P, Domingo E, Farrington
S, Prendergast JG, Pittman AM, Theodoratou E, Smith CG,
Olver B, Walther A, Barnetson RA, Churchman M, Jaeger
EE, Penegar S, Barclay E, Martin L, Gorman M, Mager R,
Johnstone E, Midgley R, Niittymäki I, Tuupanen S, Colley J,
Idziaszczyk S, Thomas HJ, Lucassen AM, Evans DG, Maher
ER, Maughan T, Dimas A, Dermitzakis E, Cazier JB, Aaltonen
LA, Pharoah P, Kerr DJ, Carvajal-Carmona LG, Campbell H,
Dunlop MG, Tomlinson IP. Meta-analysis of three genomewide association studies identifies susceptibility loci for
colorectal cancer at 1q41, 3q26.2, 12q13.13 and 20q13.33.
Nat Genet 2010; 42: 973-977 [PMID: 20972440 DOI: 10.1038/
ng.670]
Jiao S, Hsu L, Berndt S, Bézieau S, Brenner H, Buchanan
D, Caan BJ, Campbell PT, Carlson CS, Casey G, Chan AT,
Chang-Claude J, Chanock S, Conti DV, Curtis KR, Duggan
D, Gallinger S, Gruber SB, Harrison TA, Hayes RB, Henderson BE, Hoffmeister M, Hopper JL, Hudson TJ, Hutter CM,
Jackson RD, Jenkins MA, Kantor ED, Kolonel LN, Küry S,
Le Marchand L, Lemire M, Newcomb PA, Potter JD, Qu C,
Rosse SA, Schoen RE, Schumacher FR, Seminara D, Slattery ML, Ulrich CM, Zanke BW, Peters U. Genome-wide
search for gene-gene interactions in colorectal cancer. PLoS
One 2012; 7: e52535 [PMID: 23300701 DOI: 10.1371/journal.
pone.0052535]
Dunlop MG, Dobbins SE, Farrington SM, Jones AM, Palles
C, Whiffin N, Tenesa A, Spain S, Broderick P, Ooi LY, Domingo E, Smillie C, Henrion M, Frampton M, Martin L,
Grimes G, Gorman M, Semple C, Ma YP, Barclay E, Prendergast J, Cazier JB, Olver B, Penegar S, Lubbe S, Chander I,
Carvajal-Carmona LG, Ballereau S, Lloyd A, Vijayakrishnan
J, Zgaga L, Rudan I, Theodoratou E, Starr JM, Deary I, Kirac I,
Kovacević D, Aaltonen LA, Renkonen-Sinisalo L, Mecklin JP,
Matsuda K, Nakamura Y, Okada Y, Gallinger S, Duggan DJ,
Conti D, Newcomb P, Hopper J, Jenkins MA, Schumacher F,
Casey G, Easton D, Shah M, Pharoah P, Lindblom A, Liu T,
Smith CG, West H, Cheadle JP, Midgley R, Kerr DJ, Campbell H, Tomlinson IP, Houlston RS. Common variation near
CDKN1A, POLD3 and SHROOM2 influences colorectal cancer risk. Nat Genet 2012; 44: 770-776 [PMID: 22634755 DOI:
10.1038/ng.2293]
Tomlinson IP, Webb E, Carvajal-Carmona L, Broderick P,
Howarth K, Pittman AM, Spain S, Lubbe S, Walther A, Sullivan K, Jaeger E, Fielding S, Rowan A, Vijayakrishnan J,
Domingo E, Chandler I, Kemp Z, Qureshi M, Farrington SM,
Tenesa A, Prendergast JG, Barnetson RA, Penegar S, Barclay
E, Wood W, Martin L, Gorman M, Thomas H, Peto J, Bishop
DT, Gray R, Maher ER, Lucassen A, Kerr D, Evans DG,
Schafmayer C, Buch S, Völzke H, Hampe J, Schreiber S, John
U, Koessler T, Pharoah P, van Wezel T, Morreau H, Wijnen
JT, Hopper JL, Southey MC, Giles GG, Severi G, CastellvíBel S, Ruiz-Ponte C, Carracedo A, Castells A, Försti A, Hemminki K, Vodicka P, Naccarati A, Lipton L, Ho JW, Cheng
KK, Sham PC, Luk J, Agúndez JA, Ladero JM, de la Hoya
M, Caldés T, Niittymäki I, Tuupanen S, Karhu A, Aaltonen

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

178

179

180

181

182

183 Broderick P, Carvajal-Carmona L, Pittman AM, Webb E,
Howarth K, Rowan A, Lubbe S, Spain S, Sullivan K, Fielding
S, Jaeger E, Vijayakrishnan J, Kemp Z, Gorman M, Chandler I,
Papaemmanuil E, Penegar S, Wood W, Sellick G, Qureshi M,
Teixeira A, Domingo E, Barclay E, Martin L, Sieber O, Kerr
D, Gray R, Peto J, Cazier JB, Tomlinson I, Houlston RS. A
genome-wide association study shows that common alleles
of SMAD7 influence colorectal cancer risk. Nat Genet 2007;
39: 1315-1317 [PMID: 17934461 DOI: 10.1038/ng.2007.18]
184 Houlston RS. COGENT (COlorectal cancer GENeTics) revisited. Mutagenesis 2012; 27: 143-151 [PMID: 22294761 DOI:
10.1093/mutage/ger059]
185 Hemminki K, Försti A, Bermejo JL. The ‘common diseasecommon variant’ hypothesis and familial risks. PLoS One
2008; 3: e2504 [PMID: 18560565 DOI: 10.1371/journal.
pone.0002504]
186 Hemminki K, Försti A, Lorenzo Bermejo J. New cancer
susceptibility loci: population and familial risks. Int J Cancer 2008; 123: 1726-1729 [PMID: 18623115 DOI: 10.1002/
ijc.23702]
187 Middeldorp A, Jagmohan-Changur S, van Eijk R, Tops
C, Devilee P, Vasen HF, Hes FJ, Houlston R, Tomlinson I,
Houwing-Duistermaat JJ, Wijnen JT, Morreau H, van Wezel
T. Enrichment of low penetrance susceptibility loci in a
Dutch familial colorectal cancer cohort. Cancer Epidemiol
Biomarkers Prev 2009; 18: 3062-3067 [PMID: 19843678 DOI:
10.1158/1055-9965.EPI-09-0601]
188 Niittymäki I, Kaasinen E, Tuupanen S, Karhu A, Järvinen
H, Mecklin JP, Tomlinson IP, Di Bernardo MC, Houlston
RS, Aaltonen LA. Low-penetrance susceptibility variants in
familial colorectal cancer. Cancer Epidemiol Biomarkers Prev
2010; 19: 1478-1483 [PMID: 20501757 DOI: 10.1158/1055-9965.
EPI-09-1320]
189 Ma X, Zhang B, Zheng W. Genetic variants associated with
colorectal cancer risk: comprehensive research synopsis,
meta-analysis, and epidemiological evidence. Gut 2014; 63:
326-336 [PMID: 23946381 DOI: 10.1136/gutjnl-2012-304121]
190 Snover DC. Update on the serrated pathway to colorectal
carcinoma. Hum Pathol 2011; 42: 1-10 [PMID: 20869746 DOI:
10.1016/j.humpath.2010.06.002]
191 Kalady MF, Jarrar A, Leach B, LaGuardia L, O’Malley
M, Eng C, Church JM. Defining phenotypes and cancer
risk in hyperplastic polyposis syndrome. Dis Colon Rectum 2011; 54: 164-170 [PMID: 21228663 DOI: 10.1007/
DCR.0b013e3181fd4c15]
192 Carvajal-Carmona LG, Howarth KM, Lockett M, PolancoEcheverry GM, Volikos E, Gorman M, Barclay E, Martin L,
Jones AM, Saunders B, Guenther T, Donaldson A, Paterson
J, Frayling I, Novelli MR, Phillips R, Thomas HJ, Silver A,
Atkin W, Tomlinson IP. Molecular classification and genetic
pathways in hyperplastic polyposis syndrome. J Pathol 2007;
212: 378-385 [PMID: 17503413 DOI: 10.1002/path.2187]
193 Buchanan DD, Sweet K, Drini M, Jenkins MA, Win AK,
English DR, Walsh MD, Clendenning M, McKeone DM,
Walters RJ, Roberts A, Pearson SA, Pavluk E, Hopper JL,
Gattas MR, Goldblatt J, George J, Suthers GK, Phillips KD,
Woodall S, Arnold J, Tucker K, Muir A, Field M, Greening S,
Gallinger S, Perrier R, Baron JA, Potter JD, Haile R, Frankel
W, de la Chapelle A, Macrae F, Rosty C, Walker NI, Parry S,
Young JP. Risk factors for colorectal cancer in patients with
multiple serrated polyps: a cross-sectional case series from
genetics clinics. PLoS One 2010; 5: e11636 [PMID: 20661287
DOI: 10.1371/journal.pone.0011636]
194 Buchanan DD, Sweet K, Drini M, Jenkins MA, Win AK,
Gattas M, Walsh MD, Clendenning M, McKeone D, Walters
R, Roberts A, Young A, Hampel H, Hopper JL, Goldblatt J,
George J, Suthers GK, Phillips K, Young GP, Chow E, Parry
S, Woodall S, Tucker K, Muir A, Field M, Greening S, Gallinger S, Green J, Woods MO, Spaetgens R, de la Chapelle A,
Macrae F, Walker NI, Jass JR, Young JP. Phenotypic diversity

L, Cazier JB, Campbell H, Dunlop MG, Houlston RS. A genome-wide association study identifies colorectal cancer susceptibility loci on chromosomes 10p14 and 8q23.3. Nat Genet
2008; 40: 623-630 [PMID: 18372905 DOI: 10.1038/ng.111]
Tomlinson I, Webb E, Carvajal-Carmona L, Broderick P,
Kemp Z, Spain S, Penegar S, Chandler I, Gorman M, Wood
W, Barclay E, Lubbe S, Martin L, Sellick G, Jaeger E, Hubner
R, Wild R, Rowan A, Fielding S, Howarth K, Silver A, Atkin
W, Muir K, Logan R, Kerr D, Johnstone E, Sieber O, Gray R,
Thomas H, Peto J, Cazier JB, Houlston R. A genome-wide association scan of tag SNPs identifies a susceptibility variant
for colorectal cancer at 8q24.21. Nat Genet 2007; 39: 984-988
[PMID: 17618284 DOI: 10.1038/ng2085]
Zanke BW, Greenwood CM, Rangrej J, Kustra R, Tenesa
A, Farrington SM, Prendergast J, Olschwang S, Chiang T,
Crowdy E, Ferretti V, Laflamme P, Sundararajan S, Roumy S,
Olivier JF, Robidoux F, Sladek R, Montpetit A, Campbell P,
Bezieau S, O’Shea AM, Zogopoulos G, Cotterchio M, Newcomb P, McLaughlin J, Younghusband B, Green R, Green J,
Porteous ME, Campbell H, Blanche H, Sahbatou M, Tubacher E, Bonaiti-Pellié C, Buecher B, Riboli E, Kury S, Chanock
SJ, Potter J, Thomas G, Gallinger S, Hudson TJ, Dunlop MG.
Genome-wide association scan identifies a colorectal cancer
susceptibility locus on chromosome 8q24. Nat Genet 2007; 39:
989-994 [PMID: 17618283 DOI: 10.1038/ng2089]
Tenesa A, Farrington SM, Prendergast JG, Porteous ME,
Walker M, Haq N, Barnetson RA, Theodoratou E, Cetnarskyj
R, Cartwright N, Semple C, Clark AJ, Reid FJ, Smith LA, Kavoussanakis K, Koessler T, Pharoah PD, Buch S, Schafmayer
C, Tepel J, Schreiber S, Völzke H, Schmidt CO, Hampe J,
Chang-Claude J, Hoffmeister M, Brenner H, Wilkening S,
Canzian F, Capella G, Moreno V, Deary IJ, Starr JM, Tomlinson IP, Kemp Z, Howarth K, Carvajal-Carmona L, Webb E,
Broderick P, Vijayakrishnan J, Houlston RS, Rennert G, Ballinger D, Rozek L, Gruber SB, Matsuda K, Kidokoro T, Nakamura Y, Zanke BW, Greenwood CM, Rangrej J, Kustra R,
Montpetit A, Hudson TJ, Gallinger S, Campbell H, Dunlop
MG. Genome-wide association scan identifies a colorectal
cancer susceptibility locus on 11q23 and replicates risk loci at
8q24 and 18q21. Nat Genet 2008; 40: 631-637 [PMID: 18372901
DOI: 10.1038/ng.133]
Peters U, Hutter CM, Hsu L, Schumacher FR, Conti DV,
Carlson CS, Edlund CK, Haile RW, Gallinger S, Zanke BW,
Lemire M, Rangrej J, Vijayaraghavan R, Chan AT, Hazra A,
Hunter DJ, Ma J, Fuchs CS, Giovannucci EL, Kraft P, Liu Y,
Chen L, Jiao S, Makar KW, Taverna D, Gruber SB, Rennert
G, Moreno V, Ulrich CM, Woods MO, Green RC, Parfrey PS,
Prentice RL, Kooperberg C, Jackson RD, Lacroix AZ, Caan
BJ, Hayes RB, Berndt SI, Chanock SJ, Schoen RE, ChangClaude J, Hoffmeister M, Brenner H, Frank B, Bézieau S,
Küry S, Slattery ML, Hopper JL, Jenkins MA, Le Marchand
L, Lindor NM, Newcomb PA, Seminara D, Hudson TJ, Duggan DJ, Potter JD, Casey G. Meta-analysis of new genomewide association studies of colorectal cancer risk. Hum
Genet 2012; 131: 217-234 [PMID: 21761138 DOI: 10.1007/
s00439-011-1055-0]
Houlston RS, Webb E, Broderick P, Pittman AM, Di Bernardo MC, Lubbe S, Chandler I, Vijayakrishnan J, Sullivan K,
Penegar S, Carvajal-Carmona L, Howarth K, Jaeger E, Spain
SL, Walther A, Barclay E, Martin L, Gorman M, Domingo
E, Teixeira AS, Kerr D, Cazier JB, Niittymäki I, Tuupanen S,
Karhu A, Aaltonen LA, Tomlinson IP, Farrington SM, Tenesa A, Prendergast JG, Barnetson RA, Cetnarskyj R, Porteous
ME, Pharoah PD, Koessler T, Hampe J, Buch S, Schafmayer C,
Tepel J, Schreiber S, Völzke H, Chang-Claude J, Hoffmeister
M, Brenner H, Zanke BW, Montpetit A, Hudson TJ, Gallinger S, Campbell H, Dunlop MG. Meta-analysis of genomewide association data identifies four new susceptibility loci
for colorectal cancer. Nat Genet 2008; 40: 1426-1435 [PMID:
19011631 DOI: 10.1038/ng.262]

WJG|www.wjgnet.com

9846

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

195

196

197

198

199

200

201

202

203

204
205

206

207 Heald B, Mester J, Rybicki L, Orloff MS, Burke CA, Eng C.
Frequent gastrointestinal polyps and colorectal adenocarcinomas in a prospective series of PTEN mutation carriers.
Gastroenterology 2010; 139: 1927-1933 [PMID: 20600018 DOI:
10.1053/j.gastro.2010.06.061]
208 Mongin C, Coulet F, Lefevre JH, Colas C, Svrcek M, Eyries
M, Lahely Y, Fléjou JF, Soubrier F, Parc Y. Unexplained polyposis: a challenge for geneticists, pathologists and gastroenterologists. Clin Genet 2012; 81: 38-46 [PMID: 21476993 DOI:
10.1111/j.1399-0004.2011.01676.x]
209 Clendenning M, Young JP, Walsh MD, Woodall S, Arnold J,
Jenkins M, Win AK, Hopper JL, Sweet K, Gallinger S, Rosty C,
Parry S, Buchanan DD. Germline Mutations in the PolyposisAssociated Genes BMPR1A, SMAD4, PTEN, MUTYH and
GREM1 Are Not Common in Individuals with Serrated Polyposis Syndrome. PLoS One 2013; 8: e66705 [PMID: 23805267
DOI: 10.1371/journal.pone.0066705]
210 Samowitz WS, Albertsen H, Sweeney C, Herrick J, Caan
BJ, Anderson KE, Wolff RK, Slattery ML. Association of
smoking, CpG island methylator phenotype, and V600E
BRAF mutations in colon cancer. J Natl Cancer Inst 2006; 98:
1731-1738 [PMID: 17148775 DOI: 10.1093/jnci/djj468]
211 Walker RG, Landmann JK, Hewett DG, Worthley DL, Buttenshaw RL, Knight N, Webb PM, Whiteman DC, Whitehall
VL, Leggett BA. Hyperplastic polyposis syndrome is associated with cigarette smoking, which may be a modifiable
risk factor. Am J Gastroenterol 2010; 105: 1642-1647 [PMID:
20125129 DOI: 10.1038/ajg.2009.757]
212 Wallace K, Grau MV, Ahnen D, Snover DC, Robertson DJ,
Mahnke D, Gui J, Barry EL, Summers RW, McKeown-Eyssen
G, Haile RW, Baron JA. The association of lifestyle and
dietary factors with the risk for serrated polyps of the colorectum. Cancer Epidemiol Biomarkers Prev 2009; 18: 2310-2317
[PMID: 19661090 DOI: 10.1158/1055-9965.EPI-09-0211]
213 Lindor NM, Rabe K, Petersen GM, Haile R, Casey G, Baron
J, Gallinger S, Bapat B, Aronson M, Hopper J, Jass J, LeMarchand L, Grove J, Potter J, Newcomb P, Terdiman JP,
Conrad P, Moslein G, Goldberg R, Ziogas A, Anton-Culver
H, de Andrade M, Siegmund K, Thibodeau SN, Boardman
LA, Seminara D. Lower cancer incidence in Amsterdam-I
criteria families without mismatch repair deficiency: familial
colorectal cancer type X. JAMA 2005; 293: 1979-1985 [PMID:
15855431 DOI: 10.1001/jama.293.16.1979]
214 Llor X, Pons E, Xicola RM, Castells A, Alenda C, Piñol V,
Andreu M, Castellví-Bel S, Payá A, Jover R, Bessa X, Girós
A, Roca A, Gassull MA. Differential features of colorectal
cancers fulfilling Amsterdam criteria without involvement
of the mutator pathway. Clin Cancer Res 2005; 11: 7304-7310
[PMID: 16243801 DOI: 10.1158/1078-0432.CCR-05-0965]
215 Mueller-Koch Y, Vogelsang H, Kopp R, Lohse P, Keller
G, Aust D, Muders M, Gross M, Daum J, Schiemann U,
Grabowski M, Scholz M, Kerker B, Becker I, Henke G, Holinski-Feder E. Hereditary non-polyposis colorectal cancer: clinical and molecular evidence for a new entity of hereditary
colorectal cancer. Gut 2005; 54: 1733-1740 [PMID: 15955785
DOI: 10.1136/gut.2004.060905]
216 Valle L, Perea J, Carbonell P, Fernandez V, Dotor AM,
Benitez J, Urioste M. Clinicopathologic and pedigree differences in amsterdam I-positive hereditary nonpolyposis
colorectal cancer families according to tumor microsatellite instability status. J Clin Oncol 2007; 25: 781-786 [PMID:
17228022 DOI: 10.1200/JCO.2006.06.9781]
217 Francisco I, Albuquerque C, Lage P, Belo H, Vitoriano I,
Filipe B, Claro I, Ferreira S, Rodrigues P, Chaves P, Leitão
CN, Pereira AD. Familial colorectal cancer type X syndrome:
two distinct molecular entities? Fam Cancer 2011; 10: 623-631
[PMID: 21837511 DOI: 10.1007/s10689-011-9473-7]
218 Abdel-Rahman WM, Ollikainen M, Kariola R, Järvinen HJ,
Mecklin JP, Nyström-Lahti M, Knuutila S, Peltomäki P. Comprehensive characterization of HNPCC-related colorectal

in patients with multiple serrated polyps: a genetics clinic
study. Int J Colorectal Dis 2010; 25: 703-712 [PMID: 20213458
DOI: 10.1007/s00384-010-0907-8]
Ferrández A, Samowitz W, DiSario JA, Burt RW. Phenotypic
characteristics and risk of cancer development in hyperplastic polyposis: case series and literature review. Am J Gastroenterol 2004; 99: 2012-2018 [PMID: 15447765 DOI: 10.1111/
j.1572-0241.2004.30021.x]
Lage P, Cravo M, Sousa R, Chaves P, Salazar M, Fonseca
R, Claro I, Suspiro A, Rodrigues P, Raposo H, Fidalgo P,
Nobre-Leitão C. Management of Portuguese patients with
hyperplastic polyposis and screening of at-risk first-degree
relatives: a contribution for future guidelines based on a
clinical study. Am J Gastroenterol 2004; 99: 1779-1784 [PMID:
15330918 DOI: 10.1111/j.1572-0241.2004.30178.x]
Chow E, Lipton L, Lynch E, D’Souza R, Aragona C, Hodgkin L, Brown G, Winship I, Barker M, Buchanan D, Cowie S,
Nasioulas S, du Sart D, Young J, Leggett B, Jass J, Macrae F.
Hyperplastic polyposis syndrome: phenotypic presentations
and the role of MBD4 and MYH. Gastroenterology 2006; 131:
30-39 [PMID: 16831587 DOI: 10.1053/j.gastro.2006.03.046]
Rubio CA, Stemme S, Jaramillo E, Lindblom A. Hyperplastic polyposis coli syndrome and colorectal carcinoma.
Endoscopy 2006; 38: 266-270 [PMID: 16528654 DOI: 10.1055/
s-2006-925026]
Boparai KS, Mathus-Vliegen EM, Koornstra JJ, Nagengast
FM, van Leerdam M, van Noesel CJ, Houben M, Cats A, van
Hest LP, Fockens P, Dekker E. Increased colorectal cancer
risk during follow-up in patients with hyperplastic polyposis syndrome: a multicentre cohort study. Gut 2010; 59:
1094-1100 [PMID: 19710031 DOI: 10.1136/gut.2009.185884]
Win AK, Walters RJ, Buchanan DD, Jenkins MA, Sweet K,
Frankel WL, de la Chapelle A, McKeone DM, Walsh MD,
Clendenning M, Pearson SA, Pavluk E, Nagler B, Hopper JL,
Gattas MR, Goldblatt J, George J, Suthers GK, Phillips KD,
Woodall S, Arnold J, Tucker K, Field M, Greening S, Gallinger S, Aronson M, Perrier R, Woods MO, Green JS, Walker
N, Rosty C, Parry S, Young JP. Cancer risks for relatives of
patients with serrated polyposis. Am J Gastroenterol 2012;
107: 770-778 [PMID: 22525305 DOI: 10.1038/ajg.2012.52]
Rosty C, Hewett DG, Brown IS, Leggett BA, Whitehall VL.
Serrated polyps of the large intestine: current understanding
of diagnosis, pathogenesis, and clinical management. J Gastroenterol 2013; 48: 287-302 [PMID: 23208018 DOI: 10.1007/
s00535-012-0720-y]
Rosty C, Walsh MD, Walters RJ, Clendenning M, Pearson
SA, Jenkins MA, Win AK, Hopper JL, Sweet K, Frankel WL,
Aronson M, Gallinger S, Goldblatt J, Tucker K, Greening S,
Gattas MR, Woodall S, Arnold J, Walker NI, Parry S, Young
JP, Buchanan DD. Multiplicity and molecular heterogeneity
of colorectal carcinomas in individuals with serrated polyposis. Am J Surg Pathol 2013; 37: 434-442 [PMID: 23211288 DOI:
10.1097/PAS.0b013e318270f748]
Young J, Jass JR. The case for a genetic predisposition to
serrated neoplasia in the colorectum: hypothesis and review of the literature. Cancer Epidemiol Biomarkers Prev 2006;
15: 1778-1784 [PMID: 17035382 DOI: 10.1158/1055-9965.
EPI-06-0164]
Jasperson KW, Tuohy TM, Neklason DW, Burt RW. Hereditary and familial colon cancer. Gastroenterology 2010; 138:
2044-2058 [PMID: 20420945 DOI: 10.1053/j.gastro.2010.01.054]
Boparai KS, Dekker E, Van Eeden S, Polak MM, Bartelsman
JF, Mathus-Vliegen EM, Keller JJ, van Noesel CJ. Hyperplastic polyps and sessile serrated adenomas as a phenotypic
expression of MYH-associated polyposis. Gastroenterology 2008; 135: 2014-2018 [PMID: 19013464 DOI: 10.1053/
j.gastro.2008.09.020]
Cheah PY. Recent advances in colorectal cancer genetics and
diagnostics. Crit Rev Oncol Hematol 2009; 69: 45-55 [PMID:
18774731 DOI: 10.1016/j.critrevonc.2008.08.001]

WJG|www.wjgnet.com

9847

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition

219

220

221

222

223

224

225

226

227

228

cancers reveals striking molecular features in families with
no germline mismatch repair gene mutations. Oncogene 2005;
24: 1542-1551 [PMID: 15674332 DOI: 10.1038/sj.onc.1208387]
Goel A, Xicola RM, Nguyen TP, Doyle BJ, Sohn VR, Bandipalliam P, Rozek LS, Reyes J, Cordero C, Balaguer F, Castells
A, Jover R, Andreu M, Syngal S, Boland CR, Llor X. Aberrant DNA methylation in hereditary nonpolyposis colorectal
cancer without mismatch repair deficiency. Gastroenterology 2010; 138: 1854-1862 [PMID: 20102720 DOI: 10.1053/
j.gastro.2010.01.035]
Middeldorp A, van Eijk R, Oosting J, Forte GI, van Puijenbroek M, van Nieuwenhuizen M, Corver WE, Ruano
D, Caldes T, Wijnen J, Morreau H, van Wezel T. Increased
frequency of 20q gain and copy-neutral loss of heterozygosity in mismatch repair proficient familial colorectal carcinomas. Int J Cancer 2012; 130: 837-846 [PMID: 21445971 DOI:
10.1002/ijc.26093]
Therkildsen C, Jönsson G, Dominguez-Valentin M, Nissen
A, Rambech E, Halvarsson B, Bernstein I, Borg K, Nilbert M.
Gain of chromosomal region 20q and loss of 18 discriminates
between Lynch syndrome and familial colorectal cancer. Eur
J Cancer 2013; 49: 1226-1235 [PMID: 23245329 DOI: 10.1016/
j.ejca.2012.11.011]
Wiesner GL, Daley D, Lewis S, Ticknor C, Platzer P, Lutterbaugh J, MacMillen M, Baliner B, Willis J, Elston RC,
Markowitz SD. A subset of familial colorectal neoplasia kindreds linked to chromosome 9q22.2-31.2. Proc Natl Acad Sci
USA 2003; 100: 12961-12965 [PMID: 14566058 DOI: 10.1073/
pnas.2132286100]
Kemp ZE, Carvajal-Carmona LG, Barclay E, Gorman M,
Martin L, Wood W, Rowan A, Donohue C, Spain S, Jaeger
E, Evans DG, Maher ER, Bishop T, Thomas H, Houlston R,
Tomlinson I. Evidence of linkage to chromosome 9q22.33
in colorectal cancer kindreds from the United Kingdom.
Cancer Res 2006; 66: 5003-5006 [PMID: 16707420 DOI:
10.1158/0008-5472.CAN-05-4074]
Skoglund J, Djureinovic T, Zhou XL, Vandrovcova J, Renkonen E, Iselius L, Bisgaard ML, Peltomäki P, Lindblom
A. Linkage analysis in a large Swedish family supports the
presence of a susceptibility locus for adenoma and colorectal
cancer on chromosome 9q22.32-31.1. J Med Genet 2006; 43: e7
[PMID: 16467217 DOI: 10.1136/jmg.2005.033928]
Gray-McGuire C, Guda K, Adrianto I, Lin CP, Natale L,
Potter JD, Newcomb P, Poole EM, Ulrich CM, Lindor N,
Goode EL, Fridley BL, Jenkins R, Le Marchand L, Casey G,
Haile R, Hopper J, Jenkins M, Young J, Buchanan D, Gallinger S, Adams M, Lewis S, Willis J, Elston R, Markowitz
SD, Wiesner GL. Confirmation of linkage to and localization of familial colon cancer risk haplotype on chromosome
9q22. Cancer Res 2010; 70: 5409-5418 [PMID: 20551049 DOI:
10.1158/0008-5472.CAN-10-0188]
Neklason DW, Kerber RA, Nilson DB, Anton-Culver H,
Schwartz AG, Griffin CA, Lowery JT, Schildkraut JM, Evans
JP, Tomlinson GE, Strong LC, Miller AR, Stopfer JE, Finkelstein DM, Nadkarni PM, Kasten CH, Mineau GP, Burt RW.
Common familial colorectal cancer linked to chromosome
7q31: a genome-wide analysis. Cancer Res 2008; 68: 8993-8997
[PMID: 18974144 DOI: 10.1158/0008-5472.CAN-08-1376]
Papaemmanuil E, Carvajal-Carmona L, Sellick GS, Kemp Z,
Webb E, Spain S, Sullivan K, Barclay E, Lubbe S, Jaeger E,
Vijayakrishnan J, Broderick P, Gorman M, Martin L, Lucassen A, Bishop DT, Evans DG, Maher ER, Steinke V, Rahner
N, Schackert HK, Goecke TO, Holinski-Feder E, Propping P,
Van Wezel T, Wijnen J, Cazier JB, Thomas H, Houlston RS,
Tomlinson I. Deciphering the genetics of hereditary non-syndromic colorectal cancer. Eur J Hum Genet 2008; 16: 1477-1486
[PMID: 18628789 DOI: 10.1038/ejhg.2008.129]
Picelli S, Vandrovcova J, Jones S, Djureinovic T, Skoglund
J, Zhou XL, Velculescu VE, Vogelstein B, Lindblom A. Genome-wide linkage scan for colorectal cancer susceptibility

WJG|www.wjgnet.com

229

230

231

232

233

234

235

236

237

238

9848

genes supports linkage to chromosome 3q. BMC Cancer 2008;
8: 87 [PMID: 18380902 DOI: 10.1186/1471-2407-8-87]
Neklason DW, Tuohy TM, Stevens J, Otterud B, Baird L,
Kerber RA, Samowitz WS, Kuwada SK, Leppert MF, Burt
RW. Colorectal adenomas and cancer link to chromosome
13q22.1-13q31.3 in a large family with excess colorectal
cancer. J Med Genet 2010; 47: 692-699 [PMID: 20522424 DOI:
10.1136/jmg.2009.076091]
Saunders IW, Ross J, Macrae F, Young GP, Blanco I, Brohede J, Brown G, Brookes D, Lockett T, Molloy PL, Moreno
V, Capella G, Hannan GN. Evidence of linkage to chromosomes 10p15.3-p15.1, 14q24.3-q31.1 and 9q33.3-q34.3 in nonsyndromic colorectal cancer families. Eur J Hum Genet 2012;
20: 91-96 [PMID: 21829229 DOI: 10.1038/ejhg.2011.149]
Jones S, Hruban RH, Kamiyama M, Borges M, Zhang X,
Parsons DW, Lin JC, Palmisano E, Brune K, Jaffee EM,
Iacobuzio-Donahue CA, Maitra A, Parmigiani G, Kern SE,
Velculescu VE, Kinzler KW, Vogelstein B, Eshleman JR, Goggins M, Klein AP. Exomic sequencing identifies PALB2 as a
pancreatic cancer susceptibility gene. Science 2009; 324: 217
[PMID: 19264984 DOI: 10.1126/science.1171202]
Comino-Méndez I, Gracia-Aznárez FJ, Schiavi F, Landa I,
Leandro-García LJ, Letón R, Honrado E, Ramos-Medina R,
Caronia D, Pita G, Gómez-Graña A, de Cubas AA, IngladaPérez L, Maliszewska A, Taschin E, Bobisse S, Pica G, Loli P,
Hernández-Lavado R, Díaz JA, Gómez-Morales M, GonzálezNeira A, Roncador G, Rodríguez-Antona C, Benítez J, Mannelli M, Opocher G, Robledo M, Cascón A. Exome sequencing
identifies MAX mutations as a cause of hereditary pheochromocytoma. Nat Genet 2011; 43: 663-667 [PMID: 21685915 DOI:
10.1038/ng.861]
Kim JC, Roh SA, Yoon YS, Kim HC, Park IJ. MLH3 and
EXO1 alterations in familial colorectal cancer patients not
fulfilling Amsterdam criteria. Cancer Genet Cytogenet 2007;
176: 172-174 [PMID: 17656264 DOI: 10.1016/j.cancergencyto.
2007.04.011]
Gylfe AE, Sirkiä J, Ahlsten M, Järvinen H, Mecklin JP, Karhu
A, Aaltonen LA. Somatic mutations and germline sequence
variants in patients with familial colorectal cancer. Int J
Cancer 2010; 127: 2974-2980 [PMID: 21351276 DOI: 10.1002/
ijc.25529]
Coissieux MM, Tomsic J, Castets M, Hampel H, Tuupanen
S, Andrieu N, Comeras I, Drouet Y, Lasset C, Liyanarachchi
S, Mazelin L, Puisieux A, Saurin JC, Scoazec JY, Wang Q,
Aaltonen L, Tanner SM, de la Chapelle A, Bernet A, Mehlen
P. Variants in the netrin-1 receptor UNC5C prevent apoptosis
and increase risk of familial colorectal cancer. Gastroenterology 2011; 141: 2039-2046 [PMID: 21893118 DOI: 10.1053/
j.gastro.2011.08.041]
Garre P, Briceño V, Xicola RM, Doyle BJ, de la Hoya M, Sanz
J, Llovet P, Pescador P, Puente J, Díaz-Rubio E, Llor X, Caldés
T. Analysis of the oxidative damage repair genes NUDT1,
OGG1, and MUTYH in patients from mismatch repair proficient HNPCC families (MSS-HNPCC). Clin Cancer Res 2011;
17: 1701-1712 [PMID: 21355073 DOI: 10.1158/1078-0432.
CCR-10-2491]
de Voer RM, Geurts van Kessel A, Weren RD, Ligtenberg
MJ, Smeets D, Fu L, Vreede L, Kamping EJ, Verwiel ET,
Hahn MM, Ariaans M, Spruijt L, van Essen T, Houge G,
Schackert HK, Sheng JQ, Venselaar H, van Ravenswaaij-Arts
CM, van Krieken JH, Hoogerbrugge N, Kuiper RP. Germline
mutations in the spindle assembly checkpoint genes BUB1
and BUB3 are risk factors for colorectal cancer. Gastroenterology 2013; 145: 544-547 [PMID: 23747338 DOI: 10.1053/
j.gastro.2013.06.001]
Ku CS, Cooper DN, Wu M, Roukos DH, Pawitan Y, Soong
R, Iacopetta B. Gene discovery in familial cancer syndromes
by exome sequencing: prospects for the elucidation of familial colorectal cancer type X. Mod Pathol 2012; 25: 1055-1068
[PMID: 22522846 DOI: 10.1038/modpathol.2012.62]

August 7, 2014|Volume 20|Issue 29|

Valle L. Colorectal cancer predisposition
239 Middeldorp A, Jagmohan-Changur SC, van der Klift HM,
van Puijenbroek M, Houwing-Duistermaat JJ, Webb E,
Houlston R, Tops C, Vasen HF, Devilee P, Morreau H, van
Wezel T, Wijnen J. Comprehensive genetic analysis of seven
large families with mismatch repair proficient colorectal
cancer. Genes Chromosomes Cancer 2010; 49: 539-548 [PMID:
20222047]
240 Nejentsev S, Walker N, Riches D, Egholm M, Todd JA. Rare
variants of IFIH1, a gene implicated in antiviral responses,
protect against type 1 diabetes. Science 2009; 324: 387-389
[PMID: 19264985 DOI: 10.1126/science.1167728]
241 Johansen CT, Wang J, Lanktree MB, Cao H, McIntyre AD,
Ban MR, Martins RA, Kennedy BA, Hassell RG, Visser ME,
Schwartz SM, Voight BF, Elosua R, Salomaa V, O’Donnell CJ,
Dallinga-Thie GM, Anand SS, Yusuf S, Huff MW, Kathiresan
S, Hegele RA. Excess of rare variants in genes identified by
genome-wide association study of hypertriglyceridemia. Nat
Genet 2010; 42: 684-687 [PMID: 20657596]
242 Momozawa Y, Mni M, Nakamura K, Coppieters W, Almer

S, Amininejad L, Cleynen I, Colombel JF, de Rijk P, Dewit O,
Finkel Y, Gassull MA, Goossens D, Laukens D, Lémann M,
Libioulle C, O’Morain C, Reenaers C, Rutgeerts P, Tysk C,
Zelenika D, Lathrop M, Del-Favero J, Hugot JP, de Vos M,
Franchimont D, Vermeire S, Louis E, Georges M. Resequencing of positional candidates identifies low frequency IL23R
coding variants protecting against inflammatory bowel
disease. Nat Genet 2011; 43: 43-47 [PMID: 21151126 DOI:
10.1038/ng.733]
243 Rivas MA, Beaudoin M, Gardet A, Stevens C, Sharma Y,
Zhang CK, Boucher G, Ripke S, Ellinghaus D, Burtt N, Fennell T, Kirby A, Latiano A, Goyette P, Green T, Halfvarson J,
Haritunians T, Korn JM, Kuruvilla F, Lagacé C, Neale B, Lo
KS, Schumm P, Törkvist L, Dubinsky MC, Brant SR, Silverberg MS, Duerr RH, Altshuler D, Gabriel S, Lettre G, Franke
A, D’Amato M, McGovern DP, Cho JH, Rioux JD, Xavier RJ,
Daly MJ. Deep resequencing of GWAS loci identifies independent rare variants associated with inflammatory bowel
disease. Nat Genet 2011; 43: 1066-1073 [PMID: 21983784]
P- Reviewer: Elpek GO, Lu F, Serafino A S- Editor: Gou SX
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

9849

August 7, 2014|Volume 20|Issue 29|

World J Gastroenterol 2014 August 7; 20(29): 9850-9861
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i29.9850

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (5): Colorectal cancer

Controversies in the pathological assessment of colorectal
cancer
Aoife Maguire, Kieran Sheahan
therapies but accurate morphology still has a key role
to play in colorectal cancer pathology reporting.

Aoife Maguire, Kieran Sheahan, Department of Histopathology and Centre for Colorectal Disease, St. Vincent’s University
Hospital, Dublin 4, Ireland
Kieran Sheahan, School of Medicine and Medical Science, University College Dublin, Dublin 4, Ireland
Author contributions: Maguire A and Sheahan K contributed
equally to this work; Sheahan K contributed the photographs.
Correspondence to: Kieran Sheahan, Professor, Consultant
Histopathologist, Associate Clinical Professor, Department of
Histopathology and Centre for Colorectal Disease, St. Vincents
University Hospital, Elm Park, Dublin 4,
Ireland. k.sheahan@st-vincents.ie
Telephone: +353-1-2214733 Fax: +353-1-2094840
Received: October 12, 2013 Revised: January 10, 2014
Accepted: April 1, 2014
Published online: August 7, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Staging; Prognosis; Histopathology; Tumor-node-metastasis
Core tip: Pathologic assessment plays a key role in management of colorectal cancer. tumor-node-metastasis
staging of colorectal cancer provides prognostic information but some morphological features not included in
the staging system also have prognostic value. However
some of these elements lack agreed definitions, are subjective and poorly reproducible. We discuss controversial areas of colorectal cancer histopathology reporting
including tumor budding, tumor grade, tumor deposits,
tumor regression grade, vascular invasion, perineural
invasion and peritoneal involvement.

Abstract
Pathologic assessment of colorectal cancer specimens
plays an essential role in patient management, informing prognosis and contributing to therapeutic decision
making. The tumor-node-metastasis (TNM) staging system is a key component of the colorectal cancer pathology report and provides important prognostic information. However there is significant variation in outcome
of patients within the same tumor stage. Many other
histological features such as tumor budding, vascular
invasion, perineural invasion, tumor grade and rectal
tumor regression grade that may be of prognostic value
are not part of TNM staging. Assessment of extramural
tumor deposits and peritoneal involvement contributes
to TNM staging but there are some difficulties with the
definition of both of these features. Controversies in
colorectal cancer pathology reporting include the subjective nature of some of the elements assessed, poor
reporting rates and reproducibility and the need for
standardized examination protocols and reporting. Molecular pathology is becoming increasingly important in
prognostication and prediction of response to targeted
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INTRODUCTION
Pathologic assessment of the colorectal cancer (CRC)
resection specimens plays a central role in patient management. The pathology report informs prognosis and
contributes to decisions regarding adjuvant therapy.
Currently, the primary method for assessing prognostic
differences among patients is the tumor-node-metastasis
(TNM) staging system, developed by the American Joint
Committee on Cancer (AJCC) and the International
Union Against Cancer (UICC)[1]. However there is sig-

9850

August 7, 2014|Volume 20|Issue 29|

Maguire A et al . Controversies in CRC pathology reporting

A

B

C

D

Figure 1 Macroscopic and microscopic features of peritoneal involvement. A: Peritoneal puckering; B: Area with peritoneal puckering correlates with the invasive
edge of the tumor on sectioning; C: Adenocarcinoma in a peritoneal cleft in a pT4a case; D: Invasion through peritoneal elastic lamina highlighted with an elastic stain.

nificant variation in outcome of patients even within the
same tumor stage[2]. Many promising prognostic and/or
predictive molecular and immunohistochemical biomarkers are emerging but morphological parameters are still
important predictors of patient outcome.

tation of criteria for peritoneal involvement. Peritoneal
involvement may be difficult to identify both at gross
examination and microscopy and extensive sampling and
sectioning of blocks may be required to detect it. The
serosal surface of the CRC resection specimen should be
carefully examined macroscopically. Block selection may
be focused in areas where there is peritoneal abnormality such as puckering (Figure 1A and B), inflammation
or fibrosis. Detection of peritoneal involvement may be
enhanced with careful sampling of areas with peritoneal
clefts (Figure 1C) and where the peritoneal lining reflects
off the bowel wall on to the mesentery.
There is currently no universally accepted pathologic
definition of peritoneal involvement and this contributes
to the difficulty in making the diagnosis. The current
AJCC Cancer Staging Manual and the RCPath Dataset
for Colorectal Cancer regards tumor penetration of
the peritoneum as either colonic perforation by tumor
or histological detection of cancer cells on the serosal
surface or free in the peritoneal space (Figure 1C)[8,17].
Shepherd et al[5,18] classified different histological patterns
of local peritoneal involvement (LPI). LPI type 1 was
defined as tumor well clear of the closest peritoneal surface; LPI type 2, mesothelial inflammatory reaction with
tumor near but not at the peritoneal surface; LPI type 3,
tumor at the peritoneal surface with inflammatory reaction, mesothelial hyperplasia, and/or ulceration; and LPI
type 4 as tumor cells free in the peritoneum. LPI types
3 and 4 were associated with adverse patient outcomes
whereas types 1 and 2 were not, and so only types 3

PERITONEAL INVOLVEMENT
Peritoneal involvement or serosal invasion is an important
adverse prognostic factor in CRC associated with intraperitoneal recurrence and decreased overall survival[3-7].
Patients with stage Ⅱ CRC and peritoneal involvement
(pT4a according to TNM 7[1]) and invasion into other
structures/organs (pT4b according to TNM 7[1]) may be
considered for adjuvant chemotherapy.
It should be noted that the classification of peritoneal involvement is different in TNM 5 and TNM 7. The
Royal College of Pathologists (RCPath) in the United
Kingdom still recommends use of the TNM5 staging
system[8], while TNM 7 has been adopted in many other
jurisdictions. In TNM 5 tumor directly invading other organs is staged as pT4a while tumor involving the visceral
peritoneum is staged as pT4b[9].
The assessment of peritoneal involvement and the
distinction of pT3 tumors from pT4a tumors can be
particularly challenging for pathologists and there is a
wide variation in the reported incidence of peritoneal
involvement, ranging from 5% to 43% in studies of stage
[3,6,10-15]
. A recent review by Stewart et al[16] highⅡ CRC
lighted the practical difficulties in diagnosis and interpre-
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and 4 were considered to represent ‘‘true’’ peritoneal
involvement. Many pathologists consider tumors associated with a pericolic abscesses that communicate with
the peritoneum as pT4a even if malignant cells are not
identified on the peritoneal surface[14,19,20]. Some authors
draw attention to a group of “occult” pT4 CRCs that
have already breached the serosal surface and are associated with a “cap” of fibro-inflammatory tissue, which
may inadvertently be classified as negative for peritoneal
involvement[21,22].
Ancillary techniques may aid in pathologic diagnosis
of peritoneal involvement. Cytological examination of
serosal scrapings has been explored as a means of detection of peritoneal involvement, revealing malignant
cells in 19% to 26% of tumor specimens staged as pT3
by histological examination alone[20,23]. The peritoneal
lining or serosa is composed of a mesothelial cell layer
supported by a basement membrane with an underlying
elastic lamina just beneath the subserosal layer. Immunohistochemical stains such as cytokeratin 7 highlight the
mesothelial cells on the peritoneal surface and there are
varied opinions as to their usefulness in the detection of
peritoneal involvement[16,24]. Elastic stains have been used
to aid in the diagnosis of pleural involvement by lung
cancer and have recently been applied in CRC to improve
visualization of the peritoneal elastic lamina (Figure 1D).
Four recent studies investigated the use of elastic stains
to detect peritoneal elastic lamina invasion (ELI). Three
studies have found that ELI is associated with adverse
prognosis in pT3 CRCs[6,24,25]. Conversely, ELI was not an
adverse prognostic factor in pT3 CRC in the fourth study
by Grin et al[15]. Despite the recognized limitations associated with this approach such as variability in the detection
and continuity of the peritoneal elastic lamina, ELI has
been shown to be a useful means of risk stratification in
pT3 CRC in some studies. Some pathologists have proposed that subdivision of pT3 tumors based on presence
or absence of ELI should be considered for inclusion in
future staging systems[21,24].

is likely to represent tumor in lymphatic channels and is
associated with nodal metastasis and a better prognosis.
Whether or not TDs should be considered lymph
node metastases or satellite tumor nodules for the purposes of staging has been a topic of debate for many
years, with changes in the approach to TD classification
in the last three editions of the TNM staging system. In
the TNM 5 classification, extramural deposits of tumor
with no lymph node structure were regarded as lymph
node deposits if they measured > 3 mm in diameter and
were staged as pN1[9]. This rule was changed in TNM 6,
when the contour of the deposit became the diagnostic
feature. Deposits with a round contour were classified as
lymph node metastases (pN1) and deposits with an irregular outline were classified as venous invasion[32]. There
was criticism of the TNM 6 approach and the changes
were not considered to be evidence-based or reproducible by some authors[26,33]. In the United Kingdom, the
Royal College of Pathologists (RCPath) recommended
that TNM 5 should be used for the staging of CRC
resection specimens instead of TNM 6[8]. The TNM 7
classification proposed a new pN1c category for tumor
deposits in the absence of lymph node metastases[1].

TUMOR GRADE
Tumor grade is another important variable shown to be
a stage independent prognostic factor on multivariate
analysis[34,35]. One drawback of CRC tumor grading is that
it is largely subjective. The WHO grading system is the
most widely used and defines the histological grade of
CRC based on the percentage of gland formation[36]. Well
differentiated tumors have > 95% glandular structures
and are designated grade 1 (G1), moderately differentiated tumors with 50% to 95% gland formation are grade
2 (G2), poorly differentiated tumors with 5% to 50%
gland formation are grade 3 (G3) and undifferentiated
tumors with less than 5% gland formation are grade 4
(G4). The WHO also suggests dividing CRCs into low
grade (G1 and G2) and high grade (G3 and G4) categories. The diagnosis of G3 and G4 is relatively consistent,
but differentiation between G1 and G2 is associated with
a more significant degree of inter-observer variability[37].
In an attempt to develop a more objective CRC grading system Ueno et al[38] recently proposed a method
based on the number of poorly differentiated clusters.
This group defined poorly differentiated clusters as clusters of ≥ 5 cancer cells in the stroma, lacking a gland-like
structure. The authors studied five hundred stage Ⅱ and
Ⅲ CRCs. Poorly differentiated clusters were counted under a 20X objective lens in a field where they appeared to
be concentrated. Tumors with < 5, 5 to 9, and ≥ 10 clusters were classified as G1, G2, and G3, respectively. The
study showed that grading based on this method is more
reproducible and provides more significant prognostic
information compared with grading based on the extent
of the glandular component in the tumor. Barresi et al[39]
found that this method is also more reproducible and

TUMOR DEPOSITS (DISCONTINUOUS
EXTRAMURAL EXTENSION)
Tumor deposits (TDs) are focal aggregates of adenocarcinoma located in the pericolic or perirectal fat discontinuous with the primary tumor. Studies investigating the
clinical significance of TDs in CRC have found that their
presence is associated with a poorer prognosis and lower
survival rate[26-29]. Their origin has been shown to be heterogeneous. Studies using enhanced pathological assessment such as multiple step sections and histochemical
stains have shown that some TDs represent venous invasion, lymphatic invasion, nerve sheath infiltration, and
continuous growth[29,30]. A recent classification assigns
different prognostic significance to different types of deposits[31]. TDs associated with large veins or nerves may
represent “in transit” metastasis and are associated with a
poor prognosis and distant metastasis while a second type
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Figure 2 Histological appearances of tumor budding and vascular invasion. A: Tumor budding; B: Cytokeratin immunohistochemical stain highlights tumor buds;
C: “Orphan” artery sign - an elongated tumor profile is identified adjacent to an artery with no visible accompanying vein; D: Elastic stain highlights elastic fibres in the
walls of arteries and an adjacent vein filled with tumor.

provides better prognostic stratification of stage Ⅰ CRC
patients than conventional grading.

by immunostaining with cytokeratin and it is particularly
useful in cases where buds are obscured by peritumoral
inflammatory cell infiltrates on H and E (Figure 2B).
Tumor budding has been found to be an independent
adverse prognostic factor in CRC and is a strong predictor of lymph node involvement, venous and lymphatic
invasion, local recurrence, metastases and poor disease
free survival[45-51]. Tumor budding is of particular clinical
interest in two subgroups of patients. Budding is an independent predictor of lymph node metastasis in patients
with submucosal invasive or early pT1 CRC[52-55]. In the
setting of polyp cancer, evaluation of tumor budding in
combination with other prognostically significant clinical
and pathological features aids in risk stratification and
identification of patients who may need segmental resection with lymphadenectomy. Tumor budding has been
associated with a poorer outcome in Stage Ⅱ CRC[45,48,49]
and may guide decisions regarding the use of adjuvant
chemotherapy in these patients.
Two recently published studies investigated the value
of assessing intra-tumoral budding in biopsies. Rogers
et al[56] retrospectively evaluated tumor budding in diagnostic rectal biopsies from patients who had neodjuvant
chemoradiotherapy and found intra-tumoral budding at
diagnosis of rectal cancer to be a poor prognostic marker
and a predictor of poor response to neoadjuvant treatment. A 2012 study from Switzerland found that high
intra-tumoral budding in preoperative CRC biopsies predicted high peri-tumoral budding at the invasive margin
and lymph node metastasis in the subsequent resection

TUMOR BUDDING
Tumor budding is observed at the invasive tumor front,
where isolated or small clusters of tumor cells (up to five
cells) become detached from the neoplastic epithelium
and migrate a short distance into a desmoplastic stroma
(Figure 2A) [40]. It is thought to represent epithelialmesenchymal transition and to be an early step in tumor
invasion and metastasis. Epithelial-mesenchymal transition is a process whereby cells undergo morphologic
changes characterized by a transition from an epithelial to
a mesenchymal phenotype, leading to increased migratory
capacity and invasiveness[41]. The aim of tumor buds appears to be the degradation of the peritumoral connective
tissue, evasion of host response and finally the invasion
of the lymphatic and blood vessels with the consequence
of local and distant metastasis[42]. Loss of membranous
expression of the cell adhesion molecule ecadherin facilitates detachment of buds from the main tumor. Upregulation of proteins involved in extracellular membrane
degradation, migration and angiogenesis, in tumor buds,
enhances their ability to migrate and invade[43].
The majority of CRCs display some degree of tumor
budding. Published scoring systems have attempted to
identify a prognostically significant degree of budding,
commonly termed “high-grade” budding or “high budding”[44]. The identification of tumor budding is facilitated
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specimens as well as distant metastasis[57]. Assessment of
tumor budding in the preoperative setting shows some
potential as a prognostic and predictive marker and if
prospective studies confirm the value of this approach it
may become routine practice in the future.
Despite the proven prognostic significance of tumor
budding it has not yet become part of standard pathology reporting of CRC. The reasons for this are manifold. Although a large number of individual studies have
demonstrated the association with adverse outcome, no
clinical trials have assessed the contribution of tumor
budding in the prospective setting, and in particular its
potential impact among stage Ⅱ patients[42]. Application
of this promising parameter is hampered by the lack of
a standardized scoring system and sufficient evidence of
reproducibility. Several different methods of assessment
(at least seven) have been published and there are currently no consensus criteria for quantitative and qualitative evaluation of tumor budding. Development of an
internationally accepted scoring system to rapidly and
reproducibly identify CRC specimens with prognostically
significant levels of tumor budding is challenging. Finding the right balance between accuracy, reproducibility
and practicality is crucial. Recent multicentre studies have
begun to address these issues[58,59].

between 11% and 89.5%. Venous invasion is widely under-reported[73]. Interobserver variability also poses problems with only low to moderate agreement on reporting
vascular invasion in CRC among pathologists[74,75].
The RCPath use the definition originally proposed by
Talbot et al[61] in their CRC reporting dataset. This group
defined venous invasion as “a rounded mass of tumor in
an endothelium-lined space either surrounded by a rim
of smooth muscle or containing red blood cells.” Venous invasion may also be suspected when a rounded or
elongated tumor profile is identified adjacent to an artery,
especially when no separate accompanying vein can be
identified (the “orphan” artery sign), or where smooth
tongues of tumor extend into pericolic/perirectal fat
(“protruding tongue’’ sign) (Figure 2C and D). Diagnosis
of vascular invasion can be difficult on H and E alone.
Strategies to improve detection of venous invasion in
particular have been the subject of many recent studies.
Increasing the number of tumor blocks taken has been
shown to increase rates of detection[62]. Tangential as
opposed to perpendicular sectioning of the peritumoral
mesocolic/mesorectal fat has also been proposed to facilitate detection of extramural venous invasion[76]. Ancillary
techniques that aid identification of vascular invasion are
used with increasing frequency. Immunohistochemical
markers of endothelial cells such as CD31 and CD34 help
in identification of lymphatic and small blood-vessel invasion[68] but are less helpful for identifying venous invasion
as the endothelium of many involved veins is destroyed.
Specific lymphatic markers such as D2-40 and LYVE-1
can distinguish invasion of lymphatics from invasion of
capillaries and small veins. Histochemical elastic stains
highlight elastic fibres in the walls of veins (but not lymphatic vessels), allowing much more accurate identification
of venous invasion. Studies have shown that use of elastic
stains result in a 25%-53% increase in the proportion
of cases with venous invasion compared with routinely
stained sections[66,72,77-81], and also improve inter-observer
agreement[77]. Many pathologists now advocate the use
of elastic stains in the routine pathological assessment of
CRC. Others warn that over-diagnosis of venous invasion may occur with the use of elastic stains, highlighting
the potential for misinterpretation of other histological
features as venous invasion, e.g., tangentially sectioned
subserosal elastic lamina, mucosal protrusion into the submucosa, periganglionic, perineural and perinodal elastic
fibres or periglandular and perimuscular elastosis[82].

VASCULAR INVASION
Vascular invasion is associated with poor outcome in
CRC[60-62]. Accurate assessment of vascular invasion is
of particular importance in stage Ⅱ CRC, identifying a
high-risk group who may benefit from adjuvant treatment[14,63,64]. Vascular invasion in endoscopically resected
pT1 cancer is seen in patients at higher risk of lymph
node metastasis and may influence the decision to proceed to surgical resection[51,65].
Vascular invasion has two distinct elements: blood
vessel invasion (usually venous, rarely arterial) and lymphatic vessel invasion. Differentiating venous and lymphatic invasion is important as they have different clinical
implications. Venous invasion is associated with the presence of visceral metastases[65-67]. Presence of lymphatic
invasion has been shown to correlate well with lymph
node metastasis[68-70]. There is also debate in the literature
about the importance of the site of vascular invasion,
that is, whether it is extramural or intramural. Vascular
invasion in the submucosal and/or muscular layer is
considered to be intramural invasion, and that beyond
the muscularis propria is extramural invasion. Whilst extramural venous invasion is a well established predictor
of adverse outcome[71], incorporated in CRC reporting
datasets, the clinical significance of intramural venous invasion is less clear. Some investigators have demonstrated
an association between intramural venous invasion and
distant metastases[14,62,64], indicating that the presence of
venous invasion may be more important than its site.
The reporting of vascular invasion is highly variable[72]; the incidence of venous invasion reported varies
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PERINEURAL INVASION
Perineural invasion (PNI) is an important prognostic
marker in CRC and has been shown to be an independent poor prognostic factor on multivariate analysis in
several studies[83-87]. Identification of PNI in CRC is variable with rates between 6% and 31% reported[88,89]. It is
an under-reported parameter[83]. PNI is more frequent
in the non-peritonealized rectum and colon and this is
thought to be due to the relative abundance of nerve
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plexuses in the retroperitoneum[90]. PNI is associated with
other pathological markers of poor prognosis such as
lymphovascular invasion, poor differentiation and tumor
budding[83,85,87].
There is no agreed definition of PNI. The most widely used definition of PNI is broad, including invasion of
tumor cells in, around and through the nerves[91]. Others have defined PNI according to the layers of nerve
sheath involved by tumor. The nerve sheath is composed
of 3 connective tissue layers; the outer epineurium, the
perineurium and the inner endoneurium[92]. Liebig et al[92]
defined PNI as the presence of tumor cells within any of
the 3 layers of the nerve sheath (epineurium, perineurium
and endoneurium) or tumor foci outside of the nerve
with involvement of 33% of the nerve’s circumference.
Some authors report PNI only when tumor cells are observed inside the perineurial layer[84,93].
Studies have evaluated the significance of the localization of PNI both within the neural structure itself
and within the bowel wall. A German group developed
a “Neural Invasion Severity Score” based on invasion of
tumor cells into the epineurium, perineurium or endoneurium, with invasion of endoneurium being assigned
the highest score. These authors found that increasing
“Severity Scores” were associated with a worse prognosis
in both rectal and colon cancer[89,93]. The Japanese Society
for Cancer of the Colon and Rectum conducted a multiinstitutional study involving 2845 patients. This group
proposed a 3-tiered PNI grading system based on location of PNI within the bowel and classified cases as Pn0
(no PNI), Pn1a (intramural PNI only), and Pn1b (extramural PNI)[87]. Using this grading system the investigators
determined 5-year disease-free survival as 88%, 70%,
and 48%, for the three different categories. Multivariate
analysis identified PNI grade as a significant prognostic
marker independent of T or N stage.

cation of small nodes is limited by this approach[100,101].
Alternative techniques to improve lymph node detection
have been proposed and a recently published meta-analysis and systematic review compared different pathological
methods of lymph node retrieval from gastrointestinal
cancer surgical specimens[102]. Meta-analysis showed that
fat clearing and methylene blue staining increased the
mean lymph node yield from gastrointestinal cancer specimens. Despite an improved lymph node harvest these
authors concluded that there was insufficient evidence to
suggest that use of these techniques led to upstaging.

TUMOR REGRESSION GRADING
Preoperative neoadjuvant chemoradiotherapy (CRT) has
become a standard treatment of locally advanced rectal
cancer (clinically T3-4 or node positive rectal cancers).
Rectal tumors from these patients may undergo regression. Careful macroscopic assessment of the resection specimen is necessary as tumors with a significant
response to treatment may be difficult to recognize.
Confirmation of the original site of the tumor will help
in selecting tissue for histological examination. Many regressed tumors are firm, white and fibrotic, resembling
mucosal ulcers or scars (Figure 3A). There are different
approaches to tumor sampling. Some pathologists will
submit the entire fibrotic area for histology upfront while
others will take 5 blocks in the first instance and submit
further tissue for histology if there is no residual tumor
on initial sections. Post-treatment histological changes
include replacement of neoplastic glands by fibrosis or
fibro-inflammatory change, presence of acellular mucin
pools, necrosis, foamy macrophages, haemosiderin and
calcification[103]. For tumor staging following neoadjuvant
therapy, only the presence of tumor cells in the surgical
specimen is taken to determine the stage and cases with
complete regression are staged as ypT0[1,8]. Tumor regression grading (TRG) systems aim to measure response to
neoadjuvant CRT. TRG systems are generally based on
assessing the ratio of histological changes induced by
CRT to residual tumor in the resected specimen. Several
grading systems, some 5-tiered and some 3-tiered, have
been published[104-107]. The 3-tier system used in our own
department is illustrated in Figure 3B-D.
Pathological complete response (pCR) is reported in
9%-27% of patients and is associated with improved clinical outcomes[108-111]. A meta-analysis including 3105 patients treated with neoadjuvant CRT followed by surgery
found that the group with pCR had improved disease
free and overall survival, lower risk of local recurrence or
distant metastasis, compared to those without pCR[112].
The multicenter prospective MERCURY study designed
to assess magnetic resonance imaging (MRI) and pathologic staging after neoadjuvant therapy for rectal cancer,
found that a ypT0 resection following neoadjuvant CRT
was associated with increased disease-free and overall
survival, and decreased rates of local recurrence[113].
While it is now widely accepted that pCR predicts a

LYMPH NODES
Briefly, lymph node metastasis is highly predictive of
outcome for CRC patients and those with lymph node
involvement are likely to be offered adjuvant treatment[94].
This topic has been the subject of a recent comprehensive review in the World Journal of Gastroenterology[94]. An association between lymph node yield and survival has also
been demonstrated[95-97]. Adequate lymph node evaluation
is crucial for accurate staging. Guidelines state that the
minimum acceptable lymph node harvest is 12 nodes[1,8],
but the number of nodes retrieved from CRC specimens
is variable and often falls short of this recommendation[98]. Factors such as age of the patient, body mass
index, location of the tumor, neoadjuvant therapy, surgical technique, and pathologist’s handling of the specimen
may influence the lymph node yield[94,99]. Manual lymph
node dissection is the standard technique used in most
institutions. After formalin fixation the soft tissue around
the specimen is serially sectioned and nodes sought by
visual inspection and palpation. However, the identifi-
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Figure 3 Pathological appearances of tumor regression. A: Regressed tumor with the appearance of a mucosal scar; B: No residual tumor seen in tumor regression grading 1 (TRG1); C: Fibrosis outgrows tumor in TRG2; D: Extensive residual tumor in TRG3.

better prognosis, the clinical significance of “incomplete”
or “partial” regression is not clear. Two recent studies
from Asia have found lesser degrees of tumor regression
to be prognostic factors on multivariate analysis[114,115],
but further investigation is warranted. MacGregor et al[116]
emphasized the importance of addressing this important clinico-pathological question in future research and
stressed the need for a standardized approach to the
analysis of post neoadjuvant CRT rectal cancer resection specimens and a universally accepted TRG reporting
system. An ‘‘International Study Group on Rectal Cancer
Regression Grading’’ also recognizes the need for standardization in order to elucidate the clinical importance
of ‘‘partial regression’’. The group demonstrated that
there is a lack of consensus on pathological sampling of
post treatment specimens and choice of TRG system[117].
Disappointingly, they also found that 17 experienced GI
pathologists could not reach good concordance on TRG
using 3 systems, with only fair kappa values (0.28-0.38)
for all 3 systems[118]. These authors advocate the introduction of an internationally accepted, simplified and
reproducible TRG system with well-validated correlates
to clinical outcomes.

tributing to the development of targeted CRC therapies.
The recognition that activating mutations of the KRAS
oncogene can predict resistance to anti-epidermal growth
factor receptor agents[119], has turned the spotlight on the
clinical value of biomarkers in CRC. Investigation of the
clinical utility of emerging biomarkers such as mutations
of BRAF, PIK3CA and PTEN deletion is ongoing. CRC
genomic profiling and the development of gene expression signature profiles such as ColoPrint® and Oncotype
DX Colon Cancer Assay may also contribute to treatment
planning decisions. There have been interesting developments in relation to biomarkers and the use of aspirin in
CRC. A large 2012 molecular pathological epidemiology
study analyzed data from 964 patients and found that
regular use of aspirin after CRC diagnosis was associated
with longer survival among those with mutated-PIK3CA
tumors, but not among patients with wild-type PIK3CA
tumors. These findings suggest that the PIK3CA mutation, present in 15% to 20% of CRCs, may be a useful
predictive biomarker for adjuvant aspirin therapy in CRC
patients[120].
Molecular pathology testing is a dynamic area with
new biomarkers regularly reported. Many of the biomarkers require validation and are not yet clinically applicable. A National Comprehensive Cancer Network
Task Force publication provides an overview of the role
of molecular testing in oncology, an assessment of clinical and analytic validity of some of the tests available,
and serves as a useful molecular biomarker guideline for
healthcare providers[121].
The role of the surgical pathologist in the manage-

MOLECULAR PATHOLOGY
Molecular pathology can provide prognostic and predictive information for CRC patients and also aids in identification of hereditary CRC syndromes such as Lynch
syndrome. In recent years there have been significant
advances in our understanding of CRC biology, con-

WJG|www.wjgnet.com

9856

August 7, 2014|Volume 20|Issue 29|

Maguire A et al . Controversies in CRC pathology reporting

ment of CRC is evolving and while high quality morphology remains central to CRC pathology reporting it
needs to be integrated with results of molecular pathology testing. It is essential that pathologists are involved
in molecular testing to ensure proper tissue selection and
interpretation of results in the context of the pathological findings.
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Strategies to overcome resistance to epidermal growth
factor receptor monoclonal antibody therapy in metastatic
colorectal cancer
Woo-Jeong Jeong, Pu-Hyeon Cha, Kang-Yell Choi
proper selection of patients is of paramount importance in the treatment of mCRC. In this review, we will
discuss diverse approaches to overcome the problem
of resistance to existing anti-EGFR therapies and potential future directions for cancer therapies related to
the mutational status of genes associated with EGFRRas-ERK and PI3K signalings.
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Core tip: Personalized treatment of patients with metastatic colorectal cancer (mCRC) based on genetic profiling of individual tumors is considered the future direction
of cancer therapy. The important discovery that mutation
of the K-ras gene is a predictor of resistance to epidermal growth factor receptor (EGFR) monoclonal antibodies is only the first of a series of genetic predictors and
an increasing number of molecular alterations have since
been hypothesized to play a role in resistance to anti-EGFR drugs in CRC, including activating mutations in B-Raf
and PIK3CA, and loss of expression of PTEN. A comprehensive molecular characterization of mCRC and a better
understanding of the functional interactions within the
RTK-activated intracellular pathway will be necessary in
order to select the most appropriate therapy for each
individual patient.

Abstract
Administration of monoclonal antibodies (mAbs) against
epidermal growth factor receptor (EGFR) such as cetuximab and panitumumab in combination with conventional chemotherapy substantially prolongs survival
of patients with metastatic colorectal cancer (mCRC).
However, the efficacy of these mAbs is limited due to
genetic variation among patients, in particular K-ras
mutations. The discovery of K-ras mutation as a predictor of non-responsiveness to EGFR mAb therapy
has caused a major change in the treatment of mCRC.
Drugs that inhibit transformation caused by oncogenic
alterations of Ras and its downstream components
such as BRAF, MEK and AKT seem to be promising
cancer therapeutics as single agents or when given
with EGFR inhibitors. Although multiple therapeutic
strategies to overcome EGFR mAb-resistance are under investigation, our understanding of their mode of
action is limited. Rational drug development based on
stringent preclinical data, biomarker validation, and
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tion to their desired effect on cancer cells.
The recent development of targeted or biological
therapeutics represents a substantial advance in treatment
for mCRC. Although the efficacy of these targeted therapeutics is restricted to certain individuals because the
drugs work on specific target proteins, these approaches
have critically improved the survival of patients with
metastases. When used appropriately to treat patients according to their molecular profiles, targeted therapeutics
significantly prolongs overall survival and disease-free
survival. Moreover, these treatments showed fewer adverse effects such as hair loss and nausea than conventional chemotherapy. Most of the targeted therapeutic
agents currently in development or in clinical usage are
molecules with high affinity for growth factor receptors,
such as epidermal growth factor receptor (EGFR)[4].
The recent introduction of monoclonal antibody
(mAb) drugs targeting EGFR such as cetuximab (Erbitux;
ImClone, Branchburg, United States) and panitumumab
(ABX-EGF; Amgen, Thousand Oaks, United States),
into combination chemotherapy regimens with currently
used drugs for the treatment of mCRC patients has been
shown to be effective and has widened treatment options. However, the efficacy of these two mAbs is limited
by the unresponsiveness of patients harboring a K-ras
mutation[12]. Here, we review the mechanisms underlying
resistance to EGFR mAb therapies due to K-ras mutations and discuss the current status of drug development
strategies to overcome the problem of resistance in the
treatment of patients with mCRC.

Panitumumab
cetuximab

EGFR

Cytoplasm

Ras

PI3K
PTEN

Raf
Akt

MEK
mTOR
ERK

Nucleus
Migration

Apoptosis

Proliferation

Angiogenesis

Figure 1 Epidermal growth factor receptor and its downstream signaling
in colorectal cancer. Binding of ligands such as epidermal growth factor (EGF)
to EGF receptor (EGFR) activates downstream Ras/ERK and PI3K/Akt pathways and regulates various physiological processes. EGFR administration of
monoclonal antibodies (mAbs) (cetuximab and panitumumab) block activation
of these pathways. Mutations of downstream molecules such as Ras, PI3K or
Raf are associated with resistance to EGFR mAbs in patients with metastatic
colorectal cancer (mCRC).

MONOCLONAL ANTIBODIES TARGETING
EGFR FOR THE TREATMENT OF CRC
EGFR
The EGFR is a receptor tyrosine kinase (RTK) belonging
to the ErbB family of cell membrane receptors. Binding
of ligands, such as EGF or transforming growth factor
alpha (TGFα) to EGFR induces dimerization and activation of the receptors. This RTK is auto-phosphorylated
and induces activation of multiple downstream signaling
pathways including extracellular-signal-regulated kinase
(ERK) and phosphatidylinositol 3-kinase (PI3K)/protein
kinase B (Akt) pathways (Figure 1). These two pathways
are involved in the regulation of various cell physiological cellular processes such as proliferation, migration,
apoptosis, and angiogenesis[13] (Figure 1). Therefore,
dysregulation of EGFR signaling can induce malignant
transformation and tumor progression through activation
of downstream signaling.
EGFR is frequently overexpressed or mutated, and
such changes are associated with tumor progression and
poor prognosis in many types of cancers including head
and neck cancers[14]. EGFR has also been shown to be
highly overexpressed in 25%-82% of cases of CRC[15].
Although the clinical significance of EGFR overexpression or gene copy number in CRC is controversial, recent
studies indicate that these genetic characteristics are as-

INTRODUCTION
Colorectal cancer (CRC) is the third most frequently diagnosed type of cancer and the leading cause of cancerrelated deaths worldwide [1,2]. CRC is highly treatable
when diagnosed and surgically removed at an early stage;
however, 5-year survival is less than 10% in patients with
unresectable metastasis[3,4]. Approximately 40%-50% of
CRC patients develop metastatic cancer and 80%-90%
of these have unresectable metastases[5]. Chemotherapy
is usually suggested for the treatment of metastatic CRC
(mCRC), because surgery is limited to patients who have
no metastasis outside of the liver or those who would
have an appropriate amount of liver left after the surgery[4]. Conventional chemotherapy such as 5-fluorouracil (5-FU)/leucovorin (LV), irinotecan, or oxaliplatin is
still mainly used as treatment for patients with mCRC[6].
Moreover, combinational therapy of oxaliplatin or irinotecan with 5-FU/LV has considerably improved the
therapeutic outcome of this group of patients[7-10]. However, these chemotherapeutic agents have various adverse
effects such as hair loss, nausea and vomiting[11] because
they interfere with the division or reproduction of rapidly
growing normal cells such as bone marrow cells in addi-
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sociated with prognosis or survival of CRC patients[16-18].
Consequently, EGFR has attracted great attention in the
field of anti-cancer drug development because of its presumed role in tumor growth and progression. Cetuximab
and panitumumab, two monoclonal antibodies against
EGFR, have recently been used in the treatment of
mCRC patients and have shown effective clinical benefits
in 10%-20% of patients[19-22].

mAbs. The identification of additional genetic determinants of primary resistance to EGFR-targeted therapies
in CRCs is important to allow prospective identification
of patients who should not be treated with cetuximab,
thus avoiding their exposure to ineffective and expensive
therapy. Recent work has therefore focused on the analysis of oncogenic mutations in genes encoding key downstream effectors of the EGFR signaling pathway[28,29].
K-Ras
K-ras, a member of the rat sarcoma virus (ras) gene family
of oncogenes (which includes K-ras, H-ras and N-ras), encodes the guanosine diphosphate (GDP)- and guanosine
triphosphate (GTP)-binding protein Ras that acts as a selfinactivating intracellular signal transducer[30]. K-Ras act as
an important, but not exclusive effector of EGFR[12,31],
signaling mainly but not exclusively through BRAF and
the ERK axis. K-Ras can also activate PI3K through direct interaction with its catalytic subunit[32]. When K-Ras
is mutated, PI3K results in constitutive activation of its
downstream signaling pathway that causes the cells to become independent of EGFR signaling activation. Somatic
mutations of K-ras occur in 30%-40% of CRCs and predominantly in codon 12 (approximately 70%-80%) and
codon 13 (approximately 15%-20%) of exon 2 (Table 1).
K-ras mutations have emerged as the major negative predictor of efficacy in patients receiving cetuximab. Strong
evidence that K-ras mutations are associated with the lack
of response to cetuximab in chemorefractory mCRC patients led the FDA and the European Medicines Agency
(EMEA) to restrict the use of cetuximab as monotherapy
or in combination with chemotherapy, to patients with
K-ras wild type (WT) tumors[33]. Clearly, the K-ras biomarker identifies CRC patients likely to benefit from antiEGFR therapy. However, because only 20%-40% of patients with K-ras WT will respond to cetuximab, either in
monotherapy or in combination therapy, K-ras status alone
does not accurately predict the subset of CRC patients
that will respond to EGFR mAbs.

CETUXIMAB AND PANITUMUMAB
Cetuximab and panitumumab inhibit EGFR downstream
signaling pathways, such as Ras/ERK and PI3K/Akt
pathways. The safety and efficacy of these two mAbs has
been studied in patients with EGFR-overexpressing CRC,
and both agents have shown reliable efficacy in these patients[19-22]. In a randomized controlled trial including 329
patients who received either cetuximab (400 mg/m2 initial
dose followed by 250 mg/m2) and/or the topoisomerase
I inhibitor irinotecan[23], patients that receive both drugs
had an objective response rate of 22.9% compared with
10.8% for those receiving only cetuximab. Cetuximab is
used in combination with irinotecan to treat mCRC patients who are refractory to irinotecan-based chemotherapy[24]. It is also used as a single agent for mCRC patients
with intolerance to the irinotecan-based chemotherapy[24].
The efficacy of panitumumab was studied in 463 patients
who received panitumumab (6 mg/kg) with the best
supportive care (BSC) or only BSC[25]. Panitumumab significantly prolonged progression-free survival (PFS) of
patients treated with panitumumab and BSC compared
with patients who received only BSC[25]; the mean PFS
in patients receiving both panitumumab and BSC was
96 d whereas that of patients receiving BSC alone was
60 d[25]. Panitumumab is approved by the United States
Food and Drug Administration (FDA) for the treatment
of patients with EGFR expressing mCRC after following
fluoropyrimidine-, oxaliplatin- and irinotecan-containing
chemotherapy[26]. This agent is also approved by the FDA
as a single agent for the treatment of mCRCs[26].
Although cetuximab and panitumumab have been
shown efficacy in patients with EGFR-expressing mCRC,
their benefit is restricted to only a small proportion
(8%-23%) of patients because mCRC harboring a K-ras
mutation is resistant to these mAbs. Therefore, the FDA
suggested that the K-ras gene mutational status of mCRC
patients should be evaluated prior to administration of
EGFR mAbs to avoid wasting time and money[27].

N-Ras
Due to the low frequency of N-ras mutations in mCRC
(approximately 3%-5%; Table 1), mutational status of
N-ras have not been considered as predictive biomarkers in the treatment of mCRC to be applied for the antiEGFR mAb therapy.
Recently, in a randomized phase 3 study of panitumumab monotherapy[34] and other preliminary findings[35-40] suggest that N-ras mutations are associated with
the resistance to cetuximab and panitumumab. In the K-ras
WT patients, carriers of B-Raf and N-ras mutations had
a significantly lower response rate than those harboring
WT B-Raf and N-ras[39]. Therefore, checking the mutational status of all ras isotype can provide additional predictive information for the prescription of EGFR mAb
therapy in mCRC[40].

MECHANISMS OF RESISTANCE TO
EGFR-TARGETED mABs
Despite evidence of the efficacy of cetuximab in the
treatment of mCRC patients, the low response rate was
the proof of concept for resistance to treatment with
anti-EGFR mAbs. There is a large body of evidence supporting the existence of negative predictors that identify
patients who should not be treated with anti-EGFR

WJG|www.wjgnet.com

B-Raf
BRAF is a cytoplasmic serine/threonine kinase that di-

9864

August 7, 2014|Volume 20|Issue 29|

Jeong WJ et al . Anti-EGFR therapy and resistance

tion of PIK3CA results in increased AKT/mTOR
pathway signaling and increased cellular proliferation[46].
Class IA PI3Ks are heterodimers composed of regulatory (p85) and catalytic (p110) subunits. Mutations in the
PIK3CA gene occur in approximately 15%-18% (Table
1) of CRCs [47,48]. More than 80% of PIK3CA mutations in CRCs occur in exon 9 (60%-65%) or exon 20
(20%-25%)[39]. The gain of function induced by mutation
in exon-9 (helical-domain) is independent of binding to
the p85 regulatory subunit but requires interaction with
Ras-GTP. In contrast, mutations in exon-20 (kinasedomain) are active in the absence of Ras-GTP binding
but are highly dependent on the interaction with p85[49].
PIK3CA mutations can be found together with K-ras
or B-Raf mutations in the same tumor, and this makes
it difficult to evaluate their individual role in defining
sensitivity to anti-EGFR mAbs[39,50]. Patients with mutation in K-ras or B-Raf and WT PIK3CA do not respond
to cetuximab whereas patients with WT K-ras and B-Raf
but mutations in PIK3CA may have different sensitivity
depending on the characteristics of the mutations they
harbor: PIK3CA exon 20 mutations are associated with
resistance to cetuximab whereas PIK3CA exon 9 variants
have no significant effect on response[39]. PI3K-initiated
signaling is inhibited by PTEN. Recent reports suggested
that inactivation of PTEN is associated with resistance to
EGFR targeting agents[51,52]. However, the role of PTEN
loss in CRC is unclear and the lack of a standardized
method for PTEN detection limits the possibility of using this marker in the clinical setting.

Table 1 Components of the epidermal growth factor receptor signaling pathway and their abnormalities in colorectal
cancer
Component
(gene/protein)

Defect in CRC

EGFR/EGFR

Protein expression
Mutation
Increased copy number
K-ras/K-Ras
Activating mutation
(exon 2, codon 12, 13, exon 3/4,
codon 61, 117, 146)
N-ras/N-Ras
Activating mutation
(exon 1, codon 12, 13, exon 2, codon
61)
B-Raf/BRAF
Activating mutation (V600E)
PIK3CA/PI3KCA Activating mutation (exons 9 and 20)
PTEN/PTEN
Loss of protein expression
Mutation
Loss of heterozygosity

Frequency in
CRC
25%-90%
Rare
0%-50%
30%-40%

3%-5%

10%-15%
15%-18%
13%-19%

CRC: Colorectal cancer; EGFR: Epidermal growth factor receptor.

rectly interacts with Ras[41]. Known B-Raf mutations are
mainly located in the kinase domain, with a single substitution of glutamic acid for valine at codon 600 (V600E)
accounting for 80% of all mutations although other, less
frequent, activating mutations affect the same residue,
including V600A, V600D, V600G, V600K, V600M and
V600R[42]. The V600E amino acid substitution is thought
to be responsible for the oncogenic properties of BRAF
through insertion of a negatively charged amino acid in
the activation segment, thus mimicking phosphorylation
of the kinase and causing it to be constitutively active[42].
BRAF V600E is the most common point mutation in
mCRC, and is present in approximately 10%-15% of
cases (Table 1)[43]. K-Ras and BRAF function in the same
pathway downstream of EGFR and mutations in the
genes encoding these proteins are mutually exclusive,
therefore one could speculate that the presence of an
active mutation in one of these two molecules is sufficient to drive constitutive activation of the pathway[43].
Because RAF is an important downstream effector of
Ras, targeting RAF could be an effective strategy for the
treatment of K-ras or B-Raf mutated tumors. Surprisingly,
vemurafenib (PLX4032), a selective BRAF inhibitor that
showed pronounced efficacy in B-Raf-mutant melanoma
patients, had only modest clinical activity in a study evaluating 19 mCRC patients with the BRAF V600E mutation, suggesting that the biology of BRAF activation in
patients with mCRC is more heterogeneous than that in
melanoma[44]. In other studies, no response to cetuximab
or panitumumab was observed in patients with B-Rafmutant mCRC[39,45].

COMBINATIONAL THERAPIES
Because of the crosstalk between many of the RTK signaling pathways, we do not expect a single gene dependency for cancer phenotypes. Moreover, cancer cells that
are treated with drugs that block a single molecular target
are often able to activate alternative pathways as escape
mechanisms to overcome the blockade. In addition, the
effectiveness of drugs varies depending on the mutational status of the relevant gene. Therefore, appropriate
selection of patients for treatment with anti-EGFR drugs
is a major challenge in the management of mCRC. Collectively, the data available from clinical studies suggest
that these drugs are active only in a subset of patients.
The most promising approaches are rational combinations of targeted treatments that include inhibitors of
downstream effectors of the EGFR pathway. At the
present time, several drugs that inhibit activated BRAF,
MEK, PI3K, Akt and mTOR are available and evaluations of these drugs in clinical trials are actively ongoing
(Table 2)[53-77]. However, a comprehensive understanding
of the precise role of these potential drug targets in CRC
and the oncogenic dependence of tumors on these components is still lacking[78].

PI3K/PTEN
One of the major pathways activated by EGFR is the
PI3K/Akt signaling pathway. This pathway can be deregulated by either inactivation of the phosphatase and
tensin homologue (PTEN) or by activating mutations
of the PI3K p110 catalytic subunit (PIK3CA). Activa-
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tive therapeutic agents or regimens available in the clinic
for patients with tumors associated with K-ras mutation.

Table 2 RAF, MEK and PI3K/mTOR inhibitors presently in
the status of clinical trial in colorectal cancer
Drug

Target

Manufacturer

Phase

Sorafenib

BRAF

Bayer

Ⅱ

RAF inhibitors
RAF is an important effector that functions downstream
of Ras in the ERK signaling pathway and therefore represents a potential target for the treatment of tumors
with mutant K-ras. Although the BRAF V600E inhibitor
vemurafenib (PLX4032) shows pronounced activity in
patients with B-Raf mutated melanoma[44], the clinical activity of vemurafenib in previously treated patients with
B-Raf-mutated mCRC was more modest, with a response
rate of only 5% (one partial response, no complete responses) among 20 patients[44]. Interestingly, resistance
to therapy in B-Raf-mutated CRC appears to be caused
by persistent activation of the EGFR signaling pathway.
Recently, two research groups independently reported
that blockade of BRAF causes rapid feedback activation
of EGFR[90,91], which upon phosphorylation triggers sustained activation of ERK signaling and cell proliferation
through activation of Ras and CRAF. In vitro, inhibition
of EGFR activity by cetuximab restores sensitivity to
vemurafenib. Clinical trials of a combination of vemurafenib and cetuximab in metastatic B-Raf-mutated CRC
are currently underway (Table 2)[92]. Additionally, resistance to BRAF inhibition may also develop through activation of other signaling pathways. CRC demonstrates a
higher level of PI3K/Akt signaling than melanoma, and
B-Raf mutated colorectal cells display lower sensitivity
in vitro to vemurafenib in the presence of concomitant
PTEN or PI3K mutations[93]. Although these findings
confirm mutant B-Raf as a therapeutic target in this disease, they also show that the biology of BRAF activation
is clearly more heterogeneous in CRC than in other tumor types.

Indication

Colon cancer
(combination
with cetuximab)
PLX4032
BRAFV600E
Plexxikon
Melanoma,
Ⅰ
colon cancer
XL281
BRAF
Exelixis
Solid tumors
Ⅰ
GSK1120212
MEK
GlaxoSmithKline
Solid tumors,
Ⅰ
Lymphoma
AZD6244
MEK
AstraZeneca
Colon cancer
Ⅱ
(combination
with
capecitabine)
AS703026
MEK
EMD Serono
Solid tumors
Ⅰ
GDC-0973
MEK
Genentech
Solid tumors
Ⅰ
RO5126766
MEK
Hoffman-La Roche Ⅰ
Solid tumors
TAK-733
MEK
Millenium
Solid tumors
Ⅰ
RDEA119
MEK
Ardea Biosciences
Solid tumors
Ⅰ
BGT226
PI3K
Novartis
Ⅰ/Ⅱ Solid tumors,
Her2 positive
Breast Cancer
XL147
PI3K
Exelixis
Solid tumors,
Ⅰ
Lymphoma
XL765
PI3K
Exelixis
Solid tumors
Ⅰ
BEZ235
PI3K
Novartis
Solid tumors
Ⅰ
GDC-0941
PI3K
Genentech
Solid tumors
Ⅰ
PX-866
PI3K
ProIX
Solid tumors
Ⅰ
SF1126
PI3K
Semafore
Solid tumors
Ⅰ
Everolimus
mTOR
Novartis
Colon cancer
Ⅱ
(combination
with cetuximab)

human cancers including CRC, it can bypass the EGFRdriven signaling cascade and reduce the clinical efficacy
of EGFR inhibitors. Therefore, development of new
therapeutic strategies for CRC with mutant K-ras, is
critically needed. Several different strategies have been
applied to target oncogenic Ras. One of the initial strategies used was inhibition of Ras farnesylation, a posttranslational modification that is required for localization
of Ras to the plasma membrane. Preclinical studies of
farnesyltransferase inhibitors (FTIs) in transgenic mouse
models that overexpress oncogenic Ras showed potent
antitumor activity[79]. However, FTIs have shown little, if
any clinical activity in patients with solid tumors, probably because of alternative modification of Ras such as
geranylgeranylation[80,81]. As another approach to targeting
oncogenic Ras, synthetic lethal screening has been used
to identify novel anticancer agents capable of selectively
killing tumor cells harboring a specific mutation[82-84]. The
idea of reducing Ras expression by antisense or RNA interference is promising, but successful application of this
technology is currently limited by lack of efficient delivery, uptake, and gene silencing. Using high-throughput
screening approaches with loss-of-function RNAi, several
groups have identified proteins that, when lost, elicit a
synthetic lethal response when combined with mutant
Ras oncogenes but have no effect on cells with WT
Ras[85-89]. Despite all these efforts, there are still no effec-
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MEK inhibitors
Selective inhibitors of MEK kinases seem an attractive
target for tumors that preferentially signal through the
Ras-RAF-MEK-ERK pathway. Proof of concept was
provided in a preclinical study with the MEK inhibitors
AS703026 or AZD6244 (Table 2), which inhibited the
growth of xenograft tumors formed by CRC cells with
mutant K-ras[94]. We further investigated the effect of
MEK inhibitors on cells with cetuximab resistance attributed to K-ras mutation using isogenic DLD-1 CRC cell
lines (D-WT and D-MUT) that harbor WT or mutant
K-ras alleles respectively, and found that the MEK inhibitors suppressed cetuximab-resistance of CRC cells that
was attributed to K-ras mutation both in vitro and in vivo[94].
Recent studies showed that a compensatory or activating feedback loop between RAF-MEK-ERK and PI3K
pathways counteracts the effect of MEK inhibition[95].
Moreover, dual inhibition with MEK and PI3K inhibitors resulted in marked inhibition of tumor cell growth.
In vitro studies in K-ras-mutant CRC cell lines showed that
the presence of activating mutations in PIK3CA or lossof-function mutations in PTEN resulted in insensitivity
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to MEK inhibitor[96]. These studies also showed that mutational activation of PIK3CA is not functionally equivalent to PTEN loss. Therefore, the authors concluded that
PI3K pathway activation is a major resistance mechanism
that impairs the efficacy of MEK inhibitors in K-ras mutated cancers, and it is therefore important to test whether pan-PI3K inhibitors will act synergistically with MEK
inhibitors in cancers with coexisting PTEN and K-ras mutations. Together with the previous study, this provides
a strong rationale for combination treatment with PI3K
and MEK inhibitors. In conclusion, although MEK inhibition is theoretically an interesting approach to targeting
K-ras activated tumors, it is very likely that MEK inhibitors will only be efficient in a subgroup of K-ras mutant
CRCs. As we discuss in this manuscript, combination
with other targeted agents is probably a more efficient
approach.

ings suggest that resistance to anti-EGFR agents involves
a complex network of molecular alterations. Assessment
of the effects of these alterations on the efficacy of new
drugs that selectively target proteins introduces a new
paradigm to clinical oncology. Because of the complexity and heterogeneity of molecular alterations in patients,
the aim for the near future is the development of personalized anti-cancer drugs for the treatment of mCRC
through definition of the mutation profile of key signaling genes in individual tumors. A comprehensive molecular characterization of mCRC and a better understanding
of the functional interactions within the RTK-activated
intracellular pathway will be necessary in order to select
the most appropriate therapy for each individual patient.
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Colorectal cancer in inflammatory bowel disease: The risk,
pathogenesis, prevention and diagnosis
Eun Ran Kim, Dong Kyung Chang
surveillance colonoscopy prolongs survival in patients
with extensive colitis. The traditional recommendation
has been quadrantic random biopsies throughout the
entire colon; however, several guidelines now have endorsed chromoendoscopy with a target biopsy because
of increasing diagnostic yields and reduced workloads
for endoscopists and pathologists. New technologies
such as narrow band imaging, confocal endomicroscopy, and autofluorescence imaging have not yet been
confirmed as surveillance strategies in IBD.
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Abstract
Patients with inflammatory bowel disease (IBD) are at
increased risk for developing colorectal cancer (CRC),
although the overall incidence of IBD-associated CRC
has been diminishing in recent decades in western
countries. As demonstrated in previous studies, the risk
of CRC in IBD increases with longer duration, extent
of colitis, a familial history of CRC, coexistent primary
sclerosing cholangitis, and the degree of inflammation.
The pathogenesis of CRC in IBD is poorly understood.
Similar to sporadic CRC, IBD-associated CRC is a consequence of sequential episodes of genomic alteration.
Multiple inter-related pathways, including immune response by mucosal inflammatory mediators, oxidative
stress, and intestinal microbiota, are also involved the
pathogenesis of IBD-associated CRC. Continuing colonic
inflammation appears to be a factor in the development
of CRC; therefore, anti-inflammatory agents such as
5-aminosalicylate compounds and immune modulators
have been considered as potential chemopreventive
agents. Colonoscopic surveillance is widely accepted as
being effective in reducing the risk of IBD-associated
CRC, although no clear evidence has confirmed that
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INTRODUCTION
Inflammatory bowel disease (IBD) is widely accepted as
one of the important risk factors leading to colorectal
cancer (CRC). IBD ranks as the third highest risk condition for CRC, behind only familial adenomatous polyposis (FAP) and hereditary nonpolyposis colorectal cancer
syndrome (HNPCC)[1]. In fact, CRC accounts for one
sixth of ulcerative colitis-related deaths[2].
Recently, a large nationwide Japanese study reported
poorer survival for patients with ulcerative colitis (UC)-
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Table 1 Summary of cumulative risk of colorectal cancer in patients with inflammatory bowel disease in recent population-based
studies and meta-analysis
Country (n )

Population (n )

Observed period

Incidence of colorectal cancer

United States (4),
United Kingdom (7),
Scandinavia (3), other (5)

UC
(meta-analysis of 19 studies)

1925-1999

Winther et al[6]

Copenhagen County, Denmark

1161 UC

1962-1987

Lakatos et al[14]

Veszprem, Hungary

723 UC

1974-2004

London, United Kingdom

600 long standing extensive UC

1971-2000

Sweden

7607 UC

1954-1989

United States (3), Denmark (3),
United Kingdom (2), Sweden (2),
Canada (1), Israel (1)

11545 CD
(meta-analysis of 12 studies)

1972-2004

South Korea

7061 UC

1970-2005

Cumulative incidence
1.6% by 10 yr of disease
8.3% by 20 yr of disease
18.4% by 30 yr of disease
Cumulative probability
0.4% by 10 yr of disease
1.1% by 20 yr of disease
2.1% by 30 yr of disease
Cumulative risk
0.6% by 10 yr of disease
5.4% by 20 yr of disease
7.5% by 30 yr of disease
Cumulative incidence
0% by 10 yr of disease
2.5% by 20 yr of disease
7.6% by 30 yr of disease
10.8% by 40 yr of disease
Cumulative risk
1.5% by 10 yr of disease
3.8% by 20 yr of disease
7.6% by 30 yr of disease
Cumulative risk
2.9% by 10 yr of disease
5.6% by 20 yr of disease
8.3% by 30 yr of disease
Cumulative risk
0.7% by 10 yr of disease
7.9% by 20 yr of disease
33.2% by 30 yr of disease

Study
Eaden et al[5]

Rutter et al[84]

Söderlund et al[8]

Canavan et al[9]

Kim et al[7]

CD: Crohn’s disease; UC: Ulcerative colitis.

associated CRC than with sporadic CRC in the advanced
stage. In addition, UC-associated CRC tended to be of
higher histologic grade, such as mucinous or signet ring
cell type, and had a greater multiplicity in number when
compared to sporadic CRC[3]. This finding is similar to
results reported in the large-scale nationwide populationbased Danish study[4], where the overall mortality rate
ratio for UC-associated CRC patients compared with
sporadic CRC patients was 1.24 (95%CI: 1.02-1.51) in
the first year and 1.17 (95%CI: 1.01-1.36) after 5 years
of follow-up. Therefore, identifying the at-risk patients
and carrying out appropriate preventions such as chemoprevention or surveillance for these patients is of great
importance in managing the CRC risk in IBD.
This review discusses the established risk factors,
pathogenesis, and prevention and diagnosis of colon carcinogenesis in patients with IBD.

incidence, which measures risk over time, was 0.3% per
year, or 3 cases of CRC per 1000 patient-years of follow
up. Based on long term follow up in a subset of studies
included in the meta-analysis, the cumulative risk of CRC
in patients with left-sided disease or pancolitis was estimated at 1.6% at 10 years, 8.3% at 20 years, and 18.4%
at 30 years after the development of UC. However, the
more recently published population studies demonstrated
contradictory results (Table 1). A Danish populationbased cohort study reported that the cumulative probability of CRC was 0.4% at 10 years, 1.1% at 20 years, and
2.1% at 30 years after the development of UC[6]. However, these results must be interpreted with caution because they reported high rates of proctocolectomy. Apart
from this, several large studies from Hungary, the United
Kingdom, and Sweden reported the cumulative risk of
CRC in UC as 0.6%-1.5% at 10 years, 2.5%-5.4% at 20
years, and 7.5%-10.8% at 30 years; these studies suggest
a low incidence rate of CRC. Recently, a nationwide Korean study involving 7061 patients with UC reported an
estimated cumulative risk of ulcerative colitis-associated
CRC of 0.7% at 10 years, 7.9% at 20 years, and 33.2%
at 30 years[7]. These results were comparable to Eaden’s
meta-analysis[5].
This discrepancy between Western and Asian studies is thought to arise for several reasons. The incidence
of ulcerative colitis seems to have reached a plateau in

RISK FACTORS
The most important and well-recognized risk factors
identified for IBD-associated CRC are disease duration
and extent. The meta-analysis by Eaden et al[5], which
included 116 studies from a wide array of centers and
geographic sites, was one of several milestones in establishing the incidence and cumulative risk of UC-associated CRC. This global meta-analysis reported that the
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IBD[22]. However, few studies have directly investigated
whether the level of inflammation correlates with CRC
risk in patients with IBD[21]. A retrospective case-control
study[23] reported a significant correlation between the
colonoscopic and histologic inflammation scores and the
risk of colorectal neoplasia. However, multivariate analysis revealed that only the histologic inflammation score
remained a significant risk factor. Another retrospective
cohort study of 418 patients undergoing colonoscopic
surveillance for UC showed similar results, where each
unit increase in inflammation score conferred a 3.8-fold
increase in the risk for high-grade dysplasia or CRC over
time, based on use of a 4-point scale to classify histologic
inflammation from a previous retrospective case control
study[23,24]. On the other hand, Velayos et al[25] reported
that the history of pseudopolyps increased the risk of
CRC in UC by 2.5-fold (95%CI: 1.4-4.6), as a marker of
more severe inflammation in the past.

Western countries; thus, colitic cancer development may
also be at a steady state or else decreasing[8]. However, in
Asian countries, ulcerative colitis is still increasing; therefore, the occurrence of colitis cancer is also anticipated
to increase. A meta-analysis of 12 published articles by
Canavan et al[9] reported that the cumulative risk for patients with Crohn’s disease (CD) was 2.9% at 10 years,
5.6% at 20 years, and 8.3% at 30 years after the CD diagnosis. This study showed that cumulative risk of developing CRC, once diagnosed with CD, is comparable to the
risk associated with UC[9].
The extent of colitis is an important risk factor, along
with duration, for the development of CRC. The metaanalysis by Eaden et al[5] reported that an overall prevalence of 3.7% for CRC among patients with UC in all
116 studies, but when restricted to the 35 studies that
stratified their analyses by extent of UC, the prevalence of
CRC among patients with extensive involvement rose to
5.4%[5,10]. A recent Danish population-based cohort study
involving 1515 patients diagnosed with UC also reported
that the risk of CRC in patients diagnosed with UC was
highest among patients with extensive colitis (standardized
incidence ratio, 1.85; 95%CI: 0.60-4.32). Several studies
have shown a general consensus indicating little or no
increased risk of CRC in patients with proctitis or proctosigmoiditis, whereas the risk is intermediate in those with
left-sided colitis and highest with pan-colitis[5,7,8,11-14].
Primary sclerosing cholangitis (PSC) is a chronic
cholestatic liver disease that is strongly associated with
IBD. An increased risk of CRC has been observed in
patients with IBD complicated by PSC. A meta-analysis
by Molodecky et al[15] reported that the pooled proportion
of IBD in PSC cases was 68% (58%-77%). Among IBD
subtypes, PSC was more common in UC than CD (80%
vs 10% of cases)[16]. The association with IBD was stronger with more extensive colonic involvement: in patients
with pancolitis, the prevalence of PSC was about 6%, in
contrast to 1% in those with only distal colitis[17]. A metaanalysis of 11 studies involving 16844 patients with UC
by Soetikno et al[18] reported that, overall, 21% of the patients with both UC and PSC developed colorectal neoplasms, compared with 4% of patients without PSC. The
OR of developing dysplasia or cancer in patients with
PSC was thus 4.8 (95%CI: 3.6-6.4), and this increased
risk was present even when the risk of CRC alone was
considered (OR = 4.3; 95%CI: 2.8-6.5).
Familial history of sporadic CRC increases the risk of
CRC by at least two-fold when compared to patients with
IBD without familial history for CRC[19,20]. A populationbased cohort study of patients with IBD reported that a
family history of CRC was associated with a more than
2-fold risk of IBD-associated CRC (adjusted RR = 2.5;
95%CI: 1.4-4.4); furthermore, patients with a 1st-degree
relative diagnosed with CRC before 50 years of age also
had a higher risk (RR = 9.2; 95%CI: 3.7-23)[20].
Chronic inflammation is believed to promote carcinogenesis[21]. Several lines of evidence indicate that chronic
inflammation is a key risk factor for CRC in patients with
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PATHOGENESIS
The pathogenesis of CRC in IBD is poorly understood.
Both genetic and environmental factors contribute to this
pathogenesis, and the factors responsible for neoplastic
changes in IBD can be summarized as follows: genetic
instability; epigenetic alteration; immune response by
mucosal inflammatory mediators; oxidative stress; and
intestinal microbiota[21,26,27].
Many of the genetic alterations associated with development of sporadic CRC also play roles in colitis-associated CRC[27,28]. Colon carcinogenesis in IBD is thought to
be similar to the adenoma-carcinoma sequence found in
sporadic CRC. However, unlike sporadic CRC, which develops from dysplasia in 1 or 2 foci of the colon, cancer
arising in colitis mucosa usually develops from multifocal
dysplasia, indicating a “field change effect”[1,21]. Aneuploidy, a marker of genomic instability, is demonstrated
at 20%-50% in dysplastic lesion and 50%-90% of cancers
and is detected in long-standing UC[1,27,29,30]. Because aneuploidy is often more widespread than dysplasia in IBD,
substantial genomic alterations must occur in colonic
mucosa without disturbing morphology[1,21].
The two major types of genomic instability found in
CRCs are chromosomal instability (CIN) and microsatellite instability (MSI)[31]. CIN and MSI in colitis-associated
CRC appeared with the same frequency (85% CIN, 15%
MSI) as seen in sporadic CRC, but they differed in the
timing and frequency from the pattern seen with sporadic CRC (Figure 1)[10,21,27,32]. For example, loss of adenomatous polyposis coli (APC) function, considered to
be a very common initiating event in sporadic colorectal
carcinogenesis, is less frequent and usually occurs later in
the colitis-associated dysplasia-carcinoma sequence[32-34].
Loss of P53 function is an important step in the progression of colitis- associated cancer. In contrast to sporadic
CRC, P53 mutation in patients with IBD occurs early and
is often detected in mucosa that is nondysplastic[26,27,35].
MSI, due to defective DNA mismatch repair, has been
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Sporadic colon cancer
Aneuploidy
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K-ras

DCC/DPC4

COX-2

Normal
mucosa

Early
adenoma

Intermediate
adenoma

Colitis,
no dysplasia

Indefinite
dysplasia

Low grade
dysplasia

DCC/DPC4
P53

P53

mut.

LOH
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Figure 1 Molecular pathogenesis of sporadic colon cancer and colon cancer associated with inflammatory bowel disease. Many of the genetic alterations
associated with development of sporadic colon cancer also play a role in colitis associated colon cancer. However, the frequency and sequence of these events differ
between the cancers. Modified from Ref [21]. APC: Adenomatous polyposis coli; MSI: Microsatellite instability; KAS: Kirsten Rat Sarcoma Viral Oncogene Homolog;
COX-2: Cyclooxygenase-2; DCC: Deleted in colorectal carcinoma; DPC4: Deleted in pancreatic carcinoma 4; CIN: Chromosomal instability.

reported to occur at variable frequencies in IBD associated CRC[28,36-38]. The MSI-high (MSI-H) phenotype is observed in approximately 10% to 15% of sporadic CRC[36].
The CpG island hypermethylation is a key epigenetic
mechanism of gene silencing of tumor suppressor genes,
including certain DNA repair genes where it acts through
hypermethylation of their promoters[28,32]. Promoter hypermethylation of the mismatch repair gene hMLH1 is
strongly associated with MSI. Among neoplastic samples
from patients with colitis, hMLH1 hypermethylation was
observed in 6 of 13 (46%) patients with high levels of
MSI, 1 of 6 (16%) with low levels of MSI, and 4 of 27
(15%) without MSI, so it might cause MSI or contribute
to its development[28,32,38]. Likewise, p16INK4a, a cell
cycle inhibitor that is also implicated in sporadic colon
cancer, is commonly hypermethylated in UC tissues, even
in the absence of dysplasia[28,39].
Other key elements in the pathogenesis of CRC in
IBD are related to chronic inflammation, such as the
induction cyclooxygenase (COX)-2, inflammatory cytokines, and chemokines. Some evidence indicates that
NSAIDs decrease the risk of CRC in IBD patients by
40%-50%[26,40]. NSAIDs exert their effects through their
action on COX enzymes. Among three isoforms of
COX enzyme, COX-2 is induced by inflammation and
triggered by inflammatory stimuli such as IL-1, IFN-γ,
and TNF-α[26]. Previous studies have shown that COX-2
expression is elevated in nearly 50% of adenomas and
85% of adenocarcinomas[41,42]. Agoff et al[43] reported
that COX-2 messenger RNA and COX-2 protein overexpression occurred early in UC-associated neoplasia.
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TNF-α is released by activated macrophages and T cells;
it binds to the receptor TNF-receptor (TNF-R) and
has been reported to promote inflammation and colitisassociated cancer[21]. Several studies have assessed the
relationship between the polymorphism of TNF-α-308
G>A and susceptibility to IBD and CRC[26]. Recently, a
meta-analysis study suggested that the polymorphism of
TNF-α-308 G>A participates in modifying the susceptibility to UC and CD in Europeans and Asians[44]. However, the increased risk of CRC in IBD patients should
be clarified as the combined effects of polymorphisms
in TNF-α and other cytokines and the interaction with
environmental factors[44].
Oxidative stress also contributes to pathogenesis of
the colon carcinogenesis by attacking proteins and nucleic
acids, resulting in denaturation and a variety of alterations
including base modifications, double-base lesions, and
strand breaks[21,45,46]. Oxidative stress develops in response
to inflammatory reactions in particular because the inflammatory cells, activated neutrophils, and macrophages
produce large amounts of reactive oxygen and nitrogen
species (RONs)[21,26,28]. Inflamed tissues from patients
with active UC or CD demonstrate increased expression
of nitric oxide synthase (NOS) and RONs[47-49]. RONs
can interact with key genes involved in carcinogenic pathways such as P53 and DNA mismatch repair genes[28]. A
previous study showed higher levels of P53 mutation frequencies of both G:C to A:T transitions at the CpG site
of codon 248 and C:G to T:A transitions at codon 247 in
the inflamed tissue than in the noninflamed tissue of the
colon, as well as in colon tissue from normal adult con-
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trols[47]. Another study reported that noncytotoxic levels
of hydrogen peroxide dramatically reduced the activities
of the mismatch repair system[45].
Although intestinal microbiota have considered as
contributors to development of colorectal neoplasia in
IBD, the mechanism of intestinal microbiota-induced carcinogenesis remains largely unclear[26,27,50]. Several different
rodent models of IBD have suggested that commensal or
specific bacteria contribute to the development of colitisassociated cancer. For example, the IL-10 knock-out mice
showed IBD (primarily colon and rectum) induced by
Enterococcus faecalis, as well as rectal dysplasia and adenocarcinoma[51]. Under specific pathogen free conditions, all
IL-10 gene knock-out mice also developed colitis after 3
mo of age, and CRC observed in 25% and 60% of the
mice after 3 and 6 mo, respectively[52]. Modification of
enteric flora in IL-10 knockout mice by probiotic lactobacilli was associated with a reduced prevalence of colon
cancer and mucosal inflammatory activity[53].

Immunomodulators also have anti-inflammatory
properties and are used as maintenance therapy in IBD
patients. Only limited evidence exists for a chemopreventive role for immunomodulators in IBD. A recent population-based study using a database linked to a nationwide
pathology network from the Netherlands demonstrated
a significant chemopreventive effect of thiopurine in patients with IBD (the adjusted hazard ratio: 0.10; 95%CI:
0.01-0.75). However, the majority of studies have not
shown a chemopreventive effect for immunomodulators[25,58,61,62]. An 8-year follow up study reported no significant differences in rates of progression to advanced
neoplasia or to any neoplasia between azathiopurine/6MP user and never-user patients with UC[62]. Another
retrospective cohort study also failed to demonstrate any
preventive effect of azathiopurine/6-MP[24].
The chemopreventive role of UDCA therapy is wellsupported from studies of patients with concomitant
with IBD and PSC. The colonic concentration of additional bile acids has been implicated as a carcinogen,
as this is cytotoxic to colonic epithelial cells and induces
hyperproliferation[56]. Therefore, studies have suggested
that treatment with UDCA may reduce the risk of CRC
in IBD[63]. A post hoc analysis of a randomized, placebocontrolled trial of patients with UC and PSC suggested
a significant chemoprotective effect for UDCA in these
patients, with a 74% reduction seen in the risk for dysplasia or cancer in those assigned to the UDCA group[64].
Tung et al[65]. reported that UDCA use was strongly associated with a decreased prevalence of colonic dysplasia
(OR: 0.18; 95%CI: 0.05-0.61). However, a retrospective
analysis of data from a randomized controlled trial using
a high dose UDCA (28-30 mg/kg body weight) showed
that long-term use of high-dose UDCA was associated
with an increased risk of colorectal neoplasia in patients
with UC and PSC[66]. The chemoprotective effect of using UDCA for patients with UC but without PSC has not
been explored.
Low folate intake has been associated with an increased risk for developing CRC and colon adenoma in
sporadic CRC[27,56]. Folate deficiency is associated with
alteration of the normal DNA methylation process, imbalance of steady-state levels of DNA precursors, and
changes in chromosome and chromatin[67]. Patients with
IBD are at risk of folate deficiency because sulfapyridine,
a moiety of sulfasalazine used in IBD therapy, can lead to
an impairment of folate absorption[68,69]. A meta-analysis
showed that both sulfasalazine and folate supplementation have a protective effect in CRC development in
patients with longstanding UC[70]. However, recent studies failed to find a chemopreventive effect of folic acid
supplementation[56,60,71].

CHEMOPREVENTION
Chemoprevention has been shown to reduce the risk of
adenoma and CRC in the general population without
IBD[54]. Pinczowski et al[55] first reported a chemopreventive effect of sulfasalazine in IBD, and several agents
with chemopreventive potential have since been identified, including 5-aminosalicylate (5-ASA) compounds,
immunomodulators, ursodeoxycholic acid (UDCA), and
folic acid[56]. However, prospective randomized controlled
trials on chemoprevention are lacking in patients with
IBD because of insurmountable obstacles such as ethical problems; consequently, data on chemoprevention in
patients with IBD are not clearly definitive and refer to
either retrospective case-control or cohort studies[27,56].
Chronic inflammation has been accepted as one of
the causative factors of IBD-associated CRC. The 5-ASA
compounds are used as maintenance therapy in patients
with UC because they have been shown to reduce inflammation in patients with UC. A meta-analysis of nine studies (three cohort and six case-control studies) that included
1932 UC patients reported that use of 5-ASA in UC was
associated with a reduced risk of CRC, and the benefit
occurred with regular use and use of at least 1.2 g of mesalamine equivalents per day[57]. However, subsequent to
this meta-analysis, more studies reporting negative results
have emerged[58-60]. A population based case control study
showed that among patients with IBD (364 CRC cases,
1172 controls), exposure to 5-ASA therapy of any dose
or duration during the 12 mo before CRC diagnosis was
not associated with a reduced risk of CRC (OR = 0.97;
95%CI: 0.77-1.23)[58]. Recently, Bernstein et al[59] used the
Manitoba IBD epidemiology database to show that 5-ASA
was not chemoprophylactic in IBD for CRC in either a
population-based case control or a cohort analysis. Although the chemopreventive role of 5-ASA compounds
has biological plausibility, the chemopreventive effects of
5-ASA in IBD remain conflicting.
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DIAGNOSIS AND SURVEILLANCE
One key element to decrease the risk of CRC in IBD
may be the early diagnosis by colonoscopic surveillance
and treatment of precancerous lesions[10]. However, ran-
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Table 2 Summary of the screening and surveillance recommendation from international guidelines for patients with inflammatory
bowel disease

1st screening
Surveillance interval
Random biopsy
Chromoendoscopy

ECCO 2008

BSG 2010

AGA 2010

ACG 2010

8-10 yr
Extensive: 2 yearly to 20 yr then annually
Left sided: 2 yearly starting at 15 yr
PSC: 1 yr
Recommended
Superior to white light endoscopy

10 yr
By risk: low 5 yr
Intermediate 3 yr
High 1 yr
Recommended
≥ 33 if no chromo

Max 8 yr
1-3 yr
More often at high risk e.g., PSC

8-10 yr

Recommended
≥ 33

Recommended
≥ 33

1-2 yr

ECCO: European Crohn’s and Colitis Organization; BSG: British Society of Gastroenterology; AGA: American Gastroenterological Association; ACG:
American College of Gastroenterology; PSC: Primary sclerosing cholangitis. Modified from Ref [80].

gain in mortality rates and cost effectiveness[83-85]. Recent
data have shown that most gastroenterologists do not
follow the biopsy protocol. A previous study from the
Netherlands showed that only 27% of gastroenterologists obeyed the recommended number of 33 random
biopsies[86]. Another study showed that more than 50%
of the gastroenterologists surveyed obtained fewer than
10 colonic mucosal biopsies per endoscopic surveillance
examination[87,88].
The random biopsy protocol is now increasingly
criticized, and increased focus is being placed on target
biopsies supported by chromoendoscopy or other newer
endoscopic techniques[10,63,89]. Chromoendoscopy involves
the topical application of a dye onto colonic mucosa to
improve detection of subtle colonic lesions, characterization, or diagnosis that are not visible with white light endoscopy[63,78,88]. Previous studies have demonstrated that
the use of chromoendoscopy increases the detection rate
of dysplasia by approximately 2 to 3 fold and gives a per
lesion increase of 4 to 5 fold[83,90,91]. Comparable diagnostic yields have been obtained with both methylene blue
and indigo carmine[90,92]. Although chromoendoscopy has
a demerit of being more time consuming than white light
endoscopy, recent guidelines have endorsed chromoendoscopy with target biopsies[76,77,80,88]. Moreover, recent
back-to-back colonoscopy studies have showed that withdrawal times were similar, at 10 min for colonoscopy with
random biopsy and 11 min for chromoendoscopy with
target biopsy. In addition, a targeted biopsy protocol with
pancolonic chromoendoscopy required fewer biopsies to
detect dysplastic lesions[90].
Narrow band imaging (NBI) is another available technique that can provide clear imaging of the microvascular
structure. However, NBI was not any more efficacious
than conventional colonoscopy in detecting patients
with neoplasia in tandem study and multicenter randomized studies[88,93-95]. Confocal laser endomicroscopy and
fluorescence endoscopy are other promising techniques,
but only limited data are available. Confocal laser endomicroscopy visualizes the histology of the mucosa and
it has been proposed as an addition to chromoscopic
detection of lesions to help target biopsy[80,88]. A recent
study showed that endomicroscopy targeted biopsies increased the diagnostic yield of intraepithelial neoplasias
by 2.5-fold when compared to chromoendoscopy guided

domized controlled trials have not been performed to
verify that surveillance colonoscopy is effective. A previous Japanese study reported that close surveillance results
in the detection of 48% of the cancers, 61% of which
are early cancers[1,72]. A recent Cochrane analysis concluded that, for patients undergoing surveillance, cancers
tend to be detected at an earlier stage and hence have a
better prognosis, even if lead-time bias may contribute
to the apparent benefit of surveillance[1,73,74]. Indirect evidence appears to support an effectiveness of surveillance
in reducing the risk of death from IBD-associated CRC
and that surveillance may be acceptably cost-effective,
although no clear evidence was shown that surveillance
colonoscopy prolonged survival in patients with extensive colitis[73,75].
Currently, several guidelines are available for recommending a specific surveillance program in IBD patients[76-79].
Almost all the guidelines agree on the following: (1) that
a screening colonoscopy should be performed on patients during clinical remission of the disease in order to
avoid confusion of inflammatory changes with dysplasia;
(2) that surveillance colonoscopy should be started 8-10
years after the onset of symptoms for patients with left
sided or extensive colitis; (3) that regular surveillance
schedules need to be followed after the initial colonoscopy; and (4) that two to four random biopsy specimens
should be taken with a jumbo forceps every 10 cm along
the entire colon, with additional samples being taken in
suspicious areas. Some distinctions are also made, such
as the surveillance interval. These are summarized in
Table 2.
The success of surveillance colonoscopy will depend
on improvement of the diagnostic yield of dysplasia or
early colon cancer. As stated previously, many current
guidelines recommend quadrantic random biopsies every
10 cm throughout the entire colon[63,80]. However, a random biopsy only samples 0.03% of the mucosal surface
and has a detection rate of < 2 per 1000 biopsies[80,81].
A retrospective analysis estimated that 33 and 64 biopsy
specimens are required to detect dysplasia with 90% and
95% probabilities, respectively[78,82]. This has served as the
basis for the surveillance practice recommendation, and
current guidelines for dysplasia surveillance recommend
a minimum of 33 biopsies[10,78]. However, this biopsy
protocol has failed to clearly demonstrate any significant
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biopsies alone[96]. Kiesslich et al[83] demonstrated that the
combined use of chromoscopy and endomicroscopy detected 4.75-fold more neoplasias than could be detected
with conventional colonoscopy and 50% fewer biopsy
specimens were required.
Fluorescence endoscopy assesses intraepithelial neoplasia after topical or systemic sensitization with 5-aminolevulinic acid (5-ALA), which is converted intracellularly into
the sensitizer protoporphyrin Ⅸ and accumulates selectively in neoplastic tissue[88,97]. In a previous study of 37 patients with UC, fluorescence endoscopy after 5-ALA sensitization showed excellent sensitivity, ranging from 87%
to 100% after local sensitization, and negative predictive
values of non-fluorescent mucosa for exclusion of dysplasia were also very high[97]. A recent back-to-back study that
used autofluorescence imaging, where short-wavelength
light provided the excitation of endogenous tissue fluorophores, showed lower neoplasia miss rates for autofluorescence imaging than for white light endoscopy[98].
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5
6
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8
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CONCLUSION

10

Recent data about IBD-associated CRC have indicated
several new trends. The overall incidence of CRC has
been at a steady state or diminishing in western countries
in recent decades. However, an anticipated increase in the
occurrence of IBD-associated CRC has appeared in Asian
countries as a consequence of the increasing incidence of
IBD. Studies on the pathogenesis of IBD-associated CRC
are now focused on genetic alteration. Interest is rising
with regard to the role of several factors, such as oxidative
stress, immune responses, and bacterial flora, in colon carcinogenesis in patients with IBD. Prospective randomized
controlled trials on chemoprevention in patients with IBD
are lacking and data on chemoprevention on patients with
IBD are not clearly definitive; however, anti-inflammatory
agents such as the 5-aminosalicylate compounds and
immune modulators have been considered as potential
chemopreventive agents. Several guidelines for surveillance strategy have also recently have endorsed the use
of a target biopsy that incorporates chromoendoscopy
or some new technologies instead of multiple random
biopsies. However, the effectiveness of new technologies
like narrow band imaging, confocal endomicroscopy, and
autofluorescence imaging remain to be proven.
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prominent position is occupied by a vacuolating toxin A
(VacA) and cytotoxin-associated gene A (CagA) protein.
However, in light of the recent studies that are presented in this review, it is necessary to enrich this panel
with H. pylori lipopolysaccharide (LPS). Together with
CagA and VacA, LPS suppresses the elimination of H.
pylori bacteria from the gastric mucosa by interfering
with the activity of innate and adaptive immune cells,
diminishing the inflammatory response, and affecting
the adaptive T lymphocyte response, thus facilitating
the development of chronic infections. The complex
strategy of H. pylori bacteria for survival in the gastric
mucosa of the host involves both structural modifications of LPS lipid A to diminish its endotoxic properties
and the expression and variation of Lewis determinants, arranged in O-specific chains of H. pylori LPS. By
mimicking host components, this phenomenon leaves
these bacteria “invisible” to immune cells. Together,
these mechanisms allow H. pylori to survive and live for
many years within their hosts.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

In this review, we discuss the findings and concepts underlying the “persistence mechanisms” of Helicobacter
pylori (H. pylori ), a spiral-shaped, Gram-negative rod
bacterium that was discovered as a gastric pathogen
by Marshall and Warren in 1984. H. pylori colonizes the
gastric mucosa of nearly half of the human population.
Infections appear in early childhood and, if not treated,
persist for life. The presence or absence of symptoms
and their severity depend on multiple bacterial components, host susceptibility and environmental factors,
which allow H. pylori to switch between pathogenicity and commensalism. Many studies have shown that
H. pylori components may facilitate the colonization
process and the immune response of the host during
the course of H. pylori infection. These H. pylori -driven
interactions might result from positive or negative
modulation. Among the negative immunomodulators, a
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Core tip: Helicobacter pylori (H. pylori ), a Gram-negative bacterium, colonizes the gastric mucosa of at least
half of the human population and possesses a unique
lipopolysaccharide (LPS) structure. According to recent
studies, this structure contributes to the immunomodulatory properties of LPS. The structural rearrangements
of H. pylori LPS, especially in relation to the lipid A and
O side chains, result in a unique pattern of interactions
between the bacterium and the host. In this review, we
report and discuss the actual findings underlying the
LPS-driven “persistence mechanisms” of H. pylori , explaining how structural modifications may allow these
bacteria to “live in peace” within a human host.
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lence of H. pylori infection in Africa and South Asia, the
incidence of gastric cancer in those areas is much lower
than in other regions. Such geographic differences in
pathology can be explained in part by the presence of
different types of H. pylori virulence factors[4,10-13]. Many
studies have been performed to define what makes H.
pylori a pathogen and, at the same time, why so many
people do not suffer due to infection. Generally, penetration of H. pylori through the gastric mucosa results in
the recruitment of host immune defenses to the site of
infection and the development of acute inflammation.
If the course of events is favorable to the host, the bacteria are eliminated, and healing begins. However, when
acute inflammation fails to fight the infection, a chronic
inflammatory response occurs. Among several mediators
engaged in propagating gastric inflammation after H.
pylori infection, cyclooxygenase-2[14], together with reactive oxygen species (ROS) and reactive nitrogen species
(RNS)[15] might be the principal ones. Excessive ROS/
RNS production correlates well with histopathological
mucosal damage and with bacterial load[14,15]. The permanent recruitment of inflammatory cells to infectious foci
results in progressive tissue damage. Asymptomatic H.
pylori-infected individuals likely develop very weak gastric
inflammation in response to H. pylori. In such conditions,
the bacteria are not eliminated. A type of balance is created between the microbes and the host, which limits the
recruitment of immune cells and prevents the development of gastric pathologies.
It is known that H. pylori is a genetically diverse species[5,7,8,16]. H. pylori strains isolated from different hosts
possess various virulence capacities, and their genetic
diversity may also appear within the gastric niche of a
single human host. Most H. pylori-related diseases depend
on the expression of specific protein virulence factors,
such as cytotoxin-associated gene A (CagA) and vacuolating cytotoxin A (VacA)[7]. A recent study on H. pylori-host
protein interactions confirmed that the type IV secretion
system (TIVSS) can translocate CagA to gastric epithelial
cells using human β1 integrin as a receptor[17]. H. pylori
strains that are positive for the Cag TIVSS more successfully cause chronic infections in humans. In contrast, it
has been observed that the activity of the TIVSS system
may limit H. pylori colonization. The study in a mouse
model has shown that an exchange of DNA between
genetically heterogeneous H. pylori strains may support
chronic colonization[18,19]. Other well-characterized H.
pylori virulence factors include urease[20,21] and several
types of outer membrane proteins, such as Hop proteins
(Hsp70/Hsp90-organizing Hsp)[22] and blood antigenbinding adhesins [23]. However, the panel of H. pylori
proteins is very complex and, as shown in a proteomics
study, includes over 1200 compounds[24,25]. The role of
the majority of these proteins in the course of H. pylorirelated diseases needs to be clarified. It is interesting that
different H. pylori proteins may interact with various host
molecules and be involved in numerous pathogenic signaling pathways.

Chmiela M, Miszczyk E, Rudnicka K. Structural modifications of
Helicobacter pylori lipopolysaccharide: An idea for how to live
in peace. World J Gastroenterol 2014; 20(29): 9882-9897 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i29/9882.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i29.9882

INTRODUCTION
In this review, we discuss the findings and concepts
underlying the “persistence mechanisms” of Helicobacter
pylori (H. pylori), a human pathogen colonizing the gastric
mucosa. We focus on aspects concerning the structure,
bioactivity, and immunomodulatory properties of H. pylori
lipopolysaccharide (LPS) and its contribution to the development of chronic gastritis. Today, we know that LPS is
the main outer membrane component of Gram-negative
bacteria and that LPS has strong immunostimulatory and
inflammatory capacities. Recent years have provided new
insights into the H. pylori LPS structure and the receptors of the innate immune system that are involved in
its recognition and signal transduction pathways. These
new data allow a more precise definition of the harmful
and beneficial effects of H. pylori LPS. There is a growing number of theories suggesting that H. pylori LPS has
evolved during the co-existence of these bacteria with
human hosts since the migrations out of Africa 60000
years ago, enabling these bacteria “to live in peace’’[1].

HELICOBACTER PYLORI: BETWEEN
PATHOGENICITY AND COMMENSALISM
H. pylori is a spiral-shaped, Gram-negative rod bacteria
that was discovered as a gastric pathogen by Marshall
et al[2]. H. pylori colonizes the gastric mucosa of nearly
half of the human population. Infections appear in early
childhood and, if not treated, persist for life[3]. Disease
development depends on multiple bacterial virulence
components, host susceptibility, and environmental factors[4]. A characteristic symptom of H. pylori infection
is an excessive inflammatory response, which results in
the development of pathological processes in the gastric
epithelium, such as erosions, ulcers, changes in cell phenotype, excessive cell proliferation, and the secretion of
proinflammatory cytokines[5-7]. The balance of bacterial
factors and the host inflammatory response to H. pylori
infection determines the outcome of the disease[8]. Most
H. pylori-infected individuals (80% to 90%) remain clinically asymptomatic throughout their lifespan. In most
cases, H. pylori colonizes the stomach for many decades
before symptoms appear, which distinguishes this bacterium from bacterial pathogens that cause acute infections. However, even in asymptomatic subjects, H. pylori
induces histological gastritis, due to the infiltration of the
gastric mucosa by immune cells[9]. Approximately 10%
of infected subjects develop symptomatic gastritis, peptic ulcer, or even gastric cancer. Despite the high preva-
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Key findings
H. pylori demonstrates high affinity to the gastric mucosa
and is well adapted to live in the acidic environment of
the stomach. In general, the interactions of H. pylori with
host cells resemble a lifelong homeostasis, but in certain
patients, these microbes cause pathological changes, such
as ulcers or gastric cancers. It is not clear why certain
patients remain asymptomatic, whereas others develop
illness. Recently, both bacterial virulence factors and host
susceptibility have been recognized as contributors to H.
pylori pathogenicity.

ary variations, which are crucial for the adaptation of
microbes to the host or environment. In general, the
structures of LPSs from various bacterial species and
serotypes of Gram-negative bacteria are similar. These
amphiphilic molecules contain two parts: a hydrophilic
polysaccharide and lipid A, which constitutes a covalently
bound hydrophobic lipid component. The polysaccharide moiety contains a core region and an O-specific
chain, with a sequence of repeating units of identical
polysaccharides, which are composed of several sugar
monomers. Due to the great variety of monosaccharides
occurring in the O-specific chain, this region of LPS is
unique to each endotoxin and characterizes the serotype.
The core region is less variable and is subdivided into
outer and inner cores. The outer core may contain different sugar moieties: D-glucose, D-galactose, 2-amino2-deoxy-D-galactose, and 2-amino-2-deoxy-D-galactose.
The inner core contains 2-keto-3-deoxy-octulosonic acid
(Kdo) and heptose residues, which are phosphorylated.
Lipid A is known as the bioactive center of LPS and is
composed of 1,6-linked D-glucosamine disaccharide,
which is phosphorylated and possesses up to six acyl
residues. There are differences in the length, position,
and number of fatty acids. Lipid A is responsible for the
endotoxic properties of LPS[32], and its bioactivity is defined as cytokine-inducing capacity. The minimal requirements for this activity include the presence of a molecule
composed of two gluco-configurated hexosamine residues,
two phosphate groups, and six fatty acids, as in lipid A
of Escherichia coli (E. coli), which has been established as
standard LPS (Figure 1)[33]. Modifications in the chemical
structure of LPS, such as different phosphorylation or
acylation patterns of hexosamine disaccharide, result in a
varied ability to induce monokine production by immune
cells. Endotoxicity is usually caused by monomeric LPS
molecules, although at a higher concentration, the physical structure of LPS is also crucial for its bioactivity[34].

UNIQUE STRUCTURAL AND BIOLOGICAL
FEATURES OF H. PYLORI LPS - A
KEY PLAYER IN THE PERSISTENCE
STRATEGY
Although H. pylori, as a gastric pathogen, expresses several unquestionable virulence factors that are related to the
cytotoxicity of this bacterium, its most potent feature is
the ability to persist for years within the gastric epithelium
of the host. This unique, adaptive property occurs due to
a complex mechanism of H. pylori colonization and persistence, which is mediated by proteins, glycoconjugates,
and lipids exposed on the surface of this bacterium. Wellcharacterized adhesins in H. pylori include blood antigenbinding adhesin (BabA), which interacts with the host’s
Lewisb (Leb), and sialic acid-binding adhesin, which binds
sialylated LewisX (LeX). There are many other H. pylori
adhesion molecules, such as hemagglutinin, which interacts with sialic acid exposed on human tissues, and lesscharacterized adhesion molecules that interact with host
extracellular matrix (ECM) molecules[12,23,26,27]. Among H.
pylori virulence factors, LPS plays a special role due to its
unique structural and biological properties, which differ
from those of the LPSs typical of other Gram-negative
bacteria. In general, these unique features concern modifications of lipid A, resulting in a reduction in the endotoxic and proinflammatory properties of H. pylori LPS[28,29]
and the expression of O chains. These chains are structurally related to Lewis blood-group antigens, which are
also expressed by human cells. This phenomenon, called
molecular mimicry, most likely makes these pathogens
less sensitive to recognition by the immune cells of the
host[30]. The direct cytotoxic effect of H. pylori LPS on
immune cells and epithelial as well as endothelial barriers
and its immunomodulatory activity, mediated through
different cytokines, are being investigated.

Lipid A of H. pylori LPS: A weak bioactive center
Similarly to other Gram-negative bacteria, H. pylori contains a cell envelope composed of poly- or oligosaccharides that are covalently linked to lipid A of LPS. Fresh
clinical isolates produce a high-molecular-weight, smooth
LPS with an O-antigen, which, in an in vitro culture, may
convert into a rough form without the O side chain[35,36].
Lipid A of H. pylori LPS has a unique structure and lower
biological activity compared with lipid A from other bacteria[28,29]. Probably it evolved due to adaptation to long-term
infections in the gastric milieu. Structural analysis of H.
pylori lipid A of the rough and smooth types has indicated
that these lipids contain fatty acids that are longer than
those present in lipid A of enterobacterial species. The
predominant form is tetraacyl lipid A, with long acyl chains
of 16 to 18 carbons and underphosphorylation, which
are unusual properties for H. pylori lipid A (Figure 1)[34,37].
Studies on reference lipid A from Salmonella minnesota and
E. coli have shown that specific phosphorylation patterns
and fatty acid compositions and a particular degree of ac-

General structure of bacterial LPSs: A summary
Bacterial LPSs are described as heat-stable, non-protein,
endotoxic cell wall components of Gram-negative bacteria that consist of conserved and highly variable regions[31,32]. Conserved parts of LPS are shared between
various bacterial species and are critical for cell survival.
In contrast, the variable regions of LPS are not essential
for the existence of bacteria but promote evolution-
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Figure 1 Chemical structures of Helicobacter pylori and Escherichia coli Kdo-lipid A domains. The majority of Escherichia coli (E. coli) species express lipid A
composed of two gluco-configurated hexosamine residues, two phosphate groups at the 1- and 4’- positions, and six C12-C14 long fatty acids. In contrast, the low immunogenic lipid A of Helicobacter pylori (H. pylori) is a tetraacylated molecule with the long acyl chains C16-C18 that is lacking the 4’-phosphate group. Modified from
Cullen et al[34].

increase[48], especially in relation to poly (C) tracts in the
gene encoding α-1,3-fucosyltransferases as well as a poly
(C) tract and poly (TAA) repeats in the gene encoding
[49,50]
. The phenomenon of LPS
α-1,2-fucosyltransferase
phase variation results in increased heterogeneity of the
bacterial population which enables H. pylori to more precisely adapt to the changing environment of the gastric
mucosa[36,51]. Considering the similarities between LeX and
Lea or LeY and Leb determinants, it has been suggested
that the host Le phenotype may preferentially select for
the expression of Le determinants by H. pylori[52]. Thus,
the host milieu promotes a selection of bacterial strains
with particular characteristics that facilitate adaptation
and survival in the gastric mucosa of the individual host
and shape the bacterial community structure[47]. An investigation of the genetic basis of H. pylori Le biosynthesis
showed that despite functional similarity, low sequence
homology occurs between bacterial and mammalian
α-1,3/4- and α-1,2-fucosyltransferases. Thus, the expression of Le antigens in H. pylori and these antigens’ role in
the mimicry phenomenon could be influenced by several
factors: the regulation of fucosyltransferase genes, the
activity and expression levels of functional enzymes, the
preferences of the expressed enzyme for distinctive acceptor molecules, and the availability of activated sugar
intermediates[44].
The poorly endotoxic properties of H. pylori LPS and
the expression of LeX or LeY determinants in O-specific
chains suggest that antigenic mimicry induced by H. pylori
LPS may allow the bacterium to avoid the host immune
response via the induction of potentially autoreactive
anti-LeX or anti-LeY antibodies, as well as by strengthening the adhesion process. The functional role of H. pylori
Lewis antigens in the adhesion of bacteria to the human
gastric mucosa has been reevaluated by studying the in

ylation are necessary for LPS to express its full biological
activity[31]. The underphosphorylation and underacylation
of H. pylori lipid A moieties promote the lipid’s low endotoxicity and biological activity[26]. H. pylori LPSs, interpreted
in the context of their lipid A, possess a significantly lower
ability to induce the production of cytokines, nitric oxide,
and prostaglandin E2; show diminished potential to activate natural killer (NK) cells; barely induce the expression
of E-selectin; and are unable to impair the activity of suppressor T lymphocytes[38-42]. These suggest that this lipid
should be treated not as a typical endotoxin, but rather as
a type of matrix that enables H. pylori to interact with and
modulate the host environment[37].
O side chains of H. pylori LPS: The idea of molecular
mimicry
Considering the role of H. pylori LPS in the course of
gastroduodenal infections, several studies have analyzed the relevance of O side-chain repeating units. In
contrast to other pathogens, H. pylori LPS O antigen is
strongly conserved, which suggests that its role in the
pathogenesis of H. pylori is not related to weak endotoxic
activity. The O side chain of H. pylori can be fucosylated and thus mimics human Lewis molecules and other
related blood-group antigens: LeX; LeY; and, in certain
strains, Lea, Leb, Lec, sialyl-LeX, and H-1 antigens. The
side chain can also mimic the antigens of blood groups
A and B[29,42,43]. Inactivation of the H. pylori LeX and LeY
determinants results in the unsuccessful colonization
of mice in vivo[44-46]. The biosynthesis of H. pylori LPS
follows a pathway that is different from all established
synthesis cascades. The translocation of the O chain is
accomplished by Wzk translocase, which is essential for
the cell surface expression of Le antigens[47]. During persistent infection, the diversity of H. pylori LPS tends to
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situ adhesion of the strains with or without the expression of BabA in patients with various gastric pathologies.
It was concluded that BabA is a major H. pylori adhesin
that mediates H. pylori binding to gastric epithelial cells
via a mucosal Leb blood-group antigen. In contrast, it was
reported that H. pylori LPS LeX determinants play a distinct but minor role in adhesion to the human gastric epithelium[53] and that related strains are not able to colonize
C3H/HeJ mice[54]. However, more recent studies showed
that the polymeric LeX structure in the O antigen of H.
pylori LPS is specifically recognized by β-galactosidebinding lectin (galectin-3), which has been identified as a
gastric receptor[55]. Previously, it was shown that the core
region of LPS may bind laminin (a molecule of the host
ECM) and thus contribute to the colonization process[56].

has developed mechanisms to vary its LPS chemistry
to subvert recognition by innate immune receptors[67].
Bacterial LPSs are pathogen-associated molecular patterns (PAMPs), or so-called “alarmins”, which allow the
recognition of bacterial invasion and trigger the innate
immune response of the host[68]. LPSs and other PAMPs,
including lipoproteins, peptidoglycan, flagellin, doublestranded RNA, CpG-DNA, and zymosan, are recognized
by PRRs on the cells of the first line of immune defense:
macrophages and dendritic cells (DCs). Toll-like receptors (TLRs) and nucleotide-binding domain, leucine-rich
repeat-containing receptors (NLRs) are well-characterized
PRRs that display a high degree of PAMP specificity. In
contrast to the adaptive response, innate immunity is not
specific. Each type of PRR can differentiate microbial
components from similar structures, i.e., patterns or molecular signals, that are unique to host cells, allowing distinction between self and non-self[68,69]. The recognition
of PAMPs induces the production of proinflammatory
cytokines and the maturation of DCs, which in turn result in the activation of a specific immune response[70,71].
In the context of infections caused by Gram-negative
bacteria, LPS constitutes the most dominant and suitable
PAMP[72,73]. The structure of lipid A, the expression of
Le antigens, and the fucosylation patterns in H. pylori LPS
may have multiple effects on immune responses. The interactions of lipid A with host cells are mediated by cellular and soluble receptors: (1) serum LPS-binding protein
(LBP); (2) the membrane CD14 receptor; (3) sCD14 protein, a soluble form of the CD14 receptor; and (4) TLR4
bound to MD2 molecule, that is used for signaling via
recruitment of the TIR domain containing MyD88 and
TIRAP adaptor proteins or, alternatively, of the TRAM
and TRIF proteins, leading to the activation of nuclear
factor κB or IRF3/7 transcription factors. This events
result in the production of proinflammatory cytokines
and type Ⅰ interferons (IFNs)[73,74]. Studies conducted
on two types of cellular systems, 70Z/3 cells expressing
CD14 and an epithelial cell lineage with CD14-dependent
activation, confirmed that H. pylori LPS, although much
less active than E. coli LPS, stimulates cells to secrete
interleukin (IL)-8 via CD14[75]. Lower efficiency in LBP
binding may be one of the explanations for the low biological activity of H. pylori LPS, which is especially observed in the activation of human monocytes. Although
H. pylori LPS binds LBP less efficiently than does E. coli
LPS[76], the level of circulating LBP significantly rises in
H. pylori-infected patients with gastritis and is even more
elevated in H. pylori-infected patients with coronary heart
disease (CHD), most likely as a consequence of the
chronic inflammatory response and endothelial dysfunction[77]. Through LBP, LPS is detoxified in the circulation,
mainly by its incorporation into low-density lipoproteins
(LDLs)[78]. However, considering LPS/LBP/LDL interactions in CHD patients may serve as a mechanism that
enables the deposition of H. pylori LPS in the vascular
endothelium, thus enhancing the TLR4-dependent inflammatory response.

Key findings
Among H. pylori virulence factors, a special role is played
by LPS. This molecule’s unique structure and low biological activity promote the survival of the bacterium in the
gastric mucosa, despite the existence of various immune
barriers. Underphosphorylation and underacylation of
lipid A result in the low endotoxicity and biological activity
of H. pylori LPS. Fucosylation of the H. pylori O antigen
results in the phenomenon of antigenic mimicry, in which
bacterial fucose residues imitate human Le blood-group
antigens. This imitation allows the bacterium to avoid host
immune responses and contributes to prolonged infection.

HOST CELLULAR IMMUNE BARRIERS VS
H. PYLORI LPS
Pathogens may modulate host immune responses by
interfering with host recognition and signal transduction mechanisms[57]. During the co-evolution of H. pylori
and its host, the bacterium evolved complex strategies
to impair immune defenses while maintaining a limited,
balanced inflammatory response[58]. Several H. pylori compounds reduce the inflammatory response and the recognition of bacterial antigens by the host immune system
(Figure 2). The immunomodulatory activities of VacA,
CagA, γ-glutamyl transpeptidase, arginase, and several
adhesins have been shown[3,58-64]. The release of H. pylori
LPS into an infectious niche may play an important role
in the induction of both local and systemic inflammatory
responses. This induction may be a consequence of direct LPS-cell interactions or cell-to-cell cytokine-mediated
crosstalk. Changes occurring in the gastric epithelium
colonized by H. pylori lead to the penetration of bacterial
antigens through the basal membrane, where they bind to
the ECM and, via pathogen recognition receptors (PRRs),
interact with immune cells infiltrating the lamina propria
and induce the production of cytokines. Moreover, the
soluble antigens of H. pylori may enter the circulation and
induce systemic effects[65,66] (Figure 3).
H. pylori LPS: An atypical PAMP
H. pylori, similarly to many intestinal microorganisms,
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Figure 2 Helicobacter pylori lipopolysaccharide-mediated immunomodulation. The effector functions of both natural and adaptive immune cells could be downregulated by various lipopolysaccharide (LPS)-dependent mechanisms, making the persistence of Helicobacter pylori (H. pylori) infection possible. These probable
mechanisms might include LPS-dependent escape of phagocytosis due to apoptosis of polymorphonuclear cells, downregulation of the cytotoxic activity of natural
killer (NK) cells and expansion of NK cells producing regulatory interleukin (IL)-10, expansion of natural killer T cells, inhibition of antigen presentation by mature
macrophages, and downregulation of the lymphocyte proliferation indirectly caused by LPS-driven macrophage arrest. Stimulation of B lymphocytes in response to
H. pylori LPS may result in the production of anti-Lewis antibodies, which, together with host Lewis antigens, form immune complexes which may induce complement
(C)-dependent inflammation. ECM: Extracellular matrix; PRRs: Pathogen recognition receptors; oxLDL: Oxidized low density lipoprotein (LDL).

The variation in bacterial lipid A structures might
be a successful strategy for escaping recognition by the
innate immune system and blocking TLR4 signaling. In
vitro studies showed that moieties of lipid A from H. pylori LPS are poorly recognized by human TLR4[79]. This
phenomenon is due to the presence of fewer but longer
(16- to 18-carbon) acyl chains. The potential of these
pathogens to cause severe chronic disease in humans is
attributed, at least in part, to their relatively low ability to
activate TLR4 signaling[67]. However, the advantage of
this mechanism for the persistence of H. pylori is limited
in the gastric milieu because human gastric epithelial cells
do not express functional TLR4, which is present on the
surface of monocytes and macrophages[80]. H. pylori lipid
A, which is unable to trigger a signal through TLR4, can
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act through TLR2, expressed on both epithelial cells and
macrophages, which may compensate for a lack of sufficient TLR4 signaling[81]. It has been shown that LPSs
from certain H. pylori strains can antagonize TLR4. The
antagonistic activity of H. pylori LPS and its binding to
TLR2 might give the bacterium an advantage over the
host, and this phenomenon might be associated with the
clinical outcome of H. pylori infection[79]. It was shown
that the presence of cag pathogenicity island (PAI) genes
may be crucial for the synthesis of bioactive lipid A
molecules that stimulate TLR4-mediated expression of
mitogen oxidase 1 (Mox1) in gastric pit cells, which could
be involved in the initiation of mucosal cell inflammatory
and immune responses against H. pylori infection[82,83].
However, the genomic and molecular bases for the link-
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Figure 3 Local and systemic consequences of Helicobacter pylori-driven immunomodulation. Helicobacter pylori (H. pylori) lipopolysaccharide (LPS) may facilitate colonization of the gastric mucosa through extracellular matrix proteins and induction of local inflammation. Increased permeability of the gastric epithelium due
to the activity of H. pylori proteins such as urease and vacuolating cytotoxin, which contribute to the degradation of intercellular tight junctions, may result in broad interactions of soluble H. pylori LPS with host cells. This LPS can bind to various immune cells infiltrating the mucosal basal lamina or even enter the circulation, where
the LPS may contribute to the inflammatory response via a direct influence on immune cells or through the formation of complexes with low density lipoprotein (LDL)s,
and possibly oxidized LDL. Released H. pylori LPS can also move along the gastrointestinal tract and, together with the intestinal microbiota, may induce complex
immunoregulatory mechanisms. These interactions can result in an increased expression of adhesins, pathogen recognition receptors (PRRs), and proinflammatory
cytokines. Different PRRs can mediate the interactions of H. pylori LPSs with the immune cells, including Toll-like receptor 4 or 2, dendritic cell-specific intracellular
adhesion molecule-3-grabbing non-integrin, and triggering receptor expressed on myeloid cells-like receptors. The signaling pathways triggered by these receptors
may cause cytokine secretion. NKT: Natural killer T lymphocytes; PMNs: Polymorphonuclear cells.

age between cagPAI genes and the synthesis of bioactive lipid A remain unsolved. Until recently, lipid A was
considered the only component of LPS, determining its
biological activity. However, since the discovery of LeX
in the LPS of H. pylori, several different biological functions have been attributed to the presence of Le antigens.
Several proposed functions include enhancement of
colonization, escape from host recognition, modulation
of the activity of immune cells, and induction of gastric
autoimmunity[44].
It has been shown that due to LPS phase variation, H.
pylori evades binding to surfactant protein D (SP-D) and
may persist in the gastric mucosa[44,58]. This phenomenon
caused by changes in the fucosylation of the O chain,
which is concomitant with slipped-strand mispairing in a
poly (C) tract of the fucosyltransferase A (fut T1) gene[83].
Recently, two antigenic types of H. pylori LPS have been
proposed: LPS with a highly antigenic epitope (HA-LPS)
and a weakly antigenic epitope (WA-LPS), which is expressed after the removal of a β-N-acetyl-D-glucosamine
residue, a highly antigenic determinant. This antigenic
conversion, resulting with the loss or lack of only one
β-linked D-GlCNAc residue, may serve as an escape
mechanism for H. pylori, enabling the bacterium to evade
the host antibody-mediated immune response. In the
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presence of SP-D, WA-LPS possesses a stronger ability
to upregulate TLR4 expression, proliferation of epithelial
cells, inflammation and tumorigenesis[84].
Whether the LeX and LeY determinants are involved
in the pathways of cytokine signaling is unclear. It has
been shown that H. pylori LPSs, with or without LeXY
determinants, differ in their ability to induce the production of inflammatory cytokines by peripheral blood
mononuclear leukocytes (PBMLs). The lack of Lewis determinants in H. pylori LPS results in a significant reduction in its ability to induce TNF-α secretion compared
with H. pylori LPS containing LeXY antigenic moieties
or standard E. coli LPS[85]. Little is known about the recognition of bacterial Le determinants by the immune
cells of the host. Successful pathogens may manipulate
signaling through bacterial structures that modify TLR
signaling. For instance, Mycobacterium tuberculosis, due to
the interaction of mannose-capped lipoarabinomannan
(ManLAM) with the mannose receptor, inhibits LPSinduced IL-12 production by macrophages[86]. Additional
receptors such as DC-specific intercellular adhesion
molecule (ICAM)-3-grabbing non-integrin (DC-SIGN)
on DCs, work together with the mannose receptor to
inhibit antimicrobial and anti-inflammatory responses by
modifying the effects of subsequent TLR activation[87].
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It has been shown that whole H. pylori bacteria and their
LPSs bind to DC-SIGN not only via Le carbohydrates
but also through galactose moieties[88,89]. It was suggested
that differences in H. pylori binding affinity for DC-SIGN
are determined by the phase variation[90]. The ability of
H. pylori to bind DC-SIGN might allow the bacterium to
modulate the T helper cell 1 (Th1)/T helper cell 2 (Th2)
balance and could be crucial for the control of H. pylori
infections. Activated lymphocytes more effectively control bacterial growth and might diminish inflammation in
the gastric mucosa by releasing cytokines, most likely of
the Th2 type[90]. Beyond TLRs and DC-SIGN receptors,
other molecules, such as triggering receptor expressed on
myeloid cells (TREM)-like and nucleotide-binding oligomerization domain 1 (NOD1) receptors, are also engaged
in H. pylori-driven immune responses[91]. As shown in
recent studies, the stimulation of gastric epithelial cells by
H. pylori-derived NOD1 ligands leads to a production of
host defense factors, such as IFN-β, IFN-γ, and IFN-γinduced protein 10 (IP-10), all of which regulate bacterial
growth. The molecular mechanisms of NOD1-mediated
mucosal host defense against H. pylori are not completely
understood but are at least partially dependent on the
presence of a functional TIVSS. Interestingly, TLRdependent proinflammatory cytokine responses are
remarkably enhanced in the presence of NOD1 ligands.
Thus, synergetic TLR-NOD1 activation in the gastric
epithelium should be considered[92].

and neutralized by recombinant LPS-binding protein
(rLBP). LBP is thought to primarily function in facilitating LPS-stimulated cytokine synthesis by monocytes and
macrophages. However, LBP also enhances the later
stages, affecting bactericidal/permeability-increasing protein (BPI) activity and opsonizing Gram-negative bacteria
and thus playing a more direct role in host defense[98]. It
is possible that LBP reduces the concentration of BPI
required to kill bacteria[99]. The LPS-mediated attachment
of H. pylori to laminin may affect the effectiveness of
the engulfment process[100]. This mechanism may limit
the availability of bacteria to phagocytes. Another antiphagocytic mechanism of H. pylori LPS could be associated with LPS-driven apoptotic changes in phagocytes[97].
Previous findings implicated caspase-3 involvement in
gastric mucosal inflammatory responses to H. pylori LPS
and suggested the participation of nitric oxide synthase 2
in the amplification of the cell death signaling cascade[101].
In vivo, H. pylori LPS may diminish bacteria elimination
and, despite abundant granulocyte infiltration in the gastric mucosa, promote persistence of the infection.

MODULATION OF NK CELL ACTIVITY
There is a growing set of data concerning the interplay
of H. pylori antigens with NK cells and its consequences
in the course of infection. The main function of NK
cells, which are large granular lymphocytes representing
the innate immune system, is to promote major histocompatibility complex (MHC)-unrestricted killing of
both target cells infected by viruses or bacteria and tumor cells[102]. NK cell-dependent responses are especially
important in defense against pathogens that induce extensive cell damage, apoptosis, or cancerogenic changes.
H. pylori bacteria fulfill all of these criteria. The predominance, heterogeneity, and distribution of NK cells at
different sites within the gastric mucosa reflect a potential functional role for these cells during H. pylori infections[103]. CD8-CD16-CD56+bright NK cells in the gastric
mucosa of H. pylori-infected subjects have likely adapted
to respond to such bacterial infections. NK cells may respond by robust IFN-γ secretion for both direct H. pylori
stimulation and indirect antigen presenting cell (APC)dependent cytokine activation[104-106]. Regarding the antiphagocytic properties of H. pylori LPS, it is unclear how
this LPS influences NK cell activity compared with the
effects of other surface H. pylori antigens and standard
E. coli LPS. It was found that H. pylori LPS, but not E.
coli LPS or H. pylori glycine-acid extract (GE) of surface
antigens, downregulated the natural cytotoxic activity of
peripheral blood lymphocytes, which also correlated with
a diminished ability of PBMLs to produce IFN-γ and
IL-2 and a retained but very low secretion of IL-10[107].
H. pylori LPS-driven downregulation was more intense
in H. pylori-infected individuals. The activity of H. pylori
LPS, but not GE or E. coli LPS, was related to a decrease
in the cytotoxic properties and propagation of NK cells
(CD3-CD56+). The H. pylori LPS-driven downregulation

ESCAPING PHAGOCYTOSIS
Host recognition of microbial invasion induce the recruitment of neutrophils and mononuclear cells into the
lamina propria of the gastric mucosa which depends on
the density and avidity of adhesion-mediated molecules
expressed on leukocytes and endothelial cells. The majority of adhesins, such as ICAM-1 and vascular adhesin molecule-1, are upregulated in the antral mucosa in
patients with H. pylori-related gastritis. A higher level of
E-selectin was shown in the gastric mucosa of individuals infected with H. pylori strains positive for the cagPAI.
These findings indicate that E-selectin and its ligands
preferentially mediate the extravasation of mononuclear
cells and their migration into inflamed tissues[93]. In this
context, a question arises: why are the phagocytes, not
able to effectively destroy and eliminate H. pylori? It has
been shown that several mechanisms allow H. pylori to
alter phagocyte functions, especially by evading opsonization, actively retarding phagocytosis, affecting membrane
trafficking, and inhibiting phagosome maturation[94]. The
anti-phagocytic properties of H. pylori depend on the
presence of the cag PAI[95], sialic acid-specific and heparan
sulfate-binding proteins[96] and on the expression of various ECM proteins[26]. H. pylori LPS may also have various
effects on phagocytes. In an in vitro study, H. pylori LPS
diminished the ingestion of H. pylori by human peripheral
blood polymorphonuclear leukocytes (PMNs)[97]. This anti-phagocytic effect of H. pylori LPS was dose dependent
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tions with Gram-negative bacteria, including H. pylori. It
has been shown that H. pylori LPS itself possesses a very
weak, if any, capacity to stimulate the proliferation of
PBMLs from H. pylori-infected dyspeptic patients[117] or
the lymphocytes of guinea pigs with induced H. pylori infection[112]. However, in the presence of IL-2, a lymphocyte growth factor, H. pylori lysates or LPS can effectively
stimulate human lymphocytes. The role of the interaction between IL-2 and the macrophage CD14 surface
antigen, serving as the LPS-binding site, in the activation
of human monocytes was reported by Bosco et al[118]. In
another study, it was shown that downregulation of H.
pylori LPS-driven PBML proliferation was determined by
the susceptibility of host cells to bacterial LPS and could
have been a result of the direct influence of H. pylori
LPS on non-adherent lymphocytes or a consequence of
an indirect effect of the LPS preparations on monocytederived macrophages, known to be the main targets of
bacterial LPS[119]. These results revealed that in the milieu
of H. pylori LPS, but not E. coli LPS, only mature macrophages from LPS responders expressed inhibitory activity toward lymphocytes which could result from changes
in cytokine production; the expression of surface costimulatory molecules; the production of non-protein
mediators, such as oxygen free radicals; and changes in
TLR4 expression on macrophages[120]. H. pylori LPS not
only activates phagocytes to release oxygen free radicals
but also increased nicotinamide adenine dinucleotide
phosphate oxidase and TLR4 expression on gastric epithelial cells leading to elevation of oxidative stress[15]. It
has been shown that elimination of regulatory lymphocytes from the population of H. pylori-specific memory T
cells increased their proliferation in response to H. pylori
antigens and abolished the effect of anergy[121]. It could
be speculated that H. pylori LPS affects the macrophagelymphocyte interactions contributing to prolonged H.
pylori infection. Immunosuppression induced by H. pylori
protein components, such as VacA and CagA antigen,
has also been suggested to be involved in the chronic nature of H. pylori infections[59-64,122].
These bacteria may alter the Th1/Th2 balance to
evade the immune response of the host. Th1 polarization
of the gastric immune response may be induced by different H. pylori components, including LPSs, enhancing
IFN-γ and IL-12 secretion and inhibiting IL-2 production and cell proliferation, which may be necessary for
Th2 responses[123,124]. It has also been shown that H. pylori
modulates the Th1/Th2 cell balance through a phasevariable interaction between LPS and DC-SIGN. Lewispositive H. pylori variants were shown to bind DC-SIGN
C-type lectin present on gastric DCs, and this interaction
blocked Th1 cell development, whereas Lewis-negative H.
pylori variants that were not involved in binding to DCSIGN induced a strong Th1 response[90].
A growing number of reports suggest that the Th17
cells identified by their production of IL-17 are involved
in H. pylori induced inflammation[125]. H. pylori colonization and H. pylori-induced inflammation were more

of lymphocyte cytotoxicity was also accompanied by
the expansion of natural killer T (NKT) (CD3+CD56+)
cells exclusively in H. pylori-infected donors. This might
be explained by the previous in vivo stimulation of immune cells with H. pylori antigens, including LPS, and the
adaptive-like properties of NKT cells[108]. The abundant
population of NK cells in H. pylori-infected individuals
expresses the CD56bright phenotype, exhibiting regulatory
rather than cytotoxic activity[109]. Lindgren et al[104] suggested that CD56bright NK cells present in the gastric mucosa
respond to bacterial infections by cytokine production,
which influences the course of innate defense. Thus, the
response of NK cells to H. pylori most likely depends on
the type of antigenic challenge. H. pylori antigens may
differ in their ability to induce a different cytokine network, which in turn may positively (by GE antigens) or
negatively (by LPS) modulate NK cell cytotoxic and secretory activities[107]. The H. pylori LPS-mediated decrease in
lymphocyte cytotoxicity is accompanied by a lack of CD3CD56+CD25+ NK cell propagation, inhibition of proinflammatory cytokine expression, and intense expansion of
IL-10-producing NK cells. These results are particularly
interesting in the context of the results obtained for E.
coli LPS, which was found to stimulate the propagation of
human CD56+CD3- NK cells, followed by a substantial increase in cytolytic activity and IFN-γ production[110]. This
expansion might be driven by monocyte-derived DCs[111].
Using a guinea pig model, it was confirmed that H. pylori
GE antigens stimulated the cytotoxic activity of lymph
node lymphocytes in vitro, whereas H. pylori LPS did not
possess such potential and thus might have promoted the
development of chronic infection[112].

T LYMPHOCYTES AND ADAPTIVE
IMMUNE RESPONSES
LPSs have various effects, mainly on myeloid cell lineages, including induction of acute phase responses,
leukocytosis, moderate fever, infiltration of defense cells
into the site of infection, and activation of antimicrobial
mechanisms. If not excessive, this response is crucial
for the elimination of pathogens. The role of LPS in
the development of an antimicrobial humoral response
was evaluated in a mouse model where LPS induced the
polyclonal activation of B lymphocytes, and secretion of
antibodies with different specificities was observed[33,113].
The mechanisms of LPS involvement in adaptive cellular antimicrobial immunity are not yet known. In several studies, LPS has been shown to stimulate human
T lymphocytes to proliferate and secrete the Th1-type
cytokines IFN-g, IL-12, and TNF-α. However, T cell activation depends on accessory myeloid cells that provide
costimulatory signals[114-116]. Although all of these findings support the hypothesis that LPS could be involved
in cellular adaptive antimicrobial immunity, it has been
shown that humans may be divided into LPS responders
and non-responders[115]. The type of LPS-driven cell response may have implications for the outcomes of infec-
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H. pylori Hsp60, Le antigens and H+,K+-ATPase[131-133].
Opinions on a possible role for antigenic mimicry in the
interaction between H. pylori Hsp60 and the human gastric mucosa are varied because this antigen was not found
to be involved in the autoreactive response observed in
individuals infected with H. pylori[134]. However, in the sera
of H. pylori-infected patients, elevated titers of anti-H.
pylori LPS antibodies have been detected[131]. The epitope
specificity of human anti-LPS antibodies has been widely
discussed. Although controversial, certain data suggest
that long-term H. pylori infections could induce autoreactive anti-Lewis antibodies that cross-react with the gastric mucosa, contributing to the development of gastric
pathologies[44,132]. However, sera from H. pylori-infected
patients containing anti-canalicular autoantibodies, despite intense binding to LeX- or LeY-positive H. pylori
strains, still express antigastric autoreactivity. It cannot
be excluded that anti-LeX and anti-LeY antibodies occur
naturally under physiological conditions because these
antibodies are detected in the majority of H. pylori-uninfected individuals. However, the elevated levels of these
antibodies have been detected more frequently in the sera
of H. pylori-infected than uninfected individuals, which
suggests that infections with these bacteria may promote
specific anti-Le antibody production[135]. Anti-LeX antibodies, depending on their isotype, may play a different
role during H. pylori infections. The readiness of the host
to respond to Le determinants using IgG, but not IgM,
could be a risk factor for H. pylori-related pathologies.
Anti-LeX IgM was found to facilitate the phagocytosis of
LeX-positive, but not LeX-negative, strains, suggesting a
protective role. In contrast, increased levels of anti-LeX
and anti-LeXY antibodies of the IgG class, either soluble
or bound in immune complexes (ICs), might contribute
to the pathogenesis of chronic H. pylori infections[136,137].
It is worth mentioning that ICs containing H. pylori antigens have been detected in the glomeruli of patients with
membranous nephropathy and coexisting H. pylori infection[138]. Le-anti-Le ICs are also suspected to play a role
in the development or the maintenance of the inflammatory response in H. pylori-infected subjects with CHD[75].
It has been shown on a murine model that immunization
of animals with H. pylori induces anti-LeXY antibodies
that cross-react with the gastric epithelium, and particularly with the gastric H+,K+-ATPase, the proton pump
localized to the parietal cell canaliculi[30]. However, the
cross-reactive antibodies are specifically directed toward
peptide, and not sugar, epitopes. In another study using
a mouse model, it was shown that chronic H. pylori infection stimulated the production of antibodies interacting
with the parietal cell canaliculi that were coupled with
synthetic Le antigens[139]. Recent studies have confirmed
that anti-Le antibodies are present in most patients with
H. pylori infection, including those with gastric cancer.
The intensity of the anti-Le response is independent of
the host Le phenotype but related to the bacterial Lewis
phenotype[140]. The role of anti-Le antibodies during H.
pylori infections remains unclear. It has been suggested

intense in wild-type mice than in IL-17-deficient mice,
indicating that IL-17 may not contribute to protection,
instead playing a role in the development of inflammation[126]. In another study, anti-IL-17 treatment resulted
in a reduced H. pylori burden and lower inflammation in
the stomach, suggesting that IL-17 neutralization contributes to bacterial clearance and prevents inflammatory
processes[127]. It has been also shown that H. pylori specific tumor infiltrating lymphocytes (TILs) of gastric mucosa produce IL-17[128]. The results obtained in animal
models are in line with findings based on real-time PCR
and Western blotting analyses of human gastric biopsies,
in which the upregulation of IL-17 occurred at both the
RNA and the protein levels in H. pylori-infected biopsies
compared with uninfected biopsies[129,130]. The direct implication of LPS or any other H. pylori antigen in IL-17
induction has not been clarified yet. However, regardless
of the presence or absence of Th1 or Th17 cells, the
results described here support the suggestion that gastritis due to H. pylori is the result of complex interactions
between at least several different T cell subsets.
Key findings
What distinguishes H. pylori from other gastric pathogens
is its ability to avoid and modulate host immune mechanisms to maintain balanced inflammation in the mucus
layer of the stomach. These mechanisms include the
manipulation or downregulation of TLR signaling pathways, SP-D binding, and modulation of the network of
cytokines secreted by immune cells. All of these mechanisms are determined by the unique structure of H. pylori
LPS, and mainly the low acylation of lipid A and phase
variation in relation to the O antigen. The diminished
elimination of H. pylori due to the interference of its LPS
in the process of phagocytosis and its negative modulation of NK cell cytotoxic and cytokine activities are also
being considered. Although the involvement of H. pylori
LPS in the mechanisms of adaptive immune responses
is not yet known, the H. pylori LPS-driven alterations in
lymphocyte proliferation and macrophage-lymphocyte
interactions may contribute to the lifelong persistence of
H. pylori infection.

WHAT ABOUT ANTI-H. PYLORI LPS
ANTIBODIES AND AUTOREACTIVE
RESPONSES?
It has been hypothesized that H. pylori infections induce
antibodies that are potentially autoreactive[131-133]. Half of
H. pylori-infected individuals are positive for the production of serum autoantibodies potentially crossreacting
with gastric parietal cells. The correlation between the
eradication of H. pylori and a subsequent decrease in
serum anti-H. pylori IgG levels, resulting in the regression of autoimmune gastritis, seems to confirm this
suggestion. Candidates for the antigens responsible for
the molecular mimicry that causes autoreactivity include
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that H. pylori anti-LeXY antibodies are locally produced
and rapidly bind to gastric mucosal epitopes. Thus, these
antibodies do not appear in serum. In healthy humans,
cellular barriers, innate immunity, and an efficient physiological clearance system work together to neutralize
gastrointestinal LPS. For instance, nutritional lipids guarantee the maintenance of relatively low systemic levels
of LPS[141]. However, evidence of increased permeability
of the epithelial and endothelial barriers in the milieu of
H. pylori products, such as urease and VacA, may suggest
the need for a change in the approach to H. pylori LPS
immunogenicity[66]. In this case, the strong binding of
cholesterol by H. pylori surface components should also
be taken into account[142,143].

nisms allow H. pylori to survive and live for many years
within their hosts.
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Core tip: Rising clarithromycin resistance has accounted for a dramatic decline in the efficacy of standard
therapies for Helicobacter pylori (H. pylori ) infection.
Bismuth-quadruple, sequential, non-bismuth quadruple (concomitant), dual-concomitant (hybrid), and
levofloxacin-based regimens are now recommended as
preferred empirical treatments (> 90% efficacy). However, empiric treatment of H. pylori is likely to become
more challenging as even these improved regimens are
prone to the effect of antibiotic resistance. Individualized therapy appears as a reasonable future alternative,
currently limited by the shortcomings of performing
culture. Advances in the genotypic characterization of H.
pylori therapeutic susceptibility are likely to revolutionize our approach to tailored treatment.

Abstract
Treatment of Helicobacter pylori (H. pylori ) infection is
paramount for the management of prevalent gastrointestinal disorders including peptic ulcer disease and gastric
cancer. Due to the wide increase in prevalence of H. pylori resistance to antibiotics, clarithromycin-based triple
therapies are not any more suitable for unconditional
empiric use, and should not be recommended, unless
local resistance to this antibiotic is low (< 20%). Alternative strategies have been proposed to overcome the
issue of increasing clarithromycin resistance, and some
of them are already implemented in clinical practice.
These comprise: (1) adoption of novel, more effective,
empirical treatments: bismuth quadruple, sequential,
non-bismuth quadruple (concomitant), dual-concomitant (hybrid), and levofloxacin-based regimens, the latter mainly designated as second-line/rescue options; (2)
perspectives for a susceptibility-guided (tailored) therapeutic approach based on culture-free molecular testing
methods; and (3) adjunct use of probiotics to improve
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INTRODUCTION
Helicobacter pylori (H. pylori) is an ubiquitous human patho-
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gen, infecting approximately one half of the world’s population and up to 80% in developing countries[1]. After
colonizing the gastric mucosa, usually during childhood,
H. pylori play a causal role in the development of chronic
gastritis and peptic ulcer disease[2,3]. Moreover, H. pylori
is a well-recognized carcinogen, primarily involved in the
development of gastric adenocarcinoma and mucosaassociated lymphoid tissue lymphoma (MALT) [4]. In
parallel with accumulating evidence on its pathogenicity,
the ability to reliably eradicate H. pylori has been established as a major step in the management of prevalent
gastrointestinal disorders, including peptic ulcer disease,
functional dyspepsia and low-grade MALT[2,3,5,6]. Nonetheless, eliminating the infection represents the most consistent strategy to prevent gastric cancer[3,7]. Apart from
gastrointestinal disorders, extra-digestive conditions are
now included as indications to treat H. pylori: idiopathic
thrombocytopenic purpura, vitamin B12 deficiency and
unexplained iron deficiency anemia[8]. Additional associations are emerging, including colorectal disease and
cancer, ischemic heart disease and neurological disorders,
although no clear therapeutic link is as yet available for
these conditions[9,10].
Culturing the pathogen is a common step in the treatment of bacterial infections, but this has not been the
case for H. pylori, for which treatments have been routinely prescribed empirically. This is due to the fact that
performing endoscopy and H. pylori culture is neither
widely available, nor well-tolerated by all patients, and
furthermore it is time-consuming and costly[11]. For the
last 2 decades, standard triple therapies comprising of a
proton pump inhibitor (PPI) bid, amoxicillin 1000 mg bid
and clarithromycin (CAM) 500 mg bid or metronidazole
(MNZ) 500 mg bid, all given for 7-14 d, represented the
standard of care regimens to empirically eradicate H.
pylori. The high eradication rates (> 90%) provided by
these treatments during the 90’s, together with their relative simplicity and optimal safety profile, have accounted
for their enthusiastic acceptance in expert panels and
consensus recommendations worldwide[12-15]. However,
in following years, the efficacy of legacy triple regimens
has been seriously challenged and eradication rates lower
than 70% are now reported in many countries[16-19]. These
elusive success rates preclude acceptability under Maastricht consensus [80% in intention to treat (ITT) analysis]
and fall short of what it should be expected for an infectious disease, for which a 95% per protocol (PP) efficacy
is warranted[20]. This will avoid exposing the patient in
repeated treatment courses resulting in both multiple side
effects (and therefore poor patient adherence and quality
of life) and spreading of secondary antibiotic resistance.
Although a series of both host- and pathogen-related factors may affect performance of legacy treatments[21-23], a
worldwide increase in the levels of H. pylori resistance to
antibiotics, especially that to CAM, is the most important
determinant of failure of standard triple therapies[24].
The present review provides a comprehensive overview of H. pylori eradication focusing on current and
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emerging approaches to the issue of increasing antimicrobial resistance.

H. PYLORI RESISTANCE TO ANTIBIOTICS
A class-wide resistance to macrolides is the result of
point mutations in three adjacent nucleotide positions
(A2143G, A2142G and A2142C) in the peptidyl transferase loop of the 23SrRNA gene[25,26]. Although these
three point mutations account for 90% of cases of
primary CAM resistance in Western countries, each of
them is individually associated with different minimal inhibitory concentration (MIC) values for CAM resistance
(assessed by H. pylori culture in vitro), suggesting a different impact on the determination of phenotypic CAM
resistance[27]. Indeed, a lowest eradication rate (30.7%)
has been observed when the phenotypic bacterial resistance was genetically linked to A2143G, suggesting this
mutation, rather than the A2142G and A2142C, may
significantly affect the therapeutic outcome[28]. In addition
to 23SrRNA point mutations, an active multidrug efflux
mechanism, responsible for rapidly transferring the drug
out of the bacterial cell, is associated with the development of CAM resistance[29].
In a recent systematic review, the global incidence of
primary H. pylori resistance to CAM has been reported
to be as high as 17.2%, showing an increasing trend
worldwide[30]. An overview of the continental (America,
Europe and Asia) distribution of H. pylori antibiotic resistance is shown in Figure 1. Epidemiology of H. pylori
susceptibility remains scarcely documented in Africa, with
some studies suggesting extremely high rates[31] in contrast to rates as low as 1% of CAM resistance recorded
by other[32]. Indiscriminate consumption of macrolides is
likely the main reason for the consistent increase in CAM
resistance rates[33,34]. Congruently, a positive anamnesis of
respiratory tract infections was identified as an independent predictor of CAM resistance in a Bulgarian study[34],
and different antibiotic consumption policies may, at
least partially, explain geographical variations in H. pylori
antimicrobial resistance. For instance, a 49% of CAM
resistance has been reported in some Spanish areas, but
only 1% in the Netherlands, reflecting a stricter Northern
European policy for antibiotic use[33]. Such significant
variation in the CAM resistance rates between Northern
(< 10%) and Southern, or Western/Central European
countries (> 20%), has been recently confirmed in a prospective assessment of H. pylori antimicrobial resistance
including 18 European countries (2008-2009)[33]. In this
same study (2204 patients), CAM-resistance was determined to 17.5% and was significantly associated with the
use of long-acting macrolides only. Similarly, prevalence
of CAM resistance has increased for 12.8% to 23.8% between 2000 and 2009 in China, whereas a consistent increase from 7% to 15.2% has been recorded in Japan[35,36].
Contrarily, prevalence of CAM resistance is still low (<
10%) in some developing countries (e.g., Bangladesh,
Malaysia), and elsewhere (e.g., Sweden, Taiwan, Croatia),

9899

August 7, 2014|Volume 20|Issue 29|

Papastergiou V et al . Treatment of H. pylori infection
50%
45%

ported in Japan (9%-12%)[30,40]. Contrarily, in China, an
explosive increase in MNZ resistance from 23.8% to
56.6% has been recorded in the last decade[35]. It has been
postulated that resistance to MNZ accounts for a drop in
efficacy of up to 50% for either bismuth- and PPI-containing triple therapies[48]. However, in contrast to CAMresistance, resistance to MNZ can be largely overcome by
increasing dose and prolonging duration of therapy, thus
it is generally considered less important clinically[49]. Critically, evaluation of MNZ resistance by relying on Etest®
(AB bioMerieux; Solna, Sweden) is inaccurate leading to
overestimation of the true levels[50]. Confirmation by using the more laborious agar dilution method is therefore
required to avoid misclassifications.
Less data is available with respect to quinolone resistance. As for CAM, development of levofloxacin
resistance reflects use of the drug, frequently for the
treatment of urinary tract infections[34]. It involves point
mutations in the quinolone resistance-determining region
in the gyrase A (gyrA) gene preventing binding between
the antibiotic and the enzyme[51]. Recently, prevalence of
levofloxacin resistance has been reported to exceed 20%
in Europe and even 15% in America (Figure 1). On the
contrary, levofloxacin resistance seems to be lower in
Asia (11.6%), despite there is a substantial variation from
a highest of 14.9% in Japan to a lowest of 2.6% in Hong
Kong[30]. Age may be a useful predictor of resistance
presence, as levofloxacin resistance is less frequently
encountered in subjects < 45 years old[52]. Interestingly,
Dutch investigators reported a trovafloxacin resistance
rate of 4.7%, in spite of the fact that this agent was not
yet introduced in the Netherlands[53]. Such finding is suggestive of cross-resistance between different quinolone
agents[51,54].
Fortunately, resistance to amoxicillin is exceptional and
generally do not constitute a relevant clinical problem.
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35%
30%
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Figure 1 Continental rates of Helicobacter pylori resistance to clarithromycin, metronidazole and levofloxacin.

probably due to the low macrolide consumption or later
introduction of newer macrolides in these areas[37]. However, as antibacterial resistance is a strictly local phenomenon, a wide geographic variation has been observed and
a patchy distribution is possible even within the confines
of a single country. For instance, resistance to CAM was
found to vary from 0% to 25% among Italian regions[38].
This wide variation is clearly challenging efforts for standardization of anti-H. pylori regimens. Additional factors
such as phylogeographic features of H. pylori strains may
contribute to the significant geographical variation in
prevalence of antibiotic resistance as well as differences
in the virulence of H. pylori infection[39].
The deleterious impact of CAM resistance on the efficacy of standard treatments has been well-documented
in clinical trials. In the most consistent pooled data
analysis (20 studies, 1975 patients), standard treatments
were only 18% effective against CAM-resistant strains[40].
In a meta-analysis by Fischbach and Evans, the success of triple therapy was decreased by 66.2% (95%CI:
58.2%-74.2%) when strains of H. pylori were resistant vs
susceptible to CAM[41]. A more recent analysis revealed
similar results: including antimicrobial susceptibility data
from 4 randomized clinical trials (RCTs)[18,42-44], standard
triple therapies successfully eradicated 88% and 14% of
CAM-sensitive and CAM-resistant H. pylori strains respectively (risk difference = 0.75, 95%CI: 0.63-0.87)[45].
MNZ is another agent frequently included in regimens to eradicate H. pylori and, if so, presence of MNZresistance may also affect the therapeutic outcome.
Mechanisms of MNZ resistance are complex and are
largely associated with inactivating mutations of the rdxA
and frxA genes encoding reductases which are required
for the activation of MNZ[46]. However, development of
MNZ resistance is known to be possible independently to
these mutations, suggesting the involvement of alternative resistance mechanisms[47]. Recently, prevalence of H.
pylori resistance to MNZ has been estimated to 17%-44%
for Europe and America, it is highest in Africa (up to
80%-92.4%, probably due to the wide use of MNZ for
parasitic infections), whereas lower rates have been re-
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OVERCOMING H. PYLORI RESISTANCE
TO ANTIBIOTICS
As outlined by the recent European Maastricht IV/Florence consensus report, standard triple therapies are not
any more recommended for unconditional empiric use[8].
Instead, use of standard regimens should be adapted to
the local resistance pattern (i.e., used only if local CAM
resistance is < 20%), or rely on susceptibility testing
provided that pre-treatment culture is available (i.e., used
as tailored treatments). Alternative strategies have been
proposed, and some of them are already implemented
in clinical practice, aiming to overcome the problem of
antimicrobial resistance. These comprise: (1) development of novel, more effective, empirical treatments; (2)
perspectives for a tailored therapeutic approach based on
pre-treatment determination of H. pylori therapeutic susceptibility; and (3) adjunct use of probiotics to improve
eradication regimens. Each of these developments and
advances in the field of H. pylori infection therapies will
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Table 1 Currently recommended regimens for the treatment of Helicobacter pylori infection
Treatment

Regimen

First-line therapies
Standard triple therapy

Bismuth-containing
quadruple therapy

Sequential therapy

Non-bismuth quadruple
“Concomitant” therapy
Hybrid therapy

Second-line/rescue therapies
Levofloxacin-based triple
therapy

Rifabutin-based triple
therapy

Comment

A PPI (standard dose, bid), amoxicillin (1 g, bid) and
clarithromycin (500 mg, bid) for 14 d

Widely used option
Only suitable for areas with < 20% incidence of cam
resistance or as tailored treatment.
A PPI (standard dose, bid), bismuth (standard dose, qid)
Works independently to CAM and largely overcome
tetracycline (500 mg, qid) and metronidazole (500 mg, qid) for
MNZ resistance
Valuable second-line treatment after failure of CAM10-14 d
based regimens
Patient-friendly monocapsule available
Suitable for patients with penicillin allergy
Non-availability of bismuth and/or tetracycline in some
countries
A 5-d dual therapy with a PPI (standard dose, bid) and
Widely evaluated option
Probably effective in high resistance settings
amoxicillin (1 g, bid) followed by a 5-d triple therapy with
Questionable efficacy against double-resistant strains
a PPI (standard dose, bid), clarithromycin (500 mg, bid) and
Less satisfactory results in more recent studies contacted
metronidazole (500 mg, bid)
outside Italy
A PPI (standard dose, bid), clarithromycin (500 mg, bid),
Probably effective in high resistance settings
Larger number of pills compared to sequential and
amoxicillin (1 g, bid) and metronidazole (500 mg, bid) for 10 d
hybrid therapies
A 7-d dual therapy with a PPI (standard dose, bid) and
Probably effective in high resistance settings
Few data available on its efficacy/safety
amoxicillin (1 g, bid) followed by a 7-d quadruple therapy with a
PPI (standard dose, bid), amoxicillin (1 g, bid), clarithromycin (500
mg, bid) and metronidazole (500 mg, bid)
A PPI (standard dose, bid), levofloxacin (500 mg, bid) and
amoxicillin (1 g, bid) for 10 d

A PPI (standard dose, bid), rifabutin (150 mg bid) and amoxicillin
(1 g bid) for 14 d

Works independently to CAM and MNZ
Ineffective for high quinolone resistance settings
(> 10%)
Rapid development of quinolone resistance
Third or more rescue option
Significant safety issues
Development of mycobacterium resistance

PPI: Proton pump inhibitor; CAM: Clarithromycin; MNZ: Metronidazole.

resistant strains, which offsets the ability of standard therapies to overcome CAM resistance, is likely the key for the
improved performance with BQT[57]. To solve the issue of
taking a large number of pills, a galenic three-in-one formulation (containing bismuth, MNZ and tetracycline in a
single capsule) has been proposed (Pylera®; Aptalis, Mont
St Hilaire, QC, Canada)[58]. Efficacy of the monocapsule
formulation was addressed in two large randomized control trials (RCTs), conducted in North America[43] and
Europe[18], showing ITT eradication rates of 86% and
80% respectively. Contrarily, the superiority of BQT over
standard triple therapy was questioned in a recent metaanalysis, in which both treatments yielded suboptimal
results (ITT eradication: 77.8% for BQT and 77% for
standard therapy), although there was a significant heterogeneity among studies, especially concerning MNZ
dosing[57]. BQT is also a valid, and cost-effective, rescue
option after failure of CAM-based regimens. A secondline, high MNZ-dose (2 g/d) BQT regimen yielded a
90.8% PP efficacy in a Taiwanese study[59], and 93.1% was
obtained in yet another Asian study using standard MNZ
dose (1600 mg/d) conducted in a high MNZ-resistance
setting (96.8%)[60]. In Greece, a high MZN-resistance
country, 84% of second-line efficacy was recorded by
using BQT[61]. In a meta-analysis, the average ITT eradi-

be discussed below.

EMPIRICAL TREATMENTS
EXPERIMENTED TO OVERCOME CAM
RESISTANCE
Although based on the same key antibiotics (CAM, MNZ
and levofloxacin), these improved regimens are largely
validated (PP eradication > 90%) in settings of high CAM
resistance and are now recommended as first-line empirical therapies. An overview of currently recommended
regimens to eradicate H. pylori is shown in Table 1.
Bismuth quadruple therapy (BQT) works independently to CAM and levofloxacin, i.e., the two problematic,
in terms of resistance development, compounds. It is not
completely novel but rather represents an enhanced evolution of the old regimen comprising a bismuth salt, tetracycline and MNZ[55], in which addition of a PPI, increase
MNZ dose (1500-1600 mg/d) and prolonged treatment
duration (10-14 d) are successfully limiting the impact of
MNZ resistance. BQT is now designated as a preferred
first-line empirical treatment achieving > 90% eradication
in presence of CAM resistance and > 85% in regions with
a high MNZ resistance[56]. Increased efficacy against MNZ-
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cation using BQT after failure of standard triple therapy
was 77%, even though in 19 out of the 30 studies duration of treatment was inherently short (7 d)[62]. Notably,
retrying BQT after its own failure may be worthy[63]. The
potential toxicity of bismuth as well as non-availability
of bismuth salts or tetracycline in some countries are
the main shortcomings related to BQT. Attempts to
substitute tetracycline by either amoxicillin or doxycycline yielded elusive results[64,65]. Of note, a recent metaanalysis (4763 patients) questioned a suboptimal safety
of bismuth showing a comparable tolerability between
bismuth-containing vs non-bismuth regimens, except
from dark stools being more common in the bismuth
group[66]. In a recent multicenter study from Spain, BQT
was an acceptable third line option (65% in ITT and 67%
in PP analysis) after two previous eradication failures
with CAM- and levofloxacin-containing triple therapies.
Adverse events were reported in 22% of patients, nausea
(12%), abdominal pain (11%) and metallic taste (8.5%),
but none of them severe[67].
Proposed by Italian investigators, sequential therapy
(ST) is another novelty recommended as first-line therapy
for high CAM-resistance settings[68]. It involves the same
key antibiotics used in standard treatments, but given
sequentially. By disrupting the bacterial wall, initial administration of amoxicillin has been suggested to prevent
the development of efflux channels which rapidly transfer CAM out of the bacteria[69]. Several RCTs and metaanalyses reported on the superiority of ST over standard
treatments in settings of high resistance to either CAM
or MNZ[70-73]. Including 15 RCTs (3346 patients), ST
displayed an overall eradication rate of 91.7% (95%CI:
90%-93%, ITT analysis) vs 76.7% (95%CI: 75%-79%)
yielded by standard therapy. By pooling data from 4
studies, the efficacy of ST against CAM-resistant H.
pylori strains (n = 55) was 75%[73]. However, later studies
conducted outside Italy (where most of the initial trials
were coming from) provided discouraging results: in a
large South-American RCT[74], the probability of successful eradication was 5.6% (95%CI: -0.04%-11.6%) higher
using a 14-d ST (82.2%) vs 10-d ST (76.5%). Similarly,
eradication rates < 80% were shown in studies conducted
in Iran and South Korea[75,76], contrarily to a RCT from
Taiwan (90.7% and 87% of eradication success with a
14- and 10-d ST)[77], which however is known to be a
country of low (< 20%) CAM resistance. In a very recent
Asian meta-analysis (17 RCTs, 3419 participants), a 10-d
ST appeared superior to legacy treatment [81.8% (95%CI:
78.9%-84.6%) vs 74.3% (95%CI: 69.6%-78.8%)], although the pooled efficacy was lower than results from
earlier European studies[78]. Despite ST seems fairly effective against mono-resistant strains, a decreased efficacy
against double-resistant (CAM and imidazole) H. pylori
strains may compromise use of ST in high-resistance
areas[79]. Including 8 studies with antibiotic susceptibility data, Gatta et al[80] analyzed the effect of antimicrobial resistance on the eradication rates provided by ST.
They found that ST was able to eradicate 72.8% (range:
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61.6%-82.8%) of CAM-resistant strains and 86.4% (range
78%-93%) of MNZ-resistant strains, but only 37%
(range 16.2%-60.7%) of dual-resistant H. pylori strains.
However, as stated by the same authors, these results
should be interpreted with caution due to low number
of patients with antimicrobial susceptibility (91/192/34
with CAM/MNZ/double-resistant strains treated with
ST). Crucially, in this consistent meta-analysis (including 46 RCTs), a 10-d ST (overall eradication rate 84.3%,
95%CI: 82.1%-86.4%) was proven superior to 7-d triple
therapy (RR = 1.21, 95%CI: 1.17-1.25), marginally superior to 10-d triple therapy (RR = 1.11, 95%CI: 1.04-1.19),
but not superior to either a 14-d triple therapy (RR = 1,
95%CI: 0.94-1.06) or bismuth-based therapy (RR = 0.99,
95%CI: 0.94-1.05).
A non-bismuth quadruple therapy (NBQT), also
called “concomitant” therapy, of short (3-5 d) duration
was originally proposed in 1988 by German and Japanese
investigators[81,82]. It returns nowadays as an effective firstline option in areas harboring high CAM resistance, but
with prolonged treatment duration (10-d), as this seems
a reasonable strategy to maximize cure rates at no cost
in terms of safety[83]. Data on its efficacy (> or close to
90%) and safety, as well as superiority over legacy triple
therapy, has been provided in several trials[84-88] and proven on a meta-analytic base. In a 2012 meta-analysis by
Gisbert et al[83] (19 studies, 2070 patients), the overall cure
rate provided by NBQT was 88% (95%CI: 85%-91%),
increased to 91% when 3 outlier studies were excluded.
Worthy of note, in many of the included trials duration
of treatment was 3-5 d. However, as in a previous metaanalysis[89], the authors noted a trend toward better results
with longer (7 or more days) treatments. Evaluation of 5
RCTs comparing NBQT vs standard therapy revealed superiority of the quadruple regimen with a pooled eradication difference of about 11%[89]. Crucially, a combination
of extra-prolonging treatment duration (14 d) and use
of a high PPI dose (omeprazole 40 mg × 2) may significantly boost cure rates as demonstrated in a non-inferiority Spanish multi-center trial were > 95% (PP) efficacy
was obtained[90]. Comparison between ST and NBQT is
paramount, as both treatments are relevant competitors.
In a recent back to back comparison (338 patients from
11 hospitals) performed in a country with high CAM
resistance (Spain), NBQT showed a non-significant advantage over ST (OR = 1.5, 95%CI: 0.9-2.8)[91]. Crucially,
although both regimens seem reasonably effective against
mono-resistant strains, NBQT has been suggested to be
more effective against double resistance[79]. In yet another
Spanish report, a 10-d concomitant treatment successfully eradicated 100% and 75% of CAM- and dual-resistant
H. pylori strains vs 75% and 60% respectively with sequential therapy, although the small numbers of dual-resistant
strains (4 treated with NBQT, 5 with ST) precludes
drawing conclusions[92]. However, a significant clinical
impact of dual resistance on the outcome of NBQT was
recently showed by Georgopoulos et al[93]: including 106
patients with susceptibility testing, eradication rates were
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significantly higher in single CAM- and MNZ-resistant
strains (100% and 91% respectively) than in dual-resistant
H. pylori strains (55%), with dual antibiotic resistance remaining as the only predictor of treatment failure by multivariate analysis. Finally, in the most extensive analysis of
ST compared to NBQT (evaluating a total of 6 comparative RCTs, 2070 patients), the two regimens performed
comparably (81.7% vs 81.3%; respectively). However, in 2
out of 6 RCTs, NBQT lasted 5 d only and only one trial
was at low risk of bias[80]. Thus, further comparative data
is awaited to a definitively address the issue of concomitant vs sequential administration. Another promising firstline alternative and a relevant competitor for both ST and
NBQT is a two-step hybrid (dual-concomitant) therapy.
Originally proposed by Hsu et al[94], this treatment yielded
high efficacy either against CAM- and dual resistant H.
pylori strains, demonstrating optimal eradication rates of
97% in ITT and 99% in PP analysis. Evaluation of two
RCTs[76,95] comparing hybrid (86.6%) with ST (81%) revealed no statistically significant difference[80]. Similarly,
comparison with a 14-d NBQT did not show any significant difference although, interestingly, fewer treatmentrelated adverse events occurred in those treated with hybrid therapy[90]. Prolonged (14-d) exposure to amoxicillin
is likely the key for the improved eradication with hybrid
therapy. In line with this hypothesis, no benefit seems
to be obtained by prolonging to 14-d duration of ST, in
which amoxicillin is discontinued at midpoint[80,96].
Rising prevalence of CAM resistance has prompted
use of levofloxacin, a broad spectrum quinolone agent, as
a substitute for CAM. A levofloxacin-based triple therapy
(LTT) has been proposed as a suitable alternative in settings with a high CAM resistance but < 10% prevalence
of levofloxacin resistance achieving 72%-90% cure rates,
and even > 95% has been reported provided that 500 mg
of levofloxacin bid (vs 250 mg bid) are used[97-99]. Notably,
a 5-d levofloxacin-based non-bismuth quadruple regimen was as effective as a 10-d duration same treatment
allowing a substantial reduction in treatment costs[100]. In
a study by Romano et al[101], use of levofloxacin in a 10-d
sequential regimen displayed > 95% efficacy (vs 80.8%
yielded by a CAM-based sequential regimen), although
the low levofloxacin resistance rate in this study (3.7%)
should be acknowledged. Thus, it may not be feasible to
reproduce these good results in most countries, as quinolone resistance currently exceeds 40% in America, 20%
in Europe and 10% in Asia[30]. Indeed, rapid development
of quinolone resistance has discouraged first-line use of
quinolones which are currently reserved as second-line/
rescue options after failure of CAM- and/or MNZ-based
regimens[102]. In 2006 two meta-analyses confirmed better second-line efficacy with LTT (cure rates 81%-87%)
than BQT[103,104]. Similar efficacy (88.7%) was shown by
an updated analysis including RCTs up to October 2010,
whereas performance of a second-line LTT has been
reported to be 74%-81% with stable efficacy over the period 2006-2011 in a Spanish study with 1000 patients[105].
By using LTT after failure of ST (second-line efficacy
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75%) Italian investigators obtained a 97.8% of cumulative eradication[106], and the same cure rate (75%) has been
reported when using LTT after failure of either first-line
ST or NBQT[107]. An impressive 95.8% eradication (ITT,
95%CI: 87.8%-103.8%) was recently reported by using a
10-d quadruple bismuth- and levofloxacin-containing regimen after failure of ST in a small study (24 subjects)[108].
Critically, use of daily levofloxacin doses higher than 500
mg does not seem to confer any therapeutic advantage
while it increases the rate of adverse events[109]. Moxifloxacin and Sitafloxacin are newer (and thus more expensive) quinolones which probably encounter less resistance
problems. They have shown encouraging results in both
first-line and rescue regimens, although no evidence of
superiority over levofloxacin is as yet available[110-113].
Susceptibility testing is currently recommended after two consecutive treatment failures. However, when
culture of H. pylori is not locally available, rifabutin (an
anti-tuberculous agent active against H. pylori) may be
implemented together with a PPI and amoxicillin (all bid)
as a third-or-more line rescue option providing good results[114]. Using results from 11 studies (2982 patients) the
mean rifabutin resistance ranged from 0.6% in treatmentnaïve to 1.6% in treatment-experienced patients [115].
Overall, the eradication rates for second- (223 patients),
third- (342 patients) and fourth/fifth-line (95 patients)
rifabutin-based therapies were 79%, 66% and 70% respectively. Concerning optimal rifabutin dose and treatment duration, most studies recommend 300 mg/d for a
total of 10-12 d of treatment. However, clinicians should
bear in mind the shortcomings related to rifabutin use,
including myelotoxicity and development of resistant Mycobacterium species.

TAILORED TREATMENT OF H. PYLORI
INFECTION
The continuous rise in prevalence of antibiotic resistance
is likely to bring to a deadlock today’s efforts to optimize
empirical treatments. Even the novel, more effective, empirical regimens discussed above are to some (although
lesser as compared to standard therapies) degree prone
to the deleterious impact of increasing resistance to their
individual key antibiotics. Indeed, results > 95% are infrequently achieved, and even eradication rates > 90%
(PP) are disputable[74,77,116]. Tailored therapy of H. pylori
(as for any other bacterial infection in which near 100%
of therapeutic efficacy is obtainable) seems to represent
the reasonable next step. This is currently limited by the
shortcomings of systematically performing H. pylori culture which, as mentioned, is invasive, time-consuming,
costly (mainly due to the associated endoscopy costs) and
do not 100% reflects in vivo susceptibility[11]. However,
molecular testing methods may allow for a rapid and
noninvasive characterization H. pylori susceptibility to
antibiotics revolutionizing our approach to tailored treatment. Nonetheless, a future refinement on tailoring H.
pylori treatments may be delivered from the field of phar-
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need for endoscopy) determination of H. pylori susceptibility to antibiotics. Indeed, minimally-invasive techniques
(including oro-gastric brushing and gastric wash) or use
of stool specimens can be used to obtain H. pylori DNA
for molecular testing[127-130]. Few available studies have assessed the benefits of a PCR-based tailoring of treatment
for H. pylori infection. In a Japanese study, tailored treatment using a dual PPI/MNZ regimen for CAM-resistant
strains yielded 94.3% eradication (100% against CAMresistant strains) vs 71.4% using empirical standard treatment[127]. In a larger Asian RCT, 218 patients were treated
with a PCR-tailored triple therapy: if a CAM-resistant
strain was detected, then CAM was replaced by MNZ
in the triple regimen[131]. Eradication rates were 91.2% in
the tailored group vs 79.1% and 75.9% by using empirical
MNZ- and CAM-based triple therapies (n = 308 in each
control group) respectively (P < 0.001). A molecular approach is also available to test for levofloxacin resistance
based on the detections of gyrA mutations[132]. Contrarily,
there is not such availability for MNZ resistance as molecular basis of that phenomenon remain not fully understood.

macogenomics.
Culture-guided treatment
Due to the aforementioned limitations of systematically
performing culture, this procedure is currently reserved
for cases with at least two empirical treatment failures.
However, this recommendation has not always yield full
consensus among experts. By analyzing 5 RCTs, Wenzhen
et al[117] showed that a culture-guided triple therapy was
more effective and also (based on one RCT focusing on
costs) more cost-effective as compared to empirical standard triple therapy. The authors concluded that culture
with antimicrobial susceptibility testing should be carried
out before first-line treatment. Critically, similar cost-effectiveness evaluations should include the novel BQT, ST
and NBQT as, by achieving > 90% and > 80% of firstand second-line efficacy respectively, these regimens are
deemed to definitively displace any debate for performing
culture systematically.
Culture-free determination of H. pylori antibiotic
susceptibility using molecular methods
Conventional methods to detect macrolide resistance are
time-consuming as culture requires 3-10 d and further
susceptibility testing (e.g., by Etest, AB bioMerieux; Solna,
Sweden) will require additional 3-4 d. These culturebased methods can be now replaced by rapid molecular
techniques relying on the measurement of the 3 point
mutations in the 23SrRNA gene (namely A2143G,
A2142G and A2142C) which account for 90% of cases
of primary CAM resistance in Western countries[25,26].
They include a standard polymerase chain reaction (PCR)
and other PCR-based methods including PCR-restriction
fragment length polymorphism (RFLP), PCR-DNA
enzyme immunoassay (DEIA), PCR oligonucleotide ligation assay (OLA) and PCR-line probe assay[118,119]. Realtime PCR assays, representing a powerful advancement
of the basic PCR method, have been also developed and
are commercially available[120]. These PCR-based methods
can be directly applied on gastric specimens, offering fast
and highly accurate results (reportedly > 80%-90% of
both sensitivity and specificity) including detection of
the heteroresistant status (defined as the co-existence of
strains susceptible and resistant to the same antibiotic in
the same patient), which is not detectable by conventional
culture-based methods accounting for a significant rate
of treatment failures[28,121,122]. Importantly, no additional
gastric mucosal specimens are required as samples stored
in rapid urease test, in room temperature, for up to 30 d,
may be successfully used for PCR obviating the necessity
to freeze specimens for off-site testing[123,124]. Genotypic
detection of macrolide resistance without PCR is also
possible by using fluorescence in-situ hybridization (FISH).
It uses fluorescent probes specific to mutations associated with resistance and has the advantage that it can be
applied on paraffin-embedded tissue samples, thus it can
be offered by pathology services[122,125,126]. A great application of molecular methods is non-invasive (i.e., without
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Pharmacogenomic-tailored therapy
Apart from bacterial susceptibility to antimicrobial
agents, magnitude of the acid suppression achieved by
PPI’s is critical for the treatment of H. pylori infection;
thus, an ideal tailored treatment should also target to optimize the PPI’s metabolism[133,134]. PPI’s are metabolized
by cytochrome P450 (CYP) 2C19 (CYP2C19) in the
liver[135]. However, there is substantial genetic variability
in the activity of this enzyme. Three different CYP2C19
genotypes are recognized, influencing the PPI plasma
levels and consequently the eradication of H. pylori: rapid
metabolizer, intermediate metabolizer and poor metabolizer, with plasma PPI levels and intragastric pH’s being
lowest in the rapid metabolizer group[136]. In a landmark
study, 300 H. pylori-positive patients were randomized
to either a 1 week standard regimen or to personalized
therapy based on both CYP2C19 and CAM susceptibility
status assessed by genetic testing[137]. The ITT eradication rates were significantly higher in the tailored group
(96% vs 70%) without an increase of the final per-patient
cost for successful eradication. Critically, in this study
lansoprazole was used, which is known to be affected by
CYP2C19 status[138]. In contrast, the metabolism of other
PPI’s (e.g., esomeprazole or rabeprazole) has been reported to be independent to CYP2C19 status[139,140], thus
choice of these agents could probably outplace the need
for CYP2C19 genotyping. Further studies are warranted
to clarify the role of PPI pharmacogenomics as a basis
for tailoring H. pylori eradication therapies.

PROBIOTICS
Adjunct use of probiotics has attracted growing attention in recent years as a strategy aimed to both improve
eradication rates and prevent occurrence of H. pylori
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therapy-related side-effects. Although mechanisms of a
possible inhibitory effect of probiotics on H. pylori remain largely unknown, some hypothesis have been put
forward including production of an inhibitory substance,
competition for adhesion, strength of the mucosal barrier, and modulation of the H. pylori-related immune cascade of the host[141]. To date, several trials supported coadministration of probiotics together with standard[142],
sequential[143] or levofloxacin-based regimens[144], whereas
others did not[145-147]. Both single-strain (mostly Lactobacillus spp., Saccharomyces spp., Bifidobacterium spp. and B. clausii) and multistrain[146] compounds have been evaluated.
Lack of placebo control, and a substantial heterogeneity in treatment duration as well as choice of different
probiotic strains may have accounted for the conflicting
results between studies. In a systematic review, Wilhelm
et al[148] concluded that probiotics may be beneficial in
reducing adverse effects and increase tolerability of H.
pylori eradication regimens, particularly in cases with recurrent infection or history of gastrointestinal antibioticrelated side-effects. To date, meta-analytic evidence has
been provided for using either Saccharomyces boulardi (OR
= 1.13, 95%CI: 1.05-1.21) or Lactobacillus spp. (OR = 1.78,
95%CI: 1.2-2.6) supplementation adjunctively to standard
triple therapy[149,150]. A recent meta-analysis (10 trials, 1469
patients) assessed the effect of Lactobacillus-containing
and Bifidobacterium-containing supplementation during
H. pylori therapy: the pooled odds ratio (ITT) with probiotic supplementation was 2.066 (95%CI: 1.398-3.055)
for eradication and 0.305 (95%CI: 0.117-0.793) for the
incidence of total side effects[151]. In conclusion, although
increasing evidence supports probiotic supplementation, further studies are required to better characterize
the magnitude and mechanisms of a beneficial effect of
probiotics, standardize administration, and assess costeffectiveness, as these agents are not inexpensive.

in prevalence of antimicrobial resistance, empiric use of
either CAM or levofloxacin may become no longer feasible in the future. Tailored treatment of H. pylori infection
appears as the reasonable alternative to maintain high
therapeutic efficacy, thus avoiding exposing the patient to
repeated empirical antibiotic courses. A culture-based tailoring of therapy is currently recommended after at least
two empirical treatment failures as it has obvious limitations, including it is invasive, time-consuming, and costly.
Molecular PCR-based and FISH methods may allow for a
rapid, non-invasive and highly accurate determination of
H. pylori susceptibility to antibiotics, including detection
of the heteroresistant status. Tailoring treatment according to the CYP2C19 status affecting the metabolism of
PPIs may represent a further refinement delivered by the
field of pharmacogenomics. Both practical and logistic
issues should be addressed before a tailored approach
based on the genotypic detection of H. pylori therapeutic
susceptibility is ready for wide-spread implementation
into routine practice. Until then, efforts to enhance performance of empirical treatments should continue, including use of probiotics in the therapeutic schemes.
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Antimicrobial susceptibility testing for Helicobacter pylori
in times of increasing antibiotic resistance
Sinéad M Smith, Colm O’Morain, Deirdre McNamara
to guide clinicians in their choice of therapy. Antimicrobial resistance is assessed by H. pylori culture and
antimicrobial susceptibility testing. Recently developed
molecular tests offer an attractive alternative to culture
and allow for the rapid molecular genetic identification
of H. pylori and resistance-associated mutations directly from biopsy samples or bacterial culture material.
Accumulating evidence indicates that surveillance of
antimicrobial resistance by susceptibility testing is feasible and necessary to inform clinicians in their choice
of therapy for management of H. pylori infection.
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Core tip: There has been a significant decrease in the
success rate of empirical triple therapy to treat Helicobacter pylori (H. pylori ) infection, largely due to a rapid
increase in the prevalence of antibiotic resistant strains.
Antibiotic resistance is a constantly evolving process
and there are significant regional variations in H. pylori
antibiotic resistance rates. As such, local surveillance of
antibiotic resistance is warranted to guide clinicians in
their therapeutic choice. Standard culture-based antimicrobial susceptibility testing and molecular methods
provide key opportunities to tailor H. pylori treatment
based on the detection of antibiotic resistant strains,
thereby enhancing eradication rates and decreasing H.
pylori -associated disease.

Abstract
The gram-negative bacterium Helicobacter pylori (H.
pylori ) causes chronic gastritis, gastric and duodenal

ulcers, gastric cancer and mucosa-associated lymphoid
tissue lymphoma. Treatment is recommended in all
symptomatic patients. The current treatment options
for H. pylori infection are outlined in this review in light
of the recent challenges in eradication success, largely
due to the rapid emergence of antibiotic resistant
strains of H. pylori . Antibiotic resistance is a constantly
evolving process and numerous studies have shown
that the prevalence of H. pylori antibiotic resistance
varies significantly from country to country, and even
between regions within the same country. In addition,
recent data has shown that previous antibiotic use is
associated with harbouring antibiotic resistant H. pylori .
Local surveillance of antibiotic resistance is warranted
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is also possible and has the added advantage of allowing
for antimicrobial susceptibility testing. Acid suppressing
proton pump inhibitors (PPIs) should be avoided 2 wk
prior to diagnostic testing by the UBT, stool antigen test
or endoscopy as they increase the gastric pH, leading
to a decrease in bacterial load, and may result in a false
negative H. pylori diagnosis[3,19]. In addition, antimicrobials
should be avoided for 4 wk prior to testing (UBT, stool
antigen test or endoscopy) as these agents also supress
infection and reduce test sensitivity[2]. Serological tests
that detect antibodies to H. pylori are the only methods
that are not affected by decreased gastric bacterial load,
which may lead to false negative results using the other
diagnostic testing methods outlined above[3].

INTRODUCTION
Helicobacter pylori (H. pylori) specifically colonizes the gastric epithelium and is the most common human bacterial
infection worldwide, infecting approximately half of the
world’s population[1-3]. Infection is usually acquired in early
childhood and persists for decades if left untreated[1,2].
Prevalence of H. pylori infection varies globally but increases with older age and with lower socioeconomic
status[4,5]. The higher prevalence in older age groups likely
reflects poorer childhood living conditions in previous decades[2]. Although most infected patients will not develop
any clinically significant complications, H. pylori infection
confers a 1%-10% risk of developing gastric or duodenal
ulcers, a 0.1%-3% risk of developing gastric adenocarcinoma, and < 0.01% of developing mucosa-associated
lymphoid tissue (MALT) lymphoma[2]. H. pylori has been
designated a Class I carcinogen by the World Health
Organization[6]. Disease risk in infected individuals varies greatly in different populations and is associated with
host genotype and strain-specific bacterial factors.
Patients with uncomplicated dyspepsia are managed
using a ‘‘test-and-treat’’ strategy. H. pylori infection is diagnosed using non-invasive methods, including the urea
breath test (UBT), serologic tests and the stool antigen
test[2,3]. The UBT involves ingesting 13C-labelled urea. If
present, the H. pylori enzyme urease converts the 13Clabelled urea to labelled carbon dioxide, which is detected in a breath sample. The UBT is easy to perform
and highly accurate with a specificity and sensitivity of
95%[7,8]. The stool antigen test detects H. pylori antigens
in stool samples, with laboratory-based stool antigen tests
displaying specificity and sensitivity of at least 95%[9-11].
Serologic tests detect IgG antibodies to H. pylori. There is
significant variability in the accuracy of serology test kits
for H. pylori[12], but validated commercial kits with an accuracy of over 90% are available[13].
Endoscopy is warranted for dyspeptic patients with
accompanying alarm symptoms such as weight loss,
persistent vomiting, gastrointestinal bleeding, abdominal
mass or iron-deficient anaemia[2,3]. In addition, endoscopy
is recommended for patients with new onset dyspepsia above the age of 45 (European guidelines[3,14]) or 55
(United States guidelines[15]). H. pylori infection can be
detected in endoscopic gastric biopsy samples by several
methods. The rapid urease-test for Campylobacter-like organisms (CLO) involves placing the biopsy specimen in a
solution of urea and pH-sensitive dye. The pH change resulting from the H. pylori urease-mediated conversion of
urea to ammonia results in a colour change indicative of
infection[2]. The CLO test has a sensitivity of greater than
90% and a specificity of more than 95%[7]. Histology on
the biopsy specimen by means of staining with hematoxylin and eosin or Giemsa will also detect the presence
of H. pylori infection and the degree of inflammation[2,3].
Immunohistochemistry-based tests with improved sensitivity have also been developed for the visualisation of
H. pylori in biopsy samples[16-18], but they are not yet used
routinely. Culturing of the bacteria from biopsy samples
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TREATMENT FOR H. PYLORI INFECTION
Treatment for H. pylori is recommended in all symptomatic individuals. Eradication of H. pylori infection
provides a long-term cure for both duodenal and gastric
ulcers in the majority of patients whose ulcers are not
associated with non-steroidal anti-inflammatory drug
use[20,21]. In addition, evidence suggests that H. pylori
eradication reduces the development of atrophic gastritis
and the risk of cancer progression in infected individuals
without premalignant gastric lesions[22-29]. Furthermore,
eradication of infection leads to regression of most localized gastric MALT lymphomas[30-33].
The standard empirical triple therapy for H. pylori
proposed at the first Maastricht conference on the management of H. pylori infection [34] has become widely
used throughout the world[15,35,36]. This first-line therapy
consists of a PPI with the antibiotics clarithromycin and
amoxicillin taken twice daily for 7-14 d[3]. Metronidazole
is used instead of amoxicillin in patients with a penicillin allergy[2]. The success rate of first-line treatment has
fallen below the recommended 80% in recent years[3,5].
Non-compliance[37] and the emergence of antibiotic resistant strains of H. pylori[38-42] are considered to be the
major factors contributing to treatment failure. Standard
empirical triple therapy is now only recommended in
regions where clarithromycin resistance is known to be
less than 15%-20%[3]. While no new treatment has been
developed as an alternative to the standard triple therapy,
recent studies have described the advantages of using
different combinations of known antibiotics or extended
treatment durations. In regions where clarithromycin
resistance is greater than 15%-20%, bismuth quadruple
therapy consisting of a PPI, a bismuth salt, tetracycline
and metronidazole is recommended[3]. As bismuth salts
are not available in every country, non-bismuth quadruple
therapies, namely sequential therapy (5 d PPI and amoxicillin; 5 d PPI with clarithromycin and metronidazole)
or concomitant therapy (PPI with amoxicillin, metronidazole and clarithromycin) may be prescribed as alternative therapies[3]. Following treatment, eradication of H.
pylori should be confirmed by the UBT, stool antigen
test or by endoscopy if required. As antibodies persist
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for months following infection, serology testing is not
recommended for eradication confirmation[2]. Following failure of initial therapy, a PPI with amoxicillin and
levofloxacin is recommended. As non-compliance may
lead to treatment failure, adherence should be strongly
emphasised for subsequent therapies. If third-line treatment is required, a number of studies support quinolone
or rifabutin-based regimens[3,43,44] but treatment should
only be prescribed following antimicrobial susceptibility
testing where possible[3].

Table 1

Antibiotic
Amoxicillin
Clarithromycin
Metronidazole
Levofloxacin
Rifampicin1
Tetracycline

Susceptible (mg/L)
≤ 0.12
≤ 0.25
≤8
≤1
≤1
≤1

Resistant (mg/L)
> 0.12
> 0.5
>8
>1
>1
>1

1

Although rifabutin is used clinically, rifabutin E tests are not available
routinely and rifampicin is used to screen for rifabutin resistance. Adapted
from European Committee on Antimicrobial Susceptibility Testing[48].

H. pylori culture and antimicrobial susceptibility testing
H. pylori culture and antimicrobial susceptibility testing
is carried out in an effort to predict antibiotic treatment
outcome and guide clinicians in their choice of therapy.
Culture and antimicrobial susceptibility testing guidelines
have been outlined by the European Helicobacter Study
Group (EHSG)[42]. As use of PPIs or antimicrobials inhibits the growth of H. pylori and reduces the chances of
successful culture, patients should avoid taking PPIs for
at least 2 wk and antimicrobials for 4 wk prior to endoscopy[3,19]. Biopsy specimens should be transported and
processed for culture as soon as possible, ideally within 6
h[45]. If processing is delayed refrigeration is recommended[45,46]. Biopsy specimens are used to inoculate Columbia
blood agar plates containing 10% laked horse blood and
incubated under microaerophilic conditions at 37 ℃
for 7-10 d[19], although colonies are usually visible at 3-5
d[45]. Antimicrobial supplements may be added to media
to inhibit overgrowth with contaminating bacteria and
fungi[19,47]. The presence of H. pylori should be confirmed
by the Gram stain, and positive oxidase, urease and catalase tests. Fresh cultures (48-72 h growth) at an inoculum
concentration of McFarland 3[19] should be used for H.
pylori culture-based antimicrobial susceptibility testing[45].
Culture medium manufactured specifically for antimicrobial susceptibility testing (e.g., Mueller Hinton agar; Oxoid, Basingstoke, United Kingdom)[19] should be used and
the depth of the agar should be kept consistent across
tests.
Several assays are commercially available to test the
antimicrobials commonly used to treat H. pylori. The disc
diffusion method (Oxoid) involves placing an antibioticcoated disc directly onto the agar plate inoculated with
H. pylori and determining the zone of bacterial growth
inhibition. This cost-effective method is widely used for
antimicrobial susceptibility testing for a variety of microorganisms, but disc diffusion criteria for antimicrobial
susceptibility testing for H. pylori have not to date been
defined by the European Committee on Antimicrobial
Susceptibility Testing (EUCAST) [48]. Both EUCAST
and the British Society for Antimicrobial Chemotherapy
(http://bsac.org.uk) recommend Etest strips for H. pylori
culture-based antimicrobial susceptibility testing. Etests
(Biomerieux; Basingstoke, United Kingdom) are plastic
strips calibrated with a predefined concentration gradient
of antibiotic and enable the quantitative determination
of the minimum inhibitory concentration (MIC) of an
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Proposed clinical antimicrobial breakpoints for

Helicobacter pylori

antimicrobial agent required to inhibit bacterial growth.
The MIC can be read directly from the scale printed on
the strip at the point where the edge of the inhibition
ellipse of bacterial culture intersects with the strip. The
EUCAST breakpoints for antimicrobial resistance to H.
pylori are listed in Table 1. Etest MIC results may be validated subsequently using agar dilution approaches. When
performing antimicrobial susceptibility testing, quality
control tests involving reference strains with known susceptibility or resistance should be included.

MOLECULAR TESTING FOR ANTIBIOTIC
RESISTANCE-ASSOCIATED MUTATIONS
While H. pylori culture allows an evaluation of antibiotic
resistance irrespective of the intrinsic mechanism involved, H. pylori is a fastidious bacterium and culture is
time-consuming and often difficult with sensitivity values
of culture from gastric biopsies as low as 55%-73%[49-52].
Molecular testing for H. pylori offers an attractive alternative to culture and allows for molecular genetic identification of H. pylori directly from biopsy samples in addition
to culture material. As such, it provides the opportunity
for rapid analysis, enabling same-day diagnosis. Molecular
testing has been recommended to detect H. pylori and
both clarithromycin and quinolone resistance when standard culture and susceptibility testing are not possible[3].
The genetic mutations conferring resistance to clarithromycin and quinolones have been well characterised[53].
Clarithromycin functions by binding and suppressing the
activity of the bacterial ribosomal subunit, thus inhibiting protein synthesis[4] (Figure 1). Single point mutations
within the H. pylori rrl gene encoding the 23S ribosomal
RNA component of ribosomes result in clarithromycin
resistance. The three most frequently occurring mutations, A2146C, A2146G and A2147G (Genbank Accession number NC_000915; formerly described as A2142C,
A2142G and A2143G), are thought to account for 90%
of primary clarithromycin resistance in Western countries[4,53-57]. These mutations can be detected by a number
of polymerase chain reaction (PCR)-based molecular
methods using both bacterial culture samples[54,58,59] and
gastric biopsies[55,59-61]. In addition, these assays have been
used to analyse stool samples[62-65], providing an opportu-
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Figure 1 Molecular mechanism of clarithromycin and levofloxacin resistance. A: Clarithromycin binds and suppresses the activity of the bacterial ribosomal
subunit, thus inhibiting protein synthesis. Single point mutations within the Helicobacter pylori (H. pylori) rrl gene encoding the 23S ribosomal RNA component of
ribosomes result in clarithromycin resistance. The best characterised point mutations conferring clarithromycin resistance are A2146C, A2146G and A2147G; B: Levofloxacin targets H. pylori DNA gyrase. The most significant mutations conferring levofloxacin resistance occur at positions 87 and 91 of the H. pylori gyrA gene, which
encodes the A subunit of the DNA gyrase enzyme involved in regulating the topological state of bacterial DNA during replication. CLAR S: Clarithromycin sensitive;
CLARR: Clarithromycin resistant; LEVOS: Levofloxacin sensitive; LEVOR: Levofloxacin resistant; WT: Wild type; MUT: Mutant.

involved in tetracycline resistance, the rpoB gene involved
in rifabutin resistance and the pbp-1a gene involved in
amoxicillin resistance have also been described[4,46,68-70],
they are of less interest since the rates of H. pylori resistance to these antibiotics are low in most regions[19,42,70,71].
The recently developed GenoType HelicoDR assay
(Hain Lifescience; Nehren, Germany) enables determination of resistance to clarithromycin and quinolones
through a protocol involving DNA extraction from either bacterial cultures or biopsy material, multiplex PCR
amplification of H. pylori DNA sequences and hybridization against probes that detect specific H. pylori wild-type
or mutated elements. The GenoType HelicoDR assay
is highly accurate with a sensitivity and specificity of
94%-100% and 86%-99% respectively for clarithromycin
resistance and 83%-87% and 95%-98.5% respectively for
quinolone resistance[57,72]. Studies defining the sensitivity
and specificity of molecular tests for detecting H. pylori
clarithromycin and levofloxacin resistance are summarized in Table 2.
Several issues are to be considered when choosing
a molecular assay for H. pylori antimicrobial susceptibility testing, including cost, local expertise in molecular
diagnosis, the equipment available and the sensitivity and
specificity of the test[53]. Molecular-based techniques are
highly accurate in detecting minimal traces of antibiotic
resistant H. pylori strains, even in small tissue samples.
Moreover these tools are accurate in detecting the co-existence of H. pylori strains susceptible and resistant to the
same antibiotic within the same patient sample, known
as hetero-resistance[4,55,73]. This is potentially important
given that in one recent study molecular-based tests indicated that in relation to genetic clarithromycin resistance,
H. pylori infection was cured less frequently in patients
with pure resistant strains (46%) than those infected with
hetero-resistant strains (78.5%) or susceptible strains
(94.5%)[55].

Table 2 Sensitivity and specificity of molecular tests for
detecting Helicobacter pylori antibiotic resistance
Molecular test
PCR
Genotype
HelicoDR assay
PCR
PCR
Genotype
HelicoDR assay
PCR

Antibiotic

Sensitivity

Specificity

Ref.

Clarithromycin
Clarithromycin
Levofloxacin
Clarithromycin
Clarithromycin
Clarithromycin
Levofloxacin
Clarithromycin

82%
94%
87%
90.6%
89.2%
100%
82.6%
83.3%

100%
99%
98.5%
95.8%
100%
86.2%
95.1%
100%

[64]
[57]
[59]
[62]
[72]
[65]

PCR: Polymerase chain reaction.

nity for diagnosis of H. pylori infection and antimicrobial
susceptibility testing through non-invasive procedures.
Several molecular testing kits are commercially available
for the detection of clarithromycin resistance, including the MutaREAL H. pylori kit[59] (Immunodiagnostik;
Benshiem, Germany), the ClariRes real-time PCR assay[63]
(Ingentix; Vienna Austria) and the Seeplex ClaR-H. pylori
ACE detection system[61] (Seegene; Eschborn, Germany).
Accumulating evidence has demonstrated that the presence of mutations detected by molecular tests correlates
well with culture-based susceptibility testing[54,60,61].
The most significant mutations conferring quinolone
resistance lie at positions 87 and 91 of the H. pylori gyrA
gene, which encodes the A subunit of the DNA gyrase
enzyme involved in regulating the topological state of
bacterial DNA during replication (Figure 1)[53,57,66,67]. PCRbased molecular assays have successfully detected quinolone resistant strains of H. pylori[39,66,67]. The mechanism
of resistance to metronidazole is less clear. Mutations in
the rdxA and frxA genes have been implicated; however,
a definitive panel of point mutations accounting for
metronidazole resistance has not yet been described[4].
Although mutations in the DNA encoding the 16S rRNA

WJG|www.wjgnet.com

9915

August 7, 2014|Volume 20|Issue 29|

Smith SM et al . H. pylori antibiotic resistance
Table 4 Recent data on Helicobacter pylori antibiotic
resistance rates in different regions and countries

Table 3 Summary of Europe-wide studies on antibiotic
resistance rates over time
[93]

Antibiotic

1991

Metronidazole
Clarithromycin
Amoxicillin
Levofloxacin
Tetracycline
Rifampicin

27.5%
ND
ND
ND
ND
ND

[74]

1998

33.1%
9.9%
0.8%
ND
ND
ND

[42]

Ref.

2008/9

34.9%
17.5%
0.7%
14.1%
0.9%
1.1%

Tveit et al[94]
Gao et al[71]
Su et al[83]
McNulty et al[19]
Megraud et al[42]

ND: No data.

Megraud et al[42]
Megraud et al[42]

It must be kept in mind that the majority of molecular tests available do not detect resistance based on uncommon genetic mechanisms. Additional rare mutations
within the rrl and gyrA gene regions conferring clarithromycin and quinolone resistance respectively have been
described[59,66]. In addition, resistances of H. pylori strains
that lie outside the rrl and gyrA genes, as well as other
possible mechanisms of clarithromycin and quinolone resistance must be considered. Further studies are required
to determine if molecular tests predict H. pylori treatment
failure more accurately than phenotypic culture and sensitivity tests.

Abadi et al[95]
O’Connor et al[81]
O’Connor et al[82]
Yamade et al[84]
Lee et al[85]
Seck et al[96]
Vilachione et al[70]
McNulty et al[19]

Alaska
China; Beijing
China; South East
coastal region
England
Europe; Northern
countries
Europe; Southern
countries
Europe; Western and
central countries
Iran
Ireland
Japan
Korea
Senegal
Thailand
Wales

Antibiotic resistance rates
Clar
Met
Levo
30%2
42%2
19%2
37.2%2
63.9%2
50.3%2
2
2
21.5%
95.4%
20.6%2
3%2
7.7%1

22%2
28.6%1

1%2
7.7%1

21.5%1

29.7%1

13.1%1

18.7%1

43.8%1

18.6%1

45.2%2
9.3%1
13.2%2
38.8%1
55.6%2
23.7%1
1%1
3.7%1
18%2

65.5%2
29.1%1
31.5%2
ND
ND
ND
85%1
36%1
43%2

34.5%2
ND
11.7%2
34%1
38.6%2
28.1%1
15%1
7.2%1
13%2

1
Primary antibiotic resistance rates; 2Overall resistance rates. Clar:
Clarithromycin; Met: Metronidazole; Levo: Levofloxacin; ND: No data
presented in this study.

H. PYLORI ANTIMICROBIAL RESISTANCE

ous Europe-wide study[74] (Table 3). The impact of metronidazole resistance on H. pylori eradication is less than
that of clarithromycin resistance, and can be overcome
by increasing the dose and duration of treatment or by
prescription of bismuth-containing quadruple therapy
that includes metronidazole[38,79,80]. The latest EHSG
study on antibiotic resistance also indicated variations
across European countries; the resistance rate for clarithromycin was < 10% in Northern European countries,
while most countries in the rest of Europe (except Spain
and Germany) had a resistance rate of > 15% (Table
4)[42]. Such variations in antibiotic resistance have also
been reported on a regional basis. For example, a recent
study within the United Kingdom indicated that the
resistance rates to clarithromycin, metronidazole and
quinolones were 18%, 43%, 13% respectively at a test
centre in Wales but the rates were lower in an English
test centre at 3%, 22%, 1%[19]. Recent findings from Irish
patient cohorts indicate that the rates of clarithromycin,
metronidazole and levofloxacin were 9.3%, 29.1%[81] and
11.7% respectively[82].
Variations in resistance rates have also been reported
outside Europe (Table 4)[4,5]. In Thailand for example, the
resistance rates for clarithromycin, metronidazole and
levofloxacin are 3.7%, 36% and 7.2% respectively, with
significantly higher rates of metronidazole resistance in
Southern Thailand than North Eastern Thailand (66.7%
vs 33.3%)[70]. In the South East coastal region of China
resistance rates for clarithromycin, metronidazole and
levofloxacin are 21.5%, 95.4% and 20.6%[83] respectively,
while in Beijing the rates are 37.2%, 63.9% and 50.3%
for clarithromycin, metronidazole and levofloxacin re-

Most patients are prescribed initial H. pylori eradication
treatment without culture and antibiotic susceptibility
testing as current guidance recommend a ‘‘test-and-treat’’
strategy based on non-invasive diagnostic methods[3,15,35].
As the most recent Maastricht Ⅳ consensus guidelines
recommend that clarithromycin should not be used to
treat H. pylori if resistance rates are above 15%-20%[3],
surveillance of primary antibiotic resistance is warranted
to guide clinicians in their choice of therapy. The EHSG
have recently reported on the prevalence of primary H.
pylori antibiotic resistance from 2008-2009 using a multicentre approach with standardised protocols[42]. The
number of test centres involved in the study was proportional to population of each country, with 2204 patients
included from 32 centres in 18 European countries.
The overall primary resistance rates for clarithromycin,
levofloxacin and metronidazole were 17.5%, 14.1% and
34.9% respectively, with a prevalence ≤ 1% for tetracycline, rifampicin and amoxicillin[42]. Combined resistance
to metronidazole and clarithromycin was found in 7.8%
of strains. The rate of clarithromycin resistance had
almost doubled since the previous European survey[74]
(Table 3), which has important implications considering
that clarithromycin resistance decreases the efficacy of
clarithromycin-amoxicillin-PPI triple therapy by up to
70%[75-77]. Prevalence of levofloxacin resistance was not
tested in the previous European study[74] as levofloxacinbased treatment was introduced later, but several studies
have shown an emergence in levofloxacin resistance in
the last decade[42,67,78]. Metronidazole resistance was high
at 34.9%[42] but the rate was similar to that of the previ-
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spectively[71]. A recent study from Japan indicates that
the prevalence of clarithromycin resistance is 55.6% and
levofloxacin resistance is 38.6%[84], while in South Korea, an increase in the resistance rates for clarithromycin
(17.2%-23.7%) and quinolones (4.7%-28.1%) was reported from 2003 to 2012[85].
Emergence of antibiotic resistance is thought to be
associated with prior antibiotic use. Indeed, by analysing
cumulative and yearly outpatient antibiotic consumption
the pan-European study demonstrated a significant association between the use of long acting macrolides and
resistance of H. pylori to clarithromycin, and between
previous quinolone use and levofloxacin resistance[42]. Using an alternative approach to analyse data from GP and
patient records, the United Kingdom study demonstrated
that each previous course of clarithromycin, metronidazole or quinolone taken by an individual was associated
with an increase in the risk harbouring an antibiotic resistant strain of H. pylori[19].

sequent anti-H. pylori treatment regimens. A recent metaanalysis by Wenzhen et al[86] of five randomised control trials totalling 701 patients has shown that tailored treatments
based on resistance data show better eradication rates than
standard empirical triple therapy. Tailored triple therapy
based on culture and sensitivity testing was also found
to be more cost effective than standard triple therapy for
first line treatment in a study by Romano et al[87]. However,
others argue against the cost-effectiveness of culturebased treatment for first line therapy[88,89]. The economic
benefits of tailoring first line therapy are likely to depend
on the local antibiotic resistance levels as a recent study
by Cosme et al[90] reported that performing culture and
antimicrobial susceptibility testing lead to higher eradication rates and increased cost efficiency in an area where
clarithromycin resistance was high (> 15%-20%).
With regard to tailoring rescue regimens for anti-H.
pylori treatment, Fiorini et al[91] demonstrated that culturebased therapy eradicated H. pylori infection in 90% of
patients who had not previously responded to treatment.
Liou et al[92] showed increased efficacy of sequential therapy guided by PCR-based molecular tests in the third-line
treatment of refractory H. pylori infection. Furthermore,
newly developed methods allow the detection of H. pylori
and antibiotic resistance in stool samples[62-65], providing
a potential opportunity to assess the prevalence of antimicrobial resistance by non-invasive methods without the
expense of endoscopy.
It is clear that the emerging rates of antimicrobial
resistance represent a significant challenge in the successful management of H. pylori infection and that resistance
surveillance is warranted. The recent evidence highlights
the importance of antimicrobial susceptibility testing in
both the on-going assessment of primary antibiotic resistance rates and in tailoring treatments to increase H. pylori
eradication success. In addition to standard culture-based
antimicrobial susceptibility testing, molecular methods
provide key opportunities in detecting antibiotic resistant
strains of H. pylori, enhancing eradication rates and decreasing H. pylori-associated disease.

CONCLUSION
Consensus guidelines recommend abandoning clarithromycin in empirical triple therapy when the prevalence
of clarithromycin resistance is higher than 15%-20%[3].
This level has now been reached in most countries in
Western/Central and Southern Europe[42] as well as many
countries in Asia[71,83-85]. Information on resistance rates is
not widely available to clinicians, especially at a local level.
As antibiotic resistance is a constantly evolving process
and there is significant variation in resistance rates between countries and within different regions of the same
country[19,70,71,83], it is important that local surveillance of
primary antibiotic resistance is performed regularly and
that anti-H. pylori treatment regimens should be chosen
according to local resistance data. Increasing resistance
rates for the second-line antibiotic levofloxacin have
been reported in several countries[42,71,83,84]. Culture and
antimicrobial susceptibility testing should be considered
in all regions before second-line treatment is prescribed
if endoscopy is performed[3]. Furthermore, antimicrobial
susceptibility testing is recommended in all regions when
a second-line treatment has failed[3]. If standard culture
and susceptibility testing is not possible, molecular tests
can be used to detect antibiotic resistance. The recent
studies by McNulty et al[19] and the EHSG[42] indicate
that on-going surveillance of antimicrobial resistance is
indeed feasible and necessary to inform clinicians in the
management of H. pylori infection. Alternatively, as previous antibiotic use is linked to an increased risk of antibiotic resistance[19,42], knowledge of previous antibiotic consumption may provide a tool to predict the susceptibility
of H. pylori to antimicrobial agents and adapt treatment
strategies where culture and susceptibility testing or molecular testing are not available.
Evidence from numerous studies provides a rationale
for tailoring treatment based on antimicrobial susceptibility
testing to improve eradication rates for primary and sub-
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Core tip: Infection by Helicobacter pylori (H. pylori ) is
one of the most frequent worldwide, with major implications for stomach pathology over the last twenty-five
years. Early diagnosis is essential for control of the infection. There has been a growing interest in H. pylori infection in the oral cavity, since the oral-oral is one of
the major transmission routes. This review describes
the association between H. pylori and different oral
pathologies, such as periodontal disease, canker sores,
squamous cell carcinoma, burning tongue and halitosis,
and their correlation with the gastric pathology.

Abstract
Helicobacter pylori (H. pylori ) has been found in the oral

cavity and stomach, and its infection is one of the most
frequent worldwide. We reviewed the literature and conducted a Topic Highlight, which identified studies reporting an association between H. pylori -infection in the oral
cavity and H. pylori -positive stomach bacterium. This
work was designed to determine whether H. pylori is the
etiologic agent in periodontal disease, recurrent aphthous
stomatitis (RAS), squamous cell carcinoma, burning and
halitosis. Record selection focused on the highest quality
studies and meta-analyses. We selected 48 articles reporting on the association between saliva and plaque and
H. pylori -infection. In order to assess periodontal disease
data, we included 12 clinical trials and 1 meta-analysis.
We evaluated 13 published articles that addressed the
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INTRODUCTION
In 1984, Marshall and Warren[1] in the Royal Perth Hospital in Australia definitively identified the Helicobacter pylori
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(H. pylori). It was cultured from gastric biopsy specimens
from patients with gastric inflammation and peptic ulcer.
Based on these results, they proposed that H. pylori could
be the etiologic agent of these conditions[1,2]. In 1994, this
microorganism was recognized as a type Ⅰ carcinogen,
and is now considered the most common etiologic agent
of infection-related cancers. As a result, in 2005 Marshall
and Warren were awarded the Nobel Prize of Medicine
for their seminal discovery of this bacterium and its role
in peptic ulcer disease. About 10% of H. pylori individuals
develop peptic ulcer disease, 1% to 3% develop gastric
adenocarcinoma, and less than 0.1% mucosa associated
lymphoid tissue lymphoma[3]. The global prevalence of
H. pylori infection is more than 50%. This prevalence may
vary significantly within and among countries, according
to geography, ethnicity, age, and socioeconomic factors.
Prevalence is higher in developing countries and lower in
the developed world. The risk of infection increases in
lower economic and socio-cultural backgrounds[4]. The
main reasons for these variations involve socioeconomic
differences between populations. Transmission of H. pylori is largely by the oral-oral or fecal-oral routes. Lack of
proper sanitation, safe drinking water and basic hygiene,
as well as poor diets and overcrowding, all play a role in
the overall prevalence of infection. H. pylori infection at
younger ages is markedly more prevalent in developing
countries than in developed countries, and H. pylori-seropositivity rates increase progressively with age[5]. Gastric
H. pylori infection is treated with systemic antibiotic therapy. In some patients, however, persistent bacterial infection is observed after treatment[6,7]. Two questions arise
as to how this persistent bacterial infection is transmitted,
and how the reinfection process occurs. Some researchers
have suggested that oral spread would be the main route
of H. pylori transmission, and both the dental plaque and
the saliva could act as a reservoir and have implications
in reinfection once the bacterium is eradicated from the
gastric tract[8]. Zou et al[9] consider that the mouth can be
a reinfection source and that eradication from the oral
cavity is more difficult than gastrointestinal eradication.
As mentioned above, the search for H. pylori in dental
plaque, saliva, periodontal disease, canker sores, cancer,
burning mouth and halitosis was rather controversial due
to the different diagnostic methods and research designs
used, the inclusion/exclusion criteria, and the selected
controls.

tient to determine if they were epidemiologically linked.
Eight colonies cultured from the stomach and plaque
specimens were isolated and resubcultured until three to
five plates of each colony type (clone) were available for
restriction endonuclease analysis. DNA from each isolate
was digested in HindⅢ, HaeⅢ, and BgⅢ (Boehringer
Mannheim). It was therefore evident that at least one
isolate from the plaque was genetically closely related or
identical to the strain from the stomach. Krajden’s team
first described dental plaque as a common or rare ecological niche source of H. pylori infection[11]. Also in India,
in 1991, Desai et al[13] reported that when administering
the triple therapy to 24 patients with H. pylori-positive
gastritis and dental plaque, stomach bacterium remitted
in 100% of the patients, but H. pylori persisted in the 24
dental plaques. Therefore, they considered that the triple
therapy was not sufficient for H. pylori eradication, and
it should be simultaneously approached with local treatment. From 1989 to date, many researchers worldwide
have identified H. pylori in plaque and saliva with varying
results (Table 1). We emphasize that works such as Pustorino et al[23], in Italy, reported a low relative frequency
that by dental plaque culture of 83 dyspeptic patients,
and found in each patient the identical protein profile of
the bacteria, both in the plate and in the stomach[23]. The
persistence of bacteria in dental plaque was reported in
1996 by Pytko-Polonczyk et al[24], who after administering triple therapy, found that bacteria persisted in dental plaque in all patients. In the Kangnam Hospital of
Korea, H. pylori was detected in dental plaque and saliva
from 7% and 14% respectively, of patients with H. pyloripositive gastric pathology, suggesting that the oral cavity
may be an important reservoir of H. pylori[31]. After triple
therapy administration, Suk et al[35] in Taiwan reported an
84% resolution in stomach, but only 7% in dental plaque.
Wang and colleagues conducted a comparison study of H.
pylori cytotoxin genotypes in stomach and saliva. CagA,
vacAm1, vacAm2, and vacAs1 genotypes were analyzed
in 31 patients, and DNA sequencing in 3 subjects showed
78%, 64%, and 67% H. pylori homology from both
sources, respectively. They suggested that more than one
H. pylori strain could coexist in the saliva and stomach
in the same patient[36]. In Venezuela, Berroteran et al[37]
investigated H. pylori infection in dental plaque from 32
dyspeptic patients, and its relationship with gastric pathology. They found that 24/32 (75%) patients presented
H. pylori-positive gastric pathology, and 12/32 (38%) also
presented H. pylori in the dental plaque, assuming that
this organism in the dental plaque could be a risk factor for gastrointestinal re-infection. On the basis of the
results obtained with the rapid urease test (RUT) in the
mouth, De Sousa et al[44] suggested that this methodology
for H. pylori detection was not sufficiently sensitive for
the determination of the microorganism in the oral cavity. The most frequent genotype in dental plaque and gastric mucosa was vacA s1bm1[51]. It was found that 47/196
(24%) patients were co-infected in both samples, 28%
of whom had 2 different genotypes in saliva, and one or

DENTAL PLAQUE AND SALIVA
Frequency of H. pylori isolation in dental plaque has been
variable (Table 1)[10-56]. Dental plaque was first studied in
1989 in Canada by Krajden et al[10], who performed H.
pylori isolation by culture in patients with H. pylori-positive
gastric pathology. H. pylori was isolated from the stomach of 29 of 71 patients examined, with only one (3%)
of the 29 patients having the organism present in dental
plaque. That year the same group, also in Canada, studied
H. pylori strains from the stomach and plaque of this pa-
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Table 1 Helicobacter pylori detection in dental plaque and saliva n (%)
Ref.

Sample

Diagnostic method

Patient profile

Helicobacter pylori detection rate

Krajden et al[10]
Shames et al[11] (Canada)

Pq
Pq/Sal

MCT
MCT, REA

Dys
Dys

Pq
Pq

MCT
RUT

D'Alessandro et al[14]
Nguyen et al[15]
Bernander et al[16]
Mapstone et al[17]

Pq
Pq
Pq
Pq/Sal

MCT, Giemsa, RUT
RT-PCR (16S rRNA)
MCT
PCR

Dys
Dys
Tripe-H. pyloriET
Dys
Dys
Dys
Dys

Von Recklinghausen et al[18]
Li et al[19]
Hardo et al[20]
Cammarota et al[21]
Luman et al[22]

Pq
Sal
Pq
Pq
EGB
Pq/Sal
Pq
Pq/Sal

MCT, RUT
PCR (860-bp DNA)
MCT, N-PCR (16S rRNA)
Giemsa: PCR (ureA), RUT
MCT

Dys
Dys
Dys
Dys
Dys

MCT
RUT, 13-UBT

Dys
100 Dys
50 DU

Pq

MCT, RUT

Dys

MTC, Giemsa, RUT, REA

Dys

Améndola et al[27]
Mattana et al[28]
Song et al[29]
Doré-Davin et al[30]
Kim et al[31]

Pq/Sal
OS
Pq
Pq
Pq
Pq/Sal
Pq/Sal

MCT
MCT
N-PCR1
N-PCR (16S rRNA-ureC), UBT
MCT, Giemsa, PCR1, RUT

Dys
Dys
Dys
DU
Dys

Miyabayashi et al[32]

Pq/Sal

N-PCR (ureA)
MCT
RUT

Gtis, DU, H. pylori-pos

PCR (ureA-cagA)

Dys, Children

PCR (cag-A)
RUT
PCR-Sequence (cagA-vacA)

Dys

1/71 (1)
Pq: 1/29 (3)
Sal: 0/29 (0)
40/40 (100)
Gc: 0/24 (0)
Pq: 24/24 (100)
16/20 (80)
18/25 (72)
0/94 (0)
Pq: 3/13 (23)
Sal: 2/13 (15)
0/55 (0)
30/40 (75)
1/62 (2)
0/31 (0)
EGB: 52/109 (47)
Pq/Sal: 0/120 (0)
5/83 (6)
Post-triple H. pyloriET
DU Gc: 1/30 (3)
DU Pq: 30/30 (100)
MCT: 1/122 (1)
RUT: 71/122 (58)
EGB: 116/116 (100)
Pq: 15/116 (13)
1/20 (5)
1/62 (2)
41/42 (97)
9/22 (40)
Gc: 29/46 (63)
Pq: 2/29 (7)
Sal: 4/29 (14)
Diagnosis: 23/47 (49)
Pos-H. pyloriET: 11/23 (48)
Pq: 63/81 (78)
Tg: 48/81 (59)
EGB: 22/100 (22)
Pq: 15/22 (68) and 21/88 (24)
Gc: 38/65 (58)
Pq: 28/65 (43)
More than one H. pylori strain in Gc
and Sal, in same patient
Gc: 24/32 (75)
Pq: 12/32 (38), 3/20 (15)
Gc: 65/75 (86)
Pq: 68/75 (90)
P > 0.05
Gc: 32/52 (62)
Pq: 48/52 (92)
Gc: 51/100 (51)
Pq-Sal: 54/100 (54), P > 0.05
Gc: 20/49 (41)
Pq-Sal: 1/20 (5)
Gc H. pylori: 16/44 (36)
No-Gc H. pylori: 14/44 (32)
P = 0.7
Gc: 111/147 (76)
Pq/Sal (RUT): 0/147 (0)
Pq MCT: 5/50 (1)
Pq RUT: 37/50 (74)
Gc: 29/94 (31)
SP-P: 3/94 (3)
Sal: 7/94 (7)
EGB: 273/443 (62)
Pq: 263/443 (59)

Majmudar et al[12]
Desai et al[13]

Pustorino et al[23]
Pytko-Polonczyk et al[24]

Cheng et al[25]
Oshowo et al[26]

Ozdemir et al[33]
Allaker et al[34]
Suk et al[35]
Wang et al[36]
Berroteran et al[37]

Pq
Tg
EGB
Pq
Pq
Sal

Dys

Gtis, DU

EGB
Pq
Pq

PCR (urease gene cluster)
RUT

32 Dys
20 Asym
Dys

MCT, PCR1, RUT
Giemsa, 13-UBT

Dys
Dys

Czesnikiewicz-Guzik et al[41]

Pq
EGB
Pq
Pq/Sal

MCT, 13-UBT

Dys

Kignel et al[42]

Pq/Sal

PCR

Dys

Chitsazi et al[43]

Pq

RUT

De Sousa et al[44]

EGB
Pq/Sal
Pq

MCT, Giemsa, RUT

Bürgers et al[46]

SP-P
Sal

MCT, Ser (ELISA), PCR

Dys
44 Gc H. pylori
44 no-Gc H. pylori
97 Dys
50 Asym
50 Dys
25 control
Dys

Liu et al[47]

EGB,
Pq

Giemsa, PCR, RUT

Dys

Gürbüz et al[38]
Nasrolahei et al[39]
Siddiq et al[40]

Sudhakar et al[45]
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Silva et al[48]

Pq/Sal

PCR (vacA)

Dys

Rasmussen et al[49]

EGB
Pq/Sal
EGB
Pq

SBlot

Dys

PCR (ureA)

43 Dys
55 control

Medina et al[50]

Assumpção et al[51]

EGB
Pq

PCR (cagA-vacA), Giemsa, RUT

Dys

Navabi et al[52]

MAS

MCT, PCR, RUT

Dys

Zou et al[9]

MAS

MCT, PCR, RUT

Dys

Chaudhry et al[53]
Momtaz et al[54]

Román-Román et al[55]

Cai et al[56]

Pq
PCR (ureA-16S rRNA-860 bp DNA)
TBF
EGB, Pq/Sal, Stool
PCR (cagA-vacA-ureC), RUT
sample

Dys
Dys

EGB, Sal

PCR (vacA)
N-PCR (cagA)

162 Gtis
32 GU

Pq

PCR (16S rDNA-CagA), RUT

Dys, Children

Gc: 30/62 (48)
Pq: 11/30 (37)
Sal: 16/30 (53)
Gc: 66/78 (85), P < 0.0001
18/98 (18)
EGB: 38/43 (88)
Pq/Sal: 15/43 (35)
Gc PCR: 95/99 (96)
Gc Giemsa: 39/99 (48)
Gc RUT: 47/99 (49)
Pq PCR: 71/99 (72)
Pq RUT: 48/99 (52)
925/1861 (49.7)
(95%CI: 16-83.4)
490/1088 (45)
OR 3.61 (95%CI: 191-6.82)
46/89 (52)
PCR: EGB: 233/300 (78), Pq: 0/300 (0),
Sal: 32/300 (11), Stool: 215/300 (72)
RUT: 271/300 (90)
EGB/Sal: 47/196 (24)
EGB: 103/196 (53)
Sal: 13/196 (7)
46/235 (20)
Pq: 26/46 (57)

1

Data not shown. Asym: Asymptomatic subject; Bs: Biopsy; DU: Duodenal ulcer; Dys: Dyspepsia; EGB: Endoscopic gastric biopsy; Gc: Gastric; Gtis:
Gastritis; GU: Gastric ulcer; H. pyloriET: Helicobacter pylori eradication therapy; MAS: Meta-analysis study; MCT: Microbial culture techniques; N: Nested;
OR: Odds ratio; OS: Oral swab; PCR: Polymerase chain reaction; Pq: Plaque; PS-P: Periodontal status; Ptis: Periodontitis; REA: Restriction endonuclease
analysis; RT: Reverse transcription; RUT: Rapid urease test; Sal: Saliva; SBlot: Southern-blotting; SB-P: Subgingival plaque; Ser: Serology; SP-P:
Supragingival plaque; TBF: Tooth brushing frequency; Tg: Tongue; 13-UBT: 13C-urea breath test.

both in the stomach. The s1m1/s1m2 genotypes, alone or
together, were found simultaneously in saliva and gastric
biopsy from the same patient. Then they suggested that
saliva could be the transmitting and re-infecting vector[55].
Dental plaque has been identified as the second reservoir
of H. pylori, and the first extra-gastric reservoir. However,
some studies revealed 100% negativity in plaque and saliva[16,18,20-22]. Microbial Culture Techniques are a useful tool
for the identification of bacteria in gastric specimens.
However, researchers have run into several difficulties
with culture in the oral cavity. The sensitivity and specificity of H. pylori IgG antibodies in saliva (ELISA) have
been estimated in 80% and 70%, respectively. On the
other hand, disparate results were found regarding the
effectiveness of brushing dental frequency with H. pylori
presence in the dental plaque. Some investigators could
not find any association[50,53].
In summary, we selected 48 works that reported on
the presence of H. pylori in saliva and plaque, and further
considered the gastric pathology. Three of them studied
only the existence of the bacteria in the saliva of patients
with dyspepsia, gastritis and gastric ulcer, with positive
results[19,36,55]. Bacterial detection in plaque and saliva was
reported in 15 investigations, 2 of which showed negative results, both in plaque and in saliva when attempting to culture the bacteria[22,44]. In plaque, exclusively 28
clinical trials were found. The diagnostic technique most
commonly used was polymerase chain reaction (PCR),
together with serology; RUT and Southern-blotting were

WJG|www.wjgnet.com

the most sensitive methods. Microbial culture was the
methodology used in 18 researches to isolate the bacteria, with negative results in 5 of them, positive results
between 1% and 10% in 9, and results higher than 10%
in 4. Electron microscopic studies have shown that H.
pylori has three stages: spiral forms, coccoid forms and
degenerative forms. Spiral forms are viable, culturable,
and virulent. Coccoid forms may also be viable but are
nonculturable, and less virulent. Degenerative forms are
pyknotic, nonculturable, coccoid forms of dead H. pylori.
These forms cannot be cultured and the cell membrane
has disintegrated; however, gene material can be detected
by PCR. H. pylori does not seem to participate in biofilm
formation in the oral cavity, despite the presence of the
bacterium. In Denmark, Andersen and Rasmussen[57]
conducted a mini-review and observed that in dental
plaque both spiral and coccoid forms exist. Fifteen papers used 2 or more diagnostic techniques. Two metaanalyses were included, which showed a prevalence >
40%, with an OR of 3.61[9,52]. The available evidence
reveals that despite some adverse results in the search
for the association, dental plaque is the first extra-gastric
reservoir of H. pylori. It will play a key role in the relapse
of the H. pylori-positive gastric pathology. We have displayed through various research designs, the effectiveness of the eradication therapy when accompanied by
adequate hygiene by , and the strong association between
bacterial infection and periodontal disease with deep
pockets.
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Table 2 Helicobacter pylori detection in periodontal disease n (%)
Sample

Diagnostic method

Patient profile

Helicobacter pylori detection rate

Asikainen et al
Riggio et al[59]
Avcu et al[60]

SB-Pq (United States)
SB-Pq
SB-Pq,
SP-Pq

PCR (urease A)
PCR (16S rRNA)
Camphylobacterlike organism
test gels

Dye et al[61]
Gebara et al[62]

BL
SB-Pq, SP-Pq, Tg, Sal

Ser (ELISA)
PCR (16S rRNA)

0/336 (0)
11/29 (38)
(1) 6/21 (28);
(2) 46/51 (90);
(3) 36/36 (100)
post-H. pyloriET: (1) 58%; (2) 41%; (3) 5%
Periodontal pocket ≥ 5 mm: 493 (41)
13/30 (43)

Gebara et al[63]

EGB, SB-Pq, SP-Pq,
Tg, Sal

PCR (16S rRNA)

Anand et al[64]

PS

Oral Hygiene

Al Asqah et al[8]
Eskandari et al[65]
Agarwal et al[66]

SB-Pq
SB-Pq, SP-Pq
SB-Pq

RUT
PCR (16S rRNA)
MCT, PCR (16S rRNA)

Bouziane et al[67]

MAS

Ptis
Chronic Ptis
Gastric H. pylori and B12 deficiency:
(1) good oral hygiene;
(2) fair oral hygiene;
(3) poor oral hygiene
NHANES Ⅲ; 1988-1991
GDis, RUT pos
(15 gingivitis, 15 chronic Ptis)
Post-H. pyloriET:
GDis RUT pos
(15 gingivitis, 15 Chronic Ptis)
65 pos Ser/RUT/Giemsa;
69 control
H. pylori-IgG
Chronic Ptis (23/67 Gtis)
Chronic Ptis
(30 GDss-pos; 20 GDss-neg)
Gtis (post-H. pyloriET)

Ref.
[58]

Gastric eradication 90%
H. pylori: 3/30 (10). Oral eradication: 40% H.
pylori: 18/30 (60)
Ptss: 30/65 (46);
PDss: 37/50 (60)
4/67 (6)
18/30 (60); 3/20 (15)
RR 63%; [0.37 (95%CI: 0.21-0.64), P = 0.0004]

BL: Blood; EGB: Endoscopic gastric biopsy; Gtis: Gastritis; GDss: Gastric disease; H. pyloriET: Helicobacter pylori eradication therapy; H. pylori-IgG: Presence
of anti-H. pylori-IgG; MAS: Meta-analysis study; MCT: Microbial culture techniques; Neg: Negative; PDss: Negative periodontal disease; PS: Periodontal
status; Ptis: Periodontitis; PCR: Polimerase chain reaction; Pos: Positive; RUT: Rapid urease test; Sal: Saliva; SB-Pq: Subgingival plaque; Ser: Serology; SPPq: Supragingival plaque; Tg: Tongue.

aggregated with H. pylori strains.
Table 2 shows a meta-analysis selection list of H.
pylori detection in dental plaque between the years 1994
and 2012[58-67]. In 1994 Asikainen et al[58] carried out the
first H. pylori search in the subgingival plaque of patients
with periodontitis in Finland. They concluded that periodontal pockets are not a natural reservoir for H. pylori.
In 1999, in Great Britain, Riggio et al[59] demonstrated the
presence of H. pylori in 11/29 (38%) subgingival plaques
of patients with chronic periodontitis. They suggested
that, in this patient group at least, subgingival plaque may
be a reservoir for H. pylori infection. But none of these
researchers evaluated the gastric condition. It was determined that proper oral hygiene is required to remove H.
pylori from dental plaque. They further suggested that the
presence of H. pylori in dental plaque must be controlled
in order to avoid its recurrence[60]. Periodontal pockets ≥
5 mm in depth were associated with increased odds of H.
pylori seropositivity (OR = 1.47, 95%CI: 1.12-1.94)[61]. The
bacterium was detected in saliva, supra- and subgingival
plaque, suggesting that these sites may be considered reservoirs for H. pylori in urease-positive patients. The bacterium was not found on the dorsum of the tongue of
any patient[62]. Eradication of H. pylori after therapy was
more effective from the stomach than from the mouth[63].
The periodontal relative frequency of H. pylori infection increased with gastric infection[65]. Bouziane et al[67]
carried out a systematic review and meta-analysis which
evaluated the effect of dental plaque control, periodontal
therapy and bacterial eradication treatment vs eradication
treatment alone in patients with gastric disease. H. pylori
eradication therapy (H. pyloriET) alone would not be effective for gastric reinfection control.
To summarize, twelve clinical trials and a meta-anal-

Figure 1 Periodontal disease. Helicobacter pylori-positive finding in subgingival plaque and stomach.

PERIODONTAL DISEASE
The bacterial plaque or oral biofilm is a translucent film,
mixing a biotic array (bacteria and fungi), and inter- or
extracellular matrix (organic compounds and minerals),
which adheres to the dental surfaces, gingival and oral
epithelium, prostheses and restorations, but is not deletable with simple rinsing. It has a variable composition
depending on the location and ripening time (Figure 1).
When located in dental and periodontal surfaces, the
biofilm is immediately responsible for both dental caries
and periodontal disease. The dental plaque hosts different microbiota, and in the absence of good oral hygiene,
it develops quickly and adheres to the teeth surface at
the supra- and subgingival level. In periodontal lesions,
the number of bacteria increases with periodontitis development, and could comprise Porphyromonas gingivalis,
Fusobacterum nucleatum, and Fusobacterum periodonticum, co-
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Table 3 Helicobacter pylori detection in aphthous stomatitis n (%)
Ref.

Sample (study design) Diagnostic method

Leimola-Virtanen et al[69]
Porter et al[70]

Birek et al[71]
Riggio et al[72]
Shimoyama et al[73]
Victória et al[74]
Iamaroon et al[75]
Elsheikh et al[76]
Mansour-Ghanaei et al[77]
Albanidou-Farmaki et al[78]
Karaca et al[79]
Maleki et al[80]
Taş et al[81]

Bs (TS)
BL (CCS)

OS (CCS)
Bs (CCS)
BL, OS (CCS)
OS (CCS)
OS (CCS)
Bs (CCS)
BL, OS (CCS)
Sal, BL, RUT (CSS)
Gastric Bs (CSS)
RUT (CCS)
Gastric Bs, BL (CSS)

Patient profile

H. pylori detection rate

Giemsa, ISH
Ser (ELISA)

RAS
Giemsa: 14/29 (50); ISH: 6/29 (20)
75 RAS, 83 (15 other oral ulcerative
23/75 (31)
disorders, 41 other oral mucosal lesions,
27/83 (33)
27 oral dysaesthesia), 25 control
6/25 (24)
PCR (ureC)
RAS
23/32 (72)
PCR (16S rRNA)
28 RAS, 20 OLP, 13 control
3/28 (11), 0/20 (0); 0/13 (0)
MCT, Ser (ELISA)
RAS
0/12 (0)
N-PCR1
36 RAS, 48 control
14/36 (38); 16/48 (33)
N-PCR (H. pyloriaA)
22 RAU, 15 control (Tg)
1/22 (5); 3/15 (20)
PCR (16S rRNA)
58 RAS and Lymp 88 RAS, 20 control
39/58 (67); 9/88 (10); 0/20 (0)
Ser (ELISA), PCR1
RAS
H. pylori-IgG: 26/50 (52); PCR: 1/50 (2)
Ser (ELISA), 13-UBT
RAS
34/48 (71)
Giemsa (PTE)
RAS
20/23 (89); P < 0.05
13
-UBT
43 RAS, 44 control
16/43 (37); 14/44 (32); P = 0.597
13
-UBT (PTE)
MAL (vitamin B12)
Pre: 30/46 (65); post: 12/30 (40)

1

Data not shown. Helicobacter pylori: H. pylori; BL: Blood; Bs: Biopsy; CCS: Case-control study; CSS: Cross-sectional study; H. pylori-IgG: Presence of anti-H.
pylori-IgG; ISH: In situ hybridization; Lymp: Lymphoma; MAL: Minor aphthous lesions; MCT: Microbial culture techniques; N: Nested; OLP: Oral lichen
planus; OS: Oral swab; PCR: Polymerase chain reaction; PTE: Post-treatment evaluation; RAS: Recurrent aphthous stomatitis; RAU: Recurrent aphthous
ulceration; RUT: Rapid urease test; Ser: Serology; Sal: Saliva; Tg: Tongue; TS: Transversal study; 13-UBT: 13C-urea breath test.

curring oral aphthae and recurrent aphthous ulceration)
is considered an inflammatory disease of the oral cavity
characterized by the presence of erosions/ulcerations, ulcerations with necrosis, erythematous halo underlying the
mucous membrane lining, which respects the keratinized
mucosa (Figure 2). Its most frequent location is labial
and buccal mucosa, floor of the mouth, ventral surface
of the tongue, soft palate, gingiva, posterior pillars, and
alveolar gum. Three variants of aphthous stomatitis exist, distinguished by the size, number and location of the
lesions, the healing time of individual ulcers and whether
a scar is left after healing: minor, major and herpetiform.
Aphtae can recur between 1 and 6 mo later. Despite their
high prevalence, etiopathogenesis remains unclear. However, canker sores are thought to have an immune pattern associated with hematological disorders, hormonal
disturbances, gastric complications, food hypersensitivity,
emotional states and local trauma as the most characteristic feature[68].
The presence of H. pylori in patients with canker
sores (Table 3) has been analyzed, given the histological
similarities between this condition and gastric ulcer[69-81].
Back in 1995, in Finland, Leimola-Virtanen et al[69] studied
the biopsies of human immunodeficiency virus-positive
patients with canker sores using Giemsa and in situ hybridization (ISH), and found positive results. Positive
serology in RAS has been reported by Porter et al[70] in
1997, in London, who determined the relative frequency
of anti-H. pylori IgG antibodies in minor aphthous ulceration, with no significant differences compared with
control groups. The association between canker sores
and H. pylori tried to be demonstrated through molecular
biology, with disparate results (Table 3). In Turkey, the
effect of H. pylori eradication on RAS patients was deeply
studied. Thus, 23 subjects were regularly monitored for
1 year after anti-H. pylori therapy. A significant difference
was observed compared with the reduction in canker

Figure 2 Recurrent aphthous stomatitis. Erosive necrotic lesion in lip mucosa. Helicobacter pylori-negative finding by molecular biology.

ysis have been included in the information assessment. In
order to be able to demonstrate the association between
periodontal diseases and bacterial infection, PCR was used
in 7 of these trials as a diagnostic method. Only the trial
by Asikainen et al[58] reported negative results. The H. pylori prevalence found with this technique was higher than
40%. The RUT was carried out in 4 clinical trials, with
results similar to the PCR. Only 1 work was conducted
in 4504 subjects using serology anti-H. pylori, with OR
of 1.47 in patients with periodontal pocket ≥ 5 mm[61].
Emphasis is laid on the meta-analysis that evaluates the
effective response to the H. pyloriET in H. pylori-positive
patients presenting periodontal disease[67]. To our knowledge, there is a likelihood of super-infection of sub-gingival plaque in patients who have a poor oral hygiene and
are exposed to H. pylori infection due to chronic gastric
infections.

APHTHOUS STOMATITIS
Aphthous stomatitis (also termed canker sores, RAS, re-
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positive gastritis was found in 63% of the patients, who
had an iron deficiency anemia[82]. We believe that the action of the bacteria in the RAS is due to H. pylori-positive
gastric disease and deficiency conditions. The presence
of bacterial infection in the occurrence and recurrence of
canker sores would be associated with anemia, produced
by H. pylori-positive stomach diseases. Antibiotic therapy
and the return to normal hematological values lead to a
decrease in the number of canker sores, their size and
relapse.

ORAL CANCER
Figure 3 Oral squamous cell carcinoma grade 2 in lingual dorsum. Helicobacter pylori-negative finding by molecular biology. Biopsy area.

In 2011, the American Cancer Society estimated 39400
new cases of oral and pharynx cancer, and 7900 deaths
from this cause. The incidence varies according to gender, racial or ethnic group, and geographic location. The
latter is directly related to particular habits and the differential exposure to environmental carcinogens[83]. The
most frequent cancer in the oral cavity is squamous cell
carcinoma of the mucosa, which represents 90% of all
malignant neoplasms in this location (Figure 3). The remaining 10% includes salivary gland tumors, sarcomas of
the soft tissues and jaw bones, non-Hodgkin’s lymphoma,
metastasis of extra oral primary tumors and melanomas.
Oral squamous cell carcinoma is the sixth most common
cancer in the world, with approximately 350000 deaths
and 650000 new diagnoses per year[84-86]. It was estimated
that biological carcinogens cause 18% of all cases of
cancer[87]. In 1994, H. pylori was considered a carcinogenic
agent type 1 by the Organización Mundial de la Salud/International Agency for Research on Cancer, OMS/IARC
(http://www.iarc.fr).
Few studies have addressed the relationship between
oral cancer and H. pylori action (Table 4)[88-93]. The first
study was carried out by Grandis et al[88] who studied the
serology of 21 patients with oral cancer and 21 controls,
and observed a similar seroprevalence in both patients
and controls, and they could not establish a significant association. Serologic studies showed a similar relative frequency in patients with cancer and controls[92]. A group
of Indian researchers evaluated the presence of H. pylori
in serum and tissue samples from 20 patients with oral
cancer and 20 controls, using culture and PCR. While this
study showed no significant differences, the OR of H.
pylori-positive patients was 3.0 (95%CI: 0.34-26.4), while
it was lower for only PCR-positive subjects (OR = 1.5,
95%CI: 0.28-8.0)[93].
In summary, only a few researchers have looked for
the bacteria in oral cancer. All of them have included
patients with squamous cell carcinoma. We have analyzed 6 works, 4 of which are case- control studies, and 2
prospective studies. The samples used to search the bacteria were biopsy, swabs and serum, and the diagnostic
methods were culture, serology, histopathology, 13-UBT,
ISH, RUT and PCR. No relationship was found with the
bacteria. These results are in line with those found by our
group in the study of 8 oral squamous cell carcinomas in

sores recurrence and improvement (P < 0.05)[79]. Later,
in 2013, again in Turkey, Taş et al[81] conducted a clinical
trial including 46 patients with minor aphthous ulceration. Vitamin B12 serum levels were measured, gastric
biopsy was done, and presence of H. pylori analyzed. Of
46 study subjects, 30 (65%) were H. pylori-positive, and
followed an H. pyloriET. Three months later, they were
evaluated with 13-UBT, and 18/30 (60%) were negative.
New measurements of vitamin B12 were carried out, and
increased levels were observed in the group that received
the antibiotic therapy. It was estimated that the effects of
the H. pyloriET and the increase in vitamin B12 serum
levels improved the clinical course of RAS.
In summary, we evaluated 13 articles reporting the
potential association between recurrent canker sores and
the action of H. pylori in their etiology. The designs were
9 case-control studies, 1 cross-sectional, 2 clinical trials
of the effectiveness of eradication therapy and 1 metaanalysis. The latter evaluated nine of the works included
in our analysis, whose data and conclusions are, in our
opinion, correct. The samples used in the research were
3 tissue (lesion biopsy), 4 swabs, 3 sera, 2 expired air
and 1 saliva. In 3 papers, 2 or more samples were used.
The diagnostic methods were PCR in 6 of the publications, ELISA in 3, 13-UBT in 2. Other techniques were
Giemsa, ISH and culture. Four reports used 2 diagnostic
methods. Results showed no association in 6 researches,
4 of them using PCR as a diagnostic method. Clinical
trials of therapeutic effectiveness showed reduction in
episodes of relapse of canker sores after the eradication therapy in patients with gastric H. pylori-positive and
recurrent canker sores. These patients were anemic, and
the presence of the bacterium had not been evaluated in
canker sores injury[79,81]. We have investigated the presence of the bacterium in canker sores from patients with
dyspepsia. Samples were taken by biopsy, and the following diagnostic techniques were used: HE, Periodic acidSchiff (PAS), Giemsa and PCR. Negative results were
obtained with all the methods. All the patients underwent
video-esofagogastricoduodenoscopy with biopsy of the
greater and lesser curvature of the gastric antrum up to 5
cm from the pylorus. Erosive and chronic active H. pylori-
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Table 4 Helicobacter pylori detection in oral cancer n (%)
Sample (study design)

Diagnostic method

Patient profile

H. pylori detection rate

Grandis et al[88]

BL (CCS)

Ser (ELISA)

Singh et al[89]

Bs (CCS)

21 HNSCC
21 controls
26 OC
26 controls

12/21 (57)
13/21 (62), P > 0.05
MTC: 0/26 (0); 0/26 (0)
Giemsa: 4/26 (15); 0/26 (0)
RUT: 3/26 (11); 0/26 (0)
Bs: 54/116 (46); OS: 14/116 (12); OC: 11/58 (19)
Bs: 0/31 (0) MTC, IHC, PCR. Urine: 21/31 (68) Ser
14/53 (23)
10/60 (17)
OC: 3/20 (15) MCT, PCR
Controls: 1/20 (5) MTC and 2/20 (10) PCR

Ref.

Okuda et al[90]
Kanda et al[91]
Fernando et al[92]

Bs, OS (PRS)
Bs, urine (PRS)
BL (CCS)

MCT,
Giemsa,
RUT
MTC, RT PCR1
MTC, Ser (ELISA), PCR1, IHC
Ser (ELISA)

Dayama et al[93]

Bs (CCS)

MTC; PCR (16S rRNA)

GDss (58 OC)
HNSCC
53 cases
60 controls
20 OC
20 controls

1

Data not shown. BL: Blood; Bs: Biopsy; CCS: Case-control study; GDss: Gastric disease; HNSCC: Head and neck squamous cell carcinomas; ISH: In situ
hybridization; MCT: Microbial culture techniques; OC: Oral cancer; OS: Oral swab; PCR: Polymerase chain reaction; PRS: Prospective study; RUT: Rapid
urease test; Ser: Serology.

patients with dyspepsia. We studied biopsy, and used HE,
PAS, Giemsa and PCR as diagnostic techniques, with
negative results for all these methods. The relationship
between H. pylori and the pathogenesis of gastric cancer
has been well described, due to the ability of H. pylori to
modify the host’s immune response. It might behave similarly in the progression of oral carcinoma; however, this
association has not been demonstrated yet. In the future,
a prospective cohort design will be required to be able to
determine a potential association between H. pylori and
oral cancer.

ter treatment of a true halitosis or pseudohalitosis, with
physical evidence or a negative effect in his social life,
which indicates the persistence of the bad smell. However, the patients are convinced that their “Halitosis” is
socially offensive[96,99,100].
Bad breath or oral malodour is the term used for halitosis of oral origin[101]. Oral halitosis is caused by volatile
sulfur compounds (VSC), such as methyl mercaptan,
hydrogen sulfide, methyl disulfide, which are generated
by the action of bacterial metabolism that degrades the
sulfur containing amino acids present in the oral cavity. Anaerobic and gram-negative bacteria are the agents
most frequently involved[102-104]. These bacteria are found
in gingival grooves, in periodontal pockets, and in posterior lingual dorsum[105]. De Boever et al[106] considered
that the anaerobic flora of the tongue plays an essential
role in halitosis origin. There are different research lines
that postulate lingual anaerobic flora action as one of the
causes of halitosis appearance. These researches argue
that the tongue acts as a reservoir that allows the accumulation and stagnation of bacteria and food waste[107-110].
The three main methods of diagnosing halitosis are gas
chromatography, organoleptic measurement, and sulphide monitoring[99]. Loesche et al[110] reported that 74%
of the bacteria cultured from the lingual dorsum were
Veillonella parvula, Actinomyces odontolyticus, Streptococcus intermedius and Clostridium innocuum.
Table 5 shows the different research groups that attempted to relate halitosis to H. pylori[111-123]. The first were
Tiomny et al[111], who in 1992 in Israel studied 6 patients
with halitosis, 5 of whom were H. pylori-positive. They
found that halitosis had disappeared after H. pyloriET,
and highlighted the possible connection between halitosis
and H. pylori infection. At the University of Bari (Italy),
Ierardi and partners associated halitosis with H. pylori
infection and correlated H. pylori-eradication in dyspeptic
patients. They established the levels of VSCs at diagnosis
and in subsequent controls after H. pyloriET was established[112]. In 2001 we reported a patient with severe BHH
of lingual dorsum, who underwent biopsy of the affected tongue area. H. pylori was observed by Giemsa and

BURNING, HALITOSIS, AND LINGUAL
DORSUM HYPERPLASIA
The oral burning sensation can be a symptom of an underlying disease or a syndrome of unknown etiology. If
the local or systemic factors involved are identified, these
are referred to as the cause of the burning[94,95].
Halitosis means abnormal odour of exhaled air regardless of its origin. Halitosis can be oral, nasal, gastric
or systemic (diabetes, nephropathies, trimethylaminuria).
Miyazaki et al[96] have classified.
Genuine halitosis
It was subdivided into: (1) Physiological-halitosis, in which
there is no disease; and (2) Pathologic-halitosis, which may
be oral or extra-oral. Oral pathologic-halitosis occurs as a
result of a pathological process in the mouth, either dental or mucosal (caries, periodontal disease, canker sores,
cancer, etc.). Non-oral pathological-halitosis can originate
from the upper respiratory tract and from other sources
that are carried by blood and exhaled in the lung[96-98].
Pseudo-halitosis
It is characterized by absence of halitosis. However, the
patient believes that he has oral malodour.
Halitophobia
It occurs when the patient perceives his bad breath af-
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Table 5 Helicobacter pylori detection in burning, halitosis, and lingual dorsum hyperplasia n (%)
Ref.
Tiomny et al[111]
Ierardi et al[112]

Adler et al[113]
Gall-Troselj et al[114]

Diagnostic method

Patient profile

H. pylori detection rate

Hal detection rate

SHal
OHal

6 Hal
Dys [Hal: 52 (90)]

EGB, SHal, OHal,
Giemsa, PCR (SSA)
N-PCR (ureA)

Dys, BHH

5/6 (83)
Diagnosis: 30/52 (58)
Double H. pyloriET: 11/30 (64)
Triple H. pyloriET: 2/11 (18)
Tg: 1/1; Gc: 1/1

Post-H. pyloriET: 0/11(0)
Diagnosis: 52/52 (100)
Double H. pyloriET: 11/30 (64)
Triple H. pyloriET: 2/11 (18)
Case report

Tg: 43/268 (16)

17/87 (20),
1/37 (3),
12/54 (22),
13/90 (14)
Hal post-H. pyloriET: 40/148 (3)

Serin et al[115]

EGB, Giemsa

Adler et al[113]

EGB, SHal, OHal,
Giemsa, PCR (SSA) y
(16SrRNA)
Ser (ELISA)
EGB, Giemsa, RUT

Brailo et al[116]
Katsinelos et al[117]

Moshkowitz et al[118]
Suzuki et al[119]
Yoo et al[120]

EGB, RUT
OLT, GC, PCR (16S
rRNA)
OHal, GC, 13-UBT

Lee et al[121]
Kinberg et al[122]
Tangerman et al[123]

EGB, OHal
EGB
EGB, OLT, GC, RUT

AG: 87 (32)
BMG: 37 (14)
BMS: 144 (54)
(54 Tg, 90 no-Tg)
Dys, Hal, EGB: H. pyloripos, no lesion and no
atrophy
GDSS [BHH: 46 (37),
no-BHH: 78 (63)]

EGB pos-H. pyloriET: 39/148 (26)

150 BMS
Dys, Hal,

GDSS [GERD: 72 (55)]
Non-Dys (251 Hal, 75 noHal)
H. pylori-pos [EGL: 24 (33),
NEGL: 48 (675)]
Dys, Hal
Hal [GDSS: 36 (38)]
GDSS, Hal

40/46 (87);
2/78 (3)

RR 13.01 CI 6-28.20

29/150 (19)
Diagnosis: 18/18 (100)
Triple H. pyloriET: 4/18 (22)
Quad H. pyloriET: 0/18 (0)
H. pylori vs Hal: P > 0.05
Sal: 21/326 (6)

19/150 (13)
Diagnosis: 18/18 (100)
Triple H. pyloriET: 2/18 (11)
Quad H. pyloriET: 2/18 (11)
Hal vs GERD: P < 0.05
H. pylori-pos: Higher VSC and OLT Score

72/72 (100)

VSC: EGL vs NEGL: P < 0.01

Gc: 68/88 (77)
14/94 (15)
11/49 (22)

Korea Red Ginseng Supplementation
OHal: 74/94: (78)
VSC: 9/49 (18); H. pylori: 1/9 (11)

AG: Atrophic glossitis; BHH: Burning, halitosis, and lingual dorsum hyperplasia; BMS: Burning mouth syndrome; BMG: Benign migratory glossitis; Dys:
Dyspepsia; EGB: Endoscopic gastric biopsy; EGL: Erosive gastric lesions; GC: Gas chromatography; Gc: Gastric; GERD: Gastroesophageal reflux disease;
GDSS: Gastric disease; Hal: Halitosis; H. pyloriET: Helicobacter pylori eradication therapy; N: Nested; NEGL: Non-erosive gastric lesions; OHal: Objective
halimeter levels > 100 ppb; OLT: Organoleptic test; PCR: Polymerase chain reaction; Pos: Positive; Quad: Quadruple; RR: Relative risk; RUT: Rapid urease
test; Sal: Saliva; Ser: Serology; SHal: Subjective halitosis; SSA: 26-kDa species-specific antigen gene; Tg: Tongue; VSC: Volatil sulfur compounds; 13-UBT:
13
C-urea breath test.

in patients with confirmed H. pyloriET, halitosis was the
most successfully resolved symptom (62% to 3%). Therefore, they considered that halitosis is a frequent and treatable symptom of H. pylori-positive non-ulcer dyspepsia,
and may be a valid indication for H. pyloriET. In the year
2005 in Argentina, we designed a case-control study to
determine whether H. pylori was a risk factor in subjects
with burning, halitosis, and lingual dorsum hyperplasia
or BHH (Figure 4). A total of 124 subjects with different
gastric diseases were studied: 46 patients with BHH and
78 patients with other oral diseases. H. pylori detection in
the oral cavity by histopathologic diagnosis and molecular biology was confirmed in 40/46 (87%) patients with
BHH, and in 2/78 (2.6%) subjects with other diseases
(RR 13.01, 95%CI: 6-28.20). Gastric relative risk was RR
8.02, 95%CI 4.28-15.01. This trial showed, for the first
time, an association between H. pylori and BHH, and
further considered this bacterium a risk factor for gastric
infection[82]. In Greece, Katsinelos et al[117] carried out a
cohort-study with 18 patients with dyspepsia. All patients
underwent gastric biopsy, and H. pylori status was determined histopathologically by hematoxylin and eosin, and
Giemsa staining. A biopsy specimen was also taken from
the antrum for RUT (CLOtest, Kimberly-Clark/Ballard
Medical Products). All H. pylori-positive patients were

Figure 4 Burning, halitosis, and lingual dorsum hyperplasia. Negative for
mycological microscopy and culture. Helicobacter pylori-positive finding in lingual dorsum and stomach.

PCR[113]. In Croatia a group of researchers, using PCR,
detected H. pylori in the lingual dorsum of 43/268 (16%)
patients with burning mouth syndrome (BMS), migratory glossitis and atrophic glossitis, with controls being
H. pylori-negative[114]. Serin et al[115] administered triple
H. pyloriET for 2 wk (omeprazole 20mg, clarithromycin
500mg, amoxicillin 1000mg), to subjects with halitosis
and H. pylori-positive gastric disease. They reported that
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prescribed a 10-d course of triple drug for H. pyloriET
(20 mg omeprazole, 500 mg clarithromycin and 1000 mg
amoxicillin, all twice daily). In case of eradication failure, a 10-d course of quadruple drug for H. pyloriET (20
mg omeprazole twice daily, 600 mg bismuth subcitrate
twice daily, 500 mg metronidazole twice daily, and 500
mg tetracycline, 4 times daily) was administered. Four to
six weeks after completion of H. pyloriET, the symptom
of halitosis was re-evaluated, and repeated endoscopy
or 13-UBT was performed to assess H. pylori-status in
the gastric mucosa. Triple H. pyloriET was sufficient to
eradicate H. pylori in 14/18 (78%) patients. In the 4/18
(22%) patients who remained H. pylori-positive after triple
drug H. pyloriET, quadruple drug H. pyloriET successfully
eradicated the bacterium. Halitosis did not recur in 16/18
(89%) patients. The results obtained revealed that H.
pyloriET should be indicated to H. pylori-positive patients
with halitosis[117]. Suzuki et al[119] studied the relationship
between halitosis and H. pylori-presence in saliva. A total
of 326 subjects were recruited, 251 with halitosis and 75
without halitosis. The clinical symptoms associated with
oral malodour and periodontal symptoms were significantly greater in the H. pylori-positive subjects. In South
Korea, Yoo et al[120] evaluated halitosis in 72 H. pylori-positive patients. Patients were divided into two groups, 24
with erosive gastric lesions and 48 with non-erosive gastric lesions. Researchers considered that halitosis could be
an effective biomarker predicting that the gastric mucosa
of affected patients might show erosive change beyond
inflamed condition.
In summary, in this chapter we have analyzed 10/14
studies on the possible association between halitosis and
H. pylori infection. Nine of them included patients with
H. pylori-positive gastric disease, and 5/10 were based on
H. pyloriET results. In these researches, halitosis had been
resolved in 90% to 100% of the cases. Regarding burning sensation, 2/14 articles reported H. pylori-positivity in
10% to 20% of the cases. A burning tongue was reported
in one of them. In 2/14 we have described a particular
clinical syndrome (BHH)[82,113]. We estimated a high risk
of H. pylori-infection in patients with this syndrome. Our
data suggest that halitosis is not a consequence of gastric
pathology; however the work shows that in lingual dorsum, the action of the bacterium is the etiologic agent
of BHH syndrome. H. pylori is one of the risk factors
of halitosis, with an oral or gastric origin. Therefore, the
search for the bacterium must be oral and gastric. Oral
and/or gastric infection by H. pylori may occur with intense burning. In those cases, it is necessary to determine
whether the patient experiences gastric discomfort. If so,
it would be necessary to look for the bacteria. We have
described a clinical syndrome characterized by “burning,
halitosis and lingual dorsum hyperplasia”. Discrepancies
in the diagnosis of those patients who consulted due to
these symptoms and further referred chronic gastric discomfort made us hypothesize about the association between H. pylori both in tongue and stomach. In our opinion, and given the biological implications of the bacteria,
it is necessary to focus on patients with BHH. Then, we
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must objectively diagnose halitosis, ask the patient if he/
she has experienced discomfort in the gastric tract, evaluate burning and properly inspect his/her mouth. Lab
tests must include anti-H. pylori antibodies. Cytobrush on
tongue surface must also be performed to reach an H.
pylori diagnosis by molecular biology. Before a positive result in mouth might be obtained and prior to any therapy,
the patient must be referred to the gastroenterology unit
for his/her examination, given the biological behavior of
H. pylori.

CONCLUSION
Infection by H. pylori is one of the most frequent infections in the world, and has revolutionized the gastric
pathology in the last twenty-five years. Early diagnosis is
essential for infection control. The interest in H. pyloriinfection in the oral cavity has progressively increased,
since the presence of this bacterium in the mouth determines an oral-oral way of transmission. This review
describes the relation between H. pylori and different oral
pathologies, such as periodontal disease, canker sores,
squamous cell carcinoma, burning tongue and halitosis,
and its association with gastric pathology.
Designs for prospective cohorts are required to demonstrate the bacterial action in the mouth using sensitive
and specific diagnostic methodologies. In terms of H.
pylori identification methods, culture is considered the
gold standard. However, though sensitive, the method is
not specific, since additional testing must be performed
on the isolates. H. pylori PCR amplification is the method
of choice[124]. However, several H. pylori genes have extensive polymorphism and particular genes are absent
in some strains, as cagA[125]. Among the genes that have
been tested, ureA and ureC (also named glmM) appear
sensitive, but lack specificity. Therefore, the concurrent
H. pylori detection of multiple genes and the use of different sets of primers are required to reach a specific and
sensitive diagnosis of the infection[82]. Another alternative
has been the use of H. pylori ribosomal gene 16SrRNA,
which is present in all bacteria and is specific to a given
bacterial genus[126,127]. Reviewing the literature herein cited, we found that the additional post-culture methods or
the chosen molecular targets are not always described. In
this sense, a methodological consensus would be required
to validate the real location of the bacteria in the mouth,
since this methodological diversity hinders the proper interpretation of the results.
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Surgical management of peritonitis secondary to acute
superior mesenteric artery occlusion
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stented with standard devices from these access sites.
Bowel resections and sometimes gall bladder removal
due to transmural infarctions are performed at initial
laparotomy, leaving definitive bowel reconstructions to
a planned second look laparotomy, according to the
principles of damage control surgery. Patients with
peritonitis secondary to acute SMA occlusion should be
managed by both the general and vascular surgeon,
and a hybrid revascularization approach is of utmost
importance to improve outcomes.
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Abstract

Key words: Acute mesenteric ischemia; Peritonitis; Explorative laparotomy; Endovascular treatment; Hybrid
revascularization; Superior mesenteric artery occlusion

Diagnosis of acute arterial mesenteric ischemia in the
early stages is now possible using modern computed
tomography with intravenous contrast enhancement
and imaging in the arterial and/or portal phase. Most
patients have acute superior mesenteric artery (SMA)
occlusion, and a large proportion of these patients
will develop peritonitis prior to mesenteric revascularization, and explorative laparotomy will therefore be
necessary to evaluate the extent and severity of intestinal ischemia, and to perform bowel resections. The
establishment of a hybrid operating room in vascular
units in hospitals is most important to be able to perform successful intestinal revascularization. This review
outlines current frontline surgical strategies to improve
survival and minimize bowel morbidity in patients with
peritonitis secondary to acute SMA occlusion. Explorative laparotomy needs to be performed first. Curative
treatment is based upon intestinal revascularization followed by bowel resection. If no vascular imaging has
been carried out, SMA angiography is performed. In
case of embolic occlusion of the SMA, open embolectomy is performed followed by angiography. In case of
thrombotic occlusion, the occlusive lesion can be recanalized retrograde from an exposed SMA, the guidewire
snared from either the femoral or brachial artery, and
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Core tip: Timely diagnosis of acute occlusion of the
superior mesenteric artery (SMA) is possible with computed tomography angiography. The establishment of
a hybrid operating room is most important to be able
to perform explorative laparotomy for evaluation of the
extent of mesenteric ischemia and successful intestinal revascularization. In embolic SMA occlusion, open
embolectomy is performed followed by angiography.
In thrombotic SMA occlusion, the occlusive lesion can
be recanalized retrograde from an exposed SMA, the
guidewire snared from either the femoral or brachial
artery, and stented with standard devices. A necrotic
bowel is resected with reconstructions performed at a
planned second look laparotomy.
Acosta S. Surgical management of peritonitis secondary to acute
superior mesenteric artery occlusion. World J Gastroenterol
2014; 20(29): 9936-9941 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/i29/9936.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.9936
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aid[17]. However, the evolution of available high-resolution CT scanners with rapid reconstructions in the sagittal, coronal and transversal planes has made early diagnosis possible, and increased the proportion of patients
that may be considered for mesenteric revascularization[2].
Embolic occlusion appears often as an oval-shaped clot
surrounded by contrast in a non-calcified arterial segment
located in the middle and distal part of the main stem of
the SMA, whereas thrombotic occlusion usually appears
as a clot superimposed on a heavily calcified occlusive lesion at the ostium of the SMA.

INTRODUCTION
Recovery following bowel resection for bowel necrosis
and peritonitis secondary to mesenteric vessel occlusion
was first reported in 1895[1]. Development of peritonitis,
followed by explorative laparotomy remained the main
pathway to diagnose mesenteric vessel occlusion, and
successful therapy was based on pure luck, whether the
extent of intestinal infarction was limited and resectable, or not. One century later, the evolution of highresolution computed tomography (CT) scanners around
the clock have had a great impact on early diagnosis of
mesenteric vessel occlusion[2], and has been the prerequisite to be able to perform mesenteric revascularization in
time to decrease bowel morbidity and increase survival.
In current practice, collaboration between the surgeon
and vascular surgeon is of great importance. The patient
needs to be transported to a vascular center with available
hybrid operating room facilities with a high quality, fixed
angiographic system, or mobile C arm, where laparotomy
and open and endovascular therapy are possible. When
applicable, the principles of damage control surgery
should follow mesenteric revascularization[3]. This review
article aims to outline treatment options and to guide
the surgeons prior to or at laparotomy when managing
patients with peritonitis secondary to acute superior mesenteric artery (SMA) occlusion.

EVALUATION OF THE EXTENT AND
SEVERITY OF MESENTERIC ISCHEMIA
The patients need, if possible, to be transported to a
vascular center with an available hybrid operating room.
Explorative laparotomy through a midline incision is performed in patients with peritonitis, unless palliative care
has been decided, to assess the extent and severity of intestinal ischemia, where color of the intestines, dilatation
and peristaltic motion of the bowels, visible pulsations
in the mesenteric arcade arteries, and bleeding from cut
surfaces are most important in the assessment. The SMA
supplies the whole small bowel and the right colon to the
mid transverse colon, and the ischemic lesions at laparotomy are usually extensive. Of note, the ischemic lesions occur first in the mucosa and may be extensive, and in a few
cases, no signs of ischemia may be visible on the serosa
side at early laparotomy. Without treatment, development
of a variable length of full bowel wall gangrene will occur.
In elderly patients with complete transmural infarction of
the small bowel up to the mid transverse colon, palliative
care is indicated. In case of bowel perforation, the affected intestinal segment is rapidly resected with staples.

FREQUENCY OF ACUTE MESENTERIC
ISCHEMIA AMONG PATIENTS WITH
ACUTE ABDOMEN
The majority, two-thirds, of patients with acute mesenteric ischemia suffers from acute SMA occlusion whereas
non-occlusive mesenteric ischemia and mesenteric venous thrombosis is less common[4]. The frequency of
acute mesenteric ischemia depends on the patient series
studied[5-15] (Table 1). The frequency was reported to
be 17.7% among patients undergoing emergency laparotomy[5] and as high as 31% among non-trauma patients
managed with damage-control surgery[15].

ACUTE REVASCULARIZATION OF THE
SMA
Revascularization is preferentially performed prior to
bowel surgery. If an explorative diagnostic laparotomy
is performed as the first diagnostic step, on table SMA
angiography should then be performed. Any previous CT
of the abdomen should be scrutinized immediately. If no
vascular surgeon is available, resection of obvious bowel
necrosis should be performed, the abdomen closed, and
the patient transported to a vascular centre. From the
national Swedish registry of vascular procedures, SWEDVASC, there has been a steady increase in acute SMA
revascularizations for intestinal ischemia since 2004[18],
and in 2009, endovascular surgery had surpassed open
vascular surgery with 29 endovascular vs 24 open vascular
revascularizations.

DIAGNOSIS
Maintaining a high index of suspicion and awareness
among physicians evaluating patients who are suffering
from acute mesenteric ischemia is not enough to improve
outcomes. The typical clinical triad of severe abdominal
pain but minimal findings at examination (pain out of
proportion), bowel emptying, and presence of a source
of embolus in elderly patients with acute embolic SMA
occlusion is not a consistent finding. Even though patients with acute thrombotic SMA occlusion often have
known cardiovascular disease and a history of undiagnosed attacks of abdominal angina, clinicians find it
very hard to diagnose this condition prior to progression
towards peritonitis[16]. Unfortunately, there is no plasma
marker that is accurate enough as an early diagnostic
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OPEN SMA EMBOLECTOMY
Most patients with embolic SMA occlusion will have a
main stem embolus and an extensive intestinal ischemia[4].
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Table 1 Frequency of acute mesenteric ischemia in patients with acute abdomen n (%)
Patient selection criteria
Emergency laparotomy
Suspected peritonitis
Emergency abdominal surgery and age ≥ 70 yr
Forensic autopsy, peritonitis
Acute abdomen and age ≥ 50 yr
Long-term open abdomen treatment
Emergency laparotomy
Emergency laparotomy and age ≥ 80 yr
Damage-control laparotomy and non-trauma patients

Population

Study period

Frequency of acute
mesenteric ischemia

Ref.

Atlanta, United States
Ferrara, Italy
Valladolid, Spain
Malmö, Sweden
Karlskrona, Sweden
Malmö, Uppsala, Falun, Gävle
Eastborne, United Kingdom
Gillingham, United Kingdom
Auckland, New Zealand

1996-2001
1995-2001
1986-1995
1970-1982
2000-2003
2006-2009
2008-2010
2005-2010
2008-2010

53 (17.7)
2 (2.1)
27 (3.8)
6 (4.4)
9 (8.9)
11 (9.9)
3 (3.1)
5 (5.0)
13 (31.0)

[5]
[6]
[7]
[8-10]
[11]
[12]
[13]
[14]
[15]

Open SMA embolectomy is a good treatment option[19].
After laparotomy, exposure of the SMA, transverse arteriotomy, insertion of Fogarty catheter nr 3 downstream
and 4 upstream, and balloon embolectomy, is performed.
The result should be monitored at least by an ultrasonic
transit time flow meter, but angiography of the SMA
with antero-posterior and lateral views after femoral
artery puncture and catheterization of the origin of the
SMA gives better information about the status of the
whole vascular tree, and identifies stenosis and dissection
at the closure site, residual peripheral embolus in arterial
branches not cleared, and venous return to the portal
vein. The minority of patients with a peripheral embolic
SMA occlusion[4] in one or multiple branches and a limited bowel segment of ischemia may be treated primarily
with short bowel resection and primary bowel anastomosis without attempting intestinal revascularization.

be preferable in case of a very sharp downward angle
between the aorta and the SMA, or if an extensive calcified occlusive lesion in the ostium of the SMA has to
be passed with wires, catheters and introducers, to avoid
dissection of the SMA. Brachial artery access is preferred
when there are occlusive lesions in the aorta below the
SMA and/or in the iliac arteries.

RETROGRADE RECANALIZATION AND
STENTING OF THE SMA
Laparotomy and exposure of the SMA is performed for
retrograde SMA recanalization and stenting[20,21]. This
approach offers the ability to inspect the abdominal contents, to have distal control of the SMA, and to avoid
bypass surgery in the setting of a necrotic bowel and necessary bowel resections with subsequent risk of infection
of the vascular prosthesis.
The SMA is exposed at the junction of the mesocolon and the small bowel mesentery. A puncture is made
in the main trunk of the vessel with a micro puncture
needle and the occlusion is often easily recanalized with a
0.018 mm guidewire into the aorta. The SMA is clamped
distally to avoid distal embolization if a fresh thrombus
at the occlusion site is suspected. The proximal SMA lesion is then crossed with a stiff, braided 4 Fr catheter,
exchanged for a 260 cm long 0.035-inch hydrophilic
guidewire. The wire is snared in the aorta using a snare
passed through the brachial or femoral artery and then
brought out creating through-and-through access. A small
transverse arteriotomy is then performed at the level of
the puncture and an over-the-wire Fogarty balloon is
passed into the aorta if thrombectomy seems necessary.
Thrombectomy is performed over the wire and the SMA
inflow evaluated. If thrombectomy is not necessary, no
arteriotomy is performed. Occasionally, predilatation
with a 3 mm balloon of the hard and occlusive lesion is
needed. With slight traction on the wire, a 6-7 Fr introducer, Flexor or Destination, is then placed antegrade in
the SMA over the through-and-through wire. A balloonexpandable stent at the calcified ostium is often placed
across the lesion, sometimes followed by a distal selfexpandable stent extension into the SMA. A balloonexpandable 7-8 mm diameter large stent is chosen as
this has better properties than a self-expandable stent

HYBRID OR ENDOVASCULAR
THERAPEUTIC OPTIONS IN ACUTE
THROMBOTIC OCCLUSIONS
Most patients with acute thrombotic SMA occlusion due
to thrombosis superimposed on an underlying local occlusive atherosclerotic lesion in the proximal SMA, have
extensive intestinal ischemia, which requires revascularization for longer survival[4]. Hybrid (combining open
vascular and endovascular surgery) or endovascular approach in acute thrombotic occlusions of the SMA seems
advantageous compared with classical open vascular procedures. Endovascular therapy in thrombotic occlusions
implies less surgical trauma in these often elderly fragile
patients and requires less intensive care resources than
the technically more challenging open vascular reconstructions in the emergency setting. It has been learned
from experience that there is rarely any indication for
revascularization of both the SMA and the celiac trunk,
and that SMA revascularization clearly is more important.

ACCESS TO THE SMA
The SMA can be reached via the femoral and brachial
arterial routes, and after local exposure of the SMA intraabdominally after laparotomy. Brachial artery access may
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A

B

C

D

E

F

Figure 1 Hybrid approach in a patient with computed tomography verified acute thrombotic occlusion. A: Laparotomy shows extensive small bowel ischemia
with appearance of cyanosis, poor peristalsis and slight dilatation of small bowel loops. The superior mesenteric artery (SMA) was exposed followed by retrograde
puncture of the SMA, passage of a guidewire across the occlusive lesion, which was first dilated with a 2 mm balloon, followed by passage of a 4 Fr Cobra slip catheter downstream from the infra-renal aorta; B-E: After retrograde puncture in the right common femoral artery, a long introducer and a snare (B) were brought up to
catch the guidewire (C) introduced from the SMA, to establish through-and-through access (D) by bringing the guidewire out of the introducer that was inserted in the
groin. The introducer was then advanced into the proximal SMA, followed by antegrade stenting with a short balloon expandable stent, then a longer self-expandable
stent extension was introduced (E); F: Rapid recovery of normal color of the small bowel loops and peristalsis was noted before closing the abdomen. The patient had
an uneventful recovery.

in maintaining a larger stent lumen diameter after stent
deployment. However, unfavorable artery angulation and
risk of arterial dissection may appear at the distal stent
end and the stented arterial segment may therefore be
extended with a self-expandable stent into the middle
SMA. Results after stenting are controlled by angiography as well as pressure measurements (Figure 1A-F). If
there is a residual pressure gradient across the stent (> 12
mmHg), additional percutaneous transluminal angioplasty
and/or stenting is performed. The access hole after withdrawal of the through-and-through guidewire in the SMA
is treated by manual compression. Antegrade stenting is
better than retrograde stenting, since the procedure can
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be performed in a usual manner with standard devices
without exposing the operators to an increased dose of
radiation.

ANTEGRADE RECANALIZATION AND
STENTING OF THE SMA
After laparotomy, antegrade recanalization and stenting
of the SMA can be performed, perhaps in a “hostile abdomen” with extensive intra-abdominal adhesions after
several prior operations or after radiotherapy. If femoral
artery access fails, an attempt can be made to cross the
occlusive ostial SMA lesion from brachial artery access
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Table 2 Outcomes after open and endovascular revascularization for acute superior mesenteric artery occlusion n (%)
Ref.

Publication
year

Population

Study period

Endovascular or hybrid
therapy/all cases

Bowel
resection

30-d or in-hospital
mortality

2009
2010
2011
2012

United States
Sweden
Cleveland, OH, United States
Rochester, MI, United States

2000-2006
1999-2006
1999-2008
1990-2010

1857 (35)
42 (26)
56 (80)
11 (12)

2138 (41)
80 (51)1
60 (80)
38 (41)

1615 (31)
61 (37)
29 (41)
20 (22)

Schermerhorn et al[22]
Block et al[18]
Arthurs et al[23]
Ryer et al[24]
1

Incomplete data in six patients.

using a 4 Fr Headhunter catheter. When a stable 0.035
inch guidewire has been placed in the ileocolic artery, an
introducer is advanced past the atherosclerotic lesion. Removal of the fresh thrombotic clot may be performed by
aspiration, prior to antegrade stenting. One of the most
feared complications after antegrade recanalization is a
long dissection of the SMA without being able to create
a re-entry with the guidewire into the true lumen of the
distal SMA. The end result may be worsened ischemia of
the intestines, leading to no other option than to perform
extensive bowel resection and to leave the patient with
short bowel syndrome[21].

discharged. In case of thrombotic occlusion, patients
need to be medicated against atherosclerosis with an antiplatelet aggregation inhibitor and statins[16]. In the case
of embolic occlusion, life-long therapy with a vitamin K
antagonist or low molecular weight heparin is indicated.
Importantly, most patients with embolic SMA occlusion
have synchronous embolism in other vascular territories[4]
and need to be protected from new embolic events.

RADIOLOGICAL FOLLOW-UP AFTER
STENTING OF THE SMA
Patients with stenting of the SMA need to be followed by
either duplex or CT angiography at regular intervals due
to the risk of restenosis, need for re-intervention, and
the serious consequence of stent occlusion[16]. The small
group of patients experiencing acute thrombotic stent
occlusion at follow-up was reported to have a mortality
rate of 50%[16]. It is suggested that the first imaging can
be performed 3 mo postoperatively, followed by imaging
examination every 6-12 mo.

OUTCOMES AFTER OPEN AND
ENDOVASCULAR REVASCULARIZATION
FOR ACUTE SMA OCCLUSION
There are four retrospective studies[18,22-24] reporting outcomes after open vascular and endovascular surgery for
acute SMA occlusion (Table 2). Comparison between
open and endovascular surgery is dubious due to the
existence of many potential confounders, especially disease severity and symptom duration. In comparison with
studies reporting on outcomes after emergency bowel
surgery only for acute SMA occlusion, bowel morbidity
and short-term mortality is clearly reduced after intestinal
revascularization. There seems to be lower bowel morbidity and lower mortality after endovascular therapy for
acute thrombotic occlusion compared with open vascular
surgery[18,22,23]. One important aspect of the endovascular
or hybrid approach compared with open vascular surgery, which may influence outcome, is that angiographic
monitoring is part of the procedure after endovascular
surgery[18], whereas there is room for much improvement
in the percentage and quality of monitoring after open
vascular surgery.

DAMAGE CONTROL SURGERY
At laparotomy, necessary bowel resections and organ
removal due to obvious transmural and gallbladder necrosis, respectively, are performed, preferably after revascularization of the SMA, according to the principles of
damage control surgery[25-27]. The bowel resections are
performed with staples, leaving the creation of anastomoses or stomas until the second or third look laparotomy. The abdominal wall can be left unsutured in patients
scheduled for planned re-laparotomies. In such cases, a
skin only closure or temporary abdominal closure with
an abdominal VAC® dressing may be applied when there
is severe visceral swelling and risk of intra-abdominal hypertension or abdominal compartment syndrome.
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A number of studies focusing on the intestinal mucosa,
its permeability, abnormal gut development, leaky gut,
and other GI problem raised many questions but studies were somehow inconclusive and an expert panel of
American Academy of Pediatrics has strongly recommended further investigation in these areas. GI tract
has a direct connection with the immune system and
an imbalanced immune response is usually seen in ASD
children. Maternal infection or autoimmune diseases
have been suspected. Activation of the immune system
during early development may have deleterious effect
on various organs including the nervous system. In this
review we revisited briefly the GI and immune system
abnormalities and neuropeptide imbalance and their
role in the pathophysiology of ASD and discussed some
future research directions.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Autism spectrum disorders (ASD) comprise a group
of neurodevelopmental abnormalities that begin in
early childhood and are characterized by impairment
of social communication and behavioral problems including restricted interests and repetitive behaviors.
Several genes have been implicated in the pathogenesis of ASD, most of them are involved in neuronal
synaptogenesis. A number of environmental factors
and associated conditions such as gastrointestinal
(GI) abnormalities and immune imbalance have been
linked to the pathophysiology of ASD. According to the
March 2012 report released by United States Centers
for Disease Control and Prevention, the prevalence of
ASD has sharply increased during the recent years and
one out of 88 children suffers now from ASD symptoms. Although there is a strong genetic base for the
disease, several associated factors could have a direct
link to the pathogenesis of ASD or act as modifiers of
the genes thus aggravating the initial problem. Many
children suffering from ASD have GI problems such as
abdominal pain, chronic diarrhea, constipation, vomiting, gastroesophageal reflux, and intestinal infections.

Key words: Autism spectrum disorders; Gastrointestinal
abnormalities; Immune activation; Crohn’s disease;
Neuropeptides; Brain-derived neurotrophic factor; My-
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cobacterium paratuberculosis

Core tip: According to the March 2012 report released
by United States Centers for Disease Control and Prevention there was a 78% increase in the prevalence of
autism spectrum disorders (ASD) during 2002-2008 in
the United States. Although several genes causing ASD
have been discovered, genetic cause of ASD is about
25% of cases. There was not a significant research focus on environmental factors and ASD-associated comorbidities in the last two decades. We revisited the
gastrointestinal (GI) involvement, GI infection, immune
imbalance, maternal infection and immunity, and intestinal microflora in ASD. Some neuropeptides, neurotrophins, their effects, and side effects have also been
discussed.
Samsam M, Ahangari R, Naser SA. Pathophysiology of au-
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while several factors have been implicated in its pathogenesis of autistic disorders. Among these, the genetic
cause has long been implicated to be a strong evidencebased etiology[5,6] in cases of some co-occurring or associated conditions with ASD such as tuberous sclerosis,
fragile X syndrome, Rett syndrome[7] and some other.
Siblings of autistic offspring have a higher incidence of
autism than general population[8] and twin studies have
also indicated strong role for inheritance[9]. There is wide
range of phenotype but more genetically homogeneous
ASD patients present with less phenotypic heterogeneity[10]. In addition, human genetic investigations and animal models[11] of ASD detected de novo copy number
mutations[12-14], and rare variant mutations resulting in
abnormal alleles in the person or close ancestry that influence neuroanatomical and behavioral traits[15]. These
studies have shown dysregulations in genes involved in
synapse function[16]. A comprehensive and informative
review of several genetic studies by Banerjee et al[17] show
abnormal assembly or structure of several transmembrane and scaffolding proteins involved in synaptogenesis
and its maintenance, as well as dysregulation of genes involved in the signal transduction mechanism of synapse
formation are among the major genetic abnormalities of
ASD. Nevertheless, with the discovery of several genes
as well as interactions of multiple genes in one individual,
epigenetic factors, and effects of environmental modifiers on these genes in ASD, genetic causes including the
diagnosable medical conditions, single-gene defect, and
cytogenetic problems comprise 25% of the ASD patients
so far[18-20]. Therefore, a number of clinical phenotypes
and associated co-morbidities have become the characteristic features of ASD[21]. Although some studies indicated
a role for mitochondrial DNA mutation in ASD that may
possibly lead to impairment of mitochondrial energy
metabolism, more research is needed for definitive answers[22]. Mitochondrial dysfunction has been implicated
in several neurological disorders[23,24] and it may have a
role in ASD. Mitochondria has antibacterial immunity[25]
and would be important in case of infections especially
that of the GI tract in ASD children.

tism spectrum disorders: Revisiting gastrointestinal involvement and immune imbalance. World J Gastroenterol 2014;
20(29): 9942-9951 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/9942.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.9942

INTRODUCTION
Autism spectrum disorders (ASD) comprise a group of
neurodevelopmental abnormalities that begin in early
childhood although the first diagnosis may sometimes
occur later in life and are characterized by problems in
communication and social behavior. According to the 5th
edition of the diagnostic and statistical manual of mental
disorders (DSM-5) diagnostic criteria that has recently
been released, major ASD manifestations include impairment in social communication and behavioral problems
such as fixated (restricted) interests and repetitive behaviors; delay in language and age of onset are not emphasized in DSM-5 diagnostic criteria[1,2].
According to a report by Centers for Disease Control
and Prevention that was released in March 30th 2012, referring to 2008 surveillance year, the prevalence of ASD
among 8 years old children in 14 Autism and Developmental Disabilities Monitoring (ADDM) sites in the United
States is more than 1% (11.3 per 1000 or one per 88 children) and that male/female ratio is approximately 4/1 (ASD
is more seen among boys, 18.4 per 1000, that is one in 54
boys while in girls the prevalence was 4.0 per 1000, that is
one per 252 girls). The report found differences among
race and ethnicity as well, although, the latter findings were
recommended to be interpreted by caution[3] (http://www.
cdc.gov/mmwr/pdf/ss/ss6103.pdf). Nevertheless, the
study shows a 23% increase in the prevalence of ASD from
2006 to 2008 and an overall 78% increase during 2002-2008
among children aged 8 years[3]. The focus of that study by
Centers for Disease Control and Prevention on 8 years old
children is due to the baseline study by CDC demonstrating this age as identified peak prevalence of the disease.
Moreover, ASD evaluation in that report was according to
the DSM-Ⅳ-Text Revision diagnostic criteria that included
the Autistic disorder, Pervasive Developmental DisorderNot Otherwise Specified (PDD-NOS, that includes the
Atypical Autism), or Asperger Disorder. Although DSM-V
criteria that was introduced in 2013 has modified the ASD
diagnostic criteria[2] and the ASD prevalence estimates will
probably be lower under the DSM-Ⅴ criteria[4], the numbers in the statistics given are high and indicate that more
research and effort is needed to investigate the pathomechanism of ASD, it’s treatment, and patient care under new
criteria while continue to support the ASD patients who
were identified under previous diagnostic criteria.

Male to female ratio in ASD
The reason for 4/1 male to female ratio in ASD is not
very well understood but it is very important. Recent
studies implicate some epigenetic phenomena such as
sex-specific effects of Y-linked genes, balanced, as well
as skewed X-inactivation, escaping X-inactivation, and
parent-of-origin allelic gene among others in the etiology
of ASD[26] and heterogeneity in gene regulation at allelic
level as well as total gene expression[27]. These sex differences may be due to genetic and hormonal differences
that could be initiated during early times of development
due to differences in responses to and interactions with
various environmental factors such as diet, stress, infection, and drugs. Due to the involvement of many X-linked
genes involved in placenta formation and placentaspecific epigenetic processes, placenta plays an important

PATHOMECHANISM OF ASD
Genetic causes
The exact pathomechanism of ASD is not known so far
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role in sex-specific responses to environmental factors
and disease states later in life[28]. Internal and external
environmental factors have long been implicated in the
etiology of ASD. Early maternal immune activation may
cause prenatal stress, affecting boys more severely due to
a vulnerable genotype[26].

Other studies that indicated more frequent diarrhea and
other GI symptoms in autistic children reported inconclusive results[39] and that intravenous secretin administration to autistic patients with GI symptoms didn’t improve
their language problem in contrast to other reports[40].
Therefore experts suggested the needs for properly powered investigations[34] in these issues.
GI abnormalities are often seen to correlate with the
severity of the ASD behavioral problems and current
literature favors a gut-brain interaction where GI abnormalities may be involved in the pathogenesis or severity
of ASD[41].
There is high degree of disability when these patients
grow up and studies show only 15% of ASD children
may have a favorable life in adulthood while a great majority of them will have poor or very poor outcomes
when becoming adult[42,43].

NEUROPATHOLOGICAL CHANGES OF
ASD
Both postmortem and neuroimaging studies and animal
models of ASD show abnormalities in different brain
regions such as the frontal cortex, cerebellum, hippocampus, and the amygdaloid nucleus and cerebellothalamo-cortical pathways[29]. One of the neuropathological findings in ASD includes the presence of focal
cortical dysplasias due to possibly the heterochronic
division of germinal cells leading to abnormal migration
of daughter cells to their target regions[30,31]. Abnormal
neuronal migration leads to circumscribed foci of thin
cortical areas in ASD human brain especially in frontal
lobe containing smaller pyramidal neurons and interneurons. These pathological findings have been attributed
to the sensory and motor deficits as well as the epileptic
seizures seen in ASD[30]. Autism-epilepsy phenotype has
recently been shown to be associated with macrocephaly,
a pathologic condition due to accelerating brain growth
in early development leading to ASD[32]. There are evidences that the overall size of the brain is increased in
some cases of ASD[29].

Gut mucosa, absorption, barrier function, permeability,
immune response and oral tolerance
One of the well-established functions of the GI tract
is to break down the structure of the food particles by
digestion and converting them to the smallest molecules.
This digested material will be absorbed by the luminal
surface of intestinal epithelium through various types of
transport mechanisms, and transported into the blood or
lymph capillaries on the other side of the intestinal mucosal cells[44].
GI tract works very closely with the immune system
to maintain homeostasis and protects our body against
microorganisms and foreign antigens.
Intestinal mucosa is continuously challenged by huge
amount of foreign antigens and microorganisms from
environment. The organized regulation of the intestinal
barrier maintains the mucosal immune function and prevents inflammation[45]. In spite of the microorganisms of
the gut flora, various antigens from digested food, and
pathogenic microorganisms, the response of the mucosal
immune system is a controlled physiologic inflammation
that regulates the population of T helper (Th)2 vs Th1
responses[46]. Intestinal epithelial mucosal cells express
classical and non-classical MHC molecules and activate
specific regulatory T cells (Tregs) and therefore, serve as
non-professional antigen-presenting cells[46]. Different elements of our intestinal barrier include the epithelial cell
integrity, mucus production, epithelial paracellular permeability, and innate immune response. Abnormal changes
in these components may lead to inflammatory diseases
of the intestine[45].
There are other cells in the intestinal mucosa, the
microfold (M) cells that are able to engulf bigger molecules[47]. These cells belong to a group of cells forming
the gut associated lymphoid tissue (GULT, which comprise the intestinal lymphoid follicles, the Peyer’s patches
as well) in the mucosa. M cells can pass their engulfed material to the antigen presenting cells such as macrophages
and dendritic cells in the subepithelial tissue that are in
cross talk with lymphocytes, the B cells, for antibody pro-

NON-GENETIC FACTORS IMPLICATED IN
ASD
Several other conditions such as GI abnormalities, inflammation, environmental factors, infection, toxins, diet,
and drugs have been associated with ASD[8,28].

GASTROINTESTINAL ABNORMALITIES IN
ASD
Several studies have indicated a higher prevalence of
gastrointestinal problems such as abdominal pain, constipation, chronic diarrhea, vomiting, and gastroesophageal reflux disease in ASD patients[8], but a nested-case
control study using United Kingdom database indicated
that there was not a considerable association between GI
abnormalities and ASD[33].
A number of other conditions such as GI immune/
inflammation-mediated pathology in ASD or a leaky gut
referring to increased intestinal permeability have not
been established due to limitations and speculations in
those studies[34]. Similarly, studies referring to leaky intestinal epithelium and damaged tight junctions and passage
of dietary gluten or casein or digestion product through
intestinal barrier into the blood stream causing immunogenic responses in the brain were not conclusive[8,35-38].
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control patients with GI disturbances had the bacteria[61].
Clostridium bolteae, a bacterium that was shown to be immunogenic in rabbits, is often found in the intestine of
the ASD children and was proposed to possibly be aggravating the GI symptoms in ASD patient[62]. The first
reported case of enterovirus encephalitis linked to or
possibly causing ASD in a 32-mo-old child has been recently published[63].
As mentioned earlier, there are several reports about
the increased permeability or leaky intestine in ASD patients but more research and convincing data is needed
therefore, we think this area of research deserves more
work due to various GI symptoms in ASD patients. However, it is well known that infections can lead to increased
permeability and GI symptoms and beyond. Since ASD
children are often reported to have GI infection and diarrhea and that the immune system is imbalanced in ASD
patients due to a direct relation of the GI mucosa with
the immune system (see the following section) it is necessary to do more research to better understand the GI
mucosal environment and barrier activity, subepithelial
tissue, susceptibility to infection, causative agents, and the
immune response in ASD patients in order to treat them
more effectively.

duction (i.e., intestinal IgA) and are also responsible for
oral tolerance towards the ingested material through other
classes of immunoglobulins and cytokines[44].
Although larger molecules may get into the circulatory system[48], the amount of material that M cells take in
under normal conditions seems to be small compared to
the epithelial lining of the intestine. Nevertheless, when
single unites of lipids are being absorbed by the intestinal cells they can reassemble and bound to lipoproteins,
forming large molecules such as chylomicrons that leave
the intestinal cells through vesicular transport to the extracellular space into the lymph capillaries (due to having
larger fenestration) in the subepithelial tissue to larger
lymphatic vessels and finally into circulation[44,49]. A similar path for other larger molecule is possible.
We have shown that small proteins such as green
fluorescent protein (GFP) bound to cholera toxin-B
(CTB) subunit is able to get into intestinal epithelial cells
in large amounts “by binding to ganglioside M1 (GM1)
receptor[50]’’ and find its way into the blood stream and be
found in the liver and the spleen[51]. In a series of studies
we aimed to introduce large amount of bigger peptides
(such as proinsulin) to induce oral tolerance towards the
protein and treat autoimmune diseases such as diabetes,
by converting the Th1 response to Th2 response with its
associated cytokines[52].
The cholera toxin-A subunit which is the toxic part
attaches to the intestinal cells by means of its CTB subunit, increasing the permeability of the intestinal mucosa
that eventually disrupts the Cl- transport and other ionic
and water transport disturbances leading to diarrhea[53].
Several reports indicate GI infection in ASD patients. GI
infections can increase intestinal permeability.
E. coli bacteria is able to enter the intestinal cells,
change the actin dynamics, modulate the immune response and disrupt the tight junctions, leading to a compromised barrier and increased intestinal permeability
resulting in diarrhea[54]. Interferon-beta (INFβ) has been
shown to protect the intestinal barrier while tumor necrosis factor-alpha (TNF-α) disrupts such barrier through
inhibition of INFβ by another molecule[54]. Other inflammatory conditions such as Crohn’s disease are also able to
increase intestinal permeability[55] but also the increased
baseline permeability in some at risk individuals and
exaggeration to environmental stimuli may increase the
chance of Crohn’s disease[56]. Frequent intestinal infections in ASD patients have been reported.
Several factors have been implicated in the pathogenesis of Crohn’s disease. Micobacterium paratuberclosis
(MAP) has been found in the milk, blood and surgical
tissue samples of individuals suffering from Crohn’s
disease[57-59]. MAP due to having a molecular mimicry to
heat shock proteins has been postulated to be involved in
the pathogenesis of ASD by stimulating antibodies that
may cross react with the nervous system myelin basic
protein[60].
Sutterella species have recently been found in the
ileum of ASD patients with GI abnormalities while no
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IMMUNE SYSTEM IMBALANCE IN ASD
Other co-morbid conditions in ASD such as inflammation, inflammatory response, and immune activation have
long been implicated in the pathogenesis of ASD but
studies so far were not conclusive[21,64,65]. A number of
studies reveal abnormalities of the peripheral immune
system supporting the ides of immune involvement in
ASD however, immune abnormalities such as activation
of microglial cells and innate neuroimmune system are
also found in the brain and cerebrospinal fluid (CSF) of
ASD patient, the neuroinflammation[66].
Neuroimmune abnormalities have been recently
reviewed elsewhere[43]. Blood brain barrier (BBB) is an
important regulator of the brain homeostasis[67]. There
are evidences that the BBB function is altered in ASD
children due to neurological inflammation, immune dysregulation and increased inflammatory cytokines in the
brain[68]. Immune response abnormalities are seen in the
GI tract and other tissues, the peripheral blood, and in
the central nervous system (CNS) of the ASD patients.
On the other hand, maternal infection or inflammation,
and autoimmune diseases of the family of ASD children
have also been shown to cause immune problems in the
offspring. We discuss that briefly as maternal immune activation in the following section.
Significantly lower subpopulation of CD4+ and CD8+
lymphocyte as well as imbalance between Th1 and Th2like cytokines have been observed in autism[69]. Several
interleukins (ILs) and IFN-gamma imbalance has been
reported in the peripheral blood of ASD children with
increased activation of both Th1 and Th2 pathways leaning more towards Th2 arm[70]. The immunoglobulins are
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phospholipid antibodies have been linked with psychological problems such as cognitive malfunction, repetitive
behavior and anxiety. Increased levels of anti-cardiolipin,
bate 2-glycoprotein 1, and anti-phospholipid antibodies
were found in the blood plasma of the ASD children
compared to their age matched typically developing children and the DD children[84].
Results of the animal studies indicate that the behavioral and maternal immune activation are different among
different mice species referring to the possibility that a
subpopulation of human might be more vulnerable to
particular environmental agents[85].
Maternal immune activation due to infections, inflammatory diseases and autoimmune diseases can have a deleterious effect on the fetus by affecting fetal tissue and its
consequences during postnatal period. This area deserves
more focus. Animal models of ASD especially the infection models can be very informative.

also reported to be imbalanced in the serum of ASD
children. Total serum protein was significantly increased
in autistic patients referring to increased albumin and
gamma globulin, as well as increased serum IgG, IgG2
and IgG4 that was attributed to possibly an underlying
autoimmune disorder and/or increased vulnerability to
infections[71]. A number of other immune abnormalities have also been reported in ASD[24]. The immune
system is activated in many neurological and psychiatric
disorders including those with genetic abnormalities and
growing evidence shows that these neurological disorders
are aggravated by the immune system activation leading
to worsening of the initial disease[72,73] although immune
cells have beneficial effects as well[74].
Immune system has several beneficial effects protecting us from microorganisms and helps destroying the
tumor cells or disrupting their growth. Immunotherapy
has been an effective approach that uses molecules of the
body’s own immune system to interfere with the growth
of cancer cells and is being used in the treatment of brain
tumors such as metastatic melanomas[67,75]. Nevertheless, what we see in case of neurological and psychiatric
disorders is mostly the deleterious effect of the immune
activation against brain tissue and its related structures.
Since the Th2 pathway produces more immunosuppressory cytokines compared to Th1 arm that favors
more the pro-inflammatory cytokines, and both arms are
reportedly activated with a predominant Th2 arm in ASD
patients, it might help the body tolerate and not to react
towards many antigens (possibly penetrated through GI
tract), but these antigens can have deleterious effect on
other tissues such as brain. More research is needed to
understand the role of immune system in ASD.

MICROBIOTA IN ASD
Microbiota is an emerging topic that has attracted several
researchers to look for the possible connection between
the GI microflora and behavioral abnormalities. Earlier
repot of deficient disaccharidase enzymatic activity in
ASD children and GI symptom[86] prompted investigations looking for intestinal mucosal microbiota involved
in carbohydrate metabolism. Abnormal carbohydrate
digestion and transport and mucosal dysbiosis (imbalance
in the intestinal microbial ecosystem) was reported in the
ASD children[87].
Gut dysbiosis was proposed to be involved in the
pathogenesis of several diseases[88]. Reduced level of fermenters has been found in the intestinal microflora of
the ASD patients[89]. The microbiota-gut-brain axis refers
to the ability of gut microbiota to communicate with
brain and regulate behavior[90]. Fecal microbiota transplantation has been used in treating several GI disorders
but increase knowledge and control trials are needed before it can be used broadly in clinic[91].
Nevertheless, other studies didn’t find a difference
in GI microbiota of ASD children with and without GI
disturbances[92]. Imbalance in gut microbiota population
may render the intestinal mucosa susceptible to injuries,
infections, inflammation, abnormal digestion, immune
imbalance, immune reaction and cross reaction in other
tissues including the brain. More research is emerging in
this area.

MATERNAL IMMUNE ACTIVATION AND
ASD
Many studies show alteration of immune system and an
imbalance of various cytokines in ASD children[76,77]. A
number of studies show a link between ASD and a family history of autoimmune diseases or those families with
altered inflammatory cytokines or other immune problems[76,78]. The autoimmune hypothesis and development
of the mental disorders has long existed[79].
When antibodies developed in immune-mediated
disorders were introduced to pregnant monkeys, the offspring showed behavioral changes and CNS pathology[80].
Perinatal exposure to infection has been implicated in the
pathogenesis of ASD and schizophrenia[81]. Activation of
the immune system in pregnant mice leads to the activation of macrophages in the offspring[82].
A recent study investigating the role of maternal autoimmune disease, asthma, and allergy on developmental
disorders looked at 560 ASD patients and 168 cases of
developmental delay without autism (DD) has found a
significant modest increase in both the ASD and DD
combined (the ASD alone data was not significant) in
the children of sick mothers during pregnancy[83]. Anti-
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VASOACTIVE INTESTINAL PEPTIDE AND
OTHER NEUROPEPTIDES IN ASD
Elevated levels of several neuropeptide including vasoactive intestinal peptide (VIP), calcitonin gene-related peptide (CGRP), brain-derived neurotrophic factor (BDNF)
and neurotrophin 4/5 (NT4/5) in the blood of 60 neonates who were just born compared to 56 age-matched
control group[93] opened many lines of investigation.
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Those 60 neonates developed ASD or mental retardation
later in life. Nelson and colleagues looked at their blood
in the archived neonatal blood samples that are usually
drawn at birth.
VIP and pituitary adenylate cyclase-activating peptide (PACAP) are members of the VIP-glucagonsecretin family of peptides[94]. VIP has several functions
in the digestive tract, cardiovascular system, lungs, kidney, and endocrine system[95] and is involved in cerebral
growth and neurogenesis and astrocytogenesis[8]. VIP is
a parasympathetic neurotransmitter and neuromodulator that has been implicated in the pathogenesis of cluster headaches[96].
VIP is involved in activation of brainstem reflexes,
and its infusion was shown to decrease the blood velocity in the middle cerebral artery. VIP/PACAP have been
implicated in homeostasis of the immune system and are
believed to have anti-inflammatory effect on innate and
adaptive immunity, promote Th2 responses and decrease
the proinflammatory Th1 response[97,98]. Several properties of VIP including those mentioned above and its
function on intestinal tight junctions and permeability, as
well as therapeutic use have been recently reviewed[99].
BDNF is a well-known neurotrophic factor of the
nerve growth factor family together with other neurotrophins that acts mainly on high affinity tyrosine kinase
(Trk)B receptor but also like all other family members
acts on the low affinity neurotrophin receptor, the p75
receptor.
Low concentration of BDNF is able to excite neurons in cerebral cortex, cerebellum, and the hippocampus[100]. BDNF and NT4/5 were able to depolarize brain
neurons as rapidly as glutamate (one of the strongest
excitatory neurotransmitters) at 1000-fold lower concentrations[100]. BDNF deficiency has been implicated in a
number of psychiatric disorders and ASD including their
animal models[101,102].
Although neurotrophic factors are important for
neuronal survival, they can have adverse effects as well.
It is not known why BDNF is increased in the blood of
infants in Nelson’s study. Although the trophic effects
of the neurotrophic factors is very well known and low
levels of BDNF has been reported in some psychiatric
diseases and ASD[103,104] a recent study on mice overexpressing BDNF shows that the animals found abnormal
behavior by age[105]. As mentioned above, if BDNF is
1000 fold stronger than glutamic acid in exciting neurons[100] the adverse effect of overexpression might be
due to excitotoxicity and possible neuronal degeneration;
those mice suffered from epilepsy[105].
BDNF acting on p75 receptor causes axonal degeneration[106] which is used during normal development when
some sprout should be eliminated. Another study shows
that BDNF has increased the spasticity in spinal cord injured mice[107]. BDNF has been reported to activate glutamate receptors[108] and this might cause excitotoxicity[109].
Moreover, BDNF mediates nociceptive plasticity[110] and
was found to initiate and maintain a chronic pain state[111]
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and that BDNF enhances the excitability of small diameter trigeminal ganglion neurons[112].
Neurotrophic factors may not be stable at normal
body temperature, are expensive as recombinant proteins
and therefore several animal studies have introduced
neurotrophic factor genes through injection of viral vectors into animal tissue which make the amount of gene
product (protein) thus the dosage difficult to predict,
while immunity of the host against the virus is a major
problem usually in gene therapy.
CGRP is a neuromodulator/neurotransmitter peptide that is found in tissues including the nervous tissue.
It is a sensory neuropeptide that coexists usually with
glutamate and substance P and neurokinin A (NKA) in
sensory neurons[113]. It is a vasodilator peptide and causes
hyperemia in some pathological conditions and has been
implicated in the pathogenesis of migraine[114]. Its receptors are found on blood vessels and axons and neurons in
several tissues including the central nervous system.
CGRP has been found elevated in the peripheral
blood of migraine patients[115]. CGRP receptor antagonists are the gepant family of drugs such as Olcegepant
and Telcagepant, and B144370TA, are some of the newest antimigraine drugs that lack vasoconstrictive activity
and were thought to overcome some of the adverse effect of the Triptan family of drugs (serotonin 1B/D receptor agonists), but elevated liver enzymes and other side
effects have been observed and drugs are still in clinical
trials phase Ⅱ and Ⅲ[114,116,117]. CGRP potently enhanced
BDNF release from trigeminal ganglion neuronal culture
indicating that BDNF might be a mediator of nociceptive plasticity[98,110].
It is not known precisely why neuropeptide levels are
increased in newborn children that later develop ASD.
Elevated neuropeptide levels might be due to inflammation, or compensation and restoration of neuronal or
other tissues homeostasis in ASD infants. This merits a
thorough investigation to see their role in ASD.

CONCLUSION
Although ASD has a strong genetic base, GI abnormalities and immune imbalance as part of the environmental
factors have been implicated in the pathogenesis of ASD.
A number of GI abnormalities such as abdominal pain,
diarrhea, constipation, gastroesophageal reflux, and GI
infections have been reported in ASD patient but a clear
and convincing link of these symptoms to ASD has not
yet been found.
An expert panel of American Academy of Pediatrics[34] has strongly recommended further investigation in
the role of GI abnormalities in the pathophysiology of
ASD. As we discussed, the GI disturbances are directly
related to the immune system. Immune imbalances are
common in ASD patients. GI infections can also activate
the immune system in ASD patients. Maternal autoimmune disease and infections can also cause damage to the
embryonic/fetal tissues and aggravate a genetic problem
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in ASD if not causing the damage to the nervous system.
The significant increase in the prevalence of ASD (at
least 78% from 2002-2008) in the United States reported
by the Center for Disease Control and Prevention in 2012
is a strong indication for revisiting critically every possible
factor and look for possible clues in order to slow down
or prevent this sharp increase in the prevalence of ASD
in our young population and find more therapeutic opportunities to treat ASD more efficiently.
Increased VIP and other neuropeptides in ASD
newborns were discussed briefly but this area certainly
deserves more exploration and conclusive studies on how
to proceed with the findings. Decreased BDNF has been
shown later in life in ASD and other mental disorder patients, but its administration although may have positive
effects, may also have adverse effects and neurotoxicity
on the already compromised nervous tissue in ASD and
other diseases that should be taken into consideration.
We have not discussed several other factors that have
been linked to ASD such as impairment in gut development[8] or autonomic dysfunction[43] or other factors.
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REVIEW

Therapeutic uses of animal biles in traditional Chinese
medicine: An ethnopharmacological, biophysical chemical
and medicinal review
David Q-H Wang, Martin C Carey
principal chemical components which are mostly steroidal detergent-like molecules and the membrane lipids
such as unesterified cholesterol and mixed phosphatidylcholines and sometimes sphingomyelin, as well as
containing lipopigments derived from heme principally
bilirubin glucuronides. All of the available information
on the ethnopharmacological uses of biles in TCM were
collated from the rich collection of ancient Chinese
books on materia medica held in libraries in China and
United States and the composition of various animal
biles was based on rigorous separatory and advanced
chemical identification techniques published since the
th
mid-20 century collected via library (Harvard’s Countway Library) and electronic searches (PubMed and
Google Scholar). Our analysis of ethnomedical data and
information on biliary chemistry shows that specific bile
salts, as well as the common bile pigment bilirubin and
its glucuronides plus the minor components of bile such
as vitamins A, D, E, K, as well as melatonin (N -acetyl5-methoxytryptamine) are salutary in improving liver
function, dissolving gallstones, inhibiting bacterial and
viral multiplication, promoting cardiac chronotropsim,
as well as exhibiting anti-inflammatory, anti-pyretic,
anti-oxidant, sedative, anti-convulsive, anti-allergic,
anti-congestive, anti-diabetic and anti-spasmodic effects. Pig, wild boar and human biles diluted with alcohol were shown to form an artificial skin for burns and
wounds one thousand years ago in the Tang dynasty
(618-907 CE). Although various animal biles exhibit
several generic effects in common, a number of biles
appear to be advantageous for specific therapeutic indications. We attempt to understand these effects based
on the pharmacology of individual components of bile
as well as attempting to identify a variety of future research needs.
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Abstract
Forty-four different animal biles obtained from both
invertebrates and vertebrates (including human bile)
have been used for centuries for a host of maladies in
traditional Chinese medicine (TCM) beginning with dog,
ox and common carp biles approximately in the Zhou
dynasty (c. 1046-256 BCE). Overall, different animal
biles were prescribed principally for the treatment of
liver, biliary, skin (including burns), gynecological and
heart diseases, as well as diseases of the eyes, ears,
nose, mouth and throat. We present an informed opinion of the clinical efficacy of the medicinal uses of the
different animal biles based on their presently known
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variety of acute and chronic diseases. We believe that this
is the first time that this subject has been systematically
collated and critically addressed. However, it is obvious
that our understanding of these heuristic discoveries is
very limited indeed and herein we will attempt to indicate
future research needs.

Ox gallstones; Paleo-pharmacology; Phospholipids
Core tip: We investigated during what periods of Chinese history each of the animal biles were introduced
as therapeutic agents. What categories of diseases
were subjected to “bile therapy” and why was a wide
assortment of animal biles required for effective medicinal use? We catalogued the principal bile acids and
bilirubin species in each animal bile based upon highquality chemical analyses. We provided insights on the
pharmacological mechanisms whereby different animal
biles have been effective in treating a variety of acute
and chronic diseases. We believe that this is the first
time that this subject has been systematically collated
and critically addressed.

CHEMICAL COMPOSITIONS OF ANIMAL
BILES
Bile is a yellow, orange, or slightly green aqueous fluid
that is the “exocrine” secretion of the liver. It forms first
in bile canaliculi enclosed between parenchymal cells
of the liver and flows continuously into ever enlarging
ducts to exit the liver via two hepatic ducts. The network
of conduits that carry bile into the duodenum is via an
arborization of continually enlarging cholangiocyte-lined
biliary tracts where bile is modified chemically. Animals
with gallbladders, which are situated below the right lobe
of the liver and are adherent to it, utilize this organ to
concentrate, acidify, and store bile interdigestively. Bile
is composed principally of a mixture of four dissimilar
molecular lipid species: (1) in the majority of animals, bile
acids are generally amidated with an amino acid, usually
glycine or taurine, to form Na+ and K+ salts. This renders
bile salts soluble detergent-like molecules resistant to
forming insoluble salts with Ca2+. They are the principal
catabolic products of cholesterol, a sterol found in the
biles of all vertebrates and invertebrates; (2) bile pigments
(bilirubin, biliverdin or both) the final products of heme
catabolism are secreted into bile as mono-or heteroconjugates with glucuronic acid, sometimes glucose and
xylose or taurine); (3) unesterified cholesterol with traces
of plant (phyto) and shellfish (choncho) sterols; and (4)
phospholipids, mostly (> 96%) phosphatidylcholines in
mammals but are generally absent from the bile of cartilaginous fish and reptiles. Phospholipids (and cholesterol)
lower the detergent-like properties of bile salts. In addition, bile contains small amounts of proteins, especially
mucin glycoproteins and a wide variety of mineral salts[13].
Bile also contains a wide variety of antioxidants, the most
powerful ones being bilirubin, glutathione, vitamin E,
and melatonin (N-acetyl-5-methoxytryptamine)[14].
With respect to the major biliary lipids in vertebrates
including cartilaginous and bony fish, reptiles, birds and
mammals, all contain conjugated steroidal bile acids as
soluble salts[15]. These can be C27 bile alcohol sulfates
and/or N-acyl amidates of C27 and/or C24 bile acids
(Figure 1). Bile acids in bile exist invariably as a molecular
mixture of congeners formed directly from cholesterol
in the liver (“primary”) or bacterially modified (“secondary”). As detergent-like molecules, they solubilize as
mixed micelles the insoluble lipid components of bile,
namely the phospholipids and cholesterol molecules. The
known naturally-occurring bile acid species run into many
hundreds[16-19] and are typified by the most evolutionary
advanced species in humans[20]. Whether occurring as
taurine and glycine N-acyl amidates of C24 bile acids in
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INTRODUCTION
The usage of animal biles in China for the treatment of a
wide number of disorders in human beings enjoys a three
millennial history[1-4]. Documentation has been extensive
as evidenced by the lineage of tomes on traditional Chinese medicine (TCM) and Chinese materia medica[5-12].
Moreover, the so-called “precious” pigment gallstone,
a solid artifact found occasionally in the gallbladders of
oxen, was extensively employed for multiple medicinal
purposes in TCM[8].
Here, we explore critically the extensive literature on
TCM and Chinese materia medica, some extending back
over two millennia. We investigate the old and the latest
archaeological and paleozoological evidence from China,
with particular focus on the medicinal uses of animal
biles and their components. We attempt to answer the
following questions: (1) during what periods of Chinese
history were each of the animal biles introduced as therapeutic agents? (2) which animal biles were used first for
their therapeutic purposes, and which of these were most
extensively employed? (3) what categories of diseases
were subjected to “bile therapy” and why was a wide assortment of animal biles required for effective medicinal
use? (4) how effective were diseases treated with individual biles? and (5) on the basis of published analyses of bile
components, can we determine why certain animal biles
were used for specific diseases and why others were not?
We have also catalogued the principal bile acids and bilirubin species in each animal bile based upon high-quality
rigorous chemical analyses. Finally, relying upon careful
experimental studies, we provide tentative insights on the
possible pharmacological mechanisms whereby different
animal biles may have been effective in treating such a
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Figure 1 Perspective structures of major bile acids in selected animal biles according to groups of organisms: mammals (humans, bears, pigs and mice);
birds;reptiles (snakes and turtles); amphibians (toads and frogs); and fish. The C24 common bile acids of higher vertebrates possess a steroid nucleus of four
fused hydrocarbon rings with a cis A/B ring junction, but the biles of amphibians and fish contain C24 or C27 bile acids with trans A/B ring junctions. The polar hydroxyl
functions generally are α-axial or equatorial and an aliphatic side chain is conjugated with glycine or taurine in C24 bile acids or sulfated in C27 bile acids. Because the
ionized carboxylate, sulfonate or sulfate groups on the side chain render bile salts highly soluble in water, they are classified as soluble amphiphiles. The common bile
acids differ in the number and orientation of the hydroxyl groups on the steroid nucleus. In humans, ursodeoxycholic acid is a secondary bile acid; whereas in a number of animals especially hystricomorpha and all ursidae, it is a primary bile acid i.e., made directly from cholesterol in the liver. Reproduced with modifications and
with permission from[165].
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humans, or C27 bile alcohol sulfates in reptiles, for example, all have shown historically to have similar physicalchemical and detergent-like functions[13]. Bile acids are
synthesized from cholesterol only in the liver and the
primary bile acids of humans are cholic acid, with three
(3α,7α,12α) hydroxyl groups, and chenodeoxycholic acid
(CDCA), with two hydroxyl (3α,7α) groups. Following
cleavage of the amidated side chain by bacterially secreting cholylglycine or cholyltaurine amidases, secondary bile
acids are produced from primary bile acids by removal of
the 7-OH function by a small group of specific anaerobic
intestinal bacteria (Clostridia sp.). Deoxycholic acid, with
two (3α,12α) hydroxyl groups, and lithocholic acid, with
a single (3α) hydroxyl group, are formed from cholic
acid and chenodeoxycholic acid, respectively. “Tertiary”
bile acids are the result of modification of secondary
bile acids by intestinal flora or hepatocytes. These are the
sulfate ester at the 3-OH group of lithocholic acids (not
shown in Figure 1) and ursodeoxycholic acid (UDCA),
the 7β-epimer of CDCA.
Phospholipids are generally absent from the bile of
cartilaginous fish and reptiles and present in low amounts
in bony fish and most birds[15]. The phospholipid to bile
acid ratio varies widely in most mammalian species and
sometimes within a species. Bile with low biliary phospholipid to bile acid ratios frequently contains a high
proportion of sphingomyelin. In species with a high
phospholipid to bile acid ratio, the predominant biliary
phospholipids are mostly phosphatidycholines and usually
composed of the most hydrophilic classes in the liver[15].
Cholesterol is present in highly variable proportions in
all biles including arthropods. The latter are incapable of
cholesterol synthesis, but biotransform other sterols into
cholesterol. The levels of cholesterol incorporated into
mixed micelles depend predominantly on the amount of
phospholipids present[21].
The bile of all members of the subphylum Crustacea (Phylum Arthropoda) invertebrate animals consisting of some 45000 species worldwide, contains straight
chain acyl bile acids of 8-14 carbons in length amidated
to a head group composed of a dipeptide. For example, in Cancer Borealis, the head group is sarcosyl (Nmethyglycine)-taurine covalently linked principally to a
medium chain fatty acid such as N-dodecanoyl[22].
In addition, all biles contain an acidic β-glucuronidase,
an enzyme derived from hepatocellular lysosomes[23].
Human bile also contains a 92 kD alkaline sphingomyelinase[24].

torical Institute of Academia Sinica discovered tens of
thousands of inscribed turtle shells, oracle bones, and
other bones bearing archaic Chinese characters at Xiaotun in the Anyang district of Henan Province. Chinese
archaeologists and paleo-linguists as well as European
sinologists, identified that these inscriptions were most
likely written during the years c. 1766 to 1154 BCE in
the Shang dynasty, the first recorded Chinese dynasty for
which there is both documentary and archeological evidence. This first significant corpus of recorded Chinese
characters became known as the “Jia Gu Wen[25]. They
provided information on the politics, culture, religion,
geography, art and medicine of the period. With their
help, incomplete and vague historical data accumulated
representing in writing the first critical insights on early
Chinese civilization. Disease terms, mostly generic, were
revealed on 36 oracle bones, such as “diseased skin”,
“diseased nose”, “diseased body”, “diseased foot”,
“blindness”, “childhood disease”, “diseased head”, “diseased eye”, “diseased ear”, “diseased tooth”, “diseased
tongue”, “diseased complaint” and “disease termination”. These inscriptions did not mention the specific
names of any drugs[12,25-28]. The information from the “Jia
Gu Wen” teaches us[26] that Emperor Wu Ding suffered
from eye disease; his son, cranial disease; and one of his
concubines, foot disease; Emperor Zhen suffered from
both tooth and stomach diseases; and many royal concubines, gynecological diseases. Of interest is that Emperor
Wu Ding was the 23rd Emperor of the Shang dynasty, so
most of the oracle bones date from his reign, more than
3250 years ago. These simple recordings also inform us
that the diseases in the time of the Shang dynasty were
mainly treated with prayers, incantations and witchcraft
and above all patience - “Dr. Nature” was left to cure
herself.
Names of drugs and therapeutic formulae first
appeared on bamboo slabs and other wood cuttings
(“slips”) dated to more than 2000 years ago. These inscribed artifacts were discovered in the desert, northwest of Dunhuang of Gansu Province in 1906-1908[25],
and were named “Notes Scattered in the Slippery Sand”.
Before the invention of paper, ancient Chinese scholars
preserved their observations and records on wooden
shavings linked together with double cords of silk thread
and rolled into bundles[25,29,30]. Among the hundreds of
inscribed cuttings found[26], eleven contained descriptive
names not only of diseases but also of herbal prescriptions for their cure. In 1930, archaeologists of the Chinese Scholars Association carried out further exploration
in northwest China, and obtained over 5000 kg of wooden slivers from excavations in Juyan of Gansu Province[25]. One of the cuttings bears the name “Four Kinds
of Herbs for Febrile Diseases”, and another “Formulae
for Horse Injury” which contained an elaborate concoction of ginger root (Zingiber officinale; Jiang), cinnamon or
cassia twig (Cinnamomum japonicum; Gui Pi), asarum herb
or Chinese wild ginger root (Asarum sieboldii; Xi Xin),
Chinese honey locust (Gleditsia sinensis; Zao Jia), prepared

BRIEF HISTORY OF THE DISCOVERY
AND MEDICINAL USES OF ANIMAL
BILES IN CHINA
In 1899, Chinese peasants in Henan Province of China
discovered “dragon bones” inscribed with very ancient
Chinese characters and apparently sold them to local
pharmacists. During 1929-1933, scholars from the His-
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Main dynasty

Year

Zhou

Warring
States

Again, we find no evidence that animal biles were used as
drugs in this important work at the beginning of the Qin
dynasty (c. 221 BCE).
In the Winter of 1973, medical writings were unearthed from an ancient tomb at Mawangdui in Hunan
Province. In this excavation most of the medical inscriptions were written on silk fragments, and a minority on
bamboo cuttings[1,2,12,25,36-40]. In some cases, the Chinese
script resembles Qin bronze inscriptions rather than
those of the Han dynasty, so the manuscripts may well
date to as early as 300 BCE, although certain linguistic
considerations suggest an even earlier date, perhaps in
the Warring States period (c. 400 BCE)[12,41]. The texts
of the manuscripts contain no titles, but the transcribing
paleographers[1] accorded them the following names: (1)
Moxa manual of the eleven tracts on the upper and lower
limbs; (2) Moxa manual of the eleven tracts according
to the Yin and Yang; (3) Method of taking the pulse; (4)
Fatal prognoses determined by the Yin and Yang; and
(5) Prescriptions for fifty-two types of diseases (Wu Shi
Er Bing Fang). The latter probably represented the earliest
extant writings of Chinese medical prescriptions (c. 475
to 221 BCE) and included 291 prescriptions for the treatment of the 52 categories of disease. Short illustrated
works on dietetics and calisthenics were also included.
Most notable is that in the Prescriptions for Fifty-two
Types of Diseases, dog and ox biles were recorded for
the first time as being efficacious in treating health disorders[1,3,40]. Not only is this the earliest time that animal
biles (Figure 2) were recorded in an ancient Chinese text,
but it is also significant that they were mentioned as being
useful as drugs for therapeutic purposes! Additionally, the
earliest recorded monograph on materia medica in China,
Shen Nong’s Herbal Classic, which appeared in the years
c. 475 to 206 BCE, recorded the use of common carp
bile as a drug in addition to dog and ox biles. Therefore,
these paleo-archaeological discoveries provide irrefutable
evidence that animal biles have been employed therapeutically for more than 2500 years in China, with dog and
ox biles being the first to be used, followed closely by
common carp bile (Figure 2).
The Chinese historical record [8] mentions an anecdotal report of Hua Tuo (c. 110 to 207 CE), an
outstanding surgeon who treated a patient with dog
bile. The Annals of the Wei Kingdom (Wei Guo Zhi)[26]
recorded that during the Eastern Han period (25 to 220
CE), the daughter of Mayor Liu Xun of Henei City suffered from an abscess on her left knee. Hua Tuo was
summoned to take care of her, and having examined
the patient, he incised and drained the abscess. After
evacuating the pus, he filled the empty space with fresh
gallbladder bile of a domestic dog. This apparently
caused the inflammation to abate, the girl’s pain disappeared and healing was induced. This medical record (c.
290 CE) was the first to document the use of an animal
bile to heal a drained abscess cavity[8], and it is also the
first example of the antiseptic and anti-inflammatory
properties of gallbladder bile.

Animal bile

Dog, Ox
500 BCE

Common carp

0

Goat and sheep, mouse, python
chicken, pallas pit viper, pig
Elephant
Murrel
Bear
Black carp, shark, wild boar
Antelope
Grass carp, human, tiger

Qin
Han

Sui

500 CE

Tang
Song

Ming

1000 CE

1500 CE

Qing
Republic

Fox, otter
Hedgehog
Goose
Deer, duck, horseshoe crab
Crow, crucian crab, mandarin fish, turtle
Chinese forest frog, soft-shelled turtle
Bat, black snake, tortoise
Raven
Gaur, horse, parrot, skink, vulture, yak
Kite, toad

2000 CE

Figure 2 Chronology for the introduction of different animal biles used
therapeutically in traditional Chinese medicine. The main Chinese dynasties
are listed to the left of year in 500-year increments to indicate the approximate
beginning of the dynasty. BCE: Before the common era; CE: Common era
which corresponds to the common Gregorian calendar.

aconite root (Aconitum; Fu Zi), polygala root (Polygala;
Yuan Zhi), rhubarb (Rheum officinale; Da Huang), and lepidium or descurainia seed (Lepidium apetalum; Ting Li)[26].
These valuable medical records were written at a time
frame ranging from the Warring States Period to the Han
dynasty[25], and encompassing Emperor Qin Shi Huang’s
unification of China in 221 BCE, establishing his capital
city at Xi’an.
In 1972, 92 similar cuttings inscribed with medical
prescriptions and acupuncture techniques were unearthed
from an ancient tomb at Wuwei County of Gansu Province and dated to c. 30 to 70 CE. In these cuttings about
100 herbs, animal and mineral products to treat different
diseases were recorded[12,25,31-33]. However, the use of animal biles in therapy were not documented in any of these
discoveries.
Extending from the Zhou dynasty (c. 1046-256 BCE)
into the Warring States Period (c. 403-221 BCE), the
names of over two hundred different plants and animals
were recorded in the Book of Odes (Shi Jing) (Anon, c.
the 9th century to the 5th century BCE). This work summarized husbandry methods on the planting of crops
and described experience with domestication of animals
in China. Furthermore, in another well-known work, the
Mountain and River Classic (Shan Hai Jing)[34] more than
one hundred specimens of plants, animals and minerals
and parts thereof were summarized and documented for
prevention and treatment of over fifty human diseases[35].
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A

B

C

D

Figure 3 Four pages from Li Shi-Zhen’s Compendium of Materia Medica (Ben Cao Gang Mu) published in 1596 CE in the Ming Dynasty. A: Goat (top left),
pig (top right), Procapra przewalskii (Przewalskii’s gazelle) (bottom left) and dog (bottom right); B: Crow (top left) and raven (bottom right); C: Python (top right) and
black snake (bottom left); D: Common carp (top right). The biles of these animals were introduced into traditional Chinese medicine as important drugs to treat various
diseases as discussed in the text.

sitions. These will now be discussed individually with particular attention to their chronological introduction into
therapy, their apparent clinical usefulness (Table 2) and
we make a reasonable conjecture as to why they might
have been beneficial for certain diseases. Table 3 lists
animal biles according to groups of organisms that were
therapeutically used in China.

CONTINUING DISCOVERY AND
MEDICINAL USES OF A TOTAL OF
FORTY-FOUR DIFFERENT ANIMAL BILES
(INCLUDING HUMAN BILE)
Table 1 provides a chronological listing of the animal
biles used therapeutically in China from the earliest times
together with their origins as documented in Chinese
materia medica (Figure 3). We also provide the principal
chemical (i.e., bile salt/alcohol and bile pigment) compo-
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Table 1 A chronological list of animal biles used therapeutically in China from the earliest times
Chinese name
(Pin Yin)
Gou Dan

Niu Dan

Shu Dan

Ran She Dan
Yang Dan
Zhu Dan

Fu She Dan
Ji Dan
Xiang Dan

Li Yu Dan

Xiong Dan

Ye Zhu Dan
Jiao Yu Dan
Qing Yu Dan
Ling Yang Dan

Huan Yu Dan

Ta Dan
Hu Dan
Wei Dan

E Dan

Ya Dan

Lu Dan
Hou Dan

Latin nomenclature

Earliest recorded book, year and
author

Bile salt and alcohol
1
composition

Bile pigment
1
composition

Dog

Canis familiaris

Prescriptions for Fifty-two Types
of diseases (c. 475 to 221 BCE);
author(s) unknown

TC, TCDC, TDC[87,102,166]

BDG, BDGC, BMX[167,168]

Bos taurus domesticus;
TC, TDC, TCDC, TLC, GC, GDC, BMG, BMGC, BDG, UCB,
Bubalus bulalis
GCDC, GLC, AC[91,100,107,166]
BV[167,169,170]
Common carp
Cyprinus carpio
Shen Nong’s Herbal Classic (c. 475
TCDC, TC, TDC, AC,
BV, BMG, PB, UCB[169-171]
to 206 BCE); author(s) unknown
a-cyprinol-26 SO4,
[87,91,107]
a-latimerol-SO4
Mouse
Mus musculus
Variorum of Shen Nong’s Herbal
TC, TCDC, TDC, T-b-MC,
BMG, BDG, UCB[173]
Classic (c. 492 CE); Tao Hong-Jing
T-w-MC, TUDC[172]
(c. 452 to 536 CE)
Python
Python molurus
TPC, TC, TDC[87,106,107]
BV, BMG, UCB[174]
bivittatus
Goat and
Capra hircus
TC, TCDC, TDC, GC,
BMG[167,168]
[87,100,107,166]
sheep
GDC
Pig
Sus scrofa domestica
Records of Famous Physicians (c.
GHC, GHDC, GHOC, GC,
BMG, BV[167,168,170]
510 CE); Tao Hong-Jing (c. 452 to GCDC, GDC, THC, THDC, TC,
536 CE)
TCDC, TDC[89,94,166]
Pallas pit
Agkistrodon halys
TC, TAC, TCDC, TDC[107]
BV, BMG, UCB[174]
viper
Chicken
Gallus gallus domesticus
TAC, TC, TCDC[89,166]
BV, BMG, BMGC, BDG,
BDGC, UCB[167,175]
Elephant
Elephas maximus
Lei’s Treatise on Preparation of
3a,7a,25,26-tetrahydroxy-5bND
Drugs (c. the 5th century); Lei Xiao
cholestane SO4[107]
(c. the 5th century)
Murrel
Ophicephalus argus
Ri Hua-Zi’s Collected Materia
TCDC, TC, TDC[107]
BV, BMG, PB,
Medica (c. the 6th century); Ri HuaUCB[168,170,171]
Zi (c. the 6th century)
Bear
Selenarctos thibetanus; Treatise on Properties of Drugs (c.
TUDC, TC, TCDC, TDC[66]
BR, BFL, BFU[70]
Ursus arctos
643 CE or earlier); Zhen Quan (c.
540 to 643 CE)
Wild boar
Sus scrofa
A Dietetic Materia Medica (c. 710
GHC[87]
BMG, BV[167,168,170]
CE); Meng Xian (c. 621 to 714 CE)
Shark
Mustelus manazo
5b-scymnol SO4[107]
BV, BMG, PB,
UCB[168,170,171]
[107]
Black carp
Mylopharyngodon
5a-cyprinol-26 SO4
BV, BMG, PB, UCB
[168,170,171]
piceus
[87,107]
Antelope
Saiga tatarica
Medical Secrets of an Official (c.
TC, TCDC, TDC
ND
752 CE); Wang Tao (c. 702 to 772
CE)
Grass carp
Ctenopharyngodon
A Supplement to Materia Medica TCDC, TC, TDC, 5a-cyprinol-26
BV, BMG, PB,
idellus
(c. 758 CE); Chen Zang-Qi (c. the
SO4[107]
UCB[168,170,171]
8th century)
Tiger
Panthera tigris
TC, TCDC, TDC[107]
ND
Human
Homo sapiens
GC, GCDC, GDC, GUDC, GLC,
BDG, BMG, BMGG1,
TC, TCDC, TDC, TUDC, TLC,
BDGC, BMGC, BMX,
SGLC, STLC[13,176]
UCB[173]
Otter
Lutra lutra
Illustrated Pharmacopoeia (c. 1061 TC, TCDC, TDC, GC, GDC[87,107]
ND
CE); Su Song (c. 1019 to 1101 CE)
Fox
Vulpes vulpes
TC, TCDC, TDC[87,107]
ND
Hedgehog
Erinaceus europaeus; Amplified Materia Medica (c. 1116
TCDC, TC, TDC[107]
ND
Hemiechinus dauuricus
CE); Kou Zong-Shi (c. the 12th
century)
Goose
Anser domestica
Pharmacopoeia in Southwestern
TCDC, TACDC, TPHC, TBC[107]
BV, BMG, BMGC,
China (c. in the middle of the 15th
UCB[168]
century); Lan Mao (c. 1397 to 1496
CE)
Duck
Anas domestica
Compendium of Materia Medica
TCDC, TACDC, TPHC, TBC,
BV, BDG, BDGC[177]
(1596 CE); Li Shi-Zhen (1518 to
3a7a11b-trihydroxy-5b-cholan1593 CE)
24-oic acid[107]
Deer
Cervus nippon; Cervus
GC, GCDC, GDC[107]
ND
elaphus
Horseshoe
Tachypleus tridentatus
Medium-chain fatty acids
ND
crab
conjugated with sarcosyl
taurine[22,107]
Ox

Li Yu Dan

Hu Dan
Ren Dan

English name
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Crucian carp

Carassius auratus

Turtle

Amyda sinensis

Gui Yu Dan

Mandarin fish

Siniperca chuatsi

Wu Ya Dan
Yuan Dan

Crow
Corvus macrorhynchus
Soft-shelled
Pelochelys bibroni
turtle
Chinese forest
Rana limnocharis
frog

Ji Yu Dan
Bie Dan

Ha Ma Dan

Wu She Dan
Gui Dan

Black snake
Tortoise

Zaocys dhumnades
Chinemys reevesii

Bian Fu Dan

Bat

Ci Wu Dan

Raven

Vespertilio superans;
Pipistrellus abramus;
Plecotus auritus;
Rhinolophus ferrumequnum
Corvus monedula
dauuricus

Mao Niu Dan

Yak

Bos grunniens

Ye Niu Dan

Gaur

Bos gaurus

Shi Long Zi Dan

Skink

Ying Wu Dan

Parrot

Ma Dan

Horse

Eumeces chinensis
Gray; Eumeces elegans;
Sphenomorphus indicus
Psittacula alexandri
fasciata
Equus caballus

Tu Jiu Dan

Vulture

Yuan Dan

Kite

Chan Chu Dan

Toad

[107]

a-cyprinol-26 SO4

3a7a22-trihydroxy-5b-cholan27-oic acid, sterocholanic acid,
3a12a22-trihydroxy-5b-cholan27-oic acid[107]
TCDC, TC, TDC[107]
TCDC, TC, TDC[107]
TsteroC, TsteroCDC,
TsteroDC[107]
Pentahydroxy C27 and C26 bile
alcohol SO4, taurine conjugated
C27 trihydroxy acids[107]
TC, TAC, TCDC, TDC[107]
TsteroC, TsteroCDC,
TsteroDC[107]
TC[107]

A Supplement to the Compendium
of Materia Medica (c. 1765 CE);
Zhao Xue-Min (1719 to 1805 CE)
Jing Zhu Materia Medica (c. 1840
CE); Dan-Zeng Peng-Cuo (c. the
19th century)

BV, BMG, PB,
UCB[168,170,171]
BV, BMG, UCB[168,174]

BV, BMG, PB,
UCB[168,170,171]
BV[168]
BV, BMG, UCB[168,174]
BV, UCB[168,170,178,179]

BV, BMG, UCB[174]
ND
ND

TCDC, TC[107]

BV[168]

TC, TCDC, TDC, GC, GCDC,
GDC[107]

BMG, BMGC, BDG, UCB,
BV[167,169,170]

TC, TCDC, TDC, GC, GCDC, BMG, BMGC, BDG, UCB,
GUDC[107]
BV[167,169,170]
TC, TCDC, GHDC, Tvaranic
BV, BMG, UCB[170]
acid, T3a,7a,12a-trihydroxy-5bcholestan-27-oic acid[90,107]
TC, TCDC[107]
BV[168]
TC[87,107]

Gypaetus barbatus
aureus
Milvus korschun linea- Great Dictionary of Chinese Matetus
ria Medica (1977 CE); Jiangsu New
Medical College
Bufo bufo gargarizans;
Bufo melanostictus

TC, TCDC, TalloC[107]

BDG, BDGC, BMG,
BMGC[175]
ND

TC, TCDC, TalloC[107]

ND

Bufol SO4, Ranol SO4, hexahydroxy-27-nor-C26-bile alcohol
SO4[107]

BV[168,170,178,179]

1

Bile salt and bilirubin compositions are shown according to the rank order of species from high to low, respectively. AC: Allocholate; C: Cholate; DC:
Deoxycholate; GC: Glycocholate; GCDC: Glycochenodeoxycholate; GDC: Glycodeoxycholate; GHC: Glycohyocholate; GHDC: Glycohyodeoxycholate;
GHOC: Glyco-3a-hydroxy-6-oxo-5b-cholate; GLC: Glycolithocholate; GUDC: Glycoursodeoxycholate; TAC: Tauroallocholate; TBC: Taurobitocholate; TC:
Taurocholate; TCDC: Taurochenodeoxycholate; TDC: Taurodeoxycholate; THC: Taurohyocholate; THDC: Taurohyodeoxycholate; TLC: Taurolithocholate;
T-b-MC: Tauro-b-muricholate; T-w-MC: Tauro-w-muricholate; TPC: Tauropythocholate; TPHC: Taurophocacholate; TsteroC: Taurosterocholate;
TsteroCDC: Taurosterochenodeoxycholate; TsteroDC: Taurosterodeoxycholate; TUDC: Tauroursodeoxycholate; SGLC: Sulfoglycolithocholate; STLC:
Sulfotaurolithocholate; BDG: Bilirubin diglucuronide; BDGC: Bilirubin diglucoside; BFL: Biliflavin; BFU: Bilifulvin; BMG: Bilirubin monoglucuronide;
BMGC: Bilirubin monoglucoside; BMGG1: Bilirubin monoglucuronide monoglucoside; BMX: Bilirubin monoxyloside; BR: Bilirubin; BV: Biliverdin; PB:
Phycobilin; UCB: Unconjugated bilirubin; ND: Not determined.

ingested orally to treat heartburn from gastric regurgitation and diarrhea especially with visible blood (hematochezia) and mucus (probably dysentery or chronic inflammatory bowel disease). It was also believed applicable for
patients with symptoms of distention and a full sensation
in both chest and upper abdomen, or “blood stasis” (Xue
Yu). Blood stasis was considered to be eliminated after
half the volume of a dog’s gallbladder bile was ingested
with hot wine. Dog bile was also believed effective in
reversing traumatic injury to abdominal viscera. Because
the more hydrophobic bile acids of bile (Table 1) increase

carbuncle, furuncle, multiple abscesses, ulcerated scrofula, excess granulation tissue, and “malignant boil” (most
likely, “rodent ulcer,” i.e., basal cell carcinoma). Other
applications included skin lacerations from trauma of
all kinds, including knife stab, spear, and arrow wounds.
Domestic dog bile was also used as nasal drops to treat a
“stuffy” nose caused by chronic rhinitis or nasal polyps,
and epistaxis; it was employed as eye drops for conjunctival congestion, itchy dry eyes, and suppurative opthalmopathy; and it was prescribed as ear drops for acute
suppurative and chronic otitis media. Dog bile was also
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Bronchitis
Pneumonia
Cough
High fever in children
Infantile convulsions
High fever in children
Cardiovascular system
Apoplexy
Angina pectoris
Neuropsychiatric disorders
Epilepsy
Coma
Gynecological disorders
Irregular or scanty menstruation
Amenorrhea or amenia
Menostasis
Chancre
Endocrine system
Diabetes mellitus
Urinary system
Diuresis
Cystitis
Hematuria
Strangury

Table 2 A list of diseases treated by animal biles in traditional
Chinese medicine
Disease

Animal bile or gallstones

Digestive system
Jaundice
Biliary colic
Epigastric pain
Gastric regurgitation
Infantile malnutrition
Hemorrhoids
Anal fistula
Dysentery
Diarrhea
Constipation
Intestinal parasites
Stuck fishbone
Acute alcoholism
Alcoholic cirrhosis
Food poisoning
Skin
Infectious skin diseases

Burns
Traumatic injury
Darkish complexion
Tinea versicolor
Chloasma, freckle, ephelis
Shampoo for hair
Leprosy
Eyes
Infectious eye diseases

Improving visual acuity

Optic atrophy
Night blindness
Glaucoma and cataract
Eye injury
Ears
Suppurative otitis media
Deafness
Nose
Rhinitis
Nasal sinusitis
Rhinorrhea
Nasal polyp
Mouth
Tonsillitis
Gingivitis
Gingival atrophy
Dental caries
Halitosis
Throat
Laryngitis

Bear, ox
Bear, python, yak
Fox, gaur, kite
Bear, dog, pig
Bear, dog, pig, python, tiger, wild
boar
Bear, duck, goose, hedgehog, ox,
python, turtle
Bear, turtle
Bear, dog, python, tiger
Bear, dog, pig
Pig
Bear, ox, dog, pallas pit viper,
crucian carp, horseshoe crab
Black carp, crucian carp, grass carp,
mandarin fish
Fox
Fox
Parrot
Bear, chicken, common carp, crucian
carp, dog, elephant, goat and sheep,
horse, ox, pallas pit viper, pig,
python, vulture, wild boar
Pig, human, wild boar
Deer, dog, human, mouse
Antelope, goat and sheep
Antelope, goat and sheep
Antelope, goat and sheep
Pig
Black snack, horseshoe crab

Bear, ox (bile), ox gallstones, tiger
Human, ox gallstones, pig, python
Ox gallstones
Bear
Fox, Ox gallstones, wild boar
Ox gallstones, fox
Otter
Otter
Mouse
Crucian carp, pig
Chicken
Chicken
Bear
Bear, chicken

Table 3 A list of animal biles according to organism
groupings used therapeutically in China
Class
Mammals

Birds
Reptiles

Black carp, chicken, common carp,
crow, dog, duck, goat and sheep,
hedgehog, otter, pig, python, skink,
tortoise
Bat, bear, common carp, crow,
mouse, ox, pig, python, skink,
tortoise
Common carp, elephant, goat and
sheep, mouse, python, raven
Bat, common carp, mouse, pig,
raven
Black carp, elephant
Chicken, goat and sheep

Amphibians
Fish
Arthropods

Animal bile
Antelope, bat, bear, deer, dog, elephant, fox, gaur, goat
and sheep, hedgehog, horse, human, mouse, otter, ox,
pig, tiger, wild boar, yak
Chicken, crow, duck, goose, kite, parrot, raven,
vulture
Black snake, pallas pit viper, python, skink, soft-shelled
turtle, tortoise, turtle
Chinese forest frog, toad
Black carp, common carp, crucian carp, grass carp, mandarin fish, murrel, shark
Horseshoe crab

intestinal peristalsis, dog bile was frequently used to expel
intestinal worms. Hence it had a central role in treating
infantile malnutrition with digestive disturbances secondary to intestinal nematodes and trematodes. Based on
paleopathological evidence, these infestations were most
likely due to roundworms (nematodes). Dog bile was also
prescribed for patients with polydypsia, polyphagia and
polyuria, mostly likely symptomatic of diabetes mellitus.

Dog, mouse
Crucian carp
Dog
Bear
Bear
Dog

Ox bile
Ox bile[1,3,5,8,40] was introduced to treat jaundice and also
to expel intestinal parasites. Ox bile was always available
in plentiful supply and was also compounded into pills
with flavescent sophora root (Sophora flavescens; Ku Shen),
rough gentian root (Gentiana scabra; Long Dan Cao), and
honey. These pills were prescribed for patients, with or
without malnutrition, who had contracted jaundice (Gu
Dan) believed to be due to immoderate eating and drinking. Gu Dan is one of the five types of jaundice in TCM.
The yellow discoloration of the skin was believed to be
caused by improper diet, and was manifested in dizziness,
anxiety, gastric discomfort, abdominal fullness, diarrhea,

Black carp, ox gallstones, shark
Python
Python
Python
Elephant

Bear, black carp, common, grass
carp, pig, murrel
Pharyngitis
Shark, soft-shelled turtle
Infantile hoarseness and aphonia Chinese forest frog
Respiratory system
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Ox gallstones, toad
Ox gallstones
Ox gallstones, pig

9960

August 7, 2014|Volume 20|Issue 29|

Wang DQH et al . Medicinal uses of animal biles in China

Xue Shi, in which the uterus during menstruation or after
childbirth is affected by “exopathic” heat. This is characterized by recurrent fever and chills, tenderness and fullness in the lower abdomen, and nocturnal delirium, most
likely puerperal sepsis.
Ox gallstones were also used to treat apoplexy, with
aphasia, and coma. In addition, ox gallstones were mixed
and prescribed together with other herbal remedies. For
example, “Bezoar Bolus for Resurrection” (An Gong Niu
Huang Wan) was, and still is used as a common drug in
China. It contains powdered ox gallstones, curcuma root
(Curcuma zedoaria; Yu Jin), rhinoceros horn (Rhinocerotidae;
Xi Jiao), baikal skullcap root (Scutellaria baicalensis; Huang
Qin), coptis root (Coptis chinensis; Huang Lian), realgar
(Arsenic sulfide; Xiong Huang), cape jasmine fruit (Gardenia
jasminoides; Zhi Zi), cinnabar (Mercury sulfide; Zhu Sha),
musk (Moschus berezovskii; She Xiang) and pearl. According to the therapeutic theories of TCM, the preparation
could eliminate “evil” heat and toxic materials from the
body, and arouse patients from unconsciousness apparently by eliminating “phlegm”. Therefore, it was considered effective in the treatment of all febrile diseases, with
“evil” heat involving the pericardium and the “evil” heat
of phlegm stagnating the heart. This condition was characterized by high fever, irritability, coma, delirium and a
yellow-coated tongue. Besides Bezoar Bolus for Resurrection for mild cases of each of these syndromes, Bezoar
Bolus for Purging the Heart-Fire (Niu Huang Qing Xin
Wan) most likely angina pectoris was also recommended.
It contained powdered ox gallstones, cinnabar (Mercury
sulfide; Zhu Sha), coptis root (Coptis chinensis; Huang Lian),
baikal skullcap root (Scutellaria baicalensis; Huang Qin),
cape jasmine fruit (Gardenia jasminoides; Zhi Zi), and curcuma root (Curcuma zedoaria; Yu Jin).

and oliguria. It is likely that it represents one of several
infectious hepatitides, such as the acute stages of viral
hepatitis A, B or C. It was believed that ox bile was effective topically for healing hemorrhoids especially those
that had become infected. We know now that bile acids
possess strong astringent properties. For eternal use, ox
bile was also used in treating furuncle, carbuncle, and all
kinds of scabs from trauma and sores of the skin. Furthermore, ox bile was believed to improve visual acuity
when taken internally mixed with sophora fruit (Styphnolobium japonicum; Huai Zi). The prescriptions provide
for two to seven grains of ox bile following 100 d fermentation with black beans to be taken every evening. In
addition, a fermented mixture of ox bile with powdered
arisaema tuber (Arisaema; Nan Xing Mo) was thought to
be highly effective in treating febrile infantile convulsions.
To cure male impotence and increase libido, a mixture of
the fruit of ailanthus-like prickly ash (Zanthoxylum ailanthoides; Shi Zhu Yu) fermented with ox bile for 100 d was
prescribed.
Ox gallstones
Ox gallstones[5,8,9] also known as ox bezoars or “calculus
bovis” in the literature, were first recorded in Shen Nong’
s Herbal Classic[5], during the Qin (221-206 BCE) and
the Western Han Dynasties (206 BCE-25 CE). These
gallstones were considered a superior (i.e., top grade)
therapeutic drug, and have been employed for over two
thousand years in TCM, mainly as a tranquilizer and
sedative. Ox gallstones were believed to be successful in
curing a number of childhood diseases. This was especially the case with febrile infantile convulsions, which in
the ancient literature were characterized quite accurately
by sudden onset, upward gazing of the eyes, lockjaw,
rigidity of the neck, limb convulsions, frothy salivation,
“rattling” of pharyngeal phlegm and eventually coma. Ox
gallstones were also prescribed for children as a remedy
for polydipsia, diarrhea, and vomiting “caused by fright”,
and nocturnal crying “induced by fear” (most-likely febrile nightmares). Furthermore, in TCM, ox gallstones
were documented extensively to treat (1) Re Ji Sheng Feng,
a morbid condition caused epidemic febrile diseases,
characterized by high fever with convulsions, muscular
rigidity and even opisthotonos followed by coma; (2) Re
Ru Xin Bao, a morbid condition occurring in the Ying-Xue
system caused by epidemic febrile diseases in which patients have high fever, delirium, cold limbs or convulsions
ending in coma; (3) Re Ru Xue Fen, an epidemic febrile
disease with invasion of the Xue system by “pathogenic
heat”, characterized by high nocturnal fever, impairment
of consciousness, restlessness or convulsions, eruptions,
hemorrhage with a red raw tongue; (4) Re Sheng Fa Jing,
a convulsive seizure caused by impaired nourishment of
the “channels” owing to accumulation of “pathogenic
heat” or intense heat impairment of the Yin fluid, usually associated with high fever, stiff neck, trismus, rigidity
or spasms, abdominal distension, constipation, and even
opisthotonos and loss of consciousness; and (5) Re Ru
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Common carp bile
Common carp bile[5,8,9] was prescribed as drops to treat
eye diseases such as acute conjunctivitis, phlyctenular and
lagophthalmic keratitis (probably trachoma), suppurative blepharitis, and vesicular dermatitis of the eyelids.
Common carp bile was also promoted as a remedy for
improving visual acuity and for treating optic atrophy and
night blindness (nyctalopia). It was also believed to be
effective in treating inflammation of the throat and infectious skin diseases such as chancre (possibly impetigo) in
children.
Mouse bile
Mouse bile[6,8,9] was used topically to improve visual acuity
as well as to ameliorate impaired hearing. As eye drops
it was considered effective in treating optic atrophy and
night blindness; as ear drops for suppurative otitis media; and as a dressing for external skin trauma such as
incisional wounds. When mixed together with bear bile,
aconitus root (Aconitum Carmichaeli; Chuan Wu Tou), asarum herb or Chinese wild ginger root (Asarum sieboldii; Xi
Xin), chalcanthite (Copper sulfate pentahydrate; Dan Fan) and
musk (Moschus berezovskii; She Xiang), it was believed to
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be salutary for chronic use in older individuals who were
“hard of hearing”.

on stones and therefore preceded wood block printing
which, though invented earlier (c. 220 CE), only became
practiced widely from the time of the Eastern Jin dynasty
(317-420 CE).
Domestic pig bile was used to treat (1) febrile diseases
and thirst caused by high fever or “pathogenic” heat, as
well as in patients suffering from (2) Shao Yin diseases
complicated by dysentery; (3) dysentery due to “dampheat” pathogens; (4) intermittent diarrhea, and dysentery
with bloody, mucoid stools; (5) five types of infantile
malnutrition as well as their cold equivalents complicated
by cough; (6) diabetes mellitus characterized by polydipsia, polyphagia and polyuria; and (7) puerperal fever and
bed sores in “lying-in” women. Furthermore, pig bile
following dilution with wine was painted on skin to treat
burns caused by boiling water and fire, as well as a shampoo to clean greasy hair. It was also believed that pig bile
was effective in curing various infectious infantile skin
diseases, nasal eczema, allergies and favus of the scalp.
In the contemporary medical literature[45,46], it has
been documented that pig bile possesses anti-allergic
properties against delayed-type hypersensitivity, a feature
shared with bear bile but not with ox or chicken biles. Pig
bile was also believed to improve eyesight so that it was
used to treat acute conjunctivitis, cloudy vision, and to remove opacities in the cornea (nebulae) - most likely from
trachoma. In addition, pig bile was used to treat tonsilitis
and acute sore throat (Hou Feng). In TCM, Hou Feng is
a general term for a serious condition such as sudden
swelling and pain in the throat, difficult breathing, discomfort upon swallowing, and excessive salivation (most
likely a peri-tonsillar abscess or “quinsy”). It could also
promote peristalsis and hence bowel movement, thereby
a cathartic effect relieving constipation (especially due
to “pathogenic heat”). In this case, the bile was administered by enema, dripped into the large bowel employing a
reed as a guide. Pig bile was also used effectively to treat
whitlow or paronychial inflammation with accumulation
of pus. In this regard it is known today, and verified by
experiment, that pig bile (as well as bear bile) share antiinflammatory as well as analgesic properties[47].

Python bile
Python bile[6,8,9] was prescribed mainly for patients with
intermittent colicky abdominal pain apparently due to
intestinal parasites, which based on the paleopathological evidence most likely were Ascaris lumbricoides and
schistosomes. It was also employed for patients with
hemorrhoids and bloody dysentery. To treat high fever in
children, python bile was diluted with water and dropped
into the nose; it was also given as an enema to treat infantile dysentery complicated by malnutrition. Python
bile was employed externally to treat ulcers (chancres) of
the external female genitalia (most likely venereal) since
some secondary bile acids are potent topical microbicidal
agents[42], and chancre complicated by fistulae in children,
as well as leprosy. Together with musk, python bile was
considered effective in the treatment of gingival atrophy,
gingivitis, and dental caries. Python bile was also advocated as a remedy to improve visual acuity, remove nebulae,
diminish eye swelling, and abate ophthalmalgia.
Goat and sheep biles
Goat and sheep biles[6,8,9]. In TCM, goat and sheep biles
were considered to have similar therapeutic effects and
therefore are not distinguished by nomenclature; so accordingly they are combined in this document. They
were believed to be effective in treating optic atrophy,
including acute hemorrhagic conjunctivitis, marginal suppurative blepharitis, and epiphora (non-emotional tearing). Goat bile was also used to treat temporary blindness
following a life-threatening illness (which was most likely
smallpox), and eye injury from foreign bodies. These biles
were believed effective in ameliorating various infectious
skin diseases, chancre in children (most likely impetigo),
and constipation. When compounded with pig pancreas
and asarum herb, these biles were also prescribed as a
facial lotion for minimizing chloasma in pregnant women
and to dermabrase freckles. Also, when goat bile was
decocted thrice with ox bile and wine the resulting liquor
was believed effective in reversing any olive discoloration
of the skin from itchy dermatitis, which was most likely
secondary to tinea versicolor.

Bile of Pallas’s pit viper
Bile of Pallas’s pit viper[7-9] was used to treat ulcers of the
female external genitals (most likely venereal, see python
bile above), and various fistulae and sinuses such as those
occurring in the perianal region, most likely secondary to
chronic inflammatory diseases of the colon and rectum. It
was also indicated for perforated dacryocystitis and scrofula (i.e., tuberculosis) of the neck. This viper bile could
also destroy and eliminate intestinal worms and as well as
cure continuous uterine hemorrhage (metrorrhagia).

Pig bile
Pig bile[7-9] was one of the most common domestic animal biles used medicinally in ancient China; moreover it
was deployed often as an inexpensive substitute for rarer
animal biles such as that of black bears, as it is to this
day[43,44]. The Longmen Grottoes in Luoyang of Henan
Province, which were built in 386 to 534 CE, were found
to contain 110 prescriptions for Chinese medical herbs,
and 19 acupuncture modalities for 41 disease categories,
hereafter called the Longmen Prescriptions (Long Men
Chu Fang)[10]. They embodied 122 types of the most commonly used medical “herbs”, including domestic pig bile.
To publicize these prescriptions, they were initially carved
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Chicken bile
Chicken bile[7-9] was believed to be efficacious in treating
various infectious skin diseases, including eczema and
intertrigo on the pinna of the ear. As eye drops, it was
used in newborns to treat acute conjunctivitis, epiphora,
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xerophthalmia, and sensation of a foreign body in the
eye. When chicken bile was diluted with water, the solution was used topically for hemorrhoids and for the treatment of strangury (slow and painful discharge of urine).
For an infected urinary tract, it was employed to induce a
diuresis thereby ameliorating “secondary” urolithiasis and
as well as cystitis.

hemorrhoids and anal fistulae. Bear’s bile was believed to
be highly effective in treating rhinorrhea with purulent
nasal discharge as in (9) above. Bear bile apparently could
be used to destroy intestinal worms such as ascariasis
and oxyuriasis in children, and together with the fruit of
Rangoon creeper, it was beneficial in treating emaciation
in children due to these intestinal parasites. It was also
believed effective in treating inflammation of the throat.
Lastly, bear’s bile was believed to improve visual acuity by
“dissolving” nebulae.

Elephant bile
Elephant bile[8,9,48] was introduced to improve visual acuity. Upon drying, it was compounded into pills with gallbladder biles of the common carp, bear, ox and musk,
plus abalone shell (Haliotis asinina; Shi Jue Ming). These
pills were ingested with green tea to treat eye diseases
including blindness from optic atrophy, mature cataract,
and mild nebulae (corneal opacities), as well as glaucoma.
Elephant bile was believed efficacious in treating a large
number of infectious skin diseases. Furthermore, when
diluted with water, it was employed as a gargle to alleviate
halitosis!

Wild boar bile
Wild boar bile[8,9,51] upon dilution with wine was advocated for treating various infectious skin diseases including
paronychia (whitlow) as well as burns caused by boiling
water and/or fire. It was decocted with jujube juice and
ingested to treat the various kinds of infantile malnutrition, as well as epilepsy.
Shark bile
Shark bile[8,9,51] obtained from their fresh gallbladders was
made into pills with alum powder and physically placed in
the throat to terminate acute tonsillitis and pharyngitis.

Murrel bile
Murrel bile[8,9,49]: Upon dilution with water, murrel bile
was employed to treat inflammatory diseases of the
throat, and hence it was believed especially effective in
healing acute pharyngitis. As a liniment, it was employed
for the treatment of tinea capitis and for clarifying corneas with nebulae which were most likely secondary to
trachoma.

Black carp bile
Black carp bile[8,9,51] was employed to treat acute conjunctivitis and ophthalmalgia. Pills of Fish Biles were compounded with biles of black carp, common carp, goat, ox
and bear, musk (Moschus berezovskii; She Xiang), and abalone shell (Haliotis asinina; Shi Jue Ming). The pills were
swallowed with tea to treat various kinds of ophthalmopathies such as optic atrophy, cataract, nebulae, and
glaucoma. Black carp bile was believed to be effective in
treating herpetic ulcers (cold-sores), malignant boil (“rodent ulcers”), tonsillitis, pharyngitis, as well as fishbones
struck in the throat.

Bear bile
Bear bile[8,9,50] is considered the “king” of animal biles
both in ancient times and currently in the Orient and
it has a highly respected history being used widely in
therapy throughout ancient China. In Asia generally and
TCM in particular, top-grade bear bile has been valued
“more than gold” principally for its preventative as well
as therapeutic efficacy. Bear bile was widely employed in
treating patients who suffered from (1) jaundice caused
by summer heat; (2) summer diarrhea (Shu Xie) caused by
summer heat, which is marked by passage of watery or
sticky stools and dark-colored urine, restlessness, thirst,
and sweating; (3) abdominal pain due to hepatobiliary
diseases and gastric malfunction; (4) epigastric colic due
most likely to biliary ascariasis; (5) five types of infantile
malnutrition; (6) infantile convulsions; (7) blood retention syndrome (Xu Xue Zheng), which in TCM shows that
stagnated blood accumulated in a channel or an organ,
e.g., in the uterus, manifested by distension and pain in
the lower abdomen, chills and fever, delirium or other
nocturnal mental disorders; or in the middle-Jiao, marked
by pain, tenderness and guarding over the epigastrium;
(8) strangury complicated by hematuria (Xue Lin) that is
one of the five types of strangury in TCM, manifested by
dribbling of bloody urine, accompanied by urethral pain,
distension and pain/discomfort in the lower abdomen;
(9) chancre, pyogenic nasal infection and nasal eczema, as
well as various kinds of infectious skin diseases; and (10)
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Antelope bile
Antelope bile[8,9,52] was used as a lotion for the face after
being decocted (concentrated, or boiled down) thrice
with ox bile and vinegar. Furthermore, this decoction was
used as a tincture to lighten the dark complexion of chloasma and freckles during pregnancy.
Grass carp bile
Grass carp bile[8,9,53]: Following dilution with water, grass
carp bile was used to treat diseases of the pharynx, especially acute pharyngitis. In a clinical emergency, grass
carp bile was mixed with wine and gargled by patients
with a fishbone or other foreign body stuck in the throat
or esophagus. The bile diluted with wine apparently softened bones rapidly and allowed them to slip down into
the stomach or alternatively they were regurgitated sometimes with induction of vomiting.
Tiger bile
Tiger bile[8,9,53] was used to treat infantile dysentery complicated by malnutrition, and febrile convulsions accom-
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panied by restlessness in infants.

ed with cold vinegar to treat malarial symptoms, and were
believed effective in treating epigastric pain and stomach
aches most likely secondary to peptic ulcer disease.

Human bile
Human bile[8,53]: When diluted with wine, human bile
(obtained from fresh cadavers, often after battles) was
used by soldiers to paint-on sword wounds in northern
battlefields of ancient China. It was also believed to be
highly effective in treating patients with malarial-type
diseases characterized by intermittent high fevers, rigors
and sweating, as well as languor and dysphagia. To compound a preparation, human gallbladder bile (obtained
at necropsy) was placed in a bowl that was filled with
polished glutinous rice and a little musk. The bowl was
then placed in a shady place to dry in air. To treat chronic ‘malarial’ disease, half of the polished glutinous rice
(Oryza sativa; Nuo Mi) and bile, that had now become
green in color (from oxidation of bilirubin to biliverdin),
was ingested with a decoction of dried tangerine or orange peel (Citrus reticulata or Citrus sinensis; Chen Pi). To
treat dysphagia, the other half that had become black in
color with passage of time, was ingested with a decoction of the pith stem of the rich-paper plant (Tetrapanax
papyriferus; Tong Cao). After drying, human bile was
ground into powder with cinnabar (mercury sulfide; Zhu
Sha), realgar (Arsenic sulfide; Xiong Huang) and musk
(Moschus berezovskii; She Xiang), and pills were made the
size of broad beans. These were believed effective in
treating patients with intermittent rigor, high fever and
severe chills, most likely from malaria.

Hedgehog bile
Hedgehog bile[8,9,55] was employed as astringent eye drops
to cure epiphora most likely from ectropion. After diluted with water, the bile was used also as a liniment for
hemorrhoids. It was apparently effective in treating acute
conjunctivitis and conjunctival congestion from smallpox.
Goose bile
Goose bile[8,9,56] was used solely for treating hemorrhoids.
A mixture of goose (and sometimes bear) biles mixed together with honey was believed effective in treating internal and external hemorrhoids with or without bleeding,
infection or prolapse.
Duck bile
Duck bile[8,9] was used primarily as eye drops in the treatment of acute conjunctivitis, as well as a liniment for
treating hemorrhoids.
Deer bile
Deer bile[8,9] was utilized chronically to remove “toxic”
substances from the body and promote subsidence of
inflammatory swelling; therefore, it was employed topically to treat various infectious skin diseases and apparently through “trans-dermal absorption” some internal
diseases.

Otter bile
Otter bile[8,9,54] was believed effective in treating patients
with opthalmopathy such as vertigo, motes, blurred vision, and hypopsia (impaired vision). Pills of Otter Bile
were made from otter plus dog gallbladder bile, sal ammoniac (Ammonium chloride; Nao Sha), Chinese prickly
ash (Zanthoxylum bungeanum; Chuan Jiao), and fried leech
(Hirudinea; Shui Zhi). When the pills were ingested three
times a day with liquor of Chinese angelica root (Angelica
sinensis; Dang Gui), they restored normal menstrual function in patients with irregular or scanty menstruation, as
well as amenorrhea.

Horseshoe crab bile
Horseshoe crab bile[8,9] was used to treat tongue swelling
with numbness (most likely from leprosy) and to expel
intestinal parasites. In the treatment of leprosy, horseshoe
crab bile was mixed together with alum (hydrated aluminium
potassium sulfate; Bai Fan), green vitriol (Iron sulfate; Lu
Fan), mercury and musk (Moschus berezovskii; She Xiang),
and was ingested daily with spring water.
Crucian carp bile
Crucian carp bile[8,9] was employed externally to treat
chancres, vulval erosions, and pruritus vulvae. Because
bile of the crucian carp could also expel intestinal worms,
it was effective in the treatment of abdominal pain caused
by intestinal parasites, especially in children. In addition,
bile of crucian carp was capable of softening fishbones
and pieces of wood including bamboo, stuck in the
throat or esophagus, thereby allowing them to slide into
the stomach. Crucian carp bile was also used in treating
carbuncles of the head in malnourished infants. Together
with pumice stone (Volcanic rocks that are composed
of 65%-75% Silicon dioxide and 9%-20% Aluminium
oxide; Fu Shi), ground gecko or red-spotted house lizard
(Gekko gecko; Ge Jie) and cicada slough (Cicadidae; Chan
tui), crucian carp bile was employed to treat diabetes mellitus at least as inferred by the combined complaints of
polydipsia, polyphagia and polyuria. Furthermore, in the

Fox bile
Fox bile[8,9,54]: When diluted with warm water, fox bile
was used to resuscitate patients who became unconscious
suddenly, most likely from a syncopal attack or epilepsy.
This bile was also believed to be potent in reversing
acute alcoholism, and treating alcoholic liver disease (Jiu
Zheng). Jiu Zheng is a chronic disease with formation of
a firm “mass” in the hepatic region of the upper abdomen due to long-term habitual drinking. Most likely this
was micronodular or Laennec’s (alcoholic) cirrhosis possibly complicated by a hepatoma. Pills were made from
fox bile, cinnabar (Mercury sulfide; Zhu Sha), white arsenic
(Arsenic trioxide; Pi Shuang), asafetida (Ferula assafoetida;
A Wei), musk (Moschus berezovskii; She Xiang), and mung
beans (Vigna radiata; Lu Dou). The pills were also ingest-
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Raven bile
Raven bile[9,58] was prescribed to improve visual acuity
and in treating optic atrophy and night-blindness. The
extraordinary visual acuity of this raptor must also have
played a role in this heuristic discovery! Raven bile was
also believed effective in removing toxic substances from
the intestine with gamboge (a yellow pigment extracted
from specific evergreen trees) (Clusiaceae; Teng Huang).

treatment of deafness, crucian carp bile was placed in
the cavity of a scallion (large green onion) together with
black donkey fat (Equus asinus; Wu Lu Zhi) and sesame
oil (Sesamum indicum; Ma You) for seven days, and then
used as ear drops.
Turtle bile
Turtle bile[8,9] was prescribed to treat hemorrhoids complicated by perianal fistulae.

Yak bile
Yak bile[59] was used only to treat epigastric colic in infants, children and adults, caused by various digestive
diseases.

Mandarin fish bile
Mandarin fish bile[8,9] was applicable to cases where a fishbone or other bone, or foreign-body including wood or
bamboo was stuck in the throat. The bile salts acted as a
calcium “chelator”[57] when gargled with powder of Chinese honey locust seed (Gleditsia sinensis; Zao Jia Zi) and
wine which performed possibly as an organic solvent.

Gaur bile
Gaur bile[59] was used to treat epigastric pain.
Skink bile
Skink bile[59], the bile of this family of lizards was believed effective in treating several eye diseases such as
acute conjunctivitis, blepharitis, and keratitis.

Crow bile
Crow bile[8,9] was believed effective in treating acute conjunctivits, blepharitis, vesiculo-dermatitis of the eyelids,
and keratitis.

Parrot bile
Parrot bile[59] was used solely to treat food poisoning
when ingested immediately following the onset of the
acute symptoms.

Soft-shelled turtle bile
Soft-shelled turtle bile[8,9] also appeared to have a unique
role in therapy, in that it was believed to be effective in
treating acute and chronic pharyngitis when ingested with
ginger juice and peppermint.

Horse bile
Horse bile[59]: Despite being without a gallbladder, equine
hepatic bile was aspirated by fistulation of the bile ducts
and used in treating infectious skin diseases.

Chinese forest frog bile
Chinese forest frog bile[8,9] was used to treat hoarseness
and aphonia most likely secondary to laryngitis in infants
and young children.

Vulture bile
Vulture bile[59], again as a raptor with particularly good
visual acuity, it was believed to improve vision and hence
was used to treat opthalmopathy. It was also effective in
treating various kinds of infectious skin diseases such as
carbuncle, furuncle, multiple abscesses, scrofula (tuberculosis of lymph glands in the neck), and rodent ulcers (basal
cell carcinomata).

Black snake bile
Black snake bile[8,9] was employed to treat leprosy, as inferred from the association with paralysis, numbness, and
swelling of the tongue. Long Dan Extract for Leprosy
was prepared as follows: after its seeds were removed, a
wax gourd was placed in a hole dug in the ground one
meter deep. After both black snake bile and a pear were
added to the gourd, the hole was covered with earth. The
wax gourd was checked every three days for about 50 d
until the black snake bile, plus the other ingredients were
intimately co-dissolved. To treat leprosy, the juice was ingested daily with wine.

Kite bile
Kite bile[9], the bile of this raptor, was believed effective
in treating epigastric pain most likely caused by hepatobiliary, gastric or esophagus diseases.
Toad bile
Toad bile[9], when ingested orally, was considered highly
effective in treating acute and chronic bronchitis. This
was the only bile in addition to that of the pig used for
treating pulmonary diseases.
In summary, forty-four different animal biles, including human bile, were used as drugs in TCM to treat
patients with a great variety of different diseases (Table
2) and recorded in books of Chinese materia medica for
over 2500 years.

Tortoise bile
Tortoise bile[8,9] was widely used for treating patients with
persistent eye swelling following an attack of smallpox.
Bat bile
Bat bile[8,9] was believed to improve visual acuity since
bats fly at night and hence was used in treating night
blindness (nyctalopia). Most likely its beneficial effect was
because of this bile’s high vitamin A content.
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ity bear’s bile on the water surface[8]. This was a serendipitous example of the differential surface activity of the
bile acids in bile, especially between the major hydrophilic
(e.g., UDCA conjugates) and hydrophobic (e.g., CDCA
conjugates) species[65] that occur in variable proportions
in bear bile[66], as well as the high specific gravity (d = 1.3)
of bilirubin[67]. Obviously, bilirubin does not undergo oxidation to biliverdin when a bile contains a high proportion of UDCA conjugates because of the latter’s potent
anti-oxidant effects[68].
In bear’s bile, the notable component is the high
level of the taurine conjugate of ursodeoxycholic acid
(TUDCA) (Figure 1). In bears, UDCA is a primary bile
acid that is synthesized directly from cholesterol in the
liver[66]. Clearly gallbladder bile from bears is highly valued
in TCM. Since UDCA in bears is a primary bile acid[66],
this allows hepatic bile, highly enriched in TUDCA, to
be harvested indefinitely from bears with chronic biliary
fistulae. Frequently such bears were confined individually to iron cages or were kept free-living on bear farms
(now illegal in China). After a successful cholecystostomy or choledocotomy under anesthesia, a bear was
placed in a specific, custom-fabricated “iron-cage” filled
together with a sterile drainage tube, one end of which
was sutured into the common bile duct and the other
leading to a glass-receptacle firmly holstered externally to
the abdominal wall. Usually with the aid of a stop-cock,
20-100 mL of bear bile (approximately one third of the
daily bile secretion) was collected daily, and dried at 65 ℃
for 3-4 d. By this means up to more than 36 kg of dilute
fistula bile or 1.5 kg of dried bear bile could be harvested
each year from one “free-living” bear[69]. By contrast,
only 50 g or so of the fresh bile could be obtained from
the gallbladder of a sacrificed bear. Studies by the same
authors[69] showed that bears secreted the highest amount
of bile between July and September, followed by decreasing flows from October to December, from April to
June, and then from January to March[69]. Also, chemical
compositions and pharmacological effects of the drained
bear’s bile were believed identical to fresh bear bile in
terms of the quality and quantity of bile acids (including increased TUDCA levels) and bilirubin conjugates,
biliflavin and bilifulvin. Moreover, the minor components
of bile such as, amino acids and trace elements, displayed
no change in bile of bears who were drained for two
years[70-73]. Of note is that pig bile is often substituted for
bear bile in therapy in today’s China because the Asiatic
black bear is an endangered species. This bear is listed in
the Convention on International Trade in Endangered
Species of Wild Fauna and Flora (CITES) Appendix I
(viz. http://www.cites.org/eng/app/appendices.shtml).
Tao Hong-Jing (c. 452 to 536 CE) in his Records of
Famous Physicians (c. 510 CE) wrote a fanciful description of the pathobiology of ox gallstones (i.e., principally
calcium bilirubinate): “Ox gallstones are mainly obtained
from oxen raised in the central regions of China, and are
one of the most valued of drugs. An ox suffering from
gallstones roars constantly and its body is ‘luminous’ at

CRITERIA FOR COLLECTING ANIMAL
BILES AND OX GALLSTONES
The most prized of all animal biles in treating disease
was that of the Chinese black bear introduced after the
Han dynasty and prior to that of the Sui dynasty (Figure
2). In addition, ox gallstones were used therapeutically
during the Han dynasty[5]. Therefore, it is not surprising
that Chinese patients and physicians generally considered
that both bear bile, which contains high UDCA levels in
conjugated form[60-62], and ox gallstones largely consisting
of non-polymerized calcium bilirubinates were “more
precious than gold” with respect to safeguarding their
health and well-being and reversing health disorders[4,63].
Also, ancient Chinese physicians and pharmacists had
established a series of novel methods for collecting biles
from animals and gallstones from oxen.
For example, Su Song (c. 1019 to 1101 CE) in his
Illustrated Pharmacopoeia (c. 1061 CE) described a detailed method for collecting gallbladder bile from the python. In the southern part of China, the python was often raised purposefully for collecting gallbladder bile, and
usually bile was harvested from the python in the early
summer. An adult python was immobilized in a wooden
“sandwich” cage and its abdomen was exposed. During
a mini-laparotomy, liver and gallbladder were carefully
examined. If the python’s gallbladder was as large as a
duck’s head in size, a careful surgical cholecystectomy was
performed. After the liver was returned to the abdominal
cavity, the abdominal incision was closed with silk sutures. Postoperatively, this python continued to be raised
because its muscle meat, subcutaneous fat and skin could
be used to treat other diseases. The fresh gallbladder bile
was often dried in a shadow place away from direct sunlight. If the gallbladder contained dark green colored bile
with a very thin wall and possessed a pleasant sweet and
bitter taste, it was categorized as “high grade”.
Collecting gallbladder biles from fish such as common carp, grass carp, black carp, murrel, crucian carp and
shark was often carried out in wintertime[8]. These fresh
gallbladder biles were dried in a cool place, and stored for
later medicinal use. In addition, human bile was obtained
from fresh cadavers, often in the ‘field’ after battles.
When diluted with wine, a phase transition to multilayered phospholipid-cholesterol vesicles took place (“artificial membranes”)[64], human bile was used as an artificial
“skin” by soldiers to paint-on sword wounds in northern
battlefields of ancient China[8].
Ancient Chinese medical works also described how
to differentiate authentic bear bile (treasured above all
others) from other animal biles[8]. When a gallbladder bile
sample was dropped upon the surface of water, “high
quality” bear biles spread on the surface quickly, whereas
“low quality” bile spread slowly. Additionally, when a
sample of high quality bear’s bile sank to the bottom of
a vessel containing pure water, it drew out a “yellow tail”.
When a layer of dust was placed on the surface of the
water it could be dispelled by placing a drop of high qual-
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a facile technique to produce “natural” ox gallstones in
situ, akin to the culturing of pearls[4]. A mini-laparotomy
is performed on a restrained cow and a tiny hole is made
in the fundus of the gallbladder, which is grasped with a
forceps. A pinhead-sized natural ox gallstone is then implanted in the gallbladder. The fundus of the gallbladder
is then sutured and the abdominal incision is closed. This
natural ox gallstone performs as a nucleus and develops
into a large pigment gallstone within 1-3 years. During
this period, 98% of oxen so “implanted” form gallstones
and on average, a 4 g pigment gallstone can be obtained
at slaughter[4]. A number of pharmacological and clinical
studies have confirmed that the chemical compositions
and therapeutic effects of both the artificial ox gallstones
and the “man-made” natural ox gallstones are identical to those of spontaneously forming ox gallstones[4,63].
Furthermore, artificial ox gallstones or the prepared
synthetic calcium bilirubinate salt have been used to treat
many thousands of patients with high fever, pneumonia,
pyogenic tonsillitis, and bronchitis in China[4].

night. If a basin of water is placed before the ox, a frightening noise will cause the animal to vomit the gallstones
into the basin. These gallstones are called Sheng Huang
and are the most costly.” Based on stone size and texture, ox gallstones were divided into three kinds. The San
Huang was composed of small granules like green beans.
The Man Huang was described as being soft “like the yolk
of an hen’s egg”, and was always found in the intrahepatic bile ducts. The Tuan Huang was an agglomeration of
small stones that varied in size. According to the methods
of collecting stones, gallstones were divided into four
kinds. The Sheng Huang has been described above. The
Zhong Huang was obtained in abattoirs during victualling
an ox. The Xin Huang was obtained at necropsy after a
sick ox had died. This stone which was as soft as an egg
yolk at first, became hard once it was placed in water. The
stones obtained from the intrahepatic bile ducts were
called Gan Huang. Li Shi-Zhen (1518 to 1593 CE) in his
Compendium of Materia Medica (1596 CE) wrote: “For
the ox to form gallstones, it must be diseased. Only a sick
ox suffers from the formation of gallstones and dies easily of their complications. Based on one of the therapeutic theories of TCM, i.e., combating poison with poison
(Yi Du Gong Du), ox gallstones were also advocated for
treating hepatobiliary diseases associated with jaundice in
humans”.
Although ancient Chinese scholars did not understand how gallstones formed in gallbladder and intrahepatic ducts of oxen, they knew how to identify “true”
from “false” ox gallstones. After a fresh ox gallstone was
smeared on a finger nail, if the yellow color could not be
easily washed off with water, it was considered a “true”
ox gallstone[7]. Furthermore, if the yellow color spread
and painted the entire finger nail and remained there
for a long time, it was also a “true” ox gallstone[54]. Kou
Zong-Shi in his Amplified Materia Medica (c. 1116 CE)
stated that ox gallstones were light in weight and soft, as
well as sweet-smelling, most likely the pure bile pigment
salt, i.e., calcium bilirubinate stones. On the other hand,
yak gallstones obtained from the western part of China
were very hard, and without a sweet smell; we believe
that these were most likely cholesterol or even calcium
carbonate stones. Moreover, it was very easy to pass off
gallstones obtained from camels as “ox” gallstones, and
these could be obtained easily. This medical scholar went
on to state that more attention should be paid to this
because the effects of “false” ox gallstones were completely different medicinally from those of “true” ox
gallstones[54].
As in ancient times, ox gallstones are still a very
popular drug in China. There are more than 154 traditional Chinese herbal preparations containing this form
of calcium bilirubinate as an ingredient[4]. However, it is
very difficult to obtain natural ox gallstones in sufficient
quantities by collecting them from abattoirs. Since 1955,
Chinese scientists introduced a method for making artificial ox gallstones ex vivo employing fresh ox gallbladder
bile. Moreover, since 1980, Chinese scientists developed
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ANIMAL BILES USED THERAPEUTICALLY
IN JAPAN
Chronologically, as might be anticipated the first country to be influenced by the Asiatic spread of TCM was
Japan. Traditional Chinese medicine entered Japan during the Qin (221-206 BCE) and the Han (206 BCE to
25 CE) Dynasties[74-76]. Chinese herbs were readily collected, transplanted and cultivated. Many herbaria were
constructed in Japan, and books based on TCM were
translated into Japanese and published in Japan. An impetus to further progress was made by the dispersion of
Buddhism in Japan during the Sui (581-618 CE) and the
Tang (618-907 CE) dynasties. These Chinese dynasties
saw long uninterrupted periods of peace with marked
economical, political and cultural advancements. For example, Jian Zhen (688 to 763 CE) an illustrious Buddhist
monk and physician, was officially invited at age 55 at
the request of Japanese Monks to visit Japan to preach
Buddhism. In 753 CE, he brought hundreds of Chinese
medical books with him[77], established a charity clinic in
Kobe, a large city on the southern side of the main island
of Honshú, and taught TCM to Japanese physicians. After his death, he was subsequently venerated as a “saint”
and worshiped in Japanese temples. He was the author of
the Eminent Monk Jian Zhen’s Secret Remedies, which
was treasured in Japan as a highly innovative medical,
especially therapeutic, work. Seventy-three years after the
Newly-revised Materia Medica[78] was published in China,
this book was also introduced into Japan[74,76,79], and became an important reference book for Japanese scholars
researching Chinese materia medica. In fact, the Japanese
Government proclaimed that every scholar wishing to
take the governmental examination to become a practicing physician needed to study this book.
For example, the most detailed lore we have from
Japan concerning an animal bile was that of the Asiatic
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that contained a thin wall. The amount of this bile was
plentiful presumably because the animals were either hibernating or in a pre-hibernating stage, hence there was
minimal hormonal stimulus to gallbladder contraction. Its
color was brown-black with a glossy sheen. Additionally,
bear bile was further divided into two groups according
to the place of collection, bile from “hillock-bears” and
bile from “island-bears”. Hillock-bear bile was generally
from the Ishikawa district in northern Japan. It possessed
a pleasant sweet smell, and was labeled “high grade”.
Island-bear bile from Matumeezo district in the east of
Japan was “low-grade”, had a pronounced smell of raw
fish, mostly salmon, and therefore unpleasant to drink.

MODERN CHEMICAL RESEARCH ON THE
PRINCIPAL COMPONENTS OF ANIMAL
BILES WITH POTENTIAL MECHANISMS
UNDERLYING THEIR MEDICINAL
ACTIONS
Since 1900, modern medical research on animal biles
entered a new era. In 1900-1901, Danish and Swedish explorers led by Amdrup and Kolthoff respectively set out
to explore Greenland[81]. During the expeditions, teams
obtained gallbladders from polar bears (Thalarctos maritimus) and brought them back to Hammarsten’s laboratory
in Uppsala, Sweden. Hammarsten isolated an unknown
bile acid from polar bear bile, and named it ursocholeinic
acid (Ursocholeinsäure)[82,83]. Twenty-five years later, Shoda in Japan crystallized a “new” dihydroxy bile acid from
bile of presumably an Asiatic black bear (origin and species unspecified)[84], and renamed it ursodeoxycholic acid
(UDCA). In 1954, Kanazawa et al[85] succeeded in synthesizing UDCA from cholic acid. Shortly thereafter, UDCA
was introduced into the Japanese pharmacopoeia for
the therapy of a variety of hepatobiliary diseases. Over
subsequent years, the compositions of bile acids in vertebrates were investigated extensively[60,61,66,86-107]. In 1972,
American investigators at the Mayo Clinic reported that
long-term ingestion of chenodeoxycholic acid (CDCA)
by humans could desaturate bile with cholesterol and lead
to the dissolution of cholesterol gallstones[108]. Somewhat later, Japanese investigators also published similar
findings in gallstone patients receiving daily doses of
UDCA[109,110]. As a result, two purified bile acids, CDCA
and UDCA (Figure 1), originally isolated as extracts of
bird (goose) and mammalian (bear) biles, respectively[111],
were approved for treatment of cholesterol gallstones,
and in the case of UDCA for the early stages of several
chronic hepatic diseases[108-110,112-118]. These bile acids are
now prepared semi-synthetically from cholic acid by removal of the 12α OH group (CDCA) and epimerization
of the 7-OH group (UDCA).
Specifically, long-term administration of UDCA
to humans may or may not reduce biliary cholesterol
secretion, but it induces a phase transition in gallblad-

Figure 4 Three woodcuts from Pictures of the Famous Products of Mountain and Sea (Sankai Meizan Zue) illustrated by Shitomi Kangetsu (1747 to
1797 CE) and published in 1799 CE, showing how to catch a bear and harvest bear bile. Capturing a bear in a cave (top panel). Seizing a bear by killing
with a heavy crossbow (middle panel). Killing a bear with an axe (bottom panel).

black bear (Ursus Thibetanus) also known as the moonbear
or white-chested bear. Its range is wide in Asia, including
in the Honshú and Shikoku islands of Japan. The species can be very aggressive towards humans and Rudyard
Kipling described it as “the most bizarre of the Ursine
species.” In Japan, black bear’s bile, Fel Ursi[80], was classified into two groups, bile from summer-bears and bile
from winter-bears, according to the season of capturing
the bear (Figure 4). Summer-bear bile was described as
“high grade” being obtained from a gallbladder with a
thick wall that could be either transparent or opaque. The
amount of gallbladder bile obtained during the summer
from bears was not that plentiful, but was invariably clear
and always yellow-orange in color. It was also called “amber” gall and its quality was believed superior to that of
winter-bear bile, since it was scarce. The bile from winterbears obtained after August was found in a gallbladders
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ing applications for a number of chronic liver diseases
especially in their early stages and is considered safe in
pregnancy[118,121-126].
In addition, a unique property of all biles with high
phospholipid to bile acid ratios is that when diluted below the critical micellar concentrations of the bile acids,
biliary mixed micelles undergo a phase transition into
multilamellar liquid-crystals[132,133] composed principally of
biliary phospholipids and cholesterol with bilirubin conjugates attached via π-orbital OH interactions[21]. These
can serve as an “artificial skin” with antioxidant properties[64,133,134] for burns and wounds, a discovery made
in China during the Tang dynasty (618-907 CE). For
example, human, wild boar and domestic pig biles were
used topically to treat burn patients for more than one
thousand years in China. Recent clinical observations[135]
showed that human hepatic bile displays even better effects than pig bile, and dilute hepatic bile better than
concentrated gallbladder bile. Presumably, the reason for
this is when bile is diluted with an alcohol-H2O mixtures,
the dilute bile phase separates as lamellar liquid crystals,
in other words multilayered artificial membranes[133] composed principally of bile phospholipid/cholesterol and
bilirubin. When these are painted on burns and wounds,
it provides an “artificial skin” with antioxidant properties.
This occurs only when the bile salts present in the bile
are diluted below their critical micellar concentrations,
forming liquid crystals, e.g., lamellar liposomes or artificial lipid membranes composed of biliary phospholipid
and cholesterol that phase separate from the dilute bile
(Figure 5). Concomitantly, the minor components of bile,
including melatonin, bilirubin, vitamin E, zinc and selenium, together with alcohol, for external use, have antiinflammatory, anti-immune and antioxidant effects, all
salutary in the control of bacterial infection with respect
to burned skin surfaces[136-139].
Furthermore, calcium, a small hydrated divalent cation, moves freely from blood to bile via osmotic, solvent
drag and Gibbs-Donnan forces[140,141]. Bile acids are the
major calcium binding agents in bile and calcium binding
is augmented by biliary phosphatidylcholine[57], with consequent decreases in unbound calcium concentrations.
This diminishes the thermodynamic driving force for
precipitation of several calcium-sensitive anions especially those of CO32+, PO43+ and unconjugated bilirubin
as insoluble salts in bile[142-146]. Possibly for this reason, it
is notable that animal biles were a first line of “attack”
in TCM to dislodge fishbones stuck in the throat and
esophagus. This salutary effect was most likely by calcium
chelation and detergent softening of bones since the
prescribed therapy was prolonged and frequently successful[8]. Other beneficial roles of biliary lipids in general and
whole bile in particular, include inhibition of bacterial
and microbial growth and by exhibiting anti-inflammatory[42], antipyretic, sedative, hypnotic, anticonvulsant,
antispasmodic, analgesic, inotropic and antiallergic effects[16,46,47,69,73,129,131,135].
Gallbladder bile with concentrated levels of hydro-

Liquid crystalline biliary lipids

Human or horse bile
(diluted with wine)

Dilution

Dilution

Figure 5 When human, domestic pig, or wild boar gallbladder biles, all
with high phospholipid to bile acid ratios, are diluted progressively with
low concentrations of alcohol such as with wine, the bile acid concentration decreases below its critical micellar concentration in the bile, and the
specimen becomes cloudy from phase separation of previously micellar
solubilized phospholipids plus cholesterol. This occurs because liquid
crystals (lamellar liposomes) composed of phospholipids and cholesterol form
spontaneously in the dilute non-micellar bile and also have potent antioxidant
properties from bound bilirubin conjugate molecules. Such preparations were
employed as an artificial skin and were used widely in China to dress and cover
burns and battle wounds. See text for details.

der bile [119], and promotes physical-chemical (liquidcrystalline) dissolution of small cholesterol gallstones[109].
It was then discovered that UDCA might be efficacious
in treating primary biliary cirrhosis[120] and a number of
other chronic cholestatic liver diseases[118]. Since these
earlier studies, well-controlled clinical studies have confirmed the modest beneficial effects of UDCA in a broad
variety of cholestatic liver diseases, provided therapy is
initiated in their early stages, including primary biliary cirrhosis, primary sclerosing cholangitis, pediatric cholestatic
disorders, perhaps cystic fibrosis and drug-induced cholestasis[118,121-126]. It is believed that UDCA reduces biliary
“cytotoxicity” by replacing the more detergent and potent
endogenous dihydroxy bile acids such as deoxycholate
(DC) and chenodeoxycholate (CDC) conjugates within
the bile acid pool, principally by inhibiting their active
sodium-coupled absorption from the distal small intestine. UDCA therapy also promotes membrane insertion
of biliary lipid transporters at the level of the hepatocyte
canaliculus[127,128].
Furthermore, black bear bile per se has been advocated
for centuries to improve liver function and when compounded together with Chinese herbs, it was believed
highly effective in treating acute and chronic hepatitis,
toxic hepatitis, hepatic coma, acute and chronic gastritis,
and peptic ulcer, as well as in relieving the pain of gastric
and duodenal ulcers. In addition, there was experience of
its use for treating patients with coronary heart disease,
angina pectoris, glaucoma, hemorrhoids, and epilepsy[129].
Over the past twenty-five years, clinical, pharmacological, toxicological, and metabolic studies on both
CDCA and UDCA have appeared in increasing numbers[13,101,115,117,130,131]. Although today CDCA (Chenodiol)
has fallen into disuse because of its hepatotoxicity in
therapeutic doses, UDCA (Ursodiol) has enjoyed increas-
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phobic bile acids have powerful detergent-like actions
and can kill pathogenic organisms via cell membrane and
cell wall disruption[42]. Furthermore, gallbladder biles
with concentrated levels of hydrophilic bile acids such as
mouse and hibernating bear biles act as emollients with
softening, soothing, cleansing and mild antiseptic actions.
All biles have high levels of fat-soluble vitamins A, D, E
and K[147-149], whose dietary deficiencies in ancient times
lead to night blindness (nystalopia), infertility, childhood
rickets, hemorrhagic diathesis and osteopenia in adults.
As highlighted throughout our work, all biles that were
used in TCM possess small but potent levels of bilirubin
and infrequently biliverdin or varying combinations of
each. These agents are now known to have antipyretic,
antioxidant, anti-inflammatory, anti-immune, anti-atherogenic[134], and anti-oncogenic properties[150]. We have discussed in this article that when diluted below the critical
micellar concentration, the phospholipid (mostly phosphatidycholines and to a lesser extent sphingomyelins)
plus cholesterol of bile phase separate forming artificial
biomembranes[132,133] applicable for multiple purposes,
such as covering wounds, burns, and ulcers.
In addition, bile is an excretory conduit for multiple
rare metals which act as prosthetic groups or cofactors
for a host of metabolic processes[151]. They include magnesium, zinc, copper, selenium, calcium, and iron. And
finally, bile is the main excretory route for pineal and
extrapineal melatonin (N-acetyl-5-methoxytryptamine),
a potent free-radical scavenger, sedative and hypnotic[152].
Hence, not only did Chinese physicians know that the
best natural hypnotic was animal bile, but because of
the multifaceted free radical scavenging and antioxidant
properties of melatonin[153], bile is capable of detoxifying
a wide variety of free radicals and reactive oxygen intermediates. Melatonin also protects membrane lipids, lipidderived intermediates, nuclear DNA and many other molecules from oxidative damage in metabolism and hence
abates organ dysfunction[153]. Bile acids are now known to
have multiple effects on the activation of nuclear receptors and multiple signaling pathways in cells of the liver
and gastrointestinal tract. So whether expression levels
of numerous genes controlling fatty acid, glucose, lipoprotein and energy metabolism are behind many of their
heuristic actions is indeed possible. In like manner linear
tetrapyrroles in bile, besides their potent effect in scavenging reactant oxygen species, may also generate reactive
oxygen species through the action of NADPH oxidase
which is critical in signal transduction and defense against
pathogenic attack.
Besides bile acids and phospholipids, other components of bile were also employed as drugs in TCM. For
example, bilirubin (the principal lipopigment in bile) was
isolated in rural areas by adding lime (CaCO3) to ox bile
to induce its precipitation. The calcium salt was employed
in treatment of many diseases, particularly hyperpyrexiainduced infantile convulsions[8,9,12,70,112,154-156]. Even though
the concentration of bilirubins in bile is low, the gallstones that form in ox gallbladders are pigment stones
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composed of very pure calcium bilirubinate. When acidified and extracted into an organic solvent, these provided
pure unconjugated bilirubin. Accordingly, ox gallstones
have been employed for more than 2500 years in China
for procuring pure unconjugated bilirubin for multiple
therapeutic purposes[5]. Clinical studies and animal experiments have confirmed that the pharmacological effects
of bilirubin from natural or artificially produced ox gallstones[4] are similar and include antipyretic, anticonvulsive,
antihypertensive, bacterial growth inhibition, and expectorant, as well as inotropic effects on cardiac muscle[4,157].
As first introduced over 100 years ago in the West, ox
bile components, principally bile acids precipitated with
iron sulfate to form ferrous salts of bile acids knows as
“Bilron” have also been shown to be effective in treating
patients with steatorrhea due to bile acid deficiency especially following ileectomy for Crohn’s disease[158,159].

CONCLUSION
Even though forty-four animal biles (including human
bile) have been used as highly popular drugs for more
than 2500 years in TCM, only pig, ox and bear biles are
extensively employed in China today. Modern physiological, physical-chemical, molecular biological and nuclear
receptor regulation, as well as homeostatic research on
bile acid and bilirubin metabolism in animal and model
biles have provided important insights on the possible
pharmacological mechanisms involved the mode of
action of various animal biles. These underscore the
success of the heuristic methods used for millennia in
TCM[134,160-162]. Furthermore, over the past two decades it
has been discovered that bile acids are potent regulatory
molecules and do so via activation of specific nuclear
receptors, a G-coupled protein receptor and several cell
signaling pathways within the gastrointestinal tract and
liver[20,162-165]. The activation and repression of genes encoding enzymes, other proteins and transporters by bile
acids all show that they are involved in the regulation of
bile acid, glucose, fatty acid and cholesterol synthesis,
transport and metabolism, as well as triglyceride homeostasis and nutrient signaling that controls the utilization of energy[162]. Therefore, this review may stimulate
systematic chemical and medicinal investigations with
respect to the common and uncommon components of
animal biles. It is our hope that the physiological functions and therapeutic mechanisms discovered in China
heuristically over thousands of years may be further extended by modern chemical and pharmacological insights
and methodologies.
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Abstract

INTRODUCTION

Endoscopic ultrasound (EUS) is an important part of
modern gastrointestinal endoscopy and now has an
integral role in the diagnostic evaluation of pancreatic diseases. Furthermore, as EUS technology has
advanced, it has increasingly become a therapeutic
procedure, and the prospect of multiple applications of
interventional EUS for the pancreas is truly on the near
horizon. However, this review focuses on the established diagnostic and therapeutic roles of EUS that are
used in current clinical practice. In particular, the diagnostic evaluation of acute pancreatitis, chronic pancreatitis, cystic pancreatic lesions and solid masses of the
pancreas are discussed. The newer enhanced imaging
modalities of elastography and contrast enhancement
are evaluated in this context. The main therapeutic
aspects of pancreatic EUS are then considered, namely
celiac plexus block and celiac plexus neurolysis for pain
control in chronic pancreatitis and pancreas cancer, and
EUS-guided drainage of pancreatic fluid collections.

Endoscopic ultrasound (EUS) is an important technology with many established applications that has become
a necessary component of any referral center endoscopy
unit. In particular, EUS has emerged as an integral component in the evaluation of the pancreas, both from a
diagnostic and an increasingly therapeutic perspective.
In both respects, innovations continue to expand the capabilities of EUS and push the boundaries of its indications (Table 1). In this review, the current diagnostic and
therapeutic aspects of EUS with respect to pancreatic
diseases will be explored. Emerging imaging technologies and interventional applications of EUS that remain
experimental and not yet ready for clinical practice are
beyond the scope of this paper and will not be discussed.

DIAGNOSTIC EUS
Acute pancreatitis
The diagnosis of acute pancreatitis should be evident
from clinical and biochemical parameters and EUS is

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Table 1 Roles of endoscopic ultrasound in pancreatic diseases
Diagnostic

Therapeutic

Applications under
investigation

Acute biliary
pancreatitis
Chronic pancreatitis

CPB/CPN

Biliary access and drainage

Pseudocyst
drainage
Necrosectomy for
WON

Pancreas duct access

Solid masses
Cystic lesions

Table 2 Endoscopic ultrasound criteria for diagnosis of
chronic pancreatitis

Cyst ablation
Fiducial marking in tumors
Local tumor injection therapy
or ablation
3-dimensional EUS
nCLE
Pancreatic cystoscopy

Ductal features

Hyperechoic foci
Hyperechoic strands
Lobularity
Cysts

Calcification
Main PD dilation
Dilated side branches
Hyperechoic PD margins
Irregular PD contour

PD: Pancreatic duct.

agnosis of chronic pancreatitis[16]. The EUS criteria are
based on nine parenchymal and ductal features (Table 2),
with the detection of ≥ 5 features typically considered
diagnostic[17-19], while some studies suggest that 4 features
are sufficient to make the diagnosis[20]. The clinical relevance of the presence of fewer features remains unclear
and no clear correlation with early chronic pancreatitis
has been confirmed. In fact, as imaging technology has
advanced, there is concern that EUS may now be overly
sensitive to the identification of subtle abnormalities in
the pancreas in patients without any clinical pancreatic
disease. Recently, the Rosemont classification scheme
was proposed by a meeting of experts that divided the
EUS features (Figure 1) into major and minor criteria and
increased the stringency of each criterion[21]. In addition,
it provided graded levels of the likelihood of chronic
pancreatitis, compared to the all-or-nothing stratification
of older schemes. However, the Rosemont classification
was never validated and has not been shown to improve
interobserver agreement among endosonographers compared to the traditional scoring system[22-24]. Thus, the
ideal classification scheme remains undefined and uncertainty remains about how exactly EUS should be used to
make this diagnosis. In addition, while EUS can clearly
discriminate between patients with advanced chronic
pancreatitis and those with a normal pancreas, it is unclear how well current criteria can differentiate patients
with early chronic pancreatitis from those who have no
clinical disease.
Recently, the image enhancement technique of elastography has been used to help improve the diagnostic
capabilities of EUS for chronic pancreatitis. Elastography
is a technology available with Pentax echoendoscopes
(Pentax Inc.; Tokyo, Japan) and Hitachi processors (Hitachi Inc.; Tokyo, Japan) that measures the relative stiffness of tissues based on deformation or “strain” caused
by compression, which is presented as a color scheme
that is superimposed on the standard B-mode image[25].
Initially, elastography was a purely subjective technique
that relied on the interpretation of relative color patterns,
and was limited by inconsistent results and concerns over
its operator dependence[26,27]. However, newer methods
of quantitative elastography have demonstrated promising early results that may aid the diagnosis of chronic
pancreatitis by EUS. One such quantitative method is the
strain ratio, which measures the strain in a reference area
relative to that in the area of interest (both of which are

CPB: Celiac plexus block; CPN: Celiac plexus neurolysis; EUS: Endoscopic
ultrasound; nCLE: Needle-based confocal laser endomicroscopy; WON:
Walled-off necrosis.

not necessary for this purpose. Furthermore, EUS does
not have proven utility in the assessment of the severity
of acute pancreatitis, for which clinical scoring systems[1]
and computed tomography (CT)[2] have established roles.
However, EUS may be useful in confirming the biliary
origin of acute pancreatitis when in doubt, and more
commonly, for determining the need for endoscopic
retrograde cholangiopancreatography (ERCP) when the
likelihood of persistent choledocholithiasis is deemed to
be low or moderate probablility. EUS has high 94% sensitivity and 95% specificity for the detection of common
bile duct stones[3], and is superior to transabdominal ultrasound, CT and magnetic resonance cholangiopancreatography (MRCP), with MRCP being inferior for small
stones in particular[4-6]. In fact, EUS has a greater than
95% negative predictive value for choledocholithiasis[7].
For this reason, patients with acute biliary pancreatitis
who have a normal EUS can avoid the need for ERCP,
and thus the risk of post-ERCP pancreatitis or other
complications. In this context, performing EUS prior to
ERCP has been shown to decrease the need for ERCP
by nearly 70%, while significantly reducing the overall
risk of complications (relative risk 0.35) and of postERCP pancreatitis (relative risk 0.21)[8,9]. EUS may also
be beneficial in the evaluation of patients with recurrent
idiopathic acute pancreatitis, particularly for the exclusion
of structural anomalies such as cystic or solid pancreatic
neoplasms obstructing the main pancreatic duct (PD), PD
strictures, ampullary tumors, annular pancreas and pancreas divisum[10]. While similar information can be obtained
by MRCP, secretin stimulation is probably necessary for
MRCP to achieve a high level of accuracy for pancreas divisum[11,12], although doubts remain about the reliability of
EUS for making this diagnosis as well[13]. Finally, when autoimmune pancreatitis is suspected, EUS can demonstrate
characteristic imaging patterns and enables histologic tissue biopsies to confirm the diagnosis[14,15].
Chronic pancreatitis
EUS is a well-established and accepted test for the di-
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Figure 1 Endoscopic ultrasound features of chronic pancreatitis. A: Calcification; B: Pancreatic duct (PD) stone; C: PD dilation; D: Lobularity.

manually selected), reflected as a numerical score[28]. A
recent Spanish study prospectively examined 191 patients
with known chronic pancreatitis or unexplained epigastric abdominal pain using quantitative EUS elastography,
measuring the strain ratio in the head, body and tail of
the pancreas, as well as standard EUS criteria for chronic
pancreatitis and the Rosemont classification[29]. Patients
who had ≥ 5 EUS criteria were considered to have a positive diagnosis of chronic pancreatitis whereas those with
≤ 2 EUS criteria were considered negative. Patients with
inconclusive EUS findings, defined as the presence of 3
or 4 criteria, then underwent secretin-stimulated MRCP
and contrast-enhanced pancreas MRI to further confirm
or refute the suspicion of chronic pancreatitis. In all regions of the pancreas, the strain ratio was significantly
higher in patients with chronic pancreatitis compared to
those without, with a strain ratio cut-off of ≥ 2.25 diagnosing chronic pancreatitis with 91% accuracy. Furthermore, a direct linear correlation was found between the
strain ratio and the number of EUS criteria seen, while
the strain ratio differed significantly between the different
Rosemont classification groups. This study is interesting
because it suggests the possibility of using EUS elastography to quantify the severity of pancreatic fibrosis, which
potentially could then be used to follow the progression
of the disease over time. In addition, of the 92 patients in
this study[29] who had chronic pancreatitis, 22 had inconclusive results based on the presence of only 3 or 4 EUS
criteria and needed additional MRI studies to confirm the
diagnosis. Of these 22 patients, 17 had a mean strain ratio
greater than 2.25 and would have been correctly identified
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by means of EUS elastography alone. Thus, quantitative
elastography has the potential to improve the diagnostic
capabilities of EUS for chronic pancreatitis, particularly
for early or less severe stages of the disease for which
current EUS criteria have been inadequate. However,
this study was performed at a leading EUS centre by an
expert in elastrography and it remains to be seen whether
similar results can be consistently replicated.
Pancreatic cysts
With significant improvements in cross-sectional abdominal imaging, pancreatic cysts are being increasingly
identified not only in patients being investigated for nonspecific abdominal complaints but also in those undergoing investigations for other unrelated reasons. In recent
studies, the prevalence of incidental pancreatic cysts in
patients undergoing cross-sectional abdominal imaging
was 2.4%-13.6%[30-32]. Pancreatic cysts are categorized
into non-neoplastic cysts and cystic neoplasms. Non-neoplastic cysts include the rare true simple cysts, retention
cysts and lymphoepithelial cysts, or the more common
inflammatory cysts (pseudocysts) and serous cystadenomas. There is no known risk of malignant transformation
of cysts in this category. On the other hand, cystic neoplasms include mucinous cyst neoplasms (MCN), intraductal papillary mucinous neoplasms (IPMN) and solid
pseudo papillary neoplasms (SPN). Based on morphologic criteria, IPMN are categorized into main duct (MDIPMN) and branch duct (BD-IPMN) subtypes. Also,
based on the presence and degree of dysplasia, MCN and
IPMN are further divided into low-grade dysplasia, high-
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grade dysplasia and adenocarcinoma subcategories[33].
The malignant potential of cystic neoplasms varies based
on the histological type. A recent surgical series of 163
patients with MCN reported an 18% risk of malignant
transformation[34]. MD-IPMN has the highest malignant
potential ranging from 57%-92% in various series whereas the risk for BD-IPMN is < 20%[35-37]. SPN are rare,
low-grade malignant tumors with excellent prognosis
after surgical resection[38]. However, given that these are
all surgical studies, there is likely substantial selection bias
that results in an overestimation of the true risk of malignant transformation for patients with cystic neoplasms
being followed as part of surveillance protocols[39].
Pancreatic cysts have characteristic imaging features,
which means EUS is ideally suited for their evaluation.
However, a study from expert EUS centers only achieved
51% accuracy for the correct prediction of cyst diagnosis based on echosonographic features alone[40]. For this
reason, EUS-guided fine needle aspiration (EUS-FNA)
has formed the cornerstone of the diagnosis of pancreatic cysts, with analysis of cyst fluid markers such as
carcinoembryonic antigen (CEA) and amylase helping to
discriminate mucinous from non-mucinous lesions, and to
confirm communication with the pancreatic duct[41]. Traditionally, a cut-off of a CEA greater than 192 ng/mL has
been used to predict the likelihood of mucinous cyst lesion[40], but this threshold is neither sensitive nor specific
and so only CEA values that are very low (non-mucinous)
or very high (mucinous) are truly helpful. The assessment
of cystic pancreatic lesions by EUS is made more challenging by the fact that FNA rarely yields diagnostic cytology. In a prospective study of 143 consecutive patients
undergoing EUS at two leading tertiary referral centers
in The Netherlands, adequate cellular material to enable
cytology was present in only 31% of cases[42]. Even more
sobering was that sufficient cyst fluid for biochemical
analysis was present in only half of cases. Because of the
limitations of traditional cyst fluid analysis, considerable
research efforts have focused on genetic markers such
as DNA analysis, allelic loss analysis and K-ras mutation
with some promise[43], but are not yet ready for clinical
application.
One challenge for endosonographers who follow patients with cystic pancreatic neoplasms is to know which
patients should be sent to surgery and which patients can
be safely followed, and to know how frequently and by
what method that follow-up should occur. Fortunately,
international consensus guidelines for the management
of IPMN and MCN have recently been updated[44]. Accordingly, all surgically fit patients with MCN or MDIPMN should undergo surgery, as well as surgically fit
patients with BD-IPMN and “high risk stigmata” such
as obstructive jaundice, an enhancing solid component
within the cyst, or a main PD ≥ 10 mm. Patients with
BD-IPMN but without high risk stigmata are instead
followed closely for the development of “worrisome
features,” which include cyst size ≥ 3 cm, main PD 5-9
mm, thickened/enhancing cyst walls, a mural nodule,
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and an abrupt change in the caliber of the PD with distal
pancreatic atrophy. Thus, the main role for EUS is to assist in the initial diagnosis of a cyst neoplasm and then to
watch for the development of “worrisome features” in
subsequent surveillance that is often done in combination
with MRI. To this end, an interesting meta-analysis was
recently performed that sought to determine the risk of
malignancy that is associated with each of these different
features[45]. They determined that the OR for malignancy
were: cyst size ≥ 3 cm (OR = 62), mural nodule (OR
= 9.3), dilated main PD ≥ 6 mm (OR = 7.3), and MDIPMN vs BD-IPMN (OR = 4.7). This is particularly interesting since cyst size is no longer considered an absolute
criterion for surgery in the new guidelines[44] but carried
the highest risk of malignancy in this study[45]. However,
another study that followed elderly patients who met criteria for resection but declined surgery demonstrated that
most patients with BD-IPMN with lesions ≥ 3 cm had
a good outcome over long-term follow-up, suggesting
that a conservative approach may be reasonable in certain
circumstances. Nevertheless, cystic neoplasms larger than
2 cm need to be monitored closely, often using a combination of both EUS and MRI. Recently, considerable
interest has been placed on methods for EUS-guided cyst
ablation[46], but this remains experimental and under ongoing development.
Pancreas masses
EUS has a high sensitivity and specificity for the detection of focal masses in the pancreas, and has greater
sensitivity and accuracy compared to CT, especially for
smaller lesions < 3 cm[47]. Thus, it is particularly useful
for the diagnosis and staging of pancreas cancer[48]. In
addition, EUS has a high negative predictive value and
can reliably exclude pancreatic tumors[49]. Yet, it is the
ability of EUS to enable tissue biopsies of pancreatic lesions via FNA that makes it such an appealing test. EUSFNA is a well-established, safe, and effective technique
to confirm the diagnosis of pancreas cancer, neuroendocrine tumors and other neoplasms in the pancreas[50-56].
However, EUS-FNA does have its limitations, including
significantly reduced sensitivity of only 54%-73% in the
setting of chronic pancreatitis compared to 85%-91%
without chronic pancreatitis[57,58]. To optimize the technical performance of EUS-FNA, much research has focused on improving the needle design as well as improving the FNA technique. Numerous studies have sought
to determine the preferred needle size for pancreatic
biopsies, since different 19-gauge (G), 22 G and 25 G
needles exist. A recent meta-analysis that examined 8
studies that directly compared 25 G and 22 G needles for
FNA of pancreatic mass lesions in 1292 patients found
that 25 G needles had a higher sensitivity (93% vs 85%,
P = 0.0003) but comparable specificity (97% vs 100%,
P = 0.97) to 22 G needles[59]. In a separate study that
developed an algorithm for needle selection, technical
performance of FNA was optimized when 25 G needles
were used for transduodenal biopsies and when 22 G
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needles were used for other biopsy locations[60]. Other
studies have considered whether negative pressure applied by suction helps or hinders biopsy results. Suction
increases cellular yield but also increases the likelihood
of bloody contamination. Therefore, whether or not to
use suction remains the source of considerable debate.
Some studies have found that increased suction compromises specimen quality and is only required if initially
biopsy passes do not obtain a sample[61]. However, other
studies have found that use of suction improves the diagnostic yield[62]. A recently proposed alternative involves
creating slight negative pressure by slowly pulling back
the stylet timed with the to-and-fro movements of the
needle during the biopsy, termed the “capillary suction”
technique, which has quickly become a popular method
when performing FNA of solid pancreatic lesions[63]. In
addition, “fanning” of the needle by moving it in multiple trajectories through different parts of a lesion rather
than back-and-forth along the same needle track further
enhances the biopsy technique[64]. While it is clear that the
presence of an on-site cytopathologist greatly enhances
the success and diagnostic yield from EUS-FNA[65-67],
most centers cannot afford this luxury and therefore, 6
to 7 passes have been considered necessary to optimize
diagnostic yield for pancreatic masses[68,69]. The desire to
reliably obtain a sufficient sample with fewer passes in
the absence of a cytopathologist was one of the motivating factors behind the creation of a new core biopsy
needle (ProCore; Cook Medical, Bloomington, Indiana)
that was designed to obtain material for both cytology
and histology. In so doing, this core needle would also
enable histological analysis that is considered crucial for
the diagnosis of certain conditions such as autoimmune
pancreatitis and gastrointestinal stromal tumors. The initial study reported excellent outcomes using the 19-gauge
ProCore needle, with histology obtained in 89% of cases
and a sensitivity, specificity and diagnostic accuracy of
90%, 100% and 93%[70]. Use of this larger needle for
transduodenal FNA of lesions in the head of the pancreas or uncinate process remained technically challenging
due to difficulty using the needle in the long position and
with acute angulation of the echoendoscope, and so 22
G and 25 G versions of the ProCore needle have since
been developed. However, it remains to be seen whether
the smaller versions of this core biopsy needle will prove
to be superior to conventional FNA needles of the same
size, or even if they are more likely to obtain sufficient
tissue for histology. In fact, a recent study that used both
the new 22 G ProCore needle and a conventional 22 G
FNA needle to biopsy the same lesion in 144 patients,
with randomization to needle sequence, found that there
was no difference between the core and conventional
needles in terms of high quality tissue core (69% vs 66%),
sample adequacy for histologic analysis (86% vs 88%), or
correct diagnosis verified on follow-up (79% vs 81%), although the core needle required fewer passes on average
to obtain adequate tissue[71]. Furthermore, a study of the
25 G ProCore needle in which biopsy specimens were
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sent for both cytology and histology showed that most
of the diagnostic information from this core needle was
actually provided by the cytological analysis[72]. The cumulative sensitivity of the results from histology compared
to cytology was 63% vs 83% after the first pass and 87%
vs 96% after the fourth pass, with a combined sensitivity
of both histology and cytology (96%) no better than the
sensitivity of cytology alone (96%) after 4 passes. In fact,
while the expert endoscopist who conducted this study
believed that a core sample was visible in 92% of cases,
a true histologic core was only present 32% of the time.
Thus, it has not yet been proven that the new 22- and 25
G ProCore needles confer a clinical advantage that justifies their increased cost compared to conventional FNA
needles. Finally, while excellent results have been obtained
using the larger 19 G ProCore needle, previous work
has demonstrated that sufficient samples for histology
can be obtained in 97% of cases using a conventional
19 G FNA needle[73]. This means that in situations such
as autoimmune pancreatitis where histological analysis is
mandatory and for which the new core biopsy needles
have been advocated, it is possible that a conventional 19
G FNA needle may suffice. Clearly, further work is necessary to clarify the optimal needle type and method for
biopsy of pancreas masses. Ultimately, there is unlikely to
be a unifying answer, but rather a tailored approach that
modifies the type and size of needle, as well as needle
biopsy technique based upon the location, vascularity, extent of fibrosis, and suspected etiology of a given lesion.
To further aid in the evaluation of pancreatic masses,
enhanced imaging techniques such as elastography and
contrast-enhanced EUS have been recently studied, although neither has yet to become an established part of
widespread clinical practice. As discussed earlier, elastography measures the relative stiffness of tissues based
on their resistance to compression, producing a color
pattern that is superimposed onto the standard B-mode
ultrasound image. Early studies using qualitative elastography demonstrated great promise using color patterns to
predict benign from malignant status of lesions that were
subsequently verified on biopsy or surgery, achieving sensitivities, specificities and diagnostic accuracies of 92%,
81%, and 89% and 100%, 86%, and 94% respectively, as
well as substantial interobserver agreement with kappa
scores of 0.79 and 0.77[74,75]. However, other studies
have produced disappointing results, yielding sensitivity,
specificity and accuracy as low as 41%, 53% and 45%[27].
This inconsistency in the results has led to criticisms
that qualitative elastography is too subjective and overly
operator-dependent, which provided the impetus for the
development of quantitative elastography. The previously described strain ratio is the most widely studied
quantitative method and it has been shown to accurately
discriminate between normal pancreas (lowest strain ratio), inflammatory masses, pancreas adenocarcinoma and
neuroendocrine tumors (highest strain ratio)[25]. However,
while the patterns are consistent within a given study, the
actual strain ratio values overlap considerably between
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Figure 2 Pancreatic neuroendocrine tumor. A: Appearing as a hypoechoic lesion prior to the administration of contrast; B: Demonstrating hyperenhancement after
contrast injection with Sonovue.

studies. For instance, in one study from Spain[28], the
mean strain ratio was 3.3 for inflammatory masses and
18.1 for pancreas cancer, but in a study from Japan[76] the
mean strain ratio was 23.7 for inflammatory masses and
39.1 for pancreas cancer. Thus, the broader meaning of
any particular strain ratio does not seem to apply outside
of a given study population, which once again must call
into question the operator-dependent nature of this technology and its lack of generalizability. That said, more
rigorous quantitative methods based on postprocessing
computer analysis to generate a numerical scale of firmness referred to as hue-histograms[77], or using artificial
neural networks[78], continue to be developed and hold
the promise of more objectively rated quantitative scoring with elastography. A recent meta-analysis has sought
to provide some clarity on the usefulness of EUS elastography for the characterization of pancreatic masses
by synthesizing the data from available studies, including both qualitative and quantitative techniques[79]. The
pooled sensitivity, specificity, odds ratio for distinguishing
benign from malignant masses, and area under the receiver operator curve (AUROC) for 13 studies involving
1044 patients was 95%, 67%, 42.3 and 0.90. Thus, while
elastography has a high sensitivity that may be useful in
the detection of tumors, its limited specificity means that
FNA remains necessary to confirm any suspected diagnosis, and so at least for the foreseeable future, this technology must only complement rather than replace tissue
biopsy.
Contrast enhanced EUS offers similar promise to aid
in the diagnosis of pancreatic mass lesions, while facing many of the same limitations as elastography. The
technique has been usefully integrated into the practice
of transabdominal ultrasound[80], particularly for lesions
in the liver, and the same principles apply for its use with
EUS. The contrast agents consist of microbubbles composed of an inert gas surrounded by a lipid membrane
that is administered intravenously to characterize flow
within blood vessels[81]. The first generation of contrast
enhanced EUS relied on Doppler signaling, which created significant artifacts and had limited usefulness[82].
However, with the advent of second generation contrast
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agents and advances in echoendoscope capabilities, the
newer technique of contrast-enhanced harmonic EUS
(CEH-EUS) can depict vessels with high resolution while
detecting microbubbles within the microvasculature,
thereby demonstrating tissue perfusion[83]. It is this capability of illustrating areas of relative tissue perfusion
within the pancreas that is beneficial for the diagnosis
of pancreas masses. In most cases, pancreas adenocarcinoma has a hypovascular appearance, often with an
irregular network of vessels. In contrast, benign nodules
arising within chronic pancreatitis are typically isovascular to the rest of the pancreas, whereas neuroendocrine
tumors are characteristically hypervascular (Figure 2)[84-86].
In addition, CEH-EUS may help localize a mass lesion
within the pancreas that is suspected on cross-sectional
imaging but not initially visualized on EUS, can improve
the staging of pancreatic cancers with respect to vascular
involvement, and may help guide the target of biopsies
within a particular lesion when performing FNA[87].
The early data regarding the use of CEH-EUS for
pancreas masses has been promising. In a study from
France, the diagnostic acumen of CEH-EUS was compared to the results of FNA in 35 patients presenting
with a solid pancreatic mass, with the final diagnosis determined from surgical pathology or long-term clinical
follow-up[85]. The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV) and accuracy of CEH-EUS was 89%, 88%, 89%, 88% and 89%
compared to 72%, 100%, 100%, 77% and 86% for FNA
with respect to pancreas adenocarcinoma. Thus, CEHEUS significantly improved both the sensitivity and NPV
compared to EUS-FNA, which was particularly true
when all pancreatic masses (and not just adenocarcinoma)
were considered, in which case FNA had a NPV of only
54%. In fact, of 5 pancreas cancers that had negative
FNA, 4 were correctly characterized by their hypo-enhancing patterns on CEH-EUS. However, there is insufficient specificity to consider using contrast enhancement
patterns as a diagnostic method to replace tissue biopsy.
Since then, several additional studies have been published
demonstrating sensitivities and specificities for CEH-EUS
in similar ranges between 90%-96% and 64%-89%[84,86].
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A recent meta-analysis has summarized the results from
1139 patients, and has found a pooled sensitivity, specificity and AUROC of 94%, 89% and 0.97 for the diagnosis
of pancreas adenocarcinoma[88]. However, while these
data appear extremely promising, CEH-EUS has been
criticized for being unduly subjective with regards to the
interpretation of contrast enhancement patterns, in a
manner similar to qualitative elastography. Novel efforts
to quantify the extent of contrast enhancement using
computer software to generate time intensity curves offers a more objective measurement system and perhaps
will prove to be a more reliable method, although this is
yet to be determined[89,90]. Currently, the main clinical role
of CEH-EUS is to strengthen the diagnostic interpretation of FNA, particularly when a biopsy is negative. For
instance, when a pancreatic mass has a hypoenhancing
contrast pattern that is characteristic of adenocarcinoma
but a negative FNA, it would provide further argument
for the need to repeat the biopsy. On the other hand, if
there was an isoenhancing contrast pattern more typical
of a benign lesion, a negative FNA could be accepted
with greater confidence. Nonetheless, the true role of
CEH-EUS in clinical practice, if any, requires further
study and remains unclear. In any event, a major limiting
factor for the widespread adoption of this technology is
the lack of availability of the contrast agents themselves
in the United States and many other countries outside of
Europe and Asia due to lack of regulatory approval.

with chronic pain from pancreatic malignancy where
73%-85% demonstrated a significant response. CPB has
not proven to be as effective for patients with abdominal
pain from chronic pancreatitis, where the response rate is
only 51%-60%. The reasons for this variation in benefit
are unclear but may include different mechanisms of pain
causation and characteristics of the underlying patient
population itself.
EUS-guided CPB/CPN is performed using a linear
echoendoscope via a trans-gastric approach from the
proximal stomach. The celiac plexus is a conglomerate
of nerve plexi wrapped around the origin of the celiac
artery. A local anesthetic (typically bupivacaine) is injected
alone for CPB whereas the combination of anesthetic
and neurolytic agent (usually 100% ethanol) is injected
for CPN using a FNA needle positioned in the angle
between the celiac artery and the abdominal aorta. Single
midline injection in the angle has been compared with
injection to either side of this angle. A superior response
was observed using the bilateral injection technique with
a mean pain reduction of 70% compared with 46%, respectively (P = 0.002)[98]. Since the outcomes with CPB/
CPN have remained less than optimal, there has been a
recent shift toward directly targeting the celiac ganglia
instead of the celiac plexus. Levy et al[99] first reported the
endosonographic visualization of the celiac ganglia in
2006. Since then, other investigators have been successful in visualizing the celiac ganglia in a significant number
of their patients. A recent randomized, controlled trial
demonstrated a significant improvement in both the
partial and complete response rates in patients with pain
from abdominal cancer undergoing celiac ganglia neurolysis (CGN) compared with CPN (74% vs 46%, P =
0.026)[100]. It has also been recently suggested that earlier
performance of CPN for patients with inoperable pancreas cancer may be preferable by reducing their need for,
and mitigate some of the consequences of, increasing
narcotic analgesic usage[101]. However, additional studies
are required to verify all these recent findings. In summary, EUS-guided CPN and CGN are safe procedures
with minimal side effects that provide significant benefit
for chronic abdominal pain due to pancreatic cancer, but
have more limited benefit in patients with chronic pancreatitis.

THERAPEUTIC EUS
Celiac plexus block and neurolysis
Chronic abdominal pain arising from locally invasive
pancreatic cancer or from chronic pancreatitis has a considerable negative impact on quality of life. A significant
proportion of this patient population requires narcotic
analgesia, mostly in escalating doses, which may result
in systemic consequences and dependency[91,92]. In an effort to decrease the requirement for narcotic analgesics,
attempts have been made to interrupt the transmission
of pain signals through the celiac plexus. Traditional
methods of performing celiac plexus block (CPB) for
chronic pancreatitis and/or celiac plexus neurolysis
(CPN) for pancreas cancer involved a variety of different
percutaneous approaches from the para-spinal region,
most of which involved a blind needle puncture guided
by CT scan measurements[93,94]. In contrast, CPB/CPN
performed under the guidance of EUS can be effectively
performed as a safe day procedure. The first report of
EUS-guided CPB/CPN was by Wiersema et al[95]. Since
then, there have been numerous studies demonstrating the benefit of the EUS-guided approach that have
been summarized by two recent meta-analyses[96,97]. The
included studies have significant heterogeneity in terms
of the definitions of what is considered a positive response to therapy, but in most cases the aim has been a
reduction in the daily usage of narcotic analgesia. Most
benefit has clearly been observed with CPN for patients
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Drainage of pancreatic fluid collections
The management of pancreatic fluid collections (PFC),
including both pseudocysts and walled-off necrosis
(WON), is a complicated topic that has been discussed
in detail by recent reviews and guideline statements[102,103],
which increasingly falls within the purview of EUS and
interventional endoscopy. While the traditional management of PFC was open surgery, consensus has emerged
in recent years focusing on a more conservative approach,
delaying or avoiding invasive procedures where possible
and favoring minimally invasive or endoscopic methods
when such interventions are necessary[103]. Furthermore,
distinguishing the different types of PFC is now recog-
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A

B

Figure 3 Pancreatic fluid collection. A: Internal debris; B: Fine needle aspiration using 19 guage needle.

nized as important since this has an important impact
on the therapeutic approach and expected outcomes[104].
In the revised Atlanta classification of acute pancreatitis, PFC are now divided into acute fluid collections and
acute necrotic collections when occurring less than 4 wk
from an attack of acute interstitial pancreatitis and acute
necrotizing pancreatitis respectively, and are considered
pseudocysts when more than 4 wk after an episode of
interstitial pancreatitis, have an encapsulated wall and no
internal debris, and are considered WON when more
than 4 wk from an episode of necrotizing pancreatitis,
have an encapsulated wall and contain internal debris[105].
Most PFC will resolve on their own, which means that
intervention is only required when pseudocysts or WON
are symptomatic, typically because of persistent abdominal pain, luminal or biliary compression, or most importantly, infection[106]. Endoscopic strategies for the drainage
of PFC have been used for over 2 decades[107] and have
evolved from a direct endoscopic approach dependent
upon visualization of a large bulge into the lumen created
by the PFC, to an EUS-guided approach that appears to
be safer and more effective[108-110], and is increasingly considered standard-of-care[103]. There are many variations of
the technique, but the principle involves combining endoscopic, EUS, and fluoroscopic imaging to facilitate the
creation of a transgastric or transduodenal fistulous tract
into the encapsulated PFC, through which stents (plastic
pigtail or covered metal) are placed to maintain the patency of the cyst-gastrostomy or cyst-duodenostomy tract to
enable ongoing drainage. The basic steps are as follows: (1)
Delay intervention for at least 4 wk until PFC has become
encapsulated and adherent to the gastric or duodenal
wall; (2) Perform recent cross-sectional imaging (CT or
MRI) to provide “road map” for drainage procedure and
to help differentiate a pseudocyst from WON (however
internal debris within the PFC is sometimes only seen on
EUS when not previously detected by other imaging modalities). Also helpful for excluding a possible pseudoaneurysm; (3) The procedure should be performed with
peri-procedural antibiotics, use of CO2 insufflation to
avoid rare risk of air embolism, and endotracheal intubation to avoid aspiration risk; (4) The PFC is carefully examined under EUS to determine the optimal location for
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cyst puncture and to verify that the PFC is adherent to the
luminal wall (i.e., they move synchronously) and is located
within reasonably proximity (< 10-20 mm) to the luminal
wall (Figure 3A); (5) Doppler imaging is used to verify
the absence of intervening vessels (such as varices from
splenic vein thrombosis) or a pseudoaneurysm communicating with the PFC; (6) EUS-FNA is performed using
a 19 G needle. Fluid is aspirated to give a gross sense of
the nature of the PFC (i.e., does it appear as clear liquid
consistent with pseudocyst, thick, murky fluid consistent
with WON, or purulent fluid suggestive of infection?)
and is sent off for cyst fluid analysis to confirm that the
PFC is truly secondary to pancreatitis and not a primary
cyst neoplasm (Figure 3B); (7) Contrast may be injected
via the FNA needle to delineate the dimensions of the
PFC. A soft tip guide wire is then inserted under fluoroscopic guidance and should be seen to coil within the
PFC, demonstrating adequate guide wire advancement;
(8) The fistula tract is then enlarged by advancement of a
balloon dilator over the wire and into the PFC. Occasionally it is difficult to advance the balloon catheter through
the gastric or duodenal wall, in which case the needle tract
needs to first be enlarged by passing a Soehendra stent
retriever or by using electrocautery with a needle-knife
device or cystotome over the wire. Once this is done, the
balloon dilator will pass easily over the wire into the cyst;
(9) Balloon dilation and placement of stents: For pseudocysts: balloon dilation to 10 mm, followed by placement
of 2 plastic pigtail stents (usually 7 Fr or 8.5 Fr) over a
wire across the dilated fistula tract. For WON: progressive
balloon dilation to 18-20 mm, followed by placement of 2
plastic pigtail stents (7 or 8.5 Fr and 10 Fr) or a fully-covered, self-expanding metal stent, and then placement of
a naso-cystic tube for intermittent flushing of the WON
collection. For WON, direct endoscopic necrosectomy is
performed by inserting a gastroscope into the collection
via the dilated cyst-gastrostomy or cyst-duodenostomy
tract, followed by careful debridement of the necrotic
contents (Figure 4); and (10) The ideal duration of transluminal stent placement remains unclear and is the source
of ongoing debate. At a minimum, the stents should be
left in place until repeat imaging demonstrates complete
resolution of the PFC, although in some cases the stents
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anchor the walls of the cyst and lumen while preventing
migration. While the Nagi stent requires balloon dilation
of the fistula tract prior to its deployment[113], the AXIOS
stent may be deployed as a single-step device over a guide
wire, which can be done entirely under EUS and endoscopic guidance without fluoroscopy[114]. Balloon dilation
can then be performed inside of the stent to increase the
diameter to enable endoscopic necrosectomy for WON
if necessary. However, these systems have not yet been
studied in prospective clinical trials to determine their
merits and to define when they should be used in the
treatment of pseudocysts and WON.
Where data do exist is the increasing demonstration
of the superior efficacy and safety of endoscopic methods for the treatment of PFC, as well as the benefits of
an overall more conservative, step-up approach. A recent
randomized, controlled trial of EUS-guided vs surgical
cystgastrostomy for pseudocyst drainage demonstrated
no differences in treatment success, complications, need
for re-intervention or pseudocyst recurrence, but there
was significantly shorter hospital length of stay (median 2
d vs 6 d, P < 0.001) and reduced costs in the endoscopic
group[115]. Thus, endoscopic approaches clearly seem to
be the preferable strategy for uncomplicated pseudocysts
since there is no apparent advantage to surgery. Management of WON, particularly when direct endoscopic necrosectomy is required, is more difficult and poses greater
risk of complications. In a prospective series from major
tertiary centers in the United States, endoscopic necrosectomy was successful in 91% of patients but there was a
14% complication rate[116]. The Japanese and German experiences also demonstrate good treatment success rates
(75% and 80% resolution, respectively) but a concerning
33% and 25% rate of complications, including mortality
rates of 10% and 7.5%[117,118]. Such a high rate of potential complications should give caution to those who
would consider taking on this procedure outside of specialized centers or without adequate training. That said,
the experience of the Dutch Pancreatitis Study Group
demonstrates that less invasive approaches, including
endoscopy, may indeed be safer than surgery for the
treatment of WON. In a prospective, randomized trial of
primary open necrosectomy vs a step-up approach consisting of percutaneous drainage followed by minimally
invasive retroperitoneal necrosectomy when necessary,
the primary composite endpoint of major complications,
multi-organ failure or death occurred in 69% of the open
surgical group compared to 40% of the step-group (P =
0.006)[119]. Furthermore, more than one-third of patients
in the step-up group were managed by percutaneous
drainage only, suggesting that a more conservative approach is adequate for a significant proportion of patients. The same group then published a small follow-up
paper in which patients with infected WON who failed
to respond to percutaneous drainage were randomized to
either endoscopic necrosectomy or to minimally invasive
surgery using video-assisted retroperitoneal debridement[120]. In this study, the composite endpoint of multi-

A

B

Figure 4 Direct endoscopic necrosectomy. A: Balloon dilation of fistula tract
to 20 mm; B: Necrotic debris apparent within the walled-off necrosis.

should be left for much longer[111].
Recent innovations continue to modify and improve
this basic technique and should result in a more effective
and perhaps technically simpler procedure, particularly as
dedicated devices for EUS-guided PFC drainage emerge.
While these developments are likely unnecessary for
pseudocyst drainage, they will probably improve the management of WON. One such innovation is the multiple
transluminal gateway technique proposed by Varadarajulu
et al[112] whereby 2 or more separate fistulous tracts are
made across the gastric wall into one WON collection
under EUS guidance, with placement of multiple plastic
pigtail stents in each. A nasocystic tube is then used to
flush normal saline through one of the fistula tracts, with
the expectation that the additional transluminal tracts will
enable greater drainage of necrotic debris. In the initial
retrospective study, patients with symptomatic WON
who underwent the multiple transluminal gateway technique were significantly more likely to have treatment
success compared to those who received the conventional single-port drainage technique (92% vs 52%, P =
0.01) and much less likely to ultimately require surgery
(0% vs 35%)[112]. However, prospective comparative studies are needed to verify these findings. Another recent
innovation is the development of the first fully covered,
metal stents specifically designed for EUS-guided drainage of PFC. These include the Nagi stent (Taewoong
Medical Co.; Gyeonggi-do, South Korea) and the AXIOS
stent (Xlumina Inc., Mountain View, CA). Both stents
have a similar design that exhibit flared ends that securely
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organ failure, intra-abdominal bleeding, fistula formation
or death occurred in 20% of the endoscopic group and
in 80% of the surgical group (P = 0.03), illustrating a
clear advantage for the endoscopic approach. However,
the number of patients included in this study was small.
Additional insight will become available once this Dutch
group completes their ongoing randomized trial that is
comparing endoscopic necrosectomy to a conservative,
step-up approach. Furthermore, with the development of
dedicated metal stents for PFC drainage and innovations
such as the multiple transluminal gateway technique, it is
possible that the endoscopic approach may become safer
by reducing the need for direct endoscopic debridement
within the necrotic collection while still achieving successful outcomes. This too remains speculative and will
require significant ongoing study.
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CONCLUSION
In summary, EUS has a clearly established role in the
diagnosis of pancreatic diseases, particularly in the evaluation of acute and chronic pancreatitis, and in the diagnosis and management of cystic and solid pancreatic
lesions. Furthermore, established therapeutic applications
of EUS include CPB/CPN and management of PFC.
In the future, the diagnostic capabilities of EUS will
continue to expand while its therapeutic potential should
blossom as it increasingly becomes an interventional procedure for local tumor treatments, cyst ablation, as well
as access and drainage of the PD and biliary system. The
future of pancreatic EUS is exciting indeed.
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Core tip: Clinical presentation with “an acute abdomen” due to spontaneous “free” perforation usually
requires urgent surgical intervention for survival. Often, the clinician is aware of an underlying disorder,
but in others, this emergent situation may represent
the initial clinical presentation of unrecognized Crohn’s
disease or, even celiac disease already complicated by
a superimposed lymphoma. Other rare causes include
medical treatments for a variety of immune-mediated,
inflammatory and neoplastic disorders, including some
novel biological agents. Evidence also suggests that
intestinal perforation could also reflect an occult genetically-based defect causing impaired connective tissue
structure, synthesis and repair.

Abstract
Spontaneous free perforation of the small intestine is
uncommon, especially if there is no prior history of
visceral trauma. However, free, even recurrent, perforation may complicate a defined and established clinical disorder, such as Crohn’s disease. In addition, free
perforation may be the initial clinical presentation of an
occult intestinal disorder, such as a lymphoma complicating celiac disease, causing diffuse peritonitis and an
acute abdomen. Initial diagnosis of the precise cause
may be difficult, but now has been aided by computerized tomographic imaging. The site of perforation may
be helpful in defining a cause (e.g. , ileal perforation in
Crohn’s disease, jejunal perforation in celiac disease,
complicated by lymphoma or collagenous sprue). Urgent surgical intervention, however, is usually required
for precise diagnosis and treatment. During evaluation,
an expanding list of other possible causes should be
considered, even after surgery, as subsequent management may be affected. Free perforation may not
only complicate an established intestinal disorder, but
also a new acute process (e.g. , caused by different
infectious agents) or a longstanding and unrecognized
disorder (e.g. , congenital, metabolic and vascular
causes). Moreover, new endoscopic therapeutic and
medical therapies, including use of emerging novel
biological agents, have been complicated by intestinal
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INTRODUCTION
In adults, perforation of the small intestine may result
from obstruction causing gangrene, strangulation of hernias and trauma (Table 1)[1]. Trauma in adults may result
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substantially aided by the using of modern imaging modalities, particularly computed tomography (CT)[3]. This
procedure may be the procedure of choice for evaluation of a suspected perforation, especially since CT imaging has been demonstrated to be accurate in defining a
possible site of the perforation.
A number of causes of intestinal perforation have
been described. These include immune-mediated, infectious- or medication-related, congenital, metabolic, vascular or neoplastic causes.

Table 1 Traumatic causes of intestinal perforation
Traumatic causes
Blunt abdominal trauma (e.g., bicycle handlebar injury)
Motor vehicle accident (incl. pelvic fracture)
Ingested foreign bodies (e.g., fishbone, needles, safety pins, magnets)
Endoscopic studies (e.g., endoscopy, ERCP, especially with papillotomy)
Surgical treatment (e.g., laparotomy, especially cholecystectomy, abdominal liposuction)
ERCP: Endoscopic retrograde cholangiopancreatography.

Immune-mediated Causes

Table 2 Causes of free perforation of the small bowel

Crohn’s disease
Crohn’s disease (CD) is typically characterized by a progressive transmural intestinal inflammatory process. As a
result, deep ulcers, often associated with abscess formation may develop, as well as single or complex fistulous
tracts that often penetrate into the adjacent, usually
adherent, intestinal and non-intestinal structures (e.g.,
bladder), or both. Free spontaneous perforation into the
peritoneal cavity is a dramatic event. Fortunately, this
complication in the setting of CD is quite rare, but usually requires urgent surgical treatment.
Free perforation in CD was initially described in 1935
as a fatal case of free perforation in ileum[4]. Subsequently, about 100 cases have appeared in the literature. Differing criteria for clinical definition of a free perforation
have been noted by some investigators[5,6] as some earlier
reports may have included patients with sealed perforations or ruptured abscesses. Studies in large clinical
series of patients followed over prolonged periods from
both North America and the United Kingdom have confirmed that this complication remains an uncommon,
even rare clinical event in CD, consistently estimated to
be less than 2%[5-7]. Possibly, this complication is genetically-based as a higher rate of free perforation has been
reported in Japanese diagnosed with CD[8]. In contrast,
no statistical differences in the incidence of perforation
were detected in a comparative study of American and
Chinese patients with CD[9].
Interestingly, free perforation may also represent the
initial presenting clinical feature of CD[7]. Most small
intestinal perforations in CD develop in the ileum[5,7].
Rarely, however, other more proximal sites, such as the
jejunum, may be involved[5,7]. Finally, concomitant jejunal and ileal perforations or recurrent and independent
perforations during the long-term clinical course of CD
may develop[7]. Rather than a specific site-related propensity to develop spontaneous free perforation in CD
(i.e., possibly related to the thin wall thickness of the
ileum compared to the jejunum), the proportion of jejunal and ileal perforations more likely reflects the overall
site distribution of disease involvement within the small
intestine (i.e., ileum more than proximal small intestine).
Although earlier studies suggested that this subgroup of
patients with this CD complication likely have a more
protracted long-term clinical course, recent studies have
shown that a relatively benign course can be anticipated

Immune-mediated or inflammatory
Crohn’s disease (CD)
Celiac disease or gluten-sensitive enteropathy (GSE)
Collagenous sprue
Graft-vs-host disease (GVHD)
Infections
Viral: Cytomegalovirus (CMV)
Bacteria: Salmonella paratyphi, mycobacterium tuberculosis
Parasites: Ascaris lumbricoides
Protozoa: Entameba histolytica
Drugs and biological agents
NSAIDs: Indomethacin
Enteric-coated potassium chloride
Chemotherapy (?steroids)
Monoclonal antibodies: Bevicuzimab
Congenital
Meckel’s diverticulum
Jejunal or ileal duplications
Metabolic
Homocystinuria
Vascular
Wegener’s granulomatosis
Giant cell arteritis
Allergic granulomatous arteritis (i.e., Churg-Strauss syndrome)
Henoch-schonlein purpura
Buerger’s disease
Atherosclerotic vascular occlusion
Radiation-induced vascular injury
Neoplasm
Primary (adenocarcinoma, EATCL, angiosarcoma)
Secondary (melanoma, breast, mesothelioma, lung)
NSAIDs: Non-steroidal anti-inflammatory drugs.

from blunt injuries (e.g., bicycle handlebars)[2], motor vehicle accidents (especially in the presence of a pelvic fracture), ingested foreign bodies or iatrogenic injuries caused
by medical and surgical procedures. Sometimes, a viscous
perforation is “contained” because of a retroperitoneal
location of the perforation, often with development of a
“walled-off ” inflammatory mass or abscess. In contrast, a
“free” perforation of the small intestine usually presents
clinically in a far more dramatic fashion with generalized
peritonitis. Even if the usual predisposing causes are not
present, urgent surgical intervention is required. Often, in
this setting, a precise pre-operative diagnosis may not be
possible. Clinicians involved in the care of patients with
intestinal disorders, including gastroenterologists and surgeons, may need to exclude other causes of free perforation (Table 2) as further treatment may be required.
Diagnosis prior to surgical intervention may now be
WJG|www.wjgnet.com
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with no requirement for ongoing immunosuppression,
including corticosteroids[7]. In addition to the inflammatory process per se, other disease-related or treatmentrelated factors may play a role in perforation in CD. Disease-related factors may be either benign or malignant.
For example, enterolithiasis may occur rarely in CD[10]
and has been recorded as a cause of perforation[11]. Malignant adenocarcinoma or lymphoma may complicate
CD and present with small bowel perforation[12]. Application of investigative and therapeutic endoscopic
methods in patients with CD may be complicated by
perforation. For example, use of wireless capsule and
double-balloon endoscopic evaluations may cause small
intestinal perforation in CD [13] while perforation has
also been recorded after therapeutic balloon dilation of
inflammatory and fibrous strictures[14]. In addition, adverse events, including fatal intestinal perforation, have
been recorded in CD treated with different medications,
including different emerging biological monoclonal antibody agents[15-17].

mucosa characterized by a patchy or diffusely thickened
sub-epithelial collagen band in flattened small intestine[22]. This histopathological marker is usually associated with the appearance of sloughed epithelial cells in
the intestinal lumen and protein-losing enteropathy may
occur[22]. Lymphoma associated with or complicating
collagenous sprue has also been described, often but
not exclusively, in an advanced state with extensive lymphoma[23-25]. Finally, collagenous sprue may result in free
small intestinal perforation without clear histopathological evidence of a frank lymphoma[26].

Intestinal Graft-vs-Host Disease
Acute intestinal graft-vs-host disease (GVHD) involving
the intestinal tract has been estimated in an Italian study
to occur in approximately 30%-50% of allogenic bonemarrow transplant recipients: 10%-20% have emergent
events, including perforation associated with a very high
mortality[27]. After stem-cell transplantation, intestinal
perforation has also been recorded with thrombotic microangiopathy[28] and post-transplant lymphoproliferative
disorder[29]. Of note, after bone marrow or hematopoietic stem cell transplantation and subsequent development
of GVHD, free air appearing within the peritoneal cavity, caused by pneumatosis cystoides intestinalis, has also
been reported to mimic an intestinal perforation[30,31].

Celiac Disease or GLUTEN-SENSITIVE
Enteropathy
Glute-sensitive enteropathy (GSE) is an immune-mediated disorder that causes histopathological changes in the
small intestine that respond to treatment with a glutenfree diet. Malignant disease, usually lymphoma, may be the
presenting clinical feature of un-recognized GSE as well
as it’s closely allied disorder, dermatitis herpetiformis[18],
or alternatively, malignant lymphoma may complicate
the long-term clinical course of GSE[19]. Ulceration in
the small bowel may also occur, although ulceration in
this setting may be actually due to a difficult-to-diagnose
intestinal lymphoma rather than so-called benign nongranulomatous ulcerative jejunoileitis[18]. Rarely, ulceration with free perforation may occur in celiac or spruelike intestinal disease[20]. In most, the site of perforation
was the jejunum, other more distal intestinal sites,
including the colon, was involved with a perforating lymphoma[20]. In some, a gluten-free diet response was also
documented, however, perforation with lymphoma was
also detected in refractory GSE after a gluten-free diet
response had been defined[20]. In others, rapid clinical
deterioration from a perforated lymphoma prohibited
precise diagnosis of GSE and evidence for improvement
on a gluten-free diet could not be documented[20]. In all,
however, free perforation caused by the superimposed
or associated lymphoma had a high mortality[20]. In this
clinical setting, the appearance of lymphoma was not
predictable and could occur, despite strict compliance to
a gluten-free diet[20].

Infectious Causes
Cytomegalovirus
Cytomegalovirus (CMV) has been recorded as a cause
of perforation in several reports, usually in immunologically compromised individuals. An isolated ileal perforation associated with CMV was noted in a 31-year-old
female with lupus enteritis[32]. She required emergency
laparotomy, resection and ganciclovir therapy. In a separate report, 2 patients receiving chemotherapy for nonHodgkin’s lymphoma developed an occlusive vasculitis
with small intestinal perforations thought be due to a
superimposed CMV infection[33]. Multiple small bowel
perforations due to CMV infection have also been recorded in patients with the acquired immunodeficiency
syndrome[34].
Other infections
A host of other bacterial, parasitic and protozoan infectious agents may also cause small bowel perforation.
Some include enteric pathogens (e.g., salmonella [35]).
Another bacterial agent, Tropheryma whipplei, the recognized agent that causes Whipple’s disease, may be
indirectly involved in the development of intestinal perforation. In about 10% of successfully treated patients,
inflammation reappears after the initial improvement. In
some of these, however, polymerase chain reaction for
the organism is negative during this “re-inflammation”
phase. This had been labeled IRIS or the “immune reconstitution inflammatory syndrome” and may respond

Collagenous Sprue
Another disorder, collagenous sprue, has been reported
to complicate GSE[21]. This disorder is characterized by
a pathologically distinctive lesion in the small intestinal
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to corticosteroids, rather than antimicrobials. Rarely, this
unusual syndrome has been reported to be complicated
by small intestinal perforation[36]. Other bacterial agents,
including tuberculosis, have become increasingly recognized as a cause, especially with rising incidence of
human immunodeficiency virus (HIV)[37]. Occasionally,
free perforation may occur, even during anti-tuberculous
therapy for extra-pulmonary tuberculosis[38]. Unfortunately, even with surgical treatment, however, mortality
may still result[39].
Small intestinal perforations have also been recorded
with fungal infections (e.g., histoplasmosis[40]), parasitic
infections (e.g., roundworm[41]) and infections with protozoan agents (e.g., Entamoeba histolytica[42]). Usually, with
amebiasis, deep necrotizing ulcers occur in the colon,
but in at least one report[42], small intestinal ulceration
with a free perforation was documented.

oped a bowel perforation with enterocutaneous fistula
after treatment with erlotinib[58].
In recent years, reports of intestinal perforation associated with some emerging monoclonal antibody
agents have also appeared. Bevacizumab, an inhibitor of
vascular endothelial growth factor, has been used in the
treatment of metastatic malignancies, particularly colon, ovary and non-small cell carcinoma of the lung. A
few reports of intestinal perforation were recorded[59-61]
followed by a recent estimate of 3% perforation rate
in a series of bevacizumab-treated patients with nonsquamous non-small cell lung cancer[62]. Another biological agent, interleukin-2 (IL-2) used in high dose resulted
in remission in some patients with metastatic melanoma
and renal cell carcinoma with about half of these experiencing complete remission. In a large National Cancer
Institute series from Bethesda, intestinal perforation was
recorded in 0.44% of almost 1800 treated patients[63].
Ipilimumab, a monoclonal antibody to cytotoxic T-lymphocyte-associated antigen 4, used in treatment of metastatic melanoma may induce a severe enterocolitis. Rarely,
perforation of this enterocolitis has been reported[64].
A risk of perforation was also noted in patients receiving IL-2 after therapy with ipilimumab[65]. In addition,
rituximab, a novel monoclonal antibody agent used as a
therapeutic option to deplete B-lymphocyte populations,
was used to reportedly treat multiple distal ileal perforations in a patient with Wegener’s granulomatosis[66]. A
number of reports, noted above, have also recorded rare
cases of free perforation in CD following anti-tumor necrosis factor (TNF) monoclonal antibody treatment[15-17].
Cases treated with either infliximab or adalimumab have
been documented [15-17]. In one patient, free perforation developed after the initial dose of infliximab[16]. In
another treated with adalimumab, an ileal perforation
was reported to be fatal[17]. In a case-control study from
Amsterdam, a higher occurrence of free perforation in
CD treated with TNF was evident compared to CD not
treated with TNF[15].

Medication-related Causes
Ulceration and, less commonly, perforation in the small
intestine may occur with a number of medications[43,44].
Often, these may be provided for a concomitant or a
related disorder. For example, non-steroidal anti-inflammatory drugs (NSAIDs)[45] are often used in patients
with ankylosing spondylitis or other arthropathy associated with inflammatory bowel disease. Sometimes, these
agents have been associated with a wide range of small
intestinal pathological changes, including ulceration and
stricture formation that, in some instances, may be even
difficult to distinguish from an underlying intestinal disorder, such as CD. Enteric-coated potassium chloride
has been associated with small intestinal ulcerations and
perforation, even with slow release forms [46-48]. Antineoplastic and immunosuppressive agents as well as
radiation have been recognized for decades to cause
small intestinal mucosal as well as colonic injury during treatment for malignant disorders[49-51]. Neutropenic
enterocolitis is a well recognized clinical syndrome associated with disease-induced or chemotherapy-induced
neutropenia and this entity may be complicated by hemorrhage and perforation[52]. Co-administration of other
medications, such as corticosteroids, have also been implicated in intestinal perforation[53,54]. Some agents, such
as methotrexate[55], may also cause mucosal flattening
associated with a reduced mitotic index (different from
the increased mitotic index in celiac disease), possibly related to folate depletion. Treatment with some newer or
more novel chemotherapeutic agents has also been complicated with small intestinal perforation. Combination
chemotherapy with etoposide and cisplatin was associated with small bowel perforation in a patient with extrapulmonary small-cell carcinoma of the small bowel[56].
Gefitinib, an epidermal growth factor receptor tyrosine
kinase inhibitor, was used to treat an elderly female with
non-small cell lung cancer and she developed an ileal
perforation during the acute phase of irradiation[57]. A
female with metastatic non-small cell lung cancer devel-
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Malignant Causes
As noted earlier, malignant small intestinal disorders
may complicate celiac disease and present with free perforation. Most have been defined as T-cell type lymphomas or enteropathy-associated T-cell lymphomas[18-20].
Other types include adenocarcinomas and carcinoid
tumors[67]. A number of very rare primary malignancies
may also affect the small bowel. Angiosarcoma, for example, has been reported to even initially present with a
small bowel perforation, especially in the elderly[68]. Additional multicenter reports of enteropathy-associated
T-cell lymphoma by an Asia Lymphoma Study Group
also estimated that bowel perforation was a common
presenting feature, about 34%[69]. Of 1062 patients reported from the Mayo Clinic with lymphoma involving
the gastrointestinal tract, 9% developed a perforation.
More than half, or 55%, developed a perforation after
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chemotherapy was initiated and large B-cell lymphomas
were the most common type associated with perforation, estimated to be almost 60%[70]. In Chinese patients
with primary small intestinal lymphomas from Taiwan,
perforation was a common presenting clinical feature,
particularly in diffuse large-cell and immunoblastic
lymphomas, estimated at 23%[71]. A further study of
lymphoma in Chinese from Beijing revealed primary intestinal T-cell and NK-cell lymphomas were heterogeneous but not usually associated with celiac disease[72].
Instead, most were NK-cell type with a poor prognosis
showing molecular evidence for a prior Epstein-Barr
virus infection[73].
The small intestine may also perforate due to involvement with a secondary rather than primary malignancy, or
metastatic disease, usually from an extra-abdominal site,
including lymphoma[74]. Often, metastatic tumors in the
ileocecal region appear to have been developed through
a hematogenous route from the primary lesion[75]. Other
extra-intestinal causes of metastatic disease causing small
intestinal perforation recently noted include rhabdomyosarcoma[73], squamous cell carcinoma from the tongue[75],
breast carcinoma[76], lung cancer[73] and pleural mesothelioma[77]. Cutaneous malignant melanoma has also been
reported to cause intestinal perforation, even after years
of apparently tumor-free follow-up[78].

analysis showed three mutations in the cystathionine
beta-synthetase gene, including two new mutations. This
particular case may have special significance because it
raises the possibility that other cases, even those with
an apparent well-defined cause, may have an underlying
genetically-based predisposition to intestinal perforation,
possibly due to a mutation causing impaired connective
tissue structure, synthesis or repair.

CONCLUSION
A diverse group of causes of small intestinal perforation
have now been recorded in the literature and the list of
possible causes is slowly increasing. Once traumatic and
some of the more common causes have been excluded,
clinical attention may be focused on other small intestinal disorders, such as CD and GSE, that may be initially presenting with peritonitis and an acute abdomen.
Urgent surgical intervention will most often be needed,
however, consideration to other rare causes may help in
subsequent management, especially if the cause is not
immediately apparent during initial urgent diagnostic
evaluation or following surgical treatment.
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compared to baseline-US. Furthermore, studies have
shown that CEUS yields sensitivities comparable to CT.
In this review, we describe the state of the art of CEUS
for detecting colorectal liver metastases, the imaging
features, the literature reports of metastases in CEUS
as well as its technique, its clinical role and its potential applications. Additionally, the updated international
consensus panel guidelines are reported in this review
with the inherent limitations of this technique and best
practice experiences.

Vito Cantisani, Hektor Grazhdani, Cristina Fioravanti, Maria
Rosignuolo, Daniela Messineo, Maria Giulia Bernieri, Adriano Redler, Carlo Catalano, Ferdinando D’Ambrosio, Department of Radiology, Oncology and Anatomo-Pathology “Sapienza” University of Rome, 00161 Rome, Italy
Adriano Redler, Department of Surgical Sciences, Sapienza University of Rome, Rome, Italy
Fabrizio Calliada, Department of Radiology, University of Pavia,
27100 Pavia, Italy
Author contributions: Cantisani V, Grazhdani H, Calliada F provided substantial contributions to analysis of the literature, conception, design and writing the paper; Fioravanti C, Rosignuolo
M, Messineo D and Bernieri MG drafted the article and revised it
critically for important intellectual content; Redler A, Catalano C
and D’Ambrosio F provided final revision and approval.
Correspondence to: Vito Cantisani, MD, PhD, Department of
Radiology, Oncology and Anatomo-Pathology “Sapienza” University of Rome, Viale Regina Elena, 324, 00161 Rome,
Italy. vito.cantisani@uniroma1.it
Telephone: +39-34-71743847 Fax: +39-6-490243
Received: September 29, 2013 Revised: November 23, 2013
Accepted: April 27, 2014
Published online: August 7, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ultrasound; Contrast enhanced ultrasound;
Ultrasound contrast agent; Colorectal cancer; Colorectal
liver metastases; Magnetic resonance imaging; Com18
puted tomography; F-fluorodeoxyglucose positron
emission tomography; Intraoperative ultrasound
Core tip: Contrast enhanced ultrasound has completely
changed the ultrasound liver imaging of the colorectal
cancer patient, notably increasing its sensitivity and
accuracy in metastases detection. Clinical studies have
reported that the use of a contrast agent enables the
visualization of more metastases with significantly improved sensitivity and specificity compared to baselineultrasound. Furthermore, studies have shown that
contrast enhanced ultrasound yields sensitivities comparable to computed tomography. In this review, we
describe the state of the art of this technique.

Abstract
The development of ultrasound contrast agents with
excellent tolerance and safety profiles has notably improved liver evaluation with ultrasound (US) for several
applications, especially for the detection of metastases.
In particular, contrast enhanced ultrasonography (CEUS)
allows the display of the parenchymal microvasculature,
enabling the study and visualization of the enhancement patterns of liver lesions in real time and in a continuous manner in all vascular phases, which is similar
to contrast-enhanced computed tomography (CT) and
contrast-enhanced magnetic resonance imaging. Clinical studies have reported that the use of a contrast
agent enables the visualization of more metastases
with significantly improved sensitivity and specificity
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MEDLINE, EMBASE and COCHRANE databases,
which we last accessed on July 2013. The MeSH headings used were as follows: CEUS, colorectal cancer,
liver metastases, ultrasound, CT, MRI, and PET-CT. We
limited the electronic search to English-language papers,
and we reviewed the abstracts to find the relevant information, which were assessed in detail in the full text. Additionally, we reviewed the references of the papers we
examined to identify other relevant reports.

INTRODUCTION
In patients with diagnosed colorectal cancer (CRC), the
early detection of liver metastasis, is of fundamental importance for achieving cancer control[1-3]. This is because
while limited synchronous or metachronous colorectal
liver metastases (CRLM) are primarily treated with surgical resection, they can also be treated with preoperative
chemotherapy and irradiation or newer ablation techniques[4-8]. The treatment of CRLM increases the disease
free time and improves the overall survival.
The sensitivity of ultrasound (US), for metastasis
detection is reported in the literature as low and variable,
ranging from 50%-76%[1-3]. It is well known that US is a
technique that is dependent on both the operator and the
patient, and operator expertise and the patient’s habitus
(fat and body mass index) and intestinal gas variably influence the accuracy of US. However, the major limit of US
is its low imaging contrast between liver lesions and the
liver parenchyma. In particular, isoechoic metastases are
generally difficult to detect as they have similar acoustic
impedance to the surrounding parenchyma, and hyperechoic metastases are difficult to differentiate from hemangiomas. Bipat et al[9] recommends that US should only be
used to distinguish patients with diffuse CRLM, who are
no longer eligible for curative treatment, from those with
few metastases or other liver lesions, who require further
imaging. However, with the introduction of contrast
enhanced US (CEUS), a new era has begun. In a similar
fashion to contrast-enhanced multidetector computed
tomography (CT) and magnetic resonance imaging (MRI),
CEUS identifies more liver metastases, with reported accuracy rates as high as 90%[10-12] with both high sensitivity
for detecting CRLM and high specificity for characterizing focal liver lesions. Conversely, US is notorious for its
low specificity, and it is mostly unable to differentiate and
characterize benign liver tumors, which have a prevalence
as high as 20%[13,14]. The efficacy of CEUS in detecting
liver metastases has been recognized by review papers
and by recent international guidelines[1,15-19]. Nevertheless,
caution is required, as with the implementation of all new
techniques and procedures, and further detailed analysis
is necessary before liver CEUS for CRLM detection can
become integrated appropriately into the current diagnostic algorithms. In this review article, we aim to present the
state of the art of the CEUS technique and its application
in the detection of CRLM, along with a detailed analysis
of the current literature. We also compare the CEUS technique with methodologies that have the highest diagnostic
performance, such as CT, MRI and 18F fluorodeoxyglucose positron emission tomography (FDG-PET). Additionally, the diagnostic value of CEUS in patients with
colorectal cancer is discussed in the context of guidelines
issued by international associations[15] together with its
limits and drawbacks.

NOTES ON THE STATE OF THE ART OF
THE IMAGING APPROACH FOR CRLM
DETECTION
Most authors recommend a multi-modality strategy for
CRLM because no single modality can accurately detect
all metastases[4,20].
Selection for surgical treatment of CRLM requires
that the imaging criteria show complete resectability,
which is based on the exact number, regional distribution, size and volume of the metastases and also the volume of the remaining liver[4]. CT is capable of accurately
performing this task, and at present, CT is the mainstay
for CRLM diagnosis because it offers high-resolution
imaging (sub-millimeter) and reformatted images, which
may enable the detection of small metastases. Furthermore, the delineation of the segmental localization of
metastases by imaging the hepatic arterial and portal venous anatomy and the accurate volumetric measurement
of tumor and normal liver achieved with CT are both
crucial in the surgical planning of CRLM resection[4].
The reported sensitivity of contrast enhanced CT for
liver metastases is 68%-85%[21-25]. Despite the high resolution of CT liver imaging, some reports have shown
that this modality may still miss up to 20% of liver
metastases[22,26]. Additionally, CT has several important
drawbacks, including patient allergies to iodinated contrast agents, renal damage in patients with impaired renal
clearance and the use of ionizing radiation.
The 2012 Dutch guidelines for the staging of CRC[27]
reported a detailed, systematic survey on the imaging
modalities used in all Dutch hospitals, including academic and tertiary institutions. In 52 hospitals (78.8%
of the total surveyed), the first modality of choice for
CRLM detection was CT, while US was the first modality of choice in 12 hospitals (18.2%). The second choice
was US in 34 hospitals (51.5%) and CT in 11 hospitals
(16.7%). MRI, FDG-PET and FDG-PET/CT were not
frequently used as first or second choice modalities. The
paper noted that in their detailed survey, only one hospital (3.2%) occasionally used contrast agents during ultrasound. The Dutch guidelines indicate either CT or MRI
as the first choice for CRLM detection in staging[28].
MRI may have higher sensitivity rates than CT in
CRLM[29-33], reported 70%-98%[24,34,35], and in rectal cancer, MRI is used for local staging[34,36]. Nonetheless, the
use of MRI is limited due to a relative lack of operator
expertise, its limited availability and high costs. Further-

LITERATURE RESEARCH
We performed a systematic literature search using the
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more MRI cannot be performed in patients with claustrophobia, pacemakers, cardiac defibrillators, cochlear
implants and ferromagnetic foreign bodies. Literature
reports assessing different types of MRI contrast agents;
non-specific gadolinium and liver-specific, hepato-biliary
contrast agents Gd-BOPTA or reticulo-endothelial
contrast agents SPIO, have showed higher diagnostic efficacy for SPIO[32,37-39]. Conversely, another study showed
equal sensitivity between SPIO-enhanced MRI and GdBOPTA-enhanced MRI[40,41]. Some reports have claimed
that the new diffusion weighted MRI techniques yield
improved accuracy[42-44]. Recently, Frankel et al[45] reported
that in their institution, the surveillance and staging imaging is performed with contrast-enhanced CT scans,
and in cases where indeterminate lesions are encountered in the liver, MRI may then be used for their better characterization and to rule out the presence of any
other lesions.
18
F fluorodeoxyglucose positron emission tomography (FDG-PET), in combination with CT (PET-CT),
has recently become more available, despite its very high
cost, and some authors have reported it to be the most
accurate modality available[9,46,47]. In fact CRC, FDG-PET
and FDG PET/CT are accurate in detecting additional
hepatic and extrahepatic metastases with a sensitivity
of 90%-94.6%, often leading to upstaging and affecting
management[9,38,47,48].

TECHNICAL ASPECTS OF CEUS
US contrast agents
The introduction and potential applications of US contrast agents represent a promising innovation that may
radically change ultrasound examinations. US contrast
agents (UCA) enable the display of the parenchymal
microvasculature and the enhancement patterns of the
liver lesions during all vascular phases in real time and in
a continuous manner. This is unlike the pre-determined,
fixed time points of contrast circulation, specifically,
the arterial, portal venous, late and postvascular phases,
which are used in contrast enhanced CT and MRI. The
other important advantage of UCAs is that their circulation is confined within the vascular space, whereas CT
and MRI contrast agents rapidly leave the blood and to
pass into the extravascular space[15,49]. For this reason,
UCAs persist in the liver much longer than the contrast
agents used in CT and MRI. As they have a scanning
time of approximately 5 min, UCAs allow the systematic
scanning of the entire liver. The enhancement dynamics of lesions can be identified with a higher temporal
resolution by CEUS than CT and MRI, and full operator
control is possible.
US contrast agents are microbubbles filled with gas
and covered by a shell[15,49]. As their size is comparable to
red blood cells, UCAs remain in the blood pool for approximately 5 min and can depict both the macrovasculature and the microvasculature. Presently, the following
three UCAs are most commonly used[15]: (1) SonoVue®
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(sulfur hexafluoride with a phospholipid shell) Bracco
SpA, which was introduced in 2001 in Milan, Italy, and
is licensed in Europe, China, India, South Korea, Hong
Kong, New Zealand, Singapore and Brazil; (2) Definity®
/Luminity® [octafluoropropane (perflutren) with a lipid
shell], which was introduced in 2001 by Lantheus Medical, Billerica, MA, United States, and is licensed in Canada and Australia; and (3) Sonazoid® (perfluorobutane
with a phospholipid shell: hydrogenated egg phosphatidyl serine), which was introduced in 2007 by DaiichiSankyo, GE Tokyo, Japan, and is licensed in Japan and
South Korea. Although they have different chemical
compositions, they all have a similar behavior with regard to liver enhancement. The exception is Sonazoid®,
which presents a “postvascular phase” whereupon after
disappearing from the vascular pool, it persists for several hours in the liver and spleen, where it is phagocytized
by Kupffer cells[15].
UCAs are considered safe by the guidelines[15], and no
cardio-, hepato- or nephrotoxicity have been reported.
In comparison with CT and MRI contrast agents, UCAs
have a very low incidence of hypersensitivity events, and
no deaths were reported in a series of over 23000 patients[50]. Therefore, if the examination is unsatisfactory,
the injection can be repeated shortly afterwards.

EXAMINATION TECHNIQUE
CEUS examination for CRLM detection starts with the
traditional B-mode US for an initial evaluation of the
liver morphology and changes, such as steatosis or cirrhosis, with the eventual detection of lesions, including
cysts, hemangiomas, fatty sparing and other suspicious
hypoechoic lesions.
For CEUS, the ultrasound device has a contrastspecific US mode that is able to form images with the
cancellation of the US signals from tissue and using
only the signals from the microbubbles to generate
the image[15]. To achieve this, the acoustic pressure is
kept low. Accordingly, a low mechanical index (MI) of
0.3-0.05 and a low gain are used to avoid the generation
of signals from tissues harmonics and to minimize the
disruption of the microbubbles due to the pressure of
the acoustic waves. Some authors also advise placing the
patient on the left decubitus because it is claimed that in
this position, the liver moves closer to the transducer in
the subcostal site by 1 or even 2 cm[51,52]. This helps to
overcome the limited penetration of US in low MI imaging. However, with current modern devices, image quality is markedly improved, even with very low MI (0.05).
Additionally, the adequate cancellation of signals from
tissues is achieved, with the nearly complete disappearance from the image of the parenchymal liver structures
(the screen is nearly black). The image appears with the
arrival of the UCA, which provides strong reflectors that
mark the macro and micro-vascular structures. In real
time, two contemporary images are available for analysis,
one corresponding to baseline-US and another to a lowmechanical index examination.
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Table 1 Clinical studies of contrast enhanced ultrasound efficacy for liver metastases detection, in comparison with ultrasound
Ref.

patients
(n )

Standard of reference

Itabashi et al[62], 2013

454

Pathology

Muhi et al[60], 2011

106

Cantisani et al[59], 2010
Larsen et al[65], 2009
Piscaglia et al[66], 2007
Konopke et al[57], 2007
Larsen et al[67], 2007
Janica et al[68], 2007
Dietrich et al[69], 2006
Quaia et al[70], 2006
Konopke et al[71], 2005
Oldenburg et al[72], 2005
Albrecht et al[73], 2003
Solbiati et al[11], 2001

110
365
107
100
365
51
131
253
56
40
123
32

Bernatik et al[58], 2001
Albrecht et al[74], 2001

28
62

Sensitivity
US

Specificity

CEUS

US

CEUS

Intra-operative CEUS found 71 CRLMs that were not detected at preoperative
imaging
Histology, follow up CT, SPIO/
73
GdEOB MRI
IOUS, CT, follow up CT, MRI
71.6
95.8
60.0
83.3
Histology, follow up CT
80
98.0
CT, FNA, follow up
0.77
0.95
IOUS
0.56
0.84
0.93
0.84
FNA, CT, IOUS
0.69
0.80
0.98
0.98
CT, FNA, follow up
0.63
0.90
CT, MRI, FNA, follow up
0.81
0.91
FNA, CT, MRI, IOUS
0.40
0.83
0.63
0.84
IOUS, FNA, CT
0.53
0.86
0.89
0.89
CT, MRI
0.69
0.90
CT, MRI, IOUS, FNA
0.94
0.98
0.60
0.88
CT
21 out of 32, 94 more metastases
than US
CT
0.59
0.97
CT, MRI, IOUS, FNA
0.92
0.97
-

IOUS: Intra operative ultrasound; SPIO-MRI: Superparamagnetic iron oxide-enhanced magnetic resonance imaging; Gd-EOB-MRI: Gadoxetic acidenhanced magnetic resonance imaging; CT: Computed tomography; FNA: Fine needle aspiration; US: Ultrasound; CEUS: Contrast enhanced ultrasound.

With the use of Sonovue® UCA, generally a 2.4 mL
bolus is administered with a fine catheter (20-guage),
and this is followed by 10 mL flush of saline. The three
phases of liver contrast enhancement are named in a
similar fashion to CT and MRI scanning of the liver and
are as follows: the arterial phase, in which the supply
from hepatic artery arrives first and is predominant at 10
to 35 s after injection; the portal phase follows and becomes predominant between 45 to 120 s; and, finally, the
late phase occurs after 120 s[52]. As in CT and MRI, the
portal and late phases are the most useful vascular phases for detecting CRLM. The examination is recorded as
a whole or in the form of sequential clips during the arterial, portal and late phases for later analysis, which can
be performed on workstations.

CEUS IMAGING FEATURES OF LIVER
METASTASES
CEUS characterizes focal liver lesions in a similar fashion
to contrast enhanced CT and MRI. Specifically, due to
the characteristics of the appearance of UCA during the
vascular phases, specific contrast-enhancement patterns
are obtained for different liver lesions. By differentiating
metastases from other liver lesions according to contrast
enhancement patterns, such as in CT and MRI, CEUS
may offer a high specificity for CRLM diagnosis. This is
an absolute necessity in the context of the high prevalence of benign liver tumors, which has been reported to
be more than 20% in autopsy studies[13,14]. Furthermore,
studies have reported that 25%-50% of lesions smaller
than 20 mm[53,54] and up to 80% of those smaller than 10
mm are benign[55].
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CRLM are hypovascular and appear in CEUS images
with a similar presentation to CT and MRI. During the
arterial phase, metastases sometimes present as variable
contrast enhancements that are usually tenuous and peripheral. This is because all liver metastases, either hypervascular or hypovascular, are supplied predominantly by
arterial blood.
In the portal and delay phases, dark defects with
stark contrast in the enhanced liver indicate hypovascular
CRLM. During these phases, hypoenhancement is characteristic of and common to all metastases, regardless of
eventual enhancement in the arterial phase because the
liver tissue retains the UCA, while the metastases present
a rapid and marked “washout”. The observed hypoenhancement could also be due to the absence of portal
supply to metastases and hence a lower vascular volume
in the metastases compared with the liver parenchyma[56].
Incidental benign focal liver lesions can also present with
hypoenhancement at CEUS and thus the careful evaluation of any lesion is required when the liver is examined
for the first time. Rare false positive results have been
reported with hypoenhancing lesions, such as abscesses
or necrosis, old fibrous FNH, granulomas and inflammatory pseudotumors[15].
Rare cystic metastases can be differentiated from
non-neoplastic complex cysts with CEUS by the evidence of vascular flow in thickened cyst walls or in mural nodules[52].

LITERATURE REPORTS ON CEUS
EFFICACY FOR CRLM DETECTION
Presently, CEUS is a promising tool that has dramatically
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A

B

Figure 1 Baseline ultrasound did not detect any lesion (A), while contrast enhanced ultrasound clearly showed one hypoenhancing lesion (B) (arrow).

A

B

Figure 2 Both contrast enhanced ultrasound (A), (arrow showing the metastases) and BOPTA-enhanced magnetic resonance imaging detected a liver metastasis (B).

increased the capability of US for characterizing liver
lesions. Accordingly, it has the potential to be incorporated into the diagnostic algorithm of CRLM and could
possibly replace US.
A number of studies (Table 1) have reported that
CEUS has a considerably high sensitivity of up to
80%-90% in detecting liver metastases, and it is therefore
comparable to CT[52]. Furthermore, some reports have
shown that CEUS is especially sensitive for metastases
smaller than 10 mm and can improve the sensitivity of
US by up to an additional 50% (Figure 1)[51,57].
However, it is noteworthy that most of the studies
have used imaging modalities, mostly CT examinations
and sometimes CT, MRI, and intra-operative US, as
standards of reference and for follow up, and very few
reports have included histologic or pathologic confirmation. Nevertheless, as CT and MRI are the modalities of
choice for CRLM detection, comparison of CEUS with
these techniques seems reasonable for practical purposes
in evaluating the efficacy of CEUS (Figure 2). On the
other hand, in clinical studies, histologic confirmation is
sometimes difficult due to ethical limitations.
An early study by Bernatik et al[58] in 2001 investigated the diagnostic yield of CEUS compared to helical
CT in the detection of liver metastases without a histological diagnosis. They found that CEUS showed 97%

WJG|www.wjgnet.com

of the lesions seen by CT. Table 1 summarizes the results of the relevant studies published from 2001 to July
2013. The first encouraging results were subsequently
confirmed by a series of studies in the following years,
during which time the improvements in US devices
and the quality of imaging with lower MI and better
contrast and resolution have continued. It is also noteworthy that CT and MRI technology has also improved
during this period and now offer better diagnostic accuracy. In a clinical study, Piscaglia et al[50] examined 109
patients with colorectal cancer (n = 92 patients) and
gastric cancer (n = 17 patients) with US, CEUS and CT.
As the gold standard, CT, histopathology or follow up
was used. CEUS improved sensitivity for the detection
of liver metastases from 76.9%, as obtained by US, to
95.4%, whereas CT had a sensitivity of 90.8%. In 15
patients (13.8%), CEUS revealed more metastases than
CT, while CT revealed more metastases than CEUS in
9 patients (8.2%). The authors concluded that “Findings at CEUS and CT appear to be complementary in
achieving maximum sensitivity”.
In 2010, Cantisani et al[59] published a case series of
110 patients with suspected hepatic metastases from
CRC and who were evaluated prospectively with US,
CEUS and CT by two independent readers. The gold
standard of reference was IOUS (n = 45) or a follow-up
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of at least 6 mo with MDCT or Gd-BOPTA-enhanced
MRI. On a patient-by-patient analysis, CEUS improved
US sensitivity from 67.4%-71.6% to 93.4%-95.8%. On a
lesion-by-lesion analysis, CEUS improved the sensitivity
of US from 60.9%-64.9% to 85.3%-92.8% and increased
its specificity from 50%-60% to 76.7%-83.3%.
In 2010, Marinetti et al[46] studied 34 patients with 57
hepatic lesions and found that Gd- and SPIO-enhanced
MRI was the most accurate modality for the identification
of CRLM, while PET/CT was the most sensitive. Additionally, both of them performed better than CT and
CEUS. The gold standard included surgical findings and
MDCT follow-up. Muhi et al[60] compared the accuracy of
contrast-enhanced CT, CEUS, superparamagnetic iron
oxide-enhanced MRI (SPIO-MRI), and gadoxetic acidenhanced MRI (Gd-EOB-MRI) for CRLM detection in
111 CRC patients. They found that Gd-EOB-MRI (sensitivity 95%) and SPIO-MRI were more accurate than
CT and CEUS, particularly for lesions ≤ 1 cm, but that
CEUS was more sensitive than CT (73% vs 63%).
In 2010, Cabassa et al[61] performed a detailed systematic review on published CEUS research for liver
metastasis, which included an extensive search of the literature. Out of 14 eligible papers, only three articles fulfilled the quality assessment, and these comprised a total
of 450 patients (patient sample number: range 12-365;
cancer prevalence: 14.8%-71.2%). The estimated perpatient sensitivity ranged from 79%-100%, but a metaanalysis was not carried out because of the lack of eligible studies. The authors concluded that “CEUS seems
to be promising in the detection of liver metastases;
however, there have not been enough studies to conduct
meta-analysis. Further studies are required before this
promising method can be widely used”.
In 2013[19], a very detailed analysis of 19 selected
eligible studies on liver CEUS with SonoVue that were
judged to be of a low risk of bias was published. CEUS
performed equally to liver CT and MRI in the surveillance of cirrhosis and the characterization of incidentally
detected focal liver lesions but was more cost effective.
For CRLM detection, CEUS had a similar cost and efficacy as CT but was superior to MRI. However, the authors also detailed numerous limitations of the analyzed
studies and concluded that further research is required to
verify the economic aspects and to accurately compare
the efficacy of CEUS, CT and MRI, on therapeutic planning, treatment and clinical outcomes.
Intra-operative CEUS also seems to be a viable and
successful technique, as shown in a report by Itabashi et
al[62] in 2013. In that study, out of a total of 454 patients
who were examined with intra-operative CEUS, CRLM
was detected in an additional 71 patients compared to
intra-operative US.

LIMITATIONS OF CEUS
Although CEUS may be considered an effective technique, as reported above, it still presents the same im-
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portant drawbacks of every US examination, including
operator dependency, and has limitations in obese patients, non-compliant subjects, and in cases with abundant meteorism or intestinal interposition. For these reasons, if the B-mode US is unsatisfactory, the subsequent
CEUS examination will be suboptimal.
A specific limitation of CEUS in studying the liver
is that usually only lesions larger than 3-5 mm are detectable. This is due to the limited spatial resolution of
CEUS images[63] and, as such, very small metastases may
be missed. The US study of the subdiaphragmatic liver
by subcostal scanning is sometimes inadequate, especially in patients with a high lying diaphragm (eventratio diafragmatica), or in cases where there is the interposition
of the intestine. To avoid missing metastases in these
high locations, a meticulous operator is required. Specifically, during the temporal span of contrast presence in
liver, the operator must switch to intercostal scanning
and also reposition the patient onto the left decubitus.
Liver steatosis, which is often induced by chemotherapy,
can also be an important limitation in CEUS imaging, as
its presence can increase the possibility of missing deepseated metastases. In these cases, the operator must
routinely try to bring the deeper parts of the liver closer
to the transducer with left lateral decubitus positioning
and intercostal scanning. As such, CEUS needs considerable operator expertise to avoid variations in results, and
training is required. Additionally, CEUS may not accurately delineate the segmental localization of metastases
and their 3D-shape, and for this reason, its utility in surgical assessment is limited. Even with the recent use of
PACS, image documentation and review for CEUS examination still lags behind the exact documentation used
in CT and MRI. As such, making accurate comparisons
with old CEUS studies and following up suspected liver
lesions can be more challenging with the current US and
CEUS documentation.

ROLE OF CEUS IN THE MANAGEMENT
OF CRC PATIENTS
An indisputable advantage of CEUS is its superior accuracy in comparison with US (Table 1). Accordingly, any
US liver evaluation in a CRC patient with a known or
suspected diagnosis should be a CEUS examination. The
metastases missed by US are unacceptable in the management of the CRC patient, both in terms of success
of treatment and of costs. The EFSUMB guidelines for
CRLM detection, which were updated in 2012[15], state
that the use of CEUS is recommended for the following
indications: (1) To characterize indeterminate (usually
small) lesions shown on either CT or MRI; (2) To “rule
out” liver metastases or abscesses unless conventional
ultrasound shows typical findings; (3) For treatment
planning in selected cases to assess the number and location of liver metastases, either alone or complementarily
with CT and/or MRI; and (4) Surveillance of oncology
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patients where CEUS has previously been useful. It was
also recommended that unenhanced US should be replaced with CEUS for the evaluation of liver metastases
in colorectal cancer patients after chemotherapy. Finally,
the EFSUMB guidelines recommend the use of intraoperative liver CEUS in “the detection of liver metastases in all patients undergoing liver resection” and in “the
targeting of occult lesions for ablation therapy for patients undergoing combined liver resection and ablative
therapy”.
The immediateness of diagnosis that CEUS offers
when a suspected liver lesion is revealed during a US
examination is particularly notable. This is usually accompanied by patient satisfaction, as they do not need
to make another appointment for a CT or MRI exam or
suffer the anxiety of waiting in uncertainty.
However, for surgical planning, the comprehensive
information offered by CT and MRI cannot be achieved
with CEUS.
Furthermore, as reported by Bolondi[64], although
at present the use of CEUS is largely accepted in clinical practice and the technique has been implemented in
most centers for more than a decade, its exact allocation
in the diagnostic algorithm has not yet been established.
Many reasons may explain this. For example, most clinicians still consider CEUS as a supplement to CT and
MRI, and they still prefer the latter because as with any
ultrasound technique, it has several limitations, as reported above, and may not contribute as promptly to staging
as CT.

2

3

4
5

6
7
8
9

10

11

CONCLUSION
According to the data present in Literature and as reported by EFSUMB Guidelines, CEUS should be the
correct replacement of baseline US in every occasion
where US is normally employed to follow patients suspected to develop CRLM. CEUS should also be a valuable alternative when a contrast study is needed and CT
and MRI contrast are contraindicated, as in kidney failure patients, and also in case of inconclusive MRI/CT.
However, at times, the impossibility to study, with
absolute certainty, the entire liver, and the inadequateness of the US to stage extra-liver colo-rectal metastases
do not permit to recommend CEUS as a real alternative in colo-rectal patients preoperative staging but only,
modifying the Bipat assertion, CEUS is highly efficient
in helping to distinguish between two groups of patients
with liver metastases: the group of patients with diffuse
metastases who are no longer eligible for curative treatment and the group with no metastases or a very limited
number of them. The patients in the latter group require
CT, MR imaging, or FDG PET for the selection of appropriate therapeutic approaches.
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Abstract
Since the first description of intraductal papillary mucinous neoplasms (IPMNs) of the pancreas in the eighties, their identification has dramatically increased in
the last decades, hand to hand with the improvements
in diagnostic imaging and sampling techniques for the
study of pancreatic diseases. However, the heterogeneity of IPMNs and their malignant potential make difficult the management of these lesions. The objective
of this review is to identify the molecular characteristics of IPMNs in order to recognize potential markers
for the discrimination of more aggressive IPMNs requiring surgical resection from benign IPMNs that could
be observed. We briefly summarize recent research
findings on the genetics and epigenetics of intraductal
papillary mucinous neoplasms, identifying some genes,
molecular mechanisms and cellular signaling pathways

WJG|www.wjgnet.com

correlated to the pathogenesis of IPMNs and their progression to malignancy. The knowledge of molecular
biology of IPMNs has impressively developed over the
last few years. A great amount of genes functioning as
oncogenes or tumor suppressor genes have been identified, in pancreatic juice or in blood or in the samples
from the pancreatic resections, but further researches
are required to use these informations for clinical intent, in order to better define the natural history of
these diseases and to improve their management.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intraductal papillary mucinous neoplasm;
Pancreas; Pancreatic cancer; Molecular pathology; Oncogene; Tumor suppressor gene; Dysplasia; Malignant
transformation
Core tip: The heterogeneity and the malignant potential of intraductal papillary mucinous neoplasms make
their management still controversial. The identification
of potential markers correlated to the pathogenesis
of intraductal papillary mucinous neoplasms and with
their progression to malignancy could be useful to
discriminate lesions requiring surgical resection from
benign neoplasms that could be followed-up.
Paini M, Crippa S, Partelli S, Scopelliti F, Tamburrino D, Baldoni
A, Falconi M. molecular pathology of intraductal papillary
mucinous neoplasms of the pancreas. World J Gastroenterol
2014; 20(29): 10008-10023 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i29/10008.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i29.10008

INTRODUCTION
Intraductal papillary mucinous neoplasms (IPMNs) are

10008

August 7, 2014|Volume 20|Issue 29|

Paini M et al . Molecular pathology of IPMNs

one of the most fascinating pancreatic neoplasm to be
characterized in the last few decades. Described for the
first time by Ohashi et al[1] in 1982 as a separate tumor
from mucinous cystic neoplasms (MCNs) and pancreatic
ductal adenocarcinoma (PDA), they were confused or
misdiagnosed with MCNs for many years. It is now clear
that these two mucin-producing neoplasms are clearly
separate entities. MCNs are characteristically defined by
an ovarian-like stroma, they do not arise from the ductal
system of the pancreas and they are single lesions located
almost exclusively in the pancreatic body-tail of middleaged women[2,3]. IPMNs are mucin-producing neoplasms,
arising from the native pancreatic ducts with prominent
intraductal growth and frequent papillary architecture[4].
Although the true incidence of IPMNs is unknown, these
neoplasms are nowadays frequently recognized because
of the widespread use of cross-sectional imaging and
because of the greater awareness of this entity among
radiologists, gastroenterologists and surgeons[5,6]. Data
from high-volume centers for pancreatic surgery suggest
that about 15% to 20% of all pancreatectomies are performed for IPMN[7]. Interestingly, in an autopsy study,
small cystic lesions possibly representing IPMNs were
found in 24% of elderly patients[8]. As our understanding of IPMNs has grown over time, it has become clear
that IPMNs are a heterogeneous group of tumors, with
different clinical and radiological presentation, different
risk of malignancy and different management. In this
light, it is important the preoperative prediction of the
malignant potential of an IPMN in order to balance the
potential complications of pancreatic surgery with the
potential risk of being or become malignant over time.
Hence, for a better and complete decision making, it is
important to consider also the molecular pathology of
IPMNs to identify molecular markers of “high-risk”
lesions. Nevertheless, the information we have about
molecular mechanisms involved in their carcinogenesis
is still poor. The aim of this review is to present the role
of the oncogenic and the tumor suppressor pathways in
the neoplastic transformation of IPMNs.

CLASSIFICATION OF IPMNS
IPMNs can be classified according to the involvement of
pancreatic ductal system in[4,9]: (1) main-duct type, when
the tumor involves only the main pancreatic duct; (2)
branch-duct type, when the tumor involves only branchducts, with no macroscopic or microscopic involvement
of the main pancreatic duct; and (3) combined type,
when the neoplasms involved macroscopically and/or
microscopically both the main pancreatic duct and its
side branches.

PATHOLOGY OF IPMNS
A clear identification and distinction of main-duct, combined and branch-duct IPMNs is not only of taxonomic
significance, but has a practical impact on patient man-
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agement. Combined IPMNs show close overlapping
similarities with main-duct IPMNs in regard to clinicopathological and epidemiological characteristics[6]. Moreover, branch-duct IPMNs have a lower risk of malignant
degeneration compared to main-duct/combined IPMNs
and non-surgical management is feasible for many of
these lesions, thus avoiding “prophylactic” pancreatectomy with its associated risks[9-12]. Histologically, IPMNs
can be categorized in four groups based on the degree
of cytoarchitectural dysplasia[13,14]: (1) IPMN with lowgrade dysplasia (IPMN adenoma); (2) IPMN with moderate intermediate-grade dysplasia (IPMN borderline); (3)
IPMN with high-grade dysplasia (IPMN with carcinoma
in situ); and (4) IPMN with invasive carcinoma (invasive
IPMN).
Remarkably, IPMNs may show different degrees of
dysplasia within the same lesions. As colonic adenomas,
they can show neoplastic transformation culminating in
invasive carcinoma. Approximately 15%-20% of branchduct IPMNs and 40%-50% of main-duct IPMNs harbor
an invasive carcinoma[9]. In half of the cases, the invasive carcinoma has a colloid (or muconodular) pattern
of invasion, while in the remaining 50% of the cases a
tubular (or conventional) ductal pattern is present[14,15].
Tubular-type is morphologically indistinguishable from
ordinary PDA. Colloid type is very similar to colloid
carcinoma of the breast and it is associated with a good
prognosis[15]. Chemotherapy for patients with resected
invasive IPMN is recommended[16]; adjuvant treatment
is advisable also in case of positive resection margins or
lymph node metastases[17]. Moreover, lifetime surveillance is required also for non-invasive IPMN after partial pancreatectomy since the risk of local recurrence in
the pancreatic remnant is about 8%-10% and it may be
the expression of a new metachrous tumor. The neoplastic epithelial cells in an IPMN can have a variety of
directions of differentiation[18]. Histological subtypes of
IPMNs include: (1) intestinal type: morphologically it
is very similar to colonic villous adenomas. Most mainduct IPMNs are of intestinal type, carrying a higher risk
of invasive carcinoma, more commonly of the colloid
type; (2) gastric type: virtually indistinguishable from
gastric mucosa, it is characterized by a low proliferative
activity with a very low risk of malignant transformation.
It is the most common subtypes among branch-duct
IPMNs; (3) pancreatobiliary type: it is characterized by
a complex papillary configuration and it is uncommon.
Usually it is associated with at least high-grade dysplasia
and it is considered as the high-grade version of gastric
type. When invasive carcinoma is present, it is frequently
of the tubular type; and (4) oncocytic type: originally described as a separate entity[19], this IPMN subtype shows
proliferative cells associated with atypical cytology. it is
associated with high-grade dysplasia.
Finally, multifocal lesions can be frequently found in
IPMNs. Main-duct IPMNs may involve the entire main
pancreatic duct or “skip” lesions can occur with synchronous, multifocal involvement of main duct epithelium[20].
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Multifocal IPMNs are frequently found in the branchduct type and they represent a challenging situation both
for IPMNs undergoing surgical resection and for those
which are non-operatively managed. The presence of
multifocal branch-duct IPMNs does not seem to be associated with an increased risk of malignancy[21].

ONCOGENES AND INTRADUCTAL
PAPILLARY MUCINOUS NEOPLASMS
Kirsten ras oncogene
Kirsten-ras (KRAS) is located on chromosome arm 12p
and encodes a membrane-bound guanosine triphosphate
(GTP)-binding protein. In some cases the mutation can
occur at the codon 13[22]. The frequency of the KRAS
gene mutations in IPMNs varies from study to study,
ranging from 38.2%[23] to 100%[24-26]. The wide variety
of the reported frequencies is most likely due to the
ongoing better definition of these lesions [13,18,27] and
might also be dependent on the sensitivity of a chosen
screening methodology[28]. There is no significant difference among the incidence of KRAS mutation in the
various grades of dysplasia: 87% in low-grade, 90.2% in
intermediate grade and 70.7% in high-grade dysplasia[29];
anyway, this mutation is considered to be an early event
in the neoplastic transformation of IPMNs[30].
The expression of KRAS mutation can be found
both in surgically resected specimens, in the peripheral
blood[31] and in the pancreatic juice; however, in the latter case, KRAS mutations are not a specific marker for
pancreatic neoplasms because similar mutations were detected in the pancreatic juice from patients with chronic
pancreatitis or other pancreatic diseases[32,33]. Moreover
KRAS mutation is frequently found also in the peritumoral region and in other lesions of IPMN, but only if
the mutation is present in the main tumor[30].
Furthermore, a significant difference in the diameter of the main pancreatic duct between patients with
and without the mutant KRAS gene was detected; this
suggests that the incidence of KRAS mutation may be
associated with the hypersecretion of mucin[34]. KRAS
mutations have the highest frequency in the pancreatobiliary subtype (100%) and the lowest frequency in the
intestinal subtype (46.2%)[29].
GNAS complex locus
GNAS is an oncogene located on the long arm of chromosome 20 at position 13.3, encoding the guanine nucleotidebinding protein (G-protein) alpha subunit (Gs-α)[35]. Mutations at codon 201 were detected in 61% of IPMNs[36].
An important aspect for the differential diagnosis of
pancreatic cystic lesions is that GNAS mutations were
not found in cystic neoplasms other than IPMN or in
invasive adenocarcinomas not associated with IPMN[29].
The prevalence of GNAS mutations is higher in more
advanced lesions, from 19% in low-grade dysplasia, to
23% in intermediate grade and 58% in high-grade dysplasia. As regarding histological subtypes, 100% of the

WJG|www.wjgnet.com

intestinal type harbored GNAS mutations, while 71% of
pancreatobiliary type and 51% of gastric type shows mutant GNAS; in oncocytic IPMNs no mutation of GNAS
is found[36].
“PI3K/Akt” signaling pathway
Phosphatidylinositol-3 kinases (PI3Ks) constitute a large
and complex family of lipid kinases encompassing three
classes with multiple subunits and isoforms[37]. They play
an important role in several cellular functions, such as
proliferation, differentiation, chemotaxis, survival, trafficking and glucose homeostasis[37]. Phosphoinositide3-kinase-catalyc-alfa gene (PI3KCA) mutations frequently
occur in exon 9 and 20 in more of 75% of the cases,
affecting the functionally important helical and kinase
domains of the protein[38-40]. Particularly, the mutations
E542K, E545K and H1047R seem to elevate the lipid
kinase activity of PIK3CA and to activate the Akt signaling pathway. In IPMNs, the frequency of the somatic
mutation of the PIK3CA gene is 11%[28]. PIK3CA mutation seems to be a rather late event in the transition
of these lesions to malignancy[28,41]. In PDA cell lines
no mutation is found in the entire coding region of the
PIK3CA gene[38].
BRAF and the RAS/MAPK pathway
B-Raf is a serine/threonin kinase, encoded by BRAF,
located immediately downstream in Ras signaling, in the
RAS/MAPK pathway that regulates proliferation, differentiation, migration and apoptosis of the cells. The Ras
pathway involves the kinase cascade Raf/MEK/ERK;
BRAF is one of the three isoforms that Raf shows (the
others are a-Raf and c-RAF/Raf-1)[22].
The BRAF gene is located on the long arm of chromosome 7 at position 34. The rate of the somatic BRAF
mutation descripted for IPMN is only 2.7%[22,28]. Even
if the BRAF mutation is not frequent, the alteration of
the Ras-Raf-MEK-ERK-MAP kinase pathway by BRAF
mutation together with Ras mutation may play an important role in the tumorigenesis of IPMNs[22,28]; it is
possible that tumors with both BRAF and KRAS mutations have an accelerated course in the development or
progression[28].
Telomerase reverse transcriptase expression
Human telomeres are nucleoprotein complexes in the
chromosomes ends, essential to genomic stability [42].
When telomeres become critically short, after repeated
replication-dependent loss of DNA termini[43] during
various cell divisions, loss their capping function and so,
protective mechanisms avoid genetic instability, eliminating senescent cells[42]. However, in case of activation of
telomerase, the function of telomeres can be restored
through the elongation of telomeric DNA sequences
and the overcoming of the telomere crisis[44], thus the cells
survive with accumulation of multiple genomic and epigenetic aberrations[45]. Telomerase is a RNA-dependent
DNA polymerase, generally inactivated in normal human
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Table 1 Most commonly oncogenes genetically altered in intraductal papillary mucinous neoplasms
Ref.

Gene
symbol

Gene name

Mechanism of
genetic alteration

Chromosome
site

Known or predicted function

Alteration in
IPMN

Z’graggen et al[24], 1997

KRAS2

Point mutation

12p12.1

Signal transduction, proliferation,
cell survival, motility

81.2%

Dal Molin et al[36], 2013

GNAS

v-Ki-ras-2 Kirsten
rat sarcoma
viral oncogene
homolog
GNAS complex locus

Point mutation

20q13.3

61%

Point mutation

3q26.3

Point mutation

7q34

G-protein beta/gamma-subunit
complex binding
Proliferation, differentation,
chemotaxis, survival, trafficking,
glucose homeostasis
Signal transduction, cell growth

2.7%

Deletion,
nonsynonymous
mutation, polymorphisms
Point mutation,
missense mutation

5p15.3

Genome stability

70.6%

7q36

Cell growth, cell specialization,
proliferation of adult stem cells

61.8%

Schönleben et al[41], 2006

PI3KCA Phosphoinositide-3-kinase

Schönleben et al[22], 2007

BRAF

Hashimoto et al[48], 2008

TERT

Jang et al[50], 2007

SHH

v-raf murine sarcoma viral
oncogene homolog B1
Telomerase reverse transcriptase

Sonic hedgehog

11%

IPMN: Intraductal papillary mucinous neoplasms.

somatic cells. Its catalytic component is encoded by the
human telomerase reverse transcriptase (hTERT) gene,
located on chromosome 5[46,47]. In IPMNs, it is possible to
notice a gradual decrease of the telomeres with histologic
progression; they are shortened in the 97.3% of the loci
analyzed[48]. Telomere shortening can be observed in any
case of adenoma, with a 50% reduction in length in half
of the foci examined[48]. As in carcinoma in situ IPMNs
the telomere shortening is significant compared to borderline IPMNs, but non compared to PDAs, it is likely
that telomeres shorten to a critical length at the carcinoma in situ histological grade[48]. Telomerase activity is significantly higher in invasive carcinoma than in borderline
or carcinoma in situ. In malignant IPMNs, also hTERT
expression is higher than in non-malignant neoplasms:
15.8% in adenoma, 35.7% in borderline, 85% in carcinoma in situ and 86.7% in invasive carcinoma[48]. Then,
transition from borderline to carcinoma in situ seems to
be the critical step at which telomere dysfunction occurrs during IPMN carcinogenesis; the ability of the
cells to overcome this crisis through the up-regulation
of hTERT is a promoting event for the development of
malignancy[44,45,48].
Hedgehog signaling pathway
The hedgehog family consists of three homologous
genes: the first two discovered, desert hedgehog (Dhh)
and Indian hedgehog (Ihh), were named after species of
the spiny mammal, whereas the third, sonic hedgehog
(Shh), was named after the character from the popular
Sega Genesis video game. Hedgehog (Hh) proteins are
a family of secreted signaling factors that regulate the
development of many organs and tissues[49]. Shh is the
best studied ligand of the Hedgehog signaling pathway;
abnormal activation of Hedgehog pathway is described
in IPMNs: Shh expression is detected in 46.2% of adenomas, 35.7% of borderline dysplasia IPMNs, 80% of
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carcinoma in situ-IPMNs and 84.6% of invasive carcinomas with a significant increase in malignant IPMNs[50].
Evaluating IPMN by histological subtype, Shh is expressed in 68.8% of intestinal types, in 92.8% of pancreatobiliary types, 38.1% of null types and in 50% of
unclassifiable types[50]. Shh expression is detected also in
stromal cells, rarely in adenoma and borderline IPMNs,
significantly in malignant IPMNs[50]. In addiction, its
expression is showed in tumor cells of metastatic lymph
nodes[50].
As Shh expression is detectable in pancreatic juice from
IPMN, but it is absent in pancreatitis juice, Shh measurement in pancreatic juice could discriminate IPMN from
chronic pancreatitis[51].
These data suggest that the activation of the Shh
signaling pathway may be involved in an early stage of
the development of IPMN[50-52] and contributes to the
transformation from benign to malignant dysplasia in
IPMN[52], especially in the intestinal and pancreatobiliary
types. Shh expression may also have a role in metastatic
progression to lymph node in malignant IPMN[50]. Oncogenes and intraductal papillary mucinous neoplasms
show in Table 1.

TUMOR SUPPRESSOR GENES AND
INTRADUCTAL PAPILLARY MUCINOUS
NEOPLASMS
Cyclin-dependent kinase inhibitor 2A/p16
CDKN2A is a tumor suppressor gene on chromosome
9p21 (the locus of Ink4A) that encodes the cyclin dependent kinase (Cdk) inhibitor p16Ink4A. This protein
inhibits progression of the cell cycle at the G1-S checkpoint (under the control of the Retinoblastoma pathway), binding to cyclin-dependant kinases (CDKs)[53]
and provoking Retinoblastoma protein phosphorylation:
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its loss of function results in the acceleration of cell
growth[34,54]. Different mechanisms are responsible of
its inactivation, such as homozygous deletion, intragenic
mutation and epigenetic silencing by promoter methylation. All of these invalidating modifications arise at late
stages of pancreatic carcinogenesis. While the loss of
p16 protein described in adenoma/borderline IPMNs
varies from 10% [55] to 25% [56], in the IPMN carcinomas the inactivation of the suppressor gene is found in
77.8%[56]-100%[55] of the cases. Observing all the degrees
of histological atypia, loss of heterozygosity of the p16
gene was described increasingly from adenoma (12.5%)
to IPMNs with intermediate dysplasia (20%), high-grade
dysplasia (33%) and invasive carcinoma (100%)[26]. It’
s evident that p16 loss is necessary but not sufficient to
induce progression from non-invasive IPMN to invasive
carcinoma; in any case, loss of p16 alone is considered
the strongest marker in differentiating IPMN with lowgrade/intermediate dysplasia from the IPMN with carcinoma (in situ or invasive)[55].
TP53 gene
The tumor suppressor gene p53 is located on the short
arm of chromosome 17p; it regulates an essential growth
checkpoint that both protects against genomic rearrangement or accumulation of mutations and suppresses
cellular transformation caused by oncogene activation or
by the loss of tumor suppressor pathways[57]. The roles
of p53 protein are the maintenance of G2-M arrest, the
regulation of G1-S checkpoint, the induction of apoptosis and the regulation of senescence, the repair of DNA
damages and the change of cellular metabolism [58,59].
p53 gene is inactivated especially by missense mutations
in sequences coding for the DNA binding domain[57],
through intragenic mutations of allele 1, accompanied
with loss of the other allele[60,61]. Even if the percentage of mutated p53 in IPMN is slightly different in the
reports, from 27.3%[26] until 42% (in pancreatic juice and
in tissue specimens)[62] or 52%[63], the consensus is that
in the majority of the cases no mutation of p53 is commonly found in adenoma dysplasia; p53 mutation is detectable in 33.3% of the borderline tumor and in 38.5%
of non-invasive carcinoma[64], while in almost all invasive
carcinoma p53 gene is inactivated[26,62,65]. Therefore, loss
of heterozygosity (LOH) of p53 gene seems to be a relatively late event in the carcinogenesis of IPMN, similarly
to what happens in colorectal neoplasms[26,66].
In IPMNs, LOH of the p53 gene concomitant with
LOH of the p16 gene are detected in 0% of the adenomas, in 20% of the borderline tumors, in 33% of the
non-invasive carcinomas and in all the invasive carcinomas[26,56]; hence, LOH of p16 and p53, and the accumulation of genetic alterations, are crucial events in the
evolution of IPMN to an invasive carcinoma[26].
Deleted in pancreatic cancer locus 4
Deleted in pancreatic cancer locus 4 (DPC4) tumor-suppressor gene, located at chromosomal region 18q21, is
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involved in the transforming growth factor β (TGF-β)
growth inhibitory pathway. DPC4 encodes SMAD4, a
nuclear transcription factor that activates transcription
of cell cycle inhibitory factors, particularly p21CIP1[58].
DPC4 is inactivated by homozygous deletion and by intragenic mutations accompanied by loss of the other allele[58,67,68]. As a consequence, loss of function of SMAD4
lead to upregulation of the Retinoblastoma pathway
with the consequent progression from G1 to S phase
of the cell cycle until the unregulated cellular proliferation[54,55,58]. Inactivation of DPC4 is relatively specific for
pancreatic adenocarcinoma (inactivated in the 55% of
the cases)[67,69,70]. SMAD4 expression is detected in all adenoma/borderline IPMNs and carcinoma in situ IPMNs,
while it is lost in 75% of invasive carcinoma IPMNs[55].
Then, loss of SMAD4 expression is the best marker for
the presence of invasive carcinoma[55]. Among invasive
carcinomas, all colloid carcinomas seem to show strong
and diffuse positive labeling for DPC4, whereas only
50% of tubular carcinomas present intense DPC4 staining[71]. SMAD4 mutations have also recently been associated with poor prognosis and with the development of
widespread metastatic disease in pancreatic cancer[72,73].
Serine/threonine kinase 11 gene
Serine/threonine kinase 11 gene (STK11) gene, also known
as liver kinase B1 (LBK1), on chromosome arm 19p, encodes a serine/threonine kinase with growth-suppressing
activity[74]. Furthermore, the product of STK11/LBK1,
in association with p53, regulates p53-dependent apoptosis[75]. Inherited mutations in this gene are responsible for
most cases of Peutz-Jegher syndrome (PJS) and they are
associated with IPMN and PDA[58]. The biallelic inactivation of the STK11/LKB1 gene in IPMN of the patients
with PJS suggests a causative relationship between the
mutation and IPMN[76,77]. However, in addition to germline mutations, somatic mutations can be found in 5% of
patients with sporadic IPMN and pancreatic cancers[76,77].
LOH at 19p13.3 is present in 100% of IPMNs from patients with PJS and in 25% from patients lacking features
of PJS[77]. As patients with PJS have a 132-fold increased
risk of developing pancreatic cancer (that may develop
as an IPMN)[78,79], IPMN can be a “curable precursor” of
PDA in some of these patients[79,80].
Brahma-related gene 1
BRG1, encoded by the gene at chromosomal region
19p13.2, is an ATPase/helicase and constitutes the catalytic subunit of the SWI/SNF chromatin remodeling
complex, that disrupts the adhesion of histone components and DNA, allowing transcription factors access
to their target genes. The tumor suppressive nature of
BRG1 has been demonstrated in IPMNs, where the loss
of BRG1 expression occurs in 53.3% of the lesions, increasing from the low-grade IPMNs (28%) to intermediate-grade (52%) and to high-grade IPMNs (76%); a progressive loss of BRG1 expression is therefore associated
with increasing degree of dysplasia[81]. No significant
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Table 2 Most commonly tumor suppressor genes genetically altered in intraductal papillary mucinous neoplasms
Ref.
Wada et al[26], 2002
Wada et al[26], 2002

Biankin et al[55], 2002

Sato et al[77], 2001

Dal Molin et al[81], 2012

Gene
symbol

Gene name

CDKN2A/
p16
TP53

Cyclin-dependent
kinase inhibitor 2A
Tumor protein p53

Mechanism of genetic
alteration

Homozygous deletion (41%),
intragenic mutation (38%)
Intragenic mutation in 1
allele and loss in the other
allele
SMAD4/ Mothers against deca- Homozygous deletion (50%),
DPC4
pentaplegic homolog
intragenic mutation in 1
of 4, drosophila
allele and loss in the other
allele (50%)
STK11/
Serine/threonine
Homozygous deletion, intraLKB1
kinase 11
genic mutation in 1 allele
and loss in the other allele
BRG1 Brahma-related gene-1 Homozygous deletion, intragenic mutation in 1 allele
and loss in the other allele

Chromosome
site

Known or predicted
function

Alteration in IPMN

9p21

38.1%

18q21.1

Cyclin-dependent kinase
inhibitor
Cell cycle arrest, apoptosis, senescence, DNA repair, metabolism change
Signal transmission

19p13.3

Apoptosis regulation

19p13.2

Regulation of cellular
proliferation, regulation
of several genes involved
in key steps in tumorigenesis

32% (100% in patients
with PJS and 25% in
patients without PJS)
53.3%

17p13.1

27.3%

16.7%

IPMN: Intraductal papillary mucinous neoplasm; PJS: Peutz-jeghers syndrome.

correlation between BRG1 expression and the various
histological subtypes or the different locations within the
ductal system of the cyst has been found[81].
Tumor suppressor genes and intraductal papillary
mucinous neoplasms are shown in Table 2.

DNA METHYLATION IN THE TUMOR
SUPPRESSOR GENES
DNA methylation of tumor suppressor gene promoter
sites is an epigenetic mechanisms that has been demonstrated to play a role in tumorigenesis[82].
Aberrant hypermethylation of gene promoter regions and subsequent loss of gene expression can be
observed in several human neoplasms[83-85]; in particular,
aberrant methylation involving at least one gene promoter site is present in 92% of the neoplastic cases[82].
As regarding IPMN, silencing of tumor suppressor gene
expression by promoter hypermethylation at cytosinephospho-guanine (CpG) islands (genomic regions that
contain a high frequency of CpG sites, found in about
40% of promoters of mammalian genes) is detectable in
more than 80% of samples[86].
Aberrant methylation is present in promoter regions
of genes with well-characterized roles in tumor suppression, most frequently of genes implicated in cell cycle
control, as p16, APC and p73[82].
Significantly, higher grade IPMNs have more methylated genes than lower grade IPMNs[87]; for instance,
IPMNs harbor APC hypermethylation in 10% of noninvasive samples and in 50% of the infiltrative ones[82].
A similar difference is detectable in E-cadherin methylation, the gene related to tissue infiltration and locoregional metastasis (10% in non-invasive IPMNs and 38%
in invasive IPMNs)[82]. Also the mismatch repair genes
hMLH1 and MGMT are more frequently methylated
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in the invasive IPMNs than in the non-invasive tumors
(38% vs 10% and 45% vs 20%, respectively)[82]. A significant difference in the aberrant methylation is present
in TFPI-2: 85% in high-grade IPMNs and 17% in lowgrade IPMNs[88]. Other genes are significantly more likely to be methylated in IPMNs with high-grade than in
those with low-grade dysplasia: BNIP3 (57% in IPMNs
with high-grade dysplasia, 20% in intermediate-grade
dysplasia and 0% in low-grade dysplasia and in normal
pancreas samples)[87], PTCHD2 (50% in high-grade dysplasia, 27% in intermediate-grade dysplasia, 0% in lowgrade dysplasia and 6% in normal pancreas samples)[87],
SOX17, NXPH1, EBF3[87], ppENK and p16[86].
Whereas in the IPMN-associated adenocarcinomas
55% of the samples is methylated at three or more gene
promoters, in non-invasive IPMNs the hypermethylation
involving three or more promoter regions is detectable
in only 20% of the samples (all of these are associated
with carcinoma in situ)[82].
Hence, the analysis of methylated DNA in pancreatic juice could be useful to differentiate, before surgery,
invasive IPMNs from non-invasive IPMNs[86].
Moreover, since methylation at a specific genomic
sites may predispose to tumor recurrence also after complete surgical extirpation, the methylation profile of the
surgical resection margin in the absence of histological
disease could be useful to identify a remnant pancreas at
risk for tumor recurrence or for multifocal disease[86].
A significant difference in the percentage of genes
methylated is also detectable between main-duct IPMNs
and branch-duct IPMNs (71.3% ± 23.8% vs 44.4% ±
20%)[87,88].

S100 PROTEIN FAMILY
The members of the S100 family are proteins containing
a functional EF-hand calcium-binding domain[89]. They
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Table 3 Correlation between mutation of the gene and grade of dysplasia of intraductal papillary mucinous neoplasm
Ref.
Wu et al[29], 2011
Dal Molin et al[36], 2013
Schönleben et al[41], 2006
Schönleben et al[22], 2007
Hashimoto et al[48], 2008
Jang et al[50], 2007
Wada[26], 2002
Abe et al[64], 2007; Wada et al[26], 2002
Biankin et al[55], 2002
Dal Molin et al[81], 2012
Jang et al[23], 2009

Gene

Adenoma

Borderline

Carcinoma in situ

Invasive carcinoma

KRAS2
GNAS
PI3KCA
BRAF
hTERT
Shh
CDKN2A/p16
p53
DPC4
BRG1
S100A4

87%
19%
0%
0%
15.8%
46.2%
12.5%
0%
0%
28%
7.4%

90.2%
23%
2.7%
0%
35.7%
35.7%
20%
33.3%
0%
52%
7.4%

70.7%
58%
2.7%
0%
85%
80%
33%
38.5%
38%
76%
42.9%

70.7%
58%
5.5%
2.7%
86.7%
84.6%
100%
100%
75%
76%
42.9%

are localized in the cytoplasm and/or nucleus of many
various cells and they are involved in Ca2+ signaling network, cell growth and motility, cell cycle progression,
transcription and cell differentiation[90,91]. Sixteen S100
genes are described and they are located as a cluster on
chromosome 1q21. Differently, the S100P gene is located at 4p16; it encodes the protein S100P (S100 calcium
binding protein P), that, in addiction to binding Ca2+,
also binds Zn2+ and Mg2+.The expression of this gene is
increased in pancreatic cancer[92] and it is involved in its
cell growth, survival and invasion[93]. In IPMNs, the levels of S100P in bulk pancreatic tissues are higher than in
non-neoplastic pancreatic tissues; in microdissected cells,
the levels of the protein are higher than in PDA and in
PanIN cells, while, in pancreatic juice, IPMNs express
higher levels of S100P than it was detected in chronic
pancreatitis[94]. Then, S100P expression in pancreatic
juice may be measured to discriminate neoplastic disease
from chronic pancreatitis and S100P may be considered
an early developmental marker of pancreatic carcinogenesis[94].
Protein S100 calcium binding protein A4 (S100A4),
encoded by the S100A4 gene, is involved in the regulation of the motility and invasiveness of cancer cells and
its altered expression is implicated in tumor metastasis[95].
The expression of S100A4 is increasing with the malignancy of IPMN: S100A4 protein is detectable in 7.4%
of benign IPMNs (adenoma and borderline dysplasia)
and in 42.9% of IPMN carcinomas. Thus, the expression
of S100A4 could be a possible marker of malignancy,
useful for the diagnosis and for providing the biological
behavior of IPMN[23].
Protein S100 calcium binding protein A6 (S100A6),
encoded by the S100A6 gene, is implicated in cell proliferation and invasion [96]. IPMN cells, as also PDA
cells, express higher level of S100A6 than normal or
pancreatitis-associated epithelial cells[96]. The alteration
of S100A6 expression is an early event in pancreatic carcinogenesis; then, its expression gradually increases and
so it may be considered a biomarker for the malignant
potential. Measuring S100A6 in pancreatic juice may allow to detect early pancreatic cancer or to identify individuals with high-risk pancreatic lesions[96].
Protein S100 calcium binding protein A11 (S100A11),
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encoded by the S100A11 gene, plays an important role in
the DNA damage response through a nucleolin-mediated
translocation from the cytoplasm into the nucleus that
correlates with an increased cellular p21 (the cell cycle
regulator) protein level [97]. The levels of S100A11 in
bulk tissues and in pancreatic juice are higher in PDA
and in IPMN than in non-neoplastic samples, while,
in microdissection analysis, IPMN cells are detected to
express higher levels of S100A11 than PDA cells do[98].
This behavior suggests that S100A11 could be a tumor
suppressor gene and its expression may decrease during
progression from a benign to a malignant phenotype.
The measurement of S100A11 expression in pancreatic
juice may be useful for an early detection of pancreatic
cancer, in particular for patients with high-risk lesions or
chronic pancreatitis and patients with a family history of
pancreatic cancer[98].
Correlation between mutation of the various genes
and the different grades of dysplasia of intraductal papillary mucinous neoplasms is shown in Table 3.

ABERRANT EXPRESSION OF MICRORNAS
microRNAs (miRNAs) are small (18-24 nucleotides), singlestranded RNA molecules that regulate gene expression by
binding messenger RNAs of genes at the 3’ untranslated
region, resulting in degradation of the target messenger
RNA or inhibition of translation[99]; so, the principal
function of miRNAs is to regulate stability and translation of nuclear mRNA transcripts[100]. Their role in the
control of proliferation, differentiation and apoptosis
and their aberrant expression, leading to promotion of
expression of proto-oncogenes or inhibition of tumor
suppressor genes in many tumors, implies that they
might function as tumor suppressor genes and as oncogenes[99,101-103].
Misexpression of miRNAs is commonly observed
in pancreatic adenocarcinoma and its precursor lesions[99,104,105] and in IPMN[99].
The expression of the primary transcripts for miR-21
starts from chromosome 17q23.2; upregulation of miR-21
in cancer cells leads to apoptosis inhibition and acquisition
of invasive properties[106]. Between the genes repressed by
miR-21, there are the tumor suppressor phosphatase and
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tensin homolog (PTEN), with the consequential activation of the Akt signaling pathway[107], and the PDC4, with
the resulting promotion of cellular transformation and
metastases[108].
miRNA-155 instead is co-expressed in conjunction
with the non-coding transcript BIC, from chromosome
21q21.3[109]. Misexpression of miR-155 in pancreatic cancer represses the function of tumor protein 53 induced
nuclear protein 1 (TP53INP1), that is pro-apoptotic[110].
miR-21 and miR-155 are significantly upregulated in
the majority of non-invasive IPMNs and their expression
correlates with histological features of progression[100].
miR-21 and miR-155 appear more up-regulated in invasive IPMNs compared with non-invasive IPMNs and
with normal tissues[101], with a significantly greater proportion of IPMNs with carcinoma in situ expressing upregulated miRNA compared to IPMN adenomas[100]. The
percentage of miR-155 expression is 83% in IPMNs and
7% in normal ducts, whereas miR-21 expression reaches
81% in IPMNs and 2% in normal ducts[100]. Specifically,
all the carcinoma in situ-IPMNs expressed miR-155,
while it is expressed in 54% of IPMN adenomas, and
95% of IPMNs with carcinoma in situ expressed miR-21
while 54% of IPMN adenomas do it[100]. A significant
higher proportion of carcinoma in situ-IPMNs expressed
both miRNAs, compared to adenomas[100].
The association of the high levels of miR-21 with
worse overall survival and a shorter median disease-free
survival defines miR-21 as an independently prognostic
factor for mortality and disease progression[101].
Differently from miR-155 and miR-21, expression of
miR-101 is significantly higher in non-invasive IPMNs and
normal tissues than in invasive IPMNs[101,111]. miR-101
could downregulate EZH2 (enhancer of zeste homolog-2, expression of which is significantly high in malignant IPMNs) in benign IPMNs, while a reduced level of
miR-101 is attributable to increased expression of EZH2
in malignant IPMNs. Hence, low levels of miR-101
could be a trigger for the adenocarcinoma sequence of
IPMN by upregulation of EZH2[111].

HUMAN MUCIN GENES EXPRESSION
MUCs are a group of genes that transcribe for high
molecular weight glycoproteins (mucins)[112]. Their function is the lubrication and the protection of epithelial
mucosa, but they also play a role in homeostasis and
carcinogenesis[113,114]. In the last years, core proteins for
various human mucins have been identified (MUC1-9,
MUC11-13, MUC15-20)[115-117]. Mucins are differentially
expressed by several epithelial cells: goblet cells of the
intestinal mucosa express overall MUC2 and then MUC3
and MUC4, that are expressed also by enterocytes. As
regarding gastric mucosa, surface cells express MUC5AC
and pyloric glands MUC6[118,119]. Ductal cells of the pancreas are principally characterized by the expression of
MUC3, MUC5B and MUC6[120,121]. In pancreatic cancer,
MUC1 and MUC2 are the more described and are re-
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spectively reported as markers of “aggressive” and “indolent” phenotypes[122,123].
MUC1 have an inhibitory role in cell-cell and cell-stroma interaction, mostly through integrins, and plays also a
role in immunoresistance of neoplastic cells to cytotoxic
T cells[124]. The MUC1 mucin mRNA is detected in several epithelial tissues and it is overexpressed in pancreas[125],
where it is commonly expressed in PanIN-3 (61%)[126]
and in ductal adenocarcinoma. Only rarely MUC1 is detectable in non-invasive, non-pancreatobiliary-type IPMN
and colloid carcinoma[127]. In IPMNs, MUC1 expression
has a specificity of 90% for the presence of tubular type
invasion[126]. The expression of MUC1 in IPMNs is low,
mainly in lower grade lesions; indeed, MUC1 expression
is higher as the degree of dysplasia improves[126]. MUC1
expression is detectable in 8.6% of adenoma/borderline
IPMNs and in 35.8% of carcinoma IPMNs[128]. High
levels of MUC1 expression, its aberrant intracellular
localization and changes in glycosylation are associated
with an aggressive phenotype[127]. MUC1 overexpression
is considered the most sensitive and specific marker of
invasive carcinoma[129]. It is infrequent to detect MUC1 in
cystic fluid of IPMNs[130].
MUC2 is a secretory mucin, associated with gel formation via polymers that are linked end to end by disulfide bonds and regulates cell proliferation via cysteinerich domains[126]. It is expressed in the perinuclear region
of the goblet cells of normal mucosa of the colon, small
intestine and airways [112,131,132], providing an insoluble
mucous barrier and protecting epithelium. It is never expressed in normal pancreatic tissue, but it is detectable in
intestinal-type IPMN and colloid carcinoma[23,130]. MUC2
in cystic fluid is a marker of the intestinal subtype and
delineates high-grade dysplasia/invasive cancer[127,133].
The expression of MUC2 rises from early IPMN (adenoma and borderline) to higher grade IPMN (carcinoma
in situ) to colloid carcinoma (30%, 54% and 100%, respectively)[126], in contrast to ordinary ductal adenocarcinomas
of the pancreas, where 63% are MUC1+ and only 1% is
MUC2+[123,126,134].
In case of invasive carcinomas developing from IPMN,
colloid carcinomas are exclusively MUC2+ (100%) and
MUC1-, whereas 60% of tubular adenocarcinomas express MUC1 and only 1% of them expresses MUC2. In
the IPMNs with MUC2+ expression, a carcinomatous
component has been observed in the 89% of the cases,
whereas, in case of MUC2- expression, it has been observed in only the 19% of the cases. Invasive carcinoma
is more frequent in the IPMNs with MUC2+ expression
(67%) than in the IPMNs with MUC2- expression (6%),
so the clinical outcome for patients with IPMN with
MUC2+ pattern tended to be worse than for those with
IPMN with MUC2- pattern[112].
IPMNs with MUC2- pattern have low incidence of
carcinoma in tumors under 4 cm in diameter, whereas
IPMNs with MUC2+ pattern have a high incidence of
carcinoma even in small tumors. Hence, the incidence
of carcinoma in the MUC2- tumors is correlated with
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Table 4 Mucin expression profiles of the histological subtypes of intraductal papillary mucinous neoplasm

Gastric
Intestinal
Pancreatobiliary
Oncocytic

MUC1

MUC2

MUC5AC

MUC6

+
-

+
-

+
+
+
+

+
+

MUC: Mucin.

tumor size, while in the MUC2+ tumors there is no correlation with tumor size. In the light of this behavior, it
is unlikely that MUC2+ tumors are derived from MUC2tumors; so, the two types of tumors arise from different
cell lineages[112].
MUC4 is a transmembrane ligand for ErbB-2, functioning in cell-cell and cell-extracellular matrix interactions[135]. Through alteration of cell properties and modulation of ErbB-2 expression, it acts on tumor growth
and metastases[136]. MUC4 is not detectable in normal
pancreatic tissue and it is expressed more frequently in
high-grade and invasive IPMNs, with a worse overall
survival in pancreatic cancer[136,137]. MUC4 is secreted
into the cyst fluid and, in high-risk cysts, it is present in
higher concentrations[127,136]. This increase in high-risk
cysts could be reflective of activation of the ErbB-2
signaling pathway that may transform borderline cysts
to a malignant phenotype[127,136]. Hence, MUC4 could be
involved in the progression of adenoma cells to more
aggressive cells and to be considered a diagnostic molecular marker indicating the existence of cellular atypia[136].
MUC5AC is a secretory mucin abundantly present
in the stomach on the gastric mucosa[138]. Its aberrant
expression is present in Barret esophagus[139], in gastric
metaplasia in the duodenum[140] and in the colonic adenoma or cancer[131,138]. It seems to form a protective gel
around tumors[141], that may be advantageous for all neoplasms. As MUC2, MUC5AC is never expressed in the
normal pancreatic tissue, but is detectable in all types of
IPMN and in PanINs[127,136]. The increase of expression
of MUC5AC is an early event in pancreatic carcinogenesis[142]. MUC5AC is involved in the transition of hyperplastic cells to adenoma cells, so it could be a unique
marker to differentiate IPMN tumor lesions from hyperplastic lesions, for its presence in all IPMN lesions, irrespective of histologic grades and epithelial subtypes[128,136].
The synchronous expression of MUC4 and MUC5AC
in about half of adenoma IPMNs and almost all borderline and malignant IPMNs suggests that they act cooperatively to the carcinogenesis of IPMNs[136].
MUC6, a pyloric-type mucin, plays an important role
in foregut differentiation of cells and it is implicated in
gastric and pancreatic carcinogenesis[142]. Its expression
is detectable in the intercalated ducts of the pancreas, in
the small pancreatic tributary ducts with pyloric features
and in Brunner glands of the duodenum, with focal
granular labeling in some acini[134,143].
MUC6 seems to be regulated by key molecules such
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as Sp and NFkB, known for their important roles in
pancreatic tumorigenesis[144,145].
The direction of differentiation in the various histological types of IPMNs is reflected in the expression
of mucins: MUC1 is expressed in pancreatobiliary-type,
MUC2 in intestinal-type, while MUC5AC is typically expressed in gastric-type IPMN. MUC5A can also be found,
in combination with MUC1, in pancreatobiliary and oncocytic types or, in combination with MUC2, in the intestinal type IPMN[18,146]. As regarding MUC6, IPMNs characterized by oncocytic-type papillae show diffuse and strong
MUC6 expression; IPMNs with pancreatobiliary-type
papillae also consistently express MUC6, but the degree
of expression is less intense than in oncocytic samples[143].
The feasibility of evaluating MUC expression from
material obtained by endoscopic ultrasound-guided fineneedle aspiration has been assessed[147,148]; RNA can be
extracted from biopsies obtained under endoscopic ultrasound with fine needle aspiration (EUS-FNA). A relationship between the abnormal expression of some classes of MUCs and IPMNs has been demonstrated[147,148];
MUC7 could be a potential biological marker to identify
malignant lesions[147] (Table 4).

DISCUSSION
The data exposed so far must be applied to the clinical
management of IPMNs in order to differentiate lowrisk from high-risk lesions and to determinate which patients need surgery and which can be maintained under
surveillance.
EUS-FNA of pancreatic cyst fluid sampling could
be the procedure that enables to discriminate between
benign and malignant IPMNs. The information we can
obtain from cystic fluid analysis is various. Some authors
proposed to measure the levels of carcinoembryonic antigen (CEA) concentration, but actually CEA is suitable
only for the diagnosis of a mucinous cyst and not for
the distinction of the degree of dysplasia[149,150].
More information instead can result from DNA analysis of pancreatic cystic fluid: DNA quantification, allelic
imbalance/loss of heterozygosity and point mutations.
The most significant markers in differentiating malignant
IPMNs from benign IPMN lesions, among the genes presented in this paper, are MUC2, CDKN2A/p16, hTERT,
S100A4 and Shh. In light of the percentage values of
mutation in relation to the degree of dysplasia found in
Literature, the analysis of DNA mutation detailed for
these genes could be helpful to delineate IPMNs with
high-grade dysplasia or invasive cancer that need surgical
resection and adenoma and borderline IPMNs that can
be maintained in follow-up.
In literature, KRAS is frequently reported as a possible indicator of malignancy in IPMNs; however, the
lack of significant difference among the incidence of
KRAS mutation in the various degrees of dysplasia
makes KRAS inadequate in identifying benign and malignant IPMNs, being highly specific only for mucinous
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Radiologic diagnosis of IPMN

MD-IPMN, mixed IPMN, BD-IPMN > 3 cm
or symptomatic or with mural nodules

Asymptomatic BD-IPMN < 3cm

Surgery

EUS-FNA with aspiration of
pancreatic cystic fluid

DNA mutational analysis of cystic fluid

Increased MUC2
expression

Elevated
inactivation
CDKN2A/loss p16
protein

Surgery

Increased
S100A4
expression

Increased hTERT
expression

Increased Shh
expression

Surveillance

Figure 1 Algorithm for the management of patients with intraductal papillary mucinous neoplasm created on the base of molecular genetics data presented in the paper (the continuous line stands for “yes”, the dashed line stands for “no”). IPMN: intraductal papillary mucinous neoplasm; EUS-FNA: Endoscopic
ultrasound with fine needle aspiration; hTERT: human telomerase reverse transcriptase.

differentiation of pancreatic cysts[151] (Figure 1).

4

CONCLUSION
As stated above in this paper, the knowledge of molecular biology of IPMNs has impressively developed
over the last few years, but more research is needed to
use this information for clinical intent, in order to better
define the natural history of these diseases. In addition,
IPMN represent a very interesting histological and molecular model of pancreatic neoplasm, and, as it may be
considered as precursor of PDA, new insights into the
molecular pathology of this neoplasm could be of interest for the understanding of the biology of PDA.
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induced intestinal damage are other indications for
CE. Capsule retention is the only significant adverse
outcome of CE and occurs mostly in presence of intestinal obstruction. This can be prevented by use of
Patency capsule prior to CE examination. Presence of
cardiac pacemaker and intracardiac devices continue
to be relative contraindications for CE, though data
do not suggest interference of CE with these devices.
Major limitations of CE today include failure to control
its movement from outside, inability of CE to acquire
tissue for diagnosis, and lack of therapeutic help. With
ongoing interesting and exciting developments taking
place in these areas, these issues would be solved in
all probability in near future. CE has the potential to
become one of the most important tools in diagnostic
and possibly in the therapeutic field of gastrointestinal
disorder.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
Video capsule endoscopy (CE) since its introduction 13
years back, has revolutionized our approach to small
intestinal diseases. Obscure gastrointestinal bleed
(OGIB) continues to be the most important indication
for CE with a high sensitivity, specificity as well as positive and negative predictive values. It is best performed
during ongoing bleed or immediately thereafter. Overt
OGIB has a higher diagnostic yield than occult OGIB.
However, even in iron deficiency anemia, CE is emerging as important investigation after initial negative work
up. In suspected Crohn’s disease (CD), CE has been
shown superior to traditional imaging and endoscopic
technique and should be considered after a negative
ileocolonoscopy. Although CE has also been used for
evaluating established CD, a high capsule retention
rate precludes its use ahead of cross-sectional imaging.
Celiac disease, particularly where gastro-duodenoscopy
cannot be performed or is normal, can also be investigated by CE. Small bowel tumor, hereditary polyposis
syndrome, and non-steroidal anti-inflammatory drugs
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Core tip: Since its discovery in the year 2000, more
than 1000 articles have been published on capsule endoscopy (CE). The technology is evolving continuously
with development of new concepts. This review article
discusses the present status of CE and also, sheds
some light on possible future solution of the current
limitations of this technique. Issues related to technique, patient preparation, image interpretation, and
indications have also been discussed.
Goenka MK, Majumder S, Goenka U. Capsule endoscopy: Present status and future expectation. World J Gastroenterol 2014;
20(29): 10024-10037 Available from: URL: http://www.wjgnet.
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INTRODUCTION
Since its introduction into clinical practice in 2000[1],
video capsule endoscopy (CE) has established itself as an
invaluable tool for investigating a wide variety of gastrointestinal diseases. Evolving evidence has shown that CE
is a reliable, non-invasive as well as a cost-effective test
for examining the entire small bowel. “Esophagus” and
“Colon” capsules have also been studied, and preliminary
data suggest utility in certain subset of esophageal[2-5]
and colonic[6,7] diseases. A clear understanding of the indications, risks, and limitations of capsule endoscopy is
essential for the judicious and cost-effective use of this
investigative tool. More than 1000 studies have been published in last 10 years addressing various aspects of CE,
and all important gastrointestinal societies have issued
guidelines from time to time[8-10]. This review will describe
the technical aspects of CE along with the indications
and complications associated with this test and also, outline recent advances as well as future expectations in this
field.

TECHNICAL ASPECTS
Components and design
CE system was pioneered by Given Imaging, Israel and
essentially, consists of three components (Figure 1):
“Capsule” itself, which is actually a camera which is ingested; a data recorder, which is placed on patient’s body
along with sensor pads; and a dedicated computer with
software for downloading and analyzing the images from
the data recorder. “Capsule” has components of camera
including optical dome, light source, lens, a complementary metal oxide semiconductor imager (CMOS), battery,
and a wireless transmitter-all packaged into a device. This
measures approximately 26 mm × 11 mm and is easily
ingested. The battery lasts for about eight h during which
standard capsule takes two pictures per second totaling
around 50000 images[11]. In the initial version, this camera
had 140° field of view. More recent capsule introduced
by Given Imaging, called PillCam SB2, now has a broader
angle of view (156° vs 140°) and better optics with advanced automatic light control which allows adaptation
of light in darker areas of intestine (somewhat akin to
flash of a camera). Recently introduced data recorder
(DR3 by Given Imaging, Israel) accompanies a screen
which can show real time images during ongoing examination. This has shortened the duration of examination,
as the procedure may be terminated once cecum is visualized at real time. Dedicated computer has software
for viewing the images at variable speed almost like a
video. In addition, the instrument also include localization system (for detecting lesion site), blood detector (for
identifying site of bleed), double and quadri-viewer (can
view multiple images together), quick view, and chromoendoscopy (Fuji intelligent color enhancement i.e., FICE)
(Figure 2). One can calculate inflammation score (Lewis)
and compare images with incorporated atlas. It takes
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45-90 min (average 60 min) to visualize all the images.
With the advanced CE system, even trained nurses and
resident doctors can effectively interpret the result in
absence of specialist gastroenterologists[12,13]. Quick view
examination reduces the time required for image reading
to less than 10 min and is useful in urgent situation[14].
Evaluating FICE assisted CE (FICE-CE) to conventional
white light CE, a recent study showed that FICE-CE was
no better in terms of diagnosing and characterizing significant lesions in patients with obscure gastrointestinal
bleeding (OGIB)[15]. However, another recent study did
show some encouraging results obtained with FICE-CE
in diagnosing polyp[16]. A simple three part sensory array,
contained in a belt worn by the patient (without the need
of wearing sensory pads), has recently being introduced.
However, this does not allow localization of capsule as
compared to the conventional eight-sensory pad system.
In addition to most popular Given Imaging System
(PillCam) from Israel, there are other devices that are also
available in the market[11]. These include MiroCam (Intromedic, South Korea), OMOM pill (Chongqing, China),
and EndoCapsule (Olympus, Japan). These three systems
have been launched in the market after Given Imaging
Capsule; therefore having less scientific data to study.
EndoCapsule has charge coupled device chip for imaging in place of CMOS used in PillCam. EndoCapsule has
similar characteristics as Given Imaging PillCam Capsule
and has been shown to be equally useful[17]. MiroCam
measures 24 mm × 10.8 mm and has 150° field of view
(170° in version 2). It can take three frames per second
with a battery life of 11 h[18]. Compared to all other CE,
which use radiofrequency as a mode of data transmission, MiroCam system uses electrical field propagation[18].
A recent study has compared Olympus EndoCapsule
with MiroCam capsule and has found a similar overall
diagnostic yield but a suboptimum concordance rate[19].
OMOM capsule is somewhat larger (27.9 mm × 13 mm)
and has 140° field of view. It can take 0.5-2 frames per
second and has a battery life of around 8 h[20]. A new
CE system has recently been introduced in the market
under the name of CapsoCam (Capso Vision Saratoga,
CA, United States) having four cameras. This allows the
visualization of small bowel through 360° lateral viewing[21]. It has a battery life of 15 h and takes images at a
frame rate of 12-20 per second. This system, however,
stores acquired image data on an internal chip. The capsule, therefore, has to be retrieved from stool. This is not
only cumbersome, but the capsule with all images may
be lost in a small proportion of patients. A recent study
has shown comparable efficacy of Capso vision capsule
compared to PillCam SB2 in terms of diagnostic yield
and image quality[22].
Testing protocol
Patients are usually placed on a clear liquid diet on the
day before the test followed by an 8 to 12 h of fast prior
to capsule ingestion. Drinking clear liquids is allowed
after 2 h and a light meal after 4 h of capsule ingestion.
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Figure 1 Components and design of capsule endoscopy system. A: Capsule; B: Schematic diagram of components of capsule; C: Data recorder; D: Patient with sensor
attachment; E: Dedicated work station.

A

Figure 2 Ulcerated lesion at capsule endoscopy using chromoendoscopy. A: White light; B: Blue light (with Fuji intelligent
color enhancement).

B

The patient wears the external recorder till the exam is
completed. This is usually accomplished in 8-10 h during
which the patient is allowed to continue with their normal daily activities.
Bowel preparation
The presence of intraluminal contents and slow capsule
transit are the two factors that negatively impact the diagnostic yield of CE. Two recent meta-analyses showed
an improved diagnostic yield after a purgative preparation[23,24]. However, another meta-analysis[25] concluded
that the use of bowel preparation improves mucosal visualization but did not improve diagnostic yield or completion rate. Use of bowel preparation does not significantly
alter gastric or small bowel capsule transit time. Therefore,
there is currently no consensus opinion on the use of
purgative bowel preparation in patients undergoing small
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bowel CE[9,26]. The most widely practiced bowel preparation regimen involves a 2 liters polyethylene glycol-based
purge administered one day before the procedure. The
addition of Simethicone to the purge has been shown to
reduce the formation of bubbles and improve the quality
of images obtained. Use of prokinetic drugs to improve
capsule propagation has not shown a consistent improvement in the diagnostic outcome[27,28]. Two recent metaanalysis studies have failed to show any benefit in diagnostic yield with CE after use of proktretics[29,30].

INDICATIONS OF CE
Indications for small bowel capsule endoscopy include
obscure gastrointestinal bleeding, iron deficiency anemia,
inflammatory bowel disease, celiac disease, small bowel
tumors, hereditary polyposis syndrome etc.
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Figure 3 Lesions at capsule endoscopy seen in patients with obscure gastrointestinal bleed. A: Arteriovenous malformation; B: Non-steroidal anti-inflammatory
drugs ulcer; C: Polyp; D: Adenocarcinoma; E: Hook worm; F: Small intestinal varix.

OGIB
OGIB is defined as gastrointestinal bleed either overt or
occult, which remains undiagnosed in respect to underlying etiology despite doing upper and lower gastrointestinal endoscopies. OGIB is the most important and the
most evaluated indication for CE[31,32]. In a meta-analysis
including 227 studies and 22840 CE procedures, the diagnostic yield for OGIB was 61%[33]. In another study published subsequently including 911 patients with OGIB,
56% patients had positive finding at CE[34].
Overall diagnostic results for CE are somewhat superior for overt OGIB compared to occult OGIB. For
overt OGIB, it is important to realize that CE is best performed close to index bleed. In one of our earlier studies[35], involving 385 patients with OGIB from a single
center, we found that the diagnostic yield was significantly higher in subgroup where CE was performed within
48 h of index bleed (87%) compared to subgroup where
it was performed later (68%). Somewhat similar results
have been found in other studies as well. CE is, however,
avoided when there is ongoing torrential gastrointestinal
(GI) bleed because of fear of blood obscuring the vision
and time lost in performing and interpreting the results.
Etiology for OGIB as detected by CE has varied
from study to study[36-38]. In general, arteriovenous malformations, small bowel tumors, drug-related lesions, and
Crohn’s disease are the common underlying etiologies. In
our published research[35], underlying causes for OGIB at
CE included ulcers in 66.2%, tumors in 16.9%, arteriovenous malformation in 8.8%, and worms in 2.8% (Figure
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3). In 5.3% cases, blood was noted in small intestine, but
no lesion could be identified[35]. Small bowel is, as expected, the commonest site for OGIB. Interestingly, however,
in 10%-15% of patients, lesions may be seen in upper GI
tract or in colon, which had been missed at primary upper and lower GI endoscopy[36].
Diagnostic results of CE in OGIB have been critically analyzed in number of studies in terms of its impact
on changing the management or altering the outcome. It
was clearly shown that in 33%-66% of patients undergoing CE, the management strategy was changed based on
CE findings[39,40]. In this respect, CE was shown to be
superior to push enteroscopy[41]. A large retrospective
study from Mayo Clinic showed that use of CE in OGIB
resulted in reduction in number of hospitalization, additional investigations, and need for blood transfusion[42].
Recent study from South Korea, however, has shown no
significant impact of CE on the long term outcome of
patients with OGIB[43].
Negative CE in the setting of OGIB, has also been
shown to predict the outcome. In fact, the risk of rebleeding rate after negative CE is very low[44,45], and these
patients can be justifiably managed by a conservative approach. Some retrospective studies have, however, shown
a high diagnostic yield of repeat CE studies (32%) following a prior negative study[46]. The impact of this on
the natural history of OGIB needs further data.
CE has been compared to other modalities for evaluating OGIB e.g., push enteroscopy, barium studies, intraoperative enteroscopy, and double balloon enteroscopy
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Table 1 Capsule endoscopy findings in patients with iron
[57]
deficiency anemia (n = 1194)
n (%)
Findings

Value

Vascular lesion
Inflammatory lesion
Tumor/mass
Others
None

293 (24.5)
126 (10.5)
42 (3.5)
177 (14.8)
556 (46.6)

(DBE). A meta-analysis has clearly shown a significantly
better yield for CE (63%) compared to push enteroscopy (23%)[47]. In another study, CE detected a source of
bleeding in 72% compared to standard angiography (56%)
or computed tomography (CT) angiography (24%) with
positive findings at CE in more than 50% cases negative
at CT or standard angiography[48]. One study compared
angiography with CE in overt OGIB and found the yield
to be better for CE compared to angiography (53% vs
20%); this was associated with reduced risk of re-bleeding
(17% vs 33%)[49]. Compared to intra-operative enteroscopy, which is the gold standard, CE has been shown to
have sensitivity, specificity, and positive and negative predictive values of 95%, 75%, 95% and 86%, respectively[50].
Studies published to date show CE in general, to
have a higher diagnostic yield for OGIB compared to
DBE[51,52]. One of the most recent meta-analysis involving nine studies (six prospective and three retrospective)
has compared CE with DBE in OGIB and has shown
similar diagnostic yield. The pooled Odd’s ratio for diagnostic yield with CE compared to DBE in this study was
1.48 (95%CI: 0.90-2.43, P = 0.16)[53].
There has been a lot of concern about cost involved
in CE and other new techniques used for OGIB such
as balloon-assisted enteroscopy (BAE). Contrary to the
belief, recent data suggest that both CE and BAE are
cost-effective when compared to conventional imaging
modalities[54,55]. Overall, CE is preferred as an initial test
with BAE being performed only if CE demonstrates a
positive finding[54]. In this situation, CE can also guide
the route, oral or anal, for BAE, thereby optimizing the
time and resources[56]. In a subset of patients with high
likelihood of vascular lesions with need for endotherapy,
an initial BAE may, however, be more cost-effective[54]. In
addition to improved diagnostic yield, CE has the added
advantage over these alternative modalities of being noninvasive, patient friendly, without any major complications, and in its ability to examine almost the entire small
intestine. Currently, CE is accepted as examination of
choice in patients with OGIB after a negative gastroscopy and colonoscopy.
Iron deficiency anemia
Iron deficiency anemia (IDA) is most common cause of
anemia world wide. For evaluating the role of CE, patients with IDA are often clubbed with those having positive fecal occult blood test. However, a systemic review
by Koulaouzidis et al[57] has recently evaluated the role of
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CE in patients presenting with IDA. Based on the data
from 1960 patients in 24 studies included in this review,
the authors found the diagnostic yield of CE to be 47%.
As shown in Table 1, among 1194 patients where findings were clearly described, vascular lesions were most
frequent. However, 17 of the studies included in this review were retrospective, and there was considerable heterogeneity among the studies. Despite these limitations
of available data, CE is recommended as an investigation
in patients with IDA with previous negative workup.
A recent study also evaluated the role of CE in elderly
patients presenting with IDA and demonstrated a good
diagnostic yield[58]. Exact placement of CE in diagnostic
algorithm of IDA, however, needs further high quality
studies.
Inflammatory bowel disease
Advances in endoscopic techniques (BAE and CE) as well
as cross-sectional imaging [CT and magnetic resonance
(MR) enteroclysis] have revolutionized the approach to inflammatory bowel disease (IBD) and in particular, Crohn’
s disease (CD). The exact position of these modalities in
the algorithm of CD continues to be a matter of debate.
A large meta-analysis of prospective studies comparing
CE with other modalities, both in suspected and established CD, has already shown the superiority of CE. CE
was found to be superior to push enteroscopy, ileo-colonoscopy, small bowel follow through, and CT enteroclysis
with weighted incremental yield of 42%, 39%, 37%, and
39%, respectively[59]. MR enteroclysis, however, was found
to have similar sensitivity as CE[59]. A recent study from
Denmark also showed better results for CE compared to
CT enteroclysis, while MR enteroclysis had similar results
as CE[60]. A meta-analysis of nine studies by Pasha et al[61]
compared CE with double-balloon enteroscopy and found
similar diagnostic yield. Although CE being non-invasive
and patient friendly has obvious advantages, it does have
limitations due to the absence of well-defined criteria for
abnormal findings and inability to take mucosal biopsies.
A recent study has shown quick view mode of CE to
be time reducing and safe for diagnosis of small bowel
Crohn’s disease[62].
Suspected CD
Findings at CE in CD include erythema, mucosal edema,
ulceration, fissuring, stricture, and an occasional fistula
(Figure 4). The diagnostic yield of CE in suspected CD is
high (up to 55%) making it an investigation of choice[63].
However, interpreting mild abnormalities which may
not always reflect CD has been a major issue. This is
particularly true in the setting of non-steroidal antiinflammatory drugs (NSAIDs) intake; hence it is recommended to avoid NSAID for a month before performing
CE for suspected CD[64]. On the other hand, a normal
CE finding has a negative predictive value of more than
95% highlighting the utility of CE in excluding CD[65].
Attempts have been made to increase the diagnostic yield
and positive predictive value of CE in suspected CD by
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Figure 4 Capsule endoscopy in patients with Crohn’s disease. A: Fissuring; B: Multiple aphthous ulcers; C: Serpiginous ulcer; D: Cobblestoning; E: Stricture.

using high pretest probability criteria such as presence of
perianal disease and negative initial work-up or high fecal
calprotectin level[66,67].
Established CD
A few studies have reported the use of CE for assessing
disease activity in established CD, particularly to explain
new symptoms and to demonstrate mucosal healing. Two
inflammation scores i.e., Lewis score which is incorporated in Given Imaging Software and CE Crohn’s disease
activity index, which has been recently validated, can be
used for this purpose[68,69]. The correlation between Lewis
score and fecal calprotectin has been demonstrated recently[70]. Use of CE standard reporting terminology is
likely to enhance our ability to assess established CD at
CE[71]. Capsule retention rate in established CD continues
to be an area of concern. For patients needing evaluation
of postoperative recurrence of CD, CE can detect proximal small bowel lesions and should be considered either
after an initial ileocolonoscopy or in case of unsuccessful
ileocolonoscopy[72].
Unclassified IBD and ulcerative colitis
CE is also an important tool to reclassify IBD of unclassified category by showing or excluding small intestinal
involvement[73]. Similarly, it has been used to evaluate
ulcerative colitis patients who have atypical symptoms. A
prospective study, however, failed to show any utility of
CE performed prior to ileal pouch-anal anastomosis in
patients with IBD in predicting the outcome during 12
mo follow up[74].
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Thus, CE plays an important role in diagnosis and
evaluation of CD. Ileocolonoscopy would continue to be
the first investigation for suspected CD, but CE is now a
well-accepted second investigation of choice. For established CD, CE is generally indicated only after a stricture
has been ruled out at cross-sectional imaging. However,
diagnosis of CD should always be based on clinical, lab
results, radiology, and endoscopy findings rather than CE
alone. Differential diagnosis at CE should include nonspecific jejunoileitis, lymphoma, tuberculosis, and of
course NSAID induced intestinal disease.
Celiac disease
CE is a useful non-invasive diagnostic tool in patients
with suspected or established celiac disease and can demonstrate changes such as scalloping, mosaic pattern, flat
mucosa, and nodularity. The ability to detect mucosal details and villous changes in the distal small bowel is particularly helpful in patients with suspected celiac disease,
who have positive celiac serology and negative duodenal
biopsies. Using duodenal histology as the gold standard,
recent studies have reported good diagnostic sensitivity
(85% to 92%) and specificity (91% to 100%) of CE, especially in previously untreated patients[75]. CE is useful in
patients who are unable or unwilling to undergo conventional endoscopy as well as in those with associated alarm
symptoms where a more complete small bowel evaluation
is warranted. There is limited evidence to support the use
of CE in the evaluation of patients with refractory celiac
disease. Major limitations to the use of CE in patients
with suspected celiac disease include inability to obtain
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mucosal biopsies and inter-observer variability in the assessment of villous atrophy.
Small bowel tumors and hereditary polyposis
syndromes
Diagnosis of small bowel tumor is challenging in patients
with negative cross-sectional abdominal imaging. There
has been a rise in the diagnosis of small bowel tumors
over the past decade as a result of the widespread use
of CE. OGIB appears to be the most common presenting symptom in patients who have a small bowel tumor
at CE. Most patients, who are eventually diagnosed with
small bowel neoplasms, would have undergone three to
five negative endoscopic procedures prior to CE. When
compared to surgery, CE provides a satisfactory estimation of tumor location, size, and appearance. Adenocarcinomas, carcinoids, and lymphomas are the most common malignant tumors detected at CE, while majority
of benign neoplasms are GI stromal tumors (GIST) and
lipomas. In a recent study, CE was able to diagnose nine
out of 10 patients with GIST otherwise missed by traditional endoscopic and radiological imaging[76]. Tumors
are located in the jejunum (40%-60%) followed by ileum
(25%-40%) and duodenum (15%-20%)[77]. Inability to
obtain biopsies and the lack of definitive features to differentiate a mucosal bulge from a smooth-walled tumor
are the two major limitations to the use of CE in the
diagnosis and management of patients with small bowel
tumors. Scoring systems such as smooth protruding index on capsule endoscopy score are recently being developed, with score greater than two suggestive of tumors
with a sensitivity of 83% and specificity of 89%[78]. An
automated scale with multi-scale wavelet based analysis
has also been described recently[79]. These, however, need
further validation before they can be incorporated into
clinical decision making algorithms.
CE has also evolved into a useful tool in patients
with hereditary polyposis syndromes like familial adenomatous polyposis (FAP) and Peutz-Jegher syndrome[80].
Its major clinical utility is in the detection of small polypi (< 15 mm) in the distal small bowel in patients with
FAP, which are often not detected on imaging tests.
These can then be removed by BAE thereby avoiding
surgery. CE, however, is not the ideal method for detecting and characterizing duodenal polyps due to rapid
transit of the capsule through the duodenum and the
failure to adequately identify the ampulla and periampullary regions. At present, there is no clear consensus
on the role of CE for small bowel surveillance in these
subsets of patients[81].
Miscellaneous
CE has been used to monitor intestinal side effects of
NSAIDs [82]. Recently, computer guided endoluminal
image analysis has been used to extend CE utility for
reliable, non-invasive, and automated test of motor disorders[83]. Other situations, where CE may have a role in-
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clude gastrointestinal complications of HIV, small bowel
transplant, Henoch-Schonlein purpura, and intestinal
graft versus host disease[84].

CONTRAINDICATIONS
There are very few contraindications to the use of CE
and most of them are relative.
Cardiac pacemakers and implantable cardioverterdefibrillators
In view of limited experience of CE in patients with cardiac pacemakers (CP) and implantable cardioverter-defibrillators (ICD), these situations have been considered
as contraindications for using CE both by manufacturers
(Given Imaging) as well as by Food and Drug Administration (FDA), United States. However, Bandorski et al[85]
recently reviewed the whole subject. They evaluated eight
studies (including four in vitro) involving 198 patients
with pacemaker and demonstrated almost no interference between pacemaker and CE. There have been at
least five studies involving 81 patients with ICD, mostly
in vivo, evaluating possible interference between CE and
ICD. Again, there was hardly any interference noted with
ICD as well. Telemetry, however, can interfere with CE
videos[85]. These studies were mostly with small bowel
PillCam. More data are required with other CE systems
including Colon 2 capsule from Given Imaging. In particular, MiroCam System, which works with electric field
propagation, needs safety data.
Small bowel obstruction
In view of increased risk of capsule retention in presence
of obstruction, CE should not be performed in presence
of bowel obstruction or if there is strong suspicion of the
same. History of a major abdominal surgery in recent past
is also often considered as relative contraindication for
CE. This matter is further discussed later in this review.
Swallowing disorder
Patients with swallowing disorders, both organic such as
esophageal strictures and functional such as dysmotility, can have the capsule stuck in their esophagus itself.
This can be overcome by delivery of the capsule into the
stomach or duodenum with the help of a device called
AdvanCE developed by US Endoscopy (United States).
Pregnancy and small children
Pregnancy is also considered as another relative contraindication for CE due to potential teratogenic effects of
transmitted microwaves. However, there are reports of
successful use of CE during pregnancy[86]. FDA, United
States, has recently allowed the use of CE in children as
small as two years. Main indications for CE in pediatric
population are Crohn’s disease, OGIB, and small bowel
polyp[87]. Diagnostic accuracy in pediatric patients has
been found to be good (61.4%)[88].
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Figure 5 Capsule retention at stricture. A: Stricture seen at
capsule endoscopy; B: X-ray showing the retained capsule (red
circle).

B

A

Figure 6 Agile patency capsule. A: Before
disintegration; B: After disintegration.

B

COMPLICATIONS
CE is a safe procedure with very rare complications.
Retention of capsule
Retention of capsule is defined when it remains inside
the GI tract for a minimum of two weeks (Figure 5)[89].
The proportion of patients having capsule retention is
related to clinical situation, with 21% in patients with
intestinal obstruction, up to 13 % in established CD, 5%
in suspected CD, and 1.5% in OGIB. Radiation enteritis
can also increase the risk. Mostly capsule retention has
no impact on the natural history of disease. Recently, a
case of asymptomatic retention of capsule for four and
half years has been described[90]. Only about six cases of
bowel perforation, possibly as a squeal to capsule retention, have been reported[91]. Once retention is diagnosed,
one needs to reassure the patient. Retained capsule, if
required, can be removed by BAE or at surgery. These interventions would also take care of the underlying cause
for capsule retention i.e., stricture.
In patients with suspected small bowel strictures, the
risk of capsule retention is high. Predicting this complication by performing a barium study is associated with high
radiation doses as well as false negative results. Given Imaging has developed a dummy capsule system called Agile
Patency capsule, which is a disintegrating, time controlled
system with RF identification (RFID) tag and an RFID
scanner. These capsules are of same dimension as real
capsules but has a cellophane wall filled with mixture of
barium and lactose and RFID at its centre. The lactose
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filling of capsule dissolves after 40 h leading to collapse
of outer membrane, which is then excreted (Figure 6).
Presence of patency capsule in body can be determined
by using RF scanner. The barium containing radioopaque capsule can be detected by plain X-ray also. Use
of Agile patency capsule prior to actual CE can eliminate
the risk of capsule retention to a great extent[92]. A recent retrospective study has found that Patency capsule,
CT enteroclysis, and MR enteroclysis, all have a similar
negative predictive value for capsule retention and can
complement each other[93].
Capsule aspiration
Although rare, aspiration of capsule into tracheobronchial
tree is increasingly being reported. Koulaouzidis et al[11]
recently compiled 25 patients with capsule aspiration.
Factors associated with this complication include old age,
male sex, co-morbidity, and associated swallowing disorder. While most of these patients cough out the capsule, a
single case of fatal outcome has also been described[94].

LIMITATIONS AND FUTURE DIRECTION
Remote control
Presently marketed “capsule” for CE moves in GI tract
with peristalsis, which can sometimes be erratic and unpredictable. This can be responsible for “misses” and “incomplete evaluation of bowel”. This is also a hindrance
to the development of capsule with capability for tissue
acquisition and therapy.
Swain et al[95] first reported the possibility of control-
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ling the movement of capsule by an external hand held
magnet after incorporating neodymium-iron-boron magnet in a colonic capsule and changing capsule’s magnetic
switch to a thermal switch. By this technique, the capsule
could be angulated at gastro-esophageal junction and
spun in the stomach. This technique has been further
refined[96]. More recently, a robotic magnetic navigator
system has evolved for smoother and better controlled
movement[97]. This system allows integration with digital
fluoroscopic scanner for exact localization of capsule
and also allows a remote control, thus improving the potential for therapeutics. However, this system developed
by Niobe (United States), still has issues related to cost,
inability to control movement in all direction and it has
also not been tested in vivo[97]. Meanwhile, an electrically
propelled capsule has been introduced[98].
Battery-less capsule
In order to overcome the limited battery life as well as
for more liberal rate of image acquisition, attempts have
been made to supply power to the capsule by an external
source with a wireless transmission[99]. No clinical trials
have yet been published with these modifications.
Sizing and accurate location of lesion
Accurate location of lesion and estimation of its size
continue to be a challenge at CE. Rapid 6 system of software developed by Given Imaging has made successful
attempt in these aspects. It is now possible to measure
the size of the lesion just like with ultrasound images. Recently, Karargyris and Koulaouzidis[100] have described a
capsule in porcine model, which is fitted with protruding
wheels attached to a spring mechanism for more accurate
localization.
Post-procedure processing of images
Interpretation of images at CE may be sometimes difficult due to their large number (usually more than 50000)
and their being two-dimensional (2-D). Recently, Karargyris et al[101] have utilized Shape from Shading algorithms
to transform 2-D images of CE to 3-D and found this
to be valuable. Hu et al[102] have introduced a feature of
extraction method, using a non-linear color conversion
and higher-order local auto correlation (HLAC) Features,
which enables one to do a quick detection of anomaly.
This method achieved 91.7% and 100% detection accuracies for mucosal swelling and bleeding, respectively[102].
Reduction in incomplete examination and miss rate
Incomplete small bowel examination mainly due to slow
transit of capsule has been noted in about 20% of patients. A recent study noted slow gastric transit time (>
45 min), history of previous small bowel surgery, hospitalization, and poor bowel preparation as risk factors for
incomplete small bowel examination with CE[103]. In these
patients device-assisted duodenal delivery of capsule may
increase the yield.
Overall miss rate with CE is 11% with a range of 0.5%
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for ulcers to 18.9% for neoplasms. This is not surprising
considering that capsule does not pursue an axial path
and is known to tumble quite frequently, thereby unable to see behind the intestinal folds[17]. Routine use of
double camera even for small bowel, as done for colon
capsule, can potentially overcome this limitation.
Tissue acquisition and therapeutic options
One of the major limitations of CE is its inability to go
beyond visualization. Optical biopsy using technology
such as narrow band imaging or pathology-targeted enhance tissue markers is very soon going to be a reality.
Pilot data have shown feasibility of performing mucosal biopsies using a spring loaded Crosby capsule type
device, guided by a real time imaging capability and radiofrequency controlled remote manipulation[7]. A rotational
micro biopsy device with a tissue cutting razor (with a
torsion controlled design) to operate sequentially is also
being developed[7].
Two new capsules, Intellisite (Innovative devices; NC,
United States) and Enterion (Phaeton Research; United
Kingdom) have been shown to be useful for collecting
absorption data in the GI tract and can be used in future
for drug delivery[104].
The Nano based CE with molecular imaging and optic biopsy (NEMO) project is developing a new capsule
combining optical and nanotechnologies, biosensing, and
maneuvering technologies with an aim to enhance diagnostic and therapeutic potential of CE[105].
Versatile endoscopic capsule for gastrointestinal
tumor recognition and therapy (VECTOR) project by
European Commission, is in the process of developing a
mini robot to navigate and intervene in the GI tract for
early detection of cancers[106]. A prototype capsule has
been tested employing an exothermic chemical reaction
to generate heat by interaction of calcium oxide with water[107]. This may be potentially useful for hemostasis by
thermal coagulation.
A new pill-sized endomicroscope has been developed,
which enables 3D imaging of esophagus in microscopic
details. The device uses optical frequency domain imaging technology. Initial results in differentiating Barrett’s
esophagus from normal mucosa have been promising[108].
Quantification of images in celiac disease
Celiac disease evaluation by CE is often subjective and
can be labor intensive. Recent research has focused on
computer analysis of CE images to detect areas of abnormality. Performing an analysis of 2-D image sequences, Tennyson et al[109] have estimated the three dimensional mucosal structure, luminal motility, and the textural
properties of the images itself. It has been hypothesized
that the most important finding that differentiates celiac
disease patients from normal subjects is mucosal protrusion; these are blunt with lesser height and bigger diameter in patients with celiac disease. These protrusions can
be measured in terms of height, width, and number in
each CE image and can help us in objective assessment
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B

Figure 7 Pillcam. A: Colonic capsule; B: Esophageal capsule.

for both the presence of celiac disease as well as its follow up. However, more data is required in this field[110].

CAPSULES BEYOND SMALL BOWEL
Esophageal capsule
Given Imaging “Pillcam ESO”[2] CE system (Figure 7)
uses a capsule with two cameras and collects images at a
rate of 18 frames per second. In contrast to small bowel
SB2 capsule, it involves only three sensory antennas. The
patient swallows the capsule in right lateral position and
drinks 15 mL sips of water every 30 s for 3 min. The recording continues for about 30 min.
The main indications for “ESO” have been gastro
esophageal reflux disease (GERD). In a study involving
73 patients, 51 out of 55 positive findings were detected
at CE (2). Sensitivity, specificity, and positive and negative predictive values for GERD at CE were 98%, 100%,
100% and 95%, respectively. These values for Barrett’s
esophagus were 97%, 100%, 100% and 98%, respectively.
However, the role of CE in GERD remains controversial,
because histology is of great significance in Barrett’s and
also, these data have not been revalidated[3,4]. Initial data
does suggest that ESO-CE can be a good alternative
for diagnosis of varices[5,111]. In a meta-analysis involving
seven studies and 446 patients, the pooled sensitivity and
specificity of CE for diagnosis of varices were 85.8%
and 80.5%, respectively[5]. However, specificity was lower
(54.8%) in detecting varices for screening purpose [5].
Concern also continues regarding the cost involved.
Colon capsule
Colon capsule are the latest addition to CE system. The
main indication for which the development of colonic
capsule has evolved, are screening of colorectal cancers
and follow-up evaluation for ulcerative colitis. Challenges
for developing colon capsule include battery life to last
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colonic transit, cleanliness of colon and caliber of colonic lumen and no potential for air insufflation as can
be done during conventional colonoscopy. Present era
PillCam colon capsule called PCCE 2, from Given imaging (Figure 7) measures 31.5 mm × 11.6 mm, has two
cameras with a wider angle of view about 172°, allowing
a complete circumferential coverage of colonic mucosa.
PCCE 2 also has an adaptive frame rate with images
captured at 4 per second when capsule is stationary to 35
per second when it is moving. This feature preserves the
battery life and optimizes video length. In addition, there
is cross talk between data recorder and capsule allowing
the change in frame rate as well as instructions to the
patient being transferred via a liquid crystal display on the
recorder. Rapid 6 software (given imaging) used for this
system also allows polyp size estimation using a graphic
interface.
Unlike small bowel capsules, colon CE requires a
good bowel preparation which gives a clear ambience as
well as helps to propel the capsule. After a liquid diet for
a day, patient is given 2-3 liters of polyethylene glycol on
previous night and 1-2 liter(s) 2 h before the procedure.
Before capsule ingestion, 20 mg of domperidone is administered orally. Two h after capsule ingestion, 30-45
mL of sodium phosphate is given orally to facilitate capsule movement[6].
The results for first generation colonic capsule had
been somewhat discouraging. The second generation
capsule i.e., PCCE 2 was evaluated in a study involving
98 patients[6]. The sensitivity and specificity for detecting
polypi bigger than 6 mm were 89% and 76%, respectively, whereas the corresponding figures for polypi bigger
than 10 mm were 88% and 89%, respectively[6].
At this moment, colonic capsule cannot be advocated
as standard care for colorectal screening. However, this
can certainly be offered to a patient unwilling to undergo
colonoscopy or where colonoscopy is contra-indicated
or incomplete. Improvement in colonic preparation regimen and optimization of protocol are likely to increase
the use of colon CE in near future. Interestingly, colon
capsule, with its dual camera, has also been used successfully for evaluation of rest of the bowel revealing greater
abnormalities compared to single camera images[112].

CONCLUSION
Capsule endoscopy has evolved very rapidly to become
an important tool for mucosal visualization of the gut.
While esophageal and colonic capsules are still being evaluated for their utility, small bowel capsule has now found
a definite place in algorithm for investigating small intestinal diseases. In particular, OGIB and CD are two very
important indications for performing CE. Celiac disease,
small bowel tumors, and iron deficiency anemia are some
of the other clear indications. Present limitations of CE
primarily emerge from failure to be controlled externally
and from its inability to acquire tissue, and offer therapeutics. Some of the developments in these areas are
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exciting and once in clinical practice, are likely to change
our approach to luminal gastrointestinal disorders.
16
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Abstract
AIM: To investigate the effect of aspirin on neuroendocrine tumor (NET) cell growth and signaling in vitro .
METHODS: Human pancreatic BON1, bronchopulmonary NCI-H727 and midgut GOT1 neuroendocrine tumor cells were treated with different concentrations of
aspirin (from 0.001 to 5 mmol/L), and the resulting effects on metabolic activity/cell proliferation were measured using cell proliferation assays and SYBR-DNAlabeling after 72, 144 and 216 h of incubation. The
effects of aspirin on the expression and phosphorylation
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of several critical proteins that are involved in the most
common intracellular growth factor signaling pathways
(especially Akt protein kinase B) and mammalian target
of rapamycin (mTOR) were determined by Western blot
analyses. Propidium iodide staining and flow cytometry
were used to evaluate changes in cell cycle distribution and apoptosis. Statistical analysis was performed
using a 2-tailed Student’s t -test to evaluate the proliferation assays and cell cycle analyses. The results are
expressed as the mean ± SD of 3 or 4 independently
performed experiments. Statistical significance was set
at P < 0.05.
RESULTS: Treatment with aspirin suppressed the viability/proliferation of BON1, NCI-H727 and GOT1 cells
in a time- and dose-dependent manner. Significant effects were observed at starting doses of 0.5-1 mmol/L
and peaked at 5 mmol/L. For instance, after treatment
with 1 mmol/L aspirin for 144 h, the viability of pancreatic BON1 cells decreased to 66% ± 13% (P < 0.05),
the viability of bronchopulmonary NCI-H727 cells decreased to 53% ± 8% (P < 0.01) and the viability of
midgut GOT1 cells decreased to 89% ± 6% (P < 0.01).
These effects were associated with a decreased entry
into the S phase, the induction of the cyclin-dependent
kinase inhibitor p21 and reduced expression of cyclindependent kinase 4 and cyclin D3. Aspirin suppressed
mTOR downstream signaling, evidenced by the reduced
phosphorylation of the mTOR substrates 4E binding
protein 1, serine/threonine kinase P70S6K and S6 ribosomal protein and inhibited glycogen synthase kinase
3 activity. We observed the (compensatory) activation
of tuberous sclerosis 2, the serine/threonine specific
protein kinase AKT and extracellular signal-regulated
kinases.
CONCLUSION: Aspirin demonstrates promising anticancer properties for NETs in vitro . Further preclinical
and clinical studies are needed.
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Core tip: We evaluated the effects of aspirin on pancreatic (BON1), bronchopulmonary (NCI-H727) and midgut
(GOT1) neuroendocrine tumor cell lines and demonstrated that aspirin has potent antitumor properties in vitro .
Aspirin caused a dose-dependent reduction of cell viability/cell proliferation, the inhibition of targets downstream
of mammalian target of rapamycin and the (compensatory) activation of the AKT and extracellular signal-regulated kinase signaling pathways. Treatment of BON1 and
NCI-H727 cells with aspirin reduced the entry of these
cells into the S phase of the cell cycle, and this effect was
associated with the induction of p21 and reduced cyclindependent kinase 4 and cyclin D3 expression.
Spampatti M, Vlotides G, Spöttl G, Maurer J, Göke B, Auernhammer CJ. Aspirin inhibits cell viability and mTOR downstream signaling in gastroenteropancreatic and bronchopulmonary neuroendocrine tumor cells. World J Gastroenterol 2014;
20(29): 10038-10049 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10038.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10038

INTRODUCTION
Neuroendocrine tumors (NETs) are a heterogeneous
group of neoplasms, most often derived from the GastroEnteroPancreatic system or the bronchopulmonary
system[1]. NETs are still considered rare, but in the last
few decades, increased incidence has been observed, due
in part to advances in detection through improved imaging, endoscopy and histopathological standards. NETs
are most often sporadic, but there are also some familial
syndromes with a high penetrance of NETs[2], such as
multiple endocrine neoplasia type 1[3,4]. Despite the introduction of novel therapeutic strategies for inoperable
metastasized NETs[5-8], the only curative therapeutic option remains complete surgical resection of the primary
tumor. Despite complete (R0) surgery, however, many
patients experience recurrence of the disease. For example, following a complete resection of pancreatic NETs,
the recurrence rate was 23% within a median follow-up
time of 31.5 mo[9]. Surgery to remove the liver metastases
of pancreatic NETs has been reported to result in 5-year
disease-free survivals of only 6%-30%[10,11]. Despite these
high tumor recurrences in NETs, no adjuvant treatment
is currently available for patients with R0 tumor status
after surgery[12].
Aspirin (acetylsalicylic acid) is a more than 100-yearold drug widely used due to its antipyretic, analgesic, antiinflammatory and anti-platelet properties[13]. Recently,
several epidemiological studies have demonstrated the risk
reduction of various malignancies by aspirin. The che-
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mopreventive mechanisms and the antitumoral effects of
aspirin in cancer are not fully understood[14]. In addition
to chemopreventive mechanisms mediated by cyclooxygenase (COX) inhibition[15], aspirin has also recently been
reported to inhibit the mammalian target of rapamycin
(mTOR) signaling in colorectal cancer (CRC) cells[16]. A
large case-control study demonstrated that a low dose of
aspirin (75 mg) has a protective effect against the development of CRC[17]. A recently published systematic review[18]
demonstrated a good agreement between case-control
studies and randomized controlled trials (RCTs) and concluded that the regular use of aspirin reduces both the
risk of CRC and the 20-year risk of death due to CRC.
A pooled analysis of 51 RCTs examining the short term
effect of daily aspirin on cancer demonstrated that treatment with aspirin reduced cancer deaths, particularly after
5 years[19]. A meta-analysis conducted on 15 case-control
studies and 15 cohort studies concluded that there was
evidence of a 27% CRC risk reduction under aspirin[20].
Current treatment options for metastasized NETs
also involve targeting of the phosphatidylinositol-3kinase (PI3K)-AKT-mTOR signaling cascade. Pancreatic
NETs may harbor mutations in the mTOR signaling cascade[21], and NETs with activated pAKT have been suggested to demonstrate increased antitumoral sensitivity
to mTOR inhibition[22]. Preclinical data have shown the
antitumoral efficacy of mTOR inhibition in various neuroendocrine tumor cell models[23,24]. The mTOR inhibitor
everolimus has been shown to improve progression free
survival in two large clinical phase 3 studies in pancreatic
NETs[25] and extrapancreatic NETs[26], respectively.
Here, we report the anti-proliferative effects of aspirin on pancreatic, midgut and bronchopulmonary neuroendocrine tumor cells and characterize the intracellular
signaling pathways that are involved in aspirin-mediated
neuroendocrine cell regulation.

MATERIALS AND METHODS
Materials
Dulbecco’s Modified Eagle Medium (DMEM)/F12 media, penicillin and streptomycin were purchased from
Gibco by Life Technologies (Paisley, United Kingdom).
Roswell Park Memorial Institute (RPMI) media, phosphate-buffered saline (PBS) and trypsin-ethylenediaminetetraacetic acid (EDTA) were obtained from PAA (Pasching, Austria). Fetal bovine serum (FBS) and amphotericin
B were acquired from Biochrom (Berlin, Germany). Aspirin (acetylsalicylic acid) was provided by Sigma-Aldrich
(St. Louis, United States).
Cell culture
Human pancreatic neuroendocrine BON1 tumor cells[27]
were originally provided by Göke R (Marburg, Germany)
and cultured in DMEM/F12 (1:1) medium as described[23].
Human bronchopulmonary neuroendocrine NCI-H727
tumor cells were purchased from the American Type
Culture Collection (ATCC, Manassas, VA, United States)
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and human midgut carcinoid GOT1 cells[28] were kindly
provided by Ola Nilsson (Göteborg, Sweden). NCI-H727
and GOT1 cells were cultured in RPMI medium as described[23]. All media were supplemented with 10% FBS,
1% penicillin/streptomycin, and 0.4% amphotericin B.
GOT1 culture medium was additionally supplemented
with 0.135 IU/mL insulin and 5 μg/mL apo-transferrin.
Assessment of cell viability
BON1 and NCI-H727 cells were seeded into 96-well
plates at a density of 750 cells/well and grown for 24 h.
Due to their slower growth rate, GOT1 cells were seeded
at a density of 50000 cells/well. The next day, the cells
were incubated with various concentrations of aspirin in
medium containing 10% FBS. The metabolic activity of
the cells was measured using the Cell Titer 96 Aqueous
One Solution Cell Proliferation Assay (Promega) after
72, 144 and 216 h of incubation according to the manufacturer’s instructions. After 3 h of incubation with the
Cell Titer 96 solution, the absorbance at 492 nm was determined using an enzyme-linked immunosorbent assay
(elisa) plate reader.
SYBR-DNA-labeling assay
A synergy brands (SYBR)-DNA-labeling experiment
was performed exactly as described for the Cell Titer 96
aqueous One Solution Cell Proliferation Assay. The assays were stopped after the indicated time intervals. The
cells were washed with PBS and incubated for 40 min
with distilled water. The cells were then stained with 100
μL/well of a 1:500 dilution of SYBR® Green I (Lonza,
Rockland, United States) in distilled water for 5 min and
then quantified by cytofluorimetry at 530 nm with 485
nm excitation, measured using a CytoFluor® Multi-Well
Plate Reader Series 4000 (PerSeptive Biosystems, Framingham, MA, United States).
Cell cycle analysis
Propidium iodide (PI) staining and flow cytometry were
used to measure cell cycle distribution and apoptosis in
the cells. The cells were cultured in 6-well plates (3 × 105
BON1 cells per well and 4 × 105 NCI-H727 cells per well),
washed with PBS and treated with 400 mL trypsin at 37 ℃
for 4 min. The cells were then collected and centrifuged at
2000 g for 5 min. The pellets were washed with PBS and
then centrifuged again. The cells were resuspended in 350
μL PI before being analyzed by flow cytometry (BD Accuri C6 Flow Cytometer). Nuclei that fell to the left of the
G0/1-peak containing hypodiploid DNA were considered
to be apoptotic.
Protein extraction and Western blotting
For Western blot experiments, 3 × 105 cells (BON1) or
4 × 105 cells (NCI-H727) or 1 × 106 cells (GOT1) were
seeded in 6-well plates and grown for 24 h in 1 mL of
complete medium. Afterwards, the growth medium was
replaced by fresh serum-free medium, and the cells were
incubated with aspirin at different concentrations (1 and
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5 mM) for the indicated times. The cells were lysed in
200 μL of lysis buffer (M-PER® Mammalian Protein Extraction Reagent added with Halt TM Protease Phosphatase Inhibitor Cocktail, EDTA free, Thermo Scientific,
Rockford, United States). The lysates were centrifuged at
13000 rpm for 10 min, and the supernatants were adjusted to the same protein concentration (20-50 μg/50 μL)
(Rotiquant Universal, Carl Roth, Karlsruhe, Germany).
Sodium dodecyl sulfate (SDS) sample buffer (0.25 mol/L
Tris HCl, 40% glycerol, 2% SDS, 1% dithiothreitol, and
bromophenol blue, pH 8.8) was added, and the samples
were boiled for 5 min and separated on a SDS polyacrylamide gel. The proteins were electrotransferred for 60
min onto polyvinylidene difluoride (PVDF) membranes
(Immobilone; Millipore, Eschborn, Germany) using a
semi-dry Western-blot transfer technique. After blocking in 2% non-fat dried milk, the membranes were incubated overnight in appropriate dilutions of antibodies
against phosphorylated protein kinase B pAKT (Ser 473)
(#4060) and AKT (#2920), phosphorylated extracellular signal-regulated kinases (pERK) (Thr202/Tyr204)
1/2 (#4370), phosphorylated serine/threonine kinase
P70S6K (pP70S6K) (Thr389) (#9234), P70S6K (#9202),
phosphorylated 4E binding protein (p4EBP1) (Ser65)
(#9451), 4EBP1 (#9644), phosphorylated S6 ribosomal
protein (pS6) (Ser235/6 (#4858) and Ser240/4 (#5364)),
S6 (#2317), phosphorylated glycogen synthase kinase 3
(pGSK3) (Ser21/9) (#9331), GSK3 (#9315), phosphorylated-CAMP response element-binding protein (pCREB)
(Ser133) (#9198), CREB (#9197), pmTOR (Ser2448)
(#2971), mTOR (#2972), Cyclin Dependent Kinase 4
CDK4 (#2906), Cyclin D3 (#2936), phosphorylated
epidermal growth factor receptor (pEGFR) (Tyr1068)
(#3777, EGFR (#4267), phosphorylated human protooncogene c-MET (pMET)(Tyr1234/1235) (#3077), MET
(#3127), phosphorylated tuberous sclerosis 2 (pTSC2)
(Thr1462) (#3617), TSC2 (#4308) (all of the preceding
were obtained from Cell Signaling, Danvers, MA), ERK
1/2 (06-182; Millipore), or p21cip (610233, BD Transduction Laboratories, Franklin Lakes, NJ, United States). The
membranes were washed with PBS and incubated with a
peroxidase-conjugated secondary antibody (1:25000) for
2 h. The blots were washed and immersed in the SuperSignal West Dura chemiluminescent substrate (Thermo
Scientific, Rockford, United States) and exposed to Super
RX X-ray film (FUJIFILM Corporation, Tokyo, Japan).
Statistical analysis
For the proliferation assays and cell cycle analyses, the
comparisons were evaluated using 2-tailed Student’s
t-tests. The results are expressed as the mean ± SD of
3 or 4 independently performed experiments. Statistical
significance was set at P < 0.05.

RESULTS
Aspirin inhibits neuroendocrine tumor cell proliferation
The treatment of human pancreatic neuroendocrine
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Figure 1 Inhibition of neuroendocrine BON1 cell viability by aspirin. Human pancreatic neuroendocrine BON1 cells were treated with the indicated concentrations of aspirin for 72, 144 and 216 h. The viability of the cells was measured based on both metabolic activity using the Cell Titer 96 kit (Promega) (A) and DNA
labeling experiments using SYBR green (Lonza) (B). The data shown are the mean ± SD of 3 independently performed experiments. aP < 0.05, bP < 0.01 vs untreated
control.

BON1 cells with aspirin suppressed cell viability in a
time- and dose-dependent manner (Figure 1). Significant
effects were observed at the starting aspirin doses of 0.5
and 1 mmol/L and peaking at the highest concentration
tested (5 mmol/L). Treatment with 1 mmol/L aspirin for
72, 144 and 216 h decreased cell viability (as assessed by
cell titer) to 78% ± 10% (P < 0.05), 66% ± 13% (P < 0.05)
and 50% ± 2% (P < 0.001), respectively (Figure 1A).
Similar results were obtained in the SYBR green experiments (Figure 1B).
Treatment of NCI-H727 cells with the same concentrations of aspirin also caused a time- and dose-dependent decrease in cell viability (Figure 2). Significant effects
were observed in this cell line at the starting aspirin doses
of 0.5 and 1 mmol/L and peaking at the highest dose
tested (5 mmol/L). Treatment with 1 mmol/L aspirin for
72, 144 and 216 h suppressed cell viability to 85% ± 19%
(P = 0.227), 53% ± 8% (P < 0.01) and 42% ± 39% (P =
0.129), respectively (Figure 2A). Similar effects were observed in the SYBR green experiments (Figure 2B).
Treatment of human midgut neuroendocrine GOT1
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cells with aspirin also suppressed cell viability in a dosedependent manner (Figure 3). Significant effects were
observed at the starting aspirin dose of 1 mmol/L and
peaked at the highest concentration tested (5 mmol/L).
Treatment with 2.5 mmol/L aspirin for 72, 144 and 216 h
decreased cell viability (as assessed by cell titer) to 90%
± 4% (P < 0.05), 78% ± 4% (P < 0.01) and 81% ± 11%
(NS), respectively (Figure 3).
Time- and dose-dependent effects of aspirin on PI3K/
AKT/mTOR signaling in neuroendocrine tumor cells
To explore the mechanisms of aspirin-mediated inhibition of cell proliferation in neuroendocrine tumor cells,
we examined the time- and dose-dependent effects of
aspirin on mTOR signaling. Treatment of human pancreatic BON-1 cells (Figure 4A) with increasing concentrations of aspirin for 24 and 48 h resulted in modest inhibition of 4EBP1 and P70S6K phosphorylation (particularly
at 48 h) and potent suppression of S6 phosphorylation
at both time points tested. Similar effects were observed
with bronchopulmonary neuroendocrine NCI-H727 (Fig-
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Figure 2 Inhibition of neuroendocrine NCI-H727 cell viability by aspirin. Human bronchopulmonary neuroendocrine NCI-H727 cells were treated with the indicated concentrations of aspirin for 72, 144 and 216 h. The viability of the cells was measured based both metabolic activity using the Cell Titer 96 kit (Promega) (A)
and DNA labeling experiments using SYBR green (Lonza) (B). The data shown are the mean ± SD of 3 independently performed experiments. aP < 0.05, bP < 0.01 vs
untreated control.

ure 4B) and midgut GOT1 tumor cells (Figure 4C). In
all 3 cell lines (Figure 5), treatment with aspirin induced
AKT and TSC2 phosphorylation in a dose-dependent
manner, and modest effects were observed on mTOR
phosphorylation (at serine 2448).
Time- and dose-dependent effects of aspirin on ERK,
GSK3 and growth factor signaling in neuroendocrine
tumor cells
Treatment of pancreatic BON1 cells with aspirin induced
the phosphorylation of ERK1/2 and CREB, members
of the mitogen- activated protein kinase (MAPK) survival pathway, in a time-and dose-dependent manner
(Figure 6A). In addition, aspirin concentrations as low as
1 mmol/L induced the phosphorylation of GSK3; maximal effects on GSK3 phosphorylation were observed at
48 h. Similar effects were observed for bronchopulmonary NCI-H727 (Figure 6B) and midgut GOT1 tumor
cells (Figure 6C).
The induction of ERK and GSK signaling in BON1,
NCI-H727 and GOT1 cells was not the result of in-
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creased upstream growth factor signaling because aspirin suppressed the phosphorylation of the tumorigenic
growth factors EGFR and cMET (Figure 7A and B).
Effects of aspirin on cell cycle progression in
neuroendocrine tumor cells
Treatment of partially synchronized (culture in 0.2%
BSA for 24 h) pancreatic neuroendocrine BON1 cells
with aspirin for 48 h decreased the percentage of cells in
S phase in a dose-dependent manner from 18% ± 2% to
14% ± 2% (P < 0.01; 5 mmol/L) and increased the percentage of cells in G2/M phase from 16% ± 2% to 21%
± 1% (P < 0.01; 5 mmol/L) (Figure 8A). Similar effects
were observed in NCI-H727 cells (Figure 8B); aspirin
dose-dependently decreased entry into S phase from 23%
± 8% to 12% ± 2% (P < 0.05; 5 mmol/L) and had minor effects on G2/M phase (Figure 8B).
Western blot analysis revealed aspirin-mediated induction of p21 expression at 24 and 48 h in pancreatic
BON1 (Figure 9A) and bronchopulmonary NCI-H727
(Figure 9B) cells (particularly at 5 mmol/L). Aspirin also
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Figure 3 Inhibition of neuroendocrine GOT1 cell viability by aspirin. Human midgut neuroendocrine GOT1 cells were treated with the indicated concentrations of
aspirin for 72, 144 and 216 h. The viability of the cells was measured based on metabolic activity using the Cell Titer 96 kit (Promega). The data shown are the mean
± SD of 4 independently performed experiments. aP < 0.05, bP < 0.01 vs untreated control.
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Figure 4 The effect of aspirin on mTORC1 downstream signaling in neuroendocrine BON1, NCI-H727 and GOT1 tumor cells. Human pancreatic neuroendocrine BON1 (A), bronchopulmonary NCI-H727 (B) and midgut GOT1 (C) cells were treated with the indicated concentrations of aspirin for 24 and 48 h. The expression
of p4EBP1, 4EBP1, pP70S6K, P70S6K, pS6, S6 and a β-actin loading control was subsequently evaluated using Western blot analysis. A representative blot from 3
independently performed experiments is shown.

suppressed the expression of cyclin dependent kinase 4
(CDK4) and cyclin D3 in both cell lines tested (Figure 9),
while no major effect was observed on tumor suppression protein p53 (Figure 9), cyclin-dependent kinase inhibitor p27, cyclin dependent kinase 6 (CDK6) or cyclin
D1 (not shown).

DISCUSSION
The mechanism through which aspirin might affect carcinogenesis is still not clear[14,15]. COX-2 is a known target
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of aspirin, and the inhibition of COX-2 results in the
reduced production of potentially neoplastic prostaglandins[29]. Other mechanisms by which aspirin may regulate inflammation, apoptosis and tumorigenesis include
inhibition of the transcription factor NFkB and the
upregulation of tumor suppressor genes such as tumor
protein 53 (TP53), cyclin-dependent kinase inhibitor 1A
(CDKN1A) and B Cell Lymphoma (BCL)-associated X
(BAX)[29].
Din et al[16] demonstrated that aspirin reduces mTOR
signaling in CRC through the inhibition of the mTOR
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Figure 5 The effect of aspirin on AKT/mTOR signaling in neuroendocrine BON1, NCI-H727 and GOT1 tumor cells. Human pancreatic neuroendocrine BON1 (A),
human bronchopulmonary NCI-H727 (B) and midgut GOT1 (C) cells were treated with the indicated concentrations of aspirin for 24 and 48 h. The expression of pAkt,
Akt, pTSC2, TSC2, pmTOR, mTOR and a β-actin loading control was subsequently evaluated using Western blot analysis. A representative blot from 3 independently
performed experiments is shown.
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Figure 6 The effect of aspirin on GSK3 and ERK1/2 signaling in neuroendocrine BON1, NCI-H727 and GOT1 tumor cells. Human pancreatic neuroendocrine
BON1 (A), human bronchopulmonary NCI-H727 (B) and midgut GOT1 (C) cells were treated with the indicated concentrations of aspirin for 24 and 48 h. The expression of pGSK3, GSK3, pERK1/2, ERK1/2, pCREB, CREB and a β-actin loading control was subsequently evaluated by Western blot analysis. A representative blot
from 3 independently performed experiments is shown.

effectors S6K1 and 4EBP1. The regular use of aspirin after diagnosis of CRC in patients with a mutated
phosphatidylinositol-4,5-biphosphonate 3-kinase catalytic
subunit alpha polypeptide gene (PIK3CA), who show upregulation of the PI3K/AKT/mTOR pathway, is associated with superior CRC specific survival[30]. Thus, aspirin
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may suppress cancer cell growth by inhibiting the PI3K/
mTOR signaling pathway[30].
PI3K/AKT/mTOR signaling is critical for neuroendocrine tumor cell growth[23-26]. This pathway demonstrates aberrant activity in NET and is therefore considered an attractive therapeutic target in NETs[2,7,23,29,31,32].
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Figure 7 The effect of aspirin on EGFR and c-MET signaling in neuroendocrine BON1 and NCI-H727 tumor cells. Human pancreatic neuroendocrine BON1 (A)
and bronchopulmonary NCI-H727 (B) cells were treated with the indicated concentrations of aspirin for 24 and 48 h. The expression of pMET, MET, pEGFR, EGFR
and a β-actin loading control was evaluated using Western blot analysis. A representative blot from 3 independently performed experiments is shown.

A

70

B

a

60

60

50

50

40

40

30

30

b

b

G0/1
G2/M
S

70

20

20
b

10

Aspirin (mmol/L)

-

1

a

10

b

Aspirin (mmol/L)

5

48 h

-

1

5

48 h

Figure 8 The effect of aspirin on cell cycle distribution of neuroendocrine BON1 and NCI-H727 tumor cells. Human pancreatic neuroendocrine BON1 (A) and
bronchopulmonary NCI-H727 (B) cells were cultured in serum-free medium (0.2% BSA) for 24 h and then treated with the indicated concentrations of aspirin for 48 h.
The mean ± SDs of 8 independently performed experiments in duplicates are shown; aP < 0.05, bP < 0.01 vs untreated control.

The mTOR inhibitor everolimus has been approved for
the treatment of advanced progressive pancreatic NETs
due to its significant improvement of progression free
survival[25]. Furthermore, in extrapancreatic NETs, everolimus may be considered as an off-label therapeutic option due to the promising results of a large clinical phase
3 study[28]. The effects of aspirin on neuroendocrine
tumor cell growth and signaling are not known. The aim
of this study was to examine the effect of aspirin on neuroendocrine tumor cell regulation.
We examined the effect of aspirin in human pancreatic neuroendocrine BON1, human bronchopulmonary
NCI-H727 and midgut GOT1 cells and evaluated aspirin concentrations ranging from 0.001 to 5 mmol/L.
According to the literature, the therapeutic peak serum
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levels of aspirin range from approximately 0.003 to 5.2
mmol/L; the aspirin oral doses used in vivo vary from
approximately 75 mg total dose up to 25 mg/kg body
weight every 8 h[33-37]. Aspirin suppressed cell proliferation in all of the NET cell lines in a time- and dosedependent manner, starting at concentrations of 0.5 to
1 mmol/L, which are within the peak therapeutic serum
levels of aspirin after oral (anti-inflammatory) use. The
inhibition of cell proliferation was confirmed by SYBR
green DNA-labeling in BON1 and NCI-H727 cells and
cell titer proliferation assays in all 3 cell lines.
To explore the mechanisms of aspirin-mediated
inhibition of cell proliferation, we examined the effect
of aspirin on major NET cell signaling pathways, and
observed the suppression of 4EBP1 and (to a lesser
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Figure 9 The effect of aspirin on proteins involved in cell cycle progression in neuroendocrine BON1 and NCI-H727 tumor cells. Human pancreatic neuroendocrine BON1 (A) and human bronchopulmonary NCI-H727 (B) cells were treated with the indicated concentrations of aspirin for 24 and 48 h. The expression of
p21, CDK4, p53, cyclin D3 and a β-actin loading control was subsequently evaluated by Western blot analysis. A representative blot from 3 independently performed
experiments is shown.

extent) P70S6K phosphorylation; both of these factors
are downstream substrates of mTOR signaling. The
phosphorylation of the P70S6K substrate S6 was also
potently suppressed, indicating a central role of mTOR
downstream signaling in the aspirin-mediated inhibition
of NET cell proliferation; this effect is similar to those
observed in CRC[16]. S6 and 4EBP1 normally promote
proliferation, coupling cell growth with cell cycle progression. The dephosphorylation of 4EBP1, p70S6K
and S6 may cause inhibition of cell proliferation and survival, mainly through a reduction in protein synthesis[38].
We observed increased upstream AKT and (possibly
AKT-mediated[39]) tuberin phosphorylation at Thr1462
(pTSC2); therefore, the aspirin-mediated inhibition of S6
and 4EBP1 activity may reflect TSC1/TSC2-mediated inhibition of mTORC1 downstream signaling[40,41]. Despite
the increased phosphorylation of TSC2, we observed
only minor effects on mTOR phosphorylation at serine
2448; however, decreased phosphorylation of mTOR at
other sites (and the associated suppression of mTORC1
activity) or compensatory mTORC2-mediated positive
feedback signalling[42] cannot be excluded.
Treatment with aspirin and the associated inhibition
of downstream mTOR signalling was also associated
with increased activation of the rapid accelerated fibrosarcoma (Raf1)/MAP kinase/ERK kinase (MEK)/ERK1/2
pathway, as shown by increased phosphorylation of
ERK1/2 and CREB. Similar to the observed effects on
AKT, ERK/CREB activation may reflect a compensatory mechanism of the tumor cell machinery. It remains
unclear whether such compensatory mechanisms in
response to mTOR inhibition are a sign of clinical resistance[43,44] or treatment effectiveness[22]. The activation
of ERK has also been associated with the inhibition of
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gastrointestinal carcinoid cell growth[45] and the regulation
of the G2/M checkpoint[45,46]. Simultaneous inhibition of
mTOR and compensatory AKT (and/or ERK) activity
may potentiate the inhibition of NET cell growth[44].
These compensatory effects on AKT and ERK were
likely not mediated by the induction of upstream growth
factor signaling because aspirin suppressed the phosphorylation of EGFR and cMET in a dose-dependent
manner; both of these receptors represent important
growth factors that are implicated in tumorigenesis and
considered for targeted therapy[47-49]. Indeed, aspirin has
been shown to inhibit specificity protein (Sp)-regulated
gene products, such as c-met, in colon cancer cells[50],
which may partially explain the potential anti-cancer effects of this drug.
In all 3 neuroendocrine cell lines, aspirin induced the
phosphorylation of GSK3 in a time- and dose-dependent
manner; GSK3 is a serine/threonine protein kinase that
can be phosphorylated by either the AKT or MAP kinase
pathways[51]. The phosphorylation of GSK3 causes its inactivation and is the primary mechanism responsible for
growth factor inhibition of this protein kinase[52,53]. The
suppression of GSK3 plays an important role in survival
signaling, consistent with the proapoptotic effects caused
by transgenic overexpression of GSK3[52]. However, the
exact role of GSK3 in carcinogenesis is still elusive, and
GSK3 inhibitors have been proposed as a novel class of
therapeutic agents for colon cancer[53,54].
Aspirin-mediated inhibition of cell proliferation was
not associated with induction of apoptosis in BON1 and
NCI-H727 cells because we did not observe increases in
the sub-G0/1 fraction or PARP cleavage (not shown),
but instead observed alterations in the distribution of
cells through the cell cycle and decreased S phase entry.
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Treatment with aspirin induced the expression of p21
and suppressed the expression of CDK4 and cyclin D3.
Because p21 may inhibit cell cycle progression by binding
to cyclin/CDK complexes and preventing the activation
of apoptosis[55], the aspirin-mediated inhibition of neuroendocrine cell proliferation may involve increased p21
signalling, similar to the effects observed in hepatocellular carcinoma HepG2 cells[56].
In this study, we show for the first time that aspirin
mediates the inhibition of neuroendocrine tumor cell
growth and signaling. Given the lack of established pharmacologic adjuvant therapies following complete (R0)
resection of NETs, further preclinical and clinical studies
are required to determine the potential use of aspirin in
neuroendocrine tumor disease.
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Abstract
AIM: To investigate insulin-like growth factor 2 (IGF2 )
differentially methylated region (DMR)0 hypomethylation in relation to clinicopathological and molecular
features in colorectal serrated lesions.
METHODS: To accurately analyze the association between the histological types and molecular features of
each type of serrated lesion, we consecutively collected
1386 formalin-fixed paraffin-embedded tissue specimens that comprised all histological types [hyperplastic
polyps (HPs, n = 121), sessile serrated adenomas (SSAs,
n = 132), traditional serrated adenomas (TSAs, n =
111), non-serrated adenomas (n = 195), and colorectal
cancers (CRCs, n = 827)]. We evaluated the methylation levels of IGF2 DMR0 and long interspersed nucleotide element-1 (LINE-1) in HPs (n = 115), SSAs (n =
120), SSAs with cytological dysplasia (n = 10), TSAs (n
= 91), TSAs with high-grade dysplasia (HGD) (n = 15),
non-serrated adenomas (n = 80), non-serrated adeno-
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mas with HGD (n = 105), and CRCs (n = 794). For the
accurate quantification of the relative methylation levels
(scale 0%-100%) of IGF2 DMR0 and LINE-1, we used
bisulfite pyrosequencing method. Tumor specimens
were analyzed for microsatellite instability, KRAS (codons 12 and 13), BRAF (V600E ), and PIK3CA (exons 9
and 20) mutations; MLH1 and MGMT methylation; and
IGF2 expression by immunohistochemistry.
RESULTS: The distribution of the IGF2 DMR0 methylation level in 351 serrated lesions and 185 non-serrated
adenomas (with or without HGD) was as follows: mean
61.7, median 62.5, SD 18.0, range 5.0-99.0, interquartile range 49.5-74.4. The IGF2 DMR0 methylation level
was divided into quartiles (Q1 ≥ 74.5, Q2 62.6-74.4,
Q3 49.6-62.5, Q4 ≤ 49.5) for further analysis. With regard to the histological type, the IGF2 DMR0 methylation levels of SSAs (mean ± SD, 73.1 ± 12.3) were significantly higher than those of HPs (61.9 ± 20.5), TSAs
(61.6 ± 19.6), and non-serrated adenomas (59.0 ±
15.8) (P < 0.0001). The IGF2 DMR0 methylation level
was inversely correlated with the IGF2 expression level
(r = -0.21, P = 0.0051). IGF2 DMR0 hypomethylation
was less frequently detected in SSAs compared with
HPs, TSAs, and non-serrated adenomas (P < 0.0001).
Multivariate logistic regression analysis also showed
that IGF2 DMR0 hypomethylation was inversely associated with SSAs (P < 0.0001). The methylation levels of
IGF2 DMR0 and LINE-1 in TSAs with HGD (50.2 ± 18.7
and 55.7 ± 5.4, respectively) were significantly lower
than those in TSAs (61.6 ± 19.6 and 58.8 ± 4.7, respectively) (IGF2 DMR0, P = 0.038; LINE-1, P = 0.024).
CONCLUSION: IGF2 DMR0 hypomethylation may be
an infrequent epigenetic alteration in the SSA pathway.
Hypomethylation of IGF2 DMR0 and LINE-1 may play a
role in TSA pathway progression.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: BRAF ; Colon polyp; Colorectal neoplasia;
Colorectum; Genome; Insulin-like growth factor; Long
interspersed nucleotide element-1; Microsatellite instability; Serrated pathway
Core tip: The serrated pathway attracts considerable
attention as an alternative colorectal cancer (CRC) pathway. We previously reported the association of insulinlike growth factor 2 (IGF2 ) differentially methylated
region (DMR)0 hypomethylation with prognosis and its
link to LINE-1 hypomethylation in CRC; however, there
have been no studies describing its role in the serrated
pathway. Therefore, we evaluated the methylation levels of IGF2 DMR0 and long interspersed nucleotide element-1 (LINE-1) in 351 serrated lesions and 185 nonserrated adenomas. Our results suggest that the IGF2
DMR0 may be an infrequent epigenetic alteration in the
sessile serrated adenoma pathway. Moreover, we found
that the hypomethylation of IGF2 DMR0 and LINE-1
may play an important role in the progression of traditional serrated adenoma.
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INTRODUCTION
The serrated neoplasia pathway has attracted considerable attention as an alternative pathway of colorectal
cancer (CRC) development, and serrated lesions exhibit
unique clinicopathological or molecular features[1-23]. According to the World Health Organization (WHO) classification[24], colorectal premalignant (or non-malignant)
neoplastic lesions with serrated morphology currently encompass three major categories: hyperplastic polyp (HP),
sessile serrated adenoma (SSA), and traditional serrated
adenoma (TSA).
SSA and TSA are premalignant lesions, but SSA is
the principal serrated precursor of CRCs[15]. In particular,
there are many clinicopathological and molecular similarities between SSA and microsatellite instability (MSI)-high
CRC, for example, right-sided predilection, MLH1 hypermethylation, and frequent BRAF mutation[7,15,17-19,25-28].
Therefore, SSAs are hypothesized to develop in some
cases to MSI-high CRCs with BRAF mutation in the
proximal colon[7,15,17,25,26,28,29].
In contrast, TSAs are much less common than SSAs,
and thus, there are fewer data on their molecular profile[15,25]. TSAs typically do not show MLH1 hypermethylation or develop to MSI-high CRCs, but they do commonly have MGMT hypermethylation[15,25,26]. With regard to the
PIK3CA gene, a previous study reported that no mutation
was found in serrated lesions, and that mutations were
uncommonly, but exclusively, observed in non-serrated
adenomas (1.4%)[30]. Because some HPs do share molecular features with TSAs (e.g., KRAS mutation)[3,25,26,31],
it has been suggested that the TSA pathway (HP-TSAcarcinoma sequence) may diverge from the SSA pathway
(HP-SSA-SSA with cytological dysplasia-carcinoma sequence) on the basis of KRAS vs BRAF mutations and/
or MLH1 vs MGMT hypermethylation within subsets
of HPs[15]. However, a definite precursor of TSA has
not been established. In addition, the key carcinogenic
mechanism involved in this TSA pathway remains largely
unknown.
Loss of imprinting (LOI) of insulin-like growth factor 2 (IGF2) has been shown to be associated with an
increased risk of CRC[32,33], suggesting that it may play
a role in colorectal carcinogenesis. The imprinting and
expression of IGF2 are controlled by CpG-rich regions
known as differentially methylated regions (DMRs)[34-37].
In particular, IGF2 DMR0 hypomethylation has been
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suggested as a surrogate-biomarker for IGF2 LOI[38]. Previously, we reported that IGF2 DMR0 hypomethylation
in CRC was associated with poor prognosis and might be
linked to global DNA hypomethylation [long interspersed
nucleotide element-1 (LINE-1) hypomethylation] [38].
However, to date, there have been no studies describing
the role of IGF2 DMR0 hypomethylation in the early
stage of colorectal carcinogenesis.
To investigate the role of IGF2 DMR0 hypomethylation in serrated lesions we examined IGF2 DMR0 and
LINE-1 methylation levels as well as other molecular alterations using a large sample of 1330 colorectal tumors
(351 serrated lesions, 185 non-serrated adenomas, and
794 CRCs).

MATERIALS AND METHODS
Histopathological evaluation of tissue specimens of
colorectal serrated lesions
Histological findings related to all colorectal serrated lesion specimens were evaluated by a pathologist (Fujita M)
who was blinded to the clinical and molecular information. Serrated lesions (HPs, SSAs, and TSAs) were classified on the basis of the current WHO criteria[24]. HPs
were further subdivided into microvesicular HPs and
goblet cell HPs.
SSAs are characterized by the presence of a disorganized and distorted crypt growth pattern that is usually
easily identifiable upon low-power microscopic examination. Crypts, particularly at the basal portion of the polyp,
may appear architecturally distorted, dilated, and/or
branched, particularly in the horizontal plane, which leads
to the formation of boot, L, or anchor-shaped crypts.
The cytology is typically quite bland, but a minor degree
of nuclear atypia is allowable, particularly in the crypt
bases[15,25,26].
To accurately analyze the association between the
histological types and molecular features of each type of
serrated lesion we consecutively collected more than 100
formalin-fixed paraffin-embedded (FFPE) tissue specimens of each histological type (HP, SSA, and TSA). In
total, 364 tissue specimens of serrated lesions [121 HPs,
122 SSAs, 10 SSAs with cytological dysplasia, 96 TSAs,
and 15 TSAs with high-grade dysplasia (HGD)] from patients who underwent endoscopic resection or other surgical treatment at Sapporo Medical University Hospital,
Keiyukai Sapporo Hospital or Teine-Keijinkai Hospital
between 2001 and 2012 were available for assessment. All
of HPs were microvesicular HPs.
The serrated lesions were classified by location: the
proximal colon (cecum, ascending and transverse colon),
distal colon (splenic flexure, descending, sigmoid colon)
and rectum. Informed consent was obtained from all
the patients before specimen collection. This study was
approved by the institutional review boards of the participating institutions. The term “prognostic marker” is
used throughout this article according to the REMARK
Guidelines[39].
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Tissue specimens of CRC and non-serrated adenomas
FFPE tissue specimens of 827 CRCs (stages Ⅰ-Ⅳ), 85
non-serrated adenomas (i.e., tubular or tubulovillous
adenomas), and 110 non-serrated adenomas with HGD
from patients who underwent surgical treatment or endoscopic resection at the above hospitals were also collected. The criterion for diagnosing cancer was invasion
of malignant cells beyond the muscularis mucosa.
DNA extraction and pyrosequencing for KRAS, BRAF,
and PIK3CA and MSI analysis
Genomic DNA was extracted from the FFPE tissue specimens of the colorectal tumors using a QIAamp DNA
FFPE Tissue Kit (Qiagen, Valencia, CA, United States).
PCR and targeted pyrosequencing were then performed
using the extracted genomic DNA to determine the presence of KRAS (codons 12 and 13), BRAF (V600E) and
PIK3CA (exons 9 and 20) mutations[40,41]. MSI analysis
was performed as previously described using 10 microsatellite markers[14]. MSI-high was defined as instability in
≥ 30% of the markers and MSI-low/microsatellite stable
(MSS) as instability in < 30% of the markers[14].
Sodium bisulfite treatment and pyrosequencing to
measure IGF2 DMR0 and LINE-1 methylation levels
Bisulfite modification of genomic DNA was performed
using a BisulFlash™ DNA Modification Kit (Epigentek,
Brooklyn, NY, United States).
We measured the relative methylation level at the
IGF2 DMR0 using a bisulfite-pyrosequencing assay as
previously described[38]. The amount of C relative to the
sum of the amounts of C and T at each CpG site was
calculated as percentage (scale 0%-100%). We calculated
the average of the first and second CpG sites in the IGF2
DMR0 as the IGF2 DMR0 methylation level. Likewise,
to accurately quantify the LINE-1 methylation levels we
utilized a pyrosequencing assay, as previously described[42].
Pyrosequencing to measure MGMT and MLH1 promoter
methylation
Pyrosequencing for MGMT and MLH1 methylation was
performed using the PyroMark kit (Qiagen). We used a
previously defined cut-off of ≥ 8% methylated alleles
for MGMT and MLH1 hypermethylated tumors[43].
Immunohistochemistry for IGF2 expression
For IGF2 staining, we used anti-IGF2 antibody (Rabbit
polyclonal to IGF2; Abcam, Cambridge, MA, United
States) with a subsequent reaction performed using Target Retrieval Solution, Citrate pH 6 (Dako Cytomation,
Carpinteria, CA, United States). In each case, we recorded
cytoplasmic IGF2 expression as no expression, weak expression, moderate expression, or strong expression relative to normal colorectal epithelial cells. IGF2 expression
was visually interpreted by Nosho K, who was unaware
of the other data. For the agreement study of IGF2 expression, 128 randomly selected cases were examined by
a second pathologist (by Naito T), who was also unaware
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Figure 1 Distribution of IGF2 differentially methylated region 0 methylation levels in 351 serrated lesions. Hyperplastic polyp, sessile serrated adenoma (SSA),
SSA with cytological dysplasia, traditional serrated adenoma (TSA) and TSA with high-grade dysplasia (HGD) and 185 non-serrated adenomas (tubular adenoma,
tubular adenoma with HGD, tubulovillous adenoma and tubulovillous adenoma with HGD). DMR: Differentially methylated region; IGF2: Insulin-like growth factor 2.

of the other data. The concordance between the two
pathologists (P < 0.0001) was 0.84 (κ = 0.69), indicating
substantial agreement.
Statistical analysis
JMP (version 10) software was used for all statistical analyses (SAS Institute, Cary, NC, United States). All P values
were two-sided. Univariate analyses were performed to
investigate the clinicopathological and molecular characteristics including IGF2 DMR0 and LINE-1 hypomethylation, according to histological type, classified as serrated
lesion, non-serrated adenoma, and CRC. P values were
calculated by analysis of variance for age, tumor size, and
the methylation levels of IGF2 DMR0 and LINE-1 and
by χ 2 or Fisher’s exact test for all other variables. A multivariate logistic regression analysis was employed to examine associations with IGF2 DMR0 hypomethylation (as
an outcome variable), adjusting for potential confounders.
The model initially included sex, age, tumor size, tumor
location, histological type, and the LINE-1 methylation
level, and MSI, BRAF, KRAS, and PIK3CA mutations.
In the CRC-specific survival analysis, the Kaplan-Meier
method and log-rank test were used to assess the survival
time distribution. The Spearman correlation coefficient
was used to assess the correlation of the IGF2 DMR0
methylation level and IGF2 expression.

RESULTS
The IGF2 DMR0 methylation level in serrated lesion and
non-serrated adenomas
We assessed 559 FFPE tissue specimens of serrated lesions and non-serrated adenomas in the IGF2 DMR0
methylation assay and obtained 536 (96%) valid results.
The distribution of the IGF2 DMR0 methylation level
in 351 serrated lesions and 185 non-serrated adenomas
(with or without HGD) was as follows: mean 61.7, median 62.5, SD 18.0, range 5.0-99.0, interquartile range
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49.5-74.4 (all on a 0-100 scale) (Figure 1). The IGF2
DMR0 methylation level was divided into quartiles (Q1
≥ 74.5, Q2 62.6-74.4, Q3 49.6-62.5, Q4 ≤ 49.5) for further analysis.
We evaluated the IGF2 DMR0 methylation level in
serrated lesions (HP, SSA, and TSA) and non-serrated
adenomas according to their histological type. The IGF2
DMR0 methylation levels of SSAs (n = 120, mean ± SD,
73.1 ± 12.3) were significantly higher than those of HPs
(n = 115, 61.9 ± 20.5, P < 0.0001), TSAs (n = 91, 61.6 ±
19.6, P < 0.0001), and non-serrated adenomas (n = 80,
59.0 ± 15.8, P < 0.0001) (Figure 2).
IGF2 DMR0 hypomethylation was associated with
larger tumor size in serrated lesions and non-serrated
adenomas (Table 1). With regard to the histological type,
IGF2 DMR0 hypomethylation was less frequently detected in SSAs than in HPs, TSAs, and non-serrated adenomas (P < 0.0001) (Table 1). Multivariate logistic regression
analysis also showed the IGF2 DMR0 hypomethylation
was inversely associated with SSAs (P < 0.0001).
Association of IGF2 expression and IGF2 DMR0
methylation level in serrated lesions and non-serrated
adenomas
We examined IGF2 overexpression in 168 colorectal
serrated lesions and non-serrated adenomas. The IGF2
DMR0 methylation level was inversely correlated with the
IGF2 expression level (r = -0.21, P = 0.0051).
IGF2 DMR0 methylation level in colorectal cancer
A total of 827 paraffin-embedded CRCs (stages Ⅰ-Ⅳ)
were subjected to an IGF2 DMR0 methylation assay with
794 (96%) valid results. The distribution of the IGF2
DMR0 methylation level in these 794 CRCs was as follows: mean 54.7, median 55.0, SD 13.7, range 7.5-98.0,
interquartile range 46.1-63.0 (all on a 0-100 scale). The
IGF2 DMR0 methylation level was divided into quartiles
(Q1 ≥ 63.0, Q2 55.0-62.9, Q3 46.1-54.9, Q4 ≤ 46.0) for
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Figure 2 IGF2 differentially methylated region 0 methylation level according to histological type. Insulin-like growth factor 2 (IGF2) differentially methylated
region (DMR)0 methylation levels of sessile serrated adenoma (mean ± SD; 73.1 ± 12.3) were significantly higher compared with those of hyperplastic polyp (61.9 ±
20.5, P < 0.0001), traditional serrated adenoma (61.6 ± 19.6, P < 0.0001), and non-serrated adenoma (59.0 ± 15.8, P < 0.0001). P -values were calculated by analysis
of variance.

Table 1 IGF2 differentially methylated region 0 hypomethylation in serrated lesions and non-serrated adenomas n (%)
Clinicopathological feature

Total n

IGF2 DMR0 methylation (quartile)
Q1 (≥ 74.5)

All cases
Sex
Male
Female
Age (mean ± SD)
Tumor size (mm) (mean ± SD)
Tumor location
Rectum
Distal colon
Proximal colon
Histological type
Hyperplastic polyp (HP)
Sessile serrated adenoma (SSA) without
cytological dysplasia
SSA with cytological dysplasia
Traditional serrated adenoma (TSA) without
high-grade dysplasia (HGD)
TSA with HGD
Non-serrated adenoma (tubular or
tubulovillous adenoma) without HGD
Non-serrated adenoma with HGD

Q2 (62.6-74.4) Q3 (49.6-62.5)

P value
Q4 (≤ 49.5)

536

134

130

131

141

326 (61)
210 (39)
61.5 ± 12.2
14.3 ± 11.4

78 (58)
56 (42)
59.9 ± 12.3
9.9 ± 4.0

80 (62)
50 (38)
60.8 ± 12.0
13.4 ± 7.4

92 (70)
39 (30)
63.1 ± 11.6
14.7 ± 11.1

76 (54)
65 (46)
62.3 ± 13.0
19.1 ± 17.6

70 (13)
161 (31)
296 (56)

11 (8.5)
35 (27)
84 (65)

14 (11)
43 (33)
72 (56)

18 (14)
37 (29)
75 (58)

27 (20)
46 (33)
65 (47)

0.061

115 (21)
120 (22)

33 (25)
60 (45)

25 (19)
39 (30)

23 (18)
15 (11)

34 (24)
6 (4.3)

< 0.0001

10 (1.9)
91 (17)

1 (0.8)
22 (16)

3 (2.3)
21 (16)

6 (4.6)
23 (18)

0 (0)
25 (18)

15 (2.8)
80 (15)

2 (1.5)
11 (8.2)

2 (1.5)
17 (13)

2 (1.5)
32 (24)

9 (6.4)
20 (14)

105 (20)

5 (3.7)

23 (18)

30 (23)

47 (33)

0.041
0.150
< 0.0001

Percentage indicates the proportion of patients of each histological type who met the criteria for a specific clinical or molecular feature. P values were calculated by analysis of variance for age and tumor size and by χ 2 or Fisher’s exact test for all other variables. The P value for significance was adjusted by
Bonferroni correction to 0.010 (= 0.05/5).

further analysis.
Colorectal cancer patient survival and IGF2 DMR0
methylation level
The influence of the IGF2 DMR0 methylation level on
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clinical outcome was assessed in CRC patients. During
the follow-up of 398 patients with metastatic CRC (stages
Ⅲ-Ⅳ) who were eligible for survival analysis, mortality
occurred in 134, including 118 deaths confirmed to be
attributable to CRC. The median follow-up period for
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IGF2 DMR0 methylation level and cancer-specific survival
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Figure 3 Kaplan-Meier survival curves for colorectal cancer according to the IGF2 differentially methylated region 0 and long interspersed nucleotide element-1 methylation levels in metastatic colorectal cancers. A: Patients with Insulin-like growth factor 2 (IGF2) differentially methylated region (DMR)0 hypomethylation had a slightly higher mortality rate than those with IGF2 DMR0 hypermethylation, but this difference was not significant (log-rank test: P = 0.13); B: IGF2 DMR0
hypomethylation (Q4 cases) was significantly associated with unfavorable cancer-specific survival (log-rank test: P = 0.038); C: Significantly higher mortality was
observed in patients with long interspersed nucleotide element-1 (LINE-1) hypomethylation compared with those with LINE-1 hypermethylation (log-rank test: P = 0.026);
D: LINE-1 hypomethylation (Q4 cases) was significantly associated with unfavorable cancer-specific survival (log-rank test: P = 0.0037).

censored patients was 3.3 years. Kaplan-Meier analysis
was performed using categorical variables (Q1, Q2, Q3,
and Q4). Slightly but insignificantly higher mortality was
observed in patients with IGF2 DMR0 hypomethylation
compared with those without hypomethylation in terms
of cancer-specific survival (log-rank test: P = 0.13) (Figure
3A). In another Kaplan-Meier analysis, Q4 cases were
defined as the “hypomethylated group” and the Q1, Q2,
and Q3 cases were combined into a “non-hypomethylated
group”; the hypomethylated group (log-rank test: P =
0.038) was found to have significantly higher mortality (Figure 3B). Similar results were observed in terms
of overall survival (log-rank test: P = 0.040) (data not
shown).
LINE-1 methylation level and CRC patient survival
The LINE-1 methylation level in CRC was also divided
into quartiles (Q1 ≥ 58.7, Q2 54.8-58.6, Q3 50.8-54.7,
and Q4 ≤ 50.7). A significantly higher mortality rate was
observed among Q4 cases (log-rank test: P = 0.0037) in
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the Kaplan-Meier analysis (Figure 3C, D).
Association of histological type and IGF2 DMR0 and
LINE-1 methylation levels as well as other molecular
features of serrated lesions and non-serrated adenomas
Table 2 shows the clinicopathological and molecular features of serrated lesions and non-serrated adenomas. No
significant difference was observed between SSAs (69.0
± 10.8) with cytological dysplasia and SSAs without (73.1
± 12.3) in IGF2 DMR0 methylation levels (P = 0.32).
In contrast, MSI-high was more frequently (P < 0.0001)
found in SSAs with cytological dysplasia [40% (4/10)]
than in SSAs [0.8% (1/120)]. With regard to the LINE-1
methylation level, no significant difference was observed
between the methylation level and histological type in
serrated lesions and non-serrated adenomas (P = 0.59).
Mutations of BRAF, KRAS, and PIK3CA were detected in 49%, 19%, and 0.9% of HPs, 87%, 2.5%, and 0%
of SSAs, 69%, 17%, and 0% of TSAs and 2.6%, 19%, and
1.3% of non-serrated adenomas, respectively (Table 2).
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Table 2 Clinical and molecular features of serrated lesions and non-serrated adenomas (tubular or tubulovillous adenoma) according
to histological type n (%)
Clinical or
molecular feature

All cases
Sex
Male
Female
Age (mean ± SD)
Tumor size (mm)
(mean ± SD)
Tumor location
Rectum
Distal colon
Proximal colon
BRAF mutation
Wild-type
Mutant
KRAS mutation
Wild-type
Mutant
PIK3CA mutation
Wild-type
Mutant
MSI status
MSS/MSI-low
MSI-high
IGF2 DMR0
methylation level
(mean ± SD)
LINE-1
methylation level
(mean ± SD)

Total n

P value

Histological type
Serrated lesion

Non-serrated adenoma
Tubulovillous
TSA without high- Tubular adenoma
without HGD
adenoma without
grade dysplasia
HGD
(HGD)

HP

SSA without
cytological
dysplasia

SSA with
cytological
dysplasia

416

115

120

10

91

77

3

263 (63)
153 (37)
60.3 ± 11.8
10.5 ± 5.4

78 (68)
37 (32)
57.5 ± 12.1
9.3 ± 3.7

72 (60)
48 (40)
57.2 ± 11.6
11.6 ± 5.4

5 (50)
5 (50)
74.1 ± 4.7
12.3 ± 6.4

55 (60)
36 (40)
60.9 ± 12.3
9.7 ± 4.7

50 (65)
27 (35)
66.6 ± 11.4
10.9 ± 7.2

3 (100)
0 (0)
66.0 ± 8.9
15.7 ± 13.2

42 (10)
127 (31)
239 (59)

15 (13)
44 (39)
54 (48)

0 (0)
17 (14)
103 (86)

0 (0)
1 (10)
9 (90)

16 (18)
39 (44)
34 (38)

10 (14)
25 (34)
38 (52)

1 (33)
1 (33)
1 (33)

< 0.0001

183 (44)
231 (55)

59 (51)
56 (49)

16 (13)
104 (87)

2 (20)
8 (80)

28 (31)
61 (69)

75 (97)
2 (2.6)

3 (100)
0 (0)

< 0.0001

357 (87)
55 (13)

92 (81)
21 (19)

117 (98)
3 (2.5)

10 (100)
0 (0)

74 (83)
15 (17)

62 (81)
15 (19)

2 (67)
1 (33)

< 0.0001

406 (99)
2 (0.5)

113 (99)
1 (0.9)

117 (100)
0 (0)

10 (100)
0 (0)

89 (100)
0 (0)

74 (99)
1 (1.3)

3 (100)
0 (0)

0.67

408 (98)
8 (1.9)
64.5 ± 17.2

113 (98)
2 (1.7)
61.9 ± 20.5

119 (99)
1 (0.8)
73.1 ± 12.3

6 (60)
4 (40)
69.0 ± 10.8

90 (99)
1 (1.1)
61.6 ± 19.6

77 (100)
0 (0)
58.9 ± 16.1

3 (100)
0 (0)
61.0 ± 7.1

< 0.0001

58.7 ± 5.0

58.6 ± 3.4

58.1 ± 5.4

58.3 ± 8.4

58.8 ± 4.7

59.4 ± 6.0

60.9 ± 1.4

0.59

0.36
< 0.0001
0.0069

0.0004

Percentage indicates the proportion of patients of each histological type who met the criteria for a specific clinical or molecular feature. P values were calculated by analysis of variance for age, tumor size, methylation levels of IGF2 DMR0 and LINE-1 and by χ 2 or Fisher’s exact test for all other variables. The P
value for significance was adjusted by Bonferroni correction to 0.0050 (= 0.05/10). HGD: High-grade dysplasia; HP: Hyperplastic polyp; MSI: Microsatellite
instability; MSS: Microsatellite stable; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; IGF2: Insulin-like growth factor 2.

IGF2 DMR0 and LINE-1 hypomethylation in TSAs and
non-serrated adenomas with high-grade dysplasia
Tables 3 and 4 show the clinicopathological and molecular features of the TSAs (with or without HGD), nonserrated adenomas (with or without HGD), and CRCs
(stages Ⅰ-Ⅳ). The IGF2 DMR0 methylation levels in
TSAs with HGD (50.2 ± 18.7) were significantly lower
than those in TSAs without (61.6 ± 19.6, P = 0.038)
(Table 3). With regard to LINE-1, the methylation levels
in TSAs with HGD (55.7 ± 5.4) were significantly lower
than those in TSAs without (58.8 ± 4.7) (P = 0.024).
Similarly, the methylation levels of IGF2 DMR0 (52.0
± 13.6) and LINE-1 (56.9 ± 5.5) in non-serrated adenomas with HGD were significantly lower than those in
non-serrated adenomas without (59.0 ± 15.8, P = 0.0016
and 59.5 ± 5.9, P = 0.0027, respectively) (Table 3).

DISCUSSION
In this study, we examined the IGF2 DMR0 and LINE-1
methylation levels as well as other molecular alterations in
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351 serrated lesions, 185 non-serrated adenomas, and 794
CRCs. IGF2 DMR0 hypomethylation was less frequently
detected in SSAs than in HPs, TSAs, and non-serrated
adenomas. We also found that IGF2 DMR0 and LINE-1
hypomethylation in TSAs and non-serrated adenomas
with HGD were more frequently detected in TSAs and
non-serrated adenomas without HGD, suggesting that
hypomethylation may play an important role in the progression of these tumors.
In the current study, we confirmed that IGF2 DMR0
hypomethylation was associated with poor CRC prognosis, suggesting its oncogenic role and malignant potential. In addition, our data showed that the IGF2 DMR0
methylation level was inversely correlated with the IGF2
expression level. Therefore, our findings support the
validity of the quantitative DNA methylation assay (bisulfite-pyrosequencing) for examining the IGF2 DMR0
methylation level.
HPs are classified into three subtypes, namely microvesicular HPs, goblet cell HPs, and mucin-poor HPs.
Microvesicular and goblet cell HPs are the most com-
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Table 3 Clinical and molecular features of sessile serrated adenomas with cytological dysplasia, traditional serrated adenomas, nonserrated adenomas (tubular or tubulovillous adenoma), and colorectal carcinomas according to disease stage n (%)
Clinical or
molecular feature

All cases
Sex
Male
Female
Age (mean ± SD)
Tumor size (mm)
(mean ± SD)
Tumor location
Rectum
Distal colon
Proximal colon
BRAF mutation
Wild-type
Mutant
KRAS mutation
Wild-type
Mutant
PIK3CA mutation
Wild-type
Mutant
MSI status
MSS/MSI-low
MSI-high
IGF2 DMR0
methylation level
(mean ± SD)
LINE-1
methylation level
(mean ± SD)

P value

Histological type
SSA with
cytological
dysplasia

Colorectal adenoma

Colorectal carcinoma

Non-serrated Non-serrated
adenoma with
adenoma
HGD
without HGD

Stage Ⅰ

Stage Ⅱ

Stage Ⅲ

Stage Ⅳ

171

217

292

114

TSA without
HGD

TSA with
HGD

10

91

15

80

105

5 (50)
5 (50)
74.1 ± 4.7
12.3 ± 6.4

55 (60)
36 (40)
60.9 ± 12.3
9.7 ± 4.7

9 (60)
6 (40)
62.7 ± 13.6
12.8 ± 4.3

53 (66)
27 (34)
66.6 ± 11.2
11.0 ± 7.4

54 (51)
51 (49)
66.3 ± 10.5
29.3 ± 17.3

0 (0)
1 (10)
9 (90)

16 (18)
39 (44)
34 (38)

5 (33)
7 (47)
3 (20)

11 (14)
26 (34)
39 (51)

23 (22)
27 (26)
54 (52)

65 (38)
44 (25)
62 (36)

73 (34)
64 (29)
80 (37)

135 (46)
59 (20)
98 (34)

37 (33)
42 (37)
34 (30)

< 0.0001

2 (20)
8 (80)

28 (31)
61 (69)

7 (47)
8 (53)

78 (98)
2 (2.5)

102 (98)
2 (1.9)

161 (95)
9 (5.3)

204 (94)
13 (6.0)

282 (97)
9 (3.0)

103 (95)
6 (5.5)

< 0.0001

10 (100)
0 (0)

74 (83)
15 (17)

11 (73)
4 (27)

64 (80)
16 (20)

48 (46)
57 (54)

108 (64)
62 (36)

145 (69)
66 (31)

202 (70)
88 (30)

84 (74)
29 (26)

< 0.0001

10 (100)
0 (0)

89 (100)
0 (0)

14 (93)
1 (6.7)

77 (99)
1 (1.3)

99 (94)
6 (5.7)

161 (94)
10 (5.9)

194 (89)
23 (11)

249 (85)
43 (15)

103 (90)
11 (9.7)

< 0.0001

6 (60)
4 (40)
69.0 ± 10.8

90 (99)
1 (1.1)
61.6 ± 19.6

15 (100)
0 (0)
50.2 ± 18.7

80 (100)
0 (0)
59.0 ± 15.8

105 (100)
0 (0)
52.0 ± 13.6

163 (95)
198 (91)
276 (95)
110 (96)
8 (4.7)
19 (8.8)
16 (5.5)
4 (3.5)
55.7 ± 15.8 53.4 ± 13.3 55.5 ± 12.9 53.1 ± 12.9

< 0.0001

58.3 ± 8.4

58.8 ± 4.7

55.7 ± 5.4

59.5 ± 5.9

56.9 ± 5.5

55.8 ± 7.2

< 0.0001

107 (63)
123 (57)
168 (58)
64 (37)
94 (43)
124 (42)
65.1 ± 11.0 67.4 ± 11.5 66.6 ± 12.5
26.3 ± 15.8 53.1 ± 23.5 50.5 ± 22.7

53.1 ± 6.2

55.1 ± 6.5

73 (64)
0.50
41 (36)
63.4 ± 9.5
0.0016
50.9 ± 19.6 < 0.0001

54.1 ± 7.6

< 0.0001

Percentage indicates the proportion of patients of each histological type who met the criteria for a specific clinical or molecular feature. P values were calculated by analysis of variance for age, tumor size, methylation levels of IGF2 DMR0 and LINE-1 and by χ 2 or Fisher’s exact test for all other variables. The P
value for significance was adjusted by Bonferroni correction to 0.0050 (= 0.05/10). HGD: High-grade dysplasia; HP: Hyperplastic polyp; MSI: Microsatellite
instability; MSS: Microsatellite stable; SSA: Sessile serrated adenoma; TSA: Traditional serrated adenoma; IGF2: Insulin-like growth factor 2.

mon, whereas mucin-poor HPs are rare[44]. Recent studies
have reported that microvesicular HPs may be a precursor lesion of SSAs and that borderline lesions between
microvesicular HPs and SSAs can occur[25,26,28]. In the current study, we found that the IGF2 DMR0 methylation
levels of SSAs were significantly higher compared with
those of HPs (microvesicular HPs), TSAs, and non-serrated adenomas. Our data also showed that IGF2 DMR0
hypomethylation was less frequently detected in SSAs
compared with HPs, TSAs, and non-serrated adenomas.
Our current study had some limitations due to its
cross-sectional nature and the fact that unknown bias (i.e.,
selection bias) may confound the results. Nevertheless,
our multivariate regression analysis was adjusted for potential confounders including age, tumor size, tumor location, LINE-1 methylation level, and BRAF and KRAS
mutation. The results demonstrate that IGF2 DMR0
hypomethylation is inversely associated with SSAs. Moreover, our data have shown that the IGF2 DMR0 methylation levels of SSAs with cytological dysplasia were higher
than those of HPs, suggesting that HPs (microvesicular
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HPs) or SSAs with IGF2 DMR0 hypomethylation may
tend not to progress to the typical SSA pathway [HPSSA-SSA with cytological dysplasia-carcinoma (MSI-high)
sequence] but to the alternate pathway. Thus, our finding
of differential patterns of IGF2 DMR0 hypomethylation
in serrated lesions may be a clue for elucidating the differentiation of serrated lesions.
In the current study, IGF2 DMR0 hypomethylation
was found in TSAs and hypomethylation was more frequently detected in TSAs with HGD when compared
with TSAs without HGD. These results may imply that
IGF2 DMR0 hypomethylation can occur in the early
stage of the TSA pathway and that TSAs with IGF2
DMR0 hypomethylation are precursor lesions that progress to TSAs with HGD or CRCs with hypomethylation.
In other words, TSAs without IGF2 DMR0 hypomethylation may tend not to progress to TSAs with HGD.
Otherwise, TSAs without IGF2 DMR0 hypomethylation
may tend to rapidly develop to CRCs; therefore, they are
infrequently detected in the stage of TSA with HGD.
However, because the number of TSA with HGD sam-
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52/M
69/F

14
15

Sigmoid colon
Rectum

Rectum
Sigmoid colon
Transverse colon
Rectum
Sigmoid colon
Sigmoid colon
Sigmoid colon
Descending colon
Sigmoid colon
Rectum
Ascending colon
Rectum
Ascending colon

Location

12
13

8
20
15
5
12
20
10
9
18
10
15
13
12

Size (mm)

Wild
Wild

c.35G>A (p.G12D)
c.35G>A (p.G12D)
c.38G>A (p.G13D)
c.35G>A (p.G12D)
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild

KRAS mutation

Wild
Wild

Wild
Wild
Wild
Wild
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
c.1799T>A (p.V600E)
Wild

BRAF mutation
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
Wild
c.1624G>A
(p.E542K)
Wild
Wild

mutation

PIK3CA

(-)
(+)

(-)
(+)
(+)
(-)
(-)
(-)
(-)
(-)
(+)
(-)
(+)
(+)
(-)

MGMT

methylation

(-)
(-)

(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(-)
(+)
(+)
(-)

MLH1

methylation

MSS/MSI-low
MSS/MSI-low

MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low
MSS/MSI-low

MSI status

48.0
44.3

58
53.7
53.3
65.0
58.0
53.7
58.7
59.0
57.3
56.7
57.0
63.0
49.7

LINE-1 methylation
level

44.5
80.0

70
39.5
72.0
26.5
45.5
40.5
52.0
41.5
42.0
29.0
57.0
84.5
28.0

IGF2 DMR0
methylation level

Moderate
Weak

Weak
Strong
No expression
Moderate
Strong
Moderate
No expression
Moderate
Strong
Strong
Moderate
Weak
Moderate

IGF2 expression

ples was small (n = 15), our findings require further confirmation from future independent studies.
Global DNA hypomethylation is associated with genomic instability, which leads to cancer[45-50]. As the LINE-1 or L1 retrotransposon constitutes a substantial portion (ca.
17%) of the human genome, the level of LINE-1 methylation is regarded as a surrogate marker of global DNA methylation[46,51]. We previously reported that LINE-1 methylation is highly variable but is strongly associated with a poor prognosis in CRC[45]. However, no previous study has reported the role of LINE-1 hypomethylation in serrated lesions. In serrated lesions, unlike the IGF2 DMR0 methylation level, no significant difference was observed between the LINE-1 methylation level and histological type. We also
found that the LINE-1 methylation levels in TSAs with HGD were significantly lower than those in TSAs. These results suggest that both IGF2 DMR0 hypomethylation and
LINE-1 hypomethylation are important epigenetic alterations in the progression of TSAs. Because the carcinogenic mechanism remains unclear, further analyses are needed to
clarify the role in the TSA pathway of the hypomethylation of these locations.
Previous studies have reported that SSAs with cytological dysplasia have accumulated genetic abnormalities and are at a high risk of progression to colorectal carcinoma[7,26,28].
Loss of staining for MLH1 leads to MSI and repeat tract mutation in genes such as TGFβ RⅡ is restricted to lesions with cytological dysplasia in SSAs[26,27,52,53]. In the current
study, MSI-high was more frequently detected in SSAs with cytological dysplasia than in SSAs without. Our data indicate that in SSAs with cytological dysplasia, it is not hypomethylation of IGF2 DMR0 or LINE-1 but rather MSI due to MLH1 hypermethylation that plays an important role in the evolution to colorectal carcinoma.
The RAS-RAF-MEK-ERK signaling pathway is commonly altered in CRC and serrated lesions through oncogenic mutation of either BRAF or KRAS[15,21,25]. Moreover,
CRCs with serrated morphology are particularly prone to mutations targeted by anti-epidermal growth factor receptor therapy. Therefore, as the variety of molecularly targeted
agents for CRC increases, understanding of molecular alterations is becoming increasingly important[21,40]. BRAF and KRAS mutations are mutually exclusive and demonstrate a
subtype specificity in serrated lesions[10,15,17-19,28]; they are most likely initiating events in the majority of HPs[54]. Previous studies have reported that BRAF is mutated with increasing frequency in SSAs (60%-100%)[3-5,9,11,16]. In the current study, BRAF mutations were detected in 49% of HPs and 87% of SSAs, respectively. Therefore, our data relating to the
frequency of BRAF mutations in SSAs are consistent with previous reports. The activation of the RAS-RAF-MEK-ERK signaling pathway by BRAF or KRAS mutation is also
common in TSAs. Previous studies have reported BRAF mutation rates in TSAs ranging from 27% to 55%[6,8,16,55], compared to KRAS mutation rates of 29%-46%[6,8]. In the cur-

HGD: High-grade dysplasia; MSI: Microsatellite instability; MSS: Microsatellite stable; TSA: Traditional serrated adenoma.

75/M
54/F
62/F
84/M
85/M
48/M
69/M
60/M
34/M
61/M
52/F
70/F
66/F

Age/sex

1
2
3
4
5
6
7
8
9
10
11
12
13

No.

Table 4 Clinicopathological and molecular features of fifteen traditional serrated adenomas with high-grade dysplasia
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rent study, BRAF and KRAS mutations were detected in
69% and 17% of TSAs, respectively. Thus, the wide variation in the relative proportion of BRAF vs KRAS mutations in different studies reflects differences in histological
classification or small sample size.
In conclusion, we found that IGF2 DMR0 hypomethylation can occur in the early stage of any histological
types of serrated lesions; however, hypomethylation may
be an infrequent epigenetic alteration in SSAs. These results imply that IGF2 DMR0 hypomethylation may be a
key epigenetic event that affects the progression of HPs.
Our data also suggest that the hypomethylation of IGF2
DMR0 and LINE-1 may play an important role in the
progression of the TSA pathway.

alternative pathway of CRC development, and serrated lesions exhibit unique
clinicopathological or molecular features. Of the serrated lesions, SSAs are
hypothesized to develop in some cases to MSI-high CRCs with BRAF mutation
in the proximal colon.

Peer review

The authors investigated the hypomethylations of IGF2 DMR0 and LINE-1; MSI;
and mutations of KRAS, BRAF, and PIK3CA in patients with serrated lesions
and non-serrated adenomas. The results demonstrated that IGF2 DMR0 hypomethylation can occur in the early stage of any histological types of serrated
lesions; however, hypomethylation may be an infrequent epigenetic alteration in
SSAs. The authors also revealed that the hypomethylation of IGF2 DMR0 and
LINE-1 may play an important role in the progression of the TSA pathway. This
article may have a substantial impact on clinical and translational research in
the progression of serrated lesions related to malignant transformation.
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Abstract
AIM: To investigate the role of nuclear translocation of
calcyclin binding protein, also called Siah-1 interacting
protein (CacyBP/SIP), in gastric carcinogenesis.
METHODS: The expression of CacyBP/SIP protein in
gastric cancer cell lines was detected by Western blot.
Immunofluorescence experiments were performed on
gastric cancer cell lines that had been either unstimulated or stimulated with gastrin. To confirm the immunofluorescence findings, the relative abundance of
CacyBP/SIP in nuclear and cytoplasmic compartments
was assessed by Western blot. The effect of nuclear
translocation of CacyBP/SIP on cell proliferation was
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examined using MTT assay. The colony formation assay was used to measure clonogenic cell survival.
The effect of CacyBP/SIP nuclear translocation on cell
cycle progression was investigated. Two CacyBP/SIPspecific siRNA vectors were designed and constructed
to inhibit CacyBP/SIP expression in order to reduce
the nuclear translocation of CacyBP/SIP, and the expression of CacyBP/SIP in stably transfected cells was
determined by Western blot. The effect of inhibiting
CacyBP/SIP nuclear translocation on cell proliferation
was then assessed.
RESULTS: CacyBP/SIP protein was present in most of
gastric cancer cell lines. In unstimulated cells, CacyBP/
SIP was distributed throughout the cytoplasm; while in
stimulated cells, CacyBP/SIP was found mainly in the
perinuclear region. CacyBP/SIP nuclear translocation
generated a growth-stimulatory effect on cells. The
number of colonies in the CacyBP/SIP nuclear translocation group was significantly higher than that in the
control group. The percentage of stimulated cells in G1
phase was significantly lower than that of control cells
(69.70% ± 0.46% and 65.80% ± 0.60%, control cells
and gastrin-treated SGC7901 cells, P = 0.008; 72.99%
± 0.46% and 69.36% ± 0.51%, control cells and gastrin-treated MKN45 cells, P = 0.022). CacyBP/SIPsi1
effectively down-regulated the expression of CacyBP/
SIP, and cells stably transfected by CacyBP/SIPsi1 were
then chosen for further cellular assays. In CacyBP/
SIPsi1 stably transfected cells, CacyBP/SIP was shown
to be distributed throughout the cytoplasm, irregardless of whether they were stimulated or not. After
CacyBP/SIP nuclear translocation was reduced, there
had no major effect on cell proliferation, as shown
by MTT assay. There had no enhanced anchoragedependent growth upon stimulation, as indicated by
colony formation in flat plates. No changes appeared
in the percentage of cells in G0-G1 phase in either cell
line (71.09% ± 0.16% and 70.86% ± 0.25%, control
cells and gastrin-treated SGC7901-CacyBP/SIPsi1 cells,
P = 0.101; 74.17% ± 1.04% and 73.07% ± 1.00%,
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control cells and gastrin-treated MKN45-CacyBP/SIPsi1
cells, P = 0.225).
CONCLUSION: CacyBP/SIP nuclear translocation promotes the proliferation and cell cycle progression of
gastric cancer cells.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Calcyclin binding protein/Siah-1 interacting
protein; Gastric caner cells; Nuclear translocation; Gastrin
Core tip: Calcyclin binding protein, also called Siah-1
interacting protein (CacyBP/SIP), is a component of the
ubiquitination pathway. It can translocate to the cell
nucleus. In colon cancer cells, it was found that gastrin,
epidermal growth factor, prostaglandin E2 and hypoxia
can induce CacyBP/SIP nuclear translocation. Our previous study found that CacyBP/SIP-positive staining was
observed in the cytoplasm and nuclei of some cancer
cells in gastric cancer tissues. Thus, there is considerable interest in determining whether CacyBP/SIP can
translocate into the nucleus or not in gastric cancer
cells, and whether nuclear translocation of CacyBP/SIP
mediates the proliferation of gastric cancer cells.
Zhai HH, Meng J, Wang JB, Liu ZX, Li YF, Feng SS. CacyBP/SIP nuclear translocation induced by gastrin promotes
gastric cancer cell proliferation. World J Gastroenterol 2014;
20(29): 10062-10070 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10062.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10062

INTRODUCTION
Calcyclin binding protein (CacyBP) was first found in the
cytosolic fraction of Ehrlich ascites tumor cells, where
it interacted with S100A6 (calcyclin) in the physiological range of Ca2+ concentration[1]. Further investigations
showed that Siah-1 interacting protein (SIP) was a human
ortholog of CacyBP[2]. Hence, calcyclin binding protein
is formally named “CacyBP/SIP”. In neurons and neuroblastoma NB-2a cells, CacyBP/SIP translocated to
the cell nucleus and was phosphorylated in response to
changes in intracellular Ca2+ concentration induced by
KCl or BAPTA/AM[3]. This phenomenon was also observed in retinoic acid-induced neuronal differentiation
of neuroblastoma SH-SY5Y cells[4]. In colon cancer cells,
it was showed that CacyBP/SIP can translocate to the
nucleus upon stimulation by KCl or gastrin, which leads
to an increase in [Ca2+][5]. However, the function of CacyBP/SIP nuclear translocation is unclear.
Our laboratory was the first to show that CacyBP/
SIP is involved in the multidrug resistance of gastric
cancer cells[6,7]. By using monoclonal antibodies against
CacyBP/SIP produced in our laboratory[8], we found
that CacyBP/SIP showed no or minimal expression in
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the stomach, but strong expression in cancerous gastric
tissues. The positive staining was located mostly in the
cytoplasm and nuclear envelope[9].
Thus, there is considerable interest in determining
whether nuclear translocation of CacyBP/SIP mediates
the proliferation of gastric cancer cells. We set out to address these questions in the present study, using gastrin to
induce CacyBP/SIP nuclear translocation and observing
the proliferation of gastric cancer cells. Our results indicate that nuclear translocation of CacyBP/SIP induced
by gastrin promotes gastric cell proliferation.

MATERIALS AND METHODS
Cell culture, reagents and treatment of cells
Cells were cultured in RPMI 1640 (HyClone, Logan, UT)
supplemented with 10% FBS (Sijiqing, China), penicillin
(100 units/ml) and streptomycin (100 µg/ml). We used
the following human gastric cancer cell lines, which were
preserved at our institute: AGS (gastric adenocarcinoma),
BGC823, MKN45, SGC7901 (poorly differentiated adenocarcinoma), KATOⅢ (signet ring cell carcinoma),
and MKN28 (well-differentiated adenocarcinoma). Stably transfected SGC7901-CacyBP/SIPsi and MKN45CacyBP/SIPsi cells were cultured in RPMI 1640 medium,
10% FBS and 200 µg/mL G418 (Invitrogen, Carlsbad,
CA). Gastrin (Sigma, St. Louis, MO) was dissolved in
RPMI 1640 and used to treat cells.
Immunofluorescence
Immunofluorescence experiments were performed on
gastric cancer cell lines that had been either unstimulated
or stimulated with gastrin. Cells were plated onto polyL-lysine coated coverslips and fixed with 4% paraformaldehyde. Slides were blocked with 4% sheep serum and
stained with an anti-CacyBP MAb (1:10), followed by incubation with a secondary FITC-conjugated anti-mouse
antibody (1:50; Santa Cruz Biotech., United States). Sections were mounted on glass slides with 20% glycerol and
analyzed under a confocal laser microscope (Bio-Rad
Laboratories, United States). For control experiments,
cells were incubated with pre-immune serum.
MTT assay
Cells were seeded at 1 × 104 cells per well in 200 µL of
complete culture medium in 96-well microtiter plates at
37 ℃ in a humidified chamber. Twenty-four hours after
seeding, cells were exposed to gastrin at various concentrations (10-6, 10-7, 10-8, 10-9 and 10-10 mol/L) in serumfree culture medium for 24 and 48 h, then incubated
with MTT (0.5 mg/ml) for 4 h at 37 ℃. After removal
of MTT, 150 µl of DMSO was added to the cells, and
the absorbance values were determined at 492 nm on the
enzyme-linked immunosorbent assay reader (DASIT, Milan, Italy).
Colony formation assay
The colony formation assay was used to measure clono-
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Figure 1 Western blot analysis of calcyclin binding protein/Siah-1 interacting protein expression in gastric cancer cell lines. CacyBP/SIP: Calcyclin binding protein/Siah-1 interacting protein.

genic cell survival. Cells were seeded in 6-well dishes at
200 cells/well with or without 10-8 mol/L gastrin. The
number of foci > 100 µm was determined after 10-14 d.
Cell cycle analysis
Cells were plated at a density of 50000 cells/well in 2
mL of complete RPMI1640 in 6-well plates, and allowed to grow for 24 h until 60%-70% confluence. To
achieve synchronization, cells were starved in serumfree medium for 24 h. Upon return to regular growth
medium, cells were treated or untreated by 10-8 mol/L
gastrin. After 48 h of culture, cells were fixed overnight
in 70% ethanol at 4 ℃, and then re-suspended in a buffer containing propidium iodide (PI). After 30 min of
incubation, cells were subjected to DNA content analysis
by flow cytometry (Coulter EPICS XL) using CellQuest
software. This cell cycle analysis was performed in three
independent experiments.
Western blot analysis
Cells were lysed in 300 µL of freshly prepared extraction buffer [1% SDS, 1 mmol/L Na3VO4, 0.1 mol/L
Tris (pH 7.4)]. To distinguish cytosolic from nuclear
CacyBP/SIP, cell fractions were extracted using the NEPER™ nuclear and cytoplasmic extraction kit (Pierce
Biotechnology, Rockford, IL). Proteins were resolved at
40 µg/lane on 12% SDS-polyacrylamide gels and electrophoretically transferred to polyvinylidene difluoride
membranes (Millipore, Bedford, MA) for 20-50 min at 20
V. Membranes were incubated at 4 ℃ overnight with one
of the following primary antibodies: polyclonal antibody
PARP (1:1000) (Cell Signaling Technology, Boston); and
monoclonal antibodies against CacyBP/SIP (1:1000) and
β-actin (1:2000) (Sigma Chemical, St. Louis, MO). Membranes were then incubated with anti-mouse IgG or antirabbit IgG (Amersham Biosciences, Piscataway, NJ) and
were detected with SuperSignal West Pico Chemiluminescent Substrate (Pierce Biotechnology Inc., Rockford,
IL). For each Western blotting result, at least three independent experiments were conducted, and representative
images were shown in the Results.
Short interfering RNA construction and transfection
Two short interfering RNA (siRNA) specifically targeting
the CacyBP/SIP RNA was used to reduce CacyBP/SIP
expression. The siRNAs were generated with a pSilencer
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siRNA Construction Kit (Ambion, Austin, TX). Cell
transfection was performed with Lipofectamine2000 (Invitrogen, Carlsbad, CA) according to the manufacturer’s
protocol. For stable transfection, G418 (200 μg/ml) was
added to cells after 24 h of transfection. Mixed clones
were screened and expanded for an additional 6 wk. The
target siRNA sequences were derived from the CacyBP/
SIP coding region and did not reveal any overlapping regions between target sequences and other human genes.
For siRNA control we used pSilencer negative control,
whose sequence was not found in the mouse, human, or
rat genome databases. Cells were harvested for Western
blotting and cell cycle analysis.
Statistical analysis
Bands from Western blots were quantified with Quantity One software (BioRad). Relative protein levels were
calculated by comparing absolute protein levels to the
amount of β-actin. Numerical data are presented as
mean ± SD. Calculation of the difference between means
was performed with ANOVA and then a post-hoc test. All
statistical analyses were performed using SPSS software
(version 11.0; Chicago, IL, United States). Differences
with p < 0.05 were considered statistically significant.

RESULTS
Expression of CacyBP/SIP
CacyBP/SIP protein was present in the AGS, BGC823,
SGC7901, MKN45 and KATOⅢ gastric cancer cell lines
but not in the MKN28 gastric cancer cell line (Figure 1).
Meanwhile, an immunoreactive protein band representing CacyBP/SIP was detected in SGC7901 and MKN45
cell lines at a much higher intensity than in other gastric
cancer cell lines. Thus, these two cell lines were chosen
for further studies.
Localization of CacyBP/SIP in gastric cancer cells
Our previous results showed that CacyBP/SIP could be
detected in the nuclei of gastric cancer cells from tissue
specimens. CacyBP/SIP has been reported to translocate
into the nucleus after an increase in intracellular [Ca2+]i
levels. Gastrin is a carcinogen of gastric cancer, and it
may also induce the mobilization of intracellular Ca2+.
Based on this knowledge, we speculated that gastrin
might induce CacyBP/SIP nuclear translocation, so we
assessed the localization of CacyBP/SIP before and after
stimulation by gastrin. We observed that in unstimulated
cells, CacyBP/SIP was distributed throughout the cytoplasm (Figure 2A), while in stimulated cells, CacyBP/SIP
was found mainly in the perinuclear region (Figure 2A).
To confirm the immunofluorescence findings, we assessed the relative abundance of CacyBP/SIP in nuclear
and cytoplasmic compartments by Western blot. CacyBP/SIP was detected in both the cytoplasm and nuclei
after stimulation by gastrin (10-8 mol/L), but only in the
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Figure 2 Gastrin can stimulate calcyclin binding protein/Siah-1 interacting protein nuclear translocation. A: Immunofluorescent localization of CacyBP/SIP in
cultured gastric cancer cells. a, b and c, unstimulated cells; d, e and f, cells stimulated with gastrin (10-8 mol/L) for 8 h; a and d, immunostained using CacyBP/SIP MAb;
b and e, PI stained; c and f, merged images; B: Amounts of CacyBP/SIP in nuclear extracts are shown before and after gastrin (10-8 mol/L) stimulation. C: Cytosolic
markers; N: Nuclear markers; PI: Propidium iodide; PARP: Poly ADP-ribose polymerase; CacyBP/SIP: Calcyclin binding protein/Siah-1 interacting protein.

cytoplasm without gastrin stimulation (Figure 2B).
Effect of gastrin on the proliferation of gastric cancer
cells
The effect of gastrin on cell proliferation was first examined. SGC7901 and MKN45 cells were treated with
various concentrations of gastrin in serum-free culture
medium for different time periods, and then assessed
by MTT assay. As shown in Figure 3A, treatment with
gastrin at any concentration (10-6, 10-7, 10-8, 10-9, and 10-10
mol/L) generated a growth-stimulatory effect on cells,
which appeared to be significant at 10-8 mol/L of gastrin.
We also compared the effect of gastrin (10-8 mol/L) on
cell growth rates under anchorage-dependent cell growth
conditions. After 10-14 d of culture in flat dishes, the
number of colonies in the gastrin-treated group was significantly higher than that in the untreated group (P <
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0.05; Figure 3B).
The effect of gastrin on cell cycle phase distribution
was investigated in SGC7901 and MKN45 cells exposed
to gastrin (10-8 mol/L) or not for 2 d. After 2 d of culture, 69.70% ± 0.46% of untreated and 65.80% ± 0.60%
of gastrin-treated SGC7901 cells were found in the G1
peak, while there were 72.99% ± 0.46% of untreated and
69.36% ± 0.51% of gastrin-treated MKN45 cells in the
G1 peak. In both cell lines, the analysis showed that the
G1 phase of treated cells was shorter than that of the
untreated cells (P < 0.05; Table 1).
Inhibiting CacyBP/SIP expression slowed down the
proliferation and cell cycle progression of gastric cancer
cells
To verify that the proliferation of gastric cancer cells
promoted by gastrin was induced by CacyBP/SIP nuclear
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translocation, we inhibited CacyBP/SIP expression to reduce the nuclear translocation of CacyBP/SIP and then
observed the effect of gastrin on cell proliferation. Two
CacyBP/SIP-specific siRNA vectors, named CacyBP/
SIPsi1 and CacyBP/SIPsi2, were designed and constructed. After cell transfection and selection with G418 for 6
wk, the expression of CacyBP/SIP in stably transfected
cells was determined by Western blot. CacyBP/SIPsi1
effectively down-regulated the expression of CacyBP/
SIP in SGC7901 and MKN45 cells, while the effect of
CacyBP/SIPsi2 on CacyBP/SIP expression was minimal
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69.70% ± 0.46%
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65.80% ± 0.60%
69.36% ± 0.51%
70.86% ± 0.25%
73.07% ± 1.00%

0.008
0.022
0.101
0.225

P < 0.05 was considered statistically significant. CacyBP/SIP: Calcyclin
binding protein/Siah-1 interacting protein.

(Figure 4). SGC7901 and MKN45 cells stably transfected
with CacyBP/SIPsi1 were then chosen for further cellular assay.
In SGC7901-CacyBP/SIPsi1 and MKN45-CacyBP/
SIPsi1 cells, CacyBP/SIP was shown by immunofluorescence to be distributed throughout the cytoplasm irregardless of whether they were stimulated with gastrin (10-8
mol/L) or not (Figure 5A); this was also confirmed by
Western blot (Figure 5B). This finding showed that the
amount of translocated CacyBP/SIP induced by gastrin
was effectively reduced after CacyBP/SIP expression was
suppressed.
After CacyBP/SIP nuclear translocation was reduced,
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Figure 5 Localization of calcyclin binding protein/Siah-1 interacting protein nuclear translocation. A: Immunofluorescent localization of CacyBP/SIP in cultured
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gastrin treatment had no major effect on cell proliferation, as shown by MTT assay (Figure 6A). In agreement
with the results of the MTT assay, SGC7901-CacyBP/
SIPsi1 and MKN45-CacyBP/SIPsi1 cells exhibited no
enhanced anchorage-dependent growth upon stimulation with gastrin, as indicated by colony formation in
flat plates (Figure 6B). After 2 d of treatment, 71.09%
± 0.16% of untreated and 70.86% ± 0.25% of gastrintreated SGC7901-CacyBP/SIPsi1 cells were found in
the G1 peak, while there were 74.17% ± 1.04% of untreated and 73.07% ± 1.00% of gastrin-treated MKN45CacyBP/SIPsi1 cells in the G1 peak. Cell cycle analyses
showed that no change appeared in the percentage of
cells in G0-G1 phase in either cell line, whether untreated
or treated with gastrin (P > 0.05; Table 1).
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DISCUSSION
It was found that CacyBP/SIP can translocate into the
nucleus, but its function is unknown. In this study, we
examined the role of CacyBP/SIP nuclear translocation
in gastric cancer cells. Our results suggest that nuclear
translocation of CacyBP/SIP can promote the growth of
gastric cancer cells.
Our previous study found that CacyBP/SIP could
be translocated into the nucleus in colon cancer cells after treatment with gastrin[5], epidermal growth factor[10],
prostaglandin E2[11] and hypoxia[12]. We also found that
CacyBP/SIP expressed in the nuclei of cells in gastric
cancer tissue, and the present study was aimed to verify
this result in individual cells[9]. Using Western blot, it was
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found that CacyBP/SIP protein was present most of
the gastric cancer cell lines. So we assessed the localization of CacyBP/SIP in gastric cancer cells before and
after stimulation. CacyBP/SIP has been reported to
translocate into the nucleus after an increase in intracellular [Ca2+]i levels[3,5]. Gastrin is a carcinogen of gastric
cancer, and it may also induce the release of intracellular
Ca2+[13,14]. Based on this knowledge, we speculated that
gastrin might induce CacyBP/SIP nuclear translocation.
We observed that CacyBP/SIP was detected in both the
cytoplasm and nuclei after stimulation by gastrin, but
only in the cytoplasm of cells without gastrin stimulation.
It is unknown whether CacyBP/SIP nuclear translocation plays a crucial role in the growth of gastric cancer
cells. According to our study, CacyBP/SIP nuclear translocation promoted the proliferation of gastric cancer
cells, based on the results of MTT and colony-forming
assays. Inhibition of CacyBP/SIP nuclear translocation
through inhibition of its expression abolished the proliferation of gastric cancer cells. Although gastrin had a
proliferative effect on CacyBP/SIP siRNA-transfected
cells, these cells showed no statistically significant difference in proliferation compared to control cells growing
in the absence of gastrin. Taken together, these data suggest that CacyBP/SIP nuclear translocation promotes the
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growth of gastric cancer cells.
Inconsistent with our finding, some studies suggested
that CacyBP/SIP might suppress cell growth and invasion in gastric cancer cells[15]. It was also found in renal
cell carcinoma that CacyBP/SIP suppressed proliferation
and tumorigenesis of renal cancer[16]. However, there
were different results in breast and pancreatic cancers.
CacyBP/SIP expression was significantly higher in pancreatic cancer tissue than in adjacent tissues and was associated with distal metastasis[17]. It was also found that
CacyBP/SIP expression was greater in more advanced
breast cancer, including metastasis[18]. These studies implicate CacyBP/SIP in tumorigenesis, although whether
it promotes or suppresses cancer may depend on the cell
type.
In our study, cell cycle analysis showed an increase in
the number of cells in S phase at the expense of those in
G1 phase. In eukaryotic cells, the transition from G1 to S
is regulated mainly by the G1-specific kinases, including
P27kip1. Matsuzawa firstly found function of CacyBP/SIP
for thymocyte development and G1 checkpoint. It was
found that SIP-/- embryonic fibroblasts showed a growthrate increase resulting from defects in G1 arrest[19]. Recently, it was proven that CacyBP/SIP could regulate the
glucose limitation-induced p27 degradation[20]. We sup-

10068

August 7, 2014|Volume 20|Issue 29|

Zhai HH et al . Role of CacyBP/SIP nuclear translocation in gastric cancer

posed that CacyBP/SIP nuclear translocation affected the
degradation of P27. This hypothesis may be proved by
the finding that CacyBP/SIP could promote proliferation
and G1/S transition of human pancreatic cancer cells[21].
In conclusion, the present study provides evidence
that CacyBP/SIP nuclear translocation promotes the
proliferation and cell cycle progression of gastric cancer cells. However, identification of the mechanism of
CacyBP/SIP nuclear translocation in gastric cancer still
requires further study.
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COMMENTS
COMMENTS
Background

Calcyclin binding protein, also called Siah-1 interacting protein (CacyBP/SIP),
as a target protein of the S100 family, could translocate to the cell nucleus and
was phosphorylated in response to changes in intracellular Ca2+ concentration in neurons and neuroblastoma NB-2a cells. This phenomenon was also
observed in retinoic acid-induced neuronal differentiation of neuroblastoma SHSY5Y cells. However, the function of CacyBP/SIP nuclear translocation is unclear. In colon cancer cells, it was found that CacyBP/SIP can translocate to the
nucleus upon stimulation by KCl or gastrin, which leads to an increase in [Ca2+].
Further study found that epidermal growth factor, prostaglandin E2 and hypoxia
also could induce CacyBP/SIP nuclear translocation. However, the role of CacyBP/SIP nuclear translocation is unknown. Their previous study found that CacyBP/SIP-positive staining was observed simultaneously in the cytoplasm and
nuclei of some cancer cells. Thus, there is considerable interest in determining
whether CacyBP/SIP can translocate into the nucleus or not in gastric cancer
cells, and whether nucleus translocation of CacyBP/SIP mediates the proliferation of gastric cancer cells. The authors set out to address these questions in
the present study, using gastrin to induce CacyBP/SIP nuclear translocation
and observing the proliferation of gastric cancer cells.

Research frontiers

Using Western blot, it was found that CacyBP/SIP protein was present in most
of the gastric cancer cell lines. It was observed that CacyBP/SIP can translocate into the nucleus after stimulation by gastrin using immunofluorescence and
Western blot. Further study showed that CacyBP/SIP nuclear translocation promoted the proliferation of gastric cancer cells, based on the results of MTT and
colony-forming assays. Inhibition of CacyBP/SIP nuclear translocation through
inhibition of its expression abolished the proliferation of gastric cancer cells.
Cell cycle analysis showed an increase in the number of cells in S phase at the
expense of those in G1 phase.

Innovations and breakthroughs

To explore whether CacyBP/SIP nuclear translocation promotes or suppresses
growth of gastric cancer cells, Western blot was used to detect the expression of CacyBP/SIP in several gastric cancer cells; immunofluorescence and
Western blot were used to observe the location of CacyBP/SIP in gastric cells
stimulated by gastrin; MTT assay, colony-forming assay and cell cycle analysis
were conducted to examine the effect of CacyBP/SIIP nuclear translocation on
proliferation of gastric cancer cells. The study found that CacyBP/SIP nuclear
translocation can promote the growth of gastric cancer cells through shortening
G1 phase.
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The study provides evidence that CacyBP/SIP nuclear translocation promotes
the proliferation and cell cycle progression of gastric cancer cells. CacyBP/SIP
may be a potential therapy target.
In this report, the authors present data demonstrating that CacyBP/SIP nuclear
translocation can promote the proliferation of gastric cancer cells. It may be
through affecting G1/S transition. These results may provide a therapeutic target against gastric tumorigenesis. The data are presented nicely and the findings merit publication.
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Abstract
AIM: To examine the effect of aberrant methylation of
the KISS1 promoter on the development of colorectal
cancer (CRC) and to investigate reversing aberrant
methylation of the KISS1 promoter as a potential therapeutic target.
METHODS: KISS1 promoter methylation, mRNA expression and protein expression were detected by
methylation-specific polymerase chain reaction (PCR),
real-time quantitative PCR and Western blotting, respectively, in 126 CRC tissues and 142 normal colorectal tissues. Human CRC cells with KISS1 promoter hypermethylation and poor KISS1 expression were treated
in vitro with 5-aza-2’-deoxycytidine (5-Aza-CdR). After
treatment, KISS1 promoter methylation, KISS1 mRNA
and protein expression and cell migration and invasion
were evaluated.
RESULTS: Hypermethylation of KISS1 occurred fre-
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quently in CRC samples (83.1%, 105/126), but was
infrequent in normal colorectal tissues (6.34%, 9/142).
Moreover, KISS1 methylation was associated with tumor differentiation, the depth of invasion, lymph node
metastasis and distant metastasis (P < 0.001). KISS1
methylation was also associated with low KISS1 expression (P < 0.001). Furthermore, we observed re-expression of the KISS1 gene and decreased cell migration
after 5-Aza-CdR treatment in a CRC cell line.
CONCLUSION: These data suggest that KISS1 is
down-regulated in cancer tissues via promoter hypermethylation and therefore may represent a candidate
target for treating metastatic CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: KISS1 promoter methylation and expression
were measured in colorectal cancer (CRC) samples to
determine the effect of aberrant methylation of the
KISS1 promoter during the development of CRC. We
determined that KISS1 hypermethylation occurred frequently in CRC and was associated with low KISS1 expression. KISS1 methylation was associated with tumor
differentiation, the depth of invasion, lymph node metastasis and distant metastasis. We treated the human
HCT116 colorectal carcinoma cell line, which exhibits
KISS1 promoter hypermethylation and poor KISS1
expression, with 5-aza-2’-deoxycytidine in vitro . After
treatment, we observed re-expression of the KISS1
gene and decreased cell migration.
Chen SQ, Chen ZH, Lin SY, Dai QB, Fu LX, Chen RQ. KISS1
methylation and expression as predictors of disease progression in colorectal cancer patients. World J Gastroenterol 2014;
20(29): 10071-10081 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10071.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10071
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INTRODUCTION
Metastasis is an important feature of colorectal cancer
(CRC) and is a significant contributor to CRC-related
morbidity and mortality. Despite the recent improvements in CRC treatment, such as enhanced surgical excision techniques, radiation therapy and chemotherapy,
metastatic recurrence remains a significant clinical hurdle.
Early karyotypic analyses of melanomas by Lee et al[1]
identified KISS1 as a gene that suppresses the metastasis
of many cancers, including CRC[2-5]. The KISS1 gene
maps to chromosome region 1q32[6] and is regulated by
genes that are located on chromosome 6[7,8]. The KISS1
gene was predicted to encode a 154-amino acid protein
that is processed to an amidated internal 54-amino acid
peptide termed metastin[9], which strongly inhibits the
hepatic, pulmonary and intraperitoneal metastases of several human solid tumors in xenograft models, while still
allowing tumor growth at the orthotopic site[1,10-12]. The
mechanisms of metastin-mediated inhibition of tumor
metastasis remain unclear, but may be related to reduced
cancer cell migration, diminished colony formation and
other alterations in cell function[13,14]. Moreover, numerous clinical reports have demonstrated that the loss of or
reduction in KISS1 expression in various human cancers
is inversely correlated with tumor progression, metastasis and survival[15-18]. The loss of KISS1 expression has
also been associated with tumor stage, tumor grade and
survival in CRC, but the mechanisms by which KISS1
expression is lost in CRC remain unknown. Aberrant
methylation of a promoter region is associated with the
silencing of numerous tumor suppressor genes in neoplasia[19,20]. DNA CpG island methylation is an epigenetic
mechanism of transcriptional silencing that occurs at
various stages of colorectal tumorigenesis[21-23]. To the
best of our knowledge, epigenetic alterations in KISS1
have not been reported in CRC. To elucidate the mechanism by which KISS1 expression is lost in CRC, we determined the hypermethylation status of the CpG island in
the KISS1 promoter region and the epigenetic silencing
of KISS1 by comparing tissues from CRC patients and
healthy volunteers. In vitro treatment of CRC cells with
5-aza-2’-deoxycytidine (5-Aza-CdR) restored KISS1 gene
expression and decreased cell migration and invasion.
Our findings suggested that the re-expression of KISS1
by active DNA demethylation may represent a novel opportunity for therapeutic intervention in CRC that could
be exploited clinically to treat metastatic disease.

MATERIALS AND METHODS
Patients and tissue samples
Ethics approval for this study was obtained from the
Fujian Province Health Service Ethics Committee and
the Ethics Committees of all participating institutions.
All patients consented to the molecular analyses. Tissue
samples from 126 patients who had undergone surgical
resection without preoperative chemotherapy or radiotherapy for colorectal tumors histologically diagnosed as
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CRC were analyzed; 142 healthy volunteers with histologically proven normal colorectal mucosa were chosen
for comparison. Tumor burden was determined using the
American Joint Committee on Cancer TNM system[24]. 65
males and 61 females with a mean age of 58.64 ± 10.75
years were included in the study. Patient data are summarized in Table 1. All tissue samples were collected at
the First Affiliated Hospital of Fujian Medical University
between April 2011 and March 2012, frozen in liquid nitrogen and stored at -80 ℃. Tumor tissue was obtained at
the time of surgery from the central part of the lesion.
Cell lines and drug treatments
The HCT116, SW1116, SW480 and VOLO CRC cell
lines were obtained from the cell bank at the Chinese
Academy of Sciences. The cells were plated in culture
dishes and allowed to grow to 70% confluence; at this
point, fresh medium was added, and the incubation
continued under either normoxic or hypoxic conditions.
All the cell lines were grown in RPMI 1640 (Gibco, Life
Technologies, Grand Island, NY, United States) supplemented with 10% fetal bovine serum (FBS; Gibco) and
incubated in 5% CO2 at 37 ℃. 5-Aza-CdR (Sigma-Aldrich,
St. Louis, MO, United States) was diluted in DMSO and
added to the culture media at 0.1, 1, 5 or 10 μmol/L. The
untreated plates (control group) were incubated with an
equivalent volume of DMSO. Cells were collected 24 h, 3
d or 5 d after treatment.
Methylation-specific polymerase chain reaction
Total DNA was extracted from freshly thawed frozen
tissue or cells using standard proteinase K and phenolchloroform protocols. The DNA concentration and purity were evaluated by agarose gel electrophoresis and UV
spectrophotometry. The methylation state of the KISS1
gene was determined by bisulfite treatment of DNA
followed by methylation-specific polymerase chain reaction (MS-PCR)[25,26] with primers specific for either the
methylated or the modified unmethylated forms (Table
2). Briefly, 2 μg of genomic DNA was denatured with
3 mol/L NaOH at 42 ℃ for 30 min and then incubated
with freshly prepared 10 mmol/L hydroquinone and 3
mol/L sodium bisulfite (pH 5.0) at 50 ℃ in the dark for
16 h. After treatment, the DNA was purified using the
Wizard DNA Clean-Up System (Promega, United States)
according to the manufacturer’s protocol. The purified
DNA was re-extracted and resuspended in 20 μL of
distilled water. The methylation status of the KISS1 promoter was determined using the bisulfite-treated DNA as
the PCR template and primers specific for the methylated
and unmethylated alleles of the gene. The amplifications
were performed in a 25 μL reaction (3 μL of bisulfitetreated DNA, 2 μL of 10X Taq Buffer, 0.5 μL of 10
mmol/L dNTP, 1.5 μL of 25 mmol/L MgCl2, 1 μL of
primers, 0.2 μL of TaqMan and 15.8 μL of ddH2O) for
40 cycles (30 s at 95 ℃, 30 s at 58 ℃ and 30 s at 72 ℃),
followed by a final 7 min extension at 72 ℃. Then, 6 μL
of the amplified PCR product was electrophoresed on a
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Table 1 Relationships between KISS1 methylation and expression and clinicopathological characteristics in colorectal cancer patients
n

Methylated (n )

Rate

P value1

RQ

78
48
65
61
67
59
58
68
46
80
44
82
48
78
11
115

65
40
53
52
57
48
50
55
31
74
27
78
45
60
11
94

83.33%
83.33%
81.54%
85.25%
85.07%
81.36%
86.21%
80.88%
67.39%
92.50%
61.35%
95.12%
93.75%
76.92%
100.00%
81.74%

0.602

0.445 ± 0.062
0.359 ± 0.075
0.345 ± 0.086
0.489 ± 0.083
0.453 ± 0.073
0.388 ± 0.092
0.442 ± 0.085
0.343 ± 0.083
0.546 ± 0.095
0.243 ± 0.085
0.963 ± 0.112
0.223 ± 0.054
0.168 ± 0.058
0.682 ± 0.105
0.024 ± 0.012
0.486 ± 0.089

Clinicopathological traits
Age (yr)

≤ 60

> 60
Male
Female
Proximal
Distal
<3
>3

Gender
Location
Size (cm)
Histology well
Moderate, poor
Depth of invasion
Lymph node metastasis
Distant metastasis

T1 + T2
T3 + T4
Yes
No
Yes
No

0.577
0.576
0.424
0.001a
0.001a
0.014a
0.019a

3

P value2

Gray value

0.367

0.534 ± 0.047
0.420 ± 0.059
0.423 ± 0.047
0.560 ± 0.058
0.466 ± 0.051
0.512 ± 0.055
0.536 ± 0.049
0.421 ± 0.056
0.575 ± 0.078
0.451 ± 0.041
0.875 ± 0.047
0.341 ± 0.029
0.292 ± 0.034
0.631 ± 0.050
0.151 ± 0.031
0.512 ± 0.038

0.230
0.261
0.363
0.016a
0.001a
0.001a
0.001a

4

P value2
0.136
0.071
0.544
0.130
0.134
0.001a
0.001a
0.014a

P < 0.05 vs relevant control group. 1χ 2 test; 2Student’s t test; 3,4mean ± SD.

a

Table 2 Methylation-specific polymerase chain reaction primers and real-time polymerase chain reaction primers for KISS1
Primer name
KISS1 MSP primer
KISS1 un-MSP primers
KISS1 real-time PCR primers
β-actin primers

Sequence

Annealing temp (℃)

Product (bp)

5’-AAAGTTTCGTTTCGGAGGGTTC-3’
5’-CTTTTATAAAACCCGAAATAACG-3’
5’-AAAGTTTTGTTTTGGAGGGTTT-3’
5’-AAAGTTTTGTTTTGGAGGGTTT-3’
5’-ACCTGGCTCTTCTCACCAAG-3’
5’-TAGCAGCTGGCTTCCTCTC-3’
5’-ATCTGGCACCACACCTTCTACAATGAGCTGCG-3’
5’-CGTCATACTCCTGCTTGCTGATCCACATCTGC-3’

58

172

58

173

60

201

60

837

PCR: Polymerase chain reaction.

2% acrylamide gel and visualized by ethidium bromide
staining. Samples in which a band was present after amplification with the methylation-specific primers were
considered positive for KISS1 methylation. DNA from
placental tissue was treated with M.SssI methyltransferase
(New England Biolabs, Hitchin, Herts, United Kingdom)
and used as a positive control. DNA from normal lymphocytes was used as a negative control for the methylated alleles of KISS1.
KISS1 and CRC metastasis-associated gene transcript
expression analysis by real-time quantitative PCR
Total cellular RNA was extracted from CRC tissue and
cell pellets with TRIZOL (Invitrogen, Carlsbad, CA,
United States) according to the manufacturer’s instructions. The concentration and purity of total RNA diluted
with diethyl pyrocarbonate (DEPC)-treated water was
determined using a UV spectrophotometer, and the total
RNA was frozen in liquid nitrogen and stored at -80 ℃.
Complementary DNA (cDNA) was synthesized using an
M-MLV RTase cDNA Synthesis Kit (Invitrogen, Carlsbad, CA, United States) with RNA as the template. KISS1
transcript expression was evaluated using KISS1-specific
primers (Table 2) in a 20 μL reaction (2 μL of template
cDNA, 1 μL of 10 μmol/L primers, 10 μL of 2X SYBR
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Green Master Mix, 4 μL of 25 mmol/L Mg2+ and 2 μL
of ddH2O) on an ABI Prism 7500HT sequence detection
system (Applied Biosystems) with the following cycling
parameters: 3 min at 95 ℃ followed by 40 cycles at 95 ℃
for 10 s and 60 ℃ for 30 s. KISS1 transcript levels were
calculated according to the comparative cycle threshold
(CT) method using β-actin as an endogenous control.
The final results were estimated as 2-(∆∆Ct KISS1), where ∆Ct
KISS1 for each sample was determined by subtracting the
Ct value for KISS1 from that for β-actin (control). Only
triplicates with Ct values with a standard deviation < 0.20
were acceptable.
KISS1/metastin expression analysis by Western blot
Tissues and cells were collected and lysed, and the DNA
was sheared by ultrasonication. After quantification using the Bradford method, proteins were resolved by 10%
sodium dodecylsulfate (SDS) polyacrylamide gel electrophoresis (PAGE) and transferred onto nylon membranes.
The membranes were blocked in 5% non-fat milk and
0.1% Tween 20 in Tris-buffered saline and probed with a
mouse anti-KISS1 antibody (Santa Cruz Biotechnology,
Dallas, TX, United States) and an anti-GAPDH antibody
(Santa Cruz Biotechnology); the signals were visualized
using a chemiluminescence kit (SuperSignal; Pierce, Ther-
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Tumor A

Normal A Tumor B

Normal B

Positive control

Negative control

200 bp
100 bp

Figure 1 KISS1 methylation analysis of colorectal cancer tumor samples by methylation-specific polymerase chain reaction. Positive control: Placental
tissue DNA treated with M.SssI methyltransferase; Negative control: DNA from normal lymphocytes. Tumors A and B were scored as positive/methylated due to the
presence of a methylation band, whereas normal samples A and B were scored as negative/unmethylated due to the absence of a methylation band. The methylated
polymerase chain reaction (PCR) product is 172 bp, and the unmethylated PCR product is 173 bp.

mo Fisher Scientific, Rockford, IL, United States).
Cell invasion and migration analysis in a Transwell
assay
We performed Transwell migration assays using tissue
culture inserts to evaluate in vitro cell migration and invasion, as previously described[27]. In these assays, we used
a chemotactic gradient of FBS to evaluate the ability of
cells to migrate through holes smaller than the diameter
of a single cell. In the invasion assay, cells must digest
the Matrigel before migrating through the pores. The
cells were first pre-treated with 5-Aza-CdR according
to the experimental design and then washed and seeded
onto the inserts. The cells were not treated with 5-AzaCdR for the duration of the assay. Cell invasion was
analyzed in 24-well plates containing polyethylene terephthalate membrane cell culture inserts with an 8 μm
pore size (Corning, Tewksbury, MA, United States) that
were coated with Matrigel (Sigma-Aldrich), mimicking
the extracellular matrix. The upper compartment was
seeded with 4 × 104 pre-treated cells, and the lower compartment was filled with culture medium supplemented
with 10% FBS as a chemoattractant. After culturing for
24 h at 37 ℃, the cells remaining on the upper side of
the membrane were removed, and cells that had migrated and attached to the lower side of the membrane
were stained with hematoxylin. All of the cells on the
insert were counted using a light microscope at 200 ×
magnification. In vitro cell migration was assessed using
the same inserts and protocol as described above, except
the membrane was not coated with Matrigel. All the
analyses were performed in triplicate in 8 independent
experiments. The migration and invasion assay results
were normalized to the control condition for comparison purposes.
Statistical analysis
All the analyses were performed with SPSS version 13.0
(SPSS, Chicago, IL, United States). The frequency of
KISS1 gene methylation in groups based on clinicopathological variables was analyzed using the χ 2 and Fisher’s
exact tests. The relationships between KISS1 expression
and clinicopathological variables were compared using
the independent samples t-test. The relationship between
KISS1 methylation status and expression was compared
using the independent samples t-test. The changes in
KISS1 expression and cell invasion and migration with
different doses of 5-Aza-CdR were compared using
analysis of variance (ANOVA) after transformation with
the least-significant difference (LSD) method. All the
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reported P values are two sided, and P values < 0.05 were
considered significant.

RESULTS
KISS1 methylation and correlation with
clinicopathological factors in colorectal tissues
KISS1 methylation in CRC tissues was evaluated by
MS-PCR (Figure 1), and KISS1 hypermethylation was
detected in 105 of 126 (83.33%) primary CRC tissues
compared with 9 of 142 (6.30%) normal colorectal tissue
samples. In the CRC samples, the KISS1 methylation rate
increased with the depth of local invasion (T1 + T2 vs
T3 + T4, P = 0.001). KISS1 methylation was also associated with tumor differentiation, lymph node metastasis
and distant metastasis in CRC patients (Table 1); KISS1
methylation occurred more frequently in tumors that
metastasized to the lymph nodes (45/48, 93.75%) than in
tumors without lymph node metastasis (60/78, 76.92%).
Methylation was also more prevalent in patients with distant metastasis (9/9) than in patients without distant metastasis (94/115, 81.73%). No correlation was detected
between KISS1 methylation and patient sex, age, tumor
location or tumor diameter.
Correlations between KISS1 expression, KISS1
methylation and clinicopathological factors
A correlation analysis of KISS1 methylation and expression in CRC tissues revealed that there was lower KISS1
mRNA expression in the methylated KISS1 group than in
the unmethylated group (0.231 ± 0.048 vs 1.214 ± 0.209,
P < 0.05) (Figure 2A). Moreover, metastin expression was
lower in the KISS1 methylated group than in the unmethylated group (0.388 ± 0.032 vs 0.945 ± 0.050, P < 0.05)
(Figure 2B and C). The comparisons between KISS1
expression and the clinicopathological parameters of the
CRC patients are summarized in Table 1. Low KISS1
transcript expression was associated with various clinicopathological factors, including tumor differentiation,
the depth of invasion, lymph node metastasis and distant
metastasis (Figure 2D). Low metastin expression correlated with the depth of invasion, lymph node metastasis
and distant metastasis (P < 0.05) (Figure 2E). KISS1 transcript and metastin expression levels were independent
of patient sex, age, tumor location, tumor differentiation
and tumor diameter (P > 0.05).
KISS1 methylation and expression in human CRC cells
Four human CRC cell lines were initially screened using
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Figure 2 Correlations between KISS1 expression and methylation and clinicopathological factors in colorectal cancer patients. A: KISS1 transcript expression in 126 colorectal cancer (CRC) patients was determined by real-time quantitative polymerase chain reaction (PCR). The data are presented as the mean ± SD.
KISS1 transcript expression was significantly lower in the methylated KISS1 group than in the unmethylated KISS1 group (aP < 0.05 vs the methylated KISS1 group);
B: KISS1/metastin protein levels in CRC tissues of the indicated genotypes were determined by Western blot. The same membranes were subsequently probed with
an anti-β-actin antibody as a loading control; C: The KISS1/metastin protein expression levels are presented as the mean ± SEM. aP < 0.05 vs the methylated KISS1
group; D: The analysis of the relationship between KISS1 transcript expression and patient clinicopathological factors revealed a negative correlation with tumor differentiation, depth of invasion, lymph node metastasis and distant metastasis (aP < 0.05); E: Metastin expression was also negatively correlated with the depth of
invasion, lymph node metastasis and distant metastasis (aP < 0.05).

bisulfite genomic sequencing and MS-PCR (Figure 3A).
The methylation results were compared with the KISS1
expression levels obtained by real-time quantitative PCR
and Western blotting. The hypermethylated cell lines had
low transcript levels (Figure 3B) and low metastin expression (Figure 3C and D). The hypermethylated cell lines
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exhibited increased invasion and migration compared
with the unmethylated cell lines (Table 3). The HCT116
cell line, in which the KISS1 gene is hypermethylated and
silenced, was treated with the demethylating agent 5-AzaCdR to further explore the link between KISS1 hypermethylation and gene silencing.
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SW480

CdR, to determine whether the observed loss of KISS1
gene expression resulted from an epigenetic alteration.
Guided by a preliminary dose study, we treated HCT116
cells with 5 μmol/L 5-Aza-CdR and evaluated the changes in KISS1 transcript and metastin expression after 1, 3
and 5 d. Using real-time qualitative PCR, we determined
that KISS1 transcript expression was restored by 5-AzaCdR treatment and that the expression level gradually increased in a time-dependent manner (Figure 5A). Metastin expression also increased after treatment, as evidenced
by Western blotting (Figure 5B and C).
We also determined the changes in KISS1 transcript
and metastin expression in untreated HCT116 cells (negative control) and in cells treated with 0.1, 1, 5, or 10 μmol/
L 5-Aza-CdR for 5 d. KISS1 expression (Figure 5D) and
metastin expression (Figure 5E and F) were restored by
5-Aza-CdR treatment. The KISS1 and metastin expression
levels gradually increased in a time-dependent manner with
increasing dose, although the difference between the 5 and
10 μmol/L groups was not significant. In summary, these
results indicated that KISS1 is likely inactivated in vitro by
methylation. In addition, our observations of enhanced
KISS1 expression in treated HCT116 cells provide support
for the demethylation capability of 5-Aza-CdR.
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Figure 3 KISS1 methylation and KISS1 expression in various human
colorectal cancer cell lines. A: MS-PCR for KISS1 in human colorectal cancer
(CRC) cell lines. A PCR band in lane M indicates a methylated KISS1 gene,
whereas a band in lane U indicates an unmethylated KISS1 gene; B: KISS1
gene expression in CRC cell lines was examined by real-time PCR, and the
expression of KISS1 was normalized to that of β-actin. The ratio of KISS1 expression in other CRC cells to KISS1 expression in HCT116 cells is shown on
the Y-axis; C: Metastin expression in CRC cells of the indicated genotypes was
determined by Western blot. The same membranes were subsequently probed
with an anti-β-actin antibody as a loading control; D: The metastin expression
levels are presented as the mean ± SEM. aP < 0.05 vs HCT116 cells.

Changes in KISS1 methylation after HCT116 cells were
treated with 5-Aza-CdR
KISS1 methylation was detected in HCT116 cells by MSPCR (Figure 4) after 24 h, 3 d or 5 d of treatment with
different doses of 5-Aza-CdR. The results demonstrated
that 5-Aza-CdR treatment decreased KISS1 promoter hypermethylation.
Changes in KISS1 expression after HCT116 cells were
treated with 5-Aza-CdR
We evaluated KISS1 gene expression after the cells were
treated with the DNA methyltransferase inhibitor, 5-Aza-
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Changes in the invasion and migration capabilities of
HCT116 cells
Invasion and migration were evaluated by Transwell assay
to further explore the link between these behaviors in cellular models of CRC and KISS1 gene re-expression after
5-Aza-CdR treatment. Untreated HCT116 cells were highly invasive (Figure 6A) and migratory (Figure 6C) in these
assays, whereas invasion (Figure 6B) and migration (Figure
6D) were significantly reduced after 5-Aza-CdR treatment. Furthermore, invasion and migration significantly
decreased in a time-dependent manner compared with the
control group after 1, 3 and 5 d of 5 μmol/L 5-Aza-CdR
treatment (Figure 6E). HCT116 cell migration and invasion significantly decreased in a dose-dependent manner
after 5 d of treatment with 0.1, 1, 5, or 10 μmol/L 5-AzaCdR (Figure 6F) relative to untreated controls.

DISCUSSION
KISS1 has been identified as a gene that suppresses metastasis in numerous types of cancer, including gastric
carcinoma, breast carcinoma and colorectal carcinoma[2-5];
furthermore, the protein encoded by KISS1, metastin,
has been reported to be a suppressor of tumor metastasis[17,28,29]. Moreover, metastin expression is lost in various
carcinoma cell lines and primary tumors. Kostakis et al[30]
also found that the expression of KISS1 was much higher in normal than in malignant colonic mucosa, KISS1
expression was higher in larger tumors (> 4 cm) than in
smaller ones (≤ 4 cm) and in stages Ⅲ and Ⅳ than in
stages Ⅰ and Ⅱ. In addition, it was higher in patients with
lymph node metastases. In our study, decreased KISS1
mRNA and metastin expression levels were significantly
associated with an increased depth of invasion and an
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Figure 4 Changes in KISS1 methylation after treatment of HCT116 cells with different doses of 5-Aza-CdR. MS-polymerase chain reaction (PCR) for KISS1
in HCT116 cells after 5-Aza-CdR treatment. HCT116 cells were treated for 1 d, 3 d or 5 d with 0 μmol/L (control), 0.1, 1, 5 or 10 μmol/L 5-Aza-CdR. A PCR band in
lane M indicates a methylated KISS1 gene; a band in lane U indicates an unmethylated KISS1 gene. Marker: 100-bp DNA ladder I; M: Methylated primer product; U:
Unmethylated primer product.
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Figure 5 Changes in KISS1 expression after treatment of HCT116 cells with 5-Aza-CdR in vitro. A: KISS1 transcript expression in HCT116 cells was examined
by real-time polymerase chain reaction after 5-Aza-CdR treatment for the indicated times. KISS1 expression was normalized to that of β-actin. The ratio of KISS1
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F: Metastin expression gradually increased with increasing concentrations of 5-Aza-CdR. The data are presented as the mean ± SE. aP < 0.05 vs untreated control.
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Table 3 Invasion and migration of various human colorectal cancer cell lines
Human CRC cells
Invasion
Migration

HCT116

SW1116

SW480
a

38.93 ± 2.89
48.12 ± 2.54

VoLo
a

20.29 ± 1.79
37.21 ± 2.92a

a

11.14 ± 2.19
34.35 ± 2.08a

6.77 ± 0.79
28.41 ± 1.85a

F

P value

143.486
36.058

0.001
0.001

a

P < 0.05 vs HCT116 cells. CRC: Colorectal cancer.
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Figure 6 Changes in HCT116 cell invasion and migration after 5-Aza-CdR treatment. A: The invasion of untreated HCT116 cells was determined using a Matrigel
invasion assay; B: HCT116 cell invasion in one well after treatment with 5-Aza-CdR; C: Cell migration was determined in untreated cells using a migration assay; D:
Cell migration after treatment with 5-Aza-CdR; E: HCT116 cell invasion and migration gradually decreased in a time-dependent manner after treatment; F: HCT116
cell invasion and migration gradually declined with increasing concentrations of 5-Aza-CdR. Each bar represents the mean of 3 independent wells. Scale bar, 20 μm.
a
P < 0.05 vs non-treated control.
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increased incidence of lymph node metastasis and distant
metastasis in CRC patients (n = 126). These results suggested that the KISS1 gene may be a suppressor of metastasis in CRC, as well as in other malignant tumors, but
it remains unknown how and why KISS1 expression was
reduced or silenced.
A previous study suggested that KISS1 is inactivated
by epigenetic mechanisms in bladder cancer and demonstrated the clinical relevance of KISS1 hypermethylation
in uroepithelial tumors[31]. DNA methylation is a common
mechanism of epigenetic gene silencing. In the current
study, KISS1 hypermethylation was detected in 83.33%
(105/126) of the primary CRC cases, which was significantly higher than the rate observed in normal colorectal
tissues (6.30%, 9/142). We also identified significant correlations between methylation and numerous clinicopathological characteristics of CRC patients, such as the depth
of invasion, the incidence of lymph node metastasis and
the incidence of distant metastasis. Moya et al[32] found that
the loss of KISS1 expression correlated with tumor stage,
grade, recurrence, and disease-specific survival. He also
suggested that KISS1 was epigenetically modified in CRC.
Additionally, several approaches confirmed that KISS1
expression levels were related to methylation levels; KISS1
expression was decreased or undetectable in tissues and
cell lines with KISS1 hypermethylation compared to those
with unmethylated KISS1. Increased methylation levels,
together with the loss of KISS1 expression, was also associated with advanced CRC tumor stage and poor clinical outcome. Okugawa et al[33] suggested that the loss of
KISS1 appears to correlate with the progression of lymph
node metastasis. An assessment of KISS1 expression may
assist in the accurate colorectal cancer diagnosis and may
contribute to the prediction of clinical outcomes.
HCT116 cells harboring hypermethylation and low
expression of KISS1 were exposed to different concentrations of 5-Aza-CdR in vitro to specifically restore KISS1
transcript expression and therefore assess the biological
effect of methylation on KISS1 expression. Our results
substantiated those reported for gastric cancer[26]; overall,
these assays revealed that KISS1 was aberrantly silenced
by CpG island hypermethylation and that KISS1 expression was restored by 5-Aza-CdR treatment in a doseand time-dependent manner. The protein product of the
KISS1 gene, metastin, may reduce cancer cell migration
and inhibit colony formation[9,13,14]. In our assays, HCT116
cell migration and invasion were significantly reduced following 5-Aza-CdR-mediated restoration of KISS1 expression. A statistically significant association was identified
between reduced invasion and migration and 5-Aza-CdR
treatment in a dose- and time-dependent manner.
It has been suggested that KISS1 methylation and
transcriptional silencing are associated with increased
tumor stage and grade. KISS1 is a potential suppressor
of tumor metastasis, and the transcriptional silencing of
this gene results partly from KISS1 promoter methylation
in CRC. Thus, DNA methyltransferase inhibitors, such
as 5-Aza-CdR, can restore KISS1 expression and reduce
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the invasion and migration of certain human CRC cells,
thereby providing a potential target and novel therapeutic
strategy for metastatic CRC.
Although the present study did not elucidate the role
of KISS1 hypermethylation in CRC progression, the
epigenetic silencing of KISS1 might enable a better understanding of how KISS1 contributes to CRC. Further
studies are warranted to ascertain the influence of KISS1
hypermethylation on the expression of its mRNA and
protein products, on CRC progression and on the development and/or progression of other malignancies. We
also hope to explore additional mechanisms involved in
KISS1 gene silencing.
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Colorectal cancer (CRC) is one of the most common types of gastrointestinal
cancer, and even patients undergoing aggressive therapies have a poor prognosis due to the metastatic nature of CRC. Metastasis is a critical aspect of
CRC that contributes significantly to CRC-related morbidity and mortality. Despite recent improvements in CRC treatments, such as enhanced surgical excision techniques, radiation therapy and chemotherapy, metastatic recurrence
remains a significant clinical hurdle for patients with CRC.

Research frontiers

KISS1 was identified as a gene that suppresses the metastasis of various cancers, including CRC. The KISS1 gene plays an important role in CRC metastasis and has gradually become a popular research subject.

Innovations and breakthroughs

Prior research has illustrated that the loss of KISS1 expression is associated with
tumor stage, tumor grade and survival in CRC, but the mechanisms by which
KISS1 expression is lost in CRC remain unknown. Herein, authors determined
the hypermethylation status of the CpG island in the KISS1 promoter region and
investigated the epigenetic silencing of KISS1 by comparing tissues from CRC
patients and healthy volunteers. The results indicated that KISS1 methylation
was associated with tumor differentiation, the depth of invasion, lymph node metastasis and distant metastasis. Furthermore, treatment of a CRC cell line with
5-Aza-CdR resulted in re-expression of the KISS1 gene and decreased cell migration. These results suggested that the re-expression of KISS1 by active DNA
demethylation may represent a novel opportunity for therapeutic intervention in
CRC that could be exploited clinically to treat metastatic disease.

Applications

The study results suggest that KISS1 may be down-regulated in cancer tissues
through promoter hypermethylation and may therefore represent a candidate
target for treating CRC metastasis.

Terminology

The KISS1 gene is a newly discovered suppressor of metastasis that maps to
the 1q32 chromosome region and is regulated by genes located on chromosome 6. The KISS1 gene was discovered by Lee in early karyotypic analyses
of melanomas and was predicted to encode a 154-amino acid protein that is
processed to an amidated internal 54-amino acid peptide termed metastin.
KISS1 was identified as a gene that suppressed the metastasis of various types
of cancer.
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This study investigated the effect of aberrant methylation of the KISS1 promoter
on the development of CRC and proposed reversing the aberrant methylation of
the KISS1 gene promoter as a potential therapeutic strategy in this disease. This
topic is relatively novel. The paper is well written, and the results are interesting.
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Abstract
AIM: To investigate the effects of dihydromyricetin
(DHM) on the migration and invasion of human hepatic
cancer cells.
METHODS: The hepatoma cell lines SK-Hep-1 and
MHCC97L were used in this study. The cells were cultured in RPIM-1640 medium supplemented with 10%
fetal bovine serum at 37 ℃ in a humidified 5% CO2
incubator. DHM was dissolved in dimethyl sulfoxide and
diluted to various concentrations in medium before applying to cells. MTT assays were performed to measure
the viability of the cells after DHM treatment. Wound
healing and Boyden transwell assays were used to assess cancer cell motility. The invasive capacity of cancer
cells was measured using Matrigel-coated transwell
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chambers. Matrix metalloproteinase (MMP)-2/9 activity
was examined by fluorescence analysis. Western blot
was carried out to analyze the expression of MMP-2,
MMP-9, p-38, JNK, ERK1/2 and PKC-δ proteins. All data
were analyzed by Student’s t tests in GraphPad prism 5.0
software and are presented as mean ± SD.
RESULTS: DHM was found to strongly inhibit the migration of the hepatoma cell lines SK-Hep-1 (without
DHM, 24 h: 120 ± 8 μmol/L vs 100 μmol/L DHM, 24
h: 65 ± 10 μmol/L, P < 0.001) and MHCC97L (without
DHM, 24 h: 126 ± 7 μmol/L vs 100 μmol/L DHM, 24
h: 74 ± 6 μmol/L, P < 0.001). The invasive capacity
of the cells was reduced by DHM treatment (SK-Hep-1
cells without DHM, 24 h: 67 ± 4 μmol/L vs 100 μmol/L
DHM, 24 h: 9 ± 3 μmol/L, P < 0.001; MHCC97L cells
without DHM, 24 h: 117 ± 8 μmol/L vs 100 μmol/L
DHM, 24 h: 45 ± 2 μmol/L, P < 0.001). MMP2/9 activity was also inhibited by DHM exposure (SK-Hep-1 cells
without DHM, 24 h: 600 ± 26 μmol/L vs 100 μmol/L
DHM, 24 h: 100 ± 6 μmol/L, P < 0.001; MHCC97L cells
without DHM, 24 h: 504 ± 32 μmol/L vs 100 μmol/L
DHM 24 h: 156 ± 10 μmol/L, P < 0.001). Western blot
analysis showed that DHM decreased the expression
level of MMP-9 but had little effect on MMP-2. Further
investigation indicated that DHM markedly reduced
the phosphorylation levels of p38, ERK1/2 and JNK in
a concentration-dependent manner but had no impact
on the total protein levels. In addition, PKC-δ protein, a
key protein in the regulation of MMP family protein expression, was up-regulated with DHM treatment.
CONCLUSION: These findings demonstrate that DHM
inhibits the migration and invasion of hepatoma cells
and may serve as a potential candidate agent for the
prevention of HCC metastasis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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A

Zhang QY, Li R, Zeng GF, Liu B, Liu J, Shu Y, Liu ZK, Qiu
ZD, Wang DJ, Miao HL, Li MY, Zhu RZ. Dihydromyricetin
inhibits migration and invasion of hepatoma cells through
regulation of MMP-9 expression. World J Gastroenterol 2014;
20(29): 10082-10093 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10082.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10082

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common cancers and the third leading cause of cancerrelated deaths worldwide; approximately 700000 deaths
due to HCC are reported annually[1,2]. The incidence of
HCC has demonstrated a particularly dramatic increase in
China. However, liver transplantation and surgical resection are limited treatment options for HCC. Chemoprevention is still an important approach to decreasing the
mortality rate of patients with liver cancer. Therefore,
there is a special need to develop new agents with strong
efficacy in the treatment of HCC.
Cancer metastasis is a multistep process that accounts
for more than 90% of all cancer-related deaths[3,4]. Cancer
invasion is an indispensable step in successful metastasis, which involves the proteolytic degradation of the
extracellular matrix (ECM) and basement membrane of
normal surrounding tissues[5]. Matrix metalloproteinases
(MMPs), a family of zinc-dependent proteolytic enzymes,
can degrade various components of the ECM and basement membrane. Among MMPs, MMP-2 and MMP-9
are believed to play a pivotal role in the degradation of
laminin, type Ⅳ collagen and gelatin, components of the
ECM and basement membrane[6]. Additionally, high levels
of MMP-2 and MMP-9 expression have been shown to
be related to inflammation, tissue repair, cancer progression, invasion, and metastasis[7]. Therefore, the inhibition
of cancer cell invasion and metastasis by some pharmacological agents can be partially attributed to the downregulation of protein levels of MMP-2 and MMP-9[8, 9].
Dihydromyricetin (DHM) is one of many active flavonoids that were reported to possess anti-
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Figure 1 Chemical structure of dihydromyricetin and cell viability after
dihydromyricetin treatment. A: The chemical structure of dihydromyricetin
(DHM); B, C: The effects of DHM treatment on cell viability of SK-Hep-1 (B) and
MHCC97L (C) cells were tested by measuring cell proliferation. After the cells
were treated with DHM in a concentration range from 0 to 100 μmol/L for 24 h,
MTT assay was used to determine cell proliferation. The data showed DHM
treatment at the indicated concentrations (0-100 μmol/L) did not apparently affect cell proliferation (n = 6, Student’s t test).

cancer activities[10,11]. DHM is also known as ampelopsin
[(2R,3R)-3,5,7-trihydroxy-2-(3,4,5--trihydroxyphenyl)2,3-dihydro--chromen-4-one], and its chemical structure
is shown in Figure 1A. DHM is one of the active components isolated from the classical Chinese herb Ampelopsis
grossedentata. DHM was reported to have various pharmacological activities such as hepatic protection[12,13], antioxidation[14,15], anti-inflammation[16] and hypoglycemic effects[17].
In addition, previous studies indicated that DHM
could inhibit the growth of xenograft tumors from the
human lung cancer cell line GLC-82 in nude mice[18].
DHM sodium was reported to cause a cell cycle arrest
and suppress the proliferation of bladder carcinoma[19].
Moreover, DHM could reverse multidrug resistance in
the human leukemia cell line K562/ADR by increasing the intracellular accumulation of chemotherapeutic
drugs and inhibiting the efflux of drugs mediated by
p-glycoprotein[20]. In recent years, it has been reported
that DHM can inhibit angiogenesis in hepatocellular car-
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cinoma cells by down-regulating the expression and production of vascular endothelial growth factor and basic
fibroblast growth factor[21,22]. The potential mechanisms
of its anti-cancer effects may be attributed to inhibiting
cell proliferation, causing cell cycle arrest or apoptosis,
or anti-oxidant and anti-angiogenesis activities. However,
whether DHM can inhibit the migration and invasion of
liver cancer cells remains vague and needs to be clarified.
In this study, human hepatocellular carcinoma SKHep-1 and MHCC97L cells were used to elucidate the
potential effects of DHM on cell migration, adhesion,
and invasiveness in vitro; the mechanisms underlying these
activities were analyzed by Western blot to examine the
expression levels of endogenous MMP-2 and MMP-9
and the possible roles of DHM in the MAPK and protein kinase C (PKC)δ signaling pathways.

MATERIALS AND METHODS
Chemicals and reagents
DHM was purchased from Sigma-Aldrich Biotechnology (St. Louis, MO, United States), dissolved in dimethyl
sulfoxide (DMSO) at a concentration of 50 mmol/L as a
primary stock solution and stored at -20 ℃ for less than
three months. The purity of DHM used in the present
study was greater than 99.90%. The desired final concentrations of DHM for cell treatment were obtained by dilution with the appropriate culture medium, and the final
content of DMSO was kept less than 0.3% throughout
all experiments. Primary antibodies against PKC-δ, c-Jun
N-terminal kinase (JNK), P-JNK, MMP-2, MMP-9, extracellular signal-regulated kinase (ERK1/2), p-ERK1/2,
p38, and P-p38 were obtained from Cell Signal Technology (Beverly, MA, United States). The secondary antibody
was provided by Earthox (Cat: E030120-01) and used at a
dilution of 1:3000. MTT [3-(4,5-dimethylthiazol-2-yl)-2,5diphenyltetrazolium bromide] was purchased from SigmaAldrich Biotechnology (St. Louis, MO, United States).
Cell lines and culture
The human hepatic cancer cell lines SK-Hep-1 (human
liver adenocarcinoma cells) and MHCC97L (human hepatocellular carcinoma) were obtained from the Shanghai
Cell Bank of Chinese Academy of Sciences and cultured
in Dulbecco’s Modified Eagle Medium (DMEM) supplemented with 10% fetal bovine serum (FBS) (Gibco,
United States), 100 U/mL penicillin and 100 mg/L streptomycin at 37 ℃ in a humidified 5% CO2 incubator.
Cell viability assay
MTT assay was used to evaluate cell viability and the effects of DHM treatment on the viability of SK-Hep-1 and
MHCC97L cells. Briefly, the cells were seeded at a density
of 1 × 104 cells/well into 96-well plates. After 24 h of
incubation, the cells were treated with various concentrations (5, 10, 25, 50 or 100 μmol/L) of DHM for 24 h at
37 ℃ in a 5% CO2 incubator; untreated cells served as a
control. Next, 20 µL of MTT solution (5 mg/mL) was
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added to each well and the incubation was continued for
4 h. The medium was subsequently removed, and 150 μL
DMSO was added. The absorbance of each well was measured at 570 nm with an automated spectrophotometric
plate reader (PerkinElmer, United States).
Wound healing assay
The effect of DHM on wound healing ability was examined in vitro as previously reported, with some modifications[23,24]. Briefly, the cells were plated in 6-well plates and
grown to 80%-90% confluence. A wound was created in
the adherent cells using a pipette tip. The cells were then
washed twice with phosphate buffered saline (PBS) to
remove cell debris and floating cells. After this, the cells
were incubated in the absence or presence of 50 or 100
μmol/L DHM for 12 or 24 h. The wounds were subsequently observed under an inverted microscope, and images covering the entire width of the wounds were captured at various time points using a 10 × objective. The
number of cells was analyzed using Image J software via
a tool named “analyze particles”. At least three randomly
selected areas were assayed for each well.
Cell motility assay
Cell motility was assayed in vitro as previously described[25,26], with some modifications. A total of 1 ×
105 cells in 100 μL of DMEM growth medium in the
absence or presence of 50 or 100 μmol/L DHM were
seeded into the top inserts (chambers) above porous
polycarbonate membranes with a pore size of 8.0 μm;
these inserts fit into the bottom wells of the Boyden
transwell system in 24-well plates (BD Biosciences). Subsequently, 600 μL of growth medium containing 10%
FBS was added to the bottom wells. After incubation for
24 h, the cells that passed through membrane into the
bottom wells were fixed in 75% ethanol and then stained
with hematoxylin and eosin (HE) solution. Subsequently,
the cells in more than four fields of each bottom well
were randomly photographed and counted for each assay.
The experiments were carried out three times, and the
means and standard deviations of numerous values were
calculated.
Cell invasiveness assay
Cell invasion was measured in vitro using a method similar to the cell motility assay, except that the inserts were
coated with Matrigel. Briefly, transwell inserts (chambers)
were coated with 100 μL of Matrigel (BD Biosciences)
diluted with serum-free DMEM medium and placed in
an incubator at 37 ℃ to solidify the Matrigel for 3-4 h.
Subsequently, SK-Hep-1 cells were harvested, and the
cell density was adjusted to 1 × 106 cells/mL. Similarly,
the cell density of MHCC97L was adjusted to 5 × 106
cells/mL. Then, 100 μL of cells suspended in DMEM
growth medium in the absence or presence of DHM
was immediately added to each top insert above the
polycarbonate membrane. Six hundred microliters of
growth medium containing 10% FBS was added to the
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lower chambers. After incubation for 24 h, the cells that
invaded through the filter (membrane) to the bottom
wells were fixed in 75% ethanol and then stained with
HE solution. The cells in more than four fields of each
bottom well were randomly photographed and counted
for each assay. The experiments were performed three
times, and the means and standard deviations of numerous values were calculated.
Cell adhesion assay
The cell adhesion assays were carried out as previously
reported[8], with some modifications. Each well of 96-well
plates was coated with 10 μL of fibronectin (RD systems,
United States); the plates were then placed in an incubator to dry at 37 ℃ for two days and washed twice with
PBS before use. After pre-treatment of SK-Hep-1 and
MHCC97L cells with 50 or 100 μmol/L DHM for 24 h,
cells were harvested, and then they were resuspended in
serum-free DMEM medium. One hundred microliters
of a cell suspension at a density of 5 × 105 cells/mL was
added to each well, and the plates were incubated for 1 h.
Subsequently, the growth medium and non-adherent cells
were gently removed, and the adherent cells were counted
using an MTT assay. The experiments were carried out at
least three times.
Western blot analysis
After treatment with various concentrations of DHM for
24 h, the cells were harvested and lysed in lysis buffer (0.5
mol/L Tris-HCl, pH 7.4, 1 mmol/L phenylmethylsulfonyl fluoride (PMSF), 1.5 mol/L NaCl, 2.5% deoxycholic
acid, 1% NP-40, 10 mmol/L ethylenediaminetetraacetate
(EDTA), 1 mmol/L sodium orthovanadate, and protease
inhibitor cocktail). After 30 min of incubation on ice,
total cell lysates were prepared by centrifugation at 4 ℃
for 10 min at 12000 × g. The supernatant containing
the soluble protein was collected, and its concentration
was determined using BCA assays (Beyotime, China).
Equal amounts of protein (30 μg) of each sample were
prepared, separated on 10% SDS-PAGE gels, and transferred to polyvinylidene difluoride (PVDF) membranes.
The membranes were then blocked with 5% skim milk
in 1 × TBST containing 0.1% Tween 20 for 1 h at room
temperature and then incubated with primary antibodies (such as MMP-2, MMP-9, p38, P-p38, ERK1/2,
P-ERK1/2, PKC-δ, JNK and P-JNK) for 8-12 h at 4 ℃.
The membranes were subsequently washed and then
incubated with horseradish peroxidase-conjugated antirabbit secondary antibodies for 1 h at 37 ℃. The bands
were detected using an enhanced chemiluminescence
reagent and system (Amersham Biosciences Corp., NJ,
United States).
MMP-2/MMP-9 activity assay
The activity of MM-2/MMP-9 was measured using a
kit from Merck Millipore (CBA003). According to the
manufacturer’s protocol, the cells were first treated with
different concentrations of DHM (0, 10, 50, or 100
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μmol/L) for 24 h. Next, 90 μL of medium was removed
and added to 10 μL of substrate working solution. This
mixture was incubated for 18 h at 37 ℃ in a 5% CO2
incubator; fluorescence was then measured using a microplate reader with a filter set for excitation/emission of
320/405 nm.
Statistical analysis
The data are presented as mean ± SD. Statistical comparisons between two groups were performed using Student’
s t tests; the significance levels were defined as P < 0.05,
P < 0.01 and P < 0.001.

RESULTS
DHM inhibits the migration of SK-Hep-1 and MHCC97L
cells
To evaluate the effects of DHM on cell viability, MTT
assays were used to analyze the effects of DHM on the
viability of SK-Hep-1 and MHCC97L cells treated with
various concentrations of DHM. First, we tested the
acute toxicity of DHM at concentrations ranging from
150 mg/kg (500 μmol/L) to 1.5 g/kg (5000 μmol/L)
body weight in mice; we observed no significant effects
at these doses on body weight or tissue morphology. Because body fluid only accounts for 60% of body weight
and taking bioavailability into account, we estimated that
100 μmol/L DHM is a safe concentration. Second, we
have demonstrated that DHM inhibits liver cancer cell
(HepG2) proliferation and induces apoptosis at concentrations of 10-150 μmol/L[27]. Therefore, we used
concentrations from 5 μmol/L to 100 μmol/L in this
study. Our data showed that the viability of SK-Hep-1
and MHCC97L cells was not affected by treatment with
DHM in a concentration range of 5 to 100 μmol/L
(Figure 1B and C). Therefore, we carried out subsequent
experiments in this concentration range.
Wound healing assays were performed to determine the effects of DHM on cell migration. When cell
monolayers with 80%-90% confluence were scraped and
treated without or with 50 and 100 μmol/L DHM for 12
or 24 h, the untreated cells (control cells) migrated to the
gap created by a pipette tip, whereas the cells that were
treated with 50 or 100 μmol/L DHM did not migrate
(Figure 2). These data clearly demonstrated that DHM
can suppress the migration of SK-Hep-1 cells and MHCC97L cells.
To further quantify the effects of DHM on the migration of SK-Hep-l and MHCC97L cells, we used the
Boyden transwell system with porous polycarbonate
membranes to determine cell motility. After SK-Hep-1
cells were treated with 50 or 100 μmol/L DHM for 24
h, the number of SK-Hep-1 cells that passed through
the membrane per field under an inverted microscope at
100 × magnification was reduced from 122.71 ± 13.44 to
75.13 ± 11.48 and 58.63 ± 11.26, respectively, compared
with the control (Figure 3A and B). Similarly, the number
of migrated MHCC97L cells per field was reduced from
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Figure 2 Effect of dihydromyricetin on wound healing in vitro. Cell monolayers of 80%-90% confluence were scraped with a pipette tip and treated without or
with 50 or 100 μmol/L dihydromyricetin (DHM) for 12 or 24 h. Wound healing was evaluated in photographs taken at the indicated time point by assaying the migration
of cells into the wound. DHM treatment inhibited SK-Hep-1 (A, C) and MHCC97L (B, D) cell migration compared to the corresponding controls.
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Figure 3 Dihydromyricetin inhibits cell migration in vitro. The Boyden transwell system was used to assay cell migration as described in the ‘‘MATERIALS AND
METHODS’’. SK-Hep-1 (A) and MHCC97L (C) cells that passed through polycarbonate membranes with an 8.0-μmol/L pore size were fixed in 75% ethanol and
stained with hematoxylin and eosin solution. The number of SK-Hep-1 (B) and MHCC97L (D) cells that migrated through the membrane was quantified by determining
the number of cells per field under an inverted microscope at 100 × magnification. Dihydromyricetin (DHM) significantly suppressed the migration of SK-Hep-1 and
MHCC97L cells. Each experiment was carried out at least three times. bP < 0.01 vs control, Student’s t test.

119.56 ± 16.62 to 83.50 ± 11.98 and 67.45 ± 4.87, respectively (Figure 3C and D). These results further confirmed that DHM significantly decreased the migration
of SK-Hep-1 and MHCC97L cells.
DHM inhibits cell invasion in vitro
It is well known that the basement membrane underlies
epithelial and endothelial cell layers and acts as a dense
meshwork, thereby providing a physical boundary and
signaling substrate to orient cells through integrin-base
adhesion[14]. Because the proteolytic disruption of the
basement membrane is a key step in the invasiveness
and metastasis of cancer cells, we used assays that were
similar to the cell motility assays but added a Matrigel
coating to the transwell chambers to mimic the basement
membrane; these adapted transwell chambers were used
to test the effects of DHM on the invasiveness of SKHep-1 and MHCC97L cells. After incubation for 24 h
in the presence of 50 and 100 μmol/L DHM, we found
that the number of cells that invaded through the Matrigel and membrane was decreased (Figure 4), whereas the
control cells were strongly able to invade through the
Matrigel and membrane. As shown in Figure 4A and B,
the number of SK-Hep-1 cells per field under an inverted
microscope at 100 × magnification was decreased from
69.6 ± 26.60 to 19.60 ± 5.59 and 7.80 ± 5.22 after treatment with 50 and 100 μmol/L DHM for 24 h, respectively, compared to the control. Similarly, the number of
MHCC97L cells per field was decreased from 122.67 ±
8.09 to 84.89 ± 5.16 and 44.22 ± 5.41, respectively (Figure
4C and D). These results demonstrated that the invasion
of SK-Hep-1 and MHCC97L cells could be significantly
suppressed by DHM treatment.
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DHM inhibits cell adhesion in vitro
Cancer metastasis is a complex process involving cell
migration, adhesion and invasiveness. Cancer cell adhesion to the extracellular matrix or basement membrane
is a crucial step during cancer invasiveness. Therefore,
we determined the effect of DHM on cell adhesion.
The data demonstrated that pre-treatment of SK-Hep1(Figure 4E) and MHCC97L (Figure 4F) cells with
DHM for 24 h significantly inhibited cell adhesion.
Fewer DHM-treated cells than control cells adhered to
fibronectin, which indicates that the adhesion ability of
SK-Hep-1 and MHCC97L cells was inhibited by DHM
treatment.
DHM down-regulates MMP-9 rather than MMP-2
It is well-known that MMPs are the key enzymes for degrading the extracellular matrix; in particular, MMP-2 and
MMP-9 are considered to play an important role in cancer invasion and metastasis[28]. We initially demonstrated
that MMP2/9 activity was inhibited by DHM via fluorescence analysis (Figure 5). Accordingly, to explore the
mechanisms underlying the anti-invasive effect of DHM,
we examined MMP-2 and MMP-9 protein expression in
SK-Hep-1 and MHCC97L cells. After incubation in the
absence or presence of DHM at various concentrations
for 24 h, the cells were harvested, and the total protein
was examined by Western blot. We found that the production of MMP-9 protein in SK-Hep-1 and MHCC97L
cells was down-regulated by DHM in a concentrationdependent manner. However, MMP-2 protein was not
down-regulated in SK-Hep-1 and MHCC97L cells.
(Figure 5A, B, D and E). These results demonstrated
that DHM treatment could suppress the expression of
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Figure 4 Dihydromyricetin inhibits cell invasion and adhesion in vitro. Cell invasion assays were performed using a method similar to the cell motility assays, but
using 8.0-μm pore size polycarbonate membranes that were pre-coated with 100 μL of Matrigel and allowed to solidify in an incubator at 37 ℃ for 3-4 h as described
in the ‘‘MATERIALS AND METHODS’’. The SK-Hep-1 (A) and MHCC97L (C) cells that passed through the Matrigel and membrane were fixed in 75% ethanol and
stained with hematoxylin and eosin solution. The number of SK-Hep-1 (B) and MHCC97L (D) cells that passed through Matrigel and membrane was quantified by determining the number of cells per field under an inverted microscope at 100 × magnification. The cells in at least four fields of each bottom of chamber were randomly
photographed and counted for each assay. DHM treatment significantly inhibited the invasion of SK-Hep-1 and MHCC97L cells. Each experiment was performed at
least three times. To measure the effect of DHM treatment on cell adhesion, SK-Hep-1 and MHCC97L cells were pre-treated with or without DHM at the indicated
concentrations for 24 h. The cells were then resuspended in serum-free culture medium and added to 96-well plates coated with fibronectin. After incubation for 1 h,
the adherent cells were measured using MTT assays. Dihydromyricetin (DHM) treatment decreased the number of SK-Hep-1 (E) and MHCC97L (F) cells adhered to
fibronectin compared to the control. bP < 0.01 vs control, Student’s t test.

MMP-9 in SK-Hep-1 and MHCC97L cells but had little
effect on MMP-2.
The down-regulation of MMP-9 is associated with the
MAPK and PKC-δ signaling pathways
To further study whether the inhibition of MMP-9 expression by DHM occurs through the MAPK or PKC-δ
signaling pathways, the total protein levels of ERK1/2,
p38, JNK, their phosphorylated forms, and PKC-δ protein were measured by Western blot. DHM treatment
for 24 h had little effect on ERK1/2 expression in SKHep-1 and MHCC97L cells. However, the phosphorylated forms of ERK1/2 in SK-Hep-1 and MHCC97L
cells were down-regulated by DHM in a concentrationdependent manner. Moreover, DHM treatment markedly

WJG|www.wjgnet.com

reduced P-p38, but p38 protein levels were constant.
In addition, JNK levels were found to be decreased by
DHM treatment in SK-Hep-1 and MHCC97L cells, and
the phosphorylated forms of JNK were significantly
down-regulated in SK-Hep-1 and MHCC97L cells in a
concentration-dependent manner. In addition, we found
that DHM treatment for 24 h increased the expression of
PKC-δ in SK-Hep-1 and MHCC97L cells in a concentration-dependent manner (Figure 5F-K).

DISCUSSION
HCC is a highly malignant type of solid tumor that is associated with frequent metastasis. Currently, there is no
effective treatment for this malignancy[29]. Previous stud-
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Figure 5 Effect of dihydromyricetin on matrix metalloproteinase-2/matrix metalloproteinase-9 expression and the signaling pathways upstream of matrix
metalloproteinase (MMP)-9. SK-Hep-1 and MHCC97L cells were treated with or without dihydromyricetin at the indicated concentrations for 24 h. The cells were
then collected and lysed in lysis buffer. The total cell lysates were examined by Western blot. Matrix metalloproteinase (MMP)-2 and MMP-9 protein expression was
detected by Western blot in SK-Hep-1 (A, D) and MHCC97 L (B, E) cells after dihydromyricetin (DHM) treatment for 24 h. MMP2/9 activity was measured by fluorescence analysis (C). The levels of ERK1/2, p38, JNK, PKC-δ, p-ERK1/2, p-p38, and p-JNK in SK-Hep-1 (F) and MHCC97L (G) cells were also measured by Western
blot assays. A bicinchoninic acid (BCA) assay was used to measure the protein concentration of each sample. DHM regulated p-ERK1/2 (H), P-p38 (I), p-JNK (J) and
PKC-δ (K) levels in a concentration-dependent manner. bP < 0.01 vs control, Student’s t test.

ies have demonstrated roles of MMPs in the migration,
invasion and metastasis of HCC[30,31]. The suppression of
MMPs, including MMP-2/9, decreases cancer cell invasion and migration. Accordingly, potential inhibitors of
MMPs will undoubtedly be valuable in our attempts to
treat HCC and other cancers.
DHM is one of the principal pharmacological components of Ampelopsis grossedentata, which is a traditional Chinese herb used to treat tinea corporis in south China[11,32].
Recently, a study demonstrated that DHM can inhibit the
migration and invasion of human prostate cancer and
breast cancer cells and suppress lung metastasis of prostate cancer cells in mice[11]. In this study, we confirmed
that DHM can significantly inhibit the migration and
invasion of the hepatocellular carcinoma SK-Hep-1 and
MHCC97L cell lines. The inhibitory effects of DHM
cannot be attributed to a cell growth arrest, because
DHM treatment in the tested concentration range (0-100
μmol/L) for 24 h did not affect the viability of SKHep-1 and MHCC97L cells. However, previous studies
showed that DHM could significantly suppress the proliferation of human HepG2 hepatic cancer cells[22] and
LNCap and PC-3 human prostate cancer cells[23]. In this
study, we found that DHM could significantly inhibit the
adhesion of SK-Hep-1 and MHCC97L cells to fibronectin. Furthermore, we confirmed that DHM inhibited the
adhesion of SK-Hep-1 and MHCC97L cells to fibronectin in a concentration-dependent manner. These results
are consistent with previous findings that the adhesion
ability of B16 mouse melanoma cells treated with DHM
was significantly decreased[33].
MMP-9 is an important enzyme in the degradation
of the extracellular matrix and basement membrane;
MMP-9 therefore has a critical role in tumor invasion
and angiogenesis [25,34]. Additionally, MMP-9 is highly
expressed in various cancers and cancer cell lines, including hepatocellular carcinoma cells, such as SK-Hep-1
and MHCC97L cells. The suppression of MMP activity,
including MMP-9, is an important strategy to prevent
cancer cell invasion[35,36]. In our study, we confirmed that
DHM could significantly decrease MMP-9 expression
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in SK-Hep-1 and MHCC97L cells and that this effect is
closely associated with inhibitory effects on cell migration, invasion and adhesion. Unexpectedly, the MMP-2
protein remained constant after 24 h of incubation with
DHM. Our results demonstrated that DHM suppressed
the invasion and migration of SK-Hep-1 and MHCC97L
cells directly through the MMP-9 pathway.
The MAPK signal pathways, including JNK, ERK1/2
and p38 MAPK, play an important role in the regulation
of cancer invasion and metastasis[37]. MAPK pathways
can coordinate the activation of gene expression and
regulate cell migration and invasion, exerting a profound
effect on cancerous metastasis. It has been shown that
MMP expression in cancers involves the activation of
MAPK signal pathways[38]. Another study has indicated
that JNK, ERK1/2 and p38 are all involved in the
regulation of MMP expression in skin fibroblasts[39]. To
determine whether the down-regulation of MMP-9 expression is associated with MAPK signal pathways, we
assessed the effects of DHM on JNK, ERK1/2, p38 and
their phosphorylated forms. Our data demonstrated that
DHM treatment could markedly decrease the phosphorylation level of p38 but did not affect the level of total
p38 expression in SK-Hep-1 and MHCC97L cells. In addition, phosphorylated ERK1/2 was down-regulated by
DHM treatment for 24 h in SK-Hep-1 and MHCC97L
cells. The total cellular protein expression of JNK in SKHep-1 and MHCC97L cells was down-regulated after
DHM treatment for 24 h, and P-JNK was also found to
be reduced in a concentration-dependent manner. MAPK
signal pathways contain the upstream kinases of MMPs
in SK-Hep-1 and MHCC97L cells. Our results suggest
that the cooperation of ERK1/2, p38 and JNK plays a
crucial role in DHM-mediated cell migration and invasion in SK-Hep-1 and MHCC97L cells. A previous study
has demonstrated that the expression of MMP-9 and
MMP-2 was down-regulated by nm23-H1 protein, a tumor metastasis suppressor[40,41]. Whether the mechanism
of DHM decreasing MMP-9 expression in SK-Hep-1
and MHCC97L cells is associated with the up-regulation
of nm23-H1 remains to be clarified in the future. Other
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reports have shown that the inhibitory effect of DHM
on human prostate cancer PC-3 cell migration and invasion was related to the down-regulation of CXCR4
protein level[11]. We speculate that DHM inhibits cell migration and invasion via different target genes in different
cell lines.
PKC contains classical (α, βⅠ, βⅡ and γ) and novel
(δ, ε, η and θ) isoforms. It was reported that PKC-δ
plays a key role in MMP-9 induction through the Ras/
ERK pathway in MCF-7 cells[42]. Additionally, it has been
demonstrated that there is a direct interaction between
PKC-δ and the cytoskeleton[43]. The inhibition of PKC-δ
can diminish the TNF-α-induced secretion of MMP-9
in neutrophils[44] and decrease eosinophil migration, suggesting an important role of PKC-δ in actin reorganization and the regulation of cell motility[45]. In this study,
we found that DHM increased PKC-δ expression in SKHep-1 and MHCC97L cells in a concentration-dependent
manner.
The mechanism by which DHM regulates invasion
and migration through the MMP-9 pathway appears to
be complicated. Further studies should be carried out
to explore the effects of DHM on the enzymatic activities of MMP-9 and the expression of other MMP family
members. In addition, a previous report indicates that
the NF-κB and activator protein-1 binding sites in the
MMP-9 promoter are involved in MMP-9 transcription
in cancer cells[46]. Therefore, the transcriptional activity of
MMP-9 should also be examined to confirm whether the
DHM-mediated down-regulation of MMP-9 is caused
by a suppression of the translocation of NF-κB proteins
to the nucleus and/or an inhibition of its DNA binding
sites to regulate the transcription of MMP-9.
In conclusion, we found that DHM significantly inhibited the migration and invasion of human hepatocellular
carcinoma SK-Hep-1 and MHCC97L cells by decreasing MMP-9 protein expression. Moreover, the downregulation of MMP-9 is associated with an increase in the
level PKC-δ protein and the suppression of the phosphorylation of p38, ERK1/2 and JNK in SK-Hep-1 and
MHCC97L cells. These results suggest that DHM has a
strong anti-metastatic activity due to its ability to restrain
the adhesion, migration and invasion of cancer cells.
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Abstract
AIM: To explore the efficacy of PCI-24781, a broadspectrum, hydroxamic acid-derived histone deacetylase
inhibitor, in the treatment of gastric cancer (GC).
METHODS: With or without treatment of PCI-24781
and/or cis -diamminedichloroplatinum (CDDP), GC cell
lines were subjected to functional analysis, including cell
growth, apoptosis and clonogenic assays. Chromatin immunoprecipitation and luciferase reporter assays were
used to determine the interacting molecules and the
activity of the enzyme. An in vivo study was carried out
in GC xenograft mice. Cell culture-based assays were
represented as mean ± SD. ANOVA tests were used to
assess differences across groups. All pairwise comparisons between tumor weights among treatment groups
were made using the Tukey-Kramer method for multiple
comparison adjustment to control experimental-wise
type Ⅰ error rates. Significance was set at P < 0.05.
RESULTS: PCI-24781 significantly reduced the growth
of the GC cells, enhanced cell apoptosis and suppressed clonogenicity, and these effects synergized
with the effects of CDDP. PCI-24781 modulated the
cell cycle and significantly reduced the expression of
RAD51, which is related to homologous recombination.
Depletion of RAD51 augmented the biological functions
of PCI-24781, CDDP and the combination treatment,
whereas overexpressing RAD51 had the opposite effects. Increased binding of the transcription suppressor E2F4 on the RAD51 promoter appeared to play a
major role in these processes. Furthermore, significant
suppression of tumor growth and weight in vivo was
obtained following PCI-24781 treatment, which synergized with the anticancer effect of CDDP.
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CONCLUSION: These data suggest that RAD51 potentiates the synergistic effects of chemotherapy with
PCI-24781 and CDDP on GC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Chemotherapy; Combination; Gastric cancer; Histone deacetylase inhibitor; Homologous recombination
Core tip: This is the first study to show that PCI-24781
synergizes with the chemotherapeutic effect of cis -diamminedichloroplatinum in gastric cancer in vivo and in
vitro , and PCI-24781-induced RAD51 repression may be
one of the mechanisms. PCI-24781 could be a potential
drug and novel therapeutic strategy for the treatment
of gastric cancer.
He WL, Li YH, Hou WJ, Ke ZF, Chen XL, Lu LY, Cai SR,
Song W, Zhang CH, He YL. RAD51 potentiates synergistic
effects of chemotherapy with PCI-24781 and cis-diamminedichloroplatinum on gastric cancer. World J Gastroenterol 2014;
20(29): 10094-10107 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10094.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10094

INTRODUCTION
Gastric cancer (GC) is one of the most aggressive malignancies, especially in South Asia. It ranks as the second
leading cause of cancer mortality in China[1]. Despite curative surgery and postoperative adjuvant therapy, nearly
60% of patients succumb to the disease[2,3]. While the
utility of classical chemotherapy agents has been thoroughly explored, advances have been slow, and the efficacy of these agents has reached a plateau[4]. Recent studies
have suggested that histone deacetylase inhibitors may be
attractive anticancer drugs because histone deacetylases
(HDACs) are frequently upregulated in cancers, and
these drugs can be less toxic to patients[5-7]. Among these
HDAC inhibitors (HDACis), suberoylanilide hydroxamic
acid (SAHA, Vorinostat) was first approved by the US
Food and Drug Administration for the treatment of
T-cell lymphoma. In vitro chemosensitivity of gastric adenocarcinomas to SAHA has been reported[8]. Similarly,
PCI-24781 (Pharmacyclics, Inc.), a broad-spectrum,
hydroxamic acid-derived HDACi currently being evaluated in phase Ⅰ clinical trials[9], has shown significant anticancer activity in soft tissue sarcomas[10] and gallbladder
carcinomas[11], as well as other tumor cell lines including
colon carcinomas[12], glioblastomas[13], breast cancers[14],
and bone sarcomas[15]. However, information about the
efficacy of PCI-24781 in the treatment of gastric cancer
is limited.
Despite HDACis showing promise as single agents,
several recent studies have suggested that the optimal use
of HDACis is likely in combination with other chemo-
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therapeutic agents[10,15,16]. Cis-diamminedichloroplatinum
(CDDP) is a classic chemotherapeutic drug frequently
used in GC treatment. CDDP exerts its effect mainly by
causing DNA damage. However, DNA damage can be
repaired through homologous recombination (HR) or
through non-homologous end joining[17], which can lead
to chemotherapy resistance. HR usually occurs during
and shortly after DNA replication during the S and G2
phases of the cell cycle, when sister chromatids are more
easily available[18]. RAD51 is a key protein involved in and
is regarded as a biomarker for homologous recombination[19]. Studies have suggested that RAD51, which highly
correlates with GC[20], is involved in the repair of DNA
double-strand breaks (DSBs) produced by CDDP and
other platinum agents[21]. Adimoolam et al[22] also confirmed that PCI-24781 could decrease RAD51 expression and suppress HR in colon tumor cells. Thus, in this
study we aimed to evaluate the efficacy of PCI-24781 on
GC and its combinational effect of chemotherapy with
CDDP and elucidate underlying mechanisms to find out
whether RAD51 is involved in the process.

MATERIALS AND METHODS
Cell culture
The human GC cell line AGS (most common gastric adenocarcinoma), HGC27 (undifferentiated carcinoma with
high malignancy) was obtained from the Committee of
Type Culture Collection of Chinese Academy of Sciences
(Shanghai, China). GC cell lines were cultured in RPMI
1640 medium (Gibco), supplemented with 10% fetal
calf serum (HyClone, Logan, UT, United States) at 37 ℃
under a humidified atmosphere of 5% CO2. The HDAC
inhibitor PCI-24781 was purchased from Pharmacyclics
and dissolved in DMSO to create stock solutions.
Measurement of cell growth
Cell growth assays were done using CellTiter96 cell
proliferation assay kit (Promega)[23]. Cells were plated at
concentrations of 2 × 103 cells per well in 96-well plates.
The next day, cells were treated with either 0.1% DMSO
as control or different concentrations of PCI-24781
or/and CDDP for 48 h. Absorbance was measured at a
wave length of 490 nm. Drug concentrations required
to inhibit cell growth by 50% (IC50) were determined
by interpolation of dose-response curves. Isobologram
analysis was introduced to evaluate the synergistic effect[24]. Briefly, when the combination is synergistic, the
data points from the combination will be depicted at the
left side of the curve that generated by IC50 of two drugs,
while the combination is antagonistic when these points
are at the right side of the curve.
Apoptosis assay
Apoptosis was measured using flow cytometry (FCM)
stained with Annexin V as well as Quantum Dot Probing cleaved Caspase-3[25]. As a standard, DMSO or drug
treated cells were stained with Annexin V and Qdot con-
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jugation before subjected to flow cytometry or fluorescent microscopy. Fluorescent positive rates were counted
five randomly selective areas and analyzed independently
by three reviewers.
Clonogenic assay
GC cells were treated in culture dishes with 0.1% DMSO
(control), PCI-24781 (0.25 μmol/L), CDDP (2.5 μmol/L)
or a combination of PCI-24781 plus CDDP for 24 h.
One hundred cells per well were replated, then allowed
to grow in corresponding drug-added media for 10 d,
then stained with a 6% glutaraldehyde, 0.5% crystal violet
solution for 30 min. Staining solution was decanted from
each well and cells were washed with deionized H2O. Individual colonies retaining staining solution were counted.
Protein extraction and immunoblotting
The procedures were as previously described[26,27]. Briefly,
frozen tissue samples were solubilized in lysis buffer, containing 7 mol/L urea, 2 mol/L thiourea, 2% CHAPS, 0.1
mol/L DTT, 0.1% NP40, 40 mmol/L Tris-HCl, using a
polytron homogenizer following centrifugation (100000 g)
for 30 min at 4 ℃. For cell lines, lysates were harvested by
centrifugation (12000 rpm) at 4 ℃ for 15 min. The supernatants were separated, and protein concentration was
assessed by Bio-Rad protein assay (Bio-Rad Laboratories,
Hercules, CA). After heating for 10 min at 100 ℃, equal
amounts of denatured protein were resolved by 12%
SDS-PAGE and electrophoretically transferred on to
PVDF membranes. The blots were probed with primary
antibodies. After completion, membranes were stripped
and reprobed with β-actin antibody as a control. The
bands were visualized using the enhanced chemiluminescence detection system (GE Healthcare, United States)
and the intensity was quantified by densitometry.
Reverse transcription polymerase chain reaction and
real-time quantitative polymerase chain reaction
The procedure was slightly modified according to our
previous report[28]. The expression of mRNA in GC
cells with different treatment was assessed with reverse
transcription polymerase chain reaction (RT-PCR) using
0.5 μg of total RNA extracted by an RNeasy kit (Qiagen,
Hilden, Germany). The housekeeping gene glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA
was chosen as an endogenous standard. Primer sets were
constructed by Invitrogen as follows: GAPDH Forward
AATCCCATCACCATCTTCCAG and Reverse AAATGAGCCCCAGCCTTC. RAD51 Forward GGGAGAA
TCACTTAAGCCTGG and Reverse CTGTTTACTTGCCCTCTGAAATG. Reaction conditions were: 1 cycle
of 95 ℃ for 10 min, followed by 35 cycles at 95 ℃ for
1 min for denaturation, 55 ℃ for 1 min for annealing,
72 ℃ for 1 min for extension, and ﬁnally 1 cycle of 72 ℃
for 5 min. Gene-speciﬁc ampliﬁcation was analyzed on
1% agarose gel and visualized by ethidium bromide staining method, and then performed in real-time quantitative
PCR using a Light Cycler Real-time Detection System
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(Roche, Switzerland). All reactions were carried out with
SYBR Green Master (Roche) according to the manufacturer’s protocol. Reaction conditions were similar to those
described above, except that the ﬁrst cycle of 95 ℃ was
3 min, followed by 45 cycles of each temperature for 30 s
for each reaction. The Ct (threshold cycle) value of each
sample was calculated, and the relative mRNA expression
was normalized to the GAPDH value.
Manipulation of RAD51
The procedures were similar to those described previously[28]. Commercial siRNA targeting RAD51 reagent
was used for knocking down its expression. For the
overexpression system, human RAD51 cDNA was
cloned into pcDNA3.1 (Invitrogen) to yield plasmid
pcDNA-RAD51. Cells with or without transfection were
subjected to treatment of DMSO, PCI-24781, DDP or
combination. Then the expressions of RAD51 and cell
apoptosis were evaluated by Western blotting or flow cytometry respectively.
Chromatin immunoprecipitation assays
Chromatin immunoprecipitation (ChIP) assays[29] were
performed using ChIP assay kits (Upstate Technology)
according to the instructions. Appropriate treated GC
cells were fixed in 1% formaldehyde and incubated in
0.125 mol/L glycine to stop cross-linking, then washed
and recovered, followed by lysis in SDS buffer. Lysates
were sonicated, yielding genomic DNA fragments with
a bulk size of 200-1000 bp before centrifugation. Supernatants were diluted and precleared with salmon sperm
DNA/protein G-agarose. Lysates were immunoprecipitated with relevant antibodies. Antibody-nucleoprotein
complex mixtures were incubated overnight and recovered by incubation with 60 μL salmon sperm DNA/protein G-agarose for 1 h at 4 ℃. One hundred-microliter
aliquots were reserved from negative control (no antibody) samples before washes; these aliquots were processed in parallel with eluted samples and used as input
DNA. Beads were washed five times, and nucleoprotein
complexes were eluted from protein G-agarose beads
in immunoprecipitation elution buffer. Cross-links were
reversed by adding 4 μL 5 mol/L NaCl and incubating overnight at 65 ℃, followed by 1.5-h digestion with
RNAse A and proteinase K at 50 ℃. DNA fragments
were recovered by phenol/chloroform extraction and
ethanol precipitation and analyzed by qPCR.
Luciferase reporter assay
RAD51 promoter sequence (Entrez GeneID 5888, from
-403 to +63 bp) was cloned into pGL3 and then transfected into HGC27 or AGS cells using Fugene 6 transfection reagent (Roche) according to the manufacturer’s
instructions. The RAD51 reporter construct was further
mutated at the E2F binding site using Stratagene Quick
Change mutagenesis kit (Stratagene) per the manufacturer’s instruction and used for transfection as above. Cells
were harvested after incubation with 0.1% DMSO or
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PCI-27481 (0.5 μmol/L) for 24 h. Luciferase assays were
done using dual-luciferase assay reagents (Promega) and
assessed with a luminometer.
Immunostaining analysis
For in vivo tumor samples, immunohistochemistry PCNA
(Sigma) for cell proliferation and TUNEL assay (Sigma)
for cell apoptosis were used. Staining distribution (%
positive stained tumor cells) and intensity (0 = no staining, 1 = low, 2 = high) counts were evaluated and scored
by three independent reviewers. Cells stained with FK2
and RAD51 antibodies after IR or drugs were examined
by confocal laser scanning microscopy (CLSM). Cells
stained with FK2 (Life technologies) and RAD51 (Santa
Cruz Biotechnology) antibodies after ionizing radiation
(IR) or drugs were examined by CLSM.
In vivo therapeutic studies
All animal procedures and care were approved by the
Hospital Animal Care and Usage Committee according to NIH “Guide for the Care and Use of Laboratory
Animals.” Animal models were utilized as previously
described[30]. Viable HGC27 cells (1 × 106/0.1 mL HBSS/
mouse) were injected into the flank (sc) of 6-wk-old female SCID mice (n = 40/experiment), growth was measured twice weekly. When average tumor volumes reached
about 100 mm3, the mice were assigned to treatment
of either vehicles (negative control, n = 8), PCI-24781
(50 mg/kg per day × 5 d/wk, ip; according to company
recommendations and previous study[10]; n = 8), cis-diamminedic-hloroplatinum (10 mg/kg per day × 5 d/wk, ip;
as a positive control[31,32]; n = 8). The mice were followed
for tumor size and body weight and sacrificed 6 wk later.
Tumors were resected, weighed, and frozen for detection
of RAD51 expression or fixed in paraformaldehyde and
paraffin-embedded for immunohistochemical studies.
Statistical analysis
Cell culture-based assays were represented as mean ±
SD. ANOVA tests were used to assess differences across
groups. Tumor volume was logarithmically transformed
for further statistical analyses. A linear mixed model was
used to assess the effect of treatment on tumor growth
over time and a linear regression model for tumor
weights. All pairwise comparisons between tumor weights
among treatment groups were made using the TukeyKramer method for multiple comparison adjustment to
control experimental-wise type Ⅰ error rates. Significance
was set at P < 0.05.

RESULTS
PCI-24781 suppressed human gastric cancer cell
function, synergizing the effects of CDDP
The efficacy of PCI-24781 in the treatment of gastric
cancer was evaluated by cell growth, apoptosis and clonogenic assays. GC cell growth was abrogated by pretreatment with PCI-24781 (IC50 = 0.35 μmol/L in HGC27,
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0.31 μmol/L in AGS) or CDDP (IC50 = 8.00 μmol/L
in HGC27, 7.28 μmol/L in AGS) in a dose-dependent
manner (Figure 1A-D). Isobologram analysis revealed
a synergistic effect when the two treatments were combined (Figure 1E, F). Furthermore, low dose treatment
(0.2 μmol/L PCI-24781 and 2.5 μmol/L CDDP) increased the apoptotic cell ratio (Annexin V positive by
FCM) from 14% ± 3.9% for PCI-24781 and 16% ± 2.5%
for the CDDP to 50% ± 3.6% (Figure 2A). Quantum dot
probing for cleaved caspase-3 also showed similar results
(Figure 2B). In addition, the clonogenicity was dramatically impaired when cells were treated with the combination therapy (8 ± 2) compared to cells treated with
PCI-24781 (20 ± 4.2), CDDP (22 ± 3.5) or untreated
cells (57 ± 5.6) (Figure 2C, D).
PCI-24781 modulated the cell cycle and genes related to
DNA damage and repair
To explore how PCI-24781 synergized with CDDP, we
further checked whether PCI-24781 could modulate the
cell cycle and affect the DNA damage repair mechanism.
Indeed, treatment with 0.5 μmol/L PCI-24781 for 24 h
resulted in a decreased number of cells in S phase and a
G2 cell cycle arrest (Figure 3A), which is consistent with
a previous report[10]. The increased sub-G1 population
also indicated more apoptotic cells. Meanwhile, we found
the expression of RAD51, one of the most important
mediators of HR, was decreased in a time-dependent
manner at both the mRNA and protein levels (Figure 3B,
C). We then tried to determine what role the PCI-24781induced reduction of RAD51 plays in the DNA damage
conditions. It has been well documented that DSBs elicit
a signaling cascade that modifies the chromatin surrounding the break, first by ATM-dependent phosphorylation
and then by chromatin ubiquitination[33]. Here, we utilized
classic IR-induced DNA damage to test the potential effect of PCI-24781 on HR. Both ubiquitin conjugation
on the chromatin, as tagged by an anti-FK2 antibody,
and RAD51-containing subnuclear repair foci were visible in HGC27 cells 16 h after radiation exposure. With
pretreatment of a low dose of PCI-24781 (0.1 μmol/L),
which did not result in significant apoptosis, for 24 h,
the number of DNA damage foci (FK2 positive) significantly increased while the number of repair foci (RAD51
positive) decreased markedly (Figure 3D, E). These data
suggested that HR-related RAD51 may play a central role
in the potency of PCI-24781.
RAD51 participates in the effects of PCI-24781, CDDP
and the combination treatment
RAD51 dysfunction may be a key event leading to genomic instability and tumorigenesis[34]. To validate the
role of RAD51 in the potency of PCI-24781, we manipulated the expression of RAD51 in gastric cancer
cells. When RAD51 was depleted (Figure 4A, B), we observed a significant increase in the number of apoptotic
cells in the PCI-24781- or CDDP-treated cells, with the
highest ratio in the combination treatment (Figure 4C).
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Figure 1 PCI-24781 suppressed gastric cancer cell growth and synergized with the effect of cis-diamminedichloroplatinum. The gastric cell lines HGC27 and
AGS were plated at densities of 2 × 103 cells per well in 96-well plates and were subjected to cell growth assays. The cells were incubated with various concentrations
of PCI-24781 and/or cis-diamminedichloroplatinum (CDDP) for 48 h, and the inhibition ratio was determined (IC50). Cell growth assays showed the significant cell
growth inhibition of the GC cells in response to PCI-24781 (A, B) and CDDP (C, D) treatment. Isobologram analysis was used to evaluate the synergistic effect. The
data point (IC50) from the combination treatment is shown on the left side of the curve and was generated by IC50 of the two drugs; this suggests that the combination
treatment (concentration constant ratio PCI-24781:CDDP = 1:10) as synergistic (E, F).

In contrast, overexpression of RAD51 suppressed the
pro-apoptotic effects of PCI-24781 and CDDP (Figure
4D-F). These data suggested an essential role of RAD51
in the anti-GC effect of PCI-24781, CDDP and combination treatment.
PCI-24781 induces RAD51 transcriptional repression
To determine the mechanism by which PCI-24781 decreases the expression of RAD51, we pretreated the
cells with actinomycin D for 30 min to block mRNA
transcription and then added PCI-24781 to the medium.
RAD51 mRNA was monitored via quantitative RTPCR, and we found no significant difference in the half-
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lives (6-8 h) of the mRNA from the PCI-24781-treated
and untreated samples, suggesting that PCI-24781 does
not directly induce RAD51 mRNA degradation. Thus,
we proposed that PCI-24781 treatment might result in
RAD51 transcription repression. The results showed
that treatment with PCI-24781 for 24 h significantly
decreased the association of RNA polymerase Ⅱ (Poly
Ⅱ) and slightly increased the association of acetylated
histones H3 and H4 with the RAD51 gene (Figure 5A, B).
To investigate the translational activity of the promoter,
a RAD51 luciferase reporter, which contained the -403
to +63 RAD51 promoter region, was transiently transfected into GC cells. As shown in Figure 5C, PCI-24781
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cells (10 d). The combination treatment exhibited a synergistic effect. Combo: Combination treatment. aP < 0.05 vs the control; cP < 0.05 vs PCI-24781 or CDDP.
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Figure 3 PCI-24781 modulates the genes related to DNA damage and repair. A: Propidium iodide/fluorescence activated cell sorting analysis showed the effect of
the histone deacetylase inhibitor (0.5 μmol/L PCI-24781, 24 h) on HGC27 cell cycle progression. A significant (P < 0.05) reduction in the number of S phase cells and
a G2 arrest was observed; The increased sub-G1 population also indicated more apoptotic cells; B, C: Treatment with 0.5 μmol/L PCI-24781 induced a time-dependent decrease in RAD51, both at the mRNA and protein levels; D, E: The confocal laser scanning microscopy immunoﬂuorescence images show HGC27 cells stained
with an anti-FK2 antibody (DNA damage marker) and an anti-RAD51 antibody (homologous recombination marker) after pretreatment with 0.1 μmol PCI-24781 for 24 h,
followed by 5 Gy irradiation (IR); images were captured 16 h after irradiation. PCI-24781 notably increased the amount of DNA damage-induced ubiquitin conjugation
on chromatin (FK2 positive) and suppressed RAD51 foci formation. GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

treatment for 24 h resulted in a significant suppression
of RAD51 transcription (P < 0.05). Because -50 Luc
was previously reported to regulate the transcription of
RAD51, which contains an E2F binding-site[35], a mutation in this region was introduced to identify whether this
cis element mediated the aforementioned repressive effect. Indeed, the PCI-24781-induced luciferase reduction
in the wild-type promoter construct was abolished when
this element was mutated (Figure 5D). We also observed
a significant increase in E2F4 binding, whereas slightly
decreased E2F1 binding to the RAD51 promoter was
observed in response to PCI-24781 treatment (Figure 5E,
F); however, there was no significant difference in the
levels of these two proteins (data not shown). To elucidate the role of E2F4 in this process, siRNA knockdown
was introduced. When E2F4 was depleted (Figure 5G),
RAD51 transcription increased approximately 1.5-fold,
and the PCI-24781-induced repression was abolished
(Figure 5H, I), indicating that E2F4 mediates the efficacy
of PCI-24781 as a transcription repressor of RAD51.
These data suggested that PCI-24781 transcriptionally
represses the expression of RAD51 mainly by increasing E2F4 binding to the promoter of the RAD51 gene,
which accounts for its anti-GC effect.
PCI-24781 synergized with the anti-GC effects of CDDP
in vivo
To explore the anti-tumor effect of PCI-24781 in vivo, we
used SCID mice with hypodermal gastric cancer. A linear
mixed model was used to assess tumor growth (tabulated
as the log-transformed tumor volume) across the treatment groups over time, and a linear regression model was
used to assess the tumor weights. Therapy was initiated
after the tumor was established (initial tumor sizes of
control, PCI-24781, CDDP and combinational treatment
were 112 ± 1.1, 104 ± 1.1, 100 ± 1.0 and 107 ± 1.2 mm3,
respectively). Both PCI-24781 and CDDP treatment
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significantly repressed tumor growth indicated as reduction in the volume of tumor (Figure 6A) and decreased
tumor weight versus the control mice (Figure 6B; P <
0.05). The average group tumor weights at the termination of the study were 2.01 ± 0.57 g for the control, 1.26
± 0.35 g for the PCI-24781-treated, 1.36 ± 0.34 g for the
CDDP-treated, and 0.68 ± 0.27 g for the combination
mice (Figure 6B). The largest reduction of tumor growth
and weight were obtained with the combination treatment. Immunohistochemical analysis revealed that the
synergy decreased tumor cell proliferation and enhanced
cell apoptosis, which might account for this outcome
(Figure 6C-F). In the combination therapy group, cell
proliferation (PCNA positive ratio) dropped to 22% ±
4.5% compared to the 85% ± 6.2% found in the control
group, 57% ± 3.6% in the PCI-24781 alone group, and
60% ± 8.2% in the CDDP alone group; additionally,
apoptosis (TUNEL positive ratio) increased to 52% ±
4.1% compared to the 5% ± 1.2% for the control group,
26% ± 3.3% for the PCI-24781 alone group, and 24% ±
3.1% for the CDDP alone group. These data suggested
that PCI-24781 could synergize with the anti-GC effects
of CDDP in vivo. Additionally, consistent with the in vitro
data, PCI-24781 also inhibited the expression of RAD51
in vivo.

DISCUSSION
In this study, we provided the first evidence that the
HDACi PCI-24781 synergizes with the therapeutic effects of CDDP in GC. PCI-24781-induced downregulation of RAD51, which closely relates with HR and DNA
repair mechanism, may potentiate these effects.
HDACis are a new class of anticancer therapeutics
whose mechanisms have yet to be elucidated in GC. Previous studies have demonstrated the antitumor effect of
PCI-24781 on leukemia[36], lymphoma[37], glioblastoma[13],
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Figure 4 RAD51 mediates the effect of PCI-24781. A, B: siRNA targeting RAD51 dramatically decreased the expression of RAD51; C: Depletion of RAD51 significantly increased the apoptotic cells ratio both in the PCI-24781- and cis-diamminedichloroplatinum (CDDP)-treated cells. A synergistic effect was observed in the
combination treatment; D, E: For the overexpression system, human RAD51 cDNA was cloned into pcDNA3.1 to yield the pcDNA-RAD51 plasmid. The empty vector
served as a control. The cells transfected with pcDNA-RAD51 showed a notable increase in RAD51 expression; F: Overexpression of RAD51 significantly decreased
the apoptotic cells ratio both in the PCI-24781- and CDDP-treated cells. A synergistic effect was observed in the combination treatment. SiC: siRNA-control; SiR:
siRNA-RAD51; Combo: Combination treatment. bP < 0.01 vs the control; cP < 0.05 vs PCI-24781 or CDDP; eP < 0.05 vs SiC or vector.

and malignant peripheral nerve sheath tumors[38], as well
as showing its adjuvant chemo-function in multidrugresistant sarcoma cell lines [16], bone sarcoma cells [15],
and soft tissue sarcomas[10]. However, evidence is limited concerning its effect in GC. In vitro, we found that
PCI-24781 could abrogate GC cell growth, suppress
clonogenicity and enhance cell apoptosis (Figures 1
and 2). These effects were greatly enhanced when combined with CDDP treatment. We also confirmed that
PCI-24781 treatment resulted in a significant reduction
of RAD51, as well as a drastic suppression of DNA
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damage-induced ubiquitin conjugation on chromatin
and RAD51 foci formation (Figure 3). This suggested
that PCI-24781 may affect HR by modulating RAD51.
The results from Adimoolam et al[22] robustly support
this concept. They found that level of RAD51 was
reduced to 20% after 24 h treatment with PCI-24781.
They transfected DRAA8/CHO cells with the I-SceIexpressing plasmid to monitor recombination frequency.
Results showed that the rate of HR dropped from 0.72%
to 0.27% upon the addition of 2.0 μmol/L PCI-24781 6
h after transfection. Furthermore, PCI-24781 could in-
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in RAD51 expression. SM: E2F binding-site mutation; Scr: Scramble siRNA; SiR: siRNA-E2F4. bP < 0.01 vs the control; dP < 0.01 vs wild-type (WT); eP < 0.05 vs Scr.
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hibit expression of RAD51 both in vitro and in vivo (Figure
3B, C). Depletion of RAD51 augmented the apoptotic
effect of PCI-24781, CDDP and the combination treatment, whereas overexpressing RAD51 had the opposite
effects (Figure 4). In agreement with these findings,
studies have reported that defects in either recombination mediators or co-mediators, including BRCA1 and
BRCA2, lead to impaired HR[39-41], which can be genetically complemented by overexpression of RAD51[42].
Conversely, administration of a RAD51 inhibitor disrupts homologous recombination[43]. Consistent with in
vitro data, PCI-24781 also exerted comparable anti-GC
effects with the conventional chemotherapeutic CDDP
in vivo. Combination treatment of PCI-24781 and CDDP
gained most favorable therapeutic outcomes (Figure 6).
The exact mechanism of the HDACi-induced decreased gene expression remains uncertain. The decreased expression may be due to HDACi-induced
transcriptional repression and/or decreased mRNA
stability [44,45]. Alternatively, HDACis may induce the
acetylation of non-histone proteins, including several
transcription factors, thereby altering their function and
potentially negatively affecting oncogenic target gene
transcription[5]. In this study, PCI-24781 appeared to
transcriptionally repress RAD51 rather than affect its
mRNA stability. Although a slight increase in the association of acetylated histones H3 and H4 and RAD51
was observed, which may promote transcription, the
significant decrease in Pol II association seemed to play
the dominant negative role here (Figure 5A, B). Luciferase and site mutation assays also revealed that the E2F
binding-site in the RAD51 promoter was essential for
potency of PCI-24781 (Figure 5E, F). Researchers have
indicated that E2F4, as a transcription repressor, may
specifically inhibit RAD51 transcription in response to
hypoxia[46], whereas E2F1 is a positive transcriptional
regulator[47]. We also observed that the binding of E2F4
to the RAD51 promoter significantly increased, while the
binding of E2F1 slightly decreased. Depletion of E2F4
using siRNA led to an increase in RAD51 expression
and reversed the PCI-24781-induced decrease in RAD51
(Figure 5G-I). Overall, our findings suggest an anti-GC
role of PCI-24781 and the potential mechanism.
To the best of our knowledge, this is the first study
to show that PCI-24781 synergizes with the chemotherapeutic effect of CDDP in gastric cancer in vivo and in
vitro, and PCI-24781-induced RAD51 repression may be
one of the mechanisms. PCI-24781 could be a potential
drug and novel therapeutic strategy for the treatment of
gastric cancer.
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Abstract
AIM: To investigate a simple noninvasive scoring system for predicting liver cirrhosis in nonalcoholic fatty
liver disease (NAFLD) patients.
METHODS: A total of 1048 patients with liver-biopsyconfirmed NAFLD were enrolled from nine hepatology
centers in Japan (stage 0, 216; stage 1, 334; stage 2,
270; stage 3, 190; stage 4, 38). The weight and height
of the patients were measured using a calibrated scale
after requesting the patients to remove their shoes
and any heavy clothing. Venous blood samples were
obtained in the morning after the patients had fasted
overnight for 12 h. Laboratory evaluation was performed in all patients. Statistical analysis was conducted using SPSS version 12.0. Continuous variables were
expressed as mean ± SD.
RESULTS: The optimal cutoff value of platelet count,
serum albumin, and aminotransferase/alanine amino4
transferase ratio (AAR) was set at < 15.3 10 /μL, < 4.0
g/dL, and > 0.9, respectively, by the receiver operating
characteristic curve. These three variables were combined in an unweighted sum (platelet count = 1 point,
serum albumin = 1 point, AAR = 1 point) to form an
easily calculated composite score for predicting cirrhosis in NAFLD patients, called the PLALA (platelet, albumin, AAR) score. The diagnosis of PLALA ≥ 2 had sufficient accuracy for detecting liver cirrhosis in NAFLD
patients.
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CONCLUSION: The PLALA score may be an ideal scoring system for detecting cirrhosis in NAFLD patients
with sufficient accuracy and simplicity to be considered
for clinical use.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Cirrhosis; Fibrosis; Platelet; Albumin; Alanine aminotransferase ratio
Core tip: Nonalcoholic fatty liver disease (NAFLD) is an
important cause of chronic and progressive liver injury.
We aimed to develop a simple noninvasive scoring
system for predicting liver cirrhosis in NAFLD patients.
These three variables were combined in an unweighted
sum [platelet count = 1 point, serum albumin = 1
point, aminotransferase (AST)/alanine aminotransferase (ALT) ratio = 1 point] to form an easily calculated
composite score, called the PLALA (platelet, albumin,
AST/ALT ratio) score. The diagnosis of PLALA ≥ 2 had
sufficient accuracy for detecting liver cirrhosis in NAFLD
patients. The PLALA score may be an ideal scoring system for detecting cirrhosis in NAFLD patients.
Kessoku T, Ogawa Y, Yoneda M, Imajo K, Sumida Y, Eguchi Y,
Fujii H, Hyogo H, Ono M, Suzuki Y, Kawaguchi T, Chayama
K, Tanaka S, Fujimoto K, Anzai K, Saibara T, Sata M, Itoh Y,
Nakajima A, Okanoue T; Japan Study Group of NAFLD (JSGNAFLD). Simple scoring system for predicting cirrhosis in
nonalcoholic fatty liver disease. World J Gastroenterol 2014;
20(29): 10108-10114 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10108.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10108

INTRODUCTION
Nonalcoholic fatty liver disease (NAFLD) is an important cause of chronic liver injury in many countries[1,2].
NAFLD represents a spectrum of conditions that are
characterized histologically by macrovesicular hepatic
steatosis, and the diagnosis is made after excluding a history of consumption of alcohol in amounts sufficient to
be considered harmful to the liver. NAFLD range over a
wide spectrum, extending from simple steatosis, which is
generally benign, through to nonalcoholic steatohepatitis
(NASH) to liver cirrhosis, end-stage liver disease, and
even hepatocellular carcinoma despite the absence of significant alcohol consumption[3-7]. The probability of developing advanced fibrosis and hepatocellular carcinoma
is significantly greater in individuals with steatohepatitis
than in those with simple steatosis. Data collected from
the United States have shown that the prevalence of
NAFLD has increased steady in recently years, despite
other diseases remaining at steady states. Natural history studies suggest that fibrosis progression occurs in
32%-37% of patients over 3-6 years[8-10], and up to 12%
of patients will progress to cirrhosis over 8-10 year[11]. If
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these patients with NAFLD progress liver cirrhosis, they
need to be kept under the surveillance data for early detection of HCC and gastroesophageal varices, similar to
the case, such as hepatitis C[12-14].
Liver biopsy as a confirmation tool of NASH can
reveal the histologic activity of steatosis, inflammation,
and fibrosis. It is frequently used for diagnosis as the gold
standard tool in patients with NASH[1,3,15]. However, it
is difficult to perform liver biopsy for every patient with
NAFLD to ascertain the presence of NASH and determine the stage and grade of the disease[16]. The estimated
number of patients with NAFLD has reached 80-100
million in the United States, and the corresponding
number of patients in Japan has been estimated at 10-20
million. The prevalence of NAFLD and nonalcoholic
steatohepatitis (NASH) is increasing and is becoming a
major target disease not only in Western countries, but
also in Japan. Therefore, alternative diagnostic methods,
noninvasive procedures such as transient elastography,
have recently been developed. However, these are not
appropriate for health check-ups because they cannot be
used in patient with ascites, thick subcutaneous fat, narrow intercostal spaces, and hepatic atrophy.
Therefore, the aim of this study was to develop a
mass screening system for general physicians, which can
be used for predicting liver cirrhosis in NAFLD patients,
using routine laboratory parameters.

MATERIALS AND METHODS
Patients
1048 NAFLD patients who underwent liver biopsy were
enrolled between 2002 and 2011 from institutes affiliated
with the Japan Study Group of NAFLD (JSG-NAFLD),
represented by the following 10 hepatology centers:
Yokohama City University, Asahikawa Medical College,
Kurume University, Nara City Hospital, Hiroshima University, Saga Medical School, Osaka City University, Kyoto
Prefectural University of Medicine, Kochi Medical School,
and Saiseikai Suita Hospital. The study was conducted
with the approval of the Ethics Committee of all hepatology centers. Liver biopsy was available in all NAFLD patients for the purpose of diagnosis and staging of NASH.
Macrovesicular steatosis affecting at least 5% of the hepatocytes was observed in all the cases, with displacement
of the nuclei to the edges of the cells[17]. The exclusion
criteria included history of hepatic disease such as chronic
hepatitis C or concurrent active hepatitis B (seropositive
for hepatitis B surface antigen); autoimmune hepatitis; primary biliary cirrhosis; Wilson disease; hemochromatosis;
α1-antitrypsin deficiency; sclerosing cholangitis; hepatic
injury caused by substance abuse, or current or past consumption of > 20 g of alcohol daily. Informed consent
for evaluation of liver histology was obtained from all the
enrolled patients, and the present study was performed in
accordance and compliance with the Ethic Principles of
the 1975 Declaration of Helsinki.
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tative system, which classifies inflammatory activity into 3
grades [grade 1, mild; grade 2, moderate; grade 3, severe,
and the stage of fibrosis into a 4 stages (stage 1, zone3
perivenular and/or perisinusoidal fibrosis; stage 2, stage
1 with periportal fibrosis; stage 3, bridging fibrosis; and
stage 4, cirrhosis)]. The individual parameters of fibrosis
were scored independently according to the NASH Clinical Research Network (CRN) scoring system developed
by the NASH CRN[20].

Table 1 Characteristics of patients in the estimation and
validation groups
Fibrosis stages 0-3 Fibrosis stage 4 P value

Variables

(non-cirrhosis)
Age (yr)
n
BMI (kg/m2)
AST (IU/L)
ALT (IU/L)
AAR
ALP (IU/L)
GGT (IU/L)
ChE (IU/L)
Albumin (g/dL)
Ferritin (ng/mL)
Fasting glucose (mg/dL)
Fasting insulin (μU/mL)
HOMA-IR
Hemoglobin (g/dL)
Platelet (× 104/μL)
Hyaluronan (ng/mL)
Collagen Ⅳ (ng/mL)

51.1 ± 15.0
1010
27.8 ± 4.9
58.3 ± 38.2
92.2 ± 64.4
0.71 ± 0.29
258.8 ± 94.9
88.2 ± 93.8
383.0 ± 95.3
4.42 ± 0.41
255.3 ± 249.8
113.3 ± 38.9
14.8 ± 13.8
4.31 ± 5.10
14.5 ± 1.6
22.6 ± 6.53
54.5 ± 81.0
4.70 ± 3.60

1

(cirrhosis)

2

1

63.9 ± 9.6
38
28.6 ± 3.9
70.2 ± 74.7
67.5 ± 65.6
1.15 ± 0.41
312.2 ± 155.6
95.4 ± 73.0
298.7 ± 127.0
3.69 ± 0.47
227.5 ± 198.0
124.0 ± 57.2
18.4 ± 10.5
6.05 ± 5.64
13.2 ± 1.5
12.08 ± 4.40
250.7 ± 191.0
8.14 ± 1.80

< 0.0010
0.3648
0.0721
0.0208
< 0.0010
0.0012
0.6408
< 0.0010
< 0.0010
0.5677
0.1116
0.1938
0.1015
< 0.0010
< 0.0010
< 0.0010
< 0.0010

1

Results are presented as numbers for qualitative data or as mean ± SD
for quantitative data; 2P values were calculated by the t test or the χ 2 test.
ALP: Alkaline phosphatase; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AAR: AST/ALT ratio; BMI: Body mass index; ChE:
Cholinesterase; GGT: γ-glutamyl transpeptidase; HOMA-IR: Homeostasis
model assessment-insulin resistance.

Anthropometric and biochemical measurements
Body mass index (BMI) was calculated as body weight (kg)
divided by height (m2). Fasted Human blood was collected from all biopsy-proven patients in the morning after
overnight for 12 h. In patients with NAFLD, the blood
cell counts and the serum levels of aminotransferase
(AST), alanine aminotransferase (ALT), alkaline phosphatase (ALP), γ-glutamyl transpeptidase, albumin, ferritin,
cholinesterase (ChE), fasting plasma glucose, fasting immunoreactive insulin, hyaluronan, and collagen Ⅳ were
measured consecutively in the each hospital’s laboratory.
Homeostasis model assessment of insulin resistance
(HOMA-IR) was calculated for NAFLD patients as using
the following formula: fasting insulin (μU/mL) × fasting
plasma glucose (mg/dL)/405.
Histological evaluation
All patients had undergone percutaneous liver biopsy
under ultrasound guidance. Liver biopsies were obtained
with 16 or 18 gauge needle biopsy apparatus. The number of biopsy specimen fragments was one or two. Liver
tissue specimens were fixed in formalin, embedded in
paraffin and stained, and analyzed independently by an
expert pathologist who was blinded to the clinical data.
Fatty liver was defined as the presence of > 5% steatosis. In addition to steatosis, the diagnosis of NASH
was histologically confirmed as the presence of lobular
inflammation, hepatocyte injures including hepatocyte
ballooning cells or perisinusoidal/pericellular fibrosis in
zone 3 of the hepatic acini[4,18,19]. The grading and staging
of NASH was assessed by Brunt’s modified semi-quanti-
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Statistical analysis
Statistical analysis was performed by using SPSS software
version 12.0 for windows (SPSS, Chicago, IL, United
States). Continuous variables were expressed as mean ±
SD. Qualitative data were represented as numbers, with
the percentages indicated within parentheses. The statistical significance of differences between the two groups in
the quantitative data were assessed using the t-test or the
2
χ test. Data sets involving more than two independent
groups were assessed by Kruskal-Wallis test, because the
variables were often not normally distributed. The diagnostic performance was assessed by analysis of receiveroperating characteristic (ROC) curves, and the ROC
curve was a plot of sensitivity versus (1-specificity) for
all possible cutoff values. The probabilities of a truepositive (sensitivity) and true-negative (specificity) were
determined for selected cutoff values, and the area under
the ROC curve (AUROC) was calculated for each index.
Statistical significance was defined as a P < 0.05.

RESULTS
Patient and laboratory characteristics of enrolled
subjects
Using a multicenter database, 1048 biopsy-proven cases
of NAFLD were investigated (fibrosis stage 0, 216; stage
1, 334; stage 2, 270; stage 3, 190; stage 4, 38). The clinical
laboratory data and liver biopsy specimens with characteristics of individuals with fibrosis stages 0-3 and stage
4 (cirrhosis) are shown in Table 1. The age, AST/ALT
ratio (AAR), ALP, hyaluronan, and collagen Ⅳ were significantly higher, and ChE, albumin, hemoglobin, and
platelet were significantly decreased in NAFLD patients
with liver cirrhosis (fibrosis stage 4), compared with those
with no cirrhosis (fibrosis stages 0-3).
Multiple logistic regression analysis of factors related to
fibrosis: Fibrosis stage 0-3 vs fibrosis stage 4 (cirrhosis)
Multiple logistic regression analysis is performed by using
age, AAR, serum ChE, albumin, hemoglobin, platelet,
hyaluronan, and collagen Ⅳ, which were significantly
increased or decreased in NAFLD patients with liver cirrhosis (fibrosis stage 4) compared with NAFLD patients
without cirrhosis (fibrosis stages 0-3), by univariate analysis (P < 0.0001) (Table 2). On the factors using multiple
logistic regression analysis associated with fibrosis stage
0-3 compared with stage 4, AAR (P = 0.0427), serum albumin level (P < 0.001), and platelet (P < 0.001) were the
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1.0

Table 2 Multiple logistic regression analysis of factors
associated with stage 0-3 compared with stage 4 (cirrhosis)

Age (yr)
AAR
Cholinesterase (IU/L )
Albumin (g/dL)
Hemoglobin (g/dL)
Platelet (× 104/μL)
Hyaluronan (ng/mL)
Type Ⅳ collagen 7s

OR

95%CI

P value

0.976
0.122
1.000
5.977
0.988
1.282
1.000
0.941

0.935-1.018
0.054-0.279
0.995-1.005
2.430-14.703
0.761-1.283
1.169-1.405
0.997-1.003
0.883-1.004

0.2610
0.0427
0.9200
< 0.0001
0.9263
< 0.0001
0.8879
0.0671

0.8

Sensitivity

Variables

0.6

0.4
Albumin
Platelet

0.2

AST/ALT

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; AAR:
AST/ALT ratio.
0.0

factors related to progression to cirrhosis.
ROC curve for differentiating stage 4 fibrosis based on
albumin, platelet, and AAR
We performed ROC curve analysis for differentiating
fibrosis stage 4 (cirrhosis) based on albumin, platelet, and
AAR (Figure 1). For detecting cirrhosis (fibrosis stage
4) compared with non-cirrhosis (fibrosis stage 0-3), the
AUROC for AAR, albumin, and platelet was 0.843, 0.898,
and 0.918, respectively. Based on the ROC curve, the cutoff level for the diagnosis of AAR, albumin, and platelet
was set at ≥ 0.9, ≤ 4.0 g/dL, and ≤ 15.3 × 104/mL, respectively. Sensitivity, specificity, negative predictive value
(NPV), and positive predictive value (PPV) of AAR, albumin, and platelet were 76.3%/84.2%/81.6% (sensitivity),
82.9%/84.6%/88.6% (specificity), 98.9%/99.3%/99.2%
(NPV), and 13.9%/17.0%/21.2% (PPV), respectively.
PLALA score (platelet, albumin, AAR)
By multiple logistic regression analysis, three variables remained significant, including platelet, albumin, and AAR.
Thus, these three variables, platelet < 15.3 × 104/μL,
albumin < 4.0 g/dL, and AAR > 0.9, were combined to
form an easily calculated composite score for predicting
NAFLD with cirrhosis, called the PLALA score. The
three variables were given a score of 1 point each (Figure
1), and a score of 0-3 was calculated. Figure 2 shows the
percentage of patients with cirrhosis (fibrosis stage 4)
with a platelet < 15.3 × 104/μL, albumin < 4.0 g/dL, and
AAR > 0.9.
The diagnostic accuracy of the scoring system in distinguishing patients with and without cirrhosis was confirmed in 1048 patients. The percentage of patients with
cirrhosis (fibrosis stage 4) with a PLALA score of 0, 1,
2, and 3 was 0%, 13%, 29%, and 58%, respectively (Figure 3). When using a PLALA score of 2 as a cutoff, the
sensitivity, specificity, NPV, and PPV were 86.8%, 90.8%,
99.5%, and 26.2%, respectively. All of these data were
superior to those of platelet, albumin, and AAR.

DISCUSSION
We developed a simple scoring system to differentiate cir-
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0.0

0.2

Variables

0.4
0.6
1-specificity

0.8

Cutoff values
4

Platelet (× 10 /μL)
Albumin (mg/dL)
AAR

4

< 15.3 × 10 /mL
< 4.0 g/dL
> 0.9

1.0
Score values
1 point
1 point
1 point

Figure 1 Receiver operating characteristic curve. Receiver operating characteristic curve for differentiating fibrosis stage 4 based on albumin, platelet,
and AAR; aspartate aminotransferase (AST)/alanine aminotransferase (ALT)
ratio. PLALA score (platelet, albumin, AAR).

rhosis from non-cirrhosis in NAFLD patients. The three
variables platelet, albumin, and AAR were combined in
an unweighted sum (platelet < 15.3 × 104/μL; 1 point,
serum albumin < 4.0 g/dL; 1 point, and AAR > 0.9; 1
point) and formed an easily calculated composite score
for predicting cirrhosis in NAFLD patients, called the
PLALA score. A PLALA score (2 and 3) was useful for
detecting liver cirrhosis in NAFLD patients (sensitivity,
86.8%; specificity, 90.8%; NPV, 99.5%; PPV, 26.2%).
Bhala et al[21] reported that 2.4% of patients with
NAFLD followed up for approximately 85.6 ± 54.5 mo
developed HCC, and 66.7% of the patients with NAFLDassociated HCC had cirrhosis (fibrosis stage 4). Hashimoto et al[22] reported that 88% of patients with NASHassociated HCC had advanced fibrosis (stage 3 or 4).
Therefore, advanced fibrosis was recognized as an important risk factor for HCC. Furthermore, HCC was the major cause of mortality in NASH patients with advanced
fibrosis[22]. It is important to closely follow cirrhosis patients with NASH. In the field of NAFLD, various scoring systems have been reported, for example NAFIC[23],
FIB4 index[24], HAIR[25], BAAT[26], BARD[13], NAFLD
fibrosis score[27], and N score (Nippon)[28]. These scoring
systems can differentiate NASH from NAFLD or differentiate advanced fibrosis (stages 3 or 4) from mild fibrosis (stage 0-2). However, the PLALA score developed in
our study, with the three variables platelet, albumin, and
AAR, differentiates cirrhosis (stage 4) from non-cirrhosis in the NAFLD patients (stages 0-3), and it is easy to
calculate.
The platelet is one of the most commonly reported
parameters associated with clinically significant portal
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Figure 3 PLALA score and fibrosis stage of 1048 biopsy-proven nonalcoholic fatty liver disease patients.

Figure 2 The percentage of patients with cirrhosis. The percentage of patients with cirrhosis (stage 4) with a platelet < 15.3 ×104/μL, albumin < 4.0 g/dL,
and alanine aminotransferase ratio; aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) ratio (AAR) > 0.9.

hypertension in compensated cirrhosis patients[29]. The
levels of serum albumin reflect the protein-synthesizing
capacity of the liver. Patients with advanced cirrhosis almost always have hypoalbuminemia caused by decreased
protein synthesis in the hepatocytes. AAR reflects fibrosis
of the liver[30,31]. When only one of three values is positive, factors that may cause false-positive low cutoff values for platelet are older age (decreased platelet production), idiopathic thrombocytopenic purpura, idiopathic
portal hypertension, and drugs. Factors that may cause
false-positive low levels of serum albumin are loss of
urinary albumin due to renal dysfunction (e.g., nephritic
syndrome and diabetic nephropathy), severe burns, and
inadequate protein intake. The possibility of false-positive
values for AAR > 0.9 is within the normal range of AST
and ALT.
Liver cirrhosis simultaneously induces liver fibrosis,
portal hypertension, and decreased production of albumin. Thus, PLALA score includes: platelet, which reflects
portal hypertension; albumin, which reflects protein production; and AAR, which reflects liver fibrosis. A PLALA
score of 2 or 3 points is highly diagnostic for liver cirrhosis in patients with false-positive results for NAFLD.
If these NAFLD patients with liver cirrhosis have early
detection of HCC and portal hypertension, such as gastroesophageal varices, it is important for them to need to
be kept under surveillance.
This study had several limitations. The study had a
largely retrospective design. The proportion of patients
with advanced fibrosis was small. Therefore, in contrast
to the NPVs, the PPVs did not have sufficient accuracy
for the diagnosis of advanced fibrosis. Therefore, it
would seem appropriate to consider liver biopsy in all
patients with values above the cutoff of the selected index, PLALA (2 and 3). We previously reported, possibly
for the first time, that transient elastography and acoustic
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Stage 0

PLALA 3

radiation force impulse elastography can be used to measure the severity of fibrosis in patients with NAFLD[32,33].
It is possible that a combination of transient elastography and the aforementioned scoring systems may provide better performance than each of them used alone,
although this needs to be verified. The patients were
recruited from multiple hepatology centers in Japan with
a particular interest in the study of NAFLD; therefore,
the possibility of some referral bias cannot be ruled out.
Patient selection bias could also have existed, because
liver biopsy might have been considered for NAFLD patients who were likely to have NASH and progression of
fibrosis. Thus, the findings may not represent NAFLD
patients in the community at large. We also acknowledge
that the pathological diagnosis was mainly determined using liver tissues derived from percutaneous liver biopsies,
which are prone to sampling errors and/or inter-observer
variability[34,35]. There is a possibility that our results might
not be adaptable for NAFLD patients of other races,
because all participants were Japanese. Because of these
limitations, the present results need to be validated in independent populations by other investigators.
In conclusions, the PLALA score may be an ideal
scoring system for detecting cirrhosis in NAFLD patients, because it is easy to use, cost effective, and accurate. Therefore, we consider that this scoring system
is useful for mass screening by general physicians, using
routine laboratory parameters.
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Background

Nonalcoholic fatty liver disease (NAFLD) is one of the most common causes of
chronic liver damage in many countries around the world. Although liver biopsy
is useful as the gold standard method for diagnosis of nonalcoholic steatohepatitis (NASH) with cirrhosis, it is difficult to perform liver biopsy for every patient
with NAFLD. However, noninvasive markers for predicting cirrhosis in NAFLD
patients have not yet been well established.

Research frontiers

In the field of NAFLD, various scoring systems related liver fibrosis have been
reported, for example FIB4 index, NAFLD fibrosis score. These scoring systems can differentiate advanced fibrosis (stage 3 or 4) from mild fibrosis (stage
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0-2). However, NASH-related cirrhosis (stage 4) is cause of most complication,
especially hepatocellular carcinoma and portal hypertension. Therefore, the
research hotspot is how to find noninvasive scoring systems for detecting with
NASH-associated cirrhosis (stage 4).

Innovations and breakthroughs

The PLALA score developed with the three variables, differentiates cirrhosis (stage
4) from non-cirrhosis in the NAFLD patients (stages 0-3). When using a PLALA
score of 2 as a cutoff, the sensitivity, specificity, negative predictive value, and
positive predictive value were 86.8%, 90.8%, 99.5%, and 26.2%, respectively.
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Applications

The study results suggest that PLALA score is to develop a mass screening
system for general physicians, which can be used for predicting liver cirrhosis in
NAFLD patients, using routine laboratory parameters.
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Terminology

NAFLD is mainly represents a spectrum of liver disease from simple steatosis
to nonalcoholic fatty steatohepatitis, which can progress to cirrhosis and hepatocellular carcinoma, despite the absence of significant alcohol consumption.
PLALA score is constructed from platelet, Alb, AAR. These three variables were
combined to form an easily calculated composite score for predicting NAFLD
with cirrhosis.
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The manuscript aimed to develop a simple noninvasive scoring system for predicting liver cirrhosis in nonalcoholic fatty liver disease patients by using early
available clinical and biochemical variables. This article is interesting, original
and well written, and gives good clues to the readers.
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Abstract
AIM: To compare the outcome of the surgical management of left-sided and right-sided diverticular disease.
METHODS: The medical records of 77 patients who
were surgically treated for diverticular disease between 1999 and 2010 in a tertiary referral hospital
were retrospectively reviewed. The study population
was limited to cases wherein the surgical specimen
was confirmed as diverticulosis by pathology. Rightsided diverticula were classified as those arising from
the cecum, ascending colon, and transverse colon,
and those from the descending colon, sigmoid colon,
and rectum were classified as left-sided diverticulosis.
To assess the changing trend of occurrence of diverticulosis, data were compared with two previous studies of 51 patients.
RESULTS: The proportion of left-sided disease cases
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was significantly increased compared to the results
of our previous studies in 1994 and 2001, (27.5% vs
48.1%, P < 0.05). Moreover, no differences in gender,
body mass index, multiplicity of the diverticula, fever,
or leukocytosis were noted between patients with rightsided and left-sided disease. However, patients with
right-sided disease were significantly younger (50.9
year vs 64.0 year, P < 0.01). Furthermore, left-sided
disease was significantly associated with a higher incidence of complicated diverticulitis (89.2% vs 57.5%, P
< 0.01), combined resection due to extensive inflammation (21.6% vs 5.0%, P < 0.05), operative complications (51.4% vs 27.5%, P < 0.05), and in-hospital
mortality (10.8% vs 0%, P < 0.05), along with longer
post-operative hospitalization duration (21.3 ± 10.2 d
vs 10.6 ± 8.1 d, P < 0.05).
CONCLUSION: Compared with right-sided diverticular
disease, the incidence of left-sided disease in Korea has
increased since 2001 and is associated with worse surgical outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colonic diverticulosis; Diverticular bleeding;
Diverticulitis; Poor surgical outcome; Left-sided diverticulitis
Core tip: In Asian countries, including South Korea, diverticulosis is relatively rare and usually detected on the
right side of the colon. In the present study, the outcome
of the surgical management of left-sided and right-sided
diverticular disease was assessed. The results demonstrate that the incidence of left-sided diverticular disease
in South Korea is increasing. Furthermore, left-sided
disease is generally more severe than right-sided disease
and associated with worse surgical outcomes.
Oh HK, Han EC, Ha HK, Choe EK, Moon SH, Ryoo SB, Jeong

10115

August 7, 2014|Volume 20|Issue 29|

Oh HK et al . Surgical management of colonic diverticulitis

INTRODUCTION
Diverticulosis is prevalent in Western countries, and primarily involves multiple pseudo-diverticula, with secondary causes, in the sigmoid colon on the left side[1]. However, diverticula are less common in Asian populations,
including Koreans, and develop 10-20 years earlier than
in Western populations. These diverticula usually occur
as single, congenital, true forms involving the right colon
around the appendix[2,3]. The incidence of diverticulosis
has recently increased in Asian populations, nearing that
of Western countries[4,5], which may be due to a more
westernized diet, aging population, increase in colonoscopic screening, and better diagnostic methods.
Although colonic diverticulosis is usually asymptomatic, 10%-20% of patients develop diverticulitis[6]. Patients
with uncomplicated diverticulitis generally respond well
to outpatient, conservative treatment, such as oral antibiotics. However, surgical treatment may be required for recurrent cases, those with recurrent diverticular bleeding,
and for diverticulitis complicated by abscess formation,
perforation, intestinal obstruction, or fistula formation[7].
Western countries have developed guidelines for the management of diverticulosis, primarily for left-sided disease,
and have recommended the use of surgical techniques,
such as colostomy and multistep resection. Percutaneous
abscess drainage and elective surgical techniques, including laparoscopy, have also been used[8]. However, no clear
guidelines have been established for right-sided disease,
and it is not known whether the guidelines for left-sided
disease can also be applied.
Studies evaluating the incidence of colonic diverticulosis in South Korea have largely focused on rightsided disease and included relatively small numbers of
subjects[9-11]. Previous studies by our group reported in
1994 and 2001 also revealed a relatively high incidence
of right-sided diverticulosis[12,13]. Therefore, to provide a
more thorough and current assessment, the present study
compared the outcomes of surgical management of
right-sided and left-sided diverticular diseases and related
these findings to those of our previous studies.

MATERIALS AND METHODS
Patient selection
Patients who were surgically treated with open colectomy
for symptomatic diverticular disease at the Department
of Surgery in Seoul National University Hospital from
November 1999 to July 2010 were retrospectively investigated. The medical records were reviewed to collect
data concerning patient characteristics, disease complications, operative procedures, morbidity, and mortality. The
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Figure 1 Incidence of colonic diverticular disease according to age group.
The mean age of the patients was 57.2 years (range: 19-87 years). After the
patients were divided into age groups with 10-year intervals, the 60-69 years
age group had the largest number of patients (n = 18, 23.4%).

study population was limited to cases where diverticulosis
(with or without inflammation) was confirmed by pathology from a surgical specimen. Diverticula arising from
the cecum, ascending colon, and transverse colon were
classified as right-sided, and those from the descending
colon, sigmoid colon, and rectum were classified as leftsided diverticulosis. Colonic diverticulitis was categorized
into three groups according to the clinical manifestations:
diverticular bleeding, uncomplicated diverticulitis, and
complicated diverticulitis. Complicated diverticulitis was
further divided into four grades of severity according to
the Hinchey classification system[14]. This study was approved by the Institutional Review Board of the Seoul
National University Hospital (IRB No. H-1104-025-357).
Statistical analysis
All analyses were performed with SPSS version 18.0 for
Windows (SPSS Inc., Chicago, IL, United States). Statistical analysis of nominal variables was performed with the
2
χ test or Fisher’s exact test, where appropriate. Student’s
t-tests were used to analyze continuous variables. P-values
less than 0.05 were considered to indicate statistically significant differences.

RESULTS
Gender and age distribution of patients
A total of 77 patients were treated for symptomatic diverticular disease during the study period, including 49
men and 28 women with a mean age of 57.2 years (range:
19-87 years). The largest number of patients was in the
60-69 years age group (18; 23.4%) (Figure 1).
Symptoms and signs
Nine patients (9; 11.7%) had diverticular bleeding without
clinically significant inflammation and 68 (68; 88.3%) had
diverticulitis. Fifty-six cases (56; 72.7%) were classified
as complicated diverticulitis. The most common surgical
indication was colonic perforation (26; 33.8%), treated
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Table 3 Postoperative outcomes according to the site of
diverticular disease n (%)

Table 1 Diverticular disease distribution n (%)
Site

Number of cases according to study periods
[12]

1982.3-1993.6
Right colon
Left colon
Bilateral
Total

18 (75.0)
3 (12.5)
3 (12.5)
24

[13]

1993.7-1999.9
13 (48.1)
11 (40.7)
3 (11.1)
27

Right (n = 40) Left (n = 37) P value

Variables

1999.10-2010.7

Operation time (min)1
Combined resection
Postoperative hospital stay (d)1
Complications
Mortality

40 (51.9)
37 (48.1)
0 (0)
77

122.4 ± 41.6
2 (5.0)
10.6 ± 8.1
11 (27.5)
0 (0)

141.9 ± 51.1
8 (21.6)
21.3 ± 10.2
19 (51.4)
4 (10.8)

0.07
0.04
0.01
0.03
< 0.05

1

Date are expressed as mean ± SD.

Table 2 Clinical characteristics according to the site of
diverticular disease n (%)

ticula, fever, or leukocytosis (Table 2). All nine patients
who had diverticular bleeding had right-side diverticulosis, whereas complicated diverticulitis was more commonly associated (33/37; 89.2%) with left-sided disease
(P < 0.01) (Table 2).

Right (n = 40) Left (n = 37) P value

Variables
Age (yr)1
Gender (M/F)
Disease category
Diverticular bleeding
Uncomplicated diverticulitis
Complicated diverticulitis
Smoking
Alcohol consumption
BMI1
Fever
Leukocytosis
Multiple sites

50.9 ± 15.0
29/11

64.0 ± 14.0
20/17

9 (22.5)
8 (20.0)
23 (57.5)
14 (35.9)
21 (52.5)
23.8 ± 2.5
14 (35.0)
14 (35.0)
22 (55.0)

0 (0)
4 (10.8)
33 (89.2)
8 (21.6)
7 (18.9)
23.2 ± 3.0
8 (21.6)
17 (45.9)
28 (75.7)

< 0.01
0.09
< 0.01

0.19
< 0.01
0.35
0.19
0.33
0.06

1

Date are expressed as mean ± SD. BMI: Body mass index.

by emergency operation. Intraperitoneal abscess was the
second most common indication (17; 22.1%), for which
preoperative percutaneous drainage was performed in six
cases (6; 35.3%). Recurrent abdominal pain occurred in
14 patients (14; 18.2%) with symptom duration ranging
from 3-74 mo. Seven of these patients were operated
on for a second attack, five patients were operated on
for a third attack, and two were operated on for more
than four attacks. Additional indications included lower
gastrointestinal bleeding (9; 11.7%) and sigmoidovesical intraperitoneal fistulae (7; 9.1%). Four preoperatively
undiagnosed abdominal masses (4; 5.2%), previously
misdiagnosed as colon cancer or locally invasive bladder cancer, were eventually diagnosed as diverticulitis by
pathologic examinations.
Comparison of right- and left-sided diverticulosis
Right-sided diverticulosis (40; 51.9%) was slightly more
common than left-sided diverticulosis (37; 48.1%). The
sigmoid colon was the most frequently involved site (35;
45.5%), followed by the ascending colon (22; 28.5%), cecum (18; 23.4%), descending colon (1; 1.3%), and upper
rectum (1; 1.3%). Compared with the combined results
of our previous studies in which 27.5% of cases had
left-sided diverticulosis, the proportion of patients with
left-sided disease was significantly higher in the present
study (P < 0.01) (Table 1). The age of patients with leftsided disease was significantly older than for right-sided
disease (P < 0.01), but there were no significant differences between the right- and left-sided disease groups in
terms of gender, body mass index, multiplicity of diver-
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Classification of surgical operations
Hemicolectomy (n = 24) was more commonly performed
for right-sided disease, followed in frequency by ileocecal
resection (n = 13) and subtotal colectomy for bleeding
(n = 2). Hartmann’s operation (n = 19) was frequently
performed for left-sided disease, and in 18 cases, colonic
anastomosis was possible after sigmoid colectomy. Leftsided diverticulosis was significantly associated with longer postoperative hospitalization, combined resection of
the small intestine or bladder, operative complications,
and higher mortality (all P < 0.05) (Table 3).
Surgery for diverticular bleeding
All nine cases of colonic resection due to diverticular
bleeding without inflammation involved patients who
had right-sided diverticulosis. The surgical indications
included recurrent bleeding in six cases, hemodynamic
instability due to massive bleeding in two cases, and the
need for continuous transfusion in one case. The mean
age was 64.2 years (range: 43-74 year), which was slightly
higher than that of the diverticulitis group (mean: 56.3
year). Seven cases were surgically treated with right hemicolectomy, and two patients underwent subtotal colectomy, as the bleeding site could not be identified. The mean
duration of postoperative hospitalization was 9.2 d (range:
4-20 d). There were no mortalities among these patients,
with three postoperative complications noted: pneumonia, wound infection, and re-bleeding.
Surgery for diverticulitis according to the Hinchey
classification
Cases of complicated diverticulitis were classified by severity according to the Hinchey classification (Table 4).
Eight of 68 patients were immunocompromised due to
immunosuppressive therapy after kidney transplantation,
chemotherapy, hematological cancer, or long-term steroid
use (Table 5). Although the incidence of postoperative
morbidity in the immunocompromised patients was not
significantly different from that in the immunocompetent
patients, the mortality rate was significantly higher (P <
0.01). Death in all of the immunocompromised patients

10117

August 7, 2014|Volume 20|Issue 29|

Oh HK et al . Surgical management of colonic diverticulitis
Table 4 Postoperative outcomes of diverticulitis according to
Hinchey’s criteria n (%)

Right/left
Emergency
Two-stage operation
Operation time (min)1
Complications
Mortality

No peritonitis
(n = 43)

Peritonitis
(n = 25)

P value

25/18
4 (9.3)
1 (2.3)
125.1 ± 46.3
8 (18.6)
0 (0)

6/19
24 (96.0)
20 (80.0)
144.8 ± 44.2
19 (76.0)
4 (16.0)

0.01
< 0.01
< 0.01
0.09
< 0.01
0.02

Table 5 Postoperative outcomes of diverticulitis according to
the preoperative immune status n (%)
Immunocompetent Immunocompromised P
(n = 60)
(n = 8)
value
Right/left
Symptom duration (d)1
Hinchey grade 3, 4
Emergency operation
Two-stage operation
Complications
Mortality

29/31
238.2 ± 66.3
19 (31.7)
22 (36.7)
14 (23.3)
22 (36.7)
0 (0)

2/6
7.0 ± 1.8
6 (75.0)
6 (75)
7 (87.5)
5 (62.5)
4 (50.0)

0.28
< 0.01
0.04
0.06
< 0.01
0.25
< 0.01

1

Date are expressed as mean ± SD. The no peritonitis group includes
patients with uncomplicated diverticulitis or complicated diverticulitis
classified as Hinchey grade 1 or 2. The peritonitis group includes patients
with complicated diverticulitis classified as Hinchey grade 3 and 4.

was associated with perforated diverticulitis.

DISCUSSION
Autopsy and radiologic findings indicate that colonic
diverticulosis is present in 35%-50% of the population
in Western countries, rarely in the right side, and most
commonly involving the sigmoid colon[15-17]. Although
diverticulosis is relatively rare in Asian countries, usually detected in the right side of the colon, the incidence in patients undergoing colonoscopy is increasing
(12.1%-9.7%)[4,18]. In most cases, right-sided diverticula
are congenitally formed as a result of the out-pouching
of the whole layer of the weakened intestinal wall[19].
In contrast, left-sided disease is usually associated with
secondary causes, including diet, constipation, increased
colonic pressure, defecation habits, and irritable bowel
syndrome. Consequently, left-sided diverticulosis more
commonly occurs in older patients in South Korea[20,21],
as indicated by the present study.
Diverticulosis without inflammation is usually asymptomatic, though right-sided diverticulosis is associated
with massive bleeding due to the presence of a relatively
thinner intestinal wall[22]. Diverticular bleeding is the most
common cause (30%-40%) of lower gastrointestinal
bleeding among the elderly, particularly with comorbidities[23]. It rarely occurs as a complication of diverticulitis.
Although more than 80% of cases of diverticular bleeding spontaneously resolve with conservative treatment,
surgical treatment may be required for recurrent bleeding,
hemodynamic instability due to massive bleeding, and
require continuous transfusion[24]. The risk for postoperative recurrent bleeding following a segmental resection
for a localized bleeding site is reported to be approximately 14%[25,26]. If the bleeding site cannot be localized,
a subtotal colectomy can be indicated. In the present
study, one patient underwent a subtotal colectomy because of re-bleeding 18 d after a right hemicolectomy was
performed for bleeding identified in the ascending colon
by preoperative colonoscopy.
The indications for colectomy after conservative
treatment of acute diverticulitis should be based on
the clinical manifestations rather than the number of
recurrences, in accordance with the guidelines of the

WJG|www.wjgnet.com

1

Date are expressed as mean ± SD.

American Society of Colorectal Surgery[8]. The clinical
manifestations of diverticulitis include fever, abdominal
pain, and tenderness. In some cases, a tender abdominal
mass, colonic obstruction, and diffuse peritonitis may be
present[7]. However, in a case of complicated diverticulitis
with fistula, adhesion, or abscess, surgical intervention is
recommended even if conservative treatment is temporarily successful, as long-term resolution of the disease is
unlikely. The symptoms of colonic diverticulitis differ according to the location of the involved site, and right-sided diverticulitis is often difficult to distinguish from acute
appendicitis[27]. Although there are no surgical guidelines
for the management of right-sided disease, right hemicolectomy or ileocecal resection is usually performed,
depending on the extent and severity of the diverticulitis.
Although Welch et al[28] recommended a one-stage
operation with resection of the involved site, a two-stage
operation with Hartmann’s procedure is performed if
severe contamination of the peritoneum is present. This
was the technique of choice in 19 cases in the present
study, whereas primary anastomosis was possible after
colonic resection in the remaining cases. Left-sided disease frequently required a multi-stage operation and was
more often associated with postoperative morbidity and
mortality than right-sided diverticular disease, likely due
to the progression of the disease to a more complicated
form. It has been argued that the higher complication
rate and recurrence in younger patients is a result of delayed diagnosis[29]. However, it has also been suggested
that this increased disease severity warrants a more aggressive surgical treatment[30]. In the present study, surgical procedures did not vary according to patient age or
gender, or location of the diverticulosis. However, among
immunocompromised patients, diverticulitis manifested
as colonic perforation in 40% of cases, of which the
majority required an emergency operation, which is consistent with previous reports[31-33]. The rapid progression
of diverticulitis due to impaired control of inflammation
is likely to be responsible for the high mortality rate[34].
Therefore, a two-stage operation with resection of the
involved site is preferred over a primary anastomosis.
A limitation of the present study is that it was of a
retrospective design. In addition, the patients were operated on at a tertiary referral hospital and were therefore
likely to have therapeutically nonresponsive diverticulitis.
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Thus, the conclusions of this study may not apply to the
general population. However, to the best of our knowledge, this is the only study comparing the surgical outcomes of right-sided and left-sided colonic diverticular
disease from a single institute.
In conclusion, the proportion of left-sided diverticulosis is increasing in South Korea. Because left-sided colonic diverticular disease is associated with older age and
with more complicated disease expression with worse
outcomes, surgeons should be particularly attentive in assessing surgical indications.
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RESULTS: A total of 148 consecutive cases (CCK
group: 74, no CCK group: 74) were tallied. Overall
there were 234 ESWLs and 228 ERCPs in the 148 cases. The use of CCK showed a significantly higher rate
of successful stone removal in the first ESWL/ERCP procedure (71.6% vs 55.4%, P = 0.035), but resulted in
similar outcomes in the second (42.8% vs 39.4%) and
third (41.7% vs 40.0%) sessions, as well as total stone
clearance (90.5% vs 83.8%). The use of mechanical lithotripsy was reduced in the CCK group (6.8% vs
17.6%, P = 0.023), and extremely large stone (≥ 30
mm) removal was higher in the CCK group (72.7% vs
41.7%, P = 0.038).
CONCLUSION: CCK during ESWL can aid with the
clearance of CBD stones in the first ESWL/ERCP session. Mechanical lithotripsy usage was reduced and the
extremely large stone (≥ 30 mm) clearance rate can
be raised.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Common bile duct stones; Extracorporeal
shockwave lithotripsy; Endoscopic retrograde cholangiopancreatography; Cholecystokinin

Abstract
AIM: To evaluate the effect of cholecystokinin (CCK)
during extracorporeal shockwave lithotripsy (ESWL) in
the clearance of common bile duct (CBD) stones in endoscopic retrograde cholangiopancreatography (ERCP).
METHODS: Between January 2007 and September
2012, patients with large CBD stones who were treated
with ESWL and ERCP were identified retrospectively.
Patients were randomized in equal numbers to cholecystokinin (CCK) and no CCK groups. For each CCK
case, a dose (3 ng/kg per min for 10 min) of sulfated
octapeptide of CCK-8 was administered intravenously
near the beginning of ESWL. ERCP was performed 4 h

WJG|www.wjgnet.com

after a session of ESWL. The clearance rate of the CBD
was assessed between the two groups.

Core tip: Extracorporeal shockwave lithotripsy (ESWL)
and endoscopic retrograde cholangiopancreatography
(ERCP) are frequently used for patients with large common bile duct (CBD) stones. Cholecystokinin can relax the
sphincter of Oddi by binding to its inhibitory receptors.
The effect of cholecystokinin (CCK) during ESWL on CBD
stone clearance in the following ERCP has not previously
been reported. The results of our research suggested that
CCK during ESWL can aid the clearance of CBD stones
in the first ESWL/ERCP session. Additionally, mechanical
lithotripsy usage was reduced and the extremely large
stone (≥ 30 mm) clearance rate can be raised.
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INTRODUCTION
The prevalence of common bile duct stones increases
with age, and their treatment is difficult. Endoscopic retrograde cholangiopancreatography (ERCP) is a well-established standard method for treating common bile duct
stones[1]. This technique was initially introduced by Kawai
et al [1] in 1974. About 80% to 90% of common bile
duct (CBD) stones can be extracted using conventional
techniques such as via a retrieval basket or balloon catheter[2-4]. Among the reasons for failure of conventional
endoscopic therapy are impacted stones, extremely large
stones, stones located intrahepatically, or stones proximal
to bile duct stenosis. Extracorporeal shock wave lithotripsy (ESWL) was first introduced in the 1980s for the
fragmentation of renal and ureteric calculi[5]. Its application was quickly extended to large biliary and pancreatic
stones. Sauerbruch et al[6] proved the efficacy of ESWL
in successfully fragmenting CBD stones in about 90% of
patients with mild complications.
Cholecystokinin (CCK) is a member of the ‘gut-brain’
family of peptide hormones. It performs many regulatory functions in the gut and brain by binding to G-coupled CCK receptors located on the target organs. CCK-1
receptors are present primarily in the gastrointestinal
tract, myenteric plexus, and vagal afferents, while CCK-2
receptors are present primarily in the brain. CCK-1 is
highly specific for binding sulfated CCK, while CCK-2
binds gastrin and CCK with equal affinity. Sulfated octapeptide of CCK-8 binds CCK-1 receptors located on
the smooth muscle wall of the gallbladder, making the
gallbladder contract and secreting bile into the intestine.
It simultaneously relaxes the sphincter of Oddi by binding to its inhibitory receptors[7,8]. There are reports that
diuresis during ESWL for ureteral stones resulted in superior stone fragmentation and clearance compared with
standard ESWL[9,10]. The presence of a ﬂuid interface
between the ureteral wall and the stone was reported as
an important factor for successful stone fragmentation[11].
In addition, there is a report that the initial shocks cause
cracking of the outer stone shell which can then cause
urine to penetrate deeper into the stone, thus making an
internal ﬂuid/stone interface[12]. Therefore, we hypothesized that CCK may aid fragmentation of CBD stones
by creating a ﬂuid-ﬁlled space at the circumference or
within stones, thereby enhancing the coupling of shock
waves. The effect of CCK during ESWL on CBD stones
has not previously been reported.
The aim of this study was to evaluate the effect of
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CCK administered during ESWL on the clearance of
CBD stones at ERCP.

MATERIALS AND METHODS
The study was approved by the Ethics Committee of
Zibo Central Hospital. It was conducted at the Department of Gastroenterology in Zibo Central Hospital,
which is a tertiary referral hospital in Zibo, Shandong
Province, China. All patients signed informal consent for
the endoscopic procedures and ESWL treatment. The
inclusion criteria were adult patients with CBD stones
who underwent an unsuccessful initial ERCP due to
large stone size. Before ERCP, a nasobiliary tube (NBT)
or biliary stent was placed in all patients to irrigate the
stones and visualize the calculi during ESWL. The number and diameter of stones were assessed at a pre-ESWL
X-ray or computed tomography (CT) scan. If multiple
stones were detected, the largest single stone diameter
was tallied. Patients were treated with ESWL (14-26 kV)
followed by ERCP in the two hospitals. For CCK cases,
3 ng/kg per minute of sulfated octapeptide of CCK-8
(ChiRhoStim™, Bell-More Labs, Inc., Hampstead, MD)
was infused over 10 min through an infusion pump
before ESWL at the discretion of the managing physician. A high CCK dose is reported to induce cystic duct
contraction and the subsequent non-emptying of the
gallbladder. About 26% of healthy subjects given 20-40
ng/kg CCK-8 over 3 min develop abdominal pain, and
many show no gallbladder emptying at all. ESWL was
performed by experienced gastroenterologists using an
electro-hydraulic spark gap lithotripter (HealthTronics,
Austin, TX). Patients were treated in the prone position
and under general anesthesia with continuous monitoring. Common bile duct stones were localized and targeted by an X-ray focusing system. ESWL was carried
out at a rate of 90 shocks/min for 10 min at an intensity
of 4 (in a scale of 1-6 corresponding to 11000-16000
kV). All patients were subjected to a maximum of 5000
shocks per session, unless the stones were earlier fragmented to less than 5 mm. ERCP was carried out 4 h
after a session of ESWL in order to clear the fragments
using a retrieval basket or balloon catheter, unless the
stone passed spontaneously. Clearance of the CBD was
assessed after ﬁnal procedures with procedure reports,
plain ﬁlms, ERCP ﬁlms, and/or abdominal CT.
The deﬁnition of degree of CBD clearance after
ERCP was as follows: Complete successful clearance:
CBD stones were successfully fragmented to less than
5 mm in size and more than 90% of fragments were
cleared using a balloon or basket. Partial successful clearance: stones were fragmented to larger than 5 mm, there
was clearance of more than 50% of the stone volume,
and an additional retrieval device such as mechanical lithotripter was required to clear the large fragments. Unsuccessful clearance: stones were fragmented to larger than 5
mm in size and the stone clearance was less than 50%.
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Table 1 Baseline characteristics of the patients in the two
groups n (%)

Age (yr, mean ± SD)
Sex (male/female)
Bile duct stricture
Pre-cut sphincterotomy
Altered anatomy
Multiple stones
Stone size (mm), mean ± SD)
≥ 30 mm stone

CCK group
(n = 74)

No CCK group
(n = 74)

P value

67.5 ± 5.6
40/34
32 (43.2)
39 (52.7)
21 (28.4)
29 (39.2)
18.6 ± 2.4
11 (14.9)

69.2 ± 6.3
38/36
30 (40.5)
40 (54.1)
19 (25.7)
26 (35.1)
17.2 ± 3.4
12 (16.2)

0.542
0.338
0.292
0.451
0.319
0.267
0.326
0.195

Analysis of characteristics of patients enrolled in the study. Patient baseline characteristics include age, sex, bile duct stricture, pre-cut sphincterotomy, altered anatomy, multiple stones, stone size, and the presence of
extremely large stones (≥ 30 mm). There were no significant differences
between patients in the cholecystokinin (CCK) and no CCK groups in
terms of these characteristics.

Statistical analysis
Data was expressed by mean ± SD. We used the χ 2 test
or the Fisher exact test for non-continuous variables and
the Student t test for continuous variables in the statistical analysis course. SPSS 12.0 (SPSS Inc., Chicago, United
States) was used in the analytical procedure. A P value
below 0.05 was considered statistically significant.

RESULTS
A total of 148 consecutive patients (CCK group: 74, no
CCK group: 74) were included in this study. Clinical characteristics are summarized in Table 1. There was no significant difference between the two groups with respect
to bile duct stricture (43.2% vs 40.5%, P = 0.292), precut sphincterotomy (52.7% vs 54.1%, P = 0.451), stone
size (18.6 ± 2.4 mm vs 17.2 ± 3.4 mm, P = 0.326), altered
anatomy (28.4% vs 25.7%, P = 0.319), and patients who
had multiple stones (39.2% vs 35.1%, P = 0.267) and
extremely large stones (≥ 30 mm; 14.9% vs 16.2%, P =
0.195).
The patient ﬂow diagram is summarized in Figure 1.
Overall, there were 234 ESWLs and 228 ERCPs in the
148 patients. Stones passed spontaneously in 6 patients
after ESWL treatment, 4 patients in the CCK group, and
2 patients in the no CCK group. In the analysis of the
first ESWL/ERCP session, the use of CCK showed a
significantly higher rate of complete post-ERCP CBD
clearance (71.6% vs 55.4%, P = 0.035). In the second
and third sessions, there was no significant difference
in complete stone clearance between the two groups,
and it was achieved in 9 of 21 patients (42.8%), 5 of 12
patients (41.7%) in the CCK group; in 13 of 33 patients
(39.4%), 8 of 20 patients (40.0%) in the no CCK group.
The overall successful stone clearance had no significant
difference between the two groups, with 90.5% in the
CCK group and 83.8% in the no CCK group, P = 0.178
(Table 2). For patients whose stones could not be cleared
completely during the first ESWL/ERCP session, the

WJG|www.wjgnet.com

main reasons were larger stone size, presence of numerous stones, or both. As for the 21 patients in the CCK
group, size ≥ 30 mm, number ≥ 5, both size ≥ 30 mm
and number ≥ 5, and ‘‘other’’ were identified in 7, 7, 2,
and 5 patients, respectively. As for the 33 patients in the
no CCK group, the numbers were 8, 13, 4, and 8, respectively. Stones cleared by conventional methods were
similar between both groups (92.8% vs 90.2%, P = 0.315),
but the CCK group did show reduced mechanical lithotripsy use (6.8% vs 17.6%, P = 0.023), and extremely large
(≥ 30 mm) stone removal was higher in the CCK group,
with 72.7% (8/11) vs 41.7% (5/12), P = 0.038 (Table 3).
Reasons for failure were impacted stones and stones
present above a stricture. These patients were subjected
to surgical procedure for stone removal after failed stone
clearance in the third ESWL/ERCP session. Post-ERCP
complications had no significant difference between the
two groups (8.7% vs 8.0%, P = 0.528). For the 9 patients
in CCK group, post-ERCP complications included pancreatitis, cholangitis, and hemobilia, and occurred in 4, 4,
and 1 patients, respectively. As for the 10 patients in the
no CCK group, the numbers were 5, 3, and 2, respectively (Table 4). Post-ESWL complications included purpuric
spots and skin ecchymosis; these needed no treatment
and generally disappeared within a week. Severe complications such as splenic rupture, ductal perforation, and
necrotizing pancreatitis did not occur in the patients. The
most common reversible side effect in the CCK intravenous injection test was upper abdominal pain. There
was usually a feeling of abdominal bloating and satiety
associated with the symptom. There were some other
symptoms including nausea, vomiting, light-headedness,
and occasional heartburn. In our study the above adverse
effects were mild and no patient had such severe symptoms that the injection had to be stopped due to distress,
with all occasional mild discomfort being alleviated by atropine and loxiglumide. There was no procedure-related
mortality among patients in our study and no obvious
allergic symptom from CCK administration.

DISCUSSION
Bile duct stones may cause jaundice, cholangitis, pruritus,
or biliary pancreatitis.
Since the introduction of ERCP in 1974, there has
been much progress regarding this procedure for the
treatment of CBD stones. Today it has been recognized
worldwide as the first-line treatment for CBD stones[13].
ESWL of bile duct stones can be performed using kidney
lithotripters[14-16], and its efﬁcacy in the treatment of CBD
stones has been reported in many studies[17,18].
Fragmentation alone may or may not be adequate
for ductal clearance. To facilitate ductal clearance and
decompression, endoscopic therapy is usually performed
after ESWL in order to clear fragments and address any
ductal strictures by balloon dilation with or without stenting. Accordingly, ESWL overcomes the problem of largesized stones by fragmenting them and reducing the stone
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CCK (n = 74)

st

1 ESWL (n = 148)

No CCK (n = 74)
ERCP (n = 144)

No ERCP (n = 4)
CCK (n = 21)

CCK (n = 71)

No CCK (n = 73)

nd

2 ESWL (n = 54)

No CCK (n = 33)

n = 54

ERCP (n = 52)

CCK (n = 20)

No ERCP (n = 2)

rd

No CCK (n = 32)

3 ESWL (n = 32)

n = 32

ERCP (n = 32)

CCK (n = 12)

No CCK (n = 20)

7 failed

12 failed

Figure 1 Summarized patient ﬂow in the three sessions of extracorporeal shock wave lithotripsy/endoscopic retrograde cholangiopancreatography procedure. A total of 148 patients in the CCK and no CCK groups were subjected to three sessions of ESWL/ERCP procedure. After a session of ESWL, the common bile
duct was cleared by ERCP unless the stone passed spontaneously. Patients that failed to be successfully treated with ERCP were subjected to following ESWL/ERCP
treatment. CCK: Cholecystokinin; ESWL: Extracorporeal shock wave lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography; No ERCP: Stone passed
spontaneously after ESWL treatment and did not require ERCP treatment.

burden, thus facilitating endoscopic clearance of the
bile duct. In the literature, the complete clearance of the
CBD can be achieved in 75%-85% of patients[19,20]. Similarly, our overall complete CBD clearance was 87.2%.
Previous studies have shown improved stone clearance with the use of diuretics prior to ESWL for ureteral
stones[9,10]. In our report, the CCK group showed higher
complete CBD clearance than the no CCK group in the
ﬁrst ESWL/ERCP session (71.6% vs 55.4%, P = 0.035).
We thought the dose (3 ng/kg per minute for 10 min)
of sulfated octapeptide of CCK-8 injected intravenously
near the beginning of ESWL in our test could cause gallbladder contraction and secretion of bile and pancreatic
fluid into the intestine, as well as simultaneously relaxing
the sphincter of Oddi by binding to its inhibitory receptors; therefore it may aid in the fragmentation of bile
duct stones by creating a fluid-filled space at the circumference or within stones, thereby enhancing the coupling
of shock waves. Bile and pancreatic fluid might facilitate
the flushing out of stone fragments during ESWL. The
overall complete clearance rate for CBD stones had
no significant difference between the two groups, with
90.5% vs 83.8%, P = 0.178. Complete CBD clearance in
the second and third sessions of ESWL/ERCP treatment
did not show a significant difference between the two
groups. We thought the number of patients subjected to
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second and third sessions of ESWL/ERCP treatment
might be too small to have a statistical significance. It
also reflected the effectiveness of multiple sessions of
ESWL for common bile duct stones in our study. More
treatment sessions were to some extent correlated with
a greater stone number and a larger size of stones. The
stone clearance rate could reach above 80.0% in the two
groups by using conventional methods such as balloon
and basket. The clearance rate [72.7% patients for CCK
group (8/11) vs 44.4% patients for no CCK group (4/9)]
of extremely large stones (≥ 30 mm) and the rate of
mechanical lithotripsy use (6.8% vs 17.6%, P = 0.023)
showed a significant difference between the two groups.
Our results correspond with those of previous studies
concerning overall stone clearance[21,22]. In our study, the
CCK group showed better results in the removal of common bile duct stones in the first ESWL/ERCP procedure
and reduced overall mechanical lithotripsy use. Although
this difference might be due to various factors (such extent of ERCP, size of stone and the dilating balloon, the
shape of the stone, and the bile duct), we think that CCK
use is the most important factor in raising the clearance
rate of large common bile duct stones and reducing mechanical lithotripsy use.
In previous studies, the presence of a downstream
stricture, stone size, and location inﬂuenced stone frag-
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Table 4 Complications in cholecystokinin group and no cholecystokinin group n (%)

Table 2 Endoscopic stone removal after extracorporeal shock
wave lithotripsy/endoscopic retrograde cholangiopancreatography procedure n (%)

CCK group
Attempt
First
Second
Third
Total

CCK group (n = 74) No CCK group (n = 74)
53/74 (71.6)
9/21 (42.8)
5/12 (41.7)
67/74 (90.5)

41/74 (55.4)
13/33 (39.4)
8/20 (40.0)
62/74 (83.8)

P value

Complications, post-ERCP
Pancreatitis (mild)
Cholangitis (mild)
Hemobilia (mild)
Bowel perforation
Procedure-related mortality
Complications, post-ESWL
Purpuric spots
Skin ecchymosis
Splenic rupture
Lung trauma
Necrotizing pancreatitis
Procedure-related mortality

0.0351
0.218
0.346
0.178

1

Analysis of endoscopic stone removal after ESWL/ERCP procedure in
the two groups. Successful stone clearance rate after the first session of
ESWL/ERCP procedure showed a significant difference between the CCK
group and no CCK group (P < 0.05). common bile duct clearance rate after
the second and third sessions of ESWL/ERCP procedure and total clearance rate did not show a significant difference. CCK: Cholecystokinin;
ESWL: Extracorporeal shock wave lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography.

Table 3 Extraction methods and success rate after extracorporeal shock wave lithotripsy/endoscopic retrograde cholangiopancreatography procedure n (%)
Extraction method

Balloon or Dormia basket
Mechanical lithotripsy
Stone size
15-30 mm
≥ 30 mm
Total

Success rate
CCK group
(n = 74)

No CCK group
(n = 74)

P value

64/69
3/5

55/61
7/13

0.315
0.0231

59/60
8/11
67 (90.5)

57/62
5/12
62 (83.8)

0.415
0.0382
0.178

1

Analysis of extraction methods and success rate after ESWL/ERCP procedure in the two groups. Patients needing balloon or Dormia basket to
clear CBD stones did not show a significant difference between the CCK
group and the no CCK group, while mechanical lithotripsy usage was
significantly different (P < 0.05); 2Successful clearance rate of patients with
stones 15-30 mm was similar between the two groups, but clearance rate
of patients with stones ≥ 30 mm between the two groups show significant
difference (P < 0.05). CCK: Cholecystokinin; ESWL: Extracorporeal shock
wave lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography.

mentation and clearance[23]. In our study, main common
bile duct strictures were balloon dilated in nearly all cases.
Such treated strictures were not a negative factor for
stone clearance in our study. Previous studies reported
there was a signiﬁcantly improved complete CBD clearance rate in cases with previous biliary sphincterotomy or
biliary stent (vs no sphincterotomy or stent). It is probable that cases permitting stent placement had lower grade
strictures and fewer impacted stones. In our study, a
nasobiliary tube or biliary stent was placed in all patients,
which may be an important therapeutic effect allowing
high complete stone clearance in our study.
The mean number of ESWL sessions per case varied from 2.5 to 5.0 in published series[24-26]. However, in
our study above 80% of patients in the two groups got
successful CBD clearance after three sessions of ESWL/
ERCP treatment. The equipment to facilitate ERCP has
developed in the last few years, which may explain the
fewer sessions of ESWL/ERCP in our study. This also
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9/103 (8.7)
4
4
1
0
0
8/107 (7.5)
5
3
0
0
0
0

No CCK group P value
10/125 (8.0)
5
3
2
0
0
10/127 (7.9)
6
4
0
0
0
0

0.528

0.673

Analysis of complications in CCK group and no CCK group. These include post-ERCP and post-ESWL complications. The overall post-ERCP
and post-ESWL complications are not significantly different between the
two groups. CK: Cholecystokinin; ESWL: Extracorporeal shock wave lithotripsy; ERCP: Endoscopic retrograde cholangiopancreatography.

reﬂected by experience of ERCP at our hospital when
dealing with large common bile duct stones.
Post-ERCP complications (8.7% vs 8.0%, P = 0.528)
and post-ESWL complications (7.5% vs 7.9%, P = 0.673)
had no significant difference between the two groups.
Perforation did not occur in all patients. Cholecystitis occurred in 4 and 3 patients in the two groups respectively,
and was relieved by antibiotics. The rate of pancreatitis
after ESWL/ERCP was acceptable and was low compared to those of other studies [14,18,27]. In the present
study, the bleeding and cholangitis rates were similar to
1% to 3.0% rates reported by Cotton et al[28] or a MeSH
study[29]. However, the clinical implications and fewer incidences of endoscopically evident bleeding were unclear,
and thus further study is needed. Some rare and serious
complications have been reported after ESWL[30-33]. These
include perirenal hematoma, biliary obstruction, bowel
perforation, splenic rupture, lung trauma, and necrotizing
pancreatitis. These severe complications did not occur
in our study due to accurate targeting and reduced patient movement. Pain at the site of shock wave delivery,
skin ecchymosis, abdominal pain, occasional fever, and
hemobilia were observed in some patients. These complications were mild and minimal, with all being managed
conservatively without an extension of hospital stay.
Although we routinely used the measure of ESWL
combing ERCP to evaluate efficacy and complications in
our study, this technique might be more likely useful in
specific groups of patients advised by other studies[34,35].
To confirm efficacy in these situations, more investigations are recommended.
There are several limitations in this study. Firstly, the
interpretation for degree of CBD clearance could be subjective. Although this might be possible, all stone clearance results were determined by procedure reports recorded by each endoscopist who was unaware of the use
of CCK during ESWL. Stone clearance was conﬁrmed
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by pancreatogram or CT. Secondly, the treatment effect might be due to improved physician skill. Other
limitations include the study being single center and the
relatively small number of patients. Further prospective
randomized studies are also needed in order to prove efficacy and evaluate cost efficacy.
In conclusion, CCK during ESWL showed better results than those with ESWL alone in the first session of
ESWL/ERCP for removing common bile duct stones,
and did not raise any major complications. Moreover,
CCK during ESWL also raised the extremely large stone
(≥ 30 mm) clearance rate in the final outcome while also
reducing mechanical lithotripsy use. Therefore, this measure should be recommended in clinical practice.
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Abstract
AIM: To determine the clinical effectiveness of intense
psychological support to physical activity (PA) in nonalcoholic fatty liver disease (NAFLD), compared with
cognitive-behavioral treatment (CBT).
METHODS: Twenty-two NAFLD cases received support to exercise, tailored to their motivational needs (PA
group). The effects on body weight, physical fitness
[6-min walk test, VO2max and the PA-rating (PA-R)
questionnaire] and body fat (fatty liver indices and
visceral adiposity index) were compared with data obtained in 44 NAFLD subjects enrolled in a CBT program
for weight loss, after adjustment for propensity score,
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calculated on baseline data. Measurements were performed at baseline, at 4-mo and one-year follow-up.
Changes in anthropometric, biochemical and PA parameters were tested by repeated measurement ANOVA. Outcome results were tested by logistic regression
analysis.
RESULTS: At the end of the intensive program, BMI
was less significantly reduced in the PA group (-1.09 ±
2
2
1.68 kg/m vs -2.04 ± 1.42 kg/m in the CBT group, P
= 0.019) and the difference was maintained at 1-year
follow-up (-0.73 ± 1.63 vs -1.95 ± 1.88, P = 0.012)
(ANOVA, P = 0.005). PA-R was similar at baseline,
when only 14% of cases in PA and 36% in CBT (P =
0.120) recorded values ≥ 3. At 4 mo, a PA-R ≥ 3 was
registered in 91% of PA and 46% of CBT, respectively (P
< 0.001) and PA-R ≥ 5 (up to 3 h/wk of moderate-toheavy intensity physical activity) was registered in 41%
of PA and only 9% of CBT group (P < 0.007). The
6-min walk test increased by 139 ± 26 m in PA and
by only 43 ± 38 m in CBT (P < 0.001) and VO2max by
8.2 ± 3.8 ml/kg per minute and 3.3 ± 2.7 ml/kg per
minute, respectively (P < 0.002). After adjustment for
propensity, weight loss > 7% was significantly associated with CBT group at one year (OR = 6.21; 95%CI:
1.23-31.30), whereas PA-R > 3 was associated with PA
group (10.31; 2.02-52.63). Liver enzymes decreased
to values within normal limits in 36% of PA cases and
61% of CBT (P < 0.070). Estimated liver fat (Kotronen
index) fell below the fatty liver threshold in 36% of PA
and 34% and CBT cases at one-year (not different).
Also the fatty liver index and the visceral adiposity index improved to a similar extent.
CONCLUSION: Intensive psychological counseling for
PA produces hepatic effects not different from standard
CBT, improving physical fitness and liver fat independent of weight loss. Strategies promoting exercise are
worth and effective in motivated patients, particularly
in lean NAFLD patients where large weight loss cannot
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be systematically pursued.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Nonalcoholic fatty liver disease; Behavior
treatment; Physical activity; Physical fitness; Weight
loss liver fat; Liver enzymes
Core tip: The adherence to healthy diet is usually considered as part of effective treatment by patients with
nonalcoholic fatty liver disease (NAFLD), whereas motivation to habitual physical activity is more difficult to
pursue. We recently developed a specific psychological support program to regular physical activity to be
proposed to NAFLD patients, particularly to those who
failed or refused the classical weight loss approach. In
a clinical audit, we compared the preliminary results
obtained by the physical activity program with the data
achieved in a group treated by the standard nutritional
counseling, after adjusting for propensity score. The
results indicate that physical activity may be implemented in motivated patients, with good results on
physical fitness, liver enzymes and liver fat.
Montesi L, Caselli C, Centis E, Nuccitelli C, Moscatiello S,
Suppini A, Marchesini G. Physical activity support or weight
loss counseling for nonalcoholic fatty liver disease? World J
Gastroenterol 2014; 20(29): 10128-10136 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i29/10128.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i29.10128

INTRODUCTION
Programs aimed at modifying unhealthy behaviors are
mandatory in patients with nonalcoholic fatty liver disease (NAFLD) to reduce the risk of disease progression.
Both epidemiological studies and several controlled clinical trials, either randomized[1] or non-randomized[2], have
consistently demonstrated that weight loss and exercise
reduce liver enzyme levels and have beneficial effects on
a few histological outcomes: steatosis and necroinflammation are reduced, whereas minor or no effects on
fibrosis are shown[3].
A recent metaanalysis of exercise trials has confirmed
that physical activity per se is beneficial in NAFLD[4]. The
effects of exercise may be independent of weight loss[5],
but making NAFLD patients move is difficult. Although
the majority of cases are well aware of the importance
of physical activity, motivation to exercising is much
lower than motivation to dieting[6]. NAFLD cases have
scarce readiness to physical activity change, and 50% of
cases were classified in either the precontemplation or
contemplation stage of change[6], i.e., refractory to increase exercise.
Strategies to improve adherence to exercise have been
described in the area of obesity[7] and in other metabolic
diseases[8]. In the NAFLD area, physical activity counsel-
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ling may be particularly difficult due the high prevalence
of fatigue as the leading symptom[9], but the relatively
young age of most NAFLD patients may favor this approach compared to dieting. In addition, physical activity, coupled with healthy food choices, remains the only
option for the limited number of lean NAFLD patients
who nonetheless have features of the metabolic syndrome[10]. Also in this area we need to move from the
traditional prescriptive approach to an individualized,
multidisciplinary, empowerment-based intervention, tailored on patients’ preferences[11].
We tested the effectiveness of a patient-tailored motivational and psychological support to physical activity
on clinical and laboratory parameters associated with
NAFLD. The results were compared with the results of
a classical cognitive-behavior therapy (CBT) for weight
loss, already active in our department, after matching by
a propensity score approach.

MATERIALS AND METHODS
Patients
The study was carried out in outpatients attending our
tertiary-level unit for the diagnosis and treatment of
NAFLD. The diagnosis was based on clinical, ultrasonographic and laboratory values, after exclusion of any
other cause of chronic liver disease (hepatitis B and C
virus, autoimmune disease) and alcohol intake not exceeding 20 g/d (confirmed by relatives).
After baseline assessment, patients were invited to
choose between our standard, group-based program for
weight loss or a pilot program, based on an intensive
motivational and psychological support to exercise (experimental physical activity group - PA group), chaired
by a psychologist. The reasons for preferring the activity
group were either previous failures with the dietary approach (in other settings) or job constraints that made
it impossible to participate to fixed group sessions. In
the PA group, individual sessions of one hour were
carried out every two weeks, to stimulate patients to
increase their physical activity on the basis of monitored data (walking steps measured by a pedometer)
and fitness tests (see below). Sessions were tailored to
the motivational needs of each participant. After an
initial assessment of patients’ readiness to change their
physical activity level, based on the model of behavior
change[12], a motivational approach was used to favor a
more active lifestyle[13]. Instead of the common prescriptive approach, subjects were helped identify their preferred leisure-time activities (walking or riding the bike)
and then supported in developing and implementing a
weekly schedule. The sessions focused on how to deal
with common psychological barriers to physical activity
and on the importance of self-monitoring. Well-defined,
reasonable goals were set during the sessions and the
supervision of the weekly schedule was used to provide
feedback and increase motivation and self-efficacy. The
final goal was a habitual physical activity workload > 20
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METs/h per week (corresponding to 3-h/wk moderateintense physical activity). In addition, patients received
one-hour counseling on healthy diet, based on an inhouse developed manual, containing limited basic information on portion size, based on the nutrition pyramid,
and examples to reduce food intake by a fixed amount
of calories (maximum calorie reduction, 500 kcal/d).
The program lasted 3-4 mo, depending on progress and
the adoption of healthier lifestyles.
Subjects enrolled into this experimental program (n
= 22) were compared with 44 consecutive NAFLD patients enrolled into a CBT program for weight loss during the same period, operative in our Unit since 2005[2].
Briefly, it consists of 13 weekly group sessions (15-20
subjects), 120 min each, chaired by physicians, dieticians,
psychologists, education experts supported by a residential manual based on the principles of LEARN program
for weight control[2]. Only one session is specifically devoted to exercise and its barriers.
In both groups, all measurements were repeated at
the end of the intensive program (4 mo after the enrolling visit), as well after one year (excluding fitness values).
Subjects with diabetes maintained their medications
(metformin) throughout the study period.
The study was carried out as part of the clinical activity of the metabolic Unit and was approved by the
Senior Staff Committee, an institution regulating noninterventional studies. At entry, all cases signed an informed consent to clinical studies.
Measures
Body weight, height, waist circumference and blood
pressure were measured as previously reported[14]. Body
mass index (BMI) is weight (kg) divided by squared
height (m).
Plasma glucose, total and HDL-cholesterol, triglycerides and liver enzymes (aspartate and alanine aminotransferase (AST and ALT) and gamma-glutamyltranspeptidase (GGT)) were measured by routine assays.
Insulin resistance was calculated according to the homeostasis model assessment (HOMA) method[15].
Hepatic steatosis was quantitatively estimated by means
of an algorithm (Kotronen index), based on clinical
and biochemical parameters (presence of metabolic
syndrome and type 2 diabetes, fasting insulin, AST and
AST/ALT ratio), validated against proton magnetic resonance (fatty liver threshold, 5.56%)[16]. We also calculated
the Fatty Liver Index (FLI)[17] and the Visceral Adipose
Index (VAI)[18]. FLI measures the probability of significant steatosis; values < 30 rule out and values ≥ 60 rule
in fatty liver. VAI is an indicator of visceral fat associated
with cardiometabolic risk, with cut points derived from a
Caucasian population[19].
Measures of physical activity and fitness
Physical activity tests were performed at baseline and
at the end of the intensive program. The time spent in
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exercise was graded according to the physical activity rating (PA-R) questionnaire[20]. Scores > 1 indicate regular
participation in recreation or modest physical activity;
scores > 3 indicate regular participation in moderate-tointense physical activity (running or jogging, swimming,
cycling, running in place) or any aerobic activity > 1 h/
wk; scores > 5 extend aerobic activity up to 3 h/wk.
Physical fitness was tested by oxygen consumption
(VO2max) on a treadmill [RunRace, Technogym, Gambettola (FC)], during four 5-min consecutive periods of
exercise at graded heart rate (55%, 60%, 65% and 70%
of maximal theoretical heart rate). VO2max was extrapolated by regression to maximum heart rate.
The 6-min walk test (the distance an individual is able
to walk over 6 min on a flat surface) was used as a test
of exercise capacity[21]. The subjects were allowed to selfpace and walk forth and back along a corridor inside the
Unit.
Statistical analysis
Data were extracted from the database using specific
subroutines and were analyzed by intention-to-treat, independently of the number of attained lifestyle sessions,
using StatView 5.0™ (SAS Institute Inc., Cary, NC) and
SPSS v11.0.4 (SPSS Inc., Chicago, IL). Unpaired t-test
(2-tail), χ 2-contingency test and Fisher’s exact test were
used, whenever appropriate, to test baseline differences.
The time-course of biochemical and clinical data were
analyzed by repeated-measures, time x treatment ANOVA.
To adjust for baseline differences between groups,
a propensity score approach was used. The propensity
score was calculated by logistic regression analysis. The
propensity score defines the conditional probability to be
enrolled into to the self-adjusted PA program, compared
to CBT, given a set of clinical and biochemical baseline
values (BMI, ALT, individual features of MS) and personal characteristics (age, sex, marital status, educational
level and occupation, Table 1). These last variables constitute potential barriers to treatment and are linked to
the time constraints and to the economic burden of attending the program.
The propensity scores were used to adjust for baseline values in logistics regression analysis in three different models, having weight loss ≥ 7% initial body
weight, PA-R ≥ 3 and ALT normalization as dependent
variables. Two upper limits of ALT were considered: (1)
the standard values used in our Departments (40 U/L);
and (2) an updated definition of healthy range (< 31
U/L men; < 19 U/L women) proposed in 2002[22]. In
the ALT model, the odds ratios were also corrected for
changes in BMI and VO2max during the observation
period.
As a clinical audit testing the feasibility and effectiveness of the psychological support program, no sample
size calculation was carried out.
Data in text and in tables are given as mean ± sd or
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Table 1 Demographic and clinical characteristics of nonalcoholic fatty liver disease patients given psychological support to physical
activity (physical activity Group) or enrolled into cognitive-behavior therapy (cognitive-behavioral treatment group)

Male gender
Age (yr)
Education (primary/secondary/vocational/degree)
Civil status (single/married/widowed or divorced)
Profession (student/housewife/employee/self-employed/retired)
Body mass index (kg/m2)
Waist circumference (cm)
Blood glucose (mg/dL)
Insulin (μU/mL)
HOMA-IR
Total cholesterol (mg/dL)
HDL-cholesterol (mg/dL)
Triglycerides (mg/dL)
Systolic pressure (mmHg)
Diastolic pressure (mmHg)
Alanine aminotransferase (mU/mL)
Gamma-glutamyltransferases (mU/mL)
Diabetes
Hypertension
Treated with statins/fibrates
Kotronen index
Fatty liver index
Visceral adiposity index

PA Group

CBT Group

(n = 22)

(n = 44)

77%
48.2 ± 14.6
9%/18%/59%/14%
45%/45%/9%
13%/0%/55%/9%/23%
30.4 ± 5.0
99.0 ± 14.9
114.0 ± 32.9
19.1 ± 10.7
5.36% ± 3.17%
222 ± 47
49.4 ± 11.9
211 ± 101
128.3 ± 10.0
84.6 ± 8.3
68.5 ± 28.5
76.0 ± 30.8
33%
50%
5%
11.5% ± 5.3%
77.0% ± 23.7%
2.94 ± 1.83

64%
52.1 ± 10.5
13%/18%/39%/30%
70%/23%/7%
2%/11%/48%/16%/23%
32.4 ± 3.9
105.1 ± 10.4
106.9 ± 26.1
19.8 ± 7.6
5.26% ± 2.45%
229 ± 46
47.2 ± 9.4
182 ± 82
132.7 ± 12.8
84.8 ± 8.2
64.1 ± 32.2
70.5 ± 35.4
30%
39%
18%
11.2% ± 5.7%
84.7% ± 14.8%
2.79 ± 1.54

P value1
0.400
0.208
0.213
0.241
0.309
0.089
0.058
0.343
0.773
0.889
0.598
0.419
0.214
0.169
0.953
0.585
0.534
0.979
0.614
0.310
0.841
0.119
0.740

1

Student t-test, χ 2-contingency test or Fisher’s exact test, as appropriate. PA: Physical activity; CBT: Cognitive-behavioral treatment; HOMA: Homeostasis
method assessment.

as percent. Given that 3 sets of data were analyzed, the
significance level was set at P < 0.015.

RESULTS
The two groups were well balanced at baseline (Table 1).
At the end of the intensive program, BMI was less reduced in the PA group (-1.09 ± 1.68 kg/m2 vs -2.04 ± 1.42
kg/m2 in the CBT group, P = 0.019) and the difference
was maintained at 1-year follow-up (-0.73 ± 1.63 vs -1.95
± 1.88, P = 0.012) (time x treatment ANOVA; P = 0.005;
Figure 1). Similar differences were observed in waist circumference (ANOVA, P = 0.0002). No systematic differences were observed in the time course of laboratory
parameters and blood pressure. In the whole population,
at 1-year follow-up glucose decreased by 8.6 mg/dL (P
= 0.005), insulin by 4.1 U/L (P = 0.003), cholesterol by
13.6 mg/dL (P = 0.010), triglycerides by 28 mg/dL (P
= 0.009), HOMA by 1.45% (P < 0.001), whereas HDLcholesterol increased by 2.4 mg/dL (P = 0.011).
Both treatments similarly reduced ALT, both at 4-mo
(PA group, -23.5 ± 26.1 U/L; CBT group, -24.6 ± 27.3
U/L) and at 1-year follow up (-22.3 ± 30.2 U/L and
-23.3 ± 31.8 U/L, respectively).
No differences in PA-R were present at baseline (Figure 2), when only 14% of cases in PA and 36% in CBT (P
= 0.120) recorded values ≥ 3. At 4 mo, a PA-R ≥ 3 was
registered in 91% of PA and 46% of CBT, respectively (P
< 0.001) and PA-R ≥ 5 (up to 3 h/wk of moderate-toheavy intensity physical activity) was registered in 41%
of PA and only 9% of CBT group (P < 0.007). The
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6-min walk test increased by 139 ± 26 m in PA and by
only 43 ± 38 m in CBT (P < 0.001) and VO2max by 8.2
± 3.8 ml/kg per minute and 3.3 ± 2.7 ml/kg per minute, respectively (P < 0.002).
Outcome studies
After adjustment for propensity score, the probability
of weight loss > 7% was associated with CBT at 4 mo
(OR = 2.52; 95%CI: 0.60-10.53) and at one year (OR =
6.21; 95%CI: 1.23-31.30). By contrast, the probability of
PA-R > 3 at 4 mo was significantly associated with the
PA group (OR = 10.31; 95%CI: 2.02-52.63). PA-R ≥ 5
was registered in 40% of PA and only 9% of CBT group
(P = 0.017).
ALT levels within normal limits were recorded in
41% of cases in the PA group and 57% in the CBT at 4
mo (P = 0.298) and 36% and 61% at 1-year, respectively
(P = 0.070). When the updated reference values of ALT
were tested[22], only 4 cases in PA (18%) and 10 in CBT
(23%) had ALT values within normal limits (P = 0.759).
The probability to achieve normal ALT at 4 mo
was independent of program, after adjustment for propensity and changes in BMI and VO2max (CBT vs PA:
OR = 1.35; 95%CI: 0.10-19.05), with a similar trend
in favor of CBT also at one-year (OR = 1.76; 95%CI:
0.51-6.03). The use of updated ALT limit did not
change the results.
Surrogate indices of fatty liver and visceral adiposity
No differences were present between groups in surrogate
indices of fatty liver at baseline (Figure 3). The Kotronen
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Figure 1 Anthropometric and liver enzyme levels at baseline and followup in subjects treated either by intensive psychological counseling on
physical activity (open bars) or by cognitive-behavior treatment for weight
loss (closed bars). A: Body mass index (BMI); B: Waist circumference; C: Alanine aminotransferase (ALT) levels. Data are presented as mean and 95%CI.

index significantly decreased in both groups at one year (to
7.8% ± 4.4% and 7.5% ± 3.9% in PA and CBT, respectively; P < 0.001 for both), when liver triglycerides were
estimated below the critical value of 5.56%, indicative of
fatty liver, in 36% and 34% of cases (not different).
FLI decreased by 11.7% ± 13.9% in PA and by
13.7% ± 11.2% in CBT at 4 mo (P = 0.544) and by 7.5%
± 14.0% and 13.9% ± 11.4% at 1 year (P = 0.053), respectively. VAI decreased by -0.56 ± 1.36 vs -0.50 ± 1.42
at 4 mo (P = 0.884) and by -0.53 ± 1.32 vs -0.55 ± 1.32,
at one year (P = 0.956) in PA and CBT, respectively.
The treatment produced a shift in the grading of
fatty liver towards “indeterminate” (30% to 60% liver
fat) in both PA (P = 0.007) and CBT (P < 0.001), as well
as a down-shift in the VAI values across the range of
cardiovascular risk (PA, P = 0.026; CBT, P = 0.001).
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Baseline

4-mo

Figure 2 Physical fitness and quantitative physical activity at baseline
and follow-up in subjects treated either by the intensive psychological
counseling on physical activity (open bars) or the classical cognitivebehavior treatment for weight loss (closed bars). A: Maximum oxygen consumption at runrace; B: Distance at 6-min walk test; C: Physical Activity-Rating
(PA-R) questionnaire. Data are presented as mean and 95%CI.

DISCUSSION
An intensive psychological counseling for physical activity reduces liver enzymes levels and surrogate markers of
liver and visceral fat by an extent similar to that achieved
by standard CBT, improving physical fitness independently of weight loss. These results are maintained at
1-year follow up and support the concept that specific
activities aimed at promoting exercise are definitely
worth implementing in motivated patients. A strategy
combining physical activity and weight loss is likely to
produce additional effects on liver fat and hepatocellular
necrosis.
The difference in weight loss between the two programs was largely expected. The PA group received a
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Figure 3 Indices of liver and visceral adiposity at baseline and follow-up
in subjects treated either by the intensive psychological counseling on
physical activity (open bars) or the classical cognitive-behavior treatment
for weight loss (closed bars). A: Kotronen Index; B: Fatty liver index; C: Visceral adiposity index. Data are presented as mean and 95%CI.

very brief counseling on healthy diet (no more than
one hour), compared with the extensive CBT training,
where nutritional education was coupled with calorie
counting, food diaries and behavioral strategies to reduce compulsive and emotional eating[2]. Weight loss at
one year averaged 6% in CBT, a figure lower than the
desirable 7% loss promoted by lifestyle programs[1,23,24],
but sufficient to improve the cardiovascular risk profile. This weight loss target was neither expected nor
reached in the PA group, where intervention did not
focus on calorie restriction.
Several studies measured the combined effects of
dietary-induced weight loss and increased physical activity, whereas the relative role of the two components has
been less extensively studied. In older adults randomized
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to diet, exercise or both, body weight decreased on diet
and on combined treatment, without any change in the
exercise group[25]. In our experience, the effects of intervention on physical fitness mirrored those on weight
loss. Both the 6-min walk test and VO2max increased
on average by 25% in the PA group, significantly more
than the modest 10% improvement observed with CBT,
probably related to weight loss. This translated into
decreased cardiovascular risk, as reported in other settings[26], where a dose-response relationship between the
frequency and intensity of aerobic training (walking) and
the increase in VO2max was recorded[27].
The study was specifically aimed at measuring the
effects on the liver, although no attempt was made to
investigate the possible molecular mechanism(s) responsible of weight loss and physical activity, respectively,
which remain purely speculative. The effects of lifestyle
modifications on NAFLD are well demonstrated[2], also
on histology[1], but the specific effects of physical activity have been less clearly determined[28]. In subjects with
type 2 diabetes, adding physical activity to diet decreased
hepatocellular lipid content, measured by magnetic
resonance spectroscopy (MRS) in a short-term study[29],
and data were confirmed in a 6-mo trial[30]; aerobic and
endurance exercise were both effective[31,32], and also an
8-wk resistance exercise in sedentary adults significantly
reduced liver fat[33]. In a recent NAFLD study, regular
aerobic exercise (30 min/d, at least 5 d/wk) decreased
insulin resistance, liver enzymes and a second liver biopsy showed improved steatosis and necroinflammation in a subset of cases[34]. We confirmed the effects of
physical activity on liver enzymes, similar to those observed with CBT. The surrogate indices of liver fat and
visceral adiposity were all reduced, although not all cases
reached the desired physical activity target. In particular,
the estimated liver fat (Kotronen index) at baseline was
similar to what measured in other NAFLD studies by
1
H-MRS[16,35], and decreased by 30%-40% following both
programs, as it occurred with a pure dietary approach[35].
Similarly, the FLI, that recently received external validation[36] and proved to correlate with the SteatoTest[37],
improved with both programs.
The strength of this study is the novelty of the
psychological support program, as well as the careful
comparison between the two interventions by propensity score, to adjust for multiple baseline differences[38].
Both treatments were totally non-directive; subjects were
invited to change their lifestyle according to individual
preferences and progressively implemented either the
physical activity program or the weight loss program following tailored, agreed decisions along the principles of
behavior therapy.
The study has however limits. First, it was not randomized; this policy was selected to minimize dropout
and to favor participation to lifestyle changes, a prerequisite to success, as demonstrated by the high rates
of success in both groups (physical fitness and weight
loss, respectively). Second, the study was carried out in
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a NAFLD group, attending a tertiary unit. The results
might be different in the community, with less motivated
patients. Third, the study used surrogate markers of liver
fat; no attempt was made to prove the effectiveness on
histological ground, already demonstrated in other studies[1,34]. In order to minimize the possible effects of concomitant drug treatment, all subjects were maintained on
statin, antihypertensive and glucose-lowering agents in
the course of the study, and no cases were being treated
with anti-oxidants or hepatoprotective agents during the
study period. However, this does not exclude a possible
influence of external factors or concomitant diseases on
liver enzymes and, according to accepted guidelines[39,40],
the present results require histological confirmation in a
prospective randomized trial. Fourth, the interaction between patients and therapists was very different (26 h as
group sessions in CBT, only 6-8 h as individual sessions
in PA), due to the different strategy used for the psychological support and the two interventions were not
mutually exclusive; physical activity was also counseled
in the CBT group (to a much lower extent), whereas the
PA group received general counseling for healthy diet.
Finally, the external validity of our experience might be
limited by costs and difficulties in the organization of a
psychological support in different settings. As previously
suggested[11], liver units might find support in diabetes
and obesity units, more prone to behavioral and psychological approaches, or in sports and recreational associations, where groups of leisure-time physical activity
might be implemented.
In conclusion, in motivated individuals and in the
presence of adequate support, physical activity may be
proposed as a possible alternative to dieting to improve
the clinical profile of NAFLD patients, considering that
the beneficial effects largely extend outside liver disease
to cardiovascular disease and well-being. A physical
activity program might be particularly useful in the subgroup of lean NAFLD[10] and in males, more prone to
physical activity, to correct the features of the metabolic
syndrome with minor effects on body weight. It remains
to be determined whether the results are maintained after the one-year follow-up and/or how much continuous
support is needed.

Applications

A physical activity program might be particularly useful in the subgroup of lean
NAFLD individuals, to correct the features of the metabolic syndrome with
minor effects on body weight. To reach this purpose, liver units might find support in diabetes and obesity units, more prone to behavioral and psychological
approaches, or in sports and recreational associations, where groups of leisuretime physical activity might be implemented.

Terminology

NAFLD: A liver disease (from pure steatosis to fibrosis and cirrhosis) of metabolic origin, mimicking the effects of alcohol on the liver, in the absence of significant alcohol intake.

Peer review

The authors show that an intensive psychological counseling for physical activity reduces liver enzymes levels and surrogate markers of liver and visceral
fat by an extent similar to those achieved by standard cognitive-behavioral
therapy, improving physical fitness independently of weight loss. The issue,
in general terms, is very interesting and has implications in terms of clinical
impact. The methods are appropriate. The manuscript is well written and references up to date.
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with a male to female ratio of 4:3. Pretext staging at
diagnosis was as follows: stage Ⅰ, 4 cases; stage Ⅱ,
2 patients; and stage Ⅲ, 1 case. Mean pretreatment
3
tumor volume was 735 cm . Five out of seven patients
received neoadjuvant chemotherapy according to SIOPEL-3 or SIOPEL-6 protocols. Tumor volume and alphafetoprotein levels significantly dropped after neoadjuvant therapy. Surgical procedures performed included
hemihepatectomies, segmentectomies and atypical
resection. All patients received chemotherapy after surgery. Median postoperative hospital stay was 8 d. All
patients were alive and disease-free after a median follow-up period of 23 mo. With regards to the literature
review, seventeen articles were found that were related
to our search.
CONCLUSION: Our series shows how multimodal
management of Hbl, exhaustive control and a meticulous surgical approach leads to almost 100% complete
resection with optimal postoperative results.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To report our experience with long-term outcomes after multimodal management therapy.
METHODS: An observational retrospective study was
performed containing seven patients with hepatoblastoma (Hbl) treated in our institution, a tertiary referral
center, from 2003 to 2011. Demographic, preoperative, surgical, and outcome variables were collected. A
survival analysis and a review of the current literature
related to combination neoadjuvant chemotherapy and
surgical resection on Hbl were performed.
RESULTS: The median age at surgery was 14.4 mo,

WJG|www.wjgnet.com

Key words: Liver tumors; Chemotherapy; Liver surgery;
Multimodal management
Core tip: Complete surgical resection is the cornerstone
of treatment for hepatoblastoma (Hbl), but less than
40% of patients have resectable disease at diagnosis.
Our experience with long-term outcomes after multimodal management therapy and a review of the
literature are reported. An observational retrospective
study was performed, including seven patients with
Hbl treated in our institution, a tertiary referral center,
from 2003 to 2011. Our series shows how multimodal
management of Hbl, exhaustive control and a meticulous surgical approach leads to almost 100% complete
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resection with optimal postoperative results.
Ayllon Teran D, Gómez Beltran O, Ciria Bru R, Mateos González
E, Peña Rosa MJ, Luque Molina A, López Cillero P, Briceño
Delgado J. Efficacy of neoadjuvant therapy and surgical rescue
for locally advanced hepatoblastomas: 10 year single-center
experience and literature review. World J Gastroenterol 2014;
20(29): 10137-10143 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10137.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10137

INTRODUCTION
Hepatic neoplasms represent 1% of childhood malignant
tumors[1]. Hepatoblastoma (Hbl) is the most frequent
tumor type, accounting for almost two-thirds of primary
malignant liver tumors in children, with an overall incidence of 1.5 cases per million population[2,3]. Two thirds
of these tumors occur in the first 2 years of life[4].
Most children with Hbl present with an enlarging
abdominal mass, and in 70% of cases are in an advanced
stage at diagnosis[2]. Complete surgical resection is the
cornerstone of treatment[5]; however less than 40% of
patients have resectable disease at diagnosis due to local
invasion, caval infiltration, or distant metastases[6]. In the
early 1970s, some studies reported the response of Hbl
to chemotherapy. The International Society of Pediatric
Oncology (SIOP) was a pioneer in the concept of neoadjuvant chemotherapy for the management of hepatoblastoma[7,8]. Using neoadjuvant chemotherapy, 28% of
patients may be down-staged, complete macroscopic resection may be achieved in 87%-91% of cases, and morbidity and mortality rates have decreased to 18% and 5%,
respectively[5,9]. Chemotherapy is used to reduce tumor
size in lesions that appear unresectable at diagnosis and
to control residual microscopic disease after definitive
resection[9]. Orthotopic liver transplantation (OLT) is an
effective therapy for selected malignancies in childhood,
such as multifocal Hbl without extrahepatic disease,
type-2 hemangioendotheliomas, and hepatocellular carcinoma with tumors < 5 cm without vascular invasion[10].
Despite its effectiveness, isolated surgical resections
may not be enough to control disease spread. Moreover,
locally advanced Hbl may require extensive liver resections that may lead to increased postoperative morbidity
and mortality. Few series have reported the efficacy of
neoadjuvant chemotherapy and surgical resection for
Hbl. We therefore report our experience with long-term
outcomes of Hbl after multimodal management therapy.

MATERIALS AND METHODS
All patients diagnosed with Hbl and treated at our institution, a tertiary referral center, between 2003 and 2011
were included in this observational retrospective analysis.
According to imaging techniques, such as computerized
tomography (CT) scan or magnetic resonance imag-

WJG|www.wjgnet.com

ing (MRI), all patients were assigned a PRETEXT (pretreatment extent of disease) stage, with four groups of
patients identified as PRETEXT Ⅰ-Ⅳ, both at diagnosis
and after preoperative chemotherapy, according to the
classification proposed by the Liver Tumors Strategy
Group (SIOPEL) for their SIOPEL-1 study[11]. Standard
follow-up was based on serial AFP levels every three
months for the first year and every six months for the
next ten years. MRI every six months was our protocoled
imaging technique for the immediate 5 years after surgery.
Demographic (age, gender, and weight); preoperative
[initial presentation, alpha-fetoprotein (αFP) levels, location and volume of the tumor, method of diagnosis, tumor spread at diagnosis, and preoperative chemotherapy];
surgical (procedure performed, tumor characteristics,
histology, margins, and vascular invasions); and outcome
(complications of treatment, length of hospital stay, recurrence, and overall and disease-free survival) variables
were collected.
A review of the literature was carried out to identify
all series that reported hepatoblastomas treated with a
combination of neoadjuvant chemotherapy and surgical
resection. The Cochrane Database of Systematic Reviews,
the Cochrane Central Register of Controlled Trials, and
MEDLINE databases were searched using the keywords
(preoperative chemotherapy OR neoadjuvant treatment
OR locally advanced) AND (hepatoblastoma) to identify
studies published up to September 2012. Free text words
were used instead of MeSH terms to avoid missing recent
articles that had not yet been given a MeSH label. Two investigators independently performed the literature search.
Electronic links to related articles and references of selected articles were hand-searched as well. The search was
not restricted to any language, but only studies published
in English were taken into account.
Statistical analysis
Data were expressed as median and range. Independent
and paired non-parametric tests were used for baseline
comparisons. SPSS software 14.0 was used for statistical
analysis.

RESULTS
Descriptive results
Seven children with Hbl were referred to our hospital
between 2003 and 2012. The male to female ratio was 4:3.
The median age at surgery was 14.4 mo (range, 3-31 mo).
Golabi-Behmel syndrome (congenital syndrome X-linked
with an increased risk of embryonal cancer)[12] was associated in a male patient, but none of the patients were
preterm. Median weight of the patients prior to the surgery was 9.26 kg (range, 4.8-13.5 kg). The most common
symptom found was a palpable abdominal mass (85%).
The median αFP level at diagnosis was 141.7 ng/mL
(range, 379-483756 ng/mL). Thrombocytosis was found
in 71.4% of cases. PRETEXT staging at diagnosis was as
follows: Stage Ⅰ, 4 patients; Stage Ⅱ, 2 cases; and Stage
Ⅲ, 1 patient. There were no metastases at diagnosis. An
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Ⅰ, Ⅴ, Ⅵ, Ⅶ, Ⅷ

Ⅳb, Ⅴ, Ⅷ
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Ⅵ
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Ⅱ, P1 (left branch)
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Ⅱ, P1 (right branch)
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83100.50

401800.00

14277.00

473856.00

551.21
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AFP at diagnosis
(ng/mL)

Chemotherapy
(No. of cycles)

Neoadjuvant PLA (4
cycles) + adjuvant (2c)
Epithelial
Neoadjuvant PLA (4c) +
mesenchymal mixed
adjuvant (2c)
Epithelial fetal
Neoadjuvant PLADO (4c)
+ adjuv (2c)
Epithelial fetal
Neoadjuvant PLA (4c) +
adjuv (2c)
Epithelial
Adjuvant PLADO (4c)
mesenchymal mixed
Embryonal fetal
Neoadjuvant PLADO (4c)
epithelial
+ adjuv (2c)
Epithelial
Adjuvant PLADO (4c)

Embryonal

Histology

Postoperative
events

Bisegmentectomy
Ⅶ, Ⅷ
Segmentectomy Ⅵ

Tumorectomy

Right hepatectomy

Left hepatectomy

Uneventful

Uneventful

Uneventful

Uneventful

Uneventful

Right hepatectomy Subphrenic abscess
(drainage)
Segmentectomy Ⅳb
Uneventful

Surgery

50

13

106

28

56

19

18

Follow-up
(mo)

Lung
metastasis
CR

CR

CR

CR

CR

CR

Current status
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Review of current literature
Using the aforementioned criteria, seventeen articles were found that included case reports. We selected articles in which most of the study patients had been treated with

Therapeutic approach to locally advanced hepatoblastoma
Chemotherapy was given to all patients. Five out of the seven patients received four cycles of pre-operative neoadjuvant chemotherapy, with additional two post-surgery. The
remaining two patients underwent primary surgery and received four cycles of adjuvant chemotherapy. The pathological diagnosis of Hbl was confirmed by percutaneous biopsy previous to neoadjuvant chemotherapy in all cases. Chemotherapy regimens included the SIOPEL study protocols. PLADO regimen or SIOPEL-3 protocols (platinum
on day 1 at a dose of 2.7 mg/kg per day and doxorubicin at a dose of 1 mg/kg per day on day 2 and 3 mg/kg per day every 20 d) was used in four patients, and cisplatin alone
or SIOPEL-6 (at a dose of 2.7 mg/kg per day) was used in three patients. Neutropenia cases were treated with granulocyte stimulating grow factor, and trimethoprim/sulfamethoxazole was used for prophylaxis against pneumocystis pneumonia. Neither mortality nor long-term toxicity related with chemotherapy was reported. The patients who
underwent neoadjuvant chemotherapy were reassessed every two months and all of them received four cycles before surgery.
Tumor volume significantly dropped after neoadjuvant chemotherapy (from an initial median of 735-287 cm3; P = 0.02). The same happened to αFP levels, although statistical significance was not reached (from pretreatment median of 141-7.9 ng/mL; P = 0.10) (Figure 1).
Surgical procedures performed included right hepatectomy in two patients, left hepatectomy in one, bisegmentectomy Ⅶ-Ⅶ in one, segmentectomy Ⅵ and Ⅳb in two, and
an atypical resection of a pediculated tumor arising from segment Ⅵ in one patient. The only postoperative complication was a subphrenic abscess that required percutaneous
drainage. The median postoperative hospital stay was 8 d (range, 5-26 d).
The histological types encountered were as follows: embryonal and mixed embryonal/fetal subtype in three patients, mixed epithelial and mesenchymal type in two patients,
and purely fetal type in two patients. All specimens had tumor-free margins.

additional criterion of PRETEXT staging, P1 (the involvement of either the left or right branch of the portal vein), was suspected in three cases (two right branches and one
left branch)[13]. Mean tumor volume at diagnosis was 735 cm3 (range, 150-1950 cm3) (Table 1).

Ⅰ (Ⅵ)

Ⅱ, P0 (Ⅶ, Ⅷ)

Ⅰ (Ⅵ)

Ⅰ (Ⅷ)

Ⅰ (Ⅱ, Ⅲ)

Ⅰ (Ⅳb)

Ⅱ (Ⅴ, Ⅵ, Ⅶ, Ⅷ)

POST-TEXT at surgery
(localization)

PLA: Cisplatin; DO: Doxorubicin; P1: Involvement of either the left or the right branch of the portal vein; CR: Complete remission.

Segments involved
at diagnosis

PRE-TEXT pre-QT

Age (yr)

Table 1 Patients features and outcomes
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3
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0

1

At diagnosis 712
Pre-Qx
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2

3

4

5

6

7

150
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486
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1950
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840
86

631
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0.00

1

2

AFP at diagnosis 401800
AFP Pre-Qx
23

3
379 551.21
3.7 298.50

5

6

7

83100.5 18597.37 14277 473856
30126.6 2461.20
125 1078.8

Figure 1 Changes after neoadjuvant chemotherapy. A: Computerized tomography: Down-staging effect of neoadjuvant chemotherapy; B: Tumor volume at diagnosis and before surgery; C: AFP level at diagnosis and before surgery.

neoadjuvant chemotherapy and surgical resection, as well
as those reporting locally-advanced hepatoblastomas
(stage post-TEST Ⅲ or Ⅳ). Seven studies were included
(Table 2).
Pritchard et al[8] published in 2000 the first international study (SIOPEL-1), applying preoperative chemotherapy (PLADO: cisplatin plus doxorubicin) and delayed
surgery. However, the prognosis with advanced stages
remained unsatisfactory. To improve the survival of these
patients, the SIOPEL group intensified the chemotherapy in their subsequent studies. Thus, in the SIOPEL-2
study the patients were classified in two groups: one for
patients with Hbl confined to the liver and involving
no more than three hepatic sectors (standard-risk Hbl)
treated with cisplatin alone every 14 d; and one for those
with Hbl extending into all four sectors and/or with lung
metastases or intra-abdominal extra hepatic spread (highrisk Hbl) treated with cisplatin alternating every 14 d with
carboplatin and doxorubicin. In 2004, Perilongo et al[14]
published their results in which, despite chemotherapy
intensification, only half of the high-risk Hbl patients
were long-term survivors. Later, the SIOPEL-3 study[15]
showed an improved survival in this group of patients.
This study was designed to test the efficacy of this treat-
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ment strategy including only high-risk Hbl patients: tumor in all liver sections, vascular invasion, extrahepatic
extension, metastatic disease or αFP less than 100 ng/mL
at diagnosis.
In addition, the results of an English institution with
54 patients of all stages were reported by Towu et al[16] in
2004. Hishiki et al[17] published the results of 185 patients
in a Japan centre in 2011, as well. Additionally, we have
considered two studies that regard only patients with advanced stages: Katzenstein et al[18] include thirty three patients with stage Ⅲ (unresectable or nodal involvement)
and Ⅳ Hbl (metastatic disease), and Lautz et al[19] who
include fourteen patients underwent resection for POSTTEXT Ⅳ or centrally located POST-TEXT Ⅲ after neoadjuvant chemotherapy.
Statistical analysis
All patients are alive after a median follow-up period
of 23 mo (range, 18-111 mo). The median disease-free
survival is 23 mo (range, 6-111 mo). One patient developed distant metastases in the middle right lobe lung six
months later that required a pulmonary atypical resection;
after 18-mo follow-up the patient is free of disease. The
remaining 6 cases have no evidence of recurrence or a
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54/56

150/151

14/14

185/212

Towu et al[16], 2004

Zsíros et al[15], 2010
SIOPEL-3

Lautz et al[19], 2010

Hishiki et al[17], 2011

132/80

7/7

90/61

34/22

21/12
81/54

17

8

21

12

22
16-25

16.5

Age (mo)

Cis-vin-5FU
Others
Cis-pir
Iof-car-pir-eto

22 PLADO
14 SIOPEL-2
17 SIOPEL-3
Cis/car-dox

Car-vin-5FU
Cis
Car-dox-cis

PLADO (cis+dox)

CH regimen

90% neutropenia
10% infections
< 10% others

1 death
76% neutropenia
51% infections
33% renal toxicity
-

60% myelotoxicity
Neutropenia 43%-81%
Infections 40%-76%
Transfusion 19%-76%
-

2% death
6% myelotoxicity
< 2% others

CH morbidity

65%

61%

78.70%

82%
90% (SR HB)
78% (HR HB)
90% (SR-HR)
92%

82%

PR CH

63%

85%

76.20%

58%
97% (SR HB)
67% (HR HB)
100% (SR-HR)
74%

92%

Complete resection

1 Iscq cholangio
1 portal thrombosis
-

1 death
22% (bile leakage,
collections, others)
4 deaths

5 deaths
8% infections
3% bleeding
9% others
-

Postoperative events

81%

88%

69%1

57%
91% (SR HB)
53% (HR HB)
86% (SR-HR)
75%

75%

OS

62.4%

77%

65%

48%
89% (SR HB)
48% (HR HB)
89% (SR-HR)
-

66%

DFS
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Management of Hbl has evolved from unresectable or extensive surgical resections with high rates of morbidity and mortality to the current standard of care, namely neoadjuvant chemotherapy followed by surgery[20]. Complete tumor resection is essential for cure; therefore, any strategy that may reduce tumor volume, and thus lead to an increased
resection rate, would provide a survival benefit[21]. An initial surgical approach may be acceptable for resectable disease, but a combined approach may be preferable in advanced
stages[18]. Our series shows how multimodal management, exhaustive control, and a meticulous surgical approach led to almost 100% complete resection with optimal postoperative results. However, we are aware that our study is limited by its small sample size.
The prognosis for children with Hbl has improved over the last few decades; survival in the 1970s with surgical resection alone was about 10%-20%[22]. After the routine
use of preoperative cisplatin and doxorubicin (PLADO regimen), surgical resection was soon achieved in 87% of cases, whereas historically only 30% of cases were operable
upfront[23]. Liver transplantation later proved to be an effective treatment for certain children with Hbl. Criteria established by SIOPEL recommend that it should therefore be
considered in patients with neoplasm in all 4 liver sections, tumor extension into the vena cava or all 3 hepatic veins, invasion of the main and/or left and right portal veins, or
recurrent disease after resection (rescue transplant)[24]. In our cohort, liver transplantation was not performed in any patient.

DISCUSSION

rise in AFP levels.

3-year overall survival. NACH: Number of patients with neoadjuvant chemotherapy; N: Total number of patients; CH: Chemotherapy; PR: Partial response; OS: 5-year overall survival; DFS: Disease-free survival; cis: Cisplatin;
dox: Doxorubicin; car: Carboplatin; pir: Pirarubicin; iof: Ifosfamide; eto: Etoposide; vin: Vincristine; 5FU: 5-fluorouracil; SR HB: Standard risk hepatoblastoma; HR HB: High risk hepatoblastoma; SR-HR: Standard risk hepatoblastoma treated as high risk hepatoblastoma.

1

33/33
135/135

Katzenstein et al[18], 2002
Perilongo et al[14], 2004
SIOPEL-2

97/ 57

NACH/N (n ) Gender (M/F)

138/154

[8]

Pritchard et al , 2000
SIOPEL-1

Study

Table 2 Review of current literature
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Unfortunately, although results have improved, complete resection rates are still between 60%-75% and freeof-disease survival rates between 65%-80%. In our series,
surgical outcomes and hospital stay are in accordance
with the literature. The experience of an active pediatric
liver transplant program would surely be helpful for this
multidisciplinary approach and for getting optimal surgical resections.
Our results support the key role of neoadjuvant chemotherapy when the tumor appears in advanced stages
and a complete resection at initial diagnosis is unlikely to
occur. In addition, preoperative chemotherapy has led
to an increase in surgical resection rates, allowing more
limited hepatectomies and decreasing the rate of postoperative complications. Postoperative chemotherapy
shows also good results, thereby avoiding reoperation for
positive resection margins. Multidisciplinary management
of Hbl is mandatory, as the childhood population is especially susceptible for complications during surgical procedure. The combination of chemotherapeutic regimes and
surgical techniques has shown to be the best treatment
option, and has led to improved free-of-disease rates and
long-term survival.

single center in the management of Hbl over ten years with a multimodal management therapy. The results are in accordance with the literature and suggest
that it is the best option for improving the prognosis of Hbl.
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The results support the key role of multidisciplinary therapy, such as neoadjuvant chemotherapy in unresectable tumors upfront, complete surgical resection,
and postoperative chemotherapy.
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Terminology

Cisplatin is a chemotherapy drug. It was the first member of a class of platinumcontaining anti-cancer drugs, which now also includes carboplatin and oxaliplatin. Doxorubicin is an antineoplastic chemotherapy drug that is a standard
component in treating many types of tumors.
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total of 50.8% of cancers of the ampulla of Vater were
diagnosed at an advanced stage. Their proportion remained stable throughout the study period. The overall
1- and 5-year relative survival rates were 60.2% and
27.7%, respectively. Relative survival did not vary over
time. Treatment and stage at diagnosis were the most
important determinants of survival. The 5-year relative
survival rate was 41.5% after resection for cure, 9.5%
after palliative surgery and 6.7% after symptomatic
treatment. In multivariate analysis, only stage at diagnosis significantly influenced the risk of death.
CONCLUSION: Cancer of the ampulla of Vater is still
uncommon, but its incidence increased for men in Burgundy. Diagnosis is often made at an advanced stage,
dramatically worsening the prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To provide trends in incidence, management and
survival of cancer of the ampulla of Vater in a welldefined French population.
METHODS: Data were obtained from the populationbased digestive cancer registry of Burgundy over a
34-year period. Age-standardized incidence rates were
computed using the world standard population. Average annual variations in incidence rates were estimated
using a poisson regression. A univariate and multivariate relative survival analysis was performed.
RESULTS: Age-standardized incidence rates were
0.46 and 0.30 per 100000 inhabitants for men and
women, respectively. Incidence rate increased from
0.26 (1976-1984) to 0.58 (2003-2009) for men and
remained stable for women. Resection for cure was
performed in 48.3% of cases. This proportion was stable over the study period. Among cases with curative
resection, pancreatico-duodenectomy was performed in
94.0% of cases and ampullectomy in 6.0% of cases. A
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Key words: Cancer of the ampulla of Vater; Incidence;
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Core tip: Cancer of the ampulla of Vater is still uncommon, but its incidence increased for men in Burgundy.
Cancers were diagnosed at an advanced stage (distant
metastasis and/or unresectable) in 50.8% of the cases.
Resection for cure was performed in half of patients.
The absence of improvement in stage at diagnosis and
overall survival over time is disappointing. The overall
5-year relative survival rate was 27.7%, and did not
vary over time. The 5-year relative survival rate was
41.5% after resection for cure, 9.5% after palliative
surgery and 6.7% after symptomatic treatment. In multivariate analysis, only stage at diagnosis significantly
influenced the risk of death.
Rostain F, Hamza S, Drouillard A, Faivre J, Bouvier AM, Lepage
C. Trends in incidence and management of cancer of the ampulla
of Vater. World J Gastroenterol 2014; 20(29): 10144-10150 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
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INTRODUCTION
The epidemiological characteristics of cancer of the
ampulla of Vater are not well known. This may be due
to the fact that it is rare and that most epidemiological
studies have considered cancers of the ampulla of Vater,
extra-hepatic bile duct cancers and sometimes gallbladder
cancers as a single entity[1,2]. However, interest in this disease is rising due to the introduction of new surgical and
endoscopic procedures[3-7]. Most of the available data is
provided by specialised centres and thus cannot be used
as a reference because of unavoidable selection bias. Population-based studies using data from registries, which
record all cases in a well-defined population, are the best
way to assess the epidemiological characteristics, management and real prognosis. Such studies are rare, however,
because they require accurate and detailed data, which are
seldom collected systematically by cancer registries. The
objective of this study was to describe time trends in the
incidence, treatment, stage at diagnosis, and prognosis of
cancer of the ampulla of Vater in a well-defined French
population over a 34-year period.

MATERIALS AND METHODS
Patients
A population-based cancer registry records all digestive
tract cancers in two administrative areas in Burgundy
(France): Côte d’Or and Saône-et-Loire (1078864 inhabitants according to the 2009 census). Information was
collected from public and private pathology laboratories,
university hospitals and general hospitals, private hospital surgeons, gastroenterologists, medical oncologists,
radiotherapists, the administrative hospital data base, the
Regional Health service data base and death certificates.
Since the latter are somewhat unreliable, no case was
recorded through death certificates alone, but these are
used to identify missing cases. The quality and completeness of the registry is certified every 4 years through an
audit carried out by the National Institute for Health and
Medical Research (INSERM) and the National Public
Health Institute (InVS). Given the multiple sources of
information we assumed that nearly all newly diagnosed
cases were recorded. A total of 256 patients with cancer
of the ampulla of Vater were recorded in the registry between 1976 and 2009.
Studied variables
For each case of cancer of the ampulla of Vater, sex,
age, year at diagnosis, histological type[8], treatment and
stage at diagnosis were recorded. Surgical procedures
were divided into different modalities: resection for cure
R0 (macroscopic resection of all malignant tissue and no
microscopic evidence of surgical margin spread), palliative surgery (including palliative resection, by-pass, local
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laser application, and exploratory laparotomy), and symptomatic treatment when there was no carcinologic intent.
Treatment modalities were known for all cases. Operative
mortality was defined as death within 30 d of surgery.
Using all available information, in particular pathological records, the stage at diagnosis was coded according
to the 2009 version of the AJCC classification[9]. Four
stages were identified. Stage Ⅰ: limited to the ampulla of
Vater or invading the duodenal wall (T1/2N0M0). Stage Ⅱ:
spread to the pancreas with negative nodes (T3N0M0) or
regional lymph node metastasis without distant metastasis (T1/2/3N1M0). Stage Ⅲ: tumour invading peripancreatic
soft tissues or other adjacent organs (colon, stomach,
abdominal wall or portal vein and hepatic artery) without
distant metastasis (T4anyNM0). Stage Ⅳ: tumour with
distant metastasis (anyTanyNM1). Non-resected cancers
without distant metastasis were also classified as TNM
stage Ⅳ and both were defined as advanced stage.
The thirty four years of the study were divided into
four periods: three 9-year periods and one 7-year period
(1976-1984, 1985-1993, 1994-2002, and 2003-2009). Data
on vital status were provided by death certificates, the
National Repertory of National Person Identification,
registrars of the place of birth or from practitioners. Life
status was known for 239 cases (93.4%) at 31st December
2011.
Statistical analysis
The populations used in calculating incidence rates were
based on annual estimates of the covered population.
Incidence rates were age-standardised according to the
world standard population and are given per 100000
inhabitants. Average annual variations in incidence rates
were estimated using a Poisson regression, adjusted for
age for each gender. Associations between categorical
data were analysed using the χ 2 test for homogeneity.
Relative survival rates, defined as the ratio of the observed survival rate in the cancer patients under study, to
the expected survival rate in a population with similar sex
and age distribution derived from local mortality tables,
were calculated. They reflect the excess mortality in the
cancer patient group relative to background mortality. A
multivariate survival analysis was performed using a relative survival model with proportional hazards applied to
the net survival by intervals[10]. The significance of the
covariates was tested using the likelihood ratio test. Time
trends were computed using STATA, release 11 (STATA
corp., College Station, Texas).

RESULTS
Incidence
A total of 256 cancers of the ampulla of Vater were recorded. They accounted for 0.6% of the digestive cancers
recorded in men and 0.8% of those recorded in women.
The crude annual incidence rate was 0.83 per 100000
inhabitants in men and 0.75 per 100000 inhabitants in
women. The corresponding age-standardised rates were
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Figure 1 Age-specific incidence of cancer of the ampulla of Vater.

four study periods in men. In women, the incidence rates
were respectively 0.23, 0.40, 0.30 and 0.25 per 100000.
The mean annual percentage of variation was 4.6% for
men (95%CI: 2.4-6.7, P < 0.001). There was no significant variation in women.

Table 1 Trends in treatment and stage at diagnosis of cancer
of the ampulla of Vater
1976-1984 1985-1993 1994-2002 2003-2009
Treatment
Resection for
cure
Palliative
surgery
Symptomatic
treatment
Stage at diagnosis1
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

(n = 25)

(n = 67)

(n = 82)

(n = 81)

40.0%

51.5%

48.8%

49.4%

44.0%

27.9%

29.3%

35.8%

16.0%

20.6%

22.0%

14.8%

16.0%
16.0%
8.0%
60.0%

23.5%
23.5%
3.0%
48.5%

24.4%
24.4%
3.7%
47.5%

25.9%
14.8%
7.4%
51.9%

1

Stage unknown: 1 case in 1985-1993.

respectively 0.46 and 0.30 per 100000 inhabitants. The
sex ratio calculated on the age-standardised incidence rate
was 1.5.
All cases but one was diagnosed after age 40 years.
Age-specific incidence rates were slightly higher in men
than in women (Figure 1). The mean age at diagnosis was
69.5 years (SD: 12.5 years) for men and 74.0 years (SD:
11.5 years) for women (P = 0.0034).
Age at diagnosis did not significantly change over the
four periods of the study. However, we noted an increasing trend over time in the proportion of patients of 75
years and over: 40% between 1976 and 1984, and 58%
between 2003 and 2009. The proportion of histologically verified cases was 82.8%. There was no significant
change over the study periods. Among the 212 histologically proven cases there were 205 adenocarcinomas and
7 neuroendocrine tumours. The diagnosis was based on
morphologic examinations in 44 cases.
The incidence of cancer of the ampulla of Vater
showed a substantial increase in men over the study period. Age standardised incidence rates were respectively
0.26, 0.39, 0.52 and 0.58 per 100000 inhabitants for the
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Treatment-stage at diagnosis
There has been no major variation in the surgical treatment of cancers of the ampulla of Vater. The proportion
of resection for cure did not vary significantly over time
(Table 1). Between 1976 and 1984, R0 resection was performed in 40.0% of cases. This increased to 51.5% during the period 1985-1993, after which it remained stable.
Perioperative mortality was 8.6% over the study period.
Among the 131 patients not treated with R0 resection, 4.6% had a palliative resection, 55.7% a by-pass, 2.3%
an exploratory laparotomy, 0.8% local treatment with
laser and 36.6% had best supportive care only. Among
cases with curative resection, pancreaticoduodenectomy
was performed in 94.0% of cases and ampullectomy in
6.0% of cases. Eleven cases had adjuvant treatment (radiotherapy, chemotherapy, or both).
Cancer of the ampulla of Vater was often diagnosed
at an advanced stage: overall, 50.8% of cases were TNM
stage Ⅳ or not-resected. There was no significant variation in stage at diagnosis over the different study periods
(Table 1).
Prognosis
Overall, 1-, 3- and 5-year relative survival rates were respectively 60.5%, 34.3%, and 27.7%. Relative survival according to the different studied variables is shown in Table 2. There was no significant improvement in survival
over time. Survival was higher in patients under 60 years
old than in older patients (P = 0.0012). Survival was not
related to gender. Treatment and stage at diagnosis were
the most important determinants of survival. The 5-year
relative survival rate was 41.5% after resection for cure,
9.5% after palliative surgery and 6.7% after symptomatic
treatment. Prognosis worsened with advancement of
cancer stage at diagnosis. The 5-year relative survival rate
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Relative survival
1 yr

Sex
Men
Women
Age at diagnosis
< 60 yr
60-74 yr
> 74 yr
Treatment
Resection for cure
Palliative surgery
Symptomatic treatment
Stage at diagnosis
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ
Period at diagnosis
1976-1984
1985-1993
1994-2002
2003-2009

3 yr

P value

5 yr
0.6356

130
122

61.9%
58.7%

35.0%
33.5%

30.2%
23.8%
0.0012

46
89
117

76.5%
62.8%
51.3%

50.2%
33.9%
26.7%

45.5%
24.0%
19.6%

77.8%
55.2%
26.5%

48.6%
17.8%
17.1%

60
52
13
126

80.1%
62.0%
60.3%
72.3%
40.2%
29.4%
Not calculated
44.1%
17.5%
8.0%

80
70
60
50
40
30
20
10
0

< 0.0001
124
81
47

N+

90
Relative survival rate (%)

n

N-

100

Table 2 Relative survival rate for cancer of ampulla of
Vater by sex, age, period at diagnosis, stage at diagnosis and
treatment in Burgundy (France) between 1976 and 2009
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Figure 2 Cancer of ampulla of Vater survival rate according to node status.
< 0.0001

0.4526
25
65
82
80

54.5%
56.4%
67.7%
59.0%

22.4%
31.0%
38.1%
36.0%

14.0%
21.6%
31.6%
30.3%

varied from 60.3% for stage Ⅰ to 8.0% for advanced cancers (Table 2).
Node invasion status was an important prognostic
factor (Figure 2). The 5-year relative survival rate was
54.3% in node-negative patients (85 cases) and 19.2% in
node-positive patients (28 cases; P = 0.020).
A multivariate survival model based on gender, age,
stage and period of diagnosis was designed. As treatment
and stage at diagnosis were closely correlated, they were
not included together in the multivariate analysis. The
result of the model is presented in Table 3. For stage
at diagnosis, the relative risk of death compared with
stage Ⅰ was 2.1 for stage Ⅱ (P = 0.012) and 4.7 for stage
Ⅳ (P < 0.001). After adjustment for sex, stage, and period at diagnosis, age at diagnosis was no longer a prognostic factor.

DISCUSSION
This study describes the incidence and the management
of cancer of the ampulla of Vater at the population level.
Its strength lies in the fact that it examined all cases of
the disease recorded in a long-standing cancer registry
with a complete follow up in an area with a population
of over one million people. All of the data were collected
in a consistent fashion regardless of the time period or
place of diagnosis. This study provides an unbiased picture of cancer of the ampulla of Vater in a well-defined
French population over a 34-year period.
We confirm that cancer of the ampulla of Vater is
still rare, accounting for less than 1% of all digestive
cancers in France. Little is known about the incidence
of cancer of the ampulla of Vater across the world. The
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four-digit Classification of the International Classification
of Disease for Oncology has to be used to analyse this
cancer site. Most of the time, results are reported on biliary tract cancer using only three-digit classification[1,11,12].
Population-based data on cancer of the ampulla of
Vater are available from the United States[13], England[11],
Shanghai (China)[14] and New Zealand[15]. Moreover, some
articles used the standard American or European population, which are not an international standard and prevent
direct comparison between the incidence rates in different areas of the world[1,11,16]. Age-standardized incidence
rates varied between 0.3 and 0.6 per 100000 inhabitants
in men, and 0.2 and 0.4 per 100000 inhabitants in women[11,14-16]. The reasons for these trends are unknown.
The descriptive epidemiology of cancer of the ampulla of Vater is relatively uniform when the few available
data from affluent areas are compared[11,14-16]. All studies
are characterized by a slight male predominance and an
incidence that increases with age, mostly after 40 years
old. The mean age at diagnosis is similar to other epithelial digestive cancers, about 70 years in men and 75 years
in women. Cancer of the ampulla of Vater mostly consists of adenocarcinoma. Neuroendocrine tumours are
extremely rare[17]. They originate from neuroendocrine
cells located in the gastrointestinal mucosa or submucosa.
Diverging trends in incidence have been reported.
In the United States, over the period 1973-2005 there
was an increase in incidence in both men and women of
0.9% per year[16]. A similar trend was reported in New
Zealand[15]. In England[11], incidence rates remained stable
in both men and women while in France they doubled
in men over the 1976-2009 period and remained stable
in women. In view of these diverging trends, changes in
diagnostic procedures are unlikely explanations. Few data
are available about the role of environmental factors.
Smoking is an identified risk factor[18]. However the sex
ratio of around 1.5 is not characteristic of cancers related
to smoking. Obesity was also reported as a risk factor[19],
and could explain at least part of the increasing trend
reported in some areas. It was also suspected that cholecystectomy increased the risk of cancer of the ampulla
of Vater[20].

10147

August 7, 2014|Volume 20|Issue 29|

Rostain F et al . Cancer of the ampulla of Vater
Table 3 Multivariate relative survival analysis for cancer of
the ampulla of Vater

Sex
Men
Women
Age at diagnosis
< 60 yr
60-74 yr
> 74 yr
Period at diagnosis
1976-1984
1985-1993
1994-2002
2003-2009
Stage at diagnosis
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ
Stage Ⅳ

HR

95%CI

P value

1.0
0.9

0.7-1.3

0.66

1.0
1.3
1.2

0.8-2.1
0.7-2.0

0.54
0.60

1.0
1.0
0.8
0.8

0.6-1.7
0.5-1.5
0.5-1.4

0.98
0.54
0.48

1.0
2.1
3.2
4.7

1.2-3.7
1.5-6.9
2.7-8.1

0.012
0.003
< 0.001

One of the merits of this study was to describe the
management of cancer of the ampulla of Vater at a population level. The only comparable study was performed
in the US within the SEER program[13]. Either surgical or
endoscopic resection is currently the only potentially curative treatment. More than half of patients do not even
have a resection of their cancer. This was performed in
48.3% of the cases in our series compared with 40% in
the US study. This is much lower than in hospital-based
series[21,22]. This discrepancy is not surprising. Hospital
data are provided by specialized units and as such cannot
be used as a reference because of unavailable selection
bias, in particular in surgical series. The lower age at diagnosis reported in hospital series indicates that elderly
patients are less frequently managed in specialized units.
Nowadays, pancreatoduodenectomy is the standard
surgical strategy for curative treatment of cancer of the
ampulla of Vater and is still associated with a high operative mortality rate[4]. This was 8.6% in our study and 8%
in a US study conducted within the SEER program[13].
The present study and the SEER program study provided a non-biased estimation of operative mortality after
resection of cancer of the ampulla of Vater. It is higher
than the operative mortality rate reported by specialised
centers[21,22] with selected accrual. Operative mortality
after surgery for cure for pancreatic cancer was similar
(11%) over the study period in the same region[23]. For
this reason, local resection by endoscopic ampullectomy
has been proposed as an alternative for the treatment
of early cancer of the ampulla of Vater in particular in
elderly patients[7]. In two series of resected cancer of the
ampulla of Vater, it was shown that a limited resection
was safe - in the absence of lymph node metastasis - if
the cancer was less than 2 cm in size, and if the tumour
was well differentiated without invasion of the duodenum or the biliary or pancreatic duct as determined by
endoscopic ultrasonography[24,25]. These findings suggest
that endoscopic ampullectomy can be an alternative to
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pancreatoduodenectomy in strictly selected patients. In
our series, endoscopic ampullectomy was performed in
6% of resected cases.
It is disappointing that there have been no major improvements over time in the proportion of cases resected
for cure. This suggests that improvements in imaging
have not contributed to an earlier diagnosis. The lateness
of symptoms can explain why only minor improvements
in the management of cancer of the ampulla of Vater
can be expected from the development of diagnosis
strategies. A long time can pass before complete obstruction of the biliary tract or anaemia occurs. This explains
the major dilatation of the intra and extra hepatic biliary
tract seen at diagnosis.
The 5-year relative survival rate was low with only one
quarter of patients still alive. However, this is higher than
for pancreatic or extra-hepatic biliary tract cancers. In
Burgundy, the 5-year relative survival rates for these two
cancers were 4%[23] and 8%[26], respectively.
For cancer of the ampulla of Vater, there were important discrepancies in survival rates in different areas.
The overall 5-year relative survival rates were 47% in the
United States[13], 28% in Burgundy, 21% in England[11]
and 20% in Eindhoven[27]. Stage at diagnosis is probably
the main explanation for the differences. The proportion
of stage Ⅰ was 37% in the US compared with 24% in
Burgundy.
Age and stage at diagnosis, as well as treatment modalities were significant prognostic factors in the univariate analysis. Because stage at diagnosis and treatment
correlated with each other, only stage at diagnosis was
included in the multivariate analysis. In the multivariate
analysis, age was no longer a significant prognostic factor, suggesting that stage at diagnosis explained the poor
survival rate in the oldest age group. Stage at diagnosis
remained the only significant prognostic factor. The
period of diagnosis did not influence survival. It is not
surprising that in the absence of any improvement in the
proportion of cases resected for cure, or in the proportion of early stage cancers at diagnosis, survival rates remained unchanged.
In the current study, we confirmed that lymph node
status is a main prognostic factor: survival rates decreased
significantly in cases of lymph node invasion. In the US
study[13] similar results were reported. The signifiance
of stage Ⅲ of the TNM classification can be discussed.
In our study, only 5.1% patients had stage Ⅲ disease.
Resectable locally-advanced cancers are rare and as they
have a poor prognosis, they are similar to metastatic or
unresectable cancers.
In our study, only eleven patients had adjuvant treatment after R0 resection (8.9%). This is not surprising
since radiochemotherapy with 5-Fluorouracil was not
shown to improve 5-year relative survival compared with
patients who did not receive adjuvant treatment[28,29]. A
randomized study on the effect of radiochemotherapy
was also negative[30]. In another trial[31] that compared chemotherapy (Fluorouracil plus folinic acid or gemcitabine)
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with observation alone, adjuvant chemotherapy did not
significantly improve survival. However, the benefits of
chemotherapy were suggested in a multivariate analysis
with a hazard ratio of 0.73 (P = 0.048). More data are
necessary in order to recommend chemotherapy or not
as a standard adjuvant treatment.
The current study is one of the rare population-based
studies about cancer of the ampulla of Vater. The main
advantage is that it provides a real picture of trends in
the incidence and management of the disease in a welldefined French population. Cancer of the ampulla of
Vater is still uncommon, but the incidence rate is increasing in men. This trend is not well explained. Only minor
improvements have been made in the management of
cancer of the ampulla of Vater over the last thirty-four
years, which explains why survival rates have remained
stable. Stage at diagnosis is the main prognostic factor,
and about half of the cases are diagnosed at an advanced
stage. Because of the rarity of cancer of the ampulla of
Vater, it seems difficult to identify a high-risk population
to facilitate earlier diagnosis. In the short term more effective systematic treatments are needed. Recent collaborative studies have shown that phase Ⅲ trials are feasible.

statistical methodology is appropriate.
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METHODS: A prospective, randomised, placebocontrolled multicentre study in five endoscopic units
was conducted on 686 patients randomised to receive
a suppository containing 100 mg indomethacin, or an
inert placebo, 10-15 min before ERCP. Post-ERCP pancreatitis and hyperamylasaemia were evaluated 24 h
following the procedure on the basis of clinical signs
and laboratory parameters, and computed tomography/
magnetic resonance imaging findings if required.
RESULTS: Twenty-one patients were excluded because
of incompleteness of their data or because of protocol
violation. The results of 665 investigations were evaluated: 347 in the indomethacin group and 318 in the
placebo group. The distributions of the risk factors
in the two groups did not differ significantly. Pancreatitis developed in 42 patients (6.3%): it was mild in
34 (5.1%) and severe in eight (1.2%) cases. Hyperamylaesemia occurred in 160 patients (24.1%). There
was no significant difference between the indomethacin
and placebo groups in the incidence of either postERCP pancreatitis (5.8% vs 6.9%) or hyperamylasaemia (23.3% vs 24.8%). Similarly, subgroup analysis did
not reveal any significant differences between the two
groups.
CONCLUSION: 100 mg rectal indomethacin administered before ERCP did not prove effective in preventing
post-ERCP pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the effectiveness of rectally administered indomethacin in the prophylaxis of post-endoscopic retrograde cholangiopancreatography (ERCP)
pancreatitis and hyperamylasaemia in a multicentre
study.
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Core tip: Acute pancreatitis is the most common and
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potentially fatal complication of endoscopic retrograde
cholangiopancreatography (ERCP). Non-steroidal antiinflammatory drugs have been suggested to be effective in prospective controlled trials, but the results
are inconclusive. A prospective, randomised, placebocontrolled multicentre study was therefore conducted in
five endoscopic units. The results for 665 patients who
randomly received a suppository containing 100 mg
indomethacin or placebo before ERCP were evaluated.
There was no difference between the indomethacin and
placebo groups in the incidence of either post-ERCP
pancreatitis or hyperamylasaemia. Rectal indomethacin
is not effective in preventing post-ERCP pancreatitis in
average-risk patients.
Döbrönte Z, Szepes Z, Izbéki F, Gervain J, Lakatos L, Pécsi G,
Ihász M, Lakner L, Toldy E, Czakó L. Is rectal indomethacin
effective in preventing of post-endoscopic retrograde cholangiopancreatography pancreatitis? World J Gastroenterol 2014;
20(29): 10151-10157 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10151.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10151

INTRODUCTION
Among the gastrointestinal endoscopic procedures, endoscopic retrograde cholangiopancreatography (ERCP)
has the greatest potential for complications. The most
common complication is acute pancreatitis, with a reported overall incidence of 2%-10%; however, this can
rise to 30% in the presence of certain risk factors. PostERCP pancreatitis is most often mild, but in around 10%
of the cases (0.4%-0.6% of the procedures performed)
it is severe and potentially fatal. The mortality rate is
about 0.1%-0.5%. Furthermore, asymptomatic hyperamylasaemia occurs in 35%-70% of patients undergoing
ERCP. The wide interval of the published incidence of
pancreatitis can be explained by the different criteria used
for the diagnosis, the type and duration of the followup of the patients involved in the studies, the level of
endoscopic expertise and the frequencies of patient- and
procedure-related risk factors among the investigated patient population[1,2].
A number of agents have been tested experimentally
and in clinical trials for their potential effectiveness in
preventing ERCP-induced pancreatitis. Chemoprevention studies have targeted the following mechanisms of
action: a reduction in pancreatic secretion, the prevention
of intra-acinary trypsinogen activation, interruption of
the inflammatory cascade, the relaxation of sphincter of
Oddi and the prevention of infection. The majority of
the investigated pharmacological agents proved to be ineffective or the results were conflicting.
Non-steroidal anti-inflammatory drugs (NSAIDs)
were recently suggested to be effective in some prospective controlled trials. NSAIDs inhibit phospholipase A2,
which has an early role in the inflammatory cascade in
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acute pancreatitis. Inhibition of phospholipase A2 results
in the suppression of several important classes of proinflammatory lipids (prostaglandins, leukotrienes and
platelet activating factor). Indomethacin followed by diclofenac is the most potent NSAID from the aspect of
phospholipase A2 inhibition. NSAIDs additionally inhibit
neutrophil-endothelial cell attachment. Indomethacin has
been reported to decrease the mortality resulting from
experimental pancreatitis in animals[3].
Three meta-analyses involving the data of four earlier
randomised controlled trials indicated that indomethacin
or diclofenac administered rectally in a dose of 100 mg
was effective in decreasing the incidence of post-ERCP
pancreatitis[4-6]. Four recent meta-analyses likewise concluded that NSAIDs reduced the incidence and severity
of post-ERCP pancreatitis [7-10]. However, the limitations of these meta-analyses are the small case numbers
in of the original studies; the study heterogeneity; the
intergroup differences in the timing, type and route of
NSAID administration; the heterogeneity in the proportion of high-risk patients; and the prophylactic placement
of pancreatic stents. The benefits of multicentre trials include a larger number of participants and generalizability
from conduct of the trial in several regions of the country. Other advantages are the extensive quality control
and routine oversight needed to standardize procedures
across centres and the contributions of multiple investigators with complementary expertise.
In a recent study, Otsuka et al[11] found low-dose rectal diclofenac to be effective in the prophylaxis of postERCP pancreatitis, whereas in two other randomised
controlled trials diclofenac 50 mg orally or 75 mg intramuscularly was concluded to be non-effective[12,13]. Therefor, there is some doubt as to the clinical effectiveness of
NSAIDs in the prophylaxis of post-ERCP pancreatitis,
all the more so as several agents have shown promise in
early single-centre studies; however, the results in larger
multicentre randomised controlled trials were disappointing. A survey published in 2010 on data collected
from 141 endoscopists performing ERCP in 29 countries
revealed that the overwhelming majority (83.7%) of the
survey respondents did not use NSAIDs for post-ERCP
pancreatitis prophylaxis, referring to the lack of convincing scientific evidence of its benefits[14].
In our earlier single-centre randomised controlled
trial, 100 mg indomethacin given rectally before ERCP
did not prove effective in reducing the incidence of postprocedure pancreatitis[15]. In our present study, therefore,
the aim was to investigate the effectiveness of rectally
administered indomethacin in reducing the incidence of
post-ERCP pancreatitis and hyperamylasaemia in a multicentre randomised controlled trial.

MATERIALS AND METHODS
Protocol and patients
A multicentre, prospective, randomised placebo-controlled
trial was conducted in five endoscopic units (tertiary refer-
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ral centres for therapeutic endoscopy) on 686 patients
who consecutively underwent ERCP within inpatient
care, in two centres between January 2012 and January
2013 and in three between August 2012 and January
2013. Exclusion criteria included: acute pancreatitis or
hyperamylasaemia at the time of the ERCP, unsuccessful duct opacification, previous sphincterotomy, anus
praeternaturalis, Billroth Ⅱ surgery, a known allergy to
indomethacin and the use of NSAIDs in the previous
week. Placement of a pancreatic stent was not allowed.
Antibiotics were permitted.
Patients were randomly assigned to receive either a
rectal suppository containing 100 mg indomethacin (Sanofi-Aventis Paris, France) or an identical-appearing suppository containing the inert vehicle 10-15 min before the
sedoanalgesic premedication for ERCP. An independent
endoscopic nurse supervised the suppository administration and its retention within the rectal ampulla, and completed the list detailing the patient’s characteristics. An
investigator who was unaware of the nature of the given
suppository recorded the investigation characteristics.
The follow-up and the diagnosis according to the criteria
of mild or severe pancreatitis and hyperamylasaemia were
performed blindly and independently of the investigator, and the analysis was also carried out in a blinded way.
The randomization was revealed only after the analysis.
The day before and 24 h after the ERCP, the levels
of serum amylase, lipase and C-reactive protein and the
blood count were determined. In cases of hyperamylasaemia, the pancreatic serum enzyme levels were followed
until their normalisation.
Post-ERCP pancreatitis was diagnosed 24 h following
the procedure on the basis of clinical signs and laboratory parameters. When required, the results of computed
tomography (CT) or magnetic resonance imaging (MRI)
were also taken into account. The definition of post-ERCP pancreatitis was based on consensus criteria[16]: a new
onset of typical upper abdominal pain and symptoms, serum amylase and/or lipase level at least three times higher than the upper normal limit 24 h after the procedure,
requiring a prolongation of admission, and/or CT/MRI
findings consistent with the diagnosis. Severe post-ERCP
pancreatitis was defined as a need for a hospital stay of
more than 10 d, accompanied by a significant complication, such as pancreas necrosis, pseudocyst formation,
peripancreatic fluid collection, fatty necrosis or the need
for a non-surgical or surgical intervention. Hyperamylasaemia was defined as a serum amylase level above the
upper normal limit 24 h after the procedure without the
presence of criteria of acute pancreatitis. The definition
of difficult cannulation was more than five cannulation
attempts before successful duct opacification.
This work was carried out in full accordance with the
Declaration of Helsinki (2004) of the World Medical
Association. The Regional/Local Research Ethical Committees approved the study ethically. All patients provided
their written informed consent.
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ERCP
The indications of ERCPs were completely independent
of the study investigators. The ERCPs were performed
consecutively and all the patients who did not meet the
exclusion criteria were included in the study. All the investigations were performed under conscious sedation with
midazolam and pethidine, or midazolam and fentanyl.
Hioscine-n-butyl (Buscopan; Boeringer Ingelheim, Ingelheim am Rhein, Germany) was used for the control of
hyperperistalsis at the discretion of the endoscopist. For
cholangiopancreatography, the iodine-containing contrast
material lysine amidotrizoate (Peritrast 600 mg/mL, Dr.
Köhler F Chemie GmbH, Bensheim, Germany) in 50%
dilution was used. All investigations were performed under pulsoxymetry monitoring. For endoscopic sphincterotomy (EST), pure cutting current (25 W) was used.
Statistical analysis
Statistical significance was calculated by using χ 2 and
Fisher’s exact tests, as appropriate. Statistical analysis was
performed with the Statistics for Windows 7.0 (Microsoft)
program. Statistical significance was set at P < 0.05.

RESULTS
Subject characteristics
A total of 686 patients were randomised, of whom 14
were excluded from the evaluation because of the incompleteness of their data, and seven because of a pancreatic
stent placement. Accordingly, the results of 665 investigations were evaluated in total: 347 in the indomethacin
group and 318 in the placebo group.
The two groups proved to be well matched from the
aspects of age, sex, body mass index (BMI), the duration
of the procedure and the frequency of other risk factors
of post-ERCP pancreatitis (Tables 1 and 2). The mean
age of the patients was 66.62 ± 15.92 (SD) years: 65.66 ±
16.21 years (SD) in the indomethacin group and 67.68 ±
15.56 years (SD) in the control group.
Post-ERCP pancreatitis
Post-ERCP pancreatitis developed in 42 (6.3%) of the
665 cases. The incidence of post-ERCP pancreatitis was
not significantly different in the indomethacin and placebo groups: 5.8% (20/347) vs 6.9% (22/318) (P = 0.54)
(Table 3). Sixteen (4.6%) cases of mild and four (1.2%)
of severe pancreatitis occurred in the indomethacin
group, and 18 (5.7%) of mild and four (1.3%) of severe
pancreatitis in the placebo group. Hyperamylasaemia
developed in 160 (24.1%) patients overall: 81 (23.3%)
in the study group, and 79 (24.1%) in the control group
(P = 0.65) (Table 3). In the placebo group, one patient
died from necrotizing pancreatitis as a complication of
ERCP. The subgroup analyses from the aspects of age,
gender, BMI and procedure-related risk factors (the duration of the investigation, non-dilatation of the bile duct,
pancreatic duct opacification, EST, pancreatic EST, mul-
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Table 1 Comparison of the two groups of patients according
to patient and investigation characteristics (n = 665) n (%)

Table 2 Distribution of specific risk factors in the investigated
population (n = 665) n (%)

Patient and investigation
characteristics

Risk factors

Gender
Male (n = 239)
Female (n = 426)
Age
< 70 yr (n = 355)
> 70 yr (n = 310)
BMI
< 25 (n = 303)
25-30 (n = 236)
> 30 (n = 126)
Duration of ERCP
< 20 min (n = 454)
> 20 min (n = 211)
Dilated/non-dilated bile duct
Dilated (n = 366)
Non-dilated (n = 299)
Pancreatic duct opacification
(n = 463)
EST
Biliary (n = 443)
Pancreatic/double (n = 48)
Difficult cannulation (n = 116)
Gallstone extraction (n = 165)
Bile duct dilatation (n = 22)
Biliary stent placement
Plastic stent (n = 75)
Metal stent

Indomethacin group

Control group

(n = 347)

(n = 318)

133 (55.64)
214 (50.23)

106 (44.35)
212 (49.76)

190 (53.52)
157 (50.65)

165 (46.48)
153 (49.35)

156 (51.48)
125 (53.96)
66 (52.38)

147 (48.51)
111 (47.03)
60 (47.62)

236 (52.0)
111 (52.6)

218 (48.0)
100 (47.4)

189 (51.64)
158 (52.84)
246 (53.13)

177 (48.36)
141 (47.15)
217 (46.87)

224 (50.56)
22 (44.0)
64 (55.17)
82 (49.7)
11 (50.0)

219 (49.43)
28 (56.0)
52 (44.83)
83 (50.3)
11 (50.0)

35 (46.7)
0

40 (53.3)
0

Age < 50 yr (n = 104)
Female gender (n = 426)
BMI > 25 (n = 362)
Duration of ERCP > 20
min (n = 211)
Non-dilated bile duct
(n = 299)
Pancreatic duct
opacification (n = 463)
EST biliary (n = 443)
EST pancreatic/double
(n = 48)
Difficult cannulation
(n = 116)
Gallstone extraction
(n = 165)
Bile duct dilatation
(n = 22)
Biliary plastic stent
placement (n = 75)
Total (n = 2734)

Control group
(n = 318)

P value

57/347 (16.4)
214/347 (61.7)
191/347 (55.0)
111/347 (32.0)

47/318 (14.8)
212/318 (66.7)
171/318 (53.8)
100/318 (31.4)

0.559
0.180
0.743
0.880

158/347 (45.5)

141/318 (44.3)

0.757

246/347 (70.1)

217/318 (68.2)

0.534

224/347 (64.6)
20/347 (5.8)

219/318 (68.9)
28/318 (8.8)

0.195
0.130

64/347 (18.4)

52/318 (16.4)

0.111

82/347 (23.6)

83/318 (26.1)

0.461

11/347 (3.2)

11/318 (3.5)

0.835

35/347 (10.1)

40/318 (12.6)

0.640

1413/4164 (33.9) 1321/3816 (34.6)

0.520

BMI: Body mass index; EST: Endoscopic sphincterotomy; ERCP: Endoscopic retrograde cholangiopancreatography.

BMI: Body mass index; EST: Endoscopic sphincterotomy; ERCP: Endoscopic retrograde cholangiopancreatography.

tiple cannulation attempts, gallstone extraction, bile duct
dilatation, or stent implantation into the bile duct) demonstrated that there were no significant differences in the
incidence of post-ERCP pancreatitis or hyperamylasaemia between the two groups (Table 4). There was likewise
no significant difference in the incidence of pancreatitis
between the two groups at the various endoscopic units.
When the results at the individual endoscopic centres
were compared, the only significant difference (P = 0.04)
was that hyperamylasaemia occurred more often in the
indomethacin group than in the control group in one of
the five endoscopic units. There were no adverse events
related to the use of indomethacin.

DISCUSSION
The pathological mechanism of post-ERCP pancreatitis
is multifactorial. The mechanical, hydrostatic, thermal,
bacterial and chemical insults accompanying cannulation
and/or other modes of instrumentation of the papilla or
the injection of contrast medium into the pancreatic duct
may all result in a pancreatic duct injury. These initiating
factors may act independently or in combination, leading
to autodigestion because of the premature intracellular
activation of pancreatic proteolytic enzymes and the
release of inflammatory cytokines, producing both local and systemic effects[17]. The severity of pancreatitis is
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Indomethacin
group (n = 347)

determined by the intensity of the inflammatory cascade
and the systemic response. Attempts to prevent ERCPinduced pancreatitis take the pathogenetic factors into
consideration and are based upon mechanical and pharmacological approaches.
Among the mechanical techniques applied, short-term
pancreatic stent placement has proved to be effective in
reducing the incidence of post-ERCP pancreatitis[18,19]: in
the initiation of post-ERCP pancreatitis, repeated cannulation attempts or prolonged manipulation around the
papillary orifice play a considerable role through injury of
the pancreatic sphincter, leading to oedema and mechanical obstruction. However, prophylactic stent placement
appears to be of significant benefit only in experienced
hands and only in patients at high risk of ERCP-induced
pancreatitis. Moreover, it does not seem to be cost-effective in patients at average risk[20]. In the European Society of Gastrointestinal Endoscopy (ESGE) guidelines,
therefore, the use of prophylactic pancreatic stenting is
recommended only for patients who are at high risk of
developing pancreatitis after ERCP[21]. However, the risk
of pancreatitis is not always easy to assess, and an unsuccessful cannulation attempt itself increases the risk of
pancreatitis[22]. The search for effective pharmacological
prophylactic agents, therefore, remains at the focus of
clinical interest.
Recent clinical trials suggested the promise of NSAIDs.
Moreover, the administration of indomethacin or diclofenac in a single dose is simple, safe and inexpensive.
However, our results did not confirm the conclusions
of several single-centre studies as regards the prophylac-
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Table 3 Incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis and hyperamylasaemia (n = 665)
Group of patients
Indomethacin
Control
Total

ERCP (n )

Pancreatitis (n )

Pancreatitis

Hyperamylasaemia (n )

Hyperamylasaemia

347
318
665

20 (mild: 16, severe: 4)
22 (mild: 18, severe: 4)
42

5.76%
6.92%
6.32%

81
79
160

23.34%
24.84%
24.06%

There were no statistically significant differences (P = 0.541 and P = 0.651). ERCP: Endoscopic retrograde cholangiopancreatography.

Table 4 Incidence of post-endoscopic retrograde cholangiopancreatography pancreatitis according to risk factors (n =
665) n (%)
Risk factors

Indomethacin

Control group

P value

group
Age < 50 yr (n = 104)
Female gender (n = 426)
BMI > 25 (n = 362)
Duration of ERCP
> 20 min (n = 211)
Non-dilated bile duct
(n = 299)
Pancreatic duct
opacification
(n = 463)
EST biliary (n = 443)
EST pancreatic/double
(n = 48)
Difficult cannulation
(n = 116)
Gallstone extraction
(n = 165)
Bile duct dilatation (n = 22)
Biliary plastic stent
placement (n = 75)

5/57 (8.77)
16/214 (7.47)
12/191 (6.28)
8/111 (7.2)

6/47 (12.76)
19/212 (8.96)
10/171 (5.85)
7/100 (7.0)

0.365
0.576
0.862
0.580

10/158 (6.33)

11/141 (7.8)

1.000

20/246 (8.13)

20/217 (9.21)

0.263

14/224 (6.25)
4/20 (20.0)

14/219 (6.4)
5/28 (17.86)

0.951
0.560

4/64 (6.25)

6/52 (11.54)

0.478

3/82 (3.66)

5/83 (6.02)

0.451

1/11 (9.1)
4/35 (11.43)

2/11 (18.2)
3/40 (7.5)

0.537
0.580

There were no statistically significant differences. BMI: Body mass index;
EST: Endoscopic sphincterotomy; ERCP: Endoscopic retrograde cholangiopancreatography.

tic effectiveness of rectally administered NSAIDs. Our
multicentre study involving 665 cases did not reveal any
difference between indomethacin and placebo in the prophylaxis of post-ERCP pancreatitis/hyperamylasaemia.
Our results are in accord with those of Cheon et al[12]
and Senol et al[13], who investigated the possibility of the
prophylactic effect of diclofenac administered intramuscularly or orally, respectively.
In the first multicentre randomised controlled trial[23],
which involved 602 patients, rectal indomethacin was
found to reduce the incidence and severity of post-ERCP
pancreatitis significantly. However, the indication in 82%
of the cases in that study was a suspicion of a sphincter
of Oddi dysfunction, and the results therefore cannot
be extrapolated to all ERCP investigations. Furthermore,
the majority of the patients received a prophylactic pancreatic stent, which can also result in the prevention of
post-ERCP pancreatitis in such high-risk patients. The incidence of post-ERCP pancreatitis in the placebo group
in our study was only 6.9%, while it was 16.9% in that of
Elmunzer et al[23]; the main difference between the two
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trials was that our patients might be regarded as averagerisk patients, in contrast with the high-risk patients in
the other study. Our results are in contrast with those
of the recent meta-analysis by Yaghoobi et al[10], which
included only four high-quality randomized controll trials published between 2007 and 2012[15,23-25], among them
the study by Elmunzer et al[23], which supported the effectiveness of indomethacin for the prevention of postERCP pancreatitis. One appreciable difference between
our study population and that of the meta-analysis was
that the mean ages of the patients (44.4 ± 13.5, 58.4 ±
17.1 and 55.37 ± 18.0 years in the study groups, and 46.0
± 13.1, 58.1 ± 16.8 and 51.1 ± 17.0 years in the control
groups) in three of the four publications involved in the
meta-analysis were much lower than those in our study
(65.66 ± 16.21 in the indomethacin group, and 67.68 ±
15.56 in the control group); however, it is unlikely that
the different outcomes are explained solely by this difference. Our study may have certain limitations as concerns
to allocation concealment, while the studies involved in
the meta-analysis are somewhat heterogeneous in terms
of the frequency of particular risk factors (e.g., pancreatic
duct injection), the use of a pancreatic stent and the timing of the administration of the suppository, which may
influence the result.
Despite the ESGE guideline recommendation that
indomethacin or diclofenac may be administered rectally
either before or after the endoscopic procedure[21], the
time of the administration may theoretically also play a
role in the prophylactic effectiveness. It appears relevant
that protease inhibitors and agents that act by influencing
the cytokine cascade proved effective in the treatment of
experimental pancreatitis in animals, but did not influence
the course of pancreatitis in humans. At the time of the
therapeutic application in human patients, the cytokine
cascade has already developed, whereas experimental pancreatitis is induced in animals only after or simultaneously
with the administration of inhibitory agents. The peak
plasma concentration of diclofenac or indomethacin is
reached 30 min after their rectal administration[26]. Theoretically, therefore, rectal administration appears more
reasonable before the ERCP investigation than after it. In
our study, the patients received the suppository 10-15 min
before the sedoanalgesic premedication for the ERCP. In
a very recent study, when diclofenac in combination with
somatostatin was given 30-60 min before the procedure,
a significant decrease in the incidence of post-ERCP
pancreatitis as compared with the control group was observed[27]. However, five previous studies that suggested
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the prophylactic effect of rectal NSAIDs did not uniformly support this theory because in three of them[11,23,24],
the suppository was administered before, while in two of
them[28,29], it was given after the investigation.
The incidence of post-ERCP pancreatitis is strongly
influenced by procedure-related risk factors, such as the
expertise of the investigator, the number of cannulation
attempts and the degree of filling of the pancreatic duct
with contrast material. It is also affected by the therapeutic procedures, in particular precut sphincterotomy and
balloon dilatation of the sphincter. The indication of
ERCP in the overwhelming majority of the cases is therapeutic intervention. In our study, EST was performed
in 493 (74.1%) of 665 ERCPs. However, these figures
do not represent the real proportion of the therapeutic
interventions, because previous biliary pancreatitis and
sphincterotomy were regarded as exclusion criteria. The
literature data indicate that a younger age, female gender,
pancreatitis in the history, and a non-dilated common bile
duct, with special regard to a sphincter of Oddi dysfunction, are considered to be patient-related risk factors of
post-ERCP pancreatitis[1,2,21]. Recent studies have suggested that obesity may serve as a prognostic indicator
of a poor outcome in non-ERCP-induced acute pancreatitis. However, neither in our trial nor in a retrospective,
multicentre study did obesity confer an increased risk of
ERCP-induced pancreatitis[30]. In our subgroup analyses
involving the patient- and procedure-related risk factors,
indomethacin did not prove to be effective in preventing post-ERCP pancreatitis. Although, differences in the
study populations as a result of the randomisation may
have influenced the outcome, the distributions of the risk
factors in the two groups of patients did not differ significantly in our study.
In summary, indomethacin administered rectally in a
dose of 100 mg 10-15 min before the premedication for
the ERCP procedure did not prove effective in preventing post-ERCP pancreatitis in our multicentre, prospective, randomised study.

Terminology

ERCP is a gastrointestinal endoscopic procedure with a considerable risk of
complications. Indomethacin is a non-steroidal anti-inflammatory drug with analgesic, antipyretic and anti-inflammatory effects.

Peer review

This very interesting manuscript contributes new information to the literature regarding the use of rectal Indomethacin for the prevention of post-ERCP pancreatitis. The results of this manuscript contradict previous studies in the literature.
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Abstract
AIM: to investigate the potential role of oxidative
stress and the possible therapeutic effects of N-acetyl
cysteine (NAC), amifostine (AMF) and ascorbic acid
(ASC) in methotrexate (MTX)-induced hepatotoxicity.
METHODS: An MTX-induced hepatotoxicity model
was established in 44 male Sprague Dawley rats by
administration of a single intraperitoneal injection of
20 mg/kg MTX. Eleven of the rats were left untreated
(Model group; n = 11), and the remaining rats were
treated with a 7-d course of 50 mg/kg per day NAC
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(MTX + NAC group; n = 11), 50 mg/kg per single dose
AMF (MTX + AMF group; n = 11), or 10 mg/kg per day
ASC (MTX + ASC group; n = 11). Eleven rats that received no MTX and no treatments served as the negative control group. Structural and functional changes
related to MTX- and the various treatments were assessed by histopathological analysis of liver tissues and
biochemical assays of malondialdehyde (MDA), superoxide dismutase (SOD), catalase, glutathione (GSH)
and xanthine oxidase activities and of serum levels of
aspartate aminotransferase, alanine aminotransferase,
alkaline phosphatase and total bilirubin.
RESULTS: Exposure to MTX caused structural and
functional hepatotoxicity, as evidenced by significantly
worse histopathological scores [median (range) injury
score: control group: 1 (0-3) vs 7 (6-9), p = 0.001]
and significantly higher MDA activity [409 (352-466)
nmol/g vs 455.5 (419-516) nmol/g, p < 0.05]. The extent of MTX-induced perturbation of both parameters
was reduced by all three cytoprotective agents, but
only the reduction in hepatotoxicity scores reached statistical significance [4 (3-6) for NAC, 4.5 (3-5) for AMF
and 6 (5-6) for ASC; p = 0.001, p = 0.001 and p < 0.005
vs model group respectively]. Exposure to MTX also
caused a significant reduction in the activities of GSH
and SOD antioxidants in liver tissues [control group:
3.02 (2.85-3.43) μmol/g and 71.78 (61.88-97.81) U/g
vs model group: 2.52 (2.07-3.34) mmol/g and 61.46
(58.27-67.75) U/g, p < 0.05]; however, only the NAC
treatment provided significant increases in these antioxidant enzyme activities [3.22 (2.54-3.62) μmol/g
and 69.22 (61.13-100.88) U/g, p < 0.05 and p < 0.01
vs model group respectively].
CONCLUSION: MTX-induced structural and functional
damage to hepatic tissues in rats may involve oxidative
stress, and cytoprotective agents (NAC > AMF > ASC)
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may alleviate MTX hepatotoxicity.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: While the underlying mechanism of methotrexate (MTX)-induced hepatotoxicity remains to be
fully elucidated, increases in oxidative stress have been
linked to the effects of MTX; moreover, MTX-induced
toxicity has been shown to be associated with increases in lipid peroxidation in various tissues, such as
liver, using rat model systems. A few previous studies
have shown that prophylactic delivery of antioxidant
agents can prevent MTX-induced hepatotoxicity. Based
on this information, we aimed to investigate the role
of oxidative stress in MTX-induced hepatotoxicity and
to evaluate the potential therapeutic effects of the cytoprotective antioxidants N-acetylcysteine, amifostine,
and ascorbic acid.
Akbulut S, Elbe H, Eris C, Dogan Z, Toprak G, Otan E, Erdemli
E, Turkoz Y. Cytoprotective effects of amifostine, ascorbic acid
and N-acetylcysteine against methotrexate-induced hepatotoxicity
in rats. World J Gastroenterol 2014; 20(29): 10158-10165
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i29/10158.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i29.10158

erties is amifostine [AMF; S-2-(3-aminopropylamino)
ethylphosphorothioic acid]. The efficacy of AMF as an
anticancer therapy has prompted extensive research efforts to characterize its mode of action. Delivered as an
inactive prodrug, interaction with membrane-bound alkaline phosphatase (ALP) is necessary to generate the activated metabolite form of AMF, known as WR-1065[9].
WR-1065 is capable of effective radical scavenging, especially for hydroxyl and oxygen radicals[9,10].
Ascorbic acid (ASC, vitamin C) is a naturally-occurring water-soluble antioxidant present in cells, body
fluids, and plasma[11-13]. In addition to acting as a ROS
scavenger[11,12], ASC plays a role as an essential coenzyme
in the oxidative stress pathways; interactions have been
demonstrated between ASC and proline hydroxylase,
lysine hydroxylase, 4-hydroxyphenylpyruvate dioxygenase, dopamine-hydroxylase, tryptophan hydroxylase, and
[13]
γ-butyrobetaine hydroxylase .
This study was designed to investigate the role of
oxidative stress in MTX-induced hepatotoxicity (both
structural and functional) and to evaluate the potential
therapeutic effects of the cytoprotective antioxidants
NAC, AMF and ASC. Specifically, a rat model of acute
MTX-induced hepatotoxicity was established and the
hepatoprotective mechanisms related to the antioxidant
defense system were characterized by measuring changes
in oxidative stress factors.

MATERIALS AND METHODS
INTRODUCTION
The folic acid antagonist methotrexate (MTX) disrupts cellular metabolism, effectively inhibiting cellular growth. As
such, MTX is an effective cytotoxic agent and has been
widely applied in chemotherapeutic-based treatments for
malignancies as well as inflammatory diseases[1-3]. While
MTX is generally well-tolerated by patients, its cytotoxic
nature also lends a substantial risk of life-threatening
side effects - the most severe of which are hematopoietic
suppression, hepatotoxicity and pulmonary toxicity[1,2,4].
While the molecular mechanism of MTX-induced hepatotoxicity is not yet completely understood, considerable
experimental and clinical evidence have implicated oxidative stress as a contributing factor[3,5]. Increased reactive
oxygen species (ROS) generation, along with decreased
antioxidant defense activities, have been shown to promote development and progression of MTX-induced
hepatotoxicity in a rabbit model[6].
N-acetylcysteine (NAC) is a well established cytoprotective drug that has proven efficacy against drug (acetaminophen overdose)-induced hepatotoxicity[7]. As the
acetylated precursor of glutathione (GSH), NAC exerts
effective antioxidant and anti-inflammatory functions. In
vitro studies of the molecular mechanisms of NAC have
demonstrated that the drug can protect a cell from oxidative stress by inhibiting H2O2 formation[8].
Another cytoprotective drug with antioxidant prop-
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Animals
Fifty-five male Sprague Dawley rats (10-11 wk of age;
weighing 230-320 g) were obtained from the Experimental Animal Research Center of Inonu University (Malatya,
Turkey). The animals were housed under regular laboratory environment conditions (21 ± 2 ℃, 60% ± 5%
humidity, and 12:12 h light-dark cycle) with free access
to standard rat chow and water. All procedures involving
the animals were designed in accordance with the Guidelines for Animal Research from the National Institute of
Health and were carried out with pre-approval from the
Ethical Committee on Animal Research at Inonu University (No: 2011/A-109).
Experimental design
The 55 rats were randomly assigned to one of five
groups, with an equal number of rats contained within
each group. Simple randomization technique was used
in this experimental study. Forty-four rats were administered a single intrapertioneal (ip) dose of 20 mg/kg
methotrexate without (model group; n = 11) or with
daily treatments of 50 mg/kg oral NAC (MTX + NAC
group; n = 11), 50 mg/kg per day (single dose) ip AMF
(MTX + AMF group; n = 11), or 10 mg/kg per day
ip ASC (MTX + ASC group; n = 11). An additional
11 rats received ip injection of equivalent volumes of
saline instead of MTX (n = 11), and represented the
negative control group. The treatment course lasted 7 d
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Figure 1 methotrexate-induced effects on hepatic structure in rats. Photomicrographs of representative liver tissues are shown for the control group (A) and
model group (B-D). A: Normal histological appearence of H-E stained control liver tissues, showing vena centralis (VC) at × 40; B: Abnormal histological appearance
of H-E stained model liver tissues, showing hepatocytes with eosinophilic cytoplasm around the portal area (arrows) at × 40; C: Inflammatory cells in the portal area
(arrows) and congestion at × 40 (arrowhead); and D: Hydropic degeneration (vacuolization/cellular swelling) in hepatocytes at × 40.

for all groups. The body weights (BW) of the rats were
measured at the last days of the study and recorded in
grams (g). The dose and duration of MTX and antioxidant agents were selected according to results from
previous studies[1,4,5,14-16].
All of the rats were sacrificed by anesthesia (ketamine) overdose at the end of the 7th day of treatment.
The entire liver was excised and bisected; one-half was
formalin-fixed and paraffin-embedded for subsequent
use in histopathological analysis, and the other half was
stored at -30 ℃ for subsequent biochemical analysis.
Blood samples obtained from vena cava inferior and collected for biochemical analysis.
Histopathological analysis: Tissue sections (5 μm)
were mounted on glass slides and stained with hematoxylin-eosin (H-E) to assess the general liver structure and
with periodic acid-Schiff (PAS) to assess the presence of
glycogen deposition in hepatocytes. Each stained section
was semi-quantitatively evaluated under light microscope
(DFC280 equipped with the QWin Image Processing
System; Leica Micros Imaging Solutions Ltd., Cambridge, United Kingdom) by a histologist that was blinded to the treatment group. A scoring system was used
to establish the severity of hepatic injury according to
extent of (1) sinusoidal dilatation; (2) inflammatory cell
infiltration; (3) congestion; and (4) hydropic degeneration (cytoplasmic vacuolization/swelling of hepatocyte),
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with features scored as 0 (normal), 1 (mild), 2 (moderate),
or 3 (severe). The maximum score of 12 indicated the
most severe hepatic injury.
Biochemical analyses: After thawing, the liver specimens were submerged in ice-cold 0.1 mol/L Tris-HCl
buffer (pH 7.5; containing protease inhibitor and 1
mmol/L phenylmethylsulfonyl fluoride) and mechanically homogenized (Ultra Turrax T 25 basic; IKA, Wilmington, NC, United States) at 16000 g for 2 min at 4-8 ℃.
The thiobarbituric acid substrate assay was used to
measure malondialdehyde (MDA; nmol/g wet tissue) with
a spectrophotometer (at 535 and 520 nm)[17]. Ellman’s
method was used to measure reduced GSH (nmol/g wet
tissue) with a spectrophotometer[18,19]. The xanthine/xanthine oxidase (XO) assay was used to estimate superoxide
dismutase (SOD) activity (U/mg protein) by measuring the
amount of reduced nitroblue tetrazolium (NBT), with one
unit of SOD defined as the amount of protein that inhibits the rate of NBT reduction by 50%[20]. Aebi’s method
was used to estimate catalase (CAT) activity (U/g protein)
with a spectrophotometer (240 nm) to determine the rate
constant k (dimension: s-1, k) for scavenging H2O2 (initial
concentration 10 mmol/L)[21]. Finally, the Prajda and Weber method was used to estimate XO activity (U/g protein), which uses spectrophotometric (292 nm) measurement of uric acid formed from xanthine and defines one
unit of activity as 1 μmol of uric acid formed per minute[1].
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Table 2 Effects of methotrexate and antioxidant treatments
on body weight

Table 1 Histopathological damage scores for the control and
the methotrexate-exposed groups, with and without antioxidant treatments
Control
Score

1 (0-3)

Model
7 (6-9)a

MTX + NAC MTX + AMF MTX + ASC
4 (3-6)b

4.5 (3-5)a

BW

6 (5-6)a,c,d

Control

Model

387
(301-332)

318
(246-292.5)a

MTX + NAC MTX + AMF MTX + ASC
295
(226-272)b

306
(183-282.5)a

340
(249-274)c

Data are expressed median (range). aP = 0.001 vs control group; bP = 0.001
vs control and model groups; cP < 0.05 vs MTX + NAC group; dP < 0.005 vs
model and MTX + AMF groups. MTX: methotrexate; NAC: N-acetyl cysteine; AMF: amifostine.

Data are expressed median (range). aP < 0.005 vs control group; bP = 0.001
vs control group; cP < 0.01 vs control group. MTX: methotrexate; NAC:
N-acetyl cysteine; AMF: amifostine; BW: body weight; ASC: ascorbic
acid.

Plasma was separated from blood samples and directly applied to the Architect 16000c Autoanalyzer (Abbott
Diagnostics, Abbott Park, IL, United States) to measure
the concentrations of alanine aminotransferase (ALT),
aspartate aminotransferase (AST), alkaline phosphatase
(ALP) and total bilirubin (TBil).
The automated colorimetric measurement methods
developed by Erel[22,23] were used to determine the total
antioxidant capacity (TAC) and total oxidant status (TOS)
(a serum oxidant parameter) in serum samples.

ated by all three antioxidant treatments (Figure 2D-F).

Statistical analysis
All statistical analyses were carried out by the SPSS statistical software for Windows, version 13.0 (SPSS Inc.,
Chicago, IL, United States). All data are expressed as
median (range of minimum to maximum values). The
Shapiro-Wilk test was used to assess the distribution
of continuous variables, with p < 0.05 indicating nonnormal distribution. Intergroup differences were evaluated by the Kruskal-Wallis test or Mann-Whitney U test,
as appropriate, with p < 0.05 indicating significance.

RESULTS
MTX-induced damage to hepatic structure is alleviated
by antioxidant therapy
Compared to the normal histological appearance of liver
sections from the control group (Figure 1A), liver sections from the model group had significantly worse histopathological scores (p = 0.001). In addition, the model
group showed eosinophilic cytoplasm in hepatocytes
surrounding the portal area (Figure 1B-D) and significantly reduced glycogen deposition in the hepatocytes
(Figure 2a-c). The histological damage scores of all
groups are presented in Table 1.
The MTX-induced structural aberrations were alleviated by all three antioxidant treatments, with the improved scores of the MTX + NAC group and the MTX
+ AMF group reaching statistical significance (Figure
3a-c). In addition, the improvements in histological
scores produced by NAC and AMF were both significantly better than that produced by ASC (p < 0.05 and p
< 0.005, respectively). The improvements in histological
scores produced by NAC and AMF were not significantly
different from one another (p > 0.05). The MTX-induced
reduction in hepatocyte glycogen deposition was allevi-
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MTX-induced change in body weight is unaffected by
antioxidant therapy
As shown in Table 2, the body weight of the model
group was significantly decreased during the 7-d MTX
exposure, as compared with that of the control group (p
< 0.005). However, the changes in body weight (significant reduction from pre-treatment baseline) in the antioxidant treatment groups were not significantly different
from that of the untreated model group (p > 0.05).
MTX-induced perturbations in some markers of hepatic
function are alleviated by antioxidant therapy
Changes in liver enzyme activities: As shown in Tables
3 and 4, compared to the control group, the model group
showed a significantly higher level of MDA activity and
significantly lower levels of GSH, SOD, and XO activities
(all, p < 0.05); however, MTX exposure appeared to have
no effect on CAT activity (p > 0.05). None of the antioxidant treatments produced a significant change in the
MTX-stimulated MDA activity or in the MTX-reduced
XO activity (all, p > 0.05). The NAC treatment produced
a significant increase in both the MTX-reduced GSH activity (p < 0.05) and SOD activity (p < 0.01); neither the
AMF nor ASC treatments produced a significant effect
on either GSH or SOD activity (p > 0.05). However, the
AMF treatment caused a significant decrease in normal
CAT activity (p < 0.05 vs control group).
Changes in serum levels of liver function markers:
As shown in Table 5, compared to the control group,
the model group showed significantly higher levels of
serum ALT (P = 0.001) and significantly lower levels of
AST (p = 0.001). None of the antioxidant treatments affected the MTX-induced ALT levels (all, p > 0.05), but
the AMF treatment produced a significant decrease in
the MTX-induced serum AST level (p < 0.05). MTX exposure appeared to have no effect on either ALP or TBil
levels in serum (p > 0.05 vs control group).
Changes in serum TAC and TOS: As shown in Table
4, neither MTX exposure nor any of the antioxidant
treatments appeared to affect TAC (all, p > 0.05). Compared to the control group, the MTX group showed
significantly higher TOS (p < 0.05) but none of the antioxidant treatments produced a significant change in the
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Figure 2 methotrexate-induced effects on glycogen storage in hepatocytes. Photomicrographs of representative liver tissues are shown for the control group
(A), model group (B, C), and antioxidant treatment groups (D-F). Normal histological appearence of PAS stained control liver tissue showin glycogen within the hepatocytes (magenta color) at × 20 (A). Decreased glycogen storage in hepatocytes is shown in PAS stained model liver tissues at × 10 (B) and × 20 (C) . Differential
effects on MTX-reduced glycogen storage are shown in PAS stained liver tissues from the MTX + NAC group at × 20 (D), MTX + AMF group at × 20 (E), and MTX +
ASC group at × 20 (F). VC: vena centralis; MTX: methotrexate; NAC: N-acetyl cysteine; AMF: amifostine; ASC: ascorbic acid; PAS: periodic acid-Schiff.

Table 3 Effects of methotrexate and antioxidant treatments on biochemical parameters of liver damage in liver tissues
Groups
Control
Model
MTX + NAC
MTX + AMF
MTX + ASC

MDA

GSH

SOD

CAT

(nmol/g)

(μmol/g)

(U/g)

(K/g)

409 (352-466)
455.5 (419-516)a
436 (369-476)
442.5 (323-490)
420.5 (355-463)

3.02 (2.85-3.43)
2.52 (2.07-3.34)a
3.22 (2.54-3.62)b
2.92 (2.21-3.53)
2.84 (2.33-3.48)

71.78 (61.88-97.81)
61.46 (58.27-67.75)a
69.22 (61.13-100.88)c
63.78 (40.82-124.27)
61.81 (46.76-85.71)

25.12 (21.08-29.28)
23.89 (20.89-30.75)
22.16 (19.45-22.48)
20.88 (17.27-21.78)d
21.51 (20.63-22.78)

Data are expressed median (range). aP < 0.05 vs control group; bP < 0.05 vs model group; cP < 0.01 vs model group; dP < 0.05 vs control vs model groups.
MTX: methotrexate; NAC: N-acetyl cysteine; AMF: amifostine; ASC: ascorbic acid; MDA: Malondialdehyde; GSH; Glutathione; SOD: Superoxide dismutase; CAT: Catalase.
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Figure 3 methotrexate-induced structural damage to hepatic tissues in rats treated with antioxidant agents. A: Photomicrographs of representative H-E
stained liver tissues are shown at × 40; B:The MTX + NAC group showed radial hepatocytes in the region from the central vein to the periphery; C: The MTX + AMF
group showed sinusoidal dilatation (arrows) that was similar to that observed in the untreated model group. VC: vena centralis; H-E: hematoxylin-eosin; MTX: methotrexate; NAC: N-acetyl cysteine; AMF: amifostine.

Table 4 Effects of methotrexate and antioxidant treatments
on oxidant-antioxidant parameters in serum
Groups
Control
Model
MTX + NAC
MTX + AMF
MTX + ASC

TAC

TOS

XO

(mmol/L)

(mmol/L)

(U/g)

1.3 (1.1-1.38)
1.2 (0.9-1.5)
1.27 (1.15-1.4)
1.22 (0.3-1.4)
1.31 (0.95-1.44)

13.05 (9.3-27.3)
25.4 (16.1-49.7)a
26.7 (18.5-62.2)b
27.2 (10-61.2)
26.85 (12.2-97)a

2.41 (1.80-14.60)
1.27 (0.56-17.35)a
1.41 (0.68-2.75)a
1.60 (0.41-2.29)c
1.10 (0.24-1.48)c,d

Data are expressed median (min-max). aP < 0.05 vs control group; bP =
0.005 vs control group; cP < 0.01 vs control group; dP < 0.05 vs MTX + AMF
group. TAC: total antioxidant capacity; TOS: total oxidant status; XO:
xanthine oxidase; MTX: methotrexate; AMF: amifostine; NAC: N-acetyl
cysteine; ASC: ascorbic acid.

MTX-induced TOS (all, p > 0.05).

DISCUSSION
While the underlying mechanism of MTX-induced hepatotoxicity remains to be fully elucidated[7,15,16,24], increases
in oxidative stress (caused by ROS) have been linked to
the effects of MTX; moreover, MTX-induced toxicity
has been shown to be associated with increases in lipid
peroxidation in various tissues, such as liver, kidney and
ileum, using rat model systems[1,5,16,25,26].
In the present study, MTX was shown to significantly
alter the oxidant/antioxidant balance in a rat model
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system. In addition, MTX was shown to increase the
level of MDA activity as well as to decrease the levels of
GSH and SOD activities in liver, but to have no observable affect on CAT activity. These results are similar to
those from previous studies of MTX affects in liver tissue[4,5,7,14,24,27]. In addition, Hadi et al[6] reported that MTX
treatment of rats led to increased serum MDA level and
decreased serum GSH level.
Previous studies in rats have also shown that prophylactic delivery of multiple antioxidant agents can prevent
MTX-induced hepatotoxicity. For example, Tunali-Akbay
et al[14] and Dalaklioglu et al[3] demonstrated that resveratrol, a potent antioxidant in rats but with unknown and
questionable efficacy in humans, protects against MTXinduced hepatotoxicity by decreasing hepatic MDA tissue level and increasing hepatic GSH and CAT activities.
Ali et al[28] demonstrated the protective effect of chrysin
against MTX-induced hepatotoxicity and showed that the
drug was capable of enhancing the therapeutic index of
MTX when the two were administered simultaneously.
Demiryilmaz et al[29] demonstrated that administration
of thiamine phosphate to rats led to significant reductions in oxidant parameters (i.e., MDA and MPO) and to
increases in antioxidant parameters (i.e., GSH and SOD)
in the liver tissue. Uraz et al[27] showed that ursodeoxycholic acid provided protection against MTX-induced
hepatocyte, again by using the rat model system. Vardi
et al[5] reported that therapeutic delivery of β-carotene,
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Table 5 Effects of methotrexate and antioxidant treatments on biochemical parameters of liver damage in serum
Groups
Control
Model
MTX + NAC
MTX + AMF
MTX + ASC

ALT

AST

ALP

(U/L)

(U/L)

(U/L)

T. bilirubin
(mg/dL)

36 (34-48)
119.5 (62-141)a
107.5 (66-161)b
74.5 (28-219)
91.5 (56-141)b

93.5 (74-135)
49 (33-73)a
50 (35-80)b
31 (11-49)a,c
45 (32-58)a,d

197 (168-271)
102 (76-437)
84.5 (72-123)a
57.5 (25-138)a,e
87 (64-108)a

0.1 (0.1-0.2)
0.1 (0.1-0.2)
0.1 (0.1-0.2)
0.1 (0.1-0.8)
0.15 (0.1-0.2)

Data are expressed median (range). aP = 0.001 vs control group; bP < 0.005 vs control group; cP < 0.05 vs model and MTX+NAC groups; dP < 0.05 vs MTX +
AMF group; eP < 0.05 vs Model group. MTX: methotrexate; NAC: N-acetyl cysteine; AMF: amifostine; ASC: ascorbic acid; ALT: alanine aminotransferase;
AST: aspartate aminotransferase; ALP: alkaline phosphatase; T. bilirubin: total bilirubin.

an important source of vitamin A in the human diet and
having antioxidant properties, led to decreased hepatic
MDA activity and increased hepatic SOD, CAT and GSH
peroxidase (GPx) activities under conditions of MTXinduced liver injury in rats. Finally, Cetin et al[4] reported
that therapeutic delivery of the bioactive resin propolis,
another natural compound (produced by the honeybee
Apis mellifera, L.) with antioxidant potential, led to the
same effects on MDA, SOD, CAT and GPx activities in
the MTX-induced liver injury rat model.
The antioxidant functions and mechanisms of NAC
in humans are well-established. In addition to its targeted
inhibition of H2O2 formation, NAC also protects cells
from oxidative stress by directing cysteine into the GSH
synthesis pathway and consequently increasing the intracellular content of GSH[8]. With regard to the condition
of MTX-induced hepatotoxicity in rats, Cetinkaya et al[7]
demonstrated that therapeutic delivery of NAC decreased
MDA activity and increased SOD and CAT activities.
The MTX-induced changes in oxidative damage
markers detected in the present study by biochemical
analysis were in line with histological observations of
liver specimens. MTX-induced structural damage to the
liver, which includes sinusoidal dilatation, inflammatory
cell infiltration, congestion and hydropic degeneration,
was obvious in the livers of rats exposed to MTX for
7 d. Furthermore, perturbed glycogen deposition was
observed in hepatocytes following the MTX exposure.
Similar histopathologic results have been previously reported by a multitude of MTX studies using in vivo models[1,3,5,6,14,24]. In addition, Hadi et al[6] observed focal areas
of necrosis in livers of rats exposed to MTX, and Dalaklioglu et al[3] observed increased numbers of activated
Kupffer cells in liver tissues of MTX-administered rats.
The current study expanded the knowledge on MTXinduced damage to the hepatic structure by testing the
ability of common clinical antioxidant therapeutic agents
to alleviate the damage. Indeed, NAC, AMF and ASC
were able to improve the MTX-related histopathological
damage score, suggesting their potential benefit as adjunct protective agents in patients requiring MTX treatment; however, further studies are necessary to confirm
this intriguing theory.
Another important finding of the present study is
that MTX exposure led to a distinct increase in serum
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ALT levels and not in any of the other liver function
serum markers. This finding is agreement with previous
studies[14,24,27].
In conclusion, the mechanism of MTX-induced hepatic injury likely involves oxidative stress pathways; development or progression of this life-threatening condition
may be prevented by prophylactic or therapeutic delivery
of antioxidant agents, such as NAC, AMF or ASC.
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Abstract
AIM: To assess the clinical significance of pouch size in
total gastrectomy for gastric malignancies.
METHODS: We manually searched the English-language literature in PubMed, Cochrane Library, Web of
Science and BIOSIS Previews up to October 31, 2013.
Only randomized control trials comparing small pouch
with large pouch in gastric reconstruction after total
gastrectomy were eligible for inclusion. Two reviewers
independently carried out the literature search, study
selection, data extraction and quality assessment of
included publications. Standard mean difference (SMD)
or relative risk (RR) and corresponding 95%CI were
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calculated as summary measures of effects.
RESULTS: Five RCTs published between 1996 and
2011 comparing small pouch formation with large
pouch formation after total gastrectomy were included.
Eating capacity per meal in patients with a small pouch
was significantly higher than that in patients with a
2
large pouch (SMD = 0.85, 95%CI: 0.25-1.44, I = 0,
P = 0.792), and the operative time spent in the small
pouch group was significantly longer than that in the
large pouch group [SMD = -3.87, 95%CI: -7.68-(-0.09),
I 2 = 95.6%, P = 0]. There were no significant differences in body weight at 3 mo (SMD = 1.45, 95%CI:
2
-4.24-7.15, I = 97.7%, P = 0) or 12 mo (SMD =
2
-1.34, 95%CI: -3.67-0.99, I = 94.2%, P = 0) after
gastrectomy, and no significant improvement of postgastrectomy symptoms (heartburn, RR = 0.39, 95%CI:
2
0.12-1.29, I = 0, P = 0.386; dysphagia, RR = 0.86,
2
95%CI: 0.58-1.27, I = 0, P = 0.435; and vomiting, RR
2
= 0.5, 95%CI: 0.15-1.62, I = 0, P = 0.981) between
the two groups.
CONCLUSION: Small pouch can significantly improve
the eating capacity per meal after surgery, and may improve the post-gastrectomy symptoms, including heartburn, dysphagia and vomiting.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Total gastrectomy; Gastric cancer; Pouch
size; Systematic review
Core tip: Choosing the optimal pouch reconstruction in
total gastrectomy is still a controversial area of clinical
research, mainly due to the lack of information about
the standardization of pouch design. This is the first
meta-analysis about standardization of pouch reconstruction design after total gastrectomy, which suggests
that the pouch size may be an important factor influencing the clinical outcome.
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INTRODUCTION
Since the first successful total gastrectomy was described
in 1897[1], more than 60 types of digestive tract reconstruction have been proposed[2]. However, the selection
of an appropriate reconstructive technique in total gastrectomy is still a controversial area of clinical research[3].
One of the most frequent debates about this topic
is the formation of an appropriate replacement gastric
reservoir[4]. A recent meta-analysis has shown that the
formation of a pouch reservoir has significant clinical
advantages[5]. However, it is hard to choose the optimal
pouch reconstruction because there is little information
about standardization of pouch design. In particular,
the choice of a small or large pouch seems to be driven
by surgeons’ personal decisions without any established
rules. Pouch formation aims to provide a reservoir, therefore, it is reasonable to assume that the size of the pouch
may affect the patients’ outcome. Although it is a major
question that surgeons have to address when they perform pouch formation after total gastrectomy, only a few
studies with a small number of patients have been conducted with regard to pouch size after total gastrectomy
with curative intent[6-11]. Furthermore, some of these
studies have shown inconsistent conclusions[12,13].
To address this issue, we reviewed the published literature and aimed to assess the clinical value of pouch size
after total gastrectomy for gastric cancer. We believe that
such research will contribute to an objective evaluation
of the importance of pouch reconstruction after total
gastrectomy.

MATERIALS AND METHODS
Inclusion and exclusion criteria
Only randomized control trials (RCTs) were included in
our analysis. The studies had to address whether the size
of the pouch reservoir after total gastrectomy influenced
clinical outcome. Different reconstructive techniques may
have an impact on clinical outcome, thus, all articles must
compare small pouches with large pouches with the same
pouch shape. Studies that focused only on the effect of
the gastric reservoir or preservation of duodenal transit
were excluded.
Data sources and search strategy
The English-language literature was manually and independently searched by two reviewers in PubMed, Cochrane Library, Web of Science and BIOSIS Previews
up to October 31, 2013. Three groups of keywords were
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used in the search strategy: (1) gastric cancer, gastric malignancy, gastric neoplasm, gastric carcinoma, stomach
cancer, stomach malignancy, stomach neoplasm, stomach
carcinoma; (2) gastric resection, total gastrectomy, reconstruction; and (3) pouch, reservoir, length, size.
Data extraction and quality assessment
Two authors (Dong HL and Ding XW), working independently and in parallel, reviewed abstracts and assessed
the full texts to examine eligibility. Disagreements were
resolved through discussion with the third researcher
(Huang YB). The following data were extracted independently from each of the included publications: authors,
study period, study design, number of patients, length of
follow-up, main results, and outcome. When key information was deficient or not available in the publication, we
tried to obtain the data by contacting the authors through
email or telephone.
The methodological quality of the included studies
was independently assessed by two reviewers according
to Cochrane Handbook 5.1.0 (Chapter 8)[14] based on six
perspectives: sequence generation, allocate concealment,
blinding, incomplete outcome data, selective outcome
reporting, and other source of bias. To reduce the bias
of the judgment, the included studies were independently
assessed by two reviewers and any controversial issues
were discussed with a third researcher.
Statistical analysis
This systematic review was conducted according to the
recommendations of the Cochrane Collaboration and the
Quality of Reporting of Meta-Analysis guidelines[15,16].
Standard mean difference (SMD) or relative risk (RR) and
corresponding 95%CI were calculated as summary measures of effects for continuous outcomes (e.g., operative
time, eating capacity per meal, and body weight) and binary outcomes (e.g., heartburn, dysphagia, and vomiting).
Fixed-effect or random-effect model was chosen according to the level of heterogeneity, which was assessed using the I2 statistic. Statistical significance was considered
at P < 0.05. All statistical analyses were carried out using
STATA version 12.0.

RESULTS
A total of 29 studies were initially identified on pouch
formation after total gastrectomy for gastric cancer. We
excluded 18 RCTs that compared the effect but not the
size of the pouch[17-34]. Six papers[8,12,13,35-37] were excluded
because of duplicated publication or not providing essential information. Thus, we included the remaining five
trials[6,7,9-11] published between 1996 and 2011, including
118 patients after total gastrectomy, that compared small
pouch with large pouch. Schwarz et al[11] conducted two
comparisons between three gastrectomy methods (RY
vs RY Pouch vs JI Pouch), so this study was regarded as
two trials. Two papers conducted by Tanaka et al[9,10] came
from the same study, but they had reported different
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Table 1 Characteristics of included studies
Study
Tsujimoto et al[6]

Reconstruction

Study
period

Group

Pouch size
(cm)

Cases

Double-tract

2002-2007

Small pouch
Large pouch

9.2 ± 1.1
12.5 ± 1.5

13
14

Age (yr)

Gender
(M/F)

Tumor stage

Follow-up
(yr)

54.6 ± 10.0
61.7 ± 8.2

7/6
12/2

ⅠA ⅠB Ⅱ ⅢA

5.0

4
6

3 3
1 3

3
4

Hoksch et al[8]

Pouch-JI

1995-1999

Small pouch
Large pouch

7
15

15
13

52 (25-72)
61 (51-74)

6/9
6/7

1.0

Tanaka et al[9]

0 ⅠA ⅠB Ⅱ ⅢA ⅢB Ⅳ
0 2 2 8 2 1 0
1 2 5 3 1 1 0

Double-tract

1992-1995

Small pouch
Large pouch

15
20

12
9

57.2 ± 11.09
62.1 ± 9.44

7/5
6/3

ⅠⅡ Ⅲ Ⅳ

1.0

Small pouch
Large pouch

15
20

9
9

56.4 ± 15
62.1 ± 9.44

3/6
6/3

ⅠⅡ Ⅲ Ⅳ

Tanaka et al[10]

Double-tract

1992-1994

Schwarz et al[11]

Pouch-JI

1990-1993

Small pouch
Large pouch

10
20

12
12

59 ± 3.1
62 ± 3.59

9/3
4/8

Schwarz et al[11]

Pouch-RY

1990-1993

Small pouch
Large pouch

10
20

12
12

63 ± 3.47
65 ± 3.74

9/3
4/8

4 3 5 0
4 1 4 0
2 3
4 1
Ⅰ+ Ⅱ
6
8
Ⅰ+ Ⅱ
5
4

4 0
4 0
Ⅲ+Ⅳ
6
4
Ⅲ+Ⅳ
7
8

1.0

0.5

0.5

JI: Jejunal interposition reconstruction; RY: Roux-en-Y reconstruction.

n , mean

n , mean

%

SMD (95%CI)

(SD); small

(SD); large

Weight

Tsujimoto (2011)

-0.34 (-1.10, 0.42)

13, 332 (34.4)

14, 344 (36.7)

35.11

Schwarz Ⅰ (1996)

-3.73 (-5.09, -2.37)

12, 335 (9.79)

12, 374 (11.1)

34.06

Schwarz Ⅱ (1996)

-8.05 (-10.56, -5.54) 12, 295 (7.51)

12, 360 (8.6)

30.83

Study
ID

2

Overall (I = 95.6%, P = 0.000)

-3.87 (-7.68, -0.06)

73

69

100.00

0

Figure 1 Meta-analysis of the operative time. Note: Weights are from random effects analysis.

clinical outcomes, therefore both of them were included
in the final analysis. The characteristics of the included
studies are shown in Table 1, and the main results are
listed in Table 2.
Operative time
Operative time was provided in three trials[6,11]. The mean
operative time spent in the small pouch group was significantly longer than that in the large pouch group [SMD
= -3.87, 95%CI: -7.68-(-0.09), I2 = 95.6%, P = 0] (Table 2,
Figure 1).
Post-gastrectomy symptoms
The post-gastrectomy symptoms were evaluated in
four trials[6,9-11]. Two trials reported the incidence rates
of heartburn, dysphagia and vomiting 1 year after surgery[6,10]. Compared with large pouch, there was no significant improvement in post-gastrectomy symptoms
(heartburn, RR = 0.39, 95%CI: 0.12-1.29, I2 = 0, P =
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0.386; dysphagia, RR = 0.86, 95%CI: 0.58-1.27, I2 = 0, P
= 0.435; and vomiting, RR = 0.5, 95%CI: 0.15-1.62, I2 = 0,
P = 0.981) associated with small pouch (Table 2, Figure 2).
Food intake
Two trials[6,9] reported the change of mean eating capacity
per meal before and after the operation. The meta-analysis showed that eating capacity per meal in patients with a
small pouch was significantly larger than that in patients
with a large pouch (SMD = 0.85, 95%CI: 0.25-1.44, I2 =
0, P = 0.792) (Table 2, Figure 3). Furthermore, the other
two trials reported the frequency of daily meals[6,7], and
results from the meta-analysis showed no significant differences between the two groups (SMD = 1.35, 95%CI:
-2.01-4.71, I2 = 95.9%, P = 0) (Table 2, Figure 4).
Body weight
Two[7,9] and three[6,7,9] trials reported the mean change of
body weight 3 and 12 mo after the operation, respectively.
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9

9
12
12
12
12

Small pouch
Large pouch

Small pouch

Large pouch
Small pouch
Large pouch
Small pouch
Large pouch

Tanaka
et al[9]

Tanaka
et al[10]
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NR
NR
NR
NR
NR

NR

NR
NR

NR
NR
NR
NR
NR

NR

NR
NR

NR
NR

0

0

Heartburn
incidence

Dysphagia

Vomiting

NR
335 ± 9.79
374 ± 11.1
295 ± 7.51
360 ± 8.6

NR

NR
NR

NR
NR

1 yr
1/9
5/9
NR
NR
NR
NR

NR
NR

NR
NR

1 yr
6/9
8/9
NR
NR
NR
NR

NR
NR

NR
NR

1 yr
2/9
4/9
NR
NR
NR
NR

NR
NR

NR
NR

331.8 ± 34.4 1 yr 2 yr 1 yr 2 yr 1 yr 2 yr
2/11
0
7/11
0
1/11
0
343.8 ± 36.7 4/13
0
8/13 1/13 3/13 1/13

OP time
(min)
1 yr
4 time
9/13

5 time
0

2 yr
3 time 4 time
10/11
1/11

1 yr

2 yr

Eating capacity
per meal

NR
NR
NR
NR
NR

NR

NR
NR

4.5 ± 0.1 6.6 ± 0.2 6.4 ± 0.1 5.0 ± 0.1 4.3 ± 0.1

NR
NR
NR
NR
NR

3 mo
1 yr
55.2% ± 59.1% ±
25%
8.6%
40.6% ± 49.6% ±
9%
16.5%
NR

69.1% ± 78.6% ±
19.7%
6.9%
9/13
3/13
1/13
8/13
5/13 52.3% ± 61.4% ±
16.9%
23.4%
Pre
14 d
3 mo
6 mo
1 yr
NR
4.8 ± 0.2 6.2 ± 0.1 6.1 ± 0.2 5.2 ± 0.2 4.8 ± 0.2
NR

3 time
10/11

Daily meals (n )

NR
UC
UC

Absolute weights

NR

NR
NR

EORTC
QLQ-C30

NR

NR

Quality of
life

NR
Absolute weights

NR

87.3% ± 6.9%

67.73% ± 10.11%

1 yr
87% ±
1.2%
92% ±
1.1%
1 yr
85.5% ± 4.2%

6 mo
87% ±
0.8%
86% ±
0.8%

80.9% ± 7.1%

85.9% ± 4.3%
14 d
3 mo
95% ±
90% ±
0.6%
1.0%
95% ±
86% ±
0.4%
0.8%
3 mo
57.05% ± 4.73%

90.2% ± 6.4%

88.4% ± 7.4%

Body weight

The selection of optimal reconstructive method is one of the main considerations after total gastrectomy for gastric cancer. By recreating the reservoir function of the stomach, pouch reconstruction has been used by many surgeons in order to improve the patient’s eating capacity and quality of life (QOL). Although the first pouch reconstruction
was described as early as in 1922[38], it still remains hard to choose the optimal method because there has been little attempt at the standardization of pouch design.
Recently, pouch size has arisen as one of the most important issues when the surgeon considers pouch reconstruction after total gastrectomy[39]. Nanthakumaran et al[13] have
constructed a mathematical model to quantify gastric pouch volume and justify a range of gastric pouch dimensions to be tested in an in vitro model. Based on their model, they
demonstrated that smaller pouches never achieve adequate volumes at basal pressures, and they have proposed that further in vivo studies should be based upon large pouch
designs. Some studies have confirmed this view[12]. However, other studies have shown the contrary conclusion[6,10]. Some studies have not found any difference in postoperative
outcomes between small and large pouches, suggesting that the size of pouch does not influence QOL[7,11].
In this meta-analysis, we found that patients with a small pouch showed significantly greater eating capacity per meal compared with those with a large pouch. This may

DISCUSSION

There was no significant difference in body weight between the small pouch group and the large pouch group at 3 mo (SMD = 1.45, 95%CI: -4.24-7.15, I2 = 97.7%, P = 0) or 12
mo (SMD = -1.34, 95%CI: -3.67-0.99, I2 = 94.2%, P = 0) after surgery (Table 2, Figure 5).

NR: Not reported; UC: Unclear.

Schwarz
et al[11]
Schwarz
et al[11]

15
13

Small pouch
Large pouch

Hoksch
et al[8]

12
9

2/14

14

NR
NR

2/13

Cases Morbidity Mortality

13

Group

Tsujimoto Small pouch
et al[6]
Large pouch

Study

Table 2 Main results of included studies
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A Study
ID

RR (95%CI)

Events,

Events,

%

small

large

Weight

Tsujimoto (2011)

0.59 (0.13, 2.64)

2/11

4/13

62.68

Tanaka Ⅱ (1997)

0.20 (0.03, 1.39)

1/9

5/9

37.32

0.39 (0.12, 1.29)

3/20

9/20

Events,

Events,

%

small

large

Weight

2

Overall (I = 0.0%, P = 0.386)

100.00

1

B Study
ID

RR (95%CI)

Tsujimoto (2011)

1.03 (0.56, 1.92)

7/11

8/13

40.98

Tanaka Ⅱ (1997)

0.75 (0.45, 1.26)

6/9

8/9

59.02

0.86 (0.58, 1.27)

13/20

2

Overall (I = 0.0%, P = 0.435)

16/22

100.00

1

C Study

Events,

Events,

%

RR (95%CI)

small

large

Weight

Tsujimoto (2011)

0.48 (0.06, 4.08)

17/11

3/16

30.91

Tanaka Ⅱ (1997)

0.50 (0.12, 2.08)

2/9

4/9

69.09

0.50 (0.15, 1.62)

3/20

7/25

ID

2

Overall (I = 0.0%, P = 0.981)

100.00

1

Figure 2 Meta-analysis of post-gastrectomy symptoms 12 mo after surgery. A: Heartbum; B: Dysphagia; C: Vomiting. Note: Weights are from random effects analysis.
Study
ID

SMD (95%CI)

n , mean

n , mean

%

(SD); small

(SD); large

Weight

Tsujimoto (2011)

0.92 (0.12, 1.71)

13, 69.1 (19.7) 14, 52.3 (16.9)

55.91

Tanaka Ⅰ (1997)

0.76 (-0.14, 1.65)

12, 59.1 (8.6)

44.09

0.85 (0.25, 1.44)

73

2

Overall (I = 0.0%, P = 0.792)

9, 49.6 (16.5)
69

100.00

0

Figure 3 Meta-analysis of eating capability per meal 12 mo after surgery. Note: Weights are from random effects analysis.

have been due to the small pouch having better and
faster emptying, which causes fewer abnormalities of the
gastrointestinal nervous system[12]. Patients with a small
pouch after total gastrectomy may have a better appetite,
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which can help to improve QOL.
With respect to perioperative course, we found that
small pouches prolonged operative time compared with
large pouches. However, pouch creation was mainly per-
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n , mean

n , mean

%

SMD (95%CI)

(SD); small

(SD); large

Weight

-0.34 (-1.10, 0.42)

13, 3.09 (0.94)

14, 3.38 (0.77)

50.75

3.09 (1.97, 4.21)

15, 4.8 (0.2)

13, 4.3 (0.1)

49.25

1.35 (-2.01, 4.71)

73

69

Study
ID
Tsujimoto (2011)
Hoksch (2002)
2

Overall (I = 95.9%, P = 0.000)

100.00

0

Figure 4 Meta-analysis of frequency of daily meals 12 mo after surgery. Note: Weights are from random effects analysis.

A

n , mean

n , mean

%

SMD (95%CI)

(SD); small

(SD); large

Weight

4.38 (2.98, 5.78)

15, 90 (1)

13, 86 (0.8)

49.61

12, 57 (4.73)

9, 67.7 (10.1)

50.39

Study
ID
Hoksch (2002)
Tanaka Ⅰ (1997)

-1.43 (-2.40, -0.45)

2

Overall (I = 97.7%, P = 0.000)

1.45 (-4.24, 7.15)

73

69

100.00

n , mean

n , mean

%

SMD (95%CI)

(SD); small

(SD); large

Weight

0.42 (-0.35, 1.18)

13, 88.4 (7.4)

14, 85.9 (4.2)

34.36

15, 87 (1.2)

13, 92 (1.1)

31.65
33.99

0

B

Study
ID
Tsujimoto (2011)
Hoksch (2002)

-4.33 (-5.72, -2.94)

Tanaka Ⅰ (1997)

-0.33 (-1.20, 0.54)

12, 85.5 (4.2)

9, 87.3 (6.9)

1.34 (-3.67, 0.99)

73

69

2

Overall (I = 94.2%, P = 0.000)

100.00

0

Figure 5 Meta-analysis of change of body weight after surgery. A: 3 mo; B: 12 mo. Note: Weights are from random effects analysis.

formed using a stapler device, and does not need much
time. Operative time also includes the time spent on
tumor resection, lymph node dissection, and reconstruction of the digestive tract. Therefore, we estimate that the
main reason for the significant differences in the operative time between the two groups may have been related
to the surgeons’ experience.
For post-gastrectomy symptoms, no significant differences were found in the incidence of heartburn, dysphagia or vomiting between the small pouch and large
pouch groups. Large pouches may cause delayed gastric
emptying, which is related to higher frequencies of postgastrectomy symptoms. However, only two trials reported
such data, which only presented a slight tendency towards

WJG|www.wjgnet.com

lower frequencies of post-gastrectomy symptoms in
small pouch patients.
For the body weight, no significant differences were
found between the two groups. One reason is that an
inadequate number of trials may not provide significant
results. Another reason is that the follow-up period was
short (12 mo), thus, the body weight of patients with a
pouch may have changed little during such a short period.
Several features, such as mortality, morbidity and
QOL, were hard to analyze because such results were
measured by different methods or even not mentioned at
all in these trials.
Our meta-analysis had several possible limitations.
First, the total number of analyzed patients was too
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small, which may have resulted in a failure to identify significant differences. This also reflects that pouch size is a
neglected topic in pouch formation. Second, the methodological quality of the available articles was not satisfactory because of insufficient information and small numbers of patients, therefore, we used the random-effects
model for the meta-analysis. Third, the follow-up period
was not long enough to show significant differences. All
the data were analyzed within 12 mo. Fourth, pouch size
varied from 7 to 20 cm, which made it almost impossible
to assume the optimal size of pouch, and was only good
for comparing small and large pouches.
Finally, we want to emphasize that we found that
patients with a small pouch showed improved eating
capacity per meal, which may be in accordance with
the results of a meta-analysis published in 2009 [5],
which reported that patients with a pouch had some
significant clinical advantages, including less dumping
incidence and heartburn incidence, better food intake,
and improved QOL. Therefore, it is reasonable to infer
that small pouches can significantly improve the eating
capacity per meal after surgery, and seem to improve
the post-gastrectomy symptoms, including heartburn,
dysphagia and vomiting.
Although more research is required to confirm our
results, our meta-analysis at least suggested that pouch
size may be an important factor influencing the clinical
outcome of pouch construction after total gastrectomy.
We suggest that surgeons need to pay more attention to
pouch size when they perform pouch formation after total gastrectomy.
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Abstract
AIM: To compare clinical outcomes between surgical
resection (RES) and nonsurgical-RES (nRES) ablation
therapies for small hepatocellular carcinoma (HCC).
METHODS: MEDLINE, Embase and Cochrane Library
databases were systematically searched for studies
of RES and nRES treatments for small HCC between
January 2003 and October 2013. The clinical outcome
measures evaluated included overall survival rate,
disease-free survival rate, adverse events, and local
recurrence rate. Odds ratios (ORs) with 95%CIs were
calculated using either the fixed effects model or
2
2
random effects model. The χ and I tests were calcu-
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lated to assess the heterogeneity of the data. Funnel
plots were used to assess the risk of publication bias.
RESULTS: Our analysis included 12 studies that consisted of a total of 1952 patients (RES vs nRES), five
studies that consisted of 701 patients [radiofrequency
ablation (RFA) vs percutaneous ethanol injection (PEI)],
and five additional studies [RFA vs RFA + transcatheter
arterial chemoembolization (TACE)] that all addressed
the treatment of small HCC. For cases of RES vs nRES,
there was no significant difference in the 1-year (OR =
0.99, 95%CI: 0.87-1.12, P = 0.85) or 3-year (OR = 0.97,
95%CI: 0.84-1.11, P = 0.98) overall survival rate; however, there was a significant increase in the RES group
in the 5-year overall survival rate (OR = 0.81, 95%CI:
0.68-0.95, P = 0.01). The 1-year (OR = 0.94, 95%CI:
0.82-1.08, P = 0.37) and 5-year (OR = 0.99, 95%CI:
0.85-1.14, P = 0.85) disease-free survival rates showed
no significant differences between the two groups. The
3-year disease-free survival rate (OR = 0.81, 95%CI:
0.69-0.96; P = 0.02) was higher in the RES group. For
cases of RFA vs PEI, our data analysis indicated that
RFA treatment was associated with significantly higher
2-year (OR = 0.76, 95%CI: 0.58-0.99, P = 0.043) and
3-year (OR = 0.73, 95%CI: 0.54-0.98, P = 0.039) overall survival rates; however, there were no significant differences in the 1-year (OR = 0.92, 95%CI: 0.72-1.17, P
= 0.0502) overall survival rate or incidence of adverse
events (OR = 1.84, 95%CI: 0.76-4.45, P = 0.173). For
cases of RFA vs RFA+TACE, there were no significant
differences in the 1-year (OR = 1.17, 95%CI: 0.88-1.56,
P = 0.27) or 3-year (OR = 1.25, 95%CI: 0.90-1.73, P =
0.183) overall survival rate; however, the 5-year overall
survival rate (OR = 3.19, 95%CI: 1.51-6.74, P = 0.002)
in patients treated by RFA+TACE was higher than that
treated by RFA alone.
CONCLUSION: Surgical resection is superior to nonsurgical ablation for the treatment of small HCC. Among
the studies analyzed, RFA is the most efficacious single
nonsurgical ablation treatment.
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Core tip: The efficacy of surgical resection over nonsurgical ablation for the treatment of small hepatocellular
carcinoma has long been debated. In previous studies,
a meta-analysis was conducted on cases of resection
(RES) vs radiofrequency ablation or RES vs other single
nonsurgical ablation methods. Our meta-analysis was
designed to determine the superior choice of treatment for small hepatocellular carcinoma from among
surgical resection and nonsurgical ablation methods.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is a common malignancy, its incidence is increasing worldwide, and it is responsible for thousands of deaths every year[1]. The definition
of small HCC in the Milan criteria consists of a single
HCC nodule < 5 cm or up to 3 nodules and a maximum
diameter of each nodule < 3 cm. As a result of technological improvements, the number of therapeutic modalities available for HCC has increased dramatically. In addition to the traditional surgical resection and liver transplantation, other surgical therapies, such as transcatheter
arterial chemoembolization (TACE), radiofrequency
ablation (RFA), percutaneous ethanol injection (PEI),
and percutaneous microwave coagulation therapy (MCT),
have also been used[2]. Theoretically, the best treatment
for small HCC is liver transplantation, but the scarcity
of donor organs and high costs constrain the use of this
treatment[3,4]. Therefore, the demand for novel treatment
strategies for small HCC has been raised in both surgical
resection (RES) and non-nonsurgical RES (nRES) cases.
Both RES and nRES treatments are recommended,
and the recommendations range from an evidence-based
guideline in Japan to guidelines established by the American Association for the Study of Liver Disease[5,6]. RES
has been used as the standard treatment for small HCC
for a long period, and in clinical studies, Takayama et al[7]
reported that RES had more advantages over other treatments (i.e., survival and recurrence rate) regardless of the
tumor size. However, other clinical outcomes showed that
some nonsurgical ablation methods, such as RFA, could
achieve a similar therapeutic effect while significantly
avoiding postoperative complications[8]. Thus, alternative
therapies for small HCC are controversial. In previous
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studies, a meta-analysis was conducted on cases of RES vs
RFA or RES vs other single nonsurgical ablation methods.
Our meta-analysis was designed to determine the superior
choice for treatment of small HCC out of surgical resection and nonsurgical ablation methods.

MATERIALS AND METHODS
Study selection
A search was performed using MEDLINE, Embase, and
Cochrane Library databases for publications dated from
January 2003 to October 2013 by two investigators separately. The corresponding author was consulted when
the criteria for inclusion or exclusion of a study were
controversial. The following MeSH search headings in
English were used: hepatocellular carcinoma, HCC, liver
cancer, hepatic tumor, liver resection, surgical resection,
hepatectomy, radiofrequency ablation, microwave, highintensity focused ultrasound, cryoablation, ethanol, and
acetic acid.
Criteria for inclusion
To be eligible for the meta-analysis, a study had to fulfill
the following criteria: (1) treatment of HCC by RES vs
nRES or nRES vs nRES; (2) tumor size meeting the Milan criteria; (3) no antitumor treatment before the intervention; (4) no previous or simultaneous malignancies;
and (5) description of the details of overall survival rate,
recurrence-free survival rate, tumor progression rate,
and major complications.
Criteria for exclusion
The study was excluded if it (1) dealt with recurrent
HCC or metastatic carcinoma; (2) did not have appropriate data or could not allow to extract available data from
the published results; or (3) was an abstract or review
without original data. If two or more similar studies
were reported by the same author in one institution, the
one with higher quality was included or the largest one
was included if they were of same quality.
Statistical analysis
The meta-analysis was performed using State Software
(State 12). The odds ratios (OR) with 95%CI were calculated using either the fixed-effect or random-effect
model depending on the absence or presence of significant heterogeneity. The χ 2 and I2 tests were calculated
to assess heterogeneity. We considered an I2 > 50% as
significant heterogeneity, and a P-value < 0.05 was considered statistically significant. If P < 0.05 and I2 > 50%,
the random-effect model was used; otherwise, the fixed
effects model was used. Funnel plots were used to assess
the risk of publication bias.

RESULTS
Included studies
MEDLINE, Embase, and Cochrane Library databases
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Table 1 Characteristics of cases using surgical resection vs nonsurgical ablations
Ref.

Treatment

Huang et al[9]
Chen et al[10]
Huang et al[11]
Feng et al[12]
Cho et al[13]
Abu-Hilal et al[14]
Ueno et al[15]
Kagawa et al[16]
Nishikawa et al[17]
Guo et al[18]
Kim et al[19]
Lai et al[20]

M/F

PEI
19/19
RES
27/11
RFA
56/15
RES
75/15
RFA
85/30
RES
79/36
RFA
79/5
RES
75/9
PEI
86/30
RES
91/25
RFA
27/7
RES
26/8
RFA
100/55
RES
82/41
RFA + TACE 39/23
RES
40/15
RFA
95/67
RES
50/19
RFA
78/16
RES
94/8
RFA + TACE 31/6
RES
36/11
RFA
19/12
RES
55/25

Mean tumor size (cm)

Mean age (yr)

≤ 2.0 (n = 21)

63 ± 10.9
59 ± 11.4
51.9 ± 11.2
49.4 ± 10.9
55.91 ± 12.68
56.57 ± 14.30
51 (24-83)
47 (18-76)
58.0 ± 9.7
56.0 ± 8.9
65
67
66 (40-79)
67 (28-85)
67.5 ± 8.4
66.1 ± 8.4
68.4 ± 8.7
67.4 ± 9.7
56 (19-75)
51.5 (18-75)
61.7 ± 11.1
58.8 ± 10.7
63.1 ± 12.8
60.8 ± 9.9

≤ 2.0 (n = 24)
≤ 3.0 (n = 37)
≤ 3.0 (n = 42)
≤ 3.0 (n = 45)
≤ 3.0 (n = 57)
≤ 2.0 (n = 31)
≤ 2.0 (n = 25)
≤ 2.0 (n = 43)
≤ 2.0 (n = 43)

3.8 (1.3-5)
3.0 (2-5)
2.7 ± 0.1
2.0 ± 0.1
≤ 2.0 (n = 19)
≤ 2.0 (n = 9)
1.99 ± 0.62
2.68 ± 0.49
≤ 3.0 (n = 62)
≤ 3.0 (n = 75)
3.46 ± 0.75
3.66 ± 0.76
1.8 ± 0.6
2.9 ± 1.1

Mean AFP (ng/mL)

Child-Pugh A/B

Mean follow-up (mo)

29/3
28/0
71/0
90/0
106/9
110/5
39/45
43/41
92/24
92/24
27/7
25/9
102/22
45/5
63/31
95/7
37/0
45/2
-

37.7 ± 14.5
38.4 ± 16.4
27.9 ± 10.6
29.2 ± 11.9
37.2 (6.0-60)
46.4 (1.2-60)
36
36
68
68
30 (0-60)
43 (2-129)
36.8 ± 1.5
35.0 ± 1.7
49 (1-102)
50 (9-95)
37.2 (2.4-84)
39.6 (8.4-84)
28 (7-75)
32 (6-86)
29.9 ± 7.8
31.7 ± 10
35.1 ± 17.4
29.7 ± 19.9

> 200 (n = 7)
> 200 (n = 8)
> 200 (n = 31)
> 200 (n = 30)
> 400 (n = 32)
> 400 (n = 21)
215.5 (0.5-8530)
262.8 (1.7-10220)
> 20 (n = 47)
> 20 (n = 47)
131 ± 33
382 ± 108
> 400 (n = 5)
> 400 (n = 10)
74.7 ± 181.1
376 ± 1989.8
> 200 (n = 34)
> 200 (n = 34)
≥ 100 (n = 7)
≥ 100 (n = 14)
201.3 (2-2221.9)
256.5 (91.5-5193)

RES: Resection; RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; TACE: Transcatheter arterial chemoembolization; M: Male; F: Female;
AFP: Alpha-fetoprotein.

Table 2 Characteristics of cases involving percutaneous ethanol injection vs radiofrequency ablation
Ref.
[21]

Brunello et al
Lin et al[22]
Shiina et al[23]
Lin et al[24]

Lencioni et al[25]

Treatment

M/F

Mean tumor size (cm)

Mean age (yr)

Mean AFP (ng/mL)

Child-Pugh A/B

Mean follow-up (mo)

PEI
RFA
PEI
RFA
PEI
RFA
PEI
RES
PEI
RFA

49/30
43/27
34/18
35/17
87/27
79/39
39/23
30/22
30/20
36/16

2.25 ± 0.54
2.42 ± 0.49
2.8 ± 0.9
2.9 ± 0.8
≤ 2.0 (n = 57)
≤ 2.0 (n = 45)
2.3 ± 0.8
2.5 ± 1.0
2.8 ± 0.8
2.8 ± 0.6

70.3 ± 8.1
69.0 ± 7.7
67 ± 6.0
59 ± 10
≤ 65 (n = 41)
≤ 65 (n = 45)
60 ± 8
61 ± 10
69 ± 7.4
67 ± 6.0

16.5 (MD)
22.0 (MD)
> 400 (n = 8)
> 400 (n = 7)
> 400 (n = 7)
> 400 (n = 6)
400 (n = 9)
400 (n = 10)
54 (MD)
57 (MD)

39/30
39/31
39/12
41/11
85/29
85/33
47/15
46/46
35/15
45/7

25.3 (MD)
26.1 (MD)
23.8 ± 10.4
24.5 ± 11.3
2.9 (MD)
3.1 (MD)
26 ± 12
28 ± 12
22.4 ± 8.6
22.9 ± 9.4

PEI: Percutaneous ethanol injection; RFA: Radiofrequency ablation; M: Male; F: Female; AFP: Alpha-fetoprotein; MD: Median; RES: Resection.

were systematically searched for studies on RES vs nRES
or nRES vs nRES treatments for small HCC published between January 2003 and October 2013. The identification
of studies for inclusion was shown in Figure 1. Twelve
studies of RES vs RES[9-20] (2 RCTs, Huang et al[9] and
Chen et al[10]), five studies[21-25] of RFA vs PEI (5 RCTs),
and five studies[26-30] of RFA vs RFA + TACE (1 nRCT,
Zhao et al[27]) were included.
Out of a total of 1952 patients, 953 were allocated
to the RES group and 999 to the nRES group to evaluate the treatment options used for HCC. The age, mean
tumor size, and mean AFP were well controlled by the
study authors when patients were enrolled. Dynamic CT
was performed in follow-up, and the follow-up time was
considered to be sufficient. Main serious complications
included liver failure, biliary fistula, abdominal bleeding,
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wound infection or dehiscence in the surgical group and
pleural effusion, liver abscess, and abdominal bleeding in
the RFA group. The demographic and clinical characteristics of the patients are shown in Table 1.
A total of 701 patients in five RCT studies were analyzed to compare PEI and RFA methods for the treatment of small HCC. Dynamic CT was performed in
follow-up, and the clinical characteristics of the patients
are shown in Table 2.
Five studies were used to compare TACE and radiofrequency ablation with radiofrequency ablation alone
for small HCC; however, only Shibata et al[26] and Zhao
et al[27] were specialized in the treatment of small HCC.
We extracted data from Peng et al[28], Morimoto et al[29],
and Cheng et al[30] because the tumor sizes met the Milan
criteria; however, there were limited patient descriptions.
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Abstracts through searching of databases
n = 4325
Excluded on the basis of abstract
(single therapy) n = 3622
Potentially appropriate studies for inclusion
n = 703

Incomparable baseline of patients
(tumor size, metastases) n = 502
Studies without available data
(survival rate, complications)
n = 134
Other nonsurgical vs another was not
available for meta-analysis n = 45

Included in this analysis
n = 22

Figure 1 Identification of studies for inclusion in the meta-analysis.

A

B

Study
ID
Huang (2005)
Cho (2007)
Abu-Hilal (2008)
Ueno (2009)
Kagawa (2010)
Huang (2010)
Nishikawa (2011)
Guo (2013)
Lai (2013)
2
Overall (I = 0.0%, P = 0.910)

0.261

Study
ID
Huang (2005)
Chen (2006)
Cho (2007)
Ueno (2009)
Kagawa (2010)
Huang (2010)
Nishikawa (2011)
Feng (2012)
Guo (2013)
Lai (2013)
Kim (2013)
2
Overall (I = 0.0%, P = 0.636)

%
OR (95%CI)
weight
0.55 (0.26, 1.15)
5.89
0.75 (0.49, 1.15) 14.97
1.05 (0.48, 2.31)
3.74
0.79 (0.55, 1.14) 19.86
0.84 (0.48, 1.49)
8.11
0.72 (0.48, 1.10) 16.32
0.85 (0.55, 1.32) 13.33
0.80 (0.50, 1.27) 12.14
1.18 (0.63, 2.19)
5.64
0.80 (0.68, 0.95) 100.00

1

3.83

0.303

%
OR (95%CI)
weight
0.83 (0.39, 1.76)
4.79
1.27 (0.76, 2.12)
8.35
0.51 (0.31, 0.85) 13.80
0.75 (0.49, 1.16) 15.06
0.96 (0.49, 1.89)
5.59
0.76 (0.49, 1.18) 14.76
0.80 (0.48, 1.33) 10.61
0.82 (0.50, 1.37) 10.62
1.03 (0.53, 2.02)
5.40
0.65 (0.30, 1.37)
5.63
1.03 (0.53, 2.02)
5.40
0.81 (0.69, 0.96) 100.00
1

3.3

Figure 2 Comparison of methods for surgical resection and nonsurgical ablation for small hepatocellular carcinoma based on the overall survival rate and
disease-free survival rate. A: 5-year overall survival rate; B: 3-year disease-free survival rate.

RES vs nRES
Overall survival rate: The meta-analysis shows that
there was no significant difference between the two
groups in the 1-year (all trials reported these data, OR
= 0.99, 95%CI: 0.87-1.12, P = 0.85) or 3-year (11 trials
reported these data, OR = 0.97, 95%CI: 0.84-1.11, P =
0.98) overall survival rate. However, there was a significant improvement in the 5-year overall survival rate in
the RES group (nine trials reported these data, OR = 0.81,
95%CI: 0.68-0.95, P = 0.01) (Figure 2A).
Disease-free survival rate: The meta-analysis shows that
there was no significant difference in the 1-year (all trials
reported these data, OR = 0.94, 95%CI: 0.82-1.08, P =
0.37) or 5-year (nine trials reported these data, OR = 0.99,
95%CI: 0.85-1.14, P = 0.85) disease-free survival rate between the two groups. The 3-year disease-free survival rate
(11 trials reported these data OR = 0.81, 95%CI: 0.69-0.96,
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P = 0.02) was better in the RES group (Figure 2B).
Adverse events: The meta-analysis (six trials reported
these data) showed that there was a significant decrease
in the incidence of adverse events in the RES group (OR
= 0.22, 95%CI: 0.15-0.34, P < 0.01).
Local recurrence rate: The local recurrence rate until
the end of the follow-up period (four trials reported
these data) was significantly higher in the nRES group
when compared with the RES group (OR = 1.83,
95%CI: 1.07-3.13, P = 0.03).
RFA vs PEI
Survival rate: Our meta-analysis indicated that there
was no significant difference in the 1-year (OR = 0.92,
95%CI: 0.72-1.17, P = 0.0502) overall survival rate
between the two groups; however, RFA treatment re-
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A
Study
ID
Lin (2004)
Shiina (2005)
Brunello (2008)
2
Overall (I = 0.0%, P = 0.795)

0.105

1

OR (95%CI)
2.33 (0.57, 9.52)
1.93 (0.47, 7.91)
1.01 (0.14, 7.41)
1.84 (0.76, 4.45)

%
weight
35.99
38.63
25.38
100.00

OR (95%CI)
0.84 (0.47, 1.50)
0.90 (0.50, 1.62)
0.97 (0.67, 1.40)
0.90 (0.53, 1.54)
0.92 (0.72, 1.17)

%
weight
18.52
17.45
42.73
21.31
100.00

9.52

B
Study
ID
Lencioni (2003)
Lin (2005)
Shiina (2005)
Lin (2005)
2
Overall (I = 0.0%, P = 0.978)

0.468

1

2.14

C
Study
ID
Lencioni (2003)
Lin (2005)
Shiina (2005)
Lin (2005)
2
Overall (I = 0.0%, P = 0.604)

OR (95%CI)
0.69 (0.33, 1.46)
0.53 (0.26, 1.07)
0.89 (0.61, 1.30)
0.68 (0.37, 1.26)
0.76 (0.58, 0.99)

0.263

1

%
weight
14.02
18.04
47.16
20.79
100.00

3.8

D
Study
ID
Lin (2004)
Shiina (2005)
Lin (2005)
Brunello (2008)
2
Overall (I = 0.0%, P = 0.638)

0.178

OR (95%CI)
0.44 (0.18, 1.11)
0.73 (0.47, 1.14)
0.71 (0.35, 1.45)
0.93 (0.50, 1.74)
0.73 (0.54, 0.98)

1

%
weight
14.56
46.76
18.24
20.43
100.00

5.63

Figure 3 Comparison of adverse events and 1-, 2-, and 3-year overall survival rates between percutaneous ethanol injection and radiofrequency ablation
for treatment of small hepatocellular carcinoma. A: Adverse events; B: 1-year overall survival rate; C: 2-year overall survival rate; D: 3-year overall survival rate. All
analyses used the Mantel-Haenszel method.

sulted in significantly higher 2-year (OR = 0.76, 95%CI:
0.58-0.99, P = 0.043) and 3-year (OR = 0.73, 95%CI:
0.54-0.98, P = 0.039) overall survival rates (Figure 3A-C).
Adverse events: No significant differences in adverse
events were found between the two groups (OR = 1.84,
95%CI: 0.76-4.45, P = 0.173) (Figure 3D).
RFA vs RFA + TACE
Survival rate: There was no significant difference in
the 1-year (OR = 1.17, 95%CI: 0.88-1.56, P = 0.27)
and 3-year (OR = 1.25, 95%CI: 0.90-1.73, P = 0.183)
survival rates. The 5-year survival rate (OR = 3.19,
95%CI: 1.51-6.74, P = 0.002) in patients treated by
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RFA+TACE was higher than that by RFA alone (Figure
4A-C).
Sensitivity analysis
The test for heterogeneity showed that there was no significant heterogeneity by incorporating multiple studies.
The fixed-effect model was used to calculate the survival
rate and recurrence rate. The results were similar, and
the combined results were highly reliable.
Publication bias
The publication bias in this study was detected using
a funnel plot of 1-year overall survival rate and 5-year
overall survival rate data (Figure 5). The basic symmetry
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A
Study
ID
Cheng (2008)
Shibata (2009)
Morimoto (2010)
Zhao (2011)
Peng (2013)
2
Overall (I = 0.0%, P = 0.875)
0.352

1

OR (95%CI)
1.07 (0.59, 1.93)
1.00 (0.56, 1.80)
1.13 (0.45, 2.84)
1.08 (0.45, 2.59)
1.48 (0.89, 2.45)
1.17 (0.88, 1.56)

%
weight
24.68
25.69
9.76
11.14
28.73
100.00

OR (95%CI)
1.26 (0.66, 2.39)
1.01 (0.55, 1.87)
1.22 (0.47, 3.15)
1.48 (0.85, 2.57)
1.25 (0.90, 1.73)

%
weight
25.61
30.91
11.80
31.68
100.00

OR (95%CI)
3.73 (1.47, 9.48)
2.36 (0.66, 8.37)
3.19 (1.51, 6.74)

%
weight
60.31
39.69
100.00

2.84

B
Study
ID
Cheng (2008)
Shibata (2009)
Morimoto (2010)
Peng (2013)
2
Overall (I = 0.0%, P = 0.850)

0.317

1

3.15

C
Study
ID
Cheng (2008)
Peng (2013)
2
Overall (I = 0.0%, P = 0.567)

0.106

1

9.48

Figure 4 Comparison between transcatheter arterial chemoembolization plus radiofrequency ablation and radiofrequency ablation alone as a treatment
for small hepatocellular carcinoma based on overall survival rate. A: 1-year overall survival rate; B: 3-year overall survival rate; C: 5-year overall survival rate. All
analyses used the Mantel-Haenszel method.
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Figure 5 Funnel plot of surgical resection vs nonsurgical ablations. A: 1-year overall survival rate; B: 5-year disease-free survival rate.

of the funnel plot suggested that there was no publication bias in these studies.

DISCUSSION
Small HCC is a common malignant disease, especially
in Asian regions[31]. Because of the limitations of donor
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scarcity and high costs, surgical resection and certain
nonsurgical ablation methods were frequently used for
the treatment of small HCC. According to a search
of the literature, radiofrequency ablation was the most
common method used among various nonsurgical ablation techniques. Few clinical trials have emphasized the
therapeutic effects of surgical resection vs other nonsur-
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gical methods, and a very limited number of high quality
RCTs were available.
Our meta-analysis suggested that the incidence of
adverse events after nRES for HCC was lower than that
in the RES group, which might be explained by the specific characteristics of these therapies. The main nonsurgical therapies included were RFA, PEI and TACE. The
principle of RFA is that heat generated by high radiofrequency waves inactivates local tumor cells quickly and
effectively. In PEI, anhydrous alcohol dehydrates cancer
cells, which degenerates and necrotizes them directly,
and thus promotes tumor intravascular thrombosis. For
TACE, a designated amount of embolization agents is
injected into the target artery to produce ischemic necrosis of the tumor tissue. When compared with RES, these
methods significantly reduce the physical injury and liver
dysfunction that may lead to increased hospitalization.
In our meta-analysis, we showed that the local recurrence rate was higher after RFA than after RES, which
can be potentially explained in two aspects. First, the
safety margin of RFA was narrower than that of RES[32].
Second, the nRES methods were not able to find the
potential sites of microscopic diseases; therefore, the
clearance of tumors is more complete in RES because
the method usually involves the removal of the entire
tumor-containing segment[33].
Although RFA has been suggested to cause more
complications than nRES, patients treated by RFA had
longer overall survival rate and disease-free survival rate.
This may be due to low local recurrences and improvements in surgical techniques, including surgical maneuvers and technical innovations. Many studies have suggested that anatomic resection seems to be superior to
nonanatomic resection because of poorer liver function
reserve in the nonanatomic resection group[34]. Additionally, the use of a laparoscope and the da Vinci Surgical
System may also reduce prognostic risk factors, leading
to longer survival[35].
Our analysis of RFA and PEI treatments for small
HCC indicated that RFA was associated with a significantly longer overall survival rate. This may be due to a
lower recurrence rate in the RFA group[22]. The reported
major complications vary from study to study. Lencioni
et al[25] and Livraghi et al[36] concluded that the risk of
adverse events was significantly higher after PEI treatments. These results were similar to those reported by
Shiina et al[23]. However, there was no significant difference between the two groups in our meta-analysis. A
few studies have assessed RFA vs RFA plus TACE treatments for small HCC; however, there were limited useful data that could be extracted. Our study showed that
the overall survival rate of patients who were treated by
RFA plus TACE was higher than that treated by RFA
alone. The efficacy of RFA can be enhanced by occlusion of the hepatic artery because the blood supply to a
classical HCC is primarily provided by the hepatic artery.
In the TACE plus RFA group, a larger area that included
regions of the surrounding nontumorous liver paren-

WJG|www.wjgnet.com

chyma was coagulated[29].
For our meta-analysis, we searched through the relatively recent literature for multiple nRES trials to complete a comprehensive analysis of various indexes. RCT
and nRCT trials were both included in this study because
very few high quality RCT trials were available. We also
acknowledge that the number of trials on nonsurgical
ablation was insufficient, which might be due to the primary selection of RFA among nRES methods in clinical
work. Thus, additional data are needed to obtain a more
accurate conclusion.
In conclusion, surgical resection was superior to
nonsurgical ablation methods for the treatment of small
HCC in terms of a longer survival rate. However, the
incidence of adverse events after RES was higher than
that after nRES. We acknowledge that the number of
cases undergoing PEI and TACE was insufficient, but
the studies that we assessed suggest that RFA is the best
single nonsurgical ablation method. However, RFA plus
TACE was better than RFA alone for the treatment of
small HCC.
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radiofrequency ablation (RFA).

Applications

Surgical resection was superior to nonsurgical ablation methods in the treatment
of small HCC in terms of longer survival; however, the incidence of adverse events
after RES was higher than that after nRES. Among the studies analyzed, RFA is
the best nonsurgical ablation method, and the combination of transcatheter arterial
chemoembolization (TACE) and RFA was more efficacious than RFA alone.

Terminology

The principle of RFA is that heat generated by high radio frequency waves
inactivates the local tumor cells quickly and effectively. Anhydrous alcohol dehydrates cancer cells, which degenerates and necrotizes the cells directly and
promotes tumor intravascular thrombosis. For TACE, a designated amount of
embolization agents are injected into the target artery to produce ischemic necrosis of the tumor tissue. All of these methods are common ablation methods
for small HCC.

Peer review

This is an important subject. Meta-analysis, a quantitative technique for therapeutic evaluation, may be used when controversy persists after several studies.
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no significant differences between two groups concerning surgical time, blood loss, anastomotic leakage, or
cardiovascular complications. Dissected lymph nodes
also showed no significant differences between two
groups in randomized controlled trials (RCTs) and nonRCTs. However, we did observe a shorter hospital stay
(WMD = 1.92, 95%CI: 1.63-2.22, P < 0.00001), lower
30-d hospital mortality (OR = 3.21, 95%CI: 1.13-9.12,
P = 0.03), and decreased pulmonary complications (OR
= 2.95, 95%CI: 1.95-4.45, P < 0.00001) in the transhiatal group. For overall survival, a potential survival
benefit was achieved for type Ⅲ tumors with the transhiatal approach.
CONCLUSION: The transhiatal approach for cancers
of the esophagogastric junction, especially types Ⅲ,
should be recommended, and its long-term outcome
benefits should be further evaluated.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To compare the efficacy and safety of the transthoracic and transhiatal approaches for cancer of the
esophagogastric junction.
METHODS: An electronic and manual search of the
literature was conducted in PubMed, EmBase and the
Cochrane Library for articles published between March
1998 and January 2013. The pooled data included the
following parameters: duration of surgical time, blood
loss, dissected lymph nodes, hospital stay time, anastomotic leakage, pulmonary complications, cardiovascular
complications, 30-d hospital mortality, and long-term
survival. Sensitivity analysis was performed by excluding single studies.
RESULTS: Eight studies including 1155 patients with
cancer of the esophagogastric junction, with 639 patients in the transthoracic group and 516 in the transhiatal group, were pooled for this study. There were
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Key words: Transthoracic surgery; Transhiatal surgery;
Cancer of the esophagogastric junction; Meta-analysis
Core tip: Surgical resection is the optimum therapy
for cancer of the esophagogastric junction, and the
transthoracic and transhiatal approaches are the two
major surgical approaches used worldwide. However,
considerable debate exists on the superior benefits of
the two approaches regarding their efficacy and safety.
We conducted this meta-analysis to address the issue.
The results indicated a shorter hospital stay, lower 30-d
hospital mortality and decreased pulmonary complications with the transhiatal approach compared with the
transthoracic approach. Moreover, a potential survival
benefit was achieved for type Ⅲ tumors using the transhiatal approach.
Wei MT, Zhang YC, Deng XB, Yang TH, He YZ, Wang ZQ.
Transthoracic vs transhiatal surgery for cancer of the esophago-
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gastric junction: A meta-analysis. World J Gastroenterol 2014;
20(29): 10183-10192 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10183.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10183

INTRODUCTION
With the decreasing prevalence of gastric cancer, the
incidence of cancer of the esophagogastric junction has
rapidly risen in the past three decades, especially in North
America and Europe[1]. Despite the use of chemotherapy,
the 5-year survival rate is still low (less than 30%) for
these cancers[2], and surgery remains the best therapeutic
option. Based on the anatomic location of the tumors’
centers, Siewert’s classifications of types Ⅰ to Ⅲ provide
universal evidence for the surgical approaches.
There are two major surgical approaches for cancer
of the esophagogastric junction - the transthoracic approach (TT) and the transhiatal approach (TH). The TT
approach aims to provide longer postoperative survival
rates and en bloc resections of the tumor and lymph
nodes, sometimes in combination with a thoracoabdominal resection. The TH approach results in fewer early
operative complications and incomplete thoracic lymph
node resection. Thus far, four reviews have compared the
differences between these two approaches for cancers of
the esophagus or distal esophagus[3-6], but not for cancers
of the esophagogastric junction alone. Moreover, Stein et
al[7] suggest that cancers of the esophagogastric junction
should be considered an independent disease rather than
a subset of esophageal or gastric cancer and that there is
no standard surgical approach for this type of cancer. As
a result, considerable debate on the superior benefits of
these two approaches for the treatment of cancers of the
esophagogastric junction persists.
To address the issue, we strictly reviewed articles
comparing the transthoracic and transhiatal approaches
for cancers of the esophagogastric junction. The pooled
data included the following parameters: perioperative
data (study population, pathological type, tumor stage
and Siewert’s type, among others), surgery-related data
(duration of surgical time, blood loss, hospital stay time
and 30-d hospital mortality), dissected lymph nodes,
complications (anastomotic leakage, pulmonary complications, and cardiovascular complications), and long-term
survival.

MATERIALS AND METHODS
This meta-analysis was conducted following the Cochrane Handbook for Systematic Reviews of Interventions 5.1.0 (updated March 2011) to ensure data quality
(Available from: URL: http://www.cochrane.org/training/cochrane-handbook).
Study selection
A comprehensive search of the literature was electroni-

WJG|www.wjgnet.com

cally conducted in PubMed, EmBase and the Cochrane
Library databases by combining the terms “tumor”,
“esophagogastric junction”, “cardia”, “stomach”, “esophagus”, “transhiatal”, “transthoracic”, “transabdominal”
and ”thoracoabdominal” using [Mesh] or [Keyword]. The
search was limited to the period between March 1998 and
April 2013. Furthermore, a manual search of the published articles in the related references was performed.
Study designs included randomized controlled (RCTs)
studies, clinical controlled studies, cohort studies, casecontrol studies, and case series. The flow chart of study
selection was made following the PRISMA statement
(Available from: URL: http://prisma-statement.org/
statement.htm). The following inclusion criteria were
used: (1) pathological diagnosis of the tumor as cancer
of the esophagogastric junction; (2) location of the tumor in the cardia, not in the esophagus or stomach; (3)
published studies comparing the two surgical strategies
for cancer of the esophagogastric junction; and (4) available data on each group. The following exclusion criteria
were included: (1) published studies with just one surgery
strategy; (2) reported patients with mixed cardiac and
esophageal cancers; (3) meta-analyses or case reports; and
(4) published studies without available data.
Quality assessment
Two investigators independently assessed the included
studies according to the Cochrane Library handbook,
and any disagreement was adjudicated by discussion or
by consulting the corresponding author. Quality assessment of the randomized controlled trials was evaluated
according to seven items: randomization, blinding, concealed allocation, baseline features, eligibility criteria, loss
to follow-up, and selection bias. For non-randomized
controlled studies, a modification of the NewcastleOttawa scale (NOS) was used as an assessment tool for
selection, comparability and outcome assessments. Out
of a total of six scores, studies valued with more than
four stars were recognized as being of moderate to high
quality. Sensitivity analysis was performed by removing a
single trial.
Statistical analysis
The collected data included the following: (1) baseline
characteristics of the patients, such as the study population,
age, sex, tumor stage, pathological type, and Siewert’s type;
and (2) outcomes, such as surgery-related data (duration of surgical time, blood loss, hospital stay time, and
30-d hospital mortality), dissected lymph nodes, complications (anastomotic leakage, pulmonary complications, and cardiovascular complications) and long-term
survival.
The data were analyzed using Review Manager (Version 5.1). Weight mean differences (WMDs) and odds
ratios (ORs) were used to analyze continuous data and dichotomous data, respectively. For survival analysis, we extracted data from survival curves by referring to methods
reported in previous studies, and hazard ratios were used
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Records identified through
database searching (n = 1717)

Records excluded:
Non-English (n = 135)
Case reports (n = 117)
Not relevant (n = 874)

Records after duplicates
removed (n = 1165)

Full-text articles excluded for the following reasons:
Usable data not present (n = 18)
Unclear description of tumor location (n = 10)
Review or systematic review (n = 4)

Full-text articles assessed
for eligibility (n = 40)

Studies included in quantitative
synthesis (n = 8)

Figure 1 Flow diagram of the meta-analysis study selection process.

Table 1 Basic characteristics of all of the pooled studies in the meta-analysis
Ref.

No. of patients

Gianotti et al[10]
Graham et al[11]
Hulscher et al[12]
Omloo et al[14]
Nakamura et al[13]
Sasako et al[15]
Wayman et al[16]
Zheng et al[17]

Age (mean ± SD or range)

TT

TH

TT

33
32
114

58
119
106

61/11
63/(22-86)
64/(35–78)

71
85
20
284

84
82
20
47

64/(28-90)
63/(38–75)
63/(59-70)
60.7/0.57

Sex (M/F)

TH

TT

TH

66/13
63/(22-86)
69/(23–79)

21/12
NR
97/17

38/20
NR
92/14

64/(28-90)
60/(36–75)
71/(43-78)
56.4/1.6

NR
63/22
15/5
204/80

NR
71/11
15/5
31/16

Siewert’s
classification

Design

Country

ⅡⅢ

PS
RS
RCT

Italy
England
Netherlands

RS
RCT
PS
RS

Japan
Japan
England
China

ⅠⅡ Ⅲ
ⅠⅡ
ⅠⅡ Ⅲ
ⅡⅢ
ⅠⅡ Ⅲ
Ⅱ

SD: Standard deviation; NR: Not reported; TT: Transthoracic group; TH: Transhiatal group; PS: Prospective study; RS: Retrospective study; RCT:
Randomized controlled trial.

Table 2 Quality assessment of the randomized controlled trials in the meta-analysis
Ref.
Hulscher et al[12]
Omloo et al[14]
Sasako et al[15]

Randomization

Blinding

Concealed
allocation

Baseline
features

Eligibility
criteria

Loss to
follow-up

Selecting bias

Study quality

Yes
Yes
Yes

No
No
No

Unclear
Unclear
Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
Yes
Yes

No
No
No

Fair
Fair
Fair

for quantitative analysis[8]. Heterogeneity was measured
using the I2 index and P value. A random effect was used
when the heterogeneity test had significance; otherwise, a
fixed effect was used. Standard deviations (SD) were estimated using a formula when only a range was reported[9]:
Estimate SD = Range/4 (15 < n < 70); Range/6 (n >
70). The value of P < 0.05 was considered statistically
significant; otherwise, no significance was attributed.

RESULTS
The study selection procedure is summarized in Figure 1.
In this meta-analysis, three randomized controlled trials,
two prospective studies and three retrospective studies

WJG|www.wjgnet.com

were included, for a total of eight original articles[10-17]
(Table 1). Among these, two studies[12,13] reported on
the same patients with cancer of the esophagogastric
junction, and the pooled data were integrated from both
studies. In total, 1155 patients (639 patients in the TT
group and 516 patients in the TH group) with cancer of
the esophagogastric junction were included. There was
no significance difference in the baseline data, including
age (P = 0.20), sex (P = 1.00), or tumor stage (P = 0.97)
of the two groups. All three RCTs were evaluated as superior trials (Table 2), and the other five non-RCTs were
valued at moderate to high quality. Statistical heterogeneity was found in three outcomes: duration of surgical
time, blood loss, and dissected lymph nodes. Sensitivity
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A Study or subgroup
Gianotti 2003
Graham 1998
Sasako 2006
Wayman 1999
Zheng 2010

Transthoracic

Transhiatal

Weight

Mean

SD

Total

Mean

SD

Total

312.0
343.2
338.0
280.0
158.2

97.00
68.40
93.67
26.25
3.60

33
32
85
20
284

209.0
331.2
305.0
190.0
194.8

52.00
73.80
86.67
37.50
15.90

58
119
82
20
47

Mean difference

Mean difference

IV, random, 95%CI

IV, random, 95%CI

19.4% 103.00 (67.30, 138.70)
19.9% 12.00 (-15.16, 39.16)
19.9% 33.00 (5.64, 60.36)
20.2% 90.00 (69.94, 110.06)
20.6% -36.60 (-41.16, -32.04)

B Total (95%CI)

454
326 100.0% 39.58 (-24.55, 103.71)
2
2
2
Heterogeneity: Tau = 5189.11; χ = 224.69, df = 4 (P < 0.00001); I = 98%
-500
-250
Test for overall effect: Z = 1.21 (P = 0.23)
Favours Transthoracic

Study or subgroup

Transthoracic
Mean

Gianotti 2003
Sasako 2006
Wayman 1999
Zheng 2010

SD

Transhiatal

Total Mean

738.0 426.00 33
655.0 353.17 85
1000.0 695.00 20
218.7 8.40 284

SD

Weight

Total

468.0 219.00
673.0 574.17
405.0 455.00
202.7 24.10

58
82
20
47

Transthoracic
Mean

Gianotti 2003
Hulscher 2002
Wayman 1999
Zheng 2010

23.2
19
16
24.7

SD

Total

14.7
24.5
12
0.6

33
114
20
284

Transhiatal
Mean

SD

Mean difference

Mean difference
IV, random, 95%CI
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Figure 2 Forest plot of surgery-related data, including the duration of surgical time (A), blood loss (B), hospital stay time (C) and hospital deaths (D), in
the transthoracic group vs transhiatal group of cancers of the esophagogastric junction. IV: Inverse variance; M-H: Mantel-Haenszel.

using the results excluding one trial did not alter the
pooled estimation of the results of blood loss and dissected lymph nodes; however, the durations of surgical
time were altered.
Surgery-related data
Duration of surgical time (min): In total, five articles
provided the available data on the duration of surgical
time[10,11,15-17]. Of these articles, two articles provided
estimated standard deviations[15,16], and three articles reported significantly longer durations of surgery in the
TT group than in the TH group. However, analysis of
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the pooled data showed no significance between the two
groups (WMD = 39.58, 95%CI: -24.55-103.71, P = 0.23)
(Figure 2).
Blood loss (mL): In total, five articles reported the available data on blood loss[10,12,15-17]. Of these, two articles estimated a standard deviation[15,16], and one article was not
pooled with a sole mean[12]. Three articles reported a significant increase in blood loss in the TT group compared
with the TH group. Furthermore, analysis of the pooled
data showed no significance between the two groups
(WMD = 151.17, 95%CI: -21.37-323.71, P = 0.09).

10186

August 7, 2014|Volume 20|Issue 29|

Wei MT et al . TT vs TH for esophagogastric cancer

A Study or subgroup
Hulscher 2002
Sasako 2006

Transthoracic

Transhiatal

Mean

SD

Total Mean

SD

31
60

14
24

111
85

9
22.17

16
68

Weight
Total
94
82

51.0%
49.0%

Mean difference

Mean difference

IV, random, 95%CI

IV, random, 95%CI

15.00 (11.82, 18.18)
-8.00 (-15.00, -1.00)

Total (95%CI)
196
176 100.0%
3.72 (-18.81, 26.26)
2
2
2
Heterogeneity: Tau = 256.80; χ = 34.36, df = 1 (P < 0.00001); I = 97%
Test for overall effect: Z = 0.32 (P = 0.75)

B Study or subgroup

Transthoracic
Mean

Wayman 1999
Zheng 2010

19
10.4

Transhiatal

SD

Total

Mean

5.25
0.3

20
284

23
9.8

Weight

SD

Total

8.75
0.9

20
47

-50
-25
Favours Transthoracic

0

25
Favours transhiatal

Mean difference

Mean difference

IV, random, 95%CI

IV, random, 95%CI

37.7%
62.3%

-4.00 (-8.47, 0.47)
0.60 (0.34, 0.86)

Total (95%CI)
304
67
100.0%
2
2
2
Heterogeneity: Tau = 7.97; χ = 4.05, df = 1 (P = 0.04); I = 75%
Test for overall effect: Z = 0.51 (P = 0.61)

-1.14 (-5.51, 3.23)
-4
-2
Favours Transthoracic

0

50

2
4
Favours transhiatal

Figure 3 Forest plot of dissected lymph nodes in randomized controlled trials (A) and non-randomized controlled trials (B) for the transthoracic group vs
transhiatal group of cancers of the esophagogastric junction. IV: Inverse variance; M-H: Mantel-Haenszel; CI: Confidence interval.

Hospital stay time (d): In total, four articles reported
the available data on hospital stay time[10,12,16,17]. Of these
articles, standard deviations were estimated in two articles[12,16], and one article was not pooled with a sole
mean[11]. Two articles reported a significantly longer hospital stay time in the TT group than in the TH group.
Furthermore, analysis of the pooled data also showed
a significantly longer hospital stay time in the TT group
than in the TH group (WMD = 1.92, 95%CI: 1.63-2.22,
P < 0.00001).
30-d hospital mortality: In total, six articles reported
the available data on 30-d hospital mortality[11-13,15-17]. All
pooled articles showed no significance between the two
groups. However, an analysis of pooled data showed a
higher 30-d hospital mortality in the TT group than in
the TH group (OR = 3.21, 95%CI: 1.13- 9.12, P = 0.03).
Dissected lymph nodes
In total, four articles, including two RCTs and two nonRCTs, reported the available data on dissected lymph
nodes[12,15-17]. Pooled outcomes in the RCTs showed no
significant differences between the two groups (WMD
= 3.72, 95%CI: -18.81-26.26, P = 0.75). Additionally,
no significant differences were observed between the
two groups in the non-RCTs (WMD = -1.14, 95%CI:
-5.51-3.23, P = 0.61) (Figure 3).
Complications
Anastomotic leaks: In total, seven articles reported the
available data on anastomotic leaks[10-13,15-17]. Six articles
reported no significant differences between the two
groups, in accordance with the pooled outcomes (OR =
1.24, 95%CI: 0.80 -1.94, P = 0.34) (Figure 4).
Pulmonary complications: In total, six articles reported
the available data on pulmonary complications[11-13,15-17].
Two articles reported a significantly higher incidence of
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pulmonary complications in the TT group than in the
TH group. Furthermore, an analysis of the pooled data
also provided evidence for this difference (OR = 2.95,
95%CI: 1.95-4.45, P < 0.00001).
Cardiovascular complications: In total, three articles
reported the available data on cardiovascular complications[12,16,17]. All articles reported no significant difference
between the two groups, in accordance with the pooled
outcomes (OR = 1.61, 95%CI: 0.95-2.71, P = 0.08).
Overall survival
In total, seven articles reported the available data on the
overall survival rate[9-13,15]. All pooled data did not show
any significant differences in either all Siewert’s or single
Siewert’s types (Figure 5). However, our estimated results demonstrated a potential trend of increased 5-year
survival in the TH group compared with the TT group
for both type Ⅲ tumors. It is worth mentioning that one
study reported significantly higher overall survival rates in
the TH group than in the TT group[13] (P = 0.0053). The
TH group had significantly better survival than the TT
group for type Ⅱ tumors (P = 0.0139). Another RCT reported no 5-year survival benefit for TT compared with
TH for either type Ⅱ or type Ⅲ tumors, which led to its
being closed[15]. Detailed survival information is given in
Table 3.

DISCUSSION
At present, cancer of the esophagogastric junction has
attracted worldwide attention due to its increasing prevalence in North America and Europe. Since Siewert et al
classified three types of this tumor based on the anatomic location of the tumor center, the Siewert’s types have
generally laid the foundation for treatment and prognosis
of these tumors. Surgical resection is the ideal therapy
for cancers of the esophagogastric junction. The main
two surgical approaches are transthoracic and transhiatal
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Figure 4 Forest plot of complications, including anastomotic leak (A), pulmonary complications (B) and cardiovascular complications (C), in the transthoracic group vs transhiatal group of cancers of the esophagogastric junction. M-H: Mantel-Haenszel; CI: Confidence interval.

Table 3 Overall survival details of the included studies
1

Ref.

5-yr survival
TT

TH

Gianotti et al[10]

37%

42%1

Graham et al[11]

20%

17%1

Nakamura et al[13]

NR

NR

Hulscher et al[12]
Omloo et al[14]

36%

34%1

Sasako et al[15]

37.9%

52.3%1

Zheng et al[17]

34.9%

40.19%1

Conclusions on overall survival
Overall 1-yr survival and 3-yr survival rates are 82% and 54% in the TT group and 86% and 60% in the TH
group, respectively. The TT approach results in a better postoperative outcome without compromising surgical
radicality or patient survival
The 1-yr, 2-yr, 3-yr and 5-yr survivals are not affected by the use of preoperative radiotherapy or surgical
approach. The TT and TH approaches are not associated with any difference in survival
Overall survival of the TT group is significantly lower than that of the TH group. The TH group shows
significantly better survival than TT for type Ⅱ tumors, but not for type Ⅲ tumors
Overall 1-yr survival and 3-yr survival rates are 66% and 43% in the TT group and 73% and 41% in the TH
group, respectively. There is no significant overall survival benefit for either approach. For type I tumors, the
TT approach shows a potential survival benefit over the TH approach (51% vs 37%, P = 0.33)
TH tends to achieve higher 5-yr survival rates for both type Ⅱ and type Ⅲ tumors compared with TT (52.2%
vs 41.5% and 52.4% vs 34.9%). The trial was closed because TT does not improve survival after TH and led to
increased morbidity
Overall 1-yr survival and 3-yr survival rates are 71% and 43.2% in the TT group and 71.8% and 46.3% in the TH
group, respectively. No significant difference is found between groups

1

No significance between TT and TH. TT: Transthoracic; TH: Transhiatal; NR: Not reported.
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Figure 5 Forest plot of overall survival in the transthoracic group vs transhiatal group of cancers of the esophagogastric junction. A: All Siewert types; B:
Siewert Ⅰ; C: Siewert Ⅱ; D: Siewert Ⅲ. IV: Inverse variance.

resections. Transthoracic resection has given rise to several other approaches, including the left thoracic, right
thoracic and even thoracoabdominal approaches, and
different medical centers favor an individual transthoracic
approach. Despite the potential for a wider resection of
tumor margins and thoracic lymphadenectomy, pulmonary complications have been continuously reported after
transthoracic resections. Transhiatal resection was first
described by Grey Turner in 1933[18], and this approach
often achieves lower short-term morbidity and mortality
without formal thoracic lymphadenectomy. Until now,
the proper approach for surgical treatment of cancers of
the esophagogastric junction was still up for debate[19]. To
clarify some of these issues, we undertook the present
meta-analysis, concentrating on the objective analysis of
the two approaches that are used to treat cancer of the
esophagogastric junction.
Considering postoperative complications, pulmonary
complications, such as pneumonia, atelectasis, acute
respiratory distress syndrome and pulmonary embo-
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lism, are the most prominent and often account for the
majority of postoperative deaths[20]. Our results showed
a significantly higher incidence of pulmonary complications in the TT group, although Chou et al[21] reported
no difference between the two groups in 2005. One
potential rationale for explaining this is that thoracic surgery or combined upper abdominal resection carries a
higher risk of postoperative pulmonary complications[22].
Nevertheless, early extubation and aggressive pulmonary rehabilitation[23] may reduce the rate of pulmonary
complications. Anastomotic leakage, the main cause of
mortality[24], was not significantly different between the
groups. Previous studies have reported various outcomes
in terms of anastomotic leakage[5,21,25]. This wide variation can be attributed to different manual anastomoses,
surgical anastomosis sites and levels of expertise[24,26].
Cardiovascular complications were also pooled with no
significant difference between the groups, consistent with
that reported in a recent study comparing the two resection approaches[27]. In terms of 30-d hospital mortality,
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which was defined as hospital deaths related to special
disease within 30 d after operation, our results found significantly lower 30-d hospital mortality rates, along with
shorter hospital stays in the TH group than in the TT
group. Existing evidences have confirmed that prolonged
hospital stays are associated with anastomotic leakages[28].
Graham et al[11] reported no significance in postoperative
complications and hospital deaths, however, which may
have resulted from the small number of nonrandomized
patients included in their study.
Lymph node clearance is regarded as a predominant
prognostic factor for cancer of the esophagogastric junction. The removal of lymph nodes in the mediastinum
is the primary goal of surgery. However, the optimum
extent of lymph node resection is still controversial[29]. In
the present study, we reported no significant difference
between the groups with regard to lymph node resections, although previous studies reported less lymph node
dissection in the transhiatal procedure than in the transthoracic procedure. This result may have been caused by
surgeons’s indirect vision in the operation[21]. As the included articles reported, the transthoracic and transhiatal
approaches led to a similar rate of lymphadenectomies in
the abdominal cavity. However, transthoracic resections
require a thorough mediastinal nodal dissection with an
esophagectomy of sufficient length; therefore, transhiatal
esophagogastrostomy is sometimes performed in the neck
or thorax without cervical lymphadenectomy, leading to
insufficient lymphadenectomy in the thoracic cavity.
We found no statistical significance regarding the
long-term survival of the two surgical groups in the
pooled studies. This outcome is supported by previously published literature[5,30]. However, a recent review
predicted a superior 5-year survival for transhiatal resections, which is consistent with that in two included
articles that reported potential higher overall survival
rates in the TH group compared with the TT group in
type Ⅱ tumors[13,15]. For type Ⅲ tumors, one of the two
studies showed potential 5-year survival benefits in the
TH group[15]. Meanwhile, the other study presented an
obvious 14% 5-year survival rate benefit in the transthoracic approach compared to the transhiatal approach for
type Ⅰ tumors[13]. Therefore, some researchers recommend the transthoracic approach as the preferred option
for type I tumors and the transhiatal approach for type
Ⅱ and Ⅲ tumors. Furthermore, it should be mentioned
that in 2002, Mariette et al[19] reported overall 3- and 5-year
survival rates of 40.9% and 25.1%, respectively, which
were not affected by the choice of surgical approach. The
difference in survival rates was associated with R0 resection, pathologic node-positive category, and tumor differentiation. In 2005, Jensen et al[31] underlined patient age as
a risk factor for long-term survival. Thus, the long-term
survival of patients with cancers of the esophagogastric
junction may also be influenced by tumor stage, complications, and R0 resections.
There are limitations to this meta-analysis when considering the differing qualities within the literature: (1)
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randomized controlled trials, prospective studies and retrospective studies were assessed using different standards
and then pooled together, which may decrease the power
of the outcomes; (2) we were unable to perform a subgroup analysis for each outcome concerning the Siewert’
s types due to the lack of reported detailed data; (3) some
indirect data acquisition methods were used, such as when
dealing with the standard deviation from range; and (4) although the methodological application for pooling overall
survival rates has been described in previous literature, we
also keep our conservative position on the appropriate use
in dealing with overall survival rate analysis.
This meta-analysis found no significance between the
transthoracic and transhiatal approaches to cancers of
the esophagogastric junction with regards to the duration
of surgical time, blood loss, dissected lymph nodes, anastomotic leakage, or cardiovascular complications. However, we did observe shorter hospital stays, lower 30-d
hospital mortality rates and decreased pulmonary complications in the transhiatal approach. For overall survival,
although no significance was found in either all Siewert’
s types or single Siewert’s type, a potential survival benefit was achieved for type Ⅲ tumors using the transhiatal
approach compared with the transthoracic approach.
Therefore, we conclude that the transhiatal approach for
cancers of the esophagogastric junction, especially for
Siewert’s type Ⅲ tumors, should be recommended as the
optimal choice. The long-term outcome benefits of this
decision should be evaluated in the future.
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Cancer of the esophagogastric junction has attracted worldwide attention due
to its increasing prevalence in North America and Europe. Since Siewert et al
classified three types of this tumor based on the anatomic location of the tumor
center, the Siewert’s type has generally laid the foundation for treatment and
prognosis of this tumor. Surgical resection is the best therapeutic option for
cancers of the esophagogastric junction.

Research frontiers

The two main surgical approaches for cancers of the esophagogastric junction
are transthoracic and transhiatal resections. Transthoracic resection achieves a
wider resection of the tumor margins and thoracic lymphadenectomy. However,
pulmonary complications are continuously reported after transthoracic resections. Transhiatal resection often obtains lower short-term morbidity and mortality, but this approach lacks a formal thoracic lymphadenectomy. Currently, the
proper approach to surgical treatment of cancers of the esophagogastric junction remains under debate. To clarify some of these issues, authors undertook
the present meta-analysis, concentrating on these two approaches to cancers
of the esophagogastric junction.

Innovations and breakthroughs

Authors conducted this meta-analysis to address the issue described above.
The results indicated shorter hospital stays, lower 30-d hospital mortality, and
decreased pulmonary complications in the transhiatal group compared with the
transthoracic group. Moreover, a potential survival benefit was achieved for
type Ⅲ tumors for the transhiatal approach.
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Applications

The transhiatal approach for cancers of the esophagogastric junction, especially
for Siewert’s types Ⅲ, should be recommended as the optimal choice, and its
long-term outcome benefits should be evaluated in the future.
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In this meta-analysis, Wei et al investigated the outcomes of transthoracic vs
transhiatal resection approaches for GE junction cancer. From a methodological
point of view, the paper appears sound. Adequate measures seem to be taken
in order to draw the conclusions from this meta-analysis.
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Core tip: Totally laparoscopic total gastrectomy for
advanced primary adenosquamous carcinoma of the
stomach with fever as the initial manifestation is an
interesting combination of a rare lesion with an atypical presentation and an uncommon complex surgical
procedure. Given the aggressive nature and advanced
stage at diagnosis, there are no reports of this carcinoma in the English literature. To the best of our
knowledge, this is the first case of its kind reported in
the English literature.
Ajoodhea H, Zhang RC, Xu XW, Jin WW, Chen K, He YT, Mou
YP. Fever as a first manifestation of advanced gastric adenosquamous carcinoma: A case report. World J Gastroenterol 2014;
20(29): 10193-10201 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i29/10193.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i29.10193

Abstract
Gastric adenosquamous carcinoma (ASC) is a rare type
of gastric cancer. It is a mixed neoplasm, consisting
of glandular cells and squamous cells. It is often diagnosed at an advanced stage, thus carrying a poor prognosis. We describe a case of a 73-year-old male, who
presented with refractory fever and an intra-abdominal
mass on imaging. He underwent a laparoscopic exploration followed by a successful totally laparoscopic
total gastrectomy with D2 lymphadenectomy for gastric cancer. Postoperative pathology revealed primary
gastric ASC (T4aN0M0). The patient received adjuvant
radiotherapy and chemotherapy with S1 and is alive 20
mo after surgery without recurrence. This is the first
case of advanced gastric ASC with fever as the initial
presentation treated with totally laparoscopic total gastrectomy reported in the English literature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
The first case of gastric adenosquamous carcinoma (ASC)
was reported by Rolleston and Trevor[1]. ASC accounts
for less than 1% of all gastric cancers worldwide[2], compared with the predominant adenocarcinoma type which
has an incidence of more than 90%[3]. Since the first reported case, ASC has only been reported in case reports
(Table 1), mostly from Asian countries[4-6] and very few
case series (Table 2) have been reported in the English
literature. It has a male to female preponderance with a 4:1
ratio, and peaks in the 6th decade of life, occurring on average earlier than sporadic adenocarcinoma[2]. It is usually
aggressive in nature, diagnosed at an advanced stage and
carries a poorer prognosis than adenocarcinoma[2].
The application of laparoscopic approaches for distal
gastric lesions, benign or early gastric cancers, has been
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Table 1 Reported cases of gastric adenosquamous carcinoma
Author

Year Country Gender Age Signs and
Preop
Surgical
Tumor Location Metastasis
(yr) symptoms diagnosis procedure size (cm)

Staging

Adjuvant
treatment

Prognosis

Rolleston and
Trevor[12]
Lubarsch[12]
Herxheime[12]
Boedeker[12]

1905

-

M

39

-

-

-

-

P

-

-

-

-

1906
1907
1926

-

Oberling and
Wolf[12]
Pasternackv[12]
Martin and
Pollosson[12]
Takagi[12]
Scheffler and
Falk[12]
Wood[12]

1927

-

F
F
F

35
65
67

-

-

-

-

P
P
P
P
P

-

-

-

-

1935
1936

-

M
F

48
64

-

-

-

-

P
B

-

-

-

-

1937
1940

-

M
M

33
74

-

-

-

-

B
B

-

-

-

-

1943

-

Strassman[12]
O'Brien and
Meehan[12]
Milanes et al[12]
Bellagie and
Dahlin[12]

1946
1950

-

M
M
M
M

51
37
85
40

-

-

-

-

P
P
B
P

-

-

-

-

1950
1951

-

M
M

50
42

-

-

-

-

B
B

-

-

-

-

Hirai et al[12]
1963
Straus, Heschel 1968
and Fortmann[12]
Lee et al[1]
1970

-

M
M
F

49
37
70

-

-

-

-

B
B and P
P

-

-

-

-

SK

M

A

LN
LN

Bor Ⅳ
Bor Ⅲ
Bor Ⅲ

-

-

Taira et al[13]
Fujitomi et al[14]
Jalif et al[15]
Sato et al[16]
Matsumoto
et al[17]
Masuda et al[18]
3
Horikawa
et al[19]
3
Johzaki et al[20]
3
Butov et al[21]
Shigematsu
et al[22]
4
Yamamoto
et al[23]
Honda et al[24]

1976
1983
1984
1984
1984

J
J
S1
J
J

F
F
F
M

43 A2, EP, HP,
TS
45
68
76
56
UAD

1985
1987

J
J

F

53
56

1988
1989
1989

J
R
J

F
F

78
74

1989

J

M

61

1990

J

M

57

Tsukino et al[25]
Kawabe et al[26]

1990
1990

J
J

M
-

Coard et al[27]
Tenma et al[28]

1991 J and C
1993
J

Ito et al[29]
1993
Cabello
1994
Rodríguez et al[30]
Toyota et al[6]
1996

Sub-G + O
-

TG + S
TG

5.0 × 4.0 A and B

UAP
-

ASC
-

Sub-G
-

-

B
-

-

Bor Ⅲ
EGC

-

-

EP + AL

-

Par-G
-

-

-

LN

EGC
EGC
Bor Ⅲ

-

-

-

Sub-G

-

-

L, L1 LN

-

-

-

UAP

-

-

-

-

-

-

-

-

-

LN
-

Grade Ⅱ
ASC
Bor Ⅳ
-

-

61
-

-

-

M

51

-

-

-

-ve

Bor Ⅲ

-

-

J
S1

F

84

-

-

TG post
chemo
-

Angle
region
Fornix
and B
-

-

A

-

-

-

-

J

F

72

RHE

-

P

-

-

-

-

-

-

Died 2 yr
post op2
Died 2 mo
post H1
Died few
days post op
-

3

Yoshida et al[5]

1996

J

M

66

EP

SCC

Par-DG

2.1 × 2.0

A

L, LN

Bor 2 +
EGC
-

Manna et al[31]
Mori et al[32]

1998
2000

P
J

M
M

55
59

-

-

TG + H

-

RS

L, LN

-

-

Blázquez et al[33] 2005

S1

F

56

CA

-

-

-

A

-

-

-

Endo et al[7]

J

M

55

F and A1

ASC

Par-G +
D3

7.0 × 8.0

A

LN, L2

T2N2M0

-

2005
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Nomura et al[34]

2006

J

F

62

A1

-

Terada[35]

2009

J

F

87

N and V

SCC

F

77

EP

SCC

Faria et al[2]

2010

P

F

84

EP

-ve

Fukuda et al[36]

2012

J

M

70

-

-

Ebi et al[8]

2012

J

M

74

AP and M

SCC

Saito et al[37]

2013

J

M

60

UBP

ASC

3

Kimura et al[41]

2013

J

M

77

-

Harsha
Ajoodhea et al
(present case)

2013

C

M

73

Fever

DG

B and A

-

LN

T3N3M0

TG + C1 + 10 × 8 ×
S
7
G
6×5×7

-

SM, LV

Bor Ⅳ

Neoadjuvant
chemo
-

-

SM, LV

Bor Ⅲ

-

A

LN, L

T3N1M1

-

Died 5 mo
post op
Died 8 mo
post op
-

-

L

-

-

-

B

LN

Sub-G

8×5×
1.1
TG + D2 +
H
Par-G
-

Advanced
S1
type 3
monotherapy

-

B-A

LN

-

DC-S1

-

No
surgery
LADG

-

-

ECG

ADC

TLTG+D2

8 × 7.5

B-A

LN;
Recurrence
in liver
-ve

S-1 and
cisplatin
(CDDP)
Rand S1

T4a N0
M0

-

Alive post
op 2 yr 10
mo
Pt died 3 mo
post chemo
Alive 14 mo
post op
Alive at 20
mo post op

1

Died of lymphangitis carcinomatosa of the lung 2 mo after right hepatectomy; 2Died of liver failure due to multiple metastases 2 yr after operation; 3Early
gastric cancer; 4Hypesthesia and pain in both legs, and progressive difficulty in walking. A1: Anemia; A2: Anorexia; AL: Appetite loss; CA: Chronic
anemia; EP: Epigastric pain; HP: Hunger pain; F: Fatigue; V: Vomiting; N: Nausea; RHE: Routine health examination; TS: Tarry stool; M: Melena; UAP:
Upper abdominal pain; UAD: Upper abdominal discomfort; J: Japan; S1: Spain; P: Portugal; M: Maroc; C: China; R: Russia; SK: South Korea; JC: Jamaica
and Commonwealth Caribbean; S: Splenectomy; Sub-G: Subtotal gastrectomy; Par-G: Partial gastrectomy; P: Pylorogastrectomy; H: Hepatectomy; DG:
Distal gastrectomy; C1: Cholecystectomy; ASC: Adenosquamous carcinoma; Par-DG: Partial distal gastrectomy; SSC: Squamous cell carcinoma; ADC:
Adenocarcinoma; A: Antrum; B: Body; F: Fornix; C: Cardia; P: Pylorus; O: Omentectomy; RS: Remnant stomach; Borr: Borrmann type; L: liver; L1:
Lung; SM: Systemic metastases; LN: Lymph node metastases; LV: Lymphovascular metastases; L2: Lymphatics; R: Radiotherapy; S1: S1 chemotherapy;
DC-S1: Docetaxel, cisplatin and S-1 (DCS); EGC: Early gastric cancer; LADG: Laparoscopic-assisted distal gastrectomy; TLTG: Totally laparoscopic total
gastrectomy.

Table 2 Reported case series of gastric adenosquamous carcinoma
Author

Year

Country

No. of cases

Mean age (yr)

Location

Boswell and Helwig[12]
Urban et al[12]

1965
1966

-

111
102

49.1
54.7

Aoki et al[38]
Mori et al[4]
Namatame et al[39]
Rottenberg[40]

1978
1986
1986
1987

Japan
Japan
Japan
Russia

113
28
54
5

61.2
62.8
-

P: 9 pts; LC: 1 pt; F: 1 pt
P and B: 1 pt; C and B: 1 pt
P: 6 pts; C: 2 pts
A: 5 pts; B: 2 pts; F: 4 pts
Lower body along lesser curvature
B and P

1

10 males and 1 female; 26 males and 1 female; 310 males and 1 female; 42 males and 3 females. Pt: Patient; A: Antrum of stomach; P: Pylorus; LC: Lesser
curvature of stomach; F: Fundus of stomach; B: Body of stomach; C: Cardia of stomach.

accepted worldwide. The advantages and long-term
benefits in these patients are also very well known and
appreciated. Despite the advances in minimally invasive
techniques and their advantages, several issues have been
raised in the setting of a totally laparoscopic total gastrectomy. Moreover, in patients with advanced cancer, a
minimally invasive approach is not commonly used. The
case presented here is that of a patient with an advanced
primary ASC extending to the serosal layer. This is the
first case of ASC treated completely laparoscopically reported in the English literature.

CASE REPORT
We report a case of a 73-year-old male, who was referred
to the surgical department after refractory medical treatment for an irregular high fever. The patient was previ-

WJG|www.wjgnet.com

ously treated for pneumonia 2 mo before admitted to the
Infectious Disease Department because of irregular high
fever. Except for mild anemia (hemoglobin 8 g/L), white
blood cell (WBC) count of 15.8 × 109/L and C-reactive
protein (CRP) level of 72.4 mg/L, all other laboratory
tests, physical examination and past/family history were
insignificant. Despite aggressive treatment, his fever (Figure 1A) persisted and the WBC count (Figure 1B) and
CRP level (Figure 1C) increased. He was then referred to
the surgical department due to the presence of an intraabdominal mass found on imaging. An abdominal ultrasound revealed a hypoechoic mass in the upper abdomen
suggesting gastric cancer with surrounding lymph node
involvement. Abdominal computed tomography (CT)
showed a mass in the upper abdomen between the stomach and the left lobe of the liver (Figure 2). Gastroscopy
showed a raised lesion on the gastric antrum surface,
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Figure 1 Preoperative graphs. A: Preoperative temperature; B: Preoperative white blood cell (WBC) count; C: C-reactive protein (CRP) level.

with ulceration, and involving the lower part of the body
of the stomach (Figure 3). The preoperative biopsy pathology showed an adenocarcinoma, and the patient was
found to be Helicobacter pylori positive. He underwent a
totally laparoscopic total gastrectomy accompanied by
D2 lymphadenectomy, and an esophagojejunal Rouxen-Y anastomosis was performed. The patient was placed
in the supine position with the head slightly elevated
under general anesthesia. The surgeon and the second
assistant holding the laparoscope stood on the right side
of the patient and the first assistant stood on the left.
Carbon dioxide pneumoperitoneum was established (CO2

WJG|www.wjgnet.com

at 15 mmHg) using a Veress needle. The first 10-mm
trocar was placed at the umbilicus for the laparoscope. A
30-degree telescope was inserted to examine the peritoneal cavity to rule out metastatic disease and assess the
feasibility of the procedure. After general examination,
an additional four trocars (one of 12 mm, three of 5
mm) were inserted and the five trocars were arranged in
a V-shape. The operation was started by retracting the
greater omentum superiorly using the grasper and bluntly
dissecting along the transverse colon border to enter the
lesser sac (Figure 4A). The stomach together with the
greater omentum was then retracted superiorly using
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Figure 2 Abdominal computed tomography showing an upper abdominal
mass between left lateral hepatic lobe and stomach, as shown by arrow.

Figure 3 Gastroscopy. Gastric antrum raised lesion, with ulceration, easy to
bleed and involving the lower part of the body of the stomach.

the grasper to allow better visualization of anatomical
landmarks. The right gastroepiploic vessels were identified, clipped using Hem-o-lock and excised (Figure 4B
and C). Next, mobilization began at the superior edge of
the pancreas, thus revealing the celiac trunk. The common hepatic artery, right gastric artery, left gastric artery
and splenic artery and their respective lymph nodes were
identified and excised. The right gastric artery, left gastric
artery and vein were then clipped using the Hem-o-lock
and excised (Figure 4D). The hepatoduodenal and hepatogastric ligaments were then dissected. The esophageal
wall was detached from the surrounding tissue and completely mobilized (Figure 4E). The cardia vagus nerve
was cut 3 cm above the cardia. Once the structures were
completely mobilized, the duodenum was then transected
using an endoscopic linear stapler 3 cm from the pylorus
(Figure 4F). The jejunum was stapled using an endoscopic linear stapler 20 cm from the ligament of Treitz.
A small opening was made 10 cm from the stump on the
distal jejunum and the latter was then pulled up to the
esophagus, in which a small side opening was also made.
A side-to-side antiperistaltic esophagojejunostomy was
then performed using linear staplers (Figure 4G) and the
entry hole was then closed using staplers (Figure 4H).
The esophageal wall was sutured to the diaphragm wall
to avoid tension, thus preventing anastomotic failure.
The specimen was placed in a retrieval bag and pulled out
through an enlarged umbilical incision. Pneumoperitoneum was re-established. A routine Roux-en-Y anastomosis was performed laparoscopically between the distal
jejunum (40 cm from the esophagojejunostomy) and the
proximal jejunum. Any defects in the mesentery were
closed. The postoperative pathology result was an 8 cm
× 7.5 cm sized gastric ASC (Figure 5) located in the body
and antrum, with a 3 cm × 2 cm central ulcer invading
the serosal layer. Pathological findings showed an adenocarcinoma component with glandular formation, and a
squamous cell component with keratinization (Figure
6A and B). There was no obvious border between the
two components. The adenocarcinoma cells were well to
moderately differentiated with a proportion of 40% and
were found in the upper one-third, and the squamous
cells were well differentiated with a proportion of 60%

and were found in the lower two-thirds of the stomach.
Additional immunohistochemical staining for CK Low
(Figure 6C) showed strong positive staining for adenocarcinoma, and staining for P63 (Figure 6D) showed nuclear
positive staining for squamous cell carcinoma. No lymph
node metastasis (0/35), lymphatic or vascular invasion
were found and a negative margin was achieved (TNM
staging was Stage Ⅳ-T4aN0M0 and Bormann type 4).
After surgery, there was an immediate decrease in
temperature (Figure 7A), WBC count (Figure 7B) and
CRP level (Figure 7C). The patient was started on liquid
food 3 d after surgery, followed by semi-liquid food on
the 8th day. The length of postoperative hospital stay
was 14 d. No postoperative morbidity was noted. After
operation, the patient received adjuvant radiotherapy and
chemotherapy with S1. He was followed for nearly 20 mo
and was in good health without recurrence as confirmed
by CT scan at follow-up. His nutritional status was reported to be better compared to preoperative status.
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DISCUSSION
ASC is a special type of gastric cancer. It occurs mainly
in the distal and the body of the stomach (Table 1).
Macroscopically, most tumors are Bormann type 2 or 3
advanced gastric cancer[7]. Very few reports are available
in the English literature on early gastric ASC[41]. The most
common site of metastasis is the liver[7] and lymphovascular metastases are common[8]. For the diagnosis of true
ASC, collision tumors should be excluded. True ASC is a
combination of adenocarcinoma and squamous cell carcinoma, with transitions between the two components[9].
Although the lesion is a combination of the two different
histologic types, the biologic behavior is decided by the
adenocarcinoma component.
The highlights of this case report are as follows: (1)
atypical presentation in the patient; (2) the presence of
ASC at final postoperative diagnosis; and (3) totally laparoscopic total gastrectomy for advanced gastric cancer.
The chief complaints of patients with gastric ASC are
similar to those of any gastric adenocarcinoma patient,
and include epigastric pain, nausea and vomiting[8]. This
is the first case of advanced gastric ASC reported in the

10197

August 7, 2014|Volume 20|Issue 29|

Ajoodhea H et al . Fever in advanced gastric adenosquamous carcinoma

A

B

C

D

E

F

G

H

Figure 4 Surgical procedure. A: Dissection of the greater omentum; B, C: Clipping and cutting of right gastroepiploic vein and artery, respectively; D: Clipping and
cutting of left gastric artery; E: Mobilization of esophagus; F: Transection of duodenum; G: Antiperistaltic reconstruction of esophagus and jejunum using linear stapler;
H: Entry hole as seen after stapling.
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Figure 5 Gross Operative specimen. An 8 cm × 7.5cm mass with a 3 cm × 2
cm ulcer, invading the serosal layer (mass cut open), as shown by arrow.

English literature with fever as the initial presentation.
Preoperatively, it was difficult to rule out lung infection as
the cause of fever, given the patient’s previous history of
pneumonia. As a result of non-responsiveness to medical
treatment, the patient underwent surgery for suspected
gastric cancer. The preoperative fever in this patient is
believed to be associated with the necrotic tissues found
in the lesion. There was a decrease in temperature immediately after the operation, along with a reduction in
the WBC count and CRP level, which confirmed that the
gastric mass was the cause of the fever.
Of interest was the presence of squamous cells in a
glandular cellular area not contiguous with squamous epithelium. The final pathological diagnosis was gastric ASC.
Since the first case reported more than one century ago,
no confirmed evidence has been available on the pathogenesis of this lesion.
A few hypotheses[2] have been proposed regarding its

WJG|www.wjgnet.com

100 mm
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Figure 6 Microscopic specimen. A and B: Both adenocarcinoma and squamous cell carcinoma components. Adenocarcinoma component shows gland
formation and squamous carcinoma component shows keratinization (hematoxylin and eosin staining, A: × 10 magnification; B: × 20 magnification); C: Immunohistochemical (IHC) staining for cytokeratin (low), on the left side adenocarcinoma is strongly positive and on the right side squamous cell carcinoma
is negative (IHC × 20 magnification); D: IHC staining for P63, on the left side
adenocarcinoma is negative and on the right side squamous cell carcinoma is
nuclear positive (IHC × 20 magnification).

origin, such as: (1) metaplastic transformation of an adenocarcinoma; (2) cancerization of metaplastic squamous
cells; (3) cancerization of ectopic squamous epithelium;
(4) collision of an adenocarcinoma and a squamous cell
carcinoma; and (5) stem cell differentiation towards both
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Figure 7 Postoperative graphs. A: Postoperative temperature; B: Postoperative white blood cell (WBC) count; C: Postoperative C-reactive protein (CRP) level.

cellular lines. Furthermore, another noteworthy point
in the present report is the mismatch of preoperative
and postoperative pathological results. This may be explained by the fact that despite gastroscopy, which is the
gold standard for gastric cancer, the tissue sample taken
during the biopsy showed that differentiation into adenosquamous cells had not occurred or had not yet occurred. Therefore, our preoperative biopsy result showed
only gastric adenocarcinoma. Hence, ASC cannot be
ruled out preoperatively and should be considered in the
differential diagnosis, especially in patients with atypical
presentations.
To the best of our knowledge, this is the first case
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of primary advanced gastric ASC with fever as the initial
manifestation treated by totally laparoscopic total gastrectomy reported in the English literature. Laparoscopic
surgery has been adopted since 1991 in the treatment of
gastric cancer. In 1994, laparoscopy-assisted distal gastrectomy (LADG) with lymph node dissection was first
performed by Kitano et al[10]. As the safety and surgical
quality of LADG have been proved to be equivalent to
open gastrectomy, LADG has been accepted as a less
invasive treatment for early gastric cancer[11]. Advances in
laparoscopic surgical techniques have now made it possible to perform all necessary surgical procedures, including intra-abdominal reconstruction[11]. This has led to the
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introduction of totally laparoscopic distal gastrectomy.
Unfortunately, totally laparoscopic total gastrectomy with
D2 lymphadenectomy is not yet popular due to the complexity of the procedure. Our case underwent a totally
laparoscopic total gastrectomy with D2 lymphadenectomy and esophagojejunostomy Roux-en-Y anastomosis
(antiperistaltic side-to-side anastomosis). The patient
had an uneventful and quick recovery after operation
without morbidity. He received adjuvant radiotherapy
and S1 chemotherapy and is still alive 20 mo after operation, without recurrence. Therefore, laparoscopic surgery
should be considered for advanced gastric cancer patients
in selected high volume centers and by highly specialized
laparoscopic surgeons.
In conclusion, primary advanced gastric ASC can present with atypical manifestations and should be considered
in the differential diagnosis in atypical gastric cancer patients. Surgery should be attempted in such patients.
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Case characteristics

A case of advanced gastric adenosquamous carcinoma (ASC) in a 73-year-old
male who presented with an irregular high fever refractory to medical treatment.
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He was diagnosed initially with a lung infection due to the presence of an irregular high fever at presentation.
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In the differential diagnosis, lung infection, fever of unknown origin, and cancer-related fever were considered and therefore, blood and sputum cultures,
sputum acid fast staining, PPD test, TSPOT test, bone marrow aspiration,
abdominal ultrasound, computed tomography and bone scintigraphy were
ordered.
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Clinical diagnosis

Differential diagnosis

Imaging diagnosis

Abdominal ultrasound revealed a hypoechoic mass in the upper abdomen suggesting gastric cancer with surrounding lymph node involvement. Abdominal
computed tomography showed a mass in the upper abdomen between the
stomach and the left lobe of the liver.

Pathological diagnosis

The preoperative pathological diagnosis was adenocarcinoma, and the patient
was found to be Helicobacter pylori positive.
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Treatment

A totally laparoscopic total gastrectomy was performed and the patient received
postoperative radiotherapy and chemotherapy with S1.

Experiences and lessons

Primary gastric ASC can present with atypical manifestations and should be
considered in the differential diagnosis in atypical gastric cancer patients, even
if the preoperative pathological results state otherwise. Surgery should be attempted in such patients.
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Adenosquamous carcinoma of the stomach is very rare, and fever is an unusual presentation of gastric cancer. Furthermore, totally laparoscopic surgery
is not usually performed for advanced gastric cancer. Thus, the present case is
interesting and worth reporting.
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Abstract
Primary gastric plasmacytoma (GP) is a rare extramedullary plasmacytoma with clinical and imaging features
that are common among other gastric tumors, such as
gastric adenocarcinomas, gastric stromal tumors, and
lymphomas. Here, we present a histologically conﬁrmed
case of primary GP examined with biphasic computed
tomography (CT), magnetic resonance imaging (MRI),
and endosonography. A well-circumscribed extraluminal
mass appearing as homogeneous attenuation/intensity
with gradual enhancement was identified on biphasic
enhancement CT and MRI. This mass was hyperintense
on diffusion-weighted imaging and hypointense on the

WJG|www.wjgnet.com

apparent diffusion coefficient map, implying that water
diffusion in the mass was restricted. In addition, endosonography indicated a low echogenic mass in the
gastric wall. These imaging findings increase the available knowledge about imaging of this disease and provide valuable information for differentiating primary GP
from common gastric tumors.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Stomach; Plasmacytoma; Computed tomography, X-ray; Magnetic resonance imaging; Diffusion;
Endosonography
Core tip: Current knowledge regarding the imaging
of primary gastric plasmacytoma is limited. Here, we
report findings from biphasic enhancement computed
tomography, magnetic resonance imaging, and endosonography for this disease, thereby increasing imaging knowledge about primary gastric plasmacytoma
and providing useful information for differentiating
these tumors from common gastric tumors.
Zhao ZH, Yang JF, Wang JD, Wei JG, Liu F, Wang BY. Imaging
findings of primary gastric plasmacytoma: A case report. World J
Gastroenterol 2014; 20(29): 10202-10207 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i29/10202.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i29.10202

INTRODUCTION
Primary gastric plasmacytoma (GP) constitutes approximately 2% of all cases of extramedullary plasmacytoma[1].
However, knowledge regarding the imaging of this disease
is limited and there is only one report on imaging, which
describes computed tomography (CT) findings showing
homogeneous concentric gastric wall thickening but with
poor contrast enhancement[2]. To the best of our knowl-
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Figure 1 Axial computed tomography image. A well-circumscribed extraluminal mass with homogeneous iso-attenuation in the posterior side of the gastric midbody (A). The mass appears as a mild enhancement on the arterial phase and a moderate enhancement on the portal phase (B and C). S: Spleen, P: Pancreas, C:
Cholelithiasis.

edge, findings from biphasic enhancement CT, magnetic
resonance imaging (MRI), and endosonography have not
been described for this disease. Here, we report a new
case of primary GP and present the imaging findings.

CASE REPORT
A 79-year-old male was admitted to our hospital because
of epigastric pain and a choking feeling after eating,
which had lasted approximately one month. The patient
reported no significant medical history or medication use.
The physical examination showed only mild epigastric
tenderness on deep palpation without rebound, and the
laboratory results were within normal limits.
An abdominal CT (Philips 64, Philips Medical Systems, Cleveland, OH, United States) demonstrated a
well-circumscribed extraluminal mass measuring 8.4
cm × 13.2 cm × 15.7 cm on the posterior side of the
gastric midbody. The mass was a homogeneous isoattenuation lesion similar to the paraspinal muscle and
without any area of calcification or necrosis on a plain
scan (Figure 1A). Following the administration of contrast agent (iopromide, 300 mg iodine/mL; Ultravist 300,
Schering, Berlin, Germany), the lesion was revealed as a
mild enhancement on the arterial phase with moderate
enhancement on the portal phase. The CT values of the
lesion on the plain scan, arterial, and portal phase were
40.4 hounsfield units (HU), 62.3 HU, and 84.0 HU, respectively (Figure 1B and C). The adjacent pancreas was
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compressed and displaced, and there was evidence of
cholelithiasis in the gallbladder.
Regarding the MRI (3T Siemens Magnetom Verio, Erlangen, Germany) findings, the lesion was homogeneous
and iso-hyperintense on T2-weighted images (T2WI) and
iso-hypointense on T1-weighted images (T1WI) (Figure
2A and B). In particular, the mass was hyperintense on
diffusion-weighted imaging (DWI) (b value = 800), in
contrast to its hypointense presentation on the apparent
diffusion coefficient (ADC) map (ADC value = 0.863
× 10-3 mm2/s) (Figure 2C and D). This finding implied
that water diffusion in the mass was restricted. After intravenous administration of gadolinium contrast agent,
(gadopentetate dimeglumine, Bayer Schering Pharma
AG, Berlin, Germany), a submucosal mass with gradual
and homogeneous enhancement was revealed (Figure 2E
amd F). The lesion infiltrated the adjacent pancreas and
spleen, although lymphadenopathy was not present in the
abdomen.
An upper endoscopy revealed irregular bulging from
the fundus to the posterior side of the midbody, as well
as several superficial mucosal erosions overlying the mass
(Figure 3A and B), whereas endosonography indicated
effacement of normal layers and a low echogenic mass in
the gastric wall (Figure 3C).
Analysis of the biopsy specimen obtained from endoscopy indicated primary GP, and Helicobacter pylori (H.
pylori) was not detected. The skeletal survey and bone
marrow examination showed no abnormalities.
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Figure 2 Magnetic resonance imaging. The lesion (arrowhead) was homogeneous and iso-hyperintense on T2-weighted images (A), iso-hypointense on T1weighted images (T1WI) (B), clearly hyperintense on diffusion-weighted imaging (C) and hypointense on the apparent diffusion coefficient map (D). The mass (arrowhead) under the hyperintense gastric mucosa (arrow) was gradual and homogeneous for enhancement at 60 s (E) and 190 s (F) after gadolinium injection, as
revealed by transverse and coronal T1WI. S: Spleen.

The patient received surgery that consisted of total
gastrectomy with a subtotal pancreatectomy, splenectomy,
and oesophageal and jejunum Roux-en-Y anastomosis.
One 10.1 cm × 15.0 cm × 16.0 cm mass was identified
in the gastric fundus and midbody. The mass had infiltrated the lamina propria, pancreas, and spleen and was
classified at an advanced stage. Haematoxylin-eosin (HE)
staining showed diffuse plasma cell infiltration into the
muscular layers of the stomach; some of these cells were
binuclear with large nuclei and very prominent centrally
located nucleoli, and a few mitotic cells were also observed, which indicated histological grade 3 (Figure 4A
and B). Immunohistochemistry examination revealed that
the tumor cells were positive for CD38 and CD138 and
negative for CD3, CD20, CD45, and k-chain expression
(Figure 4C and D). Based on these pathological features,
the tumor was diagnosed as a primary GP.
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Abdominal and pelvic CT analysis performed eight
months after the operation indicated no recurrence or
metastasis in any abdominal organs, and the laboratory
results were within normal limits.

DISCUSSION
Primary GP is a rare disease, and the final diagnosis of
GP requires the demonstration of a single lesion showing monoclonal plasma cell infiltration in the stomach, a
negative skeletal survey, and no evidence of tumor cells
in the bone marrow[3]. Stasi et al[4] proposed that H. pylori
infection may play an important role in the pathogenesis
of GP, although this organism was not detected in several published cases[5,6]. Pathologically, primary GP has
been hypothesized to originate from lymphoid follicles
in the submucosa or from plasma cells in the lamina
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Figure 3 Endoscopy. Endoscopy revealed irregular bulging (arrowhead) from the fundus to the posterior side of the midbody (A and B), and endosonography indicated effacement of the normal structure and a low echogenic mass (arrowhead) in the gastric wall (C).

propria; accordingly, primary GP is classified into the
following four types: nodular, infiltrative, ulcerative, and
polypoid[2]. According to whether tumor cells infiltrate
the lamina propria, GP is classified as early or advancedstage disease. Most primary GP patients are elderly and
show nonspecific symptoms, including anorexia, weight
loss, epigastric discomfort, and gastrointestinal bleeding[3]. Several imaging methods are used to evaluate GP,
including upper gastrointestinal series, CT, MRI, positron emission tomography (PET), and endoscopy or
endosonography.
Abdominal CT plays an important role in diagnosing and staging gastric tumors. Yoon et al[2] reported
two cases of primary GP that showed homogeneous
concentric gastric wall thickening with poor contrast
enhancement similar to the degree of enhancement of
the paraspinal muscle. However, our case differed from
previous cases in several respects. First, our case demonstrated a well-circumscribed extraluminal mass that may
have been related to its origin within lymphoid follicles
of the submucosa or plasma cells in the lamina propria.
Second, a gradual enhancement pattern was observed.
Biphasic enhancement CT may provide more information on the enhancement characteristics of primary GP,
and we hypothesize that the observed gradual enhancement is consistent with the dense cellularity of plasma
cells in the mass. MRI is a more sensitive technique for
detecting the inner components of gastric tumors, and
DWI is helpful in evaluating the cellularity of the lesions
by measuring water molecule diffusion. In our case, the
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lesion showed homogeneous iso-hyperintensity on T2WI
and iso-hypointensity on T1WI imaging. After administration of the contrast agent, the MRI clearly indicated a
submucosal mass with homogeneous enhancement. In
particular, the mass showed evident hyperintensity on
DWI images and hypointensity on the ADC map, with
a 0.863 × 10-3 mm2/s ADC value. The ADC value is estimated to be lower in viable tumor tissues with densely
packed diffusion-hindering obstacles than in tissues with
less densely packed obstacles, such as necrotic and benign
tissues[7]. The ADC value in our case further confirmed
the dense cellularity of the plasma cells in the mass and
was consistent with our pathological findings.
Because primary GP originates from the submucosa
or the lamina propria of the mucosa[2], endoscopy occasionally shows only bulging in the gastric wall; however,
the biopsy specimen obtained by endoscopy may suggest
GP.
Tan et al[5] reported two cases of gastric plasmacytoma
following deﬁnitive radiotherapy and suggested that PET
and CT imaging provided little or no value for estimating
the extent of disease in the stomach but was valuable for
excluding dissemination beyond the stomach.
Primary GP tumors differentiate from common gastric tumors, including gastric adenocarcinomas, gastric
stromal tumors, and lymphomas. In particular, adenocarcinomas arising from the gastric epithelium are usually
confirmed by endoscopy. On CT, the common appearance of nonmucinous and mucinous gastric carcinomas
include focal wall thickening with ulceration, a diffusely
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Figure 4 Microscopic examination. Microscopic examination confirmed that plasma cells had diffusely infiltrated the muscular layer of the stomach (A), and some of
these cells contained large nuclei with very prominent centrally located nucleoli (arrow) (B). The immunohistochemical examination disclosed that the tumor cells were
positive for CD38 (C) and CD138 (D).

inﬁltrative wall with evident homogeneous enhancement,
and a layered enhancement pattern[8]. These CT features
are different from those observed in our case of primary
GP, which manifested as a well-circumscribed extraluminal mass with mild to moderate homogeneous enhancement. Large gastric stromal tumors greater than 3 cm in
diameter typically appear with lobulated margins, mucosal
ulceration, central necrosis, cavitation, and heterogeneous
enhancement[9]. Whether in our case or in other reported
cases, these tumors consistently demonstrate homogeneous attenuation without necrosis and mild or moderate
enhancement. Gastric lymphoma is considered a “soft”
tumor that typically appears as segmental or diffuse wall
thickening or nonenhancing extramucosal masses with
homogeneous low attenuation[10,11]. The present case
of primary GP appeared as an extraluminal mass with
gradual enhancement. Avcu et al[12] evaluated gastric tumors according to the ADC measurement and found that
the ADC value in lymphoma cases was (1.09 ± 0.08) ×
10-3 mm2/s; as a result, these authors hypothesized that
ADC measurements may help in the diagnosis of gastric
lymphoma. In our case, the ADC value of the primary
GP was 0.863 × 10-3 mm2/s, which indicates that this
measurement may be helpful for differentiating primary
GP from gastric lymphoma. However, additional cases
are needed to analyse the ability of CT and MRI findings
to differentiate primary GP from lymphoma.
In addition to homogeneous concentric gastric wall
thickening with poor contrast enhancement, primary GP
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may appear as a well-circumscribed extraluminal mass
with homogeneous attenuation/intensity and a gradual
enhancement pattern on both biphasic enhancement CT
and MRI. The mass in the present case was hyperintense
on DWI, hypointense on the ADC map, and demonstrated a low echo on endosonography. We presented the
imaging findings of this new case of primary GP to enrich knowledge of the imaging of this disease among radiologists and clinicians, with the goal of providing useful
information for differentiating primary GPs from common gastric tumors. However, further research is needed
to explore the imaging characteristics of primary GP.
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Abstract
An insufficient future liver remnant (FLR) is associated
with post-hepatectomy liver failure. Associating liver
partition and portal vein ligation for stage hepatectomy (ALPPS) has been shown to be effective for the
induction of rapid FLR hypertrophy so as to improve
the resectability in patients with insufficient FLR. We
hereby report our experience of this novel approach
for a 6-year-old patient with hepatoblastoma. Computed tomography showed a hepatoblastoma measuring
12.5 cm × 9.9 cm × 11.7 cm in the right liver (Couinaud segment Ⅳ, Ⅴ and Ⅷ). Volumetric assessment
of the FLR i.e. , left lateral section was 112.6 mL i.e. ,
21.2% of the estimated total liver volume. In view of
the small-for-size FLR, ALPPS was contemplated. An
anterior approach was adopted for the in-situ parenchymal split without mobilisation of the right liver. FLR
volumetry on the seventh postoperative day was 160.7

WJG|www.wjgnet.com

mL, which represented a 46.1% gain in volume, and a
FLR/ESLV ratio of 30.2%. A right trisectionectomy was
performed on the eighth postoperative day. Postoperative recovery was uneventful. Patient was discharged
on day 16 after the first operation. To our knowledge,
this was the first report that showed the applicability
of ALPPS to a paediatric patient.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Associating liver partition and portal vein
ligation for stage hepatectomy; Hepatectomy; Portal
vein; Hepatoblastoma; In-situ split
Core tip: Associating liver partition and portal vein ligation for stage hepatectomy (ALPPS) is a novel surgical
approach that was first reported in 2012. This surgical approach has revolutionized the management of
patients with resectable liver tumors and inadequate
future liver remnant volume. Nonetheless, the global
preliminary experience is so far limited to the use in
adult patients with small future liver remnant. With the
favorable outcome in adult patients reported so far, we
have adopted this technique to a young patient with a
right liver hepatoblastoma and small left lateral section.
To our knowledge, this is the first report that showed
the feasibility of ALPPS in a pediatric patient.
Chan A, Chung PHY, Poon RTP. Little girl who conquered the
‘‘ALPPS’’. World J Gastroenterol 2014; 20(29): 10208-10211
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i29/10208.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i29.10208

INTRODUCTION
Hepatectomy remains an important curative treatment
for both primary and secondary malignant liver tumors.
However, postoperative liver failure (PLF) remains the
commonest cause of death after major hepatectomy in
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Figure 1 Cross-sectional imaging (A) and operative view (B) of the spatial relationship between the liver mass and the small left lateral section.

Figure 2 Right portal vein ligation and in-situ split between segment 4
and left lateral section. A main branch of segment 4 portal pedicle was slung
and later divided.

spite of the recent advancement in operative techniques
and perioperative care. An insufficient future liver remnant (FLR) is associated with PLF. The conventional
approach is to perform portal vein embolization to
induce FLR hypertrophy which normally requires 4-8
wk before proceeding to hepatectomy. However, disease
progression while waiting for sufficient hypertrophy
could result in drop-out from receiving curative resection. Associating liver partition and portal vein ligation
for stage hepatectomy (ALPPS) has been recently advocated to induce rapid FLR hypertrophy that significantly
shortens the time for the second stage hepatectomy[1,2].
We report our experience of this approach for a child
with hepatoblastoma.

CASE REPORT
A 6-year old girl presented with one-week history of
abdominal distension and malaise. Physical examination
revealed hepatomegaly. Her body weight and height was
16.9 kg and 116 cm respectively. The serum alpha-fetoprotein (AFP) level at the time of diagnosis was 399035
ng/mL. Hepatitis serology was negative. Computed tomography revealed a 12.5 cm × 9.9 cm × 11.7 cm mass
lesion occupying Couinaud segment Ⅳ, Ⅴ and Ⅷ. Tumor biopsy confirmed hepatoblastoma. Four cycles of
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systemic chemotherapy using cisplatin, vincristine and
5-FU were given for 8 wk. However, serum AFP level
was elevated to 477880 ng/mL despite chemotherapy
and she was then assessed for resection.
Her liver function tests were normal. A right trisectionectomy was deemed necessary for complete tumor clearance. However, volumetric measurement of the FLR i.e.,
left lateral section (LLS) was only 112.6 mL (Figure 1). The
estimated total liver volume (ESLV)[3] was 531.9 mL with
FLR/ESLV ratio of 21.2%. Given the recent exposure to
hepatotoxic chemotherapy, the FLR was considered smallfor-size after major hepatectomy and would render the patient at risk of PLF. On the other hand, induction of FLR
hypertrophy via right portal vein embolization was failed as
the fine-caliber right portal vein of this child was not accessible by the percutaneous approach. Hence, ALPPS was
performed.
In the first part of ALPPS on 24th October 2013,
right portal vein ligation and in-situ liver split was performed. The right hepatic artery and left hepatic vessels
were safeguarded. An ‘‘anterior approach’’ was adopted
for the in-situ split procedure without mobilization of
the right liver. Parenchymal split was performed by Cavitron ultrasonic surgical aspirator (Valleylab, Boulder,
CO). The segment Ⅳ portal pedicles and bile ducts were
divided until the left hilar plate was exposed (Figure 2).
The parenchymal split was continued until segment Ⅳ
turned dusky in color that signified complete ‘‘deportalization’’. A methylene blue test was performed to
exclude bile leakage from the transection surface. No
drain was placed nor any plastic bag wrapping of the
right liver was performed. Postoperative recovery was
uneventful. FLR volumetry on the seventh postoperative
day was 160.7 mL, which represented a 46.1% gain in
volume, and a FLR/ESLV ratio of 30.2% (Figure 3).
The second part of ALPPS entailed a completion
right trisectionectomy on the eighth postoperative day.
Minimal adhesion was encountered at the liver hilum or at
the liver surface. The right liver was mobilized after division of the right hepatic artery, right biliary pedicle, right
and middle hepatic vein. By this manner, the chance of
iatrogenic tumor rupture during forceful mobilization of
the right liver was much reduced. The liver function test

10209

August 7, 2014|Volume 20|Issue 29|

Chan A et al . ALPPS for hepatoblastoma
In-situ split

A

B
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Figure 3 Volumetric changes induced by associating liver partition and portal vein ligation for stage hepatectomy. A: Cross-sectional imaging on seventh postoperative day after in-situ split shows significant left lateral section hypertrophy; B: The operative view shows the dusky-looking segment 4 and the hypertrophied left lateral section.
Right liver
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Figure 4 Immunohistochemical staining for Ki-67 (brown nuclei) showed the significant difference in cellular proliferative activity between the right liver (A)
and left lateral section (B) after associating liver partition and portal vein ligation (arrows) for stage hepatectomy.

returned to normal levels five days later. No postoperative
morbidity occurred. Histological examination confirmed
hepatoblastoma with clear resection margin. Immunohistochemical staining of liver parenchyma for Ki-67
showed the proliferation index of right liver and LLS to
be 2% and 20% (Figure 4) respectively. Patient returned
home on day 16 after the first operation. Her serum AFP
declined to 4011 ng/mL at 8 wk after the operation.

DISCUSSION
Liver resection remains an important curative treatment
for both primary and secondary malignant liver tumors.
Resectability is determined by both tumor factors and
preoperative liver function status. In patients with large
tumors, or centrally locating tumors, extended liver resection is often required for oncological clearance with
adequate resection margin. However, this frequently gives
rise to situation when the FLR could be too small to sustain postoperative essential hepatic function leading to
PLF, a condition that remains the most common cause
of mortality after major hepatectomy. Recently, a largescale study of 301 patients by Kishi et al[4] showed the
potential hazardous consequence of small FLR. In this
study, the incidence of mortality due to liver failure was
significantly higher in patients with FLR < 20% total liver
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volume than those with FLR ≥ 20% total liver volume.
In order to prevent PLF, Makuuchi et al[5] proposed the
use of portal vein embolization (PVE) to augment the
FLR volume in the early 1990s. Since then, PVE or portal vein ligation (PVL) has become a standard procedure
to prepare patients with insufficient FLR before extended
hepatectomy. In a meta-analysis of 37 studies on 1088
patients, PVE with various methods of embolization
induced a mean volumetric increment by 8%-27% over
a period of 2-6 wk[6]. Alternatively, PVL achieved a FLR
volumetric increment by 38%-53% over a period of 4-8
wk[7-9]. Nonetheless, a major drawback of PVE or PVL is
that sufficient volume could only be gained over ‘weeks’
and the chance of tumor progression during this waiting
period remains substantial.
In March 2012, Schnitzbauer et al[1] reported a novel
strategy on inducing FLR hypertrophy by right portal
vein ligation combined with in-situ liver split in 25 patients with malignant liver tumors. A procedure that was
later termed as ALPPS[2]. This study showed that FLR
volume could be rapidly increased by 74% over an interval of 9 d. Given the significant augmentation of FLR
within a short period of time, there was no incidence of
tumor progression in the interval and all patients were
able to undergo the second staged hepatectomy. Such
positive findings were reproduced in another study by
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Alvarez et al[10] which showed an actual volume gain of
303 mL in an interval of 6 d followed by a 100% R0
resection rate. It was postulated that the rapid hypertrophic effect observed was largely attributed to the in-situ
split procedure that led to complete segment Ⅳ deportalization and hence, prevented formation of vascular
collaterals between the left and right liver that could otherwise undermine the completeness of right portal vein
occlusion alone.
Nonetheless, this operative approach is not without
risk and has been criticized for the high incidence of
bile leakage and sepsis after in-situ split. However, it was
conceivable that clear identification and control before
ligation of intraparenchymal bile ducts offered by the
judicious use of ultrasonic dissector, and the use of
methylene blue test in our operative technique may help
to lower the incidence of biliary complications associated with ALPPS[11].
The reason for applying ALPPS in this child was
compelling as her last dose of chemotherapy was already
terminated for over 4 wk prior to surgery in order to allow her recovery from the toxicity of chemotherapy. Any
further delay of 4-8 wk to nurture FLR hypertrophy as in
conventional PVE or PVL would put her at risk of tumor
progression, from resectable to unresectable disease. In
view of a speedy FLR hypertrophy within a short period of
time, it was considered worthwhile to perform ALPPS for
this child. To our knowledge, this was the first report that
showed the applicability of ALPPS to a pediatric patient.
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The rapid FLR hypertrophy is related to complete portal flow diversion to the left
lateral section by the in-situ split resulting in enhanced cellular proliferation.
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Abstract
The E2F proteins comprise a family of 8 members that
function as transcription factors. They are key targets
of the retinoblastoma protein (RB) and were initially
divided into groups of activators and repressors. Accumulating data suggest that there is no specific role
for each individual E2F member. Instead, each E2F
can exert a variety of cellular effects, some of which
represent opposing ones. For instance, specific E2Fs
can activate transcription and repression, promote or
hamper cell proliferation, augment or inhibit apoptosis, all being dependent on the cellular context. This
complexity reflects the importance that these transcription factors have on a cell’s fate. Thus, delineating the specific role for each E2F member in specific
malignancies, although not easy, is a challenging and
continuously pursued task, especially in view of potential E2F targeted therapies. Therefore, several reviews
are continuously trying to evaluate available data on
E2F status in various malignancies. Such reviews have
attempted to reach a consensus, often in the simplistic
form of oncogenes or tumor suppressor genes for the
E2Fs. However they frequently miss spatial and temporal alterations of these factors during tumor develop-
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ment, which should also be considered in conjunction
with the status of the regulatory networks that these
factors participate in. In the current ‘‘Letter to the Editor’’, we comment on the flaws, misinterpretations and
omissions in one such review article published recently
in the World Journal of Gastroenterology regarding the
role of E2Fs in digestive system malignancies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: E2F; Hepatocellular carcinoma; Pancreatic
ductal adenocarcinoma; Gastrointestinal tract; Digestive system; p53; p73; Cancer; Apoptosis; Proliferation
Core tip: The roles of the E2F transcription factors
can vary significantly in malignancies of the digestive
system, often dictating different outcomes in separate
compartments of the gastrointestinal tract. Knowledge
of the molecular status of the regulatory networks
that E2Fs participate in is imperative to define their
role. Therefore the use of proper molecular analysis
to investigate these networks, complemented also by
functional analysis in cellular and animal models, is essential. All in all, such an approach can define chronologically and provide a wider and more accurate view
on the exact roles that E2Fs may exhibit in the development of specific digestive system malignancies.
Evangelou K, Havaki S, Kotsinas A. E2F transcription factors and
digestive system malignancies: How much do we know? World J
Gastroenterol 2014; 20(29): 10212-10216 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i29/10212.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i29.10212

TO THE EDITOR
We read with great interest the review article of Xanthoulis and Tiniakos[1] commenting on the role of the
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E2F family of transcription factors in the malignancies
of the gastro-intestinal tract, published recently in the
World Journal of Gastroenterology. With all due respect to
the opinion of our colleagues, we would like to reply to
the aforementioned article. We have found inaccuracies
regarding a series of scientific information on data presented, as well as flaws in the interpretation of published
experimental findings upon which the authors relied
on to reach a consensus regarding the role(s) of these
transcription factors in the various compartments of the
digestive system.
Given that accuracy is important for the readers but
also to provide a more in depth presentation on this subject, we would like to bring these issues to the attention
of the World Journal of Gastroenterology audience. Specifically, regarding the detected inaccuracies, we would like
to note the following issues: (1) Among the E2F members, the authors refer that only Ε2F3 and E2F7 exhibit
different isoforms through alternative splicing. Notably,
however, different isoforms for E2F6 have also been
identified as a result of alternative splicing, leading to
four distinct protein products[2]; and (2) the authors state
that E2F1-3 members have nuclear localization signal
(NLS) domains adjacent to their cyclin-A binding domains. Also, in Figure 1 of the article, the NLS domain
of each E2F member is depicted at a 5’ position relative to the cyclin-A binding domain. According to the
originally published data[3-8], the cyclin-A binding domain
is larger in all E2F1-3 members (aa 67-108 for E2F1),
therefore incorporating the narrower NLS domain (aa
85-91 for E2F1) (see also URL: http://atlasgeneticsoncology.org/Genes/E2F1ID40382ch20q11.html). For
certain E2F members, such as E2F3a/b, this positioning
is asymmetric; the NLS is located exclusively in exon 2
while the cyclin-A binding domain covers a wider area
that comprises the majority of exon 1 and part of exon
2 of the gene[5,7]. Therefore, Figure 1 is inaccurate and
it seems that the authors perpetuated previous misleading information from other reviews, and quoted such in
their article, without consulting the originally published
research data.
More important is the approach on the interpretation
given by the authors on the role of the E2F members
in the various digestive tract malignancies. An increasing body of evidence clearly indicates that the E2Fs can
act in a bimodal fashion during cancer development,
sometimes even within the same type of tumor[9-11]. This
behavior is often dictated by the status of vital cell cycle
regulators, like pRb, p53, p16INK4A and others, with many
of which the E2F factors create intricate loops [8,10-13].
Yet, the authors have not provided adequate molecular
explanations or insights, especially for apparent contradictory results, in certain parts of the digestive system.
The most prominent ones concern the role of E2F1 in
pancreatic cancer and hepatocellular carcinoma (HCC),
which we would like to present.
In the pancreatic cancer section, it is mentioned that
Yamazaki et al[14] found an inverse relationship between
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E2F1 immunopositivity and histological grade and
disease-associated survival (ref 119 in manuscript). This
is inaccurate as Yamazaki et al[14] clearly demonstrate a
direct statistical relationship in their report. In addition,
the data from only this study seems to be sufficient to
infer a tumor-promoting role for E2F1 in pancreatic
ductal adenocarcinoma (PDAC) (as mentioned also in
Table 1 of Xanthoulis and Tiniakos[1]). Nevertheless, a
series of reports in the review of Xanthoulis and Tiniakos clearly show that E2F1 exhibits a pro-apoptotic
activity in pancreatic cancer cell lines and contributes to
chemosensitivity (Ref. 120-122, according to the in-text
citation)[15-17]. This conclusion is generalized and contradicts the deductions made by authors in refs 120[15]
and 122[17]. In the first reference, the analysis of human
tumors has demonstrated the causative relation between
pRb overexpression and PDAC development, while the
in vitro studies indicate that high E2F1 expression due to
loss of pRB increases chemotherapy induced apoptosissensitivity. It should also be noted that Yamazaki et al[14]
did not perform E2F1-Ki67 immunohistochemical (IHC)
analysis at single cell level in serial sections or double
IHC analysis within the same section. Furthermore, the
authors have not examined the pRB status along with total E2F1 expression levels. Therefore, the issue whether
E2F1 possesses tumor promoting activity in vivo is still
debatable in pancreatic cancer. The second reference
proposes that there is an E2F1/p73-dependent pathway
halting the initiation of PDAC tumorigenesis, which
can be therapeutically exploited[17]. Although the study
by Rödicker et al[17] has been cited, the arguments of
the aforementioned publication are not discussed at all.
Additionally, as presented in ref 43 of Xanthoulis and
Tiniakos, in E2F1/E2F2-/- animal models, S-phase entry
is not properly regulated leading to endoreduplication
and thus polyploidy in the exocrine pancreas, suggesting
a rather tumor-suppressive effect for these members[18].
Finally, publications quoted in the elegant review article by Chen et al[10] (ref 17 of Xanthoulis and Tiniakos)
report on the frequent loss of the 1p36 chromosomal
region encompassing the E2F2 locus, data which further
pinpoints to potential anti-tumor effects of E2F1/E2F2
in this tumor type.
Regarding the HCC, there is a series of previous studies providing evidence of an oncogenic role of E2F1 in
HCC (ref. 109-112 according to the in-text citation)[19-22].
However only one cited self-published work (ref 108 in
the manuscript)[23] providing some hints for a pro-apoptotic role of E2F1, is judged to be sufficient to infer a
putative oncosuppressive role of E2F1 in HCC. This is a
rather unsafe generalization which has also been quoted
in the “Abstract”. This generalization stems from the
misinterpretation of raw in situ analysis data which need
to be supplemented by more conclusive evidence from
cell systems and mechanistic details regarding E2F1induced apoptosis, as those comprehensively provided
by Rödicker et al[17]. As E2F1 is known to stimulate the
expression of anti-apoptotic genes such as PEG10 (ref.
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111 in the manuscript)[21] and it is well-established that
the control of apoptotic networks is a key determinant
for E2F1’s role with regard to tumorigenesis[12], the conclusion in favour of a tumor-suppressive role of E2F1
in HCC merits further investigation in order to be unequivocally supported.
For instance, Wang et al[21] found that in clinical specimens there is a correlation among elevated expression
of E2F1 and PEG10 and this is functionally associated
with the repression of apoptosis. In addition, they reported that in hepatocellular carcinoma cells BEL-7404,
PEG10 inhibits apoptosis via up-regulating the antiapoptotic molecule BCL-XL. On the other hand, it has been
reported that E2F1 can trigger apoptotic cell death via
engaging both p53 family-dependent and p53 familyindependent pathways[24], or even the DDR (DNA damage response) pathways such as ATM/NBS1/Chk2-[25]
or even ATM/p73-dependent routes[9]. Conceivably, the
immunohistochemical experiments in ref. 108[23] - which
is considered as a nodal publication by the authors allowing them to reach their conclusions - could benefit
if accompanied by a more scrutinous IHC examination
of E2F1 in relation to different molecules, which mediate the regulation that E2F1 exerts over apoptosis such
as PEG10, BCL-XL, p-T68 Chk2 (a marker of activated
Chk2) or p73. Moreover, the use of different human
HCC cell lines, with different molecular backgrounds (e.g.,
BEL-7404, BEL-7402 or SMMC-7721) for investigating
whether pro-apoptotic pathways are indeed operative,
while anti-apoptotic pathways are shut-off, through employment of functional analyses could further clarify this
issue.
Finally, Xanthoulis and Tiniakos omitted the work
of Jiang et al[26] who demonstrated that up-regulation of
E2F5 has a potential role in HCC.
In the paragraph “CONCLUSIONS AND PERSPECTIVES” the conclusion that the opposing roles of
E2Fs in oncogenesis are explained by its tissue-specific
activities, constitutes a rather self-negation with what
authors have formerly stated. Specifically, as referred by
the cited studies, E2F1 behaves in a bimodal fashion in
HCC, exhibiting both a tumor-promoting (ref. 109-112
according to the in-text citation)[19-22] and a tumor-suppressive role (Ref. 108 in the manuscript)[23]. Nevertheless, Xanthoulis and Tiniakos suggest a putative oncosuppressive role of E2F1 in HCC, but in the concluding
remarks they support the opposing roles that E2Fs
exerts in tissues. To explain the dual function of E2F1
in oncogenesis, more attention should have been paid
to the findings reported in various analyses that include
cell lines and animal models, always taking into consideration the status of vital cell regulators. Furthermore, for
the interpretation of E2F1’s pro-apoptotic activity, there
is an inadequate discussion of the previously reported,
well-confirmed more than one signaling pathways which
E2F1 can engage to trigger apoptosis[9,24,25].
But how is the observed duality in E2F1’s behavior
towards cancer biology explained? And how does a pu-
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tative explanation apply in the case of gastrointestinal
cancer? In another review on E2F1 by Engelmann and
Pützer[12], preceding that of Xanthoulis et al[1], an elegant
model is proposed whereby upon the concomitant ectopic expression of E2F1 and loss of functional pRb the
tumor-suppressive, pro-apoptotic p53/p73-dependent
duties of E2F1 can be switched to tumor-promoting activities depending on the integrity of cell death signaling
networks. Consequently, in the cells where proapoptotic
signals outweigh the prosurvival ones, E2F1 carries
out its oncosuppressive task, therefore promoting their
apoptotic elimination. On the contrary, when the apoptotic machinery harbors defects, deregulated pRb/E2F1
signaling induces cancer progression. This is achieved
via a self-sustained circuit where E2F1 upregulates the
expression of its own co-factors which are required to
stimulate the transcription of oncogenic E2F1 gene targets. In this way, the proapoptotic vs prosurvival balance
is the key determinant of configuring E2F1’s oncosuppressive or oncogenic behavior. Interestingly though, this
model seems to apply in the case of PDAC and HCC
where E2F1 exerts seemingly opposing effects.
In PDACs, with aberrant pRb/E2F1 pathway status[27,28] and mutant p53[29], E2F1 has been reported to
engage a p53-independent, p73-dependent apoptotic
pathway to oppose tumorigenesis[17]. Hence, it rather
seems that in this case, the E2F1/p73-dependent pathway operates as a failsafe antitumor route with p53 being
dispensible for the induction of apoptosis.
In HCC, where E2F1 is commonly overexpressed[30]
and the INK4A/pRb pathway is deregulated[30,31], due to
aberrant methylation of p16INK4A gene, E2F1 is not likely
to employ an apoptotic route given that the ARF/p53
axis is disrupted because of either mutational inactivation
of p53 or epigenetic silencing (promoter methylation)
at INK4A-ARF locus[31]. In addition, in HCC p53 is frequently inactivated by mutagens such as AFB1 or alternatively, p53 functions can be attenuated by viral HBx
proteins[32]. P73 does not seem to compensate for the loss
of p53 functions, since TP73 is aberrantly targeted by
LOH in an appreciable number of HCC cases[33]. Moreover, there is evidence that in HCC, E2F1 prevents Mycinduced apoptosis[34], while the anti-apoptotic protein
Bcl-xL is found to be overexpressed in the majority of
HCC clinical samples and is associated with poor overall
and disease-free survival[35]. Collectively, the data suggests
that in HCC, E2F1 cannot fulfil its pro-apoptotic, tumorsuppressive tasks due to the fact that both the p53- and
the p73-pathways have been compromised. Rather, it
seems that it functions to impede apoptosis, at least the
Myc-driven one. Hence, E2F1- and Bcl-xL-dependent
prosurvival signals, either alone or in synergy, seem to
surmount the antitumor barrier of apoptosis and to fuel
cancer progression. Therefore, we would suggest caution
on deducing the role of E2F1 in PDAC and HCC, as
presented in Table 1, by Xanthoulis and Tiniakos[1].
In conclusion, it is clear that the roles of E2Fs can
significantly vary, depending on the specific cellular envi-
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ronment. As they participate in crucial cell-fate regulatory
networks, E2Fs appear to be able to modulate seemingly
contradictory outcomes, including cellular proliferation
and apoptosis. Elucidation of these relations provides vital information, as the E2F status is often associated with
tumor kinetics and clinical evolution. In view of the new
drugs designed to target E2F activity, the study of E2F
function in cancer and its expression in various histologic
subtypes could prove to be beneficial.
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Abstract
Endoscopic cannulation of the biliary tract is a challenging technique in cases of periampullary diverticula.
Many new devices and new manipulations for successful biliary cannulation have been reported. Endoscopy
used to locate and cannulate a papilla hidden within a
duodenal diverticulum is an effective method. However,
the question of which endoscope should be chosen for
this procedure, duodenoscope or gastroscope, waits to
be answered.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Endoscopic retrograde cholangiopancreatography; Intradiverticular papilla; Cannulation
Core tip: Endoscopic retrograde cholangiopancreatography is a minimally invasive surgery. However, intradiverticular papilla may cause perforation and bleeding,
making it more difficult to be identified. There are
many methods for successful biliary cannulation. The
best method should be chosen to reduce the risk of
complications. Entering the duodenal diverticulum is an
excellent modality, but is it safe to perform the proce-
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Qian Y, Huang J, Zhang Y, Fan ZN. Cannulation of the intradiverticular papilla using a duodenoscope: Is it a safe method? World J
Gastroenterol 2014; 20(29): 10217-10218 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i29/10217.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i29.10217

TO THE EDITOR
We have read with interest the excellent article “Entering
the duodenal diverticulum: A method for cannulation of
the intradiverticular papilla” by Wang et al[1]. Entering the
duodenal diverticulum is a creative method. However,
intubation of the distal tip of the duodenoscope into the
duodenal diverticulum may lead to perforation. We would
like to share some comments with the authors.
Duodenoscope is known as a side-viewing endoscope,
which can well view the normal papilla located on the duodenal wall. But, to ensure an excellent view and position,
the distal tip, when inserted into the diverticulum, may
touch the diverticulum wall, resulting in perforation. On
the other hand, the successful cannulation of the intradiverticular papilla depends on the location of the papilla.
For the papilla located at the upper part of the diverticulum, duodenoscopy could be a good method. However, it
would be difficult to cannulate the intradiverticular papilla
located at the lower part of the diverticulum, sometimes
even more difficult to identify the papilla.
Gastroscope has the advantage of finding the papilla
which is hidden within a diverticulum or somewhere
a duodenoscope could not identify. García-Cano[2] described their experience of using gastroscope to locate
a papilla hidden within a duodenal diverticulum, which
could not be located by duodenoscope. Üsküdar et al[3]
also succeeded in using a gastroscope to identify the papilla which was located in the deformed bulb of the duo-
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denum just before a partial apical stricture.
In conclusion, “Entering the duodenal diverticulum
for cannulation of the intradiverticular papilla” is an excellent idea. However, gastroscopy could be better than
duodenoscopy used during the procedure.
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Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
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Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras

VII

Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
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Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
Serdar Topaloglu, Trabzon
Murat Toruner, Ankara
Gokhan Tumgor, Adana
Oguz Uskudar, Adana
Mehmet Yalniz, Elazig
Mehmet Yaman, Elazig
Veli Yazisiz, Antalya
Yusuf Yilmaz, Istanbul
Ozlem Yilmaz, Izmir
Oya Yucel, Istanbul
Ilhami Yuksel, Ankara

United Kingdom
Nadeem Ahmad Afzal, Southampton
Navneet K Ahluwalia, Stockport
Yeng S Ang, Lancashire
Ramesh P Arasaradnam, Coventry
Ian Leonard Phillip Beales, Norwich
John Beynon, Swansea
Barbara Braden, Oxford
Simon Bramhall, Birmingham
Geoffrey Burnstock, London
Ian Chau, Sutton
Thean Soon Chew, London
Helen G Coleman, Belfast
Anil Dhawan, London
Sunil Dolwani, Cardiff
Piers Gatenby, London
Anil T George, London
Pasquale Giordano, London
Paul Henderson, Edinburgh
Georgina Louise Hold, Aberdeen
Stefan Hubscher, Birmingham
Robin D Hughes, London
Nusrat Husain, Manchester
Matt W Johnson, Luton
Konrad Koss, Macclesfield
Anastasios Koulaouzidis, Edinburgh
Simon Lal, Salford
John S Leeds, Aberdeen
Hongxiang Liu, Cambridge
Michael Joseph McGarvey, London
Michael Anthony Mendall, London
Alexander H Mirnezami, Southampton
J Bernadette Moore, Guildford
Claudio Nicoletti, Norwich
Savvas Papagrigoriadis, London
David Mark Pritchard, Liverpool
James A Ross, Edinburgh
Kamran Rostami, Worcester
Xiong Z Ruan, London
Dina Tiniakos, Newcastle upon Tyne
Frank I Tovey, London
Dhiraj Tripathi, Birmingham
Vamsi R Velchuru, Great Yarmouth
Nicholas T Ventham, Edinburgh
Diego Vergani, London
Jack Westwood Winter, Glasgow
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Terence Wong, London
Ling Yang, Oxford

United States
Daniel E Abbott, Cincinnati
Ghassan K Abou-Alfa, New York
Julian Abrams, New York
David William Adelson, Los Angeles
Jonathan Steven Alexander, Shreveport
Tauseef Ali, Oklahoma City
Mohamed R Ali, Sacramento
Rajagopal N Aravalli, Minneapolis
Hassan Ashktorab, Washington
Shashi Bala, Worcester
Charles F Barish, Raleigh
P Patrick Basu, New York
Robert L Bell, Berkeley Heights
David Bentrem, Chicago
Henry J Binder, New Haven
Joshua Bleier, Philadelphia
Wojciech Blonski, Johnson City
Kenneth Boorom, Corvallis
Brian Boulay, Chicago
Carla W Brady, Durham
Kyle E Brown, Iowa City
Adeel AButt, Pittsburgh
Weibiao Cao, Providence
Andrea Castillo, Cheney
Fernando J Castro, Weston
Adam S Cheifetz, Boston
Adam S Cheifetz, Boston
Xiaoxin Luke Chen, Durham
Ramsey Cheung, Palo Alto
Parimal Chowdhury, Little Rock
Edward John Ciaccio, New York
Dahn L Clemens, Omaha
Yingzi Cong, Galveston
Laura Iris Cosen-Binker, Boston
Joseph John Cullen, Lowa
Mark J Czaja, Bronx
Mariana D Dabeva, Bronx
Christopher James Damman, Seattle
Isabelle G De Plaen, Chicago
Abhishek Deshpande, Cleveland
Punita Dhawan, Nashville
Hui Dong, La Jolla
Wael El-Rifai, Nashville
Sukru H Emre, New Haven
Paul Feuerstadt, Hamden
Josef E Fischer, Boston
Laurie N Fishman, Boston
Joseph Che Forbi, Atlanta
Temitope Foster, Atlanta
AmyEFoxx-Orenstein, Scottsdale
Daniel E Freedberg, New York
Shai Friedland, Palo Alto
Virgilio George, Indianapolis
Ajay Goel, Dallas
Oliver Grundmann, Gainesville
Stefano Guandalini, Chicago
Chakshu Gupta, St. Joseph
Grigoriy E Gurvits, New York
Xiaonan Han, Cincinnati
Mohamed Hassan, Jackson
Martin Hauer-Jensen, Little Rock
Koichi Hayano, Boston
Yingli Hee, Atlanta
Samuel B Ho, San Diego

VIII

Jason Ken Hou, Houston
Lifang Hou, Chicago
K-Qin Hu, Orange
Jamal A Ibdah, Columbia
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Abstract
The evaluation of ascites in patients with known or
suspected malignancy is a critical aspect of preoperative staging. Endoscopic evaluation by ultrasound of
low volume ascites and sampling of the ascitic fluid by
endoscopic ultrasound guided paracentesis (EUS-P)
is both a sensitive and specific modality for the determination of peritoneal implants, which is not only an
important prognostic indicator but a crucial factor in
determining treatment strategy. It is common practice
to utilize EUS for gastrointestinal malignancies such as
pancreatic or gastric masses, with the performance of
paracentesis during the same procedure for the purpose of imaging the abnormality and possibly performing fine needle aspiration for biopsy of the neoplasm
itself. However, given the ability of EUS-P to adequately
sample even minimal ascites, detecting much smaller
volumes than traditional computed tomography or
magnetic resonance imaging, EUS-P may be a useful
modality for the standard metastatic workup of any
newly diagnosed or suspected malignancy. In this “Field
of Vision” commentary, we discuss the role of EUS-P,
including the article by Suzuki et al reporting their experience with EUS-P using an automated spring-loaded
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needle device. We also review the utility of EUS-P for
non-gastrointestinal malignancies, such as ovarian cancer, which has a high incidence of malignant ascites.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Ascites; Malignancy; Endoscopic ultrasound;
Paracentesis; Fine needle aspiration
Core tip: The diagnosis of metastatic disease by evaluation of ascites is crucial in the treatment strategy for
suspected malignancy. Endoscopic ultrasound guided
paracentesis is an accurate and useful diagnostic tool
for the sampling of minimal amounts of ascites and
should be considered during the staging workup of
known or suspected malignancies.
Montgomery MM, Leitman IM. Endoscopic ultrasound and
paracentesis in the evaluation of small volume ascites in patients
with intra-abdominal malignancies. World J Gastroenterol 2014;
20(30): 10219-10222 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10219.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10219

INTRODUCTION
Ascites may be benign or malignant. Benign etiologies
include cirrhosis, heart failure and tuberculosis. Malignant
ascites might be due to mesothelioma, lymphoma, or carcinoma of the stomach, ovary, pancreas, small and large
intestine, liver, gallbladder, bile duct, breast, lung, esophageal and urinary tract. It has been well described that the
presence of ascites, as a predictor of omental metastases
from a known or suspected malignancy, carries a dismal
prognosis and often precludes operative management
of the primary[1-3]. As such, the pre-operative evaluation
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Table 1 Findings from endoscopic ultrasound guided paracentesis in patients found to have small volume ascites without known
intra-abdominal malignancy n (%)
Ref.

Number patients

Benign

Malignant

Comment

Allah et al[11]

100

36 (58)

26 (42)

Rana et al[12]
Wardeh et al[10]

12
101

2 (17)
74 (73)

10 (83)
27 (27)

Some patients unable to obtain sufficient sample for cytology. Tuberculosis most
common benign etiology
Peritoneal nodules. Tuberculosis most common benign etiology
Twenty-one adenocarcinoma, 1 metastatic small-cell carcinoma of the lung, 1
large-cell lymphoma, 3 adenocarcinoma, 1 plasmacytoma

of ascites in a patient with suspected gastrointestinal
malignancy is a critical part of the work up and staging,
whether completed by diagnostic laparoscopy, traditional
paracentesis, or endoscopic ultrasound guided abdominal
paracentesis (EUS-P). A positive cytology result alters the
prospect for operative management and affects the prognosis. Diagnosis prior to surgery is necessary to avoid
the morbidity of an exploration and surgical resection in
patients who would have otherwise been determined to
be unresectable. Endoscopic ultrasonography (EUS) has
been demonstrated already to be a useful diagnostic tool
with greater sensitivity than combined trans-abdominal
ultrasound and computed tomography (CT) in detection
of ascites[4,5]. In this “Field of Vision” commentary, we
review an article analyzing the benefits of EUS-P using
an automated spring-loaded needle device, and review the
current literature regarding the utility of EUS for evaluation of potentially malignant ascites.

COMMENTARY ON HOT TOPICS
We read with great interest the article by Suzuki et al[6],
which retrospectively reviewed eleven patients for whom
EUS-P was performed utilizing an automated springloaded powershot needle with a 22 gauge puncture
needle. In 7 of their 11 patients, the ascites had been
identified on prior CT or ultrasonography (US) imaging; in the remaining 4 patients, the ascitic fluid was an
incidental finding during EUS for fine needle aspiration (FNA) biopsy of a pancreatic lesion. In this latter
group, the average amount of ascitic fluid obtained was
2.6 ml, demonstrating the ability of their technique to
obtain diagnostic results despite low volume ascites. The
reported advantage of the spring-loaded needle device
was in overcoming the laxity of the mobile gastrointestinal wall with its high puncture speed, which the authors
suggest may present difficulty for the traditionally used
FNA needle. This proposed laxity is in contrast to when
the standard FNA needle is used for aspiration biopsy of
a solid organ, since the ascites provides less extramural
counterforce. Their series, however, was limited by the
small number of patients in whom their proposed advantage was relevant; namely, in their 4 cases of low volume
ascites detected only by EUS.
The article by Suzuki et al[6] highlights recent technological advances in ultrasound guided endoscopic biopsy
capability. EUS with FNA has been standard of care for
preoperative evaluation of suspected gastrointestinal
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malignancies, both for the purpose of imaging gastrointestinal tract tumors as well as for guidance of fine needle
aspiration biopsy for solid lesions[7]. The development of
EUS-P to detect the existence of malignant ascites has
been a more recently advocated adjunct to preoperative
staging in cases where there is low volume of ascites or
suspicion of peritoneal carcinomatosis[8,9].
EUS-guided paracentesis is performed after small
pockets of fluid are identified during upper endoscopic
ultrasound. The tip of the needle is seen traversing the
wall of the stomach or duodenum into the fluid, after
which negative pressure is applied to the needle. The operator must exercise caution to avoid aspirating within the
lumen to avoid contamination of the sample. In addition,
a tumor should not be traversed by the needle to avoid
possible seeding of the fluid with malignant cells[10].
Several reports in the literature have described the
utility of EUS-P in evaluating patients with ascites but
without diagnosis (Table 1) and for evaluating patients
with known malignancies, found to have small volume
ascites, Table 2.
A prospective case series reported by Kaushik et al[19]
described 25 patients in whom EUS-P was performed
utilizing an FNA needle for the evaluation of known or
suspected malignancy, and who had pathologic or surgical
confirmation of the results. Their success rate was 100%,
with 24 patients requiring only a single pass with the FNA
needle and the remaining patient requiring two passes due
to a clogged needle. The mean volume of ascitic fluid
obtained in their study was 6.8 mL with a range of 1-20
mL. Their analysis concluded with a sensitivity and specificity of 94% and 100%, respectively, for their technique
utilizing an FNA needle. Sixteen of the 25 patients were
found to have malignant ascites, and the majority of these
(11/16) were from pancreatic cancer. However, their patient selection from which they gathered their 25 patient
cohorts was comprised of more than 50% of patients
with a suspected pancreatic primary.
Similarly, a retrospective study published by Dewitt
et al[20] examined a series of 60 patients who underwent
EUS-P utilizing an FNA needle. Sixteen of the 60 patients were found to have positive cytological results, with
the majority (9/16) of the source malignancies being a
primary pancreatic. Overall, this series carried a suspected
pancreatic malignancy of 51%. They reported a complication rate of 3.3% from the procedure, both of which
were post-procedural fever.
Both of these studies demonstrate that the utility
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Table 2 Findings from endoscopic ultrasound guided paracentesis in patients found to have small volume ascites with known
primary intra-abdominal malignancies n (%)
Ref.

Primary site

Benign

Malignant

Comment

Repiso et al[13]
Sultan et al[14]
Twine et al[15]

Gastric
Gastric
Esophageal

(21)
21 (1.8)
49 (9)

6 (29)
10 (10)

15 (71)
11 (51)
49 (100)

7/79 patients without ascites had carcinomatosis

Hepatocellular
Pancreatic
Gastric

27
23 (16)
32

9 (33)
19 (82)
23 (72)

18 (67)
4 (18)
9 (28)

Gastric

93 (37)

56 (59)

37 (41)

Mrzljak et al[16]
Schmidt et al[17]
Lee et al[18]
Lee et al[4]

Number with ascites

of EUS-P in the evaluation of small volume ascites has
primarily been used for suspected gastrointestinal malignancies, the majority of which seems to be pancreatic
malignancy. Presumably, this is largely due to the fact that
the EUS with FNA is usually performed for evaluation
of the pancreatic mass, thereby facilitating the use of
EUS for paracentesis if ascites is observed on endoscopy.
With the ease of use and high success rates even in low
volume ascites[8], however, it may be feasible to utilize
this modality for evaluation of ascites for any suspected
malignancy. Ayantunde et al[1] published a retrospective
study describing the characteristics of 209 patients carrying the diagnosis of malignant ascites. Of the 209 cases,
the vast majority were metastatic from an ovarian primary, followed by gastric and pancreatic primaries. While
EUS-P has not traditionally been used for evaluation of
suspected metastatic ovarian disease, the high success rate
shown in the cytological evaluation of malignant ascites
may make this a viable diagnostic modality. Given the
high success rates reported utilizing either the traditional
FNA biopsy needle or the automated spring-loaded
needle device, one particular device might not be superior to the other without a trial comparing these devices.
While in theory the high puncture speed of the spring
loaded needle device could improve the diagnostic capability of EUS-P, the current literature on EUS-P has not
described any difficulty in obtaining sufficient ascitic fluid
for cytological analysis after it is identified by EUS[9,20].
Spring-loaded needles for EUS-P tend to cost about 50%
more than standard EUS-P needles[21]. Nevertheless, the
development of new technologies enhancing the feasibility of EUS-P may enable clinicians to perform this procedure who may not have otherwise, and the ease of use
should be evaluated in further studies including for nongastrointestinal malignancies.

REFERENCES
1

2
3

Ayantunde AA, Parsons SL. Pattern and prognostic factors
in patients with malignant ascites: a retrospective study.
Ann Oncol 2007; 18: 945-949 [PMID: 17298959 DOI: 10.1093/
annonc/mdl499]
Runyon BA, Hoefs JC, Morgan TR. Ascitic fluid analysis
in malignancy-related ascites. Hepatology 1988; 8: 1104-1109
[PMID: 3417231 DOI: 10.1002/hep.1840080521]
Rana SS, Bhasin DK, Rao C, Gupta N. Endoscopic ultra-

WJG|www.wjgnet.com

4

5

6

7

8
9
10

11

12

13

14

10221

Survival in patients with ascites or effusion was significantly
shorter when compared with patients without, P = 0.001

Positive ascites did not influence the survival outcomes of
gastric cancer without peritoneal carcinomatosis.
76% of patients with ascites had peritoneal metastases

sound-guided fine-needle aspiration of omental deposits in
undiagnosed ascites. Dig Endosc 2013; 25: 212-213 [PMID:
23363011 DOI: 10.1111/den.12012]
Lee YT, Ng EK, Hung LC, Chung SC, Ching JY, Chan WY,
Chu WC, Sung JJ. Accuracy of endoscopic ultrasonography
in diagnosing ascites and predicting peritoneal metastases
in gastric cancer patients. Gut 2005; 54: 1541-1545 [PMID:
15955787 DOI: 10.1136/gut.2004.055772]
Chen CH, Yang CC, Yeh YH. Preoperative staging of gastric
cancer by endoscopic ultrasound: the prognostic usefulness
of ascites detected by endoscopic ultrasound. J Clin Gastroenterol 2002; 35: 321-327 [PMID: 12352295 DOI: 10.1097/01.
MCG.0000028365.90843.3D]
Suzuki R, Irisawa A, Bhutani MS, Hikichi T, Takagi T, Shibukawa G, Sato A, Sato M, Ikeda T, Watanabe K, Nakamura
J, Annangi S, Tasaki K, Obara K, Ohira H. An automated
spring-loaded needle for endoscopic ultrasound-guided abdominal paracentesis in cancer patients. World J Gastrointest
Endosc 2014; 6: 55-59 [PMID: 24567793 DOI: 10.4253/wjge.
v6.i2.55]
Cardoso R, Coburn N, Seevaratnam R, Sutradhar R, Lourenco LG, Mahar A, Law C, Yong E, Tinmouth J. A systematic
review and meta-analysis of the utility of EUS for preoperative staging for gastric cancer. Gastric Cancer 2012; 15 Suppl 1:
S19-S26 [PMID: 22237654 DOI: 10.1007/s10120-011-0115-4]
Chang KJ, Albers CG, Nguyen P. Endoscopic ultrasoundguided fine needle aspiration of pleural and ascitic fluid.
Am J Gastroenterol 1995; 90: 148-150 [PMID: 7801920]
Nguyen PT, Chang KJ. EUS in the detection of ascites and
EUS-guided paracentesis. Gastrointest Endosc 2001; 54:
336-339 [PMID: 11522974 DOI: 10.1067/mge.2001.117544]
Wardeh R, Lee JG, Gu M. Endoscopic ultrasound-guided
paracentesis of ascitic fluid: a morphologic study with ultrasonographic correlation. Cancer Cytopathol 2011; 119: 27-36
[PMID: 21072835 DOI: 10.1002/cncy.20123]
Allah MH, Salama ZA, El-Hindawy A, Al Kady N. Role
of peritoneal ultrasonography and ultrasound-guided fine
needle aspiration cytology/biopsy of extravisceral masses in
the diagnosis of ascites of undetermined origin. Arab J Gastroenterol 2012; 13: 116-124 [PMID: 23122452 DOI: 10.1016/
j.ajg.2012.08.004]
Rana SS, Bhasin DK, Srinivasan R, Singh K. Endoscopic ultrasound-guided fine needle aspiration of peritoneal nodules
in patients with ascites of unknown cause. Endoscopy 2011; 43:
1010-1013 [PMID: 21833905 DOI: 10.1055/s-0031-1271111]
Repiso A, López-Pardo R, Arribas C, Aranzana A, Abad
S, Rodríguez-Merlo R, López L, Gómez-Rodríguez R.
[Significance of free perigastric fluid detected by echoendoscopy in patients with gastric cancer]. Gastroenterol
Hepatol 2012; 35: 691-696 [PMID: 23102573 DOI: 10.1016/
j.gastrohep.2012.07.002]
Sultan J, Robinson S, Hayes N, Griffin SM, Richardson DL,
Preston SR. Endoscopic ultrasonography-detected low-volume ascites as a predictor of inoperability for oesophago-

August 14, 2014|Volume 20|Issue 30|

Montgomery MM et al . Endoscopic evaluation of ascites

15

16

17

18

gastric cancer. Br J Surg 2008; 95: 1127-1130 [PMID: 18655220
DOI: 10.1002/bjs.6299]
Twine CP, Barry JD, Blackshaw GR, Crosby TD, Roberts
SA, Lewis WG. Prognostic significance of endoscopic ultrasound-defined pleural, pericardial or peritoneal fluid in
oesophageal cancer. Surg Endosc 2009; 23: 2229-2236 [PMID:
19118422 DOI: 10.1007/s00464-008-0286-1]
Mrzljak A, Kardum-Skelin I, Cvrlje VC, Filipec-Kanizaj T,
Sustercić D, Skegro D. Role of fine needle aspiration cytology in management of hepatocellular carcinoma: a single
centre experience. Coll Antropol 2010; 34: 381-385 [PMID:
20698106]
Schmidt J, Fraunhofer S, Fleisch M, Zirngibl H. Is peritoneal cytology a predictor of unresectability in pancreatic
carcinoma? Hepatogastroenterology 2004; 51: 1827-1831 [PMID:
15532836]
Lee H, Hwang HS, Chang DK, Choi D, Rhee PL, Kim JJ,

19

20

21

Rhee JC. Clinical significance of minimal ascites of indeterminate nature in gastric adenocarcinoma without peritoneal
carcinomatosis: long-term follow-up study. Hepatogastroenterology 2011; 58: 137-142 [PMID: 21510301]
Kaushik N, Khalid A, Brody D, McGrath K. EUS-guided
paracentesis for the diagnosis of malignant ascites. Gastrointest Endosc 2006; 64: 908-913 [PMID: 17140897 DOI: 10.1016/
j.gie.2005.11.058]
DeWitt J, LeBlanc J, McHenry L, McGreevy K, Sherman S.
Endoscopic ultrasound-guided fine-needle aspiration of
ascites. Clin Gastroenterol Hepatol 2007; 5: 609-615 [PMID:
17336593 DOI: 10.1016/j.cgh.2006.11.021]
Adler DG, Conway JD, Coffie JM, Disario JA, Mishkin DS,
Shah RJ, Somogyi L, Tierney WM, Wong Kee Song LM,
Petersen BT; ASGE TECHNOLOGY COMMITTEE. EUS
accessories. Gastrointest Endosc 2007; 66: 1076-1081 [PMID:
17892880 DOI: 10.1016/j.gie.2007.07.035]

P- Reviewer: Biecker E, Friedland S, Lenz K S- Editor: Ma YJ
L- Editor: A E- Editor: Ma S

WJG|www.wjgnet.com

10222

August 14, 2014|Volume 20|Issue 30|

World J Gastroenterol 2014 August 14; 20(30): 10223-10237
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i30.10223

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (1): Hepatocellular carcinoma

Current management of hepatocellular carcinoma
Parissa Tabrizian, Sasan Roayaie, Myron E Schwartz
Parissa Tabrizian, Sasan Roayaie, Myron E Schwartz, Mount
Sinai Liver Cancer Program, Mount Sinai Medical Center, New
York, NY 10029, United States
Author contributions: Tabrizian P, Roayaie S and Schwartz ME
contributed equally to the conception and design of data; Tabrizian P and Schwartz ME acquisition of data, drafting, and final
approval of the article.
Correspondence to: Myron E Schwartz, MD, FACS, Mount
Sinai Liver Cancer Program, Mount Sinai Medical Center, 1 Gustave Levy Place, Box 1104, New York, NY 10029,
United States. myron.schwartz@mountsinai.org
Telephone: +1-212-6598084 Fax: +1-212-2412138
Received: January 9, 2014 Revised: May 8, 2014
Accepted: May 25, 2014
Published online: August 14, 2014

be individualized for each patient. The aim of this paper
is to review the outcomes that can be achieved in the
treatment of HCC with the heterogeneous therapeutic
options currently available in clinical practice.
Tabrizian P, Roayaie S, Schwartz ME. Current management
of hepatocellular carcinoma. World J Gastroenterol 2014;
20(30): 10223-10237 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10223.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10223

INTRODUCTION
Abstract
Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and leading cause of death
among patients with cirrhosis. Treatment guidelines are
based according to the Barcelona Clinic Liver Cancer
staging system. The choice among therapeutic options
that include liver resection, liver transplantation, locoregional, and systemic treatments must be individualized
for each patient. The aim of this paper is to review the
outcomes that can be achieved in the treatment of HCC
with the heterogeneous therapeutic options currently
available in clinical practice.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Management;
Barcelona Clinic Liver Cancer guidelines; Therapeutic
options; Outcome
Core tip: Hepatocellular carcinoma (HCC) is the sixth
most common cancer worldwide and its incidence is
rising in Western countries. The choice among therapeutic options that include liver resection, liver transplantation, locoregional, and systemic treatments must
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Hepatocellular carcinoma (HCC) is the sixth most common cancer worldwide and the third most frequent cause
of cancer-related death[1]. With increasing incidence in
Western countries, HCC remains the leading cause of
death among patients with cirrhosis[2,3]. The implementation of surveillance programs has allowed early tumor diagnosis, resulting in increased curative treatments achieving 5 year survival rates up to 75%[4,5]. The choice among
therapeutic options that include liver resection, liver transplantation, locoregional, and systemic treatments must be
individualized for each patient. The majority of trials now
choose the Barcelona Clinic Liver Cancer (BCLC) staging
system to guide treatment decisions[6-8]. Despite improved
outcomes, recurrence after curative treatments remains a
significant problem and is reported as high as 70% at 5
years after resection; the optimal treatment of recurrent
HCC remains unclear[4]. The aim of this paper is to review the outcomes that can be achieved in the treatment
of HCC with the heterogeneous therapeutic options currently available in clinical practice.

STAGING SYSTEMS AND GUIDELINES
In the past, the diagnosis of HCC was usually made at an
advanced stage with patients presenting with symptom-
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HCC

Stage 0

Stage A-C

Stage D

PST 0, Child-Pugh A

PST 0-2, Child-Pugh A-B

PST > 2, Child-Pugh C

Early stage (A)

Intermediate stage (B)

Advanced stage (C)

Single < 2 cm
carcinoma in situ

Dingle or 3 nodules
≤ 3 cm, PS 0

Multinodular,
PS 0

Portal invasion,
N1, M1, PS 1-2

Single

3 nodules ≤ 3 cm

TACE

Sorafenib

Very early stage (0)

Terminal stage (D)

Portal pressure/bilirubin
Increased
Normal

Resection

Associated diseases
No

Yes

Liver transplantation
(CLT/LDLT)

RF/PEI

Best supportive
care

Figure 1 Barcelona Clinic Liver Cancer staging system and treatment strategy (2011). HCC: Hepatocellular carcinoma; CLT: Cadaveric liver tansplantation;
LDLT: Living donor transplantation; RF: Radiofrequency; PEI: Percutaneous ethanol injection; TACE: Transarterial chemoembolization; PST: Performance status test.

atic disease and liver impairment[6,9]. Treatment was futile
with median survival rates of less than 3 mo[6,9]. In addition, morbidity associated with therapy was significantly
high[10,11]. Recent advances in technology and surveillance
programs have led to more frequent early HCC diagnosis offering curative treatments with 5 year survival rates
ranging from 50% to 75%[4,5].
Among the many HCC staging systems that have
been developed around the world, the BCLC staging system has emerged as the most useful to guide treatment
decisions (Figure 1). The BCLC staging was first developed based on analysis of independent studies of the
various treatment modalities applied in various clinical
settings. It includes variables related to tumor stage, liver
functional status, performance status, and cancer-related
systems, its key feature being evidence-based linkage of
clinical stage with treatment modalities, allowing an estimation of life expectancy based on published results.
BCLC identifies patients with early HCC who are potentially curable, those at intermediate or advanced disease
stage for whom noncurative treatment offers the likelihood of extended survival, and those at end stage for
whom treatment would provide more harm than benefit.
Ongoing molecular studies are rapidly shedding light
on the heterogeneous underlying mechanisms that drive
the development and progression of HCC and offer
promise of therapies that target the specific abnormalities
that lead to and sustain the growth of HCC in individual
patients[12-14].

OVERVIEW OF TREATMENT OPTIONS
FOR HCC
Given the complexity of the disease and the large num-
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ber of useful therapies, patients with HCC should be
cared for by multidisciplinary teams. It is important to
note that the level of evidence for most of the therapeutic options is limited to cohort investigations with few
RCTs, most of which are limited to the treatment of advanced disease; as with most cancers, surgical treatment
for early stage disease has not been compared to no treatment in prospective trials[15,16].
Table 1 summarizes existing series and the level of
evidence for efficacy according to trial design and endpoints for all available treatments in HCC[4,5,17-31]. Availability of resources also has to be considered in developing treatment strategies. This is particularly relevant when
considering liver transplantation, which is unavailable in
some areas of the world.
Resection
Selection criteria: Hepatic resection is widely accepted
as first-line treatment for patients with early-stage HCC
and preserved liver function[4,32]. The choice of treatment
modality in cirrhotic patients (who comprise the majority HCC cases) is challenging and requires assessment of
both liver function reserve and tumor extension. ChildPugh class is commonly used as a basis for estimating hepatic reserve, with resection confined to patients who are
Child-Pugh class A; in Asia indocyanine green retention
rate at 15 min (ICG 15) is often used as a direct measure
of liver function[33,34]. Portal hypertension as assessed by
platelet count or direct measurement of hepatic venous
pressure gradient has been recognized as a major prognostic factor in the treatment of HCC[35,36]. The BCLC
group showed 70% 5-year survival for patients without
portal hypertension and with bilirubin < 1 compared
with 50% in patients with both risk factors present[4].
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Table 1 Existing series on treatment of hepatocellular cancer: evidence based benefit (NCI classification) and outcome
Treatment

Ref.

Liver resection (evidence 2A)

Liver transplantation (evidence 2A)

Radiofrequency ablation (evidence 2A)

Transarterial chemoembolization (evidence 1A)

Radiotherapy (evidence 1A)
Systemic therapy (evidence 1A)

Llovet et al[4]
1
Fong et al[5]
2
Roayaie et al[17]
Mazzaferro et al[18]
Llovet et al[4]
Yao et al[19]
3
Roayaie et al[20]
4
Mazzaferro et al[21]
2
Sala et al[22]
Vivarelli et al[23]
1
Chen et al[24]
DETCH[25]
Llovet et al[26]
Lo et al[27]
5
Carr[28]
6
Salem et al[29]
Llovet et al[30]
Cheng et al[31]

Year

Number

5 yr survival

1999
1999
2012
1996
1999
2001
2002
2009
2004
2004
2006
1995
2002
2002
2004
2011
2008
2009

77
154
132
444
87
70
43
48
34
79
71
50
40
40
65
123
299
150

51%
57%
70%
73.3%
69%
72.4%
44%
75%
63%
33% (3 yr)
67.9% (4 yr)
38% (2 yr)
29% (3 yr)
31% (2 yr)
Median 21.3 mo
Median 20.7 mo
10.7 mo
6.5 mo

1

< 5 cm HCC; 2< 3 cm HCC; 3> 5 cm HCC; 4Within Milan criteria; 5Stage Ⅰ disease; 6Child-Pugh A. DETCH: Group d’Etude et de Traitement du Carcinome
He´patocellulaire; HCC: Hepatocellular carcinoma.

Preoperative portal vein embolization (PVE) is often
employed to induce growth of the remnant liver prior to
major resection, typically right hepatectomy[11,37,38]. The
regenerative response to PVE in cirrhosis is less-reliable
and takes longer than with normal parenchyma; indeed,
response to PVE may be considered a “stress test” for
the liver. While anatomic resection is of proven benefit in
HCC, it is preferable to perform limited anatomic resection, i.e., segmentectomy or sectorectomy, when possible
and to avoid right hepatectomy in cirrhotic patients[39].
The main prognostic predictors after liver function
status are tumor size, number of tumors, presence of
satellite lesions, and vascular invasion[4,40-42]. These factors
should be carefully assessed by contrast-enhanced computed tomography and/or magnetic resonance imaging.
Intraoperative ultrasonography is routine in resection of
HCC, enabling detection of additional small nodules and
defining the relationship of the tumor to intrahepatic
structures.
Perioperative outcome: The perioperative mortality of
major resection has decreased in the past few decades
from 15% in the 1980s to 3%-5% in the majority of
large referral centers, with some centers reporting < 1%
mortality[10,11,32]. Predictors of perioperative mortality are
primarily related to liver function and include Child-Pugh
class, degree of hepatic fibrosis, total bilirubin level, presence of clinically relevant portal hypertension, and platelet count.
High operative blood loss and transfusions have repeatedly been shown to correlate with poor outcome;
refinement of patient selection as well as of surgical
technique has led to improvement in this regard. Inflow
occlusion (Pringle maneuver) is widely applied, and many
studies have compared different occlusion methods[43,44].
Intermittent inflow occlusion has been shown to decrease
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ischemia/reperfusion injury with subsequently reduced
morbidity and mortality rates, and is the procedure of
choice at most centers. Total hepatic vascular exclusion
has a role in resection of tumors that are adjacent to the
vena cava and/or large hepatic veins, but is rarely applied
in cirrhotic patients. In all cases, maintenance of low central venous pressure (< 5 mmHg) by the anesthesiologist
is the best way to limit bleeding from hepatic veins during the division of the liver[11].
There is an array of techniques and technologies
available for dividing liver parenchyma[45]. Since no one
method is suitable for all situations, it is important to
master a few techniques and to have a flexible approach.
These combined strategies, in addition to improved
perioperative management, have led to a decrease in
blood transfusion from 80% to 90% to less than 10%
over the past two decades[11].
Recurrence and survival: Recurrence after resection is
common; even with early-stage HCC recurrence develops in approximately 20%, 50% and 75% of patients at
1 year, 3 years and 5 years, respectively[4,16,32]. Recurrence
of HCC may be the result either of metastasis from the
primary tumor that was resected (true recurrence), or
de novo HCC due to the underlying predisposition; while
molecular testing is required to definitively distinguish
between the two, most true recurrence manifests within
2 years of resection, and thus 2 years is often adopted as
a practical cut-off to distinguish between true recurrence
and de novo HCC[7,42]. Predictors of true recurrence include tumor grade, microscopic and macroscopic vascular invasion, tumor size, number of tumors, presence of
satellites, alpha-fetoprotein level, transfusion, and positive
surgical margin[4,40-42]. Postresection survival rates are in
the range of 80%-92% at 1 year, 61%-86% at 3 years,
and 41%-74% at 5 years (Table 2)[4,5,17,46-49]. The nature of
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Table 2 Outcome of patients with hepatocellular carcinoma
treated by resection, liver transplantation, and living donor
liver transplantation

Table 3 Independent predictors of recurrence and survival in
patients undergoing resection for hepatocellular carcinoma
Ref.

Treatment

No. of
patients

Surgical resection
Fong et al[5] 1999
154
Llovet et al[4] 1999
771
Poon et al[46] 2002
1352
Wayne et al[47] 2002
249 (≤ 5 cm)
Shrager et al[48] 2012
2061
Roayaie et al[17] 2013
132 (≤ 2 cm)
Liver transplantation
Mazzaferro et al[18] 1996
48
Bismuth et al[82] 1999
45
Llovet et al[4] 1999
79
Jonas et al[83] 2001
120
Yao et al[19] 2001
64
Living donor transplantation
Gondolesi et al[84] 2004
15
Todo et al[85] 2004
137

1 yr survival 5 yr survival

81%
85%
90%
83%
60%
-

37%
51%
70%
41%
46%
70%

84%
82%
86%
90%
87%

74%
74%
75%
71%
73%

-

Variables

47

Tumor size ≥ 5 cm
AFP levels ≥ 100 ng/mL
Differentiation degree
Multinodularity
Satellites
Early recurrence (< 2 yr)
Microvascular invasion
AFP levels ≥ 32 ng/mL
Non-anatomical resection
Late recurrence (> 2 yr)
Higher grade of hepatitis activity
Multinodularity
Gross tumor classification
Invasion of a vessel with a muscular wall
Tumor size > 10 cm

Belghiti et al[50]
1991
Llovet et al[4]
1999
Imamura et al[42]
2003

86% (3 yr)
79% (3 yr)

1

Cirrhosis; 2Child A cirrhosis and small lesion HCC. HCC: Hepatocellular
carcinoma.

the underlying liver disease is important: patient survival
is higher and HCC recurrence is less-common in patients
with hepatitis B compared to those with hepatitis C[42].
The independent predictors of recurrence and survival
are summarized in Table 3[4,41,42,47,50-52].
Adjuvant therapies to prevent recurrence: The only
adjuvant therapy of proven value is treatment of underlying viral hepatitis. Remarkable advances have been made
in the past decade in preventing recurrent HCC with the
use of antiviral treatment, either after local resection or
locoregional tumor ablation. Antiviral therapy of hepatitis
B, especially with nucleoside analogues, has been shown
to reduce de novo HCC recurrence as well as to retard
progression of cirrhosis[16,53,54]. Similarly, interferon-based
therapy has been shown to reduce de novo HCC in patients who comply with the treatment regimen[55,56]. Several RCT have been conducted to explore strategies to prevent true recurrence (Table 4)[57-64]. Chemoembolization,
systemic chemotherapy, and interferon did not provide
benefit[59,65]. Intraarterial radiotherapy with iodine-131
(131I) iodized oil showed improved outcome in two small
RCT’s but is currently unavailable[66,67]. Decreased HCC
recurrence was reported with acyclic retinoids in 1996,
but a follow-up study has proven negative[68]. Samuel et
al[69] published a review of 12 RCTs and demonstrated no
clear evidence for the efficacy of any of the adjuvant or
neoadjuvant protocol. The result of a large randomized
trial evaluating sorafenib in the adjuvant setting is currently underway[70].
Treatment of recurrent HCC after resection: In
65%-80% of cases of recurrent HCC the liver is the sole
site of disease[42]. Repeat resection has been widely accepted as the treatment of choice for recurrent intrahepatic
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No. of
patients

77

184

Roayaie et al[41]
2009
Survival
Llovet et al[4]
1999
Wayne et al[47]
2002

131

Vauthey et al[51]
2002

557

Poon et al[52]
2003

518

Roayaie et al[41]
2009

131

77
249

Portal hypertenstion
Bilirubin level (> 1 mg/dL)
Child-Pugh (B)
Differentiation degree
(Edmonson-Steiner 1-2 vs 3-4)
Fibrosis
(Ishak score 0-4 vs 5-6)
Vascular invasion
Multinodularity
Tumor size (> 5 cm)
Fibrosis
Vascular invasion
Tumor size (> 5 cm)
Multinodularity
Cirrhosis
AST > 50 U/L
Invasion of adjacent organs
Invasion of a vessel with a muscular wall
Invasion > 1 cm from tumor

AFP: Alpha-fetoprotein.

HCC in patients with well preserved liver function and
solitary tumors[71]. Applicability of repeat hepatectomy
in published series ranges from 10% to 35%, with 5-year
survival reported from 37%-87%[71,72]. Roayaie et al[71]
identified time from primary resection to recurrence (<
1 year) and presence of gross vascular invasion at second
hepatectomy as predictors of poor outcome in patients
undergoing repeat hepatectomy, providing some guidance
in case selection.
OLT may be applied secondarily to treat recurrent
HCC after hepatectomy and several authors have explored the possibilities of “salvage” transplantation[73-75].
Cherqui et al[76] found that 61% of patients with recurrent
HCC after resection had recurrence within transplant eligibility criteria, and that 5-year survival after retransplant
was 70%.
Transcatheter chemoembolization (TACE) is the
most widely used treatment modality for recurrent intrahepatic HCC in patients with unresectable disease. Several retrospective studies have reported 1-year survival of
64%-88% with 5-year survival ranging from 0%-27%[77,78].
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Table 4 Result of randomized controlled trials: Adjuvant/neoadjuvant treatment in resected hepatocellular cancer
Ref.

Treatment
[57]

Izumi et al 1994
Lai et al[58] 1998
Yamasaki et al[59] 1996
Lau et al[60] 1999
Lygidakis et al[61] 1996
Takayama et al[62] 2000
Yamamoto et al[63] 1996
Kubo et al[64] 2001

Adjuvant arterial lipiodolization (23) vs control (27)
Adjuvant chemoembolization (30) vs control (36)
Neoadjuvant chemoembolization (50) vs control (47)
Adjuvant intraarterial lipiodol 131I (21) vs control (22)
Adjuvant chemoembolization + immunotherapy (49) vs control (42)
Adjuvant immunotherapy (76) vs control (74)
Adjuvant 5-FU (35) vs control (32)
Adjuvant Interferon alpha (15) vs control (15)

Recurrence rate-3 yr
No differences
82% vs 52%, P = NS
54% vs 66%, P = NS
75% vs 38%, P = 0.03
36 mo vs 18 mo (OS)
33% vs 48%, P = 0.008
52% vs 75%, P = NS
30% vs 60%, P= 0.03

NS: Not significant; OS: Overall survival; FU: Fluorouracil.

Table 5 Selection criteria for transplantation in hepatocellular carcinoma
Ref.
Mazzaferro et al[18] 1996
Yao et al[19] 2001

No. of
patients

Selection criteria

48
70

Milan criteria: single HCC < 5 cm or up to 3 nodules < 3 cm
UCSF criteria: a maximum tumor size of 6.5 cm or 2 lesions ≤ 4.5 cm in diameter with a
total tumor diameter of ≤ 8 m
HCC ≤ 5 cm
AFP ≤ 400 ng/mL
Up to 6 nodules with a maximum diameter of < 5 cm
Up to 7 criteria: 7 as the sum of the largest size (cm) and the number of tumors
HCC ≤ 6 cm or ≤ 3 HCC ≤ 5 cm
Any number, each ≤ 6 cm with cumulated diameter ≤ 15 cm
TTV ≤ 115 cm3
≤ 5 HCC ≤ 5 cm

Kwon et al[86] 2007

114

Lee et al[87] 2008
Mazzaferro et al[21] 2009
Herrero et al[88] 2001
Jonas et al[89] 2007
Toso et al[90] 2008
Sugawara et al[91] 2007

186
283
154
21
288
78

Survival rate at 5 yr
75% (4 yr)
75%
87%
76%
71%
73%
62% at 3 yr
72%
70% at 3 yr

TTV: Total tumor volume; HCC: Hepatocellular carcinoma; AFP: Alpha-fetoprotein; UCSF: University of California, San Francisco.

These results are not dissimilar to those reported in primary BCLC B HCC.
There are few data available on the management of
extrahepatic recurrence after hepatectomy, all from small
case series. Independent predictors of survival after
recurrence include time from primary resection to recurrence > vs < 1 year, size and number of recurrent tumor
nodules, site of recurrence, alpha-fetoprotein (AFP) level
at recurrence, and type of treatment[77-80]. These studies suggest that aggressive surgical treatment may be of
benefit in patients with isolated metastasis, with the most
common site being the lung: Lam et al[81] reported 67%
5-year survival after resection of solitary lung metastasis.
Transplantation
Selection criteria: Orthotopic liver transplantation (OLT)
is an appealing option for cirrhotic patients with early
stage HCC, since it allows removal of both detectable and
undetectable HCC in the liver and also treats the underlying cirrhosis. OLT is, however, limited by graft shortage,
and appropriate patient selection is critical to achieving
satisfactory results[4,18]. The outcomes have improved in
the past decades with 5-year survival rates from 18%-40%
in the 1980s rising to 85% 1-year and 70% 5-year survival
in recent reports (Table 2)[4,18,19,82-85]. In a landmark study,
Mazzaferro et al[18] proposed a strict criteria for OLT that
result in survival rates equal to those in cirrhotic patients
without HCC, with 5 year overall and recurrence free sur-
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vival of 75% and 83% respectively. The “Milan Criteria”
(solitary tumor ≤ 5 cm, or 2-3 nodules all < 3 cm and
without gross vascular invasion or extrahepatic spread) are
now widely accepted as the basis for selecting candidates
with HCC for transplantation and have been adopted in
the United States by United Network for Organ Sharing (UNOS) as the basis for prioritizing HCC patients
for OLT[18]. Consensus guidelines suggest that OLT is
the treatment choice for patients with Child’s B cirrhosis
and/or portal hypertension and HCC within Milan criteria; hepatectomy remains the accepted first-line treatment
for patients with preserved liver function and early-stage
HCC.
Based on the success of OLT for HCC within Milan
criteria, controversy has arisen over expansion of the
Milan criteria (Table 5)[18,19,21,86-91]. The most widely-recognized study (UCSF criteria) was proposed by Yao and
colleagues as the UCSF criteria (single nodule < 6.5 cm,
or ≤ 3 nodules the largest of which is ≤ 4.5 cm with
the cumulative tumor diameters ≤ 8 cm)[19]. Small studies
evaluating post-OLT survival rates in patients who meet
the UCSF but exceed the Milan criteria have shown 5-year
survival ranging from 38%-93%[92,93]. Although there is
no question that many patients would be cured with the
adoption of broader criteria, opponents challenge the
expansion due to concern that it will lead to increased
risk of vascular invasion and tumor recurrence that they
consider unacceptable in light of the widespread donor
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Table 6 Independent predictors of recurrence and survival
in patients undergoing liver transplantation for hepatocellular
carcinoma
Ref.

No. of patients

Variables

Recurrence
Iwatsuki et al[108] 2000

344

Bismuth et al[109] 1993

60

Roayaie et al[110] 2000

119

Hemming et al[111] 2002
Survival
Iwatsuki et al[108] 2000

112

Bilobar disease
Vascular invasion
Tumor size (2-5 cm, > 5 cm)
Tumor size
Number of tumors
Portal thrombus
Tumor size
Vascular invasion
Vascular invasion

Jonas et al[83] 2001

344
120

Number of tumors (> 3)
Vascular invasion
Vascular invasion
Tumor grade

organ shortage[92].
Drop-out rates and downstaging: For patients without
HCC, prioritization for OLT is based on the Model for
End Stage Liver Disease (MELD) score[94]. The MELD
score, which ranges from 6 to 40 and is calculated based
on total bilirubin, creatinine, and prothrombin time
international normalized ratio (INR), provides an objective and reliable index of 3-mo mortality in cirrhotic
patients[94]. For patients with HCC, however, the primary
risk is not death due to liver failure but rather progression of HCC to the point where transplant is no longer
worthwhile. Current UNOS policy accords patients with
T2 HCC (single nodule between 2-5 cm or 2-3 nodules
all < 3 cm) an initial score of 22 points (“MELD exception”) that rises every three months as long as the tumor
is maintained within Milan criteria[95]. This has resulted in
both increased transplant rates and excellent long-term
outcomes[94].
Despite this policy, however, in many regions of the
US patients must wait a year or more for a donor liver.
As a result, drop-out from the waiting list due to tumor
progression is an important problem that can significantly decrease the survival of transplant for HCC when
viewed on an intention-to-treat basis[4]. Identified risk for
drop-out include multinodular tumors, failed neoadjuvant
therapy, baseline AFP > 200 ng/mL, or steady increase
of > 15 ng/mL per month[96]. Numerous studies have
examined the role of locoregional therapies as a “bridge”
to OLT in order to prevent tumor progression and dropout and possibly to improve posttransplant outcomes,
but none are of adequate design or sufficient power to
provide strong evidence in support of this approach[7,97].
Thermal ablation techniques are typically employed to
treat solitary nodules > 3 cm, while TACE is commonly
preferred for larger or multinodular tumors[98,99]. Based
on the available evidence, guidelines recommend locoregional treatment of HCC in patients awaiting OLT when
the estimated waiting time will exceed 6 mo.
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In an attempt to better define a subset of patients
with HCC beyond Milan criteria who could benefit from
OLT, a number of reports have explored the concept of
downstaging, i.e., nonsurgical tumor treatment to reduce
the size and/or number of viable lesions to within acceptable criteria, typically the Milan criteria[99,100]. The rationale
of downstaging per se is dubious; all reported protocols
include a minimum waiting period after locoregional
therapy, typically 3-6 mo, to allow for assessment of tumor behavior. Several single-center studies have reported
excellent results with patient survival and the incidence of
HCC recurrence comparable those achieved in patients
initially within Milan criteria; to this point the evidence is
not strong enough for downstaging to have been accepted
into guidelines or organ allocation policy[100-103].
Living donor transplantation (LDLT) is, for patients
with a suitable and willing donor, a way to eliminate waiting time and the attendant risk of drop-out. In patients
fulfilling the Milan criteria, 5-year survival after LDLT is
similar to after deceased donor OLT (Table 2), though
there is a suggestion of a higher rate of HCC recurrence[84,85,104,105]. Because there is no competition for living donor organs, many centers also offer this option to
patients with HCC that is modestly beyond Milan criteria,
with reported 5 year survival rates up to 60%[106,107].
Recurrence and outcome: Post-OLT HCC recurrence
is seen in 10%-15% of patients transplanted within the
Milan criteria[4,18]. It is the result of extrahepatic dissemination of HCC that has occurred before or during
the transplant procedure, although interestingly intrahepatic recurrence is common site. The large majority
of recurrences are within 2 years of OLT[4,18]. Reported
predictors of post-OLT HCC recurrence are summarized in Table 6, foremost among them being the finding
of vascular invasion on examination of the explanted
liver[83,108-112].
Overall post-OLT 5-year survival for patients with
HCC within Milan criteria is in the range of 70%-75%,
though results in patients with associated hepatitis C are
around 10% lower than in patients with other underlying
diseases[4,18,113]. When considering OLT as an alternative to resection in patients eligible for both, it becomes
important to view OLT on an intention-to-treat basis,
incorporating waiting list drop-out. When waiting time
is > 6 mo, 5-year intention-to-treat survival has been
shown to be reduced by 10%-20% (from 58%-81% to
47%-62%)[114].
Post-OLT survival in patients who develop HCC
recurrence is approximately 22% at 5 years[115]. Independent predictors of poor survival from the time of recurrence include tumor grade (poor), time to recurrence <
1 year, and presence of bone metastasis[115]. Patients who
undergo locoregional or surgical treatment for recurrent
HCC enjoy significantly better outcomes than other patients, but it is difficult to fully account for case selection
bias in the available retrospective reports. Isolated hepatic
recurrence, observed in 15%-20% of cases, is the pattern
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Table 7 Randomized controlled trial comparing radiofrequency
ablation to percutaneous ethanol injection for the treatment of
early stage hepatocellular carcinoma
Ref.

No. of
patients

Initial
response

Failure

3 yr
survival

Lencioni et al[128]
2003
Lin et al[129]
2004

RFA (52)
PEI (50)
RFA (52)

91%
82%
96%
88%
88%
100%
100%
97%
89%
96%
66%

8%
34%
17%

81%
73%
74%

45%
2%
11%
16%
42%
34%
64%

50%
80%
63%
74%
51%
59%
57%

Shiina et al[122]
2005
Lin et al[130]
2005
Brunello et al[131]
2008

PEI (52)
RFA (118)
PEI (114)
RFA (62)
PEI (62)
RFA (70)
PEI (69)

P

value
NS
0.014

0.020
0.031
NS

RFA: Radiofrequency ablation; PEI: Percutaneous ethanol injection; NS:
Not significant.

most amenable to locoregional therapy[116]. Hepatic resection for isolated recurrent disease post-OLT can achieve
5-year survival up to 66%[115-117]. Response to TACE for
treatment of recurrent HCC has been demonstrated to
be similar to that observed in primary HCC[116,118]. A few
Asian reports describe retransplantation for post-OLT
HCC recurrence, but there is a broad consensus against
this approach[119,120].
Ablation
Thermal (RFA, microwave) or chemical (ethanol, acetic
acid) is the treatment of choice in patients with single
small tumors who are not candidates for surgery, and may
be curative in well-selected candidates[16,114].
Percutaneous ethanol injection (PEI) is a long-established technique for the treatment of nodular-type HCC,
inducing coagulation necrosis of the lesion as a result of
cellular dehydration, protein denaturation, and chemical
occlusion of small tumor vessels[121]. For tumors < 2 cm,
PEI has been shown to yield equivalent results to thermal
ablation; for larger tumors PEI is inferior to thermal ablation and is now rarely performed[122].
Thermal ablation has now largely supplanted PEI,
initially with RFA and more recently with microwave
ablation[121,123]. While most commonly performed percutaneously, ablation can also be done via an open or laparoscopic surgical approach. The thermal damage caused
by heating is dependent on both the tissue temperature
achieved and the duration of heating. In order to achieve
adequate tumor destruction, the entire lesion must be exposed to cytotoxic temperatures; in order to assure this,
a rim of nontumor tissue surrounding the lesion being
treated is included in the ablation zone. Thermal ablation
is associated with low major morbidity (2.2%-3.1%) and
mortality (0.1%-0.5%) rates[124,125]. Major complications
include intraperitoneal hemorrhage, hepatic abscess, bile
duct injury, and liver decompensation. Tumor seeding
along the needle track has been reported as a rare (0.5%)
late complication of RFA[126].
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The efficacy of RFA is reduced with increasing tumor
size and the presence of large (3 mm or more) abutting
vessels. Complete tumor necrosis in explanted liver specimens was shown in 83% of lesions > 3 cm and in 88% of
tumors in nonperivascular locations[16,125,127]. Five RCTs and
a meta-analysis have confirmed the superiority of RFA
over PEI except in very small lesions (Table 7)[122,128-131].
A number of studies have reported on long-term
outcomes of RFA in the treatment of HCC. Lencioni
et al[125,132] have demonstrated 61% 5-year survival in patients with Child A cirrhosis and solitary HCC, compared
with 51% in patients with Child A cirrhosis and multiple
tumors and 31% in patients with Child B cirrhosis.
The role of thermal ablation vis-à-vis resection has
been the subject of a number of randomized trials. Chen
et al[24]. demonstrated no difference in overall or recurrence-free survival in patients with solitary HCC < 5 cm
Huang et al[133], on the other hand, showed a significant
survival benefit for surgical resection (75.6% 5-year OS,
28.7% RFS) over RFA (54.8% 5-year OS, 21.3% RFS) in
patients with HCC within Milan criteria. Both of these
studies have been criticized due to insufficient sample
size and lack of non-inferiority design[24,133]. Recently,
Hasegawa et al[134] published data from a large Japanese
cohort study and concluded that resection was associated with higher overall survival and lower recurrence
rate than RFA or PEI in the treatment of HCC ≤ 3 cm.
Livraghi et al[135] has reported complete tumor response in
97% of tumors ≤ 2 cm, with 5-year survival in patients
with preserved hepatic function of 68%, in the process
challenging resection as the first-line approach in such
cases. Roayaie et al[17] reported the outcomes of resection
at two large Western centers in patients for HCC ≤ 2
cm and showed a substantial incidence of vascular invasion, with anatomic resection resulting in significantly less
recurrence than nonanatomic resection. The best results
of resection, with 5-year survival of 81%, were achieved
when the platelet count was > 150000.
Microwave ablation (MWA) is an emerging alternative method to RFA, inducing thermal injury using microwaves with a frequency of 900 kHz. Compared to
RFA, MWA is less-susceptible to the heat sink effect of
nearby blood vessels. In the one RCT thus far reported
RFA proved superior with respect to local recurrence and
complications rates, but with the rapid evolution of the
technology the outcome of MWA has improved[136].
The use of other ablative technologies including laser
ablation, cryoablation, and irreversible electroporation,
remains under clinical investigation[16].
Chemoembolization
TACE, the image-guided delivery of embolic particles
+/- chemotherapeutic agents via selective injection into
vessels feeding tumors in order to achieve cytoreduction,
is a well-established treatment for intermediate stage
(BCLC stage B) HCC[16,26,137]. TACE has been shown
both in RCTs and in a meta-analysis of RCT’s to provide
survival benefit in patients with preserved liver function
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Table 8 Randomized controlled trias comparing transarterial
chemoembolization or transarterial embolization to other
treatments
Ref.
Lin et al[141] 1988
TAE (gelfoam + ivalon)
TAE + IV 5-FU
IV 5-FU
Pelletier et al[142] 1990
TACE (doxorubicin, gelfoam)
Conservative treatment
GETCH[25] 1995
TACE (cisplatin, gelfoam)
Conservative treatment
Bruix et al[143] 1998
TAE (gelfoam, coils)
Conservative treatment
Lo et al[27] 2002
TACE (cisplatin, gelfoam)
Conservative treatment
Llovet et al[26] 2002
TACE (doxorubicin, gelfoam)
TAE (gelfoam)
Conservative treatment

No. of
patients

1 yr
survival

2 yr
survival

P value

21
21
21

42%
20%
13%

25
20
13

NS

21
21

24%
33%

-

NS

50
46

62%
43%

38
26

NS

40
40

70
72

49
50

NS

40
39

57
32

31
11

0.002

40
37
35

82
75
63

63
50
27

0.009

Table 9 Existing series on treatment of hepatocellular cancer:
stereotactic body radiation therapy and radioembolization
with yttrium-90
Treatment

Hilgard et al[152]
Salem et al[153]
Salem et al[29]

Year Number Overall survival
2010
2011
2012
2012
2012
2004
2006
2008

42
60
36
47
117
65
24
108

2010
2010
2011

108
291
123

58.6% (3 yr)
67% (2 yr)
64% (2 yr)
68.7% (2 yr)
1
Median 32 mo
Median 21.3 mo
Median 7 mo
2
Median 15.6 mo
3
Median 4.4 mo
Median 16.4 mo
4
Median 7.7 mo
Median 20.7 mo

1
Post liver transplant; 2No portal vein thrombosis; 3With main portal vein
thrombosis; 4Child B cirrhosis.

NS: Not significant; IV: Intravenous; GETCH: Groupe d’Etude et de Traitement du Carcinome He'patocellulaire; TACE: Transarterial chemoembolization; TAE: Transarterial embolization; RCT: Randomized controlled
trial; FU: Fluorouracil.

and HCC confined to the liver without macrovascular
invasion: one RCT demonstrated 2-year survival of 63%
vs 27% in untreated controls[26,27]. Based on this evidence,
TACE has been incorporated into guidelines on HCC
management.
Complications of TACE include nontarget embolization, postembolization syndrome (fever, abdominal pain,
ileus), liver failure, cholecystitis, and acute portal vein
thrombosis[138]. Treatment-related mortality is seen in less
than 5% of cases[138]. Main portal vein thrombosis, poor
liver function, and extrahepatic spread have been shown
to be predictors of poor outcome and are considered
contraindications for chemoembolization[139]. Due to increased risk of hepatic necrosis and abscess formation,
a total bilirubin level greater than 3 mg/mL should be
considered a relative contraindication to TACE unless
selective embolization can be performed.
There is no universal standard technique for the
performance of TACE; the choice of embolic agent,
whether lipiodol is used, the choice of drugs, and the
schedule (on demand vs at fixed intervals) all vary among
centers. Most commonly, TACE is performed by injection of chemotherapy with or without lipiodol, followed
by the injection of embolic particles to near stasis. More
recently, the use of calibrated particles that adsorb chemotherapy when mixed with the drug prior to injection
and slowly elute the drug after the procedure have been
shown to result in fewer side-effects and, in high-risk
cases, better results[140].
Whether the addition of the chemotherapy in TACE
provides benefit over bland embolization has been the
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Ref.

Kwon et al[145]
Andolino et al[146]
Huang et al[147]
Kang et al[148]
Facciuto et al[149]
Radioembolization Carr et al[28]
Sangro et al[150]
Kulik et al[151]
Radiotherapy

subject of a number of trials (Table 8)[122-124,141-143]. In a
recent study, patients treated TACE using drug-eluting
beads with epirubicin had a higher rate of complete necrosis (77% vs 27%) and a significantly decreased tumor
progression rate compared to patients treated with bland
embolization alone[144].
Radiation therapy and radioembolization
There is growing interest supported by a number of nonrandomized studies in the use of stereotactic body radiation therapy (SBRT) to treat HCC in a variety of settings
(Table 9)[145-149]. The best-defined role for SBRT is to treat
isolated lesions of HCC, either as definitive therapy or
neoadjavant to transplant, when the conventional modalities including TACE and thermal ablation are either not
applicable or have failed to achieve tumor control.
Radioembolization via the hepatic artery using
microspheres impregnated with yttrium-90 (Y90) has
been investigated in the treatment of unresectable HCC
(Table 9)[28,29,150-153]. The safety of this technique has been
demonstrated in multiple studies, and as there is minimal embolic effect it may be safely applied to patients
with tumoral invasion of the portal vein. The treatment
protocol requires preliminary investigations to exclude
significant hepatopulmonary shunting and to assure that
the arterial anatomy is suitable to allow treatment of the
involved liver without deposition of microspheres in the
gastrointestinal tract.
Cohort and retrospective studies have evaluated
the efficacy of radioembolization in the treatment of
HCC[28,29,150-153]. Pathologic examination of livers removed
at transplant in which HCC had been treated with Y90
has demonstrated complete response in 61% of cases.
Median survival for patients with macroscopic portal
invasion has been reported at 12 mo. These data are
encouraging, and a number of RCT’s are underway to
clarify the role of Y90 treatment.
Another agent, 131I iodized oil, has also been used
for radioembolization. A small RCT from Hong Kong
as well as a French study have shown increased survival
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way[70]. In view of these multiple failures in unselected
populations of patients, attention is increasingly shifting
to trial enrichment using molecular studies to identify
subgroups of patients with identified drivers of tumor
progression that may be rationally targeted with specific
drugs.

Table 10 Ongoing and reported randomized phase Ⅱ-Ⅲ
trials in the treatment of advanced hepatocellular carcinoma
Treatment

Acronym
1

Treatment

Erlotinib + Sorafenib vs
Sorafenib
1
BRISK-FL
Brivanib vs Sorafenib
Linifanib vs Sorafenib
1
Second line
EVOLVE-1
Everolimus vs Placebo
1
BRISK
Brivanib vs Placebo
treatment
1
BRISK-APS
Brivanib vs Placebo
Toh et al[158] 2010
Linifanib
Phase 2 trial Hsu et al[159] 2010
Sorafenib + Tegafur/
(reported)
Uracil
Thomas et al[160] 2007
Erlotinib
Thomas et al[161] 2009 Erlotinib + Bevacizumab
Faivre et al[162] 2009
Sunitinib
First line
treatment

SEARCH

Primary
outcome
OS
OS
OS
OS
OS
OS
OS: 9.7 mo
OS: 7.4 mo

REFERENCES
1
2

OS: 6.25 mo
OS: 15.7 mo
OS: 8 mo

3

1

ClinicalTrials.gov. Available at: http://www.clinicaltrials.gov/. OS:
Overall survival.

after hepatic resection for HCC with postoperative adjuvant infusion of 131I lipiodol into the hepatic artery of the
remnant liver[60,67]. These results have yet to be replicated
on a larger scale, and due to complexities in its production the agent is no longer available for clinical use.
Systemic therapy
Prior to 2007, there was no first-line systemic therapy
with proven efficacy in HCC. In that year Sorafenib, an
oral tyrosine kinase inhibitor that suppresses tumor proliferation and angiogenesis, was shown in a large Western
placebo-controlled RCT to significantly prolong survival
(from 7.9 mo to 10.7 mo) in patients with Child’s A cirrhosis and advanced HCC (extrahepatic spread, macroscopic vascular invasion, or failure of locoregional treatment)[30]. These findings were confirmed in a second trial
conducted in Asia[31]. Sorafenib was overall well-tolerated
in both trials with the most common grade 3 drug-related
side effects being diarrhea, weight loss, and hand/foot
skin reactions[30,31].
Data on the efficacy and tolerability of sorafenib in
patients with Child’s B cirrhosis are limited as the majority of patients enrolled in trials have been Child’s class A;
such data as are available suggest markedly lower survival
(median 3.2 mo for Child’s B compared to 9.5 mo in
Child’s A cirrhosis)[154-157]. Furthermore, data on safety and
dosing in Child’s B patients are inadequate, particularly
when the bilirubin level is elevated[16,155]. Systemic therapy
should be administered with caution in these patients.
Encouraged by the success of sorafenib, a number
of other studies have been undertaken using other targeted agents in combination with sorafenib, head-to-head
against sorafenib, or as second-line after progression on
or inability to tolerate sorafenib; to date, all completed
studies have been negative (Table 10)[158-163]. A RCT looking at sorafenib after chemoembolization in an attempt to
prolong time to progression also provided no meaningful
benefit. A large RCT of sorafenib vs placebo as adjuvant
therapy after resection or ablation is currently under-
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Abstract
Hepatocellular carcinoma (HCC) is one of the leading
causes of death induced by cancer in the modern world
and majority of the cases are related to chronic hepatitis B virus (HBV) infection. HBV-encoded X protein (HBx)
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is known to play a pivotal role in the pathogenesis of
viral induced HCC. HBx is a multifunctional protein of
17 kDa which modulates several cellular processes by
direct or indirect interaction with a repertoire of host
factors resulting in HCC. HBX might interfere with several cellular processes such as oxidative stress, DNA
repair, signal transduction, transcription, protein degradation, cell cycle progression and apoptosis. A number
of reports have indicated that HBx is one of the most
common viral ORFs that is often integrated into the
host genome and its sequence variants play a crucial
role in HCC. By mutational or deletion analysis it was
shown that carboxy terminal of HBx has a likely role in
protein-protein interactions, transcriptional transactivation, DNA repair, cell, signaling and pathogenesis of
HCC. The accumulated evidence thus far suggests that
it is difficult to understand the mechanistic nature of
HBx associated HCC, and HBx mediated transcriptional
transactivation and signaling pathways may be a major
determinant. This article addresses the role of HBx in
the development of HCC with particular emphasis on
HBx mutants and their putative targets.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Hepatocellular carcinoma;
Transcription factors; Apoptosis; Epigenetics; Mutants;
Tumor necrosis factor; Activating protein; Transforming
growth factor; Mitogen activated protein kinase
Core tip: The available evidence supports a well-defined
for the hepatitis B virus-encoded X protein (HBx) protein in viral-induced hepatocellular carcinoma. The
progression cell cycle, transactivation potential, compromised DNA repair, inhibition the tumor suppressor
gene and senescence-related factors are few of the key
pathways by which HBx is known to promote pathogenesis. The activation and inhibition of cellular calcium
and tyrosine kinase signaling pathways are some of the
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other pathways modulated by HBx expression. Individually charged amino acids (K-130, V-131, D-120, 121)
and or steches of amino acids (132-140) present in the
carboxy-terminus of HBx protein seems to enhance the
protein’s ability to deregulates cellular processes.
Ali A, Abdel-Hafiz H, Suhail M, Al-Mars A, Zakaria MK, Fatima
K, Ahmad S, Azhar E, Chaudhary A, Qadri I. Hepatitis B virus,
HBx mutants and their role in hepatocellular carcinoma. World J
Gastroenterol 2014; 20(30): 10238-10248 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10238.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10238

INTRODUCTION
Throughout the world, hepatocellular carcinoma (HCC)
is the sixth most commonly occurring cancer and is the
third leading cause of death due to its complex nature[1].
Majority of the HCC cases occur as a result of Hepatitis B virus (HBV) infection[2]. HCC is more common in
Asia-Pacific region and Africa. Due to high frequency of
reported HBV cases, persistent HBV exposure triggers
progression of HCC. More than 50% of the sufferers
of HCC have history of HBV infection [2]. The estimated annual worldwide incidence is around 500000 and
1000000. In the last two decades, annual incidence in the
United States has also increased by 80%[3]. HBV is the
smallest ds DNA virus known to infect humans. It is the
archetype of the hepadnavirus family and similar viruses
infecting different hosts such as ducks (DHBV), ground
squirrels (GSHV), and woodchucks (WHV). HBV genome encodes four proteins which include the envelope
protein (S/Pre-S), the core protein (C/pre-C), the polymerase (P), and the X protein (HBx). On the basis of
variation within the nucleotide sequence it is classified
into eight genotypes named A-H[4]. Among them, B and
C are mostly located in East Asia including China[5]. The
HBx transcript is translated into a multifunctional protein
which can regulate the activities of host cellular genes[6].
HBx triggers viral and cellular promoter indirectly by
interaction with nuclear transcription factors[7-9]. Additionally, HBx is found to be involved in the activation of
numerous signal transduction cascades that are linked to
cell proliferation and survival[10]. HBx mutants, especially
those with mutations in the COOH-terminal have been
implicated in HCC[11]. Therefore, strategies involving
targeting of HBx could help to achieve a significant level
of therapeutic effect by inhibition of its functions which
interferes with the cellular machinery and disrupts homeostasis.

HBX
HBx is a 154-amino acid regulatory protein with a molecular mass of approximately 17 kDa. As amino acid
sequence of this gene is not homologous to any known
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protein, it was assigned the name “HBx”[12]. It is one of
the most conserved proteins among different HBV subtypes and is found in almost all viruses of Hepadnaviridae.
It is mostly localized within the cytoplasm and upto some
extent in the nucleus of hepatic cells. HBx protein also
play an important regulatory role in viral replication and
subsequent infection[13]. HBx protein consists of two
functional domains[14]. The amino-terminal domain is
mapped to the first 50 amino acids including the dimerization region which is required for dimerization activity.
The C-terminal transactivation domain is located between
amino acid 53 and 142 which interacts with Xenopus anti-photoreceptor-1 (XAP-1)/UV-damaged DNA binding
protein (UVDDB) and p53[15,16]. HBx is multi-functional
protein that can transactivate viral and cellular promoters
and enhancers through protein-protein interactions with
several well defined targets (Figure 1). Instead of binding
directly with DNA, HBX activates transcription by getting involved with several nuclear transcription factors like
RNA polymerase binding protein (RBP5), transcriptional
factor IIB (TFIIB), transcriptional factor IIH (TFIIH), a
subunit of RNA polymerase, cAMP response elementbinding protein (CREB), CREB1-binding protein (CBP)/
p300, activating transcription factor 2 (ATF-2), activating
protein (AP)-2, AP-1, and nuclear factor kappa B (NF[17,18]
. Moreover, HBx can modulate cytoplasmic signal
κB)
transduction pathways including Ras-Raf-mitogen activated protein kinase (Ras-Raf-MAPK), Janus kinase/STAT
(JNK/STAT), focal adhesion kinase (FAK), proline-rich
tyrosine kinase 2 (Pyk2), protein kinase C (PKC) and Srcdependent phosphatiylinositol-3 kinase (PI3K/Akt)[17,18].
Activation through transactivation of cellular signaling
molecules can lead to hepatic cells proliferation. In addition, it has the tendency to directly inactivate or indirectly
down-regulate various tumor suppressors, such as p53, or
senescence-related factors[17,18].

ROLE OF HBX PROTEIN-INDUCED
HEPATOCARCINOGENESIS
HBx interferes with nucleotide excision repair
One of the key factors playing a role in the commencement and development of HCC is DNA damage and
accumulation of errors[19]. Previously, we and others have
shown that HBx protein inhibits DNA repair pathway.
Acidic amino acids residues 120 and 121 of HBx were
found to be critical for interaction with TFIIH and
modulation of DNA repair process. It has been shown
by in vitro and in vivo studies that HBx expression did not
affect cell growth and tumor formation unless coupled
with other factors such as exposure to hepatocarcinogen (diethynitrosamine) or UV irradiation[20]. HBx is
not directly implicated in cancer progression but plays a
major role as a promoting factor in HCC development.
HBx protein is also known to interfere with nucleotide excision repair (NER) pathway through both p53dependent and independent mechanisms. Studies have
demonstrated that HBx protein inhibits cell cycle control
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Figure 1 Schematic depicting the potential contributions of hepatitis B virus -encoded protein in different cellular processes. It influences the apoptosis,
transcription, DNA repair and epigenetic changes as well as affecting transactivation mechanism. MAPK: Mitogen activated protein kinase; TGF: Transforming growth
factor; IL: Interleukin; PKC: Protein kinase C; ATF: Activating transcription factor; NF-κB: Nuclear factor kappa B; ASPP: Apoptosis-stimulating protein of p53; ERK:
Extracellular signal-regulated kinases; JNK: Janus kinase; HIF: Hypoxia-inducible factor.

checkpoints and facilitate accumulation of host mutations by interfering with NER[21-23]. HBx exerts these
effects by binding to several proteins involved in DNA
repair pathways and inhibiting their repair capacity. HBx
de-regulated factors include human homologue of UVDDB, XPB and XPD components of TFIIH. These are
essential components for NER in both p53-proficient
andp53-deficient hepatocytes[24,25]. HBx has been shown
to repress XPB and XPD indirectly and inhibit the DNA
binding properties of the transcription factor Sp1[22,26,27].
It has been earlier noted that HBx inactivates p53 and
also impair DNA repair. The COOH-terminus of p53
serves as a scaffold for HBx binding which ultimately
results in the localization of p53 from nucleolus to cytoplasm. This leads to uncontrolled cell cycle progression
and DNA repair. HBx also represses transcriptional activity of p53 by disrupting cross talk among several cellular factors[28]. Furthermore, it also disrupts interaction
of p53 with TFIIH resulting in compromised TFIIH induced helicase activity during assembly of the DNA repair complex[29,30]. HBx binding to the carboxy (COOH)
terminal domain of p53 is known block its association
with XPB and XPD.
Effects of HBx proteins on anti- and pro-apoptotic
pathways
HBx contributes to the progression of HCC by affecting apoptosis in different ways. HBx has been shown to
either inhibit or have no effect on apoptosis[31-33]. Such
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contradictory manifestations are likely due to the differential pattern of HBx expression and depend upon the
cell types involved. It has been suggested that increased
quantity of HBx promote apoptosis, whereas low levels
inhibits this phenomenon[34]. One of the examples of its
anti-apoptotic feature involves complex formation and
sequestration of p53 in the cytoplasm and blocking its
entrance into the nucleus[35-38]. As a result, p53 fails to
up-regulate its various downstream effector molecules
like Bax, p21, or Fas, which are required in the apoptotic
pathway thus leading to increased cell survival[35]. HBx
also prevents p53-induced apoptosis through HBx-P3KAkt-Bad pathway, by inhibiting caspase 3 function, associated with H-ras oncogene by induction of phosphatidyl
inositol-3 kinase and AKt pathway[39]. Increase in the
concentration of anti-apoptotic protein survivin is another example in this category which acts by p38/MAPK
pathway[40]. HBx upregulation of survivin expression
was found to be HURP-dependent. Another molecule
which is highly expressed in hepatocellular carcinoma
and mediates actions of HBx opposite to that of p53
is cyclooxygenase-2 (COX-2)[41]. Activation of COX-2/
PGE2 pathway leads to elimination of p53-induced
apoptosis imposed by HBX expression. In contrast, it
is demonstrated by cell culture studied in HeLa, Hep3B,
and HepG2 cells that HBx induces apoptosis directly by
inducing cytoplasmic cytochrome c, caspase-3-like activity and nuclear fragmentation. HBx induced apoptosis
is evident in HBx transgenic livers, primary hepatocytes
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and in mice having p53 null mutation. Down-regulation
of C-myc expression by HBx increased the response of
PLC/PRF/5 cells to TNF- α induced apoptosis [42,43].
TRAIL-induced apoptosis mediated by HBx has also
been shown in the hepatocytes[44]. A recent report shows
that only the complete HBx protein, and not the one
with the truncated C-terminus, induces apoptosis, which
further indicate that the COOH-terminal region is necessary for its pro-apoptotic functions[45].
Epigenetic modification
The importance of epigenetic modification in hepatocellular carcinoma was revealed when researchers found
out that the methylation of at least one tumor suppressor gene was present in majority of tumors studied.
However, its prevalence in HBx induced HCCs is not
clear[46]. Additional studies have shown that HBx can induce epigenetic changes and inactivate tumor suppressor
genes and/or activate oncogenes thereby promoting the
development of HCC[47]. Moreover, these hyper methylated genes show direct role in cell growth, cell cycle
regulation, dedifferentiation, apoptosis and xenobiotic
metabolism[48], altogether which contributes to HBVrelated HCC progression. HBx may modify transcription
of DNA methyltransferase (DNMT)1 and DNMT3
and may act as potentially critical epigenetic deregulating agent. These epigenetic changes induced by HBx in
several tumor suppressor genes have been highlighted.
For example, HBx represses the E-cadherin (a tumor
suppressor gene) by inducing DNMT1 transcription[49,50]
and also influences Wnt signaling pathway. Such repressive effect is brought about by Lysine-30 located in the
transactivating domain of HBx. HBx induces hypermethylation of p16 which show positive correlation
with HCC[51,52]. Activation of DNMT1 transcription by
HBx results in hypermethylation of p16 and ultimately
its repression[53]. This activation is mediated by pRbE2f pathway. Genomic hypomethylation and regional
hypermethylation of the tumor promoter gene IGFBP-3
are known contributors of HCC. Promoter region of
IGFBP is hypermethylated by DNMT1, DNMT3A1
and DNMT3A2[53]. Activation of Ras signaling pathway
is responsible for Induction of DNMT1[54]. Tumor suppressor p53 also display a key role in regulation of the
DNMTs expression. It regulates apoptosis by interacting
with apoptosis-stimulating protein of p53 (ASPP)1 and
ASPP2 family of proteins[55,56]. ASPP2 has a much important role than ASPP1 in HBx protein induced HCC.
Promoter hypermethylation of glutathione S-transferase
P1, which helps in mounting a protective state against
injury from oxidant carcinogens, is shown to be mediated by HBx. In summary the data is consistent with
the hypothesis that epigenetic events induced by HBx
play an important role in the pathogenesis of HCC,
and also that of several other tumors. It is assumed that
epigenetic down-regulation of retinoic acid receptorbeta 2 (RAR-β2) by HBx protein is an important step in
HCC progression[57,58]. HBx decreases the expression of
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retinoic acid receptor-beta two (RAR-β2) in human HCC
cells by hypermethylating its promoter through DNA
methyltransferase 1 and 3a. HBx abolishes the crucial
potent effect of retinoic acid to down-regulate G 1checkpoint regulators such as p16, p21, and p27. This
ultimately leads to activation of E2F1 and the generation
of HCC tumor[59].
Telomerase activity
Induction of Telomerase plays an important role in transformation of cancer cells as studies have shown that majority of hepatocellular carcinomas display a high level of
telomerase activity[60]. Several studies were carried out to
establish the role of HBx in telomerase but such effects
has been controversial. HBx can increase the telomerase
activity in cells transfected by virus, protein-positive HCC
tissues or cultured HCC cells by increasing expression of
TERT[61]. These studies demonstrate that HBx induced
C-myc have a role in the process of telomerase activation
and prolonging the life-span of normal cells. On the
other hand Su et al[62] and his coworkers have shown that
HBx inhibit telomerase activity and suggested that the
controversial results could be attributed to various isoforms of HBx. They found that the transcriptional suppression of human telomerase achieved by HBx isoform
is by increased binding of MAZ to its promoter[63,64].
However, more data is required to authenticate the function of telomerase in HBx induced HCC.
Trans-activating mechanisms of HBx
It is widely acknowledged that HBx protein acts as a potent transactivator and can affect various viral and cellular
promoters and enhancers[65]. It regulates transcriptional
activity basically via direct protein-protein interaction.
The transactivation functions of HBx is exercised in
cytoplasm by signaling pathways, and in the nucleus by
DNA-binding proteins[66]. A wide variety of cellular and
viral genes, class Ⅱ and Ⅲ promoters/enhancers, and
proto-oncogenes such as c-jun, c-fos, and c-myc are upregulated by HBx. Besides, it activates number of transcriptional factors and genes like NFκ B, AP-1, ATF/cAMP
and CREB in the nucleus[67,68]. The repertoire of genes
and proteins which are linked with proliferation of cells
also include interleukin-8 (IL-8), tumor necrosis factor
(TNF), transforming growth factor (TGF)-β1, and early
growth response factor (EGRF)[69]. In cytoplasm HBx activates signal transduction cascades involving RAS/RAF/
MAPK, JAK/STAT, and Src kinases[27,70]. Induction of
RAS/RAF/MAPK by HBx leads to activation of AP-1
and NFκB transcription factors which causes the de-regulation of various checkpoints which control the cell cycle[71,72]. HBx may also affect angiogenic pathways which
play an important role in HCC development. HBx can induce up-regulation of vascular endothelial growth factor
(VEGF) besides upregulating metalloproteinases (MMPs,
MMP2, MMP9 and MMP14) which can be instrumental
in promoting invasion and metastasis[73]. Apart from this,
there are several other ways by which HBx induces HCC
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like stimulation of a number of signaling pathways associated with enhancing motility and overall survival chance
of tumor cells, up-regulation of inflammatory mediators
and an increased possibility for men to develop liver cancer by influencing androgen receptor pathway. There are
many reports which advocate that COOH-terminal of
HBx is critical for its transactivational activity and that it
regulates cell proliferation and viability[74]. Deletion of its
COOH-terminal has been documented in patients with
chronic HBV infection[36]. The carcinogenic potential of
C-terminus truncated HBx has also been implicated in
Wnt signaling pathways which may have influence upon
the development of HCC[68].

EFFECT OF HBX ON MICRO RNA
EXPRESSION ASSOCIATED WITH HCC
MicroRNAs are noncoding RNAs which are involved
in the regulation of gene expression. Additionally, they
play crucial roles in numerous pathobiological processes
including tumor formation. Therefore, their possible
role in the causation of hepatocellular carcinoma is not
unexpected. However, the question as to how HBx actually regulates miRNA expression during HCC has no
easy answer. However, Wu et al[75] in 2014 have shown
that HBx down regulates microRNA-15b via fucosyl
transferase 2 induced Globo H (a cancer-associated
carbohydrate antigen) expression ultimately influencing
HCC proliferation. In a recently published article Zhang
et al[76] 2013 have found that miR-205 is down regulated
in 33 samples of HCC tissues in contrast to adjacent
healthy areas of the liver. They suggested that miR-205
could be a potential tumor-suppressive gene in case of
HCC. According to them, HBx inhibit tumor suppressor miR-205 and increases hepato carcinogenesis by
hypermethylation of miR-205 promoter. Wei et al[77] have
demonstrated HBx induces epigenetic repression of
miR-132 by methylation of DNA and suggested that it
could be a promising biochemical marker for HCC. They
have also shown that miR-101 is down regulated by HBx
which was in turn induced by HBX targeting the methyl
transferase 3A (DNMT3A) gene. In a mouse model of
liver cancer, it was observed that miR-148a is repressed
by HBx and this leads to cancer growth and eventual
metastasis. Expression of miR-148a in hepatoma cells
reduces hematopoietic pre-B cell leukemia transcription
factor-interacting protein. This caused the suppression
of AKT and extracellular signal-regulated kinases (ERK)
induced mammalian target of rapamycin inhibition involving AKT/ERK/Fork head box protein O4/ATF5
pathways[78]. Recently Qiu et al[79] have highlighted that
HBx downregulates PDCD4 by upregulation of miR-21.
HBx suppresses EGFR by miR-7 which confirms the
role of HBX-miR-7-EGFR as a critical signaling pathway
in controlling cell growth in HCC[80]. HBx perturbs the
in vitro expression of miRNA in cancerous hepatocytes
of the host liver, especially by down regulating the mi-16
family. Its suppression was c-Myc mediated and is a nec-
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essary requirement for the HBx-induced transformation
of HepG2 cells in vitro[81]. Another microRNA, miR-152
is frequently down-regulated during HBx expression
and it is also known to regulate DNMT1 in HBV-related
HCC. Additionally, tumor-suppressive role of miR-152 in
the epigenetic irregularity of HBV-related HCC has been
observed[82]. Wild-type HBx and the high proliferationinducing mutant HBx can influence the expression profile of miR-338-3p and miR-551b by its down regulation
in L02 cells. Here, the cell growth inhibition occurs by
direct modulation of cyclinD1, cyclinG1, and E2F[83,84].
In another study showing linkage of mi RNA with HBx,
it was found that HBx could inhibit apoptosis of HepG2
cells through down-regulation of miR-192 which induces
apoptosis of HepG2 cells[85].

MUTATIONS OF HBX
In the HCC tissue samples, negative with hepatitis B
surface antigen, there seem to be a preferential accumulation of X transcripts suggesting the possible role of
HBX in neoplastic transformation[86]. Several mutants
of HBx have been isolated from hepatic tissues and sera
taken from sufferers of HCC[87,88]. The incidence of HBx
mutations in such circumstances have been found to be
reasonably high which underscores the point that the
HBx mutants after all may be highly significant in the
pathogenesis of hepatocellular carcinoma[89,90] (Table 1).
Deletions of 3’ is one of the most frequently reported
mutations of HBx, and such mutations are more frequently observed in hepatocarcinoma cells rather than
untransformed liver cells which highlights the potential
role of these mutations in tumor development. Poussin et al[91] have analyzed the HBx expression correlation
in tumorous vs non-tumorous tissues of human origin.
They observed that HBV X gene was truncated at its 3’
end in five out of nine tumors from the liver and only
one out of eight liver tissues with no tumors. A high rate
of mutation was revealed in X genes from three tumors
upon Sequence analysis. This was in contrast to the lower
rate of mutation observed in the X genes of adjoining
non tumorous tissues. In an investigation carried out
by Tu et al[45], sera and tissues were taken from tumor as
well as healthy liver regions of patients with HBV related
HCC. They conducted a detailed analysis of the structure
and functioning of HBx sequences. With the exception
of one, six out of seven tumor samples showed that the
HBx sequences in these tissues and especially those harvested from HBV integrant have a deletion at COOHterminal part. Many of these shortened sequences were
divested of their transcriptional capacity. Additionally,
their function of acting as a brake to cell division and
transformation seemed to be compromised. In fact
COOH shortened HBX improved the transforming character of ras and myc oncogenes[45]. Centromere protein A
(CENP-A) is known to be frequently over-expressed in
HCC. A positive correlation between HBx COOH terminus mutation and expression of CENP-A has been docu-
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Table 1 Hepatitis B virus -encoded X protein mutants and their role in liver injury and hepatocellular carcinoma
No.

Putative mutation

1
2
3

Insert mutation at position 204
Mutations at aa 127, 130, and 131
Distal COOH-terminal region deletion

4

HBx-A31 mutation

5
6

Truncation mutation at 3′ end of HBx
Point mutations at X gene codons 130 (AAG - ATG)
and 131 (GTC - ATC)
Deletion from 382 to 401 base pairs (HBxDelta127)

7
8
9
10
11
12

13
14
15
16
17

Function/significance of the mutation
Associated with the nuclear localization of HBx protein
HBx deletions may be implicated in HCC
COOH-terminal truncated HBx plays critical role in the HCC carcinogenesis
via the activation of cell proliferation
Development of this mutant represent a strategy of escape immune
surveillance and thus may contribute to the process of multiple-step HCC
Potential role in HBV related HCC
Modification in the transactivation function of HBx

HBxÄ127 promotes hepatoma cell growth through activating SREBP-1c
involving 5-LOX
HBx M130K and V131I (T-A) mutations in HBV
Associated with severe liver damage and HCC, can acts as prognostic marker
genotype F
for HCC
aa 52 to 65 and 88 to 154
Regions are important for augmentation function of HBX in HBV replication
Five types of “hot-spot” mutations of genotype B or C Affects antiproliferation and transactivation of genotype B or C of HBx
A1762T/G1764A
Associated with development of HCC in Thai patients
and G1899A mutations
Promotes cell proliferation
Natural HBx mutant truncated 27 amino acids at the
COOH terminal
TP53 R249S mutation, genetic variations in HBx
Associated with diagnosis of HCC or liver cirrhosis
A truncated mutant (residues 58-140) of the HBx
Participate in transactivation function
Nucleotide change of codon 38 in the X gene of
Codon-38 change in genotype C is an independent risk factor for HCC
hepatitis B virus genotype C
development
Ser-101, Met-130
Have differential effect on the expression of cyclin dependent kinase inhibitor
Mutation
HBx 120 and 121
Inhibits DNA repair

Ref.
[88]
[89]
[45,93]
[101]
[91]
[102,103]
[96,104]
[49]
[105]
[106]
[107]
[108]

[109]
[94]
[110]
[111]
[112]

aa: Amino acid; A31: Alanine 31; M-130: Methionine 130; I: Isoleucine; V: Valine; Ser: Serine(S); Met: Methionine; R: Arginine; LOX-5: Arachidonate
5-lipoxygenase; SREBP: Sterol Regulatory Element-Binding Protein; HBV: Hepatitis B virus; HBx: HBV-encoded X protein; HCC: Hepatocellular carcinoma.

mented in HCC tissues[92]. Carboxy-terminal truncated
HBx were frequently detected in HCC tissues by Ma et
al[93]. They found that the truncated HBx is able to effectively transform immortalized liver cell line. Differential
expression of key genes implicated in the control of cell
cycle and apoptosis have been observed by them. Based
on these studies, it can be concluded that the length of
COOH terminus truncation is important for HBx’s transcription activity. The truncated HBx exhibiting deletion
within 14 amino acids had no effect on its transactivation
property[94]. Thus it could be concluded that the last 14
amino acids at the carboxy terminus of HBx does not
contribute towards transactivation activity[94]. HBx is divided into six regions of which A, C, and E regions show
a more conserved state. To decipher the regions of HBx
which have a significant role in transactivation, Kumar
et al[94] effected a range of 10 deletion mutants and four
single point mutants which related to corresponding conserved cysteine residues. The mutant gene expression was
also examined by the use of HBx specific monoclonal
antibody. It was found by them that deletion of region
A which happens to be extremely conserved did not in
anyways affect transactivation. Also the non-substitution
of the N terminal cysteine produced no difference to
transactivation. Removal of the regions C and D however led to an important loss of function. Kumar et al[94]
inferred and stated that residues 132-140 of region E and
C137 seemed to be crucial for transactivation. They also
showed that a fusion cassette containing residues 58-140
proved to be an efficient transactivator, suggesting an im-
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portant role of these residues in transcriptional activity[94].
C-terminal deletional mutant of HBx (deleted at nucleotides 382-400) was shown to down-regulate a miRNA
(miR338-3p) in HBx infected cells which prolonged cell
proliferation and increased the risk of HCC development[83,84]. Wnt-5a is correlated with the HCC development. HBx mutants deprived of thirty amino acids from
their C-terminus induced the expression of Wnt-5a gene
by more than 10 folds in Huh7 cells. However, the expression of Wnt-5a was suppressed when the same cells
were transfected with HBx mutant deleted with forty
amino acids from the same C-terminus. Such changes in
Wnt-5a expression levels were also observed in patients
with HCC when compared with appropriate non-tumorous counterparts. This suggests that HBx mutants might
play a role in the development and progression of HCC
through the Wnt-5a pathway as HBx showed negative
correlation with Wnt-5a[95]. Sirma et al[74] studied the influence of HBx and its natural mutants on cellular growth,
proliferation and survival. They explained that the loss of
antiproliferative and apoptotic role of HBx by the natural
mutants may propel the hepatocytes to go into uncontrollable cell division and probably help in malignant
transformation which could ultimately lead to HCC.
Some point mutations have also been implicated in
affecting the functions of HBx and HCC development.
HBx with point mutations K130M/V131I has been
shown to induce hypoxia-inducible factor 1α which has
a role in the development of solid tumors under hypoxic
environment conditions in HCC. A novel HBx associated
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mutation at amino acids L30F/S144A was recorded in 13
out of 44 HCC tissue samples[96]. Chen et al[88] highlighted
more than 50 varying type of mutations involving the
HBx gene. They found that HBx mutation in tissue and
serum (12 and 9 sites respectively) showed significant
association with HCC. This point to a possible role in
HCC development. Insertion mutation at position 204:
Insert 204AGGCCC was found to be coexisting with
point mutation at 260 (G-->A) and 264 (G/C/T-->A).
This opened a significant window in the understanding
of HBX mutation in that, it also pointed that the nuclear
localization of HBx protein in tumorous hepatocytes was
closely associated with the afore mentioned characteristic
alignment of HBx. The above mutation seems to have
connection with the nuclear localization of HBx protein,
suggesting a link with HCC development. With the help
of innovative laser capture micro dissection technology,
Iavarone et al[89] consistently identified mutations at aa
127, 130 and 131, though they are not able to find any
clear point mutation profile between tumor and healthy
tissue samples. On the other hand, deletion in HBx gene
which was detected in several sufferers was more commonly associated with tumor derived sequences (6/18).
This is in contrast to healthy tissue derived sequences in
which the no is less (1 out of 20). The researchers concluded that there is a consistent presence of characteristic
HBx encoding sequences in clonally proliferating cells.
This strengthens the hypothesis that HBx deletions may
be critically involved in the development of liver cancer.
Another study which identified mutations linked with the
progression of HCC is mutation of nucleotides T1653,
T1689, and/or T1762/A1764. Double mutant T1762/
A1764 along with the adjacent T1766/A1768 mutation
was found to significantly elevate the risk of HCC in
HBV-infected patients[90]. Recently, a natural mutant of
HBx (HBxDelta127) was discovered with shortening of
27 amino acids at the COOH-terminal (deletion of 382
to 401 bp). This can potentially induce growth and proliferation of hepatoma cells. HBx Delta127 significantly
enhanced the transcription of FAS in human hepatoma
HepG2 and H7402 cells by activating SREBP-1c which
in turn activates 5-LOX[97]. In an important discovery it
was revealed that cancer associated HBx variants clearly
blunted transactivation and proapoptotic functions.
Although their ability to block p53-mediated apoptosis
remained unaltered, suggesting that mutations in HBx
may contribute to the development of HCC. This result
is consistent with the hypothesis that certain mutations in
HBx and p53 (at codon 249) may cooperate in contributing to liver carcinogenesis[98]. Diet incorporated fungal
aflatoxin B1 has been instrumental in the causation of
HCC in Africa and China region, yet how HBx mutants
interplay with toxins is still not known. Exposure to aflatoxin B1 can result in induction of mutation in the p53
gene, a G to T transversion in codon 249 (p53ser249
mutation) inactivates the tumor suppressor gene. This
mutation is found in majority of HCC patients in regions
having high aflatoxin β1 exposure[99]. It was shown by
Belloni et al[100] that HBV mutants that lack the ability to
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express HBx are replication deficient. Such replication
incompetence is restored by exogenously expressing HBx
transcomplements. Several evidences suggest that mutations in HBx contribute heavily towards the development
of HCC. However, in what profound and exact manner
these structural and point mutation affects functions and
behavior of HBX need to be further explored.

CONCLUSION
HBx modulates a variety of cellular activities such as
transcription, cell cycle progression, DNA damage repair, cell proliferation, and apoptosis. The localization of
HBx is consistent with its dual specificity role. HBx predominantly localizes in the cytoplasm and to some extent
within the nucleus and mitochondria. This dynamic cellular distribution and compartmentalization could attribute
to HBx multiple functions at different stages of viral infection and HCC progression. Although extensive study
has been done to elucidate the implications of HBx in
hepatocellular carcinoma, its precise role in carcinogenic
manifestations is yet to be deciphered completely and is
appropriate to be the main focus of the future studies.
The difficulty in addressing its role arises due to the lack
of convenient and clinically relevant models to study viral
replication. However, shedding some light on its indirect
effects, it can be concluded that HBx helps in the progression of HCC since it can modulate cellular microenvironment by acting on transcription factors, cell cycle
regulators, apoptosis and DNA repair mechanisms. This
conclusion can be further supported by the fact that the
duck HBV, that lacks an X open reading frame, does not
induce cancer in ducks. Thus, HBx represents one of the
central players of oncogenesis in liver and could be an
attractive therapeutic target for HCC suppression. HBx
mutants especially those with mutation in the COOHterminal end have been implicated in HCC, therefore
therapeutic strategies targeting HBx could be effective at
multiple stages of HCC development.
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Abstract
Hepatocellular carcinoma (HCC) is one of the most frequent tumors worldwide and accounts for approximately one-third of all malignancies. In the past decade,
advances have been made to improve the prognosis of
HCC, including improvement in the clinical diagnosis of
early-stage HCC using molecular biomarkers and molecular-targeted therapy to treat advanced HCC. However, the diagnosis, pathogenesis and targeted therapy
of HCC are not completely independent, and should be
comprehensively studied. For example, a number of tumor markers provide useful clinical information not only
for prognosis, but also in pathogenesis and treatment
efficacy. Therefore, this review will focus on the role of
several specific biomarkers implicated in the pathogenesis of HCC and several promising molecular-targeted
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drugs that target the biomarkers of HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Biomarkers; Pathogenesis; Hepatocellular
carcinoma; Targeted therapy; MicroRNAs
Core tip: Advances made in the prognosis of hepatocellular carcinoma (HCC) in recent years include improvements in clinical diagnosis using biomarkers and the
potential of molecular-targeted therapy. The diagnosis,
pathogenesis and targeted therapy of HCC should be
comprehensively studied. Several biomarkers, including
both traditional biomarkers and novel biomarkers, such
as microRNAs, are also essential in the pathogenesis
of HCC, and represent important new targets for HCC
therapy. Ongoing studies and clinical trials suggest that
molecular-targeted drugs that target biomarkers and
their pathways will be used to treat HCC.
Han LL, Lv Y, Guo H, Ruan ZP, Nan KJ. Implications of biomarkers in human hepatocellular carcinoma pathogenesis and
therapy. World J Gastroenterol 2014; 20(30): 10249-10261
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i30/10249.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i30.10249

INTRODUCTION
Hepatocellular carcinoma (HCC) is the second leading
cause of cancer-related death in men, the sixth leading
cause of cancer-related death in women and is the most
frequently diagnosed cancer worldwide[1]. In addition,
HCC is one of the deadliest primary cancers, with a 5-year
survival rate of 10% or less[2].
Chronic infections with either hepatitis B virus (HBV)
or hepatitis C virus (HCV) greatly increase the relative
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risk of HCC. These chronic viral infections are present
in more than 70% of HCC cases, and iatrogenic interventions for these viruses significantly reduce the risk
of developing HCC[3]. In addition to HBV and HCV
infection, other major pathogenetic factors include alcoholic cirrhosis, non-alcoholic steatohepatitis, metabolic
syndrome and fatty liver. These diseases are all associated
with impaired liver function in HCC patients, making
treatment of HCC very difficult. Furthermore, the early
stages of HCC are generally silent, with rapid growth of
the tumor[4].
Despite the possibility of early detection using such
methods as serum biomarkers, alpha-fetoprotein (AFP)
and ultrasound examination, surgical resection or liver
transplantation are not performed in the majority of
HCC cases, because surgery can only be carried out at
the early and confined stages of HCC. Chemotherapy
has a response rate of less than 20%, thus is not a good
treatment option. Limited treatment options and late diagnosis may explain the low survival rate of patients with
HCC[5]. Only early diagnosis of HCC can improve the
survival rate; therefore, studies on specific biomarkers,
particularly novel biomarkers, such as microRNAs, over
the last two decades are of profound importance. Both
traditional tumor markers including AFP, glypican-3 and
transforming growth factor (TGF)-β and novel biomarkers including microRNAs provide useful clinical data, not
only on prognosis, but also on pathogenesis and treatment efficacy. Furthermore, specific biomarkers may be
potential therapeutic targets.
This review will focus on the role of several specific
biomarkers in the pathogenesis and treatment of HCC.

TRADITIONAL MOLECULAR
BIOMARKERS AND THEIR IMPORTANCE
IN PATHOGENESIS AND THERAPY
Traditional molecular markers used for HCC diagnosis
can be classified into three major types: (1) serological
markers; (2) cancer stem cell markers; and (3) tumor tissue markers. Of these, serological markers are most commonly used in the clinic, and are closely related to the
pathogenesis and targeted therapies of HCC. Therefore,
we will discuss several traditional serological molecular
biomarkers involved in the pathogenesis and targeted
therapies of HCC.
AFP
AFP is abundantly expressed in fetal liver cells, but not in
normal adult liver cells, and is the most commonly used
HCC serum biomarker. However, its sensitivity and predictive accuracy often depend on the AFP cut-off value,
and the results are less than satisfactory. Sensitivity of
HCC diagnosis is 60%-80% with a 20 ng/mL AFP cutoff value; however, the sensitivity decreases to 20%-40%
for the detection of small tumors[6]. High serum AFP
levels can also be found in several hepatitis infections and
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chronic liver conditions. Therefore, AFP is not considered an ideal diagnostic biomarker for HCC[5].
Further research has shown that the role of AFP in
HCC targeted therapies is a concern. AFP computational
secreted network construction and analysis of HCC is
very useful to identify novel markers and potential targets
for prognosis and therapy[7,8]. The specific expression
level of AFP led to the AFP promoter being used as an
HCC targeting promoter to drive the adenovirus E1A
gene[9] or suicide genes, such as herpes simplex virus thymidine kinase.
Recent studies showed that AD55-Apoptin, in which
the E1A gene was driven by the AFP promoter along
with a 55 kDa deletion in the E1B gene to form AD55Apoptin, may be a potential anti-hepatoma agent and has
shown marked antitumor efficacy and safety in a cancer
targeting gene-viro-therapy system[10]. Therefore, AFP
may contribute to the therapy of HCC.
Glypican-3
Glypican-3 (GP3) is a member of the heat-shock protein
family and plays a pivotal role in cell growth, differentiation and migration[11]. GP3 is expressed by most HCCs.
Initially, only GP3 mRNA was reported to be significantly elevated in HCC compared with normal liver and was
used as a biomarker[12]. A study by Capurro et al[12] in 2003
confirmed these results at the protein level. The authors
found that 72% of HCC patients expressed GP3 in serum using immunoblotting and ELISA. Several independent studies confirmed these results[13-15]. The serological
sensitivity and specificity of GP3 as a HCC biomarker
were 77% and 96%, respectively, as reported by the International Consensus Group. Consequently, GP3 is used in
the clinic to confirm a diagnosis of HCC.
In addition to being a biomarker of HCC, GP3 plays
a pivotal role in the pathogenesis and progression of
the disease[11]. GP3 promotes the growth of HCC by
regulating the signaling activity of several growth factors,
including the Wnt/β-catenin pathway, which is crucial for
the progression of HCC[16,17]. This is based on the ability
of GP3 to increase the binding of Wnt to its signaling receptor[18,19]. Several reports have confirmed GP3-induced
activation of canonical Wnt signaling in HCC cells[19].
Furthermore, GP3 can stimulate fibroblast growth factor
(FGF), which is activated in a significant proportion of
HCC[20].
A humanized anti-GP3 monoclonal antibody has
been produced and was safely administered intravenously
up to 20 mg/kg per week in a phase Ⅰ clinical trial of
patients with advanced HCC[21]. In addition, investigators
have attempted to inhibit HCC growth by blocking GP3
function using targeted GP3 in immunotherapeutic approaches[22,23]. Consequently, GP3 not only has a significant role in the diagnosis of HCC, but also an established
role in the future therapy of HCC.
Serum Fas/FasL
Fas is a type Ⅰ membrane protein and belongs to the
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tumor necrosis factor (TNF) receptor family, whereas
FasL is a member of the TNF family. The Fas/FasL
(Fas-ligand) system, which plays a major and unique role
in HCC growth and metastasis, is upregulated in various
chronic liver diseases and accelerates their progression.
Serum Fas (sFas) expression is upregulated in chronic
hepatitis B, chronic hepatitis C[24] and acute liver failure[25].
Furthermore, sFas is significantly higher in HCC patients
compared with patients suffering from chronic hepatitis
C or liver cirrhosis. In addition, the level of sFas and
FasL increase from chronic hepatitis to cirrhosis[26]. The
linear relationship between expression of Fas in liver tissue and its serum levels suggests that these parameters
could be considered predictive markers of tumorigenesis
in HCC[27].
Several independent studies have shown that overexpression of FasL is associated with many tumors, including the advanced stages of HCC[28]. SFas is believed to
act as a decoy receptor that prevents Fas/FasL binding
and inhibits Fas-mediated apoptosis[29]. The sFas protein
inhibits the activity of cytotoxic T lymphocytes in a dosedependent manner, and is capable of inhibiting hepatic
apoptosis by binding to FasL or anti-Fas antibodies, and
triggering a cascade of intracellular signaling events that
end in cell death by apoptosis. Fas/FasL signaling contributes to phenylalanine-induced apoptosis of HCC cells[30].
Apoptosis and the Fas system are significantly involved in the conversion of liver cirrhosis to HCC.
Downregulation of Fas expression and upregulation of
FasL expression in hepatocytes, and elevation of serum
sFas levels are important in tumor evasion from immune
surveillance and in hepatic carcinogenesis. Therefore,
attention has been focused on the use of these components of the Fas system as targets for anticancer therapy.
TGF-β
The TGF-β family plays a pivotal role in physiology during embryonic development, as well as in the control
of tissue homeostasis in adults, such as regeneration via
cytokines, which regulates the growth and differentiation
of both normal and transformed liver cells[31].
Although the presence of TGF may lead to some
false positive results because of its high expression in
liver cirrhosis[32], TGF is still a significant HCC biomarker, especially in patients with HCC caused by chronic
hepatitis B; high serum TGF levels generally indicate a
poor prognosis[33]. As a serological biomarker of HCC,
TGF has a sensitivity of 68% at a cut-off value of 800
pg/mL, which is much higher than AFP at the same cutoff value, especially in the diagnosis of early stage HCC.
The TGF-β family regulates growth inhibition and
induces apoptosis in hepatocytes[34]. Several independent
studies have shown that TGF-β acts as an important
tumor suppressor during the early stages of tumor development and as a proto-oncogene during the late phase
of carcinogenesis. TGF-β acts as a tumor suppressor by
inhibiting cell proliferation, and as a tumor promoter,
TGF-β induces an epithelial-mesenchymal transition
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(EMT), cell motility and invasion[35] by regulation of
vascular endothelial growth factor (VEGF), extracellular
regulated protein kinases (ERK) and hypoxia inducible
factor (HIF-1) and over-activation of cyclin and cyclindependent kinases[36].
Carmona-Cuenca et al[37] reported that TGF-β upregulates the Rac-independent NADPH oxidase, NOX4,
which is inhibited by PI3K or mitogen-activated protein
kinase (MAPK)/ERK anti-apoptotic signal pathways in
both rat and human hepatocytes. This correlates with its
proapoptotic activity, leading to mitochondrial-dependent
apoptosis[38]. Furthermore, TGF reduces migration and
invasion of HCC cells by upregulating E-cadherin[39].
In conclusion, any advance in the understanding of
the molecular mechanisms that allow HCC cells to escape
from TGF-β-induced apoptosis may have potential for
future targeted therapy of HCC.
VEGF/VEGF receptor
VEGF was initially identified in 1983 as a protein secreted by tumor cells[40]. The expression of VEGF and
its receptors, which include VEGF receptor (VEGFR)1,
VEGFR2, and VEGFR3, is elevated in HCC cell lines
and tissues, as well as in the blood circulation of patients
with HCC. The combination of a serum AFP value >
19.8 ng/mL and a serum VEGF value > 355.2 pg/mL
increased HCC screening sensitivity to 95.5% compared
with the individual sensitivities of 68.2% and 86.4%, respectively[41]. Moreover, VEGF plays an important role
in screening patients suitable for liver transplantation,
because of its close relationship with microscopic venous
invasion and intrahepatic metastasis. Higher VEGF expression in the serum of patients with small HCC (< 5
cm) predicts a poor prognosis after liver transplantation,
radiofrequency ablation or transcatheter arterial chemoembolization. Furthermore, other studies have suggested that the expressions of VEGF-C, VEGFR1, and
VEGFR3 in peritumoral liver tissue are associated with
a unique type of HCC that had a poorer outcome after
hepatectomy[42]. In addition, patients with remotely metastasized tumors showed much higher levels of serum
VEGF compared with HCC patients without metastasis.
Numerous studies have shown that angiogenesis is
pivotal in the pathogenesis of human HCC. Angiogenesis is mediated by the activation of different pathways in
the tumor and endothelium, and the most critical player
is VEGFR. As a permeability factor, VEGF promotes
extravasation of plasma fibrinogen, leading to the formation of fibrin scaffolding, which facilitates cell migration
during invasion. In addition, as an endothelial growth
factor, the receptors of VEGF, which induce cell proliferation in an autocrine fashion, activate intracellular
signals, such as the RAF/MEK/ERK pathway and the
PI3K/AKT/mTOR pathway.
HCC is a vascular tumor, in which increased levels
of VEGF and microvessel density have been observed.
There are many anti-angiogenic agents in clinical trials of
HCC, and most target VEGF and VEGFR[43]. There is no
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Table 1 Several important molecular-targeted therapies that inhibit the vascular endothelial growth factor/vascular endothelial
growth factor receptor signaling pathways involved in hepatocellular carcinoma
Names of drug
Sorafenib
Bevacizumab
Sunitinib
Brivanib
Linifanib
Ramucirumab

Targeted signaling pathways

Phase/number of
patients

Main side effects and prevalence

Efficiency (mo)
(PFS/OS)

Raf/MAPK/ERK, VEGFR-2, -3,
PDGFR
VEGF/VEGFR

Ⅱ/137

Diarrhea (8%), hand-foot skin reaction (5%)

5.5/9.2[49]

Ⅱ/46

6.9/12.4[52]

VEGFR1, VEGFR2, PDGFR, c-KIT,
FLT3, RET kinases
VEGFR, FGFR

Ⅱ/45

Hypertension (15%), thrombosis (6%), and major
bleeding (11%)
Fatigue (62%), diarrhea (47%), nausea (44%)

VEGFR and PDGFR
VEGFR-2

Ⅱ/44
Ⅱ/40

Ⅱ/55

Hypertension (33.8%), proteinuria (14.7%), hemorrhage (11.8%)
Hypertension (25.0%) and fatigue (13.6%)
Hypertension (14%), gastrointestinal hemorrhage
and infusion-related reactions
(7% each), and fatigue (5%)

1.5/9.3[54]
2.7/10[56]
3.7/9.7[58]
4.0/12[59]

VEGFR: Vascular endothelial growth factor receptor; ERK: Extracellular regulated protein kinases; MAPK: Mitogen-activated protein kinase; PDGFR:
Platelet-derived growth factor receptor; FGFR: Fibroblast growth factor receptor; PFS: Progression-free survival; OS: Overall survival.

doubt that anti-angiogenesis therapies have shown promise in the treatment of HCC[44]. Therefore, future studies
should identify and characterize these pathways, with
the goal of targeting anti-VEGF therapies. Sorafenib,
an oral multi-kinase inhibitor, targets VEGF-mediated
angiogenesis and is the first drug to prolong the survival
of patients with advanced HCC[45]. This has opened a
new era for anti-angiogenic therapies in HCC[46]. Several
important molecular-targeted therapies that inhibit the
VEGF/VEGFR signaling pathways involved in HCC are
summarized in Table 1.
Sorafenib inhibits Raf/MAPK/ERK signaling,
VEGFR-2, -3, and PDGFR, increases apoptosis, decreases angiogenesis and cell proliferation, and inhibits
overall tumor cell signaling[47]. Based on the results of the
recent large randomized phase Ⅲ studies, Sorafenib has
been approved by the United States Food and Drug Administration for the treatment of patients with advanced
HCC. In the sorafenib HCC assessment randomized
protocol (SHARP) trials, the median overall survival (OS)
increased from 7.9 mo in the placebo group to 10.7 mo
in the sorafenib group. Sorafenib also showed significant
benefit in terms of time to progression (TTP), with a
median of 5.5 mo in the sorafenib group and 2.8 mo in
the placebo group[48]. It is worth noting that the impact
of viral etiology in HCC on the survival of patients is still
controversial. Survival benefits of sorafenib are different
according to etiologies of HCC, with or without extrahepatic spreading and vascular invasion, as well as other risk
factors by subgroup analyses. An Italian study suggested
a worse survival for patients with HBV-related HCC, particularly in advanced-stage disease. A meta-analysis of 14
randomized clinical trials of systemic therapy indicated
that HBV-related HCC is an independent predictor of
better survival[49].
As the SHARP trial reported, the overall incidence of
treatment-related adverse events was 80% in the sorafenib
group and 52% in the placebo group. The rate of discontinuation of the study drug due to adverse events
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(38% vs 37%), grade 3-4 drug-related adverse events and
the overall incidence of serious adverse events from any
cause(52% vs 54%) were similar in the two study groups.
The most common serious adverse events of any cause
(aside from death) were liver dysfunction (7% and 5%,
respectively), diarrhea (5% and 2%) and ascites (5% and
4%).
Sorafenib is currently undergoing investigation in a
phase Ⅲ study (the STORM trial) as an adjuvant therapy
for the prevention of recurrence following surgery or
local ablation. Moreover, a phase Ⅱ trial is currently
recruiting patients to determine the progression-free
survival of patients with advanced or metastatic HCC
treated with sorafenib plus tegafur/uracil.
Bevacizumab
Bevacizumab is a recombinant humanized monoclonal
antibody that targets the VEGF signaling pathway and
blocks tumor vascularization[50]. A phase Ⅱ study of 46
patients with unresectable HCC, but no overt extrahepatic metastases or invasion of major blood vessels, treated
with bevacizumab, found that six patients (13%) had objective responses (95%CI: 3-23), 65% were progressionfree at 6 mo, median PFS was 6.9 mo (95%CI: 6.5-9.1),
and median OS was 12.4 mo (95%CI: 9.4-19.9). Grade 3-4
adverse events included hypertension (15%) and thrombosis (6%, including 4% with arterial thrombosis)[51].
Sunitinib
Sunitinib, a multi-kinase inhibitor, blocks a number of
angiogenesis-related signaling pathways, including VEGFR1, VEGFR2, PDGFR, c-KIT, FLT3, and RET kinases[52]. Sunitinib is a very promising multi-kinase inhibitor,
as a study by Koeberle and colleagues showed that in 45
patients treated with a daily dose of 37.5 mg sunitinib,
median PFS and OS were 1.5 and 9.3 mo, respectively[53].
In addition, a randomized phase Ⅲ study comparing
sunitinib with sorafenib in patients with advanced HCC
was conducted. In this large study of 1073 patients, al-
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Table 2 Clinical relevance of deregulated microRNAs in hepatocellular carcinoma
Molecular alteration
Down regulation

Up regulation

miRNAs
miR-139
miR-26
miR-124
miR-145
miR-199a-3p
miR-199b-5p
miR-122
miR-222
miR--135
miR-221
miR--155
miR--182
miR- 10b
miR-17-5p
miR-21

Clinical significance
Poor survival[70]
Shorter overall survival[82-87]
Gain of metastatic properties early recurrence[69]
Advanced tumor progression, poor prognosis[71]
Reduced time to recurrence[72]
Poor overall survival and Progression-free survival rates[72]
Poor prognosis[82-87]
Shorter disease-free survival[73]
Poor prognosis worse Edmondson-Steiner grade, vein invasion, shortened overall survival and disease-free survival[74]
Multinodularity, reduced time to recurrence, gain of metastatic properties high tumor capsular infiltration[79]
Poorer recurrence-free survival and overall survival[75]
Intrahepatic metastasis and poor prognosis[76]
Poor prognosis[77]
Poor prognosis[78]
Poor prognosis[79]

though sunitinib failed to demonstrate superiority in OS
compared with sorafenib[54], both PFS and TTP in sunitinib-treated patients were superior to those in sorafenibtreated patients. Unfortunately, the use of sunitinib was
discontinued because of adverse effects during phase Ⅱ
and phase Ⅲ clinical trials.
Brivanib
Brivanib is a dual inhibitor of VEGFR and fibroblast
growth factor receptor (FGFR). A phase Ⅱ study was
undertaken to assess the efficacy and safety of brivanib in
patients with advanced HCC, and the antitumor activity
of brivanib was preliminarily demonstrated. Median PFS
and OS were 2.7 mo (95%CI: 1.4-3.0) and 10 mo (95%CI:
6.8-15.2) in the first line-study[55]. Median OS and TTP as
assessed by investigators following second-line treatment
with brivanib were 9.79 and 2.7 mo, respectively[56].
Linifanib (ABT-869)
Linifanib (ABT-869) is a potent inhibitor of VEGFR
and PDGFR. Preliminary results from an open label,
multicenter phase Ⅱ study of linifanib in advanced HCC
have been reported[57]. The median TTP/PFS was 112
d and median OS was 295 d (95%CI: 182-333). A phase
Ⅲ study comparing linifanib with sorafenib in advanced
HCC is ongoing and the results are pending.
Ramucirumab (IMC-1121B)
Ramucirumab is a recombinant human monoclonal antibody against VEGFR-2. A phase Ⅱ study demonstrated
that the response rate (RR) was 10%, PFS was 4.0 mo,
and OS was 12.0 mo in patients who had not received
prior systemic therapy[58]. Furthermore, a phase Ⅲ study
of ramucirumab compared with placebo is ongoing in
patients with advanced HCC who have failed or could
not tolerate sorafenib.
Cediranib (AZD2171)
Cediranib has potent activity against pan-VEGFR inhibitor, PDGFR and c-Kit. In a phase Ⅱ study, the median
OS was 5.8 mo (95%CI: 3.4-7.3) and TTP was 2.8 mo
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(95%CI: 2.3-4.4) in patients with advanced HCC[59].
Other oral tyrosine-kinase inhibitors Pazopanib
(GW786034), TSU-68, Lenvatinib (E7080) and Lenalidomide block a number of angiogenesis-related signaling
pathways. Pazopanib targets VEGFR, PDGFR, and c-Kit,
TSU-68 targets EGFR-2, PDGFR, and FGFR-2, Lenalidomide inhibits VEGF and FGF, and Lenvatinib (E7080)
targets VEGFR1-3, FGFR1-4, RET, KIT, and PDGFRbeta. These agents showed promising results in phase Ⅱ
clinical trials of patients with advanced HCC[60-63].

NOVEL MOLECULAR BIOMARKERS AND
THEIR IMPORTANCE IN PATHOGENESIS
AND THERAPY
MicroRNAs
MicroRNAs (miRNAs), a class of noncoding RNAs of
15-25 nucleotides in length found in both plants and
animals, have emerged as key posttranscriptional regulators of gene expression by interacting with the 3’ UTRs
of protein-coding mRNAs[64]. Clinically, because of their
tumor-specific expression and stability both in tissues and
in the circulation, miRNAs have been proposed as novel
biomarkers in the diagnostic and prognostic stratification
of HCC. Numerous studies have reported the key role
of miRNAs in tumor cell proliferation, apoptosis, metastasis and drug resistance[65]. By targeting different genes
in tumor development, there is accumulating evidence
to indicate the role of miRNAs as tumor suppressors or
oncogenes in hepatic malignancies[66]. Furthermore, the
encouraging therapeutic potential of miRNAs has been
demonstrated in various studies in recent years.
miRNAs as biomarkers in HCC
The differential expression of miRNAs in HCC cells
indicates the potential value of miRNA detection in the
prediction of HCC diagnosis and prognosis. Table 2
summarizes studies on the clinical value of miRNA detection in HCC.
Downregulation of miR-99a [67], -124 [68], -139 [69],
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Table 3 MicroRNAs deregulated in hepatocellular carcinoma
miRNAs

Expression in HCC

Target

Involvement in cellular processes

miR-199

Down

Met, mTOR, PAK4, DDR1, caveolin-2

miR-449
miR-122
miR-34a
miR-200a
miRs-let-7a, -7b, -7c,
-7d, -7f-1
miR-125a, -125b

Down
Down
Down
Down
Down

c-Met
Bcl-w, ADAM-1, Wnt-1
c-Met; CCL22
HDAC4
Caspase-3, HMGA2, C-myc, Bcl-xl

Proliferation, autophagy, metastasis, invasion; autophagy, drug
resistance; cell growth[95]
Proliferation; apoptosis[97]
Apoptosis; metastasis; angiogenesis[100-102]
Metastasis[103]
Proliferation; metastasis[104]
Proliferation, apoptosis[112]

Down

miR-29
miR-224

Down
Up

MMP11, SIRT7, VEGF-A, LIN28B2, Bcl-2,
Mcl-1, Bcl-w
SPARC
RKIP; CDC42; CDH1; PAK2; BCL-2;
MAPK1; API-5
CDKN1A/p21; PTEN; AKT3; TIMP2
TSLC1,PTEN
PTEN
PTEN, RhoB, PDCD4
Bmf, DDIT4, Arnt, CDKN1B/p27,
CDKN1C/p57

miR-519d
miR-216a
miR-148a
miR-21
miR-221

Up
Up
Up
Up
Up

Angiogenesis, apoptosis, metastasis, proliferation[115,116]
Proliferation[114]
Metastasis; proliferation; apoptosis[113]
Proliferation; invasion; apoptosis[109]
Tumorigenesis[107]
Tumorigenesis[108]
Drug resistance, metastasis[105,106]
Angiogenesis, apoptosis, proliferation[98,99]

HCC: Hepatocellular carcinoma.

-145[70] and -199b[71] was significantly associated with
poor prognosis, shorter disease-free survival and features
of metastatic tumors including venous invasion, microsatellite formation, absence of tumor encapsulation
and reduced differentiation. Conversely, high levels of
miR-222[72], -135a[73], -155[74], -182[75], -10b[76], -17-5p[77],
-221 and -21[78], correlated with poor prognosis, such as
increased risk of tumor recurrence and shorter overall
survival.
In addition, for classification purposes, miR-200c,
miR-141 and miR-126, alone or in combination, could
be used to distinguish primary HCC compared to tumor
metastases to the liver with very high accuracy; moreover,
the ratio of miR-205 to miR-194 expression could be
used to distinguish between gastrointestinal tumors and
metastases outside the gastrointestinal system[79].
Extracellular miRNAs in the circulation are stable
because RNAse in the blood protects them from enzymatic cleavage, suggesting that the expression profile
of miRNAs in serum or plasma may also serve as novel
diagnostic markers[80]. To date, more than 20 circulating
miRNAs have been associated with HCC detection, of
these miRNAs, the levels of miR-122, -192, -21, -223,
-26a, -27a and -801a were significantly higher in patients
with HCC and could help detect early-stage HCC with
high diagnostic accuracy[81-86]. However, because increased
levels are also detected in chronic hepatitis, their usefulness as clinical tumor markers needs to be further validated. Several independent studies showed that the amount
of miR-500 in the serum of HCC patients increased and
then returned to normal after surgical treatment. Moreover, the relative amount of miR-92a in the plasma of
HCC patients was reduced compared with that in healthy
persons[87]. In addition, the expression profile of miR-25,
miR-375, and let-7f in serum could identify HCC cases[88]. These studies confirmed the potential use of miR-
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NAs as sensitive markers for the detection of underlying
HCC and for prognostic stratification of the disease.
Involvement of miRNAs in HCC pathogenesis
In addition to being biomarkers of HCC, miRNAs play
a pivotal role in the pathogenesis and progression of this
disease.
MiRNAs and HCC-associated virus infection: miRNAs regulate HBV and HCV infection, which significantly increase the relative risk of HCC, at the transcription level either by targeting crucial cellular transcription
factors required for HBV gene expression or by directly
binding to HBV transcripts [89]. For example miR-1,
miR-152 and miR-148a play protective roles in HBVinduced HCC[66]. Similarly, miR-196 inhibits HCV transcription by upregulating heme oxygenase (decycling) 1
(HMOX1) expression[90]. In addition, miR-217 promotes
hepatocyte ethanol-induced fat accumulation, which is
another risk factor for HCC[91].
MiRNAs and HCC-associated molecular pathways:
Numerous studies have demonstrated that HCC develops
via deregulation of various molecular pathways, such as
PTEN/PI3K/AKT/mTOR, p53, RAS/MAPK, WNT/
β-catenin, MET, CDKN1B/p27/Kip1, CDKN1C/p57/
Kip2 and transforming growth factor beta. MiRNAs play
key roles in regulating these diverse molecular pathways,
similar to transcription factors. It has been reported that
miRNAs exert their functions either as oncogenes or
tumor suppressor genes in HCC. Deregulated miRNAs
in cancer cells contribute to diverse molecular pathways,
including sustained proliferative signaling, survival, angiogenesis, invasion, and metastasis[92] (Table 3).
MiR-199 regulates several targets, including target
genes, such as MET, mTOR, HIF-1α48-51 and trans-
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membrane glycoprotein CD44. Restoring the expression
of miRNA-199 in HCC cells led to reduced invasive capability, enhanced susceptibility to hypoxia, and increased
sensitivity to doxorubicin-induced apoptosis[93]. Similarly,
downregulation of miR-199a in patients with HCC is associated with a higher recurrence rate and shorter time
to recurrence after surgery. Therefore, miR-199 was suggested to act as a tumor suppressor gene in HCC. C-Met
can also be suppressed by other miRNAs, including
miR-198[94] and miR-449[95].
MiR-221 affects several cancer pathways, such as
cyclin-dependent kinase inhibitors CDKN1B/p27 and
CDKN1C/p57, and the PTEN-PI3K-AKT-mTOR
pathway. Other important targets include the BH3-only
protein, Bcl-2-modifying factor (Bmf) and DNA damageinducible transcript TIMP3, a tissue inhibitor of metalloproteases[96]. Overexpression of miR-221 increased
growth, proliferation, migration, and invasion in HCC
cells. Similarly, overexpression of miR-221 promoted
tumor progression and shortened the survival of animals
with cancer. Recently, a study using a transgenic mouse
model with overexpression of miR-221 demonstrated
that cancer in these animals was partly inhibited by antimiR-221 oligonucleotides. Taken together, miR-199 is
thought to be a tumor oncogene in HCC[97].
MiR-122, a negative regulator of p53, is downregulated in approximately 70% of HCCs, suggesting that it
has tumor suppressor function. Studies using miR-122
knockout mice demonstrated a direct role for miR-122
in liver cancer[98,99]. It was shown that high expression of
miR-122 induced apoptosis, arrested the cancer cell cycle,
inhibited tumorigenicity and sensitized HCC cells to
sorafenib or doxorubicin[100]. On the other hand, loss of
miR-122 expression in patients with HCC correlated with
metastasis and recurrence.
MiR-34a, another downstream target of tumor suppressor p53, functions as a link between p53 signaling
and cell cycle regulation by targeting cyclin D1, cyclindependent kinase 4 (CDK4) and CDK2 in HCC[101]. In
addition, p53 upregulates the miR-200 and miR-192 families of miRNAs to inhibit ZEB1/2-mediated EMT[102].
MiR-21, which downregulates the expression of
tumor suppressor phosphatase and tensin homolog
(PTEN)[103], is also a potent oncogene in HCC. Overexpression of miR-21 in HCC cells can increase tumor cell
proliferation and migration. In addition, miR-21 plays a
role in the inhibition of cell proliferation and increased
apoptosis in vivo[104].
PTEN is downregulated by many other miRNAs in
HCC, such as miR-216a[105], miR-148a[106], miR-519d[107],
and miR-29a [108], leading to activation of the PI3K/
AKT/mTOR pathway. Moreover, miR-7 regulates the
PTEN/PI3K/Akt pathway by targeting phosphoinositide3-kinase (PIK3CD), mTOR, and p70S6K[109].
Let-7 miRNAs negatively regulate B-cell lymphomaextra large (Bcl-xL) expression and enhance the sensitivity of HCC cells to apoptosis induced by Mcl-1-targeting
anticancer drugs[110]. On the other hand, B-cell lymphoma
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2 (Bcl-2), induced myeloid leukemia cell differentiation
protein (Mcl-1) and Bcl-2-like protein 2 (Bcl-w) are targets of miR-224[111], miR-29[112] and miR-125b, respectively[113,114].
Potential roles of miRNAs in HCC therapy
Recent studies have suggested that strategies based on
the modulation of miRNA activity may provide a novel
approach to treating HCC.
MiRNA inhibition: several independent studies have
demonstrated that inhibition of miR-122 by administering anti-miRNA oligonucleotides in nonhuman primates
resulted in a reduction in miRNA activity in the adult liver without any evidence of toxicity, and led to prolonged
survival or a reduction in the number and size of tumor
nodules[115,116]. It was confirmed that AAV-mediated delivery of miR-122 inhibited tumorigenesis in a myc mouse
HCC model[100]. Treatment with an LNA-modified antimiR-122 was well tolerated and led to stable suppression
of HCV infection in cynomolgus monkey models[117]. In
addition, an antisense inhibitor of miR-122 could produce a dose-dependent and prolonged decrease in HCV
RNA levels in patients with chronic HCV genotype 1
infection, which is a major cause of hepatocellular carcinoma in many Western countries[118].
Anti-miR-221 was previously shown to have antitumor activity in prostate carcinoma, melanoma and
multiple myeloma[119]. Two recent independent studies
using mouse models of HCC showed that anti-miR-221
molecules reduced the proliferation of tumor cells, promoted survival and achieved a significant reduction in
the number and size of tumors compared with untreated
mice[116,117].
In addition, separate restoration of miR-143 and
miR-124 significantly inhibited tumorigenesis and metastasis in vivo[120].
Miravirsen SPC3649, the first miRNA-targeted drug,
has been used in phase Ⅰ investigations and is currently in a
phase Ⅱ clinical trial for the treatment of HCV infection[121].
MiRNA replacement: further studies demonstrating the
antitumor effects of miRNAs have been reported in other types of tumors and experimental settings[122]. Thus, in
addition to the inhibition of oncomirs, another approach
to treating cancer is based on restoration of tumor suppressor miRNAs.
MiR-31 regulates the invasive properties of tumor
cells, and elicits metastatic regression in already-established metastases[123].
AAV8 miR-199, which effectively restored miR-199a/
b-3p, was reported to reduce tumor size in HCC[124].
Cholesterol-conjugated 2’-O-methyl, which effectively
restored miR-375, significantly suppressed the growth of
HCC in a mouse model[125].
MiR-34a is the first microRNA replacement therapy
scheduled for use in the clinic [126]. In earlier studies,
miR-34a was observed to prevent tumor growth and
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progression in mouse models of lung adenocarcinoma
and multiple myeloma xenografts induced by K-ras and
p53[127,128]. Recently, miR-34 combined with the cytokine,
interleukin-24, showed synergistic antitumor activity in a
mouse model of HCC, indicating its possible use in HCC
therapy[129].
Such miR replacement therapies have been demonstrated in the case of miRs-26a[130] and -124[124] in mouse
models of HCC.
MiRNAs influencing the chemosensitivity of HCC
cells: miRNAs regulate the chemosensitivity of cancer
cells. Tumors with high expression of oncomiR-21[131]
and -181b[132] were resistant to IFN-5FU combination
therapy and doxorubicin treatment, respectively. Therefore, antagomirs targeting miR-21 or miR-181b may be
useful to increase drug efficacy. In contrast, restoration of
miR-122 in HCC cells resulted in HCC cells being more
sensitive to sorafenib treatment via downregulation of the
expression of multidrug resistance (MDR) proteins[133]. In
addition, recent studies showed that microRNA-200a/b
influenced the therapeutic effects of curcumin in HCC
cells, and miR-23a potentiated HCC cell response to etoposide via the inhibition of topoisomerase 1 expression.
Anti-miRNA oligonucleotides and miRNA mimics
have antitumor activities. By confirming the feasibility as
well as the safety and efficacy of these molecules, these
studies established the basis for the use of anti-miRNAs
as efficient therapeutic targets of HCC in clinical trials.
Further studies are expected to assess the clinical value
of miRNA-based approaches in HCC.
Potential mRNA biomarkers in HCC
Recently, molecularly-detected peripheral blood mRNA
transcripts have been considered as new cancer biomarkers[134], especially with the application of new generation
qPCR and sequencing platforms in mRNA biomarker
analysis[135]. AFP and GPC3 mRNA in peripheral blood
had clinical value as predictors of HCC[136]. Furthermore,
some RNA-binding proteins regulated the expression of
target spots through mRNA stability[137]; thus, mRNA
biomarkers may represent potential therapeutic targets in
HCC.
It is true that among the new molecules, miRNAs
have a more clear pathophysiological association with
HCC and a better diagnostic accuracy for HCC; however,
it is also true that new biomarkers/molecules may not be
easily available in all clinical settings (especially primary
and secondary clinical settings) and accessibility may not
be straightforward everywhere. Therefore, traditional
molecular markers such as AFP, widely available and a
relatively cheap biomarker for screening, may remain the
main clinical marker for the foreseeable future.
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childhood. It provides diagrams that display the main
anatomo-clinical and biomolecular correlations and
that may be encountered in IBD children. These diagnostic patterns and correlations may be useful in clinical practice for pediatric IBD.

Abstract

INTRODUCTION

Crohn’s disease (CD) and ulcerative colitis (UC) are the
two main forms of inflammatory bowel disease (IBD)
with both overlapping and distinct clinical, pathological
and biomolecular features. It has been suggested that
pediatric IBD is a distinct disease entity, with probably
different disease subtypes.The aim of this study is to
review and summarize the evolution of the current
concept of pediatric IBD. The results of this review reinforce the idea that pediatric CD and UC may be further classified in various clinicopathologic entities. For
clinicians and pathologists convenience, practical algorithms for the distinction of the various subphenotypes
of pediatric IBD are also provided.

Inflammatory bowel disease (IBD) represents a group of
idiopathic, chronic, inflammatory intestinal conditions
in which complex interactions among genetic, immune,
and environmental factors are involved. Crohn’s disease
(CD) and ulcerative colitis (UC) are the two most common forms of IBD with both overlapping and distinct
clinical, pathological and biomolecular features. Traditionally, UC is defined as a disease involving the colonic
mucosa in a diffuse, continuous manner, always affecting
the rectum. In contrast, CD may involve any part of the
gastrointestinal tract and frequently shows discontinuous
or segmental involvement. However, IBD may be better considered as a syndrome of complex disorders with
a significant heterogeneity in disease presentation and
course[1-5]. It has also been suggested that pediatric IBD
is characterized by distinct phenotypic differences including disease type, disease location, disease behaviour,
gender preponderance and genetically attributable risk,
compared to adult-onset IBD[6-11]. The incidence of IBD
in childhood is rising worldwide[12,13]. Rates are highest in
North America and Europe, with rapid increases noted
in developing nations adopting a Westernized lifestyle.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The review contains the most recent data of
the literature and suggests a clinical- pathological heterogeneity of the inflammatory bowel disease (IBD) in
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Childhood and adolescent IBD accounts for nearly 30%
of total cases[14-17]. Pediatric IBD demonstrates a pattern
with CD predominating over UC. In particular, the incidence of CD has risen markedly, while a rather stable
incidence of pediatric onset UC has been reported[18].
A recent study based on the Swedish population found
that the incidence of CD was 9.2 per 100000 per person
years. The incidence of UC in children over the same
time period was 2.8 per 100000 per person years[19]. Similar rates have been reported by other studies[20-24].
Recent population based studies have demonstrated
a significant male excess in incidence of pediatric CD[25].
Pediatric CD more often involves the ileocolonic/colonic regions, whereas adult CD does not demonstrate
a high proportion of colonic disease[7]. Furthermore,
a variety of phenotypic characteristics have been described in pediatric UC thanks to increasing diagnostic
accuracy[26,27]. Reflecting these trends, IBD classification
has been changed from the Vienna statement[28], through
the Montreal classification[29] to the recent pediatric Paris
classification[30].
Although the precise etiology of IBD remains elusive, both animals and human studies point towards a
strong genetic susceptibility. Genome wide association
studies (GWAS) identified over 160 susceptibility loci/
genes that are significantly associated with IBD [31-33].
However, newer genomics technologies are now beginning to complement GWAS findings and add to our
understanding of the molecular genetic universe of IBD.
Genetic studies have provided detailed appreciation of
the molecular architecture of IBD, and, in particular,
the areas of overlap between CD and UC (such as Th17
pathways) and the pathways which are disease-specific.
Moreover, the genes implicated in childhood-onset and
adult-onset IBD often overlap, suggesting similar contributory genetic predisposition and pathophysiological
pathways. For CD, gene discoveries have focused on
defective processing of intracellular bacteria, autophagy,
and innate immunity. For UC, the focus has been on
barrier function.
A further addition to the complexity of understanding disease mechanisms is that a susceptibility allele
often requires other genetic and non-genetic cues to
manifest the disease[34]. The variable concordance rate in
monozygotic twins of 27%-50% in CD compared with
15%-19% in UC suggests that non-genetic factors may
have an even more important role in UC than in CD[35,36].
In the present review, we summarize current knowledge concerning the correlation between clinicopathologic features and genetic profiles of pediatric IBD in
order to offer practical algorithms for the categorization
of the vast majority in this group of lesions.

PARIS CLASSIFICATION
The issue of subclassification of IBD by phenotype has
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been reviewed in recent years. The World Congress of
Gastroenterology in Vienna, in 1998, considered age of
onset (A), disease location (L), and disease behaviour (B)
as predominant phenotypic elements[28]. The Montreal
revision of the Vienna classification did not changed
the three predominant parameters of age at diagnosis,
location, and behaviour, but modification within each
of these categories was made[29]. However, the criteria
of Montreal Classification has inherent limitations with
respect to classification of pediatric IBD. In the pediatric Paris classification[30] growth failure in the patient at
any time was added as G1 vs G0 (never growth failure)
to classic phenotypic elements (age at diagnosis, disease
location, and disease behaviour). The comparisons between the Montreal and Paris classifications for CD and
UC are shown in Tables 1 and 2, respectively.

IBD UNCLASSIFIEDAND
“INDETERMINATE” COLITIS
The term “indeterminate colitis” was originally coined
for IBD resections with features of both UC and CD,
usually in the setting of severe acute or “fulminant”
colitis[37]. Over the years the term has been adopted by
clinicians to describe patients in whom a diagnosis of
UC or CD cannot be made based on standard clinical
testing, including colonoscopy, imaging, laboratory tests
and biopsy[38]. However, this term has been used incorrectly with considerable confusion among clinicians and
pathologists. Recently, it has been recommended that
the term “indeterminate colitis” be reserved only for patients for whom a surgical specimen is available and the
term “colonic IBD type unclassified” (IBD-U) for patients with no surgical specimen available and for whom
endoscopy is inconclusive and histological changes do
not fit with either CD or UC[29]. It remains controversial
whether IBD-U constitutes a problem of classification
or an IBD subtype distinct from CD and UC. Some
authors believe that IBD-U is not a third form of IBD
with specific diagnostic criteria, being a provisional diagnosis of exclusion used until a diagnosis of UC or CD is
made with certainty[39,40]. Instead, other authors consider
IBD-U as a distinct phenotype of IBD for the following
reasons: (1) A recent meta-analysis showed that IBD-U
is more common in children accounting for 12.7% of all
cases of IBD vs 6% in adults[41]; (2) Children with IBD-U
have a disease that rapidly progresses to pancolitis[42,43]; (3)
Although many patients with IBD-U will be reclassified
as having CD or UC on long-term follow-up evaluation,
a significant proportion of them will still carry the diagnosis of indeterminate colitis[44]; (4) Epidemiologic data
have shown that clinical course and prognosis of IBD-U
could be worse compared with UC, especially concerning outcome of surgery with greater risk of pouchitis[45];
and (5) As will be discussed in the next section, IBD-U
is diagnosed in a large subgroup of patients at a very
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Table 1 Montreal and Paris classifications for Crohn’s disease
Montreal classification
Age at diagnosis

Location

Behavior

Growth

A1

< 17 yr

A2
A3
L1
L2
L3
L4

17-40 yr
> 40 yr
Ileal disease
Colonic disease
Ileocolonic disease
Isolated upper disease

B1
B2
B3

Non-stricturing, non-penetrating
Stricturing
Penetrating

P

Perianal disease modifier
Not applicable

Paris classification
A1a
A1b
A2
A3
L1
L2
L3
L4
L4a
L4b

< 10 yr
10-16 yr
17-40 yr
> 40 yr
Distal 1/3 ileum ± limited cecal disease colonic disease ileocolonic disease isolated
upper disease

B1
B2
B3
B2B3
P

Non-stricturing, non-penetrating
Stricturing
Penetrating
both stricturing and penetrating
Perianal disease modifier

G0
G1

No evidence of growth delay
Growth delay

Upper disease proximal to ligament of Treitz
Upper disease distal to ligament of Treitz and proximal to distal 1/3 ileum

Table 2 Montreal and Paris classifications for ulcerative colitis
Montreal classification
Extent

Severity

E1
E2
E3
S0
S1
S2
S3

Paris classification

Ulcerative proctitis
Leftsided colitis distal to splenic flexure
Extensive colitis distal to hepatic flexure
Clinical remission
Mild ulcerative colitis
Moderate ulcerative colitis
Severe ulcerative colitis

early age (0-2 years, infantile IBD)[30-46].

AGE OF ONSET
An important modification recommended by the Paris
classification[30] includes age at onset as A1a (0 to < 10
years) and A1b (10 to < 17 years). In both the Montreal[29] and Paris[30] Classification systems, A2 and A3
account for age of diagnosis at 17-40 years, and > 40
years, respectively.
Although rare, IBD may occur before the age of 2
years. Therefore, the Paris classification[30] suggested the
possibility of distinguishing a separate group of children
diagnosed with IBD at a very early age (0-2 years, infantile IBD). This subgroup is characterized by a high rate
of consanguinity, more severe disease course, association with primary immunodeficiency and resistance to
immunosuppressive treatment[45,46]. Abscess formation,
anal fissures and enterocutaneous or rectovaginal fistulae
complicate the disease and frequently require partial or
total colectomy[30,47].
The suspicion of a monogenetic cause of these early
onset forms was recently confirmed by the discovery of
mutations in the genes coding for one of the two IL10
receptors causing impaired IL10 signalling[48-52].
The region encoding IL10 was originally identified
by a German GWAS in UC, and the association docu-
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E1
E2
E3
E4
S0
S1

Ulcerative proctitis
Leftsided colitis distal to splenic flexure
Extensive colitis proximal to splenic flexure
Pancolitis, proximal to hepatic flexure
Never severe
Ever severe

mented with non-coding variants upstream of the IL10
gene [53]. Subsequently, an international GWAS metaanalysis showed that this region is associated with CD[54].
Through a genetic-linkage analysis and candidate-gene
sequencing on samples from two unrelated consanguineous families with children affected by early-onset IBD,
Glocker et al[55] identified three distinct homozygous mutations in genes IL10RA and ILRB. These genes encode
the IL10R1 and IL10R2 proteins, respectively, which
form a heterotetramer to make up the IL10 receptor.
Functional experiments have shown that the IL10RA
and ILRB gene mutations abrogate IL10 signalling and
lead to severe intestinal inflammation. Loss of function
mutation in IL10 and IL10R was also identified in 66 patients with very early onset IBD. In this study, it has been
found that in 5 patients with IL10R deficiency, the allogenic hematopoietic stem cell transplantation induced
sustained clinical remission with a median follow-up time
of 2 years[49]. Recently, Moran et al[50] have identified a
novel homozygous, splice-site point mutation in IL10RA
in an infantile-onset IBD Caucasian female. The patient
was also affected by significant arthritis and folliculitis.
The mutation caused a premature stop codon (P206X)
and IL10 insensitivity. Moreover, 188 children with earlyonset IBD and 188 healthy subjects have been studied.
In the discovery cohort, five IL10RA polymorphisms
associated with UC have been found[50]. These studies

10264

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients

Infantile IBD
Diagnosis: 0-2 yr
Clinical features: high
consanguinity rate, severe
pancolitis
Gene: IL-10 and IL-10 receptors
Pathology: IBD-U
Complications: anal fissures,
abscesses, fistulae

Pediatric colonic IBD

L2 CD
Diagnosis: before the age of
10 years old
Pathology: transmural,
discontinuous inflammation,
granulomas (non-pericrypt)

UC
Clinical features
Severe symptoms
Pathology: glandular lesions
(loss of mucus secretion, crypt
abscess), diffuse mucosal
infiltrate (plasma cells,
lymphocytes, neutrophils)

PSC-UC
Clinical features
Less severe pancolitis;
association with primary
sclerosing cholangitis
or other antoimmune
disease
Pathology
Major lesions in the
right colon; pseudovillous mucosa,
numerous eosinophils,
mild glandular lesions

Figure 1 Distinct clinicopathological and biomolecular features of the pediatric colonic inflammatory bowel disease. IBD: Inflammatory bowel disease; CD:
Crohn’s disease; UC: Ulcerative colitis.

show the role of immune pathways in early onset IBD
pathogenesis. Indeed, IL10 is an anti-inflammatory cytokine secreted by a variety of cell types and is critical for
maintaining immune homeostasis in the gastrointestinal
(GI) tract. IL10 restricts excessive immune response[56].
In particular, IL10 limits the secretion of proinflammatory cytokines, such as tumour necrosis factor α (TNF-α)
and IL12[57]. Moreover, the assembly of IL10R1 results
in the activation of the receptor-associated Janus tyrosine kinases, JAK1 and Tyk2, leading to the phosphorylation of STAT3 (signal transducer and activator of
transcription 3) and the induction of STAT3-dependent
genes[58]. A severe enterocolitis has been found in mice
that are deficient in either IL10 or IL10R2. These data
underline the pivotal role of IL10 in the mediation of
signalling that controls inflammation in the gut.
Other monogenic primary immunodeficiencies showing IBD-like gastrointestinal pathology include WiskottAldrich syndrome[47], chronic granulomatous disease[47],
XIAP deficiency[55,59], X-linked (IPEX) syndrome[60] and
nuclear factor kB essential modulator (NEMO) deficiency[61]. It is also noteworthy that a large subgroup of
these patients have IBD-U[30,42]. Therefore, we think that
IBD-U is an IBD subtype distinct from CD and UC as
it constitutes a histopathological substrate of a clinicopathologic entity with characteristic epidemiological (<
2 years old), clinical ( severe clinical course with pancolitis), and genetic features (i.e., mutation in interleukin-10
receptor and interleukin gene or other primary immuno-
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deficiencies). It is, therefore, plausible that infantile IBD
(< 2 years) may be incorporated into future modifications of the Paris classification. Figure 1 summarizes the
main clinicopathologic characteristics of infantile IBD.

CD
Disease location
According to the Paris classification[30], CD location is
categorized as follows: (L1) involvement of the terminal
ileum only, with limited or no cecal disease; (L2) colonic
involvement only; (L3) involvement of both the terminal
ileum and colon; (L4) isolated upper gastrointestinal disease. L4 is further separated into esophagogastroduodenal disease (L4A), jejuna/proximal ileal disease (L4B), or
both L4A and L4B. Adolescents more often present with
ileal disease (L1), whereas children have a tendency to
present with isolated colonic disease (L2). Pediatric patients with L2 disease are less likely to have esophagogastroduodenal involvement or stricturing disease behaviour
than patients with L1 and L3 disease[62]. These data support the existence of discrete subtypes of CD, which are,
in part, defined by the predominant anatomical location
of disease[7] and summarized in Table 3 and Figure 2.
Paneth cells are protagonist in the L1CD
Histologic, immunologic and biomolecular evidence
strongly suggests a key role for Paneth cells in L1 CD.
Histologically, Paneth cells are abundant in the small
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Table 3 Salient histopathological and biomolecular features in pediatric inflammatory bowel disease
Gene

Genetic alterations

Histopathology

Clinical features

Ref.

IL10RA
IL10RB
NOD2
ATG16L1
NOD2

G141R
W159X
R702W, G908R, L1007fsinsC
T300A
R702W, G908R, L1007fsinsC

IBD-U

Infantile IBD

[48-50]

Abnormal Paneth cells, granuloma-poor

L1 CD

[72]

NOD2

R702W, G908R, L1007fsinsC

L1 CD,
Structuring (B2) behavior
Early surgery
Growth delay
Higher disease activity
L1, L3 CD

[81-87]
[82,83,87]
[83]
[83,84]
[83,88]
[106-108]

CD, UC
Fistulizing (B3) CD
Extensive UC
L2 CD

[111]
[135]
[138-140,150]
[104,105]

Perianal CD

[157]

TLRs
IRGM
ILRL1 and IL33
b -defensin
HBD2
NCF4

TLR-4 Asp299gly
rs4958847
Upexpression of mRNA
Low gene copy number

Diminished immunohistochemical
Expression of alpha-defensin in small intestinal Paneth cells

Diminished immunohistochemical expression of beta-defensin 2

Rs4821544 polymorphism

IBD: Inflammatory bowel disease; CD: Crohn’s disease; UC: Ulcerative colitis.

intestine and are occasionally found in the cecum and
proximal ascending colon[63]. In parallel, L1 (distal 1/3
ileum ± limited cecal disease) CD location corresponds
to the normal distribution of Paneth cells.
From an immunological viewpoint, Paneth cells, by
virtue of their vast repertoire of effector molecules, are
multifunctional cells. They produce antimicrobial proteins such as alpha-defensins HD5 and HD6, lysozyme,
secretory phospholypase A2 and the lectinRegⅢγ[64]. Wehkamp et al[65] showed that ileal (L1) but not isolated colonic (L2) CD is associated with a diminished synthesis
of Paneth cell defensins. Wehkamp and Stange[66], therefore, proposed the term “Paneth’s disease” to describe a
complex disease in which Paneth cells might explain the
poor antimicrobial capability of (L1) CD. Paneth cells
have also been shown to contain TNF-α transcripts.
With ultrastructural immunogold methods, Beil et al[67]
showed TNF-α in mature and immature secretory granules of Paneth cells. One of the major biological roles
of TNF-α is in the host defence to bacterial, viral and
parasitic infections, and Paneth cells are considered to
be the major source of TNF-α in the normal bowel[67].
Clinical and molecular studies implicate TNF-α as a key
mediator in the initiation and propagation of CD[68].
This is evidenced by an increased amount of TNF in
inflammatory cells infiltrating ileal tissue (eosinophils,
mast cells, neutrophils, macrophages, fibroblasts) and a
marked clinical response of TNF-α antagonists in patients with active CD[69]. Therefore, abnormal production
of TNF-α protein by Paneth cell may be involved in the
pathogenesis of L1 CD[69].
From a histopathological viewpoint, Paneth cell depletion occurs in the most heavily inflamed areas of the ileal
mucosa[70]. Recently, Günther et al[71] showed a significant
decrease in the number of Paneth cells and a high number
of dying cells with shrunken eosinophilic cytoplasm at the
crypt base in histological samples from terminal ileum of
patients with active CD. Paneth cells showed ultrastruc-
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tural signs of non-apoptotic cell death, such as organelle
swelling, vacuole formation and the lack of blebbing. The
data of Günther et al[71] suggest that necroptosis (a form
of non-apoptotic cell death) of Paneth cells might be involved in the pathogenesis of CD.
Recently, VanDussen et al[72] have studied the correlation between Paneth cell phenotype (based on lysozymepositive secretory granule morphology) and NOD2 and
ATG16L1 genotype. They observed an inverse correlation between abnormal Paneth cells (with disordered,
diminished, diffuse, or excluded granule phenotypes)
and the presence of granulomas [72]. The cumulative
number of NOD2 and ATG16L1 risk alleles had an additive effect on the proportion of abnormal Paneth cells.
Moreover, high proportions of abnormal Paneth cells
were associated with shorter time to disease recurrence
after surgery. VanDussen et al[72] suggest stratifying CD
based on Paneth cell phenotypes rather than the presence of granulomas. In fact, granulomas could be sparse
and more likely to be undersampled, especially in biopsy
specimens, whereas Paneth cell phenotypes are more
easily analyzed within limited samples. Therefore, these
authors concluded that histologic analysis of Paneth
cell phenotypes can be used to divide patients with CD
into subgroups with distinct pathognomonic and clinical
features[49]. However, further correlative histopathologic
and biomolecular studies are necessary to clarify the role
of necroptosis and/or granule changes of Paneth cells
in L1 CD characterized by abundant or few granulomas
(so-called granuloma-rich or granuloma-poor CD).
Biomolecular studies of antimicrobial function in Paneth
cells
Defective antimicrobial function in Paneth cells has been
described by a variety of mechanisms including mutations in the innate immune receptor NOD 2, defensins,
Toll-like receptors (TLRs), the autophagy protein ATG16L1, IRGM gene.
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NOD2 gene
With the pivotal study of Hugot et al[73], who discovered the very first and also strongest susceptibility gene
for CD in NOD2/CARD15, “IBD gene hunting” was
opened. NOD2 is an intracytoplasmic member of the
family of intracellular NLR (NOD like receptors) able
to recognize pathogen associated molecular patterns
(PAMPs) and to modulate an inflammatory response
through enhanced NF- κ B activation [74,75]. NOD2 is
highly expressed in cells of the phagocyte system and is
involved in the production of defensins in response to
gut microbiota. Three single nucleotide polimorphisms
(SNPs) within the NOD2/CARD15 gene (R702W,
G908R, and 1007fsinsC) have been established as independent risk factors for CD in Caucasians[76,77] and they
represent 82% of the mutations in NOD2[78]. Interestingly, the NOD2/CARD15 mutations are absent or very
rare in Asians, Arabs, Africans, and African Americans[79].
NOD2/CARD15 variants have been associated to more
severe CD, a greater need for surgery and a younger age
at onset[80]. In children, a correlation with ileal (L1) localization[81-87], stricturing behavior[82,83,87], early surgery[83],
growth delay[83,84] and higher disease activity[83,88] has been
found. However, these results have not been confirmed
by other studies[89-91]. The precise mechanistic relationship between NOD2/CARD15 and CD remains controversial. Interestingly, a study by Zelinkova et al[92] suggested that NOD2 mutations may result in perpetuation
of mucosal inflammation through insufficient pathogen
elimination.
The important role of NOD2 in the pathogenesis of
CD has been underlined by recent studies on microRNAs (miRNAs)[93]. miRNAs are short non-coding RNAs
that have emerged as key modulators of various cellular
processes at the post-transcriptional level[94-96]. There are
recent reports on their role in the regulation of intestinal
permeability as the loss of intestinal miRNAs impairs
the epithelial barrier function, and causes acute inflammation [97] . Some Authors showed that miRNA-122
regulates intestinal permeability tight junctions (TJ) by
targeting occluding mRNA degradation[98-102]. Moreover,
Chen et al[102] found that NOD2 is a functional target of
miRNA-122.
Other mechanisms have been proposed for NOD2/
CARD15 mutations in recent years, ranging from abnormal Paneth cell function with reduced defensin secretion,
altered modulation of Toll-like receptor signaling and a
reduced ability to trigger autophagy[103]. Several studies
have shown the role of defensins in the pathogenesis of
CD[104-107]. In particular, ileal (L1) and ileal colonic (L3)
CD is characterized by a specific decrease in small intestinal Paneth cell human α-defensin HD-5 and-6[106-108]. In
a group of pediatric CD, Perminow et al[109] studied the
role of HD5 and TCF-4, a Wnt-signaling transcription
factor which controls Paneth cell defensin expression.
They showed a low intestinal expression of HD5 and
TCF4 mRNA in ileal CD, confirming the important role
of antimicrobial host defense in pediatric patients.
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Toll-like receptors (TLRs) have an important role in
the pathogenesis of CD. They are crucial components
of innate immunity and cell surface molecules that also
detect normal and pathogenic microbial agents and can
trigger antimicrobial host defense responses. TLRs are
abundantly expressed on the surface of monocytes,
macrophages, and dendritic and epithelial cells[110]. In
IBD mucosa, dendritic cells are activated and there are
increased levels of TLR2 and TLR4. These TLRs mediate the recognition of bacterial lipoproteins and LPS,
respectively. An association has been described between
the TLR4 D299G SNP and IBD, in UC as well as CD
patients[111]. This SNP is associated with impaired LPS
signaling and increased susceptibility to gram-negative
infections, thus supporting the role of gram-negative
bacteria in the pathogenesis of IBD. Polymorphisms
have been described in IBD with regard to the TLR9
gene, but their functional significance is still unclear[112].
Genes of the autophagy: A key role in IBD
The autophagy 16-like 1 (ATG16L1), immunity-related
guanosine triphosphate M (IRGM), and leucine-rich repeat kinase 2 (LRRK2) genes, which regulate autophagy,
have been associated with CD in GWAS[113,114].
Autophagy describes the sequestration of intracellular material such as obsolete organelles or large unfolded protein within membranes, and their trafficking
to fuse with lysosome with a subsequent degradation of
the contents. Autophagy is now recognized as playing a
key role in innate immunity against intracellular microorganisms.
ATG16L1 is essential for all forms of autophagy as
it has a role in the clearance of intracellular bacteria[115].
It interacts with two other autophagy proteins, ATG5
and ATG12, to forms a complex essential for the process of autophagy[116]. The association at ATG16L1 with
CD seems to be entirely accounted for by the T300A
coding variant which maps to a highly conserved part of
the gene adjacent to the coiled-coil domain. ATGL16L1
mutations cause a deficiency of the correspondent protein and disrupt the recruitment of the ATG12-ATG5.
Therefore, autophagosome formation and degradation
of proteins with a long half-life are severely impaired in
ATG16L1-deficient cells[117,118]. The decreased autophagy
impairs immune tolerance by autoantigen presentation
on major histocompatibility complex class Ⅱ molecules
and causes immune inflammation[119].
ATG16L1 gene mutations could also impair the mechanisms that involve autophagy and apoptosis as there is
an acceleration in the rate of epithelial cell apoptosis and
an inhibition of inflammatory cell apoptosis in CD and
UC[120,121]. Several studies have been performed on the role
of ATG16L1 gene in the pathogenesis of IBD.
The T300A allele was correlated with the incidence
of CD in three populations from Germany, Hungary
and the Netherlands[122]. In contrast, no correlation between T300A allele and UC was detected. However, the
results of other studies on the association of T300A
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allele with predisposition to CD and UC, are inconsistent[122], also in child-onset IBD cases[123]. Recently, a
meta-analysis performed on twenty-five studies of CD,
14 of which involved cases of UC[124] showed that the
T300A allele confers a susceptibility to CD and to UC.
However, ATG6L1 was associated with the risk of childonset CD, but not with child-onset UC probably because
there are few studies on pediatric UC. Recently, a functional link between NOD2/CARD15, ATG16L1 and
autophagy has been provided[125-128].
IRGM gene
In the Wellcome Trust Case-Control Consortium (WTCCC)
GWA scan, a highly significant association between variant flanking IRGM and susceptibility to CD has been
shown. The IRGM gene is located on chromosome
5q33.1, and is required during the initiation phase of
autophagy, when it localizes to bacteria- containing autophagic vacuoles. IRGM and autophagy are involved
in clearance of intracellular organisms such as M. tubercolusis[129,130] and the CD-associated IRGM variant is
predicted to affect autophagic control of Salmonella
typhimurium[131].
The IRGM risk alleles for CD are non-coding and
appear to affect mRNA transcription or stability. Over
the last 5 years three distinct mechanisms have been
identified which might explain the impact on IRGM expression. Cooney et al[131] discovered a large copy number
variant upstream of IRGM which correlated with tissuespecific expression effects. Prescott et al[132] reported a
disruption of a transcription factor binding site in the
IRGM promoter. Most recently, Brest et al [133] found
that a synonymous coding variant of IRGM alters the
binding domain of miRNA196, a family of miRNAs,
hence affecting mRNA stability and gene translation.
In this study, it has been shown that microRNA196 is
overexpressed in CD patients and that it downregulates
an IRGM protective variant but not the risk-associated
allele.
Lapaquette et al[134] found that the reduced IRGM gene
expression correlated with impaired clearance by macrophages of CD-associated adherent-invasive Escherichia
coli. A recent Italian study[135] reported the association between CD and two risk SNPs (rs1000113 and rs4958847)
for IRGM, irrespective of age, but not in UC. In addition, a trend to B3 (penetrating) disease behavior in patients with IRGM SNPs was suggested[135]. Moon et al[136]
showed that IRGM SNP rs10065172 was significantly
associated with CD susceptibility. They also reported a
protective role of SNP rs72553867.
By suppressive subtractive hybridization (SSH) technique, Sim et al[137] studied the differential expression
gene profiles in ileal biopsies from CD children. Twentyeight genes previously reported in association with adult
CD, and 47 new genes were identified. It is significant
that some adult CD genes have also been found in earlyonset CD. Indeed, it underlines that, in some cases, there
is a common genetic pathway between pediatric and
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adult CD cases. Several genes reported in the study are
involved in microbial pathogenesis, antigen presentation,
inflammation, regulation of epithelial barrier function,
vesicular transport or cell differentiation and proliferation. Recent studies have found that IL33 expression
is enhanced in the inflamed colonic mucosa of IBD,
especially in UC[138,139], and the IL33/IL1RL1 signalling
axis has been implicated in the IBD pathogenesis[140].
Recently, new genes have been identified by GWAS in
IBD[141-150]. In particular, in 2008, Kugathasan et al[141]
performed the first GWAS in a cohort with pediatric
disease onset, identifying two new loci on 20q13 and
21q22. This paper reported the associations with two intronic SNPs (rs2315008 and rs4809330) at the 20q13 locus. These two SNPs map to the zinc finger CCCH-type
with G patch domain (ZGPAT) gene which is located in
a region containing eight potential candidate genes for
CD. Moreover, an association, at the 21q22 region, of
CD with the intergenic SNP rs2836878 has been shown
that implicated the nearby PSMG1 gene[141].
A follow-up scan on an extended cohort of 3426
childhood-onset IBD (European/North America collaboration) identified five more new loci associated with
pediatric IBD[147]. These loci included 16p11 near the
cytokine gene IL27, 22q12, 10q22, 2q37 and 19q13.11.
The results of this study showed that IL27 is a promising candidate gene for pediatric CD. Recently, Latiano
et al[149] have studied a large Italian cohort of adult and
early-onset IBD to verify the role of new genes involved
in the immune response and inflammation (PTGER4,
HLA-BTNL2, TNFSF15, NKX2-3, ZNF365, IFNG,
PTPN2, and PSMG1).
Role of colonic epithelial cells producing β -defensins in
colonic (L2) CD location.
Since Paneth cells are rare in the colon, the contribution
of α-defensins to antimicrobial defence in the large intestine is only limited. In contrast, β-defensins HDB1-3
are secreted by columnar and goblet cells in the colon[151,152]. A deficiency of β-defensin HDBD2 has been
shown by molecular biology in L2 (colonic) CD and
confirmed on the protein level by immunohistochemistry[104]. This observed colonic defect of the antimicrobial
barrier caused by a diminished expression of β-defensins
may allow luminal microbes to attach to and invade the
mucosa triggering the inflammation[153].
CD behaviour
The Montreal classification[29] describes three behaviours
for CD: nonstricturing nonpenetrating disease (B1),
stricturing disease (B2), penetrating/fistulizing disease
(B3). In addition, the Paris classification[30] proposes a
new classification B2B3 to identify patients with both
B2 and B3 phenotypes (either at the same or different
times). Disease locations are the most important factor
identified in determining the risk of developing either a
structuring or penetrating complication (more complications with ileal, less with colonic disease)[154]. To date,
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L1 CD
Location:
Involvement of the
terminal ileum only,
with limited or no
cecal disease
Diagnosis: After the
age of 10 years old
Gene: NOD2 and

ATG16L1
Pathology:
Abnormal paneth
cells, granulomapoor

L2 CD
Location: Colonal
involvement only
Diagnosis: Before
the age of 10
years old
Gene: b-defensins
Pathology:
Granuloma-rich

Perianal CD
Location: Perianal
and L1 or L3
Diagnosis: After
the age of 10
years old
Gene: NCF4

Figure 2 Subtypes of Crohn’s disease. CD: Crohn’s disease.

there have been few pediatric studies that have evaluated
the association between CD behavior and genotype with
prolonged follow-up. In a study by Shaoul et al[155], pediatric CD at the end of follow-up (mean 4.9 years) was
classified as inflammatory (78%), stricturing (17%) and
penetrating (7%). Moreover, a role for NOD2 in CD
behavior (as opposed to location) was not supported in
this study. NOD2 genotype was clearly associated with
ileal involvement (L1), but not as an independent risk
factor for stricturing, penetrating disease or a need for
surgery[155]. A recent study showed that L1 CD and stricturing disease behavior are more common in children diagnosed after 10 years of age than in younger patients[39].
Approximately 10% of newly diagnosed pediatric
patients shows perianal CD at time of diagnosis[156]. The
Vienna classification did not distinguish luminal and
perianal fistulising disease into different categories[28].
Subsequent evidence suggested that perianal and luminal
fistulae often occur completely independently of each
other. According to the Montreal and Paris classifications[29,30], a separate perianal modifier was added that
can coexist with any disease behaviour. Perianal CD is
defined as inflammation at or near the anus, including
tags, fissures, fistulae, abscesses, or stenosis. A recent
study by Eglinton et al[157] suggests specific associations
with perianal CD patients compared with patients without perianal involvement. These associations include
younger age at diagnosis, male gender, ileal (L1 or L3)
location, and complicated disease behaviour (B2 + B3).
In addition, an association with the NCF4 gene was
demonstrated[157]. Taken together, literature data suggest
that perianal CD represents a distinct disease phenotype,
summarized in Figure 2.

UC
UC is classically defined as a chronic inflammation characterized by a continuous involvement of the colonic
mucosa without granulomas on biopsy, affecting the
rectum and a variable extent of the colon in continuity,
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and characterized by a relapsing, remittent course[158].
However, several studies suggest that pediatric UC may
present with atypical phenotypes, such as macroscopical rectal sparing, macroscopic skip lesions in the colon,
periappendiceal inflammation, backwash ileitis, limited
upper gastrointestinal inflammation, and extensive colitis
with less severe and less diffuse architectural abnormalities[159,160]. Thus, diagnosis of UC in pediatric patients
may be particularly difficult. The recent Paris classification[30], which examined this issue, adds a new category
(E4) for pancolitis (inflammation extending proximal
to the hepatic flexure) (Table 2). Moreover, a disease
behavior classification of S0 or S1 was adopted, with
the latter denoting the presence of severe disease at any
time in patient history (Table 2). The classification of
UC based on anatomical extent has clinical relevance, as
it affects the choice of therapy and the mode of delivery
of drugs. For example, oral therapy is the first choice for
UC extending above the splenic flexure[161].
Primary sclerosing cholangitis (PSC) is a cholestatic
liver disease of unknown etiology, commonly associated with IBD and characterized by inflammation, fibrosis, and stenoses of the biliary tree leading to liver
cirrhosis[162]. In most patients (80%-90%) the IBD can
be classified as UC. Several features of UC in PSC differ from those of a general UC population (increased
frequency of pancolitis, “backwash ileitis”, rectal sparing and colorectal carcinoma), and these observations
have led to the hypothesis that UC in PSC may represent
a specific phenotypic entity (PSC-UC)[163]. There are a
few studies on PSC-UC in pediatric patients. Ordonez
et al[164] studied twenty-eight consecutive children with
UC associated with PSC, celiac disease, or autoimmune
hepatitis comparing them with a matched control group
of 27 children with isolated UC. At diagnosis, pancolitis
was seen in 18/28 UC associated with autoimmunity patients compared with 8/27 in UC. Pathological findings
were also different from isolated UC: (1) major lesions
predominantly located in the right colon; (2) pseudovillous appearance of the mucosa, and strong infiltration
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with eosinophils; and (3) mild glandular lesions. Evolution in UC associated with autoimmune disease was less
aggressive, requiring less corticosteroids/immunomodulators[164]. In conclusion, clinical, histological, and molecular analyses reveal marked differences between pediatric patients with isolated UC and those with associated
autoimmune phenomena, supporting the hypothesis of
a distinct autoimmune presentation of UC (Figure 1).
Goblet cells as protagonist in the UC
Mucus produced by goblet cells forms a key component
of the mucosal barrier. Gel-forming mucins of intestinal
mucus are arranged into a bilayer with a firm inner layer
devoid of bacteria and a looser outer layer with MUC2
being major constituent of both[165]. The mucus layer has
a crucial role in intestinal homeostasis, as decreased levels of goblet cells, leading to reduced mucin secretion,
are a hallmark of human UC[166]. The thickness of the
mucus layer in the healthy colon is between 100 and 300
µm, increasing from the ascending colon to the rectum,
whereas in UC, this mucus layer is thinner, more variable
and in part denuded[167-169]. Taken together, several lines
of evidence strongly suggest a key role for goblet cells in
UC.
Molecular biology of UC
GWAS and candidate gene association studies identified several UC susceptibility loci, including 7 that overlap with CD (e.g., IL23 pathways genes, NKX2-3 and
IL10)[170]. In a recent study, three new UC specific loci
(HNF4A, CDH1 and LAMB1) has been found that are
involved in the regulation of barrier function[171].
An association was seen at rs6017342 SNP which
maps within a recombination hotspot on chromosome
20q13 in which the 3’ untraslated region (UTR) of the
HNF4A gene is located. This gene encodes the transcription factor hepatocyte nuclear factor 4 α which regulates the expression of multiple components within the
adherens junction, the tight junction and desmosome[172].
Cell-cell junctions have an important role on epithelial organization and barrier function. Moreover, in
the embryonic age, the HNF4A gene participates in the
development of mammalian gastrointestinal tract[173].
CDH1 gene which encodes E-cadherin has been located
on chromosome 16q22. E-cadherin is a transmembrane
glycoprotein, a key component of the adherens junction and mediates intercellular adhesion in the intestinal
epithelium[171]. It also participates in processes of epithelial restitution and repair following the damage of
mucosa. Indeed, there is a significant reduced expression
of CDH1 in areas of active UC[174]. Interestingly, two
CDH1 variants associated with UC[171] have also been associated with colorectal cancer[175], a possible complication of UC. The recent hypothesis is that HNF4A and
E-cadherin co-participate to maintain the integrity of
the epithelial intestinal barrier. LAMB1 gene is located
on chromosome 7q31[171] and encodes the laminin β 1
subunit, which is detected in laminins-1, -2 and-10. In
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UC, the expression of laminins in the intestinal basement membrane is downregulated[171].
In 2011, Anderson et al[176] identified 29 additional
UC risk loci from a meta-analysis and IL1R2, IL8RA/B,
IL7R, IL12B, DAP, PRDM1, JAK2, IRF5, GNA12 and
LSP1 were proposed as new important candidate genes
in UC pathogenesis. Several genes were associated with
cytokines and cytokine receptors, key regulators of citokyne-mediated signalling pathways, innate and adaptive
immune response, macrophage activation and regulation
of apoptosis. Interestingly, an association with DAP
gene (death-associated protein) has been found. The
expression of DAP kinase increases with inflammation
in UC[177] and is a negative regulator of autophagy[178].
Therefore, the association with DAP suggests a possible
link between autophagy and UC.
PRDM1, IRF5 and NKX2-3 genes could have a key
role for transcriptional regulation in UC pathogenesis.
GNA12 which plays a fundamental role in the tight junction assembly in epithelial cells has been identified at the
7p22 locus[179]. It is the most likely UC candidate gene
from those described in the meta-analysis of Anderson
et al[176]. Barrier integrity is important in UC pathogenesis given previous associations to HNF4A, CDH1 and
LAMB1 genes[171]. Further studies are, however, need to
verify the role of the genes in pediatric UC. The salient
histopathological and biomolecular features of pediatric
IBD are shown in Table 3.

CONCLUSION
In conclusion, our review reinforce the idea that pediatric UC and CD may be further classified into various
clinicopathologic entities, based on genotype-phenotype
correlation reported in recent literature. Therapy for
complex genetic diseases such as IBD is difficult. For
example, treatment with ant-TNF-α monoclonal antibodies does not induce remission in the majority of
CD cases. It is becoming increasingly apparent that
novel strategies to define and stratify IBD patients, that
are based on serum, DNA and histopathology, will be
needed to progress towards improved diagnostics, prognostics and therapeuthics.

REFERENCES
1
2

3

4

10270

Walfish A, Sachar D. Phenotype classification in IBD: Is
there an impact on therapy? Inflamm Bowel Dis 2007; 13:
1573-1575 [PMID: 17763470]
Louis E, Van Kemseke C, Reenaers C. Necessity of phenotypic classification of inflammatory bowel disease. Best
Pract Res Clin Gastroenterol 2011; 25 Suppl 1: S2-S7 [PMID:
21640927 DOI: 10.1016/S1521-6918(11)7003-8]
Targan SR, Hawkey CJ. Indeterminate colitis. In: Hawkey
CJ, Bosch J, Richter JE, Garcia-Tsao G, Chan FKL. Textbook
of Clinical Gastroenterology and Hepatology. Chichester:
Wiley-Blackwell, 2012: 394-398
Sachar DB, Walfish A. Inflammatory bowel disease: one or
two diseases? Curr Gastroenterol Rep 2013; 15: 298 [PMID:
23250698 DOI: 10.1007/s11894-012-0298-9]

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients
5

6

7
8

9

10
11

12

13

14
15
16
17

18

19

Kaser A, Zeissig S, Blumberg RS. Genes and environment:
how will our concepts on the pathophysiology of IBD develop in the future? Dig Dis 2010; 28: 395-405 [PMID: 20926863
DOI: 10.1159/000320393]
Kelsen J, Baldassano RN. Inflammatory bowel disease: the
difference between children and adults. Inflamm Bowel Dis
2008; 14 Suppl 2: S9-S11 [PMID: 18816756 DOI: 10.1002/
ibd.20560]
Levine A. Pediatric inflammatory bowel disease: is it different? Dig Dis 2009; 27: 212-214 [PMID: 19786743 DOI:
10.1159/000228552]
Sagiv-Friedgut K, Karban A, Weiss B, Shaoul R, Shamir R,
Bujanover Y, Reif S, Boaz M, Shani I, Levine A, LeshinskySilver E. Early-onset Crohn disease is associated with male
sex and a polymorphism in the IL-6 promoter. J Pediatr
Gastroenterol Nutr 2010; 50: 22-26 [PMID: 19934771 DOI:
10.1097/MPG.0b013e3181b7a6a4]
Gupta N, Bostrom AG, Kirschner BS, Ferry GD, Winter HS,
Baldassano RN, Gold BD, Abramson O, Smith T, Cohen SA,
Heyman MB. Gender differences in presentation and course
of disease in pediatric patients with Crohn disease. Pediatrics 2007; 120: e1418-e1425 [PMID: 18055660]
Biank V, Broeckel U, Kugathasan S. Pediatric inflammatory bowel disease: clinical and molecular genetics. Inflamm
Bowel Dis 2007; 13: 1430-1438 [PMID: 17600381]
Van Limbergen J, Russell RK, Drummond HE, Aldhous
MC, Round NK, Nimmo ER, Smith L, Gillett PM, McGrogan P, Weaver LT, Bisset WM, Mahdi G, Arnott ID, Satsangi
J, Wilson DC. Definition of phenotypic characteristics of
childhood-onset inflammatory bowel disease. Gastroenterology 2008; 135: 1114-1122 [PMID: 18725221 DOI: 10.1053/
j.gastro.2008.06.081]
Heyman MB, Kirschner BS, Gold BD, Ferry G, Baldassano R,
Cohen SA, Winter HS, Fain P, King C, Smith T, El-Serag HB.
Children with early-onset inflammatory bowel disease (IBD):
analysis of a pediatric IBD consortium registry. J Pediatr
2005; 146: 35-40 [PMID: 15644819]
Ponder A, Long MD. A clinical review of recent findings
in the epidemiology of inflammatory bowel disease. Clin
Epidemiol 2013; 5: 237-247 [PMID: 23922506 DOI: 10.2147/
CLEP.S33961]
Russel MG. Changes in the incidence of inflammatory bowel
disease: what does it mean? Eur J Intern Med 2000; 11: 191-196
[PMID: 10967506]
Pappa HM, Semrin G, Walker TR, Grand RJ. Pediatric inflammatory bowel disease. Curr Opin Gastroenterol 2004; 20:
333-340 [PMID: 15703661]
Hait E, Bousvaros A, Grand R. Pediatric inflammatory bowel disease: what children can teach adults. Inflamm Bowel Dis
2005; 11: 519-527 [PMID: 15905698]
Murch SH, Baldassano R, Buller H, Chin S, Griffiths AM,
Hildebrand H, Jasinsky C, Kong T, Moore D, Orsi M. Inflammatory bowel disease: Working Group report of the second
World Congress of Pediatric Gastroenterology, Hepatology,
and Nutrition. J Pediatr Gastroenterol Nutr 2004; 39 Suppl 2:
S647-S654 [PMID: 15184765]
Kugathasan S, Judd RH, Hoffmann RG, Heikenen J, Telega
G, Khan F, Weisdorf-Schindele S, San Pablo W, Perrault J,
Park R, Yaffe M, Brown C, Rivera-Bennett MT, Halabi I,
Martinez A, Blank E, Werlin SL, Rudolph CD, Binion DG.
Epidemiologic and clinical characteristics of children with
newly diagnosed inflammatory bowel disease in Wisconsin: a statewide population-based study. J Pediatr 2003; 143:
525-531 [PMID: 14571234]
Malmborg P, Grahnquist L, Lindholm J, Montgomery S, Hildebrand H. Increasing incidence of paediatric inflammatory
bowel disease in northern Stockholm County, 2002-2007. J
Pediatr Gastroenterol Nutr 2013; 57: 29-34 [PMID: 23459320
DOI: 10.1097/MPG.0b013e31828f21b4]

WJG|www.wjgnet.com

20

21

22

23

24

25
26
27

28

29

30

31
32

10271

Benchimol EI, Fortinsky KJ, Gozdyra P, Van den Heuvel M,
Van Limbergen J, Griffiths AM. Epidemiology of pediatric
inflammatory bowel disease: a systematic review of international trends. Inflamm Bowel Dis 2011; 17: 423-439 [PMID:
20564651 DOI: 10.1002/ibd.21349]
Grieci T, Bütter A. The incidence of inflammatory bowel
disease in the pediatric population of Southwestern Ontario. J Pediatr Surg 2009; 44: 977-980 [PMID: 19433182 DOI:
10.1016/j.jpedsurg.2009.01.038]
Bernstein CN, Wajda A, Svenson LW, MacKenzie A, Koehoorn M, Jackson M, Fedorak R, Israel D, Blanchard JF. The
epidemiology of inflammatory bowel disease in Canada:
a population-based study. Am J Gastroenterol 2006; 101:
1559-1568 [PMID: 16863561]
Perminow G, Brackmann S, Lyckander LG, Franke A, Borthne A, Rydning A, Aamodt G, Schreiber S, Vatn MH. A characterization in childhood inflammatory bowel disease, a new
population-based inception cohort from South-Eastern Norway, 2005-07, showing increased incidence in Crohn’s disease. Scand J Gastroenterol 2009; 44: 446-456 [PMID: 19117240
DOI: 10.1080/00365520802647434]
Lehtinen P, Ashorn M, Iltanen S, Jauhola R, Jauhonen P,
Kolho KL, Auvinen A. Incidence trends of pediatric inflammatory bowel disease in Finland, 1987-2003, a nationwide study. Inflamm Bowel Dis 2011; 17: 1778-1783 [PMID:
21744433 DOI: 10.1002/ibd.21550]
Sawczenko A, Sandhu BK. Presenting features of inflammatory bowel disease in Great Britain and Ireland. Arch Dis
Child 2003; 88: 995-1000 [PMID: 14612366]
Yantiss RK, Odze RD. Diagnostic difficulties in inflammatory bowel disease pathology. Histopathology 2006; 48: 116-132
[PMID: 16405661]
Magro F, Langner C, Driessen A, Ensari A, Geboes K, Mantzaris GJ, Villanacci V, Becheanu G, Borralho Nunes P, Cathomas G, Fries W, Jouret-Mourin A, Mescoli C, de Petris G, Rubio CA, Shepherd NA, Vieth M, Eliakim R; European Society
of Pathology (ESP); European Crohn's and Colitis Organisation
(ECCO). European consensus on the histopathology of inflammatory bowel disease. J Crohns Colitis 2013; 7: 827-851 [PMID:
23870728 DOI: 10.1016/j.crohns.2013.06.001]
Gasche C, Scholmerich J, Brynskov J, D’Haens G, Hanauer
SB, Irvine EJ, Jewell DP, Rachmilewitz D, Sachar DB, Sandborn WJ, Sutherland LR. A simple classification of Crohn’
s disease: report of the Working Party for the World Congresses of Gastroenterology, Vienna 1998. Inflamm Bowel Dis
2000; 6: 8-15 [PMID: 10701144]
Silverberg MS, Satsangi J, Ahmad T, Arnott ID, Bernstein
CN, Brant SR, Caprilli R, Colombel JF, Gasche C, Geboes
K, Jewell DP, Karban A, Loftus EV, Peña AS, Riddell RH,
Sachar DB, Schreiber S, Steinhart AH, Targan SR, Vermeire
S, Warren BF. Toward an integrated clinical, molecular and
serological classification of inflammatory bowel disease:
report of a Working Party of the 2005 Montreal World Congress of Gastroenterology. Can J Gastroenterol 2005; 19 Suppl
A: 5A-36A [PMID: 16151544]
Levine A, Griffiths A, Markowitz J, Wilson DC, Turner D,
Russell RK, Fell J, Ruemmele FM, Walters T, Sherlock M,
Dubinsky M, Hyams JS. Pediatric modification of the Montreal classification for inflammatory bowel disease: the Paris
classification. Inflamm Bowel Dis 2011; 17: 1314-1321 [PMID:
21560194 DOI: 10.1002/ibd.21493]
Cho JH, Brant SR. Recent insights into the genetics of inflammatory bowel disease. Gastroenterology 2011; 140: 1704-1712
[PMID: 21530736 DOI: 10.1053/j.gastro.2011.02.046]
Denson LA, Long MD, McGovern DP, Kugathasan S, Wu
GD, Young VB, Pizarro TT, de Zoeten EF, Stappenbeck
TS, Plevy SE, Abraham C, Nusrat A, Jobin C, McCole DF,
Siegel CA, Higgins PD, Herfarth HH, Hyams J, Sandborn
WJ, Loftus EV, Kappelman MD, Lewis JD, Parkos CA, Sar-

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients

33
34
35
36
37
38

39
40

41

42

43

44

45

46

47

48

tor RB. Challenges in IBD research: update on progress
and prioritization of the CCFA’s research agenda. Inflamm
Bowel Dis 2013; 19: 677-682 [PMID: 23448796 DOI: 10.1097/
MIB.0b013e31828134b3]
Khor B, Gardet A, Xavier RJ. Genetics and pathogenesis
of inflammatory bowel disease. Nature 2011; 474: 307-317
[PMID: 21677747 DOI: 10.1038/nature10209]
Graham DB, Xavier RJ. From genetics of inflammatory bowel
disease towards mechanistic insights. Trends Immunol 2013;
34: 371-378 [PMID: 23639549 DOI: 10.1016/j.it.2013.04.001]
Brant SR. Update on the heritability of inflammatory bowel
disease: the importance of twin studies. Inflamm Bowel Dis
2011; 17: 1-5 [PMID: 20629102 DOI: 10.1002/ibd.21385]
Halfvarson J. Genetics in twins with Crohn’s disease: less
pronounced than previously believed? Inflamm Bowel Dis
2011; 17: 6-12 [PMID: 20848478 DOI: 10.1002/ibd.21295]
Price AB. Overlap in the spectrum of non-specific inflammatory bowel disease--’colitis indeterminate’. J Clin Pathol
1978; 31: 567-577 [PMID: 670413]
Geboes K, Colombel JF, Greenstein A, Jewell DP, Sandborn WJ, Vatn MH, Warren B, Riddell RH. Indeterminate
colitis: a review of the concept--what’s in a name? Inflamm
Bowel Dis 2008; 14: 850-857 [PMID: 18213696 DOI: 10.1002/
ibd.20361]
Martland GT, Shepherd NA. Indeterminate colitis: definition, diagnosis, implications and a plea for nosological sanity. Histopathology 2007; 50: 83-96 [PMID: 17204023]
Feakins RM. Inflammatory bowel disease biopsies: updated
British Society of Gastroenterology reporting guidelines.
J Clin Pathol 2013; 66: 1005-1026 [PMID: 23999270 DOI:
10.1136/jclinpath-2013-201885]
Prenzel F, Uhlig HH. Frequency of indeterminate colitis
in children and adults with IBD - a metaanalysis. J Crohns
Colitis 2009; 3: 277-281 [PMID: 21172287 DOI: 10.1016/
j.crohns.2009.07.001]
Carvalho RS, Abadom V, Dilworth HP, Thompson R, OlivaHemker M, Cuffari C. Indeterminate colitis: a significant
subgroup of pediatric IBD. Inflamm Bowel Dis 2006; 12:
258-262 [PMID: 16633047]
Romano C, Famiani A, Gallizzi R, Comito D, Ferrau’ V,
Rossi P. Indeterminate colitis: a distinctive clinical pattern of
inflammatory bowel disease in children. Pediatrics 2008; 122:
e1278-e1281 [PMID: 19047226 DOI: 10.1542/peds.2008-2306]
Malaty HM, Mehta S, Abraham B, Garnett EA, Ferry GD.
The natural course of inflammatory bowel disease-indeterminate from childhood to adulthood: within a 25 year period. Clin Exp Gastroenterol 2013; 6: 115-121 [PMID: 23901288
DOI: 10.2147/CEG.S44700]
Ruel J, Ruane D, Mehandru S, Gower-Rousseau C, Colombel JF. IBD across the age spectrum-is it the same disease? Nat Rev Gastroenterol Hepatol 2014; 11: 88-98 [PMID:
24345891 DOI: 10.1038/nrgastro.2013.240]
Ruemmele FM, El Khoury MG, Talbotec C, Maurage C,
Mougenot JF, Schmitz J, Goulet O. Characteristics of inflammatory bowel disease with onset during the first year
of life. J Pediatr Gastroenterol Nutr 2006; 43: 603-609 [PMID:
17130735]
Cannioto Z, Berti I, Martelossi S, Bruno I, Giurici N, Crovella S, Ventura A. IBD and IBD mimicking enterocolitis in
children younger than 2 years of age. Eur J Pediatr 2009; 168:
149-155 [PMID: 18546019 DOI: 10.1007/s00431-008-0721-2]
Glocker EO, Kotlarz D, Boztug K, Gertz EM, Schäffer AA,
Noyan F, Perro M, Diestelhorst J, Allroth A, Murugan D,
Hätscher N, Pfeifer D, Sykora KW, Sauer M, Kreipe H,
Lacher M, Nustede R, Woellner C, Baumann U, Salzer U,
Koletzko S, Shah N, Segal AW, Sauerbrey A, Buderus S,
Snapper SB, Grimbacher B, Klein C. Inflammatory bowel
disease and mutations affecting the interleukin-10 receptor.
N Engl J Med 2009; 361: 2033-2045 [PMID: 19890111 DOI:

WJG|www.wjgnet.com

49

50

51

52

53

54

55
56
57

10272

10.1056/NEJMoa0907206]
Kotlarz D, Beier R, Murugan D, Diestelhorst J, Jensen O,
Boztug K, Pfeifer D, Kreipe H, Pfister ED, Baumann U, Puchalka J, Bohne J, Egritas O, Dalgic B, Kolho KL, Sauerbrey
A, Buderus S, Güngör T, Enninger A, Koda YK, Guariso G,
Weiss B, Corbacioglu S, Socha P, Uslu N, Metin A, Wahbeh
GT, Husain K, Ramadan D, Al-Herz W, Grimbacher B, Sauer M, Sykora KW, Koletzko S, Klein C. Loss of interleukin-10
signaling and infantile inflammatory bowel disease: implications for diagnosis and therapy. Gastroenterology 2012; 143:
347-355 [PMID: 22549091 DOI: 10.1053/j.gastro.2012.04.045]
Moran CJ, Walters TD, Guo CH, Kugathasan S, Klein C,
Turner D, Wolters VM, Bandsma RH, Mouzaki M, Zachos
M, Langer JC, Cutz E, Benseler SM, Roifman CM, Silverberg
MS, Griffiths AM, Snapper SB, Muise AM. IL-10R polymorphisms are associated with very-early-onset ulcerative
colitis. Inflamm Bowel Dis 2013; 19: 115-123 [PMID: 22550014
DOI: 10.1002/ibd.22974]
Begue B, Verdier J, Rieux-Laucat F, Goulet O, Morali A,
Canioni D, Hugot JP, Daussy C, Verkarre V, Pigneur B,
Fischer A, Klein C, Cerf-Bensussan N, Ruemmele FM. Defective IL10 signaling defining a subgroup of patients with
inflammatory bowel disease. Am J Gastroenterol 2011; 106:
1544-1555 [PMID: 21519361 DOI: 10.1038/ajg.2011.112]
Shah N, Kammermeier J, Elawad M, Glocker EO. Interleukin-10 and interleukin-10-receptor defects in inflammatory
bowel disease. Curr Allergy Asthma Rep 2012; 12: 373-379
[PMID: 22890722 DOI: 10.1007/s11882-012-0286-z]
Franke A, Balschun T, Karlsen TH, Sventoraityte J, Nikolaus S, Mayr G, Domingues FS, Albrecht M, Nothnagel M,
Ellinghaus D, Sina C, Onnie CM, Weersma RK, Stokkers
PC, Wijmenga C, Gazouli M, Strachan D, McArdle WL, Vermeire S, Rutgeerts P, Rosenstiel P, Krawczak M, Vatn MH,
Mathew CG, Schreiber S. Sequence variants in IL10, ARPC2
and multiple other loci contribute to ulcerative colitis susceptibility. Nat Genet 2008; 40: 1319-1323 [PMID: 18836448
DOI: 10.1038/ng.221]
Franke A, McGovern DP, Barrett JC, Wang K, RadfordSmith GL, Ahmad T, Lees CW, Balschun T, Lee J, Roberts
R, Anderson CA, Bis JC, Bumpstead S, Ellinghaus D, Festen
EM, Georges M, Green T, Haritunians T, Jostins L, Latiano A,
Mathew CG, Montgomery GW, Prescott NJ, Raychaudhuri
S, Rotter JI, Schumm P, Sharma Y, Simms LA, Taylor KD,
Whiteman D, Wijmenga C, Baldassano RN, Barclay M, Bayless TM, Brand S, Büning C, Cohen A, Colombel JF, Cottone
M, Stronati L, Denson T, De Vos M, D’Inca R, Dubinsky M,
Edwards C, Florin T, Franchimont D, Gearry R, Glas J, Van
Gossum A, Guthery SL, Halfvarson J, Verspaget HW, Hugot
JP, Karban A, Laukens D, Lawrance I, Lemann M, Levine
A, Libioulle C, Louis E, Mowat C, Newman W, Panés J,
Phillips A, Proctor DD, Regueiro M, Russell R, Rutgeerts P,
Sanderson J, Sans M, Seibold F, Steinhart AH, Stokkers PC,
Torkvist L, Kullak-Ublick G, Wilson D, Walters T, Targan
SR, Brant SR, Rioux JD, D’Amato M, Weersma RK, Kugathasan S, Griffiths AM, Mansfield JC, Vermeire S, Duerr RH,
Silverberg MS, Satsangi J, Schreiber S, Cho JH, Annese V,
Hakonarson H, Daly MJ, Parkes M. Genome-wide metaanalysis increases to 71 the number of confirmed Crohn’
s disease susceptibility loci. Nat Genet 2010; 42: 1118-1125
[PMID: 21102463 DOI: 10.1038/ng.717]
Glocker E, Grimbacher B. Inflammatory bowel disease: is
it a primary immunodeficiency? Cell Mol Life Sci 2012; 69:
41-48 [PMID: 21997382 DOI: 10.1007/s00018-011-0837-9]
Moore KW, de Waal Malefyt R, Coffman RL, O’Garra A.
Interleukin-10 and the interleukin-10 receptor. Annu Rev Immunol 2001; 19: 683-765 [PMID: 11244051]
Fiorentino DF, Zlotnik A, Mosmann TR, Howard M, O’Garra A. IL-10 inhibits cytokine production by activated macrophages. J Immunol 1991; 147: 3815-3822 [PMID: 1940369]

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients
58

59

60

61
62

63
64
65

66
67

68
69
70

71

72

73

Williams L, Bradley L, Smith A, Foxwell B. Signal transducer and activator of transcription 3 is the dominant mediator
of the anti-inflammatory effects of IL-10 in human macrophages. J Immunol 2004; 172: 567-576 [PMID: 14688368]
Worthey EA, Mayer AN, Syverson GD, Helbling D, Bonacci
BB, Decker B, Serpe JM, Dasu T, Tschannen MR, Veith RL,
Basehore MJ, Broeckel U, Tomita-Mitchell A, Arca MJ,
Casper JT, Margolis DA, Bick DP, Hessner MJ, Routes JM,
Verbsky JW, Jacob HJ, Dimmock DP. Making a definitive
diagnosis: successful clinical application of whole exome
sequencing in a child with intractable inflammatory bowel
disease. Genet Med 2011; 13: 255-262 [PMID: 21173700 DOI:
10.1097/GIM.0b013e3182088158]
Agarwal S, Mayer L. Diagnosis and treatment of gastrointestinal disorders in patients with primary immunodeficiency. Clin Gastroenterol Hepatol 2013; 11: 1050-1063 [PMID:
23501398 DOI: 10.1016/j.cgh.2013.02.024]
Orange JS, Geha RS. Finding NEMO: genetic disorders
of NF-[kappa]B activation. J Clin Invest 2003; 112: 983-985
[PMID: 14523034]
de Bie CI, Paerregaard A, Kolacek S, Ruemmele FM, Koletzko S, Fell JM, Escher JC. Disease phenotype at diagnosis
in pediatric Crohn’s disease: 5-year analyses of the EUROKIDS Registry. Inflamm Bowel Dis 2013; 19: 378-385 [PMID:
22573581 DOI: 10.1002/ibd.23008]
Stappenbeck TS. Paneth cell development, differentiation,
and function: new molecular cues. Gastroenterology 2009; 137:
30-33 [PMID: 19497398 DOI: 10.1053/j.gastro.2009.05.013]
Ouellette AJ. Paneth cell alpha-defensin synthesis and function. Curr Top Microbiol Immunol 2006; 306: 1-25 [PMID:
16909916]
Wehkamp J, Wang G, Kübler I, Nuding S, Gregorieff A, Schnabel A, Kays RJ, Fellermann K, Burk O, Schwab M, Clevers
H, Bevins CL, Stange EF. The Paneth cell alpha-defensin
deficiency of ileal Crohn’s disease is linked to Wnt/Tcf-4. J
Immunol 2007; 179: 3109-3118 [PMID: 17709525]
Wehkamp J, Stange EF. Paneth’s disease. J Crohns Colitis 2010;
4: 523-531 [PMID: 21122555 DOI: 10.1016/j.crohns.2010.05.010]
Beil WJ, Weller PF, Peppercorn MA, Galli SJ, Dvorak AM.
Ultrastructural immunogold localization of subcellular sites
of TNF-alpha in colonic Crohn‘s disease. J Leukoc Biol 1995;
58: 284-298 [PMID: 7665984]
Beisner J, Stange EF, Wehkamp J. Paneth cell function-implications in pediatric Crohn disease. Gut Microbes 2011; 2:
47-51 [PMID: 21637018 DOI: 10.4161/gmic.2.1.14649]
Keshav S. Paneth cells: leukocyte-like mediators of innate
immunity in the intestine. J Leukoc Biol 2006; 80: 500-508
[PMID: 16793911]
Kelly P, Feakins R, Domizio P, Murphy J, Bevins C, Wilson
J, McPhail G, Poulsom R, Dhaliwal W. Paneth cell granule
depletion in the human small intestine under infective and
nutritional stress. Clin Exp Immunol 2004; 135: 303-309 [PMID:
14738460]
Günther C, Martini E, Wittkopf N, Amann K, Weigmann B,
Neumann H, Waldner MJ, Hedrick SM, Tenzer S, Neurath
MF, Becker C. Caspase-8 regulates TNF-α-induced epithelial
necroptosis and terminal ileitis. Nature 2011; 477: 335-339
[PMID: 21921917 DOI: 10.1038/nature10400]
VanDussen KL, Liu TC, Li D, Towfic F, Modiano N, Winter
R, Haritunians T, Taylor KD, Dhall D, Targan SR, Xavier RJ,
McGovern DP, Stappenbeck TS. Genetic variants synthesize
to produce paneth cell phenotypes that define subtypes of
Crohn’s disease. Gastroenterology 2014; 146: 200-209 [PMID:
24076061 DOI: 10.1053/j.gastro.2013.09.048]
Hugot JP, Chamaillard M, Zouali H, Lesage S, Cézard
JP, Belaiche J, Almer S, Tysk C, O’Morain CA, Gassull M,
Binder V, Finkel Y, Cortot A, Modigliani R, Laurent-Puig
P, Gower-Rousseau C, Macry J, Colombel JF, Sahbatou M,
Thomas G. Association of NOD2 leucine-rich repeat vari-

WJG|www.wjgnet.com

74

75

76

77

78
79

80

81

82

83

84

85

86

10273

ants with susceptibility to Crohn’s disease. Nature 2001; 411:
599-603 [PMID: 11385576]
Hisamatsu T, Suzuki M, Reinecker HC, Nadeau WJ, McCormick BA, Podolsky DK. CARD15/NOD2 functions as
an antibacterial factor in human intestinal epithelial cells.
Gastroenterology 2003; 124: 993-1000 [PMID: 12671896]
Kobayashi KS, Chamaillard M, Ogura Y, Henegariu O, Inohara N, Nuñez G, Flavell RA. Nod2-dependent regulation
of innate and adaptive immunity in the intestinal tract. Science 2005; 307: 731-734 [PMID: 15692051]
Ahmad T, Armuzzi A, Bunce M, Mulcahy-Hawes K, Marshall SE, Orchard TR, Crawshaw J, Large O, de Silva A,
Cook JT, Barnardo M, Cullen S, Welsh KI, Jewell DP. The
molecular classification of the clinical manifestations of
Crohn’s disease. Gastroenterology 2002; 122: 854-866 [PMID:
11910336]
Rigoli L, Romano C, Caruso RA, Lo Presti MA, Di Bella C,
Procopio V, Lo Giudice G, Amorini M, Costantino G, Sergi
MD, Cuppari C, Calabro GE, Gallizzi R, Salpietro CD, Fries W.
Clinical significance of NOD2/CARD15 and Toll-like receptor 4 gene single nucleotide polymorphisms in inflammatory
bowel disease. World J Gastroenterol 2008; 14: 4454-4461 [PMID:
18680223]
Parkes M. The genetics universe of Crohn’s disease and
ulcerative colitis. Dig Dis 2012; 30 Suppl 1: 78-81 [PMID:
23075873 DOI: 10.1159/000341130]
Chamaillard M, Iacob R, Desreumaux P, Colombel JF. Advances and perspectives in the genetics of inflammatory
bowel diseases. Clin Gastroenterol Hepatol 2006; 4: 143-151
[PMID: 16469672]
Weersma RK, Stokkers PC, van Bodegraven AA, van Hogezand RA, Verspaget HW, de Jong DJ, van der Woude CJ,
Oldenburg B, Linskens RK, Festen EA, van der Steege G,
Hommes DW, Crusius JB, Wijmenga C, Nolte IM, Dijkstra G.
Molecular prediction of disease risk and severity in a large
Dutch Crohn’s disease cohort. Gut 2009; 58: 388-395 [PMID:
18824555 DOI: 10.1136/gut.2007.144865]
Wine E, Reif SS, Leshinsky-Silver E, Weiss B, Shaoul RR,
Shamir R, Wasserman D, Lerner A, Boaz M, Levine A. Pediatric Crohn’s disease and growth retardation: the role of
genotype, phenotype, and disease severity. Pediatrics 2004;
114: 1281-1286 [PMID: 15520108]
Kugathasan S, Collins N, Maresso K, Hoffmann RG, Stephens M, Werlin SL, Rudolph C, Broeckel U. CARD15 gene
mutations and risk for early surgery in pediatric-onset
Crohn’s disease. Clin Gastroenterol Hepatol 2004; 2: 1003-1009
[PMID: 15551253]
Russell RK, Drummond HE, Nimmo EE, Anderson N, Smith
L, Wilson DC, Gillett PM, McGrogan P, Hassan K, Weaver
LT, Bisset M, Mahdi G, Satsangi J. Genotype-phenotype analysis in childhood-onset Crohn’s disease: NOD2/CARD15
variants consistently predict phenotypic characteristics of
severe disease. Inflamm Bowel Dis 2005; 11: 955-964 [PMID:
16239840]
Tomer G, Ceballos C, Concepcion E, Benkov KJ. NOD2/
CARD15 variants are associated with lower weight at diagnosis in children with Crohn’s disease. Am J Gastroenterol
2003; 98: 2479-2484 [PMID: 14638352]
Cucchiara S, Latiano A, Palmieri O, Staiano AM, D’Incà R,
Guariso G, Vieni G, Rutigliano V, Borrelli O, Valvano MR,
Annese V. Role of CARD15, DLG5 and OCTN genes polymorphisms in children with inflammatory bowel diseases.
World J Gastroenterol 2007; 13: 1221-1229 [PMID: 17451203]
Levine A, Kugathasan S, Annese V, Biank V, LeshinskySilver E, Davidovich O, Kimmel G, Shamir R, Palmieri O,
Karban A, Broeckel U, Cucchiara S. Pediatric onset Crohn’
s colitis is characterized by genotype-dependent age-related
susceptibility. Inflamm Bowel Dis 2007; 13: 1509-1515 [PMID:
17763471]

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients
87

Ferraris A, Knafelz D, Torres B, Fortina P, Castro M, Dallapiccola B. Analysis of CARD15 gene variants in Italian pediatric patients with inflammatory bowel diseases. J Pediatr
2005; 147: 272-273 [PMID: 16126067]
88 Roesler J, Thürigen A, Sun L, Koch R, Winkler U, Laass MW,
Gahr M, Rösen-Wolff A, Henker J. Influence of CARD15
mutations on disease activity and response to therapy in 65
pediatric Crohn patients from Saxony, Germany. J Pediatr
Gastroenterol Nutr 2005; 41: 27-32 [PMID: 15990626]
89 Shaoul R, Karban A, Weiss B, Reif S, Wasserman D, Pacht
A, Eliakim R, Wardi J, Shirin H, Wine E, Leshinsky-Silver
E, Levine A. NOD2/CARD15 mutations and presence of
granulomas in pediatric and adult Crohn’s disease. Inflamm
Bowel Dis 2004; 10: 709-714 [PMID: 15626887]
90 Weiss B, Shamir R, Bujanover Y, Waterman M, Hartman
C, Fradkin A, Berkowitz D, Weintraub I, Eliakim R, Karban
A. NOD2/CARD15 mutation analysis and genotype-phenotype correlation in Jewish pediatric patients compared
with adults with Crohn’s disease. J Pediatr 2004; 145: 208-212
[PMID: 15289769]
91 Ideström M, Rubio C, Granath F, Finkel Y, Hugot JP. CARD15
mutations are rare in Swedish pediatric Crohn disease. J Pediatr Gastroenterol Nutr 2005; 40: 456-460 [PMID: 15795594]
92 Zelinkova Z, van Beelen AJ, de Kort F, Moerland PD, Ver
Loren van Themaat E, te Velde AA, van Deventer SJ, de
Jong EC, Hommes DW. Muramyl dipeptide-induced differential gene expression in NOD2 mutant and wild-type
Crohn’s disease patient-derived dendritic cells. Inflamm
Bowel Dis 2008; 14: 186-194 [PMID: 17941075]
93 Iborra M, Bernuzzi F, Correale C, Vetrano S, Fiorino G, Beltrán B, Marabita F, Locati M, Spinelli A, Nos P, Invernizzi
P, Danese S. Identification of serum and tissue micro-RNA
expression profiles in different stages of inflammatory
bowel disease. Clin Exp Immunol 2013; 173: 250-258 [PMID:
23607522 DOI: 10.1111/cei.12104]
94 Bartel DP. MicroRNAs: genomics, biogenesis, mechanism,
and function. Cell 2004; 116: 281-297 [PMID: 14744438]
95 Kloosterman WP, Plasterk RH. The diverse functions of microRNAs in animal development and disease. Dev Cell 2006;
11: 441-450 [PMID: 17011485]
96 Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang
Y, Chen J, Guo X, Li Q, Li X, Wang W, Zhang Y, Wang J,
Jiang X, Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H,
Shang X, Gong T, Ning G, Wang J, Zen K, Zhang J, Zhang
CY. Characterization of microRNAs in serum: a novel class
of biomarkers for diagnosis of cancer and other diseases.
Cell Res 2008; 18: 997-1006 [PMID: 18766170 DOI: 10.1038/
cr.2008.282]
97 McKenna LB, Schug J, Vourekas A, McKenna JB, Bramswig
NC, Friedman JR, Kaestner KH. MicroRNAs control intestinal epithelial differentiation, architecture, and barrier function. Gastroenterology 2010; 139: 1654-1664, 1664.e1 [PMID:
20659473 DOI: 10.1053/j.gastro.2010.07.040]
98 Lagos-Quintana M, Rauhut R, Yalcin A, Meyer J, Lendeckel
W, Tuschl T. Identification of tissue-specific microRNAs
from mouse. Curr Biol 2002; 12: 735-739 [PMID: 12007417]
99 Boutz DR, Collins PJ, Suresh U, Lu M, Ramírez CM, Fernández-Hernando C, Huang Y, Abreu Rde S, Le SY, Shapiro BA,
Liu AM, Luk JM, Aldred SF, Trinklein ND, Marcotte EM,
Penalva LO. Two-tiered approach identifies a network of
cancer and liver disease-related genes regulated by miR-122.
J Biol Chem 2011; 286: 18066-18078 [PMID: 21402708 DOI:
10.1074/jbc.M110.196451]
100 Ye D, Guo S, Al-Sadi R, Ma TY. MicroRNA regulation of
intestinal epithelial tight junction permeability. Gastroenterology 2011; 141: 1323-1333 [PMID: 21763238 DOI: 10.1053/
j.gastro.2011.07.005]
101 Kanaan Z, Rai SN, Eichenberger MR, Barnes C, Dworkin
AM, Weller C, Cohen E, Roberts H, Keskey B, Petras RE,

WJG|www.wjgnet.com

102

103

104

105

106

107

108

109

110
111

112

113

10274

Crawford NP, Galandiuk S. Differential microRNA expression tracks neoplastic progression in inflammatory bowel
disease-associated colorectal cancer. Hum Mutat 2012; 33:
551-560 [PMID: 22241525 DOI: 10.1002/humu.22021]
Chen Y, Wang C, Liu Y, Tang L, Zheng M, Xu C, Song J,
Meng X. miR-122 targets NOD2 to decrease intestinal epithelial cell injury in Crohn’s disease. Biochem Biophys Res
Commun 2013; 438: 133-139 [PMID: 23872065 DOI: 10.1016/
j.bbrc.2013.07.040]
Noomen CG, Hommes DW, Fidder HH. Update on genetics in inflammatory disease. Best Pract Res Clin Gastroenterol 2009; 23: 233-243 [PMID: 19414149 DOI: 10.1016/
j.bpg.2009.02.005]
Wehkamp J, Fellermann K, Herrlinger KR, Baxmann S,
Schmidt K, Schwind B, Duchrow M, Wohlschläger C, Feller
AC, Stange EF. Human beta-defensin 2 but not beta-defensin 1 is expressed preferentially in colonic mucosa of inflammatory bowel disease. Eur J Gastroenterol Hepatol 2002; 14:
745-752 [PMID: 12169983]
Fellermann K, Stange DE, Schaeffeler E, Schmalzl H, Wehkamp J, Bevins CL, Reinisch W, Teml A, Schwab M, Lichter
P, Radlwimmer B, Stange EF. A chromosome 8 gene-cluster
polymorphism with low human beta-defensin 2 gene copy
number predisposes to Crohn disease of the colon. Am J
Hum Genet 2006; 79: 439-448 [PMID: 16909382]
Wehkamp J, Harder J, Weichenthal M, Schwab M, Schäffeler E, Schlee M, Herrlinger KR, Stallmach A, Noack F, Fritz
P, Schröder JM, Bevins CL, Fellermann K, Stange EF. NOD2
(CARD15) mutations in Crohn’s disease are associated with
diminished mucosal alpha-defensin expression. Gut 2004;
53: 1658-1664 [PMID: 15479689]
Wehkamp J, Salzman NH, Porter E, Nuding S, Weichenthal
M, Petras RE, Shen B, Schaeffeler E, Schwab M, Linzmeier
R, Feathers RW, Chu H, Lima H, Fellermann K, Ganz T,
Stange EF, Bevins CL. Reduced Paneth cell alpha-defensins
in ileal Crohn’s disease. Proc Natl Acad Sci USA 2005; 102:
18129-18134 [PMID: 16330776]
Zilbauer M, Jenke A, Wenzel G, Goedde D, Postberg J, Phillips AD, Lucas M, Noble-Jamieson G, Torrente F, Salvestrini
C, Heuschkel R, Wirth S. Intestinal alpha-defensin expression in pediatric inflammatory bowel disease. Inflamm Bowel
Dis 2011; 17: 2076-2086 [PMID: 21910169 DOI: 10.1002/
ibd.21577]
Perminow G, Beisner J, Koslowski M, Lyckander LG, Stange
E, Vatn MH, Wehkamp J. Defective paneth cell-mediated
host defense in pediatric ileal Crohn’s disease. Am J Gastroenterol 2010; 105: 452-459 [PMID: 19904243 DOI: 10.1038/
ajg.2009.643]
Cook DN, Pisetsky DS, Schwartz DA. Toll-like receptors
in the pathogenesis of human disease. Nat Immunol 2004; 5:
975-979 [PMID: 15454920]
Franchimont D, Vermeire S, El Housni H, Pierik M, Van
Steen K, Gustot T, Quertinmont E, Abramowicz M, Van
Gossum A, Devière J, Rutgeerts P. Deficient host-bacteria
interactions in inflammatory bowel disease? The toll-like receptor (TLR)-4 Asp299gly polymorphism is associated with
Crohn’s disease and ulcerative colitis. Gut 2004; 53: 987-992
[PMID: 15194649]
Török HP, Glas J, Tonenchi L, Bruennler G, Folwaczny
M, Folwaczny C. Crohn’s disease is associated with a tolllike receptor-9 polymorphism. Gastroenterology 2004; 127:
365-366 [PMID: 15236225]
Barrett JC, Hansoul S, Nicolae DL, Cho JH, Duerr RH, Rioux
JD, Brant SR, Silverberg MS, Taylor KD, Barmada MM, Bitton A, Dassopoulos T, Datta LW, Green T, Griffiths AM,
Kistner EO, Murtha MT, Regueiro MD, Rotter JI, Schumm
LP, Steinhart AH, Targan SR, Xavier RJ, Libioulle C, Sandor
C, Lathrop M, Belaiche J, Dewit O, Gut I, Heath S, Laukens
D, Mni M, Rutgeerts P, Van Gossum A, Zelenika D, Franchi-

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients

114

115

116

117

118

119
120

121
122

123

124

mont D, Hugot JP, de Vos M, Vermeire S, Louis E, Cardon
LR, Anderson CA, Drummond H, Nimmo E, Ahmad T,
Prescott NJ, Onnie CM, Fisher SA, Marchini J, Ghori J,
Bumpstead S, Gwilliam R, Tremelling M, Deloukas P, Mansfield J, Jewell D, Satsangi J, Mathew CG, Parkes M, Georges
M, Daly MJ. Genome-wide association defines more than
30 distinct susceptibility loci for Crohn’s disease. Nat Genet
2008; 40: 955-962 [PMID: 18587394 DOI: 10.1038/ng.175]
Parkes M, Barrett JC, Prescott NJ, Tremelling M, Anderson
CA, Fisher SA, Roberts RG, Nimmo ER, Cummings FR,
Soars D, Drummond H, Lees CW, Khawaja SA, Bagnall R,
Burke DA, Todhunter CE, Ahmad T, Onnie CM, McArdle
W, Strachan D, Bethel G, Bryan C, Lewis CM, Deloukas P,
Forbes A, Sanderson J, Jewell DP, Satsangi J, Mansfield JC,
Cardon L, Mathew CG. Sequence variants in the autophagy
gene IRGM and multiple other replicating loci contribute to
Crohn’s disease susceptibility. Nat Genet 2007; 39: 830-832
[PMID: 17554261]
Rioux JD, Xavier RJ, Taylor KD, Silverberg MS, Goyette
P, Huett A, Green T, Kuballa P, Barmada MM, Datta LW,
Shugart YY, Griffiths AM, Targan SR, Ippoliti AF, Bernard
EJ, Mei L, Nicolae DL, Regueiro M, Schumm LP, Steinhart
AH, Rotter JI, Duerr RH, Cho JH, Daly MJ, Brant SR. Genome-wide association study identifies new susceptibility
loci for Crohn disease and implicates autophagy in disease
pathogenesis. Nat Genet 2007; 39: 596-604 [PMID: 17435756]
Ishihara S, Aziz MM, Yuki T, Kazumori H, Kinoshita Y. Inflammatory bowel disease: review from the aspect of genetics. J Gastroenterol 2009; 44: 1097-1108 [PMID: 19802731 DOI:
10.1007/s00535-009-0141-8]
Saitoh T, Fujita N, Jang MH, Uematsu S, Yang BG, Satoh
T, Omori H, Noda T, Yamamoto N, Komatsu M, Tanaka K,
Kawai T, Tsujimura T, Takeuchi O, Yoshimori T, Akira S.
Loss of the autophagy protein Atg16L1 enhances endotoxininduced IL-1beta production. Nature 2008; 456: 264-268
[PMID: 18849965 DOI: 10.1038/nature07383]
Cadwell K, Liu JY, Brown SL, Miyoshi H, Loh J, Lennerz
JK, Kishi C, Kc W, Carrero JA, Hunt S, Stone CD, Brunt EM,
Xavier RJ, Sleckman BP, Li E, Mizushima N, Stappenbeck
TS, Virgin HW. A key role for autophagy and the autophagy
gene Atg16l1 in mouse and human intestinal Paneth cells.
Nature 2008; 456: 259-263 [PMID: 18849966 DOI: 10.1038/nature07416]
Münz C. Enhancing immunity through autophagy. Annu
Rev Immunol 2009; 27: 423-449 [PMID: 19105657 DOI:
10.1146/annurev.immunol.021908.132537]
Zeissig S, Bojarski C, Buergel N, Mankertz J, Zeitz M, Fromm
M, Schulzke JD. Downregulation of epithelial apoptosis and
barrier repair in active Crohn's disease by tumour necrosis
factor alpha antibody treatment. Gut 2004; 53: 1295-1302
[PMID: 15306588]
Maiuri MC, Zalckvar E, Kimchi A, Kroemer G. Self-eating
and self-killing: crosstalk between autophagy and apoptosis. Nat Rev Mol Cell Biol 2007; 8: 741-752 [PMID: 17717517]
Büning C, Durmus T, Molnar T, de Jong DJ, Drenth JP,
Fiedler T, Gentz E, Todorov T, Haas V, Buhner S, Sturm A,
Baumgart DC, Nagy F, Lonovics J, Landt O, Kage A, Büning
H, Nickel R, Büttner J, Lochs H, Schmidt HH, Witt H. A
study in three European IBD cohorts confirms that the ATG16L1 c.898A& gt; G (p.Thr300Ala) variant is a susceptibility factor for Crohn’s disease. J Crohns Colitis 2007; 1: 70-76
[PMID: 21172187 DOI: 10.1016/j.crohns.2007.08.001]
Zhang HF, Qiu LX, Chen Y, Zhu WL, Mao C, Zhu LG,
Zheng MH, Wang Y, Lei L, Shi J. ATG16L1 T300A polymorphism and Crohn’s disease susceptibility: evidence
from 13,022 cases and 17,532 controls. Hum Genet 2009; 125:
627-631 [PMID: 19337756 DOI: 10.1007/s00439-009-0660-7]
Cheng JF, Ning YJ, Zhang W, Lu ZH, Lin L. T300A polymorphism of ATG16L1 and susceptibility to inflammatory

WJG|www.wjgnet.com

125

126

127

128

129

130
131

132

133

134

135

136

10275

bowel diseases: a meta-analysis. World J Gastroenterol 2010;
16: 1258-1266 [PMID: 20222171]
Okazaki T, Wang MH, Rawsthorne P, Sargent M, Datta
LW, Shugart YY, Bernstein CN, Brant SR. Contributions of
IBD5, IL23R, ATG16L1, and NOD2 to Crohn’s disease risk
in a population-based case-control study: evidence of genegene interactions. Inflamm Bowel Dis 2008; 14: 1528-1541
[PMID: 18521914 DOI: 10.1002/ibd.20512]
Philpott DJ, Sorbara MT, Robertson SJ, Croitoru K, Girardin
SE. NOD proteins: regulators of inflammation in health and
disease. Nat Rev Immunol 2014; 14: 9-23 [PMID: 24336102
DOI: 10.1038/nri3565]
Travassos LH, Carneiro LA, Ramjeet M, Hussey S, Kim
YG, Magalhães JG, Yuan L, Soares F, Chea E, Le Bourhis
L, Boneca IG, Allaoui A, Jones NL, Nuñez G, Girardin SE,
Philpott DJ. Nod1 and Nod2 direct autophagy by recruiting
ATG16L1 to the plasma membrane at the site of bacterial
entry. Nat Immunol 2010; 11: 55-62 [PMID: 19898471 DOI:
10.1038/ni.1823]
Kuballa P, Huett A, Rioux JD, Daly MJ, Xavier RJ. Impaired
autophagy of an intracellular pathogen induced by a Crohn’
s disease associated ATG16L1 variant. PLoS One 2008; 3:
e3391 [PMID: 18852889 DOI: 10.1371/journal.pone.0003391]
Singh SB, Ornatowski W, Vergne I, Naylor J, Delgado M,
Roberts E, Ponpuak M, Master S, Pilli M, White E, Komatsu
M, Deretic V. Human IRGM regulates autophagy and cellautonomous immunity functions through mitochondria.
Nat Cell Biol 2010; 12: 1154-1165 [PMID: 21102437 DOI:
10.1038/ncb2119]
Singh SB, Davis AS, Taylor GA, Deretic V. Human IRGM
induces autophagy to eliminate intracellular mycobacteria.
Science 2006; 313: 1438-1441 [PMID: 16888103]
Cooney R, Baker J, Brain O, Danis B, Pichulik T, Allan P,
Ferguson DJ, Campbell BJ, Jewell D, Simmons A. NOD2
stimulation induces autophagy in dendritic cells influencing
bacterial handling and antigen presentation. Nat Med 2010;
16: 90-97 [PMID: 19966812 DOI: 10.1038/nm.2069]
Prescott NJ, Dominy KM, Kubo M, Lewis CM, Fisher SA,
Redon R, Huang N, Stranger BE, Blaszczyk K, Hudspith
B, Parkes G, Hosono N, Yamazaki K, Onnie CM, Forbes
A, Dermitzakis ET, Nakamura Y, Mansfield JC, Sanderson J, Hurles ME, Roberts RG, Mathew CG. Independent
and population-specific association of risk variants at the
IRGM locus with Crohn’s disease. Hum Mol Genet 2010; 19:
1828-1839 [PMID: 20106866 DOI: 10.1093/hmg/ddq041]
Brest P, Lapaquette P, Souidi M, Lebrigand K, Cesaro A,
Vouret-Craviari V, Mari B, Barbry P, Mosnier JF, Hébuterne
X, Harel-Bellan A, Mograbi B, Darfeuille-Michaud A, Hofman P. A synonymous variant in IRGM alters a binding site
for miR-196 and causes deregulation of IRGM-dependent
xenophagy in Crohn’s disease. Nat Genet 2011; 43: 242-245
[PMID: 21278745 DOI: 10.1038/ng.762]
Lapaquette P, Glasser AL, Huett A, Xavier RJ, DarfeuilleMichaud A. Crohn’s disease-associated adherent-invasive E.
coli are selectively favoured by impaired autophagy to replicate intracellularly. Cell Microbiol 2010; 12: 99-113 [PMID:
19747213 DOI: 10.1111/j.1462-5822.2009.01381.x]
Latiano A, Palmieri O, Cucchiara S, Castro M, D’Incà R,
Guariso G, Dallapiccola B, Valvano MR, Latiano T, Andriulli A, Annese V. Polymorphism of the IRGM gene might
predispose to fistulizing behavior in Crohn’s disease. Am
J Gastroenterol 2009; 104: 110-116 [PMID: 19098858 DOI:
10.1038/ajg.2008.3]
Moon CM, Shin DJ, Kim SW, Son NH, Park A, Park B, Jung
ES, Kim ES, Hong SP, Kim TI, Kim WH, Cheon JH. Associations between genetic variants in the IRGM gene and
inflammatory bowel diseases in the Korean population.
Inflamm Bowel Dis 2013; 19: 106-114 [PMID: 22508677 DOI:
10.1002/ibd.22972]

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients
137 Sim WH, Wagner J, Cameron DJ, Catto-Smith AG, Bishop
RF, Kirkwood CD. Expression profile of genes involved in
pathogenesis of pediatric Crohn’s disease. J Gastroenterol
Hepatol 2012; 27: 1083-1093 [PMID: 22098497 DOI: 10.1111/
j.1440-1746.2011.06973.x]
138 Seidelin JB, Bjerrum JT, Coskun M, Widjaya B, Vainer B,
Nielsen OH. IL-33 is upregulated in colonocytes of ulcerative colitis. Immunol Lett 2010; 128: 80-85 [PMID: 19913053
DOI: 10.1016/j.imlet.2009.11.001]
139 Sponheim J, Pollheimer J, Olsen T, Balogh J, Hammarström C, Loos T, Kasprzycka M, Sørensen DR, Nilsen
HR, Küchler AM, Vatn MH, Haraldsen G. Inflammatory
bowel disease-associated interleukin-33 is preferentially
expressed in ulceration-associated myofibroblasts. Am J
Pathol 2010; 177: 2804-2815 [PMID: 21037074 DOI: 10.2353/
ajpath.2010.100378]
140 Beltrán CJ, Núñez LE, Díaz-Jiménez D, Farfan N, Candia
E, Heine C, López F, González MJ, Quera R, Hermoso MA.
Characterization of the novel ST2/IL-33 system in patients
with inflammatory bowel disease. Inflamm Bowel Dis 2010;
16: 1097-1107 [PMID: 20014018 DOI: 10.1002/ibd.21175]
141 Kugathasan S, Baldassano RN, Bradfield JP, Sleiman PM,
Imielinski M, Guthery SL, Cucchiara S, Kim CE, Frackelton
EC, Annaiah K, Glessner JT, Santa E, Willson T, Eckert AW,
Bonkowski E, Shaner JL, Smith RM, Otieno FG, Peterson N,
Abrams DJ, Chiavacci RM, Grundmeier R, Mamula P, Tomer
G, Piccoli DA, Monos DS, Annese V, Denson LA, Grant SF,
Hakonarson H. Loci on 20q13 and 21q22 are associated with
pediatric-onset inflammatory bowel disease. Nat Genet 2008;
40: 1211-1215 [PMID: 18758464 DOI: 10.1038/ng.203]
142 Funke B, Autschbach F, Kim S, Lasitschka F, Strauch U, Rogler G, Gdynia G, Li L, Gretz N, Macher-Goeppinger S, Sido
B, Schirmacher P, Meuer SC, Roth W. Functional characterisation of decoy receptor 3 in Crohn’s disease. Gut 2009; 58:
483-491 [PMID: 19039087 DOI: 10.1136/gut.2008.148908]
143 Amre DK, Mack DR, Morgan K, Fujiwara M, Israel D,
Deslandres C, Seidman EG, Lambrette P, Costea I, Krupoves
A, Fegury H, Dong J, Grimard G, Levy E. Investigation of
reported associations between the 20q13 and 21q22 loci and
pediatric-onset Crohn’s disease in Canadian children. Am
J Gastroenterol 2009; 104: 2824-2828 [PMID: 19623168 DOI:
10.1038/ajg.2009.430]
144 Amre DK, Mack DR, Morgan K, Israel D, Deslandres C, Seidman EG, Lambrette P, Costea I, Krupoves A, Fegury H, Dong
J, Xhu Z, Grimard G, Levy E. Association between genomewide association studies reported SNPs and pediatric-onset
Crohn’s disease in Canadian children. Hum Genet 2010; 128:
131-135 [PMID: 20473688 DOI: 10.1007/s00439-010-0835-2]
145 Barber LJ, Youds JL, Ward JD, McIlwraith MJ, O’Neil NJ,
Petalcorin MI, Martin JS, Collis SJ, Cantor SB, Auclair M,
Tissenbaum H, West SC, Rose AM, Boulton SJ. RTEL1
maintains genomic stability by suppressing homologous recombination. Cell 2008; 135: 261-271 [PMID: 18957201 DOI:
10.1016/j.cell.2008.08.016]
146 Bai C, Connolly B, Metzker ML, Hilliard CA, Liu X, Sandig V,
Soderman A, Galloway SM, Liu Q, Austin CP, Caskey CT.
Overexpression of M68/DcR3 in human gastrointestinal
tract tumors independent of gene amplification and its location in a four-gene cluster. Proc Natl Acad Sci USA 2000; 97:
1230-1235 [PMID: 10655513]
147 Imielinski M, Baldassano RN, Griffiths A, Russell RK, Annese V, Dubinsky M, Kugathasan S, Bradfield JP, Walters
TD, Sleiman P, Kim CE, Muise A, Wang K, Glessner JT,
Saeed S, Zhang H, Frackelton EC, Hou C, Flory JH, Otieno
G, Chiavacci RM, Grundmeier R, Castro M, Latiano A, Dallapiccola B, Stempak J, Abrams DJ, Taylor K, McGovern
D; Western Regional Alliance for Pediatric IBD, Silber G,
Wrobel I, Quiros A; International IBD Genetics Consortium,
Barrett JC, Hansoul S, Nicolae DL, Cho JH, Duerr RH, Rioux

WJG|www.wjgnet.com

148
149

150

151
152

153
154

155

156

157

158

10276

JD, Brant SR, Silverberg MS, Taylor KD, Barmuda MM, Bitton A, Dassopoulos T, Datta LW, Green T, Griffiths AM,
Kistner EO, Murtha MT, Regueiro MD, Rotter JI, Schumm
LP, Steinhart AH, Targan SR, Xavier RJ; NIDDK IBD Genetics Consortium, Libioulle C, Sandor C, Lathrop M, Belaiche
J, Dewit O, Gut I, Heath S, Laukens D, Mni M, Rutgeerts P,
Van Gossum A, Zelenika D, Franchimont D, Hugot JP, de
Vos M, Vermeire S, Louis E; Belgian-French IBD Consortium; Wellcome Trust Case Control Consortium, Cardon LR,
Anderson CA, Drummond H, Nimmo E, Ahmad T, Prescott
NJ, Onnie CM, Fisher SA, Marchini J, Ghori J, Bumpstead
S, Gwillam R, Tremelling M, Delukas P, Mansfield J, Jewell
D, Satsangi J, Mathew CG, Parkes M, Georges M, Daly MJ,
Heyman MB, Ferry GD, Kirschner B, Lee J, Essers J, Grand R,
Stephens M, Levine A, Piccoli D, Van Limbergen J, Cucchiara S, Monos DS, Guthery SL, Denson L, Wilson DC, Grant
SF, Daly M, Silverberg MS, Satsangi J, Hakonarson H. Common variants at five new loci associated with early-onset
inflammatory bowel disease. Nat Genet 2009; 41: 1335-1340
[PMID: 19915574 DOI: 10.1038/ng.489]
Steinman L. A brief history of T(H)17, the first major revision in the T(H)1/T(H)2 hypothesis of T cell-mediated tissue damage. Nat Med 2007; 13: 139-145 [PMID: 17290272]
Latiano A, Palmieri O, Latiano T, Corritore G, Bossa F,
Martino G, Biscaglia G, Scimeca D, Valvano MR, Pastore M,
Marseglia A, D’Incà R, Andriulli A, Annese V. Investigation
of multiple susceptibility loci for inflammatory bowel disease in an Italian cohort of patients. PLoS One 2011; 6: e22688
[PMID: 21818367 DOI: 10.1371/journal.pone.0022688]
Latiano A, Palmieri O, Pastorelli L, Vecchi M, Pizarro TT,
Bossa F, Merla G, Augello B, Latiano T, Corritore G, Settesoldi A, Valvano MR, D’Incà R, Stronati L, Annese V, Andriulli A. Associations between genetic polymorphisms in
IL-33, IL1R1 and risk for inflammatory bowel disease. PLoS
One 2013; 8: e62144 [PMID: 23634226 DOI: 10.1371/journal.
pone.0062144]
Zhao C, Wang I, Lehrer RI. Widespread expression of betadefensin hBD-1 in human secretory glands and epithelial
cells. FEBS Lett 1996; 396: 319-322 [PMID: 8915011]
Frye M, Bargon J, Lembcke B, Wagner TO, Gropp R. Differential expression of human alpha- and beta-defensins
mRNA in gastrointestinal epithelia. Eur J Clin Invest 2000;
30: 695-701 [PMID: 10964161]
Gersemann M, Wehkamp J, Fellermann K, Stange EF. Crohn
‘s disease--defect in innate defence. World J Gastroenterol
2008; 14: 5499-5503 [PMID: 18810765]
Gupta N, Bostrom AG, Kirschner BS, Ferry GD, Gold BD,
Cohen SA, Winter HS, Baldassano RN, Abramson O, Smith
T, Heyman MB. Incidence of stricturing and penetrating
complications of Crohn’s disease diagnosed in pediatric patients. Inflamm Bowel Dis 2010; 16: 638-644 [PMID: 19760783
DOI: 10.1002/ibd.21099]
Shaoul R, Karban A, Reif S, Weiss B, Shamir R, Tamir A, Davidovich O, Halevi J, Silver EL, Levine A. Disease behavior
in children with Crohn’s disease: the effect of disease duration, ethnicity, genotype, and phenotype. Dig Dis Sci 2009; 54:
142-150 [PMID: 18594982 DOI: 10.1007/s10620-008-0326-7]
de Zoeten EF, Pasternak BA, Mattei P, Kramer RE, Kader
HA. Diagnosis and treatment of perianal Crohn disease:
NASPGHAN clinical report and consensus statement. J
Pediatr Gastroenterol Nutr 2013; 57: 401-412 [PMID: 23974063
DOI: 10.1097/MPG.0b013e3182a025ee]
Eglinton TW, Roberts R, Pearson J, Barclay M, Merriman
TR, Frizelle FA, Gearry RB. Clinical and genetic risk factors
for perianal Crohn’s disease in a population-based cohort.
Am J Gastroenterol 2012; 107: 589-596 [PMID: 22158027 DOI:
10.1038/ajg.2011.437]
Stange EF, Travis SP, Vermeire S, Reinisch W, Geboes K,
Barakauskiene A, Feakins R, Fléjou JF, Herfarth H, Hommes

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients

159

160

161

162

163

164

165

166
167

168

169

170

171

DW, Kupcinskas L, Lakatos PL, Mantzaris GJ, Schreiber S,
Villanacci V, Warren BF. European evidence-based Consensus on the diagnosis and management of ulcerative colitis:
Definitions and diagnosis. J Crohns Colitis 2008; 2: 1-23
[PMID: 21172194 DOI: 10.1016/j.crohns.2007.11.001]
Levine A, de Bie CI, Turner D, Cucchiara S, Sladek M, Murphy MS, Escher JC. Atypical disease phenotypes in pediatric
ulcerative colitis: 5-year analyses of the EUROKIDS Registry. Inflamm Bowel Dis 2013; 19: 370-377 [PMID: 22570259
DOI: 10.1002/ibd.23013]
Aloi M, D’Arcangelo G, Pofi F, Vassallo F, Rizzo V, Nuti F,
Di Nardo G, Pierdomenico M, Viola F, Cucchiara S. Presenting features and disease course of pediatric ulcerative colitis. J Crohns Colitis 2013; 7: e509-e515 [PMID: 23583691 DOI:
10.1016/j.crohns.2013.03.007]
Aloi M, Nuti F, Stronati L, Cucchiara S. Advances in the
medical management of paediatric IBD. Nat Rev Gastroenterol Hepatol 2014; 11: 99-108 [PMID: 23958601 DOI: 10.1038/
nrgastro.2013.158]
Joo M, Abreu-e-Lima P, Farraye F, Smith T, Swaroop P,
Gardner L, Lauwers GY, Odze RD. Pathologic features of
ulcerative colitis in patients with primary sclerosing cholangitis: a case-control study. Am J Surg Pathol 2009; 33: 854-862
[PMID: 19295408 DOI: 10.1097/PAS.0b013e318196d018]
Loftus EV, Harewood GC, Loftus CG, Tremaine WJ, Harmsen WS, Zinsmeister AR, Jewell DA, Sandborn WJ. PSCIBD: a unique form of inflammatory bowel disease associated with primary sclerosing cholangitis. Gut 2005; 54: 91-96
[PMID: 15591511]
Ordonez F, Lacaille F, Canioni D, Talbotec C, Fournet JC,
Cerf-Bensussan N, Goulet O, Schmitz J, Ruemmele FM. Pediatric ulcerative colitis associated with autoimmune diseases:
a distinct form of inflammatory bowel disease? Inflamm
Bowel Dis 2012; 18: 1809-1817 [PMID: 22238154 DOI: 10.1002/
ibd.22864]
Johansson ME, Phillipson M, Petersson J, Velcich A, Holm L,
Hansson GC. The inner of the two Muc2 mucin-dependent
mucus layers in colon is devoid of bacteria. Proc Natl Acad
Sci USA 2008; 105: 15064-15069 [PMID: 18806221 DOI:
10.1073/pnas.0803124105]
Maloy KJ, Powrie F. Intestinal homeostasis and its breakdown in inflammatory bowel disease. Nature 2011; 474:
298-306 [PMID: 21677746 DOI: 10.1038/nature10208]
Gersemann M, Stange EF, Wehkamp J. From intestinal stem
cells to inflammatory bowel diseases. World J Gastroenterol
2011; 17: 3198-3203 [PMID: 21912468 DOI: 10.3748/wjg.v17.
i27.3198]
Gersemann M, Becker S, Kübler I, Koslowski M, Wang G,
Herrlinger KR, Griger J, Fritz P, Fellermann K, Schwab M,
Wehkamp J, Stange EF. Differences in goblet cell differentiation between Crohn’s disease and ulcerative colitis. Differentiation 2009; 77: 84-94 [PMID: 19281767 DOI: 10.1016/
j.diff.2008.09.008]
Strugala V, Dettmar PW, Pearson JP. Thickness and continuity of the adherent colonic mucus barrier in active and
quiescent ulcerative colitis and Crohn’s disease. Int J Clin
Pract 2008; 62: 762-769 [PMID: 18194279 DOI: 10.1111/
j.1742-1241.2007.01665.x]
Doecke JD, Simms LA, Zhao ZZ, Huang N, Hanigan K,
Krishnaprasad K, Roberts RL, Andrews JM, Mahy G, Bampton P, Lewindon P, Florin T, Lawrance IC, Gearry RB, Montgomery GW, Radford-Smith GL. Genetic susceptibility in
IBD: overlap between ulcerative colitis and Crohn’s disease.
Inflamm Bowel Dis 2013; 19: 240-245 [PMID: 23348120 DOI:
10.1097/MIB.0b013e3182810041]
Barrett JC, Lee JC, Lees CW, Prescott NJ, Anderson CA,
Phillips A, Wesley E, Parnell K, Zhang H, Drummond H,
Nimmo ER, Massey D, Blaszczyk K, Elliott T, Cotterill L,
Dallal H, Lobo AJ, Mowat C, Sanderson JD, Jewell DP,

WJG|www.wjgnet.com

172

173

174

175

176

10277

Newman WG, Edwards C, Ahmad T, Mansfield JC, Satsangi
J, Parkes M, Mathew CG, Donnelly P, Peltonen L, Blackwell
JM, Bramon E, Brown MA, Casas JP, Corvin A, Craddock
N, Deloukas P, Duncanson A, Jankowski J, Markus HS,
Mathew CG, McCarthy MI, Palmer CN, Plomin R, Rautanen
A, Sawcer SJ, Samani N, Trembath RC, Viswanathan AC,
Wood N, Spencer CC, Barrett JC, Bellenguez C, Davison D,
Freeman C, Strange A, Donnelly P, Langford C, Hunt SE,
Edkins S, Gwilliam R, Blackburn H, Bumpstead SJ, Dronov
S, Gillman M, Gray E, Hammond N, Jayakumar A, McCann
OT, Liddle J, Perez ML, Potter SC, Ravindrarajah R, Ricketts
M, Waller M, Weston P, Widaa S, Whittaker P, Deloukas
P, Peltonen L, Mathew CG, Blackwell JM, Brown MA, Corvin A, McCarthy MI, Spencer CC, Attwood AP, Stephens
J, Sambrook J, Ouwehand WH, McArdle WL, Ring SM,
Strachan DP. Genome-wide association study of ulcerative
colitis identifies three new susceptibility loci, including
the HNF4A region. Nat Genet 2009; 41: 1330-1334 [PMID:
19915572 DOI: 10.1038/ng.483]
Battle MA, Konopka G, Parviz F, Gaggl AL, Yang C, Sladek
FM, Duncan SA. Hepatocyte nuclear factor 4alpha orchestrates expression of cell adhesion proteins during the epithelial transformation of the developing liver. Proc Natl Acad
Sci USA 2006; 103: 8419-8424 [PMID: 16714383]
Garrison WD, Battle MA, Yang C, Kaestner KH, Sladek FM,
Duncan SA. Hepatocyte nuclear factor 4alpha is essential
for embryonic development of the mouse colon. Gastroenterology 2006; 130: 1207-1220 [PMID: 16618389]
Karayiannakis AJ, Syrigos KN, Efstathiou J, Valizadeh A,
Noda M, Playford RJ, Kmiot W, Pignatelli M. Expression of
catenins and E-cadherin during epithelial restitution in inflammatory bowel disease. J Pathol 1998; 185: 413-418 [PMID:
9828841]
Houlston RS, Webb E, Broderick P, Pittman AM, Di Bernardo MC, Lubbe S, Chandler I, Vijayakrishnan J, Sullivan K,
Penegar S, Carvajal-Carmona L, Howarth K, Jaeger E, Spain
SL, Walther A, Barclay E, Martin L, Gorman M, Domingo
E, Teixeira AS, Kerr D, Cazier JB, Niittymäki I, Tuupanen S,
Karhu A, Aaltonen LA, Tomlinson IP, Farrington SM, Tenesa A, Prendergast JG, Barnetson RA, Cetnarskyj R, Porteous
ME, Pharoah PD, Koessler T, Hampe J, Buch S, Schafmayer C,
Tepel J, Schreiber S, Völzke H, Chang-Claude J, Hoffmeister
M, Brenner H, Zanke BW, Montpetit A, Hudson TJ, Gallinger S, Campbell H, Dunlop MG. Meta-analysis of genomewide association data identifies four new susceptibility loci
for colorectal cancer. Nat Genet 2008; 40: 1426-1435 [PMID:
19011631 DOI: 10.1038/ng.262]
Anderson CA, Boucher G, Lees CW, Franke A, D'Amato
M, Taylor KD, Lee JC, Goyette P, Imielinski M, Latiano A,
Lagacé C, Scott R, Amininejad L, Bumpstead S, Baidoo L,
Baldassano RN, Barclay M, Bayless TM, Brand S, Büning
C, Colombel JF, Denson LA, De Vos M, Dubinsky M, Edwards C, Ellinghaus D, Fehrmann RS, Floyd JA, Florin T,
Franchimont D, Franke L, Georges M, Glas J, Glazer NL,
Guthery SL, Haritunians T, Hayward NK, Hugot JP, Jobin
G, Laukens D, Lawrance I, Lémann M, Levine A, Libioulle
C, Louis E, McGovern DP, Milla M, Montgomery GW, Morley KI, Mowat C, Ng A, Newman W, Ophoff RA, Papi L,
Palmieri O, Peyrin-Biroulet L, Panés J, Phillips A, Prescott
NJ, Proctor DD, Roberts R, Russell R, Rutgeerts P, Sanderson J, Sans M, Schumm P, Seibold F, Sharma Y, Simms LA,
Seielstad M, Steinhart AH, Targan SR, van den Berg LH,
Vatn M, Verspaget H, Walters T, Wijmenga C, Wilson DC,
Westra HJ, Xavier RJ, Zhao ZZ, Ponsioen CY, Andersen V,
Torkvist L, Gazouli M, Anagnou NP, Karlsen TH, Kupcinskas L, Sventoraityte J, Mansfield JC, Kugathasan S, Silverberg MS, Halfvarson J, Rotter JI, Mathew CG, Griffiths AM,
Gearry R, Ahmad T, Brant SR, Chamaillard M, Satsangi J,
Cho JH, Schreiber S, Daly MJ, Barrett JC, Parkes M, Annese

August 14, 2014|Volume 20|Issue 30|

Rigoli L et al . IBD in pediatric and adolescent patients
V, Hakonarson H, Radford-Smith G, Duerr RH, Vermeire
S, Weersma RK, Rioux JD. Meta-analysis identifies 29 additional ulcerative colitis risk loci, increasing the number
of confirmed associations to 47. Nat Genet 2011; 43: 246-252
[PMID: 21297633 DOI: 10.1038/ng.764]
177 Kuester D, Guenther T, Biesold S, Hartmann A, Bataille F,
Ruemmele P, Peters B, Meyer F, Schubert D, Bohr UR, Malfertheiner P, Lippert H, Silver AR, Roessner A, SchneiderStock R. Aberrant methylation of DAPK in long-standing
ulcerative colitis and ulcerative colitis-associated carcinoma.

Pathol Res Pract 2010; 206: 616-624 [PMID: 20630662 DOI:
10.1016/j.prp.2010.05.004]
178 Koren I, Reem E, Kimchi A. DAP1, a novel substrate of
mTOR, negatively regulates autophagy. Curr Biol 2010; 20:
1093-1098 [PMID: 20537536 DOI: 10.1016/j.cub.2010.04.041]
179 Sabath E, Negoro H, Beaudry S, Paniagua M, Angelow S,
Shah J, Grammatikakis N, Yu AS, Denker BM. Galpha12
regulates protein interactions within the MDCK cell tight
junction and inhibits tight-junction assembly. J Cell Sci 2008;
121: 814-824 [PMID: 18285450 DOI: 10.1242/jcs.014878]
P- Reviewer: Singhal S, van Langenberg DR
S- Editor: Zhai HH L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

10278

August 14, 2014|Volume 20|Issue 30|

World J Gastroenterol 2014 August 14; 20(30): 10279-10287
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i30.10279

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (5): Colorectal cancer

STAT3 and sphingosine-1-phosphate in
inflammation-associated colorectal cancer
Andrew V Nguyen, Yuan-Yuan Wu, Elaine Y Lin
Andrew V Nguyen, Department of Biological Sciences and Geology, Queensborough-CUNY, Bayside, NY 10461, United States
Yuan-Yuan Wu, Department of Pathology, Montefiore Medical
Center, Albert Einstein College of Medicine, Bronx, NY 10461,
United States
Elaine Y Lin, Department of Medicine, Einstein Cancer Center,
Albert Einstein College of Medicine, Bronx, NY 10461, United
States
Author contributions: All authors contributed to the manuscript.
Correspondence to: Elaine Y Lin, PhD, Assistant Professor,
Department of Medicine, Einstein Cancer Center, Albert Einstein
College of Medicine, 1300 Morris Park Ave, Bronx, NY 10461,
United States. elaine.lin@einstein.yu.edu
Telephone: +1-718-4303138
Received: November 20, 2013 Revised: March 2, 2014
Accepted: April 15, 2014
Published online: August 14, 2014

Abstract
Accumulated evidences have demonstrated that signal
transducer and activator of transcription 3 (STAT3) is
a critical link between inflammation and cancer. Multiple studies have indicated that persistent activation of
STAT3 in epithelial/tumor cells in inflammation-associated colorectal cancer (CRC) is associated with sphingosine-1-phosphate (S1P) receptor signaling. In inflammatory response whereby interleukin (IL)-6 production
is abundant, STAT3-mediated pathways were found to
promote the activation of sphingosine kinases (SphK1
and SphK2) leading to the production of S1P. Reciprocally, S1P encourages the activation of STAT3 through
a positive autocrine-loop signaling. The crosstalk between IL-6, STAT3 and sphingolipid regulated pathways
may play an essential role in tumorigenesis and tumor
progression in inflamed intestines. Therapeutics targeting both STAT3 and sphingolipid are therefore likely to
contribute novel and more effective therapeutic strategies against inflammation-associated CRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Patients with inflammatory bowel diseases
have a predisposition for the development of colorectal cancer (CRC). We summarize current literature on
the interleukin (IL)-6/signal transducer and activator of transcription 3 (STAT3) inflammatory pathway
and its association with CRC. Recent papers within the
last couple of years have demonstrated the crosstalk
between IL-6, STAT3 and sphingosine-1-phosphate
pathways in inflammation associated tumorigenesis in
intestine. This signaling cascade in tumor cells appears
to be an essential pathway for CRC tumor progression.
Current therapies exploiting sphingolipid signaling have
provided an attractive strategy against inflammationassociated CRC.
Nguyen AV, Wu YY, Lin EY. STAT3 and sphingosine-1phosphate in inflammation-associated colorectal cancer. World J
Gastroenterol 2014; 20(30): 10279-10287 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10279.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10279

COLORECTAL CANCER AND
INFLAMMATION
Colorectal cancer (CRC) is a third leading cause of cancer death in United States[1]. Patients with inflammatory
bowel disease (IBD) of which two major known types
are ulcerative colitis (UC) and Crohn’s disease (CD) have
a predisposition for the development of CRC[2-5]. IBDassociated CRC occurs frequently in patients at younger
age compared to sporadic CRC[4,6,7]. Among IBD patients, IBD-associated CRC accounts for a high mortal-
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ity rate (10%-15%) with a 5-year survival of approximately 50%[6]. The association between inflammation
and cancer is well recognized but the mechanistic link
of these events is still under investigation[4]. Although
the pathogenesis of IBD itself is unknown, cumulative
data strongly support the hypothesis that IBD is due to
a genetic predisposition that leads to a dysregulation of
mucosal immune reactions to enteric microbes or environmental antigens[8-10].
In almost every IBD intestines, there is an overproduction of proinflammatory cytokines including
tumor necrosis factor-α (TNF-α), interleukin (IL)-6 and
interferon-gamma (IFN-γ)[11]. These factors have been
known to stimulate the activation of intracellular STAT
proteins, which are phosphorylated, then dimerized, and
translocated to nucleus for transactivation a number of
genes[12]. IL-6 has emerged as a key cytokine mediating
IBD pathogenesis since serum level of IL-6 was shown
to significantly elevate in patients with IBD[13-15] and local
production of IL-6 was highly correlated with degree of
intestinal inflammation[16]. During chronic inflammation,
IL-6 functions are believed to recruit B and T cells to the
inflamed site[17,18] by activation of JAK kinase pathway
which phosphorylates signal transducer and activator of
transcription (STAT) proteins, mainly STAT3[19].
Persistent activation of STAT3 has been observed
in multiple human malignancies including various stages
of colorectal cancer[20-23]. Several studies have shown that
high expression of STAT3 alters the cell cycle[24,25] or
inhibits apoptosis by up regulating anti-apoptotic signaling[26,27] in inflammation-associated CRC or and in other
human cancers[28]. Moreover, STAT3 activation in tumor
is often associated with poor prognosis of various human
malignancies[29-32] suggesting that STAT3 promotes tumor
progression or metastasis.
Recent genome-wide analysis of CD has identified
the Stat3 gene as one of the susceptibility loci for the
development of inflammatory bowel disease[33]. A study
of human ulcerative colitis associated cancer has shown
that dysplastic cells exhibited significantly higher expression of IL-6 and phosphorylated STAT3 (p-STAT3)[34]
suggesting that the signaling cascade involving IL-6 and
STAT3 is one of the important pathways in inflammation associated-CRC development. The potential protumor role of IL-6/STAT3 pathway in inflamed intestine
is also supported by studies using experimental models.
Bollrath et al[35] have shown that mice carrying genetic
modification in IL-6 cytokine family receptor β subunit,
gp130 (gp130Y757F), exhibiting hyperactivation of Jak1/2STAT3 signaling cascade upon IL-6 stimulation, had
increased multiplicity of frequency and size of tumor
in intestine when mice were treated with a carcinogen,
azoxymethane (AOM) followed by dextran sodium sulfate (DSS) to induce inflammation and tumorigenesis
in intestine. The development of tumors in AOM/DSS
model was significantly suppressed when either IL-6 or
epithelial stat3 was inactivated[35,36]. These experiments
suggest that IL-6 plays a crucial role in inflammation-
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induced tumorigenesis in intestine and the activities of
IL-6 is potentially mediated by STAT3[37-40]. We and others have recently demonstrated that IL-6/STAT3 linked
to the sphingosine-1-phosphate (S1P) signaling in CRC
tumor progression[41-43].

S1P/S1P KINASES IN INFLAMMATION
ASSOCIATED HUMAN CANCER
S1P is a signaling sphingolipid characterized by a presence of a particular aliphatic amino alcohol (sphingosine)[44]. S1P is activated from sphingosine, a derivative
of ceramide, by two known sphingosine kinases, SphK1
and SphK2, that have a broad but overlapping tissue
distribution[45-47]. Numerous studies have shown that S1P
signaling orchestrates many important physiological and
pathophysiological processes including cell proliferation,
migration and immune regulations[44,48-50]. As an inflammatory mediator, S1P has a pleotrophic effects including
modulation of macrophage and neutrophil anaphylatoxin
C5a signaling pathway[51,52] and stimulation lymphocyte
trafficking into inflamed area[53]. The chemotatic ability of
S1P to specific cell migration was reported to be dependent on the S1P receptors found on the cell membrane[54].
The uniqueness of S1P as an inflammatory mediator
is ability to function either inside or outside of the cell.
Intracellularly, S1P has been shown to bind to histone
deacetylases regulating epigenic gene expression[55]. It
can form complex with TNF-α receptor and TRAF2 in
activation of NF-κB signaling[56]. S1P can also be transported across the plasma membrane as part of the “inside-out” signaling mediated by inflammation regulator
ATP-binding cassette (ABC) family-member receptors
including ABCC1, ABCG2 and sphingolipid transporter
spinster homolog 2 (SPNS2)[57-61]. In addition, S1P has
also been shown to regulate cell growth in a variety of
cells by increase expression of anti-apoptotic Bcl2 and
MCL1 while down regulate the pro-apoptotic proteins
BAD and BAX[62-64].
Consistent to the potential tumor promoting function
of S1P, increased expression of SphK1 has been found
in multiple types of human cancers including stomach,
lung, brain, colon and kidney[65]. Elevated expression of
SphK1 has been correlated with increased tumor grade
and mortality in several human malignancies including
astrocytoma, gastric cancer and non-Hodgkin’s lymphoma[66-68]. In colon cancer, over-expression of SphK1
exhibits increased cell viability and enhances invasiveness
associated with an upregulation of metalloproteinases
2/9 and urokinase plasminogen activator[69]. Interestingly,
CRC cells resistant to cetuximab, a monoclonal antibody
against epidermal growth factor (EGF) receptor prescribed for treatment of metastatic colon cancer exhibit
an over expression of SphK1 suggesting a cross signaling
between SphK1 and EGF receptor[70]. Further analysis
of human colon cancer demonstrates a strong correlation between upregulation of SphK1 and focal adhesion
kinases in cancer cells indicating that SphK1 activity is
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linked to an increase of tumor cell attachment and migration, initial steps in malignant transition[71].
The significance of S1P signaling in gastrointestinal
tract tumor was demonstrated by Kohno et al[72] in 2006
who initially showed that the expression of SphK1 was
required for intestinal adenoma development in Apc
Min/+ mice. Further studies indicate that SphK1 was
upregulated in colonic adenocarcinoma of rats induced
by AOM[73]. Similarly, inactivation of SphK1 results in
a significant delay in tumor progression in AOM/DSS
induced mouse model of colitis-associated CRC[74]. Collectively, these studies suggest that S1P-SphK1 axis may
also play a role CRC tumorigenesis. Interestingly, a study
by Liang et al[42] observed that AOM/DSS treatment of
SphK2-/- mice did not caused a reduction in tumor formation as expected but rather caused an increase in colitis
associated tumorigenesis. This observation at first seems
counter intuitive as both SphK1 and SphK2 phosphorylate sphingosine to S1P and thus, inactivation of SphK2
would result in a decrease of the overall S1P pool. In
fact, the group reported that deletion of SphK2 caused
a compensatory effect that resulted in an increase of
SphK1 expression hence overall increase in S1P[42]. The
study demonstrates that SphK1 and SphK2 are functionally compensated in the major positive feedback loop of
inflammation-induced tumorigenesis in colon[42].
The potential connection between the two pathways,
IL-6/STAT3 and S1P-SphK1, in tumor biology was not
illuminated until Lee et al[41] who demonstrated that in
many tumors (lymphoma, breast, prostate and adenocarcinoma) with persistently activation of STAT3 correlated
with an elevation of S1P receptor, S1PR1. Enhanced
S1PR1 expression, which activated STAT3 and upregulated IL-6 expression, accelerated tumor growth and
metastasis[41]. The study demonstrates that SphK1/S1P/
S1PR1 axis plays an essential role in regulating the production of IL-6 and persistent activation of STAT3 that
linked to inflammation and tumor progression. Using a
conditional genetic targeting approach, we reported that
mice with Stat3 inactivation specifically in hematopoietic
cells developed chronic inflammation in large intestine
that led to tumorigenesis in the flamed colon[75]. In this
model, termed Stat3-IKO, persistent activation of STAT3
in colonic epithelial cells was found to be associated with
a marked elevation of IL-6 expression consistent to the
observation in human IBD[15,40,75]. The over expression of
IL-6 and persistent activation of STAT3 in epithelial cells
were associated with a significant elevation of S1PR1 and
SphK2 expression in epithelial cells in inflamed colon 43
consistent with the other reports[76-78]. Interestingly, inactivation of epithelial Stat3 in Stat3-IKO mice did not inhibit inflammation-associated epithelial over proliferation
but significantly delayed tumor progression to invasive
stages[43].
The delayed tumor progression was associated with a
significantly decreased expression of S1PR1 and SphK2
in colonic epithelial/tumor cells[43]. We observed that the
decreased expression of S1PR1 and SphK2 in this model
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is associated with marked increase of CD8+ T cell and
regulatory T lymphocytes (Treg) populations in colon
suggesting that epithelial STAT3-S1P pathway may regulate tumor progression through regulating the recruitment
of specific populations of immune cells consistent with
previous studies[41,79]. Based on previous studies including ours, a positive feedback pathway linking inflammation and tumor progression via the IL-6/STAT3/S1PR1
is proposed as illustrated in Figure 1. Proinflammatory
cytokines including IL-6 produced by infiltrated inflammatory cells initiate the activation of STAT3 in epithelial cell. In addition, to promote pathways that regulate
cell proliferation and survival, epithelial STAT3 triggers
the activation of SphK-S1P-S1PR pathway that further
stimulates the activation of epithelial STAT3 through (1)
enhancing the infiltration of inflammatory cells; and (2)
promoting the positive feedback loop via S1PR-STAT3
expressed on epithelial cells. This vicious cycle maintains
the persistent activation of STAT3 in epithelial cells and
consequently leads to malignant transformation in these
cells.

THERAPIES TARGETING INFLAMMATION
AND S1P/SPHK1 PATHWAY IN
COLORECTAL CANCER
In light of mouse models of inflammation associated
colorectal cancer linking persistent activation of STAT3
with S1P signaling pathway, many distinctive features
seen in mice are observed in human CRC. Therefore,
strategies targeting these pathways may improve the current treatment of the disease. Indeed, multiple strategies
have been proposed and currently in clinical trials.
It has been long recognized that the balance between
sphingosine and ceramide known as the sphingosine
rheostat determines the fate of the cell as increase of
ceramide mediates apoptosis while increase of sphingosine/S1P induces cell mitogenesis[80,81], as illustrated in
Figure 2. A therapeutic strategy for the treatment of CRC
is to shift the balance of the sphingosine rheostat in favor
of the increase of ceramide. Inhibitors for ceramidase,
an enzyme that cleaves ceramide to sphingosine, such as,
B13, have been shown to induce apoptosis in metastatic
human colon cancer[82]. Direct application of ceramide
derivatives including ceramide LCL-30 and sphingosine
analogue, (2S,3S,5S)-2-amino-3,5-dihydroxyoctadecane
(Enigmol), have also been used to inhibit CRC development in mice[83-85]. Another interesting approach is to target S1P lyase, an enzyme that cleaves S1P to hexadecenal
and phosphothanolamine. S1P lysase isolated from the
prokaryote Symbiobacterium thermophilum called StSPL was
shown to inhibit MCF-7 human breast cancer cell and
HCT-116 colon carcinoma cell growth by decreasing the
S1P pool[86]. Monoclonal antibody against human S1P,
iSONEP, manufactured by Lpath Inc., provides a direct
method to immuno-deplete S1P and is in lined for clinical testing[87].
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Several inhibitors targeting the SphK have been
developed in the treatment of different cancers including CRC[70,88,89]. Of note worth mentioning is methylated sphingosine derivative N,N-dimethylsphingosine
(DMS)[88]. DMS was originally identified as an inhibitor
of protein kinase C that regulates cell growth and induces
apoptosis in number of cancer cells[88,90]. It was later
shown to inhibit SphK’s[91]. Colon cancer cells that are resistant to cetuximab due to over expression of SphK 1[70]
responded well to cetuximab in conjunction with DMS
or with SphK1 siRNA inhibitor[70]. Another inhibitor of
SphK1 is dihydrosphingosine (DHS)[92]. Interestingly,
an increase of intracellular DHS was observed in human PC-3 and LNCaP prostate cancer cells treated with
vitamin E γ-tocotrienol[93]. The elevation of DHS was
associated with an increase of apoptosis, necrosis and autophagy in these cells[93]. Similarly, γ-tocotrienol treatment
of human colon carcinoma SW620 and HCT-8 cells also
caused similar paraptosis-like cell death[94]. These and
other SphK1 inhibitors such as, F-12509a, B-5354c, and
SKI-I-V[89] have been shown to prevent the development
of CRC in AOM/DSS model[95].
Prevention therapy that target S1P mediated inflammation is being developed. For instance, several
drugs that target S1P receptor, such as, ONO-4641 and
KRP-203 have been shown to reduce inflammation in
mouse models of colitis[96,97]. While these drugs have yet
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to be tested on patients with colitis-associated CRC, the
pharmacokinetic of ONO-4641 has been tested using
experimental models[98,99]. The most promising drug in
clinical testing for inflammation associated with CRC is
FTY720, fingolimod. This drug is particularly important
since it blocks S1P pathway at multiple levels. Activated
intracellularly by SphK2, phosphorylated FTY720 is
believed to bind to G coupled-protein S1P receptor and
prevents the receptor from recycling to the membrane
thereby rendering cells unresponsive to S1P[100]. FTY720
blocks T and B lymphocyte egression from secondary
lymphoid tissue to the blood[101]. Additionally, the antiinflammatory effect of FTY720 is demonstrated in a
colitis mouse model induced by 2,4,6-trinitrobenzene
sulfonic acid (TNBS) in which FTY720 appears to block
Th1 mediated colitis[102]. Interestingly, FTY720 treatment
of these mice resulted in up-regulation of FoxP3+ T
cells consistent with our hypothesis that the S1P/S1PR1
pathway modulates the activities of FoxP3+ Treg cells[102].
In inflammation associated CRC, FTY720 inhibits tumor
angiogenesis by blocking S1P-mediated Ca+2 mobilization
important for vascular endothelial cell migration[100]. Furthermore, the FTY720 was recently shown to decrease
SphK1 and S1PR1 expression and eliminate the NFκB/IL6/STAT3 amplification cascade critical for the
development of CRC[42].
Additional strategies targeting IL-6/STAT3 in the
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treatment of colitis-associated CRC are also being developed. Tofacitinib, which targets the Janus kinases, the
major enzyme phosphorylating STAT3, was reported
to have a better clinical remission rates in UC patients
compared to those on other anti-inflammatory drugs,
mesalamine, or glucocorticoids immunosuppressant, or
anti-TNF therapy[103]. Furthermore, chemotherapeutic
agents, camptothecin (CPT) and oxaliplatin (OXP) were
shown to enhance apoptosis by inhibiting IL-6 activation of STAT3 in human colon cancer cells HCT116 and
HT29[104]. Other STAT3 targeting drugs worth mentioning are trichostatin A (TSA), a histone deacetylase inhibitor, but has shown to inhibit Jak2/STAT3 activation
in CRC cells[105,106] and 2 β-cyclodextrin inclusion compounds of auraptene and 4’-geranyloxyferulic acid used
as part of the diet in reducing inflammation[107]. Small
interfering RNA (siRNA) targeting STAT3 has shown to
inhibit colon cancer cell invasion ability[108] and sensitize
the cells to chemoradiotherapy[109]. Collectively, these
drugs and other inhibitor of S1P/SphK inhibitors offering promising therapeutic potential in CRC treatment.

inflammatory drug would likely to add novel and more
effective therapeutic strategies against colorectal cancer
especially those cancers associated with inflammation.
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Abstract
The therapeutic landscape of metastatic colorectal cancer (mCRC) has changed substantially with the emergence of new molecularly targeted agents (MTA) used
as single agents or alongside standard chemotherapy.
The use of these MTAs extended the overall survival of
patients with mCRC to a level that current chemotherapeutics alone could not achieve. In addition, improvement in surgical techniques and ablation modalities offer cure to a limited subset of patients with mCRC and
MTAs have been found to have a significant role here
too, as they aid resectability. However, for the majority of patients, mCRC remains an invariably incurable
disease necessitating continued courses of combined
treatment modalities. During the course of these treatments, either cytotoxic or biological, cancer cells maintain their ability to acquire mitogenic mutations which
render them resistant to treatment. Key challenges
remain to identify appropriate subsets of patients who
will most likely benefit from these new MTAs and effectively select these based on validated biomarkers.
Moreover, better knowledge of the biology of colorec-
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tal cancer and the mechanisms via which it bypasses
blockade of known signalling pathways will help us
design better and more rational sequencing of these
treatments, so that we can maximise the survivorship
of mCRC patients. This review outlines treatment strategies for known molecular alterations with new MTAs
and highlights some promising strategies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Molecularly targeted
therapies; Drug development
Core tip: Abrogation of the mitogen-activated protein
kinase pathway downstream epidermal growth factor
receptor (EGFR) has emerged as a new potential targetable pathway in the treatment of metastatic colorectal cancer. Similarly, a variety of agents blocking the
PI3K/Akt/mTOR pathway are underway. At the same
time, a combinatorial inhibition of angiogenesis is being
attempted with dual blockade of vascular-endothelial
growth factor and c-mesenchymal-epithelial transition
factor. Indications that HER-2 overactivation can confer resistance to treatment to MoAb against EGFR has
revealed yet another potential target whereas PARP
inhibitors are being tested for their ability to cause synthetic lethality in cancer cells with established defects
in MMR system.
Spiliopoulou P, Arkenau HT. Rationally designed treatment for
metastatic colorectal cancer: Current drug development strategies. World J Gastroenterol 2014; 20(30): 10288-10295 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10288.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10288

INTRODUCTION
Colorectal cancer remains the third most common diag-
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nosed cancer and the third leading cause of cancer death
in the United States with 142820 estimated new cases in
2013[1].
The combinations of fluoropyrimidine with oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) are all appropriate first-line treatments for metastatic colorectal cancer
(mCRC) with the crossover to the alternate regimen upon
progression[2].
The addition of bevacizumab, a humanized recombinant monoclonal antibody (moAb) which blocks
the vascular-endothelial growth factor-A (VEGF-A or
VEGF) to first line chemotherapy with either FOLFOX
or XELOX (capecitabine, oxaliplatin) resulted in a better
progression free survival (PFS) compared to chemotherapy alone[3]. There is also now evidence that the use of
bevacizumab beyond first-line chemotherapy progression
is increasing overall survival (OS) when added to secondline chemotherapy[4].
Similarly, the MoAb against the epidermal growth
factor receptor (EGFR) cetuximab is approved for use
in the first-line setting for KRAS wild-type (wt) mCRC
combined with FOLFIRI, based on results of the CRYSTAL study[5]. Panitumumab, a fully humanised EGFRantibody, showed superior PFS and overall survival (OS)
compared with FOLFOX alone in the first-line setting[6].
The use of EGFR antibodies is restricted to patients
without an activating mutation in exon 2 of KRAS gene
(KRAS wt) which confers intrinsic resistance of cancer
cells to EGFR blockade[7].

APPROVED NEW MOLECULARLY
TARGETED AGENTS
Based on principles set by EGFR and VEGF inhibition,
new targeted agents that abrogate multiple receptors
emerged, in expectation of achieving greater results than
their predecessors. And yet, their clinical effect can be
characterised as modest. Questions arise as to whether
these agents would exhibit their maximal effect only
when used in selected patient subsets based on relevant
biomarker.
Aflibercept is a recombinant fusion protein (VEGRtrap) that blocks the activity of VEGF-A, VEGF-B and
placental growth factor (PlGF). In the VELOUR study,
aflibercept was combined with FOLFIRI vs FOLFIRI/
placebo in patients with mCRC patients who relapsed
after treatment with oxaliplatin-containing regimen.
Compared to the control group, it produced better PFS
(6.9 mo vs 4.67 mo, HR = 0.758; P < 0.0001) and an
overall response rate of 19.8% compared to 11.1% (P =
0.0001)[8].
Another new MTA is regorafenib, an inhibitor of
several angiogenic and stromal receptor tyrosine kinases,
including VEGFR-1, -2, -3, platelet-derived growth
factor-β (PDGFR-β), fibroblast growth factor receptor
1 (FGFR-1), and TIE2. In addition, regorafenib inhibits various oncogenic receptor tyrosine kinases (RTKs:
c-KIT and RET) and intracellular signaling kinases
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(cRAF/RAF-1, B-RAF, and B-RAFV600E mt)[9]. The multicentre CORRECT phase-3 study demonstrated a 23%
risk reduction of death (HR = 0.77) in mCRC patients
who progressed through standard therapeutic options
compared to best supportive care[10]. Undoubtedly, this
study yielded a new agent for patients with no remaining
therapeutic options, but clinical benefit vs increased toxicity has to be considered (Table 1).

NEW RATIONALLY DESIGNED
TREATMENT MODALITIES
Two major pathways, the mitogen-activated protein kinase (MAPK-kinase) and the PI3K/Akt/mTOR pathways are commonly deregulated in mCRC (i.e., 40%
KRAS mutant, 14.5% PIK3CA mutant and 4.7% BRAF
mutant[11]) and offer a good clinical rationale to target
these alterations. These pathways interact with a variety
of receptor tyrosine kinases (RTK), including EGFR,
HER-2, hepatocyte growth factor (HGF) and others.
MAPK pathway
MAPK pathway regulates various cellular functions including cell proliferation, differentiation, migration and
apoptosis. With recent successes of selected BRAF and
MEK inhibitors in metastatic cutaneous melanoma these
drugs have also been explored in v-Raf murine sarcoma
viral oncogene homolog B1 (BRAF) mutant mCRC.
Vemurafenib, an oral selective inhibitor of BRAF
oncoprotein was tested as single agent in a phase 1 study
in patients with BRAF mutant colorectal cancer. In contrast to its pronounced activity in melanoma patients, the
results of this study were comparably modest, with only
5% rate of partial responses[12]. Prahallad et al[13] investigated reasons for the limited single agent activity and
revealed that BRAF inhibition leads to rapid upstream
activation of EGFR with subsequent bypass signalling via
the PI3K/Akt/mTOR pathway. Interestingly, preclinical BRAF mutant CRC models showed that combined
BRAF/EGFR inhibition resulted in promising antiproliferate effects and this approach is currently tested in
a study, whereby vemurafenib is combined with panitumumab[14] (Table 2).
Another approach to overcome the limited response
to single agent BRAF inhibitors was the addition of
MEK inhibitors which resulted in synergistic anti-tumour
effect in BRAF mutant CRC cell lines[15]. The rationale of
this approach was that the addition of a MEK inhibitor
reduces signalling via RAF-isoforms, especially CRAF, via
MEK. A dual BRAF/MEK combination was clinically
tested with the BRAF inhibitor, dabrafenib, in combination with the MEK inhibitor, trametinib. Despite a combined response rate of only 12% (3%CR and 9%PR),
there was a significant rate of disease stabilisation (53%)
with a median PFS of 3.5 mo (95%CI: 1.8-4.9)[16], justifying to test this combination in later phase trials.
Similarly to the EGFR upregulation that is observed
when BRAF is inhibited, abrogation of MEK activ-
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Table 1 Completed trials of approved targeted treatments
Drug
Bevacizumab

Target

Study

Phase patients

Outcome

VEGF-A

Bevacizumab in combination with Oxaliplatinbased chemotherapy as first-line therapy in
metastatic CRC.
Cetuximab combined with FOLFIRI vs
FOLFIRI alone as first line in mCRC.

Phase Ⅲ

Median OS 21.3 mo Bev/chemo arm vs 19.9 mo
chemo alone
(HR = 0.89, 97.5%CI: 0.76-1.03, P = 0.077)
Median OS for KRAS WT patients: 23.5 mo
(97.5%CI: 21.2-26.3) in Cetux/FOLFIRI arm vs 20
mo (97.5%CI: 17.4-21.7) in FOLFIRI alone
Median OS (KRAS wt) 23.8 mo (97.5%CI: 20.0–
27.7) with panitum/FOLFOX vs 19.4 mo (97.5%CI:
17.4-22.6) with FOLFOX alone
Median OS 13.5 mo (97.5%CI: 12.5-14.9) with
Aflibercept/FOLFIRI vs 12 mo (97.5%CI: 11-13)
with FOLFIRI alone

n = 1401
Phase Ⅲ
n = 599

Cetuximab

EGFR

Panitumumab

EGFR

Panitumumab with FOLFOX vs FOLFOX
alone in first line aCRC

Phase Ⅲ
n = 656

VEGFA
VEGFB
PIGF

Addition of Aflibercept to FOLFIRI in
patient with mCRC previously treated with
Oxaliplatin-based chemotherapy (including
patients who received Bevacizumab)
Regorafenib monotherapy for previously
treated metastatic colorectal cancer vs best
supportive care (CORRECT)

Phase Ⅲ
n = 1226

Zivaflibercept

Regorafenib

VEGFR -1, -2, -3
TIE2
KIT, RET, RAF1, BRAF,
and BRAFV600E
PDGFR and FGFR

Phase Ⅲ
n = 760

Median OS 6.5 mo with Regorafenib vs 5 mo
for best supportive care (HR = 0.77, 97.5%CI:
0.64-0.94, P = 0.0052)

VEGF: Vascular-endothelial growth factor; EGFR: Epidermal growth factor receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived
growth factor receptor; mCRC: Metastatic colorectal cancer; OS: Overall survival.

ity with a MEK inhibitor stimulates AKT activity in an
EGFR-dependent way[17]. Therefore, a combinatorial approach is currently underway whereby the BRAF/MEK
inhibitor combination of dabrafenib/trametinib is compared to dabrafenib/trametinib plus panitumumab in an
ongoing phase 2 study[18] (Table 2).
Interestingly, MEK inhibitors have not displayed
promising activity as single agents. However, preclinical data showed that the MEK inhibitor selumetinib
(AZD6244) can augment the efficacy of conventional
chemotherapeutic agents such as temozolamide or
docetaxel[19]. Early results from a small phase 2 study
where reported when selumetinib was combined with
irinotecan in patients with KRAS and/or BRAF mutant
mCRC who progressed on oxaliplatin-containing regimen. Of a total of 32 patients, there was a 10% PR rate
and disease stabilisation in 52% of patients. Interestingly,
the median PFS was 3.4 mo compared with the historic
PFS of 2.5 mo in second line FOLFIRI[4,20].
PI3K - AKT- mTOR pathway
The PI3K-Akt-mTOR pathway deregulation is often a
result of alterations in the PIK3CA gene or loss of function/expression of the tumour suppressor gene PTEN,
thereby promoting cancer cell survival and motility. As
reported by Perrone et al[21], PIK3CA/PTEN deregulation
can be found in up to 27% of patients not responding to
classical epidermal growth factor receptor blockade with
cetuximab.
BKM120 is a pan-PI3K inhibitor with activity against
all PI3K isoforms and was tested in a classical doseescalation phase 1 study of which 43% were patients
with mCRC - promisingly, 33% of the mCRC cancer
patients had stable disease with good tolerability[22]. This
subsequently led to the initiation of a phase-1 b study in
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combination with irinotecan which is currently enrolling
mCRC patients[23] (Table 2).
Loss of PTEN function has been reported in up to
31% of colon cancer[24] and specific isoform inhibition
of the PI3K-beta subunit has been reported to prohibit
proliferation in tumours with PTEN loss[25]. As part
of an ongoing phase-1 study the PI3K-beta inhibitor,
GSK2636711, is currently tested in patients with advanced tumours with PTEN loss - including patients with
mCRC[26] (Table 2).
The multi-tyrosine kinase inhibitor, perifosine, exhibits its main action by inhibiting signalling via Akt[27].
Despite promising results of perifosine in a phase 2 study
in combination with capecitabine a large phase 3 study
(X-PECT study) failed to show overall survival benefit
in unselected mCRC patients who failed standard therapies[28]. Further trials of targeting Akt-signalling are currently underway and one of the biological rational is to
combine both, Akt and MEK-inhibitors, in an attempt to
horizontally target both the PI3K/Akt/mTOR and the
MAP-kinase axis (Table 2).
A pharmacokinetic, biomarker-driven study using the
combination of the AKT-inhibitor (MK-2206) with selumetinib (MEK-inhibitor) is currently recruiting, however
early results indicate that the combination is not well tolerated mandating several dose reductions and leading to
limited drug exposure in target tissue[29]. Further results
will clarify whether the drug combination can enter later
stage trials.
Everolimus is an oral derivative of rapamycin which
inhibits the mTOR1 complex, one of the major effectors
of Akt-signalling. In a phase 2 study of heavily pre-treated mCRC patients, everolimus failed to produce a meaningful PFS and OS benefit[30]. In addition a combination
of everolimus and bevacizumab resulted in modest clini-
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Table 2 On-going clinical trials with novel targeted therapeutics
Drug

Target

Study

Phase

Objective

Patients (est.) (primary, secondary)
Vemurafenib plus
Panitumumab

BRAF/EGFR

Vemurafenib,
Cetuximab plus
Irinotecan

BRAF/EGFR plus
chemotherapy

Dabrafenib,
Trametinib
panitumumab

BRAF/MEK and
EGFR

LGX818

BRAF

LGX818
BYL719
Cetuximab
CEP-32496

BRAF
PI3K
EGFR
BRAF

BKM120
Irinotecan

PI3K
plus
chemotherapy
PI3K

BKM120

A Pilot Study of Vemurafenib and Panitumumab Combination
Therapy in Patients With BRAF V600E Mutated Metastatic Colorectal
Cancer
A Phase Ⅰ Trial of Vemurafenib in Combination With Cetuximab
and Irinotecan in Patients With BRAF V600 Mutant Advanced Solid
Malignancies

Ⅰ/Ⅱ
n = 15

ORR
PFS/OS

Ⅰ

MTD

An Open-Label, Three-Part, Phase Ⅰ/Ⅱ Study to Investigate the
Safety, Pharmacokinetics, Pharmacodynamics, and Clinical Activity of
the MEK Inhibitor GSK1120212, BRAF Inhibitor GSK2118436 and the
Anti-EGFR antibody Panitumumab in Combination in Subjects With
BRAF-mutation V600E or V600K Positive Colorectal Cancer
A phase Ⅰ, multicentre, open label, dose-escalation study of oral
LGX818 in adult patients advanced colorectal cancer BRAF mutated

Ⅰ/Ⅱ
n = 200

DLTs
Pharmacokinenics
RR

Ⅰ
n = 126

DLT
Tumour response

A Phase Ⅰb/Ⅱ Multi-center, Open-label, Dose Escalation Study
of LGX818 and Cetuximab or LGX818, BYL719, and Cetuximab in
Patients With BRAF Mutant Metastatic Colorectal Cancer
An open-Label, Phase 1/2, Single-Agent Study of CEP-32496 in
Patients With Advanced Solid Tumors in Phase 1 and in Patients With
Advanced Melanoma and Metastatic Colorectal Cancer With BRAF
Mutation in Phase 2
Phase Ⅰ Trial of Irinotecan and BKM120 in Previously Treated
Advanced Colorectal Cancer

Ⅰ/Ⅱ
n = 124

DLT
PFS

Ⅰ/Ⅱ
n = 154

ORR
PFS

Ⅰ
n = 30

MTD
Pharmacokinetics

Phase Ⅰ/Ⅱ Study of the P13Kinase Inhibitor BKM120 Given in
Combination With Panitumumab in Patients With Metastatic or
Advanced RAS-Wild Type Colorectal Cancer

Ⅰ/Ⅱ
n = 40

MTD
Antitumour activity

n = 63

Panitumumab

EGFR

GSK- 2636771

PI3K-beta

A Phase Ⅰ/Ⅱa, First Time in Human, Open-label Dose-escalation
Study of GSK2636771 in Subjects With Advanced Solid Tumors With
PTEN Deficiency

Ⅰ/Ⅱ
n = 150

Translational
research
MTD
Pharmacokinetics

BKM120
MEK162

PI3K
MEK

Ⅰ
n = 88

Efficacy
Rate of DLTs
ORR and PFS

MK-2206

Akt

A Phase Ⅰb, Open-label, Multi-center, Dose-escalation and Expansion
Study of an Orally Administered Combination of BKM120 Plus
MEK162 in Adult Patients With Selected Advanced Solid Tumors
A Phase 2 Study of MK-2206 in Previously Treated Metastatic
Colorectal Cancer Patients Enriched for PTEN Loss and PIK3CA
Mutation
Pilot Study of the Combination of MK-2206, an AKT Inhibitor, and
AZD6244, a MEK Inhibitor, in Patients With Advanced Colorectal
Carcinoma
Phase Ⅰ/Randomized Phase Ⅱ Study of Second Line Therapy With
Irinotecan and Cetuximab With or Without RAD001, an Oral mTOR
Inhibitor for Patients With Metastatic Colorectal Cancer

Ⅱ
n = 54

ORR
Biomarker validation

Ⅱ
n = 38
Ⅰ/Ⅱ
n = 41

Evaluate reduction
of pAKT, pERK and
Ki-67
MTD
ORR

A Phase 1 Dose Escalation Study of Combination Therapy With Oral
SAR245408 (XL147) and Oral MSC1936369B in Patients With Locally
Advanced or Metastatic Solid Tumors
Randomized, Double-Blind, Phase Ⅱ Study of FOLFOX/Bevacizumab
With Onartuzumab (MetMAb) vs Placebo as First-Line Treatment for
Patients With Metastatic Colorectal Ca

Ⅰ

MTD

n = 170
Ⅱ
n = 196

Pharmacokinetics
PFS
Response rate

Ⅱ
n = 54

ORR
PFS

Ⅱ
n = 33

Tumour response

MK-2206
Selumetinib

Akt
MEK

Everolimus
Irinotecan
Cetuximab

mTOR
EGFR
plus
chemotherapy
mTOR

SAR245408 (XL147)
MSC 1936369B
Onartuzumab
Bevacizumab
FOLFOX
Trastuzumab
Pertuzumab
Lapatinib

Olaparib

MEK
c-MET
VEGF-A
plus
chemotherapy
HER2
EGFR

PARP

WJG|www.wjgnet.com

A Phase Ⅱ multi-center 2-sequential cohorts trial, designed to
assess the objective response rate of the anti HER2 monoclonal
antibody trastuzumab, used in combination with either the small
molecule tyrosine kinase inhibitor lapatinib (Cohort A) or the
monoclonal antibody pertuzumab (Cohort B), in advanced disease
CRC patients harbouring an amplified HER2 tumor
Phase Ⅱ, Open-Label, Multicenter Trial to Assess the Efficacy and
Safety of the PARP Inhibitor, Olaparib, Alone in Previously-Treated
Patients With Stage Ⅳ, Measurable Colorectal Cancer, Stratified by
MSI Status
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ABT-888
Oxaliplatin
Capecitabine
Brivanib Alaninate
Irinotecan

PARP

A Phase Ⅰ Study of ABT-888 in Combination With Oxaliplatin and
Capecitabine in Advanced Solid Tumors

Ⅰ
n = 36

VEGFR
FGFR plus
chemotherapy

A phase Ⅱ Study of second-line irinotecan plus brivanib, a dual
tyrosine inhibitor of VEGFR and FGFR, in metastatic colorectal
cancer patients enriched for elevated levels of plasma FGF following
progression on bevacizumab-based treatment

Ⅱ
n = 60

MTD/DLTs
Pharmacokinetics
Tumour response
PFS

VEGF: Vascular-endothelial growth factor; EGFR: Epidermal growth factor receptor; FGFR: Fibroblast growth factor receptor; PDGFR: Platelet-derived
growth factor receptor; mCRC: Metastatic colorectal cancer; ORR: Objective response rate; MTD: Maximum tolerated dose; DLTs: Dose limiting toxicities;
RR: Response rate; OS: Overall survival; PFS: Progression free survival.

cal benefit and clinical programmes were stopped[31].
HGF and the receptor tyrosine kinase
mesenchymal-epithelial transition factor
The receptor tyrosine kinase mesenchymal-epithelial
transition factor mesenchymal-epithelial transition factor
(c-MET) and its ligand HGF are currently investigated
as potential active targets in mCRC. Activation of the
axis through c-MET, triggers downstream effectors that
promote mitogenesis and growth via the RAS/MAPK
pathway and prevent apoptosis through activating the
PI3K/AKT signalling route[32]. When colorectal tumours
were examined in various stages including adenomas,
carcinomas and liver metastases, overexpression of the
MET oncogene was detected in more than 50% of each
stage[33].
In preclinical studies, c-MET expressing cancer cell
lines that were exposed to the small molecule ARQ-197
(tivantinib) showed inhibition of their proliferation, as
well as induction of caspase-dependent apoptosis[34]. Tivantinib is a selective non-ATP competitive inhibitor of
the c-MET receptor kinase and it was further investigated
in combination with irinotecan and cetuximab in patients
with KRAS wt mCRC. Although early results of a small
phase 1/2 study demonstrated disease control in 8 out of
9 patients[35], a recently reported phase 2 study could not
confirm these initial promising results (PFS: 8.3 mo vs 7.3
mo, HR = 0.85, 95%CI: 0.55-1.33, stratified log-rank P
= 0.38)[36]. Whether the non-significant 1 mo PFS benefit
will change in selected subgroups, i.e., high c-met expression is currently being investigated.
Cross-talk between c-MET and VEGF pathways led
to the hypothesis that combined abrogation can inhibit
tumour growth. c-MET promotes tumour vasculature
formation through VEGF and conversely, VEGF results
in HGF production which in turn activates c-MET. Onartuzumab (MetMab), a novel “one-armed” monovalent
antibody which prevents antibody-induced dimerization
of c-MET was tested in combination with bevacizumab
in a phase 1 study and dual-agent safety was confirmed.
A randomized, phase 2, placebo-controlled study evaluating onartuzumab in combination with mFOLFOX6 plus
bevacizumab vs mFOLFOX6/bevacizumab/placebo in
patients with mCRC is underway and results are awaited[37] (Table 2).
HER-2 (ERBB2) signalling pathway
The HER (ErbB) family of receptors consists of EGFR,

WJG|www.wjgnet.com

HER2 (ErbB-2), HER3 (ErbB-3) and HER4 (ErbB-4).
They are the main transmembrane mediators for cell
proliferation and survival via the activation of the MAPkinase and PI3K/Akt/mTOR pathways [38]. Between
these receptors there is a fine interaction upon ligand
binding including homodimerisation or heterodimerisation, whereby EGFR is a preferred heterodimerisation
partner of HER2.
Preclinical studies showed that aberrant activation of
HER2 receptor can confer resistance of colorectal cancer
cells to EGFR MoAbs, either via HER2 amplification or
excessive production of the ligand heregulin[39]. Surgical
specimens from patients who did not harbour KRAS/
NRAS/BRAF/PIK3CA mutations but overexpressed the
HER2 receptor, showed substantial tumour response when
they incurred combined EGFR and HER2 inhibition[40].
In this context, the HERACLES phase-2 study investigates the role of either MoAbs trastuzumab/pertuzumab or trastuzumab/lapatinib in patients with HER2
amplified mCRC[41] (Table 2).
Lapatinib is an oral dual EGFR and HER-2 tyrosine
kinase inhibitor which is already known to act synergistically with capecitabine in breast cancer. In a small phase-2
study of 29 patients with heavily pretreated mCRC, the
combination produced a non-significant median PFS
of 2.1 mo[42]. Notably, the patients in this study were
not stratified by KRAS status which might have masked
potential activity of lapatinib/capecitabine on KRAS wt
mCRC patients.
Microsatellite instability
Microsatellite instability (MSI) produces a phenotype
which characterises hereditary colorectal cancer, but
can also be found sporadically in approximately 4% of
patients with mCRC; it is the consequence of a defective mismatch repair system of proteins (MLH1, MSH2,
MSH6 and PMS2)[43,44]. Recent studies suggested that the
sporadic MSI occurs as a consequence of CpG island
methylator phenotype (CIMP) in which high rates of
MLH1 DNA is hypermethylated. Interestingly, in this
context, there is a strong correlation with BRAF mutations[45]. The role of demethylating agents is currently
under clinical investigation and it could be of interest in
selected subgroups, i.e., CIMP.
In addition, there is mounting evidence that MSI
tumours are associated with a high rate of deficiency of
homologous recombination due to mutations in coding
microsatellites suggesting that synthetic lethality can be
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achieved by using Poly-(ADP-ribose) Polymerase (PARP)
inhibitors[46]. In preclinical models increased cytotoxicity
could be achieved with the PARP inhibitor (ABT888) in
MSI cell lines with mutant copies of MRE11A compared
to wild type MSI[47]. Results of clinical trials of single
agent PARP inhibitors (e.g., Olaparib) or in combination
with chemotherapy in MSI mCRC patients are awaited
(Table 2).
FGFR plus VEGFR inhibition
Several data suggest that resistance to VEGFR inhibition
can be promoted through hypoxia-mediated activation
of other proangiogenic factors, independent of VEGF.
Some of them are members of FGF family[48]. This can
re-activate tumour revascularisation and growth despite
VEGF blockade.
Dual inhibition of the fibroblast and vascular endothelial growth factors can be achieved with the oral small
molecule tyrosine kinase inhibitor, brivanib alaninate.
Brivanib alaninate produced promising phase-1 results in
patients with advanced gastrointestinal malignancies with
a median PFS in the range of 5 mo for responders. It
progressed to phase-3 level combined with cetuximab vs
cetuximab alone in KRAS-wild type patients with mCRC,
but it failed to meet the end point of overall survival. The
investigational arm had an OS of 8.8 mo vs 8.1 mo for
cetuximab alone[49].

in creating a stratification model for colorectal cancer, in
a similar way as breast or lung cancer has been stratified.
A defined molecular “signature”, could be used for multiple therapeutic interventions or clinical trials.
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Abstract
Presence of occult minimal residual disease in patients
with colorectal cancer (CRC) has a strong prognostic
impact on survival. Minimal residual disease plays a
major role in disease relapse and formation of metastases in CRC. Analysis of circulating tumor cells (CTC)
in the blood is increasingly used in clinical practice for
disease monitoring of CRC patients. In this review article the role of CTC, disseminated tumor cells (DTC)
in the bone marrow and micrometastases and isolated
tumor cells (ITC) in the lymph nodes will be discussed,
including literature published until September 2013.
Occult disease is a strong prognostic marker for patient
survival in CRC and defined by the presence of CTC in
the blood, DTC in the bone marrow and/or micrometastases and ITC in the lymph nodes. Minimal residual
disease could be used in the future to identify patient
groups at risk, who might benefit from individualized
treatment options.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Colorectal cancer; Circulating tumor cells;
Disseminated tumor cells; Isolated tumor cells; Micrometastases; Occult disease; Minimal residual disease
Core tip: Occult disease or minimal residual disease is
defined by the presence of tumor cells in the blood,
bone marrow or lymph nodes not found in conventional
staging procedures. Occult disease in form of circulating tumor cells in the blood, disseminated tumor cells in
the bone marrow and micrometastases and isolated tumor cells in the lymph nodes is a prognostic marker for
survival in colorectal cancer. Future research should be
directed to test the predictive value of occult disease as
an additional staging tool to identify high risk patients.
The patient group at risk might benefit from additional
individualized treatment options and this should be investigated in future clinical trials.
Bork U, Grützmann R, Rahbari NN, Schölch S, Distler M, Reissfelder C, Koch M, Weitz J. Prognostic relevance of minimal
residual disease in colorectal cancer. World J Gastroenterol 2014;
20(30): 10296-10304 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10296.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10296

INTRODUCTION
Although tremendous progress has been made in surgical technique and medical treatment, colorectal cancer
remains the third most common malignancy among both
genders with estimated incidence rates of approximately
one million new cases each year[1,2]. Five year survival
rates exceed 80% for Union for International Cancer
Control (UICC) stage I disease and are below 10% for
patients in stage Ⅳ[1,2]. However, colorectal cancer (CRC)
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is still the third most common cause of cancer related
death worldwide[1]. Patients with UICC stage Ⅰ and Ⅱ
disease are regarded as patients with non-systemic, localized disease and are in general treated with surgery alone
and no further adjuvant medical treatment[3,4]. However,
up to 25% of the patients with localized disease will die
of disease relapse and metastases, potentially due to occult disease not recognized during conventional staging[2].
Research about minimal residual disease in solid
cancers and our knowledge about the role of circulating
tumor cells (CTC), disseminated tumor cells (DTC) and
micrometastases in colorectal cancer has rapidly progressed during the last two decades. Understanding the
role of CTC in the blood, DTC in the bone marrow and
disseminated (isolated) tumor cells or micrometastases
in lymph nodes has helped us deciphering the pathways
of disease relapse and metastases formation in colorectal
cancer and will be focused in this review article.

DEFINITION OF OCCULT DISEASE:
MINIMAL RESIDUAL DISEASE IN CRC
The first description of a circulating tumor cell in the
blood-stream dates back to Ashworth in 1869[5]. However, research on CTC only began to progress during
the last two decades after the introduction of modern
molecular biology techniques, which made it possible to
identify and isolate CTC from cancer patients[5,6].
CTC are defined as circulating cells in the bloodstream originating either from the primary tumor or distant metastases. They can be found in the central venous
blood compartment, the peripheral blood compartment,
the tumor draining veins, the portal venous system or
within the arterial blood system. It is estimated that approximately 106 cells per gram of primary tumor are
released into the systemic circulation on a daily basis[7].
However, most of these cells will not have the capacity to
survive in the bloodstream or to form distant metastases
as they will ultimately undergo cell death by apoptosis or
will die due to shearing forces within the blood-stream.
Data from animal models show that less than 0.1% of
tumor cells released into the circulation have the ability
to form distant metastases[8]. It is now well understood,
that a key prerequisite for metastases formation is the
dissemination of CTC from epithelial malignant cells
into the blood-stream by the process of epithelial mesenchymal transition (EMT). EMT and the reverse process,
which is called mesenchymal epithelial transition (MET)
are key processes in early embryogenic development and
differentiation of cells and tissues[9,10]. During early embryogenic development EMT is necessary for the differentiation of the mesoderm into different tissues, whereas
later during development MET is important for the differentiation of mesodermal cells into epithelial organs,
such as kidney or colon[11]. Various key transcription factors for the embryological induction of EMT and MET
have been linked to malignant capacities, such as evasion
of apoptosis, invasive growth patterns and motility of
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neoplastic cells[12-17]. Metastasis requires disseminated cells
having self-renewing capacities, similar to the process of
organ formation and is at least theoretically similar to
processes occurring during embryological development.
Therefore, it is likely that EMT and MET play important
roles in generating cells within tumors, which may enter
the blood-stream and have the capabilities to survive in
the circulation and to form distant metastases in secondary tissues. These CTC can also enter the bone marrow
as DTC as an exit reservoir and remain there in dormant
states until reactivation before entering the blood-stream
again[10,18]. CTC can also be released by manipulation of
the tumor, e.g., by mechanical forces during surgery or
colonoscopy[19-22]. They may also be found as cell clusters
or tumor microemboli[23].
Figure 1 summarizes the metastatic cascade with the
key elements in CRC: Tumor cells are disseminated from
the primary CRC and may enter either the circulation
or the lymphatic vessels and lymph nodes. Once tumor
cells have entered the circulation or lymphatic system
most of them will undergo apoptotic cell death, while
some will have the capacity to form distant metastases;
for CRC mostly in the lung and liver. It is assumed that
CTC in the blood will also have the capacity to enter the
lymphatic system and/or that ITC in the lymphatic system have the capacities to enter the blood vessels as CTC
and/or to form distant metastases. It is likely, but has not
been proven, that metastases themselves have the ability
to release tumor cells into the circulation or lymphatic
system as secondary DTC. At any point tumor cells can
also enter the bone marrow as DTC and remain there in
a dormant state or evade the vascular structures again by
means of MET. The whole process must be regarded as
a dynamic state with various interactions and structural
changes occurring at all times[24-26].
DTC are tumor cells, which can be found in the bone
marrow or lymph nodes. Most research about DTC
originates from patients with breast cancer and is usually
undertaken on biopsies from the bone marrow of the
iliac crest. Tumor cells in the bone marrow often enter
a dormant state and can eventually be reactivated after
several years of dormancy. DTC are thought to be one
of the key elements in late disease recurrence[24,27]. DTC
in lymph nodes are called isolated tumor cells (ITC). Micrometastases and ITC in lymph nodes are tumor cells in
lymph nodes not detected by conventional hematoxylineosin (HE) staining done by the pathologist for routine
staging. They will only be found by using molecular biology techniques, such as staining with tumor specific antibodies, reverse-transcriptase polymerase chain reaction
(RT-PCR) or FACS analysis of lymph node tissue[28].
CTC, DTC, ITC and micrometastases are all regarded
as occult tumor burden and are termed as minimal residual disease. Minimal residual disease is a sign for a
systemic disease progression which may have significant
impact on patient survival and disease progression in
many solid cancers. Most research about minimal residual
disease was performed in patients with breast-, prostate
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CRC-primary tumour

Hematogenous dissemination

Lymphatic dissemination

Lymph node metastasis

Distant metastases

Figure 1 Model of the metastatic cascade in colorectal cancer. Cancer cells (red cells in Figure 1) are released from the primary tumor and enter the circulation
and/or the lymphatic system (lymphatic vessels and lymph nodes) by various mechanisms, such as epithelial mesenchymal transition. The circulating tumor cells in
the circulation are called circulating tumor cells (CTC) and may form distant metastases, for colorectal cancer (CRC) commonly in the liver and lung. However, more
than 90% of the CTC in the vascular system will undergo cell death and will not have the malignant traits necessary to form distant metastases. Disseminated tumor
cells (DTC) in the lymph nodes can either form micrometastases or remain in the lymph nodes as isolated tumor cells which are not detected by conventional HE
staining. Cross talk between the vascular and lymphatic system likely exists and it is hypothesized that disseminated tumor cells in the lymphatic system may also
form distant metastases. It is also assumed that metastases themselves have the capacity to release tumor cells back into the systemic or vascular circulation. Cross
talk also exists with DTC (not shown in the figure) in the bone marrow, where cells enter from the blood-stream and remain in a silent state for several years before
they may reenter the circulation to form distant metastases. Dotted lines indicate hypothesized pathways and straight lines show established and accepted mechanisms of tumor cell dissemination.

and colorectal cancer.

DETECTION METHODS OF OCCULT
DISEASE
To date there are numerous detection methods for minimal residual disease in colorectal cancer patients, which
will be discussed briefly below. Most of the detection
methods are not standardized and protocols vary widely
between research groups, which makes comparison of
results difficult. Endpoints of clinical trials and the used
markers and detection methods are not standardized and
many trials have low sample sizes. In addition, CTC and
micrometastases represent an extremely heterogeneous
group of cells and, depending on the detection method,
different subpopulations of CTC or micrometastases will
be detected while other subgroups will not be identified.
Usually, for identification and enumeration of CTC
blood will be taken from a central venous catheter (central
venous blood compartment) or from a peripheral vein
(peripheral venous blood compartment, PVBC). For patients undergoing surgery various sites of blood sampling
exist: Once the abdominal cavity is opened, blood can
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also be taken from the tumor draining veins (mesenteric
venous blood compartment), the portal vein (PVBC) or
the liver veins (liver venous blood compartment). Several
groups have compared cell count of CTC in CRC patients in these different blood compartments[29,30].
A CTC is described as an intact cell, originating from
either a primary tumor or a metastasis, which has an intact nucleus and positive staining for cytokeratins (in case
of cancers originating from epithelia). CTC can be discriminated from leucocytes via staining for CD45, a panleucocyte marker. Tests for CTC need to be very specific
and sensitive, as CTC are relatively rare compared to the
high number of hematopoetic cells in the blood: Depending on the tumor load and CTC load of the patient
one CTC needs to be identified within 56-106 leucocytes
and 5 × 109 red blood cells per mL of blood[31]. Almost
all tests for CTC in the blood use an enrichment procedure, usually via density gradient centrifugation and/or
lysis of red blood cells. This step is in general followed
by isolation from contaminating leucocytes prior to the
CTC isolation step. For CRC patients the enrichment
step can be done via an epithelial cell adhesion molecule
(EPCAM) dependent step, using the cell surface protein
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EPCAM for detection of CTC, which is expressed on
epithelial cells and many carcinoma cells. Non-EPCAM
dependent enrichment techniques for CTC use other
tumor cell traits, such as cell size or cellular morphology. The only completely standardized and United States
food and drug agency (FDA) approved detection method
is the Cell Search technique, which uses an EPCAM
dependent enrichment step and is described elsewhere
in detail[30,32]. This system has been FDA approved only
for the detection and enumeration of CTC in patients
with metastasized colorectal-, prostate- and breast cancer. New technologies are usually compared to the Cell
Search system. In brief, the system uses 7.5 mL of patient
blood, which are initially processed during an enrichment
step via density gradient centrifugation. Blood samples
are then processed and the CTC immunomagnetically
separated from contaminating cells by EPCAM labeled
ferrofluids. The nucleus and cytokeratins 8, 18 and 19 (for
positive CTC detection) are stained with immunofluorescent antibodies. CD45 is stained with a labeled antibody
for negative leucocyte exclusion. Cells are than analyzed
and photographed by a semiautomatic microscope and
trained operators identify CTC according to certain
specified criteria (cell and nuclear morphology, size and
staining behavior)[30]. However, the Cell Search system
will only detect the EPCAM positive CTC subpopulation,
which makes detection of CTC in pancreatic cancer and
other cancer entities with low EPCAM expression difficult. It is also not possible to detect the subpopulation of
CTC in CRC patients which may have significantly downregulated EPCAM expression (for example due to EMT).
Other detection techniques are described elsewhere in
more detail[33]. In brief, many mRNA-based strategies
were used in the early years of CTC detection, targeting
specific genes, such as CK18, CK19, CK20, MUC1, CEA
and others. However, these markers are also present at
low levels in normal blood, the tests are not standardized between laboratories and quantitative RT-PCR is
necessary with validated cut-off values for each test[34,35].
Other techniques, such as the non EPCAM dependent
EPISPOT assay (Epithelial ImmunoSPOT assay) do exist
and are currently validated[35]. Various microfluid devices
have been developed during the recent years, isolating
CTC via morphology and cell size or by surfaces coated
with antibodies, such as EPCAM[36-38]. As CTC are very
rare cells the introduction of in vivo tests with the capability of analyzing higher volumes of blood are promising.
One such technique is a nanodetector device inserted
into a peripheral arm vein for 30 min, coated with anti
EPCAM antibiodies and capturing CTC from a bypassing
blood volume of approximately 1.5 L during 30 min[39].
Live CTC and DTC can also be manually picked under
the microscope with a micromanipulator and be further
processed or used for single-cell analyses.
DTC are identified in the bone marrow, which can
be taken from the iliac crest in patients undergoing surgery for CRC or CRC liver metastases resection. The
procedure is invasive, compared to a simple blood draw,
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but safe in experienced hands and from major research
groups doing routine sampling of bone marrow for research no serious adverse events have been reported to
date. Detection and isolation of DTC is similar as for
CTC while various enrichment and detection techniques
can be used. Detection methods for DTC are not standardized and vary widely between research groups. The
Cell Search system cannot be used for DTC detection.
Micrometastases and ITC in lymph nodes are identified from the lymph nodes, which are routinely sent to
pathology. Occult disease in lymph nodes can be identified using either RT-PCR detection methods and/or immunohistochemistry. The majority of published studies
uses cytokeratins as a marker for molecular tumor cell
detection, while some studies use other markers, such
as CEA or GUCYC[28]. In general, detection methods
are not standardized and vary between laboratories. Additionally, no technology exists so far which would make
it feasible to routinely analyze all harvested lymph nodes
for occult disease outside of clinical studies. Harvesting
of sentinel lymph nodes in CRC surgery has been investigated by several groups, however with frustrating results,
due to the complex abdominal lymphatic drainage, which
makes routine use of sentinel node techniques in CRC
difficult[28].

CTC AS PROGNOSTIC MARKERS
The prognostic relevance of CTC in CRC has been
shown in large trials and was confirmed in a meta-analysis[29,32,40-44]. Recently, the notion of CTC as the primary
driving force of metastases formation has been widely accepted. In the past, many studies about the role of CTC
in CRC had controversial results, lacked statistical power
and used different study protocols or non-standardized
detection methods of CTC detection. The introduction
of the Cell Search system for detection and enumeration
of CTC has brought further insights to CTC research
and large trials have been published about the prognostic
role of CTC in patients with UICC stage Ⅳ CRC[32].
In a recent meta-analysis about the role of CTC in
CRC 3094 patients from 36 studies were included and
showed that detection of CTC in the peripheral blood
of patients with CRC is a strong prognostic marker for
overall survival. Pooled analysis from all sampling sites
showed an association of CTC detection with poor recurrence free survival [HR = 3.24 (95%CI: 2.06-5.1)] and
overall survival [HR = 2.28 (95%CI: 1.55-3.38)]. Interestingly, data for CTC detection in the mesenteric venous
blood and portal venous blood were inconsistent; mainly
due to the low number of studies performed on CTC in
CRC in different blood compartments these results were
not significant prognostic markers in the meta-analytic
approach[40].
In the era of personalized medicine the idea of CTC
as a liquid biopsy, easily taken at different time points
via a simple blood draw, provides a promising tool for
individualized therapeutic and treatment decisions and
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prognostic outcome calculations. Until now routine measurements of CTC in CRC patients has not become the
standard of care and it is not clear which detection method will provide the most valuable information: Using the
Cell Search System only EPCAM positive CTC will be
identified, possibly missing a high number of CTC within
this heterogeneous cell group with low EPCAM expression (for example due to low EPCAM because of EMT).
So far the Cell Search system has only been approved for
the purpose as a prognostic marker in patients with metastasized CRC in UICC stage Ⅳ[45]. It is likely that CTC
detection in patients with CRC UICC stage Ⅰ-Ⅲ may
also have a prognostic relevance, which has been already
proven for CTC detection in breast cancer[46].
Recently, in a trial including 200 patients with CRC, it
was shown that the detection rate and number of CTC in
the mesenteric venous blood compartment is significantly
higher than in the central venous blood compartment[30].
There was also a significant correlation between the
number of detected CTC in the mesenteric venous blood
compartment and the central venous blood compartment, supporting the theory of the liver acting as an incomplete CTC filter[34,47]. It was also shown that the count
of tumor cells in the central venous blood compartment
is higher for patients with low rectal tumors compared to
patients with high rectal tumors. This is possibly due to
the filtering function of the liver as the blood from the
lower rectum drains via the iliac veins into the inferior
vena cava, therefore bypassing the liver[30,48].
A recent analysis of more than 20000 Medicare CRC
patients in the United States showed no benefits of adjuvant chemotherapy in patients with stage Ⅱ disease with
or without the routinely used prognostic criteria[49]. CTC
could provide a potential decision tool for this patient
population regarding further adjuvant therapy regimes.
More randomized controlled trials are needed in the
future to implement the use of routine pre-, intra- and
postoperative CTC detection for therapeutic treatment
guidance.

DTC AS PROGNOSTIC MARKERS
DTC have been widely accepted as prognostic markers
for patients with breast cancer, as most research about
DTC and metastases formation has been done in these
patients[24,25,27]. For CRC the role of DTC remains controversial. A recent meta-analysis included six studies
investigating the prognostic role of DTC detection in the
bone marrow in patients with CRC. However, the analysis failed to show a prognostic effect of DTC in CRC
patients[40]. This was mostly due to the lack of studies
done in this field and the high inter-study heterogeneity,
as to date there are only few trials investigating the role
of DTC in CRC patients and most of them lack statistical power. It is highly likely, that just as in breast cancer
patients DTC play a special role in tumor cell dormancy
and late relapse after curative resection. It has been
shown that in patients with solid carcinomas DTC in the
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bone marrow will be found in 15%-40% of the patients,
independent of nodal or metastatic stage of disease[50].
The exact role of DTC and contribution in the metastatic cascade has not been elucidated. It is estimated that
depending on the primary cancer DTC possess varying
degrees of capability to undergo dormancy, migrate into
the blood and/or form distant metastases or bone metastases[19,40,51]. A recent study has shown that DTC in the
bone marrow negatively influence survival after resection
of colorectal liver metastases[52]. Further studies about the
role of DTC in tumor cell dormancy, prognosis, disease
progression and late relapse of disease are necessary.

MICROMETASTASES AND ISOLATED
TUMOR CELLS IN LYMPH NODES AS
PROGNOSTIC MARKERS
Tumor infiltration of loco-regional lymph nodes, represents one of the strongest prognostic factors in CRC[2].
Resected lymph nodes are routinely isolated from the
pathological specimen and several representative sections
of each lymph node will be analyzed by the pathologist
using routine hematoxylin and eosin (HE) staining procedures. However, using conventional staining techniques
only major tumor infiltration of lymph nodes will be observed, and ITC and micrometastases cannot be detected
with this method. Various groups have observed ITC and
micrometastases in lymph nodes of up to 50% of the patients staged lymph node negative (UICC stage Ⅰ and Ⅱ)
in conventional HE staining[53-55]. The prognostic role of
micrometastases and ITC in lymph nodes was confirmed
in a meta-analysis including a cumulative sample size of
more than 4000 patients from 39 trials[28]. Independent
of the used detection methods (RT-PCR, immunohistochemistry, FACS analysis) and the used markers (mostly
cytokeratins) the detection of micrometastases and/or
ITC in lymph nodes had a strong prognostic effect on
OS and PFS in CRC patients[28]. Molecular detection of
minimal residual disease in regional lymph nodes was significantly associated with poor overall survival [HR = 2.20
(95%CI: 1.43-3.4)], disease specific survival [HR = 3.37
(95%CI: 2.31-4.93)] and disease free survival [HR = 2.24
(95%CI: 1.57-3.20)]. Similar to CTC and DTC detection
the analysis of micrometastases and ITC in lymph nodes
could help to build additional criteria to identify patients
at risk for disease recurrence in early CRC. Current criteria to identify the 25% subgroup of stage Ⅱ disease CRC
patients who will develop disease recurrence are insufficient[49]. However, limitations in human-, infrastructuraland financial resources would currently make it unfeasible
to screen all retrieved lymph nodes for ITC and micrometastases. Using techniques to identify and thoroughly
analyze the sentinel lymph node (as in breast cancer treatment) have mainly failed and provided frustrating results
for CRC[28]. Until the development of high throughput
standardized screening techniques, based on techniques
such as FACS analysis and/or RT PCR routine screening
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of all lymph nodes for minimal residual occult disease
will likely remain unfeasible outside of clinical research
use. Future research is needed in the development and
evaluation of standardized screening methods for ITC
and micrometastases in lymph nodes and their implementation into routine use in clinical practice[28].

LESSONS FROM IN VITRO AND IN VIVO
EXPERIMENTS
Translational research
CTC and DTC are the biological correlate of tumor cell
dissemination and their occurrence significantly influences the patients’ fate[40,42]; therefore, numerous groups
have focused on the in-depth characterization of these
cells to find novel therapeutic targets in these cells. Unfortunately, translational CTC/DTC research in CRC
faces two major problems: (1) CTC and, even more so,
DTC are extremely rare cells in CRC[30,34]. Especially in
early stage patients, CTC and DTC can be found in only
few patients. To overcome this problem, researchers have
focused on late-stage patients[32], obtained blood samples
directly from tumor-draining veins[30], or analyzed significant amounts of peripheral blood. The first two approaches may bias the results of the analyses; the latter
may produce ethical problems, especially in serial blood
draws of significant volumes. Despite all efforts, insufficient sample size has limited research on CTC/DTC until
recently, when better amplification protocols and highly
sensitive analytic tools such as next-generation sequencing became available; and (2) The true origin of CTC/
DTC is not always clear and their phenotype may change
over the course of disease or even during the process of
dissemination. The currently most widely used definition
of CRC-derived CTC is set by the Cell Search System
as intact EPCAM+, cytokeratin 8, 18 or 19+ and CD45cells[31]. As the Cell Search System is currently the only
FDA approved CTC detection method, almost all clinical
trials and many preclinical trials have used this system to
isolate and quantify CTC. However, it is unclear whether
CTC retain their epithelial phenotype, especially during
EMT. A significant downregulation of epithelial genes
such as EPCAM or cytokeratins in CTC seems to be possible. This would mean that the EPCAM+ cell fraction
does not contain all CTC; in fact, the metastasis-inducing
CTC may be contained in the EPCAM- fraction as these
cells have a more mesenchymal and thus more invasive
phenotype. Different detection methods (e.g., cell size,
elasticity, novel surface markers) are currently being developed and tested.
Despite these obstacles, very interesting findings have
been published during the last year. Genomic analyses
of single CTC have revealed significant genetic heterogeneity between CTC and the tumor as well as between
CTC themselves[56,57]. In fact, mutations detected in CTC
that were previously unknown in the tumor could be
confirmed by deep sequencing of the primary tumor,
indicating the possibility of CTC-based “liquid biopsies”
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enabling the clinician to follow non-invasively the genetic
evolution of the disease.
Mouse models
The metastatic cascade is a complex, multi-step process
that cannot be reproduced by current in vitro methods.
Owing to the above mentioned obstacles in translational
CTC research, significant efforts have been made to
reproduce tumor cell dissemination in animal models.
Several mouse models of metastatic CRC have been
published. They can be categorized into chemically induced mouse models[58-60], models based on tumor cell
injection[61-65] and genetically engineered mouse models
(GEMM)[66,67]. Chemically induced mouse models develop genuine mouse tumors and therefore realistically
mimic the disease; however, their induction is bothersome and the incidence of tumors varies both temporally
and spatially[58-60]. Also, the detection of CTC is complicated by the same problems (rarity, detection method) as
in humans.
Depending on the cell line, tumor cell injection-based
tumor models yield highly aggressive and widely metastatic tumors[64]. The detection of CTC is easy as the cells
can be labeled prior to injection. However, as most CRC
cell lines have been in culture for decades and are monoclonal and highly anaplastic, the tumors as well as the resulting CTC may not be representative of human disease.
Genetically engineered mouse models, in which specific
CRC-related driver mutations (e.g., APC, KRAS, TP53)
are induced in the colonic epithelium, develop genetically
well-defined, invasive tumors which also metastasize and
mimic well the clinical situation[66]. Analyses of GEMMderived CTC are currently underway in several laboratories. The results may add significant information to the
field of CTC research.

CONCLUSION
Occult disease as guidance for treatment decisions and
monitoring disease progression
According to current treatment guidelines patients with
non-systemic CRC disease (i.e., UICC stage Ⅰ and Ⅱ)
are cured by surgery alone[4]. However, up to 25% of
these patients will ultimately die of tumor relapse and/or
distant metastases[2]. Current staging procedures are insufficient to identify the patient cohort at high risk, who
might benefit from additional adjuvant medical treatment
and/or close follow up surveillance. Minimal residual
disease has been shown to act as a strong prognostic
parameter in these patients and could ultimately be used
to identify patients with occult systemic disease who
will need additional treatment besides surgical therapy.
Therefore, the idea to use occult disease as guidance for
treatment decisions and monitoring disease progression
seems very promising. Occult disease such as CTC in the
blood, DTC in the bone marrow and micrometastases
and ITC in the lymph nodes of patients with CRC is a
strong prognostic marker for patient survival. Future re-
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search should be directed to identify patients with UICC
stage Ⅰ and Ⅱ who have already systemic disease despite
negative conventional staging. These patients at risk
might benefit from additional adjuvant treatment and this
should be investigated in future randomized controlled
trials.
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Abstract
Aberrant functioning of serine proteases in inflammatory and carcinogenic processes within the gastrointestinal tract (GIT) has prompted scientists to investigate
the potential of serine protease inhibitors, both natural
and synthetic, as modulators of their proteolytic activities. Protease inhibitors of the Bowman-Birk type, a
major protease inhibitor family in legume seeds, which
inhibit potently and specifically trypsin- and chymotrypsin-like proteases, are currently being investigated
as colorectal chemopreventive agents. Physiologically
relevant amounts of Bowman-Birk inhibitors (BBI) can
reach the large intestine in active form due to their extraordinary resistance to extreme conditions within the
GIT. Studies in animal models have proven that dietary
BBI from several legume sources, including soybean,
pea, lentil and chickpea, can prevent or suppress carcinogenic and inflammatory processes within the GIT.
Although the therapeutic targets and the action mechanism of BBI have not yet been elucidated, the emerg-
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ing evidence suggests that BBI exert their preventive
properties via protease inhibition; in this sense, serine
proteases should be considered as primary targets in
early stages of carcinogenesis. The validation of candidate serine proteases as therapeutic targets together
with the identification, within the wide array of natural
BBI variants, of the most potent and specific protease
inhibitors, are necessary to better understand the potential of this protein family as colorectal chemopreventive agents.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Bowman-Birk inhibitors; Cell proliferation;
Chemoprevention; Colorectal cancer; Legumes; Serine
proteases
Core tip: Bowman-Birk inhibitors (BBI) from legumes,
such as soybean, pea, lentil and chickpea, are a class
of naturally-occurring serine protease inhibitors with
potential anti-inflammatory and chemopreventive properties within the gastrointestinal tract (GIT). BBI are
extensively disulphide-linked within proteins and have
been demonstrated to be structurally and functionally
resistant to the challenges of the GIT in vivo . Recent
data suggest that trypsin- and chymotrypsin-like proteases involved in early stages of carcinogenesis should
be primary targets in investigating the potential of
BBI as colorectal chemopreventive agents; so far, the
therapeutic targets as well as action mechanism of BBI
remain unknown.
Clemente A, Arques MC. Bowman-Birk inhibitors from legumes
as colorectal chemopreventive agents. World J Gastroenterol
2014; 20(30): 10305-10315 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i30/10305.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i30.10305
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INTRODUCTION
Proteases are hydrolytic enzymes acting on peptide bonds,
in a process termed proteolysis. The serine proteases constitute one of the largest families of proteolytic enzymes
and are well recognized for their pivotal roles in a wide
range of physiological processes as diverse as digestion,
blood coagulation, fibrinolysis, immune responses, cell
cycle progression and apoptosis. Their proteolytic activities are tightly controlled by an array of regulatory mechanisms, such as gene expression, substrate recognition,
activation of inactive protease precursors (zymogens) by
specific and limited proteolysis, localization of both enzyme and substrate, cofactor binding, post-translational
modifications and interaction with other proteins and/or
protease inhibitors than can form tight complexes with
target enzymes[1]. Aberrant functioning of certain serine
proteases underlies pathological disorders such as cancer,
angiogenesis, rheumatoid arthritis, neurodegenerative
and cardiovascular diseases[2-4]. Understanding the fundamental role played by serine proteases and their cognate
inhibitors in pathological disorders offers challenging
opportunities for preventive and/or therapeutic intervention[5]. Naturally-occurring plant protease inhibitors are
being investigated for their potential in the prevention
and/or treatment of a diverse set of human pathologies,
including cancer, neurodegenerative and cardiovascular
diseases, muscle atrophy and inflammatory processes[6,7].
In this context, the United States Food and Drug Administration (FDA) granted a protein extract of soybean
(Glycine max) enriched in Bowman-Birk inhibitors (BBI),
namely Bowman-Birk inhibitor concentrate (BBIC), as
investigational new drug. Up to six clinical trials has been
accomplished in patients with benign prostatic hyperplasia[8], oral leukoplakia[9-12] and ulcerative colitis (UC)[13].
The inherent ability of BBI to inhibit serine proteases
has been related to their potential health benefits; however, the mechanism/s of action and the identity of their
therapeutic targets remain unknown[14]. Herein, we report
recent evidences regarding the contribution of BBI from
legumes as colorectal chemopreventive agents.

BOWMAN-BIRK FAMILY IN LEGUMES
Legumes seeds, compared to other vegetative organs and
botanical families, are particularly rich in protease inhibitors of the Bowman-Birk family. BBI from legumes,
such as soybean, pea (Pisum sativum), lentil (Lens culinaris),
field bean (Vicia faba) or chickpea (Cicer arietinum), are
canonical serine protease inhibitors of molecular weight
in the range 7-9 kDa and usually contain two protease
inhibitory domains, located in the external loops of the
so-called “bow tie” motif, centred around residues 16
and 43[15]; each inhibitory domain is located within a
nonapeptide region joined via a disulphide bond between
flanking cysteine residues[16]. The inhibitory domains of
BBI are very exposed and easily accessible to proteolytic
enzymes (Figure 1A). This structural arrangement allows
the interaction of BBI with two enzyme molecules, not
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necessarily identical, simultaneously and independently,
without any significant conformational adjustment[17]; the
resulting non-covalent complex renders the protease target inactive. Molecular recognition of serine proteases is
governed by the P1 residue[18]; this residue inserts into the
S1 cavity of the cognate enzyme upon protease-inhibitor
formation[19]. In legume seeds, the target enzyme for the
N-terminal inhibitory domain is trypsin with BBI having a positively charged residue, either Arg or Lys, at the
P1 position; the presence of Ala determines inhibition
for elastase, as reported in wild soybean (Glycine soja)[20]
and grass pea (Lathyrus sativus)[21]. Greater variation exists
at the P1 position for the C-terminal inhibitory domain,
with Arg, Phe, Tyr or Leu at this position, with predictions of either trypsin or chymotrypsin inhibition. The
high affinity of chymotrypsin-like proteases for aromatic
residues within substrates (Tyr or Phe at position P1) is
well documented, as is reflected in their inhibitors, with
Tyr showing the strongest binding[22,23]. A limited number
of amino acids located within the inhibitory domains
of BBI seem to be responsible for their primary functional and biological properties. By using synthetic cyclic
peptides mimicking the inhibitory domains of BBI, the
significance of additional residues adjacent to the reactive site peptide bond (P1-P1’) on potency and resistance
to hydrolysis against specific target proteases has been
revealed[24,25]. BBI from legumes exert extremely potent
inhibitory activity against both trypsin and chymotrypsin
enzymes, with Ki values within the nanomolar range reported for different legume species, such as soybean[26],
pea[27,28], lentil[29,30] and lupin (Lupinus albus) BBI[31].
Protease inhibitors of the Bowman-Birk family show
considerable variation between and within legume species where seed and vegetative isoforms may be distinguished[32,33]. The expression of distinct genes, together
with the post-translational modifications of primary gene
products, which mainly occurs during seeds desiccation,
is responsible for the wide array of isoinhibitors reported
for different legume species. As an example, protease
inhibitors from winter pea seeds (cv. Frilene) comprise up
to six isoforms (PSTI Ⅰ, Ⅱ, Ⅲ, Ⅳa, Ⅳb and Ⅴ) which
all belong to the Bowman-Birk family[34]. An amino acid
sequence alignment of major BBI isoinhibitors from soybean and those from other representative legume species
shows that there is a high sequence homology among
BBI isoforms (Table 1). For the N-terminal inhibitory domain, there is a consensus amino acid sequence,
P3-P6’: CTP1SXPPQC, where P1 is the position providing specificity for trypsin inhibition, and X (at P2’ position) can be any amino acid but with predicted significant
effect on inhibitory potency and hydrolysis rates. Within
the C-terminal inhibitory domain, amino acid sequence
variation profoundly affects inhibitory potency against
trypsin- or chymotrypsin-like enzymes[33] (Table 1).
BBI from legume seeds contain high levels of cysteine
residues involved in a conserved network of disulphide
bridges (Figure 1B). Circular dichroism spectroscopy and
fluorescence studies have revealed that the cysteine resi-
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A

Trypsin reactive
site

Chymotrypsin
reactive site

B
*
*
GDDVKSACCDTCLCTKSNPPTCRCVDVRETCHSACDSCICAYSNPPKCQCFDTHKFCYKACHNSEVEEVIKN

Figure 1 Bowman-Birk family in legumes. A: Homology model of TI1, a major pea Bowman-Birk inhibitor (BBI) isoinhibitor, showing the trypsin and chymotrypsin
inhibitory domains[33]; B: Amino acid sequence deduced from the TI1 gene from the pea cultivar Birte. The sequence of both inhibitory domains are underlined and the
positions of the seven disulphide bonds are indicated by connecting lines[39]. K and Y at position P1(*) determines specificity for trypsin and chymotrypsin, respectively.

Table 1 Amino acid sequence alignment of Bowman-Birk inhibitor-like proteins from several legumes species
Species

Entry name
(accession number)

Dolichos biflorus
Glycine max

Lens culinaris
Lupinus albus
Phaseolus vulgaris

Pisum sativum

Vicia faba
Vigna unguiculata

IBB_DOLBI
(Q9S9E3)
IBB1_SOYBN
(P01055)
IBBD2_SOYBN
(P1064)
IBBC2_SOYBN
(P01063)
IBB_LENCU
(Q8W4Y8)
IBB1_LUPAL
(P85172)
IBB2_PHAVU
(P01060)
IBB3_PHAVU
(P81484)
IBBA_PEA
(Q41065)
IBB2_PEA
(Q41066)
IBBB_PEA
(P56679)
IBB_VICFA
(P24661)
IBB_VIGUN
(P17734)

Amino acid sequence
EPSESSKPCCDQCTCTKSIPPQCRCTDVRLNSCHSACSSCVCTFSIPAQCVCVDMKDFCYAPCKSSHDD
DDESSKPCCDQCACTKSNPPQCRCSDMRLNSCHSACKSCICALSYPAQCFCVDITDFCYEPCKPSEDDKEN
DDEYSKPCCDLCMCTRSMPPQCSCEDIRLNSCHSDCKSCMCTRSQPGQCRCLDTNDFCYKPCKSRDD
DDESSKPCCDLCMCTASMPPQCHCADIRLNSCHSACDRCACTRSMPGQCRCLDTTDFCYKPCKSSDEDDD
GDDVKSACCDTCLCTRSQPPTCRCVDVRESCHSACDKCVCAYSNPPQCQCYDTHKFCYKACHNSEIEE
SLASKPCCDSCLCTRSIPPQCRCTDIGETCHSACKSCICTRSFPPQCRCSDITHFCYKPCTSS
EPSESSEPCCDICVCTASIPPICQCTDVRLNSCHSACKSCMCTRSMPGKCRCLDTTDYCYKSCKSSGEDDD
ASXSSKPCCBHCACTKSIPPQCRCSBLRLNSCHSECKGCICTFSIPAQCICTDTNNFCYEPCKSSHGPBBNN
GDDVKSACCDTCLCTKSNPPTCRCVDVRETCHSACDSCICAYSNPPKCQCFDTHKFCYKACHNSEVEEVIKN
GDDVKSACCDTCLCTKSDPPTCRCVDVGETCHSACDSCICALSYPPQCQCFDTHKFCYKACHNSEVEE VIKN
GDDVKSACCDTCLCTKSNPPTCRCVDVGETCHSACLSCICAYSNPPKCQCFDTQKFCYKACHNSELEEVIKN
GDDVKSACCDTCLCTKSEPPTCRCVDVGERCHSACNSCVCRYSNPPKCQCFDTHKFCYKSCHN
ZASZSSKPCCRZCACTKSIPPZCRCSZVRLNSCHSACKSCACTFSIPAZCFCGBIBBFCYKPCKSSHSBBBBWN

The primary accession numbers below are reported in UniProtKB database. P1-P1’ are the reactive peptide bond sites, in bold text. Either K or R at P1 position determines specificity for trypsin, whereas L, Y or F determines specificity against chymotrypsin; A determines specificity for elastase.

dues, involved in seven intramolecular disulphide bridges,
provide extreme stability to high temperatures and resistance to proteolysis and help to maintain the structural
and functional features of the inhibitory domains[35,36].
Mutational studies of the disulphide bonds in the N-terminal inhibitory domain of soybean BBI and the consequences of such mutations on inhibitory activity against
serine proteases have been reported[37]. In particular, the
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mutations induced a dramatic effect on trypsin inhibition, with Ki values diminishing more than one order of
magnitude in most of the mutants, compared with native
BBI. A significant contribution of disulphide bonds in
the anti-trypsin domain of BBI from horsegram (Dolichos
biflorus) to thermal stability and control of the inhibitory
activities, towards both trypsin and chymotrypsin, has
been recently reported[38].
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SURVIVAL OF BBI TO GUT DIGESTION
In order to exert any physiological effect in large intestine, physiologically relevant amounts of dietary BBI
must survive, after food processing and further passage through the GIT, in biologically active form(s)[39].
In vitro and in vivo studies have demonstrated that BBI
are functionally and structurally resistant to the extreme
conditions within the GIT. Under acidic conditions, BBI
are highly resistant to severe heat treatment, retaining
their ability to inhibit serine proteases[40]. In processed
legumes or their derived products, a high percentage of
the trypsin inhibitory activity is associated to heat-stable
BBI. In addition, soybean BBI have demonstrated to be
remarkably resistant to the action of proteolytic enzymes
under simulated gastric and intestinal digestion[41]. Soybean BBI is active at low pH in the presence of pepsin
with no significant loss of protease inhibitory activity[42].
The structural rigidity provided by the disulphide bridge
network play an essential role in maintaining both correct
folding and functional structure of BBI[38,43,44]. Reduction
of disulphide bridges and subsequent alkylation of the
cysteinyl sulfhydryl groups abolishes almost completely
both trypsin and chymotrypsin inhibitory activity of
soybean BBI due to conformational changes and/or
unfolding[26]; these structural changes increase the vulnerability of BBIs to digestive proteases and decrease thermal stability. The survival of functional BBI in the small
intestine of animal models (rodent and pig) has been
clearly demonstrated. Hajós et al[45] reported the presence
of immunological reactive forms (5% of total ingested)
of soybean BBI in the small intestine of rats; similar results were shown for cowpea (Vigna unguiculata) BBI in
rat feeding trials[46]. Due to methodological difficulties,
the protease inhibitory activities of BBI were not evaluated in these experiments. In pigs, generally held as a suitable model for human digestive physiology[47], it has been
demonstrated that significant amounts of ingested chickpea BBI (5%-8%) can survive the extreme conditions
within the GIT; chromatographic, electrophoretic and
enzymatic data obtained from ileal samples revealed that
both trypsin and chymotrypsin inhibitory activities were
associated to a protein core comprising the two binding
loops. Although processing at both N- and C-terminal
ends of BBI during passage within the GIT was revealed,
the network of disulphide bridges seems to exert a protective effect, avoiding an extensive proteolysis. By using
mixed faecal samples from pigs, fermentation assays for a
period of 24 h demonstrated that soybean BBI remained
active and their ability to inhibit trypsin and chymotrypsin were not significantly diminished by the enzymatic
and/or metabolic activity of faecal microbiota[48]. All of
these results make protease inhibitors of the BowmanBirk family attractive for further pharmacological and
pre-clinical studies in order to assess their potential as
colorectal chemopreventive agents.
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COLORECTAL CHEMOPREVENTIVE
PROPERTIES OF BBI
Colorectal carcinogenesis is one of the major causes
of cancer-related mortality worldwide in both men and
women, with over 1.2 million new cases diagnosed globally[49]. In recent years, substantial evidence has pointed
to the link between dietary patterns and lifestyle in primary prevention and control of colorectal cancer (CRC).
The anti-cancer effects of legumes have been explored
extensively; although the evidence is still limited, several
studies have claimed that a high intake of legumes may
decrease risk of CRC. In a case-control study, Aune et al[50]
reported that the level of legume intake necessary for being protective against different types of cancer, including
CRC, is easily achievable by populations by including two
small portions or 100 g of legumes per week. A metaanalysis of three cohort studies and eleven case control
studies suggested an inverse association between legume
intake levels and CRC risk[51]. It has been hypothesized
that the direct contact of potential cancer preventive constituents of legumes with organs of the digestive system
may be responsible of such beneficial effects. In particular, several studies suggest that dietary BBI from different
legumes sources are effective at preventing or suppressing
radiation- and chemical carcinogen-induced transformation in vitro, as well as carcinogenic and associated inflammatory processes within the mammalian GIT[14,39] (Table
2). The anti-carcinogenic properties of soybean BBI
has been extensively investigated, both in purified form
and as a BBIC. Soybean BBI exerted a protective role in
dimethylhydrazine (DMH)-treated rats when ingested at
low concentrations (10 mg/100 g diet), decreasing the
frequency and incidence rates of colorectal tumours; no
adverse effects on animal growth and organ/tissue morphology were observed[52]. These results are consistent to
those reported previously on the suppression of colon
carcinogenesis in DMH-treated mice when BBIC was
administrated[53]. Autoclaved BBIC, in which the protease
inhibitory activity was abolished, had no significant suppressive effects on DMH-induced colon carcinogenesis in
rats, suggesting that the inherent ability of BBI to inhibit
serine proteases is required for their reported chemopreventive properties[52].
Immortalized human epithelial cell lines are wellestablished models to investigate the action mechanism/s
by which certain bioactive compounds might exert a
chemoprotective effect in early stages of colorectal carcinogenesis. Recent studies have demonstrated a significant concentration- and time-dependent decrease in the
proliferation of colorectal human adenocarcinoma cells
(HT29, Caco2, LoVo), following treatment with BBI
variants from pea[54], lentil[30] and soybean[26]. The BBI
concentration that reduced cell viability by 50% (IC50),
as compared with untreated controls, ranged from 32 to
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Table 2 Preclinical studies showing colorectal chemopreventive properties of Bowman-Birk inhibitor-like proteins from several
legume species
Species
(common name)

Model system (carcinogen)

Effect and/or mechanisms of action

Ref.

Glycine max (soy)

Rodent colon carcinogenesis
Soybean BBI is effective at concentrations as low as 10 mg/100 g diet in reducing the
[52,53]
(DMH)
incidence and frequency of colorectal tumors. Its ability to inhibit serine proteases is required
for their chemopreventive properties. No adverse effects are observed in treated animals
Mouse colorectal
Soybean BBI, when simultaneously treated with DMH, prevent the development of
[79]
carcinogenesis (DMH)
neoplastic lesions and protect against the onset of severe inflammatory processes
Mouse colon inflammation
A soybean Bomwan-Birk inhibitor concentrate reduces colon inflammation in mice with
[58]
(DSS)
induced ulcerative colitis. Lower mortality rates and delayed onset of mortality are observed
Colon cancer cell
The antiproliferative properties of BBI isoinhibitors, IBB1 and IBBD2, reveal that both
[26]
proliferation
trypsin- and chymotrypsin–like proteases involved in carcinogenesis should be considered
as potential targets
Lens culinaris (lentil)
Colon cancer cell
Lentil BBI is able to inhibit the growth of HT29 colon cancer cells at concentrations as low as [30]
proliferation
19 μmol/L, in a concentration-dependent manner; by contrast, colonic fibroblast CCD-18Co
cells are unaffected
Pisum sativum (pea)
Colon cancer cell
TI1B, a major pea protease inhibitor, affect in a dose-dependent manner the growth of HT29 [55]
proliferation
colon cancer cells whereas an inactive mutant did not show any significant effect
Vicia faba (field bean)
Mouse stomach
BBI proves to be biologically active, under acidic conditions, in suppressing benzopyrene[93]
carcinogenesis
induced forestomach carcinogenesis in mice following oral treatment; the oncopreventive
(benzopyrene)
properties are related to its protease inhibitory activity
DMH: Dimethylhydrazine; DSS: Dextran sulphate sodium; BBI: Bowman-Birk inhibitor.

73 μmol/L. Neither protein affected the growth of nonmalignant colonic fibroblastic CCD18-Co cells. By using
reducing and alkylating agents, the inhibitory activity of
soybean BBI against serine proteases was abolished; inactive BBI was unable to inhibit cell proliferation of HT29
colon cancer cells suggesting that, in order to exert antiproliferative effect on colon cancer cells, BBI need to be
in active form(s)[26]. Nevertheless, when severe disruptive
treatments are used, the native conformation of BBI is irreversibly affected, alongside significant reduction in both
trypsin and chymotrypsin inhibitory activities, making the
relationship between protease inhibitory activities, protein
structure and health beneficial effects unclear. To answer
this crucial question, a comparative study with rTI1, a
major BBI from pea seeds expressed heterologously in
Pichia pastoris, and a related synthetic mutant derivative
lacking trypsin and chymotrypsin inhibitory activity was
carried out[55]. rTI1 inhibited both trypsin and chymotrypsin, with Ki values at nanomolar concentrations, whereas
the mutant protein was inactive against both enzymes.
The proliferation of HT29 colon adenocarcinoma cells
was significantly affected by rTI1 in a dose-dependent
manner; in contrast, the inactive derivative did not show
any suppressive effect on cell growth. Although the molecular mechanism(s) of such anti-proliferative activity
remains unknown, the reported data indicate that cellular
serine proteases should be considered as BBI primary
targets in early stages of colorectal carcinogenesis.
The scission of soybean BBI with cyanogen bromide
followed by pepsin treatment results in two active fragments, one having trypsin inhibitory activity and the
other having chymotrypsin inhibitory activity. In early
studies, Yavelow et al[56] using these two active fragments
concluded that the chymotrypsin inhibitory domain
of soybean BBI was responsible for suppression of
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radiation-induced transformation in vitro whereas the
BBI fragment having only ability to inhibit trypsin-like
proteases was ineffective. These observations led to the
hypothesis that chymotrypsin-like proteases are potential
therapeutic targets of BBI in clinical research; however,
the enzymatically modified soybean BBI may have been
impaired in the inhibition of several molecular targets
compared with the native protein. Later on, it was demonstrated that a major soybean BBI isoform, IBBD2,
which inhibits trypsin-like proteases only, exerts antiproliferative effect against HT29 colon cancer cells in a
dose-dependent manner[26] (Figure 2). These studies revealed that both trypsin- and chymotrypsin-like proteases
involved in the early stages of carcinogenesis should be
considered as potential targets of BBI. No data regarding
the effectiveness of BBI variants having elastase inhibitory activity[20,21] on colon cancer cell proliferation has
been reported so far.
A growing body of evidence suggests that dietary
BBI may exert anti-inflammatory properties within the
GIT. Soybean BBI and BBIC appears to exert a potent
suppressive effect on colon and anal gland inflammation
of carcinogen-treated rodents[57], or when assessed in
the dextran sulfate sodium (DSS) model of UC[58]. Histological studies and mortality rates show that the DSS
treatment induced a severe inflammatory condition in
mice that was reduced in extent and severity by soybean
BBIC. These preclinical studies suggest that soybean BBI
might exert beneficial effects in inflammatory processes.
In order to evaluate safety and efficacy of soybean BBI
in patients with active UC, a randomized double-blind
placebo-controlled trial was performed[13]. A daily dose
of 800 chymotrypsin inhibitor units was administrated
in patients receiving 12 wk of therapy. The BBIC treatment exerted a potential benefit over placebo in terms of
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increase of serine protease activity when compared to
healthy controls was observed[66,67]; these proteolytic activities can be completely abolished by soybean BBI[68].
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SERINE PROTEASES AS POTENTIAL
TARGETS OF BBI IN COLORECTAL
CHEMOPREVENTION
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Figure 2 Effect of the major soybean isoinhibitors, IBBD2 and IBB1,
on the in vitro growth of HT29 human colorectal adenocarcinoma cells.
Growth media were supplemented with protein in the concentration range
0-62 μmol/L and cells harvested after a period of 96 h. Values are means, with
standard deviations represented by vertical bars of at least three independent
experiments, each having four technical replicates. aP < 0.05 vs IBBD2 group
(Bonferroni´s test)[26].

clinical response and induction of remission in patients
with active UC, as assessed by the Sutherland Disease
Activity Index (an index that consist of four major criteria as follows: stool frequency, rectal bleeding, mucosal
appearance, and physician rating of disease activity)[59].
After BBIC treatment, no adverse side-effects or apparent toxicity in UC patients were observed. Approximately
50% of patients responded clinically and 36% showed
remission of disease; in contrast, only 29% and 7.1% on
the placebo group achieved a partial response or remission, respectively.
Although not fully understood, several mechanisms
of action have been proposed to explain the anti-inflammatory properties of BBI within the GIT. Soybean BBI
or BBIC has been shown to decrease the production and
release of superoxide anion radicals and hydrogen peroxide, mediators of acute and chronic inflammation, in
purified human polymorphonuclear leukocytes[60] and in
differentiated HL60 cells[61]. The decrease in superoxide
radical levels might reduce levels of oxidative damage
to DNA, lipid peroxidation of cellular membranes and
incidence of malignant transformation. Although BBI
do not function as free radical-scavenging agents, they
prevent the release of oxygen free radicals from cells,
which would be expected to contribute to their reported
anti-inflammatory properties[62]. Serine proteases are key
components of the inflammatory response, as they can
trigger hypersensitivity and may cause severe proteolytic
damage to the extracellular matrix[63,64]. Dysregulation of
the epithelial barrier function play a central role in either
the etiology or the pathology of intestinal inflammation.
Currently, there is a strong interest in identifying candidate serine proteases involved in pathogenesis and in designing selective protease inhibitors to regulate their proteolytic activities[39]. In this sense, the use of anti-tryptase
therapy on human inflammatory bowel disease and experimental colitis has been demonstrated[65]. In intestinal
lesions and faecal samples from UC patients, a significant
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The homeostatic control between proteolytic enzymes
and their cognate inhibitors plays a fundamental role in
a number of physiological as well as pathological processes, where their activities become dysregulated. Serine
proteases are involved in crucial biological functions
associated to tumor development, such as cell growth
(dys)regulation, cell invasion, angiogenesis and inflammatory processes. Some of these serine proteases have
been proposed as candidate cancer biomarkers[69-71] (Table
3). An understanding of the role played by certain serine
proteases in pathological processes may suggest modes
of therapeutic intervention[1,72]. In eukaryotes, the ubiquitin-proteasome pathway regulates many fundamental cellular processes such as protein quality control, cell cycle,
signal transduction and DNA repair[73]. The 20/26S proteasome complex is the most downstream element of the
ubiquitin-proteasome pathway. Inhibition of proteasome
activity leads to accumulation of poly-ubiquitinylated and
misfolded proteins, endoplastic reticulum stress, reduction in cell proliferation rates and induction of apoptosis
through multiple mechanisms[74,75]. The proteasome complex is currently considered an important intracellular
target for the treatment of cancer; proteasome inhibition results in cellular homeostasis disruption and in the
induction of apoptosis. Until now, only a few studies
have demonstrated the use of BBIs as potential inhibitors of proteasomal activities. BBI from soybean inhibits
the chymotrypsin-like proteasomal activity of MCF7
breast cancer cells in vitro and in vivo[76]. The proteasomal
inhibition results in the accumulation of ubiquitinated
proteins and proteasome substrates, p21 Cip1/WAFF1 and
p27Kip1, and the consequent down-regulation of cyclin
D1 and cyclin E that modulate the G1/S phase progression, suggesting that BBI might induce cell-cycle arrest.
Soybean BBI decrease proteasomal function and results
in up-regulation of MAP kinase phosphatase-1 (MKP-1),
which in turn suppresses phosphorylation coupled to
extracellular signal-related kinase activity in MCF7 treated
cells. The inhibition of proteasomal chymotrypsin-like
activity in vivo reveals that MCF7 cellular membranes are
very permeable to soybean BBI facilitating the inhibition of intracellular target proteases. Soybean BBI has
been demonstrated to be taken up by intestinal epithelia
cells in a time-dependent manner, being the bulk of the
internalised protease inhibitor present in the cytosol in
active form[77]. It has been also reported that soybean
BBI is internalised into NIH/3T3 mouse embryo fibroblastic cells and is localized in the nucleus[41]. More
recently, confocal microscopy studies have demonstrated
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Table 3 Serine proteases as potential therapeutic targets of Bowman-Birk inhibitor-like proteins in pathological processes
Serine
protease
Proteasome

Matriptase

Chymase

Cathepsin G

Duodenase

Elastase

Function

Pathological
processes

Evidence of interaction with BBI-like proteins

Control of the turn-over of regulatory
proteins involved in critical cellular
processes including cell cycle progression,
cell development and differentiation,
apoptosis, angiogenesis and signaling
pathways

Cancer,
inflammatory
processes,
autoimmune
diseases and aging

Soybean BBI specifically and potently inhibits the proteasomal
chymotrypsin-like activity in vitro and in vivo in MCF7 cancer breast
cells[76]

Mice treated simultaneously with BBI and DMH show a significant
decrease in the chymotrypsin- and trypsin-like proteasomal activity in
comparison with those treated with DMH only[79]
Soybean BBI suppress proteasomal chymotrypsin-like activity in U2OS
human osteosarcoma cells in vitro[80]
Differentiation and function of epithelial
Activator of critical SFTI-1, a cyclic peptide from sunflower having similar features to the
tissues
molecules associated trypsin inhibitory binding domain of BBI, is a very potent inhibitor (Ki:
with tumor invasion
0.92 nmol/L)[85]
and metastasis
BBI from soybean and lima bean have been reported to inhibit
matriptase activity in vitro[86]
Key mediator in inflammatory cell signaling
Inflammatory
Soybean BBI strongly inhibits chymase from rat mast cells
pathways
processes, allergic
(Ki: 13.2 nmol/L)[94]
reactions and
pulmonary fibrosis
Soybean BBI is a highly effective inhibitor of human mast cell
chymase, being not effective against human tryptase[88]
Degradation of extracellular matrix
Inflammatory
Soybean BBI inhibits strongly cathepsin G (Ki: 1.2 nmol/L)[86]
components, regulates inflammatory
processes, cancer
response and promotes apoptosis
and aging
Morphogenesis and tissue repair;
Inflammatory
Duodenase interacts specifically with the chymotrypsin inhibitory
inflammatory and mitogenic role;
processes
domain of soybean BBI (Ki: 4 nmol/L)[87]
participation in activation cascade of
digestive proteases
Degradation of extracellular matrix
Pulmonary
Soybean BBI inhibits hydrolysis of extracellular matrix components by
components
emphysema, cystic
leukocyte enzymes[95]
fibrosis, infections,
inflammation and
atherosclerosis
Soybean BBI inhibit human leukocyte elastase (Ki: 2.3 nmol/L)[96]

BBI: Bowman-Birk inhibitor; DMH: Dimethylhydrazine; Ki: Constant of inhibition; SFTI-1: Sunflower trypsin inhibitor.

that black-eyed pea BBI crosses the membrane of breast
MCF7 cancer cells, likely via endocytosis, and co-localizes
with the proteasome in cytoplasm and mainly in nucleus,
inhibiting the chymotrypsin-, trypsin- and caspase-like
activities of the 20S proteasome[78]. Further studies to
determine the correct localization of BBI in colon cancer
cells will be relevant in order to identify serine proteases
as potential therapeutic targets. Either soybean or perennial horsegram BBIs, when administrated at a dose of
30 mg/kg during 12 wk, exerted a protective role in the
development of pre-neoplastic lesions induced by intraperitoneal injections of DMH in mice; such effect seems
to be associated to the inhibition of both the lysosomal
and proteasome-dependent proteolytic pathways[79]. Although soybean BBI has been demonstrated to inhibit
the proteosomal activity of MCF7 breast cancer cells[76]
and U2OS osteosarcoma cells[80], the proteosomal inhibition in colon cancer cells need to be unambiguously
demonstrated. Another potential therapeutic target of
BBI is matriptase (also known as MT-SP1 or epithin), an
epithelial-specific member of the type Ⅱ transmembrane
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serine protease family, which is a key activator of multiple
signaling pathways associated with cell proliferation and
modification of the extracellular matrix. Matriptase is recognized as a cancer-associated trypsin-like protease, being
over-expressed in malignant prostate, ovarian, uterine
and colon tumors[81,82]. This serine protease contributes to
the epithelial integrity and upstream activation of cellular
regulatory proteins, including urokinase-plasminogen
activator, hepatocyte-growth factor/scatter factor and
protease-activated receptor, being also involved in cancer invasion and metastasis[83,84]. Although the ability of
naturally-occurring protease inhibitors, including soybean
BBI, lima bean trypsin inhibitor and sunflower trypsin
inhibitor (SFTI-1), to inhibit a secreted form of recombinant MT-SP1 has been demonstrated[85,86], the clinical
relevance of such inhibition has not been yet elucidated.
Serine proteases are extensively involved in immunological responses and pro-inflammatory actions; therefore, there is a growing interest towards determining
the therapeutic potential of serine protease inhibitors in
treatment of inflammatory diseases by modifying vari-
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ous inflammatory pathways[4]. The inhibition of serine
proteases involved in inflammatory processes, such
as cathepsin G[87,88], elastase and mast cell chymase[89]
by soybean BBI has been reported (Table 3). Secreted
chymases promote inflammation[90], matrix destruction,
tissue remodelling as well as the regulation of collagenase[91] and interleukin 1β (IL-1β)[92]. Nevertheless, a
clinical correlation between the inhibition of these serine
proteases and the anti-inflammatory properties associated with soybean BBI and homologous proteins is still
far of being elucidated.

CONCLUSION
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Abstract
While 5-fluorouracil used as single agent in patients
with metastatic colorectal cancer has an objective response rate around 20%, the administration of combinations of irinotecan with 5-fluorouracil/folinic acid
or oxaliplatin with 5-fluorouracil/folinic acid results in
significantly increased response rates and improved
survival. However, the side effects of systemic therapy
such as myelotoxicity, neurotoxicity or gastrointestinal
toxicity may lead to life-threatening complications and
have a major impact on the quality of life of the patients. Therefore, biomarkers that would be instrumental in the choice of optimal type, combination and dose
of drugs for an individual patient are urgently needed.
The efficacy and toxicity of anticancer drugs in tumor
cells is determined by the effective concentration in
tumor cells, healthy tissues and by the presence and
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quantity of the drug targets. Enzymes active in drug
metabolism and transport represent important determinants of the therapeutic outcome. The aim of this review was to summarize published data on associations
of gene and protein expression, and genetic variability
of putative biomarkers with response to therapy of
colorectal cancer to 5-fluorouracil/leucovorin/oxaliplatin
and 5-fluorouracil/leukovorin/irinotecan regimens. Gaps
in the knowledge identified by this review may aid the
design of future research and clinical trials.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Chemotherapy; 5-Fluorouracil; Oxaliplatin; Irinotecan
Core tip: 5-fluorouracil/leucovorin combined with oxaliplatin (FOLFOX) and irinotecan (FOLFIRI) represent the
most effective chemotherapy regimens for colorectal
carcinoma patients with distant metastases. Pharmacogenetics represents a promising strategy for the
individualization of therapy, including identification of
patients at increased risk of toxicity. This review summarizes contemporary knowledge about associations of
gene and protein expression and genetic variability of
putative biomarkers for the response of colorectal cancer to FOLFOX/FOLFIRI regimens. From the published
data reviewed it is obvious that the problem is highly
complex and the ultimate profile of the drug-sensitive
or resistant patient will most probably be jointly defined
by genetic, epigenetic, intracellular, extracellular, and
extrinsic factors.
Mohelnikova-Duchonova B, Melichar B, Soucek P. FOLFOX/
FOLFIRI pharmacogenetics: The call for a personalized approach in colorectal cancer therapy. World J Gastroenterol 2014;
20(30): 10316-10330 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10316.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10316
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INTRODUCTION
Colorectal carcinoma is one of the most common causes
of cancer mortality. While localized tumors are amenable
to curative surgical resection, the curative potential of
surgery in patients with metastatic disease is limited.
Intuitively, the best approach to treat metastatic (systemic) disease is the systemic administration of therapy.
Systemic therapy may also be used as adjuvant treatment
after the resection of primary tumors in patients who
have no evidence of metastatic disease, but are suspected
to harbor microscopic metastases. Among the modalities
of systemic treatment, chemotherapy has been the most
widely used in patients with colorectal carcinoma, and in
recent years several targeted agents have complemented
the therapeutic armamentarium in patients with metastatic colorectal carcinoma.
Over the past half-century, fluoropyrimidines have
constituted the backbone of chemotherapeutic regimens
in colorectal carcinoma. Early randomized clinical trials
demonstrated that the administration of fluoropyrimidine-based chemotherapy results in statistically significant prolongation of survival in patients with metastatic
colorectal carcinoma [1,2]. Among fluoropyrimidines,
5-fluorouracil (5-FU) has been the most commonly used
agent. Prospective studies have demonstrated the benefit
of the administration of 5-FU in an infusional regimen
and in combination with folinic acid[3]. In addition, in patients with isolated liver metastases the benefit of hepatic
arterial infusion of fluoropyrimidines has also been demonstrated[4].
The next generation of regimens for the treatment
of metastatic colorectal carcinoma has been introduced
with the advent of two cytotoxic agents, irinotecan, a
topoisomerase I inhibitor, and oxaliplatin, a platinum derivative, in the late 1990s. The activity of irinotecan and
oxaliplatin was first demonstrated in patients that failed
on fluoropyrimidines. While 5-FU alone has an objective
response rate around 20%[3,5], the combinations of irinotecan with 5-FU/folinic acid and oxaliplatin with 5-FU/
folinic acid result in significantly increased response rates
and improved survival[6-8]. The activity of 5-FU/leucovorin combined with oxaliplatin (FOLFOX) or irinotecan
(FOLFIRI) in the first-line treatment of metastatic
colorectal carcinoma is comparable[9].
Another major step forward in the systemic management of colorectal carcinoma was the advent of monoclonal antibodies targeting vascular endothelial growth
factor (VEGF) pathway or epidermal growth factor
receptor (EGFR)[10-14]. Currently available targeted agents
active in metastatic colorectal carcinoma include the antiVEGF antibody bevacizumab, the anti-EGFR antibodies
cetuximab and panitumumab, and the anti-VEGF agents
aflibercept and regorafenib. These agents are active,
mostly in combination with cytotoxic drugs, both in the
first-line of therapy as well as in previously treated patients with metastatic colorectal cancer.
Besides causing morbidity and occasional mortality,
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the side effects of systemic therapy have a major impact
on the quality of life of the patients. Common to fluoropyrimidines, irinotecan and oxaliplatin is myelotoxicity,
the administration of fluoropyrimidines and irinotecan
is frequently accompanied by gastrointestinal toxicity[15],
while neurotoxicity regularly complicates the administration of oxaliplatin[16,17]. The administration of targeted
agents is also not devoid of side effects that may be very
annoying, e.g., skin toxicity associated with the administration of anti-EGFR agents[18] or hypertension after
anti-VEGF therapy[11]. Liver toxicities that accompany
the administration of agents used in colorectal carcinoma
encompass non-alcoholic fatty liver disease after 5-FU,
sinusoid obstruction syndrome after oxaliplatin or steatohepatitis after irinotecan[19]. These toxicities could result
in postoperative complications in patients undergoing
subsequent liver resection[19].
The role of pharmacogenetics in the management
of patients with colorectal carcinoma has long been neglected. The significance of genetic polymorphisms of
enzymes responsible for fluoropyrimidine degradation,
e.g., dihydropyrimidine dehydrogenase, has been known
for some time, but the assessment of these biomarkers
has still not found routine use[20]. With the advent of targeted therapy, the presence or absence of RAS mutations
has been identified as a predictive biomarker of efficacy
of anti-EGFR antibodies[21].

PHARMACOGENETICS OF FOLFOX/
FOLFIRI REGIMENS IN COLORECTAL
CANCER
In general, the use of chemotherapy to treat cancers is
limited by the inter-individual variability in drug response
and by the development of resistance. Anticancer drugs
are metabolized predominantly in liver, subsequently
transported in conjugated or unconjugated form to the
tumor microenvironment, where drug uptake/efflux
transporters modulate intracellular levels of the drug or
its active metabolites. The efficacy of anticancer drugs in
tumor cells is dependent on the effective concentrations
and on the presence and quantity of the drug targets.
There are marked inter-individual differences in expression levels and activities of enzymes modifying efficacy,
as well as toxicity, of anticancer drugs. From this point of
view it seems obvious that biomarkers enabling prediction of optimal type, combination and dose of drugs for
each patient may exist, and their use for individualization
of therapy is envisaged. Such individualization would be
highly cost-effective and socially desirable because of the
prolonged survival and improved quality of life of large
number of cancer patients.
However, this task is very complicated because of
numerous factors determining the final functional phenotype of enzymes responsible for the drug metabolism,
transport and targets. On the intracellular level, genotype
vs phenotype relations must be considered along with
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Figure 1 Chemical structures of components of 5-fluorouracil/leucovorin
combined with oxaliplatin and irinotecan regimens.

epigenetic factors, such as methylation of regulatory
DNA elements, histone acetylation, the presence of micro RNAs and other non-coding RNA species, proteinprotein and DNA/RNA-protein interactions. Extracellular factors may include immune response or hormonal
balance that could determine the expression pattern of
intracellular enzymes, drug-drug and drug-environmental/alimentary interactions and other as yet unknown
factors. Last, but not least, enzymes responding to drug
administration may be induced to a high extent by repeated doses of the drug and the study of this phenomenon
in vivo is very difficult. Investigation of such a complex
system where the roles of a number of factors remain
unknown is significantly limited by the currently available equipment and empirical approaches. Thus, from
many published studies, very few of the most pertinent
biomarkers emerged, which should be verified by upcoming controlled prospective clinical trials. This review
summarizes the most promising predictive biomarkers
for FOLFOX/FOLFIRI regimens in advanced colorectal
cancers and highlights potential research trends.

5-FU
5-FU belongs to fluoropyrimidine drugs (Figure 1), which
are widely used in the therapy of gastrointestinal cancers
including colorectal cancer. Research on 5-FU pharmacogenetics (and pharmacogenomics) focused mainly on
interindividual differences in 5-FU pharmacokinetics and
genetic alterations in genes encoding transmembrane
transporters and 5-FU-metabolizing enzymes, such as dihydropyrimidine dehydrogenase (DPD/DPYD, OMIM:
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612779), thymidine phosphorylase (TYMP, OMIM:
131222), thymidine kinase 1 (TK1, OMIM: 188300), uridine monophosphate synthetase (UMPS/OPRT, OMIM:
613891)[22] (Table 1).
A low accumulation of 5-FU in cancer cells may be
caused by altered membrane transport, namely drug efflux, mediated mainly by ATP-binding cassette (ABC)
transporters, or reduced drug uptake into the cancer cells,
mediated mainly by solute carrier (SLC) transporters[23,24].
5-FU is phosphorylated to FdUMP by TYMP and
TK1. FdUMP then inhibits an important enzyme for
nucleotide synthesis - thymidylate synthase (TYMS,
OMIM: 188350)[22]. 5-FU is also indirectly phosphorylated by UMPS via fluorouridine monophosphate (FUMP)
to fluorouridine diphosphate (FUDP) and then converted by ribonucleotide reductase (RRM1 and 2, OMIM:
180410, OMIM: 180390, respectively) to FdUMP. The
nucleotide diphosphate kinase (NME1/NM23, OMIM:
156490)-formed fluorodeoxyuridine triphosphate
(FdUTP) incorporates into DNA and fluorouridine
triphosphate (FUTP) incorporates into RNA and both
cause chain termination[25]. It appears that the spectrum
of 5-FU metabolites depends on the administration
schedule, as bolus treatment favors RNA damage by
FUTP and continuous regimen favors DNA damage by
FdUTP[26]. DPYD catalyzes inactivation of 5-FU into inactive dihydrofluorouracil, mostly in the liver[27].
Biomarkers of 5-FU chemoresistance in colorectal
cancer
Deregulation of ABC transporters in CRC tumors compared to non-malignant colon tissue has been reported recently[28]. Interestingly, the best-known ABC transporter,
ABCB1 coding P-glycoprotein (OMIM: 171050), has not
been shown to modify the sensibility of human-derived
esophageal carcinoma cell lines to 5-FU[29]. Moreover,
lack of relationship between the ABCB1 protein or transcript expression, genotype and long-term prognosis of
patients treated by 5-FU was reported[28,30]. Transporters
from the ABCC family can collectively confer resistance
to anticancer drugs and their conjugated metabolites,
platinum compounds, folate antimetabolites, nucleoside
and nucleotide analogues in vitro[31]. In particular, the expression of ABCC2 (OMIM: 601107), ABCC3 (OMIM:
604323), ABCC4 (OMIM: 605250), ABCC5 (OMIM:
605251), ABCC6 (OMIM: 603234) and ABCC11 (OMIM:
607040) induced resistance to 5-FU in vitro[29,32-34]. Nevertheless, the results obtained using cell line models treated
by the studied drug for a long time may not reflect the
real situation in such a heterogeneous entity as a colorectal tumor. In breast cancer patients treated with neoadjuvant chemotherapy, ABCA1 (OMIM: 600046), ABCA12
(OMIM: 607800), ABCB6 (OMIM: 605452), ABCC5,
ABCC11 and ABCC13 (OMIM: 608835) transcript levels
were downregulated in patients with a complete pathological response compared with patients with residual disease[35]. Oguri et al[36] discovered that ABCC11 expression
is induced by 5-FU and that ABCC11 is directly involved
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Table 1 Putative biomarkers of efficacy and/or toxicity of 5-fluorouracil in colorectal cancer
Gene
SLC29A1
ABCC11
TYMP

UMPS

DPYD

TYMS

Transcript

Protein

SNP

Effect

Ref.

Low
High
High
No association
No association
No association
No association
Low
Low
-

High
High
High
High cytoplasmic
No association
No association
High
High (tumor cells)
High (stromal cells)
Low
Low1
Low
No association
-

Rs3918290

-

-

Rs55886062

-

-

Rs67376798

-

No association
-

Rs45445694

Inferior clinical response
Inferior response and shorter DFS
Longer DFS and OS
Better clinical response
Longer OS
pCR
DFS and OS
OS
OS
Clinical response
PFS and OS
Longer OS
Longer OS
Shorter OS
Longer OS
Longer OS
Longer OS
Longer OS
Longer OS1
Longer OS
DFS
Higher toxicity
Dose reduction recommended
Higher toxicity
Dose reduction recommended
Higher toxicity
Dose reduction recommended
Clinical response
Lower protein expression, clinical benefit and
higher toxicity improved

Phua et al[40] 2013
Hlavata et al[28] 2012
Meropol et al[48] 2006
Sadahiro et al[51] 2012
Mitselou et al[52] 2012
Chiorean et al[50] 2012
Ciaparrone et al[42] 2006
Lassmann et al[43] 2006
Soong et al[44] 2008
Vallbohmer et al[45] 2007
Koopman et al[49] 2009
Yanagisawa et al[54] 2007
Tokunaga et al[55] 2007
Koopman et al[56] 2009
Koopman et al[56] 2009
Yanagisawa et al[54] 2007
Vallböhmer et al[45] 2007
Tokunaga et al[55] 2007
Koopman et al[56] 2009
Ciaparrone et al[42] 2007
Westra et al[59] 2005
Caudle et al[27] 2013
Swen et al[62] 2011
Caudle et al[27] 2013
Swen et al[62] 2011
Caudle et al[27] 2013
Swen et al[62] 2011
Jennings et al[57] 2012
Jennings et al[57] 2012

1

Only when combined with irinotecan. PFS: Progression-free survival; DFS: Disease-free survival; OS: Overall survival; pCR: Complete pathological response.

in resistance by the efflux transport of the active metabolite FdUMP in human small-cell lung cancer cell lines in
vitro. High expression of ABCC11 has been associated
with significantly better response and longer disease-free
interval in colorectal cancer patients treated by first line
5-FU-based chemotherapy in either the palliative or adjuvant setting[28].
In humans, there are two major families of SLC
transporters that transport nucleoside analogs including
5-FU: SLC28A (human concentrative transporters, namely SLC28A1, SLC28A2 and SLC28A3, OMIM: 606207,
606208, 608269, respectively) and SLC29A (human equilibrative transporters, namely SLC29A1, SLC29A2, SLC29A3 and SLC29A4, OMIM: 602193, 602110, 612373,
609149, respectively)[37,38]. A pilot study has indicated that
colorectal tissue specimens from tumors that were resistant to 5-FU in an in vitro cell viability assay had higher
expression of SLC29A1 mRNA [39]. These data were
recently corroborated by another study showing correlation between high pre-treatment intratumoral SLC29A1
protein levels with worse clinical response to 5-FU[40].
The predictive significance of SLC29A1 has been studied
extensively in pancreatic cancer. In contrast to colorectal
cancer, the majority of studies on patients with pancreatic cancer have suggested that high SLC29A1 expression
may be predictive of improved survival in patients treated
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with gemcitabine, but not for patients treated by 5-FU[41].
The issue of predictive value of phenotype and/or
genotype of drug transporters remains open, mainly because of the complex nature of this phenomenon. No
study investigated either the balance between uptake/efflux (status of both SLC and ABC transporters in the
same cohort of patients) or the relationship between of
drug transport and subsequent 5-FU metabolism and/or
targets. The majority of available studies addressed single
or isolated groups of biomarkers and contradictory results were often obtained.
Inside the tumor cells, 5-FU is converted to its
monophosphate by TYMP, an angiogenic factor also
known as platelet-derived endothelial cell growth factor
(PD-ECGF). The question is whether TYMP acts as a
predictor of poor prognosis because of its neoangiogenic activity in tumors or whether it may predict good
prognosis because of activation of 5-FU. This dual role
of TYMP may be one of the reasons for contradictory
results of studies aiming to evaluate the role of TYMP as
a prognostic biomarker. No association has been found
in smaller studies with colorectal cancer patients treated
by adjuvant 5-FU therapy[42-45]. TYMP protein expression also was not associated with disease-free survival
and overall survival of the advanced colorectal cancer
patients in other studies[46,47]. On the other hand, look-
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ing at the studies with capecitabine, high expression of
TYMP mRNA and protein was associated with longer
overall and disease-free survival in patients with advanced
colorectal cancer treated by capecitabine plus irinotecan
as in the first-line setting[48]. In 566 advanced colorectal
cancer patients treated with capecitabine, irinotecan and
oxaliplatin enrolled in the phase Ⅲ CAIRO study, TYMP
was neither a predictive nor prognostic factor[49]. In a
phase Ⅱ trial of neoadjuvant capecitabine plus irinotecan
and radiation therapy for locally advanced rectal cancer (n
= 22 patients), high tumor TYMP transcript expression
was associated with complete pathological response[50].
Similarly, right-sided colon tumors with high TYMP transcript levels had higher response rate to neoadjuvant chemotherapy with oral fluoropyrimidine tegafur[51]. TYMP
protein expression has been observed not only in tumor
cells, but also in the stroma and in endothelium and tumor-associated macrophages[52]. Previously, higher TYMP
expression was reported in stromal and tumor cells compared with normal tissue[53]. TYMP expression levels in
the cytoplasm of tumor cells and stromal cells correlated
with vascular endothelial growth factor (VEGF, OMIM:
192240) expression by tumor cells and vessels. However
only high cytoplasmic expression of TYMP was associated with longer overall survival of these patients[52]. This
study further supported the view concept of a differential
role of TYMP in tumor cells compared with the stroma.
The reported data regarding UMPS and uridine phosphorylase (UPP1, OMIM: 191730) are again conflicting.
UMPS transcript levels did not correlate with overall
survival of colorectal cancer patients[54], but Tokunaga et
al[55] reported that high expression of the UMPS protein
is associated with longer overall survival of patients with
advanced colorectal cancer. On the other hand, high
expression of UMPS in tumor cells was an unfavorable
prognostic parameter for overall survival in the CAIRO
study; however, the opposite effect was observed in stromal cells, with high stromal cell UMPS expression was
being associated with favorable prognosis[54]. Moreover,
UPP1 bypasses UMPS and is suggested to be the key
enzyme in conversion of 5-FU to the active metabolite
FUMP[56].
It becomes obvious that further studies on the role
of metabolic pathway of 5-FU in the treatment outcome
of patients should also consider the localization of biomarker expression within the various cell types and even
intracellular components.
A recent meta-analysis of 39 studies that investigated
2402 patients for the most commonly studied polymorphic biomarkers TYMS (rs45445694) and MTHFR
(rs1801133) revealed that the TYMS polymorphism is
significantly associated with protein expression, clinical benefit and adverse effects[57]. However, the authors
concluded that the association between treatment effect
and TYMS genotype and subsequently protein level is so
small that it is of limited clinical relevance.
5-FU is deactivated mainly by DPYD, and this enzyme has also been shown to be an independent chemo-
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sensitivity predictive factor in vitro[58]. Low expression of
both DPYD mRNA[54] and protein[42,47,55] was associated
with longer overall survival or disease free survival in
numerous studies on colorectal cancer patients treated by
5-FU in the adjuvant or advanced setting. Soong et al[44]
observed only a trend of shorter overall survival in patients with low DPYD protein expression. On the other
hand, no association of DPYD mRNA or protein levels
with disease-free or overall survival was observed in
other studies[45,59]. Retrospective analysis of DPYD protein expression in well-defined groups of patients in the
phase Ⅲ randomized CAIRO study did not confirm the
predictive value of DPYD[49], except for the subgroup
of patients treated with the combination of capecitabine
plus irinotecan.
The B-CAST multicenter, prospective cohort study
aims to analyze TYMP, DPYD and UMPS in a group
of more than 2000 patients with stage Ⅲ colon cancer
treated with adjuvant 5-FU-based regimens. The results
of this first prospective clinical trial studying predictive
biomarkers of 5-FU will hopefully define the effect of
these three enzymes on treatment outcome[60].
Biomarkers of 5-FU toxicity in colorectal cancer patients
The expression of genes involved in 5-FU metabolism
mentioned above may affect not only drug efficacy and
resistance, but also toxicity (Table 1). However, data
about the majority of these genes and their association
with 5-FU toxicity are inconsistent and cannot be applied
in clinical practice. The only exception is DPYD, for
which evidence for the dosing recommendations comes
from two large prospective studies, small studies and case
studies[27]. Patients with DPYD deficiency treated with
fluoropyrimidines suffered from severe toxicity, including
mucositis and diarrhea, myelosuppression, neurotoxicity
and hand-food syndrome[61]. The United States Food and
Drug Administration (FDA) has added statements to the
drug labels for 5-FU that contraindicate its use in DPYD
enzyme deficient individuals. The Dutch Pharmacogenetics Working group and Clinical Pharmacogenetics Implementation Consortium (CPIC) recommends the use
of alternative drugs for heterozygous carriers of a decreased-activity allele[27,62] such as DPYD*2A (rs3918290),
DPYD*13 (rs55886062) or rs67376798. For heterozygous
carriers, it is recommended to start with at least a 50% reduction of initial dose and re-adjust dosing according to
patient’s tolerability or pharmacokinetic tests[27]. Perhaps
because of a number of other so far uncharacterized
SNPs in DPYD, the presence of these variants does not
always result in toxicity and the results of available studies are not consistent and have not been replicated.
In summary, the positive predictive value of DPYD*2A
and DPYD*13 variants to predict a severe toxicity
(grade Ⅲ and Ⅳ) is 62% and negative predictive value
is 95%[63,64]. Thus, the absence of these DPYD variants
does not eliminate the risk of high-grade toxicity caused
by additional rare variants in DPYD or from other factors
including genetic, epigenetic, environmental or alimentary
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factors. Moreover, the combination of 5-FU with other
anticancer drugs or bolus administration of 5-FU may
further increase the risk of severe toxicity in heterozygous carriers[27,64].
The individual risk/benefit ratio should be estimated
for all patients because for some patients, the potential
benefit may still exceed clinically tolerable toxicity.

OXALIPLATIN
Oxaliplatin (trans-1-diaminocyclohexane oxalateplatinum, Figure 1) is a third-generation platinum derivative
that is widely used in the therapy of colorectal cancer.
Compared with cisplatin, oxaliplatin has enhanced water solubility[65]. Research into the pharmacogenetics of
oxaliplatin focused mainly on interindividual differences
in oxaliplatin pharmacokinetics and genetic alterations
in genes coding ABC/SLC transporters, DNA damage
repair machinery, such as excision cross-complementing
genes (ERCC1, ERCC2, OMIM: 126380, OMIM:
126340, respectively) and X-ray repair cross-complementing protein 1 (XRCC1, OMIM: 194360), and conjugating
enzymes glutathione S-transferases (GSTM1, GSTP1,
GSTT1, OMIM: 138350, OMIM: 134660, OMIM:
600436, respectively)[66] (Table 2).
The principal mechanism of action of oxaliplatin is
inhibition of DNA synthesis in cancer cells by the formation of crosslinks in DNA. There is no evidence of cytochrome P450-mediated metabolism in vitro. Inactivation
of reactive oxaliplatin species is mediated by conjugation
to glutathione, which is mediated by GSTs. DNA damage
by oxaliplatin is repaired mainly by nucleotide excision
repair (NER), base excision repair (BER) and by replicative bypass[67]. Interestingly, the mismatch repair complex
important for resistance to other platinum drugs has not
been shown as crucial for oxaliplatin resistance[68].
Oxaliplatin is transported mainly by the uptake
transporters SLC22A1/OCT1 (OMIM: 602607) and
SLC22A2/OCT2 (OMIM: 602608), which play a critical
role not only in cellular uptake but also in the associated
cytotoxicity[69]. Other important transporters are human
copper transporters (SLC31A1 and 2 OMIM: 603085
and 603088, respectively) that mediate cellular uptake of
oxaliplatin and P-type ATPases ATP7A and 7B (OMIM:
300011 and 606882, respectively) that promote efflux of
oxaliplatin and its sequestration into subcellular compartments[70,71].
ABCC2, ABCC4 and ABCC5 transporters are potentially involved in disposition of platinum compounds[72,73].
However, the data on clinical implications of the genotype
and/or phenotype of these transporters with regard to
platinum efficacy or toxicity are scarce and inconclusive[71].
GSTP1 is involved in the detoxification of cisplatin
by the formation of cisplatin-glutathione adducts[74] and,
consequently, the putative role of GSTs in resistance to
platinum compounds is generally accepted. The suggested link between GSTs and the MAP kinase pathway may
also contribute to the common mechanisms of resistance
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towards anticancer drugs[75].
Biomarkers of chemoresistance to oxaliplatin in
colorectal cancer
Enhanced expression of members of ABCC family of
efflux transporters can lead to a decreased cellular glutathione level and thus indirectly cause decrease of oxaliplatin inactivation[76]. Overexpression of ABCC2 and
ABCG2 (OMIM: 603756) resulted in increased activity of
oxaliplatin in vitro[77]. Oxaliplatin is administered in combination with 5-FU, and 5-FU significantly suppressed ATP7B and SLC22A2 and simultaneously increased ABCC2
mRNA expression[77]. The synergistic action of these two
drugs on transport direction has been demonstrated in vitro. Low ATP7B mRNA and protein expression is associated with longer time-to-progression of colorectal cancer
patients receiving oxaliplatin-based chemotherapy[78]. The
role of ABCB1/P-glycoprotein in the oxaliplatin pathway
has not yet been proven. Lack of association of ABCB1
transcript level in tumors with therapy outcome of
colorectal cancer patients treated by FOLFOX has been
reported recently[28]. However, ABCB1 polymorphisms
were shown to be significantly associated with survival of
colorectal cancer patients treated by oxaliplatin[79]. Carriers of the AG genotype in rs1045642 had significantly
longer time to recurrence than AA homozygotes, and
carriers of AA genotype in rs1128503 had better overall
survival compared to GG homozygotes. Moreover, carriers of the AA-GG-TT haplotype constructed from
rs1045642-rs1128503-rs2032582 polymorphisms had an
inferior progression-free and overall survival compared
to carriers of other haplotypes[79].
Excision nucleases such as ERCC1 and ERCC2 play
a major role in the repair of DNA adducts in tumor cells
after chemotherapy. Thus, in theory, low ERCC1 gene
expression leading to a decreased DNA repair should
be a positive predictive factor of therapeutic effect of
oxaliplatin. High ERCC1 mRNA expression was associated with shorter overall survival in patients treated with
oxaliplatin-based chemotherapy[80,81]. Overexpression of
ERCC1 protein has been shown to represent an independent predictor of early failure of adjuvant therapy by
FOLFOX and short disease-free and overall survival[80].
In contrast to the above-mentioned results, the prognostic importance of ERCC1 protein expression has not
been observed in the phase Ⅲ CAIRO trial (n = 506)[49].
In another study, neither tumor ERCC2 nor XRCC1
protein expression was associated with overall survival of
patients treated by adjuvant FOLFOX therapy[82].
Carriers of the GG genotype in rs11615 of ERCC1
were reported to have better progression-free and overall
survival than carriers of the A allele[83] after FOLFOX
therapy, but this was not been confirmed in another
study[84]. The latter study also found no association of
rs13181 in another DNA repair gene ERCC2 with the
survival of colorectal patients treated by irinotecan. In an
earlier study, Huang et al[85] observed a significant association of ERCC2 polymorphism rs13181 with increased
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Table 2 Putative biomarkers of efficacy and/or toxicity of oxaliplatin in colorectal cancer
Gene

Transcript

Protein

SNP

Effect

Ref.

ATP7B
ABCB1

Low
No association
-

Low
-

Longer PFS
DFS and OS
Longer DFS
Longer OS
Shorter PFS and OS

Martinez-Balibrea et al[78] 2009
Hlavata et al[28] 2012
Wu et al[79] 2013
Wu et al[79] 2013
Wu et al[79] 2013

ERCC1

High
High
-

High
No association
No association
No association
-

AG genotype in rs1045642
AA genotype in rs1128503
AA-GG-TT haplotype in
rs1045642-rs1128503-rs2032582
GG genotype in rs11615
Rs11615

Shorter OS
Shorter OS
Shorter DFS and OS
PFS and OS
Longer OS
No association with OS
DFS and OS
Shorter OS
DFS and OS
Longer OS
Longer OS
Higher neutropenia
Inferior response
No association
No association
No association
Higher neurotoxicity
No association with toxicity
No association
No association
No association

Shirota et al[80] 2001
Grimminger et al[81] 2011
Huang et al[82] 2013
Koopman et al[49] 2009
Huang et al[83] 2011
Martinez-Balibrea et al[84] 2011
Huang et al[110] 2013
Le Morvan et al[86] 2007
Huang et al[82] 2013
Huang et al[83] 2011
Funke et al[87] 2010
McLeod et al[90] 2010
Kumamoto et al[88] 2013
Funke et al[87] 2010
Huang et al[85] 2008
Le Morvan et al[86] 2011
McLeod et al[90] 2010
Peng et al[91] 2013
Funke et al[87] 2010
Huang et al[85] 2008
Le Morvan et al[86] 2011

ERCC2
XRCC1
GSTM1 deletion
GSTP1

GSTT1

Variant allele in rs1052559
CC genotype in rs25487
One copy
Null genotype
AA genotype in rs1695
Rs1695
Rs1695
Rs1695
AA genotype in rs1695
Rs1695
Deletion
Deletion
Deletion

PFS: Progression-free survival; DFS: Disease free survival; OS: Overall survival.

risk of early relapse in patients with metastatic colorectal
cancer treated by irinotecan-based chemotherapy. Carriers
of the variant allele in ERCC2 polymorphism rs1052559
had shorter disease-free and overall survival after treatment by oxaliplatin than wild type carriers[86].
XRCC1 is involved in repair of DNA single-strand
breaks formed by exposure to ionizing radiation and alkylating agents. Carriers of CC genotype in rs25487 of
XRCC1 had better progression-free and overall survival
after treatment by FOLFOX4 than T allele carriers[83].
GSTM1 DNA copy number was inversely associated
with survival in colorectal cancer patients treated with
chemotherapy[87]. Mortality was significantly reduced in
patients with one GSTM1 copy (HR = 0.45, 95%CI:
0.23-0.90, P = 0.02) and non-significantly reduced
in those with the null genotype (HR = 0.67, 95%CI:
0.35-1.27, P = 0.22) compared with carriers of two copies[87]. Neither functional GSTP1 polymorphism rs1695
nor GSTT1 deletion (null) were associated with survival
of colorectal cancer patients in earlier studies[83,84,86,87].
However, a recent study reported that FOLFOX6-treated
metastatic colorectal cancer patients (n = 63) with the
GSTP1-rs1695 AA genotype had inferior responses to
the treatment compared with G allele carriers[88].
Biomarkers of toxicity of oxaliplatin in colorectal cancer
patients
A number of studies, including prospective clinical trials, provided conflicting results regarding the impact of
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polymorphisms in genes related to oxaliplatin mechanism
of action and toxicity. No clear recommendations are
currently ready for clinical practice. ERCC1 rs11615 and
GSTP1 rs1695 are the most studied polymorphisms in
relation to neutropenia. Carriers of the CC genotype in
XRCC1 rs25487 had decreased the risk of neuropathy
in colorectal cancer patients treated by adjuvant FOLFOX[89]. Carriage of the AA genotype in GSTP1 rs1695
predisposed patients with the TT genotype treated by
FOFOX in a large N9741 clinical study to increased
neurotoxicity, but the meta-analysis provided by McLeod
et al[90] and Peng et al[91] (2013) showed no association
between GSTP1 polymorphism rs1695 and the development of neurotoxicity (Table 2).

IRINOTECAN
Irinotecan is a camptothecin analog (Figure 1). Irinotecan
is converted to an active metabolite, SN-38, by carboxylesterases CES1 and CES2 (OMIM: 114835 and 605278,
respectively)[92]. SLCO1B1 (OMIM: 604843) mediates the
uptake of irinotecan in hepatocytes[93]. SN-38 is transported by ABC transporters, namely by ABCC1, ABCC2,
ABCB1, and ABCG2[94-97]. Inside a cell, the active metabolite SN-38 inhibits topoisomerase Ⅰ and subsequently
stalls both DNA replication and transcription[98].
SN-38 is further metabolized by glucuronidation by
uridine diphosphate glycosyltransferase 1A1 (UGT1A1,
OMIM: 191740) to its inactive glucuronide conjugate,
SN-38G[99]. An alternative pathway of irinotecan inactiva-
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Table 3 Putative biomarkers of efficacy and/or toxicity of irinotecan in colorectal cancer
Gene
ABCB1
ABCB1

ABCG2
ABCC2
SLCO1B1
SLC19A1
UGT1A1

Transcript

Protein

SNP

Effect

Ref.

-

-

Decreased clearance of irinotecan
Higher levels of SN-38

Mathijssen et al[103] 2003
Sai et al[104] 2010

-

-

Shorter OS

Glimelius et al[106] 2010

-

-

rs11288503
rs112503T-rs2032582T-rs1045642T
haplotype
rs112503T-rs2032582T-rs1045642T
haplotype
rs7699188
GG genotype in rs425215
CC genotype in rs717620
CC genotype in rs562
GA/AA genotype in rs2306283
GA genotype in rs 2306283
GG genotype in rs1051266
28 allele in rs81753471
28 allele in rs81753471
28 allele in rs81753471
28 allele in rs81753471

Associate with RR
Higher GI toxicity
Longer PFS
Higher GI toxicity
Higher RR
Lower GI toxicity
Higher RR
No association with RR
Lower RR
Reduced activity of UGT1A1
Increased toxicity, dose reduction
recommended

De Mattia et al[105] 2013
Di Martino et al[117] 2011
Akiyama et al[109] 2012
Di Martino et al[117] 2011
Huang et al[110] 2013
Di Martino et al[117] 2011
Huang et al[82] 2013
Dias et al[115] 2012
Marcuello et al[114] 2011
Swen et al[62] 2011
Swen et al[62] 2011

1

Due to lower tolerated dose. PFS: Progression-free survival; RR: Response rate; OS: Overall survival; GI: Gastrointestinal.

tion is oxidation, mediated by members of cytochrome
P450 3A subfamily[100]. Research on the pharmacogenetics of irinotecan focused mainly on interindividual differences in genetic alterations of genes coding transmembrane transporters and irinotecan-metabolizing enzymes,
such as UGT1A1[98] (Table 3).
Biomarkers of irinotecan chemoresistance in colorectal
cancer
Deficiency of the Abcc4 protein in Abcb1a/b; Abcg2
(-/-) mice in vivo model significantly increased the brain
concentration of all camptothecin analogs, suggesting
a possible role of ABCC4 in irinotecan efflux[101]. Interestingly, 5-FU significantly decreased the expression of
ABCC2, ABCB1, and ABCG2 in the small intestine and
increased the concentration of SN-38 in the blood of
rats[102]. Thus, a synergistic action on efflux transporters of these two drugs used in FOLFIRI regimen has
been described in the rat in vivo model. Colorectal tumors
had significantly downregulated ABCB1, ABCC4 and
ABCG2 transcripts compared with non-malignant tissues from the same patients before any chemotherapy[28].
Therefore, it appears that colorectal tumors have favorable expression profiles of ABC transporters active in
irinotecan efflux.
ABCB1 polymorphism rs1128503 has been associated
with a decreased clearance of irinotecan in cancer patients
(mostly with gastrointestinal malignancies)[103]. Higher
SN-38 levels in carriers of the *2 haplotype, which harbors 1236C>T, 2677G>T and 3435C>T, in ABCB1
(rs1128503T-rs2032582T-rs1045642T) among cancer
patients receiving irinotecan have been observed[104]. On
the other hand, ABCB1 polymorphism rs2032582 was
not associated with pharmacokinetic parameters of metastatic colorectal cancer patients receiving first-line FOLFIRI treatment[105]. The association of carrying the most
common ABCB1 haplotype (rs1128503T-rs2032582Trs1045642T haplotype) with shorter overall survival was
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also reported[106]. The ABCG2 rs2231142 T-allele reduced
expression in comparison with the GG genotype and led
to resistance towards irinotecan in cancer cell lines[107].
15622C>T and rs7699188 variants of ABCG2 were associated with the response rate of colorectal cancer patients
treated with FOLFIRI [105]. The haplotype ABCC2*2
(rs717620C-rs2273697A-rs3740066C) was associated
with lower irinotecan clearance in Caucasian cancer
patients[108]. Akiyama et al[109] analyzed ABCC2 polymorphisms in a well-defined cohort of Japanese colorectal
cancer patients who harbored UGTA1*1/*1, *1/*6, or
*1/*28 genotypes, which are associated with similar irinotecan pharmacokinetics and responses to FOLFIRI.
The ABCC2 rs717620 CC genotype has been associated
with a higher response rate and longer progression-free
survival, followed by CT and TT genotypes[109].
Genotype GA/AA of SNP rs2306283 of the gene SLCO1B1 and genotype GG of SNP rs1051266 of the gene
SLC19A1 were associated with a higher response rate in
colorectal cancer patients treated with irinotecan[110].
The expression of CES1 and CES2 is organ-specific.
CES1 is expressed mainly in the liver, whereas CES2 is
predominantly expressed in the small intestine. CES1
is 100-fold less effective than CES2 at drug activation
of irinotecan, but plays a significant role, mainly in the
liver[111]. Until recently, CES was believed to play only a
minor role in irinotecan metabolism and no functional
polymorphisms have been identified[112]. Sai et al[104] reported a gene-dosage effect of functional CES1A on
SN-38 formation for the first time and suggested its potential role in irinotecan toxicity.
The reduced mRNA expression of UGT1A1, 1A3,
1A4, lA6, 1A9 and overexpression of UGT1A5, UGTlA8
and UGTlAl0 in colorectal tumors compared with nonmalignant tissues from the same patient has recently been
reported[113]. Interestingly, despite the fact that UGT1A1
is the most studied gene with regard to irinotecan toxicity, little is known about the association of its expression
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with the prognosis of colorectal cancer patients. Tailored
dosing based on UGT1A1 genotype was tested in a prospective trial[114]. The dose of irinotecan in the biweekly
schedule (standard dose 180 mg/m2) could be escalated to
450 mg/m2 in patients with the UGT1A1*1/*1 genotype
and to 390 mg/m2 in patients with the UGT1A1*1/*28
genotype, but only to 150 mg/m2 in patients with the
UGT1A1*28/*28 genotype. The maximum tolerated
dose was 390 mg/m2, 340 mg/m2 and 130 mg/m2 for patients with the UGT1A1*1/*1, UGT1A1*1/*28 and UGT1A1*28/*28 genotypes, respectively. Significantly higher
objective response rates was observed in patients with the
UGT1A1*1/*1 (60%) and UGT1A1*1/*28 (39%) genotypes compared with patients with the UGT1A1*28/*28
genotype (13%). A marked difference in response rate
was observed between patients treated with an irinotecan
dose of 260 mg/m2 and higher (67%) vs patients treated
by the lower dose (24%). In the multivariable logistic regression analysis irinotecan 260 mg/m2 or higher was the
only predictor of objective response. The time-to-disease
progression was also significantly increased in patients
treated with higher irinotecan dose[114].
According to the meta-analysis published by Dias et
al[115], the individual response to irinotecan is unlikely to
be affected by the presence of the UGT1A1*28 variant
because of the lack of statistically significant differences
in objective response rates between irinotecan-administered cancer patients divided by UGT1A1 polymorphism
rs8175347.
Biomarkers of toxicity in colorectal cancer patients
treated with irinotecan
Studies on polymorphisms in ABC transporters have
shown some promising results; several potential biomarkers have been describe such as ABCB1 (rs1045642),
ABCC2 (rs3740066), ABCC5 (rs562), ABCG1 (rs425215)
and ABCG2 (rs3832043) (Table 3)[106,112,116,117]. However,
in terms of clinical practice, The Royal Dutch Pharmacists Association (RDPA) posted the only recommendation on genetic testing of colorectal cancer patients
before treatment by irinotecan in FOLFIRI. The Pharmacogenetics Working Group of RDPA has assessed
therapeutic dose recommendations for irinotecan pursuant to the UGT1A1 genotype. Dose reduction for UGT1A1*28 homozygous patients receiving more than 250
mg/m2 has been recommended[62]. This recommendation
is not applicable for FOLFIRI regimen where a dose of
180 mg/m2 is prescribed. Homozygous carriers for the
UGT1A1*28 allele have reduced UGT1A1 enzyme activity leading to an increased risk for neutropenia[62].

RESULTS OF CLINICAL TRIALS ON
BIOMARKERS FOR FOLFOX/FOLFIRI
REGIMENS
Studies on predictive biomarkers useful for deciding
whether patients should be treated by FOLFOX or
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FOLFIRI are currently lacking. Only a few studies on
colorectal carcinoma patients treated by regimens involving FOLFOX may be found in the recent literature. Watanabe et al[118] analyzed microarray expression profiles of 46
patients with metastatic or recurrent colorectal carcinoma
who received modified FOLFOX6. As a result, a 27-gene
FOLFOX response predictor with an overall accuracy of
92.5% was constructed for selection of patients who may
benefit from therapy with this regimen in the adjuvant or
advanced disease setting[118]. Another Japanese study suggested that the absence of ERCC1 or GSTP1, but not
TYMS, as assessed by immunohistochemistry, predicts a
favorable response of colorectal cancer patients to FOLFOX[119]. Interestingly, concurrent methylation of transcription factor neurogenin 1 (NEUROG1, OMIM: 601726)
and tumor suppressor p16 (CDKN2A, OMIM: 600160)
was recently associated with shorter DFS following adjuvant FOLFOX in Stages Ⅱ/Ⅲ colorectal cancer[120].
Carriers of the T allele in ERCC1 polymorphism
rs11615 among colorectal cancer patients (n = 168) had
significantly lower response to FOLFOX and shorter
PFS than CC wild-type genotype carriers[121]. Similarly,
FOLFOX4-treated colorectal cancer patients with Gln
allele in ERCC2 rs13161 had a significantly shorter PFS
and OS than Lys/Lys wild-type carriers[122]. The same
authors also reported that Val allele (rs1695 in GSTP1)
carriers had longer PFS and OS, but also a significantly
higher incidence of grade 3/4 cumulative neuropathy after FOLFOX4 therapy than wild-type Ile/Ile carriers[123].
Metastatic colorectal cancer patients treated with FOLFOX4 carrying either the CC genotype in ERCC1 rs11615
or the GG genotype in XRCC1 polymorphism rs25487
had significantly longer PFS and OS than the respective
variant allele carriers[83]. The combination of these two
polymorphisms indicated an even higher survival benefit
than carriage of a single predictor genotype[83].
There are currently no studies focusing on the evaluation of predictive biomarkers of FOLFIRI in colorectal
cancer patients. Therefore, a retrospective study based on
putative predictive biomarkers for 5-FU and irinotecan so
far identified (Tables 1 and 3) are now highly desirable in
a cohort of patients treated with this regimen.
Future directions
Despite remarkable progress during the past two decades
that resulted from the introduction of new drugs, including targeted agents, the potential of systemic pharmacologic therapy has still not been fully translated into effective treatments in daily practice. Optimized algorithms
for use of the available active agents are urgently needed.
The pharmacogenomic approach has been promising
in not only identifying the patients at increased risk of
toxicity, but also in allowing a more tailored approach in
pharmacotherapy of colorectal carcinoma.
From the reviewed information it is obvious that
there are many important factors in resistance of colorectal tumor cells to FOLFOX/FOLFIRI regimens. The
broad individual variability and cell- and tissue-specific
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pattern of expression, including complicated regulation, cause difficulties in drawing conclusive remarks
on clinical application of currently identified putative
biomarkers. The lack of functional studies on relations
between genotype and phenotype, including activity and
pharmacokinetics, of the majority of biomarkers also
greatly complicates translation of results into biologicallyrelevant mechanisms that are necessary for recommendations on the further use of biomarkers.
The majority of studies reviewed provided conflicting
results, which can be attributed to the different methodologies used, such as antibodies for immunohistochemistry, lack of statistical power, possible selection bias associated with the heterogeneity of the cohorts of patients
in terms of ethnicity or clinical characteristics, including
treatment, drug-drug interactions as well as drug-alimentary interactions.
The unprecedented increase in the knowledge concerning the pathogenesis of malignant tumors, together
with the advent of new agents, has created a basis for
clinical cancer pharmacogenetics. Enormous progress in
the area of analysis of both genotype and phenotype that
has been made possible by the advent of next generation
sequencing, the application of strict methodical guidelines such as MIQE or REMARK, and the establishment
of public databases and pharmacogenetics consortia for
rigorous evaluation of existing studies may be instrumental for further advancement of our knowledge in this
field.
The pursuit of research in the following directions
may further accelerate the evolution of the field of
pharmacogenetics: (1) studies on the functionality of
haplotypes and the associations with cellular and clinical phenotypes should shed more light on the utility of
the biomarkers identified so far. Such exploration is now
made much easier with the advent of next generation
sequencing; (2) very little is known about the regulation
of expression and posttranslational processing of putative biomarkers. Also the role of epigenetic factors, such
as methylation of promoter regions or noncoding RNAs
will require more investigation. Interaction of drug
transporters or metabolizing enzymes with oncogenic
or tumor suppressor pathways is also a highly attractive
topic because there are already several examples of such
interactions, including p53, N-myc, or ERK/MAPK,
but their clinical relevance remains unknown; and (3) the
time for prospective clinical trials aimed at personalized
chemotherapy defined by biomarkers has already come.
Genotyping is not routinely used for prediction of therapeutic effect or toxicity of anticancer drugs in clinical
practice. The lack of alternative treatments for patients
carrying the risk genotype represents the main obstacle.
It is also essential to clearly determine the sensitivity and
specificity of genotyping tests and to define positive and
negative predictive values before the introduction of
these methods into routine practice.
Taken together, there are many opportunities to
increase our insight into the importance of the above
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reviewed putative biomarkers of drug resistance and to
look for others. The final profile of the drug-sensitive
or resistant patient will most probably be a mixture of
genetic, epigenetic, intracellular and extracellular factors, whose timing and interaction with extrinsic factors
should also be considered.
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Abstract
Drug absorption represents an important factor affecting the efficacy of oral drug treatment. Gastric secretion and motility seem to be critical for drug absorption.
A causal relationship between impaired absorption of
orally administered drugs and Helicobacter pylori (H.
pylori ) infection has been proposed. Associations have
been reported between poor bioavailability of l-thyroxine
and l-dopa and H. pylori infection. According to the
Maastricht Florence Consensus Report on the management of H. pylori infection, H. pylori treatment improves the bioavailability of both these drugs, whereas
the direct clinical benefits to patients still await to be
established. Less strong seems the association between
H. pylori infection and other drugs malabsorption, such
as delavirdine and ketoconazole. The exact mechanisms forming the basis of the relationship between H.
pylori infection and impaired drugs absorption and/or
bioavailability are not fully elucidated. H. pylori infection
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may trigger a chronic inflammation of the gastric mucosa, and impaired gastric acid secretion often follows.
The reduction of acid secretion closely relates with the
wideness and the severity of the damage and may affect drug absorption. This minireview focuses on the
evidence of H. pylori infection associated with impaired
drug absorption.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Drug malabsorption; Helicobacter pylori
gastritis; Gastric hypoacidity; Thyroxine treatment; Thyroxine malabsorption; Human immunodeficiency virus;
Delavirdine; L-dopa; Parkinson’s disease; Ketaconazole
Core tip: Drug absorption is a critical factor affecting
the efficacy of orally administered therapies. A causal
relationship between impaired absorption of orally
administered drugs and Helicobacter pylori (H. pylori )
infection has been proposed. Previous studies have observed that H. pylori infection and poor bioavailability
of l-dopa and l-thyroxine are associated. Less strong
seems the association between H. pylori infection and
delavirdine and ketoconazole malabsorption. The absorption of oral drugs may potentially be influenced by
gastric pH. When a treatment with an oral drug fails,
this may be due to a H. pylori -related gastritis and its
associated gastric hypochlorhydria, which may partially
or totally be reversible.
Lahner E, Virili C, Santaguida MG, Annibale B, Centanni M.
Helicobacter pylori infection and drugs malabsorption. World J
Gastroenterol 2014; 20(30): 10331-10337 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10331.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10331

INTRODUCTION
Helicobacter pylori (H. pylori) is a widely distributed patho-
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gen of humans infecting about one half of the world
population. H. pylori infection is associated with divergent
outcomes ranging from symptom-free gastritis to peptic
ulcer and gastric cancer[1,2]. The chronic inflammatory
response to H. pylori infection may impair some of the
physiological gastric functions, i.e., acid secretion. The severity and distribution of gastritis determine the effect of
H. pylori infection on gastric acid secretion: when the inflammatory response involves the acid secreting corporal
mucosa harbouring the oxyntic glands, hypochlorhydria
may occur[3].
Drug absorption is an important factor affecting the
efficacy of oral drug treatment. In turn, drug absorption may be affected by gastric secretion and motility[4,5].
A causal relationship between impaired absorption of
orally administered drugs and H. pylori infection has been
proposed. Previous studies linked the poor bioavailability
of both thyroxine and l-dopa to H. pylori infection[6]. According to the Maastricht Florence Consensus Report on
the management of H. pylori infection, the bioavailability
of both these drugs was improved by H. pylori treatment,
whereas the direct clinical benefits to patients still await
to be established[7]. Less strong seems the association between H. pylori infection and other drugs, such as delavirdine and ketoconazole malabsorption[6]. This minireview
focuses on the evidence of H. pylori infection associated
with impaired drug absorption.

H. PYLORI INFECTION, L-DOPA AND
PARKINSON’S DISEASE
L-dopa is the mainstream drug in Parkinson’s disease
treatment[8]. The effect of eradication treatment on the
clinical and pharmacokinetic response to L-dopa was
investigated in advanced Parkinson’s disease patients with
high IgG antibody titer against H. pylori[9]. From a pilot
study (conducted on six patients only) it emerged that
eradication treatment increased by 21%; the L-dopa plasma concentration also improving the clinical benefit. A
RCT[10] performed on 34 Parkinson’s disease patients with
active H. pylori-gastritis diagnosed by histology, confirmed
these results. Patients were randomized to eradication
treatment or an antioxidant treatment (allopurinol). In the
group of patients treated with eradication therapy, L-dopa
absorption increased by 54%, the clinical disability of
patients significantly improved and a significant decrease
of gastritis scores kept in step with improved L-dopa
pharmacokinetics. The positive effect of H. pylori eradication treatment on motor fluctuations was confirmed in a
more recent study conducted in South Korea in 2008[11]:
in 34 H. pylori-positive patients with Parkinson’s disease,
the l-dopa “onset” time and the l-dopa “on-time” significantly decreased by 25.9% and increased by 11.9% after
successful cure of infection, while the symptoms score
assessed by UPDRS-Ⅲ scale did not differ before and
after cure. The authors therefore concluded that H. pylori
eradication may prevent and improve the clinical status
of H. pylori infected patients with Parkinson’s disease and
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motor fluctuations (Table 1).
The results of a very recent study[12] showed that,
compared to age- and gender-matched H. pylori-negative
patients, 20 H. pylori positive patients with Parkinson’s disease had decreased “complications of therapy” with average total UPDRS-IV symptoms score of 4.8 ± 3.0 vs 7.7
± 3.8 (P < 0.05), despite no significant difference in l-dopa
equivalent dose. Wearing-off and sleep disturbance were
significantly less common in the H. pylori group. The
authors explain the observed decreased occurrence of
symptoms fluctuations with a likely altered absorption
of l-dopa due to the presence of H. pylori infection, but
unfortunately they did not assess l-dopa plasma levels
neither eradication treatment to support their hypothesis.

H. PYLORI INFECTION, THYROXINE AND
THYROID DISEASE
Levothyroxine sodium (T4) is the drug of choice in the
treatment of thyroid failure as well as of differentiated
thyroid carcinoma[13]. A proper T4 treatment requires
both the identification of the optimal daily dosage, calculated on the basis of the single patient anthropometric
characteristics, and an efficient intestinal absorption of
the hormone. It has been proven that both gastric[14-16]
and intestinal disorders[17,18] may adversely affect the absorption of the hormone although it actually takes place
at the small intestine level[19,20].
In 2006 the first study was published describing that
at least three different conditions of impaired gastric acid
secretion may affect the daily requirement of thyroxine
in patients with multinodular goiter. H. pylori infection,
gastric atrophy and a chronic PPI treatment were, in fact,
all associated with a significant increase of T4 dose. Gastric atrophy required a stable increase of about one third
of daily T4 dose whereas the effect of H. pylori infection
on T4 treatment was reversed upon bacterial eradication;
however, in this latter case, the dose had to be increased
to reach the therapeutic target[14]. This part of the work
was confirmed five years later in a different and less accurate setting[21] and criticized by the same authors in that
the potential presence of additional intestinal disorders
was not quoted. However, the pleiotropic characteristics
of H. pylori infection/host interaction account for the different drug absorption impairment as well[22].
Autoimmune disorders affecting the stomach have
been also proven to be responsible for T4 therapy failure. Patients with chronic atrophic gastritis exhibited an
increased T4 requirement and these data have been confirmed in a study from Checchi et al[16] who have shown
a positive correlation between the increased need for T4
and the high titre of serum parietal cell antibodies (PCA).
These antibodies, directed against H+/K+ ATPase, are
considered as a marker of gastric autoimmunity and a
suspicious flag for the presence of gastric atrophy[23].
However, the increase of T4 requirement was greater in
patients with histologically proven gastric atrophy than
in PCA-positive subjects[16], suggesting that the presence
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Table 1 Effects of cure of Helicobacter pylori infection on l-dopa absorption and/or symptoms scores in patients with Parkinson’s
disease
Ref.

Study design
n
Helicobacter
1
(level of evidence)
pylori positivity

Benvenga et al[20]

Crossover study (4)

Pierantozzi et al[10]

Lee et al[11]

RCT (1)

Case series (3)

Intervention

Eradication tx vs
placebo
34 Serology, stool
Eradication tx
test, CP-test or vs antioxidant tx
culture
(allopurinol)
65 Urea breath test Eradication tx
6

Serology

Outcome measure

Effect of eradicaction treatment

AUC of
L-dopa
AUC of
L-dopa

21% increase after eradication treatment
No variation after placebo
54% increase after eradication treatment
No variation after antioxidant tx

UPDRS-Ⅲ
L-dopa "onset" and
"on-time"

No variation
25.9% decrease and 11.9% increase after
eradication tx

1

Levels of evidence based on the Oxford Centre for Evidence-Based Medicine. AUC: Area under the plasma concentration curve; Tx: Treatment.

of PCA does not necessarily imply the presence of atrophic gastritis[23]. More controversial is the interference of
proton pump inhibitor (PPI) administration on the levothyroxine sodium treatment[24]. This is relevant in that patients with H. pylori infection often use PPI for treatment.
A clear-cut effect of chronic PPI treatment on the elevation of TSH and the consequent need to increase thyroxine dose has been reported in two different studies[14,25].
These findings, however, have not been confirmed in the
case of short periods of PPI administration: two pharmacokinetic trials in subjects treated at the same time with T4
and PPI for 1 wk failed to reveal significant differences in
peak T4 levels or in the mean Area Under the Curve (AUC)
for T4 absorption[24]. The discrepancy has been attributed
to the different length of PPI treatment as suggested in a
minded review by Liwanpo and Hershman[24].

H. PYLORI INFECTION, DELAVIRDINE,
KETOCONAZOLE AND HUMAN
IMMUNODEFICIENCY VIRUS INFECTION
Delavirdine, a reverse transcriptase inhibitor, is approved
by the Food and Drug Administration as combination
therapy with appropriate antiretroviral drugs for human
immunodeficiency virus (HIV)-1 infection treatment[26].
So far, in only two studies performed by the same authors[27,28] the role of hypochlorhydria in absorption of
delavirdine was evaluated in H. pylori-positive patients
with concomitant HIV-seropositivity. In a case-series of
five HIV-positive patients with gastric hypoacidity (intragastric pH > 3) and positivity to H. pylori serology, it
was shown that eradication treatment was able to reverse
hypochlorhydria and to significantly increase the absorption of delavirdine[27]. A randomized crossover study
on 21 HIV-positive with (n = 11) and without (n = 10)
gastric hypoacidity, showed that delavirdine absorption
is decreased by 47% in hypoacidic subjects and can be
increased by the administration of delavirdine together
with orange juice (increase by 57%)[28]. These findings
suggest that in subjects with HIV-infection, absorption
of delavirdine can be increased by an acid intragastric
pH. In 62% of the investigated patients, positive H.
pylori serology was reported, but unfortunately eradica-
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tion treatment was not performed. Despite the similar
prevalence of H. pylori infection in both HIV-positive
and -negative patients[29,30], a higher histological score of
H. pylori-gastritis has been described in HIV-positive patients[31].
In HIV-positive subjects, ketoconazole absorption
also seems to be impaired. In a small case series conducted in 1988 by Lake-Bakaar et al[32], the absorption of oral
ketoconazole was correlated with gastric acidity in AIDS
patients. In this study, the area under the curve of ketoconazole concentration decreased and was normalized
by hydrochloric acid in all 7 hypochlorhydric patients,
whereas the 3 normochlorhydric patients had normal
levels of ketoconazole absorption. This study, however,
did not even consider the presence of H. pylori infection,
but concluded that in AIDS patients ketoconazole tablets
given with acid may be more efficacious because of its
pH-dependent bioavailability.

POSSIBLE MECHANISMS FOR A LINK
BETWEEN H. PYLORI INFECTION AND
IMPAIRED DRUGS ABSORPTION
The exact mechanisms forming the basis of the relationship between H. pylori infection and impaired drugs absorption and/or bioavailability are not yet established. In
general, characteristics of the drug, as molecular size and
shape, ionization degree, and lipid solubility of its ionized
and nonionized forms may affect drug absorption[4,5].
Noticeably, motility of the stomach as well as volume and
modifications of gastric juice may influence the pharmacokinetics of a drug[33].
H. pylori infection acts as a trigger to chronic inflammation of gastric mucosa, causing an impairment of
gastric physiology[3]: gastric motility may be affected by
inducing myoelectrical activity variations which in turn
bring about an impaired gastric emptying[34-36]. Also an
impaired gastric acid secretion often follows H. pyloriinduced gastritis, being the degree of impairment closely
related with the wideness and the severity of the damage[3]. In fact, when H. pylori gastritis involves the corporal
mucosa, which contains the oxyntic glands, a diminished
acid secretion may ensue. At an early stage of infection, a
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Figure 1 Possible mechanisms involved in the increased need for thyroxine in Helicobacter pylori infection.

direct inhibition of the parietal cells secretion may be exerted by products of inflammation[3,37]. Interleukin 1β, a
proinflammatory cytokine and a key mediator in H. pyloriassociated disease, inhibits gastric acid secretion in vitro
and in vivo[38-40]. Gastric hypoaciditiy may be partly or fully
reversed upon H. pylori eradication, without losing the
bulk of parietal cells[41-43]. A massive loss of parietal cells,
as a consequence of long-standing H. pylori injury, may
ensue atrophy of oxyntic glands and, thus, hypoacidity of
gastric juice[3,37]. In such a case, whether the cure of infection might reverse the impaired acid secretion is, as yet,
controversial[42].
The process of drug absorption may be potentially
affected by these pathological changes of the intragastric
environment during H. pylori infection. The consequences
of this infection may explain the proposed link between
H. pylori-related gastritis and reduced bioavailability of
some drugs. In particular, the reduced gastric acid secretion seems to be relevant in the process of impaired drug
absorption associated with H. pylori infection (Figure 1).
In this condition, the process of drug absorption may be
affected by the different ionization degree of the molecules as well as by the lesser solubility of many drugs[5].
As far as concern with l-dopa, the hypotheses on the
interfering effect of H. pylori on its absorption are still debated. The solubility of l-dopa is pH-sensitive[44], and the
putative restoration of normal gastric acidity upon eradication may account for the improved absorption of this
drug and the related clinical response[3]. Unluckily, gastric
acidity was not assessed in the abovementioned studies.
In one of them[10], however, the reported scores of in-
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flammation suggest corporal gastritis and, thus, potential
hypoacidity in most of the Parkinson’s disease patients
studied[10]. More recently, an interesting hypothesis was
proposed and supported by experimental data by Lyte et
al[45]: they suggested a direct utilization of l-dopa by H.
pylori to preserve its ecological milieu in the gastric mucosa. Evidence that l-dopa may affect the in vitro growth of
H. pylori in an iron-restricted minimal medium strengthen
this hypothesis[45]. In fact, H. pylori seems to reduce the
amount of available oral l-dopa for the treatment of
Parkinson’s disease, utilizing l-dopa for its own survival
and growth. An association between the incidence of H.
pylori infection and occurrence of Parkinsons’ disease has
been observed, and a possible cause/effect relationship
has been proposed suggesting that H. pylori-induced autoimmunity may act as a trigger for the neuronal damage
leading to Parkinsonism[46]. A recent review proposed,
through statistical models, a linkage between idiopathic
Parkinsonism and infectious/inflammatory status of the
gastrointestinal mucosa, mainly due to H. pylori infection[47]. This association between defective absorption of
l-dopa and H. pylori-gastritis may be relevant from an epidemiological point of view, since a high incidence of H.
pylori infection has been reported in the ten years of highest prevalence of Parkinson’s disease[8,48]. On this ground,
a specific diagnostic work-up to detect H. pylori should be
proposed in elderly Parkinson’s disease patients, in whom
the response to l-dopa treatment is often poor[48].
With regard to T4 malabsorption in subjects with
gastric disease or undergoing therapy with PPI, the exact
mechanism is incompletely understood, but the variations
of gastric acid secretion are a distinctive feature in this
situation. The mechanisms underlying the reduction of
gastric acidity are shown in Figure 1. Gastric pH variations
may change ionization of thyroxine molecule leading to a
different ability of this hormone to cross the lipid bilayer
of enterocytes apostrophe plasma membrane. In fact, levothyroxine is a low permeability molecule with three ionizable groups and, depending on the solution pH, it can
exist as a cation, zwitterion, anion or dianion[49,50]. Sodiumand pH-sensitivity of the iodothyronines cellular uptake
in several tissues has been already shown about 30 years
ago[51-53]. The pH-dependent variability may or may not
deal with a further clue parameter: the dissolution profile
of pharmaceutical thyroxine preparation[54,55]. The water
solubility of thyroxine sodium salt is reduced in environmental pH from 1 to 3, remains constant between 3 and 7
and increases in pH of about 7[54]. The dissolution of T4 is
one of most limiting phases for its absorption but it is not
needed when using a liquid preparation of thyroxine[54].
A better pH-dependent dissolution profile of glyceroldissolved preparations (e.g., softgel) has also been demonstrated, as compared with the traditional tablets[55]. These
new formulations may help to improve T4 treatment efficacy in patients with H. pylori infections or other causes of
altered gastric secretion[56].
A causative role of hypochlorhydria in impaired delavirdine absorption has been proposed, even taking into
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account the small sample size and the uncontrolled
nature of the study design. In HIV-positive subjects,
hypochlorhydria has been frequently reported[57-59] and
the most significant predictor for increased intragastric
pH has been reported to be H. pylori infection[29]. Delavirdine is a weakly basic drug, whose solubility is strongly
reduced when median pH increases. This underlines the
sustainability of a biochemical role of intragastric pH on
the absorption of delavirdine[30]. Finally, impaired oral
ketoconazole absorption in HIV-positive patients was
correlated with reduced gastric acid secretion, corrected
by administration of hydrochloric acid[32].

5
6

7

8

CONCLUSION
The impact of H. pylori infection on drug malabsorption
has been focused in this review despite the limited number of studies addressing that issue. To date, four drugs
used for the treatment of very different diseases have
been investigated, l-dopa, thyroxine, delavirdine and ketoconazole. The issue of drug malabsorption may be particularly important when the implicated drug is generally
used for long-term treatments as occurs for l-dopa and
thyroxine used for the treatment of chronic conditions
such as Parkinon’s disease and thyroid disease.
The common denominator of the impaired absorption of these very different drugs and H. pylori infection
seems to be decreased gastric acid secretion.
However, the limit of this review is that the single
studies of this issue are very dyshomogeneous and the
overall level of evidence is poor. Furthermore, specific
pathophysiological studies investigating the probable link
between hypochlorhydria and impaired drugs absorption
are lacking. Thus, the exact role of H. pylori infection in
drug malabsorption remains, to date, speculative and further studies are needed. Despite the constrained evidence
of available studies, when an oral drug therapy fails, one
of the possible reasons may be a H. pylori-related gastritis and its associated gastric hypoacidity which may be
partially or totally reversible. So far, when a treatment is
prescribed in general practice, physicians should be aware
of the possibility that changes in gastric mucosa and/or
gastric acidity status may impair the kinetics of certain
drugs. H. pylori infection in this process may be of paramount importance due to its huge prevalence all over the
world.
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Abstract
The efficacy of triple therapy for Helicobacter pylori infection has dramatically declined over the last decade,
largely related to increasing clarithromycin resistance
rates. From a microbiological standpoint, bismuth
quadruple therapy is the ideal replacement since it
combines drugs for which resistance does not impair
its efficacy. Nonetheless, several obstacles such as
availability, complexity or tolerance prevent a general
implementation of bismuth quadruple therapy, so nonbismuth quadruple regimens remain the best firstline treatment in clinical practice in many geographical
areas. We review the rationale and efficacy of several
optimization tools (increasing the length of duration,
high-dose acid suppression, probiotics), which have
been largely evaluated over the last 5 years to increase
the effectiveness of standard triple therapy. Then, we
update available evidence on the effectiveness of several non-bismuth quadruple therapies (sequential, concomitant, hybrid, miscellaneous therapy), which have
gained interest lately. We also revise evidence on the
efficacy of the aforementioned optimization tools for
non-bismuth quadruples schemes and, finally we pro-
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vide a novel regionalized therapeutic algorithm, based
on novel formulas recently developed for predicting the
outcome of non-bismuth quadruple regimens, upon local antibiotic resistance rates.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Eradication; Clarithromycin; Sequential; Concomitant; Hybrid; Antibiotic resistance; Bismuth
Core tip: Triple therapy is no longer effective to eradicate Helicobacter pylori infection in most settings across
the world. Bismuth quadruple therapy has resurfaced
as an ideal replacement, despite its implementation
in clinical practice may be troublesome. As such, nonbismuth quadruple therapies remain in the therapeutic
front line in clinical practice. This article updates available evidence over the last five years on the efficacy of
several non-bismuth quadruple schemes and different
tools used to optimize them, providing a novel regionalized therapeutic algorithm, according to novel predicting models based on local antibiotic resistance rates.
Molina-Infante J, Gisbert JP. Optimizing clarithromycin-containing therapy for Helicobacter pylori in the era of antibiotic
resistance. World J Gastroenterol 2014; 20(30): 10338-10347
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10338.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10338

INTRODUCTION
Helicobacter pylori (H. pylori) is a worldwide infection that
affects millions of people. This infection is currently the
main cause of gastritis, gastroduodenal ulcer disease, and
gastric cancer. It was thirty years ago that H. pylori was
discovered[1] and twenty years ago that clarithromycin-

10338

August 14, 2014|Volume 20|Issue 30|

Molina-Infante J et al . Optimizing clarithromycin-based H. pylori therapy

based triple therapy was established in clinical practice for
the eradication of this infection[2]. Nowadays, the efficacy
of triple therapy is seriously challenged in many parts of
the world, where eradication rates have declined to unacceptably low levels, largely related to development of
resistance to clarithromycin[3].
From a microbiological standpoint, the most rational
way to overcome antibiotic resistance would be the use
of a combination of drugs for which resistance does
not appear to be a problem, so no clarithromycin-based
regimens should be recommended in geographical areas
with increasing clarithromycin resistance rates. In this
context, bismuth-based quadruple therapy seems to be
an attractive alternative treatment, especially in its most
recent galenic formulation, bismuth subcitrate potassium,
metronidazole, and tetracycline (BMT, sold under licence
as Pylera®)[4]. However, this logical scenario is not a realistic approach in many settings for clinical practice owing
to a number of obstacles. H. pylori infection is mostly
diagnosed and treated by gastroenterologists, instead of
microbiologists, so the bulk of treatment is prescribed
on an empirical basis and articles seldom report data on
antibiotic resistance. Furthermore, bismuth salts are not
widely available, many countries are currently experiencing a general unavailability of tetracycline and the launch
of Pylera®, the three-in-one capsule decreasing pill burden and improving compliance for bismuth quadruple
therapy, onto the market is being troublesome as well.
As such, several non-bismuth quadruple therapies
have made a leap towards the front line to tackle H. pylori
infection. Indeed, a formula has been elegantly developed
to predict the outcome of these therapies according
to antibiotic resistance rates[5]. The aim of this review
is to summarize optimization tools and therapeutic innovations published over the last 5 years (August 2008August 2013) aimed at increasing the efficacy of H. pylori
clarithromycin-based first-line therapies.

OPTIMIZING TRIPLE THERAPY
Increasing the length of duration
It has been postulated that extending the duration of
triple therapy up to 14 d might result in higher and acceptable cure rates. In fact, recent European guidelines
state that extending the duration of proton pump inhibitor (PPI)-clarithromycin-containing triple therapies from
7 to 10-14 d improves the eradication success by about
5% and may be considered[6]. Conclusions from reviews
and meta-analysis are mostly consistent with showing a
clinical benefit of extending the duration[7,8], but other
have drawn the opposite conclusion[9]. Similarly, recent
articles have disclosed a benefit of prolonging the length
of triple therapy in Greece[10] and Croatia[11], whereas others from South Korea[12] and Turkey[13] could not demonstrate an advantage for this strategy. As such, prolonging
H. pylori triple therapy seems to increase eradication rates,
albeit whether it represents a clinically useful strategy
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should be locally evaluated.
Increasing acid-suppressive therapy
H. pylori typically resides within the mucus layer of the
human stomach, being the bulk of organisms attached to
surface cells. Most importantly, a proportion of the organisms may remain in a non-replicative but viable state,
which notably reduces the effectiveness of antibiotics
that require microbial replication to kill the organisms,
such as clarithromycin and amoxicillin[3]. This non-replicative state, which turns H. pylori phenotypically resistant,
is more likely when gastric pH ranges from 3 to 6. Increasing the pH in this layer to 6 or 7 allows the bacteria
to enter the replicative state where they become susceptible to amoxicillin and clarithromycin[3]. Therefore, the
stronger acid suppression is, the higher the likelihood of
antibiotic therapy success.
PPI therapy (omeprazole, lansoprazole, pantoprazole,
rabeprazole, esomerpazole) are now widely used as the
first-line acid inhibitors in eradication schemes. These
drugs undergo hepatic metabolism via the CYP450 pathways and the isoforms CYP2C19 and, to a lesser extent,
CYP3A4. There are interindividual differences in the
activity of CYP2C19, which may impact PPIs pharmacokinetic behaviour and clinical efficacy[14,15]. Indeed, the
phenotype of CYP2C19 is categorized into three groups:
extensive or rapid metabolizer (EM), intermediate metabolizer (IM), and poor metabolizer (PM). The rate of CYP2C19 rapid metabolizers was proven to be higher in Europe
and in North America (56%-81%), while the proportion
was smaller (27%-38%) in the Asian population[16]. Significantly higher eradication rates of H. pylori have been
observed in patients with poor and intermediate metabolizers phenotype when compared to extensive metabolizers[17]. As such, initial genotyping for this enzyme would
be ideal before H. pylori therapy, since higher dosage in
extensive metabolizers is likely to improve the clinical
efficacy of PPIs for H. pylori therapy. Seeing as this approach is unrealistic in clinical practice, it is conceivable
that all patients, especially in Europe and North America,
should receive high-dose PPI therapy to circumvent the
high rate of PPI rapid metabolizers.
As for the different PPI available molecules, a recent
meta-analysis disclosed that he efﬁcacy of omeprazoleand lansoprazole- based ﬁrst-line triple therapies at the
standard doses was dependent on CYP2C19 genotype
status, which appeared not to affect the efﬁcacy of the
regimens including rabeprazole[18]. In line with this finding, two other recent meta-analyses have demonstrated
that esomeprazole and rabeprazole provide better overall
H. pylori eradication rates, especially in CYP2C19 extensive metabolizers[19,20].
Finally, updated European Guidelines for H. pylori
management have also recommended high-dose PPI therapy using new generation-PPIs, pointing out that increasing the dose of PPI from, for example, 20 mg omeprazole
twice daily to 40 mg of esomeprazole or rabeprazole
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with 14-d high-dose PPI and long-acting clarithromycin[35]. However, there were no clarithromycin-resistant
H. pylori strains in the study, so these drugs need further
validation in other geographical areas with different patterns of antibiotic resistance. At the present time, no
study has evaluated this attractive hypothesis. The use of
long-acting macrolides (azithromycin) has been recently
associated with increasing H. pylori resistante to clarithromycin[36]. Azithromycin is known to achieve high concentrations in the gastric mucus and gastric juice for several
weeks after its administration, and this may lead to local
subinhibitory concentrations and favour the selection of
macrolide-resistant mutants, as above mentioned.

Table 1 Impact of adding probiotics to eradication therapy
(mostly standard triple therapy) on eradication rates and side
effects, evaluated in seven recent meta-analyses
Ref.

Probiotic strains

Eradication
rates

Side effects

Tong et al[24], 2007
Lactobacillus and
Wang et al[25], 2013
bifidobacterium
Sachdeva et al[26], 2009
Lactoferrin
Zou et al[27], 2009

Significant
increase
Significant
Increase

Sachdeva et al[28], 2009

Significant
Increase
Significant
Increase
Significant
increase

Significant
Reduction
Significant
Reduction/
No impact
No impact

Zou et al[29], 2009
Szajewska et al[30], 2010

Fermented milk
Lactobacillus
Saccharomyces
boulardii

Significant
reduction
Significant
reduction

NON-BISMUTH QUADRUPLE
TREATMENTS

twice daily may increase cure rates by 8%-12%[6].
Probiotics
Probiotics are live organisms or produced substances that
are orally administrated, usually in addition to conventional antibiotic therapy for H. pylori infection. They may
modulate the human microbiota, stimulate the immune
response and directly compete with pathogenic bacteria, besides preventing antibiotic side effects[21]. Indeed,
probiotics have exhibited inhibitory activity against H.
pylori in vitro and in vivo[22,23]. At the present time, 6 metaanalyses have been published addressing the benefit of
Lactobacillus and Bifidobacterium[24,25], bovine lactoferrin[26,27],
fermented milk-based[28], Lactobacillus[29] and Saccharomyces
boulardii[30] probiotic formulations. The main results of
these meta-analyses are summarized in Table 1. Available
evidence collectively points towards a benefit of using
probiotic for decreasing antibiotic-related side effects
and, to a much lesser extent, increasing cure rates.
However, several considerations should be made
before recommending probiotic in clinical practice. To
begin with, they add complexity as they mean a fourth or
fifth drug, depending on dealing with triple and quadruple therapies, and it may increase the risk of poor compliance with therapy. Furthermore, probiotics are “overthe-counter” medications and the cost of eradication
therapy may notably rise. On the other hand, the role of
probiotics in children is controversial, as they have shown
to decrease antibiotic-related side effects but no impact
on eradication rates[31]. In this line, several adult trials
have disclosed as well negative results on cure rates for
probiotic supplementation[32-34]. Most likely, the discordant results are probably related to the different products
used, their different concentrations, probiotic strain, dose
and the length of duration. Further studies refining the
most effective probiotic and the patient profile which will
most benefit from probiotic supplementation are needed
before a general recommendation in clinical practice can
be made.
Long-acting drugs
A recent study from Thailand reported 100% cure rates
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Sequential therapy
Sequential therapy was developed in Italy in 2000 as a replacement for triple therapy[37,38]. It consists of 5 d of PPI
therapy plus amoxicillin, followed by a further five days
of PPI with two other antibiotics, usually clarithromycin and metronidazole. Up to 2008, the vast majority of
studies on this therapeutic strategy had been conducted
in Italy. In 2007, a randomized controlled trial from the
same Italian authors showed a significant advantage of
10-day sequential over 10-d triple therapy (91% vs 78%,
P = 0.002), being highly effective against clarihtromycinresistant strains[39]. A pooled data analysis with Italian
evidence showed promising eradication rates higher than
90%, even in patients with risk factors for triple therapy
failure (clarithromycin or metronidazole resistance, non
ulcer dyspepsia, smoking or the absence of the gene
CagA)[40]. Indeed, several meta-analyses evidenced the
advantage of sequential therapy over triple therapy[41-43].
Accordingly, it was suggested in 2007 by the American
College of Gastroenterology Guidelines[44] and the European Maaastricht Consensus (Maastricht Ⅲ)[45], as well
as in 2009 by the Second Asia-Pacific Consensus Guidelines[46], that sequential therapy was a promising therapy,
but it required further evaluation outside Italy, before a
generalized change in first-line H. pylori treatment was
recommended.
In 2010, a critical review of the evidence highlighted
several concerns in previous meta-analyses, such as lack
of validation outside of Italy, low quality studies or insufficient information on the effect on antibiotic resistant
strains[47]. In 2011, a large multicenter trial from Latin
America showed no advantage of 10-d sequential therapy
over 14-d triple therapy[48]. In 2012 and 2013, an updated
meta-analysis in children and two systematic reviews in
adults dealing with sequential therapy have been published[49-51]. The results are summarized in Table 2. From
2008 to 2012, cure rates of sequential therapy in studies
conducted in Asia, Europe and Latin America remained
significantly better than those of triple therapy, but mean
eradication rates dramatically dropped by 15% (79%-81%)
compared to Italian trials before 2008. A recent multi-
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Table 2 Updated systematic reviews and meta-analyses (2008-2012) in children and adults comparing triple and sequential therapy
for Helicobacter pylori infection
Population and timeframe

n

Children 2005-2012
Adults and children 2008-2012
Adults and children 2008-2012

857
2921
3247

Ref.
Horvath et al[49], 2012
Zullo et al[50], 2013
Kate et al[51], 2013

Triple therapy (95%CI) Sequential therapy (95%CI)
71% (66-75)
75.8% (73.5–78.1)
71.4% (64-78)

78% (73-82)
80.6% (78.5–82.7)
81.7% (78-85)

P value
0.003
0.02

100
90
80

20
10
0

5d

[65]

Spain/Italy 2013
[68]
Turkey 2011
[59]
South Korea 2013

30

[60]

[61]

Taiwan 2010
[63]
Spain 2012
[62]
China 2012
[67]
Greece 2011
[64]
Spain 2013
[57]
Thailand 2012
[66]
Greece 2013

40

Japan 2012

50

Latin America 2011
[57]
Thailand 2012
[58]
South Korea 2013
[69]
Italy

60

[48]

70

7d

10 d

14 d

Figure 1 Intention-to-treat cure rates of concomitant therapy over the last three years in studies conducted in Latin America, Asia and Europe, broken
down by the duration of therapy. Studies with Intention-to-treat (ITT) < 85% are grey marked.

center study performed in Taiwan comparing 14-d sequential and triple therapy has definitely shown the limitations of sequential therapy[52], since the efficacy of this
regimen was impaired by either clarithromycin and metronidazole resistance. Finally, a recent meta-analysis performed by the Italian creators of the sequential therapy[53]
showed a mean cure rate of 84% (95%CI: 82.1%-86.4%)
for 10-d sequential therapy, being superior to seven day
triple therapy, marginally superior to 10 d triple therapy
but not superior to 14 d triple therapy. Right now, 10-d
sequential therapy cannot be considered a good therapeutic option to overcome antibiotic resistance and its failure
might be expected when dual resistant strains are > 5%[5].
The history of sequential therapy is a good one to
learn. It was devised in 2000 in response to failure of
triple therapy and was systematically compared to an
“unfair comparator” (triple therapy), leading to a notable
superiority of sequential therapy in meta-analyses. The
treatment formula was not optimized and the detrimental effect of clarithromycin was noted, but not that of
metronidazole[5]. It took as a decade to understand microbiological drawbacks of sequential therapy and we
cannot afford to trip over the same stone when it comes
to evaluating new H. pylori therapies.
Concomitant therapy
The concept of a “non-bismuth quadruple regimen” or
“concomitant” regimen (the term used hereafter) consists
of converting standard triple therapy to a quadruple therapy by the addition of 500 mg of metronidazole or tinidazole twice daily. In 1998, two groups of investigators,
one in Germany and the other in Japan, proposed that a
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PPI, amoxicillin, clarithromycin, and nitroimidazole be
given concurrently as a four-drug, three-antibiotic, nonbismuth-containing quadruple regimen[54,55]. Despite the
short duration of therapy (5 d on average), this approach
provided, at that time, high cure rates (90% by intentionto-treat). After a few years of research, it fell into oblivion but resurfaced in 2010 as an alternative therapy to
triple and sequential therapy[56]. Since then, eleven studies
have evaluated its effectiveness in Latin America[48], Asia
(Thailand[57], South Korea[58,59], Japan[60], Taiwan[61], China[62]) and Europe (Spain[63-65], Greece[66,67], Turkey[68] and
Italy[65,69]). The results are disclosed in Figure 1, broken
down by the lenght of therapy. Regardless of the duration of therapy, all studies showed intention-to-treat cure
rates from 85% to 94%, with 4 exceptions (2 studies with
a 5-d duration from Latin America (73.5%)[48] and South
Korea (80.7%)[58], and 2 studies with a 14-d duration from
Turkey (75%)[68] and South Korea (80.8%)[59].
In the aforementioned article by Graham et al[5], the
efficacy of 14-d concomitant therapy was not impaired
by neither clarithromycin nor metronidazole isolated
resistance, but it is expected to fall below 90% when the
prevalence of dual clarithromycin-metronidazole resistant strains is > 15%. Therefore, the authors state that it
cannot be recommended in settings where metronidazole
resistance is greater than 60% (i.e., China, India, Iran or
Central or South America) or in populations at high risk
of dual resistance (i.e., following clarithromycin or metronidazole treatment failures). These recommendations are
in agreement with suboptimal results in Latin America[48],
South Korea[58,59] and Turkey[68], where clarithromycin,
but specially metronidazole, resistant H. pylori strains are
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of clarithromycin resistance in this region is low (7%)
and required further validation in setting with different
patterns of resistance. In 2012, hybrid therapy demonstrated to achieve significantly higher ITT cure rates
over sequential therapy (89.5% vs 76.7%, P = 0.001) in
Iran[74], a setting with high rates of antibiotic resistance.
More recently, a noninferiority trial conducted in Spain
and Italy[65] showed that both optimized concomitant and
hybrid therapy achieved ITT eradication rates > 90% in
settings with high rates of clarithromycin and metronidazole resistance. In this trial, hybrid therapy led to successful eradication in 1 out of 3 (33%) dual resistant strains.
These are preliminary small numbers and definitely further research is warranted on this matter. Finally, a pilot
study conducted in Italy[69] compared 5-d concomitant
therapy, 10-d sequential therapy and 14-d hybrid therapy.
Surprisingly, 5-d concomitant and 10-d sequential therapy
achieved acceptable cure rates (> 90% on PP analysis),
but not hybrid therapy (80%).

Table 3 Efficacy of sequential and concomitant therapy, with
a duration of 10 to 14 d, on dual clarithromycin-metronidazole resistant Helicobacter pylori strains n (%)
Ref.

Treatment Patients
duration (d)

Concomitant therapy
Wu et al[61], Thailand, 2010
Huang et al[62], China, 2012
Molina-Infante et al[63], Spain, 2012
Molina-Infante et al[65], Spain-Italy,
2013
Georgopoulos et al[66], Greece, 2013
Total
Sequential therapy
Vaira et al[39], Italy, 2007
Liou et al[52], Taiwan, 2013
Wu et al[61], Thailand, 2010
Huang et al[62], China, 2012
Molina-Infante et al[63], Spain, 2012
Romano et al[70], Italy, 2010
Total

Eradication
rates

10
10
10
14

4
2
4
3

3 (75)
2 (100)
3 (75)
3 (100)

10

10
23

7 (70)
18 (78)

10
14
10
10
10
10

4
8
3
4
5
3
27

0 (0)
3 (37)
1 (33)
2 (50)
3 (60)
0 (0)
9 (33)

Adapted from Georgopoulos et al[71], with permission.

very prevalent. Likewise, they match with good to excellent results in Southern Europe and some Asian countries, where claritrhromycin ranges from low (9%) to high
(40%) figures, but metronidazole resistance remains in
relatively low figures (< 30%-40%).
Sequential or concomitant therapy?
Several studies have lately evaluated the efficacy of sequential and concomitant non-bismuth quadruple therapies against clarithromycin and metronidazole resistant
strains. Georgopoulos et al[71] nicely addressed this issue
and we have adapted their results to exhibit the most
recent evidence (Table 3). Concomitant and sequential
therapies were successful against dual-resistant strains in
78% (18/23) and 33% (9/27) of the cases, respectively.
Furthermore, a recent meta-analysis[72] comparing sequential and concomitant therapy has shown a significant adavantage (OR = 1.51; 95%CI: 1.06-2.17) of concomitant
therapy (Figure 2). Overall, solid evidence point towards
concomitant therapy being a more reasonable therapeutic
option in areas with a high incidence of clarithromycin
and/or metronidazole resistance [71], even though we
cannot miss the fact that it is expected to fail when the
prevalence of dual clarithromycin-metronidazole resistant
strains is > 15%[7].
Hybrid therapy: A new kid on the block
Hybrid sequential-concomitant regimen is a therapeutic innovation which includes a proton pump inhibitor
(PPI) plus amoxicillin for 14 d, adding clarithromycin
and a nitroimidazole for the final 7 d. In other words, it
is a 7-d first dual phase (PPI + amoxicillin) followed by
a 7-d quadruple phase (PPI + amoxicillin + clarithromcyin + nitroimidazole). In 2011, a pilot study revealed
outstanding cure rates [97% intention-to-treat (ITT)
analysis] in three Taiwanese centers[73]. However, the rate
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CAN WE OPTIMIZE NON BISMUTH
QUADRUPLE REGIMENS?
Duration of therapy
As for sequential therapy, 10-d sequential therapy was
not superior to 14 d triple therapy, but 14-d sequential
therapy proved to be superior to 14-d triple therapy[5,52,53].
Furthermore, metronidazole resistance undermines 10-d
sequential therapy at 20% and 14-d sequential therapy at
30%[5].
Regarding concomitant therapy, meta-analyses have
shown that the outcome is duration dependent[75,76]. In
a recent head-to-head comparison in Thailand[57], 5-d
proved unsatisfactory compared to 10-d concomitant
therapy, besides 5-d concomitant therapy has also shown
its failure in Latin America[48] and South Korea[58]. In the
authors’ experience, 14-d concomitant[65] achieved the
best ITT results (92%) compared to studies evaluating
10-d concomitant therapy (86%-87%)[63,64].
Acid suppression
Both triple therapy and non-bismuth quadruple therapy
contain amoxicillin and clarithromycin. As such, it is conceivable to speculate that the above mentioned data are
valid for both therapies. Further studies are warranted
to elucidate whether high-dose PPI therapy and either
esomeprazole or rabeprazole show superiority for nonbismuth quadruple regimens (as it has been the case with
triple therapy).
Probiotics
At the present time, data on the usefulness of probiotics
for H. pylori eradication with quadruple therapies is anecdotical. Two recent trials[77,78] showed a reduction of side
effects of probiotics combined with bismuth quadruple
therapy and sequential therapy, but no increase in cure
rates. No study has evaluated the addition of probiotics
to concomitant or hybrid therapy.
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Concomitant
Study or Subgroup

Sequential
Weight

Peto Odds Ratio

Peto Odds Ratio

Peto, Fixed, 95%CI

Peto, Fixed, 95%CI

Events

Total

Events

Total

Ang 2013

75

77

71

76

5.6%

2.47 [0.55, 11.22]

Huang 2012

74

84

68

85

19.2%

1.82 [0.80, 4.14]
1.35 [0.65, 2.83]

Lim 2013

63

78

65

86

23.7%

McNicholl 2013

146

168

138

170

38.2%

1.53 [0.86, 2.74]

Wu 2010

107

115

108

117

13.3%

1.11 [0.42, 2.98]

534

100.0%

1.51 [1.06, 2.17]

Total (95%CI)

522

Total events

465
2

450
2

Heterogeneity: χ = 1.07, df = 4 (P = 0.90); I = 0%
Test for overall effect: Z = 2.26 (P = 0.02)

Favours sequential

Favours concomitant

Figure 2 Forest plot comparing sequential and concomitant therapy with a similar duration[72].

Optimization of non-bismuth quadruple therapies
(increasing antibiotic burden or increasing length of duration) adds complexity and might impact negatively on
compliance with therapy. Regardless of the effect on cure
rates, probiotics might be important to improve tolerance and compliance. On the contrary, they are “overthe-counter” drugs, therefore increasing costs, and add a
fifth drug and may as well add complexity. More studies
are required to refine the role of probiotics for these
therapies and depict the patient characteristic that would
benefit from coadyuvant probiotic supplementation.

MISCELLANEOUS THERAPY: THE
SUPER-OPTIMIZATION
Recently, an interesting pilot study from Colombia evaluating a “super-optimized” therapy, so called “miscellaneous”, has been published[79]. It consists of high-dose
metronidazole (500 t.d.s) all along the therapy (15 d),
dividing the remaining drugs in three 5-d phases: (1) First
5 d (lansoprazole 30 mg bid and amoxicillin 1 g bid); (2)
Days 6 to 10: lansoprazole 30 mg qds; and (3) Days 11 to
15: lansoprazole 30 mg bid and clarithromycin 500 mg bid.
Therefore, this quadruple therapy has an optimized
duration (15 d), high-dose PPI, high-dose metronidazole
during 15 d trying to overcome the high rate of resistance (> 70%-80%) in Latin America and, of note, has
a halfway period in which acid suppression is optimized
(lansoprazole 120 mg/d) in order to avoid selection of
non-replicative H. pylori strains. In this pilot study, miscellaneous therapy led to successful eradication rates [94%
and 91% by per protocol (PP) and ITT, respectively],
with a high rate of full compliants (96%) and acceptable
side effects rate (55%), all of them mild.
Miscellaneous therapy is obviously burdened by its
complexity and maybe its cost, depending on the geographical location, but provides an interesting and effective therapeutic tool in settings with metronidazole
resistance > 40%, in which theoretically Maastricht IV
precludes using metronidazole[6]. Definitely, more studies
are awaited in this line of work to overcome antibiotic
resistance.
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THERAPEUTIC ALGORITHM
Following this review, we propose a modified therapeutic
algorithm for first-line H. pylori therapy (Figure 3). The
success of treatments for infectious diseases is predictable if one knows the pattern of resistance and the effect
of resistance on the regimens tested[5]. Clarithromycin
resistance was the Achiles heel for triple therapy and now
dual clarithromycin resistance rates is the Achiles heel for
non-bismuth quadruple therapies. Non-bismuth sequential, hybrid and concomitant therapies are expected to fail
if the rate of dual-resistant strains are > 5%, > 9% and
> 15%, respectively. As such, eradication therapy should
be “regionalized” depending on the prevalence of clarithomycin and metronidazole resistant strains. Currently,
triple therapy should only be acceptable if eradication
rates > 90% have been documented.

TAKE-HOME MESSAGES
Optimization tools for triple therapy
(1) Prolonging H. pylori triple therapy up to 14 d increases
eradication rates by approximately 5%, albeit the clinical
benefit of this strategy should be evaluated locally; (2)
High-dose PPI therapy is recommended for triple therapy, especially in Europe and North America, where the
prevalence of PPI extensive metabolizers is higher; (3) A
discrete advantage of esomeprazole and rabeprazole over
omeprazole, pantoprazole and lansoprazole has been
shown in recent meta-analyses; and (4) Overall, probiotics
seem to increase eradication rates and reduce antibiotic
side-effects in adults, but they cannot be recommended
for clinical practice yet.
Sequential therapy
Updated data in both children and adults point towards
lower eradication rates than previously reported. Despite
sequential therapy keeps on showing an advantage over
triple therapy, unacceptable cure rates have been recently
reported, without a therapeutic advantage over 14-d
triple therapy. Its efficacy dramatically decreases upon the
existence of metronidazole and dual clarithromycin and
metronidazole resistant strains.
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Clarithromycin resistance

< 15%-20%

> 15%-20%

Metronidazole
resistance

Dual CLA-MET
resistance

Low

High (> 60%)

< 15%

> 15%

14-d concomitant
1
14-d hybrid
1
14-d sequential
2
14-d triple

14-d bismuth
1
14-d concomitant
2
14-d triple

14-d concomitant
14-d bismuth
1
14-d hybrid

14-d bismuth

Figure 3 Regionalized therapeutic algorithm for Helicobacter pylori infection, based on clarithromycin and metronidazole resistance patterns. 1Use conditioned to the rate of dual-resistant strains. Sequential, hybrid and concomitant therapies are expected to fail if the rate of dual clarithromycin- and metronidazoleresistant strains in > 5%, > 9% and > 15%, respectively; 2Use if eradication rates > 90% have been documented.

Concomitant therapy
Emerging evidence has shown concomitant therapy to be
an effective therapy (> 90% cure rates) in Southern Europe and some Asian countries (Thailand, Taiwan, Japan,
China). Compared to sequential therapy, its efficacy is less
impaired by clarithromycin and metronidazole resistant
strains and therefore seems to be the best replacement
for triple therapy. However, it has been proven unsuccessful in Turkey and South Korea, where both clarithromycin and specially metronidazole, resistance rates are
notably high.
Hybrid therapy
It is a therapeutic innovation combining sequential and
concomitant therapy, with a 7-d first dual phase (PPI +
amoxicillin) followed by a 7-d quadruple phase (PPI +
amoxicillin + clarithromcyin + nitroimidazole). It has
currently demonstrated an advantage over sequential
therapy and not to be inferior to concomitant therapy,
although further research is warranted.
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Abstract
Helicobacter pylori (H. pylori ) infection is one of the

most common infections worldwide. Although infection rates are falling in the developed and developing
countries, H. pylori is still widespread in the world. This
article has reviewed the important publications on H.
pylori in childhood with a focus on its evolving transmission route and the source of infection and preventive strategies in childhood, PubMed was searched up
to identify eligible studies. Relevant publications were
searched using the following.

INTRODUCTION
Helicobacter pylori (H. pylori) infection is common all over
the world. The prevalence of H. pylori differs significantly
both between and within countries. The high risk of intrafamilial infection was shown in the previous studies[1-7].
It is believed that in the vast majority of infected individuals, infection is acquired during early childhood[6-9].
The mother probably plays a key role in transmission[2-5].
In order to design preventive strategies, the elucidation
of the mode of spread of this pathogen is very important. Primary reservoir is the stomach, and the bacteria
are most likely spread from person to person through
fecal-oral or oral-oral routes. Infection is often associated
with poor sanitation, crowded living conditions, and poor
water supplies[10].

PREVALENCE

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Children; Growth retardation; Helicobacter
pylori ; Iron deficiency; Prevalence; Prevention; Transmission
Core tip: This review has focused on transmission route
and the source of Helicobacter pylori (H. pylori ) infection and preventive strategies in childhood. The best
way to decrease the prevalence of H. pylori infection
in children is to educate women about how to protect
themselves and their offspring from H. pylori infection.
H. pylori infection rates may be decreased dramatically with improvements in sanitary infrastructure and
household hygienic practices.
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The incidence and prevalence rates of H. pylori infection in childhood can vary greatly by nation and regions
in same country. Fortunately, the prevalence rates in the
world are getting decrease even in children. Estimated
prevalence is almost 70% in developing countries and
30%-40% in the United States and other industrialized
countries[11]. While there is a decline in the prevalence
of H. pylori infection in northern and western European
countries, the infection is still common in southern and
eastern parts of Europe and Asia[9].
Prevalence of H. pylori infection in children
It is believed that H. pylori is mainly acquired during
childhood[12,13], once established, may persist through-
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out life[14]. Little is known about its age of onset, rate,
or mode of colonization. The proportion of infected
children increases with age. By the age of 10 years most
children in developing countries have been infected by H.
pylori[15,16]. Vanderpas et al[17] found that the prevalence of
H. pylori was 18.2% in children aged < 6 years and 49.3%
in adolescents aged 12-17 years. In the study of Zhang[18],
the H. pylori infection rates in 3 to 7-year old, 8 to 12-year
old and 13 to 16-year-old children were 39.5%, 41.0%
and 54.5%, respectively. Rothenbacher et al[8] also found
8.9% in the 1-year-old children, 36.4% in the 2-year-old
children, and 31.9% in the 4-year-old children. In the 603
subjects of H. pylori negative, 38.7% became infected
within 12 years. Ertem et al[19] found that the prevalence
was 18.2% under 4 years, 41% at 4-6 years, 48.6% at 6-8
years, 50% at 8-10 years, and 63% at 11-12 years of age.
A prospective longitudinal cohort study (aged between
3 mo and 2 years) followed at 3-mo intervals for 2 years.
The prevalence rose from 19% at 3 mo of age to 84% by
30 mo of age[6].
The prevalence of H. pylori differs significantly both
between and within countries. The prevalence by age has
decreased along with socioeconomic development. In a
study including 22 centers from Czech Republic (aged
5-98 years), an significant decrease in prevalence from
2001 (41.7%) to 2011 (23.5%) was noted. It has been
explained by improving socio-economic conditions and
standards of living together and falling fertility rates[20].
Decrease in the prevalence in children was also reported
in Estonia (in children from 42% in 1991 to 28% in
2002)[21] and Russia (in children from 44% in 1995 to
13% in 2005)[22]. The decline in the prevalence of H. pylori
has been explained by the socio-economic changes after
the fall of communist regimes[23]. Seroprevalence also
varied significantly with the educational level, the water
supply and the number of persons per room[4].
However, several studies recently showed that the
prevalence of H. pylori is also declining among children in
developing countries despite poor standard of living and
low socio-economic conditions[20,24-26]. In a study from
Turkey, the overall prevalence of H. pylori in children (aged
7-14 years) was 78.5% in 1990 and 66.3% in 2000[27]. In
2008, it was 30.9% between 2 and 12 years of age[2]. In
the geographically large countries, prevalence rates have
changed between regions and ethnic groups because of
changing facilities and traditions. While the prevalence
was 7.1% in a study from Canada, this rate was found as
42% among ethnic minorities[28].

lymphoma compared with their uninfected counterparts.
Recent studies have shown an association between longterm infection with H. pylori and the development of gastric cancer. Gastric cancer is the second most common
cancer worldwide. However, it is unclear whether H. pylori
eradication will improve outcomes in patients with gastric
cancer[29].

CONSEQUENCES IN H.PYLORI
INFECTION

Iron deficiency
Harris et al[39] suggested that hypochlorhydria in H. pylori
infected children may be the role in the aetiology of iron
deficiency. A study from Latin America determined that
the serum ferritin and haemoglobin concentrations were
low in H. pylori infected children[40]. The mean serum Fe
and ferritin levels of H. pylori negative group were significantly higher than those of H. pylori positive ones[35].
These results show us the effects of H. pylori on multiple

Gastric ulcer and cancer
H. pylori is recognised as a cause of gastritis and peptic
ulcer and it has been classified as a group A carcinogen
by World Health Organization (WHO). Infected persons
have a 2- to 6-fold increased risk of developing gastric
cancer and mucosal associated-lymphoid-type (MALT)

WJG|www.wjgnet.com

Bronchial asthma
Recently, it was pointed out that the higher hygiene standards modulates the development of the immune system
(Th1/Th2 shift of CD4+ T-lymphocytes) and thereby
increases the risk of bronchial asthma[20]. An increased
prevalence of allergic diseases could be explained by
the decreased incidence of H. pylori infection. Some evidences indicate an inverse association between H. pylori
and asthma, but some studies did not support this data.
In a meta-analysis of eight studies involving 14972 participants by Wang et al[30], it was found a weak evidence
for an inverse association between asthma and H. pylori
infection both in children and in adults. A group from
Switzerland showed us the possible mechanisms of preventing allergic airway disease by H. pylori infection. They
demonstrated that H. pylori inhibited the maturation of
dentritic cells and therefore failed to induce T-cell effectors functions in mice[31]. In contrast to these results, a
large Dutch study did not confirm any association between H. pylori seropositivity and wheezing, allergic rhinitis, atopic dermatitis or physician-diagnosed asthma[32].
Therefore, based on currently available data, no conclusion on the association between H. pylori infection and
reduced risk of allergies can be established.
Growth retardation
There are conflicting reports regarding the association
of H. pylori infection with growth failure. In the study
of Dehghani et al[33] from Iran, there was no meaningful
relationship between standard deviation score (SDS) (for
height and BMI) and H. pylori infection. In Soylu et al[34]
study, anthropometric variables were similar in the H.
pylori [+] and [-] groups. However, according to Süoglu et
al[35], mean ± SD height and weight for H. pylori positive
were lower than those of the H. pylori negative. A few
studies showed that ghrelin level decrease in children with
infected H. pylori and eradication of infection correct the
growth parameters[36-38]. Ozen et al[36] pointed out that
among biochemical parameters, only ghrelin levels were
associated with H. pylori infection.
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factors and low socioeconomic conditions facilitate it.

TRANSMISSION
The primary modes of transmission are thought to be fecal-oral and oral-oral, but some indirect evidence has also
been published for transmission via drinking water and
other environmental sources[41]. The patterns of spreading of H. pylori under conditions of high prevalence differ from those in developed countries.
Transmission may occur in a vertical mode (e.g., from
parents to child) or in a horizontal mode (across individuals or from environmental contamination). Studies
supports both intrafamilial and extrafamilial transmission[41]. Some previous studies[1-6] indicated that having
infected family members is highly associated with the
infection in children. Konno et al[1] identified fingerprint
patterns identical to those of at least one family member
in 76% of the children, with a significantly higher rate of
identity in the mothers’ patterns, compared with those
of fathers. Mother-to-child transmission was thus suggested as the most probable route of transmission of H.
pylori. Several studies pointed out that seroprevalence was
higher in children whose mother was infected[2-4]. The
relation between index child infection and the proportion
of seropositive family members may reflect an increased
probability of H. pylori exposure in families[3]. In a study,
H. pylori was detected in 70.6% of children whose mothers were positive[2]. Within the Ulm Birth Cohort Study,
which consisted of 1066 healthy newborns followed up
to age 4, and their siblings and parents. In multivariate
analyses, only maternal infection determined as the single
risk factor (OR = 13.0) for acquisition of infection in
childhood[5]. The mothers taking care of children probably play a key role in transmission[2-5].
Some studies have addressed the potential role of
various family members simultaneously[6,7]. Kıvı et al[3]
pointed out the presence of infected siblings as an independent risk factor for the infection in children. In addition, a Japanese study highlighted the role of grandmothers in the familial transmission of H. pylori. The siblings
carried the main risk, followed by mothers and grandmothers but not by fathers and grandfathers[7]. The role
of grandmothers who taking care of their grandchildren
was an interesting determination. The importance of infected mothers and the lack of a significant contribution
from infected fathers possibly reflect how intimate contact potentiates the effect of having seropositive family
members. Person-to-person transmission and intrafamilial spread seem to be the main routes, based on the intrafamilial clustering observed, while a waterborne infection
remains possible.
In high-prevalence areas, opportunities for horizontal
transmission are higher, which can result in greater diversity of H. pylori within a family. Horizontal transmission
occurs frequently between persons who do not belong to
a core family in developed countries. Intra-familial transmission of H. pylori was common in urban families. How-
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ever, the South African families were infected with widely
diverse strains, and multiple infections were common.
Gastroenteritis, particularly with vomiting in an H.
pylori-infected person can be a source of H. pylori in humans[42]. Exposure to an infected household member
with gastroenteritis have associated with a 4.8-fold increased risk of infection among 2752 household members. Vomiting was associated with a 6-fold greater risk
for new infection[43,44]. As with other enteric infections,
H. pylori infection rates have decreased dramatically with
improvements in sanitary infrastructure and household
hygienic practices.
Moreno and Ferrus[45] were able to culture H. pylori
from 6 of 45 wastewater samples. Another study claimed
the isolation of H. pylori from five water samples originally from a river in Isfahan, Iran[46]. In the Karachi, Pakistan, 2 of 50 drinking water samples tested were found to
be positive for H. pylori by PCR[45,47].
Day-care centers and H. pylori infection
The possibility of H. pylori transmission among children
in day-care centers or kindergarten where interpersonal
contacts are common have been also suggested. However, a meta-analysis of 16 studies did not confirm this
hypothesis[48]. According to a study comparing three socioeconomic settings, children spending the whole day at
home with their mothers were more susceptible to infection by H. pylori[2]. The mother is likely to have introduced
the infection to her offspring. Child-to-child transmission
outside the family has low possibility according to a study
from Sweden[3]. Mother’s H. pylori infection and close
contact with her child all day are the main causes of contamination of children[2].
Contribution of living conditions of the family
The rate of H. pylori infection in high-income families
was lower than that in middle to low-income families
(36.9% vs 48.3%). In addition, the rate of H. pylori infection in children with well-educated parents was found
lower than in those with parents who had not received
higher education (39.5% vs 50.8%)[18].
The prevalence (34%) of H. pylori was significantly
higher in lower economic status groups, in children living in crowded houses, and in older age groups[36]. There
was a strong inverse correlation between family income
and seropositivity[4]. Among study subjects aged 15+
years, prevalence of H. pylori infection was significantly
increased in those with lowest education (OR = 3.19)[20].
In a study which comparing with three socioeconomic
settings, the prevalence rate was the highest in children
whose mother had lowest educated levels. The children
who had illiterate mothers also had an increased prevalence of H. pylori infection. On the other hand, illiterate
mothers was living in the deprivation area also[2]. Furthermore, the mother may be more important infection
source than siblings in high-income countries and vice
versa in low-income countries[49,50].
The prevalence of H. pylori (79.4%) in adults differed
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significantly among the six Latin American countries
studied. H. pylori positivity increased with increasing
number of siblings. Odds of H. pylori infection increased
with the presence of certain living conditions during
childhood including having lived in a household with lack
of indoor plumbing and crowding[51]. The incidence of
H. pylori positivity increase with family size[2,3]. The lowest
ratio of H. pylori was in mothers with one child[2].
Breastfeeding
Several studies have investigated the association between
H. pylori and breastfeeding with conflicting results. The
most of the studies supported the preventive effect of
breastfeeding[19,52]. However, some studies were not able
to confirm these findings[3,53,54]. In a cross-sectional study
of 327 Turkish preschool children, Ertem et al[19] reported
an OR of 0.22 and Rothenbacher et al[55] reported an OR
of 2.57 in 946 German preschool children for H. pylori
infection among children who were breast-fed[52].
In a systematic review by Chak et al[52] have not also
determined the dose-dependent protective effect against
H. pylori associated with increasing duration of breastfeeding. In a previous study[2], the highest HpSA positivity was reported in children who had been breastfeeding
for 12 mo (33.3%). The prevalence of H. pylori was 5.8%
in children who had never been breastfed. In a population-based study, it was 8.4%[55]. Several studies claimed
that prevalence was the highest in children breastfed
more than 6 mo[56,57]. In the study of Sýkora et al[58], the
prevalence was 7.1% among 1545 children (aged 0-15
years). H. pylori was found in 12.4% of children that were
not breast-fed. However, the prevalence of H. pylori was
80.8% among subjects living in children’s homes in this
study.
Appelmelk et al[59] reported that lactoferrin from human breast milk was able to bind to H. pylori liposaccharide, leading to its inactivation. Thomas et al[6] also
determined that increased titers of H. pylori IgA in breastfeeding of the Gambian mothers can delay acquisition of
infection in their children[60,61]. According to these data,
the mothers in developing countries could have higher
titers of H. pylori IgA in their breast milk.

STRATEGIES FOR THE PREVENTION OF
H. PYLORI INFECTION IN CHILDHOOD
H. pylori infection is recognised as a cause of gastritis
and peptic ulcer disease. The important question which
needed research is the acquisiting time of H. pylori in
childhood. Acquisition seems to occur mainly between
the first and the second years of life. Therefore preventive measures need to be applied early childhood.
The high prevalence in parents and the child infection
may originate in worse living conditions, poorer sanitation or more frequent gastroenteritis. More contacts with
infected individuals in the extended family or community
could also contribute to the higher risk of contacting the
infection in low-income countries[3]. In early childhood,
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the mother is the family member with the closest contact
with the child. It seems possible that mouth secretions of
the mother which contaminated with H. pylori may transmit to the infant[62]. Transmission may also occur by the
common use of spoons, the licking of pacifiers, the teats
of feeding bottles or even by chewing or tasting children’s
food. Gastric juice, saliva and faeces have been postulated
as vehicles for H. pylori[3,50]. For these reasons, not using
the same tooth-brush or glass, not putting the materials which belong to babies into the mouth and washing
hands are critical to prevent contamination of H. pylori
infection. Herrera et al[63] compared H. pylori genotypes
from members of low income families in Peru. Interestingly, in 70% of the cases, family members-child strain
pairs did not match. The important effect of this study is
to show the contribution of the living conditions to the
spread of infection in traditional close relations of whole
people in villages. In contrast to living as a core family,
sharing the same living space in villages is prominent in
most of the low income countries.
In poor resource settings where malnutrition exist,
parasitic/enteropathogen and H. pylori infection co-exist
in young children[64]. Like many common gastrointestinal
infections, poor standard of living, low socio-economic
status, overcrowded families and low education of parents are still major risk factors of H. pylori infection.
Acute infection with H. pylori can lead to hypochlorhydria, which could facilitate the colonization of enteric
infectious agents and subsequently may predispose to
diarrhea and malnutrition[62]. Malnutrition that is caused
by poor hygiene, recurrent infections and consumption
of insufficient food increases gastrointestinal infections
and also H. pylori infections. Poor living conditions, lack
of facilities, low incomes, high numbers of children can
cause serious problems in both feeding and maintenance
aspects. However, the relationship between growth retardation and H. pylori is significant in the studies[33-36].
The prevalence of H. pylori infection has been decreasing in the white race among immigrants. However,
the people with African and Asian origin have the same
results like developing countries[10]. It confirms with the
effects of keeping traditional life or the higher H. pylori
prevalence rates in their countries of origin. In addition,
the comparison of educational levels of these people is
also important. Even in improving living conditions, no
serious decrease in the rate of infection shows us the
importance of hygiene habits of the family. This study
indicates that main causes are not the lacking of in-home
facilities but the education and consciousness.
Epidemiologic studies regarding the role of breastfeeding in protecting against H. pylori infection have
produced conflicting results. At least, the question is not
whether breastfeeding protect the baby against H. pylori
infection. The real problem is the breastfeeding methods
being done with suitable sanitary rules. Not washing hand
before breastfeeding may be the main reason for passing
the infection to their baby. It has been emphasized that
horizontal contagion of infection from nipple to child
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might occur in unhygienic mothers[57]. The close maternal
contact may be a possible route of transmission of H.
pylori infection. Hypothetically, the more the duration of
breastfeeding lasts, the greater the baby exposes unhygienic conditions and becomes infected by H. pylori.
There was an interesting determination from Gambia.
The children living in the same family compound, with
the same father but different mothers, were colonized
from 3 mo of age while their half-siblings remained free
from colonization to age 1 year. It was claimed that the
colonized mothers have different levels of anti-H. pylori
IgA in breast milk and high levels of which are associated
with delayed infant H. pylori colonization[6].
Probiotics improve gastrointestinal flora and prevent
to settle the infective agents. Probiotics have contributed
in supportive therapy in H. pylori[3]. The antibiotic treatment has a high cost and is not 100% effective because
of resistance to antibiotics. Probably, using probiotics as
a prophylactic functional food for preventing infections
in children and their mothers in daily life could be effective. However, in low income societies in which the H. pylori prevalence rate is higher, this can be a utopia because
of cost-efficiency problems.
In the contagious diseases, everybody can be infected
when there is an index case in the home. Moreover, H.
pylori has high risk for reinfection. There can be two reasons: (1) The hygiene habits and the difficulties to reach
clean water resources have not been improved; and (2)
The transmission of infection among the people living
in the same home has repeated. In this situation, the
eradication of infection cannot be possible without dried
sources. Like the eradication of parasitosis, parasitosis
is also a disease of bad sanitation, and the screening of
whole family and the proper therapy of infected cases
can be necessary for accurate eradication of H. pylori
infection and probably, the chain of infection can be broken. However, it can not be cost-effective. Also, therapy
in children is not recommended except limited indications. Nowadays the most suitable approaches in order
to decrease the risk of gastric cancer in the future can
be scanning the older people having index cases and the
children having gastrointestinal symptoms, and treating
infected cases in home. The prevalence of H. pylori infection in childhood is decreasing, especially in developed
countries. Among the risk factors explored, low socioeconomic status, limited education, crowded homes and
difficult access to sanitized water are the most significant
factors affecting the prevalence of H. pylori.
In future, vaccinia may be a chance to prevent infection. According to the initial studies, the decrease gastric
H. pylori colonisation by vaccination with H. pylori antigen
and adjuvant was possible[65,66].

predominantly mother-child and sib-sib transmission. Intimate contact has been suggested to be important. Most
of the studies have indicated mothers or persons who
looking after the children. Training the parents, especially
mothers and grandmothers, about sanitation rules besides
reaching safe water supplies, participating in “screen/
therapy/follow up for recurrence” programme in adults
who have gastrointestinal problems should be crucial.
Washing hands thoroughly, eating food that is properly
prepared and drinking water from a safe, clean source are
important steps for preventing H. pylori infection in children. Breastfeeding makes the children healthy, but hand
washing practice before breastfeeding and preparing food
will be easy and more effective to prevent household
contamination. H. pylori infection rates may be decreased
dramatically with improvements in sanitary infrastructure
and household hygienic practices. The best way to decrease the prevalence of H. pylori infection in children is
to educate women about how to protect themselves and
their offspring from H. pylori infection.

CONCLUSION
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In conclusion, whole these studies support that H. pyloriinfected mothers and siblings are primary determinants
for childhood H. pylori infection being consistent with a
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Core tip: The efficacy of first- and second-line Helicobacter pylori (H. pylori ) eradication regimens varies con-

Abstract
The efficacy of first- and second-line Helicobacter pylori (H. pylori ) eradication regimens varies considerably
in West Asian countries, mainly due to the variable
prevalence of resistant organisms. However, no review
article has yet evaluated and compared the efficacy of
different regimens among different countries of this
region. Therefore, we conducted a review to select the
best options and provide recommendations for H. pylori
treatment in this geographic region. A search through
PubMed was carried out to obtain relevant randomized
clinical trials published in English language up to June
2013. According to the results, among different therapeutic regimens used as the first-line protocols, 10-d
Bismuth-Furazolidone/Metronidazole quadruple therapy,
14-d Clarithromycin-containing hybrid therapy and 14-d
quadruple therapy including a proton pump inhibitor
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+ Bismuth + Tetracycline (500 mg QID) + Metronidazole (500 mg TDS) seemed to be appropriate options.
Among second-line therapeutic regimens, Bismuthbased quadruple therapies containing Tetracycline and
Furazolidone/Metronidazole, triple therapy containing
Amoxicillin and Gatifloxacin and Quadruple therapy including Bismuth + Azithromycin and Ofloxacin seemed
to be effective options. Third-line therapies were not
evaluated in West Asia; most guidelines, however, recommend choosing optimal eradication regimen according to the pattern of antibiotic susceptibility of H. pylori .
Although we limited our investigation to H. pylori eradication regimens in West Asia, the clinical significance of
the results goes beyond the countries situated in this
geographic region. In fact, the results are transferrable
to any region as long as the patterns of resistance are
the same.

siderably in West Asian countries, mainly due to the variable prevalence of resistant organisms. The present study
evaluates and compares the efficacy of different regimens
among different countries of this region. Although we
limited our investigation to H. pylori eradication regimens
in West Asia, the clinical significance of the results goes
beyond the countries situated in this geographic region.
In fact, the results are transferrable to any region as long
as the patterns of resistance are the same.
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INTRODUCTION
Helicobacter pylori (H. pylori) is among the most common
bacterial infections, affecting almost half the world population[1]. It is a known cause of chronic gastritis which
may be complicated by peptic ulcer disease (PUD), gastric
adenocarcinoma and lymphoma. While the prevalence of
H. pylori infection is decreasing in developed countries, it
still occurs commonly in developing countries, beginning
in early childhood[1]. This suggests the possible role of
socio-economic status and living standards in the distribution of the infection.
There is little detailed data on the prevalence of H. pylori infection in West Asia; nevertheless, the available data
is almost similar among different countries in this region.
In Iran, almost 90% of the adult population is infected
with the bacterium[2,3]. The prevalence has been reported
to be about 82% in Jordan[4] and 78.4% among industrial
workers and 64.3% among referent workers in the United
Arab Emirates[5]. At the same time, a significant fraction
of children are also infected. According to a report from
Turkey, 17.4% of children younger than 1 year were infected with the bacterium and the rate exceeded 70% in
adults[6]. al-Moagel et al[7] reported the prevalence of H.
pylori infection to range from 40% in individuals aged 5-10
years to more than 70% in those aged 20 years or older
in Saudi Arabia. Also, 2 different studies in Kuwait and
Yemen reported the prevalence of H. pylori infection to
be 27% in children younger than 13 years and 12.5% in
children 9-10 years old, respectively[8,9] (Figure 1).
The high prevalence of H. pylori infection in West
Asia highlights the need for identifying definite H. pylori
eradication regimens for the countries situated in this
geographic region.

INDICATIONS FOR H. PYLORI
ERADICATION
Indications for H. pylori eradication vary by geographic
regions. In countries with high H. pylori prevalence rates,
it is not cost-effective to treat every person positive for H.
pylori infection. Furthermore, H. pylori treatment would
often constitute a temporary solution due to high recurrence rates. Therefore, guidelines categorize indications
for H. pylori treatment by the geographic region and H.
pylori prevalence rates[10].
According to Maastricht IV Consensus Report, eradication of H. pylori is highly recommended in the following situations[11].
Functional dyspepsia, Gastro-esophageal reflux
disease, complicated or uncomplicated PUD, mucousassociated lymphoid tissue lymphoma, before starting
and during long term nonsteroidal anti-inflammatory
drug therapy in patients with a history of PUD, patients
receiving long term proton pump inhibitors (PPIs), unexplained iron deficiency anemia, idiopathic thrombocytopenic purpura, gastric cancer prevention in special situations (including first degree relatives, previous history of
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gastric neoplasia, severe pan-/corpus dominant gastritis,
severe gastric atrophy, more than 1 year acid suppression
therapy, strong environmental risk factors such as heavy
smoking and those who fear gastric cancer) and gastric
atrophy.
In addition, advisable indications include presence of
intestinal metaplasia and vitamin B12 deficiency.

RESISTANCE PATTERNS IN WEST ASIA
The prevalence of H. pylori resistance to antibiotics is increasing worldwide, mainly correlated with consumption
of antibiotics by the general population[12].
In West Asia, the resistance rates have been increasing over the last 20 years. In Iran, Clarithromycin resistance has increased from 1.4% in 1997[13] to 26.5% in
2013[14]. The rate is even reported higher in Turkey and
Bahrain[15-17]. Resistance to other antibiotics, including
Metronidazole, Amoxicillin and Tetracycline, has been on
the rise, as well. Table 1 demonstrates primary H. pylori
resistance to different antibiotics in some West Asian
countries. The data highlights the importance of surveillance of antibiotic resistance in clinical practice.

DATA COLLECTION METHOD
The present article is a narrative review to critically appraise randomized controlled trials in terms of the efficacy of different treatments for H. pylori eradication
conducted in West Asian countries.
To find relevant papers, a search was carried out on
PubMed website for studies published in English language up to June 2013. The following keywords were
used: (“Helicobacter pylori” or “H. pylori”) and (therapy or
treatment or eradication) and country name (Armenia,
Azerbaijan, Bahrain, Cyprus, Georgia, Iraq, Iran, Jordan,
Kuwait, Lebanon, Oman, Palestine, Qatar, Saudi Arabia,
Syria, Turkey, United Arab Emirates, Yemen). Relevant
randomized clinical trials were selected after their abstracts were reviewed by two gastroenterologists. Since
the number of second-line therapeutic regimens was
very small, non-randomized trials were also included for
evaluating second-line therapeutic options for H. pylori
eradication in this region. Data on type of patients and
therapy regimens in each arm and eradication rate based
on intention-to-treat (ITT) and per-protocol (PP) analyses were extracted from the selected studies and recorded
in data extraction forms.

FIRST-LINE TREATMENT REGIMENS
The optimal first-line regimen for treatment of H. pylori
infection should be considered the one that can achieve
> 90% PP eradication rate[18].
According to the Maastricht IV consensus report,
the regimen is influenced by the resistance rate to Clarithromycin: thus, standard triple therapy including a PPI
+ Clarithromycin + Amoxicillin or Metronidazole is rec-
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Figure 1 Map of the prevalence of Helicobacter pylori infection (%) in West Asian countries.

ommended for countries with less than 20% resistance
to Clarithromycin, while Bismuth-containing quadruple
therapies are recommended for those countries with high
Clarithromycin resistance[11].

STANDARD TRIPLE THERAPY
In Iran, a total of 9 studies have investigated the efficacy
of standard triple therapy on H. pylori eradication (table
2). Out of three 7-d regimens, 1 study showed acceptable
eradication rates[19-21]. Also, out of three 10-d regimens,
2 were successful in achieving > 90% PP eradication
rate[22-24] and out of three 14-d regimens, 1 yielded optimal
results[25-27].
However, out of 12 studies conducted in Turkey to
evaluate the effects of 7-, 10- and 14-d standard triple
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therapies on H. pylori eradication, only one of the 14-d
regimens could achieve an acceptable eradication rate[28-39]
(table 3).
Overall, it seems that Clarithromycin-containing triple
therapies were not successful in studies performed in
West Asian countries. This pattern of response is in concordance with the pattern of resistance to Clarithromycin
in these countries. As previously reported by Graham et
al[40], the success rate with standard triple therapy falls below 90% when the level of resistance to Clarithromycin
is above 10% and therefore, should not be used unless
proven to be locally effective.
In most studies, resistance to Clarithromycin has been
reported to be above 10% in Iran[41-44] and above 20% in
Turkey[16,17,45] (table 1). Furthermore, Clarithromycin is
not routinely administered in Iran due to its high cost.
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Table 1 Primary Helicobacter pylori resistance to different antibiotics in West Asia
Country

(R)

Year

[13]

Iran
Iran[14]
Iran[42]
Iran[58]
Iran[44]
Iran[43]
Iran[41]
Iran[110]
Turkey[45]
Turkey[16]
Turkey[17]
Turkey[111]
Turkey[63]
Lebanon[112]
Bahrain[15]
Saudi Arabia[59,61]
Saudi Arabia[59,61]
Saudi Arabia[59]
Saudi Arabia[60]
Saudi Arabia[62]
UAE[113]
UAE[64]
Syria[114]

Number of patients Testing method

Amoxicillin

Metronidazole

Tetracycline Clarithromycin

1997-2000
2001-2004
2005
2005-2008
2008
2010
2012

70
135
120
160
124
42
112

DDM
DDM
DDM
DDM
DDM
DDM
DDM

1.4
3.7
1.6
7.3
9.8
2.4
28

33%
36.3%
57.5%
55.6%
64.6%
40.5%
76.8%

0%
0.7%
0%
38.1%
0%
4.8%
18.6%

1.4%
3.7%
16.7%
7.3%
17.1%
14.3%
14.3%

2013
2003
2004
2006
2007
2012
2002
1999
1988
1996
1998
2002
2008
2010
2013
2012

153
87
110
92
61
61
54
83
71
62
63
223
46
26
16
130

DDM
DDM
DDM
DDM
DDM
DDM
DDM
Epsilometer test
DDM
DDM
DDM
DDM
DDM
E- test
?
FH

7.2
0
0
1.3
0
-

63.8%
42.6%
29.5%
57%
38%
85.5%
78.5%
80%
69.5%
63%
-

0%
2%
1.4%
0%
0.4%
-

26.5%
27.5%
48.2%
40.5%
16.4%
21.3%
4%
33%
4%
21%
19.2%
12.3%

Other drugs

Furazolidone: 4.5%
Ciprofloxacin: 2.4%
Ciprofloxacin: 33%
Rifampin: 28.6%
-

Levofloxain: 3.3%

DDM: Disk diffusion method; FH: Fluorescence in situ hybridization; UAE: United Arab Emirates.

BISMUTH-CONTAINING QUADRUPLE
THERAPY
Venerito et al[46] conducted a meta-analysis on 12 randomized clinical trials to compare the efficacy of Bismuth-containing quadruple therapy with standard triple
therapy. Per-protocol eradication rates were 77.6% and
68.9%, respectively, and both regimens had suboptimal
eradication rates.
Out of nine 7-, 10- and 14-d Bismuth plus Metronidazole-containing quadruple regimens in Iran, none had
acceptable eradication rates[20,22,26,47-52] (table 2). Besides,
only one of the 9 studies conducted in Turkey had 90.1%
PP eradication rate (table 3)[30,34-36,53-57].
The efficacy of Bismuth-containing quadruple therapies depends on the pattern of resistance to Metronidazole. In Iran, the resistance rate has been increasing, from
33% in 1997 to 76.8% in 2012[13,14,41-44,58]. The rate has also
been rising from 38% to 78.5% over the past 20 years in
Saudi Arabia[59-62]. Moreover, in 2 different studies, 42.6%
and 63% of H. pylori strains were resistant to Metronidazole in 2012 in Turkey and United Arabia Emirates,
respectively[63,64].
Furthermore, the dose and duration of Bismuth
therapy are also important variables, especially in case of
resistance to Metronidazole[65]. In most previous studies,
suboptimal dose and duration have been used and, as expected, unsatisfactory results were achieved[66]. But when
administering higher doses, some studies have reported
optimal results even in case of high resistance to Metronidazole. Luther et al[66] reported 97.1% PP eradication
rate with 2 wk of Omeprazole (20 mg BD), Bismuth sub-
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salicilate (240 mg QID), Tetracycline (500 mg QID) and
Metronidazole (500 mg TDS). Also, Bismuth, if given in
sufficient duration and doses, may revert metronidazole
resistance, and render Metronidazole resistant H. pylori
sensitive to metronidazole.
Novel therapies
Recently, some studies have shown promising results
with the novel sequential therapy. Nevertheless, a metaanalysis performed by Gatta et al [67] on 46 randomized controlled trials including 5666 patients receiving
sequential therapy and 7866 patients receiving nonsequential therapies, indicated the overall PP eradication
rate with sequential therapy to be 84.3%. According to
the result of the mentioned study, sequential therapy was
superior to 7-d triple therapy and yielded a marginally
higher eradication rate compared to 10-d triple therapy.
However, all the three regimens had suboptimal eradication rates.
In Iran, 3 studies evaluated the efficacy of sequential
therapy, none of which showed promising results[22,68,69].
Also, 4 studies were performed in Turkey (one 10-d and
tree 14-d regimens)[37,56,70,71]. They all contained Metronidazole and Tetracycline in the second half of therapy,
but none could achieve optimal eradication rates (table 3).
Another sequential study was conducted in Turkey which
contained levofloxacin instead of Clarithromycin. The
PP eradication rate was 90%[38].
Concomitant therapy is another therapeutic regimen
that has been proposed for areas with high resistance to
Clarithromycin. It consists of a PPI plus Amoxicillin,
Clarithromycin and Metronidazole prescribed simultane-
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Table 2 Randomized controlled trials for Helicobacter pylori eradication in Iran
Ref.

Type of patients

Mirzaee et al[21], 2012
Sarkeshikian et al[24], 2013
Keshavarz et al[25], 2007
Malekzadeh et al[19], 2003
Ahmad et al[82], 2013
Roghani et al[83], 2003
Seyedmajidi et al[26], 2013
Ghadir et al[81], 2011
Taghavi et al[27], 2009
Sotudehmanesh et al[52], 2001
Malekzadeh et al[49], 2000
Khatibian et al[48], 2007
Shidfar et al[51], 2012
Mousavi et al[50], 2006
Agah et al[47], 2009
Mirbagheri et al[20], 2006
Shavakhi et al[84], 2013
Fakheri et al[79], 2001
Daghaghzadeh et al[78], 2007
Fakheri et al[80], 2004
Aminian et al[22], 2010
Fakheri et al[69], 2012
Sardarian et al[68], 2013
Riahizadeh et al[23], 2010

Type of triple therapy regimens

NA

PAC-7, PAC-7 with yoghourt, PAC-7
with probiotic
PUD + NUD
OAC-10, OAAz-10
NUD
OAC-14, OAC[half dose]-14
Cancer Screening
OAC-7, OFT-4, OFT-7
PUD + NUD
OAF-7, OAF-7 with probiotic
DU
OAF-14, OAF-14 [half dose]
PUD
OAC-14, OABM-14, OCPen-14
PUD
OAF-14, OABF-14
NUD
OAC-14, O.Co.Dox.-14, OABF-14
DU
RBTM-14, RBTM-21, OBCT-14
DU
RABM-14, RABF-14
PUD
OABM-14, OABF-14, OABF (first week)
M (second week)
NS
OABM-14, OABM-14 + Lycopen
PUD, NUD
OABM-14, OAzBM-7
NUD
OABM-14, OABAz[first 7 d]-14
NUD
OAC-7, OABM-10, O.Am.BM-10
PUD
OABC-14, OABC-14 with probiotic
DU
OABC-14, OABF-14
PUD, NUD
OABF-7, OABF-14
DU
OAF-14, OABF(low dose F)-14,
OABF-14
Dyspepsia
OA-MC-10, OABM-14, OAC-10,
OCCip[first 7 d]-14
DU
PA-CT-10, PA-BF[7]-14
DU
PA-CT-10, PA-CT-14 (HYBRID)
PUD, NUD
OAB-MF-10, OAC-10, OAB-CF-10

Number of patients
in each study arm

Per-protocol

Eradication rate (%)
Intention-to-treat

34-34-34

61.3-73.1-64.5

NA

76-89
80-80
45-41-42
33-33
63-61
110-110-110
43-43
53-67-69
74-73-76
53-53
107-104,103

83-75
89-88
42.1-20.6-29.4
70-90
88.9-67.9
90.8-56-87
61.1-85.3
70-63-56
73-71-88
56-82
83.1-95.2,95.3

NA
83.7-85
35.5-17.1-23.8
70-90
76.2-62.3
80.9-50.9-79
51.2-67.4
66-61-49
68-68-80
55-75
74.5-87,86.6

27-27
65-64
30-30
120-120-120
90-90
55-63
78-78
50-50-50

68-77.8
75.7-78.1
69-68
91.1-85.5-92.8
84.4-82.1
90-90
84.8-82.6
54-72-92

62.9-77.8
70.4-74.1
NA
84.1-86.6-80.8
81.1-76.6
85-84
71.8-73.1
54-72-92

107-107-107

81.1-85.7-90.7-70

80.4-84-90.7-65

148-148
210-210
107-106-106

89.1-88.7
79.9-92.9
91.3-90.4-88.7

83.7-80.4
76.7-89.5
78.5-81.1-82

O: Omeprazole; R: Rabeprazole; A: Amoxicillin; C: Clarithromycine; Az: Azithrmycine; Cip: Ciprofluxacin; Pen: Penbactam; Of: Ofloxaciline; Co: Co-amoxicalv; Dox: Doxycylcine; F: Furazolidone; T: Tetracycline; M: Metronidazole; B: Bismuth subcitrate; NA: not available; PUD: Peptic ulcer disease; NUD: Nonulcer dyspepsia.

ously during the entire duration of therapy. A meta-analysis comprising of 481 patients showed 90% PP eradication rate with concomitant therapy[72]. An advantage of
this regimen over sequential therapy is its simplicity.
One study evaluated the effects of concomitant therapy in Turkey, with less than satisfactory results. In this
study, Tetracycline was used instead of Clarithromycin[36].
Hybrid therapy is another novel regimen consisting
of dual therapy with a PPI and Amoxicillin over the first
7 d and a concomitant quadruple therapy containing a
PPI plus Amoxicillin, Clarithromycin and Metronidazole
over the second 7 d. This regimen seems to be effective in areas with dual resistance to Metronidazole and
Clarithromycin. A study by Hsu et al[73] reported 99% PP
eradication rate with hybrid therapy.
In an Iranian study, 420 patients were randomized to
receive either hybrid or sequential therapy[68]. The eradication rates with hybrid therapy were 92.9% and 89.5% on
PP and ITT analyses, respectively, while sequential regimen had 79.9% PP eradication and 76.7% ITT eradication rates.
Cetinkaya et al[70] compared the efficacy of a hybrid
regimen with sequential therapy in Turkey. They used
Tetracycline instead of Clarithromycin in both regimens.
The PP eradication rates were 81.4% and 83.6% in hybrid
and sequential therapy groups, respectively.
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OTHER TREATMENTS
Quinolones
Many clinical trials have shown the efficacy of quinolonebased triple therapies in H. pylori eradication, ranging
from 72% to 96% as the first-line therapy[74]. Two studies
from Turkey investigated the efficacy of levofloxacinbased triple therapies, but both yielded suboptimal results[75,76]. However, Gatifloxacin-containing triple therapy
conferred 92% PP eradication rate in a study performed
by Sharara et al[77] in Lebanon (table 4).
Furazolidone
Furazolidone has been used in nine quadruple therapies
in Iran[23,27,47-49,78-81], four of which showed optimal efficacy, although severe side effects were reported in 14-d
regimens. Low dose Furazolidone was used in a further
study, which led to significant decline in eradication
rate[80]. Therefore, another study was conducted in which
Furazolidone was administered only over the first 7 d of
therapy, Yielding suboptimal eradication rates[69]. Consequently, 2 other Bismuth-based quadruple therapies were
conducted in 10- and 14-d regimens in which Metronidazole was administered over the first half of therapy
and was then replaced by Furazolidone over the second
half. Both protocols had ideal results with fewer side ef-
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Table 3 Randomized controlled trials for Helicobacter pylori eradication in Turkey
Ref.

Type of patients

Aydin et al[29], 2007
Yaşar et al[33], 2010
Uygun et al[32], 2004
Sezikli et al[31], 2012
Aladağ et al[28], 2005
Erçin et al[75], 2011
Seven et al[76], 2004
Gumurdulu et al[30], 2004
Alkim et al[34], 2011
Songür et al[35], 2009

PUD + NUD
Dyspepsia
Dyspepsia
NUD
DU
DU
PUD-NUD
PUD
PUD + NUD
PUD, NUD

Uygun et al[36], 2007
Kadayifci et al[56], 2012
Sezgin et al[55], 2006
Uygun et al[57], 2007
Akyildiz et al[53], 2009
Köksal et al[54], 2013

NUD
NUD
PUD + NUD
NUD
PUD + NUD
Dyspepsia

Nadir et al[37], 2011
Yakut et al[71], 2010
Uygun et al[39], 2008
Cetinkaya et al[70], 2010
Polat et al[38], 2011

Dyspepsia
Dyspepsia
NUD
NUD
NUD

Type of triple therapy regimens

Number of patients
in each study arm

PAC-14, PAC-7
PAC-14, PAC-14 with probiotic
LAC-14, PAC-14
LAC-14, LAT-14
OAC-14, PAC-14
LALevo-7, LALevo-14
OALevo-10, OALevo-10[half dose]
OAC-7 , OAC-14, OBTM-10
OAC-14, LAC-14, RAC-14, PAC-14,
EAC-14, RBAC-14
LAC-14, LMT-10, LBMT-10,
RLBMT-10
LAC-14, LBMT-14
EABT-14, EAMT-14
RBMT-14, PBMT-14
RBAT-14, RBAC-14, RBMT-14
RBAT-14, RBADox-14
OBTM-14 ,
OBTM-14[Optimal dose]
LA-MT-14, LAC-14,
PA-MT-10, RaBAC-14
PA-MT-14, PAC-14
PA-MT-14, PA-TM-14 (HYBRID)
E-A-[first 7 d]-LevoM-[last 7 d]-14,
EAC-14

Eradication rate (%)
Per-protocol

Intention-to-treat

113-115-119-117

73.5-47.1
53-66
69.2-70
47.4-39.3
90.6-93.5
34.1-72.7
72.7-60
NA
65.6-72.1-84.4-62.5-60.3
-85.7
35.6-64.4-54.9-64.6

67.6-44.4
53-66
62.2-60
45-37.5
90.6-93.5
27-65
72.7-60
24.5-40.6-61.5
63.6-66.7-81.860.6-57.6-81.8
32.7-60-47.1-57.3

120-120
100-100
42-40
100-100-100
58-57
45 - 45

62.7-82.3
89.7-80.4
61.9-55
64.4-66.2-58.9
40.8-45.7
86.8-90.1

57.5-70
79-74
61.9-55
58-59-56
34.5-36.8
73.3-89.9

144-138
108-75
150-150
56-56
75-75

77.6-53.6
88-95
80.1-63
83.6-81.4
90-57

72.2-52.5
88-95
72.6-58
82.1-78.5
86.6-50.6

40-40
38-38
45-45
40-40
64-62
51-40
50-60
53-59-52
66-66-66-66-66-66

O: Omeprazole; E: Esomeprazole; B: Bismuth; Ra: Ranitidine; A: Amoxicillin; C: Clarithromycine; L: Lansoprazole; P: Pantoprazole; T: Tetracycline; M:
Metronidazole; R: Rabeprazole; Levo: Levofloxacine; NA: Not available; PUD: Peptic ulcer disease; NUD: Non-ulcer dyspepsia.

Table 4 Randomized controlled trials for Helicobacter pylori eradication in other West Asian countries
Ref.

Type of patients

Sharara et al[77], 2004

Dyspepsia

Type of triple therapy
regimens

Number of patients in
each study arm

Per-protocol

Eradication rate (%)
Intention-to-treat

RAG-7, R[half dose]AG-7

52-52

92-83

92-83

A: Amoxicillin; C: Clarithromycine; R: Rabeprazole; G: Gatifloxacine; Tin: Tinidazole; E: Esomeprazole; T: Tetracycline; PUD: Peptic ulcer disease; NUD:
Non-ulcer dyspepsia.

fects[23,48].
Furazolidone has also been used in triple therapies in
Iran[21,80-83]. Five studies have investigated the effects of 4-,
7- and 14-d Furazolidone-containing triple therapies, but
only a 7-d protocol, in which a probiotic had been added
to the regimen, could achieve > 90% PP eradication
rate[82].
In Iran, the resistance of H. pylori to Furazolidone
increased from 2003 to 2010, although the rise was not
significant (0% to 4.5%) (table 1). Furazolidone has low
cost and is readily available in developing countries. When
it was administered in low doses (50 mg BD), the efficacy
of regimen was shown to be very low[83]. On the other
hand, when administered in high doses (200 mg BD), if
tolerated, the efficacy of regimen was comparable to that
of Clarithromycin-containing regimens[79]. In order to
lower the incidence of adverse effects, it is recommended
to eliminate foods high in tyramine and also decrease
the duration of Furazolidone administration to 5 or 7 d
and replace it with Metronidazole for the remaining days
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or vice versa. It is obvious that the duration of therapy
should not be less than 10 d. Four- or seven-day regimens
have not been successful even if the bacteria are susceptible to Furazolidone[21].

BISMUTH-CLARITHROMYCIN
QUADRUPLE THERAPY
Three Iranian studies have investigated the efficacy of
14-d Bismuth- and Clarithromycin-containing quadruple
regimens. Only one of the studies could achieve 90%
PP eradication rate[52,79,84]. However, if a Clarithromycincontaining 4-drug regimen is to be tried, hybrid therapy
may be a better option since it has higher success rates.

TREATMENT FAILURE
Failure of H. pylori treatment depends on multiple factors related to both the bacterium and the host. In fact,
the effects of antibiotics in vivo are not the same as those
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observed in vitro, since the antibiotics must diffuse to the
gastric mucosal layer where the bacteria reside. Moreover,
low gastric pH may compromise antibiotic activity. Most
antibiotics have greatest activity at neutral pH; nevertheless, Clarithromycin especially has greatest activity at high
pH (around 8) and metronidazole has greatest activity at
lower pH (around 6). Thus, Clarithromycin is the only
antibiotic that benefits from a high pH caused by PPI[85].
Furthermore, sometimes H. pylori transforms into coccoid shape, which keeps it from the effects of antibiotics[86]. Also, some strains, including Cag A-negative strains
and those carrying Vac As2m2 allele, show resistance to
antibiotics[87]. However, the most important factor influencing response to treatment is primary resistance to
antibiotics which is increasing all over the world due to
extensive use of antibiotics[12].
Among host factors, compliance to treatment plays
an important role. Patients may not completely adhere to
treatment due to adverse effects or combination of multiple drugs in multiple daily doses.
Besides, the patient’s underlying disease also affects
the H. pylori eradication rate. Many studies have shown
that patients with non ulcer dyspepsia have lower eradication rates compared to those with PUD[87,88].
Since low gastric pH lowers the effects of antibiotics,
PPIs are administered to increase gastric pH. Most PPIs
are metabolized by cytochrome P450 in the liver. Therefore, extensive metabolizer patients do not attain sufficient PPI levels to achieve optimal pH level for antibiotic
effects[89].
Smoking is also another factor influencing the response to treatment[90]; it reduces gastric mucosal blood
flow and increases gastric acid secretion; therefore lowering antibiotics activity.
All the mentioned factors should be kept in mind in
patients with failure of treatment.

SECOND-LINE TREATMENT REGIMENS
A second-line H. pylori therapy regimen may be considered optimal that can achieve > 80% PP eradication
rate[18]. Few studies have addressed second-line therapeutic regimens in West Asia.
In a study by Minakari et al[91], 220 patients who had
failed treatment with OABM were randomized to receive either OABC (C: Clarithromycin) or OBAzOf (Az:
Azithromycin, Of: Ofloxacin). Per-protocol eradication
rates were 74.7% and 86.7%, respectively.
In a study by Sotoudehmanesh et al[92], 80 patients
who had failed treatment with 2 wk of Omeprazole +
Amoxicillin + Bismuth + Metronidazole (OABM) received 2 wk of OTBF (F: Furazolidone, T: Tetracycline).
Per-protocol eradication rate was 90%.
Fakheri et al[93] investigated the effects of a modified
Bismuth- and Furazolidone-containing 14-d quadruple
therapy on patients who had failed treatment with classic
sequential therapy. The regimen contained Furazolidone
only for the first 7 d. The per-protocol eradication rate
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was optimal (82.9%).
Four other studies investigated second-line therapies in
Turkey
In a study by Sezikli et al[31] 30 patients who had failed
treatment with standard triple therapy received Tetracycline instead of Clarithromycin. The per-protocol eradication rate was suboptimal (48.3%).
Another study investigated the effects of 7-d
Omeprazole-Amoxicillin-Levofoxacin on 37 patients who
had failed treatment with 14-d standard triple therapy.
The per-protocol eradication rate was 58.2%[94].
In a study by Köksal et al[95], 56 patients who had
failed treatment with 10-d standard triple therapy were
randomized to receive either 10-d Ranitidine-BismuthAmoxicillin-Clarithromycin (RBAC) or 10-d RanitidineBismuth-Metronidazole-Tetracycline (RBMT). The
per-protocol eradication rates were 60.7% and 85.7%,
respectively.
Another study investigated the efficacy of 14-d
RBMT and 7-d RBAz (Az: Azithromycin) on 52 patients
who had failed treatment with 14-d standard triple therapy[96]. The results were unsatisfactory (44.4% and 13% PP
eradication rates, respectively).
Second-line therapy was also investigated by Sharara
et al[97] in Lebanon. Forty five patients with failed standard
triple therapy received Rabeprazole-Amoxicillin-Gatifloxacin for only 7 d. The per-protocol eradication rate was
84.4%.

THIRD-LINE TREATMENT REGIMENS
No study in West Asia had dealt with patients who have
failed second-line H. pylori eradication therapy.
According to Maastricht IV Consensus Report, the
best therapeutic approach is to obtain gastric biopsy
in order to identify suitable antibiotics by culture and
antibiogram. However, there are some limitations. The
results obtained in vitro are not reproduced exactly in vivo
and vice versa. Furthermore, the sensitivity of H. pylori
cultures has been reported to be less than 60%[98].
Some regimens have been proposed as third-line
therapy. Bismuth-based quadruple therapies including
quinolones or Furazolidone + Tetracycline are among the
candidates[99]. Rifabutin is another drug introduced to be
effective in third-line regimens[100,101]. However, its risks
include myelotoxicity and severe ocular adverse effects,
and if used extensively, may lead to resistant Mycobacterium tuberculosis strains in the future.
Therefore, it seems that the best option is still to treat
based on antibiotic resistance patterns.

COST-EFFECTIVENESS OF THERAPY
The studies evaluating the cost-effectiveness of H. pylori
eradication regimens in West Asia are very scarce. In
2006, Sancar et al[102] reported 7-d Lansoprazole-Amoxicillin-Clarithromycin and 14-d Ranitidine-Bismuth-
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Table 5 Recommended treatment regimens for Helicobacter pylori eradication in West Asia
First-line therapeutic options:
10-d Bismuth-Furazolidone Quadruple therapy:
Pantoprazole 40 mg BD + Amoxicillin 1 g BD + Bismuth 240 mg BD for 10 d; Metronidazole 500 mg BD just over the first 5 d and Furazolidone 200
mg BD over the second 5 d
14-d Clarithromycin-containing Hybrid therapy:
Pantoprazole 40 mg BD + Amoxicillin 1 g BD for 14 d and Clarithromycin 500 mg BD + Tinidazole 500 mg BD just over the last 7 d
14-d Omeprazole-Bismuth-Tetracycline-Metronidazole, if:
Omeprazole 20 mg BD + Bismuth 240 mg BD + Tetracycline 500 mg QID + Metronidazole 500 mg TDS for 14 d
Second-line therapeutic options:
14-d Omeprazole-Bismuth-Tetracycline-Furazolidone:
Omeprazole 20 mg BD + Bismuth 240 mg BD + Tetracycline 500 mg BD + Furazolidone 200 mg BD (if Furazolidone is not used as first-line)
14-d Ranitidine-Bismuth-Tetracycline-Metronidazole:
Ranitidine-Bismuth 400 mg BD + Tetracycline 500 mg BD + Metroidazole 500 mg BD
7-d Rabeprazole-Amoxicillin-Gatifloxacin:
Rabeprazole 20 mg BD + Amoxicillin 1 g BD + Gatifloxacin 400 mg Daily
14-d Omeprazole-Bismuth-Azithromycin-Ofloxacin:
Omeprazole 20 mg BD + Bismuth 240 mg BD + Azithromycin 250 mg BD + Ofloxacin 200 mg BD
Third-line therapeutic options:
The optimal regimen must be chosen according to the pattern of antibiotic susceptibility of H. pylori1
1

Rifabutin-containg triple therapy may also be a suitable option[100,101]. BD: Twice a day; TDS: Three times a day; QID: Four times a day; H. pylori: Helicobacter
pylori.

Amoxicillin-Metronidazole regimens as the most costeffective regimens among 8 therapeutic options in
Turkey. That study, however, was conducted in 2001 and
therefore reflects the expenses of that time. We could not
find a newer study on the pharmaco-economics of H.
pylori eradication regimens in Turkey.
In 2013, Sardarian et al[68] compared the effects of
hybrid vs sequential regimens in Iran. The PP eradication
rates were 92.9% and 79.9%, respectively. The cost of
therapy was 30.3$ for the hybrid and 20.5$ for the sequential regimen and Clarithromycin accounted for about
70% of the total price in each arm.
In Iran, Furazolidone, Bismuth, Metronidazole and
Tetracycline are very cheap and readily available. A 10-d
Pantoprazole-Amoxicillin-Bismuth-Furazolidone therapy
costs 8.96$ and a 14-d Omeprazole-Bismuth-Tetracycline-Metronidazole costs 9.85$. Therefore, regarding the
results of the present review, the latter 2 regimens seem
more cost-effective in Iran.
We found no data about the pharmaco-economics of
H. pylori treatment from other countries in West Asia.
Nonetheless, it is logical to assume that the costeffectiveness of different H. pylori eradication regimens
depends largely on the efficacy of the first-line option,
since failure of the initial therapy leads to prescription of
more expensive drugs with lower success rates and also
additional costs of confirming H. pylori eradication.

RECURRENCE AFTER SUCCESSFUL
TREATMENT
Treatment of peptic ulcer disease, mucus-associated
lymphoid tissue lymphoma and also prevention of peptic ulcer complications and even gastric cancer depends
on definite H. pylori eradication. Recurrence of H. pylori
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infection 1 year after successful treatment is rare in developed countries but goes as high as 41% in developing
countries[103]. Investigations have shown that recrudescence mostly accounts for the recurrences during the first
year after treatment, while re-infection is responsible for
those that occur after one year from the treatment.
Recurrence of H. pylori infection after successful
eradication has been investigated in some countries in
West Asia. The recurrence rate after 1 year of treatment
has been reported to be 34% in Yemen[104], 41.6% in
Turkey[105] and 5%-19.1% in Iranian adults and 14.7% in
Iranian children[106,107].
Also, 2 other studies from Iran reported 2-year and
3-year recurrence rates to be 13.7% and 20.4%, respectively[108,109].
In conclusion, a significant number of successful H.
pylori treatments result in recurrence after 1 year or more
in West Asia. This should influence follow up strategies
for patients in these countries.

LIMITATIONS
The main limitation of the present narrative review is
the unavailability of data about H. pylori culture results in
each study.
Furthermore, heterogeneity was present and the studies differed in many aspects, including the underlying
peptic disorder, dose of antibiotics, kinds of PPIs and
duration of therapy. This could lead to discrepancy in
eradication rates, since increased dose and duration of
therapy would change eradication rates and the underlying peptic disorder would influence the results. Also, a
significant number of studies had less than 100 patients
in each therapeutic arm.
Language was another limitation of the present study
and our research was restricted to English reports.
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CONCLUSION
Considering the diverse effectiveness of different regimens in West Asian countries, it seems that the ideal
therapeutic option must be chosen based on the individual pattern of antibiotic resistance of H. pylori in each
single country. According to the results of studies conducted in West Asia, most of which were from Iran, 10-d
Bismuth-Furazolidone/Metronidazole quadruple therapy,
14-d Clarithromycin-containing hybrid therapy and 14-d
quadruple therapy including a proton pump inhibitor
(PPI) + Bismuth + Tetracycline (500 mg QID) + Metronidazole (500 mg TDS) seem to be appropriate options
among different therapeutic regimens used as the firstline protocols (table 5). Among second-line therapeutic
regimens, Bismuth-based quadruple therapies containing
Tetracycline and Furazolidone/Metronidazole, triple therapy containing Amoxicillin and Gatifloxacin and Quadruple therapy including Bismuth + Azithromycin and
Ofloxacin seem to be effective options (table 5). Thirdline therapies have not been evaluated in West Asia, but
most guidelines recommend choosing optimal eradication
regimen based on the pattern of antibiotic susceptibility
of H. pylori. Rifabutin-containing triple therapy may also
be a suitable option (table 5). Although we investigated H.
pylori eradication regimens in West Asia only, the clinical
significance of the results is not limited to those countries situated in this geographic region. In fact, the results
are transferrable to any region provided the patterns of
resistance are the same.
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mation activity and the relevant mechanisms include
suppression of nuclear factor-κB and mitogen-activated
protein kinase pathway activation and inhibition of
oxidative stress. Anti-H. pylori induced gastric inflammatory effects of plant products, including quercetin,
apigenin, carotenoids-rich algae, tea product, garlic
extract, apple peel polyphenol, and finger-root extract,
have been documented. In conclusion, many medicinal
plant products possess anti-H. pylori activity as well as
an anti-H. pylori -induced gastric inflammatory effect.
Those plant products have showed great potential as
pharmaceutical candidates for H. pylori eradication and
H. pylori induced related gastric disease prevention.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

More than 50% of the world population is infected with

Key words: Helicobacter pylori ; Virulence factor; Medicinal plant; Active compound; Mechanism; Inflammation;
Gastric cancer; nuclear factor-κB pathway

Helicobacter pylori (H. pylori ). The bacterium highly

links to peptic ulcer diseases and duodenal ulcer, which
was classified as a group Ⅰ carcinogen in 1994 by the
WHO. The pathogenesis of H. pylori is contributed by
its virulence factors including urease, flagella, vacuolating cytotoxin A (VacA), cytotoxin-associated gene
antigen (Cag A), and others. Of those virulence factors,
VacA and CagA play the key roles. Infection with H.
pylori vacA -positive strains can lead to vacuolation and
apoptosis, whereas infection with cagA-positive strains
might result in severe gastric inflammation and gastric
cancer. Numerous medicinal plants have been reported
for their anti-H. pylori activity, and the relevant active
compounds including polyphenols, flavonoids, quinones, coumarins, terpenoids, and alkaloids have been
studied. The anti-H. pylori action mechanisms, including inhibition of enzymatic (urease, DNA gyrase, dihydrofolate reductase, N -acetyltransferase, and myeloperoxidase) and adhesive activities, high redox potential,
and hydrophilic/hydrophobic natures of compounds,
have also been discussed in detail. H. pylori -induced
gastric inflammation may progress to superficial gastritis, atrophic gastritis, and finally gastric cancer. Many
natural products have anti-H. pylori -induced inflam-
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Core tip: Many medicinal plant products possess anti-

Helicobacter pylori (H. pylori ) activity as well as an
anti-H. pylori induced gastric inflammatory effect.

Those plant products have showed great potential as
pharmaceutical candidates for H. pylori eradication and
H. pylori induced related gastric disease prevention.
Wang YC. Medicinal plant activity on Helicobacter pylori related diseases. World J Gastroenterol 2014; 20(30): 10368-10382
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i30/10368.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i30.10368

INTRODUCTION
Helicobacter pylori (H. pylori) is a spiral-shaped, Gram-negative, microaerophilic bacterium with 4 to 6 flagalla whose
ecological niche is the human stomach. The bacterium
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Table 1 Virulence factors of Helicobacter pylori
Virulence factor
H. pylori colonization
Urease

Flagella
BabA
H. pylori survival
Nox1

[4-7]

Function
Buffers stomach acid, toxic effect on
epithelium cells, disrupting cell tight
junctions, and sheathing antigen
Active movements through mucin
Adhesin

Resistance to killing by phagocytes, infectedsite inflammation
Superoxide dismutase
Resistance to killing by phagocytes
Catalase
Resistance to killing by phagocytes
Phospholipase A
Digest phospholipids in cell membranes
Alcohol dehydrogenase
Gastric mucosal injury
Tissue inflammation and damage
Vac A
Cytotoxicity
cag PAI
31 genes coding for type Ⅳ secretion system
CagA
Immunodominant antigen (part of cag PAI)
OipA
Induce inflammation, especially for IL-8
DupA
Induce inflammation via CagA, OipA and/or
VacA
HP-NAP
Neutrophil activation
Lewis x and y antigens
Molecular mimicry, autoimmunity
LPS
Low toxicity
Other
IceA
Homolog of type Ⅱ restriction endonuclease
H. pylori: Helicobacter pylori; BabA: Blood-group-antigen-binding adhesion;
CagA: Cytotoxin associated gene antigen; DupA: Duodenal ulcer promoting A; HP-NAP: H. pylori neutrophil activation protein; IceA: Induced by
contact with epithelium factor antigen; LPS: Lipopolysaccharide; Nox1:
NADPH oxidase 1; OipA: Outer inflammatory protein A; Vac A: Vacuolating cytotoxin A; IL: Interleukin.

was first isolated from the gastric mucosa of gastritis patients by Marshall and Warren in 1983[1]. More than 50%
of the world population is infected with H. pylori. The
bacterium highly links to peptic ulcer diseases (PUD) and
duodenal ulcers. Ten to fifty percent of infected individuals develop PUD, and 1%-3% of PUD patients progress
to gastric cancer[2]. The gastric cancer risk in H. pyloriinfected people was 2 to 7 times of that of the uninfected. Over half of gastric cancer patients have associated
H. pylori infection[3,4]. The WHO classified H. pylori as a
group Ⅰ carcinogen in 1994[3].

VIRULENCE FACTORS OF H. PYLORI
The pathogenesis of H. pylori is caused by its virulence
factors shown in Table 1. Those virulence factors are
responsible for H. pylori colonization [urease, flagella, and
blood-group-antigen-binding adhesion (BabA)] and survival [NADPH oxidase 1 (Nox1), superoxide dismutase,
catalase, phospholipase A, alcohol dehydrogenase] as well
as infected tissue inflammation and even damage [Vac A,
Cag A, outer inflammatory protein A (OipA), duodenal
ulcer promoting A (DupA), H. pylori neutrophil activation
protein (HP-NAP), Lewis x and y antigens, and lipopolysaccharide (LPS)][4-7]. Of those virulence factors, VacA
and CagA play the key roles.
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VacA
The vacA gene (3.9 kb) encodes the VacA protein and is
present in all H. pylori strains. The protoxin of VacA is
initially a 140 kDa protein, which undergoes both N-terminal and C-terminal cleavages to yield an N-terminal
signal sequence (33 residues), a mature 88-kDa secreted
toxin (p88), a small secreted peptide with unknown function, and a C-terminal autotransporter domain. The signal sequence is characterized by allelic variation with s1a,
s1b, and s2, which contributes to the recognization of
the inner membrane receptor of target cells. The mature
p88 divides into subunits N-terminal 33 kDa (p33) and
a C-terminal 55 kDa (p55) with noncovalent bonding.
The N-terminal 32 hydrophobic residues of p33 play a
key role in cytoplasmic membrane insertion, and p55 is
essential for the toxin to bind to the plasma membrane.
The p55 is also an allelic variation with m1 and m2. The
strains with vacA s1/m1 alleles are more strongly associated with gastric epithelial damage and gastric ulcers[5,8-13].
As shown in Figure 1A, oligomer p88 forms anionselective channels in the cytoplasmic membrane, which
can further react with early and late endosomal compartments (EE/LE) to form anion-selective channels in the
vacuole membrane. Such channels increase permeability
to small organic molecules and cations Fe3+/Ni2+ which
can further interact with NH4+ from H. pylori generating
an osmotic force for the driving water influx and vesicle
swelling, and finally leads vacuolation[5,8-12]. On the other
hand, the p88/EE/LE complex could be activated by
Bax and Bak, resulting in mitochondrial transmembrane
potential (ΔΨm) disruption, followed by the release of
cytochrome c from mitochondria to cytoplasm, activation
of caspase-9 and caspase-3, and finally proceeding to
apoptosis[10-12,14-17]. However, that apoptosis is inhibited by
CagA (Figure 1C)[11,14,18].
CagA
Cag A, a 120 to 145 KDa protein, is encoded on the
cag pathogenicity island (cag PAI) which is a 40 kb locus
(containing 31 genes) that encodes for a type Ⅳ secretion
system (T4SS), and is the only known effector protein
to be injected into host cells[4,12,19,20]. Infection with cagA
positive H. pylori strains has a high rate of severe gastric
inflammation, gastritis, atrophic gastritis, and gastric
adenocarcinoma[3,4,12,19-24]. Approximately 60%-70% of
isolates are cagA positive. However, this rate varies geographically, to nearly 100% for East Asian countries and
60% for Western patients[4,21].
nuclear factor-κB (NF-κB) pathway: Cag A is a multiple effector via phosphorylation independent and dependent pathways (Figure 1B and C). Once H. pylori adheres to the host’s gastric epithelial cells, CagA is injected
into cytosol through T4SS to activate NF-κB-inducing
kinase (NIK) and IκB kinase α/β (IKKα/β) resulting in
subunit IκBα of NF-κB (trimer IκBα/p50/p60) phosphorylation and then degradation[8,12,19,25-28]. Active NF-
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Figure 1 Signal transduction and immune response in Helicobacter pylori infected gastric epithelial cells. A: VacA-induced apoptosis; B: NF-κB pathway; C:
Mitogen-activated protein kinase pathway; D: Nox-1 pathway; E: IL-8/neutrophil pathway[5,8-12,14-17,19,25-39]. LPS: Lipopolysaccharide; IL: Interleukin; TLR4: Toll-like receptor 4;
NF-κB: Nuclear factor-kappaB; NIK: NF-κB-inducing kinase; VacA: Vacuolating cytotoxin A; CagA: Cytotoxin-associated gene antigen; PAK1: p21-activated kinase; IKKα/β:
IκB kinase α/β; MAPK: Mitogen-activated protein kinase; MKK4: MAPK kinase 4; MEK1/2: MAPK/ERK kinase 1/2; INF-γ: Interferon-γ; TNF-α: Tumor necrosis factor-α;
NOD1: Nucleotide-binding oligomerisation domain protein 1; COX-2: Cyclooxygenase-2; ICAM-1: Intercellular adhesion molecule-1; iNOS: Inducible nitric oxide synthase.

κB (dimer p50/p60) translocates into the nucleus to transcribe the inflammatory factor genes [cyclooxygenase-2
(COX-2), intercellular adhesion molecule-1 (ICAM-1),
and inducible nitric oxide synthase (iNOS)], proinflammatory cytokine genes [interleukin-6 (IL-6), interferon-γ
(INF-γ), and tumor necrosis factor-α (TNF-α)], and chemokine IL-8 gene[8,19,25,27,29-31]. This is called the NF-κB
pathway (Figure 1B). All of those related proteins can
result in severe inflammation for infected cells. H. pylori
muropeptide can also enter into cytosol through T4SS
to bind with nucleotide-binding oligomerisation domain
protein 1 (NOD1), and thereafter activates NF-κB[12,28,29].
On the other hand, H. pylori LPS, TNF-α, and IL-1 can
enter into cell cytosol via toll-like receptor 4 (TLR4) to
initiate the NF-κB pathway (Figure 1B)[19,25,27,29,30].

cellular signal regulated kinase 1/2 (ERK1/2), and p38
kinase, for which the JNK pathway involves p21-activated kinase (PAK1), mitogen-activated protein (MAP)
kinase kinase 4 (MKK4), and JNK; the p38 pathway
involves MAP kinase 3/6 (MKK3/6) and p38; and the
MEK/ERK pathway involves complex CagA/son of
sevenless/growth factor receptor bound 2/rat sarcoma
(CagA/Sos/Grb2/Ras), Raf, MAPK/ERK kinase 1/2
(MEK1/2), and ERK1/2. The MAPK cascades lead to
transcription factor [activator protein 1 (AP-1), Elk-1/
serum response element (Elk-1/SRE), Nox1, and NFκB] activation, leading to translation of chemokine IL-8,
cytokines (IL-6, TNF-α, INF-γ), and inflammatory factors (COX-2, ICAM-1, and iNOS) as well as NADPH
oxidase activation[27-29,31-35].

mitogen-activated protein kinase pathway (MAPK):
Aside from the NF-κB pathway, MAPK pathway activation is induced by CagA (Figure 1C). MAPK concerns
three key kinases: C-terminal Jun-kinase (JNK), extra-

Nox-1 pathway: The Nox-1 family consists of members
gp91phox, p22phox, p47phox, p67phox, and p40phox, in which
gp91phox and p22phox persist in cytosol, and p40phox, p47phox,
and p67phox are located in the cell membrane[36,37]. When
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a host cell is attacked by H. pylori, p47phox is immediately
phosphorylated (p-p47) along with p67phox, p40phox, and
GTPase-Rac to translocate to the cell membrane to form
a gp91phox/p22phox/p-p47phox/p67phox/p40phox/GTPaseRac complex, an active NADPH oxidase. Active p67phox
oxidizes NADPH to NADP+ and H+ which pass through
gp91phox and are released to the environment; at the same
time, gp91phox reduces O2 to O2-. and follows hydrogen
peroxide production, resulting in oxidative stress in the H.
pylori infected cells (Figure 1D)[33,35,38,39].
SHP-2/ERK pathway~CagA phosphorylation dependent: With exception to the CagA independent pathway, CagA can suffer phosphorylation by Src and Ab1
kinases, and then forms a complex with Src homology 2
(SH2)-domain containing protein tyrosine phosphatase
(SHP-2) to activate ERK1/2 (Figure 1C). Both MEK/
ERK and SHP-2/ERK pathways not only lead to NFκB (Figure 1B) and Nox1 (Figure 1D) activation, but also
result in cell proliferation (Figure 1C)[12,19-21,28,29].
IL-8
As aforementioned, IL-8 is a chemokine which is regulated by the transcription factors NF-κB, AP-1, and Elk/
SRE. IL-8 plays a key role in H. pylori infection and is an
important feature in H. pylori-infected patients. As shown
in Figure 1E, IL-8 infiltrates into vascular endothelial cells
to activate the CD11b/CD18 dimer. The active CD11b/
CD18 dimer forms a complex with neutrophil (CD11b/
CD18/neutrophil), and then further binds to ICAM-1 on
the vascular endothelial cell membrane (CD11b/CD18/
neutrophil/ICAM-1). That tetramer (CD11b/CD18/
neutrophil/ICAM-1) infiltrates into gastric epithelial cells
and releases high amounts of ROS (O2-., H2O2, HOCl,
OH•, and 1O2) through neutrophil NADPH oxidase,
resulting in oxidative burst[27,29,33,40]. Additionally, IL-8 can
activate polymorphonuclear cells and/or macrophages
to produce IL-12 which further amplifies the T-cell response to H. pylori[29].

ANTI-H. PYLORI ACTIVITY OF
MEDICINAL PLANTS
Various pharmacological regimens have been studied
in the treatment of H. pylori infection. Antibiotics[41,42],
proton-pump inhibitors[43,44], H2-blockers[45,46], and bismuth salts[47] are suggested standard treatment modalities,
which are typically combined in dual, triple, and quadruple therapy regimens in order to eradicate H. pylori infection[41,48]. Some problems may arise upon administration
of those eradication regimens, i.e. the cost[48], the efficacy
of antibiotics regarding the pH (for instance, amoxicillin
is most active at a neutral pH and tetracycline has greater
activity at a low pH)[48] and resistance to the antibiotics[49-51]. Therefore, some patients undergoing such drug
regimens experienced therapeutic failure.
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Plant extracts and fractions
Numerous studies have been carried out to investigate
the anti-H. pylori activity of plant extracts, partially purified fractions, natural compounds, and synthetic compounds. Anti-H. pylori activity for the medicinal plant
extracts and partially purified fractions is listed in Table
2, which has those results categorized as 4 classes according to their minimum inhibitory concentration (MIC): (1)
strong activity (MIC: < 10 μg/mL); (2) strong-moderate
activity (MIC: 10-100 μg/mL); (3) weak-moderate activity (MIC: 100-1000 μg/mL); and (4) weak activity (MIC:
>1000 μg/mL). In Table 2, 34 studies including more
than 80 plants were collected. Surprisingly, only a few
studies exhibited strong (2.9%, 1/34)[52] and strong-moderate (11.8%, 4/34)[53-57] activity. Most studies revealed
weak-moderate (50%, 17/34) [58-73] and weak (32.4%,
11/34)[74-81] activity against H. pylori. Notably, a few plant
extracts possessed strong anti-H. pylori activity. The greatest of them was Impatiens balsamina L. (Balsaminaceae),
a Taiwanese folk medicinal plant. The acetone, 95%
ethanol, and ethyl acetate pod extracts showed strong
anti-H. pylori activity with 1.25-2.5 μg/mL of MICs and
1.25-5.0 μg/mL of minimum bactericidal concentrations
(MBCs) against multiple-antibiotic [clarithromycin (CLR),
metronidazole (MTZ), and levofloxacin (LVX)] resistant
H. pylori strains. Such activity exceeded that of MTZ and
approximated that of amoxicillin (AMX), one of the
most effective drugs used in the eradication of H. pylori
infection worldwide[52]. The Persea Americana Mill. (Lauraceae), a Mexican medicinal plant, in methanol extract also
showed strong anti-H. pylori activity with < 7.5 μg/mL
of MIC[53]. Remarkable anti-H. pylori activity was reported
for three Paskin indigenous medicinal plant extracts: the
Acacia nilotica (L.) Delile (Fabaceae) aqueous extract, the
Fagonia arabica L. (Zygophyllaceae) acetone extract, and
the Casuarina equisetifolia L. (Casuarinaceae) methanol extract, all of them having 8 μg/mL of MIC[61]. The chloroform fractions from the methanol extracts of Centaurea
solstitialis ssp. Solstitialis and Centaurea solstitialis ssp. solstitialis (flowers) also exhibited significantly lower MIC (1.95
μg/mL) against H. pylori, both plants having been used as
Turkish anti-ulcerogenic folk remedies[59]. The leaf hexane fraction of Aristolochia paucinervis Pomel, a Moroccan
medicinal plant, demonstrated higher inhibitory activity
(MIC: 4 μg/mL) against H. pylori[58].
Natural compounds from plants
Aside from plant extracts, much literature has reported
on the anti-H. pylori activity of plant compounds. Table 3
lists 28 studies including 131 compounds to address their
anti-H. pylori activity in which phenolics/simple phenols/
polyphenols, flavonoids, quinones, coumarins, terpenoids,
alkaloids, and other compounds are involved. Some of
these compounds’ chemical structures are shown in Figure 2. Notably, MICs for those compounds were much
lower than those of plant extracts (Table 2), over 50% of
which being lower than 10 μg/mL. Specifically, of those
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Table 2 Anti-Helicobacter pylori activity of medicinal plant extracts and fractions
Plant
Strong activity (MIC: < 10 μg/mL)
Impatiens balsamina L.
Strong-moderate acticity (MIC: 10-100 μg/mL)
Persea americana, Annona cherimola, Guaiacum coulteri,
Moussonia deppeana
Myristica fragrans (seed), Rosmarinus officinalis (rosemary leaf )
Curcuma amada Roxb., Mallotus phillipinesis (Lam) Muell.,
Myrisctica fragrans Houtt., Psoralea corylifolia L.
Achillea millefolium, Foeniculum vulgare (seed),
Passiflora incarnata (herb), Origanum majorana (herb) and
a (1:1) combination of Curcuma longa (root), ginger rhizome
Carum carvi (seed), Elettaria cardamomum (seed),
Gentiana lutea (roots), Juniper communis (berry),
Lavandula angustifolia (flowers), Melissa officinalis (leaves),
Mentha piperita (leaves), Pimpinella anisum (seed)
Abrus cantoniensis, Saussurea lappa, Eugenia caryophyllata
Hippophae rhamnoides, Fritillaria thunbergii, Magnolia officinalis,
Schisandra chinensis, Corydalis yanhusuo, Citrus reticulata,
Bupleurum chinense, Ligusticum chuanxiong
Myroxylon peruiferum
Weak-moderate acticity (MIC: 100-1000 μg/mL)
Aristolochia pauciner6is
Cistus laurifolius, Spartium junceum, Cedrus libani, solstitialis,
Momordica charantia, Sambucus ebulus, Hypericum perforatum
Larrea divaricate Cav (leaves and tender branches)
Acacia nilotica (L.) Delile, Calotropis procera (Aiton)
W.T. Aiton, Fagonia arabica L., Adhatoda vasica Nees,
Casuarina equisetifolia L.
Zingiber officinale
Tephrosia purpurea (Linn.) Pers.
Terminalia macroptera (root)
Black myrobalan (Teminalia chebula Retz)
Rubus ulmifolius leaves
Amphipterygium adstringens
Lycopodium cernuum
Ageratum conyzoides, Scleria striatinux, Lycopodium cernua
Sclerocarya birrea
Including Artemisia ludoviciana subsp.mexicana 43 plants
Pteleopsis suberosa
Ageratum conyzoides, Scleria striatinux, Lycopodium cernua
Including Cuminum cyminum L., Cynara scolymus L.,
Origanum vulgare L. 17 plants
Allium sativum
Weak acticity (MIC: > 1000 μg/mL)
Mentha × piperita, Peppermint Oil, Origanum vulgare,
Pimpinella anisum, Aniseed Oil, Syzygium aromaticum
Chamomila recutita L., Ilex paraguariensis A. St.-Hil.
Allium ascalonicum Linn. (leaf)
Sclerocarya birrea
Punica granatum, Quercus infectoria
Mentha × piperita, Peppermint Oil, Origanum vulgare,
Pimpinella anisum, Aniseed Oil, Syzygium aromaticum
Including Anthemis melanolepis 13 plants
Including Cuminum cyminum L. 17 plants
Plumbago zeylanica L.
Anisomeles indica (L.) O. Kuntze, Alpinia speciosa (Wendl.) K. Schum.,
Bombax malabaricum DC., Paederia scandens (Lour.) Merr.
Allium sativum
Including Cymbopogon citratus (lemongrass) 13 plants

Test sample

MIC/MBC

Ref.

Pod acetone/95% ethanol/
ethyl acetate extracts

MIC: 0.625-2.5 μg/mL
MBC: 1.25-2.5 μg/mL

Wang et al[52]

Methanol extract

MIC: 7.5-15.6 μg/mL

Castillo-Juárez et al[53]

Methanol extract
70% Ethanol extract

MIC: 12.5-25 μg/mL
MIC: 15.6-62.5 μg/mL

Mahady et al[54]
Zaidi et al[55]

Methanol extract

MIC: 50 μg/mL

Mahady et al[54]

Methanol extract

MIC: 100 μg/mL

Mahady et al[54]

Ethanol extract
Ethanol extract

MIC: 40 μg/mL
MIC: 60 μg/mL

Li et al[56]
Li et al[56]

Methanol extract

MIC: 62.5 μg/mL

Ohsaki et al[57]

Rhizome/leave fraction
Solvent extract and hexane
fraction
Aqueous extract
Methanol/acetone extract

MIC: 4-128 μg/mL
MIC: 1.95-250 μg/mL

Gadhi et al[58]
Yeşilada et al[59]

MIC: 40-100 μg/mL
MIC: 8-256 μg/mL

Stege et al[60]
Amin et al[61]

95% Ethanol extract
Methanol extract and fraction
Root solvent fraction
Water extract

MIC: 10-160 μg/mL
MIC: 25-400 μg/mL
MIC: 100-200 μg/mL
MIC: 125 μg/mL
MBC: 150 μg/mL
MIC: 134-270 μg/mL
MIC: 160 μg/mL
MIC: 16-1000 μg/mL
MBC: 125-1000 μg/mL
MIC: 63-1000 μg/mL
MBC: 195-15000 μg/mL
MIC: 80-2500 μg/mL

Nostro et al[62]
Chinniah et al[63]
Silva et al[64]
Malekzadeh et al[65]

Ethyl acetate/methanol
Bark petroleum ether fraction
Hexane fraction
Methanol extract
Acetone/aqueous stem bark
extract
Methanol/aqueous extract
Stem bark methanol extract
Methanol extract
Ethanol extracts

Martinia et al[66]
Castillo-Juárez et al[67]
Ndip et al[68]
Ndip et al[69]
Njume et al[70]

MIC: 312-500 μg/mL
MIC: 313-500 μg/mL
MIC: 32-1000 μg/mL
MIC: 600-10000 μg/mL

Castillo-Juárez et al[53]
Germanò et al[71]
Ndip et al[69]
Nostro et al[72]

Aqueous extract

MIC: 2000-5000 μg/mL

Cellini et al[73]

Essential oil

IC50: 160-1460 μg/mL

Cwikla et al[74]

96% Ethanol extract
Methanol extract
Stem bark acetone/aqueous
extracts
Ethanol extract
Essential oil

MIC: < 625-1250 μg/mL
MIC: 625- 1250 μg/mL
MIC90: 60-2500 μg/mL

Cogo et al[75]
Bolanle et al[76]
Njume et al[70]

70% Methanol extract
Ethanol extract
Acetone extract

MIC: 625-5000 μg/mL
MIC: 75-10000 μg/mL
MIC: 320-10240 μg/mL
MBC: 5120-81920 μg/mL
MIC: 640-10240 μg/mL

Stamatis et al[78]
Nostro et al[72]
Wang and Huang[79]

MIC: 0.1% (v/v)

Cellini et al[73]
Ohno et al[81]

95% Ethanol extract
Aqueous extract
Essential oil

MIC: 160-> 2500 μg/mL Voravuthikunchai et al[77]
IC50: 160-1460 μg/mL
Cwikla et al[74]

Wang and Huang[80]

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration.
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compounds, 5 compounds [2-methoxy-1,4-naphthoquinone (MeONQ)[95], terpinen-4-ol[106], pyrrolidine[106],
1-methyl-2-[(Z)-8-tridecenyl]-4-(1H)-quinolone[107], and
1-methyl-2-[(Z)-7-tridecenyl]-4-(1H)-quinolone[107]] of
MICs or 50% MICs (MIC50) were lower than 1 μg/mL,
which were similar to or lower than that of AMX.
Phenolics, simple phenols, and polyphenols: Phenolic compounds are commonly distributed in plants. They
are classified as phenolics, simple phenols, and polyphenols. Cinnamic acid and chlorogenic acid are the common representatives of phenolics (Figure 2). Tannin is a
group of polymeric phenolic substances, which is divided
into two categories based on their chemical nature: hydrolyzable and condensed tannins (Figure 2). As listed on
Table 3, boropinic acid (a cinnamic acid derivative from
Boronia pinnata Sm.) had the lowest MIC (1.62 μg/mL)[82];
MICs for corilagin (a hydrolyzable tannin from Geranium
wilfordii) against 6 H. pylori strains were 2-4 μg/mL[83]; ellagic acid (a hydroxydiphenic acid from Rubus ulmifolius
leaves) showed anti-H. pylori activity with 2-10 μg/mL
of MICs[66], whereas 3-farnesyl-2-hydroxybenzoic acid
(a hydroxybenzoic acid prenylated derivative from Piper
multiplinervium) had 3.75-12.5 μg/mL of MICs against 5 H.
pylori strains[84].
Flavonoids: Flavonoids are widely distributed throughout the plant kingdom. The family consists of 7 members: flavones, flavanones, flavonols, flavanols, flavan3-ols (the structural unit of condensed tannins),
anthocyanidins, and chalcones with C6-C3-C6 skeleton
feature (Figure 2). As indicated in Table 3, the lowest
MICs of flavonoids against H. pylori peaked at quercetin 3-methyl ether (isorhamnetin) (MIC: 3.9 μg/mL),
a methoxylated flavonol aglycone from Cistus laurifolius
leaves[93]; kaempferol, a flavonol from Rubus ulmifolius
leaves (MBC: 6 μg/mL)[66]; and cabreuvin, an isoflavone
derivative from Myroxylon peruiferum (MIC: 7.8 μg/mL)[57].
Quinones: Quinones are aromatic rings with two ketone
substitutions (Figure 2). These compounds, largely responsible for flower color, are ubiquitous in nature and
highly reactive. In Table 3, MeONQ (a naphthoquinone
isolated from I. balsamina L.) has the strongest anti-H.
pylori action of those quinones with 0.156-0.625 μg/mL
of MICs and 0.313-0.625 μ g/mL of MBCs against
multiple-antibiotic (CLR, MTZ, and LVX) resistant H.
pylori strains. The activity was equivalent to that of AMX
as well as not being influenced by pH (4-8) or heat (121 ℃
for 15 min) treatments. Interestingly, MeONQ abounds
in the I. balsamina L. pod at the level of 4.39% (w/w)[95].
Subsequently, 2-(hydroxymethyl)anthraquinone followed,
which is an anthraquinone isolated from Tabebuia impetiginosa Martius ex DC (Taheebo) with 2 μg/mL of MIC[96].
Coumarins: The chemical structure of coumarins are
benzene fused with an α-pyrone ring (Figure 2), which
are responsible for the characteristic odor of hay[112].
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Coumarins are widely found in plants. Basile et al[99] reported that aegelinol and its derivative [benzoyl aegelinol
isolated from Ferulago campestris (Apiaceae) roots] showed
anti-H. pylori activity with 5-25 μg/mL of MIC. In fact,
many coumarin derivatives are synthetic and are commercially sold as supplementary diet products. Jadhav et
al[100] and Kawase et al[101] studied the anti-H. pylori activity
of 23 and 24 synthetic coumarin derivatives, respectively,
wherein they found those coumarin derivatives to have
anti-inhibitory activity, but not particularly high (MIC: 10
to > 100 μg/mL).
Terpenoids: Terpenoids derived from terpenes containing oxygen in molecule. Isoprene is the basic structural
unit of terpenes. Monoterpenes (C 10H 16), diterpenes
(C20), triterpenes (C30), and tetraterpenes (C40) commonly occur in nature (Figure 2). Arjunglucoside I is an
oleanane saponine isolated from Pteleopsis suberosa Engl.
Et Diels stem bark (Combretaceae), which possesses
anti-H. pylori activity (MIC: 1.9-7.8 μg/mL) against vacA/
cagA positive and metronidazole-resistant strains [102].
Trichorabdal A (a diterpene from Rabdosia trichocarpa)
showed strong anti-H. pylori activity with 2-5 μg/mL of
MICs[103]. A remarkable anti-H. pylori compound, terpinen-4-ol, was isolated from Sclerocarya birrea (Anacardiaceae)
with 0.004-0.06 μg/mL of MIC50, being similar to that of
AMX (MIC50: 0.0003-0.06 μg/mL)[106].
Alkaloids: Heterocyclic nitrogen compounds are called
alkaloids (Figure 2). The first pharmaceutically used
alkaloid was porphine from the opium poppy Papaver
somniferum [112]. 1-Methyl-2-[(Z)-8-tridecenyl]-4-(1H)quinolone and 1-methyl-2-[(Z)-7-tridecenyl]-4-(1H)quinolone were isolated from Evodia rutaecarpa fruits traditionally used in Chinese medicine. Both alkaloids were
found to have the relatively low MIC against H. pylori (<
0.05 μg/mL), which was similar to AMX and CLR[107].
Mechanisms of anti-H. pylori action
As aforementioned, numerous studies have reported natural products’ anti-H. pylori activity. However, only a few
papers have concerned the action mechanisms. Within
this literature, the mechanisms include urease activity
inhibition, anti-adhesion activity, DNA damage, protein
synthesis inhibition, and oxidative stress, which are each
addressed below.
Urease activity inhibition: Both Acacia nilotica and
Calotropis procera extracts possessed anti-H. pylori activity possibly due to inhibition of urease activity through
competitive and mixed type mechanisms, respectively, in
which both Vmax and affinity (Km) were changed for the
latter type[61]. The anti-H. pylori actions of 1,2,3,4,6-pentaO-galloyl-β -D-glucopyranose from Paeonia lactiflora roots
were considered to work in multiple manners. The hydrophobicity of the compound facilitates it to bind to cell
membranes resulting in the loss of membrane integrity as
well as inhibition of urease activity and UreB (an adhesin)
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Table 3 Anti-Helicobacter pylori activity of compounds from plants
Compound
Phenolics/Simple phenols/Polyphenols
Boropinic acid
Corilagin, 1,2,3,6-tetra-O-galloyl-b-D-glucose
Egallic acid
3-Farnesyl-2-hydroxybenzoic acid
Epigallocatechin gallate, epicatechin gallate, epigallocatechin,
epicatechin
Magnolol
Psoracorylifols
Resveratrol
Cinnamic acid
Allixin
Paeonol, benzoic acid, methyl gallate,
1,2,3,4,6-Penta-O-galloyl-β-D-glucopyranose
Including 3-hydroxy-2,2-dimethyl-8-prenylchromane-6-propenoic
acid 10 phenolic acids
Chlorogenic acid
Flavonoids
Quercetin 3-methyl ether,
quercetin 3,7-dimethyl ether, kaempferol 3,7-dimethyl ether
Kaempferol
Kaempferol 4’-methyl ether, quercetin, rhamnetin, isoquercetrin,
taxifolin, eriodictyol
Including licoisoflavone B and licoricidin 16 flavonoids
Cabreuvin
3,5,7-Trihydroxy-4’-methoxyflavanol, keampferol-3,4’-dimethyl ether
Quinones
2-Methoxy-1,4-naphthoquinone
2-(Hydroxymethyl)anthraquinone, anthraquinone-2-carboxylic acid,
Lapachol, plumbagin
Idebenone, duroquinone, menadione, juglone, benzoquinone,
coenzyme Q1, coenzyme Q10, decylubiquinone
Emodin
Coumarins
Benzoyl aegelinol, aegelinol
24 Synthetic coumarin derivatives
23 Synthetic coumarin derivatives
Terpenoids
Arjunglucoside I
Trichorabdal
Sivasinolide, altissin, 1-epi-tatridin B, desacetyl-β-cyclopyrethrosin,
tatridin-A
(Z)-R-santalol (7), (Z)-β-santalol, (Z)-lanceol
Stigmasta-7,22-diene-3β-ol
Plaunotol
Terpinen-4-ol
Alkaloids
1-Methyl-2-[(Z)-8-tridecenyl]-4-(1H)-quinolone,
1-Methyl-2-[(Z)-7-tridecenyl]-4-(1H)-quinolone
Tryptanthrin
Other compounds
Pyrrolidine

Original plant

MIC/MBC

Ref.

Boronia pinnata
Sm.
Geranium wilfordii
Rubus ulmifolius leaves
Piper multiplinervium

MIC: 1.62 μg/mL

Epifano et al[82]

MIC: 2-8 μg/mL
MIC: 2-10 μg/mL
MIC: 3.75-12.5 μg/mL
MIC: 8-256 μg/mL

Zhang et al[83]
Martinia et al[66]
Rüegg et al[84]
Mabe et al[85]
Bae et al[86]
Yin et al[87]
Paulo et al[88]
Bae et al[86]
Mahady et al[89]
Ngan et al[90]

Brazilian propolis

MIC: 10-20 μg/mL
MIC: 12.5-25 μg/mL
MIC: 25-100 μg/mL
MIC: 80-200 μg/mL
MIC90: 50 μg/mL
MIC: 80-320 μg/mL
MBC: 320-1280 μg/mL
MIC: 130-1000 μg/mL

Banskota et al[91]

Anthemis altissima

MIC: 312.5-1250 μg/mL

Konstantinopoulou et al[92]

Cistus laurifolius leaves

MIC: 3.9-62.5 μg/mL

Ustün et al[93]

Rubus ulmifolius leaves
Anthemis altissima

MBC: 6 μg/mL
MIC: 6.25-50 μg/mL

Martinia et al[66]
Konstantinopoulou et al[92]

Licorice
Myroxylon peruiferum
Brazilian propolis

MIC: 6.25-50 μg/mL
MIC: 7.8 μg/mL
MIC: 500-1000 μg/mL

Fukai et al[94]
Ohsaki et al[57]
Banskota et al[91]

Impatiens balsamina L.

MIC: 0.156-0.625 μg/mL
MBC: 0.313-0.625 μg/mL
MIC: 2-8 μg/mL

Wang et al[95]

MIC90: 0.8-25 μg/mL

Inatsu et al[97]

Rhei Rhizoma

MIC86-99: 250 μg/mL

Wang and Chung[98]

Ferulago campestris
(Apiaceae) roots

MIC: 5-25 μg/mL

Basile et al[99]

MIC: 10-40 μg/mL
MIC50: 23->100 μg/mL

Jadhav et al[100]
Kawase et al[101]

Pteleopsis suberosa
Rabdosia trichocarpa
Anthemis altissima

MIC: 1.9-7.8 μg/mL
MIC: 2.5-5 μg/mL
MIC: 12.5-50 μg/mL

De Leo et al[102]
Kadota et al[103]
Konstantinopoulou et al[92]

Santalum album
Impatiens balsamina L.

MIC: 7.8-31.3 μg/mL
MIC: 20-80 μg/mL
MBC: 20-80 μg/mL
MIC90: 12.5 mg/mL
MIC50: 0.004-0.06 μg/mL

Ochi et al[104]
Wang et al[95]
Koga et al[105]
Njume et al[106]

Evodia rutaecarpa fruits

MIC: < 0.05 μg/mL

Hamasaki et al[107]

Polygonum tinctorium
Lour.

MIC: 2.5 μg/mL

Hashimoto et al[108]

Sclerocarya birrea
(Anacardiaceae)

MIC50: 0.05-6.3 μg/mL

Njume et al[106]

MIC: 3-100 μg/mL
MBC: 6-200 μg/mL
MIC: 40-400 μg/mL
MBC: 0.5-5 mmol/L

O’gara et al[109]

Magnoliae officinalis
Psoralea corylifolia
Red wine
Allium sativum
Paeonia lactiflora Roots

Tabebuia impetiginosa
Martius ex DC

Plau-noi
Sclerocarya birrea
(Anacardiaceae)

Diallyl disulfide, diallyl trisulfide, diallyl tetrasulfide, allicin
Palmitoyl ascorbate
Capric acid, lauric acid, myristic acid, myristoleic acid,
palmitoleic acid, linolenic acid, monolaurin, monomyristin

Park et al[96]

Tabak et al[110]
Sun et al[111]

MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal concentration.
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Phenolics and simple phenols

Cinnamic acid

Chlorogenic acid
HO

CO2H
O

O
HO

OH

O
OH

OH
OH

Tannins

1,2,3,6-tetra-O-β-D-galloyl-glucose (hydrolyzable tannin)
OH

O

HO

HO

HO
O

O
O
O

OH

O

OH
O

O

HO

OH

OH
O

OH

O
HO

OH

OH

O

HO

Epigallocatechin gallate (condensed tannin)

OH

OH

OH

OH

C

OH

O

OH

OH
Flavonoids

Kaempferol

Licoisoflavone B
OH
HO

HO

OH
OH
Quinones

O

OH

O

O

OH

O

O

2-methoxy-1,4-naphthoquinone

Emodin
OH

O

O

OH

O
H3C

OH
O

O
Terpenoids

Stigmasta-7,22-diene-3β-ol

Erpinen-4-ol

21
22
28
29
1820
12 17
26
11
23 24
19
25
13
16
1
9 14
27
2
10
8 15
7
5
3
6
4
HO
Coummarins

Aegelinol

OH

7-methoxy-4-methylcoumarin
HO

O

Alkaloids

O

O

O

O

O

Methyl-2-[(Z)-8-tridecenyl]-4(1H)-quinolone (evocarpine)

O
N

Figure 2 Chemical structures of some anti-Helicobacter pylori compounds from medicinal plants.

expression[90]. The inhibitory effect of resveratrol against
H. pylori was possibly due to inhibition of urease activity[88].
The action mode of mixed oregano and cranberry water-
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soluble extract (a commercial product) may be through
urease activity inhibition and disruption of energy production by inhibition of proline dehydrogenase at the plasma
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membrane[113]. In an in vivo study, both the dichloromethane fraction and the ethanolic extract of Calophyllum brasiliense stem bark decreased the number of urease-positive
Wistar rats, which was confirmed by the reduction of H.
pylori presence in histopathological analysis[114].
Anti-adhesion activity: The turmeric, borage, and fresh
parsley water extracts were found to inhibit adhesion of
H. pylori 11637 to the human stomach section; moreover,
33.9%-61.9% of inhibition rates for antigens Lewis a
and Lewis b were observed[115]. The Glycyrrhiza glabra root
aqueous extract and polysaccharides exhibited strong
anti-adhesive activity under a fluroscent microscopy of
human gastric mucosa aliquots with fluorescent-labeled
H. pylori[116]. EPs 7630, a commercial product of the Pelargonium sidoides DC (Geraniaceae) root extract, showed
good anti-adhesive activity in a dose-dependent manner
(0.001-10 mg/mL)[117]. Plaunotol, an acyclic diterpene
alcohol isolated from the leaves of the plau-noi tree in
Thailand, was found to suppress adhesion of H. pylori to
adenocarcinoma cells as well as inhibit IL-8 secretion in a
dose-dependent manner[118].
Oxidative stress: MeONQ exhibited very strong bactericidal H. pylori activity[95]. The possible mechanisms of
MeONQ are due to the high redox potential of the compound. When MeONQ enters the cell membrane, it is
immediately metabolized by flavoenzymes and undergoes
serial redox cyclic reactions to produce a high amount
of ROS (O-•, MeONQ-•, and H2O2). Those ROS further
damage cellular macromolecules and may lead to H. pylori
death[95].
Amphiphilic nature of compounds: Anti-H. pylori
compound terpinen-4-ol from Sclerocarya birrea (Anacardiaceae) is a monocyclic monoterpene derivative with
amphiphilic nature. The strong anti-H. pylori activity of
the compound was thought to be a result of its hydrophilicity and hydrophobicity. The hydrophilicity allows
this compound to diffuse through surrounding water to
the bacterial cell wall, whereas the hydrophobicity lets
this compound close in on and partially bind to the cytoplasmic membrane resulting in the loss of membrane
integrity[107].
Others: Glabridin (a major flavonoid of GutGards®)
exhibited anti-H. pylori activity. Additionally, GutGard®
showed a potent inhibitory effect on DNA gyrase and
dihydrofolate reductase with 4.40 and 3.33 mg/mL of
IC50, respectively[119]. Emodin (1,3,8-trihydroxy-6-methylanthraquinone), a major bioactive compound of Radix
et Rhizoma Rhei (a Chinese herb medicine), induced H.
pylori DNA damage[98]. Flavonoids vitexin, isovitexin,
rhamnopyranosylvitexin, and isoembigenin from Piper
carpunya Ruiz & Pav. showed anti-H. pylori activity. Those
compounds effectively released myeloperoxidase from
rat peritoneal leukocytes as well as inhibited of H+,K+ATPase activity[120]. N-Acetylation, a major metabolic
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pathway for arylamine carcinogens, is catalysed by cytosolic arylamine N-acetyltransferase. Rhein, one of the
bioactive component of Dahuang, effectively inhibited
N-acetyltransferase activity and H. pylori growth[121].

ANTI-H. PYLORI-INDUCED GASTRIC
INFLAMMATION OF PLANT PRODUCTS
Once H. pylori attaches to host cells, the signal transduction is immediately initiated, and then transcription/translation of the relevant inflammatory proteins,
especially for IL-8, IL-6, INF-γ, TNF-α, COX-2, and
ICAM-1, through NF-κB, MAPK, MEK/ERK, SHP-2/
ERK, and Nox-1 pathways (Figure 1). Those proteins
can further induce immune response cascades resulting in
severe H. pylori-infected gastric mucosa inflammation. As
proposed in the Correa pathway[22], the H. pylori-induced
gastric chronic inflammation can progress to superficial
gastritis, atrophic gastritis, intestinal metaplasia, dysplasia,
and finally adenocarcinoma. Specifically, atrophic gastritis
is a critical initiating step in the progression toward gastric cancer[22-24]. There have been many studies focusing
on anti-H. pylori-induced inflammation and the relevant
mechanisms, in which NF-κB and MAPK pathways were
the most discussed.
Inhibition of NF-κ B pathway
The H. pylori-induced NF-κB pathway is presented in
Figure 1B. Many natural products were found to have
anti-H. pylori induced inflammation activity through the
suppression of NF-κB activation. Apigenin, one of the
most common flavonoids, is widely distributed in fruits
and vegetables, especially abound in parsley and celery.
Apigenin treatments (9.3-74 μmol/L) significantly inhibited NF-κB activation, thus, the IκBα expression
increased and inflammatory factor (COX-2, ICAM-1,
ROS, IL-6, and IL-8) expressions decreased. Specifically,
the ROS levels decreased partially based on the intrinsic
scavenging property of apigenin[122]. Curcumin, a natural
polyphenol, presents in turmeric. Activation-induced
cytidine deaminase (AID) is a downstream member of
NF-κB regulated by NF-κB. Curcumin significantly suppressed NF-κB activation as well as IKK activation and
IκBα degradation; and therefore inhibited AID activity in
the H. pylori-infected adenocarcinoma cells[123]. Capsaicin,
a terpenoid, is an active compound of chilies and chili
peppers. The compound significantly inhibited H. pyloriinduced IL-8 production through inhibition of IKK and
NF-κB activation in a dose- and time-dependent manner[124]. Caffeic acid phenethyl ester (CAPE), an active
compound of propolis, has been reported to have antiinflammatory and immunomodulatory properties. CAPE
inhibited H. pylori-induced NF-κB and AP-1 DNA binding activity in a dose- and time-dependent manner in H.
pylori-infected AGS cells. The suppression of NF-κB
(Figure 1B) and MAPK (Figure 1C) pathway activation
was involved, and thus TNF-α, IL-8, and COX-2 expres-

10376

August 14, 2014|Volume 20|Issue 30|

Wang YC. Medicinal plants and H. pylori -induced diseases

sions decreased. Additionally, CAPE also suppressed H.
pylori-induced cell proliferation[125]. San-Huang-Xie-XinTang (SHXT), a traditional oriental medicinal formula
containing Rhizoma Coptidis (Coptis chinesis Franch), Scutellariae radix (Scutellaria baicalensis Georgi), and Rhei rhizome
(Rheum officinale Baill), has been used to treat gastritis,
gastric bleeding, and peptic ulcers. SHXT and baicalin (an
active compound of SHXT) was found to decrease IκBα
phosphorylation and inflammatory factor (IL-8, COX-2,
and iNOS) expressions in H. pylori-infected AGS cells,
of which the transduction factor NF-κB activation was
inhibited. SHXT and baicalin might exert anti-inflammatory and gastroprotective effects in H. pylori-induced
gastric inflammation[126]. Zaidi et al[127] examined the antiinflammatory effects of selected Pakistani medicinal
plants and found that 12 plants (including Alpinia galangal)
exhibited strong inhibitory activity against IL-8 secretion
in H. pylori-infected AGS cells at 100 μg/mL of 70% ethanol extracts. Moreover, significant ROS suppression was
demonstrated in the 6 included Achillea millefolium extracts.
Notably, an in vivo study of anti-inflammatory effects of
CAPE was reported by Toyoda et al[128]. CAPE has inhibitory effects on H. pylori-induced gastritis in Mongolian
gerbils through the suppression of NF-κB activation in
which TNF-α, INF-γ, IL-2, IL-8, KC (IL-8 homologue),
and iNOS expressions significantly decreased.
With exception to H. pylori-induced cell inflammation,
paeoniflorin (a benzoic acid derivative from Paeonia lactiflora pall roots) exhibited dramatic inhibition of NF-κB
activation in a time- and dose-dependent manner in human gastric carcinoma cells (SGC-7901). Moreover, the
compound enhanced 5-fluorouracil-induced apoptosis of
the gastric carcinoma cells[129].
Inhibition of MAPK pathway
β-Carotene is a well-known carotenoid and 10-20 μmol/
L treatment doses significantly decreased p-38, JNK,
ERK1/2 phosphorylation as well as decreased DNA
binding activity of NF-κB and AP-1 in H. pylori-infected
AGS cells in a dose-dependent manner. The ROS level,
iNOS and COX-2 expressions also decreased. Both NFκB (Figure 1B) and MAPK (Figure 1C) pathway activation were inhibited by β-carotene[130]. As aforementioned,
curcumin significantly inhibited NF-κB activation[123].
Foryst-Ludwig et al[131] reported that curcumin inhibited
IκBα degradation, IKKα/β activity, and NF-κB DNAbinding activity in H. pylori-infected AGS cells. Additionally, JNK1/2, ERK1/2, and p38 phosphorylation were
also remarkably suppressed by the compound. The suppressions of both NF-κB (Figure 1B) and MAPK (Figure
1C) pathway activation were demonstrated in curcumin.

IN VIVO STUDIES
There have been a few studies to discuss anti-H. pylori and
anti-H. pylori induced gastric inflammation (or gastritis)
activities of natural products in animals. As aforementioned[85], tea catechins had anti-H. pylori activity (MIC:
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8-256 μg/mL) in vitro. The product was given in diet
(0.5%) for 2 wk to Mongolian gerbils. The H. pylori colonization reduced by 10%-36% and gastric mucosal injury
significantly decreased[85]. Both kaempferol and tryptanthrin showed anti-H. pylori activity[66,109]. A mixture of
kaempferol and tryptanthrin at 5.0 mg/bw of treatment
dose was orally administered to Mongolian gerbils twice
a day for 10 d. The viable counts of H. pylori in the stomach significantly decreased[132]. Quercetin, a flavonoid, is
widely present in fruits and vegetables. H. pylori-infected
guinea pigs were orally given quercetin at 200 mg/kgbw
per day, which significantly decreased neutrophil leukocyte infiltration, H. pylori colonization, and lipid peroxide
concentration in the pyloric antrum[133]. The carotenoidrich acetone extract of Chlorococcum sp. (a microalgae) was
orally given to H. pylori-infected BALB/c mice at 100
mg/kgbw per day. The algae meal significantly decreased
H. pylori density in the stomach and INF-γ and IL-4
levels in splenocytes; the H. pylori-induced inflammation
in BALB/c mice was effectively inhibited[134]. A green
tea product containing 30.7% epigallocatechin gallate,
17.0% epigallocatechin, 6.4% epicatechin gallate, 5.7%
gallocatechin, 4.2% gallocatechin gallate, 4.1% epicatechin, and 1.1% catechin was given in drinking water at
500-2000 ppm doses for 6 wk to H. pylori-infected Mongolian gerbils. Gastritis and the prevalence of H. pylori in
the Mongolian gerbils were significantly suppressed in a
dose-dependent manner[135]. Additionally, a garlic ethanol
aqueous extract was given at 1%-4% of dosages in a diet
to H. pylori-infected Mongolian gerbils. The garlic extract
significantly decreased hemorrhagic spots in the glandular
stomach and gastritis scores as well as decreased stomach
weight, which might be useful as an agent for prevention
of H. pylori-induced gastritis[136]. In a 4-wk short-term
H. pylori infection model, H. pylori-infected C57BL6/J
mice were orally administered apple peel polyphenol (150
and 300 mg/kgbw per day). The treatment significantly
decreased H. pylori colonization, gastritis scores, and
malondialdehyde levels in the animals[137]. The Thai medicines finger-root and turmeric rhizome with 95% ethanol
extracts were given to H. pylori-infected Mongolian gerbils in a basal diet at 100 mg/kgbw per day. The fingerroot extract effectively decreased mucosal/submucosal
chronic and acute inflammation scores for those Mongolian gerbils. The turmeric extract only reduced chronic
inflammation scores, without anti-acute inflammation effects[138]. In 32-wk and 52-wk animal tests, apigenin treatments (30-60 mg/kgbw per day) effectively decreased H.
pylori colonization, atrophic gastritis, and dysplasia/gastric cancer rates in H. pylori-infected Mongolian gerbils.
Apigenin has the remarkable ability to inhibit H. pyloriinduced gastric cancer progression as well as possessing
potent anti-gastric cancer activity[139].

CONCLUSION
H. pylori infection may result in severe gastric inflammation and gastric cancer. CagA is a key virulent factor,
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which initiates host cells’ NF-κB, MAPK, and SHP-2/
ERK pathways to transcribe and translate inflammatory
factors (COX-2, ICAM-1, iNOS, ROS) and proinflammatory cytokines (IL-6, IL-8, INF-γ, TNF-α). Overproduction of those substances cause extensive infected-site
inflammation and then progress to superficial gastritis,
atrophic gastritis, and finally gastric cancer.
Numerous medicinal plant products including plant
extracts, partial purified fractions, and isolated compounds were reported for their anti-H. pylori activity. A
few of them exhibited strong anti-H. pylori activity, being
almost equal to clinical antibiotics. In animals, few plant
products had anti-H. pylori effects which effectively decreased H. pylori colonization in the stomach. H. pyloriinduced atrophic gastritis is a critical point to progress
to gastric cancer. Some plant products, including isolated
compounds and plant formulas, significantly decreased
such gastric inflammation and injury, and even inhibited
gastric cancer progression.
H. pylori eradication with antibiotic regimens has a
limitation mostly due to antibiotic resistance. Medicinal
plant compounds and other natural products provide
another choice or opportunity to eradicate H. pylori infection. Medicinal plant compounds may also provide effective way to reduce H. pylori-induced gastric inflammation
and even gastric cancer. However, potential cytotoxicity
and adverse side effects might present from those medicinal plant products. Further relevant cytotoxicity studies
both in vitro and in vivo will be required. Further evaluation of pharmacokin-etics for those products in animals
will be also required.
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Abstract
Vaccination is the main prophylactic measure to reduce
the mortality caused by hepatitis B virus (HBV) infection in healthy subjects since the immune response to
hepatitis B recombinant vaccination occurs in over 90%
of general population. Individuals who develop an antiHBs titer less than 10 mIU/mL after primary vaccination
cycle are defined “no responders”. Many factors could
cause a non response to the HBV vaccination, such
as administration of the vaccine in buttocks, impaired
vaccine storage conditions, drug abuse, smoking, infections and obesity. Moreover there are some diseases,
like chronic kidney disease, human immunodeficiency
virus infection, chronic liver disease, celiac disease,
thalassaemia, type Ⅰ diabetes mellitus, down’s syndrome and other forms of mental retardation that are
characterized by a poorer response to HBV vaccination
than healthy subjects. To date it is still unclear how
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to treat this group of patients at high risk of hepatitis
B infection. Recent studies seem to indicate that the
administration of HBV recombinant vaccine by the intradermal route is very effective and could represent
a more useful strategy than intramuscular route. This
review focuses on the use of anti hepatitis B vaccine
by intradermal route as alternative to conventional
intramuscular vaccine in all non responder patients. A
comprehensive review of the literature using PubMed
database, with appropriate terms, was undertaken for
articles in English published since 1983. The literature
search was undertaken in September 2013.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis B virus; Vaccine; Intradermal route;
Non responders; Update
Core tip: Vaccination is the principal strategy to reduce
the morbidity and mortality caused by hepatitis B virus. Vaccinated subjects with an hepatitis B surface
antibody titer less than 10 mIU/mL after primary vaccine series are considered “no responders”. There are
chronic conditions that are characterized by a poorer
response to hepatitis B virus vaccination than healthy
subjects. To date it is still unclear how to treat this
group of patients at high risk of hepatitis B infection.
This review focuses on the use of anti hepatitis B vaccine by intradermal route as alternative to conventional
intramuscular vaccine in all non responder patients.
Filippelli M, Lionetti E, Gennaro A, Lanzafame A, Arrigo T,
Salpietro C, La Rosa M, Leonardi S. Hepatitis B vaccine by
intradermal route in non responder patients: An update. World J
Gastroenterol 2014; 20(30): 10383-10394 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10383.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10383
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INTRODUCTION
More than 1012 of people in the globe are infected by
hepatitis B virus (HBV), of which more than 400 million
become chronic carriers and more than 700000 individuals die annually due to complications caused by acute or
chronic HBV infection[1,2]. In spite of improvements in
hygienic conditions and in anti-viral therapy, eradication
of HBV has not been obtained and to date vaccination is
the only strategy to prevent this infection[1]. Since HBV
vaccination was introduced, many advances (e.g., use of
recombinant technology) have been made in order to
increase its safety and immunogenicity[3]. HBV vaccination is able to stimulate a long-term immune response in
healthy individuals, since the antibody response occurs
in over 90% of the immune-competent individuals after
three doses of 20 μg HBV vaccine administered at 0, 1,
and 6 mo intervals[4,5]. Considering this percentage of
vaccine efficacy in healthy subjects, it has been postulated that between 537000 and 660000 HBV-related deaths
could be prevented each year with a mass vaccination[6].
For this reason health authorities in the world suggest to
vaccinate also all people with chronic conditions[1,7,8].
A sero-protection response is defined by an hepatitis
B surface antibody (anti-HBs) titer ≥ 100 IU/L. An
anti-HBs titer > 10 IU/L is considered as a “protective”
titer, although it could not confer protection after HBV
contact in every case (poor response)[9,10].
Individuals who develop an anti-HBs titer less than
10 mIU/mL after three doses of vaccine are defined “no
responders”. Many factors could cause a non response
to the HBV vaccination, such as administration of the
vaccine in buttocks, impaired vaccine storage conditions,
drug abuse, smoking, infections and obesity[11]. In recent
years it has been suggested an important role of genetic
factors in predisposing to hepatitis B vaccine unresponsiveness. This factors are represented by specific human
leukocyte antigen (HLA) haplotypes and specific single
nucleotide polymorphism in genes of cytokine or cytokine receptors and toll like receptors[12,13].
The unresponsiveness to hepatitis B vaccination is an
important problem, because non-responder subjects represent a great container of HBV-carriers. This problem
led the researchers to propose new immunization strategies in order to reach the “universal protection”.

INTRADERMAL ROUTE VACCINATION:
THE RATIONAL
Many vaccines are administered by intramuscular route
although the muscle is a poorly immunogenic organ[14,15].
On the other hand the skin is a more immunogenic site
for vaccination due to presence in the dermis of dendritic cells, capable of presenting antigens and stimulating innate and adaptive immune responses. In fact skin
protects the body from microbial infection using both
its physical barrier and its immunological function performed by dendritic cells[16].
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The main target of intradermal vaccination is represented by Langerhans cells and macrophages in the
dermis that are specialized in antigen presentation due to
their ability to express high levels of class Ⅱ major histocompatibility complex (MHC) and CD1 molecules[17,18].
These dendritic cells process the antigens released in
the dermis, re-expressing part of them as peptide-MHC
complexes on the surface and after they have acquired
immune stimulatory capacity, migrate to the para-cortical
area of the regional lymph nodes, where they present
the antigens to CD8+ and CD4+ T-lynphocytes[19,20]. Different signaling pathways are involved in promoting this
mechanism, such as increased expression of MHC antigens, interleukin (IL)-1β, IL-6, IL-12 and tumor necrosis
factor-α[21]. Furthermore the release of antigens directly
in the dermis affects the migration of dendritic cell
precursors from the blood stream to the dermis[19,22,23].
CD8+ T cells clonally expand and become effector and
memory T cells, while CD4+ T cells promote the differentiation of B cells into antibody producing plasma
cells[20]. This route is more immunogenic, due to the
direct release of antigens to the skin immune system,
compared with intramuscular vaccination that stimulates T-cell response, due to the lack of dendritic cells in
muscles. Studies conducted on smallpox, rabies, Bacillus
Calmette-Guérin and hepatitis B vaccines supported this
hypothesis[24,25].
After the introduction of the Mantoux method[26]
and the experience with intradermal administered “typhoid fever” vaccine[27], the intradermal route has been
investigated in order to evaluate safety and immunogenicity of several vaccines which could be administered
by intradermal route. These studies were conducted on
vaccination against measles[27,28], cholera[29], rabies[30,31],
hepatitis B[32,33] and poliomyelitis[34,35].
Vaccination by intradermal route was used during
the smallpox eradication campaign by employing a bifurcated needle to deposit a dose of live vaccine into the
skin[36]. In addiction Bacillus Calmette-Guérin vaccination is to date administered by intradermal route using
the Mantoux technique, which is based on the injection
of a hypodermic needle directly into the skin[37,38].
Since 1991, the World Health Organization has promoted in developing countries the use of the Mantoux
method as a less expensive and effective practice for vaccination against rabies[39].
In recent years the administration of influenza vaccine by intradermal route has been introduced in many
parts of the world due to its greater immunogenicity
compared to vaccination by intramuscular route[40]. In
this case, intradermal administration of the vaccine is
performed using a micro-needle syringe directly injected
into the skin[41].
Moreover economic studies seem to suggest that the
cost-savings advantages of administering vaccines by intradermal (ID) route, could be significant[42,43].
In addition the cellular immune response to hepatitis
B surface antigen (HBsAg) evocated by ID route can be
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Table 1 Studies published since 1983 on vaccination against hepatitis B virus by intradermal route and percentage of positive response
Ref.
[72]

Marangi et al
Fabrizi et al[76]
Chanchairujira et al[74]
Barraclough et al[75]
Bunupuradah et al[109]
Launay et al[108]
Dhillon et al[113]
Leonardi et al[123]
Leonardi et al[126]
Li Volti et al[130]
Leonardi et al[148]
Ghebrehewet et al[142]
Hayashi et al[134]
Heijtink et al[135]
Hayashi et al[134]

Categories of patients

Patients (n )

Dose for ID administration

Positive response

Chronic kidney disease
Chronic kidney disease
Chronic kidney disease
Chronic kidney disease
HIV- children
HIV- adults
Chronic liver disease

5
25
25
30
41
144
42

5 ìg/dose until the protective titer
16 doses of 5 ìg/dose
7 doses of 10 ìg/dose every 2 wk
10 ìg/dose every week for 8 wk
2 ìg/dose at mo 0, 2 and 6
4 ìg × four doses at weeks 0, 4, 8, and 24
40 ìg/dose maximum of three doses

Celiac disease
Celiac disease
Insulin-dependent diabetes
mellitus
Thalassaemia
Healthcare workers
Mentally retardation
Mentally retarded patients
Mentally retarded patients

20
30
9

2 ìg/dose maximum of four doses
2 ìg/dose x four o five doses every 4 wk
3 ìg/dose at the start of the study and at two, four, and
six or eight week intervals
5 ìg/dose every two weeks until the protective titer
Two doses of 20 ìg
4 ìg/dose maximum of three doses
2 ìg/dose maximum of four doses
4 ìg/dose maximum of three doses

100%
100%
92% at 7 mo
79% at 24 mo
90.2% at month 7
77% at week 28
69% after the third
dose
90%
90% after the third dose
77.7%

54
23
63
92
62

96.4%
91.3% after 1 or 2 doses
93.5%
92%
93.5%

ID: Intradermal; HIV: Human immunodeficiency virus.

determined by the appearance of a skin reaction at the
injection site, as demonstrated by Leonardi et al[44] and
Vitaliti et al[45]. The development of this reaction on the
site of the intradermal injection may represent a costsavings practice for the Health Organization to test serum anti-HBs response after the booster dose[43].
Recently new devices for intradermal vaccination
have been introduced in order to make the skin an effective and safe route for vaccine administration[46].

ID VACCINATION IN NON RESPONDERS
PATIENTS: A REVIEW OF THE
LITERATURE
There are some diseases, like chronic kidney disease, human immunodeficiency virus infection (HIV), chronic
liver disease, celiac disease, thalassaemia, type Ⅰ diabetes
mellitus, down’s syndrome and other forms of mental
retardation that are characterized by a poor response to
HBV vaccination[47-49].
This review focuses on the use of anti hepatitis B
vaccine by intradermal route as alternative to conventional intramuscular vaccine in all non responder patients. A comprehensive review of the literature using
PubMed database, with appropriate terms, was undertaken for articles in English published since 1983. The
literature search was undertaken in September 2013. All
studies published on PubMed are reported on Table 1.
Chronic kidney disease, hemodialysis and renal
transplantation
Patients with advanced chronic kidney disease (CKD)
have an impaired immune response to hepatitis B vaccination. In fact even using higher vaccine doses, only
50% to 85% of dialysis patients achieve a protective titer
(> 10 IU/L) after hepatitis B vaccination[50-54]. Moreover
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anti-HBs titer in dialysis patients tends to fall quicker
than in healthy subjects[50,53,55].
Numerous genetic and acquired factors are involved
in unresponsiveness to hepatitis B vaccination. In the
70-ties of the past century, immune response to HBsAg
in HBV infected hemodialysis (HD) patients was linked
to HLA [56,57]. In 1990, non responders HD patients
had shown to have a higher frequency of HLA-A1, B8
and DR3 than responders[58]. More recently, interleukin
genotypes (examples IL10, IL-12, IL-18) were related
to the anti-HBs development in response to HBsAg in
HD patients[59,60]. Another factor that negatively affect
the response to hepatitis B vaccination seems to be an
increasing of age[61-63]. Seroconversion rate to anti-HBs
positivity after vaccination was 84% in HD patients
below 40 years and only 33% in those ≥ 60 years[52].
Moreover poor response to hepatitis B vaccination in
dialysis patients has been linked to male gender[58,64], low
serum albumin concentration, bad nutritional status[65,66],
serological positivity for hepatitis C virus (HCV)[67] or
HIV[68], and diabetes mellitus[59,69]. Furthermore vitamin
D deficiency could negatively affect antibody formation upon hepatitis B vaccination in stage 3-5D CKD
patients[70]. It is well known that dialysis patients have an
impaired immune function and there is a positive correlation between increase of immune abnormalities and
deterioration of renal function. The best example is correlation of serum soluble CD40 levels with creatinine in
non-dialyzed CKD patients. Soluble CD40 is capable to
inhibit immunoglobulin production by CD154-activated
B lymphocytes in vitro and there is a positive correlation
between the serum levels of soluble CD40 and the poor
response to hepatitis B vaccination[71]. The decline of
the immune system in the course of CKD should represent a valid reason for vaccinating CKD patients in early
stages of their renal diseases. According to European
Best Practice Guidelines (2002) “patients with progres-
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sive renal failure should be vaccinated against HBV preferably before the start on HD”[51] and the United States
Center for Disease Control and Prevention suggests to
administer three further doses of intramuscular vaccine
in hemodialysis patients[55].
For CKD patients who do not respond to six doses
of vaccine, there are no evidences about the use of
further intramuscular doses. Different strategies have
been suggested in order to increase the vaccine-induced
seroconversion rate in patients with advanced CKD. In
particular the ID vaccination was studied either alone or
in combination with conventional intramuscular route.
Hepatitis B vaccination schedule based on the combined use of the intradermal and intramuscular routes,
was elaborated in 1994 by Marangi et al[72] in CKD patients with serum creatinine concentration ≥ 4 mg/dL
and gave very promising effects. The intramuscular dose
of 40 micrograms of a DNA-recombinant vaccine was
administered to all chronic uremic patients at 0, 1, 2 and
6 mo and two further IM booster dose at 12 and 18 mo
in order to achieve an antibody titre > 100 mIU/mL.
Moreover intradermal inoculation of 5 micrograms of
vaccine every 2 wk was administered for those patients
who did not have a protective titre (≥ 10 mIU/mL)
even after 19 mo. All patients developed sero-protection.
Another strategy is the administration of HBV vaccination only by intradermal route. In 1997 Fabrizi et al[73]
conducted a randomized study on 50 chronic dialysis
patients who did not develop a sero-conversion rate after a reinforced protocol of hepatitis B vaccine given by
IM route. These patients were randomly re-vaccinated
by intradermal or intramuscular route. Patients of ID
group received 16 doses of 5 μg of HBs antigen weekly,
whereas patients of the IM group received two doses
of 40 μg of vaccine monthly. One month after the end
of re-vaccination protocol, sero-conversion rates and
proportion of patients who developed protective antiHBs titers were significantly higher in ID compared to
IM patients (100% vs 48% and 96% vs 40% respectively).
More recently Chanchairujira et al[74] revaccinated non
responder hemodialysis patients with ID or IM vaccine:
25 patients were treated with 7 doses of 10 μg of HBV
vaccine by intradermal route every 2 wk and other 26
patients were treated with 40 μg by intramuscular route
at 0, 1, 2 and 6 mo. The Authors found a higher percentage of “responders” in the group of patients who were
treated by intradermal administration of the vaccine. At
7 mo after the first vaccination, good (anti HBs titer between 10-999 IU/L) and excellent responders (anti HBs
titer > 1000 IU/L) in the ID group were respectively
72% (18/25) and 20% (5/25) compared with 34.5%
(9/26) and 34.5% (9/26) of IM group (P > 0.05)[74]. In
2009 Barraclough et al[75] revaccinated 59 hemodialysis
patients non responsive to primary HBV vaccination,
with either ID (10 μg of vaccine every week for 8 wk)
or IM (40 μg of vaccine at weeks 1 and 8) HBV vaccine.
Seroconversion rates to 24 mo, were 79% ID vs 40% IM
(P = 0.002). Moreover they found a trend toward longer
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duration of seroprotection with ID vaccination. The authors concluded that ID vaccination should become the
standard of care in this population.
Finally a recent meta-analysis conducted by Fabrizi
et al[76] on 12 controlled trials in order to compare intramuscular vs intradermal HBV vaccination in 640 CKD
patients, demonstrated that intradermal route provides
an higher seroconversion rate than intramuscular route.
This result occurred in spite of a lower amount of antigen administered with intradermal route.
HIV infection
HBV vaccination has been extensively investigated in
patients with HIV infection due to the high prevalence
of co-infection. In fact the United States HIV Outpatient Study cohort[77], between 1996 and 2007, showed
that the prevalence of co-infection with HBV was 20
times higher than in general population (8.4%). In another US study between 1998 and 2001[78], the incidence
of hepatitis B infection in patients with HIV, was 370
times higher than in the general population (12.2/1000
persons each year). HIV infection negatively influences
different phases of hepatitis B infection, promoting
virus replication, the development of chronic infection
and the loss of HBs antibody. Furthermore co-infection
of hepatitis B and HIV provides an higher incidence of
complications, such as hepatocellular carcinoma, cirrhosis and liver-related mortality compared to HIV monoinfection[79,80]. In addition, the probability of developing
hepato-toxicity after highly active antiretroviral therapy
(HAART) is higher in patients with HIV infection who
are also infected by hepatitis B virus[80,81]. For all these
reasons individuals with HIV infection should receive
vaccine against hepatitis B with the conventional three
doses[82-86]. Despite this prophylactic measure, patients
with HIV infection develop protective anti-HBs titers
in only 18%-71% of cases after three doses of vaccine[87-89]. Individuals with HIV who are non-responders
to hepatitis B vaccination, are not protected from infection because they become infected with hepatitis B virus
as unvaccinated subjects with HIV[90]. Different factors,
such as viral load, CD4 cell count and HAART, can impair the response to hepatitis B vaccination.
Some studies have demonstrated a link between low
viral load of HIV and the development of an anti-HBs
protective titer for either standard-dose[87,91-94] or doubledose vaccinations[95-98].
B cell dysfunction has been shown in patients with
HIV[99,100]. This immunological dysfunction may result
in a decreased antibody response among HIV-infected
patients[101]. On this regard Mehta et al[102] showed a lower
number of hepatitis B virus specific memory B cells after vaccination in adolescents with HIV.
On the other hand some studies have suggested that
the poor response to HBV vaccination could be attributed to impaired T-cell function[103]. In fact the higher
number of T regulatory cells in individuals with HIV is
often associated with unresponsiveness to HBV vaccina-
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tion[104,105]. T regulatory cells inhibit B cell proliferation
by inducing their apoptosis[106].
Although HIV-infected patients who do not respond
to the conventional three doses may develop a protective
immune response after revaccination, they could lose
anti HBs titres faster than patients who respond to the
first vaccination series, as showed by Cruciani et al[95] and
Rey et al[89].
In patients with HIV infection, the intradermal route
seems to have a greater immunogenicity compared to
intramuscular route[107].
In 2011 Launay et al [108] performed a randomized
study on 437 patients in order to compare the safety and
immunogenicity of 4 intramuscular double-dose (40 μg)
and 4 intradermal low-dose (4 μg) regimens vs the standard hepatitis B vaccine regimen (20 μg × three doses).
They found that intradermal vaccine recipients had significantly better sero-conversion rates compared with the
standard dose group at week 28 (77% vs 65%) but there
was no difference between the 4 intramuscular doubledose regimen and the 4 intradermal low-dose regimen.
However intradermal route permit to elicit a better
immune response using only 20% of the dose compared
to intramuscular route.
In only one pediatric randomized study conducted in
order to compare ID vs IM HBV vaccination in children
with HIV infection, the percentage of responders to ID
route resulted similar to IM route at the end of the third
dose of vaccine (90.2% ID vs 92.3% IM)[109].
Chronic liver disease and liver transplantation
With regard to liver transplantation, a de novo HBV
infection increases post-transplant morbidity and mortality [110]. For this reason pre-transplant vaccination
represent a valid prophylactic measure, although there
are currently few data about the efficacy of HBV vaccination among patients with advanced liver disease[111,112].
On this regard Dhillon et al[113] in a recent retrospective
review administered HBV vaccination by intradermal
route in individuals with chronic liver disease (CLD) who
had not developed a protective anti-HBs titer after three
doses of 40 μg IM vaccine and booster doses of either
40 or 80 μg IM. 42 patients were treated with a 40 μg ID
total dose for a maximum of three doses. 29/42 (69%)
subjects developed an anti HBs titer > 10 mIU/mL and
15 (51%) of the responders developed an anti HBs titer
> 100 mIU/mL. The authors conclude that high-dose
ID HBV vaccination in patients with CLD is efficacious
and safe.
Celiac disease
Some studies documented that in celiac disease (CD) the
immune response to vaccination does not differ from
that one found in healthy subjects except for HBV vaccination[12,114]. It has been postulated that HLA-DQ2
haplotype, over-represented in celiac population, could
predispose celiac patients to a poorer response to hepatitis B vaccination[115]. On the contrary other studies
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suggest that in celiac patients gluten consumption could
affect the immune response to HBV vaccine[116,117]. Since
in celiac patients the interaction between specific deaminated glutamine residues of gliadin and HLA-DQ2 or
DQ8 molecules is responsible for the development of
intestinal damage[118], it has been postulated that gliadin
peptides compete with HBsAg protein fragments for
binding to HLA-DQ2 molecules, and this competition
could result in an impaired immune response to HBV
vaccination in CD[119]. To support this hypothesis recent data of the literature suggest to revaccinate celiac
patients during a correct gluten free diet[48,117,120,121]. For
this reason new vaccination strategies for non responders celiac patients have been suggested[100,101,106]. In 2010
Leonardi et al[122] revaccinated 20 celiac patients who had
not responded to HBV vaccination with a 2 μg dose of
HBV vaccine by intradermal route. The authors found
that after the first booster dose 8/20 patients (40%) developed anti-HBs titer ≥ 1000 mIU/mL, 4/20 (20%)
between 100 and 1000 mIU/mL, and 3/20 (15%) between 10 and 99 mIU/mL. Moreover in 2011 the same
authors[123] revaccinated 58 non-responder celiac patients
with ID (2 μg) or IM vaccine (10 μg) for a maximum of
three booster doses, in order to compare the safety and
the efficacy of these two different vaccine routes (ID
vs IM). The Authors found a similar percentage of “responders” after the third booster dose (ID = 90% vs IM
= 96.4%), although they documented an higher percentage of patients with an anti-HBs titer > 1000 IU/L in
ID (40%) than in IM (7.1%) group.

OTHER CONDITIONS
The immune response to hepatitis B vaccination seems
to be poorer in patients with insulin dependent diabetes
mellitus (IDDM) than in healthy population[124-126]. This
seem to depend on genetic factors: in fact HLA-A11,
which favors the immune response to hepatitis B vaccination, is present more frequently in responder subjects,
while HLA-DR3, DR4, DR7, and B8 have an higher
prevalence in patients who respond poorly or do not
respond completely as those with diabetes mellitus[127-129].
However there is in literature only one study which evaluated the effectiveness of intradermal route in diabetic
patients and compared the immune response to hepatitis
B vaccine by intradermal or intramuscular route[130]. All
the children enrolled in this trial were divided into four
groups: A, B, A1 and B1. Nine children with diabetes
mellitus in group A received 3 μ g of a recombinant
DNA hepatitis B vaccine by intradermal route at 0, 2, 4
and 6 or 8 wk, while other 9 children affected by diabetes mellitus in group B received three doses of 10 μg (for
patients younger than 10 years) or 20 μg (for patients
older than 10 years) of the same vaccine by intramuscular route at 0, 1 and 6 mo. In addiction 24 normal children of which 12 in group A1 and 12 in B1 received the
same vaccine schedule as groups A and B. The authors
found that there was a poorer immune response to intra-
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dermal hepatitis B vaccine in children with IDDM when
compared with controls (P < 0.001) and with group B
children with IDDM (P < 0.001). Recently Fabrizi et
al[131] conducted a meta-analysis on 12 studies involving
1002 unique patients, in order to assess whether diabetes mellitus could affect the immune response to HBV
vaccination in dialysis patients. The authors found a significant decrease in seroconversion rates in patients with
diabetes mellitus vs non diabetic patients.
Thalassaemic subjects who have been vaccinated
against hepatitis B virus often show a loss of anti HBs
titer; moreover, between 5% and 20% of subjects who
have been immunized against hepatitis B virus do not respond to the hepatitis B vaccine after either conventional
or booster vaccination[132,133]. In literature is reported only
one study about the use of anti-hepatitis B intradermal
route to vaccinate non responder thalassaemic patients[44].
The authors studied 56 children with thalassaemia who
had been vaccinated against hepatitis B virus by IM
route. In these patients the vaccine was administered in
doses of 5 μg by intradermal route and the inoculations
were continued every two weeks until the titer had risen
above 10 U/L. 45/56 children (80%) with thalassaemia
developed HBs antibody titer > 10 U/L two weeks after
the first intradermal dose. In other 9 of 11 (82%) nonresponding thalassaemic patients the anti- HBs titre was
> 10 U/L two weeks after the second intradermal dose.
This study showed that low doses of vaccine against hepatitis B virus administered by intradermal route produce
an effective immune response in thalassaemic patients.
In addiction there are in literature four studies which
investigate the use of intradermal hepatitis B vaccination
in patients with Down’s syndrome and other forms of
mental retardation (OMR), but the available data are still
discordant. In fact two studies suggest that low dose vaccination against hepatitis B by intradermal route, seems
to be a suitable cost-reducing immunization system in
institutes for mentally retarded patients and its use is safe
and effective[134,135]. In another study on follow up the
authors concluded that using the intradermal route the
antibody response persisted for 2 years in the OMR patients, while decreased remarkably in the DS patients[136].
Only the fourth study concluded that intradermal vaccination is not warranted in persons with DS, especially
not in middle aged and older persons[137].
Knowledge of non-response to hepatitis B vaccination is critical also for healthcare workers (HCWs) who
are at continuous risk of infection. Around 10%-15%
adults do not respond to three doses of anti hepatitis
B vaccination or respond poorly[138,139]. Alternative vaccination programs have been studied for non-responders
HCWs.
Three studies, have shown that high dose (20 μg) of
intradermal vaccine are immunogenic in persons who
did not respond to IM vaccination[140,141].
More recently Ghebrehewet et al[142] conducted an
observational study on 23 non-responding HCWs. All
eligible HCWs were vaccinated with two doses of 20 μg
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of recombinant hepatitis B vaccine intradermally. The
authors found that 21/23 (91.3%) of all non-responders
developed protective titers (≥ 10 mIU/mL) after 1 or 2
doses of IDRV.
The most recent Cochrane review[143] identified 7 randomized studies that compared the two different routes
(ID vs IM) evaluating the anti-HBs sero-conversion. The
review concluded that the 20 μg vaccine by intramuscular route elicits a better anti-HBs response than the 2 μg
vaccine by intradermal route. Despite these results, the
authors suggest to further investigate the intradermal
route because the doses used by the two routes differ
10 fold while the seroconversion rates differed less than
two-fold.

CONCLUSION
It is imaginable that within the not too distant future all
people in the world will be vaccinated on the mandatory
basis. The World Health Organization has recommended
that hepatitis B vaccination should be performed for all
children in the world and cost-benefit analyses have supported the introduction of universal vaccination against
HBV to newborns[144,145]. Results of children’s vaccination, which were evaluated in the six-year outcome of
the program, showed neither new cases of HBsAg de
novo nor seroconversion to anti-HBc positivity[146].
According to the European Consensus Group on
hepatitis B immunity[147] a sustained protection against
hepatitis B infection is based on immunological memory.
Since antibody memory seems to last for at least 15 years
in immune-competent subjects using vaccine by intramuscular route, we might expect that also who respond
to intradermal vaccination with an anti-HBs titer ≥ 10
mIU/mL will develop a prolonged protection.
To date anti hepatitis B intradermal vaccination seems
to be an effective alternative to intramuscular route in
non responder patients. Vaccines administered by intradermal route promote a dendritic-cell-mediated immune
response and require lower amount of antigen compared
to vaccines administered by intramuscular route that activate a T-cell-mediated response. In addition economic
studies seem to suggest that the cost-savings advantages
of administering vaccines by intradermal (ID) route,
could be significant[42,43]. Moreover the immune response
to HBV vaccination can be determined by the appearance of a skin reaction at the injection site[148]. The development of this reaction on the site of the intradermal
injection could represent a cost-savings measure for the
Health Organization to test serum anti-HBs response
after the booster dose[43]. As many literature data suggest
that intradermal vaccines improve sero-conversion rates,
it would be reasonable to promote this procedure. However further studies should be conducted in particular
focusing on: the ideal dose and timing of the ID vaccination schedule; and the sustainability of the immune
response achieved and the need of administering further
booster doses.
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Abstract
Chronic hepatitis B (CHB) is a condition of global
prevalence and its sequelae include cirrhosis and hepatocellular carcinoma. The natural history of CHB is
a complex interplay of virological, environmental and
host factors. The dynamic relationship between the
virus and host evolves over the duration of the infection and different phases of the disease have been observed and described. These have been conceptualized
in terms of the state of balance between the host immune system and the hepatitis B virus and have been
given the labels immune tolerant, immune clearance,
immune control and immune escape although other
nomenclature is also used. Host factors, such as age at
infection, determine progression to chronicity. Virological factors including hepatitis B viral load, mutations
and genotype also have an impact on the adverse
outcomes of the infection, as do hepatotoxic cofactors
such as alcohol. Our understanding of the natural history of CHB has evolved significantly over the past few
decades and characterizing the phase of disease of
CHB remains an integral part of managing this virus in
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the clinic.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Hepatitis B is a disease of worldwide significance. It involves a complex interplay of viral, host and
environmental factors. This review article on the natural history of chronic hepatitis B focuses on the phases
of disease. We outline the historical development of
these concepts. We describe the specific characteristics
of different phases, e.g. , the patterns of alanine transaminase abnormalities in the hepatitis B e antigen positive immune clearance phase. Lastly, we review some
of the more recent data in relation to the outcomes of
various phases, in particular the development of cirrhosis and hepatocellular carcinoma.
Croagh CMN, Lubel JS. Natural history of chronic hepatitis B:
Phases in a complex relationship. World J Gastroenterol 2014;
20(30): 10395-10404 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10395.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10395

EPIDEMIOLOGY: GLOBAL
Hepatitis B is a major, worldwide, public health problem.
Current World Health Organization estimates for the
prevalence of hepatitis B infection are that 240 million
people have chronic infection and that approximately
600000 people die every year due to the acute or chronic
complications of the virus [1]. Estimates from around
2004 suggested that 2 billion people worldwide have been
exposed to the hepatitis B virus (HBV)[2]. The rates of
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Table 1 Geographical variation in hepatitis B prevalence and patterns of transmission
Pattern of
prevalence

Geographical

High ≥ 8%

[8]

Percent of population
HBsAg positive

Predominant age at infection

Predominant mode of transmission

Southeast Asia, China, Pacific Islands,
Sub- Saharan Africa

8%-20%

Perinatal and early childhood

Intermediate Eastern Europe, the Mediterranean
2%-7%
basin, Middle East, Central and
South Asia, Japan, Central and
South America
Low < 2%
United States and Canada, Western
Europe, Australia and New Zealand

2%-7%

Early childhood/adolescence

Maternal-infant, percutaneous (e.g.,
unsterile medical equipment used in vaccination, traditional medicine practices)
Percutaneous (e.g., horizontal transmission between children through open
wounds/cuts), sexual

0.2%-0.5%

Adult

area

Sexual, percutaneous (e.g., intravenous
drug use)

HBsAg: Hepatitis B surface antigen.

NATURAL HISTORY OF HBV INFECTION

Genotype
Viral mutations

HBV

HBV DNA level

Other liver toxins
(alcohol, NAFLD)

Gender
Family history

Host

Environment
Coinfection with
HCV, HDV, HIV

Age at infection
Aflatoxin
schistosomiasis

Figure 1 Factors interacting to affect the natural history of chronic hepatitis B. HBV: Hepatitis B virus; HIV: Human immunodeficiency virus; HDV: Hepatitis D virus; HCV: Hepatitis C virus; NAFLD: Non-alcoholic fatty liver disease.

chronic carriage of hepatitis B surface antigen (HBsAg)
can be up to 20% or more in some countries, and the proportion of patients with serology reflecting previous exposure to HBV (hepatitis B core Ab and hepatitis B surface Ab) can be up to 70%-95%[3]. Asia and the Western
Pacific have the highest proportion of chronic hepatitis
B (CHB) with 75% of the world’s CHB population being
concentrated in these countries[4]. Globally overall, 30%
of cirrhosis and 53% of hepatocellular carcinoma (HCC)
has been calculated to be attributable to hepatitis B infection. In certain regions of the world e.g., Africa and China,
that proportion is even higher[5]. The prevalence of HBV
infection varies in different countries[6]. Countries of low,
medium and high prevalence have been identified and
these differ in many ways including predominant mode
of transmission and age at infection[7,8] (Table 1). The
natural history of CHB is considered to evolve through
a number of clinical phases reflecting different points in
the host-virus immune relationship. These phases have
differing patterns of HBV viral load, hepatitis B e antigen
(HBeAg) status and serum transaminase concentration.
The concept of different phases has been critical to our
understanding of CHB. It gives clues to the likely time
and mode of infection, provides prognostic information
on likelihood of fibrosis progression and directs clinicians
on the appropriate course of management.
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The natural history of CHB is determined by a complex
interplay of viral, host and environmental factors (Figure
1)[9]. The influence of specific virological factors, on the
course of CHB, is being increasingly recognized. For example, genotype can influence timing of seroconversion,
but there is also evidence of an impact on adverse clinical
outcomes. Genotype C compared to B[10] and genotype D
compared to A[11] have been associated with more severe
liver disease. The risk of developing HCC has been suggested to be increased in young patients with genotype B
(especially those < 35 years)[12]. Specific viral mutations
have been shown to be an independent risk factor for advanced liver disease, in particular the basal core promotor
mutation[13]. HBV DNA levels have been shown to be a
very strong predictor of cirrhosis and HCC in a cohort
of over 3000 patients[14,15]. Environmental influences including co-infection with other hepatitis viruses (C or D)
or human immunodeficiency virus, coexistent sources of
liver injury such as in alcoholic or fatty liver disease and
exposure to other infectious agents such as schistosomiasis or carcinogens like aflatoxin in parts of the developing
world, also have a bearing on the development of cirrhosis or HCC in hepatitis B patients[16].
The host immunological response plays a key role in
the natural history of HBV, both at the time of acute
infection (in determining whether viral clearance ensues)
and during chronic infection where the injury to the liver
is caused primarily by the host immune cells, rather than
from direct viral cytopathic effect. Progression from
acute to chronic infection is thought to occur in about
90% of patients infected perinatally, approximately 20%
of patients infected during childhood and < 5% of patients infected as adults[9].

HISTORICAL OVERVIEW OF HBV AND
THE PHASES OF DISEASE
Blumberg et al[17] reported in 1967 on the discovery of a
novel antibody found in the serum of a multiply transfused hemophilia patient. This antibody reacted with
only 1 of 24 sera against which it was tested. The reacting serum came from an Australian aborigine hence the
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described as “reactivation”[26-28].

ALT (IU/L)

HBeAg +ve, HBeAb -ve
8

10

HBeAg -ve, HBeAb +ve

CLASSIFICATION OF PHASES OF
DISEASE OF CHB

700
6

10

DNA (IU/mL)

500
4

10

300
2

10

100
10

20

30

40

50

60

70

AGE (yr)
Phase 1:
Immune
Tolerance

Phase 2:
Immune
Clearance

Phase 3:
Immune
Control

Phase 4:
Immune
Escape

Figure 2 Natural history and phases of chronic hepatitis B. The figure
represents the possible courses of perinatally acquired chronic hepatitis B and
progression through different phases. The red line represents hepatitis B virus
DNA with fluctuations in viral load during flares while dashed red represents an
alternative course. The black line represents alanine aminotransferase (ALT)
with the dashed black line representing persistent elevation of ALT while the
solid line represents intermittent elevation of ALT and flares. HBeAg: Hepatitis
B e antigen; HBeAb: Antibodies to HBeAg.

antigen was named the “Australia antigen”. Shortly afterwards it was noted that this viral protein was associated
with hepatitis, especially “long incubation” viral hepatitis[18] and post transfusion hepatitis[19]. The Australia antigen was subsequently renamed HBsAg and it was noted
that HBsAg positive patients could fall into 2 clinical
categories; those with evidence of liver disease (abnormal
alanine aminotransferase (ALT) and necroinflammation
on liver biopsy) and those without, who were termed
“healthy” HBsAg carriers[20,21].
The natural history of HBV infection was then observed by groups from different parts of the world and
differences in the serological profiles and clinical courses
of HBV infected patients from these different regions
emerged. For example, an early follow-up study by Hoofnagle of 25 HBsAg and HBeAg positive individuals
showed loss of HBeAg and normalisation of ALT in 13,
while in the other 12 HBeAg persisted as did elevation of
ALT[22]. Loss of HBeAg and development of antibodies
to this antigen (HBeAb) represents “e-antigen seroconversion” a state that heralds a change in the host’s reaction to
the virus[22,23]. Therefore 2 sequential phases of CHB were
proposed; a “replicative” and “non-replicative” phase.
However, observation of Asian patients identified an early
phase with HBeAg positivity and very high HBV DNA
levels but normal ALT and liver histology. This was noted
in both children and young adults who had presumably
acquired HBV perinatally. It was thought to represent an
initial immune tolerant phase and this was a further integral contribution to the understanding of HBV’s natural
history[24,25]. A fourth phase of HBV was subsequently
added to the natural history schema in which viral replication returned in patients positive for HBeAb and this
was associated with abnormal liver tests. This phase was
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The nomenclature for the phases of disease has evolved
over time and varies slightly between different international societies. For example, the National Institutes
of Health sponsored workshops in the United States
in 2000 and 2006 defined 3 phases of chronic HBV
infection: the “immune tolerant phase”, the “immune
active phase” (encompassing both HBeAg positive and
HBeAg negative patients with elevated ALT, although
with different thresholds for HBV DNA elevation) and
the “inactive” hepatitis B phase[29,30]. This followed on
partly from the clinic-pathological work of Chu et al[24] in
the 1980s. Meanwhile at a 2006 workshop in Frankfurt
of the European viral hepatitis educational initiative, the
terminology “immune tolerant”, “immune clearance”,
“immune control” and “immune escape” was used. They
were applied to the 4, largely sequential, HBeAg positive (phases 1 and 2) and HBeAg negative (phases 3 and
4) CHB disease states[31] (Figure 2). The term “recovery
phase”, for resolved hepatitis B (HBsAg negative, HBcAb positive) has also been proposed[16,32]. Australian
guidelines published by the Digestive Health Foundation
of the Gastroenterological Society of Australia in 2009
also use the 4 phase immune based terminology[33]. Currently, the guidelines of the 3 major international associations for the study of liver disease, American Association of the study of liver diseases (AASLD), European
Association for the study of the liver (EASL) and Asian
Pacific Association for the study of the liver (APASL)
use similar definitions to describe the phases but slightly
different nomenclature as outlined in Table 2 [34-36]. It
must be noted that not all patients with CHB go through
all phases. Furthermore the duration of time spent in
different phases differs and transition from one phase to
the next may be so fast that distinct phases may not be
recognizable in clinical practice.

IMMUNE TOLERANT PHASE
The key features of this phase are HBeAg positivity,
very high serum HBV DNA levels (usually > 2 × 106-2
× 107 IU/mL) but normal ALT levels and minimal or
absent inflammation or fibrosis on liver biopsy. Current Australian guidelines include HBV DNA levels
of > 20000 IU/mL for definition of this phase. The
immune tolerant phase is classically seen in Asian children infected perinatally with HBV and can last for
several decades[37]. The phase is also seen in childhood
acquired, horizontal infection but is thought to be of
much shorter duration[38]. An early study by Lok and
Lai in Chinese children in the immune tolerant phase
(43 HBeAg positive children, median age 10, followed
for a median of 24 mo) showed that HBV DNA levels
were highest in the youngest children. They also dem-
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Table 2 Phases of disease in chronic hepatitis B

Serology
ALT (IU/mL)

Phase 1

Phase 2

Phase 3

Phase 4

Immune tolerance

Immune clearance

Immune control

Immune escape

HBeAg positive
HBeAb negative
Persistently normal

HBV DNA (IU/mL) Very high (usually >
2 × 106-2 × 107)
Liver histology
Normal or mild hepatitis
Specific features
Age usually young
(< 20-30 yr). Phase absent or very short in
Mediterranean CHB
Alternative nomenImmunotolerant
clature

HBeAg positive
HBeAg negative
HBeAg negative
HBeAb negative
HBeAb positive
HBeAb positive
Persistently or intermittently
Persistently normal
Persistently or intermittently
abnormal
abnormal
High but less so than in Immune
< 2000 IU/mL
> 2000 IU/mL (fluctuating)
tolerant phase
(but up to 20000 IU/mL)
Moderate or severe necroinflamNormal or mild inflammation
Moderate to severe inflammamation and fibrosis
tion and fibrosis ± cirrhosis
Intermittent flares or ongoing
May have serum HBsAg levels < 1000
Predominance of HBV with
mild elevation of ALT. Ends with
IU/mL
precore/basal core promotor
seroconversion to HBeAb positive
mutations
state
HBeAg positive immune acInactive HBsAg carrier state (EASL
HBeAg negative CHB (EASL)/
tive (AASLD)/immune reactive
and AASLD)/residual or inactive
reactivation or relapse (APASL)
HBeAg positive phase (EASL)
chronic HBV infection (APASL)

Adapted from Ref [33]. CHB: Chronic hepatitis B; AASLD: American Association of the study of liver diseases; EASL: European Association for the study
of the liver; APASL: Asian Pacific Association for the study of the liver; ALT: Alanine aminotransferase; HBV: Hepatitis B virus; HBsAg: Hepatitis B surface
antigen; HBeAg: Hepatitis B e antigen.

onstrated that while average ALT levels were similar
at the first and last follow-up visits, being 25 and 20
IU/mL respectively, mild transient elevations of ALT,
sometimes accompanied by changes in HBV DNA were
noted during follow-up[25]. Liver histology in the immune
tolerant phase shows non-specific histologic change[39].
A 2007 study from Hong Kong of paired liver biopsies
showed little or no histological fibrosis on initial liver biopsy (median fibrosis Ishak stage 1) in 57 adult immune
tolerant patients and a very low rate of progression over
5 years[40]. A paired transient elastography study with
liver stiffness measurements in HBeAg positive patients,
74 in the immune tolerant phase and 137 in the immune
reactive phase, similarly found low rates of fibrosis progression, 4.2% and 6.6% for the aforementioned groups
respectively, over a 42 mo period[41]. In contrast, Lai et
al[42] recently found that a fibrosis stage of 2 or greater
could be seen in 18% of HBeAg-positive subjects with
persistently normal ALT (defined as ALT < 40 on at
least 2 occasions over at least 6 mo). However, the authors acknowledge that few of their persistently normal
ALT patients truly fit the picture of immune tolerance
being older or with lower viral loads. They suggest that
the term be reserved for young patients with HBV DNA
> 108 copies/mL and “low normal” ALT[42]. The “loss”
of immune tolerance typically occurs during the second
and third decades[8] and was noted to occur at a median
age of 30.7 years in a retrospective study of 40 HBeAg
positive patients with normal ALT and HBV DNA >
107 copies/mL[43]. Increasing age has been shown to predict adverse outcomes in HBeAg positive patients[42,44].
These data therefore make it important for clinicians to
be vigilant in evaluating and monitoring older HBeAg
positive patients in the immune tolerant phase of disease
- especially those with “high normal” or minimally elevated ALTs or intermittent elevation of ALT. Biopsy has
been advocated for immune tolerant patients who are
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older than 40 years to assess degree of histologic damage[34]. Treatment has not generally been recommended
during the immune tolerant phase because of the lack
of proven efficacy. Early studies in children treated during the immune tolerant phase did not show increased
rates of seroconversion either with interferon (IFN) or
lamivudine[45,46]. However a recent case control study of
28 children in the immune tolerant phase, treated with
lamivudine for 8 wk followed by IFN alpha for 44 wk,
showed durable HBeAg seroconversion in 10/28 (36%)
and HBsAg clearance in 6/28 (21.4%) after a mean
follow-up of 21 mo[47].

IMMUNE CLEARANCE PHASE
The immune clearance phase is a phase of HBeAg positive CHB, characterized by intermittent or persistent
elevation of ALT levels and high HBV DNA levels,
although not as high as in the immune tolerant phase.
This is a period of immune mediated liver damage as
evidenced by necroinflammation on liver biopsy and
varying degrees of fibrosis. A typical feature of this
phase is the occurrence of spontaneous flares which
represent an intensification of the immune response to
HBV. Flares are often preceded by an increase in the
HBV DNA level and thus may be precipitated by the
increased levels of replicating wild-type virus[48] although
the cause of this remains unclear. There are no strict
definitions or criteria for flares however in early work
done by several Asian groups the studies generally used
ALT greater than 5-times the upper limit of normal
(ULN) or an absolute elevation in ALT greater than 300
IU/mL. Histologically there is evidence of acute lobular
hepatitis superimposed on changes of chronic viral hepatitis[49] but severe changes of bridging necrosis have also
been described. Clinically, most flares are asymptomatic
but some may be accompanied by symptoms of acute
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hepatitis. Hepatic decompensation can occur in approximately 5% of flares and has been shown to be predicted
by HBV DNA levels of > 1.55 × 109 copies/mL (approximately 2.88 × 10 7 IU/mL) [50]. Flares may rarely
result in fatality[51]. Factors predicting HBeAg seroconversion following a flare include alpha fetoprotein (AFP)
greater than 100 ng/mL, presence of bridging necrosis
on liver biopsy and also the degree of ALT elevation[52].
The chance of HBeAg seroconversion within 3 mo of
a flare in patients with peak ALT levels > 5 × ULN was
46.4%. This was compared with 27.2% and 35.6% in
patients with peak ALT levels 1.5-2 times ULN and 2-5
times ULN respectively. Those with peak ALT > 5 ULN
as well as peak AFP levels > 100 ng/mL in this study
had the highest chance of HBeAg seroconversion (57%)
within three mo of the exacerbation[53]. The frequency
with which flares occur was studied by Liaw et al[54] who
found that in 237 HBeAg positive patients (mean followup of 24.5 mo), 199 episodes of flare (defined as ALT
> 300 IU/mL) were noted in 148 (62%) patients. ALT
flares are more common in men than women which may
account for the higher rates of cirrhosis in men[55]. Although flares are a well recognized and frequent part of
the natural course of hepatitis B, it is certainly wise also
to consider superimposed infections with other hepatotropic viruses (hepatitis A, hepatitis C and hepatitis
D) especially in patients with possible risk factors. The
postpartum period, when immune reconstitution occurs
following the relative immunosuppression of pregnancy,
is a time of significant risk for HBV immune-mediated
flares[56]. Although some data suggest that the prognosis
following acute flares (ALT > 6 × ULN) is good, with
a low rate of complications long term[57], severe acute
exacerbation complicated by subacute hepatic failure
carries an increased risk of cirrhosis[58]. In other patients
there may be several abortive attempts at seroconversion
associated with flares, with loss of HBeAg but then seroreversion (reappearance of HBeAg) being seen, especially in patients who have not yet developed HBeAb[59].
This, likewise, increases progression of fibrosis. The duration of the immune clearance phase has been shown
recently to have a strong impact on the development of
complications. Those who seroconvert after the age of
40 have a significantly higher risk of developing cirrhosis, HCC and HBeAg negative CHB than those whose
seroconversion occurs before the age of 30 years[60].

OTHER PATTERNS OF ALT
ABNORMALITY IN THE IMMUNE
CLEARANCE PHASE: INDICATIONS FOR
TREATMENT
In contrast to the dramatic ALT elevation seen in flares,
Chu et al[61] showed that a certain proportion of patients
only experience transient and mild elevation of serum
ALT levels prior to seroconversion. There are also other
data that suggest that the insidious but persistent dam-
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age caused by low level inflammation, manifest as ALT
levels 1-2 × ULN portends the worst prognosis and the
highest cumulative risk of developing complications of
cirrhosis or HCC. These data were from a mixed cohort
of HBeAg positive (39%) and negative patients whose
median age at presentation was 38, however, the cumulative risk was similar in both the HBeAg positive and
HBeAg negative patients[57]. Other data also show that a
positive association between ALT and liver related morbidity begins at an ALT of > 20 IU/mL in women and
> 30 IU/mL in men[62].
Thus, liver injury during the immune clearance phase
of CHB may come about by different mechanisms. The
guidelines for treatment published by APASL in 2008[36]
and the AASLD in 2009[34] suggest that HBeAg positive patients aged less than 40 years with minimally
elevated ALT (< 2 × ULN) need not be treated but
may be observed. The 2012 EASL guidelines[35] allow
that treatment may be considered in patients with ALT
above ULN if they have a liver biopsy showing at least
moderate necroinflammation and/or fibrosis whilst for
those with “obviously active CHB” (defined as ALT > 2
× ULN and HBV DNA > 20000), treatment may be begun without liver biopsy. Decisions about institution of
treatment in HBeAg positive CHB must be informed by
knowledge of the likely course of disease and probable
outcomes. Varying thresholds for defining the ULN for
ALT complicate matters further. It seems likely that, in
future, the management of HBeAg positive hepatitis B,
will need to include lower thresholds for ALT and different ones for men and women. It also seems important
that decisions about treatment should take into account
age, since the risk of fibrosis increases with age and the
likelihood of sustained viral suppression (a prolonged
immune control phase) decreases with increasing age at
seroconversion[60].

HBEAG TO HBEAB SEROCONVERSION
Various factors impact on the timing of HBeAg seroconversion, including age, genotype and age at acquisition of virus. In perinatally infected Asians, there is a
prolonged period of immune tolerance and low rate of
clearance of HBeAg until later life. Recent data from
Hong Kong show that in a cohort of 1400 Chinese patients, approximately 15% of 441 patients in the 46-55
years age bracket were still HBeAg positive, and 20% of
352 in the 36-45 years age bracket were HBeAg positive[63]. The mean age of HBeAg seroconversion in 240
Asian immune tolerant patients was 31.3 ± 7 years[61].
In the Mediterranean area, there are differences in the
age of seroconversion reported from centers in Italy
vs Greece. For example, in a long term follow-up study
of 70 Caucasian patients in Verona Italy, the mean age
at seroconversion was 30 years (range: 13-65 years)[64].
However, numerous Greek studies have shown that seroconversion has occurred in almost 80% of patients by
the second decade of life[8]. Genotype also impacts on
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the timing of seroconversion. In a retrospective study of
273 Chinese patients (122 with genotype B and 147 with
genotype C), it was found that HBeAg seroconversion
in genotype B patients occurred approximately 1 decade
earlier than in genotype C patients[65]. Multivariate analysis showed that high ALT (baseline and during followup), age > 30 years and genotype B were independent
factors associated with spontaneous HBeAg seroconversion[65]. Genotype D is also known to have a later seroconversion while, in contrast, genotype A is associated
with earlier seroconversion[66].
It is interesting to consider the potential impact of
better nutrition and living conditions (as well as viral coinfection) on immune response. A Canadian study of
70 adopted Asian-born children who were recruited at a
mean age of 2 years, found that 75% had seroconverted
over the subsequent 13 years. The viral genotype was not
characterized in this study[67].

OUTCOMES OF HBEAG POSITIVE CHB
AND SEROCONVERSION
HBeAg to HBeAb seroconversion may be followed by
a prolonged and ideally lifelong transition to the inactive
carrier state with eventual HBsAg loss. However, reaching this state of quiescence can take time, and following
seroconversion there may be reversion to HBeAg positivity. In 512 Chinese patients aged 1-75 years, followed over
3 years, 7.8% of patients showed reversion from HBeAg
negativity to an HBeAg positive state whilst 32.3% of
HBeAg positive patients cleared HBeAg over the course
of follow-up[59]. In terms of clinical outcomes, Chu et al[61]
showed that the rate of development of cirrhosis in a
group of 240 HBeAg positive patients followed up from
the immune tolerant phase through to HBeAb seroconversion was 5%. The mean age at study entry was 27.6
± 6.2 years and the mean age at HBeAg seroconversion
was 31.3 ± 7 years. The annual incidence of cirrhosis was
0.5% and the factors predictive of the development of
cirrhosis were age at HBeAg/HBeAb seroconversion and
relapse of hepatitis which was seen in 15% of patients
following HBeAg to HBeAb seroconversion.
Chen and Liaw[60] followed 483 patients from the
time of confirmed HBeAb seroconversion and found
that over a mean period of follow-up of 11.7 years,
HBeAg negative hepatitis developed in 34%, cirrhosis in
10% and HCC in 2.5%. However, the rates of HBeAg
negative hepatitis and cirrhosis were significantly higher
(at 67% and 43% respectively) in patients whose seroconversion occurred after age 40. The lowest risk was in
patients who seroconverted before the age of 30 (31%
risk of HBeAg negative hepatitis and 3.7% of cirrhosis).
Following seroconversion, the duration of remission,
prior to relapse with HBeAg negative CHB, was significantly shorter in those whose seroconversion occurred
after the age of 40 compared to those with seroconversion before age 30 years (6.2 years vs 9.5 years, P = 0.004).
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IMMUNE CONTROL PHASE
Loss of HBeAg, development of HBeAb, normalization of ALT and reduction of HBV DNA levels to undetectable or very low levels signifies clinical remission
of CHB and entry into the phase of “immune control”
or the “inactive carrier state”. This phase of disease has
had varying titles, as well as definitions over time. The
ideal cut-off level of HBV DNA to define this state has
been contested over the last few years, decreasing from
100000 copies/mL to 30000 copies/mL[29,68] and further
still more recently. Most current guidelines use the level
of 2000 IU/mL[34] although acknowledging that levels
up to 20000 IU/mL may be seen [35]. The REVEALHBV study identified an increased risk for the development of cirrhosis and HCC beginning at a threshold of
2000 IU/mL[14,15]. However several recent studies have
lent support to use of the threshold of 20000 IU/mL
in place of 2000 IU/mL to define the inactive carrier
state. Chen et al[69] looked at 62 patients with persistently
normal ALT over 10 years and found HBV DNA levels
were largely < 20000 IU/mL. Furthermore, a review of
6 studies of HBeAg negative patients with persistently
normal ALT found that significant histological liver
disease was rare in patients with persistently normal
ALT, based on strict criteria, even in patients with HBV
DNA up to 20000 IU/mL[70]. It is important that a patient should be shown to have normal ALT levels and
2-3 HBV DNA levels in the appropriate range (ideally
< 2000 IU/mL) over the course of at least 1 year prior
to classification into this phase of disease, since HBeAg
negative CHB may run a fluctuating course. The prognosis for patients in the inactive carrier state is good.
Although transition to HBeAg negative CHB can occur
in approximately one third of patients[60,71], this risk decreases with time. Chu et al[72] reported that the proportional increase in risk of relapse was lower with longer
follow-up, e.g., the cumulative incidence of relapse was
10.2% at 5 years and 17.4% at 10 years (7.2% increase
from 6th to 10th year of follow up). Relapse however was
seen in only 19.3% after 15 years, and 20.2% of patients
at 20 years (representing only a 1.9% and 0.9% increase
respectively for the 5 year blocks during the second decade of follow-up). It was reported to be negligible after
20 years of follow-up.

HBEAG NEGATIVE CHB
The state of active liver disease associated with HBeAg
negativity due to the presence of mutations in the precore and/or basal core promotor region of HBV [73],
was first recognized in countries around the Mediterranean basin. It has subsequently been recognized to
be globally prevalent[74] and is currently the main form
of CHB worldwide[75]. Patients in the HBeAg negative
CHB phase are older and have higher rates of fibrosis
than HBeAg positive patients[44]. A feature of this phase
is also the fluctuating nature of ALT abnormality. Tai
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et al[76] showed that, in a group of 3673 HBeAg negative patients who began a 3 year followup period with
normal ALT, those with an increase of ALT to at least 2
times ULN (ULN defined as 36 IU/mL) had a higher incidence of cirrhosis, HCC and mortality compared with
those who maintained persistently normal ALT. The importance of HBV DNA concentration in this phase has
also been shown in the REVEAL-HBV studies in which
85% of the cohort were HBeAg negative and in whom
the risk of cirrhosis and HCC were correlated strongly
with HBV DNA levels[14,15].

RESOLVED HEPATITIS B
In addition to the 4 phases outlined above, the EASL
2012[35] and AASLD 2009[34] guidelines also define the HBsAg negative phase, after HBsAg loss. In this phase low
level HBV replication may persist with HBV DNA detectable in the liver, although usually not in the serum. The
rates of HBsAg clearance was evaluated by Liaw et al[77]
in a large cohort of patients divided into 2 groups, 984
with “CHB” (69.3% HBeAg positive) and 1598 “chronic
HBV carriers” (with normal ALT, 28% HBeAg positive). HBsAg loss was noted in 19/984 (1.9%) patients
with “CHB” and 35/1598 (2.2%) chronic HBV carriers
with normal ALT followed up for 4 ± 2.3 years and 2.7
± 1.4 years respectively. This translates to an annual rate
of 0.5% in CHB patients and 0.8% in chronic carriers.
HBsAg clearance only occurred after HBeAg seroconversion. The rate of HBsAg loss in this study is slightly
higher than a previous small Asian study of HBsAg
clearance in patients followed for at least 6 mo, in which
only 1 of 323 chronic carriers cleared HBsAg[78]. However, the rates are lower than in older Caucasian group
studies. Whilst loss of HBsAg is the closest endpoint
we have to a cure from HBV infection, it should be appreciated that viral DNA can be archived within the host
genome in the form of covalently closed circular DNA
(cccDNA). The significance of resolved hepatitis B has
gained importance especially in the setting of immunosuppression due to the risk of HBV reactivation. Some
patients with HBsAg loss may still have detectable HBV
DNA in the serum (occult HBV) and these individuals
are particularly vulnerable to HBV reactivation following
chemotherapy for hematological malignancies and breast
cancer, and chemotherapy regimens that contain either
steroids or rituximab[79,80].

NATURAL HISTORY OF
ADULT-ACQUIRED HEPATITIS B

CONCLUSION
Our understanding of the natural history of CHB has
evolved greatly over the past 40 or so years. Further new
studies continue to add information about differences in
serological markers between different phases of disease.
Nguyen et al[83] showed that the level of quantitative HBsAg could help differentiate between patients in various
phases of CHB infection, being highest in patients in the
immune tolerant phase of disease and lowest in those in
the HBeAg negative low replicative phase. Specific virological factors can impact on natural history, for example, the likelihood of progression to chronicity (genotype
in adult acquired HBV) and the risk of cirrhosis or HCC
(HBV DNA level and BCP mutations). External factors
including co-infection with HCV or HDV and other
causes of liver injury can also influence the development
of advanced fibrosis. Characteristics of the host, especially age at time of seroconversion and immune competence in those with resolved hepatitis B, also have a
bearing on the future course of the disease. The phases
of CHB as outlined above have been elucidated through
the work of groups from all over the world over the past
40 years. They provide a useful framework within which
to interpret overall risk for individual patients and remain a central part of the clinical assessment. Our conceptualization of the natural history of hepatitis B has
evolved significantly over time, but it is likely that future
insights will continue to improve our understanding of
this complex virus and its dynamic interaction with its
human host.
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Abstract
Pancreatic adenocarcinoma is one of the most aggressive cancers, and the decline in mortality observed in
most other cancer diseases, has so far not taken place
in pancreatic cancer. Complete tumor resection is a
requirement for potential cure, and the reorganization
of care in the direction of high patient-volume centers,
offering multimodal treatment, has improved survival
and Quality of Life. Also the rates and severity grade of
complications are improving in high-volume pancreatic
centers. One of the major problems worldwide is underutilization of surgery in resectable pancreatic cancer.
Suboptimal investigation, follow up and oncological
treatment outside specialized centers are additional
key problems. New chemotherapeutic regimens like
FOLFIRINOX have improved survival in patients with
metastatic disease, and different adjuvant treatment
options result in well documented survival benefit.
Neoadjuvant treatment is highly relevant, but needs
further evaluation. Also adjuvant immunotherapy, in
the form of vaccination with synthetic K-Ras-peptides,
has been shown to produce long term immunologi-
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cal memory in cytotoxic T-cells in long term survivors.
Improvement in clinical outcome is already achievable
and further progress is expected in the near future for
patients treated with curative as well as palliative intention.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Pathogenesis; Prevention; Diagnosis; Treatment; Evidence-based medicine;
Immunotherapy; Adjuvant chemotherapy; Neoadjuvant
chemotherapy
Core tip: Curative treatment outcome for patients with
pancreatic cancer is achievable if early surgical treatment is combined with adjuvant chemotherapy. Nevertheless, most patients end up in a palliative situation,
earlier or later. Also palliative therapeutic interventions
are improving, but a multidisciplinary team with advanced expertise is a prerequisite for optimal care.
Buanes TA. Pancreatic cancer-improved care achievable. World
J Gastroenterol 2014; 20(30): 10405-10418 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i30/10405.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10405

INTRODUCTION
Pancreatic adenocarcinoma is one of the most aggressive cancers. Despite all advances in cancer treatment
it is still the fourth most-frequent tumor-related cause
of death in the Western world[1]. The reasons for this
are challenges associated with the diagnosis, which tend
to be late and precarious, but more importantly limited
therapeutic options. Therefore, even though cancer
mortality in Europe has declined by approximately 10%
during recent years, this is not the case for pancreatic
cancer[2]. The development of new and potent treatment
options is therefore strongly needed. In recent years there
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have been important advances in the organization of
care for pancreatic cancer patients, also resulting in more
focused studies on preoperative investigation, surgical,
oncological and immunological treatment. This review
summarizes available evidence, focusing best clinical
practice based on the latest translational research.

especially in smokers. This has been documented in two
comprehensive international studies[13,14]. Whitcomb[15]
identified in 1996 the first genetic defect in patients with
hereditary pancreatitis on the cationic trysinogen gene
(PRSS1).

RESEARCH

Pancreatic cancer has been shown to result from a successive accumulation of gene mutations[16] in the ductal
epithelium, evolving from premalignant lesions to fully
invasive cancer. Pancreatic intraepithelial neoplasia is a
precursor of pancreatic cancer[17], progressing from minimally dysplastic epithelium to invasive carcinoma. During
carcinogenesis accumulation of mutations take place,
initially activation of the KRAS2 oncogene, then inactivation of the tumor suppressor gene CDKN2A and inactivation of the tumor suppressor gene TP53 and finally
deletion of the SMAD family member 4 gene[18,19].
At least one of four genetic defects are present in
almost all patients with fully established pancreatic cancer [20]. Activated mutations in the KRAS2 oncogene
is very frequent in pancreatic cancer cells, making this
mutation an appropriate target for immunological attack
from vaccine-activated cytotoxic T-cells[21]. The abnormal
Ras protein, generated from transcription of the mutant
KRAS gene, results in permanent activation of proliferative and survival signaling pathways in the cancer cells.
Comprehensive genetic analysis of 24 pancreatic cancers showed that the genetic basis of the tumor is extremely complex and heterogeneous[22]. An average of 63
genetic abnormalities per tumor was found, mainly point
mutations, classified as likely to be carcinogenetically relevant. These abnormalities can be organized in 12 functional pathways. A model of this carcinogenetic process
is presented graphically as the “Components of Pancreatic Cancer” in a clarifying review article by Hidalgo[19].
Genomic sequencing, evaluating the clonal relationships among primary and metastatic pancreatic cancer
cells, has recently been performed. Based on differential
accumulation of mutations, the authors estimated that
pancreatic tumors cells are present for 6 to 12 years
before development of metastatic disease, suggesting a
broad time window for early detection of the primary
tumor[23].

Search in PubMed was performed with the key words:
Pancreatic cancer, combined with pathogenesis, prevention, diagnosis and treatment. Reports were selected,
based on publication date (preferring recent studies)
and conceived internal validity in each single paper. A
balanced mix of original papers, preferring randomized
trials initiated after 2003, and Cochrane reviews, metaanalyses and review articles, relevant to the scope of this
review, were prioritized.

PATHOGENESIS
The cause of pancreatic cancer remains unknown. Several environmental factors have been implicated, but a
causal role has been shown only for tobacco. The risk
of pancreatic cancer in smokers is 2.5 to 3.6 times that
in non-smokers, increasing with greater tobacco use and
longer duration of exposure[3]. Worldwide the proportion of early onset pancreatic cancer is strongly correlated with lung cancer mortality[4] (r2 = 0.53), suggesting
that approximately half of the variation in the proportion of early onset pancreatic cancer can be explained
by smoking. The possible roles of moderate intake of
alcohol, coffee, and use of aspirin as contributing factors are supported by very limited data. Increased risk
of pancreatic cancer among patients with blood type
A, B or AB as compared with blood type O has been
observed in recent reports [5,6]. Pancreatic cancer also
occurs with increased frequency among persons with
long-standing diabetes[7,8], but this does not necessarily
imply that diabetes is a pathogenetic factor, as it may be
a consequence of the cancer. The latter concept is supported by the recent observation that adrenomedullin is
upregulated in patients with pancreatic cancer and causes
insulin resistance in β cells[9]. A recent meta-analysis also
favors the association between hepatitis B/C infection
and pancreatic cancer[10].
There may be a causal relationship between chronic
pancreatitis and pancreatic cancer, but the population attributable fraction was estimated to only 1.34% (95%CI:
0.612-2.07) in a recent study[11], suggesting that a relatively small proportion of pancreatic cancers might be
avoided if pancreatitis could be prevented. Pancreatitis
appearing shortly before the diagnosis of pancreatic
cancer is probably the result of tumor-related ductal
obstruction. But patients with hereditary pancreatitis,
which is a rare subgroup of chronic pancreatitis, have a
marked relative and absolute increased risk of pancreatic cancer[12] as compared to the general population,
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GENETICS

PREVENTION
Universal primary screening for pancreatic cancer is currently not recommended, given the tools available and
their performance[24,25], even though the time interval
when pancreatic cancer cells are present in advance of
their dissemination, is probably long[23,26]. Hence, the
beneficial potential of a biomarker panel with the required accuracy, is huge. No imaging modality fills this
requirement. Sensitivity as well as specificity of endoscopic ultrasound (EUS) examination has been improving during recent years, and enables fine needle aspira-
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tion during the same procedure. But even screening
of high-risk groups by EUS combined with computed
tomography (CT), should only be performed in the context of prospective trials[25,27].
The number of patients with incidentally diagnosed
cystic pancreatic lesions is rising, most likely due to the
increased use of high-resolution imaging[28]. The variable degree of malignancy potential in different cystic
pancreatic lesions can be clarified by EUS guided aspiration/analysis of cystic fluid, as low levels of carcinoembryonic antigen (CEA) in cyst fluid from serous
cystadenoma has been documented[29]. Oppositely, cyst
fluid from mucinous lesions tends to have high CEA values[30]. Intraductal papillary mucinous neoplasms (IPMN)
in the main duct develop invasive carcinoma more often
than IPMN lesions in side branches[31], both supposed
to be more indolent than sporadic pancreatic adenocarcinoma. But in patients with lymph node metastasis,
long term survival curves are almost identical[32]. IPMNlesions usually have a premalignant time interval of several years duration. Surgical resection of mucinous cystic
lesions before they become invasive carcinoma, apparently represents one of the best opportunities to prevent
pancreatic cancer. Also when incidentally recognized
malignant lesions undergo surgical resection, survival is
significantly improved[33]. Five year survival above 30% is
reported after resection of incidentaloma, even in distal
pancreatic carcinoma[34]. Prevention of death from pancreatic cancer is therefore increasingly affordable, even
though screening programs have not become the way to
do it up till now.

DIAGNOSIS
High quality imaging plays a crucial role in the diagnosis
of pancreatic tumors. One cross-sectional imaging modality is sufficient for adequate evaluation of tumor diagnosis and resectability in most patients. Multidetector
CT angiography, performed by using a dedicated dualphase pancreatic protocol[35] is the preference of most
centers [36]. Adoption of a standardized template for
radiology reporting in pancreatic neoplasms is strongly
recommended in a consensus statement, authored by
radiologists, gastroenterologists and hepatopancreaticobiliary surgeons under the sponsorship of the Society
of Abdominal Radiologists and the American Pancreatic Association[35]. Magnetic resonance imaging (MRI),
including magnetic resonance cholangiography, may
help to differentiate cystic lesions, but does not add information about resectability. EUS guided fine-needle
aspiration is essential for analysis of cystic fluid, and is
the best method for obtaining a tissue diagnosis when
needed, i.e., before neoadjuvant or palliative chemotherapy. Routine use of endoscopic retrograde cholangiopancreatography (ERCP) or 18F-fluorodeoxy-glycose
(18F-FDG) PET cannot be recommended[36,37]. ERCP
should only be used for therapeutic purposes, because
of the high frequency of severe complications. Proce-
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dure-related mortality rate of 1.4% have recently been
published[38]. Routine preoperative biopsy of resectable
pancreatic tumors is not advisable, because malignant
disease cannot be ruled out reliably[39]. Seeding of cancer cells along the path of the needle[40] after percutaneous biopsy is another reason for avoiding preoperative
biopsy in patients with resectable tumors.

BIOMARKERS
Numerous biomarkers for cancer have been developed[41],
but the clinical benefit in pancreatic cancer patients
has so far been limited, and the persistent search for a
biomarker panel with improved sensitivity/specificity
is important. New markers based on analysis of gene
expression[42], proteomic analysis[43], radiolabeling with
anti-Claudine 4[44] and membrane bound molecules[41]
are developing, but a panel also including microRNA
(miRNA) as a biomarker, seems presently most likely to
obtain clinical significance[45]. The beneficial role of a
secure biomarker panel is obvious for primary diagnosis,
as well as monitoring of treatment outcome. Carbohydrate antigen 19-9 (CA 19-9) is in widespread clinical
use, even though sensitivity and specificity are low[46]. Its
clinical usefulness in early detection of recurrent disease
and therapeutic monitoring is well documented[47].

STAGING
Pancreatic cancer is staged according to the most recent
edition of the American Joint Committee on Cancer
(AJCC) tumor-node-metastasis (TNM) classification[48].
Treatment of different stages have been changing during recent years, and the outcome, recorded with survival and Quality of life (QoL) as clinical endpoints,
changes with the development of revised guidelines.
Bilimoria et al[49] reported in 2007 survival data resulting
from treatment according to staging by the 6th edition
of AJCC Pancreatic Cancer Staging System, when T1,
T2 and T3 tumors are considered potentially resectable,
even though locally advanced T3 tumors involve the
superior mesenteric veins (SMV), portal vein (PV), or
splenic vein (SV). Median survival 24.1 mo was reported
in stage 1A, decreasing to 4.5 mo in stage Ⅳ. Details of
stage characteristics are given in Bilimoria et al[49]’s report
from the National Cancer (NCD)-database and in Hidalgos et al[19]’s review. However, the practical consequences
of staging, related to assessment of resectability and
timing of an operation, is changing after the introduction of the concept of borderline resectable tumors. As
indicated in Table 1, this question depends on the local
handling program of each pancreatic center.

TREATMENT
Long term survival is not achieved in pancreatic cancer
patients without surgical resection of the tumor. This
is true even when chemoradiation is used in early stage
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Table 1 Staging of pancreatic cancer according to the Ameri[48]
can Joint Committee on Cancer , together with clinical
implication for resectability, illustrating that T3 and even T4
tumors may be considered borderline resectable
Stage
ⅠA
ⅠB
ⅡA
ⅡB
Ⅲ
Ⅳ

Tumor
1
grade

Nodal
1
status

Distant
1
metastases

Resectability

T1
T2
T3
T1, T2 or T3
T4
Any T

N0
N0
N0
N1
Any N
Any N

M0
M0
M0
M0
M0
M1

Resectable
Borderline resectable2

Unresectable, independent of T-grade

1

N denotes regional lymph nodes, M distant metastases, and T primary
tumor; 2The concept “borderline resectable”, related to T3 and T4 tumors,
is not uniformly conceived between pancreatic centers.

disease[50,51]. The superiority of surgery over chemoradiotherapy has even been documented in a randomized controlled trial (one year survival 62% vs 32%, P <
0.05)[52]. In the Surveillance Epidemiology and End Result (SEER) database, curative intent surgery was found
to be the strongest predictor of prolonged survival[53]. In
high-volume centers, resection of mesenteric vessels and
even multivisceral resection are performed in patients
with locally advanced disease[54-58] to enable long term
survival.

MULTIDISCIPLINARY APPROACH
A multidisciplinary approach is mandatory, already at
the time of primary diagnosis of pancreatic cancer.
The impact was evaluated in 203 consecutive patients
at the Johns Hopkins pancreatic multidisciplinary clinic
in 2006/2007[59], and a comprehensive and coordinated
evaluation led to changes in therapeutic recommendations in almost one-quarter of patients. Patient logistics
and care was organized around a nurse navigator in an
“All-in-One Resort” [60,61], and high degree of patient
satisfaction was reported. The continuous ongoing development of oncological and surgical treatment algorithms in patients with borderline resectable and locally
advanced disease, further underlines the importance
of close cooperation within the multidisciplinary team
in order to maximize short- and long-term oncological
outcomes[62].

SURGERY - FOR WHOM, HOW AND
WHEN?
Improved quality of preoperative staging has enabled
radiological classification of pancreatic tumors as resectable, borderline resectable (a concept which has been
defined by a consensus panel[63,64]) and locally advanced
unresectable tumors. Borderline resectable tumors may
be treated by neoadjuvant chemoradiation, which has
been shown to result in high rates of R0 resections, and

WJG|www.wjgnet.com

5 years survival in the same range as primary resectable
tumors[63]. But the downside of the neoadjuvant protocol
was that significant numbers of included patients with
potentially resectable tumors at inclusion (approximately
¼), progressed during neoadjuvant treatment and could
never be resected[63,65]. These patients have the disadvantage of median survival 8 mo[66]. Future development
of care for patients with pancreatic cancer is obviously
emerging towards more advanced surgery for new patient groups combined with oncological efforts after surgery, probably also preoperatively. Further prospective
clinical studies, focusing clinical outcome, are mandatory. But the underutilization of surgery in patients with
localized pancreatic cancer is a major ethical problem:
Numerous patients without any contraindication against
surgery never receive surgical treatment of their serious
disease[50,67].
The best outcome of surgical treatment is histologically free resection margin (R0) and it has been unclear
whether an R1 resection confers any survival benefit at
all over no surgical removal of locally advanced tumors.
Even the predictive value of an R0 resection has been
queried: In 360 consecutive patients, undergoing pancreaticoduodenectomy, R0 was found in 300 (83.3%),
but R0 status did not come out as survival predictor in
multivariate analyses[68]. Patients who underwent an R1
resection had a median overall survival of 21.5 mo compared with 27.8 mo after R0 resection, which was found
not significantly different. This might in part be explained by the fact that up till 2006, pathological examination of pancreaticoduodenectomy specimens were not
standardized between different pancreatic centers[69,70].
Verbeke et al[71] published a systematic, detailed technique for handling and evaluation of resected specimens
with colouring of the resectional margins, redefining
R1 resection as tumor cells within 1 mm of the resection margin. The Heidelberg group documented that R0
resection came out as predictor of long term survival in
multivariate analyses after the introduction of this standardized handling of resected specimens[54]. Accordingly,
refinement of surgical technique, aiming at increased
rates of R0 resection, defined by new standards, is mandatory. This may require increased rates of resection of
the SMV/PV[72], altered dissection strategy[73] or it might
be advantageous to alter the whole treatment algorithm,
introducing neoadjuvant chemoradiotherapy in patients
with borderline resectable tumours, as described in the
United States National Comprehensive Cancer Network
guidelines[36,74]. European guidelines are different, as neoadjuvant chemoradiotherapy is not recommended in patients with resectable pancreatic cancer[75]. The intention
behind the neoadjuvant treatment algorithm is to avoid
surgery in patients with rapidly progressive disease, and
to achieve better local tumour control for the residual
group, potentially even to down-size unresectable locally
advanced tumours to allow secondary resection. Chemoradiotherapy before any surgical resection selects patients with more stable disease for surgery and putative
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Table 2 Core data, characterizing outcome of neoadjuvant chemoradiation and surgery, vs upfront surgery plus adjuvant chemotherapy in patients with resectable and/or borderline resectable pancreatic tumor
Ref.

Patients Inclusion periode
included

Katz et al[63] 2008
Nordby et al[84] 2013
Neop-tolemos et al[76]
2010
Schmidt et al[77] 2012

160
135
1088

1999-2006
2008-2010
2000-2007

132

2004-2007

Treatment algorithm

Proportion not
resected

Neo-adjuvant
Upfront surgery+ adjuvance
Upfront surgery+ adjuvance

59%
11%
Only resected
patients included
Upfront surgery+ adjuvance
Only resected
patients included

R0 status

Frequency of vascular Median survival
resection
in months

94%
42%
65%

27%
6%
17%

40
Na1
23

61%

Na2

28

Na1: Too short follow up; Na2: Not given in the paper.

micrometastasis may be treated at an earlier stage. On
the other hand significant numbers of primary resectable
patients become unresectable during neoadjuvant treatment and the outcome of primary resection followed by
adjuvant chemotherapy is lost in many of these cases. A
median survival of 23 mo[76] to 28 mo[77] has been documented in two recent randomized controlled trials. This
life expectancy is replaced by the prospects of an unresectable tumor, being less than a year, ie. significantly
shorter[78].

COMPARISON OF OUTCOME
Table 2 puts together core data from four studies illustrating principal difficulties, arising when outcome of
neoadjuvant treatment is compared with upfront surgery
followed by adjuvant chemotherapy. Katz et al[63] published 2008 median postoperative survival 40 mo and
94% R0 resections, which is the best outcome for resected patients. But most patients included in the study could
never be respected, and it is an open question what the
clinical outcome of an earlier operation would have been
in these cases. On the other hand, Nordby et al[72] published in 2013, that almost 90% of patients scheduled for
upfront surgery were actually resected, but the rate of R0
resection was low, and it is underlined that alteration of
surgical technique might be an opportunity of improvement: Increased frequency of resection of the PV/SMV
and/or artery first dissection strategy. Finally, ESPAC
centers resected PV/SMV in 17 % of operated patients,
and obtained similar oncological outcome in the whole
group of included patients, when surgery was performed
first. Also the Heidelberg group (Schmidt 2012) has reported equivalent survival after upfront surgery. The different outcome in these series is probably explained by
diverse patient selection, differences in preoperative and
intraoperative criteria for resectability and variable surgical technique. These parameters illustrate important confounding factors when outcome is compared between
neoadjuvant and upfront surgical treatment algorithms.
Further efforts are therefore needed to standardize and
clarify critical determining factors of outcome in advance of future randomized clinical trials. According to
the current available evidence, neoadjuvant therapy is
usually not recommended for patients with curatively re-
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sectable pancreatic cancer[36,75], but the prospective evaluation in well-designed controlled trials is mandatory. A
synthesis of the considerations above is summarized in
Figure 1A, suggesting upfront surgery for all patients
with resectable tumor, followed by adjuvant chemotherapy. However, the inclusion of resectable as well as
borderline resectable tumors in a neoadjuvant protocol
is the preference of MD Anderson Cancer Center[79] as
shown in Figure 1B. Further details on tumor biology,
enabling personalized medical treatment plans would significantly improve outcome in both arms of these trials,
and probably reduce health care costs[80,81].
The purpose of surgical resection of pancreatic tumors is radicality, but final R1 status occurs in all centers.
Already in 1996 Lillemoe published data, suggesting a
survival benefit of R1 resection over locally advanced unresectable tumours[82]. Two recent publications have verified increased survival after R1 resection. Konstantinidis
et al[83] found median survival 14 mo in 157 R1 resected
patients vs 11 mo in 286 locally advanced, unresectable
cases. Nordby et al[84] found median 18 mo survival after
R1 resection vs 8.1 mo in the locally advanced unresectable group and also QoL, recorded longitudinally, was
found improved in the resected group. Collective evidence supports the concept that there is a significant
clinical benefit of removing the pancreatic tumor, even if
the resectional status is R1.

ONCOLOGICAL TREATMENT
Pancreatic adenocarcinoma tend to be chemoresistant
and for a long period little progress has been obtained
by traditional anti-tumor treatment, illustrated by the
fact that gemcitabine has been standard of care since
1997[85]. But Conroy et al[86] published 2011 a randomized
controlled trial including 342 metastatic patients, comparing FOLFIRINOX (oxaliplatin, irinotecan, leucoverin
and fluouracil) with gemcitabine, and found significantly
increased survival (11.1 mo vs 6.8 mo). The objective
response rate was 31.6% in the FOLFIRINOX group
vs 9.4% in the gemcitabine group (P < 0.001). During
ASCO 2012 the FOLFIRINOX regimen was characterized as a paradigm shift in oncological treatment of
pancreatic cancer, and this regimen is now under evaluation in potentially curative subgroups, as those with
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A

Multidisciplinary meeting

Resectable

Borderline
resectable

Locally advanced
unresectable

Disseminated

RCT
Surgical
exploration

Surgical
exploration

Neoadjuvant
therapy

Neoadjuvant
therapy

Resectable no
metastasis

Palliative endoscopy
(stent in bile duct and/
or duodenum)

Restaging

Resection

R0/R1
resection
Adjuvant therapy

Palliative treatment

B

Multidisciplinary meeting

Borderline
resectable

Resectable

RCT
Neoadjuvant
therapy

Surgical
exploration

Resectable no
metastasis

Restaging

Resection
R0/R1
resection
Palliative treatment

Adjuvant therapy

Figure 1 Treatment algorithm for pancreatic tumors including only patients with borderline resectable lesions in randomized controlled trial (A), alternative model, including primary resectable and borderline resectable tumors in randomized controlled trial, comparing outcome of upfront surgery and neoadjuvant chemotherapy (B).

borderline resectable tumours[87]. The results are positive,
but the toxicity of FOLFIRINOX generates significant
limitations, as only patients with relatively good health
can be included.
Evaluation of adjuvant chemotherapy, combined with
radiotherapy or alone, was first analysed in well-designed
randomized trials in the ESPAC 1 study which showed
no survival benefit for adjuvant chemoradiotherapy but
a significant prolonged survival in patients treated by
fluouracil and folic acid[88,89]. However, a meta-analysis
suggests that further studies with chemoradiation is
warranted in patients with positive resection margins, as
chemotherapy appears relatively ineffective in this subgroup[90]. Another important observation in the ESPAC
1 study was that also QoL, recorded prospectively, was
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not negatively affected by adjuvant chemotherapy compared to surgery alone[91]. Also adjuvant gemcitabine was
found to delay recurrence after complete resection of
pancreatic cancer[92]. Finally adjuvant gemcitabine was
compared with fluouracil/folic acid in the ESPAC 3 trial,
which did not find any difference[76].
Neoadjuvant chemoradiotherapy seems to have an
obvious place in patients with locally advanced unresectable tumors, who may become resectable after downstaging[93]. However, downstaging filling the RECIST
(Response Evaluation Criteria in Solid Tumors) criteria,
was found very rare in a recent review[79]. In patients with
resectable or borderline resectable tumors, the role of
gemcitabine is controversial[94] due to objective response
rates below 10%. But potent new regimens like FOL-
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FIRINOX may expand this window of opportunity.
Immunotherapy
After decades of disappointment, the recent success of immunotherapy in metastatic melanoma, including proofof concept trials[95], have renewed the interest in this
form of therapy also against pancreatic cancer. In fact,
the concept of immune attach against pancreatic tumor
cells by CD4+/CD8+ T-lymphocytes was published
already in 1997[96]. A second treatment protocol was initiated simultaneously, utilizing adjuvant vaccination with
synthetic ras peptides encompassing residues 5-21 of
p21 ras in patients operated for pancreatic cancer[21]. This
phase Ⅰ/Ⅱ trial included 23 resected patients, receiving
adjuvant vaccination, subsequently followed till death
or for more than ten years. Three patients mounted a
memory response immunologically up to nine years after
vaccination. Recurrence was found in a fourth patient six
years after the Whipple procedure, and her T-cells had
then lost their reactivity. After baseline vaccination (1998),
she mounted a strong immune response. The evaluation
of K-ras peptides in phase Ⅱ/Ⅲ trials are ongoing, so
far in the Targovax-study, but numerous other basic and
translational efforts are in progress[97].
Also the catalytic subunit of telomerase, hTERT, expressed in 85%-90% of human cancer tissue[98], is an
attractive “universal” tumour antigen. A synthetic peptide, GV1001, has been tested in unresectable pancreatic
cancer patients, with promising outcome: Vaccination
initiated CD4+/CD8+ immune response[99] via multiple
MHC class Ⅱ alleles. The intermediate dose of GV1001
resulted in immune response in 3/4 of included patients,
with significantly increased survival (median 7.2 mo vs 2.9
mo) in responding patients. This resulted in a following
phase Ⅲ trial, the Primovax Study, evaluating GV1001 as
monotherapy in one arm, compared with standard gemcitabine in the other arm. The intention was to randomize
520 patients to each arm. But the study was closed after
inclusion of 360 patients when preliminary data on the
deaths of 174 patients showed no survival benefit in the
GV1001 group[100]. Another randomized trial with three
arms, comparing survival in metastatic pancreatic cancer
after gemcitabine plus capecitabine, vs gemcitabine plus
capecitabine followed by GV 1001 in the second arm and
concurrent gemcitabine/capecitabine in the third arm,
could neither improve outcome by adding the vaccine[101].

PALLIATIVE SURGERY/ENDOSCOPY
The majority of patients with pancreatic cancer are not
resectable at the time of presentation, with life expectancy less than one year for approximately 80%-90%.
Palliative interventions for these patients intend to solve
problems associated with biliary occlusion and/or duodenal obstruction. The advantage of surgical palliation
with double bypass has been to obtain lifelong palliation
with one single procedure[102]. But improved radiological
staging enables secure prediction of resectability in most
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cases, and the advantage of avoiding surgical exploration
of unresectable patients favors endoscopic stenting, also
of patients with duodenal obstruction[103]. The development of defined quality indicators for the different
aspects of the handling of pancreatic cancer patients[104]
enables better focus on clinical outcome in future treatment guidelines. The symptom profile of advanced pancreatic cancer is dominated by fatigue and pain[105] and
appropriate treatment of nausea and vomiting is important[106]. The palliative functions of the multidisciplinary
team have to be closely integrated to offer well-timed
help when treatment aspirations change from curative
to palliative ambitions[107]: Endoscopic and radiological
interventions, together with nutritional support may significantly improve clinical outcome[108].

QUALITY OF LIFE/PATIENT REPORTED
OUTCOME
The short survival in most patients with pancreatic cancer makes clinical research difficult due to limited followup before transition into a general palliative stage. The
symptom profile adds to this problem, because fatigue
is a major problem for the majority of patients already
at the time of primary diagnosis[105], and several patients
are unable to fill comprehensive report forms. Available
knowledge about health-related QoL in pancreatic cancer patients is constrained - for these and several other
reasons. The lack of disease-specific tools for QoL-registration in patients with pancreatic cancer is one of the
main reasons for shortage of information about clinical
outcome. Several self-reported measures have been used
in research, but only the European Organisation for
Research and Treatment in Cancer (EORTC) has developed a disease-specific instrument for pancreatic cancer[109]. The QoL module for pancreatic cancer (EORTC
QLQ-PANC26) has 26 questions and must be used in
conjunction with the generic instrument EORTC Quality of Life Questioinnaire-C30 (EORTC C-30). Ultimately, altogether 56 questions have to be completed,
strongly restricting the feasibility of the instrument both
in research and clinical practice. This applies particularly for patients with severe, disabling disease[105]. The
Edmonton Symptom System (ESAS) form is short and
hence feasible, but generic. A recent new instrument is
now developed, which is short and disease-specific, the
pancreatic cancer disease impact (PACADI) score[110].
The methodology behind the PACADI score utilized
experience from rheumatology, where the Rheumatoid
Arthritis Impact of Disease (RAID) score, based on patients’ selection of dimensions where the disease has the
most important impact on their QoL, has been developed and validated[111,112]. The RAID score is proven to
be feasible and is now widely used in research. Similarly,
the PACADI score asked for the patients’ priorities. The
three dimensions with most severe negative impact on
pancreatic cancer patients QoL, was pain/discomfort,
fatigue and problems with bowel/digestion. But patients
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Generic:
Lacking important
dimensions

Disease specific:
Records outcome
realistically

Figure 2 ESAS and pancreatic cancer disease impact form in a patient with serum bilirubin 550 μmol/L, illustrating that only the disease specific instrument enables report on the patient’s most severe problem.

with severe icterus reported itching as their most important problem. In order to characterize clinical outcome
of therapeutic interventions in a cohort with the short
life expectancy of pancreatic cancer patients, it is of utmost importance to obtain valid data on patient reported
outcome (PRO). Figure 2 illustrates the difference between a generic (ESAS) and disease-specific (PACADI)
instrument in this regard.

FUTURE PERSPECTIVES

IMPORTANCE OF PATIENT VOLUME
Pancreatic surgery has now been accepted as one of the
most recognized high-risk, low-volume surgical procedures, but this has not taken place without widespread
reluctance in the medical community. One early comprehensive analysis of the relationship between a hospitals
patient volume and outcome, was published in 2002 by
Birkmeyer et al[113], focused on selected cardiovascular
and cancer procedures. Absolute differences in adjusted
postoperative mortality rates after pancreatic resections
ranged from 16.3% (low volume) and 3.8% (high volume). Several subsequent reports supported the concept
that outcome is best in high-volume hospitals, first because complications are recognized earlier and handled
better, second because better oncological surgery and
chemotherapy is offered[114-116]. The statement that postoperative mortality rates as well as long-term survival are
improved with high patient volume, is now clearly evidence-based[117]. The aggressiveness of the tumor combined with the rates and severity grade of complications
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associated with pancreatic surgery, resulted in an almost
nihilistic therapeutic attitude for several years[118]. The
fact that most patients with pancreatic cancer die shortly
after diagnosis was for years a “self-verifying prophecy”,
uphold by negative expectations in most of the medical world. This was a real observation - nevertheless,
evidence-based medicine is something very different.

The room for improvement is huge in diagnostic as well
as therapeutic aspects of pancreatic cancer. The development of a panel of biomarkers enabling early detection
of small and localized cancerous lesions is still only a
dream, but progress is speeding up, particularly the stability of free miRNA in serum[119] has fostered optimism.
Even the recurrence risk after surgery and the probable
response to anti-tumor therapy may be predicted and become a key to individualized treatment plans in the near
future. Novel chemotherapy regimens with documented
improved survival are now available[86], and even chemoand radiotherapy resistance may be reversed through utilization of the regulatory effect of miRNA on essential
molecular pathways[120].
Surgical performance has improved significantly in
large volume centers and the laparoscopic technique is
well established for distal resections[121,122]. Skepticism remains for laparoscopic resection of adenocarcinoma but
the rate of R0 resection was 91% and five year survival
30% in a recent report[34]. Accordingly, oncological results
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are equal or may even be better after laparoscopic than
open resection. Also pancreaticoduodenectomy (Whipple-procedures) may be performed laparoscopically, but
available data on outcome are scarce[123]. Robotic surgery
might generate security advantages in this field[124], and it
seems reasonable to assume that the immunosuppressive
effect of surgery can be significantly reduced when an
open Whipple-procedure is replaced by a laparoscopic
operation. This might represent a greater window of opportunity for adjuvant immunotherapy, becoming more
effective when inhibitory immunoregulation is downgraded or even eliminated.
The need of well-designed prospective trials clarifying the role of neoadjuvant chemotherapy is underlined
also by other authors[125,126]. Important standardization of
staging and treatment is incorporated in the Intergroup
trial (Alliance A021101)[79], which is conducted as a single
arm pilot study, intended to serve as paradigm for future
randomized comparative trials.

CONCLUSION
Curative treatment outcome for patients with pancreatic
cancer is achievable if early surgical treatment is combined with adjuvant chemotherapy. Nevertheless, most
patients end up in a palliative situation, earlier or later.
Also palliative therapeutic interventions are improving,
but a multidisciplinary team with advanced expertise is
a prerequisite for optimal care. Translational research is
the key to personalized treatment plans, which is strongly needed in patients with pancreatic cancer[127].
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Abstract
Recent studies have suggested the existence of a
patient population with esophageal eosinophilia that
responds to proton pump inhibitor therapy. These patients are being referred to as having proton pump
inhibitor responsive esophageal eosinophilia (PPI-REE),
which is currently classified as a distinct and separate
disease entity from both gastroesophageal reflux disease (GERD) and eosinophilic esophagitis (EoE). The
therapeutic effect of proton pump inhibitor (PPI) on
PPI-REE is thought to act directly at the level of the
esophageal mucosa with an anti-inflammatory capacity,
and completely independent of gastric acid suppression. The purpose of this manuscript is to review the
mechanistic data of the proposed immune modulation/
anti-inflammatory role of the PPI at the esophageal
mucosa, and the existence of PPI-REE as a distinct disease entity from GERD and EoE.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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philic esophagitis; Proton pump inhibitor responsive
esophageal eosinophilia; Proton pump inhibitor
Core tip: The concept of pump inhibitor responsive
esophageal eosinophilia (PPI-REE) is relatively new.
The underlying mechanism(s) of PPI-REE pathogenesis
and therapeutic effect of the PPI are still unknown. It
is currently still unclear if PPI-REE is a subtype of gastroesophageal reflux disease (GERD), an eosinophilic
esophagitis (EoE) phenotype, or a distinct entity. The
aim of this manuscript is to review the mechanistic data
of the proposed immune modulation/anti-inflammatory
role of PPI at the esophageal mucosa, and the existence of PPI-REE as a distinct disease entity from GERD
and EoE.
Munday W, Zhang X. Proton pump inhibitor responsive esophageal eosinophilia, a distinct disease entity? World J Gastroenterol
2014; 20(30): 10419-10424 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i30/10419.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i30.10419

INTRODUCTION
Proton pump inhibitors (PPIs) are commonly used
for the treatment of gastroesophageal reflux disease
(GERD)[1]. Their clinical benefit is generally attributed to
a potent reduction of gastric acid secretion via blockade
of the H+/K+ ATPase on the gastric parietal cell[2]. Patients experiencing upper gastrointestinal symptoms such
as heartburn, dysphagia, vomiting, food impaction, and
feeding difficulties, typically report that symptoms subside with PPI treatment, and it is often taken for granted
as reflecting an underlying peptic-acid disease[3,4]. Yet such
symptoms may be due to the GERD mimicking entity,
eosinophilic esophagitis (EoE). In fact, GERD and EoE
are so similar in clinical presentation that they are often
indistinguishable[5,6].
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EoE is a primary disorder of the esophagus, first described in 1978[7], and recognized clinically in 1995[8]. An
epidemiological report released in 2013 showed that EoE
may affect over 400000 people in the United States[9].
Originally thought as primarily a disease of childhood,
recent data suggest otherwise; the vast majority of EoE
diagnoses are within adults[9]. However, the clinical presentation seems to vary by age. Young children are more
likely to present with non-specific upper gastrointestinal
symptoms, failure to thrive, and abdominal pain[10], while
older children more commonly present with food impaction or dysphagia[11]. Adults may present with similar
symptoms, however, the diagnosis is typically made in
young males with history of allergy who present with
food impaction and dysphagia[3,12]. Interestingly, over 50%
of patients with EoE may have associated atopic disease,
most commonly asthma (23%) or rhinitis (42%)[9], and
this is often used as an indication the patient truly has
EoE rather than GERD. However, it should be noted
that asthma is actually much more common in patients
with GERD, with approximately 60% of patients suffering from asthma[13]. Additionally, allergic rhinitis has
been reported at greater than 40% in the general population, making the association with EoE of little value[14].
Although the etiology remains unknown, allergy remains
the most likely possibility. Indeed, several studies have
implicated food allergy and aeroallergens as plausible
etiologic agents[15-18].
EoE is challenging to diagnose in that it requires an
integrative approach, including clinical and pathologic
correlation, to correctly differentiate this entity from
its most common differential diagnosis-GERD. Unfortunately, clinical symptoms are often non-specific, and
therefore do not aid in distinguishing a primary esophageal eosinophilic inflammatory process from acid mediated disease[5]. Endoscopic findings, if present, generally
consist of esophageal concentric rings, linear furrowing,
and white plaques; although these findings currently do
not assist in distinguishing GERD from EoE[5,19]. Thus,
the initial step in differentiating GERD from EoE begins
with esophageal biopsy[6]. Greater than 15 eosinophils per
high-power field (hpf) should be present in at least one
field to support the diagnosis of EoE. GERD, on the
other hand, is thought to contain a minor eosinophilic
component, usually limited to less than 7 eosinophils/hpf
and restricted to the distal esophagus[20-22]. Unfortunately,
this “less-than-7” criterion is largely untested, and given
that GERD is much more prevalent than EoE, even the
rare occurrence of more than 15 eosinophils/hpf diminishes the predictive value of this histologic finding in differentiating these two diseases[6]. Also, the evaluation of
maximal eosinophil count may provide no distinction between GERD and EoE[6]. Apart from eosinophil count,
other major and minor histopathologic features may aid
in the diagnosis of EoE. Major histolopathologic criteria,
such as degranulation of eosinophils, superficial layering
of eosinophils, and eosinophilic microabcesses, defined
as foci of at least four clustered eosinophils, and minor
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features such as lamina propria fibrosis, the presence of
eosinophils in a fibrotic lamina propria (at least 5/hpf),
and basal zone hyperplasia[23]. Concomitant with histological evaluation, GERD should also be ruled out by conventional diagnostic tests, such as pH monitoring; there
must be a lack of clinical or histologic response after two
months of PPI therapy to definitively diagnose EoE[16].
In short, the diagnosis of EoE rests on the identification
of an esophageal eosinophilic infiltrate that demonstrates
normal pH monitoring and persists despite PPI therapy.
Currently, there are two generally acceptable treatment modalities for EoE in both children and adults
- corticosteroid therapy and dietary modification[20,24].
In children, EoE responds favorably to specific food
protein elimination or elemental diets, in keeping with
the proposed etiological role of food allergy[16]. In adults,
however, treatment with swallowed corticosteroid aerosols is generally more reliable than dietary intervention[16].
Nonetheless, recent literature indicates that PPIs may
be involved in the treatment of esophageal eosinophilia.
The identification of a patient population that exhibits
esophageal eosinophilia, does not appear to have GERD,
and yet seem to respond to PPI therapy, supports these
reports[12,25]. This patient population is recently being referred to as having a “proton pump inhibitor responsive
esophageal eosinophilia” (PPI-REE)[20,26]. PPI-REE is
currently not considered as an EoE phenotype, nor is it
considered as a subtype of GERD[20]. What then is PPIREE? Is it a distinct entity besides GERD and EoE?

DIAGNOSIS OF PPI-REE
Clinical symptoms such as heartburn, dysphagia, difficulty feeding, and foreign body impaction, may warrant
an esophageal biopsy, which may in turn reveal esophageal eosinophilia. The patient should be assessed for all
possible causes of esophageal eosinophilia at this time[20].
The known causes of esophageal eosinophilia are many,
including GERD, EoE, celiac disease, Crohn’s disease,
infection, hypereosinophilic syndrome, achalasia, drug
sensitivity, vasculitis, pemphigus, and connective tissue
diseases[20,27]. If further evaluation reveals eosinophils
restricted to the esophagus, the most common causes are
either GERD, EoE, or the recently recognized PPI-REE,
and an eight week trial of PPI therapy should be initiated
to help distinguish between these entities[20]. If symptoms
remain after eight weeks and repeat biopsy shows persistent eosinophilia characteristically above 15 eosinophils/
hpf, the diagnosis becomes EoE[20]. If the eosinophilia
resolves and symptoms subside on subsequent biopsy,
the diagnosis becomes either GERD or PPI-REE[20]. It
is at this critical juncture that the diagnostic dilemma is
identified. A clear distinction between GERD, EoE and
PPI-REE is currently non-existent (Table 1).
Currently, a potential immune disorder/inflammatory
mechanism for PPI-REE has emerged[28,29]. Eotaxin-3,
a known eosinophil chemoattractant expressed in the
esophagus[30], is induced by inflammatory cytokines and
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Table 1 Clinical and pathological features of eosinophilic esophagitis, proton pump inhibitor responsive esophageal eosinophilia, and
gastroesophageal reflux disease

Clinical Presentation
PPI response after 8 wk therapy
Endoscopy
Ambulatory pH testing
Histology
Etiology
Molecular Features

EoE

PPI-REE

GERD

Upper GI symptoms, NS
No response (H/S)
Non-specific findings
Negative
> 15 Eos/hpf, OIEB
PORB
Allergy related?
Eotaxin 3 mRNA increased

Upper GI Symptoms, NS
Positive response (H/S)
Non-specific findings
Negative or unknown
> 15 Eos/hpf, OIEB

Upper GI Symptoms, NS
Positive response (H/S)
Non-specific findings
Positive
Generally < 7, but can be > 15 Eos/hpf, OIEB

Unknown
Unknown

Reflux
Eotaxin-3 mRNA increased

GERD: Gastroesophageal reflux disease; PPI-REE: Proton pump inhibitor responsive esophageal eosinophilia; EoE: Eosinophilic esophagitis; H: Histologic; S:
Symptomatic; NS: Non-specific; PORB: Persistent on repeat biopsy after PPI therapy; OIEB: On initial endoscopic biopsy.

is inhibited by PPIs, such as omeprazole[31,32]. These data
give the impression that PPIs may exert an immune
modulation/anti-inflammatory effect on the esophageal
mucosa and independent of acid suppression[20]. If this
is the case, the distinction between GERD and PPI-REE
becomes increasingly blurred. Why these two clinically
indistinguishable diseases of the esophagus -GERD and
PPI-REE-with two markedly different etiologies, respond
to the same class of drugs via two completely different
mechanisms, and at two different locations in the gastrointestinal tract? Are they really two different diseases or
PPI-REE is just a subtype of GERD?

IS PPI-REE A DISTINCT CLINICAL ENTITY
OR A SUBTYPE OF GERD CLINICALLY?
The rationale for exploring a potential anti-inflammatory
mechanism for PPIs was engendered by the identification
of patient populations with esophageal eosinophilic infiltrate (EEI), that do not appear to have GERD, and that
seem to respond to PPI therapy. In the study by MolinaInfante et al[12], 35 patients with > 15 eosinophils/hpf
were evaluated for PPI response. Of the 35 patients, 14
patients showed endoscopic findings consistent with
GERD, while 15 patients demonstrated abnormal pH
monitoring. Thus, a total of 29/35 patients had evidence
of underlying peptic acid disease. Of the remaining 6
patients, only two showed a response to PPI therapy.
Therefore, only these 2 patients showed a unique pattern
of clinical and pathologic findings. Yet three crucial and
controversial issues remain unresolved. First, normal pH
monitoring is not enough to exclude GERD in patients
with EEI[12,16]. Second, > 15 eosinophils/hpf cannot reliably differentiate between GERD and a primary esophageal esophagitis[6,25]. Finally, it is not surprised that GERD
would be responsive to PPI therapy. It remains unclear if
this study and similar studies are actually describing different disease processes when they differentiate GERD
from PPI-REE, or if they are simply describing variable
findings of GERD. Interestingly, in a recent review of
ten relevant studies involving patients with PPI-REE,
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only three of the studies included pH monitoring data on
their patients[33]. Of the three studies including pH monitoring data, one study found 100% of patients to have an
abnormal pH monitoring test, which is considered diagnostic of GERD. Of the ten studies combined, only 7 of
258 (2%) patients showed the unique finding of a normal
pH monitoring test with a high percentage of eosinophils
on biopsy. This highlights an important issue because
the pH monitoring test is not 100% sensitive, and a normal pH monitoring test does not exclude a diagnosis of
GERD.
Another commonly cited study that demonstrated a
patient population with EoE responsive to PPI therapy
suffered from the same methodological limitations as
previously described[5]. In this study, PPI therapy was
used to categorize 36 patients with suspected EoE into
the subcategories non-eosinophilic esophagitis (GERD)
and EoE, with a response to therapy assessed histologically. Again, this classification scheme may still not reflect
a valid distinction between GERD and EoE given the
lack of pH monitoring to help further delineate which
patients may have had GERD. Regardless, 14/36 patients
initially responded to PPI and were classified as GERD.
The remaining 22 patients were unfortunately treated
with both high dose PPI and fluticasone, nullifying any
possible interpretation of a selective response to PPI
therapy in the remaining cohort of patients. Finally, a
case series of three pediatric patients with esophageal eosinophilia responsive to PPI treatment is commonly cited
as evidence of a PPI-REE. In this report, one patient
had an abnormal reflux index, while the other two had
no pH monitoring performed[34]. Again, this study does
not support to a potential new disease entity - PPI-REE
- because GERD was present in the first patient, and it
was not ruled out the other two.
In summary, the current available clinical data have
not provided sufficient evidence to support that PPIREE is a distinct clinical entity. The clinical presentation
and the therapeutic efficacy of the PPI on PPI-REE suggest that PPI-REE maybe a subtype of GERD instead
of a distinct entity from EoE and GERD.
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PROPOSED MECHANISM OF PPI IN
PPI-REE: ANTI-INFLAMMATORY EFFECT?
Eosinophilic esophagitis is a chronic, immune/antigenmediated esophageal disease characterized clinically by
symptoms related to esophageal dysfunction and histologically by eosinophil-predominant inflammation[25].
Studies have shown that immune/inflammatory processes
and associated cytokines/chemokines/inflammatory mediators such as eotaxin, IL5, IL13, transforming growth
factor-β1, fibroblast growth factor, thymic stromal lymphopoietin and others are involved in the pathogenesis
of EoE[29,35-38]. Among the involved cytokines/chemokines/inflammatory mediators, eotaxin, especially eotaxin
3 has been deeply studied in the pathogenesis of EoE
and esophageal eosinophilia[15,39-41]. otaxin is a known eosinophil chemoattractant that has been primarily studied
in the lung and gastrointestinal tract, where it has been
shown to function in homing eosinophils to these locations. Eotaxin-3 has been designated as the predominant
chemoattractant for directing eosinophils to the gastrointestinal tract below the level of the esophagus, under
normal conditions[42,43]. Yet, eotaxin mRNA is expressed
constitutively and in abundance in the normal esophageal
mucosa, and why this does not also result in eosinophil
migration to this location is unclear[42].
Eotaxin has also been examined under inflammatory
conditions, and is reportedly up-regulated in esophageal
biopsy specimens from children with EoE[30]. Unfortunately, in this study, a definitive diagnosis of EoE had
not been made before concluding the samples came from
patients with EoE. In fact, EoE was based solely on histological findings, and results of pH monitoring and response to PPI therapy were either not assessed or not reported. Furthermore, biopsy specimens in this study were
strictly from the distal 5 cm of the esophagus, which is
problematic given the potential for overlap with GERD.
Therefore, the increased eotaxin expression in this study
is probably due to acid reflux damage to the esophagus.
This would be in keeping with other studies that clearly
demonstrate chemokine release from the esophageal
squamous mucosa caused by acid mediated damage[44,45].
Furthermore, an additional study also showed that there
is no significant difference of eotaxin-3 expression in
esophageal squamous mucosa in patients with GERD,
EoE and normal controls[43]. The ubiquitous cell membrane phospholipid released during cell damage, sphingosine-1-phosphate, potently upregulates the chemokine
receptor, CCR3, known to cause the release of eotaxin
and another eosinophil chemokine known as Regulated
on Activation Normal T cell Expressed and Secreted
(RANTES)[46]. Similarly, findings from a study involving
32 patients with GERD demonstrated elevated levels of
three eosinophil chemokines in the esophageal epithelial cells of GERD patients relative to normal controls:
RANTES, monocyte chemoattractant protein 1 (MCP-1),
and interleukin-8 (IL8)[44].
The next line of evidence to suggest an anti-inflam-
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matory role for the PPI in the esophagus comes from
data demonstrating the induced expression eotaxin-3 is
via Th2 cytokines IL4 and IL13, and is mediated through
STAT6[29,47-49]. This pathway is blocked by omeprazole
in squamous epithelial cells derived from patients with
established EoE[31,32]. The study on esophageal squamous
cells performed by Cheng et al[31] failed to report pH
monitoring, response to PPI therapy, and methodology
related to differentiating between GERD and EoE samples. Though the study by Zhang et al[32] used cells derived
from patients with EoE using clinically established guidelines, they failed to use pH monitoring to definitively
rule out reflux as a contributing factor. Furthermore,
they were unable to demonstrate functional data demonstrating a PPI effect on eotaxin transcription. They
did demonstrate reduced STAT-6 binding to the eotaxin
promoter; however, this did not reduce expression of the
eotaxin-3 reporter gene, though the authors proposed the
possibility of chromatin remodelling that might reduce
eotaxin 3 transcriptional activity. Therefore, no definitive mechanism has yet been established. Interestingly,
Cheng et al[31] found no significant difference in eotaxin-3
induction by Th2 cytokines in both the EoE and GERD
derived cells. These finding, in conjunction with the absence of pH monitoring and response to PPI therapy,
may suggest the possibility that the cells cultured in this
study were predominantly collected in a background of
acid reflux. If this were the case, this would be in keeping
with the previously mentioned studies of GERD induced
chemokine expression.
In summary, the current available experimental data
have not provided sufficient evidence to support the immune disorder/inflammatory mechanism(s) of PPI-REE
similar to that of EoE and the immune modulation/antiinflammatory effect of PPI on PPI-REE. The esophageal
eosinophilia and the therapeutic effect of PPIs on PPIREE may share similar mechanism(s) in that of GERD
by gastric acid suppression, indicating PPI-REE maybe a
subtype of GERD instead of a distinct entity from EoE
and GERD.

CONCLUSION
The recent recognition of PPI-REE has complicated
the diagnostic algorithm for EoE and GERD. PPI-REE
is the term used to describe a patient with esophageal
eosinophilia on biopsy that responds to PPI therapy.
Though recent guidelines require the exclusion of PPIREE with a PPI trial before a formal diagnosis of EoE
can be made, it is currently still unclear if PPI-REE is a
subtype of GERD, an EoE phenotype, or a distinct entity. Furthermore, the current clinical and experimental
data indicating an immune modulation/anti-inflammatory role of the PPIs on the esophagus is still insufficient.
The term PPI-REE may not refer to a new diagnostic
entity, but maybe a subtype of GERD. Further clinical
and experimental investigations are needed to classify the
recently recognized PPI-REE.
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Abstract
Metastatic colorectal cancer (mCRC) is still one of the
tumor types with the highest incidence and mortality. In 2012, colorectal cancer was the second most
prevalence cancer among males (9%) and the third
among females (8%). In this disease, early diagnosis
is important to improve treatment outcomes. However,
at the time of diagnosis, about one quarter of patients
already have metastases, and overall survival of these
patients at 5-years survival is very low. Because of
these poor statistics, the development of new drugs
against specific targets, including the pathway of angiogenesis, has witnessed a remarkable increase. So,
targets therapies through epidermal growth factor
and its receptor and also KRAS pathways modulation
acquired a main role whether in association with standard chemotherapy and radiotherapy. With the current
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knowledge in the field of molecular biology, including
genetic mutations and polymorphisms, we know better
why patients respond so differently to the same treatments. So, in the future we can develop increasingly
personalized treatments to the patient and not the disease. This review aims to summarize some molecular
pathways and their relation to tumor growth, as well
as novel targeted developing drugs and recently approved for mCRC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Metastatic colorectal cancer; Angiogenesis;
Vascular endothelial growth factor; Epidermal growth
factor; Target therapy
Core tip: Metastatic colorectal cancer (mCRC) treatment remains a challenge for clinicians worldwide. Recently, tumor molecular profile and tailored therapies
are objects of great interest throughout the scientific
community. Our manuscript will give the readers an
interesting overview regarding the innovative drugs
developing and recently approved for the treatment of
mCRC.
Marques AM, Turner A, de Mello RA. Personalizing medicine
for metastatic colorectal cancer: Current developments. World J
Gastroenterol 2014; 20(30): 10425-10431 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10425.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10425

INTRODUCTION
Colorectal cancer (CRC) has high incidence and mortality
worldwide. In 2012, CRC was the second most prevalent cancer type among males (9%) and the third among
females (8%)[1]. Approximately 15%-25% of patients
with CRC present with synchronous liver metastases, and

10425

August 14, 2014|Volume 20|Issue 30|

Marques AM et al . Targeted therapies and mCRC
PIGF
VEGF-B

VEGF-A

VEGF-C
VEGF-D

Bevacizumab

VEGFR1

VEGFR2

VEGFR3

Key signaling of angiogenesis

Figure 1 Exemplification of bevacizumab mechanisms of action, which
acts by inhibiting the vascular endothelial growth factor family ligands
to their receptors and thus blocking tumor angiogenesis. VEGF: Vascular
endothelial growth factor; PlGF: Placental growth factor.

80%-90% of these have unresectable metastatic liver disease[2,3]. In addition to this, nearly 50% of patients who
are initially diagnosed with localized disease ultimately
develop metastases[4]. Despite recent advances in the
treatment of advanced disease, the 5-year survival rates
for patients with advanced CRC remain low[5]. Nowadays,
in combination with standard therapy, two therapeutic
strategies have demonstrated activity in metastatic CRC
(mCRC) targeting the epidermal growth factor receptor
(EGFR) and vascular endothelial growth factor (VEGF)
both in first and second-line therapy[6,7]. Therefore, with
developed in the knowledge and understanding of molecular pathways was possible to the identification of
genetic markers existed in some patients. This can be
used as a therapeutic target or may to explain why some
patients do not respond to target therapy. For example,
tumors that have a mutation in codon 12 or 13 of the
KRAS gene are not sensitive to EGFR inhibitors. There
is also some evidence that mutation in the BRAF gene
conferring resistance to anti-EGFR therapy in the nonfirst-line setting of metastatic disease[8]. Thus, the role
of molecular biology in the characterization of tumor is
object of great interest in order to improve the systemic
treatment for mCRC. This review will focus briefly on
novel issues related to personalizing medicine for mCRC.

ANGIOGENESIS PATHWAYS
Angiogenesis is a complex process mediated by a number of intersecting pathways, including VEGF, angiopoietins, notch, and integrins (Figure 1). In normal
tissues, there is a balance between proangiogenic and
antiangiogenic factors[9]. The VEGF family comprises
VEGF-A, VEGF-B, VEGF-C, VEGF-D, and placental growth factor (PlGF), 3 receptors [VEGF receptor
(VEGFR)-1 (FLT-1), VEGFR-2 (FLK-1/KDR), and
VEGFR-3 (FLT-4)], and 2 co-receptors [neuropilin
(NRP)-1 and NRP-2]. VEGF-A binding to VEGF receptor (VEGFR)-2 is believed to be the key signaling
pathway mediating angiogenesis[10]; by the increase of
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endothelial proliferation and survival it promotes endothelial cell migration, increases vascular permeability, and
alters gene expression. Tyrosine kinases are receptors for
VEGF ligands and they are found primarily on vascular
endothelial cells[11].
Tumor angiogenesis has peculiarities relating to the
same process in healthy tissue. The endothelial layer
is irregular and contains spaces that contribute to the
extravasation of particles as large as 2 μm from tumor
vessels[12], proliferating tumor cells cause compression
of vessels[13], and interstitial pressure is increased. This
causes an inadequate delivery of therapeutic agents such
as monoclonal antibodies[14]. The ability of tumor vessels to supply oxygen and remove waste products is thus
compromised, resulting in hypoxia and acidosis in the
tumor microenvironment. This further lowers the effectiveness of anti-tumor treatments such as radiation
therapy and chemotherapy[15].

CHEMOTHERAPY FOR ADVANCED OR
mCRC
Relative to the standard chemotherapy for advanced or
mCRC; the guidelines advocate the use of the following
schemes in initial therapy: fluorouracil, leucovorin, and oxaliplatin-based chemotherapy (FOLFOX), fluorouracil, leucovorin, and irinotecan-based chemotherapy (FOLFIRI)[16],
capecitabine plus oxaliplatin (CapeOx or XELOX)[17] and
fluorouracil, leucovorin, oxaliplatin and irinotecan-based
chemotherapy (FOLFOXIRI)[18]. These drugs have been
used since the 90’s for providing an improvement in the
overall survival (OS) for metastatic patients[19].
In chemotherapy for advanced and mCRC, the addition of a biologic agent is also advocated. The biologics
agents for CRC include an anti-VEGF (bevacizumab)[20]
or an anti-EGFR (cetuximab or panitumumab) for KRAS
wild-type (WT) gene patients. They are recommended or
listed as an option in combination with some of the regimens above. The OS was not found to be associated with
the order in which these drugs were received. After the
first progression of the disease, the therapeutic regimen
used should be changed, but some studies have demonstrated the benefit of continuing angiogenic suppression
after first-progression following bevacizumab-containing
cytotoxic regimen[21] though no benefit was observed
with the use of bevacizumab in the adjuvant setting.

ANTI-EGFR THERAPY
In mCRC, the anti-EGFR therapy that can be used is
cetuximab and panitumumab. These are monoclonal
antibodies that can be administered as monotherapy for
patients with the KRAS wild type, or in association with
standard chemotherapy [22]. Cetuximab was approved
with 5-FU, leucovorin and irinotecan (FOLFIRI) for
first-line therapy[23], on the other hand panitumumab was
approved for use as monotherapy.
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ANTI-VEGF THERAPY
In the class of Anti-VEGF therapy, bevacizumab and
aflibercept are currently interesting options. Bevacizumab
is a recombinant humanized monoclonal IgG1 antibody
that binds to and inhibits the biologic activity of VEGF
by preventing its binding to VEGFR-1 and VEGFR-2
on the surface of endothelial cells. The result is inhibition of endothelial cell proliferation and new blood vessel formation[24-26]. Aflibercept (VEGF Trap, known in
the United States as ziv-aflibercept), is a recombinant
fusion protein with receptor components of VEGFR-1
and VEGFR-2 that binds multiple ligands in the angiogenesis network (VEGF-A, VEGF-B, and PlGF). It was
demonstrated that this targeted therapy improved the
survival of mCRC patients as second-line treatment in
combination with the FOLFIRI regimen in patients who
had disease progression during first-line oxaliplatin-based
chemotherapy[27,28]. Despite the demonstrated effectiveness in progression-free-survival (PFS) and OS with the
use of bevacizumab in combination with common cytotoxic chemotherapies[7], there are some mechanisms of
resistance to VEGF targeting[29]. In this framework, some
hypotheses have been raised, such as the VEGF axis related resistance, the role of non-VEGF modulators of
angiogenesis in resistance, and the significance of the
stroma in the response to angiogenesis targeting[30].

CLINICAL DATA
At the current time, there are 8 new anti-angiogenic agents
in trials and a new molecule approved by Food and Drug
Administration (FDA) and European Medicine Agency
(EMA)[31]. We will summarize below some important aspects regarding the main drugs in this field (Table 1).
Aflibercept
First, aflibercept, a fully humanized recombinant fusion
protein that is composed of domain 2 of VEGFR-1 and
domain 3 of VEGFR-2 with the Fc fragment of IgG1[32]
as mentioned above. The phase Ⅲ VELOUR trial determined that patients receiving aflibercept with irinotecan/
5-FU as second line chemotherapy for mCRC experienced increased time of outcomes: median PFS for the
aflibercept plus FOLFIRI arm was 6.90 mo vs 4.67 mo
for the placebo-plus-FOLFIRI arm; and median OS for
the aflibercept-plus-FOLFIRI arm was 13.50 mo vs 12.06
mo for the placebo plus FOLFIRI arm. In this study,
1226 patients were randomized to receive FOLFIRI plus
placebo or aflibercept. However, toxicity (grade 3 or 4 of
adverse events) were more common with the addition of
aflibercept (n = 614) than in placebo (n = 612); also, nearly 1/3 of these patients had previously been treated with
bevacizumab[33]. The most common adverse events were:
fatigue (63.8%), nausea (36.2%) and vomiting (27.7%),
while the most common toxicities included dysphonia
(46.8%), hypertension (38.3%) and proteinuria (10.6%)[34].
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Sunitinib
Sunitinib is a small-molecule inhibitor of the VEGF pathway. It is a multi-targeted receptor tyrosine kinase inhibitor (TKI), with both direct anti-proliferative effects and
anti-angiogenic properties, targeting the VEGFR-2 as well
as PDGFR-b, c-Kit and Ret[35]. However a recent study
showed that sunitinib plus FOLFIRI was not superior to
FOLFIRI alone and has a poorer safety profile in treatment of mCRC patients[36].
Vatalanib
Another biological agent is vatalanib, a TKI that blocks
the activity of VEGFR-1, VEGFR-2 and VEGFR-3. It
also inhibits other class Ⅲ kinases, such as the plateletderived growth factor (PDGF) receptor beta tyrosine
kinase, c-Kit, and c-Fms, but at higher concentrations[37].
Phase Ⅰ/Ⅱ studies have shown good results, but the
data from a phase Ⅲ study, CONFIRM-1, showed that
the addition of vatalanib to FOLFOX-4 did not improve
PFS. This was compared with FOLFOX-4 alone in patients with mCRC in first line treatment[38]. Nevertheless,
the CONFIRM-2[39], which evaluated the same therapy
as second line, showed that in patients with high levels
of lactate dehydrogenase, vatalanib could be useful[40].
Semaxanib
Semaxanib is an inhibitor of VEGFR-1 and 2 tyrosine
kinases that was shown to inhibit VEGF-dependent mitogenesis of human endothelial cells without inhibiting
the growth of a variety of tumor cells in vitro[41]. However, the results in phase Ⅲ trials did not show any improvement in clinical outcome with semaxanib in combination with irinotecan vs fluorouracil irinotecan alone,
as therapy for advanced CRC patients that had failed at
least one prior treatment[42]. As well as this, severe toxicity was observed.
Regorafenib
Regorafenib is a TKI against various pro-angiogenic and
pro-proliferation targets[43]. It is the first anti-angiogenic
molecule with survival benefits in mCRC which has progressed after all standard therapies[44]. In the CORRECT
phase Ⅲ trial, it was randomized for 753 patients to
initiate treatment (regorafenib n = 500; placebo n = 253;
population for safety analyses). Median OS, the primary
end-point, was 6.4 mo in the regorafenib group vs 5.0
mo in the placebo group (HR = 0.77; 95%CI: 0.64-0.94;
one-sided P = 0.0052). Treatment-related adverse events
occurred in 465 (93%) patients assigned regorafenib and
in 154 (61%) of those assigned placebo. The most common adverse events of grade three or higher related to
regorafenib were hand-foot skin reaction (83 patients,
17%), fatigue (48.10%), diarrhea (36.7%), hypertension
(36.7%), and rash or desquamation (29.6%). These results were interesting, particularly, for the patients with
KRAS mutant mCRC.
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Table 1 Summary of the main clinical trials regarding anti-angiogenic therapies
Drugs

Ref.

Trial

Aflibercept

[33]

VELOUR
trial

Sunitinib

[36]

Carrat et al[36]

Vatalanib

[38-40]

Semaxanib

[42]

Regorafenib

[44]

CORRECT
trial

Brivanib

[47]

Siu et al[47]

Cediranib

[48]

HORIZON

Summary of the study

Results (PFS; OS)

Toxicity (grade 3 or 4 adverse
events)
aflibercept with irinotecan/5-FU/
Median PFS for the aflibercept plus
Grade 3 or 4 adverse events were
LV as second line chemotherapy FOLFIRI arm was 6.90 mo vs 4.67 mo for more common with the addition
for mCRC
the placebo-plus-FOLFIRI arm
of aflibercept (n = 614) or placebo
(n = 612), nearly 1/3 of these patients had previously been treated
with bevacizumab
Median OS for the aflibercept-plusFOLFIRI arm was 13.50 mo vs 12.06 mo
for the placebo plus FOLFIRI arm
Double-blinded, phase Ⅲ study
Median PFS for the sunitinib arm was
Diarrhea, stomatitis/oral
participants were randomly as7.8 mo (95%CI: 7.1-8.4 mo) vs 8.4 mo
syndromes, fatigue, hand-foot
signed to sunitinib plus FOLFIRI (95%CI: 7.6-9.2 mo) for the placebo arm syndrome, neutropenia, thromor placebo plus FOLFIRI
bocytopenia, anemia, and febrile
neutropenia)

CONThese are multinational, randomFIRM-1/
ized, double-blinded, phase Ⅲ
CONFIRM-2 studies. Patients were randomly
assigned to receive vatalanib plus
FOLFOX4 or placebo plus FOLFOX4 in 1ª or 2º line respectively for
CONFIRM-1 or CONFIRM-2

Ⅲ

Vatalanib and placebo, respectively,
The incidence of grade 3/4
presented median OS was 13.1 and 11.9
neutropenia was similar for
mo (HR = 1.00; 95%CI: 0.87-1.16; P =
both groups; however, a higher
0.957). Median PFS was with placebo
percentage of patients in the
(5.6 and 4.2 mo, respectively; HR = 0.83;
vatalanib group experienced
95%CI: 0.71-0.96; P = 0.013). An explorgrade 3/4 hypertension, diaratory, post hoc analysis demonstrated rhea, fatigue, nausea, vomiting,
improved PFS in patients with high
dizziness, confused state, deep
LDH, regardless of WHO PS (HR = 0.63; vein thrombosis, and pulmonary
95%CI: 0.48-0.83; P < 0.001)
embolism
Study conducted with the objecNA
There were no drug-related
tive of determining the maximum
Grade 4 toxicities. There was one
tolerated dose and dose-limiting
episode of Grade 3 headache and
toxicities in combination with
one episode of Grade 3 vomiting
weekly irinotecan in patients with
advanced CRC who had failed at
least one prior treatment
Patients with mCRC and progresMedian OS was 6.4 mo in the regoThe grade 3 or higher of adverse
sion during or within 3 mo after
rafenib group vs 5.0 mo in the placebo
effects related to regorafenib
the last standard therapy were group (HR = 0.77; 95%CI: 0.64-0.94; one- were hand-foot skin reaction (83
randomised to receive best supsided P = 0.0052)
patients, 17%), fatigue (48, 10%),
portive care plus oral regorafenib
diarrhoea (36, 7%), hypertension
160 mg or placebo once daily, for
(36, 7%), and rash or desquamathe first 3 wk of each 4 wk cycle
tion (29, 6%)
Patients previously treated were Median OS in the intent-to-treat popula- Grade ≥ 3 adverse events was
assigned 1:1 to receive cetuximab tion was 8.8 mo in arm A and 8.1 mo in 78% in arm A and 53% in arm B
400 mg/m intravenous loading arm B (HR = 0.88; 95%CI: 0.74-1.03; P =
dose followed by weekly main- 0.12). Median PFS was 5.0 mo in arm A
tenance of 250 mg/m plus either and 3.4 mo in arm B (HR = 0.72; 95%CI:
brivanib 800 mg orally daily (arm
0.62-0.84; P < 0.001)
A) or placebo (arm B)
Patients randomly assigned 1:1:1 There are not significant differences in
Cediranib arm adverse events
received mFOLFOX6 with cedira- PFS (HR = 1.10; 95%CI: 0.97-1.25; P =
included diarrhea, neutropenia,
nib or bevacizumab
0.119), OS (HR = 0.95; 95%CI: 0.82-1.10;
and hypertension
P = 0.541) and overall response rate
(46.3% vs 47.3%)

PFS: Progression free survival; OS: Overall survival; HR: Hazard ratio; 5-FU: 5-fluourouracil; LV: Leucovorin; FOLFIRI: 5-FU, LV and irinotecan; FOLFOX:
5-FU, LV and oxaliplatin; mCRC: Metastatic colorectal cancer; NA: Not available.

Brivanib
Another molecule being studied is brivanib, a TKI that
specifically inhibits the VEGR-2 and FGFR-1 signaling[45]. Some studies have been showed that brivanib can
be used to restore the antiangiogenic activity in bevacizumab-resistant patients[46]. A recent phase Ⅲ trial that
compared the use of brivanib and cetuximab with or
without chemotherapy, demonstrated that despite positive effects on PFS and objective response, cetuximab
plus brivanib increased toxicity and did not significantly
WJG|www.wjgnet.com

improve OS in patients with metastatic, chemotherapyrefractory, wild-type K-RAS colorectal cancer[47]. Taking
this in account, more data are needed to clarify this issue.
Cediranib
Cediranib, a VEGFR tyrosine kinase inhibitor (VEGFR
TKI), was tested in the HORIZON Ⅲ trial[48] in which
cediranib plus FOLFOX6 was compared with bevacizumab plus FOLFOX6 in patients with untreated mCRC.
The results did not show significant differences in the
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use of cediranib or bevacizumab with respect to OS and
PFS. Thus, this drug is not currently used in our clinical
practice.

10

CONCLUSION
Nowadays, the new era of molecular cancer profiling
has emerged in order to help clinicians in their decision
making. Taking this into account, many targeted drugs
are objects of extensive interest for the scientific community. In colorectal cancer, only bevacizumab, cetuximab,
regorafenib and panitumumab have acquired sufficient
evidence to be used in combination with standard chemotherapy to improve patient outcomes. However, the
results are not strong enough for the national public
systems to support their complete use in all countries.
Pharmaco-economics studies are needed prior to approve those biological drugs towards the cancer care institutions. However, it is important for oncologists to be
aware of patients cost and benefit in order to provide the
best care for mCRC patients.
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Abstract
Gastric cancer is one of the leading causes of cancer
mortality in the world. Aberrant expression of microRNAs (miRNAs) is the hallmarks of this disease. MiRNAs are endogenous non-coding RNAs that involved
in many biological processes (e.g. , cell proliferation,
differentiation, apoptosis, invasion and development)
through gene repression. Deregulation of miRNA expression in gastric tumors and cancer cell lines have
been documented to contribute in tumorigenesis, and
the expression signature may correlate with different
cancer types and clinicopathological features. Here,
we summarized the updated gastric cancer-associated
miRNAs and the downstream targets in the process of
tumorigenesis. Recently, many researchers make use
of the miRNA microarray platform to profile miRNA expression in gastric cancer and correlated with different
clinical parameters. Its application on cancer diagnosis,
prognosis and predictive treatment response rate are
still underway and needs further investigation. Emerging roles of miRNAs with oncogenic or tumor suppressive properties in gastric tumorigenesis were discussed.
Epigenetic silencing of miRNA by hypermethylation
of promoter CpG island was also observed in gastric
cancer. However, detailed mechanisms of how miRNAs
regulate gene expression in gastric cancer has not
been well studied. In this review, we highlight the up-
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to-date findings on the deregulated miRNAs in gastric
cancer, and the potential use of miRNA in the clinical
settings, such as diagnostic/prognostic markers and
chemotherapeutic tools.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: MicroRNA; Gastric cancer; Biomarker; Diagnosis; Prognosis; Clinical application
Core tip: This minireview summarized the most up-todate important microRNAs (miRNAs) involved in tumor
progression and development in gastric cancer. The
potential use of miRNAs in the different areas of clinical
settings is discussed.
Shin VY, Chu KM. MiRNA as potential biomarkers and therapeutic targets for gastric cancer. World J Gastroenterol 2014;
20(30): 10432-10439 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10432.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10432

INTRODUCTION
Gastric cancer is the second leading cause of cancer mortality in the world, and has a particularly high incidence in
Asian countries including China and Japan. Despite the
declining incidence of gastric cancer, there are still over 1
million cases newly diagnosed and 850000 deaths globally
each year[1]. The high mortality rate is mainly due to late
presentation, since early stage of gastric cancer is either
asymptomatic or presents with non-specific symptoms.
The survival rate depends on the stage of gastric cancer at the time of diagnosis[2]. In Western countries, the
5-year survival ranged from 5%-20%, whereas in Japan,
the survival rate was about 50% due to early diagnosis[3].
Today, surgery remains the mainstay of potentially curative treatment for gastric cancer. Nevertheless, over 50%
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of the patients may still develop recurrence after curative
resection. A good screening method for early detection
is the best way to reduce gastric cancer mortality. Due to
the associated side effects with endoscopy, including perforation, aspiration pneumonia or bleeding, thus making
endoscopic screening not a common practice in the community. Hence there is an urge for the discovery of biomarkers for non-invasive early detection in gastric cancer
patients.
MicroRNAs (miRNAs) are endogenous noncoding
regulatory RNAs with 17-25 nucleotides, which play important roles in post-transcriptional gene regulation. The
ability to bind complementary sequences in 3’-untranslated regions (3’-UTR) of various target mRNAs leading
to direct mRNA degradation or translational repression.
MiRNAs regulate gene expression and contribute to development, differentiation, inflammation, and carcinogenesis. At present, over 24500 entries have been listed in the
miR Registry Database (release 20, http://www.mirbase.
org/), implicating more than 30000 mature miRNA products, and the number of miRNAs is expected to increase
exponentially in the future. Studies have shown that over
30% of human genes are regulated by miRNAs, in which
a single miRNA controls over hundreds of RNA.
MiRNA plays pivotal role in biological processes
including cell proliferation, metastasis, differentiation,
development and apoptosis[4,5]. Accumulating evidence
showed that the miRNA profiles were differentially expressed in cancerous tissues and normal counterparts[6,7].
The fact that miRNAs are very specific for different
types of tissues and even for types of cells within those
tissues, many studies profiled the miRNA patterns in
various cancer types, which put forward the diagnostic
and prognostic values of miRNAs in clinical applications.
To date, there are many different platforms to study the
expressions of miRNA, for example, northern blots, realtime PCR, primer extension and microarrays. Microarray
has been the most widely used for miRNA research, not
only it is a more user-friendly platform, its high throughput property makes possible to profile the whole genome
of miRNA.
Deregulation of miRNA in human cancers was a
result of impaired miRNA-biogenesis, genomic or epigenetic alterations, leading to the proto-oncogenic or
tumor suppressive role of miRNA in tumorigenesis.
For oncogenic miRNA, inhibitor of miRNA blocks the
function of miRNA; while tumor suppressive miRNA,
reconstitute miRNA precursor produce an anti-tumor effect. Hence targeting specific miRNA could be a possible
alternative for treating gastric cancer patients.

BIOGENESIS OF MIRNAs
The biogenesis of miRNA involves the transcription of
miRNA by RNA polymerase Ⅱ to form large doublestranded precursor (Pri-miRNA) in the nucleus. It appeared in a hairpin structure which was then cleaved
by RNase Ⅲ endonuclease Drosha to produce a 60-70
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nucleotides hairpin precursor (Pre-miRNA) and exported
to the cytoplasm by a nuclear membrane export receptor Expotin-5. Pre-miRNA is then cleaved by another
RNase Ⅲ enzyme Dicer to form a mature doublestranded miRNA (about 22 nucleotides) which comprises
a mature miRNA guide strand and passenger strand. The
guide strand (mature miRNA) is incorporated into RNAinduced silencing complex (RISC) to target mRNA via
2 mechanisms: (1) cleavage of mRNA at the miRNA
binding site; and (2) repression of translation. Due to the
fact that miRNAs are present in the genomic regions that
involved in cancers, miRNAs become increasingly recognized as potential marker for diagnosis and prognosis.

GASTRIC CANCER RELATED MIRNAS IN
CELL PROLIFERATION AND APOPTOSIS
Microarray is a useful and convenient platform to profile
the miRNA expression in human cancers. By comparing
the expression in gastric cancerous tissue with non-tumor
tissue, the distinct miRNA signatures are associated with
progression and perhaps prognosis of gastric cancer[8].
The miRNA signatures have a higher accuracy and reproducibility than mRNA expression profiles, over 80% of
the paired gastric samples were classified correctly by the
miRNA signatures. Prediction and validation of downstream targets become increasingly important in miRNA
research, here; we listed the targets of upregulated and
downregulated miRNAs in gastric cancer (Table 1).
Over 92% of the gastric cancer patients demonstrated an upregulation of miR-21 in solid human tumors,
including gastric cancer[9]. Currently, it has been reported
that miR-21 was upregulated not only in cancerous tissues but also in Helicobacter pylori (H. pylori)-infected
gastric mucosa[10]. Gastric cancer is a result of multistep
and long-term interactions between genetic and environmental factors which process from chronic gastritis,
atrophic gastritis, intestinal metaplasia, glandular atrophy
and dysplasia[11]. The miRNA that was associated with H.
pylori-induced inflammation was miR-218, overexpression of this miR abrogated nuclear factor-kappa B (NF[12]
κB) activation . It was hypothesized that miR-21 might
augment the progression of infected normal mucosa to
chronic gastritis with unknown mechanisms. The signal
transducer and activator of transcription 3 (STAT3) activated the induction of miR-21[13]. Activation of NFκB and interleukin (IL)-6 stimulated STAT3 signaling,
which may explain the H. pylori-mediated upregulation of
miR-21. Interestingly, there is a transcription binding site
of NF-κB located in miR-21 transcriptional elements,
suggesting that miR-21 upregulation is a result of NF-κB
activation in gastric cancer[14].
Numerous evidence revealed that miR-21 attributed
to gastric cancer through enhanced cell proliferation and
inhibited apoptosis. On top of that, miR-21 also has the
ability to incite cell invasion and migration. It has been
reported that RECK, a tumor suppressor gene, is the
target of miR-21. It involves in the process of metastasis
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5-fluorouracil treatment in gastric cancer cells[17].

Table 1 Gastric cancer-associated microRNAs
Functions
Upregulated miRNAs
miR-15b, miR-16
Cell survival
miR-21
Cell proliferation, invasion

Targets

BCL2
PTEN
PDCD4
miR-23a
Cell proliferation
IRF1, IL6R
miR-27a
Cell proliferation
PROHIBITIN
miR-43c
Epigenetic regulation
VEZT
miR-106a
Cell cycle regulation
RB1
miR-106b-25 cluster Cell cycle arrest, apoptosis
E2F1
p57, p21, p27
miR-107
Invasion, metastasis
DICER1
miR-130b
Apoptosis, epigenetic
BIM, RUNX3
regulation
miR-150
Cell proliferation
EGR2
miR-223
Invasion, metastasis
EPB41L3
Downregulated miRNAs
let-7a
Cell proliferation
RAB40C
miR-9
Cell proliferation
NFkB
Cell proliferation, cell cycle
CDX2
regulation
miR-34b
Cell proliferation,
NOTCH1,
transcription,
c-Myc
epigenetic regulation
BCL2, SIRT1
miR-124a
Cell cycle arrest
CDK6
miR-126
Cell cycle arrest
CRK
miR-129-2
Cell proliferation,
SOX4
differentiation, epigenetic
regulation
miR-143
Cell proliferation
AKT
miR-145
Cell proliferation
IRS-1
miR-146a
Invasion, migration
EGFR, IRAK1
miR-148b
Cell proliferation
CCKBR
miR-181c
Transcriptional activation
NOTCH4,
K-ras
miR-200 family
Cell proliferation,
ZEB2,
invasion, migration
E-cadherin
miR-212
Cell proliferation
MeCP2
miR-218
Invasion, metastasis
ROBO1
receptor
Transcriptional activation
NFkB
miR-375
Cell survival
PDK1,
14-3-3zeta
Cell proliferation
JAK2
miR-451
Cell proliferation
MIF

Ref.

GASTRIC CANCER RELATED MIRNAS IN
CELL INVASION AND METASTASIS

[47]
[49]
[50]
[51]
[52]
[53]
[34]
[54]
[55]
[56]
[57]

There is a strong correlation of elevated expression of
high mobility group AT-hook 2 (HMGA2), a nonhistone
chromosomal protein that modulate translation, with tumor invasiveness in gastric cancer. HMGA2 was inversely
regulated by the let-7 miRNA family. High expression of
HMGA2 correlated with tumor invasion and was an independent prognostic factor in gastric cancer[21]. In addition,
miR-214 was reported to modulate hedgehog signaling,
where activation of hedgehog contributes to gastric cancer[8]. High expression of miR-214 was identified to correlate with unfavorable outcome in gastric cancer. In ovarian
cancer, miR-214 regulated the downstream target PTEN
to induce cell survival[22]. Furthermore, miR-196b expression has been shown to be significantly higher in gastric
cancer tissues than normal counterparts[23]. Silence of
ETS2 (a transcriptional modulator) enhanced miR-196b
expression which promoted gastric cancer cell migration
and invasion by increased vimentin, MMP-2 and MMP-9
expressions and suppressed E-cadherin expression.

[58]
[59]
[60]
[61]
[62]
[63]

[64]
[65]
[66]

[17]
[17]
[67]
[68]
[30]
[69]
[29]
[70]
[12]
[71]
[72]
[73]

and angiogenesis through regulating metalloproteases
(MMPs)[10]. MiR-125b, miR-199a and miR-100 have been
shown to be the most important progression-related
miRNAs in gastric cancer and pancreatic adenocarcinoma[12,15], implicating that miRNA may have different
functions depends upon the tumor site. There are some
miRNAs (miR-32, miR-182 and miR-143) that are found
to be associated with intestinal-type gastric cancer, this
study implicated the usefulness of miRNA expression
profiles may serve as diagnostic biomarkers for different
subtypes of gastric cancers[16]. Expressions of miR-143,
miR-145, miR-9, miR-443, miR-31, and miR-34 have
been reported to downregulate in gastric cancer[17-19].
The roles of miR-143 and miR-145 on cell proliferation
have also been demonstrated in other gastrointestinal
cancers[20]. Ectopic expression of miR-143 and miR-145
showed significant growth retardation and sensitized to
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Epigenetic alteration of miRNAs
Gastric carcinogenesis is a multistep process with genetic
alterations including mutation, activation of oncogenes
and suppression of tumor suppressor genes, and overexpression of growth factors. Genetic instability, DNA
methylation and mutations are known to participate
in the early development of gastric cancer. Epigenetic
changes become important areas in gastric cancer research. DNA methylation altered gene expression by
methylation of gene promoters at CpG islands which
lead to silencing of tumor suppressor genes in cancer
cells. Accumulating evidence revealed that abnormal
methylation pattern was observed in human diseases, as
well as cancer. MiR-9-1, miR-34b/c, miR-148, miR-137,
miR-193a, miR-203 and miR-342 were hypermethylated
in various human cancers[24,25].
Aberrant expression of miRNAs has been observed
in relation to gastric tumor progression, which may partially be explained by epigenetic modulation. Expressions
of miR-34b, miR-127-3p, miR-129-3p and miR-409 have
been found to correlate with the methylation status in human gastric cancer tissues, as well as in gastric cancer cell
lines[26]. Methylation status of the CpG islands in miR34b and miR-129 promoters was higher in gastric cancer
tissues than normal counterparts. In addition, treatment
with 5-aza-2’-deoxycytidine (demethylating agent) and
trichostatin A (histone deacetylase inhibitor) significantly
restored the expression of these miRNAs in a time-dependent fashion, suggesting low expression of these two
miRNAs was due to hypermethylation of CpG islands.
In consistent with the findings in gastric cancer, hypermethylation of miR-34b has been implicated in other
cancers like ovarian, non-small cell lung and colorectal
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cancers[24,27,28]. A recent study revealed that methyl-CpGbinding protein (MeCP2) level was highly expressed in
gastric cancer cell lines and primary gastric cancer[29]. Ectopic expression of miR-212 abrogated MeCP2 protein
through binding at the MECP2 3’-UTR region leading to
cell growth retardation. Notably, there were allelic loss at
3p, 4p, 5q, 8p, 9p, 13q, 17p and 18q in gastric carcinoma,
and miR-212 is located at chromosome 17p13.3, which
could partly explain the downregulation of miR-212.
In another report, miRNA microarray data showed
that miR-181c was upregulated in 5’aza-2’-deoxycitidinetreated cells when compare with untreated gastric cancer cells, and yet the expression was downregulated in
primary gastric carcinoma[30]. With the use of cDNA
microarray analysis, it revealed that Notch4 and K-ras
were the downstream targets of miR-181c. Recent data
showed that low expression of miR-181c also involved in
the pathogenesis of glioblastoma[31]. Reduced miR-181c
expression was observed in a panel of high-grade glioblastoma tumors and cell lines. A highly positively correlated transcript p300/CBP-associated factor modulated
by miR-181c inhibited cell growth and increase apoptosis.
However, in squamous cell carcinoma, miR-181c expression was found to be upregulated when compare with the
normal tissues[32].
Epigenetic modifications plays a crucial role in the
control of miRNA expression and linked to cancer phenotype or potentially serve as early detection, disease
progression marker for gastric cancer, hence, further
mechanistic studies on miR methylation would be an important area to the development of therapeutic strategy
in treating against this disease.

CLINICAL APPLICATIONS
Potential miRNA as biomarker
It was found that the expression levels of miRNA correlated with clinical outcome. MiR-421 was overexpressed
in 73% (44/60) of gastric cancer tissues when compared
with the adjacent normal counterparts, and there is no
correlation with poor prognosis of patients, suggesting
that miR-421 upregulation could be an early diagnostic
marker for gastric cancer[33]. In another study, miR-31 was
found to be downregulated in gastric cancer tissues by
real-time RT-PCR[19] however, the molecular mechanism
is yet to be elucidated. MiR-106a expression was correlated with some clinic-pathological features including
tumor stage, size and differentiation, metastasis and invasion[34]. Higher level of miR-106a was observed in gastric
carcinoma when compared with non-tumor tissues. Recently, a five-miRNA signature (miR-1, miR-20, miR-27a,
miR-34 and miR-423-5p) was identified as a diagnostic
marker for gastric cancer with the receiver operating
characteristic (ROC) curve over 0.85% in serum samples,
which demonstrated a higher sensitivity than conventional marker (CEA or CA19-9)[35].
It was hypothesized that miRNA-derived from tumors would be shredded into the circulation. Indeed,
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several studies have shown that miRNAs have differential expression in the plasma of gastric cancer patients
when compare with the normal controls[36,37]. Most of the
studies demonstrated an improved sensitivity and specificity than conventional tumor markers (CEA, CA12-5,
CA19-9 and CA72-4)[35,37,38]. These mark a new era for
the potential use of circulating miRNA in diagnosis of
gastric cancer. Taken together, the deregulated miRNAs
could serve as a diagnostic biomarker for gastric cancer,
and hopefully detection of miRNA deregulation in plasma might help in early diagnosis of gastric cancer, so that
designing individualized treatment to antagonize the action of miR could be done in the early stage to improve
survival.

MIRNA AS PROGNOSTIC MARKER
Recently, many researchers are looking into the potential
use of miRNAs as prognostic tools other than diagnostic
application, however, this specific marker needs to correlate closely with clinical outcomes and metastatic potential. Profiling of miRNAs seems to be advantageous over
mRNAs in terms of cancer phenotypes differentiation.
A current report suggested a prognostic signature for
gastric cancer which consist of four risk miRNAs (miR10b, miR-21, miR-223 and miR-338; with hazard ratio > 1)
and three protective miRNAs (miR-30a-5p, miR-126 and
let-7a; hazard ratio < 1), and was associated with clinical
outcomes[39]. Another study showed that low expressions
of miR-21 and miR-181b are associated with overall
survival in patients treated with S-1 and doxifluridine[40].
Low expression of miR-125a-3p is correlated with tumor
size, invasion, metastasis and advanced clinical stage, and
an independent prognostic marker for gastric cancer[41].
Ectopic expression of miR-125a-3p showed remarkable
retardation of gastric cancer growth in vitro, illustrating
the tumor suppressive property and potential clinical use
of miR-125a-3p. On the other hand, the other strand of
miR-125a, miR-125-5p also showed similar tumor suppressive effect in gastric cancer, and low expression was
associated with poor prognosis[42]. Other study showed
that HMGA2 expression was directly correlated with
tumor invasiveness and prognosis, which is modulated
by let-7 family[21]. A similar observation was also seen
in pituitary adenomas, in which low expression of let-7
induced HGMA2 and related to tumor proliferation and
invasion[43].

MIRNA AND CHEMOTHERAPY
Though surgery is a promising treatment for gastric cancer, however, over 50% of patients will have recurrence
or systemic metastasis. Chemotherapy has been widely
used in the management of patients with advanced disease to prolong survival. However, multidrug resistance
(MDR) often hinders successful chemotherapeutic treatment. And there are the two mechanisms exist in tumor
cells towards cytostatic drugs: intrinsic or acquired drug
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resistance.
MiR-138 was found to be highly expressed in MDR
variant when compared with its parental leukemia cells[44].
Increased accumulation of adriamycin inside the cells
resulted in apoptosis through the repression of P-gylcoprotein (P-gp) and Bcl2 expressions. Multidrug resistance-associated protein (MRP-1) is another transporter,
other than P-gp, that expels cytostatic drugs out of the
cell. Transfection with miR-326 reduced expression of
MRP-1 and sensitized the cells to VP-16 and doxorubicin
in resistance cells[45]. Similar approach by using miR-27a
and miR-451 antagomirs decreased P-gp and multidrug
resistance-1 (MDR1) mRNA expression which increased
the intracellular concentration of cytotoxic drugs in the
cells[46]. When the miRNA expression profiles in MDR
variant were compared with its parental gastric cell line,
a small subset of miRs has been excavated. Downregulation of miR-15b and miR-16 in MDR cells restrained the
cells from apoptosis by modulation of Bcl2[47]. Ectopic
expression of miR-15b and miR-16 sensitized MDR cells
to chemotherapeutic agent, which lead to cell apoptosis[48]. These findings are of great impact on the functions
of miRNAs, and notably improve/sensitize the efficacy
of chemotherapeutic agent in gastric cancer.

CONCLUSION
The important roles of miRNAs in cancer biology have
been extensively studied in recent years. Ideally, miRNA
could be a better therapeutic tool over single gene therapy, due to its ability to target multiple genes. However,
several problems were encountered when translated into
clinical applications. Firstly, as agreed by most of the
researchers, identification of the downstream targets of
miRNA is intricating. Despite several target prediction
algorithms (e.g., TargetScan, miRTar and miRecords etc.)
currently available to envisage miRNA targets, however,
the complication is that various miRNA could target
the same mRNA, hence, justification from results algorithms are inevitable. Microarray and real-time RT-PCR
are the analyzing techniques that are commonly used for
screening and validation. With the use of locked nucleic
acid oligos for in situ hybridization, knockdown or PCR
studies, these enhance the sensitivity and specificity for
the analysis of miRNAs. Detailed studies on the mechanism of miRNA biogenesis and interaction with RISC in
gastric carcinogenesis would favor the manipulation of
miRNA expression which might help in designing a more
specific chemotherapeutic agent.
There are increasing demand on miRNA profiling
with the expansion of its application into differentiating
subtypes and predict treatment response in gastric cancers. The stability of miRNAs in the circulation makes it
suitable as diagnostic and prognostic markers in various
cancers. Also, it is likely to acquire a miRNA signature,
instead of a single miRNA, to provide useful information for the clinicians to make decision on personalized
management of the disease. With a better understanding
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of these miRNAs and their target genes, it would open
up new perspectives for more sophisticated and effective
therapeutic agents for treating gastric cancer.
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Abstract
AIM: To investigate the effects of osteopontin (OPN )
gene expression knockdown on colon cancer Lovo cells

WJG|www.wjgnet.com

in vitro .
METHODS: Four candidate small interfering RNA
(siRNA) constructs targeting the OPN gene and a
scrambled control sequence (NC-siRNA) were synthesized and inserted into a pGPU6/GFP/Neo expression
vector. After confirmation by restriction enzyme digestion and DNA sequencing, the recombinant plasmids
were subsequently transfected into a human colon
cancer cell line (Lovo) using a liposome transfection
method. Stably transfected cells were maintained with
G418 selection and referred to as Lovo-OPN-1, -2, -3,
-4, and Lovo-NC cells. Knockdown efficiency of each
of the four siRNA constructs was determined by realtime reverse transcription polymerase chain reaction
assays and western blotting, and the construct with
the most effective silencing was used for subsequent
experiments. Cell proliferation, adhesion, and Matrigel
invasion assays were performed to analyze the effects
of OPN knockdown in stably transfected Lovo cells. The
levels of four angiogenic factors, namely vascular endothelial growth factor (VEGF), matrix metalloproteinase
(MMP)-2, MMP-9 and urokinase plasminogen activator
were detected by enzyme-linked immunosorbent assays (ELISA).
RESULTS: Recombinant vectors containing OPNspecific and scrambled siRNA sequences were successfully constructed and stably transfected into Lovo cells.
Compared with the control Lovo and Lovo-NC cells, the
levels of OPN mRNA and protein expression in LovoOPN-1, -2, -3, and -4 were significantly reduced (all P
< 0.05), with the most efficient reduction observed in
Lovo-OPN-4 cells (P < 0.05). Relative to untransfected
Lovo cells, OPN mRNA expression levels in Lovo-NC
and Lovo-OPN-4 cells were 1.008 ± 0.067 and 0.160
± 0.023, respectively. The relative OPN protein expression levels in Lovo, Lovo-NC, and Lovo-OPN-4 cells
were 3.024 ± 0.211, 2.974 ± 0.630, and 0.121 ± 0.008,
respectively. Moreover, transfection with the scrambled
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sequence had no effect on the expression of OPN. After
24, 48, 72, and 96 h of cultivation, absorption values
at 450 nm to assess proliferation of Lovo-OPN-4 cells
were 0.210 ± 0.017, 0.247 ± 0.024, 0.314 ± 0.037,
and 0.359 ± 0.043, respectively, which were significantly lower than those of Lovo (0.244 ± 0.031, 0.313
± 0.024, 0.513 ± 0.048 and 0.783 ± 0.051) and LovoNC cells (0.241 ± 0.029, 0.309 ± 0.022, 0.563 ± 0.023,
and 0.735 ± 0.067) (all P < 0.05). The absorption values at 595 nm, which were measured in a cell adhesion
assay, showed that adhesion of Lovo-OPN-4 cells (0.215
± 0.036) was significantly decreased compared to Lovo
(0.490 ± 0.037) and Lovo-NC cells (0.462 ± 0.043)
(P < 0.05). The number of invasive Lovo-OPN-4 cells
(16.1 ± 1.9) was also significantly decreased compared
to Lovo (49.9 ± 5.4) and Lovo-NC cells (48.8 ± 4.5) (P
< 0.05). ELISA assays showed significant reductions
in Lovo-OPN-4 cells compared to Lovo and Lovo-NC
cells with regard to the expression of VEGF (1687.85 ±
167.84 ng/L vs 2348.54 ± 143.80 ng/L and 2284.39 ±
138.62 ng/L, respectively), MMP-2 (2966.07 ± 177.36
µg/L vs 4084.74 ± 349.54 µg/L and 4011.41 ± 424.48
µg/L, respectively), MMP-9 (3782.89 ± 300.64 µg/L vs
5062.90 ± 303.02 µg/L and 4986.38 ± 300.75 µg/L,
respectively) and uPA (1152.69 ± 120.79 µg/L vs
1380.90 ± 147.25 µg/L and 1449.80 ± 189.92 µg/L,
respectively) (all P < 0.05).
CONCLUSION: Knockdown of OPN gene expression
suppresses colon cancer cell growth, adherence, invasion, and expression of angiogenic factors.

the third most commonly diagnosed cancer in the world,
with over 1.2 million newly diagnosed cases and 608700
deaths in 2008[1]. Colon cancer presents a clinical challenge due to its asymptomatic progression, metastasis
at early disease stages, and poor prognosis. Therefore,
clarification of the specific mechanisms of colon cancer
invasion and metastasis at the gene expression level in
addition to the identification of early tumor molecular
markers for screening will potentially be of important
diagnostic and therapeutic value.
Osteopontin (OPN) is a secreted phosphoprotein and
matricellular component involved in a variety of physical
and pathologic conditions, including the progression of
inflammation, angiogenesis, and carcinogenesis[2]. OPN
is multi-functional, regulating both adhesion molecule
expression, and cytokine secretion[3,4]. For example, when
combined with integrins and CD44 cell surface receptors, OPN can reduce tumor cell adhesion, promote the
hydrolysis of the extracellular matrix, and enhance tumor
cell movement. Thus, OPN plays a pivotal role in cancer
progression[5,6]. Although studies show that OPN expression is closely related to invasion, metastasis, angiogenesis, and prognosis of colorectal, breast, gastric, and lung
cancers, the mechanisms by which OPN exerts these effects remain to be elucidated[7-11]. The aim of the present
study was to evaluate the influence of OPN on carcinoma cell behavior and assess its effects on the expression
of several angiogenesis-related soluble factors using Lovo
cells, which constitutively express OPN[12], and small interfering RNA (siRNA)-mediated OPN knockdown.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon carcinoma; Lovo cells; Osteopontin;
Angiogenesis; RNA interference
Core tip: This study investigated the anti-tumor effects
of osteopontin (OPN) knockdown in human colon cancer (Lovo) cells. Despite recent evidence that shows
OPN expression is closely related to the development of
colorectal cancer, the mechanism remains elusive. The
results of the present study showed that siRNA-mediated downregulation of OPN inhibited the expression of
vascular endothelial growth factor, matrix metalloproteinase (MMP)-2, MMP-9 and urokinase plasminogen
activator in Lovo cells, which may lead to decreased
invasion and angiogenesis of colon cancer.
Wu XL, Lin KJ, Bai AP, Wang WX, Meng XK, Su XL, Hou
MX, Dong PD, Zhang JJ, Wang ZY, Shi L. Osteopontin knockdown suppresses the growth and angiogenesis of colon cancer
cells. World J Gastroenterol 2014; 20(30): 10440-10448 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10440.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10440

INTRODUCTION
The increasing incidence of colorectal cancer has made it
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MATERIALS AND METHODS
Experimental reagents
Human colon carcinoma Lovo cells were purchased
from the Cell Bank of the Chinese Academy of Sciences
(Shanghai, China). Fetal bovine serum (FBS), RPMI-1640
medium, and Dulbecco’s phosphate-buffered saline
(DPBS) were obtained from HyClone of Thermo Fisher
Scientific (Waltham, MA, United States). The pGPU6/
GFP/Neo plasmid was purchased from GenePharma
Co. (Shanghai, China), and Lipofectamine™ 2000 and
TRIzol reagents were purchased from Invitrogen (of
Thermo Fisher Scientific). The enzymes BbsI, BamHI,
PstI, T4 DNA Ligase and the Lambda DNA/Eco130I
Marker were purchased from Fermentas (of Thermo
Fisher Scientific). DNA gel extraction and real-time RTPCR kits were obtained from TIANGEN Co. (Beijing,
China). Kanamycin was purchased from Sangon Co.
(Shanghai, China). Plasmid DNA extraction kits were
obtained from QIAGEN (Venlo, Limburg, Netherlands).
G418 was purchased from AMRESCO (Solon, OH,
United States). Anti-OPN antibodies were purchased
from Santa Cruz Biotechnology, Inc. (Dallas, TX, United
States). The Cell Counting Kit-8 (CCK-8) and fibronectin
(Fn) were purchased from Sigma-Aldrich (St. Louis, MO,
United States). Transwell inserts (6.5 mm polycarbonate
membrane, 8.0 μm pore) were purchased from Corning
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Inc. (Corning, NY, United States). Matrigel was purchased
from BD Biosciences (Franklin Lakes, NJ, United States).
The enzyme-linked immunosorbent assay (ELISA) kits
for vascular endothelial growth factor (VEGF), matrix
metalloproteinase (MMP)-2, MMP-9, and urokinase-type
plasminogen activator (uPA) were purchased from RD
Systems (Minneapolis, MN, United States).
Design and synthesis of siRNA sequences
The DNA sequence of OPN was obtained from GenBank (NM_000582.2) and four candidate potential
target sequences for RNA interference were scanned
with the siRNA Target Finder and Design Tool available at the Ambion, Inc. website (http://www.ambion.com/techlib/misc/siRNA_finder.html). The
four sequences identified (OPN-siRNA-1, -2, -3, and
-4 corresponding to nucleotides 356-376, 406-426,
532-552, and 1113-1133, respectively) and controlsiRNA (NC-siRNA) were designed and synthesized as
follows: OPN-siRNA-1, (5’-CACCGAGTTCAATTCCAGTTGAACATTCAAGAGATGTTCAACTGGAATTGAACTCTTTTTTG-3’), OPN-siRNA-2
(5’-CACCGGGTCACTGCAATTAGACTGCTTCAAGAGAGCAGTCTAATTGCAGTGACCCTTTTTTG-3’),
O P N - s i R N A - 3 ( 5 ’ - C AC C G C T G T G T C C T C TGAAGAAACCTTCAAGAGAGGTTTCTTCAGAGG AC AC AG C T T T T T T G - 3 ’ ) , O P N - s i R N A - 4
(5’-CACCGAGCAATGAGCATTCCGATGTTTCAAGAGAACATCGGAATGCTCATTGCTCTTTTTTG-3’), NC-siRNA
(5’-CACCGTTCTCCGAACGTGTCACGTCAAGAGATTACGTGACACGTTCGGAGAATTTTTTG-3’). All of
the above sequences were inserted between the BbsI and
BamHI sites of the pGPU6/GFP/Neo plasmid and are
referred to as p-OPN-siRNA-1, -2, -3, -4, and p-NCsiRNA.
Cell culture and transfection
The human colon carcinoma Lovo cells were cultured
in RPMI-1640 medium supplemented with 10% FBS
and kept at 37 ℃ in 5% CO2 in a humidified incubator.
After reaching 90%-95% confluency, Lovo cells were
transfected with p-OPN-siRNA-1, -2, -3, -4, or p-NCsiRNA, referred to as Lovo-OPN-1, -2, -3, -4, and LovoNC, respectively, using Lipofectamine™ 2000 following
the manufacturer’s instructions. Forty-eight hours later,
G418 (500 mg/L) was added to the culture medium
for selection of transfected cells. Single or mixed clonal
populations of stably transfected cells were grown under
G418 selection for at least six weeks. The expression levels of OPN in G418-resistant clones (Lovo-OPN-1, -2,
-3, -4, and Lovo-NC) and normal Lovo cells (Lovo) were
thereafter evaluated by real-time reverse transcriptionpolymerase chain reaction (RT-PCR) and western blot
analysis.
Real time RT-PCR
Total RNA was extracted from the cells with TRIzol and
reverse transcribed using real-time RT-PCR kits with
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primers for OPN (forward, 5’-CCTGACATCCAGTACCCTGA-3’; reverse, 5’-TCATCCAGCTGACTCGTTTC-3’; 167 bp product), and GAPDH (forward,
5’-GGGTGTGAACCATGAGAAGT-3’; reverse,
5’-GGCATGGACTGTGGTCATGA-3’; 142 bp product). Real-time PCR was performed using an Applied
Biosystems 7500 system (of Thermo Fisher Scientific)
with the following conditions: an initial denaturation at
94 ℃ for 2 min, followed by 40 cycles of denaturation at
94 ℃ for 15 s, annealing at 60 ℃ for 30 s, and extension
at 72 ℃ for 30 s. Duplicate Ct values from experiments
performed in triplicate were analyzed in Microsoft Excel
(Redmond, WA, United States) using the comparative Ct
(ΔΔCt) method. The expression of OPN was normalized
to the levels of GAPDH and expressed relative to levels
in control Lovo cells.
Western blot assay
Cells were lysed in a buffer containing 50 mmol/L TrisCl, pH = 8.0, 150 mmol/L NaCl2, 0.025% NaN3, 0.1%
sodium dodecyl sulfate (SDS), 100 µg/mL phenylmethanesulfonyl fluoride, 1 µg/mL aprotinin, 0.5% deoxysodium cholate, and 0.1% nonidet P-40, and centrifuged at
10000 r/min for 10 min at 4 ℃. The protein concentration was determined using a BCA protein assay reagent
kit (Pierce of Thermo Fisher Scientific). The cell lysates
(40 µg/lane) were separated by 10% SDS-polyacrylamide
gel electrophoresis, and the products were electrotransferred to polyvinylidene difluoride membranes.
Blotting was performed using anti-OPN (1:200) and
anti-GAPDH (1:1000) antibodies, followed by goat antimouse IgG-HRP (1:1000). Immunodetection was performed using SuperSignal Chemiluminescent Substrate
(Pierce), and appropriate bands were quantified from
exposed photographic films using ImageJ software (National Institutes of Health, Bethesda, Maryland, United
States). The relative protein levels of OPN were calculated and compared with GAPDH. The experiment was
performed in triplicate.
Cell proliferation assay
Lovo-OPN-4, Lovo-NC, and Lovo cells were seeded into
96-well culture plates at a density of 3 × 103 cells/well.
Absorption values from one of four culture plates were
initially determined by CCK-8 at 450 nm (A450) after 24
h cultivation, and from all plates over the following three
days. The experiment was performed in triplicate.
Cell adhesion assay
Culture plates (96-well) were precoated with Fn (5 μg/
well) and 2% bovine serum albumin (to avoid non-specific binding) in phosphate-buffered saline overnight at 4 ℃.
Lovo-OPN-4, Lovo-NC, and Lovo cells were cultured
with serum-free medium after the cells reached 80% confluency. Twenty-four hours later, the cells were harvested
and plated into the precoated culture plates (5 wells per
group) at a density of 5 × 104 cells/well with serum-free
medium, and allowed to incubate for 2 h at 37 ℃. The
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Figure 1 Identification of recombinant vectors. BamHI and PstI were used to digest and identify the recombinant plasmids. The results show that all plasmids
were positive for the recombinant vector; M: Marker; 1: p-OPN-siRNA-1; 2: p-OPN-siRNA-2; 3: p-OPN-siRNA-3; 4: p-OPN-siRNA-4; 5: p-NC-siRNA.

medium containing dead cells was removed and adherent
cells were fixed with 4% formaldehyde and stained with
0.1% crystal violet. The dye was solubilized with 33% acetic acid, and the absorption value was determined at 595
nm (A595). The experiment was performed in triplicate.
Cell invasion assay
The cell invasion assay was performed using Transwell inserts coated with 50 μL of Matrigel. Lovo-OPN-4, LovoNC, and Lovo cells were plated (5 wells per group) into
the upper compartment of the chamber at a density of 1
× 105 cells/well. The lower chamber was filled with 600
μL RPMI-1640 medium supplemented with 10% FBS.
After reaching 70%-80% confluency in serum-free medium, the cells on the top surface of the membranes were
removed with cotton swabs, and those that remained on
the membranes were then fixed with 4% formaldehyde
and stained with 0.1% crystal violet. The invasive cells
which were attached to the bottom surface of the membranes were photographed and counted under a microscope at × 200 magnification. Invasive cells were counted
in three fields randomly selected from each membrane.
The experiment was performed in triplicate.
Enzyme-linked immunosorbent assay
After reaching 70%-80% confluency, Lovo-OPN-4,
Lovo-NC, and Lovo cells were harvested and plated into
6-well culture plates at a density of 4 × 105 cells/well (6
wells per group). After 24 h, the culture medium was replaced with an equivalent volume of fresh serum-free medium. Cell culture supernatants were collected 48 h later
and centrifuged at 3000 r/min for 10 min, and levels of
VEGF, MMP-2, MMP-9, and μPA were determined using
ELISA kits. The experiment was performed in triplicate.
Statistical analysis
Statistical analysis was performed with SPSS 13.0 software
(SPSS Inc., Chicago, IL, United States). Values are presented as mean ± SD. One-way analysis of variance (ANOVA)
or Kruskal-Wallis tests were used to compare mean values.
Bonferroni or Mann-Whitney U tests were used to compare the differences between two groups. A probability
level of 0.05 was chosen for statistical significance.
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RESULTS
Knockdown of OPN in Lovo cells
Enzyme digestion (Figure 1) and sequencing results
(Figure 2) showed that all plasmids were positive for the
recombinant vector and the coding sequence was inserted into the correct position with no mutations. Both
real-time RT-PCR (Figure 3) and western blot (Figure 4)
results showed that compared with Lovo and Lovo-NC
cells, the expression levels of OPN mRNA and protein
were significantly reduced in Lovo-OPN-1, -2, -3, and -4
cells (all P < 0.05), with the largest reduction observed
in Lovo-OPN-4 (all P < 0.05 for RT-PCR and western
blot). Relative to mRNA levels in Lovo cells, OPN levels
were 1.008 ± 0.067 in Lovo-NC and 0.160 ± 0.023 in
Lovo-OPN-4 cells. The relative protein expression levels
in Lovo, Lovo-NC, and Lovo-OPN-4 cells were 3.024 ±
0.211, 2.974 ± 0.630, and 0.121 ± 0.008, respectively. Importantly, transfection with the scrambled sequence had
no effect on OPN expression, with no significant differences in levels between Lovo-NC and Lovo cells.
Effect of OPN knockdown on Lovo cell proliferation,
adhesion and invasion
The proliferation of Lovo cells was evaluated by CCK-8
analysis. The results showed that A450 values of LovoOPN-4 after 24, 48, 72, and 96 h of cultivation (0.210 ±
0.017, 0.247 ± 0.024, 0.314 ± 0.037, and 0.359 ± 0.043,
respectively) were significantly lower than those of Lovo
(0.244 ± 0.031, 0.313 ± 0.024, 0.513 ± 0.048, and 0.783
± 0.051, respectively) and Lovo-NC cells (0.241 ± 0.029,
0.309 ± 0.022, 0.563 ± 0.023, and 0.735 ± 0.067, respectively) at each time point (all P < 0.05 compared with
Lovo and Lovo-NC). In addition, there were no significant differences between Lovo-NC and Lovo.
Next, Lovo cell adhesion and invasion of Matrigelcoated membranes following OPN knockdown were examined. The results show that the A595 value of adhered
Lovo-OPN-4 cells (0.215 ± 0.036) was decreased significantly compared to the values for Lovo (0.490 ± 0.037)
and Lovo-NC cells (0.462 ± 0.043) (P < 0.05) (Figure 5).
The number of invasive Lovo-OPN-4 cells (16.1 ± 1.9)
was also significantly decreased compared to the number
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A

B

C

D

Figure 2 Verification of the recombinant vectors. Sequencing of the recombinant vectors (performed by Sangon Co.) showed that all coding sequences were inserted correctly with no mutations; A: p-OPN-siRNA-1; B: p-OPN-siRNA-2; C: p-OPN-siRNA-3; D: p-OPN-siRNA-4.

of Lovo (49.9 ± 5.4) and Lovo-NC cells (48.8 ± 4.5) (P
< 0.05) (Figure 6). There were no significant differences
in adhesion and invasion values between Lovo and LovoNC cells.
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Effect of OPN knockdown on the expression of VEGF,
MMP-2, MMP-9, and μ PA
To elucidate the possible mechanism of reduced proliferation, adhesion, and invasion by OPN suppression,
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Lovo-OPN-4). OPN: Osteopontin.
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DISCUSSION
OPN is a secreted glycoprotein involved in malignant
transformation. The arginine-glycine-aspartic acid
(RGD)-rich sequence was first reported by Tang et al[13]
in 1979, and officially named by Oldberg et al[14] in 1986.
OPN can be cleaved by thrombin into an N-terminal
RGD-containing domain that binds to cell surface integrin receptors, and a C-terminal domain that binds
cell adhesion molecule CD44, which can induce unique
intracellular signal pathways[15]. Compared to normal
human intestinal epithelial cell lines, human colon cancer cell lines (HT-29, SW480, HCT-8) show high OPN
expression[16]. Furthermore, Irby et al[17] demonstrated
that increased endogenous OPN expression (via stable
transfection) as well as exogenous OPN (added to culture
medium) enhanced the motility and invasive capacity of
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the expression levels of four important tumor markers,
namely VEGF, MMP-2, MMP-9, and μPA, were measured in Lovo cells using ELISA assays. The expression
level of VEGF in culture supernatants from LovoOPN-4 cells (1687.85 ± 167.84 ng/L) was significantly
lower than that in Lovo and Lovo-NC supernatants
(2348.54 ± 143.80 and 2284.39 ± 138.62 ng/L, respectively) (P < 0.05). Similarly, expression of MMP-2 was
lower in Lovo-OPN-4 cells (2966.07 ± 177.36) compared to Lovo and Lovo-NC cells (4084.74 ± 349.54 and
4011.41 ± 424.48 μg/L, respectively) (P < 0.05). Levels
of MMP-9 were also significantly reduced in LovoOPN-4 cells (3782.89 ± 300.64) compared to Lovo and
Lovo-NC cells (5062.90 ± 303.02 and 4986.38 ± 300.75
μg/L, respectively) (P < 0.05). Finally, μPA levels were
also significantly reduced in Lovo-OPN-4 cells (1152.69
± 120.79 μg/L vs 1380.90 ± 147.25 μg/L and 1449.80 ±
189.92 μg/L, respectively; P < 0.05). There were no significant differences between Lovo and Lovo-NC cells in
any of the enzyme levels examined.

Lo
vo

0.0

Figure 4 Confirmation of osteopontin knockdown by western blot. The
expression of OPN protein was significantly decreased in Lovo cells by p-OPNsiRNA-1, -2, -3, and -4 (aP < 0.05 vs Lovo), with the largest reduction observed
with p-OPN-siRNA-4 (cP < 0.05 vs Lovo-OPN-4). OPN: Osteopontin.

these cell lines in vitro. Previous work from our group has
shown that the proliferation, invasiveness, and mobility
of oral squamous carcinoma KB cells were much higher
than those of FaDu cells, which express lower amounts
of OPN[18].
Tumor metastasis involves many processes, including angiogenesis, adhesion, degradation, movement, and
reattachment, which involve a variety of adhesion molecules, proteolytic enzymes and cytokines[19,20]. Regarding
angiogenesis, studies have shown that OPN expression
is positively correlated with tumor microvessel density,
and the OPN-derived peptide SVVYGLR potentiates
tube formation in three-dimensional collagen gels[21,22].
This enhancement of angiogenesis may be through
PI3K/AKT- and ERK-mediated pathways with VEGF
acting as a positive feedback signal, as the inhibition of
angiogenesis was stronger with an OPN-antibody than
with a VEGF-antibody, or PI3K or ERK inhibitor[23].
Furthermore, Tang et al[13] showed that the proliferation,
migration, and tube formation of human umbilical vein
endothelial cells was reduced following OPN knockdown
in gastric cancer cells. Additional studies have also shown
that the expression of some tumor-associated genes that
play an important role in metastatic processes, such as
VEGF, MMP-2, MMP-9, and μPA, are closely associated
with OPN[24-26], which is likely one of numerous prognostic factors related to colon cancer metastasis[27].
In this study, an OPN-siRNA-containing plasmid vector was used to knockdown expression in cancer cells to
determine if OPN could be a molecular target for colon
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Figure 5 Cell adhesion assay. Staining with 0.1% crystal violet (magnification × 100) revealed reduced adhesion in cells expressing Lovo-OPN-4 (A-C); Quantification of adhesion, obtained by absorbance at 595 nm (D) (n = 15; aP < 0.05 vs Lovo-OPN-4; cP < 0.05 vs Lovo). OPN: Osteopontin.
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Figure 6 Cell invasion assay. Staining with 0.1% crystal violet (magnification × 200) revealed a reduced number of invasive Lovo-OPN-4 cells (A-C); Quantification
of invasion (D) (n = 15; aP < 0.05 vs Lovo-OPN-4; cP < 0.05 vs Lovo). OPN: Osteopontin.

cancer therapy. Our results showed that four recombinant
plasmids were successfully constructed, as assessed by en-
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zyme digestion and sequencing. Quantification of mRNA
and protein revealed that stable transfection of Lovo
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cells with p-OPN-siRNA-4 significantly and drastically
reduced OPN levels. Furthermore, Lovo cells expressing
this siRNA construct showed significantly suppressed
proliferation, adhesion, and invasion. This may have been
due to the low expression of CD44 and overexpression
of E-cadherin that result from OPN knockdown[28,29].
The secretion of several tumor angiogenesis markers
is associated with OPN in models of breast cancer and
melanoma[30,31]. Importantly, the expressions of several of
these markers, MMP2, MMP-9, uPA, and VEGF, were
found to be significantly reduced in our experiments with
OPN knockdown. Liu et al[26] have reported that OPN induces expression of MMP-2 and -9 via NF-κB-mediated
signaling pathways in prostate cancer. In addition, the
expression of MMP-2 and MMP-9 is correlated with
angiogenesis and metastasis of colorectal cancer[32]. Thus,
OPN downregulation could inhibit not only the MMPs,
but also VEGF and μPA expression in colon cancer cells,
which might lead to decreased invasion and angiogenesis
capacity of colon cancer cells[24,33-36].
In conclusion, this study demonstrates that knockdown of OPN expression inhibits the proliferation,
invasion, and adhesion of human colon cancer cells. Furthermore, the angiogenic role of OPN was confirmed,
as verified by reduced expression of VEGF, MMP-2,
MMP-9, and uPA in stably siRNA transfected cells.
Therefore, OPN may be a potential molecular target for
siRNA-targeted gene therapy of colon cancer.

COMMENTS
COMMENTS

REFERENCES
1
2

3
4
5

6

7

8

9

10

Background

Osteopontin (OPN) is a secreted multifunctional glyco-phosphoprotein that
plays an important role in the tumorigenesis, tumor invasion, and metastasis of
many cancer types. Recently, much interest has been focused on the biological
role of OPN in the pathogenesis of angiogenesis, which may facilitate tumor
progression. The mechanisms by which OPN promotes growth and angiogenesis of colon cancer remain unclear.

11

This study utilized selective inhibition of OPN expression using expression
vector-mediated RNA interference (RNAi). This technique is highly specific and
efficient, easy to control and manipulate, versatile, and time saving.

12

Research frontiers

Innovations and breakthroughs

This study demonstrates that the knockdown of OPN expression inhibits human
colon cancer cell proliferation, adhesion, and invasion. In addition, it demonstrated an anti-angiogenic effect of OPN downregulation, as verified by the reduced expression of the angiogenic factors vascular endothelial growth factor,
matrix metalloproteinase (MMP)-2, MMP-9, and urokinase-type plasminogen
activator.

Applications

13

14

The results of the present study suggest that OPN may be a potential molecular
and anti-angiogenic target for future gene therapy of colon cancer.

Terminology

RNAi is a post-transcriptional process triggered by the introduction of doublestranded RNA, which leads to gene silencing in a sequence-specific manner.
RNAi is rapidly becoming an important method for analyzing gene functions in
eukaryotes and holds promise for the development of therapeutic gene silencing.

Peer review

The results of this study provide an important contribution to the evaluation of
the role of OPN in colon cancer pathogenesis. Furthermore, the results implicate OPN as a potential gene therapy target.

WJG|www.wjgnet.com

15
16

17

10447

Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90
[PMID: 21296855 DOI: 10.3322/caac.20107]
Chiodoni C, Colombo MP, Sangaletti S. Matricellular proteins: from homeostasis to inflammation, cancer, and metastasis. Cancer Metastasis Rev 2010; 29: 295-307 [PMID: 20386958
DOI: 10.1007/s10555-010-9221-8]
Standal T, Borset M, Sundan A. Role of osteopontin in adhesion, migration, cell survival and bone remodeling. Exp
Oncol 2004; 26: 179-184 [PMID: 15494684]
Hopps L. Road to confidence. Nurs Times 1988; 84: 38-39
[PMID: 3419986 DOI: 10.3748/wjg.v18.i30.3923]
Huang J, Pan C, Hu H, Zheng S, Ding L. Osteopontinenhanced hepatic metastasis of colorectal cancer cells. PLoS
One 2012; 7: e47901 [PMID: 23112867 DOI: 10.1371/journal.
pone.0047901]
Phillips RJ, Helbig KJ, Van der Hoek KH, Seth D, Beard
MR. Osteopontin increases hepatocellular carcinoma cell
growth in a CD44 dependant manner. World J Gastroenterol
2012; 18: 3389-3399 [PMID: 22807608 DOI: 10.3748/wjg.v18.
i26.3389]
Sun L, Pan J, Peng L, Fang L, Zhao X, Sun L, Yang Z, Ran Y.
Combination of haptoglobin and osteopontin could predict
colorectal cancer hepatic metastasis. Ann Surg Oncol 2012; 19:
2411-2419 [PMID: 22219064 DOI: 10.1245/s10434-011-2177-2]
Macrì A, Versaci A, Lupo G, Trimarchi G, Tomasello C,
Loddo S, Sfuncia G, Caminiti R, Teti D, Famulari C. Role of
osteopontin in breast cancer patients. Tumori 2009; 95: 48-52
[PMID: 19366056]
Zhang X, Tsukamoto T, Mizoshita T, Ban H, Suzuki H, Toyoda T, Tatematsu M. Expression of osteopontin and CDX2:
indications of phenotypes and prognosis in advanced gastric
cancer. Oncol Rep 2009; 21: 609-613 [PMID: 19212618 DOI:
10.3892/or_00000263]
Boldrini L, Donati V, Dell’Omodarme M, Prati MC, Faviana
P, Camacci T, Lucchi M, Mussi A, Santoro M, Basolo F, Fontanini G. Prognostic significance of osteopontin expression
in early-stage non-small-cell lung cancer. Br J Cancer 2005;
93: 453-457 [PMID: 16091764]
Hass HG, Nehls O, Jobst J, Frilling A, Vogel U, Kaiser S.
Identification of osteopontin as the most consistently overexpressed gene in intrahepatic cholangiocarcinoma: detection by oligonucleotide microarray and real-time PCR
analysis. World J Gastroenterol 2008; 14: 2501-2510 [PMID:
18442196 DOI: 10.3748/wjg.14.2501]
Likui W, Hong W, Shuwen Z, Yuangang Y, Yan W. The
potential of osteopontin as a therapeutic target for human
colorectal cancer. J Gastrointest Surg 2011; 15: 652-659 [PMID:
21318445 DOI: 10.1007/s11605-011-1445-6]
Tang H, Wang J, Bai F, Hong L, Liang J, Gao J, Zhai H, Lan
M, Zhang F, Wu K, Fan D. Inhibition of osteopontin would
suppress angiogenesis in gastric cancer. Biochem Cell Biol
2007; 85: 103-110 [PMID: 17464350 DOI: 10.1016/0092-8674(
79)90103-X]
Oldberg A, Franzén A, Heinegård D. Cloning and sequence
analysis of rat bone sialoprotein (osteopontin) cDNA reveals an Arg-Gly-Asp cell-binding sequence. Proc Natl Acad
Sci USA 1986; 83: 8819-8823 [PMID: 3024151 DOI: 10.1073/
pnas.83.23.8819]
Wai PY, Kuo PC. Osteopontin: regulation in tumor metastasis. Cancer Metastasis Rev 2008; 27: 103-118 [PMID: 18049863
DOI: 10.1007/s10555-007-9104-9]
Likui W, Hong W, Shuwen Z. Clinical significance of the
upregulated osteopontin mRNA expression in human
colorectal cancer. J Gastrointest Surg 2010; 14: 74-81 [PMID:
19763701 DOI: 10.1007/s11605-009-1035-z]
Irby RB, McCarthy SM, Yeatman TJ. Osteopontin regulates

August 14, 2014|Volume 20|Issue 30|

Wu XL et al . OPN and colon cancer angiogenesis

18

19

20

21

22

23

24

25

26

27

multiple functions contributing to human colon cancer development and progression. Clin Exp Metastasis 2004; 21: 515-523
[DOI: 10.1007/s10585-004-2873-4]
Shi L, Han F, Zhang JT, Wu XL. The experimental study of
the relationship of osteopontin and biological characteristics
of oral carcinoma cell lines. Kouqing Yixue 2012; 32: 333-335,
346
Liotta LA, Mandler R, Murano G, Katz DA, Gordon RK,
Chiang PK, Schiffmann E. Tumor cell autocrine motility
factor. Proc Natl Acad Sci USA 1986; 83: 3302-3306 [PMID:
3085086 DOI: 10.1073/pnas.83.10.3302]
Ishihara Y, Nishikawa T, Iijima H, Matsunaga K. Expression of matrix metalloproteinase, tissue inhibitors of metalloproteinase and adhesion molecules in silicotic mice with
lung tumor metastasis. Toxicol Lett 2003; 142: 71-75 [PMID:
12765241 DOI: 10.1016/s0378-4274(02)00486-1]
Du XL, Jiang T, Sheng XG, Gao R, Li QS. Inhibition of osteopontin suppresses in vitro and in vivo angiogenesis in
endometrial cancer. Gynecol Oncol 2009; 115: 371-376 [PMID:
19783287 DOI: 10.1016/j.ygyno.2009.08.029]
Hamada Y, Nokihara K, Okazaki M, Fujitani W, Matsumoto
T, Matsuo M, Umakoshi Y, Takahashi J, Matsuura N. Angiogenic activity of osteopontin-derived peptide SVVYGLR.
Biochem Biophys Res Commun 2003; 310: 153-157 [PMID:
14511663 DOI: 10.1016/j.bbrc.2003.09.001]
Dai J, Peng L, Fan K, Wang H, Wei R, Ji G, Cai J, Lu B, Li
B, Zhang D, Kang Y, Tan M, Qian W, Guo Y. Osteopontin
induces angiogenesis through activation of PI3K/AKT and
ERK1/2 in endothelial cells. Oncogene 2009; 28: 3412-3422
[PMID: 19597469 DOI: 10.1038/onc.2009.189]
Chen RX, Xia YH, Xue TC, Zhang H, Ye SL. Down-regulation of osteopontin inhibits metastasis of hepatocellular carcinoma cells via a mechanism involving MMP-2 and uPA.
Oncol Rep 2011; 25: 803-808 [PMID: 21174062 DOI: 10.3892/
or.2010.1116]
Chen YJ, Wei YY, Chen HT, Fong YC, Hsu CJ, Tsai CH, Hsu
HC, Liu SH, Tang CH. Osteopontin increases migration and
MMP-9 up-regulation via alphavbeta3 integrin, FAK, ERK,
and NF-kappaB-dependent pathway in human chondrosarcoma cells. J Cell Physiol 2009; 221: 98-108 [PMID: 19475568]
Liu H, Chen A, Guo F, Yuan L. A short-hairpin RNA targeting osteopontin downregulates MMP-2 and MMP-9 expressions in prostate cancer PC-3 cells. Cancer Lett 2010; 295:
27-37 [PMID: 20207476 DOI: 10.1016/j.canlet.2010.02.012]
Agrawal D, Chen T, Irby R, Quackenbush J, Chambers AF,

28

29

30

31

32

33

34

35

36

Szabo M, Cantor A, Coppola D, Yeatman TJ. Osteopontin identified as colon cancer tumor progression marker. C R Biol 2003;
326: 1041-1043 [PMID: 14744111 DOI: 10.1016/j.crvi.2003.09.007]
Robertson BW, Chellaiah MA. Osteopontin induces betacatenin signaling through activation of Akt in prostate cancer cells. Exp Cell Res 2010; 316: 1-11 [PMID: 19850036 DOI:
10.1016/j.yexcr.2009.10.012]
Smit DJ, Gardiner BB, Sturm RA. Osteonectin downregulates
E-cadherin, induces osteopontin and focal adhesion kinase
activity stimulating an invasive melanoma phenotype. Int J
Cancer 2007; 121: 2653-2660 [PMID: 17724718 DOI: 10.1002/
ijc.23039]
Chakraborty G, Jain S, Kale S, Raja R, Kumar S, Mishra R,
Kundu GC. Curcumin suppresses breast tumor angiogenesis
by abrogating osteopontin-induced VEGF expression. Mol
Med Rep 2008; 1: 641-646 [PMID: 21479462 DOI: 10.3892/
mmr_00000005]
Rangaswami H, Kundu GC. Osteopontin stimulates melanoma growth and lung metastasis through NIK/MEKK1dependent MMP-9 activation pathways. Oncol Rep 2007; 18:
909-915 [PMID: 17786354]
Waas ET, Wobbes T, Lomme RM, DeGroot J, Ruers T, Hendriks T. Matrix metalloproteinase 2 and 9 activity in patients
with colorectal cancer liver metastasis. Br J Surg 2003; 90:
1556-1564 [PMID: 14648736 DOI: 10.1002/bjs.4346]
Li XD, Chen J, Ruan CC, Zhu DL, Gao PJ. Vascular endothelial growth factor-induced osteopontin expression
mediates vascular inflammation and neointima formation
via Flt-1 in adventitial fibroblasts. Arterioscler Thromb Vasc
Biol 2012; 32: 2250-2258 [PMID: 22814749 DOI: 10.1161/ATVBAHA.112.255216]
Kaneko T, Konno H, Baba M, Tanaka T, Nakamura S.
Urokinase-type plasminogen activator expression correlates with tumor angiogenesis and poor outcome in gastric
cancer. Cancer Sci 2003; 94: 43-49 [PMID: 12708473 DOI:
10.1111/j.1349-7006.2003.tb01350.x]
Chen RX, Xia YH, Xue TC, Ye SL. Osteopontin promotes
hepatocellular carcinoma invasion by up-regulating MMP-2
and uPA expression. Mol Biol Rep 2011; 38: 3671-3677 [PMID:
21104439 DOI: 10.1007/s11033-010-0481-8]
Tilli TM, Mello KD, Ferreira LB, Matos AR, Accioly MT,
Faria PA, Bellahcène A, Castronovo V, Gimba ER. Both osteopontin-c and osteopontin-b splicing isoforms exert protumorigenic roles in prostate cancer cells. Prostate 2012; 72:
1688-1699 [PMID: 22495819 DOI: 10.1002/pros.22523]
P- Reviewer: de Medina FS, Ghobadloo SM, Macrì A, Sadik R,
Yao YM
S- Editor: Qi Y L- Editor: Webster JR E- Editor: Ma S

WJG|www.wjgnet.com

10448

August 14, 2014|Volume 20|Issue 30|

World J Gastroenterol 2014 August 14; 20(30): 10449-10456
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i30.10449

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RESEARCH REPORT

Insulin resistance, adipokine profile and hepatic expression
of SOCS-3 gene in chronic hepatitis C
Kamila Wójcik, Elżbieta Jabłonowska, Aleksandra Omulecka, Anna Piekarska
Kamila Wójcik, Elżbieta Jabłonowska, Anna Piekarska,
Department of Infectious Diseases and Hepatology, Medical
University of Lodz, 91-347 Łódź, Poland
Aleksandra Omulecka, Department of Pathology, Bieganski
Hospital of Lodz, 91-347 Łódź, Poland
Author contributions: Wójcik K and Jablonowska E contributed equally to this work; Wójcik K, Jablonowska E and
Piekarska A designed the research; Wójcik K, Jabłonowska
E and Omulecka A performed the research; Wójcik K and
Jabłonowska E analyzed the data; Wójcik K and Jabłonowska E
wrote the paper.
Supported by Medical University, Lodz, Poland, No. 502-03/1
-117-01/502-14-061
Correspondence to: Kamila Wójcik, MD, PhD, Department
of Infectious Diseases and Hepatology, Medical University of
Łódź, Kniaziewicza 1/5, 91-347 Łódź, Poland. camilaw@tlen.pl
Telephone: +48-42-2516265 Fax: +48-42-2516180
Received: October 8, 2013 Revised: May 4, 2014
Accepted: May 23, 2014
Published online: August 14, 2014

vs 0.59, P = 0.0003). Hepatic steatosis was observed

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: to analyze adipokine concentrations, insulin resistance and hepatic expression of suppressor of cytokine
signaling 3 (SOCS-3) in patients with chronic hepatitis C
genotype 1 with normal body weight, glucose and lipid
profile.
METHODS: The study group consisted of 31 patients
with chronic hepatitis C and 9 healthy subjects. Total
levels of adiponectin, leptin, resistin, visfatin, omentin,
osteopontin and insulin were measured using an ELISA
kit. The hepatic expression of SOCS-3 was determined
by the use of the reverse transcription polymerase
chain reaction method.
RESULTS: Homeostasis model assessment for insulin
resistance (HOMA-IR) values were significantly higher
in hepatitis C virus (HCV) infected patients without
metabolic disorders compared to healthy controls (2.24
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in 32.2% of patients with HCV infection and was found
in patients with increased HOMA-IR index (2.81 vs
1.99, P = 0.05) and reduced adiponectin level (5.96
vs 8.37, P = 0.04). Inflammatory activity (G ≥ 2) was
related to increased osteopontin concentration (34.04
vs 23.35, P = 0.03). Advanced liver fibrosis (S ≥ 2)
was associated with increased levels of omentin and
osteopontin (436.94 vs 360.09, P = 0.03 and 32.84 vs
20.29, P = 0.03) and reduced resistin concentration
(1.40 vs 1.74, P = 0.047). No correlations were reported between adipokine profile, HOMA-IR values and
hepatic expression of the SOCS-3 gene.
CONCLUSION: We speculated that no relationship
between adipokines and HOMA-IR values may indicate
that HCV can induce insulin resistance itself. Some adipokines appear to be biochemical markers of steatosis,
inflammation and fibrosis in patients with chronic HCV
infection.

Key words: Adipokines; Steatosis; Chronic hepatitis C;
Insulin resistance; SOCS-3 gene
Core tip: To investigate the direct effect of hepatitis C
virus (HCV) on insulin resistance we analyzed adipokines and homeostasis model assessment for insulin
resistance (HOMA-IR) in selected chronic hepatitis C
patients without metabolic disorders. In this group of
patients we confirmed higher HOMA-IR values compared to healthy subjects. We speculated that no relationship between adipokines and HOMA-IR values may
indicate that HCV can induce insulin resistance itself,
regardless of metabolic disorders. This is the first study
to determine the impact of a wide spectrum of adipokines and HOMA-IR index on histopathological changes
in liver biopsy specimens and hepatic expression of
suppressor of cytokine signaling 3 mRNA.
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INTRODUCTION
Hepatitis C virus (HCV) infection is a worldwide health
problem. HCV is a positive strand RNA virus that infects about 3% of the world population. The World
Health Organization (WHO) estimates that 3-4 million
new HCV infections occur every year[1]. Hepatitis C virus
is an important risk factor for insulin resistance[2,3]. The
prevalence of insulin resistance in chronic HCV infection is estimated to be between 30% to 70% of chronic
HCV patients and is higher than in chronic hepatitis B
(10%)[4-6]. The mechanism of insulin resistance in chronic hepatitis C is complex and bidirectional, and the exact
pathogenesis is still unknown. Some clinical observations
support a “fat independent” mechanism in the development of insulin resistance in HCV-infected subjects[7].
Koike[8] demonstrated that HCV can induce insulin resistance itself by disturbing the insulin signaling pathway
in an animal model. It was found that the core HCV
protein stimulates increased levels of the molecule suppressor of cytokine signaling 3 (SOCS-3), which leads
to ubiquitination and proteasomal degradation of insulin signaling receptors 1 and 2[9]. The other mechanism
through which HCV contributes to the development
of insulin resistance might be its impact on adipokine
concentration, although the role of adipokines in the
pathogenesis of insulin resistance is not fully elucidated.
Hence, this study analyzes both mechanisms of insulin
resistance in patients with chronic hepatitis C without
metabolic disorders.
The aim of this study was to analyze adipokine concentrations and homeostasis model assessment for insulin
resistance (HOMA-IR) values in healthy subjects and
in patients infected with chronic HCV genotype 1 and
normal body weight, glucose and lipid profiles. It focuses
on the relationship between adipokine profile, HOMAIR index and the histopathological changes in liver biopsy
specimens. It also attempts to determine whether adipokine serum concentrations and HOMA-IR values are
associated with hepatitis C viremia. Moreover, adipokine
concentrations and HOMA-IR index are determined according to interleukin 28B (IL28B) single-nucleoside polymorphism C/T (rs 12979860) and hepatic expression of
suppressor of cytokine signaling 3 (SOCS-3) mRNA.

MATERIALS AND METHODS
Patient population
The study group consisted of 31 patients with chronic
hepatitis C and 9 healthy subjects. The diagnosis of chron-

WJG|www.wjgnet.com

ic hepatitis C was based on detectable HCV viremia in
serum and liver biopsy examination.
The exclusion criteria included diabetes mellitus and
glucose intolerance, being overweight [body mass index
(BMI) > 25], lipid disorders, other causes of liver disease, previous antiviral treatment and consumption of
more than 20 g alcohol per day. Pregnant women and
patients receiving concomitant medication, including lipid-lowering drugs, were also excluded from this analysis.
All subjects enrolled in this study provided their written informed consent. This study was approved by the
local Bioethics Committee.
Liver histology
The grade of inflammation and necrotic changes, as well
as stage of fibrosis, were assessed according to the 1995
Batts and Ludwig scale. The hepatic expression of SOCS3
was determined by the use of the reverse transcription
polymerase chain reaction (RT-PCR) method.
Virology assays
Plasma HCV viremia was measured within 3 mo of liver biopsy and was determined by reverse transcription polymerase
chain reaction (RT-PCR method; Cobas AmpliPrep/Cobas
TaqMan/HCV Terst, Roche Diagnostic), HCV genotypes
were determined by second generation test [(VERSANT
HCV Genotype 2.0 Assay (LiPA)].
Measurements of adipokines, glucose and insulin
Serum glucose concentrations were estimated by glucose
hexokinase enzymatic assay (Olympus Beckman Coulter,
Switzerland). Total levels of adiponectin, leptin, resistin,
visfatin, omentin, osteopontin and insulin were measured
using an ELISA kit (Bio Vendor, NC, United States) in
fasting venous blood samples collected from the patients.
Routine laboratory investigations
Insulin resistance was estimated using the homeostasis
model assessment (HOMA-IR) index, which was calculated according to the following formula: [fasting insulinemia
(μU/ml) × fasting glucose (mmol/l)]/22.5. HOMA-IR
values higher than 2.5 were considered as significant for
insulin resistance. Alanine aminotransferase (ALT) activity was measured enzymatically 1-3 d before liver biopsy
without the addition of pyridoxal-5’-phosphate, the reference ranges were 0-41 U/L and 0-31 U/L for men and
women, respectively.
Determination of anthropometric parameters
Height and weight were determined. Body mass index
was calculated as weight (kg)/height (m2).
Total RNA extraction
Total RNA was extracted using the mirVana™ miRNA
isolation kit (Ambion) according to the manufacturer’s
instructions. Briefly, frozen samples were homogenized
in 300 μl of Lysis/Binding Solution using a TissueRuptor homogenizer (Qiagen). RNA was eluted in 100 μl
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RNase-free water and quantified using a PicoDrop spectrophotometer. The quality of RNA samples was analyzed by measuring the ratio of absorptions at 260/280
nm. The purified total RNA was immediately used for
cDNA synthesis or stored at -80 ℃.
Analysis of IL28B single-nucleotide polymorphism C/T
(rs12979860)
Genomic DNA was isolated from 200 μL of blood using
the QIAamp DNA Blood Mini Kit (Qiagen) according to
the manufacturer’s protocol. DNA was quantified using
a PicoDrop spectrophotometer (Picodrop Limited). The
IL-28B single-nucleotide polymorphism C/T (rs12979860)
was analyzed using Custom® SNP Genotyping Assays
(Applied Biosystems). Primer and probe sequences were
Forward Primer 5’-GCCTGTCGTGTACTGAACCA, Reverse Primer 5’-GCGCGGAGTGCAATTCAAC, Probe
(C allele) 5’-VIC-TGGTTCGCGCCTTC and Probe (T
allele) 5’-FAM-CTGGTTCACGCCTTC. Genotyping was
performed using the ABI7900HT Real-Time PCR System
(Applied Biosystems) in a 25 μL reaction volume containing 10 ng DNA, 12.5 μL TaqMan® Universal PCR Master
Mix and 1.25 μL (40 ×) Custom® SNP Genotyping Assays and analyzed using Sequence Detection System 2.3
Software.
Quantitative real-time PCR
mRNA expression: Homo sapiens-specific TaqMan
Gene Expression Assay (Applied Biosystems) for SOCS3
(Hs02330328_s1) mRNA was used for gene expression
assays. cDNA generation was performed using 250 ng of
total RNA with High Capacity cDNA Reverse Transcription Kits according to the manufacturer’s protocols (Applied Biosystems). Ten repeated dilutions of first-strand
cDNA were made in nuclease-free water before addition
to the RT-PCR reaction mixture. mRNA expression levels were analyzed using beta actin (ACTB) as an endogenous control.
Total RNA isolation: Total RNA was extracted using
the mirVana™ miRNA isolation kit (Ambion Europe)
according to the manufacturer’s instructions. Briefly,
frozen samples were homogenized in 300 μl of Lysis/Binding Solution using a TissueRuptor homogenizer
(Qiagen). RNA was eluted in 100 μl RNase-free water
and quantified using a PicoDrop spectrophotometer.
The quality of the RNA samples was analyzed by measuring the ratio of absorptions at 260/280 nm. The
purified total RNA was immediately used for cDNA
synthesis or stored at -80 ℃.
mRNA expression: A total of 250 ng of tissue RNA
was reverse transcribed to cDNA with a High-Capacity
cDNA Reverse Transcription Kit (Applied Biosystems)
according to the manufacturer’s instructions. Homo sapiens-specific TaqMan Gene Expression Assays (Applied
Biosystems) for SOCS-3 (Hs02330328_s1) as well as en-
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dogenous control beta-actin (ACTB, Hs99999903_m1)
were used for the gene expression assays.
Real time PCR analysis
TaqMan PCR assays were performed in 96-well optical
plates in a 7900HT Fast Real-Time PCR System (Applied
Biosystems) and were analyzed using Sequence Detection System 2.0 Software. Fold induction values were
calculated according to the equation 2ΔΔCt, where ΔCt
represents the differences in cycle threshold numbers
between the target gene and endogenous control, and
ΔΔCt represents the relative change in these differences
between examined and control groups.
Statistical analysis
The Mann-Whitney test was used to evaluate differences
between the examined groups. Correlations between adipokine levels or HOMA-IR and hepatic SOCS-3 expression were analyzed with the Spearman rank correlation
coefficient. Values of p < 0.05 were considered to be statistically significant. All statistical analyses were performed
using Statistica software version 10.0 (StatSoft Inc., 2011).

RESULTS
Study population
Thirty-one patients with chronic hepatitis C with a mean
age of 32 years (range: 23-48) were enrolled in the study:
23 male, 8 female. The fasting levels of adiponectin,
leptin, resistin, visfatin, omentin and osteopontin and
BMI and HOMA-IR of the study groups and healthy
controls are shown in table 1.
Differences in HOMA-IR and adipokine profile between
patients infected with HCV genotype 1 and healthy
controls
Among chronic hepatitis C patients, 83.8% (26/31) had
insulin resistance defined by a HOMA-IR index > 2.5.
The mean HOMA-IR index in HCV infected patients
was 2.87 (+/- 2.13), median 2.24 and was significantly
higher compared to healthy controls (2.24 vs 0.59, P =
0.0003) (table 1). However, there was no significant difference in adipokine concentrations between patients
with chronic hepatitis C and healthy subjects (table 1).
Moreover, adipokine levels were not related to HOMAIR index (table 2).
Association of insulin resistance index and adipokine
profile with hepatic steatosis
Hepatic steatosis was observed in 32.2% (10/31) of patients with HCV and was related to increased HOMA-IR
index (2.81 vs 1.99, P = 0.05) and reduced adiponectin
level (5.96 vs 8.37, P = 0.04) (table 3). Fatty changes
involved macrovesicular steatosis of 5%-8% liver cells
in zone 1. Lobular inflammation and fibrosis in zone 3
were not described.
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Table 1 Characteristics of the study population
HCV
Age
BMI
ALT U/L
HCV viremia (IU/mL)
SOCS-3
HOMA
Visfatin (ng/mL)
Omentin (ng/mL)
Adiponectin (µg/mL)
Resistin (ng/mL)
Leptin (ng/mL)
Osteopontin (ng/mL)
Age > 40
Age < 40
Women
Men

P value

Healthy subjects

Median
LQ-UQ
32
23-48
23.6
23.2-24.7
52
43-79
1230000
382000-3880000
5.17
2.09-9.78
2.24
1.50-3.36
2.64
1.17-3.58
385.07
340.33-522.77
7.23
5.48-8.72
1.54
1.11-1.74
4.85
2.425-13.6
28.71
18.06-36.19
Number of patients (n)
9
22
10
21

Min-Max
18-61
20.1-24.9
23-339
112000-8950000
0.5-24.53
0.78-9.67
0.45-9.37
115.7-757.34
3.51-18.48
0.73-2.92
0.77-54.65
5.33-59.15

Median
32
23.3

LQ-UQ
23-48
22.4-24.7

Min-Max
26-56
19.5-24.9

0.56
0.34-1.02
2.75
2.47-3.8
375.55
278.02-477.33
9.335
6.275-11.20
1.48
1.31-1.71
5.785
3.81-17.06
20.56
15.47-21.2
Number of patients (n)
4
5
4
5

0.25-2
1.26-5.27
115.68-587.51
5.89-15.33
1.04-2.7
1.85-42.76
6.14-32.42

P > 0.05
P > 0.05

P = 0.0003
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

The mean HOMA-IR index in HCV infected patients was significantly higher compared to healthy controls (2.24 vs 0.59, P = 0.0003) (Table 1). However,
there was no significant difference in adipocytokine concentration between patients with chronic hepatitis C and healthy subjects. LQ: Lower quartile; UQ:
Upper quartile; BMI: Body mass index; ALT: Alanine aminotransferase; HCV: Hepatitis C virus; SOCS-3: Suppressor of cytokine signaling 3; HOMA: Homeostasis model assessment.

Table 2 Adipokines and homeostasis model assessment of insulin resistance in chronic hepatitis C
P value

Median (LQ-UQ)
HOMA-IR > 2.5 (n = 15)
Omentin (ng/mL)
Adiponectin (μg/mL)
Resistin (ng/mL)
Leptin (ng/mL)
Visfatin (ng/mL)
Osteopontin (ng/mL)

HOMA-IR < 2.5 (n = 16)

381.24 (332.79- 483.33)
6.24 (5.48-7.92)
1.56 (1.42-1.74)
6.79 (2.34-13.11)
2.66 (1.09-3.12)
28.71 (15.52-37.1)

399.91 (367.16-541.72)
8.37 (5.63-12.18)
1.24 (1.03-1.56)
3.04 (2.51-17.2)
2.05 (1.17-3.3)
31.18 (20.29-36.07)

P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

Adipokine levels were not related to HOMA-IR index in patients with chronic hepatitis C. HOMA-IR: Homeostasis model assessment of insulin resistance;
LQ: Lower quartile; UQ: Upper quartile.

Table 3 Adipokines and liver steatosis in chronic hepatitis C
With steatosis (n = 10)
Median (LQ-UQ)
SOCS3
HOMA
Adiponectin (μg/mL)
Osteopontin (ng/mL)
Leptin (ng/mL)
Resistin (ng/mL)
Omentin (ng/mL)
Visfatin (ng/mL)

6.553 (3.393-11.777)
2.815 (1.99-4.84)
5.985 (4.83-7.23)
33.51 (15.52-49.12)
5.705 (3.04-17.2)
1.65 (1.42-1.84)
374.875 (332.79-483.33)
2.465 (1.37-3.12)

Without steatosis (n = 21)

Min-max

Median (LQ-UQ)

1.042-24.537
1.25-9.67
3.55-8.43
5.33-59.15
2.34-54.65
1.17-2.36
227.99-757.34
0.45-3.97

P value

Min-max

5.106 (2.095-8.713)
1.995 (1.21-2.51)
8.37 (5.71-9.07)
24.7 (18.26-34.58)
3.825 (1.33-13.11)
1.51 (1.03-1.58)
393.92 (360.09-522.77)
2.64 (1.17-4.08)

0.5-17.95
0.78-7.25
3.51-18.48
11.57-47.85
0.77-39.04
0.73-2.92
115.7-735.84
0.53-9.37

P > 0.05
P = 0.05
P = 0.047
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

Hepatic steatosis was related to increased HOMA-IR index (2.81 vs 1.99, P = 0.05) and reduced adiponectin level (5.96 vs 8.37, P = 0.04). SOCS-3: Suppressor
of cytokine signaling 3; HOMA-IR: Homeostasis model assessment of insulin resistance; LQ: Lower quartile; UQ: Upper quartile.

Association of adipokine profile with hepatic
inflammation
Inflammatory activity (G ≥ 2) was described in 30% of
patients (9/31) and was associated with increased osteopontin concentration (34.04 vs 23.35, P = 0.03) (table 4).
No relationships were found between other adipokine
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concentrations and the grade of inflammatory activity.
Association of insulin resistance index and adipokine
profile with hepatic fibrosis
Advanced liver fibrosis (S ≥ 2) was reported in 70% of
subjects (22/31) and was more commonly observed in
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Table 4 Adipokines and liver inflammation in chronic hepatitis C
G ≥ 2 (n = 9)
Median (LQ-UQ)
Omentin (ng/mL)
Adiponectin (μg/mL)
Resistin (ng/mL)
HOMA
Leptin (ng/mL)
Visfatin (ng/mL)
Osteopontin (ng/mL)
SOCS-3

G < 2 (n = 22)
Min-max

381.24 (367.16-522.77)
6.21 (5.71-7.56)
1.24 (1.17-1.65)
2.1(1.59-3.99)
10.83 (4.26-31.44)
2.05 (1.83-2.66)
34.04 (32.7-36.19)
3.69 (2.67-7.05)

Median (LQ-UQ)

115.7-757.34
4.6-9.07
0.91-2.36
0.78-9.67
1.69-54.65
0.65-8.89
22.47-49.12
0.66-11.52

389.46 (340.33-483.33)
8 (5.48-9.06)
1.55 (1.11-1.82)
2.38 (1.25-2.84)
3.43 (1.83-9.36)
2.78 (1.17-4.08)
23.25 (15.05-36.07)
8.13 (1.74-11.78)

P value
Min-max
227.99-735.84
3.51-18.24
0.73-2.92
0.88-7.25
0.77-39.04
0.45-9.37
5.33-59.15
0.5-24.53

P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P = 0.03
P > 0.05

Inflammatory activity (G ≥ 2) was associated with increased osteopontin concentration (34.04 vs 23.35, P = 0.03). No relationships were found between other adipokine concentrations and the grade of inflammatory activity. n: Number of patients, in liver biopsy: G: Grade of inflammation and necrosis; HOMAIR: Homeostasis model assessment of insulin resistance; LQ: Lower quartile; UQ: Upper quartile.

Table 5 Adipokines and liver fibrosis in chronic hepatitis C
S ≥ 2 (n = 22)
Median (LQ-UQ)
Omentin (ng/mL)
Adiponectin (μg/mL)
Resistin (ng/mL)
HOMA (mmol/L)
Leptin (ng/mL)
Visfatin (ng/mL)
Osteopontin (ng/mL)
SOCS-3

436.94 (367.16-538.15)
7.39 (5.71-9.06)
1.4 (1.03-1.58)
2.1 (1.33-3.36)
4.09 (2.51-8.56)
2.25 (1.17-3.3)
32.84 (22.47-37.1)
4.51 (1.92-9.24)

S < 2 (n = 9)
Min-max

Median (LQ-UQ)

115.7-757.34
4.6-18.48
0.73-2.36
0.78-9.77
1.00-54.65
0.53-8.89
8.46-59.15
0.66-24.53

360.09 (296.34-383.55)
6.46 (4.52-8.37)
1.74 (1.54-2.67)
2.5 (1.5-2.79)
11.94 (1.17-21.5)
3.12 (1.57-5.26)
20.29 (15.05-24.33)
8.61 (4.40-11.777)

P value
Min-max
257.55-396.92
3.51-11.28
0.76-2.92
0.88-5.17
0.77-39.04
0.45-9.37
5.33-38.46
0.5-17.95

P = 0.03
P > 0.05
P = 0.047
P > 0.05
P > 0.05
P > 0.05
P = 0.03
P > 0.05

Advanced liver fibrosis (S ≥ 2) was more commonly observed in patients with increased serum levels of omentin and osteopontin (436.94 vs 360.09, P =
0.03 and 32.84 vs 20.29, P = 0.03) and reduced resistin concentration (1.40 vs 1.74, P = 0.047). Other adipokines were not related to the progression of liver
fibrosis. No difference was found in HOMA-IR index according to stages of fibrosis in liver biopsy specimens. n: Number of patients; S: Stage of fibrosis;
SOCS-3: Suppressor of cytokine signaling 3; HOMA-IR: Homeostasis model assessment of insulin resistance; LQ: Lower quartile; UQ: Upper quartile.

cording to grades of inflammation or stages of fibrosis
in liver biopsy specimens.

Table 6 Correlations between adipokines and hepatic expression of suppressor of cytokine signaling 3 in chronic hepatitis C
SOCS-3

Adipokine profile and hepatic SOCS-3 gene expression
No correlation was found between serum adipokine
levels or HOMA-IR index and hepatic expression of
SOCS-3 (table 6).

P value

Spearman’s rank correlation ρ
Age
HCV viral load (IU/mL)
ALT (U/L)
HOMA
Adiponectin (μg/mL)
Osteopontin (ng/mL)
Visfatin (ng/mL)
Resistin (ng/mL)
Leptin (ng/mL)
Omentin (ng/mL)

0.12
0.15
0.41
0.39
0.24
0.30
0.23
0.55
0.14
0.50

P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

Adipokine profile and viral factors
Serum adipokine concentrations and HOMA-IR index
were not found to be related to HCV viremia (table 7).

No correlation was found between serum adipokine levels or HOMA-IR
index and hepatic expression of SOCS-3. SOCS-3: Suppressor of cytokine
signaling 3; HOMA-IR: Homeostasis model assessment of insulin resistance; ALT: Alanine aminotransferase.

patients with increased serum levels of omentin and osteopontin (436.94 vs 360.09, P = 0.03 and 32.84 vs 20.29,
P = 0.03) and reduced resistin concentration (1.40 vs 1.74,
P = 0.047). Other adipokines were not related to the
progression of liver fibrosis (table 5).
No differences were found in HOMA-IR index ac-
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Adipokine profile and single nucleotide polymorphisms
of IL28B
In this study, the presence of single nucleotide polymorphisms (SNPs) of IL28B (rs 12979860) were not associated with adipokine levels or HOMA-IR index (table 8).

DISCUSSION
Although insulin resistance was found to be present in
chronic hepatitis C patients, even with normal body weight,
glucose and lipid profiles, HOMA-IR index was not associated with adipokine concentrations. The reason for this
might be that adipokines are secreted mainly by visceral
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Table 7 Adipokines and hepatitis C virus viremia
VL ≥ 600000 IU/mL (n = 12)
Median (LQ-UQ)
Age
Adiponectin (μg/mL)
Osteopontin (ng/mL)
Leptin (ng/mL)
Resistin (ng/mL)
Omentin (ng/mL)
HOMA
Visfatin (ng/mL)

VL < 600000 IU/mL (n = 19)

Min-max

32 (23-54)
6.46 (5.48-8.72)
31.18 (15.52-37.1)
4.09 (1.59-21.5)
1.42 (1.03-1.74)
393.92 (342.46-534.21)
2.01 (1.5-3.99)
2.67 (1.17-3.97)

Median (LQ-UQ)

18-61
3.51-18.48
11.57-59.15
0.77-54.65
0.73-2.92
115.7-757.34
0.88-9.67
0.53-9.37

P value

Min-max

32.5 (23.5-38)
7.42 (5.48-8.75)
26.84 (21.19-33.78)
5.47 (2.51-13.11)
1.56 (1.29-1.78)
381.88 (312.96-497.43)
2.5 (1.25-3.36)
2.14 (1.23-3.11)

18-61
3.55-17.93
5.33-54.98
1.17-17.2
0.87-2.71
227.99-735.84
0.78-5.66
0.45-9.33

P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

Serum adipokine concentrations and HOMA-IR index were not found to be related to HCV viremia. VL: Viral load; SOCS-3: Suppressor of cytokine signaling 3: HOMA-IR: Homeostasis model assessment of insulin resistance; HCV: Hepatitis C virus; LQ: Lower quartile; UQ: Upper quartile.

Table 8 Adipokines and single nucleotide polymorphisms of interleukin 28B in chronic hepatitis C
CC (n = 6)
Median (LQ-UQ)
SOCS-3
HCV viremia (IU/mL)
ALT (U/L)
HOMA
Adiponectin (μg/mL)
Osteopontin (ng/mL)
Visfatin (ng/mL)
Leptin (ng/mL)
Omentin (ng/mL)
Resistin (ng/mL)

11.52 (3.164-15.738)
1195000 (362000-3830000)
54 (43-83)
(1.02-3.99)
7.56 (6-8.37)
24.33 (22.18-32.98)
2.64 (1.57-6.35)
13.11 (8.56-17.2)
367.16 (257.55-399.91)
1.17 (0.91-1.65)

TT/CT (n = 25)
Min-max

Median (LQ-UQ)

2.17-17.95
112000-9850000
23-339
0.78-5.66
5.33-9.07
13.14-34.58
0.65-9.33
5.47-39.04
152.74-522.77
0.76-1.74

5.10 (1.75-8.713)
3780000 (799000-4290000)
45 (44-47)
2.44 (1.5-2.84)
6.35 (5.34-8.89)
29.94 (16.79-37.78)
2.56 (1.13-5.69)
3.04 (1.69-11.94)
390.95 (341.39-536.18)
1.55 (1.205-1.83)

P value
Min-max
0.5-24.537
382000-7210000
41-48
0.88-9.67
3.51-18.48
5.33-59.15
0.45-9.37
0.77-54.65
115.7-757.34
0.73-2.92

P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05
P > 0.05

The single nucleotide polymorphisms (SNPs) of IL28B (rs 12979860) were not associated with adipokine levels or HOMA-IR index. Genotypes of IL28B: CC
and not CC (CT and TT); SOCS-3: Suppressor of cytokine signaling 3; HOMA-IR: Homeostasis model assessment of insulin resistance; ALT: Alanine aminotransferase; LQ: Lower quartile; UQ: Upper quartile.

adipose tissue and reflect metabolic disturbances and the
present study was conducted only in non-obese patients
without metabolic disorders. This observation supports
the hypothesis that not only metabolic factors lead to the
development of insulin resistance. It is well known that
HCV directly affects insulin signaling pathways, promoting
insulin resistance at a cellular level[10-12].
Moreover, our results indicate that insulin resistance
and adipokines are involved in the pathogenesis of liver
injury in patients with HCV infection. The results of the
present study confirm those of others insofar that hepatic
steatosis was positively related to HOMA-IR index and
hypoadiponectinemia[13,14]. Interestingly, the reduced hepatic expression of adiponectin was also demonstrated in
chronic hepatitis B patients with hepatic steatosis[13]. Numerous studies have indicated that adiponectin stimulates
matrix metalloproteinase complexes[14,15]. However, this
antifibrogenic effect of adiponectin was not observed in
the presented study, probably due to the small number of
patients with stage 1 liver fibrosis. The results of the presented study indicate an association between reduced levels of resistin and higher fibrosis score. Resistin regulates
the secretion of fibrogenic molecules, including TGFβ-1
and TNF-α, in hepatic stellate cells[16]. However, the literature presents several contradicting opinions on the role of
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resistin in liver fibrosis. Our observations are confirmed
by those of Tiftikci et al[17] and indicate that reduced concentrations of resistin correlate with progression of liver
fibrosis. On the contrary, Baranova et al[18] report that
severe fibrosis (Metavir score > F2) was predicted by increased resistin levels. Thus, further studies are warranted
to establish the role of resistin in liver fibrosis in chronic
hepatitis C. However, the role of other adipokines in inflammatory processes is well established. Osteopontin is
a pro-inflammatory cytokine secreted from many cells, including activated macrophages and T-lymphocytes. Osteopontin is known to be a chemotactic factor for fibroblasts,
which modulates secretion of metalloproteinases[19]. In
our study, osteopontin values correlated positively with
severity of liver inflammation and fibrosis. These results
are in accordance with those of Bassyouni et al[19], showing
the important role played by osteopontin in the liver changes
which occur during HCV infection.
A number of studies have indicated that intracellular
factors are dysregulated by HCV and are responsible for
insulin resistance. The core HCV protein stimulates increased SOCS-3 levels, which leads to ubiquitination and
proteasomal degradation of insulin signaling receptor 1
and 2. Recently, Vanni et al[20] reported an increase in intrahepatic SOCS-3 mRNA expression with hepatic insulin
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resistance. Some studies have suggested that adipokines
may alter the expression of SOCS-3 gene in many tissues
but the mechanism is unclear[21,22]. Leptin induces the expression of SOCS-3 gene in adipose tissue and liver, which
in turn negatively regulates leptin signaling[23,24]. However,
the present study does not reveal any correlations between
hepatic expression of the SOCS-3 gene, serum adipokine
concentrations and systemic insulin resistance. As skeletal
muscle and adipose tissue are key tissues contributing to
peripheral insulin resistance, it would be worth assessing
SOCS-3 gene expression in these tissues in relationship to
HOMA-IR levels and adipokine profiles to better elucidate systemic insulin resistance.
In the present study, adipokine levels and HOMA-IR
index were not related to HCV viremia. It is well established that hyperinsulinemia stimulates viral replication in
vitro, but it is still not clear whether insulin resistance directly effects HCV replication in vivo[25]. Some authors identify a correlation between HCV-RNA level and HOMA-IR
index[26,27]. However, our results correspond with those
of Huang et al[28] who do not identify different HCV
viremia in chronic hepatitis C patients with or without
insulin resistance. Other authors suggest that genetic factors may be significant factors in the pathogenesis of insulin resistance. Genetic variation in the IL28B gene has
been associated with lipid disorders but also with hepatic
steatosis[29]. However, in the presented study, similarly to
Degasperi et al[30], single nucleotide polymorphisms (SNPs)
of IL28B (rs 12979860) were not found to be associated
with adipokine levels or HOMA-IR index.
In conclusion, in patients with chronic hepatitis C without metabolic disorders, we confirmed higher HOMA-IR
values compared to healthy subjects. We speculated that
no relationship between adipokines and HOMA-IR values
may indicate that HCV can induce insulin resistance itself.
Some adipokines appear to be biochemical markers of
steatosis, inflammation and fibrosis. However, it is important to note that the present study is cross-sectional
and does not elucidate the causal relationship between
serum levels of adipokines and liver damage. The somewhat ambiguous nature of the results obtained from this
analysis indicates that further studies are needed to precisely clarify the role of adipokines in pathogenesis of
chronic hepatitis C.

tance (HOMA-IR) values in healthy subjects and in patients with chronic HCV
genotype 1 and normal body weight, glucose and lipid profiles. Some studies
have suggested that adipokines may alter the expression of SOCS-3 gene in
many tissues but the mechanism is unclear. In this study, adipokine concentrations and HOMA-IR index are determined according to hepatic expression of
SOCS-3 mRNA.

Innovations and breakthroughs

To investigate the direct effect of HCV on insulin resistance we analyzed adipokines and HOMA-IR in selected chronic hepatitis C patients without metabolic
disorders. In this group of patients we confirmed higher HOMA-IR values compared to healthy subjects. The authors speculated that no relationship between
adipokines and HOMA-IR values may indicate that HCV can induce insulin
resistance itself, regardless of metabolic disorders. This is the first study to
determine the impact of a wide spectrum of adipokines and HOMA-IR index on
histopathological changes in liver biopsy specimens and hepatic expression of
SOCS-3 mRNA.

Applications

By understanding the mechanism of insulin resistance, this study may represent a future strategy for therapeutic intervention in the treatment of patients
with chronic hepatitis C.

Terminology

Adipokines reflect metabolic disturbances and may alter the expression of
SOCS-3 gene in many tissues. SOCS-3 (molecule suppressor of cytokine signaling 3) is protein which leads to development of insulin resistance with ubiquitination and proteasomal degradation of insulin signaling receptors 1 and 2.

Peer review

This study aims to investigate the association between adipokine concentration
and HOMA-IR in patients with HCV. This is a topical study on insulin resistance
and hepatic expression of SOCS-3 gene in HCV infection. It is a well conducted
study and deserves to be published.
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Abstract
AIM: To assess the effect of inhibition of caspase-1 on
acute renal injury in rats with severe acute pancreatitis
(SAP).
METHODS: Forty-two Sprague-Dawley rats were randomly divided into three groups: healthy controls (HC,
n = 6), SAP rats treated with saline (SAP-S, n = 18),
or SAP rats treated with a caspase-1/interleukin (IL)1β-converting-enzyme (ICE) inhibitor (SAP-I-ICE, n =
18). SAP was induced by retrograde infusion of 5%
sodium taurocholate into the bile-pancreatic duct. HC
rats were subjected to identical treatment and surgical
procedures without sodium taurocholate. Rats received
an intraperitoneal injection of isotonic saline (SAP-S) or
the inhibitor (SAP-ICE-I) at 2 and 12 h after induction
of acute pancreatitis. Surviving rats were sacrificed at
different time points after SAP induction; all samples
were obtained and stored for subsequent analyses. The
levels of blood urea nitrogen (BUN) and creatinine (Cr)
were measured using automatic methods, and serum
IL-1β concentrations were measured by an enzymelinked immunosorbent assay. Intrarenal expression of
IL-1β, IL-18 and caspase-1 mRNAs was detected by
RT-PCR. IL-1β protein expression and the pathologic
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changes in kidney tissues were observed by microscopy
after immunohistochemical or hematoxylin and eosin
staining, respectively.
RESULTS: The serum levels of BUN and Cr in the
SAP-S group were 12.48 ± 2.30 mmol/l and 82.83 ±
13.89 μmol/L at 6 h, 23.53 ± 2.58 mmol/l and 123.67
± 17.67 μmol/L at 12 h, and 23.60 ± 3.33 mmol/L and
125.33 ± 21.09 μmol/L at 18 h, respectively. All were
significantly increased compared to HC rats (P < 0.01
for all). Levels in SAP-ICE-I rats were significantly decreased compared to SAP-S rats both at 12 and 18 h (P
< 0.01 for all). Serum IL-1β levels in the SAP-S group
were 276.77 ± 44.92 pg/mL at 6 h, 308.99 ± 34.95
pg/mL at 12 h, and 311.60 ± 46.51 pg/mL at 18 h; all
significantly higher than those in the HC and SAP-ICE-I
groups (P < 0.01 for all). Intrarenal expression of IL-1β
mRNA was weak in HC rats, but increased significantly
in SAP-S rats (P < 0.01). ICE inhibition significantly
decreased the expression of IL-1β and IL-18 mRNAs
(P < 0.05 for all vs SAP-S), whereas caspase-1 mRNA
expression was not significantly different. Weak IL1β immunostaining was observed in HC animals, and
marked staining was found in the SAP-S group mainly
in renal tubular epithelial cells. IL-1β immunostaining
was significantly descended in SAP-ICE-I rats compared
to SAP-S rats (P < 0.05). Caspase-1 inhibition had no
effect on the severity of kidney tissue destruction.
CONCLUSION: The expression of caspase-1-activated
cytokines IL-1β and IL-18 plays a pivotal role in acute
renal injury in rats with experimental SAP. Caspase-1
inhibition improves renal function effectively.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Severe acute pancreatitis; Caspase-1;
Interleukin-1β; Interleukin-18; Acute renal injury
Core tip: Activation of caspase-1/interleukin (IL)-1βconverting-enzyme (ICE) and the over-production of
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IL-18 and IL-1β in the kidney play a pivotal role during the process of acute renal injury in severe acute
pancreatitis. Furthermore, ICE inhibitors are effective
in improving renal function. The mechanisms of ICE
inhibition may be associated with descended cytokine
mediated injury and decreased renal cell apoptosis.
Therefore, the study of the mechanism of acute renal
injury in severe acute pancreatitis may help identify
measures for the prevention and treatment, as well as
supply novel information to further our understanding
of systemic inflammatory response syndrome and multiple system organ failure.
Zhang XH, Li ML, Wang B, Guo MX, Zhu RM. Caspase-1
inhibition alleviates acute renal injury in rats with severe acute
pancreatitis. World J Gastroenterol 2014; 20(30): 10457-10463
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i30/10457.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i30.10457

INTRODUCTION
Many experimental and clinical studies have shown that
interleukin (IL)-1β and tumor necrosis factor (TNF)-α
play a pivotal role in encouraging tissue destruction and
organ failure during the course of severe acute pancreatitis (SAP)[1,2]. Caspase-1, a member of the caspase
family of cysteine proteases that is also known as IL-1βconverting-enzyme (ICE), functions by proteolytically
cleaving precursors of IL-1β and IL-18, two structurally
and functionally homologous proinflammatory cytokines,
into their active forms[3]. In addition, ICE also interferes
with the process of apoptotic cell death. The inhibition
of ICE, and in turn, the inhibition of proper maturation
of IL-1β and IL-18, may have significance for the development of SAP and systemic inflammatory response
syndrome (SIRS). In this research, a rat model of SAP
was used to assess the effect of ICE inhibition on renal
function by measuring serum levels of blood urea nitrogen (BUN), creatinine (Cr), and IL-1β. In addition, intrarenal expression of caspase-1, IL-1β and IL-18, as well as
pathologic changes in kidney tissues were measured after
SAP with or without ICE inhibition.

MATERIALS AND METHODS
Experimental animal model
The Experimental Animal Center of Jinling Hospital in
Nanjing provided healthy normal adult male SpragueDawley rats weighing 240-250 g. All 42 animals were randomly divided into one of three groups: healthy controls
(HC; n = 6), SAP rats treated with saline (SAP-S; n =
18), and SAP rats treated with an ICE inhibitor (SAP-IICE; n = 18). The latter two groups were divided into 6,
12, and 18 h time-point groups, each containing six rats.
5% sodium taurocholate was infused retrogradely into
the bile-pancreatic duct to induce SAP as previously de-
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scribed[4-8]. The HC group underwent the same operative
procedure in the absence of sodium taurocholate. In the
SAP-S group, rats received an intraperitoneal injection
of isotonic saline at 2 and 12 h after SAP induction. In
the SAP-ICE-I group, rats were given an intraperitoneal
injection of the ICE inhibitor Ac-Tyr-Val-Ala-Asp-2,6dimethylbenzoyloxymethylketone of 0.25 mg dissolved
in 2 mL phosphate-buffered saline (PBS) first at 2 h and
again at 12 h post-SAP induction. Surviving rats were
sacrificed at 6, 12 and 18 h, and samples were obtained
for subsequent analyses.
Measurement of serum BUN and Cr levels
An automated HITACHI-7150 analyzer was used to
measure serum BUN and Cr concentrations and evaluate
the severity of acute renal injury.
Serum IL-1β levels
Serum IL-1β levels of were measured using an enzymelinked immunosorbent assay (ELISA) kit according to
the manufacturer’s instructions (Sigma-Aldrich, St. Louis,
MO, United States). All samples were tested in duplicate
and averaged.
RNA extraction and real-time polymerase chain reaction
analyses
TRIzol reagent (Gibco of Thermo Fisher Scientific,
Waltham, MA, United States) was used to extract total
RNA from kidney tissue (100 mg total) according to
the manufacturer’s protocol. Briefly, kidney tissue was
homogenized in 2 mL of TRIzol reagent, and the homogenate was centrifuged at 12000 r/min for 10 min
at 4 ℃ to remove the insoluble material. Homogenized
samples were incubated with 0.2 mL chloroform at room
temperature for 5 min. Samples were mixed for 15 s, and
incubated at room temperature for 3 min, followed by
centrifugation at 12000 r/min for 15 min at 4 ℃. The
upper aqueous phase was transferred to a fresh tube and
incubated for 10 min with 0.5 ml of isopropyl alcohol.
The tissue sample was again centrifuged at 12000 r/min
for 10 min at 4 ℃, and the pellet was washed in 1 mL of
75% ethanol. Finally, the tissue sample was vortexed and
centrifuged at 7000 r/min for 5 min at 4 ℃, briefly airdried, dissolved in 50 μL of diethylpyrocarbonate-treated
water, and stored at -80 ℃. Absorbance readings at 260
and 280 nm from an ultraviolet spectrophotometer were
used to determine the RNA concentration.
Real-time polymerase chain reaction (RT-PCR) was
carried out using a One Step RNA PCR Kit (AMV;
Takara Bio Inc., Otsu, Shiga, Japan). Each 50 μL reaction consisted of: 5 μL of 10 × One Step RNA PCR
Buffer, 10 μL of MgCl2 (25 mmol/L), 5 μL of dNTPs
(10 mmol/L each), 1 μL of RNase Inhibitor (40 U/
μL), 1 μL of AMV RTase XL (5U/μL), 1 μL of AMVOptimized Taq polymerase (5 U/μL), 1 μL of upstream
specific primer, 1 μL of downstream specific primer, 1
μL of experimental sample (≤ 1 μg total RNA), and 24
μL of RNase-free dH2O. The sequences of IL-18, IL-
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Table 1 Serum levels of blood urea nitrogen, creatinine, interleukin-1β and average gray value of interleukin-1β
Group

n

BUN (mmol/L)

Cr (mmol/L)

IL-1b (pg/mL)

IL-1b staining (AGV)

HC
SAP-S
6h
12 h
18 h
SAP-ICE-I
6h
12 h
18 h

6

5.02 ± 0.42

41.17 ± 2.48

90.13 ± 21.13

63.67 ± 6.19

6
6
6

12.48 ± 2.30b
23.53 ± 2.58b
23.60 ± 3.33b

82.83 ± 13.89b
123.67 ± 17.67b
125.33 ± 21.09b

276.77 ± 44.92b
308.99 ± 34.95b
311.60 ± 46.51b

45.00 ± 4.98b
42.33 ± 4.89b
38.33 ± 5.13b

6
6
6

11.17 ± 1.71b
18.45 ± 2.66b,d
19.23 ± 2.18b,d

73.50 ± 11.62b
75.67 ± 14.11b,d
77.50 ± 13.90b,d

151.42 ± 27.26b,d
152.47 ± 29.60b,d
175.45 ± 29.72b,d

53.00 ± 6.60b,c
49.67 ± 5.39b,c
46.50 ± 5.24b,c

Values are mean ± SD; bP < 0.01 vs HC; cP < 0.05 and dP < 0.01 vs SAP-S. AGV: Average grey value; BUN: Blood urea nitrogen; Cr: Creatinine; HC: Healthy
controls; SAP: Severe acute pancreatitis; SAP-ICE-I: SAP with IL-1β-converting-enzyme inhibition; SAP-S: SAP with saline.

1β and β-actin primers (designed with Primer 3 software
and synthesized by Sangon Biotechnology Co., Shanghai, China) were as follows (forward and reverse primers): caspase-1, 5′-GTG TTG CAG ATA ATG AGG
GC-3′ and 5′-AAG GTC CTG AGG GCA AAG AG-3′
(500 bp product); IL-1β, 5′-TTG GGA TCC ACA CTC
TCC AG-3′and 5′-AGA AGC TGT GGC AGC TAC
CT-3′ (400 bp product); IL-18, 5′-AGA TAG GGT CAC
AGC CAG TC-3′ and 5′-GCT GCA ATA CCA GAA
GAA GG-3′ (300 bp product); β-actin, 5′-CAT AGC
TCT TCT CCA GGG AG-3′ and 5′-AGG GTG TGA
TGG TGG GTA TG-3′ (600 bp product). The following protocol was used for each RT-PCR reaction: 30 min
at 50 ℃ for the reverse transcription reaction followed
by enzyme inactivation for 2 min at 94 ℃, and 30 cycles
of 30 s at 94 ℃, 30 s at 51 ℃ (caspase-1), 53 ℃ (IL-1β)
or 55 ℃ (IL-18), and 90 s at 72 ℃, or 30 s at 55 ℃, 30
s at 94 ℃, 90 s for 35 cycles at 72 ℃ (β-actin). All RTPCR reactions were terminated with an elongation step
for 5 min at 72 ℃ and the PT-PCR products were stored
at 4 ℃. Reaction products (5 μL) were resolved by 2%
agarose electrophoresis and visualized using ethidium
bromide and digitally photographed. Band intensity was
determined by optical density, and quantified as ratio of
individual PCR product/β-actin.
Histopathology and immunohistochemical staining for
IL-1β in kidney tissues
For histopathology, paraffin embedded tissue blocks
were cut into 4 µm sections and stained with hematoxylin
and eosin according to established protocols. For immunohistochemistry, tissue sections underwent antigenretrieval by heating for 25 min in 0.01 mol/L sodium
citrate (pH 6.0), washed in PBS and pre-incubated with
10% normal goat serum and 10% fetal calf serum in PBS
for 20 min. Consecutive sections were then incubated
with a rabbit anti-rat IL-1β polyclonal antibody (1:200;
Santa Cruz Bio. Inc., Dallas, TX, United States) at 37 ℃
for 120 min, washed three times in PBS, incubated with a
secondary antibody (EnVision System, anti-rabbit HRP;
Dako, Glostrup, Denmark) at 37 ℃ for 40 min, and
washed again in PBS. Tissue staining was visualized using
a diaminobenzidine substrate-chromogen solution. Slides
were counterstained with hematoxylin, dehydrated, and
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mounted. Two slides per rat were visualized using a BH-2
microscope at 400 × magnification, and five 0.5 cm × 1.0
cm fields were selected randomly from each slide. The average gray value (AGV) was calculated using color image
analysis and was inversely associated with IL-1β protein
expression.
Statistical analysis
Analysis of variance (ANOVA) was used for statistical
analyses using SPSS 17.0 statistical software. All values
are presented as mean ± SD, with a P value < 0.05 considered statistically significant.

RESULTS
Renal function
Serum levels of BUN and Cr were significantly higher in
the SAP-S group compared to the HC group at 6, 12 and
18 h (P < 0.05 for all). Treatment with the ICE inhibitor
significantly reduced these levels at 12 and 18 h (P < 0.05
for all vs SAP-S) (Table 1).
Serum IL-1β levels
Serum IL-1β levels were significantly higher in each SAP
experimental group when compared to the HC group at
all time points (P < 0.05 for all). In addition, serum IL1β levels were significantly lower in the SAP-I-ICE group
compared to the SAP-S group (P < 0.05 for all) (Table 1).
Intrarenal mRNA expression of IL-18, caspase-1 and
IL-1β
IL-1β, IL-18 and caspase-1 mRNA levels were detectable
in samples from the HC group, though expression of
IL-1β mRNA was weak. All transcript levels were significantly higher in samples from the SAP-S group when
compared to HC rats (P < 0.05 for all). IL-1β mRNA
expression was restored to normal healthy control levels,
and IL-18 mRNA expression was significantly descended
following ICE inhibition (P < 0.05 for all), whereas the
expression of caspase-1 mRNA was not significantly different (Figure 1, Table 2).
IL-1β protein expression in rat kidney tissue
Immunohistochemical staining demonstrated weak IL-
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A

1

2

3

4

5

6

7

8

Table 2 Intrarenal expression of caspase-1, interleukin-1β
and interleukin-18 mRNAs
bp
1500
1000
800

β-actin (600 bp)

500
400

ICE (500 bp)

300
200

B

1

2

3

4

5

6

7

n

Caspase-1

IL-1b

IL-18

HC
SAP-S
6h
12 h
18 h
SAP-ICE-I
6h
12 h
18 h

6

0.36 ± 0.03

0.13 ± 0.01

0.38 ± 0.03

6
6
5

0.45 ± 0.03b
0.46 ± 0.04b
0.43 ± 0.04b

0.19 ± 0.02b
0.20 ± 0.03b
0.20 ± 0.03b

0.57 ± 0.04b
0.58 ± 0.05b
0.55 ± 0.04b

6
6
5

0.45 ± 0.03b
0.44 ± 0.03b
0.45 ± 0.02b

0.15 ± 0.02d
0.15 ± 0.02d
0.15 ± 0.02d

0.45 ± 0.04b,d
0.45 ± 0.04b,d
0.44 ± 0.04b,d

Values are mean ± SD; bP < 0.01 vs HC; dP < 0.01 vs SAP-S. HC: Healthy
controls; SAP: Severe acute pancreatitis; SAP-ICE-I: SAP with IL-1βconverting-enzyme inhibition; SAP-S: SAP with saline.

8

ogy in the HC group, whereas morphological changes occurred in the SAP-S and SAP-ICE-I groups at 12 and 18
h, observed as marked capillary congestion in renal glomeruli, swelling, blurry boundaries and scattered necrosis in
renal tubular epithelial cells, stenosis or atresia of lumens,
visible protein casts, interstitial edema, and inflammatory
cell infiltration (Figure 2). Interestingly, caspase-1 inhibition had no effect on the severity of kidney tissue injury
as measured by these morphological changes.

β-actin (600 bp)
IL-1β (400 bp)

C

Group

1

2

3

4

5

6

7

DISCUSSION

8

β-actin (600 bp)
IL-18 (300 bp)

Figure 1 Expression levels of renal caspase-1, interleukin-1β and interleukin-18 mRNAs in cases of acute pancreatitis. Agarose gel electrophoresis
revealed mobility and size of real-time polymerase chain reaction products for
A: Caspase-1; B: interleukin (IL)-1β; and C: IL-18 in kidney tissues from healthy
controls (HC), severe acute pancreatitis (SAP-S) rats treated with saline, and
SAP rats treated with a caspase-1 inhibitor (SAP-ICE-I). The DNA fragments
from each group were of expected size. Lane 1: HC; lanes 2-4: SAP-S; lanes 5-7:
SAP-ICE-I; lane 8: marker.

1β expression in normal kidney tissue and strong IL-1β
expression in cortical renal tubular epithelial cells from
SAP-S kidney tissue. Quantification of the IL-1β immunoreactivity showed that the increase in IL-1β staining
with SAP was significant (P < 0.05), and this increase was
significantly attenuated with ICE inhibition (P < 0.05 vs
SAP-S) (Figure 2, Table 1).
Histopathology in kidney tissue
Light microscopy revealed normal kidney tissue morphol-
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Individuals diagnosed with SAP often face complications
including multiple system organ failure, and especially
respiratory and acute renal failure (ARF), which are the
major causes of death[9]. ARF is a frequent and early
complication of SAP, often coinciding with a worse
prognosis; mortality rates are 71.2% in patients with ARF
and 6.8% in those without[10]. Previous studies suggest
that the activation of caspase-1/ICE is an important step
in the pathophysiologic process of complicated acute
pancreatitis, with evidence demonstrating reduced overall
severity and mortality following ICE inhibition[11,12]. The
mechanism behind this change, however, remains poorly
understood.
A number of studies have shown expression of IL1β mRNA in normal mouse, rat and human kidneys[13,14],
whereas others have reported difficulty in detecting expression in normal human kidney and normal glomeruli
isolated from rats[15-17]. In this study, expression of IL1β mRNA and protein was detected, though weak, in the
normal rat kidney. The reason for this difference is not
clear and could be explained by a difference in species
or technique. Tesch et al[18] demonstrated that intrinsic
renal cells constitutively express IL-1β and are the major
source of the increased IL-1β production seen during rat
anti-glomerular basement membrane glomerulonephritis,
suggesting that IL-1β production is likely to play an important role in renal injury in experimental glomerulonephritis.
Caspase-1/ICE is a member of cysteine proteases of
the caspase family. The proteolytic cleavage of the 31 kD
IL-1β precursor into its biologically active 17 kD form is
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A

B

C

D

E

F

Figure 2 Immunohistochemical detection of interleukin-1β. Representative micrographs showing interleukin (IL)-1β immunoreactivity in hematoxylin counterstained kidney sections from animals with severe acute pancreatitis (SAP) (magnification × 200). Saline treatment A: 6 h; C: 12 h; and E: 18 h after SAP induction.
Caspase-1 inhibitor treatment B: 6 h; D: 12 h; and F: 18 h after SAP induction.

one of the major functions of ICE. Activated lymphocytes and monocytes produce IL-1β, which could cause
cardiac dysfunction, circulatory collapse, hypoperfusion,
metabolic acidosis, fever, shock and production of acute
respiratory distress syndrome. In this research, a highly
specific competitive and irreversible inhibitor of ICE
was injected into rats 2 h after SAP induction, which is
known to alter serum levels of amylase in the pancreas
and lungs [11,19], and a remarkable elevation of serum
BUN, Cr and IL-1β was observed. In addition, SAP induced an upregulation of intrarenal IL-1β and caspase-1
mRNAs, corresponding to increased IL-1β immunostaining and obvious pathologic changes in kidney tissues.
ICE inhibition significantly decreased serum and intrarenal IL-1β expression levels, and improved renal function.
These data suggest that ICE inhibition alleviates IL-1βmediated renal injury in SAP.
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In addition to generating large amounts of active IL1β, the precursor of IL-18 was processed into its bioactive
form by ICE[3]. IL-18, which was called interferon (IFN)γ-inducing factor, is a new pro-inflammatory 18000 kD
cytokine, sharing structural and functional similarities with
IL-1β. The gene expression and synthesis of IL-1, TNF,
and some chemokinesis are induced by IL-18. Also, IL-18
plays a part in the Th-1 response to the stimulation of viral antigen, firstly because natural killer cells and T cells of
IFN-γ production could be induced by IL-18. Rau et al[20]
reported that IL-18 concentrations in patients with SAP
are significantly elevated, and that the development of
pancreatic necrosis and organ failure is closely correlated
with the IL-18 concentrations in serum. In this research,
marked upregulation of expression of IL-18 mRNA in
the kidney was observed after induction of SAP, which
was significantly decreased with ICE inhibition.
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It is confirmed that TNF-α, IL-18 and IL-1β induce
the synthesis of each other[3,21,22]. Tomosugi et al[23] demonstrated that TNF and IL-1 can increase the severity of
glomerular injury in nephritis. Furthermore, Faubel et al[24]
demonstrated that cisplatin-induced ARF is associated
with increases in IL-1β, IL-18, and IL-6 and neutrophil
infiltration in the kidney. Therefore, we speculate that intrarenal overproduction of IL-18 plays a part during the
course of SAP complicated with acute renal injury, and
that the alleviation of acute renal injury by ICE inhibition
may be due to the decrease in IL-18 expression. Additionally, ICE interferes with the process of apoptotic cell
death and triggers TNF-α and Fas-mediated apoptosis.
Therefore, the improvement of renal function observed
in this study by ICE inhibition may be associated with
a decrease in renal cell apoptosis. As the results also revealed no morphological changes in rat kidneys following
ICE inhibition, we speculate that these may be associated with extra-pancreatic organ-specific injury and other
mechanisms of acute renal injury in SAP.
In conclusion, overproduction of IL-1β and activation of caspase-1/ICE and IL-18 in the kidney play a pivotal role during the course of acute renal injury in SAP,
and the ICE inhibition is effective in improving renal
function. Mechanisms of the effects of ICE inhibition
may share a close relationship with decreased cytokinemediated injury and with decreased renal cell apoptosis.
Therefore, these results supply novel ideas that may help
to further understand SIRS and multiple system organ
failure, and to explore measures for the prevention and
treatment of SAP.

Terminology

Caspase-1, termed as IL-1β-converting-enzyme, is a member of the family of
cysteine proteases known as caspases.

Peer review

The authors examined the expression of caspase-1 during the course of acute
renal injury in SAP. They show that ICE inhibition attenuates SAP-induced
increases in IL-1β and IL-18 mRNAs and alleviates renal injury. The results are
interesting and may supply novel ideas to further understand the mechanisms
of systemic inflammatory response syndrome and multiple system organ failure,
and to explore measures for prevention and treatment of SAP.
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Abstract
AIM: To evaluate the most cost-effectiveness strategy
for preventing variceal growth and bleeding in patients
with cirrhosis and small esophageal varices.
METHODS: A stochastic analysis based on decision
trees was performed to compare the cost-effectiveness
of beta-blockers therapy starting from a diagnosis of
small varices (Strategy 1) with that of endoscopic surveillance followed by beta-blockers treatment when
large varices are demonstrated (Strategy 2), for preventing variceal growth, bleeding and death in patients
with cirrhosis and small esophageal varices. The basic
nodes of the tree were gastrointestinal endoscopy, inpatient admission and treatment for bleeding, as required.
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All estimates were performed using a Monte Carlo microsimulation technique, consisting in simulating observations from known probability distributions depicted in
the model. Eight-hundred-thousand simulations were
performed to obtain the final estimates. All estimates
were then subjected to Monte Carlo Probabilistic sensitivity analysis, to assess the impact of the variability of
such estimates on the outcome distributions.
RESULTS: The event rate (considered as progression
of varices or bleeding or death) in Strategy 1 [24.09%
(95%CI: 14.89%-33.29%)] was significantly lower than
in Strategy 2 [60.00% (95%CI: 48.91%-71.08%)]. The
mean cost (up to the first event) associated with Strategy 1 [823 £ (95%CI: 106 £-2036 £)] was not significantly different from that of Strategy 2 [799 £ (95%CI:
0 £-3498 £)]. The cost-effectiveness ratio with respect
to this endpoint was equal to 50.26 £ (95%CI: -504.37
£-604.89 £) per event avoided over the four-year
follow-up. When bleeding episodes/deaths in subjects
whose varices had grown were included, the mean
cost associated with Strategy 1 was 1028 £ (95%CI:
122 £-2581 £), while 1699 £ (95%CI: 171 £-4674 £) in
Strategy 2.
CONCLUSION: Beta-blocker therapy turn out to be
more effective and less expensive than endoscopic surveillance for primary prophylaxis of bleeding in patients
with cirrhosis and small varices.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pharmaco-economical analysis; Cirrhosis;
Esophageal varices; Variceal bleeding; Primary prophylaxis
Core tip: In patients with cirrhosis and small esophageal
varices no study so far has evaluated the economical
consequences of replacing traditional endoscopic surveillance with primary prophylaxis with beta-blockers
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from this stage. In this study, a decision analysis based
on stochastic regression trees and Markov models
compared cost-effectiveness of primary prophylaxis
with beta-blockers (starting from the diagnosis of small
varices) and endoscopic surveillance (and beta-blockers
administration when large varices develop). Beta-blocker therapy from the beginning turned out to be more
effective and less expensive. This result demonstrate
that an early beta-blocker therapy besides being clinically effective, is also also cost-effective.
Di Pascoli L, Buja A, Bolognesi M, Montagnese S, Gatta A, Gregori D, Merkel C. Cost-effectiveness analysis of beta-blockers
vs endoscopic surveillance in patients with cirrhosis and small
varices. World J Gastroenterol 2014; 20(30): 10464-10469 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10464.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10464

INTRODUCTION
The natural history of portal hypertension in patients
with liver cirrhosis is characterized by varices formation,
progression of varices from small to large and, eventually, variceal rupture with upper gastrointestinal bleeding,
which is associated with an increased risk of death[1-3].
Although there is general agreement that variceal hemorrhage is very unusual while varices remain small[4-6], it is
reasonable to make an effort to avoid or delay the progression of small varices into large varices and, in turn,
to prevent the occurrence of the first episode of variceal
bleeding.
Pharmaco-economical studies suggest that treatment
with beta-blockers is a reasonable strategy to prevent the
first variceal bleed in cirrhosis, irrespective of disease
severity[5,6], or in patients with advanced disease[7], even in
the absence of endoscopic screening. However, this approach remains controversial and it has been questioned
in a recent editorial[8] and in a survey amongst clinical
experts during a consensus conference[9]. Thus, current
guidelines still suggest endoscopic screening, to predict
who will benefit from prophylactic treatment[10,11]. In patients with large esophageal varices, several clinical trials
have shown that prophylaxis with beta-blockers is effective in reducing the risk of a first variceal bleed[12,13]. In
patients with small varices, different studies have shown
different results, but according a meta-analysis published
in 2004, the use of beta-blockers seems to be useful in
the prevention of first bleeding vs placebo[14]. So, most
international guidelines “recommend” nonselective betablockers for the prevention of a first variceal bleed if the
risk of hemorrhage is high (varices with red wale marks
or Child C class), while they only “suggest” their use if
the risk is not high[10,11]. Actually, there are no alternative
procedures for the prevention of first varieceal bleeding in subjects with small varices and intolerance to betablockers. In recent years, the problem of defining patients
suitable for treatment was also addressed using non-inva-
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sive scores predicting the presence of large varices[15,16].
In spite of the evidence gathered on the efficacy of
treatment with beta-blokers, no study so far has evaluated
the economical consequences of replacing traditional endoscopic surveillance with primary prophylaxis with betablockers in patients with compensated cirrhosis and small
esophageal varices.
In this study, a decision analysis based on stochastic
regression trees and Markov models has been conducted
to compare the cost-effectiveness of primary prophylaxis
with beta-blockers (starting from the diagnosis of small
esophageal varices) and that of endoscopic surveillance.
In this latter strategy, beta-blockers are administered
when large varices develop.

MATERIALS AND METHODS
Descriptive statistics of the patients
Patients characteristics are given as frequencies, mean ±
SD, or medians and interquartile ranges, where appropriate, and were compared using χ 2, t test, or Mann Whitney
Test, respectively. Significance level was set at P < 0.05.
Decision model
A decision model based on stochastic regression trees
was developed in order to evaluate the overall costs of
early beta-blocker treatment vs endoscopic surveillance.
The basic nodes of the tree were gastrointestinal endoscopy, inpatient admission and treatment for bleeding, as
required.
All the relevant variables, such as the likelihood of
bleeding and subsequent inpatient admission or mortality,
along with their consequences in terms of costs, were integrated in the decision model. This allowed for the definition of expected benefits (i.e., model outcomes in terms
of bleeding or progression episodes prevented), and additional costs incurred in or saved by early prescription
of beta-blockers. The same model was reiterated using a
Markov Process over a four-year follow-up period.
Within the decision model, the first branch of the tree
represented the choice of whether to administer betablockers at an early stage (Strategy 1) (Figure 1A) or keep
the patient under surveillance and no treatment until a
follow-up endoscopy (planned on a 12-mo basis) was performed and treatment required (Strategy 2) (Figure 1B).
The analysis was performed by entering all relevant
point estimates (i.e., the likelihood of bleeding, inpatient
admission, death, costs, etc.) at each node, and by modeling them as expected values of binomial probabilities.
Costs were modelled using a Gamma distribution. Thus
the expected outcome distribution based on the two
strategies was obtained. All estimates were performed
using a Monte Carlo microsimulation technique, consisting in simulating observations from known probability
distributions depicted in the model. Eight-hundredthousand simulations were performed to obtain the final
estimates.
All estimates were then subjected to Monte Carlo
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A

B

Endoscopy: Small oesophageal varices

Endoscopy: Small oesophageal varices

Start treatment with beta-blockers
Intolerant to
beta-blocker
Tolerates
beta-blocker
12 mo

Start endoscopic surveillance
Death

Death

Lost to follow up

Lost to follow up
12 mo

Oesophageal
heamorrhage

Endoscopy

Variceal growth

Start
BB

Oesophageal
heamorrhage
Variceal growth
Small varices

Small varices

Figure 1 Decision tree for strategy 1 (A) and decision tree for strategy 2 (B).

Probabilistic sensitivity analysis, to assess the impact
of the variability of such estimates on the outcome
distributions. The latter provided an indication of the
robustness of the results obtained and was performed
on 100000 samples from all distributions assumed in the
tree. Comparative performances associated to Strategy
1 as compared to Strategy 2 were measured by the costeffectiveness ratio. Discounting was not considered relevant because of the limited duration of the follow-up
period. Cost-effectiveness analysis was performed as recommended by the Panel on Cost-Effectiveness in Health
and Medicine[17,18].
All estimates are presented with 95% credibility intervals. The analyses were performed using TreeAge and the
R-System[19].
Regression tree construction
The trial Placebo-controlled clinical trial of Nadolol in
the prophylaxis of growth of small esophageal varices
in cirrhosis[3] (Table 1) and the hospital administrative
database was utilised to derive the set of events and their
probability. If unavailable, data were integrated based on
other published studies. Table 2 shows the probabilistic
scenarios adopted for purposes of model building and
subsequent estimation.
Endpoints evaluated
The event rate was computed with reference to the following, different sets of combined endpoints: (1) Number
of bleeding episodes or deaths before the progression of
varices; (2) Number of bleeding episodes or deaths before
the progression of varices, plus number of progressions
to large varices; and (3) Number of bleeding episodes or
deaths before the progression of varices, plus number of
progressions to large varices, plus number of bleeding
episodes or deaths after the progression of varices.
Cost assessment
Each intervention was associated to the United Kingdom
NHS average costs. The cost of an upper gastrointestinal
endoscopy is 164 £; the cost of a gastrointestinal bleed-
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ing episode is 3498 £. The monthly expenditure for nonselective beta-blockers tablets is 20.62 £ (2474 £/year).
It was assumed that patients who stopped beta-blockers
because of side effects had been on treatment for four
months (8248 £).

RESULTS
Combined endpoints set
The event rate considering bleeding and/or death prior
to the progression of varices in the beta-blockers group
was 15.66% (95%CI: 7.84%-23.48%), thus not significantly different from that in the surveillance group, which
was 21.33 % (95%CI: 12.06%-30.60%). Therefore, the
CER for this endpoint was 0.42 £ (95%CI: -3574.09
£-3573.25 £) per event avoided; The event rate for this
second, combined endpoint was significantly lower in the
beta-blockers group [24.09% (95%CI: 14.89%-33.29%)],
compared to the surveillance group [60.00% (95%CI:
48.91%-71.08%)]. The mean cost (up to the first event)
associated with early beta-blockers treatment was 823 £
(95%CI: 106 £-2036 £), which was not significantly different from that of surveillance [799 £ (95%CI: 0 £-3498
£)]. Therefore, the cost-effectiveness ratio (CER) for
this endpoint was 50.26 £ (95%CI: -504.37 £-604.89 £)
per event avoided over the four-year follow-up; and the
event rate for this third, combined endpoint was significantly lower in the beta-blockers group [29.55% (95%CI:
18.88%-38.27%)], compared to the surveillance group
[62.40% (95%CI: 50.93%-71.87%)].
If a bleeding episode and death occurring in subjects
with variceal growth were included in the analysis of costs,
then the mean cost associated with early treatment was
1028 £ (95%CI: 122 £-2581 £), and that associated with
traditional surveillance 1699 £ (95%CI: 171 £-4674 £).
Sensitivity
Sensitivity analysis was consistent with the results above.
For all cost analyses, the mean values never differed from
the above estimates of more than 17% of the highest
cost. Confidence intervals were also consistently provid-
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Table 1 Main clinical data of patients in strategy group 1
compared to patients in strategy group 2

Table 2 Model variables: Baseline values
Variables

Age (yr)
Sex (M/F)
Aetiology (alcoholrelated/viral/other)
Hepatitis B surface
antigen positive
Time since diagnosis
of cirrhosis (yr)
Time since diagnosis
of varices (mo)
Child-Pugh score
Ascites
Follow-up time (mo)

Strategy 2
patients
(n = 78)

56 ± 9
45/38
47/34/2

57 ± 9
38/40
45/28/5

t = 1,26
χ 2 = 0.49
χ 2 = 0.02

0.21
0.48
0.89

4

3

corrχ 2 = 0.01

0.93

3.1 ± 2.7

2.9 ± 2.8

t = 0.282

0.78

2.9 ± 2.4

2.8 ± 2.5

t = 0.022

0.98

Z = - 0.87
χ 2 = 1.29
t = 0.325

0.38
0.26
0.75

6 (IQR: 5-8) 7 (IQR: 6-8)
18
23
36 ± 18
35 ± 15

Strategy 1 group
Intolerance to nadolol
Death
Lost to follow-up
Esophageal hemorrhage
Variceal growth
Strategy 2 group:
Death
Lost to follow-up
Esophageal hemorrhage
Variceal growth

M: Male; F: Female.

ing the same indications as above.

DISCUSSION
Cost-effectiveness evaluations of different strategies for
the primary prophylaxis of variceal bleeding have already
been performed in patients with large varices[20], and
in patients with cirrhosis, irrespective of the presence
of varices[5-7]. No study to date has evaluated the costeffectiveness of prophylaxis of small esophageal varices,
comparing early beta-blocker treatment institution with
endoscopic surveillance plus beta-blocker treatment
when varices increase in size.
Cost-effectiveness analysis may result in different estimates, depending on the set of events considered. For
this reason, in this study combined endpoints related to
different, potential actions of beta-blockers were analysed. Firstly, the number of bleeding episodes and/or
deaths prior to the diagnosis of variceal progression were
considered. Within this setting, and in agreement with
previous findings[3], early beta-blockers were found not to
be effective in preventing bleeding episodes/deaths before the diagnosis of variceal enlargement. This is probably related to: (1) the fact that variceal hemorrhage is
rare when varices are small[4]; and (2) beta-blockers do not
affect overall survival because bleeding is not the main
cause of death in a patient with cirrhosis. Despite this
lack of effectiveness, the present analysis demonstrates
that the institution of early treatment with beta-blockers
is not more expensive than endoscopic surveillance.
If we consider that variceal hemorrhage occurs at a
yearly rate of 5%-15%, and its main predictor is variceal
size, with the highest risk of first hemorrhage (15% per
year) in patients with large varices[21,22], it is reasonable to
assume that preventing variceal enlargement is equivalent
to preventing its consequences, i.e., bleeding and bleeding-related death. Thus, in our second analysis, the progression of varices was added to the “events” bleeding
and death prior to variceal growth. Based on this analysis,
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Baseline assumption

P value

Strategy 1
patients
(n = 83)

12 mo

24 mo

36 mo

48 mo

4.8%
0.0%
10.1%
0.0%
2.8%

2.9%
4.5%
7.5%
0.0%
3.4%

0.0%
12.3%
12.3%
0.0%
7.0%

2.5%
7.7%
23.1%
0.0%
0.0%

1.3%
6.4%
1.3%
15.5%

0.0%
6.7%
1.7%
18.2%

15.6%
11.1%
0.0%
15.2%

14.3%
21.2%
0.0%
16.7%

beta-blockers were more effective, and their cost was
about one pound per month per event avoided, which
seems very reasonable.
Since the most important clinical endpoint underlying
the selection of the best strategy for these patients is the
prevention of overall bleeding episodes/deaths, prior to
and after variceal growth, all such events were included
in the third analysis. Within this setting, the number of
events associated to the early treatment strategy was
obviously smaller compared to that of the surveillance
strategy. In addition, the relative costs of early treatment
were lower as this strategy was associated with a lower
incidence of bleeds after progression, due to the fewer
progressions. Thus, overall, the early institution of treatment with beta-blockers turns out to be not only more
effective, but also less expensive. This suggests that treatment with beta-blockers impinges on both the natural
history of a patient with cirrhosis and small varices and
also on health costs.
Nonselective betablockers are recommended in patients with small varices only if there are red wale marks
or the patients are classed as Child C, while they are
only “suggested” if no such risk factors are present[10,11].
Considering the good safety profile of beta-blockers and
the costs and unpleasantness of endoscopic surveillance,
these findings support the use of beta-blockers as the
preferred therapy for the prophylaxis of the first variceal
bleeding in all patients with cirrhosis and small esophageal varices. Since endoscopic variceal ligation has never
been suggested for primary prophylaxis of variceal bleeding in patients with small varices, it would appear that
early prophylaxis with beta-blocker is, at present, the only
feasible strategy within this clinical scenario.
Cost-effectiveness analysis may provide different
results depending on different payment models and different costs for the procedures. In the present analysis,
United Kingdom, crude average costs were utilised, as
they are based on allowable reimbursement costs and direct, published cost estimates. However, in the sensitivity
analyses the CER therapy remained cost-effective within
the tested range. These data suggest that beta-blockers
may be cost-effective also in different payment models,
for instance the Italian one.
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In conclusion, early institution of treatment with
beta-blockers, being more effective and less expensive,
appears to be “dominant” over endoscopic surveillance
for the primary prophylaxis of bleeding in patients with
cirrhosis and small esophageal varices who tolerate this
treatment.
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Abstract
AIM: To investigate the diagnostic accuracy of endoscopic ultrasonography (EUS) for rectal neuroendocrine
neoplasms (NENs) and the differential diagnosis of rectal NENs from other subepithelial lesions (SELs).
METHODS: The study group consisted of 36 consecutive patients with rectal NENs histopathologically diagnosed using biopsy and/or resected specimens. The
control group consisted of 31 patients with homochronous rectal non-NEN SELs confirmed by pathology.
Epithelial lesions such as cancer and adenoma were excluded from this study. One EUS expert blinded to the
histological results reviewed the ultrasonic images. The
size, original layer, echoic intensity and homogeneity
of the lesions and the perifocal structures were investigated. The single EUS diagnosis recorded by the EUS
expert was compared with the histological results.
RESULTS: All NENs were located at the rectum 2-10
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cm from the anus and appeared as nodular (n = 12),
round (n = 19) or egg-shaped (n = 5) lesions with
a hypoechoic (n = 7) or intermediate (n = 29) echo
pattern and a distinct border. Tumors ranged in size
from 2.3 to 13.7 mm, with an average size of 6.8 mm.
Homogeneous echogenicity was seen in all tumors except three. Apart from three patients (stage T2 in two
and stage T3 in one), the tumors were located in the
second and/or third wall layer without involvement of
the fourth and fifth layers. In the patients with stage
T1 disease, the tumors were located in the second wall
layer only in seven cases, the third wall layer only in
two cases, and both the second and third wall layers in
27 cases. Approximately 94.4% (34/36) of rectal NENs
were diagnosed correctly by EUS, and 74.2% (23/31)
of other rectal SELs were classified correctly as nonNENs. Eight cases of other SELs were misdiagnosed as
NENs, including two cases of inflammatory lesions and
one case each of gastrointestinal tumor, endometriosis,
metastatic tumor, lymphoma, neurilemmoma, and hemangioma. The positive predictive value of EUS for rectal
NENs was 80.9% (34/42), the negative predictive value
was 92.0% (23/25), and the diagnostic accuracy was
85.1%.
CONCLUSION: EUS has satisfactory diagnostic accuracy for rectal NENs with good sensitivity, but unfavorable specificity, making the differential diagnosis of
NENs from other SELs challenging.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Rectum; Neuroendocrine neoplasms; Endoscopic ultrasonography; Diagnosis
Core tip: Distinguishing other subepithelial lesions
(SELs) from neuroendocrine neoplasms (NENs) is important for appropriate clinical management of the
disease. In this study, the typical endoscopic ultrasonographic (EUS) characteristics of rectal NENs are
round or nodular homogeneous medium-echoic lesions
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located in both the second and third wall layers clearly
demarcated from the surrounding tissue. Approximately
94.4% of rectal NENs were correctly diagnosed by EUS,
but 25.8% of other rectal SELs were misdiagnosed
as NENs. EUS has satisfactory diagnostic accuracy for
rectal NEN with good sensitivity, but unfavorable specificity, making the differential diagnosis of NENs from
other SELs challenging.
Chen HT, Xu GQ, Teng XD, Chen YP, Chen LH, Li YM.
Diagnostic accuracy of endoscopic ultrasonography for rectal neuroendocrine neoplasms. World J Gastroenterol 2014;
20(30): 10470-10477 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10470.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10470

INTRODUCTION
In the first decade of this century, there was an increased
incidence of digestive neuroendocrine neoplasms
(NENs), perhaps due to the extensive application of
endoscopic procedures and imaging investigations[1-4]. According to the European Neuroendocrine Tumor Society
(ENETS) 2011 consensus guidelines for the management
of patients with digestive NEN, NENs were defined
to embrace the whole family of low-, intermediate- and
high-grade tumors. Neuroendocrine tumors (NETs)
represent low- to intermediate-grade neoplasms, which
were previously defined as either “carcinoid” or “atypical
carcinoid”; neuroendocrine carcinoma (NEC) represents
only high-grade neoplasms, previously defined as poorly
differentiated carcinomas[5].
The rectum is one of the most frequent sites of digestive NENs. Rectal NENs have rapidly increased in
incidence, with more than a 10-fold rise in the last 30
years[6]. The treatment of rectal NENs depends on the
tumor size and depth[6]. Recent consensus guidelines on
the management of rectal NENs suggest that small tumors (< 1-2 cm) confined to the mucosa or submucosa
can be managed by endoscopic resection due to their low
risk of metastatic spread[7,8]. Endoscopic ultrasonography
(EUS) was found to be useful for measuring the size and
depth of rectal NENs, which is essential for determining
appropriate treatment[9-12]. In addition, the preoperative
diagnosis of rectal NENs may be more important due to
its malignant potential.
Although the majority of rectal subepithelial lesions
(SELs) are NENs, a wide spectrum of other tumors, such
as gastric small gastrointestinal tumor (GIST), lymphangioma, lymphoma, and metastatic tumor, and non-tumor
conditions including endometriosis, duplication cyst, and
inflammatory lesions, may arise in the rectum and the
perirectal region[13]. These lesions can produce symptoms
similar to those caused by NENs, such as diarrhea, hematochezia, or change in bowel habits. Distinguishing
these SELs from NENs is of crucial importance for appropriate clinical management. However, the sonographic
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features of rectal NENs and other SELs require further
research[14] and the diagnostic value of EUS has not been
well established due to the rareness of these diseases.
Thus, we explored the diagnostic accuracy of EUS for
rectal NENs and the sonographic distinction between
NENs and other SELs.

MATERIALS AND METHODS
Patients
The study group consisted of 36 consecutive patients
with rectal NENs who underwent preoperative EUS
examination at the First Affiliated Hospital, Zhejiang
University School of Medicine, China, from January 2007
to December 2013. The NEN group was composed of
21 males and 15 females, aged from 32 to 77 years, with
a mean age of 53.6 years. Prior to EUS, all tumors had
been detected by colonoscopy. Thirteen patients underwent colonoscopy due to focal symptoms, such as diarrhea, constipation and mucosanguineous feces, while the
remaining patients without relative clinical manifestations
underwent colonoscopy for other reasons. All patients
with rectal NENs did not have carcinoid syndrome. With
the exception of one patient who had hepatic metastasis,
all patients underwent either surgery (9 cases), endoscopic
mucosal resection (EMR, 8 cases) or endoscopic submucosal dissection (ESD, 18 cases). The diagnosis of rectal
NENs in all patients was histopathologically established
using biopsy and/or resected specimens. Grading was
available in 35 (97.2%) cases, and G1 tumors accounted
for 88.9% (n = 32), G2 8.3% (n = 3), and G3 2.8% (n =
1) according to the World Health Organization (WHO)
classification.
The control group consisted of 31 homochronous
patients with rectal non-NEN SELs confirmed by pathology. Epithelial lesions such as cancer and adenoma were
excluded from this study. The 31 rectal non-NEN SELs
included GISTs in 6 cases, endometriosis in 6 cases, inflammatory lesions in 5 cases, metastatic tumor in 4 cases,
lymphangioma in 2 cases, lymphoma in 2 cases, leiomyoma in 1 case, neurilemmoma in 1 case, hemangioma in
1 case, hamartoma in 1 case, cystic rectal duplication in 1
case and tailgut epidermoid cyst in 1 case.
Instruments
The EUS system included Olympus EU-M2000 and EUME 1 sonogram processing equipment, an Olympus CFQ260AI electronic colonoscope, Olympus MAJ drive
systems with a high-frequency echo probe, UM-DP1225R miniature ultrasonic probes with a frequency of 12
MHz, and a Daker WP-800 water pump (Olympus Medical System Corp., Tokyo Japan).
Methods
After rectal SELs were detected by colonoscopy, EUS
was performed using the degassing and water filling
method to obtain sonographic images. Five well-trained
endoscopists performed the EUS examinations. To exclude interobserver bias due to differences in EUS expe-
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Figure 1 Endoscopic characteristics of rectal neuroendocrine neoplasms. A: A yellowish hemispherical bulge overlaying intact mucosa; B: The appearance of a
pyknic vascular net on the surface of a hemispherical bulge; C: A hummocky bulge with erosion on the surface; D: A flat-shaped neuroendocrine neoplasm.

rience between the endoscopists, one EUS expert blinded
to the histological results reviewed the ultrasonic images
of all rectal SELs collected from the database. The size,
original layer, echoic intensity and homogeneity of the lesions and the perifocal structures were investigated. The
diagnostic standard for rectal NENs by EUS was defined
as round or egg-shaped lesions with a hypoechoic or intermediate homogeneous echo pattern, well demarcated
and mainly located in the second and/or third wall layer
(mucosa and/or submucosa)[11]. A single EUS diagnosis
was recorded by the EUS expert.
Statistical analysis
Patient demographics and characteristics of rectal NENs
in EUS were analyzed. Summary statistics including mean
size and depth as well as accuracy were determined for
the lesions. The diagnostic accuracy of EUS was determined by comparing the endoscopist’s impression on the
electronic procedure report with histologic findings. Statistical indices to evaluate the efficiency of the diagnostic
test were calculated.

RESULTS
Endoscopic studies
All NENs were located at the rectum 2-10 cm from the
anus and presented as SELs. The NENs were seen as
hemispherical bulges (Figure 1A, B) in 23, hummocky
(Figure 1C) in 10 and flat-shaped bulges (Figure 1D) in
3 patients. Eleven tumors were yellowish (Figure 1A, B)
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and the others were similar in color to the surrounding
mucosa. The mucosa covering the tumors was erosive
(Figure 1C) in 5 cases and intact in the others. The surface of the tumors was reddish (Figure 1A) in 3 cases
and had the appearance of a pyknic vascular net (Figure
1B) in 7. Prior to EUS, a definite diagnosis of NENs had
been established by routine endoscopic biopsy in only 4
cases.
Endoscopic ultrasonography
Rectal NENs appeared as nodular (n = 12), round (n =
19) or egg-shaped (n = 5) lesions with a hypoechoic (n =
7) or intermediate (n = 29) echo pattern with a distinct
border (Figure 2). Tumors ranged in size from 2.3 to
13.7 mm, with an average size of 6.8 mm. Homogeneous
echogenicity was seen in all tumors except 3. Apart from
3 patients (2 stage T2 and 1 stage T3), the tumors were
located in the second and/or third wall layer without
involvement of the fourth and fifth layers. Among the
patients with stage T1, the tumors were located in the second wall layer only (Figure 2A) in 7, the third wall layer
only (Figure 2B, C) in 2, and both the second and third
wall layers in 27 (Figure 2D).
Diagnostic results by EUS
The diagnostic results by EUS and pathology in 67 cases
of rectal SELs are shown in Table 1. Approximately
94.4% (34/36) of rectal NENs were diagnosed correctly
by EUS, and the remaining two NENs were misdiagnosed
as GIST (Figure 2B, hypoechoic within the third layer)
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A

B

C

D

Figure 2 Endoscopic ultrasonography findings of rectal neuroendocrine neoplasms. A: An egg-shaped lesion within the mucosa with an intermediate echo pattern and distinct border; B: A homogenous hypoechoic lesion with a distinct border within the submucosa; C: A round medium-echo lesion with a distinct border within
the submucosa; D: A nodular neuroendocrine neoplasm located in both the mucosa and submucosa.

Table 1 Endoscopic ultrasonography diagnosis and pathologic
results in 67 cases of subepithelial lesions
EUS diagnosis
NEN
Non-NEN
Total

Pathologic diagnosis
NEN

Non-NEN

34
2
36

8
23
31

Total
42
25
67

EUS: Endoscopic ultrasonography; NEN: Neuroendocrine neoplasm.

and lipoma (Figure 2C, intermediate echo within the third
layer), respectively. Twenty-three (74.2%) of 31 other
rectal SELs were classified correctly as non-NENs. Eight
cases of other SELs were misdiagnosed as NEN, including two cases of inflammatory lesions and one case each
of GIST, endometriosis, metastatic tumor, lymphoma,
neurilemmoma, and hemangioma (Figure 3). Their EUS
characteristics are summarized in Table 2. As shown in
Table 1, the positive predictive value of EUS for rectal
NENs was 80.9% (34/42), the negative predictive value
was 92.0% (23/25), the positive likelihood ratio was
3.6606, negative likelihood ratio was 0.0749, the diagnostic accuracy was 85.1%, and the Youden index was 0.686.
The prevalence rate of NENs in rectal SELs was 53.7%.

DISCUSSION
NENs are morphologically and biologically heteroge-

WJG|www.wjgnet.com

neous tumors that have malignant potential, and are most
commonly found in the gastrointestinal tract. The rectum
is the third most common location for gastrointestinal
NENs[15]. Rectal NENs, often detected incidentally during colonoscopy, are typically small, localized, non-functioning tumors which are rarely metastatic[16,17] and can be
treated by minimally invasive endoscopic resection when
limited to the superficial layers of the bowel wall[18]. The
preoperative diagnosis of rectal NENs may be challenging due to the absence of specific clinical manifestations
and biochemical indicators. Although gastrointestinal
NENs are epithelial tumors arising from the mucosa,
they penetrate the muscularis mucosa and invade the submucosa at an early stage[19], where they go on to grow and
proliferate in the submucosal layer. Thus, gastrointestinal
NENs macroscopically resemble submucosal tumors[19]
and there is little opportunity to make a conclusive pathologic diagnosis by endoscopic biopsy.
EUS has been reported to be an effective modality
for assessing gastrointestinal tumors and allowing evaluation of the original layer of the submucosal tumor, the
homogeneity of the internal parenchymal echo, and the
echogenicity of the lesions[20]. In 1993, Yoshikane et al[10]
reported that the internal echo of gastrointestinal carcinoid tumors (5 gastric, 7 duodenal and 17 rectal) was
generally hypoechoic and homogeneous, the margins
were clearly visualized and the contour was smooth. The
tumors were mainly located in the third layer. The second
layer covered the tumor with the third layer at its base,
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A

B

C

D

E

F

G

H

Figure 3 Endoscopic ultrasonography characteristics of 8 rectal non-neuroendocrine neoplasm subepithelial lesions misdiagnosed as neuroendocrine
neoplasms. A: GIST confirmed by pathology after endoscopic submucosal dissection (ESD) presents as a round homogenous hypoechoic lesion within the submucosa; B: Rectal endometriosis identified by endoscopic biopsy shows a hypoechoic lesion with full-thickness infiltration, and irregular and undefined margins, extending outside the rectal wall; C: A nodule with fibrosis and degeneration shown as a heterogeneous hyperechoic nodule within the submucosa with a blurry border on EUS;
D: EUS characteristics of an inflammatory lesion identified by pathology from excisional specimen; E: A metastatic tumor secondary to porta carcinoma of the bile duct
mimicking NEN with local infiltration of the rectal wall; F: Rectal lymphoma shown as a heterogeneous hypoechoic lesion infiltrating the 2nd-3rd-4th wall layers; G: Rectal
neurilemmoma shown as a heterogeneous intermediate lesion with an irregular anechoic area representing necrosis; H: Rectal hemangioma shown as an SEL with
honeycomb echo denoting sinusoidal blood. EUS: Endoscopic ultrasonography; SEL: Subepithelial lesion; NEN: Neuroendocrine neoplasm; GIST: Gastric small gastrointestinal tumor.
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Table 2 Endoscopic ultrasonography manifestations of 8 rectal subepithelial lesions misdiagnosed as neuroendocrine neoplasms
Case
1
2
3
4
5
6
7
8

Pathology result
Stromal tumor
Endometriosis
Inflammatory node
Inflammatory lesion
Metastatic carcinoma
Lymphoma
Neurilemmoma
Hemangioma

EUS features
Layer

Size (mm)

Shape

Border

Echogenicity

Homogeneity

3rd
Full-thickness
3rd
3rd
3rd-4th-5th
2nd-3rd-4th
2nd-3rd-4th
3rd

8
35
5
20
12
6
34
9

Round
Irregular
Nodous
Spindle
Round
Spindle
Round
Oval

Distinct
Blurry
Blurry
Blurry
Blurry
Blurry
Distinct
Distinct

Hypoechoic
Hypoechoic
Hyperecho
Hyperecho
Hypoechoic
hypoechoic
Intermediate
Hyperecho

Homogenous
Heterogeneous
Heterogeneous
Heterogeneous
Heterogeneous
Heterogeneous
Heterogeneous
Honeycomb

EUS: Endoscopic ultrasonography.

and it abutted the tumor and became indistinct near its
upper interface. However, the advent of high frequency
devices (12 and 20 MHz) has provided better resolution,
enabling detailed imaging of the interior of even small
lesions. In 2005, Kobayashi et al[19] performed EUS in 53
cases of rectal carcinoid tumors, and distinct images were
obtained in 52 (98%) lesions. Forty-seven (90%) of 52
lesions successfully imaged by EUS had a homogenous,
isoechoic-to-hypoechoic internal echo. The tumors were
clearly demarcated from the surrounding tissue. In fact,
the echogenicity of isoechoic lesions, close to the echo of
the second layer, had a medium echo level between the
third layer (hyperechoic) and fourth layer (hypoechoic). In
our study, 80.6% (29/36) of rectal NENs appeared medium-echoic and only 19.4% (7/36) appeared hypoechoic;
75% (27/36) of tumors were located in both the second
and third wall layers without involvement of the fourth
layer. Thus, we believe that the typical EUS characteristics of rectal NENs are round or nodular homogeneous
medium-echoic lesions located in both the second and
third wall layers clearly demarcated from the surrounding
tissue.
Epithelial lesions, such as rectal cancer and adenoma,
were excluded from this study as they have a different endoscopic appearance from NENs and a high rate of definite diagnosis by routine biopsy. Rectal SELs are rare and
difficult to distinguish from each other by colonoscopy.
EUS is useful in the diagnosis of SELs of the large intestine as it provides precise information on these lesions[21].
In our study, 94.4% of rectal NENs were correctly diagnosed by EUS with a negative predictive value of 92.0%.
Thus, we believe that EUS is a very sensitive diagnostic
method for rectal NENs. Both of the misdiagnosed cases
of NENs had the same original layer (submucosa alone)
and quasi-echogenicity with GIST or lipoma. In contrast
to the good diagnostic sensitivity and negative predictive
value of EUS, the specificity (74.2%) was lower, with an
unfavorable positive predictive value of 80.9%. Eight
(25.8%) of 31 other rectal SELs were misdiagnosed as
NENs. Non-NEN SELs in this study included GISTs,
enteric endometriosis, inflammatory lesions, metastatic
tumors, lymphangiomas, lymphomas, leiomyoma, neurilemmoma, hemangioma, hamartoma, cystic rectal duplication and tailgut epidermoid cyst. The echogenicity of

WJG|www.wjgnet.com

these non-NEN SELs may be confused with NENs, with
the exception of lymphangioma and tailgut epidermoid
cyst. Therefore, the differential diagnosis of rectal NENs
from other SELs by EUS is challenging.
The most common site of extragenital endometriosis
is the wall of the sigmoid colon and rectum. On EUS examination, the endometriotic implants were reported as
hypoechoic lesions, with irregular and undefined margins,
infiltrating the muscularis propria and the serosa, but not
the mucosa/submucosa of the rectal wall, and extending
outside the rectal wall[22,23]. In our study, 5/6 cases of enteric endometriosis infiltrated the muscularis propria and
the serosa, but spared the mucosa and submucosa of the
rectal wall, while the other was erroneously identified as
NEN due to full-thickness infiltration.
Metastases to the rectal wall are rare and often present
as rectal linitis plastica secondary to gastric, bladder and
prostate carcinomas[24,25]. In this series, 3/4 cases of metastases to the rectal wall presented as rectal linitis plastica, but one case presented as a SEL mimicking NEN
with local infiltration in the rectal wall. Lymphoma of the
rectum shows mostly, elevated lesions, such as polyps or
subepithelial tumors[26]. In the two cases of lymphoma
in this series, EUS detected a homogenous hypoechoic
lesion confined to the mucosal layer of the rectal wall in
one and a heterogeneous hypoechoic lesion infiltrating
the 2nd-3rd-4th layers in another which was misdiagnosed
as NEN.
Although most GISTs originate from the fourth layer
of the rectal wall, a few GISTs originate from the third
layer, whose differential diagnosis with NENs may be
difficult by EUS. Inflammatory nodules confined to the
third layer may also be misdiagnosed as NENs. Neurilemmoma and hemangioma in the rectum are rare and
their EUS characteristics are undefined. In our series,
an irregular anechoic area representing necrosis and a
honeycomb echo denoting sinusoidal blood may be their
respective typical EUS findings.
In summary, the EUS characteristics of rectal NENs
are round or nodular homogeneous medium-echoic lesions located in both the second and third wall layer
clearly demarcated from the surrounding tissue. EUS has
satisfactory diagnostic accuracy for rectal NENs with
good sensitivity, but unfavorable specificity, making the
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differential diagnosis of NENs from other SELs challenging.

4

COMMENTS
COMMENTS
Background

There has been a worldwide increase in the incidence of digestive neuroendocrine neoplasms (NENs). NENs may be low- to intermediate-grade neoplasms,
or high-grade neoplasms. The rectum is one of the most frequent sites of
digestive NENs. The treatment of rectal NENs depends on the tumor size and
depth. Small tumors (< 1-2 cm) confined to the mucosa or submucosa can be
managed by endoscopic resection due to their low risk of metastatic spread.
Endoscopic ultrasonography (EUS) is useful for measuring the size and depth
of rectal NENs, which is essential for appropriate treatment choice.

5

Research frontiers

The preoperative diagnosis of rectal NENs is important due to its malignant
potential. Although the majority of rectal subepithelial lesions (SELs) are NENs,
a wide spectrum of other tumors and non-tumor conditions including endometriosis, duplication cyst, and inflammatory lesions, may occur in the rectum.
These lesions can cause symptoms similar to those caused by NENs, such as
diarrhea, hematochezia, or change in bowel habits. Distinguishing these SELs
from NENs is of crucial importance for appropriate clinical management.

6

7

Innovations and breakthroughs

This study showed that the typical EUS characteristics of rectal NENs were
round or nodular homogeneous medium-echoic lesions located in both the
second and third wall layers clearly demarcated from the surrounding tissue. Approximately 94.4% of rectal NENs were diagnosed correctly by EUS and 74.2%
(23/31) of other rectal SELs were classified correctly as non-NENs. The SELs
misdiagnosed as NENs included inflammatory lesions, gastric small gastrointestinal tumors, endometriosis, metastatic tumor, lymphoma, neurilemmoma,
and hemangioma. The positive predictive value of EUS for rectal NENs was
80.9%, the negative predictive value was 92.0%, the positive likelihood ratio
was 3.6606, negative likelihood ratio was 0.0749, the diagnostic accuracy was
85.1%, and the Youden index was 0.686. The prevalence rate of NENs in rectal
SELs was 53.7%.

8

9

Applications

EUS has satisfactory diagnostic accuracy for rectal NENs with good sensitivity,
but unfavorable specificity, making the differential diagnosis of NEN from other
SELs challenging.

10

Terminology

EUS is an effective imaging modality for assessing gastrointestinal lesions and
allowing evaluation of the original layer of submucosal lesions, the homogeneity
of the internal parenchymal echo, and the echogenicity of the lesions. Rectal
NENs originate from neuroendocrine cells, which have limited invasion and
infiltration in the deep rectal crypt. Compared with other tumors, the rate of lymphatic and hematogenous metastases was low.

Peer review

11

12

It is an interesting topic. Controlled clinical trials with larger sample sizes and
longer follow-up periods are necessary to evaluate the technique.
13
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Abstract
AIM: To evaluate the safety and feasibility of a modified delta-shaped gastroduodenostomy (DSG) in totally
laparoscopic distal gastrectomy (TLDG).
METHODS: We performed a case-control study enrolling 63 patients with distal gastric cancer (GC) undergoing TLDG with a DSG from January 2013 to June 2013.
Twenty-two patients underwent a conventional DSG
(Con-Group), whereas the other 41 patients underwent
a modified version of the DSG (Mod-Group). The modified procedure required only the instruments of the
surgeon and assistant to complete the involution of
the common stab incision and to completely resect the
duodenal cutting edge, resulting in an anastomosis with
an inverted T-shaped appearance. The clinicopathological characteristics, surgical outcomes, anastomosis time
and complications of the two groups were retrospectively analyzed using a prospectively maintained comprehensive database.
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RESULTS: DSG procedures were successfully completed in all of the patients with histologically complete (R0)
resections, and none of these patients required conversion to open surgery. The clinicopathological characteristics of the two groups were similar. There were no
significant differences between the groups in the operative time, intraoperative blood loss, extension of the
lymph node (LN) dissection and number of dissected
LNs (150.8 ± 21.6 min vs 143.4 ± 23.4 min, P = 0.225
for the operative time; 26.8 ± 11.3 min vs 30.6 ± 14.8
mL, P = 0.157 for the intraoperative blood loss; 4/18 vs
3/38, P = 0.375 for the extension of the LN dissection;
and 43.9 ± 13.4 vs 39.5 ± 11.5 per case, P = 0.151 for
the number of dissected LNs). The anastomosis time,
however, was significantly shorter in the Mod-Group
than in the Con-Group (13.9 ± 2.8 min vs 23.9 ± 5.6
min, P = 0.000). The postoperative outcomes, including
the times to out-of-bed activities, first flatus, resumption of soft diet and postoperative hospital stay, as well
as the anastomosis size, did not differ significantly (1.9
± 0.6 d vs 2.3 ± 1.5 d, P = 0.228 for the time to outof-bed activities; 3.2 ± 0.9 d vs 3.5 ± 1.3 d, P = 0.295
for the first flatus time; 7.5 ± 0.8 d vs 8.1 ± 4.3 d, P
= 0.489 for the resumption of a soft diet time; 14.3 ±
10.6 d vs 11.5 ± 4.9 d, P = 0.148 for the postoperative
hospital stay; and 30.5 ± 3.6 mm vs 30.1 ± 4.0 mm,
P = 0.730 for the anastomosis size). One patient with
minor anastomotic leakage in the Con-Group was managed conservatively; no other patients experienced any
complications around the anastomosis. The operative
complication rates were similar in the Con- and ModGroups (9.1% vs 7.3%, P = 1.000).
CONCLUSION: The modified DSG, an alternative reconstruction in TLDG for GC, is technically safe and
feasible, with a simpler process that reduces the anastomosis time.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Stomach neoplasms; Totally laparoscopic

10478

August 14, 2014|Volume 20|Issue 30|

Huang CM et al . Totally laparoscopic distal gastrectomy

surgery; Digestive tract reconstruction; Modified anastomosis; Treatment outcome
Core tip: A modified delta-shaped gastroduodenostomy
(DSG) technique was introduced to reduce surgical
trauma in patients undergoing totally laparoscopic distal
gastrectomy (TLDG) for gastric cancer (GC). The clinicopathological characteristics, surgical outcomes, anastomosis times and complications of the patients undergoing conventional and modified DSG (Con-Group, n =
22 vs Mod-Group, n = 41) were retrospectively compared using a prospectively maintained comprehensive
database to evaluate the safety and feasibility of the
procedure. The results of the study confirmed that the
modified DSG was technically safe and feasible, with
a simpler process that reduced the anastomosis time.
The modified DSG may be an alternative reconstruction
in TLDG for GC.
Huang CM, Lin M, Lin JX, Zheng CH, Li P, Xie JW, Wang JB,
Lu J. Comparision of modified and conventional delta-shaped
gastroduodenostomy in totally laparoscopic surgery. World J
Gastroenterol 2014; 20(30): 10478-10485 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10478.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10478

INTRODUCTION
During the past 20 years, laparoscopic surgery has become more widely accepted as a surgical treatment for
gastric cancer (GC) because of its minimally invasive approach and its similar short-term results and long-term
survival outcomes in comparison to open gastrectomy[1-4].
Although reconstruction of the digestive tract is important during laparoscopic surgery for GC, it is technically
difficult, with the Billroth-I (B-I) anastomosis after totally
laparoscopic distal gastrectomy (TLDG) considered to
be especially complex. A method for intracorporeal B-I
anastomosis, called delta-shaped gastroduodenostomy
(DSG) and using only endoscopic linear staplers, was first
reported in 2002[5]. This method has been accepted and
performed in some Asian countries, such as Japan and
South Korea[6-8], due to its simplicity and satisfactory results[9], and it has been performed at our institution since
November 2012. During the implementation process, we
simplified the operation procedure and proposed a modified DSG. Here, we introduce this modified DSG and
evaluate its safety, feasibility and clinical results in patients
undergoing TLDG for GC.

MATERIALS AND METHODS
Patients
Between January 2013 and June 2013, 63 patients with
primary distal GC underwent a DSG (B-I anastomosis)
combined with a TLDG with a D1+/D2 lymphadenectomy in the Department of Gastric Surgery, Fujian

WJG|www.wjgnet.com

5 mm

12 mm

5 mm
Assistant

5 mm
10 mm

Surgeon

Camera assistant

Figure 1 Trocar placements for totally laparoscopic distal gastrectomy.

Medical University Union Hospital. Twenty-two patients
underwent conventional DSG (Con-Group), whereas the
other 41 patients underwent a modified version of the
DSG (Mod-Group). Distal GC was preoperatively confirmed by the analysis of endoscopic biopsy specimens.
The pretreatment tumor site, depth of invasion, extent
of lymph node (LN) metastasis and metastatic disease
were evaluated by endoscopy, computed tomography
(CT), ultrasonography of the abdomen and/or chest radiography. Patients with distant metastasis were excluded.
A retrospective analysis was performed, using a prospectively maintained comprehensive database, to evaluate the
safety and feasibility of the technique. The surgical procedure, including its advantages and risks, was explained
to all patients before the surgery. The study protocol
was approved by the ethics committee of Fujian Medical
Union hospital. Written consent was obtained from the
patients for their information to be stored in the hospital
database and used for research.
Surgical procedures
All of the patients voluntarily elected laparoscopic surgery and provided written informed consent prior to the
surgery. The LN dissections were based on the guidelines
of the Japanese Classification of Gastric Carcinoma
(JCGC) [10]. The gastroduodenostomies were reconstructed using an endoscopic linear stapler (Tri-Staple™
Technology, Covidien, United States). Under general anesthesia, the patient was placed in the reverse Trendelenburg position with the legs apart and the head elevated
approximately 10 to 20 degrees. A 10-mm trocar for the
laparoscope was inserted 1 cm below the umbilicus; a
12-mm trocar was introduced into the left preaxillary line
2 cm below the costal margin as a major hand port; a
5-mm trocar was inserted into the left midclavicular line
2 cm above the umbilicus as an accessory port; a second
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Figure 2 Conventional delta-shaped gastroduodenostomy procedure. A: Diagram showing that the 60-mm endoscopic linear stapler was positioned to join the
posterior walls together; B: Intraoperative image showing that the 60-mm endoscopic linear stapler was positioned to join the posterior walls together; C: Diagram
showing that three sutures were added to each end of the common stab incision and cutting edges of the stomach and duodenum to obtain a better involution and pull; D:
Intraoperative image showing that three sutures were added to each end of the common stab incision and cutting edges of the stomach and duodenum to obtain a
better involution and pull; E: Diagram showing a completed conventional delta-shaped gastroduodenostomy; F: Intraoperative image showing a completed conventional delta-shaped gastroduodenostomy.

5-mm trocar was placed at the contralateral site; and a
third 5-mm trocar was inserted into the right preaxillary line 2 cm below the costal margin for exposure. The
surgeon stood on the patient’s left side, and the assistant
stood on the patient’s right side. The camera assistant was
placed between the patient’s legs (Figure 1). The mobilization of the stomach and LN dissection were performed
as described[11,12].
Conventional DSG
Conventional DSG has been described in detail previously[5]. In our institution, we used the 60-mm endoscopic linear stapler rather than the 45-mm endoscopic
linear stapler, which differed from Kanaya et al[5]. After
the stomach and duodenum were transected in the
predetermined positions using three endoscopic linear
staplers, the specimen was placed into a plastic specimen bag intracorporeally. Small incisions were made on
the greater curvature of the remnant stomach and the
posterior side of the duodenum. A 60-mm endoscopic
linear stapler was inserted through the major hand port,
with one limb in each incision. Following the approximation of the posterior walls of the gastric remnant and
duodenum, the forks of the stapler were closed and fired,
creating a V-shaped anastomosis on the posterior wall.
Three sutures were added to each end of the common
stab incision and to the cutting edges of the stomach and
duodenum to obtain a better involution and pull. Finally,
the common stab incision was closed with the stapler, resulting in the reconstruction of the intracorporeal digestive tract (Figure 2). A total of five staplers were used.
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Modified DSG
All procedures prior to the V-shaped anastomosis were
the same as described above. After checking the V-shaped
anastomosis via the common stab incision, the lower end of
the common stab incision was pulled by the surgeon’s left
forceps, and the other end was pulled by the assistant’
s left forceps. At the same time, the surgeon, using his
right hand, inserted the endoscopic linear stapler to close
around the common stab incision and provide an involution. The other end of the duodenal cutting edge was
pulled up into the stapler by the assistant’s right forceps.
Therefore, the intersection of the duodenal cutting edge
and the common closed edge was resected at the same
time to lessen the anastomotic weak point when the
common stab incision was closed with the stapler. The
cutting line of closing the common stab incision should
be maintained perpendicular to the cutting edge of the
remnant stomach, and as little tissue should be removed
as possible on the premise of completely resecting the
duodenal cutting edge. The anastomosis appeared as an
inverted T-shape (Figure 3). A total of five staplers were
used.
Evaluation parameters
The patients’ clinicopathological characteristics [including
age, gender, body mass index (BMI), tumor site, tumor
size, proximal and distal margins and pathological tumornode-metastasis (TNM) stage], intraoperative outcomes
(including operative time, anastomosis time, intraoperative
blood loss, extent of the LN dissection and the number
of dissected LNs), postoperative outcomes (including the
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Figure 3 Modified delta-shaped gastroduodenostomy procedure. A: Diagram showing the completed involution of the common stab incision using the instruments of the surgeon and assistant with the other end of the duodenal cutting edge being pulled into the stapler in the modified delta-shaped gastroduodenostomy; B:
Intraoperative image showing the surgeon and assistant using their instruments to complete the initial involution of the common stab incision; C: Intraoperative image
showing that the other end of the duodenal cutting edge was pulled up by the assistant’s right forceps; D: Intraoperative image showing that the other end of the duodenal cutting edge was pulled into the stapler; E: Diagram showing the completed inverted T-shaped appearance of the anastomosis; F: Intraoperative image showing
the completed inverted T-shaped appearance of the anastomosis.

times to out-of-bed activities, first flatus, earlier resumption of liquid and soft diet, postoperative hospital stay
and the anastomosis size) and postoperative complications were compared in the two groups. The clinical and
pathological staging were performed in accordance with
the American Joint Committee on Cancer (AJCC) seventh
edition of Gastric Cancer TNM Staging[13]. The anastomosis time was defined as the time from transecting the
duodenum to closing the common stab incision. The
anastomosis was checked for leakage on postoperative
days 7-9 by performing upper gastrointestinal radiography using diatrizoate meglumine as the contrast medium.
The anastomosis size was defined as the inner diameter
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of the anastomosis, measured on upper gastrointestinal
radiography films in which the anastomotic site was fully
filled with contrast medium (Figure 4). The anastomoses
were evaluated at 3 mo by gastroscopy (Figure 5).
Statistical analysis
All statistical analyses were performed using the Statistical
Package for the Social Sciences (SPSS), version 18.0 for
Windows (SPSS Inc, Chicago, United States). The data
are expressed as mean ± SD. The categorical variables
were analyzed by the χ 2 test or Fisher’s exact test, while
the continuous variables were analyzed by Student’s t test.
P values < 0.05 were considered statistically significant.
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Table 1 Clinicopathological characteristics of the patients in
the conventional delta-shaped gastroduodenostomy group and
modified delta-shaped gastroduodenostomy group

Figure 4 Upper gastrointestinal radiography film. The upper gastrointestinal
radiography film with diatrizoate meglumine as the contrast medium on postoperative day 7 for one patient who underwent a delta-shaped gastroduodenostomy. The inner diameter of the anastomosis was measured as the length of the
white arrow as shown in the figure.

Item

Con-group
(n = 22)

Mod-group
(n = 41)

P value

Age (yr)
Gender (n, M/F)
BMI (kg/m2, ≥ 23/< 23)
Tumor site (n, LCGA/GCGA)
Tumor size (mm)
Proximal margin (mm)
Distal margin (mm)
AJCC pT stage (n)
T1
T2
T3
T4a
AJCC pN stage (n)
N0
N1
N2
N3
AJCC pTNM stage (n)
Ⅰ
Ⅱ
Ⅲ

54.4 ± 11.2
12/10
11/11
19/3
27.6 ± 17.1
55.3 ± 15.0
40.4 ± 15.6

59.5 ± 11.7
30/11
30/11
40/1
35.4 ± 19.2
53.1 ± 16.1
39.8 ± 13.5

0.096
0.135
0.066
0.232
0.116
0.606
0.883
0.1841

12
5
3
2

14
17
9
1

13
6
2
1

22
12
7
0

14
5
3

22
14
5

0.5641

0.640

Data are mean ± SD or the number of patients. 1Fisher’s exact test. M:
Male; F: Female; BMI: Body mass index; LCGA: Lesser curvature of the
gastric antrum; GCGA: Greater curvature of the gastric antrum; AJCC:
American Joint Committee on Cancer; pTNM: Pathological tumor-nodemetastasis staging; Con-Group: Conventional delta-shaped gastroduodenostomy group; Mod-Group: Modified version of the delta-shaped gastroduodenostomy group.

Figure 5 Gastroscopic image of one patient who underwent a deltashaped gastroduodenostomy at 3 mo postoperatively.

RESULTS
Clinicopathological characteristics of the patients
The 63 patients included 42 males (66.7%) and 21 females (33.3%) with a mean age of 57.7 ± 11.7 years (range
33 to 81 years) and a mean BMI of 21.96 ± 2.95 kg/m2
(range 16.2 to 29.3 kg/m2). All patients underwent histologically complete (R0) resections. The mean tumor size
was 32.7 ± 18.7 mm (range 8.0 to 85.0 mm). The pathological TNM stages included ⅠA (n = 22), ⅠB (n = 14),
ⅡA (n = 11), ⅡB (n = 8), ⅢA (n = 5), and ⅢB (n = 3).
There were no significant differences between the groups
in the age, gender, BMI, tumor site, tumor size, proximal
and distal margins or AJCC pathological TNM stage
(Table 1).
Intraoperative outcomes
DSG was successfully completed in all of the patients, in
combination with TLDG with D1+/D2 lymphadenectomy, with none of these patients requiring conversion to
open surgery. The details of the intraoperative outcomes
are shown in Table 2. The Con- and Mod-Groups had
similar operative time, intraoperative blood loss, extent
of the LN dissection and number of dissected LNs.

WJG|www.wjgnet.com

Effect of the modified DSG on anastomosis time
The mean anastomosis time for all of the patients was
17.4 ± 6.2 min (range 10.2 to 34.2 min). The anastomosis
time was significantly less in the Mod-Group than in the
Con-Group (13.9 ± 2.8 min vs 23.9 ± 5.6 min, P = 0.000;
Figure 6).
Postoperative outcomes
The overall postoperative outcomes are presented in Table 2. The postoperative outcomes, including the times to
out-of-bed activities, first flatus, resumption of a soft diet
and postoperative hospital stay, as well as the anastomosis
size, did not differ significantly (P > 0.05).
Postoperative complications
One patient in the Con-Group experienced a minor
anastomotic leakage after surgery (4.5%, 1/22); this leakage occurred on the anterior wall of the anastomosis
at the site of the common closed edge and was cured
after conservative treatment for 57 d. None of the other
patients in either group experienced any anastomosisrelated complications, such as anastomotic leakage,
anastomotic stricture and anastomotic hemorrhage. The
overall postoperative complications are shown in Table
3. Two patients in the Con-Group (9.1%) experienced
postoperative complications, one with lymphorrhagia
and celiac infection, and the other, the patient with the
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Table 2 Comparison of the perioperative outcomes between
the conventional delta-shaped gastroduodenostomy group and
modified delta-shaped gastroduodenostomy group

Intraoperative outcomes
Conversion to open surgery
(n)
Operative time (min)
Intraoperative blood loss
(mL)
Extent of LN dissection (n)
D1+/D2
Number of dissected LNs
(per case)
Postoperative outcomes
Time to out-of-bed activities
(d)
First flatus time (d)
Time to resume liquid diet (d)
Time to resume soft diet (d)
Postoperative hospital stay
(d)
Anastomosis size (mm)

Con-group
(n = 22)

Mod-group
(n = 41)

P value

0

0

-

150.8 ± 21.6
26.8 ± 11.3

143.4 ± 23.4
30.6 ± 14.8

0.225
0.157

Time for anastomosis (min)

Item

P = 0.000
35.0

0.375
4/18
43.9 ± 13.4

3/38
39.5 ± 11.5

0.151

1.9 ± 0.6

2.3 ± 1.5

0.228

3.2 ± 0.9
5.5 ± 0.6
7.5 ± 0.8
14.3 ± 10.6

3.5 ± 1.3
5.1 ± 1.2
8.1 ± 4.3
11.5 ± 4.9

0.295
0.137
0.489
0.148

30.5 ± 3.6

30.1 ± 4.0

0.730

25.0

15.0

5.0
Con-group (n = 22) Mod-group (n = 41)

Figure 6 Effect of the modified delta-shaped gastroduodenostomy on the
anastomosis time. Comparison of the anastomosis time between the ConGroup and the Mod-Group. Con-Group: Conventional delta-shaped gastroduodenostomy group; Mod-Group: Modified version of the delta-shaped gastroduodenostomy group.

The data are mean ± SD or the number of patients. LN: Lymph node; ConGroup: Conventional delta-shaped gastroduodenostomy group; ModGroup: Modified version of the delta-shaped gastroduodenostomy group.

minor anastomotic leakage, also experienced a respiratory
infection at the same time. Three patients in the ModGroup (7.3%) experienced postoperative complications,
one with a urinary tract infection, one with an inflammatory intestinal obstruction and respiratory infection, and
one with gastric atony. The postoperative morbidity rates
were similar in the two groups. All of these postoperative
complications were successfully treated by conservative
methods. There were no deaths in either group.

DISCUSSION
Surgical resection is the primary treatment for GC. Operation methods are sought that reduce surgical trauma and
optimize the patient’s quality of life. Since the introduction of laparoscopy-assisted distal gastrectomy (LADG)
for GC in 1994[14], laparoscopic surgery has become
widely used in patients with GC. The B-I anastomosis is
preferred for reconstruction after LADG because of its
relative simplicity and physiological advantages, which
include allowing food to pass through the duodenum
and reducing the postoperative incidence of cholecystitis and cholelithiasis[15-17]. However, anastomosis during
totally laparoscopic surgery is technically difficult. DSG,
a method of B-I anastomosis after TLDG using only
endoscopic linear staplers[5], has been utilized in several
Asian countries, including Japan and Korea, due to its
simplicity[6-8]. TLDG with DSG has been shown to be
superior to open gastrectomy[18,19], especially in obese patients[8,19,20], and it is regarded as safe and feasible[6-9,18-20].
The laparoscopic suturing used in the conventional
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DSG procedure to obtain an involution of the common
stab incision was found to require a relatively long period
of time. Moreover, this method contained a duodenal
blind side and two intersections of the cutting edge of
the remnant stomach with the duodenum and common
closed edge, which may cause poor blood supply to the
duodenal stump and yield two weak points on the anastomosis that increase the risk of anastomosis-related complications. Furthermore, the postoperative morbidity rates
of anastomosis-related complications after DSG ranged
from 1.0% to 12.7%[6,9,19-21]. Therefore, we modified the
conventional DSG procedure to reduce the anastomosis
time and lessen the surgical trauma, based on our surgical
experience. First, we omitted the step of the laparoscopic
suturing used in conventional DSG to produce an involution of the common stab. Instead, the modified DSG required only the instruments of the surgeon and assistant
to directly grasp the tissue and accomplish the involution
of the common stab incision. Thus, it simplified the operation procedure and shortened the anastomosis time.
Additionally, the mean anastomosis time was significantly
shorter in the Mod- than in the Con-Group. Furthermore, the anastomotic line tending to run parallel to the
direction of the transection of the duodenum was in less
danger of the vascular deterioration of the duodenum
close to the anastomosis. The complete resection of the
duodenal cutting edge also avoided a poor blood supply
to the duodenal stump. Meanwhile, reducing the anastomotic weak point resulted in a more sturdily constructed
anastomosis, with less risk of anastomosis-related complications. No patient in the Mod-Group experienced any
anastomosis-related complications.
Before the DSG, under the premise of R0 resection
for the tumor, a sufficiently long duodenal stump and a
suitably sized remnant stomach would be retained. Fur-
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sized remnant stomach to reduce the anastomotic tension,
an anastomosis may be more suitable in early GC. Early
tumors, however, are often difficult to identify during total laparoscopy. Thus, intraoperative gastroscopy could be
used for accurate positioning to ensure an R0 tumor resection. Moreover, preoperative gastroscopic biopsy and
intraoperative endoscopic ultrasound are recommended
to determine the cutting line[22], whereas endoscopic ink
marking may be advantageous at its location[23].
In conclusion, the modified DSG was technically safe
and feasible in patients with GC undergoing TLDG. It
may be an alternative reconstruction in TLDG for GC,
with a simpler process that reduces the anastomosis time
and acceptable surgical outcomes. Longer follow-ups are
needed in the future to confirm these results. To be accepted as a treatment of choice in TLDG for GC, a welldesigned prospective randomized controlled trial comparing short-term and long-term outcomes in a larger
number of patients is necessary.

Table 3 Postoperative complications of the patients in the
conventional delta-shaped gastroduodenostomy group and
modified delta-shaped gastroduodenostomy group n (%)
Item
Anastomosis-related
complications
Anastomotic leakage
Anastomotic stricture
Anastomotic hemorrhage
Other complications
Lymphorrhagia
Postoperative celiac infection
Respiratory infection
Urinary tract infection
Inflammatory intestinal
obstruction
Gastric atony
Overall postoperative
complications2
Postoperative mortality

Con-Group
(n = 22)

Mod-Group
(n = 41)

P value

1
0
0

0
0
0

0.3491
-

1
1
1
0
0

0
0
1
1
1

0.3491
0.3491
1.0001
1.0001
1.0001

0
2 (9.1)

1
3 (7.3)

0 (0)

0 (0)

1.0001
1.000
-

Fisher’s exact test; 2Repeated cases were not included. Con-Group: Conventional delta-shaped gastroduodenostomy group; Mod-Group: Modified version of the delta-shaped gastroduodenostomy group.
1

thermore, when the common stab incision was closed
and the duodenal cutting edge was completely resected,
we selected a direction that was perpendicular to the cutting edge of the remnant stomach and removed as little
of the tissue as possible. Therefore, the complete resection of duodenal cutting edge would not increase the
anastomotic tension. In addition, the perpendicular cutting line may also prevent a decrease in the anastomosis
size and anastomotic strictures in the modified technique.
Our results also showed that the mean anastomosis size
in the Mod-Group was similar to that in the Con-Group.
The clinicopathological characteristics of the patients
in the Con- and Mod-Groups were comparable, with
no significant between-group differences in the operative time, intraoperative blood loss, number of dissected
LNs or postoperative outcomes. All patients successfully
completed the TLDG with the DSG without conversion
to laparotomy. These results indicated that the modified
DSG procedure was as safe and feasible as the conventional DSG, with similar clinical results.
During the modified procedure, the endoscopic linear
stapler should first be closed around the common stab
incision when obtaining an involution, after which the
assistant should pull up the other end of the duodenal
cutting edge into the stapler, with the two hands coordinating with each other. The common stab incision should
be closed vertically to the gastric cutting edge using the
stapler, yielding the widest possible anastomosis and
avoiding anastomotic strictures. After the anastomotic
tension and quality are checked, a secure suture should be
added to reinforce the anastomosis if anastomotic oozing
occurs, especially at the intersection of the gastric cutting
edge and the common closed edge. Because the DSG
requires a sufficiently long duodenal stump and suitably
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Background

Laparoscopic surgery has become more widely accepted as a surgical treatment for gastric cancer (GC). Although reconstruction of the digestive tract is
important during laparoscopic surgery for GC, it is technically difficult, with the
Billroth-I (B-I) anastomosis after totally laparoscopic distal gastrectomy (TLDG)
considered to be especially complex. The delta-shaped gastroduodenostomy
(DSG), a method of B-I anastomosis after TLDG using only endoscopic linear
staplers, has been utilized in several Asian countries, including Japan and
Korea, due to its simplicity and satisfactory results, and it has been performed
at our institution since November 2012. During the implementation process, we
simplified the operation procedure and proposed a modified DSG.

Research frontiers

Anastomosis during totally laparoscopic surgery is technically difficult, with the
B-I anastomosis after TLDG considered especially complex.

Innovations and breakthroughs

The authors modified the conventional DSG procedure to lessen the anastomosis time and reduce surgical trauma. The modified procedure required only
the instruments of the surgeon and assistant to complete the involution of the
common stab incision, rather than the laparoscopic suturing, and to completely
resect the duodenal cutting edge. Thus, the modified procedure simplified the
operation procedure, shortened the anastomosis time, avoided poor blood supply to the duodenal stump and reduced the anastomotic weak point. The mean
anastomosis time was significantly shorter in the modified DSG group (ModGroup) than in the conventional DSG group (Con-Group). No patient in the
Mod-Group experienced any anastomosis-related complications.

Applications

The study results suggest that the modified DSG is technically safe and feasible
in patients with GC undergoing TLDG. It may be an alternative reconstruction
in TLDG for GC, with a simpler process that lessens the anastomosis time and
acceptable surgical outcomes.

Peer review

The present study provides an insightful and well-illustrated review of the safety
and feasibility of a modified DSG in TLDG. Based on the experience with 63
gastric cancer patients undergoing TLDG with DSG, the conclusion is that modified DSG is technically safe and feasible, with acceptable surgical outcomes.
This is a well-written and quite instructive work.
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Abstract
AIM: To investigate the clinical epidemiological characteristics of gastric cancer in the Hehuang valley, China,
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to provide a reference for treatment and prevention of
regional gastric cancer.
METHODS: Between February 2003 and February
2013, the records of 2419 patients with gastric cancer
were included in this study. The patient’s characteristics, histological and pathological features, as well as
the dietary habits of the patients, were investigated.
RESULTS: The clinical data showed that adenocarcinoma was the leading histological type of gastric cancer
in this area. Characteristics of gastric cancer in different
ethnic groups and age showed that the 60.55-65.50
years group showed the high incidence of gastric cancer in all ethnic groups. There were more male gastric
cancer patients than female. Intestinal was the most
common type of gastric cancer in the Hehuang valley.
There was no significant difference in the proportion of
sex in terms of Helicobacter pylori infection. The impact
of dietary habits on gastric cancer showed that regular
consumption of fried or grilled food, consumption of
high-salt, high-fat and spicy food and drinking strong
Boiled brick-tea were three important factors associated
with gastric cancer in males and females.
CONCLUSION: Differences existed in race, sex, and
age of patients according to the epidemiology of gastric
cancer in the Hehuang valley. Moreover, dietary habits
was also an important factor contributing to gastric
cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Epidemiology; Dietary habits; Hehuang valley; Mortality
Core tip: Gastric cancer is an important public health
burden in China (especially in northwest of China). The
Hehuang valley part of the ancient Silk Road, is located
in the northeast of the Qinghai-Tibetan Plateau. As an
important population center on the Silk Road, a sys-
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tematic clinical epidemiological study of gastric cancer
is necessary. We conducted a clinical epidemiology
study of gastric cancer in the Hehuang valley. Significant differences were observed for race, sex, and age
of patients with gastric cancer in the Hehuang valley.
Dietary habit was an important factor contributing to
gastric cancer.
Yan S, Li B, Bai ZZ, Wu JQ, Xie DW, Ma YC, Ma XX, Zhao
JH, Guo XJ. Clinical epidemiology of gastric cancer in Hehuang valley of China: A 10-year epidemiological study of gastric
cancer. World J Gastroenterol 2014; 20(30): 10486-10494 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i30/10486.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10486

INTRODUCTION
The incidence and mortality of gastric cancer have decreased significantly over the past several decades[1]. However, gastric cancer remains a major public health issue as
the fourth most common cancer and the second leading
cause of cancer death worldwide[2,3]. Gastric cancer has
attracted much attention from epidemiologists over recent years, particularly in terms of risk factors[1,4,5]. The
different tumor types[6], nationality[7], food[8] as well as
geographic variation[9] are all influencing factors. Detailed
epidemiological analyses of their demographic trends and
risk factors will help guide future cancer control strategies. Although gastric cancer is a worldwide problem,
nearly two-thirds of stomach cancers occur in developing countries[2], especially in South America and China[10].
The high mortality[11] and significant regional disparity in
the distribution[12] of gastric cancer remains an important
public health burden in China.
The Hehuang valley, one of the most important stations on the Tang-Tibet Road and the ancient Silk Road,
is located in the northeast of the Qinghai-Tibetan Plateau. The Hehuang valley has convenient transportation
and relatively low elevation[13], and three-quarters of the
population in Qinghai province are concentrated in this
area. Native populations in Hehuang valley are Hui, Salar,
Tu, Tibetan and Han. As an important population center
on the ancient Silk Road, a systematic clinical epidemiological study of gastric cancer is necessary. Thus, in this
study, a clinical epidemiology study of gastric cancer in
the Hehuang valley was performed. We hope to understand the characteristics and trends of the clinical epidemiological data, and provide a reference for diagnosis and
prevention of regional gastric cancer.

MATERIALS AND METHODS
Patients
Between February 2003 and February 2013, the records
of 2419 patients with histologically demonstrated gastric
cancer were reviewed at four departments: the Department of Gastrointestinal Surgery, Affiliated Hospital
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of Qinghai University; the Department of Digestive
Medicine, Affiliated Hospital of Qinghai University; the
Department of Medical Oncology, Affiliated Hospital
of Qinghai University; and the Department of Digestive
Medicine, People’s Hospital of Qinghai Province. The
10-year period was divided into two groups: previous
5-year group (Jan. 2003-Jan. 2008; n = 985) and past 5-year
group (Feb. 2008-Feb. 2013; n = 1394). For each patient,
the demographic information, clinical data and pathology
reports were available in these Departments.
All the data could represent the epidemiology of gastric cancer in the Hehuang valley. Each patient provided
informed consent, and the Ethics Committee of the People’s Hospital of Qinghai Province and Affiliated Hospital of Qinghai University approved the study protocol.
Inclusion criteria and exclusion criteria
The inclusion criteria for the patients with gastric cancer
were as follows: (1) primary gastric cancer confirmed by
endoscopic biopsies or histological pathology after gastrectomy; (2) more than two generations dwelling in the
Hehuang valley (including both of the Huangshui River
basin and the Yellow River basin in the east of Qinghai
province); and (3) gastric computed tomography (CT)
scan with oral and IV contrast, detection of Helicobacter
pylori (H. pylori), human epidermal growth factor receptor-2 (Her-2) expression, estrogen receptor (ER) and progesterone receptor (PR) in tumor tissue stained routinely
by hematoxylin-eosin staining (HE) or by immunohistochemistry (IHC). The perineural infiltration, vessel invasion, lymph nodes metastasis, histological classification
and grade should be confirmed by pathological examination. The exclusion criteria were: (1) dwelling outside of
the Hehuang valley or less than two generations dwelling
in the Hehuang Valley; and (2) missing clinicopathological data or deficient pathological information.
Diagnostic criteria
The stomach is anatomically divided into three portions;
the upper (U), middle (M) and lower (L) portions. If
more than one portion was involved, all involved portions were described as UML. All patients were subjected
to gastric CT scan (PHILIPS Brilliance iCT; Enhanced
scanning administration: Ultravist 300, 85 mL, 2.8 mL/s)
with oral and IV contrast and barium-meal joint with
gastroscope (OLYMPUSCV-260) examination in the upper gastrointestinal tract to locate the tumor. The in vivo
endoscopic optical biopsy with paraffin sections observation was used for gastric cancer diagnoses. As proposed
by the Japanese Society of Gastroenterological Endoscopy[14], the classification of early gastric cancer (EGC)
was as follows: (1) type Ⅰ: protruded type; (2) type Ⅱa:
superficial elevated type; type Ⅱb: flat type; type Ⅱc: superficial depressed type; and (3) type Ⅲ: excavated type.
The macroscopic classification of advanced gastric carcinoma was classified according to Borrmann[15] as type Ⅰ,
type Ⅱ, type Ⅲ and type Ⅳ.
The classification of histological type was based on
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volved in the previous 5 years group; there were 190
patients distributed in the age range of 18-44 years, while
795 patients were in the age range of 45-85 years. Of
1394 patients (1083 male and 311 female) in past 5 years
group, 390 patients were distributed in the age range of
18-44 years, while 1004 patients were in the age range of
45-85 years. The detail demographic information, including nationality and family history, are listed in Table 1.

Table 1 Demographic features of gastric cancer patients in
Hehuang valley n (%)
Previous 5 yr
Past 5 yr group P value
group (n = 985) (n = 1394)
Sex

Male
Female
Age (yr)
18-44
45-85
Family history Positive
Negative
Nationality
Muslims
Tibetan
Han

785 (79.7)
200 (20.3)
190 (19.3)
795 (80.7)
437 (44.4)
548 (55.6)
576 (58.5)
18 (1.8)
391 (39.7)

1083 (77.7)
311 (2.3)
390 (28)
1004 (72)
813 (58.3)
581 (41.7)
792 (56.8)
24 (1.7)
578 (41.5)

0.241
0.000
0.000
0.685

The native Hui and Salar in Qinghai were also included in Muslims. The
Hehuang valley, an agricultural area, is located in the eastern Qinghai
Province, China.

the predominant pattern of the tumor (common types
and special types), according to criteria of the World
Health Organization (WHO)[16]. The common types were
classified as papillary adenocarcinoma, tubular adenocarcinoma (including well-differentiated types and moderately differentiated types), poorly differentiated adenocarcinoma (including undifferentiated carcinoma), signet-ring
cell carcinoma and mucinous adenocarcinoma; the special
types were classified as adenosquamous carcinoma, squamous cell carcinoma, carcinoid tumor and other tumors.
Meanwhile, tumors were also classified as intestinal-type
or diffuse-type, according to Lauren[10].
Moreover, gastric CT scan with oral and IV contrast
detection of H. pylori, Her-2 expression, ER and PR
in tumor tissue stained routinely by HE or IHC were
performed. The perineural infiltration, vessel invasion,
lymph nodes metastasis, histological classification and
grade should be confirmed by pathological examination.
Dietary habits investigation
To reveal the influence of dietary habits on gastric cancer in the Hehuang valley, 2310 healthy residents were
enrolled in this study as controls. The inclusion criteria
for the normal controls were (1) more than two generations dwelling in the Hehuang valley (including both
the Huangshui River basin and the Yellow River basin
in Qinghai province); (2) no diagnosis or suspicion of
gastrointestinal cancer; (3) no long-term exposure to carcinogens; and (4) no family history of neoplastic diseases.
Statistical analysis
The background data pertaining to patients were entered
into an SPSS database. SPSS 17.0 was used for the statistical analysis. χ 2 tests and Mann-Whitney U tests were run
to assess categorical covariates and continuous variables,
respectively. We set the significance level P ≤ 0.05.

RESULTS
Patients’ data collection
A total of 785 male and 200 female patients were in-
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Clinical data of gastric cancer in Hehuang valley
All patients were subjected to a barium-meal examination
in the upper gastrointestinal tract to locate the tumor. The
locations of the primary tumor in the previous (33.5%,
in composition ratio) and past 5 years groups (27.0%)
were both concentrated in the lower third portion of the
stomach (Table 2). The result of Lauren classification in
both previous (63.8%) and past 5 years groups (69.2%)
indicated that intestinal was the major type of gastric cancer in the Hehuang valley. The proportion of early gastric
cancer was significantly lower (in composition ratio) than
that of advanced gastric cancer. Adenocarcinoma was the
leading histological type of gastric cancer in the previous
and past 5 years groups. The majority of histological type
was moderate carcinoma (65.1% in the previous 5 years
group and 73.9% in past 5 years group); compared with
the previous 5 years group, the number of patients with
moderate carcinoma had decreased in the past 5 years
group.
Nearly half of the patients in the previous 5 years
group had perineural invasion (49.1%) or vascular invasion (48.1%); however, there was a downward trend in
the past 5 years group (39.5% and 38.5%). A low level of
Her-2 expression was detected in both previous (7.5%)
and past 5 years groups (6.3%). Moreover, compared
with the previous 5 years group, there were a downward
trend in H. pylori infection (43.8% vs 36.2%), ER expression (26.2% vs 4.6%), PR expression (24.4% vs 4%) and
lymph node metastasis (90% vs 86.3%) in the past 5 years
group. It was worth mentioning that huge downward
trends existed for ER and PR expression. The detail characteristics of each element are listed in Table 2.
Characteristics of gastric cancer in different ethnic
groups, ages and sexes
The patients in the 45-85 years age had a higher incidence of gastric cancer than those in 18-44 years age either in the past 5 years group (86.1% of Muslims, 83.3%
of Tibetan and 84% of Han) or in the previous 5 years
group (87.2% of Muslims, 83.3% of Tibetan and 83.9%
of Han). The age distribution for most of the patients
in the elderly group was between 60.55-65.50 years (data
not shown), so the 60.55-65.50 years was the highest
incidence age range for gastric cancer in Hehuang valley.
The proportion of males among the gastric cancer patients was higher than that of females in the past 5 years
group (81.4% of Muslims, 75% in Tibetan and 84% in
Han) and the previous 5 years group (84.2% of Muslims,
88.9% in Tibetan and 80.8% in Han). There was no sig-
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Table 2 Clinical data of patients in past and previous 5-year groups n (%)
Past 5 yr group Previous 5 yr group
Tumor location
Upper (U)
Middle (M)
Lower (L)
UML
Tumor classification
Early stage1
Type Ⅰ
Type Ⅱa
Type Ⅱb
Type Ⅱc
Type Ⅲ
Advanced stage2
Type Ⅰ
Type Ⅱ
Type Ⅲ
Type Ⅳ
Pathological type
Adenocarcinoma
Squamous cell carcinoma
Signet-ring cell carcinoma
Other
Histological type
Well-differentiated type
Moderately differentiated
type
Poorly/undifferentiated
type

(n = 1394)

(n = 985)

467 (33.5)
142 (10.2)
705 (50.6)
80 (5.7)

266 (27.0)
94 (9.5)
530 (53.8)
95 (9.6)

3 (0.2)
2 (0.1)
5 (0.4)
3 (2.0)
8 (5.7)

1 (0.1)
2 (0.2)
5 (0.5)
3 (0.3)
4 (0.4)

201 (14.4)
365 (26.2)
520 (37.3)
288 (20.7)

199 (20.2)
206 (20.9)
375 (38.1)
190 (19.3)

1335 (95.8)
38 (2.7)
9 (0.6)
12 (0.9)

902 (91.6)
16 (1.6)
14 (1.4)
53 (5.4)

264 (19.0)
907 (65.1)

157 (15.9)
728 (73.9)

223 (16.0)

100 (10.2)

P value

Past 5 yr group Previous 5 yr group P value

< 0.05

Perineural invasion
Positive
Negative
Vascular invasion
Positive
Negative
Her-2 Expression
Positive
Negative
H. pylori infection
Positive
Negative
ER Expression
Positive
Negative
PR Expression
Positive
Negative
Lymph node metastasis
Positive
Negative

> 0.05

< 0.05

< 0.05

< 0.05

Lauren classification
Intestinal
Nonintestinal

(n = 1394)

(n = 985)

685 (49.1)
709 (50.9)

389 (39.5)
596 (60.5)

671 (48.1)
723 (51.9)

375 (38.1)
610 (61.9)

104 (7.5)
1290 (92.5)

62 (6.3)
923 (93.7)

610 (43.8)
784 (56.2)

357 (36.2)
628 (63.8)

365 (26.2)
1029 (73.8)

45 (4.6)
940 (95.4)

340 (24.4)
1054 (75.6)

39 (4.0)
946 (96.0)

1250 (90.0)
144 (10.3)

850 (86.3)
135 (13.7)

890 (63.8)
504 (36.2)

682 (69.2)
303 (30.8)

< 0.05

< 0.05

> 0.05

< 0.05

< 0.05

< 0.05

< 0.05

> 0.05

1

Histological type was based on the criteria of World Health Organization; 2Advanced stage classification was in accordance with Borrmann type; Her-2:
Human epidermal growth factor receptor-2; H. pylori: Helicobacter pylori; ER: Estrogen receptor; PR: Progesterone receptor. P < 0.05, the previous vs the past
year group.

nificant difference in the distribution of age (P = 0.511)
and sex (P = 0.281) among the three ethnic groups in the
Hehuang valley. The majority of Tibetan patients were
positive for H. pylori infection (79.2% in male and 66.7%
in female). The result of Lauren classification indicated
that intestinal was the most common type of gastric
cancer in the Hehuang valley. The majority of tumors in
patients were located in the lower part of stomach, either
in the past 5 years group or in the previous 5 years group.
The detail characteristics of each element are listed in
Table 3.
The proportion of the majority histological type of
gastric cancer (moderately differentiated type) in the
youth group (74.7%) was higher than that in the elder
group (66.8%); the incidence risk in males and females
were similar (69% vs 67.7%). By contrast, the proportion
of the majority pathological type of gastric cancer (adenocarcinoma) in the youth group (89.7%) was less than
that in the elder group (95.4%); the incidence risks in
males and females were 93.5% and 95.9%, respectively. In
total, 16.4% of patients in the youth group showed Her-2
expression-positive status. However, the proportion of
patients with Her-2 expression-positive status in the elder
group was only 3.9%. Meanwhile, more females showed
Her-2 expression than males (19.2% vs 3.6%). Compared
with the youth group, the majority of patients in the elder
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group were distributed in type Ⅰ, type Ⅱ and type Ⅲ of
the advanced stage. However, the majority of patients in
the youth group were distributed in type Ⅲ and type Ⅳ
(Table 4). The numbers in the youth group with H. pylori
infection-positive status (67.2%) were higher than in the
elder group (32.1%). There was no significant difference
in the proportion of sex in H. pylori infection (40.5% vs
41.4%).
Impact of dietary habits on gastric cancer
To reveal the influence of dietary habits on gastric cancer in the Hehuang valley, 2310 healthy residents were
enrolled in this study (Table 5). We conducted a survey
for 10 dietary habits including smoking, drinking alcohol,
rapid eating, irregular dinner-time, consumption of overnight food/preserved food/fried or grilled food/highsalt, high-fat and spicy food, drinking strong Boiled
brick-tea and eating too hot or too cold food. The result
showed that dietary habits such as smoking (P = 0.425),
drinking alcohol (P = 0.963), irregular dinner-time (P =
0.600) and consumption of overnight food (P = 0.700)
or preserved food (P = 0.750) had little effect on the incidence of gastric cancer in males and females. Compared
with the healthy male residents, there were significant impact of rapid eating (P < 0.001) and eating too hot or too
cold food (P < 0.001) on gastric cancer. Moreover, regu-
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Table 3 Gastric cancer characteristics of different ethnic groups in the Hehuang valley n (%)
P value

Past 5 yr group
Muslims (n = 792) Tibetan (n = 24) Han (n = 578)
Age (yr)
20-44
45-85
Sex
Male
Female
H. pylori infection
Positive
Negative
Lauren classification
Intestinal
Nonintestinal
Tumor location
Upper (U)
Middle (M)
Lower (L)
UML

P value

Previous 5 yr group
Muslims (n = 576) Tibetan (n = 18) Han (n = 391)

0.511
110 (13.9)
682 (86.1)

4 (16.7)
20 (83.3)

93 (16.1)
485 (84.0)

645 (81.4)
147 (18.6)

18 (75.0)
6 (25.0)

486 (84.0)
92 (20.0)

340 (43.0)
452 (57.1)

19 (79.2)
5 (20.8)

251 (43.4)
327 (56.6)

527 (66.5)
265 (33.5)

16 (66.7)
8 (33.3)

347 (60.0)
231 (40.0)

260 (32.8)
86 (10.9)
414 (52.3)
32 (4.0)

15 (62.5)
3 (12.5)
4 (16.7)
2 (8.3)

192 (33.2)
53 (9.2)
287 (50.0)
46 (8.0)

0.268
72 (12.5)
504 (87.2)

3 (16.7)
15 (83.3)

63 (16.1)
328 (83.9)

485 (84.2)
91 (15.8)

16 (88.9)
2 (11.1)

316 (80.8)
75 (19.2)

182 (31.6)
394 (68.4)

12 (66.7)
6 (33.3)

163 (41.7)
228 (58.3)

427 (74.1)
149 (25.9)

12 (66.7)
6 (33.3)

243 (62.1)
148 (37.9)

143 (24.9)
45 (7.8)
336 (58.3)
52 (9.0)

2 (11.1)
1 (5.6)
11 (61.1)
4 (22.2)

121 (31.0)
48 (12.3)
183 (46.8)
39 (10.0)

0.281

0.310

0.002

< 0.001

0.045

< 0.001

0.011

0.005

The native Hui and Salar in Qinghai were also included in Muslims; the Hehuang valley, an agricultural area, is located in the eastern Qinghai province,
China; P < 0.05, the past 5 years group vs the previous 5 years group. H. pylori: Helicobacter pylori.

lar consumption of fried or grilled food, consumption
of high-salt, high-fat and spicy food and drinking strong
Boiled brick-tea were three important factors associated
with gastric cancer in males and females.

DISCUSSION
In this study, a clinical epidemiological study of gastric
cancer in Hehuang valley of Qinghai Provence in China
was performed. The clinical data showed that adenocarcinoma was the leading histological type of gastric cancer
in this area. The majority histological type was moderate
carcinoma. A huge downward trend was observed in ER
and PR expression in the patients of the Hehuang valley. Characteristics of gastric cancer in different ethnic
groups, age and sex showed that the 45-85 years group
had the high incidence of gastric cancer among all ethnic
groups. The proportion of male gastric cancer patients
was higher than females. Lauren classification indicated
that intestinal was the most common type of gastric
cancer in the Hehuang valley. The majority of tumors in
patients were located in the lower part of the stomach.
There was no significant difference in the sex distribution for H. pylori infection. The impact of dietary habits
on gastric cancer showed that regular consumption of
fried or grilled food, consumption of high-salt, high-fat
and spicy food and drinking strong Boiled brick-tea were
three important factors associated with gastric cancer in
males and females.
Pathological analysis of gastric cancer
A United States report showed that there has been a
parallel five- or six-fold rise in adenocarcinoma[17]. A rising incidence of adenocarcinoma has also been reported
from Canada[18], the United Kingdom[19], Australia[20] and
the Netherlands[21]. Pohl et al[22] asked whether we are
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reaching a peak of adenocarcinoma incidence? The results of our study in the Hehuang valley would suggest
that we are. Compared with the previous 5 years, the proportion of patients with adenocarcinoma had decreased
(95.8%-91.6%), even though adenocarcinoma was still
the leading histological type of gastric cancer (Table 2).
Moreover, there was a more equal male-to-female ratio in
adenocarcinoma (Table 4). In the year 1965, Lauren[10] indicated that the intestinal type is more common in males
and older age groups. In the present study, the majority
of gastric cancer in the elderly was intestinal (Table 4),
which agreed with Lauren.
We observed a tendency for the location of the primary tumor to move up in the stomach, even if the lower
1/3 of the stomach was still the most common site of
gastric cancer in the Hehuang valley. The proportion of
upper 1/3 gastric cancer is increasing, and the proportion
of squamous carcinoma/adenosquamous carcinoma has
undergone a sharp increase. This was also accordance
with the situation in Europe[23]. In Europe, Barrett’s
esophagus is associated with this disease. Whereas in the
Hehuang valley, the increase of upper 1/3 gastric cancer
might be related to chronic gastritis, habits of food-intake
and the high level of H. pylori infection.
Lymph node metastasis is the main way for solid tumors to metastasize; it is an essential factor for clinical,
pathological staging and prognosis of cancer[24]. Tumor
metastasis is a sign of deterioration. In this study, 90%
patients in previous 5 years group showed lymph node
metastasis (Table 2). The ratio was still very high in the
past 5 years group. This indicated that the treatment of
gastric cancer in the Hehuang valley would be more difficult. Meanwhile, the statuses of other factors such as
Her-2, ER and PR were mostly negative. In 1994, the
International Agency for Research on Cancer classified
H. pylori as carcinogenic to humans[25]. Countries with
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Table 4 Clinical data of patients of different ages and genders n (%)
Gastric cancer in youth

Gastric cancer in the elderly

(n = 580)

(n = 1799)

22 (3.8)
433 (74.7)
125 (21.6)

399 (22.2)
1202 (66.8)
198 (11.0)

520 (89.7)
29 (5.0)
17 (2.9)
14 (2.4)

1717 (95.4)
25 (1.4)
6 (0.3)
51 (2.8)

95 (16.4)
485 (83.6)

71 (3.9)
1728 (96.1)

0 (0.0)
0 (0.0)
0 (0.0)
1 (0.2)
2 (0.3)

4 (0.2)
4 (0.2)
9 (0.5)
5 (0.3)
10 (0.6)

44 (7.6)
60 (10.3)
317 (23.6)
156 (26.9)

356 (19.8)
511 (28.4)
578 (32.1)
322 (17.9)

390 (67.2)
190 (32.8)

577 (32.1)
1222 (67.9)

124 (21.4)
456 (78.6)

1448 (80.5)
351 (19.5)

Histological type
Well-differentiated type
Moderately differentiated type
Poorly/undifferentiated type
Pathological type
Adenocarcinoma
Squamous cell carcinoma
Signet-ring cell carcinoma
Other
Her-2 Expression
Positive
Negative
Early stage1
Type Ⅱa
Type Ⅱb
Type Ⅱc
Type Ⅲ
Advanced stage2
Type Ⅰ
Type Ⅱ
Type Ⅲ
Type Ⅳ
H. pylori infection
Positive
Negative
Lauren classification
Intestinal
Nonintestinal

P value

Male

Female

(n = 1868)

(n = 511)

298 (16.0)
1289 (69.0)
281 (15.0)

123 (24.0)
346 (67.7)
42 (8.2)

1747 (93.5)
42 (2.2)
19 (1.0)
60 (3.2)

490 (95.9)
12 (2.3)
4 (0.79)
5 (0.98)

68 (3.6)
1800 (96.4)

98 (19.2)
413 (80.8)

< 0.001

P value
< 0.001

< 0.001

0.050

< 0.001

< 0.001

0.681

0.026
4 (0.2)
3 (0.2)
7 (0.4)
4 (0.2)
5 (0.3)

0 (0.0)
1 (0.2)
2 (0.4)
2 (0.4)
7 (1.3)

255 (13.7)
484 (25.9)
679 (36.3)
427 (22.9)

145 (28.4)
87 (17.0)
216 (42.3)
51 (10.0)

757 (40.5)
1111 (59.5)

210 (41.1)
301 (59.0)

-

-

< 0.001

< 0.001

< 0.001

0.816

< 0.001

1

Early stage classification was in accordance with the Japanese Society of Gastroenterological Endoscopy; 2Advanced stage classification was in accordance
with Borrmann type. Gastric cancer in youths refers to patients between 18 and 45 years old; Gastric cancer in the elderly refers patients between 45 and 85
years old. Her-2: Human epidermal growth factor receptor-2; H. pylori: Helicobacter pylori.

high gastric cancer rates typically have a high prevalence
of H. pylori infection[26]. Compared with the previous 5
years group, the proportion of gastric cancer patients
with H. pylori infection had decreased in the past 5 years
group (Table 2). Webb and Forman[27] indicated that H.
pylori infection might disappear with the development of
atrophic gastritis, which is present in many gastric cancer
patients. This might explain the reason why there was a
decrease in H. pylori infection in the Hehuang valley.
Age, sex, and race associated with gastric cancer
A previous study indicated that the incidence of gastric
cancer rises progressively with age, meanwhile cases in
patients younger than 30 years are very rare[28]. The number of gastric cancer patients in the elder group (48-85
years old) in our study was three times that in the youth
(18-45 years old) group (Table 4), which correlates with
the results of the previous study. However, near 25%
of patients were distributed in the youth group in our
study. A study with a large-size sample in South Korea[29]
has evaluated the epidemiological features of young age
gastric cancer. Therefore, the younger trend of gastric
cancer may be happening not only in the Hehuang valley
of China, but also worldwide. This should be a cause for
concern.
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Gastric cancer has a higher male-to-female ratio:
reaching nearly 6:1 in the United States[30]. The high ratio
also existed in the Hehuang valley: the 10 years observation of gastric cancer showed that the male-to-female ratio was 3.6:1 (Table 4). The moderately differentiated type
was the major histological type of gastric cancer in male
patients.
In England, the incidence of gastric cancer is related
to ethnic groups[31]. There are significant variations in
the overall incidence of gastric cancer between different
ethnic groups living in the same region. The ethnic distribution of gastric cancer is different, with a preponderance in Whites over Blacks in the United States and nonMaoris over Maoris in New Zealand[30]. In the present
study, the race with highest incidence of gastric cancer
was Muslim, followed by Han (Table 3). However, there
was no significant difference in the distribution of age (P
= 0.511) and sex (P = 0.281) among three ethnic groups
in the Hehuang valley.
Dietary factors associated with gastric cancer
Diet has a great influence on the human body. Continuous use of high doses of salt result in early atrophic
gastritis and increase the later risk of stomach cancer[32].
Recently, a meta-analysis of prospective studies of ha-
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Table 5 Comparison of dietary habits in gastric cancer patients and healthy residents in Hehuang valley n (%)
P value

Male

Smoking
Drinking alcohol
Rapid eating
Irregular dinner-time
Regular consumption
of overnight food
Regular consumption
of preserved food
Regular consumption
of fried or grilled food
Consumption of highsalt, high-fat and spicy
food
Drinking strong
boiled brick-tea1
Eating too hot or too
cold food

Gastric cancer
patients

Healthy
residents

(n = 1868)

(n = 1810)

326 (17.5)
475 (25.4)
1492 (79.9)
285 (15.3)
153 (8.2)

298 (16.5)
460 (25.4)
320 (17.7)
237 (13.1)
142 (7.8)

0.425
0.963
< 0.001
0.600
0.700

269 (14.4)

254 (14.0)

1320 (70.7)

Odds ratio (95%CI)

P value

Female
Gastric cancer
patients

Healthy
residents

(n = 511)

(n = 500)

1.73 (0.903-1.274)
1.004 (0.865-1.164)
18.476 (15.659-21.801)
1.195 (0.992-1.439)
1.048 (0.826-1.330)

2 (0.4)
5 (1.0)
12 (2.3)
15 (3.0)
36 (7.0)

3 (0.6)
6 (1.2)
10 (2.0)
17 (3.4)
28 (5.6)

0.750

1.031 (0.856-1.240)

164 (32.1)

410 (22.7)

< 0.001

8.225 (7.090-9.541)

1437 (76.9)

35 (1.9)

< 0.001

1395 (74.7)

260 (14.4)

1205 (64.5)

45 (2.5)

Odds ratio (95%CI)

0.636
0.734
0.704
0.673
0.345

0.651 (0.108-3.912)
0.814 (0.247-2.683)
1.178 (0.504-2.753)
0.859 (0.424-1.740)
1.278 (0.767-2.128)

105 (21.0)

< 0.001

1.778 (1.338-2.363)

350 (68.5)

62 (12.4)

< 0.001

15.358 (11.097-21.253)

169.807
(118.983-240.290)

368 (72.0)

122 (24.4)

< 0.001

7.973 (0.602-10.560)

< 0.001

17.582 (14.867-20.793)

375 (73.4)

120 (24.0)

< 0.001

8.732 (6.573-11.598)

< 0.001

71.286 (52.249-97.260)

45 (8.8)

32 (0.6)

0.149

1.412 (0.882-2.262)

1

Boiled brick-tea is a pressed dark tea popular in Northwestern China.

bitual salt intake and risk of gastric cancer showed that
dietary salt intake was directly associated with risk of
gastric cancer[33]. In our study, there was a significant relationship (P < 0.001) between consumption of high-salt
and gastric cancer in males and females (Table 5). Not
only high-salt intake, but also high-fat and spicy foods
were related to the incidence of gastric cancer. Unfortunately, quantitative data are lacking in our research. Tea is
a specialty drink of China. Some studies have shown that
tea consumption reduces the risk of gastric cancer[34,35];
however, others s disagree[36,37]. Boiled brick-tea, a popular fermented Chinese dark tea, is a common drink in the
Hehuang valley. Our study showed that drinking strong
Boiled brick-tea was significantly (P < 0.01) associated
with gastric cancer (Table 5). Fungal growth during the
production process is the key step[38], so the factor associated with cancer might be the Fungi. The relationship
between tea consumption and cancer still needs further
investigation. Moreover, some incorrect diet patterns,
like eating too hot or too cold food and rapid eating in
males, also lead to an increased incidence of gastric cancer (Table 5). These incorrect eating habits might related
to the work pressure and male-dominated responsibility
for their families. Therefore, advocating a scientific and
reasonable diet would be very useful to reduce the incidence of gastric cancer. There were some limitations in
this study, such as no investigation of the mortality rate
and socioeconomic status of patients with gastric cancer.
Thus, a further study on gastric cancer is necessary.
In conclusion, gastric cancers exhibit unique epidemiological features, characterized by marked dietary habits
and differences based on race, sex, and age. The results in
this study will help our understanding of the characteristics and trends of the clinical epidemiological data in the
Hehuang valley, and provide a reference for the diagnosis
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and prevention of regional gastric cancer.
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Background

Gastric cancer is the second most common cause of death in all types of malignant tumors according to data released by the Ministry of Health. The incidence
and mortality of gastric cancer vary geographically, with the highest rates in
China, although a trend of declining incidence has been observed. Numerous
epidemiological studies have been conducted in China to identify environmental
lifestyle factors that contribute to the development of gastric cancer. Hehuang
valley, one of the high-risk area of gastric cancer in China, is an important population center on the ancient Silk Road, and a systematic clinical epidemiological
of gastric cancer is necessary. In this study, a clinical epidemiological study of
gastric cancer in Hehuang valley was performed.

Research frontiers

Hehuang valley, one of the most important stations on the Tang-Tibet Road
and the ancient Silk Road, is located in the northeast of the Qinghai-Tibetan
Plateau. The Hehuang valley has convenient transportation and relatively low
elevation, and three-quarters of the population of Qinghai province are concentrated in this area. The authors investigated the clinical epidemiology of gastric
cancer in Hehuang valley of China, and provided a reference for treatment and
prevention of regional gastric cancer.

Innovations and breakthroughs

Differences were existed in races, sex, and age of patients according to the
epidemiology of gastric cancer in Hehuang valley. Moreover, dietary habit was
also an important factors contributing to gastric cancer.

Applications

Gastric cancers exhibit unique epidemiological features, characterized by
marked dietary habits and differences based on race, sex, and age. The results
in this study help to understand the characteristics and trends of the clinical epidemiological data in the Hehuang valley, and provide a reference for diagnosis
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and prevention of regional gastric cancer.

Terminology

Hehuang valley is a fertile triangle zone carved out by the Yellow River and
Huangshui River, and it is located between the Daban and Jishi Mountains,
in the northeast of the Qinghai-Tibetan Plateau. Hehuang valley is also the
transitional zone of the Qinghai-Tibetan Plateau and the Huangtu Plateau in
the northwest of China where it is the main agricultural region. Furthermore,
it includes thirteen administrative counties along the Yellow River and the
Huangshui River in Qinghai province. It has a typical plateau climate, such as
low pressure, hypoxia and cold in Hehuang valley through the year and its average height above sea level is 2000-3000 m. Native people dwelling in Hehuang
valley comprise Hui, Salar, Tu, Tibetan and Han nationalities. Certain studies
have shown that the regions along the Silk Road are high-risk areas of gastric
cancer, and the Hehuang valley is one of the most important stations on the
Tang-Tibetan Road and the ancient Silk Road.
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Peer review

In this study, the authors conducted a clinical-epidemiology study of gastric cancer in Hehuang valley of Qinghai Province in China. They included 2379 cases
of gastric cancer from the past 10 years. They analyzed the following criteria:
histopathological classification of gastric cancer, tumor location according to the
anatomy of the stomach, age, sex, ethnic origin and dietary factors. The epidemiology of gastric cancer in Hehuang valley shows differences in its prevalence
according to race, sex, and age of patients. Dietary habits were also important
factors contributing to gastric cancer. The report represents a contribution to the
study of the epidemiology of gastric cancer worldwide, especially in Asia.
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Abstract
AIM: To compare endoscopic retrograde cholangio-pancreatography (ERCP), intraductal ultrasound (IDUS), endosonography (EUS), endoscopic transpapillary forceps
biopsies (ETP) and computed tomography (CT) with
respect to diagnosing malignant bile duct strictures.

WJG|www.wjgnet.com

METHODS: A patient cohort with bile duct strictures
of unknown etiology was examined by ERCP and IDUS,
ETP, EUS, and CT. The sensitivity, specificity, and accuracy rates of the diagnostic procedures were calculated
based on the definite diagnoses proved by histopathology or long-term follow-up in those patients who
did not undergo surgery. For each of the diagnostic
measures, the sensitivity, specificity, and accuracy rates
were calculated. In all cases, the gold standard was the
histopathologic staging of specimens or long-term follow-up of at least 12 mo. A comparison of the accuracy
rates between the localization of strictures was per2
formed by using the Mann-Whitney U -test and the χ
test as appropriate. A comparison of the accuracy rates
between the diagnostic procedures was performed by
using the McNemar’s test. Differences were considered
statistically significant if P < 0.05.
RESULTS: A total of 234 patients (127 males, 107 females, median age 64, range 20-90 years) with indeterminate bile duct strictures were included. A total of 161
patients underwent operative exploration; thus, a surgical histopathological correlation was available for those
patients. A total of 113 patients had malignant disease
proven by surgery; in 48 patients, benign disease was
surgically found. In these patients, the decision for
surgical exploration was made due to the suspicion of
malignant disease in multimodal diagnostics (ERCP,
CT, or EUS). Fifty patients had a benign diagnosis and
were followed by a surveillance protocol with a followup of at least 12 mo; the median follow-up was 34 mo.
Twenty-three patients had extended malignant disease,
and thus were considered palliative. A comparison of
the different diagnostic tools for detecting bile duct
malignancy resulted in accuracy rates of 91% (ERCP/
IDUS), 59% (ETP), 92% (IDUS + ETP), 74% (EUS),
and 73% (CT), respectively. In the subgroup analysis,
the accuracy rates (%, ERCP + IDUS/ETP/IDUS + ETP;
EUS; CT) for each tumor entity were as follows: cholangiocellular carcinoma: 92%/74%/92%/70%/79%;
pancreatic carcinoma: 90%/68%/90%/81%/76%; and
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ampullary carcinoma: 88%/90%/90%/76%/76%. The
detection rate of malignancy by ERCP/IDUS was superior to ETP (91% vs 59%, P < 0.0001), EUS (91% vs
74%, P < 0.0001) and CT (91% vs 73%, P < 0.0001);
EUS was comparable to CT (74% vs 73%, P = 0.649).
When analyzing accuracy rates with regard to localization of the bile duct stenosis, the accuracy rate of EUS
for proximal vs distal stenosis was significantly higher
for distal stenosis (79% vs 57%, P < 0.0001).
CONCLUSION: ERCP/IDUS is superior to EUS and CT
in providing accurate diagnoses of bile duct strictures
of uncertain etiology. Multimodal diagnostics is recommended.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intraductal ultrasound; Intraductal ultrasound; Bile duct strictures; Endosonography; Computed
tomography; Malignancy
Core tip: A cohort of 234 patients with bile duct strictures of unknown etiology was examined to determine
the diagnostic efficiency of endoscopic retrograde cholangio-pancreatography (ERCP), intraductal ultrasound
(IDUS), endosonography (EUS), endoscopic transpapillary forceps biopsies (ETP) and computed tomography
(CT). The detection rate of malignancy by ERCP/IDUS
was superior to ETP (91% vs 59%, P < 0.0001), EUS
(91% vs 74%, P < 0.0001), and CT (91% vs 73%, P <
0.0001); EUS was comparable to CT (74% vs 73%, P
= 0.649). Taking the findings of our study into account,
we suggest that ERCP/IDUS is superior to EUS and CT
in providing accurate diagnoses of bile duct strictures
of uncertain etiology, thus allowing for adequate further
clinical management.
Heinzow HS, Kammerer S, Rammes C, Wessling J, Domagk D,
Meister T. Comparative analysis of ERCP, IDUS, EUS and CT in
predicting malignant bile duct strictures. World J Gastroenterol
2014; 20(30): 10495-10503 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i30/10495.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i30.10495

small comparative study of 40 patients only revealed a
sensitivity and specificity rate for CT of 77% and 63%,
respectively[6]. With respect to vascular infiltration and
lymph node invasiveness, CT was found to be favorable
compared with the other techniques[7].
ERCP has significant diagnostic and therapeutic value
in bile duct strictures in which there is an additional need
for intervention and specimen acquisition occurs[8]. Yet,
trials on biliary brush cytology or forceps biopsies have
described poor results, thus indicating the need for further studies analyzing appropriate tissue sampling[9,10].
The use of IDUS performed during ERCP enables the
investigator to obtain additional information concerning the bile duct wall and the periductal tissue[11] and has
demonstrated its tremendous clinical importance by estimating the extent of potentially cancerous infiltration[12].
EUS is capable of visualizing the local extent of tumors,
and the status of regional lymph nodes has shown promising results for the detection of malignant stenoses of
the distal bile duct with a sensitivity of up to 96%[13]. Its
role for the evaluation of proximal bile duct lesions still
remains uncertain[14,15]. In contrast, cholangioscopy is a
fairly new and promising diagnostic technique for use on
patients with indeterminate pancreaticobiliary pathology.
However, so far, only limited data evaluating the diagnostic impact of cholangioscopy are available, and they show
a sensitivity of 71% up to 89%[16,17].
Study aims
Comparative studies of the various imaging studies with
only limited patient numbers are available so far. Therefore, we aimed to evaluate the diagnostic yield of IDUS,
EUS, and CT in a large patient cohort scheduled for
ERCP with IDUS, CT, and EUS due to indeterminate
strictures or filling defects of the common bile duct. The
objectives of this study were to observe the diagnostic
quality of the imaging procedures in differentiating malignant from benign strictures. A postoperative diagnosis
based on a histological assessment of surgical resection
specimens or alternatively a follow-up period of at least
12 mo was considered the gold standard.

MATERIALS AND METHODS
INTRODUCTION
There are no definite guidelines for the management and
diagnosis of biliary strictures of indeterminate etiology
to date. Various endoscopic and radiographic imaging
modalities, such as endoscopic retrograde cholangiopancreatography (ERCP), intraductal ultrasound (IDUS),
endosonography (EUS), and computed tomography
(CT), are available and compete with each other[1-3]. Due
to its widespread availability, CT is commonly performed
on patients with indeterminate strictures of the biliary
tract[4]. In a small non-comparative study with 58 patients,
the overall accuracy of CT cholangiography for the diagnosis of biliary obstruction was 89.8%[5]. However, a
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Data collection
This retrospective analysis was performed on 234 patients. We included all patients with jaundice of unknown
etiology and suspected biliary stricture. Patients did not
have a history of previous biliary surgery. According to
the study protocol, patients underwent diagnostic laparotomy; alternatively, a long follow-up of at least 12 mo was
accepted. We examined patients having undergone ERCP,
IDUS, EUS, and CT at Münster University Hospital from
2002 to 2010. Figure 1 demonstrates the identification of
a malignant bile duct stricture in the three mentioned diagnostic imaging modalities. The presence of a uniform
(homogeneous) echo of the tumor with smooth margins
and no signs of infiltrative processes were considered as
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A

B

C

Figure 1 Imaging of pancreatic cancer with a malignant bile duct stricture. A: Fluoroscopic picture showing the bile duct stricture as filling defects by endoscopic
retrograde cholangio-pancreatography (indicated by an arrow); B: Endosonography showing a pancreatic mass (indicated by an arrow); C: Computed tomography
showing the tumor of the pancreatic head (indicated by an arrow) with an enlarged pancreatic duct.

benign characteristics on IDUS or EUS. Signs of malignancy involved an inhomogeneous echo of the tumor
with infiltration of the adjacent tissue. A double-ductsign was also considered to be a malignant characteristic.
The characterization of a malignant biliary obstruction
by ERCP followed the known criteria: irregularly shaped
intraluminal filling defect of the bile duct, promptly and
irregularly altered shape of a distal narrow segment, and
a proportionally dilated biliary tree proximally. According to the established criteria of bile duct malignancy,
CT signs range from the eccentric thickness of the bile
duct wall, leading to stenosis of the bile duct lumen and
proximal dilatation of the biliary tract, to tumor formations primarily with hypodensic density aspects. Signs of
invasion into neighboring tissue, blurred borders, tumoral
compression, or blunt termination of biliary tracts and
vessels and lymphogenic or hematogenic tumor spread
are usually characteristic signs of malignancy. In contrast,
the absence of neighboring lymph node involvement
and metastases and signs of progressive narrowing and
sharply defined tissue borders or other causes of extrahepatic cholestasis like bile duct stones suggests a benign
tumor.
In Figure 2, malignancy could only be observed
through IDUS (Figure 2B). This pancreatic tumor could
not be visualized by EUS or CT (Figure 2B and C).
The clinical records of patients were collected and
carefully analyzed. Baseline characteristics, diagnostic
techniques employed, and histopathology were retrieved,
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as shown in Table 1.
Exclusions
The following patients were excluded from this study: patients with prior biliary surgery; patients not having been
histopathologically controlled by surgery, forceps biopsy,
or with an endoscopic follow-up of less than 1 year in
suspected benign biliary stenosis.
Procedures
All patients enrolled in the present study underwent
ERCP with the additional application of IDUS, EUS, and
CT. The individual procedure was performed after written informed consent had been obtained from the patients or related persons for the endoscopic procedures.
All endoscopic maneuvers were executed by highly experienced investigators according to the generally accepted
guidelines with an ERCP case volume above 200/year[18].
The ERCP and IDUS procedures were performed under
fluoroscopic guidance using a side-viewing duodenoscope (Olympus TJF 160, Olympus, Ltd., Tokyo, Japan).
All endoscopic procedures were performed under
conscious sedation (propofol combined with pethidine)
according to the German guidelines[19]. For IDUS, a 6F
or 8F ultrasound miniprobe was employed with a radial
scanner of 15-20 MHz at the tip of the probe (Aloka
Co., Tokyo, Japan). Thus, a radial real-time image of 360°
view was possible for optimum investigation of the area
surrounding the probe. The visible depth was approxi-
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Figure 2 Imaging of pancreatic cancer with a malignant bile duct stricture. A: Intraductal ultrasound showing a hypoechoic pancreatic mass of 36 mm in diameter (indicated by an arrowhead); B: Endosonographic picture showing a dilated pancreatic duct of 4 mm in diameter, but no visible pancreatic mass (arrow); C: Computed tomography without a visible tumor in the pancreatic head.

mately 20 mm with a resolution of up to 0.1 mm. A total
of 194 procedures included additional transpapillary forceps biopsies (n = 4-8 specimens) from the biliary strictures obtained using straight or angled endoscopic forceps (MTW Endoscopy, Wesel, Germany). If insertion
of the forceps into the stricture was not feasible, biopsies
were retrieved from the distal margins of the bile duct
stenosis[20]. Patients who were eligible for surgery were
transferred to the Department of General and Visceral
Surgery, Münster University Hospital.
The EUS procedures were performed using a radial
or linear echoendoscope with up to a 10 MHz frequency
(EG-3670 URK and EG-3870 UTK, Pentax Medical/
Hitachi Medical Systems, Tokyo, Japan) with the patient
lying in the left lateral position.
CT examinations were performed using multi-slice
CT scanners (16- and 64-slice scanner, Siemens AG,
Forchheim, Germany) using a standardized tube voltage at 120 kV with a detector configuration of 16 mm ×
0.75 mm and 32 mm × 0.6 mm, respectively, and a pitch
of 0.75. In the majority of cases, the images were reconstructed with a slice thickness of 1.0 mm (reconstruction increment of 0.8) with a soft tissue reconstruction
kernel (B30). A volume of 120-150 mL intravenous contrast agent (Ultravist 370®, Bayer Schering Pharma AG,
Leverkusen, Germany) was applied at a constant flow
rate of 3-4 mL/s depending on the acquired phases of
contrast enhancement. Dual-phasic images were acquired
with a scan delay of 45 s (late arterial, as obtained by test-
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or care bolus technique) and 75 s (portal-venous). The
imaging protocol did not differ from the standardized
protocol used in clinical routines.
For image assessment, the reconstructed images were
assessed on a standard workstation (Syngo, Siemens AG,
Forchheim, Germany) with cine mode and multiplanar
reformation capabilities. In 46 cases, image analysis was
only possible on hard copies. Image data were analyzed
independently by two radiologists, blinded to the final
diagnosis, who evaluated the bile duct stricture characteristics (benign or malignant, stricture location) and the
involvement of regional lymph nodes or distant metastases in case of malignancy. Furthermore, tumor size and
localization was assessed.
Follow-up
All patients with suspected benign strictures had routine
follow-up the day following intervention and every three
months for the first year, every six months the second
year, and annually up to the third year after intervention at
our department. The follow-up procedure was performed
according to a surveillance protocol including laboratory testing and abdominal ultrasound. In cases of biliary
plastic stent insertion, the follow-up procedures included
ERCP and possible biliary plastic stent changing.
Statistical analysis
Data were analyzed using SPSS 17.0 (Chicago, IL, United
States). The results were expressed as medians (interquar-
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undergone surgery and were instead followed by a surveillance protocol with a follow-up of at least 12 mo; the
median follow-up was 34 mo (Table 1). In twenty-three
patients, extended tumor disease was found using the
imaging modalities, with consecutive palliative treatment.
The remaining 161 patients with a suspected malignancy
based on at least one of the analyzed imaging modalities
were referred to the department of surgery for operative
exploration; thus, a surgical histopathological correlation
was available for those patients. A total of 113 patients
had malignant disease proven by surgery, whereas in 48
patients, benign disease was found during surgery. A flow
chart showing the enrollment of the study patients is presented in Figure 3.
A comparison of the different diagnostic tools for
detecting bile duct malignancy resulted in accuracy
rates of 91% (ERCP/IDUS), 59% (ETP), 92% (IDUS
+ ETP), 74% (EUS), and 73% (CT), respectively. In
the subgroup analysis, the accuracy rates (%, ERCP +
IDUS/ETP/IDUS + ETP; EUS; CT) for each tumor
entity were as follows: cholangiocellular carcinoma:
92%/74%/92%/70%/79%; pancreatic carcinoma:
90%/68%/90%/81%/76%; and ampullary carcinoma:
88%/90%/90%/76%/76% (Table 2). The detection of
malignancy by ERCP/IDUS was superior to ETP (91%
vs 59%, P < 0.0001), EUS (91% vs 74%, P < 0.0001), and
CT (91% vs 73%, P < 0.0001). The accuracy rate of EUS
was comparable to CT (74% vs 73%, P = 0.649) (Figure 4).
When analyzing accuracy rates with regard to localization
of the bile duct stenosis, the accuracy rate for proximal vs
distal stenosis did not differ statistically for ETCP/IDUS,
EPT and CT, whereas by EUS, the detection rate of malignancy was significantly higher for distal stenosis (79%
vs 57%, P < 0.0001) (Table 3).

Table 1 Baseline characteristics of the patient cohort n (%)
Variable

Value

Patients, n
Median age, yr (IQR)
Age range, yr
Sex (M/F)
ERCP + IDUS performed, n
ETP performed
EUS performed, n
CT performed, n
Median follow-up, mo (IQR)
Follow-up range, mo
Procedures, n
Clinical follow-up
Surgery
Palliative therapy
Localization of stricture (CBD)
Proximal third
Middle third
Distal third
Final diagnosis (n)
Benign disease
Normal bile duct
Papillitis
Ampullary adenoma
Cholangitis
PSC
Mirizzi syndrome
Choledocholithiasis
Pancreatitis
Pseudocyst
Choledochal adenofibroma
IPMN
Choledochal cyst
Pancreatic cystadenoma
Caroli’s syndrome
Malignant disease
Cholangiocarcinoma
Pancreatic carcinoma
Ampullary carcinoma
Gallbladder carcinoma
Hepatocellular carcinoma

234
64 (54-73)
20-90
127/107
234
194 (83)
234
234
34 (19-52)
12-100
50
161
23
28 (12)
21 (9)
185 (79)
98
10
15
8
10
3
3
2
39
2
1
2
1
1
1
136
56
55
19
3
3

DISCUSSION

IQR: Interquartile range; CBD: Common bile duct; PSC: Primary sclerosing cholangitis; M: Male; F: Female.

tile range) and ranges. For each of the diagnostic measures, the sensitivity, specificity, and accuracy rates were
calculated. In all cases, the gold standard was the histopathologic staging of specimens. A comparison of the
accuracy rates between the localization of the stricture
was performed by using the Mann-Whitney U-test and
the χ 2 test as appropriate. A comparison of the accuracy
rates between the diagnostic procedures was performed
by using McNemar’s test. Differences were considered
statistically significant if P < 0.05.

RESULTS
Patient characteristics
A total of 234 patients (127 males, 107 females, median
age 64, range 20-90 years) with indeterminate bile duct
strictures were included. Fifty patients received a benign
diagnosis based on imaging modalities without having

WJG|www.wjgnet.com

Newly diagnosed bile duct strictures must usually be considered malignant until proven otherwise in patients with
no history of previous biliary surgery. Various endoscopic and radiological imaging modalities of the bile tract
are available, thus often leading to extensive use of the
modalities. However, because of increasing health care
expenses, choosing the appropriate imaging technique
from the wide range of endoscopic and radiological modalities available seems crucial. For this purpose, doctors
should have information about each technique and when
it is best to use each of them.
A couple of previously published studies have been
devoted to a comparison of the various imaging modalities, leading to an ongoing debate about which diagnostic tool is best for detecting malignancy in bile duct
strictures of uncertain etiology. In a prospective study
conducted by Rösch and colleagues in 2002[6], ERCP,
MRCP, CT, and EUS were compared with respect to the
diagnostic accuracy of biliary strictures. They found sensitivity and specificity rates for ERCP/MRCP/CT/EUS
of 85%/75%, 85%/71%, 77%/63%, and 79%/62%,
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Indeterminate bile duct stricture
Performance of ERCP/IDUS, EUS and CT
n = 234

Surgery due to high risk of
malignancy
n = 161

No surgery
n = 73

Surgery:
Benign disease
n = 48

Surgery:
Truly malignant
n = 113

Follow-up:
Benign
n = 50

Palliative
therapy
n = 23

Figure 3 Flow chart showing the enrollment of study patients. ERCP: Endoscopic retrograde cholangio-pancreatography; IDUS: Intraductal ultrasound; EUS:
Endosonography; CT: Computed tomography.

Table 2 Diagnostic indices predicting malignant bile duct stenosis
Index

Diagnostic parameter
ERCP/IDUS

ETP

IDUS + ETP

EUS

CT

95%CI

95%CI

95%CI

95%CI

95%CI

All patients
Sensitivity
93%
88-97
126/136
37%
29-45
47/127
Specificity
89%
83-95
87/98
100%
NA
67/67
Accuracy
91%
87-95
213/234
59%
52-66 114/194
Subgroup only considering CCC as a malignancy
Sensitivity
96%
92-100
54/56
42%
29-55
23/55
Specificity
89%
83-95
87/98
100%
NA
67/67
Accuracy
92%
87-96
141/154
74%
66-81
90/122
Subgroup only considering pancreatic carcinoma as a malignancy
Sensitivity
93%
86-100
51/55
26%
14-38
13/50
Specificity
89%
83-95
87/98
100%
NA
67/67
Accuracy
90%
85-95
138/153
68%
60-77
80/117
Subgroup only considering ampullary carcinoma as a malignancy
Sensitivity
84%
68-100
16/19
53%
29-77
9/8
Specificity
89%
83-95
87/98
100%
NA
67/67
Accuracy
88%
82-94
103/117
90%
84-97
76/84

94%
89%
92%

90-98
83-95
88-95

128/136
87/98
215/234

71%
78%
74%

63-78
69-86
68-79

96/136
76/98
172/234

67%
82%
73%

59-75
74-89
67-79

91/136
80/98
171/234

96%
89%
92%

92-100 54/56
83-95
87/98
87-96 141/154

57%
78%
70%

44-70
69-86
63-77

32/56
76/98
108/154

73%
82%
79%

62-85
74-89
72-85

41/56
80/98
121/154

93%
89%
90%

86-100 51/55
83-95
87/98
85-95 138/153

87%
78%
81%

78-96
69-86
75-87

48/55
76/98
124/153

65%
82%
76%

53-78
74-89
69-78

36/55
80/98
116/153

95%
89%
90%

85-100 18/19
83-95
87/98
84-95 105/117

68%
78%
76%

48-89
69-86
68-84

13/19
76/98
89/117

47%
82%
76%

25-70
74-89
68-84

9/19
80/98
89/117

IDUS: Intraductal ultrasound; ETP: Endoscopic transpapillary biopsies; EUS: Endoscopic ultrasound; CT: Computed tomography; NA: Not available.

respectively. In another prospective study performed by
Domagk et al[7], ERCP/IDUS, EUS, multidetector-row
computed tomography, and magnetic resonance imaging were prospectively compared, with ERCP/IDUS
found to be superior to all other imaging techniques in
assessing malignant bile duct strictures. However, these
studies were conducted with only a limited number of
patients. In a multimodal approach, we retrospectively
analyzed the sensitivity and specificity for differentiating
between malignant and benign strictures in a group of
234 patients. Differentiation between malignant and benign strictures was best performed by the application of
ERCP/IDUS, an approach that was significant superiority to CT and EUS. A comparison of the different diagnostic tools for detecting bile duct malignancy resulted in
accuracy rates of 91% (ERCP/IDUS), 59% (ETP), 92%
(IDUS + ETP), 74% (EUS), and 73% (CT), respectively
(Table 2).

WJG|www.wjgnet.com

In terms of tumor entity, IDUS demonstrated the
best results for cholangiocellular carcinoma, with accuracy
and sensitivity rates of 92% and 96%, respectively (Table
2). The findings of this present study are in agreement
with the hypothesis that the accuracy of ERCP/IDUS
is superior to other imaging investigations[21]. However,
due to the minor ultrasonic penetration depth, IDUS
tends to understage tumors of the pancreaticobiliary
tract and does not seem useful in extensive lymph node
staging[12,22]. This calls for a multimodal approach, which
in our experience is common clinical practice. However,
no official guidelines exist that describe which diagnostic
tool should preferably be used for each tumor entity[23].
According to our and previous results[7,12], the combination of ERCP and IDUS seems to be the most accurate
imaging modality for diagnosing biliary strictures. An
imaging modality, such as EUS or CT, should be added in
the case of preoperative evaluation to detect lymph node
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Table 3 Method-dependent accuracy rates and tests of
significance (proximal vs distal stenosis) with respect to the
localization of bile duct stenosis n (%)

P < 0.0001 P < 0.0001 P < 0.0001
91

P = 0.648
74

73

Method

60
59

IDUS

40
ETP
20

IDUS + ETP
EUS

0
ERCP/IDUS

ETP

EUS

CT

CT

Figure 4 Test for statistical significance (McNemar’s test) in terms of the
diagnostic accuracy in identifying a malignant bile duct stricture (presented as a diagram). ERCP: Endoscopic retrograde cholangio-pancreatography;
IDUS: Intraductal ultrasound; EUS: Endosonography; ETP: Endoscopic transpapillary forceps biopsies; CT: Computed tomography.
[6,24]

invasion or distant metastasis . In our study, 48 patients referred to the department of surgery for operative
exploration due to a suspected malignancy were found to
have a benign stricture (Figure 3). In 39 of these patients,
malignancy was suspected by ERCP, EUS, and/or CT. In
the remaining 9 patients, malignancy was either clinically
suspected or a premalignant condition was given: 2 patients with ampullary adenoma underwent papillectomy
due to premalignant potential, one patient with PSC received a liver transplant due to extended disease, one patient with chronic pancreatitis and weight loss underwent
surgery, 5 patients with indeterminate pancreatic cystic lesions underwent surgery due to malignant potential, and
one patient with Caroli disease underwent biliary surgery
due to recurrent cholangitis. To avoid unnecessary surgery, a targeted use of diagnostic procedures is mandatory in which the localization of the stenosis and the suspected tumor entity have to be taken into account. When
analyzing accuracy rates with regard to localization of the
bile duct stenosis, the accuracy rate for proximal vs distal
stenosis did not differ statistically for ERCP/IDUS and
CT, whereas with EUS, the detection rate of malignancy
was significantly higher for distal stenosis (79% vs 57%, P
< 0.0001) (Table 3). It needs to be mentioned that preoperative EUS is often insufficient and highly dependent on
the investigator´s expertise. Thus, the use of radiological
imaging modalities such as CT scans adequately mirrors
clinical reality[23].
ERCP/IDUS is superior to EUS and CT in providing accurate diagnoses of bile duct strictures of uncertain etiology, thus allowing for adequate further clinical
management. However, one should bear in mind that
ERCP complemented with IDUS and EUS are invasive
diagnostic procedures compared with CT. Acute pancreatitis is considered a relevant major complication in
approximately 3% of cases following endoscopic retrograde cholangiopancreatography[25]. Moreover, IDUS
is considered to be a further independent risk factor of

WJG|www.wjgnet.com

Stenosis
(localization)

Accuracy

95%CI

Proximal
Distal
Proximal
Distal
Proximal
Distal
Proximal
Distal
Proximal
Distal

28 (100)
165 (89)
13 (46)
93 (62)
28 (100)
167 (90)
16 (57)
147 (79)
25 (89)
132 (71)

100-100
85-94
28-65
55-70
100-100
86-95
39-75
74-85
79-100
65-78

P value
(prox. vs distal)
0.419
0.275
0.505
< 0.0001
0.09

IDUS: Intraductal ultrasound; ETP: Endoscopic transpapillary biopsies;
EUS: Endoscopic ultrasound; CT: Computed tomography.

post-ERCP pancreatitis. EUS, however, has a complication rate of only 0.03% up to 0.15%[26]. Thus, EUS can
be considered a very safe diagnostic imaging tool that
is comparable to CT. Taking the diagnostic yield of the
three imaging modalities into account and the patient
cohort with a probability of therapeutic ERCP in 50%
of the cases, we consider the use of ERCP with adjunct
IDUS as justified. However, the use of multimodal diagnostics is recommended due to the even better accuracy
rates. We are aware that according to the study protocol,
there is a methodological bias in our study. First, some
of the patients were referred to our hospital because of
acute cholangitis; thus, a plastic stent was placed immediately during ERCP, possibly altering the results of further applied diagnostic imaging modalities. Second, three
cross-sectional techniques and one ductal imaging technique supplemented with a limited cross-sectional modality were compared. Furthermore, we investigated patients
over a time period of seven years. The development and
improvement of Multi-Slice-CT in this time period has
led to variations of the technical preconditions, especially
in the beginning of the study, because of inferior technical requirements due to restrictions in the spatial resolution and not having access to multiplanar 3-dimensional
reconstructions. This condition might have led to results
favoring other imaging modalities compared with CT.

COMMENTS
COMMENTS
Background

Definite guidelines for the management and diagnostics of biliary strictures of
indeterminate etiology do not exist so far. Moreover, comparative studies of the
various imaging studies with only small patient cohorts are available. Therefore,
authors aimed to evaluate the diagnostic yield of intraductal ultrasound (IDUS),
endosonography (EUS) and computed tomography (CT) in a large patient cohort
scheduled for endoscopic retrograde cholangio-pancreatography (ERCP) with
IDUS, CT and EUS due to indeterminate strictures or filling defects of the common bile duct. The objectives of this study were to observe the diagnostic quality
of the imaging procedures in differentiating malignant from benign strictures.

Research frontiers

IDUS, EUS and CT are well established imaging techniques in medicine. How-
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ever, its combined use in the diagnostics of bile duct strictures is a matter of
dabate. The research hotspot is how to combine different imaging tools in order
to optimally differentiate malignant from benign bile duct strictures.

Innovations and breakthroughs

Previously published studies have been devoted to comparison of various imaging modalities in the diagnostics of indeterminate bile duct strictures. However,
so far only studies of limited patient numbers exist. The combination of ERCP
and IDUS seems to be the most accurate imaging modality in diagnosing biliary
strictures. However, due to the minor ultrasonic penetration depth IDUS tends
to understage tumors of the pancreaticobiliary tract, thus further imaging modality such as EUS or CT should be added in case of preoperative evaluation to
detect lymph node invasion or distant metastasis. The analysis of the large patient cohort adds valuable information to the ongoing debate which diagnostic
tool is best for detecting malignancy in bile duct strictures of uncertain etiology.

Applications

10

11

12

13

The study results suggest a multimodal approach in the work-up of bile duct
strictures of uncertain etiology.

Terminology

Intraductal ultrasound miniprobes can be inserted into the working channel of
the gastroscope or sideviewing duodenoscope. It can be performed within an
ERCP session. Its advantage is the high resolution due to frequencies of up to
30 MHz. giving a high resolution picture of the papilla, the bile duct wall and the
adjacent tissue.

14

Peer review

The authors present an interesting research. The paper is well written. The
authors analyzed influence of different diagnostic techniques in predicting malignant bile duct strictures. The results of this study are useful for management
of patients with bile duct stricture.
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RESULTS: Five hundred and seven patients were
included for analysis of which 174 were classified as
high risk. Median values of complete Rockall Score (5
vs 4, P = 0.002) and length of stay (5 d vs 4 d, P =
0.04) were higher in the high risk group but in-hospital
mortality was lower (0.6% vs 3.9%, P = 0.03). 130
out of the 174 patients in the high risk group were not
taking recommended gastroprotective therapy prior
to hospitalization. Past history of PUD (OR = 3.7, P
= 0.006) and clopidogrel use (OR = 3.2, P = 0.007)
significantly predicted prescription of gastroprotective
therapy. Using proton pump inhibitor protection rates
of 50%-85% from published studies, an estimation of
13% to 22% of the total number of the hospitalizations due to PUD or EG/ED related bleeding may have
been preventable.
CONCLUSION: Up to one fifth of all hospitalizations for
bleeding secondary to PUD or EG/ED are potentially preventable.

Abstract
AIM: To calculate the proportion of potentially preventable hospitalizations due to peptic ulcer disease
(PUD), erosive gastritis (EG) or duodenitis (ED).
METHODS: Retrospective cohort study using ICD-10
codes to identify all patients with upper gastrointestinal hemorrhage secondary to endoscopically proven
PUD, EG or ED during the period from March 2007 to
October 2010 in three major metropolitan hospitals in
Melbourne, Australia. Patients were divided into “high
risk” (those who would benefit from gastroprotection)
and “not high risk” groups as defined by established
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guidelines. Mean Rockall score, transfusion requirement, length of stay, rebleeding rates, need for surgery and in-hospital mortality was compared between
“high risk” and “not high risk” groups. Within the “high
risk” group, those on gastroprotection and those with
no gastroprotection were also compared.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Peptic ulcer; Gastrointestinal hemorrhage;
Prevention; Non-steroidal anti-inflammatory drug; Proton pump inhibitor; Gastroprotection
Core tip: Gastroprotective therapies reduce the risk of
bleeding from peptic ulcer disease. For certain high
risk groups, the risk reduction is significant: in the order of 50%-85%. Despite this, gastroprotection is still
underutilised in this setting. It is unclear what proportion of hospitalizations that occur due to peptic ulcer
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disease bleeding is preventable. This original research
finds that adherence to gastroprotective therapies in
high risk populations is poor, and that up to one fifth of
all hospitalizations due to peptic ulcer disease related
bleeding are potentially preventable.
Boyapati R, Ong SY, Ye B, Kruavit A, Lee N, Vaughan R, Nandurkar S, Gibson P, Garg M. One fifth of hospitalizations for
peptic ulcer-related bleeding are potentially preventable. World
J Gastroenterol 2014; 20(30): 10504-10511 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i30/10504.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10504

Patients who receive NSAIDs experience more PUDrelated complications resulting in hospitalizations in the
absence of gastroprotection[19,29]. However, it is unclear
what proportion of PUD-related hospitalizations is potentially preventable with adequate gastroprotection. The
aim of the present study was, therefore, to assess the proportion of patients hospitalised for PUD, erosive gastritis
(EG) or duodenitis (ED) who met eligibility criteria for
gastroprotection and to elicit rates of gastroprotection in
these patients. Such data were used to calculate the proportion of potentially preventable hospitalizations due to
PUD or EG/ED.

MATERIALS AND METHODS
INTRODUCTION
Upper gastrointestinal hemorrhage (UGIH) is a major
cause of morbidity and mortality worldwide, accounting
for about 30 to 160 hospitalizations per 100000 population per year and a mortality of 6 per 100000 per year[1-6].
About half of these episodes are related to peptic ulcer
disease (PUD). The annual cost to the United States
from these hospitalizations is estimated at between one
and two billion dollars[7].
The predominant risk factors for peptic ulcer disease
are Helicobacter pylori (H. pylori) infection, antiplatelet and
non-steroidal anti-inflammatory drug (NSAID) use[8].
The epidemiology has shifted towards the latter in the
past few decades as a result of reducing prevalence of
H. pylori as well as increasing eradication rates and a later
age of presentation[9]. Patient groups at highest risk of
bleeding include those with advanced age, prior history
of PUD, use of NSAIDs at high dose for prolonged periods (> 2 wk), or concurrent antiplatelet, anticoagulant
or corticosteroid therapy[10-12].
The risk of bleeding from PUD is reduced by the
use of gastroprotective therapies such as proton pump
inhibitors (PPIs), high dose H2 receptor antagonists
(H2RA) or misoprostol[10,11]. PPI therapy in groups at
high risk reduces the risk of bleeding by 50%-85%[13-20]
and is more effective than H2RA[21]. A large randomised
controlled trial[15] showed a UGIH hazard ratio of 0.13
(P = 0.001) in those patients taking a dual antiplatelet
therapy with a concurrent PPI compared to placebo. Another randomised controlled trial comparing clopidogrel
alone with concurrent PPI demonstrated a similar risk
reduction in UGIH[14]. Endoscopic findings of gastric
ulcers or duodenal ulcers have also been shown to be
reduced with concurrent PPI use for clopidogrel alone
(HR = 0.10)[22] and aspirin alone (RR = 70%)[16]. Observational studies have demonstrated risk reductions of
between around 40%-70% for aspirin[13,23], 50%-80% for
clopidogrel[18,23], 85% for dual antiplatelet therapy[13] and
50%-87% for those on NSAIDs[13,17,20,23]. Despite this
evidence, gastroprotection in patients at high risk for
PUD bleeding is still underutilised, with adherence by
clinicians and patients ranging from 15%-40%[19,24-28].
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Study design
All patients admitted with gastrointestinal bleeding at
three major metropolitan hospitals in Melbourne, Australia - Box Hill Hospital and Maroondah Hospital between
March 2007 and October 2009, and Austin Hospital
between March 2008 and October 2010 - were identified. ICD-10 codes were used for gastric/duodenal/peptic ulcers, gastritis, duodenitis, haematemesis, melaena
and unspecified gastrointestinal hemorrhage to ensure
completeness of capture. Those who underwent upper
gastrointestinal endoscopy with or without intervention
during the index hospitalization were then selected using
procedure codes. All case histories were reviewed, and
those in whom PUD or EG/ED were deemed to be the
cause of the UGIH were selected for analysis. Patients
with gastritis or duodenitis that was not felt to be the
cause of the UGIH by the endoscopist, as well as bleeding felt to be due to portal hypertensive gastropathy or
duodenopathy, were excluded. Demographic, clinical (including co-morbid illnesses and medications), laboratory
and endoscopic data were recorded.
The selected patient population was divided into “high
risk” and “not high risk” groups according to their risk
of developing complications from PUD without gastroprotective therapy. Patients at high risk were defined
according to guidelines published by the American College of Cardiology Foundation, the American College of
Gastroenterology, the American Heart Association and
Gastroenterological Society of Australia[10-12] (Table 1).
This study was approved by the Ethics Committees
for Austin Health (reference H2011/04239) and Eastern
Health (reference LR92/1112).
Statistical analysis
Once identified, patients at high risk were evaluated for a
history of use of gastroprotective therapies. Patients not
taking gastroprotective therapies prior to admission were
then assessed for the potentially preventable nature of
their hospitalization, assuming an efficacy of 50%-85%
from previous prospective studies. Patients at high risk
and those not at high risk were compared for clinical
endpoints, including Rockall Score, blood transfusion
requirement, length of hospital stay, in-hospital rebleed-
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Table 1 “High risk” group selection
Non-selective NSAID users

COX-2 inhibitor users

Anti-platelet users

Y
Y
Y
Y
Y
Y

Y
Y

Y
Y

Past history of PUD
Concurrent antiplatelet or anticoagulant therapy
Concurrent corticosteroid therapy
Age ≥ 60 yr
Both: Age ≥ 60 yr and concurrent corticosteroids
High dose, duration > 2 wk

Y

Patients were considered as high risk according to guidelines [use of non-steroidal anti-inflammatory drug (NSAIDs), cyclooxygenase-2 (COX-2) inhibitor
and/or anti-platelet agents in addition to features as listed in the first column; Y: High risk group; PUD: Peptic ulcer disease.

2406 Patient episodes identified
1899 Patient episodes excluded (1878 not
peptic ulcer or EG/ED related bleeding, 21
case notes not available)
507 Patients selected for analysis

194 Box Hill Hospital

218 Austin Hospital

95 Maroondah Hospital

Figure 1 Patient episode selection. EG: Erosive gastritis; ED: Erosive duodenitis.

Statistical analyses were performed using Microsoft
Excel (Microsoft 2010), GraphPad Prism v5.04 (Graphpad software, 2010) and SPSS v20 (IBM Corporation
2011). The Mann Whitney test was used for comparison
of non-parametric data, and χ 2 and Fisher’s exact test
were used for comparison of 2 × 2 contingency tables.
A P value of less than 0.05 was considered statistically
significant.

Table 2 Baseline patient characteristics n (%)
Characteristics

Total

Patients
(n = 507)

Demographic
Medication use

Comorbidity

Age > 65 yr
Male
Aspirin
NSAIDS
Anticoagulant
Clopidogrel
Corticosteroids
Ischaemic heart disease
Diabetes
Atrial fibrillation
Renal failure
Cerebrovascular disease
Malignancy
Chronic obstructive pulmonary disease
Cirrhosis
Haematological malignancy
Aortic stenosis

335 (66)
313 (62)
239 (47)
124 (24)
71 (14)
70 (14)
46 (9)
150 (30)
114 (22)
72 (14)
66 (13)
58 (11)
51 (10)
40 (8)
20 (4)
14 (3)
9 (2)

RESULTS

NSAIDS: Non-steroidal anti-inflammatory drug.

ing, mortality and need for surgery. Logistic regression
was performed to assess the impact of each indication
for gastroprotective therapy on observed incidence of
gastroprotection in patients deemed to be at high risk of
bleeding secondary to PUD or EG/ED, with seven independent variables incorporated into the model: age ≥
60 years, past history of PUD, and intake of NSAIDs,
aspirin, corticosteroids, clopidogrel, or anticoagulants.

WJG|www.wjgnet.com

In total, 2406 episodes were identified across the three
hospitals. As shown in Figure 1, after careful review
of patient histories, 1899 patients were excluded from
analysis. Most of these episodes were excluded either
due to the indication for gastroscopy being something
other than suspected UGIH (e.g., lower gastrointestinal
bleeding or abdominal pain/dyspepsia) or because the
UGIH was deemed by the endoscopist to be unrelated
to PUD or EG/ED. In a few cases, the case notes were
unavailable. Thus, 507 patient episodes were selected for
final analysis. The baseline characteristics of the selected
patients are shown in Table 2. No significant differences
were noted between the three hospitals.
One hundred and seventy-four patients were classified as high risk and hence met criteria for gastroprotection. A significant proportion (47%) was on aspirin at
the time of the UGIH. Smaller proportions were taking
NSAIDs (24%), clopidogrel (14%), corticosteroids (9%)

10506

August 14, 2014|Volume 20|Issue 30|

Boyapati R et al . Preventable peptic ulcer hospitalizations
174 Patients

Non-selective NSAID Users

46 aged ≥ 60

No non-selective NSAID Use

Aged < 60

6 concurrent antiplatelet/anticoagulant/CS

COX-2 selective

5 high dose
≥ 2 wk
duration

26 concurrent
antiplatelets

Aspirin

19 previous PUD

34 dual anti-platelets

22 concurrent
anticoagulant

7 aged ≥ 60 and CS

4 previous PUD

No COX-2 selective

4 concurrent CS
and PHx PUD/
anticoagulant

No aspirin

Clopidogrel

1 concurrent anticoagulants

Figure 2 High risk patient selection according to mutually exclusive groups. NSAID: Non-steroidal anti-inflammatory drug; PUD: Peptic ulcer disease; COX-2:
Cyclooxygenase-2.

Table 3 Comparison of outcomes during hospitalization for
patients classified as “high risk” with those “not high risk”
according to concurrent medication use (see text) n (%)
High Risk Not High Risk P value
Median Rockall Score (IQR)
Pre-endoscopic
Complete
Median packed red cells units
transfused (IQR)
Median length of stay in days (IQR)
Rebleeding
Need for surgery
In-hospital mortality

(n = 174)

(n = 333)

3 (2-4)
5 (4-6)
3 (1-4)

3 (1-4)
4 (3-6)
2 (0-4)

5 (3-10)
13 (7.5)
4 (2.3)
1 (0.6)3

4 (3-7)
42 (12.6)
17 (5.1)
13 (3.9)4

< 0.0011
0.0021
0.1941
0.0431
0.0772
0.1322
0.0302

1

Mann-Whitney test; 2χ 2 test; 3Cause of death: uncontrolled bleeding (1);
Cause of death: Decompensated heart failure (1), acute myocardial infarction (2), advanced malignancy (5), decompensated cirrhosis (1), hospital
acquired pneumonia (1), uncontrolled bleeding (1), uncertain from case
notes (2). IQR: Interquartile range.
4

and anticoagulants (14%). Patients at high risk were identified by dividing the 507 patients according to a number
of mutually exclusive criteria as shown in Figure 2.
As shown in Table 3, the median complete Rockall
Score was higher (P = 0.002) in patients considered at
high risk compared with those not considered at high
risk for clinically relevant end-points. Length of stay was
higher (P = 0.043) in the high risk group, but in-hospital
mortality was lower (P = 0.03). There was no difference
in mean blood transfusion quantity, length of stay, rebleeding or need for surgery.
Ninety-three (18%) patients were on gastroprotective
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therapy prior to hospitalization, which comprised PPI in
79 and HR2A in 14. Of the 333 patients in the “not high
risk” group, 49 (15%) were on gastroprotective therapy
prior to hospitalization (36 PPI; 13 H2RA). Of the 174
high risk patients, 44 (25%) were on gastroprotective
therapy prior to hospitalization (43 PPI; 1 H2RA). Those
in the high risk group were more likely to be prescribed
gastroprotection prior to hospitalization compared to
those in the low risk group (RR = 1.72, P = 0.004).
One hundred and thirty of the total number of hospitalizations (507) were deemed at high risk for bleeding,
but were not on appropriate gastroprotective therapies
at the time of admission. If it is assumed that protection
offered by PPI therapies is 50%-85% from studies (as
above), then between 65 and 110 (13%-22%) of the total
number of patient hospitalizations due to bleeding from
PUD or EG/ED were potentially preventable.
There was no significant difference in any of the
clinical outcomes during hospitalization for patients at
high risk who received gastroprotection when compared
with those patients who did not receive gastroprotection
(Table 4).
On logistic regression analysis, a past history of PUD
[OR = 3.7 (1.5-9.2), P = 0.006] and concurrent clopidogrel therapy [OR = 3.2 (1.4-7.4), P = 0.007] significantly
predicted prescription of gastroprotective therapy, but
not age or aspirin, NSAID, corticosteroid or anticoagulant intake.

DISCUSSION
Peptic ulcer disease contributes to a significant health-
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Table 4 Comparison of outcomes during hospitalization in
high risk patients according to the use of gastroprotection vs
no gastroprotection n (%)
Gastroprotection No gastroprotection P value
(n = 44)
(n = 130)
Median Rockall
Score (IQR)
Pre-endoscopic
Complete
Median packed red
cells units transfused
(IQR)
Median length of
stay in d (IQR)
Rebleeding
Need for surgery
In-hospital mortality

3 (3-4)
5 (4-6)
3 (2-4)

3 (2-4)
5 (3-6)
3 (1-4)

0.351
0.581
0.811

5 (3-11)

5 (3-8)

0.821

5 (11.4)
1 (2.3)
0 (0)

8 (6.2)
3 (2.3)
1 (0.8)3

0.312
1.02
1.02

There were no significant differences for any variables between the 2
groups. 1Mann-Whitney; 2Fisher’s Exact test; 3Cause of death: uncontrolled
bleeding (1). IQR: Interquartile range.

care burden worldwide. Hospitalizations for UGIH due
to PUD and EG/ED account for significant morbidity,
mortality and healthcare expense. While gastroprotective
therapies have been demonstrated to reduce these hospitalizations, the potential impact for their use has not
been previously quantified in actual practice. Indeed, the
current study has identified the failure to institute such
preventive therapy maybe primarily responsible for up to
a fifth of all hospitalizations for bleeding secondary to
PUD or EG/ED.
In this retrospective cohort study of three major
metropolitan hospitals, a third of patients hospitalised
with UGIH due to PUD or EG/ED were deemed at
high risk for bleeding secondary to PUD according to
published guidelines, and hence met criteria for gastroprotective therapy. Although there was a higher rate of
gastroprotective therapy use in the high risk group, only
around a quarter of these patients were taking these
therapies prior to admission. These results are consistent with previous studies [24-28] that suggest very low
rates of gastroprotective agent prescriptions for those
on NSAIDS. The alarming implication of this is the
number of patients admitted to hospital with potentially
preventable bleeding.
The effectiveness of gastroprotection has been demonstrated in numerous studies, which reduces the likelihood
of UGIH by 50%-85% in high risk patients. Assuming
this figure, about one in five patient hospitalizations
with bleeding secondary to PUD or EG/ED may have
been prevented with attention to gastroprotection by the
physician prescribing the agent or agents associated with
gastrointestinal bleeding. As an analogy, the benefit of
statins in secondary prevention of hospitalizations for
ischaemic heart disease is about 30%[30], and of antiplatelet agents in secondary prevention after ischaemic stroke
about 22%[31]; both of which are well recognised and
practised.
An improvement in practice such that gastropro-
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tection is optimised in those patients at highest risk is
prudent. Continuing education of health care providers
regarding PUD prophylaxis is required, as well as reinforcement with electronic reminder systems. One study
found that a combination of physician education and a
computer alert at time of physician prescription led to
a 41% increase in the use of gastroprotection amongst
NSAID users[32]. Similar systems could be developed for
patients deemed to be at high risk for UGIH.
However, by itself, such measures may not result in
optimal outcomes. Although the proportion of patients
on antiplatelet agents or aspirin with an inappropriate
indication for these medications is beyond the scope of
this study, an approach to rational prescribing by physicians from a variety of disciplines may be as relevant as
appropriate gastroprotective therapy. In addition, these
medications are often purchased over-the counter and
self-initiated by patients. Appropriate H. pylori testing
and eradication in certain groups prior to commencing
ulcerogenic medications has also been shown to be of
benefit. Hence, in order to maximise the use of gastroprotective therapies, a multi-modality approach may be
required, whereby an information campaign for physicians, pharmacists and the wider public is conducted.
Electronic reminder systems at the point of sale may be
an approach worth considering.
Of note, most of the hospitalizations from UGIH in
this study occurred in patients not considered high risk
as per current expert consensus guidelines. This is not an
unexpected finding given the baseline population in the
“not high risk” group is much larger than the far more
specifically defined “high risk” group. Clearly, the focus
of guidelines on higher risk patients is due to the greater
potential for risk reduction, leading to more targeted recommendations to maximise the benefit from gastroprotection whilst minimising costs in the real world setting.
Patients deemed at high risk for PUD bleeding were
noted to have longer inpatient stays and higher preendoscopic and complete Rockall Scores than patients
not deemed at high risk. This is not surprising given
the overlapping nature of co-morbidities requiring antiplatelet therapy and those comprising the Rockall Score.
However, the finding of a higher mortality in patients
not at high risk of bleeding (13 of 333) compared with
those at high risk (1 of 174) was somewhat unexpected.
This can be explained by noting that most of the deaths
in the lower risk group were in patients with advanced
co-morbid illnesses but without specific indications for
gastroprotective therapy (Table 3).
Furthermore, patients who received gastroprotection prior to admission did not have significantly different outcomes of hospitalization than those who did
not receive gastroprotection. Though this finding seems
to be counter-intuitive, one may hypothesise that once
bleeding has occurred despite gastroprotective therapy,
the primary determinants of outcome are underlying comorbid illnesses and ulcer risk stigmata rather than the
previous use of gastroprotection per se.
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A past history of PUD and concurrent clopidogrel
therapy significantly predicted use of gastroprotective
therapy. This may reflect possible changes from aspirin
to clopidogrel in patients who have had a UGIH in the
past whilst on aspirin.
Rockall score was used rather than Blatchford score
for a number of reasons. The Rockall score is the most
well validated scoring system for UGIH[33]. The Blatchford score’s high sensitivity and poor specificity in identifying high risk groups has led to its use in identifying
patients who can be triaged for early discharge or outpatient endoscopy[34]. In our study, all patients included in
the analysis were hospitalised and had undergone endoscopy which forms part of the Rockall score.
There are some limitations to this retrospective analysis. The case records may have contained incomplete
recording of medications on arrival. However, this applies to both the intake of aspirin and NSAIDs as well
as gastroprotective therapies, such that any bias would
be bi-directional and hence may have only a slight net
bias in either direction. Furthermore, documentation of
the presence or absence of previous H. pylori eradication
therapy may have been incomplete, hence not enabling
adequate analysis for impact of this factor to overall risk
of bleeding secondary to PUD or EG/ED.
It is important to consider the potential morbidity
from long-term PPI therapy in advocating increased prescription of these treatments. These include iron deficiency, B12 deficiency, hypomagnesaemia, rebound hypersecretion, osteoporosis, interactions with other medications,
increased rates of Clostridium difficile infection and ventilator acquired pneumonia[35].
The observed in vitro interaction between omeprazole and clopidogrel with inhibitor effect on the enzyme CYP 2C19, with potential reduction in efficacy of
clopidogrel, remains an unresolved issue. Reassuringly,
a large recent prospective randomised controlled trial
demonstrated no increase in cardiovascular events with
this combination[15].
A full cost-effectiveness analysis of PPI therapy as
gastroprotective therapy is beyond the scope of this study,
but has been addressed in previous studies. The number
needed to prevent one episode of UGIH over six months
with a PPI has been estimated at 382 (low dose aspirin),
230 (clopidogrel), 97 (dual antiplatelet agents) and 265
(NSAIDs)[13]. The COGENT trial[15] separately estimated
the number-needed-to-treat for dual antiplatelet agent
users to be 98. Studies using a Markov model comparing
lifelong low dose aspirin alone with aspirin and a PPI estimated a per life-year saved incremental cost-effectiveness
ratio (ICER) of $10433 to $51505[36] and $19000[37]. A
nested case control study estimated an ICER of €4907
per NSAID ulcer complication prevented with PPIs[38].
Variation in healthcare costs around the world, both for
gastroprotective therapies and hospitalization, need to
be considered in calculating a relative cost-effectiveness
analysis for individual countries. In addition, alternative
measures such as physician and community education on
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appropriate use of ulcerogenic therapies as outlined previously need to be considered.
In conclusion, gastroprotective therapies are still underutilised in patients at high risk of hospitalization secondary to UGIH. Up to one fifth of all hospitalizations
due to PUD or EG/ED related bleeding may be preventable by optimal use of gastroprotection. Measures
to educate health professionals and reminder systems at
the point of sale of antiplatelet agents and NSAIDs are
required to minimise gastrointestinal complications.
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Abstract

RESULTS: There was no significant difference in the
positive response rate on day 7. The rates were 83%
and 69% in the phenol and ethanol groups, respectively. Regarding the time to onset of pain relief, in the
phenol group, the median pre-treatment pain score
was 5, whereas the post-treatment scores decreased
to 1.5, 1.5, and 1.5 at 2, 8, and 24 h, respectively (P <
0.05). In the ethanol group, the median pre-treatment
pain score was 5.5, whereas the post-treatment scores
significantly decreased to 2.5, 2.5, and 2.5 at 2, 8, and
24 h, respectively (P < 0.01). There was no significant
difference in the duration of pain relief between the
phenol and ethanol groups. No significant difference
was found in the rate of complications between the 2
groups; however, burning pain and inebriation occurred
only in the ethanol group.
CONCLUSION: Phenol had similar pain-relieving effects to ethanol in EUS-CPN. Comparing the incidences
of inebriation and burning pain, phenol may be superior
to ethanol in EUS-CPN procedures.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the effectiveness of phenol for the
relief of cancer pain by endoscopic ultrasound-guided
celiac plexus neurolysis (EUS-CPN).
METHODS: Twenty-two patients referred to our hospital with cancer pain from August 2009 to July 2011
for EUS-CPN were enrolled in this study. Phenol was
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used for 6 patients with alcohol intolerance and ethanol
was used for 16 patients without alcohol intolerance.
The primary endpoint was the positive response rate
(pain score decreased to ≤ 3) on postoperative day 7.
Secondary endpoints included the time to onset of pain
relief, duration of pain relief, and complication rates.

Key words: Celiac plexus neurolysis; Celiac plexus
blockade; Endoscopic ultrasound; Phenol; Pain management; Upper gastrointestinal cancer
Core tip: We compared the pain-relieving effect and
complications between endoscopic ultrasound-guided
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celiac plexus neurolysis (EUS-CPN) using phenol on patients intolerant to alcohol and ethanol on patients without alcohol intolerance. Phenol had similar pain-relieving effects to ethanol; using phenol can avoid burning
pain and inebriation complications. To date, few data
regarding phenol-based EUS-CPN exist, and it is generally believed that phenol has a slightly slower onset and
shorter duration of action than ethanol. Consequently,
phenol is not routinely used in EUS-CPN. However, approximately half of East Asians lack mitochondrial aldehyde dehydrogenase activity, which causes alcohol
intolerance. Our data provide evidence on phenol-based
EUS-CPN for patients with alcohol intolerance.

aldehyde. Persons with deficient ALDH2 activity show
rapid and intense flushing of the face and symptoms of
mild-to-moderate intoxication after drinking alcohol in
an amount that has no effect on Caucasoids[13]. In these
patients, ethanol is contraindicated for CPN and phenol
is used as an alternative. However, phenol is not routinely
used in these circumstances, and there are few data regarding CPN using phenol[10].
In this study, we compared the differences in painrelieving effect and complications associated with ethanol
and phenol use in EUS-CPN.

MATERIALS AND METHODS
Ishiwatari H, Hayashi T, Yoshida M, Ono M, Masuko H, Sato
T, Miyanishi K, Sato Y, Takimoto R, Kobune M, Miyamoto A,
Sonoda T, Kato J. Phenol-based endoscopic ultrasound-guided
celiac plexus neurolysis for East Asian alcohol-intolerant upper gastrointestinal cancer patients: A pilot study. World J Gastroenterol 2014; 20(30): 10512-10517 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10512.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10512

INTRODUCTION
Abdominal pain is a common problem in patients with
upper gastrointestinal cancer and often affects both quality of life and survival[1]. Pain is present in as many as
70% to 80% of patients at the time of pancreatic cancer
diagnosis[2,3]. Although pain can be well controlled in
the majority of cancer patients with conventional analgesics, it can be difficult to treat and patients may suffer
from drug-related side effects[4]. In these patients, celiac
plexus neurolysis (CPN) may be indicated[3]. Endoscopic
ultrasound-guided CPN (EUS-CPN) was developed in
1996, and its use has become quite widespread because it
is theoretically safer than posterior percutaneous CPN, as
EUS provides detailed imaging of the blood vessels and
other organs[5]. EUS-CPN has been reported to relieve
pain in 51%-89% of patients[5-8].
The 2 neurolytic agents commonly used to permanently destroy the celiac plexus are ethanol and phenol[9].
Ethanol causes the immediate precipitation of endoneural lipoproteins and mucoproteins within the celiac
plexus, leading to the extraction of cholesterol and phospholipids from the neural membrane[10]. Phenol achieves
neurolysis similar to that achieved with ethanol by causing protein coagulation and necrosis of neural structures.
Although there are limited data comparing ethanol and
phenol, it is generally considered that ethanol causes
greater neural destruction[10].
The absence of aldehyde dehydrogenase (ALDH2)
causes alcohol intolerance. ALDH2 is a major contributor to alcohol sensitivity and drinking behavior in East
Asians[11,12]. Approximately half of East Asian populations, including the Japanese, lack mitochondrial ALDH2
activity, which is responsible for the oxidation of acet-
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Patients
Twenty-four patients referred to our hospital who received EUS-guided pain therapy using ethanol or phenol
between August 2009 and July 2011 were eligible for inclusion. EUS-CPN had been performed for patients with
epigastric pain caused by upper abdominal neoplasms
and graded 4 or higher on the Numeric Rating Scale
(NRS), in which 0 indicates no pain and 10 indicates the
worst pain ever experienced. Of these, 2 patients were
excluded as they had received a previous CPN that could
affect cancer-related pain. The remaining 22 patients
were enrolled in this study. Relevant data were retrieved
from the medical records at our institution. The protocol
of the present study was approved by the institutional review boards of the Sapporo Medical University and registered with the UMIN Clinical Trials Registry (number:
UMIN000008129). Informed consent for the procedure
was obtained from all patients.
Treatment allocation
In August 2009, we performed EUS-CPN using phenol
for the first time on a patient with alcohol intolerance. As
of July 2011, we had performed EUS-CPN using phenol
on 6 patients with alcohol intolerance. During the same
period, we performed EUS-CPN using ethanol on 16 patients without alcohol intolerance. The diagnosis of alcohol intolerance was established by an alcohol patch test[14].
Therefore, during the same time period, this study compared the pain-relieving effect and complications between
EUS-CPN using phenol on patients intolerant to alcohol
and ethanol on patients without alcohol intolerance.
EUS-CPN
EUS-CPN was performed under conscious sedation
[i.v. injection of diazepam (5-10 mg) and pethidine
hydrochloride (50 mg)] by 1 of 2 experienced endosonographers (H. I. and T. H.) using a linear-array echo
endoscope (GF-UCT240; Olympus, Tokyo, Japan). CPN
was performed utilizing a sterile 22-gauge needle system
(Echo-Tip; Wilson-Cook Medical, Winston-Salem, NC,
United States). Using an echo endoscope, the aorta was
identified at the level of the diaphragm in the posterior
lesser curve of the gastric fundus, and traced in a sagittal
plane to the celiac trunk. The celiac plexus was targeted
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based on its expected anatomical position relative to the
position of the celiac trunk. The needle was inserted
around the celiac trunk via a transgastric approach under EUS guidance. In this study, 2 CPN techniques [i.e.,
central CPN and celiac ganglia neurolysis (CGN)] were
performed based on the endosonographer’s choice. Our
techniques were similar to those described previously[5,8,15].
To prevent severe transient pain after the procedure, 1-2
mL of 0.5% bupivacaine was injected before the ethanol injection; however, local anesthetic was not injected
before the phenol injection because it has been reported
that phenol has an immediate local anesthetic effect[10].
Neurolytic agents
We used 7% phenol in water and absolute ethanol as neurolytic agents. In percutaneous CPN, ethanol has been
used with a total dose of 40-60 mL and phenol has been
used with doses of 20-25 mL[16]. In contrast, in EUS-CPN,
ethanol has been used with a total dose of 10-20 mL in
previous studies; however, the optimal dose of phenol
has not been reported[6]. Therefore, in this study, in terms
of the amount of neurolytic agent, we used phenol in the
same way as ethanol. In all patients, the total amount of
neurolytic agent injected did not exceed 20 mL.
Pain scores and data collection
All patients undergoing EUS-CPN routinely filled out
pre- and post-treatment pain score questionnaires with
the aid of a nurse, who was blinded to the type of neurolytic agent used. Most patients are hospitalized for more
than 7 d after procedures related to the diagnosis and
treatment of cancer. Patient interviews were conducted
in the patient’s unit and post-treatment questionnaires
were obtained 2, 8, and 24 h after the procedure and every day up to 1 wk after the procedure. Thereafter, nearly
all of these patients were continuously followed at an
outpatient clinic in our hospital for 2-4 wk by a physician
(other than the endosonographer who performed the
EUS-CPN), and the pain score was measured during the
patient interview. Pain levels reflected the strongest pain
experienced during each interval. When the pain score
increased to ≥ 4, thereby requiring the initiation of narcotic use or a narcotic agent dose increase, follow-up was
terminated, as this reflected a loss of pain relief.
Complications
Complications were defined as any procedural side effect
treated in any capacity beyond standard observation.
Outcome parameters
The primary endpoint was the positive response rate on
postoperative day 7. Positive response was defined as
a pain score decreased to ≤ 3 on postoperative day 7.
Secondary endpoints included the time to onset of pain
relief, duration of pain relief, and complication rates. To
evaluate the time to onset of pain relief in each group,
before and after pain scores were compared in both the
phenol and ethanol groups. The post-treatment scores
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were evaluated at 2, 8, and 24 h after the procedure. The
definition of the duration of pain relief was from the
date of the EUS-CPN procedure until the day the pain
score increased to ≥ 4.
Statistical analysis
Categorical variables were compared with Fisher’s exact
test. Continuous variables are presented as the median
(with a range) and were compared using the MannWhitney U-test. The NRS values before and after the
procedure were compared using the Wilcoxon signedrank test. The Kaplan-Meier method was used to compare the duration of pain relief between the phenol and
ethanol groups. Patients who had not experienced an exacerbation of daily pain graded as ≥ 4 on the NRS were
censored on the date of death. A 2-tailed P value of <
0.05 was considered significant. Statistical analyses were
performed with SPSS (version 19.0; IBM, Tokyo, Japan).

RESULTS
Patient characteristics
Patient characteristics are shown in Table 1. There were
no significant differences between the 2 groups with
respect to the following variables: age, gender, type of
primary tumor, cancer treatment, direct invasion of
the celiac plexus, preoperative pain score, or history of
narcotic use. No significant difference was found in the
CPN procedure used or in the total amount of neurolytic
agent used between the 2 groups.
Pain relief
There was no significant difference in the positive response rate on day 7 between the phenol and ethanol
groups. The positive response rate was 83% (5 of 6 cases) in the phenol group and 69% (11 of 16 cases) in the
ethanol group (Figure 1).
Regarding the time to the onset of pain relief, the
NRS scores at 2, 8, and 24 h after the procedure were
lower than the scores before the procedure in both
groups. In the phenol group, the median NRS scores before the procedure and at 2, 8, and 24 h after the procedure were 5, 1.5, 1.5, and 1.5, respectively (P < 0.05). The
equivalent median scores in the ethanol group were 5.5,
2.5, 2.5, and 2.5, respectively (P < 0.01) (Figure 2).
No significant difference was found in the duration
of pain relief between the phenol and ethanol groups, as
compared using a log-rank test (Figure 3). Referring to
Figure 2, 5 of the 22 patients were censored because of
death without an exacerbation of pain (3, phenol; 2, ethanol); however, none of these patients were lost to followup. The median duration of pain relief was 237 d in the
phenol group and 90 d in the ethanol group.
Complications
Complications developed in 7 patients: 1 in the phenol
group and 6 in the ethanol group (16.7% vs 37.5%; P =
0.62). Diarrhea occurred after the procedure in 2 patients
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Table 1 Patient characteristics and endoscopic ultrasoundguided celiac plexus neurolysis -related data
Ethanol

Number of patients
6
16
Age (yr) [median (range)]
63 (52-74)
71 (47-83)
Gender (n) [male/female]
2/4
7/9
Primary site (n)
Pancreas/other
5/1
12/4
Treatment (n)
CRT/CT/NT
2/3/1
0/11/5
Direct invasion of celiac plexus (n)
1
7
NRS before CPN [median (range)] 5.0 (4-7)
5.5 (4-8)
History of narcotic use (n)
1
11
EUS-CPN technique
Central/CGN
3/3
4/12
Total amount of neurolytic agent 18.0 (13-20) 13.0 (3.5-20)
(mL) [median (range)]

8

P value

6
5

0.090
0.350
0.472
0.056
0.330

2
1

0.085

0

Positive response rate (%)

P = 0.6

60
40
20

Phenol

Ethanol

Figure 1 Positive response rate on day 7. The positive response rate was
83% in the phenol group and 69% in the ethanol group.

(1 patient from each group), but improved within 3 d.
Burning pain occurred after the procedure in 2 patients
in the ethanol group. This was treated with analgesics at
a rescue dose and disappeared within 24 h. Inebriation
occurred in 2 patients in the ethanol group, but they recovered within 24 h. During the procedure, transient hypotension also occurred in 1 patient in the ethanol group.
However, hypotension was alleviated within 24 h with
fluid replacement.

DISCUSSION
To date, phenol has been used clinically in CPN, but no
study has made a detailed evaluation of the efficacy of
phenol. Descriptions of phenol use have been noted only
in some review articles[10,16]. To our knowledge, our results represent the first retrospective observational study
of CPN using phenol. In the current study, we describe
the efficacy of phenol as a neurolytic agent in EUS-CPN,
and reveal that it has a similar pain-relieving effect to
ethanol. Similar to ethanol, phenol has neuro-destructive
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4
3

80

0

b

a

7
0.396
1
1

EUS-CPN: Endoscopic ultrasound-guided celiac plexus neurolysis; NRS:
Numeric Rating Scale; CRT: Chemoradiotherapy; CT: Chemotherapy; NT:
No therapy; CGN: Celiac ganglia neurolysis.

100

b

a

NRS

Phenol

b

a

Before 2 h 8 h 24 h
Phenol

Before 2 h 8 h 24 h
Ethanol

Figure 2 Time to the onset of pain relief in each group. A box-plot of preand post-endoscopic ultrasound-guided celiac plexus neurolysis pain scores.
The first and third quartiles are represented by the ends of the box, the median
is indicated by the horizontal line in the interior of the box, and the maximum
and minimum values are at the ends of the whiskers. In each group, the pain
score was decreased at 2 h after the procedure. The statistical analysis is
based on the Wilcoxon signed-rank test. NRS: Numeric Rating Scale. aP < 0.05
vs control; bP < 0.01 vs control.

properties; however, it is generally believed that phenol
has a slightly slower onset of action[10]. Therefore, to
confirm the time to onset of pain relief, we evaluated
pain scores before and after EUS-CPN. In the phenol
group, the pain score had already decreased 2 h after the
procedure; this result was the same as that in the ethanol
group. Our results reveal that EUS-CPN using phenol
also sufficiently achieves prompt pain-relieving effects
within 2 h after the procedure, at the latest.
It is also generally considered that ethanol causes
more neural destruction than phenol and that phenol has
a shorter duration of action than ethanol[10]. Our results
reveal that in comparison to ethanol, phenol has a similar
effect on day 7 after the procedure, and the effect is long
lasting. In the Kaplan-Meier analysis, the rate of censoring because of death without an exacerbation of pain
was 12.5% in the ethanol group and 50% in the phenol
group. This observation may also show that phenol has a
long-lasting effect, and suggests that the efficacy of phenol should be reconsidered in a prospective, randomized,
controlled trial.
In many studies, adding a local anesthetic agent to
ethanol has been recommended to prevent burning pain
after CPN using ethanol; however, it is generally considered that the burning pain associated with ethanol injection does not occur with phenol because it has an immediate local anesthetic effect[10]. The rate has been reported
to be 3.4%-34% in previous studies using ethanol with
a local anesthetic[15,17]. In our study, the rate of burning
pain in the ethanol group was 13%; burning pain did not
occur in the phenol group, even though a local anesthetic
agent was not added. Additionally, inebriation did not
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ultrasound-guided celiac plexus neurolysis (EUS-CPN) is often employed to
improve pain and quality of life while reducing drug-related side effects. Ethanol
is a neurolytic agent commonly used to permanently destroy the celiac plexus.
However, approximately half of East Asians lack mitochondrial aldehyde dehydrogenase activity, which causes alcohol intolerance. In these patients, ethanol
is contraindicated for CPN and phenol is used as an alternative. However, few
data regarding phenol-based EUS-CPN exist.

Positive response rate (%)

100

P = 0.32
(log-rank)
Phenol
50

Research frontiers

Ethanol

There is no detailed analysis regarding CPN using phenol. However, it is generally believed that phenol has a slightly slower onset and shorter duration of
action than ethanol.

Innovations and breakthroughs

0
0
No. of patients
Ethanol 16
Phenol
6

100

200
t /d

300

400

7
3

4
2

2
1

0
1

To date, descriptions of phenol use have been noted only in some review articles. This results represent the first retrospective observational study of CPN
using phenol. In the current study, the authors describe the efficacy of phenol
as a neurolytic agent in EUS-CPN, and reveal that it has a similar pain-relieving
effect to ethanol.

Figure 3 A Kaplan-Meier analysis of the duration of pain relief. There was
no significant difference in the duration of pain relief between endoscopic ultrasound-guided celiac plexus neurolysis using phenol and ethanol, as compared
using a log-rank test.

occur in the phenol group. Inebriation occurred after the
procedure in 2 patients (13%) in the ethanol group. Because Japanese patients have a lower ability to metabolize
alcohol than Caucasoid patients, this complication often
occurs in Japanese patients during EUS-CPN using ethanol[12]. Our results showed that using phenol can avoid
burning pain and inebriation complications, and may
therefore confer some advantages over ethanol.
The main limitation of this study is its small sample
size. Our sample size was too small to definitively verify a
statistical difference. Thus, this study is regarded as a pilot study. Another limitation is that the current study was
not a randomized, comparative study. Phenol injection
was performed only for patients with alcohol intolerance.
In addition, the rate of the tumor invasion to the celiac
trunk, which has been reported to be related to a negative
CPN response, was 17% in the phenol group; however,
the rates reported in the EUS-CPN literature are higher
(42.6%-47.1%)[17-19]. This difference may result in the high
positive response rate in the phenol group. Given these
limitations, our study should be seen as a pilot study providing preliminary data regarding the pain-relieving effect and
safety of EUS-CPN using phenol for cancer-related pain.
In conclusion, our preliminary data suggest that phenol has a similar pain-relieving effect to ethanol. In terms
of the incidences of inebriation and burning pain, phenol
may be superior to ethanol in CPN.

Applications

The current study showed that phenol-based EUS-CPN had a good pain relieving effect for alcohol-intolerant cancer patients. To date, phenol has not been
routinely used in these patients. Therefore, this data will encourage the use of
phenol in EUS-CPN for alcohol-intolerant patients with cancer pain.

Terminology

Phenol is a volatile aromatic organic compound with the molecular formula
C6H5OH and is a white, crystalline solid. It once was widely used as an antiseptic, particularly in carbolic soap. Phenol derivatives are also used in the preparation of cosmetics, including sunscreens, hair colorings, and skin lightening
preparations. In medical use, phenol is used as a neurolytic agent and can be
injected intrathecally and epidurally.

Peer review

Dr. Ishiwatari et al presented the use of phenol as an injectate in EUS-CPN as
an alternative to ethanol. The technique is original and it has not been reported
previously, thus increasing the value and interest of the study findings.
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Abstract
AIM: To investigate the influence of the resection margin on local recurrence and survival in gastric cancer
patients.
METHODS: We reviewed the medical records of 1788
patients who had undergone gastrectomy for gastric
cancer at the Seoul National University Bundang Hospital, South Korea, between May 2003 and July 2009.
The patients were divided into early and advanced
gastric cancer groups. In each group, we analyzed
the relationship between clinicopathologic factors and
survival outcomes, and compared the hazard rates of
event occurrence between patients with resection margins above and below the cut-off value, using a Cox
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proportional hazard model.
RESULTS: The early and advanced gastric cancer
groups included 1001 and 787 patients, respectively.
The hazard rates of event occurrence did not significantly differ between the patients with resection
margins above the cut-off value and those with resection margins below the cut-off value (p > 0.05, in all
comparisons). Based on the multivariable analyses, the
proximal and distal resection margins were not significantly associated with survival outcomes and local recurrence (p > 0.05, in all analyses).
CONCLUSION: The proximal or distal resection margins did not affect the prognosis of patients with gastric
cancer if the margins were pathologically negative.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastric cancer; Survival; Recurrence; Resection; Margin
Core tip: The correlation between the resection margin
and survival outcomes was investigated in 1788 patients who had undergone curative surgery for gastric
cancer. We found that the proximal or distal resection
margins did not affect the prognosis of patients with
gastric cancer if the margins were pathologically negative. Moreover, we believe that routine intraoperative
frozen-section examination is important to confirm
negative margins.
Lee cm, Jee ys, Lee JH, Son SY, Ahn SH, Park DJ, Kim HH.
Length of negative resection margin does not affect local recurrence and survival in the patients with gastric cancer. World J
Gastroenterol 2014; 20(30): 10518-10524 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10518.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10518
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INTRODUCTION

MATERIALS AND METHODS

Surgical resection remains the only curative treatment option for gastric cancer[1,2], and the resection range is determined on the basis of the location and size of the lesion
and the lengths of the resection margins[3-5]. However,
optimization of resection margins remains controversial.
For many years, surgeons have studied the extent of
surgical resection required to achieve tumor-free margins.
As the ideal resection margin cannot be reliably determined by palpation or gross inspection, it is important
to establish universal guidelines[6]. In 1982, Bozzetti et
al[6] proposed that an adequate proximal resection margin
(PM) would exceed 6 cm, in agreement with other contemporary reports[7,8]. However, these guidelines have not
been well established, and new recommendations have
emerged in recent decades. The 2010 Japanese gastric
cancer treatment guidelines, for example, suggested minimum PMs of 2 cm for early gastric cancer (EGC) and 3
cm (expansive growth type) or 5 cm (infiltrative growth
type) for advanced gastric cancer (AGC)[9]. Concurrently,
the National Comprehensive Cancer Network recommended a proximal resection margin of more than 4 cm
as necessary to achieve a negative microscopic margin[10].
However, the 2011 British guidelines differ in that they
only recommend the achievement of clear margins, resulting in inconsistencies in the field[11].
As described above, the recommendations for adequate resection margins have changed over time, and
even contemporary guidelines are inconsistent. This
global inconsistency has resulted in a lack of clinical confidence in the recommended guidelines. Furthermore,
these guidelines have not been established through the
analysis of survival outcomes, but rather by the analysis
of the distances required to achieve negative margins as
recorded in final pathologic reports. Additionally, many
surgeons are concerned about the possibility of disease recurrence consequent to short resection margins,
even in cases with negative margins[12]. These concerns
have been further highlighted by a growing interest in
function-preserving procedures. In particular, there is
no consensus regarding the treatment of gastric cancers
located in the middle-third of the stomach, although several studies have reported no benefit of total gastrectomy
with respect to adequate PMs[13,14]. Additionally, despite
the advantages proposed by several studies[15-17], there is
no consensus regarding resection margins in pylorus-preserving gastrectomy (PPG), which is an important concern for surgeons because the distal margin (DM) might
be close to the tumor. In addition, the margin of limited
resection in sentinel node navigation surgery (SNNS)
should be clarified, although Fujimura et al[18] proposed
a 2 cm margin for segmental resection combined with
sentinel node mapping. Thus, more information about
the correlation between resection margins and survival
is required to establish universal guidelines in this era of
function-preservation surgery. Accordingly, in this study,
we investigated the correlation between resection margins
and survival in patients with gastric cancer.

Using a prospectively collected gastric cancer database,
we retrospectively reviewed the clinicopathologic outcomes of 1788 patients who had undergone curative
surgery for gastric adenocarcinoma at Seoul National
University Bundang Hospital, South Korea, between
May 2003 and July 2009. Patients who underwent a curative subtotal (DG) or a total gastrectomy (TG) with R0
resection and lymphadenectomy more than D1+ were
enrolled in this study. Patients with positive resection
margins, as recorded in the final pathologic reports, were
excluded.
Clinicopathologic outcomes related to prognostic factors, including age, sex, tumor size, tumor type (according
to Borrmann’s classification), histologic type (according
to Lauren’s classification), number of harvested lymph
nodes, positive lymph nodes, lymphatic invasion, vascular invasion, neural invasion, and stage (according to
7th edition AJCC[19]), were investigated[20,21]. The PM and
DM were measured according to the guidelines in the
Japanese Classification of Gastric Carcinoma: 3rd English
edition[22]. The actual 3-year overall survival (OS) and
recurrence-free survival (RFS) were calculated using the
Kaplan-Meier method.
The patients were divided into EGC and AGC
groups. The EGC group included patients with T1 gastric cancer in the final pathologic reports, and the AGC
group included patients with T2, T3 and T4 gastric cancer in the final pathologic reports. We used a Cox proportional hazard model to investigate the effects of the
resection margin on survival. This model was applied to 2
distinct statistical analyses. First, we compared the hazard
rates between the resection margin categories, using the
following cut-off values: 0.5, 1, and 2 cm for each group.
Second, univariable and multivariable analyses were performed to identify survival-related factors.
Additionally, we investigated whether the resection
margins affected the incidence of local recurrence in each
group by using a binary logistic regression model.
SPSS software, version 18.0 (SPSS, Inc., Chicago, IL,
United States) and R software, version 2.15.2 (The R Project for Statistical Computing; available at http://www.
r-project.org/) were used for statistical analyses. For all data
analyses, p < 0.05 was considered statistically significant.
This study was approved for research on human
subjects by the Institutional Review Board of Seoul National University Bundang Hospital (registration number:
B-1305/202-104).
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RESULTS
The EGC and AGC groups included 1001 and 787
patients, respectively (Table 1). In the EGC group, the
number of cases where PM < 0.5 cm, 1 cm, 2 cm was
43, 109, 304, respectively, and the number of cases where
DM < 0.5 cm, 1 cm, 2 cm was 27, 66, 160, respectively.
In the AGC group, the number of cases where PM < 0.5
cm, 1 cm, 2 cm was 62, 155, 335, respectively, and the
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were not significantly different for resection margin values above and below all cut-off values. In addition, the
hazard rates of OS and RFS for the DM did not differ
significantly according to the resection margin values
(Table 2).
In multivariable analysis, age, vascular invasion, positive lymph node, and stage were significant risk factors
for OS, whereas tumor size, positive lymph node and
stage were significant risk factors for RFS (Table 5). In
addition, neither the PM nor DM was associated with the
incidence of local recurrence (Table 4)

Table 1 Demographics and clinicopathologic characteristics
n (%)

Sex (male:female)
Age (yr)
Tumor size (cm)
Borrmann type (%)

WHO classification (%)

Lauren classification (%)
Operation method (DG:TG)
Lymphatic invasion (%)
Vascular invasion (%)
Perineural invasion (%)
Harvested lymph nodes
Positive lymph nodes
Proximal resection margin
(cm)
Distal resection margin (cm)
Stage (%)

Recurrence
Local recurrence

EGC

AGC

(n = 1001)

(n = 787)

668:333
59.0 ± 11.5
2.9 ± 1.8
-

520:267
59.4 ± 12.5
5.8 ± 3.1
Ⅰ: 3.3
Ⅱ: 16.5
Ⅲ: 64.7
Ⅳ: 10.2
Ⅴ: 1.4
Differentiated: 58.8 Differentiated: 37.6
Undifferentiated: Undifferentiated: 62.0
40.2
Intestinal: 57.3
Intestinal: 36.5
Diffuse: 34.9
Diffuse: 55.3
915:86
539:248
14.6
68
1.2
20.5
2.4
62.8
40.2 ± 15.0
49.6 ± 19.5
0.4 ± 2.4
6.7 ± 9.6
3.6 ± 2.4 (0.1-16.5)
3.3 ± 2.6 (0.1-13.5)
5.7 ± 3.8 (0.1-25.5)
Ⅰ: 96.1
Ⅱ: 3.9
Ⅲ: 0.0
Ⅳ: 0.0
19 (1.9)
6 (0.6)

DISCUSSION

5.6 ± 4.7 (0.1-26.2)
Ⅰ: 14.1
Ⅱ: 31.8
Ⅲ: 48.5
Ⅳ: 5.6
233 (29.6)
29 (3.7)

The cases involving local recurrence included 5 stump recurrences in EGC
and 11 stump recurrences in AGC. EGC: The group including the patients
undergoing gastrectomy for early gastric cancer; AGC: The group including the patients undergoing gastrectomy for advanced gastric cancer; DG:
Distal gastrectomy; TG: Total gastrectomy.

number of cases where DM < 0.5 cm, 1 cm, 2 cm was
40, 95, 237, respectively.
EGC group
In the EGC group, the actual 3-year OS and RFS rates
were 98.8% and 98.4%, respectively.
Regarding the PM, the hazard rates of OS and RFS
were not significantly different for resection margin values above and below all cut-off values. Furthermore, regarding the DM, the hazard rates of OS and RFS did not
differ significantly according to resection margin values
(Table 2).
In multivariable analysis, age and stage were found
to be significant risk factors for OS, whereas lymphatic
invasion, vascular invasion, and positive lymph node
status were significant risk factors for RFS (Table 3). In
addition, neither the PM nor DM was associated with the
incidence of local recurrence (Table 4).
AGC group
In the AGC group, the actual 3-year OS and RFS rates
were 79.3% and 71.8%, respectively.
Regarding the PM, the hazard rates of OS and RFS
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Concern regarding the potential for disease recurrence
in cases with a short resection margin is a widely documented[12]. Here, “short resection margin” indicates a
resection margin, as determined by intraoperative palpation or gross inspection, that could be recorded as positive in the final pathologic report[6]. A positive margin in
the pathologic result has been reported to be associated
with poor prognosis[8,23-26]. However, even if a negative
resection margin is achieved, many surgeons remain concerned about the fact that locoregional recurrence is the
most commonly observed recurrence pattern in patients
with negative margins[27,28], and signet ring cell carcinomas
intermittently exhibit skip spread[29,30]. However, our data
indicate that the length of resection margins did not affect OS and RFS. Moreover, no correlation was observed
between the length of resection margins and the incidence of locoregional recurrence.
One concern regarding the PM, which has been
debated in the literature, is the treatment of centrally located gastric cancers. To ensure an adequate PM, many
surgeons insist upon a total gastrectomy, rather than a
subtotal gastrectomy, for gastric cancers located in the
middle-third of the stomach[3,5]. In fact, if curative surgery is performed in compliance with the current guidelines for resection margins, total gastrectomy is generally
the only option for tumors located in the middle-third of
the stomach. However, these recommendations did not
originate from finding a direct correlation between the
PM and survival outcomes. Initially, studies concerning
the PM were only undertaken to determine the range of
resection required to avoid positive resection margins in
the final pathologic report[5,6,8,31-33]. In our study, we analyzed the correlation between the PM and survival and
found no relationship between these variables. In other
words, if a negative resection margin is pathologically
confirmed, more resection is not necessary even in a PM
less than 0.5 cm. Jang et al[13] and Lee et al[14] also did not
find a relationship between the PM and survival for tumors located in the middle-third of the stomach.
However, these earlier studies did not evaluate the
DM. Many surgeons recommend a DM of approximately
2-4 cm distal to the pylorus[33-35], and these recommendations have been accepted without objection. Given this
consensus, the current guidelines contain no mention of
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Table 2 Overall appearance of adjusted hazard ratio
Tumor type
EGC
EGC
EGC
EGC
EGC
AGC
AGC
AGC
AGC
AGC
AGC

Cut-off value

HR (95%CI, P value) - OS

HR (95%CI, P value) - RFS

PM = 0.5 cm
PM = 1 cm
PM = 2 cm
DM = 1 cm
DM = 2 cm
PM = 0.5 cm
PM = 1 cm
PM = 2 cm
DM = 0.5 cm
DM = 1 cm
DM = 2 cm

0.300 (0.074-1.218, 0.092)
0.541 (0.158-1.850, 0.327)
1.208 (0.433-3.366, 0.718)
9.229 (0.479-177.727, 0.141)
2.350 (0.520-10.620, 0.267)
1.122 (0.658-1.915, 0.672)
0.922 (0.608-1.398, 0.703)
0.979 (0.674-1.422, 0.911)
0.615 (0.366-1.032, 0.066)
0.706 (0.466-1.070, 0.101)
1.109 (0.787-1.563, 0.554)

0.310 (0.050-1.927, 0.209)
0.494 (0.112-2.177, 0.351)
1.367 (0.379-4.928, 0.632)
12.979 (0.174-969.978, 0.244)
2.354 (0.444-12.476, 0.314)
0.870 (0.535-1.417, 0.577)
0.917 (0.623-1.351, 0.661)
1.050 (0.738-1.495, 0.786)
0.772 (0.458-1.302, 0.332)
0.852 (0.570-1.273, 0.434)
1.338 (0.952-1.882, 0.093)

In the EGC group, we excluded the comparison between the cases where DM < 0.5 and DM ≥ 0.5 because reliable estimates could not be obtained from
such a small number of events. EGC: Early gastric cancer; AGC: Advanced gastric cancer; PM: Proximal resection margin; DM: Distal resection margin; OS:
Actual 3-year overall survival; RFS: Actual 3-year recurrence-free survival.

Table 3 Survival-related factors in early gastric cancer
Clinicopathologic factors
Sex
Age
Size of the tumor
Operation method
Lymphatic invasion
Vascular invasion
Perineural invasion
WHO classification
Lauren classification
Harvested lymph node
Positive lymph node
PM
DM
Stage

Univariable analysis for OS
(P value, HR)
0.094, 0.438
< 0.001, 1.086
0.003, 1.267
0.270, 1.185
< 0.001, 5.289
0.219, 3.503
0.005, 5.642
0.760, 0.886
0.593, 0.783
0.676, 0.994
< 0.001, 1.065
0.405, 0.930
0.609, 1.025
< 0.001, 10.515

Multivariable analysis for OS
(P value, HR)
< 0.001, 1.081
0.124, 1.158
0.077, 2.437
0.173, 2.416

0.164, 1.038

0.028, 3.836

Univariable analysis for RFS Multivariable analysis for RFS
(P value, HR)
(P value, HR)
0.117, 0.373
0.848, 1.004
0.018, 1.253
0.618, 0.599
< 0.001, 13.310
0.002, 10.119
0.027, 5.229
0.441, 0.683
0.601, 0.754
0.658, 1.007
< 0.001, 1.078
0.592, 1.049
0.235, 0.916
< 0.001, 16.028

0.515, 1.079
< 0.001, 7.689
0.046, 0.208
0.492, 0.580

0.006, 1.068

0.168, 2.416

Age, size of the tumor, harvested lymph node, positive lymph node, PM, DM were included as continuous values in this analysis. EGC: Early gastric cancer; OS: Actual 3-year overall survival; RFS: Actual 3-year recurrence-free survival; PM: The length of proximal resection margin; DM: The length of distal
resection margin.

Table 4 Correlation between clinicopathologic factors and local recurrence
Clinicopathologic Factors
Sex
Age
Size of the tumor
Lymphatic invasion
Vascular invasion
Perineural invasion
Borrmann Type
WHO Classification
Lauren Classification
Harvested lymph node
Positive lymph node
PM
DM
Stage

Univariable analysis for EGC Multivariable analysis for EGC Univariable analysis for AGC Multivariable analysis for AGC
(P value, HR)
(P value, HR)
(P value, HR )
(P value, HR)
0.403, 0.399
0.946, 0.998
0.032, 1.385
0.031, 5.895
0.999, 0.000
0.057, 8.357
0.719, 0.731
0.602, 0.547
0.696, 0.988
0.309, 1.055
0.236, 0.745
0.308, 0.862
0.998, 0.000

0.097, 1.318
0.078, 4.409

0.650, 1.194
0.267, 0.984
< 0.001, 1.223
0.023, 4.052
0.128, 1.879
0.013, 3.868
0.007
0.059, 2.401
0.180, 1.825
0.713, 1.003
0.012, 1.035
0.579, 1.958
0.769, 0.988
0.017

0.040, 1.146

0.191, 2.327
0.167

0.928, 1.002

0.191

Age, size of the tumor, harvested lymph node, positive lymph node, PM, DM were included as continuous values in this analysis. EGC: Early gastric cancer; AGC: Advanced gastric cancer; PM: The length of proximal resection margin; DM: The length of distal resection margin.
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Table 5 Survival related factors in advanced gastric cancer
Clinicopathologic factors
Sex
Age
Size of the tumor
Operation method
Lymphatic invasion
Vascular invasion
Perineural invasion
Borrmann type
WHO Classification
Lauren Classification
Harvested lymph node
Positive lymph node
PM
DM
Stage

Univariable analysis for OS
(P value, HR)
0.449, 1.113
0.025, 1.013
< 0.001, 1.139
0.029, 1.361
< 0.001, 3.537
< 0.001, 2.876
< 0.001, 2.440
< 0.001
0.025, 1.389
0.099, 1.281
0.191, 1.004
< 0.001, 1.048
0.278, 0.970
0.047, 0.969
< 0.001

Multivariable analysis for OS
(P value, HR)

Univariable analysis for RFS
(P value, HR)

0.001, 1.020
0.127, 1.046
0.145, 0.727
0.696, 1.094
0.026, 1.428
0.343, 1.189
0.087
0.856, 1.030

0.001, 1.021
0.660, 1.009
< 0.001

0.306, 1.150
0.470, 0.996
< 0.001, 1.177
0.004, 1.474
< 0.001, 3.082
< 0.001, 2.868
< 0.001, 2.342
< 0.001
0.003, 1.537
0.004, 1.530
0.288, 1.003
< 0.001, 1.047
0.207, 0.966
0.035, 0.968
< 0.001

Multivariable analysis for RFS
(P value, HR)

0.012, 1.081
0.091, 0.697
0.975, 0.993
0.094, 1.313
0.634, 1.092
0.05
0.169, 1.745
0.165, 0.572
< 0.001, 1.021
0.670, 1.009
< 0.001

Age, size of the tumor, harvested lymph node, positive lymph node, PM, DM were included as continuous values in this analysis. AGC: Advanced gastric
cancer; OS: Actual 3-year overall survival; RFS: Actual 3-year recurrence-free survival; PM: The length of proximal resection margin; DM: The length of distal resection margin.

the DM[9-11]. However, in function-preserving procedures
such as PPG, segmental or wedge resection with SNNS,
and proximal gastrectomy (PG), the DM might often
be shorter than the length of resection margins recommended in the current guidelines. Therefore, the correlations of the DM with survival and recurrence should also
be evaluated. To our knowledge, this is the first report to
analyze the oncologic significance of the DM.
As described above, we evaluated the correlations
between resection margins and survival outcomes in patients in whom R0 resection had been achieved. Overall,
we observed no significant correlations. Accordingly,
some guidelines could be obtained from the results of
this study. One of the guidelines support the functionpreserving concept in the treatment of gastric cancer.
Although TG has been a representative surgical treatment for gastric cancer for several decades, surgeons
have steadily challenged this paradigm. For example, in a
multicenter randomized trial reported by Bozzetti et al[36],
which involved lesions in the middle and distal thirds of
the stomach, the 5-year survival rates for both DG and
TG were identical. That result agrees with our current
results. To date, the concept of function preservation
has been expanded to incorporate PPG, SNNS, and PG.
These surgeries are not yet fully validated, and therefore it
is necessary to clarify the correlations between resection
margins and survival outcomes. Our present study serves
to expand this field and provides additional evidence to
advocate these surgeries by demonstrating a lack of a
correlation between survival outcomes and the length of
resection margins.
However, we never denied the importance of the
resection margin itself. In terms of oncologic safety, it is
more important to get negative resection margins than to
achieve the function-preserving surgery. This point was
even a precondition of this study, as only the cases with

WJG|www.wjgnet.com

negative resection margins were enrolled. Although survival was not affected by the length of resection margins,
this conclusion is viable only as long as resection lines
were free of tumor cells. Here, we suggest intraoperative
frozen-section examination (IFSE) as the most significant
recommendation that may be extracted from this study. To
ensure tumor-free resection lines, negative margins should
be confirmed during surgery. At our center, we routinely
perform IFSE to determine the presence of tumor cells
at the resection line. IFSE has some advantages. First,
IFSE potentially minimizes local recurrences, as it has an
approximate 98% accuracy[37] (The accuracy for our data
was 99.1%). Moreover, rapid cytokeratin immunohistochemistry staining might prevent false-negative results[38].
Second, IFSE facilitates the attempt of limited and minimally invasive procedures for gastric cancer. Resections
performed according to the guidelines but without IFSE
might sometimes be unnecessarily extensive surgeries.
However, by implementing IFSE, surgeons can achieve
minimal resection without positive resection margins and
thus provide a better quality of life for patients[12].
Pathologically negative margins, whether PM or DM,
did not affect the actual 3-year overall and recurrencefree survival rates and the incidence of local recurrence.
Moreover, to confirm negative resection margins, routine
IFSE should be established.
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Abstract
AIM: To present our experience with refeeding syndrome in southeastern Taiwan.
METHODS: We conducted a retrospective study during a 2-year period at the Mackay Memorial Hospital,
Taitung Branch. We enrolled patients with very little
or no nutrition intake for more than 10 d, a high risk
group of refeeding syndrome, including those suffering
from alcohol abuse, cancerous cachexia, chronic malnutrition, and prolonged starvation.
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RESULTS: A total of 11 patients (7 males, 4 females)
with nasogastric feeding were included as having
refeeding syndrome. Most of them had the symptoms
of diarrhea, lethargy, and leg edema. The initial nutritional supplement was found to be relatively high in
calories (1355.1 ± 296.2 kcal/d), high in protein (47.3
± 10.4 gm/d), low in vitamin B1 (2.0 ± 0.5 mg/d),
low in potassium (1260.4 ± 297.7 mg/d), and low in
phosphorus (660.1 ± 151.8 mg/d). Furthermore, hypophosphatemia (2.4 ± 0.9 mg/dL) was noted during
follow-up. Based on the suggestions of a dietician and
a gastroenterologist, the clinical disorders of diarrhea,
malaise and leg edema were significantly improved.
The level of phosphate was also increased (3.3 ± 0.6
mg/dL).
CONCLUSION: Refeeding syndrome is an overlooked
and risky disorder that has some potentially fatal complications. Nasogastric feeding in nursing homes is an
important risk factor for patients and deserves greater
attention based on the initial results of this study.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Refeeding syndrome (RFS) is not an unusual clinical
disorder found when treating poorly nourished patients.
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MATERIALS AND METHODS

Table 1 Criteria for determining people at high risk of developing refeeding syndrome (according to National Institute
for Health and Clinical Excellence guidelines)
The patient has one or more of the following:
Body mass index less than 16 kg/m2
Unintentional weight loss greater than 15% within the last 3-6 mo
Little or no nutritional intake for more than 10 d
Low levels of potassium, phosphate or magnesium prior to feeding
Or the patient has two or more of the following:
Body mass index less than 18.5 kg/m2
Unintentional weight loss greater than 10% within the last 3-6 mo
Little or no nutritional intake for more than 5 d
A history of alcohol abuse or drugs including insulin, chemotherapy,
antacids or diuretics

This topic is generally well-depicted but often overlooked
with regards to detailed research. The morbid symptoms
and signs were first observed and reported from starved
ex-prisoners from World War Ⅱ after their initial reintroduction of intake[1,2]. The definite phenomenon of RFS
have had an advanced understanding since the 1940s,
which has occurred in malnourished patients undergoing
refeeding not only orally and enterally, but also parenterally[3]. The occurrence of clinical fluid and electrolyte
imbalance results from pathogenicity of hormonal and
metabolic derangements. All of associated complications may lead to serious clinical catastrophes, such as
neuromuscular and cardiopulmonary compromise[4-6].
In addition, RFS is very complex in that it may also be
characterized by changes in fat, glucose as well as protein
metabolism. Furthermore, thiamine deficiency, hypokalemia, and hypomagnesaemia also occur in such patients[3,7].
The National Institute for Health and Clinical Excellence (NICE) guidelines[8] were published in 2006, which
highlighted the risk in certain specific disease populations
(Table 1). However, RFS still occurs in the clinical setting
today because clinicians are often not attentive enough to
the potential risk of this disorder.
Taitung County in southeastern Taiwan contains the
highest proportion of aboriginal residents[9], and a higher
prevalence of alcoholism among aborigines has been
previously reported (44.2%-55.2%) in the 1990s[10]. In
addition, we noted that Taitung County also had a higher
elderly disability prevalence (24.2%) from public health
research of the geographic disparity during the years
2000-2010 in Taiwan[11]. Furthermore, poor health knowledge, limited access to healthcare, relatively low socioeconomic class, and inadequate treatment of organic
diseases, such as chronic liver disease, cardiopulmonary
failure and diabetes, were more common in contrast
to western Taiwan. With the above factors, the clinical
presentations of RFS may be often found in the clinical
nutrition care setting of Taitung, and clinicians should be
alerted to this concern. We designed a retrospective study
to gather data including the following: basic data, clinical
features, laboratory data, and outcomes after nutritional
therapy within a 2-year period at Mackay Memorial Hospital, Taitung Branch, a major hospital in southeastern
Taiwan.
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All of patient’s information was obtained from the medical records of the Mackay Memorial Hospital, Taitung
Branch between August 2000 and August 2012. The date
of the initial consultation and establishment of initial feed
was assembled for each patient as the initial route of feeding. The first mode of feeding sustaining for more than
24 h was recorded. Each patient’s risk of developing RFS
before feeding was assessed by analysis of the patient’
s records. We used the malnutrition universal screening
tool, which is a five-step screening tool to identify adults
who are malnourished or at risk of malnutrition (undernourished). A malnutrition screening assessment was performed if clinicians or nursing members were alerted.
We enrolled the patients within a high risk group,
such as those with little or no nutrition intake for more
than 10 d, alcohol abuse, cachexia, malnutrition [> 10%
weight loss within 2 to 6 mo or body mass index (BMI)
2
≤ 17 kg/m ], and prolonged starvation according to the
NICE guidelines[5]. The risk was independently validated
by a dietitian after having been assessed by a gastroenterologist. All the patients were adults (> 18 years old), and
patients with impaired renal function or pregnancy were
excluded. In addition, a low serum electrolyte level prior
to feeding was not included as a criterion. The primary
endpoint was a decline of serum phosphate in patients
who had a normal status of phosphate prior to feeding.
We collected demographics and clinical features associated with the patients that were diagnosed with RFS.
The data included initial nutrition support, such as calories, protein, and electrolytes, and the results of laboratory tests were also collected. Nutritional status was
assessed by diet history, weight loss and BMI, as well as
albumin, cholesterol and lymphocyte values in the plasma. Patients were strictly monitored and analyzed from
the start of receiving nutritional supplements in order to
detect the correct electrolytic and metabolic disturbances
associated with RFS. For each patient, a pathological database was examined to establish whether the phosphate
dropped from a normal level before feeding within a
week after the establishment of the initial feed.
After nutrition adjustment was performed, we compared the differences in clinical features and laboratory
data. The data were inputted into a spreadsheet (PASW
Statistics 18). Data are expressed as frequency for nominal variables, and as mean ± SD for continuous variables.
Paired-sample t-test was used for quantitative variables.
A P-value < 0.05 was considered statistically significant.

RESULTS
Of all patients (n = 56) that were at risk of developing
RFS after analyzing the clinical variables, most of them
(46/56, 82.1%) were fed via the nasogastric (NG) tube
route. Five patients received total parenteral nutrition,
and another five patients received oral feeding by their
respective caregiver. A total of 11 patients (19.6%; 7
males, 4 females) were diagnosed as having RFS. All of
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patients underwent a formula that involved high calories
(1355.1 ± 296.2 kcal/d), low potassium (1260.4 ± 297.7
mg/d), low thiamine (2.0 ± 0.5 mg/d), low calcium (672.3
± 147.3 mg/d), and low phosphorus (660.1 ± 151.8
mg/d). When a poor response to medical treatment for
metabolic derangement was observed, nutrition consultations were requested several days after admission (5.0
± 3.0 d).
After dietician and gastroenterologist consultations
were provided, the diagnosis of RFS was considered
to be the most likely. The total calorie intake regarding
nutrition was predominantly decreased (907.2 ± 117.9
kcal/d). In addition, the supplements of thiamine (8.5
± 6.2 mg/d), potassium (1615.9 ± 265 mg/d), calcium
(908.4 ± 199.1 mg/d) and phosphorus (862.1 ± 105.5
mg/d) were increased (Table 3). The clinical condition
of diarrhea and leg edema was significantly improved
after two weeks. The levels of potassium and phosphate
were found to have a major increase, but the levels of
sodium, calcium, magnesium, and glucose were generally not changed (Table 4). Although improvement in
the clinical symptoms of RFS was noted, three patients
(27.27%) died of sepsis and respiratory failure.

Table 2 Demographic and nutritional characteristics of patients with RFS at the beginning of nutrition support
Mean ± SD
Number
Mean admission days
Post-NG feeding days with nutrition consultation
Sex (M/F)
Age (yr)
Mean height (cm)
Body mass index (kg/m2)
Ideal weight (kg)
BEE (kcal)
Leg edema (yes/no)
Diarrhea (yes/no)
Abdominal distension (yes/no)

11
19.1 ± 8.5
5.0 ± 3.0
7/4
67.9 ± 19.3
157.8 ± 10.1
16.7 ± 3.8
55.7 ± 7.7
1012.7 ± 222.2
9/2
7/4
4/7

NG: Nasogastric.

Table 3 Diet differences at initial presentation and after consultation
Initial status
Calorie (kcal)
Calorie/kg (kcal)
Protein (g)
Thiamine (mg)
K (mg)
P (mg)
Ca (mg)
Mg (mg)

After nutritional consultation

1355.1 ± 296.2
33.8 ± 9.5
47.3 ± 10.4
2.0 ± 0.5
1260.4 ± 297.7
660 ± 151.8
672.3 ± 147.3
262 ± 62.2

907.2 ± 117.9a
22.7 ± 3.9a
49 ± 8
8.5 ± 6.2a
1615.9 ± 265a
862.1 ± 105.5a
908.4 ± 199.1a
269.6 ± 25.9

DISCUSSION

a

P < 0.05 vs control (paired-sample t-test).

Table 4 Biochemical differences at initial presentation and
after nutritional adjustment

K (mmol/L)
P (MG/DL)
Ca (MG/DL)
Mg (MG/DL)
Na (mmol/L)
Glucose (MG/DL)

Initial

Nutrition consult

3.6 ± 0.5
2.4 ± 0.9
7. 9 ± 0.7
1.9 ± 0.4
135.8 ± 5.6
122 ± 47

4.4 ± 0.8a
3.3 ± 0.6a
8.1 ± 0.8
2.0 ± 0.3
134.6 ± 5.7
117 ± 38

a

P < 0.05 vs control (paired-sample t-test).

them were fed via the NG tube route, and their mean
age was 67.9 ± 19.3 years. Most of them (n = 10, 90.9%)
had chronic diseases, such as heart failure, diabetes, old
stroke, chronic obstructive pulmonary disease, and senile
dementia. In addition, most of them lived in a nursing
home, with the exception of one young adult (39 yearold) who lived at home and had alcohol abuse with cachexia. Based on our primary analysis, all of our patients
were observed to be in a malnourished state (mean albumin, 2.7 ± 0.7 g/dL) and had a lower BMI (16.7 ± 3.8
kg/m2) (Table 2).
The major symptoms were leg edema (9/11, 81.8%),
diarrhea (7/11, 63.64%), and abdominal distension
(4/11, 36.36%), as well as poor ventilator weaning. At
the beginning of their nutritional therapy (Table 3), the
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RFS is a well-known but often ignored disorder. It has
been observed since the early 1940s, as severe metabolic
acidosis, encephalopathy, rhabdomyolysis, fetal arrhythmia, and respiratory failure were observed after intensive
nutrition refeeding via an enteral or parenteral route in
malnourished patients. Edema and sudden death caused
by an electrolyte imbalance and cardiopulmonary failure were most often observed in such patients[3,12]. The
edema coming from the extracellular fluid overload is
presumed to develop due to impaired function of the
sodium/potassium pump in the cell membrane. For the
malnourished patients after reintroduction of feeding,
these ion exchange pumps gradually return to active
function. They expel sodium from the cells, which causes
a hyperosmolar extracellular status that saves water and
results in edema. From our current clinical knowledge,
sudden death was strongly related to severe hypophosphatemia and hypomagnesemia which were the best biochemical hallmark of RFS. After the carbohydrate-rich
food intake in patients involved in long-term fasting, insulin secretion is seen to have rigorous activation, which
increases the cellular inward transportation of glucose,
water, potassium, magnesium and phosphate. All of them
result in a rapid decline of serum glucose, potassium and
phosphate. Based on our related knowledge, intracellular
phosphate and potassium play a crucial role in many cellular pathways including the Krebs cycle, glycolysis, and
protein kinases. However, pathophysiologic hypokalemia
and hypophosphatemia result in muscle weakness (such
as respiratory and cardiac decompensation). Furthermore,
increased glucose metabolism usually leads to thiamine
deficiency. Clinicians must also consider cardiomyopathy
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and Wernicke syndrome.
This retrospective study disclosed the current status
on refeeding in southeastern Taiwan, where a higher prevalence of protein-calorie malnutrition was noted due to
alcoholism and elderly disability. A total of 56 patients had
high risk factors, but only 11 patients were found to have
RFS. In our opinion, this number may have been underestimated due to incomplete data collection and insufficient
knowledge with regards to RFS. In our hospital, we could
not perform a good initial nutrition assessment for each
patient due to a shortage in manpower. Most enrolled patients were alerted by their clinician or nursing members,
but this was usually done several days (5.0 ± 3.0 d) after
admission. Furthermore, based on the NICE criteria for
RFS[9], we only recognized the high risk groups, but there
were no definitive criteria for diagnosis or confirmation in
a real world setting. The characteristic signs of RFS were
pathogenic hypophosphatemia and its associated complications[13]. Brooks et al[5] found that of 321 RFS patients,
only about a quarter were at high risk according to NICE
criteria to develop hypophosphatemia (n = 23, 7%). On
the contrary, the majority of them did not develop hypophosphatemia (n = 69, 21%). Because of non-specific
presentations and indefinite diagnosing criteria, RFS
becomes a difficult challenge for clinicians to overcome.
As such, the global reported incidence is prone to be underestimated in clinical practice[14]. As a result, we need
to establish another guideline, which involves definitive
criteria that are more sensitive and specific. In addition,
clinicians must be educated to recognize this syndrome.
In our study group, all of our patients adopted NG
feeding and lived in nursing homes, which means that
there was poor nutrition adjustment in these nursing
homes. In a study of 111 residents from four nursing
homes in Kaohsiung of Taiwan[15], it was found that as
many as 41.1% of patients had a low BMI (< 18.5 kg/m2)
and 18.9% had a malnourished status (serum albumin <
3.0 g/dL). The route of feeding makes a nutritional difference in clinical observation. The residents on NG feedings compared to residents on oral feedings had an approximately four times higher risk of a low BMI and eight
times the risk of a low albumin level. Taitung County is
noted to have a higher prevalence of elderly disabled residents, and the most of them are patients receiving long
term care in nursing homes. In addition, more of them
had chronic diseases, and NG feeding was a common
route of nutrition. If patients have NG feeding and are
based in a nursing home, clinicians should be alert to the
potential risk of RFS.
Alcoholic patients often consume alcohol, which contains little phosphate, and they have low body phosphate
stores and are therefore at risk after a sudden increase in
carbohydrate intake[16]. In addition, hyperphosphaturia
may occur in cases of alcoholism, and thiamine required
for the intracellular transport of glucose may be depleted[17]. Even though chronic alcohol abuse is a risk factor
for RFS, we had only one patient who was known to have
alcoholism in this study. In our opinion, this may have
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also been underestimated because most alcoholic patients
had liver cirrhosis and chronic pancreatitis, which could
mask the underlying status of malnutrition. When RFS
does occur, this alcoholic patient with cachexia was fed
an NG diet during admission. Although the clinical features of diarrhea and edema were improved by nutrition
adjustment, the patient ultimately died of sepsis.
The nutritional consultation was always requested in
the real world after several days of admission (5.0 ± 3.0 d),
which meant that RFS happened earlier. In a prospective
cohort study of patients in intensive care units reported
in 1996, a total of 34% of patients developed hypophosphatemia approximately two days after feeding (1.9 ± 1.1
d)[18]. Therefore, it is necessary to identify groups that
are at risk as soon as possible when initiating nutrition
supplement. In our study group, nutrition adjustment was
lower daily calories and increased thiamine, potassium,
and phosphorus. The clinical manifestations of RFS were
significantly improved in all patients.
There are several proposed strategies for the initial
reintroduction of feedings. A cautious recommendation[19,20] suggests that the suitable amount of calories is
20 kcal/kg per day or 1000 kcal/d. However, 15 kcal/kg
per day is appropriate in severely malnourished patients.
Initial feeding is at 25% of goal calories on day 1 and
gradually increased in the following days as clinical
need is also increased. Goal rate can be accomplished
within 5 to 7 d. In addition, it is very important to supply thiamine and multivitamins when starting nutritional
therapy in poorly nourished and starved patients. Those
malnourished patients at risk of RFS should be provided with thiamine at doses of 100 mg/d orally or 50
to 100 mg/d intravenously[19,21]. With regards to high
risk groups of RFS, not only the clinical manifestations
associated with derangement of electrolytes should be
closely monitored, but also fluid balance and daily weight
must be under careful surveillance[19].
Early suspicion and proactive prevention are the key
to successful management of RFS[22]. This arduous task
can be achieved by taking a detailed history and thorough clinical examination. Clinicians should recognize
the needs for early administration of the nutrition support team in high-risk patients[23,24]. Therefore, physicians
must keep RFS in mind and be alert to this serious disorder at an early stage. A well-definite formal nutritional
assessment is suitable for those identified as being either
malnourished or at high risk of RFS. With a good nutritional assessment of the patients, well-experienced
nutrition nurses and qualified dieticians can create an
individualized formulation according to NICE strategies
for each patient, which may avoid RFS from occurring.
Moreover, clinicians should keep alert to the risk groups
in developing RFS as early as possible. Therefore, effective communication between clinicians and nutrition
teams is vital to achieving the best care possible for such
patients. The successful prevention and management of
RFS require a multidisciplinary approach and teamwork,
involving nutritionists, nurses, and doctors, which regu-
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larly discuss the changing nutritional needs of patients.
In conclusion, generally speaking, RFS is an underestimated disorder which has significantly fatal complications in malnourished patients in any way of artificial
nutrition. NICE guidelines help the clinician to stratify
a patient’s risk of developing RFS, but NG feeding in
nursing homes highlights a risk factor rarely considered
in our study. Derangement of fluid, electrolytes, and glycemic status were the major manifestations of RFS. Fetal
complications mostly resulting from hypophosphatemia
and cardiopulmonary failure were observed. The early
recognition of at-risk patients and the careful monitoring of symptoms and signs during refeeding are highly
recommended. However, to date, there have been no
specific presentations and well-known diagnosis criteria
for RFS. We must establish another set of guidelines,
which include more definitive criteria that are more sensitive and specific. Before this is established, the only
approach for clinicians is to (1) identify the at-risk population; (2) monitor the clinical features of patients during
refeeding; and (3) consult nutritional support teams as
early as possible. Moreover, clinical physicians, nursing
assistants, pharmacists, and nutritionists must be welleducated regarding this topic and also understand more
about the pathophysiology and the complications associated with RFS.
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surgical plan of the LERH. The superior mesenteric
vein was the most important anatomical landmark for
vascular dissection. The medial-to-lateral dissection approach made the LERH performed efficiently. Compared
with the open group, the LERH group had less blood
loss (111.7 ± 127.8 mL vs 170.2 ± 49.7 mL, P = 0.023),
faster return of flatus (3.0 ± 1.6 d vs 3.7 ± 1.3 d, P =
0.019), and earlier diet (4.2 ± 1.4 d vs 5.0 ± 1.2 d, P
= 0.005). Five patients (10.4%) underwent conversion
during laparoscopic surgery. The cancer recurrence
rates between the two groups were comparable (laparoscopic vs open, 8.6% vs 9.1%, P = 0.335).
CONCLUSION: For an advanced tumor located at
the hepatic flexure or proximal transverse colon, LERH
with D3 lymphadenectomy using a medial-to-lateral
approach seems to be safe and feasible when the superior mesenteric vein serves as the main anatomical
landmark and the right retrocolic space severed as the
surgical plan.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colon cancer; Hepatic flexure; Laparoscopic
colectomy; D3 lymphadenectomy; Anatomy

Abstract
AIM: To illustrate the critical techniques and feasibility
of laparoscopic extended right hemicolectomy (LERH),
according to our previous experience.
METHODS: Anatomical relationship and operative
techniques were demonstrated. One hundred and five
consecutive patients who underwent extended right
hemicolectomy with D3 lymphadenectomy between
January 2008 and May 2011 were included in the present study [laparoscopic group (n = 48) vs open group (n
= 57)].
RESULTS: The right retrocolic space was the main
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Core tip: Laparoscopic extended right hemicolectomy
with D3 lymphadenectomy is technically demanding for
complex vascular anatomy. D3 lymphadenectomy can
be implemented concisely and safely when the superior
mesenteric vein serves as the anatomical landmark and
the right retrocolic space severed as the surgical plan.
Zhao LY, Liu H, Wang YN, Deng HJ, Xue Q, Li GX. Techniques and feasibility of laparoscopic extended right hemicolectomy with D3 lymphadenectomy. World J Gastroenterol 2014;
20(30): 10531-10536 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10531.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10531
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INTRODUCTION
The laparoscopic approach has been currently accepted
as an alternative to open surgery for colon cancer[1-4]. A
tumor located at or within 10 cm distal to the hepatic
flexure has an increased risk of infrapyloric lymph node
metastasis[5]. However, most previous studies excluded
tumors located at the hepatic flexure or within 10 cm
distal to the hepatic flexure due to the technical difficulty
in a complete lymphadenectomy around the origins of
the middle colic vessels and the right gastroepiploic vessels. Consequently, open extended right hemicolectomy
(OERH) with D3 lymphadenectomy has been recommended as the optional procedure[6]. Laparoscopic D3
lymphadenectomy around the above mentioned vessels
is a highly technique. Thus, we introduced the pivotal
techniques and feasibility of the laparoscopic extended
right hemicolectomy (LERH) with D3 lymphadenectomy
according to our previous experience.

MATERIALS AND METHODS
Patients
Patients with a tumor located at the hepatic flexure or
within 10 cm distal to it who underwent extended right
hemicolectomy with D3 lymphadenectomy between January 2008 and May 2011 were retrieved from the established database[7]. The surgical approach was chosen based
on an understanding of the risks and benefits inherent
to laparoscopic and open resection, without any pressure
from the surgeon. After excluding distant metastases,
multiple primary tumors, acute surgery, previous colon
surgery, and previous malignant disease, 105 patients were
included for the final analysis (laparoscopic vs open: 48 vs
57). All patients provided written informed consent.
Data collection
Clinical data like age, sex, operation time, total blood loss
during surgery, liquid diet start time, time of first flatus,
postoperative hospital stay, and complications within 30
d after surgery were collected and compared between the
two groups. To evaluate the oncologic quality of the resection, tumor size, distal and proximal resection margin,
and number of lymph nodes harvested were collected
and compared consequently.
Surgical techniques
The D3 lymphadenectomy in this approach was defined
as lymphadenectomy by ligating the ileocolic, right colic,
middle colic, and right gastroepiploic vessels successively
at their origins.
Location of trocars and surgeons
The patient was placed in the Trendelenburg position,
with the surgeon standing between the patient’s legs, the
camera operator standing on the patient’s left side, the
assistant standing on the right of the camera operator,
and the scrub nurse standing on the patient’s right side.
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A 30º-angled scope placed through an umbilical port was
used to get an adequate view. A 10-mm trocar was introduced 10 cm below the umbilicus for the surgeon’s right
hand and a 5-mm McBurney’s point port was placed for
the left-hand instrument. An additional two 5-mm trocars were placed at the opposite McBurney’s point and
the right subcostal position for the assistant to retract and
display the colon and mesocolon.
Medial mobilization and central lymph node dissection
Locating the ileocolic and superior mesenteric vessel
pedicles: The small bowel was displaced to the left and
the omentum was turned up to the upper quadrant. The
transverse colon and the ileocecal junction were towed
cranially and laterally respectively. These retractions tented up the root of the mesentery and the right mesocolon,
displaying the ileocolic and superior mesenteric vessels
clearly, even in very obese patients (Figure 1A).
Opening the “mesenteric window” and exploring
the right retrocolic space: A medial-to-lateral approach
was useful to facilitate the exposure of the mesentery
with the assistance of the peritoneal fixation of the right
colon laterally. The “mesenteric window” was opened
just at the inferior edge of the ileocolic vascular pedicle,
which stood out clearly (Figure 1A). The right retrocolic
space (RRCS) between the mesocolon and the right prerenal fascia was the natural surgical plan of the extended
right hemicolectomy. The RRCS was extended laterally
and cranially via the “mesenteric window” (Figure 1B).
Dissecting the ileocolic vessels and superior mesenteric vein: The origins of the ileocolic vessels was identified and then ligated at their origin point from the superior mesenteric vessels. The ventral aspect of the caudal
portion of the superior mesenteric vein (SMV) was first
exposed in this process. The spatial relationship of the
ileocolic vein and ileocolic artery was used to locate the
superior mesenteric artery (Figure 1B and C).
Dissecting the gastrocolic vein trunk and middle
colic artery: The inferior part of the duodenum was the
first exposed structure in the course of extending the
RRCS cranially, with the uncinate process of pancreas
exposed subsequently. The right colic artery (if it existed)
and the gastrocolic venous trunk were then located and
skeletonized when dissecting the ventral of the SMV
caudally to cranially. The gastrocolic venous trunk was
described as the confluence of the right colic vein and
the right gastroepiploic vein (RGeV) draining into the
SMV at an average distance of 2.2 cm from the inferior
pancreatic border[8]. The middle colic vessels were the
first branches of the superior mesenteric vessels when
they came outside of the pancreatic neck. In our center,
in order to locate the middle colic vessels, we usually skeletonized the SMV cranially and regarded the inferior of
the pancreatic neck as the anatomical landmark. The right
colic vessels, RGeV, and middle colic vessels were divided
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Figure 1 D3 lymphadenectomy of laparoscopic extended right hemicolectomy. A: Locating the ileocolic and superior mesenteric vessel pedicles; B: Exploring
the RRCS between the mesocolon and the pre-renal fascia; C: Dissecting the ileocolic vessels and SMV; D: Extending the RRCS with strict preservation of the mesopancreas and mesocolon; E: Dissecting the middle colic vessels, gastrocolic trunk, and its tributaries; F: Lymphadenectomy at the hypopyloric region. SMV: Superior
mesenteric vein; ICV: Ileocolic vein; ICA: Ileocolic artery; MC: Mesocolon; RRCS: Right retrocolic space; RPRF: Right pre-renal fascia; Duo: Duodenum; Pan: Pancreas; GCT: Gastrocolic trunk; RGeV Gastroepiploic vein; RCV: Right colic vein; ASPDV: Anterior superior pancreaticoduodenal vein; MCV: Middle colic vein; MCA:
Middle colic artery; Tran: Transverse colon; Sto: Stomach; RGeA: Gastroepiploic artery.

at their origins one by one carefully (Figure 1D and E).
Dissection continued between the mesocolon and the
right pre-renal fascia throughout in favor of security and
oncologic quality.
Dissecting the gastrocolic artery: The gastrocolic
venous trunk was the landmark for locating the RGeV.
The gastroepiploic artery (RGeA) was the anterior of the
superior edge of the pancreatic neck, and located at the
right superior of the RGeV. Hypopyloric lymphadenectomy was performed along with the original ligation of
the gastroepiploic vessels (Figure 1F).
Mobilization of the transverse colon and hepatic
flexure: The transverse colon 10 cm distal to the tumor
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was drawn caudally by the left hand of the surgeon and
the greater gastric curvature was drawn crucially by the
assistant. The gastrocolic ligament was divided rightwards
near to the greater gastric curvature border until the hepatocolic ligament was divided completely, and then the
transverse colon and hepatic flexure were mobilized. The
transverse mesocolon was divided downwards caudally
until it joined the plan of RRCS dissected previously.
Mobilization of the ascending colon: The ileocecus
was drawn upwards and an incision was made at the peritoneal reflection laterally to medially to join the RRCS
dissected initially. At least 10 cm of the terminal ileum
was mobilized. The ascending colon was mobilized from
the ileocecus to the hepatic flexure along the lateral peri-
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Table 1 Baseline characteristics and pathological tumor
staging n (%)

Female
Age (yr, mean ± SD)
Tumor stage
Ⅰ
Ⅱ
Ⅲ

LERH (n = 48)

OERH (n = 57)

P value

18 (37.5)
60.5 ± 11.2

26 (45.6)
64.1 ± 14.2

0.401
0.153
0.644

3 (6.3)
24 (50.0)
21 (43.8)

2 (3.5)
33 (57.9)
22 (38.6)

Table 2 Clinical and pathologic outcomes

Operating time (min)
Estimated blood loss (mL)
Time to flatus (d)
Time to diet (d)
Postoperative hospital stay (d)
Tumor size(cm)
Proximal resection margin (cm)
Distal resection margin (cm)
No. of lymph nodes harvested

LERH: Laparoscopic extended right hemicolectomy; OERH: Open extended right hemicolectomy.

toneal attachment and rightwards extended to join the
dissected plan of RRCS. Finally, the terminal ileum, right
colon, and proximal transverse colon, as well as the hepatic flexure, were fully mobilized.
Anastomosis: A functional end-to-end ileocolic extracorporeal anastomosis between the ileum and the transverse colon was performed through the right subcostal
incision using a transverse liner stapler. The length of the
incision was about 5-6 cm.
The OERH was defined as lymphadenectomy simultaneously with the ligation of the ileocolic, right colic,
middle colic, and gastroepiploic vessels at their origins,
mobilizing 10 cm length of the terminal ileum, ascending
colon, hepatic flexure, and transverse colon at least 10 cm
distal to the tumor. The open surgeries were performed
by the same surgery team. The difference between
OERH and LERH is that open procedure followed a lateral-to-middle approach while LERH followed a middleto-lateral one.
Statistical analysis
SPSS 16.0 was used for all analyses. Fisher’s exact test or
2
χ test for parametric value and Student’s t test for continuous value were performed as appropriate. A P value
< 0.050 was considered significant.

RESULTS
There were no statistical differences in age, gender distribution, or tumor stage between the two groups (Table 1).
Surgical time was significantly longer in the LERH group
than in the OERH group. However, blood loss was statistically less in the LERH group. In addition, the mean
time to first flatus and the mean time to the start of a liquid diet were shorter in the LERH group. Although there
was no statistical difference between the two groups, the
mean length of postoperative hospital stay was shorter in
the LERH group (10.1 ± 8.3 vs 11.3 ± 7.4, P = 0.328)
Five cases (10.4%) in the LERH group were converted to open surgery because of extensive adhesions (n = 3),
size of tumor (n = 1), and uncontrolled bleeding (n = 1).
No deaths occurred during the surgery in either group.
Pathologically, no differences were observed between the
two groups in terms of tumor size, length of proximal or
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LERH
(n = 48)

OERH
(n = 57)

P value

244.4 (84.8)
111.7 (127.8)
3.0 (1.6)
4.2 (1.4)
10.1 (8.3)
4.5 (1.4)
17.3 (3.6)
13.5 (2.9)
17.1 (10.0)

170.7 (49.7)
170.2 (49.7)
3.7 (1.3)
5.0 (1.2)
11.3 (7.4)
5.1 (2.2)
17.2 (3.3)
14.8 (4.2)
17.3 (11.1)

< 0.001
0.023
0.019
0.005
0.328
0.124
0.904
0.080
0.910

LERH: Laparoscopic extended right hemicolectomy; OERH: Open extended right hemicolectomy.

distal resection margins, or number of lymph nodes harvested (Table 2).
Postoperative complications occurred in 6 (12.5%)
patients in the LERH group vs 11 (19.3%) in the OERH
group (P = 0.346). One case with a major complication
(defined as any complication requiring reoperation) was
observed in the LERH group (anastomotic leak) and one
case in the OERH group (bleeding). Minor complications in 5 cases of the LERH group and in 10 cases of
the OERH group were treated successfully and conservatively (Table 3). No deaths associated with complications
were observed in either group.
No patients were lost to follow-up in either group.
There were no differences in the median follow-up time
(14.6 mo vs 16.6 mo, P = 0.227) or cancer recurrence rate
(8.6% vs 9.1%, P = 0.335) between the two groups. Three
cancer related deaths were observed in the LERH group
and four in the OERH group.

DISCUSSION
The laparoscopic approach for hepatic flexure or proximal transverse colon cancer is challenging, requiring
advanced laparoscopic skills as well as comprehensive
anatomical knowledge of minimally-invasive surgery. In
the present study, there were no significant differences in
terms of tumor stage distribution, tumor size, length of
proximal and distal resection margin, number of lymph
nodes harvested, postoperative hospital stay, or postoperative complications between the two groups. Reduced
blood loss during operation and faster recovery of gastrointestinal function after surgery were observed in the
LERH group.
The main challenges of performing LERH include
the lack of tactile sensation, as well as the complicated
anatomical structures at the relevant areas. Thus, effective landmarks guiding the dissection are crucial in order
to keep the dissection secure. SMV and the RRCS served
as the landmark and surgical plan, respectively, in this
study. Meanwhile, the medial-to-lateral, caudal-to-cranial,
and posterior-to-anterior procedures were followed to
make the exposure and location adequate and precise, the
dissection distinct, and the operation easier[9,10]. The key
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Table 3 Postoperative complications n (%)
LERH (n = 48) OERH (n = 57) P value
Complications
Wound infection
Ileus
Anastomotic leak
Abdominal infection
Anastomotic stenosis
Hemorrhage

6 (12.5)
1 (2.1)
1 (2.1)
2 (4.2)
1 (2.1)
1 (2.1)
0 (0.0)

11 (19.3)
3 (5.3)
3 (5.3)
2 (3.5)
1 (1.8)
1 (1.8)
1 (1.8)

0.346

LERH: Laparoscopic extended right hemicolectomy; OERH: Open extended right hemicolectomy.

points of the LERH procedure include: (1) identifying
the proper anatomical landmarks; (2) locating relevant
blood vessels accurately and ligating the vessels at their
origins; (3) following the proper surgical plan; and (4)
maintaining the integrity of the fascia.
In our center, the SMV was considered the most
important landmark of LERH using a medial-to-lateral
method, which could guide the vascular dissection and
lymphadenectomy, as well as be considered the middle
boundary of the surgical plan (RRCS). The unique blue
bulge of the SMV and the invariable ileocolic vessels
makes the intersection of the SMV and the ileocolic
vein easily distinguishable when the transverse colon
and the ileocecal junction were towed cranially and laterally, respectively. Consequently, the LERH approach was
started from the intersection. An incision was made on
the lower boundary of the ileocolic vein in order to enter
the RRCS. Next, with skeletonizing of the ventral aspect
of the SMV caudally to cranially, vessels originating from
the SMV or SMA (ileocolic, right colic, and middle colic
vessels) were exposed and ligated one-by-one just at their
origins. The spatial relationship between the ileocolic artery and vein was used to identify the spatial relationship
between the SMV and the SMA, which can be used to
understand the arteriovenous spatial relationship of the
right and middle colic vessels.
The RRCS is the fusional interfascial space between
the mesocolon and pre-renal fascia that is nearly exempt
of nerves and blood vessels and was the natural surgical
plan of LERH. Keeping the operation in this space was
an effective way to preserve the intact mesocolon and
pre-renal fascia which could protect the ureter, gonadal
vessels, duodenum, and pancreas, as well as reduce blood
loss during surgery. The most important thing is that
separation of the mesocolon from the pre-renal fascia
and D3 lymphadenectomy of the supplying arteries and
draining veins will mostly likely ensure maximal harvest
of the regional lymph nodes, which is associated with improved survival[11-14].
Compared with OERH, LERH also showed shortterm advantages in reduced blood loss and faster recuperation of the gastrointestinal function, although its
operation time was significantly longer. Furthermore, due
to Chinese culture, most Chinese patients tended to leave
hospital after stitches have been taken out, which may
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explain why there was no statistical difference in postoperative hospital stay between the two groups, which is uncommon in Western studies. This may also contribute to
the slightly longer postoperative hospital stay compared
with other laparoscopic colectomies[15]. Compared with
previous findings, the mean time to liquid diet was longer
in our series, partially due to the fast-track approach not
being routinely used in our department[16]. The pathologic
results between the two groups were similar and complied with the criteria of oncologic resection.
Five cases in the LERH group were converted to
open surgery, mainly because of the presence of large
and invasive cancer. For conversion cases, previous studies have shown there was an increase in operating time,
hospital stay, morbidity, and and poor short-term survival[2,17,18]. The report also showed that locally advanced
tumors were an independent risk factor for conversion[19].
In our study, about 43.8% of patients were in stage
Ⅲ. All conversional cases were in stage Ⅲ, with the mean
diameter of the tumors being 6.2 cm. All surgeries in the
present study were performed by an experienced laparoscopic team in which every surgeon had been reached the
stable level of the learning curve[20]. This could be helpful
in relatively decreasing our conversion rate.
The main limitations of this study included retrospective design, single-center site, relatively short median
follow-up time, and small sample size. However, this
study showed that for an advanced tumor located at the
hepatic flexure or proximal transverse colon, LERH with
D3 lymphadenectomy using a medial-to-lateral approach
seems to be both safe and feasible when the superior
mesenteric vein serves as the main anatomical landmark
and the right retrocolic space severed as the surgical plan.

COMMENTS
COMMENTS
Background

The main factor that restricts the application of laparoscopic extended right
hemicolectomy (LERH) with D3 lymphadenectomy for colon cancer was that it
was technologically demanding in achieving a very high tie of the middle colic
vessels and right gastroepiploic vessels at their origins laparoscopically.

Research frontiers

Due to being highly technically demanding and having a complex vascular anatomic relation, LERH with D3 lymphadenectomy was performed cautiously. With
the improvements in surgical techniques, surgeon experience, and renewal
instruments, extended right hemicolectomy with D3 lymphadenectomy was
subsequently attempted in laparoscopic surgery.

Innovations and breakthroughs

LERH with D3 lymphadenectomy for tumors located at the hepatic flexure or
within 10 cm distal to it is challenging, mainly because of the technical difficulty
in dissecting the lymph nodes around the origin of the middle colic vessels
and right gastroepiploic vessel, and the handling of the intricacies of venous
anatomy at the gastrocolic trunk of Henle. LERH with D3 lymphadenectomy using a medial-to-lateral approach seems to be both safe and feasible when the
superior mesenteric vein serves as the main anatomical landmark for lymphadenectomy and the right retrocolic space severed as the surgical plan.

Applications

Based on the experience, LERH with D3 lymphadenectomy should be both
easy and safe when the superior mesenteric vein is served as the main anatomical landmark for lymphadenectomy and the right retrocolic space severed
as the surgical plan.
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Terminology

10

Tumors located at or within 10 cm distal to the hepatic flexure have an increased risk of infra-pyloric lymph node metastasis. Extended right hemicolectomy with D3 lymphadenectomy, which was defined as the ileocolic, right colic,
middle colic, and right gastroepiploic vessels, were ligated at their origins in sequence and bowel mobilization was performed at least 10 cm from the margins
of the tumor.
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This manuscript is about the feasibility of laparoscopic extended right hemicolectomy with D3 lymphadenectomy. The authors concluded that this technique
is feasible, although the final long-term outcome is not available due to a short
follow-up period.
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postoperative complications and PNI was analyzed by
logistic regression. The univariate and multivariate hazard ratios were calculated using the Cox proportional
hazard model.
RESULTS: The optimal cutoff value of the PNI was set
at 46, and patients with a PNI ≥ 46 and those with
a PNI < 46 were classified into PNI-high and PNI-low
groups, respectively. Patients in the PNI-low group
were more likely to have advanced tumor (T), node (N),
and TNM stages than patients in the PNI-high group.
The low PNI is an independent risk factor for the incidence of postoperative complications (OR = 2.223).
The 5-year overall survival (OS) rates were 54.1% and
21.1% for patients with a PNI ≥ 46 and those with a
PNI < 46, respectively. The OS rates were significantly
lower in the PNI-low group than in the PNI-high group
among patients with stages Ⅱ (P = 0.001) and Ⅲ (P <
0.001) disease.
CONCLUSION: The PNI is a simple and useful marker
not only to identify patients at increased risk for postoperative complications, but also to predict long-term
survival after total gastrectomy. The PNI should be
included in the routine assessment of advanced gastric
cancer patients.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the impact of prognostic nutritional index (PNI) on the postoperative complications
and long-term outcomes in gastric cancer patients undergoing total gastrectomy.

Key words: Prognostic nutritional index; gastric cancer; postoperative complications; total gastrectomy;
prognosis

METHODS: The data for 386 patients with gastric
cancer were extracted and analyzed between January
2003 and December 2008 in our center. The patients
were divided into two groups according to the cutoff
value of the PNI: those with a PNI ≥ 46 and those
with a PNI < 46. Clinicopathological features were
compared between the two groups and potential prognostic factors were analyzed. The relationship between
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Core tip: prognostic nutritional index (PNI) has been
shown to be associated with poor outcomes in various
types of malignancy. The low PNI was an independent
risk factor for the incidence of postoperative complications and an independent predictor of poor overall
survival (OS) in gastric cancer patients undergoing total
gastrectomy. The OS rates were significantly lower in
the PNI-low group than in the PNI-high group among
patients with stages Ⅱ and Ⅲ disease. We suggest that
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PNI is a simple and useful marker not only to identify
patients at increased risk for postoperative complications, but also to predict long-term survival after total
gastrectomy.
Jiang N, Deng JY, Ding XW, Ke B, Liu N, Zhang RP, Liang H.
Prognostic nutritional index predicts postoperative complications
and long-term outcomes of gastric cancer. World J Gastroenterol
2014; 20(30): 10537-10544 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i30/10537.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i30.10537

INTRODUCTION
Malnutrition is usually associated with humoral and cellular immune dysfunction, inflammatory response alterations, and a delay or failure of the wound healing process. Thus, patients with gastric cancer often have a high
incidence of serious complications[1,2]. Although surgical
resection is the mainstay of curative treatment for gastric
cancer, total gastrectomy is associated with postoperative catabolism, and changes in the metabolic, endocrine,
neuroendocrine, and immune systems that contribute
to high postoperative morbidity rates[3,4]. Therefore, accurately predicting the prognosis is needed to improve
patient survival and to provide important information to
the patients.
The prognostic nutritional index (PNI), which is calculated based on the serum albumin concentration and
total lymphocyte count in the peripheral blood, was originally proposed to assess the perioperative immunenutritional status and surgical risk in patients undergoing gastrointestinal surgery[5]. The preoperative nutritional status
has been demonstrated to be associated not only with
the incidence of postoperative complications, but also
with the long-term outcomes of patients with malignant
tumors[6-8]. With regard to gastric cancer, however, only
a few such studies have been performed, and the clinical
significance and prognostic value of this marker remain
uncertain[9,10].
Therefore, the primary aim of the study was to assess the impact of perioperative immunonutrition status
on postoperative complications and long-term outcomes
in gastric cancer patients submitted to total gastrectomy.

MATERIALS AND METHODS
Patients
A total of 581 patients with gastric cancer underwent
total gastrectomy at Tianjin Medical University Cancer Institute and Hospital between January 2003 and
December 2008 and were entered into a prospectively
maintained database. The inclusion criteria included: (1)
patients who underwent a potentially curative resection
(R0); (2) patients who underwent a lymphadenectomy
(D2 or D3); and (3) patients whose number of dissected
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lymph nodes were no less than 15. The exclusion criteria
included: (1) patients who underwent palliative surgery;
(2) patients who did not undergo node dissection (D0);
(3) patients who had para-aortic lymph node metastasis;
and (4) patients who had distant metastasis or peritoneal
dissemination that was confirmed during the operation.
Based on these criteria, 195 patients out of 581 were
excluded from this study. Of those excluded cases, 97
had less than 15 lymph nodes harvested for pathological
examination, 51 had undergone a palliative gastrectomy,
32 had D0 or D1 lymph node resection, 10 had distant
metastasis before the gastrectomy, and 5 had peritoneal
dissemination before gastrectomy. Therefore, a total of
386 patients were analyzed in this study, including 259
males and 127 females, with a median age of 60 (range:
20-80) years. Written informed consent was obtained
from all patients.
Methods
The clinicopathological characteristics were obtained
retrospectively from the medical records and evaluated
as prognostic factors; these included the patient age,
gender, body mass index (BMI), bleeding, tumor size,
Borrmann type, histology, extranodal metastasis, serosal
invasion, lymph node metastasis, TNM stage and postoperative complication. The stage of gastric cancer was
classified according to the 7th edition of the American
Joint Committee on Cancer (AJCC) TNM classification
system[11]. We also collected data from blood tests just
before the operation, including the level of serum albumin and total lymphocyte count in the peripheral blood.
Then, PNI was calculated using the following formula:
10 × serum albumin value (g/dl) + 0.005 × total lymphocyte count in the peripheral blood (per mm3)[5]. The
incidence of postoperative complications (postoperative
complications were defined as any deviation from the
normal postoperative course) also was evaluated in the
present study.
Follow-up
The patients were followed every 3 mo up to 2 years after surgery, then every 6 mo up to 5 years, and thereafter
every year or until death. Physical examination, laboratory tests, imaging and endoscopy were performed at
each visit. The median follow-up was 39 (range: 1-103)
mo, and the last follow-up date was December 20, 2013.
The overall survival rate was calculated from the day of
surgical resection until time of death or final follow-up.
Statistical analysis
To evaluate the sensitivity and specificity of the PNI for
predicting the 5-year overall survival (OS), the receiver
operating characteristic (ROC) curve was calculated, and
the Youden index was estimated to determine the optimal cutoff value for the PNI. All patients were divided
into two groups according to the cutoff value of the
PNI. The clinicopathological characteristics between the
two groups were compared using the χ 2 test. The survival
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under the ROC curve for the PNI was 0.663. When the
PNI was 45.95, the Youden index was maximal. Therefore, the cutoff value of the PNI was set at 46. Then,
patients with a PNI ≥ 46 and those with a PNI < 46
were classified into the PNI-high and PNI-low groups,
respectively.

Table 1 Relationship between clinical characteristics and
prognostic nutritional index n (%)
Characteristic
Age (yr)
< 65
≥ 65
Gender
Female
Male
Tumor location
Upper 1/3
Middle 1/3
Lower 1/3
2/3 or more
BMI
< 18.5 kg/m2
2
≥ 18.5 kg/m
Bleeding
≤ 200 mL
> 200 mL
Tumor size
< 5 cm
≥ 5 cm
Borrmann type
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Histology
Differentiated
Undifferentiated
Extranodal metastasis
Positive
Negative
Serosal invasion
Yes
No
Lymph node metastasis
pN0
pN1
pN2
pN3
TNM stage
Ⅰ
Ⅱ
Ⅲ

Postoperative complications
Yes
No

PNI-high
PNI-low
(n = 245) (n = 141)
168 (68.6)
77 (31.4)

80 (56.7)
61 (43.3)

75 (30.6)
170 (69.4)

52 (36.9)
89 (63.1)

80 (32.7)
26 (10.6)
114 (46.5)
25 (10.2)

39 (27.7)
20 (14.2)
61 (43.3)
21 (14.9)

31 (12.7)
214 (87.3)

36 (25.5)
105 (74.5)

99 (40.4)
146 (59.6)

51 (36.2)
90 (63.8)

107 (43.7)
138 (56.6)

38 (26.2)
103 (73.8)

94 (38.4)
151 (61.6)

48 (34.0)
93 (66.0)

68 (27.8)
177 (72.2)

34 (24.1)
107 (75.9)

37 (15.1)
208 (84.9)

33 (23.4)
108 (76.6)

189 (77.1)
56 (22.9)

121 (85.8)
20 (14.2)

90 (36.7)
41 (16.7)
56 (22.9)
58 (23.7)

34 (24.1)
17 (12.1)
27 (19.1)
63 (44.7)

29 (11.8)
71 (29.0)
145 (59.2)

10 (7.1)
29 (20.6)
102 (73.2)

39 (15.9)
205 (84.1)

44 (31.2)
97 (68.8)

χ2

P value

5.456

0.019

1.592

0.207

3.544

0.315

10.348

0.001

0.677

0.411

11.628

0.001

0.720

0.396

0.610

0.435

4.155

0.042

4.257

0.039

PNI and clinicopathological characteristics of patients
There were no statistical differences in gender, tumor
location, Borrmann type, bleeding and histology between
the two groups. The patients aged 65 years or older and
those with a BMI < 18.5 kg/m2 were frequent in PNIlow group. The incidence of postoperative complications
and the ratio of tumors with a diameter ≥ 5 cm increased
when the PNI was high. Patients with positive extranodal
metastasis were more frequently included in the PNI-low
group. Patients in the PNI-low group were more likely
to have advanced tumor (T), node (N), and TNM stages
than patients in the PNI-high group (Table 1).
Postoperative complications and PNI
Postoperative complications occurred in 44 (31.2%) of
141 patients with a PNI < 46 compared with 39 (15.9%)
of 245 patients with a PNI ≥ 46 (Table 2). In univariate
analysis, PNI < 46, bleeding > 200 ml, tumor size ≥
5 cm, serosal invasion, and lymph node metastasis were
significantly associated with postoperative complications. In multivariate analysis, PNI < 46 (OR = 2.223, P
= 0.002), bleeding > 200 ml and serosal invasion were
independently associated with the incidence of postoperative complications.

18.913 < 0.001

6.859

0.032

12.391 < 0.001

PNI: Prognostic nutritional index; BMI: Body mass index.

curves were calculated by the Kaplan-Meier method. Differences between the curves were analyzed by the logrank test. The univariate and multivariate hazard ratios
were calculated using the Cox proportional hazard model.
All significant variables in the univariate analysis were
entered into a multivariate analysis. All reported P-values
were two-sided. P < 0.05 was considered significant, and
CIs were calculated at the 95 % level. The statistical analyses were performed using the SPSS software program,
version 17.0 (SPSS, Chicago, IL).

RESULTS
ROC analysis
Using the 5-year survival rate as an endpoint, the area
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Analysis of independent prognostic factors
The 5-year OS rate was 54.1% in the PNI-high group
and 21.1% in the PNI-low group (P < 0.001; Figure 1A).
Results of univariate analysis of postoperative survival
showed that tumour size and location, BMI, bleeding,
histology and nodal metastasis, but not age, gender,
Borrmann type, or chemotherapy, were associated with
postoperative survival. Multivariate analyses revealed that
PNI (OR = 2.074; 95%CI: 1.581-2.722; P < 0.001) was
an independent factor associated with postoperative survival (Table 3). The 5-year OS rate of the patients with
stage Ⅰ disease was 90.6% in the PNI-high group and
71.4% in the PNI-low group (χ 2=1.340, P = 0.247). The
5-year OS rate of the patients with stage Ⅱ disease was
72.9% in the PNI-high group and 40.0% in the PNI-low
group (χ 2 = 11.591, P = 0.001; Figure 1B). The 5-year
OS rate of the patients with stage Ⅲ disease was 36.6%
in the PNI-high group and 12.4 % the in PNI-low group
(χ 2 = 33.020, P < 0.001; Figure 1C).

DISCUSSION
Nutritional status resulting from intake, absorption and
use of nutrients is particularly influenced by physiological and pathological status[12]. It is well-know that malnutrition is a factor that is closely associated with the incidence of postoperative complications, length of hospital
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Table 2 Univariate and multivariate logistic regression analyses of postoperative complications n (%)
Variable

No. of complications

Age ≥ 65 yr
Gender (male)
Tumor location (Upper 1/3)
BMI < 18.5 kg/m2
PNI < 46
Bleeding > 200 mL
Tumor size ≥ 5 cm
Borrmann type Ⅲ/Ⅳ
Histological type (undifferentiated)
Extranodal metastasis (positive)
Serosal invasion (yes)
Lymph node metastasis (pN3)
TNM stage (Ⅲ)

Univariate analysis

24 (28.9)
52 (62.7)
32 (38.6)
15 (18.1)
44 (53.0)
60 (72.3)
60 (72.3)
57 (68.7)
63 (75.9)
14 (16.9)
76 (91.6)
40 (48.2)
60 (72.3)

χ2

P value

2.151
0.948
4.189
0.038
12.391
5.532
4.162
1.357
0.295
0.114
8.471
14.282
4.432

0.142
0.330
0.242
0.846
< 0.001
0.019
0.041
0.244
0.587
0.735
0.004
0.003
0.109

Multivariate analysis
OR (95%CI)

P value

2.223 (1.344-3.676)
1.762 (1.023-3.037)
1.147 (0.646-2.037)

0.002
0.041
0.640

2.792 (1.218-6.404)
1.111 (0.889-1.390)

0.015
0.354

PNI: Prognostic nutritional index; BMI: Body mass index.
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0.8
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C
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Figure 1 overall survival curves. A: for patients between PNI-low group and PNI-high group. The 5-year OS rates were 54.1% and 21.1% in PNI-high group and
PNI-low group, respectively (P < 0.001); B: for patients with TNM Ⅱ stage disease. The 5-year OS rates were 72.9% in PNI-high group and 40.0% in PNI-low group
(χ 2 = 11.591, P = 0.001); C: for patients with TNM Ⅲ stage disease. The 5-year OS rates were 36.6% in PNI-high group and 12.4 % in PNI-low group (χ 2 = 33.020, P
< 0.001). PNI: prognostic nutritional index; OS: overall survival.

stay, short OS, quality of life and increased mortality of
malignant tumors[13,14]. A large multicenter study[15] found
that cancer was associated with increased malnutrition
rates, and patients’ nutritional status was significantly
related to the presence of cancer. Although surgical resection is the mainstay of curative treatment for gastric
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cancer, total gastrectomy is associated with postoperative catabolism, and changes in the metabolic, endocrine,
neuroendocrine, and immune systems that contribute to
high postoperative morbidity rates[2]. Malnutrition and
major surgery in gastric cancer patients are well-known
factors capable of impairing the immunological func-
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Table 3 Univariate and multivariate Cox regression analyses of prognostic factors in patients with gastric cancer undergoing total
gastrectomy
Characteristic

n

5-yr OS

Univariate analysis

χ
Age (yr)
< 65
≥ 65
Gender
Female
Male
Tumor location
Upper 1/3
Middle 1/3
Lower 1/3
2/3 or more
BMI
< 18.5 kg/m2
2
≥ 18.5 kg/m
Bleeding
≤ 200 mL
> 200 mL
Tumor size
< 5 cm
≥ 5 cm
Borrmann type
Ⅰ/Ⅱ
Ⅲ/Ⅳ
Histology
Differentiated
Undifferentiated
Extranodal metastasis
Positive
Negative
Serosal invasion
Yes
No
Lymph node metastasis
pN0
pN1
pN2
pN3
TNM stage
Ⅰ
Ⅱ
Ⅲ

Postoperative complications
Yes
No
Chemotherapy
Yes
No
PNI
High
Low

248
138

44.4
37.0

127
259

41.7
41.7

119
46
175
461

35.5
47.8
48.6
28.3

67
319

26.9
44.8

150
236

51.3
35.6

144
242

57.6
32.2

142
244

46.5
38.9

102
284

51.0
38.4

70
316

45.6
24.3

310
76

69.7
34.8

124
58
83
121

71.8
46.6
36.1
12.4

39
100
247

84.6
63.0
26.3

83
303

22.9
46.9

224
162

48.1
37.1

245
141

54.1
21.1

2

P value

Multivariate analysis
HR (95%CI)

P value

3.753

0.053

0.000

1.000

9.998

0.019

11.744

0.001

1.405 (1.021-1.935)

0.037

11.786

0.001

1.346 (1.018-1.780)

0.037

27.632

< 0.001

1.613

0.204

4.831

0.028

17.018

< 0.001

30.363

< 0.001

1.736 (1.115-2.703)

0.015

< 0.001

1.685 (1.487-1.908)

< 0.001

1.453 (1.079-1.956)

0.014

2.074 (1.581-2.722)

< 0.001

131.31

78.584

< 0.001

15.175

< 0.001

2.750

0.097

60.703

< 0.001

PNI: Prognostic nutritional index; BMI: Body mass index.

tions, contributing to an increased risk of postoperative
infectious, anastomotic trouble, and metastasis after surgery[16]. The simplified PNI used in our study to assess
the immune status was based on two simple laboratory
parameters, albumin and absolute lymphocyte count,
which are measured routinely in clinical practice.
The PNI was initially designed to assess the nutritional and immunological statuses of patients who underwent gastrointestinal surgery[17]. Previous studies have
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reported an impact of the PNI on prognosis in several
malignancies. Pinato et al[18] found that PNI was useful
for assessing survival in patients with hepatocellular cancer. Similar results were reported for patients receiving
chemotherapy for advanced colorectal cancer. Mohri
et al[7] demonstrated that preoperative PNI is a useful
predictor of postoperative complications and survival in
patients with colorectal cancer. Yao et al[19] showed that
PNI, an indicator of nutritional status that is simple to
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construct from laboratory parameters, is a useful predictor of the long-term outcome of malignant pleural
mesothelioma. However, the optimal cutoff value of the
PNI to predict the long-term outcomes remains unclear.
Nozoe et al[20] demonstrate that the preoperative PNI
value can provide useful information regarding the clinical outcomes of patients with gastric carcinoma, and the
mean value of the PNI (49.7) among the study population was set as the border value to divide high and low
PNI groups. Migita et al[10] showed that the cutoff value
was set at 48, because when the PNI was 48, its sensitivity and specificity for predicting the 5-year OS were
82.3% and 57.9 %, respectively. In the present study, we
performed a ROC curve analysis, and the optimal cutoff
value for the PNI was determined to be 46. When the
PNI was 46, the Youden index was maximal. We saw a
close correlation between PNI and age, BMI, tumor size,
histology, which was consistent with the finding by Watanabe et al[9] who observed that PNI in younger patients
undergoing gastrectomy is significantly higher than that
in older patients. In our study, the percentage of patients
aged 65 years or older was higher in the PNI-low group
than in the PNI-high group (P = 0.019). Many studies
had demonstrated that advanced age is an independent
adverse predictor of survival for cancer patients[21,22],
but we failed to find the relationship between prognosis
and age in our study cohort. The present study demonstrated that the PNI was significantly lower in patients
with features of more advanced tumors, such as deeper
depth of invasion and positive lymph node metastasis,
than in those without such factors. The PNI was associated with a higher risk of postoperative complications
of gastric cancer. Mohri et al[7] reported that PNI was an
independent predictor of postoperative complications
in patients with colorectal cancer. Therefore, although
PNI was initially thought of purely as a reflection of the
nutritional status of a patient, given that its prognostic
association is likely, PNI is a reflection of postoperative
complications. Previous studies demonstrated that the
development of postoperative complications, such as
anastomotic leakage, had a negative impact on the gastric cancer prognosis[23,24], and some studies have shown
that perioperative immunonutrition significantly reduces
the postoperative complications and length of hospital
stay[16,25]. Our results suggest that postoperative complications occurred more frequently in the PNI-low group
than in the PNI-high group, and the multivariate analysis
demonstrated that preoperative PNI, easily measurable
before surgery, may be used clinically to identify patients
at increased risk for postoperative complications (OR
= 2.223, P = 0.002). These results are consistent with
several previous studies evaluating the predictive role of
PNI in malignancies[10,18,26].
Several studies have reported the tumor location,
macroscopic and histological types of the tumor, tumor
size, tumor depth, lymph node involvement, distant metastasis, and curability are associated with the prognosis
for gastric cancer patients undergoing total gastrec-
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tomy[27,28]. Our present study demonstrated that the OS
rate of the PNI-low group was significantly lower than
that of the PNI-high group, and the 5-year OS rates
were 54.1% and 21.1%, respectively, possibly due to tumor progression and decreased oral intake as a result of
the cancer. Takushima et al[29] demonstrated that a lower
PNI value was an indicator for a poor prognosis in patients with gynecological tumors. Nozoe et al[26] reported
that the preoperative PNI value can provide useful information regarding the clinical outcomes of patients with
colorectal carcinoma. The survival rate of patients with a
lower PNI value was also significantly lower than that of
patients with a higher PNI value. The multivariate analysis performed in the present study demonstrated that
PNI had prognostic value similar to that of lymph node
metastasis and serosal invasion and a lower value of PNI
was independently associated with a more unfavorable
prognosis of patients with gastric carcinoma. In the
stratified analysis, the PNI-low group had a significantly
lower OS rate than the PNI high group among patients
with stages Ⅱ and Ⅲ disease, while there was no difference between the PNI-high group and PNI-low group
with stage Ⅰ. These results may suggest that a low PNI
effects a preoperative low immunonutritional status that
decreases the body immune system against tumors and
increases the tumor burden, which leads to the growth
of residual tumor cells, and is associated with a worse
prognosis in advanced cancer after total gastrectomy.
Although the mechanism or mechanisms behind
postoperative complication with poor long-term prognosis after cancer resection and a larger sample size,
randomized prospective cohorts, multicenter studies to
evaluate the prognostic effect of PNI and identify the
underlying mechanism remain to be determined. Despite
that, PNI < 46 was an independent predictor of severe
postoperative complications and long-term survival after
total gastrectomy.
In conclusion, our results suggest that preoperative
PNI, easily measured before surgery, may be used clinically not only to identify patients at increased risk for
postoperative complications, but also to predict longterm survival after surgery as a simple and useful marker.
We suggest that PNI should be included in the routine
assessment of gastric cancer patients undergoing total
gastrectomy. Physicians should pay attention to perioperative care for patients with a low PNI value.
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cally not only to identify patients at increased risk for postoperative complications, but also to predict long-term survival after surgery as a simple and useful
marker.

Innovations and breakthroughs

It is well know that malnutrition is a factor that is closely associated with the
incidence of postoperative complications, length of hospital stay, short overall survival, quality of life and increased mortality of malignant tumors. This
study confirmed that PNI can be used clinically not only to identify patients at
increased risk for postoperative complications, but also to predict long-term
survival after total gastrectomy as a simple and useful marker.

Applications

By understanding the negative association between PNI and incidence of
postoperative complications and the relationship between PNI and prognosis of
gastric cancer, this study may stimulate surgeons to pay attention to PNI. PNI
should be included in the routine assessment of gastric cancer patients undergoing total gastrectomy.
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Terminology

Postoperative complications were defined as any deviation from the normal
postoperative course. Extranodal metastasis was defined as the presence of
tumor cells in extramural soft tissue that was discontinuous with either the primary lesion or locoregional lymph nodes.
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PNI has been shown to be associated with poor outcomes in various types of
malignancy. This study shows that PNI can be used clinically not only to identify
patients at increased risk for postoperative complications, but also to predict
long-term survival after surgery as a simple and useful marker.
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Abstract
AIM: To identify risk factors that might contribute to
hepatic artery thrombosis (HAT) after liver transplantation (LT).
METHODS: The perioperative and follow-up data of a
total of 744 liver transplants, performed from February
1999 to July 2010, were retrospectively reviewed. HAT
developed in 20 patients (2.7%). HAT was classified
as early (occurring in fewer than 30 d post LT) or late
(occurring more than 30 d post LT). Early HAT devel-
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oped in 14 patients (1.9%). Late HAT developed in 6
patients (0.8%). Risk factors associated with HAT were
2
analysed using the χ test for univariate analysis and
logistic regression for multivariate analysis.
RESULTS: Lack of ABO compatibility, recipient/donor
weight ratio ≥ 1.15, complex arterial reconstruction,
duration time of hepatic artery anastomosis > 80 min,
duration time of operation > 10 h, dual grafts, number
of units of blood received intraoperatively ≥ 7, number
of units of fresh frozen plasma (FFP) received intraoperatively ≥ 6, postoperative blood transfusion and
postoperative FFP use were significantly associated
with early HAT in the univariate analysis (P < 0.1). After logistic regression, independent risk factors associated with early HAT were recipient/donor weight ratio
≥ 1.15 (OR = 4.499), duration of hepatic artery anastomosis > 80 min (OR = 5.429), number of units of
blood received intraoperatively ≥ 7 (OR = 4.059) and
postoperative blood transfusion (OR = 6.898). Graft
type (whole/living-donor/split), duration of operation
> 10 h, retransplantation, rejection reaction, recipients
with diabetes preoperatively and recipients with a high
level of blood glucose or diabetes postoperatively were
significantly associated with late HAT in the univariate
analysis (P < 0.1). After logistic regression, the independent risk factors associated with early HAT were
duration of operation > 10 h (OR = 6.394), retransplantation (OR = 21.793) and rejection reactions (OR
= 16.936).
CONCLUSION: Early detection of these risk factors,
strict surveillance protocols by Doppler ultrasound and
prophylactic anticoagulation for recipients at risk might
be determined prospectively.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Hepatic artery throm-
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bosis; Risk factors; Complication; Blood transfusion
Core tip: By analysing in detail the risk factors associated with early and late hepatic artery thrombosis
(HAT) after adult liver transplantation (LT), we found
factors that increased the risk for early and late HAT
after LT, as well as some independent predictors of
early and late HAT, particularly the postoperative use
of blood transfusion which has not been mentioned in
previous publications. For patients at increased risk for
early and late HAT as described above, prophylactic
anticoagulant treatment or daily surveillance by Doppler ultrasound could be considered for the possible
prevention or early detection of HAT after LT.
Yang Y, Zhao JC, Yan LN, Ma YK, Huang B, Yuan D, Li B,
Wen TF, Wang WT, Xu MQ, Yang JY. Risk factors associated
with early and late HAT after adult liver transplantation. World J
Gastroenterol 2014; 20(30): 10545-10552 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10545.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10545

INTRODUCTION
Liver transplantation (LT) has become the most effective
therapy for many patients with acute and chronic endstage liver disease[1]. Hepatic artery thrombosis (HAT),
which is the most common and dreaded vascular complication after LT with a high mortality rate, can lead to
graft loss associated with septic hepatic infarction and
bile duct ischemia[2]. HAT is usually divided into two categories: early (occurring in less than 1 mo or 4 wk post
LT) and late (occurring more than 1 mo or 4 wk postLT)[3-5]. Compared to the relatively high incidence reported in the first decade of LT[6], the present incidence of
HAT after LT varies widely, with a reported frequency
of 2.5%-15.0%[7,8]. HAT has generally been more frequent after pediatric LT[2,8].
Compared to the relatively mild course of late HAT,
early HAT is associated with an aggressive course, a higher rate of graft loss and increased recipient mortality[9].
With improvements in perioperative care and postoperative surveillance, the present incidence of early HAT has
decreased. In a systematic review by Bekker et al[5], the
incidence of early HAT was 2.9% in adults and 8.3% in
children. Late HAT has a prevalence of 2%-20%[5]. The
diagnosis of HAT is often suggested by Doppler ultrasonography (DUS) and is confirmed by selective coeliac angiography, computed tomographic arteriography (CTA),
exploratory laparotomy, or autopsy[2,5,10]. Retransplantation used to be the only possible therapy for HAT, with
a mortality rate approaching 50%[2,4,11]. In the face of a
shortage of organs, urgent surgical revascularization has
become an effective option for graft salvage in cases of
early detection, and can be used to temporarily avoid the
need for retransplantation[3-5,8-12]. In recipients with mild
symptoms, endovascular management such as intra-arte-
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rial thrombolysis, percutaneous transluminal angioplasty,
and stent placement have also been attempted in recent
years as less invasive alternatives to surgical intervention[13]. Despite these treatments, the overall mortality rate
in early HAT was 33.3%, and it was significantly higher in
adults than in children (34.3% vs 25%, P < 0.03)[5].
The real etiology of HAT remains a matter of debate
and is in most cases, unidentifiable. It was traditionally
proposed that surgical technique was the most important risk factor for HAT[14]. However, other risk factors
such as graft preservation, ischemia-reperfusion injury,
immunological factors, coagulation abnormalities, infections, donors being elderly, rejection episodes, retransplantation, arterial conduits, prolonged operation time,
low recipient weight, and genetic factors have also been
implicated[5,15,16].
The identiﬁcation of risk factors could result in the
prompt diagnosis of HAT by concentrating on those patients at risk and could allow for appropriate prophylactic treatment. Therefore, this study employed univariate
and multivariate analyses of early and late HAT to identify the independent risk factors contributing to HAT
after adult LT in a single institution.

MATERIALS AND METHODS
Patients
Data were derived from a prospectively collected database of all LTs conducted at the West China Hospital of
Sichuan University from February 2002 to July 2010. A
total of 744 consecutive LTs, including deceased donor
liver transplantations (DDLTs) and living donor liver
transplantations (LDLTs), were performed at our centre in 726 adult patients suffering from end-stage liver
disease. The recipients were 610 men and 116 women,
with an age range of 18-69 years (mean age, 44.90 ± 9.98
years). The patients were monitored until December
2012 or their death, and their medical records were retrospectively reviewed. All of the liver grafts were from
brain dead donors or living donors. Living and deceased
donations were voluntary and altruistic in all cases and
were approved by the West China Hospital Ethics Committee. All donations were obtained in accordance with
the ethical guidelines of the Declaration of Helsinki.
HAT is divided into two categories: early (occurring
within less than 1 mo post LT) and late (occurring later
than 1 mo post LT).
Perioperative prophylaxis and surveillance protocol for
HAT
The detailed surgical techniques for the donors’ and recipients’ operations were previously reported[17,18]. All of
the allografts were preserved in the University of Wisconsin (UW) solution at 4 ℃. Hepatic arterial reconstruction was performed using microvascular techniques after
the adoption of systemic anticoagulation (heparin, 62.5
U/kg, intravenous, 5 min before anastomosis). Administration of alprostadil (20 μg) to maintain artery patency
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Table 1 Indications for liver transplantation in those developing early and late hepatic artery thrombosis
Indication for LT
Malignancy
Hepatitis B cirrhosis
Acute liver failure
Hepatic echinococcosis

HAT
10
6
3
1

% HAT for
indication

Early
HAT

Late
HAT

6
5
2
1

4
1
1
0

3.1% (10/327)
2.3% (6/265)
5% (3/60)
14.3% (1/7)

HAT: Hepatic artery thrombosis; LT: Liver transplantation.

was used in all of the cases after the completion of hepatic arterial reconstruction. The patency of the arterial
anastomosis was evaluated by intraoperative Doppler
ultrasonography.
Postoperative prophylaxis and surveillance protocol for
HAT
Maintenance immunosuppression, which was previously
reported, consisted of a triple-drug regimen that included tacrolimus or cyclosporine, mycophenolate and prednisone[19]. All of the recipients received low-molecularweight heparin (LMWH) subcutaneously (nadroparin, 0.1
mL/10 kg, every 12 h) and alprostadil (20 μg/d) intravenously as thrombosis prophylaxis for the first 7 post-LT
days, as soon as the prothrombin time was less than 20
s, the activated partial thromboplastin time was less than
50 s, the platelet count was more than 30 × 109 cells/L,
and no evidence of hemorrhagic complications or bleeding tendency was found. All of the patients underwent
DUS every 12 h during the first postoperative week and
daily during the second postoperative week to confirm
hepatic artery patency. The diagnosis of HAT after LT
was based on clinical presentations, color DUS findings,
and hepatic artery arteriography. If elevated hepatic enzymes, cholestasis, bile leakage, or a high fever in the absence of acute rejection was detected, color DUS, CTA,
or selective hepatic artery angiography was performed to
establish the diagnosis. If hepatic arterial inflow was not
observed by color DUS, contrast-enhanced ultrasound
examination was performed in LDLT cases beginning
in January 2005[20]. Recipient hepatic arterial inflow was
followed regularly with a color DUS scan 3 or 6 mo after
discharge.
Analysis of risk factors
Donor-related, recipient-related, intraoperative and postoperative factors were compared between the patients
with and without early or late HAT, respectively. The
donor factors that were considered were gender, age (≤
60 vs > 60 years), recipient/donor body weight ratio and
blood group. The recipient factors were gender, age (≤
60 years vs > 60 years), aetiology (benign vs malignant liver disease), pretransplantation Child-Pugh class, MELD
score, blood group, pretransplantation abdominal operative history, transcatheter arterial chemoembolization
(TACE) prior to LT and diabetes status. The intraoperative factors were type of allograft (deceased donor whole
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liver, living-donor or split liver graft), number of grafts
(dual or single graft), complex hepatic arterial reconstruction, method of biliary reconstruction, cold ischemia time
(CIT), warm ischemia time (WIT), hepatic artery anastomosis time, duration of LT, and transfusion of blood,
cryoprecipitate, fresh frozen plasma (FFP) and platelets.
The postoperative factors were posttransplantation rejection episodes, transfusion of blood, cryoprecipitate, FFP
and platelets (present, absent), bile leakage, portal vein
thrombosis (PVT), infection (including pulmonary, biliary, abdominal or other infection), posttransplantation
hyperglycemia/diabetes status and retransplantation. For
our study, a “complex hepatic arterial reconstruction”
was defined as the presence of bench arterial reconstruction, multiple numbers of anastomoses, or bypass for
hepatic arterial reconstruction.
Statistical analysis
SPSS 17.0 statistical software (SPSS Inc., Chicago, IL,
United States) was used to analyse the relevant data. All
of the numerical data are presented as mean ± SD or as
median. For univariate analysis, categorical variables were
compared using χ 2 test for associations and the Mann
Whitney U test was used for nonparametric data analysis.
For univariate analysis, P ≤ 0.05 was considered significant. Variables with P < 0.05 in the univariate analysis
were entered into a forward stepwise logistic regression
analysis to estimate the OR of each HAT (dependent
variables) and the presence or absence of potential
prognostic factors (independent variables). The OR was
defined as the exp (β-coefficient) with its 95%CI.

RESULTS
The characteristics of the patients included in the study
are shown in Tables 1 and 2. In this series of 744 adult
LTs, 20 episodes of HAT were observed, for an overall
incidence of 2.7%. Early HAT occurred in 14 (1.9%)
recipients and late HAT in 6 (0.8%). The median time
until HAT was detected was 3 (range: 1-20) d in the
early group and 52 (range: 30-70) d in the late group. All
of the HAT cases (Table 1) were identified by Doppler
ultrasound and were confirmed or diagnosed by hepatic
artery angiography and surgical exploration.
Early HAT
Table 2 shows the donor and recipient characteristics
associated with early HAT. In univariate analysis, recipients of ABO-incompatible grafts showed a signiﬁcantly
greater incidence of HAT (16.7%), compared with those
who secured ABO-identical (1.8%) or compatible (1.1%)
grafts (P = 0.025). Body weight ratio (recipient/donor)
greater than 1.15 (n = 112) was associated with an incidence of early HAT of 5.4% compared to 1.3% of the
632 cases with a ratio < 1.15 (P = 0.003). There were no
significant differences in the incidences of early HAT
between the recipients’ groups by age, gender, aetiology,
Child-Pugh class, MELD scores, recipients’ pretrans-
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Table 2 Univariate analysis for recipient and donor factors associated with early hepatic artery thrombosis n (%)
Variable
Number of LTs
Recipient gender
Male
Female
Recipient age (yr)
> 60
≤ 60
Aetiology
Malignancy
Benign
Child-Pugh class
A
B
C
MELD score
Pre-LT abdominal operation
Yes
No
TACE history
Yes
No
Diabetes
Yes
No
Blood group
Match
Compatible
Incompatible
Recipient/donor wt. ratio
≥ 1.15
< 1.15
Donor gender
Female
Male
Donor age (yr)
≥ 60
< 60

Patients

Early HAT

P value

744

14 (1.9)

-

627 (84.3)
117 (15.7)

13 (2.1)
1 (0.9)

0.370

63 (8.5)
681 (91.5)

2 (3.2)
12 (1.8)

0.460

6 (1.8)
8 (1.9)

0.930

327 (44)
417 (56)
233 (31.3)
291 (39.1)
220 (29.6)
14 (6-59)

3 (1.3)
5 (1.7)
6 (2.7)
12.5 (6-36)

222 (29.8)
522 (70.2)

2 (0.9)
12 (2.3)

67 (9.0)
677 (91.0)

2 (3.0)
12 (1.2)

40 (5.4)
744 (94.6)

1 (2.5)
13 (1.8)

649 (87.2)
89 (12.0)
6 (0.8)

12 (1.8)
1 (1.1)
1 (16.7)

112 (15.1)
632 (84.9)

6 (5.4)
8 (1.3)

0.003

113 (15.0)
641 (85.0)

3 (2.7)
11 (1.7)

0.495

4 (0.5)
750 (99.5)

0
14 (1.9)

0.780

Table 3 Univariate analysis for potential intraoperative factors
associated with early hepatic artery thrombosis n (%)
Variable
Type of allograft
Whole size
LDLT
Split
Dual grafts
Yes
No
Complex arterial reconstruction
Yes
No
HA anastomosis time (min)
> 80
≤ 80
Biliary reconstruction
R-D
D-D
Operation time (h)
> 10
≤ 10
Blood (U)
≥7
<7
FFP (U)
≥6
<6
Platelets
Yes
No
WIT (min)
CIT (min)

0.510
0.538

0.199

0.490

0.770

0.025

Early HAT

P value

544
196
4

10
4
0

0.948

10 (1.3)
734 (98.7)

1 (10.0)
13 (1.8)

0.057

30 (4.0)
714 (96.0)

3 (10.0)
11 (1.5)

0.001

153 (20.6)
591 (79.4)

8 (5.2)
6 (1.0)

0.001

74 (9.9)
670 (90.1)

1 (1.4)
13 (1.9)

0.723

208 (28.0)
536 (72.0)

9 (4.3)
5 (0.9)

0.002

383 (51.5)
361 (48.5)

12 (3.1)
2 (0.6)

0.010

295 (39.7)
449 (60.3)

10 (3.4)
4 (0.9)

0.014

223 (29.9)
521 (70.1)
51 (36-105)
359 (109-782)

2 (0.9)
12 (2.3)
54 (38-82)
341 (134-542)

0.199
> 0.1
> 0.1

LT: Liver transplantation; LDLT: Living donor liver transplantation; R-D:
Roux-en-Y choledochojejunostomy biliary reconstruction; D-D: End to
end choledochocholedochostomy; FFP: Fresh frozen plasma; WIT: Warm
ischemia time; HAT: Hepatic artery (HA) thrombosis; CIT: Cold ischemia
time.

LT: Liver transplantation; wt: Weight; TACE: Transcatheter arterial chemoembolization.

plant history of laparotomy or TACE or diabetes status
or the age or gender of the donor.
Early HAT was shown to be associated primarily
with intraoperative factors as observed in Table 3. The
incidence of early HAT in patients transplanted with dual
grafts (n = 10) was 10%, compared to 1.8% occurring in
recipients transplanted with a single graft (n = 734), but
without reaching statistical signiﬁcance (P = 0.057). There
was a significant difference in the rate of early HAT
in cases involving complex hepatic arterial reconstruction (10% of 30 recipients), compared to hepatic artery
anastomosis without complex reconstruction (1.5% of
714 recipients, P = 0.001). The incidence of early HAT
among recipients with time to hepatic artery anastomosis
longer than 80 min (5.2% of 153 cases) was significantly
greater than that for those recipients with durations ≤
80 min (1.0% of 591 cases). Early HAT occurred more
frequently in recipients with longer total operative times
of more than 10 h, compared with those with operative times within 10 h (4.3% of 208 cases vs 0.9% of
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Patients

536 cases, P = 0.002). The incidence of HAT reached
statistical signiﬁcance when intra-operative whole blood
transfusions of 7 or more units were included (P = 0.01).
The infusion of 6 or more units of FFP intraoperatively
increased the incidence of early HAT significantly (P =
0.014). Neither the number of units of platelets transfused nor the number of units of cryoprecipitate transfused had any signiﬁcant impact on the incidence of early
HAT. There was no significant difference in the rate of
early HAT between recipient groups by type of allograft,
methods of biliary reconstruction, CIT, or WIT.
Postoperative factors were also analysed, as shown
in Table 4. The incidence of early HAT was significantly
greater in patients who required blood transfusions than
in those without transfusion requirements of blood (3.7%
of 244 cases vs 1.0% of 500 cases, P = 0.011). The transfusion requirement for FFP was signiﬁcantly associated
with early HAT in univariate analysis (P = 0.044), but no
association was reported with transfusion requirement
for platelets. Postoperative factors, such as posttransplantation rejection episodes, bile leakage, PVT, infection (including pulmonary, biliary, abdominal or other
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Table 4 Univariate analysis for potential postoperative factors
associated with early hepatic artery thrombosis n (%)
Variable

Patients

Episode of rejection
Yes
No
Retransplantation
Yes
No
Infection
Yes
No
Blood
Yes
No
FFP
Yes
No
Platelets
Yes
No
Hyperglycemia/diabetes
Yes
No
PVT
Yes
No
Bile leak
Yes
No

Early HAT

Table 6 Univariate analysis for risk factors associated with
early hepatic artery thrombosis n (%)

P value

42 (5.6)
702 (94.4)

1 (2.4)
13 (1.9)

0.806

18 (2.4)
726 (97.6)

0
14 (1.9)

0.708

126 (16.9)
618 (83.1)

3 (2.4)
11 (1.8)

244 (32.8)
500 (67.2)

9 (3.7)
5 (1.0)

240 (32.3)
504 (67.7)

8 (3.3)
6 (1.2)

60 (8.1)
684 (91.9)

1 (1.7)
13 (1.9)

268 (36.0)
476 (64.0)

5 (1.9)
9 (1.9)

9 (1.2)
735 (98.8)

0 (11.1)
14 (1.9)

0.679

17 (2.3)
727 (97.7)

0
14 (1.9)

0.721

Variable
Diabetes pre-LT
Yes
No
Type of LT
Whole size
LDLT
Split
Operation time
> 10 h
≤ 10 h
Retransplantation
Yes
No
Hyperglycemia/post-LT
diabetes
Yes
No
Episode of rejection
Yes
No

0.651

0.011

0.044

0.898

P value

OR

95%CI

0.008
0.004
0.017
0.015

4.499
5.429
4.059
6.898

1.487-13.608
1.725-17.086
1.290-12.770
1.463-32.526

HA: Hepatic artery; wt: Weight.

infections), posttransplantation hyperglycemia/diabetes
status and retransplantation had no significant impact on
the incidence of early HAT.
The factors independently predictive of early HAT
are listed in Table 5. After logistic regression, independent risk factors associated with early HAT included
recipient/donor weight ratio ≥ 1.15 (OR = 4.499), duration of hepatic artery anastomosis > 80 min (OR =
5.429), the number of units of blood received intraoperatively ≥ 7 (OR = 4.059), and the receiving of blood
transfusions postoperatively (OR = 6.898).
Late HAT
In univariate analysis, donor and recipient characteristics
and their intraoperative or postoperative associations
with the development of late HAT are shown in Table 6.
Diabetes was diagnosed preoperatively in 2 of the 40 re-
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40 (5.4)
704 (94.6)

2 (5.0)
4 (0.6)

0.037

544 (73.1)
196 (26.3)
4 (0.5)

4 (0.7)
1 (0.5)
1 (25)

< 0.001

208 (28.0)
536 (72.0)

4 (1.7)
2 (0.4)

0.034

18
726

1
5

0.023

268 (36.0)
476 (64.0)

5 (1.9)
1 (0.2)

0.025

48 (6.5)
696 (93.5)

2 (4.2)
4 (0.6)

0.050

LT: Liver transplantation; LDLT: Living donor liver transplantation.

Table 5 Independent predictors of early hepatic artery thrombosis after liver transplantation

Recipient/donor wt. ratio ≥ 1.15
HA anastomosis time > 80 min
Intraoperative blood transfusion ≥ 7 U
Postoperative blood transfusion

Late HAT

0.981

FFP: Fresh frozen plasma; PVT: Portal vein thrombosis; HAT: Hepatic artery thrombosis

Variable

P value

Patients

cipients who developed late HAT, with 4 cases of diabetes diagnosed in the 704 without HAT (P = 0.037). The
incidences of late HAT in patients with reduced liver
grafts (LDLT and split) were 0.5% and 25%, respectively, reaching statistical signiﬁcance (P < 0.001). Surgical durations longer than 10 h increased the incidence of
late HAT significantly (1.7% of 208 cases, P = 0.034).
In total there were 18 regrafts in the 744 transplants in
this series. Late HAT occurred in one of these retransplantations (1/18). Retransplantation was found to be a
risk factor for late HAT in this study (P = 0.023). The
incidence of late HAT among recipients with an episode
of rejection (4.2% of 48 cases) was significantly greater
than that for those without rejection (0.2% of 696 cases,
P = 0.05), and recipients with diabetes preoperatively
and those with a high level of blood glucose or diabetes
postoperatively (P = 0.025) were also associated with
late HAT in univariate analyses. There were no significant differences in the incidences of late HAT between
patients grouped by age, gender, aetiology, Child-Pugh
class, MELD score, recipient pretransplant history of
laparotomy or TACE, age or gender of donor, ABO or
Rh blood type and matching, body weight ratio (recipient/donor), duration of arterial reconstruction, method
for arterial reconstruction, or type of graft. Intraoperative elements were evaluated for their potential associations with the development of late HAT. Neither the
duration of arterial anastomosis nor complex arterial
reconstruction increased the incidence of late HAT significantly.
As shown in Table 7, after logistic regression, the independent risk factors associated with late HAT were duration of surgery > 10 h (OR = 6.394), retransplantation
(OR = 21.793), and rejection reactions (OR = 16.936).
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Table 7 Independent predictors of late hepatic artery thrombosis after liver transplantation
Variable
Operation time > 10 h
Episode of rejection
Retransplantation

P value

OR

95%CI

0.050
0.004
0.001

6.394
16.936
21.793

0.998-40.977
2.424-118.317
3.302-143.836

DISCUSSION
HAT after LT is a common critical vascular complication. It occurs infrequently, but is a potentially devastating complication. In our series of 744 consecutive LTs,
the incidence of early HAT was 1.9%, similar to the
published experiences[5], while late HAT occurred in 0.8%
of patients, which was superior to the reported result[3].
As risk factors, the clinical presentations and treatment
of early HAT were widely different from those of late
HAT. This variation was associated with the time at
which HAT developed.
In early reports, early HAT was largely correlated
with surgical technique[14]. Owing to advances in surgical
techniques for LT, surgical technique is most likely not a
major risk factor at some LT centres[4,7]. Warner et al[10] reported that every additional 10 min of reperfusion time
(interval between portal vein reperfusion and restoration
of arterial ﬂow) was associated with a 27% increase in
risk. Prolonged hepatic artery anastomosis time (> 80
min) increased the risk of early HAT significantly, similar
to the Warner’s finding, and it was also an independent
risk for early HAT in multivariate analysis in our series
(OR = 5.429, P = 0.004). The majority of the recipients
who needed prolonged artery anastomosis time required
complex artery reconstruction, in cases of recipients
requiring dual-graft LT, arterial conduit or bench arterial
reconstruction. Prolonged artery anastomosis duration
could increase the risk of arterial intimal injury, which
has been associated with HAT after LT. In a previous
report[4], the incidence of early HAT was significantly
greater in recipients receiving Roux-en-Y biliary reconstruction, which was not found to be a risk factor for
early or late HAT in our series.
Oh et al[3] found that a recipient/donor weight ratio
greater than 1.25 increased the risk of early HAT after
LT. Similar to their finding, our study also showed that
a recipient/donor weight ratio ≥ 1.15 significantly increased the risk of early HAT in both univariable and
multivariable analyses. Other donor factors included
a low donor/recipient age ratio, which was previously
described as a risk factor. Donor age older than 50 years
has also been identiﬁed as an independent risk factor
for HAT[21]. Although our data did not identify this association, other studies have found increased donor age
to be a risk factor for HAT[22]. Transplantation across
ABO blood groups was found to be aetiologically linked
to HAT[16]. In our analysis, the lack of ABO compatibility increased the risk of early HAT in the univariable
analysis significantly but not independently in the mul-
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tivariate analysis. This complication could potentially be
prevented by careful selection of donors during the pretransplant decision-making process.
Living and deceased donor left lateral segment grafts
were associated with an increased rate of HAT in a previous study, compared with whole liver grafts[23]. Other
published studies have not shown an increased risk of
HAT in recipients of these grafts[4,24]. In our series, there
was no statistically signiﬁcant increase in the risk of
HAT in recipients of whole or living donor liver grafts.
Split liver graft was found to be significant in the univariable analysis but not in the multivariable analysis,
possibly because of the small number of these grafts.
Previous upper abdominal surgery could cause increased
adhesions and prolonged operative time, and operative
time was signiﬁcantly associated with HAT[4]. Previous
upper abdominal surgery was not a risk factor for HAT
in our study. Similar to these studies[4,21], retransplantation was identified as an independent risk for late HAT
in our series (OR = 21.793).
Increased operation time and prolonged cold ischemia and warm ischemia times have been found to
increase the risk of early HAT in previous studies[4,7,15].
Prolonged CIT and WIT were not found to increase the
risk of HAT in our series. Prolonged operative time (≥
10 h) increased the risk of early and late HAT, which
was an independent risk factor (OR = 6.394) for late
HAT in multivariable analysis in our series. The intraoperative use of 7 or more units of transfused blood
and 6 or more units of FFP and the postoperative use
of transfused blood or FFP increased the risk of early
HAT. These associations have also been previously reported[4,7,15]. Due to ischemia/reperfusion damage to
liver grafts, haemostasis tends to rapidly normalize after
LT[25]. Furthermore, delayed recovery of plasma levels
of antithrombin Ⅲ and protein C after LT induced a
hypercoagulable status[26]. This status could be further
exacerbated by the transfusion of blood or FFP. The
possible mechanisms leading to late HAT were not clear,
but they might involve immunosuppressants, hypertension, hypercholesterolemia, and diabetes mellitus[27]. Furthermore, although the occurrence of CMV infection
could activate the endothelium, resulting in a prothrombotic state[25], which has been demonstrated in previous
publications[3,4], monitoring the CMV status of donors
and recipients is not routine at our center.
Although a number of centers use prophylactic heparin post LT[3,4,10], a randomized controlled trial needs to
be undertaken to analyze the risks and benefits of such
a method. Low-dose LMWH is used in patients at high
risk for HAT in our center. In contrast, the administration of antiplatelet medication has been described as an
attractive choice. Vivarelli et al[28] reported a reduction in
late HAT and cardiovascular events with long term aspirin in a single-center, retrospective study. Prospective,
randomized studies on aspirin prophylaxis need to be
performed to analyze the safety and efficacy of such an
approach.
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In conclusion, for patients at increased risk for early
and late HAT, as shown above, prophylactic anticoagulant
treatment and daily Doppler ultrasound screening should
be considered for the possible prevention or early detection of HAT after LT. Multicentre studies or randomized
prospective controlled studies should be performed to
assess this high-risk group.
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Abstract
AIM: To test the ability of adult-derived human liver
stem/progenitor cells (ADHLSC) from large scale cultures to conjugate bilirubin in vitro and in bilirubin conjugation deficient rat.
METHODS: ADHLSC from large scale cultures were
tested for their phenotype and for their capacity to
conjugate bilirubin in vitro after hepatogenic differentiation. In vivo , Gunn rats [uridine diphosphate-glucuronosyltransferase 1A1 (UGT1A1) deficient animal]
were injected with ADHLSC and cryopreserved hepatocytes (positive control). Two, 4, 13 and 27 wk posttransplantation, transplanted Gunn rat bilirubin serum
levels were determined by high performance liquid
chromatography. Human cell engraftment of trans-
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planted cells was assessed 27 wk post-transplantation
using immunohistochemistry and RTqPCR.
RESULTS: large scale culture conditions do not modified ADHLSC phenotype, ADHLSC were able to specifically conjugate bilirubin. ADHLSC were intraportally
injected into Gunn rats and blood UCB was measured
at different times post-transplantation, infused-Gunn
rats exhibited a metabolic effect 3 mo post-transplantation and maintained over a 6 mo period. ADHLSC
engraftment into Gunn rat’s liver was demonstrated by
RTqPCR and immunohistochemistry against albumin
and UGT1A1.
CONCLUSION: ADHLSC from large scale cultures are
efficient in conjugating bilirubin in vitro and in restoring a deficient metabolic function (reducing bilirubin
level) in hyperbilirubinemic rats.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this study we demonstrated the ability
of adult-derived human liver stem/progenitor cells
(ADHLSC) to specifically conjugate bilirubin after intraportal injection into Gunn rats a model presenting a
deficient bilirubin conjugation function (homologous to
human Crigler-Najjar type Ⅰ syndrome). Infused-Gunn
rats exhibited a metabolic effect 3 mo post-transplantation and maintained over a 6 mo period. ADHLSC
engraftment into Gunn rat’s liver was demonstrated
by immunohistochemistry and RTqPCR. These results
suggest the potential of ADHLSC to restore a deficient
metabolic function in situ .
Maerckx C, Tondreau T, Berardis S, van Pelt J, Najimi M, Sokal
E. Human liver stem/progenitor cells decrease serum bilirubin
in hyperbilirubinemic Gunn rat. World J Gastroenterol 2014;
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INTRODUCTION
Bilirubin is a toxic derivative of the protoporphyrin moiety of haem proteins such as haemoglobin. For its clearance from serum, bilirubin is conjugated in hepatocytes
with glucuronic acid thanks to uridine diphosphateglucuronosyltransferase 1A1 (UGT1A1) activity.
Genetic variations in the gene encoding UGT1A1
lead to complete or partial inactivation of the bilirubin
glucuronidation, which causes unconjugated bilirubin
accumulation in the serum. This can result in hyperbilirubinemic conditions such as the human Crigler-Najjar
syndrome type Ⅰ and Ⅱ.
Gunn rat, derived from Wistar parent strain, has constantly elevated concentrations of serum bilirubin which
causes unconjugated hyperbilirubinaemia. Gunn rat inherently lacks all glucuronidation activities catalysed by the
UGT1 isoforms and is therefore used as animal model for
Crigler-Najjar syndrome type Ⅰ[1,2].
Clinically, Crigler-Najjar syndrome type Ⅰ is associated with progressive damage of the central nervous
system leading to bilirubin encephalopathy (kerincterus)[3-5]. The current treatment induces biliary clearance
of bilirubin by photoactivation under light exposure[6].
Unfortunately the treatment becomes inefficient due
to progressive skin thickening and hence is insufficient
to prevent brain damage. So far, orthotopic or auxiliary
liver transplantation remains the only cure[7,8]. However,
donor shortage, life-long immunosuppression to prevent
rejection and risks related to surgery constitute major
hurdles to an extensive use of this treatment[9].
As a mean to circumvent complications associated
with organ transplantation, liver cell transplantation
(LCT) has emerged as a new strategy to treat patients
with chronic and acute liver disease and to restore metabolic liver functions in inherited liver disorders [10-16].
Hepatocyte transplantation has namely been used for
the treatment of Crigler-Najjar syndrome type Ⅰ. The
first demonstration of its efficacy in Crigler-Najjar
type Ⅰ patient was provided by Stéphenne et al[15]; the effect was a significant decrease of bilirubin levels for up
to 11 mo. We and others[16] reported four additional patients in which the reduction of serum bilirubin reached
up to 50% over a follow-up of 7 mo. LCT is confronted
to limited availability of human hepatocytes, their incapacity to proliferate in vitro and their poor resistance
to cryopreservation which prevent their wide use in the
clinic[17,18]. In addition, mature hepatocytes do not provide long term support as these mature cells have lost
their repopulation capacity.
Therefore researchers have turned towards adult stem/
progenitor cells as alternative cell sources more suitable
for regenerative medicine and more likely to integrate
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the regenerative niche and provide long term allogeneic
cell renewal. Adult stem or progenitor cells which are
resident in mature organs and tissues are rather tissue
specific and lineage restricted. They have either the selfrenewal capacity to proliferate indefinitely (stem cells) or
display a limited proliferation potential as their daughter
cells spontaneously differentiate into mature cells (progenitor cells) but altogether have advantages to proliferate in vitro and to resist to cryopreservation.
Our group[19] has isolated adult stem/progenitor cells
from adult human liver (ADHLSC). These cells express
mesenchymal (CD29, CD73, CD90, α-smooth muscle
actin, Vimentin) and hepatic markers (albumin, Multidrug resistance-associated protein 2 (MRP2), Hepatocyte
Nuclear Factor 4 (HNF4), cytochrome P450 (CYP)1B1
and CYP3A4) but no biliary markers[20]. Moreover, these
cells have the capacity to differentiate in hepatocyte-like
cells under selective culture conditions and are not only
able to engraft into the liver of immunodeficient mice
and remained stable up to 60 d post-transplantation but
to differentiated in situ and participate to liver regeneration after hepatectomy stimuli[21].
This study demonstrates that ADHLSC can be cultivated in large scale conditions without phenotype alterations and provides the proof of concept that ADHLSC
transplantation can reverse hyperbilirubinemic symptoms
in a relevant animal model of Crigler-Najjar disease. We
demonstrate here the ability of ADHLSC to engraft in
recipient rat livers where they participate in restoration of
liver function by a significant reduction of the serum bilirubin levels. Our findings support ADHLSC as a promising candidate for liver cell-based therapy developments.

MATERIALS AND METHODS
Study design
All experiments using human material in the present
study were done under the approval of the Institution
Ethical committee and donor informed consent.
Human adult liver progenitor cells isolation and large
scale culture
Hepatocytes were recovered post mortem (cerebral hemorrhage) from a healthy 11 years old male donor after 2
steps collagenase perfusion as described by Seglen[22]. The
procedure was performed within the tissue bank of the
hospital. Cells were tested negative for microbiological,
viral and mycoplasma contaminations. Viable isolated hepatocytes, 20 millions, (79%, trypan blue exclusion), were
seeded onto Cell Bind 175 cm² flasks (Corning, Lasne,
Belgium) in Williams’E medium (Invitrogen, Merelbeke,
Belgium) supplemented with 10% fetal bovine serum
(FBS) (AE scientific, Marcq, Belgium), 10 μg/ml human
insulin (Lilly, Brussels, Belgium), 1 μmol/L dexamethasone (Sigma, Bronem, Belgium), and 1% penicillin/streptomycin (P/S) (Invitrogen) at 37 ℃ in a fully humidified
atmosphere containing 5% CO2 according to Najimi et
al[19] with some modifications. On days 7-12 hepatocytes
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died and small colonies emerged and proliferated. At this
time, culture medium was switched to complete DMEM
medium (DMEM high glucose with 10% FBS and 1%
P/S) in order to accelerate the emerging cells proliferation. When cell cultures reached 90% confluence, cells
were trypsinized with 0.05% trypsin-1 mmol/L EDTA
solution (Invitrogen) and replated on Cell Bind flasks at
a density of 5 × 103 cells/cm2. Large scale culture using
Cell Stack 10 (6360 cm²) (Corning) was carried out in
clean-room facility.
According to Najimi et al[19], hepato-mesenchymal character was analyzed by FACS and immunocytochemistry
using CD29, CD44, CD73, CD90, Vimentin, α-smooth
muscle actin (ASMA), Albumin and Pan-CK antibodies
(BD, Erembodegem, Belgium). In order to assess the
homogeneity and to exclude hematopoietic contamination CD45 marker was also controlled as well as stem
cell markers CD117 and CD133. Karyotype analysis as
described by Scheers et al[23] showed no structural or numerical chromosomal aberrations.
Hepatogenic differentiation protocol
Hepatic differentiation has been performed on ADHLSC
at different passages as described by Najimi et al[19] with
some modifications. Briefly, cells were seeded at 10 4
cells/cm2 in 6-well plates in expansion medium for 48 h.
Differentiation consisted of 4 steps protocol lasting 32
d: Culture medium was replaced by IMDM (Invitrogen)
containing 1% PS, 20 ng/mL epithelial growth factor
(Peprotech, London United Kingdom) and 10 ng/mL
basic fibroblast growth factor (bFGF; Peprotech) for
48 hours (1 step). During step 2, cells were cultured in
IMDM supplemented with 1% PS, 20 ng/mL hepatocyte growth factor (Peprotech), 10 ng/mL bFGF, 0.61
g/L nicotinamide (Sigma) and 1% insulin-transferrinselenium premix (ITS; Invitrogen) for 10 d. In 3rd step,
bFGF was replaced by 20 ng/mL oncostatin M (OSM;
Peprotech) for 10 additional days. Maturation step was
completed by changing the medium to IMDM containing 1% PS, 20 ng/mL OSM, 1 μmol/L dexamethasone
(Sigma) and 1% ITS for 10 d.
The undifferentiated cells (control) were kept during
the whole process of differentiation in IMDM supplemented with 1% PS and 2% FBS. Medium was changed
twice a week.
In vitro differentiation was controlled at morphological level, by CYP3A4 activity (Promega, Madison, Wisconsin) and by the ability to specifically conjugate bilirubin as described below.
Bilirubin assay
6 × 105 undifferentiated and differentiated ADHLSC
were seeded per 10 cm² collagen coated well and incubated with William’s medium, 1% FBS, containing 100
μmol/L (= 5.84 mg/dl) unconjugated bilirubin (UCB)
(Sigma) for 24 h and 48 h. Supernatant was harvested at
the end of incubation period and mixed with 2 μg/ml
Xantobilirubinic acid used as internal standard (IS). The
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reaction product was submitted to an alkaline methanolysis followed by nitrogen evaporation as described
by Muraca et al[24]. Precipitates were resuspended with
chloroform and dimethyl sulfoxide (Sigma). The solution
was injected into the liquid chromatograph [Waters 515
high-performance liquid chromatography (HPLC) pump]
for separation on C18 column (Macherey-Nagel, Düren,
Germany). Elutriation flow started with methanol/water/
tetrabutylammonium (solvent A) and ended after 11 min
with methanol/ethanol/water/tetrabutylammonium (solvent B). The absorbance was monitored at 436 nm using
a 996 photodiode array detector (Waters, Zellik, Belgium)
and the area under peak was integrated electronically with
Millennium software (Waters, Zellik, Belgium). The concentration, in micromoles per liter, of each bilirubin fraction in samples was calculated as follow: (areapigment/areaIS)
× (IS/SV) × RF, in which IS corresponds to micrograms
of IS added to the sample, SV to the volume of sample
(ml), and RF to the response factor. Conjugation rate
(CR) was evaluated as follow: [(Conjugated bilirubin
concentration)/(Total bilirubin concentration)] × 100, in
which total bilirubin concentration is the sum of unconjugated and conjugated bilirubin.
Gunn rat transplantation
Animal procedures were conducted according to the guidelines established by the Université Catholique de Louvain, in accordance with European Union Regulation
and approval of the protocols by the local animal ethical
and welfare committees (UCL/MD/2009/003). In order
to confirm serum UCB level stability 11 naive Gunn rats
were followed over 6 mo. Non-differentiated ADHLSC
cultured on Cell-Bind Corning plastic in clean-room
facility were detached using 0.05% trypsin-EDTA (Invitrogen) solution. ADHLSC used in this study were obtained from passages 4-6. After centrifugation cells were
washed in PBS and recovered in PBS containing 4%
N-acetylcystein (Lysomucyl, Zambon, Jette, Belgium).
Cryopreserved hepatocytes, used as positive control
were thawed in clean room, centrifuged, washed and also
resuspended in PBS-4% N-acetylcystein suspension. 2.5
× 106 millions ADHLSC (n = 5 rats) or hepatocytes (n =
3 rats) were injected into the portal vein of 9-11 wk-old
male Gunn rats. This corresponds, for a 200 g rat, to an
estimate of 0.25% of his total liver cell mass of 5 billion
cells/kg body weight[25]. In order to limit cell rejection,
rats were injected every 2 d with immunosuppressor
medication: cyclosporine A (Sandimmum, Novartis, Vilvoorde, Belgium) at a dose of 5 mg/kg of body weight.
Two, 4, 13 and 27 wk post-transplantation, transplanted
Gunn rat UCB serum levels were determined by High
performance liquid chromatography (HLPC) as described above. Human cell engraftment of transplanted
cells was assessed 27 wk post-transplantation. Liver
was then recovered, fixed in formaldehyde 3.5% (VWR
International, Leuven, Belgium) and then embedded in
paraffin for immunohistochemistry assessment of the
engrafted cells.
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Immuno-histochemistry analysis
Five μm liver sections were deparaffinized and rehydrated in xylene and graded alcohol series. Antigen retrieval
was performed by incubating the sections in citric acid
monohydrate solution (pH 6.0). Cells were permeabilized by incubating the sections into 0.1% triton X-100.
Non-specific immunostaining was prevented by incubation in PBS buffer containing 1.5% normal goat serum
at room temperature (RT). Sections were incubated
overnight with anti-human Albumin (Calbiochem, United Kingdom) (1/1000) or anti-human UGT1A1 (Santa
Cruz biotechnology, Heidelberg, Germany) (1/100), in
2% normal goat serum at 4 ℃. Staining detection was visualized with 1/500 AlexaFluor 594 anti-rabbit antibody
solution (Invitrogen) incubation at RT. The nuclei were
counterstained using DAPI (1/500). Slices were scanned
using a Mirax digital slide system (Zeiss, Zaventem,
Belgium) and analyzed thanks to Mirax viewer version
112220 (Zeiss). To determine cell repopulation, 10000
nuclei were counted over two randomly chosen area
per section. Repopulation ratio was obtained as follow:
(marked cells/total cells) × 100.
RNA extraction, cDNA synthesis and Real-time PCR
Cell culture: 6 × 105 control and in vitro differentiated
cells were lyzed in Tripure followed by phenol chloroform extraction. The aqueous phase was recovered after
centrifugation (11500 rpm) and total RNA precipitated
with isopropanol (Sigma) and quantified using a nanodrop spectrophotometer (ThermoFisher, Erembodegem,
Belgium). Two μg of total RNA was DNase-treated to
eliminate genomic DNA and reverse transcribed using the Super Thermoscript kit (Invitrogen). Real time
PCR was performed in 25 μl reaction with TaqMan®
Master mix containing Taq DNA Polymerase (Applied
Biosystems), 300 nmol/L concentration of forward and
reverse primers (UGT1A and the house keeping gene:
Cyclophilin A) and 5 μl of cDNA samples. The PCR
reaction was performed using StepOnePlus Real Time
instrument (Applied Biosystems). Time and temperature
profile of the PCR reaction consisted of the following
steps: 2 min at 50 ℃, 10 min at 95 ℃, followed by 40
step cycles of 15 s of denaturation at 95 ℃ followed by
1 min of annealing/elongation at 60 ℃. For analysis,
UGT1A Ct was normalized to Cyclophilin A (delta Ct)
for both differentiated and undifferentiated status. The
double delta Ct (ΔΔCt) is then calculated as the difference between delta Ct for differentiated and undifferentiated cells. Fold increase or relative quantification was
obtained using the following formula: RQ = 2-ΔΔCt.
Rat liver analysis: Four mg liver tissue soaked in Tripure were disaggregated using tissue homogenizer (IKA
Ultra-Turrax, Qlab, Vilvoorde, Belgium) and followed by
phenol chloroform extraction. Total RNA was quantified
using a nanodrop spectrophotometer. One μg of total
RNA was DNase-treated and reverse transcribed using
the Super Thermoscript™ kit (Invitrogen). Real time
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PCR was performed in 25 μl reaction with TaqMan®
Master mix containing Taq DNA Polymerase (Applied
Biosystems), 300 nmol/L concentration of forward and
reverse primers (Human Albumin and Human GAPDH)
and 5 μl of cDNA samples.
PCR reaction was performed using StepOnePlus
Real Time instrument as described above.
Statistical analysis
Analyses were done in the GraphPad Prism software
program (GraphPad, San Diego, California). Comparison for UCB mean between following times for a same
group was analyzed using a paired t test. Means statistical
analyses was carried out using Student test.

RESULTS
Characterization of ADHLSC large scale cultures
The parenchymal cell suspension fraction obtained after
human liver dissociation with a viability of 79% was
plated on Corning CellBind surface flasks. After 2 wk
of culture in serum supplemented medium, ADHLSC
with fibroblast-like morphology and prominent cytoplasm (figure 1A) started to emerge. From the second
passage, cells were cultivated in large culture conditions
(CellStack-10 corresponding to a surface area of 6360
cm²) and phenotype of the growing cells was analyzed.
Flow cytometry and immunocytochemistry confirmed
that these cells shared the phenotype described previously for ADHLSC grown at smaller scale and on rat
collagen[19]. At passage 2 already, cells were shown to be
CD73, CD90, CD29 and CD44-positive. As expected
the cells also expressed αSMA and vimentin, two additional markers of mesenchymal status, as demonstrated
by immunocytochemistry (Figure 1B). In addition immunocytochemistry confirmed their immuno-positivity for
albumin as evidence of the hepatic-lineage commitment
of ADHLSC. Hematopoietic stem cell contamination
was excluded based on the lack of expression of CD45,
CD117 and CD133. As illustrated in Table 1, phenotypical characteristics were maintained at least until passage 6. These results confirmed that large scale culture
provided cells displaying identical characteristics as the
hepato-mesenchymal ADHLSC previously isolated and
described.
In vitro differentiation of ADHLSC
We evaluated the capacity of ADHLSC large scale cultured to differentiate into tissue-specific cell types. To do
so, cells were cultured for 32 d in hepatocyte differentiation culture conditions as described by Najimi et al[19]
with some modifications. At the end of the protocol,
differentiated cells adopted an hepatocyte-like morphology as shown in figure 2A in addition we noticed an 36
fold increase in CYP3A4 activity between undifferentiated and hepatogenic differentiated cells at passage 6 (data
not shown).
In addition, we evaluated the ability of ADHLSC to
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A

Table 1 Adult-derived human liver stem/progenitor cells surface markers expression percentage (passage 6)
Surface marker
CD73
CD90
CD44
CD29
CD45
CD117
CD133
Albumin
Pan CK

100 μm

B

Positive cells
64.1%
94.1%
41.6%
87.4%
0.1%
0.7%
0%
61.4%
1%

αSMA

Cell surface markers profile of adult-derived human liver stem/progenitor cells. Selected cell surface molecules (CD29, CD44, CD45, CD73, CD90,
CD117 and CD133) and intracellular markers (albumin and Pan CK) were
analyzed using flow cytometry. Their relative expressions are compared to
corresponding control isotypes.

Vimentin

100 μm

Albumin

100 μm

100 μm

Figure 1 adult-derived human liver stem/progenitor cells characterization. A: Morphology of adult-derived human liver stem/progenitor cells
(ADHLSC) in expansion medium. Phase contrast microscopic view of ADHLSC
obtained after second passage. Magnification: × 100; B: Immunocytochemistry characterization (passage 6) analysis: expression of mesenchymal and
hepatic markers in ADHLSC. Mesenchymal markers: α-smooth muscle actin
(αSMA) and vimentin and hepatic marker albumin immunostaining were analyzed by direct light microscopy. ADHLSC plated on collagen type Ⅰ-coated
coverslips were fixed and incubated with corresponding primary antibodies.
Immunoreactivity was visualized using horseradish peroxydase (HRP) Cell
nuclei are stained using haematoxylin-eosin (blue). Images are representative
of several fields examined.
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express UGT1A mRNA and to conjugate bilirubin in
vitro.
We assayed using QPCR technology, the expression
of UGT1A mRNA constituted of the first 4 common
exons of UGT1A family in total RNA extracts. Indeed,
hepatogenic differentiation induced a 9.31 and 10.02
fold increase in UGT1A mRNA levels at passage 4 and 9
respectively (Figure 2B). Expression of UGT1A mRNA
was constant between passage 4 and 9 (no significant
difference between UGT1A fold increase was noted).
Thereafter, we assessed the ability of differentiated
ADHLSC to conjugate bilirubin. For that we incubated
both undifferentiated and differentiated ADHLSC with
100 μmol/L UCB for 24 and 48 h after which supernatants were recovered to analyze the glucuronidation
of bilirubin. We could determine that differentiated
ADHLSC were able to specifically conjugate bilirubin as
illustrated in figure 2C. Undifferentiated ADHLSC exhibited a low bilirubin conjugation potential in vitro after
24 h (2.5% ± 0.4%) which increased with time reaching
7.4% ± 0.5% after 48 h. Conjugation rate of differentiated ADHLSC reached 5.1% ± 1.8% and 9.0% ± 1.1%
after 24 h and 48 h respectively. Wild type hepatocytes
used as positive control showed a conjugation percentage of 31.0% ± 6.6% and 45.0% ± 7.1% after 24 h and
48 h respectively. In contrast Crigler-Najjar hepatocytes,
used as negative control were not able to conjugate bilirubin indicating that the activity of either undifferentiated or differentiated ADHLSC is partial as compared to
mature hepatocytes activity (16% to 20% of hepatocytes
activity after 48 h incubation) but highly significant.
Transplantation of ADHLSC in the Gunn rats and
functional integration in vivo
Building on the capacity of ADHLSC to conjugate bilirubin in vitro, we investigated their potential benefit after
transplantation in providing UGT1A1 activity in the
Crigler-Najjar animal model, the Gunn Rat[26]. We performed transplantation of Gunn rats either by infusing
2.5 millions freshly trypsinized ADHLSC or cryopre-
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A

1

2

100 μm

B

100 μm

Passage
Fold increase (ΔΔCt)
Passage 4
9.31
Passage 9
10.02

C

Wild type hepatocytes
Crigler-Najjar hepatocytes
Undifferentiated ADHLSC

Conjugation rate (in percent)

Differentiated ADHLSC
50
40
30
20
10
0
0

24

48

t /h

Figure 2 Hepatogenic differentiation and expression of functional uridine diphosphate-glucuronosyltransferase 1A1. A: Evaluation of in vitro adult-derived
human liver stem/progenitor cells (ADHLSC) hepatic differentiation potential at passage 6. Undifferentiated ADHLSC (1) were able to change their morphology by
adopting a polygonal shape with a granular cytoplasm after 4 wk of treatment with specific growth factors and cytokines. Magnification: × 100; B: uridine diphosphateglucuronosyltransferase 1A1 (UGT1A1) mRNA relative expression quantification. Results were obtained after passage 4 and 9. UGT1A mRNA level in differentiated
ADHLSC, were normalized to Cyclophilin A and reported to undifferentiated ADHLSC UGT1A mRNA level; C: In vitro bilirubin conjugation kinetic assessment: squares:
wild type hepatocytes (positive control), triangle: Crigler-Najjar patient hepatocytes (negative control), overturned triangle: undifferentiated ADHLSC, rhomb: differentiated ADHLSC. Cells were incubated with 100 μmol/L unconjugated bilirubin, supernatants were harvested after 24 h or 48 h. Conjugation rate (CR) was evaluated
with high-performance liquid chromatography as follow: [(Conjugated bilirubin concentration)/(Total bilirubin concentration)] x 100. Squares: Wild type hepatocytes;
Triangles: Crigle Najjar hepatocytes; Inverted triangles: Undifferentiated ADHLSC; Rhombus: Differentiated ADHLSC.

served and thawed hepatocytes into the portal vein of
five and three rats respectively. Three additional control
rats were subjected to surgery and received intraportal
injection of vehicle only (4% NAC in PBS). Starting on
day one after cell infusion, all rats received cyclosporine
A via ip route once every two days. Rats were followed
up for a total period of 27 wk with weekly weighing.
Body weight of transplanted rats during the experiment
was comparable to weight evolution of normal Gunn
rats used as controls (2 wk post transplantation: 229 ± 9
g and 230 ± 6 g for transplanted and control rats respectively, 27 wk post transplantation: 399 ± 15 g for transplanted rats and 400 ± 1 g for control rats).
Blood drawings were used to measure serum UCB
concentrations by a very sensitive HPLC method. Beforehand we had demonstrated that serum UCB levels in
11 naive Gunn rats colony were stable over 6 mo (figure
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3A). In addition, to avoid any bias due to sublocalization
of individual cages, one cage with two rats was moved
to all parts of the room to measure a possible influence
of light sources on serum UCB concentrations. As for
the previous test, no significant modification in serum
UCB were observed (data not shown). Comparison of
serum UCB levels measured 27 wk after transplantation
with levels measured 2 wk post-transplantation revealed
a 50% drop of UCB levels in rats transplanted with
ADHLSC or hHepatocytes (Figure 3B). As illustrated
in Figure 3C, when individual results were examined,
it appeared that 4 of the 5 ADHLSC-transplanted rats
showed a remarkable reduction of serum UCB levels
after 3 mo. UCB concentration reached 4.7 ± 0.5 mg/dl
in average for the four responsive rats instead of 7.0 ±
0.4 mg/dl in average for the vehicle-infused Gunn rats.
Further correction of UCB levels was achieved after 6
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A

B

10.0

hADHLSC (n = 4)

10.0

Negative controls (n = 3)

Mean UCB (mg/dL)

Mean UCB (mg/dL)

hHepatocytes (n = 3)
7.5

5.0

7.5

5.0

2.5

P = 0.0032

2.5
0

4

8

12

16

20

24

28

0

t /wk

UCB concentration (mg/dL)

C

4

8

12

16

20

24

28

Post transplantation time (wk)

10.0

Rat 1
Rat 2
Rat 3

7.5

Rat 4
Rat 5
5.0

Negative control 1
Negative control 2
Negative control 3

2.5
0

4

8

12

16

20

24

28

Post transplantation time (wk)

Figure 3 Injected Gunn rat follow up. A: Assessment of bilirubin concentration stability in 11 naive rats of the Gunn rat colony followed during 27 wk. Bilirubin concentration is expressed in mg/dl; B: Mean of unconjugated bilirubin for adult-derived human liver stem/progenitor cells (ADHLSC) injected rats n = 4 (black line), human hepatocytes injected rats n = 3 and for negative control n = 3 (grey line). Difference between 2 wk and 27 wk post injection concentration bilirubin was significant
for ADHLSC injected rats (P = 0.0032). Mean of unconjugated bilirubin (UCB) concentration is expressed in mg/dl. Squares: hADHLSC; Triangles: human hepatocytes; Inverted triangles: negative controls; C: Unconjugated bilirubin evolution with time. black lines: ADHLSC transplanted Gunn rats n = 5; red lines: PBS injected
rats n = 3 (negative control). Bilirubin concentration is expressed in mg/dl. Circles: rat 1; Squares: rat 2; Triangles: rat 3; Inverted triangles: rat 4; Rhombus: rat 5;
Empty squares: negative controls.

mo when UCB levels reached 3.2 ± 0.5 mg/dl vs 6.1
± 0.2 mg/dl in the vehicle injected rats. One rat out
of five transplanted with ADHLSC did not respond to
the treatment. Paired t test analysis revealed a significant
difference (P = 0.0032) between the serum UCB levels
when compared at 2 and 27 wk post-transplantation
in the four responsive animals. Adding the fifth animal
to the statistics caused the P to increase to 0.0625, just
below statistical significance. Gunn rats transplanted
with hHepatocytes also saw their serum UCB levels decrease with similar kinetics as the rats transplanted with
ADHLSC from 6.3 ± 0.8 mg/dl to 3.2 ± 0.2 mg/dl at
6 mo post-transplantation (P = 0.0658).
In order to confirm that metabolic improvement was
due to ADHLSC engraftment, RTqPCR and immunofluorescence staining were performed on transplanted
rat liver.
Engraftment of infused ADHLSC and hepatocytes
was revealed by RTqPCR positive signal for human albumin and GAPDH (Figure 4D). ADHLSC injected rat
livers revealed a positive signal for human albumin and
human GAPDH after 37.68 ± 0.11 and 34.98 ± 0.38
cycles respectively whereas hepatocytes infused rat livers exhibit a positive signal after 36.77 ± 0.42 and 35.62
± 0.17 cycles for human albumin and human GAPDH
respectively.
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In the four rats where UCB decrease after treatment,
engraftment of infused ADHLSC was revealed by positive staining for human albumin (Figure 4A) using a
specific antibody which does not cross-react with rat albumin as illustrated in PBS injected rat liver parenchyma
(negative control). Since ADHLSC constitutively express
albumin, human albumin positivity is not sufficient to infer about the differentiation status achieved by ADHLSC
in vivo. Thus in addition to recognizing cells from human
origin within the rat parenchyma, we also wanted to confirm that these cells expressed UGT1A1 in vivo and that
improvement of hyperbilirubinemia observed in four
rats could be correlated with implantation of functional
cells. To do, we processed serial sections by immunofluorescence for human albumin detection as described
above and for human UGT1A1 detection (Figure 4A).
Such serial sections allowed us to demonstrate localisation of human albumin and UGT1A1 expression in the
four rats where UCB decrease after treatment. As shown
in figure 4A, 27 wk post-transplantation, human cells
not only appeared integrated into rat liver parenchyma
but also exhibited a typical hepatocyte morphology
which is consistent with their expression of UGT1A1,
a marker of mature hepatocytes. Interestingly all human
albumin- and UGT1A1-positive cells were for a majority
found implanted in periportal zones.
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Figure 4 Liver analysis and human cells quantification. A: Immunohistochemistry against human albumin and human uridine diphosphate-glucuronosyltransferase
1A1 (UGT1A1) proteins on serial liver slices in Gunn rats transplanted with adult-derived human liver stem/progenitor cells (ADHLSC) and hHepatocytes. Immunostaining were analyzed by fluorescent microscopy. Slices were fixed and incubated with corresponding primary antibodies. Immunoreactivity was visualized using a
1/500 AlexaFluor594 anti-rabbit antibody solution. Human liver was used as positive control for albumin and UGT1A1 staining whereas negative control consisted of
Gunn rat liver injected with PBS. Cell nuclei are stained using DAPI (blue). Bar scale: 200 μm; B: Schematic representation of an immunostained slide. Human albumin positive cells were counted over two randomly chosen area of the section; C: Mean of human cells repopulation ratio in PBS (negative control), ADHLSC (black
column) and hHepatocytes (gray column) transplanted Gunn rats (P > 0.05). Measurement was based on human albumin positive cells counted over two randomly
chosen area of the section; D: Human GAPDH (light grey column) and albumin (dark grey column) detection by RTqPCR in negative control (PBS injected), ADHLSC,
and human hepatocyte injected rat livers.

We were also interested to evaluate the engraftment
level of cells in a model of metabolic liver that was not
subjected to any chemical or surgical insult as regeneration stimulus since this is closest to the clinical setting
for CN patients. A rough estimation was done by counting albumin-positive cells over two randomly chosen areas per section and per liver (see the schematic in Figure
4B). Total cells in these areas were counted based on
nuclear DAPI staining. Areas corresponding to 104 total
cells were counted visually on a scanned image of each
section. Such quantification was used to provide a gross
evaluation of engraftment levels 27 wk post-transplantation. We found repopulation varies from 0% to 2.11%
and from 0.58% to 1.31% for ADHLSC and hepatocytes
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respectively (Figure 4C); mean of repopulation ratio
rates 1.3% ± 0.3% and 1.0% ± 0.2% for ADHLSC and
hepatocytes respectively (Figure 4D).

DISCUSSION
In the current study, we demonstrate that ADHLSCs
from large scale cultures are able to engraft into the host
liver parenchyma and to partially restore one important
hepatic function (bilirubin conjugation) into the CriglerNajjar animal model, the Gunn rat.
Hepatocyte transplantation experience in CriglerNajjar disease patients had shown a significant reduction
in bilirubin levels allowing to reduce the phototherapy
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requirement[25,27], but the clinical improvement remains
limited in time as these mature cells have a limited self-renewal capacity[27]. In addition, human hepatocytes shortage, poor cryopreservation resistance[17,18] and absence of
in vitro proliferation capacity constitute a major hurdle in
large application of this mature liver cell therapy.
Therefore, other cell sources become mandatory. Stem/
progenitor cells can be expanded in vitro, can engraft,
proliferate and participate to host liver repopulation, and
may modulate the host immune response[28,29]. In this
study carried out in large scale culture conditions, we
confirm the stable ADHLSC characteristics: expression
of mesenchymal markers (CD73, CD90, CD29, CD44,
vimentin and ASMA) and hepatic markers expression
(albumin). Cells can also differentiate in tissue specific
cell type when exposed to a specific hepatogenic culture
medium as demonstrated by the (1) acquisition of polygonal shape; (2) increase in CYP3A4 activity (data not
shown); (3) ability to increase the bilirubin conjugation
activity (5.1% ± 1.8% and 9.0% ± 1.1% after 24 h and
48 h respectively); and (4) increase in UGT1A mRNA
(mRNA constituted of the 4 first common exons of
UGT1A family).
Moreover, as demonstrated by HPLC and immunohistochemistry (IHC) our study provides long-term activity and engraftment of ADHLSC in xenogenic transplantation model for Crigler-Najjar metabolic liver disorder.
HPLC results indicate that 3 mo post-transplantation,
4 of the 5 ADHLSC intraportally injected Gunn rat,
exhibit a non significant decrease in unconjugated bilirubin (UCB) blood level: 4.7 ± 0.5 mg/dl in transplanted
rats instead of 7.0 ± 0.4 mg/dl for the vehicle infused
Gunn rats (negative control group). Twenty-seven weeks
after transplantation the four responsive injected Gunn
rat, exhibit a higher decrease in UCB blood level: 3.2 ±
0.5 mg/dl vs 6.1 ± 0.2 mg/dl in the negative control
group. A similar decrease was also observed in the positive control group (rats injected with hHepatocytes).
RTqPCR results indicated the presence of human
cells into the Gunn rat liver parenchyma and thanks to
IHC we were able to specifically discriminate human
cells into the ADHLSC intraportally injected rat liver.
IHC against human albumin and UGT1A1, allows us
to determine that injected human cells seem localized
in periportal zone. No ADHLSC were identified in the
single rat which did not respond to the therapy. This
may be due to the loss of cells due to bleeding during
the portal vein injection or to an immune rejection in
this animal.
Transplantation data confirm our recently published
report on ADHLSC and the kinetic of engraftment into
liver of immunodeficient mouse as well as their participation in tissue regeneration after 20% of hepatectomy.
In this study, analyses were performed only after 2 mo
post transplantation, and do not allow drawing conclusion on long term engraftment and differentiation[21].
In this experiment rats were injected with a relative low
dose of 2.5 millions cells, i.e. 10 to 12.5 million/kg body
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weight, without regeneration stimulus and this dose led
to a UCB decrease and engraftment demonstrated 6 mo
later. Moreover UCB decrease obtained in ADHLSC
and hepatocytes transplanted Gunn rats is in accordance
with results obtained in transplanted rats[30] and in human[27], while animals or patients exhibited a progressive
decrease of serum bilirubin 2-4 mo after liver cell transplantation.
In our experimental model, we could detect around
1.265% ± 0.288% and 0.973% ± 0.212% for ADHLSC
and hepatocytes in transplanted Gunn rats respectively
which is still in agreement from what is generally accepted that a repopulation of 1%-5% of the hepatic mass
is required to restore liver disease in most injury models[30-34]. Recently; human clinical hepatocyte transplantation engraftment rates has been documented to range
from 0% to a maximum of 12% leading in most cases
to a transitory quality of life improvement for metabolic
liver disease patients[35].
This repopulation rate is likely due to in vivo expansion, as the infused cell mass corresponded to only 0.25%
of the total liver mass, assuming that the total supposed liver cell mass is 5 billion per kg body weight[25].
No regeneration stimulus was applied in these animals,
and such stimuli using radiotherapy of chemicals might
improve the engraftment[36]. In parallel, amelioration of
immunosuppression treatment will be interesting (use of
microsomal encapsulated clodronate, low liver irradiation…).
In conclusion, ADHLSC large scale cultured were
able to differentiate into hepatocyte-like cells in vitro,
exhibiting hepatic functions (CYP3A4 activity, glucuronidation activity…). In vivo these cells were also able
to engraft and repopulate the liver parenchyma and led
to partially correct a bilirubin conjugation defect in a homologous rodent model of Crigler-Najjar syndrome.
All together, these results make ADHLSC an attractive candidate for cell therapy treatment of CriglerNajjar type Ⅰ syndrome.

COMMENTS
COMMENTS
Background

Liver cell transplantation using hepatocytes was successfully performed in
patients with inborn errors of metabolism. However, the success of such a
therapeutic approach remains limited by the quality of transplanted cells. To
overcome these problems several approaches to isolate and propagate liver
stem or progenitor cells have been developed. The capacity of those cells to
restore a liver metabolic function must be demonstrated.

Research frontiers

Crigler-Najjar type Ⅰ syndrome is characterized by a high unconjugated bilirubin blood level due to uridine diphosphate glucuronosyltransferase 1A1
(UGT1A1) deficiency. Orthotopic liver transplantation remains the only curative treatment but the procedure does not guarantee lifelong complication free
survival. Hepatocyte infusion has established that metabolic control is possible,
but the procedure remains limited by several organ shortage and transient survival of cells. Stem cells look promising to overcome these problems and adultderived human liver stem/progenitor cells (ADHLSC) are tested for they ability
to engraft and differentiate in a homologous animal model (Gunn rat) of human
liver Crigler-Najjar type Ⅰ metabolic disease.

10561

August 14, 2014|Volume 20|Issue 30|

Maerckx C et al . Large scale culture progenitor cells correct bilirubin

Innovations and breakthroughs

In this study, authors demonstrate the ability of ADHLSC to engraft in recipient
rat livers where they participate in restoration of liver function by a significant
reduction of the serum bilirubin levels. Our findings support ADHLSC as a
promising candidate for liver cell-based therapy developments.

10

Applications

In this study, authors demonstrated that large scale culture conditions do not
modified adult-derived human liver stem/progenitor cells phenotype, ADHLSC
were able to specifically conjugate bilirubin when intraportally injected into Gunn
rats as demonstrated by blood unconjugated bilirubin measurement at different
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Abstract
AIM: To evaluate the impact of long term permanent hypoxemia noticed in patients with non operated congenital
cyanogenic cyanotic cardiopathy on liver stiffness.
METHODS: We included ten adult patients with non
operated inoperate cyanotic cardiopathy and ten
matched patients for age and gender admitted to the
gastroenterology department for proctologic diseases;
Clinical and laboratory data were collected [age, gender, body mass index, oxygen saturation, glutamate
oxaloacetate transaminase (GOT), glutamate pyruvate
transaminase (GPT), glycemia and cholesterol]. Measurement of hepatic stiffness by transient elastography
was carried out in all patients using the Fibroscan device. All patients underwent an echocardiography to
eliminate congestive heart failure.
RESULTS: Among the patients with cyanotic cardiopathy, median liver stiffness 5.9 ± 1.3 kPa was greater
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than control group (4.7 ± 0.4 kPa) (P = 0.008). Median
levels of GOT, GPT, gamma-glutamyltransferase, glycemia and cholesterol were comparable in cardiopathy
and control group. In regression analysis including age,
gender, body mass index, oxygen saturation, GOT, GPT,
glycemia, cholesterol showed that only oxygen saturation was related to liver stiffness (r = -0.63 P = 0.002).
CONCLUSION: Chronic permanent hypoxemia can induce mild increase of liver stiffness, but further studies
are needed to explore the histological aspects of liver
injury induced by chronic permanent hypoxemia.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver; Cardiopathy; Hypoxemia; Stiffness;
Cyanotic
Core tip: Our study is the first one to be carried out in
humans and to evaluate the long term effect of hypoxemia on liver stiffness. The clinical model is provided by
non operated adult patients with cyanotic cardiopathy.
Heart failure, that can overestimate liver stiffness, is
eliminated by echocardiography in all patients. The results show that long term hypoxemia leads to only mild
liver stiffness elevation.
Tahiri M, Drighil A, Jalal Y, Ghellab D, Hliwa W, Fouad H,
Badre W, Bellabah A, Habbal R, Alaoui R. Chronic permanent
hypoxemia predisposes to mild elevation of liver stiffness. World
J Gastroenterol 2014; 20(30): 10564-10569 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i30/10564.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i30.10564

INTRODUCTION
Recent evidence indicates that chronic intermittent hypoxemia (CIH), related to obstructive sleep apnea, is as-
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sociated with non-alcoholic steatohepatitis (NASH) and
chronic liver injury in obese individuals[1-3]. Also, CIH has
also been associated with an increased risk of hypertension, type 2 diabetes, dyslipidemia, and atherosclerosis,
independently of underlying obesity[4-8]. Moreover, in
rodent models, CIH can lead to insulin resistance, dyslipidemia and hypertension. non operated patients with cyanotic cardiopathy provide clinical models of long term
exposition to hypoxemia The effect of chronic permanent hypoxemia in cyanotic cardiopathy on liver stiffness,
glycemia and triglycerid and cholesterol levels is unknown
in humans.It is still unclear if permanent hypoxemia has
the same effects on liver, glycemia, triglycerid and cholesterol levels as intermittent chronic hypoxemia does.
Furthermore, exposure of primary mouse hepatocytes to
permanent 1% oxygen stimulates nuclear accumulation
of HIF-1α and upregulated PAI-1, vascular endothelial
cell growth factor, and the vasoactive peptides adrenomedullin-1 (ADM-1) and ADM-2[9].
Liver stiffness measurement using Fibroscan is a noninvasive method for diagnosis of liver fibrosis. It also has
a high degree of accuracy and reproducibility in predicting bridging fibrosis, cirrhosis and prognosis in patients
with chronic liver diseases even in non-alcoholic fatty
liver disease (NAFLD)[10-15].
The aim of the study is to assess the impact of
chronic permanent hypoxemia noticed in patients with
non operated cyanotic heart disease on liver stiffness and
metabolic defining criteria (glycemia, cholesterol and triglycerid levels).

MATERIALS AND METHODS
We included all alive adult patients having non operated
cyanotic cardiopathy followed in the Cardiology Department of Ibn Rochd Hospital Center and control group
matched for age and gender admitted to gastroenterology
department for proctologic diseases (anal fissure, hemorrhoids, anal fistula). Clinical and laboratory data were
collected [age, gender, body mass index (BMI), aspartate
aminotransferase (AST), gamma-glutamyltransferase
(GGT), alkaline phosphatase alanine transaminase (ALT),
glycemia, triglycerides and total cholesterol, oxygen saturation, liver stiffness]. Oxygen saturation measurement
with pulse oximetry were obtained.
Using a SIEMENS pulse oximeter (Siemens Medical Electronics, Danvers, United States) connected to a
re-usable finger sensor probe NELLCORTM DS-100A
Durasensor ® (Nellcor Puritan Bennett Inc., Pleasanton, United States). The cyanotic cardiopathy was Fallot Tetralogy in 5 cases, pulmonary atresia with intact
ventricular septum in 1 case, tricuspid atresia in 1 case,
transposition of great vessels in 1 case and double outlet
right ventricule (DORV) in 2 cases (Table 1). All patients
underwent an echocardiography to exclude out a heart
failure that can overestimate liver stiffness. None of the
patiens had cardiac failure at the time of the study or as
a known medical antecedent.all of the included patients
were negative of hepatitis B and C and none of them
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Table 1 Caracteristcs of pataients with cyanotic cardiopathy
Patients Age
(yr)
1

33

2

20

3
4

25
22

5
6

32
20

7

20

8
9
10

42
24
26

Diagnosis
Transposition of the great
vessels
Tricuspid atresia, malposition
of the great vessels and
pulmonary atresia
Fallot Tetralogy
tricuspid atresia +
malposition of the great
vessels + interventricular
communication
Fallot Tetralogy
Double outlet right ventricle
with severe pulmonary
stenosis.
Double outlet right ventricle
+ pulmonary atresia
Fallot Tetralogy
Fallot Tetralogy
Fallot Tetralogy

Oxygen Liver stiffness
saturation
(kPa)
80%

7. 2

86%

5.9

87%
87%

6.1
4.0

97%
90%

6.5
3.7

78%

7.8

76%
87%
85%

6.4
4.8
6.9

was alcohol consumer.
Liver stiffness measurement was performed using
Fibroscan (Echosens, Paris, France) with the patient lying
in dorsal decubitus with the right arm in maximal abduction, on the right lobe of the liver, through intercostals
spaces. The operator, assisted by a time-motion ultrasound image, located a liver portion at least 6cm thick
and free of large vascular structures. When the target
area had been located, the operator pressed the M probe
button to launch the measurements. The measurement
depth ranged between 25 and 65 mm. Ten validated measurements were performed on each patient. The results
were expressed in Kilopascals (kPa). Only procedures
with at least 10 validated measurements and an interquartile range (IQR) inferior to 30% of the median value
were considered reliable[16,17]. The measurement of liver
stiffness was performed in our unit by the same specialized physician[10].
This study was performed in accordance with the
ethical standards laid down in the 1964 Declaration of
Helsinki. Patients were informed about the procedure
and asked for informed consent prior to inclusion in the
study.
Statistical analysis
Continuous variables are expressed as mean ± SD. The
relationship between LS and each variable was assessed
using Pearson’s correlation coefficient and LS was compared between two groups using the unpaired Student’s
t-test. Categorical data were compared using the χ 2 test.
P < 0.05 was considered to represent a statistically significant difference. Data were statistically analyzed using
SPSS 16 software.

RESULTS
The value of liver stiffness in cyanotiic cardiopathy pa-
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Table 2 Characteristics of patients with cyanotic cardiopathy
and control
Patients w cyanotic
cardiopathy
Case (male/female)
Age (yr)
BMI (kg/m2)
AST (IU)
ALT (IU)
Cholesterolg (/L)
Triglycerideg (/L)
Gylcemiag (/L)
GGT (IU)
Liver stiffness (kPa)
Saturation (%)

3/7
26.4
19.21 ± 4.8
23.12 ± 7.33
23.9 ± 6.93
1.22 ± 0.24
0.85 ± 0.23
0.97 ± 0.09
39.9 ± 18.65
5.93 ± 135
85.4 ± 6.1

Control
3/7
27.1
18.64 ± 2.52
23.75 ± 4.94
24.9 ± 5.43
1.25 ± 0.26
0.98 ± 0.18
0.92 ± 0.01
41.1 ± 13.39
4.74 ± 0.40
99.5 ± 0.52

Table 3 Relationship between liver stiffness and other factors
in all participants
Correlation coefficient (r )

P value
Glycemia
GOT
GPT
GGT
T. cholesterol
Triglyceridemia
Saturation

0.540
0.460
0.370
0.080
0.830
0.910
0.830
0.330
0.008
0.005

P value
0.63
0.76
0.39
0.97
0.45
0.35
0.002

GOT: Glutamate oxaloacetate transaminase; GPT: Gamma-pyruvate
transaminase; GGT: Gamma-glutamyltransferase.

BMI: Body mass index; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; GGT: Gamma-glutamyltransferase.

tients (n = 10) was 5.9 ± 1.35 and that in healthy control
group matched for age, gender and BMI was 4.7 ± 0.4.
The difference between the two groups is significant (P =
0.005).
All other parameters including BMI, cholesterol, triglyceride, glycemia were comparable in the two groups:
only oxygen saturation was lower in cyanotic group (85.1
± 6.1) as compared to healthy control (99.5 ± 0.5) (P =
005). Table 2 shows background of all patients with cyanotic cardiopathy and control.
Liver stiffness significantly correlated with oxygen saturation (r = -0.63, P = 0.002), while it was not correlated
to glycemia, total cholesterol, triglyceridemia, glutamate
oxaloacetate transaminase, glutamate pyruvate transaminase, and GGT (Table 3).

DISCUSSION
The first interesting finding of our study indicates that
the long term effect of permanent hypoxemia on the
liver stiffness in non obese patient is mild.
Liver fibrosis is initiated when chronic liver injury
stimulates numerous cells types, including hepatocytes,
bile duct epithelial cells, Kupffer cells and other inflammatory cells to produce mediators (e.g., growth factors,
chemokines, reactive oxygen species). These mediators
cause cells in the liver, such as hepatic stellate cells, perbiliary fibroblasts, hepatocytes, bile duct epithelial cells,
and bone marrow-derived cells to differentiate into myofibroblasts. Additionally, these mediators stimulate myofibroblast proliferation[18] and stimulate these cells to migrate to injured regions of the liver (i.e., chemotaxis)[19,20].
Once the myofibroblats accumulate in these areas, they
are stimulated to produce collagen and other components
of extracellular matrix causing fibrosis.
Hypoxia has been shown to play a role in liver fibrosis through hypoxia-inducible factors (HIFs). HIFs
are a group of transcription factors rapidly activated in
hypoxic cells. Active HIF consists of an alpha subunit
and beta subunit. Three alpha subunits termed HIF 1 α,
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0.11
0.07
-0.19
0.009
0.17
-0.21
-0.63

HIF 2α and HIF 3α have been described. All bind to a
commun β subunit named HIF1 β. Once activated, these
transcription factors regulate expression of genes that allow cells to adapt to a hypoxic environment[21,22].
Exposure of primary mouse hepatocytes to permanent hypoxia (1% oxygen) stimulates nuclear accumulation of HIF-1α and upregulates porofibrotic and vasoactive factors as PAI-1, vascular endothelial cell growth
factor, and the vasoactive peptides adrenomedullin-1
(ADM-1) and ADM-2. But exposure of HIF-1β-deficient
hepatocytes to 1% oxygen completely prevents upregulation of PAI-1, vascular endothelial growth factor (VEGF),
and ADM-1[9].
Furthermore, it is proven that permanent hypoxemia
can stimulate epithelial to mesenchymal transition of
hepatocytes. During the development of liver fibrosis,
an important source of myofibroblasts is hepatocytes,
which differentiate into myofibroblasts by epithelial to
mesenchymal transition. Exposure of hepatocytes to
hypoxemia 1% oxygen increased expression of a smooth
muscle actin, vimentin, Snail and fibroblast-specific
protein-1 (FSP-1). Upregulation of FSP-1 and Snail by
hypoxemia is completely prevented in HIF-1 β deficient
hepatocytes[23]. However, in studies carried out in rodents,
only the effect of intermittent hypoxemia was studied
and there are no studies focusing on permanent hypoxemia, such as seen in cyanotic cardiopathy, and studying
its effect on the liver.
CIH results in repetitive cycles of hypoxemia and reoxygenation, leading to excessive production of reactive
oxygen species and oxidative stress in various organs and
tissues[24]. Yet, intermittent hypoxemia causes lipid peroxidation in different organs and is associated with increased
serum levels of amalondiadehyde amalondialdehyde
(MDA) and 8-isoprostane, which are products of lipid
peroxidation.thus, CIH in mice increases MDA and isoprostane levels in the brain as well as activity of NADPH
oxidase, an enzyme-producting superoxide dismutase.
CIH also increases MDA levels in the myocardium and
decreases activity of an important endogenous antioxidant superoxide dismutase.
However, in the liver, intermittent hypoxemia alone
seems unable per se to induce liver fibrosis. In Takatama
study. Choline-deficient high-fat diet (CDHF) associated
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with intermittent hypoxemia for 4 wk is confirmed to induce histological changes that resemble those NASH, associated to biochemical liver dysfunction, while intermittent hypoxemia group liver is normal[25]. Also, CIH in lean
C57BL/6J mice causes an increase in serum ALT, while
AST and alkaline phosphatase are unchanged. Liver histology shows no evidence of hepatic steatosis or fibrosis,
but reveals swelling of hepatocytes, and marked accumulation of glycogen in hepatocytes[26]. Moreover, Increased
MDA/free fatty acids (FFA) levels and active nuclear
factor kappa B (NF-kB) in the nuclear fraction of hepatocytes are observed in CIH mice as compared to control
animals suggesting that CIH induces oxidative stress in
the liver. In the absence of obesity, CIH leads to mild liver
injury via oxidative stress and excessive glycogen accumulation in hepatocytes, while fibrosis is not developed.
Patients with congenital heart disease through chronic
hypoxemia and ischemia reperfusion episodes are also
exposed to excessive oxygen radicals, total oxidant status;
oxidative stress index is higher in the cyanotic patients
than in the acyanotic group and controls[27]. Furthermore,
it has been proven that the increase of free oxygen radicals, which depends on the degree of chronic hypoxemia
in cyanotic congenital heart disease, lay the foundations
for several diseases such as atherosclerosis[28]. Free oxygen radicals play an important role in tissue damage with
inadequate blood circulation.
In our study, we observed for the first time in humans, that chronic permanent hypoxemia is only associated with mild elevation of stiffness but it is unclear if its
due to glycogenic hepatopathy or mild liver fibrosis. The
second major finding in our study is the non supervention of glycemia, triglycerid and cholesterol levels elevation in chronic hypoxemic patients with non operated
cyanotic heart disease.
Studies in rodent models of intermittent hypoxia
demonstrated that CIH can cause insulin resistance, and
dyslipidemia[26,29-32]. Furthermore, several crossectional
studies suggest that CIH seen in OSA is independently
associated with increased levels of total cholesterol, LDL
and triglycerides, whereas others report no such relationships[7,33-35]. Many studies show that OSA treatment with
continuous positive airway pressure (CPAP) may have a
beneficial effect on lipid profile[8,36]. CIH was also proven
to be associated with increased prevalence of type 2 diabetes[37] and has recently been shown to be a risk factor
for diabetes incidence[38]. In non-diabetics, CIH is associated with insulin resistance in proportion to the degree
of nocturnal hypoxemia[39-41].
CPAP can reverse the insulin resistance of OSA both
acutely (within 2 d) and chronically (after 4 mo)[42]. Recently, healthy human volunteers have been exposed to
hypoxemia by inspiring hypoxic N2-O2 gas mixture until
the oxyhemoglobin saturation dropped to 85%. After
5H, an intravenous glucose tolerance test demonstrated
a decrease in both insulin sensitivity and glucose effectiveness by minimal modeling methods[43]. Interestingly,
Chronic permanent hypoxemia, such as described in our
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clinical model seems not to induce neither hyperglycemia,
nor hypercholesterolemia, nor hypertriglyceridemia.
Our study has many advantages. Firstly, it is the first
study carried out in humans concerning the effect of
long term hypoxemia on the liver provided by non operated patients with cyanotic cardiopathy.secondly, our
study shows that long term effect of chronic hypoxemia
did not induce neither hypeglycemia nor dyslipidemia.
On other hand, our sudy has several limitations. The first
is absence of liver biopsy that can be done because of
ethic restrictions. The second is the small number of patients included in our study due to the rareness of adult
alive patients with cyanotic cardiopathy.
Permanent hypoxemia found in non operated patients
having cyanotic cardiopathy leads to mild elevation of liver stiffness, further studies using liver biopsies are needed
to explore the nature of the liver damage observed in
long term hypoxemic patients.
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Abstract
AIM: To evaluate the feasibility of a preoperative
colonoscopy through a self-expendable metallic stent
(SEMS) and to identify the factors that affect complete
colonoscopy.
METHODS: A total of 48 patients who had SEMS
placement because of acute malignant colonic obstruction underwent preoperative colonoscopy. After effective SEMS placement, patients who showed complete
resolution of radiological findings and clinical signs of
acute colon obstruction underwent a standard bowel
preparation. Preoperative colonoscopy was then performed using a standard colonoscope. If the passage

WJG|www.wjgnet.com

of colonoscope was not feasible gastroscope was
used. After colonoscopy, cecal intubation time, grade
of bowel preparation, tumor location, stent location,
presence of synchronous polyps or cancer, damage to
colonoscopy and bleeding, and stent migration after
colonoscopy were recorded.
RESULTS: Complete evaluation with colonoscope was
possible in 30 patients (62.5%). In this group, adenoma was detected in 13 patients (43.3%). The factors
that affected complete colonoscopy were also analyzed: Tumor location at an angle; stent placement at
an angle; and stent expansion diameter, which affected
complete colonoscopy significantly. However in multivariate analysis, stent expansion diameter was the only
significant factor that affected complete colonoscopy.
Complete evaluation using additional gastroscope was
feasible in 42 patients (87.5%).
CONCLUSION: Preoperative colonoscopy through the
colonic stent using only conventional colonoscope was
unfavorable. The narrow expansion diameter of the
stent may predict unfavorable outcome. In such a case,
using small caliber scope should be considered and
may expect successful outcome.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: The assessment of synchronous neoplasm in
acute malignant colonic obstruction remains troublesome. In this study, complete colonoscopy through the
colonic stent using colonoscope and gastroscope was
feasible in 42 patients (87.5%) and the stent expansion diameter was the only significant factor that affected complete colonoscopy. Through this, we might
predict the favorable condition regarding preoperative
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colonoscopy.

MATERIALS AND METHODS
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MG, Choi KY. Preoperative colonoscopy through the colonic
stent in patients with colorectal cancer obstruction. World J
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http://dx.doi.org/10.3748/wjg.v20.i30.10570

INTRODUCTION
Full preoperative colonic evaluation in patients diagnosed with colorectal cancer is important because the
presence of synchronous neoplasm, which has a reported incidence of 12%-58% for synchronous polyps and
2%-11% for synchronous cancers[1-5] may change the extent of surgery and missed synchronous neoplasm may
lead to second surgery or failure of curative resection.
Unfortunately, 10%-30% of patients with colorectal cancer present acute colonic obstruction, which precludes
complete colonoscopy[6].
The invention of colonic stents led to the conversion
of emergency surgery due to malignant obstruction to
elective surgery by effective stent placement known as a
bridge to surgery. Nevertheless, the assessment of synchronous neoplasm in acute malignant colonic obstruction remains troublesome. Although several radiological
modalities, such as computed tomography (CT) colonography and magnetic resonance colonography, have
been reported as being useful methods for synchronous
neoplasm detection[7,8], the possibility remains of falsepositive results because of a lack of reference standards
before surgery. For this reason, if feasible, the most reliable and ideal method for the detection of synchronous
neoplasm in patients with acute malignant obstruction
may be full colonoscopic evaluation after effective selfexpendable metallic stent (SEMS) placement. SEMS
placement in obstructive colon cancer can create a more
dilated lumen by expanding force, which may permit the
passage of a colonoscope and the accurate evaluation of
the proximal colon above the obstruction site. A previous
study reported the feasibility of full colonoscopy through
the stents[9]. According to that study, in the majority of
patients, it is feasible to perform full preoperative colonoscopy after relief of acute colonic obstruction with
SEMS before surgical resection. However, there are no
other reports on this subject and no study analyzed the
factors associated with the successful passage of a colonoscope through the stent and cecal intubation. Thus, we
planned a prospective study to identify factors that are associated with the success of this procedure. The present
study was performed to evaluate the feasibility and safety
of preoperative colonoscopy through the stent and to
identify factors that affect complete colonoscopy in patients who underwent SEMS placement because of acute
malignant colonic obstruction.
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Patients
From May 2010 to February 2012, 962 patients with colorectal cancer visited Seoul St. Mary’s Hospital and St. Vincent’s Hospital. Among them, 100 patients underwent endoscopic SEMS placement for acute malignant colorectal
obstruction. The diagnosis of colorectal obstruction was
established based on the patients’ clinical history, abdominal examination, and plain abdominal radiographs.
All patients had endoscopic features of colonic obstruction and a colonoscope with a diameter of 12.2 or 13.2
mm could not pass through the stricture. All patients
displayed clinical features of colorectal obstruction,
with symptoms of constipation and abdominal distension. Patients were enrolled prospectively in this study
if SEMS placement was clinically and technically successful. Suspicious perforation, inoperable cases because
of multiple metastasis, technical and clinical failure after
SEMS placement, age over 80 years, right-side colon obstruction, and refusal of surgery were exclusion criteria;
52 patients were excluded because of the presence of:
technical or clinical failure after SEMS placement (n =
5), multiple metastasis (n = 33), stent migration (n = 1),
right-side obstruction (obstruction above the distal transverse colon, n = 7), old age (n = 2), refusal of surgery (n
= 1), and transfer to another hospital (n = 3) (Figure 1).
Finally, 48 patients underwent preoperative colonoscopy.
Before preoperative colonoscopy, informed consents
were obtained for both procedure and participation in
the study and the procedure performed 1 or 2 d before
scheduled surgery. If the preoperative colonoscopy suggested advanced histology such as advanced adenoma or
cancer, the operation was delayed until histologic confirmation could be done.
Endoscopic stent placement
SEMS placement was performed under endoscopic and
fluoroscopic control within 24 h of the diagnosis. All
procedures were performed by three gastroenterologists,
each with at least 5 years of experience in colonoscopy
and 3 years of experience in stent-placement procedures.
All stents used in this study were uncovered SEMSs
(Hanarostent, M.I. Tech Co., Ltd, Seoul, South Korea)
with a diameter of 26 mm and a length of 6-16 cm. The
stents were delivered through the colonoscope. The appropriate length of the SEMSs selected was one that was
adequate to cover the entire stricture, with an extension
of about 2 cm beyond both stricture margins. Abdominal radiographs were obtained immediately, 24 h, and 72
h after stent placement to estimate the degree of stent
expansion and stent patency and to identify possible
complications. The initial technical and clinical success
rates after stent placement were evaluated. Initial technical success was defined as the accurate placement of the
stent across the entire length of the stricture and opening of the stricture to resolve the bowel obstruction.
Clinical success was defined as the ability to defecate
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cal intubation time, presence of synchronous polyps or
cancers, stent migration, and mechanical damage to the
colon and colonoscope after passage through the stent.
The quality of bowel preparation was judged according
to the Boston Bowel Preparation Scale[10]. Each region
of the colon received a segment score from 0 to 3, and
these segment scores were summed for a total score,
which ranged from 0 to 9. All polyps and/or synchronous cancers detected during the endoscopic procedures
were resected and underwent further histological evaluation. Complete colonoscopy was defined as the successful passage of the colonoscope through the stent, reaching the cecum. Incomplete colonoscopy was defined as
unavailable passage of the colonoscope though the stent
or failure to reach the cecum, even if the passage of the
colonoscope through the stent was successful.

Patients visited hospital due to colorectal
cancer from May 2010 to February 2012
(n = 962)

Without obstruction
(n = 855)

With obstruction
(n = 107)

Emergency operation (n = 7)
Perforation (n = 3)
Severe pain (n = 4)

Stent procedure
(n = 100)

Statistical analysis
The data presented in this manuscript are expressed as
the mean ± SD. Comparisons between categorical variables were made using χ 2 test or Fisher’s exact test. Comparisons between continuous variables were made using
the Student’s t test or Mann-Whitney U test. The Kruskal-Wallis test was used to compare three or more groups.
Receiver operating characteristic (ROC) curve analysis
with calculations of the area under the curve (AUC) was
used to determine the ideal cutoff values for stent expansion diameter predicting successful passage of scope.
Logistic regression analysis was used for the multivariate
analysis. A P value < 0.05 was accepted as indicative of
significance. All statistical analyses were performed using
commercially available software (SPSS 17.0 for Microsoft
Windows, Chicago, IL).

Excluded (n = 52)
Multiple metastasis (n = 33)
Right-side obstruction (n = 7)
Stent failure (n = 5)
Transfer to another hospital (n = 3)
Age over 80 years (n = 2)
Stent migration (n = 1)
Rufusal of surgery (n = 1)

Preoperative colonoscopy
through the stent
(n = 48)

Figure 1 Diagram of patients through the study.

within 24-72 h and the relief of obstructive symptoms,
without reintervention or procedure-related complications. The narrowest expansion diameter of the stent
waist was calculated in reference to the full expanded
distal flare (26 mm). The institutional review board approved the study and informed consent was obtained
from all patients.
Preoperative colonoscopy procedure
Patients who were considered candidates for curative
colon resection after complete resolution of radiological findings and clinical signs of acute colon obstruction
underwent a standard bowel preparation consisting of
the consumption of a 4 L polyethylene glycol/electrolyte lavage solution, for the execution of preoperative
colonoscopy. Colonoscopy was then performed using
a standard colonoscope (CF-H260AL; diameter, 13.2
mm; Olympus Optical Co., Ltd, Tokyo, Japan). If the
passage of colonoscope was not feasible due to narrow
expanded lumen, gastroscope (GIF-H260; diameter, 9.5
mm; Olympus Optical Co., Ltd, Tokyo, Japan) was used
instead of colonoscope. Standard intravenous conscious
sedation was administered as needed.
During the endoscopic procedure, we evaluated ce-
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RESULTS
Patient characteristics
The mean age of the 48 patients was 63.2 years and
54.1% of the patients were male. The mean BMI of the
patients was 23.2. The most common obstruction site
was the sigmoid colon (n = 26). The other obstruction
sites were descending colon (n = 10), rectosigmoid junction (n = 6), splenic flexure (n = 2), rectum (n = 2), Sigmoid-descending junction (n = 1) and distal Transverse
colon (n = 1). The stage of cancer was Ⅱ in 13 patients,
Ⅲ in 33 patients and Ⅳ in 2 patients, which was resectable because of single metastasis to the liver
Preoperative colonoscopy
Complete preoperative colonoscopy was possible in 30
out of 48 patients (62.5%) (Figure 2); in the remaining 18 out of 48 patients, complete colonoscopy was
not successful because the passage of the colonoscope
through the stent was not feasible (n = 17) and because
of severe redundancy of the colon after passage of the
scope through the stent (n = 1). In patients in whom
complete colonoscopy was feasible, the median cecal intubation time was 9 min and 30 s (range, 4 min and 20 s
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A

B

Figure 2 Successful passage of colonoscope through the self-expendable metallic stent. A: Tunnel is created by expanded stent; B: Colonoscope pass through
the tunnel without resistance and reach to the proximal end of stent.

was excellent in which the cecum was intubated (n = 30)
and the mean ± SD of the preparation score was 8.07 ±
1.47.

Table 1 Synchronous neoplasms detected during preoperative colonoscopy
Synchronous polyp (n )
Ascending colon
Transverse colon
Descending colon
Sigmoid colon
Rectum

High-grade adenoma (1)
Low-grade adenoma (7)
Low-grade adenoma (7)
Low-grade adenoma (4)
Low-grade adenoma (3)
Low-grade adenoma (3)

Synchronous cancer (n )

Adenocarcinoma (1)
Adenocarcinoma (1)

to 15 min and 27 s).
Regarding synchronous neoplasm, 25 adenomas were
detected in 13 out of 48 patients (27%) and were removed using biopsy forceps, snares and surgery (included
within resection range). The pathology and location
of polyps were: 8 adenomas in the ascending colon, 7
adenomas in the transverse colon, 4 adenomas in the
descending colon, 3 adenomas in the sigmoid colon, and
3 adenomas in the rectum. Synchronous cancers were
detected in 2 patients (4.1%). One synchronous cancer
located in the distal rectum was removed via endoscopic
submucosal dissection, and the final histological diagnosis was intraepithelial carcinoma. The other synchronous
cancer was located in the sigmoid colon, close to the
primary cancer, and was included within resection range
(Table 1). Regarding complications from the colonoscopy procedure, there was no stent migration after passage
and withdrawal of the colonoscope. Minor bleeding,
which barely oozed and stopped spontaneously at the
stent site, was observed in 8 out of 48 patients (16.6%).
Perforation not detected during the procedure occurred
in 1 patient (2%), radiological examination performed
after the procedure revealed the presence of free air
below the diaphragm. However, as there were no symptoms of peritonitis, the operation was performed on the
following day, as scheduled. There was no mechanical
damage to the colonoscope after passage through the
stent. Bowel preparation was done by ingesting 4 L of
PEG within 3 h, starting from 6 AM. There were no adverse effects such as vomiting, abdominal pain or severe
abdominal distension due to ileus. Bowel preparation
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Factors that affected complete colonoscopy
To identify the factors that affected complete colonoscopy, successful cecal intubated complete colonoscopy
(n = 30) and incomplete colonoscopy (n = 18) groups
were designated and analyzed. There was no significant
difference in the proportion of patients regarding gender, age, BMI, operation history, tumor length, tumor
staging, tumor location, stent length and time between
stent placement and colonoscopy between the 2 groups.
Analysis of the incomplete colonoscopy group revealed
that tumors located at an angle (splenic flexure, sigmoiddescending junction, and rectosigmoid junction) tended
to be more unfavorable to passage of the colonoscope.
We classified tumors according to their location at an
angle vs nonangle and analyzed them. The proportion
of tumors located at an angle in the complete and incomplete groups was 2/30 (6.7%) and 6/18 (33.3%),
respectively, and the difference was significant (P = 0.04).
If tumors were located near an angle, the proximal or
distal side of stent may have extended to the angle portion and lead to an angulated stent; the passage of the
colonoscope through the stent was unfavorable in these
cases. The proportion of cases in whom stent placement
included an angle was significantly lower in the complete
colonoscopy group (23.3% vs 55.6%; P = 0.024). The
expansion diameter of the stent waist also affected the
success of complete colonoscopy (19.96 ± 2.68 mm vs
15.13 ± 2.84 mm; P < 0.01). The results described above
are summarized in Table 2. The ROC curve analysis revealed the appropriate cutoff value for the diameter of
expanded stent predicting successful complete colonoscopy. A Cutoff value of 17 mm yielded a sensitivity of
86.7% and a specificity of 83.3% in predicting successful
passage of scope (AUC = 0.885, 95%CI: 0.760-0.959,
P < 0.01, Figure 3). Based on this cutoff value, the
patients were divided into 2 groups, with 30 (62.5%)
having expansion diameter over 17 mm and 18 (37.5%)
having expansion diameter below 17 mm. In multivariate
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Table 3 Multivariate analysis of factors for successful complete colonoscopy through the stent

Table 2 Factors that affected complete colonoscopy n (%)
P value
Incomplete
Complete
colonoscopy group colonoscopy group
(n = 18)
(n = 30)
Age (mean ± SD)
Sex (M/F)
BMI (mean ± SD)
Abdomen OP
History
T stage (T3/T4)
N stage
(N0/N1/N2)
Tumor location
Proximal T colon
Splenic flexure
Descending
SD junction
Sigmoid
RS junction
Rectum
Tumor located at
An angle
Tumor length
(mean ± SD)
Stent placement
at an angle
Stent expansion
diameter
(mean ± SD, mm)
Stent length
(mean ± SD, cm)
Stent placement
to colonoscopy
(mean ± SD, d)

65.3 ± 13.6
18/12
23.3 ± 3.25
8 (26.6)

61.3 ± 11.4
10/8
23.2 ± 2.96
2 (11)

0.30
0.76
0.86
0.28

24/6
10/9/10

13/5
3/9/6

0.53
0.25

1
1
7
1
17 (56.6)
1
2
2 (6.7)

0
2
2
0
9 (50.0)
5
0
6 (33.3)

Stent diameter ≥ 17 mm
Stent located at angle
Tumor located at angle

0.04

6.06 ± 2.45 cm

0.79

7 (23.3)

10 (55.6)

0.02

19.96 ± 2.68

15.13 ± 2.84

< 0.01

9.4 ± 2.11

8.6 ± 1.37

0.19

7.93 ± 1.85

8.11 ± 1.85

0.74

ROC curve

Sensitivity

0.8
0.6
Sensitivity: 86.7%
Specificity: 83.3%
Criterion: > 17 mm

0.2
0.0

0.0

0.2

0.4

0.6

0.8

1.0

1-specificity

Figure 3 Receiver operating characteristic curve for prediction of successful passage of colonoscope from the expansion diameter of stent.
ROC: Receiver operating characteristic.

analysis using a logistic regression analysis, the expanded
diameter over 17 mm was independently associated with
successful complete colonoscopy (OR = 57.968; 95%CI:
5.331-630.297; P < 0.01; Table 3).
Preoperative evaluation using gastroscope
Complete preoperative evaluation using additional gastroscope was possible in 12 out of 18 patients (66.6%) who
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P value

5.08-668.58
0.26-13.44
0.36-92.36

< 0.01
0.53
0.21

DISCUSSION

1.0

0.4

95%CI

58.3
1.88
5.83

showed unsuccessful passage of colonoscope through the
stent. Successful passage of gastroscope through the stent
was feasible in 15 out of 18 patients (83.3%) Though
successful passage was feasible, the gastroscope could
not reach the cecum in 3 patients due to redundancy
of the colon and short length of the gastroscope. The
overall complete evaluation rate using colonoscope and
gastroscope was 87.5% (42/48) which was significantly
higher than colonoscope only (62.5%, 30/48) (P < 0.005).
Regarding synchronous neoplasm, 10 adenomas were detected in 5 out of 12 patients (41.6%) and were removed
using biopsy forceps or snares. No complications were
observed after passage of gastroscope.

0.13

6.25 ± 2.44 cm

Odds ratio

Full colonic evaluation before surgery in patients with
colorectal cancer has been recommended[4]. However,
in patients with obstructive colon cancer, preoperative
colonoscopy may not be possible because of narrowing of the lumen. In such cases, CT colonography or
magnetic resonance colonography may be alternative
methods for the evaluation of synchronous neoplasm[7,8].
However, because of a lack of histological confirmation,
it remains unclear how accurately such imaging modalities can specifically suggest the presence of synchronous
cancer. Considering the shortcomings of the modalities
described above, preoperative colonoscopy through the
stent may be the ideal and most reliable method for the
evaluation of synchronous colon cancer. Vitale et al[9]
reported the feasibility of complete preoperative colonoscopy through the expanded stent to exclude synchronous lesions. In their study, complete preoperative colonoscopy was possible in 29 out of 31 patients (93.4%).
Those authors found adenoma in 8 patients (25.8%) and
synchronous cancer in 3 patients (9.6%), which led to a
change in the surgical plan.
In our study, complete colonic evaluation with colonoscope was possible in 30 out of 48 patients (62.5%),
which was lower than the results of the previous report.
However, the feasibility increased up to 42 of 48 patients
(87.8%) using additional gastroscope which was similar
to previous study.
Regarding the explanation for the lower rate of complete colonoscopy observed here, differences in stent
might affect complete colonoscopy. Those authors used
2 types of stent (Enteral Wallstent: 6-9 cm in length
and 22 mm in diameter; and Ultraflex Precision Colonic
Stent: 6-12 cm in length and 25-30 mm in diameter);
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in contrast, in our study, to control the bias from using
different types of stent, only one type was used (Hanarostent; 6-14 cm in length and 26 mm in diameter; M.I.
Tech), made of Nitinol. Nitinol is an alloy of nickel and
titanium that has increased flexibility, which is helpful for
stenting sharply angulated regions at the cost of lesser
radial force compared with stents made of other metals[11]. In contrast, a previous study by Vitale used Enteral Wallstent, which is made of Elgiloy, in 23 out of 57
patients. Differences between stents regarding material,
expansion diameter, and expansion power may affect the
diameter of the tunnel created by the expanded stent.
Differences in the diameter of the colonoscope may
be another factor that affects complete colonoscopy. A
previous study used a colonoscope with a diameter of
12.8 mm. Here, we used the colonoscope that is currently the most popular in South Korea and Japan (CFH260AI; diameter, 13.2 mm). In another similar study, a
complete preoperative colonoscopy was feasible in 40 of
45 patients (88.9%). which was higher than our results
using colonoscopy only. As to different factors with our
study, those authors also used relatively thin colonoscope
(11.3 mm outer diameter, Evis Lucera colonovideoscope
PCF-Q260JL/I; Olympus). The difference in the diameter of the colonoscope may affect success rate[12].
In terms of the factors that affected complete colonoscopy, if tumors are located near an angle, the distal
and proximal sides of the stent may be located at an
angle. Such a location of tumors and stents may induce
angulation of the stent, with a narrower stent lumen at
the waist. Therefore, it may be more difficult to pass the
colonoscope in this situation. Our results revealed that
the location of the tumor and stent and a narrow expansion diameter of stent are important factors that affected
complete colonoscopy. But in multivariate analysis, the
expansion diameter was only the significant factor affect
complete colonic evaluation with colonoscope and in
ROC analysis, expansion diameter over 17 mm predicted
successful passage of colonoscope through the stent
(sensitivity: 86.7%, specificity: 83.3%). Such a result suggests that sufficient expansion diameter is the most important factor affecting success rate and might help with
the decision of how to attempt complete preoperative
colonoscopy through the stent. If the expansion diameter
is not sufficient, we can predict that preoperative colonoscopy is not easy to perform with colonoscope and
more careful procedure and using a scope with a smaller
caliber or post operative evaluation of remnant colon for
synchronous colorectal neoplasm may be needed to increase the success rate and prevent complications.
As to synchronous tumors, in 18 out of 48 patients
(37.5%) adenoma was detected and removed using biopsy forceps or snares. Synchronous cancers were detected in 2 patients (4.1%). The surgical resection range
and plan was not changed because one was removed
by endoscopic submucosal dissection (ESD) procedure
and another located very close to primary tumor was
removed by surgical resection without change of initial
plan. However, it is significant to note that synchronous
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adenoma, which could be the cause of the development
of metachronous colorectal cancer, was removed successfully before the operation. Moreover, we were able
to prevent unnecessarily wide resection of the colon by
complete removal of early synchronous cancers which
was located at distal rectum using the ESD technique.
Though location of this synchronous cancer was below
of the obstruction site, it might be missed without proper colon preparation and if the synchronous early cancer
is upper area of obstruction site, complete removal using
the ESD technique may also be possible. This would be
the most attractive feature of preoperative colonoscopy
through the stent.
In terms of the safety and complications of the procedure, stent migration was not detected in any of the
patients and bleeding after passage of the scope was minor and stopped spontaneously. However, colon perforation after the procedure occurred in 1 out of 48 patients
(2%). In this case, the perforation point was located at the
proximal end of the stent, the primary tumor was located
in the rectosigmoid colon, and the inserted stent was
severely angulated, with a narrow expanded lumen (The
expansion diameter was 13 mm). In cases of angulated
stents with a narrowed tunnel, more force is needed to
pass the stent and, if a portion of the proximal end of the
stent impacts the normal mucosa, perforation may occur.
The limitations of our study included the small number of cases used, which may have influenced our results. In addition, different types of stents made by other
manufacturers were not evaluated, which may have affected success rates. However, the stent evaluated in this
study is made of Nitinol, which is a popular material that
is also used by other manufacturers. In addition to stent
type, the use of small-caliber colonoscopes may affect
the rate of complete colonoscopy; however, pediatric
colonoscopy is may not available in many institutions. It
may be hard to reach the cecum via gastroscope in cases
of redundant colon and 3 of 48 patients could not reach
the cecum after successful passage of scope. However,
in a previous study using pediatric colonoscope, 5 of 45
patients could not reach the cecum despite successful
passage of scope through the stent[12].
In conclusion, Preoperative colonoscopy through
the colonic stent using only conventional colonoscope
was unfavorable. However, using additional gastroscope
in cases of unsuccessful passage with colonoscope, increased success rate up to 87.5%. The expansion diameter of the stent was an independent factor predicting
successful preoperative colonic evaluation with colonoscope. In cases where the expansion diameter is not sufficient, we might predict unfavorable conditions regarding preoperative colonoscopy through the stent and a
more careful procedure with small caliber scope such as
gastroscope or pediatric colonoscope is needed.
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is important because the presence of synchronous neoplasm. Unfortunately,
10%-30% of patients with colorectal cancer present acute colonic obstruction,
which precludes complete colonoscopy.

3

Vitale et al reported the feasibility of complete preoperative colonoscopy
through the expanded stent to exclude synchronous lesions. In their study, complete preoperative colonoscopy was possible in 29 out of 31 patients (93.4%).
Those authors found adenoma in 8 patients (25.8%) and synchronous cancer in
3 patients (9.6%), which led to a change in the surgical plan. Lim et al reported
the feasibility of complete colonic evaluation with colonoscope was possible in
30 out of 48 patients (62.5%)

4

Research frontiers

Innovations and breakthroughs

There is no study has analyzed the factors associated with the successful passage of a colonoscope through the stent and cecal intubation. This is the first
study to identify the factors that affect complete colonoscopy through the stent
in patients with colorectal cancer obstruction.

Applications

This study showed that the expansion diameter of the stent was an independent
factor predicting successful preoperative colonic evaluation with colonoscope.
Through this study, the authors might predict favorable conditions regarding
preoperative colonoscopy.

5

6

7
8

Terminology

The definition of complete preoperative colonoscopy in our study is successful
passage of the colonoscope through the inserted colonic stent, reaching the
cecum.

Peer review

The authors described the efficacy of colonic stent in patients with colorectal
cancer obstruction to perform preoperative colonoscopy. The aim of this study
is clinically important to determine adequate treatment for such patients, however, he’d like to know more detailed data for applying these results in a clinical
setting.
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Abstract
AIM: To evaluate the benefit of aerobic exercise on
colonic transit time (CTT) for psychiatric inpatients in a
closed ward.
METHODS: Sixty consecutive adult inpatients of the
Somang Hospital Psychiatry Unit (Eumsung-gun, South
Korea), without CTT-related diseases or drug therapies,
were recruited for study from March to June of 2012.
Upon enrollment, the patients were randomly assigned
to partake in a 12-wk instructor-led group aerobic
exercise program (exercise group; n = 30) or to maintain their ordinary daily activities (control group; n =
30). The exercise program was structured as 10 min
warm-up (stretching), 40 min exercise, and 10 min
cool-down (stretching) for three days each week. The
exercise sessions consisted of walking only in week
one and aerobics from weeks two to 12, with increasing intensity (50% heart rate reserve (HRR) for weeks
one to four, 60% HRR for weeks five to eight, and 70%
HRR for weeks nine to 12). CTT was measured before
(baseline) and after (week 12) the exercise program,
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in duplicate (on days four and seven), using abdominal radiography and the multiple radio-opaque marker
technique. Changes in the exercising patients’ CTT and
weight-, cardiovascular- and fitness-related parameters
were statistically assessed.
RESULTS: The study dropout rate was 30.0%, with 23
patients in the exercise group and 19 patients in the
control group completing the study. At week 12, the
exercise group showed decreases in body weight (mean
± SE) baseline: 69.4 ± 2.8 vs study-end: 67.6 ± 2.7;
P < 0.635) and body mass index (BMI) (25.2 ± 1.1 vs
24.9 ± 0.8; P < 0.810), but the extent of change was
not significantly different from that experienced by the
control group (body weight: 68.8 ± 4.0 vs 68.8 ± 3.9;
BMI: 24.3 ± 1.1 vs 24.4 ± 1.2). However, the exercise
group showed significant improvements in leg muscle
strength (baseline: 41.7 ± 4.3 vs study-end: 64.1 ± 5.0;
P < 0.001), cardio-respiratory endurance (120.5 ± 4.5
vs 105.4 ± 2.8; P < 0.004), and leg muscle elasticity
and power output (21.5 ± 2.6 vs 30.6 ± 2.8; P < 0.001).
The exercise group showed an exercise-induced reduction in total CTT (baseline: 54.2 ± 8.0 vs 30.3 ± 6.1),
which was significantly different from that experienced
by the control group over the 12-wk period (48.6 ± 9.3
vs 48.3 ± 12.3; P = 0.027); however, the exercise-induced decreases in CTT involving the three colonic segments examined (right, left and recto-sigmoid) showed
no significant differences from the control group.
CONCLUSION: A 12-wk aerobic exercise program
can benefit psychiatric inpatients by increasing intestinal motility, possibly decreasing risk of metabolic- and
cardiovascular-related disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Intestinal motility; Colonic transit time; Aerobic exercise; Radio-opaque marker; Psychiatry unit;
Inpatient
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Core tip: Maintaining a routine of physical activity for
inpatients of closed wards in mental health facilities
remains a major challenge. Long-term inactivity is a
risk factor for decreased gastrointestinal motility, which
leads to constipation and can affect drug absorption,
as well as weight gain and related metabolic and cardiovascular disorders. In this study, implementation
of a 12-wk aerobic exercise program was shown to be
beneficial in reducing colonic transit time, decreasing
weight and improving blood pressure.
Kim YS, Song BK, Oh JS, Woo SS. Aerobic exercise improves
gastrointestinal motility in psychiatric inpatients. World J Gastroenterol 2014; 20(30): 10577-10584 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i30/10577.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i30.10577

INTRODUCTION
The gastrointestinal (GI) tract plays a key role in gut and
systemic health, affecting distant and key organs through
its functional relationship with the systemic blood supply. As such, disruption of GI motility can have a broad
range of consequences in the GI system itself and beyond. Decreased GI motility reduces the movement of
materials, with stagnating masses triggering local chronic
inflammatory responses that may affect both the structural and functional integrity of the surrounding tissue. In
addition, low GI motility is known to affect the efficiency
of absorption of nutrients and therapeutic drugs[1,2].
One of the most common signs of low GI motility
is constipation, which may cause discomfort and pain
associated with increased gas, abdominal bloating and
physical difficulties in passing stools. While the disorderdisease association is still under debate, chronic constipation itself remains a widespread problem. In particular, it
has been estimated that up to 28% of the general population in the United States suffers from constipation[3], and
it has been demonstrated that the Western lifestyle (low
activity, low fiber diet) is related to constipation in populations of East Asian countries as well[4].
Clinical symptoms of constipation include excessive
contraction of the anal sphincter, hard feces, anal atresia and a decrease in frequency of defecation or size of
stools[5]. An underlying disorder in colonic motility can
be determined by measurement of colonic transit time
(CTT), by which material passing through the colon is
tracked by real-time imaging of ingested radio-opaque
markers[4-7]. The technical ease (relatively non-invasive
nature), low cost and high rates of reproducibility of this
technique have promoted its use as a screening and treatment monitoring method in various patient populations,
including those classified as difficult-to-treat (e.g., children
and the mentally ill)[5,7-9].
An important cause of low GI motility, and one of
the easiest to correct, is physical inactivity. Indeed, some
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studies have shown that adding a routine of aerobic
exercise can help to resolve constipation symptoms[10].
Research to determine the underlying mechanisms of the
relationship between exercise and constipation has demonstrated possible roles for increasing peristaltic movement and shortening of the CTT[6,11,12]. Moreover, several
epidemiologic studies have shown that decreased physical
activity level correlates with increased prevalence of constipation[13].
Certain living conditions foster an inactive (sedentary)
lifestyle, such as residence in a closed ward of a hospital.
Attaining and sustaining an adequate level of physical
activity is a particular challenge facing clinical care teams
working with mentally ill patients residing in closed
wards. The daily routine of limited physical activity (with
planned activities being largely sedentary, such as watching television, or low-impact, such as participating in a
sing-along) may increase the risk of further mental illness
as well as various chronic physical conditions[14,15], such as
low GI motility, and related diseases, such as colorectal
cancer[16,17], obesity[18] and diabetes[19]. Indeed, studies have
shown that increasing mentally ill patients’ physical activity level may help to prevent cancer among this patient
population[20,21].
As a measure of gastric motility, CTT has been shown
to be correlated with physical activity level, with more
sedentary individuals showing longer CTT than their
physically active counterparts[4,22]. Moreover, partaking in
the active practices of walking, running, cycling and other
aerobic activities has been shown to significantly shorten
CTT in healthy individuals[5,23,24]. The previous studies
that have investigated the effects of increasing physical activity by participation in an exercise program and
changes in CTT have largely involved healthy subjects
practicing a normal lifestyle. However, no studies reported in the publicly available literature to date have reported
on the effects of aerobic exercise on colonic function in
mentally ill patients residing in a closed hospital ward.
The current study was designed to evaluate the effects of
a long-term (12-wk) aerobic exercise program on CTT
to determine the potential benefits to gastric motility, as
well as on the weight-, fitness and cardiovascular-related
parameters that may affect the overall health of mentally
ill patients residing in a closed ward.

MATERIALS AND METHODS
Participants
Consecutive male inpatients with mental illness admitted for treatment in the closed ward of Somang Hospital
Psychiatry Unit (Eumsung-gun, South Korea) over a
4-mo period (March to June of 2012) were recruited to
the study. Patients were offered enrollment if they had
not participated in any structured exercise program in the
past 12 mo and had no physical limitations impeding normal activity. Patients were denied enrollment according to
diagnosis of cardiovascular or orthopedic diseases with
potential effects on CTT, diagnosis of functional stom-
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Table 1 Psychiatric disorder† distribution of the study
participants n (%)
Psychiatric disorder
Schizophrenia
Depression
Bipolar disorder
Total

Exercise group

Control group

P value1

16 (69.6)
5 (21.7)
2 (8.7)
23 (100)

12 (63.2)
4 (21.1)
3 (15.8)
19 (100)

0.661
0.957
0.480

1

According to the DSM-IV diagnostic criteria.

ach diseases (untreated or under current clinical management), undergoing treatment with anti-constipation drugs
and diagnosis with diabetes mellitus or hypertension[4,7,9].
In addition, any patients with indications of irritable
bowel syndrome, according to the Rome Ⅱ criteria[25], or
who were taking any drugs to address diarrhea symptoms
were excluded from the study.
A total of 60 male patients were enrolled and randomly assigned to participate in a 12-wk instructor-led
group aerobic exercise program (exercise group; n =
30) or to maintain their ordinary daily activities (control
group; n = 30). During the study period, seven patients
from the exercise group were withdrawn due to change
in mental illness that inhibited study participation, noncompliance with the exercise program and changes in
therapeutic drugs or disease status that impacted the
inclusion/exclusion criteria. In the control group, 11
subjects were withdrawn due to refusal to participate in
study procedures, cancellation of consent and various
personal reasons. The final groups were composed of 23
patients (age: 46.4 ± 2.1 years) in the exercise group and
19 patients (age: 50.8 ± 2.6 years) in the control group.
The included patients’ psychiatric diagnoses, according to
that determined by the Structured Clinical Interview for
Diagnostic and Statistical Manual of Mental Disorders 4th
revision (DSM-IV), are listed in Table 1.
Ethics
The study was designed in accordance with the Declaration of Helsinki (2000; World Medical Association)
and carried out with pre-approval from the Institutional
Review Board of Seoul National University (IRB No:
1203/001-002). All patients provided written informed
consent for study participation and subsequent analysis
and publication of all study-related data.
Aerobic exercise training program
Each of the participants in the exercise group participated in an instructor-led aerobic exercise program that
consisted of 60 min sessions, three days a week for 12
wk. Each of the 60-min sessions included 10 min of
stretching (warm-up), 40 min of aerobic activity of varying impact (exercise), and 10 min of stretching (cooldown). The aerobic activities started out as walking exercise in the first study week, to help the inactive patients
adapt to the exercise routine. Starting in study week two,
the aerobic exercise activities were modified to provide
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increasing impact, using a combination of walking, running and other types of aerobic movements to achieve
50% heart rate reserve (HRR) between weeks one and
four, 60% HRR between weeks five and eight, and 70%
HRR between weeks nine and 12 (according to the recommendations of the American College of Sports Medicine (ACMS). For each day’s exercise session, the patients
wore a RS300X heart rate monitor (Polar Electro, Kempele, Finland) in order for investigators to ensure that the
target heart rate was maintained during the aerobic exercise period.
Control group activities
Each of the participants in the control group was instructed to maintain their ordinary daily activities. No
restrictions were placed on participation in the normal
planned group activities for the ward, such as watching
television or partaking in a sing-along.
Measurement of physical characteristics
The InBody 3.0 bioelectrical impedance analysis system
(Biospace Co., Seoul, South Korea) was used to measure
each patient’s height, weight and body mass index (BMI).
The Spirit CK-101 sphygmomanometer (Spirit Medical
Co. Ltd., New Tapai City, Taiwan) was used to measure
blood pressure with the patient in the prone position
after a 5 min rest. In an attempt to rule out any extrinsic
factors that might affect blood pressure, the following
patient data was collected for consideration during the
analysis: body temperature, general degree of physical
activity, smoking practice and diet[4,9]. Thigh circumference was measured as the distance around the fullest part
of the thigh. Waist circumference was measured as the
distance around the abdomen, just above the hip bones.
Measurement of fitness
Each patient’s physical fitness was quantitatively assessed
at study enrollment (first day of week one; baseline) and
again at the end of the study period (last day of week
12; study-end). Electronic-based measures were made
for handgrip strength [Takei Kiki Kogyo (TKK) 5401
grip dynamometer; Takei Scientific Instruments Co. Ltd.,
Tokyo, Japan], leg strength (TKK 5710 dynamometer),
and leg muscle elastic strength and power output (TKK
5406 vertical jump/Sergeant jump measuring instrument). Cardio-respiratory endurance was measured using
the YMCA bench step test, which was carried out with
patients taking 24 steps per minute for 3 min using a 30.5
cm-high step box and accompanied by a metronome that
was set to 96 beats per minute (bpm); the heart rate was
measured during the rest period. Reach was measured using a trunk flexion meter (TKK 5404 instrument).
Measurement of CTT
CTT measurement was performed twice at baseline and
twice at study-end using abdominal radiography and the
multiple radio-opaque marker technique. Each of the
patients ingested a single gelatin capsule containing 20
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Table 2 Effects of a 12-wk aerobic exercise program on the weight- and cardiovascular-related
parameters in psychiatric inpatients
Exercise group (n = 23)

Parameter
Body weight, kg
BMI, kg/m2
Lean body mass, kg
Body fat, %
SBP, mmHg
DBP, mmHg
Resting heart rate, bpm
Thigh circumference, cm
Waist circumference, cm

Control group (n = 19)

Baseline

Study-end

Baseline

Study-end

69.4 ± 2.8
25.2 ± 1.1
46.8 ± 1.5
30.8 ± 2.4
116.5 ± 3.9
77.8 ± 2.5
86.4 ± 3.8
41.4 ± 1.4
88.3 ± 2.9

67.6 ± 2.7
24.9 ± 0.8
48.7 ± 1.4
27.9 ± 2.0
113.5 ± 3.9
71.9 ± 2.1
79.8 ± 2.8
49.6 ± 2.9
85.5 ± 2.4

68.8 ± 4.0
24.3 ± 1.1
44.7 ± 1.4
33.3 ± 2.8
126.0 ± 4.7
87.1 ± 4.2
87.4 ± 2.8
44.0 ± 1.6
91.8 ± 3.5

68.8 ± 3.9
24.4 ± 1.2
46.8 ± 2.0
30.8 ± 2.5
110.8 ± 5.4
76.9 ± 3.6
80.5 ± 2.3
46.3 ± 2.3
90.5 ± 4.0

P value1
0.706
0.759
0.909
0.830
0.016a
0.251
0.894
0.074
0.675

Data are presented as mean ± SE. 1P values for baseline to study-end change for the exercise group vs the control group.
Statistically significant difference (aP < 0.05). BMI: Body mass index; DBP: Diastolic blood pressure; SBP: Systolic blood
pressure; bpm: Beats per minute.

Table 3 Effects of a 12-wk aerobic exercise program on the fitness-related parameters in psychiatric
inpatients
Parameter
Grip strength, kg
Leg strength, kg
YMCA bench step test, BPM
Jump, cm
Reach, cm

Exercise group (n = 23)

Control group (n = 19)

Baseline

Study-end

Baseline

Study-end

26.3 ± 2.3
41.7 ± 4.3
120.5 ± 4.5
21.5 ± 2.6
6.5 ± 2.3

27.7 ± 2.2
64.1 ± 5.0
105.4 ± 2.8
30.6 ± 2.8
8.2 ± 2.1

29.4 ± 3.0
42.5 ± 4.3
120.3 ± 4.7
21.5 ± 3.3
2.9 ± 2.4

29.4 ± 2.2
43.8 ± 1.5
119.6 ± 3.3
24.3 ± 3.2
5.4 ± 2.3

P value1
0.343
0.005a
0.048a
0.015a
0.679

Data are presented as mean ± SE. 1P values for baseline to study-end change for the exercise group vs the control
group. Statistically significant difference (aP < 0.05). BPM: Beats per minute.

radio-opaque markers at the same time every day for
three consecutive days (Kolomark™, MI Tech Co. Ltd.,
Pyeongtaik, South Korea). Then on the fourth day (study
days four and seven for baseline and study-end), a supine
abdominal radiography was performed. The mean CTT
(h) was calculated by counting the number of radioopaque markers that remained in the colon (total colon
and the three colonic segments: right, left and rectosigmoid) and multiplying this value by 1.2[4-6,8,23].
Statistical analysis
Data were expressed as mean ± SE. All statistical analyses
were carried out using SPSS for Windows, version 18.0
(SPSS Inc., Chicago, IL, United States). The significance
of changes in fitness and segmental CTT following aerobic exercise was assessed by two-way repeated ANOVA.
A P value of less than 0.050 was considered statistically
significant.

RESULTS
Effects of a 12-wk aerobic exercise program on the
physical characteristics of psychiatric inpatients
The physical characteristics of the subjects in the exercise
and control groups are shown in Table 2. At study-end,
the patients in the exercise group showed decreases in
the weight parameters of body weight (baseline: 69.4 ±
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2.8 vs study end: 67.6 ± 2.7), BMI (25.2 ± 1.1 vs 24.9 ±
0.8), body fat percentage (30.8 ± 2.4 vs 27.9 ± 2.0) and
waist circumference (88.3 ± 2.9 vs 85.5 ± 2.4), as well as
in the cardiovascular parameters of systolic blood pressure (SBP) (116.5 ± 3.9 vs 113.5 ± 3.9), diastolic blood
pressure (DBP) (77.8 ± 2.5 vs 71.9 ± 2.1) and resting
heart rate (86.4 ± 3.8 vs 79.8 ± 2.8); however, the patients
showed increases in lean body mass (46.8 ± 1.5 vs 48.7 ±
1.4) and thigh circumference (41.4 ± 1.4 vs 49.6 ± 2.9).
The control group showed similar trends for changes in
each of these parameters, and only the exercise-induced
decrease in SBP was significantly different from the decrease seen over the 12-wk period for the control group (P
= 0.016).
Effects of a 12-wk aerobic exercise program on fitness
of psychiatric inpatients
The changes in variables of physical fitness for the
subjects in the exercise and control groups are shown
in Table 3. The patients in the exercise group showed
significant exercise-induced improvements in leg muscle
strength (baseline: 41.7 ± 4.3 vs study-end: 64.1 ± 5.0),
cardio-respiratory endurance (120.5 ± 4.5 vs 105.4 ± 2.8)
and leg muscle elasticity and power output (21.5 ± 2.6 vs
30.6 ± 2.8). The control group also showed an increasing
trend over the 12-wk study period in leg muscle strength
(42.5 ± 4.3 vs 43.8 ± 1.5), cardio-respiratory endurance
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Figure 1 Effects of a 12-wk aerobic exercise program on segmental and total colon transit time in psychiatric inpatients. Colon transit time (CTT) measured
in the exercise and control groups (mean ± SE) at baseline (white bars) and study-end (grey bars) for A: Right colon; B: The left colon; C: The recto-sigmoid colon; D:
The total colon. bP < 0.01, baseline to study-end change in total colon transit time (TCTT) for the exercise group vs the control group.

(120.3 ± 4.7 vs 119.6 ± 3.3) and leg muscle elasticity and
power output (21.5 ± 3.3 vs 24.3 ± 3.2), but the extent
of improvement was significantly better in the experimental group for all three of the parameters (leg muscle
strength, P = 0.005; cardio-respiratory endurance, P =
0.048; leg muscle elasticity and power output, P = 0.015).
In contrast, the improvements in grip strength and flexibility experienced by the exercise group (grip strength,
baseline: 26.3 ± 2.3 vs study-end: 27.7 ± 2.2; flexibility, 6.5
± 2.3 vs 8.2 ± 2.1) were not significantly different from
those experienced by the control group (grip strength,
baseline: 29.4 ± 3.0 vs study-end: 29.4 ± 2.2; flexibility, 2.9
± 2.4 vs 5.4 ± 2.3) (exercise vs control, P = 0.343 and P =
0.679 respectively).
Effects of a 12-wk aerobic exercise program on CTT in
psychiatric inpatients
The changes in CTT, in the entire colon [total CTT
(TCTT)] and in the three different colonic segments, for
the subjects in the exercise and control groups are shown
in Figure 1. The exercise group showed reductions in
CCTs of each of the colonic segments over the study
period (right, baseline: 14.5 ± 3.3 vs study-end: 7.5 ± 1.9;
left, 23.9 ± 5.3 vs 12.1 ± 2.7; recto-sigmoid, 15.0 ± 3.7 vs
9.5 ± 2.7) but the differences were not significant from
those seen in the control group (right, baseline: 14.6 ±
2.6 vs study-end: 11.5 ± 4.5; left, 19.4 ± 5.1 vs 15.1 ± 4.8;
recto-sigmoid, 14.9 ± 3.5 vs 16.2 ± 7.1). Only the reduc-
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tion in the total CTT over the study period was significantly better for the exercise group (baseline: 54.2 ± 8.0
vs study-end: 30.3 ± 6.1) when compared to the control
group (48.6 ± 9.3 vs 48.3 ± 12.3) (P = 0.027).

DISCUSSION
This study showed that participation in a 12-wk aerobic
exercise program benefited inpatients of a psychiatric
closed ward by improving CTT. This finding concurs
with the results from one of the earliest studies of CTT
measurement using abdominal radiography and the radioopaque marker technique in normal (non-hospitalized)
healthy men[26]. However, the mean CTTs reported in
subsequent studies of Asian males were relatively shorter[27-29]. The longer CTTs found for our current study
cohort may simply reflect the difference of the population studied, namely their mentally ill status and current
residence in a closed ward with limited practice of physical activity on a daily basis. We showed that patients who
increased their normal physical activity by participating in
an aerobic exercise program experienced a corresponding
reduction in CTT. Although the current study was not
specifically designed to allow for a direct comparison between normal (non-mentally ill, healthy, non-hospitalized)
Asian populations and our study cohort, many potential
factors may be theorized as contributing to the difference
in CTT among these two populations, including activities
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related to job functions, eating habits and diet, and social
and lifestyle patterns, as well as hereditary components.
Several biological and behavioral parameters have
been characterized in previous studies as influencing factors of CTT, including age, sex, BMI, dietary fiber intake,
water intake and various lifestyle habits[5,29]. However, the
precise interplay of these factors and underlying molecular mechanisms leading to changes in CTT remain largely
unknown. In addition, studies on the effect of exercise
on CTT have provided inconsistent results, with some
studies showing no effect of increased physical activity or exercise on CTT[5]. Similarly, when the effect of
increasing physical activity level on CTT was evaluated
with respect to the various colon segments, in addition
to the total colonic structure, the results suggested no
benefit of exercise for managing chronic constipation[30].
In the current study, the patients experienced significant
improvements in lower extremity muscle strength, endurance and leaping ability as a result of participation in an
aerobic exercise program, but the CTT of the three segmental colon structures was not changed; although, the
TCTT did appear to decrease significantly in these patients during the same period. The relationship between
exercise and CTT remains to be absolutely established,
even for the study cohort of mentally ill Asian patients in
a closed ward. The study cohort (comprised of mentally
ill individuals) is inherently more difficult to control in an
experimental study, which complicates analysis of their
data and limits the power of a study to make definitive
conclusions regarding etiologies and influencing factors
of CTT.
The general benefits of exercise are well known and
primarily involve strengthening of physical fitness[31].
Exercise has been characterized as a preventive and
therapeutic approach for a wide array of metabolic (diabetes, obesity), cardiovascular (hypertension) and bone
(osteoporosis) diseases, which are interrelated from a
mechanistic standpoint; in addition, there are benefits to
GI organs and GI-related disorders, such as colorectal
cancer and various gastrointestinal conditions including
constipation[31,32]. Certainly, exercise is not an exclusive
etiologic factor for these diseases and their prognosis, and
a person’s lifestyle and eating habits are important contributing factors for maintaining health by promoting cardiorespiratory endurance, mechanical integrity of muscle
and bone, proper intake of nutrients and avoidance of
detrimental substances (such as carcinogens). Furthermore, studies have suggested that an inactive (sedentary)
lifestyle increases CTT and risk of constipation[33] and
have demonstrated that implementing an active (vs sedentary) lifestyle and healthy eating habits can improve
symptoms of obstructed defecation[32,34]. The practice of
aerobic exercise, in particular, may help to alleviate constipation by stimulating intestinal muscle contraction as a
consequence of increased respiration and heart rate.
Several studies have been performed to identify the
direct relationship between exercise and CTT. In a group
of individuals with a sedentary lifestyle who partook in
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a one-week aerobic exercise program (one hour per day,
three days a week) no significant difference was found
in their CTT measurements recorded during the exercise
period and the rest period (one week of no exercise)[30].
Another study of a longer (4-wk) aerobic exercise program also showed no benefit, with the participants’
symptoms of constipation being unimproved over the
study period[12]. In the current study, a substantially longer
exercise period was implemented (12 wk). Again, there
was no significant shortening in CTT of the colonic segments in comparison to the control (non-exercise) group;
however, the control group experienced shortening of
CTT during the study period, which may have been due
to their being placed under a well-regulated lifestyle and
provided with a balanced diet during their time of residence in the closed psychiatric ward. The exercise group
of the current study did show a significant improvement
in TCTT when compared to the control group.
A key difference between the previous related studies that failed to observe an exercise-related difference in
CTT and the current study is the duration of the exercise
program participation (1-4 wk vs 12 wk); thus, it is possible that participation in an aerobic exercise program
of sufficient or sustained duration (≥ 12 wk) may be
necessary to facilitate a beneficial change in CTT and
improvements in gastric health, possibly lowering risks
of subsequent development of related disorders, such
as colorectal cancer. Since the current study’s subjects
were inpatients residing in a closed ward, many variables
with potential influence on CTT (i.e., lifestyle and diet)
were controlled, which strengthened the likelihood that
the observed reduction in TCTT in the exercise group
was a result of the exercise program. However, further
studies with large sample sizes are needed to understand
the dose-response relationship between exercise type and
intensity and changes in CTT and in symptoms of constipation.
In summary, increasing psychiatric inpatient physical
activity level through a long-term (12-wk) exercise program can benefit the patients’ overall health by helping to
reduce CTT and improving their risk for developing subsequent diseases related to low gastrointestinal motility,
which can range from colorectal cancer to life-threatening
cardiovascular and metabolic disorders.

COMMENTS
COMMENTS
Background

A large number of studies have demonstrated that aerobic exercise promotes
normal colonic function in generally healthy individuals practicing a normal
lifestyle. However, no published studies have investigated the effects of aerobic
exercise on colonic function in mentally ill patients residing in a closed ward
(physically restricted) setting. The current study was designed to investigate
the relationship between aerobic exercise and colon transit time (CTT) in this
population to help understand the potential benefit of implementing a long-term
(12-wk) aerobic exercise program to promote the general gastrointestinal (GI)
health of inpatients.

Research frontiers

Low motility in the GI tract, including in the colonic segments, can have ex-
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pansive effects on a patient’s overall health, as the GI system is functionally
interrelated with the metabolic system, the cardiovascular system and the immune system. Decreases in GI motility slow the passage of waste, reduce the
absorption of nutrients and therapeutic drugs, and promote localized inflammation. Increasing physical activity through aerobic exercise may help to increase
CTT and provide wider benefits to overall health by lowering an individual’s risk
of developing subsequent systemic disorders with life-threatening potential.
Individuals living under conditions with restricted physical activity, such as in a
closed psychiatric ward, may benefit greatly from participation in a structured
long-term aerobic exercise program.

9
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Innovations and breakthroughs

Implementation of a structured long-term aerobic exercise program can help
to improve CTT, as measured by abdominal radiography and the radio-opaque
marker method. A 12-wk program of increasing intensity of aerobic exercise
was shown to improve the total CTT of psychiatric inpatients and may be a useful approach to improving the overall health of such patients when combined
with structured diet programs promoting better water and fiber intake.

Applications

Mentally ill patients admitted to closed hospital wards for extended stays
frequently experience limited physical activity during their inpatient residence
period. When basic physical fitness is weakened, risk of constipation increases.
However, as shown in the current study, as a patient’s physical activity level
increases (through participation in a structured aerobic exercise program), the
total CTT is shortened. Implementation of a structured long-term (≥ 12-wk)
aerobic exercise program for mentally ill patients during their inpatient hospitalization may enhance the overall clinical management approach to care for
these patients and help to improve their general health prognosis.

11

12
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Terminology

Mental illness is a mental or behavioral pattern or anomaly that causes either
suffering or an impaired ability to function in ordinary life. Aerobic exercise
is physical exercise of relatively low intensity that depends primarily on the
aerobic energy-generating process. Measurement of colon transit time (CTT) is
useful for evaluating colonic motility, and allows for assessment of the severity
of the motility disruption as well as the response to therapy.

Peer review
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The current study by Kim et al is methodologically sound and well written.
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Abstract
AIM: To study the diagnostic value of controlled attenuation parameter (CAP), evaluated by transient
elastography, for liver steatosis in patients with chronic
hepatitis B (CHB).
METHODS: Eighty-eight patients with CHB were enrolled in this study. All of the patients were subjected
to transient elastography to determine CAP. These
patients also underwent liver biopsy in the same period. Using liver biopsy as a reference, we determined
receiver operating characteristic (ROC) curves for different endpoints. Areas under the ROC curves (AUCs)
were used to evaluate the diagnostic importance of
CAP for liver steatosis in patients with CHB.
RESULTS: A positive correlation was observed between the AUCs of CAP and liver pathological stage
(r = 0.582, P < 0.05). CAP was not correlated with
inflammation degree and fibrosis degree (r = -0.025, P

WJG|www.wjgnet.com

> 0.05; r = 0. 068, P > 0.05). The mean CAP value at
S0 was 209.59 ± 41.25 dB/m, 223.84 ± 35.28 dB/m at
S1, 274.17 ± 43.69 dB/m at S2, and 312.50 ± 25.44
dB/m at S3. CAP values among S0, S1, S2, and S3
were significantly different (F = 17.79, P < 0.01). The
AUC values for CAP were 0.711 (0.592-0.870), 0.868
(0.748-0.989), and 0.974 (0.922-1.026) for S1, S2,
and S3, respectively. The optimal cut-off values were
219.5, 230.0, and 283.5 dB/m.
CONCLUSION: CAP is a novel tool that can be used
to assess the degree of steatosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Transient elastography; Controlled attenuation parameter; Chronic hepatitis B; Liver steatosis
Core tip: In recent years, numerous patients suffer
from steatosis combined with hepatitis B virus infection.
Hence, the amount of fat in the liver of these patients
should be evaluated. This study aimed to investigate
the diagnostic importance of controlled attenuation parameter, evaluated by transient elastography, for liver
steatosis in patients with chronic hepatitis B.
Wang CY, Lu W, Hu DS, Wang GD, Cheng XJ. Diagnostic
value of controlled attenuation parameter for liver steatosis in
patients with chronic hepatitis B. World J Gastroenterol 2014;
20(30): 10585-10590 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10585.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10585

INTRODUCTION
Steatosis results from the accumulation of fatty droplets
in the liver cells and can be a result of several causes such
as alcohol consumption, viral hepatitis and metabolic
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cal examination and CAP detection were conducted.

Table 1 Biochemical parameters for the 88 patients
Parameter

Value

Alanine transaminase (U/L)
Aspartate aminotransferase (U/L)
Albumin (g/L)
Total bilirubin (μmol/L)
Direct bilirubin (μmol/L)
γ-glutamyl transpeptadase (U/L)
Alkaline phosphatase (U/L)
Body mass index (kg/m2)
Triglyceride (mmol/L)
Total cholesterol (mmol/L)

61.8 ± 37.3
73.6 ± 40.1
40.5 ± 22.8
16.4 ± 7.8
9.4 ± 5.4
102.6 ± 65.3
99.8 ± 49.2
24.16 ± 4.97
1.8 ± 1.0
5.0 ± 1.7

dysfunction (obesity, type 2 diabetes, hyperglycemia, hypertriglyceridemia)[1]. Steatosis is a reversible and benign
condition[2]. However, in many cases, steatosis can be associated with inﬂammation (steatohepatitis), which may
result in liver ﬁbrosis and might progress to cirrhosis,
liver failure or hepatocellular carcinoma[1].
In recent years, numerous patients suffer from steatosis combined with hepatitis B virus infection. Hence,
the amount of fat in the liver of these patients should be
evaluated.
Liver biopsy has been regarded as the gold standard for
steatosis assessment. However, liver biopsy has a potential
sampling error, is an invasive and often painful procedure
and can result in severe complications. Therefore, the procedure is accepted by patients with some reluctance. Furthermore, it can only be applied in selected subjects and
not readily repeated for the follow-up of patients.
To evaluate hepatic steatosis degree, medical practitioners employ advanced transient elastography as an optimal technique. Transient elastography is also a non-invasive, painless, rapid, simple, and objective quantitative
detection method. This technique can be used to determine controlled attenuation parameter (CAP) to evaluate
the degree of hepatic steatosis. This parameter is based
on the ultrasonic properties of the radiofrequency backpropagated signals acquired by the Fibroscan.
Therefore, this study applied transient elastography
to determine CAP and evaluate the degree of hepatic
steatosis among 88 patients treated at our hospital.

MATERIALS AND METHODS
A total of 88 patients with chronic hepatitis B (CHB)
treated at Tianjin Second People’s Hospital from August
2012 to December 2012 were selected as our research
subjects. The diagnostic criteria were based on the Guideline of Prevention and Treatment for Chronic Hepatitis
B (version 2010)[3]. Among these patients, 62 were male
and 26 were female, with ages ranging from 15 years to
67 years (an average of 38.32 ± 12.99 years). The duration of positive hepatitis B surface antigen and hepatitis
B virus (HBV)-DNA was at least six months. Alanine
aminotransferase exacerbated or stimulated another onset
of abnormality. The detected results for other hepadnaviruses were negative. At the same stage, hepatic pathologi-
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Transient elastography for the evaluation of hepatic
steatosis degree
The detection method was based on the transient elastography user’s manual. The decision points were positioned between the seventh and eighth ribs or between
the eighth and ninth ribs from the right anterior axillary
line to the midaxillary line. After 10 consecutive valid
detections, median was selected as the ultimate measurement result and expressed using CAP (dB/m). The success rate of ultimate detection was required to exceed
60%, and the interquartile range should be less than 1/3
of the median.
Liver biopsy method
Liver biopsy specimens ≥ 1.5 cm in length were obtained. Liver biopsy specimens were fixed using 10%
neutral formalin and embedded in paraffin. Hepatic
steatosis was quantified as follows: S0: liver fat content/
liver wet weight ratio ≤ 10%; S1: 11% to 33%; S2: 34%
to 66%; and S3: 67% to 100%. Two pathologists then
independently read the films by using a blind method. If
they reached different diagnosis results, the films were
read again to reach a consensus.
Statistical analysis
Statistical analyses were carried out using data analysis
software STATISTICA version 8.0 (Statsoft Inc., United
States). Using positive results as a diagnostic criterion,
we illustrated a receiver operating characteristic (ROC)
curve. Linear correlations between CAP index and hepatic steatosis stage, inflammation degree, and fibrosis
degree were evaluated with the Pearson correlation
coefficient (r). The correlation was evaluated based on
Spearman’s coefficient. P-values < 0.05 were considered
statistically significant.

RESULTS
Biochemical parameters
Biochemical parameters for the 88 patients are shown in
Table 1.
Liver biopsy results
Among the 88 patients, the following cases were obtained
(Figure 1): 32 at the steatosis stage S0 (36.36%); 32 at
stage S1 (36.36%); 16 at stage S2 (19.05%); and eight
cases at stage S3 (9. 09%).
CAP testing result
CAP values for the 88 patients varied from 124 dB/m
to 349 dB/m, with an average of 232.13 ± 48.82 dB/m.
The mean CAP value at S0 was 209.59 ± 41.25 dB/m,
223.84 ± 35.28 dB/m at S1, 274.17 ± 43.69 dB/m at
S2, and 312.50 ± 25.44 dB/m at S3. CAP showed an increasing trend from S0 to S4. The differences among the
four stages showed statistical significance (F = 17.79, P
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Stage S0 (HE, × 400)

Stage S1 (HE, × 400)

Stage S2 (HE, × 400)

Stage S3 (HE, × 400)

Figure 1 Pathology of hepatic steatosis.

Table 2 Relationship between controlled attenuation parameter index and hepatic steatosis stage, inflammation degree,
and fibrosis degree
CAP
r
P value

Hepatic steatosis
degree

Hepatic inflammation
degree

Hepatic fibrosis
degree

0.582
< 0.05

-0.025
> 0.05

0.068
> 0.05

CAP: Controlled attenuation parameter.

< 0. 01).
Relationship between CAP index and hepatic steatosis
stage, inflammation degree, and fibrosis degree
CAP was positively correlated with hepatic steatosis (r =
0.582, P < 0.05), but was not correlated with inflammation degree or fibrosis degree (r = -0. 025, P > 0. 05; r = 0.
068, P > 0. 05) (Table 2).
Diagnostic values of CAP for hepatic steatosis
The areas under the curves (AUCs) for CAP at stages
S1, S2, and S3 were 0.711 (0.592 to 0. 870), 0.868 (0.748
to 0.989), and 0.974 (0.922 to 1.026), respectively. The
optimal cut-off points were selected according to the
ROC curves (Table 3 and Figure 2).

DISCUSSION
In previous studies, approximately 27% to 51% of the
total number of patients with CHB suffered from hepat-
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ic steatosis[4,5]. However, the morbidity of nonalcoholic
fatty liver disease increased in years, thereby increasing
the number of patients with hepatic steatosis and CHB.
Current studies consider that hepatic steatosis is closely
related to the inflammation degree. Multivariate analysis
has shown that the advancement of hepatic steatosis is
an independent factor related to hepatic fibrosis development. In general, the improvement of hepatic steatosis occurs simultaneously with the reduction of the
fibrosis degree[6]. Other studies have demonstrated that
hepatic steatosis elicits specific effects on the progress
of fibrosis in patients with CHB[7]. Hence, the evaluation
of steatosis degree among patients with hepatitis B virus
infection is considered an important method to facilitate
treatment and determine postoperative effects and treatment efficacy.
For healthy people, intrahepatic fat accounts for 2%
to 4% of the liver weight. If fat weight (mainly triglycerides) exceeds 5% of the total liver weight or > 5% of
cells in hepatic tissues exhibit fat deposition, the condition is considered as hepatic steatosis[8]. The causes of
hepatic steatosis are generally correlated with alcoholism,
viral hepatitis, or metabolic syndrome. The prevalence
rate has reached 16% to 31%, 50.9%, 60% to 100%, and
86% to 96% in healthy individuals, patients with chronic
hepatitis C, alcoholic individuals, and individuals with
severe obesity, respectively[9-13]. Although pure steatosis
is benign and reversible, the incidence of hepatic steatosis is often observed with other hepatotoxic factors;
as a result, oxidative stress and hepatic cell apoptosis
occur. In addition, hepatic steatosis is closely related to
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Table 3 Diagnostic value of controlled attenuation parameter at three decision points
Decision point
S1
S2
S3

No.

Optimal cut-off point

32
16
8

219.5
230.0
283.5

Sensitivity
0.694
0.833
1

Specificity

NPV

PPV

Degree of accuracy

0.718
0.781
0.969

71.7%
89.3%
100%

63.3%
65.0%
85.7%

69.5%
77.3%
97.4%

PPV: Positive predictive value; NPV: Negative predictive value.

Sensitivity

1.0

Issue S1
Issue S2
Issue S3

0.5

0.0
0.0

0.5

1.0

1-specifity

Figure 2 Receiver operating characteristic curves for controlled attenuation parameter at three decision points.

the progress of inflammation and fibrosis. These factors
influence the postoperative effects in hepatic steatosis at
different degrees[14]. Hence, the precise quantification of
hepatic steatosis degree and dynamic monitoring are of
great importance.
At present, liver pathological examination is the main
method used to evaluate hepatic steatosis. However, liver
pathological examination is invasive and shows several disadvantages, such as sampling error and complications[15,16].
Moreover, current non-invasive tests, such as serum
markers and imaging technology, exhibit some limitations. Different combinations of serum biochemical
markers can be used to evaluate hepatic steatosis degree.
Such methods include steato test, fatty liver index, and
hepatic steatosis index. In addition, indicators are available to evaluate nonalcoholic steatohepatitis. However,
the effectiveness of similar non-invasive indexes in clinical diagnosis should be further improved, and these indexes are less feasible in clinical practice.
Other methods, such as ultrasound, computed tomography (CT), and magnetic resonance imaging, can
be applied to diagnose fatty liver and evaluate hepatic
steatosis degree[17,18]. Although ultrasound is widely used
in clinical diagnosis of fatty liver because this technique
entails low costs and exhibits easy operation, ultrasound
can only detect hepatic steatosis greater than 30%. This
technique also relies greatly on operators and devices.
By comparison, CT can be performed to assess the occurrence of hepatic steatosis based on decreased hepatic
density. However, hepatic density is possibly influenced
by Fe content in the liver. Intrahepatic iron deposition is
commonly observed in patients with adrenoleukodystrophy disease, non-alcoholic fatty liver disease, or chronic
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hepatitis C. Meanwhile, CT is radioactive, which limits
the clinical diagnosis of fatty liver[19]. The recently developed magnetic resonance mass spectrometry (MRS) is
relatively promising; however, MRS is expensive and not
an exclusive targeting technique in the diagnosis of fatty
liver. A great amount of clinical experiments are needed
to validate results obtained using this technique.
In clinical practice, CAP is determined by transient
elastography for the non-invasive evaluation of hepatic
steatosis degree[8,20-23]; transient elastography can also be
performed to diagnose hepatic steatosis and assess patients with this condition during their follow-up visits. Fibroscan based on vibration-controlled transient elastography is applied on the basis of the significant attenuation
of ultrasound generated and transmitted in the media.
CAP is expressed as dB/m when ultrasonic frequency
is fixed. CAP is a newly re-defined parameter based on
Fibroscan. Considering that CAP is positively correlated
with hepatic steatosis degree, we can use this parameter
to detect the degree of hepatic steatosis quantitatively in
the human body. In theory, the volume measured by CAP
is 100 times that of the tissue volume of liver biopsy.
CAP detection shows higher sensitivity, which can distinguish hepatic steatosis greater than 10%, than ultrasound
and other imageological examinations. This technique
greatly improved the detection rate of hepatic steatosis
and provided possibilities of early diagnosis, early treatment, and prevention of hepatic steatosis. In addition,
this method can be used to monitor and evaluate the
condition of diseases at different stages. Transient elastography is non-invasive and can quantitatively evaluate
hepatic steatosis. This technique also requires minimum
operator dependence and does not emit radiation. Transient elastography is also appropriate for detection and
follow-up visits.
The findings of our study demonstrated that (1) CAP
was consistent with the pathological results of liver biopsy
and can be used to detect fatty liver and identify fatty liver
degree (P < 0.05). CAP index showed statistical significance in the qualitative diagnosis of fatty liver and staging
of fatty liver (P < 0.01). CAP is also important for the
early diagnosis of steatosis; (2) AUC values for CAP
were 0.711 (0.592 to 0.870), 0.868 (0.748 to 0.989), and
0.974 (0.922 to 1.026) for S1, S2, and S3, respectively.
According to the maximum sum of sensitivity and specificity, the obtained optimal cut-off values were 219.5,
230.0, and 283.5 dB/m. Similar to the related findings
of Sasso[21], the results of the present study suggested
that CAP could accurately diagnose intermediate and
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severe hepatic steatosis. Our results could be extensively
used to preliminarily exclude patients with severe hepatic
steatosis in clinical practice; (3) The negative predictive
values for stages S1, S2, and S3 were relatively higher,
indicating that CAP is an optimal tool that can be used
to screen steatosis; and (4) The study also revealed that
CAP values were irrelevant in liver inflammation and
fibrosis rate. CAP is a stable and independent tool that
can be used to predict hepatic steatosis.
In conclusion, CAP detection is a highly effective method to evaluate the steatosis rate in patients with hepatitis B
virus infection. For patients who suffer from mild steatosis
with hepatitis B virus infection, the accuracy rate of diagnosis based on CAP measurement was relatively lower. In
clinical practice, CAP can be integrated with other techniques used to detect steatosis to improve the accuracy
rate of diagnosis. Liver pathological examination should
be conducted if necessary.
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In recent years, numerous patients suffer from steatosis combined with hepatitis
B virus infection. Hence, the amount of fat in the liver of these patients should
be evaluated. As the gold standard for steatosis assessment, liver biopsy has
a potential sampling error, is an invasive and often painful procedure and can
result in severe complications. Furthermore, it cannot readily repeated for the
follow-up of patients. Transient elastography is a non-invasive, painless, rapid,
simple, and objective quantitative detection method.
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At present, controlled attenuation parameter (CAP) can be mostly applied to
assess the degree of liver steatosis in patients with fatty liver. Thus, this study
aimed to investigate the diagnostic importance of CAP, evaluated by transient
elastography, for liver steatosis in patients with chronic hepatitis B.
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To evaluate hepatic steatosis degree, medical practitioners employ advanced
transient elastography as an optimal technique. This technique can be used to
determine CAP to evaluate the degree of hepatic steatosis. Transient elastography is also a non-invasive, painless, rapid, simple, and objective quantitative
detection method. At present, the study on assessment of liver steatosis degree
in patients with chronic hepatitis B by transient elastography is less, and the authors applied transient elastography to determine CAP and evaluate the degree
of hepatic steatosis among patients with chronic hepatitis B.

Applications

Transient elastography is a non-invasive, painless, rapid, simple, and objective
quantitative detection method, and it is a highly effective method to evaluate the
steatosis rate in patients with hepatitis B virus infection. It will be widely used in
clinical application.
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The authors demonstrated that CAP detection is a highly effective method to
evaluate the steatosis rate in patients with hepatitis B virus infection. This study
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Abstract
AIM: To investigate the relationship between the methylation status in the SLIT2 and TGFB2 promoters and
colonic inflammation in inflammatory bowel disease
patients.
METHODS: We evaluated the methylation status of 2
genes (SLIT2 and TGFB2 ) in 226 biopsies taken from
62 colonoscopies of 38 patients (29 ulcerative colitis
and 9 Crohn’s colitis) using methylation-specific melting
curve analysis. The relationships between methylation
status and clinical, biological, endoscopic and histological activities were evaluated. Twenty-three of the 38
patients had a second colonoscopy and were included
in a longitudinal analysis. Numerical results were given
as the means ± SD of the sample and range, except
when specified. Student t analysis, U Mann Whitney
and ANOVA factor were used to compare the means.
2
Qualitative results were based on the χ test.
RESULTS: SLIT2 methylation was more frequent in
samples with endoscopic activity than with endoscopic
remission (55% vs 18%, P < 0.001). SLIT2 methylation was also higher in samples with acute inflammation (56.5%) than in samples with chronic (24%) or
absent inflammation (15%) (P < 0.001). For TGFB2
methylation, the correlation was only significant with
endoscopic activity. Methylation was higher in the distal
colon for both genes (P < 0.001 for SLIT2 and P = 0.022
for TGFB2 ). In the multivariate analysis, only inflammation status (and not disease duration or extension)
was independently associated with SLIT2 methylation
[OR = 6.6 (95%CI: 1.65-27.36), P = 0.009]. In the
longitudinal analysis, the maintenance of endoscopic
remission was protective for methylation.
CONCLUSION: Endoscopic and histological inflammation are predictive for SLIT2 methylation.
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Core tip: In this paper, we analyze the relationship between the methylation status of selected genes (TGFB2 ,
SLIT2 ) and the inflammation status (according to endoscopic and histological activity) in ulcerative colitis
and Crohn’s colitis patients with increased risks for
colorectal cancer. We observed that methylation correlated better with histological activity than with endoscopic activity. SLIT2 and TGFB2 were more frequently
methylated in the distal colon. In the multivariate
analysis after adjusting for disease extension, disease
duration and inflammatory status, only inflammatory
status was an independent predictor of methylation.
We also observed that the maintenance of histological
healing with time might be protective for methylation.
Lobatón T, Azuara D, Rodríguez-Moranta F, Loayza C, Sanjuan X, de Oca J, Fernández-Robles A, Guardiola J, Capellá G.
Relationship between methylation and colonic inflammation
in inflammatory bowel disease. World J Gastroenterol 2014;
20(30): 10591-10598 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10591.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10591

INTRODUCTION
Dysplasia and Colitis-associated Colorectal cancer (CAC)
are among the main complications of chronic ulcerative
colitis (UC) or Crohn’s colitis (CC) patients, although in
recent years, population studies have shown their incidence to be reduced[1,2]. The diagnosis and prevention of
dysplasia and CAC in patients with inflammatory bowel
disease (IBD) remain a challenge [3,4]. When available,
chromoendoscopy with targeted biopsies is the technique of choice to perform the colonic surveillance for
dysplasia in IBD patients[5,6]. The histological diagnosis
of dysplasia is hampered by significant inter-observer
variations linked to concurrent chronic inflammatory
changes and the specific histological features of dysplastic lesions[7,8]. Chronic intestinal inflammation has been
associated with an increased risk of CAC[3,4,9-11]. Both the
presence and the severity of such histological inflammation are independent risk factors for dysplasia/CAC
in IBD patients[12] and can be even more predictive than
endoscopic activity[11]. However, their clinical performance is still limited.
Biomarkers capable of stratifying patients according
to their risk are greatly needed to optimize surveillance
programs[13]. Three molecular pathways, according to the
type of genetic alterations detected (chromosomal instability, microsatellite instability and methylator pathway),
have been described in sporadic CRC. These pathways
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are also present in CAC at different times and frequencies[3,4,14]. The aberrant methylation of specific gene promoters is a common event in CAC, although its relative
contribution is a matter of controversy[3,4,15-18]. Because
methylation often precedes dysplasia and CAC[10,19], these
molecular changes may be used as surrogate biomarkers
for IBD patients with an increased risk of dysplasia or
CAC.
The molecular and histological pathways leading to
CAC in chronic IBD are still relatively unknown. The
relationship between inflammation and methylation has
been already studied in other organs, such as Helicobacter
pylori infections in the stomach[20,21], chronic biliary tract
inflammation[22] and Barrett’s esophagus[23]. In IBD, some
studies have already suggested that aberrant methylation
might be related with the development of dysplasia and
CAC[24,25]. On the other hand, inflammation has been associated with a higher methylation rate in IBD[25,26].
In a previous study, we showed that the SLIT2 and
TGFB2 promoters offered a better discrimination between tumorous and adjacent mucosa in CAC, showing
distinct patterns in the patients at increased risks or low
risks of developing dysplasia or cancer[27]. However, a
number of issues remain to be elucidated. While ulcerative colitis-CAC is more frequent in the distal colon[28-30],
no data are available on methylation, according to colonic location. Furthermore, little is known regarding the
persistence of methylation when the inflammation status
changes over time.
The aim of our study was to explore the relationship
between the methylation status in the SLIT2 and TGFB2
promoters and the histological and endoscopic activities
in IBD patients at an increased risk for neoplasia. Additionally, we assessed the impact of colonic location and
performed a preliminary longitudinal analysis of methylation status according to histological and endoscopic
inflammation.

MATERIALS AND METHODS
Patients and tissue samples
Patients with an appropriate diagnosis of UC or CC who
were considered to be at an increased risk for dysplasia
and CAC were consecutively included. An increased risk
for dysplasia and CAC was defined as UC affecting colonic mucosa proximal to rectum or CC affecting more
than one-third of the colon. In both cases, the duration
of the disease was > 8 years[31,32]. Patients with CD of
ileal or ileocolonic locations were excluded.
A total of 62 colonoscopies were performed on 38
IBD patients (29 UC and 9 CC) between December 2010
and June 2012. Fifteen of these 38 patients had a single
colonoscopy. A second colonoscopy was performed in
23 patients, who were included in a longitudinal analysis.
Of the 62 colonoscopies, 57 were completed with indications of dysplasia surveillance, and samples were taken
from the five segments of the colon (rectum, left colon,
transverse colon, right colon and cecum). Five rectosig-
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we showed that a 250 μg/g cut-off value for UC was the
most accurate cut-off level for ER.

Table 1 Patient characteristics n (%)
Patient characteristics

Value

Number of patients
Patients with ulcerative colitis (UC)/Crohn’s colitis (CC)
Men
Age (yr): mean ± SD
Disease duration (yr): mean ± SD
Number of colonoscopies
Number of colonoscopies in UC/CC
Disease extension1
Left colitis (UC) or segmentary colitis (CC)
Extensive colitis (UC and CC)
Medication at endoscopy1
Oral 5-ASA
IMM (AZA/6MP)
TNF inhibitor (IFX/ADA)
CRP (mg/dL): mean ± SD
Fecal calprotectin (μg/g): mean ± SD
Reason for colonoscopy
Endoscopic activity assessment
Dysplasia surveillance
Clinical activity
Active disease
Symptomatic remission
Endoscopic activity
Endoscopic remission
Endoscopic activity
Histological activity and presence of dysplasia
Dysplasia
Acute histological activity
Chronic histological activity
No histological activity
Methylation status
SLIT2 (patients with any methylated sample)
TGFB2 (patients with any methylated sample)

38
29 (76)/9 (24)
23 (58)
55.24 ± 14.11
17.82 ± 8.29
62
49 (79)/13 (21)

Endoscopic activity: Colonoscopies were performed
by 2 experienced gastroenterologists (Rodríguez-Moranta
F, Guardiola J). Endoscopic activity was scored according to the Mayo endoscopic subscores for UC patients
and to the CD activity index of severity (CDEIS) for
CD patients. “Endoscopic activity” was defined as Mayo
> 0 for UC or CDEIS > 0 for CD. “ER” was defined as
Mayo = 0 for UC or CDEIS = 0 for CD.

20 (33)
42 (68)

Histological activity: Histological activity was assessed
by 2 experienced pathologists (Sanjuan X, Loayza C).
“Active disease” was defined by the presence of polymorphonuclear cells in conjunction with epithelial cell
damage. “Inactive chronic disease” was defined by architectural changes (irregular surface and crypt abnormalities) and an increase in lamina propria mononuclear cells.
“Quiescent disease” was reflected by the presence of architectural changes without alterations in the intensity or
composition of the lamina propria cellular infiltrate[34].

40 (65)
18 (29)/3 (5)
2 (3)/2 (3)
8.25 ± 16.56
306.5 ± 690.1
5 (8)
57 (92)
5 (8)
57 (92)
24 (39)
38 (61)
8 (13)
23 (37)
24 (39)
7 (11)
40 (65)
23 (42)

1

As therapy regimens overlapped, the total is 104.7%. ASA: Aminosalicylic
acid; CS: Corticosteroids; IMM: Immunomodulators; AZA: Azathioprine;
6MP: 6 mercaptopurine; MTX: Methotrexate; TNF: Tumor necrosis factor;
IFX: Infliximab; ADA: Adalimumab.

moidoscopies were performed, and in these cases, only
samples of the rectum and sigmoid colon were taken.
Rectosigmoidoscopies were performed when there was
no indication for dysplasia surveillance. In all, 226 colonic biopsies were taken. Most of the patients were in
clinical remission, and the reason for the colonoscopy
was surveillance for dysplasia. Only 5 patients underwent colonoscopies due to clinical activity or to check
their endoscopic remission (ER). The epidemiological,
clinical, biological and endoscopic characteristics of the
patients are shown in Table 1.
Disease activity
Clinical activity: Clinical activity was scored according
to the Mayo index of the UC and Crohn’s disease (CD)
activity index (CDAI) for CC. For UC patients, symptomatic remission was defined as a Mayo stool frequency
subscore of 0 or 1 and a Mayo rectal bleeding subscore
of 0, and for CD patients, as CDAI < 150. Biological
activity was measured according to CRP and fecal calprotectin (FC) levels. A CRP < 5 mg/L and a FC < 250
[33]
μg/g were considered “normal”. In a previous study ,
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Methylation-specific melting curve analysis of SLIT2 and
TGFB2 gene promoters
DNA from the biopsies was extracted using a phenol chloroform method[35,36]. DNA (750 ng) was chemically modified to convert all un-methylated cytosines to uracils using
the EZ DNA Methylation-Gold Kit® (Zymo Research,
Orange, CA), according to the manufacturer’s protocol.
The methylation status of the SLIT2 and TGFB2 gene
promoters was assessed by methylation-specific melting
curve analysis (MS-MCA)[27,37]. Briefly, 50 ng of bisulfitetreated DNA was used as a template for the polymerase
chain reaction (PCR) for 35 cycles of 10 s at 95 ℃, 20 s
at the corresponding annealing temperature, and 25 s at
72 ℃, including a final extension step using the LightCycler 480 (Roche Applied Science, Indianapolis, IN) in
the presence of the Fast Start DNA Master Sybr Green
I mix (Roche Applied Science). Melting curves of the
PCR fragments were analyzed in real time, as described.
Samples were scored using LightCycler 480 Software
v. 1.5 and classified as un-methylated or methylated to
compare the melting curve positions of test samples
with controls. The analytical sensitivity of the method
varies between 1%-5%[27].
Ethical considerations
The ethics committee of the Bellvitge University Hospital approved this study, and all patients gave their informed written consent for participation.
Statistical analysis
Numerical results were given as the means ± SD of the
sample and range, except when specified. T-Student analysis, U Mann Whitney and ANOVA factor were used to
compare the means. Qualitative results were based on the
2
χ test. All P values were two-sided. P < 0.05 was consid-
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Table 2 Relationship between methylation status and disease
activity n (%)

Table 4 Histological activity and disease location as predictors of SLIT2 and TGFB2 methylation status

SLIT2 methylation TFGB2 methylation

Relationship
Endoscopic activity1
Activity
Remission
P value
Histological activity
Acute
Chronic
No activity
P value
Clinical activity2
Active
Remission
P value
Biological activity
Active (CRP ≥ 5 mg/L + FC
≥ 250 μg/g)
Remission (CRP < 5 mg/L +
FC < 250 μg/g)
P value

(yes/no)

(yes/no)

38/31 (55)
28/129 (18)
< 0.001

22/41 (35)
18/127 (12)
< 0.001

26/20 (57)
25/80 (24)
10/55 (15)
< 0.001

7/29 (20)
23/82 (22)
5/52 (9)
NS

5/0 (100)
35/22 (61)
0.151

2/2 (50)
21/30 (41)
NS

7/0 (100)

5/2 (71)

12/7 (63)

4/13 (24)

0.134

0.061

Multivariate analysis
SLIT2
Coefficient (β)
OR (95%CI)
P value
TGFB2
Coefficient (β)
OR (95%CI)
P value

Table 3 Methylation status and disease activity according to
disease location

Endoscopic activity
Active histological activity2
Methylation of SLIT2
Methylation of TGFB2

Distal colon

Proximal colon

P value

48/101 (48)
30/97 (31)
43/101 (43)
24/90 (27)

21/121 (17)
16/115 (13)
23/121 (19)
16/117 (14)

< 0.001
0.004
< 0.001
0.022

1

Endoscopic activity was defined as Mayo > 0 for ulcerative colitis or
Crohn’s disease activity index of severity > 0 for Crohn’s disease; 2Active
histological activity was defined as the presence of neutrophils in conjunction with epithelial cell damage.

ered statistically significant. Multivariate analysis consisted
of logistic regression. The statistical analysis was carried
out using the SPSS version 19.0 statistical package (SPSS
Inc., Chicago, IL, United States).

RESULTS
Relationship between methylation status and clinical,
biological, endoscopic and histological activity
First, we wanted to assess whether the methylation status was correlated with the known clinico-pathological
variables used to score disease activity in a transversal
analysis. SLIT2 methylation was more frequent in samples with endoscopic activity, found in 38 of 69 (55%)
endoscopically active vs 28 of 157 (18%) endoscopically
inactive (P < 0.001). SLIT2 methylation also correlated
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0.95
2.57 (1.34-4.99)
0.005

1.45
4.25 (2.07-8.72)
< 0.001

0.95
2.59 (1.21-5.54)
0.014

0.002
1.01 (0.39-2.57)
0.996

Acute histological activity was defined as the presence of neutrophils in
conjunction with epithelial cell damage.

Endoscopic activity was defined as Mayo > 0 for ulcerative colitis (UC)
or Crohn’s disease (CD) activity index of severity (CDEIS) > 0 for CD. Endoscopic remission was defined as Mayo = 0 for UC or CDEIS = 0 for CD;
2
Clinical activity, for UC patients symptomatic remission was defined as a
Mayo stool frequency subscore of 0 or 1 and a Mayo rectal bleeding subscore of 0; and for CD patients as CD activity index < 150. CRP: C-reactive
protein; FC: Faecal calprotectin; NS: Not significant.

1

Acute histological activity

1

1

Variable (% samples)

1

Distal location

with histological inflammation, as its levels were higher
in samples with acute inflammation (57%) than in samples with chronic (24%) or absent inflammation (15%)
(P < 0.001). For TGFB2 methylation, the correlation was
only significant between methylation and endoscopic activity, likely due to the lower prevalence of methylation
observed for TGFB2 (Table 2). There was no correlation
between SLIT2 or TGFB2 methylation status and clinical or biological activity. Of note, most of the patients
included in this study were in clinical and biological remission (Table 2).
To further explore the correlations with endoscopic
and histological activity and methylation, the subset of
patients with ER was analyzed. Seven of the 15 (47%)
patients with ER and chronic inflammation had at least
one of the 2 promoters of the genes methylated.
Methylation status, disease location and inflammatory
status
A clear correlation was observed between disease location and inflammatory status (endoscopic and/or histological). A higher inflammatory status in the distal disease
correlated with a higher prevalence of SLIT2 methylation
(43 % vs 19%, respectively, P < 0.001). Similar results
were obtained for TGFB2 methylation (27% vs 14%, respectively, P = 0.022) (Table 3). In the multivariate analysis, both the distal location and histological activity were
independent predictors for SLIT2 methylation. However, TGFB2 methylation was only independently related
to distal location (Table 4). Samples with dysplasia were
significantly more methylated than those without dysplasia (80% vs 27.9%, P = 0.027), although this result
should be carefully interpreted due to the small number
of events. Furthermore, 3/5 samples with dysplasia were
present in patients who had some grade of histological
inflammation.
Disease extension, disease duration and inflammatory status are common criteria to consider for a patient at
increased risk for neoplasia. We wondered whether these
variables were also predictors of methylation. In the
multivariate analysis, only the inflammatory status (endoscopic and/or histological) was an independent predictor of SLIT2 methylation: OR = 6.6 (95%CI: 1.65-27.36),
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Table 5 Changes in inflammatory status and SLIT2 methylation from colonoscopy 1 to colonoscopy 2
Changes in methylation of SLIT2

Stable
(n = 44)
Change
(n = 22)
Total

Changes in endoscopic inflammation

UM → UM
M →M
UM → M
M → UM

Stable (n = 50)
ER→ER
Active→active
25
6
2
5
2
2
7
1
36
14

Change (n = 16)
ER→active
Active→ER
2
1
0
3
7
0
3
0
12
4

Total
34
10
11
11
66

ER: Endoscopic remission; Active: Endoscopic activity; UM: Unmethylated; M: Methylated.

P = 0.009. In contrast, no correlation was evident for
TGFB2 methylation (data not shown). No differences
were found in the methylation status of either of the 2
genes, according to the different medical treatments (data
not shown).
Longitudinal analysis
Next, we explored whether longitudinal changes in the
inflammatory status of the colonic mucosa were accompanied by changes in SLIT2 methylation in the
23 UC patients who underwent a second colonoscopy
within a one-year period. The results are shown in Table
5. The median time between the 2 colonoscopies was
238 d (range: 98-366 d). The most prevalent situation
was the maintenance of endoscopic remission in both
colonoscopies. Among the 48 segments with endoscopic
remission in the 1st colonoscopy, 36 remained without
endoscopic activity in the 2nd one. In this situation, the
methylation status of SLIT2 decreased from 25% (9/36)
to 11% (4/36) (P = 0.22). Considering the segments that
remained endoscopically active in both explorations (14
out of the 15 segments from the 1st colonoscopy), the
prevalence of SLIT2 methylation remained similar, from
43% (6/14) to 50% (7/14), (P = 1).
In those segments with endoscopic activity in the 1st
colonoscopy that became endoscopic remission in the
2nd colonoscopy, the SLIT2 methylation did not change
(3/4, 75% in both cases, P = 1). Finally, in the 12 biopsied segments with endoscopic remission in the 1st
colonoscopy that presented endoscopic activity in the
second one, a non-significant trend towards an increase
in SLIT2 methylation was observed, from 25% (3/12) to
58% (7/12), P = 0.28.

DISCUSSION
In this study, we have shown a strong correlation between SLIT2 methylation status and inflammation, according to the endoscopic and histological activities in
colonic biopsies from IBD patients at increased risk for
dysplasia and CAC. Microscopic inflammation was a
more accurate marker for predicting methylation than
endoscopic activity. SLIT2 and TGFB2 were more frequently methylated in the distal colon, but only SLIT2
was independently associated with inflammation status. Changes in the methylation status occurred during
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follow-up, and the appearance of endoscopic activity
was linked with an increased methylation status rate with
time, whereas the maintenance of endoscopic remission
was protective for this status. However, further longitudinal studies are needed to clarify whether de novo methylation correlates with inflammatory activity.
Inflammation is known to be a risk factor for CAC
in these patients[3,4,9-11]. However, data on the relationship between inflammation and methylation in CAC
among IBD patients are scarce. Saito et al[26] previously
showed that the methylation of CDH1, GDNF, HPP1,
and MYOD1 correlated with the inflammatory status in
28 surgical specimens from medication-resistant patients
undergoing colectomy. In line with previous reports, a
significant correlation between the methylation of SLIT2
and TGFB2 promoters and endoscopic and histological
acute inflammation has been shown[38-42]. In our cohort
of mostly asymptomatic patients, microscopic inflammation was present in more than 50% of patients analyzed
with endoscopic remission (ER). Microscopic inflammation may be used as a refined surrogate of disease activity in the absence of endoscopic activity[38-43] and might
eventually be designated clinically relevant to dysplasia
assessment because microscopic colitis has been associated with CAC[11].
In UC patients, low grade dysplasia[29,30] and neoplasia
have been reported to be more frequent in the rectosigmoid colon[28]. It has been proposed that this might be
secondary to a higher degree of inflammation. Of note,
the methylation of SLIT2 and TGFB2 is more frequent
in the rectosigmoid colon, suggesting an association
between methylation, inflammation and dysplasia. However, in our study, both inflammation and location were
independently associated with methylation; thus, this
relationship may be more complex. Further studies will
be needed to clarify this relation and to explore whether
controlling inflammation reduces the risk of dysplasia.
Novel biomarkers should be introduced in routine
clinical settings if they add information to those currently used. In spite of the evident correlation between
histological inflammation and methylation, neither disease duration nor extension, the most commonly used
high risk-criteria, was correlated with either histological
activity or methylation. These two parameters may be
eventually incorporated as risk factors or even as surrogate endpoints for treatment efficacy. This hypothesis
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is further supported by the high prevalence of SLIT2
among “endoscopically healed” patients.
The iterative assessment of the inflammation and
methylation status has shed further light onto this correlation. On the one hand, the lack of methylation persisted when histological healing was maintained (the most
prevalent situation in our cohort), suggesting a protective effect against aberrant DNA methylation. On the
other hand, up to one-third of the cases analyzed (24 of
66) changed their methylation status (gain or loss indistinctly) during follow-up. Methylation tended to accumulate with inflammation, as reported in Barrett’s esophagus[23], chronic biliary tract inflammation[22] and intestinal
cancer mouse models[44,45]. Moreover, the reversibility of
methylation status has been previously documented in
gastric carcinogenesis after H. pylori eradication[21].
Our study has several limitations. First, due to the
limited sample size, the association between inflammation and the methylation of these genes should be
validated, in particular those observed in the longitudinal
study. Second, because the study was not designed to
assess the reversibility of methylation when healing the
microscopic inflammation, further studies are needed to
confirm this hypothesis due to its potential therapeutic
implications. If the reversibility of methylation after the
mucosa has healed could be demonstrated, it would be
reasonable to propose histological healing as an endpoint of the treatment. Finally, we chose 2 genes that
had previously demonstrated distinct patterns in patients
at increased risk and low risks of developing dysplasia or
cancer at our center. However, many other genes have
been studied in this field, and therefore, in the future, a
more extensive study could include a panel with more
genes.
In conclusion, this study showed that methylation
status is an accurate predictor of microscopic inflammation in chronic UC or CC patients. Microscopic inflammation was frequent among patients with no endoscopic
activity. We also demonstrated that a distal location
(the rectosigmoid colon), together with microscopic
inflammation, constituted independent risk factors for
methylation. Finally, in our population, we observed that
the maintenance of ER was protective against de novo
methylation, although further longitudinal studies are
needed to confirm this.

Background

Methylation status has been proposed as one of the pathways of colitis-associated cancer in ulcerative colitis (UC) and Crohn’s colitis (CC) patients. However,
there are scarce data about its relationship with endoscopic and histological
inflammation.

Research frontiers

The carcinogenesis process of colorectal cancer in inflammatory bowel diseases is multifactorial, and more studies are necessary to improve understanding
of this topic.
Methylation status correlated better with histological than with endoscopic activity, which may indicate the importance of controlling microscopic inflammation

WJG|www.wjgnet.com

Applications

A better understanding of the relationships among the endoscopic, histological
and molecular changes occurring in inflammatory bowel disease patients may
help to optimize the management of this disease.

Peer review

This is a study to further elucidate the clinical role of two methylation markers
in high risk patients with UC and CC. Despite limited by sample size, the study
provides useful data that consolidate the pathological role of these markers.
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RESULTS: During the first 4-wk of therapy, the mean
viral decline for patients with HCV-6 (5.55 ± 1.82 log10IU/mL) was comparable to that of patients with
HCV-3 (5.55 ± 1.82 log10IU/mL vs 5.86 ± 1.02 log10IU/mL, P = 0.44) and was significantly higher than
patients with HCV-1 (5.55 ± 1.82 log10IU/mL vs 4.23
± 1.99 log10IU/mL, P = 0.04). In the HCV-6 group, the
first phase (days 0-2) viral decline was significantly
higher in patients with the favorable rs12979860 CC
than non-CC genotypes (2.46 ± 1.01 log10IU/mL/wk
vs 1.70 ± 0.67 log10IU/mL, respectively, P = 0.045). A
statistically insignificant decrease in the second-phase
(days 7-28) decline was also found in patients with the
CC genotype than those with the non-CC genotype,
though not significantly different (1.24 ± 0.64 log10IU/
mL/wk vs 0.80 ± 0.65 log10IU/mL/wk, respectively, P =
0.172). At baseline, the SNP genotype was an independent predictor of rapid virological response but not of
sustained virological response.
CONCLUSION: The IL28B genotype was linked to an
impact on early viral kinetics in response to PEG-IFN/
RBV therapy in HCV-6 infected patients.

Abstract
AIM: To investigate the early viral kinetics and interleukin-28B (IL28B ) polymorphisms of hepatitis C genotype
6 during pegylated interferon and ribavirin therapy.

WJG|www.wjgnet.com

METHODS: Sixty-five patients with chronic hepatitis C
virus (HCV) infection treated with pegylated interferon
and ribavirin (PEG-IFN/RBV) were included, of whom
15 (23.1%), 16 (24.6%) and 34 (52.3%) patients were
infected with hepatitis C genotype 1 (HCV-1), genotype
3 (HCV-3) and genotype 6 (HCV-6), respectively. Serum
HCV-RNA levels were measured frequently during the
first 4-wk of therapy. DNA extracted from samples was
analyzed for the IL28B single nucleotide polymorphism
(SNP) rs12979860 by polymerase chain reaction and
direct sequencing.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Assessment of the early viral kinetics of hepatitis C virus (HCV) RNA during pegylated interferon/
ribavirin therapy correlates with a specific interleukin28B polymorphism, potentially revealing insights about
the virus-host dynamics. This is the first study to report
that single nucleotide polymorphism rs12979860 is well
correlated with early viral kinetics in the response to
antiviral therapy and leads to a higher rate of rapid virological response in HCV-6 infected patients.
Akkarathamrongsin S, Payungporn S, Thong VD, Poovorawan
K, Prapunwattana P, Poovorawan Y, Tangkijvanich P. Early
viral kinetics during hepatitis C virus genotype 6 treatment according to IL28B polymorphisms. World J Gastroenterol 2014;
20(30): 10599-10605 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10599.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10599

INTRODUCTION
Chronic hepatitis C virus (HCV) infection is a major
cause of cirrhosis, end-stage liver disease and hepatocellular carcinoma (HCC)[1]. HCV has been classiﬁed into
seven major genotypes and several subtypes, which exhibit distinctive patterns of geographic distribution[2,3]. In
Thailand, approximately 2.2% of the general population
has been chronically infected with HCV and the most
common genotypes are HCV genotype 3 (HCV-3), genotype 1 (HCV-1) and genotype 6 (HCV-6), respectively[4].
The current standard therapy for all HCV genotypes is a
combination of pegylated interferon (PEG-IFN) and ribavirin (RBV). A sustained virological response (SVR) following antiviral treatment can delay disease progression
and decrease HCC development. In the Asian population, treatment with the combined therapy results in different SVR depending on the HCV genotype (50%-60%
in HCV-1 infected patients, 80%-90% in HCV-3 infected
patients, and 70%-80% in HCV-6 infected patients)[5].
Early viral kinetics as measured by HCV RNA levels
during the first few weeks of treatment has been shown
to be an important predictor of PEG-IFN-based therapy.
Typically, HCV kinetics exhibits a biphasic pattern[6-8].
The first phase is characterized by a decline in serum
HCV RNA from days 0-2, which represents the antiviral
action of interferon (IFN) in blocking HCV production.
The second phase, defined by the reduction of HCV
RNA levels during days 7-28, is thought to correlate with
clearance of HCV. However, different HCV genotypes
exhibit different viral kinetics[9,10]. Moreover, it has been
shown that polymorphisms near interleukin-28B (IL28B)
gene are strongly associated with early viral kinetics during PEG-IFN/RBV therapy in patients with chronic
HCV-1 infection[11-14]. However, this correlation has not
been investigated in HCV-6 infected individuals. This
study aims to determine the early viral kinetics in HCV-6
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infected patients undergoing PEG-IFN / RBV treatment
and IL28B polymorphisms. Results were compared to
those of patients infected with HCV-1 and HCV-3.

MATERIALS AND METHODS
Patients
We analyzed data from a cohort of patients recruited
at our center (King Chulalongkorn Memorial Hospital,
Bangkok, Thailand) as described previously[15]. Briefly, 66
treatment-naïve adults with chronic HCV infection received PEG-IFN-α2a (Pegasys, Roche) 180 μg/wk plus
weight-based RBV (Copegus, Roche) according to the
following body weights: ≤ 75 kg, 1000 mg/d; and > 75
kg, 1200 mg/d. Patients infected with HCV-1 and HCV-3
were treated for a fixed duration of 48 and 24 wk, respectively. Patients infected with HCV-6 who achieved RVR
were assigned to treatment for 24 wk and the remaining
patients were treated for 48 wk. One patient who lost follow up was excluded from the current cohort. The study
protocol had been approved by the Institutional Review
Board of the Faculty of Medicine, Chulalongkorn University, Bangkok, Thailand (IRB No. 511/51), and all
participants had provided written informed consent. The
study followed the Helsinki Declaration and Good Clinical Practice guidelines.
HCV RNA kinetics
Serum HCV RNA levels were assessed at days 0, 2, 7, 14,
21 and 28 by real-time quantitative reverse transcriptionpolymerase chain reaction (RT-PCR)(COBAS TaqMan
HCV assay; Roche Diagnostics, Basel, Switzerland), according to the manufacturer’s instructions. The first phase
decline was characterized as the difference in HCV RNA
levels (log10 IU/mL) from day 0 to 2. The second phase
decline was defined as the best fit slope of serum HCV
RNA (log10 IU/mL/wk) levels from days 7 to 28[16]. Rapid
virological response (RVR) was defined as undetectable
HCV RNA at week 4, while SVR was defined as undetectable HCV RNA 24 wk after the end of treatment.
Single nucleotide polymorphism genotyping
Genomic DNA of HCV patients was extracted from 100
μL of peripheral blood mononuclear cells (PBMC) using the QIAamp DNA Mini Kit according to the manufacturer’s instruction (Qiagen, Germany). The single
nucleotide polymorphism (SNP); rs12979860 was identified by PCR using specific primers and direct nucleotide
sequencing.
The PCR mixture for rs12979860 amplification consisted of 3 μL of extracted DNA, 5 pmole of each primer including rs12979860_R341 (5’-CTCTTCCTCCTG C G G G AC A AG - 3 ’ ) a n d r s 1 2 9 7 9 8 6 0 _ F 7 0 6
(5’-TACACCCGTTCCTGTCCCAAG-3’), 12.5 μL of
2 × Perfect Tag Plus MasterMix (5 PRIME, Gaithersburg, MD) and distilled water to a final volume of 25
μL. After an initial denaturation at 94 ℃ for 3 min, 40
cycles of amplification were performed, each including
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were not clear, the results were validated by TaqMan SNP
Genotyping Assays (Assay ID AH8823E, Applied Biosystems) based on real-time PCR method as described
previously[18].

Table 1 Clinical characteristics and single nucleotide polymorphism rs12979860 of the patients according to hepatitis
C virus genotypes
Characteristics
Age (yr)
Sex (male)
BMI (kg/m2)
ALT (U/L)
Log10 HCV RNA
(IU/mL)
Liver fibrosis score
Score 0-2
Score 3-4
SNP rs12979860
CC
CT
TT
RVR
SVR

Genotype 1 Genotype 3 Genotype 6 P value
(n = 15)

(n = 16)

(n = 34)

46.6 ± 12.9
53.3%
24.2 ± 12.1
86.3 ± 57.8
6.3 ± 0.8

42.8 ± 8.2
81.3%
21.3 ± 5.7
82.6 ± 51.9
6.0 ± 0.8

41.2 ± 8.4
67.6%
23.7 ± 3.7
62.6 ± 54.5
6.5 ± 0.8

73.3%
26.7%

66.7%
33.3%

71.4%
28.6%

66.7%
20.0%
13.3%
46.7%
66.7%

75.0%
18.8%
6.2%
87.5%
81.3%

82.3%
11.8%
5.9%
73.5%
76.5%

Statistical analysis
The Mann-Whitney U test or Student’s test were used to
compare continuous variables, and the χ 2 test or Fisher’s exact test were used to compare categorical variables. HCVRNA kinetic throughout the first 4 wk of therapy was
analyzed according to HCV genotypes. The effect of the
IL28B genotypes (CC vs non-CC) on HCV viral decline
in HCV-1, HCV-3 and HCV-6 patients was also analyzed.
Univariate and multivariate logistic regression was used to
assess odd ratios associated with RVR and SVR. All statistical analyses were performed using the SPSS software
for Windows version 17.0 (SPSS, Chicago, IL, United
States). P < 0.05 for a two-tailed test was considered statistically significant.

NS
NS
NS
NS
NS
NS

NS

0.039
NS

Data described as mean ± SD or proportions (%). ALT: Alanine aminotransferase; RVR: Rapid virological response; SVR: Sustained virological response; BMI: Body mass index; HCV: Hepatitis C virus; NS: Not significant

denaturation at 94 ℃ for 30 s, annealing at 62 ℃ for 30 s
and extension at 72 ℃ for 30 s, then followed by a final
extension step at 72 ℃ for 7 min.
In some cases with insufficient amount of PBMC,
nested PCR was performed with samples extracted from
plasma. The reaction mixture and amplification condition were the same as described above. The outer set
of primers used for the first round of PCR included
rs12979860_F (5’-GGCGCTGAGGGACCGCTACGTAAGTCACCG-3’) and rs12979860_R (5’-CGCTGCCCCCAGCTCAGCGCCTCTTCCTCC-3’). Then, 1
μL of the first PCR product was combined with primers
including rs12979860_R341 and rs12979860_F706 for
the subsequent nested PCR. In order to ensure no contamination occurred, negative control was included in
both first round and nested PCR amplification in each
experiment. The amplification fragment was separated
in 2% agarose gel electrophoresis, stained with ethidium
bromide and visualized under UV transilluminator. The
PCR products were then purified using GelExtract Mini
Kits (5 PRIME, Gaithersburg, MD) and subjected to bidirectional sequencing (First BASE Laboratories, Malaysia) using both forward and reverse primers.
The SNP typing of rs12979860 was analyzed based
on the chromatograms of nucleotide bases at the SNP
position compared with the reference sequence retrieved
from Genbank database (http://www.ncbi.nlm.nih.
gov/). The chromatograms were visualized and analyzed
using Chromas LITE (v.2.01) and SeqMan (DNASTAR,
Medison, WI). The superimposed chromatogram signals
at the SNP position was interpreted as heterozygous
genotype[17]. According to rs12979860 genotypes, CC was
defined as major alleles, CT was defined as heterozygous
alleles and TT was defined as minor alleles. In samples
that the interpretations using sequencing-based assays
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RESULTS
Baseline characteristics and SNP rs12979860
Among 65 patients naïve to PEG-IFN/RBV included
in this study, there were 15 patients with HCV-1, 16 patients with HCV-3 and 34 patients with HCV-6. Table
1 summarizes baseline characteristics and rs12979860
genotypes of these patients based on HCV genotypes.
There were no significant differences in the baseline
characteristics between each group with regards to gender distribution, mean age, body mass index (BMI), ALT
level, HCV RNA level and the degree of liver fibrosis
assessed by histology. The distribution of rs12979860
genotypes (CC, CT and TT) in the entire cohort was 50
(76.9%), 10 (15.4%) and 5 (7.7%), respectively. There was
no significant difference in the distribution of the IL28B
genotypes between HCV genotypes in this study.
RVR were achieved in 87.5% of patients with HCV-3
and 73.5% of patients with HCV-6, which was statistically more significant than that of patients with HCV-1
(46.7%) (P = 0.039). The overall rate of SVR in patients
with HCV-3 (81.3%) was higher than that of patients
with HCV-6 (76.5%) and was higher than patients with
HCV-1 (66.7%), although there was no significant difference (P = 0.627). Among patients who attained RVR,
SVR was achieved in 90% of patients with HCV-1,
92.9% of patients with HCV-3 and 88% of patients with
HCV-6.
Viral decline according to HCV genotypes
The decreases in HCV RNA level during the first 4 wk
were significantly correlated to HCV genotypes. We
found that the magnitude of viral decline for patients
infected with HCV-1 was lower than those infected with
HCV-3 or HCV-6 at all time points. After 4 wk of treatment, the HCV RNA levels had declined by a mean of
4.23 ± 1.99 log10IU/mL in patients infected with HCV-1
compared with 5.86 ± 1.02 and 5.55 ± 1.82 log10IU/mL

10601

August 14, 2014|Volume 20|Issue 30|

Akkarathamrongsin S et al . IL28B and kinetics of HCV-6

A

HCV-1

6

HCV-3

5

HCV RNA (Log IU/mL)

HCV RNA (Log IU/mL)

7

HCV-6

4
3
2
1
0
7

14
Treatment day

21

Figure 1 Kinetics of hepatitis C virus based on different viral genotypes.
Mean hepatitis C virus (HCV)-RNA levels (log10IU/mL) at different time points
(days 0, 2, 7, 14, 21, 28). During the first 4 wk of pegylated interferon and ribavirin therapy according to HCV genotypes. HCV-1: HCV genotype 1; HCV-3:
HCV genotype 3; HCV-6: HCV genotype 6.

in those infected with HCV-3 and HCV-6 (P = 0.007 and
P = 0.040, respectively). There was no significant difference between patients infected with HCV-3 and HCV-6
(P = 0.437). The mean HCV-RNA levels (log10IU/mL) at
different time points during the first 4 wk of PEG-IFN/
RBV treatment according to HCV genotypes are shown
in Figure 1.
The HCV-3 and HCV-6 groups had a first phase
decline of 2.30 ± 1.25 and 2.32 ± 0.99 log10IU/mL,
respectively, which did not achieve statistical difference
(P = 0.958). However, both were higher than that of
the HCV-1 group (1.38 ± 0.64 log10IU/mL) (P = 0.015
and P = 0.002, respectively). The second phase decline
was comparable between the HCV-3 and HCV-6 groups
were similar (1.25 ± 0.66 log10IU/mL/wk vs 1.17 ± 0.65
log10IU/mL/wk, respectively, P = 0.675) and higher than
that of the HCV-1 group (0.99 ± 0.73 log10IU/mL/wk).
The differences between HCV-3 and HCV-1 groups, or
between HCV-6 and HCV-1 groups, were not statistically
significant (P = 0.310 and P = 0.428, respectively).
Viral decline according to SNP rs12979860
Our data showed that the decreases in HCV RNA level
during the first 4 wk of treatment were significantly correlated with the rs12979860 genotypes. Irrespective of
viral genotypes, the baseline HCV RNA level in patients
with CC genotype was significantly higher than in patients with the non-CC (CT and TT) group (6.42 ± 0.83
and 5.87 ± 0.88 log10IU/mL, respectively, P = 0.040). After 4 wk of treatment, the HCV RNA levels had declined
by a mean of 5.77 ± 1.44 log10IU/mL in patients carrying CC compared with 3.84 ± 2.08 log10IU/mL in those
carrying non-CC genotype (P < 0.001).
In the HCV-1 group, the HCV RNA levels had declined after 4 wk of treatment by a mean of 5.34 ± 1.43
log10IU/mL in patients carrying CC compared with 2.03
± 0.50 log10IU/mL in those carrying non-CC genotype (P
< 0.001). In the HCV-3 group, the corresponding figures
were 5.97 ± 1.01 and 5.23 ± 1.10 log10IU/mL, respectively (P = 0.504). In the HCV-6 group, the correspond-
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Figure 2 Kinetics of hepatitis C virus based on the single nucleotide
polymorphism rs12979860 alleles. Mean hepatitis C virus (HCV)-RNA levels
(log10IU/mL) at different time points (days 0, 2, 7, 14, 21, 28). During the first
4 wk of pegylated interferon and ribavirin treatment according to rs12979860
genotypes. A: HCV genotype 1; B: HCV genotype 3; C: HCV genotype 6.

ing figures were 5.83 ± 1.60 and 4.23 ± 2.34 log10IU/mL,
respectively (P = 0.163). The mean HCV-RNA levels
(log10IU/mL) at different time points during the first 4
wk of PEG-IFN/RBV treatment according to IL28B
genotypes in each HCV genotype are shown in Figure 2.
Irrespective of viral genotypes, the first phase decline
was significantly higher in patients with the CC than
those with non-CC genotype (2.35 ± 1.04 and 1.28 ± 0.63
log10IU/mL, respectively, P < 0.001) (Figure 3A). In addition, the second phase decline was significantly higher
for patients with the CC than for those with non-CC
genotype (1.27 ± 0.67 and 0.75 ± 0.52 log10IU/mL/wk,
respectively, P = 0.004) (Figure 3B). Patients with CC
genotype had RVR rates of 78%, whereas RVR in the
non-CC group was substantially lower (46.7%, P = 0.027).
However, the SVR rates between patients with CC and
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Figure 3 Changes in serum hepatitis C virus RNA concentrations according to rs12979860 genotypes. A: The first phase (days 0-2); B: The second phase (days
7-28) hepatitis C virus (HCV)-1: HCV genotype 1; HCV-3: HCV genotype 3; HCV-6: HCV genotype 6; Data described as mean ± SD.

non-CC genotypes were not significantly different (76.0%
and 73.3%, respectively, P = 0.833).
In the HCV-6 group, the first phase decline was 2.46
± 1.01 and 1.70 ± 0.67 log10IU/mL in patients with CC
and non-CC genotypes, respectively (P = 0.045) (Figure
3A). The second phase decline was 1.24 ± 0.64 and 0.80
± 0.65 log10IU/mL per week, respectively, in patients with
the corresponding IL28B genotypes (P = 0.172) (Figure
3B). Patients with the favorable CC genotype achieved
significantly higher RVR rates in comparison to those
with the unfavorable genotypes (82.1% and 33.3%, respectively, P = 0.031). However, the SVR rates between
patients with CC and non-CC genotypes were not significantly different (78.6% and 66.7%, respectively, P = 0.609).
Factors associated with RVR and SVR in patients with
HCV-6
To identify factors associated with RVR and SVR in patients with HCV-6, baseline characteristics of patients
and early viral kinetics during therapy were analyzed by
univariate and multivariate logistic regression analyses.
Potential baseline predictors of RVR and SVR included
sex, age, BMI, ALT level, liver fibrosis score, HCV RNA
level and rs12979860 genotype.
For RVR, univariate analysis identified significant effects correlated with the presence of the favorable CC
genotype (OR = 9.20; 95%CI: 1.30-64.90, P = 0.026),
the first phase decline (OR = 3.76; 95%CI: 1.29-10.96, P
< 0.015) and second phase kinetics (OR = 9.50; 95%CI:
1.35-66.99, P = 0.024). However, only the first and second phase kinetics remained significant in multivariate
logistic regression analysis (the first phase: OR = 6.39;
95%CI: 1.18-34.54, P < 0.031, the second phase; OR =
18.15; 95%CI: 1.13-291.50, P < 0.041). If only baseline
pre-treatment parameters were included in the multivariate model, CC genotype (OR = 16.88; 95%CI: 1.45-169.5,
P = 0.024) was considered significant.
Variables associated with SVR in univariate analysis were low HCV RNA level (OR = 6.75; 95%CI:
1.11-41.00, P = 0.030) and the second phase kinetics (OR
= 12.60; 95%CI: 1.93-82.09, P = 0.008). In multivariate
logistic regression analysis, only the second phase kinetics
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was associated with SVR (OR = 12.79; 95%CI: 1.65-99.28,
P = 0.015). If only baseline characteristics were included
in the multivariate model, no parameter was significant.

DISCUSSION
In the present study, we demonstrated for the first time
the kinetics of HCV-6 correlates with IL28B polymorphisms in patients treated with PEG-IFN/RBV therapy.
We found that rs12979860 significantly correlated with
the early viral elimination during treatment, with a more
rapid reduction of HCV RNA levels in patients carrying
the favorable CC allele. The rapid first-phase reduction
in patients with the CC allele suggests that the polymorphisms might be linked to the antiviral effect of PEGIFN/RBV in the blocking of the production or release
of HCV. A trend towards a steeper second-phase decline
was also found in patients with the CC allele, although
this was not statistically significant due to sample size.
This finding might indicate that the rs12979860 polymorphism is linked to immune-mediated eradication of
infected hepatocytes in addition to the antiviral efficiency.
Our data confirmed previous reports that the decrease in HCV RNA level during the first 4 wk was
influenced by HCV genotypes with respect to IL28B
polymorphisms. Previous data reported that in patients
infected with HCV-1, HCV RNA levels declined by 3.8
log10 IU/mL after 4 wk among patients carrying CC
compared with 1.1-1.5 log10IU/mL in patients carrying
non-CC allele[19]. In our study, the decrease observed in
the HCV-1 group was approximately 5.3 and 2.0 log10IU/
mL for those carrying CC and non-CC allele, respectively.
Among patients infected with HCV-3, the corresponding declines in this study were 5.97 and 5.23 log10IU/mL,
respectively. These observations are in agreement with
previous results[20]. In the HCV-6 group, the corresponding figures were 5.83 and 4.23 log10IU/mL, for patients
with CC and non-CC allele, respectively. We found that
the impact of rs12979860 favorable allele on viral reduction during therapy in patients infected with HCV-6 is
at an intermediate level compared to those infected with
HCV-3 and HCV-1.
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In the HCV-6 group, the collective effects of the
SNPs on the first- and second-phase viral decline might
explain the differences in RVR rates. For instance, approximately 80% of patients with CC allele and 30% of
non-CC allele achieved RVR. However, a high likelihood
of RVR in patients carrying the favorable CC allele was
not associated with a higher SVR rate. As shown in this
study, there was no significant difference in SVR rate
between CC and non-CC allele (approximately 78% vs
67%, respectively). In the multivariate model, our data
also confirmed that the SNP rs12979860 was associated
with RVR but not SVR. Previous studies in HCV-3 cohorts also showed that RVR but not SVR was influenced
by the SNP alleles[12,21,22]. In contrast, previous reports in
HCV-1 infected patients demonstrated that more robust
early declines in serum HCV RNA predicted a higher
SVR rate during PEG-IFN/RBV therapy[23]. A possible
explanation of the discrepancy among HCV genotypes
is that the effect of the SNPs might be attenuated by a
better treatment response in HCV-3 or HCV-6 infection.
In general, the lowest SVR rate of combined PEG-IFN/
RBV therapy is found in HCV-1 infected patients. A
much higher SVR rate is observed among HCV-3 infected patients, while the response rate of HCV-6 infection
is at an intermediate level[24]. These results suggest that
the underlying mechanisms, which link the host genetic
status to early HCV suppression, might be different from
those required for virus eradication.
In summary, our results demonstrated that SNP
rs12979860 was linked to early viral kinetics in response
to PEG-IFN/RBV therapy in HCV-6 infected patients,
which might lead to a higher rate of RVR. Despite the
recent introduction of direct antiviral agents in patients
with HCV-1 infection, combined PEG-IFN/RBV therapy is the only currently approved treatment for HCV-6
infection. Thus, we believe that an improved ability to
predict treatment response is an important goal and is
worthy of further large-scale studies, particularly in south
China and many south-east Asian countries in which
HCV-6 genotype is prevalent.

gene with response to antiviral therapy. In addition, several independent studies have confirmed an association between the most studied SNP rs12979860
(located 3 kb upstream of the IL28B gene) and sustained virological response
with PEG-IFN/RBV therapy in HCV genotype 1 (HCV-1) infection. In contrast,
the importance of the SNP in HCV-6 infection is less defined.

Innovations and breakthroughs

This is the first study to report the early viral kinetics of HCV-6 during treatment in correlation with IL28B polymorphisms. The data demonstrated that
rs12979860 CC genotype correlated with the rapid early viral elimination during
treatment, particularly during the first phase. In addition, the impact of the SNP
genotypes on viral reduction during therapy in patients infected with HCV-6 is
at an intermediate level between those infected with HCV genotype 3 (HCV-3)
and HCV-1.

Applications

SNP rs12979860 was linked to an impact on early viral kinetics in response to
PEG-IFN/RBV therapy in HCV-6 infected patients, which leads to a higher rate
of rapid virological response. This information may be useful for clinicians in
counseling individual HCV-6 infected patients who are receiving antiviral therapy, particularly in south China and many south-east Asian countries in which
this HCV genotype is highly prevalent.

Terminology

Early viral kinetics of HCV is demonstrated by measurement of HCV RNA levels
frequently during the first few weeks of PEG-IFN and RBV treatment. Typically,
the early kinetics has a biphasic pattern. The first phase is characterized by a
decline in serum HCV RNA from days 0-2, which represents the antiviral action
of IFN in blocking HCV production. The second phase, defined by the reduction
of HCV RNA levels during days 7-28, indicates the clearance of infected cells
by immune response.

Peer review

The paper is well written and gives important information of the viral kinetics
of HCV-6 infection, which is considered to be a lesser known HCV genotype.
Thus, these data may provide a better understanding of HCV-host dynamics in
response to antiviral treatment.
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Abstract
AIM: To evaluated our management algorithm of the
coagulopathy. We evaluated our management algorithm of the coagulopathy.
METHODS: Between October 2001 and January 2013,
160 CDC children with coagulopathy (fibrinogen, FIB
< 2 g/L) were recruited. FIB ≥ 1 g/L is generally required for safe elective surgery. We used FIB level as
an indicator when: (1) patients with FIB levels between
1-2 g/L underwent one-stage definitive operation; and
(2) patients with FIB < 1 g/L underwent 3 d of medical treatment. Thereafter, those with FIB ≥ 1 g/L underwent one-stage definitive operation whereas those
with FIB < 1 g/L underwent external biliary drainage to
allow liver function improvement. Those patients with
liver function improvements underwent definitive operation after 7 d of drainage.
RESULTS: After preoperative optimization, 92.5% of
CDC children with coagulopathy underwent successful
one-stage definitive operation. The remaining 7.5% of
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CDC children required initial external bile drainage, and
underwent definitive operation 11 d after the admission. The mean operative time and postoperative recovery duration were comparable to those with normal
coagulations. The median follow-up period was 57 mo.
No blood transfusion or other postoperative complications were encountered.
CONCLUSION: Following our management protocol,
the majority of CDC children with coagulopathy can be
managed with one-stage definitive operation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Choledochal cysts; Hepatic dysfunction; Coagulopathy; Hepaticojejunostomy; Laparoscopy; Children
Core tip: Children suffering from choledochal cysts
with coagulopathy have increased operative risks. We
assessed the coagulation profiles in children with different subtypes of choledochal cyst, and established
a management strategy whereby patients underwent
either medical optimization or laparoscopic external
drainage before definitive laparoscopic operation. The
results suggest that the treatment protocol allows safe
one-stage definitive operation for the majority of choledochal cyst children with coagulopathy, and maximizes
the opportunity of definitive operation.
Diao M, Li L, Cheng W. Coagulopathy in a subtype of choledochal cyst and management strategy. World J Gastroenterol
2014; 20(30): 10606-10612 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i30/10606.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i30.10606

INTRODUCTION
Coagulopathy secondary to biliary obstruction often occurs in children with choledochal cysts (CDC). Our pre-

10606

August 14, 2014|Volume 20|Issue 30|

Diao M et al . Management for choledochal cysts with coagulopathies
Figure 1 Treatment protocol for choledochal cyst
children with coagulopathy. FIB: Fibrinogen.

Choledochal cyst children with coagulopathies (FIB < 2 g/L)

FIB 1-2 g/L

FIB < 1 g/L

Medication therapy × 3 d
Cefminox + Ornidazole;
Reduced glutathione;
Atropine;
Vitamin K1;
Human fibrinogen

FIB ≥ 1 g/L

FIB < 1 g/L

Laparoscopic external biliary drainage (7 d)
FIB ≥ 1 g/L

Laparoscopic cyst excision + Roux-en-Y hepaticojejunostomy

viously published study categorizes CDC into 2 subtypes
according to the common bile duct (CBD) outlet size and
its associated pathology[1]: (1) CDC with stenotic distal
CBD outlet is associated with more severe CBD dilatation (often cystic in morphology) and more deranged
liver function; and (2) CDC with non-stenotic distal CBD
(often fusiform in morphology) is commonly associated
with protein plug formation in the common channels. In
the current study, we assessed the coagulation profiles of
children with these 2 subtypes of CDC.
Coagulopathy poses a major risk for operation. However, definitive operation is the only way to completely
clear biliary obstruction and to reverse coagulopathy.
Conventionally, open external biliary drainage and delayed definitive operation is adopted[2,3]. The disadvantages include: (1) two-stage operation; (2) external drainage
decompresses the biliary pressure but does not resolve
the distal CBD obstruction, which leads to excessive bile
drainage and subsequent dehydration and electrolyte
imbalance; and (3) missing the opportunity of minimal
invasive surgery. Since October 2001, we started definitive laparoscopic operation for CDC children, and formulated a new management strategy for CDC children
with coagulopathy secondary to biliary obstructions. Our
clinical experiences found the main abnormality in CDC
children with coagulopathy was deficient fibrinogen (FIB)
rather than prolonged prothrombin time (PT) or partial
thromboplastin time (APTT). Acquired FIB deficiency
develops when there is severe liver parenchyma damage
and impaired synthesis[4]. FIB level below 1 g/L (normal
range 2-4 g/L) indicates FIB depletion[5]. FIB level of at
least 1 g/L is generally required for safe elective surgery[6].
We herewith used FIB level as an indicator of adequate
liver function before operating on CDC children with
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coagulopathy. Laparoscopic resection of CDC and Rouxen-Y hepatico-jejunal reconstruction were carried out for
those CDC children with FIB level ≥ 1 g/L in our series.
In this study, we evaluated the safety and efficacy of our
management algorithm.

MATERIALS AND METHODS
Between October 2001 and January 2013, 456 CDC children were recruited. Ten patients were excluded because
they had undergone external drainage for cyst perforation and peritonitis or because of poor general medical
condition. Ethics approval from the Ethics Committee
of Capital Institute of Pediatrics was obtained. Written
informed consents were obtained from the parents of
the CDC patients prior to the surgery.
Perioperative ultrasonography, liver function and coagulation tests were performed. Preoperative computed
tomography and magnetic resonance cholangiopancreatography were also carried out.
The treatment protocol is shown in Figure 1. CDC
children with FIB ≥ 1 g/L underwent laparoscopic cyst
excision and Roux-en-Y hepatico-jejunostomy. CDC children with severe coagulopathy (FIB < 1 g/L) underwent
3 d of medical therapy. These patients were referred to
our hospital because of poor response to 1-4 wk of routine therapy in local hospitals, including antibiotics and
reduced glutathione antioxidant to boost liver function.
Since their blood routine tests in our hospital showed
significantly elevated white blood cells (16 × 109/L-25
× 109/L, reference range: 4 × 109/L-10 × 109/L) and
C-reactive protein values ranged from 38-107 mg/L (reference range: < 8 mg/L), antibiotics were administered.
Treatment included antibiotics (cefminoxime, 80 mg/kg
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tions, and perioperative liver function and coagulation
parameters were analyzed.

Table 1 Comparison of liver function between choledochal
cyst patients with and without stenotic distal common bile
ducts n (%)

Abnormal liver function
Normal liver function

Stenotic
(n = 336)

Non-stenotic
(n = 104)

P value

313 (93.2)
23 (6.8)

67 (64.4)1
37 (35.6)

< 0.001

1

Protein plugs in common channels were detected in all choledochal cyst
patients with non-stenotic distal common bile ducts and abnormal liver
function.

per day, intravenous infusion, divided Q12h, and ornidazole, 80 mg/kg per day, intravenous infusion, divided
Q12h), reduced glutathione antioxidant (0.3-0.6 g/d, intravenous infusion, QD, to boost liver function), vitamin
K1 homologs (5-10 mg/d, intravenous infusion, QD),
antispasmodics/anticholinergics (atropine, 0.01 mg/kg,
intramuscular injection, Q12h, to reduce bile and pancreatic juice secretion, and to decrease the smooth muscle
tone of sphincter of Oddi to facilitate protein plug drainage into duodenum), and lyophilized human fibrinogen
(0.5 g/d, intravenous infusion, QD, to improve coagulation). After the optimization, the patients with FIB level
≥ 1 g/L underwent definitive laparoscopic operation. On
the other hand, those patients with FIB level less than 1
g/L underwent laparoscopic external biliary drainage to
decompress the biliary system and subsequently improve
the liver function. They then underwent the definitive
laparoscopic operation after 7 d of biliary drainage.
Intraoperative cholangiograms and endoscopies were
performed to establish the anatomy of junctions of
CBDs, pancreatic ducts, common channels, and the presence of intraluminal protein plugs/calculi. Intraoperative
cholangiograms were reviewed by pediatric radiologists.
Relative diameter and relative length, defined as the ratio
of the bile duct diameter and length to the height of the
second lumbar vertebra, were calculated to compare the
measurements between children of different ages[7].
Laparoscopic cyst excision and hepatico-jejunostomy,
and clearance of protein plugs were performed as previously described[8-10].
Follow-up
Patients were followed up in our clinic at 1, 3, 6, and 12
mo postoperatively and 6 mo thereafter. Physical examination, abdominal ultrasonography and laboratory tests
were carried out at each visit. Postoperative complications such as bile/pancreatic leak, anastomotic stenosis,
cholangitis, pancreatitis, intestinal obstruction, wound infection, or incisional hernia were evaluated clinically, with
abdominal ultrasonographic studies and with blood tests.
Upper gastrointestinal contrast studies were performed at
one month follow-up to assess the presence and severity
of reflux from the Roux loop into the biliary system. The
age at operation, blood transfusion, operative time, postoperative hospital stay, time required to resume full diet,
duration of drainage, intra- and postoperative complica-
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Statistical analysis
Data were analyzed with the SPSS 13.0 package. χ 2 test
was applied to compare the liver function and extent of
coagulopathy between patients with and without stenotic
distal CBDs. Student’s t tests were used to compare the
operative time, postoperative hospital stay, resumption
of diet, duration of drainage between CDC patients with
normal and abnormal coagulations. Paired t-tests were
applied to compare perioperative laboratory values. P <
0.01 was considered to be statistically significant.

RESULTS
With the exception of 6 patients who were converted to
open procedures due to severe infections and dense adhesions, 440 CDC patients successfully underwent laparoscopic definitive operation (median age: 3.39 years, range:
7 d-18 years; F/M: 328/112). Of the 440 CDC patients,
336 (76.4%) patients had stenotic distal CBDs, while the
remaining 104 (23.6%) patients had non-stenotic distal
CBDs. The mean relative diameters of distal CBDs were
0.19 ± 0.07 in the stenotic group and 0.46 ± 0.16 in the
non-stenotic group (P < 0.001). Average relative diameters of maximal dilated CBDs were 4.36 ± 1.74 in the
stenotic group and 1.28 ± 0.38 in the non-stenotic group
(P < 0.001). The mean relative diameters of common
channels were 0.20 ± 0.12 in the stenotic group and 0.86
± 0.27 in the non-stenotic group (P < 0.001). Dilatation
of the CBD in the non-stenotic group was unremarkable
compared to that in the stenotic group.
Liver function in the stenotic and non-stenotic group
Of these patients, 313 of 336 (93.2%) with stenotic distal
CBDs showed abnormal liver function and 292 (86.9%)
presented with jaundice; whereas 67 of 104 (64.4%) patients with non-stenotic distal CBDs showed abnormal
liver function and 34 (32.6%) presented with jaundice
(Table 1). Patients with stenotic distal CBDs were more
likely to have abnormal liver function (Table 1, 93.2% vs
64.4%, P < 0.001).
Coagulopathy in the stenotic and the non-stenotic group
As shown in Figure 2, 160 of 440 (36.4%) patients
showed abnormal coagulation with FIB level lower than
2 g/L. Of the 124 (77.5%) patients with FIB value of 1-2
g/L, 88 (70.9%) had stenotic distal CBDs and 36 (29.1%)
had non-stenotic distal CBDs. Of the remaining 36 patients with FIB level lower than 1 g/L, 5 (13.9%) had stenotic distal CBDs, and 31 (86.1%) had non-stenotic distal
CBDs (Table 2). Coagulopathy secondary to poor hepatic
function was more frequently encountered in patients
with non-stenotic distal CBDs (Table 2, P < 0.001). Complete biliary obstructions by massive protein plugs in the
common channel were detected in 100% of the patients
with non-stenotic distal CBDs and severe coagulopathy (n
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CDC children (n = 456)
Exclusion: External drainage for perforation and
peritonitis or poor general medical conditions (n = 10)

Convert to open definitive surgery for severe infection
and dense adhesion (n = 6)

CDC children (n = 440)

CDC without coagulopathy
(FIB ≥ 2 g/L, n = 280)

CDC with coagulopathy
(FIB < 2 g/L, n = 160)

CDC with FIB 1-2 g/L (n = 124)

CDC with FIB < 1 g/L (n = 36)

Medication therapy

CDC with FIB ≥ 1 g/L (n = 24)

CDC with FIB < 1 g/L (n = 12)

Laparoscopic external biliary
drainage

CDC with FIB ≥ 1 g/L
(n = 12)

Laparoscopic cyst excision + Roux-en-Y hepaticojejunostomy

Figure 2 Flow-chart of the study. FIB: Fibrinogen; CDC: Choledochal cysts.

= 31) (Figure 3).
FIB, prothrombin time and partial thromboplastin time in
CDC children with coagulopathy
Of the 36 patients with FIB level lower than 1 g/L,
34 had normal prothrombin time (PT, 10-12.4 s, reference: 8.8-12.8 s) and partial thromboplastin time (PTT,
30.1-36.2 s, reference range: 24-37 s). One patient showed
prolonged PT (19.6 s) but normal PTT (31.7 s). An additional patient had prolonged PT (13.6 s) and PTT (42.8 s).
The management algorithm
Following our intervention protocol, 92.5% (148/160)
of CDC children with coagulopathy, including 124 CDC
children with an FIB value of 1-2 g/L and 24 patients
whose FIB increased to a level above 1 g/L after medical
therapy, successfully underwent one-stage laparoscopic
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definitive operation. The coagulopathy of the remaining
7.5% of CDC children (12/160) was successfully corrected after laparoscopic external bile drainage. They subsequently underwent laparoscopic cyst excision and Rouxen-Y hepaticojejunostomy 11 d after hospital admission
(Figure 2). Of the 36 patients with FIB level lower than
1 g/L, with the relief of obstructive jaundice, the FIB
levels in all patients with stenotic distal CBDs (n = 5) increased to a level above 1 g/L after medical therapy, and
they successfully underwent subsequent one-stage definitive laparoscopic operations (serum bilirubin: 233.70
± 17.48 µmol/L baseline vs 39.64 ± 3.34 µmol/L after
medical therapy vs 14.62 ± 2.94 µmol/L after definitive
operation, P < 0.001 respectively; FIB: 0.61 ± 0.36 g/L
baseline vs 1.63 ± 0.37 g/L after medical therapy vs 2.74
± 0.18 g/L after definitive operation, P < 0.001 respectively). Of the remaining 31 patients with non-stenotic
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Table 2 Coagulopathy in choledochal cyst children with and
without stenotic distal common bile ducts n (%)
Stenotic
(n = 93)
FIB 1-2 g/L (n = 124)
FIB < 1 g/L (n = 36)

71 (88)
5 (13.9)

Non-stenotic
(n = 67)
36 (29)
31 (86.1)

P value

Common bile duct

< 0.001

Pancreatic duct
Common channel
Filling defects

FIB: Fibrinogen (Reference range: 2-4 g/L).

distal CBDs, with the relief of obstructive jaundice, the
FIB level in 19 patients increased to a level above 1 g/L
after medical therapy (serum bilirubin: 237.47 ± 29.05
µmol/L baseline vs 41.47 ± 4.10 µmol/L after medical
therapy vs 15.54 ± 3.25 µmol/L after definitive operation,
P < 0.001 respectively; FIB: 0.50 ± 0.23 g/L baseline vs
1.35 ± 0.25 g/L after medical therapy vs 2.53 ± 0.25 g/L
after definitive operations, P < 0.001 respectively). The
remaining 12 patients underwent laparoscopic external
biliary drainage because FIB levels were still lower than 1
g/L after medical therapy. Their FIB levels were reversed
to 1-2 g/L after 7-d external biliary drainage. All of them
successfully underwent definitive laparoscopic operation
after the drainage and normalization of coagulation (FIB:
0.27 ± 0.21 g/L baseline vs 0.48 ± 0.24 g/L after medical
therapy vs 1.76 ± 0.33 g/L after external biliary drainage
vs 2.49 ± 0.32 g/L after definitive operation, P < 0.01, P
< 0.001 and P < 0.001 respectively).
The mean operative time was 3.11 ± 0.42 h in CDC
patients with coagulopathy, which was comparable to that
of CDC patients with normal coagulation (3.03 ± 0.49 h,
P = 0.11). The average postoperative hospital stay, time
to full feed and duration of drainage in CDC patients
with coagulopathy were 5.56 ± 1.03 d, 2.18 ± 0.39 d, and
3.21 ± 0.60 d respectively, which did not differ significantly from the postoperative recovery in CDC patients
with normal coagulation (5.41 ± 1.39 d, 2.11 ± 0.35 d,
and 3.06 ± 0.94 d, P = 0.21, 0.07, 0.12 respectively). The
median follow-up period was 57 mo. No blood transfusion was required. There was no mortality. No bile leak,
anastomotic stenosis, cholangitis, pancreatic juice leak,
pancreatitis, pancreatic or biliary stone formation was encountered. No intrahepatic reflux was observed in postoperative upper gastrointestinal contrast studies. Liver
function tests and serum amylase levels normalized by 3
mo postoperatively (Table 3, P < 0.001 respectively).

DISCUSSION
CDC children may have abnormal coagulation if biliary
obstruction continues for a substantial period of time[11].
Although patients with stenotic distal CBDs are more
likely to have liver dysfunction, the hepatic dysfunction
and consequent coagulopathy were more severe in patients with non-stenotic distal CBDs and complete obstruction by massive protein plugs in the common channel. The explanation might be that in the stenotic group,
the severe dilatation of CBD may reduce the pressure of
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Figure 3 Protein plugs in the common channel lead to complete biliary
obstruction and coagulopathy in choledochal cyst children. Filling defects
were detected in the common channel in a 3.6-year-old choledochal cyst boy
with coagulopathy. No passage of contrast agent into the duodenum, indicating
complete biliary obstruction.

intrahepatic ducts, whereas in the non-stenotic group of
patients, limited dilatation of CBD may not adequately
relieve the pressure of intrahepatic ducts. Furthermore,
with the accumulation of massive protein plugs in a moderately dilated common channel, the CBD is more prone
to spontaneous perforation, which is often underestimated. Therefore, early definitive operation is advocated,
particularly for patients with non-stenotic distal CBDs.
Hemorrhage may increase the morbidity of the operation and the conversion rate in laparoscopic surgery.
Adequate preoperative preparation and right timing of
the operation are essential. We herewith established a
protocol for safe surgical correction of CDC for those
children with coagulopathy, the first attempt to standardize the surgical management of CDC with coagulopathy.
The advantages of the treatment protocol are: (1) being
able to apply safe one-stage definitive operation for the
majority of CDC children; (2) to reduce the external biliary drainage which is conventionally used in CDC with
severe coagulopathy; and (3) to maximize the opportunity
of definitive operation and minimal invasive surgery.
Acquired FIB deficiency develops in a patient with
profound liver parenchyma damage[4]. Besides declining
FIB levels, hyperfibrinolysis may also occur. FIB value < 1
g/L reflects FIB depletion[5]. This low level presents a risk
of spontaneous bleeding[6]. FIB level ≥ 1 g/L is generally
sufficient for elective surgery[6]. Two screening tests, PT
and PTT, are also indicative of FIB level[6]. However, the
tests were found to be abnormal only when FIB is below
the critical threshold value of 1 g/L[6]. Our results verified
that the majority of CDC children with FIB level lower
than 1 g/L still present normal PT and PTT. We proved
that FIB value was a more sensitive indicator of coagulopathy in CDC children. Hence, in the case of suspected
bleeding, it is recommended to determine FIB concentrations directly[6]. Our outcomes suggest that FIB level can
be used to monitor the liver function improvement. FIB
value ≥ 1 g/L may be an indicator that CDC children
with coagulopathy can undergo definitive operation.
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Table 3 Perioperative laboratory tests in choledochal cyst children with and without coagulopathy
CDC without coagulopathy
(n = 280)
TBIL (µmol/L)
Pre-op
Ref: 3.4-20
Post-op
ALT (U/L)
Pre-op
Ref: < 40
Post-op
AST (U/L)
Pre-op
Ref: < 40
Post-op
ALP (U/L)
Pre-op
Ref: < 400
Post-op
GGT (U/L)
Pre-op
Ref: 7-50
Post-op
SAMY (U/L)
Pre-op
Ref: 25-125
Post-op
P value (pre- vs post-operation)

168.64 ± 90.22
11.03 ± 5.68
99.15 ± 46.39
16.16 ± 8.74
100.77 ± 45.95
18.11 ± 8.67
526.42 ± 135.72
140.68 ± 43.72
295.68 ± 192.57
26.72 ± 12.30
130.96 ± 111.76
27.28 ± 9.52
< 0.001

CDC with coagulopathy (n = 160)
FIB 1-2 g/L
(n = 124)

FIB ≥ 1 g/L after medication
(n = 24)

FIB ≥ 1 g/L after external drainage
(n = 12)

201.57 ± 71.64
16.57 ± 4.39
182.11 ± 74.52
24.80 ± 8.29
184.19 ± 74.58
28.71 ± 9.49
728.99 ± 118.35
151.75 ± 29.50
405.93 ± 161.46
30.38 ± 9.76
312.31 ± 286.55
32.22 ± 13.89
< 0.001

234.77 ± 23.98
17.25 ± 5.88
219.02 ± 13.72
31.14 ± 10.38
220.26 ± 13.19
32.07 ± 10.55
755.08 ± 57.35
161.16 ± 47.24
609.42 ± 87.32
36.75 ± 3.45
678.91 ± 298.26
38.62 ± 16.38
< 0.001

254.97 ± 17.63
18.75 ± 2.66
231.04 ± 12.34
36.12 ± 6.01
230.82 ± 10.27
38.92 ± 2.96
813.75 ± 53.51
188.58 ± 54.88
688.83 ± 39.03
38.70 ± 2.02
801.13 ± 92.68
51.25 ± 10.68
< 0.001

CDC: Choledochal cyst; ALT: Alanine transaminase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; GGT: γ-Glutamyl transpeptidase; TBIL:
Total bilirubin; SAMY: Serum amylase.

Early coagulopathy in patients with biliary obstruction is attributed to deficiency of vitamin K-dependent
clotting factors due to malabsorption of fat-soluble vitamin K[12]. When complete biliary obstruction occurs, a
sharply increased biliary pressure aggravates canalicular
cholestasis and the subsequent bile plug formations,
leading to bile ductule rupture. The bile leak leads to
severe hepatocellular injury. Hepatic synthetic function
subsequently shuts down. Deficiencies of non-vitamin K
dependent-clotting factors, including FIB, are present[12].
Administration of vitamin K early in the course of biliary obstruction or fresh frozen plasma late in the course
of biliary obstruction cannot sufficiently reverse coagulation dysfunction unless the biliary obstruction is relieved.
Conventionally, percutaneous transhepatic biliary drainage or open external biliary drainage is considered as
first choice for biliary decompression in this situation[2,3].
However, coagulation defects increase the risk of blood
loss in any invasive procedure[12]. To resolve this dilemma,
atropine, a routine premedication used in general anesthesia in children including small infants, was adopted in
our treatment protocol to reduce bile and pancreatic juice
secretion, to relax the sphincter of Oddi and facilitate
protein plug drainage into the duodenum, hence relieving
the pressure in the biliary tract. Our results verified that
our treatment protocol was safe and effective, especially
for patients who have a poor response to 1-4 wk of routine combination therapy in the local hospital, including
antibiotics and reduced glutathione antioxidant to boost
liver function. Atropine can be used as an initial attempt
to decompress the biliary tract. External biliary drainage
is utilized when patients have a poor response to atropine. The hepatic functions were remarkably reversed in a
short period of time. The rate of external biliary drainage
was decreased. Following our intervention protocol, the
majority of CDC children with coagulopathy successfully
underwent one-stage laparoscopic definitive operation.
None of the CDC patients with abnormal FIB required
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blood transfusions. Postoperative recovery and morbidities in CDC patients with aberrant FIB are comparable to
those with normal FIB. Liver function tests in all patients
normalized within 3 mo postoperatively.
For those patients whose coagulation functions failed
to respond to medical therapy, laparoscopic external biliary drainage is advocated as early as possible to decompress the pressure in the biliary tract and subsequently
improve liver function and coagulation. Moreover, it allows an opportunity for future laparoscopic cyst excision
and Roux-en-Y hepaticojejunostomy.
In the era of open surgery, delayed primary excision
Roux-en-Y hepaticojejunostomy is recommended 1-3 mo
after external biliary drainage[2,13]. While external biliary
drainage is a “bridge procedure” to decompress the biliary tract, the hepatic dysfunction and coagulopathy cannot be completely reversed until distal biliary obstruction
is cleared by definitive operation. Furthermore, constant
distal CBD obstruction and extended duration of external drainage often result in excessive bile loss and subsequent fluid-electrolyte imbalance. Patients often have to
be re-admitted to hospital for intravenous re-hydration.
In addition, drain tube dislodgement frequently occurs
when children resume normal activities, and this requires
urgent surgical intervention. In the era of laparoscopic
surgery, less surgical trauma accelerates post-drainage
recovery. We aimed to keep drainage duration as short as
was safe. Our results showed that 3-day medical therapy
and 7-d external bile drainage effectively improve the coagulation function for CDC patients with coagulopathy.
None of the patients suffered from water-electrolyte imbalance or drain tube dislocation.
The drawback of the current study is the lack of a
control group, i.e., CDC patients with FIB < 1 g/L who
would undergo one-stage definitive operation directly.
However, doing so may place these patients at high riskfor intra- and postoperative hemorrhages.
In conclusion, early surgical intervention is advocated,
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particularly for patients with non-stenotic distal CBDs
and moderate dilation of the proximal CBD. Patients
with massive protein plugs in a moderately dilated common channel and CBD may have more severe liver damage and coagulopathy. They may benefit from medical
treatment or preoperative drainage. Our protocol offers
a safe and effective treatment algorithm to manage CDC
children with coagulopathy. Following this strategy, the
majority of CDC children with liver dysfunction and abnormal coagulation function can be successfully treated
with one-stage definitive laparoscopic operation. The
remaining children with persistent severe coagulopathy
can be successfully managed with a short period of laparoscopic external bile drainage followed by definitive
laparoscopic operation.

ing. These outcomes suggest that FIB level can be used to monitor the liver
function improvement. FIB value ≥ 1 g/L may be an indicator that CDC children
with coagulopathy can undergo definitive operation.
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Abstract
AIM: To investigate possible predictors for failed selfexpandable metallic stent (SEMS) therapy in consecutive patients with benign esophageal perforationrupture (EPR).
METHODS: All patients between 2003-2013 treated
for EPR at the Karolinska University Hospital, a tertiary referral center, were studied with regard to initial
management with SEMS. Patients with malignancy as
an underlying cause and those with anastomotic leakages were excluded. Sealing of the perforation with
a covered SEMS was the primary strategy whenever
feasible. Stent therapy failure was defined as a radical
change of treatment strategy due to uncontrolled mediastinitis, which in this setting consisted of emergency
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esophagectomy with end-esophagostomy or death
as a consequence of the perforation and subsequent
uncontrolled sepsis. Patient and lesion characteristics
were analyzed and are presented as median and interquartile range. Possible predictors for failed stent therapy were analyzed with uni-variate logistic regression,
while variables with P < 0.2 were further analyzed with
multi-variate logistic regression.
RESULTS: Of the total number of 48 patients presenting with EPR, 40 patients (83.3%) were treated with
SEMS at the time of admission, with an intention to
heal the perforation. Twenty-three patients had Boerhaave’s syndrome (58%), 16 had an iatrogenic perforation (40%) and 1 had external trauma to the esophagus (3%). The total in-hospital mortality, including
the cases that had other initial treatments (n = 8), was
10.4% and 7.5% among those who were subjected
to the SEMS-based strategy. In 33 of the 40 patients
(82.5%) who were treated with stent, the EPR healed
without further change in treatment strategy. Patients
classified as treatment success received a SEMS at a
median time of 1 (1-1) d after the actual EPR, compared to 3 (1-10) d among those where the initial
treatment failed, P = 0.039 in uni-variate analysis and
P = 0.052 in multi-variate analysis. No other significant
factors emerged, indicating an increased risk for failure. Six of 7 patients, where stent treatment of the defect failed, underwent an emergency esophagectomy
with end esophagostomy and one patient died.
CONCLUSION: SEMS as an upfront therapeutic strategy seems to be a successful concept, when applied to
an unselected group of patients with EPR.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Esophageal perforation; Stents; Esopha-
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gectomy; Morbidity; Mortality; Mediastinitis
Core tip: It is unclear to which extent esophageal stenting can heal esophageal perforation-rupture in unselected patients. In this single institution study 83.3% of
all benign esophageal perforations/ruptures of mixed
etiology, excluding anastomotic leakages, were treated
with stent with an intention to heal the perforation, as
first-line treatment during a 10-year period. Eighty-two
point five percent recovered after stenting and no further intervention was required. Time between perforation and placement of stent emerged as potential risk
factor for failure of stenting. The high rate of stenting
as primary treatment may have contributed to the
relatively low overall in-hospital mortality of 10.4%.

to develop therapeutic strategies in order to achieve the
best clinical outcome. A clinical research approach, with
the potential to add significant information to the clinical management of patients with EPR, would be to e.g.,
apply SEMS to virtually all patients with EPR and then
carefully follow these patients in order to define when
and how failures for this therapeutic concept emerge.
At our institution, we have prospectively tried to treat all
patients admitted with EPR with SEMS, after which we
carefully monitor them and reassess the clinical course
with readiness to change strategy. Our hope was that this
study would allow us to identify factors associated with
poor outcome related to SEMS treatment.

MATERIALS AND METHODS

INTRODUCTION

Patient inclusion
This cohort study includes all patients who were admitted for either spontaneous (ICD-10 code K22.3) or
iatrogenic and traumatic (ICD-10 code S27.8, T28.1,
T28.6) esophageal perforation-rupture at the Karolinska
University Hospital between 1st of March 2003 and 1st
of March 2013. Patients with malignant diseases in the
esophagus or surrounding organs, leading to perforation
or anastomotic leakages after surgery, were excluded.
Patients were identified and studied through the hospital
databases Vis-portalen, Take Care and Orbit.

Esophageal perforation-rupture (EPR) is a rare condition[1,2] associated with high morbidity and mortality[3].
The transmural disruption of the esophageal wall and
the subsequent contamination of the mediastinum by
gastric and oral secretions rapidly progresses to mediastinitis, sepsis, organ failure and, if not adequately
treated, to fatal outcome[4,5]. Despite advancements in
diagnostics, surgical techniques, endoscopy and critical
care; both diagnosis and treatment of EPR still present challenges[6]. A recent systematic review and metaanalysis covering 75 studies found that mortality after
EPR remained high (17%-21% in Europe), regardless
of the treatment strategy practiced[3]. The dominating
prognostic factor for the subsequent course of patients
with EPR is the time interval between the perforation
and initiation of treatment. A delay of diagnosis more
than 24 h after onset of symptoms leads to a two-fold
increase in mortality according to several studies[4,7,8].
The traditional treatment of choice has been surgery,
although the surgical strategy has varied substantially
between institutions and over time[3,6,7]. With the development and refinement of covered self-expanding metal
stent (SEMS), which have been frequently tested[9-13] to
cover the EPR, promising results have been presented
in several studies[9-11,14-17]. However, most of the literature regarding stent treatment of EPR contains small,
heterogeneous and mostly strongly selected case series
presenting results after stenting of EPR with a success
rate exceeding 60%[9,10,18-21]. Nevertheless, in complex
situations like these, one single therapeutic principle cannot be the solution to all cases. Therefore, it is important

Management strategies
The diagnosis of esophageal perforation was established
on the basis of clinical history, pulmonary X-ray and
computed tomography with or without administration
of oral contrast medium. Many times, the first endoscopy was performed at the time of stenting in cases with
spontaneous rupture. Sealing of the perforation with a
covered SEMS was the primary strategy whenever feasible, except for perforations of the cervical esophagus
where stents were judged to be poorly tolerated. All patients received broad-spectrum antibiotics intravenously.
First-line antibiotic treatment was usually Impinem 500
mg × 3 mg, which thereafter was changed depending on
culture results, resistance patterns and need for fungus
prophylaxis. Some patients were given enteral nutrition
via a feeding jejunostomy. Otherwise, total parenteral
nutrition was given until the leak was considered to be
under control. Moreover, percutaneous thoracic drains
were placed whenever a pleural effusion was documented, which also allowed for pleural lavage. All SEMS were
inserted under general anesthesia and the positioning
of the stent was controlled by fluoroscopy. Whenever
needed, double stents were deployed for better coverage
of the defect. Over the years different types of covered
SEMS have been used. As soon as it was feasible from
a practical and clinical perspective, swallow test with
water-soluble contrast medium was performed to assess
whether the defect had been sealed by the stent(s). If
the leak was not entirely under control, this strategy harbored additional attempts either to reposition the SEMS

Persson S, Elbe P, Rouvelas I, Lindblad M, Kumagai K, Lundell
L, Nilsson M, Tsai JA. Predictors for failure of stent treatment
for benign esophageal perforations - a single center 10-year
experience. World J Gastroenterol 2014; 20(30): 10613-10619
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i30/10613.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i30.10613

WJG|www.wjgnet.com

10614

August 14, 2014|Volume 20|Issue 30|

Persson S et al . Stenting of esophageal perforations
Table 1 Summary of patients who received other primary treatment than stenting with intention to heal
Cause of perforation
Iatrogenic
Boerhaave
Foreign body
Boerhaave
Swallowed knives
Unknown
Boerhaave
Boerhaave

Localization

Treatment

Reason other treatment

Cervical
Distal
Cervical
Distal
Cervical
Cervical
Distal
Distal

Drainage and antibiotics
Drainage and antibiotics
Suture
Suture
Suture
Suture
Stent
Esophagectomy

Stent not well tolerated in cervical part
Treated at another hospital
Stent not well tolerated in cervical part
Large, longstanding lesion
Required surgical removal of knife
Stent not well tolerated in cervical part
Palliation
Large, circumferential lesion

or to insert another one. In order to minimize difficulties retrieving SEMS, extraction was generally performed
within 4-6 wk[22,23]. If the leakage persisted, a new stent
was applied.
Following these procedures, the patient’s general condition was assessed daily (in the ICU or in a high dependency unit), where the critical question was raised whether
damage control had been obtained. However, as part of
this stent based strategy, when it was considered indicated to drain contained mediastinitis and/or mediastinal
abscesses, this was performed through a posterior minithoracotomy, alternatively via laparotomy and transhiatal
drainage. More recently the debridement of the mediastinum and pleural spaces was accomplished by use of
thoracoscopy.
Failure and outcome measures
The primary outcome studied was failure of the stent
therapy. This was defined as a radical change of treatment strategy (see above) due to uncontrolled mediastinitis, which in this setting meant esophagectomy with
end-esophagostomy or death as a consequence of the
perforation following uncontrolled sepsis. Cases with
persistent leakage after SEMS that could be managed
successfully with only drainage procedures (see above)
were not considered to be failures. The following parameters were analyzed as potential predicting factors of unsuccessful SEMS therapy; time between perforation and
placement of SEMS; cause and location of perforation
(traumatic vs spontaneous vs iatrogenic perforation and
middle vs distal esophagus); age; gender; co-morbidities,
smoking or alcohol abuse; body mass index (BMI); C-reactive protein (CRP), albumin and creatinine at admission and American Society of Anesthesiologists physical status classification (ASA grade) prior to the EPR.
Descriptive data were secondary outcomes and included
frequency of SEMS as first-line treatment, characteristics
of the underlying background upper GI lesions, number
and type of drainage procedures, number of endoscopic
re-interventions, days of hospitalization, days in ICU,
days with mechanical ventilator support, hemodialysis
treatment and in-hospital mortality.
Statistical analysis
Numerical data is presented using median and interquartile range. Continuous variables were compared using the
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non-parametric Mann-Whitney U-test for ordinal data/
categorical variables the Fisher’s exact test was used.
Possible predicting factors for stent treatment failure
were evaluated by uni-variate logistic regression analysis.
Variables with P < 0.2 in the uni-variate logistic regression analysis, were further analyzed in a multi-variate
analysis. P < 0.05 was considered statistically significant.
SPSS software was used for the statistical calculations.
This study was part of a quality control audit commissioned by the Chairman of the Department and therefore did not need a formal ethical approval according to
the regulations of the hospital.

RESULTS
Between 1st of March 2003 and 1st of March 2013, 48
patients with EPR were enrolled. Seventeen of these
patients (35%) were referred from other hospitals. Eight
patients did not receive stent with an intention to heal
the perforation as primary treatment (Table 1). One patient with severe cardiopulmonary co-morbidity had a
spontaneous perforation measuring 5 cm, involving 75%
of the esophageal circumference, which was treated with
a stent. This patient differed from all others, since the
stent was applied with a purely palliative intent and the
patient died three days after stent insertion.
Clinicopathological findings of the patients treated with
stent
In total, 40 out of the 48 patients received stent as the primary treatment, of whom 33 recovered and left the hospital with an intact esophagus. In 7 cases the stent treatment failed. There was no significant difference between
the groups (failures vs success) regarding age, sex, diabetes,
pulmonary disease, alcohol abuse, primary rupture into the
pleural space, BMI, CRP, creatinine and albumin levels at
admission (Table 2). Smoking and cardiovascular disease
seemed to be more common in the group where stent
treatment failed, who also had a higher ASA, but these
differences did not reach statistical significance. There
was no significant difference in alcohol abuse between the
groups, although both groups displayed a relatively high
level (around 1/3) of alcohol consumption. Spontaneous
perforation (Boerhaave’s syndrome) was the most common underlying cause. Although we experienced difficulty
in capturing uniform data on the size of the esophageal
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Table 2 Patient and lesion characteristics according to stent
treatment outcome

Table 3 Overall outcome and in-hospital treatment strategies

Stent and recovery Stent and failure P value

n = 33 (83%)
Age, median (range)
Sex, M:F
ASA score1
Smoker, n = 35
Alcohol misuse, n = 31
Cardiovascular disease
Diabetes
Pulmonary disease
Localization
Distal
Cause of perforation
Trauma
Boerhaave
Iatrogenic
Foreign body
Primary pleural rupture,
n = 36
Time to stent2 (d), n = 38
CRP (mg/L)
Albumin (g/L), n = 29
Creatinine (μmol/L), n
= 38
BMI (kg/m2), n = 32

62 (10-82)
23:10
2 (1-2)
8 (29)
8 (32)
12 (36)
3 (9)
5 (15)
17 (57)

n = 7 (17%)
68 (35-76)
5:02
2 (2-3)
4 (57)
2 (33)
5 (71)
1 (14)
1 (14)

0.193
1.000
0.338
0.200
1.000
0.113
0.552
1.000
0.224

In hospital mortality
Time to recovery
Time to new strategy
Days of hospitalization
Days in ICU
Dialysis
Ventilator support
Sealed leakage after first stent
Yes n = 22
No n = 8
Endoscopic reintervention1
0
1
2
3
Number of drainage procedures2

6 (86)
0.570

1 (3)
20 (61)
12 (36)
0
15 (50)

0
3 (43)
4 (57)
0
3 (50)

1.000

1 (1-1)
63 (21-251)
25 (21-33) n = 22
80 (69-137)

3 (1-10)
122 (48-280)
28 (19-35) n = 7
80 (46-103)

0.020
0.572
0.878
0.522

24.8 (22.3-27.9)

23.9 (21.7-26.3)

Stent and
failure

n = 33
(83%)

n =7
(17%)

0
29 (19-55)
29 (15-48)
1 (0-7)
0
9 (27)

3 (43)
12 (7-15)
54 (18-91)
14 (11-38)
2 (29)
7 (100)

17 (71)
7 (29)

1 (17)
5 (83)

19 (57)
8 (24)
4 (12)
2 (6)
3 (2-5)

2 (29)
3 (43)
2 (29)
0
4 (2-8)

P value

0.004

0.227
0.001
0.027
0.001
0.026

0.234

0.552

1

Including change, adjustment or addition of stent; 2Including percutaneous drainage, laparotomy, thoracoscopy and thoracotomy. Values are n (%)
or median (IQR). ICU: Insensive Care Unit.

0.698

1

Before the perforation; 2Time between symptom onset or injury and placement of stent. Values are n (%) or median (IQR) unless otherwise indicated. CRP: C-reactive protein; ASA: American Society of Anesthesiologists;
M: Male; F: Female.

lesion, the size ranged from 0.5-5.5 cm in patients who received stent as primary treatment. The largest perforation
that recovered with SEMS treatment measured 5.5 cm.
Regardless of first treatment strategy, 8 out of 16 patients
(50%) with an iatrogenic perforation and 9 out of 23
patients (39%) with Boerhaave’s syndrome had a history
of previous esophageal disease, which included stricture,
achalasia or subjective dysphagia.
Patient and lesion characteristics as related to stent
treatment outcome are shown in Table 2. In our study,
we found that the time elapsed between perforation and
placement of stent seemed to be the only significant predicting factor for failed stent therapy. The time period
was significantly shorter in patients who recovered with
stent compared to patients who experienced stent treatment failure (P = 0.020). In 4 of the 7 cases with failed
stent strategy, placement of stent was delayed by more
than 1 d after the damage, whereas 22 out of the 30 patients who recovered had placement of the stent within
1 d from symptom onset. In the treatment failure group,
all but one patient (6/7) had a perforation in the distal
part of esophagus. The remaining patient where stenting
failed had a large perforation in the middle esophagus,
measuring 4 cm × 2 cm.
Outcome of stent therapy
Treatment and outcomes for patients who received stent
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Stent and
recovery

as primary treatment are presented in Table 3. The overall in-hospital-mortality was 10.4% (5/48) and 7.5%
(3/40) for patients who received stent as primary treatment with an intention to heal the perforation. The median time of in-hospital stay as well as the median time
from initial SEMS placement and eventual change of
treatment strategy or death is presented in Table 3. In 6
out of 7 cases where stent treatment failed, esophagectomy with cervical esophagostomy was performed. One
patient had a concomitant carcinoma localized at the
base of the tongue and was therefore considered unfit
for esophagectomy, and subsequently died in-hospital.
Three of the patients who were treated with esophagectomy died in-hospital. The causes of death were respiratory insufficiency without sepsis (n = 1) and sepsis and
multi-organ failure (n = 2). All these three patients had
significant co-morbidity (including concomitant malignancy and cardio-respiratory incapacity).
For the majority of all patients who were treated
with stents, the leakage was sealed directly after deployment of the first stent (Table 3). However, 43% of the
patients in the recovery group underwent up to three
subsequent endoscopic re-interventions, which was
even more frequent among those whose stent treatment
failed (Table 3). As expected, the stent failure group had
a longer median hospital stay (54 d vs 29 d) and all these
patients required intensive care and ventilator support.
Complications of stent therapy
No stent-related complications occurred. One patient
initially treated at our unit was scheduled for stent extraction at a county hospital. Due to difficulties with the
procedure, the patient was referred back to us where the
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lapsed between perforation and insertion of stent. A delay in insertion of stent from day one to day three leads
to a nearly two-folded increase in predicted probability
for stent treatment failure.

Table 4 Uni-variate logistic regression analysis
Variables

OR

Age
Sex
ASA score
Smoker, n = 35
Alcohol misuse, n = 31
Cardiovascular disease
Diabetes
Pulmonary disease
Localization
Cause of perforation
Primary contaminated pleura
Time to stent, days n = 38
CRP, mg/L n = 38
Albumin, g/L n = 29
Creatinine, μmol/L n = 38
BMI, kg/m2, n = 32

P value

95%CI

1.035
1.087
2.495
3.333
1.062
4.375
1.667
0.933
4.421
2.368
1.000
1.368
1.000
1.015
0.992
0.936

Lower

Upper

0.972
0.180
0.709
0.605
0.160
0.733
0.147
0.092
0.477
0.479
0.173
1.016
0.995
0.902
0.973
0.746

1.102
6.576
8.778
18.371
7.061
26.116
18.874
9.507
40.980
11.707
5.772
1.843
1.006
1.142
1.011
1.173

0.279
0.928
0.154
0.167
0.950
0.105
0.680
0.954
0.191
0.290
1.000
0.039
0.902
0.805
0.409
0.564

DISCUSSION

CRP: C-reactive protein; BMI: Body mass index.

Table 5 Multi-variate analysis
Variables

OR

Predicted probability

ASA score
Cardiovascular disease
Smoker
Localization
Time to stent, d, n = 38

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0

0

2

4

3.355
4.247
0.672
350.103
1.802

6

P value

95%CI
Lower

Upper

0.392
0.188
0.672
0.192
1.802

28.749
95.721
9.515
637196.344
3.264

8

10

12

14

0.269
0.363
0.768
0.126
0.052

16

Time to stent

Figure 1 Predicted probability for stent treatment failure plotted against
time to stent in days.

extraction was performed uneventfully.
Risk factors of stent treatment failure
Stent treatment failure correlated significantly with time
to stent (OR = 1.368, 95%CI: 1.016-1.843) by uni-variate
analysis (Table 4). Factors with relatively small P values
(P < 0.2) in the uni-variate analysis were selected as covariables in the multi-variate analysis, which identified
time to stent (OR = 1.802, 95%CI: 1.802-3.264) as the
most predominant risk factor of a higher rate of treatment failure with stent (Table 5).
As seen in Figure 1, the predicted probability for
stent treatment failure increases, rather rapidly, with time
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We have consistently applied an esophageal SEMS-based
strategy as a part of a multi-modal first-line treatment
of EPR, with minimal risk of introducing a selection
bias of patients. Thereby we have tried to analyze the
efficacy of stent treatment and predictors for failure of
this therapeutic concept in benign esophageal transmural damage, including spontaneous rupture, iatrogenic
and trauma. In the present study we defined treatment
failure as a radical change of treatment strategy due to
uncontrolled mediastinitis, which in this setting meant
emergency esophagectomy with end-esophagostomy
or death as a consequence of the perforation following uncontrolled sepsis. The major finding was that the
time between EPR and the positioning of the stent was
the most predominant risk factor for treatment failure.
There were also three potentially important trends, i.e.
that distal esophageal defects and the cardio-vascular
comorbidity and ASA score of the patients exerted an
unfavorable influence on the SEMS outcome.
The overall survival rate of our EPR patients was
high (89.6%) and even higher (92.5%) among those
treated with SEMS as the initial therapy. It is uncontentious that the sooner therapy is applied in EPR the
better are the chances for survival. This was shown in a
systematic review and meta-analysis of 75 studies, where
treatment started within 24 h after the perforation resulted in a pooled mortality rate of 7.4% compared with
20.3% in patients who did not receive treatment within
24 h[3]. These observations were basically based on analyses of case series where surgical treatment was the gold
standard. In this context it shall be emphasized that even
with the traditional surgical approach there are large
variations depending on the local tradition, location of
the lesion, severity of the contamination and the length
of history[3,4,7,24]. Subsequently, it can be rather difficult to
separate the different confounding risk factors from each
other. Therefore, when a predefined prospective strategy
is applied, we can establish the pivotal importance of
the length of the EPR history to critically determine the
outcome when a SEMS based therapy is practiced. This
information is of vital clinical importance since SEMS
placement can be completed in hospitals where endoscopic service is available and stents are regarded to be
affordable. Through prompt sealing of the perforation
and drainage of the pleural cavity (if concomitant pleural
effusion), the time lag can be effectively influenced. We
also witnessed a relatively high proportion of patients
referred from other hospitals, and we firmly believe that
these referrals represent another important step in a successful SEMS based strategy. After sealing of the lesion
at the local hospital, the patient can be safely referred to
a specialized center with esophageal surgical expertise,
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provided that this is possible from a logistic point of
view. Alternatively, daily telephone consultations can be
conducted, if the patient’s general condition allows so.
Several important trends that affected outcome were
observed. However, these did not reach a statistical significance, which could be due to low power of the study.
One of these trends was that fewer patients with distal
EPR healed on SEMS as compared to those located in
the middle section of the esophagus. There seems to be
a rational behind this trend, since damage to the distal
esophagus often engages the gastroesophageal junction
as well. As such, it entails a situation where it is difficult
to cover the damaged area with stent, resulting in a persistent leak of gastric content outside the stent reaching
up to the perforation. This problem was also recognized
in a recent study on stent-based therapy, including anastomotic leakages[25]. The development of stent technology with more specialized, custom-made devices could
be a possible solution to this problem. The current stent
treatment in the middle esophagus only failed in a single
case with a very large perforation, out of a total of
twelve, which shows the potential of the therapy. However, a liberal attitude towards early conventional surgical
intervention, in a situation where the lesion straddles the
GE junction, could be motivated.
The high proportion of patients presenting with an
EPR that received stent as first-line treatment, is one
of the strengths of this study. It allowed us to perform
an analysis regarding predictors for failure of the stentbased therapy. The definition of treatment failure for this
strategy can, of course, be questioned, but we believe it
is clinically valid. The stent-based therapy was abandoned
only as a last resort, often followed by esophagectomy
and cervical esophagostomy. The implementation of a
successful SEMS based strategy entails a huge clinical
commitment, as illustrated by the frequent repositioning and adjustment of the SEMS to accomplish damage
control. This reiterates the notion that patients with EPR
shall, whenever possible, be referred to centers with extensive experience of managing these complex cases.
The indication for stent therapy should be individualized and treatment tailored for each patient. There are
no strict criteria for when, for instance, only drainage
is sufficient and thus there may have been some “overtreatment” with stent in a few cases. Due to the unpredictable clinical course, the potential severity of this
condition and the absence of stent-related complications
according to our experience, we believe that the risk of
redundant placements of stents is not a major issue.
In conclusion, this study shows that a stent treatment,
when possible, is a successful strategy for treatment of
EPR. Delayed treatment increases the risk that the injury
will not heal. It is possible that the location of the lesion
in the distal esophagus and cardiovascular co-morbidity
may be additional risk factors for failure. Nevertheless,
the management of EPR with stents requires an individualized treatment, pleural-mediastinal minimal invasive
drainage procedures and preparedness for endoscopic
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re-intervention in the event that the leakage persists. In
patients with delayed diagnosis of EPR and possible risk
factors for stent treatment failure, who do not improve
after stenting, emergency esophagectomy should be considered at an early stage.

COMMENTS
COMMENTS
Background

Esophageal perforation/rupture (EPR) is a rare condition associated with high
morbidity and mortality. The disruption of the esophageal wall and the subsequent contamination by gastric and oral secretions can rapidly progress to
systemic sepsis and death. Despite advancements in diagnostic technology,
surgical techniques, endoscopy and critical care, both diagnosis and treatment
of EPR still present challenges.

Research frontiers

Application of a covered self-expanding metal stent over the EPR has been
suggested, by several authors, to yield promising results. However, most of the
literature concerning stent treatment consists of small, selected and heterogeneous case series and there is a need for more studies that also identify risk
factors associated with poor outcome of treatment with stents.

Innovations and breakthroughs

Traditionally, the standard treatment option for EPR has been surgical repair,
including resection of the esophagus, or conservative management with
cessation of oral intake, antibiotic therapy, various drainage procedures and
intensive care for multiple organ failure. During the last decade, endoscopic
stent placement has increasingly become the treatment-of-choice at many
centers, offering an alternative approach to aggressive operative intervention
or the conservative, non-operative management that often entails a prolonged
hospital stay. Previously, stent therapy in the esophagus has most commonly
been used for palliation in patients with malignancies that lead to obstruction
and problems with eating. The developments of stent materials, which now
consist of specialized metal alloy compounds and durable polymers, have
improved these results, whilst also having expanded the potential indications
to include benign esophageal diseases such as EPR. In case the EPR does
not heal with the stent, the patient usually undergoes a long period of repeated
attempts to adjust or replace the stent. The failure of the stent therapy might
eventually result in a need to take out the esophagus. A more prompt operation
could be considered of benefit for such a patient, whilst also consuming less
intensive care resources. Thus, the problem is to identify subjects at high risk
of failure after stent-based therapy. An important question is whether there are
any predictors for failure of stent-based treatment, implying that the EPR will
not heal with a stent. Presently, there is a lack of studies with analyses on stent
treatment failure.

Applications

The study suggests that application of a self-expandable metal stent is a safe
and effective method, with a relatively low mortality, that can be applied to the
majority of unselected patients presenting with EPR.

Terminology

Esophageal perforation/rupture (EPR): a hole or tear in the esophagus that is
caused by injury or vomiting, with or without an underlying pathological process.
Stent: a device that is inserted into a tubular structure, such as the esophagus,
to provide support and open the tubular structure or, as in this case, to seal a
hole or rupture in the esophageal wall.

Peer review

This is an interesting manuscript because a large referral unit has been able to
manage complex patients with esophageal perforations with a single protocol
for 10 years.

REFERENCES
1

2

10618

Søreide JA, Konradsson A, Sandvik OM, Øvrebø K, Viste
A. Esophageal perforation: clinical patterns and outcomes
from a patient cohort of Western Norway. Dig Surg 2012; 29:
494-502 [PMID: 23392348 DOI: 10.1159/000346479]
Vidarsdottir H, Blondal S, Alfredsson H, Geirsson A, Gud-

August 14, 2014|Volume 20|Issue 30|

Persson S et al . Stenting of esophageal perforations

3

4

5

6

7

8

9

10

11

12

13

14

bjartsson T. Oesophageal perforations in Iceland: a whole
population study on incidence, aetiology and surgical
outcome. Thorac Cardiovasc Surg 2010; 58: 476-480 [PMID:
21110271 DOI: 10.1055/s-0030-1250347]
Biancari F, D’Andrea V, Paone R, Di Marco C, Savino G,
Koivukangas V, Saarnio J, Lucenteforte E. Current treatment and outcome of esophageal perforations in adults:
systematic review and meta-analysis of 75 studies. World
J Surg 2013; 37: 1051-1059 [PMID: 23440483 DOI: 10.1007/
s00268-013-1951-7]
Brinster CJ, Singhal S, Lee L, Marshall MB, Kaiser LR,
Kucharczuk JC. Evolving options in the management of
esophageal perforation. Ann Thorac Surg 2004; 77: 1475-1483
[PMID: 15063302 DOI: 10.1016/j.athoracsur.2003.08.037]
Søreide JA, Viste A. Esophageal perforation: diagnostic
work-up and clinical decision-making in the first 24 hours.
Scand J Trauma Resusc Emerg Med 2011; 19: 66 [PMID: 22035338
DOI: 10.1186/1757-7241-19-66]
Sepesi B, Raymond DP, Peters JH. Esophageal perforation:
surgical, endoscopic and medical management strategies.
Curr Opin Gastroenterol 2010; 26: 379-383 [PMID: 20473156
DOI: 10.1097/MOG.0b013e32833ae2d7]
Chirica M, Champault A, Dray X, Sulpice L, Munoz-Bongrand N, Sarfati E, Cattan P. Esophageal perforations. J Visc
Surg 2010; 147: e117-e128 [PMID: 20833121 DOI: 10.1016/
j.jviscsurg.2010.08.003]
Abbas G, Schuchert MJ, Pettiford BL, Pennathur A, Landreneau J, Landreneau J, Luketich JD, Landreneau RJ. Contemporaneous management of esophageal perforation. Surgery
2009; 146: 749-755; discussion 755-756 [PMID: 19789035 DOI:
10.1016/j.surg.2009.06.058]
D'Cunha J, Rueth NM, Groth SS, Maddaus MA, Andrade
RS. Esophageal stents for anastomotic leaks and perforations. J Thorac Cardiovasc Surg 2011; 142: 39-46.e1 [PMID:
21683837 DOI: 10.1016/j.jtcvs.2011.04.027]
Leers JM, Vivaldi C, Schäfer H, Bludau M, Brabender J,
Lurje G, Herbold T, Hölscher AH, Metzger R. Endoscopic
therapy for esophageal perforation or anastomotic leak
with a self-expandable metallic stent. Surg Endosc 2009; 23:
2258-2262 [PMID: 19184216 DOI: 10.1007/s00464-008-0302-5]
van Heel NC, Haringsma J, Spaander MC, Bruno MJ, Kuipers EJ. Short-term esophageal stenting in the management of benign perforations. Am J Gastroenterol 2010; 105:
1515-1520 [PMID: 20234349 DOI: 10.1038/ajg.2010.104]
Salminen P, Gullichsen R, Laine S. Use of self-expandable
metal stents for the treatment of esophageal perforations
and anastomotic leaks. Surg Endosc 2009; 23: 1526-1530
[PMID: 19301070 DOI: 10.1007/s00464-009-0432-4]
Fischer A, Thomusch O, Benz S, von Dobschuetz E, Baier P,
Hopt UT. Nonoperative treatment of 15 benign esophageal
perforations with self-expandable covered metal stents.
Ann Thorac Surg 2006; 81: 467-472 [PMID: 16427833 DOI:
10.1016/j.athoracsur.2005.08.047]
Freeman RK, Ascioti AJ. Esophageal stent placement for the
treatment of perforation, fistula, or anastomotic leak. Semin

15

16

17

18

19

20

21

22

23

24
25

Thorac Cardiovasc Surg 2011; 23: 154-158 [PMID: 22041048
DOI: 10.1053/j.semtcvs.2011.08.005]
Johnsson E, Lundell L, Liedman B. Sealing of esophageal
perforation or ruptures with expandable metallic stents:
a prospective controlled study on treatment efficacy and
limitations. Dis Esophagus 2005; 18: 262-266 [PMID: 16128784
DOI: 10.1111/j.1442-2050.2005.00476.x]
Kuppusamy MK, Hubka M, Felisky CD, Carrott P, Kline
EM, Koehler RP, Low DE. Evolving management strategies
in esophageal perforation: surgeons using nonoperative
techniques to improve outcomes. J Am Coll Surg 2011; 213:
164-171; discussion 171-172 [PMID: 21429768 DOI: 10.1016/
j.jamcollsurg.2011.01.059]
Koivukangas V, Biancari F, Meriläinen S, Ala-Kokko T, Saarnio J. Esophageal stenting for spontaneous esophageal perforation. J Trauma Acute Care Surg 2012; 73: 1011-1013 [PMID:
23026917 DOI: 10.1097/TA.0b013e318265d176]
Schweigert M, Solymosi N, Dubecz A, Stadlhuber RJ, Muschweck H, Ofner D, Stein HJ. Endoscopic stent insertion for
anastomotic leakage following oesophagectomy. Ann R Coll
Surg Engl 2013; 95: 43-47 [PMID: 23317727 DOI: 10.1308/003
588413x13511609956255]
Tuebergen D, Rijcken E, Mennigen R, Hopkins AM, Senninger N, Bruewer M. Treatment of thoracic esophageal
anastomotic leaks and esophageal perforations with endoluminal stents: efficacy and current limitations. J Gastrointest
Surg 2008; 12: 1168-1176 [PMID: 18317849 DOI: 10.1007/
s11605-008-0500-4]
Siersema PD, Homs MY, Haringsma J, Tilanus HW, Kuipers EJ. Use of large-diameter metallic stents to seal traumatic
nonmalignant perforations of the esophagus. Gastrointest
Endosc 2003; 58: 356-361 [PMID: 14528208]
Ben-David K, Lopes J, Hochwald S, Draganov P, Forsmark
C, Collins D, Chauhan S, Wagh MS, Carreras J, Vogel S,
Sarosi G. Minimally invasive treatment of esophageal perforation using a multidisciplinary treatment algorithm: a case
series. Endoscopy 2011; 43: 160-162 [PMID: 21234856 DOI:
10.1055/s-0030-1256094]
Yoon CJ, Shin JH, Song HY, Lim JO, Yoon HK, Sung KB. Removal of retrievable esophageal and gastrointestinal stents:
experience in 113 patients. AJR Am J Roentgenol 2004; 183:
1437-1444 [PMID: 15505317 DOI: 10.2214/ajr.183.5.1831437]
Song HY, Park SI, Do YS, Yoon HK, Sung KB, Sohn KH,
Min YI. Expandable metallic stent placement in patients
with benign esophageal strictures: results of long-term
follow-up. Radiology 1997; 203: 131-136 [PMID: 9122381 DOI:
10.1148/radiology.203.1.9122381]
Sung SW, Park JJ, Kim YT, Kim JH. Surgery in thoracic
esophageal perforation: primary repair is feasible. Dis Esophagus 2002; 15: 204-209 [PMID: 12444991]
Freeman RK, Ascioti AJ, Giannini T, Mahidhara RJ. Analysis of unsuccessful esophageal stent placements for esophageal perforation, fistula, or anastomotic leak. Ann Thorac
Surg 2012; 94: 959-964; discussion 964-965 [PMID: 22795060
DOI: 10.1016/j.athoracsur.2012.05.047]

P- Reviewer: Hsiao KCW, Meshikhes AWNN, Ross CS, Tam PKH
S- Editor: Ma YJ L- Editor: A E- Editor: Liu XM

WJG|www.wjgnet.com

10619

August 14, 2014|Volume 20|Issue 30|

World J Gastroenterol 2014 August 14; 20(30): 10620-10627
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i30.10620

© 2014 Baishideng Publishing Group Inc. All rights reserved.

RANDOMIZED CLINICAL TRIAL

Efficacy of morning-only 4 liter sulfa free polyethylene
glycol vs 2 liter polyethylene glycol with ascorbic acid for
afternoon colonoscopy
John M Rivas, Alejandro Perez, Marlow Hernandez, Alison Schneider, Fernando J Castro
John M Rivas, Alison Schneider, Fernando J Castro, Digestive Disease Center, Cleveland Clinic Florida, Weston, FL 33331,
United States
Alejandro Perez, Department of Gastroenterology, University
of Medicine and Dentistry of New Jersey, Stratford, NJ 08084,
United States
Marlow Hernandez, Department of Internal Medicine, Cleveland Clinic Florida, Weston, FL 33331, United States
Author contributions: Castro FJ, Rivas JM, Schneider A and
Perez A contributed to the design, acquisition of data, and drafting the article or revising it critically for important intellectual
content; Hernandez M, Castro FJ and Rivas JM participated in
the statistical analysis and interpretation of data; all authors approved the final version.
Correspondence to: Fernando J Castro, MD, Cleveland Clinic
Florida, Digestive Disease Center, 2950 Cleveland Clinic Blvd,
Weston, FL 33331, United States. castrof@ccf.org
Telephone: +1-954-6595646 Fax: +1-954-6595647
Received: January 4, 2014 Revised: March 27, 2014
Accepted: April 30, 2014
Published online: August 14, 2014

RESULTS: There was no difference in patient demographics amongst groups. 4-L SF-PEG resulted in better Ottawa scores compared to 2-L PEG + Asc, 4.2 vs
4.9 (P = 0.0186); left colon: 1.33 vs 1.57 respectively (P
= 0.0224), right colon: 1.38 vs 1.63 respectively (P =
0.0097). No difference in Ottawa scores was found for
the mid colon or amount of fluid. Patient satisfaction
was similar for both arms but those assigned to 4-L
SF-PEG reported less bloating: 23.1% vs 11.5% (P =
0.0235). Overall polyp detection, adenomatous polyp
and advanced adenoma detection rates were similar
between the two groups.
CONCLUSION: Morning only 4-L SF-PEG provided superior cleansing with less bloating as compared to 2-L
PEG + Asc bowel preparation for afternoon colonoscopy. Thus, future studies evaluating efficacy of morning
only preparation for afternoon colonoscopy should use
4-L SF-PEG as the standard comparator.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To compare the bowel cleansing efficacy of same
day ingestion of 4-L sulfa-free polyethylene glycol (4-L
SF-PEG) vs 2-L polyethylene glycol solution with ascorbic acid (2-L PEG + Asc) in patients undergoing afternoon colonoscopy.
METHODS: 206 patients (mean age 56.7 years, 61%
male) undergoing outpatient screening or surveillance
colonoscopies were prospectively randomized to receive either 4-L SF-PEG (n = 104) or 2-L PEG + Asc
solution (n = 102). Colonoscopies were performed by
two blinded endoscopists. Bowel preparation was graded using the Ottawa scale. Each participant completed
a satisfaction and side effect survey.
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Key words: Bowel preparation; Colonoscopy; Screening
colonoscopy; Colon cancer screening
Core tip: Same day preparation with 4-L sulfa-free
polyethylene glycol (4-L SF-PEG) for afternoon colonoscopy is more effective and better tolerated than
consumption the day prior. However, no study has
compared different bowel preparation solutions administered in their entirety in the morning of an afternoon
colonoscopy. We compared the cleansing efficacy and
patient satisfaction of same day ingestion of 4-L SFPEG vs 2-L PEG solution with ascorbic acid (Asc) in
patients undergoing afternoon colonoscopy. We found
4-L SF-PEG to provide superior cleansing with less
bloating as compared to 2-L PEG + Asc.
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INTRODUCTION
Colonoscopy is considered the gold standard test for early
detection and prevention of colorectal cancer[1-3]. A thorough cleansing of the colon is fundamental for an effective colonoscopy evaluation[4-9]. Inadequate bowel cleansing is associated with lower adenoma detection rates, reduced screening intervals, and patient dissatisfaction[7,8,10].
Furthermore, ineffective bowel preparation leads to
increases in costs, duration of procedure, and procedurerelated complications[11-17].
Earlier studies have reported that colonoscopies performed in the afternoon are associated with higher rates
of inadequate bowel preparation and consequently lower
rates of successful completion and adenoma detection[6].
Improvement in preparation quality could increase the
completion and success rates of afternoon procedures.
Our group previously assessed bowel cleansing adequacy
with 4-L polyethylene glycol and electrolytes (PEG +
ELS) preparation for afternoon colonoscopies, comparing its administration in the evening prior vs morning
of procedure. Morning only 4-L PEG + ELS preparation had superior bowel cleansing and resulted in less
bloating and sleep loss[18]. Unfortunately consumption
of 4-L PEG + ELS can be poorly tolerated by some
patients[19] as they may have trouble consuming such a
large volume[20,21]. As a result, 2-L PEG based solutions
have been introduced to improve patient compliance
and satisfaction with bowel preparations. The addition
of ascorbic acid to a 2-L PEG solution has been found
to work synergistically with the PEG solution via its osmotic effect and improves its taste[22,23].
The aim of this study was to compare the bowel
cleansing efficacy of same day ingestion of 4-L sulfa-free
PEG (SF-PEG) vs 2-L PEG solution with ascorbic acid
(PEG + Asc) in patients undergoing afternoon colonoscopy. In addition, we compared patient satisfaction, tolerability and side effects.

MATERIALS AND METHODS
Sample selection
Adult patients over 18 years of age evaluated at Cleveland Clinic Florida between October 2009 and November 2012 who were scheduled for an afternoon colonoscopy were evaluated for participation in the study.
Only outpatients who were scheduled for a screening or
surveillance colonoscopy at or after 1 PM were included
in the study. Patients with constipation, diarrhea, prior
colonic resection, suspicion of bowel obstruction, or any
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other indication for colonoscopy besides screening or
surveillance were excluded. Patients were recruited either
during an outpatient office visit to our gastroenterology
clinic or via phone. Informed consent was obtained from
all patients prior to enrollment. The study was approved
by the Institutional Review Board at Cleveland Clinic
Florida.
Patients were prospectively randomized by a computer generated random table to receive either 4-L SFPEG or 2-L PEG + Asc solution. We decided to use 4-L
SF-PEG to avoid the sulfate “rotten egg” taste of 4-L
PEG + ELS. Each packet of SF-PEG (NuLytely®) contains 405 g PEG 3350, 5.72 g sodium bicarbonate, 11.2
g sodium chloride, 1.48 g potassium chloride and one
2.0 g flavor pack. We selected 2-L PEG + Asc as studies have shown that PEG + Asc results in better colon
cleansing and higher adenoma detection rate than PEG
+ bisacodyl (Bis)[24]. Each liter of PEG + Asc (Moviprep®)
contains 100 g of PEG 3350, 7.5 g sodium sulfate, 2.7 g
sodium chloride, 1 g potassium chloride, 4.7 g Asc, 5.9 g
sodium ascorbate, and lemon flavoring. After randomization, study patients were given a prescription for either:
4-L SF-PEG solution or low volume 2-L PEG + Asc
solution.
Bowel preparation
All participants were given written and verbal bowel preparation instructions. Both groups had a normal breakfast
the day before their procedure followed by a clear liquid
diet for lunch and dinner. Participants in both arms were
instructed to begin drinking the preparation at 6 AM and
to finish by 10 AM the day of the procedure. Patients
randomized to 2-L PEG + Asc drank 16 ounces of clear
liquids after each liter of the preparation as recommended
by the manufacturer.
Endoscopic procedures
Colonoscopies were performed by one of two experienced endoscopists (> 6000 colonoscopies each) on staff
at the Cleveland Clinic Florida endoscopy unit. Gastroenterology fellows did not participate in these colonoscopies. High definition 140° field of view Fujinon colonoscopes (model EC-450HL5 and EC-450LS5), a Fujinon
digital processor (model EPX-4400), and a 32-inch LCD
monitor at a resolution of 1032 × 768 producing a 792,
576 pixel image (at a distance of approximately 2.8 m)
were used by both endoscopists for all colonoscopies. All
procedures were performed under anesthesiologist administered Propofol.
Endoscopists were blinded to the study group and
patients and nurses were told not to disclose which
preparation was received. Colonoscopy start time, cecal
intubation time, and withdrawal time were recorded by
the nursing staff and the physician. Bowel preparation
was graded using the Ottawa scale immediately after
concluding the procedure. Prior to beginning the study,
both endoscopists underwent a calibration exercise to
have concordance in bowel preparation scores. Anthropometric measures, indication for the procedure, and
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Recrulted n = 251

4-L SF-PEG
n = 125

2-L PEG + Asc
n = 126

Excluded
No show (n = 16)
Underwent morning procedures (n = 2)
Took bowel prep the night prior (n = 3)

Excluded
No show (n = 16)
Underwent morning procedures (n = 4)
Took bowel prep the night prior (n = 4)

Per protocol
n = 104

Per protocol
n = 102

Completers
n = 104

Completers
n = 102

Figure 1 Study design. SF-PEG: Sulfa-free polyethylene glycol; PEG + Asc: Polyethylene glycol solution with ascorbic acid.

findings were recorded by each endoscopist at the time
of the colonoscopy.
Data collection
Upon arrival at the endoscopy unit, patients received a
short 15 item survey, which included demographics and
questions regarding: potential adverse events, taste, and
overall satisfaction of bowel purge solution. Patients
were asked to rate survey questions on a 5-point Likert
scale of (1 = Strongly agree, 2 = Agree, 3 = Disagree, 4
= Strongly disagree, 5 = N/A).
The Ottawa bowel preparation scale[25] was used to
grade the quality of the bowel preparation. In this scale,
the colon is divided in three segments (right, middle, and
left) and each receives a numerical score on a 5-point
scale (0-4). A perfect preparation is defined by a score
of 0, whereas, a score of 1 is given if there is clear liquid
that does not require suction. A score of 2 correlates to
finding liquid that must be suctioned to see the colon
wall, a three is equivalent to encountering stool that must
be flushed before it can be suctioned and a four is given
when there is presence of stool that is not washable. The
overall amount of colonic fluid encountered at the time
of colonoscopy is graded using a 3-point scale (0-2). No
significant fluid is defined by a score of 0, whereas, a large
amount of fluid is equivalent to a score of 2. The total
Ottawa score is determined by adding up the three segments (0-12) plus the fluid score (0-2).
Collected data was verified with electronic medical
records, procedure nursing notes and procedure reports.
The number of polyps recorded on the procedure reports corroborated with pathology and nursing notes.
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The main outcome parameter was bowel cleanliness as
measured by the Ottawa scale. Secondary outcome measures included: patient satisfaction and adverse events,
polyp detection rate, adenoma detection rate and advanced adenomas. Advanced adenoma was defined as
adenomatous polyps having one or more features of: > 1
cm in diameter, high-grade dysplasia, or villous histology.
Statistical analysis
The sample size was calculated using effect size of 0.3,
α of 0.05, power of 0.95, and degree of freedom equal
to 1. This resulted in a minimum of 145 patients to
show difference between adequacies of bowel preparation between the study groups. Patients who cancelled
their colonoscopy or were protocol violations were not
included in the statistical analysis. Continuous variables
are summarized as mean, with their respective standard
deviation. Discrete variables are summarized as frequency (percentage). Total Ottawa scores were tested for
skewness, kurtosis, and normal distribution (using D’
Agostino-Pearson test). Ottawa Score was plotted on receiver operative curve against the outcome of polyp detection. Hypothesis testing for continuous variables was
accomplished through t tests. Categorical variables were
tested using Pearson’s χ 2. Odds ratios were reported with
ninety-five percent confident intervals. When comparing
outcomes between 4-L SF-PEG and 2-L of PEG + Asc,
the OR were adjusted for; age, gender, and body mass
index (BMI). For all statistical analysis, a P value of less
than or equal to 0.05 was considered statistically significant. All statistical calculations were made using Medcalc
2011 software (Mariakerke, Belgium).
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Table 1 Demographics and baseline characteristics
4-L SF-PEG
n = 104
Age
BMI
Gender (% male)
Had prior colonoscopy
Race:
African American
White
Hispanic
Other
Reason for colonoscopy:
Screening
History of polyps
1st Degree relative with colon
CA
Household income:
< $25K
$25-75K
$75K
$100K
Education (highest level):
Post-graduate
College
High school
Middle school
Elementary school
Time of colonoscopy:
1-2 PM
2-3 PM
3-4 PM
4-5 PM

Table 2 Colonoscopy data

2-L PEG + P value
Asc n = 102

4-L SF-PEG
n = 104

Mean
SD
Mean
SD
55.933 7.6161 57.402 7.9892 0.1781
29.237 6.6711 29.266 5.4687 0.9729
59.6%
62.7%
0.6450
43.7%
44.0%
0.5537
8.7%
29.8%
53.8%
7.3%

7.8%
42.2%
43.1%
6.9%

0.8719
0.0836
0.1365
0.7767

65.4%
24.0%
10.0%

65.6%
28.4%
6.0%

0.3251
0.7241
0.0311

6.52%
32.6%
23.9%
37%

9.28%
25.8%
20.6%
44.3%

0.4958
0.2327
0.5502
0.2153

27.7%
55.3%
13.8%
3.19%
0%

30.2%
51.0%
16.7%
1.4%
1.4%

0.5616
0.4707
0.5815
0.2892
0.9940

35%
35%
23%
8%

33%
31%
28%
7%

0.8460
0.6206
0.3801
0.8187

Ottawa scores:
O-F
O-L
O-M
O-R
O-T
OT < 6 - optima prep
Polyp detection rate
Total polyps found
Adenomas
Advanced adenomas

Mean

SD

Mean

SD

P value

0.635
1.327
0.875
1.375
4.212
84%
59.6%
1.25
38%
10.6%

0.6241
0.7688
0.8324
0.6853
1.9690

0.618
1.569
1.029
1.627
4.853
61%
55.9%
1.216
37%
7.8%

0.6607
0.7381
0.8139
0.7025
1.9109

0.8499
0.0224
0.1799
0.0097
0.0186
0.0003
0.5877
0.8719
0.8583
0.4932

1.5057

1.5455

SF-PEG: Sulfa-free polyethylene glycol; PEG + Asc: Polyethylene glycol
solution with ascorbic acid.

SF-PEG: Sulfa-free polyethylene glycol; PEG + Asc: Polyethylene glycol
solution with ascorbic acid.

RESULTS
Demographics
A total of 251 patients consented for the study and 45
of these were excluded either due to a protocol violation
(n = 13) or canceling the procedure (n = 32) (Figure 1).
Protocol violations included: changing appointment to
the morning (n = 6), or not following colon preparation
instructions as patient took the bowel preparation the
night prior to procedure (n = 7). The study population
consisted of 206 patients with 104 receiving 4-L SFPEG and 102 receiving 2-L PEG + Asc.
Mean age was 56.7 years with 61% males. Forty-nine
percent of patients identified themselves as Hispanic
and 36% as white. Patients were predominantly educated
with 82% having at least some college education. Mean
BMI was 29.25 (Table 1). There was a similar distribution of age, gender, race/ethnicity, household income,
level of education and BMI among the study groups
(Table 1). Forty-four percent of patients had undergone
a previous colonoscopy and these were evenly distributed between the intervention arms. Sixty-eight percent of
the procedures began prior to 3 PM and the start time
was similar for both study groups.
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2-L PEG + Asc
n = 102

Colonoscopy data
A total of 193 procedures were performed by one endoscopist and the remaining 13 procedures by our second endoscopist. The cecum was reached in all patient
procedures. Eight patients required shortening of future
screening interval due to unsatisfactory preparation quality (5 assigned to 4-L SF-PEG and 3 to 2-L PEG + Asc).
As can be seen in Table 2, 4-L SF-PEG resulted in lower
overall Ottawa scores compared to 2-L PEG + Asc (4.2
vs 4.9), (P = 0.0186). The mean Ottawa score for the left
colon was statistically lower for 4-L SF-PEG vs 2-L PEG
+ Asc (1.33 vs 1.57 respectively, P = 0.0224). The mean
Ottawa score for the right colon was also statistically
lower for 4-L SF-PEG vs 2-L PEG + Asc, 1.38 vs 1.63
respectively (P = 0.0097). There was no difference in Ottawa scores for the mid colon or total amount of fluid
(Table 2).
There was no difference with regards to total polyp
detection, adenoma detection or advanced adenoma detection rates between the two arms (Table 2). The mean
adenoma detection rate in 4-L SF-PEG vs 2-L PEG +
Asc was 38% vs 37%, respectively. The mean advanced
adenoma detection rate for those receiving 4-L SF-PEG
vs 2-L PEG + Asc was 10.6% vs 7.8%, respectively. Although there was no absolute total Ottawa score that resulted in a statistically significant higher polyp detection
rate, there was a trend towards an Ottawa score less than
6 resulting in higher polyp detection. Therefore, if we
define optimal preparation as an Ottawa score less than
6 this score resulted in better cleansing in the 4-L SFPEG group (84% vs 61%; P = 0.0003). The 4-L solution
was also more likely to result in optimal preparation for
total scores lower than 5 (64% vs 46%); P = 0.019. At
Ottawa scores of less than seven, there was still a trend
favoring 4-L SF-PEG (P = 0.072).
The majority of colonoscopies were started between
1 PM and 3 PM, with 70 cases started between 1 PM
and 2 PM, 68 cases started between 2 PM and 3 PM, and
53 cases between 3 PM and 4 PM. Only 4 cases started
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Table 3 Patient satisfaction survey

Patient who drank entire amount of bowel preparation
Patients who would choose bowel prep again
Patients who would recommend their bowel preparation
Patients who felt that the flavor of their bowel prep was pleasant
Patients satisfied with their bowel preparation process
Patients who had difficulty completing their prep
Symptoms:
Bloating
Abdominal pain
Nausea
Vomiting

4-L SF-PEG
n = 104

2-L PEG +Asc
n = 102

Mean
78.60%
78.40%
82.70%
70.90%
89.40%
25.00%

Mean
92.20%
86.10%
86.30%
59.80%
90.20%
22.00%

P value

11.50%
1.00%
23.10%
2.90%

23.1
1.90%
21.20%
3.80%

0.0235
0.5495
0.7949
0.6813

0.0142
0.1882
0.4788
0.0899
0.3183
0.6688

SF-PEG: Sulfa-free polyethylene glycol; PEG + Asc: Polyethylene glycol solution with ascorbic acid.

after 4 PM. Start times did not influence the total Ottawa
score or for any individual segment (data not shown).
Patient questionnaire data
Data collected from the patient’s questionnaire is summarized in Table 3. Patients randomized to 4-L SF-PEG
were less likely to drink the entire amount (79% vs 92%); P
= 0.0142. Only one patient from the 4-L SF-PEG group
did not consume at least 50% of the bowel preparation.
There was no difference in patient satisfaction among the
study groups as measured by multiple questions assessing this. However, those randomized to 4-L experienced
less bloating than those who received the 2-L PEG + Asc
solution (11.5% vs 23.1%), (P = 0.0235). There was a nonsignificant trend towards reporting a better taste in those
who received 4-L SF-PEG (P = 0.0899).

DISCUSSION
This prospective, randomized, single-blinded study is the
first study comparing the efficacy of same day 4-L SFPEG vs 2-L PEG + Asc bowel preparation for afternoon
colonoscopy. 4-L SF-PEG solution provided superior
cleansing as measured by the total Ottawa score and the
right and left colon segments. We found no difference
in patient satisfaction between the groups but observed
less bloating in those that received 4-L SF-PEG.
Afternoon colonoscopies have been reported to have
a higher rate of inadequate bowel preparation and failure
to complete the procedure[6]. Contrary to these reports,
we were able to reach the cecum in all colonoscopies
and only eight patients were recommended a shortened
follow up screening interval because of inadequate
bowel preparation. This data expands on the efficacy of
same day bowel preparation regimen for afternoon colonoscopy previously reported by our group[18]. Improved
visualization of the right colon seen with 4-L SF-PEG is
particularly important given the potential of missed lesions in this segment[26].
For morning colonoscopies, multiple studies have demonstrated PM/AM split dose PEG administration to be
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superior to day prior full dose preparation in quality of
bowel preparation and willingness to repeat same purgative[27]. These reports have led the American College of
Gastroenterology to recommend split-dose bowel preparation[28]. For afternoon colonoscopies, however, there
is the option of taking the purgative in its entirety in the
morning or using a split dose regimen. Although data is
limited, existing literature favors morning only preparation for afternoon procedures as opposed to split dose
preparation. A study comparing split vs same day sodium
picosulfate found same day preparation resulted in better
mucosal cleansing with fewer side effects. Another study
using split vs same day PEG described similar cleansing
efficacy with lower incidence of abdominal pain, superior
sleep quality, and less interference with workday in those
who received same day preparation[29,30].
There are no published studies comparing different
bowel preparation regimens administered in their entirety
in the morning of an afternoon procedure but there are
two studies comparing split dose 4-L PEG + ELS (non
sulfa free) vs 2-L PEG + Asc. The first was published
by Ell et al[31] and included 306 patients randomized to
split dose PM/AM 4-L or 2-L solutions. Mucosal cleansing of 2-L PEG + Asc was non-inferior to 4-L PEG +
ELS. In addition, acceptability and taste were better for
low volume 2-L PEG + Asc. However, the study’s target
population was inpatients, which as mentioned by the
authors, probably included more frail and elderly patients
than would be seen in the general screening population.
A second study by Corporaal et al[32] compared these two
preparations in outpatients undergoing screening and diagnostic colonoscopies. Although not statistically significant, patients who took 4-L PEG + ELS solutions had
higher overall successful bowel cleansing than 2-L PEG
+ Asc, 96% vs 90.6% respectively with no differences
in patient satisfaction, taste or side effects. In addition,
a recent meta-analysis combined these two studies and
found 4-L split dose PEG to yield significantly better
excellent or good preparations (OR = 2.27)[33].
Similar to Corporaal et al[32], we found no statistically
significant difference in patient satisfaction between 2-L
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PEG + Asc and 4-L PEG. Patients who took the 4-L
SF-PEG preparation reported significantly lower rates
of bloating and a trend towards a better flavor (P =
0.08). The 2-L PEG + Asc preparation may have caused
more bloating because it contains the artificial sweetener
aspartame, which may not be well tolerated by some
individuals. Another possible explanation may be the
presence of ascorbic acid which can cause abdominal
cramps.
Our study showed no significant difference in regards
to total polyp detection or adenoma detection between
the two groups. A larger study population would be required to evaluate differences in polyp detection rate. We
were able to find a statistical trend towards an Ottawa
score lower than 6 resulting in higher polyp detection
and these scores were more frequently found in the 4-L
SF-PEG group.
The strengths of this study lie in its design. The study
was prospective, randomized, and single blinded. Confounding factors were accounted for by either excluding
symptomatic patients or evaluating variables that have
been reported to affect the quality of the preparation
such as BMI and level of education. Having only two
endoscopists grade bowel preparation diminished interobserver variability. Additionally, most of the procedures
were performed by one endoscopist (193 out of 206),
which also decreases inter-observer variability. Many
bowel preparation studies use non validated scales or
modified versions of validated scales. We used a validated scale to judge bowel preparation, the Ottawa scale,
because it is based on objective maneuvers that are required to achieve adequate cleansing such as suctioning
or washing whereas other scales evaluate mucosal visibility after cleansing maneuvers are performed. Lastly,
it should be noted that no pharmaceutical companies
sponsored this study.
We also recognize that the study has several limitations. There was a pre-selected patient sample because
we needed patient consent. Therefore, these patients
were willing to consume the 4-L SF-PEG solution,
which may not reflect the willingness of the general
population[33]. Another limitation is that there was not a
significant time interval between 2-L PEG + Asc doses.
We chose to do this because we felt that long time lags
would have resulted in significantly more hours of sleep
lost and inconvenience. This could have negatively affected patient satisfaction and bowel preparation compliance. Finally, the time at which the preparation was
finalized was not evaluated. A recent study by Seo et al[34]
found the optimal interval between the last dose of the
agent and colonoscopy start time to be between 3 to 5
h. Nevertheless we found no difference in the quality
of the preparation between earlier and later afternoon
procedures and colonoscopy start times were similar for
both groups.
In conclusion, this is the first study comparing two
different methods of bowel preparation (4-L SF-PEG
vs 2-L PEG + Asc) administered in their entirety on the
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same day of an afternoon colonoscopy. Although both
preparations achieve adequate bowel preparation, 4-L
SF-PEG solution resulted in overall superior cleansing
effects as well as in the right and left colon with less associated bloating. There was no difference in patient
satisfaction. Based on our findings, we suggest that
future studies evaluating morning only preparation for
afternoon colonoscopy should use 4-L SF-PEG as the
standard comparator.
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BCS patients treated with different treatment modalities. The treatment modalities include surgery (n =
8625), interventional treatment (n = 13940), surgery
combined with interventional treatment (n = 363),
medical therapy (n = 277), other treatments (n = 91),
and no treatment (n = 56). After 2005, the number
of BCS patients treated with surgery was drastically
decreased, but the number of BCS patients who underwent interventional treatment was almost maintained.
Shunt surgery was the most common type of surgery (n
= 3610). Liver transplantation was rarely employed (n
= 2). Balloon angioplasty with or without stenting was
the most common type of interventional treatment (n =
13747). Transjugular intrahepatic portosystemic shunt
was rarely employed (n = 81).
CONCLUSION: Selection of treatment modalities for
BCS might be different between China and Western
countries. Further work should be necessary to establish a unanimous therapeutic strategy for BCS in China.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To evaluate the frequency of use of various treatment modalities for Budd-Chiari syndrome (BCS) in
China by conducting a preliminary survey of relevant
literature.
METHODS: All papers regarding the treatment of
BCS in Chinese patients were identified by searching
PubMed, Chinese Scientific and Technological Journal,
and China National Knowledge Infrastructure databases. Data regarding the number of BCS patients treated
with different treatment modalities over time were
collected. The proportions of BCS patients undergoing
various treatment modalities were calculated.
RESULTS: Overall, 300 of 3005 papers initially retrieved were included. These papers included 23352
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Key words: Budd-Chiari syndrome; Treatment; Surgery;
Percutaneous recanalization; Transjugular intrahepatic
portosystemic shunt
Core tip: This preliminary survey of published literature
demonstrated that the selection of treatment modalities for Budd-Chiari syndrome (BCS) might be different
between China and Western countries. Balloon angioplasty with or without stenting, also known as percutaneous recanalization, was the most common treatment
modality for BCS in China.
Qi XS, Ren WR, Fan DM, Han GH. Selection of treatment
modalities for Budd-Chiari Syndrome in China: A preliminary
survey of published literature. World J Gastroenterol 2014;
20(30): 10628-10636 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10628.htm DOI: http://dx.doi.
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INTRODUCTION
In 1845, George Budd, a British internist, for the first
time described the classic clinical triad of abdominal
pain, hepatomegaly, and ascites in three patients with
hepatic venous thrombosis secondary to abscess-induced
phlebitis[1]. In 1899, Hans Chiari, an Austrian pathologist,
documented the histological features of another three
cases with obliterative endophlebitis of the large hepatic
veins[2]. Subsequently, the nomenclature for Budd-Chiari
syndrome (BCS) originated from the family names of the
two famous doctors[3]. Recently, the European Group for
the Study of Vascular Disorders of the Liver standardized the definition of BCS as the hepatic venous outflow
obstruction at any level from the small hepatic veins to
the junction of the inferior vena cava and the right atrium[4]. Notably, right heart failure, constrictive pericarditis
or hepatic veno-occlusive disease (also known as sinusoidal obstruction syndrome) should be excluded from the
definition of BCS[5].
Accumulated evidence demonstrated that the causes
of BCS might be substantially different between Western
countries and China. For example, more than 80% of
Western patients had at least one thrombotic risk factor[5-7]; by contrast, thrombotic risk factors were rarely
observed in Chinese patients[8-13]. In addition, the obstructive location was the hepatic vein in most of Western patients; contrarily, the combined obstruction of the
hepatic vein and inferior vena cava was more common in
Chinese patients[14]. Accordingly, it could be hypothesized
that the different causes and types of obstruction might
lead to the difference in the selection of treatment modalities for BCS between the two regions.
Although China might have the largest number of
BCS patients in the world[15], no data have been systematically presented regarding the selection of treatment
modalities for BCS in China. Herein, we conducted a
preliminary survey of literature to evaluate the frequency
of use of various treatment modalities for BCS in China.

MATERIALS AND METHODS
Literature retrieval
As previously described[10,15,16], the PubMed database, the
Chinese Scientific and Technological Journal (VIP) database, and the China National Knowledge Infrastructure
database were searched from the database inception to
February 20, 2012. The search items were the combination of “Budd Chiari” and “China”[15].
Literature identification
First, all full text copies of retrieved articles were obtained. Papers that were falsely or repetitively recorded in
the three databases were excluded.
Second, papers regarding neither Chinese nor BCS
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patients were excluded.
Third, the clinical studies were identified. The other
types of papers, such as notification, book review, biography, news report, quiz, review, editorial, conference paper
and experimental studies, were excluded.
Fourth, the redundant papers from the covert duplicate publication and plagiarism were excluded.
Fifth, the clinical studies regarding the treatment of
BCS were included. The clinical studies regarding other
fields, such as anaesthesia, clinical or radiological diagnosis and features, epidemiology, etiology, hemodynamics,
infertility and pregnancy in BCS, interventional or surgical techniques, laboratory tests, liver cancer and BCS,
nursing, pathology of BCS, perioperative management,
postoperative complications and prognosis, were also
excluded. Additionally, case reports (< 10 patients) were
excluded.
Sixth, among the studies with overlapping data, the
studies with more extensive enrollment period and larger
sample size were finally included in the present systematic
review.
Data extraction
The primary items included first author’s region and affiliation, year of publication, number of patients, treatment modalities (i.e., surgery, interventional treatment,
combination of interventional treatment and surgery,
medical treatment, other treatments or no treatment)
and type of surgery and interventional treatment. The
secondary items included sex and age of patients, type of
BCS, treatment-related complications and death, efficacy,
follow-up time and survival. Notably, because most of
included papers reported the combined outcome of various treatment modalities (i.e., interventional treatment
and surgery) in patients with different types of BCS, it
is often impossible for the review authors to extract the
data regarding the safety and efficacy of individual treatment modality.
Data analysis
The data were reported in text and Excel table. The number and percentage of BCS patients treated with different treatment modalities and the number of BCS papers
according to the publication year were shown in bar and
line charts. Additionally, the frequencies of use of different types of surgery and interventional treatment were
shown in pie charts.

RESULTS
Characteristics of included papers
A total of 3005 papers were initially retrieved from the
three databases. Among them, 300 papers were included
in the systematic review (Figure 1). The number of BCS
papers and patients reported gradually increased over
time (Figure 2). Notably, the numbers of BCS papers and
patients reported during the period of 2003-2005 were
the largest. Additionally, the majority of BCS papers were
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filiations (Table 1). Notably, the First Affiliated Hospital
of Zhengzhou University (Zhengzhou, Henan province)
had the largest number of papers per affiliation (n = 33).

3005 papers retrieved in the databases
112 in PubMed; 1332 in VIP; 1561 in CNKI

Treatment modalities
A total of 23352 BCS patients treated with various treatment modalities were reported in these included papers.
The treatment modalities include surgery (n = 8625),
interventional treatment (n = 13940), surgery combined
with interventional treatment (n = 363), medical therapy
(n = 277), other treatments (n = 91) and no treatment (n
= 56). The trend in the number of BCS patients treated
with various types of treatment modalities over time is
described in Figure 4A. Before 2005, the number of BCS
patients treated with surgery and interventional treatment
gradually increased over time. Since then, the number of
BCS patients treated with surgery drastically decreased,
but the number of BCS patients who underwent interventional treatment was almost maintained. Before 1996, the
number of BCS patients treated with surgery was larger
than that with interventional treatment (610 vs 220). However, this case was reversed after 1996 (8015 vs 13720).
The trend in the percentage of BCS patients treated
with various types of treatment modalities over time is
descried in Figure 4B. Notably, the percentage of BCS
patients treated with surgery persistently decreased; contrarily, the percentage of BCS patients who underwent
interventional treatment gradually increased.

709 papers excluded
4 - falsely recorded in the databases
705 - repetitively recorded in the databases

382 papers excluded
98 - non-Chinese or non-BCS patient
284 - non-original paper (biography, book review,
conference paper, editorial, experimental study,
news report, notification, quiz, review)

1914 papers remained

96 papers excluded
94 - redundant papers in duplicate publication
2 - plagiarism

1818 papers remained

1396 papers excluded
35 - anaesthesia
795 - case reports
75 - clinical diagnosis and features of BCS
8 - epidemiology of BCS
32 - etiology of BCS
9 - liver cancer and BCS
24 - hemodynamics of BCS
6 - infertility and pregnancy in BCS
3 - interventional or surgical techniques
17 - laboratory tests of BCS
104 - nursing
6 - pathology of BCS
6 - perioperative management of BCS
18 - postoperative complications
2 - prognosis of BCS
254 - radiological diagnosis of BCS
2 - others

Type of surgery
The proportion of BCS patients treated with various
types of surgery is described in Figure 5. The most common type of surgery used in China was shunt surgery (n
= 3610), followed by radical resection of membrane and/
or thrombus (n = 2560), trans-right atrium finger or balloon membranotomy with or without stenting (n = 1332),
and others (n = 1123). Notably, liver transplantation was
rarely employed (n = 2). Additionally, the proportion of
BCS patients treated with various types of shunt surgery
is described in Figure 6. Meso-caval, meso-cavo-atrial,
meso-atrial, meso-jugular, meso-cavo-jugular, and mesobrachiocephalic vein shunts were the most common
types of shunt surgery (n = 1897).

422 case series regarding treatment of BCS

Type of interventional treatment
The proportion of BCS patients who underwent various
types of interventional treatment is described in Figure 7.
Balloon angioplasty with or without stenting, also known
as percutaneous recanalization, was the most common
type of interventional treatment (n = 13747). However,
transjugular intrahepatic portosystemic shunt (TIPS) in
combination with or without percutaneous recanalization
was rarely employed (n = 81).

122 papers with overlapping data excluded

300 papers included

Figure 1 Flow chart for literature identification. BCS: Budd-Chiari syndrome.

written by researchers from Henan (35%), Shandong
(15%), Jiangsu (12%), Beijing (9%) and Anhui (5%) provinces (Figure 3). These papers were produced by 151 af-
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DISCUSSION
To date, no randomized controlled trials regarding the
selection of treatment modalities for BCS have been
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Figure 2 Numbers of Budd-Chiari syndrome papers (A) and patients (B) according to the year of publication. BCS: Budd-Chiari syndrome.

performed due to the rarity of this disease[4-7,17]. Accordingly, the current American Association for the Study of
Liver Diseases recommendations and European Group
for the Study of Hepatic Vascular Diseases consensus for
the treatment of BCS originate from results of cohort
studies and expert opinions[4,7]. In Western countries, a
step-wise therapeutic strategy aimed at minimal invasiveness has been developed and widely employed[18-20]. This
strategy mainly consists of four major steps. First, anticoagulation is employed for the recanalization of hepatic
venous thrombosis and prevention of recurrent thrombosis, and diuretics is used for the treatment of ascites.
Second, percutaneous recanalization of hepatic veins
and/or the inferior vena cava is attempted in cases of
failure of medical therapy. Third, TIPS is performed in
the absence of response to previous therapy. Fourth, liver
transplantation is further considered in patients with progressive diseases. Recently, a large prospective case series
has confirmed the efficacy of the therapeutic strategy in
Western BCS patients[19,20]. Importantly, medical therapy
and TIPS placement have become the mainstay treatment
options for BCS in Western countries. The proportions
of BCS patients treated with medical therapy, percutaneous recanalization, TIPS and liver transplantation are
40%, 10%, 40%, and 10%, respectively[19,20]. In addition, it
should be noted that surgery has been gradually replaced,
and percutaneous recanalization is infrequently used for
the management of BCS.
Whether or not Western experiences should be ex-
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trapolated to the management of Chinese BCS patients
remains unclear. However, the fact suggests that the
treatment selection seems to be different between Western countries and China. Our single-center case series of
177 BCS patients has recently demonstrated that percutaneous recanalization alone can achieve excellent longterm patency and survival in most Chinese patients with
BCS[21]. The safety and efficacy of balloon angioplasty
with or without stent-placement in Chinese patients are
further confirmed by a larger experience of 903 cases
treated with endovascular techniques[22]. Additionally, a
Chinese single-center case series of 1360 BCS patients
shows that the patients treated with surgery have excellent long-term survival with low perioperative death and
complication rates[23]. The wide application of surgery
and percutaneous recanalization in China is ascertained
by a multi-center experience of 2564 patients[24]. Thus,
the substantial discrepancy in the selection of treatment
modalities impels us to further conduct the present study.
To the best of our knowledge, this study is the first
systematic analysis of the literature regarding the selection of treatment modalities for BCS in China. Several
important findings are as follows.
First, more than 20000 Chinese BCS patients treated
with various treatment modalities have been reported.
Second, surgery and interventional treatment are the
most common treatment modalities for BCS in China.
Currently, interventional treatment is more common than
surgery in Chinese BCS patients.

10631

August 14, 2014|Volume 20|Issue 30|

Qi XS et al . Management of BCS in China
Number of papers in different regions
Chongqing

3

Zhejiang Province

3

Yunnan Province

1

Xinjiang Province

1

Tianjin

2

Taiwan

1

Sichuan Province

1

Shanghai

5

Shaanxi Province

6

Shanxi Province

3

Shandong Province

46

Liaoning Province

9

Jiangxi Province

3

Jiangsu Province

35

Inner Mongolia

1

Hunan Province

5

Hubei Province

6

Heilongjiang Province

2

Henan Province

104

Hebei Province

9

Guangxi Province

1

Guangdong Province

10
27

Beijing
Anhui Province

16
0

20

40

60

80

100

Figure 3 Number of Budd-Chiari syndrome papers according to the region.

Table 1 Number of affiliations with different number of
papers
Item

Number of affiliations

No. papers = 1
No. papers = 2
No. papers = 3
No. papers = 4
No. papers = 6
No. papers = 7
No. papers = 8
No. papers = 9
No. papers = 10
No. papers = 12
No. papers = 33

102
26
8
6
2
2
1
1
1
1
1

Third, unlike Western patients, very few Chinese
patients are treated with medical therapy alone or liver
transplantation. Surgical shunt, especially meso-caval,
meso-cavo-atrial, meso-jugular, or meso-brachiocephalic
vein shunt, is the most common type of surgery used in
China. The reason why medical therapy alone is rarely
employed in China might be attributed to the two following points: (1) In contrast with Western BCS patients who
often have HV thrombosis, IVC obstruction is frequently
observed in Chinese BCS patients. Anticoagulation therapy appears to be less effective for the recanalization of
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IVC obstruction; and (2) Most of Chinese patients have a
relatively chronic disease course and live in poverty. Only
if they present with relatively severe symptoms, these patients would be referred to the hospital and treated with
more invasive treatment modalities.
Fourth, unlike Western patients, very few Chinese
patients are treated with TIPS. Balloon angioplasty with
or without stenting is the most common interventional
treatment modality used in China. This inconsistent
phenomenon might be explained by the three following points. First, TIPS procedure is applied only in some
highly experienced interventional radiological centers[25],
rather than widely in all Chinese medical centers[26,27]. By
comparison, shunt surgery remains a mainstay treatment
modality for BCS in China[23,24]. Second, percutaneous recanalization could achieve a relatively excellent outcome
in Chinese BCS patients[21,22,28]. Thus, TIPS might be unnecessary in most of cases. Finally, the site of obstruction and etiological distribution are potentially different
between China and Western countries[8-13].
Fifth, liver transplantation is rarely employed in BCS
patients. This might be associated with a very high cost of
this surgery for poor Chinese BCS patients and the shortage of donor organs. Collectively, our findings suggest
that China may have a relatively large number of BCS patients treated, and the preferred treatment modalities for
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Proportion of patients treated with different type of surgery
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Radical resection of membrane and/or thrombus
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Figure 5 Proportion of patients treated with different types of surgery.

BCS are different between Western countries and China.
Our study has several strengths. First, literature retrieval is comprehensive, and one English-language database and two Chinese-language databases were searched.
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Second, all full-text copies are reviewed to avoid omitting
the potentially eligible articles. Third, the eligibility criteria
are strict. The papers unrelated to the treatment of BCS,
as well as those with overlapping data, are excluded.
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Figure 6 Proportion of patients treated with different types of shunt surgery.
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Unidentified type of interventional treatment
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TIPS with or without balloon angioplasty

98.62%

Figure 7 Proportion of patients treated with different types of interventional treatment. TIPS: Transjugular intrahepatic portosystemic shunt.

Several limitations should be also clarified as follows.
First, the number of BCS patients reported in the published literature may not fully reflect the actual number
of BCS patients treated in the real world. Thus, the number of BCS patients might be underestimated. Certainly,
the difficulty of performing a nationwide investigation is
huge. Second, the major goal of this preliminary survey
is just to analyze the frequency of use of various treatment modalities. But we have to acknowledge that other
important issues, such as the safety and efficacy of various treatment modalities and prognosis of BCS patients,
are not evaluated due to the difficulty in data collection.
Indeed, we initially intended to collect the data regarding
the efficacy and safety. However, the work was largely restricted by the following aspects: (1) type of BCS, followup length, and criteria for assessing the efficacy and safety
were different among studies; (2) only the combined
outcomes of all treatment modalities were reported in
studies in which the patients underwent different treatment modalities, but the separate outcome of individual
treatment modality could not be extracted; and (3) the
information regarding the number of patients who were
lost to follow-up was often unavailable.
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In conclusion, this preliminary survey shows the following features of the selection of treatment modalities
in Chinese BCS patients: (1) medical therapy alone is
infrequently used in China; (2) balloon angioplasty with
or without stenting is the preferred treatment modality in
China, but TIPS placement is rarely employed; (3) liver
transplantation is very rare in China; and (4) although the
number of patients treated with surgery gradually decreases, surgery remains the mainstay treatment modality.
Given the substantial difference in the selection of treatment between China and Western countries, further work
should be conducted to establish a unanimous therapeutic strategy for BCS in China.
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Abstract
Splenic hamartoma (SH) is a rare benign tumor usually
detected accidentally, which is composed of an aberrant
mixture of normal splenic elements. Here, we report
a case of 54-year-old man who presented with symptomatic multinodular SH and was admitted initially for
thrombocytopenia and anemia. Physical examination
revealed that the patients had an anemic appearance
and palpable spleen, extending 10 cm below the costal
margin. Preoperative ultrasound and computed tomography (CT) indicated splenomegaly with multinodular
lesions. On enhanced CT scanning, during the arterial
phase, the lesions demonstrated inhomogeneous enhancement, and in the portal phase the lesions were
more hyperdense than the splenic parenchyma. The
images were highly suggestive of a metastatic tumor.
Splenectomy was performed 1 wk later. The tumor was
eventually diagnosed as SH according to the morphological features and immunohistochemical detection,
by which CD34 was positive in lining cells and some

WJG|www.wjgnet.com

spindle cells, vimentin was positive in the tumor, factor-Ⅷ-related antigen was positive multifocally in lining
cells, and smooth muscle actin was positive in some
spindle cells. Thrombocytopenia and anemia were
cured after splenectomy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Splenic; Hamartoma; Splenectomy; Diagnosis; Symptoms
Core tip: Splenic hamartoma (SH) is a rare benign
tumor that is usually detected accidentally. This case
represents one of the largest SHs reported in the literature, and we report the use of immunohistochemistry
as a tool to confirm the diagnosis. Thrombocytopenia
and anemia were cured after splenectomy.
Wang RT, Xu XS, Hou HL, Qu K, Bai JG. Symptomatic
multinodular splenic hamartoma preoperatively suspected as
metastatic tumor: A case report. World J Gastroenterol 2014;
20(30): 10637-10641 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i30/10637.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i30.10637

INTRODUCTION
Splenic hamartoma (SH) is a rare benign tumor composed of an aberrant mixture of normal splenic elements. It is usually a single lesion, with rare occurrence
of multiple or diffuses lesions[1,2]. Most patients are asymptomatic, with no specific imaging findings, making it
difficult to distinguish it from other benign and malignant
splenic diseases, and thus surgery is necessary to confirm
the clinical suspicion[3,4]. We here report a symptomatic
multinodular SH that was suspected as tumor metastasis
preoperatively.
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Figure 1 Computed tomography imaging. A: Computed tomography plain scanning showing multiple hyperintense lesions in the spleen; B: During the arterial
phase, the lesions showed heterogeneous enhancement; C: In the portal phase, the lesions were more hyperdense than the splenic parenchyma.

CASE REPORT
A 54-year-old male patient was admitted to our department for weak and left upper quadrant pain. Physical
examination revealed that the patient had an anemic appearance and palpable spleen, extending 10 cm below
the costal margin. The spleen had a nodular surface, hard
texture, and was tender. Routine blood tests showed: red
blood cell (RBC) count 2.03 × 1012/L, hemoglobin 65 g/
L, white blood cell (WBC) count 5.18 × 109/L and platelet count 36 × 109/L.
Ultrasound revealed splenomegaly, with multiple hyperechoic masses in the spleen, and some lesions were
fused. The diameter of the larger lesions was about 5
cm. The borders were not clear, with irregular shape and
rough capsules, which were suggestive of multiple splenic
metastases. Further investigation with computed tomography (CT) was performed. Splenomegaly and multiple
hyperintense lesions were also seen on CT plain scanning (Figure 1A). On enhanced CT scanning, during the
arterial phase, the lesions demonstrated inhomogeneous
enhancement (Figure 1B), and in the portal phase, the lesions were more hyperdense than the splenic parenchyma
(Figure 1C).
Splenectomy was performed 1 wk later. On day 7 after surgery, routine blood tests showed: RBC count 2.85
× 1012/L, hemoglobin 90 g/L, WBC count 9.60 × 109/L
and platelet count 234 × 109/L. Finally, the patient was
discharged from hospital on postoperative day 10. Blood
counts returned to normal 1 mo postoperatively, and 6
mo after the operation, the patient was in general good
condition with normal blood counts.
The resected specimen was 2130 g in weight and 24
cm × 19 cm × 11 cm in size. On the surface there were
multiple nodules of different sizes (Figure 2A). The cut
surface showed round, well-circumscribed and unencapsulated bulging nodules compressing the adjacent normal
splenic parenchyma. Local fibrosis and cystic areas were
also seen. The lesions were dark red mixed with yellow
stripes, ranging from 1.3 to 5 cm.
Histologically, the normal spleen structure had disappeared, and was replaced by nodular lesions of various
sizes, similar to the red pulp of the spleen, that merged
imperceptibly with the surrounding splenic parenchyma.
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The nodules were mainly composed of variably dilated,
unorganized vascular channels, which were lined by
endothelial cells (Figure 2B). These vascular channels
contained RBCs, mature granulocytes, lymphoid cells,
and tissue cells. Spindle cells could also be seen in local vascular channels, which were arranged in fascicules,
with unclear boundaries (Figure 2C). These cells were of
regular shape and size, with short spindle-shaped nuclei,
fine chromatin, small eosinophilic nucleoli, lightly stained
cytoplasm, and light eosin staining. Hyaline degeneration
and focal calcification were seen in the area of the spindle
cells. A small amount of atrophic white pulp residue was
observed between the lesions.
Immunohistochemical staining indicated that CD34
was positive in lining cells and some spindle cells (Figure
3A); vimentin was positive in the tumor (Figure 3B); factor-Ⅷ-related antigen was multifocally positive in lining
cells (Figure 3C); and smooth muscle actin (SMA) was
positive in some spindle cells (Figure 3D). Combined
with the features of morphology and immunohistochemistry, it was eventually diagnosed as SH.

DISCUSSION
SH was first described in 1861 by Rokitansky. It is a rare
benign tumor with an incidence of 3/200000 splenectomies reported by a single center and 0.024%-0.13% in
autopsies[1,2]. SH can occur in any age group and has the
same male and female occurrence[5,6]. It tends to be larger
in women, probably due to hormonal influence on tumor growth[3,7], whereas our case was an adult man with
splenomegaly. The majority of patients are asymptomatic, with SH being an incidental finding. A minority of
patients have symptoms such as pain, palpable mass, or
spontaneous splenic rupture associated with large lesions.
Hypersplenism, including thrombocytopenia, anemia,
pancytopenia, or malignant hematological conditions, has
also been reported[6,8,9]. Our patient complained of weak
and left upper quadrant pain. Routine blood tests showed
severe anemia and thrombocytopenia.
Imaging findings of SH are nonspecific. On ultrasound, it is usually a hypoechoic solid mass, or occasionally isoechoic or hyperechoic. Due to ischemia or hemorrhage, cystic degeneration and calcification are sometimes
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Figure 2 Resected specimen was 2130 g in weight and 24 cm × 19 cm × 11 cm in size. A: Resected specimen showed splenomegaly with multiple nodular lesions of various sizes; B: Histological section showing disappearance of normal splenic structure, and replacement by various sizes of nodular lesions, which were
composed mainly of variably dilated, unorganized vascular channels (black arrow) (original magnification × 200); C: Proliferative spindle cells arranged in fascicular
shape (black arrow) (original magnification × 200).
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Figure 3 Immunohistochemical staining. A: CD34 immunostaining was positive in the lining cells (white arrow) and some spindle cells (white arrow) (original magnification × 100); B: Vimentin immunostaining was positive in the tumor (white arrow) (original magnification × 100); C: Factor-Ⅷ-related antigen immunostaining was
multifocally positive in the lining cells (black arrow) (original magnification × 100); D: Smooth muscle actin was positive in some spindle cells (black arrow) (original
magnification × 100).
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demonstrated[4-6]. In our patient, ultrasound revealed multiple hyperechoic masses in the spleen, with some lesions
fused.
For red pulp type, SH is usually isointense to normal
parenchyma on CT plain scanning, with the only abnormality being the splenic contours. A heterogeneous
enhancement in the arterial phase and on delayed images
has also been reported. On magnetic resonance imaging (MRI), SH is isointense on T1-weighted images and
hyperintense on T2-weighted images[10,11]. For white pulp
type composed of lymphatic tissue, the imaging is similar
to lymphoma, in that it is usually hypodense or isointense
on CT plain scanning, shows delayed enhancement on
enhanced CT scanning[10,11], and is hypodense or isointense on MRI T1-weighted images and hyperintense on
T2-weighted images. For mixed type, imaging is related to
the different composition. For fibrous type mainly composed of fibrous tissue, the tumor is hypodense on CT
plain scanning, shows delayed enhancement on enhanced
CT scanning, and is isointense on T1-weighted images
and hypointense on T2-weighted images[10-12]. In our case,
multiple hyperintense nodular lesions were seen in the
splenic parenchyma on CT plain scanning. During the
arterial phase, the lesions demonstrated heterogeneous
enhancement. In the portal phase the lesions were more
hyperdense than the splenic parenchyma.
SHs are usually solitary, round, well-circumscribed,
unencapsulated nodules, with local fibrosis and occasional cystic areas. The size of SH ranges from a few millimeters to centimeters, with a median size of 5 cm, but
lesions as large as 20 cm have seldom been reported[7,13-15].
The color of the cut surface varies because of different
tissue types, and is usually grayish white, grayish yellow,
grayish red, or dark brown, and often accompanied by
bleeding[4-6]. SH can be divided into red pulp type (disorganized splenic sinus), white pulp type (lymphoid tissue), mixed type (red and white pulp), and fibrous type[1].
Immunohistochemically, the lining cells of the vascular
channels of the hamartoma are positive for endothelial
markers CD8, CD31, vimentin and factor- Ⅷ -related
antigen. Immunostaining results for the lining cells with
CD34 is inconsistent and CD68 is positive in scattered
stromal macrophages but negative in the lining cells of
the vascular channels[3,6,13-17]. The main feature of our case
was that the normal splenic structure disappeared and
was replaced by hyperplastic nodules of various sizes.
Spindle cells were seen in the local vascular channels,
which looked like splenic red pulp. The size of these cells
and their nuclei were consistent, and their morphology
was regular. Immunohistochemical staining indicated that
CD34 was positive in the lining cells and some spindle
cells; vimentin was positive in the tumor; factor-Ⅷ-related
antigen was multifocally positive in the lining cells; and
SMA was positive in some spindle cells.
SH is a rare benign tumor. It must be distinguished
from other benign and malignant primary splenic lesions
before surgery, including lymphoma, metastatic lesions,
inflammatory myofibroblastic tumor, disseminated fun-
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gal or mycobacterial infections, sarcoidosis, and vascular
tumors of the spleen, including hemangioma, littoral
cell angioma, lymphangioma, hemangioendothelioma,
sclerosing angiomatoid nodular transformation, and angiosarcoma[17]. However, the majority of patients with SH
are asymptomatic and the imaging findings are not specific. Consequently, it is difficult to diagnose before surgery.
Fine needle aspiration biopsy may be useful to establish a
pathological diagnosis. However, this technique is associated with some serious complications including bleeding and abdominal seeding[18]. Hence, surgery becomes
necessary. For single small lesions, especially in children,
partial splenectomy should be adopted, to avoid potential
risks of total splenectomy. For larger lesions, multiple lesions, or when the malignancy cannot be ruled out, total
splenectomy is needed[6,17]. The prognosis of SH is good,
without postoperative recurrence and metastasis. In our
case, blood counts returned to normal 1 mo postoperatively. At 6 mo postoperatively, the patient is in general
good condition and has normal blood counts.
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Abstract
Acute acalculous cholecystitis (AAC) is a rare complication of gastric surgery. The most commonly accepted
concepts regarding its pathogenesis are bile stasis,
sepsis and ischemia, but it has not been well described
how to identify and manage this disease in the early
stage. We report three cases of AAC in elderly patients
immediately after gastric surgery, which were treated
with three different strategies. One patient died 42 d
after emergency cholecystectomy, and the other two
finally recovered through timely cholecystostomy and
percutaneous transhepatic gallbladder drainage, respectively. These cases informed us of the value of
early diagnosis and proper treatment for perioperative
AAC after gastric surgery. We further reviewed reported
cases of AAC immediately after gastric operation, which
may expand our knowledge of this disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Acute acalculous cholecystitis (AAC) after
gastric surgery is not common but it progresses rapidly once it occurs. Manifestations of AAC after gastric
surgery are usually atypical and cannot be easily distinguished from other complications, which leads to
delayed diagnosis and treatment and even death. Here,
we report three such cases and review the literature, to
give more attention to this disease. Early diagnosis and
prompt surgical intervention are the keys to successful
treatment.
Liu FL, Li H, Wang XF, Shen KT, Shen ZB, Sun YH, Qin XY.
Acute acalculous cholecystitis immediately after gastric operation: Case report and literatures review. World J Gastroenterol
2014; 20(30): 10642-10650 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i30/10642.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i30.10642

INTRODUCTION
Radical gastrectomy is the main procedure for advanced
gastric carcinoma in spite of the rapid progress in adjuvant strategies such as chemotherapy and radiotherapy.
Although the exact mechanisms are still not clear, gastric
surgery may affect gallstone formation by altering cholecystokinin secretion, gallbladder reaction to cholecystokinin, and subsequently impairing gallbladder filling and
emptying. It remains to be elucidated whether gallstone
formation and gallstone-related symptoms in patients
with previous upper gastrointestinal (GI) surgery are
more frequent. It has been revealed that symptomatic
postoperative gallbladder stone formation may occur in
17.5% of gastric cancer (GC) patients[1]. Until now, there
has been no general consensus about whether it is necessary to remove the gallbladder during gastric surgery.
Acute acalculous cholecystitis (AAC) following radical
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gastrectomy, which may result from bile stasis and gallbladder ischemia associated with vagotomy and gastrohepatic ligament dissection, has been sporadically but rarely
reported[2,3]. In the general population, AAC immediately
after radical gastrectomy, a clinical situation which is not
easily recognized in elderly patients, is characterized by
delayed diagnosis and high mortality rate. In this paper,
we report its clinical features, management strategies, and
outcomes in three patients.

A

mm

CASE REPORT
Case 1
A 60-year-old Chinese male patient suffered from upper
abdominal pain for > 1 year, and this painful feeling had
become more severe since 2 mo ago. Endoscopy revealed
an ulcerated tumor at the back wall of the upper gastric body, close to the greater curvature. Biopsy showed
poorly differentiated adenocarcinoma, and the clinical
stage was cT2N0M0 according to preoperative computer
tomography (CT), and the gallbladder seemed normal
(Figure 1A). Total gastrectomy (D2 lymphadenectomy)
and Roux-en-Y reconstruction were performed. He was
able to tolerate liquid food on day 4 and semi-fluid on
day 7 after the operation and was discharged on day 9
without any discomfort. The postoperative pathological stage was pT2N0M0. Ten days after the operation,
the patient suddenly showed upper abdominal discomfort accompanied by nausea and hyperpyrexia after a
greasy meal, and his body temperature was as high as
39.5 ℃. Ultrasound examination was performed but no
abnormality was found and the possibility of abdominal
infection was considered, so antibiotic treatment was performed but was ineffective, and he was readmitted on day
13. Physical examination showed apparent tenderness in
the right upper abdomen and concussive pain in the liver
region, and white blood cell (WBC) count 24.35 × 109/L.
Renal and liver function and serum amylase were within
the normal range. Ultrasound and abdominal/pelvic CT
showed swelling of the gallbladder and moderate effusion in the abdominal cavity and around the gallbladder.
The gallbladder was about 8 cm × 4 cm × 4 cm (Figure
1B). Imipenem was used for 24 h but his symptoms were
not relieved, and on day 2 after readmission, the patient
suddenly presented with symptoms of septic shock and
blurred consciousness, anuria, decreasing blood pressure
(BP, from 100/60 to 85/55 mmHg) and increasing heart
rate (HR). Emergency exploratory laparotomy was performed with fluid resuscitation and adequate intravenous
antibiotics. During surgery, we found that the gallbladder
was about 9 cm × 5 cm × 6 cm, and severely adhered to
adjacent tissues such as duodenum and colon. There were
several gangrenous lesions on the gallbladder fundus wall
with no perforation. Fistulization of the gallbladder was
performed, and a large amount of purulent bile was exuded. After the operation, the body temperature returned
to normal, and antibiotic therapy was continued until
day 5. Semifluid was started on the day 9 and he was dis-
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Figure 1 Computed tomography scan in case 1 showing normal gallbladder (A) before operation and a swelling gallbladder with thickened wall (B).

charged on day 14. Two months after the emergency surgery, the gallbladder fistulization tube was removed successfully, and no more associated discomfort occurred.
Case 2
A 79-year-old male patient had repeated melena for 2 wk.
Gastric endoscopy revealed an ulcerated tumor (1.0 cm
in size) at the back wall of gastric fundus, close to the
lesser curvature, and further biopsy confirmed poorly
differentiated adenocarcinoma. The patient was ASA
grade 3, had no history of gallstones or cholecystitis, but
was suffering from impaired cardiac function, moderate
disorder of pulmonary ventilation, and a 10-year history
of cerebral infarction, without taking anti-coagulation or
anti-platelet treatment. Preoperative ultrasound and CT
displayed a normal gallbladder and multiple hepatic cysts
(Figure 2A), and the clinical stage was cT4N + M0. Total
gastrectomy (D2 lymphadenectomy) with Roux-en-Y
reconstruction was performed, and the pathological stage
was pT4aN2M0 pathologically. Semi-liquid diet was well
tolerated on day 7 and drainage tubes were removed within 8 d postoperatively. His body temperature was normal,
and he did not feel any discomfort. However, in the
morning of day 9, a sudden feeling of severe pain arose
in his right upper abdomen, with fever (38.5 ℃), fast
heart rate (120 bpm) and high WBC count (17.8 × 109/L).
Laboratory examinations showed impaired liver and renal
function: total bilirubin/conjugated bilirubin (TB/CB)
85/74 µmol/L, aspartate aminotransferase (AST)/alanine
aminotransferase (ALT) 225/671 U/L, serum creatinine
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A

B

C

Figure 2 Computed tomography scan in case 2 displaying normal gallbladder (A) before operation, thickened gallbladder wall and swelling gallbladder (B),
and magnetic resonance imaging showing no dilation of bile ducts on the 19th day after operation (C).

151 µmol/L. Pro-calcitonin (PCT) was elevated to >
100 ng/mL, and serum amylase was normal. Emergency
abdominal CT showed an enlarged gallbladder with
thickened wall, intestinal obstruction and fluid accumulation in the abdominal and pelvic cavities (Figure 2B). In
consideration of the possibility of strangulating intestinal
obstruction with bloody ascites, abdominocentesis was
performed and 20 mL transparent and faint yellow ascites was obtained. The patient was treated with antibiotics.
At 05:00 AM on the next day, typical manifestations of
septic shock appeared, including hypoxemia (SpO2 85%),
loss of consciousness, tachycardia (124 bpm) and a sharp
decrease in BP (85/50 mmHg). Emergency exploratory
laparotomy was carried out. There was severe adhesion
in the abdomen among the intestines, and about 400 mL
slightly turbid and yellow ascites was drained during the
operation. The hypertonic gallbladder was about 10 cm
× 6 cm × 5 cm, and the wall was apparently edematous
with several gangrenous lesions in the body and fundus
of the gallbladder. Due to the severe adhesion in the
region of the hepatoduodenal ligament and difficulties
in clearly detecting the structures of the bile ducts and
Calot’s triangle, most of the gallbladder was removed
instead of performing total cholecystectomy, and the
stumps were sutured. Antibiotic therapy with meropenem
was continued after the patient was transferred to intensive care after the operation, and his body temperature
fluctuated around 38 ℃. Liver function of the first day
after the operation showed: TB/CB 150.2/140.5 µmol/L,
and liver protective therapy was given, but he showed an
increasingly elevated direct bilirubin level, with a relatively
normal level of transaminase (Table 1). For better judgment of the function of the common bile duct and hepatic ducts, magnetic resonance imaging and ultrasound
were both performed several times after surgery and no
dilated bile ducts and obstruction were detected (Figure
2C). However, total and direct bilirubin kept on increasing as high as TB/CB 541.1/491.4 µmol/L. The patient
gradually developed severe pulmonary infection with
multiresistant bacteria and fungi 2 wk after the operation.
Chronic heart failure occurred and finally he died from
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severe multiple organ dysfunction syndrome and septic
shock 42 d after the operation.
Case 3
A 72-year-old male patient had been suffering from upper abdominal distension accompanied with repeated
nausea and vomiting for nearly 1 mo. Gastric endoscopy
showed a large mass in the antrum with involvement of
the pylorus, and biopsy showed mucinous adenocarcinoma. Preoperative CT and positron emission CT (PETCT) showed lymph node metastasis in the peri-gastric,
hepatic portal and peri-pancreatic region at cT4N3M1.
According to the strong wishes of the patient and his
family, reductive distal gastrectomy with Billroth I reconstruction was performed. On day 6 after the operation,
the patient complained of tachypnea and fever (38.9 ℃).
CT and ultrasound showed fluid accumulation and intraabdominal infection, so a drainage tube was placed
guided by ultrasound, and tentative antibiotic treatment
was given. On day 12, he presented with an incision infection. On day 18, his temperature returned to normal,
and repeated CT showed that fluid accumulation in the
abdomen decreased. Semi-liquid diet was well tolerated
on day 21 and drainage tubes were all removed by day 28
after surgery, so he was discharged on the next day. On
day 37, the patient suddenly felt upper abdominal distension accompanied by nausea and vomiting, and the body
temperature was still normal. He was treated by adequate
fluid perfusion and fasting in the emergency room but
the symptoms were not released. Right upper abdominal
pain and fever arose on the next day, and he was readmitted again. Physical examination showed temperature
38.9 ℃, heart rate 105 bpm, BP 160/80 mmHg, and
apparent tenderness and concussion in the right upper
abdomen, with positive Murphy’s sign. Laboratory examination showed WBC count was elevated (18.05 × 109/L).
Liver function, renal function and serum amylase were all
within the normal range. Emergency ultrasound showed
an enlarged gallbladder (9 cm × 4.5 cm in size) with exudation around it (Figure 3). Percutaneous transhepatic
gallbladder drainage was practiced immediately, and the
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Table 1 Clinical data of the three cases
Case 1

Case 2

Case 3

First admission
Gender
Male
Male
Male
Age (yr)
54
79
72
BP (mmHg)
130/70
120/80
120/80
Diagnosis
Gastric cancer
Gastric cancer
Gastric cancer
Gallbladder disease
No
No
No
Surgery
Total gastrectomy
Total gastrectomy
Distal gastrectomy
Anastomosis
Roux-en Y
Roux-en Y
Billroth Ⅰ
Complications
No
No
Infection of abdominal cavity and the incision
Time of feeding
Day 7
Day 7
Day 22
Time of discharge
Day 8
Day 9
Day 28
Pathology
Poorly differentiated adenocarcinoma Poorly differentiated adenocarcinoma
Mucinous adenocarcinoma
TNM stage
T2bn0m0
T4aN3M0
T4an3m0
Onset of acute acalculous cholecystitis after gastric surgery
Symptoms
Fever, upper abdominal discomfort,
Fever, upper abdominal pain
Fever, upper abdominal pain, vomiting
vomiting
Onset time
Day 13
Day 9
Day 38
Incentive
Postprandial
Postprandial
Postprandial
Temperature (℃)
39.5
38.5
38
BP (mmHg)
100/60
90/60
160/100
Physical examination
Percussion pain of hepatic region
Percussion pain of hepatic region
Tenderness of right upper quadrant abdomen
Septic shock
Day 1 after onset
Day 0 after onset
No septic shock
WBC (109/L)
24.35
17.8
11.9
PLT (109/L)
121
106
403
Amyl (U/L)
46
73
74
TB/CB (µmol/L)
6.7/5
85/74
11.4/6
ALT/AST (U/L)
47/51
225/671
27/22
r-GT (U/L)
118
338
61
PCT (ng/mL)
21.23
> 100
NA
CRP (mg/L)
136.3
138.1
NA
Cr (µmol/L)
156
151
52
APTT/PT (s)
36.8/16.5
42.8/18.7
40.8/13.3
INR
1.33
1.62
1.16
CT performance
Pericholecystic fluid collection,
Pericholecystic, abdominal and
NA
gallbladder enlargement
pelvic fluid collection, gallbladder
enlargement
Ultrasonography
Thickened wall of enlarged
NA
Thickened wall of enlarged gallbladder
gallbladder
Severity grading
Severe
Severe
Mild
(Tokyo guideline)
Treatment for acute acalculous cholecystitis
Time of treatment
36 h after onset
17 h after onset
10 h after onset
Type of treatment
Cholecystostomy
Cholecystectomy
Interventional percutaneous gallbladder
drainage
Ascites
No
400 mL
No
Gallbladder size (cm)
8×4
10 × 6
10 × 4.5
Gangrene formation
Yes
Yes
NA
Complications
No
Hepatic failure and respiratory
No
dysfunction
Pathology
Necrosis of gallbladder wall
Necrosis of gallbladder wall
NA
Survival
Yes
No
Yes
Time of recovery or
Day 14 after the treatment
Day 42 after the treatment
Day 5 after the treatment
death
NA: Not available; BP: Blood pressure; WBC: White blood cell; PLT: Platelet; Amyl: Amylase; TB/CB: Total bilirubin/Conjugated bilirubin; ALT/AST:
Alanine aminotransferase/Aspartate aminotransferase; r-GT: r-Glutamyl transferase; PCT: Procalcitonin; CRP: C reactive protein; Cr: Creatinine; APTT/PT:
Activated partial thromboplastin time/Prothrombin time; INR: International normalized ratio.

fluid drained out was slightly turbid, and antibiotic therapy was continued. His temperature returned to normal
and abdominal pain was apparently resolved on the next
day. On day 4, he started a semi-fluid diet, and he was
discharged on day 5 after readmission, with the drainage
tube in place. On day 19, the tube was removed.
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DISCUSSION
AAC is defined as acute cholecystitis (AC) without detection of any gallstones, which accounts for 2%-12% of
AC cases[4,5]. AAC immediately after gastric operation is
also rare. To gain a better understanding of the clinical
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Table 2 Acalculous cholecystitis after gastric operation
Ref.

Year

Gender

Age (yr)

Prior surgery

Days after surgery

Treatment

Gangrene formation

Survival

Schwegman et al[27]
Glenn et al[28]
Howard[5]
Lens et al[29]

1953
1979
1981
1981
1981
1982
1986
1986
1987
1987
1987
1989
1989
1995
1995
1995
1995
1995
1995
1995
1995
1995
2001
2009
2009
2009
2009
2009
2010
2010
2010
2013
2013
2013

Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
Male
NA
NA
Male
Male
Male
Male
Male
Male
Male
Male
Male
Female
NA
NA
NA
NA
NA
Female
Male
Male
Male
Male
Male

43
65
42
75
77
55
37
68
NA
NA
NA
NA
NA
56
62
66
64
65
57
75
72
74
71
NA
NA
NA
NA
NA
64
76
64
60
79
72

TG
PG
DG
TG
TG
DG
TG
PG
TG
TG
PG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
TG
PG
TG
TG
TG
TG
TG
DG
DG
TG
TG
TG
DG

11
45
NA
NA
NA
42
7
NA
NA
NA
NA
NA
NA
18
21
19
8
11
14
18
16
18
11
NA
NA
NA
NA
NA
9
14
14
10
9
37

CO/PTGD
CE
CE
CO/PTGD
CE
CO/PTGD
CE
CE
NA
NA
NA
CO/PTGD
CO/PTGD
CE
CO/PTGD
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CE
CO/PTGD
AA
CO/PTGD
CO/PTGD
CO/PTGD
CE
CO/PTGD

No
NA
No
NA
NA
NA
No
NA
NA
NA
NA
NA
NA
Yes
NA
Yes
Yes
Yes
No
Yes
Yes
No
Yes
NA
NA
NA
NA
NA
NA
NA
NA
Yes
Yes
NA

Yes
No
NA
Yes
Yes
Yes
NA
No
NA
NA
NA
NA
NA
No
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
No
Yes

Glenn et al[30]
Becker et al[31]
Fabian et al[32]
Jensen et al[33]

Berger et al[34]
Wu et al[35]

Paull[36]
Oh et al[37]

Liu et al[38]

Liu (our report)

TG: Total gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy; NA: Not available; PTGD: Percutaneous transhepatic gallbladder drainage; CE:
Cholecystectomy; CO: Cholecystostomy; AA: Antibiotics alone.

Figure 3 Ultrasound guided percutaneous transhepatic gallbladder drainage in case 3.

features of AAC and guide our diagnosis and treatment,
we reviewed previous studies. We systematically searched
the English-language articles in the PubMed (1950-2013),
using the following terms: “acute cholecystitis”, “acute
acalculous cholecystitis”, “postoperative acute cholecystitis’’ and ‘‘postoperative acute acalculous cholecystitis’’,
and 7928 articles were obtained, among which, 1952 were
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case reports and 101 were meta-analyses or systematic
reviews. The studies after gastric surgery were clearly
defined, and the criteria for no stones on imaging, no
stones detected at surgery, and histology-confirmed acute
cholecystitis were used. Cases excluded were those with
postoperative AAC after trauma, non-gastric operations,
and where the antecedent surgery was not clearly identified. Patients with common bile duct and intrahepatic
stones were also excluded. All obtained articles were carefully examined and their reference lists were systematically reviewed to identify other studies for potential inclusion in this review. None of the 101 reviews concerned
postoperative AAC except for one Japanese case report[6].
Finally, 13 articles/case reports and 34 cases (as well as
the three cases reported in the present report) were included in the following review (Table 2, partially adapted
from Crichlow et al[7]). We concluded that this disease
occurred mostly in men (25 men and 2 women) at an
average age of 64.13 ± 11.32 years (range: 37-79 years),
similar to that in previous reports of male and elderly
predominance[4,8-10]. The mean time to manifestation of
postoperative AAC symptoms was 17.6 d (range: 7-45 d).
According to the available data, gangrene formation was
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1 (50.0)
1 (50.0)

0 (0.0)
1 (50.0)
1 (50.0)

1 (50.0)
0 (0.0)
1 (50.0)

1 (100.0)
0 (0.0)

2 (100.0)
0 (0.0)

10 (45.5)
12 (54.5)

18 (72.0)
4 (16.0)
3 (12.0)

14 (63.6)
8 (36.4)
0 (0.0)

8 (61.5)
5 (38.5)

15 (75.0)
5 (27.8)

Female

Gender

1.000

1.000

0.003

0.111

1.000

P value

8 (88.9)
1 (11.1)

3 (42.9)
4 (57.1)

5 (45.5)
5 (45.5)
1 (9.1)

8 (72.7)
3 (27.3)
0 (0.0)

< 65 yr

Age

9 (69.2)
4 (30.8)

6 (85.7)
1 (14.3)

10 (76.9)
3 (23.1)
0 (0.0)

8 (61.5)
2 (15.4)
3 (23.1)

≥ 65 yr

0.360

0.266

0.221

0.217

P value

17 (85.0)
3 (15.0)

8 (66.7)
4 (33.3)

15 (65.2)
8 (34.8)
0 (0.0)

TG

4 (100.0)
0 (0.0)

0 (0.0)
1 (100.0)

PG

1 (33.3)
2 (66.7)

1 (100.0)
0 (0.0)

3(100.0)
0 (0.0)
0 (0.0)

Surgery

1 (20.0)
3 (60.0)
1 (20.0)

DG

0.058

0.303

0.054

P value

12 (70.6)
5 (29.4)

8 (66.7)
4 (33.3)

CE

7 (100.0)
0 (0.0)

1 (50.0)
1 (50.0)

1 (100.0)
0 (0.0)

0 (0.0)
0 (0.0)

AA

Treatment
CO/ PTGD

0.165

1.000

P value

6 (66.7)
3 (33.3)

10647

0.509

P value

found in 64.3% of patients (9/14) at the time of diagnosis and treatment, and overall mortality rate was 25% (5/20). All the statistical results are listed in Table 3.
Although various factors are associated with AAC, such as critical illness, surgery, trauma, burns, and total parenteral nutrition, bile stasis and ischemia of the gallbladder
wall are the two principle proposed etiologies[11]. After operation, persistent fasting, hypovolemia, parental nutrition and even ileus all can result in bile stasis[11,12]. From pathological examination, we usually obtain evidence for gallbladder ischemia, which documents multiple arterial occlusions with minimal venous filling[11]. Associated risk factors
for ischemia include hemorrhage, dehydration, administration of vasoactive drugs, and microcirculation disorder such as long-term hypertension, diabetes and congestive heart
failure[11], which is similar to that of Case 2 (hypertension, history of cerebral infarction, and persistent infusion of vasoactive drugs during surgery). In these patients, any insult
can exacerbate gallbladder ischemia.
The signs and symptoms of ACC after gastric surgery are usually similar to those of calculous cholecystitis, but due to the recent operation, physical examination can be
unreliable. Furthermore, surgeons mostly intend to attribute this kind of abnormality to the previous surgery, so diagnosis can be delayed and confused with other postoperative complications, such as duodenal stump leakage, postanastomotic leakage, abdominal cavity infection, and incisional discomfort. It has been reported that gangrene occurs
in 40%-80% of patients with AAC and in 2%-31% of patients with acute calculous cholecystitis[13-16], which seems to be an important risk factor of poor outcome. However,
on most occasions, gangrene is simply caused by delayed diagnosis and treatment. Imaging modalities such as ultrasound and CT usually work in the diagnosis. Importantly, the
mortality rate of AAC after gastric surgery is high (25% in this review) which may result, to some extent, from delayed diagnosis and treatment, and the mortality of patients
with postoperative cholecystitis and acalculous cholecystitis is as high as 23%-40%. The mortality of elderly patients (≥ 75 years) tends to be higher than that of younger patients[2,4,17-19], and comorbidity such as diabetes may increase the risk of death[20]. At the same time, the impact of diagnostic delay can be reflected by a 64.3% rate of gangrene
formation, which is higher than that in outpatients (25%-36.4%)[10,21]. It has been reported that mortality of AAC was lower in a case series of emergency patients who had no
prior immediate operations[22].
The symptoms and treatments differed among the present three cases, as did the outcomes. However, there was still something in common that could be preliminary pro-

3 (100.0)
0 (0.0)

No

Gangrene formation
Yes

TG: Total gastrectomy; DG: Distal gastrectomy; PG: Proximal gastrectomy; PTGD: Percutaneous transhepatic gallbladder drainage; CE: Cholecystectomy; CO: Cholecystostomy; AA: Antibiotics alone.

Age (yr)
< 65
≥ 65
Surgery
TG
DG
PG
Treatment
CE
CO/PTGD
AA
Gangrene formation
Yes
No
Survival
Yes
No

Male

Table 3 Statistical analysis for all 34 cases of acute acalculous cholecystitis after gastric operation n (%)
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posed. Clinical manifestations are usually not typical, but
the disease course can progress rapidly, which can even
threaten patients’ lives. In the perioperative period, local
inflammatory exudation and adhesion are severe, which
may further increase the pressure within the biliary tract
and promote bacteremia or even septic shock. In contrast, patients usually suffer from weakness, dehydration
and suppressed immunity, which damage the compensational ability to some extent when infection occurs. In the
present three cases, the time of onset ranged from day 9
to 38 after prior surgery. All three patients demonstrated
high fever and right upper abdominal discomfort, with
sharply elevated WBC counts. In Cases 1 and 2, C-reactive
protein and PCT were apparently elevated (not available
in Case 3), and finally bacteremia and septic shock developed. These symptoms are easily confused with other
complications immediately after gastric surgery, especially
with duodenal stump leakage. Although ultrasound and
CT are helpful in diagnosis, sometimes diagnosis can only
be confirmed during emergency exploratory laparotomy.
If diagnosed and managed in time, more efficiency treatment and better outcome can be expected, as in Case 3.
Percutaneous transhepatic gallbladder drainage
(PTGD) can seldom be considered first, due to the difficulty of early precise diagnosis of immediate AAC after
gastric surgery. Unfortunately, the exact reason for obstructive jaundice in Case 2 was not clear, because there
was no evidence of bile duct occlusion. Furthermore,
the management of AAC is still controversial. Actually,
three different treatment strategies were carried out in
these three patients, including cholecystostomy, cholecystectomy, and PTGD, and hospitalization days, cost
and outcomes also completely differed among them. The
major clinical information for all the three cases is listed
in Table 3.
In most cases, it is difficult to remove the inflammatory gallbladder, especially to dissect the triangle of
Calot, due to prior surgery, local exudation and adhesions, therefore, cholecystostomy was performed in the
first case, because of the difficulty and impropriety of
cholecystectomy. Regardless of the prior operation, the
optimal treatment of acute cholecystitis with sepsis in
critically ill patients is not well defined, and there is only
limited evidence about whether percutaneous drainage
or cholecystectomy is preferred. The reported mortality
rates do not show any difference[23]. However, we considered on the basis of the present three cases and former
reports that timely surgical intervention is usually necessary, such as exploratory laparotomy, especially when the
disease progresses without definite diagnosis, or direct
ultrasound-guided PTGD if a diagnosis of AAC has
been confirmed. Of note, mortality is predominantly related to the severity of the underlying disease rather than
the ongoing gallbladder sepsis because prompt treatment
is performed in time, as in Case 2.
From the experience of our three cases and literature review, we preliminarily propose that for patients
with AAC immediately after GC, timely management
is necessary. Patients after surgery for GI anastomosis
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may profit from supportive examinations such as CT to
exclude complications like leakage of the anastomosis.
However, in these circumstances, minor cholecystitis can
be neglected, and fluid accumulation around the gallbladder can result from the former operation, especially when
symptoms are atypical. Occasionally, an emergency situation requires immediate exploratory laparotomy to save
the patient’s life, or even for the purpose of confirming
the diagnosis, although such an operation is not always
the best choice. However, if we are sure that cholecystitic
sepsis has arisen, ultrasound-guided PTGD is the proper
course to treat the sepsis. It has been reported that 35%
of AAC patients treated with PTGD did not need any
further treatment for cholecystitis and eventually remained symptom free. Besides, the rate of complication
is much lower in PTGD treated patients compared with
that of cholecystitis (8.7% vs 47%)[23]. PTGD has even
been recommended in some studies as a definitive treatment for AAC[24,25]. PTGD has been shown to be a lifesaving, minimally invasive, alternative management in
high-risk AAC patients[25,26], especially for those who have
undergone a recent gastric operation. Last but not least,
there were some other important problems in the whole
process of treatment in addition to delayed diagnosis
and management. For example, gastrojejunal bypass in a
symptomatic patient might be less invasive in an elderly
GC patient with a stage T4N + M1 tumor, as in Case 3,
in spite of the insistence of the patient and his family. In
Case 2, we considered exploratory laparoscopy to confirm the diagnosis, but finally we abandoned it, because
we were not sure whether intestinal obstruction had occurred, in which situation, inhalation pneumonia could
have been caused by laparoscopy. Exploratory laparoscopy might be another effective treatment choice in these
situations.
AAC is a rare but severe complication immediately
after gastric operation. It can advance rapidly and be hard
to diagnose at an early stage. Emergency surgical intervention is usually necessary when it happens, and if there
are no contraindications, cholecystectomy combined with
antibiotic therapy should be performed. If inoperability
and diagnosis of AAC are confirmed, a cholecystostomy
and PTGD are possible and usually effective procedures.
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Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
Byung-Ho Choe, Daegu
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Suck Chei Choi, Iksan
Hoon Jai Chun, Seoul
Yeun-Jun Chung, Seoul
Young-Hwa Chung, Seoul
Ki-Baik Hahm, Seongnam
Sang Young Han, Busan
Seok Joo Han, Seoul
Seung-Heon Hong, Iksan
Jin-Hyeok Hwang, Seoungnam
Jeong Won Jang, Seoul
Jin-Young Jang, Seoul
Dae-Won Jun, Seoul
Young Do Jung, Kwangju
Gyeong Hoon Kang, Seoul
Sung-Bum Kang, Seoul
Koo Jeong Kang, Daegu
Ki Mun Kang, Jinju
Chang Moo Kang, Seodaemun-gu
Gwang Ha Kim, Busan
Sang Soo Kim, Goyang-si
Jin Cheon Kim, Seoul
Tae Il Kim, Seoul
Jin Hong Kim, Suwon
Kyung Mo Kim, Seoul
Kyongmin Kim, Suwon
Hyung-Ho Kim, Seongnam
Seoung Hoon Kim, Goyang
Sang Il Kim, Seoul
Hyun-Soo Kim, Wonju
Jung Mogg Kim, Seoul
Dong Yi Kim, Gwangju
Kyun-Hwan Kim, Seoul
Jong-Han Kim, Ansan
Ja-Lok Ku, Seoul
Kyu Taek Lee, Seoul
Hae-Wan Lee, Chuncheon
Inchul Lee, Seoul
Jung Eun Lee, Seoul
Sang Chul Lee, Daejeon
Song Woo Lee, Ansan-si
Hyuk-Joon Lee, Seoul
Seong-Wook Lee, Yongin
Kil Yeon Lee, Seoul
Jong-Inn Lee, Seoul
Kyung A Lee, Seoul
Jong-Baeck Lim, Seoul
Eun-Yi Moon, Seoul
SH Noh, Seoul
Seung Woon Paik, Seoul
Won Sang Park, Seoul
Sung-Joo Park, Iksan
Kyung Sik Park, Daegu
Se Hoon Park, Seoul
Yoonkyung Park, Gwangju
Seung-Wan Ryu, Daegu
Dong Wan Seo, Seoul
Il Han Song, Cheonan
Myeong Jun Song, Daejeon
Yun Kyoung Yim, Daejeon
Dae-Yeul Yu Daejeon

Spain
Mariam Aguas, Valencia
Raul J Andrade, Málaga
Antonio Arroyo, Elche
Josep M Bordas, Barcelona
Lisardo Boscá, Madrid
Ricardo Robles Campos, Murcia
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Jordi Camps, Reus
Carlos Cervera Barcelona
Alfonso Clemente, Granada
Pilar Codoner-Franch, Valencia
Fernando J Corrales, Pamplona
Fermin Sánchez de Medina, Granada
Alberto Herreros de Tejada,
Majadahonda
Enrique de-Madaria, Alicante
JE Dominguez-Munoz, Santiago de Compostela
Vicente Felipo, Valencia
CM Fernandez-Rodriguez, Madrid
Carmen Frontela-Saseta, Murcia
Julio Galvez, Granada
Maria Teresa García, Vigo
MI Garcia-Fernandez, Málaga
Emilio Gonzalez-Reimers, La Laguna
Marcel Jimenez, Bellaterra
Angel Lanas, Zaragoza
Juan Ramón Larrubia, Guadalajara
Antonio Lopez-Sanroman, Madrid
Vicente Lorenzo-Zuniga, Badalona
Alfredo J Lucendo, Tomelloso
Vicenta Soledad Martinez-Zorzano, Vigo
José Manuel Martin-Villa, Madrid
Julio Mayol, Madrid
Manuel Morales-Ruiz, Barcelona
Alfredo Moreno-Egea, Murcia
Albert Pares, Barcelona
Maria Pellise, Barcelona
José Perea, Madrid
Miguel Angel Plaza, Zaragoza
María J Pozo, Cáceres
Enrique Quintero, La Laguna
Jose M Ramia, Madrid
Francisco Rodriguez-Frias, Barcelona
Silvia Ruiz-Gaspa, Barcelona
Xavier Serra-Aracil, Barcelona
Vincent Soriano, Madrid
Javier Suarez, Pamplona
Carlos Taxonera, Madrid
M Isabel Torres, Jaén
Manuel Vazquez-Carrera, Barcelona
Benito Velayos, Valladolid
Silvia Vidal, Barcelona

Sri Lanka
Arjuna Priyadarsin De Silva, Colombo

Sudan
Ishag Adam, Khartoum

Sweden
Roland G Andersson, Lund
Bergthor Björnsson, Linkoping
Johan Christopher Bohr, Örebro
Mauro D’Amato, Stockholm
Thomas Franzen, Norrkoping
Evangelos Kalaitzakis, Lund
Riadh Sadik, Gothenburg
Per Anders Sandstrom, Linkoping
Ervin Toth, Malmö
Konstantinos Tsimogiannis, Vasteras

VII

Apostolos V Tsolakis, Uppsala

Switzerland
Gieri Cathomas, Liestal
Jean Louis Frossard, Geneve
Christian Toso, Geneva
Stephan Robert Vavricka, Zurich
Dominique Velin, Lausanne

Thailand
Thawatchai Akaraviputh, Bangkok
P Yoysungnoen Chintana, Pathumthani
Veerapol Kukongviriyapan, Muang
Vijittra Leardkamolkarn, Bangkok
Varut Lohsiriwat, Bangkok
Somchai Pinlaor, Khaon Kaen
D Wattanasirichaigoon, Bangkok

Trinidad and Tobago
B Shivananda Nayak, Mount Hope

Tunisia
Ibtissem Ghedira, Sousse
Lilia Zouiten-Mekki, Tunis

Turkey
Sami Akbulut, Diyarbakir
Inci Alican, Istanbul
Mustafa Altindis, Sakarya
Mutay Aslan, Antalya
Oktar Asoglu, Istanbul
Yasemin Hatice Balaban, Istanbul
Metin Basaranoglu, Ankara
Yusuf Bayraktar, Ankara
Süleyman Bayram, Adiyaman
Ahmet Bilici, Istanbul
Ahmet Sedat Boyacioglu, Ankara
Züleyha Akkan Cetinkaya, Kocaeli
Cavit Col, Bolu
Yasar Colak, Istanbul
Cagatay Erden Daphan, Kirikkale
Mehmet Demir, Hatay
Ahmet Merih Dobrucali, Istanbul
Gülsüm Ozlem Elpek, Antalya
Ayse Basak Engin, Ankara
Eren Ersoy, Ankara
Osman Ersoy, Ankara
Yusuf Ziya Erzin, Istanbul
Mukaddes Esrefoglu, Istanbul
Levent Filik, Ankara
Ozgur Harmanci, Ankara
Koray Hekimoglu, Ankara
Abdurrahman Kadayifci, Gaziantep
Cem Kalayci, Istanbul
Selin Kapan, Istanbul
Huseyin Kayadibi, Adana
Sabahattin Kaymakoglu, Istanbul
Metin Kement, Istanbul
Mevlut Kurt, Bolu
Resat Ozaras, Istanbul
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Elvan Ozbek, Adapazari
Cengiz Ozcan, Mersin
Hasan Ozen, Ankara
Halil Ozguc, Bursa
Mehmet Ozturk, Izmir
Orhan V Ozkan, Sakarya
Semra Paydas, Adana
Ozlem Durmaz Suoglu, Istanbul
Ilker Tasci, Ankara
Müge Tecder-ünal, Ankara
Mesut Tez, Ankara
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Abstract
End stage liver disease (ESLD) is associated with many
specific derangements in cardiovascular physiology,
which influence perioperative outcomes and may profoundly influence diagnostic and management strategies in the preoperative period. This review focuses on
evidence-based diagnosis and management of coronary, hemodynamic and pulmonary vascular disease in
this population with an emphasis on specific strategies
that may provide a bridge to transplantation. Specifically, we address the underlying prevalence of cardiovascular disease states in the ESLD population, and
relevant diagnostic criteria thereof. We highlight traditional and non-traditional predictors of cardiovascular
outcomes following liver transplant, as well as data to
guide risk-factor based diagnostic strategies. We go on
to discuss the alterations in cardiovascular physiology
which influence positive- and negative-predictive values
of standard noninvasive testing modalities in the ESLD
population, and review the data regarding the safety
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and efficacy of invasive testing in the face of ESLD
and its co-morbidities. Finally, based upon the totality
of available data, we outline an evidence-based approach for the management of ischemia, heart failure
and pulmonary vascular disease in this population. It is
our hope that such evidence-driven strategies can be
employed to more safely bridge appropriate candidates
to liver transplant, and to improve their cardiovascular
health and outcomes in the peri-operative period.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Perioperative management; Liver transplantation; Coronary heart disease; Cirrhotic cardiomyopathy; Heart failure; Pulmonary vascular disease
Core tip: The population of liver transplant candidates
is rapidly evolving with respect to advanced age, etiology and co-morbidities. Consequently, the cardiovascular risk profiles of these candidates have increased.
At the same time, the availability of interventions, both
mechanical and pharmacologic, for cardiovascular conditions has allowed previously unsuitable candidates to
go on to liver transplantation. Therefore, it is imperative to understand how to define the cardiovacular
risk profile of liver transplant candidates and the pretransplant treatment options available to them.
Raval Z, Harinstein ME, Flaherty JD. Role of cardiovascular intervention as a bridge to liver transplantation. World J
Gastroenterol 2014; 20(31): 10651-10657 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10651.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10651

CORONARY ARTERY DISEASE
In light of the rising prevalence of coronary artery
disease (CAD) among the general population, and the
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increasing age and co-morbidities among present-day
liver transplant candidates, special care must be given to
coronary evaluation and management prior to liver transplantation (LT)[1]. It has been estimated that more than
one in four LT candidates with traditional coronary risk
factors (Table 1) may have developed moderate coronary
stenosis by the time of LT consideration even while asymptomatic and that the likelihood of obstructive CAD
(> 70% coronary stenosis or > 50% left main stenosis)
is greatest among candidates with ≥ 2 traditional cardiac
risk factors[2-4]. In particular, age > 50 years and diabetes
mellitus (DM) seem predictive of cardiac ischemia postLT[5-9]. In one analysis, LT recipients with known CAD or
DM had approximately 40% greater 5-year mortality than
those without CAD or DM[10]. In a retrospective analysis
of ESLD patients who underwent invasive angiography
prior to LT, multi-vessel CAD of any severity was associated with increased mortality and postoperative hemodynamic instability[11]. It is therefore important to identify
and treat patients at risk for coronary disease prior to
liver transplantation given their elevated risk of postoperative ischemic complications[9,12,13].
Ischemic evaluation with exercise or pharmacologic
stress testing (utilizing either echocardiographic or perfusion imaging) has been shown to have decreased predictive value in LT candidates when compared to the general
population. (Table 2) Stress testing should be pursued
based on careful, individualized evaluation of the candidate’s pretest probability for having CAD. In general, the
ability to exercise to target heart rate is blunted in LT candidates, likely due to decreased beta-agonist transduction,
and pharmacologic stress testing is usually favored[14]. For
the same reason, LT candidates may not achieve desired
chronotropy on dobutamine stress echocardiography
(DSE). Indeed, those who do not achieve target heart
rate or peak double product (heart rate × blood pressure)
are felt to be at elevated risk of postoperative cardiovascular events[15]. DSE may have poor sensitivity (reported
as low as 13%) and low negative predictive value (reported
as low as 75%) among LT candidates[16-18]. Vasodilator
perfusion imaging with nuclear SPECT (single photon
emission computed tomography) may also have limited
utility in the setting of the chronically vasodilated states
seen in advanced liver disease[19]. Resting microvascular
vasodilation in ESLD may effectively “decrease” available coronary flow reserve, which may in turn lead to
apparent perfusion defects having lower-than-expected
specificity for obstructive epicardial coronary disease (i.e.,
false-positive vasodilator stress test results)[20-24] (Table 2).
Non-alcoholic steatohepatitis (NASH) cirrhotic patients
more commonly exhibit traditional coronary risk factors
and associated CAD compared to patients with other etiologies of cirrhosis[25-29]. In addition, cirrhotic patients with
concomitant renal dysfunction are also at elevated risk for
coronary disease[30].
A direct visual assessment of the coronary artery
anatomy should be considered for LT candidates with
high pretest probability of CAD (≥ 2 traditional coro-
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Table 1 Traditional cardiac risk factors
Positive risk factors
Age: male ≥ 45 yr, female ≥ 55 yr or premature menopause without
estrogen replacement therapy
Family history of premature coronary disease: definite myocardial
infarction or sudden death before age 55 yr in male first-degree
relative and before age 65 yr in female first-degree relative
Current cigarette smoking
Hypertension: blood pressure > 140/90 mmHg, or an
antihypertensive medication
HDL cholesterol < 40 mg/dL (1.03 mmol/L)
Negative risk factors (subtract one risk factor if present)
HDL cholesterol ≥ 60 mg/dL (1.55 mmol/L)
Data from Executive Summary of the Third Report of the National Cholesterol
Education Program (NCEP) Expert Panel on Detection, Evaluation, and
Treatment of High Blood Cholesterol in Adults (Adult Treatment Panel Ⅲ).
JAMA 2001; 285: 2486.

nary risk factors, especially DM) in addition to those with
ischemia on stress imaging. In one study of LT candidates
without known CAD, greater than 30% were found to
have at least moderate CAD on cardiac CT angiography[4].
CT angiography offers an attractive balance of safely and
accuracy for this purpose. It can be offered to patients of
normal habitus who are able to lie still, perform required
breath holding maneuvers and who have a regular nontachycardic rhythm[4,31,32]. Negative predictive value of normal or nonobstructive findings on coronary CT angiography can approach 95%[33]. Invasive coronary angiography
can also be performed safely in LT candidates even in the
face of renal dysfunction and elevated bleeding risk[34-36].
Invasive angiography via a transradial approach has been
advocated in LT candidates, if possible, to promote more
reliable hemostasis in the setting of the often-profound
coagulopathies and cytopenias seen with ESLD[37,38]. Revascularization of obstructive coronary disease may be
pursued to improve symptom burden and cardiovascular
mortality per ACC/AHA guidelines, and in cases where
the burden of obstructive CAD would prohibit LT in an
otherwise appropriate surgical candidate[24,39,40].
Revascularization if clinically indicated is felt to be
safe, especially in the absence of significant varices, and
can improve post-LT outcomes similar to those in LT
candidates without significant CAD[41,42]. Treatment of
thrombocytopenia and coagulopathy as well as minimal
adequate sheath sizing may reduce vascular and bleeding
complication rates to those observed patients without
ESLD[43]. In general, bare metal stents are usually favored
in this population to minimize duration of dual antiplatelet therapy and intendant bleeding risks. In select patients,
coronary artery bypass grafting may also be performed
prior to LT[44]. It has been suggested that advanced age,
female gender, and the presence of clinical heart failure
or ascites are predictors of mortality after coronary bypass, however these data must be interpreted with caution
given low representation of cirrhotic patients in surgical
study cohorts[45].
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Table 2 Utility of non-invasive testing for coronary artery
disease detection in liver transplant candidates (using coronary
angiography as the gold standard)
Ref.
Harinstein et al[16]
Donovan et al[18]
Williams et al[17]
Davidson et al[19]
Aydinalp et al[20]
Bhutani et al[23]

Screening
modality

Positive
predictive value

Negative
predictive value

DSE
DSE
DSE
SPECT
SPECT
SPECT

22
33
0
22
15
23

75
100
86
77
100
93

DSE: Dobutamine stress echocardiography; SPECT: Single photon
emission computed tomography.

CARDIOMYOPATHY AND HEART
FAILURE
Changes in cardiac morphology, chronotropy, systolic/
diastolic performance and vascular resistance that are
commonly seen in the setting of cirrhosis can compromise a patient’s ability to handle the hemodynamic
stresses of LT. Specifically, ELSD has been associated
with chamber enlargement and hypertrophy, decreased
beta-agonist transduction with bradycardia and decreased
chronotropic competence, high cardiac output +/- left
ventricular outflow tract obstruction, and a milieu of
circulating inflammatory mediators with cardiodepressant and systemic vasodilatory properties (low SVR)[46-52].
The term cirrhotic cardiomyopathy has been applied to
these alterations in normal cardiovascular physiology, and
such derangements can influence ventricular response to
the sudden increase in preload that immediately follows
transplant graft reperfusion[53-55]. Close monitoring and
optimization of cardiac function is imperative to minimize post-transplant congestion and heart failure.
Common echocardiographic features of cirrhotic
cardiomyopathy include hypertrophy out of proportion to hemodynamic load, impaired diastolic relaxation,
and decreased contractile reserve[56-58]. Sudden increase
in preload and gradual normalization of afterload posttransplant can unmask these cardiomyopathic features
to produce overt heart failure[59-62]. Preoperative features
predictive of clinically significant systolic heart failure after LT include elevated right-heart and pulmonary artery
pressures prior to transplant[63]. In addition, the magnitude of early hemodynamic compromise (as measured
by cardiac index and oxygen delivery within the first 12 h
of transplant) has been correlated with risk of multiorgan failure and mortality[64]. With aggressive supportive
management, the pathophysiologic features of cirrhotic
cardiomyopathy may improve with LT over time[65]. Preoperative evaluation with transthoracic Doppler echocardiography can help identify those LT candidates at greatest risk for developing clinically significant heart failure
syndromes postoperatively, in order to allow optimization
of volume status and heart failure symptoms prior to LT,
as well as planned aggressive management of heart fail-
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ure after transplantation. Beta blockers, angiotensin converting enzyme inhibitors (ACE-i) and aldosterone antagonists are generally well tolerated post-LT, and should be
continued in the absence of contraindications[66]. Study
of beta blockers in cirrhosis suggests that carvedilol may
best improve portal hypertension and hepatic venous
pressure gradients via decreased splanchnic blood flow
and decreased portocollateral resistance[67-69]. Dose adjustments of ACE-i and aldosterone antagonists may be
required in the face of renal dysfunction with calcineurin
inhibitors.
Resting transthoracic echocardiography is also useful
for the identification and quantification of left ventricular
outflow tract obstruction (LVOTO). LVOTO may be
primarily functional (secondary to the high-flow state of
ESLD) or primarily mechanical (secondary to obstructive hypertrophy). In either case, the risk for intraoperative hypotension is increased, especially in those LT
candidates with resting LVOTO > 36 mmHg[70]. Careful
preoperative evaluation is required to allow appropriate
adjustment of anesthetic strategy in those at risk. Anesthetic strategies that avoid tachycardia, minimize preload
depletion and limit inotropy are preferred in the setting
of hemodynamically significant LVOTO[71-74]. Marked
septal hypertrophy leading to symptomatic primary mechanical LVOTO may require invasive management for
alcohol septal ablation if the degree of LVOTO would
prohibit LT in an otherwise appropriate surgical candidate[75,76].

PULMONARY HEART DISEASE
Pulmonary heart disease is prevalent in LT candidates
and is prognostic of postoperative outcomes. Vascular
dilation in the pulmonary bed with intrapulmonary rightto-left shunting, ventilation-perfusion mismatch and hypoxemia is common in ESLD (termed hepatopulmonary
syndrome), and does not portend worse outcomes with
LT[77]. Pulmonary pressures and pulmonary vascular resistance are not markedly elevated in hepatopulmonary
syndrome, and its pathophysiologic features may in fact
correct post-LT. In contrast, some LT candidates with
portal hypertension can develop progressive pulmonary vascular constriction and remodeling with elevated
pulmonary vascular resistance, a condition termed portopulmonary hypertension (POPH)[77,78]. POPH is estimated to be present in approximately 5%-10% of all LT
candidates[79]. Extent of vascular remodeling in POPH
is associated with increased mortality post-LT, with 50%
mortality among those with POPH and mean pulmonary
artery pressure (mPAP) 35-50 mmHg and near 100%
mortality among those with POPH and mPAP > 50
mmHg[80,81]. Advanced untreated POPH with mPAP ≥
35 mmHg, therefore, is considered a contraindication for
LT. Aggressive screening and early referral to pulmonary
hypertension specialists, ideally when right ventricular
function is still preserved, may allow sufficient lowering
of pulmonary pressures to allow LT[82-85].
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Diagnosis of POPH should not be made on the basis
of elevated pulmonary pressures alone. Baseline preoperative transthoracic echocardiography should be the initial screening strategy for the identification of PH in this
population. A diagnosis of mild to moderate PH based
on the estimation of the pulmonary artery systolic pressure on echocardiography has not been associated with
worse outcomes. Thus for cases of worse PH, further assessment is warranted. Volume overload, left ventricular
failure and high cardiac output can all contribute to elevated pulmonary pressures without conferring the same
degree of perioperative risk. If there is evidence of right
ventricular dysfunction or pulmonary hypertension on
transthoracic echocardiography, the patient should be referred for invasive hemodynamics to differentiate pulmonary arterial from pulmonary venous hypertension. Accurate diagnosis of prohibitive POPH can only be made if
mPAP is ≥ 35 mmHg and pulmonary vascular resistance
is > 3 Woods units in the setting of a normal pulmonary capillary wedge pressure (PCWP) of < 15 mmHg.
If PCWP is elevated, repeat invasive hemodynamics are
warranted after appropriate diuresis or volume management as clinically tolerated. Finally, clinical management
of underlying lung disease and other potentially reversible contributors to pulmonary hypertension should not
be neglected.
Structural heart disease is prevalent in the general
population, and atrial septal defects (ASD) or patent foramen ovalae (PFO) may also be found in LT candidates.
ASD may be associated with shunt physiology and potential alterations in pulmonary vascular resistance over the
long-term, theoretically contributing to risk of right-heart
failure after transplant. The presence of PFO prior to LT
has not been associated with worse outcomes in case series[86]. Existing data does not support excluding patients
for transplant consideration based upon the presence of
ASD or PFO[87].

mmHg may warrant adjustment of anesthetic strategy to
optimize intraoperative volume status to maintain preload, heart rate to maintain diastolic filling and to avoid
excessive inotropy. Portopulmonary hypertension (pulmonary vascular remodeling with elevated resistance) is
associated with risk of fulminant right-heart failure and
increased perioperative mortality, especially with mPAP
≥ 35 mmHg. We recommend invasive hemodynamic
assessment in all LT candidates with suggestion of right
ventricular dysfunction and/or at least moderate pulmonary hypertension by echocardiography. Patients with
volume overload (PCWP > 15 mmHg) and/or other
reversible etiologies of pulmonary hypertension should
be aggressively treated for these etiologies, with repeat assessment of pulmonary hemodynamics once euvolemic
and better clinically compensated. Patients meeting hemodynamic criteria for moderate to severe POPH as
detailed above should have early referral to a pulmonary
hypertension specialist for advanced medical and intraoperative therapies to facilitate consideration for LT.
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Abstract
Cytomegalovirus (CMV) infection is a common complication after liver transplantation, and it is associated
with multiple direct and indirect effects. Management of
CMV infection and disease has evolved over the years,
and clinical guidelines have been recently updated.
Universal antiviral prophylaxis and a pre-emptive treatment strategy are options for prevention. A currentlyrecruiting randomized clinical trial is comparing the efficacy and safety of the two prevention strategies in the
highest risk D+R- liver recipients. Drug-resistant CMV
infection remains uncommon but is now increasing in
incidence. This highlights the currently limited therapeutic options, and the need for novel drug discoveries.
Immunotherapy and antiviral drugs with novel mechanisms of action are being investigated, including letermovir (AIC246) and brincidofovir (CMX001). This article
reviews the current state of CMV management after
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liver transplantation, including the updated practice
guidelines, and summarizes the data on investigational
drugs and vaccines in clinical development.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: In this article, the authors review the current
literature of cytomegalovirus (CMV) infection after liver
transplantation, including the approaches to diagnosis,
prevention and treatment. The review highlights the
pros and cons of the prophylaxis vs pre-emptive prevention strategies, especially in the highest risk D+/R- population. Treatment of CMV infection in liver transplant
patients is discussed in addition to management of CMV
resistance, with detailed discussion of recently updated
clinical CMV management guidelines. Finally, the future
management of CMV in liver transplant recipients relies
on new drug discoveries, and the authors describe multiple investigational drugs and vaccines in clinical trials.
Marcelin JR, Beam E, Razonable RR. Cytomegalovirus infection in
liver transplant recipients: Updates on clinical management. World
J Gastroenterol 2014; 20(31): 10658-10667 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i31/10658.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i31.10658

INTRODUCTION
Cytomegalovirus (CMV) is a ubiquitous double-stranded
DNA virus also known as human herpesvirus 5 (HHV-5).
CMV seroprevalence has been reported to be around
60% in the United States[1-4]; higher prevalence has been
noted in developing countries[2] and among high risk
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patients, including patients infected with human immunodeficiency virus (HIV)[5]. Variable rates of prevalence
have been reported among ethnic groups in the United
States, with greater prevalence in the non-Hispanic blacks
and Mexican-Americans[1]. CMV is an important cause
of clinical disease in neonates and immunocompromised
patients, and it appears to also be associated with poor
outcome in critically ill immunocompetent patients[6]. All
members of the Herpesviridae family establish latency in
infected cells, with the life-long potential for reactivation
and production of infective viral particles[7,8]. Primary
CMV infection in immunocompetent hosts is usually
asymptomatic or a nonspecific viral illness followed by latency; however immunocompromised hosts are at higher
risk for developing serious primary infection or reactivation. CMV remains latent primarily in lymphoid organs
and myeloid cells[8]. It can be transmitted by exposure
to body fluids including saliva, semen, blood and breast
milk[2], and can also be transmitted via transplantation
of solid organs including heart, kidney, lungs and liver[7].
CMV can be a significant problem for transplantation,
as it can increase the predisposition to develop serious
infections, and increases the risk of allograft rejection
and mortality[9]. In this article, we highlight the impact of
CMV on liver transplantation and reviews recent advances in the prevention, diagnosis, and treatment of CMV in
liver transplant recipients.

CLINICAL IMPACT OF CMV
CMV disease vs infection
CMV remains as one of the most important infectious
complications after liver transplantation[3,10]. Multiple risk
factors are associated with its occurrence, but most notable among them are the donor/recipient CMV serostatus
and the severity of pharmacologic immunosuppression[1].
CMV infection represents the presence of the virus, as
indicated by the detection of viral proteins or nucleic
acids in body fluids or tissue samples, regardless of clinical symptoms[11]; the presence of any clinical symptoms
in patients with CMV infection is termed CMV disease.
CMV disease in immunocompromised patients may affect one or multiple organs, but may also have atypical
presentations, requiring close monitoring and high index
of suspicion in transplant patients[12].
Direct effects
The direct effects of CMV after liver transplantation can
be categorized as CMV syndrome or tissue invasive disease (Table 1). CMV syndrome is the term for the clinical
illness characterized by fever, constitutional symptoms,
and myelosuppression in the presence of CMV infection[7,8,11]; this accounts for the majority of CMV disease
cases in liver transplant recipients. In addition, CMV can
invade end-organs and cause tissue-invasive disease. The
most common organ affected is the gastrointestinal tract,
causing esophagitis, gastritis, enteritis, or colitis[7]. There
is the predisposition for the transplanted allograft to
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Table 1 Direct and indirect clinical effects of cytomegalovirus
in transplant recipients
Direct clinical effects

Indirect clinical effects

CMV syndrome
Fever > 38  ℃ for 2/4 d
Malaise
Myelosuppression
Tissue-invasive CMV disease1
Gastrointestinal disease
(entire gastrointestinal tract
can be affected)
Hepatitis
Pneumonitis
Retinitis
CNS disease
Carditis
Mortality

Acute allograft rejection
Chronic allograft rejection
Allograft failure
Vanishing duct syndrome/ductopenia
Allograft hepatitis and fibrosis
Vascular thrombosis
Opportunistic and other infections
Fungal (Aspergillus, Pneumocystis)
Bacterial (Nocardia)
Viral (HHV-6, HHV-7, EBV)
Hepatitis C virus recurrence
EBV associated PTLD
Mortality

1

Can affect any organ, listed are most common organs affected. PTLD:
Post-transplant lymphoproliferative disorder; HHV: Human herpes virus;
EBV: Epstein-Barr virus; CMV: Cytomegalovirus.

develop CMV infection in solid organ transplant (SOT)
recipients, likely secondary to an abnormal allograft immune response[13]. It is therefore not uncommon for
liver transplant recipients to develop CMV hepatitis[14].
Allograft invasion by CMV is likely the result of viral reactivation in the transplanted liver allograft that contains
donor-transmitted virus[2,9].
Indirect effects
Indirect effects of CMV include inflammatory cytokinemediated acute and/or chronic graft rejection, decreased
graft survival, and increased patient mortality[8,15,16]. CMV
can also have an immunomodulatory effect in liver recipients, further enhancing the immunosuppression and
predisposition to opportunistic infections with bacteria,
fungi or other viruses, including EBV-related post-transplant lymphoproliferative disorder and accelerated HCV
recurrence[8,13,15]. CMV disease has been found to be an
independent risk factor in the development of invasive
fungal infections in liver transplant recipients[10].

RISK FACTORS
The most important clinical predictor for the development of CMV infection and disease after liver transplantation is the CMV serostatus of the donor and the recipient[13,17-19]. Accordingly, prior to transplantation, donors
and recipients are screened for CMV IgG antibodies
to accurately stratify patients into risk groups for CMV
disease[13]. The risk for serious CMV disease is highest
for primary infections in CMV seronegative recipients
receiving CMV seropositive allografts (CMV D+/R- mismatch)[13,19]. One study reported an almost universal CMV
infection among D+/R- liver transplant recipients[20]. In
contrast, double negative donor-recipient combinations
(CMV D-/R-) have the lowest risk for CMV disease after
liver transplantation[21]. Only about 1%-2% of this CMV
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D-/R- transplant population will develop CMV disease
during the first year after liver transplantation, either as a
result of natural transmission or through blood transfusion. In order to preserve this low CMV risk, these patients must receive leukoreduced and/or CMV antibody
negative blood products[13,20].
The intensity of the immunosuppressive regimen
used in the post-transplant period plays an important role
in determining the patient’s overall immune status[20,22].
Patients given antilymphocyte antibodies (such as thymoglobulin, alemtuzumab, among others) are significantly
increased risk of CMV infection and disease compared
to their counterparts not receiving this therapy, whether
these agents are used as induction or anti-rejection therapy[13]. After these therapies are administered, there is a
systemic release of tumor-necrosis factor-alpha, which is
a potent transactivator of latent CMV[23]. The incidence
rates of CMV infection and disease in liver transplant
recipients are higher during treatment for allograft rejection, likely due to the accelerated inflammatory state[13,21],
especially among those who did not receive CMV prophylaxis[23].
Certain co-infections also increase the risk for developing CMV infection and disease, especially HHV6 and
HHV7[13,20,24]. There are also reports correlating CMV
disease risk with lower model for end stage liver disease
scores, lower total bilirubin, and higher operating time,
but these findings have been inconsistent among different studies[25].
Deficiencies in innate and cell-mediated adaptive immunity have been associated with CMV disease after liver
transplantation. Specifically, functional polymorphisms
in Toll-like receptors, which are important receptors that
recognizes CMV, has been associated with increased risk
of CMV disease after liver transplantation[26]. Homozygosity for Toll-like receptor 2 R753Q single nucleotide
polymorphism is a marker for tissue-invasive CMV disease after liver transplantation, independent of other traditional risk factors[27]. Likewise, liver transplant recipients
who are deficient in CMV-specific T cells, as indicated by
undetectable or low levels of interferon-gamma during
stimulation with CMV antigens, are at significantly higher
risk of CMV disease.

DIAGNOSIS
Several methods are used for the diagnosis of CMV
infection after transplantation. Among them, the most
commonly used technique is nucleic acid testing (NAT),
which is often performed using polymerase chain reaction (PCR). Using this approach, CMV viral load has
been used for various indications, including (1) rapid
diagnosis of CMV infection; (2) prognostication of the
severity of infection; (3) monitoring for antiviral efficacy;
and (4) assessing the risk of relapse[20,28]. Real-time NAT
are faster technologies with rapid turn-around time that
will confirm the suspicion of CMV disease within hours
of testing[28]. Its quantitative ability allows for assessing
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the severity of infection (higher viral load is associated
with higher likelihood of severe disease). Serial monitoring will also allow for assessment of viral load rise (associated with disease progression) or decline (associated
with antiviral response). Indeed, the rate of change of
viral load over time is as important as the absolute viral
load values in CMV disease assessment and prognostication[13,20,28]. CMV NAT is often performed on blood samples, and there is ongoing debate as to which compartment of the blood is ideal for CMV NAT. Whole blood
samples often allow for the detection of viremia earlier
and for longer periods than plasma samples[29]; whether
this is better for diagnostic purposes is still debated. The
only FDA approved CMV NAT assay in the US detects
the virus on plasma samples[28]. It is important to point
out that a negative CMV NAT in blood samples does not
completely rule out the presence of compartmentalized
and localized tissue-invasive CMV cases (such as some
cases of reactivation CMV gastrointestinal disease, and
CMV retinitis)[13].
Until recently, CMV NAT assays are not directly comparable. Differences in assay design, platform, target, calibrators, and samples (among others) have limited direct
comparison and portability of viral load results from one
assay to another. Accordingly, there were no widely accepted viral load thresholds that can be used for CMV
disease management[30,31]. To address this, a World Health
Organization (WHO) International Standard was developed to which assays can be calibrated for viral load
reporting[32,33]. Using an assay that has been calibrated to
this WHO standard, one study had suggested a viral load
of 3983 IU/mL (2600 copies/mL), with a 99.6% negative predictive value (89.9% sensitivity and 88.9% specificity) as an appropriate cut-off for initiating treatment
in CMV-seropositive SOT recipients[31]. Another study
reported that suppression of the viral load to < 137 IU
is associated with faster clinical CMV disease resolution.
Whether this will also result in lower rate of CMV disease relapse, and what viral load threshold can be used
for various indication are now being investigated in the
clinical setting.
The gold standard for diagnosis of tissue invasive
CMV disease remains the demonstration of CMV pathology in a biopsy specimen from the involved organ.
CMV can be demonstrated in the biopsy specimen using histology (such as demonstration of CMV inclusion
bodies), immunohistochemical identification of CMV
antigens, in-situ DNA hybridization or (less preferred)
CMV culture[28]. Serology to demonstrate CMV IgG in
the blood of transplant recipients is not recommended
for the diagnosis of acute CMV infection after transplantation. Liver transplant recipients may have delayed and
impaired ability to mount antibody production, thereby
making serology not as reliable in diagnosis of acute infection after transplantation.
Detection of CMV pp65 using fluorescent methods
on infected peripheral blood leukocytes is another method for the rapid diagnosis and surveillance of CMV infec-
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Table 2 Comparison of antiviral prophylaxis and pre-emptive strategies for cytomegalovirus prevention in liver transplant patients
Prevention characteristics

Prophylaxis strategy

Pre-emptive strategy

CMV disease
Very effective at preventing CMV infection and disease Effective to prevent CMV disease; does not prevent CMV infection
Late-onset CMV disease
Higher risk of late and very-late onset CMV disease
Reduces incidence of late onset CMV disease
Ideal treatment population
CMV D+R- are highest risk patients
CMV R+ patients
Logistics of strategy
Logistically more feasible, but still requires frequent
Requires weekly viral load testing; standardized viral load
monitoring of adverse effects
thresholds still being investigated
Cost
Higher drug costs; lower laboratory/monitoring costs
Higher laboratory/monitoring costs; lower drug costs
Safety/adverse effects
More frequent adverse effects such as myelosuppression
Shorter treatment periods; fewer toxicities
due to longer treatment periods
Indirect CMV effects
Better evidence showing reduction of graft rejection,
Limited evidence overall, but may not reduce indirect effects
improved graft survival, opportunistic infections
Effect on mortality
Reduces mortality from CMV disease
Limited evidence regarding mortality reduction
CMV resistance
More common compared to pre-emptive strategy
Some evidence regarding effect on resistance but overall uncommon
CMV: Cytomegalovirus.

tion in transplant recipients. Its utility has been declining
with the rise in molecular methods such as CMV NAT.
In some studies, the CMV pp65 had comparable sensitivity to CMV PCR, and higher sensitivity compared to culture-based methods[13]. However, the pp65 antigenemia
assay has lower rates of detection in the lower viral load
ranges[30,34]. Additionally, although the specificity of the
antigenemia assay and CMV NAT are comparable, the
CMV NAT have a higher negative and positive predictive
value and much higher sensitivity than the pp65 assay in
SOT recipients[30]. Moreover, the pp65 antigenemia assay
is time sensitive: samples must be obtained and tested in
8 h. There is also significant biological variation, and its
accuracy decreases in leukopenic patients with absolute
neutrophil counts less than 1000/mm3 (since pp65 antigen is detected on leukocyte populations)[28,34].

PREVENTION
In the absence of any prevention strategy, CMV infection
(36%-100%) and disease (11%-72%) can be expected
to occur within the first 3-4 mo after liver transplantation[2,14,35]. This may be subclinical or may present clinically as CMV syndrome or end organ disease[14]. In a
large cohort of liver transplant patients, there was an
independent association between CMV infection or disease within the first year of liver transplantation and the
composite outcome of allograft loss or mortality (RR =
3.04, 95%CI: 1.56-5.92, P = 0.001)[36].
Prevention of CMV infection and disease in liver
transplant recipients is therefore a priority in posttransplant management. This can be accomplished either
with antiviral prophylaxis or pre-emptive therapy, and the
strategies vary according to institution. Universal prophylaxis provides antiviral therapy to all patients at risk
for CMV infection after liver transplantation, while the
preemptive strategy involves frequent viral load monitoring and treatment at the early stages of CMV infection
before symptomatic disease develops[13]. In a retrospective analysis of two liver transplant cohorts receiving prophylaxis or preemptive therapy, CMV viremia expectedly
occurred within the first 3 mo after liver transplantation
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in the preemptive strategy group, while this occurred
during months 3-6 among patients who received 3 mo
of antiviral prophylaxis[37]. Each of the two approaches
has advantages and disadvantages as shown in Table 2
but the prophylaxis strategy has been preferred among
the majority of transplant programs in the United States,
partly due to better long-term outcome and for logistic
reasons[38]. The major disadvantage of antiviral prophylaxis is the occurrence of late-onset CMV disease. To
reduce this complication, some institutions have adopted
a hybrid approach whereby patients who receive antiviral
prophylaxis initially are subjected to a preemptive strategy
during the high-risk period after antiviral prophylaxis[20].
Antiviral prophylaxis
CMV prophylaxis is usually given to all patients at-risk
during the initial 3-6 mo after liver transplantation. Additionally, antiviral prophylaxis is given to patients receiving
lymphocyte-depleting therapy for acute allograft rejection[20]. The recommendations for CMV prophylaxis vary
depending on the serostatus of the donor and recipient.
CMV D+/R- liver recipients are recommended to receive
3-6 mo of CMV prophylaxis, while 3 mo of prophylaxis
may be sufficient for the CMV-seropositive liver recipients. Most commonly, CMV prophylaxis is with the use
of valganciclovir (dose 900 mg daily, adjusted based on
renal function). Alternative agents are oral ganciclovir (3
g per day) or intravenous ganciclovir (5-mg/kg daily)[13].
Because of the higher rates of tissue-invasive CMV disease in liver transplant recipients who received valganciclovir compared to oral ganciclovir prophylaxis, the US
FDA did not approve the use of valganciclovir for CMV
prophylaxis in liver transplant recipients. Notwithstanding
this statement, multiple experts recommend the use of
valganciclovir for prevention of CMV in liver transplant
patients, and it is subsequently the preferred therapy in
a large majority (> 70%) of transplant centers in the
United States[38]. A more recent study confirmed the
increased incidence of late-onset CMV disease in liver recipients[39]. However, valganciclovir has superior bioavailability compared to oral ganciclovir (50%-60% compared
to 6%-9%)[13,40]. A number of more recent retrospective
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studies found no significant difference in incidence of
CMV disease in liver transplant patients treated with oral
ganciclovir vs valganciclovir[41,42].
Due to the major adverse effect of leukopenia and
the high cost of the drug, low-dose valganciclovir dosing has been proposed. In a recent review, there remains
a high risk of CMV disease in liver transplant patients,
despite the use of valganciclovir prophylaxis at a dose of
900-mg daily[43]. In a large meta-analysis, the efficacy of
valganciclovir 450-mg was equivalent to valganciclovir
900-mg dosing, and the low-dose program was associated
with lower incidence of leukopenia and fewer instances
of CMV disease or graft rejection[44]. It is possible that
the low dose valganciclovir would allow for a low level
exposure of the immune system to CMV antigens, thereby allowing for T cells to mount an immune response[44];
this however remains speculative. In an earlier retrospective study of liver transplant recipients, the efficacy of
valganciclovir at 450-mg dosing was similar to oral ganciclovir[40].
One of the major drawbacks to antiviral prophylaxis
is the occurrence of late-onset CMV disease, which is
the term for CMV disease cases that occur soon after
the completion of universal prophylaxis. Among liver
transplant recipients who receive 3 mo of antiviral prophylaxis, late-onset CMV disease would typically occur
at about 3-6 mo after transplantation[14,45]. The incidence
of late-onset CMV disease has been reported to vary
between 17%-37% depending on the length of valganciclovir prophylaxis[45-47]. Late-onset CMV disease is almost
exclusively a condition that occurs in CMV D+/R- SOT
recipients who received antiviral prophylaxis, and rarely
is observed in CMV-seropositive transplant recipients.
To address the issue of late-onset CMV disease, many
have suggested longer periods of CMV prophylaxis[45,46].
In a study of kidney transplant recipients (The IMPACT
study), antiviral prophylaxis for 200 d was associated with
lower incidence of CMV disease compared to 100 d of
prophylaxis, and that the number needed to treat to avoid
one additional CMV disease diagnosis up to 12 mo posttransplant was 5[45,46]. Fewer patients in the 200 d group
developed CMV disease at 6, 9, 12 and 24 mo (7.1%,
14.2%, 16.1% and 21.3% respectively) compared to the
100 d group at 6, 9, 12 and 24 mo (31.3%, 35%, 36.8%
and 38.7% respectively); P value < 0.0001 in all cases[45,46].
Additionally, longer prophylaxis was associated with
fewer opportunistic infections than standard prophylaxis
(12.9% compared with 27%, P = 0.001)[45,46]. While this
was conducted in kidney transplant recipients, many
centers have extrapolated the findings to high risk CMV
D+/R- liver transplant recipients.
Preemptive therapy
Preemptive therapy is the approach wherein antiviral
therapy is provided to liver transplant recipients with lowlevel asymptomatic CMV infection. The mainstay of preemptive therapy is close laboratory monitoring of the atrisk patients and the initiation of early antiviral treatment
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when a viral load threshold is reached, so that the infection does not progress to CMV disease[13,14]. Typically, the
preemptive approach involves weekly CMV monitoring
with the use of pp65 antigenemia assay or CMV NAT
by PCR, for at least 12 wk after liver transplantation[13,14].
Once the virus is detected, antiviral treatment can be initiated either with oral valganciclovir (900 mg twice daily) or
Ⅳ ganciclovir (5 mg/kg every 12 h). Antiviral treatment
is continued until the virus is no longer detected in the
blood[13,14]. Many transplant centers are not comfortable
with using this approach in the highest risk CMV D+/Rgroup because the rapid viral replication dynamics in this
high-risk patient may lead to the inability to detect CMV
soon enough for the initiation of effective antiviral treatment. Many studies however have demonstrated the efficacy of preemptive therapy in moderate-risk groups such
as CMV R+ liver transplant recipients[13,14]. In a study of
liver transplant population (a third were D+/R-), the use
of preemptive therapy guided by CMV NAT by PCR was
associated with CMV disease rates < 1% at one year and
< 2% overall, and the inclusion of CMV D+/R- in this
study suggests that it is also feasible even in high-risk patient groups[48].
The preemptive strategy is advantageous in terms
of reducing cost and drug toxicity if used in recipients
who are at lower risk for developing CMV disease. Given
the advantages of the preemptive approach in costeffectiveness and adverse effect reduction, more studies
need to be designed to test this approach in the highest
risk D+/R- patients for whom the prophylaxis strategy is currently recommended. One ongoing phase 4
randomized, controlled study is performing direct head
to head comparisons of the prophylaxis and preemptive strategies in D+/R- liver transplant patients[49], and
hopefully the results of this and subsequent trials should
help to answer this question (ClinicalTrials.gov Identifier:
NCT01552369).

TREATMENT
The standard of care for the treatment of CMV disease is
Ⅳ ganciclovir, at 5 mg/kg twice daily, or valganciclovir, at
900-mg orally twice daily[13]. Ⅳ ganciclovir administration
requires intravenous access, the potential need for inpatient hospitalization, and may be complicated by catheterrelated bacterial or fungal infections. Oral valganciclovir
has excellent bioavailability that provides systemic ganciclovir levels comparable to Ⅳ ganciclovir, but it relies
on efficient absorption through the gastrointestinal tract.
Both valganciclovir and intravenous ganciclovir have
been demonstrated to be efficacious for the treatment of
mild to moderate CMV disease and asymptomatic CMV
infection in SOT recipients. In the VICTOR study, the
safety and non-inferiority of oral valganciclovir at 900
mg twice daily was demonstrated in comparison to Ⅳ
ganciclovir for the treatment of CMV disease in SOT
patients, 7% of whom were liver transplant recipients[50].
Oral valganciclovir administration resulted in almost
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identical mean times to clinical resolution of disease as
Ⅳ ganciclovir, with no differences in the incidence of
graft rejection or adverse effects at the end of the 21-d
treatment period[50]. One year follow up of these patients
revealed no difference in long-term treatment outcomes
in patients treated with oral valganciclovir compared to
Ⅳ ganciclovir. Guidelines therefore recommend the use
of oral valganciclovir for treatment of mild-to-moderate
CMV disease, but not in life-threatening CMV disease
cases, those with very high viral load, those patients with
poor oral absorption, and those with questionable compliance with medications. In such cases, Ⅳ ganciclovir
would be more appropriate[51]. Oral ganciclovir, acyclovir
or valacyclovir should not be used for treatment of CMV
disease[51]. Ⅳ foscarnet and cidofovir should not be used
as first-line drugs for the treatment of CMV disease due
to their toxicity profiles, but are considered alternative
agents for treatment of ganciclovir-resistant CMV.
The duration of treatment of CMV disease should
be guided by viral load monitoring. Previous studies have
demonstrated that the greatest predictor of clinical relapse was the persistence of CMV viremia at the end of
treatment[52]. Indeed, suppression of CMV viral load to
less than 137 IU/mL was associated with resolution of
clinical disease. Thus, it is recommended that transplant
recipients with CMV disease should undergo weekly
viral load monitoring, which will guide the duration of
treatment. Guidelines currently recommend antiviral
treatment until two weekly negative CMV PCR’s are
demonstrated. Patients treated with valganciclovir and
intravenous ganciclovir should also be monitored closely
for adverse effects, which include leukopenia[51].
In addition to antiviral drugs, SOT recipients with
CMV disease should be assessed for the intensity of immunosuppression. In theory, CMV is an opportunistic
pathogen and its onset is often correlated with a more
severe intensity of immune dysfunction. Accordingly,
one should consider reducing the dose of immunosuppressive therapy in patients with CMV disease, especially
if the illness is severe. This should however be done cautiously since drastic and precipitous reduction in immunosuppression may precipitate allograft rejection.
Antiviral resistance
Ganciclovir resistant CMV is still uncommon in the
general SOT population, although it has been described
to occur in up to 7% of high-risk SOT recipients who
previously received prolonged ganciclovir prophylaxis[53].
Prolonged use of ganciclovir predisposes to the development of CMV resistance[51]. It should be suspected if viral loads do not decline despite effective antiviral therapy
for at least 2-3 wk, if clinical symptoms recur, or if viral
load is not suppressed to undetectable levels despite prolonged effective therapy[51,54].
To become an active drug, ganciclovir must be phosphorylated to ganciclovir triphosphate via three enzymatic
steps; the initial phosphorylation is catalyzed by UL97encoded viral kinase[54]. The ganciclovir triphosphate sub-
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sequently incorporates competitively into the DNA via
the UL54 DNA polymerase and stops viral replication[54].
Cidofovir and foscarnet do not require the initial UL97catalyzed phosphorylation, but they also act on UL54
DNA polymerase to terminate viral replication. The
primary mechanism for CMV resistance to ganciclovir is
due to mutations of the UL97 phosphotransferase gene
which is responsible for the initial ganciclovir monophosphorylation step[55]. Less commonly, mutations in UL54
may occur, and this may result in cross-resistance among
ganciclovir, foscarnet and cidofovir.
The CMV D+/R- transplant recipients are at highest risk of drug resistance with an incidence of 5%-10%;
rates of resistance vary depending on the organ transplanted, with greater incidence in lung and pancreas
recipients[54,55]. While traditionally considered to be at
a lower risk, transplant patients on preemptive therapy
have also been demonstrated to be at risk of ganciclovirresistant CMV disease, especially if preemptive therapy
is prolonged or when oral preemptive therapy is started
when the viral load is initially high[54,55]. Earlier studies
described an increased incidence of resistance in patients
treated with oral ganciclovir compared to valganciclovir,
attributed to better viral suppression in the valganciclovir
group[39,56]. More recently however, SOT recipients treated with either Ⅳ ganciclovir or oral valganciclovir have
been found to have similar risk of developing ganciclovir
resistance[55]. Genotypic drug assays have been developed
to identify ganciclovir resistance mutations to UL97 and
UL54 and can provide relatively rapid confirmation in
cases of suspected ganciclovir resistance[51,54].
In life-threatening cases where antiviral resistance
is suspected, an empiric switch in treatment, often to
foscarnet, is recommended. If low-level resistance is
confirmed, increasing the dose of Ⅳ ganciclovir (or
switching from oral valganciclovir to Ⅳ ganciclovir) is
recommended as first-line of treatment with close monitoring for myelosuppressive and nephrotoxic adverse effects[51]. In cases of high-level resistance, foscarnet is the
recommended antiviral therapy[51]; since many ganciclovir
resistance mutations also confer cidofovir resistance, the
latter is a poor alternative[54]. Foscarnet (second line) and
cidofovir (third line) are associated with significant nephrotoxicity however, and can be challenging to administer
in patients with reduced renal function or electrolyte
imbalances. Ganciclovir-foscarnet combination therapy
has been proposed as an option for treatment of resistant CMV, but this has variable response and is no longer
strongly recommended since it was associated with more
toxicity without proven clinical benefits[57].
There are some data to support the use of adjunctive
treatments like intravenous immunoglobulin or CMV immunoglobulin (CMV Ig), a switch to mammalian target
of rapamycin inhibitors (sirolimus, everolimus), or use of
leflunomide[51]. The incidence of CMV disease has been
lower than expected in transplant recipients on sirolimuscontaining immunosuppressive regimens[58]. Another recent study revealed that while CMV-Ig and CMV neutral-
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izing antibodies may be able to reduce viral spread during
initial infection, during subsequent reactivation, they are
unable to stop cell-to-cell viral spread[59]. Additionally,
CMV-Ig has been shown to reduce CMV related mortality in SOT patients[60].
Several drugs in clinical development have been used
for prevention and treatment of CMV disease, including
those caused by drug-resistant CMV. Maribavir, a benzimidazole inhibitor of the UL97 kinase, has been shown
to be a potential drug for the treatment of drug-resistant
CMV. However, the clinical trials in HSCT and liver
transplant recipients were disappointing and the drug was
not effective for CMV infection and disease prevention.
In a randomized controlled trial comparing maribavir to
oral ganciclovir as prophylaxis in liver transplant patients,
there were significantly fewer patients with CMV infection or disease at 3 or 6 mo when treated with ganciclovir
compared to maribavir[61]. Some have speculated that the
dose of maribavir chosen (100-mg twice daily) contributed to the inability to prove noninferiority, as previous
phase Ⅱ trials demonstrated adequate antiviral activity
at higher doses (400-mg twice daily), but higher doses
were associated with significant dysgeusia[62]. Maribavir
may still remain an option for treatment of multi-drug
resistant CMV due to differences in resistance mechanisms[63]. New clinical trials (ClinicalTrials.gov Identifier:
NCT01611974) are actively recruiting SOT and HSCT
patients to investigate maribavir as a treatment for resistant or refractory CMV[64].
Another investigational agent is letermovir (AIC246)
which inhibits the enzyme UL56 terminase and shows
promise in early studies with antiviral efficacy against
drug resistant strains and minimal cross-resistance[51,65-67].
Additionally, cyclopropavir is another novel compound
that has been shown to be effective against CMV by
inhibition of the UL97 kinase[68,69]. Resistance usually
involves mutations of UL97 kinase that are different
from those seen in ganciclovir resistance, therefore cyclopropavir can potentially still retain activity against
ganciclovir resistant strains[68]. CMX001 (Brincidofovir)
is another investigational therapy with activity against
multiple DNA viruses[70]. It is a well-tolerated oral lipidconjugate derivative prodrug of cidofovir which delivers
antiviral directly to target cells before being cleaved, and
with no evidence of nephrotoxicity or myelosuppression
and increased potency compared to cidofovir[63,71]. Multiple clinical trials using CMX001 are ongoing, including
one which preliminarily reported that CMV viremia was
reduced with CMX001 use in HSCT patients with refractory CMV disease[72]. Additionally, results of the phase
Ⅱ randomized, controlled, dose-escalated clinical trial
presented at the 2012 BMT Tandem meetings revealed a
reduction in new or progressive CMV infection in HSCT
patients using higher doses of CMX001 for CMV prophylaxis[73]. The phase Ⅲ study (ClinicalTrials.gov Identifier: NCT01769170) is now recruiting participants to
continue to study the safety and efficacy of CMX001 for
CMV prevention in HSCT patients[74]. Resistance patterns
in CMX001 would theoretically be similar to cidofovir,
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however a de novo CMX001 resistant strain (D542E, a
novel UL54 mutation) has been generated after prolonged selection pressure in vitro[75]. Clinical trials of these
compounds in the liver transplant population are yet to
be performed.
Other drugs approved for other indications have been
used off-label and anecdotally for treatment of resistant
CMV. Leflunomide is an anti-inflammatory drug approved for rheumatoid arthritis that also causes inhibition
of CMV viral kinases and pyrimidine synthesis[54]; however more investigations need to be conducted to identify
its role in the treatment of multi-drug resistant CMV.
Similarly, artesunate is an antimalarial with activity against
drug resistant CMV, with proposed activity against viral
kinase signaling pathways; experience with artesunate in
this capacity has only been anecdotal[54].
Due to the virus’ ability to evade host defenses, primary infection with CMV has not been shown to confer
immunity from subsequent infections[76]. Notwithstanding this, there are efforts to develop CMV vaccine for
prevention and therapy. These however remain in clinical
development, and none has been subjected to phase Ⅲ
clinical trials.

CONCLUSION
Despite decades of studies dedicated to the discovery of
new treatment and prevention options, CMV remains the
single most devastating viral infection causing morbidity
and mortality in liver transplant patients[20]. It is known
that contributions from both the innate and adaptive
immune system are necessary for a complete immune
response to CMV, but the virus has a unique ability to
evade both arms, causing latency and reactivation. Multiple antiviral therapies are approved for treatment and
prophylaxis of CMV infection in transplant patients, but
ganciclovir (and valganciclovir) is the most commonly
used antiviral drug. High-risk D+/R- liver transplant
patients require a more aggressive form of prevention,
which in many centers have translated to longer duration
of antiviral prophylaxis. Preemptive therapy may also
work, if coordinated properly. Multiple viral mutations in
UL97 and less commonly UL54 gene contribute to CMV
resistance, and the challenge in these times is to produce
a reliable alternative treatment option in cases of multi
drug resistant CMV. Several drugs and compounds are
currently being developed in clinical trials, including a potentially effective vaccine to reduce the impact of CMV
on transplantation outcomes[77].
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Abstract

deLemos AS, Schmeltzer PA, Russo MW. Recurrent hepatitis
C after liver transplant. World J Gastroenterol 2014; 20(31):
10668-10681 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10668.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10668

End stage liver disease from hepatitis C is the most
common indication for liver transplantation in many
parts of the world accounting for up to 40% of liver
transplants. Antiviral therapy either before or after liver
transplantation is challenging due to side effects and
lower efficacy in patients with cirrhosis and liver transplant recipients, as well as from drug interactions with
immunosuppressants. Factors that may affect recurrent hepatitis C include donor age, immunosuppression, IL28B genotype, cytomegalovirus infection, and
metabolic syndrome. Older donor age has persistently
been shown to have the greatest impact on recurrent
hepatitis C. After liver transplantation, distinguishing
recurrent hepatitis C from acute cellular rejection may
be difficult, although the development of molecular
markers may help in making the correct diagnosis. The
advent of interferon free regimens with direct acting
antiviral agents that include NS3/4A protease inhibitors,
NS5B polymerase inhibitors and NS5A inhibitors holds
great promise in improving outcomes for liver transplant candidates and recipients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C; Liver transplant; Donor risk
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Core tip: Recurrent hepatitis C impacts graft and patient survival following liver transplant. Preventing aggressive hepatitis C virus (HCV) recurrence by selecting
appropriate donor allografts for HCV patients and careful management of immunosuppression in the posttransplant setting remain crucial. Direct acting antiviral
therapy in patients awaiting transplant may prevent
HCV re-infection post-transplant and has the potential
to fundamentally change the natural history of hepatitis
C in liver transplant recipients.

BACKGROUND
End stage liver disease due to hepatitis C virus (HCV)
infection remains a leading indication for liver transplantation (LT) worldwide. While eradication of virus prior
to LT is ideal, currently available antiviral therapy for
those awaiting transplant is limited by toxicities and low
response rates. Viral recurrence following LT is immediate and universal. There are donor, host, and transplant
related factors which increase the likelihood and severity
of recurrence. Some of these factors are modifiable.
Recurrent HCV infection is associated with more
rapid fibrosis progression leading to higher rates of graft
loss and patient mortality compared to patients transplanted for non-HCV etiologies. Post-transplant HCV
antiviral treatment is also challenging due to poor tolerability, drug-drug interactions with immunosuppressant
agents, and low response rates. Re-transplantation for
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allograft cirrhosis due to recurrent HCV remains controversial. This review will address pre- and post-transplant
hepatitis C infection, antiviral treatment strategies, and
the future role of direct acting antiviral agents.

Table 1 Treatment of hepatitis C virus cirrhosis with interferon
and ribavirin
Ref.

TREATMENT OF HEPATITIS C IN
CIRRHOTIC PATIENTS AWAITING LIVER
TRANSPLANTATION

Everson et al[1] 124
Carrion et al[2]
Everson et al[3]

The most effective way to avoid post-LT HCV recurrence is to eradicate virus prior to transplant. Treating patients who are awaiting transplant, however, has been difficult with currently available regimens due to side effects
and limited efficacy. The best-suited treatment candidates
are those with compensated cirrhosis [Child-Pugh class A,
model for end-stage liver disease (MELD) < 13] or those
with hepatocellular carcinoma (HCC) as the primary indication for transplant. Unfortunately, this scenario is not
the norm for most liver transplant candidates who have
advanced liver failure.
Several published studies have examined the role of
standard or pegylated interferon (PEG-IFN) with or
without ribavirin (RBV) before liver transplantation in
cirrhotic patients (Table 1). One large single-center study
treated 124 patients (mean MELD score 11.0 ± 3.7) with
a low accelerating dosage regimen (LADR) of antiviral
therapy[1]. Most patients were treated with interferon alfa2b and RBV; PEG-IFN and RBV was reserved for use
in the retreatment of 15 patients. Treatment was initiated
with half doses of interferon and RBV. Dose adjustments
were made every 2 wk to reach maximally tolerated or
target standard doses. Sustained virologic response (SVR)
was achieved in 13% of patients with genotype 1 HCV
and 50% of patients with non-1 genotypes. Twelve of 15
patients who were HCV-RNA negative prior to LT remained virus negative 6 mo or more after transplant. Fifteen patients experienced 22 serious adverse events (SAEs)
including infection, diabetes mellitus, severe thrombocytopenia, and venous thromboembolism[1]. This study
showed an acceptable SVR for non-genotype 1 patients
with advanced disease, but highlighted the importance of
following these patients closely while on treatment, preferably with the safety net of liver transplantation in place.
Carrión et al[2] published the first study using PEGIFN and RBV in hepatitis C patients awaiting LT. Fiftyone patients with HCV cirrhosis (mean MELD 12) were
matched to 51 untreated controls. While the on-treatment
virologic response was 47%, 29% were HCV RNA negative at the time of LT, and only 20% achieved a SVR
after LT. Early virologic response and non-1 genotype
were the strongest predictors of viral clearance. ChildPugh B/C patients had a particularly high incidence of
bacterial infection with bacteremia and spontaneous
bacterial peritonitis. Three control and 12 treated patients
developed 3 and 19 bacterial infections, respectively. The
authors recommended using caution when treating those
with decompensated disease who are not on prophylactic

WJG|www.wjgnet.com

n

Child Treatment
score
7

IFN and
RBV
51 88% A PEG-IFN
or B and RBV
63
7
PEG-IFN
and RBV

End of treatment
Mean
response/posttreatment
LT SVR
duration (mo)
6-12

46%/30%

3

29%/20%

4

59%/25%

LT: Liver transplantation; PEG-IFN: Pegylated-interferon; RBV: Ribavirin;
IFN: Interferon; SVR: Sustained viral response rate.

antibiotics[2].
A randomized controlled trial (LADR-A2ALL) evaluated PEG-IFN and RBV in a cohort of 79 patients with
advanced HCV who were candidates for adult living
donor LT[3]. Patients with genotypes 1/4/6 (n = 44/2/1)
were randomized 2:1 to treatment or untreated control;
HCV genotypes 2/3 (n = 32) were assigned to treatment.
Two groups of adult patients were included: those who
had a potential living donor and those with HCC eligible
for a MELD upgrade; the average native MELD score
was 12 in both the treated and control groups. Pre-transplant treatment achieved post-transplant viral clearance
(pTVR = negative viral load 12 wk after transplant) in
25% of patients. The only factor predictive of pTVR was
longer duration of pre-transplant treatment. More specifically, pTVR was 0%, 18%, and 50% in patients treated
for < 8, 8-16, and > 16 wk, respectively. SAEs occurred
during the course of treatment and the number of SAEs
per patient was higher in the treated group (2.7 vs 1.3, P =
0.003). In fact, after several serious infections, the authors
broadened the use of antibiotic prophylaxis to include
patients with a current or past history of ascites.
Triple therapy using first generation HCV NS3/4A
protease inhibitors for genotype 1 HCV led to improved
SVR rates overall. However, it’s important to note that
relatively few patients with advanced fibrosis were included in the phase 3 registration trials of telaprevir and
boceprevir[4,5]. Patients with advanced fibrosis and prior
relapse to interferon therapy actually did better than
treatment naïve patients with advanced fibrosis (Table
2)[6,7]. Unfortunately, the initial enthusiasm to treat those
chronic hepatitis C patients with cirrhosis with first generation triple therapy was tempered by an unfavorable
side effect profile. The risks associated with triple therapy
in cirrhotics were perhaps best outlined by the prospective observational multi-center French study (ANRS-CUPIC) study which compared on-treatment response with
TVR (n = 285) and BOC-based (n = 204) triple therapy
in compensated genotype 1 cirrhotics who were partial
responders or relapsers to prior dual therapy[8]. The week
16 on-treatment virologic response data showed that
67% of the TVR group and 58% of the BOC group had
undetectable HCV viral loads. The high rate of SAEs in
both groups (33%-45%) contrasted starkly to the 9%-14%
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Table 2 Treatment of hepatitis C cirrhosis with triple therapy
Fibrosis stage

Drug

Cirrhosis
Telaprevir
Bridging fibrosis and cirrhosis Boceprevir

Bridging fibrosis and cirrhosis Boceprevir
Child A
Telaprevir
Boceprevir

1

Prior PEG-IFN responsiveness (n )

Treatment response

Serious adverse events

21
76
Relapse (n = 119)
Partial response (n = 50)
Null response (n = 88)
Relapse and partial response (n = 63)
285
204

62% SVR
47% SVR
85% SVR
42% SVR
24% SVR
56% SVR
67% (16 wk)
58% (16 wk)

9%
12%

[4]
[5]

12%
45%
33%

[7]
[8]

Ref.

1

Serious adverse event rate for entire study population, % of patients with undetectable hepatitis C virus RNA at 16 wk following drug initiation, an interim
analysis. PEG-IFN: Pegylated-interferon; SVR: Sustained viral response rate.

SAE rate seen in the phase 3 trials that led to licensing of
the protease inhibitors. Anemia was especially problematic as 46%-54% of patients required erythropoietin and
6%-16% required blood transfusions[8]. The availability
of better and safer next generation direct acting antiviral
therapy, such as sofosbuvir, has quickly caused providers
to abandon first generation triple therapy with TVR and
BOC as a treatment strategy.

NATURAL HISTORY OF HEPATITIS C
AFTER LIVER TRANSPLANT
HCV infection recurs universally in LT recipients who
are viremic at transplantation. Viral kinetic studies have
shown that replication begins as early as the first postoperative week and typically peaks by the fourth postoperative month. Virus levels at one year post-LT are
10-20 fold greater than pre-transplant[9]. Histologic studies have shown accelerated fibrosis progression compared
to immunocompetent patients infected with HCV. A
retrospective cohort study of 183 liver transplant recipients with HCV looked at fibrosis progression based on
protocol liver biopsies done over a 10 year period. Fibrosis progression was non-linear, increasing exponentially
during the first three years post-LT. Having advanced
fibrosis (> stage 2) 1 year post-LT led to a 15-fold increase in HCV-related graft loss[10]. Cirrhosis occurs in up
to 20% of patients within 5 years of LT. The cumulative
probability of decompensation 1 year after developing
cirrhosis is 30%. Once decompensated cirrhosis occurs,
the 1 year-survival rate is poor at 46%[11].

CLASSIFICATION OF RECURRENT
HEPATITIS C
Standardized definitions of recurrent hepatitis C and its
various forms were proposed by an international consensus conference and published in 2003[12]. Recurrent HCV
infection is defined by the presence of HCV RNA in
serum and/or liver. Acute recurrent HCV is often associated with elevated aminotransferases and typically occurs
within 6 mo of LT, though it can occur any time post LT.
Histologically, reinfection of the graft with HCV is char-
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acterized by lobular hepatitis, focal hepatocyte necrosis,
acidophil bodies, and macrovesicular steatosis. Chronic
recurrent HCV disease develops as a result of acute
recurrent HCV. Liver biopsy findings include chronic
hepatitis with mixed portal, periportal, and lobular inflammation with variable degrees of portal and periportal
fibrosis[12].
A more detailed set of criteria was proposed for fibrosing cholestatic hepatitis C (FCH). This includes (1)
onset greater than 1 mo and usually < 6 mo after LT; (2)
serum bilirubin greater than 6 mg/dL; (3) serum alkaline
phosphatase and gamma-glutamyltransferase levels greater than 5 times the upper limit of normal; (4) characteristic histology with hepatocyte ballooning, a paucity of
inflammation, and cholestasis; (5) very high HCV RNA
levels; and (6) absence of biliary or vascular complications[12].

IMPACT OF DONOR AND RECIPIENT
RISK FACTORS ON HCV RECURRENCE
AFTER TRANSPLANT
Risks due to donor allograft
The challenge to mitigate the risk of HCV recurrence
begins prior to transplant with the selection of the appropriate donor allograft when possible. Donor age influences the risk of recurrent HCV and graft survival. For
HCV positive recipients, donor age over 40[13] (or 50[14])
years old was found to be an independent predictor of
graft loss and patient death in two large retrospective
reports of liver transplant recipients from the Scientific
Registry of Transplant Recipients (SRTR) and United
Network of Organ Sharing (UNOS) databases. Recent
data also points to an association between the incidence
of FCH and the use of allografts from older donors.
Verna et al[15] reviewed 179 post-LT biopsies that had
been initially categorized as demonstrating cholestatic
hepatitis C and refined the classification of FCH to
include only those patients meeting at least 3 of the following 4 pathologic criteria: (1) ductular reaction; (2) cholestasis; (3) hepatocyte ballooning with lobular disarray;
and (4) periportal sinusoidal/pericellular fibrosis (Figure
1). With these more stringent standards, donor age (OR
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Figure 1 Histopathology of fibrosing cholestatic hepatitis C. Histopathology of fibrosing cholestatic hepatitis C demonstrating periportal sinusoidal and
pericellular “chicken wire” fibrosis (trichrome, image magnification × 40) (Courtesy of Carl Jacobs, MD, Department of Pathology, Carolinas Medical Center,
Charlotte, NC, United States).

= 1.37, 95%CI: 1.02-1.84, P = 0.04) and prior history of
acute cellular rejection (OR = 4.19, 95%CI: 1.69-10.4,
P = 0.002) were the strongest predictors of developing
FCH on multivariate analysis. Thus, transplanting older
allografts into HCV recipients leads to worse outcomes
due to recurrent HCV both in the short and long-term.
Weighing the risk-benefit ratio of selecting an allograft from a donor of advanced age reflects the imbalance between supply and demand in liver transplantation today. Another consequence of this disparity is
the increased reliance on potential donors with hepatic
steatosis. Overall, recipients of allografts with over 30%
macrovesicular steatosis are at increased risk of delayed
graft function and primary graft non-function. However,
the natural history of hepatitis C recurrence in recipients
of fatty livers is less clear. Interestingly, macrovesicular
steatosis at the time of transplant has been shown to be
a transient and reversible phenomenon[16,17]. As such, the
mechanistic link between allograft steatosis and HCV
reinfection is ambiguous. In a prospective study comparing 56 HCV+ and 60 HCV- LT recipients[18], Burra and
colleagues did not find a statistically significant difference
between donor biopsy steatosis and patient or graft survival at 3 years. However, only 9.5% (11/116) of the donor biopsies in their study population had > 33% steatosis, limiting their ability to detect a statistical difference.
In contrast, Briceño et al[19] found an inverse relationship
between graft survival and donor liver steatosis in 120
HCV+ LT recipients, of whom 48/120 (40%) had > 30%
donor steatosis. One year following LT, 40% of patients
who received a donor allograft with > 30% steatosis had
histologic evidence of HCV recurrence with ≥ stage 2
fibrosis in comparison to only 17% in patients who received a graft with < 30% steatosis. Their conclusion that
HCV recurrence is more aggressive in patients receiving
allografts with moderate/severe steatosis is subject to selection bias, though, since their enrollment included only
patients biopsied for elevated aminotransferases[20]. In
summary, the presence of allograft steatosis > 30% can
be problematic for any LT recipient, but particularly in
the context of other extended donor criteria such as ad-
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vanced donor age or cold ischemic time > 10 h. Whether
steatosis in and of itself modifies the risk of HCV recurrence remains subject to interpretation and undoubtedly
the topic of future investigation.
The influence of HCV recurrence has been studied
in regard to split liver and living donor liver transplants
as well. Two studies comparing recipients of either a
deceased or living donor liver transplant did not find any
difference in HCV recurrence or graft survival at 2[21] and
3[22] years. A study by Selzner et al[23] found that HCV+
recipients of a living donor liver transplantation (LDLT)
had less fibrosis progression at 24 mo than deceased
donor HCV+ transplant recipients. Not surprisingly, the
average donor age of the LDLT recipients was younger
than that deceased donor liver transplantations (DDLTs).
Age > 45 years old was the only variable independently
associated with fibrosis progression from their cohort of
46 LDLTs and 155 DDLTs. Since split liver transplant
recipients receive younger organs on average, it is not
surprising that no differences have been shown in the
small studies[24,25] with these grafts, either. Interestingly,
Yoshizawa et al[26] reported two cases in which identical
twins underwent LDLT from their respective siblings. In
both cases, HCV recurrence occurred shortly after transplant even in the absence of immunosuppression. Fortunately, both patients responded well to antiviral therapy.
Peri-operative factors to take into consideration include ischemia-reperfusion injury (IRI) and ischemia
time. Several factors contribute to IRI, most notably
donor status (cardiac vs brain death); and warm and cold
ischemic time. A small, but well-controlled study by Watt
et al[27] demonstrated increased mortality at 3 years (59%
vs 82%, 59% vs 88%, P = 0.0055) in HCV+ recipients
with preservation injury (PI) compared to non-HCV
recipients with PI and HCV+ recipients without PI, who
were matched for gender, age, and immunosuppression.
In contrast, time to histologic HCV recurrence did not
correlate with the severity of IRI as defined biochemically by peak alanine aminotransfersase levels and on liver
biopsy in a large retrospective cohort of HCV+ transplant
recipients[28]. The impact of IRI on the risk of HCV
recurrence remains unclear due to potential confounding from perioperative and donor factors. Taner et al[29]
attempted to address confounding by exclusively comparing HCV+ recipients of a donation after cardiac death
(DCD) allograft to HCV- recipients of a DCD organ
and HCV+ recipients of a brain dead donor graft. In this
large, single center experience no difference in patient or
graft survival was found up to five years after transplant.
Lastly, HCV+ donors constitute a subset of extended
criteria donor allografts that may be considered given
the organ shortage in liver transplantation. Marroquin et
al[30] studied UNOS data from 1994-1997 and identified
96 HCV+ allografts transplanted into HCV+ recipients,
who were more likely to have been transplanted due to
underlying hepatocellular carcinoma (8.3%) than those
patients receiving an HCV- allograft (3.1%). Patients who
received the HCV+ allografts had improved survival at 24
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mo compared HCV- allograft recipients (90% vs 77%, P
= 0.01). A retrospective case control study of 39 HCV+
allografts transplanted over a 16-year period also showed
no difference in overall survival, though fibrosis progression was more advanced in the HCV+ allograft recipients,
and particularly those patients who received an HCV+
organ from a donor over age 50[31]. The synergism in
risk encountered by transplanting an HCV+ organ from
a donor > 45 years old was recently reaffirmed by the
CRUSH-C investigators[32]. Nonetheless, survival data
up to 5 years following OLT with HCV+ donors[33] confirms the utility of these organs for genotype 1-positive
recipients who have not achieved a sustained virological
response to anti-HCV therapy before transplantation.
With the promise of direct acting antivirals for HCV now
in view, transplant centers may continue to make use of
these organs for appropriate patients.
Viral factors
HCV genotype affects recurrent hepatitis C with fibrosis
progression from stage 1 to 2 more common in HCV
genotype 1 transplant recipients compared to non-1
genotypes (HR = 2.739, 95%CI: 1.047-7.143, P = 0.04)[29].
Pre and post-transplant viral loads appear to influence
the risk of HCV recurrence as well. A pre-transplant viral
load > 1 × 106 vEq/mL was associated with increased
mortality at 5-years post LT from an early study[34]. However, when pre-transplant HCV RNA level was incorporated into a model by the same investigators to predict
outcomes in HCV+ transplant recipients, no difference
in survival at 10 years was seen when compared to uninfected transplant recipients[35]. Post-transplant HCV RNA
9
≥ 1 × 10 copies/mL at 4 mo following LT was associated with worse necroinflammatory activity as assessed
by hepatitis activity index on protocol biopsies at 1 and 3
years following LT[36]. Hanouneh et al[37] also reported an
independent association (HR = 1.1, P = 0.004) between
fibrosis progression and HCV RNA level at 4 mo following transplant.
Cytomegalovirus (CMV) co-infection has consistently been shown to impact the risk of HCV recurrence.
CMV infection, defined as viremia requiring antiviral
therapy, resulted in graft failure in 52% vs 19.1% (P =
0.002) of 93 consecutive HCV+ transplant recipients[38].
Fibrosis (stage ≥ 2) on protocol liver biopsies at month
4 was significantly higher (45% vs 16.4%, P = 0.01) in
the co-infected patients compared to the CMV-group.
CMV co-infection was associated with fibrosis progression by univariate analysis in a study of HCV+ transplant
recipients with and without metabolic syndrome[37]. In
the aforementioned study on the risk of DCD donation
in HCV+ patients, CMV infection post-transplant was
a significant factor for graft loss (HR = 3.367, 95%CI:
1.493-7.593, P = 0.003)[29]. CMV viremia may alter the
host immunological profile independent of its effect on
HCV replication[39].
Recent prospective data from a US consortium of human immunodeficiency virus (HIV)/HCV investigators
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establishes HIV co-infection as a significant risk for graft
failure[40]. Patient survival at 3 years post-LT was 60% in 89
HCV/HIV-co-infected patients compared to 75% in 235
HCV mono-infected patients (P < 0.001). However, after
excluding 25 (28%) co-infected patients who met at least
one of the following criteria: (1) a body mass index < 21
kg/m2; (2) a HCV+ donor allograft; or (3) a combined liver
kidney transplant; patient survival was not statistically different in comparison to all the United States transplant recipients ≥ 65 years old or liver transplant recipients transplanted for other indications. Acute rejection occurred
more frequently in co-infected patients (39% vs 24%,
HR = 2.1, P = 0.01), but HCV disease severity assessed
on biopsy was not statistically different between the two
groups. This finding is in contrast to the study by DuclosVallée et al[41] where time to fibrosis progression (stage ≥
2) was significantly shorter in the co-infected population.
The failure to detect a difference in fibrosis progression in
the United States cohort is almost certainly a limitation in
power (only 62% of HIV/HCV patients had liver biopsies
and multiple deaths occurred early from sepsis and multiorgan failure), though it may also reflect different centers’
thresholds to begin antiviral therapy. In summary, HIV
infection likely impacts HCV fibrosis progression in coinfected transplant recipients. Careful patient selection is
essential in order to achieve good outcomes.
Host factors
A number of studies identify sex and race as modifying
the risk of HCV recurrence following transplant. The
CRUSH-C investigators found that HCV+ women were
at increased risk for bridging fibrosis or cirrhosis after
transplant in comparison to their HCV+ male counterparts[42]. After multivariate analysis, female sex was found
to be an independent predictor of advanced fibrosis
(HR = 1.31, 95%CI: 1.02-1.70, P = 0.04) and mortality (HR = 1.30, 95%CI: 1.01-1.67, P = 0.04). African
American patients transplanted for HCV who receive an
allograft from a racially matched donor have been shown
to have excellent outcomes following transplant. Conversely, African American HCV+ recipients of a racially
mismatched allograft are at increased risk of graft failure
and death. Pang et al[43] reviewed UNOS data from 1998
through 2007 and found a 5-year survival rate of 45% for
racially mismatched pairs compared to 59% for a racially
matched pairs. The survival rates for African American
matched donor and recipient pairs was on par with HCV+
Caucasian transplant recipients. The risk associated with
a mismatched donor was restricted to HCV+ African
American recipients and not HCV negative African
American transplant recipients. Two studies recently published by Saxena et al[44] and Layden et al[45] reinforced the
survival data by finding that racial mismatch is a significant independent predictor of advanced fibrosis. While
the exact interaction between HCV, the host immune
system, and the donor allograft genetic profile isn’t clear,
the overwhelming data supports that racial mismatch is
associated with poor outcomes in HCV+ African Ameri-
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biopsy. Overall, MS is an important consideration following liver transplant for any cause, particularly in view of
the side effects of lifelong immunosuppression. A comprehensive assessment for MS should be integrated into
post-transplant care, especially in the HCV+ and nonalcoholic fatty liver disease population (Table 3).

Table 3 Risk factors studied for association with more severe
hepatitis C virus recurrence
Factor

Evidence

Donor
Age > 40 yr
Living donor
Split liver
DCD
HCV+
Macrovesicular steatosis > 30%
IRI
IL28B “CC” genotype
Virus
HCV genotype 1
High pre-transplant HCV RNA
HCV RNA 4 mo post LT ≥ 1 × 109 mEq/mL
CMV viremia
HIV coinfection
Recipient
Female sex
African American D/R mismatch
African American D/R match
Metabolic syndrome1
IL28B non-“CC” genotype
Immunosuppression
Pulsed corticosteroids for American College of Rheumatology
Tacrolimus (vs CsA)
Sirolimus
Thymoglobulin
Basiliximab
OKT3

↑↑↑
↔
↔
↔
↔
↑↓
↑↓
↑↓
↑
↑
↑↑
↑↑↑
↑↑
↑↑
↑↑
↔
↑
↑
↑↑↑
↑↓
↑
↔
↔
↑

1

Metabolic syndrome defined by ATP-Ⅲ criteria 1 yr post liver transplantation
(LT)[37], homeostasis model assessment-estimated insulin resistance > 2.5 4
mo post LT[46], or hepatic steatosis ≥ 5% on an index liver allograft biopsy 1
yr post-LT[47]. ↑: Evidence of increased risk; ↔: Evidence of no increased risk;
↑↓: Indeterminate risk; DCD: Donation after cardiac death; HCV: Hepatitis C
virus; CMV: Cytomegalovirus; HIV: Human immunodeficiency virus; CsA:
Cyclosporin A; OKT3: Muromonab-CD3; IRI: Ischemia reperfusion injury.

can transplant recipients due to recurrent HCV disease.
Metabolic syndrome (MS) following LT is associated
with worse outcomes after LT and may be an important
modifiable risk factor. Hanouneh et al[37] reported an
independent association between metabolic syndrome
and fibrosis progression in HCV+ transplant recipients
1-year following OLT. Similarly, Veldt et al[46] calculated
the homeostasis model assessment of insulin resistance
(HOMA-IR) in 160 HCV+ patients 4 mo following transplant and found that insulin resistance as defined by a
HOMA-IR > 2.5 was independently associated with advanced fibrosis (HR = 2.07, 95%CI: 1.10-3.91, P = 0.024).
The above two studies suggest a link between MS and fibrosis progression in HCV+ transplant recipients. Whether the influence of MS on fibrosis progression is specific
to HCV+ recipients or all transplants remains a question
and further studies are needed. Lastly, HCV+ transplant
recipients with hepatic steatosis (≥ 5%) on an index liver
allograft biopsy 1 year post-LT may be at increased risk
of fibrosis progression[47]. The cumulative rate of significant fibrosis (Ludwig-Batts F2-F4) after a median followup of 2 years after an index biopsy was 49% compared to
24% for HCV+ recipients without steatosis on their index
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IL28B genotype
Genetic variation upstream of the IL28B gene was originally found in GWAS to be associated with response
to interferon therapy as well as spontaneous clearance
after acute HCV infection, with the presence of the
“CC” genotype for rs12979860 predicting both of the
above favorable outcomes in the non-transplant setting.
The impact of donor and recipient IL28B genotype (for
rs12979860) on HCV recurrence and outcomes following
liver transplant has recently been the topic of a number
of studies[48,49]. Duarte-Rojo et al[50] found that donor-CC
genotype allograft recipients had a significantly higher
average ALT, viral load, and rate of fibrosis ≥ stage 2 at
1 year compared to non-CC donor graft recipients. On
the other hand, recipient “CC” genotype was associated
with the exact opposite result with rates of fibrosis ≥
stage 2 at 1 year of only 19% compared to 38% for nonCC recipient genotype (P = 0.012). The combination of
both donor and recipient “CC” genotype was associated
with a 90% sustained virological response to antiviral
therapy. Interestingly, Duarte-Rojo found that donorCC genotype was independently associated with adverse
outcomes - defined as cirrhosis, liver-related death, or retransplantation. This finding was not a result of increased
rates of acute cellular rejection, however. In contrast, a
survival analysis performed recently by Allam et al[51] did
not demonstrate the same impact on donor IL28B genotype, perhaps due to grouping of genotypes “CC” and
“CT” together rather than comparing “CC” with non-CC
genotypes. While it is safe to conclude that the unfavorable “T” allele in recipients is associated with a worse
response to antiviral therapy as in the pre-transplant setting, a consensus on the influence of donor and recipient
IL28B on outcomes following LT in HCV+ patients has
yet to emerge. A comprehensive review of IL28B genotype in transplantation for HCV is beyond the scope of
this article, but the topic of an excellent recent review[52].
Hopefully, the promise of direct acting antiviral therapy
will reduce the impact of IL28B genotype.
Immunosuppression: Corticosteroids
Immunosuppression represents arguably the most critical
factor to address with respect to HCV recurrence following transplantation. A balance exists between maintaining
appropriate immunosuppression and preventing aggressive HCV recurrence. HCV+ recipients who receive high
dose steroid treatment for acute cellular rejection are at
risk for developing FCH. Donor age (OR = 1.37, P =
0.04) and previous rejection defined as Banff grade ≥ 5
(OR = 4.19, P = 0.002) were found to be the two most
important predictors of developing FCH[15]. The associa-
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tion between steroid bolus therapy and early graft loss
as well as death has been reported by others[34,53]. Data
on the impact of maintenance steroids following liver
transplantation for HCV is less clear. The decision and
timing to stop steroids varies across transplant centers[54].
Nonetheless, a meta-analysis by Segev et al[55] reported
a reduced risk of HCV recurrence for steroid free regimens (RR = 0.90, P = 0.03), even though no individual
trial met statistical significance. A recent study by Takada
et al[56] evaluated the impact of steroid avoidance on HCV
recurrence following LDLT. Seventy-five patients were
randomized to immunosuppression with either tacrolimus (TAC) plus a corticosteroid or TAC with mycophenolate mofetil (MMF). HCV recurrence rates defined by
a METAVIR fibrosis score ≥ 1 were not statistically different at either 1 or 3 years following transplant.
Calcineurin inhibitors
Cyclosporine (CsA) has been shown to inhibit hepatitis
C viral replication in vitro, however, evidence supporting
a benefit over tacrolimus with regard to HCV recurrence
and fibrosis progression following transplant is inconsistent. The LIS2T trial was a prospective, open-label,
randomized trial comparing CsA to tacrolimus[57]. In the
HCV+ transplant recipients, death and graft loss were
higher with tacrolimus compared to CsA (16% vs 6%,
P ≤ 0.03) at 12 mo. However, it’s not clear that any of
those deaths occurred as a result of recurrent or fibrosing
cholestatic hepatitis C. Moreover, there was no difference
in fibrosis stage between the CsA and tacrolimus groups.
A meta-analysis by Berenguer et al[58] that included 5 trials,
totaling 366 patients failed to detect a difference between
CsA vs tacrolimus-based regimens. A subsequent prospective study comparing CsA and tacrolimus by Berenguer et al[59] involved 253 patients transplanted for HCV
between 2001 and 2007. Severe recurrent disease defined
as bridging fibrosis, cirrhosis, FCH, graft failure, and
death occurred with the same frequency in both groups
(CsA: 27% vs Tacrolimus: 26%, P = 0.68)
The decision to incorporate a CsA-based immunosuppression strategy in HCV+ patients after transplant typically
revolves around beginning antiviral therapy for recurrent
disease (see discussion below). Inhibiting HCV replication
with CsA in vivo might conceivably augment the response to
PEG-IFN and RBV. A study by Firpi et al[60] supported this
claim with improved SVR rates with CsA vs tacrolimus
(46% vs 27%, P = 0.03). However, a smaller controlled
trial of mostly genotype 1 patients randomized to either
CsA or tacrolimus did not find a difference in SVR rates
(39% vs 35%, P = 0.8)[61].
mTOR inhibitors
Sirolimus may be prescribed after liver transplantation
in patients intolerant to calcineurin inhibitors or for
hepatocellular carcinoma or as primary immunosuppression. SRTR data from 26414 liver transplants (12589 for
HCV) was analyzed to address risk factors for patient
and graft survival[62]. 6.5% (795/12269) of HCV+ trans-
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plant recipients were prescribed sirolimus at the time of
discharge from LT, and 3.5% of these patients remained
on the drug 1 year after transplant. Sirolimus was found
on multivariate analysis to be associated with increased
mortality within three years of liver transplant in HCV+
recipients (HR = 1.26, 95%CI: 1.08-1.48, P = 0.0044),
but not in non-HCV patients. On the other hand, all
patients (HCV+ or HCV-) on tacrolimus-based regimens
had improved overall survival. The authors performed a
propensity analysis to account for the fact that patients
who received sirolimus were more likely to have had
HCC and also had significantly higher creatinine and
MELD score prior to transplant. Sirolimus at baseline
was still an independent risk factor for increased mortality at 3 years (HR = 1.29, 95%CI: 1.08-1.55, P = 0.0053).
While the SRTR database does not capture biopsy data
to determine whether the increased mortality in the
sirolimus group was a result of HCV recurrence, the
mortality data certainly warrants pause and further investigation into the mechanism which may underlie the association. The larger studies with everolimus in LT from
Toronto[63] and Italy[64] have been powered to determine
efficacy, safety, and renal protective benefits and not the
impact on HCV recurrence.
MMF, T-cell depleting therapies, and IL-2 receptor
inhibition
The addition of MMF to immunosuppression regimens
in the mid to late 1990s has had a positive impact on
long-term outcomes following LT for all causes including hepatitis C[65]. The data for thymoglobulin induction
suggests that it is safe to use in HCV+ patients and that
it may provide a benefit in terms of slowing fibrosis
progression[66]. This benefit may derive from lower rates
of acute cellular rejection. Interestingly, a study comparing outcomes with routine induction with either thymoglobulin or basiliximab after living donor liver transplant
demonstrated more frequent HCV recurrence requiring
antiviral therapy in patients who received rabbit thymoglobulin[67]. Data demonstrate the safety profile of basiliximab induction therapy in HCV+ transplant recipients.
A randomized trial comparing basiliximab with or without steroids indeed found that the steroid free group had
less fibrosis at 6 mo, 1 year, and 2 years following transplant[68]. With the exception of OKT3, which has historically been associated with poor outcomes when used in
HCV+ transplant recipients[69], the overall evidence suggests an acceptable safety profile with the use of thymoglobulin or basiliximab.

ROLE OF PROTOCOL LIVER BIOPSIES
Transplant centers may perform annual protocol liver
biopsies on HCV transplant recipients to assess disease
progression. However, there is a lack of uniformity regarding their use. A study from Spain evaluated protocol
liver biopsies from 245 patients between 1991 and 1997.
HCV infection +/- alcohol was the cause of cirrhosis in
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Table 4 Liver biopsy findings in recurrent hepatitis C and
acute cellular rejection
Favors hepatitis C

Favors rejection

Apoptotic (Councilman) bodies
Lymphoid aggregates
Kupffer cell hypertrophy
Mononuclear portal inflammation
Ballooning degeneration

Central venulitis
Perivenular necrosis
Inflammatory bile duct damage
Biliary epithelial senescence changes

125 patients. Histologic evidence of recurrent hepatitis
C was present in 66% of patients at 1 year and 80% at 3
years post-LT. The cumulative probability of developing
stage 3 or 4 fibrosis was 41% at 5 years post-LT[70]. Based
on these results, the authors concluded that the high
prevalence of abnormal histology and the rate of fibrosis
progression justify the use of protocol biopsies.
A cohort of 264 HCV-infected liver transplant recipients who underwent protocol liver biopsies showed that
the 12-mo biopsy had the best ability to stratify fibrosis
progression. Twenty one percent of patients with stage
2-3/6 fibrosis at month 12 progressed to cirrhosis (stage
5-6) within 5 years. The degree of inflammation also correlated with fibrosis progression[71]. These studies support
the role of protocol liver biopsies and suggest that rapid
fibrosis progressors can be identified within a year of
transplant.

LIVER BIOPSY INTERPRETATION AFTER
LIVER TRANSPLANTATION
One of the most challenging diagnostic dilemmas for the
hematopathologist and transplant team is distinguishing
recurrent hepatitis C from acute cellular rejection on liver
biopsy. The treatments are diametrically opposed; treatment of rejection requires more intensive immunosuppression which may exacerbate recurrent hepatitis C and
treatment of hepatitis C with interferon based therapy
may provoke an immune mediated injury or plasma cell
hepatitis.
An understanding of the timing of reinfection and
features on liver biopsy can help distinguish recurrent
hepatitis C from rejection. Immediately after liver transplant hepatitis C virus infects the liver allograft. Within
the first several weeks after liver transplantation serum
HCV RNA levels are approximately 1-log higher compared to non-transplant HCV patients. Elevations in aminotransferases and an acute hepatitis with a lobular lymphocytic infiltrate may be seen two to six months after
transplant. Thus, monitoring HCV viral load within the
first 3 mo after transplant may be helpful because high
viral load may support recurrent hepatitis C as a cause for
elevated liver tests.
Although recurrent hepatitis C and acute cellular
rejection may have similar pathologic findings on liver biopsy several features on biopsy may be helpful in distinguishing the two diagnoses (Table 4). The histopathologic
variants of hepatitis C that have been described include
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usual or conventional hepatitis C, fibrosing cholestatic
hepatitis C, plasma-cell rich hepatitis C, and HCV overlapping with acute and chronic rejection. The plasma
cell rich hepatitis is seen in patients on interferon based
antiviral therapy who typically are on low levels of immunosuppression and have low or undetectable serum HCV
RNA. Plasma cells are not a feature of acute cellular rejection, although they may be seen in antibody mediated
rejection.
HCV evolution in liver allografts in the acute phase
of reinfection during the first 1-3 mo after liver transplant shows lobular disarray, Kupffer cell hypertrophy,
hepatocyte apoptosis, macrovesicular steatosis, mild sinusoid lymphocytosis and portal inflammation[72]. Damage
of bile ducts by infiltrating lymphocytes is usual mild, in
contrast to acute cellular rejection where biliary epithelium damage can be severe. This constellation of findings
can be useful in distinguishing recurrent hepatitis C from
acute cellular rejection (Table 4).
Molecular and immunologic diagnostics have been
used to distinguish hepatitis C from rejection or to
identify recipients with aggressive hepatitis C[73-76]. A cirrhosis risk score was developed from a 7-gene signature
that accurately identified liver transplant recipients who
developed advanced fibrosis on liver biopsy after liver
transplantation[73]. A prospective study of an immune
functional assay found that the immune response was significantly higher in recipients with features of acute cellular rejection on liver biopsy compared to recipients with
features of recurrent hepatitis C (P < 0.001)[74]. Hepatitis
C recurrence has been associated with genes associated
with cytotoxic T cells profile and acute cellular rejection
was associated with an inflammatory response gene profile[75]. Increased expression of miRNA-146a, miRNA19a, miRNA-20a, and miRNA-let7e was seen in hepatitis
C recipients with slow fibrosis progression[76]. Molecular
profiling is not widespread and needs further validation
for distinguishing rejection from hepatitis C recurrence
or for identifying hepatitis C recipients at greatest risk for
progressing to cirrhosis.

TREATMENT OF RECURRENT HCV
AFTER TRANSPLANT
Cirrhosis develops in approximately 20% of HCV +
transplant recipients within 5 years of LT[77,78]. The 5-year
survival following a liver transplant for HCV is significantly worse than for non-HCV related disease (69.9%
vs 76.6%, P < 0.0001)[79]. Furthermore, only 25% of patients treated with standard dual therapy following transplant (PEG-IFN and RBV) achieve an SVR. Thus, the
impact of direct acting antiviral therapy (DAA) for HCV
cirrhotic patients awaiting transplant and for patients
with recurrent disease requiring treatment, is potentially
life prolonging - if not life altering.
Preventing allograft reinfection by treating HCV+
patients awaiting transplant will continue to be a key
objective. As discussed above, clinical trials with dual
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therapy (PEG-IFN and RBV) in HCV+ patients awaiting
transplant have had disappointing rates of SVR following LT (Table 1). Triple therapy (PEG-IFN, RBV, and
either TVR or BOC), even in compensated cirrhotics,
is poorly tolerated and risks serious adverse outcomes
in Child’s A patients[8]. Interferon free trials with DAAs
in patients awaiting transplant is an exciting area of research. One such trial recently presented in abstract form
is (NCT01559844), an open-label study with the NS5B
polymerase inhibitor, sofosbuvir, and RBV, which was
designed specifically to determine the SVR rate 12 wk
following LT in patients with HCV and HCC awaiting
transplant[80]. Of the 26 patients who received sofosbuvir
and RBV prior to transplant and who had HCV RNA
levels < 25 IU/mL just prior to LT, 18 (69%) attained an
SVR 12-wk following LT. Based upon this compelling
data, sofosbuvir gained FDA approval with an additional
indication for treatment in the pre-transplant setting
for up to 48 wk in combination with RBV in chronic
hepatitis C patients with HCC awaiting LT. This strategy
promises to have an immediate and profound impact on
HCV+ transplant recipients. Finally, antibody therapy directed against the HCV envelope protein is another tactic
under investigation to prevent allograft reinfection which
may yet prove efficacious particularly in combination
with DAAs[81].
No data supports pre-emptive antiviral therapy in
the first six months after LT for HCV[82]. Nevertheless,
this approach will likely be reevaluated when safer oral
therapies are available. Early post-transplant therapy is
reserved for patients with FCH, who are at risk for rapid
graft failure without treatment. Unfortunately, PEG-IFN
and RBV are rarely successful for FCH, and the addition
of boceprevir or telaprevir has not afforded dramatically
improved response rates, either. Moreover, triple therapy
is even harder for these typically decompensated patients
to tolerate. The pharmaceutical industry, recognizing the
high mortality associated with a diagnosis of FCH has
made some of their DAAs available to physicians on a
compassionate use basis with some excellent reported
outcomes[83,84].
Apart from FCH, antiviral therapy for recurrent HCV
after liver transplant is typically reserved for those patients
with at least stage 2 fibrosis and/or moderate to severe
necroinflammatory activity on liver biopsy. A meta-analysis by Wang et al[85] evaluated the efficacy of PEG-IFN
and RBV after transplant and found a pooled SVR rate
of 27% and a pooled discontinuation rate of 26%. The
decision to begin dual therapy must also weigh the risk
of immune-mediated graft dysfunction developing from
exposure to PEG-IFN[86]. Historically, maintenance therapy with long-term, low-dose PEG-IFN, with or without
RBV, has been used with a hope of delaying progression
of fibrosis in recurrent HCV patients who do not attain
an SVR with treatment after transplant, but do achieve
a reduction in viral load and improvement in LFTs with
treatment. However, no clinical trial has demonstrated a
benefit of this approach.
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Given the unsatisfactory SVR rates for standard therapy,
it is not surprising that a flurry of off-label use of TVR
and BOC began when the first generation protease inhibitors became available for genotype 1 patients. Triple
therapy after transplant is particularly challenging since
TVR and BOC inhibit cytochrome P450 3A4, which is
responsible for the metabolism of CsA and tacrolimus.
CsA levels increased approximately 4.6-fold following
co-administration with TVR in healthy controls subjects
while the corresponding number with tacrolimus was
70-fold[87]. An analysis of pharmacokinetic data with
TVR 1125 mg BID combined with PEG-IFN/RBV in
liver transplant recipients requiring HCV therapy was
recently presented[88]. Among the 19 subjects, 16 were
maintained on tacrolimus. With co-administration of
TVR, the average dose of tacrolimus was 0.5 mg given
at an average interval of every 168 h. (range = 96-607 h).
Transplant centers are carefully utilizing triple therapy,
often, but not exclusively, after converting patients from
tacrolimus to CsA. Pungpapong et al[89] recently reported
the Mayo experience of 66 patients who received triple
therapy. TVR was given for 12 wk in combination with
PEG-IFN (starting dose 135 μg weekly) and RBV, followed by PEG-IFN and RBV for 36 wk. The CsA dose
was reduced by 75%-100%. Sixty-seven percent (14/21)
of TVR-treated patients had an undetectable HCV RNA
at week 24 in this preliminary analysis. Forty-five percent
(10/22) of the BOC-treated patients had undetectable
HCV RNA at week 24. Dose reductions of PEG-IFN
were required for leukopenia in 75% of patients and
RBV dose reductions occurred in all but 4 of the 66
study patients. Recent results from the CRUSH-C consortium confirm similar efficacy with triple therapy[90]
(Figure 2). Ninety-six percent of the 112 patients studied
had a lead-in period of dual therapy prior to beginning
TVR (88%) or BOC (12%). The more frequent calcineurin inhibitor used was CsA (61%) with an average
dose reduction of 75%. The median time from liver
transplant for the population was 3.7 years and 84% had
≥ stage 2 fibrosis. Forty-three patients had follow-up of
sufficient duration to measure an HCV viral load 4 wk
(SVR4) after completing 48 wk. The SVR4 in this group
was 65%. Ideally, the natural history of hepatitis C infection after transplant will change significantly with the
availability of DAA, but these rates are encouraging for
those patients who have not had the luxury of waiting
for the newer agents.

RE-TRANSPLANT FOR HEPATITIS C
While re-transplantation for primary non-function or
hepatic artery thrombosis is generally accepted, re-transplant for allograft failure due to recurrent HCV is a more
contentious issue. A United States study group comprising 11 transplant centers compared survival after retransplantation in patients with recurrent HCV and those
re-transplanted for other indications. The overall 1-year
and 3-year survival rates were lower, but not significantly
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Figure 2 Percent of patients with hepatitis C virus RNA. A: Percent of patients with undetectable hepatitis C virus (HCV) RNA treated with transplant viral clearance (TVR) or boceprevir (BOC) plus pegylated-interferon/ribavirin post-liver transplantation[35]; B: Percent of patients on triple therapy (88%, TVR and 12%, BOC)
with HCV RNA below level of detection. Sustained viral response rate (SVR4) refers to percent of patients with undetectable HCV RNA 4 wk following completion of
48 wk of treatment[36].

different, for patients re-transplanted for recurrent HCV
(1 year, 69%, 3 year, 49%) compared to those re-transplanted for other causes (1 year, 73%, 3 year, 55%, P =
0.74). None of the 4 patients re-transplanted FCH were
survived 1 year after re-transplant. Most notably, there
seemed to be little enthusiasm for evaluating patients with
HCV for re-transplant. Thirty percent of patients with
allograft failure from recurrent HCV were not considered
for re-transplant and only half of those evaluated for retransplant were listed for transplant. The most common
problems precluding re-transplant were recurrent HCV
within 6 mo (22%), FCH (19%), and renal insufficiency
(9%)[91].
There have been multiple studies evaluating risk factors of mortality following re-transplantation for HCV.
Ghabril et al[92] evaluated 1034 HCV-infected patients
and 1249 non-HCV-infected patients who underwent
re-transplantation. Based on multivariate analysis, the
independent predictors of mortality were recipient age,
MELD score > 25, re-transplant during the first year after LT, donor age > 60, and a warm ischemia time of ≥
75 min. Predictive models have been evaluated to select
re-transplant candidates with the best potential outcomes.
One such score was devised by focusing on HCV-infected patients from a large registry population. Variables
included donor age, recipient age, creatinine, albumin,
INR at the second transplant, and the interval between
transplants. However, the receiver operating characteristic
area under curve was a disappointing 0.643 at 3 years[93].
Though some of the above-mentioned risk factors are
modifiable, performing re-transplants in patients with
lower MELD scores using high quality donors may not
be feasible given the donor shortage.

CONCLUSION
For more than a decade clinicians managing patients
with hepatitis C awaiting liver transplant or who have
had a liver transplant have been challenged in treating
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these patients. Antiviral therapy has been associated with
substantial side effects with only modest efficacy. In addition, some liver transplant recipients develop rapid fibrosis progression while others coexist with the virus for
years seemingly without any significant problems. Few
modifiable factors have been identified to distinguish the
two groups, although molecular markers hold promise as
a predictive tool for fibrosis progression. The development of potent direct acting antiviral agents will hopefully obviate the need for interferon, and in the longterm provide a panacea that fundamentally changes the
outcome for patients infected with this virus.
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Abstract
Chronic liver disease has an important effect on nutritional status, and malnourishment is almost universally
present in patients with end-stage liver disease who
undergo liver transplantation. During recent decades,
a trend has been reported that shows an increase in
number of patients with end-stage liver disease and
obesity in developed countries. The importance of carefully assessing the nutritional status during the workup of patients who are candidates for liver replacement
is widely recognised. Cirrhotic patients with depleted
lean body mass (sarcopenia) and fat deposits have an
increased surgical risk; malnutrition may further impact
morbidity, mortality and costs in the post-transplantation setting. After transplantation and liver function
is restored, many metabolic alterations are corrected,
dietary intake is progressively normalised, and lifestyle
changes may improve physical activity. Few studies
have examined the modifications in body composition
that occur in liver recipients. During the first 12 mo, the
fat mass progressively increases in those patients who
had previously depleted body mass, and the muscle
mass recovery is subtle and non-significant by the end
of the first year. In some patients, unregulated weight
gain may lead to obesity and may promote metabolic

WJG|www.wjgnet.com

disorders in the long term. Careful monitoring of nutritional changes will help identify the patients who are at
risk for malnutrition or over-weight after liver transplantation. Physical and nutritional interventions must be
investigated to evaluate their potential beneficial effect
on body composition and muscle function after liver
transplantation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Sarcopenia; Malnutrition; Obesity; Metabolic syndrome; Outcome; Survival
Core tip: Malnutrition, evidenced by muscle and fat
depletion, represents a negative prognostic factor for
morbidity and mortality in cirrhotic patients. This factor
applies when liver transplantation is indicated. Nutritional depletion, as shown in the general population
undergoing major surgery, may influence the outcome
and global resource utilisation of liver transplantation.
Recently, attention has focused on changes in nutritional status after liver transplantation. While fat mass
is easily regained, muscle wasting, when present, is
difficult to revert during the first year. The benefits derived from interventional programmes, such as exercise
and dietary counselling, must be carefully evaluated in
these types of patients.
Giusto M, Lattanzi B, Di Gregorio V, Giannelli V, Lucidi C, Merli
M. Changes in nutritional status after liver transplantation. World
J Gastroenterol 2014; 20(31): 10682-10690 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i31/10682.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i31.10682

INTRODUCTION
Liver transplantation has significantly changed the prognosis of end-stage liver disease. Improved immunosuppressive regimens and surgical techniques have progres-
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sively modified the outcome of these patients, and the
survival rate after liver transplantation is presently 82%,
71% and 61% at one, five and ten years, respectively[1].
From 2002, the introduction of the Model for End
stage Liver Disease (MELD) for prioritising patients in
need of new livers has led to a significant reduction in
mortality for patients on the waiting list[2,3]. The utilisation of the MELD score, which is based on the serum
concentrations of bilirubin and creatinine and the INR
value, favours the transplantation of the sickest patients,
in whom complications from cirrhosis are likely to be
more severe and life expectancy is likely to be shorter.
Alterations in nutritional status are expected to be frequent in patients with advanced chronic liver disease both
of alcoholic and viral origin[4-7]. These alterations, which
may be recognised by more sophisticated methods, even
in the early phases of liver cirrhosis[8,9], are in fact accelerated by the advanced stages of the disease. Depletions
in muscle compartment and fat mass have been demonstrated to contribute to malnutrition in cirrhotic patients.
Muscle wasting, which is accompanied by reduced muscle
function (a condition defined as sarcopenia)[10], is likely
the most relevant feature in these patients[11,12]. The prevalence of muscle wasting in liver cirrhosis has been reported to range from 10% to 70% according to gender and
the severity of liver insufficiency (Table 1)[5,13-21]. A higher
proportion of muscle wasting is generally observed in
males, as muscle mass is physiologically lower in women;
therefore, sarcopenia is less evident in females. Although
less apparent, muscle wasting may be present in obese
patients, which is identified as “sarcopenic obesity”[22,23]
and underscores the importance of considering muscle
depletion in these types of patients. This observation is
relevant because the number of obese patients, with end
stage liver disease due to Non Alcoholic Steato Hepatitis,
is increasing among those who await liver transplantation[24,25]. A reduction in skeletal muscle mass in cirrhotic
patients has been suggested to be an independent predictor of survival, quality of life, outcome and response to
stress and surgery[11,26]. The negative predictive role of
malnutrition in the outcome from major surgery confirms
and extends the observation of the Michigan study[27].
Although many reports have recognised that malnutrition impacts liver transplantation outcomes, it is generally
agreed that liver transplant should not be denied even in
highly malnourished cirrhotic patients[28].
By restoring liver function, liver transplantation is expected to ameliorate the patient’s nutritional status. In fact,
many metabolic alterations that are involved in causing
malnutrition in cirrhotic patients depend on the liver’s inability to regulate energy metabolism and to maintain
an adequate protein synthesis. Carbohydrate metabolism is impaired in cirrhosis because of the decreased
liver glycogen deposits; transitioning to the fast state is,
therefore, rapid in these patients, who need to activate
gluconeogenesis to maintain adequate hepatic glucose
production[29]. Insulin resistance is also a characteristic in
these patients; the low hepatic insulin clearance contributes to this alteration[30]. Lipid turnover is activated due
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to an enhanced lipolysis, which allows an adequate availability of glycerol for gluconeogenesis and of free fatty
acids as alternative energy sources[31]. Protein synthesis is
impaired, reducing albumin and other transport proteins
(such as lipoproteins). Furthermore, muscle protein catabolism is increased and provides alanine as a substrate
for gluconeogenesis[32]. Reduced dietary intake caused by
multiple factors (Table 2) is also recognised to contribute
to malnutrition in cirrhotic patients. Inadequate food
consumption associated with some degree of nutrient
malabsorption is responsible for the vitamin and trace
element deficiencies, which have been documented in
end-stage liver disease in many studies (Table 3)[33]. After
liver transplantation, food consumption progressively
normalises and contributes to restoring nutritional status
and body composition primarily in those patients who
were more depleted.
There are few published studies concerning the
modifications of the nutritional status after liver transplantation. However, multiple reports have suggested that
muscle depletion is not reverted in the first year after liver
transplant[34-36]. A better knowledge of the modification
of nutritional status that occurs after liver transplantation
could be the departing point for the application of dietary
regimens or physical activity programmes targeted at improving nutrition in these patients.
The aim of this review is to examine the recent literature concerning the modifications of nutritional status
after liver transplantation. Data concerning the impact
of malnutrition on the outcome of liver transplantation
were evaluated.

RESEARCH
Bibliographic searches were performed using PubMed
and Embase for the following words (all fields): “nutrition” (MeSH) or “malnutrition” (MeSH) or “nutritional
status” (MeSH) or “protein depletion” (MeSH) or “sarcopenia” (MeSH) or “muscle wasting” (MeSH) and “liver
transplantation” (MeSH) or “liver transplant” (MeSH) or
“end stage liver disease”. The reference lists in the studies
identified during electronic searching were hand-searched
to identify additional relevant studies for inclusion in this
review. Eligible studies for the review included those that
were published as full papers in peer-reviewed journals
between 1993 and 2013; however, older studies were utilised, when needed, to support the information concerning the physiopathology of malnutrition in liver disease.
Studies published in non-English language were excluded;
these non-English studies represented only a small percentage (< 5% of total), and, therefore, these excluded
studies do not constitute a relevant bias. Preference was
given to studies that presented original data, rather than
review studies.

MODIFICATION OF NUTRITIONAL STATUS
AFTER LIVER TRANSPLANTATION
Whereas malnutrition is a common feature in end-stage
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Table 1 Prevalence of muscle depletion in cirrhotic patients and related outcomes
Ref.
Merli et al[5], 1996
Alberino et al[13], 2001

Patients (n )

Definition of muscle depletion

1053

Mid Arm Muscle Area < 5th P

212

Mid Arm Muscle Area < 5th P
Mid Arm Muscle Area < 10th P
Hand-Grip Strength 2 SDs below the
mean value for the controls
Mid Arm Muscle Area < 5th P

Alvares-da-Silva et al[14],
2005
Campillo et al[15], 2006

396

Peng et al[16], 2007

268

Protein Index < 0.82 or 2 SDs below the
mean protein index for the controls

Huisman et al[17], 2011

84

Fernandes et al[20], 2012

129

Montano-Loza et al[18],
2012

112

Hand-Grip Strength
Mid Arm Muscle Circumference
Mid Arm Muscle Circumference
Hand-Grip Strength 2 SDs below the
mean value for the controls
Lumbar Skeletal Muscle Mass Index at
CT scan ≤ 38.5 cm2/m2 in women and
2
2
≤ 52.4 cm /m in men

Tandon et al[19], 2012

142

Lumbar Skeletal Muscle Mass Index at
CT scan ≤ 38.5 cm2/m2 in women and
2
2
≤ 52.4 cm /m in men

Merli et al[21], 2013

300

Mid Arm Muscle Circumference < 5th P

50

Prevalence of muscle depletion Outcome associated with muscle depletion
26%
38% M; 8% F
25%
37%
63%

Lower survival in Child A and Child B

53.2%
Child Pugh A:
74.3% M, 22.2% F;
Child Pugh B:
68.9% M, 35.2% F;
Child Pugh C:
54.7% M, 21.9% F
51%
63% M; 28% F
Child Pugh A: 72%;
Child Pugh B: 43%;
Child Pugh C: 42%
67%
58%
13.2%
69.3%

No correlation with in-hospital mortality

40%
50% M; 18% F
Child Pugh A: 13%;
Child Pugh B: 55%;
Child Pugh C: 32%
41%
54% M; 21% F
Child Pugh A: 0% M, 14% F;
Child Pugh B: 42% M, 21% F;
Child Pugh C: 72% M, 23% F
39%

Increased 3 and 6 mo mortality

Lower survival at 6, 12 and 24 mo
Higher rate of major complications

No outcome evaluated

Higher risk of complications
No outcome evaluated

Increased mortality in cirrhotic patients
awaiting liver transplantation

Higher rate of hepatic encephalopathy

M: Male; F: Female; CT: Computed tomography.

liver disease, nutrition abnormalities are expected to revert when a new functioning liver is given to the patient.
However, unlike other complications, a reverse of malnutrition and more specifically of sarcopenia is not a rule
after liver transplant. Moreover, other features of malnutrition, such as overweight and obesity, may occur in liver
recipients during long-term follow-up.
Modifications in body composition after liver transplantation: Sarcopenia overweight and obesity
In 1999, Keogh and co-authors applied dual energy X-ray
absorptiometry to assess the changes in bone mineral
density and body composition after liver transplantation.
The timing of the evaluation of body composition in this
study was extremely heterogeneous (range, 3-44 mo after
surgery)[37]. While an overall reduction in bone mineral
density was observed, body weight increased by 12% after transplantation due to an increase in the fat mass (from
24.1% ± 2.0% to 35.1% ± 1.8%) and a decrease in the
fat-free mass (-5.7% ± 1.4%). Similarly, in a small group
of 14 unselected patients undergoing liver transplantation, using sophisticated techniques for estimating body
composition, a loss of total body fat was reported during
the early postoperative period, which was fully regained at
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3 mo. In the same group of patients, a depletion in skeletal muscle protein was present after 12 mo[34]. A failure
to revert nutritional impairment during the first year after
liver transplantation was also documented in a mixed
population of 70 cirrhotic and non-cirrhotic patients
transplanted between 1997 and 1999. In this retrospective study, 44% of patients were still classified as having
some degree of malnutrition one year after transplantation. The presence of malnutrition was associated with
a worse nutritional status before transplantation and fat
stores (triceps skinfold thickness) remained inadequate
in 70% of malnourished patients at the end of the first
year[38]. In a prospective cohort study, cirrhotic patients
who were severely malnourished while on the waiting list
showed further deterioration at 3 mo after transplantation; however, they improved at 6 and 12 mo. Once again,
primary changes were observed for fat mass (median triceps skinfold: basal 10.8 mm vs 15.2 mm, 12 mo, P = 0.03),
whereas the parameters of muscle mass showed only
minor variations (mid-arm muscle circumference: basal
23.4 cm vs 24.0 cm, 12 mo, P = 0.3)[35]. More recently,
pre- and post-transplant abdominal muscle and fat area
were evaluated in 53 patients, using abdominal CT. The
patients were examined at a variable distance from liver
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Table 2 Mechanisms that cause a reduction in food intake in patients with cirrhosis
Reduced
nutrient
intake

Decreased appetite and anorexia Unpalatable diet (sodium and water restriction for peripheral oedema and ascites, protein restriction
for hepatic encephalopathy)
Dysgeusia due to micronutrient deficiencies (zinc or magnesium)
Anorexic effect caused by increased levels of proinflammatory cytokines (TNFα, IL-1β, IL-6) and leptin
Nausea and early satiety
Tense ascites
Gastroparesis
Small bowel dysmotility
Bacterial overgrowth
Frequent compulsory starvation
Hospitalisation
Invasive diagnostic procedures requiring fasting
Gastrointestinal bleeding and endoscopic therapy

TNF: Tumor necrosis factor α; IL: Interleukin.

Table 3 Vitamins and trace elements deficiencies in patients with cirrhosis

Water soluble vitamins
Complex B and
Vitamin C
Fat soluble vitamins
Vitamin A (Retinol) and vitamin E

Vitamin D

Vitamin K

Mechanism of deficiency

Primary consequences

Dietary insufficiency
Intestinal dysmotility

Wernicke’s encephalopathy and Korsakoff dementia,
anaemia, asthenia, scurvy

Dietary insufficiency
Malabsorption for cholestasis or due to medications
(i.e., cholestyramine)
Dietary insufficiency
Malabsorption for cholestasis or due to medications
(i.e., cholestyramine, steroids)
Reduced exposure to UV light
Dietary insufficiency
Malabsorption for cholestasis or due to medications
(i.e., cholestyramine)

Risk factor for developing cancer, including
hepatocellular carcinoma, night blindness

Trace elements
Zinc

Magnesium

Dietary insufficiency
Malabsorption (intestinal dysmotility)
Diuretic induced increased urinary excretion
Dietary insufficiency
Malabsorption (intestinal dysmotility)

Osteopenia and osteoporosis

K-dependent coagulation factors deficiency (Ⅱ, Ⅶ, Ⅸ, Ⅹ)

Contribution to impaired glucose tolerance and diabetes,
precipitation of hepatic encephalopathy
Loss of muscle strength

UV: UltraViolet.

replacement (19.3 ± 9 mo). Of the 66% of sarcopenic
patients before LT, only 6% had a reversal of sarcopenia,
while 14 of the 20 patients who were not sarcopenic preLT developed sarcopenia de novo after LT[36].
Other studies have primarily focused on the increase
in body weight and BMI after liver transplantation, which
may lead to a diagnosis of obesity in some patients. A
retrospective study in 597 patients transplanted between
1996 and 2001 found that by 1 and 3 years, 24% and
31% of the patients, respectively, showed a BMI > 30
kg/m2[39]. However, it should be noted that several of the
patients included in that study were already obese before
transplantation. Considering only those patients who
were not obese at the time of surgery, 15.5% and 26.3%
became obese at 1 year and 3 years, thus indicating that
overweight and obesity can be recognised as a likely burden after liver transplantation. Gender and the length of
steroid therapy (more or less than 3 mo) were not found
to be risk factors for the development of overweight and
obesity. In a smaller study, 23 patients were followed for
9 mo after transplantation. At the end of the observation
period, 87% were classified as overweight or obese due
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to a significant increase in fat mass and a slight improvement in lean mass (arm muscle circumference)[40]. Similar
results were shown in 17 liver recipients followed before
transplantation and 12 mo after transplantation. A progressive weight gain characterised by a prevalent increase
in fat mass was reported; at the end of the study, the rate
of obese patients increased from 11.8% to 29.4%[41]. In
a longer follow-up (n = 143 patients, 4 years after liver
transplantation), 58% of the patients were observed to
be overweight, and 21% were observed to be obese. The
multilogistic regression analysis demonstrated that obesity after LT was predicted by a higher BMI before LT
and a significant weight gain after LT[42]. Another study
showed that in 42 long-term survivors studied at a distance ranging from 18 mo to 100 mo after successful liver
transplantation, the mean BMI and the fat mass were
significantly higher in transplanted patients compared to
39 patients with liver cirrhosis and a cohort of healthy
controls[43]. Studies with a cross-sectional design, however, suffered several limitations: transplanted patients are
observed at different times, and long-term survivors are
only those patients who exhibited a better outcome after
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transplantation, which represent a relevant selection bias.
All of these data suggested that despite the regain of
liver function after liver transplantation and the improvement in body weight after surgery, the alterations in body
composition may persist. In particular, muscle depletion
seems to persist for at least 12 mo or more.

FACTORS THAT MAY INFLUENCE
NUTRITIONAL MODIFICATIONS AFTER
LIVER TRANSPLANTATION
Liver gut brain axis
The common hepatic branch of the ventral vagus is involved in important physiological functions[44-46]. The afferent and efferent fibres travelling in this branch are crucial
for mediating the complex orchestra of biochemical, molecular, and neuronal signals from gut, liver and brain that
influence food intake and nutrient homeostasis. The normal hepatic innervations and more specifically, vagus innervation, are lost during transplantation. It has been suggested that the isolation of the liver from the autonomic
regulatory control may influence not only nutrient absorption and metabolism, glucose and lipids homeostasis but
also appetite signalling and eating behaviour. All of these
modifications may contribute to the body composition and
weight changes observed in liver transplanted patients.
Diet
The majority of the published studies reported a significant increase in dietary intake when the patients were followed after liver transplantation. These changes are particularly evident in those patients following severe dietary
restrictions or in those suffering from relevant gastrointestinal symptoms or anorexia before liver transplantation.
We observed that calories improved from a median of
27 kcal/kg per day to 32 kcal/kg per day; P = 0.007 and
proteins from a median of 0.8 g/kg per day to 1.3 g/kg
per day; P = 0.02 (comparing dietary intake before transplantation and 12 mo after liver transplantation)[35]. Similar
results were reported by Richardson et al[40] in 2001, who
correlated the high rate of overweight or obesity in liver
transplant patients with the increase in energy intake
(from 1542 ± 124 kcal/d to 2227 ± 141 kcal/d), a higher
consumption of both proteins and carbohydrates and an
approximately doubled intake of fat (from 62 g/d to 102
g/d) compared to pre-transplant[40].
Energy metabolism
Modifications in energy metabolism have been involved
in the changes of nutritional status after LT; however,
studies reporting resting energy expenditure (REE) measurements have provided controversial results. During
the early post-operative period (2-4 wk), several studies showed no significant changes in REE[47], whereas
other studies found that REE was increased to 130%[48]
or 142%[34] of the predicted values in the same period.
Subsequently (6-12 mo), a persistent hypermetabolism
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was reported at 6 mo by several authors[34], whereas others found a reduced REE at 9 mo after liver transplantation[40]. In the latter study, no correlation was observed
between body composition, energy expenditure and the
immunosuppressive regimen; however, those patients
with a reduced energy expenditure showed the higher
increase in fat mass. By extending the follow-up to 14 or
32 mo after transplantation, another study found that the
increase in energy expenditure normalised only when insulin sensitivity was restored; however, no correlation was
found with body weight changes[49].
Finally, in a more recent study, the large majority (76%)
of patients investigated one year after LT were normometabolic[41]. Hypermetabolism after transplantation was
significantly associated with hypermetabolism before LT
and a higher cumulative dose of prednisone.
Immunosuppressive therapy
Immunosuppressive agents are known to exert metabolic
effects, which may be implicated in nutritional changes
and body composition modifications after LT. Corticosteroids need attention as they increase appetite and fat
deposition and decrease fat oxidation; moreover, they are
responsible for increased proteolysis and impaired protein
synthesis[50,51]. Calcineurin inhibitors, such as cyclosporine
and tacrolimus, may affect energy metabolism and muscle
mass[51,52]. Cyclosporine was found to be an independent
predictor of post transplant weight gain[53], whereas tacrolimus has been reported to increase energy expenditure[54].
Both cyclosporine and tacrolimus may contribute to the
impairment of muscle growth and muscle regeneration by
inhibiting calcineurin, which exerts its effects on skeletal
muscle differentiation, hypertrophy, and fibre-type determination[52,55]. Other immunosuppressive agents, such
as sirolimus and everolimus, negatively influence muscle
mass by inhibiting the mammalian target of rapamycin
complex, which is a key regulator of protein synthesis[56].

MOLECULAR MECHANISMS
OF SARCOPENIA AFTER
TRANSPLANTATION
The majority of the studies dealing with molecular mechanisms of sarcopenia in liver cirrhosis have investigated
experimental animal models, such as portacaval shunted
rats and biliary duct ligated rats[57-59]. Few studies have
been performed in cirrhotic patients[60]; therefore, definite
conclusions could not be drawn. Similarly, the data on the
mechanisms of post-transplant sarcopenia are lacking. Interestingly, in 3 subjects who had muscle reduction after
transplantation, the mRNA expressions of genes regulating ubiquitin proteasome proteolytic components were
unaltered, whereas those of myostatin were significantly
elevated[36]. These data suggest that an inhibition of muscle protein synthesis, induced by myostatin, instead of
an increase in protein degradation, may play a pilotal role
in the pathogenesis of post-transplant sarcopenia. More
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Table 4 Relationship between nutritional status and outcome after liver transplantation
Patients (n )

Parameters used for the assessment of
nutritional status

Prevalence of
malnutrition

Outcomes related to malnutrition

68

Subjective Global Nutritional Assessment

79%

Selberg et al[65], 1997

150

41%-53%

Harrison et al[66], 1997

102

79%

Higher risk of infections

Figueiredo et al[7], 2000

53

87%

More days in intensive care unit
Increased incidence of infections

Stephenson et al[68], 2001

99

Anthropometry
Body composition analysis
Indirect calorimetry
Anthropometry
Dietary intake
Subjective Global Nutritional Assessment
Hand-grip strength
Body composition analysis
Subjective Global Nutritional Assessment

Prolonged ventilator support
Increased incidence of tracheostomy
More days in intensive care unit and hospital
Decreased 5-yr survival after liver transplantation

100%

Shahid et al[28], 2005

61

Not reported

de Luis et al[69], 2006

31

Not reported

No correlation

Merli et al[70], 2010

38

Hand-grip strength
Anthropometry
Subjective Global Nutritional Assessment
Body composition analysis
Dietary intake
Subjective Global Nutritional Assessment
Anthropometry
Indirect calorimetry
Dietary intake
Psoas muscle area (CT evaluation)

Increased blood product requirement
More days in hospital
No correlation

53%

More days in intensive care unit and hospital
Increased incidence of infections

Not reported

Decreased 1-yr survival

Ref.
Pikul et al[64],1994

Englesbe et al[71], 2010

163

CT: Computed tomography.

studies are warranted to elucidate the molecular mechanisms responsible for sarcopenia after liver transplant.

and nutrition was rated low (37%). The life-style changes
should be evaluated after a longer follow-up period.

NUTRITION AND EXERCISE
COUNSELLING

NUTRITIONAL STATUS AND OUTCOME
AFTER LIVER TRANSPLANTATION

It is conceivable that interventional programmes including dietary and exercise counselling may, in part, correct
or completely normalise the nutritional alterations occurring after LT. Specific diet and exercise programmes may
prevent the tendency to become overweight or help to
obtain an adequate recovery of muscle mass. However,
few studies with this goal were conducted. A randomised
trial of exercise and dietary counselling after liver transplantation has been recently published. In this study, 151
liver transplant patients were enrolled and randomised
into exercise and dietary counselling or usual care. A total
of 119 patients completed testing 2, 6 and 12 mo after
liver transplantation. Testing included the assessment of
exercise capacity through oxygen consumption (VO2) using spirometry, quadriceps muscle strength, body composition by DEXA and a nutritional intake evaluation. The
exercise and dietary counselling group showed a greater
increase in VO2 peak with respect to controls; however,
both groups (exercise and dietary counselling and usual
care) presented similar increases in body weight, fat mass
and lean mass during the follow-up [61]. Although the
dropout rate was small (20%), the authors emphasised
that the intervention can be planned only in those patients for whom exercise and dietary counselling can be
safely implemented; furthermore, adherence to exercise

Although the modification in nutritional status that occurs after liver transplantation represents a topic that
warrants extensive investigation, much information is
available concerning the role of nutritional status on the
outcome of patients undergoing liver transplantation. Patients with liver disease and malnutrition suffer a higher
risk of complications and mortality after surgery[26,62].
Similar findings have been reported in patients undergoing liver transplantation (Table 4)[28,63-71].
Several studies reported a greater need for blood products during surgery[68], a higher rate of infections[66,67,70] a
longer postoperative hospital stay[68,70], and a lower postoperative survival rate[65] in liver recipients affected by severe
malnutrition. Recently, the relevant role of malnutrition
on survival after liver transplantation was confirmed in
a study that focused on muscle wasting[71]. By measuring
the cross-sectional area of the psoas muscle on CT scans
in 163 liver transplant recipients, a strong association was
found between the psoas area and post-transplant mortality (HR = 3.7 per 1000 mm2 decrease in the psoas area;
P < 0.0001). The authors suggested that the objective
measures of frailty, such as muscle wasting, may have the
potential to inform benefit-based allocation models and
may help optimise liver transplant outcome.
In contrast, other studies failed to show a correlation
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between the nutritional status and the post-transplant
outcome[28,69]. In these latter studies, surgical risk, donor
risk index, and immunosuppressive therapy could have
played a major role in the outcome of liver transplantation and might have blunted the influence of the recipient’s nutritional status.
As muscle wasting is a well-known risk factor that
contributes to increasing costs for morbidity and mortality after major surgery in the general population[72], the
specific role of liver disease in this setting might be questioned. Undoubtedly, sarcopenia occurs more frequently
in liver disease than in the general population. Furthermore, post-surgical one-year survival was found to be
87% in sarcopenic non-cirrhotic patients[72], but only
49.7% in sarcopenic cirrhotic patients who are undergoing liver transplantation[71].
Controversies exist concerning the influence of obesity on the outcome of liver transplantation. A higher rate
of wound infection was reported in severely obese patients (BMI > 35 kg/m2) who undergo liver transplant[73].
Additionally, these patients progressed more frequently to
early death from multisystem organ failure. These results
have been confirmed by analysing a large database including 18.172 transplanted patients, which demonstrated that
primary graft non-function, and in-hospital, 1-year and
2-year mortality were signiﬁcantly higher in the morbidly
obese patients (BMI > 40 kg/m²)[74,75]. A similar study, using the National Institute of Diabetes and Digestive and
Kidney Disease liver transplantation database, found no
significant difference in survival across all BMI categories
after the BMI correction for ascites[76].
In conclusion, alterations in nutritional status and
muscle depletion occur frequently in patients with endstage liver disease. After liver transplantation, the recovery of muscle mass is challenging. Close monitoring of
the modifications in the nutritional status and body composition in liver recipients will help to identify patients
at risk for malnutrition or obesity after transplantation.
Additional large-scale interventional studies are needed
to evaluate whether physical and nutritional interventions
after liver transplantation are capable of improving body
composition and muscle function.
Malnutrition and severe obesity seem to affect the
prognosis of these patients and have an impact on morbidity and mortality after liver transplantation. Recently,
sarcopenia has been proposed to be an objective and
valid prognostic index of mortality during and after liver
transplantation, signalling the importance of severe muscle depletion in the clinical outcome of cirrhotic patients.
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Abstract
The scarcity of ideal liver grafts for orthotopic liver
transplantation (OLT) has led transplant teams to investigate other sources of grafts in order to augment
the donor liver pool. One way to get more liver grafts
is to use marginal donors, a not well-defined group
which includes mainly donors > 60 years, donors with
hypernatremia or macrosteatosis > 30%, donors with
hepatitis C virus or hepatitis B virus positive serologies,
cold ischemia time > 12 h, non-heart-beating donors,
and grafts from split-livers or living-related donations.
Perhaps the most practical and frequent measure to
increase the liver pool, and thus to reduce waiting list
mortality, is to use older livers. In the past years the
results of OLT with old livers have improved, mainly
due to better selection and maintenance of donors,
improvements in surgical techniques in donors and
recipients, and intra- and post-OLT management. At
the present time, sexagenarian livers are generally accepted, but there still exists some controversy regarding the use of septuagenarian and octogenarian liver
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grafts. The aim of this paper is to briefly review the aging process of the liver and reported experiences using
old livers for OLT. Fundamentally, the series of septuagenarian and octogenarian livers will be addressed to
see if there is a limit to using these aged grafts.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Old liver donors; Liver transplantation; Aging liver; Liver graft; Liver disease; Aging; Donor management; Septuagenarian donors; Octogenarian donors
Jiménez-Romero C, Caso Maestro O, Cambra Molero F, Justo
Alonso I, Alegre Torrado C, Manrique Municio A, Calvo Pulido J, Loinaz Segurola C, Moreno González E. Using old liver
grafts for liver transplantation: Where are the limits? World J
Gastroenterol 2014; 20(31): 10691-10702 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10691.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10691

INTRODUCTION
Orthotopic liver transplantation (OLT) is the treatment
of choice for patients with end-stage chronic liver diseases, acute liver failure, and certain metabolic liver diseases.
The excellent results of OLT have led to an increasing
number of patients on the waiting list, while the number
of liver donors remains stable. Thus, the main limitation
factor for OLT is having access to a liver graft. Moreover,
the best results are obtained using ideal liver grafts that
are defined as those obtained from donors younger than
40 years, trauma as the cause of death, brain death, hemodynamic stability at the time of procurement, and absence of steatosis, chronic liver disease, and transmission
disease[1]. However, the ideal graft is becoming less and
less frequent, mainly due to a progressive and dramatic
reduction in traffic accidents. According to the Spanish
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Liver Donor Registry, during the year 2000 the rate of
donors between 15 and 45 years old was 40.6% versus
20.9% during the year 2012[2]. This liver organ shortage
has led liver transplant teams to expand the donor pool
using so-called marginal donors, a not well-defined group
which mainly includes donors > 60 years, donors with
hypernatremia, steatosis greater than 30%, or positive serologies for hepatitis C virus (HCV) or hepatitis B virus
(HBV), livers with a cold ischemia time > 12 h, non-heart
beating donors, and grafts from split-liver and livingrelated donations[3-11]. The most frequent and practical
measure to augment the liver donor pool, and thus to reduce waiting list mortality, is to increase donor age[4,12-16].
However, the use of older livers for transplantation is
subject to debate because several authors reported a
negative impact of increased donor age on survival after
OLT[17-20]. On the other hand, other transplant groups
have found similar patient and graft survival rates using
liver grafts older than 60 and even older than 70 and 80
years[13,15,21-26]. In an attempt to clarify the influence of the
aged liver donor on the results of OLT we will review
this issue in the literature especially regarding donors
older than 70 years, and establish as accurately as possible
if there is an age limit for utilizing a liver graft.

AGING PROCESS OF THE LIVER
Aging is characterized by normal progressive declines in
functions that, cumulatively, diminish the capacity of cells
and organs to respond to intrinsic and extrinsic stimuli.
Functional changes that develop with aging should eventually lead to significant alterations in clinical practice.
The synthetic, excretory and metabolic changes of liver
function are potentially affected by aging and these effects may have clinical relevance[27]. Although this aging
process does not cause death, it appears to contribute to
the onset of diseases, including liver pathologies[28]. The
major age-related changes in the liver are a reduction in
mass and blood flow. However, the main differences and
consequently the major advantages with respect to other
organs are the maintenance of a good functional reserve,
regenerative capacity, and large blood supply, all of which
support the use of older donor livers for OLT[29,30]. Experimental findings in rodents, related with the aging process are generally very difficult to extrapolate to humans.
Morphologic changes
The old liver tends to be smaller and dark-colored, and
generally suffers brown atrophy (brownish aspect), an
appearance attributable to the increased accumulation of
lipofuscin (highly oxidised insoluble proteins) and fibrous
thickening of Glisson capsule[30-32]. There are few macroscopic and microscopic changes in the liver with aging,
and the most widely recognized alteration is a decrease in
weight[27]. In healthy people, the liver accounts for about
2.5% of the total body weight until about 50 years old.
After that, the liver becomes gradually smaller, so that
by the age of 90 it represents about 1.6% of total body
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weight[33]. The decrease in hepatic weight parallels a reduction in body weight[27]. There are other gradual changes such as in shape, moulding the liver with other organs
or structures (ribs), and acquiring ridges and bosses on its
surface[33].
Morphometric and ultrastructural changes
A 60% thickening of the endotelial lining and an 80%
decline in the number of endothelial cell fenestration
with increasing age was reported in a study that examined
surgical and postmortem samples of human livers[34].
There are several morphological changes of hepatocytes associated with aging, such as an increase in mean
volume and greater variance in the size of liver cells, a decrease in the number of hepatocytes, and increase in the
size of liver cell nuclei and the volume of nuclear DNA
in proportion to nuclear size. There is also an increased
aneuploidy and a decreased number of mitochondria, but
an increase in mitochondrial volume[35]. These morphological changes suggest that the liver cells in advanced
old age are in a hyperfunctioning state possibly trying to
compensate for the decline in absolute cell number[33]. In
liver biopsy samples, of both healthy subjects and subjects with chronic liver disease, a progressive decline in
telomere length with increasing age has been observed[36].
Recently changes in the hepatic sinusoid with old age
have been identified that probably contribute to the substantial age-related changes in liver function[37].
Blow flow and volume changes
In the elderly population, there is an approximately 30%
loss of liver volume and hepatic blood flow between the
ages of 30 and 100[31,38].
This process starts at 25 years, at a rate of 0.3%-1.5%
per year[39], and it would be expected that the liver blood
flow of a 65-year-old is expected to be 40%-45% less
than that of the same person at 25 years old[40]. A decrease in liver volume and liver blood flow with aging
may be a major component of age-related alterations in
the liver, leading to a fall in the clearance of many drugs
whose pharmacokinetics have been found to be altered
with age[31]. Atherosclerotic occlusive disease of visceral
arterial branches of the abdominal aorta (celiac trunk and
branches, mesenteric and renal arteries) occurs in 2.6%
of all cases, and tends to be localized in the proximal or
mid-proximal portions of the arterial bed; these lesions
can be surgically amenable, but not in the occasional case
where atherosclerosis is located in the distal portion of
the bed[41] where the hepatic artery may be affected[42,43].
Synthetic and functional changes
The rate of total protein synthesis was 37% less in the
69-91 than in the 20-23 year old population, and the
hepatic synthesis of clotting factors is also presumably
impaired in the older patients[33].
It seems that the routine biochemical liver function
tests (serum bilirubin, alkaline phosphatase and transaminase levels) do not alter with increased age, and are in
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reality more a reflection of liver damage than a marker of
poor function[29,33].
A fall in functional hepatic mass may be the most
important change in the liver during normal aging, but
that liver cells are little changed with age alone[29]. It has
been suggested that aging has a limited effect on liver
functions but more on its response to extrahepatic factors[44], disease states or increased metabolic demands
to which elderly people may have an impaired ability to
respond[29,33]. Some hypotheses state that, while enzymes
responsible for normal metabolism or detoxification are
adequate in the aged liver, the system is unable to respond to the increased stress of an external hepatotoxic
agent[33]. Moreover, aging appears to compromise liver
regeneration by influencing several pathways, the result
of which is a reduction in the rate of regeneration, but
not in the capacity to restore the organ to its original volume[45]. The aging process does not increase the susceptibility to hypoxia-reoxygenation injury in the rat liver, and
although one should be cautious when extrapolating data
on aging from rats to man, this finding lends additional
support to the increasing use of older livers for OLT in
humans[46].

ASSESSMENT AND MANAGEMENT OF
THE LIVER DONORS
The definition of an ideal allograft is different from
that of an ideal donor. Thus, the ideal allograft may be
influenced by some variables that are introduced after
procurement such as prolonged cold ischemia time (CIT),
or partial or split-liver grafts[47]. Donors are generally considered marginal or extended criteria donors if there is a
risk of initial poor function (IPF) or primary nonfunction
(PNF). There is a lack of agreement on the definitions of
primary dysfunction, IPF and PNF. It has been suggested
that primary dysfunction can be used to describe all grafts
that function poorly in the post-OLT period (e.g., PNF
and IPF). PNF refers to liver grafts that fail to support
life in the early post-OLT period (first week) and die or
required a retransplant for the patient to survive. On the
other hand, IPF is defined as an aspartate aminotransferase (AST) level of more than 2000 IU/L, prothrombin
time more than 16 s and ammonia level of more than 50
μmol/L on post-OLT days 2 to 7 in a context of graft
supporting life[48].
Although marginal liver grafts may not be optimal,
they are a viable alternative to dying while candidates
are on a waiting list for OLT[7]. At present, there is not a
clear and established definition of a marginal liver donor.
Among the most important donor characteristics that
may influence the development of PNF or IPF in the
recipient are increasing age, prolonged ischemia, hypotension and inotropic support, gender mismatch, nonheart-beating donors, and steatosis[7,49,50]. A literature
review revealed at least 13 donor variables that may be associated with poor graft survival and increased recipient
mortality. These variables were donor age, race, gender,
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weight, ABO status, cause of brain death, hospital stay,
pulmonary insufficiency, vasopressor use, cardiac arrest,
alterations of blood chemistry, prolonged CIT, graft steatosis, hypernatremia, donation after cardiac death, and
positive serologies for HBV or HCV[1,3,7]. However, there
is a great variability in the number and type of variables
included in the term extended criteria. Thus, seven donor characteristics were identified using Cox regression
models that independently increase the risk of graft failure: donor age over 40 years (particularly over 60 years),
donation after cardiac death, and split/partial grafts were
strongly associated with graft failure, while black race,
less height, cerebrovascular accident and other causes of
brain death were less but still significantly associated with
graft failure[1]. Other research regarding extended criteria
found donor age > 55 years, donor hospital stay > 5 d,
cold ischemia time > 10 h, and warm ischemia time >
40 min as predictive risk factors of poor outcome after
OLT[51]. With the aim to analyze the influence of several
marginal criteria in donors, a marginal liver score was
elaborated with the following variables: donor > 60 years,
ICU stay > 4 d, CIT > 13 h, hypotensive episodes < 60
mmHg for > 1 h, bilirubin > 2.0 mg/dL, alanine aminotransferase (ALT) > 170 U/L, and AST > 140 U/L (each
variable assigned a value 1), use of dopamine doses > 10
μg/kg, and serum sodium > 155 mEq/L (each variable
assigned a value of 2). Recipients who received marginal
livers with a score of 3 or more showed significantly
lower graft survival and delayed graft function[52].
Evaluation and support of older liver donors
Between 70%-88% of donors older than 70 years die
because of cerebrovascular disease[13,23,53-55]. When brain
death is declared and liver donation is being considered,
the primary goal is maintenance of the organ´s viability.
Thus, the measures for the protection of the liver graft
must be as follows: resuscitation in the event of cardiac
arrest, maintenance of an effective circulation to prevent
ischemic injury, therapy of hypovolemia to maintain a
systolic blood pressure (SBP) or central venous pressure
above 10 cm H2O, blood transfusion if hematocrit is less
than 25%, oxygenation to maintain PaO2 between 70-100
and O2 saturation at 95%, prevention of infection and
maintenance of normothermia and diuresis greater than
1 mL/kg per hour. A SBP between 80-100 mmHg maintained during more than one hour has been considered a
criterion of a marginal liver donor by some authors[13,56].
When SBP is less than 100 mmHg, dopamine infusion is
indicated to increase mesenteric and renal blood flow. Initially the dose is 2-5 mcg/kg per minute, bearing in mind
that renal function impairs and that acute tubular necrosis
can develop when the dose of dopamine is > 10 mcg/kg
per minute. Several groups define a dose of dopamine
> 15 mcg/kg per minute as a marginality criterion[13,49,56].
The use of a dopamine dose > 15 mcg/kg per minute associated with SBP < 90 mmHg increases significantly the
grade of graft preservation injury[49]. Cardiac arrest during a period of 15 min does not significantly affect PNF
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or graft function[57], although one German team does not
use graft livers from septuagenarian donors with cardiac
arrest[58].
Prolonged ICU stay of donors can modify post-transplant liver function due to hemodynamic, hormonal and
nutritional alterations and other alterations produced by
vasopressor drugs[59]. According to some authors the rates
of PNF and graft dysfunction increase with a mean ICU
stay of > 3 d[60], while others find for the same ICU period
only find transaminase values higher than 2000 IU/L but
without affecting graft survival[49]. More recently, a study
considered an ICU stay of > 4 d as a marginal criterion
due to the associated higher rate of preservation injury[56].
According to several series using liver grafts over 70 years,
mean ICU stay is < 3.5 d[13,23,26,53,55,58,61]. The deleterious effect of hypernatremia (peak serum sodium > 155 mEq/L)
on graft function is thought to be a result of cell swelling and exacerbation of reperfusion-mediated injury[7].
The presence of hypernatremia has been associated with
marked graft dysfunction[62,63], and even with significantly
lower 1-month graft survival[64]. However, donor serum
sodium showed normal mean values in five series of donors older than 70 years[23,53,55,58,61,65]. The elevation of liver
enzymes [glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), and gamma glutamyl
transpeptidase (GGT)] in donors may reflect a process of
cytolysis, cholestasis, hypoperfusion due to hypovolemia,
or cardiac arrest, and liver enzymes values can rise to 400
IU/L during short periods of ischemia or asystolia[66].
The presence of values of GOT > 150 IU/L and GPT
> 170 IU/L[56], and of GGT > 100 IU/L in donors older
than 70 years have been considered as marginal criteria[13].
Several reports using donors older than 70 years showed
mean values of GOT, GPT and GGT within normal limits[26,30,53,55,58]. In the absence of hepatobiliary disease, the
presence of hyperbilirubinemia in the donor can be due
to hemolysis, and it is not demonstrated that bilirubin >
2 mg/dL is associated with lower graft survival or graft
dysfunction in comparison with lower bilirubin values[49].
Mean bilirubin values in several studies using liver donors
older than 70 years range between 0.7 and 0.95 mg/
mL[13,23,53,55,58]. In comparative series that analyze donors
older than 70 years, liver function tests are more favorable
in older donors, a finding that reflects the meticulous selection of older donors[23,30,53,55] in order to counterbalance
the risks associated with the aging process[55].
In the process of evaluation of donors older than 70
years an ultrasonography is recommended to exclude benign or malignant hepatobiliary diseases, liver steatosis,
and other abdominal tumors. During the procurement
procedure it is necessary to explore the abdominal cavity to confirm the absence of tumors or abscess. A liver
biopsy is highly recommended in octogenarian[30,53] and in
septuagenarian liver donors to exclude liver disease (steatosis, cholestasis, hepatitis, or fibrosis).
Steatosis of liver graft
A liver is considered steatotic when the lipid content
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exceeds 5% of the body weight, and the reported incidence is between 9%-26% among the liver donor population[67,68]. Steatosis is more frequent among old donors,
and has been attributed to alcohol intake, obesity, malnutrition, and diabetes[69,70].
Steatosis is classified as mild (10%-30%), moderate
(30%-60%), or severe (> 60%)[69], but it is believed that
steatosis will disappear after OLT.
Steatotic liver grafts are more prone to developing
preservation injury, and a short ischemic injury is recommended to prevent preservation injury[70,71].
We observed a higher rate of overall steatosis in donors
older than 60 years at the expense of macrosteatosis[55],
although the liver grafts with any degree of isolated microsteatosis can be safely used, except for the risk of initial
dysfunction, because it does not adversely affect patient
or graft survival[5,72,73]. The experience of the surgeon is
essential for the evaluation of the presence of steatosis
during liver procurement and it must be confirmed by
microscopic examination. It has been confirmed that
the combination of increased BMI, elevation of ALT,
presence of type II diabetes, history of heavy alcohol
consumption, and ultrasonography signs of steatosis
can identify steatosis > 30%[74]. OLT with livers with
macrosteatosis < 30% has similar results as OLT with
non fatty livers, assuming there are no other concomitant
donor or recipient risk factors[3,7]. The implant of a liver
graft with moderate-severe macrosteatosis precipitates
severe ischemia-reperfusion injury and puts a patient at
increased risk of initial poor graft function[48,67,73,75-77],
PNF[69,70,75] and lower graft and patient survival[73]. It has
been reported that liver grafts with macrosteatosis >
30% can be safely used in low-risk patients, but should
be avoided in patients with high model for end-stage liver
disease (MELD) scores[78]. Other investigators report a
comparable 3-year patient survival in a control recipient
group and a study group showing severe macrosteatosis
(> 60%), and the authors conclude that severely steatotic
livers should be considered for OLT at least in low-risk
patients, but that short ischemia times must be observed
and perioperative management must be optimized when
using steatotic liver grafts[76]. In a recent report using liver
grafts with severe macrosteatosis from donation after
cardiac death (DCD), it was concluded that these grafts
should only be considered for OLT in selected patients
with preserved liver function (e.g., sclerosing cholangitis)
and favorable MELD scores, without the presence of additional risk factors such as livers from DCD[77].
In series of donors older than 70 years, the incidence
of steatosis was between 16% and 50% of cases, and hepatocytes was involved in less than 30% of all reported
cases[13,23,53-55,65]. All series of octogenarian donors avoid the
use of liver grafts with macrosteatosis > 30%[14,24,30,53,58,79,80].
Ischemia times
Prolonged CIT of liver causes a microvascular injury,
called ischemia-reperfusion (IR) injury, which can lead
to PNF or IPF and increased rejection and morbidity.
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IR injury of liver grafts develops in four stages: prepreservation injury in the donor, cold preservation,
rewarming, and reperfusion injury. The incidence and
grade of IR injury may be affected by several factors
related to donor medical history, such as use of donors
older than 60 years, prolonged ICU stay, alcohol intake,
drug abuse, liver steatosis, hemodynamic instability after
brain death, hypotension, high doses of inotropic drugs,
prolonged CIT, and surgical trauma during the procurement process [7,56]. In other series comparing donors
younger and older than 65 years, no significant impact
was observed of donor age or CIT (< 8 h and ≥ 8 h) on
the incidence of IR injury, short-term liver function, and
1-year patient and graft survival[81]. However, it is known
that recipients of old livers have a greater sensitivity to
IR injury, as reflected by a notable cholestatic pattern after OLT[23,53,82]. Furthermore, CIT of older donors must
be kept as short as possible to obtain good liver function
after OLT[13,53,55,83]. Thus, in eight series that included
septuagenarian donors, the mean CIT was between 5
and 8 h[23,26,53-55,58,61,65], and only one series showed a mean
CIT of 9 h[13]. Older grafts with a CIT > 8 h are at much
greater risk for failure; with a CIT > 12 h the risk approximately doubles[84].
Prolongation of warm ischemia time (WIT) increases
cold ischemia injury and consequently impairs post-transplant liver function[85]. Deleterious effects on patient and
graft survival have been reported when WIT was longer
than 40 min[51], and on graft survival alone when WIT
was greater than 45 min[86], but usually most series of donors older than 70 years report a mean WIT between 45
and 65 min[13,53,55,58,61].
Allocation of older donors to recipients
The MELD score has been used as a measure of mortality risk in patients with end-stage liver disease and it is
deemed suitable for use as a severity index for guiding
organ allocation priorities[87]. Mortality on the waiting
list increases in direct proportion to the MELD score at
the time of listing[88]. The implant of marginal livers into
suboptimal recipients constitutes a bad combination. At
present, there is a tendency to allocate livers from old donors to stable patients[7,58,71]. Moreover, an octogenarian
donor liver can be implanted into a sexagenarian recipient, but many groups would be reluctant to accept such a
liver for a child[89].
Having in mind that the sickest patients must be
transplanted first, livers from high-risk donors should
be used for low-risk recipients only, whereas high-risk
recipients should only be transplanted with low-risk organs[90]. More specifically, younger donor livers should be
preferentially transplanted into HCV-positive recipients
and livers from older donors into older HCV-negative
recipients. This preference is based on the observations
that the worse patient and graft survivals correlated with
highest HCV recurrence, when liver grafts from donors
older than 40-50 years[91-97], or older than 70 years are
transplanted into HCV-positive recipients[7,14,53,79,80]; ex-
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ceptions are the series of Doyle et al[98] and our series[55],
where no significant differences in terms of 1-, 3-, and
5-year patient and graft survival were observed between
HCV-positive recipients of liver grafts younger than 60
years and HCV-positive recipients of liver grafts older
than 60 years. However, in our study there was a tendency towards decreased patient survival at 5 years, taking
into account that our rate of HCV-positive cirrhosis was
significantly higher in recipients of donors older than 60
years[55]. In some series HCC and ethylic cirrhosis were
the most frequent indications for using donors older than
70 years[13,27,58,99,100].
Similar MELD scores have been found in several
series of recipients transplanted with livers from donors
older than 70 years[26,55,58].

POST-TRANSPLANT EVOLUTION OF OLD
LIVERS AND COMPLICATIONS
A correlation between the incidence of PNF/IPF and
older donors has been pointed out[48,60]. The incidence of
PNF was reported to be between 2.7% and 8% in 6 series of recipients of donors older than 70 years[13,54,61,65,100],
whereas in 4 other series there was not any case of
PNF[23,26,55,58].
The non-rejection-related cholestasis pattern after
OLT was significantly more frequent in recipients of donors older than 70 years in comparison with recipients of
younger donors[23]. Synthesis parameters (serum albumin,
partial thromboplastin time) were normalized at one
week after OLT, while liver function tests (ALT, AST),
and bilirubin showed normal values at three months postOLT[99]. In our experience, the serum values of GOT,
GPT, GGT, and bilirubin, at one month post-OLT, were
similar in recipients of donors younger and older than 70
years. Moreover, prothrombin rate and serum albumin
levels were significantly lower on the 30th day after OLT
in recipients of donors older than 70 years[55], and these
findings were attributed to a decrease in protein synthesis[101] and coagulation factors that run parallel to the liver
aging process[102].
Intensive care unit stay (between 4 and 7 d) and hospital stay (between 20 and 25 d) were similar for recipients
of donors younger or older than 70 years[23,53,55]. Likewise,
the rates of acute and chronic rejection did not differ
between recipients of donors older and younger than
70 years[23,53,58,100]. In several series there were no differences in the rate of biliary and hepatic artery complications[23,53,58], but recently it was emphasized that ischemictype injury rates increase significantly with donor age
over 70 years[100]. A recent series from united network
for organ sharing database reported that the risk of graft
loss from hepatic artery thrombosis (HAT) increased
progressively with each decade of donor age > 50 years,
such that a 61% increased risk of HAT-related graft loss
was associated with use of donors older than 70 years[103].
More recently, an experience with donors older than 70
years showed a low incidence of HAT (4.7%), and im-
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Table 1 Series of orthotopic liver transplantation with liver grafts > 60 or > 65 years old
Ref.

Cases > 60 or > 65
yr (n )

Donor mean age
(yr)

Cold ischemic time Recipient mean Primary non- Patient survival Graft survival
(h)
age (yr)
function
(yr)
(yr)

Marino et al[12]
Washburn et al[106]
Grande et al[107]

54 > 60
29 > 60
40 > 60

65.2
63.7
68

Rodríguez et al[22]

100 > 60

69

4.1

54

1%

Neipp et al[111]

67 > 60

65

10.3

49

12%

Moore et al[20]
Anderson et al[15]

35 > 60
91 > 60

54

3.3%

57.6
51.2

4%
0.8%

Rauchfuss et al[110]
Martins et al[81]
Jiménez-Romero et al[55]

54 > 65
50 > 65
125 > 60

12.8
10.6
6.5

8.4
7.3
6.1

73.9
69.1

proved results were attributed to more appropriate technical management, whereas the presence of anatomical
variations and use of jumping grafts were independent
predictors of HAT[104].
The incidence of infections was similar[58] or even
lower in recipients of liver donors older than 70 years[55].
Most reports have found similar rates of retransplantation comparing recipients from 70-year-old donors and
younger donors[13,23,55,58,100].
Most common causes of mortality in recipients of
donors older than 70 years are medical complications, de
novo tumors, and cirrhosis due to HCV recurrence[53,55].

PATIENT AND GRAFT SURVIVALS USING
OLD LIVERS
Liver grafts younger than 70 years
The use of aged liver grafts has progressively increased
during the past decade due to improving results related
to better management and procurement techniques of
liver donors, and better hepatectomy and implant techniques in the recipients. In the nineteen nineties livers
from donors older than 50 years were considered to be
aged livers. However, several comparative series with
younger donors demonstrated no significant differences
regard to the rates of primary graft failure, retransplant,
and patient and graft survivals, leading to the conclusion
that liver grafts older than 50 years can be safely used for
transplant[71,82,105].
The first two comparative series using liver grafts
older than 60 years showed significantly lower 1-year
graft survival[106], and 2-year graft survival in recipients of
older livers, which was attributed to the more frequent
ischemic injury in this group[12]. In two posterior reports
comparing recipients of livers older and younger than 60
years, the rates of patient and graft survival, primary graft
failure, and graft dysfunction were similar, but the mean
CIT ranged between 5 and 6.3 h[22,107], significantly less
than the previous series with a CIT of 12.8 and 10.6 h,
respectively[12,106]. It has been established that prolonged
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53.8
6.7%
5%

2-yr: 62%
1-yr: 58.6%
1-yr: 82%
5-yr: 75%
1-yr: 82%
5-yr: 74.5%
1-yr: 79%
5-yr: 62%
5-yr: 48%
1-yr: 86.8%
5-yr: 67.6%
1-yr: 70%
1-yr: 78%
1-yr: 80.7%
5-yr: 68.5%

2-yr: 43%
1-yr: 44.8%
1-yr: 77%
5-yr: 66%
1-yr: 77.8%
5-yr: 71.4%
1-yr: 68%
5-yr: 53%
5-yr: 35%
1-yr: 82.4%
5-yr: 62.5%
1-yr: 70%
1-yr: 78.2%
5-yr: 65.1%

CIT impairs liver graft function, and when CIT is longer
than 14 h the graft preservation injury doubles[56]. In an
analysis of liver transplants from the Scientific Registry
of Transplant Recipients, donor age over 60 years was
the strongest risk factor for graft failure[1]. Other small
series obtained significantly worse results using donors
older than sixty years[20], but more recently larger series
of 91 OLT[15] and 125 OLT[55] confirmed no significant
differences when comparing the use of donors older and
younger than 60 years.
In a comparative series of five groups divided according to donor age categories (donors < 50 years; donors
between 50-59 years; donors between 60-69 years; donors
between 70-79 years; and donors ≥ 80 years), the predictors of poor graft survival were donor age between 60-79
years, HCV-positive recipients, MELD score ≥ 25, and
emergency OLT[26].
In two comparative studies using liver donors older
and younger than 65 years, graft survival was lower in the
group of recipients of older donors, and the rate of graft
dysfunction was higher when the grafts presented steatosis[108,109]. However, two more recent studies did not find
any significant differences in patient and graft survival
using liver grafts younger or older than 65 years[81,110].
These and other experiences using donors older than
60 years are shown in Table 1[12,15,20,22,55,81,106,107,110,111].
Liver grafts older than 70 years
Most authors have established that the use of liver grafts
from septuagenarian donors per se is not a contraindication for their utilization in OLT[13,23,26,54,55,58,99,100,112]. However, some authors reported significantly worse patient
and graft survival when they used liver grafts older than
70 years[19,61,65] (Table 2).
The way to get good results when using liver grafts
older than 70 years is to make a good donor selection,
avoiding, as far as possible, the use of grafts with marginal donor criteria that are known to be associated with
IPF and PNF of the graft. It is also important to avoid
recipient risk factors (advanced age, obesity, renal dis-
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Table 2 Series of orthotopic liver transplantation with liver grafts older than 70 years
Ref.

Cases
(n )

Donor mean age
(yr)

Cold ischemic time
(h)

Recipient mean age
(yr)

Primary
non-function

Patient survival
(yr)

Graft survival
(yr)

55
49

5.5%
8%

1-yr: 91%
1-yr: 95.4%
3-yr: 89.8%
1-yr: 93.8%
3-yr: 90.6%
1-yr: 91%
3-yr: 83%
5-yr: 77%
3-yr: 81.2%
5-yr: 66%
1-yr: 69.7%
3-yr: 57.5%
5-yr: 46.2%
5-yr: 47%
1-yr: 78%
5-yr: 63%
1-yr: 90%
5-yr: 84%
1-yr: 76%
5-yr: 62.9%

1-yr: 85%
1-yr: 82.7%
3-yr: 71.7%
1-yr: 92.6%
3-yr: 89.4%
1-yr: 86%
3-yr: 81%
5-yr: 75%
3-yr: 74.9%
5-yr: 62%

Emre et al[13]
Kim et al[54]

36
25

Gastaca et al[23]

55

-

Borchert et al[99]

41

73.4

8.9

50.9

2.4%

1043
111
17

74.8
73

7.2

57

7%
11.8%

Lai et al[61]
Sampedro et al[112]

28
24

74
78.3

6.4
3.7

57
53.9

Darius et al[58]

58

77

8

61

0%

Jiménez-Romero et al[55]

50

75.7

6.1

51

0%

Segev et al[25] (UNOS)
Cescon et al[26]
Fouzas et al[65]

73.5
74

9
7.6
5

-

0%

3.6%
0%

5-yr: 40.7%

1-yr: 88%
5-yr: 79%
1-yr: 73.9%
3-yr: 64.6%
5-yr: 58.3%

UNOS: United network for organ sharing.

ease, HCV cirrhotic recipients, retransplant) related with
increased graft loss and mortality[14,23,54,55,58,71,99,100]. When
using liver grafts older than 70 years in preferred recipients (first time recipients over the age of 45 years, BMI
< 35 kg/m2, non-status 1 registration, CIT < 8 h, and
either hepatocarcinoma or an indication for transplantation other than HCV cirrhosis), the results are similar to
outcomes with younger liver grafts[25].
When using donors older than 70 years, 1-year patient
survival varies between 66% and 95.4%, 3-year patient survival between 57.5% and 90.6%, and 5-year patient survival
between 46.2% and 84%[13,23,25,26,55,58,61,65,99,112]. In addition,
1-year graft survival varies between 73.9% and 92.6%, 3-year
graft survival between 64.6% and 89.4%, and 5-year graft
survival between 40.7% and 79%[13,23,25,26,58,61,99]. It must be
taken into consideration that some series excluded septuagenarian donors for transplant recipients with HCV
cirrhosis, so that the results are better[58,99].
Liver grafts older than 80 years
Since the first reported case of successful use of an 86-yearold liver graft[113], several series of octogenarian liver
grafts have been published[24,26,30,79,80] (Table 3). Moreover,
other isolated cases of nonagenarian liver grafts were recently reported[114-116].
Cerebrovascular diseases are the causes of death of
between 73% and 81.7% of octogenarian donors[26,53,80].
The general acceptance criteria of octogenarian liver
grafts were: normal gross appearance and consistency,
no alteration of liver function tests, hemodynamic stability with use of low doses (< 10 mcg/kg per minute) of
vasopressors before procurement, ICU stay < 3 d, no relevant histological alterations in the pre-transplant biopsy,
such as fibrosis, hepatitis, cholestasis, macrosteatosis >
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30%), and short cold ischemia time (< 10 h)[30,53,79]. Liver
biopsy during octogenarian donor procurement is generally recommended before accepting the use of the liver
graft[14,26,30,79,80].
The reported rate of octogenarian grafts discarded is
significantly higher than that of younger donors, and the
principal reasons for graft refusal were moderate-massive
steatosis, HCV cirrhosis and malignancies[53]. In series
that compared octogenarian and younger donor characteristics, no significant differences were seen regarding
ICU stay > 5 d, BMI ≥ 35 kg/m2, use of norepinephrine, prevalence of steatosis, total bilirubin, alteration of
liver function tests, serum sodium, hypotensive episodes
or vasopressor use[26,53]. In our series[30], with ICU stays
between 12 and 24 h, there was no cardiac arrest in any
of our four donors, and the blood pressure was maintained above 90 mmHg with the use of up to 15 mcg/kg
per minute of dopamine in three donors. With a CIT of
less than 9 h all of our recipients attained a good early
post transplant liver function. Thus, the current tendency
for use of octogenarian donors is to minimize ICU stay
(< 3 d), CIT (< 9 h), and steatosis[24,26,30,80] to prevent the
development of ischemia-reperfusion injury that contributes to recurrence in HCV-positive recipients[117].
The worse outcome associated with the use of older
donors for HCV-positive recipients has undergone a dramatic shift in the past years, so that nowadays octogenarian donor livers are mainly transplanted into patients with
hepatocarcinoma and ethylic cirrhosis, avoiding OLT
in viral C cirrhosis[26,79]. Thus, in this group the MELD
score is higher than in recipients of younger donor livers
where the rate of recipients who underwent OLT due to
hepatocarcinoma is lower[26].
One-year patient survival ranges between 75%

10697

August 21, 2014|Volume 20|Issue 31|

Jiménez-Romero C et al . Using old liver grafts for LT
Table 3 Series of orthotopic liver transplantation with liver grafts older than 80 years
Ref.

Cases Donor mean age Cold ischemic time Recipient mean age
(n )
(yr)
(h)
(yr)

Primary nonfunction

Patient survival
(yr)

Graft survival
(yr)

1-yr: 75%
1-yr: 80%
1-yr: 100%
3-yr: 86%
5-yr: 86%
1-yr: 80%
3-yr: 40%
1-yr: 81%
3-yr: 69.1%

1-yr: 75%
1-yr: 77%
1-yr: 100%
3-yr: 81%
5-yr: 81%

Jiménez-Romero et al[55]
Nardo et al[53]
Zapletal et al[24]
Cescon et al[26]

4
30
5
41

85.7
82.3

5.5
7.5
9.5

50.2
52.5
52
52.5

0%
0%
0%
0%

Petridis et al[79]

10

83.5

5

57.4

10%

Singhal et al[80] (UNOS)

197

58.5

1-yr: 75.5%
3-yr: 61.2%

UNOS: United network for organ sharing.

and 100%, 3-year patient survival between 40% and
86%[24,26,30,53,79,80], and 5-year patient survival is 86%[26]. Oneyear graft survival varies between 75% and 100%, 3-year
graft survival between 61.2% and 81%[24,26,30,53,79,80], and 5-year
survival of 81%[26].

5

6

CONCLUSION
At the present time, there are enough studies regarding
the use of sexagenarian and septuagenarian donors that
demonstrate similar results in comparison with the use of
younger donors. With respect to the use of octogenarian
donors for OLT, experiences are less and shorter, but at
least in Spain the utilization of such grafts is progressively
increasing because of the necessity to expand the donor
pool with the aim to decrease waiting list mortality. In order to get good results using old liver grafts with no age
limit, careful donor selection must be performed (normal
liver function, good hemodynamic and pre harvesting
conditions, ICU stay < 72 h, CIT < 8 h, WIT < 1 h,
macrosteatosis < 30%, absence of atherosclerosis in the
hepatic artery, and absence of histological alterations in
the biopsy), while avoiding recipient risk factors such as
advanced liver disease (high MELD scores) or the presence of HCV cirrhosis frequently associated with higher
HCV recurrence and additionally greater morbi-mortality.
A liver biopsy should is advisable before accepting a liver
graft older than 70 years, and also in doubtful cases of
donors younger than 70 years.
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Abstract
Thirty-six randomized controlled trials and two metaanalyses were reviewed. With respect to adult patients
undergoing first orthotopic liver transplantation (OLT),
steroid replacement resulted in fewer cases of overall
acute rejection in the corticosteroid free-immunosuppression arm. Initial steroid administration for two
weeks and early tacrolimus monotherapy is a feasible
immunosuppression regimen without steroid replacement, although further investigations are needed in
view of chronic rejections. No significant differences
were noted between the treatment groups in terms of
patient and graft survival independently of steroid replacement. Renal insufficiency, de novo hypertension,
neurological disorders and infectious complications
did not differ significantly among steroid and steroidfree groups. Diabetes mellitus, cholesterol levels and
cytomegalovirus infection are more frequent in patients
within the steroid group. With respect to diabetes mellitus and hypercholesterolemia, the difference was
independent of steroid replacement. In relation to
transplanted hepatitis C virus patients, mycophenolate
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mofetil does not appear to have a significant antiviral
effect despite early reports. Male gender of donors and
recipients, living donors, cold ischemia times, acute rejection, and early histological recurrence were related
to the development of advanced hepatitis. There is sufficient scientific clinical evidence advocating avoidance
of the ab initio use of steroids in OLT.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Meta-analysis; Evidence based; Hepatitis
C virus recurrence; Liver transplantation; Steroid withdrawal; Orthotopic liver transplantation
Core tip: Steroid replacement in orthotopic liver transplantation results in fewer cases of overall acute rejection in the corticosteroid free-immunosuppression arm.
Tacrolimus monotherapy is a feasible immunosuppression regimen without steroid replacement, although
further investigations are needed in view of chronic rejections. No significant differences were noted between
the treatment groups in terms of patient and graft
survival independently of steroid replacement. Male
gender, living donors, cold ischemia times, acute rejection, and early histological recurrence are related to the
development of advanced hepatitis. There is sufficient
evidence advocating avoidance of the ab initio use of
steroids in orthotopic liver transplantation.
Sgourakis G, Dedemadi G. Corticosteroid-free immunosuppression in liver transplantation: An evidence-based review. World J
Gastroenterol 2014; 20(31): 10703-10714 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10703.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10703

INTRODUCTION
During the last decades, patients undergoing liver trans-
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plantation have had favorable outcomes, mainly due to
the evolution of immunosuppressive agents. The use of
steroids is still considered the mainstay of immunosuppression following liver transplantation as they decrease
the risk of rejection. Nevertheless, they are also related to
a large number of side-effects, as well as the potential recurrence of hepatitis C virus (HCV). The most common
indication for liver transplantation is chronic HCV infection, accounting for about 40% of all transplants performed in the United States[1]. Initially, the main concern
after liver transplantation has always been the prevention
of rejection, but current challenges also include preventing toxicity from anti-rejection (immunosuppressive)
agents, while providing adequate immunosuppression
to preserve optimal results[2]. The advent of new agents
addresses the need for immunosuppression to be more
specific and free of the long-term side-effects of steroids. Immunosuppressive protocols currently focus on
the avoidance of steroids and the use of a combination
of different agents that reduce their respective toxicities.
Many authors believe that early withdrawal of steroids
can be made safely[3,4], but the duration of steroid administration after liver transplantation and the initiation of
steroid-free immunosuppression remain controversial.
A number of randomized control trials (RCTs) have
been published concerning outcomes of steroid avoidance in liver transplantation. Two recently published meta-analyses (including RCTs published up to 2007) failed
to draw robust conclusions owing to the heterogeneity of
studies.
The different immunosuppressive regimens, varying
follow-up periods, small sample sizes, and high percentages of failure of participants to undergo the allocated
treatment were important bias factors in these metaanalyses.
Various sufficiently powered RCTs have been published in the last six years, addressing specific issues of
steroid avoidance in liver transplantation.
The purpose of this review was to better define the
role of the steroid-free immunosuppressive regimens in
liver transplant recipients according to Evidence-based
Medicine Levels of Evidence.

RESEARCH
With the intention of identifying suitable studies, the
electronic databases Medline, Embase, Pubmed and the
Cochrane Library were used to search for articles from
1990 to 2013 in the English language literature which
integrated the subsequent terms and/or combinations in
their titles, abstracts or keyword lists: Randomized controlled trials, double-blind, liver transplantation, steroids,
withdrawal, glucocorticoids, prednisone, methylprednisone, orthotopic liver transplantation and allograft.
Where it was appropriate the above-mentioned terms
were used in “(MESH)” (Pubmed and the Cochrane Library) otherwise the terms were combined with “AND/
OR” and asterisks. Furthermore, the abstracts from national and international conferences were searched using
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online search engines corresponding to the particular
conference.
After the initial screen additional criteria were imposed: (1) no less than one treatment group had early
withdrawal or no steroid administration and a second
treatment arm in which the patients received at least 3 mo
of steroids; (2) study analysis was by intention to treat;
and (3) studies of pediatric patients or both pediatric and
adult population were excluded.
The two authors separately chose studies for inclusion
and exclusion and reached consensus when they did not
agree in the initial allocation. The subsequent variables
were recorded: authors, journal and year of publication,
country of origin, trial duration, participant demographics and data concerning rejection, adverse events, complications, follow up and survival.

CORTICOSTEROID-FREE
IMMUNOSUPPRESSION IN LIVER
TRANSPLANTATION
Thirty six RCTs[5-40] (some of which were updated versions of already published studies) and two meta-analyses[41,42] (including 19 and 21 of the above-mentioned
RCTs, respectively) were reviewed. The evidence-based
medicine levels of evidence and grades of Recommendation are shown in Tables 1 and 2. The baseline characteristics of the RCTs are summarized in Table 3. The
strength and quality of the evidence is summarized in
Table 4.
Adult patients undergoing first OLT for any indication
Rejection: Steroid replacement is presented with fewer
cases of overall acute rejection in the corticosteroid-free
immunosuppression arm (level of evidence: 1a-, degree
of recommendation: D).
In the meta-analysis of Sgourakis et al[42], the corticosteroid-free immunosuppression group was equivalent to
the steroid group in comparisons related to the following
outcomes: acute rejection [mild: RR = 0.94 (0.69-1.29), P
= 0.7] [moderate: RR = 1.02 (0.83-1.27), P = 0.8] [chronic
rejection: RR = 1.52 (0.71-3.23), P = 0.2] and [steroid-resistant rejection: RR = 1.34 (0.87-2.08), P = 0.5]. Heterogeneity among studies in terms of acute rejection was observed. Considering overall acute rejection, in contrast to
the results of meta-analysis (comparable results between
treatment arms), metaregression showed that taking into
account independently the RCT that replaced steroids
[different regimens among studies e.g., daclizumab (DAC),
rabbit antithymocyte globulin, mycophenolate mofetil
(MMF), or daclizumab and MMF], the outcome favored
the corticosteroid-free immunosuppression arm [RR =
1.31 (1.09-1.58), P < 0.01)], while the reverse applied
when steroids were not replaced. In the meta-analysis by
Segev et al[41], the rates of rejection within the first three
months were somewhat higher among the steroid-free
arms [RR = 1.31 (1.04-1.64), P = 0.02) in studies where
steroids were stopped, but not replaced. In contrast, the
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Table 1 Evidence-based medicine levels of evidence
Level
1a

1b

1c
2a

2b

2c
3a
3b

Therapy/prevention,
etiology/harm

[43]

[43]

Table 2 Grades of recommendation
A
B
C
D

Prognosis

SR (with homogeneity1)
of RCTs

SR (with homogeneity1) of inception
cohort studies; CDR2 validated in
different populations
Individual RCT (with Individual inception cohort study with
narrow Confidence
> 80% follow-up; CDR2 validated in a
2
Interval )
single population
All or none3
All or none case-series
SR (with homogeneity1)
SR (with homogeneity1) of either
of cohort studies
retrospective cohort studies or
untreated control groups in RCTs
Individual cohort study Retrospective cohort study or follow(including low quality
up of untreated control patients in an
RCT; e.g., < 80% follow- RCT; Derivation of CDR2 or validated
up)
on split-sample4 only
"Outcomes" Research;
"Outcomes" research
Ecological studies
SR (with homogeneity1)
of case-control studies
Individual case-control
study

1

A systematic review (SR) that is free of worrisome variations (heterogeneity)
in the directions and degrees of results between individual studies. Studies
displaying worrisome heterogeneity should be tagged with a “-” at the end
of their designated level; 2Clinical decision rule (CDR) (These are algorithms
or scoring systems that lead to a prognostic estimation or a diagnostic
category); 3Met when all patients died before the Rx became available, but
some now survive on it; or when some patients died before the Rx became
available, but now none die on it; 4Split-sample validation is achieved
by collecting all the information in a single tranche, and subsequently
artificially dividing this into “derivation” and “validation” samples. RCTs:
Randomized control trials.

rates of rejection were markedly lower in the steroid-free
arms [RR = 0.67 (0.48-0.96), P = 0.03) where steroids
were replaced by other immunosuppressive agents. The
rates of severe rejection also had a slightly higher trend,
although not statistically significant, in studies where
steroids were stopped, but not replaced [RR = 1.36
(0.63-2.93), P = 0.4]. In studies in which steroids were
replaced by another IS agent, severe rejection [RR = 0.37
(0.20-0.68), P = 0.001] was markedly lower in the steroidfree arms.
The above-mentioned meta-analyses failed to provide
a conclusive answer as many single studies resulted in a
wide Confidence Interval and these meta-analyses had
troublesome heterogeneity. Such evidence is inconclusive,
and can thus only generate Grade D recommendations.
Four RCTs were published after these two metaanalyses[9,29,32,40].
Steroid replacement by daclizumab + MMF resulted
in fewer cases of biopsy proven acute rejection (BPAR)
at 24 wk in the corticosteroid-free immunosuppression
arm (level of evidence: 1b, degree of recommendation:
A).
The study by Otero et al[29] [Tacrolimus (TACRO) +
ST (3 mo) vs TACRO + Daclizumab + MMF - steroids
replaced] enrolled 77 patients per treatment group which
was required to provide 80% power to detect a difference

WJG|www.wjgnet.com

Consistent level 1 studies
Consistent level 2 or 3 studies or extrapolations from level 1 studies
Level 4 studies or extrapolations from level 2 or 3 studies
Level 5 evidence or troubling inconsistent or inconclusive studies of
any level

between the null hypothesis (a rejection rate of 40% in
both groups) and the alternative hypothesis (a rejection
rate of 16% in the modified therapy group) with a 2-sided
significance level of 0.05 to allow for an estimated 20%
discontinuation rate. Significantly more patients in the
standard therapy group experienced BPAR at 24 wk in
comparison with patients in the modified (steroids replaced) therapy group (26.6% vs 11.5%, P = 0.017).
Initial steroid administration for two weeks and early
Tacrolimus monotherapy is a feasible immunosuppression regimen without steroid replacement, although in
view of chronic rejections, further investigations are
needed (level of evidence: 1b, degree of recommendation: A).
In the study by Weiler et al[40] [TACRO + ST (steroids)
for the first 2 wk followed by TACRO vs TACRO + ST
(6 mo) - steroids not replaced], acute rejection after initiation of the study medication was comparable for both
groups. Steroid-free immunosuppressive therapy leads to
a higher rate of chronic rejection (P = 0.023). This study
was statistically powered (the initial scheduled sample size
of 50 per treatment group was based on an estimated
difference in the incidence of steroid side-effects of 15%
between the primary study endpoints).
Ab initio tacrolimus monotherapy is a viable immunosuppressive approach in liver transplantation and is associated with lower rejection rates compared to microemulsified cyclosporine (CyA) (level of evidence: 2b, degree of
recommendation: B).
Monotherapy (microemulsified CyA/TACRO) in both
groups was used in the study by Cholongitas et al[9]. Patients in the TACRO group, as compared to those in the
CyA group, had a significantly lower number of mild (P
= 0.004), severe (P = 0.006) and total (P = 0.001) rejection episodes per patient. Chronic rejection was observed
in four (11%) patients receiving CyA. No patient receiving TACRO experienced chronic rejection (P < 0.001).
This study was not statistically powered.
Adverse events: Renal insufficiency, de novo hypertension, neurological disorders and infectious complications
do not differ significantly among steroid and steroid-free
groups (level of evidence: 1a, degree of recommendation: B).
In a meta-analysis by Sgourakis et al[42], the corticosteroid-free immunosuppression group was equivalent to
the steroid group in comparisons concerning the following outcomes: renal insufficiency [RR = 0.93 (0.78-1.11),
P = 0.4] and severe renal insufficiency [odds ratio (OR) =
0.98 (0.52-1.81), P = 0.9] requiring hemofiltration, de novo
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Adult patients
undergoing first
OLT

HCV positive

Eason et al[10]
2003

Filipponi et
al[11] 2004
Kato et al[14]
2007
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Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT

Adult patients
undergoing first
OLT

Adult patients
undergoing first
OLT

Adult patients
undergoing first
OLT

Lupo et al[17]
2005 (updated
by Lupo 2008)

Margarit et
al[25] 2005

Moench et al[26]
2007 (updated
by Weiler
2010)

HCV positive

HCV positive

Klintmalm et
al[16] 2007
(updated by
Klintmalm
2011)
Langrehr et
al[18] 2002
Lerut et al[19]
2004 (updated
by Lerut 2008)
Lladó et al[22]
2006 (updated
by Llado 2008)

HCV positive

Adult patients
undergoing first
OLT

Boillot et al[7]
2005

Indication

HCV positive

Belli et al[6]
2001

Ref.

Regimens

Group A = 102
(45)
Group B = 96
(43)
Group A = 20
(9)
Group B = 21
(11)
Group A = 28
(20)
Group B = 32
(15)
Group A = 56
(15)
Group B = 54
(16)

Group A = 27
Group B = 26
Group A = 50
Group B = 50

TACRO/TACRO + ST (6 mo)

TACRO/TACRO + ST (3 mo)

CyA + ST (3 mo)/CyA + Basiliximab

Basiliximab + CyA + ST (3 mo)/
basiliximab + CyA

TACRO + ST (3 mo)/TACRO

TACRO + ST (3 mo)/TACRO + MMF

Group A = 13
RATG + AZA + CyA + ST (3 mo)
Group B = 11
/RATG + AZA + CyA
Group C = 13
/RATG + AZA + CyA + ribavirin
Group A = 351 TACRO + daclizumab/TACRO + ST (3
(103)
mo)
Group B = 347
(106)
Group A = 59
RATG + TACRO + MMF/ST (3 mo) +
(34)
TACRO + MMF
Group B = 60
(31)
Group A = 74 Basiliximab + ST (3 mo) + CyA + AZA/
Group B = 66
basiliximab + CyA + AZA
1st Period
1st Period TACRO + daclizumab/TACRO
Group A = 15
+ ST (3 mo)/2nd Period TACRO +
Group B =
daclizumab + MMF/TACRO + ST (3 mo)
16/2nd Period
+ MMF
Group A = 16
Group B = 23
Group A = 80 TACRO + ST (3 mo)/TACRO + ST (3 mo)
Group B = 79
+ MMF/daclizumab + TACRO + MMF
Group C = 153

Recipients

Table 3 Baseline study characteristics
Outcomes

December
1999-August
2002

November
1997-November
1999
July
2000-February
2002

Study duration

Increasing TACRO or adding MMF or sirolimus;
steroids if no improvement after 48 h

Increasing TACRO dose and/or steroids

NS

Rejection treatments protocols

Patient survival, graft survival, acute rejection, chronic
rejection, adverse events

Acute rejection, severe acute rejection, HCV recurrence, 3
yr-graft survival

Acute rejection

Acute rejection, patient survival, graft survival, infection

Acute rejection, graft survival, adverse events

Rejection, HCV recurrence

Risk factors, rejection, HCV recurrence, treatment failure

NS

Methylprednisolone bolus ± taper; mild rejection
increasing tacrolimus ± antimetabolite (MMF or
azathioprine)
Antilymphocyte antibody for corticosteroidresistant rejection
NS

February
2000-August
2004

October
1998-September
2000

NS

Methylprednisolone; tacrolimus adjusted higher
level

Increasing tacrolimus dose; methylprednisolone
bolus for 3 d ± taper for severe rejection

Methylprednisolone bolus for 3 d

April
Methylprednisolone bolus for 3 d ± taper ± increase
2001-September
in TACRO
2004

NS

NS

NS

HCV recurrence, patient survival, graft survival, treatment
October
Methylprednisolone bolus for 3 d
failure
1998-March 2001
Fibrosis stage, acute rejection, adverse events, predictors
November
Methylprednisolone bolus ± taper; OKT3 for severe
1999-November
or treatment-resistant rejection
2001

Patient survival, graft survival, rejection, adverse events,
HCV recurrence

Acute rejection, corticosteroid resistant acute rejection,
graft survival

Acute rejection, chronic rejection, HCV recurrence
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Living donor liver
transplantation
HCV positive

Adult patients
undergoing first
OLT

Lerut et al[19]
2008

Adult patients
undergoing first
OLT
HCV positive

Takada et al[36]
2013

Neumann et
al[28] 2012

Ramirez et
al[32] 2013

Manousou et
al[24] 2009

Varo et al[38]
2005 (updated
by Otero 2009)
Washburn et
al[39] 2001

Tisone et al[37]
1999

Studenik et
al[35] 2005

Samonakis et
al[34] 2006

Reggiani et
al[33] 2005

Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT
HCV positive

Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT
HCV positive

Pageaux et
al[30] 2004

Pelletier et al[31]
2005

Adult patients
undergoing first
OLT

Nashan et al[27]
2001

Group A = 78
Group B = 78

Group A = 35
Group B = 40

Group A = 67
Group B = 68

Group A = 20
Group B = 19

Group A = 54
Group B = 49

Adverse events, rejection

Acute rejection

Graft survival, adverse events, HCV recurrence

Acute rejection

Acute rejection, survival, re-transplantation, adverse
events

Acute rejection, adverse events,
pharmacokinetics of MPA

Rejection, HCV recurrence, graft survival patient survival

Acute rejection, 6-mo graft and patient survival, treatment
failure, recurrent HCV, adverse events

Rejection, HCV recurrence

April
1999-October
1999
January
2000-June 2007

NS

January
2000-January
2004
February
2003-November
2004
NS

May 2004
NS

December
1999-August
2001
June 2002-

January
1999-December
2000

Increasing tacrolimus dose; steroid bolus for
moderate rejection

Up to 3 full courses of high dose steroids

Methylprednisolone bolus for 3 d only for severe
rejection duct damage

NS

NS/increasing tacrolimus for mild rejection;
methylprednisolone bolus 3 d ± taper for moderate
rejection; OKT3 for steroid-resistant rejection
Methylprednisolone bolus for 3 d

Pulse steroids

NS

NS

TACRO + ST (64 d)/TACRO

Graft and patient survival, incidences of TAC monotherapy
February
Corticosteroid-sensitive rejection was treated
and of low-dosage TAC monotherapy, renal insufficiency, 2000-September
with 3 to 5 oral or Ⅳ boluses of 200-mg
diabetes mellitus, hypercholesterolemia, hyperuricemia,
2004
Methylprednisolone. CRC was treated with a 10-d
Ⅳ course of muromonab orthoclone OKT3
arterial hypertension, infectious, tumor complications, and
performance status

Progression to Ishak S4, graft failure resulting in
Pulse steroids
retransplantation or patient death, immunological failure,
patient survival, acute rejection, chronic rejection, steroidresistant rejection, recurrent HCV
Basiliximab + TACRO + EC-MPS + ST (6 Patient survival, graft survival, rejection, adverse events
February
NS
mo)/basiliximab + TACRO + EC-MPS
2006-November
2007
TACRO + ST (3 mo)/TACRO + DAC Viral load of HCV at 12 mo, the incidence of BPAR, patient
June 2005Increasing tacrolimus dose to trough levels of 15
and graft survival at 12 mo, renal function, adverse events
Jun 2008
ng/mL ± pulses of corticosteroids up to 1000 mg/d
for 3 consecutive days
TACRO + ST (3 mo)
Event-free survival: histological recurrence of hepatitis
NS
Pulse steroids
/TACRO + MMF
C, BPAR resistant to 2 sets of steroid pulse therapy,
hepatocellular carcinoma recurrence, Re-transplantation,
Patient death

TACRO/TACRO + AZA + ST (3 mo)

TACRO + MMF + ST (15 mo)/
daclizumab + TACRO + MMF

Group A = 15

Group B = 15

TACRO + ST (3 mo)/TACRO +
daclizumab + MMF

CyA + AZA + ST (3 mo)/CyA + AZA

TACRO + daclizumab + ST (3 mo) +
MMF/TACRO + daclizumab + MMF

TACRO/TACRO + ST (3-4 mo) + AZA

TACRO + MMF + ST
(3-6 mo)
/TACRO + MMF
TACRO + MMF + ST (3 mo)/TACRO +
MMF

Basiliximab + CyA + ST (6 mo)/
basiliximab + CyA + placebo

Basiliximab + CyA + ST (3 mo)/
Basiliximab + CyA + MMF

Group A = 79
Group B = 78

Group A = 22
Group B = 23

Group A = 19
Group B = 20

Group A = 27
Group B = 29

Group B = 36
Group A = 18
Group B = 12

Group A = 36

Group A = 25
(15)
Group B = 26
(15)
Group A = 90
Group B = 84
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Adult patients
undergoing first
OLT
Adult patients
undergoing first
OLT
Recipients with
autoimmune
hepatitis

Otero et al[29]
2009

CNI/MMF vs
a MMF/prednisone

CyA/TACRO

TACRO + daclizumab/TACRO + MMF

Group B = 21

Group A = 14

Group B = 16

Group A = 14

Group A = 56
Group B = 54

Group B = 78

Group A = 79

Group B = 26

Group A = 21

Group A = 46
Group B = 43

Group C = 146

TACRO + steroids (2 mo)/TACRO +
placebo

All patients TACRO + steroids for the
first 2 wk
TACRO/TACRO + ST (6 mo)
TACRO + steroids/TACRO + MMF

TACRO + ST (3 mo)/TACRO +
Daclizumab + MMF

CyA + ST (3 mo)/CyA + Basiliximab

Basiliximab + CyA + ST (3 mo)/
basiliximab + CyA

Group A = 77 TACRO + ST (3 mo)/TACRO + ST (3 mo)
Group B = 72
+ MMF/daclizumab + TACRO + MMF

Group A = 8
Group B = 13

Group A = 36
Group B = 30

Group A = 305
Group B = 297

Methylprednisolone bolus for 3 d

1 and 5 yr survival; HCV recurrence, retransplantation,
death

NS

NS

May
Up to 2 courses of high dose steroids for 3 d
2002-December
Corticosteroid-resistant rejection episode was
2003
treated with anti-lymphocyte therapy
Patient survival, organ survival, steroid side-effects, acute
February
Methylprednisolone; tacrolimus adjusted higher
rejection, chronic rejection, HCV recurrence
2000-August
level
2004
Graft and patient survival, acute rejection, liver functions,
NS
Mild or moderate rejection: methylprednisolone
glucose metabolism, bone density, blood pressure, renal
pulse therapy severe rejection: high-dose steroids +
function, drug-related side-effects, infections
monoclonal antibody

Acute rejection, time to rejection, patient and graft
survival, HCV status, hepatic and renal function

‘‘mild’’ rejection episodes were treated with steroid
boluses
Steroid pulse therapy
ACR was treated with an increase in TACRO to 15
ng/mL without a corticosteroid bolus and recycle.
Moderate to severe ACR 4) was treated with a 1.0-g
bolus of methylprednisolone, followed by a 6-d
steroid taper of intravenous methylprednisolone or
oral prednisone

Acute rejection was treated with three 1 g/d
methylprednisolone

NS

April
Methylprednisolone bolus for 3 d ± taper ± increase
2001-September
in TACRO
2004

NS

January
1996-January
1997
May 2003May 2005

March 2005-June
2007

Acute rejection, patient and graft survival, HCV
November
recurrence, medical and surgical complications, infections 2002-November
2005

Acute rejection, patient and graft survival, adverse
events (infections and metabolic decompensations), HCV
recurrence

Acute rejection, HCV recurrence, survival

Renal function

Death

Rejection, overall survival and allograft survival, renal
function

Numbers within brackets in the third column show the number of hepatitis C virus (HCV) transplanted patients; CyA: Cyclosporine; TACRO: Tacrolimus; ST: Steroids; RATG: Rabbit antithymocyte globulin; AZA: Azathioprine;
MMF: Mycophenolate mofetil; OKT3: Murine monoclonal IgG2a antibody; EC-MPS: Enteric-coated mycophenolate sodium; BPAR: Biopsy-proven acute rejection; S4: Stage 4; CRC: Corticosteroid-resistant rejection; OLT:
Orthotopic liver transplantation; BPAR: Biopsy proven acute rejection; NS: Non-significance.

BonaccorsiRiani et al[8]
2012

Junge et al[13]
2005

HCV positive

Adult patients
undergoing first
OLT

Lupo et al[23]
2008

Weiler et al[40]
2010

HCV positive

Adult patients
undergoing first
OLT
HCV positive

Adult patients
undergoing first
OLT
or split liver
allograft
transplantation
Chronic liver
disease

Lladó et al[21]
2008

Klintmalm et
al[15] 2011

Gerhardt et
al[12] 2009

Cholongitas et
al[9] 2011

Becker et al[5]
2008
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Table 4 Summary of the strength and quality of the evidence
Intervention

Level of evidence Degree of recommendation

Studies including adult patients undergoing first OLT for any indication
Steroid replacement results in fewer cases of overall acute rejection in the corticosteroid-free
immunosuppression arm
Steroid replacement by daclizumab + MMF results in fewer cases of BPAR at 24 wk in the corticosteroid-free
immunosuppression arm
Initial steroid administration for two weeks and early tacrolimus monotherapy is a feasible
immunosuppression regimen without steroid replacement, although in view of chronic rejections,
further investigations are needed
Ab initio tacrolimus monotherapy is a viable immunosuppressive approach in liver transplantation
and is associated with lower rejection rates compared to microemulsified cyclosporine
Renal insufficiency, de novo hypertension, neurological disorders and infectious complications do
not differ significantly among steroid and steroid-free groups
Diabetes mellitus, cholesterol levels and CMV infection had a higher incidence in the steroid group. The
differences in cases of diabetes mellitus and hypercholesterolemia are independent of steroid replacement
Hypertension, thrombocytopenia, renal impairment and overall incidence of infections do not differ
significantly among steroid and steroid-free groups (steroids replaced by daclizumab + MMF)
Early tapering down of steroids to tacrolimus monotherapy is possible with significantly fewer cases
of diabetes and hypercholesterolemia
Side-effects related to monotherapy with microemulsified cyclosporine or tacrolimus are comparable
Complete corticosteroid avoidance in adult OLT using basiliximab induction with CNI and EC-MPS
maintenance is as safe and as effective as standard corticosteroid containing immunosuppression
No significant differences were noted between treatment groups in terms of patient and graft survival
regardless of steroid replacement
Actuarial 5-yr patient and graft survival related to monotherapy with microemulsified cyclosporine or
tacrolimus are comparable
Steroid withdrawal should be attempted in OLT recipients with underlying autoimmune hepatitis
Which immunosuppression regimen? Both, tacrolimus-based regimens with daclizumab induction or
the addition of MMF, allow for avoidance of steroid treatment
Studies addressing exclusively transplanted HCV patients
A signiﬁcant reduction in HCV recurrence independent of steroid replacement may be expected in
steroid-free groups
MMF does not appear to have a significant antiviral effect despite early reports
Male gender of donors and recipients, living donors, cold ischemia times, acute rejection, and early
histological recurrence are related to the development of advanced hepatitis
Donor age, grade 2 inflammation at day 90 or one-year liver biopsy and diagnosis of acute hepatitis
may be associated with the development of bridging fibrosis or cirrhosis

1a-

D

1b

A

1b

A

2b

B

1a

B

1a-

D

1b

A

1b

A

2b
2b

B
B

1b

A

2b

B

2b1b

D
A

1a-

D

1b
1b

A
A

2b

B

CMV: Cytomegalovirus; MMF: Mycophenolate Mofetil; OLT: Orthotopic liver transplantation; EC-MPS: Enteric-coated mycophenolate sodium; BPAR:
Biopsy-proven acute rejection; CNI: Calcineurin inhibitor; HCV: Hepatitis C virus.

hypertension development [RR = 1.07 (0.9-1.27), P = 0.4],
neurological disorders [OR = 0.76 (0.51-1.13), P = 0.2]
and infectious complications [RR = 1.07 (0.96-1.2), P =
0.2].
In a meta-analysis by Segev et al[41], the corticosteroid free-immunosuppression group was equivalent to
the steroid group in comparisons related to the following outcomes: cumulative risk of hypertension [RR =
0.84 (0.69-1.02), P = 0.08) and infection [RR = 0.97
(0.88-1.08), P = 0.6].
Degree of recommendation “B” was extrapolated
because data used in the included studies were clinically
different despite the fact that there was no heterogeneity
or wide Confidence Intervals among outcomes in both
meta-analyses.
Diabetes mellitus, cholesterol levels and cytomegalovirus (CMV) infection showed a higher incidence in
the steroid group. The differences in cases of diabetes
mellitus and hypercholesterolemia were independent of
steroid replacement (level of evidence: 1a-, degree of
recommendation: D).

WJG|www.wjgnet.com

The development of post-transplant diabetes mellitus [RR = 1.86 (1.43-2.41), P < 0.001], cholesterol levels at 6 mo [weighted mean difference (WMD) = 19.71
(13.7-25.7), P < 0.001] and CMV infection [RR = 1.47
(0.99-2.17), P < 0.05] favored the corticosteroid-free immunosuppression group as reported by Sgourakis et al[42].
Similar results were published in the meta-analysis by
Segev et al[41]: Signiﬁcant reductions in cholesterol [standard mean difference = -0.41 [(-0.62)-0.20], P < 0.001]
and the risk of CMV infection [RR = 0.52 (0.35-0.76), P
= 0.001], were observed in the steroid-free groups.
Both meta-analyses had statistically significant heterogeneity of studies, especially in CMV infection and some
studies had wide Confidence Intervals.
Metaregression analysis in the former[42] disclosed that
there was no difference between studies that replaced
or did not replace steroids in the corticosteroid freeimmunosuppression group (P = 0.087). The latter[41] also
supports that the risk of diabetes [RR = 0.29 (0.18-0.47),
P < 0.001], was markedly lower in the steroid-free arms.
Four RCTs were published after these two meta-
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analyses[9,29,32,40].
Hypertension, thrombocytopenia, renal impairment
and overall incidence of infections do not differ significantly among steroid and steroid-free groups (steroids
replaced by daclizumab + MMF) (level of evidence: 1b,
degree of recommendation: A).
In the sufficiently powered study by Otero et al[29]
[TACRO + ST (3 mo) vs TACRO + daclizumab + MMF
- steroids replaced], although more patients in the standard therapy group reported hypertension (26.6% vs
20.5%), thrombocytopenia (15.2% vs 12.8%), new-onset
diabetes mellitus (13.9% vs 9.0%), and renal impairment
(27.8% vs 19.2%), these differences were not statistically
significant. Overall infections occurred in 19.2% of the
modified therapy group vs 11.4% of the standard therapy
group (P = 0.172).
Early tapering down of steroids to a tacrolimus monotherapy is possible with significantly fewer cases of diabetes
and hypercholesterolemia (level of evidence: 1b, degree of
recommendation: A).
In the sufficiently powered study by Weiler et al[40] [all
patients TACRO + steroids for the first 2 wk followed by
TACRO/TACRO + ST (6 mo) - steroids not replaced],
statistically significant differences in diabetes (53% in the
steroid group vs 30%, P = 0.024) and hypercholesterolemia (41% in the steroid group vs 10%, P = 0.002) were
demonstrated at six months. A statistical difference in the
osteoporosis rate was insignificant.
Side-effects related to monotherapy by microemulsified cyclosporine or tacrolimus are comparable (level of
evidence: 2b, degree of recommendation: B).
Monotherapy (microemulsified CyA/TACRO) in
both groups was used in the study by Cholangitas et al[9].
Twenty-eight (77%) patients in the CyA group developed
renal dysfunction (defined as GFR < 60 mL/min) at least
once, compared to 45 (36%) in the TACRO group (P <
0.001), although this difference remained at the margin
of significance at five years. Side-effects related to immunosuppression were similar between the two groups at
one, two and five years after liver transplantation.
Complete corticosteroid avoidance in adult OLT using basiliximab induction with calcineurin inhibitor and
enteric-coated mycophenolate sodium (EC-MPS) maintenance is as safe and as effective as standard corticosteroid
containing immunosuppression (level of evidence: 2b,
degree of recommendation: B).
In the study by Ramirez et al[32] [Basiliximab + TACRO + EC-MPS + ST (6 mo) vs basiliximab + TACRO
+ EC-MPS], mean cholesterol levels were similar in both
groups from baseline to 12 mo post-OLT. Mean arterial
pressure levels were significantly higher in the corticosteroid group as opposed to the corticosteroid-free group at
three and 12 mo post-OLT.
Graft and patient survival: No significant differences
were noted between treatment groups in terms of patient
and graft survival regardless of steroid replacement (level
of evidence: 1b, degree of recommendation: A).
In the meta-analysis by Sgourakis et al[42], relevant
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comparisons were equivalent among the corticosteroidfree immunosuppression group vs the steroid group in
terms of the following outcomes: overall number of
deaths during follow-up [RR = 0.9 (0.72-1.13), P = 0.36],
one-year patient survival [OR = 0.1 (0.69-1.45), P = 0.9],
one-year graft survival [OR = 0.8 (0.56-1.15), P = 0.2],
retransplantation [OR = 0.82 (0.45-1.52), P = 0.6], deaths
up to 6 mo [RD = -0.01 (-0.04-0.02), P = 0.5] and 3-mo
graft survival [OR = 1.24 (0.79-1.25), P = 0.4). Only 7
studies[7,9,10,26,28-30] gave detailed information on the percentage of patients in each treatment arm which had
received the allocated regimen. The corticosteroid-free
immunosuppression group was superior in terms of the
number of patients receiving the allocated intervention
[OR = 1.55 (1.17-2.05), P = 0.003].
No differences between steroid-free and steroid-based
protocols were observed in terms of death [RR = 0.95
(0.73-1.24), P = 0.7] and graft loss [RR = 0.95 (0.76-1.19),
P = 0.6] in the meta-analysis by Segev et al[41].
Both meta-analyses included some studies with wide
Confidence Intervals, while data in the latter meta-analysis have not been extrapolated to the specific time period.
In the sufficiently powered study by Otero et al[29]
(steroids replaced) no significant differences emerged
between treatment groups in terms of patient and graft
survival; however, the time to rejection for patients in the
standard therapy group was significantly shorter than that
noted in the modified therapy group (P = 0.044).
In the sufficiently powered study by Weiler et al[40] (steroids not replaced), patient (P = 0.236) and graft survival
(P = 0.509) was similar in both groups. In total, eight
patients (7.3%) were retransplanted within 5 years, four
(7.1%) from the placebo group, and four (7.4%) from the
steroid group.
In the study by Ramirez et al[32], no significant differences in patient and death-censored graft survival rates
between the two groups (corticosteroids and corticosteroid-free) were observed. The 1-, 3-, and 5-year patient
survival were as follows: 100% vs 95%, 85% vs 63%, and
80% vs 63%. The 1-, 3-, and 5-year graft survival rates in
the corticosteroid and corticosteroid-free groups were
as follows: 100% vs 95%, 85% vs 63%, and 75% vs 63%,
respectively.
Actuarial 5-year patient and graft survival related to
monotherapy with microemulsified cyclosporine or tacrolimus are comparable (level of evidence: 2b, degree of
recommendation: B).
Monotherapy in both groups was used in the study
by Cholangitas et al[9]. Actuarial survival according to Kaplan-Meier curves at five years was 72% for TACRO and
70% for CyA. Graft survival at five years was 59% for
TACRO and 57% CyA. Neither patient survival nor graft
survival differed statistically between the groups. Only
two patients in the TACRO group required a second LT,
compared to five (14%) in the CyA group (P = 0.007).
Liver transplant recipients with autoimmune hepatitis: Steroid withdrawal should be attempted in OLT
recipients with underlying autoimmune hepatitis (level of
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evidence: 2b-, degree of recommendation: D).
Only one RCT[13] exclusively analyzed patients with
autoimmune hepatitis (AIH). The 2-year survival in the
prednisone group was 93% vs 100% in the steroid-free
group who received MMF. No differences were observed
with regard to graft function, acute rejection, renal function, and infectious complications. The prednisone group
showed significantly elevated glucose levels with higher
HbA1c and insulin requirements. The mean serum cholesterol level was significantly lower and bone density
showed significant improvement in the MMF as opposed
to the prednisone group (both outcomes: P < 0.01). The
authors suggested that steroid withdrawal should be attempted in OLT recipients with underlying AIH. This is
a low sample size study, where the randomization procedure and patient allocation were not disclosed.
Which steroid-free regimen? Both, TACRO-based regimens with DAC induction or the addition of MMF, allow for avoidance of steroid treatment (level of evidence:
1b, degree of recommendation: A).
In the large sufficiently powered, multicentre, randomized, open-label, parallel group, phase Ⅲ trial conducted by Becker et al[5], 602 patients were enrolled and
randomized to treatment: 305 patients were randomized
to the TACRO/DAC group and 297 to the TACRO/
MMF group. Approximately 70% of patients in each
group completed the study. The overall estimated rate of
patients free of BPAR that required treatment within 3
mo of transplantation was 81.5% in the TACRO/DAC
group and 82.2% in the TACRO/MMF group. Differences were found in the incidence of causally related
adverse events which was significantly lower in the
TACRO/DAC group than that in the TACRO/MMF
group: 76.1% and 82.8%, respectively (P < 0.05). Conversely, renal disorders were more often reported as an
adverse event in the TACRO/DAC group than in the
TACRO/MMF group. The authors concluded that TAC
monotherapy after DAC induction was associated with
significantly less leucopenia and bacterial infection. Both
TACRO-based regimens, DAC induction or dual therapy
with MMF, allow for avoidance of steroid treatment,
thereby eliminating risks associated with steroids, while
providing satisfactory levels of immunosuppression.
Results of studies addressing exclusively transplanted
HCV patients
HCV recurrence: A signiﬁcant reduction in HCV recurrence independent of steroid replacement may be expected in the steroid-free groups (level of evidence: 1a-,
degree of recommendation: D).
In the meta-analysis by Sgourakis et al[42], the corticosteroid-free immunosuppression group was equivalent
to the steroid group in comparisons pertaining to the
following outcomes: overall deaths in HCV patients [RR
= 0.92 (0.52-1.65), P = 0.8], deaths in HCV-recurrence
patients {RD = 0.01 [(-0.05)-0.07], P = 0.7}, one-year
patients [OR = 0.63 (0.37-1.08), P = 0.1] and one-year
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graft survival [OR = 0.68 (0.42-1.08), P = 0.08]. The
corticosteroid-free immunosuppression group was superior in terms of the relative risk of HCV recurrence [RR
= 1.15 (1.01-1.13), P < 0.05], acute graft hepatitis [OR
= 3.15 (1.18-8.40), P = 0.03] and the number of patients
failing treatment: collectively, patients with graft loss/
deaths/withdrawal [OR = 1.87 (1.33-2.63), P = 0.0001].
Metaregression analysis also disclosed that there was no
difference between studies that replaced or did not replace steroids in the corticosteroid-free immunosuppression group in terms of HCV recurrence (P = 0.610).
Signiﬁcant reductions in HCV recurrence [RR = 0.90
(0.82-0.99), P = 0.03] were observed in the steroid-free
groups in the meta-analysis by Segev et al[41].
The fact that both the above-mentioned metaanalyses included studies with less than 6 mo of followup and that HCV recurrence is defined in many different
ways among studies (Ishak score, fibrosis, HCV RNA etc.)
must be taken into consideration.
Eight RCTs exclusively addressed HCV transplanted
patients after the publication of the two meta-analyses[9,15,24,28,29,32,36,40], three of which involved deceased donors[15,24,28], one a living donor[36] and the remaining four
all etiologies of deceased donor transplantation[9,29,32,40].
In the sufficiently powered study by Neumann et al[28],
patients who had received antiviral treatment during the
study were excluded. The percentage of patients free of
HCV recurrence at 12 mo was 19.1% for the TACRO/
DAC steroid-free protocol and 13.8% for the TACRO/
ST protocol, with a significant difference in survival
curves between treatments (P = 0.020). HCV recurrence
censored for antiviral treatment favored the TACRO/
DAC immunosuppression protocol at a rate of 20.2% vs
13.1% in the TACRO/ST group (P = 0.022). The overall
estimated rate of patient survival was significantly lower
in the TACRO/DAC arm (P = 0.025). The estimated rate
of graft survival was numerically lower in the TACRO/
DAC arm. The rate of graft loss was 19.4% in the TACRO/DAC arm and 8.8% in the TACRO/ST arm. The
overall frequency of BPAR was significantly lower in the
TACRO/DAC than in the TACRO/ST arm (P = 0.048).
Although there was a tendency for later HCV recurrence and a lower incidence of rejection, the authors also
observed a higher dropout rate and a lower patient survival rate with TACRO/DAC compared to the TACRO/
ST arm and concluded that it is difficult to recommend
a steroid-free protocol for HCV-positive patients due to
the afore-mentioned study limitations.
In the study by Manousou et al[24], antiviral treatment
for HCV recurrence [after Ishak stage 4 was reached] was
used in six out of 54 monotherapy (MT) and eight out of
49 triple therapy (TT) patients, with three in each group
achieving sustained virological response. Overall mortality was not significantly different between the groups.
The difference in reaching the primary endpoint (Stage
4 fibrosis) was significantly (P = 0.045) in favor of triple
therapy patients. Rejection episodes assessed by protocol
biopsies that were histologically proven and/or required
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methylprednisolone (30% vs 49%) were less frequent in
the MT group. Retransplantation rates (7.8% for TT and
9.6% for MT) and chronic rejection rates (2% for TT and
3.8% for MT) were not different. This randomized trial
supported the benefit of low-dose and slowly tapered
steroids as well as azathioprine after liver transplantation
for HCV-positive recipients.
MMF does not appear to have a significant antiviral
effect despite early reports (level of evidence: 1b, degree
of recommendation: A).
In the sufficiently powered study by Klintmalm et al[15],
clinically significant HCV in the three arms [TACRO +
ST (3 mo)/TACRO + ST (3 mo) + MMF/daclizumab +
TACRO + MMF] occurred in 69.5%, 75.9%, and 68.1%
within 2 years. None of these differences was statistically
significant. The 1- and 2-year patient and graft survival
rates in the three arms were similar. The 2-year graft survival rates were 79.1%, 79.8%, and 85.1%, respectively (no
significant differences). By day 730, clinically significant
acute rejection had occurred in 14.3%, 12.5%, and 13.7%
of the patients in the three arms. None of the differences
among the groups was significant. The authors found no
evidence that MMF influenced HCV progression.
With regard to living donor liver transplantation in
the study by Takada et al[36], antiviral treatment with interferon and ribavirin was considered for HCV recurrence.
A sustained virological response was achieved in 44.4%
of patients in the ST group and in 66.7% of patients in
the MMF group (P = 0.16). The 1-, 3-, and 5-year overall
survival rates were 94.1%, 87.6%, and 82.7%, respectively, for the ST group and 92.5%, 84.5%, and 81.0%,
respectively, for the MMF group (P = 0.28). BPAR requiring treatment with an ST bolus injection occurred in
four patients from the ST group and in 13 patients from
the MMF group (P = 0.051).
Predictors of the development of advanced hepatitis: Male gender of donors and recipients, living donors,
cold ischemia times, acute rejection, and early histological
recurrence are related to the development of advanced
hepatitis (level of evidence: 1b, degree of recommendation: A).
In the sufficiently powered study by Klintmalm et
al[15], Cox Regression showed that male gender of donors and recipients, living donors, cold ischemia times,
acute rejection, and early histological recurrence (grade 2
inflammation on the 90-d liver biopsy sample or stage 1
fibrosis at one-year biopsy) were related to the development of advanced hepatitis.
Predictors of advanced fibrosis: Donor age, grade
2 inflammation at day 90 or one-year liver biopsy and
diagnosis of acute hepatitis may be associated with the
development of bridging fibrosis or cirrhosis (level of
evidence: 2b, degree of recommendation: B).
According to a multivariate Cox analysis, the donor
age and grade 2 inflammation at day 90 or one-year liver
biopsy were associated with the development of bridging
fibrosis or cirrhosis; the administration of murine mono-
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clonal IgG2a antibody or thymoglobulin approached
significance[15]. In yet another study, two independent predictors of fibrosis stage ≥ 4 were significant: randomization to monotherapy [OR = 0.7 (0.066-0.847)] and diagnosis of acute hepatitis [OR = 3.59 (1.108-9.823)][24].
However, the former study[15] observed subjects for
only 2 years after transplantation, and some patients refused liver biopsy in the second year. Thus, the authors
could not dismiss the possibility that differences might
have been observed if all subjects had been biopsied or
the follow-up had been longer. The latter study[24] was not
sufficiently powered.

CONCLUSION
Considering adult patients undergoing first OLT
It seems that steroid replacement results in fewer cases of
overall acute rejection in the corticosteroid-free immunosuppression arm, although the evidence is of moderate
quality. Steroid replacement by daclizumab plus MMF or
early tacrolimus monotherapy after initial steroid administration for two weeks, are strong alternatives. In terms
of patient and graft survival and regardless of steroid
replacement, steroid-free immunosuppression is strongly
recommended.
Adverse events such as renal insufficiency, de novo hypertension, neurological disorders and infectious complications did not differ significantly among steroid and
steroid-free groups. Diabetes mellitus, cholesterol levels
and CMV infection showed a higher incidence in the steroid group. The differences in cases of diabetes mellitus
and hypercholesterolemia were independent of steroid
replacement.
Considering transplanted HCV patients
MMF does not appear to have a significant antiviral effect despite early reports. Male gender of donors and
recipients, living donors, cold ischemia times, acute rejection, and early histological recurrence are related to the
development of advanced hepatitis.
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Abstract
In liver transplantation, the efficacy of mycophenolate
mofetil (MMF) has been confirmed in clinical trials and
studies. However, therapeutic drug monitoring for mycophenolic acid (MPA) has not been fully accepted in
liver transplantation as no long-term prospective study
of concentration controlled vs fixed-dose prescribing of
MMF has been done. This review addressed MPA measurement, pharmacokinetic variability and reasons of
this variation, exposure related to acute rejection and
MMF-associated side effects in liver transplant recipients. Limited sampling strategies to predict MPA area
under the concentration-time curve have also been
described, and the value of clinical use needs to be investigated in future. The published data suggested that
a fixed-dosage MMF regimen might not be suitable and
monitoring of MPA exposure seems helpful in various
clinical settings of liver transplantation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We discussed the methods of mycophenolic
acid (MPA) monitoring, pharmacokinetic characteristics,
clinical exposure related to acute rejection and mycophenolate mofetil (MMF) associated side effects in liver
transplant recipients. We also introduced the methods
of limited sampling strategies to predict the MPA area
under the concentration-time curve. It demonstrated
that a fixed-dosage MMF regimen might not be suitable. In clinical settings, monitoring of MPA exposure
seems reasonable and necessary.
Chen H, Chen B. Clinical mycophenolic acid monitoring in
liver transplant recipients. World J Gastroenterol 2014; 20(31):
10715-10728 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10715.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10715

INTRODUCTION
Mycophenolate mofetil (MMF, CellCept, Hoffman-La
Roche) has almost full bioavailability by oral intake and
is a pro-drug that is hydrolyzed to release mycophenolic
acid (MPA)[1]. Subsequently MPA is metabolized to a major phenolic glucuronide, mycophenolic acid glucuronide
(MPAG), and a minor acyl glucuronide (AcMPAG)[2-4].
MPA, the active compound of MMF, is a selective, reversible and non-competitive inhibitor of inosine monophosphate dehydrogenase in process of de novo purine
synthesis in T and B lymphocytes[5]. As a result nucleic
acid synthesis is arrested and immune reaction to allograft is inhibited.
As a major immunosuppressive agent, MPA has been
widely used for the prevention of acute rejection in transplant recipients[6]. A dose of 1-1.5 g (fixed-dose) adminis-
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tered orally or intravenously twice a day is recommended
for use in renal, cardiac and liver transplant patients in
the product leaflet of Hoffman-La Roche Ltd[7]. However, wide inter-patient variability in MPA exposure has
been showed in renal, heart and liver transplant patients
on a fixed MMF dose[1,8,9]. It is confirmed in renal transplantation that compared with fixed-dose regimen, MPA
concentration controlled regimen can reduce the risk
of treatment failure and acute rejection in recipients 12
mo post-transplant with no increase in adverse events[10].
Individualizing MMF dose instead of using a fixed dose
might be helpful to optimize immunosuppression and
minimize potential toxic effects. Carrying out therapeutic
drug monitoring (TDM) seems reasonable and necessary and routine monitoring for MPA is increasingly performed. However, the experience with TDM for MPA in
liver transplantation is much limited compared to lots of
investigations performed in kidney transplant patients. At
present, a fixed dose of 1 or 1.5 g twice daily of MMF is
the standard protocol in liver transplantation with adjustments only in relation to side effects or to its efficacy[11].
No more MPA monitoring-based guidelines for MMF
dosage have been set up[12]. It is necessary to study the
MPA pharmacokinetics and to carry out TDM of MMF
in liver transplant recipients.
In this review, we will focus on five areas in liver
transplant recipients: (1) MPA efficacy and MMF-related
side effects; (2) methods for measuring MPA concentration; (3) MPA pharmacokinetics; (4) limited sampling
strategy (LSS); and (5) MPA concentration-effect relationship.

MPA EFFICACY AND MMF-RELATED SIDE
EFFECTS IN LIVR TRANSPLANATION
MMF has been successfully used with a reduced dosage
of calcineurin inhibitor (CNI) and steroids to reduce the
rate of acute rejection, lessen side effects of CNI after
liver transplantation and improve long-term survival rates
of allografts and recipients[13-15]. In a randomized doubleblind comparative study of MMF and azathioprine in
primary liver transplant recipients, the incidence of acute
rejection or graft loss was 47.7% in the azathioprinetreated patients and 38.5% in the MMF-treated patients
during the first 6 mo after transplantation[16]. Recently,
Goralczyk et al[17] reported the results of a systematic
review and meta-analysis of randomized controlled trials
of CNI sparing with MMF in liver transplantation. The
authors obtained the conclusion that de novo use of MMF
in combination with low-dose tacrolimus (TAC) is not
associated with an increased risk of acute rejection, graft
loss, or death and has an acceptable side effect profile.
Ringe et al[18] reported that use of TAC plus MMF immunosuppressive regimen without corticosteroids from the
beginning after liver transplantation led to a graft survival
rate of 83.9 % at 2 years.
MMF has no nephrotoxity and no effect on the lipid
profile or other cardiovascular risk factors such as sys-
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temic hypertension or diabetes mellitus[19]. MMF has been
widely used to improve the renal function commonly
associated with CNI[20,21]. Its nephroprotective effect and
promotion of allograft tolerance after liver transplantation were confirmed with replaced CNI or reduced or
interrupted CNI therapy in three randomized controlled
trials[22-24]. Recently, Kriss et al[25] reported that serum creatinine and calculated glomerular filtration rate (GFR)
improved in 23 cases on MMF monotherapy compared
with 23 recipients remaining on CNI-based therapy. Improvement was significantly pronounced in patients with
milder renal dysfunction with a decrease in serum creatinine (1.63 ± 0.29 mg/dL vs 1.34 ± 0.26 mg/dL, P = 0.02)
at last follow-up. In a retrospective analysis of pediatric
liver transplantation by Evans et al[26], there was a statistically significant increase to a median calculated GFR of
69 (28-114) mL/min per 1.73 m2 by 1 mo and a further
increase to a median calculated GFR of 77 (24-105) mL/
min per 1.73 m2 by 2 mo with MMF monotherapy or
low-dose cyclosporine A (CsA) or TAC, after which time
calculated GFR was maintained. MMF treatment provided safe and effective immunosuppression and allowed
CsA or TAC to be discontinued or reduced, leading to
improvement of renal function.
CNI increased cardiovascular risk after liver transplantation. Aberg et al[27] analyzed the cardiovascular risk
of 77 recipients based on CNI and antibodies at 5 years
after liver transplantation. At least one cardiovascular
risk factor developed in 92% of patients, and the prevalence of treated hypertension, dyslipidemia, overweight,
obesity and diabetes were 71%, 61%, 32%, 13% and
10%, respectively. Antibody therapy was associated with
a 1.49-fold increase in the risk of hypertension (95%CI:
1.15-1.94) and a 6.43-fold increase in the risk of diabetes.
In a randomized prospective study by Junge et al[28], TAC
with MMF compared TAC with corticosteroid significantly decreased glucose levels with lower HbA1c and
the need for insulin as well as significantly reduced serum
cholesterol and the incidence of osteopenia. It was confirmed in some studies that immunosuppressive protocol
based on reduced doses of TAC[22,29] or corticosteroids[30]
with MMF could improve blood pressure with reduction
of antihypertensive medication.
In summary, the protocol using MMF with reduced
TAC improves renal function, decreases the cardiovascular risk and avoids steroid-associated adverse effects.
The principal complications of MMF are gastrointertinal effects (nausea, vomiting, abdominal pain and
diarrhea) and myelosuppression (leucopenia, anaemia and
thrombocytopenia)[19]. In a study by Hao et al[31], 66.7 %
of the patients had at least one episode of MMF-related
side effects of hematologic disorder (36.51%), gastrointestinal reaction (25.40%) and infection (20.63%) during
the study evaluation up to the third post-transplantation
month. For 34 of the patients (53.97%), the symptoms
disappeared until MMF was decreased gradually in dosage or stopped. Tredger et al[32] reported that a total of
96 adverse events possibly associated with MMF therapy
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were well documented in the 147 adult patients, mainly
including gastrointestinal dysfunction, leucopenia and infection.
In the study by Wiesner et al[16], diarrhea occurred in
51.3% of liver transplant recipients receiving MMF (1.5 g,
twice daily) and corticosteroids. It seems that CNI therapy
with MMF is associated with a higher incidence of diarrhea than monotherapy with MMF in liver transplantation.
Diarrhea was observed in 31.4% of cases using MMF
combined with CNIs[33]. For mono-therapy with MMF,
a lower rate of diarrhea (14%-15%) was showed[34-36]. In
stable renal transplant recipients, Maes et al[37] reported
that gastric emptying of solids was significantly faster
in patients treated with TAC compared with those with
CsA. Cantarovich et al[13] reported that the incidence of
diarrhea was 18% in liver transplantation patients using
cyclosporine and MMF regimen, while the incidence of
diarrhea was 38.63% in patients using MMF combined
with TAC in a study by Xia et al[38].

METHODS FOR MEASURING MPA
CONCENTRATION
Methods used for measurement of MPA concentration
should be sensitive, accurate, specific, rapid, convenient
and economical. Different methods were developed to
determine total or unbound MPA (free MPA, fMPA) and
MPA metabolites. These methods can be classified as
chromatographic methods and immunoassays.
Chromatographic methods
Chromatographic methods have the advantages of good
specificity and sensitivity. They are especially useful in
monitoring the MPA and its metabolites simultaneously.
However, these methods have the common shortcomings
including complex sample preparation, which is labor-intensive and time-consuming. Chromatographic methods
are suitable for laboratories with large sample load. Based
on the variance in the detective method, chromatographic
based assays used for MPA monitoring can be classified
as high-performance liquid chromatography (HPLC) with
ultraviolet (UV) or fluorescence detector and LC-MS/MS
assay.
Determination of total MPA
Although LC-MS/MS is the most sensitive assay, HPLCUV is sufficient in the monitoring of total MPA. Different UV absorption wavelengths were selected for MPA
monitoring[39-41]. Most of these assays had the lower limit
of quantification (LLOQ) of about 0.2 µg/mL. The sample preparation procedure in previous studies includes
solid phase extraction (SPE)[40], liquid-liquid extraction
(LLE), and protein precipitation. There is less interference on the chromatographs obtained by SPE or LLE
method than by protein precipitation. However, sample
preparation by SPE method consists of several steps. It
is time-consuming and the SPE columns add the cost of
determination. LLE method is also labor-intensive, and
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large quantity of organic solvents used may be harmful.
Although protein precipitation does not provide clean
extractions like SPE and LLE, it is simpler, more rapid
and more economical compared with SPE and LLE.
Shipkova et al[42] used acetontrile, sodium tungstate and
perchloric acid to precipitate protein. Khoschsorur et al[43]
used 2 folds of acetontrile as the sample precipitation
reagent. In the study by Chen et al[41], one fold of methanol containing 5% ZnSO4 was used as the precipitation
reagent. The procedure is very simple and rapid, and the
result is reliable.
Determination of total MPA and its metabolites
As mentioned in the former part, MPA is metabolized
primarily by glucuronidation to form MPAG and AcMPAG. Although MPAG is pharmacologically inactive,
it can be hydrolyzed back to MPA and absorbed again
during enterohepatic recirculation (EHC). AcMPAG has
been observed regularly in the plasma of liver, kidney,
and heart transplant recipients undergoing treatment with
MMF. Chromatically based methods were established
to monitor MPA, MPAG and AcMPAG simultaneously,
including HPLC-UV methods [39-41] and LC-MS/MS
methods[44,45]. To separate MPA from its metabolites sufficiently, both isocratic[41] and gradient[39,40] mobile phase
systems were used. The peak areas of MPA, MPAG and
AcMPAG at 304 nm were significantly lower than those
at 215 nm (8.3, 21.8 and 9.4-fold lower, respectively) or
254 nm (2.0, 5.0 and 2.7-fold lower, respectively). Higher
sensitivity was attained at 215 and 254 nm compared with
304 nm. However, the chromatography at 304 nm provided a cleaner baseline and more reproducible results in
our study[41].
Klepacki et al[45] established an UHPLC-MS/MS assay
using liquid-handling robotic extraction for the quantification of MPA and its metabolites in human plasma and
urine. The LLOQ of MPA and its metabolites was 0.097
µg/mL for MPA and MPAG and 0.156 µg/mL for AcMPAG. The total assay run time was 2.3 min. The assay
has proven to be robust and reliable during the measurement of samples from several pharmacokinetics trials.
Determination of total fMPA
The assays for detection fMPA are more complicated due
to its very low level in plasma, therefore establishment
of more sensitive methods is needed[46-49]. The pivotal
sample treatment step is to separate fMPA from proteinbound MPA. Equilibrium dialysis and ultrafiltration can
generate comparable results, and most studies selected
ultrafiltration due to its practicability, accuracy and reproducibility. In the study by Aresta et al[46], plasma samples
were ultrafiltrated in combination with SPE. The detection wavelength was UV 215 nm. The LLOQ was 26
ng/mL. Shen et al[47] used a HPLC-fluorescence method
to determine total MPA and fMPA. The LLOQ of fMPA
was 5 ng/mL. Chen et al[48] also developed a HPLCfluorecence method to determine fMPA in plasma previously. The authors found that at a solvent pH of 8.5, the
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LLOQ of fMPA reached 2.5 ng/mL, which was much
lower than that of HPLC-UV and comparable with that
of LC-MS/MS. The retention time of MPA was about 3
min when pH of the mobile phase was increased to 8.5.
To prevent the endogenous interference, TBA was used
as the ion-pair reagent[48].
The lower limit of assay sensitivity of LC-MS/MS
made it the best choice in measuring fMPA concentration. Patel et al[49] established an LC-MS/MS assay, and
the plasma was subjected to ultrafiltration followed by
SPE using C18 cartridges. The assay has a LLOQ of 1
ng/mL and an accuracy > 95%. The method reported
has an adequate degree of robustness and dynamic concentration range for the measurement of fMPA for TDM
purposes or pharmacokinetics investigations. TDM of
MPA in saliva offers a favorable non-invasive approach.
Besides, concentration of MPA in saliva can be considered as the fMPA approximately. The LC-MS/MS assays
for monitoring MPA in saliva were established for adult
and pediatric patients.
Immunoassays
Immunoassays include a series of methods, and the
mechanism of these methods is the competent combination of antibody between the MPA in plasma and labeled
MPA. The most frequently used assay was commercial
enzyme multiplied immunoassay technology (EMIT) assay. The advantage of being less labor intensive of EMIT
rendered this assay more suitable for conventional clinical
TDM. Although several studies revealed a 9%-15% of
systematic positive bias between EMIT and HPLC assay, EMIT has been proven to be an efficient method for
monitoring of MPA[50-52]. In the study by Chen et al[48] on
liver transplant patients, 470 total MPA concentrations
were determined by both HPLC and EMIT methods.
The authors found the relationship of the two methods
was EMIT = 1.074 × HPLC + 0.582 (r2 = 0.918, n =
470, P < 0.05) for total MPA, and a good correlation
between HPLC and EMIT was obtained with a positive
bias of EMIT for total MPA (27.0%). The bias of EMIT
is suggested to be caused by the cross-reactivity of AcMPAG.
Chen et al[48] established an EMIT method for the
determination of fMPA for the first time. The calibration range of fMPA was 0.0050-0.50 µg/mL for EMIT
method. Mean recovery of the two methods was 97.1%.
The intra-day and inter-day variation coefficients were
4.51%-15.8% and 5.83%-19.5% for EMIT, respectively.
The authors determined 297 fMPA concentrations by
both HPLC and EMIT methods, and found that the
relationship of the two methods was EMIT = 1.068 ×
HPLC + 0.004 (r2 = 0.945, n = 297, P < 0.05), and a
good correlation between HPLC and EMIT was obtained
with a positive bias of EMIT for total MPA (23.3%). Although the LLOQ of EMIT is higher than that of HPLC
method, more than 95% of fMPA samples determined
by EMIT have concentrations higher than LLOQ. EMIT
can also be used in monitoring of fMPA.
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Other immunoassays include the cloned enzyme donor immunoassay, enzyme inhibition assay[53], and particle
enhanced turbidimetric inhibition immunoassay[54]. These
methods are either under-development or not widely
used.

CHARACERISTICS OF
PHARMACOKINETICS OF MPA
At present, a fixed dose of 1 or 1.5 g twice daily of MMF
is the standard protocol in liver transplantation with
adjustments only in relation to side effects or to its efficacy[11]. However, there are wide variations in MPA pharmacokinetics reported with standard MMF dosing in liver
transplant recipients. Shaw et al[8] in his review reported
that the range of MPA AUC was 5-160 mg.h/L in 22 liver
transplant recipients receiving 1.0 g MPA, twice daily. This
kind of variation has been confirmed in some studies in
adult (Table 1) or pediatric liver transplantation[55].
The investigations for MPA pharmacokinetics in
liver transplantation are focused on the early period after operation. There are several characteristics of MPA
pharmacokinetics in early phase (about within 6 mo).
First, mean MPA AUC will increase in a time dependent manner, especially in two or three weeks after liver
transplantation. Second, a large range of intra-patient
and/or within-patient MPA pharmacokinetic variability is
observed. Third, the relationship between MMF dosage
and MPA pharmacokinetic parameters is variable. Fourth,
MPA exposure is different when different immunosuppressive drugs (TAC or CsA) are used.
Reasons of variation of MPA exposure may include
type of recipient and donor graft, the process of liver
transplantation, dosage of MMF, EHC, bowel, liver, and
renal dysfunction and drug interactions.
Type of recipient and donor graft
In a control study by Jain et al[56], the MPA AUC in living
donor liver transplant (LDLT) patients were 4-fold higher
than in deceased donor liver transplant (DDLT) patients
per 1 g MMF intravenously. The mean plasma concentration of MPAG was 1.4-2.0 times higher in deceased
donor liver transplant patients compared with live donor
liver transplant patients. A reduced size living donor
graft may have lower metabolizing capacity and reduced
glucuronidation activity during regeneration. Importantly,
the authors suggested the need to use a lower dosage (approximately 30%) of MMF in live donor liver transplant
patients compared with deceased donor liver transplant
patients. Jain et al[57] showed a low bioavailability of oral
MMF (mean, 48.5%, within 1 wk). The protocol using
intravenous MMF can restore full bioavailability and conserve renal function after liver transplantation[58].
In another control study by Shen et al[59], the comparison of the pharmacokinetics of MPA and its metabolites between LDLT patients and DDLT patients was
performed after oral administration of MMF (1 g, bid).
Although the AUC0-12h of MPA and MPAG is not sig-
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Table 1 Pharmacokinetic data of mycophenolic acid in adult liver transplant recipients
Ref.

Year

Regimen

Jain et al[65]
2001 TAC + MMF
Mardigyan et al[92] 2005 TAC + MMF
Pisupati et al[60]
2005 TAC + MMF

Brunet et al[11]

2006 TAC + MMF

Chen et al[71]

2007 TAC + MMF

Chen et al[76]
Kamar et al[93]

2008 TAC + MMF
2009 TAC + MMF

Beckebaum
et al[94]

2009 TAC + MMF
CsA + MMF

Benichou et al[61]

2010 TAC + MMF

Time since LT n
Days 6-30
> 12 mo
< week 1
Weeks 1-2
Weeks 3-6
Day 6
Day 16
Month 3
Day 7
Day 14
Days 7-14
Day 7
Day 14
Day 30
Day 60
(14-230 d)
Day 70
(11-87 d)
Day 12
(4-20 d)
Day 36
(24-90 d)

8
14
10

13
13
14
38
34
48
15
15
15
18

Method

AUC0-12h (mg.h /L)

HPLC
EMIT
HPLC

40.0 ± 30.9 (7.3-102.3)
45 ± 22
50.8 ± 42.1
60.3 ± 38.5
118.0 ± 57.6
HPLC-UC
17.4 (13.2-39.7)
26.3 (13.1-45.8)
33.6 (15.1-54.6)
HPLC
44.6 ± 16.50 (17.99-96.87)
50.54 ± 18.60 (22.78-98.73)
EMIT
45.77 ± 18.69 (10.66-117.01)
HPLC
36.8 ± 27
32.6 ± 11
36.7 ± 13
LC-MS/MS
55.9 (22.9-144.8)

12
26

52.2 (31.8-102.1)
EMIT

Mean tmax (h) Mean C0h (mg/L) Mean Cmax (mg/L)
1.8 ± 1.6
0.5
1.8 ± 1.2
1.8 ± 1.4
1.3 ± 0.7
2
1.2
0.7
1.42 ± 0.77
1.45 ± 0.81
1.94 ± 1.65

2.02 ± 1.57

10.6 ± 7.5
12.2 ± 75
9.1 ± 7.2
11.6 ± 6.7
36.7 ± 15.6
4.6
7.7
6.6
8.45 ± 4.77
11.29 ± 5.51
11.76 ± 6.34

0.5

3

14.2

1

2.5

15.3

2.1 ± 1.5

0.4
0.6
1.3

26.8 (21.8-39.7)

25

45.2 (26.0-57.0)

TAC: Tacrolimus; MMF: Mycophenolate mofetil; CsA: Cyclosporine A; HPLC: High-performance liquid chromatography; EMIT: Enzyme multiplied
immunoassay technology.

nificantly different between the two groups, MPA AUC612h was significantly higher in the DDLT group than in
the LDLT group (P < 0.05). Inversely, higher free MPA
AUC0-12h and significantly higher free MPA fraction (P <
0.05) were observed in DDLT patients when compared
with the DDLT group. AcMPAG AUC0-12h was also significantly higher in the DDLT group (P < 0.05). The activity of glucuronide-conjugating enzymes was decreased
due to reduced liver mass during the hepatic regeneration
process. These observations suggested that the ability of
clearance of MPA has decreased in LDLT patients during
the early period after operation. The authors suggested
that DDLT patients had higher EHC contributing to
total MPA exposure compared with LDLT patients. As
free MPA is the pharmacologically active form, lower oral
dose of MMF may be administered for LDLT patients.
Post-transplant duration
MPA exposure significantly increases with post-transplantation time. In the investigation by Brunet et al[11]
of 15 liver transplant recipients on a standard 1 g twicedaily dose, mean MPA AUC was 17.4 mg.h/L on day
6, 26.3 mg.h/L on day 10 and 33.6 mg.h/L at month 3.
Low MPA AUC in their data was perhaps caused by the
external biliary drainage and abnormal values of serum
albumin and bilirubin. In another study by Xia et al[38],
dose-normalized AUC 0-12h of MPA, MPAG and AcMPAG increased significantly in the later stage (> 1 mo)
when compared with the data from the early stage (within
2 wk after liver transplantation). Pisupati et al[60] observed
that MPA AUC0-12h had doubled with 3-6 wk compared
with that at first week after transplantation (50.8 mg.h/L
vs 118 mg.h/L). However, the MPA AUC tended to be
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stable after 3 to 6 mo. Benichou et al[61] showed that there
is no change of MPA AUC or free MPA AUC between at
mean 36 d (24-90 d) and at mean 867 d (124-6586 d).
The lower MPA AUC0-12h in the immediate postoperative period is due to a higher apparent oral clearance (CL/
F), which may result from a reduced absorption (F) or an
increased clearance (CL). Benichou et al[61] assumed that
the increase in CL/F is related to an increase in MPA free
fraction, leading to lower total MPA AUC0-12h value during the immediate postoperative period. Free fraction of
MPA related well with MPA CL/F and decreased significantly as serum albumin level returned to normal, which
would be consistent with more rapid hepatic and renal
extraction, and subsequent biliary and urinary excretion.
Pisupati et al[60] showed that total MPA CL/F decreased
from 32.9 ± 21.4 L/h during the first week to 9.0 ± 4.4
L/h during 3-6 wk. The same authors also showed that
there was no change in the intrinsic CL of MPA among
the patients and suggested that the lack of a significant
change in the intrinsic clearance indicates that the inherent ability of the liver to metabolize and eliminate MPA
did not change significantly over time.
The other causes of low MPA exposure during the
early stage may be related to the reduction of EHC and
low bioavailability.
Dosage of MMF
The relationship between MMF dosage and MPA exposure is variable, usually weak or absent. In adult liver
transplant recipients, Hwang et al[62] showed that there was
a crude interindividual correlation between MMF dosage
and MPA concentration (r2 = 0.271, P < 0.001). When
assorted according to the post-transplant period, r2 was
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0.153 during the first three months, 0.228 for months
4-12, 0.508 for years 1-2, 0.293 for years 3-5, and 0.247
after 5 years. With minimal TAC, a similar degree of interindividual variation was observed (r2 = 0.247, P < 0.001).
In pediatric liver recipients, Aw et al[63] showed that MPA
AUC0-7h correlated significantly with MMF dose (r = 0.552,
P = 0.010) and MPA C0h (r = 0.844, P < 0.001). When assorted according to the post-transplant period, r2 was 0.056
during the first three months, 0.162 for months 4-12, 0.085
for years 1-2, 0.071 for years 3-5, and 0.213 after 5 years.
EHC
MPA undergoes extensive EHC after hydrolysis of its
biliary MPAG conjugate by intestinal bacteria and reabsorption of MPA. Hesselink et al[64] estimated that the
contribution of EHC to the MPA AUC ranges between
10 % and 61 % in human. However, secondary peak is
very rare in the initial period after liver transplantation,
which occurs in approximately 50 % of patients at 1
mo[65]. In some liver transplant patients, the EHC reestablishes around 4 to 8 h after MMF dosage[66]. Pisupatic
et al[60] showed that a secondary peak in MPA was seen
between 4 and 6 h after MMF administration in 4 of 10
patients during 3-6 wk and not seen during 1-2 wk. MPA
AUC increased approximately 3-fold, which indicated
the possible contribution of EHC. In pediatric liver recipients treated with CsA and MMF, Lobritto et al[55] observed that a second smaller peak was exhibited by some
patients (probably due to EHC) although CsA was used,
which decreased re-circulated MPA concentrations[67].
Impact of liver and renal dysfunction
Impairment of liver function has complex effects on
MPA kinetics, although cirrhosis affects neither MPA absorption nor MPA plasma protein binding or pharmacokinetics[68]. It is believed that free MPA levels are affected
by hypoalbuminemia, uremia and hyperbilirubinemia[8,69].
Free MPA levels increase markedly in patients with severe
renal insufficiency[70].
Chen et al[71] showed that MPA AUC0-12h in patients
with abnormal albumin levels were significantly lower
than that in patients with normal albumin levels (P =
0.009). MPA AUC0-12h was related significantly with serum
albumin levels (r2 = 0.412, P = 0.001). However, other parameters of hepatic function including total serum bilirubin concentration did not influence the change of MPA
AUC0-12h. In 8 liver graft recipients, Jain et al[65] reported
that MPA AUC correlated with serum bilirubin and MPA
C0h with albumin concentration. Higher serum bilirubin
levels may impair hepatic MPAG production, transport
and biliary excretion during cholestasis[68]. The decreased
hepatic glucuronidation and EHC with moderate hepatic
impairment may result in increased urinary MPAG concentrations[65]. Tredger et al[32] showed that recipients with
low serum albumin levels (< 35 g/L) frequently failed to
achieve the therapeutic levels of MPA. In adults and children with lower serum albumin concentrations, median
levels of MPA C0h were 42 % and 19 %, respectively, of
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those in patients with normal serum albumin levels given
corresponding doses (P < 0.001). However, Brunet et al[11]
showed no relationship between liver function and MPA
exposure.
Tredger et al[32] also reported that elevated serum
creatinine levels (> 120 mmol/L) were related to higher
MPA C0h per unit MMF dose (median increase by 38%
early and 50% late after transplantation, P < 0.04) only in
adult patients.
Concomitant immunosuppressive drugs
CsA but not TAC decreased MPA AUC and increased
MPAG AUC0-24h because CsA inhibits excretion of MPAG
into bile[67]. Inhibition of the biliary excretion of MPAG
by CsA is mediated by the multidrug resistance-associated
protein 2 transporter which leads to the reduction of
MPA AUC[72].
In 21 stable pediatric liver transplant recipients, Brown
et al[73] observed that MPA C0h was significantly lower during co-therapy with CsA compared with co-therapy with
TAC (2.8 mg/L vs 5.6 mg/L, P = 0.006), while MPAG
AUC was correspondingly higher (229 mg/L/h vs 94
mg/L/h, P = 0.012). Higher MMF dosage was demanded with CsA to achieve equivalent MPA C0h level than
with TAC (362 mg vs 178 mg, P = 0.004). The authors
suggested contrasting effects of CsA and TAC on MPA
glucuronidation or its excretion and EHC.
Molina Perez et al[74] reported no interaction between
total dose or BMI-adjusted dose of VGC and concomitant administration of MMF in liver transplant recipients.

LSS FOR MPA
Till now, there have been some studies establishing model
equations for estimation of MPA AUC using LSS in liver
transplant recipients.
Multiple regression analysis
The most reliable method for judging the exposure of
MPA is to calculate MPA AUC0-12h. But monitoring MPA
AUC0-12h requires frequent blood withdrawal. It is impractical to obtain 6-10 plasma samples for measuring full
MPA AUC within a 12-h dose interval in clinical settings.
Therefore, abbreviated sampling strategies by limited
MPA concentrations have been under investigation.
For LSS study, Ting et al[75] have some important
suggestions: (1) it is essential to validate the predictive
performance of the LSS in other patient populations.
The prediction bias and prediction precision of the LSS
should be determined; (2) a clinically feasible LSS should
use 3 or less blood samples, preferably within a short
period of time in order to reduce the inconvenience of
TDM; and (3) the application of a specific LSS is ideally
limited to the population and drug formulation that is
used to develop it.
Some studies tried to test whether MPA AUC can be
accurately estimated from plasma concentrations at single
time points, especially at MPA C0h. However, it is very
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Regimen

EMIT

TAC + MMF

EMIT or CsA or TAC
HPLC-UV
+ MMF
HPLC TAC + MMF

Method

Adults

Adults

Pediatrics

48 files
(48 cases)

41 files
(41 cases)
72 files
(40 cases)

Patient population No. of files (cases)

Sampling times
Suggested times of LSS
investigated (h)
(h)
0, 0.33, 0.67, 1.25, 2, 4, 6, 8
0, 0.33, 2
0, 0.67, 6
0.5, 1, 1.5, 2, 4, 6, 8, 10, 12
1, 2, 4
1, 2, 6
1, 2, 6, 8
1, 2, 4, 6
0.5, 1, 1.5, 2, 4, 6, 8, 10, 12
1.5, 6
2, 4, 8
1, 2, 4, 8
1, 2, 4, 6
9.1 + 5.7*C0h + 1.1*C0.33h + 2.1*C2h
5.2 + 7.1*C0h + 1.1*C0.66h + 5.4*C6h
10.776 + 0.749*C1h + 1.604*C2h + 4.116*C4h
10.229 + 0.925*C1h + 1.750*C2h + 4.586*C6h
5.503 + 0.919*C1h + 1.871*C2h + 3.176*C6h + 3.664*C8h
6.658 + 0.921*C1h + 1.573*C2h + 2.057*C4h + 3.543*C6h
10.56 + 1.55C1.5h + 6.44C6h
9.37 + 2.18C2h + 2.10C4h + 4.71C8h
4.46 + 0.81C1h + 1.78C2h + 2.51C4h + 4.94C8h
5.92 + 1.10C1h + 1.01C2h + 1.77C4h + 4.80C6h

Predicted AUC =
0.740
0.880
0.750
0.855
0.921
0.899
0.859
0.901
0.950
0.927

r2

Bootstrap

No
No
Validation
Group

N/A
N/A
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

N/A
N/A
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

LSS validation Bias Precision

regretful that the relationship between MPA C0h and MPA AUC0-12h is not strong enough. In two studies by Chen et al[71] the r2 value of MPA C0h was also lower in monitoring
MPA concentrations by HPLC (r2 = 0.300, number of sample = 72) or EMIT (r2 = 0.0677, number of samples = 48)[76] at the early stage after liver transplantation. In the study
by Brunet et al[11], an acceptable correlation between MPA C0h and MPA AUC0-12h was found (r = 0.742, number of samples = 63). In pediatric liver transplantation, Brown et
al[73] showed a moderate correlation between MPA C0h and MPA AUC0-12h (r2 = 0.65, number of samples = 21). In conclusion, MPA AUC0-12h could not be substituted correctly
by MPA C0h as well as other single time-point MPA concentrations.
Stepwise regression analysis was used to establish the abbreviated equations for estimated MPA AUC0-12h. All combined models were obtained by using MPA concentrations
at 1 to 4 time points. A number of regression equations that predict MPA AUC0-12h are undertaken and take the form of the following function:
Estimated MPA AUC0-12h = I + β1 × C1h + ··· βn × Cnh
Where I is intercept, β is partial correlation coefficient and C is MPA concentration. The largest r2 value was considered the best regression. Equations with a high coefficient of determination (r2) are then validated using data from another group or bootstrap procedure to evaluate their ability to predict the full MPA AUC. The validation step
is critically important to assess reliability of the LSS. There are three main methods to validate an LSS: two-group (model-building group and validating group), bootstrap and
jackknife methods.
Chen et al[71] developed an LSS for the prediction of MPA AUC using 72 profiles (40 cases) by HPLC (Table 2). These authors found that the relationship between estimated
MPA AUC0-12h and measured MPA AUC0-12h based on three or four MPA pharmacokinetic parameters was related significantly in some abbreviated models. The best model for
prediction of MPA AUC0-12h was using MPA concentrations at 1, 2, 6 and 8 h time points (r2 = 0.921, P = 0.0001). Bias and prediction are 1.24 ± 11.19% and 8.24 ± 7.61%,
respectively. 63 of 72 (88 %) estimated MPA AUC0-12h values were within 15 % of MPA AUC0-12h. Bland-Altman analysis also revealed the best agreement of this equation compared with the others and a mean error of ± 9.89 mg.h/mL. For validation of the accuracy of these equations, Hao et al[77] used another group of liver transplant recipients
(30 cases). It was confirmed that the equation based on C1h, C2h, C6h and C8h had the best ability to predict measured MPA AUC0-12h (r2 = 0.936) with the excellent bias (2.18%),
precision (5.11%) and the best prediction variation (2SD = ± 7.88 mg.h/L). However, the equation based on C1h, C2h and C4h was more suitable when considering clinical convenience, which had shorter sampling interval, excellent coefficient of determination (r2 = 0.795), excellent bias (3.48%), acceptable precision (14.37%) and good prediction
variation (2SD = ± 13.23 mg.h/L).
Although the standard technique for monitoring MPA concentration is HPLC, the EMIT has the advantages of convenience and rapidness in clinical settings for TDM of
MMF. Due to the cross-reactivity of the antibody in the EMIT assay with the MPA AcMPAG, the EMIT target concentrations are higher than those for HPLC. The average
overestimation by EMIT of MPA levels is approximately 10%-30%. As AcMPAG is pharmacologically active in vitro, it has been speculated that EMIT measurement may better

LSS: Limited sampling strategy; MPA: Mycophenolic acid; AUC: Area under the concentration-time curve; EMIT: Enzyme multiplied immunoassay technology; HPLC: High-performance liquid chromatography; TAC:
Tacrolimus; MMF: Mycophenolate mofetil; CsA: Cyclosporine A.

Chen et al[76]

Chen et al[71]

Attard et al[78]

Ref.

Table 2 Limited sampling strategy for prediction of full mycophenolic acid area under the concentration-time curve in liver transplant recipients
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reflect immunosuppression than HPLC techniques that
only measure the parent compound. Thus, establishment
of the abbreviated model for estimation of full MPA
AUC by EMIT method is necessary and valuable. Chen
et al[76] established some equations for the prediction of
MPA AUC using 48 profiles (40 cases) by EMIT (Table
2). The best equation was based on C1h, C2h, C4h and C8h.
Forty of 48 (83.33 %) estimated MPA AUC0-12h values
were within 15 % of MPA AUC0-12h. The bias and precision are 0.27% ± 1.79% and 8.83% ± 1.24%, respectively. The best agreement between estimated maximum
a posteriori (MAP) AUC0-12h and MPA AUC0-12h was also
showed by Bland-Altman analysis, with an average error
of 9.02 mg.h/L. The authors conducted the Bootstrap
analysis with 200 replicated datasets and confirmed the
accuracy and robustness of this equation.
In two above investigations by Chen et al[71,76], MPA
C6h and/or C8h were necessary in the best equations from
MPA concentrations at 3 or 4 time points. The accurate
equation by LSS should include one time-point MPA
sample during the interval 6-12 h post-dosage. It is probable that in liver transplant recipients MPA EHC importantly contributed to the full MPA AUC.
In a study by Attard et al[78], a total of 41 MPA AUC08h values were determined in 41 pediatric liver transplant
recipients (Table 2). The best equation by LSS includes
MPA C0h, C0.67h and C6h with excellent coefficient of determination (r = 0.88). For clinical practice, the equation
with C0h, C0.33h and C2h is suitable (r = 0.74).
Bayesian analysis
MAP Bayesian assay is based on the concept that prior
information or beliefs can be combined with observation
data, which is known as Bayes’ theorem[75,79]. Briefly, the
priori population PK parameters, in combination with
demographic, pathophysiological and limited concentration-time data from the individual, are used to predict the
individualized parameters. Besides, the uncertainty of the
parameters will also be estimated. As the amount of individual data accumulates, the population data contribute
less to the overall prediction, and parameter prediction
is individualized eventually. Prediction of parameters is
achieved by minimizing the Bayesian Function:
( Ppop − Pˆ )2
(C − Cˆ )2
Bayesianfunction = ∑
+ ∑ obs
var( P )
var(C )
Where Ppop is the population average of parameter
P; P^ is the individual expected average of parameter P;
var(P) is the variance of the estimated parameter P; Cobs
is the observed concentration value; C^ is the predicted
concentration value; and var(C) is the variance of the
predicted concentration[80].
Population pharmacokinetic study of MPA
A reliable Bayesian forecasting method is based on the
reliability of population pharmacokinetic (PPK) models
established. PPK parameters for commonly used drugs
are available in popular Bayesian software programs (e.g.,
NONMEM, ADAPT Ⅱ, PKS). PPK studies to date have
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mostly been undertaken in renal transplant recipients,
with limited investigation in patients treated with MPA
for autoimmune disease or haematopoietic stem cell
transplantation. Most of these studies have involved use
of the MMF formulation of MPA.
It is a hard work to develop a PPK model of MPA to
fully describe the complex physiological processes that
occur in relation to the absorption and EHC of this drug.
There are more than 20 PPK models that have been developed for MPA, and more complex models for description of MPA pharmacokinetics also include modeling
of metabolites and free MPA concentrations. However,
most of these studies included less than 100 subjects,
which are not sufficient to fully characterize the complex
kinetics of this agent in different clinical conditions.
Population models applied to MAP Bayesian analysis vary
somewhat in structure, and separate covariates have been
identified as being significant in different studies.
Sampling time of MPA PPK study varied between
various studies, however, most studies using rich-time
between two doses of MMF. The data also included various post-transplantation stages, and the longest time of
sampling included data at 10 years post-transplantation[81].
The most frequently used structure model is 2-compartmental model. van Hest et al[82] collected data 3-140 d
post-transplantation from 140 patients. A total of 6523
samples were obtained, and they tested 1-, 2- and 3-compartment models, and found that the 2-compartment
model is most rational and suitable. Similar to other immunosuppressive agents, the absorption of MPA is very
complex. Shum et al[83] tested different absorption models
including first order absorption, time-dependent model,
Emax model, Weibull model and dual sequential first order
absorption process. Finally, first order absorption with
a lag time improved the model significantly. Le Guellec
et al[84] found a 2-compartment model with zero-order
absorption, with the absorption duration being estimated
from the data, provided the best fitting.
MAP Bayesian estimation of MPA AUC
After the final PPK model of MPA is obtained, the
covariate values and selected concentration-time data
from individual patients are input in the model to obtain
individualized AUC. Most of studies used the trapezoidal method to estimate the full MPA AUC value, which
is considered as reference value. Evaluations have been
conducted of how closely MAP Bayesian estimation of
MPA AUC matches.
External and internal validation methods can be used
in the MAP Bayesian estimation of MPA AUC. External validation involves the application of the developed
method to a new dataset, which requires the correct covariates and accurate sampling times recorded. It is more
stringent in the study design and can provide the strongest evidence for evaluation. Most of studies evaluated
using internal validation datasets through data splitting
or using a re-sampling technique. In some studies, data
were split into a population model-building group and a
validation group to evaluate MAP Bayesian forecasting.
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Other methods of validation include jackknife or Bootstrap method. Optimal sampling theory is based on the
notion that there are specific sampling times, or windows
of time, containing more information about pharmacokinetic parameters or drug exposure than other sampling
times[85]. All these studies tested all combinations of study
sampling times in selecting sampling times for Bayesian
forecasting. Few studies used D-optimality (within predetermined time limits). Predictive performance is usually
expressed in terms of the r2, mean percentage predicted
error (MPPE) and relative root mean-squared error
(rRMSE) between reference AUC and estimated AUC.
A study by Barau et al[86] is the only study on the Bayesian estimation of MPA AUC in 28 pediatric patients who
received liver transplantation. All patients received MMF
therapy combined with TAC or CsA. The PPK model
was established by using intensive pharmacokinetic datasets obtained from 16 children. A one-compartment
model with first order absorption and first order elimination was selected. CL/F was estimated at 12.7 l h-1. Ka
was estimated at 1.7 h-1 at age 8.7 years with IIV of 308%.
V/F was 64.7 L, and increased about 2.3 times in children
during the immediate post transplantation period. The
individual MPA AUC0-12h was estimated by MAP Bayesian
method using pharmacokinetic parameters obtained with
the final model, including covariates, through Adapt Ⅱ
software. The MPA AUC0-12h estimated from concentrations measured 0, 1 and 4 h after administration of MMF
was in good correlation with the data obtained using the
trapezoidal method.
MAP Bayesian estimation is more flexible compared
with multiple linear regression methods. Drug exposure
can be estimated with any number of blood samples
taken at any time. Furthermore, with MAP Bayesian forecasting, the information about an individual patient may
be helpful in the AUC estimation[87]. However, there are
still some problems. First, the PPK model established for
MAP Bayesian estimation may be not the best one for
the limited cases. Second, the algorithms used to select
the optimal sampling time may not be accurate enough.
Third, there is still large bias in the prediction in various
studies. Finally, the best sampling times by comparison
of predictive performance cannot be regarded as truly
optimal, because the possible combinations are limited
by the study design. These problems should be solved by
further studies before the method can be widely used in
the individualized therapy with MPA.

CONCENTRATION-EFFECT
RELATIONSHIP
It has been clearly shown that MMF is a very powerful immunosuppressive drug in preventing graft rejection. However, there was also plenty of evidence showing that MMF
has serious side effects including hematologic and gastrointestinal disorders[4]. The prospective, randomized and
double-blind trial performed by van Gelder et al[88] showed
that the rate of acute rejection decreased significantly in
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renal transplantation if MPA AUC was in the target range
of 32.2-60.6 mg.h/L. Although the results are conflicting
among different transplant settings, MPA concentration
monitoring is recommended in kidney transplantation
by the therapeutic window of 30 to 60 mg.h/L for MPA
AUC and of 1 to 3.5 mg/L for MPA C0h[8]. However, it
is still not widely accepted to individualize an oral MPA
regimen by routinely monitoring MPA pharmacokinetic
parameters in liver transplantation currently.
MPA exposure and acute rejection
In 147 adult liver transplants, Tredger et al[32] observed
that nine of the 10 episodes of acute rejection were associated with plasma MPA concentrations less than 1 mg/L,
with the exception occurring at 1.8 mg/L in a patient
whose serum albumin was 31 g/L and creatinine 236
mmol/L. The relative risk of rejection (95%CI) increased
4.2-, 2.5-, and 1.6-fold, respectively, at plasma MPA concentrations of less than 0.5, 1.0 and 1.5 mg/L (P = 0.003,
0.002 and 0.058, respectively). The authors defined a cutoff of 0.85 mg/L in adult liver recipients by receiver operating characteristic (ROC) curve analysis. Besides, they
also observed that MMF doses in the patients with rejection were not different from those in the control cohort.
In the study by Hao et al[31], only two cases of acute rejection were proven by hepatic biopsy in 63 patients (3.2 %)
within 3 mo after transplantation. Their MPA C0h values
were 0.32 and 0.6 mg/L, MPA AUC0-12h values were 15.18
and 32.49 mg.h/L, and TAC C0 values were 7.3 and 2.2
ng/L. Recently, Sarvary et al[89] found the optimal cutoff
of MPA C0h for predicting acute rejection (≥ 1.34 mg/L
on CsA and ≥ 1.98 mg/L on TAC) in 56 liver transplant
recipients during the 6-mo follow-up. In other studies, no
relationship between MPA pharmacokinetics and acute
rejection was established.
MPA exposure and adverse effects
In 63 liver transplant recipients, Chen et al[31] showed that
mean MPA C0h and AUC0-12h in patients with side effects
increased significantly compared with those without side
effects (C0h: 2.28 mg/L vs 1.31 mg/L, P < 0.05; AUC012h: 49.68 mg.h/L vs 37.16 mg.h/L, P < 0.01). In addition, the levels of MPA C0h and MPA Cmax were higher
in recipients with leucopenia, diarrhea and infection than
in those without these effects, but a significant difference was achieved only during the episode of leucopenia
(2.23 vs 1.81, P < 0.01). In 147 adult transplant recipients,
Tredger et al[32] also showed that episodes of leukopenia
were associated with higher median plasma MPA levels
(2.8 mg/L vs 1.4 mg/L, P = 0.004). These authors also
observed that MPA levels were higher during episodes of
bacterial, fungal and viral infections, although this trend
failed to achieve significance (1.8 mg/L vs 1.4 mg/L, P
= 0.056) and there were no differences in median MPA
levels with regard to gastrointestinal side effects. Brunet
et al[11] showed significantly elevated mean MPA concentrations at C0.66h for six of 13 patients with diarrhea
compared with symptom free patients (22.9 mg/L vs 7.4
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Table 3 Receiver operating characteristic analyses of mycophenolic
acid exposure and mycophenolate mofetil-related side effects in
liver transplant recipients
Ref.

Area under
ROC curve

Hao et al[31]

Tredger et al[32]

Side effects1
MPA C0h
MPA AUC0-12h
Leukopenia
MPA C0h
Leukopenia
MPA C0h
MMF dose
Infection
MPA C0h

95%CI

Cut-off
value

P

value

0.748
0.695

0.619-0.877 2 mg/L 0.001
0.559-0.831 40 mg.h/L 0.012

0.670

0.534-0.805

0.780
0.750

0.642-0.919 2.25 mg/L 0.003
0.662-0.837
0.007

0.634

0.499-0.770 2.85 mg/L 0.056

2 mg/L

0.026

1

Side effects include leukopenia, diarrhea and infection. MMF: Mycophenolate
mofetil; ROC: Receiver operating characteristic; MPA: Mycophenolic acid.

mg/L, P < 0.05) and there was no significant difference
significantly in MPA C0h or MPA AUC.
ROC curve analysis is also used to test the ability
of MPA pharmacokinetic parameters to discriminate
between cases with or without side effects in liver transplantation (Table 3). Hao et al[31] showed that the thresholds of MPA C0h and MPA AUC0-12h for side effects were
2 mg/L (sensitivity, 52.4%; specificity, 90.5%, P = 0.001)
and 40 mg.h/L (sensitivity, 71.4%; specificity, 61.9%, P
= 0.012), respectively. For individual side effects, only
leukopenia was discriminated effectively by ROC analysis
using MPA C0h with a threshold of 2 mg/L (sensitivity,
56.5 %; specificity, 75 %, P = 0.026). The relative risks
were 1.79 for MPA C0h and 1.65 for MPA AUC to predict
the occurrence of MMF-related side effects while 2.11
for MPA C0h and 1.68 for MPA AUC to predict the occurrence of leukopenia. In the study by Tredger et al[32],
corresponding more than 3-fold increases in the relative
risks for leukopenia, infection and gastrointestinal disturbances were showed when MPA concentration was
at 3 to 4 mg/L. The thresholds of MPA C0h were 2.85
mg/L in infectious episodes (ROC area = 0.634, P =
0.056) and 2.25 mg/L in leukopenia (ROC area = 0.780,
P = 0.003). Although the relative risk of gastrointestinal
disorders increased with the increase in MPA C0h, there
was no significant association (P > 0.5). Importantly, the
authors observed a significant association between MMF
dose and episodes of leukopenia (ROC area = 0.750, P =
0.007). It is suggested that individualizing MMF dose instead of using a fixed dose might be helpful to optimize
immunosuppression and minimize potential toxic effects.
However, Hao et al[31] showed no significant difference in
MPA pharmacokinetic parameters between patients with
infection and those without.
Among immunosuppressive drugs, MMF is the main
cause of diarrhea when compared with other agents.
The mechanism responsible for MMF-related diarrhea is
not yet elucidated. In liver transplantation[31,32], the levels
of MPA C0h or AUC0-12h were not significantly higher in
patients with diarrhea than those without diarrhea. How-
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ever, Xia et al[38] found that MPA C6h, C10h, C12h and MPA
AUC6-12h were significantly higher in patients with diarrhea (P < 0.05). These results suggested that higher EHC
might contribute to the occurrence of diarrhea.
It was guessed that diarrhea may be related to MPAG
or AcMPAG[90]. However, in the study by Xia et al[38],
there was no significant difference in MPAG or AcMPAG
(P > 0.05) though MPA C max and MPA AUC 0-12h of
MPAG were higher in recipients with diarrhea. Likewise,
C0h, Cmax, and AUC0-12h of AcMPAG were also higher in
patients with diarrhea, although no significant difference
in these parameters was found (P > 0.05). Arns et al[91]
suggested that the capacity of enterocytes to participate
in MPA metabolism could potentially result in local
generation of AcMPAG and MPAG with consequent
direct toxic effects on the gastrointestinal tract. Perhaps
concentration of AcMPAG in the gastrointestinal tract is
more important than plasma concentration of AcMPAG
for induction of diarrhea.
Another risk of diarrhea was dependent on dosage of
MMF. Diarrhea was controlled by decreasing the dosage
or interruption even if these patients had the same starting
dosage of MMF as those not suffering from diarrhea[31].

CONCLUSION
Until now, TDM for MPA has not been fully accepted in
liver transplantation as no long-term prospective study
of concentration controlled vs fixed-dose prescribing of
MMF has been done. However, based on published data,
it is confirmed that intra- or inter-individual MPA pharmacokinetic variability exists, which is related to greater
risk of acute rejection at lower MPA concentrations and
MMF-associated side effects at higher MPA concentrations. On the other hand, the standard dose of MMF is
rarely necessary in liver transplant recipients who had
more MMF-related side effects and less acute rejection.
These data suggest that monitoring MPA exposure is
helpful in clinical settings.
In liver transplantation, it was showed that MPA C0h
has more practical benefits over MPA AUC although the
relationship between MPA C0h and MPA AUC is not very
strong in some studies. Compared with the therapeutic
window in renal transplantation (MPA C0h: 1-3.5 mg/L),
acute rejection is more likely at concentrations less than 1
to 2 mg/L (μg/mL) and adverse effects at concentrations
3-4 mg/L or greater in liver transplantation[13]. However,
this finding needs more clinical validation in future. Although MPA AUC is much accurate, which reflects the
change of MPA pharmacokinetics and is closely related
to side effects[31], no recommended therapeutic ranges of
MPA AUC could be used in pediatric or adult liver transplant recipients. On the other hand, monitoring of MPA
AUC is not practical in clinical settings. It should obtain
6-10 plasma samples for measuring full MPA AUC within
a 12-h dose interval. Although abbreviated sampling
strategy by limited MPA concentrations is practical in
clinical settings, the equations including MPA concentra-
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tions within 2 h with good correlation were only seen in
pediatric transplant recipients[78]. In adult liver transplantation, good coefficients of determination (r2) were seen
in equations including one MPA concentration at least
during 6-12 h after oral MMF[71,76]. Monitoring MPA C0h
has more practical benefits than MPA AUC in liver transplantation.
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Abstract
The interplay between inflammation and cancer progression is a growing area of research. A combination
of clinical, epidemiological, and basic science investigations indicate that there is a relationship between
inflammatory changes in the pancreas and neoplastic
progression. Diets high in ω-6 polyunsaturated fatty
acids provide increased substrate for arachidonic acid
metabolism by cyclooxygenase-2 (COX-2) and 5-lipoxygenase (5-LOX) to form eicosanoids. These eicosanoids directly contribute to pancreatic cancer cell
proliferation. Both COX-2 and 5-LOX are upregulated
in multiple cancer types, including pancreatic cancer.
In vitro studies using pancreatic cancer cell lines have
demonstrated upregulation of COX-2 and 5-LOX at
both the mRNA and protein levels. When COX-2 and
5-LOX are blocked via a variety of mechanisms, cancer
cell proliferation is abrogated both in vitro and in vivo .
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The mechanism of COX-2 has been shown to include
effects on apoptosis as well as angiogenesis. 5-LOX
has been implicated in apoptosis. The use of COX-2
and 5-LOX inhibitors in clinical studies in patients with
pancreatic cancer has been limited. Patient enrollment
has been restricted to those with advanced disease
which makes evaluation of these drugs as chemopreventive agents difficult. COX-2 and 5-LOX expression have been shown to be present during the early
neoplastic changes of pancreatic cancer, well before
progression to invasive disease. This indicates that the
ideal role for these interventions is early in the disease
process as preventive agents, perhaps in patients with
chronic pancreatitis or hereditary pancreatitis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review article highlights the relationship
between inflammation and pancreatic cancer, specifically focusing on the enzymes cyclooxygenase-2 (COX-2)
and 5-lipoxygenase (5-LOX). The role of inflammation and tumor progression is a burgeoning area of
research. This review delves into the research that has
been conducted investigating COX-2 and 5-LOX and
their relationship to pancreatic cancer both in vivo and
in vitro . We discuss a variety of investigations including
basic science, epidemiological, and clinical as they relate to pancreatic inflammation and eicosanoids.
Knab LM, Grippo PJ, Bentrem DJ. involvement of eicosanoids
in the pathogenesis of pancreatic cancer: the roles of cyclooxygenase-2 and 5-lipoxygenase. World J Gastroenterol 2014;
20(31): 10729-10739 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10729.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10729
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INTRODUCTION
The relationship between inflammation and cancer is
well established. Rudolf Virchow noticed leukocytes in
cancerous tissue as early as 1863 and conjectured that
there was a link between chronic inflammation and
neoplasia[1]. This theory has been validated by clinical examples such as Marjolin’s ulcers which are squamous cell
carcinomas that form in sites of chronic inflammation
such as burn scars or chronic ulcers[2]. Other examples
of inflammatory conditions with correlative cancers
are inflammatory bowel disease and colorectal cancer,
gastritis caused by Helicobacter pylori and gastric cancer,
hepatitis and hepatocellular carcinoma, and chronic pancreatitis and pancreatic cancer. These examples highlight
the impact of inflammation on the neoplastic process
though the mechanism is unclear.
The inflammatory response is marked by cytokine
release from epithelial cells which attract and activate inflammatory cells. When macrophages, neutrophils, fibroblasts, and mast cells are attracted to this inflammatory
microenvironment, they produce reactive oxygen species
(ROS) and stimulate epithelial cell proliferation[3]. The
infiltration of these cells into the tumor microenvironment has been implicated in pancreatic tumor progression (Figure 1)[4-7]. ROS can directly cause DNA damage
by increasing the probability that genetic mutation will
occur. Combined with their effects on cellular proliferation, ROS increase the likelihood of neoplastic transformation[3,8]. A key step in the inflammatory process is the
activation of the arachidonic acid pathway that produces
eicosanoids. The purpose of this paper will be to review
inflammatory mechanisms as they relate to pancreatic
cancer, specifically the roles of cyclooxygenase (COX)
and lipoxygenase (LOX), and how their metabolites contribute to carcinogenesis.

Inflammation and Pancreatic
Cancer
Pancreatic cancer is the fourth leading cause of cancerrelated death in the United States, and the vast majority
of those afflicted succumb to this disease. The 5-year
survival rate is about 5%-6%[9]. Since the majority of
pancreatic cancer is discovered late in the disease process, well after potentially curative surgery is an option,
understanding the early oncogenic changes is necessary
to aid in prevention. Since inflammation has been shown
to be a key factor in the neoplastic process as it contributes to genetic changes and DNA damage, its role in
pancreatic cancer is of particular interest.
Studying the mechanisms of pancreatitis in patients
can be helpful for understanding inflammation as it
relates to pancreatic cancer development. Patients with
hereditary pancreatitis, a rare disease responsible for less
than 1% of pancreatitis cases, have frequent episodes of
acute inflammation[10]. Repeated episodes of pancreatitis
result in fibrosis, chronic inflammation, and the eventual
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destruction of the gland[11]. This chronic inflammatory
environment is thought to contribute to malignant transformation of pancreatic ductal cells. In patients with
hereditary pancreatitis, the risk of developing pancreatic
cancer is 53 times higher than unaffected individuals,
and by 70 years of age, approximately 40% of these patients will develop pancreatic cancer[10]. Patients afflicted
with non-hereditary chronic pancreatitis also have an
increased risk of pancreatic cancer. Population studies
suggest that patients with chronic pancreatitis are 17
times more likely to develop pancreatic cancer compared
to age matched controls, and the risk is correlated with
the duration of inflammation[12]. Therefore it will be important to understand the mechanisms that link pancreatitis to the development of pancreatic cancer.
The inflammatory process begins with the inappropriate release of proteolytic pancreatic enzymes that cause
acinar cell injury[13]. This generates an immune response
in which inflammatory cells are attracted to cytokines
released from the cells at the site of injury. Our lab, as
well as others, previously investigated the relationship
between one of the major inflammatory cell types, mast
cells, and pancreatic cancer[6,14]. We have shown that mast
cell infiltration in pancreatic cancer specimens correlates
with worse prognosis[6]. Ma demonstrated that pancreatic
ductal adenocarcinoma (PDAC) cells promote mast cell
migration and activation in vitro. The study also showed
that blocking mast cell migration in an orthotopic PDAC
mouse model decreased PDAC growth in vivo[15]. Similarly, Soucek demonstrated in an islet-cell tumor mouse
model that mast cells mediate expansion of these tumors
and are essential for tumor maintenance[5].
The generation of ROS and activation of the arachidonic acid pathway are also key steps in potentiating the
inflammatory response[13]. The body mounts a natural
response to chronic insults to the pancreas by releasing
growth factors such as platelet-derived growth factor
and transforming growth factor beta. This stimulates cell
proliferation, which can potentially worsen DNA damage and increase genetic mutations[16].

EPIDEMIOLOGICAL STUDIES
Epidemiological studies have shown that high-fat diets,
specifically with a high proportion of polyunsaturated
omega-6 fatty acids, are associated with increased cancer
rates, particularly in breast, pancreas, and prostate cancers[17-22]. Studies have shown that cancer incidence in an
ethnic group often changes after migration and drastic
dietary changes. An example is the migration of the Japanese to Western countries that have relatively higher fat
diets compared to Japanese diets. Studies have reported
increased colon, pancreas, breast, and prostate cancer
incidence in individuals migrating to Western countries
from Japan[21]. The relationship between a high-fat diet
and pancreatic cancer was evaluated by a prospective
study investigating obesity in various age groups including early adulthood, midlife, and older age. There were
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Figure 1 Inflammatory cell infiltration into the tumor microenvironment. As pancreatic adenocarcinoma progresses, inflammatory cells such as mast cells, neutrophils, and macrophages are attracted to the tumor microenvironment and enhance tumor growth. Leukotriene B4 (LTB4) is a chemotactic factor for macrophages,
neutrophils, and mast cells. Fibroblasts are also activated and enhance collagen production.

significant positive associations between pancreatic cancer and obesity in all age groups studied[23]. Patients with
the longest duration of obesity and diabetes were at the
greatest risk for pancreatic cancer[23]. One of the mechanisms proposed for this association is the high content
of arachidonic acid in animal fats. Arachidonic acid is
metabolized to biologically active lipids by COX, LOX,
and epoxygenase pathways to generate eicosanoids[24].
Eicosanoids have been implicated in various carcinogenic mechanisms including tumor progression and metastasis[25]. Studies conducted in EL-Kras transgenic mice
fed a high ω-6 fatty acid diet demonstrated increased
frequency and size of pancreatic neoplastic lesions as
well as increased pancreatic mast cell densities[26]. In a
related study, a high ω-3 fatty acid diet in EL-Kras transgenic mice was found to have a protective effect against
the formation of pancreatic lesions. These mice had
reduced incidence, frequency, and proliferative index of
pancreatic precancer compared to those fed standard
chow[27]. In unpublished findings by our lab, we demonstrate that EL-Kras transgenic mice fed high ω-6 fatty
acid diets had increased PGE2 and LTB4 compared to
their counterparts fed a high ω-3 fatty acid diet. Therefore, ω-3 and ω-6 fatty acids are involved in carcinogenic
mechanisms and have opposing effects on pancreatic
neoplasia, which is hypothesized to be mediated through
the regulation of eicosanoid production.
Further evidence to support the role of eicosanoids
in the carcinogenic process are epidemiological studies
indicating that the use of non-steroidal anti-inflamma-
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tory drugs (NSAIDs) reduces the incidence of various
solid tumors[24,28]. One study used a meta-analysis to examine the effect of regular NSAID use on colon, lung,
breast, and prostate cancers. The results indicated that
there is a risk reduction of 43% for colon cancer, 28%
for lung cancer, 25% for breast cancer, and 27% for
prostate cancer[28]. The role of NSAIDs and pancreatic
cancer is not clear. Anderson conducted a prospective
study with 28000 post-menopausal women and demonstrated a decreasing trend in pancreatic cancer incidence
in women with more frequent aspirin use[29]. Alternatively, a study among United States adults followed for
18 years found no association between aspirin use and
pancreatic cancer mortality[30]. A different prospective
study in a large cohort of women with an 18 year followup showed an association with long-term aspirin use and
pancreatic cancer although there was a higher prevalence
of obesity and diabetes mellitus among patients who
reported regular aspirin use[31]. A study conducted in
the United Kingdom demonstrated that NSAID use for
more than 773 d in the 5 years prior to diagnosis was associated with a 20% risk reduction of pancreatic cancer,
although increasing doses did not have an impact on
risk[32]. A meta-analysis involving 11 studies analyzing the
association between pancreatic cancer and aspirin and
other NSAIDS did not find a conclusive association[33].
The summary relative risk did not find an association
between aspirin or other NSAIDS and pancreatic cancer,
nor an association between regular use vs irregular use,
nor frequency of aspirin or NSAID use[33].
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Biochemistry of COX and LOX
The ability of NSAIDs to exert their anti-inflammatory
and anti-tumor effects by inhibiting the COX enzyme,
which results in decreased prostanoid production, demonstrates the intimate relationship between inflammation
and cancer[24]. There is evidence to suggest that 5-LOX,
a close relative of COX-2, is essential for eicosanoid
production and tumor pathogenesis. The precursors of
eicosanoids are arachidonic acids. Both prostaglandins
(PG) and leukotrienes (LT) are members of the eicosanoid family, which are lipid mediators made of a 20
carbon fatty acid derivative[34]. Eicosanoids are vital due
to their distinct biological activity in the body and effectiveness in the nanomolar concentration range[34]. The
two eicosanoid members that will be discussed in detail
here are prostaglandins and leukotrienes.
Prostaglandins are made by most cells in the body,
and they act as both paracrine and autocrine mediators[34]. Arachidonic acid is released from the membrane
by the phospholipase cPLA2 and acted on by prostaglandin G/H synthase (known as COX) to become an
intermediate known as PGH2[24] (Figure 2). There are
two main forms of COX: COX-1 and COX-2. COX-1
is generally thought of as the constitutively expressed
enzyme that is responsible for basal production of prostanoids for tissue homeostasis, and COX-2 is induced
by cytokines and growth factors, particularly at sites of
inflammation and neoplasia[13]. Therefore, COX-2 has
a key role in the setting of inflammation and the tumor
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microenvironment[24].
Leukotrienes, while derived from the same precursor
as prostaglandins, are functionally distinct. Leukotrienes
are predominately produced by inflammatory cells, and
once cellular activation occurs, cPLA2 and 5-lipoxygenase (5-LOX) are translocated to the nuclear envelope[34].
LOX enzymes are a family of nonheme iron-containing
dioxygenases with labeling based on the location of
oxygen insertion at the carbon position of arachidonic
acid[25]. The most common LOX enzymes are 5-, 8-, 12-,
and 15-LOX[25]. These then form the corresponding hydroperoxyeicosatetraenoic acids (HPETE)[25]. Specifically, 5-LOX transforms arachidonic acid via a dehydration
reaction to the unstable epoxide LTA4[25]. LTA4 is further
oxidized to form either 5-HETE or the leukotrienes[25].
LTA4 can be hydrolyzed by leukotriene A4 hydrolase
in the cytoplasm or nucleus resulting in LTB4 (Figure
3). LTB4 is known as a potent chemoattractant, and its
receptors are upregulated in pancreatic cancer[35]. LTA4
can also be conjugated with glutathione to form LTC4
by LTC4 synthase. LTC4 can then undergo extracellular
metabolism resulting in LTD4 and LTE4[34]. The activation of 5-LOX is dependent upon the 5-LOX-activating
protein (FLAP).
One of the ways in which LTB4 directs chemotaxis
and regulates neutrophil adhesion is by activating integrin receptors[34,36-39]. It has been demonstrated that local
cell death causes “swarm-like” interstitial neutrophil clustering and LTB4 plays an important role in intercellular
communication between neutrophils and facilitates neu-
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trophil movement through tissue[39]. In the tumor microenvironment, LTB4 has been shown in vivo to enhance
leukocyte recruitment into the tumor stroma[40].

Role of COX in Pancreatic
Neoplasia and Cancer
COX-2 expression is upregulated in a variety of malignancies including colon, esophagus, breast, and pancreatic cancer[41-43]. Multiple studies have indicated that COX-2
is also important in carcinogenesis. One example in a
murine model of familial adenomatous polyposis showed
a marked reduction in the number and size of intestinal
polyps in COX-2 null mice with an APC mutation[44].
The relationship between COX-2 and pancreatic cancer has been evaluated in multiple studies with the majority of the evidence demonstrating upregulated COX-2
expression in pancreatic cancer at both the mRNA and
protein levels. One study showed that levels of COX-2
mRNA were increased 60-fold in pancreatic cancer compared to normal tissue. In addition, COX-2 protein was
expressed in 9 out of 10 pancreatic cancer samples,
while nontumor samples had no COX-2 expression[45].
Immunohistochemistry (IHC) confirmed COX-2 expression in malignant epithelial cells[45]. A different study
demonstrated an increase in COX-2 expression using
IHC when pancreatic carcinoma was compared to normal pancreas[43]. Five pancreatic cancer cell lines were
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studied, and COX-2 protein expression was detected in
BxPC-3, Capan-1, and MDAPanc-3 cells, and increased
levels of COX-2 mRNA were detected in 4 of the 5 cell
lines[43]. When an NSAID was used, a dose-dependent
inhibition of cellular proliferation was observed in all cell
lines studied[43]. Kokawa et al[46] used different pancreatic
cancer cell lines (KP-2, PNS-1, MiaPaca-2, and Panc-1)
to show that COX-2 expression was upregulated in all 4
of them, and NSAID inhibition of cellular proliferation
was correlated with the expression of COX-2. Maitra
used automated cellular imaging to evaluate COX-2 expression not only in pancreatic adenocarcinoma but also
its precursor, pancreatic intraepithelial neoplasia (PanIN).
This showed an increase in the overall average number
of positive cells from 19.2% in normal ducts to 36.3% in
PanINs to 47.3% in adenocarcinomas[47]. This study suggests tumorigenic activity of COX-2 in preinvasive pancreatic lesions and a potential role for chemopreventive
agents such as COX-2 inhibitors in pancreatic cancer.
While multiple studies have shown the association
between pancreatic cancer and COX-2 expression, few
have investigated the underlying mechanism of COX-2
and how it promotes neoplastic changes. Overexpression
of COX-2 leads to increased tumor prostanoid levels,
and PGE2 is known to have several tumorigenic effects.
PGE2 has been implicated in the inhibition of apoptosis
and the induction of proliferation and angiogenesis[48].
One group investigated the relationship between highmobility group A1 (HMGA1) and COX-2 in pancreatic
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cancer. The authors proposed that the HMGA1-COX-2
axis is a key molecular pathway in pancreatic cancer because the upregulation of COX-2 expression is HMGA1
dependent in various pancreatic cancer cell lines. It was
first demonstrated that a positive correlation between
HMGA1 and COX-2 expression in six pancreatic cancer
cell lines (BxPC-3, HPAF-Ⅱ, MiaPaCa-2, Panc1, PL45,
and XPA-3) existed[49]. COX-2 expression after knockdown of HMGA1 in two pancreatic cancer cell lines was
evaluated and showed that HMGA1 binds to the COX-2
promoter to induce its expression[49]. A significant reduction in COX-2 expression after using an HMGA1
siRNA was observed, and COX-2 inhibitors blocked tumorigenesis in human pancreatic cancer xenografts that
overexpressed HMGA1[49].
Another potential mechanism proposed for the involvement of COX-2 in tumorigenesis is its effect on
angiogenesis. Chu compared the angiogenic effects of
a COX-2 expressing pancreatic cancer cell line BxPC-3
with the COX-2 negative AsPC-1 cell line. The group
found a significant increase in endothelial cell migration
induced by BxPC-3 migration compared with AsPC-1.
These findings were supported by data demonstrating
that BxPC-3 treatment with a COX-2 inhibitor decreased
the angiogenic responses of the endothelial cells[50]. Eibl
et al[51] showed in a subset of pancreatic cancer cell lines
that COX-2 increased PGE 2 which subsequently increased VEGF secretion. In a subsequent in vivo study,
an orthotopic pancreatic cancer model in nude mice was
used to demonstrate the effects of nimesulide, a selective
COX-2 inhibitor, on angiogenesis. In mice with COX-2
positive tumors, nimesulide resulted in an increase in
VEGF production by malignant cells but a compensatory
decrease in production by nonmalignant cells, ultimately
leading to reduced tumor angiogenesis and growth[52].
Ito’s study on the effect of COX-2 on tumor invasion found that PGE2 mediated pancreatic cancer cell invasion through induction of matrix metalloproteinase-2
expression. This induction was found to be dependent
on an extracellular signal-regulated kinase (ERK)/Ets1-dependent mechanism[53].
Another study investigated the expression of COX-2
on clinical outcomes and found no correlation between
global COX-2 expression and clinical outcome. The clinical outcomes studied were survival, stage, tumor size,
or vascular invasion[54]. The expression of COX-2 was
related to an increase in perineural invasion[54].
Several preclinical mouse models evaluating pancreatic lesions have been reported. One particular transgenic
model, LSL-KRASG12D; PDX-1-Cre, is a mouse with a
KRAS mutation expressed in pancreatic progenitor cells.
This model results in PanIN lesions which eventually
develop through advanced PanIN lesions into adenocarcinoma[55]. The efficacy of a selective COX-2 inhibitor,
nimesulide, was evaluated in this mouse model. Animals
treated with nimesulide demonstrated significantly fewer
PanIN lesions and decreased intrapancreatic prostaglandin E2 levels compared to mice on a control diet[55].
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In two unpublished works from our group, another
mouse model with mutant Kras expression targeted to
acinar cells (EL-Kras)[56] have been crossed with COX-2
knock-out mice to generate cohorts of EL-Kras/COX-2-/mice. These mice have a significantly reduced frequency
of cystic papillary neoplasms compared with EL-Kras
mice with wild-type COX-2. Also, mice that overexpress COX-2 in acinar cells develop hyperplastic, mildly
dysplastic ducts with accompanying focal fibrosis and
lymphocytic infiltration[57]. A different transgenic mouse
model, BK5.COX2, results in COX-2 overexpression in
the exocrine pancreas[58]. The resulting histology demonstrated pancreatitis-like changes with acinar-to-ductal
metaplasia by 3 mo, and at 6-8 mo strongly dysplastic
features. The described phenotype was completely prevented by maintaining the mice on a COX-2 inhibitor.
Cell lines derived from lesions in these mice were tumorigenic when injected into nude mice. Both of these
mouse models highlight the relationship between COX-2
and pancreatic cancer and will be important in future
studies.

Role of LOX in Pancreatic
Neoplasia and Cancer
Similar to COX-2, LOX has been implicated in several
human cancers including lung, prostate, colon, breast,
and pancreatic; however, relatively little research has
been conducted to elucidate its role in cancer progression[59-61]. 5-LOX expression is upregulated in both pancreatic adenocarcinoma as well as in neoplastic lesions
of the pancreas[25]. In a study by Hennig, three pancreatic
cancer cell lines, AsPC-1, PANC-1, and MiaPaCa2, were
found to have 5-LOX mRNA expression while normal
human pancreatic cells did not express 5-LOX[35]. They
also confirmed that 5-LOX protein was expressed in
these cell lines and in two additional cell lines, Capan-1
and HPAF[35]. Moreover, the expression levels of both
5-LOX and its downstream metabolite LTB4 were found
to be significantly upregulated in pancreatic tumors
compared with normal pancreatic tissue[35]. Interestingly,
staining was evident in both the cancer cells as well as
the ductal cells and adjacent islets. A follow-up study by
Hennig et al[62] investigated 5-LOX expression in PanIN
lesions. Greater than 90% of the ductal cells had strong
positive 5-LOX staining in all grades of PanINs with no
significant difference between grades of PanINs. This
was compared to normal pancreatic specimens that had
0 to 7.5% of the ductal cells showing 5-LOX staining[62].
This study also reported that 5-LOX expression was
present in pancreatic PanIN-like lesions in N-nitroso-bis
(2-oxopropyl)-amine (BOP) treated hamsters as well as
EL-Kras transgenic mice[62]. Ding reported similar results showing increased 5-LOX expression in MiaPaCa2,
PANC-1, AsPC-1, and Capan2 pancreatic cancer cell
lines at the mRNA level[63]. The general LOX inhibitor
(NDGA), a 5-LOX inhibitor (Rev5901), and a FLAP
inhibitor (MK-886), all inhibited thymidine incorpora-

10734

August 21, 2014|Volume 20|Issue 31|

Knab LM et al . Roles of COX-2 and 5-LOX in pancreatic cancer

tion in MiaPaCa2 cells indicating that these compounds
induced growth inhibition in pancreatic cancer cells. Finally, it was demonstrated that arachidonic acid and linoleic acid induced pancreatic cancer cell proliferation[63].
While there have been no studies published to date
examining mouse models deficient in 5-LOX, our lab is
currently investigating this mouse model. We have developed a EL-Kras/5-LOX null mouse and preliminary
results have indicated a decrease in pancreatic lesions
in the 5-LOX null mice compared with their wildtype
counterparts.
While it is well established that 5-LOX plays an important role in pancreatic tumor progression, fewer studies
have investigated its underlying mechanism in this disease. Ding showed that the 5-LOX metabolite, 5(S)-hydroxyeicosatetraenoic acid [5(S)-HETE], stimulates pancreatic cancer cell proliferation in a time- and concentration-dependent manner[63]. In a subsequent study, Ding
demonstrated that 5-(S)-HETE has mitogenic effects
due to its role in the MEK/ERK and PI3 kinase/AKT
pathways[64]. In an additional study, this group demonstrated that both the general LOX inhibitor (NDGA)
and the 5-LOX inhibitor (Rev5901) induced apoptosis in
four different pancreatic cancer cell lines[65]. Apoptosis
was confirmed using three different methods including
DNA propidium iodide staining, DNA fragmentation,
and terminal deoxynucleotidyl transferase nick end labeling (TUNEL) assay in PANC-1, MiaPaCa2, Capan2,
and HPAF cell lines[65]. A follow-up study performed by
Tong further delineated the mechanism behind the LOX
inhibitor-induced apoptosis showing that it is a mitochondria-mediated pathway[66]. Specifically, LOX inhibitors (NDGA and Rev5901) decreased Bcl-2 and Mcl-1
and increased Bax expression in human pancreatic cancer cells[66]. LOX inhibitors also induced cytochrome-c
release and caspase-9 activation. The effect of the LOX
inhibitors was also demonstrated in vivo where it blocked
pancreatic cancer cell growth and induced apoptosis in
athymic mice[66]. These studies suggest the relationship
between 5-LOX and its role in apoptosis in the tumor
microenvironment.

LTB4 AND PANCREATIC CANCER
LTB4 is a metabolite of 5-LOX and an important inflammatory mediator. LTB4 is involved in recruiting inflammatory cells and is a potent chemokine for monocytes,
neutrophils, and eosinophils. It also enhances adhesion
and migration of neutrophils across the vascular endothelium[67]. BLT1 and BLT2 are two G-protein-coupled
receptors that have a high and low affinity, respectively,
for LTB4[68]. LTB4 is secreted from human pancreatic
cancer cells and its receptors are upregulated in pancreatic cancer tissue as well as in multiple cell lines[35,69].
Similar to COX-2 and 5-LOX, BLT1 and BLT2 have also
been found to be upregulated in PanIN lesions which
suggests a potential role of LTB4 and its receptors in
chemoprevention[70].
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Multiple LTB4 receptor antagonists have been developed but earlier compounds had poor oral bioavailability[68]. A more stable and orally bioavailable compound was
later developed, LY293111, which blocks LTB4-mediated
kinase phosphorylation[67]. LY293111 inhibits pancreatic
cancer growth in vivo and in vitro through inhibition of
proliferation and induction of apoptosis in a variety of
pancreatic cancer cell lines (MiaPaCa-2, HPAC, Capan-1,
Capan-2, PANC-1, and AsPC-1) in a time- and concentration-dependent manner[69,71]. When LTB4 was added
to the cancer cell lines, it stimulated proliferation and induced ERK1/2 phosphorylation in all six cell lines[69]. In
a different study, LY293111 was found to cause cell cycle
arrest in S phase and suppress cyclin A, cyclin E, and
cdk2 expression[71]. When LY293111 was administered to
athymic mice with human pancreatic cancer xenografts,
the LTB4 receptor antagonist suppressed growth of the
subcutaneous xenografts[69].

Clinical Correlation
COX inhibitors
Multiple studies have been conducted evaluating the use
of COX-2 inhibitors combined with different chemotherapy regimens. A phase Ⅱ trial of Uracil/Tegafur plus
Leucovorin and Celecoxib combined with radiotherapy
in patients with locally advanced pancreatic cancer did
not show a significant response and resulted in substantial gastrointestinal toxicity[72]. A study of Celecoxib and
5-fluorouracil in patients with advanced pancreatic cancer
who had progressed after gemcitabine-based chemotherapy showed promising results in that the Celecoxib was
well tolerated and capable of inducing durable responses[73]. In a phase Ⅱ trial of gemcitabine, Irinotecan, and
Celecoxib in patients with inoperable pancreatic cancer,
the addition of Celecoxib was found to increase the percentage of patients achieving a one-year overall survival
from about 3 mo to 9 mo and increased overall survival
from about 6 mo to 18 mo[74]. Other studies in patients
with advanced pancreatic cancer evaluated the combination of Celecoxib and gemcitabine or the combination of
Gemcitabine, Celecoxib, and Cisplatin, but Celecoxib did
not increase the efficacy of either chemotherapy regimen
(Table 1)[75,76]. While the idea of using a COX-2 inhibitor is promising in patients with pancreatic cancer, it will
likely be most effective as a preventive agent very early in
the disease process as opposed to improving survival in
those patients with advanced disease.
LOX inhibitors
Zileuton is a 5-LOX inhibitor of the N-hydroxyurea series,
approved by the Food and Drug Administration in 1996
for the treatment of asthma[25]. It was shown in clinical trials to produce moderate airway improvement in asthmatics. While Zileuton has had promising effects for airway
disease, this drug has not yet been tested in patients with
cancer.
Several studies have investigated Zileuton in animal
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Table 1 Clinical trials
Drug
Celecoxib

Type

Trial

COX-2
inhibitor

Uracil/Tegafur, Leucovorin, Celecoxib + RT[72]

Type

Celecoxib, 5-FU[73]
Gemcitabine, irinotecan, celecoxib[74]
Gemcitabine, celecoxib[76]

LY293111

LTB
receptor
antagonist
4

Cancer

Outcome

Pancreatic; locally advanced No significant partial or
unresectable
complete response
Pilot
Pancreatic; advanced after
Durable response
study
Gemcitabine treatment
Ⅱ
Pancreatic; unresectable
Increased OS from 6 m to
18 m
Ⅱ
Pancreatic; locally advanced No significant response
or metastatic
Ⅱ
Pancreatic; metastatic
No significant response
Ⅰ
Solid tumors (including
No significant response
pancreatic); locally advanced
or metastatic
Ⅱ
Pancreatic; locally advanced No significant response
or metastatic
Ⅱ

Gemcitabine, cisplatin, celecoxib[75]
Irinotecan, LY293111[80]

Gemcitabine, LY293111[81]

Toxicity
Significant GI
toxicity
Well tolerated
Well tolerated
Well tolerated
Well tolerated
Significant GI
toxicity
Significant GI
toxicity

Cox: Cyclooxygenase; LTB4: Leukotriene B4; RT: Radiation therapy; FU: Fluorouracil; OS: Overall survival; GI: Gastrointestinal.

studies and shown promising results for multiple cancers
including carcinoma of the colon, lung, and pancreas.
Zileuton was shown to reduce cell proliferation in murine colon adenocarcinoma cell lines[77]. In a xenograft
model using human colon cancer cells, Zileuton inhibited tumor growth and reduced tumor mass[78]. In pancreatic cancer studies using the Syrian hamster model with
BOP-induced pancreatic cancer, Zyflo (an extended release formulation of Zileuton) was found to reduce the
incidence and size of the pancreatic cancer both alone
and in combination with a COX-2 inhibitor[79].

LTB4 Receptor Antagonist
A few clinical trials have been conducted using LY293111
in patients with pancreatic cancer. A phase I study demonstrated that LY29311 was well tolerated in combination with Irinotecan although no responses were seen[80].
A different study randomized patients with pancreatic
cancer to gemcitabine and LY293111 vs gemcitabine
and placebo. There was no significant difference in sixmonth survival or progression-free survival[81]. Finally,
a study conducted in patients with non-small cell lung
cancer receiving LY293111 and Cisplatin/Gemcitabine
also did not show a survival benefit[82]. Similar to COX-2
inhibitors, an LTB4 receptor antagonist would probably
be most efficacious early in the disease process.
FLAP inhibitors
MK-886 is a FLAP inhibitor and inhibits leukotriene
biosynthesis. It was first developed for use in asthma although clinical development was halted due to only a
50% inhibition of leukotriene production when used[83].
A second-generation FLAP inhibitor, MK-0591, had
more potent inhibitory effects on leukotriene production, although it did not clinically perform as expected
and was also discontinued[84].
Similar to Zileuton, MK-886 has shown promising
results in vitro and in vivo. As mentioned above, MK-866
was shown to promote growth inhibition in a pancreatic
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cancer cell line. It was also shown in vivo to reduce pancreatic cancer development in a hamster model[85].

CONCLUSION
The inflammatory pathway is an important process in
cancer progression. A combination of clinical studies,
epidemiological studies, and basic science investigations
indicate that there is a relationship between inflammatory changes in the pancreas and neoplastic progression. Intake of ω-6 polyunsaturated fatty acids provides
increased substrate for COX and LOX mediated metabolism of arachidonic acid into eicosanoids. These
eicosanoids directly contribute to pancreatic cancer cell
proliferation. When COX-2 and 5-LOX are blocked via
a variety of mechanisms, cancer cell proliferation is abrogated both in vitro and in vivo. The use of COX-2 and
5-LOX inhibitors in clinical studies in patients with pancreatic cancer has been limited. Patient enrollment has
been restricted to patients with advanced disease which
makes evaluation of these drugs as chemopreventive
agents difficult. COX and LOX expression have been
shown to be present during the early neoplastic changes
of pancreatic cancer, well before progression to invasive disease. This indicates that the ideal role for these
interventions is early in the disease process as preventive
agents, perhaps in patients with chronic pancreatitis or
hereditary pancreatitis. Further investigation is needed to
broaden our understanding of the complex relationship
between inflammation and pancreatic cancer and how
these inflammatory pathways can be targeted to treat this
deadly disease.
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Abstract
Pancreatic cancer is the fourth leading cause of cancer
death in the United States. While surgical resection
remains the only curative option, more than 80% of
patients present with unresectable disease. Unfortunately, even among those who undergo resection, the
reported median survival is 15-23 mo, with a 5-year
survival of approximately 20%. Disappointingly, over
the past several decades, despite improvements in diagnostic imaging, surgical technique and chemotherapeutic options, only modest improvements in survival
have been realized. Nevertheless, it remains clear that
surgical resection is a prerequisite for achieving longterm survival and cure. There is now emerging consensus that a subgroup of patients, previously considered
poor candidates for resection because of the relationship of their primary tumor to surrounding vasculature,
may benefit from resection, particularly when preceded
by neoadjuvant therapy. This stage of disease, termed
borderline resectable pancreatic cancer, has become
of increasing interest and is now the focus of a multiinstitutional clinical trial. Here we outline the history,
progress, current treatment recommendations, and
future directions for research in borderline resectable
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Core tip: Borderline resectable pancreatic cancer has
become recognized as a clinical entity worthy of study
based on a number of clinical observations that recognize a continuum between resectable and locally
advanced unresectable disease. There are few prospective trials and therefore no data to support specific
treatment regimens in borderline resectable pancreatic
ductal adenocarcinoma (PDAC). Difficulties in achieving a consensus, objective definition, small numbers of
patients and variability in therapeutic algorithms have
delayed progress in establishing strong evidence-based
practices for diagnosis and treatment. The Alliance
trial represents a first step in establishing reproducible
standards by which future trials in borderline resectable PDAC can abide.
Lopez NE, Prendergast C, Lowy AM. Borderline resectable pancreatic cancer: Definitions and management. World J Gastroenterol
2014; 20(31): 10740-10751 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i31/10740.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10740

INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer
death in the United States [1]. While surgical resection
remains the only curative option, more than 80% of patients present with unresectable disease[1,2]. Unfortunately,
even among those who undergo resection, the reported
median survival is 15-23 mo, with a 5-year survival of ap-
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proximately 20%[3-5]. Disappointingly, over the past several decades, despite improvements in diagnostic imaging,
surgical technique and chemotherapeutic options, only
modest improvements in survival have been realized.
Nevertheless, it remains clear that surgical resection is a
prerequisite for achieving long-term survival and cure.
There is now emerging consensus that a subgroup of
patients, previously considered poor candidates for resection because of the relationship of their primary tumor
to surrounding vasculature, may benefit from resection,
particularly when preceded by neoadjuvant therapy.
This stage of disease, termed borderline resectable
pancreatic cancer, has become of increasing interest and
is now the focus of a multi-institutional clinical trial.
Here we outline the history, progress, current treatment
recommendations, and future directions for research in
borderline resectable pancreatic cancer.

EVOLUTION OF THE BORDERLINE
RESECTABLE CONCEPT
The concept of borderline resectable pancreatic cancer
has evolved from several clinical observations made over
decades. It has been recognized for some time that the
prognosis for patients undergoing surgical resection for
pancreatic ductal adenocarcinoma (PDAC) is highly dependent on margin status, with total gross excision and
histologically negative margins (R0 resection) being associated with the best outcomes. Survival for patients who
undergo total gross excision but have histologically positive
margins (R1 resection) have a reduced survival in most series[3,6-9]. Most significantly, patient who undergo resection
with residual gross tumor (R2 resection) have a prognosis
similar to patients treated with non-operative therapy[9-12].
Historically, resectability of pancreatic cancer was defined
by absence of distant metastases, absence of local tumor
extension to the celiac axis and hepatic artery, as well as
the lack of involvement of the superior mesenteric vasculature. However, data emerging in the 1990’s suggested
that vein resection with negative margins was associated
with equivalent survival to standard PD, leading to an
increasing acceptance of vascular resection (VR) in curative resections. In 1994, Allema et al[13] published a series
of 20 superior mesenteric vein/portal vein ( SMV/PV)
resections, showing no significant differences in survival
in comparison to standard PD and confirming both the
feasibility of the procedure and the capacity to obtain R0
resections with this technique. In a similarly sized study,
Fuhrman et al[14] confirmed the findings, concluding that
vascular resection is a safe and effective means by which
to attain complete resection in cases of tumor adherence to the SMV or SMV/PV confluence. In the ensuing
years, others strengthened the notion that appropriately
selected patients could undergo vascular resection to
achieve survival outcomes similar to patients undergoing standard PD and superior to outcomes of locally
advanced disease treated non-operatively[15,16]. In 2004,
a group from MD Anderson reviewed all patients who
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underwent PD at their institution between 1990 and 2002
to examine the effect of vascular resection on margin
status and survival in PDAC[16]. Of 291 patients who underwent PD for PDAC, 181 had a standard PD and 110
had PD with vascular resection. Median survival was 26.5
mo in the standard PD group and 23.4 mo in the group
that required VR (P = 0.18). Clearly, the extent of venous
involvement has a direct relationship to operability and
to final margin status. As tumors encroach on the left
side of the SMV-portal vein, they encroach increasingly
on the SMA. Lu et al[17] reported that tumor involvement
of greater than half the circumference was highly specific for unresectable disease. The Ishikawa classification,
established by Ishikawa et al in 1992, is based on radiographic findings that demonstrate the relationship of
the tumor to the SMV-PV (1) normal; (2) smooth shift
without narrowing; (3) unilateral narrowing; (4) bilateral
narrowing; and (5) bilateral narrowing and the presence
of collateral veins (Figure 1). This classification has also
been used to report the relationship between SMV-PV
appearance by cross-sectional imaging and prognosis.
In the early 1990s a small study was conducted in
which 28 patients with localized PDAC underwent treatment with preoperative chemoradiation with 5-Fluorouracil (5-FU). After restaging, 17 out of 28 were able to
undergo successful resection with few complications,
confirming the feasibility and safety of neoadjuvant
therapy followed by resection[18]. Similarly, a 1997 study
comparing pre-operative and post-operative chemoradiation in 142 patients with resectable disease found preoperative chemoradiation offered comparable benefits
to post-operative therapy and is not hindered by postoperative complications or prolonged recovery[19]. Pisters et al[20] found additional advantages of neoadjuvant
chemoradiation with 5-FU in 35 patients with resectable PDAC. Among 20 patients who underwent resection, median survival was 25 mo, while median survival
among 15 patients who did not undergo PD was 7 mo.
They concluded that neoadjuvant chemoradiation results
in minimal toxicity while maximizing the number of patients who get combined modality treatment and limiting
PD to those most likely to benefit.
Several studies have suggested that neoadjuvant chemoradiation may enhance resectability and inhibit local recurrence[19,21]. A Phase Ⅱ trial published in 1993 demonstrated
a significant reduction in the incidence of positive margins
and lymph nodes in tumors treated with pre-operative
chemoradiation[21]. The authors concluded that negative
margin resections achieved in all 10 resected patients, and
the low rate of nodal metastasis (10%) may be attributable
to neoadjuvant treatment.
Studies of patients with more advanced disease have
also proposed that neoadjuvant therapy may result in
downstaging, thereby improving the likelihood of R0
resection. In 1999 White et al[22] performed a study of 25
patients with locally advanced pancreatic cancer treated
with neoadjuvant chemoradiation at Duke University
finding that only a small percent were downstaged. 22
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Table 1 Comparison of radiographic differences in common definitions for borderline resectable pancreatic cancer
Effected vessel
SMV/PV
SMA
HA
CA

AHPBA/SSAT/SSO/NCCN

[29]

Abutment, impingement, encasement of the
SMV/PV or short segment venous occlusion
Abutment
Abutment or short segment encasement
Uninvolved

MD Anderson

[28]

Alliance

[26]

Occlusion

Tumor-vessel interface ≥ 180° of vessel wall circumference,
and/or reconstructable occlusion
Abutment
Tumor-vessel interface < 180° of vessel wall circumference
Abutment or short
Reconstructable short segment interface of any degree besegment encasement
tween tumor and vessel wall
Abutment
Tumor-vessel interface < 180° of vessel wall circumference

AHPBA/SSAT/SSO/NCCN: Americas Hepatopancreaticobiliary Association/Society for Surgery of the Alimentary Tract/Society of Surgical Oncology/
National Comprehensive Cancer Network; SMV/PV: Superior mesenteric vein/portal vein; SMA: Superior mesenteric artery; HA: Hepatic artery; CA: Celiac artery.

of 25 patients underwent restaging after chemoradiation,
six of 22 (27.3%) had a decrease in size of the primary
tumor and three of the 22 (13.6%) had overall disease
regression by radiographic imaging. White et al[23] later
reported on 111 patients with PDAC, 53 with potentially
resectable and 58 with locally advanced disease who
underwent neoadjuvant treatment with chemoradiation
followed by restaging and surgery as deemed about 11
of 58 (19%) patients with locally advanced disease underwent resection. six of fifty-eight (11%) tumors were
radiographically downstaged from locally advanced to
potentially resectable by neoadjuvant. Similarly, a slightly
larger study at Memorial Sloan-Kettering published in
2001 reported only 3 of 87 (3.4%) patients with locally
advanced disease who received neoadjuvant therapy had
significant enough responses to warrant surgical exploration[24]. Together, these studies indicate that a small,
but real population exists, in which neoadjuvant therapy
appears to downstage pancreatic cancer. However, the
lack of sensitivity of radiographic staging of pancreatic
adenocarcinoma after chemoradiation indicates that radiographic tumor downstaging may not accurately reflect
the benefit of neoadjuvant therapy.
Instead, margin status and histologic response may
offer more reliable evidence of the efficacy of neoadjuvant therapy. In the above-mentioned studies published
by White et al[22] in 1999, five of eight patients with either
stable disease or disease regression at the time of restaging who underwent exploration were resected. One
(4.5%) was resected with negative margins and negative
nodes (R0). A later study by the same group reported
on 103 patients with potentially resectable or locally advanced disease that underwent neoadjuvant therapy followed by re-staging computed tomography (CT). Of 49
with locally advanced tumors on restaging CT, 11 (22%),
were resected, and 6 (55%) of these were resected with
negative margins, suggesting that reliance on the standard CT criteria for unresectability will deprive approximately 6 of 49 or 12% of patient of the opportunity for
curative (R0) resection after neoadjuvant therapy[25].
Thus, a series of clinical observations lead to the concept of borderline resectable disease. These were wellsummarized by Katz et al[26]; (1) complete resection of
the primary tumor and regional lymph nodes is mandatory for long-term survival; (2) the incidence of margin-
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negative resection following surgery de novo decreases
with increasing involvement of the superior mesenteric
vein-portal vein (SMV/PV) and superior mesenteric artery (SMA); (3) resection of the SMV/PV and hepatic
artery-but not the SMA-at pancreatectomy is associated
with acceptable outcomes; (4) actual tumor regression,
so called, “down-staging” of locally advanced cancers is
rare following the administration of conventional cytotoxic agents alone or in combination with chemoradiation therapy; and (5) chemotherapy and/or chemoradiation may be used to select patients with favorable tumor
biology and physiology who may benefit from aggressive
operations.

DEFINITIONS
In general, borderline resectable pancreatic cancer is neither clearly resectable nor clearly unresectable but rather
implies a greater chance of incomplete resection in the
setting of upfront surgery. Many groups have proposed
definitions, however there is not yet a universally accepted definition of borderline resectable pancreatic cancer.
The first published definitions were by the National
Comprehensive Cancer Network (NCCN) and the MD
Anderson Cancer Center[27,28] (Table 1). In 2009, a consensus statement issued by The Americas Hepatopancreatobiliary Association (AHPBA)/Society for Surgery
of the Alimentary Tract (SSAT)/Society of Surgical
Oncology (SSO), put forth a third definition, which was
later adopted by the NCCN[29]. According to the AHPBA/SSAT/SSO/NCCN definition, borderline resectable
PDAC includes tumors that display; (1) venous involvement of the SMV/PV demonstrating tumor abutment,
encasement, or short segment venous occlusion, but
with suitable vessel proximal and distal to the area of
vessel involvement, allowing for safe resection and reconstruction; (2) gastroduodenal artery encasement up
to the hepatic artery and short segment encasement/direct tumor abutment of the hepatic artery with no extension to the celiac axis; or (3) tumor-SMA involvement <
180°. This differs from the definition advocated by the M.
D. Anderson Group, which is largely similar to the AHPBA/SSAT/SSO/NCCN, except it excludes tumors that
abut (< 180° tumor-vessel interface) or encase (≥ 180°
interface) the SMV/PV, instead considering them resect-
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able. More recently, Tran Cao et al[30] have employed a
simplified radiographic classification system-Tumor-vein
circumferential interface (TVI)-grouping findings as: no
interface, ≤ 180° of vessel circumference, > 180° of
vessel circumference, or occlusion. The TVI system was
found to be predictive of the need for venous resection,
histologic venous invasion, and survival
Additionally, the MD Anderson group has also described two other patient populations, termed borderline
resectable “B” and “C” based on clinical, rather than
anatomic criteria: those with findings that are suggestive,
but not diagnostic of metastasis and patients with marginal performance status[31]. Katz groups B and C were
established to recognize clinical subgroups, in addition
to the well-recognized anatomic subgroup (Katz Group
A), in which staging and treatment for pancreatic cancer
were unclear. Many authors acknowledge these clinical
definitions, however, few have utilized Katz groups in
defining study populations[32-34]. Staging and treatment in
clinically defined borderline resectable disease (Groups
B and C) deserves attention, however, current efforts focusing on the more widely accepted anatomic definitions
have tended to take precedence.

STAGING CONSIDERATIONS IN
BORDERLINE RESECTABLE PANCREATIC
CANCER
Preoperative evaluation
Preoperative imaging: Optimal outcomes in management of pancreatic cancer require multidisciplinary care,
utilizing information from high quality imaging. CT is
the most-well studied imaging modality for the evaluation of pancreatic cancer[17,29,35]. Moreover, CT is widely
available and familiar to surgeons, making it an optimal
imaging study for operative planning. CT should be performed using a so-called, pancreas protocol: tri-phasic
contrast (non-contrast, arterial, pancreatic parenchymal,
portal venous) in thin cross sectional cuts (≤ 3 mm)
with multiplanar reconstructions. While CT performed
in this manner has an excellent negative predictive value
for unresectability, it is not as accurate at predicting resectability[35]. This is, at least in part, due to its lack of
sensitivity for identifying small hepatic and peritoneal
metastases.
Recently, some studies have suggested an MRI pancreas protocol may be particularly valuable due to more
sensitive visualization of sub centimeter tumors/liver
metastases, peritoneal carcinomatosis, and subtle signs
of vascular infiltration[36,37].
The role of PET/CT in the evaluation of potentially
resectable pancreatic cancer remains unclear. To date, its
suggested uses include detection of metastases in highrisk patients, improved diagnostic accuracy for purposes
of operative selection and assessment of response to
chemoradiation[38-40]. While PET/CT may prove useful
in certain circumstances, at this time, pending additional
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data, its routine use cannot be recommended.
Tissue diagnosis: While histologic diagnosis is not required for patients with presumed pancreatic cancer who
are going to be treated with upfront surgery, biopsy is required prior to initiation of neoadjuvant therapy in patients
with borderline resectable pancreatic cancer. Fine needle
aspiration (FNA) is the preferred method for obtaining a
tissue diagnosis. While this can be performed percutaneously, under ultrasound (US) or CT guidance[41], endoscopic ultrasound (EUS) with FNA is favored. Numerous studies have shown that EUS-guided FNA is a safe
and cost effective means of increasing diagnostic accuracy in pancreatic cancer[42-44]. Major complications are
rare with approximately 2% of patients requiring postprocedure hospitalization[45]. Additionally, EUS-FNA offers decreased potential for peritoneal seeding compared
to percutaneous biopsy[46].
In cases where EUS-FNA is not possible, other mechanisms for obtaining a tissue diagnosis may suffice. Intraductal biopsy or brushings may be collected via ERCP[47].
This method is particularly useful in borderline resectable pancreatic cancer patients with obstructive jaundice,
as these patients should be stented prior to starting neoadjuvant therapy[48,49]. Stenting these patients provides
symptomatic relief, reduces risk of cholangitis, prevents
coagulopathy, and normalizes LFTs - a requirement in
cases where abnormal liver function might result in adverse effects on the metabolism of chemotherapeutics.
In the setting of neoadjuvant therapy, expandable short
metal stents are preferred as they have longer patency,
and therefore are associated with a lower risk of stent
occlusion and resultant complication during induction
therapy[50,51]. Additionally, covered stents are associated
with decreased tumor ingrowth and improved patency
and are therefore preferred to uncovered stents[52,53].
Role of CA 19-9: Among many tumor antigens that
have been associated with pancreatic cancer, CA 19-9
is the best validated. It is a sialylated Lewis antigen and
therefore is not detectable in Lewis antigen negative
individuals[54]. Unfortunately, while relatively sensitive,
its specificity is suboptimal as CA19-9 levels are often elevated in association with other pancreatic and hepatobiliary pathology, obstructive jaundice in particular[55]. Still,
preoperative CA 19-9 has been shown to correlate with
pancreatic cancer staging and therefore, resectability[56,57].
Furthermore, post-resection CA 19-9 levels prior to initiation of adjuvant chemotherapy have been shown to
have independent prognostic value and can be followed
to indicate response to therapy[58-60]. As such, CA 19-9
levels should typically be drawn prior to surgery, following surgery prior to adjuvant therapy and during active
surveillance.
Staging laparoscopy: Though there is no absolute consensus on its use, numerous studies have demonstrated
that staging laparoscopy can detect occult metastasis
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even in pancreatic cancer patients who have undergone
high quality cross-sectional imaging[61,62]. Detection of
occult metastatic disease such as peritoneal, capsular, or
serosal implants, avoids the morbidity associated with
laparotomy[63]. In some institutions staging laparoscopy is
routine, however others use it selectively in patients with
high risk features for advanced disease such as significant
weight loss, elevated CA19-9, and borderline resectable
disease[56,64,65]. It is reasonable to consider laparoscopy
before administering radiation therapy, as it is unlikely
that local therapy would confer benefit to patients in the
setting of metastatic disease.
Vascular resection: The increasing safety and feasibility of aggressive surgical resections have been central
to the evolution of the concept of borderline resectable pancreatic cancer. Still, vascular resection in PD
remains an area of controversy. Several studies confirming similar outcomes after PD with SMV-PV resection
in comparison to PD alone were crucial in the advent of
borderline resectable disease[14,15,66,67]. Even so, two recent,
large database studies have called these data into question.
In 2012 Castleberry et al[68] published a study using the
National Surgical Quality Improvement Program database
to analyze all patients undergoing PD. They found that PD
with VR was associated with significantly increased morbidity and mortality. Similarly, Worni et al[69] used the National
Inpatient Sample database to show comparable increases
in morbidity and mortality associated with the addition
of VR to PD. These studies are subject to the criticisms
of any large database study. In particular, they cannot
distinguish the operations performed in which vascular
resection was anticipated and planned as opposed to the
vascular resection performed in the setting of vascular
injury when an adherent tumor is attempted to be removed. These no doubt result in much different rates
of blood loss, and morbidity. Nevertheless, these studies call attention to the continued risks associated with
vascular resection and are a reminder to emphasize multidisciplinary treatment and planning prior to proceeding
with surgical resection in order to reduce perioperative
risk in these patients[70].
Data with regard to arterial resection (AR) are even
fewer. Some groups suggest similar morbidity and mortality in PD with AR in comparison to PD alone[71,72].
However, most studies indicate that AR significantly
increases morbidity and mortality and therefore recommend this approach only for the purposes of obtaining
an R0 resection[73]. Additionally, some suggest that AR
may provide improved survival in comparison to palliation alone[74-76].
Though not unanimously employed, SMV-PV resection is more widely accepted than AR. In either case,
patient selection is paramount to achieving favorable
outcomes.

TREATMENT
Despite a paucity of prospective data to support a stan-
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dard treatment regimen for borderline resectable pancreatic cancer, neoadjuvant therapy is currently the preferred
initial approach[77-79]. Theoretical advantages to neoadjuvant treatment include early treatment of micrometastasis, improved patient selection for surgical intervention,
more effective treatment delivery, as well as the potential
to achieve some degree of downstaging and/or increase
the likelihood of R0 resection. In addition to providing
the opportunity to treat early occult disease, neoadjuvant therapy ensures that patients undergoing resection
receive multimodality therapy[80]. This is an important
benefit as up to 25% of patients with resectable tumors
are unable to receive post-operative therapy due to postoperative complications, prolonged recovery or deconditioning[19]. Patients with borderline resectable disease
often require more complex resections and it is therefore
reasonable to assume delays to receipt of adjuvant therapy may be even more significant. By identifying patients
with adequate performance status to complete pre-operative chemotherapy, and tumors with more favorable
biology, neoadjuvant therapy selects patients most likely
to benefit from resection[81]. In principle, pre-operative
treatment may also enable enhanced tumor oxygenation
and drug delivery compared to the post operative state,
which may result in more effective radiotherapy[82].
In 2001, Mehta et al[83] described the first prospective
case series of 15 patients with ‘‘marginally resectable’’
PDAC as indicated by CT evidence of portal vein, superior mesenteric vein, or artery involvement. Patients
were treated with 5-FU and radiation followed by reevaluation for resection. Nine of 15 patients underwent
resection, all with uninvolved margins, leading the group
to conclude that chemoradiation is well tolerated, and
may downstage tumors, sterilize regional lymph nodes,
and improve resectability in patients with ‘‘marginally
resectable’’ pancreatic cancer.
Landry et al[84] reported the first multi-institutional
prospective study in borderline resectable PDAC, a randomized phase Ⅱ trial comparing neoadjuvant regimens.
From 2003 to 2005, 21 patients were identified at 10
Eastern Cooperative Oncology Groups institutions. In
Arm A, 10 patients, received gemcitabine based chemoradiation, in Arm B 11 patients received induction chemotherapy using gemcitabine/cisplatin/5-FU followed
by chemoradiation with 5-FU. 3 patients in Arm A and 2
patients in Arm B were resected. The median survival of
resected patients was 26.3 mo. All patients received adjuvant gemcitabine for 5 cycles. The trial was terminated
early due to poor accrual, however it found both neoadjuvant regimens to be tolerable, with similar resectability
and survival to those reported in retrospective studies.
Aside from these prospective trials, the literature in
borderline resectable pancreatic cancer consists mainly
of retrospective single institution studies (Table 2).
The first report from MD Ander Cancer Center was
a, retrospective review of 160 patients, divided into 3
groups defined by both anatomic and non-anatomic
variables[31]. Among these included 84 patients with anatomically defined borderline resectable tumors. Patients
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Table 2 Largest studies in borderline resectable pancreatic cancer
Author

Year

Chuong et al[86]

2013 Single institution
retrospective
2012 Single institution
retrospective

Katz et al[87]

Study type

Study
size

Number with borderline
resectable (definition)

73

57 (NCCN)

129

Barugola et al[91]

2012 Single institution
retrospective

362

Kang et al[93]

2012 Single institution
retrospective
2011 Single institution
retrospective
2010 Single institution
retrospective
2010 Single institution
retrospective
2010
Randomized
Phase Ⅱ trial
2009 Single institution
retrospective
2008 Single institution
retrospective

202

Stokes et al[81]
Chun et al[78]
McClaine et al[103]
Landry et al[84]
Turrini et al[89]
Katz et al[31]

170
109
29
21

Neoadjuvant

Majority gemcitabine based induction
chemotherapy, SBRT
115 (AHPBA/SSAT/SSO/ Gemcitabine based chemotherapy and
NCCN)
chemoradiation or chemoradiation
or
alone
72 (MDA)
27 (other)
Gemcitabine based chemotherapy
and chemoradiation or chemotherapy
alone
35 (NCCN)
Gemcitabine based chemoradiation
40 (MDA)

Capecitabine-based
Chemoradiation
109 (other)
5-FU or gemcitabine based chemora74 received neoadjuvant2
diation
29 (MDA+NCCN hybrid) Gemcitabine based chemotherapy,
chemoradiation or both
21 (other)
Gemcitabine based

Resected

Negative
margins

Median
OS (mo)

56%

96%

16.4

84% or
78%

95%1

331

NR

NR

NR

91%

87%

26.3

46%

75%

23

100%

59%2

232

46%

67%

23.3

24%

60%

26.3

64

49 (MDA)

5-FU/cisplatin based chemoradiation

18%

100%

24

160

160 (MDA)

Gemcitabine based chemotherapy,
chemoradiation

41%

94%

40

1

Results for Americas Hepatopancreaticobiliary Association/Society for Surgery of the Alimentary Tract/Society of Surgical Oncology/National Comprehensive Cancer Network (AHPBA/SSAT/SSO/NCCN) definition of borderline resectable; 2Results for patients who received neoadjuvant treatment. NR:
Not reported.

were treated with a variety of neoadjuvant regimens incorporating chemotherapy, chemoradiation, or both, prior to planned resection. Of this group, 38% underwent
resection - 97% of which were R0. The median survival
of all patients was 21 mo: 40 mo for resected patients
and 15 mo for patients who did not undergo resection.
Since this study, multiple smaller and few similarly sized
retrospective reviews have reported similar findings.
Small et al[85] first used the NCCN definition of borderline resectable disease in a multi center, phase Ⅱ trial
of lesser degree, enrolling 41 patients, including 9 with
borderline resectable disease. The study used neoadjuvant full dose gemcitabine plus radiation therapy, and
found that treatment was well tolerated and that 33%
of were able to proceed with resection. They observed
a 76% one-year survival rates, and concluded that the
strategy should be further explored.
Numerous other small-scale studies demonstrate the
safety and efficacy of other neoadjuvant regimens. Stokes
et al[81] performed a retrospective review of 170 cases of
PDAC and identified 40 cases of borderline resectable
pancreatic cancer according to the M.D. Anderson definition (A: 30; B: 5; C: 5)[31]. These patients underwent accelerated chronomodulated capecitabine-based chemoradiation using stereotactic-based radiotherapy. About
34 of 40 (85%) borderline resectable patients completed
neoadjuvant therapy and were restaged, 16 (46%) of
these underwent successful resection. R0 resection rate
among these patients was 75%. The group concluded
that accelerated chronomodulated capecitabine-based
chemoradiation with stereotactic-based radiotherapy was
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an efficient and well-tolerated treatment. Most recently,
Chuong et al[86] performed a retrospective review of 73
patients who were treated with induction chemotherapy
with Gemzar, Taxotere, and Xeloda and stereotactic
body radiation therapy at H. Lee Moffitt Cancer Center. This included 57 patients with borderline resectable disease as designated by the NCCN definition[27].
Among 32 borderline resectable patients who underwent
resection, only one patient (3.1%) had an R1 resection,
while 31 patients (96.9%) had R0 resections, and median
overall survival was 20 mo. It is clear that across studies,
approximately one third of patients can go on to successful resection, however, small study size, inconsistent
definitions of disease and a multitude of neoadjuvant
strategies make it impossible to draw other definitive
conclusions from these studies.
The same constraints have also made it difficult to
establish anatomic guidelines for decision-making. The
Fox Chase group performed a retrospective review of
109 patients with PDAC involving the PV/SMV in an
effort to better delineate the degree of involvement of
the PV/SMV that best defines the group of patients
who would benefit from neoadjuvant therapy and resection (borderline disease)[78]. The patients were grouped
according to Ishikawa classification with types Ⅱ and
Ⅲ equating to unilateral involvement in 67 patients,
while types Ⅳ and Ⅴ were used to describe bilateral
involvement in 42 patients. Pre-operative chemotherapy
improved resection rates and overall survival in Ishikawa types Ⅱ and Ⅲ (unilateral involvement), but not
types Ⅳ and Ⅴ (bilateral involvement). R0 resection
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rates in the neoadjuvant and primary resection groups
were 71% and 5%, respectively (P = 0.0001) for types
Ⅱ and Ⅲ, but 41% and 23%, respectively (P = 0.25) for
types Ⅳ and V. Similarly, median overall survival rates
with and without neoadjuvant were 26 and 10 mo, respectively (P = 0.0001) Ishikawa type Ⅳ and Ⅴ patients,
were 21 and 22 mo, respectively (P = 0.48). While this
study supports the benefit of neoadjuvant therapy in
patients with Ishikawa type Ⅱ and Ⅲ vs in types Ⅳ and
Ⅴ, increased median overall survival in patients who
underwent primary resection with types Ⅳ and Ⅴ (22
mo) in comparison to types Ⅱ and Ⅲ (10 mo) highlight
the difficulty in drawing accurate conclusions due to
small study size.
More recently, Katz et al[87] applied Response Evaluation Criteria in Solid Tumors (RECIST) criteria to determine the effect of neoadjuvant therapy on anatomic
extent and size reduction in borderline resectable PDAC.
They reported on 129 patients with borderline resectable
tumors who underwent neoadjuvant treatment at MD
Anderson. 122 of them were restaged and of these, only
15 (12%) showed partial response by RECIST criteria.
Despite this, 85 (69%) underwent resection, 81 (95%)
were R0. Median overall survival of those who underwent resection was 33 mo, which did not correlate with
RECIST response indicating that a lack of radiographic
evidence of tumor response in PDAC is of little clinical
value as prognostic or predictive marker. The authors
therefore suggest aggressive surgical resection in patients
with adequate performance status and absence of disease progression.
Like the United States, Asia and Europe have tended
toward increasingly aggressive treatment of borderline
resectable pancreatic cancer. Europeans have focused
on chemotherapy rather than radiation therapy, seeking
improved neoadjuvant and adjuvant regimens to control
systemic disease-as this is the most common cause of
treatment failure[11,88-92]. Asian countries have also employed neoadjuvant strategies, but with increased emphasis on determining how it effects surgical resection[93-96].
Additionally, they have focused on defining radiographic
criteria to predict surgical outcomes as well as surgical
aspect that influence outcomes, such as likelihood of R0
resection, and need for vascular resection[97-100].
Need for standardization
The lack of uniformity in the definition of borderline
resectable PDAC has been an obstacle to evaluating the
optimal preoperative assessment, therapeutic strategy
and surgical decision-making regarding this group of
patients[26]. In recognition of a growing national interest in serving patients with borderline resectable PDAC,
and to establish an infrastructure in which to acquire
data through multi-institutional trials, The Alliance for
Clinical Trials in Oncology (Alliance), in cooperation
with the Southwest Oncology Group, Eastern Cooperative Oncology Group, and Radiation Therapy Oncology
Group, has received support by the NCI to conduct a
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multi-institutional treatment trial for patients with borderline resectable PDAC (Alliance A021101). This trial
was designed as a single arm pilot study with the intent
to utilize a standard objective definition based on crosssectional imaging, and to determine if a there was a sufficient patient population to conduct cooperative group
trials. The study design employs a neoadjuvant design
with induction chemotherapy and chemoradiation therapy, surgery and adjuvant chemotherapy[26,84].
With an aim to establish a clear, reproducible means
by which to define borderline resectable PDAC by radiologic criteria, the trial has recognized any one or more of
the following identifiers of borderline resectable PDAC:
(1) interface exists between tumor and the SMV/portal
vein measuring 180 degrees or greater of the vessel wall
circumference, and/or reconstructable venous occlusion;
(2) interface exists between tumor and the SMA measuring less than 180 degrees of the vessel wall circumference; (3) a reconstructable, short-segment interface
of any degree exists between tumor and the common
hepatic artery; and/or (4) interface exists between tumor
and the celiac trunk measuring less than 180 degrees of
the vessel wall circumference.
Using this definition, the trial will evaluate the survival, outcomes and toxicity rates using 4 cycles of mFOLFIRINOX (oxaliplatin 85 mg/m2, irinotecan 180 mg/m2,
leucovorin 400 mg/m2, 5-fluorouracil 2400 mg/m2) followed by external beam radiation therapy (50.4 Gy) with
capecitabine (825 mg/m2). After re-staging, patients who
are deemed candidates for resection proceed with surgery followed by post-operative gemcitabine.
The use of modified FOLFIRINOX (mFOLFIRINOX) as induction therapy in the Alliance Trial is based
on the superior survival and response rates observed for
FOLFIRINOX in metastatic pancreatic cancer in a randomized controlled trial of 342 patients with metastatic
pancreas cancer. The dosing was modified in an attempt
to partially circumvent the greater toxicity associated
with FOLFIRINOX in comparison to gemcitabine.
While FOLFIRINOX displayed improved median overall survival (11.1 mo vs 6.8 mo, P < 0.001), median progression-free survival (6.4 mo vs 3.3 mo, P < 0.001) and
objective response (31.6% vs 9.4%, P < 0.001), toxicities
including neutropenia, febrile neutropenia, fatigue, vomiting and diarrhea were all worse with FOLFIRINOX[101].
The Alliance Trial is therefore utilizing a modified regimen, or mFOLFIRINOX, in which the 5-FU bolus has
been dropped, but all other dosing remains the same, in
an effort to reduce these toxicities.
After resection, borderline resectable pancreatic caner
is treated similar to any other resected PDAC. Consequently, adjuvant chemotherapy in this trial is administered according to the standard gemcitabine regimen used
following resection of PDAC[102].
This benchmark trial will assess the feasibility of
multi-institutional efforts to study the subset of patients
regarded as having borderline resectable disease and establish a foundation for future studies in this group of
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Figure 1 Ishikawa classification of portal and/or superior mesenteric vein involvement. A: Normal; B: Smooth shift without narrowing; C: Unilateral narrowing; D:
Bilateral narrowing; E: Bilateral narrowing with collateral veins.

patients. While the primary endpoint of the study is, in
fact, accrual, it will be of great interest to assess the activity of the neoadjuvant regimen by secondary endpoints
such as the number of patients who undergo negative
margin resection and overall survival. As of December
14, 2013, 14 of a targeted 20 patients had been accrued,
suggesting a promising outcome for this trial.
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Abstract
Pancreatic cancer is a highly aggressive tumour that is
very resistant to treatments and it is rarely diagnosed
early because of absence of specific symptoms. Therefore, the prognosis for this disease is very poor and
it has the grim supremacy in terms of unfavourable
survival rates. There have been great advances in survival rates for many types of cancers over the past few
decades but hardly any change for pancreatic cancer.
Mutations of the Ras oncogene are the most frequent
oncogenic alterations in human cancers. The frequency of KRAS mutations in pancreatic cancer is around
90%. Given the well-established role of KRAS in cancer
it is not surprising that it is one of the most attractive
targets for cancer therapy. Nevertheless, during the
last thirty years all attempts to target directly KRAS
protein have failed. Therefore, it is crucial to identify
downstream KRAS effectors in order to develop specific drugs able to counteract activation of this pathway.
Among the different signalling pathways activated by
oncogenic KRAS, the phosphoinositide 3-Kinase (PI3K)
pathway is emerging as one of the most critical KRAS
effector. In turn, PI3K activates several parallel pathways making the identification of the precise effectors
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activated by KRAS/PI3K more difficult. Recent data
identify 3-phosphoinositide-dependent protein kinase
1 as a key tumour-initiating event downstream KRAS
interaction with PI3K in pancreatic cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Recent evidence suggests that protein kinase
1 (PDK1) is a key oncogenic driver in pancreatic cancer. Furthermore, PDK1 appears to be activated downstream the main pancreatic cancer oncogene KRAS that
is mutated in nearly all pancreatic adenocarcinomas.
This evidence suggests that PDK1 could represent a
novel target in the treatment of pancreatic cancer.
Ferro R, Falasca M. Emerging role of the KRAS-PDK1 axis in
pancreatic cancer. World J Gastroenterol 2014; 20(31): 10752-10757
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i31/10752.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i31.10752

INTRODUCTION
Pancreatic cancer is a deadly disease both because it is
generally discovered very late but also because it is very
resistant to chemotherapy and radiation therapy[1]. In addition, pancreatic cancer metastasizes very early and recent data suggest that many patients are likely to harbour
metastases at the time of diagnosis[2]. The most common
form of pancreatic cancer occurs in the exocrine cells of
the pancreas[3]. The exocrine pancreatic tumours account
for over 95% of all pancreatic cancers, and can occur
anywhere in the pancreas, although most often they are
found in the head of the pancreas. Pancreatic ductal adenocarcinoma (PDAC) is the most common type, representing almost 90% of all exocrine tumours.
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PDACs develop from cells lining the ducts that carry
the digestive juices into the main pancreatic duct and
then on into the duodenum. Like other solid tumours,
pancreatic cancer is the result of a multistep process.
Its initiation and development involves specific genetic
changes enabling growth and survival mechanisms, initiation of a marked desmoplastic reaction and finally
tissue invasion and metastasis[4]. The signalling pathways
regulating tumourigenesis are the result of multiple interactions between the pancreatic cells themselves, the
supporting stroma and the immune system[5].
A careful molecular and pathological analysis of evolving PDAC has revealed a characteristic pattern of histologically defined precursors, named pancreatic intraepithelial
neoplasia (PanIN), that has been excellently modelled
by Hruban and colleagues[6]. In brief, the morphology
of the tumour progresses in steps from normal ducts
consisting of normal pancreatic duct cells to aberrant
ducts with disorganised cell formations and differentiation grade, and finally to infiltrating cancer. These
morphological changes occur along with several genetic
lesions. A comprehensive genome analysis of 24 human
pancreatic cancers revealed an average of 63 genetic
alterations[7]. These alterations, mainly point mutations,
affect distinct cellular pathways that can be classified in
12 distinct signalling pathways or processes: apoptosis,
control of G1/S phase transition, Hedgehog signalling,
KRAS signalling, TGF-beta signalling, Wnt/Notch signalling, DNA damage control, homophilic cell adhesion,
Integrin signalling, JNK signalling, Invasion and small
GTPase signalling (other than KRAS). The first six of
these core pathways/processes were found to be genetically altered in all the analysed samples and the last six
were altered in 16-23 of the 24 samples[7]. A recent comprehensive evaluation of the pancreatic cancer genome
has revealed a multitude of additional mutated genes
involved in chromatin modification and genes associated
with embryonic regulation of axon guidance[1].
The progression from normal duct epithelium to
infiltrating PDAC involves a series of genetic alterations
in conjunction with morphological changes. Activating
KRAS mutation and overexpression of ERBB2 occur
early in the progression (PanIN-1), inactivation of the
cyclin-dependent kinase inhibitor 2A at an intermediate
stage (PanIN-2) and inactivation of TP53, SMAD4 and
BRCA2 occur at a late stage (PanIN-3)[1,7].
Activating KRAS mutations are the first genetic changes that are detected in the progression from PanIN-1 to
PanIN-3, even though sporadic mutation can be found
in histologically normal pancreas and in lesions that show
the earliest stages of histological alterations. With disease
progression, the prevalence of KRAS mutation increases
and occurs in over 90% of PDACs[1,8-10]. Understandably,
KRAS-dependent pathways represent the main target
in strategies attempting to counteract pancreatic cancer
progression. In this review we will discuss the evidence
suggesting that targeting the phosphoinositide 3-kinase
(PI3K)/3-phosphoinositide-dependent protein kinase
1 (PDK1) pathway can be a valid strategy to counteract
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KRAS signalling in pancreatic cancer.

KRAS
The small GTPase KRAS is frequently mutated in human cancers, with mutations occurring in nearly all tumours. Activating KRAS mutations involve only specific
amino acids which interfere with the GTPase activity.
Most mutations in pancreatic cancer change a glycine
at amino acid 12 to a valine or aspartate (KRASG12V and
KRASG12D respectively) and have a well-established role
in the initiation and progression of PDAC [11,12]. The
KRAS mutation result in a constitutively active protein
that promotes persistent signalling to downstream effectors[13]. In turn, this hyperactivated signalling results
in enhanced stimulation of proliferative pathways, thus
conferring a growth advantage to the cancer cell. Several
genetic studies have shown that activating KRAS mutations are necessary for the onset of pancreatic cancer[14].
An inducible pancreas-specific expression system was
used recently to show that KRASG12D expression is also
required for tumour maintenance[15]. In addition to cancer, KRAS mutations have also been identified in benign
conditions such as chronic pancreatitis which result in
increased risk of developing PDAC[16]. KRAS signals via
a number of downstream effectors, amongst others RAF
kinase, PI3K, guanine exchange factors for the small
GTPases RAL (RAL-GEFs) and phospholipase Cε. In
PDAC the main signalling pathways downstream of
KRAS are the PI3K pathway and the mitogen-activated
protein kinase (MAPK) cascade. Studies in pancreatic
duct epithelial cell systems have demonstrated that the
transforming potential of oncogenic KRAS is dependent
on PI3K signalling and mutated KRAS is associated with
up-regulation of survival signals including the PI3K/Akt
survival pathway[17]. Knock-down of KRAS in pancreatic
cancer cells demonstrated reduced activation of several
proteins including Akt and ERK, indicating a key role
for KRAS in regulation of the PI3K signalling pathway
and the MAPK signalling cascade. Members of the
MAPK network are rarely genetically modified in pancreatic cancer but this signalling pathway can be hyperactivated by constitutively active KRAS. Indeed targeting
the RAF/MEK/ERK pathway in the MAPK cascade
with selective drugs has shown promising effects on
pancreatic cancer growth. The MAPK cascade and the
PI3K pathway are both classically activated via Receptor
Tyrosine Kinases like the epidermal growth factor receptors (EGFR). Since EGFR gene (ERBB2) amplification
is one of the early genetic events in the development of
pancreatic neoplasia these pathways can be further activated through EGFR in pancreatic cancer[18].

PI3K PATHWAY
The PI3K pathway is involved in inhibition of apoptosis
and stimulation of cell proliferation and it has been estimated that at least 50% of all cancer types are related to
deregulation of this signalling pathway[19]. Of the 8 mam-
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malian PI3K isoforms gain of PIK3CA (PI3K/p110α)
function by mutation is common in several human cancers[20,21]. On the other hand we have recently shown that
the PI3K isoform p110γ is specifically overexpressed in
PDAC[22]. Upon activation PI3Ks catalyse the phosphorylation of phosphoinoisitides promoting recruitment of
downstream signalling molecules such as Akt and PDK1
to the plasma membrane which in turn induce several
physiological functions such as cell growth, cell survival,
cell migration, and cell cycle entry[23]. This activation is
negatively regulated by the tumour suppressor phosphatase and tensin homolog (PTEN)[24]. PTEN mutations
are rare in human PDAC, but loss of PTEN function has
been shown to be involved in pancreatic cancer resulting in sustained PI3K activation[25]. Furthermore, animal
models with KRASG12D activation and PTEN deletion develop pancreatic cancer with an accelerated phenotype of
acinar-to-ductal metaplasia, leading to PanIN and cancer
progression[26].
Increased activation of the PI3K effector Akt was
shown to be a common feature and a biological indicator
of aggressiveness in PDAC[27,28]. Additionally, it has been
reported that Akt is a regulator of cell plasticity in the
pancreas. Indeed it has been shown that constitutively active Akt induced expansion of the ductal compartment,
and also led to premalignant lesions in vivo[29].
PI3K signalling in the microenvironment has further
been demonstrated to enhance tumour progression.
Specifically, blocking PI3K/p110 γ expressed by myeloid cells in the stroma significantly suppresses tumour
growth and invasion[30].

KRAS/PI3K/PDK1 AXIS
It has been recently shown that PDK1 is required for
anchorage-independent and xenograft growth of breast
cancer cells harbouring either PI3KCA or KRAS mutations[31]. The most compelling evidence for the existence
of a KRAS/PI3K/PDK1 axis derives from a recent
study demonstrating that PI3K-PDK1 signalling is an
essential node of non-oncogene addiction in KRASdriven pancreatic cancer initiation and maintenance[32].
Indeed, using genetic and pharmacological approaches
KRAS/PI3K/PDK1 axis has been shown to be an essential pathway for pancreatic cancer being able to induce
cell plasticity, acinar-to-ductal metaplasia, intraepithelial
neoplasia, and pancreatic cancer formation as well as
tumour maintenance. Interestingly, the authors further
showed that ablation of PDK1 specifically in the epithelial compartment of the lung using two different recombination strategies, had no significant inhibitory effect
on KRASG12D-induced Non-small-cell lung carcinoma
(NSCLC) development and progression, supporting the
conclusion that PDK1 might have a specific role downstream of KRAS in pancreatic cancer. Nevertheless,
more evidence is required to conclude that PDK1 has a
specific role downstream of KRAS in pancreatic cancer.
On the other hand, this demonstrates that there are
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substantial tissue- and context-specific differences in activation of KRAS effectors. Such differences may have
important clinical implications because they could explain
the diverse response to targeted therapies of different
tumour types harbouring oncogenic KRAS mutations.
Indeed, a recent study showed no substantial response of
KRASG12D-driven NSCLC toward PI3K-mTOR inhibition in vivo[33]. We have recently reported that the PDK1specific inhibitor 2-O-benzyl-myo-inositol 1,3,4,5,6-pentakisphosphate (2-O-Bn-IP5), strongly reduced the number of surviving pancreatic cancer cells in vitro[34]. Our
data further revealed that 2-O-Bn-IP5 is able to sensitise
cancer cells, including pancreatic cancer cells, to the proapoptotic effect of anti-cancer drugs. Our data thus
provide further evidence for the rationale to investigate
KRAS-driven oncogenic pathways in a tissue- and context-specific manner to characterize the relevant nodes
engaged in different tumour entities.
Interestingly, recent work has revealed that PDK1
directly phosphorylates the Polo-like kinase 1 (PLK1)
which in turn induces MYC phosphorylation[35]. This novel
PDK1-PLK1-MYC signalling regulates cancer cell growth
and survival. In addition, it has been shown that MYC
controls generation of self-renewing metastatic pancreatic cancer cells[36]. Indeed stable expression of activated
KRASG12D confers a large degree of phenotypic plasticity
to cells that predisposes them to neoplastic transformation and acquisition of stem cell characteristics. Ischenko
et al[36] demonstrated that metastatic conversion of KRASG12D
-expressing cells, that exhibit different degrees of differentiation and malignancy, can be reconstructed in cell
culture, and that the proto-oncogene c-MYC controls the
generation of self-renewing metastatic cancer cells. These
results provide evidence that the conversion of precancerous to cancerous cells is determined by oncogenic RASinduced transcription factors, primarily MYC. In addition,
a cooperative mechanism between mutant KRAS and PIK3CA has been recently shown, in part mediated by RAS/
p110α binding, as inactivating point mutations within the
RAS-binding domain of PIK3CA significantly ablates
signalling pathways[37]. Indeed somatic cell knock-in of
both KRASG12V and oncogenic PIK3CA mutations in human breast epithelial cells results in cooperative activation
of the PI3K and MAPK pathways in vitro, and leads to
tumour formation in immunocompromised mice. Xenografts from double knock-in cells retain single copies of
mutant KRAS and PIK3CA, suggesting that tumour formation does not require increased copy number of either
oncogene. More importantly PDK1 seems to play a key
role in this cooperativity, since PDK1-dependent activation of the downstream effector p90RSK is increased by
the combined presence of mutant KRAS and PIK3CA.
Finally, PDK1 has been recently found significantly overexpressed in the high-grade intraductal papillary mucinous
neoplasms (IPMN) vs low-grade IPMN and in pancreatic
and intestinal-type of IPMN vs gastric-type of IPMN[38].
These data suggest that PDK1 may play a role in development of IPMN invasive cancer.
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MIR-375, AN ADDITIONAL LINK
BETWEEN KRAS AND PDK1
MicroRNAs (miRNAs) modulate the expression levels
of mRNAs and proteins and can contribute to cancer
initiation and progression[39]. In addition to their intracellular function, miRNAs are released from cells and shed
into the circulation. Increasing interest has been recently
focused on the role of miRNAs in pancreatic cancer malignant progression[40]. It has been reported that changes
in miRNAs expression patterns during progression of
normal tissues to invasive pancreatic adenocarcinoma in
the p48-Cre/LSL-KRASG12D mouse model mirrors the
miRNAs changes observed in human pancreatic cancer tissues[41]. It was found that the expressions of miR148a/b and miR-375 were decreased whereas the levels
of miR-10, miR-21, miR-100 and miR-155 were increased
in invasive carcinoma compared to normal tissues in the
mouse model. Similar data have been found in KRAS oncogene transgenic rats with PDAC[42]. Recently, miR-375
has been found downregulated in different cancers including pancreatic cancer, and suppresses key cancer functions
by targeting several signalling molecules such as PDK1[43].
It is worth noting that RAS can up-regulate PDK1 expression. Indeed, it has been shown that RAS drives
monocytic lineage commitment in granular monocyte
bipotential cells by promoting the expression of PDK1[44].
Interestingly, a recent study investigated the transcriptional
regulation of miR-375 validated target PDK1[45] in pancreatic carcinoma[46]. miR-375 was observed to be downregulated in the tumour compared with non-tumour tissues
from patients with pancreatic cancer[41]. As determined
by a luciferase reporter assay, the ectopic expression of
miR-375 was able to reduce the transcriptional activity of
PDK1 and the expression of endogenous PDK1 protein
levels. Functional assays showed that miR-375 was able to
inhibit proliferation and promote apoptosis of pancreatic
cancer cells[46]. Therefore, miRNA-375 appears to be a key
regulator of PDK1, suggesting that it may have a potential therapeutic role in the treatment of pancreatic cancer.
Furthermore, this evidence suggests that miR-375 may
represent an additional link between KRAS and PDK1
since KRAS-induced downregulation of miR-375 results
in increased PDK1 expression.
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Abstract
Pancreatic ductal adenocarcinoma remains one of the
most deadly types of tumor. Endoscopic ultrasoundguided fine-needle aspiration (EUS-FNA) is a safe,
cost-effective, and accurate technique for evaluating
and staging pancreatic tumors. However, EUS-FNA may
be inconclusive or doubtful in up to 20% of cases. This
review underlines the clinical interest of the molecular
analysis of samples obtained by EUS-FNA in assessing
diagnosis or prognosis of pancreatic cancer, especially
in locally advanced tumors. On EUS-FNA materials
DNA, mRNA and miRNA can be extracted, amplified,
quantified and subjected to methylation assay. Kras
mutation assay, improves diagnosis of pancreatic cancer. When facing to clinical and radiological presentations of pseudo-tumorous chronic pancreatitis, wildtype Kras is evocative of benignity. Conversely, in front
of a pancreatic mass suspected of malignancy, a mutated Kras is highly evocative of pancreatic adenocarci-
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noma. This strategy can reduce false-negative diagnoses, avoids the delay of making decisions and reduces
loss of surgical resectability. Similar approaches are
conducted using analysis of miRNA expression as well
as Mucin or markers of invasion (S100P, S100A6, PLAT
or PLAU). Beyond the diagnosis approach, the prediction of response to treatment can be also investigated
form biomarkers expression within EUS-FNA materials.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic ductal adenocarcinoma; Endoscopic ultrasound-guided fine-needle aspiration; Solid
pancreatic mass; KRAS -mutation assay; qPCR analysis;
Micro-RNA; Chronic pancreatitis
Core tip: This review depicts the widespread potential
for the molecular analysis of samples obtained by ultrasound-guided fine needle aspiration in assessing diagnosis or prognosis of pancreatic adenocarcinoma, as well
as translational studies on new markers and epigenetic
alterations. Among these markers, Kras oncogene assay appears now the most robust for improvement of
positive and differential diagnosis of pancreatic cancer.
Clinical implication of miRNA, Mucins and markers of
invasion is still debated. Future molecular developments
may open windows towards personalized treatments after molecular characterization of a single patient.
Bournet B, Gayral M, Torrisani J, Selves J, Cordelier P, Buscail
L. Role of endoscopic ultrasound in the molecular diagnosis of
pancreatic cancer. World J Gastroenterol 2014; 20(31): 10758-10768
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i31/10758.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i31.10758

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) remains one
of the most deadly types of tumor. The 5-year survival
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rate after diagnosis is < 3.5%[1]. The only curative treatment is surgical resection but this surgery is possible in
only 10% to 15% of cases. The remaining cases with
locally advanced and/or metastatic pancreatic cancer are
treated in a palliative way with chemotherapy (Gemcitabine or FOLFIRINOX) or best supportive cares[1]. This
dismal prognostic is partly due to the lack of robust
markers for the early diagnosis of PDAC that may jeopardize treatment efficacy in a subset of patients. Endoscopic ultrasound-guided fine-needle aspiration (EUSFNA) is a rapid, safe, cost-effective, and accurate technique for evaluating and staging pancreatic tumors[2-6]. In
addition, EUS-FNA is the main clinical appliance for cytological and histological material collection from locally
advanced PDAC that represents 85% of pancreatic cancer patients. However, its accuracy for the diagnosis of
malignancy varies widely with a sensitivity ranging from
65% to 95%, and with a mean accuracy of 85% (negative
predictive value ranging from 50% to 70%). Despite the
miniaturization of histological samples provided by the
FNA using 22 Gauge needle, immunohistochemistry can
be achieved when micro biopsies are collected, fixed and
embedded in paraffin. In our experience, micro-biopsies
can be thus obtained in near 80% of cases. These Immunodiagnostic can be useful to differentiate for instance
PDAC from endocrine tumors. It is harder to differentiate malignant from inflammatory lesions of exocrine
pancreas. Despite modern imaging techniques, difficulties persist to early diagnose PDAC and to differentiate
PDAC from benign diseases such as chronic pancreatitis
especially in its pseudotumoral form[2-5]. It is indeed critical to avoid unnecessary resection of benign lesions (such
as focal lesions of chronic pancreatitis or autoimmune
pancreatitis) or to delay the treatment of PDAC in a subset of patients. Finally EUS-FNA may be inconclusive
or doubtful in up to 20% of cases[2-7]. An explanation for
an inconclusive cytopathology is multiple: (1) in PDAC
the presence of desmoplastic reaction often associated
with poor cellularity; (2) distinguishing well-differentiated PDAC and reactive atypia is difficult to appreciate
in small samples; (3) small tumors are often not easy to
biopsy and performances of cytopathology are lower[7];
and (4) well vascularized tumors that have a high risk of
coagulating within the FNA materials. In cases where
there is an inconclusive biopsy, a doubt persists regarding the presence or not of malignancy. Some technical
improvements have been developed such as contrast ultrasound, elastography, new generations of needle (procore biopsy needle), or transport media for samples[8-11].
However, a subset of samples remained inconclusive
and accuracy of EUS-FNA is still around 80%-85%. In
parallel, the improvement of molecular biology techniques including DNA and RNA amplification permits
the analysis and the quantification of molecular markers
in cytological samples, especially from EUS-guided FNA
of pancreatic lesions[12-17]. In addition, EUS-FNA that
allows sampling of biological material and molecular
biology is mandatory not only for pathologists but also
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for scientists to discover new molecular biomarkers for
this disease. This review depicts the widespread potential
for the molecular analysis of samples obtained by EUSFNA in assessing diagnosis or prognosis of PDAC, as
well as translational studies on new markers and epigenetic alterations.

POTENTIAL OF MOLECULAR ANALYSIS
ON EUS-FNA MATERIALS
DNA extraction
Despite using fine needles, sufficient materials can be
obtained for cytology and histology. A portion of this
material, collected following air or saline flushing of
the needle once the core biopsies have been reclaimed
for histopathology, can be used for further molecular
analysis. A mean of 550 nanograms of DNA (range 100
nanograms to 1.5 mg) is obtained and DNA amplification is possible in 98 to 100 of cases[18]. For comparison, previous studies and protocols conducted on pure
pancreatic juice attested for a lack of extraction/amplification in almost 13% of samples[19-21]. Thereafter,
purified DNA authorizes PCR followed by Restriction
Fragment Length Polymorphism or sequencing. Recently
we developed an allelic discrimination assay on material
sampled on EUS-FNA as well as specific MethylationSpecific PCR assay[22]. All these procedures are successful in almost 100% of the cases, in the absence of DNA
pre-amplification. This is of prime importance because
DNA amplification generates mutations especially when
using a low amount of starting material that can eventually bias subsequent analysis. In addition, new development of large-scale sequencing allows analysis of 400
genes simultaneously with a minimal quantity of DNA
of 50 ng DNA. High volume for sequencing is also offered with a mean value of 1.5 μg. That opens a window
to large-scale molecular analysis from a single EUS-FNA
materials and from a single patient.
RNA extraction
While material collected from pancreatic tumor or inflammatory tissue is less exposed to RNAse digestion as
compared to normal pancreatic tissue, the risk of degradation is very high if one wants to analyze high-quality
RNA. From a practical point of view, cytological samples
should be immediately stored in transport medium (such
as RNable) and frozen at -25 ℃ until use. After centrifugation, total RNA can be extracted using Micro kits
(for example RNeasy from Qiagen) followed by DNAse
treatment. At this crucial stage, RNA quality and quantity should be determined with specific bioanalyzer (for
example Biorad Experian analyser and Agilent Technologies). RNA samples that are highly degraded (RNA
18S/28S ratio less than 1) or with a quantity lower than
5 ng should be discarded. Indeed, degraded RNA are
not suitable for reverse transcription or amplification.
In our experience, near 50% of FNA materials appears
non available for a reliable mRNA analysis. For assay of
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Table 1 Main studies investigating Kras mutation assay on specimens obtained by endoscopic ultrasound-guided fine-needle aspiration for the differential diagnosis between pancreatic carcinoma and pseudo-tumorous chronic pancreatitis
Ref.

Patient
PC/CP

Tada et al[31]
Pellisé et al[35]
Takahashi et al[34]
Maluf-Filho et al[33]
Bournet et al[28]
Reicher et al[30]1
Ogura et al[29]
Ginestà et al[32]
Bournet et al[39]2

28/8
33/24
62/15
57/11
129/27
34/16
307/47
43/18
104/72

Sensitivity (%)

Specificity (%)

Overall accuracy (%)

Cytopathology alone/Kras + cytoP Cytopathology alone/Kras + cytoP Cytopathology alone/Kras + cytoP
62/81
97/97
84/94
82/90
83/88
88
87/93
76/86
71/90

100/100
100/100
100/100
97/47
100/100
94
100/100
100/100
100/99

71/85
84/98
CytoP alone: 58
59/89
72/90
90
89/94
82/90
84/94

1

Combination of Kras + cytoP + FISH/Fluorescence in situ hybridization; 2PC vs others malignant and benign pancreatic lesions. PC: Pancreatic carcinoma;
CP: Chronic pancreatitis; CytoP: Cytopathology.

qPCR for 3 to 5 molecular markers an amplification is
theoretically not required but if analysis on a larger panel
of molecular targets is mandatory, amplification should
be performed. Using 5 ng of total RNA (not degraded)
is sufficient to perform RNA amplification kits (for instance Full Spectrum Kit) that permit up to 500-fold amplification with satisfactory reproducibility and reliability.
In other terms, the RNA amplification from EUS-FNA
material preserves the pattern of gene expression and
is not influenced by the origin of the sample[23]. We had
thus apply the technology of Taqmann Low Density Array to assess simultaneously the quantitative expression
of 20 to 50 genes from EUS-FNA cellular materials (see
below).
Micro RNA extraction
Interestingly, microRNAs are small molecules (19-25
nucleotides) of non coding RNA with high stability (less
prompted to be degraded by RNase) in tissues and fluids.
Moreover, they can be quantified in very low amounts
of material and in highly degraded samples. Prior to microRNA analysis, tissues can be stored either frozen, or
formalin-fixed and paraffin-embedded or in specific medium such as RNARetain[24]. It is important to mention
that microRNA analysis of pancreatic FNA samples is
possible but still in its infancy and may prove essential to
help clinicians for the diagnosis of pancreatic lesions.

GENETIC MARKERS
Kras oncogene
The molecular mechanisms underlying pancreatic oncogenesis remain partially understood. However, several
genetic alterations are well characterized in PDAC such
as codon-12 Kras mutation (75% to 95%) and to a less
extend p16 (CDKN2A, INK4), DPC4 and p53 gene
mutations[25,26] associated to a loss of heterozygosity of
respectively 9p21, 18q and 17p. These somatic genetic
alterations are also detected in pre-cancerous lesion of
PDAC as intraepithelial neoplasias (PanIN) and intraductal papillary mucinous neoplasm (IPMN)[26]. Previous
studies conducted by we and others on pure pancreatic
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juice obtained by ERCP concluded that Kras mutation
was found in 60% to 65 % of PDAC[19,20]. Moreover,
additional p16 and DPC4 mutations analysis in pure
pancreatic juice did not improve the sensitivity and
specificity of Kras mutation analysis alone for diagnosis
of PADC and to differentiate PDAC from CP[21]. Several
research groups, including ours, have demonstrated that
KRAS mutations can be detected in cellular materials
obtained by EUS-FNA[27-37]. Kras-mutation analysis after
EUS-FNA appears to be highly accurate at differentiating benign vs malignant pancreatic solid lesions[27-35].
We have conducted a multicenter prospective study
to assess whether combining EUS-FNA with KRASmutation analysis could facilitate a differential diagnosis
between PDAC and CP in a subgroup of patients with
pseudo-tumorous forms[28]. We concluded that, when facing to clinical and radiological presentations of pseudotumorous CP, both pathological analyses (inflammation,
fibrosis) and wild-type Kras are evocative of benignity.
Based on the combination of cytopathological (including a second biopsy in case of negative results at the first
biopsy) and Kras mutation analysis a medical or surgical
conservative treatment can be applied. Otherwise, unnecessary pancreatic resection could be avoided. Conversely,
when facing a clinical and radiological presentation of CP
the presence of mutated Kras at EUS-FNA may justify a
second biopsy and a follow up to rule out a PADC.
Whether the combination of EUS-FNA plus the
Kras-mutation assay can improve diagnosis of malignant
pancreatic tumors is still debatable. However, several
studies have suggested that combining cytopathology
and Kras-mutation analysis, improves the diagnosis of
PDAC and malignancy (Table 1). This appears crucial in
case of inconclusive or doubtful diagnosis at cytopathology. Inconclusive specimens were defined as the presence of coagulum with normal cells or acellular samples.
Doubtful samples can be defined by the presence of
atypia and/or low-grade dysplasia. Even if molecular
biology cannot replace histology, the presence of a Kras
mutation in EUS-FNA material indicates several possibilities: either immediate re-reading of the cytopathology
(especially if doubtful) or a rapid indication from a sec-
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Pancreatic solid mass

EUS-guided fine needle aspiration sample

Positive

Other benign or malignant lesions

Cytology or histology

Pancreatic cancer

Inconclusive or doubtful

Wild type Kras

Mutated Kras

Figure 1 Integration of Kras mutation assay coupled to cytopathology in the algorithm of diagnosis of pancreatic cancer using endoscopic ultrasoundguided fine needle aspiration. Eus: endoscopic ultrasound.

ond FNA, or surgery. In addition, from a clinical point
of view, reducing false-negative diagnoses avoids the
delay of making decisions, improves patients’ treatment,
and reduces loss of surgical resectability. Conversely, in
cases where there is an inconclusive EUS-FNA specimen, the presence of wild-type Kras may be evocative
of benignity. Figure 1, integrates these conclusions in
a proposed algorithm that include Kras mutation assay
in the diagnosis approach of pancreatic solid masses
using EUS-guided FNA. Because Kras analysis is now
widely available, due to its use as a predictive marker
for anti-EGFR therapy in colon cancer, this diagnostic
tool could also be applied to help clinicians manage
solid pancreatic masses. Kras assay has been improved
by means of Taqmann Allelic discrimination that is
cheaper, faster and more selective than other previous
methods[38]. We have conducted recently a prospective
study that included 186 patients with a pancreatic mass
(including 104 PDAC, 22 other malignant pancreatic
tumors and 60 benign lesions). Cytopathology and Kras
mutations, using TaqMan® allelic discrimination, were
performed on EUS-guided FNA material. We concluded
that EUS-guided FNA plus Kras-mutation analysis, using allelic discrimination, is accurate and improves the
diagnosis of pancreatic adenocarcinoma when pathology
is inconclusive or doubtful (Table 1)[39]. In addition, we
also confirmed that, when facing a clinical, radiological
presentation of pseudo-tumorous chronic pancreatitis
(including an evocative cytopathology), identification of
wild-type Kras can rule out malignant transformation[39].
A retrospective study that included PDAC patients but
also patients with an autoimmune pancreatitis reported
also that a Kras mutation in EUS-guided FNA material
from a pancreatic mass is associated with malignancy
and may help discriminate from benign conditions such
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as autoimmune pancreatitis. In the study from Khalid et
al[36] all of autoimmune pancreatitis cases had a wild type
Kras.
Several groups, including ours, investigated whether
presence or not of Kras mutation can influence prognosis of PDAC, especially in advanced tumors that are
only investigated through EUS-FNA. Four recent studies have reported Kras mutations in advanced PDAC,
though no correlation was found between Kras mutations and patient survival[40-43]. Conversely, three other
published studies (one that included patients with resected PDAC, and two that included mixed populations
with resected and locally advanced/metastatic PDAC)
suggest that the presence of Kras mutations in tumor
tissues have a significant adverse impact on median survival time[44-46]. Therefore, it is still difficult to conclude
that the presence of Kras mutations influences or does
not influence the prognosis of advanced PDAC. To gain
further insights and to obtain a definitive conclusion,
investigations on a larger cohort of similar patients (to
allow strong multivariate analysis) are needed.
Others molecular alterations
Itoi et al[47] conducted a p53 immunohistochemical analysis in FNA biopsy specimens obtained from CP and
pancreatic cancers. They reported that p53 protein overexpression was observed in 67% of the samples with
pancreatic cancer, but not in samples with chronic pancreatitis, and they found that by using the combination
of p53 protein overexpression and conventional histological examination, the diagnosis of pancreatic cancers
improved as follows: 90% sensitivity, 91% specificity,
and 92% accuracy, whereas the conventional histological EUS-FNA diagnostic test statistics for the pancreatic
masses were as follows: 76% sensitivity, 91% specific-
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ity, and 79% accuracy. Jahng et al[48] reported that the
combination of p53 and cytology to detect malignancy
increased the sensitivity to 51% with 100% specificity,
whereas cytology alone had 41% sensitivity and 100%
specificity. Salek et al[49] reported also that EUS-guided
FNA cytology combines with screening of Kras mutations and allelic losses of tumor suppressor p16 and
DPC4 represents a very sensitive approach particularly in
cases where FNA has been inconclusive. Another group
recently investigated with the same issue the quantitative
analysis of MMR genes[50].

MICRORNA
MicroRNA: from basics to clinics?
MicroRNAs are small non coding RNA that functions
as translation inhibitors of messenger RNA mainly
following binding to 3’-untranslated region[51-53]. This
mechanism is conserved from plants to humans. These
molecules are tightly involved in the regulation of many
physiological processes. Indeed they regulate more than
30% of mammalian gene products. In addition, microRNAs play important roles in many diseases, including
cancer, cardiovascular disease, and immune disorders.
Besides their high stability in tissues and fluids, microRNAs can repress the expression of dozens or hundreds
of genes, making them an attractive therapeutic target.
MicroRNA expression is finely regulated by epigenetic modification (DNA methylation of promoters encoding for microRNA), change in DNA copy numbers, and
genetic mutations[54]. For example miR-21 production
is increased by Kras (G12D) or EGFR and decreased
by TGF-b[55]. For epigenetic regulation Choi et al[56] described in 2012 the DNA methylation of promoter encoding for many microRNAs as a physiological process
for mesenchymal stem cell differentiation. As described
previously, microRNAs are very stable in tissues and
fluids (urine, plasma, saliva). This is a key advantage as
compare to protein or mRNA. That is why microRNAs
are an emerging class of biomarkers in physiological and
pathological processes, including pancreatic diseases.
MicroRNA and pancreatic cancer
microRNA expression is profoundly altered in cancer or
is strongly modulated during carcinogenesis. MicroRNAs
can be organized in two classes; the oncomicroRNAs
which are upregulated in cancer (miR-155, miR-21)[57]
and the tumor suppressor microRNAs (let-7 family)
which are down regulated in cancer cells[58].
Concerning pancreatic cancer, many articles described
that there is an early aberrant microRNA production in
pancreatic carcinogenesis and more precisely in the development of precancerous lesions called PanIN. Indeed,
the production of miR-21, miR-221, miR-222, and let7a increased with human PanIN grade, with peak production occurring in hyperplastic PanIN-2/3 lesions[55].
Epigenetic regulation of microRNA is also described
to modulate microRNA expression during pancreatic
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carcinogenesis. For example, miR-148 is down regulated
due to an hypermethylation of its DNA[59]. These early
disturbances in the expression of microRNA persist
then partly in advanced pancreatic cancer stages. In addition, many recent reports describe the alteration of
microRNA expression in IPMNs, well-described noninvasive precursor lesions of pancreatic cancer[60]. Such
approach may aid in diagnosis and surgical treatment decisions for patients with pancreatic cystic lesions. Taken
together, microRNAs could be the ultimate biomarkers
at the clinical level for the early diagnosis of pancreatic
cancer and would thus allow tumor resection that is usually associated with the best prognosis.
Wang et al[61] were the first to report the detection of
microRNA in the blood of pancreatic cancer patients.
Interestingly, microRNA profiling in plasma can differentiate pancreatic cancer patients from healthy controls.
They demonstrate that the plasma levels of panel of four
microRNAs (miR-21, miR-210, miR-196a and miR-155)
reveal a sensitivity of 64% and a specificity of 89% for
pancreatic cancer. In addition, expression profiles of
microRNAs may also be very informative not only to
discriminate pancreatic cancer from the normal pancreas,
but also for the differential diagnosis of chronic pancreatitis. This shows the interest of microRNAs as diagnostic tool in biological fluids in a non-invasive manner.
MicroRNA have been described as key players in
pancreatic cancer development but above in pancreatic
cancer cell chemoresistance. The mechanisms involved
in drug resistance of cancer cell include alteration of
drug target, altered regulation of the cell cycle and apoptosis, increased DNA damage repair and ejection of the
drug from the cell by drug efflux pumps. Interestingly,
microRNAs can influence the drug response by regulating all of these cellular processes[62]. MiR-21, miR-146,
miR205, miR10b, miR-7 and many others microRNAs
are implicated in these phenomenon. In this context,
microRNAs can serve not only as a valuable therapeutic
target but also as a predictive marker for a large number
of diseases including pancreatic cancer. The study of
microRNA expression in tumors may also lead to the
identification of different molecular subtypes of pancreatic cancer that may provide insight into selection of
patients likely to benefit from therapies. Nevertheless,
whether this will translate into clinical applications is still
highly debated.
Some microRNAs are not only predictive and diagnostic markers but also prognostic markers. Indeed,
Bloomston et al[63] originally reported that 6 microRNAs
(miR-452, miR-105, miR-127, miR-518a-2, miR-187, miR30a-3p) are over-expressed in the patients with a longer
survival (greater than 2 years). In addition, Yu et al[64]
reported that patients with high levels of miR-200c expression present with significantly better survival rates
than those with low levels of miR-200c expression.
To conclude microRNA expression signature may
be informative for the diagnosis, prognosis and predictive of pancreatic cancer[65]. In other words microRNAs
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quantified in EUS-FNA specimens. Table 2 resumes
clinical applications of microRNAs in FNA material.
However, forthcoming prospective studies are needed to
ask whether microRNAs may translate into reliable biomarkers for pancreatic cancer management.

Table 2 Main studies with expression of miRNA in endoscopic ultrasound-guided fine needle aspiration specimens
Ref.

miRNA FNA

Possible clinical
implication

Torrisani et al[58]
Let-7a
X↓
Diagnosis
Hanoun et al[22]
miR-148b X ↓
Diagnosis
Szafranska et al[24]
Szafranska et al[24]
miR-196a X ↑
Diagnosis
Szafranska-Schwarzbach et al[66]
Szafranska et al[24]
miR-217 X ↓
Diagnosis
Szafranska-Schwarzbach et al[66]
Du Rieu et al[55]
miR-21 X ↑ Diagnosis, prognosis,
Bloomston et al[63]
response to treatment
Preis et al[67]
miR-10b X ↑ Prognosis, response to
treatment

MUCINS AND MARKERS OF INVASION

X ↑: Up regulated; X ↓: Down regulated. FNA: Fine needle aspiration.

appear to be reliable biomarkers to assist clinicians in all
stages of care for patients with pancreatic cancer. Thus,
microRNAs are expected in the future to prove specific
and/or sensitive as a long-awaited screening tool for
pancreatic cancer.
MicroRNA detection EUS-FNA
Nowadays, the vast majority of pancreatic cancer patients have metastatic and/or locally advanced diseases
at the time of diagnosis; in other words, these patients
are not eligible for curative resection which explains the
limited access to pancreatic tissue specimens. As explain before, endoscopic ultrasound-guided fine needle
aspiration-biopsy is the most widely used approach for
cytological and histological material sampling in this situation. Szafranska et al[24] revealed that microRNA and
more precisely, miR-196a and miR-217 expression analyses from FNA material can discriminate pancreatic cancer from benign lesion with a high sensitivity (90%) and
specificity (100%). These results paved the way to the
first development of a molecular test using microRNA
for the differential diagnosis of pancreatic cancer[66].
Preis’s[67] group has demonstrated that miR-10b and
miR-21, two well-characterized onko microRNAs, are over
expressed in the FNA material from pancreatic cancer
patients. MiR-10b is now classified as a novel and powerful diagnostic biomarker for pancreatic cancer. In addition, reduced expression of miR-10b is associated with
improved response to multimodality neoadjuvant therapy,
surgical resection, time to metastasis, and increased survival. Thus, miR-10b may serve as a novel diagnostic and
prognostic biomarker in PDAC and as a tool for predicting response to therapy.
Then, we recently demonstrated that let-7a tumor
suppressor microRNA expression is repressed[58] in FNA
material of pancreatic cancer and that the measurement of
hypermethylation of microRNA miT-148a encoding DNA
region is potentially useful to differentiate pancreatic cancer and pseudo-tumor forms of chronic pancreatitis[22].
To conclude, microRNAs are very promising emerging molecular markers in pancreatic cancer that can be
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Expression of mucins
Mucine (MUC) are the main components of mucus.
They are synthesized and secreted by specialized cells of
the epithelium and in some case, by non mucin-secreting
cells. MUC are membrane-tethered high molecular
weight glycoprotein, and frequently overexpressed in
PDAC. Mucins have been implicated in tumorigenicity,
invasiveness, metastasis and drug resistance through their
characteristic O-linked and N-linked oligosaccharides,
extended structures and unique domains. MUC are classified into three categories, membrane associated mucins
with MUC1, MUC3 or MUC4, gel-forming mucins with
MUC 2 or MUC5AC and soluble mucin with MUC7.
MUC are expressed in normal pancreatic tissue, PDAC
or precusors lesions as IPMN or PanIN[68]. The MUC
expression profile has a hight value for the diagnosis of
PDAC (especially MUC1) and several studies implicated
these markers in the prognosis and outcome of patient.
From samples obtained under EUS FNA, MUC can be
detected using immunohistochemistry[69,70]. By this way,
Nagata et al[68] investigated the expression of MUC in
various pancreatic tissues. MUC1 and MUC6 are expressed
in normal pancreatic tissues while MUC 2 and MUC 5AC
are never expressed. The expression profile of MUC
in IPMN is different between the different subtypes of
IPMN. IPMN of intestinal type display a high expression
of MUC2 and MUC5 AC while IPMN of pancreaticobiliary type has a low expression of MUC2 and a high expression of MUC 5AC. In PDAC tissues, MUC1 has a high
expression but no expression of MUC2. Wang et al[71], after
immunohistochemistry on EUS-FNA samples demonstrated the expression of MUC1, MUC2 and MUC5AC
in PDAC and in benign pancreatic disease samples. They
investigated the diagnosis value of cytology analysis alone
vs combination of cytology together with the presence of
MUC1 or MUC 5AC. They concluded that the combination of cytology and MUC1+ or MUC5AC+ provide
higher sensibility and accuracy for the diagnosis of PDAC
(Table 3).
Expression of factors implicated in tumor invasion
The identification of others biomarkers has been proposed from samples of pancreatic tissue obtained by
EUS-FNA. Indeed the quality and the amount of cellular pancreatic samples obtained by EUS-FNA allow
immunohistochemistry thanks to cellblocks but also the
extraction of RNA to perform Real Time Reverse Transcription Polymerase Chain Reaction.
We previously performed an expression study using
cDNA macro array of pancreatic cancer cells and PDAC
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Table 3 Main studies investigated expression of Mucin and molecular markers for the diagnosis of pancreatic cancer using endoscopic ultrasound-guided fine needle aspiration materials
Molecular markers
MUC1+/MUC2-/MUC5AC+
CytoP + MUC5AC
CytoP + MUC1
MSLN, UPAR
S100P
MSLN
S100P + KRT7
cytoP alone
cytoP alone/cytoP + S100A6

Methods for analysis

Sensitivity (%)

Specificity (%)

Accuracy (%)

Ref.

IHC
IHC

70
90
85
100
90
62
80
68/88

100
93
100
94
90
74
77
100/90

75
91
89
87
66
75/89

70
71

qRT-PCR
IHC
qRT-PCR
qRT-PCR

77
78
23
73

CytoP: Cytopathology; IHC: Immunohistochemistry; qRT PCR: Quantitative reverse transcription polymerase chain reaction; MUC: Mucin; MSLN: Mesothelin; UPAR: Urokinase plasminogen activator receptor.

tissues. Following this DNA chip study, RT-QPCR validated the increased expression of LCN2 (lipocalin 2)
and for the first time PLAT (tissue-type plasminogen
activator or tPA) in PDAC as compared with normal
pancreas. Following, PLAT and LCN2 transcripts obtained through EUS-guided FNA from patients with
PDAC showed a significant increased expression levels
in comparison with those found in normal tissues, indicating that a sufficient amount of high quality RNA can
be obtained with this technique[72].
Subsequently we conducted a prospective multicenter
study using dedicated TaqMan Low Density Array technology on EUS-FNA materials[23]. We quantified candidate gene expression in biopsies sampled from 44 locally
advanced and/or metastatic pancreatic carcinoma and
from 17 pseudotumoural chronic pancreatitis. We found
that eight genes (S100P, PLAT/Plasminogen Activator Tissue, PLAU/PLasmine Activator Urokinase, MSLN/Mesothelin, Matrix MetalloProteins 7 and 11, KRT7 and 17/Keratin)
were significantly over expressed in pancreatic cancer
samples when compared to pseudotumoural chronic
pancreatitis. The area under receiver operating curve establishes the clinical validity of the potential diagnostic
markers identified in this study (values ranging from 0.69
to 0.76). In addition, combination of S100P (calcium
binding protein P) and KRT7 gave better diagnosis performances (Table 3). We demonstrate that molecular
studies on EUS-guided FNA material are feasible for the
identification and quantification of markers in PDAC
patients diagnosed with non-resectable tumours. Using
low-density array, we isolated a molecular signature of
advanced pancreatic carcinoma including mostly cancer
invasion-related genes[23]. Zihao et al[73] demonstrated the
interest of S100A6 for the diagnosis of pancreatic cancer.
The material used RNA extracted for quantification of
gene expression by RT PCR and S100A6 immunohistochemistry to validate the expression. Deng et al[74] demonstrated also a nuclear or cytoplasmic staining for S100P
and it was specific for pancreatic cancer with 100% diagnostic sensibility. Kosarac et al[75] obtained similar results.
These different biomarkers as calcium binding proteins
such as S100P (that are associated to metastase and poor
prognosis) may contributed in positive diagnosis of
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pancreatic cancer but also in differential diagnostic with
benign pancreatic disease[76-78].

MARKERS FOR THE TREATMENT
EFFICACY
Gemcitabine is transported into cells predominantly by
human equilibrative nucleoside transporters[79]. A deficiency of activity of one of them, hENT1, conferred
high-level resistance to the toxicity of gemcitabine[80-83],
and patients with PDAC that have detectable hENT1
or high hENT1 gene expression have significantly prolonged survival after gemcitabine chemotherapy when
given as adjuvant treatment after resection[84,85]. After
transport, Gemcitabine must be sequentially converted
into mono- di- or triphosphorylated forms to exert its
full cytotoxic activity. In this cascade, the first two steps
of phosphorylation are rate-limiting. In mammalian cells,
gemcitabine conversion into gemcitabine monophosphate
is performed by the deoxycytidine kinase (DCK) [80-81].
Then, the Uridylate monophosphate kinase yields gemcitabine diphosphate[81]. Gemcitabine derivatives exhibit
antitumor activity either by interfering with intracellular
nucleotide pools, or through direct inhibition of DNA
synthesis. Resistance to gemcitabine has been reported
to involve a deficiency in DCK enzyme, a decrease in
nucleoside transport and an overexpression of ribonucleotide reductase. After cellular entry, gemcitabine
must be phosphorylated by deoxycytidine kinase (dCK),
which is a rate limiting step. We previously demonstrated
that down-regulation of dCK specifically enhanced
acquired resistance to gemcitabine in pancreatic cancer
cells, whereas transfection of wild-type dCK restored
sensitivity to the drug[83]. Conversely, active metabolites
of gemcitabine are reduced by 5′-nucleotidase, and gemcitabine itself is inactivated by cytidine deaminase (CDA).
High levels of these catabolic enzymes are associated
with resistance to the drug. Ribonucleic Reductase (RR)
is a dimeric enzyme composed of regulatory subunit
M1 and catalytic subunit M2. PDAC patients with high
levels of RRM1 expression had poor survival rates after
gemcitabine treatment. Moreover, RRM2 gene silencing
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by RNA interference is an effective therapeutic adjunct
to gemcitabine treatment. These data suggest that the
genes encoding proteins involved in the transport and
metabolism of gemcitabine and in the metabolism of
targets can be potential candidates to predict sensitivity
to gemcitabine.
Fujita et al[84] investigated 70 patients with PDAC. Of
the 70 patients, 40 received gemcitabine-based adjuvant
chemotherapy. They measured hENT1, dCK, CDA,
RRM1, and RRM2 mRNA levels by quantitative realtime reverse transcription-polymerase chain reaction
in endoscopic ultrasound-guided fine needle aspiration
(EUS-FNA) cytological specimens. High dCK, low
RRM2 groups had a significantly longer disease-free survival in the gemcitabine-treated group[85]. Itoi et al[86] assessed 35 PDAC biopsy specimens for RRM2 expression
levels. In the low RRM2 expression group, a complete
response was observed in one patient, and a partial response was observed in eight patients. In contrast, in the
high RRM2 expression group, complete response was
not observed. In the work from Ashida et al[87] mRNAs
were extracted from 35 unresectable pancreatic adenocarcinoma tissues obtained by EUS-FNA before GEMtreatment. Among these GEM sensitivity-related genes,
dCK alone showed a significant correlation with Gemcitabine efficacy. Among all molecules that are crucial
for Gemcitabine intracellular transport and metabolism,
hENT1, dCK and RRM2 appear important. If their expression has been studied at the mRNA levels on EUSFNA, immunohistochemistry on these materials remains
to be validated.

CONCLUSION
Both clinician and scientist take benefit from cellular
and tissue material sampled under EUS-FNA in PDAC
patients. The progress of molecular biology authorizes
now extraction of DNA, mRNA and miRNA. After
amplification identification of genetic abnormalities and
quantification of biomarkers for improvement of diagnosis, prognosis and hopefully treatment together with a
better knowledge of pancreatic carcinogenesis especially
in locally advanced pancreatic adenocarcinoma. Among
these markers, Kras oncogene assay appears now the
most robust for improvement of positive and differential
diagnosis of pancreatic cancer especially when FNA are
inconclusive or doubtful. Clinical implication or miRNA,
Mucins and markers of invasion is still debated. Future
molecular developments may open windows towards
personalized treatments after molecular characterization
of a single patient.
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Abstract
Pancreatic ductal adenocarcinoma (PDA) is one of the
major causes for cancer death worldwide. Treatment of
metastatic disease remains challenging as only certain
patients benefit from advances made with the intensified chemotherapy regimen folinic acid, irinotecan and
oxaliplatin, the epidermal growth factor receptor inhibitor erlotinib or the recently FDA-approved nab-paclitaxel. Up to date, no established approach for prediction
of treatment response or specific treatment allocation
exists. Translational research was able to identify a
number of potential biomarkers that might help to improve the dismal prognosis of PDA by facilitating upfront
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treatment allocation. This topic highlight is focused on
current evidence on potential biomarkers for tumor biology, prognosis and prediction of treatment efficacy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Biomarker; Erlotinib; Gemcitabine; human
equilibrative nucleoside transporter 1; KRAS; Nab-paclitaxel; p53; Pancreatic cancer; SMAD4; SPARC
Core tip: Recent advances in the treatment of pancreatic ductal adenocarcinoma (PDA) have been made using
the intensified chemotherapy regimen folinic acid, irinotecan and oxaliplatin, the recently FDA-approved nabpaclitaxel and the epidermal growth factor receptorinhibitor erlotinib. Yet overall prognosis of PDA remains
poor. To further improve outcome of PDA, innovative
strategies are needed to identify patient subgroups that
benefit most from specific regimens. This topic highlight
focuses on potential biomarkers to identify patients that
benefit from treatment with erlotinib (e.g. KRAS, AKT,
ERK, p53), gemcitabine (hENT1, RRM1, dCK), nabpaclitaxel (SPARC) or angiogenesis inhibitors. Additional
biomarkers of tumor biology (like SMAD4 and CXCR4)
and future concepts of translational research in PDA
are also discussed.
Kruger S, Haas M, Ormanns S, Bächmann S, Siveke JT, Kirchner T,
Heinemann V, Boeck S. Translational research in pancreatic ductal
adenocarcinoma: current evidence and future concepts. World J
Gastroenterol 2014; 20(31): 10769-10777 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10769.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10769

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDA) constitutes
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the fifth leading cause of cancer death accounting for
approximately 227000 annual deaths worldwide[1-4]. It
is only curable by surgical resection which is feasible in
about 15%-20% of all patients[4]. Non-resectable patients
usually receive palliative chemotherapy with gemcitabine-based combinations[5]. However, these combinations
often fail to offer long-term disease control resulting in
a poor five-year survival rate of about 4%[4]. Advances
in specific patient populations have been made using
the tyrosine kinase inhibitor erlotinib and an intensive
treatment regimen consisting of 5-fluorouracil (5-FU),
folinic acid, irinotecan and oxaliplatin (FOLFIRINOX).
While effects on the overall population are minimal for
erlotinib, intensive chemotherapy with FOLFIRINOX
is tolerated by certain patients only[6,7]. Treatment options proven to be beneficial in other cancer entities like
the vascular endothelial growth factor (VEGF) inhibitor bevacizumab have failed to improve survival in an
unselected PDA population[8]. Preclinical data propose
that innovative agents like the recently FDA-approved
albumin bound nab-paclitaxel might be dependent on
expression of specific proteins, suggesting predefined
patient subgroups as major beneficiaries[9]. Hence new
biomarkers are urgently needed for treatment allocation
and identification of patient subgroups that might benefit from alternative treatment strategies[10]. This topic
highlight summarizes and assesses current evidence from
translational studies on biomarkers for tumor biology,
prognosis and prediction of treatment response in PDA.
Biomarkers for tumor biology and prognosis
SMAD4: SMAD4/DPC4 is a protein involved in intracellular transforming growth factor-b1 signaling[11]. In PDA
differing functions as biomarker have been ascribed to
SMAD4. Based on findings in rapid autopsies performed
on patients previously diagnosed with stage I to IV PDA,
Iacobuzio-Donahue et al[12] suggested SMAD4 as a biomarker for metastatic pattern of PDA. They determined
presence or absence of intact SMAD4 using immunochemistry in PDA of 65 patients. Abnormal immunostaining of SMAD4 was found in 41 patients (63%). Absence
of intact SMAD4 was significantly more frequent in
metastatic disease (78%) and significantly reduced in locally destructive disease (22%) (p = 0.007). Oshima et al[13]
screened 106 patients with PDA who had undergone surgical resection for mutations in different genes including the
SMAD4 gene. Abnormal immunolabeling for SMAD4
was detected in 64 patients (60%). Using univariate analysis, a significant correlation between tumor size (p = 0.006),
lymphatic invasion (p = 0.033), lymph node metastasis (p
= 0.006) and abnormal immunostaining for SMAD4 was
found. Overall survival for patients with intact vs mutant
SMAD4 was 30.1 mo vs 18.3 mo respectively (p < 0.001).
Within a multivariate analysis mutant SMAD4 was found
to be a significant and independent poor prognostic factor for both disease free and overall survival. In a different
study Bachet and co-workers examined tumor samples
of 471 patients with resected PDA and assessed SMAD4
status by tissue microarray analyses. Patients with mutant
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SMAD4 significantly benefited from adjuvant chemotherapy (hazard ratio for death compared to untreated
patients = 0.59; 95%CI: 0.42-0.82; p = 0.002), whereas
no significant beneficial effect of adjuvant treatment was
witnessed for SMAD4 wild-type status (hazard ratio for
death = 0.85; 95%CI: 0.49-1.46; p = 0.552). While disputing a correlation between metastatic pattern and SMAD4
status, the authors conclude that SMAD4 might also
predict adjuvant treatment response[14]. Using multivariate analysis Winter et al[15] recently examined the correlation between SMAD4 status and different clinical criteria
in 127 patients with resected PDA. In harsh contrast to
earlier findings they found neither a correlation between
SMAD4 and metastatic pattern nor a correlation between
SMAD4 and overall survival (Table 1).
CXCR4: Chemokines are small cytokines capable of
inducing chemotaxis. They exert their effects via specific
chemokine receptors found on various cell types including immune and tumor cells. The chemokine receptor
CXCR4 has been described to be widely expressed in different cancer types[16]. Via interaction with its ligand, the
chemokine CXCL12 (SDF-1α) is believed to promote tumor growth, angiogenesis and tumor dissemination[17]. In
PDA two retrospective studies concluded CXCR4 to be
a significant and independent poor prognostic factor for
overall survival while a third study found no significant
correlation between overall survival and CXCR4[14,18,19].
The CXCR4 ligand CXCL12 has recently been reported
to be a predictive marker for treatment response to bevacizumab as discussed below[20]. Additional research is
clearly necessary to identify the potential of CXCR4 and
its ligand in predicting treatment response and prognosis
in PDA.
Predictive biomarkers of the epidermal growth factor
receptor pathway
The oral epidermal growth factor receptor (EGFR) tyrosine kinase inhibitor erlotinib modestly improves survival
in an unselected patient population with metastatic PDA.
However, a significant survival benefit from erlotinib
treatment is observed for patients developing skin rash[5].
Erlotinib exerts its effects by inhibiting intracellular receptor transphosphorylation of the ErbB1/HER1 receptor[21]. Translational studies therefore aimed to identify
EGFR polymorphisms and gene amplifications predictive for erlotinib treatment. Despite of promising findings in pre-clinical and early clinical studies, translational
subgroup analyses from prospective clinical trials failed
to reveal a significant correlation between genetic EGFR
alterations or overexpression and treatment response to
erlotinib up to now[22]. Recent investigational approaches
on identifying predictive EGFR pathway biomarkers have
therefore focused on downstream EGFR signaling such
as the PI3K-AKT-PTEN network or the RAS-RAFMAPK-MEK-ERK cascade.
KRAS: Mutations in members of the RAS gene family
such as v-Ki-ras2 Kirsten rat sarcoma viral oncogene ho-
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Table 1 Summary of current evidence on selected biomarkers in pancreatic ductal adenocarcinoma discussed in this topic highlight
Ref.
Iacobuzio-Donahue et al[12]
Oshima et al[13]
Bachet et al[14]
Winter et al[15]
Bachet et al[14]
Maréchal et al[18]
Gebauer et al[19]
Lee et al[27]
Shin et al[28]
Ogura et al[29]
Boeck et al[22,31]
Kim et al[24]
da Cunha Santos et al[32]
Oliveira-Cunha et al[33]
Farrell et al[48]
Morinaga et al[49]
Maréchal et al[50]
Greenhalf et al[52]
Jordheim et al[51]
Poplin et al[53]

Biomarker

Prognostic

Predictive (for)

Dissemination pattern

SMAD4

N/A
+
+
+
+
+
+
+
-

N/A
N/A
+ (adjuvant chemotherapy)
N/A
N/A
N/A
N/A
N/A
N/A
? (erlotinib)
+ (erlotinib)
N/A
+ (adjuvant gemcitabine)
+ (adjuvant gemcitabine)
+ (adjuvant gemcitabine)
+ (adjuvant gemcitabine)
+ (review on 18 studies on adjuvant gemcitabine)
- (gemcitabine in metastatic PDA)

+
+
+
+
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

CXCR4

KRAS

hENT1

(+): Results suggest that the respective molecule might serve as a biomarker; (-): No evidence found that the respective molecule might serve as a biomarker; (?):
Unclear whether the respective molecule could serve as a biomarker. N/A: No data available; in cited study; PDA: Pancreatic ductal adenocarcinoma.

molog (KRAS) are frequently observed in different types
of human cancers[23]. The highest frequency of mutant
KRAS can be found in PDA. It has been reported that
mutant KRAS is present in up to 90% of all PDA[10,24].
Single point mutations in codon 12, 13, 59 or 61 of exon
2 and exon 3 of the KRAS oncogene impair intrinsic
GTPase activity of KRAS and lead to a permanent active
KRAS signaling pathway, resulting in sustained proliferation and survival of cells[23]. KRAS has been described as
a predictive biomarker for treatment success by inhibitors
of the EGFR pathway such as the small-molecule drug
erlotinib or the monoclonal antibodies cetuximab and panitumumab in metastatic non-small cell lung and colorectal cancer[25,26]. So far, the value of KRAS as biomarker in
PDA has not been clearly established. In a retrospective
study performed by Lee et al[27], KRAS status of 66 patients with metastatic (n = 61) or locally advanced (n =
5) PDA was analyzed. The majority of patients (n = 64)
had received first-line chemotherapy with gemcitabine
alone or gemcitabine in combination with capecitabine,
uracil/tegafur (UFT) or cisplatin. In a total of 42 patients
(64%) KRAS mutations were found (codon 12: n = 41,
codon 63: n = 1). Comparison between patients with a
mutation in codon 12 of the KRAS oncogene and wildtype KRAS showed a significant reduced overall survival
for patients with mutant KRAS (9.1 mo vs 13.4 mo, p
= 0.03). In conclusion Lee et al[27] suggested that KRAS
might be of value as a prognostic biomarker in PDA. In
the largest retrospective study conducted on KRAS as
a biomarker in PDA so far, Shin et al[28] analyzed KRAS
status of 234 resected PDA patients by polymerase chain
reaction. Mutant KRAS was present in 126 patients (55%).
Using multivariate analysis mutant KRAS was found to
be significantly correlated to poor prognosis. In a different
study by Ogura et al[29] similar findings were reported. Of
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note neither Shin et al[28] nor Ogura et al[29] commented on
applied chemotherapy regimens in the study population,
making it impossible to distinct between a predictive and
merely prognostic correlation. The AIO-PK0104 study
was a large, multicenter phase Ⅲ trial in advanced PDA
conducted by the German AIO study group[30]. In a posthoc analysis of AIO-PK0104 the wild-type KRAS status
was found to be significantly correlated with an improved
overall survival (hazard ratio for death for wild-type compared to mutant KRAS = 1.68; p = 0.005). Owing to the
study design (all patients received erlotinib plus either
capecitabine or gemcitabine as first-line chemotherapy)
it was impossible to directly distinguish between a prognostic and predictive correlation[22]. However, within an
exploratory analysis no significant correlation of KRAS
status with objective response to erlotinib-containing
first-line therapy was found, indicating that KRAS may
not serve as a predictive but rather as a prognostic biomarker for overall survival in PDA[31]. Contrary to these
observations, Kim et al[24] screened tumor samples of 136
patients with metastatic (n = 112) or locally advanced
(n = 24) PDA, who had received first-line therapy with
gemcitabine alone (n = 22) or a combination of gemcitabine with either erlotinib (n = 70), capecitabine (n
= 31) or UFT (n = 13). In 71 patients (52%) mutations
in codon 12 (n = 70) or codon 61 (n = 1) of the KRAS
oncogene were found. Post-hoc analysis showed a significant difference in overall survival between patients with
wild-type and mutant KRAS status treated with erlotinib
and gemcitabine (9.7 mo vs 5.2 mo, p = 0.002) whereas
no difference in survival was observed in patients treated
with regimens without erlotinib (7.0 mo vs 7.0 mo, p
= 0.121). The authors from this Asian study therefore
concluded that KRAS might be a predictive but not a
prognostic biomarker. In clear contrast to this conclusion
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are the findings of da Cunha Santos et al[32], who analyzed
tumor samples of 117 patients from the erlotinib pivotal
trial PA.3. Mutant KRAS was present in 92 patients (79%).
Comparison of overall survival showed a non-significant
survival benefit for wild-type KRAS patients treated with
erlotinib plus gemcitabine vs patients treated with gemcitabine plus placebo (6.1 mo vs 4.5 mo, p = 0.34) while
patients in the wild-type KRAS arm showed a trend towards reduced overall survival under anti-EGFR therapy
(6.0 mo vs 7.4 mo, p = 0.78). In a study conducted by
Oliveira-Cunha and co-workers the correlation between
KRAS status and overall survival in 100 patients with resected pancreatic and periampullary cancer was analyzed.
The investigators reported a non-significant shorter overall survival for mutant KRAS patients (22.8 mo vs 28.1
mo, p = 0.88) and concluded that there is no correlation
between KRAS and overall survival[33]. Noteworthy limitations of mentioned studies are retrospective design,
lack of data on systemic therapy and vague definition of
the cancer subtype investigated (e.g. periampullary cancer
vs PDA). Additional research using prospective biomarker
studies with clearly defined patient populations is crucial to clarify the possible use of KRAS as a prognostic
or (even more important) as a predictive biomarker for
treatment response to erlotinib.
ERK: EGFR signaling through KRAS is dependent on a
complex interplay of intracellular proteins like the extracellular signal-regulated-/mitogen-activated protein kinase
(ERK/MAPK). Because of its location downstream the
RAS-RAF-MEK cascade, ERK might be useful in predicting success of anti-EGFR treatment[34]. Additionally
some previous studies in PDA suggested that high ERK
expression might be a poor prognostic factor while other
studies found no correlation between ERK expression
and survival[35-37]. The AIO-PK0104 investigators also
examined the correlation between ERK expression and
overall survival. Archival tumor tissue samples of 153 patients with advanced PDA who had received an erlotinibbased 1 st-line regimen were analyzed using a grading
system of cytoplasmic and nuclear phospho(p-)ERK
expression ranging from 0 (no expression) to 12 (high
expression). A significant increase in the hazard ratio for
death by a factor of 1.06 for each pERK score level (0 to
12) was observed (HR = 1.06; 95%CI: 1.0-1.12; p = 0.05).
As for KRAS (see above) it was not possible to definitely
determine whether this correlation is solely prognostic
or predictive for erlotinib efficacy due to the design of
the trial[38].
AKT: Besides activation of KRAS, dimerization of EGFR
activates phosphoinositol-3-kinase (PI3K), resulting in activation of the serine/threonine-specific protein kinase AKT.
The active form of AKT, phosphorylated AKT (pAKT) is
an important mediator of cell survival and protein synthesis[34]. Its activity is negatively regulated by the tumor
suppressor protein phosphatase and tensin homolog
(PTEN). A deregulated AKT/PTEN pathway leads to
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resistance of cancer cell lines against anti-EGFR treatment in vitro[39]. Additionally, a correlation between expression of AKT and overall survival has been described
in previous small PDA studies[35,36]. Within AIO-PK0104
tumor samples of 35 patients were categorized based on
their pAKT expression level: no difference in progression free or overall survival between PDA patients expressing low or high levels of pAKT was observed[38].
p53: Mutations in the tumor suppressor gene TP53 are
an important step in the oncogenesis of most human
cancer types. Including PDA, approximately 80% of all
malignant tumors embody mutated TP53. Its transcriptional product p53 has been described to interact with the
EGFR/KRAS signaling pathway in PDA[34,40,41]. Additionally, p53 was recently also found to potentially serve as an
independent predictive biomarker for treatment success
with the monoclonal anti-EGFR antibody cetuximab in
locally advanced rectal cancer[42]. Pre-liminary findings
from 50 patients treated within AIO-PK0104 showed
that overall survival was independent of p53 expression;
however, progression free survival was significantly reduced in patients with p53 loss (1.8 mo) or overexpression of p53 usually resulting in dominant negative p53
(2.5 mo) compared to normal levels of p53 expression (6
mo)[38]. These pre-liminary findings may provide further
evidence that not only a loss of p53 but also its overexpression is an important step in carcinogenesis and
might be correlated to poor prognosis as also suggested
by other studies[43]. Further research in PDA is necessary
to confirm these findings and to clarify whether the observed correlation is of prognostic or predictive nature.
Predictive biomarkers of the VEGF pathway
Angiogenesis inhibitors like the VEGF inhibitor bevacizumab have proven to be beneficial as add-on treatment
in multiple cancer entities like colorectal and non-small
cell lung cancer[44]. In PDA antiangiogenic treatment has
failed to show a significant effect in unselected patient
populations so far[8]. Lambrechts et al[44] identified a possible predictive biomarker to select patients who might
benefit from anti-VEGF treatment with bevacizumab:
using blood samples collected within the AViTA trial,
they genotyped a set of 157 single nucleotide polymorphisms (SNP) in patients who had received gemcitabine
and erlotinib plus either bevacizumab (n = 77 patients) or
placebo (n = 77 patients). They identified the rs9582036
SNP in the VEGF receptor 1 region, which significantly
correlated with progression-free and overall survival
in the bevacizumab-treated group but not in the placebo group. Bevacizumab-treated AA carriers of the
rs9582036 SNP showed a median overall survival of 10.2
mo (95%CI: 7.8-14.9) while AC and CC carriers showed
a median overall survival of 5.9 mo (95%CI: 4.0-11.5)
and 4.7 mo (95%CI: 4.3-NA), respectively. Using a novel
multiplex ELISA system Nixon et al[20] recently analyzed
31 different factors in plasma samples of 328 patients
with metastasized or locally advanced PDA who had re-
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ceived gemcitabine plus either bevacizumab or placebo
within the CALGB 80303 study; after multivariate analysis three factors were identified as possible predictive
biomarkers: while low levels of VEGF-D were found to
be predictive for improved outcome in the bevacizumab
group, below median levels of CXCL12 (SDF-1alpha)
and angiopoetin 2 (Ang2) predicted a lack of benefit in
the bevacizumab group. Further prospective biomarker
studies are clearly necessary to confirm these pre-liminary findings and to assess the possible benefit of addon treatment with bevacizumab in a pre-selected PDA
population.
Biomarkers for the efficacy of gemcitabine
hENT1: Gemcitabine has been established as standard
agent in the adjuvant and palliative chemotherapy setting
of PDA more than a decade ago[45]. Gemcitabine uptake
by PDA cancer cells is thought to be dependent on human equilibrative nucleoside transporter 1 (hENT1),
suggesting hENT1 as a possible predictive biomarker for
treatment response to gemcitabine[46,47]. In PDA patients
receiving adjuvant treatment with gemcitabine or 5-FU
within the RTOG 97-04 study, Farrell et al[48] indeed demonstrated that patients treated with gemcitabine showed
significant better overall survival if hENT1 was expressed
in cancer cells as determined by immunohistochemistry
in resected tumors (hazard ratio for death for hENT1 expression vs no hENT1 expression: 0.40; 95%CI: 0.22-0.75;
p = 0.03). No correlation between overall survival and
hENT1 expression was found in the 5-FU treated group
indicating that hENT1 is a predictive biomarker for treatment response to gemcitabine. In line with these recent
findings, Morinaga et al[49] previously reported superior
overall survival for patients with high levels of hENT1
(22.2 mo) vs patients with low hENT1 levels (11.8 mo)
in a population that had received adjuvant gemcitabine
chemotherapy. In the largest retrospective study to date,
Maréchal et al[50] collected tumor samples from 434 surgically resected PDA patients among whom 243 had
received gemcitabine-based regimens. They found that
high hENT1 expression was a strong predictive factor
for superior overall survival in the gemcitabine treated
group (hazard ratio for death high vs low hENT1 expression = 0.43; 95%CI: 0.29-0.63; p < 0.0001). In a recent
review on 18 (mainly retrospective) clinical studies Jordheim and co-workers concluded that “it has been clearly
shown that hENT1 expression is a predictive marker for
patient outcome after (adjuvant) gemcitabine therapy”
in resectable PDA[51]. This conclusion is also supported
by the recently reported translational hENT1 data from
the ESPAC studies: a retrospective subgroup analysis on
352 patients with resected PDA treated with either adjuvant 5-FU or gemcitabine found that hENT1 serves as
a predictive marker for the efficacy of gemcitabine but
not for 5-FU[52]. To overcome the poor prognosis in low
hENT1 expressing PDA, CO-101, a chemically modified
gemcitabine molecule thought to be capable of entering
the cell independent of hENT1, was developed[53]. In
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the ‘low hENT1 and adenocarcinoma of the pancreas
(LEAP)’ trial, the efficacy and safety of CO-101 was
investigated in chemo-naive metastatic PDA patients. Enrolling 360 patients, this international randomized phase
II trial was also the first to prospectively assess the value
of hENT1 as a predictive biomarker for treatment response to gemcitabine. Astonishingly, the LEAP trial not
only demonstrated that CO-101 had no additional value
over standard gemcitabine treatment, it also indicated
that hENT1 expression does not correlate with overall
survival in gemcitabine-treated patients with metastatic
PDA[53]. Further research will have to elucidate whether
these contrasting findings are due to different research
approaches (retrospective vs prospective studies), differences in methodology (e.g. use of different antibodies)
or if hENT1 expression has differing functions as a biomarker in the adjuvant and metastatic PDA setting.
RRM1 and dCK: Several other molecules involved
in the metabolism of gemcitabine are currently under
investigation as potential biomarkers in PDA: retrospective evidence suggests that - besides hENT1 - also deoxycytidine kinase (dCK) may be able to predict benefit
from adjuvant gemcitabine in resected PDA[54]. dCK is
responsible for the intracellular phosphorylation of the
prodrug gemcitabine to its mononucleotide in a ratelimiting manner. Thus high expression levels of dCK
may enhance the efficacy of the drug. RRM1 (ribonucleotide reductase M1) is a cellular target for gemcitabine
and may additionally also act as a tumor suppressor. Preliminary evidence in resectable PDA showed that RRM1
may potentially serve as both a prognostic (in non-gemcitabine treated patients) and a predictive (in gemcitabine
treated patients) biomarker[54].
Biomarker for the efficacy of nab-paclitaxel
SPARC: Adjacent stromal tissue is a hallmark of PDA
believed to be an important contributor to poor treatment outcome by reducing drug delivery to cancer
cells[55]. New treatment strategies aim on facilitating drug
delivery to cancer cells by reducing tumor stroma. A
promising candidate is the recently FDA-approved albumin bound nab-paclitaxel, which was originally developed to avoid toxicities observed in treatment with solvent-based paclitaxel[9]. In addition to a favorable safety
profile, nab-paclitaxel has been shown to deplete tumor
stroma and increase intratumoral gemcitabine concentration by a factor of 2.8 in mice bearing xenograft PDA
tumors[56]. Further, co-administration of gemcitabine
and nab-paclitaxel reduced levels of the gemcitabine metabolizing enzyme cytidine deaminase, making PDA cells
more sensitive to gemcitabine treatment[9]. Recent results
from the phase Ⅲ ‘metastatic pancreatic adenocarcinoma
clinical (MPACT) trial showed a statistically significant
increase in overall survival from 6.7 mo in patients receiving single-agent gemcitabine to 8.5 mo in patients
receiving the combined nab-paclitaxel/gemcitabine
regimen[57]. Recent findings in humans confirmed that
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stromal depletion by nab-paclitaxel might be responsible
for the reported survival benefit[58]. For intracellular uptake of nab-paclitaxel into PDA stromal cells, specific
albumin-binding proteins are necessary. Secreted protein
acidic and rich in cysteine (SPARC) has been proposed
to be one of them[9]. SPARC is a matricellular glycoprotein involved in different biological processes like wound
repair or angiogenesis[59]. Its overexpression and correlation with poor prognosis independent of the therapeutic
agent has been described in different human cancers like
colon, esophageal, breast and lung cancer[60]. In PDA it
was demonstrated that increased SPARC expression in
adjacent fibroblasts but not in cancer cells conversely
correlates to overall survival[60]. Results from a phase Ⅰ/
Ⅱ nab-paclitaxel trial suggested that elevated SPARC levels in fibroblasts adjacent to PDA might be a predictive
marker for treatment success with nab-paclitaxel[56,61]. Yet
a very recent study using SPARC knockout mice reported drug delivery and antitumoral effects of murine nabpaclitaxel to be independent of SPARC expression[62].
Thus further research will be necessary to elucidate the
potential use of SPARC as a predictive biomarker for
nab-paclitaxel treatment in humans; specifically the translational results on SPARC from the large international
MPACT study are urgently awaited in this context.
Future directions
Translational research studies conducted so far have
failed to identify reliable prognostic or predictive biomarkers for PDA. Besides methodological limitations like
retrospective design and heterogeneous study populations, most trials focused only on specific mutations in a
small number of genes. Yet prognosis and treatment response might depend on the interaction of a large variety
of genes and mutations as proposed in a work of Collisson et al[63]. In this study microdissected DNA of resected
PDA was analyzed using gene expression microarray analysis. A 62-gene signature for PDA was defined by means
of different statistic models. Subsequently tumor probes
were divided into three different subgroups depending
on their genetic signature. Subgroups were classical type
for PDA expressing high levels of adhesion-associated
and epithelial genes, quasi-mesenchymal type for PDA
expressing high levels of mesenchyme-associated genes
and exocrine-like type for PDA expressing high levels
of tumor cell derived digestive enzyme genes. Prognosis
between these three subtypes differed significantly with
classical type having the best and quasi-mesenchymal type
having the worst prognosis regarding overall survival.
In further experiments Collisson et al[63] analyzed human
and murine PDA cell lines using the 62-gene microarray
technique. Dependence on KRAS was analyzed using
RNAi. Proliferation of classical subtype PDA cell lines
was more prone to inactivation of KRAS by RNAi (of
note this approach did not distinguish between wildtype
and mutant KRAS alleles). Additionally, classical PDA
cell lines were more sensitive to treatment with erlotinib
while quasi-mesenchymal cell lines were more sensitive
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to gemcitabine[63]. Further clinical research is required to
translate these findings into clinical practice. As cancer
genome sequencing becomes more available and less
expensive[64], analyzing large subsets of genes appears to
be a promising future approach to predict treatment response and prognosis in PDA.

CONCLUSION
In this topic highlight several potential biomarkers for
prognosis, tumor biology and treatment response of
PDA were identified and discussed (as summarized within Table 1). Despite promising pre-liminary results, translational research has failed to establish reliable biomarkers for clinical practice so far. Main limitations for most
trials on potential biomarkers conducted in PDA were:
non-comparable patient cohorts, retrospective design and
non-consistent treatment protocols and molecular methods used. Besides the general need for more accompanying translational studies in pancreatic cancer trials, future
studies on potential biomarkers should be conducted
prospectively in well-defined patient populations, using
standardized molecular methods and profound biostatistical analysis. Furthermore, innovative technologies like
cancer genome sequencing and multiplex ELISA platforms might help to identify new options in predicting
prognosis and facilitating treatment allocation in PDA.
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Abstract
Pancreatic adenocarcinoma (PC) is the most deadly of
the common cancers. Owing to its rapid progression
and almost certain fatal outcome, identifying individuals at risk and detecting early lesions are crucial to
improve outcome. Genetic risk factors are believed to
play a major role. Approximately 10% of PC is estimated to have familial inheritance. Several germline mutations have been found to be involved in hereditary
forms of PC, including both familial PC (FPC) and PC as
one of the manifestations of a hereditary cancer syndrome or other hereditary conditions. Although most
of the susceptibility genes for FPC have yet to be identified, next-generation sequencing studies are likely
to provide important insights. The risk of PC in FPC is
sufficiently high to recommend screening of high-risk
individuals; thus, defining such individuals appropriately is the key. Candidate genes have been described
and patients considered for screening programs under
research protocols should first be tested for presence
of germline mutations in the BRCA2, PALB2 and ATM
genes. In specific PC populations, including in Italy, he-
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reditary cancer predisposition genes such as CDKN2A
also explain a considerable fraction of FPC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic adenocarcinoma; Susceptibility
genes; CDKN2A; Melanoma; Hereditary cancer syndromes; Screening
Core tip: Pancreatic adenocarcinoma is the most deadly of the common cancers. Identifying families with
hereditary pancreatic cancer can aid appropriate selection of individuals who are at high risk and are good
candidates for prevention and screening programs.
Although genetic predisposition to pancreatic cancer
remains largely unexplained, next-generation sequencing is likely to provide important insights. Candidate
genes have been described and patients considered for
screening protocols should first be tested for germline
mutations in these genes. In specific pancreatic cancer
populations, including Italy, hereditary cancer predisposition genes such as CDKN2A also explain a considerable fraction of hereditary pancreatic cancers.
Ghiorzo P. Genetic predisposition to pancreatic cancer. World J
Gastroenterol 2014; 20(31): 10778-10789 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10778.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10778

INTRODUCTION
Pancreatic adenocarcinoma (PC) is the deadliest among
the common cancers. Its incidence is on the rise, especially in North America, Japan and Europe, where it represents the fourth to fifth most frequent cause of cancer
mortality. Despite advances in therapy, diagnostic imaging and understanding of genetic factors, PC mortality
rates have not declined appreciably in the past 20 years,
and PC mortality still nearly equals its incidence (roughly
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280000 new cases per year, 7000 of which are in Italy),
leading to an estimated 227000 deaths per year worldwide[1-4]. The only potentially curative treatment for PC
is surgical resection. Median survival following resection
ranges from 13 to 21 mo, while without surgery, median
survival is a mere 2.5-8 mo[5,6]. However, as most PCs are
diagnosed late, and < 5% of tumors are resectable at the
time of diagnosis, 5-year survival for PC remains low (<
5%). Early detection of stage 1 disease with curative resection has been shown to improve 5-year survival rates
upwards to 60%[7].
The incidence of PC in the general population is not as
high as that of other more common cancers (e.g., colorectal cancer), therefore, nonselective screening is not recommended. However, targeted screening may hold promise
for high-risk individuals (HRIs) identified by their family
history or because of a known genetic predisposition.
To date, no standard diagnostic approach or early detection
method for PC has been developed, and screening remains
challenging [8]. Accurate risk stratification and correct
identification of HRIs with a genetic predisposition to the
disease who may benefit from prevention and screening
interventions in high-volume centers with ongoing research programs on PC[8,9] is thus crucial.
In recent years some excellent reviews have described
susceptibility genes for PC, its biology and screening
intervention protocols[8-12] . The aim of this review is to
provide an update of recent findings on genetic susceptibility to PC, describing standard and novel approaches
for the identification of susceptibility genes, as well as
genetic data recently obtained for the first time in the
Italian PC population.

RISK FACTORS FOR PANCREATIC
ADENOCARCINOMA
Biological, lifestyle and environmental risk factors
PC incidence shows wide variations across countries, suggesting that biological, lifestyle and environmental factors
are involved in determining increased PC risks, which
range between two- and 13-fold[4]. PC is age dependent;
in the United States, the median age at diagnosis is 72
years. Only 5%-10% of patients with PC develop the
disease before the age of 50 years, and these are likely to
include patients with an underlying genetic predisposition or who have previously undergone radiotherapy[4].
Sex and race also play a role, probably related to differences in smoking rates in men, as well as race-specific
genetic differences in the ability to detoxify tobacco
products, or vitamin D deficiency in blacks. Although
these factors cannot be modified, lifestyle and environmental risk factors are controllable, cause 20%-25% of
all PCs, and are thus of importance for HRIs. Heavy
alcohol intake is associated with a modest increased risk
of PC, while chronic pancreatitis, long-term diabetes,
Helicobacter pylori infection, overweight, vitamin D deficiency and occupational exposures are associated with
significantly increased risk. Conversely, atopic allergy and
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use of metformin to treat diabetes have been associated
with a reduced risk.
Susceptibility genes in HRIs
Although lifestyle modifications are possible and may
help reduce PC risk, high-risk factors are not controllable and are the ones that typically characterize candidates
for prevention and screening interventions.
PC has a familial basis in as many as 10% of patients.
Some of the familial aggregation of PC is due to chance,
and some to shared environmental exposure such as
cigarette smoking[6]. An inherited predisposition to PC
is seen in a range of clinical settings. Several hereditary
cancer syndromes are known to be associated with an
increased risk of PC, mainly Peutz-Jeghers syndrome
(PJS), melanoma pancreatic-cancer syndrome (MPCS) or
familial atypical multiple mole melanoma (FAMMM)-PC,
hereditary breast-ovarian cancer (HBOC), and to a lesser
extent Lynch syndrome (LS) and familial adenomatous
polyposis (FAP). In addition, an increased risk of PC is
present in patients with hereditary pancreatitis or cystic
fibrosis.
Approximately 20% of hereditary cases of PC are
currently attributed to a known genetic syndrome. The
term familial pancreatic cancer (FPC) applies to the
remaining 80% of patients with an inherited predisposition: families in which at least two first-degree relatives
(FDRs) have been diagnosed with PC but that do not
meet the diagnostic criteria for the previous settings[13-16]
(Table 1).
Genes for known hereditary cancer syndromes
As mentioned earlier, PC is known to occur in a range
of hereditary diseases and syndromes.
PJS is an autosomal dominant hereditary disease with
characteristic hamartoma polyps of the gastrointestinal
tract, and mucocutaneous melanin pigmentation. Almost
half of all PJS patients harbor germline STK11/LKB1
gene mutations. Affected individuals have a 36% cumulative lifetime risk of developing PC[17].
FAMMM is an autosomal dominant disease that is
characterized by the occurrence of > 50 atypical nevi and
malignant melanoma in two or more first- or seconddegree relatives. Malignant melanoma, however, may also
be familial in the absence of the FAMMM phenotype.
Approximately 10% of melanomas have a familial aggregation pattern and mutations in the CDKN2A tumor
suppressor gene are identified in roughly 40% of these
families[18]. PC has been observed in a considerable proportion of kindreds with CDKN2A mutations. This is
considered to be a distinct hereditary cancer syndrome,
is termed FAMMM-PC or MPCS, and has been found to
confer a 17% cumulative lifetime risk of developing PC.
CDKN2A germline mutations account for 30%-40%
of patients affected by MPCS or the FAMMM-PC syndrome[18-29].
HBOC is another autosomal dominant hereditary
cancer syndrome and is caused by germline mutations in
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Table 1 Syndromes and genes associated with hereditary predisposition to pancreatic adenocarcinoma, relative and lifetime risk
Settings of hereditary PC
FPC syndrome
FDR with PC
FDRs with PC
or more FDRs with PC
Hereditary cancer syndromes
PJS
MPCS/FAMMM
HBOC
LS
FAP
Syndromes of chronic inflammation
HP
CF

RR of PC (-fold)

Cumulative lifetime risk by age 70 (%)

Genes identified
PALLD, CDKN2A, BRCA2, PALB2, ATM,….?

2-3
6
14-32

2
8-12
40

132
13-47
3.5-10
8.6
2-3

36
17
3-8
<5
<5

STK11/LKB1
CDKN2A
BRCA1, BRCA2
MLH1, MSH2, MSH6
APC

50-80
5

40
<5

PRSS1, SPINK1
CFTR

HP: Hereditary pancreatitis; FAP: Familial adenomatous polyposis; PC: Pancreatic adenocarcinoma; FDR: First-degree relative; PJS: Peutz-Jeghers syndrome; MPCS: Melanoma pancreatic-cancer syndrome; FAMMM: Familial atypical multiple mole melanoma; HBOC: Hereditary breast-ovarian cancer; LS:
Lynch syndrome; FPC: Familial PC; CF: Cystic fibrosis; HP: Hereditary pancreatitis.

the BRCA1 and BRCA2 genes. BRCA2 mutation carriers have an increased risk of breast, ovarian, and prostate
cancer, as well as a 3.5-10-fold increased risk of PC[30,31],
while the reported risk of PC for BRCA1 mutation carriers is about 2.5 times that of the normal population[32].
PC is also typical of LS, alternatively termed hereditary non-polyposis colorectal carcinoma syndrome. This
syndrome is caused by mutations in the mismatch repair
(MMR) genes MSH2, MLH1, MSH6 and PMS2. Individuals with mutations in the MMR genes have a risk of developing PC that ranges between 5% and 10%[33]. According
to a recent study[34], PC risk is increased sevenfold in both
MLH1 and MSH2 carriers belonging to LS families, especially at young ages, as noted by Lynch et al[35] as early as
1991.
Patients with FAP also have an increased risk of developing PC, with a relative risk of 4.6 (95%CI: 1.2-11.4)[36,37].
Finally, PC also occurs, if less frequently, in patients affected by Li-Fraumeni syndrome and ataxia telangiectasia.
Hereditary cancer syndromes in Italian PC patients
One of the difficulties in confirming that PC is a component of an inherited syndrome caused by germline
mutations in a susceptibility gene is the lack of DNA
from PC patients in families, which makes it impossible
to conduct co-segregation analysis.
We recently investigated the contribution of hereditary
cancer syndromes to PC in a hospital-based series of 225
Italian PC patients who were consecutively recruited at
our center. Among these patients, 24% of those who presented with features suggestive of HBOC were BRCA1
or BRCA2 positive, and 10% of those who were suspected to be affected by LS carried mutations in the MMR
genes[38,39]. Interestingly, 45% of the cases suspected for
MPCS were found to harbor mutations in CDKN2A[40-42].
This result corroborates previous findings on the high
occurrence of PC in Italian melanoma families with CDKN2A mutations[27,43-46]. The presence of CDKN2A mutations in PC patients selected from a case-control series
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shows that an unbiased association exists between PC and
CDKN2A germline mutations. No other hereditary syndromes were observed in this series that could drive selective screening of other genes.
Genes for hereditary conditions associated with PC
Hereditary pancreatitis: Hereditary pancreatitis (HP)
is currently considered to be an independent nosological unit. It is an autosomally dominant disease with
80% penetrance. In patients with HP, trypsin becomes
activated while still in the pancreas. This leads to partial
digestion of the pancreatic tissue, causing inflammation.
A strong genetic association exists between HP and
germline mutations in the PRSS1, SPINK1 and CFTR
genes[47]. Patients with HP have an about 80% relative
risk and a 40% lifetime risk of developing PC. If these
individuals are smokers, then PC develops, or rather is diagnosed, up to two decades earlier than in non-smokers.
Similarly, alcohol consumption also leads to a 20-year
earlier diagnosis of PC[48,49].
Cystic fibrosis: Cystic fibrosis (CF) is an autosomal recessive disease that is caused by mutations in the CFTR
gene. CF is characterized by the production of viscous
mucus, which blocks the airways and leads to obstruction of the pancreatic duct, thus increasing the risk of
inflammation. Patients with CF are at increased risk of
chronic pancreatitis and of PC[50].
FPC genes
FPC is mostly inherited in an autosomal dominant fashion,
and presents with a heterogeneous phenotype. Prospective
studies have reported an increased risk of developing PC
in unaffected FDRs of PC patients, which depends on the
number of relatives with PC in the family[51]. This risk has
been estimated to be 6.4-fold greater in individuals with
two FDRs with PC (lifetime risk 8%-12%) and 32-fold
greater in individuals with three or more FDRs with PC
(lifetime risk 40%) (Table 1). Among kindreds with FPC,
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the risk is higher in kindreds with young-onset PC (age
< 50 years, relative risk = 9.3) compared with kindreds
without young-onset PC[15,52,53]. Furthermore, evidence
indicates that the risk of PC is modestly increased in
FDRs of patients with sporadic PC compared to the
general population[53], in which the lifetime risk of developing PC is slightly less than 1% (0.5% at age 70 years).
Anticipation has been described in 59%-85% of FPC
families; indeed, patients in younger generations are affected by the disease about 10 years earlier than their affected relatives[54,55].
Studies focusing specifically on FPC genes have not
been successful so far in clarifying the genetic basis of
the disease[8,15,52]. Several genes underlying susceptibility
to the cancer syndromes associated with PC have been
investigated for their involvement in FPC predisposition.
Although the genes responsible for PJS[56] and LS[57,58] do
not seem to play a major role, BRCA2 and BRCA1 are
interesting candidates.
BRCA2 has been considered an important PC predisposition gene since its discovery[59], and recent reports
have estimated that it accounts for 6%-12% of FPC
families[8,60,61]. BRCA1 gene mutations have been reported
in a small number of patients with FPC[62,63]. Increasing
evidence is emerging that points to CDKN2A as an FPC
susceptibility gene[42,64] and other, novel candidate genes
(and loci) are being discovered. Indeed, over the past decade, FPC families have been found to harbor mutations
in several different genes.
PALLD: In 2002, linkage analysis of a large FPC pedigree from the United States showed significant linkage to
chromosome 4q32-34[65]. Four years later, an oncogenic
germline mutation at this locus, in the Palladin (PALLD)
gene, which encodes a cytoskeletal protein, was identified in affected members of that family. It was therefore
suggested that PALLD may be a major PC susceptibility
gene[66]. But this hypothesis was not supported by later
studies on Italian FPC families and on families from
other European countries[42,67,68].
BRCA1 and BRCA2: Although germline mutations in
the BRCA1 gene have been reported in a small number
of patients with FPC[62,63], mutations in BRCA2 have
long been reported to be the most frequently identified
genetic alterations in FPC. Early studies with small sample sizes found BRCA2 mutations in 15% of FPC families from Germany and the United Kingdom and in 17%
of families from North America[59,60]. These results however could not be confirmed in larger cohorts, in which
deleterious BRCA2 mutations were detected in 6% of
moderate- and high-risk FPC families[58,61]. BRCA2 deficiency in PC seems to be of clinical importance, because
PCs in BRCA2-positive patients are characterized by
marked sensitivity to poly (ADP-ribose) polymerase inhibitors and mitomycin[69-71].
We recently assessed the role of BRCA1 and BRCA2
as FPC susceptibility genes in the Italian population[42]
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and found no germline mutations.
PALB2: PALB2, which binds to the BRCA2 protein,
was reported to be a new PC susceptibility gene after
whole genome sequencing identified truncating PALB2
mutations in 3.1% of a series of North American FPC
patients[72]. PALB2 mutations were later detected in 3.7%
of German and British FPC families[73]. Conversely, a
Dutch study on 28 FPC families identified no mutations
in PALB2[74]. These findings suggest that PALB2 mutations may explain FPC in a small subset of European
families, especially in those with an additional occurrence
of breast cancer. Indeed, PALB2 is increasingly considered a good candidate for clinical testing in BRCA1and BRCA2-negative HBOC families[75]. PALB2 testing
in a series of Italian PC patients suspected for HBOC
described above, and in FPC patients, yielded no mutations, despite the fact that we screened the gene both by
Sanger sequencing and by multiplex ligation-dependent
probe amplification assay, in order to rule out large genomic rearrangements[38,42].
Germline mutations in other genes in the BRCA2
pathway, namely FANC-C and FANC-G, have been linked
to early-onset PC, but segregating germline mutations in
these genes have yet to be identified in FPC families[76].
ATM: Recently, heterozygous germline mutations in
the ataxia telangiectasia mutated (ATM) gene have been
identified in two kindreds with FPC[77]. Subsequent analysis of 166 additional FPC patients identified another
four deleterious ATM germline mutations, while none
were detected in 190 spouse controls. The prevalence
of ATM mutations in the whole FPC cohort was 2.4%
(4/166), and 4.6% (4/87) in families with three or more
affected members[77]. These findings suggest that ATM
mutations in these families may underlie PC, driven by
the classic two-hit model for tumor suppressor genes.
CDKN2A: CDKN2A germline mutations account for
30%-40% of patients with MPCS or FAMMM-PC[18-29]
and have generally been considered to play a minor role
in FPC[61,78-80]. However, there is increasing evidence that
CDKN2A (p16INK4a) mutations occur in FPC without
metachronous or synchronous occurrence of melanoma
in the family.
Two recent papers describing our Italian and the Dutch
PC population suggest that CDKN2A may be an FPC
susceptibility gene and that CDKN2A testing may be
appropriate in FPC even when melanoma does not occur in the family[42,64]. Previously, a large North American
study of 1537 unselected patients with PC found that
0.6% carried CDKN2A mutations. Among the 120 FPC
cases in that study, four (3.3%) were CDKN2A positive.
The authors concluded that screening of patients with
PC for CDKN2A mutations should not be performed,
but also that these mutations are especially penetrant
among smokers[80].
Most CDKN2A mutations are missense mutations lo-
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Table 2 Role of CDKN2A mutations in familial pancreatic adenocarcinoma and melanoma pancreatic-cancer syndrome
Study

1

N° of FPC
CDKN2A
Type of CDKN2A % of CDKN2A N° of
CDKN2A
% of CDKN2A Type of CDKN2A
families mutation found
mutations
positive
MPCS mutation found
positive
mutations

Slater et al[61] 2010;
Bartsch et al[79] 2002
McWilliams et al[80] 2010

56

0

-

119

3

Ghiorzo et al[42] 2012

16

5

2

24

3

c.-34G>T,p.V95fs,
p.D153spl,
p.E27X,p.G67R,
p.G101W,
c. 201ACTC>CTTT
p.Ser8fs,
p.Ala76fs

Harinck et al[64] 2012

-

5

2

39

2

31

5

2

40

12

4

3

75

2.5

40
5.3

p.Q50X,
p.E119X
p.D153spl,
pL16R
p.L65P,
p.G101W
p.Ala76fs

1

This table only includes studies that analyze CDKN2A mutations in pancreatic adenocarcinoma (PC) probands from familial PC (FPC) families comparing
them with PC probands from Melanoma pancreatic-cancer syndrome (MPCS) families belonging to the same population. The prevalence of CDKN2A mutations in MPCS/FAMMM-PC e families, as analyzed in melanoma probands, is described in the text. 2A melanoma was diagnosed in one FPC family after
the proband was found to carry a mutation in CDKN2A.

cated in the coding sequences of exons 1 and 2, common
to both the tumor suppressors encoded by this locus
(p16INK4a and p14ARF). A number of these mutations
seem to derive from ancestral founders[81]. We previously
performed germline testing of CDKN2A in a series of
unselected PC patients and found that 4% of these patients were CDKN2A positive[40,41]. In a subsequent study
we extended the analysis to 225 PC patients and controls.
The CDKN2A mutation rate in the 225 PC cases was
5.7%, ranging from 2.6% in patients without a family
history of PC or melanoma, to 17% when two cancers
occurred in the index patient or FDRs, and to 45% when
three or more cancers occurred. Interestingly, 25% of the
cases with one FDR with melanoma were mutation positive. Sixteen probands of FPC families were identified,
defined for having at least two FDRs affected by PC, and
no other manifestation of a hereditary cancer syndrome,
or melanoma. Deleterious or potentially deleterious CDKN2A mutations were found in five of the probands
(31%)[42]. The mutation frequency ranged from 20% in
FPC families with two affected members to 50% in families with three, and was comparable to the mutation rate
in melanoma families[46] (Table 2).
Within the PC families with no CDKN2A mutations,
anticipation was observed, which is consistent with previous studies that reported anticipation for BRCA2 carriers in FPC families without CDKN2A mutations[55].
The CDKN2A mutation rate in our FPC cases was
nearly 10 times that observed in the North American
study by McWilliams and colleagues[80]. This result indicates that a sizeable subset of Italian FPC families may
carry CDKN2A mutations, and likely reflects the prevalence of founder mutations in CDKN2A in our population[43-46,82,83].
Approaches to CDKN2A genetic testing
It has been proposed that individuals should be referred
for CDKN2A testing when at least one of the following
conditions is met: (1) a personal history of melanoma
and an FDR with melanoma; (2) more than two confirmed primary melanomas; (3) more than three (first-
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degree or second-degree) relatives with melanoma; (4) a
personal or a family history of PC and melanoma; (5) a
personal history of melanoma; and (6) a personal and/
or a family history of atypical moles[13]. Other recommendations have included patients with more than three
melanomas, or families with at least one melanoma and
two other instances of melanoma or PC in the family,
with mutation yields ranging between 20% and 40%[84].
Had we followed these criteria we would have identified two out of five (40%) of our mutation-positive
families with both melanoma and PC. However, as none
of the criteria include FPC families, we would not have
identified the CDKN2A-positive FPC kindreds. The
North-American study mentioned earlier came to the
same conclusion, because the majority of their mutations
were identified in FPC families, despite their low overall
mutation frequency[80]. Their finding is probably more
generalizable than ours, both because of their sample
size and because it was not influenced by the presence of
founder mutations.
Taken together, our results confirm that the occurrence of at least three cancer events (including PC and
melanoma) in the family is a good predictor of CDKN2A
mutations (45%). Importantly, however, the likelihood
of identifying a CDKN2A mutation may also be high in
families with two or more instances of PC or with one
instance of PC and one of melanoma among FDRs, because we found that 17% of such kindreds were positive
for CDKN2A mutations[42].
Harinck and colleagues also performed CDKN2A
mutation analysis in 28 FPC families. Unlike ours, their
selection criteria included presence of melanoma, and
indeed melanoma also occurred in four of their families
(14%), Interestingly, CDKN2A mutations were identified in three of these melanoma-positive families, confirming that CDKN2A mutations are frequently found
in families affected by both PC and melanoma. The
prevalence of CDKN2A mutations in their FPC families with no occurrences of melanoma was 12% (n = 3).
These CDKN2A-positive families would not have been
identified had the recommendations mentioned above
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been followed, which are based on studies that found
no CDKN2A mutations in FPC families without melanoma[13,26,61,79]. The prevalence of CDKN2A mutations
in the FPC families studied by Harinck et al[64] may have
actually been underestimated. Indeed, affected relatives
in some of the families in that study were unavailable for
DNA testing, so unaffected FDRs were tested instead.
In such cases a negative test does not rule out the presence of a pathogenic mutation unless a specific mutation
has been found in another relative.
Harinck and colleagues concluded that CDKN2A mutations are found in a considerable proportion of families
with FPC (Table 2), and therefore CDKN2A mutation
analysis should be performed in FPC families even in
the absence of reported melanomas. According to the
authors this strategy will enhance the recognition of individuals at risk for PC and facilitate the early detection of
melanomas.
A number of reports have suggested that BRCA2
mutation analysis should be performed in FPC families
that do not meet the criteria for HBOC[59,61]. Similarly,
our findings and those reported by Harinck and colleagues emphasize the need to include CDKN2A mutation analysis in genetic testing for FPC families, even in
the absence of reported melanomas[42,64].
Novel predisposition genes: evidence from NGS and
genome-wide association studie
The discovery of additional FPC genes is one of the
most exciting opportunities in PC research. As the speed
and ease of testing increase and costs fall as a result of
NGS, we expect that a number of new FPC genes will
be discovered in the coming years. Exome sequencing
has already led to the identification of PALB2 and ATM
mutations in FPC, and much hope is being placed in
postgenomic studies[72,77]. Indeed, recent genome-wide association studie (GWAS) and post- GWAS analyses have
identified chromosome regions containing novel susceptibility loci for PC.
One such study, the PanScan Project, has identified
several common polymorphisms affecting PC susceptibility. In that study, single nucleotide polymorphisms
(SNPs) in ABO, sonic hedgehog (SHH), telomerase reverse transcriptase, nuclear receptor subfamily 5, group
A, member 2 were found to be associated with PC risk.
The scan also identified loci on chromosomes 13q22.1
and 15q14, to which no known genes or other functional
elements are mapped[85,86].
Another GWAS on PC risk has been performed in
the Japanese population[87], and yielded three new loci on
chromosomes 6p25.3 (SNP rs9502893, 25 kb upstream
of FOXQ1), 12p11.21 (SNP rs708224, in the second intron of BICD1) and 7q36.2 (SNP rs6464375, in the first
intron of DPP6). Another still has been conducted in the
Chinese population[88] and identified five novel PC susceptibility loci at chromosomes 21q21.3 (SNPrs372883,
in the 3’ UTR of gene BACH1), 5p13.1 (SNP rs2255280,
in intron 1 of gene DAB2), 21q22.3 (SNP rs1547374,
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upstream of gene TFF1), 22q13.32 (SNP rs5768709) and
10q26.11 (SNPrs12413624). The latter two SNPs are not
located in the immediate vicinity of any gene.
Several recent reports have also shown associations
between other genetic variants and PC risk and progression, and their impact on survival is currently being investigated[89-91].
The ABO gene in particular has been further investigated, and a link between ABO blood type and PC has
been established. Non-O blood types have been found to
account for 17% of all new PC cases, showing a protective
effect of the O blood group. However, the exact mechanism that links PC and blood group remains unclear[92].
Whether genetic variability at the ABO locus may be involved in PC survival is currently under investigation[93].
Recent analysis of GWAS data has revealed that two
pathways, the neuroactive ligand receptor interaction and
olfactory transduction, are significantly associated with
PC risk, and has shown that four genes are significantly
associated with PC risk, adding OR13C4 to the previously identified ABO, HNF1A and SHH[2-4] genes. These
findings provide new insights into the polygenic basis of
PC susceptibility and etiology[94].
Gene-environment interaction
Among PC families, the risk of developing PC is higher
in younger subjects and is likely modified by nongenetic
risk factors such as exposure to tobacco smoke. Not
only do smokers have a 2-3-fold greater risk of developing the disease compared to non-smokers, but they generally develop the disease at an earlier age[95,96].
An interesting example of gene-environment interaction for PC was shown for germline CDKN2A mutations in the large North American hospital-based study
mentioned earlier, which investigated both the prevalence of germline mutations in PC patients, and their
penetrance[80]. The authors found that penetrance for PC
and melanoma was increased among mutation carriers,
with PC risk estimates of 58% (95%CI: 8%-86%) by age
80 years and melanoma risk estimates of 39% (95%CI:
0%-80%) by age 80 years. Among ever-smokers, the
risk of PC was higher for CDKN2A mutation carriers
compared to non-carriers (HR = 25.8, P = 2.1 × 10-3),
but among non-smokers the comparison did not reach
statistical significance. The authors concluded that CDKN2A mutations in PC patients are rare but notably
penetrant, and that CDKN2A mutation carriers, as well
as being candidates for prevention and screening studies,
should be counseled to avoid tobacco use.
Identification of HRIs: in silico analyses, genetic testing,
role of registries
Genetic testing can identify a family’s underlying genetic
susceptibility to PC, but has limited scope because the
genetic basis of much of the inherited susceptibility to
this disease remains unexplained. Additional PC susceptibility genes may be discovered in the near future that
should improve our ability to identify individuals who
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Table 3 Proposed inclusion criteria for pancreatic adenocarcinoma screening programs in high-risk individuals, identified based on
family history and possibly on genetic background
Current (based on family history alone or on genetic background):
Family history:
Three or more relatives in the same lineage affected by PC
Two relatives affected by PC, at least one of which is a FDR of the individual
Hereditary pancreatitis
> 10-fold increased risk as established by PancPRO
Genetic background:
Germline carrier of a mutation in a candidate gene with at least one FDR or SDR affected by PC
Mutation-positive individual in a PJS kindred
Proposed (based on family history and genetic background):
Family history: Identification of a hereditary syndrome or a 10-fold increased risk established by PancPRO
Genetic background: According to testing in candidate genes (CDKN2A, BRCA1-2, ATM, PALB2, STK11, PRSS1, SPINK1…)
Mutation identified: Propose screening to carriers of germline mutation
No mutation identified: Propose screening to all HRIs
In populations with a high prevalence of germline mutations in candidate genes (e.g., CDKN2A founder mutations in Italy or the Netherlands)
The same as above + test candidate genes according to specific genetic background, even in the absence of all criteria for hereditary syndromes or of a
PancPRO score > 10
PC: Pancreatic adenocarcinoma; FDR: First-degree relative; PJS: Peutz-Jeghers syndrome; HRIs: High-risk individuals.

would benefit most from pancreatic screening in the
context of research protocols[11].
Family history remains the main tool to quantify PC
risk. Risk stratification is determined by the number of
affected individuals in the family and the degree of relatedness between those individuals and other family members. The phenotypic variance seen in FPC families and
the heterogeneity of the hereditary cancer syndromes
potentially involved require careful study of the family
tree over at least three generations, and histopathological
confirmation of all diagnoses.
A computer-based risk assessment tool, PancPRO
(http://astor.som.jhmi.edu/BayesMendel/pancpro.html),
which uses this type of information has been shown to
provide an approximate risk assessment for FPC families[97,98]. Families with high PancPRO scores would generally be identified by standard criteria, but PancPRO has
the advantage that it can assign a quantitative risk score
to any family member, which also depends on the age at
diagnosis (or death) of the affected relatives. PancPRO
provides useful information about an individual’s PC risk
before he or she decides to undergo invasive screening.
That information can also help identify appropriate candidates for research on screening protocols or genetic susceptibility. Indeed, according to a recent position paper by
the Italian PC Registry, having a PancPRO risk score > 10
is one of the criteria for enrollment in screening programs
for PC[99].
It is in the framework of these programs that our
findings will be of value to establish the most appropriate criteria to select families for CDKN2A testing in Italy. We found that about 30% of our FPC patients with
no occurrence of melanoma among relatives carried
mutations in CDKN2A, and similar results have been reported in the Netherlands, therefore, we suggest that individuals considered at high risk because of their family
history should undergo genetic testing for CDKN2A before they are enrolled in research surveillance programs,
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especially in populations such as these, in which founder
effect CDKN2A mutations are predominant (Table 3).
Genetic testing for hereditary PC mandates full informed consent as recommended by national guidelines
for genetic testing for cancer susceptibility[100] and should
be initially performed in affected individuals[11,13]. Germline genetic testing of patients with PC is currently underused, not least because clinicians often fail to take a
detailed history of cancer occurrence in the family. The
possibility that a hereditary cancer syndrome may be
present in the family is therefore frequently overlooked.
However, our data show that a considerable proportion
of FPC families carry CDKN2A mutations, even in the
absence of melanoma in the family.
A combination of risk prediction tool analysis and
genetic testing is likely to be the most successful approach to identify HRIs (Table 3). Based on the results
reviewed here, genetic testing should be performed after
PancPRO analysis to stratify better risk and identify the
HRIs who may benefit from PC surveillance programs
performed in the context of research protocols.
More generally, affected members of FPC families
should be analyzed for BRCA2, PALB2, ATM and CDKN2A mutations. Genetic analyses of other genes (e.g.,
LKB1 and BRCA1) should only be recommended if the
family history is suggestive of the associated hereditary
cancer syndromes[11].

CONCLUSION
PC remains one of the most challenging of all cancers.
Numerous studies are currently under way to identify
novel early detection tools for PC, and evidence is beginning to show that screening FDRs of individuals with
several family members affected by PC can identify precursors of this malignant disease[8-13].
Prospective PC screening with endoscopic ultrasound,
magnetic resonance imaging and magnetic resonance
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cholangiopancreatography has been shown to detect
precancerous lesions with a diagnostic yield ranging from
13%[101] to 76%[102], depending on study population (high
or moderate risk, carriers or non-carriers of germline
mutations), age at baseline screening, screening modalities, and definition of the diagnostic yield, with the highest yield obtained in confirmed carriers of CDKN2A
germline mutations[103].
Appropriate inclusion of families at high risk of PC in
registries provides an excellent tool to improve our clinical and genetic understanding of FPC[104]. Indeed, focused
research projects can be conducted most efficiently when
data from different FPC registries are combined.
Although much work is currently focused on clarifying the impact of common genetic variability on individual PC risk, much less is known about heritable
susceptibility to PC compared to what is known about
other heritable cancers. One viable option to expand our
understanding of the genetic determinants of PC risk is
to collect large sets of patients across different populations[91]. In this review we have described some important results on new susceptibility genes and loci that have
been recently obtained by PC consortia[10].
Genetic risk factors are believed to play a major role,
and several germline mutations have been identified
that underlie hereditary susceptibility to PC in different settings, such as FPC and other hereditary cancer
or chronic inflammation syndromes. The risk of PC in
FPC is sufficiently high to recommend screening HRIs;
therefore defining those HRIs appropriately is crucial.
In the general population, the lifetime risk of developing PC is 1%. Although they have a twofold increased
risk of PC, the vast majority of individuals with a family
history of PC will not develop the disease themselves. It
is therefore important to explain the concepts of both
relative and absolute risk to patients and their families.
However, when an FDR of a PC patient is tested and
found to carry a germline mutation in a high-risk gene,
the risk is not negligible. Once penetrance and factors
that modify penetrance have been taken into account,
these individuals may be appropriate candidates for
prevention or screening protocols, which should at all
events only be directed at HRIs, defined to the best of
our ability and possibly with genotypic data.
Utility analyses suggest that PC screening is most
cost-effective in individuals whose lifetime risk of the
disease is 16% or greater[9]. It can detect intraductal papillary mucinous neoplasm and pancreatic intraepithelial
neoplasia, which are precursor lesions for FPC; importantly, the former are higher grade, more common, and
multifocal in individuals with FPC compared with patients with sporadic PC[9].
In this review we emphasize the importance of testing CDKN2A in Italian patients with hereditary PC, even
when there is no occurrence of melanoma in the family,
in order to improve the accuracy of risk stratification and
ensure appropriate selection of patients, which we think
may be especially of value in populations with a high CD-
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KN2A mutation rate (Table 3). Identifying high-risk family members is important to understand the biology of
PC, to recommend risk reduction strategies and, in some
cases, enrollment in cancer surveillance programs. Because
the best methods for surveillance have yet to be established and given the overall complexities involved, HRIs
and FPCs should be referred to, screened and managed
by multidisciplinary teams with specific experience, in the
context of research protocols at high-volume centers.
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Abstract
Pancreatic cancer is one of the most aggressive and
lethal malignancies. Despite remarkable progress in
understanding pancreatic carcinogenesis at the molecular level, as well as progress in new therapeutic approaches, pancreatic cancer remains a disease with a
dismal prognosis. Among the mechanisms responsible
for drug resistance, the most relevant are changes in
individual genes or signaling pathways and the presence of highly resistant cancer stem cells (CSCs). In
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pancreatic cancer, CSCs represent 0.2%-0.8% of pancreatic cancer cells and are considered to be responsible for tumor growth, invasion, metastasis and recurrence. CSCs have been extensively studied as of late
to identify specific surface markers to ensure reliable
sorting and for signaling pathways identified to play a
pivotal role in CSC self-renewal. Involvement of CSCs
in pancreatic cancer pathogenesis has also highlighted
these cells as the preferential targets for therapy. The
present review is an update of the results in two main
fields of research in pancreatic cancer, pathogenesis
and therapy, focused on the narrow perspective of
CSCs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Cancer stem cells; Pancreatic cancer; Cancer stem cells signaling pathways; Targeted therapy;
miRNA
Core tip: Pancreatic cancer is one of the most aggressive and lethal malignancies, despite remarkable progress in understanding pancreatic carcinogenesis and
new therapeutic approaches. The presence of highly
resistant cancer stem cells (CSCs) and the changes
in their signaling pathways lead to drug resistance in
pancreatic cancer. CSCs are considered responsible for
tumor growth, invasion, metastasis and recurrence.
CSC involvement in pancreatic cancer pathogenesis
has also highlighted them as preferential targets for
therapy. This review is an update of the results in two
main fields of research in pancreatic cancer, pathogenesis and therapy, focused on the narrow perspective of
CSCs.
Tanase CP, Neagu AI, Necula LG, Mambet C, Enciu AM, Calenic
B, Cruceru ML, Albulescu R. Cancer stem cells: Involvement
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the diagnosis and therapy of cancer. The paradigm of
cancer-initiating stem cells has initially been developed
with respect to blood cancers, where chronic conditions
such as myeloproliferative neoplasms are due to mutations acquired in hematopoietic stem cells[12].

INTRODUCTION

CANCER STEM CELLS IN PANCREATIC
CANCER PATHOGENESIS

Pancreatic cancer is one of the most aggressive and lethal
malignancies. Despite remarkable progress in understanding pancreatic carcinogenesis at the molecular level
as the identification of new therapeutic approaches,
pancreatic cancer remains a disease with a dismal prognosis; the five-year survival rate is approximately 5%[1].
Although several histological subtypes of pancreatic
cancer have been described, the most common form is
pancreatic ductal adenocarcinoma. According to data
published by the International Agency for Research on
Cancer, pancreatic cancer death is the eighth or ninth
most frequent cause of cancer death worldwide and is
the fourth or fifth most common cause of cancer death
in developed countries[2,3].
The main risk factors for pancreatic cancer include
increasing age, smoking[4], chronic pancreatitis, diabetes mellitus, metabolic syndrome, low levels of serum
vitamin D, family history of pancreatic cancer and rare
inherited genetic conditions such as Peutz-Jeghers syndrome, familial melanoma and hereditary pancreatitis[5].
Age is a significant risk factor; the median age at diagnosis is 72 years. Pancreatic tumors are rarely diagnosed
before the age of 50, and such cases are very likely to
be associated with underlying predisposing genetic disorders. Approximately 5%-10% of pancreatic cancer
patients report a family history of pancreatic cancer. The
genes responsible for a minority of the familial clustering of pancreatic cancer have been identified, including
STK11, CDKN2A, PRSS1, BRCA2 and PALB2[1,6].
The high mortality rate of pancreatic cancer is due
to difficulty in early diagnosis[7,8] and its notorious resistance to chemotherapy and radiation[9]. Lack of clinical
symptoms in early stages leads to delay in tumor detection; thus, approximately 80% of patients with pancreatic cancer have metastatic disease at the moment of
diagnosis[10]. Existing systemic therapies for advanced
disease are far from effective, and the median survival
for patients with metastatic disease remains 6 mo. Surgery offers a better prognosis of a cure, but even those
patients who undergo resection and receive adjuvant
therapy have a median survival of 12-22 mo and a 5-year
survival of 20%-25%[2,11].
Chemoresistance is a critical issue in pancreatic cancer. Among mechanisms responsible for drug resistance,
the most relevant are changes in individual genes or signaling pathways, the influence exerted by tumor microenvironment (desmoplastic reaction) and the presence
of highly resistant cancer stem cells (CSCs)[9]. The notion of CSCs has gained prominence, and several identified molecules and signaling pathways are relevant for
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Cancer stem cells involvement in tumorigenesis
Pancreatic cancer (especially pancreatic ductal adenocarcinoma) is an aggressive malignancy, with one of the
worst prognoses among solid tumors. Pancreatic cancer
is typically diagnosed in late stages, when most patients
are inoperable and when curable treatment is not available. Current therapies (radio- and chemotherapy) may
improve prognosis and reduce tumor size but cannot
target all pancreatic cancer cells[13,14].
Cancer stem cells, identified in a large number of human malignancies, represent 0.2%-0.8% of pancreatic
cancer cells and are considered responsible for tumor
growth, invasion, metastasis and recurrence [15]. Currently, there are two models that explain tumor development[16-18]. The stochastic model states that every cancer
cell has the ability to initiate and promote tumoral
growth. The other model, the “cancer stem cell hypothesis”, proposes that tumor evolution is based on stem
cells with a ‘deregulated’ self-renewal pathway. A recent
and rapidly growing body of research shows solid evidence in support of the cancer stem cell model against
the stochastic model[19,20]. The American Association for
Cancer Research defines CSCs as cells within a tumor
that have the capacity to generate the heterogeneous
cancer cell lineages found in the tumor and that possesses the capacity to self-renew. CSCs also share other
several important attributes: active telomerase expression, drug resistance to harming agents, the activation
of antiapoptotic pathways, the ability to migrate and to
metastasize and increased membrane transporter activity.
To date, CSCs have been isolated and characterized only
from a relatively small number of tumor types: breast,
brain, pancreas, colon, blood and head and neck[21,22].
Several studies argue that cancer stem cells cannot be
eradicated by current therapy and thus are responsible
for tumor relapse and metastasis[23]. Many studies have
demonstrated that multiple critical genes, including
K-ras, p53 and p16, and key signaling kinases, such as
PI-3K, mTOR, NF-κB, epidermal growth factor receptor (EGFR) and SHH, play important roles in pancreatic
tumorigenesis[24].
Pancreatic cancer stem cells markers
Several pancreatic cancer stem cell (PCSC) subpopulations have been isolated using flow cytometry and combinations of positive and/or negative membrane surface
markers[25-29]. Historically, research on stem cells and
cancer stem cells from the hematopoietic system began
long before studies in other tissues. As a result, several
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markers identified in hematopoietic malignancies, such
as cluster of differentiation (CDs), were also proposed
as potential PCSCs markers. Li et al[30] were the first to
identify a population of PCSCs using CD44, CD24 and
ESA as separation markers. The cell fraction with the
CD44+/CD24+/ESA+ phenotype exhibits several important cancer stem cell characteristics, including a minor
population of cells (between 0.2% and 0.8%) that has
the potential to form tumors in half of the mice used
for transplantation. In vitro studies lend further support
to arguments for the use of CD44 and CD24 as cancer
stem cell markers. CD44+/CD24- cells isolated from
PANC-1, a pancreatic adenocarcinoma cell line, exhibit
a much higher tumorigenic potential than cellular subpopulations not expressing the markers[31]. Prominin-1
or CD133 is another important marker used for isolating
PCSCs. Hermann et al[32] demonstrated that CD133+
cells form more tumors than CD133- populations. Another important finding of the study is that cells positive
for CD133 and for CXCR4 exhibit a higher metastatic
potential than other populations from the same tumors,
supporting the observation that CXCR4 may be involved
in tumor invasion and metastasis. A recent study provided further evidence for the role of CXCR4 in pancreatic cancer, demonstrating that human pancreatic ductal
adenocarcinomas contain a side population of cells with
CSC properties and high expression levels of CXCR4
and ABCB1[33]. Moreover, these genes correlate with
poor patient survival rates. c-Met is a hepatocyte tyrosine
kinase growth factor upregulated by CD44[34]. C-Met was
also shown to be a PCSC marker[35,36]. Interestingly, cells
expressing c-Met have the same tumor-forming potential
as CD44+/CD24+/ESA+. Furthermore, CD133+/
c-Met-high are less tumorigenic than CD44+/c-Methigh[35]. Aldehyde dehydrogenase 1 is another marker expressed by cancer stem cells. Studies report that ALDH1
can identify PCSCs and protect the tumor pancreatic
cells from programmed cell death induced by radiotherapy[35,37]. Other studies demonstrate that pancreatic cancer
stem cells are characterized by genetic and epigenetic
alterations associated with carcinogenesis and can form
xenograft tumors in immunodeficient mice[38,39].
Limitations of the current methods for isolating cancer stem cells from pancreatic cancer include the lack of
specific PCSC markers and the needed to understand the
molecular mechanisms that regulate the specific biological properties of PCSCs.
Another important line of research focuses on biomarkers that regulate PCSC properties and behavior[40].
Thus, nestin can modulate important characteristics of
PCSCs, such as invasion or metastasis, and may represent a viable target for anticancer therapy. A recent study
Lu et al[41] reported that Oct 4 and Nanog play important
roles in pancreatic cancer by regulating PCSC behavior and suggested that these molecules may represent
prognosis markers. Both CD44+/CD24+/ESA+ and
pancreatic tumor CD133+ subpopulations are characterized by the overexpression of Nanog, Oct4, Notch1,
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MDR1 and ABCG2 and are capable of metastasizing
to distant sites, such as the liver[33,42]. Moreover, inhibiting their expression impairs PCSC characteristics. Other
reports demonstrate that markers such as DCLK1 can
discriminate between normal and tumoral stem cells
and that knockdown of DCLK1 decreases molecular
pathways that control pancreatic tumorigenesis. Another
important regulator of stem-like characteristics in PCSCs is SOX2, which controls cellular proliferation and
differentiation[43]. C-kit with KRAS were also proven to
modulate the progression of pancreatic adenocarcinoma,
supporting the assumption that the use of drugs that
downregulate the activity of these markers can improve
the prognostic of the disease[44].
One of the main causes of high mortality in this pathology is the resistance to chemotherapy, which is also
believed to be mediated by cancer stem cells within the
tumor mass[45,46]. In 2013, Lu et al[41] demonstrated that
in the pancreatic cancer cell line PANC-1, the highly expressed stem cell markers Oct4 and Nanog are associated
with chemoresistance, proliferation, migration, invasion,
and tumorigenesis in vitro and in vivo. This study also indicated the potential use of these two transcription factors
as prognostic markers and targeted therapies in pancreatic cancer. Another study in a murine model reported
that the ALDH+ and CD44+CD24+ cell populations
are resistant to treatment with gemcitabine, one of the
main chemotherapeutic agents[47].
Shah et al[48] has developed a gemcitabine-resistant
cell line that exhibits higher expression of the pancreatic
CSC markers CD44, CD24, and c-Met, which are also
associated with epithelial-mesenchymal transition (EMT).
Aldehyde dehydrogenase (ALDH), considered to be
a marker for cancer stem cells, is a detoxification enzyme
with increased activity in many cancer types where its
presence has been associated with decreased survival[49].
An in vitro study revealed that ALDH expression is correlated with the invasiveness of pancreatic cancer cell
lines and that patients with ALDH-positive tumors have
poor prognosis[49].
It is unclear what the initial molecular events underlying the conversion of tissue stem cells to cancer stem
cells in pancreatic cancer; some studies suggest that
appearance of c-kit and KRAS mutations might be the
primary events in the initial stages of this disease and
have proposed c-kit as a potential therapeutic target[44].
Almost all pancreatic cancers are characterized by activating mutations in KRAS and the loss of p16INK4A,
but these cancers are also characterized by mutations in
the tumor suppressors SMAD4 and p53. More studies
suggest the involvement of these genetic alterations in
the development of cancer stem cell properties and surface marker profiles.
Another theory suggests that EMT is responsible for
the appearance of cells with stem cell-like properties that
are characterized by the activation of many pathways
involved in EMT[27]. EMT is a crucial process for tumor
progression, involving the transformation of epithelial
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Figure 1 Models that explain tumor development. A: The stochastic model states that every cell has the potential to be the “the cell of origin” of a tumor; B: The
“cancer stem cell hypothesis” proposes that tumor evolution is based on stem cells with ‘deregulated’ signaling pathways. EMT: Epithelial-mesenchymal transition.

characteristics into mesenchymal characteristics, which
subsequently allow cancer cells to disseminate from the
tumor mass[50].
Signaling pathways involved in pancreatic cancer stem
cells
Several signaling pathways are altered in CSCs and EMTlike cells in pancreatic cancer: Hedgehog, Notch, Wnt,
AKT and NF-κB (Figure 1). Hedgehog, Notch and Wnt
have been shown to be of particular importance in pancreatic cancer stem cells, due to their role in pancreatic
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embryonic development and differentiation[51]. These signaling pathways play important roles in the self-renewal
of CSCs, tumor growth, invasion, metastasis and resistance to therapy[27]. MiRNAs were recently considered to
play a role in the regulation of CSCs[15].
Notch signaling is involved in cell proliferation, survival, apoptosis and the differentiation of pancreatic
cells and can promote EMT by controlling some transcription factors and growth factors like Snail, Slug, and
TGF-β. Some of the Notch target genes are Akt, cyclin
D1, c-myc, COX-2 (cyclooxygenase-2), ERK (extracel-
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lular signal-regulated kinase), MMP-9 (matrix metalloproteinase-9), mTOR (mammalian target of rapamycin),
NF-κB ( nuclear factor-kappa B), VEGF (vascular endothelial growth factor), p21cip1, p27kip1, and p53, all
involved in the development and progression of human
cancer. Gemcitabine-resistant pancreatic cancer cells exhibit overexpression of Notch-2 and Jagged-1, whereas
Notch1, a key downstream mediator of KRAS, is responsible for pancreatic sphere formation[15,28,52]. Many
studies found that pancreatic cancer stem cells resistance
to chemotherapy is linked to activated Notch signaling,
but the exact mechanism remains unclear[9,53]. There is
more evidence detailing that the Notch signaling pathway is essential in supporting the ability of KRAS to
transform normal cells into tumor stem cells. In this
regard, in pancreatic cancer treatment, Notch signaling
inhibition can be more attractive, as long as there are no
data arguing that Notch signaling has a critical role in
normal adult pancreas homeostasis[54].
Hedgehog signaling is another self-renewal pathway
allowing normal stem cells to become independent of
control signals; as a result of mutations in this signaling,
transformed cells can use Hedgehog for tumor initiation, progression and metastasis. In vivo studies revealed
that compared with normal pancreatic epithelial cells,
CD44+CD24+ESA+ pancreatic cancer stem cells exhibit up-regulation of Shh transcripts, the ligand of
Hedgehog signaling[55]. Moreover, 70% of pancreatic
cancer tissue exhibits overexpression of Shh, suggesting that Hedgehog signaling may be involved in pancreatic carcinogenesis[15]. Studies in the pancreatic cancer
cell line PANC-1 demonstrated that the inhibition of
Hedgehog signaling by SMO suppression can reverse
EMT, induce apoptosis via PI3K/AKT inhibition and
inhibit the invasion of pancreatic cancer cells[56]. Moreover, a combination of focal irradiation with Hedgehog
signaling inhibition reduces lymph node metastasis in an
orthotopic animal model[57].
Wnt/β-catenin signaling is involved in cell proliferation, migration, apoptosis, differentiation, and stem
cell self-renewal in several types of cancers [58]. Wnt/
β-catenin signaling pathway dysregulation is also associated with chemoresistance in pancreatic cancer, and
recent studies suggest that nuclear β-catenin is essential
for EMT[50,59]. In vitro and in vivo studies suggest that
activated β-catenin may decrease the differentiation of
epidermal stem cells, increase self-renewal capacity and
promote epithelial cancers in transgenic mice[60].
In 2013, Sun et al[38] reported that one of the most
activated signaling pathways in pancreatic cancer stem
cells is NF-κB, whose inhibition leads to loss of stem cell
properties. This study also indicated that aberrant epigenetic processes, like CpG promoter methylation, can be
involved in carcinogenesis mediated by cancer stem cells.
Cancer stem cells from epithelial tissues were identified
for the first time in breast cancer in 2003, when Al-Hajj et
al[61] reported that a distinct population CD44+CD24-/
low ESA+ develops tumors in immunodeficient mice.
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In pancreatic cancer, the presence of cancer stem cells
was reported in 2007 by Shah et al[48] who showed that
CD44+CD24+ESA+ cells exhibit high tumorigenic potential.
MicroRNAs in pancreatic adenocarcinoma
As often found in many cancers, expression of miRNAs
appears to be dysregulated in pancreatic cancer. The
miRNA complement of cancer cells appears different
than that in normal tissue.
MiRNAs are potent regulators of cell function via
their role as translational regulators for the synthesis of
key proteins. Most often, several miRNAs exhibit different expression profiles in cancer cells.
MiR-21, miR-155 and miR-17-5p appear upregulated
in tumoral cells, and these miRs are often called oncogenic miRNAs[62,63]. Similarly, a series of miRNAs, referred
to as tumor suppressor miRs miR-34, miR-15a, miR-16-1
and let-7), are downregulated in cancers[64,65].
Key cell differentiation programs during development are controlled by the members of the let-7 and
miR-200 families. In cancer, the loss of let-7 leads to disease progression and de-differentiation. The same let-7
family appears as a regulator of EMT and of stem cell
maintenance. The EMT process is regulated by miRNAdependent mechanisms. In human pancreatic cancer,
DCLK1 regulates EMT by a mechanism dependent on
miR-200a[66,67].
According to Haselmann et al[65], the inhibition of the
maturation of let-7 by nuclear TRAILR2 in pancreatic
cancer cell lines increases their proliferation. This result
is consistent with high levels of nuclear TRAIL2 in tissue samples from poor outcome patients.
The population of BxPC-3-LN cells (lymph node
metastatic pancreatic cells) contains a 5-fold increased
population of CD133+/CXCR4+ cells (stem celllike cells) compared with the parental (non-metastatic)
BxPC-3 cells. Remarkably, a different miRNA pattern is
exhibited in CSC-like cells compared with the non-CSClike cells: up-regulated miR-572, miR-206, miR-449a,
miR-489 and miR184 were observed in conjunction with
downregulated let-7g-3p, let-7i-3p, let-7a-3p, miR-107,
miR-128 and miR-141-5p[68].
The miR-200 family members have been identified
as key regulators of cell maintenance and EMT. Tumor
progression may represent progressive de-differentiation
(EMT) towards a cell type having a stem cell-like phenotype. This process appears to be regulated by miRNAdependent mechanisms. DCLK1 (a putative marker for
pancreatic and intestinal cancer stem cells) regulates
EMT in human pancreatic cancer cells via a miR-200adependent mechanism[69]; DCLK1 also acts as a regulator of let-7a in pancreatic and colorectal cancer cells,
supporting the concept that these miRNAs may be novel
and relevant targets in solid tumor cancers[63,70]. Sureban
et al[23] demonstrated that DCLK1 inhibition results in
the up-regulation of miRNAs that negatively regulate
some key angiogenic and pluripotency factors. In AsPC1
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tumor xenografts, the downregulation of c-MYC and
KRAS via let-7a was observed in a mechanism similar to
that demonstrated in pancreatic cancer cells.
The repression of two tumor-suppressor miRs, miR-143
and miR-145, is reported in pancreatic cancer as well in
other cancers[71]; moreover, experimental restoration of
miR 143/145 levels using nano-vector delivery was demonstrated to inhibit pancreatic cancer cell growth[72]. The
miR-143/145 cluster cooperates and inhibits the expression of KRAS2 and RREB1, its downstream effector[71].
MiR-145 was demonstrated to inhibit cell proliferation
in lung adenocarcinoma by targeting EGFR. In many
cancers, including pancreatic cancer, EGFR is upregulated[73], whereas inhibition of EGF signaling inhibits
cancer initiation and progression[74]. Furthermore, a suppressive effect of EGFR on miR-143 and miR-145 was
demonstrated in models of colon cancer[75]. These findings are indicators of a negative feedback loop between
EGFR and miR-143/145, which is similar to KRAS/
RREB1-miR-143/145.
The major role of VEGF signaling via its receptors,
VEGFR1 and VEGFR2, was demonstrated in tumor
vascular growth, angiogenesis, and metastasis, and upregulated angiogenic factors in various cancers (colorectal, breast, renal, liver, and ovarian) have been correlated
with poor prognosis. PDAC exhibits endothelial cell
proliferation, a mechanisms that increases angiogenesis.
Inhibition of VEGF-A, VEGFR1 and VEGFR2 resulted in the inhibition of tumor growth and angiogenesis
in mouse models of PDAC. Studies and computational
analysis outlined a putative binding site for miR-200
(miR-200a, b and c) in the 3’ UTR of VEGFR1 and
VEGFR2[76].
More studies suggest that stem cells convert to cancer stem cells by the deregulation of miRNA expression, which affect several signaling pathways involved in
proliferation, apoptosis, and more importantly, renewal
and differentiation of stem cells[77,78]. Nanog and Sox2,
important regulators of stem cell pluripotency, and the
CD44 stem cell surface marker are examples of these
miRNAs targets[79].
Using microarray analysis, Jung et al[70] demonstrated
that pancreatic cancer stem cells exhibit differential expression of miR-99a, miR-100, miR-125b, miR-192, and
miR-429 compared with controls. An in vitro study conducted on the human pancreatic cancer cell lines AsPC-1,
AsPC-1-GTR, MiaPaCa-2, and MiaPaCa-2-GTR revealed re-expression of miRNAs (let-7a, let-7b, miR-26a,
miR-101, miR-200b, and miR-200c) that are normally lost
in pancreatic cancer and especially in pancreatic spheres
can revert or destroy CSCs[80]. Another study reports the
loss of miR-34 in CD44+CD133+ MiaPaCa2 pancreatic
cancer cells, whereas miR-34 restoration led to the inhibition of a side cell population of tumor cell sphere growth
and of tumor formation[64].
Wellner et al[71] demonstrated that miR-200c, miR-203
and miR-183 activity can lead to the downregulation of
stem cell factors, founding a regulatory feedback loop
between miRNAs and CSC in pancreatic cancer.
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In this regard, an understanding of miRNAs alterations can lead to the development of better strategies in
the treatment of pancreatic cancer patients by the elimination of CSCs.
The identification of dysregulated miR expression
and the existence of regulatory loops between miRs and
protein regulators of key processes (such as cell growth,
angiogenesis, differentiation) suggest the need and potential effectiveness of strategies aiming to restore the “normal phenotype” expression pattern of miRs for cancer
treatment. Various approaches have been developed and
investigated, such as the delivery of tumor suppressor
miRs[81,82], the suppression of expression or action of
oncomirs[83,84], targeting the expression of key regulators
(such as DCLK1, AMPKα1)[23,85] leading to miR modulation or the simultaneous modulation of multiple miRs,
suggesting that using miRs as therapeutic agents or addressing miRNAs as targets represents a potential solution for the therapy of critical cancers.

CANCER STEM CELLS AS THERAPEUTIC
TARGETS IN PANCREATIC CANCER
In pancreatic cancer, surgery is usually accompanied by
other complementary treatments such as multi-chemotherapy regimens and radiotherapy. Despite clear progress
in the detection and treatment of cancer, current strategies
fail to completely remove the tumor and prevent recurrence and metastasis. Existing therapies are toxic and nonspecific, being directed towards both normal cells and
tumor cells. Most chemotherapeutic regimens are based
on gemcitabine but provide a modest improvement in
median survival. The response rate was increased by using more than two chemotherapeutic agents[86]. Therapy
failure for highly malignant tumors has been explained,
at least partially, by the chemo-[87,88] and radioresistant[89]
nature of CSCs. Furthermore, studies have demonstrated that gemcitabine regimens, by targeting differentiated
cancer cells, lead to a relative enrichment of cancer stem
cells[47].
The resistance of CSCs has been explained by several mechanisms: (1) expression of multidrug resistancelinked genes, largely ATP-binding cassette (ABC) drug
transporters[90]; (2) activation of Wnt/β -catenin signaling[91]; and (3) activation of Hedgehog pathway[92]. Hence,
a series of strategies preferentially target CSCs.
Signaling pathway targeting: Monoclonal antibodies and
small molecule kinase inhibitors
TGFβ -related inhibition abrogated the self-renewal capacity of CSCs and in vivo tumorigenicity and reversed the
resistance of orthotopically engrafted cancer stem cells
to gemcitabine. The study demonstrated that the tumor
response is, however, limited by the stromal hindering of
drug delivery. The addition of a stroma-targeting hedgehog pathway inhibitor enhanced the delivery of the
Nodal/Activin inhibitor and translated into long-term,
progression-free survival[93].
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The Hedgehog signaling pathway is usually targeted in
experimental designs as an adjuvant to classic chemotherapy. The combined blockade of sonic hedgehog and
mTOR signaling together with gemcitabine is capable of
eliminating pancreatic CSCs[94]. Inhibition of Smoothened combined with gemcitabine prolonged survival in
mice transplanted with pancreatic tumors. Importantly,
however, only in mice treated with triple therapy (with
mTOR inhibitor rapamycin added) were cancer stem
cells virtually completely abrogated, and the authors reported long-term disease stabilization or regression and
subsequent long-term survival[95].
Targeting stemness genes (Sox2, Oct4 and c-Myc) through a
complex decoy oligonucleotide designed to simultaneously target all three genes was shown to suppresse CSC
properties and phenotypes and minimized the tumorigenic capability of the SP cells and the resistance to chemotherapy[42].
Several studies have targeted the Notch pathway using
selective γ-secretase inhibitors. In pancreatic cancer xenografts, PF-03084014, a selective γ-secretase inhibitor,
alone and in combination with gemcitabine, inhibited
the cleavage of the nuclear Notch 1 intracellular domain
and Notch targets Hes-1 and Hey-1 and induced tumor
regression in 3 of 4 subcutaneously implanted xenograft
models. The authors argue that the observed effects are
due to PF-03084014 targeting putative aggressvive cancer stem cells[54]. Another potent and selective γ-secretase
inhibitor, MRK-003, also led to the downregulation of
the nuclear Notch1 intracellular domain, the inhibition
of anchorage-independent growth, and a reduction in
the number of cells capable of extensive self-renewal.
Pretreatment of a pancreatic adenocarcinoma cell line
with MRK-003 significantly inhibited the subsequent engraftment in immunocompromised mice, and the mixed
regimen MRK-003 and gemcitabine in engrafted mice
reduced tumor cell proliferation and induced both apoptosis and intratumoral necrosis[96].
Due to their involvement in cell proliferation, receptor tyrosin-kinases are frequently dysregulated in cancers
and have been recently therapeutically targeted by small
molecule inhibitors. There are reports of pancreatic cancer trials testing both kinase inhibitors and monoclonal
antibodies. Sunitinib targets multiple receptor tyrosine
kinases, including stem cell factor receptor (c-KIT) and
has been shown to possess antitumor efficacy in in vivo.
The combination of gemcitabine with sunitinib could
not surpass the effects of single-agent sunitinib[97]. Cabozantinib, a small kinase inhibitor that targets c-Met and
VEGFR2, inhibited viability and spheroid formation and
induced apoptosis in pancreatic malignant cells with minor effects in non-malignant cells. In primary, CSC-enriched spheroidal cultures, cabozantinib downregulated
the CSC markers SOX2, c-Met and CD133 and induced
apoptosis[98].
Tumor-necrosis factor family members have also been
targeted as possible anticancer therapies through monoclonal antibodies. A combination of tigatuzumab, a fully
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humanized death receptor 5 agonist monoclonal antibody, with gemcitabine proved to be more efficacious
in killing both CSCs and adenocarcinoma cells. The
combination therapy produced a remarkable reduction
in pancreatic CSCs, tumor remissions, and significant
improvements in the time to tumor progression[99].
Cell cycle regulators represent another class of molecules with the potential to be used as targets in anticancer therapies. Thus, inhibiting checkpoint kinase 1 (Chk1),
together with gemcitabine was shown to decrease the capacity of PCSCs to initiate tumors. Another interesting
finding was that DNA damage mediated by Chk1 was
lower in non-stem cells than in stem cells[100].
Immunotherapy
Given the failure of cytotoxic therapies, new therapy
approaches are under investigation. Vaccination therapy
aims to increase the patient’s immune response against
tumor cells by targeting cancer markers with the aid of
specialized antigen-presenting cells such as dendritic
cells. Currently, there is a number of vaccines for human
pancreatic cancer in clinical trials including the following: (1) whole-cell vaccines; (2) combined dendritic cells
with antigen to present to patient leukocytes; (3) peptide
and DNA vaccines, iv) Ras peptide vaccine; (4) vaccine
against common cancer mutations targetable by CD4/8
T cells; (5) telomerase peptide vaccine; (6) CEA and Mucin 1; and (7) survivin-targeted vaccine[101].
Furthermore, boosting the immune response with
additional treatment with dendritic cells (LANEX-DC®)
was shown to be highly effective and to extend the median survival times up to 8.9 mo[102].
A rather recent and innovative approach in immunotherapy is personalized peptide vaccination (PPV), in
which HLA-matched peptides are selected and administered, based on the pre-existing host immunity before
vaccination[103]. PPV is now under investigation for pancreatic adenocarcinoma, and a phase Ⅱ study for 41 chemotherapy-resistant advanced pancreatic cancer patients
has been reported. Vaccine antigens were selected and
administered based on the pre-existing IgG responses
to 31 different pooled peptides, and no vaccine-related
severe adverse events were observed[104].
Other active agents
Salinomycin is a antiprotozoal agent that was recently
proven to preferentially kill breast CSCs[105] and was later
investigated in other types of malignancies (reviewed
in[106]). In an in vitro model of pancreatic adenocarcinoma, salinomycin inhibited the growth of CSCs, and in
vivo xenografting studies demonstrated that salinomycin
combined with gemcitabine could eliminate the engraftment of human pancreatic cancer more effectively than
the individual agents[107]. The mechanisms proposed for
the anti-tumor activity of salinomycin include the following: (1) inhibition of Wnt/β-catenin signaling[108];
(2) induction of apoptosis and autophagy via AMPK
activation[108]; (3) increased DNA breakage and phos-
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phorylated levels of p53 and H2AX[109]; and (4) cell cycle
arrest and apoptosis via downregulation or inactivation
of cell cycle-associated oncogenes, such as Stat3, cyclin
D1, and Skp2[110]. Adamantyl-substituted retinoid-related
molecules (ARRs) inhibit growth and induce apoptosis in the pancreatic stem-like cell population, possibly
through decreased IGF-1R and β -catenin expression[111].
Isothiocyanate sulforaphane (SF) was used as sensitizer of pancreatic CSCs to TRAIL (tumor necrosis
factor-related apoptosis inducing ligand)-induced apoptosis by quercetin and sorafenib. Combination of SF
with a cytotoxic drug efficiently induced apoptosis along
with the inhibition of self-renewing potential, ALDH1
activity, clonogenicity, xenograft growth and relapse of
GEM-treated tumor cells in nude mice[112].
The flavonoid Quercetin enhances TRAIL-mediated
apoptosis, acts as a chemosensitizer for the ABC pumpproteins and can enhance the effects of sulforaphane in
inhibiting pancreatic CSC characteristics[113].
Delivery of cytotoxic drugs by specific targeting of stem
cell markers
Targeted therapeutic delivery is a way to ensure that
drugs reach the designated target at the highest concentration within safety limits. Targeted delivery relies on
nanoparticles [small metallic or non-metallic molecules,
(such as polymeric, carbonic, sillica-for a detalied review
please see[114])]. Most nanoparticles accumulate in tumors due to their intense and leaky neovascularization,
but some can be retained in the tumors with the use of
cancer-specific antigens[115]. In the same manner that
nanoparticles are targeted for the bulk tumor, nanoparticles can be targeted for CSCs by CD-133, for example.
To increase delivery into the cytosol and prevent early
lysosomal degradation, Bostad et al[116] have employed
photochemical internalization (PCI), a minimally invasive method for light-controlled, specific delivery of
membrane-impermeable macromolecules to increase the
cytotoxic effect of an immunotoxin targeting CD133expressing cancer cells of colon (WiDr and HCT116)
and pancreas (BxPC-3) origin.
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Abstract
The prognosis in patients with pancreatic cancer is
poor and this cancer is the fourth leading cause of cancer-related death worldwide. Although surgical resection is the only curative treatment of choice for pancreatic cancer, the majority of patients are diagnosed
at an advanced stage, thus only 10%-15% of them are
suitable for curative resection and the overall survival
is less than 5%. Chemotherapy for metastatic disease
is to palliate symptoms of patients and to improve survival. Therefore, prognostic factors are important and
a correct definition of poor prognostic factors may help
to guide more aggressive adjuvant or aggressive treatment protocols in patients with pancreatic cancer. This
article reviews the prognostic factors affecting survival
of patients with pancreatic cancer in the light of recent
advances in the literature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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atic cancer has not improved over the last 20 years,
even if new diagnostic and therapeutic strategies have
emerged. Thus, investigations on predictive factors
in pancreatic cancer are needed because these factors should have predictive value in relation to longer
survival after surgery than after palliative treatment.
Prognostic factors are important and a correct definition of poor prognostic factors may help to guide more
aggressive adjuvant or aggressive treatment protocols
in patients with pancreatic cancer.
Bilici A. Prognostic factors related with survival in patients
with pancreatic adenocarcinoma. World J Gastroenterol 2014;
20(31): 10802-10812 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10802.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10802

INTRODUCTION
Pancreatic adenocarcinoma still remains a major public
health issue and is the fourth leading cause of cancerrelated death worldwide[1]. Although surgical resection is
the only curative treatment of choice for pancreatic cancer, unfortunately, the majority of patients are diagnosed
at an advanced stage, and thus only 10%-15% of them
are suitable for curative resection and the overall survival
is less than 5%[2,3]. Chemotherapy is used in the adjuvant
setting and in the treatment of locally advanced inoperable and metastatic disease.
The primary goals of chemotherapy for metastatic
disease are palliation and improved survival[4,5]. Therefore, identifying poor prognostic factors that may predict the tumor recurrence and prognosis of patients is
important for selecting appropriate treatment protocols.
So it is important to determine new biological or pathological indicators related to survival in addition to well-
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known prognostic factors such as clinical and pathological stage, performance status, and surgical margin[6]. In
this article, the prognostic factors affecting survival of
patients with pancreatic cancer were reviewed.

SURGICAL AND PATHOLOGICAL
FACTORS
The primary surgical or pathological factors that influence prognosis are whether the tumor is localized at the
pancreas and whether the tumor has spread to lymph
nodes or distant organs[1] because the highest cure rate
occurs if the tumor is truly localized to the pancreas. In
the present TNM staging system, tumor size, peripancreatic extension, and vascular involvement are used.
Traditionally, TNM staging, especially in the presence
of metastasis (advanced stage), has been found to be an
important prognostic factor in patients with pancreatic
cancer for survival[7-9].
Surgical margin
Surgical resection is the only potentially curative option
for treatment of pancreatic cancer and the nature of surgery for resectable tumors depends on the tumor localization and size. The incidence of R1 resection has been
indicated as being 20% in the literature, but the improvement of pathological work-up procedures has increased
the rate of R1 resection up to 80%[10,11]. Menon et al[12]
reported that of 27 patients with pancreatic cancer, 22
patients underwent R1 resection and the median survival rate for patients with R1 resection was significantly
worse than that of patients with R0 resection (14 mo vs
not reached). In a study performed by Raut et al[13], they
reported that the rate of R1 resection was 16.7% and
patients who underwent an R1 resection had a median
overall survival (OS) of 21.5 mo compared with 27.8
mo in patients who underwent an R0 resection. In addition, multivariate analysis showed that high mean operative blood loss and large tumor size were independent
predictors of an R1 resection, but margin status did not
independently influence survival.
Another study including 265 pancreatic carcinoma patients who had undergone surgical resection reported that
R1 resection in 49 patients (51%) and R2 resection in four
patients (4%) were performed[14]. The R1-positive margin
was localized at the retroperitoneal resection margin in
76% and at the trans-section margin in 14% of tumors.
Median survival time was better in R0-resected patients
compared with R1-resected patients (22 mo vs 15 mo).
A positive resection margin after pancreatic resection is
considered to be a poor prognostic factor, and some have
proposed that an R1 margin may be a biologic predictor
of more aggressive disease. On the other hand, whether
these patients with pancreatic carcinoma who underwent
margin-positive resection have to be managed with aggressive treatment modalities has not been described.
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Lymph nodes status and lymph node ratio
Lymph node ratio (LNR) may be more useful than nodal
(N) status in prognostic subclassification of pancreatic
adenocarcinomas after pancreatoduodenectomy. Recent
studies have suggested that LNR may also be an important prognostic factor in pancreatic cancer[15-17]. In the
TNM staging system, the number of resected lymph
nodes may be very important, but node-positive patients
are not a homogenous group, because stage migration
may occur in resected pancreatic cancer patients. To resolve these limitations, recently LNR was proposed as a
new prognostic factor by several authors to prevent the
‘stage migration’ phenomenon[15-17]. Riediger et al[17], in 204
resected patients, reported that LNR was the strongest
predictor of survival and they concluded that the routine
estimation of the LNR may be helpful not only for the
individual prediction of prognosis but also for the indication of adjuvant therapy. The analysis of Surveillance,
Epidemiology, and End Results and MGH (Massachusetts
General Hospital) in 10254 and 827 resected patients,
respectively, showed that higher LNR (> 0.2) was associated with worse survival by univariate analysis, and
in addition the hazard ratio (HR) raised proportionally
when more lymph nodes were examined in multivariate
analysis. This study concluded that while the contribution of the number of positive nodes to survival was
relatively small, LNR was strongly associated with survival, and thus, LNR provided a stronger and more accurate predictor of survival than the number of positive
nodes[18].
Perineural and blood vessel invasion
Both perineural (PNI) and blood vessel invasion (BVI)
have been previously investigated in patients with pancreatic cancer and found to be important prognostic
indicators for survival[14,19,20]. Lee et al[19] showed that PNI
was an important adverse prognostic factor for patients
with surgical resection, as was pN stage. In a study performed by Chatterjee et al[21], PNI and BVI were found
to be associated with the OS and lymph node status in
patients who were treated with neoadjuvant treatment.
The median OS for patients with PNI was worse than
that of patients without PNI (22 mo vs 36 mo). Moreover, the median OS was better in patients without BVI
compared with patients with BVI (34 mo vs 22 mo).
They detected that retroperitoneal resection margin was
correlated with the presence of both BVI and PNI. The
authors concluded that PNI and BVI were significantly
poor prognostic indicators.
Tumor localization
Some studies have investigated the prognostic significance of tumor localization in pancreatic cancer patients,
but there is currently no consensus[7-9,19,22]. In a study performed by Park et al[8], univariate analysis indicated that
tumor location was an important prognostic factor for
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(HR = 2.55) and OBL of 2010 mL was found to be
an appropriate cut-off level to predict early mortality
within 6 mo after resection. Male sex, year of resection,
and plexus invasion were independently associated with
OBL greater than 2000 mL. In light of these results, the
authors concluded that excessive OBL was found to be
a prognostic determinant of survival and it can be used
to stratify the risk for pancreatic cancer mortality after
surgery for pancreatic cancer. On the other hand, prognostic significance of perioperative blood transfusion
(PBT) has also been reported. In a study performed by
Keck et al[24], PBTs were given in 46% of 270 pancreatic
cancer patients. Univariate analysis showed that PBT was
related with poorer survival, as were positive margins,
more than one involved node, and poorer grading. In
addition, they found that PBT was an independent prognostic indicator for survival by multivariate analysis after
resection. The authors thought that impact of PBT was
independent of the perioperative complications or resection type. Table 1 shows selected trials of surgical and
pathological prognostic factors in pancreatic cancer.

Table 1 Surgical and pathological factors in pancreatic cancer
Ref.

No. of patients

Surgical margin/resection (R1 vs R0)
Menon et al[12]
27
Raut et al[13]
360
Lymph nodes status and lymph node ratio
Riediger et al[17]
204
Valsangkar et al[18]

14907

Perineural and blood vessel invasion
Chatterjee et al[21]
86

Tumor localization
Park et al[8]

Zhang et al[7]
Operative factors
Nagai et al[23]

Keck et al[24]

340

302

271

270

Results
mOS, 14 mo vs NR
mOS, 21.5 mo vs 27.8 mo
LNR was an independent
prognostic factor
LNR was strongly correlated with survival
mOS, 34 mo for BVI (-) vs
22 mo for BVI (+);
mOS, 32 mo for PNI (-) vs
22 mo for PNI (+)
It was an important prognostic factor by univariate
analysis
It was an independent
prognostic indicator
OBL greater than 2000
mL was an independent
prognostic factor for OS
PBT was an independent
prognostic indicator for
survival

CLINICAL FACTORS

mOS: Median overall survival; NR: Not reach; LNR: Lymph node ratio;
BVI: Blood vessel invasion; PNI: Perineural invasion; OBL: Operative
blood loss; PBT; Perioperative blood transfusion.

OS, but the significance of tumor site as an independent
prognostic indicator could not be proved in the multivariate analysis. Lee et al[22] showed that high CEA level
was significantly correlated with tumor location. In the
patients with elevated CEA level, tumors were located
mostly at the pancreas body and tail. The authors could
not show that tumor location was a prognostic factor by
multivariate analysis, although in the univariate analysis
it was detected as being a prognostic factor. However, in
another study carried out by Zhang et al[7], localization
of the primary tumor was found to be an independent
prognostic factor. In other words, the mortality risk was
increased for tumors located at the body and tail of the
pancreas compared to the tumors located at the head
and neck of the pancreas.
Operative factors
An influence of operative blood loss (OBL) on survival
in patients with pancreatic cancer after curative resection has been investigated. Nagai et al[23] retrospectively
analyzed 271 patients and found that the OS was significantly affected by the amount of OBL. The median
survival times were 26.0, 15.3, and 8.7 mo for OBL less
than 1000, 1000 to 2000, and greater than 2000 mL,
respectively (< 1000 mL vs 1000-2000 mL, p = 0.019;
1000-2000 mL vs > 2000 mL, p < 0.0001). Moreover,
OBL greater than 2000 mL was also detected to be an
independent prognostic factor in multivariate analysis
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Performance status
Some studies have evaluated the impact of performance
status (PS) on survival for patients with pancreatic adenocarcinoma, but the results are conflicting. In a study
carried out by Sezgin et al[25], the authors reported that
only PS was an independent prognostic factor for OS
in patients with advanced pancreatic cancer. Similarly,
Tas et al[26] found that initial poor PS (PS 2-4) was significantly associated with worse survival for patients
with all stages of pancreatic cancer. In addition, poor
PS remained as an independent prognostic indicator
for survival by multivariate analysis and in patients with
poor PS, severe weight loss (> 10%), large tumor diameter (> 3 cm), and especially metastatic disease was
related with significantly shorter OS. On the other hand,
in another study, although an influence of PS on survival
was detected in the univariate analysis, its prognostic
significance was lost in multivariate analysis[8]. Lee et al[22]
showed that in the elevated CA19-9 level group (≥ 37
U/mL), PS was significantly higher compared with the
normal CA19-9 group. Furthermore, PS (0 vs 1-2) was
found to be an important prognostic factor in the univariate analysis for OS.
Diabetes mellitus, obesity and jaundice
Diabetes mellitus (DM) is commonly diagnosed in pancreatic cancer patients, but the significance of new-onset DM
as a cause of underlying pancreatic cancer is unknown.
Some studies have investigated the prognostic significance
of DM in pancreatic cancer[8,25,27], but an impact of DM
on survival could not be proved.
Cachexia is a known characteristic of pancreatic cancer with detects as 80% of patients cachexic at diagnosis.
Therefore, measurement of body mass index (BMI) at
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the time of diagnosis does not provide accurate representation of a patient’s long-term exposure to obesity[28].
However, some studies have shown that high BMI is
associated with increased risk of pancreatic cancer incidence and mortality[29,30]. On the other hand, studies of
obesity and survival in patients with pancreatic cancer
are notably controversial. In a population-based study including 510 patients with pancreatic cancer, Gong et al[31]
indicated that elevated HR of 1.3 was detected for obese
(BMI ≥ 30) compared with normal range BMI (< 25)
patients. But, the relation between OS and BMI could
not be found. Similarly, recent study evaluated the association of BMI with the risk of death from pancreatic
cancer in a pooled analysis of data from Asia Cohort
Consortium[32]. It did not support an relation between
BMI and risk of death from pancreatic cancer. As a different these studies, in a study carried out by Yuan et al[33]
the association of prediagnostic BMI with pancreatic
cancer survival was analyzed. Higher prediagnostic BMI
was associated with more advanced stage at diagnosis,
with 72.5% of obese patients presenting with metastatic
disease versus 59.4% of healthy-weight patients. Furthermore, higher baseline BMI was associated with reduced survival. HR for death was 1.53, comparing BMI
2
2
≥ 35 kg/m with BMI < 25 kg/m (p = 0.001).
In a study performed by Smith et al[34], the presence
of preoperative jaundice was found to be associated with
poor survival in patients with pancreatic cancer. Another
study showed that preoperative jaundice was the only
independent prognostic factor for pancreatic cancer patients[19]. On the other hand, Perini et al[35] demonstrated
that both preoperative DM and jaundice had no adverse
effect on survival for curative resection in pancreatic
cancer patients. Recently, Strasberg et al[36] analyzed 400
patients with resected pancreatic cancer, and preoperative jaundice was found to be a significant indicator of
poor outcome in the multivariate analysis. Moreover, the
relationship was detected between jaundice and nodal
status, and jaundiced patients who underwent preoperative stenting had a survival advantage. The underlying
mechanism related with the influence of jaundice on
survival is unknown and additional studies are required
to determine the exact mechanism for this effect.
Treatment and gemcitabine
Chemotherapy is only modestly effective in advanced disease but has a significant impact in the adjuvant setting,
with 5-fluorouracil and gemcitabine both having efficacy
in a subgroup of patients and increasing 5-year survival
from 10%-15% with surgery alone to 20%-25%[37-40].
Park et al[8] analyzed 340 patients with pancreatic cancer
and of 141 stage Ⅲ patients, 57 received supportive
care (BSC) only, 25 received chemotherapy (CT), and 59
received concurrent chemoradiotherapy (CCRT); of the
199 stage Ⅳ patients, 119 were treated with BSC only
and 80 received CT. Univariate analysis showed that CT
and CCRT were significant prognostic indicators for OS
in stage Ⅲ patients compared with patients that received
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BSC only (11.3 mo vs 10.4 mo vs 6.4 mo, respectively; p
< 0.001). Similarly, in stage Ⅳ patients, median OS for
patients who were treated with CT was significantly better than that of patients who received BSC only (6.4 mo
vs 3.1 mo, p < 0.001). In addition, initial treatment effect
remained an independent prognostic factor compared to
BSC only in the multivariate analysis[8].
In a study performed by Lee et al [19], gemcitabine
chemotherapy was found to be the only independent
prognostic indicator for OS in advanced or unresectable
pancreatic cancer patients who had undergone palliative
surgical by pass. Moreover, Zhang et al[7] evaluated 302
all-stage pancreatic cancer and found that the median
OS of patients who did not receive any treatment or
those treated with BSC only was 1.3 mo, while the median OS for patients who had undergone surgery, CT,
biliary drainage therapy, arterial interventional CT, and
comprehensive CT was 11.0, 7.3, 3.5, 9.0, and 11.0 mo,
respectively (p < 0.05). In the multivariate analysis, the
presence of treatment vs no therapy or BSC only was an
independent prognostic factor (HR = 13.93, p = 0.000).
However, platinum combination CT was significantly associated with improved OS compared to non-platinum
CT regimen (HR = 0.56, p = 0.011). Selected trials related with clinical prognostic factors are summarized in
Table 2.

LABORATORY AND MOLECULAR
FACTORS
Prognostic role of carbohydrate antigen 19-9 levels
Serum carbohydrate antigen (CA) 19-9, the sialylated
Lewis blood group antigen defined by the monoclonal
antibody 1116 NS 19-9, is a tumor-associated antigen
synthesized by normal pancreatic and ductal cells [41].
CA19-9 is considered to be the standard serum marker of
pancreatic cancer due to its high sensitivity of 70%-90%
and specificity of around 90%[42]. Serum CA19-9 levels
have been found to be a useful tumor marker in differentiating benign from malignant pancreatic lesions, and
to monitor tumor response to treatment[42,43]. Previous
studies suggested that preoperative CA19-9 levels could
predict the resectability of pancreatic cancer[44,45], and
other studies reported that pretreatment CA19-9 level
was an important prognostic factor in patients with pancreatic cancer who received CT or CCRT[8,9,45,46].
Park et al[8] reported that elevated CA19-9 levels (>
670 U/mL) were found to have prognostic significance
for OS by univariate analysis, while it was an independent prognostic factor for OS in the multivariate analysis.
Furthermore, another study found similar findings. The
median OS time for patients with high CA19-9 level was
worse than that of patients with normal CA19-9 level (3.8
vs 5.0 mo), which was not significant, but multivariate
analysis indicated that it was an independent prognostic
indicator for OS (HR = 4.54, p = 0.033)[7]. Recently, in a
study by Humphris et al[47], low postoperative CA19-9 at
3 mo and before adjuvant chemotherapy were indepen-
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Table 2 Clinical prognostic factors in pancreatic cancer in selected trials
Ref.
Performance status
Sezgin et al[25]
Tas et al[26]
DM, obesity and jaundice
Gong et al[31]
Yuan et al[33]
Smith et al[34]
Strasberg et al[36]
Treatment
Park et al[8]
Lee et al[19]

No. of patients

Results

67
335

PS was an independent prognostic factor for OS
Initial poor PS (2-4) was significantly associated with worse survival

510

HR = 1.3 for patients with BMI ≥ 30 compare to those with BMI < 25. But no correlation was found between BMI and survival
Higher baseline BMI was associated with reduced survival
The presence of jaundice at the time of surgery was a significant adverse predictor of early survival
The preoperative jaundice was found to be a significant indicator of poor outcome

902
155
400
340
82

mOS, 11.3 vs 10.4 vs 6.4 mo for stage Ⅲ patients treated with CT, CCRT and BSC, respectively (P < 0.001)
mOS, 6.4 vs 3.1 mo for patients with stage Ⅳ treated with CT or BSC, respectively (P < 0.001)
Gemcitabine chemotherapy was found to be the only independent prognostic indicator for OS in advanced
pancreatic cancer

DM: Diabetes mellitus; mOS: Median overall survival; PS:Performance status, BMI: Body mass index; CT: Chemotherapy; CCRT: Concurrent chemoradiotherapy; BSC: Best supportive care.

dent prognostic factors (median OS; 25.6 mo vs 14.8 mo,
p = 0.0052) in 260 patients with pancreatic cancer who
underwent surgical resection. Patients with postoperative
CA19-9 levels > 90 U/ml did not benefit from adjuvant chemotherapy compared with those with a CA19-9
level of ≤ 90 U/ml (median OS 26.0 mo vs 16.7 mo,
p = 0.0108). Normalization of CA19-9 within 6 mo of
resection was also an independent favorable prognostic
factor (median OS: 29.9 mo vs 14.8 mo, p = 0.0004) and
normal perioperative CA19-9 levels were identified as
being a good prognostic group, which was associated
with a 5-year survival of 42%.
Other tumor markers
Carcinoembryonic antigen (CEA) is the standard tumor
marker and is commonly used for predicting treatment
response and prognosis of patients with colorectal
cancer[48]. In contrast to the CA19-9 level, an impact of
CEA on survival of pancreatic cancer patients has not
yet been determined, but CEA might be beneficial in
predicting pancreatic cancer. Zhang et al[7] in their study
including 302 patients with pancreatic cancer reported
that the patients with high CEA levels had a median survival of 2.0 mo compared to patients with normal levels
(5.0 mo). This difference was statistically significant (HR
= 1.43, p = 0.030). However, the significance of CEA
levels as an independent prognostic factor could not be
proved in the multivariate analysis. In a study carried out
by Lee et al[22], they retrospectively analyzed 187 pancreatic cancer patients, and reported that the median OS
time for patients with normal CEA levels was significantly better than that of patients with high CEA levels
(16.3 mo vs 10.2 mo, p = 0.004). In addition, elevated
CEA levels were found to be an independent prognostic
factor in the multivariate analysis.
Despite these findings, to detect whether CEA can
be applicable as a prognostic marker of pancreatic cancer, it should be evaluated in a large number of patients
with all stages of pancreatic cancer. Various tumor mark-
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ers such as CA125, CA15-3, CA72-4, and CA242 have
also been analyzed, but their importance as independent
prognostic indicators could not be definitively demonstrated[7,49].
Hematological parameters
Platelet, lymphocyte, and neutrophil counts, mean platelet
volume, and the ratios of various hematologic cells have
been shown to be valuable prognostic factors in various
malignancies, such as renal, gynecological, and colorectal
cancers[50-53]. Schwarz et al[54] demonstrated that preoperative platelet count predicts survival after resection
of pancreatic adenocarcinoma. On the other hand, in a
study comprising 205 patients performed by Domínguez
et al[55], there was no evidence to support preoperative
platelet count as either an adverse or favorable prognostic
factor in pancreatic ductal adenocarcinoma, which was
not compatible with a study of Zhang et al[7]. Despite
conflicting results regarding platelet counts, white blood
cells (WBCs) were found to be an independent prognostic factor for OS in patients with pancreatic cancer
in two studies[7,46]. Although low hemoglobin levels were
associated with poorer OS time, the significance as an independent prognostic marker could not be proved by the
multivariate analysis[7].
The prognostic value of pretreatment platelet to lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio
(NLR) in patients with pancreatic cancer has also been
evaluated[56,57]. Preoperative PLR has been defined as an
independent significant prognostic marker by Smith et al[58]
in resected pancreatic ductal adenocarcinoma. In the
same study, the median overall survival in patients with a
PLR of 150 or less was 19.7 mo, 13.7 mo in those with a
PLR of 151-300, and 5.8 mo in patients with a value of
> 300. Aliustaoglu et al[57] showed that there was no statistically significant difference between cases with PLR
values ≤ 160 and > 160. However, they analyzed NLR
in the same patients with pancreatic cancer. Patients with
a NLR value of < 5 had a significantly higher median
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Table 3 Selected trials of laboratory prognostic factors in pancreatic cancer
Ref.
CA 19-9 levels
Park et al[8]
Zhang et al[7]
Humphris et al[47]
Other tumor markers
Zhang et al[7]
Lee et al[22]
Hematological factors
Zhang et al[7]
Smith et al[58]
Aliustaoglu et al[57]
Stotz et al[56]
Biochemical parameters
Zhang et al[7]
Stocken et al[46]
Haas et al[60]

No. of patients

Results

340
302
260

Elevated CA19-9 levels (> 670 U/mL) were found to independent prognostic factor for OS
mOS, 3.8 mo for patients with high CA 19-9 levels vs 5.0 mo for those with normal CA 19-9 levels
mOS, 25.6 mo for low postoperative CA 19-9 levels vs 14.8 mo for high CA 19-9 levels
Normalization of CA19-9 within 6 mo of resection was also an independent favorable prognostic factor

302
187

mOS, 2.0 mo for patients with high CEA levels vs 5.0 mo for those with normal CEA levels
mOS was 16.3 and 10.2 mo for patients with normal CEA vs high CEA levels, repsectively

302
110

WBCs were independent prognostic factor for OS
mOS in patients with a preoperative PLR of 150 or less was 19.7 mo, 13.7 mo in those with a PLR of
151-300, and 5.8 mo in patients with a value of > 300
Patients with a NLR value of < 5 had a significantly higher median OS time compared to those with a NLR
value of ≥ 5
An increased NLR as an independent prognostic factor for inoperable and surgically resected patients

65
371
302
653
291

Serum albumin and BUN levels were found to be independent prognostic factors for prediction of OS
Albumin, ALP, LDH, BUN, and AST were independent prognostic indicators for survival of advanced
pancreatic cancer
Pretreatment LDH levels were significantly associated with TTP. Baseline LDH,CRP, and bilirubin were
significant prognostic factors for OS

mOS: Median overall survival; WBC: White blood cell; PLR: Platelet to lymphocyte ratio; NLR: Neutrophil to lymphocyte ratio; BUN: Blood urea nitrogen;
LDH: Lactate dehydrogenase; AST: Aspartate aminotransferase; ALP: Alkaline phosphatase; TTP: Time to progression; CRP: C-reactive protein; CEA: Carcinoembryonic antigen.

OS time compared to those with a NLR value of ≥ 5
(p = 0.015). Recently, Stotz et al[56] evaluated NLR in 371
patients with primary operable and inoperable pancreatic
cancer. They reported that multivariate analysis identified increased NLR as an independent prognostic factor for inoperable PC patients (HR = 2.53, p < 0.001)
and surgically resected pancreatic cancer patients (HR
= 1.61, p = 0.039). Furthermore, in inoperable pancreatic cancer patients, the modified Glasgow prognostic
score was associated with poor cancer-specific survival
only in univariate analysis (HR = 1.44). In light of these
findings, the authors concluded that risk prediction for
cancer-related end points using NLR does add independent prognostic information to other well-established
prognostic factors in patients with pancreatic cancer,
regardless of the undergoing therapeutic modality. Thus,
the NLR should be considered for future individual risk
assessment in pancreatic cancer patients.
Biochemical parameters
Some serum chemistry markers such as albumin, lactate
dehydrogenase (LDH), bilirubin, creatinine, and blood
urea nitrogen (BUN) have previously been tested, but
the prognostic role of these markers has not yet been
fully defined. Serum albumin and BUN levels were
found to be independent prognostic factors for prediction of survival in pancreatic cancer, while total bilirubin, direct bilirubin, glutamic-pyruvic transaminase,
glutamic-oxalacetic transaminase, serum creatinine, and
LDH were not[7]. However, the patients with high serum
LDH levels had poor prognosis compared to those with
normal levels (4.3 mo vs 7.0 mo) by univariate analysis.
Tas et al[59] demonstrated that high serum LDH levels

WJG|www.wjgnet.com

were significantly associated with tumor burden and reflected tumor growth and invasion potential in patients
with pancreatic cancer. Similarly, Stocken et al[46], in their
study including 653 pancreatic cancer patients, detected
that albumin, alkaline phosphatase (ALP), LDH, BUN,
and aspartate aminotransferase (AST) were independent
prognostic indicators for survival in patients with advanced pancreatic cancer. A recent study conducted by
Haas et al[60] showed that in univariate analysis, pretreatment LDH (HR = 2.04) levels were significantly associated with time-to progression (TTP). Regarding OS,
baseline LDH (HR = 2.07), C-reactive protein (CRP) (HR
= 1.69), and bilirubin (HR = 1.62) were significant prognostic factors. In the multivariate analyses, pre-treatment
bilirubin and CRP for OS had an independent prognostic value. They concluded that CRP, LDH, and bilirubin
can also provide prognostic information on TTP and
OS. Table 3 indicates selected trials of laboratory factors
in pancreatic cancer.
Molecular markers
Gemcitabine is transported into the cell mainly by human equilibrative nucleoside transporter 1 (hENT1) (also
known as SLC29A1). hENT1 has been investigated as a
predictive biomarker of gemcitabine efficacy, mostly in
pancreatic cancer, and populations of cells with lower
hENT1 expression may be relatively gemcitabine resistant due to reduced intracellular accumulation of the
drug[61]. Previous studies suggest that hENT1 protein
expression is associated with increased OS and DFS in
pancreatic cancer patients who received gemcitabine[62,63].
Recently, in patients who were included in the ESPAC
1-3 trials and were treated with adjuvant gemcitabine or
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5-fluorouracil (5-FU), the results of tissue microarrays
for hENT1 was presented at the 2013 ASCO annual
meeting[64]. The median OS time for patients with high
hENT1 expression who received gemcitabine was significantly better than that of patients with low hENT1
expression (26.2 mo vs 17.1 mo, p = 0.002). However,
there was no difference among patients treated with
5-FU with respect to hENT1 expression. The authors
concluded that patients with high hENT1 expression
might benefit more from gemcitabine treatment.
SPARC (secreted protein and rich in cysteine), a matricellular protein found to be under-expressed in certain
cancers, has emerged as a multifunctional protein capable of inhibiting the growth of pancreatic, colorectal,
and ovarian cancers[65,66]. The significance of expression
of SPARC as a prognostic factor in the stroma of pancreatic tumors has been shown[67]. In a study performed
by Sinn et al[68], immunohistochemistry in the tissue sample for expression of SPARC in the stroma around the
tumor, but also in the tumor cell, of patients from the
Charité Onkologie (CONKO)-001 study was carried out
and their results were presented at the 2013 ASCO annual meeting. Patients who received gemcitabine as adjuvant treatment had a longer DFS and OS when stromal
and cytoplasmic expression of SPARC was not-strong or
negative, respectively, compared with strong expression
of SPARC. Thus, SPARC expression estimation, both in
the tumor or its stroma, seems to be a valuable prognostic factor in patients receiving gemcitabine as adjuvant
therapy in patients with pancreatic cancer.
The prognostic significance of circulating tumor
cells (CTCs) has been investigated and patients who had
CTCs (more than 1 in 7.5 mL) before curative surgery,
or after therapy initiation, has a trend towards poorer OS
or PFS[69]. Bidard et al[70] prospectively analyzed patients
with locally advanced unresectable pancreatic cancer
before and after 2 mo of chemotherapy for CTCs. More
than one tumor cell in 7.5 mL was considered as positive. Before treatment, 5% of patients had positive detection of CTCs and 9% at the end of 2 mo of therapy.
This positivity was found to be associated with poor
tumor differentiation and the OS was shorter in these
positive patients. The determination of CTCs in patients
with pancreatic cancer seems to have a negative prognostic role[71]. There is a significant relationship between
the amount of peritumoral CD4+ and CD8+ T-cells
and survival in patients with pancreatic cancer and it was
found to be an independent prognostic factor for OS[71].
Transforming growth factor β (TGF-β) acts as suppressor and promoter of cancer progression. Intracellular
Smad proteins (common mediator SMAD4) play a pivotal role in mediating antimitogenic and proapoptotic effects of TGF-β[72]. In 55% of pancreatic tumors SMAD4
alterations are found and it is inactivated in the majority
of pancreatic adenocarcinoma with concurrent mutational inactivation of the INK4A/ARF tumor suppressor
locus and activation of the KRAS oncogene[73]. Previous
reports revealed unclear results related with SMAD4 as
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a predictor of survival in pancreatic cancer[74-76]. Blackford et al[76] reported that SMAD4 gene inactivation was
associated with poorer prognosis in resected pancreatic
adenocarcinoma. In other words, median survival time
in patients without SMAD4 gene inactivation was significantly better than those with inactivation (14.2 mo vs
11.5 mo, p = 0.006). Recent study showed a significant
relationship was found between SMAD4 expression and
tumor size (p = 0.006), lymphatic invasion (p = 0.033),
and lymph node metastasis (p = 0.006)[77]. Moreover, loss
of SMAD4 expression was significantly associated with
shorter OS and it was found to be an independent prognostic factor for both OS and DFS by multivariate analysis. Similarly, another study has confirmed these results[78].
Novel prognostic biomarkers
Hypoxia-inducible factor 1 alpha (HIF1α) has been found
to be an unfavorable prognostic indicator in many cancers
and is known to regulate some genes in the angiogenesis
pathway[79]. Some studies have previously been showed
that HIF1α had a strong impact on the prognosis of
patients with pancreatic adenocarcinoma[80-82]. NEDD9,
a focal adhesion scaffolding protein, has been recently
proposed to regulate invasion and metastasis in some
cancer types[83-85]. In a study performed by Xue et al[86],
they investigated the expression and prognostic significance of NEDD9 in patients with pancreatic cancer.
NEDD9 protein and mRNA levels were elevated in
pancreatic carcinoma lesions compared with noncancerous tissues. A high NEDD9 expression level was
significantly correlated with clinical staging, lymph node
metastasis, and histological differentiation. The median
survival time for patients with a higher NEDD9 expression was significantly shorter than that of patients with
lower NEDD9 expression. In addition, the multivariate
analysis revealed that NEDD9 was an independent factor of poor prognosis.
FOXM1 (Forkhead box M1) is a typical proliferation-related transcription factor and is also intimately
involved in tumorigenesis. It induces cell proliferation
and cell cycle progression by promoting the entry into
S-phase and M-phase[87]. Xia et al[88] in their study, evaluated correlation between FoxM1 expression level and
survival of patients with pancreatic adenocarcinoma.
They showed that a high level of expression of FoxM1
was significantly correlated with clinical staging, lymph
node metastasis, and histological differentiation. Furthermore, patients with a higher FoxM1 expression had
a significantly shorter survival time compared to patients
with lower FoxM1 expression and FoxM1 was found to
be an independent factor for survival.
Recent study indicated that B7H4, HSP27 and DJ-1
protein expressions in the tissue specimens of 41 patients with resected pancreatic cancer were independently associated with a negative impact of chemotherapy
with gemcitabine on patient’s survival[89]. In addition,
patients who overexpressed B7H4 had worse prognosis
than patients without overexpression. In a study carried
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Table 4 Molecular and novel biomarkers as prognostic factors in pancreatic cancer
References
Molecular markers
Neoptolemos et al[64]

No. of patients

Results

48

mOS, 26.2 mo for patients with high hENT1 expression vs 17.1 for those with low hENT1 expression who
treated with gemcitabine (P = 0.002)
Strong stromal SPARC expression was associated with worse DFS and OS (strong vs not-strong DFS 9.0 vs
12.6 mo, P = 0.005; OS 19.8 vs 26.6 mo (P = 0.033).Cytoplasmic SPARC expression was also associated with
worse patient outcome (positive vs negative DFS 7.4 vs 12.1 mo, P = 0.041; OS 14.1 vs 25.6 mo, P = 0.011) in
patients with pancreatic cancer who received gemcitabine as adjuvant CT
mOS,14.2 mo in patients without SMAD4 gene inactivation vs 11.5 mo for those with inactivation (P = 0.006)
Loss of SMAD4 expression was significantly associated with shorter OS and it was found to be an independent
prognostic factor for both OS and DFS

Sinn et al[68]

160

Blackford et al[76]
Oshima et al[77]

114
106

Novel biomarkers
Xue et al[86]

106

Xia et al[88]

80

mOS for patients with a higher NEDD9 expression was significantly shorter than that of patients with lower
NEDD9 expression. NEDD9 was an independent factor of poor prognosis
A higher FoxM1 expression had a significantly shorter survival time compared to patients with lower FoxM1
expression and FoxM1 was found to be an independent factor for survival

mOS: Median overall survival; DFS: Disease-free survival; hENT1: Human equilibrative nucleoside transporter 1; SPARC: Secreted protein and rich in cysteine; CT: Chemotherapy; FOXM1: Forkhead box M1.

out by Perini et al[90], prognostic significance of epidermal growth factor receptor (EGFR) overexpression in
pancreas cancer was investigated. Univariate analysis
showed that positive EGFR expression in tumor tissue
had worse survival, as were male gender, portal vein resection, perineural, lymphovascular and peri-pancreatic
invasion, positive margins, however, prognostic significance of positive EGFR expression as an independent
prognostic factor could not be confirmed in the multivariate analysis. Selected studies associated with molecular
and novel biomarkers are listed in Table 4.

2

CONCLUSION

6

The overall prognosis associated with pancreatic cancer
has not improved over the last 20 years, even if new
diagnostic and therapeutic strategies have emerged. So,
investigations on predictive factors in pancreatic cancer
are needed because these factors should have predictive
value in relation to longer survival after surgery than after palliative treatment. In addition to some well-known
prognostic factors such as tumor stage, surgical margin,
perineural invasion, PS, treatment effect, and CA19-9,
recently new prognostic indicators that have an impact
on survival of patients with pancreatic cancer have appeared. The prognostic value of operative factors including OBL and PBT, NLR, and molecular markers such as
SPARC, hENT1, SMAD4, CTCs, HIF1α, NEDD9 and
FOXM1 has recently been shown. Prognostic factors are
important and a correct definition of poor prognostic
factors may help to guide more aggressive adjuvant or
aggressive treatment protocols in patients with pancreatic cancer.

3
4

5

7
8

9

10

11
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Abstract
Pancreatic cancer continues to be a leading cause of
cancer-related death worldwide and there is an urgent need to develop novel diagnostic and therapeutic strategies to reduce the mortality of patients with
this disease. In pancreatic cancer, some tight junction
proteins, including claudins, are abnormally regulated
and therefore are promising molecular targets for
diagnosis, prognosis and therapy. Claudin-4 and -18
are overexpressed in human pancreatic cancer and its
precursor lesions. Claudin-4 is a high affinity receptor
of Clostridium perfringens enterotoxin (CPE). The cytotoxic effects of CPE and monoclonal antibodies against
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claudin-4 are useful as novel therapeutic tools for pancreatic cancer. Claudin-18 could be a putative marker
and therapeutic target with prognostic implications for
patients with pancreatic cancer. Claudin-1, -7, tricellulin and marvelD3 are involved in epithelial to mesenchymal transition (EMT) of pancreatic cancer cells and
thus might be useful as biomarkers during disease.
Protein kinase C is closely related to EMT of pancreatic
cancer and regulates tight junctions of normal human
pancreatic duct epithelial cells and the cancer cells.
This review focuses on the regulation of tight junctions
via protein kinase C during EMT in human pancreatic
cancer for the purpose of developing new diagnostic
and therapeutic modalities for pancreatic cancer.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tight junctions; Claudins; Tricellulin; Marveld3; Normal human pancreatic duct epithelial cells;
Pancreatic cancer; protein kinase C; epithelial to mesenchymal transition
Core tip: There is an urgent need to develop novel diagnostic and therapeutic strategies to reduce the mortality of pancreatic cancer patients. In pancreatic cancer,
some tight junction proteins, including claudins, are
abnormally regulated and thus are promising molecular targets for Clostridium perfringens enterotoxin and
monoclonal antibodies. Protein kinase C is closely related to epithelial to mesenchymal transition (EMT) of this
cancer and regulates tight junctions of normal human
pancreatic duct epithelial (HPDE) cells and pancreatic
cancer cells. This review focuses on the regulation of
tight junctions via protein kinase C during EMT in human pancreatic cancer compared to normal HPDE cells.
Kyuno D, Yamaguchi H, Ito T, Kono T, Kimura Y, Imamura M,
Konno T, Hirata K, Sawada N, Kojima T. Targeting tight junctions
during epithelial to mesenchymal transition in human pancreatic
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INTRODUCTION
Pancreatic cancer continues to be a leading cause of cancer-related death worldwide due to late detection, lack of
therapeutic targets and ineffective therapies. At the time
of diagnosis, few patients with pancreatic cancer present
with localized disease amenable to surgical resection, while
the remaining patients present with locally advanced or
distant metastasis. It exhibits the poorest prognosis of all
solid tumors with a 5-year survival rate < 5% and a median survival of 3-6 mo after diagnosis[1]. Thus, there is an
urgent need to develop novel diagnostic and therapeutic
strategies to reduce the mortality of these patients.
Transition of a cancer cell from an epithelial to mesenchymal morphology leads to increased migratory and
invasive properties, and thus facilitates the initiation of
metastasis in pancreatic cancer[2,3]. The epithelial to mesenchymal transition (EMT) is characterized by a loss of
cell-cell contact and apicobasal polarity. The hallmarks
of EMT in vitro and in vivo include the upregulation of
mesenchymal markers, the downregulation of epithelial
cell adhesion molecules including tight junction proteins,
and dysfunction of the tight junction fence[4,5]. EMT is
accompanied by loss of occludin and claudins as well as
E-cadherin via the Snail family[6-9]. The transcription factor Snail, which has high to moderate expression in 78%
of pancreatic ductal adenocarcinoma specimens, appears
to promote metastasis and chemoresistance in pancreatic
cancer[10,11]. The activation of protein kinase C (PKC) is
known to be involved in EMT in various type of cancer
including pancreatic cancer. The PKC activator 12-Otetradecanoylphorbol 13-acetate (TPA) induces EMT in
human prostate cancer cells[12] and pancreatic cancer cell
line HPAC[13]. Expression of PKCα and PKCδ closely
contributes to EMT in colon cancer cells[14,15]. Transforming growth factor-β1 (TGF-β1), which promotes EMT in
pancreatic cancer cells[16], induces PKCα in poorly differentiated pancreatic cancer cell line BXPC-3[17].
In several human cancers, including pancreatic cancer, some tight junction proteins are abnormally regulated and therefore promising molecular targets for diagnosis and therapy[18,19]. The current review will focus on the
roles of tight junction proteins, including claudins, and
PKC signaling with regard to the potential applicability
for diagnosis, prognosis and the therapy during EMT in
pancreatic cancer.

Tight junction and its proteins
Epithelial cells including pancreatic epithelial cells are
bordered by two functionally and biochemically different
membranes[20]. This integrity is maintained by intercellular
junctional complexes, such as tight junctions, adherent
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junctions, and desmosomes[21]. Tight junctions are the
most apical components of intercellular junctional complexes in epithelial and endothelial cells. They separate the
apical and basolateral cell surface domains, maintaining
cell polarity (termed the “fence” function), and selectively
control solute and water flow through the paracellular
space (termed the “barrier” function)[22-25]. They also participate in signal transduction mechanisms that regulate
epithelial cell proliferation, gene expression, differentiation and morphogenesis[26]. The tight junction is formed
by integral membrane proteins and peripheral membrane
proteins. The integral membrane proteins are claudins[27,28],
occludin[29], tricellulin[30], marvelD3[31] and junctional adhesion molecules[32] (Figure 1). Peripheral membrane proteins include the scaffold PDZ-expression proteins zonula
occludens (ZO)-1, ZO-2, ZO-3, multi-PDZ domain
protein-1, membrane-associated guanylate kinase with
inverted orientation-1 (MAGI)-1, MAGI-2, MAGI-3, cell
polarity molecules atypical PKC isotype-specific interacting protein/PAR-3, PAR-6, PALS-1, and PALS-1-associated tight junction, as well as the non-PDZ-expressing
proteins cingulin, symplekin, ZONAB, GEF-H1, aPKC,
PP2A, Rab3b, Rab13, PTEN, and 7H6[21,33,34]. These tight
junction proteins are regulated by various cytokines and
growth factors via distinct signal transduction pathways
including PKC[35,36].
The claudin family, which consists of at least 27 members, is solely responsible for forming tight junction strands
and has four transmembrane domains and two extracellular loops[21,37] (Figure 2). The first extracellular loop is
the coreceptor of hepatitis C virus[38] and influences the
paracellular charge selectivity[39], and the second extracellular loop is the receptor of Clostridium perfringens
enterotoxin (CPE)[40].
Both occludin and tricellulin (marvelD2) contain the
tetra-spanning MARVEL (MAL and related proteins for
vesicle trafficking and membrane link) domain that is
present in proteins involved in membrane apposition and
concentrated in cholesterol-rich microdomains[41]. The
novel tight junction protein marvelD3 contains a conserved MARVEL domain like occludin and tricellulin[31,42].
In general, cancer cells lose their specific functions
and polarity with a decrease in the development of tight
junctions. It is thought that the loss of tight junction
functions in part leads to invasion and metastasis of cancer cells[43].
Tight junction proteins are dysregulated during carcinogenesis and EMT. Expression of some claudin family
members is significantly altered by epigenetic regulation
in human cancer[44-46].

Expression patterns and the role
of tight junction proteins in
normal pancreas
Several tight junction proteins are expressed in a tissuespecific and organ-specific manner[47-49]. Normal ductal
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Figure 1 claudins, occludin, tricellulin, marvelD3 and junctional adhesion molecules. A: Schematic representation of human claudin, occludin, tricellulin, and
marvelD3. These molecules contain four transmembrane domains with two extracellular loops. Claudins consist of at least 27 members. Occludin has several variants.
MarvelD3 has two isoforms. aa: amino acid; B: Models of tight junction protein locations in paracellular space. The bicellular tight junction is the interface between
two cells, whereas the vertex where three cells meet is termed the tricellular tight junction. The tight junction strands within both bicellular and tricellular regions are
composed of claudins (black ellipses). MarvelD3 (green ellipses), occludin (orange ellipses), and tricellulin (red spheres) incorporated into claudin-based tight junction
strands. Occludin and tricellulin are primarily found at bicellular and tricellular regions, respectively, whereas marvelD3 is present at both sites. Tricellulin is unique in
that it is present at the tight junction and along the lateral membrane.

and acinar structures of the pancreas express claudin-1,
-2, -3, -4, and -7, whereas endocrine cells within the islets
of Langerhans express claudin-3 and -7 (Figure 3)[50,51].
Pancreatic duct cells deliver the enzymes produced by
acinar cells into duodenum and secrete a HCO3--rich
fluid to neutralize gastric acid from the stomach[52]. Tight
junctions of the pancreatic duct form the pancreatic
ductal barrier. Freeze-fracture analysis of the pancreatic
duct reveals that tight junctions contained a parallel array
of three to five continuous sealing strands and the pancreatic enzymes cannot leak out from the lumen into the
intercellular spaces (Figure 3)[53,54]. Tight junctions of the
pancreatic duct are also regulators of physiologic secretion of the pancreas. Pancreatic ductal tight junctions,
which is leaky and has the function of selective permeability, may play a role of channels of Na+ and HCO3- via
paracellular pathway[55,56].
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The tight junctions of pancreatic duct epithelial cells
and exocrine cells are dynamic structures that can be
disrupted by various external stimuli including ductal
hypertension [57,58]. The disruption of pancreatic duct
tight junctions is an early event in different types of
pancreatitis[59-64]. Although dysfunction of tight junctions
in pancreatic duct is observed by various pathological
conditions, the regulatory mechanisms of tight junctions
remain unknown even in normal human pancreatic duct
epithelial (HPDE) cells.

Expression patterns of tight
junction proteins in pancreatic
cancer
The tight junction protein expression pattern varies be-
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Figure 2 Structures of claudins. The first extracellular loop of claudin-18 targeted for therapy using monoclonal antibodies and the second extracellular loop of claudin-4 targeted for therapy using monoclonal antibodies, Clostridium perfringens enterotoxin and C-Clostridium perfringens enterotoxin.
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Figure 3 Localization and structures of tight junctions in normal human pancreas. In normal pancreatic ducts which express CK (Cytokeratin)7, occludin (OCLN),
ZO-1 and claudin (CLDN)-1, -4 are observed by immunostaining. In freeze-fracture (FF) replica, well-developed tight junction strands are observed in normal pancreas.

tween normal pancreatic tissue and pancreatic cancer.
Claudin-1, -4, -7 and -18 are positive in pancreatic adenocarcinoma, whereas endocrine tumors are negative for
claudin-1 and -4. Claudin-3 and -7 proteins are detected
in endocrine tumors, whereas claudin-13 is negative in
ductal adenocarcinoma[18,50,51]. Claudin-1, -2 and -4 are
detected in exocrine tumors[65]. In borderline cystic tumors the level of claudin-1, -4 and -7 protein expression
is between that of benign and malignant tumors[65]. This
supports the sequential development theory regarding
mucinous cystic tumors.
Liver metastasis of pancreatic cancer is strongly positive for claudin-4, weakly positive for claudin-1, and negative or faintly positive for claudin-7[66]. It is interesting
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that claudin-3 is positive in liver metastasis of pancreatic
cancer whereas claudin-3 staining is not detected in primary pancreatic cancer[50,66].
A study investigating ZO-1 in pancreatic cancer showed
that expression of ZO-1 was increased in pancreatic adenocarcinoma samples in comparison with normal samples[67]. In pancreatic cancer cells, ZO-1 protein translocalizes from apical and apicolateral areas to the cytoplasm
and nucleus, and translocation of ZO-1 is involved in the
induction of invasion through epidermal growth factor
receptor (EGFR) activation[68].
We established human telomerase reverse transcriptase-transfected HPDE cells as models of normal pancreatic duct epithelial cells[51]. The hTERT-HPDE cells
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are positive for HPDE cell markers such as CK7, CK19
and carbonic anhydrase isozyme 2 and express epithelial
tight junction molecules claudin-1, -4, -7 and -18, occludin, tricellulin, marvelD3, JAM-A, ZO-1, and ZO-2[51].
The expression patterns of tight junction molecules in
the hTERT-HPDE cells are similar to those of pancreatic tissues in vivo[51].

Claudin-1 in normal pancreatic
duct and cancer
Claudin-1 is expressed in various types of epithelial cells,
and plays an important role in epithelial cell polarity and
cancer invasion and metastasis[69-72]. However, its role remains controversial far in various cancers. In pancreatic
cancer, claudin-1 expression is responsible for tumor
necrosis factor α-dependent cell growth signals that lead
to apoptosis and the inhibition of cell proliferation[73].
Claudin-1 is localized at the cell membranes of normal
pancreatic ducts and well-differentiated pancreatic carcinoma, whereas in poorly differentiated pancreatic carcinoma it is weakly detected in cytoplasm[74].
EMT is associated with the simultaneous repression
of the genes encoding E-cadherin, claudins and occludin[8]. The transcription factors Snail and Slug, which play
a central role in EMT, bind to the E-box motifs present
in the claudin-1 promoter and have a critical negative
regulatory role in malignant cancer cell lines that express
low levels of the claudin-1 transcript[8,75]. Treatment with
TGF-β1 induces EMT in pancreatic cancer cells and
TGF-β upregulates Snail and downregulates claudin-1,
-4 and occludin in PANC-1 cells[74]. Taken together, this
indicates that claudin-1 may be a potential biomarker for
the development of pancreatic cancer. Thus further investigation of the significance of claudin-1 in pancreatic
cancer cells and normal pancreatic duct epithelial cells is
required.

Claudin-4 in normal pancreatic
duct and cancer
DNA microarray, immunohistochemical, and quantitative
real-time reverse transcription-polymerase chain reaction analyses have provided evidence that claudin-4 is
upregulated in pancreatic cancer tissues[76]. Furthermore,
claudin-4 is also overexpressed in pancreatic intraepithelial
neoplasia (PanIN), intraductal papillary neoplasia (IPMN),
and mucinous cystic neoplasia (MCN), and is correlated
with the histological tumor grade in both IPMN and
MCN[77,78]. On the other hand, overexpression of claudin-4 decreases the invasiveness and metastatic potential
of pancreatic cancer cells in vitro[19]. Patients with high expression of claudin-4 mRNA and protein survive longer
than those with low claudin-4 expression[79].
Claudin-4 is also a high-affinity receptor of CPE[80].
The 35-kDa polypeptide CPE causes food poisoning in
humans, binds to its claudin receptor, and then causes
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changes in membrane permeability via formation of a
complex on the plasma membrane followed by the induction of apoptosis[81]. Full-length CPE with a direct cytotoxic effect and the COOH-terminal receptor-binding
domain of CPE (C-CPE) without a cytotoxic effect are
employed as selective treatment and drug delivery systems against claudin-4 expressing pancreatic tumors[82,83].
CPE induces an acute dose-dependent cytotoxic effect in claudin-4-expressing nude mouse xenografts of
PANC-1, which is a poorly differentiated pancreatic
cancer cell line[82,84]. In the pancreatic cell lines PANC-1,
BXPC-3, HPAF-Ⅱ and HPAC, claudin-4 is found not
only at the apicalmost regions but also at basolateral
membranes[85]. When these pancreatic cancer cell lines
are treated with CPE, it induces dose-dependent cytotoxic effects in all of them[85]. Furthermore, in HPAC
cells, the cytotoxicity of CPE is significantly decreased
by knockdown of claudin-4 by siRNAs[85].
In hTERT-HPDE cells cultured with 10% FBS, claudin-4 is localized at the apicalmost regions, which are tight
junction areas[85]. When hTERT-HPDE cells cultured with
10% FBS in which the expression of claudin-4 protein
is as high as in pancreatic cell lines in Western blotting,
are treated with CPE, cytotoxicity is not observed even
at high concentrations of CPE[85]. These findings suggest
that, in pancreatic cancer cells, CPE binds to the free second extracellular loop of claudin-4 outside of tight junctions and that, in normal HPDE cells, it cannot bind to
that of claudin-4 in tight junction areas.

effect of C-CPE targeting
claudin-4 against pancreatic
cancer
The functional domains of CPE can be separated into
a receptor-binding region (C-terminal of CPE, C-CPE)
and cytotoxic region (N-terminal of CPE). C-CPE is a
C-terminal fragment composed of the CPE amino acids
184 to 319[80]. The receptor binding region of CPE has
been reported to be in the C-terminal 30 residues (amino
acids 290 to 319) of CPE[86].
C-CPE is a nontoxic molecule that disrupts the tight
junction barrier function and enhances cellular absorption[87]. It enhances the effectiveness of clinically relevant anticancer agents such as Taxol and carboplatin
against cancer cells[88]. In our study, when HPAC cells
were treated with C-CPE, the barrier function was markedly decreased at a nontoxic concentration of C-CPE
and recovered in the absence of C-CPE (personal data).
C-CPE may enhance the effectiveness of clinically relevant chemotherapies in pancreatic cancer.
The development of molecular imaging approaches
using tissue- and cell-specific tracers plays a crucial role
to improve early diagnosis and therapy in cancer. Claudin-4 is utilized as a target for imaging of pancreatic cancer. Non-cadmium-based quantum dots bioconjugated
to claudin-4 monoclonal antibodies are used as highly ef-
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ficient, nontoxic optical probes for imaging live pancreatic cancer cells in vivo and in vitro[89]. C-CPE labelled with
a cyanine dye with novel optical imaging methods, 2D
planar fluorescence reflectance imaging technology and
3D fluorescence-mediated tomography, enables noninvasive visualization of claudin-4 positive pancreatic cancer
and its precursor lesions[90]. Furthermore, it is thought
that C-CPE can be used as a carrier for other bacterial
toxins to claudin-4-positive cancer cells. A claudin-4targeting antitumor molecule that consisted of C-CPE
fused to protein synthesis inhibitory factor derived from
Pseudomonas aeruginosa exotoxin or diphtheria toxin fragment A (DTA) were especially toxic to claudin-4 positive
cancer cells in vivo and in vitro[83,91,92].

Claudin-7 in normal pancreatic
duct and cancer
Claudin-7 is expressed in various types of epithelial cells
and directly interacts with EpCAM, forming a complex
with CD44 variant isoforms and tetraspanins outside of
tight junction areas[93,94]. Furthermore, EpCAM is one
of the surface markers in pancreatic cancer stem cells[95],
and claudin-7 regulates the EpCAM-mediated functions
in tumor progression such as proliferation, migration,
and anti-apoptosis[96,97]. Claudin-7 supports tumorigenic
features of EpCAM by provoking EpCAM cleavage and
its cotranscription factor activity, and is directly engaged
in motility and resistance to apoptosis in rat pancreatic
cancer[98].
In human pancreatic ductal adenocarcinoma, there
is a gradual decline in membrane-bound expression of
claudin-7 immunoreactivity in parallel with the degree
of tumor differentiation[99]. Claudin-7 expression also
appears to be inversely associated with the gland size in
tumors, with large neoplastic glands displaying more frequent claudin-7 positivity than smaller glands[99]. There
is no association between claudin-7 and tumor size, the
presence of nodal metastases or survival of the patients,
indicating that while expression of claudin-7 is related
to differentiation of ductal pancreatic adenocarcinoma it
does not influence tumor progression[99].
In a human pancreatic cancer cell line and hTERTHPDE cells, ELF3 is associated with claudin-7[51]. ELF3
belongs to the ELF (E74-like factor) subfamily of the
ETS transcription factors, but it is distinguished from
most ETS family members by its expression pattern,
which is specific in epithelial tissues of the lung, liver,
kidney, pancreas, prostate, small intestine, and colon
mucosa[100]. ELF3 controls intestinal epithelial differentiation[101]. It is reported that the expression of claudin-7 in
epithelial structures in synovial sarcoma is regulated by
ELF3[102]. Thus, the expression of claudin-7 and its regulation via ELF3 may be important as potential therapeutic
targets for pancreatic cancer.
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Claudin-18 in normal pancreatic
duct and cancer
In pancreatic cancer, claudin-18 is as highly expressed
as claudin-4[18]. Claudin-18 has two alternatively spliced
variants, claudin-18a1 and claudin-18a2, which are highly
expressed in the lung and stomach, respectively [103].
Claudin-18a2 is activated in a wide range of human
malignant tumors, including gastric, esophageal, pancreatic, lung, and ovarian cancers, and can be specifically
targeted by monoclonal antibodies against the first extracellular loop[44]. Claudin-18 is highly expressed in PanIN,
IPMN, MCN, pancreatic duct carcinoma, and metastases
of pancreatic cancer, and serves as a diagnostic marker[18,78,99,104-106]. Neuroendocrine neoplasia is found positive with low rates[105]. Thus, claudin-18 could be useful
as a putative marker and therapeutic target for neoplasia of the pancreas. Furthermore, because claudin-18
expression is most pronounced in well-differentiated
pancreatic cancers, and patients with high expression of
claudin-18 survive longer than those with low claudin-18
expression[18], its expression level may also have prognostic implications for patients with pancreatic cancer.

Tricellulin in normal pancreatic
duct and cancer
Tricellulin was identified as the first marker of the tricellular tight junction, which formed at the meeting points
of three cells[30]. It is required for the maintenance of the
transepithelial barrier and expressed in both the normal
pancreatic duct and pancreatic cancer[30,107,108]. It is one
of three members of the tight junction-associated MARVEL protein family. The other two members are occludin
and marvelD3[31,42]. Occludin and tricellulin are present
at bicellular and tricellular tight junctions, respectively,
whereas marvelD3 is present at both sites[31,42]. Both normal and neoplastic pancreatic exocrine tissues express
tricellulin, whereas no expression is seen in normal or
neoplastic endocrine cells[108]. Tricellulin expression in
pancreatic ductal adenocarcinomas shows a significant
negative correlation with the degree of differentiation[108].
Tricellulin expression in tricellular tight junctions is
strongly regulated together with the barrier function via
the c-Jun N-terminal kinase (JNK) transduction pathway[109]. Activation of JNK promotes the development
of various tumors[110-112]. Furthermore, JNK inhibitors
decrease the growth of human and murine pancreatic
cancers in vitro and in vivo[113]. Tricellulin expression and
the barrier function are upregulated together with the
activity of phospho-JNK by treatment with the JNK activator anisomycin in HPAC cells[109]. In hTERT-HPDE
cells, tricellulin expression is significantly increased by all
JNK activators, similar to the response in HPAC cells[109].
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JNK may be involved in the regulation of tight junctions,
including tricellulin expression and the barrier function
in normal pancreatic duct epithelial cells, and may be a
potential therapeutic target for pancreatic cancer.

MarvelD3 in normal pancreatic
duct and cancer
MarvelD3, the novel tight junction protein, is transcriptionally downregulated in poorly differentiated pancreatic cancer cells, whereas it is maintained in well-differentiated human pancreatic cancer cells and normal pancreatic duct epithelial cells[114]. Furthermore, marvelD3
is transcriptionally downregulated in Snail-induced EMT
during the progression of pancreatic cancer[114]. Therefore, marvelD3 could be a new marker during pancreatic
cancer progression. However, little is known about the
detailed role of marvelD3 in epithelial tight junctions
and how it is regulated in various types of cells, including normal pancreatic duct epithelial cells and pancreatic
cancer cells.

role of PKC in tight junctions
during EMT in normal pancreatic
duct and cancer
PKC belongs to the family of serine-threonine kinases
and regulates various cellular functions[115]. It has been
shown to induce both assembly and disassembly of tight
junctions depending on the cell type and conditions of
activation[116-118]. At least 12 different isozymes of PKC
are known and can be subdivided into three classes
(classic or conventional, novel and atypical isozymes) according to their responsiveness to activators[119,120]. The
levels of PKCα, PKCβ1, PKCδ and PKCι are higher
in pancreatic cancer, whereas that of PKCε is higher in
normal tissue[121,122]. In pancreatic cancer, tumorigenicity
is directly related to PKCα expression, as demonstrated
by decreased survival when it is overexpressed[123]. The
increased level of PKCα is also associated with pancreatic cancer cell proliferation[124].
Tight junction proteins are regulated by various cytokines and growth factors via distinct signal transduction
pathways including PKC[35,36]. In various cancer cells,
the regulation of tight junctions via PKC pathway is reported. The assembly of ZO-1 and occludin is involved
in PKC-dependent signaling in gastric cancer cells[125].
The activation of c-Abl-PKCδ signaling pathway is critically required for the claudin-1-induced acquisition of
the malignant phenotype in human liver cells[72]. PKC
activation causes an increase in claudin-1 transcription
and claudin-1 appears to contribute to cell invasion in
human melanoma cells[126]. PKCε activation regulates an
α5 integrin-ZO-1 complex and correlates with invasion
and unfavorable prognosis in lung cancer cells[127].
We have previously reported that the regulation of

WJG|www.wjgnet.com

tight junctions in normal human pancreatic duct epithelial cells and pancreatic cancer cells is closely associated with PKC and PKC-induced transcriptional factors[13,51,74,104,109,128]. To confirm whether the PKC signal
pathway was closely associated with the regulation of
tight junctions, hTERT-HPDE cells and pancreatic cancer cells were treated with the PKC activator TPA and
the specific PKC isoform inhibitors. Treatment with TPA
enhanced expression of claudin-1, -4, -7, and -18, occludin, JAM-A and ZO-1, -2[51]. The upregulation of claudin-4 by TPA was prevented by a PKCα inhibitor and
the upregulation of claudin-7, occludin, ZO-1 and ZO-2
was prevented by a PKCδ inhibitor[51]. In HPAC cells,
tricellulin was in part regulated via PKCδ and PKCε pathways[109], and the expression of claudin-18 and localization of claudin-4 and occludin were in part regulated via
a PKCα pathway[13,104,128]. Claudin-18 mRNA and protein,
indicated to be claudin-18a2, were markedly induced by
TPA in well- and moderately differentiated human pancreatic cancer cell lines HPAF-Ⅱ and HPAC and hTERTHPDE cells[104]. The upregulation of claudin-18 by TPA
in human pancreatic cancer cell lines was prevented by
inhibitors of PKC δ , PKC α and PKC ε , whereas the
upregulation of claudin-18 by TPA in hTERT-HPDE
cells was prevented by inhibitors of PKCδ, PKCα and
PKCθ[104].
On the other hand, a PKCα inhibitor enhances sensitivity of HPAC cells to CPE by preventing mislocalization
of claudin-4[13], and prevents downregulation of claudin-1
during EMT of pancreatic cancer cells[74]. The TGF-βPKCα-PTEN cascade is a key pathway for pancreatic
cancer cells to proliferate and metastasize[129]. The PKC
may be a useful target for pancreatic cancer therapy[119]
and PKCα inhibitors may be potential therapeutic agents
against the malignancy of human pancreatic cancer
cells[130]. Further study of the tight junctions of normal
HPDE cells and pancreatic cancer cells via PKC pathways
including isoforms is important for not only physiological
regulation of tight junction molecules but also for therapeutic targeting of pancreatic cancer cells. In addition to
PKC pathway, other signaling pathways including Ras/
ERK1/2, Smad/STAT3, Notch, Wnt and Src are closely
related to EMT of pancreatic cancer[131-135]. However, the
regulation of tight junctions in normal pancreatic duct
and pancreatic cancer via these signal pathways remain
unknown.

CONCLUSION
The signaling pathways including PKC regulate tight
junctions during EMT in pancreatic cancer. By using
hTERT-HPDE cells, we found that the expression of
tight junction proteins in normal HPDE cells was regulated by various factors. For developing new diagnostic
and therapeutic modalities via tight junction molecules in
pancreatic cancer, it is necessary to investigate the profile
and the regulation of tight junctions in normal HPDE
cells as well as pancreatic cancer cells.
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Abstract
Pancreatic cancer has become the fourth leading cause
of cancer death in the last two decades. Only 3%-15%
of patients diagnosed with pancreatic cancer had 5
year survival rate. Drug resistance, high metastasis,
poor prognosis and tumour relapse contributed to the
malignancies and difficulties in treating pancreatic cancer. The current standard chemotherapy for pancreatic
cancer is gemcitabine, however its efficacy is far from
satisfactory, one of the reasons is due to the complex
tumour microenvironment which decreases effective
drug delivery to target cancer cell. Studies of the molecular pathology of pancreatic cancer have revealed
that activation of KRAS, overexpression of cyclooxyINK4A
genase-2, inactivation of p16
and loss of p53 activities occurred in pancreatic cancer. Co-administration
of gemcitabine and targeting the molecular pathological events happened in pancreatic cancer has brought
an enhanced therapeutic effectiveness of gemcitabine.
Therefore, studies looking for novel targets in hindering pancreatic tumour growth are emerging rapidly.
In order to give a better understanding of the current
findings and to seek the direction in future pancreatic
cancer research; in this review we will focus on targets
suppressing tumour metastatsis and progression, KRAS
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activated downstream effectors, the relationship of
Notch signaling and Nodal/Activin signaling with pancreatic cancer cells, the current findings of non-coding
RNAs in inhibiting pancreatic cancer cell proliferation,
brief discussion in transcription remodeling by epigenetic modifiers (e.g. , HDAC, BMI1, EZH2) and the plausible therapeutic applications of cancer stem cell and
hyaluronan in tumour environment.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; CTHRC1; RAC1; RalGEFRAl; Notch Signaling; Nodal/Activin Signaling; NDRG1;
Hypoxic condition; DR5; PAR2; HER3; IAP; Non-coding
RNA; HDAC; BMI1; EZH2; Pancreatic cancer stem cell;
Tumour microenvironment
Core tip: Some of the targets discussed here have been
discovered to enhance the effectiveness of gemcitabine
upon co-administration of the corresponding agents, for
instance, hyaluronidase can deplete hyaluronan in stromal region to enhance gemcitabine delivery. Besides,
some signaling molecules, e.g. , RalGEF-RAl, Rac1, and
PAR2 are being targeted to suppress metastasis. Tumour proliferation is limited upon DR5 activated apoptosis and others promising therapeutic areas like epigenetic modifiers; IAP, miR, lncRNA, and cancer stem
cells-tumour microenvironment will also be discussed.
Tang SC, Chen YC. Novel therapeutic targets for pancreatic
cancer. World J Gastroenterol 2014; 20(31): 10825-10844
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i31/10825.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i31.10825

INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer
death in the last two decades because of various obsta-
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cles in its treatment[1]. Late and poor prognosis are two
of the causes of high fatality rate[2]. Patients diagnosed
having pancreatic cancer are usually at their very late
stage and spreading of the highly metastatic pancreatic
cancer cell into the lymphatic system and vicinal organs
limited the choices of effective treatments[3].
Gemcitabine is the current standard chemotherapy
for pancreatic cancer[4], however, due to the complex tumour microenvironment[5] and high metastatic property
of pancreatic cancer. The effectiveness of gemcitabine
in treating pancreatic cancer is unsatisfactory. Studies of
targeting the molecular pathology have been carried out
to quest for more potential targets; for instance, activation of oncoprotein V-Ki-ras2 Kirsten rat sarcoma viral
oncogene homolog (KRAS)[6], overexpression of cyclooxygenase-2[1], inactivation of p16INK4A[6] and loss of p53
activities[6] mark the onset of pancreatic cancer. Because,
the treatments of targeting these molecules can enhance
the efficacy of gemcitabine in pancreatic cancer[3], these
imply that combinatorial therapies may be the future direction in treating pancreatic cancer[7]. Therefore, in the
following context of this review we are going to briefly
evaluate plausible therapeutic targets, in terms of the
molecular and cellular level which covers the roles of
several signal transducers, signaling pathways, surface
proteins, receptor proteins, non-coding RNA, epigenetic
modifiers and tumour microenvironment in driving pancreatic cancer and to explore any possibilities of combinatorial therapy among them.

lular signal-regulated kinases (Erk) are the causes of the
enhanced metastasis[10], it is found that the binding of
CTHRC1 onto the wingless-type MMTV integration
site family protein, member 5A (Wnt5a) can stabilize
the Wnt receptor complex[11] and the facilitated binding of the Wnt5a into its Wnt receptor complex will
activate paxillin which leads to phosphorylation of SrcFAK signaling cascade and Erk[10], as both Src and Erk
signaling pathways could lead to tumour progression and
enhanced motility[12], overexpression of CTHRC1 has
increased the phosphorylation of Src and Erk, and vice
versa[10], these indicating the CTHRC1 plays a critical
role in controlling pancreatic tumour cell adhesiveness
and metastasis. Besides, activating the fore mentioned kinases, CTHRC1 is reported to repress the production of
collagen Ⅰ into the stromal environment of pancreatic
cancer[8], supporting of its role as a cancer metastasis enhancing gene.
As suppressing CTHRC1 can reduce the metastatic
and motility of pancreatic cancer cell, future studies can
investigate on the feasibility of combining CTHRC1 targeted therapy with current anti pancreatic cancer drugs.
CTHRC1 appears as a promising target in sequestering
pancreatic cancer from spreading to neighboring organs,
however, whether it could sensitize the tumour cells to
current anti-cancer treatments in pancreatic cancer is not
yet published. CTHRC1 would be a more promising target if it is proved to sequester pancreatic cancer during
chemotherapy, providing a higher chance in elimination
of tumour cells in the patient.

SIGNAL TRANSDUCERS

RAC1
RAS-related C3 botulinum toxin substrate 1 (Rac1)[13] is
found to be an important factor in regulating pancreatic
islet morphogenesis[14], failure of cell spreading has been
reported on gelatin-coated culture by blocking Rac1 in
isolated islet cells[14]. Apart from its vital role in directing organogenesis, Rac1 is one of the Rat sarcoma (Ras)
effectors [15] and is being overexpressed in pancreatic
cancer[16]. It has been found diminishing the formation
of acinar-ductal metaplasia (ADM), pancreatic intraepithelial neoplasia (PanIN) and tumours when its expression is ablated in K-RasG12D induced pancreatic ductual
adenocarcinoma (PDAC) mice model[15]. In cancer biology, Rac1 is found to promote tumour migration and
metastasis through lamellipodia production[17]. Studies
of targeting Rac1 may be beneficial in slowing down the
spreading of pancreatic cancer cells.
Two guanine nucleotide exchange factors (GEFs)
have been reported activating Rac1, dynamin 2 (Dyn2)
has been reported regulating Rac1 in an undefined
mechanism[15]; Dyn2 is found associated with vav 1 guanine nucleotide exchange factor (Vav1) in coimmunopreciptation, an onco-protein acts as a guanine nucleotide
exchange factor (GEF) in Rac1 activation, and Vav1 is
stabilized by the degradation of lyzozyme and heat shock
cognate 70 upon binding with Dyn2[15]. Truncated form
of Dyn2 has found unable to associate with Vav1 and

CTHRC1
Collagen Triple Helix Repeat Containing-1 (CTHRC1)
is a secretory protein[8], which participates in vascular
remodulation through limiting collagen matrix deposition[9], and also morphogenesis but most importantly enhancing cell migratory ability and adhesiveness in tumour
cells[8]. CTHRC1 is found expressed in a wide spectrum
of human cancer cells, and is in particular found highly
expressed in pancreatic cells[10]. The CTHRC1 protein
is found highly expressed in invasive melanoma but
weakly expressed or absent in benign nevi or non-invasive
melanoma[8]. Over expression of CTHRC1 in pancreatic
cancer has enhanced the tumour cells migration and
metastatic properties; studies of using induced hyper
CTHRC1 expressed pancreatic cancer cell, MiaPaCa-2CTHRC1 and shRNA-CTHRC1 suppressed pancreatic
cancer cells, BxPC3 and Panc1, are used to evaluate
CTHRC1 on pancreatic cancer cells metastatic in in vivo
mice model[10]. The result has revealed a wider metastatic
spread of hyper CTHRC1 expressed pancreatic cancer cell to secondary organs while the hypo CTHRC1
expressed pancreatic tumour cells has reduced tumour
cells spreading to neighboring organs when compared
with the tumour cells transfected with control shRNA[10].
The phosphorylation of Focal adhesion kinase (FAK)steroid receptor coactivator (Src) cascade and extracel-
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leading to reduced activation of Rac1 by 50%[15]. However, cell lines deficit in Vav1 expression (e.g., Panc1) would
undermine this therapeutic direction[15]. Another GEF,
T lymphoma invasion and metastasis 1 (Tiam1), which
is reported as an oncogene and associated with various
cancers, Tiam1 directs Rac1 to enhance tumour proliferation and metastasis through the Wnt signaling pathway,
however, suppressions of Tiam1 and Rac1 will lead to
the activation of another oncoprotein, RhoA, which also
promotes pancreatic tumour cells aggressiveness and metastasis[17]. The tumour growth and long term survival are
significantly suppressed and enhanced respectively, upon
simultaneous inhibition of Rac1 and RhoA[17]. These
revealed the invasiveness and tumour migration of pancreatic tumour cells are under complex controls, balanced
Rac1 and RhoA expression level is suggested to be one
of those[17], and the possibility of the participation of
Dyn2 in between Rac1 and RhoA, as the effect of reduction of activated Rac1 in truncated Dyn2 experiment on
RhoA is unknown.
However, when shifting to microRNA research, microRNA-124 (miR-124) is found able to suppress Rac1
mRNA and protein levels in pancreatic cancer cells,
through the binding onto 3’-UTR of the Rac1 mRNA[16].
Although the suppression of RhoA by miR-124 is yet
to be determined; miR-143 is found able to suppress
Rac1 and RhoA at the same time, producing a decreased
tumour migration result in a pancreatic tumour cell xenograft model[18].
From the recent findings, Rac1 is difficult to target
and obtain therapeutic value, owning to switching on
another oncoprotein RhoA, however, the discovery of
miR-143 is exemplifying; microRNA could be the way
out in tackling target that is similar to Rac1 which has an
antagonist carries the similar tumour proliferative and
metastasis function. It is worth to investigate on how
miR-143 suppressing this “double fused” system in pancreatic tumour metastasis enhancement and its effect on
long term survival.
RalGEF-Ral effector signaling network
Ras-like guanine nucleotide exchange factors (RalGEFs)
and Ras-like (Ral) protein (which is also named as Ral
small GTPase) have drawn increasing attention in cancers mediated by Ras, because RalGEFs are one of the
direct effectors of activated Ras[19] and the discoveries
of the important roles of Ral proteins in tumourigenesis
and metastasis[20], however, the exact mechanism of the
signaling network requires further studies to complete.
There are more than four kinds of RalGEFs (e.g., RalGDS, Rgl1, Rgl2, and Rgl3) and two homologues of Ral
are found, Ral-A and Ral-B, in which they share same
nucleotide sequence but differ in 82% of amino acid
sequence[19-21]. It is known that activated Ras will activate
RalGEFs and in turn the activated RalGEF will convert
the GDP bound Ral into GTP bound Ral, the activated
Ral GTPase will then activate its downstream targets, for
instance RalBP1, filamin, PLCδ1, PLD1, etc., bringing
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out the corresponding biological responses[19]. Although
the general mechanism is elucidated nowadays, the exact
RalGEFs activating RalA and RalB are remain unknown,
so do the identity of the exact Ras proteins in activating
a particular RalGEFs[19].
There are two homologues of Ral small GTPase which
are named RalA and RalB, their roles are distinct in tumourigenesis[19], but are seemingly overlapped in metastasis and invasiveness[21], ubiquitinated form of RalA and
RalB have been found and it is in a non-degradative manner for selective localization modulation and functional
regulations of Ral[22]. Studies have shown that mutated
RalA in a constitutively active state can cause transformation of human cells but not in the same mutant of
RalB[23], stable suppression of RalA in pancreatic cancer
cells has brought a significant inhibition in the anchorageindependent growth[19], and inhibition of RalA can delay
the tumourigenesis K-Ras mutants PDAC in mouse model[19], and the binding of RalA onto RalBP1 or Sec5 is
found crucial in Ras - mediated transformation[23]. Aurora
A kinase (AAK) is a kind of RalA inhibitors which prevents RalA phosphorylation, in fact an AAK, MLN8237
has been entered phase Ⅲ clinical trials, and such targeting is not effective in suppressing RalA signaling[19].
On the other hand, suppression of RalB alone does
not reduce tumourigenesis and transformation but bringing a more pronounced effect in metastatic tumour
growth suppression when compared to RalA inhibited
alone pancreatic cell lines. In addition, enhanced apoptosis in RalB suppressed cells in suspension state[24]; these
are suggesting RalB has a more significant role in the
control of metastatic growth of cancer cells than RalA[21].
However, when abrogating the expression of either RalA
or RalB in pancreatic cell lines, reduced invasiveness is
observed in some pancreatic cancer cells with RalA or
RalB suppression but not in all kinds of pancreatic cancer cells, e.g., reduced invasiveness is observed in RalA
and RalB suppressed Capan-1 cell line, while in Panc-1
cell line suppressed RalA boosted the cancer cell invasiveness and RalB can bring a reduced invasiveness, and
in T3M4 cell line RalB suppression cannot bring down
the cancer cell invasiveness but RalA suppression can
bring a reduced invasiveness[21]. Thus, RalA and RalB
may participate in the control of the invasiveness of
pancreatic cancer cells, but there should be some other
signaling pathways in control to this tumour malignancy,
as the invasiveness reduction cannot be observed in all
types of pancreatic cancer cell lines[21]. In regard to the
observations, RalB has been suggested in maintaining the
viability of the cancer cells in the circulatory system and
ensuring tumour cells invasiveness to other organs[21].
Nevertheless, the localization of Ral proteins may
also have their roles in the control of the cancer malignancies and is in relation to their ubiquitination and
phosphorylation status, as de - ubiquitination of RalA
in lipid raft microdomains is reported at the loss of cellmatrix interactions, and ubiquitination of RalA promotes
lipid raft microdomains exposure on the cell membrane
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when the cell got re-adhered[22]. Since lipid raft microdomains served as the platform for various signaling pathways, when cancer cell is in detached state, its growth is
inhibited due to the loss of related signaling cascade in
the lipid raft microdomains[24,25]. Therefore, the prevention of the re - exposure of the lipid raft microdomains
onto the membrane can be a direction in the RalGEF Ral signaling cascade for inhibiting the cancer metastasis
by targeting the ubiquitination and activation of RalA.
All in all, the Ral proteins in the RalGEF - Ral signaling cascade play important roles in the control of cancer
malignancies, targeting the RalGEF would seem to be
efficient in shutting down the transduction of the signaling cascade, however, the question of the availability of
inhibitors to RalGEF is concerning, as it is a Ras like signaling molecules, the design of an effective inhibitor to
RalGEF may not be easy, and the effectors downstream
of this signaling cascade should be closely investigated
to aid the discovery of inhibitors that can block the signal transduction downstream of this pathway.

SIGNALING PATHWAYS
Notch signaling pathway
Notch signaling is found to be an important pathway in
pancreas development, however the exact mechanism
of how Notch regulates pancreatic development and the
effectors it recruits are not fully understood[26]. Notch
signaling pathway has been reported to maintain a pool
of pancreatic progenitor cells at the early stage of pancreatic development, and governs pancreatic ductal cell
differentiation which found to be triggered by the intensity of the Notch activation[26]. Implying Notch signaling
mediates different effectors depends on cell type, and
the stage of organogenesis.
In the pancreatic cancer, Notch signaling molecules
are over-expressed[26] and could produce oncogenic, antitumour, and drug resistance[27] activities basing on the
cellular context[26]. In an ADM study using mouse PDAC
model has shown that subject carrying mutant KRAS[28],
Notch is constitutively activated and up-regulated in the
absence of EGFR[28], while in wild type KRAS carrier,
Notch activation requires EGFR activation to induce
ADM[29]. Implying the mutation of Ras could alter the
activation pathway of Notch. Moreover, the anti-tumour
activity of Notch signaling is brought out by Notch2 receptor deletion in mutant KRAS carrier[29], which showed
PanIN development is inhibited and subject survival is
risen[29]. For the same model, deletion of Notch1 resulted
an opposite effect, PanIN development is accelerated
and subject median survival is decreased[28,30]. As these
two Notch receptors are localized in different compartment of a pancreatic cell, and the exact location of them
is not yet concluded[26]. Thus, studying the distribution
of Notch1 and Notch2 in pancreatic cell may help to understand their roles in pancreatic cancer and the effectors
downstream of this signaling pathway.
As the functions of the Notch1 and Notch2 receptors
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appeared to be distinct and the involvement of EGFR
for activation, the roles of Notch receptors may act as
the decision maker in deciding how the cell behave according to the external environment. Due to the complex
environment during cancer development, figuring out
the roles of Notch at each stage of the pancreatic cancer
development will definitely help sorting out targets this
signaling pathway that can compromise pancreatic cancer.
Nodal/Activin signaling pathway
Nodal and Activin are morphogens which are being secreted into extracellular region[31,32] to mediate gene expression
in target cell through phosphorylating the transcription
factor mothers against decapentaplegic homolog 2, 3 and 4
(Smad2, Smad3, and Smad4)[33], and the signal intensity is
found to be able to determine the cell fate decision that
the target cell would execute[33]. Thus it is an important
switch in deciding cell differentiation, self-renewal and
pluripotency maintenance[33], the decision of the cell fate
control is found to be related to the signal intensity and
signal gradient generated by this pathway[33].
It is found that these two morphogens are overexpressed in pancreatic stem cells and pancreatic stellate
cells, their expression levels are barely detectable in highly
differentiated pancreatic cancer cell and normal pancreas
or other developed tissues[34]. Moreover, it has been suggested that a small population of cancer stem cell is encompassed in pancreatic carcinomas[34], therefore, taking
these two characteristics together this signaling pathway
can be a specific therapeutic target for pancreatic cancer.
The common receptors of Nodal and Activin which
are named Activin-like type I receptor 4 and 7 (Alk4 and
Alk7, also written as Alk4/7), are being targeted by the
inhibitor SB431542[34]. Targeting Alk4/7 is to abrogate
the signal transduction from Nodal/Activin receptors
to the transcription factors Smad 2, Smad 3, and Smad
4; and preventing the downstream genes transcription
which favor tumour malignancies expression[34]. Under in
vivo condition, pancreatic cancer cell L3.6pl pre-treated
with co-administration of SB431542 and gemcitabine
before implanting onto immunocompromised mice,
have resulted a significant increase in apoptosis of cell
carrying CD133+ surface marker, implying such regimen
can deplete the population of cancer stem cell in pancreatic cancer, and prevented the tumorigenicity of the cancer cell in this xenograft model; while such observations
cannot be obtained in either single treatment alone[34].
However, such regimen is challenged by the abundant stroma in the xenograft model employing primary
pancreatic cancer tissue, co-administration of SB431542
and gemcitabine cannot inhibit the tumour growth in
such model, overcoming the sheltering effect of stroma
to the pancreatic cancer cell is vital for efficient drug
delivery to the tumour cell[35]. The triple-administration
of SB431542, gemcitabine and CUR199691 resulted in
an enhanced depletion of cancer stem cell population,
as CUR199691 is an inhibitor targets hedgehog signaling
pathway and ultimately deplets the stroma[34].
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Besides, pancreatic tumour cells with certain mutations on Smad 4 gene have showed to be less responsive
towards the regimen[34]. As Smad 4 is one of the factors
for the signal transduction in the Notch/Activin signaling cascade[34], thus it is essential for the future studies
to identify others up-stream targets controlling mutated
Smad 4, so as to provide regimen for pancreatic cancer
patients with mutations in Smad 4.
Nodal/Activin signaling is a promising target in elimination of pancreatic cancer stem cell from the studies
presented here, despite its limitation in pancreatic cancer
patients with mutations in Smad 4 gene, its effectiveness
in wild type Smad 4 still makes it an attractive target in
primary pancreatic cancer tissue model with the use of
hedgehog inhibitor.
Metastatic suppressor-N-myc downstream-regulated
gene-1
The N-myc downstream-regulated gene-1 (NDRG1) has
recently been identified as a metastasis suppressor in several human cancer types[36], including human pancreatic
cancer[37]. NDRG1 is found to increase the expression of
tumour suppressor gene Smad4, which further inhibits
the phosphatidylinositol-3 kinase (PI3K)/phosphorylated
protein kinase B (AKT) signaling and extracellular signalregulated kinase (ERK) pathway[36], besides, NDRG1 inhibits broad signaling molecules in nuclear factor - kappa
B (NF-κB) signaling pathway, which resulted in reduced
cancer metastasis[37]. As these three signaling pathways
contribute to cancer cell proliferation and metastasis promotion, and cross-talk activities among them[36], therefore, NDRG1 is playing a role of modulator in orchestrating the signals in this triad networks.
The regulation of NDRG1 is debatable; numerous
of studies have found out that hypoxia condition[38], epigenetic regulation[39] and iron depletion[40] can up-regulate
NDRG1 expression level and such up-regulation seems
to correlate with the differentiation status of the cancer
cell.
It is worth to note that in a human PDAC model, under 2% of oxygen supply the NDRG1 mRNA and protein levels are elevated in differentiated pancreatic cancer
cells but there are no change in the mRNA and protein
levels in poorly differentiated cell lines[38]. Suggesting
NDRG1 expression depends on both hypoxic condition and differentiation status of the tumour cell. The
main focus would be on the rationale behind this phenomenon, as undifferentiated pancreatic cancer cell is
comparatively more invasive and metastatic than highly
differentiated counterpart[38]. In light of this, poorly differentiated pancreatic cancer cell (e.g., Panc1) would have
its NDRG1 level being suppressed in order to maintain
high CXC chemokines[37] and high pro-angiogenic factor
vascular endothelial growth factor (VEGF) expression[38]
to direct cancer cell proliferation and angiogenesis. While
NDRG1 over - expression has found down-regulating
of these two signaling molecules and leading to suppression of tumour growth and angiogenesis[37].
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The low NDRG1 expression in undifferentiated pancreatic cancer cells is related to the epigenetic regulation,
as treating the undifferentiated pancreatic cancer cells
with methyltransferase inhibitor 5-aza-2’-deoxycytidine
has enhanced NDRG1 protein expression level, however, the epigenetic control on NDRG1 is not directly
acting on the NDGR1 promoter, as there is no significant DNA methylation in the NDRG1 promoter region;
suggesting other genes being silenced are essential for
the NDRG1 expression[39].
As NDRG1 expression is affected by numerous factors, studies of targeting the molecular events downstream of NDRG1 are carried out, for instance an novel
synthetic derivative of curcumin (CDF) has shown its
inhibitory effect of the expression of VEGF, hypoxia
inducible factor-1 α (HIF-1α), miR-210 and cancer stem
cell self-renewal properties under hypoxia condition and
are crucial for pancreatic cancer cell to promote tumour
angiogenesis[41].
Although the exact mechanism of controlling the
NDRG1 remains unclear, the current findings have suggested maintaining a high NDRG1 expression level in
undifferentiated cell is able to suppress the tumour malignancies. Therefore, studies in finding enhancing NDRG1
expression genes is important in suppressing pancreatic
cancer growth and metastasis.
Energy metabolism
As mentioned in the previous sections, the low vascularity structure of pancreatic tumour leading to a hypoxic
environment and the adaptation of pancreatic cancer
cells in hypoxic conditions through enhanced proliferation, angiogenesis and metastasis have been described.
However, the primary element for cell survival is energy
source which normally generated in glycolysis and Kreb’s
Cycle, as pancreatic cancer cells have an oxygen scarcity
issue[42]; metabolic changes in pancreatic cancer cells allow them to cope with hypoxia.
First, the utilization of glucose would rely heavily on
TCA-independent pathways, for example, there is upregulation of pentose-phosphate pathway, anaerobic respiration for ATP production in hypoxic environment[43].
Secondly, glutamine metabolism is also elevated in hexosamine biosynthetic pathway which is crucial for the
production of UDP-N-acetylglucosamine, and it is used
for glycosylating proteins in proteins modification[44].
Glutaminolysis is also employed by hypoxia pancreatic
cancer cell which metabolizing glutamine to generate
glutamate and can be further metabolized in TCA cycle
to produce pyruvate and lactate for further ATP production[44]. Lactate production is important for tumour cell
invasiveness and neighboring cell proliferation, as inhibition of the enzyme glutamine fructose-6-phosphate
amidotransferase by azaserine can cause significant reduction in hypoxic pancreatic cell proliferation[42]. Apart
from targeting glutaminolysis, cannabinoids are found
to suppress TCA cycle and induce the reactive oxygen
species which leads to AMP-activated protein kinase
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level increase to mediate autophagy in pancreatic cancer
cells[45-47]. The ROS signaling activation could also abrogate the electron transport chain in mitochondria with
unclear mechanism[48], leading to depletion of ATP in
the cell and the AMPK dependent autophagy would be
mediated[45].
By considering the founding in the energy metabolism of PDAC, targeting glutamine, glucose metabolism
and increase the ROS production in hypoxic region in
pancreatic tumour can elicit autophagy in PDAC. It is
important to evaluate the effects of targeting them in
in vivo model, as blocking major metabolic pathways is
very likely to damage normal tissues, specific targeting
the metabolic pathways in PDAC would minimize such
drawback and enhancing the therapeutic value of targeting the energy metabolism pathway.

RECEPTOR PROTEINS
DR5
The death receptor 5 (DR5), is found to be frequently
expressed in pancreatic cancer stem cell[49] and mediates
cancer cells apoptosis via caspase 8 recruitment upon interacting with another receptor, Tumour necrosis factorrelated apoptosis-inducing ligand (Apo2L/TRAIL)[50,51],
forming the death-inducing signal complex (DISC) to induce apoptosis, thus this enables the elimination of pancreatic cancer stem cell specifically, and reduces the occurrence of tumour relapse and overcoming the chemoresistance of pancreatic cancer stem cell[52].
Several studies on targeting activation of Apo2L/
TRAIL induced apoptosis have been carried out, by
combing with chemotherapies to obtain a synergistic
effect in shrinking cancer stem cell population in pancreatic cancer[53]. Co-administration of DR5 agonist Tigatuzumab and gemcitabine has recorded more tumour
regression on PDA xenografts than administrating either
agent alone[49]. Moreover the up-regulation of several
signaling molecules, for instance, cell surface death receptor Fas, Fas-associated death domain, and tumour
necrosis factor receptor 1-associated death domain in
the apoptotic pathway are also recorded[49]. Indicating
the co-administration of Tigatuzumab and gemcitabine
can result in cell growth inhibition and apoptosis for cell
expressing DR5[49].
Another study has showed that dihydroartemisinin
can increase intracellular ROS concentration and would
lead to DR5 expression elevation and in turn mediate
apoptosis via Apo2L/topoisomerase, TNF- α -related
apoptosis-inducing ligand (TRAIL) [52]. Revealing the
apoptotic pathway activation through DR5 requires high
intracellular ROS[52]. Therefore, eliciting apoptosis in DR5
over-expressed cancer cell is a promising therapy for pancreatic cancer[50].
PAR2
The Protease-activated Receptor-2 (PAR2) is a member
of the G-protein coupled receptor family and is acti-
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vated by trypsin[54]. PAR2 is able to promote angiogenesis
through two distinct pathways. The first one is via the activation of the mitogen-activated protein kinase (MAPK)
to mediate VEGF release[55], another pathway involves
the tissue factor to bind with integrin-linked kinase to upregulate HIF-1α expression via AKT phophorylation and
eventually enhanced VEGF expression[56]. Hence, PAR2
is essential for tumour survival under hypoxic condition
in the micro environment, as PAR2 maintains a constitutive high level of HIF-1α for angiogenesis promotion
and this also explains the high metastatic property of
pancreatic cancer cell in hypoxia region.
Besides, the role of PAR2 in pancreatic cancer cell migration is also being reported, PAR2 is found to mediate
MAPK-epidermal growth factor receptor 1/2 (EGF1/2)
signaling pathway with the utilization of extracellular
ATP, blocking the cross talk between PAR2 and extracellular ATP can be a target in reducing pancreatic cancer
metastasis[57].
HER3
The Human Epidermal Growth Factor Receptor (HER)
family consists of four members in which they are all type
1 transmembrane receptor with tyrosine kinase properties[58], except HER3[59], a member of HER which is found
overexpressed 41% in pancreatic cancer[60]. Because of
lacking tyrosine kinase activity in HER3, it requires phosphorylation by another HER receptor to activate PI3K/
AKT signaling pathway to mediate cell angiogenesis and
metastasis[61]. The expression level of HER3 has been correlated with tumour progression[59].
Therefore, HER3 has been an important target for
suppressing tumour angiogenesis and metastasis by using
humanized monoclonal antibodies, e.g. U3-1287 which
has gone through phase 1 clinical trials with well tolerance in solid tumour patients , MM-121 and tyrosine
kinase inhibitors[62,63]. The anti - HER3 agents block the
activation site on the HER3 receptor, preventing the activation of HER3 during heterodimerization with HER2
receptor[59] and promoting receptor internalization upon
binding onto its extracellular domain[58]. This reduces
the activation of PI3K/AKT signaling pathway and
its downstream effectors activation, resulting tumour
growth suppression[59].
In view of this, because of HER3 over-expression
in PDAC and its crucial role in activating the signaling
pathway essential for cell growth, it is a valuable and specific therapeutic target upon co-administration of anti HER3 agent and gemcitabine has resulted an enhanced
anti-tumour effect[64], confirming the therapeutic value
of anti - HER3 agents in PDAC and is worth investing
in more clinical studies.
All in all, we have described three receptor proteins
which carry out apoptosis, tumour proliferation and
metastasis. Current studies are focusing on how to trigger the signaling molecule that could induce apoptosis,
inhibit the receptors that favor cancer proliferation and
metastasis, so as to reduce tumour progression. How-
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ever, the possibility of combining these two approaches
in the same model is not yet published, in which the
total effect on tumour clearance is expecting to be more
efficient.

CELL SURFACE PROTEIN
E-Cadherin
E-Cadherin is a transmembrane protein[65] and is a member of cadherins family in which its expression in epithelial cells is controlled by intracellular signaling molecules[66]. E-Cadherin directs the positioning of the cell
during morphogenesis, controlling cell migration and
tissue structure maintenance[67]. It is reported that during
epithelial-mesenchymal transition (EMT) the E-Cadherin
level in neoplastic epithelial cells is down-regulated, suggesting triggering the dedifferentiation of neoplastic epithelial cells into mesenchymal cell with higher motility[65].
The fading E-cadherin expression is frequently reported in undifferentiated, noncohesive pancreatic cancers[68], and it is found that the silencing of E-cadherin is
mediated by Snail/ histone deacetylase 1 (HDAC1)/histone deacetylase 2 (HDAC2) complex[65] and Enhancer
of Zeste Homolog 2 (EZH2)[69] through hypermethylation of its promoter region[68]. Inhibition of Snail and
HDAC2 are also carried out to validate the E-cadherin
expression is under such complex governance[70].
Since the absence of E-Cadherin marks the onset of
metastasis and PDAC progression, a study targeting E Cadherin restoration by using microRNA 101, has inhibited the EZH2 binding on E-Cadherin promoter region
in PANC1 preventing E - Cadherin silencing and in turn
inhibited its tumorigenicity xenograft[69].
The key for targeting E-Cadherin to obtain therapeutic value in PDAC is to up - hold the E - Cadherin expression by down - regulating its inhibitor, as described
above, inhibiting EZH2, and Snail/HDAC1/HDAC2
can reduce E-Cadherin depression and suppresses the
tumorigenicity of pancreatic cancer, in the future studies,
discovering targets that suppress E-Cadherin expression
is important for therapy involving E - Cadherin.
Galectin-4
Galectin-4 (Gal-4) is a glycan binding proteins which
belongs to the galectin family. Gal-4 is found over-expressed in cystic tumours of the human pancreas, PDAC
and cancer stromal cell[71]. Activated galectins carry out
several functions; include cell-cell adhesion, cell proliferation[72], mediation of intracellular signaling[73] and tumour metastasis[74], etc., However the mechanisms behind
are remain unknown.
A study has evaluated the inhibition effect of Gal-4
in a pancreatic cancer cell, PaTu-S cell, can lead to enhanced tumour migration[74]. The exact reason is yet to
be elucidated, but it is speculated that the reduction of
Gal-4 on the cell membrane would destabilize cell-cell
interaction, allowing tumour cells escape[75]. Another
important implication suggests Gal-4 expression may be
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dependent on the tumour development stage, and is vital
for tumorigenesis as it promotes cell-cell adhesion[76].
Because of Gal-4 multi-roles in expressing tumour
malignancies, and the little knowledge on how Gal-4
control cell migration and tumour metastasis, it is worth
to investigate its related signaling pathways and identifying possible inhibitors so as to enable targeting Gal-4 in
treating pancreatic cancer.
TMPRS S4
Transmembrane Protease, Serine 4 (TMPRSS4) is found
highly expressed in several cancer cells, including pancreatic cancer cell[77]. However its regulation mechanism
is poorly known[78], several studies have shown that TMPRSS4 can promote EMT, metastasis and invasiveness in
human epithelial pancreatic[79], lung and colon cancer[77].
It is reported that EMT mediation is not solely rely
on TMPRSS4 up-regulated integrin α5 to activate FAK/
ERK signaling pathway and enhanced invasiveness [79]
but also count on the down-regulation of E-Cadherin in
TMPRSS4 up-regulated cancer cells[79].
Another downstream target of TMPRSS4 is the
urokinase-type plasminogen activator (uPA) gene[80]. TMPRSS4 would activate the transcription factors of µPA
via c-Jun N-terminal kinase mechanism before promoting
µPA transcription in a cell-type dependent manner[80]. And
the increased µPA gene transcription marks the increased
tumour cell aggressiveness.
The coupling effects of TMPRSS4 on tumour aggravated invasiveness and metastasis with other signaling
molecules (e.g., integrin α5, uPA), moreover, the inverse
expression pattern of TMPRSS4 and E-cadherin suggests TMPRSS4 can be suppressed by targeting E-cadherin inhibitors as previously mentioned and should be
investigated in future studies. TMPRSS4 expression is affected by various signaling molecules and by considering
its important role in expressing tumours malignancies, it
is a target with multiple approaches for suppression.
IAP
Inhibitor of apoptosis protein (IAP) is a group of proteins bind to caspases and inhibit caspases apoptotic effect resulting apoptosis abortion[81]. The importance of
apoptosis mediation in cancer therapies has an irreplaceable place, and therapies incapable to induce cell death
would be meaningless. However, most therapies nowadays involve the elicitation of apoptosis at their end, and
resistance of the corresponding therapies developed due
to the presence of IAP[82]. Therefore IAP is the obstacle
to tackle with, so as to ameliorate the effectiveness of
therapies targeting apoptosis induction.
Two of the IAP members would be discussed here
which are X-linked IAP (XIAP) and survivin, because of
the reports of their close interaction in triggering antiapoptotic effect[82].
Survivin’s action has been controversial in anti-apoptotic activity[82], it is reported that survivin carries out
neurogenesis, angiogenesis, cell cycle progression in can-
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cer cell[83] and displays caspase inhibitory effect through
associating with XIAP and stabilizes XIAP via their baculovirus-inhibitor of apoptosis repeat (BIR) domain[84].
Most of the survivin inhibitors that are under clinical
trials have improved the effectiveness of chemotherapies
e.g., topoisomerase, TRAIL[82]. Revealing survivin’s submissive and supporting role in IAP targeted treatment.
XIAP is the most studied IAP, it is found able to suppress caspase-3, caspase-7 and caspase-9 apoptotic activities[85]. Inhibition of its caspase binding domains, which
are named, BIR-2 and BIR-3, with the use of phenylureabased chemical inhibitors of XIAP (XAntags) could make
pancreatic cancer cells more vulnerable to apoptosis[85].
Because of the anti-tumour effect in inhibiting XIAP
and the supportive role of surviving in apoptotic inhibition, co - suppressing XIAP and survivin has also been
performed in Panc-1 cell[86], resulting cell proliferation
hindrance, and enhanced gemcitabine effectiveness in
XIAP and survivin suppressed model than sole suppression of either IAP[86].
Nevertheless, there is no cell toxicity recorded in XIAP
knocked out mouse model and in vitro cell model, possibly
by the compensatory up-regulation of other cIAPs, and
the masking effect of such up - regulation requires further
studies[81]. From the recent findings in IAP, inhibiting IAP
is a promising therapeutic direction in promoting apoptosis
progression in PDAC cells, thus enhancing the effectiveness of current chemotherapies upon co - administration in
treating PDAC.

NON-CODING RNA
MicroRNA
MicroRNAs (miRNAs) consist of 18-24 base pair which
are small and non-coding-sequence[87]. They execute target gene expression control by binding miRNA 3’UTR
on to the target gene mRNA[87], and only when perfect
binding of miRNA on to the target mRNA could mediate mRNA cleavage, otherwise, it would result into
inhibited protein production[88]. miRNAs which induce
over-expression of oncogenes are termed the oncogenic
miRs (onco-miRs), on the other hand, miRNAs which
suppress cell transformation are named tumour suppressor miRs (TSG-miRs)[89]. The abnormal expression
levels of these two kinds of miRNAs are observed in
pancreatic cancer[90]. Current studies are either suppressing onco - miRs or reconstituting the TSG-miRs level[91],
therefore, in the following we will discuss some TSGmiRs which are promising therapeutic targets in pancreatic cancer.
miR-34: miR-34 is reported to be up-regulated by p53[92],
inducing cell cycle arrest in primary and tumour derived
cell lines[93]. A significant reduction of miR - 34 expression level in gastric cancer cells with p53 mutation has
been observed and reconstituted miR - 34 expression by
transfecting pancreatic cancer cells with letivirus carrying
vector expressing miR - 34[94], and resulted in decreased
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Notch2 and Bcl-2 protein production, reduced tumoursphere formation from cancer stem cell (CSC)[94]. Although the relationship between miR-34 and p53 is still
unclear[94], the encouraging results generated by miR-4
in p53 deficient pancreatic cancer cells[93] have make it a
worthy therapeutic target.
miR-143: miR-143 has been studied for its anti-metastasis and anti-tumour proliferation in liver undergone
metastasis and a pancreatic cancer xenograft in mouse
model, respectively[95]. miR-143 expression level in KRAS
mutant pancreatic cancer cells is also being ablated[96], reexpressing miR-143 in its deficit cell lines has performed,
GEF, RAC1, matrix metalloproteases (MMPs) and KRAS
are the inhibition targets for miR-143[95], as described
previously lessened RAC1 level can inhibit metastasis
and tumorigenesis, while inhibiting KRAS is even more
important, which implies a board spectrum of signaling
pathways diminishing effect.
Another tumour growth promotion factor that miR-143
targets is the cyclooxygenase (COX-2)[97], COX-2 is reported as an essential factor for prostaglandin synthesis to
mediate inflammation and cancer cell growth and survival[98]. In pancreatic cancer cell, miR - 143 was found
to be repressed by prostaglandin[99], and restoration of
miR-143 level can decrease both mRNA and protein level
of COX-2 and inhibited cell growth[98].
miR-200: miR-200 is a family of miRNAs related to
EMT[100], reconstituted expression level of miR-200 has
restored the phosphatase and tensin homolog (PTEN)
expression level[100], as PTEN is widely down regulated in
various cancer cell lines and is a tumour suppressor gene
in which reduced expression would lead to enhanced tumour aggressiveness[101,102], while membrane type-1-matrix
metalloproteinase (MT1-MMP) is up-regulated and lead to
aggravated cancer invasion[101-103]. Restoration of miR-200
by using CDF, which is a synthetic analog of curcumin,
and a natural compound, BR - DIM are reported and are
found able to enhance PTEN expression level and a decreased MT1-MPP promoted invasiveness[100]. Therefore,
agents which could enhance miR-200 expression would
have promising therapeutic value in curbing pancreatic
cancer aggressiveness for enhanced treatments efficiency.
The three TSG-miRs exemplified the diverse roles
of miRNAs in anti-tumour activities, up-regulation of
TSG-miRs can suppress tumour malignancies expression, however, suppressing onco-miRs that can up-regulate oncogenes also have tumour malignancies suppression effect, therefore screening and studying the agents
that can up-regulate TSG-miRs and down-regulate oncomiRs are vital for PDAC therapy development.
Long non-coding RNA
Long non-coding RNAs (lncRNAs) are transcribed from
intergenic and intronic regions in human genome[104] by
RNA polymerase Ⅱ[105], which lengths more than 200
bp[106] and their biological functions have been reported,
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for instance, epigenetic control, transcription regulation,
pre and post-translational regulation[107], cell cycle and
differentiation control and even governing the apoptosis
process[108]. lncRNA is used as a diagnostic parameter
and can be a therapeutic target in cancers[104]. However,
the definition and discovery of lncRNAs are expected to
keep on changing as very little is known in this emerging
area[109]. In the following, two lncRNAs that are highly
expressed in pancreatic cancer will be discussed.
HOTAIR: HOX transcript antisense RNA (HOTAIR) is
a lncRNA which is highly expressed in a range of primary
tumours and metastatic cell[110], in which its expression
pattern is variable but in general is also over-expressed
pancreatic cancer[111]. HOTAIR carries out tumour supporting effect by inhibiting anti - tumour genes activity, in
which the interaction of HOTAIR and a Polycomb-group
(PcG) family protein named, EZH2, would promote
chromosomal histone protein histone 3 protein at lysine
27 (H3K27) trimethylation, which leads to repressed transcription of multiple gene targets[112]. However, there are
some genes inhibited in an EZH2-independent manner[113].
Suppressed HOTAIR expression by using RNAi in
pancreatic cancer cell has caused retarded cell growth,
diminished tumour aggressiveness; altered cell-cycle
progression and apoptosis induction[114]. Thus, relieving
the repressed transcription of the tumour suppressor
genes by suppressing HOTAIR expression is therapeutically valuable in treating PDAC. As the studies of genes
activation mechanism and the genes that are targeted by
HOTAIR are still ongoing[114], and the mechanism of
genes being independently regulated by EZH2 but dependent on HOTAIR only, are currently under studies.
Studies of targeting HOTAIR in PDAC cell lines
have achieved reduced tumour malignancies expression,
indicating the relieved tumour suppressor genes expression by targeting HOTAIR has made HOTAIR an attractive target in pancreatic cancer therapies development.
However, cautions should be taken on the over-expressed
genes induced by HOTAIR, as HOTAIR induced and
suppressed multiple genes at the same time and some of
the over-expressed genes expression level do not reduce
with HOTAIR suppression[114], suggesting another mechanism may exist in down-regulating them. In conclusion, a
more thorough understanding on the regulation and the
functions of HOTAIR induced and suppressed genes, it
could lead to a more rounded target in promoting tumour
suppressors genes functions while inhibiting oncogenes
activities.
MALAT1: Metastasis-Associated Lung Adenocarcinoma
Transcript 1 (MALAT1), as known as the Nuclear-Enriched Abundant Transcript 2[115] is found highly expressed
in normal pancreatic and lung tissues with high abundance
and highly conserved among mammalian[116]. Intensive
studies of MALAT1 in non-small-cell lung carcinoma
revealed its metastasis and tumorigenicity promotion activities[117]. Although inadequate studies of MALAT1 in
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pancreatic cancer cell model, it has been reported for its
promotion of tumour malignancies expression in various
cancer types[116]. For instance, in colorectal cancer, a Chinese herb extract Resveratrol is shown to down-regulate
MALAT1 and cause suppression of Wnt/β signaling via
decreasing β-catenin nuclear localization and eventually
inhibited the invasiveness and metastasis of colorectal
cancer[118].
Apart from promoting tumourigenesis, invasiveness
and metastasis, MALAT1 also participates in the control
of cell cycle progression, oncogenic transcription factor B-MYB is found up-regulated with the expression
of MALAT1, silencing of B-MYB in fibroblast model
resulted into cell cycle arrest in G1/S and S phase[119],
moreover, another transcription factor, E2F transcription
factor 1 (E2F1), which is essential for cell cycle progression and is also under the modulation of MALAT1,
however down - regulated MALAT1 brought down E2F1
expression has elicited p53 expression enhancement and
lead to cell cycle arrest and hence reduced cell proliferation[119]. This implies MALAT1 could induce DNA damage response via an unknown mechanism[119].
With regard to the findings of MALAT1 in other
cancer, MALAT1 expression in PDAC is also very likely
to correlate to pancreatic cancer progression. Although
MALAT1 expression level is high in normal pancreatic
tissue, its expression level in pancreatic cancer is not yet
reported and also the role of MALAT1 in pancreatic tumour activities. Thus, if MALAT1 has a similar tumour
malignancies promotion role in pancreatic cancer as in
other cancer types, it would be a promising therapeutic
target for PDAC treatment development.

EPIGENETIC MODIFIER
HDAC
Histone Deacetylases (HDACs) are a group of four classes of deacetylases[120], each class of the enzyme contributes
to different tumour malignancies expression, for example,
as mentioned previously, HDAC1 is responsible for the
acceleration of EMT and metastasis in PDAC[121], while
HDAC2 would desensitize the PDAC towards DNA damage response and decreased prop - apoptotic proteins[122],
however, only the third class, which is named the human
hst proteins (SIRTs) did not respond to HDAC inhibitors
(HDACIs) under current clinical trials[120], but a HDACI
named Sirtinol is able to induce apoptosis with the administration of Sirtinol[121], and its effect is further enhanced
with the co - administration with gemcitabine[123].
The exact mechanism of HDACIs in mediating antitumour activities remain further elucidation. However,
studies have shown that it is not necessary for HDACIs
to inhibit the expression of HDACs in mediating tumour
suppression, for instance, a class Ⅰ and Ⅱ HDACI did
not cause changes in the expression level of HDAC1, and
other tumour suppressor genes but has shown reduced
cell proliferation in cervical tumour cell[124]. Moreover, a
class Ⅰ and Ⅱ HDACI inhibitor is found able to cause
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a changes in the expression profile of class Ⅲ HDAC,
SIRTs[121]. These evidences suggest the working mechanism of HDACIs involve complex molecular control.
On the other hand, Rel/p65 (NF-κB) is found relating
to the expression level of HDAC, for instance, overexpression of class Ⅰ HDAC in pancreatic cancer cells,
their expression level of NF-κB is also high, besides, a
class Ⅰ HDACI valproic acid (VPA) is studied and found
to cause a decreased expression in pancreatic cancer cells
which leads to enhanced PDAC apoptosis[125], in which
over-expression of NF-κB has been reported for enhanced tumour growth, angiogenesis, chemo-resistance
and metastasis[125]. Blocking NF-κB activity by VPA can
obtain anti-tumour effect in such case[126].
The action of HDAC on gene silencing is mediated by
deacetylating the histone proteins in the chromatin leading to chromatin condensation, resulting silenced genes
transcription[121]. As the genes being silenced in cancer are
mostly related to tumour suppressors, anti - apoptosis,
and often resulted in drug resistance, therefore, targeting
HDAC by using HDACI is believed to reduce the these
tumour malignancies expression by suppressing the related signaling pathways of the PDAC and synergistically
enhance the anti - tumour effect of current chemotherapy.
BMI1: B-Cell-specific Moloney murine leukemia virus
Insertion site 1 (BMI1), belongs to the polycomb group
(PcG) which represses transcriptional activity of various
genes[127]. Over-expression of BMI1 in a board spectrum
of cancer cells is observed, it strengthens tumour growth
by providing anti-apoptotic activities and participate in
tumour metastasis by up-regulating PI3K/AKT signaling pathway[127]. In in vitro experiment, PDAC with BMI1
suppressed using shRNA has shown enhanced cell death
in response to gemcitabine treatment, a significant decrease for its cell surface markers CD44+CD24+ESA+,
loss of self-renewal ability, reduced tumour sphere formation by CSCs and reduced tumour size in xenograft
model[127].
Because of the diversified anti-tumour effects of silencing BMI1 in pancreatic cancer cell, such as reduced
invasiveness, tumourigenesis[127], metastasis, CSC phenotypes, cell proliferation[128] and also chemo-resistance[127].
Besides, CSC is reported to be the causes for tumour
relapse in pancreatic cancer[129], thus, the diversified roles
of BMI1 in pancreatic cancer have made it a very attractive target, future studies targeting BMI1 inhibition and
its downstream effectors would benefit PDAC treatment
development.
EZH2
The polycomb repressor complex 2 member, Enhancer
of Zeste Homolog 2 (EZH2) is a histone methyltransferase which is highly expressed in pancreatic cancer cells[130],
EZH2 mediates tumour suppressor genes transcription
inhibition through trimethylation of the H3K27[131], such
as suppressing Rap1GAP expression in squamous car-
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cinoma[132], E-Cadherin in pancreatic cancer[131]. Besides,
several reports have suggested EZH2 suppresses miRNAs
in contributing to pancreatic cancer progression, e.g., microRNA-218 (miR-218), microRNA-26a[133,134], miR-218 is
essential in suppressing tumour proliferation and metastasis in nude mouse model[133], EZH2 is believed to interact
with two polycomb repressive complexes (PRCs), PRC1
and PRC2, and promoting the methylation of the target
miRNA promoter region to silence the miRNAs expression in pancreatic cancer[133]. It is found that with the administration of EZH2 inhibitor, such as 3-deazaneplanocin A (DZNeP), can reduce EZH2 expression of EZH2
and rescued the expression of miR-218 leading to tumour
malignancies reduction[133,135].
Apart from suppressing miRNAs in tumour progression, studies of the role of EZH2 as a tumourigenesis
initiator have found that EZH2 also suppresses tumour
suppressor gene p16INK4, in which it suppresses tumour
proliferation and regeneration, enhanced EZH2 expression has caused p16INK4 down - regulation, counteracting
the suppression effects exerted by p16INK4[136]. Such control is crucial for the regeneration of the injured acinar
pancreatic cell, in which the injured cell undergone dedifferentiation into metaplastic epithelial intermediate,
depleted p16INK4 allows the cell to re-differentiate into
acinar cell from metaplastic epithelial intermediate[136].
Thus in combination with the early appearance of PaIN
lesion in pancreatic cell baring KRAS mutation and the
loss of p16INK4 expression due to enhanced EZH2, invasive and metastatic tumour development are accelerated,
demonstrating the linkage between regeneration and tumourigenesis under the influence of mutant KRAS[137].
Further studies of the role of EZH2 in pancreatic
CSC has found it is essential in maintaining the CSC
population in pancreatic cancer, suppressing EZH2 has
decreased the degree of H3K27 methylation, reduced
CSC population in pancreatic cancer, enhanced genes expressions for cell differentiation and migration[130]. Since
the trimethylation of H3K27 and the expression is correlated with the CSC population, it is suggested that the
H3K27 trimethylation by EZH2 can be used as a marker
for the CSC population which allows rapid evaluation for
the population of CSC when compared to conventional
methods, hence, speeding up the studies of the effectiveness of compounds towards pancreatic CSC[130].
From the current findings of suppressing EZH2 in
pancreatic cancer, EZH2 has an important role in tumour
development initiation and supporting cancer stemness,
and co-administration of DZNeP and gemcitabine has
achieved promising anti-tumour effects. Nevertheless,
EZH2 has also demonstrated its possibility to act as an
indicator for CSC population estimation, and CSC elimination is an important factor for researchers to evaluate
the efficacy of the compounds under studies, thus EZH2
is a versatile targets that possess both therapeutic and assay values and screening compounds suppressing EZH2
would definitely help speeding up therapies development
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in PDAC.

PANCREATIC CANCER STEM CELL
(PANCREATIC CSC)
The tumour cell population is reported to encompass
a population of cancer stem cell (CSC)[138], and it is reported to give rise to the cancer stemness in various cancers, by carrying out self-renewal, metastasis, invasiveness enhancement[139], and drug resistance for pancreatic
tumour[140]. Studies in CSC have led to the discovery of
distinguishable cell surface markers presented in various
cancer types, and this allowed the isolation of cancer
stem cell for various studies[141]. In this section, we will
briefly discuss how CSC contributes to enhanced cancer
malignancies, and the plausible targets in CSC that have
been reported to have therapeutic value.
Signaling pathways in CSC
There are three members of hedgehog proteins in the
hedgehog signaling[141], a member of the hedgehog family, sonic hedgehog is found over - expressed in both pancreatic cancer cell and CSC[142]. The up-regulated sonic
hedgehog signaling molecules facilitates the development
of PanIN and enhanced accumulation of mutations in
KRAS while inhibiting the hedgehog signaling pathway
by the hedgehog signaling inhibitor cyclopamine has
resulted decelerated tumour growth and on set of apoptosis[142], another inhibitor GDC-0449 is reported to produce reduced cell viability, caspase-3 mediated apoptosis,
reduced tumour sphere formation in pancreatic CSC[143].
Sonic hedgehog has displayed its critical role in tumourigenesis initiation and tumour proliferation, targeting
hedgehog signaling is therefore advantageous in the early
development of pancreatic cancer.
In Notch signaling pathway, over-expressed Notch-1
promotes EMT and tumour sphere formation[144], which
is confirmed by the increase expression of CD44 and
EpCAM cell surface markers on CSC [144], suggesting
Notch as a factor in pancreatic tumourigenesis in CSC,
but the role of it in CSC self-renewal requires further
studies[141]. Notch mediates signaling by nuclear translocation and is modified by γ-secretase before entering
the nucleus, thus inhibitors of γ-secretase have been
used to study the role of Notch in pancreatic cancer and
also pancreatic CSC[145], a Notch inhibitor, PF-03084014
is found able to bring a reduction of CSC population,
tumour re-growth and inhibited several cancer malignancies, e.g., tumour growth, angiogenesis in pancreatic
cancer xenograft model with the co-administration with
gemcitabine[146], therefore its effect on pancreatic cancer
is expectable.
The CXCR4 signaling pathway which comprises the
ligand, stromal cell - derived factor-1/CXCR chemokine
ligand 12 (SDF-1/CXCL12) and the G-protein coupled
receptor, CXCR4. This signaling pathway is up - regulated in pancreatic cancer cell due to enhanced expression
of CXCR4, and resulting into tumour metastasis promo-

WJG|www.wjgnet.com

tion; enhanced migration and strengthened stromal adhesion[141]. In pancreatic CSC, co-expression of CD133+
and CXCR4+ on the CSC signified a highly metastatic
characteristic and contributes to tumour metastasis, therefore, disrupting the SDF-1 mediated CXCR4 signaling and
depletion of the CD133+ CSC can abrogate the metastatic
characteristic of pancreatic tumour[146]. Although targeting the CXCR4 in stopping pancreatic tumour metastasis
looks promising, CXCR4 inhibitors are found highly
toxic and non - specific reaction are the drawbacks that
must have to be overcome before translating into clinical
trials or practices[147].
Forkhead Box M1 (FoxM1) is a transcription factor
found over-expressed in pancreatic cancer in which it
promotes the expression of EMT characteristic[141], which
is deduced by the increased mesenchymal cell markers
expression including, zinc-finger E-box binding homeobox 1 (ZEB1), ZEB2, E-cadherin, and vimentin, and
also enhanced tumour sphere formation which marks
the strengthened self-renewal ability for CSC [148], as
enhanced EMT is having close resemblance to CSC in
giving rise to cancer stemness[149]. A natural compound
genistein can inhibit the FoxM1 signaling pathway by
down-regulating the expression of FoxM1 and its downstream gene targets (e.g., VEGF, MMP-9) leading to reduced EMT and reduced tumour sphere formation and
have resulted into reduced tumour growth and enhanced
apoptosis[150]. The exact mechanism of the regulation of
genistein on FoxM1 and its target genes is not clear yet,
however, the application genistein can rescue the microRNA-200 (miR-200) expression by attenuated FoxM1
expression, and enhanced expression of miR-200 can inhibit the EMT progression[147]. Because of the important
role for FoxM1 plays in the EMT and CSC progression,
and the availability of FoxM1 inhibitor has made FoxM1
an attractive target and should evaluate the anti - tumour
effects under co-administration of genistein and gemcitabine.
Cell surface marker on CSC
There are several cell surface markers on CSC which are
not only be used to isolate CSC, but also have important functions towards CSC. For instance, expression of
CD44+/CD24+/ESA+ mark the pancreatic cancer cell
that function as CSC, with several signaling pathways (e.g.,
BMI1, sonic hedgehog) up-regulated and self-renewal and
tumorigenesis enhancement are observed[151], while ablated CD133 would lead to loss of CSC self - renewal ability[146]. This demonstrates the markers presented on the
CSC can provide some clue on the de-regulated signaling pathways in the tumour which can help deciding the
targets of the sub-population of the pancreatic tumour.
Nevertheless, a novel CSC marker, c-Met, is found to be
essential for tumour growth, tumour sphere formation
and metastasis, inhibiting the expression of c-Met have
suppressed these tumour malignancies[152], possibly via the
downstream signaling pathways of c-Met, such as RasMAPK, and PI3K-AKT[153]. With the emerging knowl-
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edge of the cell surface markers and their downstream
signaling, options for targeting signaling transduction in
PDAC is ever growing, besides, the surface markers can
also act as the reference reflecting the de-regulated signaling pathways, hence, facilitating the therapeutic direction formulation.

TUMOUR MICROENVIRONMENT
Matrix metalloproteinase
MMPs are a group of zinc-dependent endopeptidases
which hypothetically can degrade almost all proteins
in the extracellular matrix (ECM)[154]. MPPs are overexpressed in pancreatic cancer and the biological roles of
MMPs in cancer are to digest the proteins in basement
membrane in the ECM which leads to enhanced migration of tumour cell[155], an evidence of migration signal
mediation by cleavage of laminin-5 in ECM has been reported[156]. Moreover, cleavage of E-Cadherin by MMP-3,
MMP-7[157] and A disintegrin and metalloprotease 10
(ADAM10) are observed, the loss of E-Cadherin not
only enhanced cell mobility but also enhanced the tumour
invasiveness and migration[158]. In addition, the release of
pro-angiogenic inflammatory cytokine (TNF-α)[157] and
VEGF[159] are correlated with the MPPs activity and all
these confirm the role of MPPs in EMT and tumour metastasis promotion[160].
MMP is found related to the pancreatic stellate cell,
which will be described in the next section, the TGF-α
up-regulation in pancreatic stellate cell correlates with
up-regulated MMP-1, suggesting a possibility of the association of these two molecules overexpression in enhanced tumour cell invasion[161].
As the importance of MMPs in tumour angiogenesis and metastasis is undeniable, studies of formulating
MMP inhibitors (MMPIs) are undergoing; a MMPI, SB3CT is able to reconvert the MMP-2 into its pro-enzyme
state and has brought down liver metastasis[162]. However due to the usual late stage discovery of pancreatic
cancer in real life[163] the use of MMPIs is limited and
also MMPs activities have been observed to be stage dependent[164], therefore MMPs can be targeted for PDAC
patients with early detection and can be applied widely
when early detection method for PDAC is developed.
Pancreatic stellate cell
Pancreatic stellate cell (PaSC) resides in the exocrine of
the pancreas and has dual roles in normal pancreatic tissue[165], first it acts as a storage of vitamin A[166], secondly
upon pancreatic injury, the PaSC would be activated to
acquire a myo-fibroblast-like phenotype which is called
activated PaSC[167-169], activated PaSC will secret proteins
into the ECM[170] resulting into pancreatic fibrosis[165] and
on setting chronic pancreatitis which could lead to high
risk of PDAC development. As mentioned in 10.1, high
TGF-α expression level correlates with the high MMP-1
expression level in inducing PaSC migration, inhibition of MMP-1 has showed such migration induction is
curbed by using MMP-1 tissue inhibitor and siRNA of
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MMP-1[161], indicating PaSC activity can be modulated via
MMPs.
Other studies by targeting PaSC proliferation and
migration have been carried out, transgelin has been
reported to be over-expressed in activated PaSC but not
in normal acinar cell which could cause pancreatic fibrosis[171]. Moreover, knocking down transgelin expression
has reduced cell proliferation and migration abilities in
in vitro experiment[171], providing a biomarker for specific
therapeutic target in knocking down PaSC population in
the future.
Hedgehog signaling pathway
The Hedgehog (hh) signaling pathway, involves the secreted signaling molecules hedgehog proteins, which is
classified into 3 subcategories, namely, Sonic hedgehog
(Shh), Indian hedgehog (Ihh), and Desert hedgehog
(Dhh)[172]. Among these 3 hh, Shh is found over-expressed
in 70% of primary PDAC[173]. Hedgehog biological roles
have been described as an essential factor in embryonic
development and regulate cell proliferation[172].
The mediation of hedgehog signaling is triggered
upon the binding of Shh to the Patched 12-transmembrane domain receptor (Ptch) which further activates
another transmembrane signal transducer, smoothened
(Smo), that would lead to localization of transcription
factors in the nucleus and initiate transcription of downstream effectors[174], for instance, Cyclin D2, FoxM1, jagged 2 (JAG2), etc[175].
It is reported that tumourigenesis and tumour proliferation requires constitutive activated hedgehog signaling,
and in pancreatic stromal cell in PDAC, Smo is over expressed and direct tumour cell growth in the vicinity
of stromal cell, leading to a therapy targeting hedgehog
signaling in tumour-stromal interaction [172]. Besides,
report of Shh activation in CSC is crucial for CSC proliferation[176], and it has been discussed for the CSC in aggravating pancreatic cancer treatment, such as heightened
drug resistance and tumour relapse. Therefore, studying
hedgehog signaling inhibitors is beneficial for pancreatic
cancer treatments. A hh signaling inhibitor, Sulforaphane
has been found to inhibit self-renewal capacity in CSC via
Shh signaling inhibition leading to downstream effectors
e.g., Nanog and Oct-4 suppression[176]. Moreover, inhibition of hedgehog in pancreatic cancer cells and tissue
are performed and it is found that a marked decrease in
EMT with EMT related transcription factors (Snail and
Slug) down - regulation and had suppressed PI3K/AKT
signaling, which is downstream of hedgehog signaling
with an association of decreased cell proliferation[177].
Because of diversified roles of hedgehog signaling in
tumour malignancies and CSC population maintenance,
and the cross talk among other signaling pathways, e.g.
FoxM1, Notch (via JAG2), targeting hedgehog may have
a centralized effect in weakening the malignancies of
pancreatic tumour.
Stromal environment-hyaluronan
The microenvironment of pancreatic cancer, has been
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accused to be the major challenge in drug delivery because of its highly dense ECM, the penetration of even
small drug molecules gemcitabine is prevented[178]. Besides, stromal cells which are the activated fibroblasts
and PaSC, inflammatory cells[178]; and distorted vascular
structure of blood and lymphatic vessel composed the
stromal environment[179]. And the production of stroma
is mediated by various factors involved in numerous
signaling pathways in an autocrine and paracrine action,
TGF-β, insulin growth factor 1, and EGF are the examples[180].
Among the molecules in ECM, hyaluronan or hyaluronic acid (HA) is secreted by PDAC[181], and is a repeat
of N-acetylglucosamin/glucuronic acid disaccharide[170].
It is able to interact with a hyaladherin, CD44, to regulate tyrosine kinase receptor and to facilitate angiogenesis, EMT, and chemoresistance[182]. It is also one of the
main components that contributes to high intra-tumoral
fluidic pressure (IFP) through solvating with water molecule, hence, impeded the diffusion of drug molecules
into the target tumour cell[183]. It is found that co-administration of hyaluronidase with gemcitabine or other
drugs prolonged the localization of the accompanied
drug in the tumour[183]. Therefore, it would become a
trend for future development of drug target, e.g., well incorporated with hyaluronidase to facilitate drug delivery,
or even HA can be a target to disintegrate the condensed
ECM, enhancing the responsiveness of the tumour cell
to the treatment.

CONCLUSION
A range of therapeutic targets in PDAC have been briefly described in this article, in which their anti - tumour
and oncogenic activities are characterized through various experiments and can be taken as potential target for
PDAC therapies development.
Nevertheless, numerous of the targets are found
overlapped with each other in producing certain kinds
of tumour malignancies, e.g., over-expression of CXCR4,
Rac1, BMI1, and etc., in pancreatic tumour cell have observed a metastasis enhancement. In light of this, and
hypothetically, in order to prevent metastasis, suppressing these targets should have a more pronounced effect
in metastasis inhibition. Moreover, such outflanked approach may also prevent the tumour cell from switching
into other signaling pathways producing the same tumour malignancies, and achieving elimination ultimately.
Besides, the current knowledge of each of these targets
is insufficient, categorizing these targets by the tumour
malignancies produced and identify if there is any relationship between them and understand the mechanism
behind, would allow the discovery of linkages among
them in terms of proteins and mRNA expression levels
and mechanistic studies.
Last but not least, screening of suitable inhibitors
for these targets is crucial in putting these targets into
practice. Toxicity of some of the inhibitors mentioned is
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reported, while, traditional Chinese medicine (TCM) may
be a good source for screening inhibitors that are less or
non-toxic compounds, e.g., an EZH2 inhibitor, davidian,
is extracted from TCM Polygonum capitatum without toxicity observed in xenograft model[184].
Single effort from one side is far from enough in
pancreatic tumour elimination due to its high malignancy
and complex tumour microenvironment, multiple targets
have to be considered in developing PDAC therapies,
therefore, the way of applying these targets and which
targets should be applied require further effort.
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tion which may result in additional burden on the patient and health care system and requires appropriate
prevention, recognition and treatment.

Abstract
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http://www.wjgnet.com/1007-9327/full/v20/i31/10845.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10845

Black hairy tongue (BHT) is a benign medical condition characterized by elongated filiform lingual papillae
with typical carpet-like appearance of the dorsum of
the tongue. Its prevalence varies geographically, typically ranging from 0.6% to 11.3%. Known predisposing factors include smoking, excessive coffee/black tea
consumption, poor oral hygiene, trigeminal neuralgia,
general debilitation, xerostomia, and medication use.
Clinical presentation varies but is typically asymptomatic, although aesthetic concerns are common. Differential diagnosis includes pseudo-BHT, acanthosis
nigricans, oral hairy leukoplakia, pigmented fungiform
papillae of the tongue, and congenital melanocytic/
melanotic nevi/macules. Clinical diagnosis relies on visual observation, detailed history taking, and occasionally microscopic evaluation. Treatment involves identification and discontinuation of the offending agent,
modifications of chronic predisposing factors, patient’
s re-assurance to the benign nature of the condition,
and maintenance of adequate oral hygiene with gentle
debridement to promote desquamation. Complications
of BHT (burning mouth syndrome, halitosis, nausea,
gagging, dysgeusia) typically respond to therapy. Prognosis is excellent with treatment of underlying medical
conditions. BHT remains an important medical condi-
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Key words: Black hairy tongue; Hyperkeratosis of the
tongue; Lingua villosa nigra
Core tip: Classic descriptors and latest developments
in Black Hairy Tongue syndrome. Epidemiology, pathophysiology, etiology, clinical presentation, differential
diagnoses, management, complications, and prognosis
of Black Hairy Tongue syndrome. First comprehensive
review of the syndrome.

INTRODUCTION
Black hairy tongue (BHT) is an acquired, benign condition characterized by the appearance of abnormally
hypertrophied and elongated filiform papillae on the
dorsal surface of the tongue. The name is a misnomer
and comes from its classical presentation as a superficial
black and hairy carpet-like lingual growth (Figure 1).
Hairy tongue may also appear brown, yellow, green, blue,
or even unpigmented (Figure 2)[1-3]. BHT typically causes
aesthetic concerns to the patient and leads to frequent
physician visits. It may, however, be rarely associated with
gagging, nausea, dysgeusia, xerostomia, burning mouth
syndrome and halitosis in some patients[4-6] a constellation
of symptoms that, in clinical practice, frequently leads to
an evaluation by a gastroenterologist.
Originally described by Amatus Lusitanus in 1557 as
hairs on the tongue that would regrow upon being removed, BHT has also been referred to as hyperkeratosis
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additional tongue conditions associated with BHT may
include fissured tongue (12%) and macroglossia (4%)[8].
Advanced age, poor general condition as well as selected
neurological disorders affecting tongue movement and
mastication place a patient at a higher risk of developing BHT, largely due to the limited effective friction that
results in desquamation of the keratinized layers of the
filiform papillae. Finally, globally, there may also be geographic deviations in the prevalence of BHT due to differences in oral hygiene habits and dietary patterns, and
variation in oral flora.

ANATOMY AND PATHOPHYSIOLOGY

Figure 1 Classic black hairy tongue.

of the tongue, lingua villosa nigra, nigrites linguae, keratomycosis linguae, and melanotrihia lingua[3,6,7]. Its etiology and pathophysiology have not been fully elucidated
and are likely multifactorial. Male sex, older age, smoking,
alcohol use, poor oral hygiene, and certain medications
place patients at higher risk for developing BHT. Visual
inspection is often sufficient for diagnosis. Overall prognosis is excellent as the disease is largely self-limiting and
rarely requires procedural intervention.
In this latest review, we discuss the epidemiology,
pathophysiology, etiology, clinical presentation, differential diagnoses, management, complications, and finally
prognosis of BHT.

EPIDEMIOLOGY
Review of the medical literature shows that BHT is not
uncommon. A large cross-sectional study of 5150 Turkish dental outpatients has reported an overall prevalence
of 11.3% with increased rates in men (18%) compared to
women (6%)[8]. However, a cross-sectional study of 1901
Iranian dental patients only reported a prevalence of
1.2%[9]. BHT occurred in 0.6% of Minnesota school-aged
children in contrast to 8.4% patients in a young Finnish
population[10-12]. Discordance of the observed rates may
stem from difference patient’s demographics (age, sex,
ethnicity, practices and habits) and interobserver variability in defining lesions in corresponding study populations.
Selected populations are at a higher risk of developing BHT. Patients with oncological disorders, smokers,
black tea drinkers, and those with poor oral hygiene are
more likely to develop BHT[8]. BHT also shows clear gender and age predilection. Men are about three times more
commonly affected than women[8,9,13]. This can be attributed to greater prominence of smoking and higher rates
of poor oral hygiene in males. This difference is offset in
Finland, where smoking rates have been declining among
men and young women are slightly more likely to be affected with BHT[10,14]. In addition, BHT is positively correlated with increasing age with some studies showing a
prevalence of nearly 40% in patients over the age of 60[8],
though cases have been reported in patients as young as
2-mo-old[2,15]. Although uncommon, in elderly patients,
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The tongue is a highly muscular organ located in the oropharynx. It consists of a root, an apex, a curved dorsum,
and an inferior surface. The muscles of the tongue are
mainly innervated by the hypoglossal nerve, with a small
contribution from the pharyngeal plexus[16]. Somatosensory innervation of the tongue is also divided between
two nerves. The lingual branch of mandibular division
of the trigeminal nerve innervates the anterior two-thirds
of the tongue while the glossopharyngeal nerve innervates the posterior third of the tongue. Finally, the lingual artery and its branches supply blood to most of the
tongue[16].
BHT typically affects the dorsum of the tongue,
which is divided into the oral (presulcal) part and the
pharyngeal (postsulcal part) by the V-shaped sulcus terminalis. The dorsal epithelium is lined by non-keratinized
stratified squamous epithelium posteriorly and fully keratinized epithelium anteriorly. The dorsal mucosa is directly attached to the underlying muscle with no interposed
submucosa. The underlying lamina propria is composed
of dense fibrous connective tissue with numerous vessels
and nerves supplying papillae. Lingual papillae are protrusions of dorsal mucosa on the presulcal part of the
tongue[16].
The four main types of lingual papillae are filiform,
fungiform, foliate, and circumvallate papillae. Filiform papillae densely cover most of the presulcal dorsal tongue
and are predominately affected in BHT. They are small
conical or cylindrical protrusions consisting of a central body surrounded by numerous threadlike cornified
projections termed secondary papillae. They function to
increase friction between the tongue and food and move
particles within oral cavity[16,17].
The pathophysiology of BHT has not been fully
elucidated. It is thought to arise from defective desquamation of the dorsal surface of the tongue. This then
prevents normal debridement, leading to accumulation
of keratinized layers[17]. The resulting hypertrophy and
elongation of the filiform papillae appear hairlike superficially. Normally less than 1 mm in length, the elongated
papillae can reach a length of 12-18 mm and width of 2
mm[3,4,8,18]. These then secondarily collect fungi, bacteria,
and debris[19]. This collection can include residue from
tobacco, coffee, tea, and other foods as well as porphyrin-
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Figure 2 Palette variations of hairy tongue (A and B), Normal tongue (C).

producing chromogenic organisms in the oral flora, which
lend the lesion a characteristic hue[7,19]. Using antikeratin
probes on BHT epithelium, Manabe et al[17] found that the
“hairs” are highly elongated cornified spines that result
from delayed desquamation of the cells in the central column of filiform papillae and marked retention of secondary papillary cells that expressed hair-type keratins.

ETIOLOGY
The etiology of BHT remains unclear and is likely
multifactorial, resulting from combination of local and
systemic insults. Various palette appearance of the hairy
tongue likely originates in differences in potentially contributing extrinsic (environmental) and intrinsic (chromogenic oral microflora) factors[2]. Although casual smoking
poses a slightly increased risk of having BHT compared
to non-smokers (15% to 10% in men, 5.5% to 5.2% in
women), heavy use of tobacco leads to estimated prevalence of 58% in men and 33% in women[8]. Similar to
smoking, heavy black tea consumption lead to increased
prevalence of BHT in both male and female patients[8].
Alcohol and intravenous drug use, excessive coffee consumption, poor oral hygiene, general debilitation, and
recent radiation therapy to the head and neck region are
important risk factors that predispose some patients to
develop BHT[6,8,12,20]. Prolonged use of oxidizing mouthwashes containing sodium perborate, sodium peroxide,
and hydrogen peroxide has also been associated with the
development of BHT[18]. Dietary consumption of herbal
tea and sugars may lead to lowering pH on the dorsum
of the tongue promoting chromogenic bacterial overgrowth[2]. Most recently, a number of cases of BHT have
been reported after allogenic stem-cell transplantation as
a cutaneous presentation of graft-versus-host-disease[21].
Finally, prevalence of BHT is increased in malignancies,
with one study showing rates as high as 30% in men and
18% in women[22]. Debates on causative relationship between microbial infection and development of BHT date
back to 1869 paper by Dr. Raynau, and although previously linked to the presence of various microbial agents,
including Candida and Aspergillus species in the oral cavity, microflora found in BHT may be largely coincidental
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rather than causative[18,23,24].
Use of systemic and local medications has been commonly implicated in the development of BHT. Antibiotics,
including penicillin, aureomycin, erythromycin, doxycycline, and neomycin are most often associated with this
disorder[3,4,6,25,26]. However, it should be noted that the
cause and effect factor between antibiotics and development of black hairy tongue needs to be further elucidated. Specifically, local or systemic antibiotic use may
significantly alter oral flora, thus potentially predisposing
the patient to develop BHT. On the other hand, pronounced anatomical alteration in the filiform papillae may
predispose the patient to trap foreign material and stimulate local microbial overgrowth that leads to typical color
changes seen in patients with this condition. Importantly,
earlier studies linking BHT to the use of antibiotics reported local (aerosol or lozenges) oral penicillin use, a
type of medication not used in today’s medical practice[6].
Additionally, xerostomie agents, including antipsychotics
(olanzapine and chlorpromazine) may predispose patients
to develop BHT[27,28]. Particular care should be delegated
in identifying local inciting factors in the development of
BHT, including recent use of new toothpaste or mouthwash[6]. Interestingly, a case of BHT was also reported
after four days of erlotinib treatment in a patient with
advanced lung cancer, possibly due to an unclear interruption of epidermal grown factor and its receptor in the
lingual epithelium[29].
Other diseases and medical conditions associated
with BHT include HIV, advanced cancer, and general
body illness[6,22]. In addition, BHT has been reported in
patients with trigeminal neuralgia. This painful condition,
associated with poor oral intake and decreased mastication, is thought to limit tongue movement, resulting in
decreased tongue friction with food, palate, and teeth and
ultimately hindering normal desquamation of the keratinized filiform papillae, thus leading to the development of
BHT[30].

CLINICAL PRESENTATION
A typical patient with BHT is an elderly male smoker
on antibiotics or antipsychotics with poor oral hygiene,
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sociated with underlying malignancy[31]. Detailed history
and physical exam is essential to arriving at the correct
diagnosis, with particular emphasis on identifying known
etiologic factors. If dubious, biopsy specimens may be
required to exclude “mimicking” conditions and confirm
the diagnosis. In infants, congenital lingual melanotic
macules and congenital melanocytic nevi should be
sought for and diligently excluded[2].

CLINICAL DIAGNOSIS
Figure 3 Pseudo black hairy tongue with bismuth salicylate use.

who presents with painless black hair-like lesion on the
dorsum of the tongue anterior to the circumvallate papillae. It generally does not occur on the tip or sides of
the tongue. Although recognized for its distinctive black
color, its hue can range from blackish-brown to yellowgreen to unpigmented[7,12]. BHT is generally asymptomatic, though metallic taste, dysgeusia, burning mouth,
halitosis, and even gagging have been reported in some
patients[31]. Submandibular or cervical lymphadenopathy
may occasionally be present in selected cases[2]. Review of
systems may be significant for chronic pain, major physical disabilities, psychiatric illnesses, or other debilitating
symptoms that preclude the maintenance of proper oral
hygiene and normal tongue movement. Other associated
clinical conditions include smoking, advanced malignancy, psychiatric conditions, and trigeminal neuralgia. Physical exam is unremarkable aside from the hairy appearing
tongue lesion itself. Associated laboratory findings may
include positive fungal cultures, HIV test, and blood and
urine toxicology studies.

DIFFERENTIAL DIAGNOSIS
Classic BHT presents as a black, hairy-appearing lesion
on the dorsum of the tongue (Figure 1). Differential
diagnosis includes “pseudo-hairy tongue”, oral hairy
leukoplakia, pigmented fungiform papillae of the tongue
and acanthosis nigricans[31]. “Pseudo-black hairy tongue”
(Figure 3) appears as a darkly stained tongue in absence
of elongated filiform papillae seen in BHT. Foods, tobacco, and drugs, including antibiotics, antidepressants,
and bismuth salicylate, can cause this condition[6,26,32-34].
Oral hairy leukoplakia can be seen in the immunocompromised patients and has a white plaque appearance on
the dorsal and ventral surfaces of the tongue, as well as
buccal mucosa, and gingiva. Pigmented (due to melanin
laden macrophages) fungiform papillae are rare, characterized by isolated hypertrophied lesions primarily on the
lateral aspect and apex of the tongue that has a predilection to dark skinned patients. Acanthosis nigricans in the
oral cavity manifests as multiple dark and demarcated
papillary lesions on the dorsum and lateral region of the
tongue with frequent labial involvement and may be as-
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The diagnosis of BHT primarily relies on a visual intraoral examination. BHT shows a predilection for the dorsal tongue, anterior to the circumvallate papillae and sulcus terminalis. Microscopic examination may be used as
an adjunct to diagnosis; demonstrating elongated filiform
papillae on the dorsal tongue more than 3 mm in length.
Cultures may be considered to rule out superimposed
bacterial or fungal infections associated with BHT[35].
Tongue biopsy is supportive but not usually required if
the lesion appears characteristic for BHT and responds
to mechanical debridement. Careful review of known
precipitating factors and recent medication changes is
also fundamental in the diagnosis of BHT.

MANAGEMENT
BHT is generally a self-limiting disease and carries a
good prognosis. General preventative strategies should
be employed and the patient should be educated of this
condition as a potential side effect of antibiotic and antipsychotic medications. Care should be taken to promote
comprehensive daily oral hygiene. After the diagnosis, a
thorough medical history and physical examination are
essential in establishing causative relationship to potential
environmental triggers and excluding other mimickers of
the disease. Proper patient reassurance to the benign nature of BHT is important, both to decrease the level of
aesthetic anxiety and to promote appropriate treatment.
The goal of therapy is the discontinuation of potential
offending agents (including dietary or medicinal causes)
and modifying predisposing factors (smoking, black tea
consumption, neurological conditions, general debilitation), followed by maintaining good oral hygiene and gentle debridement with a soft toothbrush or tongue scraper
to promote desquamation of the hyperkeratotic papillae.
Topical application of baking soda or rinsing with diluted
hydrogen peroxide solution may help improve desquamation of the keratinized filiform papillae and bleach the
color. Lifestyle modifications, including aggressive oral
hydration are important and increased dietary consumption of raw fruits and vegetables may help improve this
condition by facilitating the roughage on the tongue[27].
Anecdotal use of antimicrobial therapies, topical triamcinolone acetonide, gentian violet, salicylic acid, vitamin
B complex, thymol, and topical or oral retinoids (e.g.,
isotretinoin), as well as keratin olytics (podophyllin), topical 30% urea solution, and trichloroacetic acid have been
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reported in the literature, although potential side effects
from local irritation and possible systemic absorption
are important factors to consider[1,2,18,24,36-38]. Yogurt and
probiotic supplementation may be employed with various degree of success. Candida associated glossopyrosis
should be treated with antifungal medications. Routine
use of proton pump inhibitors is not indicated, although
may be of benefit in cases with concomitant severe gastroesophageal reflux disease. Dental evaluation may be
indicated in challenging cases, although this is rare. Resistant BHT may require clipping or removal of the papillae
by electrodessication or carbon dioxide laser[31].
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Abstract
The development of non invasive biomarkers of disease
has become a major focus of interest in nonalcoholic
fatty liver disease (NAFLD). The large prevalence of
the disease and the invasive nature of the investigation
means that screening with liver biopsy is impractical.
In addition to screening, the differentiation of those
with simple steatosis vs steatohepatitis and fibrosis is
clinically important as the prognosis of each differs.
Serum biomarkers may be a combination of simple
markers derived from large data sets or direct markers of disease activity. Serum markers of inflammation,
apoptosis and oxidative stress in addition to fibrosis
have been extensively studied in patients with NAFLD.
Other techniques such as transient elastography,
magnetic resonance elastography and acoustic radiation force imaging are becoming more established as
noninvasive methods of detecting fibrosis in a variety
of chronic liver conditions in addition to NAFLD. Newer
high throughput methods such as proteomics and glycomics allow the nonhypothesis-driven identification of
novel markers and may also potentially contribute to
our understanding of the pathogenesis of the condition.
This review addresses some of the methodological issues which need to be considered in the search for the
ideal biomarker. It is likely that a combination of serum
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biomarkers and techniques such as transient elastography may provide the optimal diagnostic discrimination
however this remains to be proven in large studies.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Noninvasive biomarkers; Nonalcoholic fatty
liver disease; Fibrosis
Core tip: The search for non invasive biomarkers is a
major focus of interest in the field of nonalcoholic fatty
liver disease (NAFLD). Though the diagnosis of NAFLD
is still a histological one, the dramatic rise in prevalence
and the spectrum of severity mean that liver biopsy
has become impractical for all. Both serum biomarkers
of inflammation and fibrosis and assessment of fibrosis
using techniques such as transient elastography may
have a role to play. Newer techniques (the “omics”)
may not only lead to novel biomarkers but also allow
better understanding of the pathophysiology of the
condition.
Fitzpatrick E, Dhawan A. Noninvasive biomarkers in nonalcoholic fatty liver disease: Current status and a glimpse of
the future. World J Gastroenterol 2014; 20(31): 10851-10863
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i31/10851.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i31.10851

INTRODUCTION
Ultimately 10% to 28% of nonalcoholic steatohepatitis
(NASH) patients develop cirrhosis and hepatocellular
carcinoma[1-3]. The criterion standard for diagnosis and
assessing progression of disease is liver histology, though
this has inherent limitations. Still, the decision “if or
when” to perform and repeat a liver biopsy in patients
with nonalcoholic fatty liver disease (NAFLD) remains
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Figure 1 Serum biomarkers of disease activity may measure inflammation, apoptosis, oxidative stress or fibrosis. This is a schematic representation of the pathophysiological processes in nonalcoholic fatty liver disease (NAFLD), markers of which may be demonstrable in serum. LDL: Low density lipoprotein; IL: Interleukin; TBARS:
Thiobarbituric acid reactive substances; TIMP1: Tissue inhibitor of MMP 1.

controversial. The prevalence of the condition is such
that the resources needed to perform liver biopsy on
every patient with NAFLD would be enormous. Liver
biopsy often requires admission to hospital and sedation.
Risks include bleeding and very rarely death[4]. For the
same reason, repeated biopsy is not a suitable tool for
regularly monitoring progression of disease or response
to treatment. In addition, biopsy samples only 1/50000
of the liver, raising the possibility of sampling error[5].
There has been much focus on the development and
validation of noninvasive biomarkers of NAFLD in
recent years. There is an urgent need for a less invasive
method than biopsy of screening the population, stratifying disease severity and following disease progression.
This is particularly relevant in the paediatric population.
Many markers of inflammation, hepatocyte apoptosis,
fibrosis and oxidative stress are under investigation. The
European Association for the Study of the Liver special
topic conference on NAFLD called for a renewed focus
on noninvasive biomarkers of disease[6]. In common with
all biomarkers which are “biological markers of disease
presence and progression”[7], important characteristics include; sufficient sensitivity to identify those with disease,
specificity to exclude those without disease, cost-effectiveness, ease of use and reproducibility. There are several
different approaches to the identification of biomarkers:
the first is the use of clinical or biochemical markers
that have been derived from large association studies.
The second is the use of algorithms including markers
of extracellular matrix turnover in the case of fibrosis
and inflammation/cell death in the case of inflammatory
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change. The third is the non-hypothesis driven new-technology based approach such as microarray techniques,
proteomics and glycomics[8,9] (Figure 1).
The pathophysiology and evolution of the particular
pathological condition is an important consideration in
the development and evaluation of biomarkers. In the
case of NAFLD; there are two potential targets. The first
is the differentiation of simple steatosis from steatohepatitis. This is important as the prognosis of those with
simple steatosis is different from those with NASH[10].
The second issue is the identification of fibrosis stage.
This is the main determinant of prognosis and knowing the extent of fibrosis is useful in making treatment
decisions, in patient selection for treatment studies and
in monitoring progression/regression. Most longitudinal
cohort studies in NAFLD have shown that prognosis is
determined by stage and rate of progression of fibrosis
rather than the presence of necro-inflammation[1,2,11].
Clinical importance lies with being able to differentiate
between no/minimal fibrosis (F0/F1), significant fibrosis
(F2), severe fibrosis (F3) and cirrhosis (F4).

METHOLOGICAL ASPECTS IN USE
OF NONINVASIVE BIOMARKERS OF
DISEASE
Important issues to be considered in the design and validation of any noninvasive markers include the inherent
limitations of liver biopsy as the criterion standard and
the differences in prevalence of different disease stages
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Table 1 Biomarkers for the diagnosis of nonalcoholic steatohepatitis (vs simple steatosis)
Biomarkers
Simple markers

Study description

Results

Ref.

Adults: 97 obese patients undergoing bariatric
surgery, 35 had NASH
Adults: 80 NAFLD; 39 SS, 41 NASH

Algorithm using AST and presence of T2DM, AUC of 0.82 for
prediction of NASH
Score using age, gender, AST, BMI, Hyaluronic acid, AST: ALT ratio.
AUROC for NASH of 0.76
AUROC for NASH: 0.8 using a score composed of Hypertension,
Diabetes, AST > 27, ALT > 27, Sleep apnoea, non-black race
Score using age, gender, AST, BMI, Hyaluronic acid, AST: ALT ratio.
AUROC for NASH of 0.76
AUROC NASH with HOMA-IR and Adiponectin/Leptin ratio: 0.82
TNF-α, IL8, Age, ALT higher in NAFLD; TNF-α predictor
Insulin resistance, ferritin, glutathione peroxidase, higher in NAFLD
than obese
Lower Adiponectin, higher TNF-α, higher IR in NASH vs controls
Lower Adiponectin, higher HOMA-IR in NASH vs SS
AUROC for Adiponectin/HOMA-IR as predictors of NASH: 0.79
AUROC for NASH using TNF-α was 0.91, Leptin: 0.8 combined: 0.96
IL6 and TNF-α, TNFR1 higher in those with NASH vs rest TNF-α,
CCL2/MCP-1 higher and Adiponectin lower in NASH

[55]

Adults: 200 patients undergoing bariatric surgery. 64
had NASH
Adults: 80 NAFLD; 39 SS, 41 NASH
Inflammation

Adults: 57 NASH, 17 SS, 10 controls
Adults: 26 NASH, 19 SS; 38 obese, 12 controls
Adults: 20 NAFLD, 30 obese
Adults: 80 NASH, 29 simple steatosis
Paediatric: 36 training and 36 validation NAFLD
Adults: 23 NASH, 21 SS, 18 controls
Adults: 22 SS, 25 NASH, 30 controls
Adults: 28 NAFLD, 33 controls, 30 obese
Paediatric: 59 NAFLD

Algorithms
NASH test

257 patients (17% NASH) and 383 controls

NASH
Diagnostics
NAFIC score

Nice model
HAIR

Resistin linked to NAFLD severity, but not adiponectin, leptin or IR
RBP-4 levels inverse relationship with NASH

Adults: 101 NAFLD, 69 test, (32% NASH) 32
validation
Adult Japanese patients with NAFLD
177 test group (95 NASH), 442 validation group
Adults: 454 obese, 310 test, 154 validation
Adults: 105 obese patients undergoing bariatric
surgery, including 26 with NASH

[56]
[53]
[56]
[32]
[27]
[23]
[30]
[29]
[35]
[28]
[33]
[57]

AUROC 0.79 for NASH. 13 variables: Age, Sex, Weight Height, TG,
cholesterol, α2-macroglobulin, ApoA1, Haptoglobin, AST, ALT, γGT,
bilirubin
AUROC 0.91 for prediction of NASH. Sensitivity 96%, specificity70%
with combination of CK18-M65, CK18-M30, resistin and adiponectin
AUROC for NASH in test group 0.85. AUROC for NASH in validation
group 0.78. Variables: Ferritin, fasting insulin, type Ⅳ collagen S

[58]

Model: AUROC for prediction of NASH 0.88 in test and 0.83
in validation set Algorithm: CK18-M30, ALT, presence of MS
Combination of Insulin resistance, Hypertension and ALT gives
sensitivity of 80% and specificity of 89% in prediction of NASH

[60]
[50]

[44]
[59]

BMI: Body mass index; AUROC: Area under the curve; NASH: Nonalcoholic steatohepatitis NAFLD: Nonalcoholic fatty liver disease; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; TNF-α: Tumor necrosis factor-α; CK: Cytokeratin; IL: Interleukin; HOMA-IR: Homeostasis model assessment-insulin resistance; TG: Triglycerides.

(spectrum bias).
Variations in size of biopsy tissue, number of portal
tracts and fragmentation will all influence accuracy of
liver biopsy in determining the true stage of fibrosis as
described previously[12,13]. In the case of NAFLD the degree of steatosis and inflammation is assessed separately
to fibrosis and scoring systems such as the NASH activity
score is used to distinguish simple steatosis from steatohepatitis. Both intra and interobserver variability may also
significantly affect the score[14]. Thus, the ability of noninvasive biomarkers to differentiate between fibrosis stages
is limited by the criterion standard.
Some of these issues in terms of scoring variability
may be overcome using techniques such as collagen proportionate area quantification, however the limitations of
a short or nonrepresentative biopsy remain.
The ideal outcome measure for any noninvasive biomarker is disease outcome over time, such as has been
reported by Parkes et al[15]. Long-term outcomes (morbidity/mortality/need for transplantation) are the optimal
measures, though are not feasible in shorter term studies.
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SERUM BIOMARKERS AND NAFLD
Large adult series have suggested scoring systems using
age, BMI, insulin resistance, aspartate aminotransferase/alanine aminotransferase (AST/ALT), platelet count
and albumin to differentiate mild from severe disease[16-19]
(Table 1). These simple markers are neither sensitive nor
specific enough in isolation[20,21]. A growing understanding of the pathophysiology of the disease has allowed
the investigation of more specific, mechanism-based
biomarkers. These biomarkers focus on the specific pathways involved in the progression of the disease process:
hepatocyte apoptosis, oxidative stress, inflammation and
fibrosis[8,22,23] (Figure 2).
Markers of inflammation
Generic markers of inflammation such as ferritin and high
sensitivity C-reactive protein show an association with
NASH[24-26]. Adipokines and other cytokines have been
shown to correlate well with presence and severity of the
disease[27]. In particular, high serum levels of tumor ne-
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Figure 2 An approach to using noninvasive markers of disease to assess severity of disease in nonalcoholic fatty liver disease.

crosis factor-α (TNF-α) and low levels of adiponectin are
associated with greater degree of liver damage[27-30]. Other
adipocytokines; visfatin and leptin may be useful predictors of disease though there is inconsistent evidence[28,31].
Lemoine et al[32] found that the adiponectin: leptin ratio in
combination with homeostasis model assessment insulin
resistance index gave an area under the receiver operating
characteristic (AUROC) curve of 0.82 for prediction of
disease. Resistin was shown by Pagano et al[33] to correlate
to severity of NASH in a study of 91 patients, but in another study was found to be lower in children with NASH
vs simple steatosis[34]. Interleukin (IL)6 and IL8 have also
been studied and found to have an AUROC of 0.8 for the
prediction of NASH[35,36]. The results of circulating levels
of adipokines as predictors of disease are inconsistent
however and may not be sensitive or specific enough to
act as robust biomarkers in isolation.
Markers of cell death
Markers of apoptosis/cell death have been shown to
be very useful in differentiating simple steatosis from
NASH[37]. The extrinsic (death receptor mediated) and
intrinsic (organelle initiated) cell death pathways convene
at the mitochondria with permeabilisation of the mitochondrial outer membrane and release of proteins from
the mitochondrial inner membrane into the cytosol[38].
Activation of caspase 3 results in cleavage of cytokeratin
18 (CK18) which is a major intermediate filament in hepatocytes. CK18-M30 fragments have recently been shown
by a number of studies to correlate well with severity
of NASH[39-42]. A two step approach using CK-18 and
FGF21 further improves accuracy in diagnosing NASH in
one study[43]. CK18-M65 levels (antibodies which recognise uncleaved CK18) are used as biomarkers of total cell
death[44] and in one study had equal AUROC to CK18
M30 (0.8) in detecting NASH. Changes in the biomarkers
also correlated with histological progression[45].
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Markers of oxidative stress
Markers of oxidative stress including lipid peroxidation products, may also be useful biomarkers of disease.
However these substances are relatively volatile and not
always easily measured in serum. The relative importance
of mitochondrial, peroxisomal, CYP450, Nitric oxygen
synthetase and myeloperoxidase pathways is not yet
known[46]. Malonaldehyde, thiobarbituric acid reactive
substances (TBARS) and oxidised low density lipoprotein
(LDL) have all been measured as markers of oxidative
stress in patients with NASH but with some conflicting
results[47,48]. The interaction of molecules such as oxidized
LDL and TBARS with stellate cells may be important in
promoting fibrosis[49].
Predictive models to distinguish NASH from simple
steatosis
A number of predictive models to differentiate either
NAFLD from obese controls or simple steatosis from
NASH have been developed and validated. Tools include
the HAIR score (Hypertension, ALT, insulin resistance)
which gives an AUROC of 0.9[50], and the NashTest® (consisting of 13 variables including weight, triglycerides, glucose, α2-macroglobulin and apolipoprotein A) which has
an AUROC of 0.79 for differentiation of NASH from
simple steatosis[51]. When the NashTest® is combined with
the SteatoTest® (10 variables including simple blood tests,
age, gender and BMI)[52] and the Fibrotest® into what is
known as the Fibromax® panel, the diagnostic accuracy
improves further[52]. Campos describes a NASH clinical
scoring system using AST, hypertension, presence of type
2 diabetes, ALT, obstructive sleep apnoea and non-black
ethnicity. This system has an AUROC of 0.75 for diagnosis of NASH[53]. NASH diagnostics uses a combination of CK 18-M30 and M65 levels with adiponectin and
resistin values to give an AUROC of 0.91 in the test and
0.73 in the validation groups. A recent meta-analysis has
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evaluated the performance of the NashTest® and ActiTest® for the diagnosis of NASH in 494 obese patients
with a prevalence of NASH of 17.2%. The weighted
AUROC was significant for the diagnosis of NASH at
0.84 (0.82-0.86, P < 0.0001)[54].

NONINVASIVE SERUM BIOMARKERS
AND FIBROSIS
It is the severity and rate of progression of fibrosis rather
than inflammation per se that determines outcome in the
majority of cases[55,56]. The importance of staging disease
in the context of fibrosis across liver disease in general is
thus manifold. Firstly in the development of treatment
decision algorithms; this is particularly relevant in adult
viral hepatitis. Secondly functional tests may be even better than biopsy or measurement of hepatic vein pressure
gradient in predicting outcome and thus planning appropriate follow up and services[57,58]. Finally the diagnosis of
cirrhosis is important so that surveillance for varices and
hepatocellular carcinoma may be instigated. These issues
are clearly applicable across the spectrum of chronic liver
disease, not alone NAFLD[59,60].

NONINVASIVE MARKERS OF FIBROSIS
IN NAFLD
Demographics and simple blood tests
Noninvasive markers of fibrosis may consist of simple
bedside tests or indices which have been studied in large
cohorts of patients with liver disease. These include the
AST to platelet ratio index[61], the AST to ALT ratio[62],
FIB-4[63] and the Forn’s index[64]. These tools have also
been validated in the NAFLD population with AUROC
between 0.67-0.86 for differentiation of severity of fibrosis[65-67]. Algorithms of simple markers derived from
logistic regression analysis of large cohorts with NAFLD
are also described. The BAAT score (consisting of BMI,
ALT, age and triglyceride levels) has an AUROC of 0.86
for prediction of no fibrosis, 0.75 for F2, 0.92 for F3 and
0.81 for cirrhosis in NAFLD[68]. The BARD score (BMI,
AST/ALT ratio, diabetes) was developed in a cohort of
827 patients with NAFLD and was found to be useful
in excluding patients without advanced NAFLD[18,69].
Other panels of markers specific for NAFLD include the
NAFLD fibrosis score (incorporating presence of diabetes, AST, ALT, BMI, platelets and albumin) giving an AUROC of 0.88 for advanced fibrosis[16]. This was validated
by Shah et al[65] with an AUROC for advanced fibrosis of
0.77 and by McPherson et al[66] with an AUROC of 0.84.
It has also been validated in Chinese[70] and bariatric surgery cohorts[71]. In a recent meta-analysis the AUROC for
the NAFLD fibrosis score was found to be 0.85 with a
pooled sensitivity of 90% and specificity of 97%[25].
Fibrometer™ incorporating age, weight, fasting glucose, AST, ALT, ferritin and platelets has been validated
in a NAFLD population[67]. The test demonstrates an
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AUROC of 0.94 for significant fibrosis, 0.9 for severe
fibrosis and 0.9 for cirrhosis.
The HAIR algorithm combines presence of systemic
hypertension, elevated ALT and insulin resistance and has
a sensitivity of 80% and specificity of 89% for NASH in
patients undergoing bariatric surgery[50]. The FIB-4 score
has an AUROC of 0.8 for advanced fibrosis in 541 patietns with NAFLD[65].

BIOMARKERS OF FIBROGENESIS/
EXTRACELLULAR MATRIX TURNOVER
Other biomarkers measure the degree of extracellular
matrix (ECM) turnover. Using such ECM markers is a
more direct method of assessing fibrogenic activity, and
will tend to measure a dynamic process rather than a
static one. Hyaluronic acid is one of the most validated
markers of fibrosis in liver disease, synthesised by stellate
cells and metabolised by sinusoidal endothelial cells[72,73].
Hyaluronic acid was found to be an accurate marker of
fibrosis in NAFLD[74,75].
Combinations of both clinical markers and ECM
turnover include the FibroTest®[54,76,77], an algorithm of 13
markers derived from regression analysis including haptoglobin, α2-macroglobulin, apolipoprotein A1, bilirubin,
γ-glutamyl transpeptidase, age and gender. It has an AUROC of 0.84 for advanced fibrosis in NAFLD[78].
The European Liver Fibrosis test (ELF)™ combining
hyaluronic acid, procollagen Ⅲ N-terminal peptide and
TIMP1 was first derived by Rosenberg et al[79] in a cohort
of over 1000 patients with chronic liver disease including
NAFLD and has since been validated in other NAFLD
cohorts with the addition of several simple markers
to improve accuracy[80]. Importantly this test has been
shown to correlate well with outcome[15].
Table 2 summarises previous studies investigating serum biomarkers of fibrosis in NAFLD[81-84].

NONINVASIVE BIOMARKERS IN
PAEDIATRIC LIVER DISEASE
Biomarkers of NAS and fibrosis have also been reported
by a few paediatric studies as referenced below. These
studies are relatively limited by the size of the cohorts
involved and are mostly validation of adult biomarkers.
NASH vs simple steatosis
The following studies report predictors of NAFLD using routine clinical parameters in cohorts of obese children. Sartorio et al[85] reported a multivariate analysis of
267 obese children and found that BMI Z-score, ALT,
uric acid, glucose and insulin were useful predictors of
NAFLD. Mandato reported insulin resistance, ferritin,
C-reactive protein and glutathione peroxidase as good
discriminators of those with NAFLD from those without
in a cohort of obese children[23]. Neither of these studies
used a histological diagnosis of NAFLD.
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Table 2 Summarises previous studies investigating serum biomarkers of fibrosis in nonalcoholic fatty liver disease
Biomarkers
FibroTest®: α2macroglobulin,
Apolipoprotein A1, Haptoglobin, γGT,
Bilirubin
NAFLD Fibrosis score: Age, BMI,
Hyperglycaemia, Platelets, Albumin,
AST/ALT

BARD:
BMI, AST:ALT ratio, DM

ELFTM
Hyaluronic acid, P3NP, TIMP1
FibroMeterTM:
APRI

AST:ALT ratio
BAAT:
BMI Age ALT Triglycerides
FIB-4:
Age, AST, platelets, ALT

Cohort

Results

Ref.

267 patients

AUROC ≥ F2 0.8, ≥ F3 0.88

[81]

733 patients
331 patients
162 patients
91 patients
92 patients
235 patients
138 patients
246 patients
588 patients
541 patients
145 patients
827 patients
246 patients
138 patients
541 patients
145 patients
192 patients
91 patients (plus simple markers)
121 paediatric patients
235 patients
111 patients
541 patients
145 patients
235 patients
541 patients
145 patients
93 patients

AUROC ≥ F3 0.88
AUROC ≥ F3 0.82
AUROC ≥ F3 0.64
AUROC ≥ F3 0.89
AUROC ≥ F3 0.74
AUROC ≥ F2 0.88
AUROC ≥ F3 0.68
AUROC ≥ F2 0.62, ≥ F3 0.75
AUROC ≥ F3 0.85
AUROC ≥ F3 0.77
AUROC ≥ F3 0.81
AUROC ≥ F3 0.81
AUROC ≥ F2 0.59, ≥ F3 0.64
AUROC ≥ F3 0.67
AUROC ≥ F3 0.7
AUROC ≥ F3 0.77
AUROC ≥ F1 0.76, ≥ F2 0.82, ≥ F3 0.9
AUROC ≥ F1 0.84, ≥ F2 0.93, ≥ F3 0.98
AUROC ≥ F1 0.92, ≥ F2 0.98, ≥ F3 0.99
AUROC ≥ F2 0.94, ≥ F3 0.94
AUROC advanced fibrosis 0.85
AUROC ≥ F3 0.73
AUROC ≥ F3 0.67
AUROC ≥ F3 0.87
AUROC ≥ F3 0.74
AUROC ≥ F3 0.83
AUROC ≥ F1 0.86, ≥ F2 0.9

[16]
[71]
[70]
[80]
[18]
[67]
[69]
[82]
[59]
[65]
[66]
[18]
[82]
[69]
[65]
[66]
[80]
[80]
[83]
[67]
[84]
[65]
[66]
[67]
[65]
[66]
[68]

541 patients
145 patients

AUROC ≥ F3 0.8
AUROC ≥ F3 0.86

[65]
[66]

ELFTM: European liver fibrosis score; HA: Hyaluronic acid; PⅢNP: Procollagen Ⅲ amino peptide; TIMP: Tissue inhibitor of MMP; BMI: Body mass index;
HOMA-IR: Homeostasis model assessment- insulin resistance; PT: Prothrombin time; AUC/AUROC: Area under the curve; F1-F4: Fibrosis score; TE: Transient elastography; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase.

Adipocytokines have been investigated in a number
of studies. Manco et al[29] found that TNF-α and leptin
were significantly different in groups of children with
NAS ≥ 5 and NAS < 5[29,86]. Louthan et al[87] also used
an adipocytokine profile to discriminate steatohepatitis.
Other markers include retinal binding protein-4[57] and
Fetiun A[88], both of which have been shown to reliably
distinguish NASH from simple steatosis/simple obese
controls in paediatric studies.
Alisi et al[89] investigated both endotoxin and plasminogen activator inhibitor 1 (PAI-1) levels in serum of 40
children with NAFLD and 9 controls and with multivariate analysis found that endotoxin (P < 0.0001) and PAI-1
(P = 0.009) were significantly higher in patients with
a histological score of NAS ≥ 5. Our group has also
reported that the CK18-M30 fragment level is a good
discriminator of NASH vs simple steatosis[90] following
on from the validation of the marker in a large group of
adult patients with NAFLD[91].
Noninvasive biomarkers of fibrosis in paediatric NAFLD
As with adult studies, the noninvasive diagnosis of fibrosis (rather than necro-inflammatory change) in NAFLD
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is considered separately. It is important to acknowledge
that the different distribution of fibrosis in paediatric
patients may affect the validity of applying measures derived from adult cohorts to this population.
Iacobellis et al[19] reported a cohort of 69 children
with NAFLD, 60% of whom had fibrosis. They found
that BMI was the only significant predictor of fibrosis
with multivariable analysis of simple clinical parameters.
BMI had an odds ratio of 5.85 for predicting presence of
fibrosis. Manco et al[92] found waist circumference as a significant predictor of fibrosis in a cohort of 197 children
with NAFLD (OR = 2.4, 95%CI: 1.04-5.54). In both
these studies the number of children in the F2-F4 groups
was small.
Nobili et al[93] developed and internally validated the
pediatric NAFLD fibrosis index (PNFI) in 136 children
with NAFLD. Logistic regression analysis of gender, age,
BMI, waist circumference, ALT, AST, γGT, albumin, prothrombin time, glucose, insulin, cholesterol and triglyceridesa were used to develop a predictive model called
the paediatric NAFLD with an AUROC for detection of
fibrosis was 0.85. Again this study was limited in view of
small numbers in fibrosis groups F2-F4.
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The ELF™ test was evaluated by Nobili et al[83] in
122 children with NAFLD. Simple markers including
age, waist circumference and triglycerides were added to
improve diagnostic accuracy. Excellent AUROC for any
(0.92), significant (0.98) and advanced (0.99) disease were
achieved. In this cohort 37 (30%) had no fibrosis, 58
(48%) scored as F1, 9 (7%) as F2, and 8 (6.5%) as F3-F4.
Alkhouri et al[94] developed this further and validated both
the PNFI and ELF™ in a cohort of 111 children with
NAFLD (69% with fibrosis). The area under the curve for
presence of fibrosis was 0.76 for PNFI, 0.92 for ELF™
and when the two indices were combined: 0.94. The major
issue in both studies was the skew towards no or minimal
disease, potentially overestimating the accuracy of the test.

NONINVASIVE BIOMARKERS AND
IMAGING
Ultrasound, computed tomography and magnetic
resonance imaging
Ultrasound (US) has a high sensitivity and specificity for
diagnosis of steatosis > 30%, but is not good at detecting fibrosis. Because of the low cost, the absence of
radiation exposure and the wide availability, US is often
used in screening for NAFLD. The accumulation of fat
causes the liver to appear hyperechoic compared with the
kidney. This finding is nonspecific and does not differentiate fat from other substances such as glycogen. When
compared with histological findings, the sensitivity of US
to detect fat infiltration below 30% of the liver is low[95].
Computed tomography (CT) is rarely used for the assessment of NAFLD in children because of its ionizing radiation exposure. Magnetic resonance imaging (MRI) and
spectroscopy are the imaging techniques with the greatest
accuracy to determine hepatic fat content in studies of
both adults and children[96-99]. Aside from liver fat, however, other features of NASH cannot be assessed. Other
methods include MR elastography which visualises and
measures propagating shear waves and has a high sensitivity (> 85%) and specificity (> 90%) for fibrosis[100].
Cost of this technique may be preclusive however.
For diagnosis of NASH, Iijima et al[101] have reported
on the use of contrast ultrasound with Levovist with
an AUC of 1.0. The decreased accumulation of microbubbles with advancing degree of fibrosis is unique to
NAFLD.
Two recent reports have examined the use of acoustic
radiation force-based shear stiffness in NAFLD, an ultrasound based investigation which correlates well with the
stage of fibrosis in the condition[102,103].

TRANSIENT ELASTOGRAPHY
Transient elastography (Fibroscan®) has been shown to
be a useful method for detection of liver fibrosis. This
technique uses both ultrasound (5 MHz) and low frequency (50 Hz) elastic waves with a propagation velocity
directly related to the stiffness of the liver; i.e., the stiffer
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the medium, the faster the wave. The low frequency vibrations are transmitted to the skin by placement of the
probe at the intercostal space where a liver biopsy would
be performed. A shear wave is induced which propagates
into the liver. The wave passes through tissue 2.5-6.5
cm below skin surface, (in those 0 to 7 years a modified
probe which can measure 2.5-5.5 cm is used). A pulseecho acquisition is then used to measure the propagating
wave’s velocity which is proportional to tissue stiffness
represented by the equation for Young’s elastic modulus
E (3pv2) (p = density, v = shear velocity). Machine based
software determines whether each measurement is successful or not. Requirements for accurate evaluation of
liver stiffness include an interquartile range of +/- 30%
of the median value and ratio of successful measurements to the total no of acquisitions > 60%.
Transient elastography (TE) has been well validated
and was the subject of a recent systematic review of 50
studies which concluded that Fibroscan® has excellent
diagnostic capability across different liver diseases for
cirrhosis[104]. There was some variability for diagnosis of
lesser degrees of fibrosis.

TE IN NAFLD
In NAFLD, a number of studies have demonstrated the
efficacy of TE in distinguishing severity of fibrosis. In a
study of 246 adults with NAFLD, TE had an AUROC of
0.84, 0.93 and 0.95 in distinguishing significant fibrosis,
severe fibrosis and cirrhosis respectively[82]. A Japanese
study demonstrated similar results[105]. A recent report
of 52 children with NAFLD has shown an AUROC of
0.977, 0.992 and 1 for distinguishing any, significant and
severe fibrosis[106]. Feasibility and reproducibility of transient elastography is an issue when patients have a BMI
> 30[107,108]. An XL probe is now available for better accuracy in this scenario[108,109] demonstrating reliable measurements in 73% using the XL probe vs 50% with the S
probe[108].
Acoustic radiation force impulse imaging
This is a technology similar to TE in which a region in
the liver is targeted and using real-time B-mode ultrasound imaging, the measured shear wave speed is observed at several locations and quantified. Tracking beams
are applied adjacent to the push pulse path until the passing shear wave front is detected. The time between the
generation of the shear wave and the detection of the
peak is used to compute shear wave velocity. Again, this
should be proportionate to stiffness of the tissue. This
technique has the relative advantage of being able to select an appropriate area for analysis. It is emerging as an
effective tool for differentiation of no/mild fibrosis from
more severe fibrosis in patients with NAFLD[108,110] with
an AUROC of 0.9 in one study[111].

MR ELASTOGRAPHY
MR may be useful in detection of steatosis as above
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however the differentiation of patients with advanced
disease from those with simple steatosis requires assessment of fibrosis. Similarly to transient elastography, MR
elastography (MRE) may be a useful tool in this regard.
Kim et al[112] report a comparison of MRE to 6 laboratory
based models of fibrosis in 142 patients with liver biopsy-confirmed NAFLD. The cut off for advanced fibrosis
in this cohort was 4.15 kPa with an AUROC of 0.954, a
sensitivity of 0.85 and specificity of 0.929. They found
that MRE could potentially be a useful tool but did not
meet the sensitivity or specificity of the NAFLD fibrosis
score or the FIB-4 score.
Chen et al[113] studied 58 patients with NAFLD and
found that liver stiffness using a threshold of ≥ 2.74
kPA could differentiate patients with NASH from simple
steatosis with a sensitivity of 94% and a sensitivity of
73% (AUROC 0.94).

NONHYPOTHESIS DRIVEN SEARCH
FOR NOVEL BIOMARKERS USING NEW
TECHNOLOGIES
The use of relatively new, high throughput techniques
such as proteomics, glycomics and microarray studies in
the derivation of panels of biomarkers associated with a
disease may also give an insight into pathophysiology of
the condition.

MICROARRAY ANALYSIS
Younossi et al[114] found 34 different expression of genes
in those with NASH vs controls. Four were confirmed using real time reverse transcription PCR. Sreekumar et al[115]
found 16 genes expressed differently in NASH-associated
cirrhosis vs other aetiologies; mainly genes which were
involved in the anti-oxidant response as well as fat and
carbohydrate metabolism. Yoneda et al[116] performed
a microarray analysis of NASH vs simple steatosis and
found expression of 27 genes at higher levels in NASH.
The upregulated gene sets included those responsible for
the platelet derived growth factor, hepatic nuclear factor
3 and the smad4 pathways.

PROTEOMICS
Proteomic studies use pattern recognition with subtraction. Several previous studies have reported different
protein peaks in the serum of those with NASH vs simple
steatosis[117,118]. Two important proteomic studies using
liver tissue and serum respectively of adult patients with
and without NAFLD revealed an increased expression of
lumican, (a keratan sulphate proteoglycan involved in collagen cross-linking and epithelial-mesenchymal transition) in
patients with NASH vs normal and simple steatosis[119,120].
Yu et al[121] used proteomics to demonstrate that higher
baseline haemoglobin values were associated with the
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development of NAFLD in a prospective study of 6944
subjects.

GLYCOMICS
Glycosylation is the post-translational modification of
secreted proteins with carbohydrate moieties conveying
structural diversity and with a possible role in protein
folding and in cell to cell interaction including migration, solubility and receptor attachment[122,123]. Changes in
glycosylation serve as a particularly good marker of liver
dysfunction for a number of reasons. Most glycoproteins
in serum (aside from IgG) are made in the liver. Thus,
the N-glycome profile will reflect any changes in either
the liver or B cell function. In addition, both the asialoglycoprotein receptor and the mannose/O-linked betaN-acetylglucosamine receptor in liver are important in
clearing aberrantly glycosylated proteins from the serum.
In the presence of architectural disarray, these receptors
are decreased in number and thus there is a build-up of
glycoproteins in serum[124]. With a systems biology approach to the analysis using high-throughput technology,
serum N-glycomics may prove to be valuable biomarkers
of disease.
Previously reported glycomic analysis of liver disease
include the development of the GlycoCirrhotest[125], the
GlycoFibrotest[126], and the GlycoHCC test[127] which
can predict the presence of cirrhosis, fibrosis and hepatocellular carcinoma respectively due to difference in
N-glycome patterns. Two recent studies have investigated
the potential of Glycomics in non-invasive evaluation of
NAFLD[128-130].
Glycomics was also demonstrated to have a tole n
biomarker discovery in paediatric NAFLD[131].

CONCLUSION
In view of the high prevalence of NAFLD in the population, in both adults and children, and the fact that up
to a one third will develop end stage liver disease and/or
hepatocellular carcinoma, it is important that we develop
noninvasive methods to diagnose and monitor this liver
condition. A differentiation needs to be made between
those with advance disease/or are at risk of developing
advanced disease from those who have simple steatosis
and are unlikely to progress. Liver biopsy is not a practical tool for this mass screening though the disease is still
defined histologically. Noninvasive biomarkers either in
blood or imaging techniques show promise in this context and in many centres are used routinely. It is possible
that a combination of blood biomarkers with methods
such as transient elastography or acoustic radiation force
impulse may yield the highest diagnostic discrimination.
New techniques such as proteomics and glycomics may
not only allow development of novel markers but also
allow us a better insight into the pathophysiology of the
condition.
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Abstract
Peutz-Jeghers syndrome (PJS) is a rare, autosomal dominant disease linked to a mutation of the STK 11 gene
and is characterized by the development of benign
hamartomatous polyps in the gastrointestinal tract in
association with a hyperpigmentation on the lips and
oral mucosa. Patients affected by PJS have an increased
risk of developing gastrointestinal and extra-digestive
cancer. Malignancy most commonly occurs in the smallbowel. Extra-intestinal malignancies are mostly breast
cancer and gynecological tumors or, to a lesser extent,
pancreatic cancer. These polyps are also at risk of acute
gastrointestinal bleeding, intussusception and bowel obstruction. Recent guidelines recommend regular smallbowel surveillance to reduce these risks associated with
PJS. Small-bowel surveillance allows for the detection
of large polyps and the further referral of selected PJS
patients for endoscopic enteroscopy or surgery. Video
capsule endoscopy, double balloon pushed enteroscopy,
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multidetector computed tomography and magnetic
resonance enteroclysis or enterography, all of which are
relatively new techniques, have an important role in the
management of patients suffering from PJS. This review
illustrates the pathological, clinical and imaging features
of small-bowel abnormalities as well as the role and
performance of the most recent imaging modalities for
the detection and follow-up of PJS patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Peutz-Jeghers syndrome; Small-bowel disease; Small bowel polyps; Intussusception; Double balloon enteroscopy; Video capsule endoscopy; Abdomen,
Magnetic resonance; Abdomen; Computed tomography
Core tip: Peutz-Jeghers syndrome is a rare disease characterized by the development of hamartomatous polyps
in the gastrointestinal tract. Patients affected by this
syndrome have an increased risk of developing gastrointestinal and extradigestive cancers. Regular small-bowel
surveillance is necessary to mitigate this increased risk,
and recently developed techniques have an important
role in the management of Peutz-Jeghers syndrome. This
review illustrates the pathological, clinical and imaging
features of small-bowel abnormalities as well as the role
and performance of the most recent imaging modalities
in the detection and monitoring of small-bowel abnormalities in PJS patients.
Tomas C, Soyer P, Dohan A, Dray X, Boudiaf M, Hoeffel C.
Update on imaging of Peutz-Jeghers syndrome. World J Gastroenterol 2014; 20(31): 10864-10875 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10864.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10864

INTRODUCTION
Peutz-Jeghers syndrome (PJS) is a rare autosomal dominant, inherited condition linked to a mutation of the STK
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Figure 1 Polyp 1 in a 46-year-old female with known peutz-Jeghers syndrome. A: Macroscopically, the peutz-Jeghers syndrome (PJS) polyp has a coarse lobulated surface; B: The capsule endoscopy image shows that this polyp is pediculate; C: Microscopically, the analysis confirms a benign hamartomatous polyp with a
tree-like branching core derived from the muscularis mucosae covered by normal epithelium; D: Fat-suppressed axial T1-weighted-Gadolinium-enhanced VIBE image
shows a moderate enhancement of the polyp, with a good characterization of its size and shape (arrow); E: The coronal T2 True Fast Imaging with Steady-state in
Precession (FISP) MR image also allows detection of this isolated ileal polyp (arrow).

11 gene and is characterized by a unique type of gastrointestinal hamartomatous polyp and mucocutaneous pigmentation. Clinical criteria for a definite diagnosis of PJS
include the presence of a hamartoma associated with two
of the following three signs: family history of PJS, mucocutaneous lentiginosis or polyposis of the small-bowel[1].
The condition is associated with a substantial risk for adenocarcinoma, mainly of the gastrointestinal (GI) tract.
Moreover, many patients experience abdominal symptoms before the age of 20 years, in particular because of
obstruction and intussusception, which occur in 50% of
patients before the age of 20[1-3].
Regular small-bowel surveillance in PJS patients is recommended for two reasons: to reduce polyp-related complications, particularly of intussusceptions, and because of
the possible association between PJS and cancer, although
there is no data that supports the reduction in risk via surveillance[1,4,5]. Surveillance allows for the detection of large
polyps and the consequent referral of selected patients for
endoscopic enteroscopy or surgery[6,7]. Among the various
procedures used for the surveillance of the small-bowel
in PJS patients, those that have proven their utility are
video capsule endoscopy (VCE), double balloon pushed
enteroscopy (DBE), multidetector computed tomography
(MDCT) enterography or enteroclysis and magnetic resonance (MR) enterography or enteroclysis.
The aim of this review is to provide an update on
imaging presentation of small-bowel abnormalities in PJS
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as well as the roles and respective performance of the
different imaging modalities used in the detection and
monitoring of PJS.

PATHOLOGICAL AND CLINICAL
FEATURES
Pathological features
Polyps in PJS can develop anywhere within the gastrointestinal tract. The most frequent locations, in order of
prevalence, are the jejunum, ileum, duodenum, colon and
stomach. PJS polyps are often observed in groups and in
up to 20 per segment of the intestinal tract, and PJS polyps have sizes that vary from 1 mm to more than 5 cm.
Polyps can also occur elsewhere, such as in the nostrils,
lungs, renal pelvis or urinary bladder. Macroscopically,
PJS polyps are often pedunculated with a coarse lobulated surface do not have specific endoscopic features[8], and
are thus characterized along with the more general group
of polyps, hamartomatous polyps (Figure 1).
Microscopically, they are composed of an overgrowth
of cells native to the area in which they occur. Their typical
histological feature is a tree-like, branched core of muscle
derived from the muscularis mucosae covered by normal
epithelium with a normal lamina propria[1] (Figure 1).
Small polyps in the bowel may display a phenomenon
called “pseudo-invasion,” which mimics an invasive carci-
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noma. This pseudo-invasion is an epithelial displacement
through the muscularis mucosae and can be distinguished
from a true invasion by the lack of cytological atypia[3,4].
Clinical features
PJS appears equally in males and females, without any
ethnic predominance, at a prevalence of approximately
1/100000[1]. Polyps occur in over 90% of PJS individuals
during their lifetime. Many patients will develop gastrointestinal polyps during their childhood or adolescence;
the median time to first presentation is around 11-13
years, and half of PJS patients will have experienced
symptoms by the age of 20[1,8]. During this time, transient
intussusception, small-bowel obstruction and bleeding
are common complications. The median age of intussusception is 15 years but with wide variability (range:
3.7-45.4 years)[8]. In Hinds’s series dealing with the impact
of pediatric screening on the complications of childhood
PJS, approximately 30% of the PJS patients required
laparotomy before the age of 10 and 68% before the age
of 18[9]. Seventy percent of the initial laparotomies were
performed urgently for intestinal obstruction[9].
Ninety percent of PJS patients present with a characteristic hyperpigmentation of the skin and mucosa. These
dark brown or blue-brown mucocutaneous macules are
predominantly located around the lips, mouth, nostrils
and the oral mucosa. They often appear during the first
decade of life, then fade during adolescence.
PJS patients have an increased risk for gastrointestinal and non-gastrointestinal cancer. A meta-analysis has
found that the cumulative risk of developing cancer in PJS
patients aged between 15 and 64 years, ranging between
37% and 93%[3]. Malignancy most commonly occurs within the small-bowel, with a median age at diagnosis of 41
years[2]. The risk of colorectal cancer is 3%, 5%, 15% and
39% at the ages of 40, 50, 60 and 70 respectively. Upper
gastrointestinal cancers are less common, as the average
age for stomach cancer diagnosis is 30[2].
The increased risk of extra-intestinal malignancy is
largely due to breast and gynecological cancers in women
along with pancreatic cancer, particularly in men[1]. The
overall cumulative risk for cancer has been estimated at
over 76% in PJS patients and is higher in females than
in males, with a risk of breast cancer similar to that of
women with BRCA1 or BRCA2 mutations[2,3]. The cumulative breast cancer risk is estimated between 31%-54%
at age 60, with a mean diagnosis age of 37. The earliest
documented case of breast cancer in PJS was at 19 years
of age[4]. The risk of pancreatic cancer is unclear; it varies
between 7% and 36% by the age of 60[2,4].
In his study, Giardiello et al[1] reported a risk of cervical cancer of 9% by the age of 64, with a mean age at
diagnosis of 34 and a risk of 10% for uterine cancer.
Giardello also calculated a 21% lifetime risk of ovarian tumors. Testicular cancer surveillance is also recommended.
In a review of the literature, all testicular cancers were Sertoli cell tumors, with a mean age of occurrence of 9 and a
range of 3-20 years[1]. The prevalence of thyroid and lung
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cancers is also slightly increased in PJS but screening for
these types of cancer has not been validated[4].

A RATIONALE FOR SURVEILLANCE
The rationale for monitoring polyps of the small-bowel
and for treating them early is to avoid mechanical complications and reduce the morbidity conveyed by repeated
surgery[4,5,9,10]. Almost 70% of PJS patients have undergone a laparotomy before adulthood[9]. Another objective
is to prevent the transformation of these polyps.
Although the mechanism of carcinogenesis in PJS
is unknown and remains controversial, the hamartomaadenoma-carcinoma sequence has been suggested [11].
The risk for developing gastrointestinal cancer in PJS increases progressively with age[2,12]. In theory, the removal
of small-bowel polyps would potentially decrease the
risk for malignancy by removing precancerous lesions. In
the series by Gao et al[13], a histopathological analysis of
resected polyps showed no malignancy but demonstrated
premalignant lesions in up to 18% of the analyzed polyps. Moreover, the risk of intussusception starts early in
life, and this complication occurs almost exclusively in
the small-bowel.
It is now well acknowledged that polyp size is the
most important risk factor for small-bowel intussusception with small-bowel obstruction and that intussusception is generally due to polyps ≥ 15 mm in diameter[3,14].
Consequently, large polyps (10-15 mm) or symptomatic
or rapidly growing polyps should be removed[1,14-16].
Most authors agree that surveillance is needed in PJS
patients but there is no consensus as to which organs
should be monitored, with what frequency they should
be monitored, and at what age surveillance should begin[2,5,9,17,18]. One study suggests that polyps < 10 mm require the monitoring of the small bowel, although those
recommendations are based on data of insufficient quality[13]. Nevertheless, the guidelines in Beggs’ recent article, produced by a group of European experts, suggest
baseline surveillance with esophagogastroduodenoscopy
at the age of 8, colonoscopy every 1-2 years after the
age of 50, and VCE at 8-10 years of age and then every
two to three subsequent years or earlier if any abdominal
symptoms are present[4]. For extra-intestinal malignancies,
Giardello recommends a monthly breast self-examination
starting at the age of 18 years and a semiannual clinical
breast examination and annual mammography or MRI
starting at the age of 25 years[1]. However, Beggs et al[4]
suggest that annual MRI/ultrasound surveillance should
start at age 25-30 years, substituted with mammography
after the age of 50. Routine surveillance for pancreatic
cancer has not been proven to be beneficial, but MRI
or ultrasonography beginning at the age of 30 years has
been proposed[1,3,4]. Beggs also recommends a regular
screening consisting of 2-3 yearly cervical smears using
liquid based cytology from age 25. The Giardello and
Van Lier studies also recommend an annual transvaginal
ultrasound and CA-125 screening for ovarian cancer be-
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Table 1 Summary of studies throughout the literature dealing with magnetic resonance enterography and the evaluation of polyps
in patients with Peutz-Jeghers syndrome
Design

Number of PJS
patients who
underwent MR
enteroclysis/
enterography

Type of MRenterography

Comparative method
used to evaluate
polyps

Results of the study

Impact of MR-enterography
in the management of PJS
patients

Prospective

19

Enterography
per os

VCE

MR enterography less
prone to missing large
polyps

Retrospective

8

Enterography
per os

Enteroscopy/
surgical laparoscopic
enteroscopy/surgery

13 MR detected polyps
(11-15 mm) with MR vs 11
with VCE
10 MR detected polyps
(> 15 mm) vs 7 with VCE
142 MR detected polyps
(28 > 15 mm)
187 enteroscopy-detected
polyps (30 > 15 mm)

Caspari et al[28]

Prospective

4

Enterography
per os

VCE

Schulmann et al[31]

Prospective

4

Enteroclysis

Studies

Gupta et al[24]

Maccioni et al[27]

Excellent concordance
between MR enterography
and enteroscopy for the
detection of large polyps
(93%)
Identical detection of
large polyps with the two
methods
Better determination of
polyp location and size
with MR imaging

Equivalent detection rates
for polyps > 15 mm with
VCE and MR
Better detection of small
polyps with VCE
Polyps smaller than 5 mm
were exclusively observed
with VCE
VCE/
Similar findings of MR
VCE is at least equivalent
push-enteroscopy/
enteroclysis compared to
to MR enteroclysis
esophagogastroduode VCE in 3 out of 4 patients Small number of patients
noscopy/surgery
Large polyps (up to 30 mm)
missed by MR enteroclysis
in one patient

MR: Magnetic resonance; PJS: Peutz-Jeghers syndrome; VCE: Videocapsule endoscopy.

ginning at age 25[1,3,4]. Annual testicular examination by
testicular ultrasound is recommended in patients where
abnormality is detected[4].
These studies emphasize that the surveillance of PJS
patients may prolong life expectancy and improve outcomes through the early detection of carcinomas. Gender and age-specific cancer surveillance are important
considerations in managing the care of these patients[1-4].

IMAGING MODALITIES FOR DIAGNOSIS
AND SURVEILLANCE
In recent years, small-bowel follow-through, which has
been the most used diagnostic tool for the assessment of
small-bowel polyps, has been uniformly abandoned and
replaced by MR imaging, computed tomography (CT)
and VCE.
MR Imaging
Details of various relevant studies dealing with the detection of Peutz-Jeghers polyps using MR imaging are listed
in Table 1.
MR imaging using dedicated protocols is now being
widely used for the evaluation of the small-bowel in a
variety of diseases and has been recently proposed as
an accurate technique for the detection of small-bowel
tumors[19-21].
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MRI Protocols: Two fundamentally different MR imaging protocols can be performed for the evaluation of
the small-bowel[21]. One of these methods consists of
administering an enteral contrast agent per os (i.e., MR-enterography), while the other consists of administering the
enteral contrast agent directly into the small-bowel using
a dedicated naso-jejunal tube (i.e., MR-enteroclysis)[21-23].
The advantages and limitations of each protocol have
been discussed in detail elsewhere[21]. For either administration protocol, the use of a biphasic contrast agent
is advocated to obtain high contrast between the smallbowel lesion and intraluminal agent. In general, 1.5 to 2
L of enteral contrast agent is needed. MR-enterography
and MR-enteroclysis are usually performed in the prone
position[20,24-26]. However, remaining intraluminal gas and
gas-fluid levels in insufficiently distended small-bowel
loops in relation with the orally administered contrast
agent may occasionally obscure small polyps. In this regard, Maccioni et al[27] suggested that a combined MRenterography technique using two separate image acquisitions, one in supine position and the other in prone
position, helps to increase the number of visible polyps.
In their study, MR-enterography detected 142 polyps in
eight patients, 114 of which were smaller than 15 mm[27].
The smallest detected polyps with MR-enterography
were 3 mm in size. The overall concordance between
MR-enterography and endoscopy was 75%, with a higher
concordance of 93% for the polyps greater than 15 mm.
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Figure 2 Polyp 2 in a 26-year-old female with known peutz-Jeghers syndrome. Axial fat-suppressed T1 weighted-Gadolinium-enhanced axial image
shows the enhancement of the rounded PJS polyp (arrow).

Two large polyps were missed, but they were both located
in the duodenum. Moving the patients from the supine to
the prone position allowed for the detection of additional
small (< 15 mm) polyps in four patients and the association of the prone and supine position was significantly
more accurate for the detection of smaller intestinal polyps, than supine position only.
MR imaging protocols generally include contrastenhanced MR sequences, which help detect additional
polyps by comparisons with unenhanced MR images[19].
One study has specifically examined the added value
of contrast-enhanced T1-weighted MR sequence while
performing MR-enterography for small-bowel tumor detection and found that the tumor detection rate is significantly higher on both a per-patient and per-lesion basis
after the intravenous administration of gadolinium-chelate[19]. In the study by Gupta et al[24] polyp visualization
was facilitated by striking enhancement, which was more
marked in large polyps. However, polyp enhancement is
not a function of tumor size alone, as some small polyps
also showed significant enhancement and are better detected by gadolinium-enhanced MR sequences (Figure 2).
The actual question that remains unanswered is to what
extent the use of gadolinium-chelate may have impact on
patient management.
Among unenhanced MR sequences, balanced MR sequences [e.g., Fast Imaging with Steady-state in Precession
(FISP), balanced fast field echo, and free induction echo
stimulated acquisition] provide the best conspicuity of
polyps. Indeed, when using the single-shot-half-Fourier
sequence (i.e., half-Fourier acquisition single-shot turbo
spin echo or single shot fast spin echo), the presence of
flow-void artifacts on images reduces significantly the
diagnostic accuracy of MR imaging. This sequence is
susceptible to intraluminal motion, and the images might
therefore be degraded by low signal intensity, limiting the
detection of intraluminal small polyps[20]. Axial planes
provide a better identification of the polyps, whereas
coronal views allow a better localization of the lesions,
which is important for planning the endoscopic or surgical removal of polyps[27] (Figures 1D, E and 3).
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C

Figure 3 Polyp 3 in a 54-year-old male with known peutz-Jeghers syndrome. A: Axial fat-saturated Vibe gadolinium-enhanced T1-weighted shows a
small-bowel slightly enhancing jejunal polyp (arrow); B, C: The corresponding
images on a high b (b = 800) value diffusion-weighted MRI shows a high-signal
intensity polypoid lesion inside a jejunal small-bowel loop with a low ADC value
compared with the surrounding small-bowel lumen (ADC = 1440 mm2/s) (arrow).

Caspari et al[28] first suggested the use of MR-enterography as an early surveillance tool for PJS patients. Although
their study included only 4 patients, they found that MRenterography was less sensitive than VCE for the detection of small-bowel polyps < 15 mm. However, they
concluded that MR-enterography offered the advantage
of a more precise assessment of polyp size and localization to a specific small-bowel segment[28].
More recently, two studies have reported satisfactory
results for the detection of polyps in PJS patients with
MR-enterography in comparison with VCE and balloon
pushed enteroscopy or intraoperative enteroscopy[24,27]. In
one of these studies, Gupta et al[24] prospectively studied
a cohort of 19 patients with 41 polyps greater than 10
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Figure 4 Polyp 4. A: Multidetector computed tomography (MDCT) coronal view reveals a regular small-bowel polyp with homogeneous enhancement (arrow); B: The
double balloon endoscopy optimally depicts this large small bowel polyp.

mm, which were detected by either MR-enterography or
VCE. There was no significant difference between the
two techniques in terms of polyp detection. VCE missed
three large polyps (> 15 mm) in three patients that were
detected with MR-enterography. However, VCE allowed
for the identification of more small polyps (with a size
ranging between 6 and 10-mm) than MR-enterography
did. The failure of VCE to detect large lesions has been
well documented and may be related to luminal debris, a
slow frame capture, a limited field of view and rapid transit time, particularly in the proximal small-bowel[29,30]. In
another study, Schulmann et al[31] reported similar findings
using MR enteroclysis in comparison to VCE in three
out of four patients, but large polyps (up to 30 mm) were
missed in a fourth patient. However, the small number
of PJS patients in his study makes these findings less relevant[31]. Moreover, MR enteroclysis requires exposure to
ionizing radiation during intubation and is an uncomfortable procedure, making it less appropriate for the surveillance of PJS patients.
The better detection rate of large polyps with MRenterography has a clinical impact because larger polyps
have a greater likelihood to need surgical removal than
small polyps, so that their detection has an impact on patient’s management[24].
In conclusion, MR-enterography offers a promising
alternative to VCE for small-bowel polyps in PJS patients,
suggesting the possibility of an effective regular yearly
surveillance in patients with this syndrome. Compared to
VCE, MR-enterography is also radiation-free, less expensive and more accurate for the identification and localization of large, clinically relevant PJS polyps.
MDCT
MDCT Protocols: MDCT allows for the depiction of
small bowel polyps and their complications (e.g., intussusceptions).
Three MDCT protocols can be used. MDCT-enterography and MDCT-enteroclysis are performed for the
specific detection of small-bowel tumors and surveillance
in patients with PJS, whereas polyp complications, such
as intussusception or small-bowel obstruction, are well
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diagnosed by standard abdominal MDCT.
MDCT-enteroclysis is generally considered to be the
optimal imaging technique for SB tumoral detection due
to a sensitivity of 92.8% and a specificity of 99.2% for
the depiction of small-bowel tumors or, more generally,
97% for the detection of small-bowel diseases[32-34] (Figure
4A, Figure 5A, B and D). MDCT-enteroclysis is generally
performed with a standardized protocol. First, a naso-jejunal tube is advanced in the GI tract under fluoroscopic
guidance. Room temperature plain water that is used as
an enteral contrast material is infused with an electric
pump (100-160 mL/min) through the nasojejunal tube.
Other enteral contrast agents can be used, such as a water-methylcellulose solution, dilute barium sulfate suspension or commercially produced suspension[21]. A quantity
of liquid varying between 1.3 and 1.6 L is needed to obtain optimal small-bowel distension[34]. Continuous water
infusion is maintained during scanning. One minute before starting image acquisition, an antispasmodic agent is
injected intravenously. Patients are positioned head first,
in the supine position. Iodinated contrast agent is injected intravenously before starting the acquisition. MDCT
data allows for multiplanar reconstruction and maximum
intensity projection (MIP) views. The drawbacks of this
technique are the invasiveness of the procedure due to
the placement of a naso-jejunal tube and the use of water, which may be contraindicated in patients with renal
or cardiac disease because of the potential risk of fluid
overflow and radiation exposure[35,36].
On MDCT-enteroclysis, PJS polyps are multiple, regular, often pedunculated lesions of the small-bowel of various size[37,38] (Figure 5D).
Standard MDCT is useful in cases of acute abdominal pain due to small-bowel intussusception in patients
with PJS. Intraluminal polyps have a tendency to cause
intussusception of the small bowel as peristalsis drags the
lesion forward. A pathognomonic bowel-within-bowel
pattern suggests intussusception is readily diagnosed
by MDCT, appearing either as a target-like or sausageshaped mass, depending on the orientation with respect
to the X-ray beam. The identification of the lead mass
is often difficult. Bowel wall edema and the amount of
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Figure 5 Polyp 5 in a 44-year-old male with a known peutz-Jeghers syndrome. A: Coronal and B: an axial Multidetector computed tomography (MDCT) enteroclysis images reveals multiple, regular polyps with various sizes and shapes (arrows); C: The endoscopic view shows a pediculate polyp; D: A coronal MIP reformat
shows the typical pediculate peutz-Jeghers syndrome (PJS) polyp aspect.

techniques have been developed, allowing for the visualization of almost the entire small-bowel and for therapeutic interventions, thus obviating the need for a more
aggressive surgery in a number of patients[42-44].

Figure 6 Twenty-four-year-old male referred at the emergency department
for abdominal pain. The axial Multidetector computed tomography (MDCT)
scan shows the bowel-in-bowel appearance with mesenteric fat into the intussusception (arrows).

invaginated mesenteric fat affect the appearance of the
intussusceptions, often leading to an amorphous appearance of the mass[39,40] (Figure 6). Multilayered bowel walls,
mesenteric fat and vessels of the bowel-within-bowel
pattern are also accurately observed on MR imaging. The
bowel wall is then thickened with a high signal intensity
on T1-weighted and T2-weighted images related to mural
hemorrhage and necrosis. Post-gadolinium images show
moderate enhancement of the bowel wall due to early
bowel wall ischemia[41] (Figure 7).
Endoscopy: Over the last decade, several endoscopic

WJG|www.wjgnet.com

Double balloon endoscopy
Since 2001, DBE has been introduced into clinical practice
as a modification of the push method and as a method enabling endoscopic visualization of the entire small-bowel
with a success rate of 40%-80%[13,42,43] (Figure 5C and 8B).
One balloon is attached to the tip of the endoscope and
another is located at the distal end of an overtube. The
balloon facilitates the insertion of the endoscope, which
can be advanced much further into the small intestine
than with push enteroscopy. A main advantage of DBE is
that diagnostic and therapeutic interventions can be combined in a single procedure, although to date, there is limited data to support such an approach[13]. Before the introduction of DBE, the removal of polyps was possible only
by intraoperative endoscopy, and in the case of proximal
small bowel polyps, surgical resection or push enteroscopy
was performed. DBE allows for the endoscopical removal
of proximal and distal small-bowel polyps above 10 mm
even in young children[44].
However, only one study has compared DBE with
other modalities in the detection of small-bowel polyps in
PJS patients[14]. Eighteen consecutive patients underwent
eighty DBE examinations during 34 sessions. Of these
18 patients, 16 underwent 34 fluoroscopic enteroclysis
examinations and 18 patients underwent 38 VCE exami-
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Figure 7 Axial (A) and (B) coronal fat-saturated Vibe gadolinium-enhanced T1-weighted magnetic resonance images illustrate the target-like or sausage
shape of the small-bowel intussusception.

A

B

Figure 8 Operative view shows a pediculate polyp that was removed (A) (reprinted with permission from ref.38) after double balloon enteroscopic evaluation (B).

nation. DBE demonstrated more polyps than small bowel
follow-through, although both methods found the same
number of polyps > 10-mm in diameter. VCE had detection rates similar to those of DBE, regardless of polyp
size. Endoscopic resection of 387 polyps, of which 265
were > 10 mm in diameter, was performed during 71
DBE examinations in 16 patients. DBE may outperform
the present version of VCE because of the shortcomings of VCE, such as the impossibility of air insufflations,
poor maneuverability, interference with total enteroscopy
by numerous large polyps and occasional rapid passage
of the VCE through the duodenum and the proximal
jejunum. Although VCE may outperform DBE in fixed
small-bowel loops caused by multiple previous laparotomies, laparoscopic-assisted DBE appears to be promising
for PJS patients in the adhesive small-bowel[13,45] (Figure 8).
The rate of complications of DBE ranges between 0
and 6.8%, indicating that DBE and laparoscopic enteroscopy should be limited to the evaluation and endoscopic
removal of more advanced intestinal polyps[13,14,46].
Video capsule endoscopy
VCE is a radiation-free diagnostic technique introduced
to pediatrics in 2003 and has a few adverse events and
complications, although it does not allow for therapeutic
procedures[47]. VCE has demonstrated advantages in evaluating obscure and occult gastrointestinal bleeding[21,48].
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VCE has been performed on patients with polyposis
syndrome in most studies dealing with small bowel tumors detection[49,50] and has shown an improved sensitivity over conventional radiological techniques for polyp
surveillance[28,51-54] and a similar detection rate compared
to DBE[14].
However, accumulating experience with VCE combined with DBE and MDCT or MR imaging using enterography or enteroclysis techniques has highlighted the
potential limitations of VCE technology, particularly in
identifying solitary lesions or masses in an otherwise normal small-bowel[29,30,55]. Clinically significant small-bowel
lesions can be missed with VCE, even under optimal
conditions, especially within the proximal small-bowel[56].
Chong et al[56] reported 4 cases of lesions in proximal
small-bowel that were detected by DBE after a negative
VCE and found that VCE misclassified up to half of
patients as having no small-bowel polyps when compared
with DBE. Ross et al[57] reported 10 patients in whom
VCE showed no abnormal findings but who had smallbowel tumors detected by DBE, mostly in the proximal
small-bowel. Similarly, Soares et al[58] reported that 20%
of large small-bowel polyps were missed with VCE in
their series. In 7 patients, 26 large polyps were removed;
of these 26 polyps, VCE missed five.
It is currently widely acknowledged that the proximal
jejunum and duodenum are the most difficult portions
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Figure 9 Twenty-eight-year-old male with a known peutz-Jeghers syndrome presenting a single small-bowel polyp. A: Multidetector row computed tomography-virtual endoscopy (MDCT-VE) acquired after gas filling shows a single polyp in the intestinal lumen (arrow); B: Corresponding image of this polyp after MDCT-VE
post-processing (arrow).

of the small-bowel to investigate with VCE, most likely
because of rapid capsule transit, bubble artifacts and
relatively poor luminal distension. In the study by Postgate et al[59] a large polyp of 37 mm in the proximal ileum
was not detected with VCE but was detected with MRenterography imaging. Moreover, the major limitations
of VCE include a relatively fair interobserver agreement
in interpretation and, most importantly, VCE is limited
in tumor size evaluation[24,59]. Conversely, MDCT and MR
imaging have the undisputed advantage of providing accurate information with respect to lesion size and tumor
location. It should also be mentioned that capsule retention is a major complication of VCE and typically requires
surgical intervention to remove the retained capsule[49].

FUTURE TRENDS
Spiral Enteroscopy Ⅰ
Spiral enteroscopy is a relatively new technique for the
evaluation of the small-bowel. Spiral (or rotational) enteroscopy, allows for the exploration of more portions
of the small-bowel than DBE. This modality allows a
therapeutic approach, such as biopsy, hemostasis, or polypectomy. Spiral endoscopy permits the advancement
and withdrawal of the enteroscope through the smallbowel with rotating clockwise movements[60]. Morgan
et al[61], in a prospective, multicenter study, showed that
spiral enteroscopy was successful in 93% of patients who
were referred for obscure bleeding. The diagnostic and
therapeutic yields in this study are as good as previously
published data on other deep enteroscopy techniques.
Spiral endoscopy is also advantageous in that it involves
a shorter examination time (45 min). However, comparative studies of small bowel polyp detection with this technique are warranted.
Virtual Enteroscopy
Recently, virtual enteroscopy has been applied to the
evaluation of the small-bowel. Virtual enteroscopy is a
promising technique for the detection of small-bowel
polyps, although there is a paucity of data in the literature
to date. Su et al[62] showed that virtual enteroscopy has a
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high diagnostic accuracy for the detection of small-bowel
tumors. In their study, MDCT-virtual enteroscopy identified 30 of 33 cases with proven SB tumors in 125 patients, yielding a sensitivity of 90.9% and a specificity of
96.8% for the detection of small-bowel tumors[62]. The
protocol for virtual endoscopy using MDCT includes a
liquid dinner the night before the examination and electrolyte solution per os to clean the gastrointestinal tract.
Then, the day after, air is introduced into the rectum on
the scanning table. The gas in the colon goes into the
ileum via pressure through the ileocecal valve, filling the
small-bowel with gas. Contrast-enhanced scanning is then
performed. Post-processing includes three-dimensional
rendering, similar to that used in virtual colonoscopy and
volume rendering and MIP views[63].
Virtual enteroscopy combined with multiplanar reconstruction is a promising modality for the detection
and localization of PJS polyps. Like conventional MDCT,
virtual enteroscopy also allows for the analysis of the
mesentery. However, to date, only one study has reported
the use of virtual enteroscopy in the specific evaluation
of a small-bowel tumor; therefore, further studies are
needed to clarify the value of this technique for the detection of PJS polyps[62] (Figure 9).

CONCLUSION
MR and MDCT using either enterography or enteroclysis
allow for the detection of the majority of polyps in PJS
patients. Missed polyps are mostly less than 10 mm in
size and are not considered to be clinically significant polyps[29,64,65]. Studies that thoroughly examine the guidelines
concerning which examination to perform with respect
to its cost-effectiveness and invasiveness are still needed.
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groups received oral butyrate, L-carnitine, Lactobacillus
casei and the combination of three agents for 10 con-

secutive days. The remaining groups included negative
and positive controls and a sham group. Macroscopic,
histopathological examinations, and biomarkers such
as tumor necrosis factor-alpha (TNF-α) and interlukin1β (IL-1β), myeloperoxidase (MPO), thiobarbituric acid
reactive substances (TBARS), and ferric reduced ability
of plasma (FRAP) were determined in the colon.
RESULTS: The combination therapy exhibited a significant beneficial effect in alleviation of colitis compared
to controls. Overall changes in reduction of TNF-α
(114.66 ± 18.26 vs 171.78 ± 9.48 pg/mg protein, P
< 0.05), IL-1β (24.9 ± 1.07 vs 33.06 ± 2.16 pg/mg
protein, P < 0.05), TBARS (0.2 ± 0.03 vs 0.49 ± 0.04
μg/mg protein, P < 0.01), MPO (15.32 ± 0.4 vs 27.24
± 3.84 U/mg protein, P < 0.05), and elevation of
FRAP (23.46 ± 1.2 vs 15.02 ± 2.37 μmol/L, P < 0.05)
support the preference of the combination therapy in
comparison to controls. Although the monotherapies
were also effective in improvement of colitis markers,
the combination therapy was much better in improvement of colon oxidative stress markers including FRAP,
TBARS, and MPO.
CONCLUSION: The present combination is a suitable
mixture in control of experimental colitis and should be
trialed in the clinical setting.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate the beneficial effect of the combination of butyrate, Lactobacillus casei , and L-carnitine
in a rat colitis model.
METHODS: Rats were divided into seven groups. Four
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Core tip: Inflammatory bowel disease (IBD) is among
the common diseases in the world that have no absolute cure yet. Although corticosteroids, immunosup-
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pressants, and aminosalicylates are conventionally
used in management of IBD, their side effects reduce
patients’ compliance. In this paper, we have shown
that the combination of butyrate, Lactobacillus casei ,
and, L-carnitine reduces the amount of oxidative stress
within the colon and provides significant anti-inflammatory effects. Optimistically, the proposed combination
is from components with no serious side effects and is
more economical to manufacture.
Moeinian M, Ghasemi-Niri SF, Mozaffari S, Abdolghaffari AH,
Baeeri M, Navaea-Nigjeh M, Abdollahi M. Beneficial effect of
butyrate, Lactobacillus casei and L-carnitine combination in
preference to each in experimental colitis. World J Gastroenterol
2014; 20(31): 10876-10885 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i31/10876.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i31.10876

INTRODUCTION
Inflammatory bowel disease (IBD), including ulcerative
colitis (UC) and Crohn’s disease, has an increasing incidence and can be debilitating in the affected patients.
Patients with IBD usually suffer from bloody diarrhea,
abdominal pain, and also extra-gastrointestinal manifestations such as uveitis, arthritis, skin lesions, and hepatobiliary disease[1-3]. Although the definite etiology of
IBD remains debatable, the role of immune dysfunction,
particularly over-activity of inflammatory factors including tumor necrosis factor-alpha (TNF-α) and interlukin1β (IL-1β), and oxidants such as reactive oxygen species
(ROS) and reactive nitrogen species (RNS) has been
defined along with other factors such as environment,
genetics, and intestinal microbes[4,5]. Current protocol of
IBD treatment consists of 5-aminosalicylic acid (5-ASA)
derivatives, immuno-suppressive agents, corticosteroids,
monoclonal antibodies, and some other complementary
agents such as herbal medicines. However, increasing
complications of conventional medications besides decreased patients compliance have led scientists to focus
on the safety alongside efficacy[6-9].
Butyrate, a type of short chain fatty acid, is produced
naturally by bacterial fermentation of dietary fibers as
a fuel in the colon. Previous reports emphasized its
protective ability against oxidative stress and depletion
of inflammatory markers including TNF-α and IL-1β
through interfering with Ikappa B kinase (IKK) and
resulting in down-regulation of nuclear factor-kappa B
(NF-κB) which is responsible for generation of proinflammatory cytokines[10-13]. In addition, Lactobacillus casei
(L. casei) as a probiotic, exhibits modulatory effects on
immune response and oxidative stress via IKK or production of anti-oxidant enzymes such as superoxide dismutase (SOD) and catalase (CAT). Several studies suggest that manipulation of normal flora content may have
beneficial effects in IBD[14-16]. L-carnitine (β hydroxyl-γ
trimethyl amino butyrate) plays a significant role in fatty

WJG|www.wjgnet.com

acid β-oxidation, glucose metabolism and general energy
control in all types of cells including colonocytes. Production of SOD and inhibition of glutathione (GSH)
reduction confirm its anti-oxidant feature and also protective effects against inflammation[17-20]. In summary,
recent data revealed that butyrate, L-carnitine, and L.
casei have noticeable beneficial potential in experimental
IBD models alone or in combination with other medicines[21-24]. Therefore, in the present study we evaluated
the synergism effect of the combination of these three
agents by assessment of inflammatory indicators and
pathological markers.

MATERIALS AND METHODS
Chemicals
2,4,6-Trinitrobenzene sulphonic acid (TNBS), butyrate
and L-carnitine from Sigma-Aldrich Chemie (Gmbh Munich, Germany), trichloroacetic acid, thiobarbituric acid
(TBA), 2,4,6-Tri(2-pyridyl)-s-triazine (TPTZ), N-butanol,
hexadecyl tri-methyl ammonium bromide, ethylene diamine tetra acetic acid (EDTA), malondialdehyde, hydrochloric acid (HCL), acetic acid, sodium acetate, hydrogen
peroxide (H2O2), O-dianisidine hydrochloride, ferric chloride (FeCl3-6H2O), Coomassie reagent, bovine serum
albumin (BSA), sodium sulphate (Na2SO4), sulphuric acid
(H2SO4), phosphoric acid (H3PO4), potassium dihydrogen
phosphate (KH2PO4), dipotassium hydrogen phosphate
(K2HPO4), sodium carbonate (Na2CO3), Na-K-tartarate
and cupric sulphate (CuSO4-5H2O) from Merck (Darmstadt, Germany), whey powder from Shirpooyan-E-Yazd
Co. (Tehran, Iran), powder of L. casei DN:114001 from
Zist-Takhmir Co. (Tehran, Iran) and rat-specific TNF-α
and IL-1β Enzyme-Linked ImmunoSorbent Assay (ELISA) kits from (BenderMed Systems GmbH, Austria) were
used in this study.
Animals
In this study, male Wistar rats weighing 180-200 g were
selected according to regulations of the ethical committee
of TUMS approved with code number of 91-03-33-19079.
Animals were housed separately in standard polypropylene
cages with a wire mesh top, kept under standard conditions
including temperature (23 ± 1 ℃), relative humidity (55%
± 10%), and 12/12 h light/dark cycle, and fed a standard
pellet diet and water ad libitum.
Experimental design
Animals were divided into seven groups, with seven rats in
each group. Colitis was induced by injection of TNBS rectally in all groups except the sham group, which received
normal saline. Groups receiving TNBS were divided into
control (as an untreated group), positive control (received
1 mg/kg dexamethasone dissolved in water), and treatment groups containing butyrate (1 mL of 0.5% in which
0.5 g butyrate was dissolved in 100 mL PBS), L-carnitine
(500 mg/kg in 1 mL), L. casei (1 mL of whey culture contains 108 Cfu L. casei), and combination (0.5 mL butyrate,
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0.5 mL L-carnitine, and 1 mL L. casei).
Whey culture (10% w/v, 10 g whey powder in 100 mL
distilled water) was prepared at 121 ℃ for 20 min. Then,
L. casei was added to it and incubated at 37 ℃ for 48 h.
The day TNBS was administered was assigned as the
first day and all treatments started from the same day.
During a 10-d treatment course, the groups were treated
by gavage.
Induction of colitis
Prior to induction of colitis, rats were fasted for 36 h.
They were anesthetized by intraperitoneal injection of 50
mg/kg pentobarbital sodium[25]. Then, 0.3 mL of a mixture, comprising 6 volumes of 5% TNBS plus 4 volumes
of 99% ethanol, was instilled through the anus using a
rubber cannula (8 cm long) into rats situated on their
right side, and then the rats were held in a prone Trendelenburg position to stop the anal leakage of TNBS[26].
Sample preparation
On treatment day 11, animals were sacrificed and colonic
tissues were immediately separated. Isolated segments
were rinsed with normal saline and then placed in an ice
bath throughout the procedure. Colonic tissue was divided into two pieces. The first piece was weighed and kept
in 10 mL of formalin 10%, as a fixator for the purpose
of histopathological evaluation. The second piece was
weighed and homogenized in 10 volumes of ice cold potassium phosphate buffer (50 mmol, pH = 7.4) and then
stored at -20 ℃ for 24 h. The sample was then sonicated
and centrifuged for 30 min at 3500 g, and the supernatant
was transferred to a microtube. Then, the sample was
kept at -80 ℃ until biomarker analyses.
Macroscopic and microscopic assessments
The following macroscopic scoring system was used to
evaluate the severity of colonic damage: 0 - normal appearance with no damage; 1 - localized hyperemia without ulcer; 2 - localized hyperemia with an ulcer; 3 - a linear ulcer with inflammation at one site; 4 - two or more
ulcers with damage extending 1-2 cm along the length of
the colon; and 5 to 8 - damage extending more than 2 cm
along the length of the colon and the score was increased
by 1 for each increased cm of involvement.
The microscopic scoring was done by an observer
who was blinded to the treated groups. Microscopic
scores were determined as follows: 0 - no damage; 1 focal epithelial edema and necrosis; 2 - disperse swelling
and necrosis of the villi; 3 - necrosis with neutrophil infiltration in the submucosa; and 4 - widespread necrosis
with massive neutrophil infiltration and hemorrhage.
Myeloperoxidase activity assessment
2.9 mL of 50 mmol/L phosphate buffer containing 0.167
mg/mL O-dianisidine hydrochloride and 0.0005% H2O2
was blended with 0.1 mL of the supernatant. The absorbance was measured for 3 min at 460 nm spectrophotometrically (Shimadzu 160A UV-VIS spectrophotometer)
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and expressed as unit per mg protein of colon tissue.
One unit is equal to the change in absorbance per min at
room temperature in the final reaction[27].
Lipid peroxidation assessment
Lipid peroxides as the end products of poly unsaturated
fatty acid peroxidation are aldehydes that react with TBA
named TBA reactive substance (TBARS) and form a
complex which is detected at 532 nm by a double beam
spectrophotometer. Concentration of TBARS is recorded as µg/mg protein[28].
Ferric reducing ability of plasma (FRAP) assessment
Ferric-tripyridyltriazine (Fe3+-TPTZ) complex is reduced
to bluish ferrous-tripyridyltriazine (Fe2+-TPTZ) with absorption at 593 nm. Values are reported as mmol/L ferric ions reduced to ferrous per mg protein. Details have
been described previously[29].
IL-1β and TNF-α assessment
Using ELISA, the quantities of IL-1β and TNF-α (pg/
mg protein of tissue) were measured. Amounts of blue
complex resulting from conjugation of chromogenic substance with streptavidin-horseradish peroxidise (Streptavidin-HPR) were calculated at both 450 nm (primary wave
length) and 620 nm (reference wave length). Details have
been described previously[30].
Total protein assessment
Total protein was measured by the Bradford method using BSA as the standard and data are expressed as mg/
mL of homogenized tissue at 540 nm[31].
Statistical analysis
One-way analysis of variance followed by Tukey’s posthoc tests was used for multiple comparisons of outcomes, and data are shown as mean ± standard error of
the mean (SEM). P-values less than 0.05 were considered
significant. StatsDirect version 3.0.107 was used for statistical analyses.

RESULTS
Macroscopic and microscopic evaluation of histological
impairment
As shown in Table 1 and Figure 1, histopathological examination of the control group which received TNBS
showed severe ulcer, diffused necrosis, edema, crypt destruction, and mucosal/submucosal polymorphonuclear
(PMN) leukocyte infiltration, which were significantly different (P < 0.001) from the sham group that had normal
histology and a regular mucosal layer with intact epithelial
surface. In the L-carnitine group, crypt destruction and
abscess, submucosal inflammation and low PMN infiltration were observed. In the butyrate group, mild infiltration, crypt destruction, edema, and disintegration of
crypts were locally observed in some areas. Histopathological parameters in the L. casei group were most similar
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Figure 1 Histological images of colon tissues from control and experimental groups. Microscopic evaluation of Control group showed transmural inflammation
and/or diffuse necrosis hemorrhage (A) and severe crypt destruction (B). In histological examination of Dexa group, minimal mucosal inflammation was observed (C).
In L. casei and Butyrate groups, mild infiltration (D, G) and crypt destruction (E, F) were seen. In L-carnitine group, crypt formation (H), submucosa inflammation and
low PMN infiltration (I) were observed. In Combination group, crypt abscess (J) and normal submucosa (K) were evident.

to those in the butyrate group. A significant reduction
in microscopic scores was observed in each treatment
group in terms of histological symptoms such as inflammation and/or diffuses necrosis hemorrhage and severe
crypt destruction in comparison with the control group
(P < 0.001). In the combination group, crypt abscess
and mild inflammation of the submucosa with no PMN
infiltration were observed. Although the histological
scores decreased in the combination group (Table 1) and
histopathological symptoms including PMN infiltration
and crypt destruction were more vivid in comparison
with monotherapy groups, there was no significant difference between the combination group and monotherapy
groups.
Myeloperoxidase activity
Myeloperoxidase (MPO) activity was increased in in-
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flamed tissues in the control group in comparison to the
sham group (P < 0.01). The group of animals receiving
monotherapies with butyrate, L-carnitine, and L. casei
showed a reduction of MPO activity by 40.71%, 39.86%,
and 38.95%, respectively, in comparison with controls (P
< 0.05). Dexamethasone decreased MPO by 60.82% in
comparison with control group (P < 0.01). Also, in the
combination group, there was a significant reduction in
MPO activity by 43.75% in comparison with the control
group (P < 0.05). In the combination, butyrate, and L.
casei groups, MPO increased by 17.07%, 20.11%, and
20.96%, respectively, in comparison with the dexamethasone group (P < 0.05). MPO increased by 21.87% in the
L-carnitine group compared with the dexamethasone
group (P < 0.01). The combination group showed a more
reduction of MPO by 4.80% than the L-carnitine group (P
< 0.05), while there was no significant difference between
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Table 1 Extent of colonic damage according to macroscopic
and microscopic scores
Microscopic score
(mean ± SEM);
median (min-max)
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Figure 2 Myeloperoxidase activity in the colon. Values are mean ± SEM.
Significantly different from sham group at aP < 0.05; Significantly different from
sham group at bP < 0.01; Significantly different from sham group at bP < 0.001;
Significantly different from control group at cP < 0.05; Significantly different from
control group at dP < 0.01; Significantly different from control group at dP < 0.001;
Significantly different from Dexa group at eP < 0.05; Significantly different from
Dexa group at fP < 0.01; Significantly different from Dexa group at fP < 0.001;
Significantly different from L-Carnitine group at gP < 0.05; Significantly different from L-Carnitine group at hP < 0.01; Significantly different from L-Carnitine
group at hP < 0.001.

combination therapy and monotherapies with L. casei and
butyrate (Figure 2).
TNF-α level
There was an increase in TNF-α level in controls compared to the sham group (P < 0.001). In the dexamethasone group, TNF-α was reduced by 54.54% compared
with the control group (P < 0.001). TNF-α level decreased in the combination, butyrate, and L-carnitine
groups by 33.25%, 28.07%, and 19.90%, respectively, in
comparison with the control group (P < 0.05). Dexamethason was more effective in reduction of TNF-α
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than monotherapies with butyrate by 26.46% (P < 0.05),
L-carnitine by 34.63% and L. casei groups by 46.32% (P <
0.01). There was no notable difference when comparing
combination therapy with single therapies (Figure 3).
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Figure 3 tumor necrosis factor-α level in the colon. Values are mean ±
a
SEM. Significantly different from sham group at P < 0.05; Significantly different
b
b
from sham group at P < 0.01; Significantly different from sham group at P <
c
0.001; Significantly different from control group at P < 0.05; Significantly different from control group at dP < 0.01; Significantly different from control group
at dP < 0.001; Significantly different from Dexa group at eP < 0.05; Significantly
different from Dexa group at fP < 0.01; Significantly different from Dexa group at
f
P < 0.001.
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IL-1β level
The control group showed a notable elevation in IL-1β
in comparison with the sham group (P < 0.001). In the
dexamethasone, combination, L-carnitine, and L. casei
groups, IL-1β diminished by 24.98%, 24.68%, 24.13%,
and 24.22%, respectively, in comparison with the control
group (P < 0.05). There was no significant change in the
combination group when compared to monotherapies
with butyrate, L-carnitine, and L. casei (Figure 4).
Anti-oxidant power measured by FRAP
Anti-oxidant power decreased in the control group as
compared with the sham group (P < 0.01). FRAP value
in the dexamethasone group increased by 68.04% (P <
0.001) and in the combination group by 56.19% when
compared with controls (P < 0.05). Monotherapies
with butyrate, L-carnitine, and L. casei decreased FRAP
by 59.92%, 50.73%, and 59.45%, respectively, as compared to the dexamethasone group (P < 0.01). The improvements of FRAP by monotherapies with butyrate,
L-carnitine, and L. casei were 8.12%, 17.31%, and 8.58%,
respectively, which were all lower than that in the combination group (56.19%, P < 0.01) (Figure 5).
Oxidative stress measured by TBARS
Elevation of TBARS was evident in controls compared
with the sham group (P < 0.001). Dexamethasone (P <
0.001), combination therapy and monotherapies with
butyrate, L-carnitine, and L. casei (P < 0.01) restored
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Figure 4 Interlukin-1β level in the colon. Values are mean ± SEM. Significantly different from sham group at aP < 0.05; Significantly different from
sham group at bP < 0.01; Significantly different from sham group at bP < 0.001;
Significantly different from control group at cP < 0.05; Significantly different from
control group at dP < 0.01. Significantly different from control group at dP < 0.001;
Significantly different from Dexa group at eP < 0.05; Significantly different from
Dexa group at fP < 0.01; Significantly different from Dexa group at fP < 0.001.
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Figure 6 Thiobarbituric acid reactive substances level in the colon.
Values are mean ± SEM. Significantly different from sham group at aP < 0.05;
Significantly different from sham group at bP < 0.01; Significantly different from
sham group at bP < 0.001. Significantly different from control group at cP < 0.05;
Significantly different from control group at dP < 0.01; Significantly different from
control group at dP < 0.001; Significantly different from Dexa group at eP < 0.05;
Significantly different from Dexa group at fP < 0.01; Significantly different from
Dexa group at fP < 0.001; Significantly different from butyrate group at gP < 0.05;
Significantly different from butyrate group at hP < 0.01; Significantly different
from butyrate group at hP < 0.001; Significantly different from L-carnitine group
at iP < 0.05; Significantly different from L-carnitine group at jP < 0.01; Significantly different from L-carnitine group at jP < 0.001; Significantly different from L.
casei group at kP < 0.05; Significantly different from L. casei group at lP < 0.01;
Significantly different from L. casei group at lP < 0.001.
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Figure 5 Ferric reduced ability of plasma level in the colon. Values are
mean ± SEM. Significantly different from sham group at aP < 0.05; Significantly
different from sham group at bP < 0.01; Significantly different from sham group
at bP < 0.001; Significantly different from control group at cP < 0.05; Significantly
different from control group at dP < 0.01; Significantly different from control
group at dP < 0.001; Significantly different from Dexa group at eP < 0.05; Significantly different from Dexa group at fP < 0.01; Significantly different from Dexa
group at fP < 0.001; Significantly different from butyrate group at gP < 0.05;
Significantly different from butyrate group at hP < 0.01; Significantly different
from butyrate group at hP < 0.001; Significantly different from L-carnitine group
at iP < 0.05; Significantly different from L-carnitine group at jP < 0.01; Significantly different from L-carnitine group at jP < 0.001; Significantly different from L.
casei group at kP < 0.05; Significantly different from L. casei group at lP < 0.01;
Significantly different from L. casei group at lP < 0.001.

TBARS by 61.22%, 59.18%, 38.77%, 32.65%, and
38.77%, respectively, in comparison with controls. Reduction of TBARS was significantly lower in the butyrate and L-carnitine groups by 22.44% and 28.57% (P <
0.001), respectively, and in the L. casei group by 22.44% (P
< 0.01) in comparison with the dexamethasone group.
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The combination group showed a more decrease in
TBARS than the butyrate and L. casei groups by 20.40%
and 20.40%, respectively (P < 0.05). TBARS changed
32.65% in the L-carnitine group, which was significantly
lower than that in the combination group (59.18%, P <
0.01) (Figure 6).
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Regarding overall results, the present study demonstrated
the priority of combination of butyrate, L. casei and
L-carnitine in ameliorating the severity of colitis in comparison to monotherapies. Macroscopic features including appearance of isolated tissue and histopathological
scores such as presence of edema, necrosis, neutrophil
infiltration, and biomarkers including TNF-α, IL-1β,
MPO, TBARS, and anti-oxidant power confirmed the
beneficial effect of the combination treatment in comparison to controls. Specifically, the combination therapy
was much better in reducing colon oxidative stress markers including FRAP, TBARS, and MPO.
Although there are several reports on the positive
effects of these three agents in inflammation or oxidative stress explained through various mechanisms[13,14,17],
the current study based on an original hypothesis[11] is
the first one that confirms synergism between butyrate,
L. casei and L-carnitine in the immune-based model of
colitis. TNBS-induced colitis is believed a preferential
model since the colon’s barrier is broken by ethanol and
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Figure 7 Effects of butyrate, L-carnitine, and probiotics on Ikappa B kinase. Adopted from authors’s previous Open Access publication (Moeinian et al. Synergistic effect of probiotics, butyrate and L-carnitine in treatment of inflammatory bowel disease (IBD). J Med Hypotheses Idea 2013; 7: 50-53)[11]. SOD: Superoxide dismutase; CAT: Catalase; IKK: IκB kinase; iNOS: Inducible nitric oxide synthase; NO: Nitric oxide; NF-κB: Nuclear factor-kappa B; RIP: Ribosome inactivating protein;
ROS: Reactive oxygen species; TNF: Tumor necrosis factor; TNF-R: Tumor necrosis factor receptor; TRADD: Tumor necrosis factor receptor type 1-associated death
domain protein; TRAF2: Tumor necrosis factor receptor associated factor 2; SODD: Silencer of death domain.

then delayed-response hypersensitivity reaction by TNBS
occurs like that of human IBD[20,32-34]. This similarity is
confirmed by the same pattern of changes in examined
cytokines between experimental studies and those reported in humans such as accumulation of MPO, TNF-α,
IL-1β, ROS, and RNS[4,26,35-38]. Specifically, MPO, a hemo
enzyme, is released dramatically from neutrophils in order to eradicate pathogens. It facilitates production of
cytotoxic agents like hypochlorite acid (HOCl), the stimulator of NF-kB that is able to induce other inflammatory
factors via H2O2[39,40]. Results indicate that MPO as a neutrophil infiltration indicator and TBARS as an indicator
of lipid peroxidation are markedly up-regulated in colon
tissues while these are restored by combination therapy.
This is most likely due to their radical scavenging properties[3]. As shown schematically in Figure 7, butyrate is able
to lessen oxidants through suppressing IKK, which is
responsible for dissociation of NF-κB from IKB-α, and
then free-NF-κB fortifies oxidants via overexpression
of inducible nitric oxide synthase gene[4]. In addition,
probiotics have the same effect either directly by production of SOD and CAT against oxidants or blocking IKK
indirectly[15,16]. Likewise, L-carnitine modifies activity of
oxidative stress by elevation of SOD and prevention of
decrease in GSH content[17-20], and eventually, the combination treatment exerts well against oxidants with higher
efficacy related to synergism of these three agents. In
turn, observed changes in the FRAP test support that
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idea. Regarding the inflammation, TNF-α, a pro-inflammatory cytokine, is produced mainly by macrophages and
activated T-lymphocytes. It is an active component in
apoptosis, stimulation of IL-1β secretion, and inflammation, in which re-induction of IKK occurs. This process
is mediated through the cascade consisting of binding to
TNF receptor (TNF-R) accompanied with dissociation
of silencer of death domains from TNF-R type1-associated death domain. Further attachment of TRADD
to death domain leads to the activation of the ribosome
inactivating protein and TNF-R associated factor 2 which
trigger IKK[11,13,41]. In addition, IL-1β has a crucial role in
inflammation, proliferation, differentiation, and apoptosis, which is secreted from macrophages, neutrophils, endothelial, and epithelial cells[42]. Our results indicate that
in contrast to the control group, abundant formation of
IL-1β and TNF-α was restricted in the treatment groups.
This is explained by the drop in inflammation either
through blocking IKK to activate NF-κB or inability to
overexpress inflammatory cytokines. However, obvious
differences are evident between monotherapy groups and
the combination group in amelioration of inflammation
that originates from synergistic effects in the combination
therapy.
In summary, a high level of anti-oxidative stress ability, anti-inflammation feature and positive interactions
amplify the effects of the combination therapy by overexpression of sodium-coupled mono carboxylate trans-
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porter 1 gene, an essential gene for butyrate absorption.
Besides, probiotics are able to promote the expression of
organic cation transporter number 2, an organic cation
transporter that mediates L-carnitine absorption, and thus
to enhance β-oxidation of butyrate. This supports the
belief that this mixture is more remedial with less complications[11,18,20,33,42-47]. No toxicity following administration
of each of them individually or in combination observed
in this study certifies the safety of this mixture. Literature
shows no severe complications in ordinary patients who
take ordinary doses of L. casei or L-carnitine[48-50]. However, more investigations are required to clarify the mixture’
s safety in the clinical setting. According to the results, the
combination of these three agents is more effective than
each alone in attenuation of the inflammatory process.
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Abstract

RESULTS: Colon transit was slower in the cold group
than in the control group (P < 0.05). Colonic smooth
muscle contractile response to oxytocin decreased, and
the inhibitory effect of oxytocin on muscle contractility
was enhanced by cold water intake (0.69 ± 0.08 vs 0.88
± 0.16, P < 0.05). Atosiban and tetrodotoxin inhibited the effect of oxytocin on colonic motility. Oxytocin
receptors were located in the myenteric plexus, and
their expression was up-regulated in the cold group
(P < 0.05). Cold water intake increased blood concentration of oxytocin, but this effect was attenuated in
ovariectomized rats (286.99 ± 83.72 pg/mL vs 100.56
± 92.71 pg/mL, P < 0.05). However, in ovariectomized
rats, estradiol treatment increased blood oxytocin, and
the response of colonic muscle strips to oxytocin was
attenuated.
CONCLUSION: Cold water intake inhibits colonic motility partially through oxytocin-oxytocin receptor signaling in the myenteric nervous system pathway, which is
estrogen dependent.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate whether cold water intake into the
stomach affects colonic motility and the involvement of
the oxytocin-oxytocin receptor pathway in rats.
METHODS: Female Sprague Dawley rats were used
and some of them were ovariectomized. The rats were
subjected to gastric instillation with cold (0-4 ℃, cold
group) or room temperature (20-25 ℃, control group)
saline for 14 consecutive days. Colon transit was determined with a bead inserted into the colon. Colonic
longitudinal muscle strips were prepared to investigate
the response to oxytocin in vitro . Plasma concentration
of oxytocin was detected by ELISA. Oxytocin receptor
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expression was investigated by Western blot analysis.
Immunohistochemistry was used to locate oxytocin receptors.

Key words: Intragastric cold water stress; Colonic motility; Estradiol; Oxytocin; Oxytocin receptor; Irritable
bowel syndrome
Core tip: Colon transit was decreased and oxytocininduced inhibition of colonic contraction was enhanced
in rats with cold water intake. Atosiban and tetrodotoxin inhibited the effect of oxytocin on colonic motility. Cold water intake increased blood concentration of
oxytocin and expression of oxytocin receptors in colon.
Estradiol regulated blood concentration of oxytocin and
oxytocin-induced colonic contraction. The results sug-

10886

August 21, 2014|Volume 20|Issue 31|

Yang X et al . Oxytocin and colonic motility in cold water stress

gested that cold water intake inhibited colonic motility
through oxytocin-oxytocin receptor signaling in the
myenteric nervous system pathway, which is estrogen
dependent. The estradiol-oxytocin-oxytocin receptorcolonic contractile pathway might be a new therapeutic
target for irritable bowel syndrome in females.
Yang X, Xi TF, Li YX, Wang HH, Qin Y, Zhang JP, Cai WT,
Huang MT, Shen JQ, Fan XM, Shi XZ, Xie DP. Oxytocin
decreases colonic motility of cold water stressed rats via oxytocin
receptors. World J Gastroenterol 2014; 20(31): 10886-10894
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i31/10886.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i31.10886

INTRODUCTION
Irritable bowel syndrome (IBS) is a functional bowel
disorder in which abdominal pain or discomfort is associated with defecation and features of disordered bowel
habit[1]. Throughout the world, about 4%-20% of adults
and adolescents have symptoms consistent with IBS,
and a female predominance has been found by most
studies[2-6]. Altered colonic motility, visceral hyperalgesia,
disturbance of brain-gut interaction, abnormal central
processing, autonomic and hormonal events, genetic
and environmental factors, postinfectious sequels, and
psychosocial disturbance are variably involved in the development of IBS symptoms[7-9]. Consuming cold meals
and cold drinks is common among some people, especially in the industrialized countries. Zuo et al[10,11] found
that cold water intake increased plasma 5-HT concentrations and lowered visceral perception thresholds in
subjects with IBS. Previous studies also found that cold
meal intake affected gastric myoelectrical and contractile
activities[12,13]. Healthy women with excessive exposure to
cold stress show an abnormal intestinal response to incoming stimuli[14]. Cold water intake might alter colonic
motility and be involved in IBS in females.
Oxytocin (OT) is a neuropeptide synthesized by magnocellular neurons in the paraventricular and supraoptic
nuclei of the hypothalamus. It is best known as a critical
social and reproduction hormone[15-17]. OT effects are
more generally associated with trait effects related to social or emotional functions, particularly in females[18]. The
oxytocinergic system selectively influences the functional
response of females, and as such may be involved in normal and pathologic states that are more common among
females. Our previous studies showed that OT decreased
the contraction of colon, which is ovarian steroid-dependent[19,20]. In response to a variety of stimuli such as
suckling[21], parturition[22], or certain kinds of stress[23-26],
the processed OT is released from the posterior pituitary
into the systemic circulation. Chronic hyperosmotic stress
(drinking water with 2% NaCl solution for 7 d) increased
the secretion of OT[27]. Whether intragastric cold stress
affects release of OT and then affects colonic contrac-
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tion in females is still unknown.
OT receptors are expressed in the gastrointestinal
tract[28]. OT has been reported to affect colonic smooth
muscle contraction via OT receptors[19,20]. OT receptors
are found in the gastric smooth muscle[29], the enteric
nervous system (ENS) or intestinal epithelium[30-32]. Intragastric cold stress might also affect expression of OT
receptors in the colon.
Ovarian hormones are found to regulate the expression of OT receptors in various tissues and the tissue
response to OT[33-36]. Estradiol (E2) is known to regulate
OT expression in the hypothalamus[37-40].
In the present study, we hypothesized that intragastric cold stress stimulates the secretion of OT and upregulates the expression of OT receptors to affect colonic motility in female rats and that this effect is exerted
via OT receptors in colon, and is estradiol dependent.

MATERIALS AND METHODS
Animals
Female Sprague Dawley rats were housed in a temperature (22 ℃)-controlled environment. The use and treatment of animals were approved by the Animal Care
and Use Committee of Tongji University (approval no:
2009-0022). All animals were cared for in compliance
with the Principles of Laboratory Animal Care and the
Guide for the Care and Use of Laboratory Animals,
published by the National Science Council, China. The
experiments conform to the Convention for the Protection of Vertebrate Animals Used for Experimental and
other Scientific Purposes. The experiments were done
two days after the last intragastric cold stress procedure.
The rats were fasted overnight with water ad libitum before the experiment. Pain or discomfort of the rats was
minimized during the experiments.
Intragastric cold stress protocol
The rats were 6-8-week-old and weighed 180 ± 10 g at
the beginning of the treatment. Animals were subjected
once daily at 8 am to gastric instillation with cold (0-4 ℃)
physiological saline as the cold group or room temperature (20-25 ℃) physiological saline (1 mL) as the control
group, for 14 consecutive days. Room temperature regular drinking water and food were offered to rats in both
groups all the time.
Ovariectomy
Some of the rats were ovariectomized. Ovariectomy was
performed quickly under light ether anesthesia. The ovaries were picked out by forceps through a 1-cm incision
made over both flanks. A ligature was placed below the
ovary and the ovary was removed, then the incisions of
the muscle and skin were sewed up by aseptic suture line,
and finally the wounds were disinfected by Iodophors.
Measurement of colonic transit
The rats were lightly anesthetized with sevoflurane. A
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single 3-3.5 mm glass bead was lubricated with vaseline.
The anus was opened with a lubricated glass rod. After
the bead was put into the anus, it was inserted into the
colon (3 cm proximal to the anus) quickly with the glass
rod. The evacuation time was monitored after consciousness was regained.
Preparation of isolated colonic smooth muscle strips
A segment of the colon of approximately 4 cm was collected and put in Krebs solution (composed of NaCl
118.5 mmol/L, KCl 4.8 mmol/L, KH2PO4 1.2 mmol/L,
MgSO4 1.2 mmol/L, CaCl2 1.9 mmol/L, NaHCO3 25.0
mmol/L and glucose 10.1 mmol/L). The segment was
opened along the mesenteric border and pinned mucosa
side up. The mucosa was removed by sharp dissection
and the muscle strip (2 mm wide and 8 mm long) was
cut along the longitudinal axis. Silk thread was attached
to both ends of the muscle strips, and the strips were
mounted in 5-mL organ baths. The organ baths contained aerated (5% CO2, 95% O2) Krebs solution which
was maintained at 37 ℃. Strips were adjusted in length
to an initial tension of 1 g, and were allowed to stabilize
for 60 min before experimental procedures were initiated. Isometric tension was measured using external force
transducers (JH-2B, Beijing, China). Force signals were
amplified with a SMUP-PC amplifier (Fudan University,
Shanghai, China), and recorded using an MFlab system.
Western blot
Samples of colon stored at -80 ℃ were homogenized
for protein analysis. The homogenates were centrifuged
at 2000 rpm for 10 min at 4 ℃, and the protein content
of the supernatants was evaluated using Protein Quantitative Analysis Kit (k3001-BCA; Shenergy Biocolor,
Shanghai, China). Supernatants containing 100 μg protein
were diluted in reducing × 2 sample buffer and loaded
into 12% SDS-PAGE. After separation by SDS-PAGE,
proteins were transferred to nitrocellulose membranes.
Membranes were blocked for 3 h at room temperature in
blocking buffer (5% nonfat dry milk and TTBS), washed
in TTBS (0.1% Tween 20, 50 mmol/L Tris, and 150
mmol/L NaCl) , and incubated overnight with anti-rat
oxytocin receptor IgG (1:400, sc 8102; Santa Cruz Biotechnology, CA, United States), followed by peroxidaseconjugated secondary antibodies (1:20000). Finally,
immunoreactive proteins were revealed using twin plate
Color Scanner (T1200; AGFA, Shenzhen, China).
Immunohistochemistry
Immediately after the animals were anesthetized with
sevoflurane, a segment of distal colon was removed and
soaked in 4% paraformaldehyde for 12 h. The fixed tissue was rinsed for 100 min and was dehydrated, cleared
and mounted in wax. The tissue was cut into 4-μm sections, and stained by a two-step method. Activity of
endogenous peroxidase was blocked with 3% hydrogen
peroxide. After three rinses in PBS, 10% normal rabbit serum was applied for 15 min, and then the sections
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were incubated with primary goat anti-oxytocin receptor
antibody (Santa Cruz, diluted 1:100 in PBS) overnight
in a humid chamber at 4 ℃. After the sections were
washed, they were incubated with polymer peroxidaseanti-goat serum (ZSGB-BIO, Beijing, China) for 30 min
at room temperature. After several rinses, peroxidase was
revealed using a 3, 3’-diaminobenzidine tetrahydrochloride substrate kit (ZSGB-BIO, Beijing, China). Negative
controls were performed without primary antibody.
ELISA assay
To investigate the involvement of sex hormone in the
plasma concentration of OT, female rats were randomly
divided into four groups (n = 6 for each group): gastric
instillation with room temperature saline (normal group);
gastric instillation with cold saline (cold group); stressed
rats which had been ovariectomized before gastric instillation with cold saline (OVX + cold group); ovariectomized rats treated with E2 (25 μg/kg, s.c.) once daily for
6 d and then gastric instillation with cold saline (OVX +
E2 + cold group). After the animals were anesthetized
with sevoflurane, uteri were removed and weighed. The
blood from the heart was collected with a syringe into a
tube and spun for 10 min at 3000 rpm. Plasma was pipetted out and stored at -80 ℃ for further OT analysis. OT
was determined using an Enzyme Immunoassay Kit (RD,
Inc., MI, United States) at a dose of 100 μL plasma per
sample per well for the assay, according to the manufacturer’s instructions. Samples were analyzed in duplicate in
a single assay.
Statistical analysis
The peak forces of colonic phasic contraction were measured using an MFlab system (Fudan University, Shanghai, China). In each experiment, the peak forces of contractions were evaluated at 0.5 min before and after drug
administration. Mean peak force for the 1-min period
before drug administration was taken as the baseline.
The value of the force after drug treatment was normalized to the baseline value. The ratio of post-treatment
force to baseline force was expressed as the ratio R, so
that the baseline for each experiment was equal to 1.
Western blots were evaluated by determining the gray
scale value of the blot. The value of ratio is the value of
the gray scale division between the experimental group
and control group.
Data were presented as means ± SD. Statistical analysis was performed by means of Student’s t test for comparisons between two groups or by means of ANOVA
analysis for comparisons among groups. A probability
level of P < 0.05 was considered statistically significant.

RESULTS
Colonic transit test
Figure 1 presents the colonic transit in rats. The time of
the glass bead output was 223.08 ± 90.76 s in the cold
group and 102.42 ± 20.21 s in the control group. The
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Figure 2 Effects of oxytocin (0.01-0.3 μmol/L) on colon contraction in
intragastric cold water stressed rats. A: The dose-dependent contractile
response to oxytocin (OT) in colonic smooth muscle strips in cold and control
groups. OT was administered at the points marked by the arrows. B: Average
response to OT in the colon. aP < 0.05 vs the data prior to OT administration. cP
< 0.05 vs cold and control groups (n = 6).

colonic transit time in intragastric cold water stressed
rats was significantly longer than in control rats (P =
0.029).
Effect of OT on colonic contractility in intragastric cold
water stressed rats
As shown in Figure 2, for the control group, low concentrations of OT (0.01-0.3 μmol/L) failed to elicit any
effect on the contractions of colonic smooth muscle
strips. When the concentration of OT was increased to
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Figure 3 Atosiban (0.1 mmol/L) blocked oxytocin-induced colonic response in intragastric cold water stressed rats. A: Representative traces
of the effect of atosiban on oxytocin (OT)-induced colonic response in the cold
group. The drug was administered at the points marked by the arrows. B: Results of colonic smooth muscle strips contraction in cold group rats. aP < 0.05 vs
the data of atosiban treatment (n = 8).

0.8
0.6

Normal -8

a

Log concentration oxytocin

700

t /s

1.4
Ratio of force in colon

0.03

6

1.6

3

6

1.6
Ratio of force in colon

Figure 1 Colonic transit increased in intragastric cold water stressed rats.
Control group: the rats treated with intragastric room temperature physiological
saline; Cold group: the rats treated with intragastric cold physiological saline. aP
< 0.05 vs cold and control rats (n = 10).
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0.01

0.3

0

0
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0.1

1 or 3 μmol/L, the ratio of the contractile force of colonic smooth muscle strips decreased respectively to 0.87
± 0.15 or 0.88 ± 0.16 (P < 0.05 compared with the data
prior to OT administration).
In the cold group, OT (0.01-0.1 μmol/L) failed to
elicit any effect on the contractions of colonic smooth
muscle strips. When the concentration of OT was increased to 0.3, 1 or 3 μmol/L, the ratio of the contractile force of colonic smooth muscle strips decreased
respectively to 0.87 ± 0.15, 0.74 ± 0.12 or 0.69 ± 0.08
(P < 0.05 compared with the data prior to OT administration). Moreover, the ratio of the contractile force of
colonic smooth muscle strips induced by OT at 1 or 3
μmol/L was lower than that in control group (0.74 ± 0.12
vs 0.87 ± 0.15, 0.69 ± 0.08 vs 0.88 ± 0.16, respectively, P
< 0.05).
Effect of atosiban on OT-induced response of colon in
intragastric cold water stressed rats
OT receptor inhibitor atosiban (0.1 mmol/L) showed
no effect on the contraction of colonic strips in stressed
rats. Thirty minutes after atosiban treatment, OT (0.01-3
μmol/L) was added. The ratio of the contractile force
of colonic smooth muscle strips induced by OT at 1 or
3 μmol/L almost returned to normal (0.72 ± 0.10 vs 0.95
± 0.20, 0.78 ± 0.12 vs 1.0 ± 0.21, respectively, P < 0.05
compared with the data of atosiban treatment, Figure 3).
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Figure 4 Tetrodotoxin (10 μmol/L) blocked oxytocin-induced colonic
response in intragastric cold water stressed rats. A: Representative traces
of the effect of tetrodotoxin (TTX) on oxytocin (OT)-induced colonic response in
cold group. The drug was administered at the points marked by the arrows. B:
Results of colonic smooth muscle strips contraction in cold group rats. aP < 0.05
vs data of TTX treatment (n = 6).

Effect of tetrodotoxin on OT-induced response of colon
in intragastric cold water stressed rats
Addition of tetrodotoxin (TTX) (10 μmol/L) showed no
effect on the contraction of colonic strips in stressed rats.
Thirty minutes after TTX treatment, OT (0.01-3 μmol/L)
was added. The ratio of the contractile force of colonic
smooth muscle strips induced by OT (3 μmol/L) recovered from 0.79 ± 0.13 to 0.99 ± 0.08 (P < 0.05 compared
with the data of TTX treatment, Figure 4).
OT receptor expression in the colon of intragastric cold
water stressed rats
Compared with the control group, the expression level
of OT receptor in the colon of stressed rats was significantly increased (1.82 ± 0.17 vs 1.00 ± 0.31, P < 0.05,
Figure 5A, B). The cells with OT receptor immunoreactivity were located in the myenteric plexus of the colon
and smooth muscle of the rat uterus (Figure 5C, D).
Plasma concentration of OT in rats
As shown in Figure 6A, the weight of the uteri in OVX
rats markedly decreased compared with that of control
rats (0.14 ± 0.12 g vs 0.46 ± 0.09 g, P < 0.05). After the
OVX rats were treated with E2, the weight of the uteri
recovered to normal (OVX + E2, 0.51 ± 0.10 g, P < 0.05
vs OVX rats; P > 0.05 vs control rats).
The plasma concentration of OT was analyzed in
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D

Figure 5 Intragastric cold water stress increased oxytocin receptor expression in colon. A: Representative Western blots. B: Densitometry analysis.
C: Positive control of immunoreactivity. Oxytocin (OT) receptor antigen is
expressed in the smooth muscle (arrows) of uterus. D: OT receptor immunoreactivity is expressed in myenteric plexus (arrows) of colon. aP < 0.05 vs control
group (n = 6). OTR: Oxytocin receptors.

these rats. As shown in Figure 6B, the concentration of
OT was significantly increased in the cold group compared with the control group (286.99 ± 83.72 pg/mL vs
212.42 ± 50.62 pg/mL, P = 0.036). After the OVX rats
were subjected to gastric instillation with cold saline,
the concentration of OT decreased compared with the
cold group rats without OVX (100.56 ± 92.71 pg/mL
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Figure 6 Estradiol regulated the plasma concentration of oxytocin in
intragastric cold water stressed rats. A: Weight of uterus. B: The plasma concentration of oxytocin (OT) in the four groups [control, cold, ovariectomy (OVX) +
cold and OVX + E2 + cold]. Data are expressed as mean ± SD (n = 6). aP < 0.05
vs control group. cP < 0.05 vs cold group. eP < 0.05 vs OVX + cold group.

vs 286.99 ± 83.72 pg/mL, P < 0.05 vs the cold group).
In OVX + E2 + cold group, the plasma level of OT returned to normal but was still lower than that in the cold
group without any treatment (OVX + E2 + cold group,
201.25 ± 80.91 pg/mL; control group, 212.42 ± 50.62
pg/mL; cold group, 286.99 ± 83.72 pg/mL; P > 0.05 vs
control group, P < 0.05 vs cold group).
Effect of OVX on OT-induced inhibition of colonic
contractility in intragastric cold water stressed rats
After the OVX rats were subjected to gastric instillation
with cold saline, OT at 1 or 3 μmol/L still decreased the
contractile activity of colon (0.84 ± 0.13, 0.83 ± 0.12,
respectively, P < 0.05 vs the data prior to OT administration, Figure 7A, B), but OT-induced inhibition was
weaker in the OVX + cold group than that in the cold
group (0.84 ± 0.13 vs 0.67 ± 0.11, 0.83 ± 0.12 vs 0.68 ±
0.12, respectively, P < 0.05 vs cold group, Figure 7A, B).

DISCUSSION
The present study showed that the colon transit of cold
group rats (stomach irritation with cold physiological saline) was longer than that of control group rats (stomach
irritation with room temperature physiological saline).
Cold irritation enhanced the inhibitory effect of OT on
colonic muscle strips in rats. OT has widespread effects
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Figure 7 Ovariectomy decreased the oxytocin-induced inhibition of colonic contractility in intragastric cold water stressed rats. A: Representative traces of the effect of ovariectomy (OVX) on oxytocin (OT)-induced colonic
response in cold group rats. The drug was administered at the points marked
by the arrows. OT-induced inhibition of colonic strips decreased after the rats
were ovariectomized. B: The contraction of colonic smooth muscle strips in cold
group rats. aP < 0.05 vs the data in normal Krebs solution. cP < 0.05 vs cold
group and OVX + cold group (n = 6).

on the motility of the gastrointestinal tract. OT has been
shown to inhibit gastric emptying and intestinal transit[41],
as well as spontaneous contractions of duodenum in
rats[30] and colon in rabbits[19]. In contrast, it excites gastrointestinal motility in rabbits[42], and increases gastric
spontaneous contraction[29] and colonic contraction in
rats[20]. Our previous study showed that exogenous OT
decreased the contractions of proximal colonic smooth
muscle strips in control mice, while it increased contractions in antenatal maternal hypoxia mice. OT increased
the contractions of distal colonic smooth muscle strips
in both antenatal maternal hypoxia and control mice[43].
The effects of OT on gastrointestinal motility might depend on the sex of animal, site of gastrointestinal tract,
concentration of OT, level of OT receptors or even the
stimulation the animal suffered. Cold water intake might
increase the sensitivity of colonic smooth muscle to OT
and then affect the colonic motility, which is involved in
IBS.
Alterations in bidirectional brain-gut interactions are
believed to be involved in the pathogenesis of IBS and
related functional gastrointestinal disorders. The central
nervous system modulates the gastrointestinal tract via
the sympathetic and parasympathetic branches of the
autonomic nervous system and the hypothalamic-pituitary axis[44]. OT mRNA expression in the paraventricular
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nucleus was reported to increase following chronic stress
in rats[45]. The present study showed that intragastric
cold water stress prolonged colon transit. The inhibitory
response of colon to OT was enhanced in intragastric
cold water stressed rats. OT is essential to a wide range
of stress-related disorders[46,47]. OT might act as a braingut signal mediator and be involved in IBS by affecting
the colonic motility.
We found that OT receptor antagonist atosiban inhibited the effect of OT on colonic motility in intragastric cold water stressed rats. OT acts on the colon via OT
receptors. The voltage-dependent Na+ channel antagonist
TTX blocked the inhibitory effect of OT in the colon.
Our immunoreactivity study showed that OT receptors
were located in the myenteric plexus, rather than in colonic smooth muscle cells. Therefore, OT might affect
colonic smooth muscle contraction via OT receptors in
the myenteric plexus. Our study further demonstrated
that the expression of OT receptors is up-regulated in
intragastric cold water stressed rats. Chronic isolation was
reported to regulate plasma OT level and gene expression of OT receptors in the heart of prairie voles[48]. Upregulation of OT receptors may partially account for the
enhanced inhibitory effect of OT on colonic contractility
in the cold group.
Following chronic homotypic stress, OT-knockout
mice fail to restore accelerated colonic transit compared
with wild type mice[49]. Proximal colon distension stimulates OT-containing hypothalamic neurons in rats[50]. We
also compared the plasma concentration of OT between
the cold group and control group, and found that OT
level was significantly higher in the cold group than in
the control group. Intragastric cold stress might stimulate the synthesis and release of OT, and then increase
the concentration of OT in blood. Increased plasma OT
might also be partly responsible for the impaired colon
transit in the cold group.
OT and OT receptor mRNA levels are regulated by
estrogen and are both reduced due to ovariectomy[51,52].
Estradiol was reported to affect OT neurons and modulate the secretion of OT in response to the increase of
osmolality induced by refeeding in rats[53]. For the intragastric cold water stressed rats in our study, the plasma
levels of OT decreased in the OVX rats; when the OVX
rats were treated with estradiol, the plasma levels of OT
were almost the same as the control rats, but were still
lower than that of the cold group without any treatment.
Estradiol also regulates the secretion of OT in response
to intragastric cold stress in rats.
Estrogens facilitate social recognition by regulating
OT production and OT receptors[54]. Estradiol modulates
the cardiovascular responses induced by hemorrhage via
enhancement of OT neuron activity[55]. To investigate the
involvement of ovarian hormones in OT-induced colonic
contraction, the rats were ovariectomized and treated
with chronic intragastric cold stress. Our study showed
that the response of colonic muscle strips to OT was attenuated in OVX rats. Estradiol facilitates OT-induced
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colonic contraction in intragastric cold water stressed rats
by increasing OT production. OT concentration changes
in depressed women, suggesting that OT signaling may
provide a mechanism by which to better understand
female-biased risk for the development of depressive
disorders[56]. OT signaling may also be involved in femalebiased risk for IBS.
In conclusion, we found that cold water intake inhibited colonic motility at least partially through oxytocinoxytocin receptor signaling in the myenteric nervous
system pathway, which is estrogen dependent.

COMMENTS
COMMENTS
Background

The incidence of irritable bowel syndrome (IBS) is high, predominantly in females, although the cause is largely unknown. Cold meal intake affects gastric
myoelectrical and contractile activities. Cold water intake increases plasma 5-HT
concentrations in subjects with IBS.

Research frontiers

Oxytocin (OT) is essential to a wide range of stress-related disorders. OT
effects are generally related to trait effects related to social or emotional functions, particularly in females. This study suggests that OT might be a potential
mechanism involved in IBS.

Innovations and breakthroughs

Cold water intake decreased the colonic transit and OT-induced inhibition of colonic contraction. OT decreased colonic contraction via OT receptors in the myenteric plexus. Cold water intake also increased blood concentration of OT. Estradiol
regulated blood concentration of OT and OT-induced colonic contraction.

Applications

By understanding how cold water intake affect colonic motility and the involvement of OT in colonic contraction, this study may represent a future strategy for
therapeutic intervention in the treatment of patients with IBS.

Terminology

OT is a neuropeptide synthesized by magnocellular neurons in the paraventricular and supraoptic nuclei of the hypothalamus. OT is released from the
pituitary and goes into the blood. OT receptors are expressed in colon. OT acts
on the OT receptors of the colon and regulates colonic motility. Hypothalamic
OT-colonic OT receptor might be an important brain-gut axis to control colonic
motility.

Peer review

The authors examined the effect of cold water intake on colonic motility and
on OT-induced colonic contraction. The study revealed that cold water intake
inhibited colonic motility at least partly through OT-OT receptor signaling in the
myenteric plexus pathway, which is estrogen dependent. The experimental design is reasonable and the findings are interesting.
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CONCLUSION: Blood cortisol levels detected with
ECLIA method seems to be higher than the ones measured by LC-MS/MS, indicating a possible overestimation of them in patients treated with PD. Therefore, the
cortisol suppression in patients under treatment with
oral PD should not be measured using ECLIA method.
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Abstract
AIM: To evaluate cortisolemia by using conventional
electrochemiluminescence immunoassay (ECLIA) method compared to liquid chromatography-tandem mass
spectrometry (LC-MS/MS) method in active ulcerative
colitis (UC) patients treated with oral prednisone (PD).
METHODS: Twenty patients (12 males) with acute relapse of UC started oral PD at a dose of 40 mg once a
day, tapered of 10 mg every 2 wk. When a stable 2-wk
daily dose of 30 mg was reached, blood samples for
cortisol levels’ measurement were drawn in the morning in fasting conditions to determine circulating cortisol
by LC-MS/MS and ECLIA assay.
RESULTS: Median interquartile range cortisolemia with
ECLIA and LC-MS/MS method was 54.1 (185.8) nmol/L
and 32.1 (124.0) nmol/L, respectively (P < 0.001). The
within-patient median differences between the two
methods was 23.2 (40.6) nmol/L, with higher cortisol
levels for the ECLIA method. The estimated geomet-
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ric mean ratio between methods was 1.85 (95%CI:
2.39-1.43) considering all data or 1.58 (95%CI:
2.30-1.09) considering only data above the limit of
quantification (n = 12). The 95%CIs of the geometric
mean ratio between methods confirm a statistically significant difference.

Core tip: The determination of morning cortisol levels
is used in clinical practice and as specific safety endpoint in various clinical trials. This study was designed
to compare the efficacy of electrochemiluminescent
assays (ECLIA) method and liquid chromatographytandem mass spectrometry (LC-MS/MS) method for
measurement of cortisolemia in active ulcerative colitis
(UC) patients treated with oral prednisone (PD). Blood
cortisol levels detected with ECLIA method are higher
than the ones measured by LC-MS/MS, indicating a
possible overestimation of them in UC patients treated
with PD. Therefore, the cortisol suppression in patients
under treatment with oral PD should not be measured
using ECLIA method.
Manguso F, Bennato R, Lombardi G, Viola A, Riccio E, Cipolletta L. Electrochemiluminescence immunoassay method underestimates cortisol suppression in ulcerative colitis patients
treated with oral prednisone. World J Gastroenterol 2014;
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INTRODUCTION
Glucocorticosteroids (GS) are drugs of choice for the
management of ulcerative colitis (UC) if symptoms of
active colitis do not respond to mesalazine[1]. Patients
undergoing repeated administrations of GS may experience a variety of adverse events (AEs), some of which
of concerning clinical relevance[2]. Among them, morning cortisol levels below the lower limit of the normal
range during treatment may represent the suppression of
hypothalamic-pituitary-adrenal (HPA) axis, and is used as
specific safety endpoint in the various clinical trials concerning the treatment with GS[3,4].
In the majority of earlier studies, cortisol levels in
human biological samples has been determined by immunoassay methods, first radio-immunoassay (RIA), followed by enzyme-linked immunosorbent assay (ELISA),
then automated electrochemiluminescent assays (ECLIA)
and more recently by liquid chromatographic methods
coupled with mass spectrometry detection (LC-MS/
MS)[5]. Immunoassays can be affected by cross-reactivity
from other steroids and the use of drugs containing GS
can positively affect the methods[5,6], depending on the
degree of the cross reactivity with the particular assay.
Notably, prednisone (PD) and its metabolites are chemically similar to serum cortisol and may strongly interfere
with cortisol measurements by immunoassay methods[6].
Analytical methods using chromatographic separation of
cortisol from PD and its metabolites, such as LC-MS/
MS, may avoid problems of interference[7].
Concentrations of cortisol may be overestimated by
using conventional ECLIA method in samples from UC
patients who are treated with PD. Therefore, the aim of
the study was to compare the blood cortisol levels measured using ECLIA and a selective LC-MS/MS method
in samples collected from patients with UC treated with
oral PD.

MATERIALS AND METHODS
Patients and procedures
In a prospective study (ELICA Study: ACTRN12610
000425099) 20 patients of both sexes, aged between 18
and 70 years, with acute relapse of UC uncontrolled with
mesalazine alone were included. All patients had an extension of the disease above the rectum and indication
for systemic CS treatment. The exclusion criteria were
proctitis, ongoing local (enema) or systemic treatment
with CS within 3 mo, low compliance to medical treatment and presence of other diseases or treatments that
are known to interfere with the evaluation of blood cortisol concentrations as a measure of HPA axis.
The study included a screening visit for study pre-
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sentation and signature of informed consent, collection
of demographic data, medical history and concomitant
treatment, together with physical examination and vital
signs, inclusion/exclusion criteria check and assignment
of a patient identification number. The extension of UC
was reported according to Montreal classification[8].
Following a minimum of 3-d run-in period, inclusion/exclusion criteria were confirmed and oral PD
treatment (Deltacortene®, 5 and 25 mg tablets, Bruno
Farmaceutici, Italy) was started at a dose of 40 mg once
a day with a decalage of 10 mg every 2 wk. An appointment for blood sampling visit was given at the end of the
first 4 wk of treatment, when a stable 2-wk daily dose of
30 mg was reached.
Blood sampling visit included the recording of steroidrelated AEs and blood drawn of about 10-12 mL (about
8 mL in serum vials and about 2-4 mL in EDTA-coated
vials) in fasting conditions at a 24-h distance from last PD
dose (between 8 AM and 9 AM).
Cortisol sampling
For serum preparation, blood samples were collected by
direct venipuncture or via an indwelling cannula in the
forearm into the serum vacutainer coagulating for 30
min, protected from light, and centrifuged for 10 min
at 1300 g/room temperature. Afterwards, serum was
transferred each 1.5 mL of the clear supernatant into
two sample tubes using a disposable pipette. For plasma
preparation, blood samples were collected into vacuum
tubes containing EDTA as anticoagulant, and centrifuged
within 15 min after collection. The plasma was separated
in a centrifuge at 1500 g for 10 min. After each centrifugation, the supernatant (plasma) was dispensed in labeled
polypropylene tubes, using Pasteur pipettes. The plasma
was dispensed equally between the two polypropylene
tubes (minimum of 1 mL of plasma per tube). Once collected, the plasma samples were immediately stored vertically below -20 ℃.
Serum (from untreated blood) was used to determine
circulating cortisol by ECLIA assay, and plasma (from
EDTA-treated blood) was used to determine circulating
cortisol by LC-MS/MS assay. One aliquot of serum and
one aliquot of plasma were stored as backup for possible
re-analysis. Specimens were stored at -20 ℃ at the investigational site until shipment to two different laboratories
for cortisol assay. The analytical work was conducted
in two specialized laboratories. Plasma specimens were
shipped to the laboratory of the Mass Spectrometry
Division at SGS Life Science Services, Wavre, Belgium,
while serum specimens to the laboratories at INTERLAB
GmbH, Munich, Germany. Biological samples were sent
to the laboratories conducting the assays in insulated containers filled with a sufficient amount of coolant material.
In all cases, cortisol concentrations were reported in units
of nmol/L, and values < 171.1 nmol/L were considered
below normal.
Serum cortisol was measured using the Cortisol assay
(Roche Diagnostics) following the manufacturer’s instruc-
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tion[9]. Serum cortisol concentrations were determined
using an electrochemiluminescence immunoassay on a
Roche Cobas analyzer. The lower and upper limits of
measurements were 0.5 and 1750 nmol/L, respectively.
Plasma cortisol was measured by SGS Life Science
Services with a validated LC-MS/MS method. The
methodology and its validation are described in SGS Life
Science Services’ validation report no. B090806 entitled
‘Validation of a LC-MS/MS method for the determination of cortisol in EDTA human plasma’. Cortisol levels
were detected using an Api 4000 mass spectrometer
(AB Sciex). Computer application programs used to
acquire and derive data for this study included the validated Thermoelectron Corporation Watson version 6.4,
and MDS Sciex Analyst® 1.4.1 version. The acceptance
criteria for the carry-over, the calibration samples, the
QCs as well as the criteria for re-assay, correspond to
the Standard Operating Procedures in use in the laboratory conducting the assays. Seven samples, arranged in
increasing sequence, were used for calibration, with the
first concentration level corresponding to the lower limit
of quantification (LLOQ). The lower and upper limits of
measurements were 27.6 and 829 nmol/L, respectively.
The precision of the method as characterized by the coefficient of variation (CV%) for plasma quality control
samples ranged between 4.28% and 10.8%. The method
proved to be selective against prednisone and its metabolites prednisolone and 16-α-hydroxyprednisolone.
Primary evaluation parameter was the difference between cortisol concentrations assayed with the two analytical methods.
Ethical considerations
The study was approved by the Local Ethics Committee
of A. Cardarelli Hospital (Napoli, Italy) and all patients
gave written informed consent prior to any study related
procedures.
Statistical analysis
For descriptive analyses, continuous variables are presented as mean ± SD or median interquartile range (IQR)
according to the Gaussian distribution. Wilcoxon signed
ranks test was used to compare the two related cortisol
samples, and differences between the two analytical methods were graphically showed according to Bland and Altman suggestions[10]. Values below LLOQ obtained with
the LC-MS/MS method were numerically set at ½ LLOQ.
Data were loge transformed and showed as simple scatterplot with the line of the equality represented. Moreover,
in all patients and in those with data above the limit of
quantification, the antilog of the difference between the
two methods (loge ECLIA - loge LC-MS/MS) was plotted
against the antilog of the average [(loge ECLIA + loge LCMS/MS)/2] showing the geometric mean ratio with upper
and lower 95%CI. Statistical analysis was performed using SAS 9.1.3 software (SAS Institute®, Cary, NC, United
States).
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Table 1 Patients’ characteristics
Characteristics

Data

Age, yr
Range
Male/females, n
Disease localization, n (%)
Left colitis
Pancolitis
Years from diagnosis, median (IQR)
Height, cm
Weight, kg
BMI
SBP, mmHg
DBP, mmHg
HR, bpm

37.9 ± 16.2
20-70
12/8
11 (55)
9 (45)
4 (9)
166.7 ± 7.7
68.8 ± 15.2
24.7 ± 5.3
113.9 ± 7.9
71.3 ± 5.6
76.5 ± 9.2

Data are mean ± SD except when indicated. IQR: Interquartile range;
BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood
pressure; HR: Heart rate; bpm: Beats per minute.

RESULTS
The main demographic characteristics of the recruited
subjects are reported in Table 1. At the end of the study
period two patient (10%) presented with steroid related
AEs not including cortisol levels below normal values.
Higher values of cortisol levels were found for ECLIA
than LC-MS/MS method (P < 0.001). Median (IQR)
blood cortisol levels with ECLIA were 54.1 (185.8) nmol/
L, while with LC-MS/MS assay 32.1 (124.0) nmol/L. The
within-patient median differences between the two methods was 23.2 (40.6) nmol/L and the ECLIA/LC-MS/MS
ratio 1.7 (1.3), reflecting higher cortisol levels measured
with the ECLIA method. Mean percentage difference between the results obtained with the two methods was of
39%.
As showed in Figure 1, all values obtained with the
ECLIA method were below the line of equality suggesting a systematic over-estimation with this method. The
estimated geometric mean ratio between methods, based
on differences of loge transformed data, was 1.85 (95%CI:
2.39-1.43) considering all data (Figure 2) or 1.58 (95%CI:
2.30-1.09) considering only data above the limit of quantification (n = 12) (Figure 3). The 95%CIs of the geometric mean ratio between methods confirm a statistically
significant difference.

DISCUSSION
The risk of underestimation of the suppression of endogenous cortisol production in patients treated with
prednisone, when conventional RIA methods are used to
detect cortisol levels, is reported in asthmatic patients and
is related to cross reactivity of prednisone and its metabolites with cortisol[6]. No data are reported in patients
affected by UC.
We tested the degree of interferences of the ECLIA
Cortisol assay method when analyzing samples collected
from patients treated with prednisone, finding that corti-
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sol levels measured using ECLIA method were 39% higher than the ones measured by the selective LC-MS/MS
method. These data indicate an overestimation of cortisol
levels and an underestimation of the HPA axis suppression using ECLIA method in patients with UC treated
with PD. When assessing cortisol suppression by systemic
corticosteroids, we believe that researchers and clinicians
might not be aware of this problem or the extent of it.
In large-scale clinical trials on UC patients treated with
PD where HPA axis suppression is a safety endpoint,
the results may be biased by the determination of serum
cortisol levels with RIA or ECLIA methods. Selective
analytical method against prednisone and its metabolites
prednisolone and 16-α-hydroxyprednisolone LC-MS/MS
should be used in this clinical setting to avoid the interference of PD in the determination of cortisol levels.
In conclusion, the use of ECLIA method to assess
the effects of PD on cortisol suppression could be misleading and the use of LC-MS/MS evaluation should be
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The determination of morning cortisol levels during treatment with glucocorticosteroids (GS) is used in clinical practice and as specific safety endpoint in
the various clinical trials concerning the treatment with GS. In samples from
patients who have been treated with prednisone (PD), concentrations of cortisol
may be overestimated by using conventional electrochemiluminescence immunoassay (ECLIA) method.

Research frontiers

Data about the degree of possible differences between ECLIA and liquid chromatographic methods coupled with mass spectrometry detection (LC-MS/MS)
methods in the determination of cortisol levels in ulcerative colitis (UC) patients
in treatment with PD are lacking.

Innovations and breakthroughs

This is the first study comparing blood cortisol levels measured using ECLIA
and a selective LC-MS/MS method in samples collected from patients with UC
treated with oral PD.

Applications

Data obtained with the ECLIA method are higher than the ones measured by
LC-MS/MS, indicating overestimation of cortisol levels in patients treated with
PD. The authors conclude that the cortisol suppression in the presence of PD
should not be assessed by ECLIA method.

Terminology

Cortisol levels in human biological samples has been determined by immunoassay methods, first radio-immunoassay, followed by enzyme-linked immunosorbent assay, then automated ECLIA and more recently by LC-MS/MS.

Peer review

For some scientific researches, which focus on the depression effect of glucocorticosteroid on hypothalamic-pituitary-adrenal axis in UC patients, this study
may provide useful information.
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survival of HCC patients after LT was 78.9%, 53.2% and
46.4%, respectively. Of the HCC patients, the proportion meeting the Hangzhou and Fudan criteria was significantly higher than the proportion meeting the Milan
criteria (64.6% vs 39.5%, 52.0% vs 39.5%, P < 0.05).
Moreover, the proportion meeting the Hangzhou criteria
was also significantly higher than the proportion meeting other criteria (P < 0.01). Pre-operative alfa-fetoprotein level, intraoperative blood loss and retransplantation were common significant predictors of long-term
survival in HCC patients with reference to the Milan,
University of California San Francisco and Fudan criteria,
whereas in MHCAT based on the Hangzhou criteria, total
bilirubin, intraoperative blood loss and retransplantation
were independent predictors. The c -statistic for MHCAT
was 0.773-0.824, with no statistical difference among
these four criteria. According to the MHCAT scoring system, patients with low risk showed a higher five-year
survival than those with high risk (P < 0.001).

Abstract

CONCLUSION: MHCAT can effectively predict longterm survival for HCC patients, but needs to be verified
by multi-center retrospective or randomized controlled
trials.

AIM: To establish a model to predict long-term survival
of hepatocellular carcinoma (HCC) patients after liver
transplantation (MHCAT).
METHODS: Two hundred and twenty-three patients
with HCC were followed for at least six years to identify
independent risk factors for long-term survival after liver transplantation (LT). The criteria for HCC liver transplantation included the Milan, University of California
San Francisco, Hangzhou and Shanghai Fudan criteria.
The Cox regression model was used to build MHCAT
specifying these criteria. A survival analysis was carried
out for patients with high or low risk.
RESULTS: The one-, three- and five-year cumulative
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Key words: Criteria; Hepatocellular carcinoma; Liver
transplantation; MHCAT; Survival model
Core tip: This study was conducted to establish a model
to predict long-term survival of hepatocellular carcinoma (HCC) patients after liver transplantation (MHCAT)
with reference to different criteria and peri-transplant
risk factors. We found that MHCAT can effectively predict long-term survival for HCC patients, but needs to
be verified by multi-center retrospective or randomized
controlled trials.
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Table 1 Characteristics of hepatocellular carcinoma patients
and univariate assessment of long-term survival after liver
transplantation n (%)
Variables

INTRODUCTION
Liver transplantation (LT) is now a widely accepted treatment for patients with hepatocellular carcinoma (HCC),
curing both the underlying disease and the cancer. HCC
is currently an indication for LT, which accounts for 16%
and 20.9% of all cases in Europe and the United States,
respectively[1,2]. In China, the rate is as high as 40%[3]. The
progression of HCC and its prognosis after LT are quite
different from benign end-stage liver diseases and the
success of LT for HCC depends largely on the tumor
load, such as size, number of lesions and biological activities. Therefore, the Milan criteria (a solitary HCC nodule
5.0 cm or less in diameter, or no more than three tumor
nodules with the largest lesion 3.0 cm or less in diameter,
without tumor invasion of blood vessels or lymph nodes)
were introduced to achieve a compatible post-transplant
survival for HCC and other indications for LT[4,5]. This
has also led to controversy regarding the extension of
criteria boundaries, such as the University of California
San Francisco (UCSF) criteria (similar to the Milan criteria, extending the diameter to 6.5 cm for a solitary nodule
and 4.5 cm for the largest, and 8.0 cm as the total when
multiple nodules are present)[6,7], Shanghai Fudan criteria
(similar to the UCSF criteria, extending the diameter to 9.0
cm for a solitary nodule and 5.0 cm for the largest, and 9.0
cm as the total when multiple nodules are present) and
Hangzhou criteria (a total tumor diameter 8 cm or less or
total tumor diameter more than 8 cm, with Edmondson
grade Ⅰ or Ⅱ and pre-operative alfa-fetoprotein (AFP)
level 400 ng/mL or less, simultaneously)[8,9]. In view of
the global shortage of organ donation, it is critical to
achieve a balance between not only a waiting list and
post-transplant survival, but also benefit in HCC patients
and other recipients. This study was conducted to build
a model to predict long-term survival of HCC patients
after LT with reference to different criteria and peritransplant risk factors.

MATERIALS AND METHODS
Subjects and data collection
We followed 223 HCC patients who received deceased
donor LT from January 2001 to December 2006 at
Changzheng Hospital (Shanghai, China), including four
cases of retransplantation due to HCC recurrence.
Patients with cholangiocellular carcinoma, mixed liver
cancer and malignancies discovered incidentally during
transplant were excluded from the study. The followup of all 223 cases started on the day of LT until death,
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Value

Age (yr)
47.99 ± 9.09
Gender
Male
204 (91.5)
Female
19 (8.5)
Blood type
A
66 (29.6)
B
62 (27.8)
O
75 (33.6)
AB
20 (9.0)
Identical
195 (87.4)
History
Cardiovascular disease
17 (7.6)
Respiratory disease
3 (1.3)
Diabetes mellitus
17 (7.6)
Hepatitis B virus infection
223 (100.0)
Ascites
144 (64.6)
Variceal bleeding
25 (11.2)
Encephalopathy
4 (1.8)
Treatment related to hepatocellular carcinoma
Hepatectomy
21 (9.4)
Transplantation
4 (1.8)
TACE
44 (19.7)
Criteria
Milan
Met
88 (39.5)
Exceeded
135 (60.5)
UCSF
Met
97 (43.5)
Exceeded
126 (56.5)
Shanghai Fudan
Met
116 (52.0)
Exceeded
107 (48.0)
Hangzhou
Met
144 (64.6)
Exceeded
79 (35.4)
MELD score
14.12 ± 7.02
SCr (μmol/L)
71.41 ± 69.10
TB (μmol/L)
89.45 ± 174.19
INR
1.42 ± 0.45
AFP (ng/mL)
5694.77 ± 12584.00
Cold ischemia time (h)
9.21 ± 2.07
Intraoperative blood loss (IU)
9.24 ± 8.50
Operation duration (h)
8.29 ± 1.58
Liver transplantation technique
Classic
212 (95.1)
Piggyback
11 (4.9)
Biliary reconstruction
Duct-to-duct
221 (99.1)
Roux-en-Y
2 (0.9)
Edmondson grading
Ⅰ
8 (3.6)
Ⅱ
200 (89.7)
Ⅲ
13 (5.8)
Ⅳ
2 (0.9)

P value
< 0.001
0.048

0.951

0.492
0.358
0.296
0.736
0.252
0.426
0.023
0.799
0.693
< 0.001
0.756
< 0.001

< 0.001

< 0.001

< 0.001

0.086
0.173
< 0.001
0.010
< 0.001
0.129
0.002
0.200
0.001

< 0.001

0.790

MELD: Model for end-stage liver disease; SCr: Serum creatinine; TB: Total
bilirubin; INR: International normalized ratio; AFP: Alfa-fetoprotein;
UCSF: University of California San Francisco; TACE: Transcatheter arterial
chemoembolization.

retransplantation or the end of the study (December 31,
2012).
Follow-up ended at the second transplantation in
some recipients. This was to avoid the halo effect of
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retransplantation on modeling survival after the first LT.
Pre- and intra-operative potential risk factors and criteria
for HCC are listed in Table 1. All data included in the
final analysis were extracted from the records of our
center in the China Liver Transplant Registry. Ethical approval for the use of human subjects was obtained from
the Research Ethics Committee of Changzheng Hospital,
consistent with the ethical guidelines of the 1975 Declaration of Helsinki. Informed consent was obtained from
each patient.
Immunosuppressive protocol and follow-up
The post-LT immunosuppressive protocols were tacrolimus or cyclosporine, mycophenolate mofetil and steroids.
Steroids were usually tapered and withdrawn within the
first month after LT. Follow-up was routinely conducted
in the outpatient clinics. Patients were followed up every 2 mo during the first postoperative year and at least
every 3 to 4 mo thereafter. All patients were monitored
prospectively by serum AFP, abdominal ultrasonography,
and chest X-ray every 1 to 6 mo, according to the postoperative time. For patients with test results suggestive of
recurrence, computed tomography (CT) and/or magnetic
resonance imaging (MRI) were used to verify whether
intrahepatic recurrence and/or distal metastasis had occurred. A diagnosis of recurrence was based on typical
imaging appearance on CT and/or MRI scan and an elevated AFP level.
Statistical analysis
Data were analyzed using statistical software (PASW Statistics@ 18; Chicago, IL, United States). Continuous variables were reported as mean ± SD or as median (range,
minimum to maximum) if the variable was not normally
distributed. Categorical variables were given as frequencies (%). The primary outcome was death or retransplantation of patients. The patients remained at risk as long as
they were free from recurrence and alive during the follow-up. Kaplan-Meier analysis with the log-rank test and
Cox proportional hazards model were used for time-toevent analysis. Covariate selection was a non-automated
form of backward elimination. An adjusted hazard ratio,
together with 95%CI, was used as the risk measurement
for mortality. The receiver operating characteristic (ROC)
curve was used to determine the efficacy of the survival
models, and the area under the ROC curve (c-statistic)
was compared using Kruskal and Wallis analysis. P values
and 95%CIs were estimated in a two-tailed manner. Differences were considered to be statistically significant at P
< 0.05.

RESULTS
Characteristics of the subjects
All LTs were ABO type compatible. Among the 223 cases of HCC undergoing LTs, 135 were beyond the Milan
criteria. During the period between January 2001 and December 2006, we performed 502 LTs in total. As 44.4%
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of the 502 patients had HCC, HCC was considered a major indication for LT in our center. These patients were
followed for 46.31 mo on average (range, 0.03-118.25
mo). The one-, three- and five-year cumulative survival of HCC patients after LT was 78.9%, 53.2% and
46.4%, respectively. The one-, three- and five-year HCC
recurrence-free survival after LT was 77.4%, 52.6% and
45.8%, respectively. Of the HCC patients in our study,
the proportion meeting the Hangzhou and Fudan criteria
was significantly higher than the proportion meeting the
Milan criteria (64.6% vs 39.5%; 52.0% vs 39.5%, P < 0.05).
Moreover, the proportion meeting the Hangzhou criteria
was also significantly higher than the proportion meeting
other criteria (P < 0.01). Demographic and clinical characteristics are summarized in Table 1.
Univariate analysis
A univariate analysis was conducted using the Cox proportional hazards model. This analysis showed that the
predictors significantly affecting long-term survival included age, gender, history of variceal bleeding, retransplantation, total bilirubin (TB), international normalized
ratio, AFP, intraoperative blood loss, LT technique (classic
or piggyback), biliary reconstruction pattern and four
HCC LT criteria; the P values of which were all < 0.05.
Constructing MHCAT based on different criteria
The characteristics presented in the plurality and the lowest value was used as the reference group for qualitative
and quantitative data, respectively. In particular, HCC
meeting the indication criteria was used as a reference.
All risk factors that were significant in the univariate
analysis were entered into the Cox proportional hazard
model and the final MHCAT was built using a backward
selection procedure. Intraoperative blood loss, retransplantation and AFP level were common significant predictors for survival of five years in HCC patients after
LT with reference to Milan, UCSF, and Shanghai Fudan
criteria, whereas in MHCAT based on the Hangzhou
criteria, TB, intraoperative blood loss and retransplantation were independent predictors (Table 2). ROC curves
were generated for the MHCAT scoring system (Figure 1).
The area under the ROC curves for MHCAT based on
the Milan, UCSF, Fudan and Hangzhou criteria was 0.818
(95%CI: 0.763-0.872), 0.824 (95%CI: 0.771-0.878), 0.811
(95%CI: 0.755-0.867) and 0.773 (95%CI: 0.711-0.835),
respectively. These high areas under the ROC values, of
which there was no significant difference using the Kruskal and Wallis test (P > 0.05), showed that MHCAT had a
good performance in predicting five-year post-transplant
survival of HCC patients. The MHCAT cut-off value
with reference to the Milan, UCSF, Fudan and Hangzhou
criteria was 1.749 (sensitivity 0.821; specificity 0.320),
1.714 (sensitivity 0.813; specificity 0.300), 1.152 (sensitivity 0.754; specificity 0.250) and 1.295 (sensitivity 0.642;
specificity 0.130), respectively. Patients were divided into
high-risk or low-risk groups according to these four cutoff values. Of 223 HCC cases, the number of cases in
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Table 2 Long-term survival model for hepatocellular carcinoma patients after liver transplantation
Variables

Regression coefficient

Regression coefficient SE

P value

Hazard ratio

95%CI

0.093
0.038
1.429
1.504

0.031
0.009
0.522
0.253

0.003
< 0.001
0.006
< 0.001

1.097
1.039
4.173
4.500

1.032-1.167
1.021-1.057
1.501-11.604
2.741-7.386

0.090
0.038
1.373
1.555

0.031
0.009
0.522
0.242

0.003
< 0.001
0.009
< 0.001

1.094
1.039
3.947
4.737

1.030-1.161
1.022-1.057
1.419-10.976
2.950-7.607

0.091
0.034
1.296
1.361

0.031
0.008
0.523
0.213

0.003
< 0.001
0.013
< 0.001

1.096
1.035
3.654
3.899

1.031-1.165
1.018-1.052
1.311-10.182
2.566-5.924

0.186
0.020
1.312
1.520

0.094
0.010
0.520
0.190

0.049
0.046
0.012
< 0.001

1.204
1.020
3.715
4.570

1.001-1.449
1.000-1.040
1.340-10.295
3.149-6.633

Milan1
AFP (logevalue)
Intraoperative blood loss
Retransplantation
Criteria exceeded
University of California San Francisco2
AFP (logevalue)
Intraoperative blood loss
Retransplantation
Criteria exceeded
Shanghai Fudan3
AFP (logevalue)
Intraoperative blood loss
Retransplantation
Criteria exceeded
Hangzhou4
TB (logevalue)
Intraoperative blood loss
Retransplantation
Criteria exceeded
1

MHCAT (Milan) = 0.093 × LnAFP + 0.038 × IBL + 1.429 × Re (Re = 0 without retransplantation; Re = 1 with retransplantation) + 1.504 × Cri (Cri = 0
within criteria; Cri = 1 exceeding criteria); 2MHCAT (University of California San Francisco) = 0.090 × LnAFP + 0.038*IBL + 1.373 × Re (Re = 0 without
retransplantation; Re = 1 with retransplantation) + 1.555 × Cri (Cri = 0 within criteria; Cri = 1 exceeding criteria); 3MHCAT (Fudan) = 0.091 × LnAFP
+0.034 × IBL + 1.296 × Re (Re = 0 without retransplantation; Re = 1 with retransplantation) + 1.361 × Cri (Cri = 0 within criteria; Cri = 1 exceeding criteria);
4
MHCAT (Hangzhou) = 0.186 × LnTB + 0.020 × IBL + 1.312 × Re (Re = 0 without retransplantation; Re = 1 with retransplantation) + 1.520 × Cri (Cri = 0
within criteria; Cri = 1 exceeding criteria). TB: Total bilirubin; AFP: Alfa-fetoprotein.
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Figure 1 Receiver operating curve for model to predict long-term survival of hepatocellular carcinoma patients after liver transplantation scoring system. A:
Milan criteria; B: University of California San Francisco criteria; C: Shanghai Fudan criteria; D: Hangzhou criteria.
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Figure 2 Survival analysis based on cut-off values for the model to predict long-term survival of hepatocellular carcinoma patients after liver transplantation scoring system (P < 0.01 for all). A: Milan criteria; B: University of California San Francisco criteria; C: Shanghai Fudan criteria; D: Hangzhou criteria.

the low-risk group with reference to MHCAT based on
the Milan, UCSF, Fudan and Hangzhou criteria was 91,
93, 104 and 121, respectively. There were more HCC patients in the low-risk group under the Hangzhou criteria
that under the Milan and UCSF criteria (P < 0.05). Irrespective of the criteria adopted, Kaplan-Meier analysis
showed a significantly higher long-term survival in lowrisk patients compared with high-risk patients (Figure 2,
P < 0.001).

DISCUSSION
Over the past decade, the gap in LT expertise between
developing and developed countries has significantly narrowed. With a total number of LTs of more than 26000
cases, China is now second only to the United States.
However, the five-year survival after LT in China is significantly lower than that in the United States and Europe
(60.5% vs 73.7% and 60.5% vs 73.0%, respectively)[1-3].
However, the difference in survival of patients with benign end-stage liver diseases is smaller: 73.2% in China,
74.1% in America and 73.2% in Europe. A low curative
effect is mainly responsible for the low survival rate of
HCC patients in China as compared with those in the
United States and Europe (49.7% vs 67.5% and 49.7% vs
64.0%, respectively). In China, 65.7% of HCC patients

WJG|www.wjgnet.com

exceeded the Milan criteria before transplantation, which
inevitably adversely affected their long-term survival. A
multicenter evaluation showed that allocation strategies
and different regions could also affect long-term survival
after LT[10]. The MHCAT was built with reference to the
four most representative HCC LT criteria, using accurate
HCC patient data from a single center in China with a
follow-up of at least six years. This model may help clinicians determine which candidates with HCC should
receive LT.
LT produces excellent results in HCC patients within
the Milan criteria. These recipients showed a five-year
survival of up to 70% after LT and HCC recurrence was
lower than 10%[4]. In recent years, some groups have
argued that the Milan criteria are too restrictive and exclude some HCC patients from LT despite the possibility
of benefit. Apart from the four criteria included in our
study, there are many other criteria for HCC LT, such as
the Up-to-Seven criteria, Pittsburgh criteria, and Navarra
criteria[11]. However, we considered that the Milan, UCSF,
Fudan and Hangzhou criteria best represented the HCC
LT criteria. The Milan criteria are now the most widely
accepted criteria, recommended by the European Association for the Study of the Liver and the American
Association for the Study of Liver Diseases. The Milan
criteria are also the basis of other expanded criteria and
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the standard reference in studies related to HCC LT criteria. The UCSF criteria are the first expanded criteria and
the most studied, involving the largest number of HCC
patients. In China, 65.7% of HCC patients exceeded the
Milan criteria before transplantation, which is quite different from the United States and European countries.
Therefore, we believe that it was reasonable to include
criteria based on HCC patients in China in the MHCAT
study. The Fudan criteria were chosen because they were
proposed according to multicenter data. Moreover, the
Hangzhou criteria first included the AFP level and Edmondson staging, which were quite different from other
criteria based on tumor morphology.
Several studies have shown that prognostic factors for
HCC LT include not only tumor load, such as number
of lesions, size and vascular invasion, but also characteristics of the biological activities in the tumor, such as
the level and dynamic change in AFP, tumor progression
after transcatheter arterial chemoembolization, as well as
tumor recurrence after hepatectomy[6,12-14]. Our study on
MHCAT also found that the pre-transplant AFP level
was an independent prognostic factor, and other factors,
such as intraoperative blood loss, retransplantation and
TB, may play critical roles in the long-term survival of
HCC patients. Therefore, the allocation system based on
the model for end-stage liver disease (MELD) has its defects when giving additional priority to HCC patients, as
it cannot take all these factors into account. Consequently, it might give rise to controversy and ethical concerns
when considering the rights of other recipients.
The goal of LT, regardless of the underlying disease,
is to provide liver recipients with the maximum benefit
possible from limited resources of donated organs in
a fair, ethical, and cost-effective manner. Rules for the
distribution of donor organs are closely supervised by all
stakeholders involved in LT. Thus, survival models, especially for HCC patients, which may offset the disadvantages of the MELD scoring system, have been an area of
research focus. A national conference on liver allocation
to patients with HCC in the United States achieved a
general consensus for the development of a calculated
continuous HCC priority scoring system for ranking
HCC candidates on the waiting list[15]. The scoring system
devised by Rana et al[16], in which the most significant
risk factors were previous transplantation and life support before transplant, could accurately predict the threemonth survival following LT. The study by Weismüller
et al[17] found that age, pre-transplant creatinine and cholinesterase were predictors of one-year survival after LT.
Schaubel et al[18] evaluated a benefit-based survival system
for allocating deceased-donor livers to chronic liver failure patients. They recommended that the proposed score
based on the difference in five-year predicted mean lifetime should be used for guiding liver allocation. All the
models discussed above are built on the data obtained
from the entire population of recipients or patients
with benign end-stage liver disease without considering
HCC patients independently. To construct a prediction
model for HCC patients usually requires a long period of
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follow-up work, as HCC patients may survive for a time
even with tumor recurrence. An analysis of rank correlations between benefit scores using different follow-up
time points showed that the favorable time point should
be three years or more[18]. The 2010 International Consensus Conference on LT for HCC accepted five years as
the time point for survival assessment[5]. Thus, all living
recipients in our study were followed for at least six years
after LT, taking full account of the influence of tumor
recurrence on long-term survival.
The UCSF criteria and the Fudan criteria are characteristic of a homogeneous extension of the Milan
criteria boundary. Therefore, MHCAT based on these
three criteria showed identical risk factors, such as AFP
level, intraoperative blood loss and retransplantation.
The Hangzhou criteria are somewhat different from the
above three criteria when AFP is included. However,
intraoperative blood loss and retransplantation were still
significant predictors in MHCAT based on the Hangzhou criteria. The current HCC LT criteria focus more
on morphological rather than biological factors. The
other prognostic factors in MHCAT may reflect the biological characteristics of HCC. A number of studies on
hepatectomy revealed that intraoperative blood loss was
a predictive factor of HCC recurrence and cancer-related
death[19-21]. However, the mechanism of the relationship
between excessive blood loss and poor oncological outcomes has not been clearly identified. Potential reasons
included tumor spillage and hematogenous spread during
surgery, hypoperfusion and impaired oxygen delivery to
vital organs and the introduction of some cytokines due
to hemorrhagic shock. As the reason for retransplantation in our study was HCC recurrence, intraoperative
blood loss and retransplantation in MHCAT may indicate
the effect of circulating tumor cells (CTC) on HCC recurrence and metastasis. More intraoperative blood loss
leads to an elevation in CTC level, whereas CTC homing
in the graft may induce HCC recurrence, especially in the
immunosuppressive state after LT. Therefore, CTC can
serve as a potential icebreaker for HCC biological invasiveness.
In conclusion, we established a criteria-specific model
for predicting long-term survival of HCC patients after
LT, in which intraoperative blood loss, AFP level, retransplantation, TB, together with different indications for LT,
may significantly affect the long-term survival of these
recipients. The limitation of MHCAT lies in the data collected from our sole center, and this survival-prediction
model may be statistically different among the four HCC
LT criteria when it is applied in more centers. Therefore,
MHCAT requires further evaluation in multicenter studies to optimize the current HCC LT criteria, which may
facilitate pre-transplant clinical management, outcome
prediction and decision-making.
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and CK19 in 112 hepatic nodules was studied, including
20 HCCs with nodules ≤ 3 cm, 26 HCCs with nodules > 3
cm, 20 high-grade dysplastic nodules, 26 cirrhotic, large
regenerative nodules and 20 cases of cirrhosis.
RESULTS: Membranes of ductular reaction (DR) hepatobiliary cells, interlobular bile duct and some hepatic
cells were positive for EpCAM expression. Active expression of DR/EpCAM was observed in the majority of
noninvasive nodules (50/66, 75.76%); however, expression was absent in the major area of invasion in HCCs
(42/46, 91.30%). DR/EpCAM loss in HCCs ≤ 3 cm was
higher than in high-grade dysplastic nodules (HGDNs)
(P < 0.05), cirrhotic, large regenerative nodules and
cirrhosis (P < 0.01). Furthermore, patients (20 HCCs
≤ 3 cm, 26 HCCs > 3 cm, 20 HGDNs) with DR/EpCAM
expression had a higher overall survival rate (P < 0.01)
and lower early recurrence rate (P < 0.01). DR/EpCAM
expression showed a close relationship with DR/CK7
and DR/CK19 expression (P < 0.01). The area under
the receiver operating characteristic (ROC) curve of
DR/EpCAM was similar to that of DR/CK7 and DR/CK19
(P > 0.05). The diagnostic specificity and diagnostic accuracy were both increased when DR/EpCAM, DR/CK7
and DR/CK19 were combined (P < 0.01).
CONCLUSION: DR/EpCAM loss may be a useful marker for determining microinvasion in HCCs ≤ 3 cm, but
also for predicting prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To investigate if loss of epithelial cell adhesion
molecule (EpCAM) is associated with microinvasion in
hepatocellular carcinomas (HCCs) in the presence of
chronic hepatitis B.
METHODS: The expression of EpCAM, cytokeratin 7 (CK7)
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Key words: Ductular reaction; Epithelial cell adhesion
molecule; Hepatocellular carcinomas; Small hepatic
nodule; Microinvasion; Differential diagnosis
Core tip: Epithelial cell adhesion molecule (EpCAM) may
be a new marker of ductular reaction (DR) in routine
pathology. We observed the morphological features of
DR/EpCAM in 112 small hepatic nodules and compared
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this with DR/cytokeratin 7 (CK7) and DR/cytokeratin 19
(CK19). The diagnostic value of DR/EpCAM was similar
to DR/CK7 and DR/CK19; however, the diagnostic accuracy and specificity increased when these parameters
were combined. Therefore, DR/EpCAM loss was confirmed to be a useful marker not only for determining
microinvasion in HCCs ≤ 3 cm, but also for predicting
prognosis.
Zhang Q, Zhang CS, Xin Q, Ma Z, Liu GQ, Liu BB, Wang
FM, Gao YT, Du Z. Perinodular ductular reaction/epithelial
cell adhesion molecule loss in small hepatic nodules. World J
Gastroenterol 2014; 20(31): 10908-10915 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10908.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10908

INTRODUCTION
Distinguishing well-differentiated hepatocellular carcinomas (HCCs) from high-grade dysplastic nodules (HGDNs)
or cirrhotic, large regenerative nodules (CLRNs) can be
difficult in patients with small liver nodules. It has been
suggested that invasion is a vital diagnostic feature of
HCCs[1]. The appearance of microinvasion, however,
particularly for the inexperienced liver pathologist without extensive exposure to resected hepatocellular nodules, may be similar to that of regenerative intraseptal
hepatocyte buds. Consequently, new methods to identify
invasion, particularly small foci of invasion, are required.
Intraseptal hepatocyte buds are contiguous with ductular reactions (DRs) which are indicative of regeneration
from intrabiliary progenitors[2,3]. DR is lost in the area of
invasion in HCCs, but abundant in the majority of noninvasive nodules. It is hypothesized that DR immunostaining in small liver nodules may be a useful method for
differential diagnosis. Recent studies of DR/cytokeratin
7 (CK7)[4] and DR/CK19[5,6], have supported this theory.
DR can be expressed as CK7 or CK19; however, the diagnosis of small hepatic nodules remains a dilemma.
Epithelial cell adhesion molecule (EpCAM) is a cell
surface protein expressed in normal epithelia, with the
exception of squamous epithelia, epidermal keratinocytes, gastric parietal cells, myoepithelial cells, thymic
cortical epithelium and hepatocytes[7,8]. Adult hepatocytes are EpCAM negative, with only bile duct epithelium being positive in liver tissue. During the regeneration
and repair of liver tissues associated with focal nodular
hyperplasia and cirrhosis, activation of EpCAM expression was observed, with high expression levels in socalled “ductular proliferations”[9]. The recent discovery
of the expression of EpCAM in hepatocytes in the
presence of chronic hepatitis B, indicates that these cells
are a novel progeny of the hepatobiliary stem/progenitor cell compartment. Furthermore, transit amplifying
DR hepatobiliary cells act as intermediates[4,10]. In other
words, EpCAM-positive cells are associated with the
differentiation of hepatocyte precursors, which are pres-
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ent in the cirrhotic liver, dysplastic nodules or HCCs as
tubular structures[11,12]. Consequently, it was hypothesized
that EpCAM staining surrounding neoplastic nodules
would not only be a marker for DR, but also a diagnostic
method for invasion.
To investigate whether loss of DR/EpCAM is associated with invasion in HCCs in the presence of chronic
hepatitis B and whether the expression of DR/EpCAM
is superior to that of DR/CK7 and DR/CK19, a series
of studies were performed to confirm the diagnostic
value of DR/EpCAM.

MATERIALS AND METHODS
Case selection
The study was approved by the ethics committee of
The Third Central Hospital of Tianjin Medical University. Written informed consent was obtained from each
participant. As mentioned in the 2010 Barcelona Clinic
Liver Cancer (BCLC) approach, it is crucial to make a
diagnosis as early as possible for liver nodules ≤ 3 cm to
achieve higher 5-year survival rates[13]. Small hepatic nodules (≤ 3 cm) diagnosed as HCCs, HGDNs or CLRNs
following resection were selected from archival files. The
size of the liver nodules was determined during surgical
resection and small hepatic nodules were defined as a
single tumor or 2 tumors (all < 3 cm). All patients with
small hepatic nodules were diagnosed as having chronic
hepatitis B, Child-Pugh A liver function and serum
α-fetoprotein (AFP) < 400 ng/mL, and were followed up
for a minimum of 24 mo. Patients with chronic hepatitis
C, alcoholic hepatitis or autoimmune hepatitis and pathologically confirmed cholangiocarcinoma were excluded
from the study. The specimens were selected from the
Department of Pathology in our hospital. The HCCs
with nodules > 3 cm and biopsy-proven cirrhosis (CIR)
tissue on splenectomy for hypersplenism due to cirrhosis,
were selected as the control groups. In total, 112 cases
were assessed during HCC surveillance in hepatitis B
virus-associated liver cirrhosis patients from Jan 1, 2005
to Feb 11, 2010, including 20 HCCs with nodules ≤ 3
cm, 26 HCCs with nodules > 3 cm, 20 HGDNs, 26 CLRNs and 20 cases of cirrhosis. Tumor recurrence was
followed until patient death, or to the end of the study
(Feb 1, 2013) using a serum AFP assay, chest radiography and ultrasound scanning or computed tomography
every 3 mo after surgery. When recurrence was strongly
suspected, selective hepatic angiography and ultrasoundguided biopsy were conducted for definitive diagnosis.
Evaluation of clinical pathology
The pathological features of all small liver nodules were
evaluated by two senior pathologists blinded to patient
clinical information. The criteria for HCC and HGDN
diagnosis were according to the World Health Organisation and International Consensus Group for Hepatocellular Neoplasia guidelines[1,14]. According to the American
Association for the Study of Liver Diseases guidelines[15]
for the management of HCC, serum AFP, abdominal
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Table 1 Postoperative follow-up of patients with hepatocellular carcinoma
and high-grade dysplastic nodules
Group

≤

3 cm, hepatocellular carcinoma with nodule > 3 cm

Follow-up time (mo) Tumor-free survival time (mo) Tumor-free survival rate

HCC > 3 cm
HCC ≤ 3 cm
HGDN

21.7
60.1
41.9

9.0
35.5
35.4

1-yr

3-yr

4/26
18/20
20/20

0/26
7/20
10/20

Early
recurrence

Recurrence
rate

Metastasis
rate

Mortality
rate

18/26
7/20
3/20

20/26
14/20
3/20

3/26
3/20
0/20

20/26
1/20
0/20

HCC: Hepatocellular carcinomas; HGDN: High-grade dysplastic nodules.

ultrasound examination and enhanced computed tomography (CT) or magnetic resonance imaging were used
to diagnose HCC. Liver cirrhosis was diagnosed based
on histological, serological and radiological tests. Small
HCCs and HGDNs were accepted. Patients were followed up for a minimum of 24 mo (Table 1).
Immunohistochemistry
All samples were fixed with neutral 4% formaldehyde
solution and 4 μm thick continuous sections were obtained for Hematoxylin and eosin (HE) staining, reticular
fiber staining and CD34 staining for pathological diagnosis. The categorical diagnostic assignments for each
of the hepatic nodules in this study were determined by
consensus between 2-3 participating pathologists.
Immunohistochemical staining for EpCAM (VU1D9,
Cell Signaling, United States; 1:500), CK7 and CK19
(OV-TL 12/30 and RCK108, Shanghai Biosun Sci &
Tech Co., Ltd, Shanghai, China, Ready-to-Use) was performed according to the manufacturers’ instructions.
Briefly, 4 μm sections from formalin-fixed, paraffinembedded tissue blocks were deparaffinized, rehydrated,
and treated with 3% hydrogen peroxide for 15 min to
inhibit endogenous peroxidase. Following heat-induced
epitope retrieval in 0.1 mol/L of citrate buffer at pH 6.0
in a pressure cooker for 20 min, the slides were incubated with a mouse monoclonal antibody specific for each
protein for 1 h at room temperature. Only CK7 received
trypsinase-induced epitope retrieval. After incubation
with a mouse anti-human secondary antibody, a reaction
was performed using the EnVision plus detection system that contained biotin-free horseradish peroxidaselabeled polymers (Biosun Sci & Tech Co., Ltd). Staining
was visualized using 3,39-diaminobenzidine substratechromogen (DAB) solution and counterstained with
hematoxylin.
The DR of EpCAM, CK7, and CK19 was semiquantified as follows: the ”-” label represents less than 25%
DR positive cells (diffuse loss of DR); the label of “+/-”
represents 26%-75% DR positive cells (focal loss of
DR) and the label of “+” represents more than 76% DR
positive cells (active DR). Cases were evaluated by independent reviewers along with 2 experienced observers.
Statistical analysis
The percentage of DR/EpCAM focal loss (+/-) and
diffuse loss (-) in all HCCs represented the sensitivity,
and the percentage of active DR in non-HCCs repre-
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sented the specificity of immunostaining. The paired
2
χ test and Fisher’s exact test were used for group comparisons. Pearson’s correlation coefficient was used to
determine the relationship between antibodies and clinical data. The receiver operating characteristic (ROC)
curve was plotted for each biomarker. The area under
the ROC curve (AUC) was calculated to compare the
values of DR/EpCAM, CK7 and CK19 as diagnostic
biomarkers. Traditionally, a poorly designed experiment
has an AUC of 0.5, whereas a well-designed experiment
(one that has zero false positives and zero false negatives) has an AUC of 1.0. A Z test was used to compare
between the two groups. A follow-up comparison between the two groups was performed and analyzed with
the independent-samples Student’s t test. The tumor-free
survival time was measured from the date of resection
to the detection of recurrent tumor or the end point
of this study. Recurrent tumor within two years after
surgery was considered early recurrence. The survival
curves were generated by the Kaplan-Meier method and
compared by the log rank test. A P value of < 0.05 was
considered statistically significant. A u test was used to
compare two rates. Statistical analyses were performed
using the SPSS software (Version 16.0; SPSS, Inc., Chicago, IL, United States).

RESULTS
Patients with small HCC nodules were classified as early
stage BCLC, while patients with nodules > 3 cm were
classified as intermediate or advanced BCLC. A total of
112 cases participated in the current study (20 HCCs ≤
3 cm, 26 HCCs > 3 cm, 20 HGNs, 26 CLRNs and 20
CIRs).
The mean age of the 73 male and 39 female patients
was 52.68 years. Patients were followed up for 3 to 90
mo. The follow-up time was shorter than 1 year in patients with HCCs due to mortality. A total of 18 patients
died, including 1 who died of causes unrelated to HCC
or cirrhosis. The death rate, 1-year and 3-year tumorfree survival rate, were significantly different between
patients with HCCs ≤ 3 cm and HCCs > 3 cm (P < 0.01),
and the early recurrence rate was also significantly different between the two groups (P < 0.05). Only the recurrence rate was significantly different between patients
with HCCs ≤ 3 cm and HGDNs (P < 0.01). Twenty-six
cases of CLRN and 20 cases of cirrhosis were followed
up for at least 24 mo (24-77 mo, mean 45.59 mo), and
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A

B

C

D

Figure 1 Immunohistochemistry staining pictures. Diffuse loss of DR/EpCAM in HCC > 3 cm (A, IHC, × 400), a surgical sample of HCC ≤ 3 cm (a moderately differentiated HCC), and the area of foci invasion (black arrow) in HCC ≤ 3 cm; the invasive area showed diffuse loss of DR/EpCAM; but positive on the biliary cells between hepatic lobules (white arrow) (B, IHC, × 400). Active DR/EpCAM was observed in a cirrhotic nodule (C, IHC, × 200), and part of liver cells were EpCAM positive
(circle). DR/EpCAM was focally positive (D, IHC, × 400), and the cells showed features of hepatocyte inside the nodules of HCCs. HCC: Hepatocellular carcinoma;
DR: Ductular reaction; EpCAM: Epithelial cell adhesion molecule; IHC: Immunohistochemistry.

no malignancy was observed.
DR/EpCAM immunohistochemical pattern
EpCAM-immunoreactive DRs were analyzed at the
epithelial-stromal boundaries between the neoplastic tissue and/or paraneoplastic tissue of each nodule. In this
study, EpCAM staining was positive on the membrane
of hepatic cells and biliary cells. There was diffuse loss
of DR/EpCAM in HCCs > 3 cm (Figure 1A). In the
HCC ≤ 3 cm group, there were twelve well differentiated HCCs (Figure 2A) and eight moderately differentiated
HCCs (Figure 1B). The expression of DR was negative
around the HCCs ≤ 3 cm (Figures 1B, 2A, 3), but positive between the dysplastic nodules (Figure 2B, C) and
cirrhotic nodules (Figure 1C). A significant number of
HCCs were positive for EpCAM (Figure 1D) and some
liver cells were EpCAM positive (Figure 1C, circle).
These cells showed spotted or focal staining; however,
the positive cells were located inside neoplastic cells and
not in the boundaries between neoplastic cells.
DR/EpCAM in different clinical groups
Diffuse loss or focal loss of DR/EpCAM was evident
in most HCCs ≤ 3 cm and in HCCs with nodules > 3
cm (42/46, 91.30%). However, only 8, 5 and 3 cases presented with diffuse loss or focal loss of DR/EpCAM in
HGDNs, CLRNs and CIRs, respectively. Therefore, the
positive rate of active DR/EpCAM was 75.76% (50/56)
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in non-invasive hepatic nodules. DR/EpCAM staining
was significantly different between HCCs ≤ 3 cm and
HGDNs (P < 0.05), HCCs ≤ 3 cm and CLRNs or CIRs
(P < 0.01). Specimens from HCCs ≤ 3 cm showed
greater DR/CK19 loss than specimens from HGDNs,
CLRNs and CIRs (all P < 0.01). DR/CK7 loss in HCCs
≤ 3 cm was less than that in HCCs with nodules > 3
cm ( P < 0.05), and more than CLRNs and CIRs (both
P < 0.01). The distribution of DR among the different
groups is listed in Table 2.
DR/EpCAM expression compared with DR/CK7 and
DR/CK19 expression
Semiquantitative analysis of DR/EpCAM expression
showed a significant correlation between DR/CK7 and
DR/CK19 (P < 0.01). The sensitivity of DR/EpCAM
loss, DR/CK7 loss and DR/CK19 loss in all HCCs
(HCCs ≤ 3 cm and HCCs > 3 cm) was 91.30%, 78.26%,
and 89.13%, respectively, and the specificity was 75.76%,
80.30%, and 77.27%, respectively. The ROC curve
showed that the area under the ROC curves of DR/EpCAM loss (0.864) was similar to DR/CK7 loss (0.727),
DR/CK19 loss (0.831) and active GPC3 (0.914) (Z =
1.51, 0.41, and 0.69, respectively; P > 0.05). The diagnostic accuracy of the loss of DR/EpCAM, DR/CK7 and
DR/CK19 was 82.14%, 79.46% and 82.14%, respectively, and the negative predictive value (NPV) was 94.20%,
84.13% and 91.07%, respectively. The results were then
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A1

A2

A3

B1

B2

B3

C1

C2

C3

Figure 2 Immunohistochemistry and hematoxylin-eosin staining pictures. A surgical sample of HCC ≤ 3 cm (a well-differentiated HCC), with pseudogland-like
structure (A1, HE, × 200), and the features of the boundary area of the same nodule (A2, HE, × 200); this area showed diffuse loss of DR/EpCAM (A3, IHC, × 200).
HGDN had an increased cell density, more than 1.5 times higher than the surrounding non-tumoral liver, often with an irregular trabecular pattern (2-3 cells thick),
and small cell dysplasia (B1, HE, × 400). The cirrhotic, large regenerative nodule (CLRN) showed a mild increase in cell density with a monotonous pattern, without
cytologic atypia, although they may have large cell dysplasia (C1, HE, × 400). The features of the boundary area of HGDN (B2, HE, × 200) and CLRN (C2, HE, × 200)
with focal fatty change are shown respectively. Active DR/EpCAM was present in a high-grade dysplastic nodule (B3, IHC, × 200) and a CLRN (C3, IHC, × 200). HCC:
Hepatocellular carcinoma; HGDN: High-grade dysplastic nodule; CLRN: Cirrhotic, large regenerative nodule; DR: Ductular reaction; EpCAM: Epithelial cell adhesion
molecule; IHC: Immunohistochemistry; HE: Hematoxylin-eosin staining.

Table 2 Ductular reaction distribution among different groups
Group
HCC1
HCC2
HGDN
CLRN
CIR

DR/EpCAM

DR/CK7

DR/CK19

-

+/-

+

-

+/-

+

-

+/-

+

17
11
1
0
0

8
6
7
5
3

1
3
12
21
17

13
7
2
0
0

11
5
5
4
2

2
8
13
22
18

16
9
1
0
0

9
7
5
5
4

1
4
14
21
16

HCC1: HCC > 3 cm; HCC2: HCC ≤ 3 cm. HCC: Hepatocellular carcinoma; HGDN: High-grade dysplastic nodules; CLRN: Cirrhotic large regenerative
nodule; CIR: Cirrhosis; DR: Ductular reaction; CK: Cytokeratin.

combined into a new group. If 2 or more results were
positive for DR/EpCAM, DR/CK7 and DR/CK19,
then the tumor was considered to be DR positive. If two
or more results showed focal/diffuse loss of DR/EpCAM, DR/CK7 or DR/CK19, the tumor was considered to be DR negative. Using this method, the sensitiv-
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ity was 91.30%, but the specificity increased to 98.48%.
The specificity of the new group was higher than that
for DR/EpCAM, DR/CK7 or DR/CK19 (u = 3.90,
3.73, and 3.39 respectively; P < 0.01). The area under the
ROC curves of the combined group was 0.924 and was
similar to DR/EpCAM and DR/CK19 (Z = 1.23 and
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Figure 3 Survival analysis of patients with hepatocellular carcinoma ≤ 3 cm (A) and hepatocellular carcinoma with nodules > 3 cm (B) or high-grade dysplastic nodules (C). DR: Ductular reaction; FT: Follow-up time.

1.88, respectively; P > 0.05), but significantly higher than
DR/CK7 (Z = 3.36, P < 0.01). The diagnostic accuracy
of this method was 95.54% and the NPV was 94.20%.
The diagnostic accuracy was increased by this method
(u = 3.18, 3.64, and 3.18, respectively, P < 0.01), but the
NPV was similar to DR/EpCAM and DR/CK19 (u =
0.06, and 0.90, P > 0.05) and higher than DR/CK7 (u =
2.42, P > 0.05).
DR/EpCAM during follow-up
Of 66 patients (20 HCCs ≤ 3 cm, 26 HCCs > 3 cm,
20 HGDNs), 37 (16 DR/EpCAM positive and 21 DR/
EpCAM negative) exhibited tumor recurrence during
the follow-up period. Thirty-two patients had intrahepatic tumor recurrence only, while 6 had extrahepatic
metastasis. Of 16 patients with DR/EpCAM positive
nodules, none showed early recurrence. Of 50 patients
with DR/EpCAM negative nodules, the overall survival
rate and tumor-free survival rate were significantly lower
than those with DR/EpCAM positive nodules (overall
survival rate: χ 2 = 8.285, P = 0.004; tumor-free survival
rate: χ 2 = 14.400, P = 0.000) (P < 0.01) (Figure 3A,
B). The incidence of early recurrence in patients with
DR/EpCAM negative nodules was significantly higher
than in those with DR/EpCAM positive nodules (χ 2 =
10.773, P = 0.001) (P < 0.01) (Figure 3C).
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DISCUSSION
The most proximal branches of the biliary tree (i.e., the
canals of Hering and ductules) comprise, or at least harbor, facultative hepatic stem cells[2,3]. These intraseptal
hepatocytes most likely represent buds of newly formed
hepatocytes arising from branches of the biliary tree[3]. It
was previously demonstrated that DR is a sign of newly
regenerating hepatocytes in chronic hepatitis B, and
therefore did not develop from either biliary metaplasia
of malignant hepatocytes, or from the outgrowth of
biliary cells[4]. The absence of DR is a useful marker for
characterizing the areas of microinvasion in HCCs ≤ 3
cm[4,5], especially for HCCs in the presence of chronic
hepatitis B cirrhosis. Based on this understanding, the
loss of DR/EpCAM is also helpful in defining microinvasion and distinguishing HCC ≤ 3 cm from other
hepatic nodules.
The results from the current study confirm that DR/
EpCAM underwent focal or diffuse loss in the majority
of invasive hepatocellular nodules (HCCs ≤ 3 cm and
HCCs > 3 cm), showing an overtly invasive phenotype.
The loss of DR/EpCAM was associated with the areas
of morphologically identified microinvasion, whereas
noninvasive areas showed abundant DR/EpCAM expression at hepatocellular-stromal boundaries in the
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same tissue section. In contrast, DR/EpCAM expression was evident in the majority of noninvasive nodules,
such as HGDNs, CLRNs and cirrhotic nodules. The
degree of DR/EpCAM loss differed between HCCs ≤
3 cm and HGDNs, indicating that DR/EpCAM may
be absent in the small foci of invasive areas around
cancerous nodules. The absence of DR/EpCAM in the
foci of invasion suggests that immunostaining for these
structures may be a useful diagnostic tool and may assist
pathologists in identifying the appearance of the histologic lesion. These results are in accord with the study
of CK19 expression. Perinodular CK19 loss was consistently observed in HCCs and the altered expression of
CK19 in cirrhotic nodules, dysplastic nodules and HCCs
was an underlying mechanism for the reproducible extralesional CK19 pattern that paralleled progressive stages of intranodular hepatocarcinogenesis[5]. Results from
the current study showed that EpCAM was expressed in
both proliferating bile ducts and interlobular bile ducts.
A considerable overlap between DR/EpCAM and both
DR/CK7 and DR/CK19 was observed. However, when
DR/EpCAM was combined with DR/CK7 and DR/
CK19, the diagnostic accuracy and diagnostic specificity
were significantly increased.
EpCAM was originally identified as a marker of
carcinoma, attributable to its high expression in rapidly
proliferating tumors of epithelial origin[16]. EpCAM positive HCCs were a subset of cells with cancer stem cell
features[12], which was similar to CK19[17]. However, the
positive expression of EpCAM and CK19 in tumor cells
was low in HCCs[5,12]. Therefore, only the morphological features of EpCAM, CK7 and CK19 positive HCCs
were observed, and these cells showed spotted or focal
staining in neoplastic cells, but not in the boundaries
between neoplastic cells. The morphological features
and the distribution of these positive cells were different from the cells of DR. This characteristic of HCCs
did not result in an adverse effect on the role of DR as a
marker of EpCAM, CK7 and CK19.
Moreover, patients with active DR/EpCAM nodules
(in HGDNs, HCCs ≤ 3 cm and HCCs > 3 cm) had a
better prognosis, including a higher overall survival rate,
1-year and 3-year tumor-free survival rate, and lower
early recurrence rate. Consequently, the loss of DR/EpCAM had a close relationship with invasive HCCs and
predicted an increased incidence of recurrence, regardless of HCCs ≤ 3 cm or HCCs > 3 cm.
In conclusion, DR loss is an important feature of the
epithelial-stromal compartment in the malignant progression of HCCs with cirrhosis. DR/EpCAM expression may be used as a diagnostic marker. The histological
pattern of stromal invasion and altered expression of
DR/EpCAM at epithelial-stromal boundaries was determined by DR immunostaining. In particular, the differential diagnosis of HCCs ≤ 3 cm and HGDNs may
improve diagnostic confidence in pathologists faced with
the spectrum of lesions which occur in small hepatocellular nodules. In addition, the loss of DR/EpCAM is
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associated with increased invasiveness of HCC and poor
prognosis.
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Background

Distinguishing a well-differentiated hepatocellular carcinoma (HCC) from highgrade dysplastic nodules (HGDNs) or cirrhotic, large regenerative nodules
can be difficult in patients with small liver nodules. It has been suggested
that invasion is a vital diagnostic feature of HCC. However, the appearance
of microinvasion, particularly for the inexperienced liver pathologist without
extensive exposure to resected hepatocellular nodules, may be similar to that
of regenerative intraseptal hepatocyte buds. Thus, new methods to identify
invasion, particularly small foci of invasion, are required. These intraseptal hepatocyte buds are contiguous with ductular reactions (DRs) which are indicative
of regeneration from intrabiliary progenitors. DR is lost in the area of invasion
in HCCs, whilst abundant in the majority of noninvasive nodules. It is hypothesized that DR immunostaining in small liver nodules may be a useful method for
differential diagnosis. Recent studies of DR/cytokeratin 7 (CK7) and DR/CK19,
have supported this theory. DR can be expressed as CK7 or CK19, however,
the diagnosis of small hepatic nodules remains a dilemma.

Research frontiers

Epithelial cell adhesion molecule (EpCAM) positive cells are associated with the
differentiation of hepatocyte precursors, which are present in the cirrhotic liver,
dysplastic nodules or HCCs as tubular structures. Consequently, it was hypothesized that EpCAM staining surrounding the neoplastic nodules would not only
be a marker for DR, but also a diagnostic method for invasion recognition.

Innovations and breakthroughs

The authors observed the morphological features of DR/EpCAM in 112 small
hepatic nodules and compared these with DR/CK7 and DR/CK19. It has been
proved that the diagnostic value of DR/EpCAM was similar to DR/CK7 and DR/
CK19, but the diagnostic specificity was increased by the combination of DR/
CK7 and DR/CK19. Furthermore, DR/EpCAM loss may predict poor prognosis.

Applications

This study provides new knowledge on the differential diagnosis of small liver
nodules and may be useful for daily routine work in pathology. The study results suggest that DR/EpCAM loss may be a new useful marker not only for
recognizing microinvasion in small HCCs, but also for differentiating HCCs with
nodules ≤ 3 cm from HGDNs.

Peer review

This is a very interesting report. A lot of hard work was done and new information was added to our knowledge. The paper was written very well and provided
a set practical procedure for daily routine work. This study can be a guiding
method for the differential diagnosis among different liver nodular lesions with
their immunohistochemical features.
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values ≥ 1.70 mg/L had 80% sensitivity, 53% specificity, 66% positive predictive value, and 69% negative
predictive value for CD patients. Mean B2-M values
were significantly higher in ulcerative colitis and Crohn’
s disease patients than in healthy controls (UC 2.41
± 0.87 vs 1.71 ± 0.44, P = 0.002; CD 2.24 ± 1.01 vs
1.71 ± 0.44, P = 0.033). Also, mean B2-M values were
significantly higher in active disease when compared to
patients in remission (UC 2.66 ± 0.92 vs 1.88 ± 0.41,
P = 0.004; CD 2.50 ± 1.15 vs 1.73 ± 0.31, P = 0.033).
The difference between groups (UC and CD) in terms
of serum B2-M levels was statistically insignificant (2.41
± 0.87 vs 2.24 ± 1.01, P > 0.05 respectively).
CONCLUSION: Serum B2-M levels may be used as an
activity parameter in IBD.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To investigate the diagnostic utility of beta 2 microglobulin (B2-M) levels and analyze this correlation
with the activity of inflammatory bowel disease (IBD).

Key words: Beta 2 microglobulin; Ulcerative colitis; Crohn
disease; Inflammatory bowel disease

METHODS: Overall, 78 IBD patients and 30 healthy
controls were enrolled in the study. We examined B2-M
serum levels in 43 ulcerative colitis (UC) patients, 35
with Crohn’s disease (CD) and 30 control subjects, using an enzymatic method. Patients were divided into
two groups according to two disease types: active
and in remission. Subjects were also divided into two
subgroups according to extent of the disease: left-side
and pancolitis for UC and ileitis and ileocolitis for CD.
All groups were compared for mean serum B2-M levels
and also examined to see whether there was a correlation between serum B2-M levels and other inflammatory markers.
RESULTS: The mean serum B2-M levels in the control
group, UC and CD were 1.71, 2.41 and 2.24 respectively. B2-M values ≥ 1.96 mg/L had a 62% sensitivity,
76% specificity, a 79% positive predictive value, and
a 58% negative predictive value for UC patients. B2-M
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Core tip: Endoscopy has been the gold standard for
diagnosing and following patients with inflammatory
bowel disease (IBD). However, it is still an expensive
and invasive method. Beta 2 microglobulin levels of intestinal inflammation represent an easy, non-invasive,
cheap and objective diagnostic biomarker for active IBD.
Yılmaz B, Köklü S, Yüksel O, Arslan S. Serum beta 2-microglobulin
as a biomarker in inflammatory bowel disease. World J Gastroenterol
2014; 20(31): 10916-10920 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i31/10916.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i31.10916

INTRODUCTION
Inflammatory bowel diseases (IBD) are characterized
by idiopathic and chronic inflammation of the intestinal
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tract and consist of ulcerative colitis (UC), Crohn’s disease (CD) and indeterminate colitis. Disease activity in
IBD is determined using both direct and non-invasive
laboratory markers. However, endoscopic examination
is still the gold-standard diagnostic test, even though it
is invasive and expensive[1,2]. Laboratory markers such
as C reactive protein (CRP), erythrocyte sedimentation rate (ESR), white blood count (WBC) and platelet
count, albumin, fecal calprotectin and acid glycoprotein
(orosomucoid) have been investigated in IBD with different aims including diagnosis, disease activity, response
to therapy, and estimate of relapse with a wide range
of sensitivity and specificity[3-6]. Unfortunately, an ideal
marker for IBD that is easy, cheap, rapid to perform, disease specific, and having prognostic merit against relapse
or recurrence of the disease has not yet been identified[7].
Beta 2 microglobulin (B2-M) is a low-molecular-weight
protein released by activated T and B lymphocytes. The
estimated half-lifetime is short (2 h)[8]. B2-M has been
shown to increase in several inflammatory and hematologic disorders, such as systemic lupus erythematosus
(SLE), acquired immunodeficiency syndrome, multiple
myeloma, lymphoma and leukemia[9-12]. To our knowledge, only a few studies have investigated B2-M in IBD,
and the results are conflicting[13-16]. The aim of the present study is to evaluate B2-M levels in patients with UC
and CD and to compare their validity with the other
tests used in clinical practice.

MATERIALS AND METHODS
Patients
A total of 108 subjects were included in the study. Seventy-eight patients had IBD (43 UC and 35 CD patients).
The diagnosis of IBD was based on standard clinical,
radiological, endoscopic and histological criteria. All enrolled IBD patients had normal renal function and had no
other disease that could influence serum levels of B2-M.
IBD patients and the control group were tested for
complete blood count, ESR, CRP and albumin at the
time of entry. All IBD patients underwent a total colonoscopic examination. The terminal ileum was also
examined in patients with CD. All IBD patients were
divided into two groups according to disease activity:
either active or in remission. Patients were also divided
into two subgroups according to the extent of the disease: left and extensive for UC, or ileitis and ileocolitis
for CD. On the initial examination, two patients had
proctitis and these were included in the left-sided group
for comparison. All groups were compared for mean serum β2M levels.
The extent of UC was classified according to the
Montreal classification[17]. Involvement up to the splenic
flexure was defined as left-sided colitis, and disease extension to the proximal part of the splenic flexura was
defined as extensive UC. Clinical disease activity was
evaluated using a modified Truelove-Witts severity index
(MTWSI). Clinically active disease was defined as having
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an estimated MTWSI score of 4 or higher; patients with
a score lower than 4 were considered to be in remission
(inactive)[18]. The disease activities of CD patients were
classified according to the Harvey-Bradshaw index[19].
β2M assay
In the ADVIA 2400 Chemistry B2-M assay, a sample
is diluted and reacted with a buffer that contains latex
particles coated with an antibody specific for B2-M. The
formation of the antibody-antigen complex during the
reaction results in an increase in turbidity, the extent of
which is measured as the amount of light adsorbed at
545 nm. The B2-M concentration in a sample is determined by constructing a standard curve from the absorbance of a reagent blank and a single-level calibrator.
Blood samples were collected from a peripheral vein
after an overnight fast and were subjected to centrifugation at the speed of 3000 revolutions per minute for 10
min at 4 ℃, to obtain serum. All blood samples were
stored at -20 ℃ immediately after separation from peripheral blood prior to analysis.
Statistical analysis
Data analysis was performed using the Statistical Package for Social Sciences (SPSS) version 13 software (SPSS
Inc., Chicago, IL, United States). Values are presented in
the study as mean ± sd. Continuous variables were analyzed using unpaired Student t tests or a 1-way analysis
of variance. χ 2 analysis was used for categorical variables.
The Pearson correlation coefficient was utilized to analyze the correlation between B2-M and other markers.
The sensitivity and specificity of B2-M, CRP, ESR and
WBC levels for the evaluation of patients were calculated with various cut-off ranges, and the receiver operating characteristic (ROC) curves were drawn. A “P” value
of less than 0.05 was considered statistically significant.

RESULTS
The demographic and clinical characteristics of patients and control subjects are summarized in Table 1.
Gender and age were comparable for IBD patients and
the control group. The mean serum B2-M levels in the
control group, UC and CD were 1.71, 2.41, and 2.24 respectively. Mean B2-M and ESR values were significantly
higher in UC and CD patients than in healthy controls.
The difference between groups (UC and CD) in terms
of serum B2-M, ESR and albumin levels was statistically
insignificant. Mean albumin and hemoglobin values were
significantly lower in UC and CD patients than controls.
Mean CRP and WBC levels were statistically insignificant in comparing patients and controls (Table 1). No
correlation was found between B2-M and other inflammation markers for UC patients (CRP: r = 0.281, P =
0.079, ESR: r = 0.14, P = 0.383, WBC: r = 0.222, P =
0.162). However, there was a correlation for B2-M with
CRP and ESR for CD patients (CRP: r = 0.79, P = 0.001,
ESR: r = 0.76, P = 0.001).
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Table 1 Demographic characteristics and comparison of serum Beta 2 microglobulin levels with other laboratory markers between
patients and controls n (%)

Mean age
Gender (F/M)
Duration (yr)
Inactive/active
Disease location
B2-M

CRP
ESR

WBC (× 103)
Albumin

P value

Controls

UC

CD

n = 30

n = 43

n = 35

38.90 ± 11.05
18 (60)/12 (40)

38.28 ± 13.15
19 (54)/16 (46)
4.50 ± 3.70
12 (34)/23 (66)
Ileal type 24 (69)
Ileocolonic 11 (31)
2.24 ± 1.01

0.254
0.188
0.729

1.71 ± 0.44

42.72 ± 13.52
17 (40)/26 (60)
5.04 ± 5.81
14 (33)/29 (67)
Left type 29 (67)
Extensive 14 (33)
2.41 ± 0.87

0.57 ± 0.83
10.18 ± 11.31

1.82 ± 2.94
21.21 ± 18.37

1.59 ± 2.79
22.76 ± 22.81

0.188
0.021

7.09 ± 1.75
4.43 ± 0.24

7.52 ± 2.84
4.00 ± 0.62

7.48 ± 3.91
4.05 ± 0.63

0.190
0.005

UC vs C 0.002
CD vs C 0.033
UC vs CD 0.642

0.002

UC vs C 0.047
CD vs C 0.026
UC vs CD 0.931
UC vs C 0.006
CD vs C 0.023
UC vs CD 0.916

Data are expressed as absolute numbers (percentage), mean ± SD or median (interquartile range). UC : Ulcerative colitis; CD : Crohn Disease; F: Female; M:
Male; B2-M: Beta 2 microglobulin; CRP: C reactive protein; WBC: White blood count; C: Control; ESR: Erythrocyte sedimentation rate.

Table 2 Overall accuracy and receiver operating characteristic analyses of beta 2 microglobulin and other inflammation markers to
differentiate active from inactive ulcerative colitis

B2-M (cut off: 2.02)
CRP (cut off: 0.55)
WBC (× 103)
(cut off: 6.50)
ESR (cut off: 14.5)

AUC

Sensitivity (%)

Specificity (%)

NPV (%)

PPV (%)

0.757
0.731
0.656

79.3
67.9
72.4

78.6
75.0
58.3

88.5
86.4
80.8

64.7
50.0
46.7

0.677

69.0

58.3

80.0

43.8

AUC: Area under the curve; B2-M: Beta 2 microglobulin; CRP: C reactive protein; WBC: White blood count; ESR: Erythrocyte sedimentation rate; NPV:
Negative predictive value; PPV: Positive predictive value.

Table 3 Comparison of serum beta 2 microglobulin levels
with other laboratory markers between active and inactive
ulcerative colitis patients

B2-M
CRP
ESR
WBC (× 103)
Albumin

Inactive CD
n = 14
1.88 ± 0.41
0.41 ± 0.27
14.00 ± 7.85
6.41 ± 1.47
3.99 ± 0.50

Active CD
n = 29
2.66 ± 0.92
2.43 ± 3.34
24.20 ± 20.65
7.96 ± 3.16
4.01 ± 0.67

Table 4 Comparison of serum beta 2 microglobulin levels
with other laboratory markers between active and inactive
Crohn’s disease patients

P value
0.004
0.046
0.106
0.119
0.948

B2-M
CRP
ESR
WBC (× 103)
Albumin

Inactive CD
n = 12

active CD
n = 23

P value

1.73 ± 0.31
0.24 ± 0.12
11.45 ± 11.21
7.81 ± 2.28
4.50 ± 0.42

2.50 ± 1.15
2.23 ± 3.22
28.17 ± 25.08
7.33 ± 4.53
3.83 ± 0.60

0.033
0.050
0.044
0.742
0.002

B2-M: Beta 2 microglobulin; CRP: C reactive protein; WBC: White blood
count; ESR: Erythrocyte sedimentation rate.

CD: Crohn’s disease; B2-M: Beta 2 microglobulin: CRP: C reactive protein;
ESR: Erythrocyte sedimentation rate; WBC: White blood count.

Ulcerative colitis
B2-M values ≥ 1.96 mg/L had a 62% sensitivity, 76%
specificity, a 79% positive predictive value (PPV), and a
58% negative predictive value (NPV) for UC patients.
ROC curve analysis suggested that the optimum B2-M
cut-off point for active UC was 2.02 mg/L, with a sensitivity, specificity, PPV, and NPV of 79%, 78%, 88%, and
64% respectively (Table 2). The same analyses for other
inflammation markers are summarized in Table 2. Serum

B2-M and CRP levels of the active UC patients were
significantly higher than those of inactive patients (Table
3). There was not a significant correlation between B2-M
levels and other inflammatory markers in patients with
UC. Fourteen patients were classified as having pancolitis and 29 patients as having left-sided pancolitis, according to endoscopic examination upon study entry. There
was no significant difference between B2-M and UC
extension (P = 0.694).
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Table 5 Overall accuracy and receiver operating characteristic analyses of beta 2 microglobulin and other inflammation markers between active and inactive ulcerative colitis patients

B2-M (Cut off: 1.84)
CRP (Cut off: 0.35)
WBC (× 103)
(Cut off: 6.80)
ESR (Cut off: 13.5)

AUC

Sensitivity (%)

Specificity (%)

NPV (%)

PPV (%)

0.828
0.903
0.379

78.3
78.3
47.8

75.0
81.8
56.5

85.7
90.0
68.8

64.3
64.3
33.3

0.761

78.3

72.7

85.7

61.5

AUC: Area under the curve; B2-M: Beta 2 microglobulin; CRP: C reactive protein; WBC: White blood count; ESR: Erythrocyte sedimentation rate; NPV:
Negative predictive value; PPV: Positive predictive value.

Crohn’s disease
B2-M values ≥ 1.70 mg/L had 80% sensitivity, 53%
specificity, 66% PPV, and 69% NPV for CD patients.
Serum B2-M, CRP, and ESR levels of the active CD
patients were significantly higher than those of inactive
patients (Table 4). ROC curve analysis suggested that
the optimum B2-M cutoff point for active CD was 1.84
mg/L, with a sensitivity, specificity, PPV, and NPV of
78%, 75%, 86%, and 64% respectively (table 5). B2-M
levels were correlated with CRP, ESR, PLT, and age in
patients with CD, but not with WBC and disease duration. Twelve patients were classified with the ileal type
and 23 patients with the ileocolonic type, according to
endoscopic examination upon study entry. There was no
significant difference between B2-M and CD location (P
= 0.165).

DISCUSSION
The clinical courses of UC and CD are characterized by
exacerbations and remissions, which occur spontaneously or in response to medical treatment[20-23]. Disease
flares occur in an indiscriminate way and are mostly
unpredictable. Inflammatory markers have been investigated in IBD for diagnosis, disease activity and prediction of relapse. As an inflammatory marker, B2-M has
been investigated in patients with IBD in several studies.
However, the results were conflicting and not all authors
were able to confirm a correlation.
Among the laboratory markers used in IBD practice,
CRP is the most studied and the most popular one. It is
accepted as a good predictor of disease activity in IBD.
However, the CRP assay correlates better for CD than
for UC[4,24,25]. Other laboratory markers, including WBC,
platelets, albumin, sialic acid, orosomucoid, fibrinogen,
lactoferrin and serum amyloid have variable associations with the disease activity of IBD. Similarly, we also
detected a positive correlation between CRP and disease
activity in the present study.
A recent study by Zissis et al[13] investigated B2-M serum levels in 87 UC patients, 74 with CD and 68 healthy
control subjects. Twenty two (90%) of the severe CD
patients were found to have elevated serum B2-M levels.
B2-M levels were significantly higher in all CD patients.
However, such a correlation could not be assessed in UC
patients. The researchers claimed that B2-M serum levels
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could prove to be a useful marker in assessing the activity, severity, extent of CD, and treatment efficacy.
To investigate the clinical significance of B2-M in
other inflammatory diseases, Kim et al[26] searched for
B2-M in the serum of 100 SLE patients and found a
positive correlation between B2-M serum levels and disease activity. Aygündüz et al[27] investigated the relative
efficiency of B2-M levels as a marker of disease activity
in 43 patients with Behçet’s disease. In that study, serum
B2-M levels could be regarded as a discriminative marker
of activation in Behçet’s disease.
Searching Pubmed for relevant studies, we did not
find a positive correlation between B2-M serum levels
and UC activity. In the present study, we demonstrated
that active IBD patients had elevated serum B2-M levels in comparison with inactive patients and the control group. Serum B2-M activity had higher sensitivity,
specificity, and predictive values in active IBD patients.
Increased B2-M activity in patients with active IBD may
support the role of activated macrophages and T-lymphocytes in the disease pathophysiology.
In summary, our study demonstrates that in patients
with IBD, serum B2-M level is associated with active
disease. B2-M level may be considered a useful marker
of IBD and could be a potential indicator of disease
activation. B2-M serum level provides additional data to
supplement existing markers such as CRP and ESR.
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Abstract
AIM: To describe an optimal route to the Braun anastomosis including the use of retrieval-balloon-assisted
enterography.
METHODS: Patients who received a Billroth Ⅱ gastroenterostomy (n = 109) and a Billroth Ⅱ gastroenterostomy
with Braun anastomosis (n = 20) between January 2009
and May 2013 were analyzed in this study. Endoscopic ret-
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rograde cholangiopancreatography (ERCP) was performed
under fluoroscopic control using a total length of 120 cm
oblique-viewing duodenoscope with a 3.7-mm diameter
working channel. For this procedure, we used a triplelumen retrieval balloon catheter in which a 0.035-inch
guidewire could be inserted into the “open-channel”
guidewire lumen while the balloon could be simultaneously injected and inflated through the other 2 lumens.
RESULTS: For the patients with Billroth Ⅱ gastroenterostomy and Braun anastomosis, successful access to
the papilla was gained in 17 patients (85%) and there
was therapeutic success in 16 patients (80%). One
patient had afferent loop perforation, but postoperative bleeding did not occur. For Billroth Ⅱ gastroenterostomy, there was failure in accessing the papilla in 15
patients (13.8%). ERCP was unsuccessful because of
tumor infiltration (6 patients), a long afferent loop (9
patients), and cannulation failure (4 patients). The papilla was successfully accessed in 94 patients (86.2%),
and there was therapeutic success in 90 patients
(82.6%). Afferent loop perforation did not occur in any
of these patients. One patient had hemorrhage 2 h after ERCP, which was successfully managed with conservative treatment.
CONCLUSION: Retrieval-balloon-assisted enterography along an optimal route may improve the ERCP success rate after Billroth Ⅱ gastroenterostomy and Braun
anastomosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Retrieval-balloon-assisted enterography; Billroth Ⅱ gastroenterostomy; Braun anastomosis; Optimal
enterography route; Gastrojejunal anastomosis; Efferent
loop; Endoscopic retrograde cholangiopancreatography;
Duodenoscope; Enterography success rate; Therapeutic
success rate

10921

August 21, 2014|Volume 20|Issue 31|

Wu WG et al . Retrieval-balloon-assisted enterography for ERCP

Core tip: For patients with a Billroth Ⅱ gastroenterostomy, endoscopic retrograde cholangiopancreatography
(ERCP) is difficult because of altered anatomy, and the
success rate decreases for those with Braun anastomosis. ERCP failure in such patients is caused by difficulties
in entering the afferent loop and accessing the papilla.
We reported the use of a wire-guided retrieval balloon
to remove common bile duct stones and facilitate endoscope insertion for successful ERCP in post-gastrointestinal surgery patients. We termed the procedure
“retrieval-balloon-assisted enterography”. We believe
that retrieval-balloon-assisted enterography along the
optimal route may improve the ERCP success rate after
Billroth Ⅱ gastroenterostomy and Braun anastomosis.
Wu WG, Zhang WJ, Gu J, Zhao MN, Zhuang M, Tao YJ, Liu
YB, Wang XF. Retrieval-balloon-assisted enterography for ERCP
after Billroth Ⅱ gastroenterostomy and Braun anastomosis. World
J Gastroenterol 2014; 20(31): 10921-10926 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i31/10921.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i31.10921

INTRODUCTION
Endoscopic retrograde cholangiopancreatography (ERCP)
is very useful in pancreaticobiliary disease management
in patients with a normal anatomy and surgically altered
anatomy. For patients with Billroth Ⅱ gastroenterostomy,
ERCP is difficult because of the altered anatomy, and the
success rate decreases for those with Braun anastomosis.
The success rate was reported to be 83% for simple Billroth Ⅱ gastroenterostomy but only 29% in patients with
a Billroth Ⅱ gastroenterostomy and an additional Braun
anastomosis[1]. ERCP failure in such patients was caused
by difficulties in entering the afferent loop and accessing
the papilla[2-4]. Recently, we reported the use of a wireguided retrieval balloon to remove common bile duct
stones and facilitate endoscope insertion for successful
ERCP in post-gastrointestinal surgery patients[5,6]. We
termed the procedure “retrieval-balloon-assisted enterography”. In this retrospective study, we aimed to describe
endoscope insertion technique for patients with a Billroth
Ⅱ gastroenterostomy and Braun anastomosis.
An institutional review board-approved retrospective
analysis was performed at the Department of General
Surgery, Xinhua Hospital, School of Medicine, Shanghai
Jiao Tong University. In this study, we included patients
who underwent Billroth Ⅱ gastroenterostomy and Braun
anastomosis for therapeutic biliary interventions between
January 2009 and May 2013 in the ERCP unit in the Department of General Surgery. During this period, 2994
ERCP procedures were performed. Patients who had
normal anatomy and other surgically altered anatomy
were excluded from the study. The study included 109
patients who had a Billroth Ⅱ gastroenterostomy and 20
patients who had a Billroth Ⅱ gastroenterostomy with
Braun anastomosis.
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Upper entrance

Lower entrance

Figure 1 Gastrojejunal anastomosis is detected at the distal end of the
stomach, and 2 stomal openings corresponding to an end-to-side anastomosis can be identified endoscopically. If the efferent loop was constructed
at the greater curvature of the stomach in the previous surgery, the “lower entrance” is the entrance to the right efferent loop.

MATERIALS AND METHODS
Endoscopic procedures
The procedure was performed with the patient under
pharyngeal anesthesia, and sedation with an intramuscular injection of 10 mg diazepam. All the patients received
oxygen and were monitored by electrocardiography and
pulse oximetry. The patient was placed in the prone position. ERCP was performed under fluoroscopic control
using a total length of 120 cm oblique-viewing duodenoscope with a diameter of 3.7 mm working channel
(Olympus V260, Olympus Medical Systems, Tokyo, Japan). For this procedure, we used a triple-lumen retrieval
balloon catheter (Extractor Pro RX retrieval balloon
catheter, Boston Scientific, Shanghai, China) in which a
0.035-inch (0.089 mm) guidewire could be inserted into
the “open-channel” guidewire lumen while the balloon
could be simultaneously injected and inflated through the
other 2 lumens.
In our technique, we first review the patient’s previous surgical records, which most often indicate that the
efferent loop is at the greater curvature of the stomach.
The solution is to extend the duodenoscope along the
greater stomach curvature until the gastrojejunal anastomosis becomes visible, from which perspective the “lower
entrance” is the correct efferent loop (Figure 1). The
efferent loop is a better entrance for the duodenoscope
because it is less angulated than the afferent loop. In
such cases, our solution is to extend the duodenoscope
along the efferent loop until the Braun anastomosis becomes visible. Three stomal openings can be visualized
endoscopically, but identifying the correct entrance is a
major challenge (Figure 2). The “middle entrance” is the
entrance to the loop that can be used to reach the papilla
of Vater when the endoscope is advanced from the efferent loop and is unique irrespective of the endoscopic approach used. The endoscope tip appears to be located in
the difficult-to-negotiate portion when all 3 stomal openings are visible at the Braun anastomosis site; thereafter,
we insert the guidewire of the retrieval balloon catheter
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Upper entrance
Duodenal stump

Middle entrance
Lower entrance

Figure 2 Three stomal openings can be identified endoscopically at the
site of the Braun anastomosis, and the “middle entrance” leads to the appropriate loop to reach the papilla of Vater. The “middle entrance” is unique
irrespective of the endoscopic approach used.

Figure 4 Retrieval-balloon-assisted enterography. A catheter is advanced
into the middle limb and contrast injected into the loop to confirm that the limb is
the duodenal stump.

Major papilla

The retrieval-balloon catheter

Figure 3 We inserted the guidewire of retrieval balloon catheter to the
“middle entrance”, and the retrieval balloon catheter is inserted over the
guidewire.

through the “middle entrance” and then insert the retrieval balloon catheter over the guidewire (Figure 3). The
balloon is hooked to the duodenal limb which is inflated.
The retrieval balloon catheter can be used to explore the
limb tract by injecting a contrast medium through the
catheter under radiography and then confirming whether
the limb is a duodenal stump (Figure 4). By laying it
on the duodenal stump as a guide, the retrieval-balloon
catheter could also be used to prevent the duodenoscope
from sliding out of the right limb into another limb upon
forward motion. After successful access to the right limb
is achieved, the retrieval balloon is visible within the tract
ahead, instead of emerging from it. While the retrievalballoon catheter is strongly retracted into the working
channel to allow the scope to advance, the endoscope is
then propelled slightly forward to the major papilla (Figure
5).

RESULTS
The study group included 109 patients who had a simple
Billroth Ⅱ gastroenterostomy (102 male, 21 female; mean
age, 69.4 years; age range, 47-90 years) and 20 patients
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Figure 5 Endoscope is then propelled slightly forward, while at the same
time the retrieval-balloon catheter is strongly retracted into the working
channel to allow the scope to advance. Then, the endoscope is straightened
and advanced to the major papilla.

who underwent Billroth Ⅱ gastroenterostomy and Braun
anastomosis (16 male, 4 female; mean age, 72.4 years;
age range, 55-86 years). Table 1 summarizes the demographic and clinical characteristics of the patients and the
interventions they received. ERCP was unsuccessful in
3 patients because of failure to access the papilla due to
the presence of a long afferent loop, and the procedure
was unsuccessful in 1 patient because of cannulation
failure as the papilla of Vater could not be located in the
duodenal stump. The papilla was successfully reached in
17 patients (85%), and there was therapeutic success in
16 patients (80%). One patient had afferent loop perforation, underwent laparotomy, and was discharged 2 wk
later. Postoperative bleeding did not occur.
For Billroth Ⅱ gastroenterostomy, there was failure
in accessing the papilla in 15 patients (13.8%). ERCP was
unsuccessful because of tumor infiltration (6 patients),
a long afferent loop (9 patients), and cannulation failure
(4 patients). The papilla was successfully accessed in 94
patients (86.2%), and there was therapeutic success in 90
patients (82.6%). Afferent loop perforation did not occur
in any of these patients. One patient had hemorrhage 2
h after ERCP, which was successfully managed with con-

10923

August 21, 2014|Volume 20|Issue 31|

Wu WG et al . Retrieval-balloon-assisted enterography for ERCP
Table 1 Demographic and clinical characteristics of the patients 20 patients who had a Billroth Ⅱ gastroenterostomy and Braun
anastomosis
Cases

Sex

Age (yr)

Previous surgery

Indication

Enterography success

Cannulation success

Intervention

1
2
3
4
5
6

M
M
M
M
M
M

61
83
77
86
72
63

Cholangitis, CBD stone
Cholangitis, CBD stone
Jaundice, cholestasis
Cholangitis, CBD stone
Cholangitis, CBD stone
Cholangitis, CBD stone

Yes
Yes
Yes
Yes
Yes
No

Yes
No
Yes
Yes
Yes
/

Stone extraction
/
Stone extraction
Drainage (stent)
Stone extraction
/

7
8
9
10
11
12
13
14
15
16
17
18
19
20

F
M
M
F
F
M
M
M
F
M
M
M
M
M

59
77
85
58
66
84
84
55
69
72
80
58
83
76

Gastric cancer
Peptic ulcer
Gastric cancer
Peptic ulcer
Gastric cancer
Gastric cancer +
CBD exploration
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Gastric cancer
Peptic ulcer
Gastric cancer
Gastric cancer
Gastric cancer

Cholangitis, CBD stone
Jaundice, cholestasis
Jaundice, cholestasis
Cholangitis, CBD stone
Jaundice, cholestasis
Jaundice, cholestasis
Jaundice, cholestasis
Cholangitis, CBD stone
Cholangitis, CBD stone
Cholangitis, CBD stone
Cholangitis, CBD stone
Jaundice, cholestasis
Jaundice, cholestasis
Jaundice, cholestasis

Yes
No
Yes
Yes
No
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Yes
/
Yes
Yes
/
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Drainage (stent)
/
Drainage (stent)
Drainage (NBD)
/
Drainage (stent)
Drainage (NBD)
Stone extraction
Stone extraction
Drainage (stent)
Stone extraction
Drainage (stent)
Drainage (stent)
Drainage (stent)

CBD: Common bile duct.

servative treatment.

DISCUSSION
Retrieval-balloon-assisted enterography improves the
overall success rate in reaching the papilla in ERCP after
Billroth Ⅱ gastroenterostomy and Braun anastomosis.
The previously reported success rate was approximately
30% in patients who had a Billroth Ⅱ gastroenterostomy with Braun anastomosis[1,7]. ERCP failure in these
patients was due to failure in entering the afferent loop
and the increased number of anastomoses. Thus far, no
reports have indicated the optimal enterography route in
which cannulation can be performed. For patients with
Billroth Ⅱ gastroenterostomy and Braun anastomosis, we
describe our experience in establishing an ERCP enterography route. We first review the patient’s previous surgical
records, which most often indicate that the efferent loop
is at the greater curvature of the stomach. One major
challenge is distinguishing between the afferent and efferent loops. The solution is to extend the duodenoscope
along the greater curvature of the stomach until the gastrojejunal anastomosis becomes visible, from which perspective the “lower entrance” in endoscopic image is the
correct efferent loop. Occasionally, we are able to draw
back the duodenoscope along the greater curvature of
the stomach to “relax” the gastrojejunal anastomosis and
thus differentiate the “upper entrance” from the “lower
entrance.” The efferent loop makes a better entrance for
the duodenoscope because it is less angulated than the
afferent loop. Thus, this route is useful for increasing the
success rate of the enterography procedure. Many endoscopists attempt to enter the afferent loop via the site of
the gastrojejunal anastomosis, but the sharp angulation
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caused by adhesions may make it impossible to advance
the endoscope to the afferent loop. Premature entry
into the afferent loop at the gastrojejunal anastomosis
is the main cause of failure to access the papilla. Three
stomal openings can be visualized endoscopically at the
site of the Braun anastomosis, but identifying the correct
entrance is a major challenge. The “middle entrance” is
the entrance to the loop that can be used to reach the
papilla of Vater when the endoscope is advanced from
the efferent loop and is invariable irrespective of the endoscopic approach used. We recommend extending the
duodenoscope along the greater curvature of the stomach until the gastrojejunal anastomosis, then advancing
the endoscope through the “lower entrance”, along this
efferent loop to the Braun anastomosis, and the “middle
entrance” is the correct entrance to reach the papilla of
Vater. For patients with Billroth Ⅱ gastroenterostomy
and Braun anastomosis, We believe that this is the optimal ERCP enterography route (Figure 6)[8].
As in patients with normal anatomy[9,10], anterior
oblique-viewing endoscopes [11,12], side-viewing endoscopes[3,13-16], forward-viewing gastroscopes[17], and multibending endoscopes[18] have been reported in previous
studies on ERCP for those patients with prior Billroth Ⅱ
gastrectomy. It was reported that the success rate of reaching the papilla of Vater ranges from 63% to 92%[1,2,4,15,19].
In our study, the overall success rate in reaching the papilla
was 86.2%, and 82.6% patients had therapeutic success
using a conventional duodenoscope for ERCP, which is
a little better than and quite comparable with the success rates in previous reports. In patients who have had a
Braun anastomosis, the ERCP failure rate is reported to
be 70%[1]. A long afferent loop and the Braun anastomosis
are the main reasons of failure in accessing the papilla. To
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to reach the papilla of Vater. For patients with Billroth Ⅱ
gastroenterostomy and Braun anastomosis, we believe that
this is the optimal ERCP enterography route. Retrievalballoon-assisted enterography along the optimal route may
improve the ERCP success rate in these patients. This
study was retrospective, reflecting the experience of a
single center and suggesting that the reproducibility of this
technique should be assessed in prospective studies in the
future.

COMMENTS
COMMENTS
Figure 6 Optimal enterography routes for endoscopic retrograde cholangiopancreatography in patients with a Billroth Ⅱ gastroenterostomy and
a Braun anastomosis.

solve these altered anatomy challenges, a stiffer endoscope
along with manual compression has been used to access
the papilla. It has been suggested to increase the success
rate in accessing the papilla and avoiding loop formation
at the ligament of Treitz[1]. Insufficient stiffness of the endoscope may be an important cause of failure in accessing
the papilla. Instruments such as a polypectomy snare can
be placed into the endoscope to increase the overall stiffness during intubation. Alternative methods such as capassisted or double-balloon endoscopy can also improve
the ERCP success rate in those patients with Billroth Ⅱ
gastrectomy and Braun anastomosis[20,21]. In our technique,
the guidewire of the retrieval balloon is advanced to the
right limb. Subsequently, a retrieval balloon is inserted over
the guidewire. We use this retrieval balloon to explore the
right limb by using contrast enhancement to observe the
tract of the limb on the radiographic images. The balloon
is hooked to the duodenal limb which is inflated, and not
only indicates the direction of the tract to guide the endoscope forward but also facilitates the forward movement
of the endoscope with fewer injuries to the intestinal wall.
While the balloon catheter is strongly retracted into the
working channel to allow the scope to advance, the endoscope is then propelled slightly forward. By laying it on
the right limb, the retrieval balloon catheter could also be
used as a guide to prevent the duodenoscope from sliding
out of the right limb into another limb upon forward motion. After successful access of the right limb is achieved,
the retrieval balloon becomes visible within the tract
ahead, instead of emerging from it. This is particularly
important at the Braun anastomosis site, where 3 stomal
openings can be endoscopically identified; thus, retrievalballoon-assisted enterography could ensure the success of
ERCP. For patients with a Billroth Ⅱ gastroenterostomy
and Braun anastomosis, the overall success rate in reaching the papilla was 85%, and the therapeutic success rate
was 80%in this study.
We recommend extending the duodenoscope along the
greater curvature of the stomach to the gastrojejunal anastomosis, then advancing the endoscope through the “lower
entrance”, along this efferent loop to the Braun anastomosis, and the “middle entrance” is the correct entrance
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Background

Endoscopic retrograde cholangiopancreatography (ERCP) is very practical
in pancreaticobiliary disease management in patients with normal anatomy
and surgically altered anatomy. The success rate was reported to be 83% in
patients with a Billroth Ⅱ gastroenterostomy but only 29% with a Billroth Ⅱ
gastroenterostomy and an additional Braun anastomosis. ERCP failure in such
patients was caused by difficulties in entering the afferent loop and accessing
the papilla. In this retrospective study, we described the use of retrieval-balloonassisted enterography along an optimal route in challenging patients with a
Billroth Ⅱ gastroenterostomy and Braun anastomosis.

Research frontiers

Anterior oblique-viewing endoscopes, side-viewing endoscopes, forwardviewing gastroscopes, and multibinding endoscopes have been used in most
studies on ERCP for patients with prior Billroth Ⅱ gastrectomy. The success
rate of reaching the papilla is 63%-92%. In patients who have had a Braun
anastomosis, ERCP failure rate is reported to be 70%.

Innovations and breakthroughs

The authors reported the use of a wire-guided retrieval balloon to remove common bile duct stones and facilitate endoscope insertion for successful ERCP
in post-gastrointestinal surgery patients. They termed the procedure retrievalballoon-assisted enterography. They believe that retrieval-balloon-assisted
enterography along an optimal route may improve the ERCP success rate in
patients with a Billroth II gastroenterostomy and Braun anastomosis.

Applications

Retrieval-balloon-assisted enterography along the optimal route may improve
the ERCP success rate in patients with a Billroth Ⅱ gastroenterostomy and
Braun anastomosis.

Terminology

Braun anastomosis is an anastomosis between the afferent and efferent loops
of the jejunum after a loop gastroenterostomy.

Peer review

This manuscript is a retrospective study and the sequel of a prior publication.
The technique is very interesting and the results are very encouraging but it
reflects only a single center experience. For this reason the results are not valid
but it would be interesting to start a prospective study on this topic to valid the
procedure. However, the study suggests a new therapeutic possibility to perform ERCP in patients with Billroth Ⅱ that can be reproduced in other Centers
and for this reason it could be published.
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Abstract
AIM: To determine the miss rate for colorectal flat adenomas during colonoscopy and the risk factors.
METHODS: Flat adenomas are frequently missed during colonoscopy. However, the risk factors that influence
their miss rates are unclear. This was a multicenter,
retrospective study in which patients diagnosed with
colorectal adenomas at a diagnostic colonoscopy and
followed within 3 mo by a second therapeutic colonos-
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copy were pooled out from the established database.
The “per-patient” and “per-adenoma” adenoma miss
rates (AMR) for overall adenomas and flat adenomas,
and patient-, adenoma-, and procedure-related risk factors potentially associated with the “per-adenoma” AMR
for flat adenomas were determined.
RESULTS: Chromoscopy and high-definition colonoscopy were not taken under consideration in the study.
Among 2093 patients with colorectal adenomas, 691
(33.0%) were diagnosed with flat adenomas, 514 with
concomitant protruding adenomas and 177 without.
The “per-patient” AMR for flat adenomas was 43.3%
(299/691); the rates were 54.3% and 11.3%, respectively, for those with protruding adenomas and those
2
without (OR = 9.320, 95%CI: 5.672-15.314, χ =
99.084, P < 0.001). The “per-adenoma” AMR for flat
adenomas was 44.3% (406/916). In multivariate analysis, older age, presence of concomitant protruding adenomas, poor bowel preparation, smaller adenoma size,
location at the right colon, insufficient experience of the
colonoscopist, and withdrawal time < 6 min were associated with an increased “per-adenoma” AMR for flat
adenomas. The AMR for flat adenomas was moderately
correlated with that for overall adenomas (r = 0.516, P
< 0.0001). The AMR for flat adenomas during colonoscopy was high.
CONCLUSION: Patient’s age, concomitant protruding adenomas, bowel preparation, size and location of
adenomas, proficiency of the colonoscopist, and withdrawal time are factors affecting the “per-adenoma”
AMR for flat adenomas.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Flat adenoma; Colorectal cancer; Miss rate;
Risk factor; Colonoscopy
Core tip: The miss rate for flat adenomas during colo-
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noscopy is high. Patient’s age, concomitant protruding
adenomas, bowel preparation, size and location of adenomas, proficiency of the colonoscopist, and withdrawal
time are factors affecting the “per-adenoma” adenoma
miss rate for flat adenomas.
Xiang L, Zhan Q, Zhao XH, Wang YD, An SL, Xu YZ, Li
AM, Gong W, Bai Y, Zhi FC, Liu SD. Risk factors associated
with missed colorectal flat adenoma: A multicenter retrospective tandem colonoscopy study. World J Gastroenterol 2014;
20(31): 10927-10937 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10927.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10927

INTRODUCTION
Colorectal cancer (CRC) is the most common malignant tumor and the second leading cause of cancerrelated deaths in the world[1]. CRC mainly originates from
colorectal adenomas[2]. According to the morphology,
Kudo et al[3] classified colorectal adenomas into protruding and flat ones. It has been reported that colorectal flat
adenomas have a greater tendency to develop into severe
dysplasia and carcinoma than protruding adenomas[4,5].
However, because of their flat morphology and low
awareness among colonoscopists, many flat adenomas
are missed during colonoscopy although they are often
visible. Therefore, flat adenomas are not only difficult to
detect, but also easy to miss[6-8]. Specifically, the miss rates
for flat adenomas during colonoscopy range from 35% to
60%, which are much higher than those (4%-19%) seen
in the protruding type of adenomas[6,9,10]. It is believed
that undetected or missed adenomas may play an important role in the incidence of interval cancers[11].
Colonoscopy has been considered as the “golden
standard” in detection of colorectal adenomas and
plays an important role in CRC prevention. In addition,
colonoscopic polypectomy with follow-up monitoring
has been proven to decrease the incidence of colorectal
cancer, mainly in the left colon[12]. However, colorectal
adenomas, especially flat adenomas, are frequently missed
during colonoscopy as mentioned above. Flat adenomas
are frequently localized at the right part of the colon,
and it has been suggested that the high miss rate for flat
adenomas at the right colon contributes to the high incidence of cancer at the right colon after colonoscopy[13].
Therefore, it is extremely important and essential to
recognize and identify these flat neoplastic lesions at an
early stage. The use of new techniques such as chromoendoscopy or magnifying narrow-band imaging during
colonoscopy in recent years appears to significantly improve the detection of colorectal flat adenomas during
colonoscopy[4,10,13,14]; however, controversy exists[9,15].
It is critical to determine the miss rate of colonoscopy for colorectal flat adenomas, and more importantly,
to identify the risk factors that are associated with the in-
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creased flat adenoma miss rates. However, there are only
few studies evaluating the miss rates of flat adenomas[9,15].
Moreover, the risk factors influencing the miss rate for
flat adenomas have not been explored and thus are not
understood. Therefore, this multicenter study aimed to
determine the miss rates in detection of colorectal flat
adenomas during colonoscopy and the risk factors that
influence the miss rates.

MATERIALS AND METHODS
Sources of patients
This was a multicenter, retrospective study in which patients diagnosed with colorectal adenomas at a diagnostic colonoscopy and followed within 3 mo by a second
therapeutic colonoscopy[16] between September 2009
and September 2011 from four Chinese hospitals were
pooled out from the database established in the computerized system for colonoscopy. The study proposal was
approved by the ethics committees of these four institutions (Medical Ethics Committee of Nanfang Hospital,
Southern Medical University; Medical Ethics Committee
of Wuxi City People’s Hospital Affiliated with Nanjing
Medical University; Ethics Committee of Mianyang Central Hospital; Medical Ethics Committee of Shenzhen
Longgang Central Hospital). All patients gave written
informed consent at the first and second colonoscopy to
allow their colonoscopy data to be used for this research
purpose.
Selection criteria for patients
The patients enrolled in this study had to meet the following criteria: (1) they were 18 years old or over; (2) the
colonoscope reached the cecum (i.e., completion of colonoscopy); (3) the interval duration between the first and
second colonoscopy procedures was less than 90 d; the
first colonoscopy was only for diagnosis, and the second
colonoscopy was for therapeutic purpose and with good
bowel preparation; (4) colonic images were properly taken at various parts of the colon; it was essential that the
cecum, appendiceal orifice or ileocecal valve was clearly
pictured after insertion of the colonoscope (to indicate
the completion of the colonoscope insertion) and the images of the rectum were properly taken during the withdrawal of the colonoscope (to ensure calculation of the
withdrawal time); and (5) the colonoscopists at the first
colonoscopy had performed normal total colonoscopy
on more than 100 cases; the colonoscopists at the second
colonoscopy had performed colonoscopy on more than
1000 cases, with more than 150 cases annually. Cases with
colorectal cancer, polyposis syndrome (defined as conditions where a patient had more than 100 polyps in the
intestine, including familial polyposis syndrome, serrated
polyposis syndrome, Peutz-Jeghers syndrome, juvenile
polyposis syndrome, and Cronkhite-Canada syndrome),
inflammatory bowel disease, partial large bowel resection
or insufficient data required for analysis were excluded
from this study.
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Colonoscopy and imaging procedures
Large bowel preparation was performed by using polyethylene glycol electrolyte solution, sodium phosphate or
mannitol based on the hospital practice and guidelines.
Patients were examined first in the left lateral decubitus
position. Then, the patient was placed in the supine position or on the right side as needed to facilitate intubation
of the cecum. Colonoscopy procedures were carried out
by using electronic colonoscopies CF-240 I and CF-260 I
(Olympus, Tokyo, Japan) in our study. In cases with areas
suspicious of adenoma, dye solution (3-6 mL of 0.2%
indigo carmine, Nanjing Weichuang Medical Technology Co., Ltd., Nanjing, China) was sprayed directly onto
the areas with a 20 mL syringe to allow a cushion of air
to push the dye through the biopsy channel. Images of
any lesions were taken. Endoscopic mucosal resection,
endoscopic piecemeal mucosal resection or endoscopic
submucosal dissection was used for endoscopic resection
of flat adenomas.
Study endpoints
The primary endpoints were the miss rate and the associated risk factors of flat adenoma. The second colonoscopy was used as the reference standard, and any adenomas that were identified at the first colonoscopy were not
counted at the second colonoscopy. Thus, all adenomas
that were identified at the second colonoscopy but not
detected at the first colonoscopy were defined as missed
adenomas. The adenoma miss rate (AMR) was calculated
using both patient and adenoma based analyses. The
“per-patient” AMR was calculated by the number of patients with missed adenoma(s) divided by the total number of patients examined. The “per-adenoma” AMR was
calculated by the number of missed adenoma(s) divided
by the total number of adenomas detected at both examinations. Accordingly, the AMR for flat adenomas was
also calculated.
The risk factors potentially associated with the miss
of adenomas, flat adenomas in particular, included in
the study were patient-related, such as demographic and
clinical characteristics, and quality of bowel preparation; adenoma-related, such as the size and location, and
pathologic classification; and procedure-related, such as
proficiency and specialty of the colonoscopist, colonoscopy operative mode, and withdrawal time. A total of
29 colonoscopists were involved in this study. The proficiency of colonoscopists was defined by the cumulative
cases of colonoscopy as (1) more than 1000; (2) between
500 to 1000; and (3) less than 500 cases. The specialty
of colonoscopists was defined as gastroenterology and
non-gastroenterology. Quality of bowel preparation was
assessed by the colonoscopist at colonoscopy, which was
graded as being excellent (no or minimal solid stool and
only clear fluid requiring suction), adequate (collections
of semi-solid debris that are cleared with washing/suction) or poor (solid or semi-solid debris that cannot be
cleared) as previously described[17]. Cases with excellent
and adequate bowel preparation were grouped together
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as good bowel preparation.
The mode of colonoscopy operation was defined as
one-person (i.e., only the endoscopist personally advanced
the endoscope during insertion.) or two-person (i.e., colonoscopy was performed with a nurse or assistant actively
advancing the colonoscope during insertion) technique.
The withdrawal time was defined as the time taken for
colonoscopy withdrawal to the rectum minus the time
taken for colonoscopy insertion to the cecum based on
the times recorded on the images. The withdrawal time
of the colonoscopy for a particular colonoscopist was
represented by the average time of at least 100 normal
total diagnostic colonoscopy procedures (i.e., no lesions
were detected) performed by that colonoscopist as recorded in the database as previously described[18].
The adenoma size was measured by the colonoscopist during the colonoscopy using the opening aperture
of a biopsy forceps (6 mm as a cut-off value), or after
resection and recorded in the colonoscopy reports. The
locations of adenomas were defined as the right colon
(including the cecum, ascending colon, transverse colon,
and hepatic flexure), the left colon (including the sigmoid
colon, descending colon and splenic flexure) and the
rectum. Adenoma location was estimated using anatomic
landmarks and insertion distances. The Japanese Research
For Cancer of Colon and Rectum Classification was applied to classify lesions as protruding and flat including
flat elevated and flat depressed) lesions[3]. Flat elevated
lesions were defined as those with a height less than half
of the lesion in diameter[19]. Flat depressed lesions were
defined as those with a central distinct depression[20]. Two
experienced endoscopists verified the morphology from
the photo documentation for a representative group of
adenomas that were randomly selected from the analyzed
samples. Pathological classifications were interpreted
by pathologists using the WHO and Vienna criteria for
colorectal adenoma[21]. The serrated adenomas including
sessile serrated adenomas/polyps and traditional serrated adenomas were diagnosed as recommended by the
WHO[22], and intraepithelial dysplasia was defined as low
and high grade, depending on the glandular complexity,
extent of nuclear stratification, and severity of nuclear
morphology[23]. Advanced adenomas were defined as tubular adenomas of at least 10 mm in diameter (including
serrated adenomas) or as adenomas containing villous or
tubulovillous histological characteristics, high grade dysplasia, or any combination thereof[24].
Statistical analysis
Continuous variables are expressed as mean ± SD, and
categorical variables are expressed as proportion or
percentage. Comparisons among multiple groups with
continuous variables were performed by analysis of variance. The χ 2 test was used to determine the association
between potential risk factors and miss of adenoma.
The Bonferroni test was used for multiple comparisons.
The multivariate logistic regression analysis was used to
determine the independent risk factors for flat adenoma.
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protruding adenomas without flat adenomas. Among the
177 patients only with flat adenomas and those with flat
adenomas and concomitant protruding adenomas, males
accounted for 51.4% and 64%, respectively. Among the
514 patients with flat adenomas and concomitant protruding adenomas, 222 (43.2%) had more than three adenomas at the first colonoscopy, which was significantly
greater than that in other groups (Table 1).

4567 patients underwent two consecutive colonoscopies

Colonoscopic images did not meet the requirements or
provided insufficient information (1473)
Colonoscopist or bowel preparation did not meet the
requirements (378)
Interval time > 90 d (142)
Colorectal cancer (44)
With previous colon resection (163)
Colonoscope did not reach the ileocecal valve (21)
Inflammatory bowel disease (186)
Colon polyposis syndrome (67)

2093 cases with colorectal adenomas, including 691 with flat adenoma
underwent the second colonoscopy within the next 90 d

Figure 1 Flowchart of patient screening in this study. A total of 2093 patients with adenomas satisfied the inclusion and exclusion criteria, including 691
with flat adenomas (514 with and 177 without protruding adenomas), and 1402
with only protruding adenomas.

To establish a group of missed adenomas and a group
of diagnosed adenomas, one of the adenomas missed
at the first colonoscopy was selected from each of patients with missed adenoma(s) and one of the adenomas
detected at the first colonoscopy selected from each of
patients without any missed adenoma, by using a simple
random sampling method. Then, a multivariate analysis
model was developed to determine independent risk factors associated with an increased AMR for colorectal flat
adenoma. The Spearman correlation analysis was used
to analyze the correlation between the “per-adenoma”
AMR for overall adenomas and that for flat adenomas,
as previously used for determination of the correlation
between the detection rate for overall adenomas and that
for flat adenomas by Reinhart et al[25]. A P value < 0.05
was considered statistically significant. SPSS 17.0 (IBM,
United States) statistical software was employed in this
study.

RESULTS
Demographic and clinical characteristics of patients
with flat adenomas and protruding adenomas
Overall, 4567 patients who underwent two consecutive
colonoscopies were screened from the data system, of
which 2474 were ineligible for the study, and thus 2093
patients with colorectal adenomas were included in the
study (Figure 1). Among these 2093 patients, 691 (33.0%)
were diagnosed with flat adenoma(s), including 177 without protruding adenoma and 514 with protruding adenoma. The remaining 1402 (67%) cases were diagnosed with
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Clinical and pathologic features of flat adenomas vs
protruding adenomas
In total, 4632 adenomas were detected, including 3665
detected at the first colonoscopy and 967 detected at the
second colonoscopy but missed at the first colonoscopy.
There were 916 flat adenomas (19.8%) and 3716 protruding adenomas (80.2%). Compared with the protruding
colorectal adenomas, the flat adenomas were mainly localized in the right colon (410/916; 44.8%), and smaller
in size [most (744/916, 81.2%) were less than 10 mm]
(Table 2). Pathologically, the majority of flat adenomas
(745/916; 81.3%) were tubular adenomas, followed by
tubulovillous or villous adenoma (151/916; 16.3%) and
serrated adenomas (20/916; 2.2%). The proportion of a
villous structure in patients with flat adenomas was more
than that in protruding adenoma (16.5% vs 13.9%, P =
0.041). Compared with the protruding adenomas, the flat
adenomas were more associated with high grade dysplasia adenoma (7.5% vs 5.2%, P = 0.006) (Table 2). Among
the 916 flat adenomas, 906 (98.9%) were classified as
flat elevated and 10 (1.1%) as flat depressed adenomas.
Flat elevated and flat depressed adenomas were mainly
located at the right colon (44.7% vs 50.0%). However,
more flat depressed adenomas had an adenoma size of 6-9
mm (70.0% vs 42.4%), a pathologically tubulovillous and
villous type (50.0% vs 16.1%) and a high-grade dysplasia
(40.0% vs 7.2%), compared with flat elevated adenomas.
However, due to the small number of cases with flat depressed adenomas, no further analysis was conducted to
compare the two types of flat adenomas.
Miss rates for colorectal adenomas during colonoscopy
Among the 2093 patients, “missed” adenomas were observed in 560, and thus the overall “per-patient” AMR
was 26.8%. Accordingly, the “per-patient” AMR were
43.3% (299/691) in patients with flat adenomas; the rates
were 54.3% (279/514) and 11.3% (20/177), respectively,
for those with concomitant protruding adenomas and
those without (OR = 9.320, 95%CI: 5.672-15.314, χ 2 =
99.084, P < 0.001). The “per-patient” AMR was 18.6%
(261/1402) for those with only protruding adenomas,
which was significantly lower than that for those with
flat adenomas (OR = 0.300, 95%CI: 0.245-0.367, χ 2 =
143.566, P < 0.001).
Among the 4632 adenomas, 967 were missed at the
first colonoscopy, and thus the overall “per-adenoma”
AMR was 20.9%. Accordingly, the “per-adenoma” AMRs
were 44.3% (406/916) and 15.1% (561/3716), respectively, for flat and protruding adenomas (OR = 4.477,
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Table 1 Demographic and clinical characteristics of patients with different types of colorectal adenomas n (%)
Patients
Sex
Male
Female
Age (mean ± SD, yr)
Alarm symptoms
Diverticulosis
Family history of CRC
History of adenomas
History of abdominal surgery
Cases with adenomas ≥ 3 at first colonoscopy

Total
(n = 2093)

Flat adenoma
(n = 177)

Flat and protruding
adenoma (n = 514)

Protruding adenoma
(n = 1402)

P value

1369
724

91 (51.4)
86 (48.6)
55.91 ± 12.68
134 (75.7)
10 (5.6)
11 (6.2)
40 (22.6)
3 (1.7)
8 (4.5)

329 (64.0)
185 (34.0)
59.30 ± 12.47
388 (75.5)
27 (5.3)
32 (6.2)
139 (27.0)
35 (6.8)
222 (43.2)

949 (67.7)
453 (32.3)
54.78 ± 13.24
1099 (78.4)
86 (6.1)
88 (6.3)
296 (21.1)
111 (7.9)
228 (16.3)

< 0.001
< 0.001
< 0.001
0.341
0.761
0.999
0.023
0.010
< 0.001

1621
123
131
475
149
458

Family history of colorectal cancer (CRC) was defined as the development of CRC in one first-degree relative < 50 years or at least two first-degree relatives
50-70 years; Diverticulosis is defined as the presence of ≥ 2 diverticula. Data are expressed as number (%) unless otherwise indicated.

Table 2 Clinicopathologic characteristics of different types of colorectal adenomas n (%)
Characteristic

Total (n = 4632)

Location
Rectum
Left colon
Right colon
Size
< 6 mm
6-9 mm
≥ 10 mm
Pathological classification
Tubular
Tubulovillous and villous
Serrated
Dysplasia
Low
High
Advanced adenoma
No
Yes

Flat (n = 916)

1003
2054
1575

184 (20.1)
322 (35.2)
410 (44.8)

819 (22.0)
1732 (46.6)
1165 (31.4)

1223
2159
1250

353 (38.5)
391 (42.7)
172 (18.8)

870 (23.4)
1768 (47.6)
1078 (29.0)

3910
666
56

745 (81.3)
151 (16.5)
20 (2.2)

3165 (85.2)
515 (13.9)
36 (1.0)

4370
262

847 (92.5)
69 (7.5)

3523 (94.8)
193 (5.2)

3322
1310

711 (77.6)
205 (22.4)

2611 (70.3)
1105 (29.7)

95%CI: 3.822-5.245, χ 2 = 380.002, P < 0.001).
In addition, a total of 205 advanced flat adenomas
were diagnosed in 200 patients at the first and second
examinations; 24 were missed in 22 patients. Thus, the
“per-patient” and “per-adenoma” AMRs for advanced
flat adenomas were 11.0% and 11.7%, respectively.
Risk factors associated with the “per-adenoma” AMR
for flat adenomas
Associations of potential risk factors related to patients,
adenomas, and procedures are summarized in Table 3.
In univariate analysis, older age, presence of concomitant protruding adenomas, poor bowel preparation,
smaller size of adenoma, location at the right colon,
tubular type, non-advanced adenoma, insufficient experience of the colonoscopist, double operative mode
and withdrawal time < 6 min were associated with an
increased “per-adenoma” AMR for flat adenomas (Table
3). In the multivariate analysis, all above factors, except
for pathological type of adenomas, status of advanced
adenoma, non-gastroenterology specialty and double
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Protruding (n = 3716)

χ 2 test

P value

61.902

< 0.001

95.954

< 0.001

13.775

0.001

7.534

0.006

19.606

< 0.001

operative mode, were identified to be independently associated with an increased “per-adenoma” AMR for flat
adenomas (Table 3).
Risk factors associated with the “per-adenoma” AMR
for advanced flat adenomas
In univariate analysis, an adenoma size less than 10 mm,
the location at the right colon, poor bowel preparation,
and non-gastroenterology specialty were significantly associated with an increased AMR for advanced flat adenomas. Due to the small number of advanced flat adenomas, multivariate analysis was not performed (Table 4).
Correlation between “per-adenoma” AMR for all
adenomas and “per-adenoma” AMR for flat adenomas
The median “per-adenoma” AMRs for overall and flat
adenomas obtained by different colonoscopists were
22.3% (interquartile range, 18.37%-26.35%) and 45.65%
(interquartile range, 34.48%-60.83%). There was a moderate correlation between the total miss rates for overall
adenomas and the miss rates for flat adenomas. The cor-
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Table 3 “Per-adenoma” miss rates and the risk factors in detection of flat adenomas during colonoscopy n (%)
Risk factor

Total
(n = 916)

Diagnosed
(n = 510)

Missed
(n = 406)

493
423

297 (60.2)
213 (50.4)

196 (39.8)
210 (49.6)

Patient-related
Age
< 60 (yr)
≥ 60 (yr)
Sex
Male
Female
Anesthesia
Yes
No
History of adenomas
Yes
No
Previous surgery
Yes
No
Diverticulosis
Yes
No
Numbers at first colonoscopy
<3
≥3
Concomitance with protruding
adenoma(s) at first colonoscopy
No
Yes
Bowel preparation
Good
Poor
Adenoma-related
Size
≥ 10 mm
6-9 mm
< 6 mm
Location
Rectum
Left colon
Right colon
Advanced adenoma
Yes
No
Pathologic classification
Tubular
Tubulovillous and villous
Serrated
Procedure-related
Proficiency
> 1000 cases
500-1000 cases
< 500 cases
Specialty
Gastroenterologist
Non-gastroenterologist
Operative mode
One-person technique
Two-person technique
Withdrawal time
≥ 6 min
< 6 min

559
357

302 (54.0)
208 (58.3)

257 (46.0)
149 (41.7)

239
677

136 (56.9)
374 (55.2)

103 (43.1)
303 (44.8)

243
673

129 (53.1)
381 (56.6)

114 (46.9)
292 (43.4)

45
871

24 (53.3)
486 (55.8)

21 (46.7)
385 (44.2)

51
865

28 (54.9)
482 (55.7)

23 (45.1)
383 (44.3)

580
336

320 (55.2)
260 (44.8)
190 (56.5)
146 (43.5)
127.154

280
636

234 (83.6)
276 (43.4)

Univariate analysis

χ 2 test

P value

9.021

0.003

1.586

0.208

0.197

0.657

0.899

0.343

0.105

0.746

0.013

0.909

0.163

0.686

45.773
460 (60.8)
50 (31.4)

297 (39.2)
109 (68.6)

172
391
353

159 (92.4)
202 (51.7)
149 (42.2)

13 (7.6)
189 (48.3)
204 (57.8)

184
322
410

152 (82.6)
175 (54.3)
183 (44.6)

32 (17.4)
147 (45.7)
227 (55.4)

205
711

181 (88.3)
329 (46.3)

24 (11.7)
382 (53.7)

745
151
20

366 (49.1)
132 (87.4)
12 (60.0)

379 (50.9)
19 (12.6)
8 (40.0)

585
234
97

363 (62.1)
109 (46.6)
38 (39.2)

222 (37.9)
125 (53.4)
59 (60.8)

739
177

427 (57.8)
83 (46.9)

312 (42.2)
94 (53.1)

721
195

415 (57.6)
95 (48.7)

306 (42.4)
100 (51.3)

254
662

158 (62.2)
352 (53.2)

96 (37.8)
310 (46.8)

P value

1
2.062 (1.390-3.061)

< 0.001

1
7.759 (4.420-13.618)

< 0.001

1
4.389 (2.314-8.352)

< 0.001

1
9.239 (4.306-19.824)
19.613 (8.984-42.822)

< 0.001
< 0.001

1
2.866 (1.623-5.062)
3.259 (1.819-5.838)

< 0.001
< 0.001

1
2.219 (1.397-3.525)
3.003 (1.568-5.754)

0.001
0.001

1
1.958 (1.276-3.006)

0.020

< 0.001

46 (16.4)
360 (56.6)

757
159

Multivariate analysis
OR (95%CI)

122.706

74.571
6.81

< 0.001

< 0.001

< 0.001
0.0091

113.850

< 0.001

74.745

< 0.001

28.18

< 0.001

6.86

0.009

4.862

0.027

6.069

0.014

1

The comparison between the left and right colon.
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Table 4 “Per-adenoma” miss rates and risk factors in detection of advanced flat adenomas during colonoscopy n (%)
Total (n = 205)

Factor
Size
< 10 mm
≥ 10 mm
Location
Rectum
Left colon
Right colon
Pathologic classification
Tubular
Tubulovillous and villous
Age (yr)
< 60
≥ 60
Bowel preparation
Good
Poor
Proficiency
> 1000 cases
500-1000 cases
< 500 cases
Specialty
Gastroenterologist
Non- gastroenterologist
Operative mode
One-person technique
Two-person technique
Withdrawal time
≥ 6 min
< 6 min

Diagnosed (n = 181)

Missed (n = 24)

33
172

22 (66.7)
159 (92.4)

11 (33.3)
13 (7.6)

68
36
101

67 (98.5)
32 (88.9)
82 (81.2)

1 (1.5)
4 (11.1)
19 (18.8)

57
148

50 (87.7)
131 (88.5)

7 (12.3)
17 (11.5)

98
107

89 (90.8)
92 (86.0)

9 (9.2)
15 (1.4)

162
43

150 (92.6)
31 (72.1)

12 (7.4)
12 (27.9)

135
55
15

120 (88.9)
49 (89.1)
12 (80.0)

15 (11.1)
6 (10.9)
3 (20.0)

156
49

146 (93.6)
35 (71.4)

10 (6.4)
14 (28.6)

161
44

145 (90.1)
36 (81.8)

16 (9.9)
8 (18.2)

145
60

129 (89.0)
52 (86.7)

16 (11.0)
8 (13.3)

χ 2 test

P value

17.796

< 0.001

11.838
1.127

0.003
0.2881

0.025

0.874

1.157

0.282

13.815

< 0.001

1.078

0.583

6.167

0.013

2.272

0.132

0.217

0.641

1

Comparison between the left and right colon.

relation coefficient was 0.516 (P < 0.001).

DISCUSSION
The present study revealed that colorectal flat adenomas
are very common in patients undergoing colonoscopy.
Moreover, flat adenomas are more frequently seen in the
Oriental population than in the Western population[26].
However, this type of adenoma is frequently missed in
clinical practice, especially when the flat adenoma is concomitant with a protruding adenoma(s). In the present
study, the “per-adenoma” flat adenoma miss rate (44.3%)
is significantly higher than the overall adenoma miss rate
(20.9%). It is also significantly higher than that of the
protruding adenoma (15.1%). These results are in line
with those of previous reports[6,27].
Moreover, multivariate logistic regression analysis
showed that many factors including patient-related,
adenoma-related, and procedure-related ones influenced
the miss rates for colorectal flat adenomas. In the present
study, age was shown to be an independent risk factor
affecting the detection of flat adenomas. Patients older
than 60 years had a much higher miss rate than those
younger than 60 years. This finding is consistent with a
previous study, which showed that miss rate was higher in
patients with older age in both univariate and multivariate
analyses[16].
The quality of bowel preparation also affects the

WJG|www.wjgnet.com

detection of flat adenomas. Sufficient bowel preparation
is a prerequisite for a better view of flat adenomas[28].
Poor bowel preparation places more impacts on the detection of flat adenomas than protruding adenomas[7].
Our present study showed that poor bowel preparation
was closely correlated with a higher miss rate for flat adenomas, which was as high as 68.6%. Correspondingly,
the miss rate for advanced flat adenomas also increased
significantly with poor preparation. When the bowel is
poorly prepared, mucus and chymes released from the
small intestine could easily accumulate in the cecum and
ascending colon, and thus, it is even more difficult to
clean out these parts of the colon than the left half of
the colon. Previous studies have shown that the quality
of bowel preparation, especially in the right colon, can
be improved by changing the cleaning methods so as to
increase the flat adenoma detection rates[7,29].
It has been known that protruding adenomas frequently co-exist with flat adenomas[4]. In the present
study, co-existence was observed in approximately one
fourth (514/2093) of patients with colorectal adenomas.
Previous studies have demonstrated that co-existence of
concomitant protruding adenomas is an independent risk
factor affecting the detection rate for flat adenomas[30].
The present study demonstrated that the miss rate in
patients with flat adenomas and concomitant protruding adenomas was significantly higher than those with
flat adenomas only or those with protruding adenomas
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only. For the first time, co-existence with concomitant
protruding adenomas was identified as an independent
risk factor affecting the miss rate for flat adenomas. We
postulate that once the protruding adenomas are detected, the less apparent flat adenomas could be easily
neglected by the colonoscopist because the detection of
the protruding adenoma represents a positive endoscopic
diagnosis, which is usually considered by the colonoscopist to be the cause of the indication (e.g., clinical symptoms or signs) for colonoscopy. Also, the numbers of
adenomas were more than three in most patients with flat
and concomitant protruding adenomas in a previous observation[4]. Our study showed that 44.3% patients with
flat and concomitant protruding adenomas had more
than three adenomas at the first colonoscopy, which is in
agreement with the previous observation.
It has been suggested that the number of colorectal
adenomas identified at the initial colonoscopy is positively
associated with the miss rates for overall adenomas[6,27].
However, in the present study, there was no significant association between the numbers of adenomas detected at
the first colonoscopy and the miss rates for flat adenomas
in both univariate and multivariate analyses. The discrepancy between the present study and previous studies suggests the difference in the risk factors for the miss rates
between flat adenomas and overall adenomas, in terms of
the number of adenomas identified at the initial colonoscopy. In other words, the adenoma numbers at the first
colonoscopy is associated with the miss rate for overall
adenomas, but not with the miss rate for flat adenomas.
Specifically, the adenoma number of ≤ three at the first
colonoscopy is associated with a lower miss rate for overall adenomas, compared with the number of more than
three[6,26]. However, there was no association between the
adenoma number at the first colonoscopy and AMR for
flat adenomas. Even if the adenoma number at the first
colonoscopy is less than three, AMR for flat adenomas
is still very high and similar to that in those patients with
more than three adenomas at the first colonoscopy.
The present study revealed that adenoma location
and size significantly affected the miss rates for this type
of adenoma. We also found that the miss rate was much
higher for adenomas < 10 mm than those ≥ 10 mm and
for flat adenomas in the right colon than those in the left
colon, which is different from the miss rate for overall adenoma observed in a previous study[6,16]. The reasons for
the discrepancy are considered as follows: (1) Unlike protruding adenomas, flat adenomas are majorly localized at
the right colon[13,31]; and (2) the colonic pouch at the right
colon is deep and big, and thus it is difficult to detect the
flat adenoma inside the deep colonic pouch. Therefore,
it is essential to take measures such as training in fold
exploration, specification of right colon withdrawal time,
and examination of the right colon twice to improve
the detection rate for adenomas at the right colon. The
miss rates for flat adenomas in the left and right colon
were significantly higher than that in the rectum, clearly
indicating that the miss rate for flat adenoma in the colon
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is much higher than that in the rectum. Our study also
revealed that the proportions of histologically villous
adenomas and high-grade dysplastic adenoma in patients
with flat adenomas were significantly higher than those in
patients with protruding adenomas, which was consistent
with previous observations[4,5,31]. In the present study, we
reported an incidence (1.1%) of flat depressed adenomas,
which is similar to that (1.4%) observed by Nicolás-Pérez
et al[30], indicating that the incidence of flat depressed adenomas is very low. Based on previous findings[4,5,30], it is
conceivable that the flat depressed adenomas may have
a great tendency to develop dysplasia or even neoplasia.
Indeed, flat depressed adenomas appeared to be more
associated with high-grade dysplasia as observed in the
present study. However, the number of cases with this
type of adenomas in the present study was small and thus
further investigation with a larger number of cases with
this particular type of adenoma is needed. In addition,
we found that the miss rate for advanced adenomas was
slightly higher, albeit not statistically significantly, in the
right colon than that in the left colon. This finding is in
agreement with previous observations that flat adenomas
including those located at the right colon have a higher
tendency to become malignant than the protruding adenoma[4,5,31]. Thus, reduction of the miss rate for flat adenomas will help to decrease the occurrence of the colon
cancer, especially in the right colon.
In the present study, proficiency of colonoscopists
and the withdrawal time of colonoscopy were identified
as independent risk factors affecting the miss rates for
flat adenomas, which is consistent with previous observations on the miss rates for the overall adenoma[32-34]. Specifically, the miss rates significantly decreased in patients
undergoing colonoscopy performed by more experienced
and knowledgeable operators. It has been shown that
the staining endoscopy technique is very helpful in improving the detection of flat adenomas by conventional
white light colonoscopy[13,35]. Therefore, we recommend
that less-experienced endoscopists learn this technique
as soon as possible. Currently, the withdrawal time is
required to be kept for more than six minutes according
to the colonoscopy guidelines in order to guarantee the
quality of colonoscopy[34], as the withdrawal time of more
than six minutes can carefully observe colonic mucous
and effectively reduce the miss rate for flat adenomas.
Our study further supports that the withdrawal time of
more than 6 min can reduce the miss rate and improve
the detection of flat adenomas.
The background of colonoscopists may affect the
quality of colonoscopy. Bressler and colleagues[36] suggested that colonoscopy by an internist or family physician was an independent risk factor for new or missed
CRC. In addition, the protective effects of colonoscopy
on the right and left colon when colonoscopy was performed by gastroenterologists are similar. However, the
protective effect against colon cancer was less on the
right colon than on the left colon if colonoscopy was
performed by non-gastroenterologists[37]. In the present
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study, univariate analysis showed that flat adenomas, as
well as advanced flat adenomas, in cases operated by gastroenterologists were less likely missed than those by nongastroenterologists. However, multivariate analysis did
not reveal this finding. Thus, we postulate that the impact
of colonoscopy by non-gastroenterologists on the miss
rate for flat adenomas may be demolished if the colonoscopists are well-trained and the quality of colonoscopy
improved. In addition, our study showed that there was
no difference in the miss rate between colonoscopies
performed by one person and those by two persons, in
the multivariate analysis, which is consistent with a previous observation that the operative mode of colonoscopy
performed by either single or double operators had no
significant influence on the quality of colonoscopy[38].
We further analyzed the association between the potential risk factors and the miss rates for advanced flat adenomas, and found that the proficiency of endoscopists,
mode of operation, and withdrawal time were not associated with the miss rates for advanced flat adenomas.
The main reasons are that the advanced adenomas are
usually large, or the villous structure on the colonic surface is more easily recognized. Therefore, the miss rates
could be low even if the endoscopists lack experience,
and the withdrawal time is shorter than the conventional
standards. It should be stated that only univariate analysis
was used to determine the association due to a limited
number of patients with advanced flat adenomas, and
thus studies with large sample sizes are needed to further
determine the risk factors for advanced flat adenomas.
Kahi et al[39] suggested that it would be reasonable to
consider that improved detection of nonpolypoid lesions
by thorough and high-quality colonoscopy will result
in improved overall adenoma detection rates. On the
contrary, in the largest study of flat adenoma detection,
Reinhart et al[25] demonstrated only a poor correlation between the overall adenoma detection rate and the detection rate for flat adenomas (r = 0.24). Thus, they did not
support the recommendation of adding the flat adenoma
detection rate to the widely accepted adenoma detection
rate in clinical practice[40]. So far, there has been no report
on the correlation between the miss rate for the overall
adenomas and that for flat adenomas. The present study,
from the perspective of AMR analysis, showed a better
correlation (r = 0.516), compared with Reinhart’s study
regarding the adenoma detection rates. Therefore, we
postulate that, on the routine colonoscopy, the missed
adenomas are proportional to the missed flat adenomas,
and thus, measures should be taken to avoid missing flat
adenomas.
There were some limitations in this study. For example, due to the retrospective nature of the study, the withdrawal time was counted by the average time of an endoscopist to perform a negative colonoscopy instead of
the actual time in each patient; nevertheless, this method
has been applied previously[18]. In addition, some auxiliary techniques such as chromoscopy and high-definition
colonoscopy were excluded from this study. Studies have
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shown that applications of these techniques are able to
reduce the miss rate for flat adenomas[10,14]. However,
for the routine colonoscopy, these techniques may not
be required as previous studies have shown similar miss
rates for colorectal adenomas[9,15]. It should be mentioned
that the endoscopic morphologic classification of flat
adenomas may be important in predicting post resection
recurrence. However, the present study did not focus on
this issue and, due to the small number of flat depressed
adenomas (only 10 out of 916 flat adenomas), any analyzed results based on this number may not be clinically
meaningful, and thus a well-designed study specifically
targeting this issue is warranted.
In conclusion, the miss rate for flat adenomas during
colonoscopy is high. Patient’s age, concomitant protruding adenomas, bowel preparation, size and location of
adenomas, proficiency of the colonoscopist, and withdrawal time are factors affecting the “per-adenoma”
AMR for flat adenomas. These findings have significant
clinical implications in helping clinicians to detect and
treat flat adenomas and thus prevent the development of
CRC, and reduce the incidence, morbidity and mortality
of CRC.
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the two groups. For the OACL vs LIA groups they were,
respectively: incision length (3.8 ± 1.4 cm vs 6.2 ± 3.5
cm, P < 0.05); time to flatus recovery (2.3 ± 0.6 d vs 4.2
± 0.8 d, P < 0.05), drainage rate (61.0% vs 80.0%, P
< 0.05); pain level (3.6 ± 1.8 vs 7.2 ± 2.4, P < 0.05);
hospital stay (5.1 ± 2.7 d vs 8.7 ± 3.2 d, P < 0.05);
complication rate (8.5% vs 14.7%, P < 0.05). Other
factors showed no significant differences.

Abstract

Core tip: In the present paper, we introduce a new
strategy during complicated open appendectomy: convert to laparoscopy. It is an effective and safe technique
when comparing the length of incisions. Moreover, in
this report, we describe some techniques applied in
laparoscopic appendectomy to minimize complications.

AIM: To introduce a new strategy during complicated
open appendectomy - converting open operation to
laparoscopy.
METHODS: We retrospectively reviewed databases
at two institutions between October 2010 and January 2013, identifying 826 patients who had undergone
complicated appendectomy for histologically confirmed
acute or chronic appendicitis. They included 214 complicated appendectomies: 155 lengthened-incision open
appendectomies (LIA group) and 59 open appendectomies with conversion to laparoscopy (OACL group).
RESULTS: A total of 214 patients with complicated appendectomies were included in the study, including 155
cases of LIA and 59 cases of OACL. No major complication leading to death occurred in the study. Patient
characteristics of the two groups were similar. Several
parameters showed a significant difference between
WJG|www.wjgnet.com

CONCLUSION: Lengthened-incision open appendectomy increases the incidence of complications and
prolongs the hospital stay. Conversion of open to laparoscopic appendectomy is feasible and efficient in
complicated cases. It decreases the rate of incisional
and abdominal infections, allows faster return of bowel
movements, and shortens the hospital stay.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION
Laparoscopic appendectomy has rapidly developed since
Semm[1] published an article reporting the first complete
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removal of the appendix via laparoscopic surgery in
1983 and Schreiber[2] performed the first laparoscopic
appendectomy in a patient with acute appendicitis in
1987. Although open appendectomy remains the gold
standard worldwide for treating complicated appendiceal
disease[3-7], the laparoscopic technique has improved and
appendectomies are being increasingly performed by
laparoscopy. Laparoscopy converted to an open procedure is a conventional strategy during complicated appendectomies. A much larger incision than that needed
for laparoscopy is routinely applied in those procedures,
resulting in a high rate of complications, such as incisional infections, which in turn cause a prolonged hospital stay and high level of pain for the patient[8-10]. Since
October 2010, we have attempted to convert open appendectomies to laparoscopic procedures during complicated cases instead of lengthening the incision. This new
strategy has produced good clinical results.

Table 1 Patient characteristics for the open appendectomy
converted to laparoscopy and lengthened-incision appendectomy groups
OACL group LIA group P value
(n = 59) (n = 155)

Variable
Age, yr, mean ± SD
Sex, female/male, n
WBC counts (× 109/L), mean ± SD
C reactive peptide, U/L, mean ± SD
Localized abdominal tenderness n (%)
Preoperative scale of pain (range
1-10), mean ± SD

29.6 ± 14.2
32/27
14.8 ± 4.2
18.8 ± 3.9
48 (81.4)
2.9 ± 1.5

30.1 ± 16.7
75/80
13.9 ± 3.4
20.1 ± 4.5
119 (76.8)
2.7 ± 1.8

NS
NS
NS
NS
NS
NS

OACL: Open appendectomy converted to laparoscopy; LIA: Lengthenedincision appendectomy; WBC: White blood cell.

MATERIALS AND METHODS
Patients and methods
From October 2010 to January 2013, a total of 826 appendectomies (519 open, 307 laparoscopic) were performed at The Second Affiliated Hospital Zhejiang University School of Medicine. Having to choose between
a lengthened incision or conversion to laparoscopy
during the appendectomy procedure was considered a
“complicated” appendectomy. Based on this definition,
214 complicated appendectomies had been performed,
including 155 lengthened-incision appendectomies (LIA
group) and 59 open appendectomies that were converted
to laparoscopy (OACL group). The indication for appendectomy in the study was acute or chronic appendicitis.
The initial strategy for all 214 cases was open appendectomy. Because of difficulty during the procedures, however, they were changed to either LIA or OACL. The
outcomes of the two approaches were compared on an
intention-to-treat basis.
The mean ages of the OACL and LIA groups were
29.6 ± 14.2 years vs 30.1 ± 16.7 years, respectively. The
patients’ characteristics and perioperative data were recorded before and after surgery. The characteristics are
shown in Table 1.
Surgical technique for conversion of open to
laparoscopic appendectomy
Among the 214 open appendectomies, 59 operations
were converted to laparoscopic appendectomy (OACL
group) because it was difficult to complete the procedure
through a normal incision. The remaining 155 other appendectomies continued as open procedures but were
performed after lengthening the incision (LIA group).
All of the OACL patients were converted to general
endotracheal anesthesia. A 10-mm trocar was placed in
the open incision, after which the incision was closed by
suture to make sure no gas could pass through. We used
a conventional three-port technique. After the first tro-
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Figure 1 Positions of trocars.

car was placed (Figure 1), CO2 gas was input to keep the
pressure between 12 and 15 mmHg. A supraumbilical
port was created for the camera, and another was placed
medial to the left anterosuperior iliac spine. Figure 2
shows laparoscopic visualization of the appendix during
OACL.
The following procedures were nearly the same for
both the OACL and LIA groups. During the operation,
three strategies were applied for three situations: (1) the
appendix was in the right upper abdomen, but all of it
could be found easily; (2) the base of the appendix could
be identified easily, but the tip was difficult to identify;
and (3) a mass was present because the appendix was
perforated, which made it difficult to distinguish the
appendix from adjacent intestine. In the first situation,
harmonic shears (Harmonic Scalpel; Ethicon EndoSurgery, Somerville, NJ, United States) were used to separate the appendix by dividing the mesoappendix. As the
appendix was separated completely, it was ligated at its
base and cut. It could then be removed in a specimen
bag through the large incision. In the second situation,
we performed a retrograde appendectomy by separating
and then ligating the base of the appendix. We then used
harmonic shears to divide the appendix from its base to
its tip. In the third situation, we performed a submucosal
appendectomy, a technique which has been introduced
by Hannan and Hoque[11]. An incision was made on the
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discharge from the hospital. In such cases, the drainage
tube was removed once there was no collection and no
fever.
Statistical analysis
Numerical data were expressed as the mean ± SD. Statistical significance was evaluated by Student’s t-test or
the χ 2 analysis between the two groups with SPSS 17.0
for Windows software (SPSS Inc., Chicago, IL, United
States). P < 0.05 was considered statistically significant.

RESULTS
Figure 2 Appearance of the appendix during the open appendectomy
converted to laparoscopy procedure.

Table 2 Perioperative data for the open appendectomy converted to laparoscopy and lengthened-incision appendectomy
groups n (%)
OACL group LIA group P value
(n =59) (n =155)

Variable
Operative time, min, mean ± SD
Length of incision, cm, mean ± SD
Flatus, d, mean ± SD
Drain placed
Scale of pain (range 1-10), mean ± SD
Days of drainage, d, mean ± SD
Reoperation
Hospital stay, d, mean ± SD
Complications
Intra-abdominal abscess
Wound infection
Ileus
Fecal fistula
Bleeding
Histopathology
Acute
Phlegmonous
Gangrenous or perforated
Periappendicular abscess

45.6 ± 17.2
3.8 ± 1.4
2.3 ± 0.6
36 (61.0)
3.6 ± 1.8
2.1 ± 1.1
0 (0)
5.1 ± 2.7
4 (6.8)
1 (1.7)
2 (3.4)
1 (1.7)
0 (0)
0 (0)

43.8 ± 16.1
6.2 ± 3.5
4.2 ± 0.8
124 (80.0)
7.2 ± 2.4
2.7 ± 1.6
2 (1.3)
8.7 ± 3.2
23 (14.7)
7 (4.5)
11 (7.1)
1 (0.6)
2 (1.3)
2 (1.3)

40 (67.8)
8 (13.6)
9 (15.3)
2 (3.5)

93 (60.0)
18 (11.6.)
28 (18.1)
16 (10.3)

NS
< 0.05
< 0.05
< 0.05
< 0.05
NS
NS
< 0.05
< 0.05
< 0.05
< 0.05
NS
NS
NS
NS

OACL: Open appendectomy converted to laparoscopy; LIA: Lengthenedincision appendectomy.

All 59 patients in the OACL group underwent surgery
that was successful. No reconversion to open surgery or
reoperation was necessary. In contrast, 2 of 155 LIA patients required reoperation because of incisional bleeding
and intra-abdominal bleeding, respectively. All patients
were ultimately discharged in good health.
The patient characteristics, including sex, age, C-reactive peptide, and scale of pain showed no significant difference between the two groups. The factors that were
significantly different between the two groups were the
following (with respective values for the OACL vs LIA
groups): length of incision 3.8 ± 1.4 cm vs 6.2 ± 3.5 cm;
time to flatus recovery 2.3 ± 0.6 d vs 4.2 ± 0.8 d; rate of
drainage 61.0% vs 80.0%; scale of pain 3.6 ± 1.8 vs 7.2 ±
2.4; hospital stay 5.1 ± 2.7 d vs 8.7 ± 3.2 d; complication
rate 6.8% vs 14.7%. Other perioperative data were not
significantly different for the two groups. Among the
complications, abdominal abscess and incision infection
were found more often in the LIA group than in the
OACL group. Two cases of fecal fistula occurred in the
LIA group and contributed to prolonged hospital stays,
but the occurrence rate was not different in the two
groups. The perioperative data are shown in Table 2.
All patients were followed up at the clinic or by telephone interview for 2 to 22 mo, during which time no
major complications occurred.

DISCUSSION
antimesenteric wall of the appendix, and the mucosal
sleeve was pulled out, leaving the muscular wall in place.
The base of the tube was then ligated flush with the
cecum and divided distally. The muscular tube was left
alone. Normal saline was used to clean the peritoneal
cavity. Closed suction drain tubes were placed in most
of the cases that were in the second and third situations
described earlier.
Postoperative management
Liquids were allowed 6 h after the operation. Feeding
was allowed after flatus recovery in the majority of cases
of both groups. A few patients with a fragile appendiceal
base had their feeding restricted until complete recovery
of bowel movements. The drainage tube was removed
only when there was no collection in the drainage bag.
There were some rare cases of drainage continuing after
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Laparoscopy offers more advantages than the open technique in terms of postoperative outcomes, including less
pain, fewer complications, and faster recovery. Unlike
laparoscopic cholecystectomy, which became the “gold
standard” for removing gallbladder disease, laparoscopic
appendectomy still has some controversial issues. This
is especially true in regard to complicated appendectomies[12-15]. As the instrumentation improves and experience increases, some surgical centers consider laparoscopic surgery the first choice for treating acute appendicitis. However, open appendectomy is still accepted
as the gold standard and is widely performed, and it
remains first choice for appendicitis in many institutions
world-wide. Over a 3-year period during 2010-2013, a
total of 519 open and 307 laparoscopic appendectomies
were performed in our institution. The open technique
is considered reliable and easily performed, with a low
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incidence of morbidity[16]. Therefore, the conventional
appendectomy strategy is laparoscopy with conversion
to open surgery or open appendectomy directly. When
difficulties arise during open appendectomy, however,
a larger incision may be needed to search for and then
divide the appendix. The problem is that a large incision
and confused anatomy may lead to a high complication
rate[17-20]. Beginning in October 2010, we attempted to
convert open appendectomies to laparoscopy when it
was difficult to find the appendix and/or to separate it.
We achieved good results when we applied a new strategy - converting the open procedure to laparoscopic appendectomy - and compared it to simply lengthening the
incision to complete the open operation.
The OACL has the same advantages as laparoscopic
appendectomy (LA). There are differences between OACL
and conventional three-port LA, however. The position
of the trocar on the right abdomen for OACL is at the
McBurney point, whereas for LA it is at a higher position, which leads to some differences in the technique.
The short distance between the trocar and the appendix
during OACL makes it difficult to manipulate the instruments. To solve this problem, the trocar at the McBurney point is sometimes used for the camera. The other
difference is the method for removing the appendix. It
is removed through a McBurney incision during OACL
but through a supraumbilical incision during LA.
Retrograde and submucosal appendectomies have
been performed by both open and laparoscopic methods
when difficulty is encountered during a procedure[21]. A
subserosal appendix has been described with extensive
serosal adhesions, which generally cover the body and tip
of the appendix but not the base[22]. Retrograde appendectomy is useful for this situation. As the base of the
appendix is divided, clips (Lapro-Clip, Covidien, Mansfield, MA, United States; or Hem-o-lock, Weck Closure
Systems, Research Triangle Park, NC, United States) are
used to ligate it, after which it is cut. Harmonic shears
are used to separate the appendix from the base to the
tip. The key to the maneuver is that harmonic shears
can go beyond the wall of the cecum and approach the
appendix. Submucosal appendectomy was reported to
be an effective technique for most cases of complicated
appendicitis[11]. Once the appendix is identified, the serosal and muscular layers are incised by hook cautery,
taking care not to perforate the mucosa (unless it was
perforated already). In the case of perforation, divisions
begin at the perforation. A metal aspirator with a blunt
tip is useful for separating layers between muscular tissue
and mucosa. The division continues (as above) until the
mucosal tube of the appendix is separated completely,
leaving the serosal and muscular tube with an incision
on its surface. The procedure is easily performed. Minor bleeding might occur but is easy to control by hook
cautery or harmonic shears. The advantages of submucosal laparoscopic appendectomy are as follows: (1) it is
not necessary to divide the appendix and cecum, which
avoids perforating the wall of the cecum; (2) it is not
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necessary to divide the mesoappendix, which contains
the appendiceal artery and vein, which could easily be injured; and (3) it is not necessary to separate the appendix
from adjacent intestine and peritoneum. For some cases,
the combined technique is feasible.
Harmonic shears are much more useful than hook
cautery during OACL. They are effective for the first
two of the three situations mentioned above - appendix
on the right upper abdominal but easily found; base of
appendix easily identified but not the tip; a mass owing
to appendiceal perforation, making it difficult to distinguish it from adjacent intestine. The mesoappendix
and adhesions could be divided by harmonic shears
directly without ligation, which decreases the incidence
of bleeding and shortens the operative time. Ligation of
the mesoappendix is sometimes uncertain during open
appendectomy and causes a threat. In one patient who
underwent LIA abdominal bleeding occurred because of
uncertain ligation, and reoperation was necessary to stop
it. In our experience, harmonic shears are not as important in the third situation as in the other two situations.
A metal aspirator would be helpful for aspiration and for
blunt separation.
Incisional infections and intra-abdominal abscesses
are common complications after appendectomy[23,24]. It
was recently reported that these two complications are
less common after laparoscopy than after open appendectomy[23,25-27]. We found the same results for OACL vs
LIA: the intra-abdominal abscess and incisional infection rates were 1.7% and 3.4%, respectively, after OACL,
which were significantly lower than those for LIA. Conversion to laparoscopy in our patients allowed direct visualization during peritoneal toileting. The cleaner peritoneal cavity led to a lower occurrence of intra-abdominal
abscesses. Compared with LIA, the OACL procedure
was completed under closed incisions (in the peritoneal
cavity), which contributed to a lower chance of incisional
contamination and certainly a lower incidence of incisional infection.
Fecal fistula and ileus are serious complications of
appendectomy, although they occur at low rates [28,29].
These two complications delay bowel movement recovery and prolong hospital stay. Early physical movement
and drainage removal are effective measures to prevent
ileus. Restricted feeding for patients whose appendiceal
base was fragile helps prevent and/or decreases the seriousness of the fecal fistula. In our study, the incidences
of fecal fistula and ileus in the OACL and LIA groups
were low, with no significant differences between the
groups.
A long incision increases the patient’s pain and is a
poor-healing wound. Postoperative pain was correlated
with recovery of bowel movements, which was one of
the reasons why time to flatus recovery was shorter in
the OACL group than in the LIA. Feeding was started
after bowel movement recovery, which enhanced wound
healing in the OACL group and led to a shorter hospital
stay.
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Laparoscopic appendectomy can be the first choice
in most cases of appendicitis. OACL is a safe, feasible
procedure when difficulty is encountered during open
appendectomy. It contributes to a low rate of complications and is in accord with the concept of minimally
invasive surgery. It provides a new strategy for dealing
with the open complicated appendectomy. Skilled laparoscopic technique is necessary for the OACL procedure.
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Background

Appendicitis is one of the most common diseases, with open appendectomy the
gold standard treatment. During complicated appendectomy, a large incision is
often necessary, increasing the possibility of complications. With improved laparoscopic technique, laparoscopic appendectomy has become the first choice for
appendectomy. However, laparoscopic appendectomy for complicated appendicitis remains controversial and open operation is still applied world-wide.

Research frontiers

Laparoscopic appendectomy has been widely used for treatment of appendicitis. New techniques including single-port laparoscopic and natural orifice
transluminal endoscopic surgery have been applied for appendectomy. Clinical
outcomes and effects between traditional laparoscopy and new techniques for
appendectomy have been compared.
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Innovations and breakthroughs

Laparoscopy converted to an open procedure is a conventional strategy during complicated appendectomies. A much larger incision than that needed
for laparoscopy is routinely applied in those procedures, resulting in a high
rate of complications. The strategy is a reversal conception. Converting open
to laparoscopy instead of lengthening incision was used for complicated appendectomy.

Applications

It is feasible and efficient to convert open to laparoscopic appendectomy when
the procedure is difficult to perform by normal incision, which decreases the
rate of incision infection and abdominal infection, and results in faster bowel
movement and shortened hospital stay.

Peer review

It is a well written manuscript, which described a unique concept. The strategy
is helpful for centers where open appendectomies as first choice are being
done.
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RESULTS: By ROC curve analysis, ALP > 120 U/L and
GGT > 115 U/L were considered elevated. Overall survival (OS) and tumor-free survival (TFS) for patients
with elevated ALP and GGT were significantly worse
than for patients with ALP and GGT within the normal
range. Multivariate analysis showed that the elevated
levels of ALP, GGT and tumor size were independent
prognostic factors. Giving each positive factor as a
score of 1, we established a preoperative prognostic
score model. The 5-year OS for patients with a score
of 0, 1, 2 and 3 were 84.0%, 45.9%, 44.1% and 0%,
respectively, while the TFS was 80.6%, 40.0%, 38.8%
and 0%, respectively. When combining patients with
scores of 1 and 2 into the middle risk group, and patients with scores of 0 and 3 into the low-risk and highrisk groups, respectively, different outcomes would be
significantly distinguished by the risk groups.
CONCLUSION: Elevated ALP and GGT levels were
risk predictors in HCC patients. Our prognostic model
might vary the outcomes of patients from different risk
groups.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Alkaline phosphatase; γ-Glutamyltransferase;
Prognosis; Hepatocellular carcinoma

Abstract
AIM: To determine the prognostic value of alkaline
phosphatase (ALP) and γ-glutamyltransferase (GGT) for
hepatocellular carcinoma (HCC) .
METHODS: We analyzed the outcome of 172 HCC patients who underwent liver resection. Receiver operating characteristic (ROC) curve analysis was performed
to determine the cut-off value of ALP and GGT. Then,
preoperative risk factors for survival were evaluated by
multivariate analysis. Based on the significant factors, a
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prognostic score model was established.

Core tip: To determine the optimal cut-off value of alkaline phosphatase (ALP) and γ-glutamyltransferase (GGT)
to predict hepatocellular carcinoma (HCC) prognosis
after liver resection, and to establish a scoring model,
we analyzed the outcome of 172 HCC patients who underwent liver resection. Receiver operating characteristic curve analysis was performed to determine the cutoff value of ALP and GGT. Preoperative risk factors for
survival were evaluated by multivariate analysis. Based
on the significant factors, a prognostic scoring model
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was established. Our model might affect the outcome
of patients in different risk groups, and was superior to
the traditional risk markers.
Xu XS, Wan Y, Song SD, Chen W, Miao RC, Zhou YY, Zhang
LQ, Qu K, Liu SN, Zhang YL, Dong YF, Liu C. Model based
on γ-glutamyltransferase and alkaline phosphatase for hepatocellular carcinoma prognosis. World J Gastroenterol 2014;
20(31): 10944-10952 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10944.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10944

INTRODUCTION
Hepatocellular carcinoma (HCC), the ﬁfth most common
cancer worldwide, is rarely detected early and is usually
fatal within months of diagnosis[1]. Liver resection remains the gold standard for patients with resectable HCC
that develops in the setting of normal liver substance.
However, most patients with HCC have diseased liver
parenchyma, especially HBV-related cirrhosis in China,
and resection in this population is more fraught, with the
potential for more complications[2].
Thus, a balance for choice of therapy is urgently
needed prior to treatment, such as liver transplantation,
transcatheter hepatic arterial chemoembolization, and radiofrequency ablation. Yet, these choices are mostly based
on traditional guidelines such as the Milan Criteria (single
nodule ≤ 5 cm or two or three nodules ≤ 3 cm)[3] and
the University of California, San Francisco (UCSF) Criteria (single nodule ≤ 6.5 cm, or two or three nodules
with the largest nodule ≤ 4.5 cm and the total tumor
burden ≤ 8 cm)[4]. Great suspicions were raised about
these criteria, because they solely rely on inaccurate preoperative imaging findings such as tumor number and
tumor size, but neglect the essential features of tumors
such as carcinoembryonic antigen and α-fetoprotein
(AFP). However, although AFP is frequently used to
predict post-hepatectomy outcomes in patients with
HCC, contradictory results have been reported from different studies, and the predictive accuracy was far from
satisfactory[5,6].
Building a scoring model combining the imaging
findings and serum parameters to predict the prognosis
of HCC patients undergoing liver resection is useful in
guiding us to choose the best treatment. Many trials have
focused on exploring the prognostic markers of HCC in
patients undergoing liver resection, such as serum miRNAs and other potential gene markers, however, they
have had either unsatisfactory results, or were confined to
laboratory experiments, which were not implementable
clinically[7-9].
Serum liver enzymes such as alanine aminotransferase (ALT), aspartate aminotransferase (AST), alkaline
phosphatase (ALP), and γ-glutamyltransferase (GGT),
are routinely tested in patients. These enzymes are com-
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monly elevated in patients with liver diseases and thus
may reflect the status of liver injury[10]. Of the liver enzymes, ALP and GGT have long been recognized to play
potential roles in the diagnosis of cancer. For instance,
Xu et al[11] systemically analyzed the isoenzymes of GGT,
and reported that GGT could be applied as an additional
marker for HCC, valuable not only for the diagnosis
of clinical HCC, but also for the detection of small or
subclinical HCC. Hann et al[12] studied the associations
of liver enzymes with the risk of HCC in HBV-infected
patients, and found that compared to patients with normal baseline GGT, those with elevated GGT exhibited
a significantly increased HCC risk with a hazard ratio of
2.60. Lopez et al[13] reported that raised ALP level in the
presence of normal bilirubin was more often a feature
of HCC than benign liver diseases, although the specific
mechanism was not clear.
However, these studies were mainly focused on the
diagnostic roles of ALP and GGT. Few studies have systematically explored the prognostic roles of these liver
enzymes. In the current study, we sought to evaluate the
effects of ALP and GGT on the long-term prognosis
of patients with HCC undergoing liver resection. In addition, we tried to combine these serum markers such as
ALP and GGT, and tumor characteristics such as tumor
number and tumor size, to establish a scoring model consisting of comprehensive features of tumors to predict
better the prognosis of HCC.

MATERIALS AND METHODS
Patient selection
Prospectively collected data in our unit (First Affiliated
Hospital, Xi’an Jiaotong University, Xi’an, China) were
reviewed retrospectively. We enrolled 172 HCC patients
underwent liver resection with complete follow-up during the 10-year period from December 2002 to July 2012.
For this study, we included those patients who met all the
following criteria: (1) patients were diagnosed with only
HCC, but with no concomitant intrahepatic cholangiocarcinoma, or any other malignancies, to eliminate the
confounding effects from disease etiology; (2) patients
had serum liver enzymes (ALP and GGT) and AFP measured simultaneously at study entry, making the baseline
analyses comparable; (3) liver resection was performed
on the resectable HCC; and (4) patients had a minimum
follow-up time of 1 year from the study entry point.
Data collection
Patient baseline and clinical data, including age, sex, liver
enzymes such as ALP and GGT, serum AFP, HBV infection, HBV-DNA level, HCV infection, preoperative
imaging data (tumor size, number, and invasion), surgery
procedure records, and tumor pathology were recorded.
Other synthetic liver function was also assessed, such
as total bilirubin, albumin and international normalized
ratio (INR), to evaluate the Child classification of every
patient. Liver resection specimens were assessed by two
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Figure 1 Kaplan-Meier curves of (A) overall survival, and (B) progression-free survival, for the whole 172 patients underwent liver resection enrolled in this study.

independent liver pathologists, blinded to all patient demographics and clinical outcomes. All patients gave written informed consent to this study, and approval for the
study was obtained from the Institutional Review Board,
which conformed to the standards of the Declaration of
Helsinki.
Surgery and postoperative management
A systematic examination was performed to exclude peritoneal metastases. The resection techniques principally involved were either anatomical or nonanatomical according to the patients’ preoperative liver function and tumor
anatomical status. Hepatic pedicle and celiac lymph nodes
were removed for frozen section histological examination. Systematic, intraoperative hepatic ultrasonography
was performed to detect additional nodules or portal
thrombosis. After resection, the macroscopic features of
the tumor, including size, number of tumors, portal vein
invasion, and hepatic vein invasion, were recorded. Histological examinations of microscopic vascular invasion
as well as satellite lesions were examined. Postoperative
management included symptomatic therapy if any surgical complications occurred, such as bleeding, infection,
or hypoalbuminemia.
Follow-up
After liver resection, patients were followed every 3 mo
in the first year, every 4 mo in the second year, and every
6 mo thereafter. Imaging with computed tomography
or magnetic resonance imaging was obtained for each
patient on every follow-up visit, along with liver function
analysis and serum AFP level. Tumor recurrence was diagnosed based on the combined ﬁndings of these clinical
examinations. Patients who developed recurrence were
treated with repeat hepatic resection whenever possible,
or otherwise with transcatheter arterial embolization.
Statistical analysis
All data were analyzed by the SPSS version 19.0 software
(SPSS, Chicago, IL, United States). Comparisons between
the two groups were done using a t-test for continuous
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data and the χ 2 test for categorical data, with P < 0.05
considered signiﬁcant. The survival curves were constructed by the Kaplan-Meier method and compared by
the log-rank test, stratiﬁed by GGT and ALP, with the
cutoff points determined by the receiver operating characteristic (ROC) curve analysis. Multivariate Cox regression analysis was performed to evaluate the prognostic
signiﬁcance of the variables in predicting overall survival
(OS). Results are given as mean ± SD.

RESULTS
Patient demographics and outcomes
One hundred and thirty-nine patients (80.8%) were men
and 33 (19.2%) women. The mean age was 53.5 years
(range: 24-80 years). We were able to determine ChildPugh classiﬁcation from the available clinical records
in all the enrolled patients, based on which, 160 cases
were classiﬁed as Class A and 12 as Class B. No Class
C patients were enrolled in this study, because Class C
disease is a contraindication for hepatic resection in our
department. Altogether, 87 patients died during followup. Of the 76 patients who developed tumor recurrence,
46 (60.5%) developed recurrence within 1 year and 69
(90.7%) within 2 years after surgery. Mean follow-up time
was 2.91 years (range: 0.1-10 years). The 1-, 3- and 5-year
OS for all patients included in this study were 74.1%,
54.4% and 46.6%, respectively (Figure 1).
ROC curves showed the cut-off value for elevated ALP
and GGT
ROC curve analysis revealed an optimal cutoff of 121
U/L for ALP and 117 U/L for GGT in terms of predicting survival. As to ALP, the area under the ROC
curve (AUC) was 0.631, with a 95%CI of 0.547-0.714
(Figure 2A), while the AUC for GGT was 0.643 (95%CI:
0.560-0.725) (Figure 2B). A cut-off value of 121 presented a sensitivity of 41.4% and a specificity of 85.9% for
ALP, and a cut-off value of 117 presented a sensitivity of
39.1% and a specificity of 85.9% for GGT. In order to
be utilized clinically, we chose a cutoff value of 120 for
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Figure 2 Receiver operating characteristic curves to discriminate 172 hepatocellular carcinoma patients with different prognosis by the appropriate cutoff
values of alkaline phosphatase (A) and γ-glutamyltransferase (B). ALP: Alkaline phosphatase;GGT: γ-glutamyltransferase.

Table 1 Preoperative factors affecting the overall survival and tumor-free survival of hepatocellular carcinoma patients
Category

Subcategory

Overall survival
Univariate
analysis

Gender

Male (139)
Female (33)
≥ 60 yr (55)
< 60 yr (117)
Yes (121)
No (51)
Yes (8)
No (164)
Yes (59)
No (113)
> 120 U/L (50)
≤ 120 U/L(122)
> 115 U/L (48)
≤ 115 U/L (124)
≥ 400 ng/mL (66)
< 400 ng/mL (106)

Age
HBV
HCV
Cirrhosis
ALP
GGT
AFP
Tumor characteristics
Size
Number
Invasion
Lymphnode metastasis

≥ 5 cm (114)

< 5 cm (58)
> 1 (32)
= 1 (140)
Yes (54)
No (118)
Yes (6)
No (166)

Multivariate
analysis

Tumor-free survival
HR (95%CI)

Univariate
analysis

0.935

0.916

0.090

0.233

0.044

0.012

0.556
(0.353-0.878)

0.485

0.321

0.141
0.008

< 0.001

0.030

1.866
(1.176-2.960)
1.674
(1.050-2.668)

0.085

< 0.001

< 0.001

4.472
(2.328-8.590)

< 0.001

0.002

0.001

0.676

0.001

0.017

1.685
(1.099-2.583)

< 0.001

< 0.001

4.315
(2.299-8.099)

0.009

3.149
(1.329-7.462)

0.143

0.218

0.319

0.379

0.001

0.242

HR (95%CI)

0.084

0.637

< 0.001

Multivariate
analysis

< 0.001

1.973
(1.283-3.034)

ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; AFP: α-fetoprotein; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

ALP and 115 for GGT, without significant impairment
of the diagnostic accuracy of ALP and GGT.
Factors associated with OS and tumor-free survival in
HCC patients
Univariate and multivariate analysis of factors affecting
OS and tumor-free survival (TFS) of HCC patients are
shown in Table 1. Univariate analysis revealed that, tumor
size, lymph-node metastasis, HBV infection, ALP and
GGT were preoperative prognostic predictors of poor
OS. Multivariate regression analysis was performed on
all preoperative factors that were significant in univariate
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analysis, revealing tumor size, HBV infection, ALP and
GGT as independent factors associated with OS (Table 1).
With regard to TFS, again, on univariate analysis, the
presence of lymph-node metastasis, tumor size, ALP,
GGT and AFP level were correlated with TFS. By further
multivariate regression analysis, the presence of lymphnode metastasis, tumor size, ALP and AFP level were
confirmed to be independent factors associated with the
TFS of HCC patients.
In these preoperative factors, our multivariate analysis showed that the hazard ratio (HR) of HBV infection
for OS was 0.556, which was contrary to the accepted
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Figure 3 Impact of alkaline phosphatase and γ-glutamyltransferase on the overall (A and C) and tumor-free survival (B and D) following surgical resection,
as classified by the cutoff value of alkaline phosphatase, and γ-glutamyltransferase, respectively. ALP: Alkaline phosphatase;GGT: γ-glutamyltransferase.

consensus that HBV infection is a risk factor for prognosis of HCC patients, so we excluded this factor in the
further analysis. We also excluded lymph-node metastasis
and AFP level in the following analysis, because they
were not independent factors in OS, which was more
important in predicting the prognosis of HCC patients
who underwent liver resection. In summary, we chose the
easily accessible indices such as ALP, GGT, and tumor
size as preoperative predictive factors, which were all
independently associated with OS, and played important
roles in the regression analysis of TFS.
Elevated ALP and GGT were associated with worse
prognosis in HCC patients
ALP was elevated at 50 in 172 patients (29.1%) and GGT
was elevated at 48 in 172 patients (27.9%). For both ALP
and GGT, a significant difference was observed in the
OS and TFS between patients with normal and elevated
levels. In terms of ALP, the 1-, 3- 5-year OS and TFS in
patients with normal ALP level were 81.1%, 65.8% and
60.3%, and 70.0%, 54.1% and 52.8%, respectively, compared with 66.2%, 29.1% and 15.6% (OS) and 45.4%,
25.2% and 25.2% (TFS) in patients with elevated ALP (P
< 0.05, Figure 3A, B). In terms of GGT, the 1-, 3- and
5-year OS and TFS in patients with normal GGT level
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were 80.7%, 61.7% and 56.4%, and 70.0%, 53.2% and
51.8%, respectively, compared with 64.5%, 32.9% and
19.1% (OS), and 45.3%, 25.9% and 25.9% (TFS) in patients with elevated GGT (P < 0.05, Figure 3C, D).
The baseline characteristics in patients with normal
or elevated ALP and GGT are shown in Table 2. There
were no significant differences in sex, age, HBV, HCV,
cirrhosis, AFP, and tumor characteristics such as tumor
number, invasion, and lymph-node metastasis between
the different groups according to ALP and GGT. The
only significantly different factor in both the ALP and
GGT groups was tumor size (P < 0.05), which might
partially explain the varied outcomes of prognosis in patients with different ALP and GGT levels.
Construction of the preoperative prognostic scoring
model
Inspired by the preoperative prognostic score published
by Wang et al[14] in HCC patients who underwent transplantation, we established a preoperative model using the
three preoperative factors, namely, ALP, GGT, and tumor
size, which were found to be significant by multivariate
regression analysis.
We defined each positive factor as a score of 1, and
accordingly divided the patients into four groups, name-
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Table 2 Comparison of baseline characteristics of patients with different alkaline phosphatase, and g-glutamyltransferase
Factors

ALP > 120
(n = 50)

ALP ≤ 120
(n = 122)

P value

GGT > 115
(n = 48)

GGT ≤ 115
(n = 124)

40
19
34
2
23
17

99
36
87
6
36
49

0.835
0.286
0.714
1.000
0.051
0.493

40
18
35
3
20
21

99
37
86
5
39
45

0.671
0.365
0.712
0.687
0.215
0.386

39
10
9
3

75
22
45
3

0.050
0.830
0.018
0.358

42
11
16
4

72
21
38
2

< 0.001
0.387
0.719
0.052

Gender
Age
HBV
HCV
Cirrhosis
AFP
Tumor characteristics
Size
Number
Invasion
Lymphnode metastasis

P value

ALP: Alkaline phosphatase; GGT: γ-glutamyltransferase; AFP: α-fetoprotein; HBV: Hepatitis B virus; HCV: Hepatitis C virus.
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Figure 4 Varied outcomes of hepatocellular carcinoma patients as classified by different prognostic scores (A and B) and different degrees of risk (C and D).

ly, a score of 0, 1, 2 or 3. Varied outcomes in OS and
TFS stratified by different scores are shown in Figure 4.
The 5-year OS for patients with a score of 0, 1, 2 or 3
was 84.0%, 45.9%, 44.1% or 0%, respectively (P < 0.05,
Figure 4A). With respect to TFS, the 5-year survival for
patients with a score of 0, 1, 2 or 3 was 80.6%, 40.0%,
38.8% or 0%, respectively (P < 0.05, Figure 4B). Although the OS and TFS of the patients with a score of
3 decreased sharply compared with those with a score
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< 3, and patients with a score of 0 had the longest survival, no significant difference was seen between the
patients with a score of 1 or 2. Therefore, we combined
the patients with a score of 1 and 2 as medium risk, and
defined the patients with a score of 0 and 3 as low and
high risk, respectively. Thus, the postoperative prognosis
could be easily predicted by the Kaplan-Meier curves
stratified by high, medium and low risks (P < 0.05, Figure 4C, D).
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Table 3 Univariate Cox regression analysis of prognostic
scoring model, alpha-fetoprotein level, tumor size and the
presence of cirrhosis

Low risk
Middle risk
High risk
AFP
Cirrhosis
Tumor size

P value

HR

95%CI

< 0.001
< 0.001
0.085
0.321
< 0.001

4.250
15.56
1.454
0.790
5.139

1.927-9.370
6.181-39.175
0.950-2.227
0.495-1.259
2.722-9.703

AFP: a-fetoprotein.

Predictive value of the prognostic scoring model
The predictive value of the prognostic scoring model,
compared with the traditional prognostic markers such
as AFP level, tumor size, and presence of cirrhosis, by
univariate Cox proportional hazards analysis, is summarized in Table 3. The prognostic score was superior to the
traditional prognostic markers of AFP and cirrhosis, and
more accurate than tumor size as prognostic markers,
with medium and high risks having HRs of 4.250 and
15.560, respectively.

DISCUSSION
Among appropriately selected patients with HCC, liver resection provides excellent outcomes, with a 5-year survival
rate of 70%[15]. However, even under strict screening, 68%
of HCC patients still develop tumor recurrence in 5 years
after liver resection[15]. According to our results, the 1-, 3and 5-year OS rates for all patients included in this study
were 74.1%, 54.4% and 46.6%, respectively; a little lower
than the survival rates reported by Roayaie et al[15], which
could be explained by the fact that patients in their study
with tumor size < 2 cm. In contrast, our patients had an
average tumor size of 6.95 cm. Thus, to develop novel
noninvasive biomarkers for patients suitable for liver resection is urgently needed, to avoid tumor recurrence and
surgical complications.
Despite the fact that several markers have been intented to guide prognosis in HCC, few were of significant prognostic value, or too inconvenient to implement
clinically. Inﬂammatory markers have long been linked
with malignancy, and Virchow ﬁrst observed leukocytes
in neoplastic tissue in the mid-1800s, suggesting an important role for inﬂammation in the development of
malignancies[16]. Inflammation contributes to the development of at least 15% of all cancers, especially of the
digestive system[17]. For example, patients with HBV infection experience chronic inflammation, which increases
the risk of liver cancer[18].
With respect to hepatitis virus, as one of the most
common etiologies of HCC, the estimated risk of HCC
is 15-20-fold higher in persons infected with hepatitis
virus than in uninfected persons. HBV is predominant in
the east and HCV in the west, therefore, carriers of both
viruses have a substantial risk of HCC-related death.
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However, we failed to demonstrate HBV or HCV as an
independent risk factor; probably due to the development of antiviral therapy in recent years, or because of
the small number of patients in our cohort.
ALP and GGT are liver enzymes that are routinely
tested clinically for liver function evaluation. ALP is a hydrolase enzyme, which is present in all tissues throughout
the entire body, but particularly concentrated in the liver,
bile duct, kidney, bone, and placenta[19]. Clinically, as a
stable serum marker, high levels of serum ALP are indicative of hepatic or bile-tract-associated disease. The ALP
level also increases if bone formation occurs, because
ALP is a byproduct of osteoblast activity. In addition,
ALP has already been included in the Chinese University
Prognostic Index, an HCC staging system that assigns a
score of 3 when ALP is > 200 IU/L, indicating the potential roles of ALP in predicting the prognosis of HCC
patients[20].
GGT is a nearly ubiquitous epithelial enzyme, which
initiates the degradation of extracellular glutathione and
its conjugates and correlates with biotransformation,
nucleic acid metabolism, and tumorigenesis[21]. Moreover,
elevation of serum GGT was detected in a series of clinical conditions other than hepatobiliary disorders, including pancreatic disease, myocardial infarction, renal failure,
and diabetes[10]. With respect to cancer risk, significant
associations have been reported between elevated GGT
and increased risk of cancer. Furthermore, a previous
study showed that GGT was a potential predictor in liverspecific diseases in both HBV patients and the general
population in western countries[22].
However, preoperative liver function tests, specifically
ALP and GGT, and their values in long-term follow-up
of HCC patients have seldom been systematically explored. We extensively evaluated the association between
the liver enzymes ALP and GGT and prognosis of HCC
patients undergoing liver resection. We found significant
elevation of ALP and GGT levels before surgery, which
independently predicted prognosis in HCC patients. In
addition, this effect was also significantly increased when
we combined the two serum markers with tumor size,
and we successfully constructed a preoperative prognostic scoring model.
In this study, we systematically explored the cut-off
value of ALP and GGT by using ROC curve analysis
in predicting prognosis in HCC patients. We found that
the cut-off value of ALP and GGT was 121 U/L and
117 U/L, respectively, which were a little higher than the
those reported by others when utilized in prediction of
prognosis[23,24]. Utilizing the ALP and GGT values with
relatively high sensitivity and specificity in multivariate regression analysis, our results showed that ALP, GGT and
tumor size were independent prognostic predictors of
poor OS and TFS. Further analysis showed patients with
elevated ALP and GGT had significantly higher risks of
death and tumor recurrence by Kaplan-Meier analysis, indicating the potential predictive roles of ALP and GGT
in the prognosis of HCC patients undergoing liver resec-
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tion. Although the specific mechanism is still unclear,
there are several possible hypotheses.
Previous studies have shown that ALP is a differentiation marker for embryonic and other stem cells derived
from the bone and adipose tissue. In addition, ALP was
found to indicate cancer cell proliferation in nucleolar
localization in an electron microscopic cytochemistry
study[25]. Cancer cells showed higher ALP activity in the
nucleolus and changes in localization during the cell cycle,
which revealed the roles of ALP in tumor proliferation
and progression, besides its common correlation with
cholestasis and hepatitis. With respect to GGT, its impact
on tumorigenesis might be mediated by the functions
of the oxidative stress pathways in cellular responses[26].
There is extensive evidence that GGT and glutathione
(GSH), the degradation of which is catalyzed by GGT,
can cooperatively generate free radicals and thus lead to
lipid peroxidation. On the other hand, lipid peroxidation
is significantly implicated in the tumorigenesis of many
malignancies including HCC, which might also partially
explain the GGT-HCC association[27,28].
Although we demonstrated the prognostic roles of
GGT and ALP in predicting the prognosis of HCC, however, there was no significant correlation with respect to
Child score, when we explored the potential mechanisms
of GGT and ALP in cancer prognosis. We speculated that
it was the tumor features represented by GGT and ALP,
rather than the traditional values of GGT and ALP in
liver function reserve, that affect OS of HCC patients.
Based on multivariate analysis, we further established
a simple prognostic model with an AUC of 0.745. When
we divided the patients into different groups by giving
each positive factor as a score of 1, the 5-year OS for
patients with a score of 0, 1, 2 or 3 was 84.0%, 45.9%,
44.1% or 0%, respectively, while the TFS was 80.6%,
40.0%, 38.8% or 0%, respectively. Considering the similarities in prognosis of patients with scores of 1 and 2,
we combined these patients into the medium-risk group,
while patients with scores of 0 and 3 were allocated into
the low-risk and high-risk group, respectively. On this
basis, varied outcomes were significantly divided by risk
groups. When compared with the traditional prognostic
markers such as AFP level, tumor size and presence of
cirrhosis, the predictive value of the prognostic model
was significantly more accurate by univariate analysis,
with HRs of the medium- and high-risk groups of 4.25
and 15.56, respectively[6,29,30].
It is worth noting that although elevated ALP and
GGT might predict prognosis of HCC in some way, we
should not be totally dependent on these markers. Many
other factors affecting ALP and GGT, such as hepatobiliary disorders and bone formation, could impair the accuracy of prognostic prediction. In addition, HBV or HCV
infection, tumor number, and lymph-node metastasis,
might also affect the prognosis of HCC, although the effect was not significant in our study, probably due to the
limited number of patients[31]. Thus, further studies are
still needed to confirm and update our preoperative scor-
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ing model to predict the prognosis of HCC.
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The mean follow-up time was 27.1 mo (range 1.1-130.8
mo). One hundred eighty-five (51.2%) patients died
during follow-up. The 1-, 3-, and 5-year RFS rates for
LDLT were 85.2%, 55.7%, and 52.9%, respectively;
for DDLT, the RFS rates were 73.2%, 49.1%, and
45.3% (P = 0.115). The OS rates were similar between the LDLT and DDLT recipients, with 1-, 3-, and
5-year survival rates of 81.8%, 49.5%, and 43.0% vs
69.5%, 43.0%, and 38.3%, respectively (P = 0.30).
The outcomes of HCC according to the Milan criteria
after LDLT and DDLT were not significantly different
(for LDLT: 1-, 3-, and 5-year RFS: 94.7%, 78.7%, and
78.7% vs 89.2%, 77.5%, and 74.5%, P = 0.50; for
DDLT: 86.1%, 68.8%, and 68.8% vs 80.5%, 62.2%,
and 59.8% P = 0.53).
CONCLUSION: The outcomes of LDLT for HCC are
not worse compared to the outcomes of DDLT. LDLT
does not increase tumor recurrence of HCC compared
to DDLT.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: to compare the recurrence-free survival (RFS)
and overall survival (OS) of hepatitis B virus (HBV)positive hepatocellular carcinoma (HCC) after living
donor liver transplantation (LDLT) and deceased donor
liver transplantation (DDLT).
METHODS: We retrospectively collected clinical data
from 408 liver cancer patients from February 1999
to September 2012. We used the chi-squared test or
Fisher’s exact test to analyze the characteristics of
LDLT and DDLT. Kaplan-Meier analysis was used to
compare the RFS and OS in HCC.
RESULTS: Three hundred sixty HBV-positive patients
(276 DDLT and 84 LDLT) were included in this study.
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Core tip: Whether there is a higher tumor recurrence
for living donor liver transplantation (LDLT) than for
deceased donor liver transplantation (DDLT) for hepatocellular carcinoma (HCC) has recently become a
subject of debate. Our results suggest that LDLT does
not increase the tumor recurrence of HCC compared to
DDLT. The recurrence-free survival and long-term survival times of LDLT for HCC are higher than those of
DDLT.
Xiao GQ, Song JL, Shen S, Yang JY, Yan LN. Living donor liver
transplantation does not increase tumor recurrence of hepatocellular
carcinoma compared to deceased donor transplantation. World J
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INTRODUCTION
Liver transplantation (LT) is an ideal treatment for hepatocellular carcinoma (HCC) because it can completely
clear a tumor in the liver and improve the patient’s liver
function. Many studies have demonstrated that the outcomes of HCC patients according to the Milan criteria
(single tumor ≤ 5 cm in size or ≤ 3 tumors each ≤ 3 cm
in size, and no macrovascular invasion) or the University
of California, San Francisco (UCSF) criteria (single tumor
≤ 6.5 cm, or 3 or fewer nodules with the largest lesion
≤ 4.5 cm and a total tumor diameter ≤ 8 cm, without
vascular invasion) are positive[1-5]. Most researchers suggest that the long-term outcomes of LT are better than
those of hepatectomy for HCC with Milan or UCSF
criteria[2,4]. Nonetheless, LT is greatly limited by the shortage of available livers. Many HCC patients on waiting lists
have died before a live graft could become available. The
idea of using living donor liver grafts for orthotopic LT
started in 1966 and 1969[6,7]. It took more than 20 years
for the idea to materialize in clinical practice[8].
Living donor living transplantation (LDLT) is considered an alternative to deceased donor living transplantation (DDLT). Many researchers have suggested that the recurrence-free survival (RFS) and overall survival (OS) rates
of patients are similar for LDLT and DDLT[9-17]. However,
some investigators have indicated that the RFS and OS
rates of LDLT are worse compared to the rates after
DDLT[18-23]. In this study, we aim to compare the prognoses of HCC patients after LDLT and DDLT at our
transplantation center, followed by a comparison of the
outcomes of HCC after LDLT and DDLT according to
the Milan, UCSF, and Hangzhou criteria.

MATERIALS AND METHODS
Patient selection
We obtained the patient data from the China Liver Transplant Registry (CLTR) database. The demographic and
clinical data of 408 liver cancer patients who underwent
LT at our center from February 1999 to September 2012
was retrospectively collected, with preoperative demographic, clinical, and laboratory data for all patients being
recorded. Systemic imaging was employed within 1 week
before surgery. The pathological data for the explanted
livers were considered the gold standard for tumor assessment. Vascular invasion and tumor differentiation
were also assessed by pathology. Patients who were not
hepatitis B virus (HBV)-positive, were not diagnosed
with HCC by pathology, were younger than 18 yearsold, or had died within 1 mo after transplantation were
excluded from this study. This study was approved by the
Institutional Review Board of the West China Hospital
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of Sichuan University in Sichuan Province. We obtained
informed written consent from all patients according to
the Declaration of Helsinki of the World Medical Association.
Surgical procedures
A modified technique for adult-to-adult LDLT was used
at our LT center[24]. We used the surgical technique of
the anterior approach for liver resection for recipients.
First, we dissected the first porta area and disconnected
the left and right branches of the hepatic artery, biliary
duct, and portal vein. Second, we blocked the retrohepatic inferior vena cava and suprahepatic vena cava and
then removed the recipient liver. The anterior approach
provides a “no-touch” technique in resecting the liver
tumor, decreasing the chance of tumor rupture and metastasis. After liver resection, 5-fluorouracil solution was
used to lavage the peritoneal cavity.
The retro-hepatic portion of the inferior vena cava
was removed along with the liver, and the piggyback
technique (the recipient’s inferior vena cava being preserved) was employed for LDLT patients. In the early
stages for DDLT, the standard technique without the
use of a venovenous bypass was used at our center. The
piggyback technique was implemented for most of the
DDLT patients.
Postoperative treatment
After surgery, the patients received immunosuppressive
drugs, including corticosteroids, cyclosporine, or tacrolimus with or without mycophenolate mofetil. The blood
dosages of cyclosporine, tacrolimus, and mycophenolate
mofetil were maintained at low levels. In general, corticosteroids were withdrawn after 3 mo of treatment. HBV
immunoglobulins or antivirus drugs, such as lamivudine,
adefovir, telbivudine, and entecavir, were administered in
HBV-positive LT patients after operation[25].
Patient follow-up
After transplantation, the patients were followed-up with
outpatient visits or by telephone, and every year we invited the patients who had received LT to visit our center. The recipients received routine blood examinations,
α-fetoprotein (AFP) tests, and chest X-ray examinations
every month in the first year. In the first half of the second year, the patients received these examinations once
every 2 mo. In the following years, the patients underwent
these examinations every 3-6 mo, or when necessary.
When necessary, we took abdominal computed tomography (CT), abdominal magnetic resonance imaging, chest
CT, head CT, and bone scans of the patients. Any suspicious lesions in the liver or lungs of the recipients were biopsied, if deemed necessary. Brain and bone pain, as well
as progressive growth of bone, were recorded. The date
of tumor recurrence was considered as the time that the
AFP level began to rise after tumor recurrence had been
confirmed. If patients had tumor recurrence, we recorded
the time and administered the appropriate treatment. If
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LT was 46.6 ± 9.86 years. The mean follow-up time of
all patients was 2.22 years (range: 1.1-10.7 years).
The demographic and clinical data of all LDLT and
DDLT patients are shown in Table 1. There was a statistically significant difference in the preoperative adjuvant
therapy. There were no significant differences in terms
of recipient gender; age; body mass index; Child-Pugh
score; Meld score; AFP level; tumor number; largest tumor size; total tumor size; vascular invasion; adherence
to the Milan, UCSF, or Hangzhou criteria; HBV-DNA
level; or tumor differentiation (Table 1).
According to our analysis, the percentage of HCC
patients who received the preoperative adjuvant therapy
was higher in patients after DDLT than LDLT. Of the
118 patients who received preoperative adjuvant therapy,
83 (70.3%) received transcatheter arterial chemoembolization therapy only, 18 (15.3%) patients radiofrequency
ablation treatment only, 11 (9.3%) underwent hepatectomy only, and 6 (5.1%) patients received more than two
treatment methods. The analysis suggested that preoperative adjuvant therapy had no impact on the RFS and
OS between DDLT and LDLT.

Table 1 Comparison of the demographic and clinicopathological data of hepatitis B virus-related hepatocellular carcinoma
patients after living donor liver transplantation and deceased
donor liver transplantation
Variables
Gender (F/M)
Age-yr (mean)
Age, yr (< 60/≥ 60)
BMI (< 24/24-27/≥ 27)
Child-Pugh (A/B/C)
Meld score (≤ 10/10-20/> 21)
AFP (μg/L) (< 400/≥ 400)
Preoperative
adjuvant therapy (Y/N)
Tumor No. (≤ 3/> 3)
Largest Tumor Size
(≤ 5/5-9/> 9)-cm
Total tumor size
(≤ 5/5-9/> 9)-cm
Vascular invasion (Y/N)
Milan criteria (Y/N)
UCSF criteria (Y/N)
Hangzhou criteria (Y/N)
HBV-DNA-copies/ml
(< 1.00E + 03/> 1.00E + 03)
Differentiation (1-2/3-4)

LDLT

DDLT

P value

(n = 84)

(n = 276)

(2-tailed)

6/78
44.3
79/5
57/19/8
43/34/7
47/33/2
37/43
17/67

29/247
47.3
238/38
185/65/26
137/119/20
150/92/19
141/135
101/175

0.36
0.06
0.05
0.98
0.89
0.25
0.45
0.0051

62/18
40/24/16

206/50
128/65/73

0.56
0.35

28/21/31

77/41/91

0.46

20/64
22/58
28/52
39/41
32/52

97/179
69/199
84/184
112/145
76/131

0.05
0.75
0.54
0.42
0.83

32/11

114/70

0.13

1

Significant P value. UCSF: University of California, San Francisco; HBV:
Hepatitis B virus; LDLT: Living donor liver transplantation; DDLT: Deceased
donor liver transplantation; BMI: Body mass index; AFP: α-fetoprotein.

the patient died, we recorded the time and cause of death.
Statistical analysis
We used SPSS v17.0 to analyze the data. The independent sample t-test, Pearson’s χ 2 test, and Fisher’s exact
test were used to analyze the differences in the demographic and clinical data from patients after LDLT and
DDLT. Kaplan-Meier survival analysis was used to analyze the RFS and OS rates of the HCC patients. The
statistical data were expressed as mean ± SD. The confidence interval quoted area was 95%; statistically significant differences were defined as P < 0.05.

RESULTS
Patient demographics and outcomes
The data for patients who underwent LT came from the
CLTR database. The patients were regularly followed up
to December 2012. Of all 408 liver cancer patients who
received LT at our medical center from February 1999
to September 2012, 48 patients were excluded from this
study; eighteen were not HCC patients, eighteen patients
died within 1 month after transplantation, ten were not
HBV-positive, and two patients were younger than 18
years-old. This left 360 patients to be included from
this study. Of the included patients, 84 (23.3%) received
LDLT, and 276 (76.7%) received DDLT. Among the 360
patients, there were 35 (9.7%) women and 325 (90.3%)
men. The mean age of the HCC patients who received
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Outcome of the HCC patients after LDLT and DDLT
Of all 360 patients included in this study, the median
wait times for LDLT and DDLT were 0.9 and 1.6 mo,
respectively. A total of 138 (38.3%) patients had tumor
recurrence, and 198 (55.0%) patients died during followup. The 1-, 3-, and 5-year RFS rates of the patients in our
study were 76.2%, 50.9%, and 47.2%, respectively, while
the 1-, 3-, and 5-year OS rates were 72.5%, 4.5%, and
40.0%, respectively. The 1-, 3-, and 5-year RFS rates were
85.2%, 55.7%, and 52.9% for LDLT vs 73.2%, 49.1%,
and 45.3% for DDLT (P = 0.12). The 1-, 3-, and 5-year
OS rates were 81.8%, 49.5%, and 43.0% for LDLT vs
69.1%, 43.0%, and 38.3% for DDLT (P = 0.30). There
were no significant differences in the RFS and OS rates
between LDLT and DDLT (Figure 1).
We divided all HCC patients who underwent LDLT
and DDLT according to the Milan, UCSF, and Hangzhou
criteria into 6 categories. We then compared the RFS and
OS rates of these categories. The outcomes are shown in
Figure 2. The 1-, 3-, and 5-year RFS rates according to the
Milan criteria were 94.7%, 78.7%, and 78.7% for LDLT
vs 89.2%, 77.5%, and 74.5% for DDLT (P = 0.50). The
1-, 3-, and 5-year RFS rates according to the UCSF criteria were 95.5%, 82.6%, and 82.6% for LDLT vs 88.0%,
74.0%, and 71.4% for DDLT (P = 0.20). The 1-, 3-, and
5-year RFS rates according to the Hangzhou criteria were
94.0%, 77.3%, and 77.3% for LDLT vs 87.9%, 67.3%, and
65.3% for DDLT (P = 0.20). The 1-, 3-, and 5-year OS
rates according to the Milan criteria were 86.1%, 68.8%,
and 68.8% after LDLT vs 80.5%, 62.2%, and 59.8% after
DDLT (P = 0.53). The 1-, 3-, and 5-year OS rates according to the UCSF criteria were 85.1%, 70.9%, and 70.9%
for LDLT vs 75.8%, 59.2%, and 57.1% for DDLT (P =
0.25). The 1-, 3-, and 5-year OS rates according to the
Hangzhou criteria were 86.3%, 69.6%, and 69.6% after
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LDLT vs 76.2%, 58.3%, and 56.6% after DDLT (P = 0.19).
There were no significant differences in the RFS and OS
rates between LDLT and DDLT patients divided according to the Milan, UCSF, and Hangzhou criteria (Figure 2).

DISCUSSION
Compared with DDLT, LDLT can shorten the pretransplant waiting time and can also solve the issue of
limited donors. LDLT is widely accepted as a treatment
for patients with end-stage liver disease. At the same
time, LT is the best choice for HCC because it can completely clear a tumor in the liver and solve the problem
of liver cirrhosis. However, LT is greatly limited by the
shortage of deceased donors. Since the first successful
LDLT was performed in Australia in 1989, the shortage of donors had been partially resolved[8]. LDLT is
currently considered an alternative for benign end-stage
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liver disease and liver malignancies. At our LT center,
the frequency of LDLT is increasing. As of December
2012, 109 liver cancer patients had received LDLT at our
center. However, in the early stages, the prognosis for
HCC patients after LT was not satisfactory at our center
due to the lack of unified criteria in mainland China. As
a result, some advanced HCC patients underwent LT in
those days. Some investigators in China have proposed
some standards of HCC for LT, such as the Chengdu
criteria (total tumor diameter ≤ 9 cm, no macro-vascular
invasion, and no lymph node or extra-hepatic organ metastases) and the Hangzhou criteria (total tumor diameter
≤ 8 cm, or for total tumor diameter > 8 cm, histopathologic grade Ⅰ or Ⅱ and a preoperative AFP level ≤ 400
ng/mL)[26,27].
The outcomes of LDLT and DDLT for HCC are controversial. Several researchers have shown that, for HCC,
the outcomes of LDLT are poorer than DDLT [19,22].
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Some studies have suggested that the release of hepatotropic cytokines and the increased vascular inflow
associated with hepatic regeneration may stimulate the
growth of residual HCC cells, which has been the case
in both animal and clinical human studies[28,29]. However,
our results show that the RFS rate of LDLT for HCC is
not significantly different compared to DDLT. Some authors have reported that poor outcomes may be due to
the shorter waiting time and the surgical procedure for
LDLT. Compared to DDLT, the waiting time for LDLT
is shorter[19-21], with the latter often being referred to
as “fast-track” transplantation due to this advantage[30].
Some investigators have indicated that at least 20%30% of long-waiting candidates drop out before receiving transplantation because of tumor progression[30,31].
However, if the waiting time is short, doctors might not
have adequate time to assess the biological behavior of
the tumor. Thus, more patients with potentially aggressive tumors may have been selected to receive LDLT[11].
Moreover, some authors have suggested that the preoperative treatments in LDLT are not radical[18]. Our
results show that there is a statistically significant difference in the preoperative adjuvant therapy between LDLT
and DDLT, and that more patients received preoperative
adjuvant therapy in the DDLT group. LDLT needs to
preserve more of the inferior vena cava. Meanwhile,
the longer hepatic artery and bile duct of the recipients
should be reserved. The shorter waiting time and all of
these surgical procedures may lead to the recurrence of
HCC after LDLT[18].
Although LDLT is controversial for HCC, our experience indicated that there were no significant differences for either RFS or OS rates in HCC patients who underwent LDLT or DDLT at our LT center (Figure 2).
The RFS and OS rates of HCC patients according to
the Milan criteria were not significantly different after
LDLT, while the RFS and OS rates of HCC patients
according to the UCSF criteria were not significantly difference after LDLT and DDLT. We also demonstrated
that the outcomes of HCC according to the Hangzhou
criteria were not significantly different. Even the mean
RFS and OS times for LDLT according to the different
criteria were longer compared to the times for DDLT.
Sandhu et al[16] reported that the type of transplant did
not affect the HCC outcome. The authors demonstrated
that, for HCC, RFS and long-time survival after LDLT
or DDLT were similar. A study by Liang et al[15] also
suggested that LDLT guarantees the same prognosis as
DDLT for HCC according to the Milan criteria. Furthermore, Di Sandro et al[14] reported that LDLT guarantees
the same long-term results as DDLT when the selection
criteria for the candidates are the same. Although LDLT
has a higher cost for the donor and the operative procedures are more complex, the overall financial burden
is similar to DDLT. At the same time, LDLT can resolve
issues involving allocation and the shortage of deceased
donors[32-34]. Previous studies both at our own and other
LT centers have demonstrated that LDLT has more advantages than DDLT, such as shorter waiting time, signifi-
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cantly shorter cold ischemia time, and almost no warm
ischemia injury[35,36]. With these advantages, LDLT ensures
that more end-stage liver disease can receive optimal and
timely therapy. At our center, the “no-touch” technique,
use of a 5-Fu lavage in the recipients’ peritoneal cavity, application of low-dosage immunosuppressive drugs, withdrawal of corticosteroids in the early stages, and control
of HBV may play important roles in inhibiting the growth
of HCC cells.
In conclusion, the results of our study demonstrate
that LDLT does not increase the tumor recurrence of
HCC compared to DDLT. The RFS and long-time survival times of LDLT for HCC are higher when compared to
the times for DDLT. LDLT should be widely adopted in
patients with benign end-stage liver disease and malignancies according to the Milan, UCSF, and Hangzhou criteria.
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CONCLUSION: For patients treated with cTACE, the
chemotherapeutic agent CPT-11 was significantly associated with improved overall survival and delayed
tumor progression compared with GEM or doxorubicin.
There were no significant differences in clinical adverse
events between the three agents. CPT-11 thus appears
to be a promising agent when combined with cTACE for
the treatment of HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Abstract
AIM: To compare the efficacy of different chemotherapeutic agents during conventional transarterial chemoembolization (cTACE) in the treatment of unresectable
hepatocellular carcinoma (HCC).
METHODS: A retrospective review was undertaken of
patients with unresectable HCC undergoing cTACE from
May 2003 to November 2011. A total of 107 patients
were treated with at least one cTACE session. Irinotecan (CPT-11) was used as a chemotherapeutic agent in
24 patients, gemcitabine (GEM) in 24 and doxorubicin
in 59.
RESULTS: The time to progression and overall survival
rates were significantly superior in patients treated with
CPT-11 compared with the GEM or doxorubicin treated
groups (11.4, 8.2, 9.5 mo, P = 0.02 and 21.7, 12.7,
14.5 mo, P = 0.004, respectively). Subgroup analysis
showed that for intermediate-stage HCC, CPT-11 resulted in a significantly longer time to progression and
overall survival compared with the GEM or doxorubicin
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treated groups (P = 0.022; P = 0.003, respectively).
There were no significant differences in adverse events
among the three groups (P > 0.05).

Core tip: In the present study, we aimed to compare
the efficacy of different chemotherapeutic agents
during conventional transarterial chemoembolization
(cTACE) in the treatment of unresectable hepatocellular
carcinoma. Our study indicated that for patients treated
with cTACE, the chemotherapeutic agent irinotecan
(CPT-11) was significantly associated with improved
overall survival and longer time to progression compared with gemcitabine or doxorubicin. There were
no significant differences in clinical adverse events
between the three agents. CPT-11 thus appears to be
a promising agent when combined with cTACE for the
treatment of hepatocellular carcinoma.
Wu J, Song L, Zhao DY, Guo B, Liu J. Chemotherapy for
transarterial chemoembolization in patients with unresectable hepatocellular carcinoma. World J Gastroenterol 2014;
20(31): 10960-10968 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/10960.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.10960
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and doxorubicin.

INTRODUCTION
Hepatocellular carcinoma (HCC) is one of the most
common malignant tumors worldwide. The annual incidence ranges from < 10 cases per 100000 persons in
North America and Western Europe to 50-150 cases per
100000 persons in parts of Africa and Asia, where HCC
is responsible for a large proportion of cancer-related
deaths[1,2]. The Barcelona Clinic Liver Cancer (BCLC)
staging system directs therapy according to tumor stage,
liver function status, physical status and cancer-related
symptoms[3]. However, over 60% to 70% of patients with
HCC are diagnosed at a late stage and therefore curative
therapies such as resection, liver transplantation or local
ablation therapy are not appropriate[4]. Transarterial chemoembolization (TACE) is the primary treatment used
most frequently for unresectable HCC. TACE has been
shown to improve survival when compared with best
supportive care for unresectable HCC[5,6]. The rationale
for using TACE is that intra-arterial chemotherapy using
lipiodol and chemotherapeutic agents followed by selective vascular embolization will result in a strong cytotoxic
effect combined with ischemia (conventional TACE or
cTACE)[7,8].
However, there is a lack of data to support the use of
one chemotherapeutic agent or combination of agents
over another. Doxorubicin as a single agent is the most
common chemotherapeutic agent used worldwide. In the
United States, combination therapy is more often used,
typically consisting of doxorubicin, mitomycin C and
cisplatin. An adenosine triphosphate tumor chemosensitive assay system is a new promising regime as a single
chemotherapeutic treatment for HCC. Cells of HCC are
highly sensitive to various chemotherapy drugs: taxol
46%, CPT-11 (irinotecan) 44%, gemcitabine (GEM) 36%,
mitomycin 14%, adriamycin 12%, cisplatin 8%, 5-fluorouracil oxalate (5-FU) 4%[9]; the higher the percentage, the
higher the sensitivity. Thus, it is indicated that CPT-11
might be a potential drug for the treatment of HCC and
prolong survival time of HCC patients.
CPT-11, a drug used for the treatment of cancer, prevents DNA unwinding by inhibition of topoisomerase
1. It is a semi-synthetic analogue of the natural alkaloid
camptothecin and is activated by hydrolysis to SN-38, an
inhibitor of topoisomerase 1. Inactivation follows by uridine diphosphate glucoronosyltransferase 1A1 glucuronidation. The inhibition of topoisomerase 1 by the active
metabolite SN-38 eventually leads to inhibition of both
DNA replication and transcription. In 2007, Takeba et
al[10] suggested that the antitumor effects of SN-38 might
include the mechanism of the mitochondria-apoptotic
pathway inducing p53 activation. This newly discovered
mechanism of action of CPT-11 might be useful as a
treatment for patients with HCC. Currently, there are limited data available regarding the use of chemotherapeutic
agents administered via cTACE in patients with HCC.
This study evaluated the efficacy, tumor response, clinical
adverse events, time to progression and overall survival
benefit of three chemotherapy agents: CPT-11, GEM
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MATERIALS AND METHODS
This study was approved by the ethics committees of the
Dalian Medical University (No. 2013.012). As a retrospective medical records study, consents were not obtained.
The records and personal information of all patients
were anonymized prior to analysis.
Study design
This retrospective analysis was conducted on 107 patients
with HCC who were treated with TACE-based therapy
from May 2003 to November 2011 at the Second Hospital of Dalian Medical University of China. There were
95 men and 12 women with a mean age of 57 years (±
11 years). Hepatitis B virus was present in 81 of the 107
patients. The primary tumor was verified in all patients either by biopsy and histopathology or according to EASL
criteria[11]. Briefly, non-invasive diagnosis of HCC was
verified if a nodule of more than 2 cm within existing
liver cirrhosis appeared arterially hypervascularized and
with an enhanced venous “wash-out” on one contrastenhanced imaging modality, with an AFP level exceeding
400 ng/mL. In patients with AFP levels below 400 ng/
mL, a tumor greater than 2 cm had to show the abovementioned dynamics of the contrast agent in two different imaging modalities.
Data evaluation was performed retrospectively and
data were reported according to the standards defined
by the Society of Interventional Radiology[12]. The study
was performed in accordance with guidelines of the local
institutional review board. A computed tomography (CT)
scan was performed before the first chemoembolization
to assess tumor size, multifocality, vascular invasion, morphological signs of liver cirrhosis and the presence of ascites. Etiology of liver cirrhosis, laboratory results including bilirubin, albumin, liver enzymes, prothrombin time
(as Quick value or INR), thrombocytes, AFP and Eastern
Cooperative Oncology Group status were retrieved from
patient records. Based on these data, all patients were
rated according to Child-Pugh[13,14], The Model for Endstage Liver Disease (MELD)[15], Cancer of the Liver Italian Program (CLIP)[16] and the BCLC[17]. Survival data
were based on patients’ records from our institution and
follow-up information from their families.
Chemotherapy regimen and dosage
CPT-11 and 5-Fu were used as chemotherapy agents in
the CPT-11 group, GEM and 5-Fu in the GEM group,
and doxorubicin and 5-Fu in the doxorubicin group. The
doses were CPT-11 130-180 mg/m2, GEM 1000 mg/m2,
doxorubicin 30-40 mg/m2, 5-Fu 500-600 mg/m2. Physical condition of patients was also considered in the determination of the final doses.
Chemoembolization procedure
Digital subtraction angiography (DSA, Multistar, Siemens,
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Erlangen, Germany) was performed before TACE to
show vascular anatomy of the liver and to identify arterial
feeders of the tumor. TACE was performed by selective
catheterization of the hepatic segmental arteries nourishing the lesions. A 3-F coaxial microcatheter (TurboTracker
18; Boston Scientific, Cork, Ireland) was utilized. A comixture of iodised oil (Lipiodol UltraFluid; Laboratories
Guerbet, Aulnay-sous-Bois, France) and chemotherapeutic agent (CPT-11, GEM or doxorubicin) with gelatine
sponge particles (Spongostan Standard; Johnson and
Johnson Medical Limited, Gargrave, Skipton, United
Kingdom) was injected until a complete blockage of the
tumor feeding branch was demonstrated. The doses of
anticancer agent and lipiodol and the pieces of gelatine
sponge particles used for TACE were determined based
on the tumor size and extension of the lesions.
TACE was considered to be technically successful
when target lesions were fully embolized and a complete
blockage of the tumor feeding branch was demonstrated
in the absence of immediate technical complications
requiring treatment interruption. Complications were defined according to the Society of Interventional Radiology guidelines[18].
Follow-up
After the TACE procedure, patients recovered with approximately 12 h of bed rest in hospital. During the first
6 h, a clinical examination (abdominal evaluation and
measurements of pulse rate, arterial blood pressure and
body temperature) was performed every two hours. All
patients underwent routine laboratory tests (liver enzyme
biochemistry, AFP, routine blood) to assess peri-procedural complications and impact on liver function 7 d later
after TACE.
One month after each cTACE procedure, a CT scan
was performed in order to evaluate the tumor radiological response and then in all cases with complete response,
scans were performed every three months in order to
monitor the appearance of recurrence. Tumor response
was assessed at CT by two expert abdominal radiologists
according to the amended RECIST criteria[19,20]. Complete response (CR) was defined as the disappearance of
any intratumoral arterial enhancement in all target lesions.
All the other radiological responses were considered noncomplete (non-CR) and categorized as partial response
(PR), progressive disease (PD) and stable disease (SD) according to mRECIST criteria.
Viable tumor was defined as contrast uptake in the
arterial phase and wash-out in portal venous and/or late
venous phases. Contrast enhancement was visually assessed in the majority of cases. However, in doubtful
cases at CT, quantitative measurements were obtained by
placing a region-of-interest in specific areas in all phase
images, according to Kim et al[21]. Repeated cTACE cycles
were performed ‘‘on demand’’ upon the demonstration
of viable tumour (non-CR) or intrahepatic recurrences in
patients of Child-Pugh A and B.
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Study endpoints
The primary endpoint of our study was overall survival.
Secondary endpoints were: (1) safety and liver toxicity;
(2) tumor response at one month; and (3) time to local
tumor recurrence (within target lesion) and intrahepatic
tumor recurrence (new lesions).
Statistical analysis
Continuous variables were reported as median and range.
Comparisons among groups were calculated using nonparametric tests (Mann-Whitney and Wilcoxon). Categorical variables were compared with the χ 2 test. Survival
analysis was performed with Kaplan-Meier statistics for
all the patients as well as for the different Child-Pugh,
MELD, CLIP, and BCLC stages. Median survival and
CI were calculated. Differences in survival between the
groups were assessed for statistical significance with the
log-rank test. SPSS-software (version 15.0, SPSS Inc.,
Chicago, United States) was used for data evaluation and
statistical analysis. A two-sided P value of less than 0.05
was considered statistically significant.

RESULTS
Baseline patient characteristics are shown in Table 1. The
primary tumor was verified histopathologically in 17/107
of patients. In 90 patients, HCC was diagnosed based on
radiological imaging procedures and AFP levels according to EASL criteria. A total of 53 patients were AFPpositive with levels greater than 400 ng/mL. Cirrhosis of
the liver was present in 62 patients (58%) and thrombosis
of a portal vein branch was present in 33 patients (31%).
The mean tumor maximal diameter was 7.8 ± 4.1 cm. A
mean of 2.0 ± 2.0 selective chemoembolization sessions
were performed in each patient and the total number for
all patients was 264.
Treatment response
Treatment response was evaluated one month after the
first TACE session. In the CPT-11 group, 4 (16.7%) and
16 (66.7%) patients showed a CR and PR respectively,
two patients (8.3%) progressed and two (8.3%) had SD.
In the GEM group, 3 (12.5%) and 16 (66.7%) patients
showed a CR and PR respectively, 2 (8.3%) progressed
and 3 (12.5%) had SD. In the doxorubicin group, 3
(12.5%) and 16 (66.7%) patients showed a CR and PR
respectively, 2 (8.3%) progressed and 3 (12.5%) had SD.
There was no significant difference in treatment responses among the three groups.
Time to progression
During follow-up, the median time to progression in
the CPT-11, GEM and doxorubicin groups was 11.41,
8.25 and 9.46 mo respectively. The time to progression
was significantly longer in the CPT-11 group than the
other two groups (P = 0.02, Figure 1A). Furthermore,
subgroup analysis according to BCLC stage showed that
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Table 1 Baseline characteristics

Mean age ± SD (yr)
Sex (M:F)
HBV
Absent/Present
Cirrhosis of the liver
Absent/Present
Tumor maximal diameter (cm)
≤ 5/> 5
Pathological T
T1/T2/T3/T4
Pathological Stage
Ⅰ/Ⅱ/Ⅲ/Ⅳ

Total

CPT-11

GEM

DDP+5-FU

(n = 107)

(n = 24)

(n = 24)

(n = 59)

57.0 ± 11.0
95:12

61.0 ± 8.7
22:2

57.5 ± 12.4
24:0

56.0 ± 11.4
49:10

26/81

P value
OS

PFS

7/17

6/18

13/46

0.583

0.734

45/62
7.8 ± 4.1
30/77

13/11
8.0 ± 3.9
4/20

6/18
7.7 ± 4.1
5/19

26/33
7.4 ± 4.2
21/38

0.003

0.011

0.361

0.165

8/32/50/17

3/8/10/3

0/9/10/5

5/15/30/9

0.070

0.052

7/26/57/17

3/6/10/5

0/6/13/5

4/14/34/7

0.013

0.022

TACE Sessions
≤ 2/> 2
Initial AFP (ng/dL)
≤ 400/> 400
Number of Tumor Single/Multiple
Vascular invasion
Absent/Present
Child-Pugh
A/B
BCLC Stage
A/B/C
CLIP Score
≤ 2/> 2
MELD Score
≤ 6/> 6
ALB (g/L)
≤ 40/> 40
TB (μmol/L)
≤ 17/> 17
AST (U/L)
≤ 40/> 40
ALT (U/L)
≤ 40/> 40
Lipiodol (mL)
≤ 10/> 10

73/34

8/16

18/6

47/12

0.001

0.009

59/48
57/50

18/6
12/12

11/13
13/11

16/43
32/27

0.095
0.017

0.157
0.039

74/33

18/6

15/9

41/18

0.014

0.090

98/9

20/4

23/1

55/4

0.746

0.930

15/59/33

2/16/6

1/14/9

12/29/18

0.005

0.006

77/20

20/4

18/6

39/20

0.013

0.013

74/33

17/7

16/8

41/18

0.914

0.610

49/58

9/15

7/17

33/26

0.033

0.073

55/52

14/10

12/12

29/30

0.440

0.808

23/84

8/16

8/16

7/52

0.947

0.958

32/75

11/13

8/16

13/46

0.456

0.522

62/45

11/13

36/32

0.997

0.369

15/9

Exp(B) stands for relative risk (RR). M: Male; F: Female; MELD: Model for End-stage Liver Disease; BCLC: Barcelona Clinic Liver Cancer Group; CLIP: Cancer of the Liver Italian Program; ALB: Albumin; TACE: Transarterial chemoembolization; CPT-11: Chemotherapeutic agent irinotecan; GEM: Gemcitabine;
5-FU: 5-fluorouracil oxalate; HBV: Hepatitis B virus; ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; BCLC: Barcelona Clinic Liver Cancer; OS: Oxidative stress.

for intermediate-stage HCC, time to progression was
significantly longer in the CPT-11 group compared with
the GEM or the doxorubicin groups (P = 0.022, Figure
1B). Univariate analysis revealed eight prognostic factors
affecting tumor progression were recognized: cirrhosis
of the liver, BCLC stage, CLIP stage, pathological stage,
number of tumors (single/multiple), TACE sessions (≤
2/> 2), PS score and chemotherapy agent used. In multivariate analysis, pathological stage (P = 0.021) and PS
score (P = 0.032) were significant independent factors for
tumor progression (Table 2).
Overall survival
Overall survival was evaluated from the time of first
TACE session to the endpoint of death or the last
follow-up time (31st December, 2012). In patients who
died, the cause of death was progression of liver disease
(74.8%), rupture of esophageal varices (18.7%) and others (6.5%). There were no treatment related deaths. There
WJG|www.wjgnet.com

was a lower rate of death in the CPT-11 group compared
with the GEM or doxorubicin group (P = 0.02) due
to less tumor progression. The median overall survival
times in the CPT-11, GEM and doxorubicin groups were
21.68, 12.72 and 14.46 mo respectively. The cumulative survival rates at 12 and 24 months were 87.5% and
45.8% in the CPT-11 group, 66.7% and 0% in the GEM
group and 69.5% and 22.0% in the doxorubicin group
(Figure 2A). The overall survival was significantly higher
in the CPT-11 group compared with the GEM or doxorubicin groups (P = 0.004). Subgroup analysis showed
that the difference between the three groups was also
significant in patients with intermediate-stage HCC (P =
0.003, BCLC B stage, Figure 2B). Univariate analysis revealed eight prognostic factors affecting overall survival:
cirrhosis of the liver, BCLC stage, CLIP stage, pathological stage, number of tumors (Single/Multiple), TACE
sessions (≤ 2/> 2), ALB and chemotherapy agent used.
In multivariate analysis, the chemotherapy agent used was
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A

B

Total

1.0

BCLC B

0.8

0.6
0.4
CPT-11
(n = 24)

0.2
GEM
(n = 24)

0.0
0

Doxorubicin (n = 59)

12

24

36

48

Time to progression

0.8
Time to progression

1.0

0.6

0.4

0.2

CPT-11
(n = 16)

GEM
(n = 14)

Doxorubicin (n = 29)

0.0

60

0

12

24

t /mo

36

48

60

t /mo

At risk

At risk

GPT-11

24

11

GEM

24

4

Dox

59

20

7
10

4
5

3
2

2
2

GPT-11

16

7

GEM

14

2

Dox

29

6

5

4

4

2

3

2

Figure 1 Time to progression in the chemotherapeutic agent irinotecan, gemcitabine and doxorubicin groups. A: There was a significant difference in time to
progression among the three groups (P = 0.018). B: Time to progression in intermediate-stage HCC among the three groups (P = 0.373). HCC: Hepatocellular carcinoma; CPT-11: Chemotherapeutic agent irinotecan; GEM: Gemcitabine; BCLC: Barcelona Clinic Liver Cancer Group.

Table 2 Univariate and multivariate analysis for the factors that influence tumor progression
Factors

Univariate (P value)

Multivariate (P value)

Exp(B)

95%CI

0.025

0.928

1.070

0.242-4.729

0.022

0.021

0.643

0.442-0.936

0.009

0.083

1.272

0.969-1.670

0.006

0.666

1.241

0.465-3.316

0.039

0.734

0.839

0.305-2.309

0.013

0.466

0.822

0.485-1.392

0.020

0.648

0.869

0.474-1.591

0.029

0.032

0.095

0.011-0.818

Cirrhosis of the liver
Absent/Present
Pathological stage
Ⅰ/Ⅱ/Ⅲ/Ⅳ

TACE Sessions
≤ 2/> 2
BCLC Stage
A/B/C
Number of Tumor
Single/Multiple
CLIP Score
≤ 2/> 2
Chemotherapy agent
CPT-11/GEM/Doxorubicin
PS score
1/2/2000

Exp(B) stands for relative risk (RR). TACE: Transarterial chemoembolization; BCLC: Barcelona Clinic Liver Cancer
Group; CLIP: Cancer of the Liver Italian Program; CPT-11: Chemotherapeutic agent irinotecan; GEM: Gemcitabine.

a significant independent factor for overall survival (P =
0.016, Table 3). In addition, ALB (P = 0.030), pathological stage (P = 0.012) and number of TACE sessions (P =
0.001) were related to survival. These results suggest that
the use of CPT-11 may be associated with a better prognosis in patients with HCC.
Treatment-related toxicity
Overall, adverse events were transient and tolerable and
successfully managed with conservative treatment. Postembolization symptoms, such as fever or pain, occurred
in 23 patients and were reported as mild. There were no
major complications or grade 4 liver toxicity[22] in either
group within one week after cTACE. The most common

WJG|www.wjgnet.com

adverse event was bone marrow suppression (37 patients)
in the CPT-11, GEM and doxorubicin groups. Grade
Ⅳ of bone marrow suppression was experienced in 1, 2
and 0 patients; 2, 3 and 4 patients had grade Ⅲ; and mild
elevation was seen in 3, 9 and 13 patients (grade Ⅰ and
Ⅱ), respectively. Elevation of bilirubin was documented
in three patients. Four patients experienced mild gastrointestinal symptoms (nausea or vomiting). Diarrhea occurred in only two patients treated with CPT-11 (Table 4).

DISCUSSION
Conventional transarterial chemoembolization is widely
accepted as a predominantly palliative approach for
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A

B

Total

1.0

BCLC B

0.8
Overall survival

0.8
Overall survival

1.0

0.6
0.4
CPT-11
(n = 24)

0.2
GEM
(n = 24)

0.0
0

12

Doxorubicin (n = 59)
24

36

48

0.6

0.4
CPT-11
(n = 16)

0.2
GEM
(n = 14)

0.0
60

0

12

Doxorubicin (n = 29)
24

t /mo

36

48

60

t /mo

At risk

At risk

GPT-11

24

21

GEM

24

16

Dox

59

41

11
13

4

4

7

4

3
3

GPT-11

16

14

GEM

14

10

Dox

29

19

8

4

4

3

5

2

2

1

Figure 2 Overall survival rates in the chemotherapeutic agent irinotecan, gemcitabine and doxorubicin groups. A: Significantly better overall survival rates
were observed in the chemotherapeutic agent irinotecan (CPT-11) group than in the GEM and doxorubicin group (P = 0.004). B: Overall survival rates in intermediatestage HCC among the three groups (P = 0.003). GEM: Gemcitabine; HCC: Hepatocellular carcinoma.

Table 3 Univariate and multivariate analysis for the factors influencing survival rate
Factors
Cirrhosis of the liver
Absent/Present
Pathological Stage
Ⅰ/Ⅱ/Ⅲ/Ⅳ

TACE Sessions
≤ 2/> 2
BCLC Stage
A/B/C
Number of Tumor
Single/Multiple
CLIP Score
≤ 2/> 2
Chemotherapy agent
CPT-11/GEM/Doxorubicin
ALB (g/L)
≤ 40/> 40

Univariate (P value)

Multivariate (P value)

Exp(B)

95%CI

0.003

0.083

5.114

0.806-32.436

0.013

0.012

0.485

0.276-0.851

0.001

0.001

1.964

1.311-2.942

0.005

0.061

0.183

0.031-1.078

0.017

0.460

1.651

0.437-6.235

0.013

0.982

0.992

0.496-1.985

0.004

0.019

0.407

0.192-0.863

0.033

0.030

0.834

0.709-0.982

TACE: Transarterial chemoembolization; BCLC: Barcelona Clinic Liver Cancer Group; CLIP: Cancer of the Liver Italian
Program; GEM: Gemcitabine; CLIP: Cancer Liver Italian Program; ALB: Albumin; CPT-11: Chemotherapeutic agent irinotecan; GEM: Gemcitabine.

patients with HCC when surgical intervention is not appropriate. The rationale for TACE is that a powerful
cytotoxic effect combined with ischemia followed by chemoembolization of the hepatic artery will result in therapeutic efficacy and survival benefit compared with supportive care[23]. If performed in a selective and sequential
way, high concentrations of embolic and chemotherapeutic agents may offer effective local tumor control, whilst
maintaining tolerable systemic concentrations reducing
the risk of significant adverse events, such as liver failure and other clinical adverse events. This study demonstrated that local tumor control translates into long
survival times for patients treated with more sessions of
cTACE[23,24]. However, there is insufficient evidence of

WJG|www.wjgnet.com

chemotherapeutic agents used with cTACE to allow informed comparisons. Doxorubicin has been widely used
as the chemotherapeutic agent of choice in cTACE, but
with the development of new chemotherapeutic agents,
such as CPT-11, GEM and oxaliplatin, comparative
studies are needed to find the optimum agent for use in
cTACE for the treatment of HCC.
This study is based on previous research on the application of the adenosine triphosphate tumor chemosensitive assay system as sole chemotherapy for HCC[9].
A comparison of CPT-11, GEM and doxorubicin
agents used in cTACE for the treatment of HCC was
performed. The time to progression and overall survival
were significantly longer in patients treated with CPT-11.
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Table 4 Treatment-related toxicity
Grade Ⅰ/Ⅱ/Ⅲ/Ⅳ
Aminotransferase elevation
Hyperbilirubinemia
Gastrointestinal toxicity
Post-embolization symptom
Bone marrow inhibition
Diarrhea

GEM

CPT-11

Doxorubicin

2/4/2/0
1/0/0/0
1/0/0/0
3/2/0/0
4/5/3/2
0/0/0/0

4/2/0/0
1/0/0/0
2/0/0/0
3/3/0/0
2/1/2/1
1/1/0/0

7/2/1/0
2/0/0/0
0/1/0/0
7/5/0/0
8/5/4/0
0/0/0/0

GEM: Gemcitabine; CPT-11: Chemotherapeutic agent irinotecan.

Additionally, liver toxicity or other clinical adverse events
were not significantly different among the groups.
For tumor response, there was no significant difference among the groups. This may be explained by the
hypothesis that embolization is more important than the
chemotherapeutic agent used, but these agents may direct
a powerful cytotoxic effect on hepatic cancer cells that
determines time to progression and overall survival. Further research in this area is therefore warranted. Moreover, subgroup analysis according to the BCLC stage
showed that for intermediate-stage HCC, the time to progression and overall survival were significantly better in
the CPT-11 group compared with the GEM or doxorubicin groups (P = 0.022 and P = 0.003). As another new
chemotherapy agent which may have potential, GEM in
this study showed no advantages in cTACE with regard
to the time to progression and overall survival compared with CPT-11 and even doxorubicin. From baseline
characteristics in each groups, we found that the stage
of patients in the CPT-11 and doxorubicin groups was
relatively earlier than that in the GEM group, and more
patients received extra gelatin sponge and microcatheter
sessions in the CPT-11 and doxorubicin group than in
the GEM group. These may be the reasons for the result
produced in this study. However, we feel that our result
is accurate, and more research should be performed to
confirm it.
In this study, pathological stage was a prognostic factor in both the time to progression and overall survival.
Earlier stage would be associated with a better prognosis in HCC patients, which is same as the conclusion in
authoritative research and in guidelines of the National
Comprehensive Cancer Network. Previous studies have
shown that higher albumin (ALB) level is independently
and significantly associated with improved survival duration[25-27]. From the multivariate analysis, patients with
ALB > 40 g/L showed longer times of overall survival.
However, due to the lack of ALB post-cTACE, the
prognostic significance of ALB was not evaluated. This
may be one potential point we can research. And we can
see from this study that the patients who received more
sessions (> 2) have a significantly different outcome
compared with those who received only one or two sessions of cTACE regarding overall survival. This result is
the same as reported in the study by Farinati et al[28]: the
number of TACE courses and of embolizations is one
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of the prognostic factors in HCC patients undergoing
TACE. This indicates that cTACE is different from the
curative treatments, and more sessions should be accepted by patients to control the time to progression. After
progression has happened, more cTACE sessions should
also be accepted to control the local tumor recurrence
or new lesions in the liver, in order to prolong the time
of overall survival. However, patients may omit cTACE
sessions due to financial reasons, which affects the tumor
response and overall survival.
This study has a number of strengths and limitations. Firstly, doxorubicin is widely used as the chemotherapeutic agent in cTACE, but there are few published
studies assessing newer chemotherapy agents used with
cTACE such as CPT-11 and GEM. Secondly, cTACE
with CPT-11 showed improved time to progression and
overall survival compared with GEM or doxorubicin. As
for limitations, sample sizes of each group were not balanced, with a smaller number in the CPT-11 and GEM
groups. Therefore, we can draw only preliminary conclusions regarding the potential value of CPT-11 in cTACE
when compared with GEM and doxorubicin. Secondly,
our study was a retrospective analysis with selection bias
that may have influenced our findings. Further studies
in a larger cohort are undoubtedly necessary to confirm
these preliminary findings.
In the future, the combination of CPT-11-cTACE
with drug-eluting beads or sorafenib is interesting with
a view to performing more research. Sorafenib, a new
multi-targeting drug, inhibits components of the Raf
signaling pathway, VEGF, PDGF and RTKs, resulting
in inhibition of tumor angiogenesis and proliferation.
The efficacy and safety of sorafenib in the treatment of
advanced HCC has been demonstrated in clinical practice[29] and in a phase Ⅲ trial. Furthermore, it has been
found to prolong survival times in patients with advanced
HCC [30,31]. Studies are needed to compare the tumor
response, time to progression and overall survival of patients treated with cTACE using sorafenib.
Conclusion
This study demonstrated that cTACE with CPT-11 could
prolong the time to progression and overall survival in
patients with HCC compared with GEM or doxorubicin.
There were no significant differences in hepatic treatment-related toxicities and clinic adverse events. CPT-11
thus appears to be a feasible and promising choice of
chemotherapy agent to use with cTACE for the treatment of HCC.

COMMENTS
COMMENTS
Background

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors worldwide. Over 60% to 70% of patients with HCC are diagnosed at a
late stage and therefore curative therapies are not appropriate. Transarterial
chemoembolization (TACE) is the primary treatment used most frequently for
unresectable HCC. However, there is a lack of data to support the use of one
chemotherapeutic agent or combination of agents over another. Chemotherapeutic agent irinotecan (CPT-11) (irinotecan), a drug used for the treatment of
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cancer, prevents DNA unwinding by inhibition of topoisomerase 1. Many studies
reported that CPT-11 might be a potential drug for the treatment of HCC and
prolong survival time of HCC patients, but the effect has not been evaluated in
TACE.

10

Research frontiers

Conventional transarterial chemoembolization (cTACE) is widely accepted as a
predominantly palliative approach for patients with HCC when surgical intervention is not appropriate. The rationale for TACE is that a powerful cytotoxic effect
combined with ischemia followed by chemoembolization of the hepatic artery
will result in therapeutic efficacy and survival benefit compared with supportive
care.

11

Innovations and breakthroughs

Doxorubicin has been widely used as the chemotherapeutic agent of choice in
cTACE, but with the development of new chemotherapeutic agents, such as
CPT-11, gemcitabine (GEM) and oxaliplatin, comparative studies are needed
to find the optimum agent for use in cTACE for the treatment of HCC. Currently,
there are limited data available regarding the use of chemotherapeutic agents
administered via cTACE in patients with HCC. This study evaluated the efficacy,
tumor response, clinical adverse events, time to progression and overall survival benefit of three chemotherapy agents: CPT-11, GEM and doxorubicin.

12

13

Applications

The study results suggest that the chemotherapeutic agent CPT-11 is significantly associated with improved overall survival and delayed tumor progression
compared with GEM or doxorubicin. CPT-11 thus appears to be a promising
agent when combined with cTACE for the treatment of HCC.

Terminology

14
15

CPT-11: a semi-synthetic analogue of the natural alkaloid camptothecin and activated by hydrolysis to SN-38, an inhibitor of topoisomerase-1. Inactivation follows by uridine diphosphate glucoronosyltransferase 1A1 glucuronidation. The
inhibition of topoisomerase 1 by the active metabolite SN-38 eventually leads to
inhibition of both DNA replication and transcription.

Peer review

The authors present the scope and limitations of the study and pointed out that
the most important items are the small number of cases and the retrospective
character of the study.
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Abstract
AIM: To optimize diagnosis and treatment guidelines
for this geographic region, a panel of gastroenterologists, epidemiologists, and basic scientists carried out
a structured evaluation of available literature.
METHODS: Relevant questions were distributed among
the experts, who generated draft statements for consideration by the entire panel. A modified three-round
Delphi technique method was used to reach consensus. Critical input was also obtained from representatives of the concerned medical community. The quality
of the evidence and level of recommendation supporting each statement was graded according to United
States Preventive Services Task Force criteria.
RESULTS: A group of ten experts was established.
The survey included 15 open-ended questions that
were distributed among the experts, who assessed the
articles associated with each question. The levels of
agreement achieved by the panel were 50% in the first
round, 73.3% in the second round and 100% in the
third round. Main consensus recommendations included: (1) when available, urea breath and stool antigen
test (HpSA) should be used for non-invasive diagnosis;
(2) detect and eradicate Helicobacter pylori (H. pylori ) in
all gastroscopy patients to decrease risk of peptic ulcer
disease, prevent o retard progression in patients with
preneoplastic lesions, and to prevent recurrence in patients treated for gastric cancer; (3) further investigate
implementation issues and health outcomes of H. pylori
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eradication for primary prevention of gastric cancer in
high-risk populations; (4) prescribe standard 14-d triple
therapy or sequential therapy for first-line treatment;
(5) routinely assess eradication success post-treatment
in clinical settings; and (6) select second- and third-line
therapies according to antibiotic susceptibility testing.
CONCLUSION: These achievable steps toward better
region-specific management can be expected to improve clinical health outcomes.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori ; Consensus development
conference; Delphi technique; Latin America
Core tip: By means of Delphi technique method, a multidi
sciplinary panel of Latin American experts releases a set of
updated recommendations on diagnosis and treatment of
Helicobacter pylori (H. pylori ) infection for this region. Main
recommendations include test and treat all symptomatic
patients submitted to gastroscopy, use 14-d triple therapy or
sequential therapy for first-line treatment, and to promote
more information and demonstration projects to identify
effective and safe strategies for control and prevention
in areas with high prevalence of H. pylori infection and
associated diseases.
Rollan A, Arab JP, Camargo MC, Candia R, Harris P, Ferreccio
C, Rabkin CS, Gana JC, Cortés P, Herrero R, Durán L, García
A, Toledo C, Espino A, Lustig N, Sarfatis A, Figueroa C, Torres
J, Riquelme A. Management of Helicobacter pylori infection in
Latin America: A Delphi technique-based consensus. World J
Gastroenterol 2014; 20(31): 10969-10983 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10969.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10969

organizing committee assembled a multidisciplinary group
of adult and pediatric gastroenterologists, epidemiologists
and basic scientists with expertise in various aspects of
H. pylori infection and associated diseases, and evidencebased medicine. They were selected from a group of
regional investigators particularly interested on H. pylori
infection that had previously participated in a series of
International Latin American Symposia on this topic.
The organizing committee generated a list of questions
relevant for Latin American countries related to diagnosis, long-term consequences and treatment of H. pylori
infection. To address these questions, a member of the
panel (RC) performed separate searches in PubMed ®
(United States National Library of Medicine, Bethesda,
Maryland), retrieving reports published in English or
Spanish up to May 2013. Search results were distributed
and further supplemented as appropriate by individual
panelists with data from regional databases (LILACS®,
Latin America and the Caribbean Literature on Health
Sciences, and SciELO®, Scientific Electronic Library Online), and abstracts presented at Latin American meetings.
Each expert was required to answer one to three questions and to provide draft recommendation statements
with rationales for consideration by all of the panelists.
The quality of the evidence (Table 1) and the level of
recommendation (Table 2) were graded following United
States Preventive Services Task Force criteria[2,3].

Latin America has a high burden of Helicobacter pylori (H.
pylori) infection and associated diseases, particularly gastric cancer (GC). Clinical and public health management
of this common bacterial infection needs to be adapted
to different epidemiological situations. The last (and
only) Latin-American Consensus Conference on H. pylori
infection, published more than a decade ago, provided
regional guidance for diagnosis and treatment[1]. Since
then, important information has been gained on the role
of H. pylori eradication in primary and secondary prevention of GC, availability of new diagnostic tests, decreasing efficacy of common antibiotic schemes and novel
treatment approaches. A working group was convened to
generate updated recommendations.

Generation of the consensus
A modified three-round Delphi technique method[4] was
used to reach consensus. Initial draft recommendation
statements were compiled by the committee and distributed to the entire panel for the first assessment of agreement. A Likert-type scale (1, totally disagree; 2, disagree; 3,
uncertain or with objections; 4, agree; and 5, totally agree)
was used to measure agreement. In cases of disagreement
or uncertainty (i.e., score less than or equal to 3), panelists
were required to submit comments and proposed changes.
Recommendations were revised incorporating these opinions and returned to topic area experts for confirmation or
reformulation. The updated statements were then judged
by the entire panel as the second-round. In order to allow critical input from representatives of the concerned
medical community, the recommendations were also presented to the roughly 400 gastroenterologists attending the
XXXIX Chilean Congress of Gastroenterology and Ⅴ
International Symposium on H. pylori Infection in Viña del
Mar, Chile, November 2012. The audience voted in realtime and provided additional oral comments. Final recommendations were revised as necessary to incorporate the
public feedback, and translated from Spanish into English,
for the third-round vote by the expert panel. Approved
recommendations (i.e., those with average score ≥ 4 on
the Likert scale) are presented below.

MATERIALS AND METHODS

RESULTS

Participants and evidence collection
Under the sponsorship of the Chilean Society of Gastroenterology (http://sociedadgastro.cl), the consensus

What is the best use of noninvasive tests for the
diagnosis of H. pylori infection?
Urea breath test: The consensus statement as follows: (1)

INTRODUCTION
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Table 1 Levels of evidence according to the study design
Level of evidence
Type Ⅰ

[3]

Description
Evidence obtained at least from one well-designed,
randomized, controlled1 trial or from a systematic
review of randomized clinical studies
Ⅱ-1 Evidence obtained from non-randomized, prospective, controlled1 studies
Ⅱ-2 Evidence obtained from cohort observational
studies2 or case-control studies, preferably multicentric
Ⅱ-3 Evidence obtained from case series
Opinion of authorities on the subject matter based
on expertise, expert committees, case reports, pathophysiological studies or basic science studies

Type Ⅱ

Type Ⅲ

1

A controlled study is a study where the intervention is managed by the
researcher; 2An observational study is a study where the intervention is
not controlled by the researcher.

Table 2 Levels of recommendation according to the available
[3]
evidence
Recommendation
A

B

C

D

I

Description
The Consensus strongly recommends the mentioned
intervention or service. This recommendation is
based on high quality evidence, with a benefit that
significantly exceeds the risks
The Consensus recommends the regular clinical
use of the mentioned intervention or service. This
recommendation is based on moderate quality
evidence, with a benefit that exceeds the risks
The Consensus does not make any positive or
negative recommendation regarding the mentioned
intervention or service. A categorical recommendation is not provided, because the evidence (of at
least moderate quality) does not show a satisfactory
risk/benefit relationship. The decision has to be
made on a case-by-case basis
The Consensus makes a negative recommendation against the mentioned intervention or service.
The recommendation is based on at least moderate quality evidence, not showing any benefit or
where the risk or damage exceeds the benefits of
the intervention
The Consensus concludes that the evidence is insufficient, due to low-quality studies, heterogeneous
results or because the risk/benefit balance cannot be
determined

the urea breath test with 13C (13C-UBT) is a good noninvasive diagnostic test for H. pylori infection in adults,
with high accuracy and easy implementation. (Evidence
level Ⅱ-1, grade of recommendation B; Agreement 4.7
± 0.5); (2) in patients with peptic ulcer disease, when
rapid urease test or histology is negative, a 13C-UBT can
be used to assess the presence of H. pylori. (Evidence
level Ⅱ-2, grade of recommendation B; Agreement
4.7 ± 0.5); and (3) the 13C-UBT is a good method to
confirm H. pylori eradication after treatment, both in
adults and children, especially in those older than 6 years
old. (Evidence level Ⅱ-2, grade of recommendation B;
Agreement 4.7 ± 0.5).
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the rationale is that invasive methods are generally
accepted to provide superior sensitivity and specificity
for diagnosis for H. pylori infection. For non-invasive
diagnosis, the 13C-UBT is well-suited in different clinical
situations[5,6]. Extensive reviews have consistently shown
sensitivity between 88%-95% and specificity between
95%-100% using invasive methods as gold standard[7,8].
Thus, UBT may be used as part of the test-and-treat
strategy in adult patients with dyspepsia, and also in epidemiological studies. However, in patients with increased
risk of GC, endoscopic diagnosis strategies should be
preferred[5].
Partial gastrectomy hampers the diagnostic accuracy
of 13C-UBT, dropping the sensitivity to 77% (95%CI:
72%-82%) and specificity to 89% (95%CI: 85%-93%)[9].
In contrast, the 13C-UBT performs well in patients with
peptic ulcer bleeding, as suggested by a meta-analysis
reporting a sensitivity of 93% (95%CI: 90%-95%) and
specificity of 92% (95%CI: 87%-96%)[10] When direct
endoscopic tests for H. pylori infection are negative in
patients with ulcer bleeding, a 13C-UBT would be a suitable alternative. However, in areas with a high prevalence
of H. pylori infection and rather low availability of diagnostic tests, such as the Latin American region, empirical
H. pylori eradication immediately after bleeding would be
appropriate and perhaps more cost-effective[11].
In children with dyspepsia and/or abdominal pain,
the test-and-treat strategy has not been validated[12] and
diagnosis of H. pylori infection is usually made by endoscopic methods. Moreover, performing UBT is relatively
difficult in young children and its diagnostic accuracy is
variable under 6 years old[13]. In children < 2 years of age,
the 13C-UBT may have false-positive results, requiring
adjustments of the cutoff, pretest meal and urea dose.
However, a recent meta-analysis[14] showed good diagnostic accuracy of 13C-UBT in pediatric patients (sensitivity
96%, specificity 96%), especially in children > 6 years
(sensitivity 97%, specificity 98%), but also in children ≤
6 years (sensitivity 95%, specificity 94%).
There is extensive evidence from several high quality
studies that 13C-UBT is an excellent method to confirm
eradication of H. pylori after antibiotic treatment in both
children[10,13] and adults[15], despite the variability in the
dose of marker, type of food, fasting period, type of
analysis and cutoff point.

H. pylori HpSA: The consensus statement as follows: (1)

the monoclonal HpSA is an alternative for non- invasive
diagnosis of H. pylori infection in adults and children, either pre- or post- eradication (Evidence level Ⅱ-2, grade
of recommendation B; Agreement 4.6 ± 0.7); and (2) in
patients with peptic ulcer bleeding, the polyclonal HpSA
could be considered for diagnosis of H. pylori infection
after a negative direct test (Evidence level Ⅱ-2, grade of
recommendation C; Agreement 4.6 ± 0.7).
the rationale is that a meta-analysis of 22 observational studies comprising 2499 patients evaluated the
accuracy of monoclonal HpSA for the initial diagnosis
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of H. pylori[16]. Sensitivity was 94% (95%CI: 93%-95%),
specificity 97% (95%CI: 96%-98%), positive likelihood
ratio (LR+) 24 (95%CI: 15%-41%) and negative likelihood ratio (LR-) 0.07 (95%CI: 0.04-0.12) as compared
to at least one independent diagnostic method[16]. Performance was superior with monoclonal than with polyclonal antigen tests (sensitivity 95% vs 83%, respectively).
Twelve studies evaluated the performance of HpSA
after H. pylori eradication. A pooled analysis of those
studies showed sensitivity of 93% (95%CI: 89-96%),
specificity of 96% (95%CI: 94-97%), LR+ of 17 (95%CI:
12-23) and LR- of 0.1 (95%CI: 0.07-0.15). Again, sensitivity with monoclonal test was superior than with polyclonal test (91% vs 76%, respectively). Subgroup analyses, considering different gold standards study populations or study quality showed no significant differences
in results[16].
Another meta-analysis, including 6 studies and 377
adult patients, evaluated the accuracy of HpSA in patients with upper gastrointestinal (GI) bleeding[10]. Only
polyclonal tests were analyzed. Sensitivity was 87%
(95%CI: 82%-91%), specificity 70% (95%CI: 62%-78%),
LR+ 2.3 (95%CI: 1.4-4) and LR- 0.2 (95%CI: 0.13-0.3),
with high between-study heterogeneity. No subgroup
analyses were performed.
A meta-analysis of HpSA in children included 48
case-control studies with 5799 patients. Monoclonal
ELISA tests (6 studies, 445 patients) showed the best
performance, with sensitivity and specificity both 97%,
LR+ 29.9, and LR- 0.03. Polyclonal ELISA tests (29
studies, 2460 patients) had sensitivity of 92%, specificity
of 93%, LR+ of 16.2, and LR- of 0.09, with high heterogeneity (p < 0.0001)[17].
Serological tests: The consensus statement as follows: (1)
serological tests are not recommended for clinical diagnosis of H. pylori in adults; either pre- or post-eradication
(Evidence level Ⅱ-3, grade of recommendation D; Agreement 4.5 ± 0.8). Western-blot might be considered as an
alternative for non-invasive diagnosis of H. pylori infection
in children (Evidence level Ⅱ-2, grade of recommendation C; Agreement 4.5 ± 0.8); and (2) in areas with high
risk of GC, serological tests are cost-effective for identification of asymptomatic H. pylori-infected individuals (Evidence level Ⅲ, grade of recommendation C; Agreement
4.5 ± 0.8).
the rationale is that a number of different techniques exist for detection of antibodies against H. pylori,
including solid phase assays (mostly in the ELISA format), agglutination tests (antigen binds to latex beads
or gelatin), western blotting (useful for detection of response to different antigens) and immunochromatography tests. Performance of the different tests may vary in
same population, and the same test will vary when tested
on different populations[18]. Rahman et al[19] evaluated
different kits in 82 patients from India. Current infection marker immunoblot showed the best accuracy, with
sensitivity of 98% (95%CI: 91%-99%) and specificity of
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90% (95%CI: 70%-99%). A study in 337 asymptomatic
volunteers in China with the Assure® rapid test showed a
sensitivity of 93% (95%CI: 89%-96%) and specificity of
91% (95%CI: 83%-95%), and six month after treatment
the sensitivity was 86% and specificity 97%[18].
A meta-analysis of serological tests in children included 58 studies and 8336 patients. The ELISA-IgG
tests (42 studies, 5632 patients) showed sensitivity of
79% (95%CI: 77%-81%), specificity of 92% (95%CI:
92%-93%), LR+ of 10.2 (95%CI: 8.1-13) and LR- of
0.19 (95%CI: 0.15-0.25), while IgA tests showed a sensitivity of only 43% (95%CI: 36%-49%). Western-blot
tests (10 studies, 1119 patients) showed sensitivity of
91% (95%CI: 89%-93%), specificity of 89% (95%CI:
86%-92%), LR+ of 8.2 (95%CI: 5.1-13.3) and LR- of
0.06 (95%CI: 0.02-0.16). There was evidence of considerable heterogeneity[20].
Screening for H. pylori has been proposed as a costeffective strategy in prevention of GC in high-risk populations[21]. A number of screening strategies are currently
available but it is unknown which approach is the best.
Using a Markov model, a serologic testing was more
cost-effective than the 13C-UBT in prevention of GC in
Singapore Chinese males[22].
Is it necessary to seek and eradicate H. pylori infection
in all patients undergoing upper GI endoscopy?
Consensus statement: Testing and eradication of H.
pylori infection in all symptomatic patients undergoing
upper GI endoscopy decreases the risk of peptic ulcer
disease and its complications and may improve functional dyspeptic symptoms, but does not modify the clinical course of gastroesophageal reflux disease (GERD)
disease. (Evidence level Ⅰ, grade of recommendation B;
Agreement 4.1 ± 1.1).
Rationale: Chronic H. pylori infection is strongly associated with both benign and malignant outcomes[23,24].
Universal testing and eradication of H. pylori infection
in patients undergoing upper GI endoscopy, regardless
of endoscopic findings, should be considered from both
clinical and epidemiological perspectives. Main indications for upper GI endoscopy include dyspeptic or
reflux symptoms. H. pylori eradication is justified in dyspeptic patients with normal endoscopy. A meta-analysis
of 21 randomized controlled trials (RCT) suggested that
H. pylori eradication is better than placebo to improve
symptoms in patients with functional dyspepsia, with a
relative risk (RR) reduction of 10% (95%CI: 6%-14%)
and a number needed to treat (NNT) of 14 (95%CI:
10-25)[25]. In patients with GERD, available evidence
suggests that in most cases there is no clinically significant interaction between GERD and H. pylori infection[5].
Current proton pump inhibitors (PPI) are able to compensate for any increase in acid secretion that might occur after eradication of H. pylori. A RCT of 231 H. pyloripositive patients with GERD, on long-term PPI therapy
showed that H. pylori eradication did not worsen GERD
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or require increased omeprazole maintenance dose[26].
From an epidemiological perspective, the majority of
patients with GERD may require long-term treatment
with PPIs. It has been suggested that in the presence of
H. pylori infection acid suppression may increase the risk
of gastric atrophy[27]. Although this intriguing hypothesis
has not been confirmed[28], some recent clinical guidelines still include long-term PPIs as an indication for H.
pylori eradication[5,6].
What is the role of H. pylori eradication in primary
and secondary prevention of GC? What is the most
appropriate age to eventually implement this action?
Primary prevention: The consensus statement is that
the potential benefit of eradicating H. pylori in primary
prevention of GC is highly suggested. However, there is
insufficient evidence to justify large-scale implementation in the general population. Further studies should be
performed on high-risk populations in Latin America to
confirm the expected benefit and to evaluate potential
adverse effects. (Evidence level Ⅰ, grade of recommendation C; Agreement 4.5 ± 0.5).
The rationale is that the potential benefit of H. pylori
eradication in primary prevention of GC has been evaluated as a secondary end-point in RCT of preneoplastic
lesions, including individuals with and without gastric
atrophy. The most recent meta-analysis of those studies
suggests that H. pylori eradication significantly reduces
the risk of GC [29]. We updated this meta-analysis by
including more recent data from two trials[30,31], and excluding one of two reports that was based on the same
sample[32,33]. The updated summary RR was 0.6 (95%CI:
0.4-0.9), with low heterogeneity among trials (PQ = 0.7,
I2 = 0%). Notably, the observed association was primarily driven by a single large study from China[31].
Some international consensus reports[5,6,34] consider a
population intervention to “test and treat” for H. pylori an
effective strategy for GC prevention in high-risk communities and some evidence supports the cost-effectiveness
of H. pylori eradication for GC prevention at the population level[21].
There are no empirical data addressing the most appropriate age for interventions to eradicate H. pylori infection. The trials described above have generally targeted older individuals because of their greater prevalence
of preneoplastic lesions and faster progression to more
advanced histologies. Nevertheless, a model projecting
the potential reduction in lifetime GC risk and associated
costs in a high-risk region in China, found that eradication at age 20 years is more cost-effective as compared
to ages 30 or 40. The model assumed that new infections
and reinfection are rare in adulthood, even in developing
countries[21].
Secondary prevention: The consensus statement is that
the eradication of H. pylori infection is recommended as
a routine measure to prevent recurrence in GC patients
receiving either subtotal surgical gastrectomy or endo-
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scopic resection. (Evidence level l, grade of recommendation A; Agreement 4.8 ± 0.5).
The rationale is that the potential benefit of H. pylori eradication in GC secondary prevention, defined as
therapy in early stages of disease, has been mainly evaluated in patients with early GC who underwent subtotal
surgical or endoscopic resection. Although observational
studies have shown inconsistent results[35-37], an openlabel, RCT of prophylactic eradication in 544 patients
found an OR of 0.4 (95%CI: 0.2-0.8) for metachronous
GC and a NNT of 19[38].
H. pylori infection and gastric premalignant lesions
What is the effect of H. pylori eradication on gastric premalignant lesions?: The consensus statement
is that in patients with gastric premalignant lesions, the
eradication of H. pylori infection halts the progression of
chronic atrophic gastritis and probably that of intestinal
metaplasia. Although the evidence is still limited, current
data favors the eradication of H. pylori infection in these
patients. (Evidence level Ⅰ for CAG and Ⅱ-1 for IM,
grade of recommendation B; Agreement 4.6 ± 0.5).
The rationale is that the effect of H. pylori eradication
on the histologic improvement of premalignant lesions
has not been fully elucidated and remains controversial.
There are few RCT, usually with shorter follow-up than
required to demonstrate effect[39], and most reports and
meta-analyses are based on prospective cohort studies.
A RCT in Colombia included 795 adults with premalignant lesions, randomized to H. pylori eradication and/or
antioxidants[40]. After 12 years of follow-up, a composite
histopathological score showed 15% more regression
and 14% less progression in subjects who became H.
pylori negative. The effect was more evident for subjects
with CAG than with IM at baseline (total regression
66% vs 20%, respectively)[30]. Another long-term RCT
from China including 3365 subjects, showed a significant
reduction in the combined prevalence of CAG, IM, dysplasia and GC, after 5 years (OR = 0.8; 95%CI: 0.6-0.95)
and 9 years of follow-up (OR = 0.6; 95%CI: 0.5-0.8)[41].
The most recent meta-analysis included 3 RCT and 8
observational studies, comprising 2,658 patients with
CAG or MI, followed for 1 to 6.7 years. The summary
mean difference on histological score before and after
H. pylori eradication showed significant differences only
for corpus CAG (p = 0.006), but not for antral CAG
or IM in any anatomical site[42]. The inclusion of mainly
observational studies and the short mean follow up period may have influenced these results. There are several
impediments to the proper assessment of reversibility
of gastric premalignant lesions[43]. Further well designed
and properly executed studies are needed.
What is the most appropriate follow-up strategy for
patients with premalignant conditions?: The consensus statement is that high-risk gastric premalignant
conditions, such as severe or extensive CAG, IM or dysplasia, require periodic follow-up. Endoscopic examina-
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tion is recommended every 2-3 years for patients with
moderate to severe CAG or IM, annually for those with
low-grade dysplasia, and every 3-6 mo for those with
high-grade dysplasia and no focal lesion on endoscopy.
(Evidence level Ⅲ, grade of recommendation B; Agreement 4.3 ± 0.8).
The rationale is that eradication of H. pylori may reduce GC incidence even in subjects with premalignant
conditions[29], albeit less clearly than in subjects without
them[44]. There is evidence from observational studies
that GC risk of the intestinal type increases significantly
with the severity of lesions[45,46]. The existence of a ‘point
of no return’ is a widely accepted concept, although its
precise location in the carcinogenic continuum is still unknown. The more advanced the preneoplastic lesion, the
more likely it is that development of GC cannot be halted. In subjects with severe or extensive CAG or IM further monitoring is necessary even after H. pylori eradication, but there are no prospective studies evaluating various monitoring schemes. Risk stratification of patients
with premalignant lesions should be based on histological assessment. When endoscopy is appropriate, the Sydney biopsy sampling protocol should be applied because
of its worldwide acceptance[47]. The OLGA (Operative
Link on Gastritis Assessment) histological staging is a
recent proposal that considers the severity and distribution of gastric atrophy to assess the individual likelihood
of progression to GC[48]. There is preliminary evidence
of its prognostic accuracy[49]. More recently, the OLGIM
histological staging, using IM instead of CAG because
of its better interobserver agreement, has been shown to
be of similar value[50]. Prospective multicenter studies in
different epidemiological contexts are needed to further
validate this new reporting format.
The Maastricht Ⅳ Consensus Report 2012 recommends that regular follow-up should be considered at
2-3 year intervals in moderate to severe atrophy and
3-6 mo intervals where there is dysplasia[5]. MAPS European guidelines recommend H. pylori eradication and
endoscopic follow-up every 3 years for extensive CAG
(corpus and antrum), annually for low-grade dysplasia,
and immediate follow-up and then every 6-12 mo for
high-grade dysplasia, with consideration of endoscopic
or surgical resection of focal visible lesions[51]. Prospective studies, that should include factors such as age and
family history of gastric cancer, are needed to test and
validate the correct timing of follow-up.
What is the effectiveness of current therapeutics
schemes to eradicate H. pylori? Which scheme should
be the first option in Latin America?
Short (7 d) vs long (10-14 d) standard triple therapy:
The consensus statement is that standard triple therapy
should be administered for 14 d and include high-dose
PPI to achieve the best possible eradication rate (Evidence level Ⅰ, grade of recommendation B; Agreement
4.5 ± 0.8).
The rationale is that seven to 14 d of triple therapy
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(TT), including a PPI, clarithromycin and either amoxicillin or metronidazole, has been the standard eradication
regimen for the last 10 to 15 years. Many studies have
evaluated the optimal duration of treatment. A metaanalysis showed a benefit of 7%-9% in the cure rate
when comparing 7 d vs 14 d, but no differences between
7 and 10 d, with a per protocol (PP) eradication rate of
90%[52]. A more recent meta-analysis, including 21 studies showed no benefit in extending therapy over 7 d,
although 14 d of treatment showed a favorable trend for
the eradication rate in regimens including amoxicillin[53].
Most included studies were of low quality. Another meta-analysis concluded that higher doses of the more potent second-generation PPIs -namely, 40 mg of esomeprazole or rabeprazole twice a day- may increase cure
rates by 8%-12% in comparison with standard doses[54].
The effectiveness of TT has shown a clear downward
trend over the last years and in most recent studies eradication rates are below the 90% PP or 80% intention-totreat (ITT) generally regarded as acceptable[55-57]. Rising
antibiotic resistance is the most important determinant
of treatment failure[58]. In Turkey, a small RCT showed
93% rate of PP eradication in patients infected with
clarithromycin-susceptible strains treated for 14 d, compared to 63% in those treated for 7 d (p = NS), while
in patients with clarithromycin-resistant strains, eradication rates were unacceptably low either after 14 or 7 d
(60% and 27%, respectively)[59]. In Pakistan, 110 subjects
infected with clarithromycin-susceptible strains, were
randomized to 7 or 14-d high-dose PPI triple therapy
(lansoprazole 60 mg twice daily). The eradication rate
was 100% with the 14-d regimen and 92.7% (with the
7-d regimen (p = NS)[60].
Sequential therapy vs standard triple therapy: The
consensus statement is that standard TT for 14 d is
comparable to sequential therapy (ST) as empiric therapy
for H. pylori infection in diverse Latin American populations. Sequential therapy is probably a better first-line
alternative regimen in areas with high prevalence of
clarithromycin-resistant strains (Evidence level Ⅰ, grade
of recommendation B; Agreement 4.6 ± 0.7).
The rationale is that the sequential therapy (ST), first
introduced in Italy, consists of a 5-d dual therapy with a
PPI (standard dose, bid.) and amoxicillin (1 g, bid) followed by a 5-d triple therapy with a PPI, clarithromycin
(500 mg, bid) and metronidazole or tinidazole (500 mg,
bid)[61,62]. This regimen could be more effective in the
setting of high clarithromycin resistance, although would
fail in the presence of dual clarithromycin and metronidazole resistance[63]. Many current clinical guidelines
include both TT and ST as first-line regimens to treat H.
pylori infection[64,65], and it has been argued that standard
TT should be abandoned when clarithromycin resistance
is more than 15%-20%, because the ITT eradication
rates are usually less than 80% in this setting[5,66]. Both
regimens have been compared in many RCT. A metaanalysis by Jafri et al[67] comparing ST with TT (7 or 10
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d), included 10 RCT and 2747 patients. Eradication rate
was significantly higher for ST than TT (93.4% vs 76.9%,
respectively; p < 0.05). A second meta-analysis by Gatta
et al[68] comprising 3006 patients also favored ST. The
OR for H. pylori eradication was 3.0 (95%CI: 2.5-3.6),
giving a NNT of 6. In patients with clarithromycinresistant strains, the OR was 10 (95%CI: 3.0-35), but the
numbers studied are small. The latest published metaanalysis by Tong et al[69], including 11 RCT, demonstrated
superiority of ST over 7-d or 10-d TT, with a RR of 1.2
(95%CI: 1.2-1.3), and 1.2 (95%CI: 1.1-1.2), respectively.
Limitations of all of these meta-analyses are that most
of the included studies were conducted in Italy, few patients had clarithromycin-resistant strains and 14-d TT
was not used. Some RCTs conducted in Iran[70], India[71]
and South Korea[72] have failed to demonstrate superiority of ST over 10 or 14-d TT. In Taiwan, 900 adults were
randomized to either 14-d or 10-d ST, or 14-d TT. The
eradication rate was 91%, 87% and 82%, respectively.
Treatment efficacy was significantly better for the ST-14
compared to TT-14 regimen (NNT of 12 on ITT analysis; p = 0.003)[73]. Finally, a recent updated analysis added
data from 10 recent RCT to the 3 previous meta-analyses, totaling more than 5000 patients. H. pylori infection
was eradicated in 86% (95%CI: 84.7-87.3) of patients
treated with ST and in 75.3% (95%CI: 73.8-76.9) of patients with TT (p < 0.001), corresponding to a NNT of 9.
They concluded that comparison between ST and 14-d
TT deserves further investigations[74].
There are also relevant studies in pediatric populations. A study from Belgium showed superiority of ST
only in patients with clarithromycin and metronidazole
susceptible strains[75]. In Poland, a RCT found higher
eradication rates with ST over TT for 7 d, although with
borderline significance[76]. A meta-analysis including a
total of 857 children aged 3-18 years, showed eradication rates of 78% with ST and 71% with TT (RR = 1.14,
95%CI: 1.06-1.23; NNT = 15). ST was superior to 7-d
TT, but was not significantly better than 10-d or 14-d
TT[77].
Regarding treatment regimens, the most important
Latin American study is a recent multicenter RCT comparing 14-d TT vs 5-d concomitant (lansoprazole, amoxicillin, clarithromycin and metronidazole) and 10-d ST
in seven sites (Chile, Colombia, Costa Rica, Honduras,
Nicaragua, and Mexico), including 1463 participants[78].
The ITT eradication rate with TT an ST was similar
(82.2% and 76.5%, respectively, p = NS). An updated
evaluation showed that the estimated eradication success rate after 1 year of follow-up was virtually the same
for both TT and ST (80.4% and 79.8%, respectively)[79].
Because both regimens just border the acceptable efficacy limit (80% ITT), there is an important space for
improvement, and more efficacious treatment schemes
are clearly needed.
levofloxacin-based triple therapy: The consensus
statement as follows: (1) a quinolone-based regimen is
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a good alternative second-line therapy, especially when
bismuth is not easily available (Evidence level Ⅰ, grade
of recommendation A; Agreement 4.6 ± 0.5); and (2) a
quinolone-based regimen might be considered as a firstline alternative regimen in areas with high prevalence of
clarithromycin-resistance and low quinolone resistance
(Evidence level Ⅰ, grade of recommendation C; Agreement 4.6 ± 0.5).
The rationale is that both levofloxacin-based triple
therapy (LBTT) (PPI, levofloxacin and amoxicillin) and
the classical bismuth-based quadruple therapy (BBQT)
(PPI, bismuth, tetracycline and metronidazole) have
been recommended as second-line therapy by the Maastricht IV Consensus Report[5] and other international
clinical guidelines[80,81]. Two meta-analyses evaluated the
efficacy of LBTT as second-line therapy, showing higher
eradication rates compared to 7-d BBQT with an OR of
1.80 (95%CI: 0.94-3.46)[82] and less adverse events than
BBQT[82,83]. A subsequent meta-analysis including 13
RCT showed that the eradication rates of the two regimens were similar (OR = 1.43; 95%CI: 0.82-2.51) except
for subgroup analysis comparing 10-d LBTT with 7-d
BBQT (OR = 4.79, 95%CI: 2.95-7.79, P < 0.00001)[84].
The more recent meta-analysis included 14 RCT comparing 7 or 10-d LBTT with 7-d BBQT. Both 7-d regimens showed comparable efficacy, with eradication rates
of 70.6% and 67.4%, respectively, whereas the 10-d
LBTT was significantly better than 7-d BBQT (eradication rate 88.7% vs 67.4%, p < 0.001). LBTT regimens
were more effective in European than in Asian populations (78.3% vs 67.7%, p = 0.05)[85]. All meta-analyses
showed that LBTT for 10 d is more effective than for 7
d and better tolerance for LBTT than for BBQT.
Levofloxacin-based therapies have also been studied
as first-line therapy, with inconsistent results. A non-randomized Dutch study compared two 7-d LBTT, with either amoxicillin or clarithromycin. ITT eradication rates
were 96% and 93%, respectively, probably reflecting a
very low local resistance to quinolones[86]. A RCT from
the Middle East compared the same two LBTT with 7-d
standard TT. ITT eradication rates were of 84.7% and
90.6% for amoxicillin and clarithromycin LBTT respectively vs 78.6% with TT (p < 0.001)[87]. Another RCT
from Spain compared LBTT with standard TT, both for
10 d. ITT cure rates were similar (75.0% vs 82.8%, p =
NS), perhaps reflecting the increasing levofloxacin resistance rate in this region. A RCT from South Korea, including 300 patients, compared 7-d LBTT with 7-d standard TT and with a quadruple regimen including PPI,
levofloxacin, amoxicillin and rifaximin. The ITT eradication rate was higher with TT than with LBTT (77.8%
and 65.3%, respectively, p = 0.05) while the rifaximinbased quadruple regimen was not inferior to TT[88]. Levofloxacin-based sequential or quadruple regimens have
also been tried as first-line options, with better results
than standard TT[89,90]. Based on this large body of clinical trial data, LBTT shows similar or better outcomes
compared with other current first-line therapies. Under
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exceptional circumstances, such as populations with low
quinolone resistance (< 10%) and high clarithromycin
resistance (> 15%-20%), this combination might be considered as a first-line treatment option for patients with
no previous quinolone exposure[64,91].
Concomitant quadruple therapy: The consensus statement is that concomitant quadruple therapy for 10 or 14
d should be studied in Latin America and may be a good
first or second-line alternative in areas with high prevalence of dual resistance to clarithromycin and metronidazole (Evidence level Ⅱ-1, grade of recommendation C;
Agreement 4.3 ± 0.5).
The rationale is that the so-called “concomitant therapy” is a non-bismuth-containing quadruple regimen,
including a PPI (standard dose, bid), clarithromycin (500
mg, bid), amoxicillin (1 g, bid) and metronidazole or tinidazole (500 mg, bid) and was designed primarily to overcome antibiotic resistance to TT. It has been used for 3
to 14 d but direct comparisons between variable durations of treatment are lacking[63,92,93]. A meta-analysis including 5 RCTs and 576 subjects compared concomitant
quadruple therapy (CQT) (3 to 5 d) with standard TT (5
to 10 d). Pooled estimates showed ITT eradication rate
of 90.8% and 79% for CQT and TT, respectively. The
OR was 2.86 (95%CI: 1.7-4.7)[94]. Another meta-analysis
suggested that CQT may overcome resistance to either
clarithromycin or metronidazole[95]. CQT is less complex
than ST as this regimen does not involve changing drugs
halfway through and may be assembled by adding metronidazole or tinidazole to standard TT. A head-to-head
non-inferiority trial of 10-d ST and 10-d CQT showed
that they were equivalent (ITT eradication rate of 92.3%
and 93.0%, respectively)[84]. Dual resistance to clarithromycin and metronidazole did not influence the level of
eradication in the CQT group, but significantly affected
efficacy of ST, although the low number of patients precludes a clear conclusion[63].
A Turkish RCT compared a modified BBQT (PPI,
bismuth, tetracycline and amoxicillin) with a modified
CQT (PPI, tetracycline, amoxicillin and metronidazole),
both for 10 d, as first-line therapy. The ITT eradication
rates were similar and unsatisfactory (79% and 74%, respectively; p = NS) probably because of antibiotic resistance[96]. In a Spanish RCT, patients with clarithromycinsusceptible strains were randomized to receive TT vs
CQT, while those with clarithromycin-resistant strains
were randomized to ST vs CQT[97]. For clarithromycinsusceptible patients, CQT was significantly better than
TT (ITT eradication rate 92% vs 70%, respectively; p
= 0.02). For clarithromycin-resistant and dual-resistant
strains (9 cases each), the eradication rates were nonsignificantly better with CQT. In the same study, 209
consecutive naive H. pylori-positive patients without
susceptibility testing were empirically treated with 10-d
CQT, with an ITT eradication rate of 87% (95%CI:
83%-92%).
In Latin America, the previously mentioned multi-
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center RCT comparing some recommended first-line empirical regimens, included one arm with 5-d CQT[78]. Although TT had appeared to be superior to ST and CQT
at 6 to 8 wk, there were only modest and non-significant
differences in 1-year outcomes among the 3 treatment
groups[79].
What is the clinical usefulness of assessing the
susceptibility of H. pylori to antibiotics?
Consensus statement: Determination of antibiotic susceptibility of H. pylori before treatment may improve the
effectiveness of therapy and should be used when available, particularly in populations with high prevalence of
resistance (Evidence level Ⅰ, grade of recommendation
B; Agreement 4.0 ± 0.6).
Antibiotic resistance of H. pylori should be monitored
by systematic surveillance in all countries throughout the
region (Evidence level Ⅲ, grade of recommendation B;
Agreement 4.0 ± 0.6).
After a treatment failure, the design of second and
third line therapies should be based on H. pylori antibiotic susceptibility to the greatest extent possible (Evidence
level Ⅱ-3, grade of recommendation B; Agreement 4.0
± 0.6).
Rationale: Clarithromycin resistance is the most important factor in explaining the increasing failure of standard TT[95], and has been correlated with the consumption of clarithromycin in the general population[98].
In Latin America, there is no surveillance system of
H. pylori antimicrobial susceptibility. A meta-analysis of
observational studies evaluating H. pylori strains in Latin
American populations found high frequencies of primary
antibiotic resistance, including summary prevalences of
12% for clarithromycin, 53% for metronidazole, 4% for
amoxicillin, 15% for fluoroquinolones, and 8% for dual
clarithromycin and metronidazole[99]. It has been suggested that standard TT should be used only when resistance of H. pylori to clarithromycin is less than 15%-20%[5]
or after susceptibility testing has confirmed clarithromycin
sensitivity[95].
Some studies have compared the effectiveness of empiric therapy vs therapy guided by antibiotic susceptibility
(tailored therapy). A meta-analysis, comprising 5 RCT and
701 patients, showed that tailored TT had a higher ITTeradication rate than empiric TT (RR = 0.84; 95%CI:
0.77-0.90) and suggested that tailored therapy may be
cost-effective[100]. Several methodological weaknesses may
limit the validity and generalizability of this meta-analysis,
including that 4 of the studies came from Italy and cost
analysis is based in only one study[101].
Culture of H. pylori may be difﬁcult, even in expert
hands[102] and sensitivity values of 55%-73% have been
reported in some trials[103-106]. Few Latin American microbiological laboratories routinely perform culture and
susceptibility studies of H. pylori, and standardization of
culture media, culturing methods, and interpretative values for susceptibility testing of isolated strains is lacking.
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The increasing availability of PCR-based approaches (not
requiring culture) to evaluate antibiotic susceptibility may
facilitate the implementation of these techniques[107]. A systematic effort to monitor the regional frequency and evolution of H. pylori antibiotic resistance would be very helpful
for designing the best options for empiric treatment.
After a treatment failure, culture and standard susceptibility testing of H. pylori has been recommended,
while after a second failure it should be performed in
all cases[5]. However, there is limited evidence to sustain
these recommendations. A study including 94 consecutive patients with 2 previous failures found resistance
to metronidazole in 100%, to clarithromycin in 95%, to
levofloxacin in 31% and to tetracycline in 5% of cases.
Patients were treated with a culture-guided, third-line
regimen, most with a 7-d BBQT including omeprazole,
bismuth, doxycycline and amoxicillin. ITT eradication
rate was 90%[108]. Another open prospective, multicenter
study included 41 patients with 2 previous failures. Despite the use of two-week, high-dose, quadruple and
culture-guided combinations of drugs, overall eradication rate was only 60%[109].
Recurrence of H. pylori infection after treatment
In which clinical situations eradication should be
confirmed?: The consensus statement is that because of
the declining efficacy of current therapies, H. pylori testing
should be offered to all patients after eradication therapy,
especially when persistent infection may be associated to
clinically relevant disease risks, such as in patients with
peptic ulcer disease, GC or mucosa-associated lymphoid
tissue (MALT) lymphoma. (Evidence Level Ⅱ-1, grade
of recommendation B; Agreement 4.3 ± 0.7).
The rationale is that because of the declining efficacy
of current therapies, H. pylori testing should be offered
to all patients after treatment, but is mandatory when the
treatment failure may be associated to clinically relevant
risks, such as in patients with complicated ulcer disease,
with gastric MALT lymphoma or after endoscopic or surgical resection of GC[80,110-112]. However, cost-effectiveness
of this strategy has not been determined. Testing should
be done at least 4 wk after treatment, although proposals
have been made to extend this period to 6 or 8 wk.
Peptic ulcer rebleeding virtually does not occur after
H. pylori eradication[113,114], and bleeding recurrence is
related to persistent or recurrent infection or concurrent
NSAIDs[115]. Because persistent H. pylori infection poses
a risk of a potentially serious complication, a second-line
therapy is mandatory in this situation.
H. pylori play a causative role in the development of
gastric MALT lymphoma and the eradication of H. pylori
leads to a complete remission in 50%-90% of cases[80].
In a systematic review, data from 32 studies and 1,408
patients with gastric MALT lymphoma treated only by
H. pylori eradication, demonstrated a remission rate of
77.5% and a relapse rate of 7.2% after 10 to 75 mo of
follow up. Only 17% of relapses were related to recurrence of H. pylori, but lymphoma was cured by additional
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eradication therapy in all these patients[116].
How to define reinfection? What is the reinfection
rate in Latin America?: The consensus statement as
follows: (1) recurrence of H. pylori infection after treatment is variable in Latin America, but considerably higher than in developed countries, probably due to a higher
frequency of reinfection. (Evidence level Ⅰ; grade of
recommendation B; Agreement 4.0 ± 0.4); and (2) goodquality information about long-term risk of reinfection
is lacking and should be addressed in future studies (Evidence level Ⅲ, grade of recommendation C; Agreement
4.0 ± 0.4).
The rationale is that recurrent H. pylori infection following apparently successful eradication can be due to a
recrudescence (defined as infection by the same strain)
or reinfection (i.e., infection with a new strain). Because
culture of H. pylori is uncommon in clinical practice,
reinfection has been conventionally defined as the situation where tests for H. pylori infection, which were negative for 12 mo after eradication treatment, later become
positive[117]. H. pylori recurrence within the first year after
eradication seems likely to represent a mixture of recrudescence and reinfection, the former predominant[118],
whereas reinfection dominates in subsequent years, and
the overall annual risk of recurrence tends to diminish[119]. Recurrence risk is generally directly proportional
to the frequency of infection in the population[120,121] and
inversely proportional to the efficacy of the initial treatment[122]. In a review of more than 100 studies, the annual recurrence risk ranged from 3.4% (95%CI: 3.1%-3.7%),
in high-income countries, to 8.7% (95%CI: 8.8%-9.6%)
in lower-income countries[123]. In a meta-analysis of 17
studies, comprising more than 5000 patients followed for
at least one year, the annual recurrence rates were 2.7%
and 13% for developed and developing countries, respectively. The recurrence during the first year was similar, while nested meta-analysis of cases with a negative
12-mo UBT and a longer follow-up revealed an annual
recurrence rate of 1.45% in developed countries and
12% in developing countries[15]. Only one of the studies
came from Latin America[118]. Latin American studies
with at least 50 person-years of follow-up showed 1-year
recurrence risk from 0% to 17.3%[30,118,119,124,125]. A recent
study evaluating the risk of recurrent H. pylori infection 1
year after successful therapy in 1091 subjects from 7 different Latin American communities found a recurrence
risk of 11.5% (95%CI: 9.6%-13.5%). The recurrence
rate significantly differed according to the study site,
ranging from 6.8% in Costa Rica to 18.1% in Colombia
(p = 0.03). Predictors of failed eradication were having
more children in the household and poor adherence to
initial therapy[79], suggesting that both recrudescence and
reinfection are components of 1-year recurrence in this
study. There is little information regarding the long-term
recurrence rate of H. pylori infection in Latin America.
A Brazilian study of 115 patients followed during 2 to 5
years showed an annual reinfection rate of 1.8%[124]. A
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Chilean study of 96 patients followed for a mean of 37.2
mo showed a reinfection rate of 1.5% during the second
and third year after treatment[119].

reviewed and discussed all relevant clinical data present in literature to arrive at
recommendations for the clinical management of H. pylori infection. Fifteen key
clinical questions were proposed and a modified Delphy method was used to
reach consensus. The paper is well written and it is complete.

DISCUSSION
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Abstract
AIM: To evaluate the safety and efficacy of pegylated
interferon alfa-2a and ribavirin therapy in elderly patients with chronic hepatitis C infection.
METHODS: Patients characteristics, treatment results
and safety profiles of 4859 patients with hepatitis c virus (HCV) infection receiving treatment with pegylated

WJG|www.wjgnet.com

interferon alfa-2a and ribavirin were retrieved from a
large ongoing German multicentre non-interventional
study. Recommended treatment duration was 24 wk
for GT 2 and GT 3 infection and 48 wk for GT 1 and GT
4 infection. Patients were stratified according to age (<
60 years vs ≥ 60 years). Because of limited numbers
of liver biopsies for further assessment of liver fibrosis APRI (aspartate aminotransferase - platelet ratio
index) was performed using pre-treatment laboratory
data.
RESULTS: Out of 4859 treated HCV patients 301 (6.2%)
were ≥ 60 years. There were more women (55.8% vs
34.2%, p < 0.001) and predominantly GT 1 (81.4%
vs 57.3%, p < 0.001) infected patients in the group
of patients aged ≥ 60 years and they presented more
frequently with metabolic (17.6% vs 4.5%, p < 0.001)
and cardiovascular comorbidities (32.6% vs 6.7%, p <
0.001) and significant fibrosis and cirrhosis (F3/4 31.1%
vs 14.0%, p = 0.0003). Frequency of dose reduction
and treatment discontinuation were significantly higher
in elderly patients (30.9% vs 13.7%, p < 0.001 and
47.8% vs 30.8%, p < 0.001). Main reason for treatment discontinuation was “virological non-response”
(26.6% vs 13.6%). sustained virological response (SVR)
rates showed an age related difference in patients with
genotype 1 (23.7% vs 43.7%, p < 0.001) but not in
genotype 2/3 infections (57.7% vs 64.6%, p = 0.341).
By multivariate analysis, age and stage of liver disease
were independent factors of SVR.
CONCLUSION: Elderly HCV patients differ in clinical
characteristics and treatment outcome from younger
patients and demand special attention from their practitioner.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Patients ≥ 60 years; Geriatric; Therapy; Non-interventional study; Epidemiology
Core tip: There are concerns to initiate treatment in
elderly patients because of perceived lower sustained
virological response (SVR) rates and serious adverse
events. We aimed to evaluate safety and efficacy of
pegylated interferon alfa-2a and ribavirin therapy in
elderly patients. Patients were stratified according to
age (< 60 years vs ≥ 60 years). SVR rates showed
an age related difference in patients with genotype 1
(23.7% vs 43.7%, p < 0.001) but not in genotype 2/3
infections (57.7% vs 64.6%, p = 0.341). Elderly hepatitis C virus patients differ in clinical characteristics and
treatment outcome from younger patients and demand
special attention from their practitioner.
Roeder C, Jordan S, Schulze zur Wiesch J, Pfeiffer-Vornkahl H,
Hueppe D, Mauss S, Zehnter E, Stoll S, Alshuth U, Lohse AW,
Lueth S. Age-related differences in response to peginterferon alfa2a/ribavirin in patients with chronic hepatitis C infection. World J
Gastroenterol 2014; 20(31): 10984-10993 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i31/10984.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i31.10984

INTRODUCTION
According to the estimation of the World Health Organization about 2% to 3% of the world’s population is
chronically infected with hepatitis C virus (HCV), which
amounts to approximately 130-170 million people[1,2]. In
Germany, community-based studies showed an overall
prevalence of HCV-antibodies of about 0.5% in the adult
population[3], representing 400000 to 500000 chronic infected people.
In western countries, contaminated blood products
were the greatest risk factor for acquiring HCV infection
before 1990, being replaced by intravenous drug abuse
(IVDA) after 1990[4]. Nowadays IVDA remains a main
risk factor together with sexual behavior (Men Who have
Sex with Men) as well as tattooing. The number of iatrogenic infections is decreasing but infections still occur
occasionally[5-9].
Since the rate of new infections has decreased over
the last couple of years and the prevalence has peaked in
western countries about a decade ago, the average age of
the HCV patients has increased over the years[10].
The safety and efficacy of pegylated interferon (pegIFN) - based treatment regimens have been studied
extensively[11,12] and have shown to reduce the risk of
cirrhosis and hepatocellular carcinoma (HCC) and improve the survival of patients who achieve a sustained
virological response (SVR)[13,14]. However, treatment is
still relatively costly, burdensome for the patient and serious adverse events can occur[15]. The recent introduction
of protease inhibitors for combination triple therapy has
shortened average treatment duration and improved the

WJG|www.wjgnet.com

treatment outcome of patients with HCV genotype 1 infection considerably[16-18].
An increasing risk of liver cirrhosis and HCC development with advanced age has been repeatedly shown[10,19-22].
Hence, elderly patients are in special need of an effective
antiviral treatment. However, co-morbidities like diabetes
mellitus, co-medication and the risk of advanced liver
fibrosis commonly found in older patients are known
unfavourable factors for treatment outcome[23], others
like coronary heart disease are important relative contraindications for treatment[15]. In addition, adverse events
and poor tolerability increase with age according to some
studies[24]. As most clinical trials exclude patients above 65
years, safety and efficacy data for the treatment of older
patients is limited. Thus, older patients as well as their attending physicians are often hesitant towards initiating a
treatment course[25,26].
With the advent of novel treatment options providers
have to weigh whether to initiate standard dual treatment
in patients with genotype 1 or alternatively start with
the novel triple therapy, which is associated with higher
chance of attaining an SVR but also higher risk of serious adverse events. Alternatively, they might decide to
defer treatment until after the introduction of interferonfree combination treatment options which are expected
in the next couple of years[27,28]. However, due to the
high cost of the novel direct antiviral agents pegIFN and
ribavirin (RBV) will remain the standard of care in many
countries.
German and European HCV guidelines give little or
no guidance about until which age elderly patients should
be treated nor even mention the issue of the ageing of
HCV patients[29,30].
Only few studies with limited patient numbers and
variable protocols studied the safety and efficacy of pegIFN and ribavirin in older patients with CHC[31-38]. Study
results regarding SVR rates in elderly patients are inconsistent. Lower SVR rates and higher rates of adverse
events and treatment discontinuation have been observed
in most western studies [32,35-37,39]. These studies were
mostly limited due to small patient numbers. In contrast,
recently published Asian studies showed higher SVR
rates in general[32,34,35] and a negligible influence of age on
safety and efficacy[31,34]. The discrepancy of study results
might be explained by distinct host genetic factors (such
as a favourable IL28b polymorphism)[38].
The aim of the present study was to examine the
safety and efficacy of pegIFN and ribavirin combination
therapy in elderly patients in a large “real life” German
cohort study.

MATERIALS AND METHODS
Patients
This analysis is part of an ongoing German multicenter
non-interventional study (ML21645) of patients with
CHC receiving pegylated interferon alfa-2a and RBV, involving 379 physicians/institutions throughout Germany
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(328 in private practice and 51 in hospital settings). The
study is ongoing since March 2003 and is approved by
health authorities and ethical committees. Data of 4859
patients with completed documentation of treatment
course at July 2011 were analysed. Recommended treatment duration was 24 wk for GT 2 and GT 3 infection
and 48 wk for GT 1 and GT 4 infection. The treatment
period was followed by an observational period of 24 wk.
The recommended dosage of pegylated interferon alfa2a was 180 μg once weekly in combination with RBV according to the SPCs of manufacturers. Inclusion criteria
were age of at least 18 years, quantifiable HCV-RNA,
compensated liver disease and written consent. SVR was
defined as non-detectable HCV-RNA 24 wk after completion of the treatment period. Virological failure was
defined as < 2 log decline of HCV RNA from baseline at
week 12.
Data were obtained on structured questionnaires.
Screening data included demographic data, history of
HCV infection and concomitant diseases. During the
treatment course information about virological response
and drug safety was collected using online data entry. The
study represents an unselected cohort in a real life setting
including a significant fraction of all patients treated for
hepatitis C mono-infection in Germany.
Because of limited numbers of liver biopsies for
further assessment of liver fibrosis APRI (aspartate aminotransferase - platelet ratio index) was performed using
pre-treatment laboratory data. APRI is a non-invasive
indirect biochemical marker of hepatic fibrosis using routine laboratory parameters to distinguish fibrosis stages.
APRI was calculated according to the formula proposed
by Wai et al[40] in 2003: [(AST of the sample/reference
AST) × 100]/platelets. Results were categorized as followed: ≤ 0.5 (no fibrosis); > 0.5-≤ 1.5 (mild fibrosis); >
1.5-≤ 2 (significant fibrosis); > 2 (cirrhosis).
Statistical analysis
The statistical analysis was descriptive to reflect the clinical routine as intended by the clinicians. Summary statistics (mean, median, standard deviation, 25th percentile,
75th percentile, minimum, maximum, number of values)
or frequencies and proportions were assessed dependant
on the scale level of the data.
Differences in baseline clinical characteristics, safety
and efficacy data among the patient groups were compared statistically, using t test, χ 2 tests (Pearson and Fisher’s exact test) and multivariate logistic regression analysis
including OR and 95%CI.
All statistical analyses were based on 2-sided hypothesis tests. Analyses were calculated using SPSS for
Windows Release 12.0.1, Testimate Version 6.4.27 and
Matched Version 1.1.

RESULTS
Patient characteristics
Our analysis included 4859 patients infected with different HCV genotypes who were treated with a combination
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of pegylated interferon alfa-2a and a fix dosed or weight
adjusted RBV. 4558 patients (93.8%) were < 60 years and
only 301 patients (6.2%) were aged 60 years and older.
Baseline characteristics, as shown in table 1, differed
in gender distribution, there were more women (55.8%
vs 34.2%, p < 0.001) and predominantly GT 1 (81.4%
vs 57.3%, p < 0.001) infected patients in the group of
patients aged ≥ 60 years. There were no differences in
racial distribution in both age groups with the vast majority of patients being caucasian. Providers assessed the
fibrosis status more thoroughly in elderly patients and
liver biopsies were performed more often in patients
≥ 60 years (29.9% vs 16.4%, p < 0.001). Liver biopsies
displayed more advanced liver fibrosis in the older group
(F3/4 31.1% vs 14.0%, p = 0.0003). For further assessment of fibrosis APRI was analysed for all patients. Approximately 30% of elderly patients showed significant
fibrosis or cirrhosis (APRI ≥ 1.5) compared to 14.2% in
the younger age group. Only 19.8% of elderly patients vs
43.3% of younger patients reached a score < 0.5 (table 1).
As marker for liver synthesis values for International
Normalized Ratio were categorized according to CHILD
PUGH score. Only very few patients in both groups
showed compromised coagulation. No significant difference was found in number of patients with pronounced
coagulation disorder (table 1).
As indirect markers of liver inflammation screening
values of aspartate aminotransferase and alanine aminotransferase were analysed. AST was elevated in 83.7% of
elderly patients and 63.5% of patients < 60 years with
mean values of 92 U/l respectively 74 U/l. ALT was elevated in 90.5% of elderly patients and 80.0% of patients
< 60 years, mean values 115 U/l respectively 107 U/l.
Thrombocyte counts below normal range were seen in
25.4% of elderly patients compared to 11.5% in patients
< 60 years (table 1).
Comorbidities did not differ in number but in quality
between both age groups. While metabolic (17.6%) and
cardiovascular diseases (32.6%) dominated in patients
≥ 60 years, whereas drug and alcohol addiction (32.2%)
as well as general psychological disorders (16.9%) were
more frequent in patients < 60 years. The majority of
older patients could not define the mode of HCV transmission. Main route of transmission in the group ≥ 60
years was blood transfusion (21.9%) followed by surgery
(7.6%). In younger patients intravenous drug abuse was
the most frequent reported transmission route (46.2%).
Mean duration of infection was 19.9 years in older patients vs 11.6 years in younger patients (p < 0.001). The
majority of patients in both age groups (older patients vs
younger patients) were previously untreated. The percentage of untreated patients was slightly lower in the older
age group (84.1% vs 88.6%, p = 0.02). HCV viral load
prior to treatment stratified in low and high viral load (as
defined by a cut of 400000 IE/ml) was not significantly
different in either age groups (table 1).
Safety
Generally HCV dual combination treatment with inter-
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Unknown
APRI score
< 1.5
≥ 1.5
Duration of therapy
(mean value) (wk)
Co-morbidities
(none/with)
None
With
Cardiac
Metabolic
Drugs and alcohol
Psychogenic
Skin

Table 1 Patient characteristics, transmission route and comorbidities n (%)
Patients
Mean age
Gender
Male
Female
Race
Caucasian
African
Asian
Hispanic
Unknown/other
Genotype
1
2
3
Others (4, 5, 6)
Initial viral load
> 1 Mio copies/mL
Thrombocytes (/μL)

Within normal range
(140000-360000 c/μL)
Below normal range
(< 140000 c/μL)
Above normal range
(> 360000 c/μL)
GPT/ALT (U/L)
Within normal range
(Male ≥ 50 U/L;
Female < 35 U/L)
Above normal range
(Male ≥ 50 U/L;
Female ≥ 35 U/L)
GOT/AST (U/L)
Within normal range
(Male < 50 U/L;
Female < 35 U/L)
Above normal range
(Male ≥ 50 U/L;
Female ≥ 35 U/L)
GGT (U/L)
Within normal range
(Male < 66 U/L;
Female < 39 U/L)
Above normal range
(Male ≥ 66 U/L;
Female ≥ 39 U/L)
INR
< 1.7
1.7-2.3
> 2.3
Body mass index
(mean value)
Treatment naive
Estimated duration of
infection (yr)
Histology available in
Degree of Fibrosis
P value adjusted
(0-4 without unknown)
F0/1/2
F3/4

< 60 yr

≥ 60 yr

P value

4558 (94.0)

301 (6.0)

3001 (65.8)
1557 (34.2)

133 (44.2)
168 (55.8)

< 0.0001
< 0.0001
-

4373 (95.9)
78 (1.7)
88 (1.9)
16 (0.4)
3 (0.1)

289 (96.0)
6 (2.0)
5 (1.7)
1 (0.5)
0

2614 (57.3)
258 (5.7)
1480 (32.5)
206 (4.5)

245 (81.4)
27 (9.0)
21 (7.0)
8 (2.6)

2659 (58.9)
221.259
(635-595000;
SD 71.884)
3736 (85.1)

193 (64.5)
186.433
(21000-557500;
SD 70546)
207 (72.9)

503 (11.5)

72 (25.4)

150 (3.4)

5 (1.8)

107
(4-1409; SD 103)
882 (20.0)

115
(20-591; SD 89)
27 (9.5)

3521 (80.0)

258 (90.5)

74
(10-2880; SD 87)
1530 (36.5)

92
(18-526; SD 71)
43 (16.3)

2658 (63.5)

221 (83.7)

< 0.0001
-

0.0830

2165 (49.8)

179 (64.6)

2758 (98.1)
31 (1.1)
22 (0.8)
25.2

182 (95.3)
4 (2.1)
5 (2.6)
26.5

0.000

4038 (88.6)
11.6

253 (84.1)
19.9

0.0176
0.000

746 (16.4)

90 (29.9)

< 0.0001
0.0003
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48 (53.3)
28 (31.1)

14 (15.6)

3526 (85.7)
587 (14.3)
32.5

181 (70.2)
77 (29.8)
33.0

< 0.0001

0.6250
0.6198

1792 (39.3)
2766 (60.7)
305 (6.7)
204 (4.5)
1469 (32.2)
768 (16.8)
116 (2.5)

114 (37.9)
187 (62.1)
98 (32.6)
53 (17.6)
10 (3.3)
26 (8.6)
8 (2.7)

< 0.0001
< 0.0001
< 0.0001
< 0.0002
0.8500

Patient characteristics, transmission route and co-morbidities: multiple
choice possible: comparison of patients < 60 years vs ≥ 60 years with
chronic hepatitis. APRI score: [(aspartate aminotransferase (AST) of the
sample/reference AST) × 100]/thrombocyte count. Cardiac: pAVK, coronary heart disease, stenocardia, cardiac infarction, arterial vascular disease, hypertension. Psychogenic: depression, psychosis, attempted suicide.
Drugs and alcohol: Active, former and substituted consumption. Metabolic: Diabetes, disorder in lipid metabolism. ALT: Alanine aminotransferase;
INR: International Normalized Ratio.

feron/ribavirin was relatively safe regardless of the age
group. However, treatment had to be stopped more often in patients ≥ 60 years (47.8% vs 30.8%, p < 0.001).
Main causes for treatment discontinuation in the older
patients compared to younger patients were: virological
failure [26.6% vs 13.6%, p < 0.001; OR = 2.291 (95%CI:
1.750-2.999)], adverse events [11.3% vs 3.1%, p < 0.001;
OR = 3.960 (95%CI: 2.670-5.873)], patient request [7.3%
vs 4.6%, p = 0.035; OR = 1.633 (95%CI: 1.035-2.575)],
aggravating co-morbidities [2.3% vs 0.9%, p = 0.020;
OR = 2.623 (95%CI: 1.167-5.898)], and death during
therapy [1.0% vs 0.3%, p = 0.039; OR = 3.814 (95%CI:
1.070-13.588)], as depicted in table 2.
Lack of compliance and lost-to-follow up were less
common in older patients than younger patients (1.0%
and 2.0% vs 3.5% and 7.1%).
The rates of drug modification are presented in table
3. Patients ≥ 60 years had significant higher rates of dose
modifications [30.9% vs 13.7%, p < 0.001; OR = 2.814
(95%CI: 2.172-3.644)] with reduction of both treatment
components in 6.0% and reduction of just RBV and
pegylated interferon alfa-2a, respectively, in 18.3% and
6.6% compared to 2.5% [p < 0.001; OR = 1.349 (95%CI:
1.138-1.600)], 6.3% [p < 0.001; OR = 1.827 (95%CI:
1.560-2.140)] and 4.9% (p = 0.183) in patients < 60 years.

96
111
(4-1871; SD 129) (9-1240; SD 137)
2186 (50.2)
98 (35.4)

533 (71.4)
104 (14.0)

109 (14.6)

Virologic responses
SVR was achieved in 94 of 301 patients ≥ 60 years and
in 2230 of 4558 patients < 60 years (31.2% vs 48.9%, p
< 0.001). Substratification for the different genotypes revealed that for GT-1 58 of 245 in elderly patients and 1142
of 2614 in younger patients achieved sustained virological
response (23.7% vs 43.7%, p < 0.001). For GT 2 or GT 3
infections SVR rates were similar in both age groups (64.6%
≥ 60 years vs 57.7% < 60 years, p = 0.341) (figure 1).
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Table 2 Rates and reasons for treatment discontinuation n (%)
P value

All genotypes
Treatment
discontinuation
Non-response
Lost to follow up
Adverse events
Of them due to
intolerance RBV
Of them due to
intolerance IFN
Patient request
Compliance
Co-morbidities
Death
Others

< 60 yr

≥ 60 yr

1402 (30.8)

144 (47.8)

0.000

622 (13.6)
323 (7.1)
142 (3.1)
49 (1.1)

80 (26.6)
6 (2.0)
34 (11.3)
19 (6.3)

91 (2.0)
210 (4.6)
160 (3.5)
41 (0.9)
12 (0.3)
74 (1.6)

P value

OR (95%CI)

134 (54.7)

0.000

1.996 (1.534-2.599)

535 (20.5)
176 (6.7)
89 (3.4)
35 (1.3)

78 (31.8)
4 (1.6)
30 (12.2)
16 (6.5)

0.000
0.004
0.000
0.000

1.815 (1.365-2.414)
0.230 (0.085-0.625)
3.959 (2.558-6.126)
5.148 (2.807-9.444)

4.061 (2.530-6.519)

62 (2.4)

21 (8.6)

0.000

3.859 (2.309-6.448)

1.633 (1.035-2.575)
0.277 (0.088-0.872)
2.623 (1.167-5.898)
3.814 (1.070-13.588)

127 (4.9)
87 (3.3)
30 (1.1)
10 (0.4)
50 (1.9)

21 (8.6)
2 (0.8)
6 (2.4)
3 (1.0)
2 (0.8)

0.013
0.046
0.081
0.061
0.219

1.836 (1.134-2.971)
0.239 (0.058-0.977)

OR (95%CI)

Genotype 1
< 60 yr

≥ 60 yr

2.065 (1.633-2.611)

985 (37.7)

0.000
0.002
0.000
0.000

2.291 (1.750-2.999)
0.267 (0.118-0.603)
3.960 (2.670-5.873)
6.200 (3.602-10.673)

23 (7.6)

0.000

22 (7.3)
3 (1.0)
7 (2.3)
3 (1.0)
2 (0.7)

0.035
0.028
0.020
0.039
0.194

Rates and reasons for treatment discontinuation: multiple choice possible: comparison of patients < 60 years vs ≥ 60 years with chronic hepatitis C. Others:
Conspicuous blood results, hospitalisation, unexpected incident. RBV: Ribavirin; IFN: Interferon.

Table 3 Rates of dose modification n (%)
P value

All genotypes

No dose reduction
Reduction of RBV
Reduction of
pegINF α2a
Reduction of RBV and
pegINF α2a

< 60 yr
(n = 4558)

≥ 60 yr
(n = 301)

3933 (86.3)
286 (6.3)
224 (4.9)

208 (69.1)
55 (18.3)
20 (6.6)

0.000
0.000
0.183

115 (2.5)

18 (6.0)

0.001

OR (95%CI)

Genotype 1

P value

OR (95%CI)

< 60 yr
(n = 2614)

≥ 60 yr
(n = 245)

2.814 (2.172-3.644)
1.827 (1.560-2.140)

2204 (84.3)
190 (7.3)
129 (4.9)

166 (67.8)
47 (19.2)
17 (6.9)

0.000
0.000
0.173

2.558 (1.918-3.412)
1.74 (1.460-2.074)

1.349 (1.138-1.600)

91 (3.5)

15 (6.1)

0.039

1.218 (1.010-1.470)

Rates of dose modification: Comparison of patients < 60 years vs ≥ 60 years with chronic hepatitis C. RBV: Ribavirin; pegIFN: Pegylated interferon.

70.0%
60.0%
50.0%

< 60 yr
≥ 60 yr

64.6%

Table 4 Sustained virological response rates stratified for
treatment history

57.7%

< 60 yr

40.0%
30.0%

All patients
23.7%

10.0%
GT1

GT2/3

Figure 1 Sustained virological response rates in percent for different
genotypes: comparison of patients < 60 years vs ≥ 60 years with chronic
hepatitis C.

Treatment naïve patients showed the same significant
difference in treatment response in genotype 1 patients
(26.1% ≥ 60 years vs 45.9% < 60 years, p < 0.001). SVR
rates for GT2/3 patients were again similar in both age
groups (67.4% ≥ 60 years vs 58.8% < 60 years, p = 0.341).
Treatment experienced patients achieved significant lower
SVR rates for all genotypes and age groups as shown in
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≥ 60 yr

GT 1
GT 2/3
GT 1

1142/2614
1003/1738
1032/2250

43.7%
57.7%
45.9%

58/245 23.7%
31/48 64.6%
53/203 26.1%

GT 2/3
Treatment
GT 1
experienced
GT 2/3

945/1608
110/364

58.8%
30.2%

29/43
5/42

67.4%
11.9%

58/130

44.6%

2/5

40.0%

Treatment
naive

20.0%

0.0%

P value

SVR

43.7%

< 0.0001
0.3766
< 0.0001
0.2754
0.0112
1

SVR: Sustained virological response.

table 4.
In addition, SVR rates were stratified according to decades of age (figure 2). For GT 1-infection a continuous
decline in SVR rate with increasing decades of age was determined. In contrast, no significant difference in SVR rates
for older patients with GT 2 and GT 3 was seen (figure 2).
SVR rates were further stratified for APRI score <
1.5 vs ≥ 1.5 consistent with no or mild fibrosis vs severe
fibrosis or cirrhosis. In elderly patients no significant dif-
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80.0%
70.0%
60.0%

70.0%
63.3%
80.8%
51.7%

62.0%
60.0%

63.4%
55.9%

48.9%

50.0%

57.3%

55.6%

45.7%

43.8%

40.0%

71.4%
66.7%

GT 1
GT 2
GT 3

33.9%

30.0%

25.3%
19.0%

20.0%
10.0%
0.0%

> 18-< 30

30-< 40

40-< 50

50-< 60

60-< 70

> 70 years

Figure 2 Sustained virological response rates in % for different age groups and different genotypes for patients with chronic hepatitis C.

ference in treatment response according to fibrosis stage
was seen. In contrast, patients < 60 years showed significant lower SVR rates in patients with an APRI score ≥
1.5. Data are consistent when stratified for GT 1 and GT
2/3 (table 5).
Age and stage of liver disease in contrast to treatment
discontinuation due to ribavirin and PEG-IFN adverse
events were independent factors of SVR rates as shown
in a multivariate logistic regression analysis (table 6).

DISCUSSION
Despite the enormous data set and experience we have
generated for standard combination interferon treatment for chronic HCV infection over the last decade,
the growing population of elderly patients is a relatively
understudied population. Many of the major registration
trials excluded patients aged > 65 years. Also, clinical
guidelines give no detailed advice for treatment of the
elderly patient group[29,30], which is generally regarded as
difficult to treat population due to higher rates of fibrosis
and co-morbidities.
In this substudy of this ongoing German multicenter
non-interventional study we evaluate the safety and efficacy of a combination therapy with pegylated interferon
alfa-2a and RBV in HCV-positive patients ≥ 60 years in
comparison to patients < 60 years.
Notably, only 6.2% (301/4859) of all treated patients
were ≥ 60 years suggestive of a relative under-treatment
of elderly HCV-infected patients. As our study only included patients in whom treatment was initiated no data
of treatment uptake rates for the different age groups
are available. For previous analyses of the ongoing study
data of all patients screened for possible HCV therapy
was obtained. A first epidemiological study showed a
high percentage of elderly patients in the group of all
HCV patients with 26.3% (2716/10326) of the patients
being ≥ 60 years old[41]. A second study showed a significant lower rate of treatment uptake in patients > 56
years compared to patients ≤ 56 years (28.2% vs 49%) -
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in patients aged between 65 and 70 years treatment rate
was 26.3%[42]. An Italian cross-sectional study and the
Veterans Affairs Medical Centres Study both showed that
advanced age is often the main reason to exclude elderly
patients from treatment[25,26]. Additional studies are needed to evaluate the general treatment assessment of elderly
patients and further characterize the group of patients
who are a priori excluded from treatment.
Consistent with data from other Western countries[36,37,43]
patient’s characteristics differed significantly in gender,
genotype, co-morbidities and transmission risk. Patients
≥ 60 years were rather female, more likely infected
with GT 1, suffering from metabolic or cardiovascular
diseases and being infected iatrogenic. Not surprisingly,
older patients showed more advanced liver disease. As
histology was assessed only in about one third of the
patients APRI score was performed for all patients. Data
were consistent with the results of histology with about
30% of patients in the elderly group reaching a score of
> 1.5 consistent with significant fibrosis or cirrhosis. On
the other hand, approximately 20% of the older patient
cohort did show little or no signs of fibrosis. The benefit
of treating these patients is not so clear, especially in the
absence of symptoms in some of these patients. In a
Japanese cohort study only patients with a reduced platelet count as marker of advanced fibrosis showed significantly differences in hepatocarcinogenesis and survival
compared to an untreated reference group[44].
Elderly patients had a significantly higher rate of
treatment discontinuation (47.8% vs 30.8%, p < 0.001).
The main reason was non-response (26.6%).
In 11.3% treatment was interrupted due to adverse
events, another 7.3% of the patients requested premature discontinuation. Surprisingly, despite a high rate of
metabolic and cardiovascular comorbidities in the elderly,
treatment was stopped due to worsening of these underlying diseases only in 7/301 (2.3%) patients. 3 patients
(1%) in the elderly patients group died during therapy
- 2 of them due to complications of liver cirrhosis, the
other patient due to deterioration of general condition.
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Table 5 Sustained virological response rates stratified for
genotype, APRI score and age
APRI score
GT 1
< 60 yr
≥ 60 yr

GT 2/3
< 60 yr
≥ 60 yr

SVR n (%)

Table 6 Multivariate logistic regression for fibrosis, age and
ribavirin/peg-interferon adverse events as factors for sustained
virological response

P
2

χ test
< 1.5
≥ 1.5
< 1.5
≥1 .5

936 (45.7)
99 (31.2)
40 (26.5)
12 (20.7)

0.000

< 1.5
≥ 1.5
< 1.5
≥ 1.5

799 (60.8)
106 (43.6)
18 (66.7)
9 (52.9)

0.000

Fibrosis stage F4 vs Fibrosis
stage F0, F1, F2, F3
Age 60 yr vs < 60 yr
Treatment discontinuation
due to ribavirin adverse
events
Treatment discontinuation
due to Peg-IFN adverse
events

0.476

0.526

SVR: Sustained virological response.

Sig.

Exp (B)

95%CI for EXP(B)
Lower

Upper

0.004

0.717

0.573

0.897

0.003
0.142

0.427

0.243

0.750

0.998

IFN: Interferon.

Mortality rate in the younger patients was slightly lower
with 12/4558 (0.3%). Causes of death in the younger
age group were infectious complications, drug overdose
and suicide, cardiovascular disease, liver failure and pulmonary embolism. The slightly higher mortality rate in
elderly patients might be probably due to the low number
of patients as well as due to the general higher mortality
in advanced age. Treatment adherence was slightly higher
in older patients, compliance problems occurred in only
about 1% vs 3.5% in younger patients and only 2% vs 7.1%
were lost to follow-up.
As reported before[31-33], we also noted more dose
modifications during HCV therapy in elderly compared
to younger patients. It is not entirely clear whether these
modifications were always justified or whether the providers acted with extra care for fear of adverse events,
e.g. cardiac ischemia due to anaemia. In nearly one third
of the patients the initial dose of one or both drugs had
to be reduced during the treatment course. In 24.3% of
older patients RBV dose was reduced.
Treatment response in patients with GT 1 was substantially lower in patients ≥ 60 years (23.7% vs 43.7%,
p < 0.001). Furthermore, we found a continuous decline
in sustained virological response rates over age for GT 1
infections when classifying them into groups by decades
(figure 2). Consistent with recently published data[31,34,36],
no significant difference in the SVR rates was found
for GT 2 and GT 3 infections. As expected, treatment
response was substantially lower for retreated patients.
5 out 42 (11.9%) elderly patients with GT 1 infection
achieved SVR. In GT 2/3 patients only 5 patients were
pre-treated, two of them were retreated successfully.
Stratified for stage of fibrosis advanced fibrosis (APRI
score > 1.5) was clearly associated with a lower treatment response in patients < 60 years both for GT 1
and GT2/3 infections. No such correlation was seen in
the group of elderly patients. Still lower SVR rates were
found for APRI score 1.5 but the results were not statistically significant which might mainly explained due to
the small patient numbers. Age and stage of liver disease
(fibrosis stage 4 vs other fibrosis stage) could be shown as
independent factors of treatment response in multivariate
regression analysis.
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Recently published data of treatment outcome in elderly patients with pegylated IFN based regimens showed
consistently higher SVR rates ranging from 40.7%[34] up to
67.1%[31] for GT 1 infections and 76.7%[31] and 86.4%[34]
for GT 2 or GT 3. Both studies were conducted in Asian
patients who generally show higher response rates compared to Caucasians and Afro-Americans mainly due to
host genetic variations e.g., the recently described IL28B
polymorphisms[38].
The relatively low SVR rates in older patients are
mainly caused by higher rates of virological non-response
to dual therapy, which might be due to the difference in
quality not in quantity of comorbidities as well as advanced liver fibrosis. But still, it could be shown that age
is an independent factor for SVR. The reason remains
unknown. Altered IFN-immunomodulation and pharmacokinetics in elderly patients might influence the response
to therapy. Their affect has to be evaluated further. These
factors might even become more apparent with longer
duration of therapy and may explain that age-dependent
differences in SVR rates seen in patients with genotype
1 infections in contrast to similar SVR rates in all age
groups for genotype 2 and 3 infections in whom duration
of therapy is markedly lower.
The recently approved new direct antiviral agents
such as protease inhibitors and polymerase inhibitors
might provide more effective treatment options. Triple
therapy regimens with the protease inhibitors telaprevir
or boceprevir have to be considered for many elderly
GT 1 patients despite the possibility of further sideeffects. Both drugs showed only slightly lower SVR rates
in patients > 40 years compared to patients < 40 years in
phase Ⅲ-trials[16,17]. But the clinical studies did not include
sufficient numbers of patients ≥ 60 years to prove the
superior efficacy for this age group.
Furthermore, protease inhibitors may hold new obstacles such as drug drug interactions with concomitant
medication. Adverse events like anaemia and rash will
require an even more intense monitoring of the patient
during treatment course[45,46]. Studies to assess the safety
and efficacy of triple therapy in older patients are ur-
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gently needed. The low SVR rates of dual therapy and
possible complications of protease inhibitor based triple
therapy might indeed be an argument for postponement
of treatment in some patients until the interferon free
regimens will become widely available[27,28]. The nucleotide NS5B polymerase inhibitor Sofosbuvir has been approved for HCV therapy by FDA in the end of 2013 offering the first IFN-free treatment alternative for patients
with genotype 2 or 3 infections and those with contraindications against interferon[47-49].
In contrast, the SVR rates remain high for GT 2 and
GT 3 patients even with increasing age but small patient
numbers have to be taken into account. Still, our findings
are consistent with previously published data[31,34,36]. In respect of SVR rates of up to 65% regardless of age, short
treatment duration and relative low cost of dual treatment, there is less of a rationale to postpone treatment
until the introduction of intensified treatment regimens
or interferon-free combination treatment.
We conclude that the elderly HCV patient is still
understudied and not well understood. National and European guidelines should take into account the general
ageing of HCV patients in Europe. Despite higher rates
of treatment discontinuation and lower SVR rates in GT
1 infection, HCV-therapy in elderly patients is well feasible in “real life” experience. Therefore elderly patients
should not be excluded from assessment for treatment a
priory. We suggest making informed decisions on individual basis and taking all of the patient’s circumstances
into account, such as stage of liver disease, clinical symptoms and comorbidities as well as virological parameters,
treatment history and further predictive parameters. New
therapy regimens containing more potent direct antiviral
agents may enhance treatment outcome in elderly patients but further studies to examine the effect of age on
safety and efficacy of these agents are urgently needed.
Still, pegylated interferon based dual therapy will remain
the standard of care for treatment of hepatitis C in many
countries to the immense cost of the novel direct antiviral agents.

Innovations and breakthroughs

The study represents an unselected cohort in a real life setting including a significant fraction of all patients treated for hepatitis C mono-infection in Germany
providing safety and efficacy data on pegylated interferon and ribavirin therapy
in 301 patients > 60 years.

Applications

The study highlights that elderly HCV patients differ in clinical characteristics and
treatment outcome from younger patients and that they demand special attention
from their practitioner. Still, despite higher rates of treatment discontinuation and
lower SVR rates in GT 1 infection, HCV-therapy in elderly patients is well feasible in “real life” experience. Therefore elderly patients should not be excluded
from assessment for treatment a priory. Informed decisions should be made on
individual basis and taking all of the patient´s circumstances into account, such
as stage of liver disease, clinical symptoms and comorbidities as well as virological parameters, treatment history and further predictive parameters.

Peer review

The authors of this study present a report on HCV treatment efficacy and
safety/tolerability in elderly patients. The subject is important and the authors
performed a good study on this subject. The paper is original, very interesting
and very well-written.
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induced esophagitis from April 2002 to May 2013 was
reviewed. Patients diagnosed with malignancy, viral or
fungal esophagitis were excluded. Clinical, endoscopic
and pathological characteristics of patients diagnosed
with drug-induced esophagitis were analyzed.
RESULTS: Seventy-eight patients were diagnosed with
drug-induced esophagitis. Their mean age was 43.9 ±
18.9 years and 35.9% were male. Common symptoms
were chest pain (71.8%), odynophagia (38.5%) and
dysphagia (29.5%). The endoscopic location was in the
middle third of esophagus in 78.2%. Endoscopic findings were ulcer (82.1%), erosion (17.9%), ulcer with
bleeding (24.4%), coating with drug material (5.1%),
impacted pill fragments (3.8%) and stricture (2.6%).
Kissing ulcers were observed in 43.6%. The main causative agents were antibiotics and non-steroidal antiinflammatory drugs. All the patients were treated with
proton pump inhibitors (PPIs) or sucralfate, and the
causative drugs were discontinued. Nineteen patients
with drug-induced esophagitis were followed up with
endoscopy and revealed normal findings, scars or healing ulcers.
CONCLUSION: Drug-induced esophagitis mainly presents as chest pain, odynophagia and dysphagia, and
may be successfully treated with PPIs and discontinuation of the causative drug. Kissing ulcers were observed
in 43.6%.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Drug; Esophagitis; Endoscopy; Pathology;
Symptoms; Kissing ulcers

Abstract
AIM: To investigate clinical, endoscopic and pathological characteristics of drug-induced esophagitis.
METHODS: Data for patients diagnosed with drug-
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Core tip: This study investigated the clinical characteristics of drug-induced esophagitis, such as the main
symptoms, common endoscopic findings and main
causative agents. Uniquely, kissing ulcers were observed in 43.6% of drug-induced esophagitis, which is
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a higher rate than in the previous reports. This might
be helpful in diagnosing this rare disease. To the best
of our knowledge, the present study is the first to compare the histopathological features between drug-induced esophagitis group and reflux esophagitis group.
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Board of Seoul National University Boramae Hospital
approved the study, which was performed in accordance
with the ethical guidelines of the Declaration of Helsinki.
Statistical analysis
SPSS version 18.0 software (IBM, Chicago, IL, United
States) was used for statistical analysis. Continuous data
were tested for the normality assumption using the
Kolmogorov-Smirnov test. Normally distributed variables were described using the mean and SD. Descriptive
data were shown as mean ± SD, number of patients and
percentage. Categorical variables were analyzed between
groups using the χ 2 test. All results were considered statistically significant when P values were less than 0.05
(two-tailed).

INTRODUCTION
To date, hundreds of drugs have been reported to cause
drug-induced esophagitis. However, many clinicians do
not recognize this as a cause of chest pain or odynophagia. The majority of the patients usually report self-limited symptoms, so this diagnosis is often underestimated[1].
However, lack of awareness of drug-induced esophagitis
can lead to persistent exposure to causative drugs, resulting in severe complications[2-4]. Patients who are not initially and accurately diagnosed with drug-induced esophagitis may suffer from unnecessary work-up or extensive
diagnostic evaluation for chest symptoms. To avoid these
undesirable situations, awareness of this disease must
be improved. Nonetheless, most of the studies on druginduced esophagitis are case reports or reviews of case
reports, which provide limited understanding of this
disease. The purpose of this study was to investigate the
clinical and endoscopic characteristics of drug-induced
esophagitis.

RESULTS
Demographic findings and clinical symptoms
Among 78 patients with drug-induced esophagitis, 35.9%
(n = 28) were males and 64.1% (n = 50) were females.
Their mean age was 43.9 ± 18.9 years (mean ± SD, range
16-84).
Common symptoms were chest pain (n = 56, 71.8%),
odynophagia (n = 30, 38.5%), dysphagia (n = 23, 29.5%)
and vomiting (n = 6, 7.7%). Two patients had melena (n
= 2, 2.6%) caused by esophageal bleeding (Table 1).

MATERIALS AND METHODS

Endoscopic findings
78.2% (61/78) of the endoscopic location of drug-induced esophagitis was in the middle third of the esophagus. Endoscopic findings in the esophagus were ulcers (n
= 64, 82.1%), erosions (n = 14, 17.9%), ulcer with bleeding (n = 19, 24.4%), coating with drug material (n = 4,
5.1%), impacted pill fragments (n = 3, 3.8%) and stricture
(n = 2, 2.6%). Thirty-four cases (43.6%) showed kissing
ulcers (ulcers facing each other) (Figure 1, Table 2).

Study population
The data for 78 patients diagnosed with drug-induced
esophagitis between April 2002 and May 2013 was reviewed and analyzed from four university hospitals. Patients with a definite history of taking medicines and with
acute esophageal symptoms (odynophagia, dysphagia and
chest pain) of less than two weeks were included in the
drug-induced esophagitis group. Demographic features,
clinical history, endoscopic findings and histopathological
features were obtained by reviewing electronic medical
records at each hospital. Patients with malignancy, viral
or fungal esophagitis, esophageal varix, and corrosive
esophageal injury were excluded. Patients with esophageal
reflux symptoms that were persistent for greater than two
weeks were also excluded. To compare their histopathology with the drug-induced esophagitis group, 19 patients
with endoscopic evidence of reflux esophagitis (grade
A to D according to the Los Angeles classification) and
gastrointestinal symptoms were selected and included in
the reflux esophagitis group[5]. The Institutional Review

Causative agents
Causative agents were antibiotics (doxycycline, amoxicillin, ciprofloxacin, metronidazole, sultamicillin tosylate and
rifaximin) in 28 patients (35.9%), non-steroidal anti-inflammatory drug (as) (aspirin, aceclofenac) in 27 patients
(34.6%), anti-hypertensive drugs (amlodipine, ramipril) in
nine patients (11.5%), acetaminophen in seven patients
(9.0%), oral hypoglycemic agents (glimepiride) in four patients (5.1%), bisphosphonates (alendronate, ibandronate)
in four patients (5.1%), ascorbic acid in 2 patients (2.6%),
warfarin in 2 patients (2.6%) and other drugs (tiropramide,
pinaverium bromide, mosapride, esomeprazole) in 4
patients (Table 3). The proportion of antibiotics as a
cause of drug-induced esophagitis was higher among the
younger group (< 45 years) than in the elderly group (≥
45 years, 47.6% vs 22.2%, P = 0.02, χ 2 test). The proportion of NSAID as a cause of drug-induced esophagitis
showed no significant differences between the two age
groups (28.6% vs 41.7%, P = 0.226, χ 2 test) (Table 4).
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Table 1 Demographic features and clinical symptoms of
patients diagnosed with drug-induced esophagitis n (%)

Table 2 Endoscopic features of patients diagnosed with druginduced esophagitis

Characteristics

Feature

Age(yr)
Sex
Symptom

mean ± SD
Male/female
Chest pain
Odynophagia
Dysphagia
Vomiting
Melena

43.9 ± 18.9
28/50
56 (71.8)
30 (38.5)
23 (29.5)
6 (7.7)
2 (2.6)

Location

Endoscopic findings

Pathological findings
In 17 cases (21.8%), endoscopic biopsy was performed to
evaluate the pathological finding of the esophageal lesion.
Pathological findings were evaluated between the druginduced esophagitis group and the reflux esophagitis (RE)
group. There were no significant differences in basal cell
hyperplasia (P = 0.559), papillary elongation (P = 0.086),
dilated intercellular spaces (P = 0.175), and cell vacuolization (P = 0.074) between the two groups (Table 5).
Treatment and follow up
All of the patients were treated with proton pump inhibitors (PPIs) or sucralfate and the causative drugs were discontinued. Nineteen patients (24.4%) with drug-induced
esophagitis were followed up with endoscopy after 2 d-2
mo, where they revealed normal findings or well-healed
scars in the esophagus in all but two patients who still
had healing ulcers. The remaining 59 patients (75.6%)
had no symptoms during follow up and did not undergo
follow up endoscopy or were lost during follow up.

DISCUSSION
If impacted pill fragments are present in the esophagus
during the endoscopic examination of a symptomatic patient, a clear diagnosis can be made. However, impacted
pill fragments are rarely found. Pathological findings,
such as brown-black crystals for iron, and basophilic crystals for Kayexalate, are known to aid in diagnosing druginduced esophagitis. Mitotic arrest is also a pathological
finding helpful in diagnosing drug-induced esophagitis
caused by taxol or colchicines. Other than these reported
rare cases, diagnosing drug-induced esophagitis is based
on the clinical history and endoscopic findings. Many
cases reporting drug-induced esophagitis were identified.
However, other than case reports, there were very few
studies addressing the characteristics of drug-induced
esophagitis[6,7]. Higuchi et al[8] reported that the etiologies of esophageal ulcers included RE in 65.9%, druginduced esophagitis in 22.7% and the others (viral, fungal
etc.) in 11.4%. When esophageal ulcers are encountered
during endoscopy, reflux esophagitis or drug-induced
esophagitis should first be considered, given that there is
no clinical suspicion of other diseases (i.e., viral/fungal
esophagitis, Levin tube injury, Crohn’s disease, or radiation injury). Higuchi et al[8] also reported that 91.4% of
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n (%)
Proximal
Middle
Distal
Ulcers
Bleeding
Erosions
Coating
Pill
Stricture
Kissing ulcers

3 (3.8)
61 (78.2)
14 (17.9)
64 (82.1)
19 (24.4)
14 (17.9)
4 (5.1)
3 (3.8)
2 (2.6)
34 (43.6)

RE-induced esophageal ulcers were located in the lower
esophagus and 80% of drug-induced esophageal ulcers
were located in the middle portion of the esophagus.
Other studies also found that lesions of drug-induced
esophagitis were frequently located in the middle third
of esophagus[6,7]. The middle third of the esophagus is
subject to compression by the aortic arch or enlarged
left atrium; therefore, drug-induced esophagitis is commonly located in the mid-esophagus[9]. Therefore, with
the location of esophageal ulcers, RE can be differentiated from drug-induced ulcers in many cases. Typical
reflux esophagitis patients often have persistent reflux
symptoms and patients with drug-induced esophagitis,
in general, have abrupt-onset chest symptoms. According to Kirkendall, the typical drug-induced esophagitis
patient presents with the sudden onset of odynophagia,
dysphagia or retrosternal pain[10]. Based on this report,
the study of Abid et al[6] was performed with patients
who experienced acute onset of esophageal symptoms of
less than 3 d duration. According to Boyce, symptoms of
drug-induced esophagitis can develop within hours to 10
d after medication[11]. After being lodged in the esophagus, injurious pills release noxious contents damaging the
esophageal wall[10]. Thus, it is postulated that this damage
of esophageal wall gives rise to the abrupt-onset symptoms of drug-induced esophagitis. Patients with druginduced esophagitis often have a history of medication in
the recumbent position or before going to sleep, with no
or little water[10,12]. In our study, patients with a definite
history of taking medicines and with acute esophageal
symptoms of less than two weeks were included.
As eosinophilic infiltration is frequently found in the
distal esophagus of reflux esophagitis; mid-to-proximal
esophagus is recommended for tissue biopsy of eosinophilic esophagitis[13]. The location of the lesions in eosinophilic esophagitis is similar to drug-induced esophagitis
and eosinophilic infiltration is also commonly found in
drug-induced esophageal lesions[14]. Therefore, a differential diagnosis between eosinophilic esophagitis and druginduced esophagitis can be unclear. Though most patients
with eosinophilic esophagitis have abnormal endoscopic
findings, endoscopic changes alone are inadequate for the
diagnosis of eosinophilic esophagitis[15]. The differentiation between eosinophilic esophagitis and drug-induced
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Figure 1 Endoscopic findings of drug-induced esophagitis. A: Typical kissing ulcers in the middle third of esophagus; B: Another typical kissing ulcer; C: Kissing
ulcers with spontaneous bleeding; D: Coating with drug material.

Table 3 Causative drugs of patients diagnosed with druginduced esophagitis

Table 4 Proportion of antibiotics and non-steroidal antiinflammatory drugs between both age groups

n (%)

Drug
Antibiotics
NSAID
Anti-hypertensive
Acetaminophen
Oral hypoglycemic
Bisphosphonate
Ascorbic acid
Warfarin
Other drugs

Age

28 (35.9)
27 (34.6)
9 (11.5)
7 (9.0)
4 (5.1)
4 (5.1)
2 (2.6)
2 (2.6)
4 (5.1)

Antibiotics
(+)
(-)
Total
NSAID
(+)
(-)
Total

Total

< 45 yr

≥ 45 yr

20
22
42

8
28
36

28
50
78

12
30
42

15
21
36

27
51
78

P value
0.020

0.226

NSAID: Non-steroidal anti-inflammatory drug.

NSAID: Non-steroidal anti-inflammatory drug.

esophagitis needs to be a clinicopathological diagnosis,
which requires clinical findings and pathological criteria
for a diagnosis[16]. In differentiating the diagnosis of eosinophilic esophagitis and reflux esophagitis, endoscopic
findings and clinical response to medication of reflux
esophagitis can be useful[14]. There are some studies on
histological parameters for the differential diagnosis of
eosinophilic esophagitis and reflux esophagitis[14,17]. Our
study attempted to find pathological clues that can differentiate drug-induced esophagitis from reflux esophagitis; however, there were no significant differences of
basal cell hyperplasia (P = 0.559), papillary elongation (P
= 0.086), dilated intercellular spaces (P = 0.175) and cell
vacuolization (P = 0.074) between the two groups. To the
best of our knowledge, the present study is the first study

to compare the histopathological features between a druginduced esophagitis group and a reflux esophagitis group.
There are reports that drug-induced esophagitis is
predominantly found among elderly patients, as they are
more likely to spend time in the recumbent position, consume more medications, including alendronate or nonsteroidal anti-inflammatory drugs (NSAIDs), have more
esophageal motility problems or cardiac enlargement with
mid-esophagus compression, and are less aware of the
drug instructions[11]. A study showed that the esophageal
transit time was significantly longer in elderly subjects
than in younger subjects[18]. However in our study, the
proportion of antibiotics use was higher in younger group
than in elderly group. According to the literature, antibiotics were the commonest or second commonest cause of
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Table 5 Pathological findings of drug-induced esophagitis
group and reflux esophagitis group n (%)

Basal cell hyperplasia
Papillary elongation
Dilated intercellular
spaces
Cell vacuolization

P value

Drug-induced
esophagitis

Reflux
esophagitis

(n = 17)
6 (35.3)
5 (29.4)
11 (64.7)

(n = 19)
5 (26.3)
11 (57.9)
8 (42.1)

0.559
0.086
0.175

13 (76.5)

9 (47.4)

0.074

drug-induced esophagitis[6,9]. In our study, antibiotics were
the commonest causative drugs. In contrast to NSAIDs,
anti-hypertensive drugs and bisphosphonates, which are
frequently prescribed for elderly patients, antibiotics are
commonly prescribed in young patients to treat acne,
urinary tract infections or pelvic inflammatory disease[11].
Our study showed that the predominant causative drugs
were different between age groups. Previous reports
showed that drug-induced esophagitis was more prevalent
among women than among men[1,6]. In this study, 64.1%
were females, which was consistent with previous reports.
Our study showed that the common symptoms
were chest pain, odynophagia and dysphagia. Many of
these patients reported multiple symptoms, such as odynophagia with concurrent chest pain. Zografos et al[1]
showed that the main symptoms caused by drug-induced
esophagitis were chest pain (60%), odynophagia (50%),
and dysphagia (40%). 78.2% of endoscopic locations of
drug-induced esophagitis were found in the middle third
of esophagus, which was consistent with previous studies[6,8]. In thirty-four cases (43.6%), there were kissing
ulcers (ulcers facing each other). Kissing ulcers were also
reported in esophageal injury other than drug-induced
esophagitis[19]. Therefore, kissing ulcers alone cannot confirm drug-induced esophagitis. However, we showed that
kissing ulcers were observed in drug-induced esophagitis
more frequently than the previously reported studies[6].
Patients with longer esophageal symptoms were included
in our study; therefore, the duration of esophageal exposure to causative agents may be longer. This may have
contributed to the formation of kissing ulcers. A clinical
study on drug-induced esophagitis showed that kissing
ulcers occupied 7.6%, which is lower than in our study[6].
In Higuchi’s study, active bleeding was noted in 45% of
drug-induced esophageal ulcers, which is higher than the
24.4% in our study[8]. This difference can be explained
by the difference in the proportion of patients taking
NSAIDs (65% vs 34.6%). Notably, the study of Higuchi
et al[8] included only esophageal ulcers, whereas our study
included shallow esophageal erosions, as well as esophageal ulcers. From these results, drug-induced esophagitis
should also be considered as a cause of upper gastrointestinal bleeding. Two cases with esophageal stricture
were also identified, both of which had dysphagia symptoms and were associated with NSAID use. It has been
reported that NSAIDs were associated with an increased
risk of reflux esophagitis and esophageal strictures[20]. In
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patients with reflux esophagitis, one should be careful in
prescribing NSAIDs. It was reported that pill fragment
impaction was associated with esophageal stricture[21].
Here, we observed three cases of impacted pill fragments
with no definite esophageal stricture.
For patients with drug-induced esophagitis, oral sucralfate and PPIs are frequently administered, and the offending drugs are discontinued[6]. In our study, 19 patients
(24.4%) with drug-induced esophagitis were treated with
oral sucralfate, PPI and quitting drugs. These patients
were then, followed up with endoscopy after 2 d-2 mo;
where most of them revealed normal findings or wellhealed scars in the esophagus, and only two patients still
had healing ulcers. Once the offending drug is discontinued, oral sucralfate and PPI are thought to be sufficient
for the treatment of drug-induced esophagitis. Intramural
esophageal hematoma with drug-induced esophagitis was
also reported to have a favorable outcome after a conservative treatment[22]. In contrast, it has been reported that
endoscopic intervention was necessary to treat complications of drug-induced esophagitis[23].
If a medication history and chronology of acute
esophageal symptoms strongly suggest it, diagnosing druginduced esophagitis is not so difficult, even without endoscopic examination[11]. However, the diagnosis of druginduced esophagitis can be more easily confirmed with
the appropriate endoscopic findings. Additionally, helpful
findings, such as pill fragments or residues can be observed
at the sites of injury, making the diagnosis clear[24]. Malignancy and viral or fungal esophagitis can also be ruled out
using endoscopy.
This study is a retrospective observational study, and
lacks a control group. Therefore, it is difficult to measure
the significance of the descriptive results. However, from
the results of our study with 78 subjects, the clinical characteristics such as main symptoms, common endoscopic
findings (ulcers in the middle third of esophagus) and main
causative agents could be identified. A unique finding in
this study was that kissing ulcers were observed in 43.6%
of the patients diagnosed with drug-induced esophagitis,
which might be helpful in diagnosing this rare disease.
In conclusion, drug-induced esophagitis mainly presented as chest pain, odynophagia and dysphagia, and was
successfully treated with PPIs and the discontinuation of
the causative drug. Kissing ulcers were observed in 43.6%
of the patients diagnosed with drug-induced esophagitis.
It is important to be mindful of the possibility of druginduced esophagitis in patients with acute esophageal
symptoms. With an accurate diagnosis, patients will be
able to avoid unnecessary work-up or fatal complications.
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Abstract
AIM: To evaluate the clinical efficacy and safety of acupuncture and moxibustion for the treatment of active
Crohn’s disease (CD).
METHODS: Ninety-two patients were equally and randomly divided into the treatment group and received
herb-partitioned moxibustion combined with acupuncture, and the control group received wheat bran-partitioned moxibustion combined with superficial acupuncture. The patients received three treatment sessions
per week for 12 wk and were followed up for 24 wk.
The main outcome was evaluated using the CD Activity
Index (CDAI) score, and the secondary outcomes were
evaluated using laboratory indicators such as hemoglobin (HGB), C-reactive protein (CRP), erythrocyte sedimentation rate, quality-of-life, endoscopic ratings, and
intestinal histology scores.
RESULTS: The CDAI scores of both the treatment and
control groups were significantly reduced after treatment compared with those measured before treatment.
However, the degree of improvement in the treatment
group was significantly greater than that of the control group. The improvement in symptoms in patients
of the treatment group was sustained at follow-up,
whereas that of the control group was not. The overall
efficacy of the treatment was significantly greater than
that of the control. Both groups demonstrated significant improvements in quality-of-life ratings after treatment, but the improvement was significantly greater
in the treatment group than in the control group. In
addition, the patients in the treatment group showed
significantly increased HGB and significantly decreased
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CRP levels and histopathological scores at the end of
treatment, whereas the control group did not exhibit
significant changes.
CONCLUSION: Moxibustion with acupuncture provided significant therapeutic benefits in patients with
active CD beyond the placebo effect and is therefore
an effective and safe treatment for active CD.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Moxibustion; Acupuncture; Crohn’s disease; Randomized controlled trial; Traditional Chinese
medicine
Core tip: Acupuncture treatment has been widely used
in the clinical treatment of various diseases, particularly gastrointestinal diseases. Crohn’s disease (CD) is a
type of inflammatory bowel disease, and its incidence
increases each year in China. However, there are limited numbers of reports on the efficacy of acupuncture
treatment for CD. In the present study, we found that
acupuncture provided significant therapeutic benefits
to patients with mild to moderate CD and is therefore
an effective and safe treatment.
Bao CH, Zhao JM, Liu HR, Lu Y, Zhu YF, Shi Y, Weng ZJ, Feng
H, Guan X, Li J, Chen WF, Wu LY, Jin XM, Dou CZ, Wu HG.
Randomized controlled trial: moxibustion and acupuncture for
the treatment of Crohn’s disease. World J Gastroenterol 2014;
20(31): 11000-11011 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/11000.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.11000

INTRODUCTION
Crohn’s disease (CD) is a type of inflammatory bowel
disease and is a recurrent systemic inflammatory disease
that mainly affects the gastrointestinal tract, with extraintestinal manifestations and related immune diseases[1].
With a steadily increasing incidence, CD has become a
common digestive disease in Asia, especially in China[2].
CD has a significant impact on the productivity of society and on personal quality of life[3-6], and places a major
burden on public health care resources[7]. Current medicinal treatments for CD primarily utilize salicylic acid-based
drugs, corticosteroids, immunosuppressives, and biological agents. However, the poor efficacy and significant adverse effects of these treatments and the susceptibility to
recurrence after dose reduction or discontinuation limit
the long-term clinical application of these drugs[8].
Acupuncture has a history of more than 4000 years
and is popular in China and many other countries. Acupuncture has been widely used for the clinical treatment
of various diseases, particularly gastrointestinal diseases
such as CD[9,10], ulcerative colitis[11,12], irritable bowel syndrome[13,14], and functional dyspepsia[15,16]. However, there
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are a limited number of reports on the clinical study of
acupuncture in the treatment of CD[17], and its efficacy is
therefore not fully established. In particular, the effects
of acupuncture on endoscopic findings and the intestinal
histopathological changes of CD have not been reported.
Therefore, it is necessary to perform an objective evaluation of the efficacy of acupuncture in CD.
Our research team has performed clinical and basic
research on acupuncture and moxibustion for the treatment of inflammatory bowel disease for over 30 years.
Herb-partitioned moxibustion combined with acupuncture therapy is commonly used for the treatment of CD.
Herb-partitioned moxibustion, a critical component of
moxibustion therapy, is performed by placing a cake of
herbs (dispensing a traditional Chinese medicinal (TCM)
formula) on the patient’s acupoints, followed by the
placement and ignition of moxa cones, which are composed of refined mugwort floss, on the herbal cake to
treat diseases. Acupuncture is a collection of procedures
involving penetration of the skin with needles to stimulate certain points on the body. Here, we conducted a
randomized controlled clinical trial of herb-partitioned
moxibustion combined with acupuncture for the treatment of active CD with the goal of evaluating its clinical
efficacy and safety.

MATERIALS AND METHODS
Study design
From January 2010 to April 2013, CD patients treated at
the acupuncture outpatient center for inflammatory bowel disease of the Shanghai Institute of Acupuncture and
Meridian, the Endoscopy Center of Zhongshan Hospital
at Fudan University, the Department of AcupunctureMoxibustion of Shuguang Hospital affiliated with the
Shanghai University of Traditional Chinese Medicine, and
the Yueyang Hospital of Integrated Traditional Chinese
and Western Medicine affiliated with the Shanghai University of Traditional Chinese Medicine were recruited
as subjects for this study. The diagnosis of CD was confirmed in all patients by clinical manifestation evaluation,
imaging analysis, and endoscopic and histopathological
examinations.
This clinical trial was approved by the Ethics Committee of the Yueyang Hospital of Integrated Chinese
and Western Medicine affiliated with the Shanghai University of TCM. All subjects provided informed consent
prior to enrollment into the trial. The study was registered in the Clinical Trials Registry at http://clinicaltrials.
gov/(NCT01697761).
Patients
Patients who had a confirmed diagnosis of mild or moderate CD (CD Activity Index (CDAI) values ranging
from 151 to 350), had not taken medications such as salicylic acid drugs and/or prednisone (at a dose ≤ 15 mg)
for at least 1 mo, and had not taken immunosuppressants
or used anti-TNF-α biological agents for 3 mo prior to
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comparison among subjects. In addition, a blinded evaluation was conducted in which a third researcher who was
unaware of the group assignments assessed the treatment
outcomes. Blinded statistical data analysis was also conducted in which the researchers, operators, and statisticians were separated from one another.

Table 1 Acupoints selected for the treatment and control
groups
Treatment group

Control group

Acupuncture Zusanli (ST36)
points
Shangjuxu (ST37)

20 mm away from the posterior of
ST36
20 mm away from the posterior of
ST37
Gongsun (SP4)
On the medial aspect of the 1st
cuneiform bone, between LR4 and SP4
Sanyinjiao (SP6) 15 mm away from the anterior of SP6,
on the medial aspect of the tibia
Taixi (KI3)
15 mm away from the anterior of KI3,
on the medial aspect of the tibia
Taichong (LR3)
On the dorsal aspect of the 1st
metatarsal bone between LR3 and SP3
Moxibustion Tianshu (ST25), Qihai (CV6), Zhongwan (CV12)
points
ST: Stomach; CV: Conception vessel; SP: Spleen; LR: Liver; KI: Kidney.

enrollment in the study were included.
Pregnant or lactating patients; patients with serious
diseases of the heart, brain, liver, kidney, or hematopoietic system; patients with mental illness; and patients with
other severe diseases were excluded.
After enrollment, the patients who were using CD
medications maintained their drug dosage unchanged. If
their conditions deteriorated during the treatment period
or if the patients needed to increase their dose or take
other medications, these subjects were withdrawn from
the study. During the follow-up period, patients were allowed to adjust their dose of Western medicine after recording each adjustment. If patients increased their dose,
became sicker, or took other drugs, these subjects were
also withdrawn.
Randomization and blinding
We used a simple random sampling method by generating a random number table using the SPSS 16.0 software.
The first number in the random number table was used
as a starting point to create random assignment cards,
which were then sealed in envelopes. The envelopes were
numbered (the same number as the sequence number of
the card inside) and kept secure by a dedicated person.
When a qualified participant was enrolled into the trial,
researchers then asked this dedicated person for a random number by phone or text message. According to
the order in which the patient was enrolled, the person
in charge opened the envelope with the same sequence
number and informed the researchers of the assigned
information by phone or text message. The odd random
numbers were assigned to the treatment group, and even
numbers were assigned to the control group. The participants were randomly divided into the treatment and
control groups at a ratio of 1:1.
All patients were blinded during the trial and were
therefore unaware of the specific treatment they received.
All subjects in each treatment session were treated in
a private room to avoid potential communication and
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Interventions
The treatment group received herb-partitioned moxibustion combined with acupuncture. The acupoints are listed
in Table 1 and Figure 1; these acupoints were selected
based on TCM principles according to the clinical manifestations of the patients. All of these acupoints were
shown to be effective for the treatment of CD in our
previous report[10].
The herbal cake recipe used for moxibustion in the
treatment group included Coptis chinensis, Radix Aconiti
Lateralis, Cortex Cinnamomi, Radix Aucklandiae, Flos Carthami, Salvia miltiorrhiza, and Angelica sinensis as the main
ingredients[10]. These herbs were ground into fine powders, which were then passed through a 100-mesh sieve
and stored for future use. During treatment, 2.8 g of the
herbal powder was mixed with maltose and made into
a thick paste by adding warm water. The paste was then
pressed into a mold to make herbal cakes with a diameter
of 28 mm and a thickness of 5 mm. For moxibustion,
pure refined moxa sticks (“Hanyi”, Nanyang, China, size:
17 mm × 200 mm) were cut into segments of 16 mm in
height that weighed approximately 1.8 g. In each session,
each acupoint was treated with two segments of moxa
sticks.
Positioning of the acupuncture points was based on
the “Nomenclature and location of acupuncture points”
(Chinese National Standard (GB/T12346-2006)). Sterile
disposable stainless steel needles (with a diameter of 0.30
mm and length of 40 mm or 25 mm, “Huatuo”, Suzhou,
China) were used. The needles were directly inserted
20-30 mm into the skin and elicited a de-qi sensation. The
needle was kept in position for 30 min. Herb-partitioned
moxibustion and acupuncture were performed at the
same time once every other day (three times per week)
for a total of 36 sessions (12 wk). Subjects who received
at least 80% of the required number of treatment sessions (29 or more) were considered to have completed
the entire treatment plan.
The control group received wheat bran-partitioned
moxibustion combined with superficial acupuncture.
Wheat bran-partitioned moxibustion is often used by our
research team as a placebo control method, and previous
studies have shown that wheat bran-partitioned moxibustion differs significantly from herb-partitioned moxibustion[12]. The acupoints used in wheat bran-partitioned
moxibustion were the same as those used for the treatment group. The procedure of superficial needling at
non-acupoints was based on previous studies[15]. Nonmeridian and non-acupoint zones located 1-2 cm away
from the acupoints of the treatment group were selected
for the control group, and an equal number of points
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Assessed for eligibility
n = 146
Excluded n = 54
Refused to participate n = 18
Not meeting criteria n = 36

Randomized
n = 92

Treatment group
n = 46

Control group
n = 46

Withdrawn n = 3

Withdrawn n = 4
Treatment group
n = 43

Control group
n = 42
Withdrawn n = 5

Withdrawn n = 3
Treatment group
n = 40

Control group
n = 37

Figure 1 Flow chart of the trial.

were used in each group (Figure 1).
Wheat bran was used instead of herbs for the control
group partition cake, and the treatment methods were the
same as those of the treatment group. Needles with the
same diameter and length as those used in the treatment
group were used for needling; however, the needles were
directly inserted only 1-2 mm into the skin, without eliciting a de-qi sensation. Wheat bran-partitioned moxibustion
and acupuncture were performed at the same time, and
the sessions were the same as those of the treatment
group.
In this study, the acupuncture practitioners were all
clinicians who were qualified TCM practitioners and had
at least 2 years of clinical experience.
Outcome measures
The CDAI[18] was used as the main measurement of
outcome. This index consists of eight factors, with each
factor totaled after adjustment with a weighting factor.
CDAI evaluations were performed on the day of enrollment, in the 12th week after enrollment, and at follow-up
(24th week). The changes in CDAI score and total treatment efficacy were evaluated. The total treatment efficacy
evaluation standards were as follows: after treatment,
a CDAI score measuring less than 150 indicated clinical remission, a CDAI score decreased by more than 70
indicated an improvement, and a CDAI score decreased
by less than 70 or an increased CDAI score indicated an
ineffective treatment. The effective rate = (the number
of patients who demonstrated clinical remission + the
number of patients who demonstrated an improvement
with treatment)/the total number of patients.
Six parameters were used as secondary outcome
measures. The quality of life of the patients was evaluated using the inflammatory bowel disease questionnaire
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(IBDQ), which is specific for patients with inflammatory
bowel disease[19,20]. The level of C-reactive protein (CRP)
and the erythrocyte sedimentation rate (ESR) were used
to assess the level of intestinal inflammation, and hemoglobin (HGB) measurements were used to assess the
presence and severity of anemia. Fifteen patients from
each group were selected to receive enteroscopic examinations and mucosal biopsies. The CD endoscopic index
of severity (CDEIS)[21] and the D’Haens-Geboes intestinal histology scoring system[22] were used to evaluate
endoscopic mucosal manifestations and the pathomorphological and inflammatory conditions of the patients,
respectively. Intestinal mucosa samples obtained from
biopsy were immediately placed in 10% formalin for
storage. After hematoxylin and eosin (HE) staining, the
tissues were imaged, and the pathological changes were
scored. All secondary outcomes were measured on the
day of enrollment and during the 12th week after enrollment in the trial.
All patients were followed-up by phone, email, or other methods in the 24th week regarding changes in disease
and medication conditions. During the follow-up period
(weeks 12-24), patients who had aggravated symptoms
with a CDAI score greater than 150 and a CDAI score
increase greater than 70 points were defined as patients
with recurrence.
The safety evaluation included the following three
aspects: vital sign monitoring including post-treatment
temperature, respiration, heart rate, blood pressure, and
liver and kidney function; acupuncture abnormalities including bleeding, hematoma, fainting during acupuncture
treatment, pain in the acupuncture sites, increased blood
pressure, and other adverse reactions; and moxibustion
abnormalities including skin burns, blistering, or other
discomfort caused by moxibustion.
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ST36
Treatment
group

LR3

ST37

SP4

CV12
ST25
SP6

CV6

KI3

Acupuncture points

Moxibustion points

Non-acupoints

Moxibustion points

Control
group

Figure 2 Locations of acupoints and non-acupoints used in this trial. ST: Stomach; CV: Conception vessel; SP: Spleen; LR: Liver; KI: Kidney.

Statistical analysis
According to the literature, the effective rate of acupuncture and moxibustion in the treatment of CD is 56%[9].
Our group previously used a non-randomized concurrent
control method to conduct a pilot study that demonstrated an effective rate of herb-partitioned moxibustion
and acupuncture in the treatment of CD of 86.67%[10].
Therefore, the current study established an expected effective rate value of 85%. The study consisted of two
groups, with a significance level of α = 0.05 (one-sided)
and a test power of 1 - β = 0.9. The formula for sample
size estimation in comparing two sample rates was as follows:
n = (Uα + Uβ)2 (1 + 1/k) P (1 - P)/(Pe - Pc)2
Based on this calculation, the required sample size for
each group was equal to 42 (n = 42 patients). With the
addition of a 10% dropout rate (four patients), the two
groups needed to include no less than 92 patients.
Statistical analyses of the baseline information and
disease-related information were performed using the
SPSS 16.0 software package (SPSS Inc., Chicago, IL,
United States). The primary efficacy indicator, CDAI, was
analyzed using per-protocol (PP) analysis and intentionto-treat (ITT) analysis, and the secondary efficacy indicator and subgroup analyses were performed using PP
analysis. Normally distributed measurement data were
analyzed using the t-test, and data that did not pass the
normality test were analyzed using a non-parametric test
(Mann-Whitney test). Count data were analyzed using the
2
χ test. All tests were two-sided, and P < 0.05 was considered statistically significant.
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RESULTS
Patient characteristics
Of 146 screened patients, 26 could not be included due
to CDAI scores that were too low (n = 22) or too high
(n = 4), refusal to participate (n = 18), or other reasons
including the use of immunosuppressive therapy or traditional Chinese drugs (n = 10). A total of 92 patients
were assigned to the treatment (n = 46) and control (n
= 46) groups. A total of 85 patients completed the trial:
of the patients in the treatment group, 43 completed the
treatment, and three did not (two patients reported work
obligations and one patient traveled abroad); of the patients in the control group, 42 completed the treatment
and four did not (two patients presented deteriorating
conditions and received prednisone at doses > 15 mg/d,
one patient became pregnant, and one quit for unknown
reasons). A total of 77 patients completed the follow-up
study, including 40 in the treatment group and 37 in the
control group (Figure 2).
There were no statistically significant differences between the treatment group and control group in baseline
data including patient age, gender, height, weight, disease
duration, surgical history, disease severity, CDAI, quality
of life, and Montreal classification (age at diagnosis, lesion location, and lesion type) (Table 2).
CDAI scores
PP analysis demonstrated that the post-treatment CDAI
scores of patients in the treatment group and the control group were significantly reduced compared with
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(MCID) has clinical significance, the MCID was determined to be 70 points on the CDAI scale[23], demonstrating that changes in the treatment group were clinically
significant both after treatment and in the follow-up
period, whereas changes in the control group were not
clinically significant after treatment or in the follow-up
period.

Table 2 Patient characteristics at baseline
Characteristics
Age (yr); mean ± SD
Gender (male/female)
Height (cm)
Weight (kg)
Duration of disease (yr)
Prior resection (yes/no)
Severity (mild/moderate)
CDAI
IBDQ
HGB
ESR
CRP
Concomitant medication
Aminosalicylates
Corticosteroids
Aminosalicylates and
corticosteroids
Montreal classification
Age at diagnosis
A1
A2
A3
Location
L1
L2
L3
L4
Behavior
B1
B2
B3
B1P
B2P
B3P

Treatment group Control group P value
36.98 ± 14.46
27/16
167.47 ± 9.20
53.69 ± 11.73
4.64 ± 3.75
8/35
24/19
210.84 ± 48.03
157.67 ± 30.43
118.05 ± 17.79
21.80 ± 16.86
18.52 ± 24.35
27
16
2
9

32.38 ± 11.83
25/17
166.71 ± 6.79
53.44 ± 11.73
4.67 ± 4.51
4/38
30/12
201.04 ± 57.13
157.36 ± 33.19
124.79 ± 20.70
24.64 ± 22.28
12.32 ± 13.43
24
11
3
10

1

0.113
0.757
0.670
0.924
0.978
0.229
0.135
0.394
0.963
0.111
0.625
0.164
0.398

2
32
9

3
33
6

0.373

6
8
29
0

8
11
23
0

0.251

12
2
10
7
3
9

9
2
12
10
1
8

0.853

Total efficacy evaluation
The PP analysis indicated that the total treatment efficacies of the treatment and control groups were 83.72%
and 40.48%, respectively, with a statistically significant
difference (P = 0.000). The ITT analysis indicated that
the total treatment efficacies of the treatment and control
groups were 78.26% and 36.96%, respectively, with a statistically significant difference (P = 0.000) (Table 4).
Quality-of-life surveys
All post-treatment IBDQ scores of patients in the treatment and control groups were increased from the pretreatment baseline scores, with both groups showing
statistically significant intragroup differences (P = 0.000).
The patients in the treatment group showed a larger
increase in IBDQ score than the patients in the control
group, and this difference between the groups was statistically significant (P = 0.017) (Table 5).

1

P values from comparisons between the treatment and control groups.
CDAI: Crohn’s disease activity index; IBDQ: Inflammatory bowel disease
questionnaire; HGB: Hemoglobin; ESR: Erythrocyte sedimentation rate;
CRP: C-reactive protein.

those measured at baseline (P = 0.000). Patients in the
treatment group showed a significantly larger decrease
in CDAI scores than the control group (P = 0.000). Furthermore, in the treatment group, the CDAI score during
the follow-up period was significantly lower than the pretreatment baseline (P = 0.000). Although the CDAI score
of the control group was decreased during the followup period, the change was not statistically significant (P
= 0.056). However, the difference in CDAI scores during
the follow-up period between the two groups was statistically significant (P = 0.000). In both groups, changes in
CDAI scores between the follow-up period and the posttreatment time were not significant (treatment group P =
0.094, control group P = 0.064) (Table 3, Figure 3A).
The ITT analysis results were generally consistent
with those of the PP analysis, with the exception that the
ITT analysis showed a significant difference between the
CDAI score of the control group during follow up and
the baseline level before treatment (Table 3, Figure 3B).
Based on the principle that only a value equal to or
greater than the minimal clinically important difference
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Laboratory tests
Compared with the baseline values obtained prior to
treatment, the HGB levels of the patients in the treatment group were significantly increased after treatment (P
= 0.026), whereas those of the control group were not.
Furthermore, the difference in HGB level between the
two groups following treatment was statistically significant (P = 0.029) (Table 5).
Compared with the baseline values before treatment,
the CRP levels of the patients in the treatment group were
significantly reduced after treatment (P = 0.007). Moreover,
the CRP levels of the control group did not change significantly, although the difference between the two groups was
statistically significant (P = 0.008) (Table 5).
Compared with the baseline values before treatment,
the ESR levels of the patients in the treatment and control groups were similarly decreased. However, there was
no significant difference between the two groups (Table 5).
Colonoscopy evaluation
The treatment and control groups both showed reduced
CDEIS scores following treatment when compared with
pre-treatment scores; however, these differences were not
statistically significant. Likewise, there was no significant
difference between the two groups (Table 5).
Histopathological scores
Compared with pre-treatment assessment, the treatment
and control groups both showed reduced histopathological scores following treatment. However, only the treatment group showed a statistically significant difference (P
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Table 3 Results of the main outcome measurement: Crohn’s disease activity index score (per-protocol and intention-to-treat
analysis) (mean ± SD)
Analysis set

Group

n

Baseline

Changes from baseline to
post-treatment

P value1

n

Changes from baseline to
follow up

P value1

PP analysis

Treatment
Control
Treatment
Control

43
42
46
46

210.84 ± 48.03
201.04 ± 57.13
211.81 ± 50.97
200.20 ± 54.91

-115.35 ± 55.05b
-35.68 ± 46.91b
-107.83 ± 60.47b
-32.58 ± 45.91b

0.000

40
37
46
46

-128.93 ± 64.46b
-14.32 ± 52.09
-117.85 ± 70.10b
-22.19 ± 55.31b

0.000

ITT analysis

0.000

0.000

1

P values from comparisons between the treatment and control groups. bP < 0.01 vs control group. PP: per-protocol; ITT: intention-to-treat.

A

P = 0.000

NS

P = 0.000

B
300

P = 0.000

250

250

200

200
CDAI score

CDAI score

300

150
100

P = 0.000

P = 0.000

Post-treatment

Treatment group

Control group

Follow-up

100

Treatment group
Difference
baseline/posttreatment

0

Control group
Difference
baseline/
follow-up

-40

-80

-80

-120

-160

Difference
baseline/posttreatment

0

-40

-200

Baseline

50

CDAI score

CDAI score

0

P = 0.000

150

50
0

P = 0.000

Difference
baseline/
follow-up

Treatment group
Control group

-120

-160

P = 0.000

-200

P = 0.000

P = 0.000

P = 0.000

Figure 3 Main outcome measures (Crohn’s disease activity index score). A: PP analysis; B: intention-to-treat analysis; CDAI: Crohn’s disease activity index.

= 0.002), and the difference between the two groups was
also statistically significant (P = 0.029) (Table 5).
Subgroup analysis
We also performed subgroup analysis to assess changes
in the CDAI score, which served as the primary efficacy
indicator, between the two groups of patients after treatment based on the subcategories of gender (male/female), disease severity (mild/moderate), the use of
corticosteroids, and lesion position classification (L1Ileal; L2-Colonic; L3-Ileocolonic). The results showed
that in all subcategories, patients in the treatment and
control groups did not differ significantly in terms of
pre-treatment baseline values and were thus comparable.
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However, the subgroup analysis comparing the patient
values after treatment with the pre-treatment values
demonstrated that the patients in the treatment group
differed significantly from the control group in terms of
CDAI score changes in all subcategories, including gender (male/female), disease severity (mild/moderate), the
use of corticosteroids, and lesion position classification
(L1/L2/L3) (Table 6).
Follow-up period assessment
A total of 77 patients, including 40 patients in the treatment group and 37 patients in the control group, completed the follow-up period. Five patients (12.5%) in the
treatment group relapsed, and 12 patients (32.4%) in the
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Table 4 Results of the total efficacy evaluation (per-protocol and intention-to-treat analysis analysis)
Analysis set

Group

n

Clinical remission

Improved

Ineffective

P value

PP analysis

Treatment
Control
Treatment
Control

43
42
46
46

32
15
32
15

4
2
4
2

7
25
10
29

0.000

ITT analysis

0.000

P values from comparisons between the treatment and control groups. PP: per-protocol; ITT: intention-to-treat.

Table 5 Results of the secondary outcome measures (n = 85) (mean ± SD)
Outcome measures
IBDQ
HGB
(g/L)
ESR
(mm/h)
CRP
(mg/L)
CDEIS
HS

Group
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control
Treatment
Control

Baseline
157.67 ± 30.43
157.36 ± 33.19
118.05 ± 17.79
124.79 ± 20.70
21.80 ± 16.86
24.64 ± 22.28
18.52 ± 24.35
12.32 ± 13.43
9.92 ± 8.94
6.15 ± 3.90
11.2 ± 1.47
11.07 ± 1.44

Post-treatment

Changes from baseline to post-treatment

P value

24.56 ± 34.15
9.93 ± 19.13
5.09 ± 14.45
-0.93 ± 10.07
-3.77 ± 13.00
-0.21 ± 10.12
-8.67 ± 20.04
1.16 ± 12.11
-2.28 ± 5.52
-0.60 ± 4.75
-2.2 ± 2.21
-0.53 ± 1.73

0.017

b

182.23 ± 33.07
167.29 ± 29.85b
123.14 ± 20.87a
123.86 ± 21.23
17.85 ± 14.14
24.41 ± 22.10
8.71 ± 8.94b
13.60 ± 14.81
7.64 ± 6.84
5.54 ± 4.79
9.00 ± 2.11b
10.53 ± 2.13

0.029
0.163
0.008
0.380
0.029

P values from comparisons of changes from baseline to post treatment between the treatment and control groups (aP < 0.05; bP < 0.01 vs control). IBDQ:
Inflammatory bowel disease questionnaire; HGB: Hemoglobin; ESR: Erythrocyte sedimentation rate; CRP: C-reactive protein; CDEIS: Crohn’s disease
endoscopic index of severity.

Table 6 Changes in Crohn’s disease activity index scores according to subgroup (baseline to post treatment) (n = 85) (mean ±
SD)
Subgroup (treatment group/control group)
Sex
Male (27/25)
Female (16/17)
CDAI at baseline
CDAI ≤ 220 (24/30)
CDAI > 220 (19/12)
Treatment with corticosteroids
Yes (11/13)
No (32/29)
Location
L1-Ileal (6/8)
L2-Colonic (8/11)
L3-Ileocolonic (29/23)

Treatment group

Control group

P value1

-118.84 ± 47.29
-109.48 ± 67.45

-48.97 ± 51.95
-16.14 ± 30.12

0.001
0.001

-110.18 ± 49.51
-121.89 ± 62.10

-26.87 ± 43.11
-57.70 ± 50.59

0.001
0.005

-131.30 ± 34.25
-109.87 ± 60.05

-28.86 ± 32.35
-38.73 ± 52.36

0.001
0.001

-96.77 ± 55.42
-114.31 ± 34.93
-119.49 ± 60.00

-19.70 ± 51.42
-50.29 ± 46.47
-34.25 ± 45.56

0.020
0.005
0.001

1

P values from comparisons between treatment and control groups. CDAI: Crohn’s disease activity index.

control group relapsed. This difference between the two
groups was statistically significant (P = 0.035).

DISCUSSION

Safety measures
A total of two adverse events were reported (2/92) during this clinical trial: one patient in the treatment group
experienced pain or subcutaneous hematoma during acupuncture, and one patient in the control group received
a mild burn during moxibustion. There were no serious
adverse events.
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This randomized controlled study evaluated the treatment efficacy of acupuncture (herb-partitioned moxibustion combined with acupuncture) for the treatment of
mild to moderate CD, using placebo acupuncture (wheat
bran-partitioned moxibustion combined with superficial
acupuncture) as the control. The results showed that
both acupuncture and placebo acupuncture significantly
reduced the CDAI score of CD patients and improved
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their quality of life. In addition, the efficacy of acupuncture was significantly superior to placebo acupuncture,
indicating that herb-partitioned moxibustion combined
with acupuncture has significant therapeutic effects in addition to the placebo effect.
After 12 wk of treatment, 74% of patients in the
treatment group and 36% of patients in the control
group entered remission (CDAI score < 150). After treatment, 70% of patients in the treatment group and 14%
of patients in the control group showed CDAI score
reductions greater than 100 points. In addition, 79% of
patients in the treatment group and 21% of the control
group patients demonstrated a CDAI score reduction
greater than 70 points. ITT analysis of follow-up observations showed that both acupuncture and placebo
acupuncture had fairly good long-term efficacies and significantly reduced CDAI scores compared with the baseline level prior to treatment. Additionally, these results
revealed that the conditions of the patients were maintained at a level comparable to that immediately following
treatment. The PP analysis results were similar to those
of the ITT analysis, except that the PP analysis showed
no significant differences in the CDAI scores of the control group measured at follow-up vs baseline, suggesting
that the long-term efficacy of placebo acupuncture might
not be stable. Joos et al[9] also demonstrated that both
acupuncture and placebo acupuncture reduced the CDAI
score of patients with mild to moderate CD and that
the effect of acupuncture was significantly superior to
placebo acupuncture. In addition, follow-up observations
indicated that acupuncture had more stable long-term
efficacy, as the placebo acupuncture group demonstrated
no significant difference compared with observations
recorded before treatment, consistent with the results of
our study. The above results suggest that acupuncture
has stable short-term and long-term effects on controlling the degree of disease activity in patients with mild to
moderate CD and that these effects are clearly advantageous in comparison with placebo acupuncture.
Subgroup analysis further confirmed that acupuncture
treatment was significantly more effective than placebo
acupuncture in the four subgroups of gender, disease
severity (mild/moderate), the use of corticosteroids, and
lesion position (L1/L2/L3), suggesting that acupuncture
has a broad application scope for the treatment of CD
and fairly good clinical efficacy for patients in all subcategories. The results of Joos et al[9] are generally consistent
with our results, with the exception of a subgroup analysis based on CDAI score. In their study, the results were
negative for patients with CDAI scores < 250 and positive for patients with CDAI scores ≥ 250. In contrast,
we used 220 points as the cut-off score, as this score is
commonly used to classify the severity of the disease as
mild or moderate. It is possible that the negative results
detected in the study by Joos et al[9] may be due to this different classification.
In addition, the study by Joos et al[9] also showed
that acupuncture and placebo acupuncture significantly
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improved patient quality of life; however, there was no
significant difference between the two groups, which may
have been caused by the small sample size (fewer than 60
cases) and a shorter treatment course (4 wk). In addition,
different acupuncture techniques might explain why the
results differ between the two studies. The present study
used herb-partitioned moxibustion combined with acupuncture, whereas the study by Joos et al[9] mainly applied
acupuncture with needles, and only patients exhibiting
yang deficiency and chill symptoms were supplemented
with moxibustion treatment. Despite the fact that both
studies used acupuncture combined with moxibustion for
CD treatment, the differences in moxibustion methods
and acupuncture points likely resulted in different treatment effects. Anemia is a common clinical manifestation in patients with CD. We chose HGB level to reflect
the impact of acupuncture on peripheral red blood cell
volume in patients with CD. Our results showed that
acupuncture significantly increased the HGB level of
CD patients, whereas placebo acupuncture had no such
effects. In addition, during the active stage, CD patients
have elevated CRP and ESR levels, and elevated CRP
levels, in particular, often directly reflect the degree of
bowel inflammatory activity[24,25]. Our results showed that
acupuncture significantly reduced CRP levels in patients
with CD, whereas placebo acupuncture had no such effects. The ESR levels of patients in the treatment group
showed a downward trend after treatment compared
with the baseline levels before treatment, but this difference was not statistically significant. In contrast, the ESR
levels in patients of the control group did not change
significantly. The above results suggest that acupuncture
effectively controls the inflammatory response and eases
intestinal inflammation. The study by Joos et al[9] also
showed that CRP levels were reduced after acupuncture
treatment, but their observed difference was not statistically significant.
We also assessed the effects of acupuncture on endoscopic findings and intestinal tissue histopathological
scores in patients with CD. Neither the treatment group
nor the control group showed significant changes in
endoscopic findings after treatment, and longer observations may be required to observe any improvements in
mucosal integrity. However, the patients in the treatment
group showed significant reductions in intestinal tissue
histology scores after treatment, and the difference between the treatment and control groups was statistically
significant. The above results suggest that acupuncture
may have certain beneficial effects on improving intestinal inflammation.
TCM theory suggests that weak spleen and dominant dampness are the common pathogenic mechanisms
of CD patients, who exhibit varying degrees of kidney
weakness and liver stagnation. Therefore, this study
mainly utilized spleen enhancement and dampness reduction supplemented with kidney augmentation, soothing
the liver, and qi regulation as the main treatment principle. Herb-partitioned moxibustion is a treatment method
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that has been used for many years by our research team
to treat diseases such as CD[10,26-28], ulcerative colitis[12,29-31],
and irritable bowel syndrome[32,33]. The TCM ingredients
in herbal cakes gently augment the spleen and kidney,
remove dampness, and regulate qi. Thermal stimulation
generated during moxa stick combustion strengthens
the action of this effect. The acupuncture points used
in the current treatment were based on the principles
of Chinese medicine and the common pathogenesis of
patients with CD. The control group in this study received wheat bran-partitioned moxibustion combined
with superficial acupuncture to maintain patient blinding. In addition, the same acupoints were used in both
wheat bran-partitioned moxibustion and herb-partitioned
moxibustion treatments. Because the abdomen contains
a relatively large number of meridians and acupoints, the
local warm sensation produced by moxibustion often affects a large area of the abdomen. Therefore, although
we chose a non-meridian and non-acupoint zone 1-2 cm
away for the placebo group, the warm sensation likely
spread to nearby acupoints, which may have been detrimental to the placebo moxibustion control. In addition,
our group previously performed clinical studies on herbpartitioned moxibustion for the treatment of ulcerative
colitis[12], using wheat bran-partitioned separated moxibustion as the placebo-control and the same acupoints
for the two groups. The results showed that there were
significant differences in the clinical efficacy between the
herb-partitioned moxibustion treatment and the wheat
bran-partitioned moxibustion treatment, suggesting that
wheat bran-partitioned moxibustion is a fairly appropriate model for placebo moxibustion. Although both treatment methods produce thermal stimulation, different
ingredients in the herbal cakes are the reasons underlying
the differences in efficacy between the two groups. Moreover, we cannot rule out the effect of superficial acupuncture in the control group; this may be an important
factor contributing to the effects produced in the control
group in addition to the placebo effect. Although there is
controversy regarding the use of superficial acupuncture
as a placebo control because superficial acupuncture may
produce treatment effects[34], a large number of studies
have used this method[9,11,35-38]. Our study demonstrated
positive safety features and high patient compliance; only
two patients experienced mild adverse events, which can
likely be avoided in future studies. In addition, acupuncture is highly cost-effective, representing a clear advantage in comparison with other medications for the treatment of CD[39-41].
Although our study and studies from other groups
have shown that acupuncture has a positive effect as a
treatment for CD, the mechanism of how acupuncture
achieves its treatment efficacy is not fully understood.
Our team previously conducted studies on the mechanisms of acupuncture for the treatment of CD. The
results suggested that acupuncture and/or moxibustion
might inhibit the abnormal expression of the inflammatory cytokines, TNF-α and TNFR1, in the colonic mucosa and peripheral blood of a rat model of CD. These
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changes may subsequently reduce colonic epithelial cell
apoptosis, improve colonic epithelial barrier structure
and function, and increase the expression of the colonic
epithelial tight junction proteins occludin, claudin-1, and
ZO-1 via the TNF-α/TNFR1 pathway, thereby reducing intestinal inflammation in CD model rats, restoring/
protecting the colonic epithelial barrier, and ultimately
achieving the goal of alleviating chronic bowel inflammation in CD[26-28].
The present study did have certain limitations. During
the follow-up period, only the primary efficacy indicator,
CDAI, was evaluated; the secondary efficacy indicators,
such as IBDQ and laboratory parameters, were not recorded. Moreover, the patients’ anxiety and depression
scale scores were not measured in the present study.
Thus, future trials should consider the above limitations.
In summary, the clinical efficacy of herb-partitioned
moxibustion combined with acupuncture in mild to
moderate CD was significantly better than placebo acupuncture. In addition to the placebo effect, the treatment
provided significant additional therapeutic effects. Thus,
herb-partitioned moxibustion combined with acupuncture represents an effective and safe therapy for the clinical treatment of mild to moderate CD.

COMMENTS
COMMENTS
Background

In Asia, particularly in China, the incidence of Crohn’s disease (CD) has increased steadily. Although certain medicinal treatments have been administered
for CD, several disadvantages have limited their long-term clinical application.
Therefore, increasing numbers of patients are seeking alternative medical
therapies, particularly those involving acupuncture. However, the efficacy of
acupuncture in the treatment of CD has not been fully established.

Research frontiers

This research team has performed clinical and basic research on acupuncture
and moxibustion for the treatment of inflammatory bowel diseases, including CD
and ulcerative colitis, for more than 30 years. Although previous studies have
demonstrated that this treatment can relieve the symptoms of CD, more observation is required to confirm its efficacy on peripheral inflammation levels, the
capacity of blood cells, and intestinal endoscopic and histopathologic changes.

Innovations and breakthroughs

Herb-partitioned moxibustion and acupuncture not only reduced the disease activity index and improved quality of life, but also alleviated intestinal inflammation
and improved hemoglobin levels in CD patients. Most importantly, few side effects
were observed. The authors found that herb-partitioned moxibustion combined
with acupuncture is an effective and safe treatment for mild to moderate CD. In
addition to the placebo effect, it also provided significant therapeutic effects.

Applications

The results of the present study suggest that herb-partitioned moxibustion combined with acupuncture has the potential to be a very useful adjunct therapy for
mild to moderate CD.

Terminology

Herb-partitioned moxibustion is a critical component of moxibustion therapy for
disease treatment. It is performed by placing a cake of herbs (dispensing a traditional Chinese medicinal formula) on the patient’s acupoints, followed by the
placement and ignition of moxa cones, composed of refined mugwort floss, on
the herbal cake.

Peer review

This is a well-conducted study that evaluates the clinical efficacy and safety of
herb-partitioned moxibustion combined with acupuncture for the treatment of
active CD. The authors show the overall efficacy of the treatment was significantly greater than that of the control. In addition, the patients in the treatment
group showed significantly increased hemoglobin and significantly decreased
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C-reactive protein levels and histopathological scores at the end of treatment,
whereas the control group did not exhibit significant changes. Herb-partitioned
moxibustion combined with acupuncture is therefore an effective and safe treatment method for mild and moderate CD.
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n =16; NSAID control group, n =14) finally completed

the whole trail. At the baseline CE examination, no
statistically significant differences between the two
groups have been observed. However, after 14 d of
drug treatment, a significant difference was observed in
the percentage of subjects with mucosal breaks when
comparing the NSAID-muscovite group with the NSAID
control group. While 71.4% (10/14) of subjects in the
NSAID control group had at least one mucosal break,
co-administration of muscovite in the NSAID-muscovite
group reduced the rate to 31.3% (5/16) (P = 0.028).
Moreover, higher number of mucosal breaks was found
in the NSAID control group vs that in the NSAID-muscovite group (P < 0.05).
CONCLUSION: Muscovite co-therapy reduced the incidence of small intestinal injury after 14 d of diclofenac
administration.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To evaluate the effect of muscovite in preventing
small bowel injury induced by nonsteroidal anti-inflammatory drugs (NSAIDs).
METHODS: We recruited and screened thirty-two
healthy volunteers who were randomly allocated equally
into two groups: an NSAID control group, who received
75 mg slow-release diclofenac, twice daily for 14 d; and
an NSAID-muscovite group, who received 3 g of muscovite in addition to the 75 mg of slow-release diclofenac, twice daily for 14 d. For gastroprotection, both
groups were administered 20 mg/d of the proton pump
inhibitor omeprazole. All eligible subjects underwent
video capsule endoscopy (CE) prior to and 14 d after
treatment.
RESULTS: Thirty subjects (NSAID-muscovite group,

WJG|www.wjgnet.com

Key words: Muscovite; Nonsteroidal anti-inflammatory
drugs; Small intestinal injury; Video capsule endoscopy
Core tip: This is a randomized, open-label, controlled
clinical trial to evaluate the incidence of small bowel
damage by capsule endoscopy in healthy participants
who received treatment with the nonsteroidal antiinflammatory drug (NSAID) diclofenac and the effect
of muscovite in preventing NSAID-induced small bowel
injury.
Huang C, Lu B, Fan YH, Zhang L, Jiang N, Zhang S, Meng LN.
Muscovite is protective against non-steroidal anti-inflammatory
drug-induced small bowel injury. World J Gastroenterol 2014;
20(31): 11012-11018 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i31/11012.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i31.11012
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INTRODUCTION
Nonsteroidal anti-inflammatory drugs (NSAIDs), one
of the most commonly used classes of drugs worldwide,
are widely accepted for their anti-inflammatory and analgesic properties. Although NSAIDs are beneficial in
reducing pain and inflammation, they are also known to
have adverse gastrointestinal (GI) effects. As cyclooxygenase-2 inhibitors were associated with an increased risk
of cardiovascular events, conventional NSAIDs are more
frequently prescribed by clinicians[1]. After the introduction of capsule endoscopy (CE) and due to the increased
use of aspirin and NSAIDs, NSAID-induced gastric and
duodenal mucosa damage has gained more attention.
CE now allows for a full investigation and visualization
of the entire small intestine. CE in patients has revealed
that NSAID-induced lower GI injury is more common
than NSAID-associated gastropathy[2-9]. The same CE
studies showed that in up to 55% of healthy volunteers,
co-administration of proton pump inhibitors (PPIs)
with NSAIDs failed to prevent NSAID-induced small
intestinal damage[10]. Co-administration of NSAIDs and
misoprostol, a mucosal protective agent for the management of gastric ulcers, could attenuate mucosal damage,
though this study lacked a large clinical sample[11]. Medications that prevent or treat NSAID-induced intestinal
injuries are not currently available. It is critical to further understand the small intestinal damage induced by
NSAIDs, because all clinicians, particularly gastroenterolo
gists, should have a comprehensive understanding of the
gastrointestinal adverse effects associated with NSAIDs.
Muscovite, a kind of natural clay or traditional Chinese medicine, is composed of insoluble double silicate
of aluminum and magnesium. It has served in the management of gastric diseases in China for many years.
Previous research from our lab has demonstrated that
muscovite can reduce intestinal permeability in rats with
NSAID-induced enteropathy. Moreover, muscovite also
provides a protective effect against acute and sub-acute
injuries of the intestinal mucosa[12,13]. The aim of the current study was to evaluate the effect of intragastric muscovite administration on intestinal injury induced by diclofenac treatment in healthy volunteers. This two-week,
single-center study was a prospective, single-blinded, randomized, controlled study that utilized CE to evaluate the
incidence of small bowel damage induced by NSAIDs
in healthy subjects undergoing concomitant therapy with
muscovite or not.

MATERIALS AND METHODS
Study subjects
From December 2012 through June 2013, we recruited
and screened 32 healthy volunteers by CE and laboratory
tests. Subjects that met the following criteria were eligible
for inclusion in our study: no history of surgery, between
the ages of 18 and 70 years, not taking any medication
during the month prior to enrolment, and no abnormal
findings from physical examinations or laboratory tests. All
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the subjects received a CE examination before enrolment.
Subjects were excluded for the following reasons: (1) failure
to traverse the full length of the small intestine; (2) the presence of stenosis, tumors, or ulcers; and (3) the number of
mucosal breaks in the small intestine more than 5. Subjects
with active gastrointestinal disease, ulcer and bleeding history, fecal occult blood test (+) or hemoglobin levels < 12
g/dL were further excluded from this study. This study was
approved by the ethics committee of the First Affiliated
Hospital of Zhejiang Chinese Medical University. Informed
consent was obtained from each subject enrolled in this
study before undergoing baseline CE examination.
Study protocol
All the eligible subjects were randomly allocated equally
into two groups using a sorted random number generator. The subjects in the control group received 75 mg of
diclofenac twice per day for 14 d, while the experimental
group was co-administered the same dosage of diclofenac along with 3 g of muscovite twice daily for 14 d.
Both groups were also given 20 mg of omeprazole daily
for gastroprotection. All eligible subjects underwent CE
prior to and 14 d after treatment. Post-treatment CE was
conducted within 24 h after treatment was completed.
Participants who discontinued treatment due to adverse
effects or had incomplete post-treatment CE examination were also excluded.
CE
We used the OMOM video capsule system (Jinshan Science and Technology, Chongqing, China) in the current
study. The CE procedures and methodology for image review were performed according to the study by Li et al[14].
After a 12-h fast, the subjects were requested to drink
50% magnesium sulfate 50 ml and 40 mg/ml simethicone 30 ml, respectively, 10 h and 15 min before the
CE examination. All the participants were provided with
recorder-battery belt pack and a sensor array. The capsule
was swallowed with a cup of warm water, and two images were taken per second within 8 h. All the frames are
transmitted continuous video images, and processed after
unloading onto a computer. Following the preliminary CE
examination, we briefly analyzed the results to determine
whether participants were eligible for the further study.
Two skilled technical reviewers independently screened
per video for GI pathology, and the detected pathologies
were further evaluated by two endoscopists who were
blinded to the exact treatment protocol as well as participant characteristics. We saved all the images for a thorough analysis when all post-treatment CE examinations
were accomplished.
Evaluation
The primary end point was the mean number of small
intestinal mucosal breaks per subject. Table 1 describes
the definition of any mucosal breaks as categories 1-5.
The secondary end points included (1) the percentage of
participants with at least one mucosal break of the small
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Baseline CE was performed in 32 subjects

Table 1 Assessment of small bowel lesions
0
1
2
3
4
5

CE failed (n = 1)

Normal
Petechiae
Erosion
Ulcer (< 3)
Ulcer (≥ 3)
Other: denuded mucosa and lymphangiectasis

Subjects eligible for randomization (n = 31)
NSAID control Group (n = 15)
Dropped out (n = 1)

There were 6 categories of small bowel lesions. Each lesion was evaluated
and assigned a category. Mucosal breaks included any lesion that
appeared as an erosion or ulcer, regardless of perceived size.

Table 2 Characteristics of the subjects undergoing capsule
endoscopy
Variable
No. of subjects
Age (yr) (mean ± SD)
Sex (M/F)
Height (cm)
Body weight (kg)
No. of mucosal breaks

NSAID-muscovite
group
16
35.19 ± 15.86
6/10
163.63 ± 7.92
58.63 ± 7.61
0.5 ± 1.4

NSAID control
group
14
33.50 ± 12.83
7/7
165.71 ± 8.55
57.29 ± 9.91
0

Post CE was performed (n = 14)

Post CE was performed (n = 16)

14 subjects were evaluated

16 subjects were evaluated

Compared

P value

Figure 1 Flow chart depicting the study organization. NSAID: Nonsteroidal
anti-inflammatory drug; CE: Capsule endoscopy.

1

NS
NS1
NS1
NS1
NS1
NS1

1

Calculated using the Student’s t test; 1Calculated using the Pearson χ 2
test. NSAID: Nonsteroidal anti-inflammatory drug; NS: Not significant. M:
Male; F: Female.

bowel; (2) the severity of injury (categories 0-4 in Table
1); and (3) the type of injury (categories 1-5 in Table 1) in
the small intestine. A post-hoc analysis was used to analyze the distribution of small intestinal mucosal breaks
across intestinal tertiles. To do this, we grouped three
equal areas between the cecum and duodenum according
to the small bowel transit time of each participant. The
participants were excluded from this particular specific
analysis when the cecum was not clearly identified. Safety
was assessed according to physical and laboratory findings, or observed and self-reported side-effects.
Statistical analysis
Age, sex, height, body weight and the number of mucosal breaks at baseline CE between the experiment and the
control groups were analyzed by the Student’s t-test. The
percentage of subjects with at least one mucosal break
between the two groups was analyzed by the Pearson χ 2
test. The injury severity and mean number of mucosal
breaks per subject between the experiment and the control groups were evaluated by the Wilcoxon signed rank
test. Data are presented as mean ± standard deviation
(SD) if the values were normally distributed. P < 0.05
was set as the threshold for statistical significance.

RESULTS
Analysis of subjects
A flow chart depicting the study organization is presented in Figure 1. Thirty-two subjects underwent a baseline
CE. Of the initial 32 participants, the entire small intes-
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NSAID-muscovite Group (n = 16)

tine was unable to observe in one participant, who was
excluded from this study. There was no significant GI
pathology in the remaining 31 participants, and they thus
entered the study. Eligible subjects were then randomly
assigned to either the NSAID control group or the
NSAID-muscovite group. In the NSAID control group,
one participant withdrew for personal reasons, and the
remaining 14 participants accomplished the final study.
All the 16 participants completed their therapy regimens
in the NSAID-muscovite group. Thus, 14 participants in
the NSAID control group and 16 subjects in the NSAIDmuscovite group were finally evaluated for the presence
of any mucosal break of the small bowel.
Baseline CE
The basic characteristics of each participant are shown in
Table 2. There were no statistically significant differences
in the baseline characteristics between the two groups
during the initial CE examination. We observed 7 mucosal breaks in 2 of 16 participants (number of mucosal
breaks: 0.5 ± 1.4) in the NSAID-muscovite group during the initial CE examination. No mucosal breaks were
identified in the NSAID control group.
Post-treatment CE
After 14 d of treatment, the percentage of participants
with at least one mucosal break of the small bowel was
significantly higher in the NSAID control group [71.4%
(10/14) of subjects] than in the NSAID-muscovite group
[31.3% (5/16) of subjects] at the post-treatment CE (P
= 0.028) (Figure 2). No statistically significant difference
in the incidence of mucosal breaks was observed (12.5%
before treatment and 31.3% after treatment; P = 1.00) in
the NSAID-muscovite group (Table 3). We next analyzed
the mean number of mucosal breaks in the participants
who developed one or more mucosal breaks. The mean
number of mucosal breaks in each participant increased
in response to NSAID treatment in the NSAID control
group; there were zero mucosal breaks at the baseline

11014

August 21, 2014|Volume 20|Issue 31|

Huang C et al . Muscovite is protective against NSAID-induced small bowel injury
25

P = 0.028

Normal
Injured

Table 3 Percentage of subjects with mucosal breaks at baseline
and post-treatment capsule endoscopy n (%)

Case number

20
15

NSAID-muscovite group
NSAID control group
P value1

10

Baseline

Post-treatment

P value1

2 (12.5)
0.000
0.485

5 (31.3)
10 (71.4)
0.028

1
-

1

Calculated using the Pearson χ 2 test. NSAID: nonsteroidal anti-inflammatory drug.

5
0

NSAID-muscovite

NSAID-control

Table 4 Number of small bowel mucosal breaks in subjects
with at least one break at baseline and post-treatment capsule
endoscopy

Figure 2 Percentage of subjects with at least one mucosal break at posttreatment capsule endoscopy. P-value was calculated by the χ 2 test. NSAID:
Nonsteroidal anti-inflammatory drug.

Mucosal break/subject

30

NSAID-muscovite group
NSAID-control group
P value1

P = 0.015

Baseline

Post-treatment

P value1

0.5 ± 1.4
0.000
0.178

2.5 ± 5.7
11.1 ± 13.5
0.015

0.270
0.005

1

Calculated using the Wilcoxon signed rank test. NSAID: Nonsteroidal
anti-inflammatory drug.

20

Table 5 Comparison of injuries observed in the nonsteroidal
anti-inflammatory drug control group vs the nonsteroidal antiinflammatory drug-muscovite group n (%)

10

0

Type of injury
NSAID-muscovite

NSAID-control
Petechiae
Erosion
Ulcer
Denuded areas
Lymphangiectasis

Figure 3 Mean mucosal breaks per subject at post-treatment capsule
endoscopy. P value was calculated by the Wilcoxon signed rank test. NSAID:
Nonsteroidal anti-inflammatory drug.

CE and 11.1 ± 13.5 at the end of treatment (P = 0.005).
While there was no significant change in the number of
mucosal breaks found (0.5 ± 1.4 before treatment and
2.5 ± 5.7 after treatment; P = 0.270) in the NSAID-muscovite group. Therefore, the mean number of mucosal
breaks in each participant was increased in the NSAID
control group vs the NSAID-muscovite group at the
post-treatment CE examination (P = 0.015) (Figure 3,
Table 4).
In the NSAID control group, we observed 28 (2.0 ±
3.0 per subject) episodes of petechiae in 7/14 subjects,
47 (3.4 ± 4.1 per subject) erosions in 10/14 subjects and
80 (5.7 ± 9.8 per subject) ulcers in 8/14 subjects after
two weeks of NSAID administration. Treatment with
muscovite reduced the incidence of mucosal breakdown
to 14 (0.9 ± 2.5 per subject), episodes of petechiae in
3/16 subjects, 14 (0.9 ± 2.1 per subject) erosions in 4/16
subjects, and 12 (0.8 ± 2.0 per subject) ulcers in 4/16
subjects in the NSAID-muscovite group (Table 5). Representative examples of mucosal breaks observed in this
study are shown in Figure 4.
We divided mucosal break severity into five levels (levels 0-4; Table 1): level 0: normal; level 1: petechiae; level
2: erosion; level 3: less than three ulcers; level 4: three or
more ulcers observed. If the subjects had more than one
type of mucosal break, we scored them at the highest
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NSAID-muscovite
group

NSAID control
group

P value1

3 (19)
4 (25)
4 (25)
1 (6)
1 (6)

7 (50)
10 (71)
8 (57)
3 (21)
8 (57)

0.070
0.011
0.073
0.315
0.004

1

Calculated using the χ 2 test. NSAID: nonsteroidal anti-inflammatory drug.

Table 6 Classification of small bowel injury severity after
treatment n (%)
1

Severity classification

0

NSAID-muscovite group 11 (69)
NSAID control group
4 (27)

1
0
0

2

3

1 (6) 3 (19)
2 (14) 2 (14)

4

P value2

1 (6)
6 (43)

0.017

1

Severity classification: 0 Normal; 1 Petechiae; 2 Erosion; 3 Ulcer (< 3);
4 Ulcer (≥ 3); 2 Calculated using the Wilcoxon signed rank test. NSAID:
Nonsteroidal anti-inflammatory drug.

level. In the NSAID control group, 57% (8/14) of the
subjects had ulcers, with 43% (6/14) having at least three
or more ulcers. In contrast, only 6% (1/16) of subjects in
the NSAID-muscovite group had three or more ulcers.
Thus, the severity of mucosal breaks observed in the
NSAID control group was significantly greater compared
with the NSAID-muscovite group (P = 0.017) at the
post-treatment CE (Table 6).
Post-hoc analysis
We performed a post-hoc analysis and the distribution
of participants with at least mucosal breaks is listed
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A

B

C

D

E

F

Figure 4 Representative examples of mucosal breaks observed during this study. A: Petechiae; B: Erosion; C: Ulcer; D: Lymphangiectasis; E: Denuded area; F:
Normal.

DISCUSSION

Table 7 Number of small bowel mucosal breaks per tertile
along the length of the small bowel

NSAID-muscovite group
NSAID control group
P value2

First

Second

Third

P value

0.8 ± 2.7
2.8 ± 4.2
0.021

0.4 ± 1.3
2.4 ± 4.1
0.191

1.3 ± 3.5
5.9 ± 7.4
0.006

0.939
0.027

1

1

Calculated by using the Friedman χ 2 test; 2Calculated by using the
Wilcoxon signed rank test. NSAID: Nonsteroidal anti-inflammatory drug.

in Table 7. We observed no statistically significant difference in the distribution of small intestinal mucosal
breaks across intestinal tertiles in the NSAID-muscovite
group (P = 0.939). On the contrary, we observed a significant difference in the distribution of mucosal break
across the tertiles of the small bowel in the NSAID control group (P = 0.027). Moreover, within each tertile, the
difference between the NSAID-muscovite group and
NSAID control group was statistically significant in the
first and third tertiles, with the exception of the second
tertile, probably due to fewer mucosal breaks observed
in this tertile.
Complications encountered
Mild diarrhea during the first few treatment days was reported in 4 participants in the NSAID control group. We
chose to keep these participants in the study, however,
for the period of this study due to the mild nature of
their symptoms. The remaining subjects experienced no
complications for the duration of the study.
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Subjects in the NSAID-muscovite group, who received
muscovite in addition to diclofenac and omeprazole,
had five-fold fewer number of small intestinal mucosal
breaks after two weeks of treatment in comparison to
the NSAID control group (2.5 vs 11.1, P = 0.015). In addition, participants in the NSAID-muscovite group were
associated with a significantly lower percentage of subjects with one or more mucosal breaks (31.3% vs 71.4%,
P = 0.028). Moreover, subjects in the NSAID-muscovite
group had significantly lower injury severity of the small
bowel in comparison to the NSAID control group. While
43% (6/14) of the NSAID control subjects had three or
more ulcers, only 6% (1/16) of subjects in the NSAIDmuscovite group had three or more ulcers (P = 0.017).
In our study, we observed various NSAID-induced small
bowel damages, such as petechia, erosions, ulcers, denuded areas or lymphangiectasis. Co-administration of
muscovite resulted in a lower mean number of erosions
and ulcerations induced by the short-term administration
of NSAIDs. Although we did not observe a protective
effect of muscovite against all observed intestinal damages, to the best of our knowledge, this study for the first
time demonstrated by CE that treatment with muscovite
could prevent or attenuate the severity of small bowel injury induced by some forms of NSAID. To determine if
the treatment had a localized effect on any portion of the
small bowel, we also conducted a post-hoc analysis of
the distribution of mucosal breaks across the intestinal
tertiles. There was a significant difference in the muco-
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sal break distribution across the intestinal tertiles in the
NSAID control group (P = 0.027).
It has been well established regarding the use of
NSAIDs and the risk of small bowel damage and complications. Our results (71% of subjects in the NSAID
control group developed NSAID-induced small-intestinal
injuries; 57% developed ulcers) are consistent with findings recently reported for the small bowel from a video
CE study in arthritis patients. Using CE, one study[3]
showed that new intestinal damages developed in 68%
of healthy subjects who received NSAIDs for 2 wk[2].
Another study[10] indicated that 55% of participants developed small bowel damages after the NSAID naproxen
was administered for two weeks, with a mean of 2.99
mucosal breaks in each participant. In the majority of the
end points measured in this study, the NSAID-muscovite
group was statistically significantly different from the
NSAID control group.
Although the cause of intestinal injury is not well understood, it is hypothesized that an aberrant increase in
intestinal permeability promotes susceptibility to NSAIDinduced inflammation and damage in the small intestine.
As a type of traditional Chinese medicine, muscovite has
served in the management of gastric diseases in China
for many years. Pharmacological studies have confirmed
that the layered structure of muscovite, with natural and
special physical properties, may uniformly coat the surface of the gastric mucosa through the stimulation of
mucus secretion to enhance intestinal mucosal barrier
function. Alternatively, muscovite may effectively protect
the mucosa by reducing the amount of direct contact
with harmful luminal factors (e.g., drugs, bile and various
enzymes), thereby reducing membrane permeability. In
addition, previous research has also shown that muscovite can effectively stimulate secretion of endogenous
epidermal growth factor, which is known to promote
mucosal repair and healing[15-17].
Many studies found that administration of omeprazole is ineffective in preventing injury in the small intestine[3,18]. In contrast, celecoxib, a cyclooxygenase-2
inhibitor, could effectively reduce the number of mucosal
breaks each participant and the percentage of participants
with one or more mucosal break[10]. Because cyclooxygenase-2 inhibitors may be associated with an increased risk
of adverse cardiovascular events, many clinicians prefer
to prescribe the traditional NSAIDs in combination with
PPIs instead of cyclooxygenase-2 inhibitors in the management of NSAID-induced GI damages. Previously, no
therapeutic agents existed to protect against NSAID-induced small bowel injury. Our paper broadens the understanding of the impacts of NSAIDs in the small bowel
injury and explores the mechanisms of administration of
traditional Chinese medicine (muscovite) on small bowel
health. We found that participants who received muscovite treatment had a significantly lower number of small
bowel mucosal break compared with those who received
NSAIDs alone.
Although our study found that administration of
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muscovite could effectively prevent small intestinal damages induced by NSAIDs, some potential limitations
should be mentioned. First, sample size of our study was
relatively small and only healthy volunteers were included.
Second, the short-term administration of NSAIDs and
muscovite is not a typical course of treatment. In the
clinical setting, patients often require long-term administration of NSAIDs. Third, our study had an inherent bias
against neutrality because of its open-label trial design
character. So, future trials with larger sample sizes are
required to further evaluate the beneficial effect of muscovite identified in the present study.
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Abstract
Feeding dysfunction is a frequent presenting symptom
of eosinophilic esophagitis (EoE). Here we present 3
children of various ages whose manifestations of EoE
associated feeding dysfunction led to significant and life
altering impact on their growth and development. Early
identification of presenting symptoms of EoE will allow
for prompt diagnosis and initiation of appropriate treatments. Recognition of salient features of dysfunction
and treatment by feeding therapists and nutritionists
led to symptom resolution and growth.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Eosinophilic esophagitis; Eosinophilic oesophagitis; Feeding dysfunction; Feeding therapy oral
motor skills; Mealtime dynamics; Esophagitis; Oesophagitis
Core tip: Children with eosinophilic esophagitis may
present with severe feeding dysfunction that manifests
as growth disturbances. Feeding therapy can be an integral part of the treatment plan.
Menard-Katcher C, Henry M, Furuta GT, Atkins D, Maune NC,
Haas AM. Significance of feeding dysfunction in eosinophilic
esophagitis. World J Gastroenterol 2014; 20(31): 11019-11022
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i31/11019.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i31.11019

INTRODUCTION
Eosinophilic esophagitis (EoE) is a chronic esophageal
disease characterized by reflux-like symptoms, dyspha-
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gia or feeding dysfunction and eosinophil predominant
esophageal inflammation[1-4]. It is estimated to occur in 4
of 10000 adults and children worldwide[2]. Here we present three children of different ages whose manifestations
of EoE-associated feeding dysfunction led to life-altering
impact on growth and development. Early recognition
and treatment of EoE is necessary to prevent long-term
complications of stricture and food impaction.

CASE REPORT
Case 1
A 20-mo-old boy presented for evaluation of nine months
of chronic feeding refusal, being a “picky eater” and vomiting. Progressive reduction in solid food intake led to slow
weight gain. Physical examination revealed mild wasting
(83% ideal weight for height). Clinicopathological evaluation confirmed the diagnosis of EoE and treatment was
initiated (Table 1). Feeding evaluation identified refusal to
eat meats, vegetables or fruits unless pureed and preference for liquids. Food allergies to egg and peanut were
identified. Parental frustration centered on the inability to
introduce new foods, low volume of intake and lengthy
mealtimes. After medical and feeding therapy, he gained
weight (95% ideal weight for height) and vomiting resolved. Family feeding therapy improved the patient’s oral
motor skills allowing him to increase food texture variety
and caloric intake, develop appropriate mealtime behaviors and add new foods. He participated in mealtimes with
positive behaviors thus reducing caregiver frustration.
Case 2
A 4-year-old boy presented with 2 years of intermittent
food refusal, vomiting and gagging associated with eating. Treatment with lansoprazole reduced his vomiting
but did not resolve other symptoms. He had a history of
asthma. Physical examination and growth were normal
(110% ideal weight for height). A clinicopathological diagnosis of EoE was made and medical treatment started
(Table 1). Feeding evaluation revealed solid food refusal,
preference for soft foods and significant mealtime anxiety that resulted in > 1 h-long meal times. Clinical evaluation revealed problems chewing highly textured foods
(meats, breads). Eating behaviors and symptoms lead
to stressful family dynamics and mealtimes. Individual
feeding therapy sessions integrated new foods into his
diet, reduced food refusal behaviors, decreased mealtime
length, diet expansion and skill acquisition fostering
positive mealtimes.
Case 3
A 15-year-old girl presented with a 9-year history of solid
food dysphagia. She avoided meat, ate slowly, and limited
her diet to foods that did not “get stuck”. Physical examination was notable for wasting (80% ideal weight for
height). A clinicopathological diagnosis of EoE was made
and treatment initiated. She had a history of cat allergies
and allergic rhinitis (Table 1). Feeding evaluation revealed
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that she used liquids to “wash” food down, avoided meat
and breads, took small bites, preferred foods with soft
textures and experienced prolonged mealtimes. To avoid
embarrassment, she told friends she was a vegetarian and
limited social engagements. Food allergies to sesame, nuts
and bananas were identified. Nutritional intervention
focused on achieving appropriate weight gain. Treatment
with swallowed topical steroid (fluticasone) and food restrictions of sesame, nuts and bananas were started, leading to resolution of symptoms and esophageal eosinophila after 2 mo later. Despite resolution of dysphagia and
esophageal eosinophilia after two months of treatment,
feeding behaviors and anxiety persisted. Feeding therapy
was initiated to achieve appropriate chewing and swallowing skills and develop strategies for trying new foods in
social settings. She incorporated 15 to 20 new foods into
her diet. Weight improved (90% ideal weight for height).
Her anxiety with social eating resolved and she was able
to eat all foods, including meats.

DISCUSSION
Since children develop feeding skills during infancy and
throughout childhood, any disruption of this pattern,
caused by discomfort or inflammation, can result in life
changing, maladaptive eating behaviors. These feeding
disturbances can occur at different ages and stages of
childhood development (Table 2). In this regard, a limited number of reports have identified the spectrum of
feeding dysfunction associated with EoE. Cross-sectional
studies determined that feeding dysfunction occurs in
14% to 58.9% of children with EoE[3,5]. Pentiuk et al[6]
describe a number of infants and toddlers presenting
to their feeding specialty clinic who were ultimately diagnosed with EoE. However the importance of early
recognition and feeding therapy in the overall successful evaluation and treatment of patients with EoE has
not been thoroughly emphasized. These cases provide
examples of the critical importance of the recognition
of feeding dysfunction as a cardinal symptom of EoE
as well as the potential need for, and impact of, feeding
therapy necessary for some children with EoE.
The first patient demonstrates classic feeding problems observed in infants and toddlers with chronic
esophagitis. Food refusal behaviors delay acquisition
of age appropriate feeding skills. These children often
present as “drinkers and food refusers.” Feeding therapy
encouraged development of oral motor skills and reduction in maladaptive learned feeding behaviors. Feeding
therapy, concurrent with effective medical therapy, led
to improvement in feeding behaviors, accelerated weight
gain and reduced family mealtime stress.
The second case demonstrates how chronic pain led
to feeding dysfunction and development of maladaptive
coping in a pre-school child. In this scenario, development of mature eating skills was stunted and family
mealtime dynamics disrupted. Feeding therapy facilitated
increased oral intake and normalized mealtime dynamics,
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Table 1 Summary of clinical data
Age

Symptom duration at Presenting symptoms
presentation

1 20 mo

9 mo

2

4 yr

2 yr

3 15 yr

9 yr

Vomiting, feeding
refusal
Vomiting, abdominal
pain, feeding refusal

1

Diagnostic endoscopy

Treatment

Histologic
resolution

Feeding therapy

Edema and exudate;
up to 70 eos/hpf
Furrows and exudate;
up to 60 eos/hpf

OVB 0.5 mg BID;
ADED
Fluticasone 44 ug 2 puffs
BID swallowed

Normal;
no eos/hpf
Normal;
no eos/hpf

Weekly individual
sessions
Individual sessions
followed by group
sessions
Bimonthly individual
sessions

Solid food dysphagia Ringed esophagus; up Fluticasone 220 ug 2 puffs
Furrows;
to 46 eos/hpf
BID swallowed, ADED
up to 4 eos/hpf

1

Gross and histologic appearance. All diagnostic endoscopies were performed after 8 wk of age appropriate high dose proton pump inhibitor treatment
to effectively exclude gastroesophageal acid reflux disease. eos/hpf: eosinophils per high power field; OVB: oral viscous budesonide; ADED: Allergen
directed elimination diet, as identified by immunocap and skin prick testing.

Table 2 Common feeding dysfunction and clinical gastrointestinal presentation seen in eosinophilic esophagitis by age
Infant/toddler

School age

Older child/adolescent

Feeding presentation

Liquid and food refusal, delayed
Food refusal, poor acceptance of new foods,
Preference for liquid and soft
oral feeding skills, low volume of preference for liquid and soft diet, low variety in diet, diet, low variety in diet, fear and
intake, grazing behaviors
slow pace of eating, need for prodding to eat
anxiety at mealtimes
Gastrointestinal presentation
Vomiting, irritability, pain
Abdominal pain, vomiting
Dysphagia, heartburn

even before histologic normalization.
The third case revealed how EoE contributed to maladaptive feeding behaviors, malnutrition and social disruption in a teenager. Dysphagia led to fear and anxiety
about eating and social isolation. Maladaptive behaviors
led to reduced intake and malnutrition. Feeding therapy
was required to reduce anxiety and improve eating, even
after histologic normalization and clinical improvement.
After medical and feeding treatments, each patient either developed previously absent skills or recovered skills
that facilitated growth. Major goals of EoE treatment are
reduction in esophageal inflammation and optimization
of growth and development. Our report emphasizes that,
in some children with EoE, early identification and treatment of feeding dysfunction with feeding therapy is key
to meeting these goals as evidenced by their improvement
in feeding behaviors, intake and growth. Gastroenterologists may miss initial historical features of feeding dysfunction and not recognize the full impact of therapeutic
interventions. Individualized or group feeding therapy
that includes parents and other caregivers provides necessary immediate tools and long-term feeding strategies.
EoE is a chronic disease that can present with feeding
dysfunction. Early recognition of feeding problems as a
diagnostic clue for EoE is important to potentially prevent esophageal remodeling and functional sequelae such
as dysphagia and food impactions[7,8]. Institution of age
appropriate medical and feeding treatments is critical for
children of all ages.

COMMENTS
COMMENTS
Case characteristics

Three children with eosinophilic esophagitis presenting with severe feeding
dysfunction.

Differential diagnosis

Exclusion of Gastroesophageal reflux disease with treatment with proton pump
inhibition.
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exclusion of other causes of inflammation.
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Peer review
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Guang-Wen Cao, Shanghai
Long Chen, Nanjing
Ru-Fu Chen, Guangzhou
George G Chen, Hong Kong
Li-Bo Chen, Wuhan
Jia-Xu Chen, Beijing
Hong-Song Chen, Beijing
Lin Chen, Beijing
Yang-Chao Chen, Hong Kong
Zhen Chen, Shanghai
Ying-Sheng Cheng, Shanghai
Kent-Man Chu, Hong Kong
Zhi-Jun Dai, Xi’an
Jing-Yu Deng, Tianjin
Yi-Qi Du, Shanghai
Zhi Du, Tianjin
Hani El-Nezami, Hong Kong
Bao-Ying Fei, Hangzhou
Chang-Ming Gao, Nanjing
Jian-Ping Gong, Chongqing
Zuo-Jiong Gong, Wuhan
Jing-Shan Gong, Shenzhen
Guo-Li Gu, Beijing
Yong-Song Guan, Chengdu
Mao-Lin Guo, Luoyang
Jun-Ming Guo, Ningbo
Yan-Mei Guo, Shanghai
Xiao-Zhong Guo, Shenyang
Guo-Hong Han, Xi’an
Ming-Liang He, Hong Kong
Peng Hou, Xi’an
Zhao-Hui Huang, Wuxi

II

Feng Ji, Hangzhou
Simon Law, Hong Kong
Yu-Yuan Li, Guangzhou
Meng-Sen Li, Haikou
Shu-De Li, Shanghai
Zong-Fang Li, Xi’an
Qing-Quan Li, Shanghai
Kang Li, Lasa
Han Liang, Tianjin
Xing’e Liu, Hangzhou
Zheng-Wen Liu, Xi’an
Xiao-Fang Liu, Yantai
Bin Liu, Tianjin
Quan-Da Liu, Beijing
Hai-Feng Liu, Beijing
Fei Liu, Shanghai
Ai-Guo Lu, Shanghai
He-Sheng Luo, Wuhan
Xiao-Peng Ma, Shanghai
Yong Meng, Shantou
Ke-Jun Nan, Xi’an
Siew Chien Ng, Hong Kong
Simon SM Ng, Hong Kong
Zhao-Shan Niu, Qingdao
Bo-Rong Pan, Xi’an
Di Qu, Shanghai
Rui-Hua Shi, Nanjing
Bao-Min Shi, Shanghai
Xiao-Dong Sun, Hangzhou
Si-Yu Sun, Shenyang
Guang-Hong Tan, Haikou
Wen-Fu Tang, Chengdu
Anthony YB Teoh, Hong Kong
Wei-Dong Tong, Chongqing
Eric Tse, Hong Kong
Hong Tu, Shanghai
Rong Tu, Haikou
Jian-She Wang, Shanghai
Kai Wang, Jinan
Xiao-Ping Wang, Xianyang
Dao-Rong Wang, Yangzhou
De-Sheng Wang, Xi’an
Chun-You Wang, Wuhan
Ge Wang, Chongqing
Xi-Shan Wang, Harbin
Wei-hong Wang, Beijing
Zhen-Ning Wang, Shenyang
Wai Man Raymond Wong, Hong Kong
Chun-Ming Wong, Hong Kong
Jian Wu, Shanghai
Sheng-Li Wu, Xi’an
Wu-Jun Wu, Xi’an
Bing Xia, Wuhan
Qing Xia, Chengdu
Yan Xin, Shenyang
Dong-Ping Xu, Beijing
Jian-Min Xu, Shanghai
Wei Xu, Changchun
Ming Yan, Jinan
Xin-Min Yan, Kunming
Yi-Qun Yan, Shanghai
Feng Yang, Shanghai
Yong-Ping Yang, Beijing
He-Rui Yao, Guangzhou
Thomas Yau, Hong Kong
Winnie Yeo, Hong Kong
Jing You, Kunming
Jian-Qing Yu, Wuhan
Ying-Yan Yu, Shanghai
Wei-Zheng Zeng, Chengdu
Zong-Ming Zhang, Beijing
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Dian-Liang Zhang, Qingdao
Ya-Ping Zhang, Shijiazhuang
You-Cheng Zhang, Lanzhou
Jian-Zhong Zhang, Beijing
Ji-Yuan Zhang, Beijing
Hai-Tao Zhao, Beijing
Jian Zhao, Shanghai
Jian-Hong Zhong, Nanning
Ying-Qiang Zhong, Guangzhou
Ping-Hong Zhou, Shanghai
Yan-Ming Zhou, Xiamen
Tong Zhou, Nanchong
Li-Ming Zhou, Chengdu
Guo-Xiong Zhou, Nantong
Feng-Shang Zhu, Shanghai
Jiang-Fan Zhu, Shanghai
Zhao-Hui Zhu, Beijing

Croatia
Tajana Filipec Kanizaj, Zagreb

Eija Korkeila, Turku
Heikki Makisalo, Helsinki
Tanja Pessi, Tampere

France
Armando Abergel Clermont, Ferrand
Elie K Chouillard, Polssy
Pierre Cordelier, Toulouse
Pascal P Crenn, Garches
Catherine Daniel, Lille
Fanny Daniel, Paris
Cedric Dray, Toulouse
Benoit Foligne, Lille
Jean-Noel Freund, Strasbourg
Nathalie Janel, Paris
Majid Khatib, Bordeaux
Jacques Marescaux, Strasbourg
Jean-Claude Marie, Paris
Hang Nguyen, Clermont-Ferrand
Hugo Perazzo, Paris
Alain L Servin, Chatenay-Malabry
Chang Xian Zhang, Lyon

Cuba
Damian Casadesus, Havana

Czech
Jan Bures, Hradec Kralove
Marcela Kopacova, Hradec Kralove
Otto Kucera, Hradec Kralove
Marek Minarik, Prague
Pavel Soucek, Prague
Miroslav Zavoral, Prague

Denmark
Vibeke Andersen, Odense
E Michael Danielsen, Copenhagen

Egypt
Mohamed MM Abdel-Latif, Assiut
Hussein Atta, Cairo
Ashraf Elbahrawy, Cairo
Mortada Hassan El-Shabrawi, Cairo
Mona El Said El-Raziky, Cairo
Elrashdy M Redwan, New Borg Alrab
Zeinab Nabil Ahmed Said, Cairo
Ragaa HM Salama, Assiut
Maha Maher Shehata, Mansoura

Estonia
Margus Lember, Tartu
Tamara Vorobjova, Tartu

Finland
Marko Kalliomäki, Turku
Thomas Kietzmann, Oulu
Kaija-Leena Kolho, Helsinki
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Germany
Stavros A Antoniou, Monchengladbach
Erwin Biecker, Siegburg
Hubert E Blum, Freiburg
Thomas Bock, Berlin
Katja Breitkopf-Heinlein, Mannheim
Elke Cario, Essen
Güralp Onur Ceyhan, Munich
Angel Cid-Arregui, Heidelberg
Michael Clemens Roggendorf, München
Christoph F Dietrich, Bad Mergentheim
Valentin Fuhrmann, Hamburg
Nikolaus Gassler, Aachen
Andreas Geier, Wuerzburg
Markus Gerhard, Munich
Anton Gillessen, Muenster
Thorsten Oliver Goetze, Offenbach
Daniel Nils Gotthardt, Heidelberg
Robert Grützmann, Dresden
Thilo Hackert, Heidelberg
Joerg Haier, Muenster
Claus Hellerbrand, Regensburg
Harald Peter Hoensch, Darmstadt
Jens Hoeppner, Freiburg
Richard Hummel, Muenster
Jakob Robert Izbicki, Hamburg
Gernot Maximilian Kaiser, Essen
Matthias Kapischke, Hamburg
Michael Keese, Frankfurt
Andrej Khandoga, Munich
Jorg Kleeff, Munich
Alfred Koenigsrainer, Tuebingen
Peter Christopher Konturek, Saalfeld
Michael Linnebacher, Rostock
Stefan Maier, Kaufbeuren
Oliver Mann, Hamburg
Marc E Martignoni, Munic
Thomas Minor, Bonn
Oliver Moeschler, Osnabrueck
Jonas Mudter, Eutin
Sebastian Mueller, Heidelberg
Matthias Ocker, Berlin
Andreas Ommer, Essen

III

Albrecht Piiper, Frankfurt
Esther Raskopf, Bonn
Christoph Reichel, Bad Brückenau
Elke Roeb, Giessen
Udo Rolle, Frankfurt
Karl-Herbert Schafer, Zweibrücken
Andreas G Schreyer, Regensburg
Manuel A Silva, Penzberg
Georgios C Sotiropoulos, Essen
Ulrike S Stein, Berlin
Dirk Uhlmann, Leipzig
Michael Weiss, Halle
Hong-Lei Weng, Mannheim
Karsten Wursthorn, Hamburg

Greece
Alexandra Alexopoulou, Athens
Nikolaos Antonakopoulos, Athens
Stelios F Assimakopoulos, Patras
Grigoris Chatzimavroudis, Thessaloniki
Evangelos Cholongitas, Thessaloniki
Gregory Christodoulidis, Larisa
George N Dalekos, Larissa
Maria Gazouli, Athens
Urania Georgopoulou, Athens
Eleni Gigi, Thessaloniki
Stavros Gourgiotis, Athens
Leontios J Hadjileontiadis, Thessaloniki
Thomas Hyphantis, Ioannina
Ioannis Kanellos, Thessaloniki
Stylianos Karatapanis, Rhodes
Michael Koutsilieris, Athens
Spiros D Ladas, Athens
Theodoros K Liakakos, Athens
Emanuel K Manesis, Athens
Spilios Manolakopoulos, Athens
Gerassimos John Mantzaris, Athens
Athanasios D Marinis, Piraeus
Nikolaos Ioannis Nikiteas, Athens
Konstantinos X Papamichael, Athens
George Sgourakis, Athens
Konstantinos C Thomopoulos, Patras
Konstantinos Triantafyllou, Athens
Christos Triantos, Patras
Georgios Zacharakis, Athens
Petros Zezos, Alexandroupolis
Demosthenes E Ziogas, Ioannina

Guatemala
Carlos Maria Parellada, Guatemala

Hungary
Mihaly Boros, Szeged
Tamás Decsi, Pécs
Gyula Farkas, Szeged
Andrea Furka, Debrecen
Y vette Mandi, Szeged
Peter L Lakatos, Budapest
Pal Miheller, Budapest
Tamás Molnar, Szeged
Attila Olah, Gyor
Maria Papp, Debrecen
Zoltan Rakonczay, Szeged
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Ferenc Sipos, Budapest
Miklós Tanyi, Debrecen
Tibor Wittmann, Szeged

Iceland
Tryggvi Bjorn Stefánsson, Reykjavík

India
Brij B Agarwal, New Delhi
Deepak N Amarapurkar, Mumbai
Shams ul Bari, Srinagar
Sriparna Basu, Varanasi
Runu Chakravarty, Kolkata
Devendra C Desai, Mumbai
Nutan D Desai, Mumbai
Suneela Sunil Dhaneshwar, Pune
Radha K Dhiman, Chandigarh
Pankaj Garg, Mohali
Uday C Ghoshal, Lucknow
Kalpesh Jani, Vadodara
Premashis Kar, New Delhi
Jyotdeep Kaur, Chandigarh
Rakesh Kochhar, Chandigarh
Pradyumna K Mishra, Mumbai
Asish K Mukhopadhyay, Kolkata
Imtiyaz Murtaza, Srinagar
P Nagarajan, New Delhi
Samiran Nundy, Delhi
Gopal Pande, Hyderabad
Benjamin Perakath, Vellore
Arun Prasad, New Delhi
D Nageshwar Reddy, Hyderabad
Lekha Saha, Chandigarh
Sundeep Singh Saluja, New Delhi
Mahesh Prakash Sharma, New Delhi
Sadiq Saleem Sikora, Bangalore
Sarman Singh, New Delhi
Rajeev Sinha, Jhansi
Rupjyoti Talukdar, Hyderabad
Rakesh Kumar Tandon, New Delhi
Narayanan Thirumoorthy, Coimbatore

Indonesia
David Handojo Muljono, Jakarta
Andi Utama, Jakarta

Iran
Arezoo Aghakhani, Tehran
Seyed Mohsen Dehghani, Shiraz
Ahad Eshraghian, Shiraz
Hossein Khedmat, Tehran
Sadegh Massarrat, Tehran
Marjan Mohammadi, Tehran
Roja Rahimi, Tehran
Farzaneh Sabahi, Tehran
Majid Sadeghizadeh, Tehran
Farideh Siavoshi, Tehran

Ireland
Gary Alan Bass, Dublin
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David J Brayden, Dublin
Ronan A Cahill, Dublin
Glen A Doherty, Dublin
Liam J Fanning, Cork
Barry Philip McMahon, Dublin
RossMcManus, Dublin
Dervla O’Malley, Cork
Sinead M Smith, Dublin

Israel
Dan Carter, Ramat Gan
Jorge-Shmuel Delgado, Metar
Eli Magen, Ashdod
Nitsan Maharshak, Tel Aviv
Shaul Mordechai, Beer Sheva
Menachem Moshkowitz, Tel Aviv
William Bahij Nseir, Nazareth
Shimon Reif, Jerusalem
Ram Reifen, Rehovot
Ariella Bar-Gil Shitrit, Jerusalem
Noam Shussman, Jerusalem
Igor Sukhotnik, Haifa
Nir Wasserberg, Petach Tiqwa
Jacob Yahav, Rehovot
Doron Levi Zamir, Gedera
Shira Zelber-Sagi, Haifa
Romy Zemel, Petach-Tikva

Italy
Ludovico Abenavoli, Catanzaro
Luigi Elio Adinolfi, Naples
Carlo Virginio Agostoni, Milan
Anna Alisi, Rome
Piero Luigi Almasio, Palermo
Donato Francesco Altomare, Bari
Amedeo Amedei, Florence
Pietro Andreone, Bologna
Imerio Angriman, Padova
Vito Annese, Florence
Paolo Aurello, Rome
Salavtore Auricchio, Naples
Gian Luca Baiocchi, Brescia
Gianpaolo Balzano, Milan
Antonio Basoli, Rome
Gabrio Bassotti, San Sisto
Mauro Bernardi, Bologna
Alberto Biondi, Rome
Ennio Biscaldi, Genova
Massimo Bolognesi, Padua
Luigi Bonavina, Milano
Aldo Bove, Chieti
Raffaele Bruno, Pavia
Luigi Brusciano, Napoli
Giuseppe Cabibbo, Palermo
Carlo Calabrese, Bologna
Daniele Calistri, Meldola
Vincenza Calvaruso, Palermo
Lorenzo Camellini, Reggio Emilia
Marco Candela, Bologna
Raffaele Capasso, Naples
Lucia Carulli, Modena
Renato David Caviglia, Rome
Luigina Cellini, Chieti
Giuseppe Chiarioni, Verona
Claudio Chiesa, Rome
Michele Cicala, Roma
Rachele Ciccocioppo, Pavia

IV

Sandro Contini, Parma
Gaetano Corso, Foggia
Renato Costi, Parma
Alessandro Cucchetti, Bologna
Rosario Cuomo, Napoli
Giuseppe Currò, Messina
Paola De Nardi, Milano
Giovanni D De Palma, Naples
Raffaele De Palma, Napoli
Giuseppina De Petro, Brescia
Valli De Re, Aviano
Paolo De Simone, Pisa
Giuliana Decorti, Trieste
Emanuele Miraglia del Giudice, Napoli
Isidoro Di Carlo, Catania
Matteo Nicola Dario Di Minno, Naples
Massimo Donadelli, Verona
Mirko D’Onofrio, Verona
Maria Pina Dore, Sassari
Luca Elli, Milano
Massimiliano Fabozzi, Aosta
Massimo Falconi, Ancona
Ezio Falletto, Turin
Silvia Fargion, Milan
Matteo Fassan, Verona
Gianfranco Delle Fave, Roma
Alessandro Federico, Naples
Francesco Feo, Sassari
Davide Festi, Bologna
Natale Figura, Siena
Vincenzo Formica, Rome
Mirella Fraquelli, Milan
Marzio Frazzoni, Modena
Walter Fries, Messina
Gennaro Galizia, Naples
Andrea Galli, Florence
Matteo Garcovich, Rome
Eugenio Gaudio, Rome
Paola Ghiorzo, Genoa
Edoardo G Giannini, Genova
Luca Gianotti, Monza
Maria Cecilia Giron, Padova
Alberto Grassi, Rimini
Gabriele Grassi, Trieste
Francesco Greco, Bergamo
Luigi Greco, Naples
Antonio Grieco, Rome
Fabio Grizzi, Rozzano
Laurino Grossi, Pescara
Salvatore Gruttadauria, Palermo
Simone Guglielmetti, Milan
Tiberiu Hershcovici, Jerusalem
Calogero Iacono, Verona
Enzo Ierardi, Bari
Amedeo Indriolo, Bergamo
Raffaele Iorio, Naples
Paola Iovino, Salerno
Angelo A Izzo, Naples
Loreta Kondili, Rome
Filippo La Torre, Rome
Giuseppe La Torre, Rome
Giovanni Latella, L’Aquila
Salvatore Leonardi, Catania
Massimo Libra, Catania
Anna Licata, Palermo
C armela Loguercio, Naples
Amedeo Lonardo, Modena
Carmelo Luigiano, Catania
Francesco Luzza, Catanzaro
Giovanni Maconi, Milano
Antonio Macrì, Messina
Mariano Malaguarnera, Catania
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Francesco Manguso, Napoli
Tommaso Maria Manzia, Rome
Daniele Marrelli, Siena
Gabriele Masselli, Rome
Sara Massironi, Milan
Giuseppe Mazzarella, Avellino
Michele Milella, Rome
Giovanni Milito, Rome
Antonella d’Arminio Monforte, Milan
Fabrizio Montecucco, Genoa
Giovanni Monteleone, Rome
Mario Morino, Torino
Vincenzo La Mura, Milan
Gerardo Nardone, Naples
Riccardo Nascimbeni, Brescia
Gabriella Nesi, Florence
Giuseppe Nigri, Rome
Erica Novo, Turin
Veronica Ojetti, Rome
Michele Orditura, Naples
Fabio Pace, Seriate
Lucia Pacifico, Rome
Omero Alessandro Paoluzi, Rome
Valerio Pazienza, San Giovanni Rotondo
Rinaldo Pellicano, Turin
Adriano M Pellicelli, Rome
Nadia Peparini, Ciampino
Mario Pescatori, Rome
Antonio Picardi, Rome
Alberto Pilotto, Padova
Alberto Piperno, Monza
Anna Chiara Piscaglia, Rome
Maurizio Pompili, Rome
Francesca Romana Ponziani, Rome
Cosimo Prantera, Rome
Girolamo Ranieri, Bari
Carlo Ratto, Tome
Barbara Renga, Perugia
Alessandro Repici, Rozzano
Maria Elena Riccioni, Rome
Lucia Ricci-Vitiani, Rome
Luciana Rigoli, Messina
Mario Rizzetto, Torino
Ballarin Roberto, Modena
Roberto G Romanelli, Florence
Claudio Romano, Messina
Luca Roncucci, Modena
Cesare Ruffolo, Treviso
L ucia Sacchetti, Napoli
Rodolfo Sacco, Pisa
Lapo Sali, Florence
Romina Salpini, Rome
Giulio Aniello, Santoro Treviso
Armando Santoro, Rozzano
Edoardo Savarino, Padua
Marco Senzolo, Padua
Annalucia Serafino, Rome
Giuseppe S Sica, Rome
Pierpaolo Sileri, Rome
Cosimo Sperti, Padua
Vincenzo Stanghellini, Bologna
Cristina Stasi, Florence
Gabriele Stocco, Trieste
Roberto Tarquini, Florence
Mario Testini, Bari
Guido Torzilli, Milan
Guido Alberto Massimo, Tiberio Brescia
Giuseppe Toffoli, Aviano
Alberto Tommasini, Trieste
Francesco Tonelli, Florence
Cesare Tosetti Porretta, Terme
Lucio Trevisani, Cona
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Guglielmo M Trovato, Catania
Mariapia Vairetti, Pavia
Luca Vittorio Valenti, Milano
Mariateresa T Ventura, Bari
Giuseppe Verlato, Verona
Alessandro Vitale, Padova
Marco Vivarelli, Ancona
Giovanni Li Volti, Catania
Giuseppe Zanotti, Padua
Vincenzo Zara, Lecce
Gianguglielmo Zehender, Milan
Anna Linda Zignego, Florence
Rocco Antonio Zoccali, Messina
Angelo Zullo, Rome

Japan
Yasushi Adachi, Sapporo
Takafumi Ando, Nagoya
Masahiro Arai, Tokyo
Makoto Arai, Chiba
Takaaki Arigami, Kagoshima
Itaru Endo,Yokohama
Munechika Enjoji, Fukuoka
Shunji Fujimori, Tokyo
Yasuhiro Fujino, Akashi
Toshiyoshi Fujiwara, Okayama
Yosuke Fukunaga, Tokyo
Toshio Fukusato, Tokyo
Takahisa Furuta, Hamamatsu
Osamu Handa, Kyoto
Naoki Hashimoto, Osaka
Yoichi Hiasa, Toon
Masatsugu Hiraki, Saga
Satoshi Hirano, Sapporo
Keiji Hirata, Fukuoka
Toru Hiyama, Higashihiroshima
Akira Hokama, Nishihara
Shu Hoteya, Tokyo
Masao Ichinose, Wakayama
Tatsuya Ide, Kurume
Masahiro Iizuka, Akita
Toshiro Iizuka, Tokyo
Kenichi Ikejima, Tokyo
Tetsuya Ikemoto, Tokushima
Hiroyuki Imaeda, Saitama
Atsushi Imagawa, Kan-onji
Hiroo Imazu, Tokyo
Akio Inui, Kagoshima
Shuji Isaji, Tsu
Toru Ishikawa, Niigata
Toshiyuki Ishiwata, Tokyo
Soichi Itaba, Kitakyushu
Yoshiaki Iwasaki, Okayama
Tatehiro Kagawa, Isehara
Satoru Kakizaki, Maebashi
Naomi Kakushima, Shizuoka
Terumi Kamisawa, Tokyo
Akihide Kamiya, Isehara
Osamu Kanauchi, Tokyo
Tatsuo Kanda, Chiba
Shin Kariya, Okayama
Shigeyuki Kawa, Matsumoto
Takumi Kawaguchi, Kurume
Takashi Kawai, Tokyo
Soo Ryang Kim, Kobe
Shinsuke Kiriyama, Gunma
Tsuneo Kitamura, Urayasu
Masayuki Kitano, Osakasayama
Hirotoshi Kobayashi, Tokyo
Hironori Koga, Kurume



Takashi Kojima, Sapporo
Satoshi Kokura, Kyoto
Shuhei Komatsu, Kyoto
Tadashi Kondo, Tokyo
Yasuteru Kondo, Sendai
Yasuhiro Kuramitsu, Yamaguchi
Yukinori Kurokawa, Osaka
Shin Maeda, Yokohama
Koutarou Maeda, Toyoake
Hitoshi Maruyama, Chiba
Atsushi Masamune, Sendai
Hiroyuki Matsubayashi, Suntogun
Akihisa Matsuda, Inzai
Hirofumi Matsui, Tsukuba
Akira Matsumori, Kyoto
Yoichi Matsuo, Nagoya
Y Matsuzaki, Ami
Toshihiro Mitaka, Sapporo
Kouichi Miura, Akita
Shinichi Miyagawa, Matumoto
Eiji Miyoshi, Suita
Toru Mizuguchi, Sapporo
Nobumasa Mizuno, Nagoya
Zenichi Morise, Nagoya
Tomohiko Moriyama, Fukuoka
Kunihiko Murase, Tusima
Michihiro Mutoh, Tsukiji
Akihito Nagahara, Tokyo
Hikaru Nagahara, Tokyo
Hidenari Nagai, Tokyo
Koichi Nagata, Shimotsuke-shi
Masaki Nagaya, Kawasaki
Hisato Nakajima, Nishi-Shinbashi
Toshifusa Nakajima, Tokyo
Hiroshi Nakano, Kawasaki
Hiroshi Nakase, Kyoto
Toshiyuki Nakayama, Nagasaki
Takahiro Nakazawa, Nagoya
Shoji Natsugoe, Kagoshima City
Tsutomu Nishida, Suita
Shuji Nomoto, Naogya
Sachiyo Nomura, Tokyo
Takeshi Ogura, Takatsukishi
Nobuhiro Ohkohchi, Tsukuba
Toshifumi Ohkusa, Kashiwa
Hirohide Ohnishi, Akita
Teruo Okano, Tokyo
Satoshi Osawa, Hamamatsu
Motoyuki Otsuka, Tokyo
Michitaka Ozaki, Sapporo
Satoru Saito, Yokohama
Chouhei Sakakura, Kyoto
Naoaki Sakata, Sendai
Ken Sato, Maebashi
Toshiro Sato, Tokyo
Tomoyuki Shibata, Toyoake
H Shimada, Tokyo
Tomohiko Shimatani, Kure
Yukihiro Shimizu, Nanto
Tadashi Shimoyama, Hirosaki
Masayuki Sho, Nara
Ikuo Shoji, Kobe
Atsushi Sofuni, Tokyo
Takeshi Suda, Niigata
M Sugimoto, Hamamatsu
Ken Sugimoto, Hamamatsu
Haruhiko Sugimura, Hamamatsu
Shoichiro Sumi, Kyoto
Hidekazu Suzuki, Tokyo
Masahiro Tajika, Nagoya
Hitoshi Takagi, Takasaki
Toru Takahashi, Niigata
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Yoshihisa Takahashi, Tokyo
Shinsuke Takeno, Fukuoka
Akihiro Tamori, Osaka
Kyosuke Tanaka, Tsu
Shinji Tanaka, Hiroshima
Atsushi Tanaka, Tokyo
Yasuhito Tanaka, Nagoya
Shinji Tanaka, Tokyo
Minoru Tomizawa, Yotsukaido City
Kyoko Tsukiyama-Kohara, Kagoshima
Takuya Watanabe, Niigata
Kazuhiro Watanabe, Sendai
Satoshi Yamagiwa, Niigata
Takayuki Yamamoto, Yokkaichi
Hiroshi Yamamoto, Otsu
Kosho Yamanouchi, Nagasaki
Ichiro Yasuda, Gifu
Yutaka Yata, Maebashi-city
Shin-ichi Yokota, Sapporo
Norimasa Yoshida, Kyoto
Hiroshi Yoshida, Tama-City
Hitoshi Yoshiji, Kashihara
Kazuhiko Yoshimatsu, Tokyo
Kentaro Yoshioka, Toyoake
Nobuhiro Zaima, Nara

Jordan
Khaled Ali Jadallah, Irbid

Morocco
Samir Ahboucha, Khouribga

Netherlands
Robert J de Knegt, Rotterdam
Tom Johannes Gerardus Gevers, Nijmegen
Menno Hoekstra, Leiden
BW Marcel Spanier, Arnhem
Karel van Erpecum, Utrecht

Islam Khan, Kuwait

Lebanon
Bassam N Abboud, Beirut
Kassem A Barada, Beirut
Marwan Ghosn, Beirut
Iyad A Issa, Beirut
Fadi H Mourad, Beirut
AIa Sharara, Beirut
Rita Slim, Beirut

Lithuania

Leo K Cheng, Auckland
Andrew Stewart Day, Christchurch
Jonathan Barnes Koea, Auckland
Max Petrov, Auckland

Nigeria
Olufunmilayo Adenike Lesi, Lagos
Jesse Abiodun Otegbayo, Ibadan
Stella Ifeanyi Smith, Lagos

Trond Berg, Oslo
Trond Arnulf Buanes, Krokkleiva
Thomas de Lange, Rud
Magdy El-Salhy, Stord
Rasmus Goll, Tromso
Dag Arne Lihaug Hoff, Aalesund

Pakistan
Zaigham Abbas, Karachi
Usman A Ashfaq, Faisalabad
Muhammad Adnan Bawany, Hyderabad
Muhammad Idrees, Lahore
Saeed Sadiq Hamid, Karachi
Yasir Waheed, Islamabad

Antanas Mickevicius, Kaunas
Poland
Malaysia
Huck Joo Tan, Petaling Jaya

Mexico
Richard A Awad, Mexico City
Carlos R Camara-Lemarroy, Monterrey
Norberto C Chavez-Tapia, Mexico City
Wolfgang Gaertner, Mexico City
Diego Garcia-Compean, Monterrey
Arturo Panduro, Guadalajara
OT Teramoto-Matsubara, Mexico City
Felix Tellez-Avila, Mexico City
Omar Vergara-Fernandez, Mexico City
Saúl Villa-Trevino, Cuidad de México
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Puerto Rico
Caroline B Appleyard, Ponce

Qatar
New Zealand

Norway
Kuwait

Ceu Figueiredo, Porto
Ana Isabel Lopes, LIsbon
M Paula Macedo, Lisboa
Ricardo Marcos, Porto
Rui T Marinho, Lisboa
Guida Portela-Gomes, Estoril
Filipa F Vale, Lisbon

Thomas Brzozowski, Cracow
Magdalena Chmiela, Lodz
Krzysztof Jonderko, Sosnowiec
Anna Kasicka-Jonderko, Sosnowiec
Michal Kukla, Katowice
Tomasz Hubert Mach, Krakow
Agata Mulak, Wroclaw
Danuta Owczarek, Kraków
Piotr Socha, Warsaw
Piotr Stalke, Gdansk
Julian Teodor Swierczynski, Gdansk
Anna M Zawilak-Pawlik, Wroclaw

Portugal
Marie Isabelle Cremers, Setubal

VI

Abdulbari Bener, Doha

Romania
Mihai Ciocirlan, Bucharest
Dan LucianDumitrascu, Cluj-Napoca
Carmen Fierbinteanu-Braticevici, Bucharest
Romeo G Mihaila, Sibiu
Lucian Negreanu, Bucharest
Adrian Saftoiu, Craiova
Andrada Seicean, Cluj-Napoca
Ioan Sporea, Timisoara
Letiţia Adela Maria Streba, Craiova
Anca Trifan, Iasi

Russia
Victor Pasechnikov, Stavropol
Vasiliy Ivanovich Reshetnyak, Moscow
Vitaly Skoropad, Obninsk

Saudi Arabia
Abdul-Wahed N Meshikhes, Dammam
M Ezzedien Rabie, Khamis Mushait

Singapore
Brian KP Goh, Singapore
Richie Soong, Singapore
Ker-Kan Tan, Singapore
Kok-Yang Tan, Singapore
Yee-Joo Tan, Singapore
Mark Wong, Singapore
Hong Ping Xia, Singapore

Slovenia
Matjaz Homan, Ljubljana
Martina Perse, Ljubljana

South Korea
Sang Hoon Ahn, Seoul
Soon Koo Baik, Wonju
Soo-Cheon Chae, Iksan
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Abstract
While the etiological underpinnings of inflammatory
bowel disease (IBD) are highly complex, it has been noted that both clinical and pathophysiological similarities
exist between IBD and both asthma and non-pulmonary
allergic phenomena. In this review, several key points on
common biomarkers, pathophysiology, clinical manifestations and nutritional and probiotic interventions for both
IBD and non-pulmonary allergic diseases are discussed.

WJG|www.wjgnet.com

Histamine and mast cell activity show common behaviors in both IBD and in certain allergic disorders. IgE
also represents a key immunoglobulin involved in both
IBD and in certain allergic pathologies, though these
links require further study. Probiotics remain a critically
important intervention for both IBD subtypes as well as
multiple allergic phenomena. Linked clinical phenomena,
especially sinonasal disease and IBD, are discussed. In
addition, nutritional interventions remain an underutilized and promising therapy for modification of both allergic disorders and IBD. Recommending new mothers
breastfeed their infants, and increasing the duration of
breastfeeding may also help prevent both IBD and allergic diseases, but requires more investigation. While
much remains to be discovered, it is clear that nonpulmonary allergic phenomena are connected to IBD in
a myriad number of ways and that the discovery of common immunological pathways may usher in an era of
vastly improved treatments for patients.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Inflammatory bowel disease; Ulcerative
colitis; Crohn’s disease; Food intolerance; Food allergies; Biomarkers; Pathophysiology; Nutrition; Probiotics
Core tip: There are multiple clinical, pathophysiological
and therapeutic commonalities between nonpulmonary
allergic disease and inflammatory bowel disease (IBD).
In particular, in terms of pathophysiology, histamine expression is upregulated in both IBD and allergic diseases. Ulcerative colitis, in particular, shows upregulation
of the Th2 pathway which is seen in a large number of
allergic phenomena including sinonasal disease. Both
probiotics and nutritional interventions are promising
therapies for both IBD and allergic disease (especially
food intolerance, food allergies, and eczema) but these
require more investigation. Recommending mothers
breastfeed their infants, and for a longer duration also
shows potential promise in prevention of both IBD and
food allergies, but also requires further study.
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INTRODUCTION
Inflammatory bowel disease (IBD) is comprised of two
major disorders, ulcerative colitis and Crohn’s disease (CD).
The exact pathophysiology of IBD remains unclear;
however immune dysregulation plays a substantial role,
with likely significant involvement of the Th1 and Th17
pathways in Crohn’s and the Th2 pathway in ulcerative
colitis. Intriguingly, some clinical manifestations of allergic disorders and IBD overlap, as well as expression of
selected cytokines and immune responses. In particular,
both disorders feature histamine release and IgE overexpression. Certain probiotics have been found to be useful
in both disorders. There have been some studies that have
shown a correlation between sinonasal allergic disease and
IBD. Moreover, some food allergies and intolerances have
been linked to IBD. Finally, sulfasalazines are often used
to treat patients with IBD; such therapy can require desensitization for an individual patient to successfully use.
It is evident that allergic disorders and IBD share common etiological characteristics and also share potential
common treatment pathways.

HISTAMINE AND OTHER BIOMARKERS
ASSOCIATED WITH IBD AND ALLERGY
Role of histamine and mast cells
In 1978, Dvorak et al[1], followed by Levo and Livni[2],
found ultrasonographic and morphological evidence of
degranulation of mast-cells in the submucosa of ileal
specimens from patients with CD. They found release of
mediators including histamine, platelet activation factor,
and eosinophil chemotactic factor, all of which may play a
role in the pathophysiology of CD. Subsequently, Dvorak
et al[1], using transmission electron microscopic studies discovered a markedly increased number of mast cells that
were located in the edematous submucosa and between
smooth muscle cells in the ileum of subjects with CD. In
addition, evidence of degranulation of mast-cells, basophils and eosinophils in the affected area of ileum was
also observed[1]. Similarly, an increased number of mastcells with intense degranulation was found in the active
stage of ulcerative colitis (UC)[3]. Moreover, it was also
demonstrated that the median number of mast-cells in
normal colonic tissue was significantly greater in patients
with UC than controls (patients examined for colonic adenomas) or those with CD (1500 per milligram of tissue
vs 1250 per milligram of tissue, P < 0.05)[4]. Furthermore,
median mast-cell counts obtained from inflamed colonic
tissue were significantly (P < 0.01) greater than the number of mast-cells in non-inflamed tissue in patients with
WJG|www.wjgnet.com

IBD (2000 per milligram of tissue vs 1500 per milligram
of tissue in UC and 1700 per milligram of tissue vs 1250
per milligram of tissue in CD)[4]. On the other hand, King
et al[5] showed an increased mean number of mast cells
(19.5) at the demarcation line between active and inactive
areas of colonic inflammation in 12 of 20 (60%) UC patients. Finally, a Japanese group determined that patients
with IBD or collagenous colitis had a greater number of
mast cells in the upper part of the lamina propria of the
colon than healthy controls and that patients with IBD
had a higher number of mast cells in the lower part of the
lamina propria of the colon as compared to those with
collagenous colitis and healthy controls[6].
Knuston et al[7] observed that patients with CD of the
distal ileum had a significantly greater mean histamine
secretion rate within the small intestine than did healthy
controls (152 ng/cm vs 71 ng/cm small intestine per hour,
P < 0.01), and that histamine secretion was related to disease activity (active disease defined as CDAI > 150: 193
ng/cm per hour vs inactive disease defined as CDAI <
150: 105 ng/cm per hour). Further study also suggested
that histamine secretion was significantly increased in inflamed colonic mucosa in patients with both CD and UC
when compared to their non-inflamed colonic mucosa
or colonic mucosa in healthy controls[8]. A more recent
study showed that urinary excretion of N-methylhistamine
was significantly increased in patients with active IBD
when compared to inactive IBD or non-IBD controls and
such urinary histamine excretion strongly correlated with
endoscopic activity of CD measured by the CD Endoscopic Index of Severity (r2 = 0.70, P < 0.0001)[9]. Greater
expression of tumor necrosis factor-α (TNF-α) by mast
cells was also found in the submucosa and muscularis propria of the ileum in patients with CD when compared to
controls; significantly greater numbers of TNF-α-labeled
mast cells were noted in the muscularis propria both in
uninflamed (1.7-fold, P < 0.05) and in inflamed ileum
(4.6-fold, P < 0.002)[10]. In addition, TNF-α expression
was found to be greater in the submucosa in inflamed
vs uninflamed ileum in CD patients (1.6-fold, P < 0.01),
while it was lower in the lamina propria in inflamed vs uninflamed ileum in CD patients (0.4-fold, P < 0.05)[10]. This
is noteworthy as TNF-α has been shown to be an important factor in the inflammatory cascade leading to the
inflammatory response in the murine model for IBD[11].
IgE
IgE as a biomarker of disease activity in IBD: It has been
suggested that IgE may mediate an allergic response in
patients with IBD. Evidence supporting this hypothesis includes the presence of peripheral and tissue eosinophilia in
IBD patients[12,13], increased numbers of mast cells or cells
containing IgE in rectal mucosa of patients with IBD[14,15],
concomitant atopic disease in patients with IBD[16,17] and
a good response to disodium cromoglycate in IBD patients[18-20].
Several studies have assessed IgE levels in patients
with IBD. Pepys et al[21] suggested that some patients with
IBD (25% of UC patients and 31% of CD patients) may
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have elevated serum IgE levels. These data were further
supported by Levo et al[22], who claimed that patients with
IBD have significantly increased mean serum level of IgE
when compared to healthy controls (358 IU/mL vs 103
IU/mL, P < 0.05). On the other hand, several studies report normal serum IgE levels in IBD patients[23-26]. Becker
et al[25] determined that specific serum IgE levels to food
allergens such as egg white, whole milk, β-lactoglobulin
and wheat were undetectable in IBD patients and thus
suggested that the allergic hypothesis of IBD should be
rejected. However, a prior study by Mee et al[26] observed
a significantly higher frequency of positive reactions to
food allergens using the skin prick test in IBD patients
when compared to healthy controls.

Table 1 Recommendations for probiotic use
Clinical condition
Diarrhea
Infectious-adult-treatment

Role of IgE in desensitization to therapies for IBD:
Desensitization to sulfasalazine (SASP) has been found to
be effective in patients who experienced hypersensitivity
reactions to SASP[27-30]. This is achieved by administration
of successively larger doses of SASP, thereby allowing the
presence of specific IgE in a controlled fashion without
causing massive histamine release from mast cells[29]. In the
largest published study, reporting on 47 patients with IBD,
desensitization was successful in 85% of patients with IBD,
and there was no recurrence of hypersensitivity reactions
in 82.5% of those who were successfully desensitized[29].
In addition, among the successfully desensitized patients,
100% of UC patients and 78% of CD patients remained
in long-term remission on SASP alone or in combination
with intermittent prednisone[29]. Caution is advised in attempting desensitization in patients with agranulocytosis,
toxic epidermal necrolysis, or fibrosing alveolitis[30]. The
risks of these severe reactions may outweigh the benefit of
continuing to take SASP containing medications.

PROBIOTICS
At a workshop held at Yale University in 2007, recommendations were made with regards to the use of probiotics
in clinical settings for a variety of indications, including
IBD[31]. For IBD, the recommendations included a class
“A” recommendation (defined as one made on “strong,
positive, well-conducted controlled” studies) for the use of
VSL#3 for the prevention and maintenance of remission
in pouchitis[31]. In addition, some probiotics were given a
class “C” recommendation (one “based on some positive
studies”) for IBD[31]. These included VSL#3 for the induction of remission of pouchitis, and for inducing remission
and maintenance of remission in ulcerative colitis[31]. The
probiotic Lactobacillus GG (LGG) was noted to be beneficial in both IBD and allergic diseases; LGG has a “C” class
recommendation in the treatment of CD, and a class “A”
designation treatment of atopic eczema[31]. Probiotics may
also help with cow milk allergy[31]. See Tables 1-3 for other
disease indications and probiotic regimens, with additional
recommendations from the workshop in 2007.
Lactobacillus also has specific bacteriocidal effects,
including against Lactococcus, Streptococcus, Staphylococcus, Listeria and Mycobacteria[32]. The bacterium uses two different
pathways to neutralize competing bacteria. First, it uses a
WJG|www.wjgnet.com

Effectiveness

Organism

A

Saccharomyces boulardi,
LGG
LGG. Lactobacillus reuteri

Infectious-childhoodtreatment
Prevention of infection
Prevention of AAD

A

Treatment of recurrent
CDAD
Prevention of CDAD
IBD
Pouchitis
Preventing and
maintaining remission
Induce remission
Ulcerative colitis
Inducing remission

B

S. boulardii, LGG
S. boulardii, LGG, L.
casei, L. bulgaricus, S.
thermophilus
S. boulardii, LGG

B

LGG, S. boulardii

A

VSL#3

C

VSL#3

C

Escherichia coli Nissle,
VSL#3
E. coli Nissle, VSL#3
E. coli Nissle, S. boulardii,
LGG
Bifidobacterium infantis
Bifidobacterium animalis,
VSL#3, Lactobacillus
plantarum
LGG, Lactobacillus
acidophilus, L. plantarum,
Bifidobacterium lactis,
Lactobacillus johnsonii

Maintenance
Crohn's

B
A

C
C

IBS
IBS

B
C

Immune response

A

Allergy
Atopic eczema assoc. with cow milk allergy
Treatment
A
LGG, B. lactis
Prevention
A
LGG, B. lactis
Radiation enteritis
C
VSL#3, L. acidophilus
Vaginosis and vaginitis
C
L. acidophilus, LGG, L.
reuteri
Reproduced with permission from reference Floch et al [31]. An ‘‘A’’
recommendation is based on strong, positive, well-conducted, controlled
studies in the primary literature, not abstract form; A ’‘B’’ recommendation
is based on positive, controlled studies but the presence of some negative
studies; A ‘‘C’’ recommendation is based on some positive studies.
IBD: Inflammatory bowel disease; LGG: Lactobacillus GG; S. boulardii:
Saccharomyces boulardii.

small molecule to inhibit growth of competitor bacteria,
likely a short chain fatty acid, and also uses hydrogen peroxide to alter the bacterial microenvironment from an aerobic one to an anerobic one[32]. In addition, Lactobacillius
also has immunomodulatory abilities. First, the bacillus
increases transepithelial resistance, and it also upregulates
the key toll-like receptors TLR2 and TLR9. These tolllike receptors recognize foreign hostile viral and bacterial
antigens and their activation causes a large expansion of
cytokine expression and amplifies the immune response
against hostile antigens[32].

ATOPY, NASAL DISEASE AND
URTICARIA IN IBD
Prior studies have described a relationship between IBD
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Table 2 Results of random controlled trials which reported efficacy of probiotics in patients with inflammatory bowel disease
Situation

Control

No. of subjects

Duration (mo)

Relapse probiotic vs control

Ref.

Ulcerative colitis
Ulcerative colitis
Crohn’s disease
Pouchitis
Prevention of pouchitis
Crohn’s disease1
Ulcerative colitis
Crohn’s disease

5-ASA
5-ASA
Placebo
Placebo
Placebo
5-ASA
5-ASA
5-ASA

120
120
28
40
40
28
31
28

4
12
12
9
12
12
12
6

16% vs 11.3%
67% vs 73%
30% vs 70%a
15% vs 100%a
10% vs 40%a
20% vs 40%a
30% vs 35%a
6.3% vs 37.5%a

[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]

Probiotic
E. coli Nissle 1917
E. coli Nissle 1917
E. coli Nissle 1917
VSL#3
VSL#3
VSL#3
S. boulardii
S. boulardii

Reproduced with permission from reference Marteau[69]. 1Postoperative. aP < 0.05 vs control. 5-ASA: 5-aminosalicylic acid; E. coli: Escherichia coli; S. boulardii:
Saccharomyces boulardii.

Table 3 Probiotics in treatment of inflammatory bowel disease: Randomized controlled trials
Entity
Crohn’s
disease

Ulcerative
colitis

Pouchitis

Ref.

Population (n )

Probiotic(s)

Treatment group

Effect

Bousvaros et al[79]

LGG

Maintenance of remission

No benefit

Plein et al[80]
Malchow[72]
Prantera et al[81]

Children
(75; age, 5-21 yr)
Adults (20)
Adults (28)
Adults (45)

Schultz et al[82]
Kruis et al[70]

Adults (11)
Adults (120)

Rembacken et al[71]

Adults (120)

Kruis et al[83]

Adults (327)

Ishikawa et al[84]

Adults (21)

Gionchetti et al[73]

Adults (40)

Mimura et al[85]

Adults (36)

Gionchetti et al[86]

Adults (40)

Kuisma et al[87]

Adults (20)

S. boulardii
E. coli Nissle 1917
LGG

Maintenance of remission
Maintenance of remission
Maintenance of surgically induced
remission
LGG
Treatment of active Crohn’s disease
E. coli Nissle 1917
Maintenance of medically induced
remission
E. coli Nissle 1917
Maintenance of medically induced
remission
E. coli Nissle 1917
Maintenance of medically induced
remission
B. breve and B. bifidum and L. Maintenance of medically induced
acidophilus YIT 0168
remission
VSL#3
Maintenance of antibiotic-induced
remission of chronic pouchitis
VSL#3
Maintenance of antibiotic-induced
remission of chronic pouchitis
VSL#3
Maintenance of antibiotic-induced
remission of chronic pouchitis
LGG
Treatment of active pouchitis

Reduced diarrhea vs placebo
No benefit
No benefit
No benefit
Equal to mesalamine
Equal to mesalamine
Equal to mesalamine
Superior to placebo
Superior to placebo
Superior to placebo
Superior to placebo
No benefit

Reproduced with permission from reference Szajewska et al[78]. LGG: Lactobacillus GG; E. coli: Escherichia coli; S. boulardii: Saccharomyces boulardii; B. breve:
Bifidobacterium Breve; B. bifidum: Bifidobacterium bifidum; L. acidophilus: Lactobacillus acidophilus.

and allergy. It is unclear whether this association is manifested as atopy (consisting of atopic dermatitis, allergic
rhinitis, asthma, and food allergy) or nasal disease. The
association was hypothesized because patients with allergy
have an abnormal IgE antibody response to common
environmental antigens and earlier findings of peripheral
and tissue eosinophilia in patients with IBD had suggested
an IgE mediated response. Furthermore, because some
allergic symptoms were associated with other systemic
inflammatory disorders, it was felt that patients with colitis might also have an increased likelihood of developing
atopic illnesses.
A review of prior studies has shown that these results
may be equivocal and may only be pertinent in relation to
food allergies and possibly sinonasal disease. One study
showed that in children with atopic eczema, food allergy
is associated with increased intestinal inflammation, as
manifested by elevated levels of fecal eosinophil cationic
protein, TNF-α and α1 antitrypsin[33]. Similarly, in another
study, while there was no correlation observed between
WJG|www.wjgnet.com

frequency of personal history of atopy, serum IgE levels and prick test response between IBD patients and
controls, it was observed that IBD patients had a higher
frequency of positive prick test when tested against food
allergens[26]. There also seemed to be a positive relationship between IBD and chronic sinonasal disease, since
the prevalence of chronic sinonasal disease was elevated
in patients with IBD, specifically in patients with CD and
especially in those also with obstructive bowel complications[34]. Interestingly, nearly 70% of these patients had
some degree of sinonasal disease; see Figure 1 for a graph
depicting the prevalence of sinonasal disease in patients
with IBD.
Other atopic features (asthma, hay fever and allergic
rhinitis) were investigated in patients with UC and CD
with the results indicating that atopic features were twice
as common in patients with UC, but no different between
patients with CD and controls, suggesting that hypersensitivity may play a part in UC but not in CD[17].
In contrast, other studies found no association be-
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70

Chronic sinusitis
Chronic rhinitis

60

Chronic symptoms
Total

Prevalence (%)

50
40
30
20
10
0

Obstructive CD

Non-obstructive
CD

Ulcerative colitis

Figure 1 Prevalence of sinonasal disease in inflammatory bowel disease
patients. Reproduced with permission from reference Book et al[34]. CD: Crohn’s
disease.

tween controls and IBD patients in terms of atopic
symptoms. Personal history analyses for atopic symptoms (asthma, allergic rhinitis, eczema, urticaria, and allergic symptoms) were assessed in another study where
the prevalence of atopy with skin-prick tests (using five
allergens - mixed grass pollens, dog hair, cat fur, Dermatophagoides pteronyssinus and Aspergillus fumigatus) and serum
IgE concentrations among 122 patients with IBD and
103 age-matched controls was examined[35]. The authors
showed no statistical difference in the percentage of patients with positive skin tests between controls and IBD
patients and also no difference between the subgroups
of IBD patients (CD, ulcerative colitis, and ulcerative
proctitis)[35].
Another study assessed skin test reactivity in IBD
patients. In this study, two different populations were examined, one in the United States and another in Czechoslovakia, and patients were classified as having CD or UC
by clinical, pathological and radiological criteria; those
who had been treated with immunosuppressives were
taken off these medications for three weeks. The authors
found no evidence of skin test anergy (assessed by using
multiple antigens - candida, mumps, PPD, streptokinasestreptodornase, and trichophytin) when all patients were
compared to controls[36].
Despite initial studies that suggested an association
between IBD and IgE mediated allergic reactions, direct
evidence is still lacking and the role of IgE mediated reactions remains unclear.

NUTRITION AND IBD
Epidemiology of food intolerance and IBD
IBD is characterized by chronic inflammation of the gastrointestinal tract. The etiology of IBD is complex and
probably multi-factorial. Nutrition is an important modulator of IBD[37]. In particular, it is felt that relationships
between food antigens and immune pathways may alter
the course of IBD[38]. Gut bacteria and the inflammatory
response are altered by the ingestion of differing foods[39].
Most patients with IBD are intolerant to selected (or
WJG|www.wjgnet.com

specific) food items. Food intolerance has been evaluated
in multiple studies. In a survey administered to 132 patients (along with 70 controls) with IBD, food intolerance
was reported by 66% of patients with CD, and 64% of
UC patients[40]. The most common symptoms included
diarrhea and abdominal pain[40]. In a study that evaluated
the antibody response to cow’s milk antigen, it was found
that IgG and IgM antibodies to beta-lactoglobulin were
significantly elevated in patients with UC and CD when
compared with normal subjects[41]. Elevation of IgG further correlated with involvement of the ileum, increase
in inflammatory markers, and was higher in untreated
patients; interestingly there was no change in IgM levels
after sulfasalazine or steroid therapy[41]. Another study
reported on a questionnaire examining dietary habits, the
amount of food consumed, and whether patients had
problems with specific foods[42]. A total of 122 foods were
evaluated. Intolerance to chocolate, dairy products, fats
and artificial sweeteners were seen in both UC and CD,
and patients with CD seemed to have a greater range of
problems with specific foods[42]. From 80%-100% of bacteria in the colonic flora of CD patients are bound by immunoglobulin whereas, in controls only 20% are bound;
when enteral feeds are given the percentage bound in CD
significantly decreases[43,44].
The prevalence of food reactions was studied in 375
adult patients attending a gastroenterology outpatient clinic: 32% complained of food allergies as being the source
of their abdominal complaints and in 14.4% laboratory
testing was consistent with intestinal food allergy[45]. Laboratory testing included counts of eosinophils, the presence
of specific IgE against food antigens, increased total IgE,
specific clinical signs of atopy, and cromoglycate sensitivity[45]. Confirmation of the diagnosis of food allergy was
found in 3.2%[45]. This was confirmed through elimination
diet and subsequent rechallenge or allergen provocation
testing during EGD[45].
Breastfeeding may have a protective effect against developing IBD[37,46]. Of thirteen reported case-control studies, 3/13 (23.1%) found that patients with IBD were less
likely to have been breast fed as compared to controls[37].
In another study of 308 matched patients, the patients
with CD were found to have had an average breast-feeding duration of 4.6 mo as compared to controls who had
an average duration of 5.8 mo[47]. Postulated mechanisms
have been suggested to include a protective effect of immunoglobulins and antibacterial proteins in breast milk[37].
In addition, breast milk may accelerate maturation of the
GI tract in infants, and may also delay the introduction of
cow’s milk, a potentially allergenic food[37]. Another population based case-control study examined three cohorts
of patients: one with 638 CD patients, one with 653 UC
patients, and 600 controls[46]. Specific factors associated
with a lower odds ratio of CD and UC included breastfeeding (CD: OR = 0.55; 95%CI: 0.41-0.74; UC: OR =
0.71; 95%CI: 0.52-0.96), and having a vegetable garden
during infancy, childhood or adolescence (CD: OR = 0.52;
95%CI: 0.36-0.76; UC: OR = 0.65; 95%CI: 0.45-0.94)[46].
In addition, those living in the countryside had a lower
odds ratio of having CD (OR = 0.64; 95%CI: 0.46-0.89).
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Commensal microbes

Food

Gut immune privilege

Intestinal epithelial barrier
Phagocytic innate immune cells
Tolerogenic antigen-presenting cells
Regulatory adaptive immune cells

Tolerance to dietary
antigen
(oral tolerance)

Tolerance to microbiome
(maintaining gut homeostasis)

Dysregulation of mucosal homeostasis
Inflammatory bowel
disease

Food allergy

Th2
Th2

B
Th2

Th2

B
B

UC

B

NK-T

IgE

IL-4, IL-13

CD

Th2
Th2

Th2

NK-T NK-T

Th1
Th1 Th1

NK-T

Th1

Th2
IL-4, IL-13

IFN-g, TNF-a

Figure 2 Immune privilege in the gut consists of tolerance to dietary antigens and to commensal microbes[49]. Reproduced with permission from reference
Iweala et al[49]. CD: Crohn’s disease; UC: Ulcerative colitis; TNF-α: Tumor necrosis factor-α; IL: Interleukin; IFN: Interferon.

The duration of breastfeeding was also significant in decreasing both IBD and UC, with those having 0-2 mo of
exposure having no protection, as compared with those
having 3 or more mo[46].
Relation between pathophysiology of food insensitivity
and IBD
While 20%-30% of the general population have undesirable reactions to food, only 10%-25% of these are actual
food allergies[48]. The gastrointestinal mucosa is however
predisposed to develop allergic reactions, since the tissue
in the GI tract is exposed to various food and bacterial
allergens in addition to containing all cells required to
develop allergic reactions, such as eosinophils, mast cells,
and lymphocytes[48].
Proteins in food usually act as the primary foreign
antigens that trigger most allergic reactions in the gastrointestinal tract[49]. The border between intra and extraluminal sites in the intestine plays a vital role in preventing
inappropriate inflammation or allergic disease in the
gut[49,50]. The gut barrier works in at least five different
ways to prevent such diseases. These include (Figure 2): (1)
a physical barrier preventing foreign or microbial invasion;
(2) the presence of specialized immune cells, including
macrophages, to phagocytize microbes and other proinflammatory or allergic antigens; (3) release of IgA, which
sequesters microbes away from the gut in the intraluminal
space; (4) promotion of antigen presenting cells which
upregulate immune tolerance; and (5) expansion of reguWJG|www.wjgnet.com

latory T cells which dampens the immune response[49].
Chronic inflammation in the gut may act in an ongoing
fashion with increasing inflammation leading to additional
damage to the physical barrier of the gut, leading in turn
to more proinflammatory antigens which can then pass
into the extraluminal space[51].
A disruption of one of these five regulatory barriers
may contribute to inflammation and/or allergic responses.
Mast cells and eosinophils also play a critical role in modulating intestinal allergic reactions and have also been found
to be stimulated in IBD and eosinophilic gastroenteritis[52].
In addition, the main inflammatory mechanisms of
IBD and of the pathophysiology of intestinal allergic phenomena are related concepts. In particular, the Th2-like
response seen in ulcerative colitis is driven by NK-T cells
activated by glycolipid and CD1 on epithelial cells, which
facilitates their production of proinflammatory cytokines
including IL-13 and IL-5[53]. Interestingly, this process
does not result in the production of IL-4. Upregulation
and maladaptive Th2 responses have been implicated in
chronic rhinosinusitis[54]. In addition, Staphylococcus aureus (S.
aureus), a common colonizer of the nasal tract, has been
shown to upregulate IL-5 and IL-13 in nasopharyngeal
lymphocytes[54].
Additionally, there is also maladaptive activity of T
regulatory T cells (Tregs) both in IBD and in food intolerance[49]. Adoptive transfer of Tregs has been shown to
prevent intolerance to the food antigen OVA[55]. In addition it has been found that TLR4 signaling is critical for
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Figure 3 Histologic analysis of the colon in C57BL/6 mice. A: Normal architecture of the colonic mucosa from mice treated with 50% ethanol alone; B: Erosions
of the epithelium, distortion of crypts, loss of goblet cells, and massive mononuclear cell infiltration in lamina propria in mice after administration of trinitrobenzene
(TNBS); C-E: TNBS-induced colitis is dose-dependently improved by curcumin. Mice were treated with 0.5% (C), 2.0% (D), or 5.0% (E) curcumin just after administration of TNBS; F-H: Mice were treated with 2% curcumin in preventive mode (F), early therapeutic mode (G), or late therapeutic mode (H) (original magnification × 50).
Reproduced with permission from reference Sugimoto et al[66].

Treg suppression of responses to food antigens (regulating
food tolerance) and also to commensal bacteria (in prevention of colitis)[49].
Common treatments for food insensitivity and IBD
Alterations in diet have been used as a treatment for IBD.
The use of enteral feeding has been shown to be beneficial, with a majority of studies showing a remission rate of
over 60%[56]. Liquid feeding is thought to be helpful because it leads to more rapid transit time for feeds, induces
partial bowel rest, as well as alters the fecal flora present[57].
Tube feeding with an enteral elemental liquid formula cannot be used long-term however, as most patients do not
tolerate this, and IBD typically relapses after discontinuation of the diet[57]. However, the use of polymeric drinks
may be better tolerated and shows similar effectiveness in
this population[57].
The use of elimination diets has also been studied.
These typically involve the use of a food diary, with elimi-

WJG|www.wjgnet.com

nation of symptom provoking foods, or the use of a basic
diet with reintroduction of potentially problematic foods
one food type at a time[58]. This approach was shown to be
beneficial in inducing remission in six of nine studies[58].
Referral to a nutritionist may be of significant benefit[58].
Other potential therapies in the treatment of IBD
include the use of polyunsaturated fatty acids (PUFA).
These acids, including omega-3 fatty acids, decrease inflammation as their derivatives, including eicosapentaenoic
acid, and leukotriene derivatives, downregulate neutrophil
trafficking and thereby decrease edema formation[59-61].
Twelve studies with n-3 PUFA, mostly from fish oil,
showed benefit in IBD patients, with a decreased need for
steroids, diminished disease activity and a lower relapse
rate[59].
Several herbal preparations are considered useful
by some in the treatment of inflammatory disorders.
Lonicera japonica is a Korean traditional treatment, and
has been shown to decrease histamine release from mast
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cells and inhibit inflammatory pathways, including the
NF-κB and AP-1 pathways[62-64]. Lonicera may be an attractive agent for future clinical trials in both IBD and allergic disease[62]. In addition, curcumin and green tea polyphenols have been shown to be potent antioxidants and
have anti-inflammatory activity in mice[65-67]. In one study,
35.5% of mice treated with trinitrobenzene (TNBS) died
after developing an ulcerative colitis-like disease; however,
no mice died in a group preventively given a 2% curcumin
solution[66]. In addition, mice given doses of curcumin
after TNBS-induced colitis demonstrated histologic improvement of colonic mucosa[66] (Figure 3).

DIFFERENCES BETWEEN EOSINOPHILIC
COLITIS AND IBD
Eosinophilic gastrointestinal disorder (EGID) is marked
by GI inflammation and intense infiltration of the GI
tract with eosinophils seen in the absence of other identified systemic disorders such as malignancy, collagenvascular disease, IBD, parasitic disease, and medication
induced eosinophilia[68]. In 50%-70% of patients with
EGID, there is a family history of allergic disorders or
a personal history of atopy[48]. Symptoms vary between
children and adults: in children, the common symptoms
are vomiting and abdominal pain, while in adults common
symptoms include food impaction, difficulty swallowing,
chest pain and heartburn[68]. Symptoms mimic both irritable bowel syndrome and IBD. Histologically, EGID can
be distinguished from GERD; more than 15-20 eosinophils per high power field are seen on biopsy in EGID as
opposed to less than 5 in GERD[48,68]. Both elimination
and elemental diets have shown promise in the treatment
of patients with EGID[48,68].
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CONCLUSION
While the immunological underpinnings of both IBD and
allergic disease are complex and multifaceted, the degree
of overlap between the two disorders is striking. Further
studies are warranted to try to help better understand their
complex basis and commonality, and there is much to be
gained by studying treatments that benefit patients with
these illnesses.
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Abstract
Chronic infection with hepatitis C virus (HCV) is a
leading cause of liver-related morbidity and mortality
worldwide and predisposes to liver fibrosis and endstage liver complications. Liver fibrosis is the excessive
accumulation of extracellular matrix proteins, including collagen, and is considered as a wound healing
response to chronic liver injury. Its staging is critical for
the management and prognosis of chronic hepatitis C
(CHC) patients, whose number is expected to rise over
the next decades, posing a major health care challenge. This review provides a brief update on HCV epidemiology, summarizes basic mechanistic concepts of
HCV-dependent liver fibrogenesis, and discusses meth-
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ods for assessment of liver fibrosis that are routinely
used in clinical practice. Liver biopsy was until recently
considered as the gold standard to diagnose and stage
liver fibrosis. However, its invasiveness and drawbacks
led to the development of non-invasive methods, which
include serum biomarkers, transient elastography and
combination algorithms. Clinical studies with CHC patients demonstrated that non-invasive methods are in
most cases accurate for diagnosis and for monitoring
liver disease complications. Moreover, they have a high
prognostic value and are cost-effective. Non-invasive
methods for assessment of liver fibrosis are gradually
being incorporated into new guidelines and are becoming standard of care, which significantly reduces the
need for liver biopsy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: hepatitis C virus; Liver fibrosis; Cirrhosis;
Biopsy; Fibroscan
Core tip: Chronic hepatitis C is a leading cause of liverrelated morbidity and mortality and predisposes to liver
fibrosis, the excessive accumulation of extracellular matrix proteins. The staging of liver fibrosis is critical for
the management and prognosis of patients. This review
provides an update on hepatitis C virus (HCV) epidemiology, summarizes basic mechanisms of HCV-dependent liver fibrogenesis, and discusses common methods
for assessment of liver fibrosis. While liver biopsy was
until recently considered as the gold standard, novel
non-invasive methods, including serum biomarkers,
transient elastography and combination algorithms, are
gradually being incorporated into new guidelines and
are becoming standard of care.
Sebastiani G, Gkouvatsos K, Pantopoulos K. Chronic hepatitis C and liver fibrosis. World J Gastroenterol 2014; 20(32):
11033-11053 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11033.htm DOI: http://dx.doi.
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BURDEN OF CHRONIC HEPATITIS C: THE
SCREENING DILEMMA
Chronic hepatitis C (CHC) is caused by infection with
hepatitis C virus (HCV) and constitutes a major public
health concern, affecting around 200 millions people
worldwide[1]. It is the leading cause of hepatocellular
carcinoma (HCC) and the main indication for liver transplantation in Western countries. Although some data indicated that HCV does not increase all-cause mortality[2],
other studies postulated that CHC could reduce life expectancy by 8 to 12 years[3,4]. Thus, HCV was reported to
cause more than 86000 deaths in Europe in 2002[5]. The
mortality and morbidity attributable to CHC is expected
to increase dramatically over the next 50 years, considering that the rate of new HCV infections dropped significantly only after 1989[6]. Markov model analysis suggested that by 2030, 30% of deaths due to HCV-related
complications would be preventable by increasing 50%
of the patients receiving treatment with interferon/ribavirin therapy[7]. With the development in new anti-HCV
agents, including NS3/4A, NS5A and NS5B inhibitors,
higher success rates for treatment are anticipated, even
for patients with cirrhosis or post transplantation.
The acute infection with HCV frequently does not resolve spontaneously. Approximately 80% of the infected
individuals become chronic carriers and may progress to
severe liver disease. Based on the natural history of CHC
it is estimated that 10%-20% of patients will develop
liver cirrhosis and 1%-5% will develop HCC within 20-30
years[8]. Once liver cirrhosis is established, HCC develops
at a yearly rate of 5%-7%[9]. Importantly, epidemiological studies have shown that most patients are unaware
of their positive HCV antibody status[6]. A report commissioned by the Institute of Medicine of the National
Academies highlighted shortcomings in care for viral
hepatitis, and estimated that up to 75% of patients with
CHC remain undiagnosed[10]. Along these lines, the Centers for Disease Control and Prevention (CDC) estimated
that although persons born during 1945-1965 comprise
approximately 27% of the United States population, they
account for 75% of all HCV infections, 73% of HCVrelated mortality, and are at greater risk of HCC and endstage liver complications.
Given the fact that early diagnosis and treatment can
prevent liver cirrhosis and HCC, it is reckoned that onetime testing of persons born during 1945-1965 (baby
boomers) will prevent more than 120000 deaths in the
United States. Based on these epidemiological data and
on recent advances in treatment of CHC, the CDC is
now recommending a general screening strategy with a
one-time testing without prior ascertainment of HCV risk
for baby boomers[6]. A recent study showed that broader
screening for HCV would likely be cost-effective[11]. Nev-
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ertheless, significant reduction of HCV-related morbidity
and mortality would also require improved rates of referral, treatment and follow-up[11]. Thus, once patients with
CHC are recognized from a broader screening for HCV
infection, they have to be offered appropriate clinical care
and therapy. In this view, the assessment of liver fibrosis
stage is the key event in clinical management of CHC, affecting both disease prognosis and treatment indication[12].

HCV and liver fibrogenesis: basic
concepts
Elucidating the mechanisms underlying liver fibrogenesis is of paramount importance for management and
prevention of end-stage liver disease. Liver fibrosis is
defined by the excessive accumulation of extracellular
matrix (ECM) proteins such as collagen, laminin, elastin,
fibronectin, etc., and is currently considered as a wound
healing response to chronic liver injury[13]. HCV infection directly modulates signaling and metabolic pathways
by viral proteins. Moreover, it indirectly induces host
antiviral immune responses leading to chronic inflammation. Together, these events promote liver fibrogenesis[14].
The hepatic stellate cell (HSC), a vitamin A (retinoid)storing cell residing in the perisinusoidal space of Disse,
is the key fibrogenetic element. Although quiescent in the
absence of inflammatory stimuli, HSCs are activated in
response to liver injury and undergo transformation to
proliferative, contractile myofibroblasts. Activated HSCs
constitute a prevalent source of ECM production[15] and
thereby disrupt the equilibrium between deposition and
dissolution of ECM proteins, which leads to fibrotic
scarring and eventually to liver cirrhosis (Figure 1).
The development of cell culture and animal models
that recapitulate main aspects of HCV infection and
liver injury has been crucial for understanding the pathogenesis of CHC[16,17]. This involves pathways that are
implicated in the initiation and the perpetuation of HSC
activation. Initiation of HSC activation is mediated by
paracrine stimuli from neighboring cells, reactive oxygen
species (ROS), lipopolysaccharide (LPS), or apoptotic
bodies. HSCs maintain their activity in response to fibrogenetic, proliferative, chemotactic and inflammatory
signaling[14].
Direct HCV-dependent liver fibrogenesis by viral
proteins
The HCV contains a positive sense single-stranded RNA
that is translated to a large polyprotein precursor. The
latter undergoes proteolytic cleavage by viral and host
enzymes in order to generate mature structural proteins
(core, E1, E2 and p7) and non-structural proteins (NS2,
NS3, NS4A, NS4B, NS5A and NS5B)[18]. These molecules may target multiple cell types, including hepatocytes,
monocytes, lymphocytes and various secretory cells[19-21],
and thereby modulate cell proliferation, apoptosis, oxidative stress and innate immunity[22].
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Inflammatory cytokines
Neurotrophic factors
Proliferation

Contractility
Mitogens: PDGF, EGF, TGFα,
VEGF etc .

Contraction-stimulating
molecules: ET-1, thrombin,
angiotensin Ⅱ, vasopressin
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Retinoid loss

Chemoattractants:
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Upregulation of collagen
synthesis: TGFb1,
leptin, CTGF/CCN2

HSC chemotaxis

Collagenolytic activity:
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Figure 1 Hepatic stellate cells are retinoid-storing cells that play a key role in liver fibrogenesis. During liver injury, they undergo transformation from a quiescent state to proliferative, contractile myofibroblasts. Activated HSCs are the main source for production of collagen and other ECM proteins. Several molecules
and pathways regulate the equilibrium between deposition and degradation of ECM proteins. HSCs: Hepatic stellate cells; ECM: Extracellular matrix; PDGF: Plateletderived growth factor; EGF: Epidermal growth factor; TGF: Transforming growth factor; VEGF: Vascular endothelial growth factor; CCR5: C-C chemokine receptor 5;
MMP-2: Matrix metalloproteinase 2.

Experimental evidence suggests that the HCV core
protein, as well as non-structural HCV proteins may
directly trigger HSC activation and, thus, the initiation
of fibrogenesis. The core protein preferentially activates pro-mitogenic intracellular pathways within HSCs,
whereas the NS3 and NS5 proteins specifically stimulate
pro-inflammatory pathways via NF-κB and JNK[23]. The
core and NS3 proteins promote increases in intracellular
calcium [Ca2+]i and ROS levels; the effects of the core
protein depend on its binding to the C1q receptor[23]. The
induction of osteopontin by calcium and ROS signaling
contributes to the epithelial to mesenchymal transition of
hepatocytes[24]. The E2 glycoprotein of the HCV envelope is another potential fibrogenetic factor. It promotes
the activation of matrix metalloproteinase 2 (MMP-2)
upon binding to CD81 of HSCs, which results in degradation of normal ECM in areas with high HCV density,
and may lead to infiltration of inflammatory cells[25].
It should also be noted that the core, NS3 and NS5A
proteins induce oxidative stress in hepatocytes and
monocytes via activation of the NADPH oxidase[26-28]
and repression of heme oxygenase 1 (HO-1)[29]. In addition, the core and NS3 proteins activate inflammatory
pathways via Toll-like receptor 2 (TLR2) in monocytes,
which modulate innate immunity[30]. Furthermore, studies
with HCV replicon models demonstrated the induction
of oxidative stress and the activation of transforming
growth factor β1 (TGFβ1) and other pro-fibrotic signals
in response to HCV replication[31,32].
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Indirect HCV-dependent liver fibrogenesis via immune
responses and other pathways
The immune response to HCV infection plays a key role
in the enhancement of hepatic fibrogenesis. Multiple
growth factors, inflammatory cytokines and chemokines may regulate the activation of HSCs and their
transformation to myofibroblasts[33]. In particular, the
immune-promoted induction of the platelet-derived
growth factor (PDGF) and the subsequent mobilization of intracellular calcium elicit mitogenic effects to
HSCs[34,35]. Kupffer cell-derived transforming growth
factor α (TGFα)[36] and bile acid-induced activation of
the epidermal growth factor (EGF) receptor[37] promote
the proliferation of HSCs. Moreover, induction of the
vascular endothelial growth factor (VEGF) contributes
to activation and proliferation of HSCs, as well as to hepatic angiogenesis, rendering this molecule a key element
of the fibrogenic process[38].
Next to the proliferative factors, fibrogenic cytokines
that promote ECM production are positively regulated
in the context of immune responses to HCV infection. TGFβ1 is the most potent pro-fibrotic cytokine,
stimulating collagen production via Smad signaling[39,40].
Moreover, additional molecules such as the connective
tissue growth factor (CTGF/CCN2)[41] and the adipokine
leptin[42] promote liver fibrogenesis via TGFβ1 signaling. The fibrogenic activity of leptin is partly mediated
by TGFβ1 and requires further Kupffer cell-derived
stimuli[43]. Leptin also acts as a suppressor of the peroxi-
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some proliferator-activated receptor γ (PPARγ), an antifibrotic nuclear receptor able to abrogate HSC activation
and conserve its quiescence[44].
Chemokines enhance fibrogenesis through chemotaxis of fibrogenic cells and amplification of the inflammatory response. HSCs produce numerous receptors and
secret several cytokines[45]; their role in the pathophysiology of fibrogenesis is currently a subject of investigation. Recent evidence suggests that the induction of C-C
chemokine ligand 5 (CCL5, also known as RANTES) by
the NF-κB signaling pathway promotes chemotactic and
mitogenic effects to HSCs via its C-C chemokine receptor 5 (CCR5)[46]. Furthermore, platelet-derived chemokine
(C-X-C motif) ligand 9 (CXCL9) exhibits anti-fibrotic
properties that depend on its receptor CXCR3[47], whereas CXCL4 exerts a pro-fibrotic function[48].
Neurochemical and neurotrophic factors may also
enhance the fibrogenetic function of the HSCs. Several
cellular pathways of the neuroendocrine system are activated in response to chronic liver injury. Induction of
opioid signaling by endogenous opioids stimulates proliferation of HSCs and enhances collagen deposition[49].
Along similar lines, the activation of the CB1 receptor by
HSC-derived cannabinoids[50], the enhancement PDGF
signaling in HSCs by serotonin[51] and the activation of
HSCs by thyroid hormones[52] promote fibrogenetic pathways.
The direct interaction of HSCs with immune cells,
through expression of adhesion molecules, results in bidirectional cellular stimulation and amplification of fibrosis.
Tumor necrosis factor α and monocyte chemoattractant
protein 1 (MCP-1), along with other pro-inflammatory
cytokines are secreted by Kupffer cells in response to
NF-κB activation[53]. This results once again in HSCs activation and in secretion of factors that amplify the inflammatory process and perpetuate the macrophage activity,
such as the macrophage colony-stimulating factor[54],
interleukin 6[55], MCP-1[56] and RANTES[46]. In addition,
HSCs express cell adhesion molecules including vascular
cell adhesion molecule 1[57] and intracellular adhesion
molecule 1[58]. These are involved in further recruitment
of inflammatory cells in the site of injury, which enhances the fibrogenetic process. Other cell types implicated
in fibrosis progression include lymphocytes[59], macrophages[60] and endothelial cells[61]. Macrophages promote
the survival of activated HSCs via NF-κB-dependent
pathways[62]. By contrast, natural killer cells and T cells
from HCV-infected patients promote apoptosis of HSCs
and thereby exert anti-fibrotic function[63].
Last but not least, oxidative stress is a key component
of hepatic fibrosis[64]. Apoptotic parenchymal cells are
being phagocytosed by activated HSCs resulting in activation of the NADPH oxidase[65]. The latter mediates the
generation of ROS, which are capable of both initiating
and perpetuating fibrosis via activation of HSCs, hepatocytes, Kupffer cells and inflammatory cells [66]. This
process is further enhanced in the presence of polyunsaturated fatty acids, ethanol and iron. Furthermore, the
DNA of apoptotic hepatocytes may interact with HSCs’
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TLR9 and thus enhance the collagen production and deposition[67].
Mild to moderate hepatic iron overload is a common
manifestation of CHC patients. This is largely attributed
to misregulation of the iron regulatory hormone hepcidin[68,69], which is transcriptionally inhibited by HCVinduced oxidative stress[70]. Even though iron antagonizes
HCV replication by inactivating the viral polymerase
NS5B[71,72], hepatic iron accumulation[73], elevated serum
ferritin[74] or reduced serum hepcidin levels[75] are associated with progression of liver disease. The hemochromatosis protein HFE, an atypical major histocompatibility
complex class Ⅰ molecule, may also contribute to liver
fibrogenesis as an upstream regulator of hepcidin and/or
as possible immunological factor[76,77].

IMPACT OF LIVER FIBROSIS ON
PROGNOSIS, MANAGEMENT AND
SCREENING STRATEGIES
The accumulation of liver fibrosis is a significant incident
with major consequences on the pathology development of CHC[78]. It indicates the onset of progressive
disease, which may eventually lead to cirrhosis and endstage liver complications[79]. Patients with absent or mild
fibrosis at diagnosis have a relatively low risk (25%-30%)
of developing cirrhosis over the next 20 years. Portal and
septal fibrosis both cause cirrhosis, albeit with different
progression rates (18-20 years for patients with portal
fibrosis and 8-10 years for patients with septal fibrosis,
respectively)[80]. Thus, the stage of liver fibrosis is critical
for clinical management, especially in light of the new
screening wave of HCV-infected patients[6].
The clinical management of CHC patients depends
on two different stages of liver fibrosis[81]: (1) considerable fibrosis, histologically classified as septal fibrosis
(stage F3 by METAVIR), represents a definitive indication to schedule, not defer, antiviral treatment; and (2)
cirrhosis (stage F4 by METAVIR) necessitates specific
and regular follow-up which should include screening
for HCC and esophageal varices. Apart for indication to
antiviral treatment, a more advanced liver fibrosis stage
should require interventions to control known negative
cofactors for disease progression (Table 1). These include
life style modifications (diet, weight loss, regular physical
exercise), alcohol and drug abstinence, referral to specialists (hepatologist, metabolic clinics, dietician, psychologist), specific medications (statins, insulin-sensitizing
agents). Thus, the new screening strategies, which are
opening to a large group of persons, the baby boomers,
should be associated with diagnostic and therapeutic interventions to all newly identified patients.

Liver biopsy: all that glitters is
not gold
For many years the assessment for liver fibrosis has been
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Table 1 Factors contributing to fibrosis progression in
chronic hepatitis C
Non-modifiable
Duration of HCV infection
Older age at infection
Male sex
Presence of baseline fibrosis
HIV or HBV co-infection
Infection with HCV genotype 3
Gene polymorphisms involved in iron
overload/inflammatory pathways
Latin ethnicity

Modifiable
High alcohol consumption
(≥ 20-50 g/d)
Insulin resistance
Obesity
Metabolic syndrome
Daily cannabis use

HCV: Hepatitis C virus; HIV: Human immunodeficiency virus; HBV:
Hepatitis B virus.

through liver biopsy, which has been considered the gold
standard gauge for the direct histological evaluation of
the severity of liver disease.
Role of the pathologists in liver biopsy: Errors in
samples and reading variability
The representativeness of liver samples obtained through
a liver biopsy and the pathologist’s experience remain the
major determinants of diagnostic accuracy. Inadequate
liver biopsy sample can lead to underestimation of liver
fibrosis stage[82]. Samples taken from both lobes of the
liver in a cohort of CHC patients highlighted in 33.1%
of them a difference in the fibrosis stage by at least one
grade, and in 14.5% of them underdiagnosis of fibrosis[83]. On single blind percutaneous liver biopsies, cirrhosis was missed in 10%-30% of samples[84-86]. Since liver
biopsy involves only a very small part of the whole organ
(approximately 1/50000), the diagnosis of fibrosis can be
missed, especially in cases where the lesions are not uniformly distributed through the parenchyma.
Misclassification of the stage of liver fibrosis can be
reduced by obtaining a specimen of adequate size and
quality. It has been suggested by some authors that an
adequate sample of the liver should be at least 15 mm
in length and ought to contain more than 5 portals[87-89].
By critically evaluating published literature, Guido et al[90]
concluded that unacceptable methodological limits often
flaw liver biopsy results; moreover they proposed sample
sizes of 20 mm or more containing at very least 11 complete portal tracts for reliable staging. Analyzing even
larger size samples going up to 25 mm in length has been
suggested by other authors[91,92]. According to the American Association for the Study of Liver Diseases (AASLD),
a liver biopsy sample should contain at least 11 complete
portal tracts and be no less than 20 mm in length, while
liver fibrosis should be scored by a simple (METAVIR)
rather than complex (Ishak) system[93].
There is also a significant degree of inter-/intraobserver variability in the pathologic assessment of liver
biopsy samples. The practical knowledge and experience
of pathologists demonstrated by a longer medical career,
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or affiliation within an academic realm, could have a
greater influence on the interpretation of the diagnosis,
more than the sample size[94]. A pathologist with specific
expertise in liver disease should interpret the biopsy, preferably in coordination with the clinician who performed
the procedure and is caring for the patient. In the absence
of this interaction, diagnostic errors by non-specialist
pathologists have been reported in more than 25% of
patients[95,96]. If liberal use of second opinions from specialist liver pathologists has been recommended, this may
result in increased costs and waiting time.
Recent studies have implied that liver biopsy should
not be considered as the gold standard, but rather as
the best point of reference for staging liver disease[97,98].
Surrogates in general are evaluated by utilizing the area
under the curve (AUC), with liver biopsy as the reference.
Mehta and coworkers argued that the ideal surrogate will
at no time attain the maximal value (1)[97]. By taking into
consideration a spectrum of accuracies of the biopsy
plus a spectrum of prevalence of substantial fibrosis,
they demonstrated that even under optimal conditions
and with a perfect marker, it is not possible to achieve an
AUC ≥ 0.90 when assessing substantial fibrosis[97,98].
Invasiveness and cost of liver biopsy from the clinician’s
perspective
There are definitely advantages in performing liver biopsy
since it gives important and direct information relating to
fibrosis, necroinflammatory activity, steatosis stage and
also hepatic iron deposits, which are recurring histological appearances of CHC and potential comorbidities.
However, there are also possible drawbacks for the clinician, such as the invasiveness of the procedure and the
cost (Table 2). The most frequent complication (84%) for
patients undergoing liver biopsy is pain. Bleeding occurs
in 0.01%-0.04% of cases, whereas death is very rarely associated with the procedure (≤ 0.01%). Clinical studies
have provided evidence that the rate of complications in
percutaneous liver biopsy inversely correlates with the experience of the operator[99,100], but opposite data have also
been reported[101].
There is some ongoing debate amongst physicians
about liver biopsy and its role in the assessment of fibrosis. A survey with 1177 general practitioners in France
showed that up to 59% of patients with CHC refused
the procedure due to its invasive nature, and some 22%
of the physicians had similar considerations[102]. Liver
biopsy was not performed by 29% from 112 American
physicians due to following concerns: safety (72.7%), low
reimbursement (66.7%), logistical issues (45.4%)[103].
A recent Canadian nationwide survey on patterns of
diagnosing liver fibrosis showed that for almost half of
the physicians, liver biopsy was the main diagnostic approach. Limitations in access/availability of non-invasive
tools and lack of reimbursement represented a significant barrier[104]. A similar survey was earlier performed
in France, the country where non-invasive diagnostic
methods of liver fibrosis were first marketed, and ap-
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Table 2 Comparison of the main characteristics of liver biopsy, serum biomarkers and transient elastography

Advantages

Limitations

Liver biopsy

Serum biomarkers

Transient elastography

Direct assessment of liver fibrosis
Stage by stage fibrosis classification
Evaluation of coexisting disorders
(inflammation, steatosis, iron overload)
Complications (pain, bleeding)

Immediate result
Fast (one time blood sample)
Patient friendly

Immediate result
Duration of examination 5 min
Operator and patient friendly

Cost
(unitary cost per patient for patented tests)
High rates of unclassified patients
(APRI, Fib-4, Forns’ index, Lok index)

Cost (one time per machine)

Sampling error, intra-observer and interobserver variability
Hospitalization (day hospital) often
required
Cost
Delayed result (2-4 wk)
Contraindications

Risk factors for
error

Lower performance for diagnosis of
significant fibrosis
Unable to discriminate between
intermediate stages of fibrosis
None

Failure in 5% of cases
(25% in obese patients)
Unreliable results in 15% of cases (obesity,
ascites, limited operator experience)
Lower performance for diagnosis of
significant fibrosis
Unable to discriminate between
intermediate stages of fibrosis
Pacemaker, pregnancy

Absolute: uncooperative patient, severe
coagulopathy, extrahepatic biliary
obstruction
Relative: ascites, morbid obesity, possible
vascular lesions, amyloidosis
Biopsy sample < 2 cm in length, containing Autoimmune thrombocytopenia (APRI); Transaminases flares; acute viral hepatitis;
< 10 complete portal tracts; inexperienced Gilbert’s sydrome, extrahepatic cholestasis,
non-fasting patient; vascular hepatic
pathologist
hemolytic anemia (Fibrotest)
congestion; extrahepatic cholestasis; IQR
≥ 30%

APRI: Aspartate aminotransferase to platelet ratio index; IQR: Interquartile range.

Table 3 Role of liver biopsy and non-invasive tools across the international guidelines
Ref.
APASL[109], 2007
AASLD[190], 2009
EASL[81], 2014
CASL[111], 2012

Threshold for definitive
indication to antiviral therapy

Recommended methods for liver fibrosis staging

Can non-invasive methods replace liver
biopsy?

F1
F2
F2
None

Liver biopsy
Liver biopsy, serum biomarkers, transient elastography
Liver biopsy, serum biomarkers, transient elastography
Liver biopsy, serum biomarkers, transient elastography

No
No
Yes
Yes

propriate reimbursement policies are being implemented
since 2007. Interestingly, only 4% of physicians that
responded, routinely requested liver biopsy[105]. A survey
among Italian hepatologists uncovered discrepancies between them on how and when to perform liver biopsy in
CHC patients[106].
Cost is a major issue for implementation of liver biopsy in clinical practice, especially in light of the recent
broader screening strategies for hepatitis C. In the United
States the cost is currently $1032 and can increase up to
$2745 if complications occur during and after the procedure[107]. In Canada, the mean cost of a complicated liver
biopsy requiring hospitalization is $4579[108].
Liver biopsy and non-invasive tools for assessment of
liver fibrosis across guidelines
Given the drawbacks of liver biopsy, non-invasive tools
for assessment of liver fibrosis have attracted the attention of hepatologists. Table 3 compares guidelines in
terms of recommendations for liver biopsy and/or noninvasive tools for the staging of liver fibrosis in HCV-infected patients. Overall, in spite of a previous consensus
that a stage of liver fibrosis of at least F2 represents a de-
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finitive indication for antiviral therapy, recent guidelines
recommend that there should be no threshold precluding
patients from antiviral treatment. The Asian Pacific Association for the Study of the Liver (APASL), recommends treatment for patients with a histological score
of F1 or above[109]. HCV patients with viral genotypes
1-3 can be treated regardless of the stage of the disease.
It is not compulsory for patients infected with HCV
genotypes 2 or 3 to have a liver biopsy in order to start
therapy. However, obtaining a liver biopsy before starting
therapy could offer prognostic information. At the time
the APASL guidelines were issued, non-invasive methods
were not recommended.
AASLD guidelines state that in CHC, liver biopsy
should be considered if the patient and the health care
provider wish to know the fibrosis stage to enable an informed decision on treatment options and/or to predict
possible outcomes. A liver biopsy may be unnecessary
in persons infected with HCV genotypes 2 and 3, since
more than 80% of them achieve a sustained virological
response (SVR). There is, nevertheless, an ongoing argument on whether CHC patients with HCV genotype
1 warrant a biopsy because of their lower SVR rates.
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Likewise, the need for liver biopsy in CHC patients with
less common HCV genotypes (4-6) is unclear. At present there are accessible non-invasive tools, which might
be useful in determining the absence or presence of advanced fibrosis; however they should not take the place
of liver biopsy in routine clinical care practices.
More up-to-date guidelines on management of specific chronic liver diseases, give a different perspective. Thus,
according to the European Association for the Study of
the Liver (EASL), although liver biopsy is still the gold
standard of reference in CHC, non-invasive methods may
also be used instead[110]. Similarly, the guidelines of the
Canadian Association for the Study of the Liver (CASL)
state that acceptable methods to stage liver fibrosis include liver biopsy, Fibroscan® and serum biomarkers[111].
Moreover, the CASL guidelines state clearly that if F2 is a
threshold for definitive candidacy to antiviral therapy, no
threshold of fibrosis should preclude a patient with CHC
from treatment. Overall, the diagnostic value of liver biopsy and non-invasive methods for assessment of liver
fibrosis has progressively evolved across the guidelines.
In the most recent ones, a clear cut-off for indication to
antiviral therapy is no longer recommended. Moreover,
we witnessed an evolution in the strength of recommendation of liver biopsy vs non-invasive fibrosis assessment
tools, with the recent guidelines being indifferent.

onstrate a good diagnostic accuracy. Specifically, an expensive and patented tool should demonstrate a clear advantage in terms of diagnostic accuracy when compared
to simple and economic ones. Second, there should be
a sufficient number of validation studies from independent researchers. Third, specific etiology-validation of
the non-invasive methods should be provided considering that each etiology of chronic liver disease presents
with specific pathogenesis, natural history and associated
comorbidities. For example, when considering CHC and
chronic hepatitis B (CHB), the former has specific associated comorbidities, such as steatosis and diabetes, the
latter is characterized by a more vigorous necroinflammation[112]. Thus, a non-invasive tool developed in the setting
of CHB should be specifically validated in CHC patients.
Fourth, a careful evaluation of the risk factors for error
and failure of a non-invasive tool should be carried out
for adequate interpretation in clinical practice. Fifth, serum biomarkers should be specifically validated in special
HCV-infected populations, such as patients co-infected
with human immunodeficiency virus. Finally, when dealing with serum biomarkers, particularly the patented
ones, analytic conditions, such as standardization of reagents and analyzers according to manufacturer’s recommendations, should be taken into account. An overview
of the non-invasive diagnostic tools for liver fibrosis and
their main validation features is shown in Table 4.

Non-invasive assessment of liver
fibrosis: epidemiological and
clinical rationale

Serum biomarkers for assessment
of liver fibrosis

The CDC guidelines recommend a onetime screening
test for HCV infection in baby boomers, meaning that a
new wave of identified chronic carriers will soon present
in the panorama of HCV epidemiology. Once these new
patients are identified, appropriate management should
be offered. Liver fibrosis staging is the single most important factor impacting on the natural history of CHC.
It is critical for prognosis and expedited initiation of
treatment. However, it is impractical and immensely
expensive to stage fibrosis through liver biopsy in all
affected persons. Nowadays, this procedure should be
thought of as a diagnostic funnel for large-scale screening of liver fibrosis in HCV infection. Consequently,
non-invasive tools are absolutely necessary in order to
restrict biopsies. In general, non-invasive methods can
be divided into two main classes: the serum biomarkers,
based on a biological approach; and methods based on
a physical approach, including transient elastography,
acoustic radiation force impulse imaging, magnetic resonance elastography. Any non-invasive method should
ideally fulfill certain characteristics: it should be simple,
accessible, easy interpretable, highly accurate, liver-specific, and satisfactorily validated.
The concept of validation is critical and encompasses
a number of features that the ideal serum biomarker
should fulfill. First, a non-invasive method should dem-

Direct biomarkers of liver fibrosis
The most common direct markers investigated for liver
fibrosis in CHC include laminin, hyaluronan, procollagen
Ⅲ, collagen type Ⅳ, YKL-40, MMPs and their inhibitors (Tables 4 and 5). Hyaluronan is a glycosaminoglycan
synthesized by HSCs and degraded in the liver sinusoidal
cells[113]. In a study of 326 CHC patients, the AUC for significant fibrosis and cirrhosis were 0.86 and 0.92, respectively, and the cut off level was 110 μg/L[113]. Nevertheless, a different cohort study involving over 400 patients
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There are direct and indirect serum biomarkers for assessment of liver fibrosis. The former are fragments of
compounds of the liver matrix; for instance, hyaluronan,
collagen synthesis or degradation products, and regulators
of fibrogenetic mechanisms. The latter are biochemical
parameters that can be calculated from routine peripheral
blood tests. Calculations use liver-derived molecules, such
as clotting factors, bilirubin, cholesterol, albumin and
transaminases. Direct biomarkers mirror the metabolism
of liver ECM and can be potentially utilized to assess the
dynamics of liver fibrogenesis. However, they may not
be routinely provided in every hospital setting, limiting
their clinical use. Indirect biomarkers correlate with liver
fibrosis stage. Tables 4 and 5 provide an overview of the
performance of the most proven biomarkers in CHC.
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Table 4 Main validation features among the non-invasive methods for liver fibrosis diagnosis
Ref.

Parameters

AAR[138]
APRI[142]
ELF[131]
Fib-4[145]
Fibrometer®[122]
Fibroscan®[167]
Fibrospect®[132]
Fibrotest-Fibrosure®[132]

Forns’ index[144]
Hepascore[129]
Hyaluronan
Lok index[191]

Independent
EtiologyCharacterization of Validation in special
validation studies validation studies risk factors for error HCV populations

AST, ALT
AST, platelets
Age, TIMP-1, hyaluronan, procollagen type
Ⅲ
Age, ALT, AST, platelets
Platelets, prothrombin index, AST,
α2-macroglobulin, hyaluronan, urea, age
Liver stiffness measurement
Hyaluronan, TIMP-1, α2-macroglobulin
γGT, total bilirubin, haptoglobin,
α2-macroglobulin, apolipo-protein A1, age,
gender
Age, γGT, cholesterol, platelets
Age, gender, bilirubin, γGT, hyaluronan,
α2-macroglobulin
Hyaluronic acid
AST, ALT, platelets

+
+
+/-

+
+
+

+
+
+

+
+
-

+
+/-

+
+

+
+

+
+

+
+/+

+
+

+
+

+
+

+
+/-

+
+

+
-

+
+

+
-

+
-

+
+

+
-

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AAR: AST-to-ALT ratio; APRI: AST-to-platelet ratio index; AP: Age-to-platelet ratio;
HCV: Hepatitis C virus; TIMP-1: Tissue inhibitors of metalloproteinases-1.

Table 5 Diagnostic performance of serum biomarkers in chronic hepatitis C
Index

≥ F2/F4

Hyaluronan[113-115,119,128]
Fibrometer[122,124]
FibroSpect[122,126-128]
Hepascore[124,129,130]
ELF score[122,131]
AAR[137,192]
APRI[122,124,133,137,142,192-194]
Lok Index[137,191]
Forns’ Index[122,124,133,144,192,193]
Fib-4[145]
Fibrotest[122,124,132,133,135]

AUC

Sensitivity (%)

Specificity (%)

0.73-0.86/
0.89-0.92
0.85-0.89/
0.91
0.82-0.87/
NA
0.79-0.85/
0.85-0.94
0.80/
NA
NA/
0.51-0.83
0.69-0.88/
0.61-0.94
NA/
0.78-0.81
0.60-0.86/
NA
0.82-0.89/
0.79-0.91
0.74-0.87/
0.71-0.87

64.5-75/
79.2-100
80.5-89/
94.1
71.8-93.0/
NA
53.08-82/
71.0-76.5
90/
NA
NA/
46.7-78.0
41-91/
57-89
NA/
37-92
79.8-94/
NA
37.6-74.3/
NA
65-77/
50-87

81.0-91.2/
80.0-89.4
84.1-89.9/
87.6
66.0-73.9/
NA
65.0-92.0/
84.0-89.8
31/
NA
NA/
95.9-100
47-95/
75-93
NA/
30-94
61.2-95.0/
NA
80.1-98.2/
NA
72-91/
70-92.9

PPV (%)
44.0-86.3/
63.0-100
82.0-86.3/
68
60.9-82.6/
NA
70-88/
64.9
27.5/
NA
NA/
73.7-100
61-88/
38-57
NA/
32-75
66-94.7/
NA
82.1/
NA
76-80/
57.9-93

NPV (%)
78.5-93/
99.0-100
77.6-82.5/
94.7
77.7-94/
NA
63.5-78/
89.6-98
92/
NA
NA/
80.7-89
64-86/
93-98
NA/
84-91
63.8-96/
NA
94.7/
NA
66.7-81/
44-90.5

LR+
3.94-7.32/
5.00-7.47
5.56-7.97/
7.46
2.73-2.75/
NA
2.34-6.62/
4.78-6.96
1.30/
NA
NA/
19.02
1.71-8.20/
3.56-8.14
NA/
1.31-6.16
2.42-15.96/
NA
3.73-20.77/
NA
2.75-7.22/
2.9-7.04

LR0.30-0.38/
0.00-0.23
0.13-0.21/
0.06
0.10-0.24/
NA
0.27-0.51/
0.27-0.32
0.32/
NA
NA/
0.22-0.43
0.19-0.62/
0.10-0.46
NA/
0.26-0.67
0.09-0.21/
NA
0.32-0.63/
NA
0.31-0.38/
0.17-0.53

AUC: Area under the curve; NA: Not available; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; AAR: AST-to-ALT ratio; APRI: AST-toplatelet ratio index.

reported an AUC of only 0.73 for significant fibrosis[114];
cirrhosis was excluded with 100% negative predictive
value (NPV), a cut-off of 50 μg/L and an AUC of 0.97.
In yet another study with 486 patients, hyaluronan values
of < 60 μg/L were used to exclude cirrhosis with a NPV
of 99%[115]. Type Ⅳ collagen showed an AUC of 0.83 for
the diagnosis of significant fibrosis[116]. Comparison of
the diagnostic performance of hyaluronan and type Ⅳ
collagen revealed superiority of the former as a marker in
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CHC[117].
Laminin is a non-collagenous glycoprotein synthesized by HSCs and deposited in the liver basement membrane. The diagnostic value of laminin is not as high as
those of hyaluronan and type Ⅳ collagen[118]. Thus, a
study involving 243 chronic liver disease patients reported
a 77% accuracy for laminin for detecting significant liver
fibrosis among a CHC subgroup[119]. MMP-2 and tissue
inhibitors of MMP-1 and -2 (TIMP-1 and -2) have also
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demonstrated some diagnostic potential to detect liver
fibrosis in CHC[120].
YKL-40 is a glycoprotein that is member of the chitinase family. It is strongly expressed in human cartilage
and liver, and it is involved in the fibrogenetic process. In
109 CHC patients, it showed a discrete performance for
significant liver fibrosis AUC 0.81, specificity of 81% and
sensitivity of 78%. However, its accuracy for the prediction of liver cirrhosis was lower, with the AUC at 0.795
A possible diagnostic value of procollagen Ⅲ assessment
has also been evaluated; however, it was found to be inferior compared to type Ⅳ collagen and hyaluronan[113,121].
Direct markers have also been proposed as combination panels for increasing the diagnostic performance
of the single parameter. Fibrometer® is a patented test
combining age, platelets, hyaluronan, AST, prothrombin
index, urea and α2-macroglobulin. In CHC patients,
AUC values were reported to be between 0.85-0.89 for
significant liver fibrosis and 0.91 for liver cirrhosis[122-124].
Fibrospect® is a combination of hyaluronan, TIMP-1
and α2-macroglobulin that showed an AUC of 0.82-0.87
for significant fibrosis[125-127]. A comparative study investigated the diagnostic performance of Fibrospect®,
hyaluronan and YK-40 for significant fibrosis in CHC[128].
Interestingly, the recorded Fibrospect® AUC was 0.66,
while that of hyaluronan was 0.76. Hepascore® is another patented test, combining age, gender, hyaluronan,
bilirubin, γGT, and α2-marcoglobulin. In CHC patients,
AUC values of Hepascore® were 0.79-0.85 for diagnosis
of significant fibrosis, and 0.89-0.94 for diagnosis of cirrhosis, which indicates an excellent performance[124,129,130].
The panel of direct non-invasive markers proposed by
the European liver fibrosis study group includes, hyaluronan, TIMP-1, type Ⅲ collagen and age. In a cohort study
involving more than one thousand patients with chronic
liver disease, the panel detected significant liver fibrosis
with an AUC of 0.77 in the CHC subgroup[131].
Among the patented panels combining parameters
for diagnosis of liver fibrosis, Fibrotest-Fibrosure® is the
most validated. The parameters included in its formula
are γGT, total bilirubin, haptoglobin, α2-macroglobulin,
apolipoprotein A1, age and gender[132]. Risk factors for error of this test include elevation of bilirubin levels unrelated to fibrosis (for example due to cholestatic or Gilbert
syndromes), reduction of haptoglobin related to hemolysis, elevation of haptoglobin and α2-macroglobulin due
to non-hepatic inflammation. The number of patients
that have been included in independent studies is more
than 5000. The AUC values range between 0.74-0.87 for
significant fibrosis and 0.71-0.87 for cirrhosis[89,132-134]. A
systematic review including 9 studies for a total number
of 1679 CHC patients concluded that Fibrotest-Fibrosure® is excellent for its diagnostic accuracy in cirrhosis
but not in early stages of fibrosis[135].
Indirect biomarkers of liver fibrosis
Non-invasive indirect biomarkers for liver fibrosis comprise serum parameters and their combination panels,
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such as platelets, transaminases, and albumin. Platelet
count showed a discrete performance in ruling-out cirrhosis with a cut-off value of 150 × 109/L, with 84%
to 95% NPV[119,136,137]. The prothrombin index, based on
prothrombin time, showed a NPV ranging from 82% to
91% to rule-out cirrhosis[119,137]. However, these simple
and inexpensive markers do not provide a classification
of significant liver fibrosis.
One of the most adopted indirect biomarkers is the
AST to ALT ratio (AAR), which is widely used for the
staging of liver fibrosis in CHC patients. The normal
value is < 0.8. An increase of AAR reflects a progressive liver functional impairment, while a ratio ≥ 1 is
indicative of cirrhosis[138]. AAR distinguished cirrhotic
patients from non-cirrhotic with 60%-83.6% accuracy,
31.5%-81.3% and 53%-100% specificity[138-141]. Its performance has been variable in difference studies, and
the AUC ranged between 0.51-0.83. This test is easy to
perform in the daily clinical setting and it comes with no
cost; however, a major limitation is that it cannot diagnose significant fibrosis, while values may be affected in
case of alcohol consumption[119].
The AST to platelet ratio index (APRI) is another
simple score proposed for the classification of both significant fibrosis and cirrhosis. The APRI is calculated by
using AST and platelet count, which makes it easily accessible to the clinician at virtually no cost[142]. It is a useful
tool to manifest or exclude significant liver fibrosis (cutoff 0.5-1.5) and liver cirrhosis (cut-off 1-2). However,
in a substantial number of patients (30%-50%) APRI
values are within an intermediate area and thus classification is unreliable. Nonetheless, to date APRI remains one
of the most validated non-invasive biomarkers for liver
fibrosis, and among the most referenced by guidelines[89].
In the initial study, APRI demonstrated a high precision
for the prediction of significant fibrosis (AUC 0.88) and
cirrhosis (AUC 0.94)[142]. Subsequent studies nevertheless
indicated an irregular performance with AUC for significant fibrosis ranging between 0.69-0.88 and for cirrhosis
between 0.61-0.94[89,133]. This variability could be partially
explained by different cut-off values chosen in each study
and by population heterogeneity. A recent meta-analysis
of 40 studies, which included 8739 patients with CHC,
concluded that APRI can be used in clinical practice
for the confirmation of severe fibrosis/cirrhosis when
other clinical signs and examination are non-decisive[143].
Moreover, since it is cheap and simple, it should be considered a reference test against which other non-invasive
methods should illustrate improved precision and costeffectiveness. Moreover, APRI is still the first choice for
CHC patients to identify fibrosis in regions with limited
healthcare resources.
The Lok index is a modification of APRI that combines platelet count, INR and AAR102. Cut-off values
of 0.2 or 0.5 are used to rule-out or rule-in cirrhosis,
respectively. Nevertheless, the Lok index is unreliable in
detecting significant fibrosis. To this end, Forns et al[144]
developed a simple panel based on clinical variables rou-
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Table 6 Cut-off values, performance and number of patients per study of Fibroscan®
Ref.

Cut-off for ≥ F2 (kPa)

Cut-off for F4 (kPa)

AUC for ≥ F2

AUC for F4

Number of patients included

7.6
7.1
8.7
6.8
7.8
8.9
5.2

14.4
12.5
14.5
17.6
14.8
10.1
12.9

0.88
0.83
0.79
0.79
0.91
0.89
0.75

0.99
0.95
0.97
0.91
0.98
0.97
0.90

106
183
327
935
150
187
913

Sandrin et al[147], 2003
Castéra et al[167], 2005
Ziol et al[195], 2005
Kettaneh et al[196], 2007
Arena et al[197], 2008
Cross et al[198], 2010
Degos et al[199], 2010
AUC: Area under the curve.

tinely recorded: age, γGT, platelet count and cholesterol
levels. The Forns’ index utilizes cut-off values of 4.2 or
6.9 to rule-out or rule-in significant fibrosis, respectively,
while intermediate values cannot be classified. A study
involving 476 CHC patients revealed a high diagnostic
performance of the Forns’ index for the detection of significant fibrosis, with an AUC of 0.81-0.86[144]. Remarkably, the low cut-off value of 4.2 had a NPV of 96% in
excluding significant liver fibrosis. Conversely, the high
cut-off value of 6.9 had a positive predictive value of
only 66% in manifesting significant fibrosis. Further studies uncovered a slightly decreased performance of Forns’
index, with AUC 0.76-0.79[124,133]. The major limitation of
the Forns’ index is that it does not offer conclusive information regarding cirrhosis, while it leaves a high number
of cases unclassified.
Fib-4 is another index combining simple biomarkers
and is based on age, platelet count, AST, and ALT[145].
Fib-4 uses cut-off values of 1.45 or 3.25 to rule-out or
rule-in significant fibrosis, respectively. In a study involving 529 CHC patients, Fib-4 enabled the correct identification of cases with severe fibrosis and cirrhosis, with
AUC 0.85[145]. Similar conclusions were reached by other
studies[146]. Nonetheless, overall Fib-4 does not offer sufficient clues about cirrhosis and consistently leaves several cases unclassified. On the other hand, it is simple and
cheap, and has been validated in a number of studies.

NON-INVASIVE ASSESSMENT OF
LIVER FIBROSIS BY TRANSIENT
ELASTOGRAPHY
The measurement of liver stiffness by transient elastography offers an accredited non-invasive method for the
assessment of liver fibrosis[147]. It is performed by using
Fibroscan® (Echosens, Paris), a device composed of an
ultrasound transducer probe that is mounted on the axis
of a vibrator. The transducer transmits vibrations of mild
amplitude and low frequency. This generates an elastic
shear wave, which disseminates through the underlying
tissue. Dissemination of the shear wave is monitored by
pulse-echo ultrasound acquisition. Its velocity directly
correlates to tissue: the faster the shear wave disseminates the stiffer the tissue. Liver stiffness is measured by
Fibroscan® in a volume that is approximately a cylinder
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1 cm wide and 4 cm long, between 2.5 and 6.5 cm below
the skin. This volume is substantially bigger (at least 100
times) than a typical biopsy sample.
The Fibroscan® examination is painless, fast (performed in less than 5 min), and easy to use. It is performed on a patient who is lying flat on his/her back,
with the right arm tucked behind the head. The probe
transducer is placed on the patient’s skin, in-between the
rib bones at the same level as the right lobe of the liver
that would be used to obtain a biopsy sample. The operator needs to acquire 10 valid measurements and then the
Fibroscan® software calculates the median value. Success
of each measurement is determined by the software itself. Liver stiffness ranges between 2.5-75 kPa. Fibroscan
® cut-off values between 5.2-8.9 kPa are consistent with
significant fibrosis, while values between 10.1-17.6 kPa
indicate cirrhosis[79,148]. Main features on Fibroscan® studies in CHC patients are summarized in Table 6.
Overall, the accuracy of transient elastography is
comparable to that of patented serum biomarkers that
are used for assessment of significant liver fibrosis, with
AUC < 0.80. However, transient elastography shows excellent performance for the diagnosis of cirrhosis since
the AUC was ≥ 0.90 in all reported studies[79]. Meta-analysis data indicate that the Fibroscan® examination alone
does not provide sufficient information to diagnose significant liver fibrosis. Instead, Fibroscan® may be used together with an algorithm combining non-invasive serum
biomarkers[149]. On the other hand, the meta-analysis validated the excellent accuracy of transient elastography in
the diagnosis of liver cirrhosis when other examinations
and clinical signs are inconclusive. It should be noted that
the French Haute Autorité de Santé recommends the utilization of either Fibroscan®, Fibrotest® or Fibrometer®
for first line assessment of liver fibrosis in CHC patients.
Applicability of Fibroscan® in clinical practice
Even though the Fibroscan® examination per se is straight
forward, the interpretation of the result must be done by
an expert clinician, knowledgeable on the clinical background of the individual patient and on the conditions
that can influence liver stiffness measurement. Factors
that influence the applicability of Fibroscan® in clinical
practice can be divided into three categories: (1) risk factors of failure; (2) risk factors of low quality; and (3) risk
factors of false positivity.
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Risk factors of failure of liver stiffness measurement
include obesity, narrow intercostal space and ascites[79].
Failure rates range between 2.4%-9.4%[150,151]. Obesity is a
major factor for failure, given its frequency in the general
population. A study of 2114 examinations showed that a
body mass index (BMI) ≥ 28 kg/m2 was the only factor
independently associated with failure[152]. On the same
line, Wong and colleagues found a failure rate of 2.6%
if BMI was < 30 kg/m2 and 25.5% if BMI was ≥ 30
kg/m2[153]. To overcome the high failure rates occurring in
obese patients with the Fibroscan® standard probe (M), a
new FibroScan® probe (the “XL” probe) has been developed. This utilizes a hypersensitive ultrasonic transducer
with a lower frequency, larger vibration amplitude, deeper
focal length and higher depth of measurement. Reliable
results with the XL probe were obtained in 61% of obese
patients in whom the M probe failed[154].
According to the manufacturer, the risk factors of
poor quality of a Fibroscan® examination include an
interquartile range (IQR) exceeding 30% of the median value, which reflects the variability of the validated
measures, and a success rate less than 60%, that is the
percentage of valid measurement. Interestingly, a study
investigating 254 CHC patients showed that while IQR
is indeed a factor of overestimation of liver fibrosis, success rate is not a factor significantly influencing the accuracy of Fibroscan®[151].
A number of conditions can lead to false positivity of
Fibroscan® examination. Acute viral hepatitis increases
liver stiffness[155,156]. Thus, the necroinflammatory status
needs to be taken into consideration, particularly in patients with absent or low-stage liver fibrosis. In relevant
studies[155,156], ALT levels correlated with Fibroscan® values. Conversely, another study showed that low AST is a
variable associated with discordance between Fibroscan®
measurement and liver biopsy for diagnosis of significant
fibrosis[157]. The authors concluded that Fibroscan® is
influenced by major variations in biochemical activity of
liver disease in CHC and that liver stiffness, at low levels
of AST, can underestimate fibrosis. For this reason, adjustments for age and AST of the Fibroscan® result may
significantly improve accuracy.
In patients with extra-hepatic cholestasis, liver stiffness significantly correlates with bilirubin levels and
leads to false positivity of Fibroscan® measurement[158].
Fibroscan® value was significantly reduced following
successful bilirubin drainage. Likewise, vascular hepatic
congestion can erroneously increase Fibroscan® values.
This effect is entirely reversible upon correction of cardiovascular dysfunction[150]. Fasting is also important to
avoid overestimation of Fibroscan® measurement. A
study by Arena et al[159] showed the confounding effect of
a meal on the accuracy of liver stiffness in CHC patients.
The authors proposed a fasting period of 120 min before
performing the examination. On the same line, Berzigotti
et al[160] demonstrated that post-prandial hyperemia is accompanied by a marked increase in liver stiffness in patients with liver cirrhosis.
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Transient elastography by using Fibroscan® is a highly reproducible technique[161]. Inter- and intra-observer
fluctuations are affected by high grade hepatic steatosis,
mild fibrosis (F1-F2 by METAVIR) and a BMI ≥ 25
kg/m2[161]. Nevertheless, the applicability of Fibroscan
® may not be as good as that of biomarkers. Overall, in
a study of 13369 examinations, liver stiffness data were
not interpretable in nearly 20% of cases, mainly due to
failure to obtain reliable measurements according to the
manufacturer’s recommendations. The technical limitations were attributed to obesity of patients, and in particular to increased waist circumference, and to limited
experience of the operator[162].

Combination algorithms of
non-invasive methods for
assessment of liver fibrosis
In order to increase the diagnostic performance of the
single method, especially for the diagnosis of significant
fibrosis, non-invasive methods have been combined in
diagnostic algorithms. The rationale is to combine noninvasive methods, such as Fibroscan® and serum biomarkers, or different, unrelated serum biomarkers. Such
a strategy led to a significant reduction in the number
of liver biopsies and to an increase in diagnostic accuracy, and it has been recommended by guidelines, such
as those from the EASL and CASL. In a recent review
Pinzani et al[163] suggested to apply two unrelated noninvasive methods in CHC patients, and to obtain liver
biopsy in only one subgroup of them. On the same line,
Manning and Afdhal[164] have proposed to perform annually biomarkers analysis plus Fibroscan®. The utilization
of combination algorithms does not completely eliminate
the need for liver biopsies; however it can greatly reduce
it and limit it to cases where serum biomarker data do
not show a reliable accuracy. Combination algorithms
used in clinical settings are able to provide the subsequent responses: (1) Presence or absence of significant
liver fibrosis, which indicates whether to administer antiviral therapy or not; (2) Presence or absence of liver cirrhosis, which indicates whether to proceed with specific
screening for esophageal varices and HCC or not; and (3)
Liver biopsy needed to correctly stage hepatic fibrosis.
Combination algorithms of non-invasive methods for assessment of liver fibrosis that have been proposed in the
literature are summarized in Table 7.

Stepwise combination algorithms
Sebastiani et al[133,165] proposed an approach that combines
APRI and Fibrotest® sequentially. These methods were
selected because they are highly validated and widely available. The Sequential Algorithm for Fibrosis Evaluation
(SAFE) biopsy was aimed at reducing the amount of liver
biopsies needed to accurately stage liver fibrosis, and at
minimizing misclassifications. The stepwise modeling of
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Table 7 Combination algorithms of non-invasive methods for liver fibrosis proposed in chronic hepatitis C
Algorithm’s name
SAFE biopsy[133,165]
Bordeaux algorithm[167,168]
Leroy algorithm[124]
Fibropaca algorithm[134]
Angers algorithms[171]
Bourliere’s algorithm[166]
Fibrometer® + Fibroscan[172]

Type

Non-invasive methods
adopted

AUC for
≥ F2

APRI, Fibrotest®
Fibrotest, Fibroscan®
APRI, Fibrotest®
APRI, Fibrotest,
Forns’ index
Synchronous Fibrotest, Fibrometer®
Stepwise
APRI, Hepascore
Synchronous Fibrometer, Fibroscan

0.89-0.94
0.88-0.91
0.94
0.88

Stepwise
Synchronous
Synchronous
Synchronous

AUC for F4 Saved liver biopsies Saved liver biopsies Number of studies
for > F2 (%)
for F4 (%)
(patients)
0.87-0.92
0.93-0.95
NA
0.85

0.892
0.917
91%-96% (accuracy)
86.7%

43.8-54.0
71.9-77.0
19.0-29.2
51.7
79.8
33-45
100

74.8-93.4
78.8-79.0
NA
76.2-81.3

6 (4118)
3 (875)
3 (1381)
2 (1248)

89.7

1 (390)
1 (467)
1 (1785)

APRI: Aspartate aminotransferase to platelet ratio index; NA: Not available.

the algorithms for significant liver cirrhosis and fibrosis
was intended for achieving ≥ 90% accuracy. The model
uses APRI as a first line test because of its simplicity and
low cost, and Fibrotest® as a second line test because of
its accuracy and higher cost. Importantly, it uses liver biopsy as a third line test only in cases where the combined
non-invasive biomarkers fail to classify with adequate
accuracy. The modeling of the stepwise algorithms was
established on the single biomarkers predicted values. The
SAFE biopsy has been validated by data obtained in a
multi-centered study with more than 2035 CHC patients
(Table 7). They show excellent diagnostic performance
and substantial reduction of liver biopsies (50% for significant fibrosis and 80% for cirrhosis). Another proposed
stepwise algorithm combines Hepascore®, a patented test,
with APRI[166]. This approach yielded 91% diagnostic accuracy and reduced liver biopsies for significant fibrosis
by 45%. To date, its main drawback is the lack of extensive validation data for Hepascore®, as compared to
APRI, Fibrotest® and Forns’ index.

Synchronous combination
algorithms
Castéra et al[167] proposed the Bordeaux algorithm, which
combines Fibrotest® and Fibroscan®. This approach improves accuracy for the diagnosis of significant fibrosis.
Performance of the Bordeaux algorithm and SAFE biopsy
was subsequently compared in 302 patients with CHC[168].
Both algorithms saved a high number of liver biopsies
to diagnose cirrhosis, while the Bordeaux algorithm was
more effective in the prevention of liver biopsies for the
diagnosis of significant fibrosis. The accuracy of the two
algorithms was similar for significant fibrosis, whereas, the
Bordeaux algorithm was more accurate for the diagnosis
of cirrhosis. Nevertheless, the Bordeaux algorithm requires the use of Fibrotest® and Fibroscan® in all patients,
which increases cost. The SAFE biopsy is much cheaper
because it requires the use of Fibrotest® only in a subgroup of patients who cannot be categorized by APRI.
Another combination algorithm consisting of Forns’
index, Fibrotest® and APRI was proposed by Bourliere et
al[169] and showed an exceedingly good performance for
diagnosing both significant fibrosis and cirrhosis, saving
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around 50% and 80% of liver biopsies, respectively. Leroy et al[124], proposed a synchronous algorithm using Fibrotest® and APRI in concordance, which demonstrated
exceptional performance in the diagnosing of significant
fibrosis. However, the number of saved liver biopsies was
relatively small as compared to the other combination
algorithms.
The SAFE biopsy, Fibropaca algorithm and Leroy
algorithm were applied to 1013 CHC patients[170]. The
accuracy of the Fibropaca algorithm and the SAFE biopsy was similar; however, the SAFE biopsy reduced the
number of biopsies and required the acquisition of fewer
non-invasive biomarkers, thereby saving costs. Boursier
et al[171] described the Angers’ algorithm, which combines
Fibrotest® and Fibrometer®, and showed that this could
save 44.8% of liver biopsies by exhibiting an overall accuracy of 95.3%. Moreover, they suggested that the synchronous combination algorithms could be more efficient
than the sequential algorithms, including SAFE biopsy,
which is at present debatable. On the same line, a study
of 1785 CHC patients compared the performance of
eight diagnostic algorithms[172]. The authors found an impressive 0% rate in liver biopsy need with a synchronous
combination of Fibroscan® and Fibrometer®. However,
even though it showed an excellent accuracy, Fibrometer®
has been less evaluated independently compared to other
established tests that are used for SAFE biopsy and Bordeaux algorithm (APRI, Fibroscan® and Fibrotest®), and
is not licensed in as many countries as Fibrotest®.
In conclusion, combination algorithms can significantly improve the diagnostic accuracy of the single noninvasive method, particularly to diagnose significant liver
fibrosis. Moreover, they can safely reduce the number of
liver biopsies needed in clinical practice. The choice of
the algorithm to be used in clinical practice may be based
on some considerations: (1) what is locally available; (2)
what is more validated; (3) what is not affected by patient
co-morbidities; and (4) which methods the physicians feel
more comfortable with.

MONITORING OF COMPLICATIONS IN
LIVER DISEASE
Several studies suggest that complications of liver dis-
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ease in compensated cirrhosis can be monitored by noninvasive techniques. As such, values of liver stiffness in
cirrhotic patients increase with the progression of liver
disease. In a retrospective study of 711 patients, values
of liver stiffness significantly correlated with the severity
of chronic liver disease in terms of Child-Pugh score,
clinical parameters (ascites, varices, history of bleeding,
HCC), biochemical parameters (albumin, bilirubin, platelets and INR) and other indications (large esophageal
varices, splenomegaly on sonography, nodular surface,
heterogeneous parenchyma)[152]. Fibroscan® cut-off values of 27.5, 49.1, 53.7 and 62.7 kPa had > 90% NPV
for large esophageal varices, history of ascites, HCC
and esophageal bleeding, respectively. On the same line,
Vizzutti et al[173] reported a correlation between liver stiffness and portal hypertension, as assessed by the hepatic
venous pressure gradient (HVPG). A cut-off of 17.6 kPa
of Fibroscan® had 90% sensitivity to rule-in esophageal
varices.
In a study of 99 cases Fibrotest® showed a high NPV
(100%) to exclude large esophageal varices with a cutoff value of 0.75 in detecting large varices[174]. In another
study of 70 patients, Fibrotest® showed 92% NPV for
excluding large esophageal varices with a specific cut-off
(0.78), with an overall AUC of 0.75; Fibroscan® showed
an AUC of 0.87[137]. A low platelet count has been related
to the presence of esophageal varices. The discriminating
threshold ranged between 68000 and 160000/mm3[137,175].
However, other studies concluded that platelet count is
not an adequate non-invasive marker for esophageal varices[176]. For the diagnosis of esophageal varices, Giannini
et al[177] reported an overall accuracy of 86% and good
sensitivity at 91.5%, and with the cut-off platelet count
to spleen diameter ratio at 909.
The value of 7 non-invasive biomarkers of liver
fibrosis in prediction of esophageal varices was investigated in one study with 510 patients with cirrhosis[175].
The presence of esophageal varices could be excluded
with ≥ 96% NPV by Lok index with the cut-off of 1.5.
Importantly, a combination of Forns’ index (8.5 cutoff) and Lok index (0.9 cut-off) could rule-out clinically
significant esophageal varices, defined as varices requiring
primary prophylaxis of bleeding (large esophageal varices
or small varices with red signs or in Child-Pugh class C),
with 91% NPV. Likewise, a good performance of Lok index for diagnosis of varices was also reported by Castéra
et al[137], with a 0.87 AUC.
Complications of liver cirrhosis, including esophageal
varices, ascites and hepatic encephalopathy, occur when
portal hypertension develops. The gold standard of reference to diagnose portal hypertension, measurement
of HVPG, is invasive and limited to highly specialized
centers. Berzigotti et al[178] demonstrated that liver stiffness measurement by Fibroscan® predicts presence of
portal hypertension with an AUC of 0.88 as compared
to HVPG. Moreover, the performance increased significantly when Fibroscan® was combined with platelets or
spleen size (up to 0.935 AUC). In a study of 100 consecu-
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tive patients with CHC, spleen stiffness was demonstrated
to predict accurately HVPG. Moreover, a cut-off value of
spleen stiffness of 41.3 was able to rule-out esophageal
varices with 98% sensitivity and 66% specificity[179].
Even though at present non-invasive methods for
liver fibrosis cannot replace endoscopy for screening of
esophageal varices, they may help stratifying cirrhotic
patients for risk classes and possibly reducing the number
of endoscopies.

Prognostic value of non-invasive
methods for liver fibrosis
Evaluating the stage of liver fibrosis is a key point not
only for management of the patient, but also for longterm prognosis. If CHC patients have mild fibrosis at
diagnosis, only 25%-30% of them progress to become
cirrhotic within 20 years. However, virtually all patients
diagnosed with portal fibrosis will progress to liver cirrhosis within 18-20 years, whereas all patients diagnosed
with septal fibrosis will progress to cirrhosis in only 8-10
years. Moreover, end-stage complications mainly occur in
patients with advanced disease. Portal hypertension, ascites, or HCC are associated with a shorter survival. Given
that the level of fibrosis predicts liver-related complications and survival, early assessment of the risk of bad
prognosis helps the physician to manage patients with
cirrhosis and to make decisions about liver transplantation.
Liver biopsy does not meet the criteria for serial monitoring and surrogate end-point marker tool because of
its invasiveness, sampling error, intra- and inter-observer
variability, cost, and patient reluctance to undergo serial
monitoring. As such, the value of non-invasive methods
for liver fibrosis in predicting clinical outcomes of CHC
has been investigated. Ngo et al[180] showed that FibrotestFibrosure® displays a significant correlation with survival,
with a 5-year prognostic value similar to that of liver
biopsy for the prediction of cirrhosis decompensation
and survival. Along the same line, Nunes et al[181] showed
that hyaluronic acid, APRI, and Fib-4 were significantly
associated with mortality. An association between liver
stiffness and risk of HCC development in CHC patients
was also described[182].
A definitive demonstration of the long-term predictive role of non-invasive methods for liver fibrosis comes
from a study by Vergniol et al[183]. In a consecutive cohort
of 1457 CHC patients, the researchers investigated the
role of Fibrotest-Fibrosure®, APRI, Fib-4 and liver stiffness in predicting death, liver-related death, and liver
transplantation during a 5-year follow-up period[183]. All
non-invasive fibrosis methods could predict shorter survival, with liver stiffness and Fibrotest® showing the higher predictive values. Moreover, patient outcomes worsened as liver stiffness and Fibrotest® values increased. On
the same line, a recent study of 3927 patients with CHC
showed that Fibrotest® and Fibroscan® predicted 10 years
occurrence of severe liver-related complications, HCC,
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variceal bleeding and hepatic failure[184].
A study recently performed in our center investigated
the value of Fibroscan® in diagnosing subclinical cirrhosis, as defined by liver stiffness ≥ 13 kPa and absence of
thrombocytopenia, ultrasonographic signs of advanced
liver disease/splenomegaly, esophageal varices, and ascites[185]. In 1492 consecutive patients with a mean follow-up
of 18 mo, we found that patients with subclinical cirrhosis
had a higher incidence of cirrhosis-related events as compared to non-cirrhotic patients, including HCC. We then
concluded that screening with Fibroscan® may help early
identification of subclinical cirrhosis, stratifying patients
by risk and establishing a surveillance program for HCC
and varices.
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Abstract
A significant association between hepatitis C virus (HCV)
infection and B-cell lymphoma has been reported by
epidemiological studies, most of them describing a
strong relationship between indolent lymphomas and
HCV. Furthermore, the curative potential of antiviral
therapy on HCV related indolent lymphomas supports
a specific role for the virus in lymphomagenesis. These
observations are reinforced by numerous laboratory
experiments that led to several hypothetical models of
B-cell transformation by HCV. Diffuse large B-cell lymphoma (DLBCL), the most common lymphoma subtype
in the western countries, has been associated to HCV
infection despite its aggressive nature. This association seems particularly prominent in some geographical
areas. Clinical presentation of HCV-associated DLBCL
has consistently been reported to differ from the HCVnegative counterpart. Nevertheless, histopathology,
tolerance to standard-of-care chemo-immunotherapy
(R-CHOP or CHOP-like regimens) and final outcome of
HCV-positive DLBCL patients is still matter of debate.
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Addition of rituximab has been described to enhance
viral replication but the probability of severe hepatic
complications remains low, with some exceptions (i.e. ,
hepatitis B virus or immune immunodeficiency virus coinfected patients, presence of grade > 2 transaminases
elevation, cirrhosis or hepatocarcinoma). HCV viral
load in this setting is not necessarily directly associated
with liver damage. Overall, treatment of HCV associated DLBCL should be performed in an interdisciplinary
approach with hepatologists and hematologists with
close monitoring of liver function. Available reports reveal that the final outcome of HCV-positive DLBCL that
receive standard immunochemotherapy is not inferior
to their HCV-negative counterpart. This review summarizes data on epidemiology, pathogenesis and therapeutic approach on HCV-associated DLBCL. Several
issues that are matter of debate like clinical management of patients with transaminase elevation, criteria
for discontinuing or starting immuno-chemotherapy, as
well as the exact role of monoclonal antibodies will be
analyzed.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C virus; Non-Hodgkin lymphoma;
Liver; Toxicity; Diffuse large B-cell lymphoma; Rituximab; Cyclophosphamide; Hydroxydaunorubicin; Vincristine; Prednisolone; Immuno-chemotherapy; Antiviral
treatment
Core tip: Patients with hepatitis C virus-positive diffuse
large B-cell lymphoma should be managed in a multidisciplinary setting. Initial evaluation of liver status
and comorbidities is essential to establish if the patient
is candidate to curative approaches. Unless contraindicated by adverse clinical conditions, patients should
be treated with standard immuno-chemotherapy. Concomitant hepatitis B virus infection and liver failure or
cirrhosis confer a significantly higher risk of viral reactivation or therapy related complications. These patients
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should be managed cautiously and treated with less
intense approaches at least for the initial cycles. Antiviral treatment should be considered after the end of
immuno-chemotherapy, when lymphoma remission has
been achieved.
Visco C, Finotto S. Hepatitis C virus and diffuse large B-cell
lymphoma: Pathogenesis, behavior and treatment. World J Gastroenterol 2014; 20(32): 11054-11061 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i32/11054.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i32.11054

INTRODUCTION
Several reports from countries with relatively high prevalence of hepatitis C virus (HCV) infection have documented a significant epidemiological association between HCV
infection and development of B-cell non Hodgkin’s lymphoma[1-4]. A direct role of the virus in lymphomagenesis
is primarily suggested by the prominent curative potential
of antiviral therapy on HCV-related B-cell proliferation or low-grade B-cell lymphomas[5-8]. Such an effect
implies a specific role for the virus in maintaining B-cell
proliferation, although the exact mechanism remains unknown[9,10].
Diffuse large B-cell lymphoma (DLBCL) is the most
common lymphoma subtype in the western countries and
is characterized by aggressive clinical behavior. Despite
its pathological heterogeneity[11], it is commonly managed
with the combination of chimeric monoclonal antibody
against the protein CD20 (rituximab) and polichemotherapy (immuno-chemotherapy) in the front-line setting.
The available literature regarding the pathobiology and
management of patients with DLBCL in the setting of
HCV is quite limited compared to low-grade B-cell lymphomas. Indeed, several recent retrospective studies[12-18]
have reported that patients with HCV related DLBCL
have peculiar characteristics compared to their HCVnegative counterparts, suggesting a possible influence of
the virus since the very early steps of lymphomagenesis.
HCV-positive patients are usually older, have more frequent spleen/liver or extranodal involvement and elevated lactate dehydrogenase. However, epidemiological data
are among the strongest argument in favor of a role of
the viral infection in the development of DLBCL. Due
to the lack of prospective studies, tolerance to chemoimmunotherapy and outcome of HCV-positive patients
with DLBCL are controversial. Several issues like clinical
management of patients with transaminases elevation,
criteria for discontinuing or starting immuno-chemotherapy in the event of escalation in HCV replication in an
asymptomatic patient, as well as the exact role of monoclonal antibodies, remain unclear.

EPIDEMIOLOGY
Over the past two decades considerable evidence has ac-
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cumulated on the association between HCV and hematologic malignancies, most notably B-cell pre-malignant and
malignant proliferations. Early results[19] reported a strong
association of HCV with lymphoplasmacytic lymphoma/
Waldenstrom macroglobulinemia that were possibly related to the association existing between HCV-infected patients and type Ⅱ mixed cryoglobulinemia[20], which may
sometimes represent a pre-malignant disorder. Later on,
a strong association emerged also in regard to marginal
zone lymphomas and DLBCL[21]. Epidemiological works
demonstrated that the relative risk of lymphoma was
significantly higher in geographical areas with high rather
than with low HCV prevalence. In fact, several studies[22-24] from countries with low HCV prevalence did not
observe such association, although relying on small numbers of patients. A recent larger report from Sweden[25],
where the HCV prevalence among healthy population
is low, reported an increased risk of lymphoma occurrence among HCV infected patients also in this northern
country. Another large-base survey on 4784 adult cases
of non-Hodgkin’s lymphoma and 6269 age- and sexmatched controls from an International Lymphoma
Epidemiology Consortium including centers from Spain,
North America and Australia[21]reported a significantly increased risk in HCV infected patients for development of
marginal zone lymphoma (OR = 2.47; 95%CI: 1.44-4.23),
DLBCL (OR = 2.24; 95%CI: 1.68-2.99), and lymphoplasmacytic lymphoma (OR = 2.57; 95%CI: 1.14-5.79). An
Italian case-control study[2] reported an even higher association of HCV infection with DLBCL (OR = 3.5) with
respect to indolent/low-grade B-cell lymphomas (OR =
2.3), suggesting that approximately 1 out of 20 cases of
incidental DLBCL in Italy may be attributable to HCV.
Interestingly, development of DLBCL in these patients
was not reported to be preceded by cryoglobulinemia or
indolent lymphomas, which pointed to the association of
HCV with de-novo DLBCL not transformed from a previous low-grade entity.
Overall, partly due to the worldwide distribution of
HCV infection, the association of HCV infection with
lymphomas appears more relevant in Southern Europe,
Turkey, Egypt, other Mediterranean countries[26], Taiwan[27-30] and Japan[4,31]. Its role in Northern America[21]
seems to be emergent, while other countries like England
and Scotland[32], India[33], France[22] or Thailand[23] have reported much lower incidence and impact of this association in the clinical practice. Large scale studies including
higher numbers of patients are warranted from regions
with low HCV prevalence before driving conclusions on
the association between virus and lymphomas in these
areas.

PATHOGENESIS
Some important arguments in the literature describe a
possible pathogenetic role of HCV infection in the development of aggressive B-cell lymphomas. Cumulative
evidence have suggested an HCV-related antigen driven
process in lymphoma development, similarly to what ob-
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served with Helicobacter pylori and lymphoid proliferation
in mucosa-associated lymphoid tissue. However, even if
recent progress in better understanding HCV-related lymphoproliferations has been made, the precise relationship
between HCV and lymphoma development remains to
be clarified.
Some recent observations are in favor of an active
role of the virus in lymphomagenesis. HCV transgenic
mice expressing the full HCV genome in B-cells have
been shown to develop DLBCL in 25% of cases [34].
Moreover, HCV has been shown to protect human B
lymphocytes from Fas-mediated apoptosis via E2-CD81
engagement, even in the absence of viral entrance into
the human B-cell[35]. Finally, the viral core and NS3 proteins were responsible for the inhibition of DNA repair,
mediated by nitric oxide and reactive oxygen species in
another study[36]. Stable expression of core protein induced frequent chromosome translocations in cultured
cells and in transgenic mice, describing an HCV mediated
inhibition of DNA damage-repair and enhancement of
chromosomal breaks[36]. It must be noted that B-cell associated virus can readily infect hepatoma cells, harboring
an enhanced infectivity compared to extracellular virus.
According to this theory, the virus can modify the normal
tropism of B-cells, escape natural immunity and survive
in the infected liver[37].
Based on these and others experiments, several hypothetical models of B-cell transformation by HCV have
been formulated[38,39]. A direct transformation model,
where HCV would directly infect B cells, possibly through
CD81-E2 interaction, expressing its oncogenic potential
through cellular nitric oxide-synthase and NS3/4 mediated mutations of proliferation genes. On the other, an indirect transformation model would rely on the interaction
between E2 and CD81 on the cell surface, which would
induce expression of activation-induced deaminase and
somatic hypermutation of immunoglobulin genes and
potential proto-oncogenes, inducing a sustained B cell
stimulation. Finally, the so called ‘‘hit and run’’ theory,
which relies on virus-induced genetic damage of B-cells
caused by a transiently intracellular virus [e.g., mutation of
tumor suppressor genes (p53, BCL-6, beta-catenin)]. All
theories may imply a role for microRNA dysregulation,
since recently a key role of miR-26b downregulation has
been suggested in undermining tumor suppression[40,41].
In addition to its being hepatotrophic, HCV is also
a lymphotrophic virus that is able to infect and replicate
within peripheral blood mononuclear cells, as witnessed
by its association with mixed cryoglobulinemia type Ⅱ,
which is characterized by clonal expansion of B cells.
An increased expression of the BCL2 oncogene, mediated by a high prevalence of t(14;18) translocation has
been detected in peripheral blood mononuclear cells of
HCV infected patients by polymerase chain reaction[42].
Furthermore, the disappearance of the t(14;18) translocation following antiviral treatment was strongly associated
with virologic response[5]. Altogether, these findings again
suggest a possible pathogenetic link between HCV and
aggressive lymphomas, which are known to be charac-
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terized by BCL2 translocation in around 20% of de-novo
DLBCL[43].
Lymphomas that develop in HCV-infected patients
seem to combine disease-specific signatures and different
sets of genes whose expression is associated with B-cell
receptor activation and specific nuclear factor kappalight-chain-enhancer of activated B cells transcription
factors, including BCL2 translocations[43]. Identification
of molecular signatures in lymphomas occurring in the
HCV-infected population could facilitate a more rational
approach to the diagnosis as well as more tailored treatments, also in DLBCL[44].

CLINICAL MANAGEMENT AND
TOLERANCE TO TREATMENT
In the management of HCV-associated DLBCL, anthracycline-based chemotherapy [usually cyclophosphamide,
hydroxydaunorubicin, vincristine, prednisolone (CHOP)]
associated with rituximab (immuno-chemotherapy) is the
standard of care[45]. Differently from indolent B-cell lymphomas, antiviral treatment yet does not play a significant
role in HCV-positive DLBCL.
Since the treatment of DLBCL is usually based on
rapidly active drugs due to the aggressive clinical behavior of the disease, antiviral regimens have not been tested
so far on large series, especially due to their slow effect
on lymphoid proliferation, if any. Nevertheless, few anecdotal reports that show successful antiviral treatment
in patients with DLBCL[46,47] or mantle cell lymphoma[48]
suggest that these lymphomas might also be sensitive
to a drop in the viral load, as is the case of low-grade
lymphomas. Sequential immune-chemotherapy followed
by antiviral therapy has been claimed in two preliminary
reports with promising results[49,50], but more mature and
prospective data are eagerly awaited.
Due to the lack of prospective studies, tolerance to
chemo-immunotherapy and outcome of HCV-positive
patients with DLBCL are controversial. Moreover, the
literature existing on HCV-positive DLBCL is unbalanced on the side of hematologists, with scanty detailed
reports on the hepatic side. It has been reported that
the addition of rituximab in the R-CHOP regimen
may add hepatotoxicity, favor HCV reactivation or acceleration of viral liver inflammation[16,51]. In a benign
disorder like HCV-associated mixed cryoglobulinemia,
rituximab therapy have demonstrated an excellent safety
and tolerability profile, including lack of viral or hepatic
flares[52,53]. Patients with aggressive B-cell lymphoma that
undergo anthracycline-based chemotherapy coupled
with rituximab (R-CHOP) usually have good tolerance
to the combination of drugs[54], but a less beneficial
safety profile than rituximab monotherapy in benign
diseases. Most frequent complications are represented by
hepatic flares. Immunochemotherapy can enhance viral
replication, especially in the presence of hepatitis B virus
(HBV) or human immunodeficiency virus co-infections
or when older or particularly immunocompromised
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Figure 1 Speculative illustration. Speculative illustration of expected hepatitis C virus (HCV)-RNA load and transaminase flare during and after rituximab
cyclophosphamide, hydroxydaunorubicin, vincristine, prednisolone (R-CHOP)
immmunochemotherapy for a diffuse large B-cell lymphoma ideal patient (not
cirrhotic, no other risk factors) experiencing transient toxicity. Curves and histograms reflect the average behavior of patients reported so far in the literature.

patients are treated[55]. Indeed, hepatic complications of
grade 3 or more (according to the Common Terminology Criteria for Adverse Events v4.0) are quite unusual,
but symptomatic liver dysfunction, elevation of aspartate
aminotransferase/alanine aminotransferase levels, fibrosis, decompensated cirrhosis, and reactivation of chronic
hepatitis may occur[31]. One study reported poor tolerance to intensive chemotherapy including autologous
stem cell transplant[16], but most studies have described
acceptable liver toxicity[14,15,17,18].
Whether rituximab causes an additive negative effect on hepatotoxicity is still a matter of debate as only
few systematic comparative data exist[56]. After CHOP
without rituximab hepatitis flares have been described
in some cases, occurring 2 to 3 wk after the end of the
cycle, grade 3-4 liver toxicity was in the range of 10% to
28%, and fatal complications were rare. It must be noted
that prednisone therapy alone can increase HCV-RNA
levels in chronic hepatitis patients (but decrease transaminase levels). With the addition of rituximab, hepatitis
flares have been described in 26% to 33%, being significantly more frequent than in control series of patients
with HCV-negative DLBCL (2%-3%)[14,56-60]. In all studies
major toxicities were rare. Treatment discontinuation due
to liver function impairment has been described in 0%
to 11% of patients, while death due to liver failure in 0%
to 5%[57,59,60]. Severe hepatotoxicity was observed in 14%
of patients in a recent large Italian multicenter survey[59].
The use of rituximab was not associated with increased
rate of hepatotoxicity (P = 0.5) compared to patients
receiving chemotherapy only or localized approaches.
Furthermore, severe hepatic toxicity was not associated
with poor progression-free survival or overall survival in
patients who were HCV-positive[60].
Clinical and serological behaviour of HCV viral load
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and transaminase level after an ideal immunochemotherapy with 6 courses of R-CHOP, based on available
literature, in a patient without known risk factors, is summarized in Figure 1. Median time from start of treatment
to development of severe hepatic failure is expected
around the 100th day, but the range is wide, with cases
reported since the first 10 d after R-CHOP up to 320
d after. Importantly, no relation was described between
pre-treatment HCV-RNA levels and hepatic toxicity afterwards, with two patients that developed severe hepatic
toxicity but had low HCV-RNA levels before treatment.
This finding was substantiated by other studies[57,59,60].
However, patients presenting with cirrhosis or compromised liver function usually experience earlier toxicity.
HCV-RNA levels dramatically falls at the time of increase of the transaminases, suggesting that the cause of
liver damage is an immune reaction against hepatocytes,
again supporting the notion that HCV viral load is not
necessarily directly associated with liver damage[57]. B-cell
recovery is also implied, with progressive restoration of
immune homeostasis that seems to contribute to liver
function recovery[61].
Despite the lack of productive infection (no replication of the virus inside B-cells), it has been demonstrated
that B cells lysed by effector blood cells could release up
to four times more infectious virus following rituximab
treatment. These data support a role for rituximab lysis
of B cells and release of infectious HCV[62]. Hepatitis C
viremia was shown to increase to approximately twice the
baseline level in the responders after rituximab monotherapy, whereas it remained much the same in the nonresponders[63]. Viral genotype might also condition chemotherapy induced hepatotoxicity[51,64].
A recent report described two patients with DLBCL
and HCV-related liver cirrhosis experiencing grade > 3
increase in transaminases and ascites while being treated
with R-CHOP. Treatment with ribavirin 1000 mg/d was
started. Both patients had a rapid decrease in alanine
aminotransferase levels and disappearance of the ascitic
fluid, suggesting a possible benefit of treating HCV infection when patients experience hepatic flare, also in the
course of chemotherapy[65].
In conclusion, we suggest to monitor transaminase
levels at least twice during the induction cycle, and then
once every first day of each R-CHOP cycle in patients
with standard risk HCV-positive DLBCL. RNA viral load
should be measured at screening and then re-evaluated
only in case of transaminase alterations, to rule out different causes of hepatic toxicity. When sudden transaminase
increase occurs, subsequent cycles should be postponed
before deciding to definitively stop treatment. More frequent controls of transaminase levels and eventually of
RNA levels should be reserved to patients with baseline
elevated transaminases or with underlying hepatic complications of HCV infection (including cirrhosis, concomitant HBV infection and hepatocarcinoma)[51,57,66,67].
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Table 1 Clinical outcome of hepatitis C virus-positive diffuse large B-cell lymphoma patients according to retrospective studies
Ref.
Besson et al[16]
Visco et al[14]
Park et al[15]
Tomita et al[17]
Ennishi et al[60]
Merli et al[59]

DLBCL-HCV positive patients (n )

Treatment

PFS/EFS (3 yr)

OS (3 yr)

26
156
32
25
131
535

Intensive protocols
CHOP and CHOP-like/R-CHOP
CHOP(18)/R-CHOP(11)
CHOP/CHOP-like
R-CHOP
CHOP(214)/+R-CHOP (252)

53%
60%
54.7% at 5 yr
NA
69%
53%
(58% for R-CHOP)

56%
80%
59.2% at 5 yr
46%
75%
68%
(71% for R-CHOP)

DLBCL: Diffuse large B-cell lymphoma; CHOP: Cyclophosphamide, hydroxydaunorubicin, vincristine, prednisolone; PFS/EFS: Progression-free survival/
event-free survival; OS: Overall survival; HCV: Hepatitis C virus.

CLINICAL PRESENTATION AND
OUTCOME
In some recent retrospective studies[12-18], patients with
HCV related DLBCL have been described to be usually
older, to have more frequent extranodal involvement
(especially spleen and liver) and elevated lactate dehydrogenase (LDH) compared to their HCV-negative counterparts. Results regarding the prevalence of transformed
DLBCL as compared with de-novo-DLBCL are contradictory. These results suffer of the retrospective selection of
patients as well as of the absence of pathology review in
largest published series[14,16,59,60].
Primary hepatic and primary splenic DLBCL are rare
entities that have been reported to display an association with HCV infection, with outcomes that were quite
favorable[18]. Persistent human hepatitis virus infections,
especially HCV, have been also claimed to play an important role in the tumorigenesis of splenic DLBCL in
Japan[68].
The outcome of HCV-positive DLBCL has been
shown to be not inferior to that of their HCV-negative
counterpart once patients are adequately treated. However, this issue is still a matter of debate. As previously
mentioned, HCV-positive DLBCL patients display specific presentation potentially affecting clinical features
included in prognostic scores (i.e., age, number of extranodal sites, stage). Furthermore, LDH, which is a mainstay of the international prognostic index (IPI), is potentially biased in HCV-positive patients, as it is influenced
not only by lymphoma but also by chronic HCV infection. Notably, the IPI was built and validated in series
comprising only HCV-negative patients or with unknown
HCV-status, while their predictive significance has never
been formally validated in HCV-positive DLBCL[59]. The
Fondazione Italiana Linfomi has recently carried out a
large multicenter retrospective study with the aim of constructing a new prognostic system for HCV-associated
DLBCL describing an “HCV Prognostic Score” based on
performance status, albumin level and HCV-RNA viral
load, which appeared extremely reliable[59]. Concomitant
HBV infection or HBV related hepatocarcinoma has
been reported to confer an extremely negative influence
on outcome of these patients[14,60].
Few studies evaluated the clinical outcome of HCV-
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positive DLBCL (Table 1). In the pre-rituximab era,
Besson et al[16] reported a worse overall survival (OS) in
HCV-positive DLBCL patients treated with intense chemotherapeutic protocols. On the contrary, the study by
Ennishi et al[60] on 131 HCV-positive patients treated with
R-CHOP reported a similar outcome in HCV-positive patients compared to HCV-negative (3-year OS 75% vs 84%,
P = 0.07). The outcome of patients treated with R-CHOP
in the study by Merli et al[59] (3-year OS 71%) was similar
to the latter study reflecting expected figures for a similarly treated DLBCL population of similar age with no HCV
infection (i.e., RICOVER-60 study, 3-year OS 72%). Neither HCV infection itself nor the development of severe
hepatic toxicity was correlated with survival, suggesting
that HCV positive patients derive a similar antilymphoma
benefit from the addition of rituximab.

CONCLUSION
Patients with HCV-positive DLBCL should be managed
involving different specialists, with the hematologist
and the hepatologist both involved from the beginning
in the treatment program. Initial evaluation of the liver
status and of comorbidities is essential to establish if
the patient is candidate to curative approaches including
chemotherapy and monoclonal antibodies. Liver biopsy is
not mandatory in all cases in our opinion, but its indication should be carefully evaluated with the hepatologist in
case a cirrhosis is suspected. Presentations with concomitant HBV infection or liver cirrhosis represent two common clinical issues. Such patients need to be informed
before starting chemotherapy that they will have a significantly higher risk of viral reactivation, and serial controls
of their liver function are mandatory since the very first
weeks of cytotoxic treatment. Unless contraindicated by
the hepatologist due to older age or particular comorbidities, we believe that antiviral treatment should be strongly
considered after the end of immuno-chemotherapy, when
a remission of the lymphoma has been achieved. This
might also enhance duration of remission, although still
to be demonstrated. Although some favorable reports
exist, antiviral therapy should not be routinely associated
to chemotherapy outside clinical trials, but eventually
administered in the form of ribavirin when symptomatic
flares occur.
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In conclusion, treatment of HCV associated DLBCL
should be performed in an interdisciplinary approach
with hepatologists and hematologists working hand in
hand with close monitoring of liver function. This should
ensure a standard curative approach to most HCV-positive DLBCL, not depriving them from the chance of being cured, since severe hepatic complications in patients
with no other risk factors are rare.
12
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Abstract
Biliary atresia (BA), a chronic progressive cholestatic
disease of infants, is the leading cause for liver transplant in children, especially in patients under two years
of age. BA can be successfully treated with the Kasai
portoenterostomy; however most patients still require
a liver transplant, with up to one half of BA children
needing a transplant by age two. In the current pediatric end-stage liver disease system, children with
BA face the risk of not receiving a liver in a safe and
timely manner. In this review, we discuss a number
of possible solutions to help these children. We focus
on two general approaches: (1) preventing/delaying
need for transplantation, by optimizing the success of
the Kasai operation; and (2) expediting transplantation
when needed, by performing techniques other than the
standard deceased-donor, whole, ABO-matched organ
transplant.
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Core tip: Infants with biliary atresia (BA) can benefit by
maximizing the Kasai operation’s success, through diagnosing the disease earlier, employing experienced surgeons, ensuring adequate nutrition, and administering
certain medications. If they require a liver transplant
despite these interventions, infants with BA can also
benefit by expediting the transplant process, through
the use of living-related donor, split or ABO-incompatible liver transplants.
Tessier MEM, Harpavat S, Shepherd RW, Hiremath GS, Brandt
ML, Fisher A, Goss JA. Beyond the Pediatric end-stage liver
disease system: Solutions for infants with biliary atresia requiring liver transplant. World J Gastroenterol 2014; 20(32):
11062-11068 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11062.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11062

INTRODUCTION
Children in the United States requiring liver transplantation are prioritized organs according to the pediatric
end-stage liver disease (PELD) scoring system. PELD
estimates mortality risk in order to assign deceased donor organs to the children who need them most. PELD
weighs three variables - total bilirubin, albumin, and INR
- and gives special consideration to patients who are less
than two years old and/or weigh two standard deviations
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below normal[1]. Initially, the PELD system functioned
successfully, with only 3% of children in the early PELD
era (2000-2004) dying while waiting for transplant[2].
Unfortunately, in recent years, the PELD system has
not been as efficacious for the youngest children, i.e.,
those less than 2 years old. Over the past 10 years, approximately 15% of these children with chronic liver
disease either died while waiting on the transplant list or
were removed from the list because they became too ill[3].
Similarly, other countries using the PELD system, such
as Brazil, experience similar waiting list death rates of approximately 15%[4].
A large number of these young children requiring
liver transplant suffer from the same disease: biliary
atresia. Biliary atresia (BA) is a progressive cholestatic
and fibrotic disease of unknown etiology which occurs
only in infants. Children often appear normal at birth
but become jaundiced in the first weeks of life. Those
diagnosed early receive a Kasai portoenterostomy, which
removes the obstructed extra-hepatic bile ducts in an attempt to restore normal bile flow. Some Kasai operations
are successful; however, many will fail. Children with a
“failed Kasai” will require liver transplant in infancy to
survive. In addition, infants who are diagnosed late often
have too much liver damage to benefit from the Kasai
operation and will also require an early transplant, usually
in the first year of life. Unfortunately these two groups
encompass anywhere from one-third to greater than one
half of the BA population[5]. For example in the United
States, a multicenter study observed that 46 out of 104
infants with BA either required liver transplant or died by
24 mo of age[6].
Infants with BA requiring liver transplant are especially vulnerable[7-9] as they do not fare well in the current
PELD system. First, PELD does not account for acute
life-threatening complications that commonly develop in
BA, such as refractory ascites, acute variceal bleeds, and
infections such as cholangitis. Second, PELD calculations
award points to patients with low albumin and weight
Z-scores, both of which are often artificially normal in
infants with BA. Low serum albumin concentrations
can be masked by infusions, and weight can be elevated
by fluid overload and enhanced by parenteral nutrition.
Third, PELD automatically diverts the already rare small
organs away from infants with BA - no matter how high
their PELD score - by allocating them to infants with
metabolic or oncological disorders first.
In this review, we discuss ways to improve outcomes
in infants with BA requiring liver transplant. Our focus
is on interventions beyond the PELD system, and falls
into two categories: (1) optimizing the success of the Kasai operation; and (2) maximizing liver transplants when
needed, before BA liver disease progresses too far to
make transplant unsafe.

OPTIMIZING KASAI OUTCOMES
The Kasai portoenterostomy is the only treatment for
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infants with BA other than liver transplant. The Kasai operation has variable outcomes, with a 53.7% and
46.7% 1- and 2-year transplant-free success rate in a
North American study[10]. Hence, improving the success
rate could dramatically decrease the need for liver transplants in infancy. The Kasai operation’s success rate may
be influenced by at least 4 factors: (1) time of Kasai; (2)
surgeon experience; (3) post-operative nutrition; and (4)
post-operative medications.
Early diagnosis of BA and referral for Kasai
Many studies have correlated earlier Kasai portoenterostomies with the best outcomes and reduced need for
transplant[5]. For example, in one large study of 743 infants, 66% of infants receiving a Kasai portoenterostomy
before 30 days of life (DoL) were transplant-free at two
years, compared to 58% with Kasai performed between
45 and 60 DoL and 42% when performed at greater than
90 DoL[11]. Similarly, a North American study of 104 infants detected a trend, though not statistically significant,
toward better outcomes with greatest transplant-free survival when the Kasai portoenterostomy was performed at
less than 30 DoL[6]. It is important to note that all these
studies demonstrate correlation rather than causality.
However, given the strong correlation a more definitive
randomized-controlled trial would be unethical to perform.
The main barrier to an early Kasai portoenterostomy
is that BA is difficult to diagnose. In the US, we have no
standard way to identify it early. The disease starts insidiously, with newborns typically appearing healthy and only
developing jaundice later. Furthermore, practitioners
often mistake the disease’s jaundice as “physiological” or
“breast milk” jaundice. In other countries such as Taiwan,
infants are screened for BA with a stool color card (SCC)
that parents use to detect the acholic stools characteristic
of extrahepatic biliary obstruction. The SCC is an effective screen, with a sensitivity of 82.9% for detection
before 45 DoL and 97.1% at 60 DoL[12].
Early detection of BA may also be achieved by measurement of newborn serum direct/conjugated bilirubin[13]. This test has a number of advantages. Newborn
direct/conjugated bilirubin measurements are very sensitive for BA, as infants with the disease have high direct/
conjugated bilirubin levels at birth. The test is also very
specific if all abnormal levels are confirmed with a single
repeat test at the two-week well child check (Harpavat S,
in preparation). The test has the additional advantage of
already being used in clinical practice and thus does not
require any additional infrastructure or training. Newborn
bilirubin screening is now being tested prospectively to
determine whether it could be a standard-of-care test in
the newborn nursery to help detect BA earlier.
Enhancing surgical outcomes via experience
Because BA has an incidence of only one in 8000 to
18000 infants[5,10], few surgeons have the opportunity to
perform multiple Kasai operations. Several studies have
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suggested that successful outcomes for the Kasai are dependent on the experience of the operative surgeon and
the presence of an organized team of medical and surgical personnel to care for children with BA[5,14,15]. Studies
in the United Kingdom demonstrated a clear distinction
in jaundice-free two-year survival among high activity
centers, with those performing > 5 Kasai portoenterostomies/year enjoying 43% success, those performing 2-5
Kasais/year 29% success, and those performing 1 Kasai/
year only 11% success[14]. As a result of the study, all Kasai portoenterostomies in the United Kingdom are now
performed in large volume centers. Similar trends were
found in high vs low volume centers in France, which
spurred a collaborative initiative among centers in an attempt to equalize outcomes[15].
Surgeons performing the Kasai operation face a
number of technical challenges which may explain why
those most experienced have the greatest success. There
are many anatomical variants in BA, leading to different
appearances of the central, distal, and proximal biliary
trees[10]; experience with these variations certainly can improve outcomes. Surgeons also vary in how deep into the
hilum they dissect when removing the proximal portions
of the obstructed duct. Whether a deeper dissection
improves outcomes remains a topic for further study[16].
Furthermore, after removing the obstruction, surgeons
can connect the liver to intestine in various ways. For example, some were previously attaching the intestine to a
patent gallbladder before this technique was proven inefficacious[10].
Aggressive post-Kasai nutrition
Nutrition is vital in BA patients post-Kasai; as with many
chronic diseases, there can be both increased caloric demands and decreased oral intake in patients with BA[17,18]
Adequate nutrition correlates with both improved postKasai and post-transplant outcomes. In a study of 100
infants, those surviving two years jaundice-free with their
native liver had higher weight and length Z-scores when
compared to those requiring liver transplant[19]. The differences in weight and height were statistically significant
6 and 18 mo after the Kasai operation, respectively; however, it is important to note that both groups had lower
weight and length Z-scores when compared to the general population[19]. Additionally, better nutrition at time
of transplant is associated with decreased mortality posttransplant[18].
Aggressive nutritional therapy is thus warranted as it
may improve both post-Kasai and post-transplant outcomes. While there are no validated nutrition protocols
for infants with BA, we follow a protocol based on a
number of parameters. First, infants receive nutrition
in the first 24 h after the Kasai procedure. This often
involves temporary parenteral nutrition while awaiting
resumption of gut function. Second, infants are started
on enteral feeds of breast milk supplemented with medium chain triglycerides (MCT) or MCT-based formulas,
to achieve 120-150 kcal/kg per day. However, infants
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are often unable to take this increased volume orally, as
cholestasis can contribute to poor appetite[20], and require
naso-gastric feeds to meet these goals. Third, if infants
are still unable to gain weight with enteral feeds, parenteral nutrition is started. Parenteral nutrition both increases the nutritional status and equalizes outcomes posttransplant of malnourished BA patients when compared
to their better-nourished counterparts[21]. Fourth, infants
receive high doses of fat-soluble vitamins in an attempt
to increase vitamin D, A and E levels, as well as to help
maintain normal clotting parameters[22].
Post-operative medications
Several medications are administered post-Kasai to
improve outcomes, with variable success and data to
support their use. Antibiotics are typically given following surgery to prevent gut bacteria from entering the
intrahepatic biliary tree and causing cholangitis. A prospective randomized study found that patients receiving
either sulfamethoxazole/trimethoprim (average 14.6 mo
treatment) or neomycin (average 14.7 mo treatment)
had decreased rates of cholangitis and increased survival when compared to historical controls[23]. Another
study detected a trend towards improved two year liver
transplant-free survival if antibiotics were given for more
than three months after Kasai; however, interestingly, the
rates of cholangitis were statistically no different between
groups of children receiving antibiotics (55%) and those
not (49%)[6].
Ursodiol is also commonly prescribed and continued
indefinitely, usually at a dose of 15-30 mg/kg per day[6].
Ursodiol is a naturally-occurring bile acid thought to help
flush bile through ducts and out of the liver. Ursodiol
has a suggested benefit in several observational and casecontrol studies, including one in which sixteen 18-mo old
post-Kasai BA children stopped Ursodiol for 3 mo. Prior
to discontinuation, their mean dose of Ursodiol was 25
mg/kg per day (range: 20-36 mg/kg per day). Twelve of
these children had worsened liver panels, and one child
developed jaundice when Ursodiol was discontinued[24].
Not all trials, however, support Ursodiol use. Other
studies report no benefit and perhaps even harm with
Ursodiol at a dose of 20 mg/kg per day[25]. A prospective
randomized controlled trial for Ursodiol would better assess the drug’s benefit.
Steroids are the most tested, and the most controversial, of the post-Kasai medications. Steroids are used
because many consider the progressive fibrosis of BA to
be due to an inflammatory immune-mediated process[26].
Corticosteroids were recently evaluated in the large
double-blind randomized placebo-controlled START trial
of 140 infants. Corticosteroids were given to 70 infants
after the Kasai operation, at a daily dose of 4 mg/kg iv
methylprednisolone for two weeks, followed by 2 mg/kg
oral prednisolone for two weeks, followed by a taper over
the next nine weeks. Compared to the 70 control infants
receiving placebo, the experimental subjects had equivalent rates of restored bile flow at six months and two
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Figure 1 Diagram of split liver transplant. The left lateral segment is donated to a child and the right trisegmental graft is designated for an adult.

years, as well as similar rates of liver transplant-free survival at two years. However, those receiving steroids had
a shorter time to first serious adverse event compared to
controls[27].
In part because of this trial we do not prescribe
steroids, though many practitioners do because of potential benefits previously reported. An earlier twocenter, double-blind, randomized, placebo-controlled
trial showed that steroids reduced serum bilirubin levels
without improving transplant-free survival[28]. An additional follow-up study demonstrated decreased bilirubin
levels with high dose (5 mg/kg per day) vs low dose (2
mg/kg per day) corticosteroids, but again demonstrated
no improved survival effect[29]. Recently a study from Japan also reported decreased bilirubin levels with high (4
mg/kg per day) vs low (2 mg/kg per day) dose corticosteroids[30]. However, they did not report improvements in
transplant-free survival.

MAXIMIZING TRANSPLANT OPTIONS
FOR CHILDREN WITH BA-ASSOCIATED
LIVER FAILURE
As mentioned above, infants with BA who need a liver
transplant will often have low natural PELD scores. To
circumvent this, infants must earn “exception points,”
granted to them at the request of their physicians by an
anonymous board reviewing their case. Still, even with
these exception points, many infants receive a transplant
only after long waits, worsening disease, and deteriorating
health. There are at least three ways for infants to avoid
these delays and expedite liver transplant: (1) performing
living-related donor (LRD) liver transplants; (2) increasing
“split” transplants; and (3) permitting ABO-incompatible
transplants (ILTs).
Living-related donor transplants
Living-related donor (LRD) transplants have excellent
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outcomes. In Japan, where deceased-donor liver transplants are not always accepted culturally, LRD transplants
are standard with 88.3% one-year, 85.4% 5-year, 82.8%
10-year and 79.6% 20-year survival rates[7]. Survival for
BA, which accounted for 66% of all Japanese pediatric
transplants, was just as successful for LRD with a 20-year
survival rate of 84%[7]. LRD transplants are especially
advantageous because they can occur when they are most
likely to result in the best outcome: when transplant is
needed but before the infant becomes too ill to safely
tolerate the operation. In contrast, with deceased donor
transplants, infants with BA can spend many months
waiting for a suitable organ to become available and must
compete with other infants in the PELD system[31].
Despite these good outcomes, LRD transplants do
pose a number of challenges. First, LRD transplants raise
ethical issues regarding the choice of donor. It is unclear
who should be considered, i.e., only parents vs extended
family vs others. Second, LRD does pose a risk to those
caregivers most vital to the care of an infant after transplant. If a patient’s parent decides to donate and then
suffers from operative complications, the infant may no
longer have stable support for further care. Third, in the
US, LRD transplants create a “two-tier” system of transplant because public insurers are less likely to cover the
donor’s surgery[31]. As a result, LRD raises the prospect
of privately-insured infants with BA surviving longer
than publically-insured infants because the former are
able to receive an earlier transplant. In our experience,
this insurance issue precludes many of our BA patients
from qualifying for a LRD transplant.
Increasing “split” liver transplants
“Split” liver transplants maximize the deceased-donor
organs available by allowing for one donor to benefit two
recipients. The procedure involves splitting the liver into
a left lateral segment and a right trisegmental graft, with
the smaller left lateral segment allocated to a child (Figure
1). “Split” transplants are technically more challenging,
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Figure 2 Outcomes in the current era of biliary atresia and ways to improve patient outcomes. KP: Kasai portoenterostomy; NLS: Native liver survival; LT: Liver
transplant; LRD: Living related donor; ILT: Incompatible donor liver transplant.

and in previous eras, split transplants had more complications when compared to whole graft transplants[32]. However, recently these differences have been resolved, with
no significant survival differences between whole and
split liver transplants. Both the children and adults receiving left lateral segments and right trisegmental grafts,
respectively, have the same low rates of graft failure and
mortality when compared to those patients receiving
whole organs[32,33].
Unfortunately, at this time, less than 10% of donor
liver that could be split are split[32]. This may be due to a
number of factors, including surgeon comfort with the
technique. Another barrier is that recipients currently decide whether they prefer a split or whole liver, with most
recipients opting for a whole liver. To address this, the
OPTN/UNOS Ethics committee now suggests that patients not be given this choice in centers where split liver
transplants have equal outcomes to whole liver transplants. Their White Paper statement endorses “splitting
these optimum livers should be considered the benchmark rather than the exception. Fostering maximum
utilization of these organs is ethically proper and should
be required”[34]. This has the potential to significantly
improve organ availability for young infants with BA.
However, these are only recommendations, and a major
avenue for future advocacy should be in converting these
recommendations into formal policy.
ABO-incompatible liver transplants
ABO-incompatible donor liver transplants (ILT) represent one of the next frontiers of pediatric liver transplant. Traditionally, matching a donor liver to recipient is
based solely on ABO compatibility, unlike heart and kidney transplantations which also rely on HLA-typing[35,36].
However, good results have been demonstrated with ILT,
which questions the need for ABO-compatibility in children. A 2011 study in the United Kingdom demonstrated
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equal outcomes in 5 infant ILT recipients when compared to 25 infants who received ABO-compatible liver
transplants (CLT); there was no difference in rejection,
biliary complications or patient survival after an average
of 3 years[37]. Additionally, a 2011 meta-analysis encompassing greater than 40 years of over 3500 pediatric and
adult ILT patients around the world showed no difference in 1-, 3-, 5- and 10-year outcomes in pediatric ILT
patients when compared to pediatric CLT[38]. Similarly, in
Japan, ILT survival in 185 recipients transplanted at less
than 2 years of age was 81% at 15 years, further validating the safety of ILT[7]. Given the outcomes described
and the need for organs for the sickest pediatric liver
patients, especially patients with BA, ABO-incompatible
liver transplantation may be another way to limit waiting
list mortality.

CONCLUSION
Infants with chronic liver failure from BA are a vulnerable
group; the natural history of their disease course is grim.
The Kasai portoenterostomy can result in excellent outcomes in a small subset of children with BA, with resulting normal liver function and quality of life for decades.
However, the majority of children with BA will ultimately
require transplantation, and infants with BA who need a
liver transplant are particularly at risk. These infants wait
on the transplant list based on their PELD score, while
their clinical condition invariably worsens. Fortunate
infants are matched with a deceased-donor organ in a
timely fashion and often have excellent outcomes. However, too many infants with BA receive a liver transplant
later than ideal or never have the chance to receive one
at all. To help these infants, practitioners spend considerable energy applying for PELD “exception points” and
extending life by managing serious complications as they
arise. We suggest that practitioners could serve infants
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with BA better (Figure 2) with two additional interventions: (1) preventing/delaying need for liver transplant, by
optimizing the success of Kasai operation; and (2) maximizing the availability of liver transplants when needed,
through LRD transplants, “split” transplants, and ILTs.
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Core tip: This paper reviews the evolution of our knowledge on the natural history of hepatitis C virus (HCV)
recurrence after liver transplantation, including risk
factors for disease progression, and antiviral therapy.
It is necessary to define an innovative public health
policy to improve HCV screening which is the only way
of allowing non-tested HCV patients access to therapy
before they develop advanced liver disease.
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Abstract
Hepatitis C virus (HCV)-related liver disease, including
cirrhosis and hepatocellular carcinoma is the main indication for liver transplantation (LT) worldwide. Posttransplant HCV re-infection is almost universal and
results in accelerated progression from acute hepatitis
to chronic hepatitis, and liver cirrhosis. Comprehension
and treatment of recurrent HCV infection after LT have
been major issues for all transplant hepatologists and
transplant surgeons for the last decades. The aim of
this paper is to review the evolution of our knowledge
on the natural history of HCV recurrence after LT, including risk factors for disease progression, and antiviral therapy. We will focus our attention on possible
ways (present and future) to improve the final longterm results of LT for HCV-related liver disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C; Liver transplantation; Recurrence; Fibrosis; Treatment

WJG|www.wjgnet.com

INTRODUCTION
Hepatitis C virus (HCV) has been estimated to infect 170
million people worldwide[1]. Liver disease due to HCV, including cirrhosis and hepatocellular carcinoma (HCC) is
the main indication for liver transplantation (LT)[2,3]. Posttransplant HCV re-infection of the graft is reported to
be universal and often results in accelerated progression
from acute hepatitis to chronic hepatitis, and liver cirrhosis. Comprehension and treatment of recurrent HCV
infection after LT have been major issues for all transplant hepatologists and transplant surgeons for the last
25 years. This is illustrated by the significant number of
published papers in this field to date (1050 references in
PubMed up to September 2013). The aim of this paper is
to review the evolution of our knowledge on the natural
history of HCV recurrence after LT including risk factors for disease progression, and antiviral therapy. We will
focus our attention on possible ways (present and future)
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to improve the final long-term results of LT for HCVrelated liver disease.

NATURAL HISTORY OF HCV
RECURRENCE AFTER LT
Recurrence of HCV infection after LT is universal, however, the natural history of hepatitis C on the liver graft
is variable. It must been pointed out that the evaluation
of recurrent hepatitis C has been described from liver
biopsy, which is the cornerstone of clinical management
of patients in daily practice. Nevertheless, differentiation
of recurrent hepatitis C from acute cellular rejection can
be difficult. Regev et al[4] demonstrated, from 105 cases
blindly reviewed by 5 pathologists, that histological distinction between recurrent hepatitis C and acute rejection
had low interobserver and intraobserver agreement rates,
and hence showed low reliability. It has been suggested
that transient elastography may provide good accuracy in
identifying patients with severe fibrosis, better than noninvasive indices based on clinico-serological parameters,
in LT recipients[5].
Histological recurrence is observed in 80% of HCVinfected patients within 5 years after LT[6]. It is well known
that liver disease caused by HCV infection progresses
more rapidly in immunosuppressed than in immunocompetent individuals, and chronic HCV infection leads
to cirrhosis in up to 20%-30% of individuals only five
years after LT[7-9]. In addition, the natural history of HCV
recurrent cirrhosis is also accelerated after LT. The rate
of decompensation is > 40% at 1 year and > 70% at 3
years in LT recipients vs < 5% and < 10%, respectively, in
immuno-competent patients[9-11]. The rate of progression
from decompensation to death is also accelerated, with a
3-year survival of < 10% following the first decompensation vs > 60% in immuno-competent patients[9,10]. Therefore, long-term graft and patient survival is significantly
reduced in patients undergoing LT for HCV-related disease as compared to other indications[12]. Disease progression (i.e., fibrosis progression) depends on a large number
of variables, including host, donor, viral, and external factors. Interestingly, early post-LT (1-year) liver biopsy has
great prognostic value and must be performed in every
LT recipient. The 5-year probability of graft cirrhosis is
associated with the severity of necroinflammatory activity
of recurrent hepatitis C on the liver graft at 12 mo[13-15].
Similarly, the graft survival is significantly impaired in recipients with early HCV recurrence and fibrosis stage 3
and 4 at 1 year after LT[16].
Recurrent HCV-related liver disease after LT begins
with a first phase of acute hepatitis and thereafter can
have two distinct clinical and histological patterns. The
first one is the most frequent and is the same as that described in non-transplant, or non immuno-compromised
patients, and is characterized by the progression from
chronic hepatitis to cirrhosis. Earlier onset of biochemical hepatitis and persistently elevated serum transaminases are associated with more rapid progression of fi-
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brosis[17-20]. The second type of recurrent hepatitis C after
LT is specific for immunosuppressed patients (including
HIV-positive patients and organ-transplanted patients,
or both), and has been described as fibrosing cholestatic
hepatitis (FCH). FCH has been observed in the context
of hepatitis B virus or HCV infection and is characterized
by rapid and extensive dense portal fibrosis and cholestasis leading to an inexorable deterioration in liver function[21,22]. Estimates of HCV-related FCH frequency after
LT range from 2%-14%[23-26]. It has been hypothesized
that FCH could be related to direct viral cytotoxicity after
immune escape[27], associated with a deviation from a T
helper 1 type intrahepatic cytokine response to a T helper
2 type response[28]. As its prognosis is very poor (50% of
patients die[23]), predicting the onset of FCH and defining
the patients at risk of developing this severe complication
is a major goal. It has been suggested that FCH could
be associated with older donor, corticosteroid treatment
for acute rejection, stable quasispecies variants of HCV,
earlier recurrence of HCV infection, higher HCV viral
load, unfavorable recipient IL-28B polymorphism, and
lower levels of immunosuppressive medications[26,27,29,30].
Retransplantation for this specific complication remains
controversial regarding its usual poor outcome[31].
Besides FCH, many reports have identified a large
number of pre-transplant and post-transplant factors associated with more rapid progression of fibrosis, without
taking into account antiviral treatment. The vast majority
of these studies were retrospective, and this can be explained by the necessity to have mid- and long-term (5or 10-year) evaluation of the liver graft. Donor features
are major non-viral factors which are strongly associated
with fibrosis progression. Older age, liver steatosis and
diabetes mellitus are all deleterious[16,32-37]. Donor age is
probably the most relevant factor, but significant cut-offs
(defining “old” donor) range from 33 to 50 years old. In
addition, hepatitis C recurrence after LT from a donor
older than 60 years could be a major factor in female recipients compared to male recipients[38]. During the past
20 years, donor age has considerably increased (mean
age in France was 53.2 in 2012, with 42% of the donors
over 60, from the annual report of French Agence de
la Biomédecine) and the selection of young donors for
HCV recipients is questionable. The role of recipient age
is still debated. Selzner et al[39] evaluated the role of donor
and recipient age in transplantation/ischemia-reperfusion
injury and short- and long-term graft and patient survival
in a large population of 822 LT recipients. The HCV
patients who were ≥ 50 years old and who were transplanted with an older graft (≥ 60 years) had significantly
reduced 3- and 5-year graft survival. Interestingly, the
use of HCV-positive donors has been reported not to
alter the outcome after LT, and this is a way to enhance
the number of available liver grafts[40]. Recently, it has
been suggested that the use of HCV-positive liver grafts
from donors > 45 years could be associated with more
advanced fibrosis[41]. At the time of LT, it has been suggested that prolonged cold and/or warm ischemia times
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could negatively impact graft and patient survival [42].
Some recipient characteristics also have a significant impact on HCV recurrence after LT. The reported impact
of IL-28B genotypes (donor and recipient) on progression to cirrhosis after hepatitis C recurrence has been
inconsistent[43]. Reactivation of herpes group viruses
[cytomegalovirus (CMV) and human herpes virus-6
(HHV-6)] may play a role in HCV recurrence after LT.
Some reports have suggested that herpes virus infection could accelerate fibrosis progression[44,45]. Recently,
a retrospective study of 347 first LT recipients showed
that CMV infection was associated with an increased risk
of fibrosis stage ≥ 2 and inflammation grade ≥ 2[46].
However, the widespread use of highly effective CMV
prophylaxis regimens has probably reduced any potential
effect of herpes virus reactivation on recurrent hepatitis
C during the last decade. The risk of de novo diabetes mellitus after LT is increased in patients with HCV infection,
especially in patients treated with tacrolimus (Tac)[47], and
the presence of diabetes is associated with more rapid
fibrosis progression[48]. Similarly, alcohol consumption after LT also acts as co-factor and accelerates fibrosis progression in HCV patients[49]. Some studies have suggested
that HLA class I and II matching could increase fibrosis
progression, without interfering with rejection[50,51]. The
prevalence of cryoglobulinemia is about 15%-20% in
patients with end-stage HCV-related liver disease and
almost 30% in LT recipients with recurrent hepatitis C.
This has been found to be associated with reduced graft
survival from more severe HCV recurrence and increased
incidence of hepatic artery thrombosis[52-54]. In summary,
regarding the potential deleterious effect of all of these
donor/recipient characteristics, from which a vast majority is not modifiable, the use a non steatotic liver graft
from a young donor (< 50 years) could be recommended
to reduce cold ischemia time, and to actively prevent
CMV reactivation or primo-infection in each case of
HCV LT recipient.
In addition to donor/recipient characteristics, the
second major factor which can modify the natural history of recurrent hepatitis C after LT is HCV itself. First
of all, higher HCV RNA levels (in serum and/or liver)
at the time of LT are associated with increased risk of
progression to cirrhosis, graft loss, and death[55,56]; higher
viral load in the early post-transplant period has also been
associated with more rapid progression[57]. The data on
the relationship between HCV genotype and recurrent
hepatitis C infection are more conflicting, and the impact
of response to antiviral treatment induces major interferences. Nevertheless, genotypes 1b and 4 could be associated with more severe recurrent hepatitis C[13,58-61]. During
the last decade, human immunodeficiency virus (HIV)HCV co-infection has emerged as a new indication for
LT because of the major progress in the treatment of
HIV infection. Duclos-Vallée et al[62] first compared the
survival and severity of recurrent HCV infection after LT
in 35 HIV-HCV-co-infected and 44 HCV-monoinfected
patients. The 2-year and 5-year survival rates were signifi-
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cantly reduced in co-infected patients: 73% and 51% vs
91% and 81% in monoinfected patients, respectively. The
progression of fibrosis was significantly higher in the coinfected group. Therefore, improvement of prognosis in
this specific indication is a major challenging issue for LT
hepatologists.
Finally, the third goal in the field of transplantation
is the impact of the immunosuppressive regimen on
the severity of HCV recurrence. The effects of steroids on recurrent hepatitis C are complex. High-dose
intravenous steroid boluses for acute rejection lead to a
significant increase in HCV viral load and are associated
with more rapid progression of recurrent hepatitis C[55].
In addition, adjuvant antibody therapy (anti-thymocyte
globulins, OKT3) for steroid-resistant rejection may be
associated with more rapid progression to severe fibrosis[63,64]. More recent data suggest that maintaining lowdose steroids over a long period could have beneficial
effects on the progression of recurrent hepatitis C[65-67]
and the steroid-free regimen did not show an advantage
in HCV recurrence[68]. Similarly, the long-term use of
azathioprine as part of maintenance immunosuppression
therapy may be beneficial[20,66,69]. The role of calcineurin
inhibitors (CNIs), Tac and cyclosporine (CsA), on the severity of recurrent hepatitis C after LT is highly controversial. CsA might offer potential advantages over Tac.
First, CsA directly suppresses HCV replication in vitro
by binding to cyclophilin B and inhibiting HCV RNA
polymerase[70]. Moreover, Tac, but not CsA, indirectly
enhances HCV replication in vitro through inhibition of
phosphorylation and nuclear translocation of STAT-1,
thereby blocking interferon signaling pathways[71]. These
experimental data could explain the findings of some
retrospective studies which showed lower progression of fibrosis in patients receiving CsA instead of
Tac[32,69,72]. Nevertheless, several prospective randomized
controlled studies comparing CsA and Tac as primary
immunosuppressive drugs in HCV LT recipients have
observed no differences in liver fibrosis and graft or patient survival[73-76]. These results must be interpreted with
caution since all endpoints measurement were probably
too premature (< 5 years) to reach clinical relevance, especially in patients who received antiviral treatment. The
influence of mTOR inhibitors requires further attention,
since their inhibitory effects on transforming growth
factor β and procollagen will delay liver graft fibrosis in
LT patients with recurrent hepatitis C[77]. In summary, regarding the lack of evidence regarding the potential role
of immunosuppressive regimens on HCV recurrence after LT, it is recommended that the use of high doses of
steroids and/or anti-thymocyte globulins or OKT3 for
the treatment of acute rejection should be avoided.

TREATMENT OF HCV RECURRENCE
AFTER LT: PAST AND PRESENT
The available evidence suggests that the best way to
improve long-term outcome after LT for HCV-related
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liver disease is to cure HCV infection. For this purpose,
three different strategies have been evaluated: (1) antiviral treatment before LT; (2) early antiviral (pre-emptive)
treatment after LT; and (3) antiviral treatment at the time
of biopsy-proven recurrent hepatitis C on liver graft.
The majority of relevant available data concerns antiviral
combination therapy using pegylated alpha-interferon
(PegIFN) and ribavirin (RBV).
The limits of antiviral treatment in patients awaiting LT include reduced efficacy in cirrhotic patients, the
necessity to maintain the treatment for a relatively long
period of time (in case of virological response), from 6
to 12 mo, problems in achieving full doses of PegIFN
and RBV due to side effects (mainly hematological),
and the risk of severe, sometimes lethal, complications
(mainly infectious), especially in patients with decompensated cirrhosis[78]. The best candidates for therapy
are Child-Pugh class A patients, with a relatively long
expected time before LT (patients with HCC), especially
in patients with a non-1 genotype, and the treatment
should be maintained only in the case of early (or rapid)
virological response[79]. The first generation direct acting antivirals (DAA), telaprevir and boceprevir, have not
dramatically modified this algorithm, as better efficacy
is counterbalanced by the high risk of severe infectious
events in compensated cirrhotic patients[80]. Similarly,
early (first month post-LT) pre-emptive antiviral treatment is usually not feasible and associated with poor hematological tolerance[81-85]. As a result, the vast majority
of patients receive antiviral therapy when recurrent HCV
hepatitis on liver graft is established, usually at least one
year after LT. With PegIFN and RBV, the reported rate
of viral clearance ranged from 20%-48%[86-92]. Factors associated with lower response when compared to non-LT
patients include high viral load and high prevalence of
genotype 1. Older donor age may also hinder the success
of post-transplantation antiviral therapy[93-95]. Moreover,
dose reduction and discontinuation of treatment were
common in all studies (approximately 75% and 25%, respectively), due to adverse events and possibly represented the most important obstacles to attainment of viral
clearance[96]. Interestingly, RBV dose reduction due to renal impairment probably has lower clinical impact as efficient plasma RBV concentrations can be obtained[97]. In
addition, acute rejection often occurred during treatment
(especially when protocol biopsies were performed[98]),
which can induce graft dysfunction, and in some rare
cases, graft failure and patient death[91]. Finally, it has
been suggested that CsA may increase the antiviral effect
of interferon-based therapy, when compared to Tac, by
reducing the rate of relapse after an end-of treatment
viral clearance[92,99-101]. The use of telaprevir and boceprevir after LT is a challenge, due to potential toxicity and
drug-drug interactions with CNIs[102]. The first experience from 9 patients suggested that telaprevir-based
triple therapy could be highly effective in LT patients,
and that drug-drug interactions between telaprevir and
immunosuppressants could be handled appropriately by
the close monitoring of trough levels and adequate dos-
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age adjustments[103]. Further experience has recently been
reported in a US cohort of 60 patients and in a French
cohort of 37 patients[104,105]. In the French study, the end
of treatment virological response rate was 72% in the
boceprevir group and 40% in the telaprevir group[105].
When used with boceprevir, CsA dose was reduced by
36% and Tac dose by 78%; when used with telaprevir,
CsA dose was reduced by 48% and Tac dose was reduced by 95%. Infections occurred in 27% of patients,
with a fatal outcome in one third. The most common
adverse effect was anemia (92%), treated with erythropoietin and/or RBV dose reduction; 35% of the patients
received red blood cell transfusions. These preliminary
results suggest that first generation triple therapy is effective in LT recipients, particularly after failure of previous treatment, but is associated with poor tolerance. In
the US cohort, according to an intention-to-treat analysis, 14 of 21 telaprevir-treated patients (67%) and 10
of 22 patients who received boceprevir (45%) achieved
undetectable HCV RNA at week 24 without viral breakthrough at the last follow-up[104]. These contradictory
results are probably related to patient-related differences
as these two cohorts report preliminary experiences in
an open-label design.
The beneficial effect of antiviral treatment and viral
clearance on liver fibrosis and survival is intuitive and
has been suggested by a randomized controlled study[90]
and some uncontrolled studies[106-111]. Nevertheless, a lack
of impact of HCV eradication on liver fibrosis in some
other studies has also been reported[86,112-116]. This might
be related to (1) an insufficient statistical power due to a
small number of cases; (2) a too short period of followup (12-18 mo), because fibrosis improvement was probably delayed; (3) the inability of the fibrosis score to show
mild improvement; and (4) interferences from other determinants of fibrosis than chronic viral hepatitis in some
cases (rejection, biliary complications, …). On the other
hand, it has recently been suggested that maintenance antiviral treatment might slow fibrosis progression, even in
cases of persistent HCV infection[111,117].
The ultimate treatment of recurrent HCV-related cirrhosis after LT is retransplantation. A number of studies
have reported poor overall survival after retransplantation for this specific indication[118-123]. Although the decision to relist these patients can be difficult, a score could
help to select candidates with the best potential outcome.
Recently, a score which includes donor age, serum creatinine, international normalized ratio (INR) and serum
albumin at the second transplantation, recipient age at the
first transplantation, and the interval between first and
second transplantations, has been proposed, and requires
further evaluation[124].

TREATMENT AND PREVENTION OF
HCV RECURRENCE AFTER LT: FUTURE
PERSPECTIVES
As LT is the ultimate step in the natural history of HCV
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infection, major advances in antiviral treatment would
probably dramatically change the management of LT recipients in daily practice in the next decade.
The next and promising step in antiviral therapy will
be the use of second generation DAA, before and after
LT, with the aim of obtaining viral eradication in more
than 90% of cases, in both naïve patients and non-responders to previous therapy infected with all genotypes.
Nevertheless, the second generation DAA, which have
recently been submitted for registration (sofosbuvir and
simeprevir) still need to be combined with PegIFN and
RBV in patients infected with HCV genotype 1[125]. IFNfree regimens will be the ultimate step for future therapies consisting of combinations of novel DAA which
are under investigation, such as daclatasvir or asunaprevir[126,127]. The good tolerance and lack of clinically apparent drug-drug interactions with CNIs make these new
DAA very attractive for future use in LT recipients[127,128].
The first case of successful IFN-free therapy (sofosbuvir
and daclatasvir) in the setting of FCH has already been
reported[127].
As the use of PegIFN, RBV and new DAA may be
limited by resistance, adverse effects, and high costs, the
development of new alternative preventive and/or therapeutic antiviral strategies is highly relevant. For example,
HCV entry into hepatocytes is required for initiation,
spread, and maintenance of infection, and could be the
target of novel drugs, such as neutralizing antibodies for
HCV envelope glycoproteins, blocking antibodies specific
for host factors, or small molecular compounds against
host factors or viral proteins[129-137]. Such strategies would
be highly effective in the field of LT in order to prevent
graft infection, and could be associated with other antiviral therapies.
Finally, emerging HCV treatments will impact on
morbidity and mortality, and therefore, candidates for LT
(presenting with HCC and/or decompensated cirrhosis)
might significantly decrease during the next decades.
Deuffic-Burban et al[138] recently simulated the progression of yearly-HCV-infected cohorts from the beginning
of the epidemic and calculated 2013-2022 candidates
for LT up to 2022 without and with therapies, in France.
Overall, current treatment would enable an 88% and 42%
reduction in the gap between LT and HCC and decompensated cirrhosis candidates, respectively. Interestingly,
although HCV infection is treated with the same therapies in different countries, the effects of these therapies
on morbidity and mortality vary significantly, suggesting
that there is a need for public health policies based on
population-guided therapy, in addition to common guidelines based on virological response-guided therapy[139].
In conclusion, regarding current major progress in
HCV treatment, we hope that HCV-related liver disease
will become a marginal indication for LT in one or two
decades. Thus, as an important proportion of HCV
patients are unaware of their condition, it is necessary
to define an innovative public health policy to improve
HCV screening, which is the only way of allowing non-
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tested HCV patients access to therapy before they develop advanced liver disease.

REFERENCES
1

2

3
4

5

6
7

8
9

10

11

12

13

11073

Global surveillance and control of hepatitis C. Report of a
WHO Consultation organized in collaboration with the Viral
Hepatitis Prevention Board, Antwerp, Belgium. J Viral Hepat
1999; 6: 35-47 [PMID: 10847128]
Adam R, McMaster P, O’Grady JG, Castaing D, Klempnauer
JL, Jamieson N, Neuhaus P, Lerut J, Salizzoni M, Pollard S,
Muhlbacher F, Rogiers X, Garcia Valdecasas JC, Berenguer J,
Jaeck D, Moreno Gonzalez E. Evolution of liver transplantation in Europe: report of the European Liver Transplant Registry. Liver Transpl 2003; 9: 1231-1243 [PMID: 14625822 DOI:
10.1016/j.lts.2003.09.018]
Merion RM. Current status and future of liver transplantation. Semin Liver Dis 2010; 30: 411-421 [PMID: 20960380 DOI:
10.1055/s-0030-1267541]
Regev A, Molina E, Moura R, Bejarano PA, Khaled A, Ruiz P,
Arheart K, Berho M, Drachenberg CB, Mendez P, O’Brien C,
Jeffers L, Tzakis A, Schiff ER. Reliability of histopathologic
assessment for the differentiation of recurrent hepatitis C
from acute rejection after liver transplantation. Liver Transpl
2004; 10: 1233-1239 [PMID: 15376303 DOI: 10.1002/lt.20245]
Corradi F, Piscaglia F, Flori S, D’Errico-Grigioni A, Vasuri
F, Tamé MR, Andreone P, Boni P, Gianstefani A, Bolondi
L. Assessment of liver fibrosis in transplant recipients with
recurrent HCV infection: usefulness of transient elastography. Dig Liver Dis 2009; 41: 217-225 [PMID: 18672413 DOI:
10.1016/j.dld.2008.06.009]
Gane EJ. The natural history of recurrent hepatitis C and
what influences this. Liver Transpl 2008; 14 Suppl 2: S36-S44
[PMID: 18825724 DOI: 10.1002/lt.21646]
Féray C, Caccamo L, Alexander GJ, Ducot B, Gugenheim
J, Casanovas T, Loinaz C, Gigou M, Burra P, Barkholt L,
Esteban R, Bizollon T, Lerut J, Minello-Franza A, Bernard
PH, Nachbaur K, Botta-Fridlund D, Bismuth H, Schalm SW,
Samuel D. European collaborative study on factors influencing outcome after liver transplantation for hepatitis C.
European Concerted Action on Viral Hepatitis (EUROHEP)
Group. Gastroenterology 1999; 117: 619-625 [PMID: 10464137
DOI: 10.1016/S0016-5085(99)70454-3]
Berenguer M. Natural history of recurrent hepatitis C. Liver
Transpl 2002; 8: S14-S18 [PMID: 12362293 DOI: 10.1053/
jlts.2002.35781]
Fattovich G, Giustina G, Degos F, Tremolada F, Diodati G,
Almasio P, Nevens F, Solinas A, Mura D, Brouwer JT, Thomas H, Njapoum C, Casarin C, Bonetti P, Fuschi P, Basho
J, Tocco A, Bhalla A, Galassini R, Noventa F, Schalm SW,
Realdi G. Morbidity and mortality in compensated cirrhosis type C: a retrospective follow-up study of 384 patients.
Gastroenterology 1997; 112: 463-472 [PMID: 9024300 DOI:
10.1053/gast.1997.v112.pm9024300]
Berenguer M, Ferrell L, Watson J, Prieto M, Kim M, Rayón M,
Córdoba J, Herola A, Ascher N, Mir J, Berenguer J, Wright
TL. HCV-related fibrosis progression following liver transplantation: increase in recent years. J Hepatol 2000; 32: 673-684
[PMID: 10782918 DOI: 10.1016/S0168-8278(00)80463-8]
Pruthi J, Medkiff KA, Esrason KT, Donovan JA, Yoshida
EM, Erb SR, Steinbrecher UP, Fong TL. Analysis of causes of
death in liver transplant recipients who survived more than
3 years. Liver Transpl 2001; 7: 811-815 [PMID: 11552217 DOI:
10.1053/jlts.2001.27084]
Forman LM, Lewis JD, Berlin JA, Feldman HI, Lucey MR.
The association between hepatitis C infection and survival
after orthotopic liver transplantation. Gastroenterology 2002;
122: 889-896 [PMID: 11910340 DOI: 10.1053/gast.2002.32418]
Gane EJ, Portmann BC, Naoumov NV, Smith HM, Underhill

August 28, 2014|Volume 20|Issue 32|

Dumortier J et al . Recurrent hepatitis C after liver transplantation

14

15

16

17

18

19

20

21

22

23

24

25

JA, Donaldson PT, Maertens G, Williams R. Long-term outcome of hepatitis C infection after liver transplantation. N
Engl J Med 1996; 334: 815-820 [PMID: 8596547 DOI: 10.1056/
NEJM199603283341302]
Prieto M, Berenguer M, Rayón JM, Córdoba J, Argüello L,
Carrasco D, García-Herola A, Olaso V, De Juan M, Gobernado M, Mir J, Berenguer J. High incidence of allograft
cirrhosis in hepatitis C virus genotype 1b infection following transplantation: relationship with rejection episodes.
Hepatology 1999; 29: 250-256 [PMID: 9862874 DOI: 10.1002/
hep.510290122]
Firpi RJ, Abdelmalek MF, Soldevila-Pico C, Cabrera R,
Shuster JJ, Theriaque D, Reed AI, Hemming AW, Liu C,
Crawford JM, Nelson DR. One-year protocol liver biopsy
can stratify fibrosis progression in liver transplant recipients
with recurrent hepatitis C infection. Liver Transpl 2004; 10:
1240-1247 [PMID: 15376304 DOI: 10.1002/lt.20238]
Neumann UP, Berg T, Bahra M, Seehofer D, Langrehr JM,
Neuhaus R, Radke C, Neuhaus P. Fibrosis progression after
liver transplantation in patients with recurrent hepatitis C.
J Hepatol 2004; 41: 830-836 [PMID: 15519657 DOI: 10.1016/
j.jhep.2004.06.029]
Rosen HR, Gretch DR, Oehlke M, Flora KD, Benner KG,
Rabkin JM, Corless CL. Timing and severity of initial hepatitis C recurrence as predictors of long-term liver allograft
injury. Transplantation 1998; 65: 1178-1182 [PMID: 9603164
DOI: 10.1097/00007890-199805150-00006]
Pelletier SJ, Iezzoni JC, Crabtree TD, Hahn YS, Sawyer RG,
Pruett TL. Prediction of liver allograft fibrosis after transplantation for hepatitis C virus: persistent elevation of serum
transaminase levels versus necroinflammatory activity.
Liver Transpl 2000; 6: 44-53 [PMID: 10648577 DOI: 10.1016/
S1527-6465(00)80032-5]
Testa G, Crippin JS, Netto GJ, Goldstein RM, Jennings LW,
Brkic BS, Brooks BK, Levy MF, Gonwa TA, Klintmalm GB.
Liver transplantation for hepatitis C: recurrence and disease
progression in 300 patients. Liver Transpl 2000; 6: 553-561
[PMID: 10980053 DOI: 10.1053/jlts.2000.9741]
Samonakis DN, Triantos CK, Thalheimer U, Quaglia A, Leandro G, Teixeira R, Papatheodoridis GV, Sabin CA, Rolando N, Davies S, Dhillon AP, Griffiths P, Emery V, Patch DW,
Davidson BR, Rolles K, Burroughs AK. Immunosuppression
and donor age with respect to severity of HCV recurrence
after liver transplantation. Liver Transpl 2005; 11: 386-395
[PMID: 15776454 DOI: 10.1002/lt.20344]
Davies SE, Portmann BC, O’Grady JG, Aldis PM, Chaggar
K, Alexander GJ, Williams R. Hepatic histological findings
after transplantation for chronic hepatitis B virus infection,
including a unique pattern of fibrosing cholestatic hepatitis.
Hepatology 1991; 13: 150-157 [PMID: 1988336 DOI: 10.1002/
hep.1840130122]
Zylberberg H, Carnot F, Mamzer MF, Blancho G, Legendre C, Pol S. Hepatitis C virus-related fibrosing cholestatic
hepatitis after renal transplantation. Transplantation 1997; 63:
158-160 [PMID: 9000679 DOI: 10.1097/00007890-199701150-0
0029]
Narang TK, Ahrens W, Russo MW. Post-liver transplant
cholestatic hepatitis C: a systematic review of clinical and
pathological findings and application of consensus criteria.
Liver Transpl 2010; 16: 1228-1235 [PMID: 21031537 DOI:
10.1002/lt.22175]
Satapathy SK, Sclair S, Fiel MI, Del Rio Martin J, Schiano T.
Clinical characterization of patients developing histologically-proven fibrosing cholestatic hepatitis C post-liver transplantation. Hepatol Res 2011; 41: 328-339 [PMID: 21426450
DOI: 10.1111/j.1872-034X.2011.00781.x]
Cimsit B, Assis D, Caldwell C, Arvelakis A, Taddei T,
Kulkarni S, Schilsky M, Emre S. Successful treatment of
fibrosing cholestatic hepatitis after liver transplantation.
Transplant Proc 2011; 43: 905-908 [PMID: 21486625 DOI:

WJG|www.wjgnet.com

26

27
28

29
30

31

32

33

34

35

36

37

38

11074

10.1016/j.transproceed.2011.02.034]
Duarte-Rojo A, Budhraja V, Veldt BJ, Goldstein DD, Watt
KD, Heimbach JK, McHutchison JG, Tillman HL, Poterucha
JJ, Charlton MR. Interleukin-28B and fibrosing cholestatic
hepatitis in posttransplant hepatitis C: a case-control study
and literature review. Liver Transpl 2013; 19: 1311-1317
[PMID: 24039107 DOI: 10.1002/lt.23733]
Xiao SY, Lu L, Wang HL. Fibrosing cholestatic hepatitis:
clinicopathologic spectrum, diagnosis and pathogenesis. Int
J Clin Exp Pathol 2008; 1: 396-402 [PMID: 18787628]
Zekry A, Bishop GA, Bowen DG, Gleeson MM, Guney S,
Painter DM, McCaughan GW. Intrahepatic cytokine profiles
associated with posttransplantation hepatitis C virus-related
liver injury. Liver Transpl 2002; 8: 292-301 [PMID: 11910576
DOI: 10.1053/jlts.2002.31655]
Ramírez S, Pérez-Del-Pulgar S, Forns X. Virology and pathogenesis of hepatitis C virus recurrence. Liver Transpl 2008; 14
Suppl 2: S27-S35 [PMID: 18825723 DOI: 10.1002/lt.21644]
Graziadei IW, Zoller HM, Schloegl A, Nachbaur K, Pfeiffer
KP, Mark W, Mikuz G, Pratschke J, Margreiter R, Vogel W.
Early viral load and recipient interleukin-28B rs12979860
genotype are predictors of the progression of hepatitis C
after liver transplantation. Liver Transpl 2012; 18: 671-679
[PMID: 22298465 DOI: 10.1002/lt.23402]
McCashland T, Watt K, Lyden E, Adams L, Charlton M,
Smith AD, McGuire BM, Biggins SW, Neff G, Burton JR, Vargas H, Donovan J, Trotter J, Faust T. Retransplantation for
hepatitis C: results of a U.S. multicenter retransplant study.
Liver Transpl 2007; 13: 1246-1253 [PMID: 17763405 DOI:
10.1002/lt.21322]
Berenguer M, Prieto M, San Juan F, Rayón JM, Martinez
F, Carrasco D, Moya A, Orbis F, Mir J, Berenguer J. Contribution of donor age to the recent decrease in patient
survival among HCV-infected liver transplant recipients.
Hepatology 2002; 36: 202-210 [PMID: 12085366 DOI: 10.1053/
jhep.2002.33993]
Wiesner RH, Sorrell M, Villamil F. Report of the first International Liver Transplantation Society expert panel consensus conference on liver transplantation and hepatitis C.
Liver Transpl 2003; 9: S1-S9 [PMID: 14586888 DOI: 10.1053/
jlts.2003.50268]
Lake JR, Shorr JS, Steffen BJ, Chu AH, Gordon RD, Wiesner
RH. Differential effects of donor age in liver transplant recipients infected with hepatitis B, hepatitis C and without viral
hepatitis. Am J Transplant 2005; 5: 549-557 [PMID: 15707410
DOI: 10.1111/j.1600-6143.2005.00741.x]
Cameron AM, Ghobrial RM, Hiatt JR, Carmody IC, Gordon
SA, Farmer DG, Yersiz H, Zimmerman MA, Durazo F, Han
SH, Saab S, Gornbein J, Busuttil RW. Effect of nonviral factors on hepatitis C recurrence after liver transplantation. Ann
Surg 2006; 244: 563-571 [PMID: 16998365]
Briceño J, Ciria R, Pleguezuelo M, de la Mata M, Muntané J,
Naranjo A, Sánchez-Hidalgo J, Marchal T, Rufián S, LópezCillero P. Impact of donor graft steatosis on overall outcome
and viral recurrence after liver transplantation for hepatitis C
virus cirrhosis. Liver Transpl 2009; 15: 37-48 [PMID: 19109846
DOI: 10.1002/lt.21566]
Wu Y, Ahmed A, Kamal A. Donor diabetes mellitus is an independent risk factor for graft loss in HCV positive but not
HCV negative liver transplant recipients. Dig Dis Sci 2013; 58:
574-578 [PMID: 22923335 DOI: 10.1007/s10620-012-2345-7]
Belli LS, Burroughs AK, Burra P, Alberti AB, Samonakis D,
Cammà C, De Carlis L, Minola E, Quaglia A, Zavaglia C,
Vangeli M, Patch D, Dhillon A, Cillo U, Guido M, Fagiuoli
S, Giacomoni A, Slim OA, Airoldi A, Boninsegna S, Davidson BR, Rolles K, Pinzello G. Liver transplantation for HCV
cirrhosis: improved survival in recent years and increased
severity of recurrent disease in female recipients: results of a
long term retrospective study. Liver Transpl 2007; 13: 733-740
[PMID: 17370330 DOI: 10.1002/lt.21093]

August 28, 2014|Volume 20|Issue 32|

Dumortier J et al . Recurrent hepatitis C after liver transplantation
39

40

41

42

43

44

45

46

47

48

49

50

51

Selzner M, Kashfi A, Selzner N, McCluskey S, Greig PD,
Cattral MS, Levy GA, Lilly L, Renner EL, Therapondos G,
Adcock LE, Grant DR, McGilvray ID. Recipient age affects
long-term outcome and hepatitis C recurrence in old donor livers following transplantation. Liver Transpl 2009; 15:
1288-1295 [PMID: 19790152 DOI: 10.1002/lt.21828]
Saab S, Ghobrial RM, Ibrahim AB, Kunder G, Durazo F, Han
S, Farmer DG, Yersiz H, Goldstein LI, Busuttil RW. Hepatitis
C positive grafts may be used in orthotopic liver transplantation: a matched analysis. Am J Transplant 2003; 3: 1167-1172
[PMID: 12919097 DOI: 10.1034/j.1600-6143.2003.00189.x]
Lai JC, O’Leary JG, Trotter JF, Verna EC, Brown RS, Stravitz
RT, Duman JD, Forman LM, Terrault NA. Risk of advanced
fibrosis with grafts from hepatitis C antibody-positive
donors: a multicenter cohort study. Liver Transpl 2012; 18:
532-538 [PMID: 22271671 DOI: 10.1002/lt.23396]
Velidedeoglu E, Mange KC, Frank A, Abt P, Desai NM,
Markmann JW, Reddy R, Markmann JF. Factors differentially
correlated with the outcome of liver transplantation in hcv+
and HCV- recipients. Transplantation 2004; 77: 1834-1842
[PMID: 15223900 DOI: 10.1097/01.TP.0000130468.36131.0D]
Duarte-Rojo A, Deneke MG, Charlton MR. Interleukin28B polymorphism in hepatitis C and liver transplantation.
Liver Transpl 2013; 19: 49-58 [PMID: 23008132 DOI: 10.1002/
lt.23554]
Rosen HR, Chou S, Corless CL, Gretch DR, Flora KD, Boudousquie A, Orloff SL, Rabkin JM, Benner KG. Cytomegalovirus viremia: risk factor for allograft cirrhosis after liver
transplantation for hepatitis C. Transplantation 1997; 64:
721-726 [PMID: 9311709 DOI: 10.1097/00007890-199709150-0
0010]
Humar A, Kumar D, Raboud J, Caliendo AM, Moussa G,
Levy G, Mazzulli T. Interactions between cytomegalovirus,
human herpesvirus-6, and the recurrence of hepatitis C after
liver transplantation. Am J Transplant 2002; 2: 461-466 [PMID:
12123213 DOI: 10.1034/j.1600-6143.2002.20511.x]
Bosch W, Heckman MG, Pungpapong S, Diehl NN, Shalev
JA, Hellinger WC. Association of cytomegalovirus infection
and disease with recurrent hepatitis C after liver transplantation. Transplantation 2012; 93: 723-728 [PMID: 22406819 DOI:
10.1097/TP.0b013e3182472876]
Saliba F, Lakehal M, Pageaux GP, Roche B, Vanlemmens C,
Duvoux C, Dumortier J, Salamé E, Calmus Y, Maugendre D.
Risk factors for new-onset diabetes mellitus following liver
transplantation and impact of hepatitis C infection: an observational multicenter study. Liver Transpl 2007; 13: 136-144
[PMID: 17192854 DOI: 10.1002/lt.21010]
Foxton MR, Quaglia A, Muiesan P, Heneghan MA, Portmann B, Norris S, Heaton ND, O’Grady JG. The impact of
diabetes mellitus on fibrosis progression in patients transplanted for hepatitis C. Am J Transplant 2006; 6: 1922-1929
[PMID: 16780550 DOI: 10.1111/j.1600-6143.2006.01408.x]
De Simone P, De Geest S, Ducci J, Carrai P, Petruccelli
S, Baldoni L, Pollina L, Campani D, Filipponi F. Alcohol
drinking after liver transplantation is associated with graft
injury. Minerva Gastroenterol Dietol 2011; 57: 345-359 [PMID:
22105723]
Belli LS, Burra P, Poli F, Battista Alberti A, Silini E, Zavaglia
C, Fagiuoli S, Prando D, Espadas de Arias A, Boninsegna S,
Tinelli C, Scalamogna M, de Carlis L, Pinzello G. HLA-DRB1
donor-recipient mismatch affects the outcome of hepatitis
C disease recurrence after liver transplantation. Gastroenterology 2006; 130: 695-702 [PMID: 16530511 DOI: 10.1053/
j.gastro.2005.11.013]
Langrehr JM, Puhl G, Bahra M, Schmeding M, Spinelli A,
Berg T, Schönemann C, Krenn V, Neuhaus P, Neumann UP.
Influence of donor/recipient HLA-matching on outcome
and recurrence of hepatitis C after liver transplantation. Liver
Transpl 2006; 12: 644-651 [PMID: 16555324 DOI: 10.1002/
lt.20648]

WJG|www.wjgnet.com

52

53
54

55

56

57

58

59

60

61

62

63

64

11075

Gournay J, Ferrell LD, Roberts JP, Ascher NL, Wright TL,
Lake JR. Cryoglobulinemia presenting after liver transplantation. Gastroenterology 1996; 110: 265-270 [PMID: 8536866
DOI: 10.1053/gast.1996.v110.pm8536866]
Rahamimov R, Ilan Y, Eid A, Shouval D, Tur-Kaspa R. Hepatitis C-associated cryoglobulinemia after liver transplantation. Transplantation 1995; 60: 1050-1051 [PMID: 7491681]
Gane EJ, Maertens G, Ducatteeuw A, Qian KP, Lau JY,
Jones H, Davies E, Naoumov NV, Williams R. Antibodies to
hepatitis C virus envelope proteins correlate with hepatitis C
viraemia after liver transplantation. Transplantation 1999; 67:
78-84 [PMID: 9921800 DOI: 10.1097/00007890-199901150-000
13]
Charlton M, Seaberg E, Wiesner R, Everhart J, Zetterman
R, Lake J, Detre K, Hoofnagle J. Predictors of patient and
graft survival following liver transplantation for hepatitis C.
Hepatology 1998; 28: 823-830 [PMID: 9731579 DOI: 10.1002/
hep.510280333]
Vasuri F, Morelli MC, Gruppioni E, Fiorentino M, Ercolani
G, Cescon M, Pinna AD, Grigioni WF, D’Errico-Grigioni A.
The meaning of tissue and serum HCV RNA quantitation in
hepatitis C recurrence after liver transplantation: a retrospective study. Dig Liver Dis 2013; 45: 505-509 [PMID: 23317815
DOI: 10.1016/j.dld.2012.11.015]
Sreekumar R, Gonzalez-Koch A, Maor-Kendler Y, Batts K,
Moreno-Luna L, Poterucha J, Burgart L, Wiesner R, Kremers
W, Rosen C, Charlton MR. Early identification of recipients
with progressive histologic recurrence of hepatitis C after
liver transplantation. Hepatology 2000; 32: 1125-1130 [PMID:
11050065 DOI: 10.1053/jhep.2000.19340]
Féray C, Gigou M, Samuel D, Paradis V, Mishiro S, Maertens
G, Reynés M, Okamoto H, Bismuth H, Bréchot C. Influence
of the genotypes of hepatitis C virus on the severity of recurrent liver disease after liver transplantation. Gastroenterology
1995; 108: 1088-1096 [PMID: 7698576 DOI: 10.1016/0016-5085
(95)90207-4]
Villa E, Grottola A, Buttafoco P, Merighi A, Ferretti I, Trande
P, Zoboli P, Camellini L, Callea F, De Palma M. Longterm follow-up of hepatitis C virus (HCV) infection in liver
transplant patients. Clin Transplant 1995; 9: 160-164 [PMID:
7549054]
Wali MH, Heydtmann M, Harrison RF, Gunson BK, Mutimer DJ. Outcome of liver transplantation for patients infected
by hepatitis C, including those infected by genotype 4. Liver
Transpl 2003; 9: 796-804 [PMID: 12884191 DOI: 10.1053/
jlts.2003.50164]
Zekry A, Whiting P, Crawford DH, Angus PW, Jeffrey GP,
Padbury RT, Gane EJ, McCaughan GW. Liver transplantation for HCV-associated liver cirrhosis: predictors of outcomes in a population with significant genotype 3 and 4
distribution. Liver Transpl 2003; 9: 339-347 [PMID: 12682883
DOI: 10.1053/jlts.2003.50063]
Duclos-Vallée JC, Féray C, Sebagh M, Teicher E, RoqueAfonso AM, Roche B, Azoulay D, Adam R, Bismuth H,
Castaing D, Vittecoq D, Samuel D. Survival and recurrence
of hepatitis C after liver transplantation in patients coinfected with human immunodeficiency virus and hepatitis
C virus. Hepatology 2008; 47: 407-417 [PMID: 18098295 DOI:
10.1002/hep.21990]
Sheiner PA, Schwartz ME, Mor E, Schluger LK, Theise N,
Kishikawa K, Kolesnikov V, Bodenheimer H, Emre S, Miller
CM. Severe or multiple rejection episodes are associated
with early recurrence of hepatitis C after orthotopic liver
transplantation. Hepatology 1995; 21: 30-34 [PMID: 7806166
DOI: 10.1002/hep.1840210107]
Rosen HR, Shackleton CR, Higa L, Gralnek IM, Farmer DA,
McDiarmid SV, Holt C, Lewin KJ, Busuttil RW, Martin P.
Use of OKT3 is associated with early and severe recurrence
of hepatitis C after liver transplantation. Am J Gastroenterol
1997; 92: 1453-1457 [PMID: 9317061]

August 28, 2014|Volume 20|Issue 32|

Dumortier J et al . Recurrent hepatitis C after liver transplantation
65

66

67

68

69

70

71

72

73

74

75

Brillanti S, Vivarelli M, De Ruvo N, Aden AA, Camaggi V,
D’Errico A, Furlini G, Bellusci R, Roda E, Cavallari A. Slowly
tapering off steroids protects the graft against hepatitis C
recurrence after liver transplantation. Liver Transpl 2002; 8:
884-888 [PMID: 12360428 DOI: 10.1053/jlts.2002.34640]
Berenguer M, Aguilera V, Prieto M, San Juan F, Rayón JM,
Benlloch S, Berenguer J. Significant improvement in the
outcome of HCV-infected transplant recipients by avoiding
rapid steroid tapering and potent induction immunosuppression. J Hepatol 2006; 44: 717-722 [PMID: 16487616 DOI:
10.1016/j.jhep.2006.01.005]
Vivarelli M, Burra P, La Barba G, Canova D, Senzolo M,
Cucchetti A, D’Errico A, Guido M, Merenda R, Neri D,
Zanello M, Giannini FM, Grazi GL, Cillo U, Pinna AD. Influence of steroids on HCV recurrence after liver transplantation: A prospective study. J Hepatol 2007; 47: 793-798 [PMID:
17928091 DOI: 10.1016/j.jhep.2007.07.023]
Klintmalm GB, Davis GL, Teperman L, Netto GJ, Washburn
K, Rudich SM, Pomfret EA, Vargas HE, Brown R, Eckhoff
D, Pruett TL, Roberts J, Mulligan DC, Charlton MR, Heffron
TG, Ham JM, Douglas DD, Sher L, Baliga PK, Kinkhabwala
M, Koneru B, Abecassis M, Millis M, Jennings LW, Fasola
CG. A randomized, multicenter study comparing steroidfree immunosuppression and standard immunosuppression
for liver transplant recipients with chronic hepatitis C. Liver
Transpl 2011; 17: 1394-1403 [PMID: 21850690 DOI: 10.1002/
lt.22417]
Walter T, Dumortier J, Guillaud O, Hervieu V, Scoazec JY,
Boillot O. Factors influencing the progression of fibrosis in
patients with recurrent hepatitis C after liver transplantation
under antiviral therapy: a retrospective analysis of 939 liver
biopsies in a single center. Liver Transpl 2007; 13: 294-301
[PMID: 17256784 DOI: 10.1002/lt.21000]
Ishii N, Watashi K, Hishiki T, Goto K, Inoue D, Hijikata
M, Wakita T, Kato N, Shimotohno K. Diverse effects of
cyclosporine on hepatitis C virus strain replication. J Virol 2006; 80: 4510-4520 [PMID: 16611911 DOI: 10.1128/
JVI.80.9.4510-4520.2006]
Hirano K, Ichikawa T, Nakao K, Matsumoto A, Miyaaki H,
Shibata H, Eguchi S, Takatsuki M, Ikeda M, Yamasaki H,
Kato N, Kanematsu T, Ishii N, Eguchi K. Differential effects
of calcineurin inhibitors, tacrolimus and cyclosporin a, on
interferon-induced antiviral protein in human hepatocyte
cells. Liver Transpl 2008; 14: 292-298 [PMID: 18306331 DOI:
10.1002/lt.21358]
Villamil F, Levy G, Grazi GL, Mies S, Samuel D, Sanjuan F,
Rossi M, Lake J, Munn S, Mühlbacher F, Leonardi L, Cillo U.
Long-term outcomes in liver transplant patients with hepatic
C infection receiving tacrolimus or cyclosporine. Transplant
Proc 2006; 38: 2964-2967 [PMID: 17112875 DOI: 10.1016/j.tra
nsproceed.2006.08.131]
Zervos XA, Weppler D, Fragulidis GP, Torres MB, Nery JR,
Khan MF, Pinna AD, Kato T, Miller J, Reddy KR, Tzakis AG.
Comparison of tacrolimus with microemulsion cyclosporine
as primary immunosuppression in hepatitis C patients after
liver transplantation. Transplantation 1998; 65: 1044-1046
[PMID: 9583863 DOI: 10.1097/00007890-199804270-00006]
Levy G, Grazi GL, Sanjuan F, Wu Y, Mühlbacher F, Samuel
D, Friman S, Jones R, Cantisani G, Villamil F, Cillo U, Clavien PA, Klintmalm G, Otto G, Pollard S, McCormick PA.
12-month follow-up analysis of a multicenter, randomized,
prospective trial in de novo liver transplant recipients (LIS2T)
comparing cyclosporine microemulsion (C2 monitoring) and
tacrolimus. Liver Transpl 2006; 12: 1464-1472 [PMID: 17004259
DOI: 10.1002/lt.20802]
O’Grady JG, Hardy P, Burroughs AK, Elbourne D. Randomized controlled trial of tacrolimus versus microemulsified
cyclosporin (TMC) in liver transplantation: poststudy surveillance to 3 years. Am J Transplant 2007; 7: 137-141 [PMID:
17109723 DOI: 10.1111/j.1600-6143.2006.01576.x]

WJG|www.wjgnet.com

76

77

78

79

80

81

82

83

84

85

86

87

11076

Berenguer M, Aguilera V, San Juan F, Benlloch S, Rubin A,
López-Andujar R, Moya A, Pareja E, Montalva E, Yago M,
de Juan M, Mir J, Prieto M. Effect of calcineurin inhibitors
in the outcome of liver transplantation in hepatitis C viruspositive recipients. Transplantation 2010; 90: 1204-1209 [PMID:
21068701 DOI: 10.1097/TP.0b013e3181fa93fa]
Neef M, Ledermann M, Saegesser H, Schneider V, Reichen
J. Low-dose oral rapamycin treatment reduces fibrogenesis,
improves liver function, and prolongs survival in rats with
established liver cirrhosis. J Hepatol 2006; 45: 786-796 [PMID:
17050028 DOI: 10.1016/j.jhep.2006.07.030]
Carrión JA, Martínez-Bauer E, Crespo G, Ramírez S, Pérezdel-Pulgar S, García-Valdecasas JC, Navasa M, Forns X.
Antiviral therapy increases the risk of bacterial infections in
HCV-infected cirrhotic patients awaiting liver transplantation: A retrospective study. J Hepatol 2009; 50: 719-728 [PMID:
19217183 DOI: 10.1016/j.jhep.2008.11.015]
Roche B, Samuel D. Antiviral therapy in HCV-infected cirrhotics awaiting liver transplantation: A costly strategy for
mixed virological results. J Hepatol 2009; 50: 652-654 [PMID:
19231019 DOI: 10.1016/j.jhep.2009.01.008]
Hézode C, Fontaine H, Dorival C, Larrey D, Zoulim F,
Canva V, de Ledinghen V, Poynard T, Samuel D, Bourlière
M, Zarski JP, Raabe JJ, Alric L, Marcellin P, Riachi G, Bernard PH, Loustaud-Ratti V, Métivier S, Tran A, Serfaty L,
Abergel A, Causse X, Di Martino V, Guyader D, Lucidarme
D, Grando-Lemaire V, Hillon P, Feray C, Dao T, Cacoub P,
Rosa I, Attali P, Petrov-Sanchez V, Barthe Y, Pawlotsky JM,
Pol S, Carrat F, Bronowicki JP. Triple therapy in treatmentexperienced patients with HCV-cirrhosis in a multicentre
cohort of the French Early Access Programme (ANRS CO20CUPIC) - NCT01514890. J Hepatol 2013; 59: 434-441 [PMID:
23669289 DOI: 10.1016/j.jhep.2013.04.035]
Mazzaferro V, Tagger A, Schiavo M, Regalia E, Pulvirenti
A, Ribero ML, Coppa J, Romito R, Burgoa L, Zucchini N,
Urbanek T, Bonino F. Prevention of recurrent hepatitis C
after liver transplantation with early interferon and ribavirin treatment. Transplant Proc 2001; 33: 1355-1357 [PMID:
11267325 DOI: 10.1016/S0041-1345(00)02508-2]
Sugawara Y, Makuuchi M, Matsui Y, Kishi Y, Akamatsu N,
Kaneko J, Kokudo N. Preemptive therapy for hepatitis C
virus after living-donor liver transplantation. Transplantation 2004; 78: 1308-1311 [PMID: 15548968 DOI: 10.1097/01.
TP.0000142677.12473.E5]
Chalasani N, Manzarbeitia C, Ferenci P, Vogel W, Fontana
RJ, Voigt M, Riely C, Martin P, Teperman L, Jiao J, LopezTalavera JC. Peginterferon alfa-2a for hepatitis C after
liver transplantation: two randomized, controlled trials.
Hepatology 2005; 41: 289-298 [PMID: 15660392 DOI: 10.1002/
hep.20560]
Shergill AK, Khalili M, Straley S, Bollinger K, Roberts
JP, Ascher NA, Terrault NA. Applicability, tolerability
and efficacy of preemptive antiviral therapy in hepatitis
C-infected patients undergoing liver transplantation. Am J
Transplant 2005; 5: 118-124 [PMID: 15636619 DOI: 10.1111/
j.1600-6143.2004.00648.x]
Bzowej N, Nelson DR, Terrault NA, Everson GT, Teng LL,
Prabhakar A, Charlton MR. PHOENIX: A randomized controlled trial of peginterferon alfa-2a plus ribavirin as a prophylactic treatment after liver transplantation for hepatitis C
virus. Liver Transpl 2011; 17: 528-538 [PMID: 21506241 DOI:
10.1002/lt.22271]
Samuel D, Bizollon T, Feray C, Roche B, Ahmed SN, Lemonnier C, Cohard M, Reynes M, Chevallier M, Ducerf C,
Baulieux J, Geffner M, Albrecht JK, Bismuth H, Trepo C.
Interferon-alpha 2b plus ribavirin in patients with chronic
hepatitis C after liver transplantation: a randomized study.
Gastroenterology 2003; 124: 642-650 [PMID: 12612903 DOI:
10.1053/gast.2003.50095]
Dumortier J, Scoazec JY, Chevallier P, Boillot O. Treatment

August 28, 2014|Volume 20|Issue 32|

Dumortier J et al . Recurrent hepatitis C after liver transplantation

88

89

90

91

92

93

94

95

96

97

98

99

of recurrent hepatitis C after liver transplantation: a pilot
study of peginterferon alfa-2b and ribavirin combination.
J Hepatol 2004; 40: 669-674 [PMID: 15030984 DOI: 10.1016/
j.jhep.2003.12.015]
Rodriguez-Luna H, Khatib A, Sharma P, De Petris G, Williams JW, Ortiz J, Hansen K, Mulligan D, Moss A, Douglas
DD, Balan V, Rakela J, Vargas HE. Treatment of recurrent
hepatitis C infection after liver transplantation with combination of pegylated interferon alpha2b and ribavirin: an
open-label series. Transplantation 2004; 77: 190-194 [PMID:
14742979 DOI: 10.1097/01.TP.0000100481.14514.BB]
Ross AS, Bhan AK, Pascual M, Thiim M, Benedict Cosimi
A, Chung RT. Pegylated interferon alpha-2b plus ribavirin
in the treatment of post-liver transplant recurrent hepatitis
C. Clin Transplant 2004; 18: 166-173 [PMID: 15016131 DOI:
10.1046/j.1399-0012.2003.00145.x]
Carrión JA, Navasa M, García-Retortillo M, García-Pagan
JC, Crespo G, Bruguera M, Bosch J, Forns X. Efficacy of
antiviral therapy on hepatitis C recurrence after liver transplantation: a randomized controlled study. Gastroenterology 2007; 132: 1746-1756 [PMID: 17484872 DOI: 10.1053/
j.gastro.2007.03.041]
Berenguer M, Palau A, Aguilera V, Rayón JM, Juan FS, Prieto M. Clinical benefits of antiviral therapy in patients with
recurrent hepatitis C following liver transplantation. Am J
Transplant 2008; 8: 679-687 [PMID: 18294165 DOI: 10.1111/
j.1600-6143.2007.02126.x]
Calmus Y, Duvoux C, Pageaux G, Wolf P, Rostaing L, Vanlemmens C, Botta-Fridlund D, Dharancy S, Gugenheim J,
Durand F, Néau-Cransac M, Boillot O, Chazouillères O,
Samelson L, Boudjema K, Samuel D. Treatment of recurrent
HCV infection following liver transplantation: results of a
multicenter, randomized, versus placebo, trial of ribavirin
alone as maintenance therapy after one year of PegIFNα-2a
plus ribavirin. J Hepatol 2012; 57: 564-571 [PMID: 22613001
DOI: 10.1016/j.jhep.2012.04.022]
Roche B, Sebagh M, Canfora ML, Antonini T, Roque-Afonso
AM, Delvart V, Saliba F, Duclos-Vallee JC, Castaing D, Samuel D. Hepatitis C virus therapy in liver transplant recipients: response predictors, effect on fibrosis progression, and
importance of the initial stage of fibrosis. Liver Transpl 2008;
14: 1766-1777 [PMID: 19025933 DOI: 10.1002/lt.21635]
Berenguer M, Aguilera V, Prieto M, Ortiz C, Rodríguez M,
Gentili F, Risalde B, Rubin A, Cañada R, Palau A, Rayón JM.
Worse recent efficacy of antiviral therapy in liver transplant
recipients with recurrent hepatitis C: impact of donor age
and baseline cirrhosis. Liver Transpl 2009; 15: 738-746 [PMID:
19562707 DOI: 10.1002/lt.21707]
Selzner N, Renner EL, Selzner M, Adeyi O, Kashfi A, Therapondos G, Girgrah N, Herath C, Levy GA, Lilly L. Antiviral
treatment of recurrent hepatitis C after liver transplantation:
predictors of response and long-term outcome. Transplantation 2009; 88: 1214-1221 [PMID: 19935376 DOI: 10.1097/
TP.0b013e3181bd783c]
Berenguer M. Systematic review of the treatment of established recurrent hepatitis C with pegylated interferon in
combination with ribavirin. J Hepatol 2008; 49: 274-287 [PMID:
18571272 DOI: 10.1016/j.jhep.2008.05.002]
Dumortier J, Ducos E, Scoazec JY, Chevallier P, Boillot O,
Gagnieu MC. Plasma ribavirin concentrations during treatment of recurrent hepatitis C with peginterferon alpha-2b
and ribavirin combination after liver transplantation. J Viral
Hepat 2006; 13: 538-543 [PMID: 16901284 DOI: 10.1111/
j.1365-2893.2006.00720.x]
Walter T, Dumortier J, Guillaud O, Hervieu V, Paliard P,
Scoazec JY, Boillot O. Rejection under alpha interferon therapy
in liver transplant recipients. Am J Transplant 2007; 7: 177-184
[PMID: 17227566 DOI: 10.1111/j.1600-6143.2006.01590.x]
Firpi RJ, Zhu H, Morelli G, Abdelmalek MF, SoldevilaPico C, Machicao VI, Cabrera R, Reed AI, Liu C, Nelson

WJG|www.wjgnet.com

100

101

102

103

104

105

106

107

108

109

110

111

11077

DR. Cyclosporine suppresses hepatitis C virus in vitro and
increases the chance of a sustained virological response after
liver transplantation. Liver Transpl 2006; 12: 51-57 [PMID:
16382464 DOI: 10.1002/lt.20532]
ReViS-TC Study Group. Cyclosporine a-based immunosuppression reduces relapse rate after antiviral therapy in
transplanted patients with hepatitis C virus infection: a large
multicenter cohort study. Transplantation 2011; 92: 334-340
[PMID: 21659948]
Cescon M, Grazi GL, Cucchetti A, Vetrone G, Ravaioli M,
Ercolani G, Morelli MC, Piscaglia F, Tamè M, Pinna AD.
Predictors of sustained virological response after antiviral
treatment for hepatitis C recurrence following liver transplantation. Liver Transpl 2009; 15: 782-789 [PMID: 19562715
DOI: 10.1002/lt.21760]
Garg V, van Heeswijk R, Lee JE, Alves K, Nadkarni P, Luo X.
Effect of telaprevir on the pharmacokinetics of cyclosporine
and tacrolimus. Hepatology 2011; 54: 20-27 [PMID: 21618566
DOI: 10.1002/hep.24443]
Werner CR, Egetemeyr DP, Lauer UM, Nadalin S, Königsrainer A, Malek NP, Berg CP. Telaprevir-based triple
therapy in liver transplant patients with hepatitis C virus: a
12-week pilot study providing safety and efficacy data. Liver
Transpl 2012; 18: 1464-1470 [PMID: 22941516 DOI: 10.1002/
lt.23542]
Pungpapong S, Aqel BA, Koning L, Murphy JL, Henry
TM, Ryland KL, Yataco ML, Satyanarayana R, Rosser BG,
Vargas HE, Charlton MR, Keaveny AP. Multicenter experience using telaprevir or boceprevir with peginterferon and
ribavirin to treat hepatitis C genotype 1 after liver transplantation. Liver Transpl 2013; 19: 690-700 [PMID: 23696372 DOI:
10.1002/lt.23669]
Coilly A, Roche B, Dumortier J, Leroy V, Botta-Fridlund D,
Radenne S, Pageaux GP, Si-Ahmed SN, Guillaud O, Antonini TM, Haïm-Boukobza S, Roque-Afonso AM, Samuel D,
Duclos-Vallée JC. Safety and efficacy of protease inhibitors
to treat hepatitis C after liver transplantation: a multicenter
experience. J Hepatol 2014; 60: 78-86 [PMID: 23994384]
Firpi RJ, Abdelmalek MF, Soldevila-Pico C, Reed A, Hemming A, Howard R, Van Der Werf W, Lauwers G, Liu C,
Crawford JM, Davis GL, Nelson DR. Combination of interferon alfa-2b and ribavirin in liver transplant recipients
with histological recurrent hepatitis C. Liver Transpl 2002; 8:
1000-1006 [PMID: 12424712 DOI: 10.1053/jlts.2002.34968]
Bizollon T, Ahmed SN, Radenne S, Chevallier M, Chevallier P, Parvaz P, Guichard S, Ducerf C, Baulieux J, Zoulim F,
Trepo C. Long term histological improvement and clearance
of intrahepatic hepatitis C virus RNA following sustained
response to interferon-ribavirin combination therapy in
liver transplanted patients with hepatitis C virus recurrence. Gut 2003; 52: 283-287 [PMID: 12524414 DOI: 10.1136/
gut.52.2.283]
Abdelmalek MF, Firpi RJ, Soldevila-Pico C, Reed AI, Hemming AW, Liu C, Crawford JM, Davis GL, Nelson DR.
Sustained viral response to interferon and ribavirin in liver
transplant recipients with recurrent hepatitis C. Liver Transpl
2004; 10: 199-207 [PMID: 14762857 DOI: 10.1002/lt.20074]
Yedibela S, Schuppan D, Müller V, Schellerer V, Tannapfel A, Hohenberger W, Meyer T. Successful treatment of
hepatitis C reinfection with interferon-alpha2b and ribavirin
after liver transplantation. Liver Int 2005; 25: 717-722 [PMID:
15998420 DOI: 10.1111/j.1478-3231.2005.1065.x]
Picciotto FP, Tritto G, Lanza AG, Addario L, De Luca M,
Di Costanzo GG, Lampasi F, Tartaglione MT, Marsilia GM,
Calise F, Cuomo O, Ascione A. Sustained virological response to antiviral therapy reduces mortality in HCV reinfection after liver transplantation. J Hepatol 2007; 46: 459-465
[PMID: 17196700 DOI: 10.1016/j.jhep.2006.10.017]
Walter T, Scoazec JY, Guillaud O, Hervieu V, Chevallier
P, Boillot O, Dumortier J. Long-term antiviral therapy for

August 28, 2014|Volume 20|Issue 32|

Dumortier J et al . Recurrent hepatitis C after liver transplantation

112

113

114

115

116

117

118

119

120

121

122

123

124

recurrent hepatitis C after liver transplantation in nonresponders: biochemical, virological, and histological impact.
Liver Transpl 2009; 15: 54-63 [PMID: 19109834 DOI: 10.1002/
lt.21652]
Nair S, Khan S, Loss G, Eason J, Blazek J, Lipscomb J, Mason
A. Treatment of recurrent hepatitis C in liver transplant recipients: is there any histologic benefit? Liver Transpl 2003; 9:
354-359 [PMID: 12682885 DOI: 10.1053/jlts.2003.50068]
Berenguer M, Palau A, Fernandez A, Benlloch S, Aguilera V,
Prieto M, Rayón JM, Berenguer J. Efficacy, predictors of response, and potential risks associated with antiviral therapy
in liver transplant recipients with recurrent hepatitis C. Liver
Transpl 2006; 12: 1067-1076 [PMID: 16622844 DOI: 10.1002/
lt.20737]
Fernández I, Meneu JC, Colina F, García I, Muñoz R, Castellano G, Fuertes A, Abradelo M, Lumbreras C, Moreno
E, Solís-Herruzo JA. Clinical and histological efficacy of
pegylated interferon and ribavirin therapy of recurrent
hepatitis C after liver transplantation. Liver Transpl 2006; 12:
1805-1812 [PMID: 17133585 DOI: 10.1002/lt.20883]
Neumann U, Puhl G, Bahra M, Berg T, Langrehr JM, Neuhaus R, Neuhaus P. Treatment of patients with recurrent
hepatitis C after liver transplantation with peginterferon
alfa-2B plus ribavirin. Transplantation 2006; 82: 43-47 [PMID:
16861940 DOI: 10.1097/01.tp.0000225827.18034.be]
Oton E, Barcena R, Moreno-Planas JM, Cuervas-Mons V,
Moreno-Zamora A, Barrios C, Garcia-Garzon S, Moreno A,
Boullosa-Graña E, Rubio-Gonzalez EE, Garcia-Gonzalez M,
Blesa C, Mateos ML. Hepatitis C recurrence after liver transplantation: Viral and histologic response to full-dose PEGinterferon and ribavirin. Am J Transplant 2006; 6: 2348-2355
[PMID: 16869810 DOI: 10.1111/j.1600-6143.2006.01470.x]
Bertuzzo VR, Cescon M, Morelli MC, Di Gioia P, Tamè M,
Lorenzini S, Andreone P, Ercolani G, Del Gaudio M, Ravaioli
M, Cucchetti A, Dazzi A, D’Errico-Grigioni A, Pinna AD.
Long-term antiviral treatment for recurrent hepatitis C after
liver transplantation. Dig Liver Dis 2012; 44: 861-867 [PMID:
22819767 DOI: 10.1016/j.dld.2012.06.013]
Berenguer M, Prieto M, Palau A, Rayón JM, Carrasco D,
Juan FS, López-Labrador FX, Moreno R, Mir J, Berenguer J.
Severe recurrent hepatitis C after liver retransplantation for
hepatitis C virus-related graft cirrhosis. Liver Transpl 2003; 9:
228-235 [PMID: 12619018 DOI: 10.1053/jlts.2003.50029]
Roayaie S, Schiano TD, Thung SN, Emre SH, Fishbein TM,
Miller CM, Schwartz ME. Results of retransplantation for
recurrent hepatitis C. Hepatology 2003; 38: 1428-1436 [PMID:
14647054 DOI: 10.1016/j.hep.2003.09.010]
Yoo HY, Maheshwari A, Thuluvath PJ. Retransplantation of
liver: primary graft nonfunction and hepatitis C virus are associated with worse outcome. Liver Transpl 2003; 9: 897-904
[PMID: 12942450 DOI: 10.1053/jlts.2003.50176]
Neff GW, O’Brien CB, Nery J, Shire NJ, Nishida S, delaGarza J, Montalbano M, Safdar K, Ruiz P, Rideman E, Gascon
JA, Tzakis AG, Madariaga J, Rudich SM. Factors that identify survival after liver retransplantation for allograft failure
caused by recurrent hepatitis C infection. Liver Transpl 2004;
10: 1497-1503 [PMID: 15558835 DOI: 10.1002/lt.20301]
Yao FY, Saab S, Bass NM, Hirose R, Ly D, Terrault N, Lazar
AA, Bacchetti P, Ascher NL, Roberts JP. Prediction of survival after liver retransplantation for late graft failure based on
preoperative prognostic scores. Hepatology 2004; 39: 230-238
[PMID: 14752842 DOI: 10.1002/hep.20005]
Bellido CB, Martínez JM, Gómez LM, Artacho GS, DiezCanedo JS, Pulido LB, Acevedo JM, Bravo MA. Indications
for and survival after liver retransplantation. Transplant Proc
2010; 42: 637-640 [PMID: 20304211 DOI: 10.1016/j.transproce
ed.2010.02.017]
Andres A, Gerstel E, Combescure C, Asthana S, Merani S,
Majno P, Berney T, Morel P, Kneteman N, Mentha G, Toso C.
A score predicting survival after liver retransplantation for

WJG|www.wjgnet.com

125

126

127

128

129

130

131

132

133

134

135

11078

hepatitis C virus cirrhosis. Transplantation 2012; 93: 717-722
[PMID: 22267157 DOI: 10.1097/TP.0b013e318246f8b3]
Kowdley KV, Lawitz E, Crespo I, Hassanein T, Davis MN,
DeMicco M, Bernstein DE, Afdhal N, Vierling JM, Gordon
SC, Anderson JK, Hyland RH, Dvory-Sobol H, An D, Hindes
RG, Albanis E, Symonds WT, Berrey MM, Nelson DR, Jacobson IM. Sofosbuvir with pegylated interferon alfa-2a
and ribavirin for treatment-naive patients with hepatitis C
genotype-1 infection (ATOMIC): an open-label, randomised,
multicentre phase 2 trial. Lancet 2013; 381: 2100-2107 [PMID:
23499440 DOI: 10.1016/S0140-6736(13)60247-0]
Lok AS, Gardiner DF, Lawitz E, Martorell C, Everson GT,
Ghalib R, Reindollar R, Rustgi V, McPhee F, Wind-Rotolo
M, Persson A, Zhu K, Dimitrova DI, Eley T, Guo T, Grasela
DM, Pasquinelli C. Preliminary study of two antiviral agents
for hepatitis C genotype 1. N Engl J Med 2012; 366: 216-224
[PMID: 22256805 DOI: 10.1056/NEJMoa1104430]
Fontana RJ, Hughes EA, Bifano M, Appelman H, Dimitrova
D, Hindes R, Symonds WT. Sofosbuvir and daclatasvir combination therapy in a liver transplant recipient with severe
recurrent cholestatic hepatitis C. Am J Transplant 2013; 13:
1601-1605 [PMID: 23593993 DOI: 10.1111/ajt.12209]
Fontana RJ, Hughes EA, Appelman H, Hindes R, Dimitrova D, Bifano M. Case report of successful peginterferon,
ribavirin, and daclatasvir therapy for recurrent cholestatic
hepatitis C after liver retransplantation. Liver Transpl 2012;
18: 1053-1059 [PMID: 22706796 DOI: 10.1002/lt.23482]
VanCompernolle SE, Wiznycia AV, Rush JR, Dhanasekaran
M, Baures PW, Todd SC. Small molecule inhibition of hepatitis C virus E2 binding to CD81. Virology 2003; 314: 371-380
[PMID: 14517089 DOI: 10.1016/S0042-6822(03)00406-9]
Matsumura T, Hu Z, Kato T, Dreux M, Zhang YY, Imamura
M, Hiraga N, Juteau JM, Cosset FL, Chayama K, Vaillant
A, Liang TJ. Amphipathic DNA polymers inhibit hepatitis
C virus infection by blocking viral entry. Gastroenterology 2009; 137: 673-681 [PMID: 19394333 DOI: 10.1053/
j.gastro.2009.04.048]
Fofana I, Krieger SE, Grunert F, Glauben S, Xiao F, Fafi-Kremer S, Soulier E, Royer C, Thumann C, Mee CJ, McKeating
JA, Dragic T, Pessaux P, Stoll-Keller F, Schuster C, Thompson J, Baumert TF. Monoclonal anti-claudin 1 antibodies
prevent hepatitis C virus infection of primary human hepatocytes. Gastroenterology 2010; 139: 953-64, 964.e1-4 [PMID:
20685314 DOI: 10.1053/j.gastro.2010.05.073]
Syder AJ, Lee H, Zeisel MB, Grove J, Soulier E, Macdonald
J, Chow S, Chang J, Baumert TF, McKeating JA, McKelvy
J, Wong-Staal F. Small molecule scavenger receptor BI antagonists are potent HCV entry inhibitors. J Hepatol 2011; 54:
48-55 [PMID: 20932595 DOI: 10.1016/j.jhep.2010.06.024]
Meuleman P, Catanese MT, Verhoye L, Desombere I, Farhoudi A, Jones CT, Sheahan T, Grzyb K, Cortese R, Rice CM,
Leroux-Roels G, Nicosia A. A human monoclonal antibody
targeting scavenger receptor class B type I precludes hepatitis C virus infection and viral spread in vitro and in vivo.
Hepatology 2012; 55: 364-372 [PMID: 21953761 DOI: 10.1002/
hep.24692]
Sulkowski MS, Kang M, Matining R, Wyles D, Johnson VA,
Morse GD, Amorosa V, Bhattacharya D, Coughlin K, WongStaal F, Glesby MJ. Safety and antiviral activity of the HCV
entry inhibitor ITX5061 in treatment-naive HCV-infected
adults: a randomized, double-blind, phase 1b study. J Infect
Dis 2014; 209: 658-667 [PMID: 24041792 DOI: 10.1093/infdis/
jit503]
Haid S, Novodomská A, Gentzsch J, Grethe C, Geuenich S,
Bankwitz D, Chhatwal P, Jannack B, Hennebelle T, Bailleul
F, Keppler OT, Poenisch M, Bartenschlager R, Hernandez
C, Lemasson M, Rosenberg AR, Wong-Staal F, DavioudCharvet E, Pietschmann T. A plant-derived flavonoid inhibits entry of all HCV genotypes into human hepatocytes.
Gastroenterology 2012; 143: 213-22.e5 [PMID: 22465429 DOI:

August 28, 2014|Volume 20|Issue 32|

Dumortier J et al . Recurrent hepatitis C after liver transplantation
10.1053/j.gastro.2012.03.036]
136 Sainz B, Barretto N, Martin DN, Hiraga N, Imamura M,
Hussain S, Marsh KA, Yu X, Chayama K, Alrefai WA, Uprichard SL. Identification of the Niemann-Pick C1-like 1
cholesterol absorption receptor as a new hepatitis C virus
entry factor. Nat Med 2012; 18: 281-285 [PMID: 22231557 DOI:
10.1038/nm.2581]
137 Ashfaq UA, Qasim M, Yousaf MZ, Awan MT, Jahan S.
Inhibition of HCV 3a genotype entry through host CD81
and HCV E2 antibodies. J Transl Med 2011; 9: 194 [PMID:
22074322 DOI: 10.1186/1479-5876-9-194]
138 Deuffic-Burban S, Mathurin P, Rosa I, Bouvier AM, Can-

nesson A, Mourad A, Canva V, Louvet A, Deltenre P,
Boleslawski E, Truant S, Pruvot FR, Dharancy S. Impact of
emerging hepatitis C virus treatments on future needs for
liver transplantation in France: a modelling approach. Dig
Liver Dis 2014; 46: 157-163 [PMID: 24119483 DOI: 10.1016/
j.dld.2013.08.137]
139 Deuffic-Burban S, Deltenre P, Buti M, Stroffolini T, Parkes J,
Mühlberger N, Siebert U, Moreno C, Hatzakis A, Rosenberg
W, Zeuzem S, Mathurin P. Predicted effects of treatment for
HCV infection vary among European countries. Gastroenterology 2012; 143: 974-85.e14 [PMID: 22863764 DOI: 10.1053/
j.gastro.2012.05.054]
P- Reviewer: Berg CP, Chau GY S- Editor: Qi Y
L- Editor: Webster JR E- Editor: Zhang DN

WJG|www.wjgnet.com

11079

August 28, 2014|Volume 20|Issue 32|

World J Gastroenterol 2014 August 28; 20(32): 11080-11094
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i32.11080

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (7): Liver transplant

Postoperative biliary adverse events following orthotopic
liver transplantation: Assessment with magnetic resonance
cholangiography
Piero Boraschi, Francescamaria Donati
nd
Piero Boraschi, Francescamaria Donati, 2 Unit of Radiology,
Department of Diagnostic Radiology, Vascular and Interventional
Radiology, and Nuclear Medicine, Pisa University Hospital,
56124 Pisa, Italy
Author contributions: Boraschi P searched the PubMed for relevant articles and wrote the draft manuscript; Donati F analyzed
data, co-authored and critically revised the manuscript.
nd
Correspondence to: Piero Boraschi, MD, 2 Unit of Radiology, Department of Diagnostic Radiology, Vascular and Interventional Radiology, and Nuclear Medicine, Pisa University Hospital, Via Paradisa 2, 56124 Pisa, Italy. p.boraschi@do.med.unipi.it
Telephone: +39-050-996782 Fax: +39-178-2211474
Received: October 19, 2013 Revised: May 11, 2014
Accepted: May 23, 2014
Published online: August 28, 2014

Abstract
Biliary adverse events following orthotopic liver transplantation (OLT) are relatively common and continue
to be serious causes of morbidity, mortality, and
transplant dysfunction or failure. The development of
these adverse events is heavily influenced by the type
of anastomosis during surgery. The low specificity of
clinical and biologic findings makes the diagnosis challenging. Moreover, direct cholangiographic procedures
such as endoscopic retrograde cholangiopancreatography and percutaneous transhepatic cholangiography
present an inadmissible rate of adverse events to be
utilized in clinically low suspected patients. Magnetic
resonance (MR) maging with MR cholangiopancreatography is crucial in assessing abnormalities in the biliary
system after liver surgery, including liver transplant.
MR cholangiopancreatography is a safe, rapid, noninvasive, and effective diagnostic procedure for the
evaluation of biliary adverse events after liver transplantation, since it plays an increasingly important role
in the diagnosis and management of these events. On
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the basis of a recent systematic review of the literature
the summary estimates of sensitivity and specificity
of MR cholangiopancreatography for diagnosis of biliary adverse events following OLT were 0.95 and 0.92,
respectively. It can provide a non-invasive method of
imaging surgical reconstruction of the biliary anastomoses as well as adverse events including anastomotic
and non-anastomotic strictures, biliary lithiasis and
sphincter of Oddi dysfunction in liver transplant recipients. Nevertheless, conventional T2-weighted MR cholangiography can be implemented with T1-weighted
contrast-enhanced MR cholangiography using hepatobiliary contrast agents (in particular using Gd-EOBDTPA) in order to improve the diagnostic accuracy in
the adverse events’ detection such as bile leakage and
strictures, especially in selected patients with biliaryenteric anastomosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Liver transplantation; Bile ducts; Biliary
adverse events; Magnetic resonance cholangiography;
Contrast-enhanced magnetic resonance cholangiography
Core tip: Biliary adverse events continue to be serious
causes of morbidity, mortality, and transplant dysfunction or failure after orthotopic liver transplantation.
In this article, we review the technique as well as the
diagnostic role of magnetic resonance (MR) imaging
with cholangiopancreatographic sequences in the assessment of adverse events following orthotopic liver
transplantation. The features of the main types of biliary adverse events on MR cholangiopancreatography
are presented and the recently developed techniques
are also discussed in this setting, according to the biliary reconstruction and liver transplant procedure performed.
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INTRODUCTION
Orthotopic liver transplantation (OLT) has become an
accepted therapy for acute and chronic end-stage liver
disease[1,2]. Today, liver transplant patients have a 5-year
survival rate of approximately 75%. The improvement in
survival can be attributed to better patient selection and
preparation, advances in organ preservation, improved
immunosuppressive therapy agents, and refinement of
surgical techniques[2,3].
Patients candidates for OLT are those with fulminant
liver failure or with hepatic chronic diseases in which
conventional therapies are no longer effective. In patients
with fulminant hepatic failure (prevalently affecting young
people) a large portion of the liver parenchyma is quickly
destroyed and this causes liver dysfunction, infections,
hepatic encephalopathy, and acute renal failure. Chronic
hepatitis B and C, autoimmune hepatitis, primary biliary
cirrhosis, primary sclerosing cholangitis, alcoholic liver
disease, and liver injury induced by drugs are the most
common chronic liver diseases that may be treated by
transplantation. Patients affected by disorders of metal
metabolism such as hemochromatosis and Wilson disease
also may benefit from liver transplant.

BILIARY ADVERSE EVENTS AFTER ORTHOTOPIC LIVER TRANSPLANTS
Although over the years there has been a continuous
improvement in survival after OLT, a significant number
of adverse events is still reported. One of the most important complications following OLT is acute rejection
whose diagnosis is generally obtained by graft biopsy and
histologic examination. The other main adverse events
are represented by arterial and venous stenosis and
thrombosis; biliary strictures, lithiasis and leak; hepatic
abscesses; right adrenal gland hemorrhage; fluid collections and hematomas; hepatitis virus C infection; lymphoprolifeative disease and tumors. Imaging techniques
play a central role in excluding the other adverse events
that may have clinical signs and symptoms as those of
acute rejection[4,5].
Biliary tract adverse events are the most common
complications after OLT and remain a major source of
morbidity in liver transplant patients, with an incidence
of 5%-32%. Adverse events such as bile leaks, anastomotic and non-anastomotic strictures, biliary stones,
sludge and casts are encountered more commonly as a
result of increased number of liver transplantations and
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the prolonged survival of transplant patients[6]. Early
adverse events are those occurring within three months,
whereas the late ones can be observed a few months to
several years after OLT.
A major determinant of biliary adverse events’ risk after OLT is represented by the choice of biliary anastomosis[7,8]. Choledochocholedochostomy (CC) and biliodigestive or choledochojejunostomy (CJ) are the most frequent
types of surgical reconstruction. The first technique is a
duct-to-duct anastomosis between donor and recipient
choledochal ducts. Since it is simple, physiologic and allows preservation of the sphincter of Oddi, this biliary
anastomosis is performed in most of liver transplant patients. On the other hand, the biliodigestive technique is
an anastomosis between the donor choledochal duct and
a jejunal loop of the recipient and is used in selected recipients. Since infectious colonization of the biliary tract
is possible, episodes of cholangitis are reported in the
natural history of these patients.
The choice of biliary reconstruction can be determined by the underlying hepatic disease, the caliber of
donor and recipient choledochal ducts, previous transplant or hepato-biliary surgery and the preference of the
performing surgeon. However, there are no clear guidelines on the preferred type of surgical anastomosis[6].

DIAGNOSIS OF BILIARY ADVERSE
EVENTS AFTER OLT
The clinical presentation of biliary adverse events varies
considerably and can vary from an asymptomatic patient
with moderate liver enzyme elevations to a septic patient
with fever and hypotension due to ascending cholangitis[6,9].
The prompt diagnosis and appropriate management
of these adverse events are important to ensure the survival of both the organ and the patient after OLT, and
the diagnostic algorithm has been repeatedly revised in
order to achieve the most accurate approach[2,9-11].
Whenever a biliary adverse event is suspected, diagnostic work-up usually begins with laboratory evaluation
and an abdominal Doppler ultrasound (US) that allows
for the evaluation of the biliary tree and the hepatic
vasculature. The positive predictive value of abdominal
ultrasound is very high, especially in the presence of dilated bile ducts. In the absence of dilated bile ducts, the
sensitivity of the ultrasound for detecting biliary obstruction ranges from 38% to 68%[12]. Although ultrasound
is a non-invasive method to assess adverse events in
recipients, a normal US examination cannot exclude the
presence of biliary strictures, bile leakage or widespread
abnormalities of the bile ducts[2,13,14]. When US findings
are indeterminate or there is persistent clinical suspicion
for an abnormality, multi-detector computed tomography
(MD-CT) is often performed in the period after transplantation. This imaging technique is a fast, reliable, and
non-invasive mean of visualizing hepatic artery, portal
vein, hepatic veins, and inferior vena cava and assess-
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ing non-vascular graft complications and extra-hepatic
organs. As concerns as biliary adverse events, CT can
be utilized to identify biliary obstruction or leakage, but
its true role has yet to be definitely established. Recent
developments in imaging technology have enabled to obtain drip infusion cholangiography with CT, that allows
detailed evaluation of biliary anatomy thanks to the high
resolution of images, though the availability of intravenous cholangiographic contrast media is limited to a few
countries.
A more conclusive evaluation of biliary adverse events
can be obtained using T-tube cholangiography or invasive
procedures, such as endoscopic retrograde cholangiopancreatography (ERCP) or percutaneous trans-hepatic
cholangiography (PTC)[4]. In patients with a suspicion of
biliary adverse events in the early phase after OLT during
which the T-tube is still in place, T-tube cholangiography
is the examination of choice[15]. Nevertheless, when the
T-tube is removed three months after transplantation
or in the case it is not utilized at all, direct visualization
of the biliary tract is only possible when using invasive
procedures such as PTC and ERCP, which are associated with adverse events in 3.4% of PTC and 1%-7%
of ERCP[4,15]. Although a commonly effective procedure
adverse events caused by ERCP are well known and
mainly include pancreatitis, gastrointestinal haemorrhage,
cholangitis, hemobilia, and duodenal perforation; they
can be life-threatening and can delay or even diminish the
chance of managing the primary disease. Furthermore,
in patients with biliodigestive anastomoses ERCP may be
impossible or very difficult since endoscopic approach of
the biliary tract is generally precluded because technically
challenging[15-17].
Endoscopic ultrasound-guided biliary drainage (EUSBD) is a recently introduced procedure which has been
quickly accepted in recent years as a possible alternative
for biliary drainage in patients in whom ERCP has previously failed[18]. Though EUS-BD is rapidly gaining popularity and attraction in the endoscopic world, the methods
and indications have yet to be fully standardized and this
new approach cannot be considered a treatment of first
instance[18].
With the introduction of magnetic resonance cholangiopancreatography (MRCP) the same level of imaging
of invasive procedures can be obtained non-invasively
and this approach is particularly useful in recipients in
which the tube T has been removed or has never been
placed.

MR CHOLANGIOGRAPHY
As a non-invasive and accurate alternative to direct
cholangiography, MR cholangiography represents the
next step in the event that ultrasound does not reveal
evidence of bile duct abnormalities despite clinical suspicion, and actually plays a crucial role in the assessment
of biliary abnormalities after surgery[19]. Although various modifications of this technique have been recently
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proposed, they all require the acquisition of a heavily T2weighted sequence, which allows to visualize the structures containing stationary or slow-moving fluids as very
hyperintense areas. The quality of MRC has been significantly improved with the recent introduction of multiple
three-dimensional (3D) pulse sequences. After preliminary acquisition of T1- and T2-weighted sequences in
the axial plane, two MR cholangiographic techniques
are conventionally performed: respiratory-triggered,
thin-collimation (2.4 mm thk/-1.2 mm) 3D FRFSE T2weighted sequences in the coronal plane and breath-hold,
thick-collimation (40-60 mm), single-shot fast spin-echo
T2-weighted sequences utilizing coronal/coronal oblique
projections[19,20].
Very encouraging results have been reported by different authors as concerns as the MRC evaluation of
biliary adverse events in patients who have undergone
OLT[15,20-25]. In a recent meta-analysis published by Jorgensen et al[26], the authors concluded that using MRCP
we can obtain an excellent diagnostic accuracy for biliary
obstruction in liver transplant patients, with a combined
sensitivity and specificity of 96% and 94%, respectively.
On the basis of their data they also suggested that MRCP
may be a suitable test in recipients having low to moderate suspicion for biliary obstruction, and the employment
of this non-invasive technique may prevent the unneeded
possible risks of ERCP in this clinical setting[26]. Besides,
in a still more recent meta-analysis by Xu et al[27], these
authors confirmed that MRCP is a highly accurate diagnostic technique for diagnosis of biliary complications
and strictures in patients who have undergone OLT.
The disadvantages of conventional MRCP[28,29] are
that it lacks functional information and so, differentiation between obstructive and non-obstructive dilatation
of the bile ducts is often extremely difficult. Depiction
of anatomy and lesion detection can be inadequate in a
non-dilated biliary system; besides, free fluid and leak in
the vicinity obscures the biliary anatomy due to overlapping[30]. Hence, there is often a need for a non-invasive
imaging modality, which can provide reliable anatomic as
well as functional information.
T1-weighted contrast-enhanced MR cholangiography with intravenous administration of hepato-biliary
contrast agents such as Mn-DPDP, Gd-BOPTA and
Gd-EOB-DTPA[31] is a technique that has been recently
introduced and may provide both anatomical and functional information on the biliary tract. The above mentioned contrast media are picked up by normal hepatocytes and eliminated in the biliary system (3% to 5% for
Gd-BOPTA, 20% for Mn-DPDP, 50% for Gd-EOBDTPA)[32]. Subsequent contrast-enhanced MR imaging
that can include both dynamic and delayed hepato-biliary
phases are acquired by utilizing 3D breath-hold fat-suppressed T1-weighted gradient-echo imaging in the axial
and coronal plane.
This emerging diagnostic tool, especially when using
Gd-EOB-DTPA, is particularly helpful for depicting the
anatomy of biliodigestive anastomoses and identifying
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events. MR cholangiography well depicts the postoperative reconstruction of the biliary system (particularly
when it is dilated) and the different types of biliary anastomosis (Figures 1 and 2). Nevertheless, it can be limited
in the visualization of the site of biliary-enteric anastomosis and also the possible cause of obstruction. Contrast-enhanced MRC may provide images with a higher
resolution than those we can obtain using conventional
T2-weighted MR cholangiography and has the advantage
of contrast agent into the biliary system and jejunal loop,
that significantly contribute to a better visualization of
the anastomotic region.

A

B

BILIARY LEAKAGE

Figure 1 Bilio-enteric anastomosis. A: Single-shot thick-slab magnetic
resonance cholangiogram shows a regular hepatico-jejunostomy; B: Maximum
intensity projection reconstruction of 3D thin-slab fast spin-echo T2-weighted
images confirms the anastomotic patency (red arrow) and better demonstrates
the portion of the jejunum and the choledocho of the recipient.

adverse events such strictures of the anastomosis, bile
leakages and lithiasis; besides, it can provide functional
informations that are extremely promising in the grading of biliary obstruction. The drawbacks of contrastenhanced MRC include its high cost (it is also a timeconsuming technique) and its limited role in delineating
the biliary tract in patients with liver dysfunction[32].
In a preliminary experience on 13 patients with hepaticojejunostomy, Hottat et al[29] concluded that contrastenhanced T1-weighted MRC with intravenous administration of Mn-DPDP provides useful anatomic and
functional information in patients suspected of having
biliary obstruction on conventional T2-weighted MR
cholangiography.
Hepatic excretion of hepato-biliary contrast agents
results in enhancement of biliary structures and it is
likely to have a great impact on better visualization of
biliary system; on the basis of these characteristics it may
potentially increase reliability of the MR examination or
decrease the occurrence of a non diagnostic or equivocal
interpretation[32].

BILIARY ANATOMY
In complex biliary surgical procedures, such as liver transplantation a non-invasive means of assessing the biliary
tree after surgery is often necessary to exclude adverse
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Although a series of biliary adverse events have been
reported after OLT, the most frequent are leakages and
strictures. The occurrence of biliary leaks is typically in
the early phase after transplantation, while strictures can
usually develop from several months to years[33]. Bile leaks
occur in 2%-25% of cases after liver transplantation and
can be classified in two categories: early bile leaks, which
present within 4 wk of OLT and late bile leaks, which
present beyond this time[34-37]. Early bile leaks usually occur at the anastomotic site or at the T-tube insertion site.
In liver transplant patients with both CC and a biliaryenteric anastomosis quick and correct localization of
biliary leakages is helpful for guiding the more appropriate therapy. Thus, morbidity and mortality rates can be
reduced significantly. The surgical reconstruction of the
biliary tree and the time of onset determinate the treatment method when a biliary leakage occurs. The treatment of leaks is usually performed through endoscopic
removable stenting that allows biliary drainage. Endoscopic sphincterotomy is sometime used for the removal
of obstructing lithiasis or for the placement of a second
stent so as to improve drainage of bile[38]. In patients in
whom ERCP cannot be carried out, percutaneous transhepatic biliary drainage is usually used for diversion. In
all cases in which there is a significant collection associated with a leakage, the collection must necessarily be
drained in order to eliminate the risk of consequential
infections and adhesions associated with the biliary fluid.
In recipients with a leak shortly after transplantation or if
it occurs at a hepaticojejunostomy, reintervention is generally considered[38].
US, CT, and MRC can be generally employed to identify a biliary leak[39,40]. Though imaging findings provided
by these cross-sectional modalities may be suggestive
of a biliary leakage in a proper clinical setting, they are
frequently nonspecific (e.g., fluid collection). In order to
confirm the presence of an active leak, invasive procedures such as PTC or, less frequently, ERCP are generally
utilized to demonstrate contrast agent extravasation from
the biliary system. Nevertheless, in the current diagnostic
work-up for a bile leak the first step is represented by abdominal US, and, if the findings provided by this examination are non-diagnostic, to perform conventional T2-
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Figure 2 Duct-to-duct anastomosis. A: Single-shot thick-slab magnetic resonance cholangiogram shows a choledocho-choledocho anastomosis with a discrepancy
of caliber between donor and recipient choledocho; B: Axial single-shot T2-weighted images demonstrate the anastomotic patency (red arrow).

weighted MR cholangiography. The reported accuracy of
T2-weighted MRC in the detection and localization of a
biliary leakage is between 70% and 74%[41].
Contrast-enhanced MRC with intravenous administration of hepato-biliary contrast agents provides functional
informations as concerns as biliary excretion and may be
extremely helpful in localizing the bile leak, which is not
generally possible at un-enhanced T2-weighted MR cholangiography[42]. Indeed, using contrast-enhanced MRC we
can demonstrate active biliary leakage by visualizing contrast media extravasation into the fluid collection and so
we can also localize the anatomic site of the bile leak[43]
(Figure 3).

BILIARY STRICTURES
Biliary strictures are the most frequent type of late biliary adverse events, occurring approximately 5-8 mo after
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OLT, and can be classified according to their location
into stricture of the biliary anastomosis (AST) and nonanastomotic stricture (NAS)[44]. The incidence of the
biliary strictures ranges from 5% to 34% of patients receiving liver transplant[37,45]. The prompt identification of
AST and NAS is important to ensure the survival of both
the organ and the patient after OLT. Moreover, the differentiation between the two types of stenosis is essential
for the more appropriate therapeutic approach. Over the
past few years the role of endoscopy in the management
of post-OLT biliary strictures is gradually increased. Actually, the standard first-line therapy of biliary strictures
is represented by endoscopic dilation with placement
of single or multiple plastic stents; in most of cases and
particularly in patients with anastomotic strictures this
therapeutic approach avoids the need for percutaneous
transhepatic therapy and surgery[46]. Non-anastomotic
strictures are more difficultly treated than anastomotic
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Figure 3 Anastomotic leak in a patient with hepatico-jejunostomy. A: Single-shot thick-slab magnetic resonance cholangiogram shows a fluid collection in the
area of biliary-enteric anastomosis; B: Coronal T2-weighted images (at different levels) accurately depict circumscribed sub-hepatic fluid collections with thickened
walls. C: Maximum intensity projection reconstruction of Gd-EOB-DTPA enhanced LAVA T1-weighted sequence well exhibits extravasation of contrast material into
the peri-anastomotic space compatible with bile leak; D: Coronal Gd-EOB-DTPA enhanced LAVA T1-weighted images better identify contrast agent both extravasating
from an anastomotic leak (red arrow) and filling the Roux-en-Y anastomosis (white arrow); E: On axial post-contrast LAVA image it is possible to distinguish the fluid
collection (red arrow) from the jejunum (white arrow).

B

A

Figure 4 Anastomotic biliary stricture associated with sphincter of Oddi dysfunction. A: Single-shot thick-slab magnetic resonance cholangiogram shows
stricture of both anastomotic site (red arrow) and iuxta-papillary choledocho (white arrow), with dilation of pre- and post-anastomotic biliary tract; B: Maximum intensity
projection reconstruction of Gd-EOB-DTPA enhanced T1-weighted LAVA sequence demonstrates regular excretion of contrast-enhanced bile in the extra-hepatic biliary tract at 20 min, while contrast-enhanced bile excretion in the duodenum is not appreciable.

strictures, present an higher rate of episodes of cholangitis, and show a less favorable outcome in terms of graft
and patient survival. A long term response to endoscopic
treatment with dilatation and stent placement is reported
in 50%-75% and in 70%-100% of patients with NAS and
AS, respectively[46]. Percutaneous transhepatic approach
and surgery including re-transplantation are currently
considered for patients in whom endoscopic therapy is
repeatedly failed and for those with bilio-digestive anas-
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tomosis. However, even in these latter patients, the possibilities of endoscopic treatment are expanding with the
recent improvements of deep small bowel enteroscopy[46].
Anastomotic strictures at the site of biliary anastomosis can occur in both CC and CJ type of reconstruction,
but they are more common after CJ than CC due to the
direct bilioenteric connection[47].
In the choledochocholedochal strictures two-dimensional and 3D MR cholangiography show a circumscribed
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Figure 5 Anastomotic biliary stricture with lithiasis. A: Axial T2-weighted image shows dilation of the biliary system with concomitant stones (yellow arrow); B: Axial T1-weighted image confirms the presence of stones in the biliary tract (yellow arrow); C: Maximum intensity projections of 3D thin-slab fast spin-echo T2-weighted
images (obtained using different thicknesses) demonstrate the dilation of the both intra- and extra-hepatic (pre- and post-anastomotic) biliary tract with a stricture of
the iuxta-papillary choledocho (white arrow); the presence of two stones at the level of the hepatic bifurcation (yellow arrow) is also well appreciable; D: On coronal
single-shot T2-weighted images (at different levels) is also better appreciable a stricture at the anastomotic site (red arrow); E: Endoscopic retrograde cholangiography
confirms the presence of strictures and stones in the pre-anastomotic biliary tract; F: Stones were endoscopically removed and strictures were treated by stenting as
shown on different projection images.

narrowing at the level of the surgical anastomosis that
can be associated or not with dilatation of the pre-anas-
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tomotic biliary tract[48] (Figure 4). T1- and T2-weighted
images in the axial plane show a regular thickening of
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Figure 6 Anastomotic biliary stricture with lithiasis in a patient with hepatico-jejunostomy. A: Maximum intensity projection reconstruction of 3D thin-slab fast
spin-echo T2-weighted images shows marked dilation of the biliary system with partial visualization of the left hepatic duct; B: Single-shot thick-slab magnetic resonance cholangiogram well depicts the stricture of the anastomotic site (red arrow); C, D: Axial single-shot T2-weighted images and axial 3D thin-slab fast spin-echo
T2-weighted image demonstrate dilation of the pre-anastomotic biliary tract with the presence of pneumobilia, in particular at the level of left and common hepatic
ducts with concomitant stones into the left one; E: Axial T1-weighted image better recognizes pneumobilia.

the anastomotic biliary wall with a typical ring-shaped
hypointensity[48]. Besides, calculi can be appreciable in the
pre-anastomotic biliary tract (Figure 5).
The surgical conformation of a biliodigestive or
choledochojejunostomy make it difficult to assess with
MR cholangiography. The physiological motility of the
jejunal loop can cause occasional folding of the anastomotic junction with a consequent dilatation of the biliary
system above the anastomosis. Besides, the bowel gas
and fluid collections prevent the assessment of the anastomosis[48-50]. In a recent paper Kinner et al[44] concluded
that post-OLT biliary stenoses can be properly identified
by MRCP in recipients with CC. Nevertheless, in patients
with a biliodigestive anastomosis the diagnostic performance of MRCP is reduced due to the less precise delineation of the anastomotic site (Figure 6).
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Differentiation between non-obstructive vs obstructive dilatation of the biliary tract may be arduous on
conventional T2-weighted MRC since this technique does
not provide functional informations as concerns as biliary
drainage[32,51]. Alternatively, high concentration of hepatobiliary contrast agents in bile ducts enables functional
imaging of the biliary excretion since contrast-enhanced
MRC may provide an indication of excretory function
on the basis of the reference values of contrast media
for biliary excretion. Furthermore, clear demonstration
of the patency of the biliodigestive anastomosis can be
provided by contrast agent filling of the jejunal loop on
contrast-enhanced MRC (Figure 7).
Among biliary adverse events, the most troublesome
are the so-called “ischemic-type biliary lesions” (ITBL),
that are non-anastomotic intra- or extrahepatic stenoses
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Figure 7 Patent anastomosis in a patient with hepatico-jejunostomy. A: Coronal T2-weighted magnetic resonance cholangiography reveals a moderate dilation
of the intrahepatic biliary system, but does not visualize the site of the biliary-enteric anastomosis; B, C: Coronal Gd-EOB-DTPA-enhanced T1-weighted magnetic
resonance cholangiogram, obtained 20 min after contrast injection, shows contrast excretion into the intrahepatic biliary system, the site of biliary-enteric anastomosis
(red arrow) and anastomotic jejunal loop, demonstrating the patency of the biliary-enteric anastomosis.

and dilatations involving electively the biliary system of
the transplant occurring in the absence of hepatic artery
thrombosis, ABO incompatibility, or other known causes
of bile duct damage. These non-anastomotic strictures
have been known since the early liver transplants[52]. The
appearance of these lesions suggests that microcirculatory problems related to graft preservation factors or immunogenic injury are the main pathogenic mechanisms.
Using MRC, most of ITBL show a lengthy stricture
that frequently involves the right and left hepatic ducts
and the hepatic bifurcation, which is a prevalent localization for ischemic injures after OLT. These stenoses
more commonly start at the biliary confluence and then
extend to the peripheral bile ducts, but the biliary involvement can also be intrahepatic and of various bile
ducts[15]. Another characteristic feature of ITBL is represented by wall thickening of the graft common bile duct,
that is generally well demonstrated on MR imaging; this
findings can be sometimes associated to biliary sludge,
stones or casts[15,25] (Figures 8-10). Based on MRI findings transplant surgeon can accurately assess the extension of bile ducts involvement in order to plan the more
appropriate therapy and utilize ERCP only for therapeutic purposes[15].
Preliminary experiences suggest that contrast-enhanced MRC using Gd-EOB-DTPA may provide both
anatomical and functional information of ITBLs in liver
transplant recipients. In fact, times of contrast agent excretion seem to be in correlation with different degrees
of biliary obstruction.
Several trials have evaluated the diagnostic accuracy
of MRCP for the depiction of anastomotic and nonanastomotic biliary strictures. In a study by Aufort et al[53]
twenty-seven liver transplant patients underwent MRCP
using direct cholangiography as the gold standard technique. A good or excellent visualization of 80% of all
biliary segments was demonstrated by MRCP. Sensitivity
and specificity of MRCP for the delineation of biliary
strictures were 85% and 81%, respectively. Nevertheless,
these authors did not perform a separate analysis for
anastomotic or non-anastomotic stenoses. In the trial by
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Zoepf et al[45] fifty liver transplant patients both with AST
and NAS were examined by means of MRCP utilizing
ERCP as the standard of reference. MRCP showed a sensitivity of 71% and 89% for the delineation of AST and
NAS, respectively; on the other hand, the reported values
of specificity were only 25% for both types of stricture.
However, neither detailed description of the MRCP technique nor on the reviewers’ expertise was provided in this
study. Sensitivity and specificity values over 90% were
reported by Boraschi et al[20] in a series of patients with
CC undergoing MRCP. Kinner et al[44] evaluated the diagnostic performance of MRCP for the detection of biliary
strictures after OLT according to the type of surgical reconstruction. In this trial in recipients with biliodigestive
anastomosis sensitivity and specificity values of MRCP
for the depiction of anastomotic and non-anastomotic
biliary stenoses were 50% and 83%, 67% and 50%, respectively. Additionally, in the cohort of patients with CC
the sensitivity (AST: 100%, NAS: 100%) and specificity
(AST: 100%, NAS: 88%) values of MRCP were significantly higher for both types of anastomosis. Other studies have also reported an excellent accuracy of MRCP for
the delineation of biliary stenoses in a inhomogeneous
cohort of recipients[54,55].
At least, patients undergoing OLT for primary sclerosing cholangitis can develop multiple biliary strictures
alternating with dilation of bile ducts after liver transplantation. MRCP’s sensitivity is lower than that of ERCP
in the identification of early alterations, but this noninvasive technique is helpful for detecting typical signs of
biliary involvement in patients with a known diagnosis, in
order to monitor the progress of these changes. MRCP
shows beaded bile ducts or we can observe a “pruned
tree” appearance of the biliary system with multiple stenoses alternating with normal or slightly dilated ducts
(Figure 11).

BILIARY STONES, SLUDGE AND CASTS
Endoluminal bile duct obstruction, in the form of biliary
stones, sludge and casts, can virtually occur at any time
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Figure 8 Non-anastomotic biliary stricture: Early ischemic type biliary lesion. A: Single-shot thick-slab magnetic resonance cholangiogram demonstrates
discrepancy of caliber between donor and recipient extrahepatic biliary tract without dilation of intrahepatic biliary system; B: T-tube cholangiography confirms the
presence of the mild stenosis; C: Axial T2-weighted images well exhibit the presence of circumferential wall thickening of the extrahepatic biliary tree of the graft (red
arrows).

after OLT. Sludge is described as a mixture of mucous,
calcium bicarbonate and crystals of cholesterol, which
go on to form biliary stones if not treated. Biliary cast
syndrome is characterized by an endoluminal brown,
hardened material that molds to the shape of the biliary
tract, leading to a “mold” or “cast” of the ductal system.
The timing of onset of biliary sludge and cast syndrome
is usually within the first year of transplant, while biliary
stones tend to occur after. On ERCP, stones, sludge and
casts are usually seen as a defect in the contrast column
and described as “filling defects”. Most of these latter
and in particular biliary stones, are successfully treated
with an endoscopic approach including sphincterotomy,
lithotripsy and extraction[2].
Numerous published studies have shown that MRC
is as effective as ERCP in diagnosing common bile duct
stones, although the possibilities of MRI in identify-
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ing calculi of a few millimeters in size are still to be
fully proven[56]. Endoscopic ultrasound (EUS) is able to
provide images of high resolution since the endoscopic
probe is in close proximity to the internal structures. The
spatial resolution of EUS is higher than that of MRCP
(0.1 mm vs 1.5 mm) and consequently this technique is
extremely reliable for the detection of small calculi also
for the advantage of providing dynamic images compared to MRCP[57]. Nevertheless, since EUS is an invasive
procedure and requires sedation of the patient, the need
to perform it in low risk subjects should be carefully evaluated. In fact, even a merely diagnostic EUS may cause
complications such gastro-intestinal bleeding and bowel
perforation[57]. In a recent paper Verma et al[57] compared
the diagnostic performance of EUS and MRCP for the
identification of common bile duct stones when using
the data from published prospective comparative stud-
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Figure 9 Non-anastomotic biliary stricture: Advanced ischemic type biliary lesion. A: Single-shot thick-slab magnetic resonance cholangiogram demonstrates
a stenosis of the hepatic bifurcation and hepatic ducts (red arrows) with an irregular dilation of the intrahepatic biliary system; B, C: Axial T2- and axial T1-weighted
images well exhibit the presence of circumferential wall thickening (white arrows) at the level of hepatic bifurcation and endoluminal casts (yellow arrows); D: On
diffusion-weighted imaging the liver parenchyma appears inhomogeneous with multiples areas of persistent high signal intensity in highest b-value acquisitions.
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Figure 10 Non-anastomotic biliary stricture: Classic signs of ischemic type biliary lesion. A, B: Single-shot thick-slab magnetic resonance cholangiopancreatography show the stricture at the level of hepatic bifurcation (red arrow) and the presence of biliary sludge/stones (white arrow) in the dilated intrahepatic biliary
system; C: On coronal T2-weighted image the wall thickening of the extrahepatic biliary tree of the graft is also well appreciable; D: Endoscopic retrograde cholangiography exhibits the optimal correlation of these features.

ies. On the whole, no significant difference was found
between these two tests for the diagnosis of choledocho-
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lithiasis, though both techniques showed high diagnostic
accuracy. The authors concluded that factors such as pa-
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Figure 11 Recurrence of primary sclerosing cholangitis in a transplant patient with hepatico-jejunostomy. A: Maximum intensity projection (MIP) reconstruction of 3D thin-slab fast spin-echo T2-weighted images shows multifocal stenosis with intervening saccular dilation affecting the intrahepatic biliary system; B, C: On
MIP reconstruction and axial Gd-EOB-DTPA enhanced LAVA T1-weighted sequences the intrahepatic biliary system is not appreciable, however the irregularities of
the extrahepatic biliary tract are more accurately depicted.

tient suitability, expertise and costs should be considered
when deciding between EUS and MRCP[57].
On conventional T2-weighted MR cholangiography
the presence of pneumobilia is an element that can compromise the correct diagnosis of lithiasis. The differential
diagnosis between stones and pneumobilia is usually
performed on axial T2-weighted sequences. Calculi are
generally identified as endoluminal areas of signal void
surrounded by high intensity of bile in the dependent
portion of the duct (Figure 5), whereas pneumobilia is
typically characterized by low signal intensity in the nondependent portion of the bile duct[19] (Figure 6). Besides,
on conventional T2-weighted MRC flow artifacts are
sometimes observed in the central portion of choledochal duct as thin area of low signal intensity[58]. These
flow artifacts are not commonly recognized on contrastenhanced T1-weighted MR cholangiography, that may be
helpful in providing an increased diagnostic confidence
in the differential diagnosis between stones and pneumobilia. Furthermore, Kinner et al[59] showed that adding
non-enhanced T1-weighted sequences to conventional
T2-weighted MRCP the diagnostic performance of MRI
for the diagnosis of biliary cast syndrome after OLT is
significantly improved since biliary cast is hyperintense
on T1-weighted images (Figure 9).
In liver transplant patients biliary obstruction caused
by lithiasis is usually associated with an anastomotic stricture. Moreover, a biliodigestive by-pass (even if patent) is
a factor encouraging the development of biliary stones[19].
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Clinically these patients can present typical signs of cholangitis, represented by abdominal pain, fever, and jaundice, the classic Charcot triad. If an obstruction of the
biliary system is not promptly recognized, patients may
develop ascending cholangitis, showing multiple intrahepatic biliary strictures that mimic the features of primary
sclerosing cholangitis[19].

SPHINCTER OF ODDI DYSFUNCTION
Another common occurrence after OLT is represented
by sphincter of Oddi dysfunction (SOD) that is reported
to be up to 7% in liver transplant recipients. The pathogenesis of SOD is attributed to the denervation of the
sphincter during liver transplantation. This leads to an
increase in basal pressure, thus causing increased pressures in the choledochal duct and, as a consequence, a
mild increase in the size of donor and recipient common
bile ducts[60]. There have been virtually no clinical trials
that demonstrate the best treatment option for SOD. In
recent years, endoscopic therapy with sphincterotomy
with or without stenting has been the most acceptable
treatment option for SOD in liver transplant recipients.
On MRCP we can observe a significant dilatation
of both recipient and donor bile duct in the absence of
cholangiographic evidence of obstruction; a protrusion
of the enlarged ampullary region into the duodenal lumen is sometimes associated (Figure 4). In these cases,
SOD is suspected and contrast-enhanced MR imaging
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Figure 12 Vanishing bile duct syndrome. A: Maximum intensity projection reconstruction of 3D thin-slab fast spin-echo T2-weighted images shows only extrahepatic pre- and post-anastomotic biliary tract; the entire intrahepatic biliary system is missed; B: These findings are better appreciable on single-shot thin-slab magnetic
resonance cholangiograms.

can be added to T2-weighted MR cholangiography in
order to obtain functional information on the degree of
biliary obstruction and increase the diagnostic accuracy
of MR imaging, particularly in patients with biochemical
abnormalities that could be treated endoscopically with
or without stenting.

phy using hepatobiliary contrast agents (in particular using Gd-EOB-DTPA) in order to improve the diagnostic
accuracy in the adverse events’ detection such as biliary
leakage and strictures, especially in selected patients with
biliary-enteric anastomosis.
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Abstract
Hepatitis C virus (HCV)-related cirrhosis represents the
leading cause of liver transplantation in developed,
Western and Eastern countries. Unfortunately, liver
transplantation does not cure recipient HCV infection:
reinfection universally occurs and disease progression
is faster after liver transplant. In this review we focus
on what happens throughout the peri-transplant phase
and in the first 6-12 mo after transplantation: during
this crucial period a completely new balance between
HCV, liver graft, the recipient’s immune response and
anti-rejection therapy is achieved that will deeply affect subsequent outcomes. Nearly all patients show an
early graft reinfection, with HCV viremia reaching and
exceeding pre-transplant levels; in this setting, histological assessment is essential to differentiate recurrent
hepatitis C from acute or chronic rejection; however,
differentiating the two patterns remains difficult. The
host immune response (mainly cellular mediated) appears to be crucial both in the control of HCV infection
and in the genesis of rejection, and it is also strongly
influenced by immunosuppressive treatment. At pres-
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ent no clear immunosuppressive strategy could be
strongly recommended in HCV-positive recipients to
prevent HCV recurrence, even immunotherapy appears
to be ineffective. Nonetheless it seems reasonable that
episodes of rejection and over-immunosuppression
are more likely to enhance the risk of HCV recurrence
through immunological mechanisms. Both complete
prevention of rejection and optimization of immunosuppression should represent the main goals towards reducing the rate of graft HCV reinfection. In conclusion,
post-transplant HCV recurrence remains an unresolved,
thorny problem because many factors remain obscure
and need to be better determined.

Core tip: Hepatitis C virus (HCV) graft reinfection universally occurs post-liver transplantation and disease
progression is accelerated. Differentiating recurrent
hepatitis from rejection is essential in this setting; however, differentiation of the two pathological patterns
remains difficult. The host immune response appears
to be crucial both in the control of HCV infection and in
the genesis of rejection: complete prevention of rejection and optimization of immunosuppression should
represent the main goals. A proper graft allocation
seems to be crucial to realize an ideal donor-to-recipient matching; however, many factors remain obscure.
Grassi A, Ballardini G. Post-liver transplant hepatitis C virus recurrence: An unresolved thorny problem. World J Gastroenterol
2014; 20(32): 11095-11115 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i32/11095.htm DOI: http://
dx.doi.org/10.3748/wjg.v20.i32.11095
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INTRODUCTION
Since the liver transplant (LT) was approved as a life-saving intervention for end-stage liver disease in the 1980s,
decompensated cirrhosis from hepatitis C virus (HCV)
has become, and will remain, the leading cause of LT in
developed, Western and Eastern countries[1-3]. Unfortunately, LT does not cure the recipient’s HCV infection.
Reinfection occurs universally and disease progression
is accelerated compared with the non-transplanted
population. Histologically proven hepatitis C-related cirrhosis can be documented within a mean of five years
after transplantation and, from that point on, the first
episode of decompensation may occur in less than one
year. Graft failure and loss are the unavoidable result for
about 30%-35% of patients, resulting in poor outcomes
for HCV-infected recipients compared with those who
are HCV-negative[4-6].
In this review we discuss the current understanding of graft HCV reinfection in the LT recipient, with a
focus on the peri-transplant phase and the first 6-12 mo
after transplantation: during this crucial period, a completely new balance between HCV, liver graft, recipient
immune response and anti rejection therapy is achieved,
which will deeply affect subsequent outcomes. We have
divided this article into five sections, focusing on the following pivotal topics: (1) early dynamics of graft HCV
reinfection post LT; (2) differentiating acute cellular
rejection (ACR) from early recurrent hepatitis C (RHC);
(3) the role of genetic and host immune response; (4)
immunosuppressive treatment and immunotherapy; and
(5) graft-related factors.

EARLY DYNAMICS OF GRAFT HCV
REINFECTION POST LT
Serum HCV RNA
Reinfection (measured by detectable serum HCV RNA)
is the universal outcome after LT for HCV-related liver
disease[7,8]. Serum viral load reflects a complex interaction between viral production by infected cells and clearance by the host immune system. After LT, the relative
contribution of each of these factors likely differs at different sampling times.
Serum HCV RNA decreases rapidly during, and immediately after, the removal of the infected liver and the
implantation of the new, uninfected graft. This is followed by a steady increase in viral concentrations within
days. Garcia-Retortillo et al[9] showed that serum viral
load rapidly decreases with reperfusion of the allograft,
presumably as the liver removes virus from the circulation and the intrahepatic viral amount increases (intrahepatic viral load was not determined in this study); serum
viral load reached a nadir 8-24 h after reperfusion, likely
representing saturation of cell surface receptors for
HCV in the allograft. The subsequent increase in the serum viral load should represent established infection and
production of new virus by the infected allograft. Dur-
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ing the first week following transplantation, viral kinetics
appear highly variable between individuals and may be
related to an attenuated immunological response of the
recipient[9]. Once the new liver becomes infected, hepatic
viral replication resumes, with serum HCV RNA reaching and exceeding pre-LT levels[4,10-17]. The rapid increase
of HCV viral loads after LT proves the high capacity of
HCV to adapt to a new environment. In particular, viral
escape from a dominant immune response early after LT
could play a central role in viral persistence by enhancing viral survival when it is most susceptible to immune
selection, as in case of massive infection of the graft[18].
Not all allografts are equally efficient hosts for viral
replication: Negro et al[11] showed that rates of viral replication in allografts (determined by anti-genomic strandspecific real time-polymerase chain reaction) appear to
differ between patients and seem to be not related to
immunosuppression. Limitations of this study were its
semi-quantitative nature and the lack of clear defined
protocol biopsy time-points[11].
The impact of post-LT serum viral load on clinical
prognosis remains unclear: some authors argued that
viral load does not seem to be correlated with worse
outcomes in the post-transplant setting[19,20]; however,
more recently, others have shown that high levels of replication at this time are correlated with the development
of additional fibrosis in the allograft at one year posttransplant[21] and are associated with increased patient
mortality and liver-related mortality[22].
These results are likely confounded by many factors:
blood loss, transfusions and ongoing resuscitation during surgery; furthermore, secondary sites of viral infection may also contribute to variability in amount of virus
available to infect the liver[23].
Powers et al[24] carefully evaluated six HCV-positive
patients, collecting very frequent blood samples during
and soon after the anhepatic phase in the course of LT.
During the pre-anhepatic and anhepatic phases, HCV
RNA levels dropped with an average half-life of 0.8 h
and begin to rise (doubling-time 2.0 d) only 15 h after
the anhepatic phase. Based on the decline in viral load
over the first 24 h of the post-anhepatic phase, the authors estimated that a non-hepatic source might contribute up to 4% of total viral production, confirming data
reported by Dahari et al[25] who evaluated that this extrahepatic compartment is responsible for about 3.1% of
virus in circulation.
HCV quasispecies and subpopulations
Other studies of viral replication have also examined
HCV quasispecies evolution during first few days post
LT.
Feliu et al[26] showed a reduced viral complexity with
respect to pre-transplant levels, suggesting a “bottleneck”
effect, which arose soon after LT such that only one part
of the pre-transplant variants reinfects the graft.
In contrast to the “bottleneck” scenario, Gray et al[27]
revealed that multiple HCV lineages are transmitted at
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the time of LT, without a major decrease in viral genetic
diversity. Although only some of the pre-transplant
lineages were identified within the first 4 mo post-transplant, lineages are undoubtedly present because their
ancestors were sampled at later time points. It should be
underlined, (as correctly reported by the authors themselves) that all virus populations in that study were obtained from serum and, although such viruses are often
assumed to represent the viral population in the liver,
they may also contain variants from non-hepatic sites.
Other authors demonstrated that allografts remove
from the circulation, and are infected by, certain HCV
subpopulations over others in the immediate postoperative period. This selection for a fraction of HVR1
(the second envelope protein at hypervariable region 1)
variants by allografts suggests that this area of the viral
envelope contributes significantly to viral-allograft interaction. Additionally, after transplant, allografts express
variable amounts of CD81, a multifunctional protein
that has been demonstrated to act as a cell surface receptor for HCV and may interact directly with HVR1[19,28].
Other authors focused their attention on SR-BI, an
82-kDa glycoprotein highly expressed in the liver. SRBI binds a variety of lipoproteins (HDL and LDL) and
is involved in bidirectional cholesterol transport across
the cell membrane[29]. It has been suggested that the interplay between lipoproteins, SR-BI, and HCV envelope
glycoproteins is required for HCV entrance into liver
cells[30,31]. In the setting of LT, Meuleman et al[32] demonstrated that a human monoclonal antibody targeting SRBI efficiently precluded HCV infection and viral spread
after LT, both in vitro and in vivo.
In a small, but very precise, analysis of six patients
infected by HCV genotype 1b who underwent LT, HCV
variants reinfecting the liver graft were characterized
by efficient entry and poor neutralization by antibodies present in pre-transplant serum. Conversely, pretransplant subvariants not detected soon after LT were
characterized by less effective hepatocyte entry[33].
Nevertheless, the clinical significance of quasispecies
evolution with established infection remains controversial. Sullivan et al[34] found that higher levels of diversity correlate with less severe recurrence (presumably
because of a stronger immune response to the virus),
whereas Pessoa et al[35] showed that immunosuppressed
transplanted patients have greater quasispecies diversity
than immunocompetent non-transplanted patients.
Hughes et al [28] demonstrated that only a portion
of the complex population of quasispecies present in
patient serum before reperfusion of allografts goes on
to infect the liver, and that this quasispecies selection
begins immediately upon reperfusion. It seems possible
that persistence of a predominant variant from pretransplant serum to post-perfusion liver would result in a
greater magnitude of liver infection. This appears to be
in agreement with previously reported data[36,37], where
persistence of a predominant serum variant from pre- to
post-transplant serum was associated with RHC, whereas
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failure of predominant variants to persist post-transplant
was associated with no early recurrence. On the contrary,
Pessoa et al[35] found that in the subset of patients with
fibrosing cholestatic hepatitis (a severe form of HCV
recurrence associated with early graft failure and death),
divergence of quasispecies is enhanced, resulting in the
emergence of many new variants. In a peculiar model of
superinfection (HCV-infected liver into an HCV-positive
recipient), Vargas et al[38] demonstrated that superinfection of the liver by the donor strain is associated with
significantly milder disease than when the recipient strain
becomes dominant. In addition, genotype 1 consistently
predominates over non-1 genotypes in recipients of infected grafts, suggesting replicative differences among
viral strains.
HCV genotype and influence of co-infections
The influence of HCV genotypes on RHC is still controversial: some studies demonstrated that the severity
of recurrence and the levels of HCV viral replication after LT are higher in patients with genotype 1b infection
than in those with other genotypes[4,39-41]. By contrast,
Gayowski et al[42] reported that the rate and the severity
of RHC does not differ among genotypes, suggesting
that HCV genotype might not be a significant factor influencing post-LT HCV hepatitis.
Some authors have proposed that cytomegalovirus
(CMV) and human herpes virus-6 may have an immunomodulatory effect in transplanted recipients, and might
play a role in promoting HCV replication[43,44]. Bosch et al[45]
considered 347 LT recipients (donor or recipient CMV
seropositive) transplanted for HCV related liver disease
retrospectively to evaluate the associations of CMV
infection and disease with RHC after LT. They demonstrated that CMV infection was associated with increased
risk of fibrosis stage ≥ 2 and grade of inflammation ≥
2. By contrast, Nebbia et al[46] reported that short term
CMV viremia did not increase the replication of HCV
after LT.
In light of these contrasting data, the clinical significance of the degree of, and variations in, early quasispecies complexity, and the influence of HCV genotype
or other viruses on HCV replication post-LT, remain
mostly unclear.
Evaluation of intrahepatic HCV
The measurement of the amount of HCV in the serum
and its dynamic evolution may be less relevant than
the amount of virus in the liver. Intrahepatic viral load
rather than freely circulating virus likely causes liver
injury; therefore, liver viral load may better reflect the
magnitude of infection than serum viral load. While
Terrault et al[47] found that serum and liver viral loads
differed widely (ratio of liver/serum viral load ranged
from 17 to 286), Sreekumar et al[21] demonstrated that
serum and liver viral loads were significantly correlated
(r = 0.77-0.93, P < 0.01), though intrahepatic levels were
always higher (on average by 79-fold). It should be noted
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Figure 1 Immunohistochemistry of lobular areas from different liver biopsies stained for hepatitis C virus-antigens. Cytoplasmic positivity of hepatocytes with
different intensities of staining. A: Negative and strongly positive hepatocytes in the same areas. Original magnification 120 ×; B: Few positive hepatocytes. Original
magnification 20 ×; C: About 20% positive hepatocytes with different intensity of staining. Original magnification 20 ×; D: Widespread positivity, with prevalent strong
intensity of staining. Original magnification 20 ×.

that the authors obtained different results despite using
the same technique: these differences may reflect the
narrow dynamic range of detection for their assays (early
generation branched DNA), which allows discrimination
of a 3-log range of concentrations only.
Fewer data are available concerning the dynamics of
HCV reinfection within the graft and the liver expression of HCV antigens.
Liver HCV antigens expression is detected very early
post-LT: 25% of liver specimens obtained within 10 d
post LT show HCV antigens expression. This percentage
rises to 66% and 90% when liver samples are collected
between 11 and 20 or 21-60 d post-LT, respectively[48]. A
subsequent paper demonstrated that the expression of
liver HCV antigens is common until six months post-LT
(92% of frozen liver specimens), while it declines after
six months post-LT (74% of frozen liver specimens)[49],
(Figure 1). Accordingly, Mensa et al[50] demonstrated on
formalin fixed-paraffin embedded liver specimens that
HCV core protein expression is present in 75% and 33%
of acute phase and follow-up biopsies post-LT, respectively.

DIFFERENTIATING ACR FROM EARLY
RHC
Differentiating between ACR and early RHC after LT
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is a challenging histological and clinical problem in the
management of patients transplanted for HCV-related
cirrhosis. In fact, both pathological conditions are associated with lymphocytic infiltration and variable degrees
of bile duct injury in the portal tracts, as well as the
presence of centrilobular necrosis. Clinically, increased
aminotransferase and bilirubin levels characterize both
diseases, whereas HCV blood viral load is of little help;
moreover, both diseases may coexist.
The differentiation of RHC from ACR is crucial
for appropriate treatment. Incorrect diagnosis may be
detrimental, as failure to increase immunosuppression
in patients with ACR may lead to acceleration of rejection. More importantly, increasing immunosuppression
to treat presumed rejection may worsen RHC and lead
to a faster progression to fibrosis and cirrhosis of the
graft[13,51-54]. There is limited information on the reliability
of histopathological assessment for the differentiation
of RHC from ACR post-LT. One study in a small group
of patients demonstrated relatively low interobserver
and intraobserver agreement rates between two pathologists in early post-transplant liver biopsies[55]. More recently, Regev et al[56] evaluated interobserver agreement
between five pathologists on the histopathological diagnosis in 102 liver biopsy specimens from post-LT HCVpositive patients. They revealed a slight agreement (K
score = 0.12) on the histopathological diagnosis. All five
pathologists agreed on the diagnosis of RHC in only
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five patients (5%) and on the diagnosis of ACR in only
two patients (2%). Moreover, the intraobserver agreement also showed low reliability. Distinguishing RHC
from ACR may be difficult, especially in the early stages
of RHC, as both RHC and ACR may be associated with
lymphocytic infiltration of the portal tracts and variable
degree of bile duct injury with occasional lymphocytic
aggregates. Thus, histology should be used very cautiously for differentiating RHC from ACR post-LT.
To improve the possibility of discriminating ACR
from RHC we evaluated the percentage of HCV-infected hepatocytes using an immunohistochemical technique
based on FITC-conjugated human polyclonal anti-HCV
immunoglobulins in 55 frozen biopsy specimens from
post-LT HCV recipients. The number of HCV-infected
hepatocytes was never less than 40% in acute hepatitis specimens and never greater than 30% in the other
cases; therefore, the detection of liver HCV antigens
might be useful, combined with conventional histological evaluation, to make a diagnosis of RHC[48]. In a wider
series (215 liver specimens) using the same technique, we
found that in 15 out of 118 (13%) specimens obtained
within six months post-LT, a final diagnosis of recurrent
hepatitis occurred during the follow-up, despite previous
inconclusive or discordant histological diagnosis. In all
these patients, many infected hepatocytes were detected.
Moreover, the presence of more than 30% HCV-infected hepatocytes confirmed the presence of RHC and
“absolutely” excluded the presence of significant rejection[49]. These data were confirmed by Sadamori et al[57]
using a similar immunohistochemical technique with a
monoclonal antibody against HCV-envelope 2 in a series
of 84 liver biopsies.
Other authors considered 65 liver specimens comparing tissue HCV quantification and HCV immunohistochemistry (IHC) to histology. They demonstrated that
HCV RNA, HCV IHC, and Councilman body/portal
tract ratio are the only variables able to discriminate
ACR. They therefore proposed to routinely perform
at least HCV RNA tissue quantification, in addition to
histology, in all initial biopsies performed after LT in
HCV-positive patients[58]. The same authors described
stratification of the risk of RHC post-LT using tissue
and serum HCV RNA quantification. In a series of 83
post-LT liver specimens they reported that when tissue HCV RNA is ≤ 1.5 IU/ng with any serum HCV
RNA, the recurrent hepatitis rate was 61%. By contrast,
when tissue HCV RNA was > 1.5 IU/ng the recurrent
hepatitis rate was 91%, if serum HCV RNA < 40 × 106
copies/mL, and 100%, if serum HCV RNA > 40 × 106
copies/mL[59].
Ciccorossi et al[60] focused their attention on IgM
anti-HCV in a series of 98 consecutive HCV-positive LT
patients. They found that the serum IgM anti-HCV titer
increased in 82% of cases with RHC, while remaining
unchanged in all rejection cases. Moreover, the IgM antiHCV titer increased in 10 of 11 histologically doubtful
cases that were diagnosed as hepatitis at the subsequent
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liver biopsy. Thus, they proposed the quantitative monitoring of IgM anti-HCV as an additional diagnostic tool
for distinguishing RHC from graft rejection.
Other authors reported that C4d (a marker of the
activated complement cascade) is detectable in hepatic
specimens in acute rejection after LT. They analyzed
retrospectively 97 paraffin embedded specimens by immunohistochemistry, and demonstrated that 67.7% of
patients with ACR showed C4d-positive staining in liver
biopsy compared with 11.8% of patients with hepatitis
C reinfection. The hypothesis is that humoral components, represented by C4d deposition, might play a role
in ACR after LT and might be helpful to distinguish
between acute rejection and HCV reinfection[61]. Nevertheless, the same authors were not able to confirm these
results using ELISA measurement of C4d concentration
in a prospective series of cryo-preserved liver biopsies
from post-LT patients[62].
Transcriptional analysis has also been applied to explore potential pathways defining the presence of ACR
in the setting of recurrent HCV infection after LT. Microarray analysis has identified differentially expressed
genes associated with a variety of pathways, including
apoptosis, as potentially targeting the presence of ACR
in this setting[63].
Joshi et al[64] analyzed liver micro RNA (miRNA) expression in a carefully matched series of patients who
had previously undergone LT for HCV-related liver
disease, comparing those with slow vs rapid fibrosis
progression, individuals with ACR, and control subjects
without viral hepatitis. A clear segregation of miRNA
expression patterns was seen for all four groups. A pathway analysis that compared subjects with slow fibrosis
and subjects with rapid fibrosis revealed differences in
miRNA expressions influencing antifibrotic, antiangiogenic, anti-inflammatory and antiapoptotic pathways.
These results identified a number of potential pathways
for further exploration with respect to the pathogenesis
of RHC after LT, as well as potential biomarkers useful
to detect rapid fibrosis progression and ACR in this setting. The main bias of this otherwise intriguing paper is
the different timing of sampling biopsies. Patients with
slow or rapid fibrosis progression had protocol liver biopsy one year after transplant, when fibrosis was already
well established. By contrast, liver biopsies from patients
with histologically diagnosed ACR were obtained at the
time of suspected rejection. Thus it is not clear whether
the observed changes in mRNA expression predict the
development of a specific injury phenotype, or simply
are the result of established differing patterns of injury
within the allograft[64].
Recently Cabrera et al[65] proposed a blood test to
discriminate ACR from RHC post LT, focusing on what
happens in the blood rather than in the liver. Using the
ImmuKnow assay, which measures the amount of ATP
produced by CD4 lymphocytes after stimulation, they
studied 42 transplanted patients. Patients with ACR
presented a significantly stronger immune response
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than those with active RHC, while patients with mixed
features of ACR and mild RHC showed an intermediate
immune response[65]. The main advantage of this assay is
the rapid assessment of nonspecific CD4 effector T-cells.
Responses within 24 h offer real-time results on the status of the cell-mediated function, whereas the traditional
functional immunological assays need long incubation
periods. Obviously, as correctly reported by the authors,
these data need to be confirmed in a larger population
of transplanted patients.

ROLE OF GENETICS AND THE HOST
IMMUNE RESPONSE
Human leukocyte antigens system
The major histocompatibility complex (MHC) in LT
plays a less important role than in other solid organs
because the liver is more tolerogenic and most allograft
losses are caused by recurrence of the primary disease
rather than by rejection. Even if human leukocyte antigen (HLA) mismatching contributes to liver allograft
rejection, lower graft survival rates have been reported
when HLA compatibility between donor and recipient
is present[66-68]. To explain these apparently contrasting
data, Mañez et al[69] evaluated 58 patients transplanted for
HCV-related end stage liver disease and proposed a dualistic role of HLA in LT: HLA matching reduces ACR
but increases the risk of RHC post LT, favoring a more
efficient MHC-restricted antigen presentation, thereby
increasing cell-mediated immune responses toward
HCV-infected liver allografts. Langrehr et al[70] confirmed
this observation in a larger retrospective analysis of 165
HCV-positive transplanted patients. The number of rejection episodes increased significantly in patients with
more HLA mismatches (P < 0.05), whereas fibrosis progression (presumably related to RHC) was significantly
faster in patients with 0-5 HLA mismatches compared
with patients with a complete HLA mismatch. Globally, there is no correlation between number of HLA
mismatches and graft survival. These data are in agreement with ours and other reports showing that MHC-I
restricted T cells mighty be involved in the control of
post-operative HCV spread[48,71]. In contrast, Belli et al[72],
evaluated two separate cohorts of 120 and 190 patients
with liver graft for HCV-related disease and found that
HLA-DRB1 mismatch affected the risk of RHC and its
severity, both in univariate analysis and, after correction
for known clinical factors, in multivariate analysis. Similarly, Balan et al[73] demonstrated that HLA mismatching
in the A locus significantly increases the rates of HCV
recurrence.
More recently, in a retrospective study of 163 patients with documented post-LT RHC, Audet et al[74]
could not find any relationship between the total score
of HLA mismatches and HCV recurrence. On the contrary, a significant relationship between the individual
scores of HLA mismatches and the recurrence of
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HCV were observed for some recipient HLA genotypes
(HLA-A3, HLA-B35, HLA-DR3, HLA-DR7, HLADQ2 and HLA-DQ2-0)[74]. It should be noted that in
the two studies above, different end points were used according to the length of follow-up, making them poorly
comparable with each other. Furthermore, the differences regarding ethnic background, immunosuppressive
protocols, HLA typing methods and the definition of
hepatitis recurrence, particularly when protocol liver
biopsies were not performed[75], make the comparison
difficult.
Interleukin 28B
The association of allelic variation in the interleukin
28B (IL-28B) gene with HCV eradication after antiviral
therapy provided new insight into the complex relationship between HCV and the human immune system. The
initial report showed that patients homozygous for the C
single-nucleotide polymorphism at position rs12979860
of chromosome 19q (corresponding to 3 kb upstream
of the IL-28B gene) are twice as likely to achieve a sustained virological response to antiviral therapy than patients with either the CT or TT variant[76]. Subsequently,
it was suggested that the CC variant is also associated
with spontaneous viral clearance after acute HCV infection[77].
The evaluation of IL-28B gene in the setting of postLT HCV infection is particularly complicated because
recipients have two contributing sources of IL-28B genotypes: the recipient and the donor allograft. The impact
of IL-28B on the antiviral treatment of HCV infection
in the setting of LT goes beyond the purposes of this
review, but has been fully analyzed[78]. Here, we focus on
the impact of IL-28B in the spontaneous clearance of
HCV and, if present, in the risk of ACR.
The spontaneous clearance of HCV infection is
rare in the post-transplant setting, being limited to case
reports. Only two studies of spontaneous clearance of
HCV post-LT have included IL-28B genotyping, with
three cases overall. Two out of the three cases involved
recipients with the CT genotype, one had the CC genotype and all three patients received organs from CC
donors[79,80]. Despite the limitations of the available data,
it seems that the IL-28B gene of the donor has more
influence than the recipient’s in this setting. By contrast,
Biggins et al[81] recently suggested favorable effects of
the CC genotype in the non-transplant setting or when
present in the recipient, but unfavorable when present in
a donor liver graft.
Bitetto et al[82] assessed the risk of ACR in 251 consecutive patients undergoing LT (40% with HCV-related
cirrhosis). They found a significantly lower risk of ACR
in recipients with the CC genotype (20.6% with CC,
34.1% with CT and 47.8% with TT, P = 0.003), but the
association was weaker in patients with HCV infection
vs those with other etiologies of liver disease. Other authors have studied the association between ACR and IL-
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28B SNPs in HCV-only cohorts, finding no significant
variation in risk among the available genotypes for the
IL-28B gene (donor and recipient)[83,84].
Overall, in this setting, the role of IL-28B gene remains uncertain.
Host immune response
There is evidence of a direct cytopathic effect of HCV
in post-LT, which is supported by data demonstrating
a higher viral load in patients with fibrosing cholestatic
hepatitis with severe histology compared with patients
with milder forms of HCV recurrence[14,85]. However,
the evidence supporting a role for indirect immunemediated mechanism in liver damage may even be more
convincing.
In contrast to what happens in the vast majority of
infections, specific antibodies to HCV, although diagnostic of infection, do not protect the host from subsequent
damage from the same virus. Jain et al[86] quantified HCV
antibody levels in 141 blood samples from 39 HCVpositive LT patients and confirmed that the antibody
concentration did not correlate with viral load or hepatic
injury in the post-LT setting.
In the non-transplant setting, immune responses
appear to be crucial in the control of HCV infection.
Patients with a self-limited course of acute HCV infection show activation of viral-specific CD4 and CD8
T-cells producing type 1 cytokines, such as interferon
gamma (IFN-γ) and tumor necrosis factor-α (TNF-α)[87].
Presumably, the adaptive immune responses (CD4
helper T-cells and CD8 cytotoxic T-cells) and innate immune responses [natural killer (NK) and natural killer T
(NKT)-cells] play a pivotal role in liver injury associated
with RHC post-LT.
The majority of intrahepatic lymphocytes in patients
with RHC after LT are represented by the CD8 T-cell
subset: their presence is not proof of their role in liver
injury, although it is unlikely that the predominant immune cells within the liver are simply bystanders. Asanza
et al[88] demonstrated that patients with a more severe
and progressive form of RHC after LT had higher numbers of activated lymphocytes, which implied that these
activated CD8 T-cells play a critical role in injury and
progression of liver disease. Corresponding to the main
importance of CD8 T-cells in this setting, Rosen et al[71]
described the presence of HLA-A2-restricted, HCV-specific CD8 T-cells in LT recipients, in whom the allograft
was HLA-A2 positive, but the recipient was HLA-A2
negative. These cells are memory-effector recipientderived T-cells that recognize HCV peptides uniquely
in the context of HLA-A2. They are absent before the
transplant, suggesting that the allograft is capable of selectively expanding naive CD8 T-cells that may function
to control HCV spread in the allograft.
Evidence also suggest that not only CD8, but also
CD4 T-cells play an important role in post-LT HCV recurrence.
Rosen et al[89] demonstrated that despite immunosup-
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pression, HCV-specific, MHC class Ⅱ-restricted CD4
T-cell responses are detectable in patients with minimal
histological recurrence after LT. By contrast, peripheral
blood mononuclear cells from patients with severe HCV
recurrence, despite being able to proliferate in response
to non-HCV antigens, fail to respond to the HCV antigens. These findings suggest that the inability to generate
virus-specific T-cell responses plays a contributory role
in the pathogenesis of HCV-related graft injury after LT.
Other authors reported that the HCV-specific CD4 T-cell
response after LT occurs early, is multispecific, compartmentalizes to the liver and does not correlate with
recurrent disease[90], while another study reported that
robust CD4 T-cell immunity is associated with milder
recurrence of HCV[91]. Mendler et al[92] evaluated peripheral blood CD4 T-cell ATP activity in an LT cohort and
concluded that after LT, global cellular immune function
appeared depressed at baseline in HCV-positive vs HCVnegative patients and remained significantly lower in case
of RHC with respect to non-recurrence. This has been
subsequently confirmed also by Te et al[93]. In addition,
Alkhouri et al[94], using the same technique, revealed that
a greater suppression CD4 T-cells was associated with
more rapid progression of fibrosis in patients with RHC
post-LT.
Other authors focused their attention on regulatory
T-cells (Tregs) and their contribution to HCV disease.
The Treg population, which accounts for 5%-10% of
peripheral CD4 T-cells, constitutively expresses CD25[95]
and can suppress host immune responses in the setting
of autoimmune diseases, transplantation and antitumor
immunity[96,97].
Carpentier et al[98] showed that CD4/CD25 Tregs
are overexpressed, both peripherally and in the liver, in
HCV-positive patients after LT, compared with HCVnegative patients. Moreover, Tregs were significantly
overexpressed in patients with severe RHC compared
with those with mild recurrence. These data agree with
the findings of Perrella et al[99] who showed that transplanted patients with HCV recurrence show an increased
frequency and function of CD4/CD25 Tregs, similar to
patients with acute hepatitis C who develop persistent
infection.
Although direct HCV infection of dendritic cells
(DCs) is rare, HCV is associated with decreased numbers
of peripheral DCs in patients with chronic HCV-related
liver disease[100,101]; however, very limited data exist for
the post-LT setting. Ocaña et al[102] studied two LT patients demonstrating an inadequate maturation of DCs
with relapsing HCV infection. According to these preliminary data, Schvoever et al[103] studied a small series of
16 transplanted patients (eight of them HCV-positive)
and showed a significant decrease in the relative and absolute values of blood DCs at day seven after LT compared with the values obtained before transplant. The
number increased again one month later in both HCVinfected patients and controls. The authors suggested
that this could partially explain the early and systematic
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Table 1 Summary of the role of each immune cell line in
recurrent hepatitis C post-liver transplant
HCV antibodies

No protective role against HCV
[86]
reinfection
CD8 T-cells
Correlation with recurrent hepatitis C
[71,88]
(RHC)
CD4 T-cells
Protective role against RHC
[89-94]
CD4/CD25 T-cells
Correlation with RHC
[98,99]
Dendritic cells
Defective in case of RHC
[102,103]
NK/NKT-cells
Controversial: defective in case of
[106-109]
RHC; damaging role in RHC
Th1/Th2
RHC is related to an imbalance
[98,102,110]
paradigm
towards Th2 prevalence
HCV: Hepatitis C virus; NK: Natural killer; NKT: Natural killer T.

recurrence of HCV infection in the liver graft.
More recently, because of their fundamental role
in the spectrum of host immune responses in chronic
HCV infection, greater attention has been given to NK
and NKT-cells and the innate immune response. Studies
suggest that NK and NKT-cells are involved in HCV
clearance and in liver injury in the post-LT setting[104,105].
Rosen et al[106] demonstrated that patients who develop
severe RHC after LT have a lower frequency of NK and
NKT-cells in peripheral blood before LT, suggesting a
protective role of these immune cells in the post-transplant period after exposure of the graft to HCV. Furthermore, they demonstrated that the presence of HCV
infection is associated with impaired cytolytic activity of
NK and NKT-cells, providing evidence for quantitative
and qualitative defects in innate immunity associated
with severe RHC after LT. Varchetta et al[107] analyzed the
dynamics of NK-cells after LT and demonstrated a significant reduction of this subset of cells seven days postLT, probably as a result of graft repopulation, returning
to baseline values thereafter. Moreover, in contrast with
Rosen, they revealed a significant correlation between
expression of the natural cytotoxicity receptors on NKcells and ALT (P < 0.05), supporting the hypothesis that
NK-cells participate in the necro-inflammatory process.
Recently, Howell et al[108] studied 70 patients with RHC
post-LT and demonstrated an impaired function of NKcells (comprising reduction of IFN-γ secretion) without
impairment of NK-cell cytotoxicity in patients with
rapid fibrosis.
Other authors evaluated KIRs (KIRs are a family
of activatory and inhibitory receptors present on NKcell surface interacting with self-MHC class I ligands)
and demonstrated that the mismatching of KIR-HLA-C
ligands between donor-recipient pairs is associated with
recurrent hepatitis, and that the presence of KIR2DL3 in
the recipient is correlated with fibrosis progression[109]. In
fact, KIR-HLA disease association studies are intriguing,
but complex and difficult to evaluate. The interpretation
of these data is largely speculative and often based on
simplified models of MHC-KIR functional interactions.
When considering the Th1/Th2 paradigm, RHC
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post-LT appears related to an imbalance towards Th2
prevalence and vice versa. Tambur et al[110] studied 68 LT
recipients and found that among patients without RHC,
the percentage of genetically low IL-10 (Th2-cytokine)
producers was higher than among patients with RHC.
Furthermore, a genetic tendency to produce higher
levels of IFN-γ (Th1-cytokine) was noted among LT
recipients with no RHC than among those with RHC.
These findings have been confirmed by Ocaña et al[102],
who described a loss of IFN-γ and TNF-α (Th1-citokine) production in the LT recipient with relapsing HCV
infection. In addition, Carpentier et al[98] suggested that
high levels of IL-10 could be predictive of severe RHC
post-LT.
Many data confirm the pivotal role of T-cells in the
post-LT RHC setting, but they are essentially restricted
to research field and are not usable in everyday clinical
practice. A recent study by Nagai et al[111] appears particularly interesting because of its potential impact on daily
clinical settings. They investigated the impact of peritransplant absolute lymphocyte count (ALC) on HCV
recurrence following LT in 289 patients and found that
peri-transplant lymphopenia is significantly associated
with higher rates of HCV recurrence. Furthermore, severe pre-LT lymphopenia appears to be an independent
negative prognostic factor for overall survival. Therefore, the authors have proposed peri-transplant ALC as
a novel and useful surrogate marker for prediction of
HCV recurrence and patient survival, suitable for transplant physicians, surgeons and general practitioners.
A comprehensive summary of the role of each immune cell line is reported in Table 1.

IMMUNOSUPPRESSIVE TREATMENT
AND IMMUNOTHERAPY
Corticosteroids
Corticosteroids are administered as an induction protocol during LT, and low doses combined with other
immunosuppressants are used as maintenance immunosuppression after surgery. In cases of acute rejection, recipients receive pulse methylprednisolone to reverse the
rejection.
In transplanted patients for HCV related liver disease,
serum viral load increases very early post LT (typically
by postoperative day two), during the induction steroid
treatment[17,112], and methylprednisolone treatment for
acute rejection leads to a 4-100-fold increase in serum
HCV RNA[14,21]. Subsequently, the use of steroid boluses
leads to an increased frequency of acute hepatitis, an
earlier time to recurrence, a higher risk of progression to
cirrhosis, and a higher risk of early post-transplant mortality[1,113,114]. Corticosteroids specifically increase HCV
entry by upregulating factors like occludin and scavenger
receptor class B type Ⅰ; therefore, the use of corticosteroids on HCV infection in vivo may cause increased HCV
dissemination[115]. In addition, Boor et al[116] showed that
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prednisolone suppresses the functions of plasmacytoid
DCs (capable of producing IFN-α against HCV) by
promoting their apoptosis.
However, despite the risks associated with steroid
boluses, they remain the cornerstone of treatment for
ACR, and corticosteroid maintenance therapy in association with newer immunosuppressive drugs has been
evaluated significantly.
Klintmalm et al[117] considered 312 patients, randomized to one of three arms: tacrolimus (Tac) and corticosteroids vs Tac, corticosteroids and mycophenolate
mofetil (MMF) vs Tac, daclizumab and MMF. They
found no significant differences in graft or patient survival or HCV recurrence between the three groups; however, they found less risk of rejection in the corticosteroid-sparing arm. A subsequent study by the same group
in 2011 showed there were still no differences in ACR,
RHC, patient or graft survival at two years post-LT[118].
Kato et al[119] randomized 70 patients to Tac and;
daclizumab vs Tac; and steroids vs Tac, MMF and daclizumab. They reported no significant difference in mean
fibrosis stage between the three arms. Lladó et al[120] considered 198 patients randomized to basiliximab and cyclosporine with or without a 90-d prednisone taper, and
reported similar fibrosis in the two groups. Both authors
reported a reduction in bacterial infections and less posttransplant diabetes mellitus in the steroid-free groups.
Manousou et al[121] studied 103 patients and found
that patients treated with Tac, azathioprine and maintenance steroids vs those not receiving maintenance
steroids showed a lower incidence of severe fibrosis,
suggesting a beneficial effect of maintenance steroids.
Weiler et al[122] studied 30 HCV-positive patients who had
received (after two weeks of Tac and corticosteroids)
steroids vs placebo, in addition to Tac. They found that
progression to cirrhosis was not influenced by continuing steroid therapy, but was more frequent in those
receiving steroid boluses. Recently, Neumann et al[123]
reported no significant differences in viral load, fibrosis
score, or graft survival at 12 mo in 135 HCV-positive
recipients randomized to Tac and daclizumab vs Tac and
corticosteroids; however, these results appear inconclusive, mainly because of the higher dropout rates in the
Tac and daclizumab group (55%) compared with the Tac
and corticosteroids group (18%)[123].
Whether tapering-off of steroids might be more influential on outcomes than the avoidance or continued use
of steroids is another matter of debate. Brillanti et al[124]
studied 80 patients with RHC retrospectively and found
that the slow tapering-off of steroids was the only factor
associated with reduced recurrence and minor severity
of post-transplant hepatitis C. Later Vivarelli et al[125] confirmed these data in a prospective randomized controlled
trial, which showed that a rapid tapering (< 3 mo) is associated with more severe RHC. Finally, in 2008, Segev
et al[126] performed a meta-analysis of 19 randomized
trials that compared steroid-free with steroid-based im-
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munosuppression. Although no individual trial reached
statistical significance, the meta-analysis demonstrated
that HCV recurrence is lower with steroid avoidance (RR
0.90, 95%CI: 0.82-0.99, P = 0.03). However, the authors
themselves emphasized the heterogeneity of trials performed to date and, as such, did not recommend basing
clinical guidelines on their conclusions.
Calcineurin inhibitors
Calcineurin inhibitors (CNIs) have been a cornerstone
for immunosuppression since the National Institute
of Health Consensus Conference approved LT for the
treatment of end-stage liver disease in 1983[127]. Both
cyclosporine A (CyA) and Tac bind with high affinity to
a family of cytoplasmic proteins (called immunophilins),
present in many immune cells. Immunophilin-dependent
signal transduction via calcineurin leads to the activation
of T-cell proliferation by regulating expression of the
gene that encodes IL-2. The binding of CNIs blocks the
activity of calcineurin and subsequently inhibits T-cell
proliferation by the blockage of IL-2 production.
CyA has an antiviral effect against HCV: Watashi et al[128]
showed an inhibitory effect of cyclosporin in vitro on
HCV protein expression and replicon HCV ribonucleic
acid levels, an effect that was not detected with Tac. Nakagawa et al[129] later confirmed these results; however, it
remains unclear whether this finding reflects the in vivo
situation.
Numerous retrospective studies have compared CyA
with Tac in terms of the endpoints of patient/graft
survival and HCV recurrence in HCV-positive recipients. Berenguer et al[130] reported a very comprehensive
summary of 33 retrospective studies. In 28 studies, no
consistent differences between CyA-based or Tac-based
immunosuppressive regimens and recurrent disease were
noted, while five studies suggested worse outcomes related with the use of Tac. In the same paper, the authors
performed a meta-analysis on five prospective studies
in the HCV-positive LT setting (366 patients), demonstrating that mortality, graft survival, acute rejection and
fibrosing cholestatic hepatitis are comparable, independently of the CNI selected as the basic immunosuppressant. More recently, Irish et al[131] analyzed retrospectively
data received from the United Network for Organ
Sharing on 8809 HCV-positive LT recipients receiving
either cyclosporine microemulsion (CSA ME) or Tac as
maintenance immunosuppression. The results suggest
that LT recipients receiving CSA-ME have an increased
risk of death and graft loss because of HCV recurrent
disease compared to those receiving Tac. These findings appear to contradict the above-mentioned previous
results; indeed the explanation for the worse outcomes
is not known. It may be related, however, to the higher
rate of ACR and steroid-resistant ACR in the CSA-ME
group: higher rejection rates could require multiple treatments of corticosteroid boluses, which are associated
with more severe post-LT HCV recurrence.
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MMF
MMF belongs to the class of anti-metabolite immunosuppressive agents. In addition to its potent immunosuppressive capacity, mycophenolic acid (MPA), the active
metabolite of MMF, has an in vitro antiviral effect against
HCV[132]. Moreover, in HCV cell culture models, MPA
could induce the expression of important antiviral interferon-stimulated genes, probably involved in anti HCV
activity[133]. Many studies have established that MMF
monotherapy is ineffective because of unacceptably high
incidences of ACR and chronic rejection[134,135]; therefore, in clinical practice, MMF is usually administered
with lower doses of CyA or TAC, as a CNIs sparing
agent, especially in cases of CNIs-related nephrotoxicity.
In 2009, Germani et al[136] published a review based on
17 studies focusing the role of MMF in acute rejection
and RHC. They showed that only two studies found a
decreased severity of HCV recurrence with MMF, nine
studies documented similar severities of HCV recurrence, and six studies showed increased severity of HCV
recurrence. Subsequently, Manzia et al[137] showed, in a
small retrospective study, a favorable effect of MMF
monotherapy on the progression of liver fibrosis in
HCV-positive LT patients.
Sirolimus
Sirolimus (otherwise named rapamycin, originally known
as a macrolid antibiotic) inhibits the mammalian target
of the rapamycin (mTOR) pathway by directly binding to the mTOR complex 1, resulting in blockage of
cell cycle progression from the G1 to S phase, thereby
causing inhibition of T-cell proliferation. It reduces
transforming growth factor beta and procollagen, which
are both important factors in the development of hepatic fibrosis; therefore, it has been proposed that immunosuppression with sirolimus could reduce fibrosis
progression. In addition, sirolimus reduces the in vivo
phosphorylation of NS5A phosphopeptides (which
enhance HCV virus replication) and therefore might inhibit HCV replication[138]. Additionally, mTOR proteins
were found to protect HCV against apoptosis; therefore,
sirolimus might improve apoptosis of HCV infected
hepatocytes[139]. There are few studies describing the role
of mTOR inhibitors in HCV recipients and that confirm
the data in the clinical setting. Wagner et al[140] studied
67 post-LT HCV-positive patients, 39 received a regimen including sirolimus and 28 patients received CNIs.
The sirolimus patients showed a significant decrease in
HCV RNA levels and a significantly higher survival rate
than the CNIs cohort. Other studies demonstrated that
sirolimus is associated with slower progression towards
advanced fibrosis in transplanted patients with HCV
recurrence, but did not find any effect on the timing
or severity of post-transplant RHC[141,142]. Notably, the
United States Food and Drug Administration has issued
a black-box warning against the use of sirolimus in LT
patients because of signiﬁcantly higher rates of hepatic
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artery thrombosis, graft loss and death[143]. Moreover,
recently, Watt et al[144] analyzed 26414 patients (12589
HCV-positive) in the American Scientific Registry of
Transplant Recipients database, and found that the use
of sirolimus is strongly associated with increased mortality in the HCV group, but not in patients without HCV.
Thus, sirolimus should be used with great caution in
HCV-positive LT recipients.
Other immunosuppressive agents
OKT3 is a monoclonal antibody targeted at the CD3
receptor, a membrane protein on the surface of T-cells.
It is approved for the therapy of acute, glucocorticoidresistant rejection of allogeneic LT but, unfortunately,
the use of OKT3 is associated with early and severe
RHC after LT[54].
Alemtuzumab (campath-1H) is a humanized, recombinant anti-CD52 monoclonal antibody that depletes
circulating lymphocytes but spares stem cells. It has been
used as an induction agent in LT; however, there is little
data about its use in HCV-positive recipients. Many abstracts have suggested extreme caution when using alemtuzumab in HCV-positive liver recipients. This appears
to be confirmed by Marcos et al[145], who studied a cohort
of 38 HCV-positive recipients treated with alemtuzumab
as an induction agent: they reported a low rate of patient
and graft survival (71% and 70%, respectively) after a
follow up of 14-22 mo.
Antithymocyte globulin (ATG) is a rabbit-derived
polyclonal antibody directed against human thymocytes.
It has been administered mainly as an immunosuppressive induction agent, with the intent of sparing steroids.
Many studies have compared the impact of ATG vs
steroids in post-LT HCV-positive patients, revealing no
significant differences in terms of HCV recurrence and
patient/graft survival[146-150]. De Ruvo et al[151] compared
ATG and Tac vs Tac and steroids in HCV-positive liver
recipients. They confirmed no difference in the rate
of RHC; however, significantly lower HCV RNA levels were seen in the ATG arm. Finally, Uemura et al[152]
evaluated the UNOS database, including 16898 adult
primary LT patients who received ATG alone, ATG and
steroids, daclizumab alone or steroids alone as induction
immunosuppression. In the subgroup with HCV, the use
of ATG with steroids was associated with significantly
inferior graft survival compared with daclizumab alone
or steroids alone.
Daclizumab and basiliximab are antibodies against
the IL-2 receptor, originally developed in an attempt to
reduce CNIs use in patients with renal dysfunction. To
date, there have been few studies specifically in HCVpositive recipients. As above mentioned neither daclizumab[117-119] nor basiliximab[120] showed any effect on
HCV recurrence post-LT. In a non-randomized study,
Nelson et al[153] demonstrated that early RHC and more
rapid histological progression was associated with the
use of daclizumab.
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Immunosuppression free state
In the long term, because of the important role played
by immunosuppression in HCV recurrence patients, the
goal is to utilize the least number of drugs at the lowest
dose, while still providing effective immunosuppression.
Yoshizawa et al[154] anecdotally reported two cases of living donor LT for patients with HCV-related cirrhosis
who received right-lobe grafts from an identical twin,
in which, thanks to genetic identity, no immunosuppressive drugs needed to be administered. HCV RNA
kinetics showed a rapid increase following LT and liver
biopsies performed one month after transplant showed
acute lobular hepatitis in both cases. In the more common setting of LT without genetic identity, a permanent
immunosuppression free state (IFS) can be achieved in
almost 25% of cases[155]. Manzia et al[156] performed a meticulous review on this topic in 2012, evaluating globally
91 HCV-positive recipients included in immunosuppression withdrawal studies worldwide. Twenty-three HCVpositive patients (25%) achieved a sustainable IFS with
more than one year of follow-up; and 19 of 23 (83%)
did not show HCV recurrence/progression in the long
term. The same authors recently reevaluated their own
data on six HCV-positive recipients who completed 10
years of IFS follow up and demonstrated that maintaining IFS appears beneficial towards a reduction in fibrosis
progression in the long term[157]. In conclusion, even
though few studies have reported long-term outcomes
of IFS in HCV-positive recipients, withdrawal of immunosuppression seems to have a favorable effect on HCV
disease progression after LT, avoids side effects such as
dyslipidemia and diabetes, and permits sparing of other
drugs that might negatively impact the natural history of
post-LT disease.
Immunotherapy
Adoptive immunotherapy has only been studied in a
phase-1 trial. Lymphocytes extracted from liver allograft
perfusate were able to generate an anti-HCV response,
so that activated graft-derived NK-cells were isolated
from the perfusate and injected intravenously into the
transplanted recipients. Early data from the pilot study
reported lower HCV RNA titers at one-month postLT; however, the effect was not confirmed in the long
term[158].
Prophylactic therapy with neutralizing antibodies is
effective in patients transplanted for HBV-related liver
disease; however, currently, there is no evidence that this
strategy is effective in preventing HCV recurrence. HCV
antibody therapy usually starts in the anhepatic phase
and is then continued for 12 to 14 wk after LT. Gurusamy et al[159] performed a Cochrane meta-analysis on
three trials comparing high dose HCV antibody vs low
dose HCV antibody. No differences in patient and graft
survival, virological response and fibrosis progression
were observed. Discontinuation of therapy occurred in
35% of patients with the high dose antibody and in 17%
of patients with the low dose antibody.
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Recently, Chung et al[160] tested a human monoclonal
antibody targeting the HCV E2 glycoprotein (MBLHCV1) in a small pilot study (six patients). They demonstrated that this treatment delays median time to viral
rebound compared with placebo treatment, even if it is
not able to prevent it. Considering the lack of clinical
benefit and occurrence of side effects, there is currently
no evidence supporting the use of prophylactic HCV
antibody treatment.

GRAFT-RELATED FACTORS
Living donor vs deceased donor
In Western countries, living donor LT (LDLT) is usually performed to decrease the mortality among patients
awaiting transplant because of the shortage of donor organs. In Eastern regions, with low deceased donor organ
availability, LDLT represents the standard of care for
HCV end stage liver disease, with indications similar to
those of deceased donor LT (DDLT) in Western world.
Early studies reported a worse graft outcome and
earlier and more aggressive RHC after LDLT compared
with DDLT[161-163]. To explain these findings it has been
hypothesized that the more severe HCV recurrence in
LDLT is related to the genetic similarity between donor
and recipient[164] and that the intense hepatocyte proliferation that occurs in partial liver grafts may induce enhanced HCV replication[165,166].
Nevertheless, more recent studies did not confirm
these findings, on the contrary, they often revealed improved results in LDLT recipients compared with DDLT,
possibly because of the young age of the donor and
shorter ischemic time of LDLT grafts[167-173]. Compared
with LDLT, DDLT recipients usually also have a higher
model for end stage liver disease score (MELD-score),
which is considered an independent prognostic factor for
severe RHC and worse patient/graft outcome; therefore,
the above data should be evaluated with caution[174]. In
agreement with these considerations, Jain et al[173], in a
subanalysis of their study, adjusted for MELD score (<
25) and donor age (< 50 years), and revealed similar outcomes between LDLT and DDLT.
In light of that, LDLT appears to be recommended
for HCV-positive patients, whenever it is available.
Donor age
The impact of donor age on outcome has become more
and more important because of the increased use of
liver grafts from older donors, reflecting the absolute
shortage of available organs. Grafts from older donors
are at greater risk of more severe HCV disease progression and impaired graft/patient survival compared with
those from younger donors[175-179].
Lake et al[180] analyzed data from the American Scientific Registry of Transplant Recipients, looking at the
effect of donor age on the outcome of 3463 HCV-positive transplanted patients. Donor age was the strongest
predictor for graft loss in HCV-positive recipients, with
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hazard ratios of 1.67 and 2.21 for donors > 40 years and
> 60 years, respectively. In a multicenter study of more
than 500 HCV-positive recipients, the risk of severe
RHC following LT from a donor older than 60 years old
was doubled in female compared with male recipients.
This gender impact on HCV recurrence is not observed
with younger donors and remains unexplained[181]. Recently, Avolio et al[182] analyzed 5946 liver transplants on
a national Italian database and proposed that the MELD
score adjusted by donor age (D-MELD: calculated as
donor age × MELD) could accurately predict the outcome of HCV-infected recipients. In conclusion, it remains very difficult to define an age cut-off level beyond
which older donors should not be used for HCV-positive
recipients.
Grafts from HCV-positive donor
The increasing organ shortage prompted transplant
centers to use grafts from HCV-positive donors. Several
studies demonstrated that in HCV-positive recipients,
grafts from HCV-positive donors are as safe as those
from HCV-negative donors[177,183-186]. Wilson et al[187] evaluated data from the United Network for Organ Sharing
(UNOS) and demonstrated that receiving a graft from an
HCV-positive donor might be more favorable. They performed a case-control study (published only in abstract
form and not in extenso) evaluating 38 HCV-infected
recipients of HCV-infected grafts compared with 76 LT
recipients of livers strictly meeting UNOS criteria. Oneyear patient survival rates of 97% favored recipients of
HCV-infected grafts compared with rates of 87.5% for
recipients of organs meeting the UNOS criteria. The
same results have been noted for progression of fibrosis
one-year post-LT: a 26% increase in fibrosis in HCVinfected organs compared with a 69% increase in the
UNOS-approved group.
Nevertheless, considering the risk of super-infection
and the impaired response of genotype 1 to antiviral
treatment, it remains advisable that HCV-positive grafts
should be used only in HCV genotype 1-positive recipients.
Graft steatosis
The impact of allograft steatosis on fibrosis progression and on the outcome of HCV-positive recipients
remains controversial. Two studies indicated that moderate/severe donor graft steatosis (> 30%-35%) might
induce more frequent, earlier and more severe HCV
recurrence[188], and might contribute to fibrosis progression and poor outcome[189] post-LT. Nevertheless, Botha
et al[190] found that recipients receiving grafts with mild
steatosis (< 15% in their classification) had a good outcome, although only three out of 113 donors presented
steatosis greater than 30%. Burra et al[191] reached the
same conclusion, although they classified mild steatosis
as < 30% and only five patients in their cohort presented
steatosis > 30%. In light of that, the grade of steatosis
seems to represent a crucial factor: grafts with mild ste-
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atosis are expected to be as safe as non-steatotic grafts.
Ischemia-reperfusion injury and ischemic
preconditioning
Prolonged liver ischemia followed by reperfusion, which
occurs during LT, results in severe injury that contributes to increased morbidity and mortality after LT. This
phenomenon is defined as ischemia-reperfusion injury
(IRI). IRI of the graft depends on many peri-operative
factors: cold and warm ischemia time; preservation solution and technical factors during graft removal; donor
status (cardiac or brain death); and type of reperfusion
used. Its complexity depends on many variables; therefore, the majority of studies have found it difficult to
focus on IRI. Within these limitations, ischemic injury to
the graft seems to have a serious impact on patient/graft
survival and disease progression in HCV recipients[192-194].
However, Killackey et al[195] reported a significant correlation between peak alanine transaminase and the severity
of IRI on reperfusion biopsy among 477 HCV-positive
recipients, but did not identify a correlation between
the severity of IRI and the incidence or timing of HCV
recurrence or incidence of ACR. When IRI is associated
with moderate/severe steatosis (> 30%), the impact on
graft survival becomes more and more important[188].
Liver ischemic preconditioning (IPC) is an endogenous mechanism consisting of brief and repetitive episodes of vascular occlusion, followed by reperfusion that
makes the liver more tolerant to subsequent prolonged
episodes of ischemia[196]. Several studies have demonstrated that IPC might have protective effects on IRI,
but minimal or no clinical benefit[196,197] and a Cochrane
systematic review confirmed this result[198]. No specific
data exist for HCV-positive recipients.

CONCLUSION
In HCV-positive recipients, a balance between HCV,
liver graft, recipient immune response and anti-rejection
therapy is achieved in a few months after LT. During this
period, almost all patients show an early graft reinfection, with HCV viremia reaching and exceeding pre-LT
levels. Histological assessment for differentiating RHC
from acute or chronic rejection is essential in this setting;
however, differentiating the two pathological patterns
remains difficult. The host immune response (mainly
cellular mediated) appears to be crucial both in the
control of HCV infection and in the genesis of ACR;
however, it is also strongly influenced by anti-rejection
immunosuppressive treatment. Currently, there is no
clear immunosuppressive strategy to prevent HCV recurrence that could be strongly recommended for HCVpositive LT. Similarly, immunotherapy appears to be
ineffective. It seems reasonable that ACR episodes and
over-immunosuppression are more likely to enhance the
risk of HCV recurrence through immunological mechanisms; therefore, both complete prevention of ACR and
optimization of immunosuppression (possibly up to
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IFS) should represent the main goals for reducing the
rate of graft HCV reinfection. Other factors that might
be modified by clinicians, include proper graft allocation and preservation injury to realize an ideal donorto-recipient matching; however, many aspects related
to these factors remain to be better determined in welldesigned prospective studies. At present, post-LT HCV
recurrence remains an unresolved thorny problem.
Evaluation of current treatment options for HCV
in the transplant setting was not an aim of this review.
Nevertheless, it should be stated that clinical concerns
regarding HCV recurrence and needs of differentiation
from rejection are strongly related to the available treatment options for the two conditions. Interferon-based
treatments are unsatisfactory[199] and triple treatment with
boceprevir and telaprevir is hampered by side effects and
interaction with CyA and Tac[200]. In the near future, new
drugs like sofosbuvir, that are better tolerated and with
no interactions with CNIs, might represent the basis for
reliable interferon-free treatment options for RHC[201].
Pre-emptive treatments to prevent HCV recurrence have
been unsuccessful until now; however, newer drugs have
the potential to change the natural history of HCV infection in transplanted patients.
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Abstract
Infection is the leading cause of complication after liver
transplantation, causing morbidity and mortality in the
first months after surgery. Allograft rejection is mediated through adaptive immunological responses, and
thus immunosuppressive therapy is necessary after
transplantation. In this setting, the presence of genetic
variants of innate immunity receptors may increase the
risk of post-transplant infection, in comparison with patients carrying wild-type alleles. Numerous studies have
investigated the role of genetic variants of innate immune receptors and the risk of complication after liver
transplantation, but their results are discordant. Tolllike receptors and mannose-binding lectin are arguably
the most important studied molecules; however, many
other receptors could increase the risk of infection after
transplantation. In this article, we review the published
studies analyzing the impact of genetic variants in the
innate immune system on the development of infectious
complications after liver transplantation.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: After liver transplantation, immunosuppressive therapy is needed to avoid allograft rejection that
is mainly mediated through adaptive immunological
responses. In the setting, the existence of genetic variants of innate immunity receptors may increase the
risk of post-transplant infections in comparison with
patients carrying wild-type alleles. This manuscript reviews the published studies analyzing the influence of
innate immunity gene variants on the development of
post-transplant infections and other complications.
Sanclemente G, Moreno A, Navasa M, Lozano F, Cervera C. Genetic variants of innate immune receptors and infections after liver
transplantation. World J Gastroenterol 2014; 20(32): 11116-11130
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i32/11116.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11116

INTRODUCTION
Liver transplantation is the treatment of choice for
end-stage liver disease. New developments in surgical
techniques, medical care, and immunosuppressant therapies have improved both graft and patient survival[1,2].
However, infections are still among the main complications after liver transplantation; it has been estimated
that up to 80% of liver recipients will develop at least
one episode of infection during the first year after transplantation[3,4]. Although several identifiable clinical risk
factors are clearly associated with higher risk of posttransplant infection[5], variations in the receptors of the
innate immune system could play an important role in its
incidence and severity.
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Bacteria are the leading cause of early infection after
liver transplantation. Both the sources and etiology of
infection change over time, according to the degree of
immunosuppression and the presence of clinical risk factors. In the first month after transplantation, bacterial infections typically arise from the abdominal cavity, surgical
wound, intravenous catheters, and the respiratory tract.
Between the first and the sixth month after transplantation, the risk of opportunistic infections is increased
because of the higher degree of immunosuppression.
After the sixth month, infections are usually community
acquired and predominantly respiratory and urinary, although cholangitis can occur if there are strictures in the
biliary tree[3,6-8].
Viral infections after liver transplantation are frequent.
Herpes simplex virus reactivation can occur early posttransplantation, typically with orolabial or genital ulcers
appearing 2-3 wk after transplantation[9]. Herpes zoster
virus reactivation occurs in around 10% of solid organ
transplant recipients, but is mostly limited to dermal
manifestations. The first year after transplantation poses
the greatest risk of Epstein-Barr virus (EBV), which may
be associated with lymphoproliferative disease[10]. Cytomegalovirus (CMV) can cause direct disease, manifested
as fever, bone marrow suppression, and organ invasion.
In addition, due to its ability to induce immunomodulation, CMV can cause indirect effects; these include favoring the development of opportunistic infections and
hepatitis C virus (HCV) recurrence, EBV-associated lymphoproliferative disease, acute rejection, chronic allograft
dysfunction, vascular and hepatic artery thrombosis, and
ultimately, allograft failure and death[11-15]. Although several risk factors for CMV infection have been described,
the most important is donor-recipient serology mismatch
(donor positive/recipient negative) at the time of transplantation. Also, certain immunosuppressive therapies
(lymphocyte-depleting drugs such as anti-thymocyte
globulin) and acute allograft rejection are associated with
a higher risk of CMV infection[11,16]. Other viral infections
after transplantation, such as human herpesvirus 6 and
7, are less frequent and usually asymptomatic. However,
they can also produce pneumonitis, encephalitis, hepatitis,
and bone marrow suppression. Human herpesvirus 8 is
also associated with Kaposi sarcoma[17].
Fungal infections represent one of the most lifethreatening complications after liver transplantation. Although its incidence has declined (5%-30% depending on
the series), they continue to be associated with high mortality. Candida species are the most frequent invasive fungi,
followed by Aspergillus species[18]. Most invasive fungal
infections (IFIs) occur early after transplantation, mainly
during the first 3 mo. Multiple risk factors exist for IFI,
such as pre-transplant comorbidity, surgical complications,
and morbid post-transplant course[18-21]. Pre-transplant
comorbidity includes a high Model for End-Stage Liver
Disease score, acute hepatic insufficiency, pretransplant
renal insufficiency, prolonged preoperative hospitalization,
previous use of broad-spectrum antibiotics, fungal colo-
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nization, and re-transplantation[18-21]. Surgical complications include long surgical time, high intraoperative use of
blood products, and choledochojejunostomy anastomosis,
while a morbid post-transplant course involves dialysis
requirement, acute rejection, CMV infection, early graft
failure, and reoperation after transplantation[18-21].
The correct integrity and functionality of the host’s
immune system is a key pathogenic factor for the occurrence and severity of post-transplant infection. The
innate immune system is the first line of defence against
invasion by pathogens. It comprises cellular components
[neutrophils, macrophages, dendritic cells, and natural
killer (NK) cells] and molecular mediators (cell receptors,
complement system, cytokines, and chemokines). Innate
immune responses occur rapidly, with limited specificity
and an inability to generate immunological memory. Innate immune receptors, also named pattern-recognition
receptors (PRRs), are expressed by effector immune cells
as either soluble or membrane-bound proteins. They recognize conserved structures, named pathogen-associated
molecular patterns (PAMPs), which are broadly distributed among different types of microbes but absent from
host cells, and are essential for microbial survival and
pathogenicity. The binding of microorganisms by PRRs
triggers intracellular signal pathways that culminate in the
synthesis of cytokines and chemokines. This then causes
inflammation, and induces the maturation and migration of antigen-presenting cells to secondary lymphoid
tissues, where they activate adaptive responses. In contrast to the innate immune system, the adaptive immune
system is slower to activate, but achieves highly specific
immune responses based on immunological memory.
Adaptive immunity is mainly mediated by T and B
lymphocytes, which express antigen-specific receptors
generated by genetic recombination during lymphocyte
development. The repertoire of lymphocyte receptors is
broad enough to recognize virtually any antigen. After
the first exposure to an antigen, it takes up to 3-5 d to
produce sufficient numbers of antigen-specific T and B
cell clones, while the innate immune system generates
a protective inflammatory response within minutes of
pathogen exposure[22-26].
Acute cellular and humoral allograft rejection is mediated by T and B cells respectively[27-29]. Patients undergoing solid organ transplantation must receive immunosuppressive therapy, which predominantly alters the adaptive
immune response by blocking lymphocyte activation signaling pathways, depleting lymphocytes, or diverting lymphocyte traffic[25,30,31]. In these circumstances, the innate
immune response predominates in the defence against
infection.
Gene polymorphisms, typically single nucleotide
polymorphisms (SNPs), are common, occurring in >
1% of the general population. SNPs may alter the amino
acid sequence, affect promoter characteristics, or may be
completely “silent”. Several SNPs have been described
in relation to the genes encoding immune recognition[32].
Indeed, previous studies have found higher infection
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rates in populations with SNPs in genes encoding innate
immunity components[32-36]. Table 1 summarize the most
relevant studies about innate immunity gene variants and
risk of post-transplant liver infections.

INNATE IMMUNITY AND POSTTRANSPLANT LIVER INFECTION
Toll-like receptors
Biology: Toll-like receptors (TLRs) are a family of transmembrane proteins composed of a leucine-rich extracellular domain (the ligand binding site), a transmembrane
domain, and a cytoplasmic domain [referred to as the
TLR and interleukin (IL)-1 receptor (TIR) domain].
Binding of a PAMP to a TLR triggers a signaling cascade
that ultimately induces the production of proinflammatory cytokines and type Ⅰ interferons (IFNs). To date, 11
TLRs are described in mammals. Each TLR recognizes
different pathogenic structures, and are expressed on the
cell surface (e.g., TLR1, TLR2, TLR4-6 and TLR10) or
in endosomal compartments (e.g., TLR3 and TLR7-9).
When PAMPs are detected, TLR dimerization and recruitment of intracellular adaptor proteins and kinases
occur. Most TLRs use myeloid differentiation primary
response protein (MyD88) as the signal adapter, while
TLR3 uses TIR-domain-containing adapter-inducing
IFN-β (TRIF)[23,24,37].
TLR1 is associated with TLR2, and both recognize
the microbial lipopeptides present in a wide variety of
bacteria, fungi, parasites and viruses. To date, 17 polymorphisms have been described in the coding region, of
which ten are non-synonymous, that is, they produce an
amino acid change[38]. Some of these variants cause an
inability of TLR1 to bind its agonist without diminishing
its expression[39], while others result in reduced protein
expression in the cell wall without reducing intracellular
levels, suggesting an alteration of receptor trafficking[40].
In other cases, the polymorphism is associated with an
excessive response that is partially mediated by increased
cell surface expression of TLR1[41].
TLR2 recognizes microbial membrane constituents
such as lipoteichoic acid, peptidoglycan, and lipoproteins of Gram-positive bacteria, lipoarabinomannan of
Mycobacteria, and zymosan of Candida, among others.
TLR2 needs to form heterodimers with TLR1 or TLR6
to be able to initiate cell activation. TLR2 sequencing
has revealed multiple SNPs, although only a few are
functionally relevant. The most frequently studied are
Arg753Gln, Pro631His and Arg677Trp. The prevalence
of these polymorphisms varies by ethnicity[42]. The Arg753Gln polymorphism limits antigen recognition through
deficient tyrosine phosphorylation rather than reducing
protein expression, which impairs MyD88 recruitment,
compromising TLR2-TLR6 assembly, and resulting in
hyporesponsiveness to the antigen[43-48]. Defective membrane internalization and functional gain of the receptor
has been observed with the Pro631His polymorphism,
leading to increased immune activation[49].
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TLR3 is an intracellular receptor located in the endoplasmic reticulum that typically recognizes doublestranded RNA of viral origin. After recognition of its
ligand, TLR3 interacts with UNC-93B, a protein required
for TLR3 trafficking from endoplasmic reticulum to the
endosomal compartment[50]. At least 136 SNPs exist in
the TLR3, of which only four exist in the protein-coding
region and result in amino acid changes (N284I, Y307D,
L412F and S737T). L412F is the most prevalent variant and reduces the receptor activity to near 30%, while
Y307D and S737T have similar activity levels to the wildtype alleles, and N284I reduces the activity to background
levels. These variants do not lead to a reduction in the intracellular protein expression or in vesicles, but do appear
to alter the receptor trafficking to the cell surface[51,52].
TLR4 binds Gram-negative bacteria lipopolysaccharide (LPS), fungal mannans, and certain viral glycoproteins. First, LPS is bound by circulating LPS-binding
protein (LBP), which functions as an opsonin for CD14,
which in turn acts as a catalyst for the binding of LPS
to MD-2, a co-receptor that is physically associated with
TLR4. Finally, LPS binding to the TLR4/MD-2 complex
activates intracellular signals that lead to the production
of proinflammatory cytokines. Although various nonsynonymous polymorphisms exist, only Asp299Gly and
Thr399Ile are present at a frequency higher than 5%.
They are located in the extracellular domain and, in Europe, frequently co-segregate[53]. Reduced responsiveness
to LPS is higher in patients carrying the Asp299Gly polymorphism than in those with Thr399Ile. Some authors
have demonstrated that hyporesponsiveness of TLR4
variants is associated with a structural change in the
ligand-binding receptor and a deficient recruitment of
MyD88 and TRIF signalling adapters, but not with either
decreased TLR4 expression or the interaction with MD-2
co-receptor[54,55].
TLR5 recognizes the flagellin of flagellated bacteria; of the 18 SNPs described, 13 are non-synonymous,
and three reduce the functional response to bacterial
flagellin. These variants are Asp694Gly, Leu822Phe and
Arg392stop, but only the latter is present in > 10% of
individuals. Arg392stop causes the loss of the transmembrane domain and the signaling of the entire cytoplasmic
tail. TLR5 polymorphisms are associated with Legionella
pneumophila infection and Crohn’s disease[56,57].
TLR6 has a high sequence similarity to TLR1, and
acts as a co-receptor with TLR2 that recognizes diacylated lipopeptides. However, information on TLR6
polymorphisms is limited. Although 53 SNPs have been
described, only 11 encode for changes in amino acid sequences, and only one has an allelic frequency > 5% (Ser249Pro)[58]. The Ser249Pro polymorphism is associated
with reduced IL-6 production in response to lipopeptide
and mycobacterial stimulation. Although the mechanism
by which this variant impairs IL-6 production is unknown, it seems that it is not associated with a reduction
in protein expression levels[59].
TLR7 and TLR8, which share a high degree of struc-
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tural similarity, are located in the endosomal compartment membranes, and recognize single-stranded RNA.
TLR7 is mostly expressed in plasmocytoid dendritic
cells, while TLR8 expresses predominantly in monocytes,
macrophages, and myeloid dendritic cells. They facilitate
the production of type Ⅰ IFN and other cytokines. Little
is known about TLR7 and TLR8 polymorphisms. The
Leu11Gln variant of TLR7 is the most prevalent, and
impairs the signaling sequence. It has been associated
with HIV, a higher susceptibility to HCV infection, and a
lower response to IFN treatment[60-62]. The Met1Val polymorphism of TLR8 leads to the formation of a truncated
form of TLR8 that alters transcriptional activity. This
variant has been associated with HIV and tuberculosis,
and recent studies have shown an association of TLR8
polymorphisms with HCV infection[63].
TLR9 is located in the endoplasmic reticulum where
it detects bacterial and viral nucleic acids containing CpG
motifs. At least 50 SNPs have been described, but most
occur infrequently. Some of these variants are associated
with noninfectious diseases such as lymphoma, asthma,
and Crohn’s disease[64,65], as well as infections such as HIV,
malaria, bacterial meningitis, and tuberculosis[66-70].
TLR 10 and 11 have not been studied in depth.
TLR10 is a member of the TLR1/2/6/10 cluster, and
is hypothesized to have a similar function to TLR1 and
TLR6, although the literature is scarce[49]. TLR11, which
binds and recognizes uropathogenic bacteria, is probably
nonfunctional in humans owing to a premature stop codon[53].
TLR polymorphisms and bacterial infection after
liver transplantation: In a recent study that analyzed the
genetic variants of a broad number of innate immune
receptors in liver transplant recipients, including all TLR
members, the authors found no association between genetic variants and clinically significant bacterial infections
during the first 3 mo after transplantation[71].
The authors of a study of 706 liver recipients with
TLR4 polymorphisms failed to find an association between the Asp299Gly and Thr399Ile variants and either
the incidence or outcome of Gram-negative infection;
additionally, they noted that none of patients with TLR4
variants developed septic shock[72]. Furthermore, TLR4
variants were not associated with bacterial infections
after either kidney or simultaneous kidney and pancreas
transplantation[73]. These results contrast with previous
published studies in immunosuppressed and immunocompetent patients. Lorenz et al[74] reported that patients
admitted to intensive care units (ICUs) with septic shock,
who carried the Asp299Gly TLR4 polymorphism, were
more likely to have Gram-negative infections and more
severe disease. Agnese et al[75] also observed that, in patients admitted to a surgical ICU, those with TLR4 polymorphisms had a higher incidence of Gram-negative
infections. In the transplantation setting, Ducloux et al[76]
reported a higher incidence of bacterial infection in kidney transplant recipients carrying the TLR4 variant. Thus,
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there are discordant results on the influence of TLR4
variants on Gram-negative bacterial infections. This is
a research topic that warrants future investigation with
larger cohort of patients.
Infections caused by Gram-positive bacteria are also
important after liver transplantation[4]. Structural components of Gram-positive microorganisms are predominantly recognized by TLR2. Polymorphism of TLR2 was
first described following the observation of an increased
risk of Gram-positive septic shock in patients admitted to
the ICU with the genetic variant[77]. A study performed in
755 liver transplant recipients demonstrated that the Arg753Gln TLR2 polymorphism was not associated with an
increased incidence of Gram-positive bacterial infections,
although patients carrying the variant gene did present
more frequently with septic shock and higher recurrence
rates[78]. Despite this, the 90-d mortality was similar between patients carrying the variant and wild-type alleles.
Other studies have also reported that TLR polymorphisms are associated not with a higher incidence of
infectious disease but with a more severe presentation.
Specifically, individuals with sepsis and septic shock carrying TLR1 variants have greater acute lung injury, organ
dysfunction, and mortality, as well as a higher susceptibility to Gram-positive infection[41,79].
Solid organ transplant recipients are at higher risk of
developing tuberculosis after transplantation, mostly by
the reactivation of latent infection[80]. TLRs, specifically
TLR2 (associated with TLR1 and TLR6), TLR4, and
TLR9 play critical roles in recognizing mycobacteria[81].
Some studies have described an association between
some of these polymorphisms and tuberculosis, although
none are reported in liver transplant recipients. It is important to note that some TLR variants can be protective
against mycobacterial infection[82].
TLR polymorphisms and viral infection after liver
transplantation: The TLR2/TLR1 complex recognizes
CMV envelope glycoproteins B and H, and associations
between CMV infection and specific TLR SNPs have
been described[46,83,84]. Kijpittayarit et al[85] studied the Arg753Gln TLR2 polymorphism in 92 HCV-infected liver
transplant recipients, and observed that recipients carrying the variant allele had higher CMV DNA levels in their
peripheral blood when compared with recipients carrying
the wild-type allele. Regardless of the higher CMV replication in patients carrying the TLR2 variant allele, only
homozygous patients presented CMV disease more frequently. In a later study of 737 liver recipients published
by the same group, an analysis of the association between
TLR2 polymorphisms and CMV infection revealed that
homozygous Arg753Gln was significantly associated with
an increased risk of CMV disease, particularly tissueinvasive forms[86].
Other viral infections have also been related to deficiencies of innate immunity, but no studies were performed in liver transplant recipients. The herpes viruses
are known to be recognized by TLR2, TLR9 and TLR3.
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Table 1 Main published findings in the association of innate immune gene variants with the development of infections after liver
transplantation

Bacterial
infections

Innate immune receptor
polymorphism

Results

Ref.

Donor MBL

Incidence of CSI was 3.8-fold higher in the recipients of MBL variant livers
Mutation in the donor MBL2 was associated with CSI (HR = 2.8, P = 0.02)
Mutation in donor MBL2 was associated to CSI (HR = 2.58, 95%CI: 1.62-4.10)
Higher incidence of septic shock in recipients of a MBL2 variant liver
(HR = 9.64, 95%CI: 2.59-36)
Mutation of donor ficolin was associated to CSI (HR = 2.33, 95%CI: 1.36-4)
NOD2 polymorphism was associated to CSI (HR = 2.0, P = 0.04)
Wild-type allele of MASP2 in the donor was associated to CSI
(HR = 2.65, 95%CI: 1.22-5.73)
Patients with TLR2 polymorphism presented higher rates of Gram positive infection
recurrence (27.8% vs 11.8%, P = 0.07) and gram positive septic shock
(11.1% vs 1.2%, P = 0.047)
CMV load was higher in patients with TLR2 polymorphism (P = 0.03)
CMV disease was higher in patients homozygous for the TLR2 polymorphism
(HR = 1.91, 95%CI: 0.91-3.4)
TLR2 polymorphism homozygosity was associated to tissue-invasive CMV disease
(HR = 3.40, 95%CI: 1.51-7.64)
MBL wild-type genotype was associated to a higher incidence of CMV invasive
disease in SOT (OR = 6.0, 95%CI: 1.1-32.5)
MBL deficient donor is associated to CMV infection (54% vs 32%, P = 0.02)
44% CMV infection in patients receiving a FNC2 wild-type liver vs 27% in patients
receiving a variant FCN2 liver (P < 0.02)

Bowman et al[123]
Worthley et al[124]
de Rooij et al[126]
Cervera et al[127]

Donor ficolin
NOD2
Donor MASP
TLR2

Viral infections

TLR2

MBL

Ficolin
Fungal infections
HCV recurrence

TLR2
TLR3

NK cells

IL28B

No association

TLR
MBL
TLR4
TLR2

de Rooij et al[126]
Janse et al[145]
de Rooij et al[126]
Lee et al[78]

Kijpittayarit et al[85]

Kang et al[86]
Cervera et al[129]
de Rooij et al[130]
de Rooij et al[130]
No studies in liver
transplantation
Eid et al[155]

Homozygous TLR2 mutation is associated with allograft failure and mortality in
HCV-infected recipients (RR = 5.2, 95%CI: 1.65-13.9)
Higher rate of allograft failure and mortality in patients with TLR3 polymorphism
Lee et al[156]
(44.3% vs 30.8%, P = 0.09)
HCV patients with rapid fibrosis progression had impaired TLR7/8-induced
Howell et al[157]
interferon response compared with patients with slow fibrosis progression (P = 0.039)
and impaired TLR3 and TLR9 cytokine production (P = 0.008)
Lack to antiviral response to HCV therapy associated to the absence of the activating
Nellore et al[151]
NK receptor haplotype KIR2DS2 (P = 0.008). KIR2L3 haplotype has been correlated
to recurrent allograft hepatitis (P = 0.04)
No difference in the frequencies of IL28B polymorphisms in patients with and
Duarte-Rojo et al[168]
without fibrosing cholestatic hepatitis
Recipients with CC genotype or CT genotype had delayed time to HCV recurrence
Allam et al[162]
compared to TT (10.4 vs 6.7 mo, P = 0.002). Recipients with TT genotype had worse
graft survival (42% vs 62%, P = 0.02)
Higher response to antiviral therapy for CC genotype compared to CT or TT (59%
Coto-Llerena et al[161]
vs 25%, P = 0.002). Higher sustained virological response in patients with favorable
donor and recipient genotypes (P < 0.01)
Higher progression to cirrhosis (HR = 5.96, 95%CI: 1.29-27.6), liver-related death or
Duarte-Rojo et al[167]
re-transplantation among recipients with a CC genotype donor.
IL28B genotype in the recipient is associated to severe HCV recurrence (OR = 4.27,
Cisneros et al[166]
P = 0.014). Allele IL28B T in the donor tend to have lower incidence of severe HCV
recurrence (OR = 0.46, P = 0.19)
Sustained viral response to HCV therapy was 100% if both donor and recipient were
Firpi et al[163]
CC genotype, while it was only 25% if neither donor nor recipient had CC genotype
(P = 0.025)
IL28B non-CC in the recipient had a higher risk of severe recurrent HCV (OR = 1.57,
Biggins et al[164]
P < 0.05). IL28B CC in the donor was associated to higher risk of severe recurrent
HCV ( OR = 7.02, P < 0.001)
None of a broad range of genetic variants in recipient and donor innate immunity
de Mare-Bredemeijer
receptors was associated to bacterial or fungal infections after liver transplantation.
et al[71]
The presence of donor MBL2 variant is not associated to a higher incidence of CSI (47%
Curvelo et al[125]
vs 36%, P = 0.19)
Incidence of Gram-negative infection was not higher in patients with TLR4 mutations
Lee et al[72]
(13.5% vs 19.3% in patients with wild-type allele, P = 0.39)
Incidence of Gram-positive bacterial infection was not different related to TLR2
Lee et al[78]
polymorphism (31.6% vs 31.6%)

NOD: Nucleotide-binding and oligomerization domain; TLR: Toll-like receptor; MBL: Mannose-binding lectin; CSI: Clinically significant infections; SOT:
Solid organ transplant; MASP: MBL-associated serine proteases; NK: Natural killer; IL: Interleukin.
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TLR2 polymorphisms have been associated with a higher
recurrence rate of herpes simplex virus (HSV) type 2
genital ulcers, and greater viral shedding in healthy individuals[87]. Recurrent herpes labialis also appears more
frequent in individuals with a deficient TLR3 response,
which is probably related to the L412F polymorphism[88].
In contrast, Svensson et al[89] observed that individuals with the same SNP had lower HSV2 infection rates.
Varicella-zoster virus is also recognized by TLR2[90].
TLR polymorphisms and fungal infection after liver
transplantation: TLR2, TLR4 and TLR9 reportedly mediate some aspects of fungal recognition[91].
Invasive candidiasis: A study in mice observed that
cytokine production in response to candidal infection was
determined by TLR2, but that TLR4 also participated in
the host defense by modulating chemokine synthesis and
neutrophil recruitment[92]. Specifically, TLR2 has been
observed to recognize phospholipomannan, while TLR4
recognizes O-linked mannan. TLR9 recognizes Candida
albicans DNA and induces cytokine production, but
the role of TLR9 in invasive candidiasis might only be
secondary[93]. In a study performed in non-neutropenic
patients, Van der Graaf et al[94] described that the presence of the Asp299Gly and Thr399Ile TLR4 polymorphisms was associated with increased risk for candidal
septicemia. Woehrle et al[95] studied the cytokine response
in critically ill patients with septic shock and its relationship with TLR2 polymorphisms. The authors found that
patients with candidal septicemia in the presence of the
Arg753Gln TLR2 SNP had an attenuated cytokine production when compared with patients with the wild-type
allele. More recently, Plantinga et al[96] analyzed the SNPs
related to TLR1, TLR2, TLR4, TLR6, TLR9, MyD88 and
and another adaptor protein named TIRAP (Toll-interleukin 1 receptor domain containing adaptor protein) in
patients with candidal septicemia, and they only observed
an increased susceptibility to candidemia in patients with
TLR1 polymorphisms. No information exists about the
risk of candida infection and TLR polymorphisms following liver transplantation.
Invasive aspergillosis: Initial in vitro studies observed
TLR2 to be the critical receptor for Aspergillus spp. recognition by the innate immune system[97], and that this was
mediated by CD14. Subsequent studies have determined
that TLR4 can also detect Aspergillus, but that this only
induces cytokine production in response to Aspergillus
conidia, and not to the hyphae that are responsible for
tissue invasion[98-100]. More recently, TLR9 has been observed to recognize Aspergillus DNA[101]. Studies in stem
cell recipients have described an association between
TLR polymorphisms and invasive aspergillosis. For example, Bochud et al[102] analyzed TLR2, TLR3, TLR4 and
TLR9 polymorphisms in 336 patients undergoing allogeneic hematopoietic stem-cell transplantation; of whom,
33 developed invasive aspergillosis. The authors found an
association between donor TLR4 polymorphisms and a
higher risk of invasive aspergillosis. Recently, de Boer et
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al[103] described similar results in patients receiving allogeneic stem cell transplantation from donors with TLR4
polymorphisms. TLR2 can recognize Aspergillus, and
TLR2 ligand recognition usually occurs through heterodimeric association with TLR1 or TLR6. Therefore, Kesh
et al[104] analyzed the association between TLR1 or TLR6
polymorphisms and the incidence of invasive aspergillosis in stem cell transplantation recipients, and identified
that either the Arg80Thr TLR1 polymorphism or the
combination of TLR1 Asn248Ser and TLR6 Ser249Pro
polymorphisms in the recipients were associated with invasive aspergillosis. In the setting of liver transplantation,
no studies have analyzed the association of TLR polymorphisms with the incidence of invasive aspergillosis.
Other invasive fungal infections: Pneumocystis jirovecii
pneumonia is a potentially life-threatening pulmonary
infection in immunocompromised patients. Its incidence
has declined substantially with the use of universal prophylaxis[105]. The major host defense system against Pneumocystis infection is adaptive immunity, in which CD4+
T cells are the most important. In TLR4-deficient mice
infected with Pneumocystis, the authors observed that the
number of lung cysts did not differ between TLR4deficient and wild-type mice, but they did observe that
the former had more lung destruction[106]. The authors
concluded that TLR4 signaling was not protective against
Pneumocystis infection, but was responsible for regulating inflammation after infection. Zhang et al[107] analyzed
the role of TLRs in the recognition of Pneumocystis in a
mouse model, revealing that cytokine production in alveolar macrophages was activated through recognition
by TLR2, but not TLR4. In a subsequent study, they also
reported that TLR2 was not involved in the phagocytosis of Pneumocystis, but that TLR2 deficient mice had
increased microbial burden when compared with wildtype mice[108]. A recent study in mice found that cytokine
production in response to Pneumocystis infection was dependent on MyD88, but that it was independent of both
TLR2 and TLR4[109]. In conclusion, it is not clear which
receptors are involved in the recognition of Pneumocystis.
The incidence of cryptococcal infection after liver
transplantation is low, and usually occurs in the late
post-transplant period because of reactivation of latent
infection. Mortality increases when the central nervous
system is involved. Additionally, liver transplantation is
associated with a more severe presentation, higher risk of
dissemination, and a poorer outcome than other transplant types[110]. Host defence against Cryptococcus neoformans
is mainly mediated by CD4+ T lymphocytes, while the
MyD88 adaptor plays a critical role in the innate immune
response against Cryptococcus. Recent studies demonstrate
that TLR9 recognizes the DNA of this fungal pathogen[111,112]. Previous studies have reported that, although
glucuronoxylomannan is a ligand for TLR2 and TLR4, it
seems that these receptors are dispensable for the defence
against Cryptococcus. van der Graaf et al[113] and Yauch et
al[114] analyzed mononuclear cells from volunteers, and
observed that individuals carrying the Asp299Gly TLR4
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polymorphism did not develop increased tumor necrosis
factor-α or IL-10 levels when their mononuclear cells
were stimulated by Cr. neoformans.
Mannose-binding lectin
Mannose-binding lectin (MBL) is a soluble C-type lectin
that recognizes carbohydrates on the surface of numerous microorganisms, including N-acetylglucosamine
D-mannose, N-acetyl mannosamine, and L-fucose. Although it is primarily synthesized by the liver, small levels
of extrahepatic production have been described in the
small intestine and testes, which represent about 1% of
the total produced. MBL circulates as a serum protein,
although an intracellular pool of MBL exists. It consists
of a structural subunit composed of three identical
polypeptide chains forming a triple helix. Circulating
MBL consists of oligomers of this subunit, with higher
order oligomers (tetramers to hexamers) being the effective forms. Additionally, MBL-associated serine proteases (MASPs) are present in the serum, of which only
MASP-2 effectively activates the complement cascade.
MBL can facilitate microorganism phagocytosis through
direct opsonization or triggering complement activation,
but also cooperates with other PRRs[115,116]. The MBL
gene (MBL2) is located at chromosome 10q11.2-21.
There are five known polymorphic sites within the MBL2
gene, all of which decrease the amount of circulating
MBL. Two SNPs are situated in the MBL2 promoter
region (H or L at -550 and Y or X at -221), and three are
in exon 1, at codons 52 (allele D), 54 (allele B) and 57
(allele C). These SNPs interfere with the formation of
higher-order oligomers and cause decreased serum levels
of MBL. Variant alleles of both codon 54 and 57 reduce
the levels of functionally viable MBL in the serum to approximately one-eighth that of the wild-type phenotype.
The variant allele at codon 52 encodes intermediate levels
of MBL, and the polymorphism in the promoter region
also reduces the MBL levels[34,117].
The presence of MBL variant alleles is associated with
bacterial and viral infection in both immunosuppressed
and immunocompetent patients. In some studies, variant
alleles have resulted in more severe clinical infections. In
contrast, intracellular infection appears to be more frequent in individuals with high MBL levels, because of the
increased opsonization and phagocytosis. Low levels of
MBL might mitigate the excessive complement-mediated
damage found in inflammatory conditions that cause tissue destruction[33,118-122].
In the liver transplantation setting, because MBL is
mainly produced by the liver, serum MBL levels depend
on the donor genotype after transplantation. Thus, reduced serum MBL levels are seen in recipients with the
wild-type MBL2 genotype who receive a liver with an
MBL2 variant genotype. Conversely, patients with an
MBL2 variant genotype receiving a liver from a wildtype donor, experience increased serum MBL levels after
transplantation. These changes occur during the first 2 d
after transplantation[123,124].
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MBL2 polymorphisms and bacterial infection after

liver transplantation: Although a recent study did not
observe a higher incidence of bacterial infection in recipients of MBL2 variant livers[125], several studies have
described a higher frequency of clinically significant bacterial infections in patients receiving livers from MBL2
variant donors compared to patients receiving wild-type
livers[123,124,126]. In addition, these studies observed that
MBL2 polymorphisms in the recipient were not associated with increase rates of infection. A study by our group
found no association between MBL2-deficient livers and
the incidence of bacterial infection, but we did observe
that recipients of an MBL2 variant allograft had more severe infection (more frequent septic shock, higher levels
of C-reactive protein, and higher creatinine levels)[127].

MBL2 polymorphisms and viral infection after liver

transplantation: The first study relating CMV infection
to MBL deficiency in transplantation involved 16 kidney
recipients at high risk of developing CMV infection (donor positive/recipient negative). The authors observed
that patients with low serum MBL levels had a higher
incidence of CMV infection[128]. The same results were
obtained in a study of kidney and pancreas recipients[86].
More recently, we determined that the presence of a
wild-type genotype was associated with a higher incidence of invasive CMV disease in recipients with positive
CMV serology pre-transplantation. These results could
be explained by the facilitation of CMV phagocytosis in
patients with higher serum MBL levels[129]. In liver transplantation, de Rooij et al[130] described that patients receiving livers from MBL2 deficient donors had an increased
risk of CMV infection compared with those receiving a
wild-type liver.
MBL does not neutralize HSV1 and HSV2, which
block the activation of both the classical and alternative complement pathways through glycoprotein C[131].
Despite this, Seppänen et al[132] described that individuals
with recurrent HSV2 infection presented the MBL2 variant genotype more frequently.

MBL2 polymorphisms and fungal infection after liver

transplantation: MBL binds to Aspergillus fumigatus, C.
albicans, and Cr. neoformans[133]. There are no studies relating MBL2 polymorphisms with the incidence of fungal
infection in liver transplant recipients, but some studies
have described associations in other immunosuppressed
patients. For example, Granell et al[134] observed that donor with an MBL-low genotype resulted in more invasive
fungal infections in HLA-identical allogeneic stem cell
transplantation recipients. Lambourne et al[135] reported
that immunocompromised patients with lower MBL levels
had a higher incidence of invasive aspergillosis. Ou et al[136]
reported a higher incidence of cryptococcal meningitis in
non-HIV patients with MBL2 polymorphisms. Additionally, in nonimmunosuppressed patients with secondary
peritonitis, candidal infection was more frequent in those
with low MBL levels[137].
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As stated, MBL is associated with MASPs. When
MBL recognizes a ligand, one of three MASPs is activated. Of these, MASP-2 plays a predominant role in
complement activation. The MASP2 gene is located on
chromosome 1p36.23-31, where nine polymorphisms
have been identified[138-140]. de Rooij et al[126] observed that
MASP2 polymorphism homozygosity in the donor was
associated with an increased incidence of clinically significant bacterial infections in liver transplant recipients. In
stem cell transplantation, Granell et al[134] described that
MASP2 mutations in the recipient were associated with
higher incidences of invasive fungal infection.
Other PRRs
L-ficolin binds to carbohydrate present in lipoteichoic
acid, a constituent of Gram-positive bacteria[141]. Similar
to MBL, the liver synthesizes ficolin, and polymorphisms
in the promoter region of the FCN2 gene are associated
with differences in ficolin-2 serum levels. Patients receiving a donor liver with FCN2 polymorphisms had demonstrated an increased incidence of clinically significant
bacterial infection[126]. Liver recipients of donors without
the minor T-allele of the FCN2 gene present a higher
incidence of CMV infection compared with patients
receiving a liver with at least one copy of the minor T
allele. The presence of an FCN2 variant in the recipient
does not increase the incidence of CMV infection[130]. Recently ficolin-A has been demonstrated to bind Aspergillus
conidia, but there are no studies relating ficolin deficiency
with invasive fungal infections in liver transplant recipients[142].
Nucleotide-binding and oligomerization domain
(NOD)-like receptors (NLRs) are a family of intracellular receptors that recognize bacterial peptidoglycans.
They are expressed by macrophages, dendritic cells and
certain intestinal epithelial cells. NLR subfamilies include
the NOD receptors (NOD1 and NOD2). Three NOD2
SNPs have been described, and the variants have been
associated with inflammatory disease such as arthritis,
asthma, and Crohn’s disease[143,144]. Furthermore, a recent
study has described a higher incidence of bacterial infection in liver transplant recipients carrying the R720W
polymorphism[145]. The authors also observed that homozygous recipients for this polymorphism developed earlier infection than heterozygous or wild type. However,
this result has to be interpreted with caution given the
small number of patients.
Dectin-1 is a C-type lectin receptor expressed predominantly in the lungs and intestine by dendritic cells,
monocytes, macrophages, neutrophils, a subset of T cells,
B cells, eosinophils, and mast cells. It is the main receptor
involved in the recognition of β-glucans, major structural
components of the fungal cell wall, and interacts with
Candida, Aspergillus, Pneumocystis, Coccidioides, Penicillium,
and Saccharomyces[98,146,147]. Ferwerda et al[148] first described
an association between the Dectin-1 polymorphism and
a higher incidence of mucocutaneous fungal infection. In
a recent study with hematology patients, a Dectin-1 poly-
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morphism was associated with increased risk of invasive
aspergillosis and higher levels of galactomannan[149]. In
contrast, Rosentul et al[150] found no association between
Dectin-1 polymorphisms and higher incidences of candidemia or worse clinical outcomes.

INNATE IMMUNITY AND HCV
RECURRENCE
HCV infection is the most frequent cause of end-stage
liver failure requiring transplantation. After transplantation, HCV recurrence occurs in nearly all patients and
the progression to cirrhosis and allograft failure is often
accelerated. Between 10% and 30% of liver recipients
develop allograft cirrhosis within 5 years of transplantation[151,152]. Risk factors associated with an accelerated
progression to cirrhosis include: high HCV RNA load,
genotypes 1b and 4 (probably related to the lower response to antiviral treatment), female gender, older donor
age, steatosis of the graft, the degree of HLA matching,
the immunosuppressive drugs used, and CMV and human herpesvirus 6 infection after transplantation[153,154].
However, genetic factors may also play an important role
in HCV recurrence and subsequent graft loss.
In a study performed in 92 HCV-infected, liver transplant recipients, the authors analyzed the relationship
of TLR2 Arg753Gln, TLR4 Asp299Gly and Thr399Ile
polymorphisms with HCV recurrence, liver fibrosis, and
mortality. They described a higher incidence of allograft
failure and mortality due to recurrence of HCV infection
in individuals homozygous for the TLR2 polymorphism,
but not in either the TLR2 heterozygous patients or those
with TLR4 variants[155]. The same team recently described
that TLR2-deficient cells were unable to respond to HCV
core and NS3 proteins in vitro, because the interaction
between TLR2 and the intracellular MyD88 adapter was
defective[47].
In a study analyzing the relationship between the
Phe412Leu TLR3 polymorphism and HCV infection in
liver transplant recipients, the TLR3 polymorphism occurred more frequently in HCV-infected liver transplant
recipients than in recipients for other indications. Univariate analysis uncovered a higher incidence of allograft
loss and mortality in HCV-infected patients with the
TLR3 polymorphism when compared with the wild-type
genotype, although this association was lost following
multivariate analysis[156]. Howell et al[157] recently analyzed
several TLR polymorphisms and their relation with
rapid fibrosis after liver transplantation in HCV infected
patients. They concluded that patients who developed
fibrosis earlier after transplantation were more likely to
have deficient TLR7/8 and TLR3 responses.
Variants in NK cell receptors are also associated with
the risk of HCV recurrence after liver transplantation.
Serum NK cell levels prior to transplantation may predict
the severity of HCV recurrence[151].
Although previous studies have described associations between HCV recurrence and distinct innate recep-
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tors, most have found a clear relation with the IL-28B
polymorphism. IL-28 comprises a family of cytokines
(type Ⅲ IFN) including IL-28A, IL-28B and IL-29. The
IL-28B gene (IL28B) is located on chromosome 19, is
composed of six exons, and produces IFN-λ3, which
regulates T regulatory cells and enhances cellular adaptive
immunity[158,159]. Polymorphisms in this gene do not affect
serum IL-28B transcript levels, and their impact on IL28B function remains unknown. IL-28B is produced by
both bone-marrow-derived cells and hepatocytes. Thus,
the interplay between donor and recipient genotypes is
complex after liver transplantation. In nontransplanted
patients infected with HCV, IL28B polymorphisms have
been associated with a sustained virological response
after antiviral treatment; predominantly in those patients
infected with viral genotype 1. In addition, the existence
of CC genotype in the rs12979860 locus has been associated to spontaneous HCV clearance[160].
In the liver transplantation setting, various studies
have analyzed IL28B polymorphisms, mainly rs12979860
(alleles T and C) and rs8099917 (alleles T and G). Recipients with the IL28B rs12979860 TT genotype typically
have early and more severe HCV recurrence, and a higher
incidence of graft loss. Non-CC recipients who received a
liver from a CC donor had the highest risk of developing
severe HCV recurrence. Patients with CC genotype not
only had less severe HCV recurrence, but also presented
higher rates of sustained viral response after antiviral
treatment when compared with recipients with a different
genotype. Although patients who received a liver from
a CC donor have more risk of severe HCV recurrence,
they also have higher virological response rates than patients receiving a liver from a non-CC donor[8,161-167]. The
rs8099917 IL28B polymorphism has also been studied
in patients with liver transplantation, revealing that nonTT recipients receiving a liver from TT donors had the
highest risk for severe recurrence. The IL28B genotype
had no effect on graft survival in liver recipients without
HCV infection[164].
Some authors have tried to analyze the relation between IL28B polymorphisms and the development of
fibrosing cholestatic hepatitis (a severe manifestation of
recurrent HCV infection after liver transplantation). As
this is an infrequent complication, the results must be interpreted with caution. However, it seems that recipients
with an unfavorable IL28B genotype tend to have more
fibrosing cholestatic hepatitis, and that this complication
is more frequent when the donor has a favourable IL28B
genotype[168].

prior to transplantation and the development of prophylactic strategies after transplantation. Furthermore, if
specific deficiencies can be proven to be associated with
higher infection rates, it may be possible to use recombinant molecules (i.e., recombinant MBL) as therapeutic
agents. Future studies on the association between innate
immunity variations and the risk of infection after liver
transplantation are warranted.
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Abstract
Liver transplantation is performed in the recent decades
with great improvements not only technically but also
conceptually. However, there is still lack of consensus
about the optimal hemodynamic characteristics during
liver transplantation. The representative hemodynamic
parameters include portal vein pressure, portal vein
flow, and hepatic venous pressure gradient; however,
there are still others potential valuable parameters,
such as total liver inflow and hepatic artery flow. All
the parameters are correlated closely and some internal modulating mechanisms, like hepatic arterial buffer response, occur to maintain stable hepatic inflow.
To distinguish the unique importance of each hepatic
and systemic parameter in different states during liver
transplantation, we reviewed the published data and
also conducted two transplant cases with different surgical strategies applied to achieve ideal portal inflow
and pressure.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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inflow modulation; Liver circulation; Small-for-size syndrome
Core tip: Even with the technical advancement of liver
transplantation, there is still lack of consensus about
the optimal range of the hepatic hemodynamic parameters intra-operatively. In this article, we review
the physiology of liver hemodynamics in the normal
population and also in the cirrhosis-related portal hypertension. The hemodynamic changes during liver
transplantation with different graft types according to
the primary hepatic circulation of the recipients are
discussed. Finally, the flowchart applied in our center
for performing graft inflow modulation according to
systemic and hepatic hemodynamic parameters during
liver transplantation is proposed in detail.
Feng AC, Fan HL, Chen TW, Hsieh CB. Hepatic hemodynamic changes during liver transplantation: A review. World J
Gastroenterol 2014; 20(32): 11131-11141 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i32/11131.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i32.11131

INTRODUCTION
Liver transplantation (LT) is the optimal treatment for
patients with advanced-stage liver disease. However, the
systemic and hepatic hemodynamic changes differ from
patient to patient, such as the presence of collateral circulation, splenomegaly, or portal vein thrombus. Furthermore, the associated clinical parameters of portal vein
flow (PVF), portal vein pressure (PVP), hepatic venous
pressure gradient (HVPG), and hepatic artery flow (HAF)
might interact, resulting in difficulties in decision making
regarding whether to perform graft inflow modulation
(GIM). Therefore, strategies aimed at obtaining an optimal blood supply to fulfill the oxygen and metabolic de-
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mands of the liver according to each individual represent
a critical issue. In this review, we focus exclusively on the
hemodynamic changes during LT and the possible correlations between clinically available parameters.

PHYSIOLOGY OF LIVER HEMODYNAMICS
The liver mass constitutes 2.5% of the total body weight
or 33 g/kg of body weight[1,2]; however, the liver receives
a total blood flow of 100-130 mL/min per 100 g liver
and approximately 25% of the cardiac output[3,4]. The
liver accounts for 10%-15% of the total blood volume
and about 40% of that blood held in large vessels, such
as the portal and hepatic veins, with the remaining 60%
held in the sinusoids. Half of the hepatic blood can be
rapidly expelled from the liver in response to both active
and passive influences, thus providing the liver a major
role as a blood volume reservoir[5,6].
The hepatic circulation is the most complex system
among the organs owing to its dual blood supply from
the portal vein and hepatic artery. The hepatic artery
normally supplies about 25% of the portal blood flow
to the liver, or 30 mL/min per 100 g liver weight (LW),
and provides 30%-50% of the liver oxygen requirement
with well-oxygenated blood. On the other hand, the
portal vein carries about 75% of the total blood flow to
the liver, or 90 mL/min per 100 g of liver tissue, and offers approximately 50%-70% of the normal liver oxygen
requirement with partially deoxygenated blood of the
venous outflow from the entire prehepatic splanchnic
vascular bed. In the resting state, the liver accounts for
approximately 20% of the total oxygen consumption of
the body[7].
The valveless portal vein system is low pressure,
low-resistance, and regulated mainly by mesenteric and
splanchnic arteriole constriction as well as intrahepatic
vascular resistance. The normal PVP is 5-10 mmHg as
detected by direct cannulation[8] or the splenic puncture
method[9,10], and the pressure in the sinusoid bed or clinical wedge hepatic venous pressure is estimated to be
higher than that of the vena cava but slightly less than
that of portal vein, with values of 3-10 mmHg[7,11-15].
In contrast, the hepatic artery is a high-pressure, highresistance system regulated intrinsically by classical arterial autoregulation with a mean pressure similar to that
of the aorta[15]. The normal hepatic artery and portal vein
hemodynamic supply fluctuate and compensate for each
other according to the physiological condition. The welldocumented interaction between the hepatic artery and
portal vein is termed the hepatic arterial buffer response
(HABR)[16], which involves an increase of HAF to compensate for the reduced PVF to minimize the influence
of PVF changes on hepatic clearance and to maintain the
overall liver blood flow and adequate oxygen supply to
tissues[17-20].
However, the PVF and PVP are less strongly correlated. In the normal liver, the PVP is relatively stable even
when the PVF fluctuates. The sinusoidal structure and in-
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trahepatic vasculature comprise a compliant vascular bed
that can enlarge its volume to accommodate additional
portal blood flow without changes in pressure[21-25].
Normally, hepatic hemodynamics change according
to the encountered physiological condition and maintain
the balance between systems and physical demands; however, this homeostasis is markedly altered in liver diseases
and hepatic surgeries such as LT.

HEPATIC HEMODYNAMICS IN
CIRRHOSIS-RELATED PORTAL
HYPERTENSION
Portal hypertension is defined as a sustained increase in
the intraluminal pressure of the portal vein and its collaterals with a mean pressure greater than 12 mmHg,
the upper limit for variceal bleeding and other clinical
consequences[26]. Cirrhosis-related portal hypertension
may result from initial hepatocyte injury and inflammatory necrosis; then, activated stellate cells transform into
contractile, fibrogenic myofibroblasts, which produce a
large amount of extracellular matrix and inflammatory
cytokines, and finally excessive fibrosis[21,27]. The increased
sinusoidal resistance and structural changes of the sinusoidal endothelia result in diminished PVF and a reactive
increase in PVP[28-31]. In contrast, the splanchnic vasculature undergoes progressive vasodilatation due to excess
of vasodilators such as nitric oxide, which is related to
increased vascular sheer stress and intestinal absorption
of lipopolysaccharide[22,32,33]. Subsequently, vasodilators
induce progressive vasodilatation of splanchnic circulation and a related PVF increase along with the development of systemic hyperdynamic circulation with reactive
splenomegaly and portosystemic collateralization in
multiple locations[34-37]. However, the progressive development of the collateral network and splenomegaly vary
individually; it is thought that the development of collateral circulation was due to the opening of pre-existing
vascular channels in response to increased PVP[37]. In
cirrhotic patients, extrahepatic shunts may account for at
least 50% of the portal flow, whereas 80% of the portal
flow actually reaching the liver has been observed to bypass the sinusoidal vascular bed via intrahepatic shunts[7].
The azygos blood flow has been measured using a double
thermodilution catheter directed under fluoroscopy in
patients with alcoholic cirrhosis. The azygos blood flow
was 596 ± 78 mL/min and 305 ± 29 mL/min in patients
with repeated gastroesophageal variceal bleeding and others who underwent decompressive surgery of the portal
system[38].

HEMODYNAMIC CHANGES DURING
LIVER TRANSPLANTATION
The hemodynamics vary widely among cirrhotic patients
who undergo LT owing to different liver disease stages,
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Figure 1 Hepatic and splanchnic vasculature at the time of transplantation in cirrhotic patients. A: Portal vein engorgement (white arrow) and
splenomegaly (white astrocyte) without remarkable collateral formation; B:
Shrinkage of portal vein (white arrowhead) with massive collateralization (white
double astrocytes).

underlying conditions, and disease nature; therefore, it is
quite challenging for transplant surgeons to apply individualized transplant strategies. Cirrhotic patients exhibit
different hepatic and splanchnic vasculature presentations at the time of transplantation. These are divided
into two major types: (1) portal vein engorgement and
splenomegaly without remarkable collateral formation;
and (2) shrinkage of the portal vein with massive collateralization (Figure 1). The surgical strategies utilized during LT differ not only according to the vasculature but
also depending on the graft type, such as a partial or fullsized graft. Thus, the hemodynamic changes during LT
are important parameters for determining the optimal
surgical strategy.

LIVER TRANSPLANTATION WITH FULLSIZED GRAFT
Adequate blood supply to the transplanted graft is essential to graft survival and function. In full-sized grafts,
it was assumed that the PVF should be at least 1000 mL/
min to maintain appropriate organ perfusion[39-41]. However, there are two major types of splanchnic vascular
structures observed in patients before LT: (1) portal vein
engorgement with splenomegaly but without massive collateral network formation; and (2) shrinkage of the portal
vein with remarkable collateralization.
In the first situation, the possibility of developing
small-for-size syndrome (SFSS) is less likely because
of transplantation with a full-sized graft; however, the
HABR becomes an important issue. Pratschke et al[42] reported that a decreased PVF of ≤ 1300 mL/min was associated with significantly lower organ survival in univariate analysis, but not in multivariate analysis; in contrast,
diminished HAF was associated with an increased rate of
primary nonfunction and impaired survival. In the same
study, HAF was independent of other confounders with
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a hazard ratio of 2.5 for poor outcomes, and the clinical
cutoff points of 100 and 240 mL/min were identified[42].
In another study, Spitzer et al[43] concluded that a target
level of PVF > 1 L/min is required in LT to obtain better patient survival; in the hepatic artery, a baseline flow
> 250 mL/min is a minimally acceptable level, but >
400 mL/min is ideal[43]. Therefore, when these patients
undergo LT with full-sized grafts, two different types of
GIM is recommended: splenic artery ligation (SAL) and
splenectomy. We recommended that if the PVF is in the
range of 1000-1300 mL/min and the HAF is < 100 mL/
min, SAL may be the better choice. On the other hand,
if the PVF is > 1300 mL/min and the HAF is far < 100
mL/min, splenectomy is likely the best choice if other
possible structures or technical conditions are excluded.
By performing SAL or splenectomy, excessive PVF can
be prevented, which may impair HAF via the HABR.
In the second situation involving transplant patients
with shrinkage of the portal vein and remarkable collateralization, including portal systemic shunting, the
primary issue becomes the need for collateral or shunt
ligation. Castillo-Suescun et al[44] presented a series of
patients diagnosed with spontaneous splenorenal shunts
(SSRSs) undergoing orthotopic LT, and shunt disconnection was performed when the post-reperfusion PVF
was ≤ 1200 mL/min without any detrimental effects
on renal function. However, strong clinical evidence is
lacking regarding the performance of collateral or portosystemic shunt disconnection. Because the portal vein
normally carries approximately 90 mL/min per 100 g
LW[7], ligation of the major collateral vessels or shunts is
reasonable and required if the portal perfusion is < 1000
mL/min, as the PVF would be shunted away from the
new liver by old collaterals. Margarit et al[45] reported two
patients underwent occlusion of distal splenorenal shunt
during LT with an increase of PVF similar to that of
splenorenal shunts. In addition, Esquivel et al[46] reported
consistent anatomic changes in the portal vein diameter
according to the presence of portosystemic shunt of
1.2-1.5 cm, which was smaller compared with other adult
recipients without remarkable shunting or collaterals of
an average of 2.5 cm[46,47]. Therefore, it is worth noting
that when the portal vein diameter is smaller preoperatively by computed tomography or intraoperatively even
without obvious collateral shunting, the possibility of
portal hypoperfusion should always be taken into consideration.

LIVER TRANSPLANTATION WITH
PARTIAL GRAFT
The hemodynamic changes are even more complicated
when LT with partial graft is performed because of the
higher risk of SFSS. The most appropriate hemodynamic
parameter in deciding the application of GIM remains a
topic of debate. PVP < 15 mmHg was reported as a key
factor for successful adult living donor liver transplanta-
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tion (LDLT) with better two-year survival[48]. In a subsequent study conducted by the same group, the cutoff
point for intentional PVP modulation was 20 mmHg,
which was mainly achieved by splenectomy or additional
creation of a portosystemic shunt. Finally, the authors
also concluded that intentional PVP modulation at < 15
mmHg is an effective surgical strategy for small-for-size
grafts that establishes greater donor safety with good
LDLT results[49]. Ito et al[50] reported that an elevated PVP
of > 20 mmHg early in the first week post-transplantation is strongly associated with an increased incidence of
bacteremia in the first three months and worse patient
(graft) survival at six months. Other groups use PVP as
an indicator for performing GIM, with the acceptable
range of 15-20 mmHg[51,52]. The PVF is another parameter utilized by many groups; however, the proper range
differs widely according to graft type. Sainz-Barriga et
al[53] reported that the optimal threshold of four times the
flow rate observed in healthy donors (360 mL/min per
100 g LW) is a risk factor for graft failure, and flow rates
below the target of 180 mL/min per 100 g LW led to
lower survival rates. This observation was confirmed by
Hessheimer et al[54] in an experimental model. Shimamura
et al[55] proposed that to avoid SFSS, a PVF of < 260 mL/
min per 100 g LW is indicated. Troisi et al[56] also reported
that a PVF value of 250 mL/min per 100 g LW predicted
SFSS development.
In transplantation with partial grafts, HABR plays a
crucial role despite the lack of consensus on the optimal
range of HAF in LDLT. Sainz-Barriga et al[53] published
a detailed report on the systemic and hepatic hemodynamics during LT. There was a significant difference in
the median HAF between full-sized and partial grafts;
however, no significant difference was found when the
median HAF was indexed by graft weight. On the other
hand, the ratio of PVF to HAF was elevated from the
median of 6.6 to 15.4, which represented the effect of
HABR[53]. Although no available data focus on the effect
of the PVF to HAF ratio, it remains a potential predictor
of surgical outcomes[57,58].
Similar to full-sized grafts, there are two major splanchnic vascular structures in patients before LT similarly as
mentioned in the previous section. When the patients with
engorged portal veins and splenomegaly undergo transplantation with partial grafts, the primary issue is the occurrence of SFSS. In the early era of LDLT, a graft versus
recipient weight ratio (GRWR) of < 0.8 or a graft size
of < 35% of the estimated standard graft weight were
considered major risk factors for SFSS development[59,60];
however, with the evolution of surgical techniques and
accumulation of clinical experience, the following investigations showed that the reduction of the lower limit of
the GRWR to 0.6 in LDLT is safe[61-64]. The primary strategy employed to achieve better graft function and survival is strict inflow control including PVF and PVP instead
of a smaller graft size. Asencio et al[65] hypothesized that
the development of SFSS is not exclusively determined
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by the graft size, but instead by the hemodynamic parameters of the hepatic circulation, which indicates that
hepatic hyperperfusion is a critical factor. Therefore,
when cirrhotic patients with portal vein engorgement
and splenomegaly undergo transplants with partial grafts,
GIM is required in the majority owing to the potential
risk of portal hyperperfusion. However, there is a lack of
consensus about the clinical utility of using hemodynamic parameters to determine the need for and the type of
GIM. It has been reported that splenic artery occlusion
and coronary vein ligation can reduce the portal inflow
by 52%[66], and SAL can reduce the portal inflow with a
compensatory increase in HAF due to the HABR[67,68].
Troisi and de Hemptinne[56] reported that SAL resulted
in a significant decrease in the PVF from 2600 ± 832
to 1700 ± 689 mL/min and a compensatory increase
in the HAF from 87 ± 39 to 152 ± 64 mL; thus, SAL
represents a simple and safe method that is sufficient to
allow portal inflow modulation in most patients[69]. It is
believed that intraoperative ligation of the splenic artery
causes less than 50% of infarctions[70]. Furthermore, in
cirrhotic patients with portal hypertension, splenic artery
occlusion caused a significant reduction in PVP from
the baseline of 21.5 ± 3.8 to 17.6 ± 3.2 mmHg 15 min
after splenic artery occlusion (P < 0.0001) in the study
conducted by Luca et al[71], Ito et al[50] reported similar results of immediate reduction of PVP with a median of
16-11 mmHg (P = 0.02) after SAL. Splenectomy or SAL
is beneficial for improving outcomes of LDLT using a
relatively smaller left lobe graft; however, splenectomy remains a life-threatening factor and is technically advanced
compared with SAL[72,73]. However, Ikegami et al[74] began
performing aggressive splenectomy using a vessel-sealing
system to control PVP exceeding 20 mmHg, and a better graft survival rate was achieved compared to patients
without strict portal pressure control (81.8% vs 90.6%, P
< 0.01); in the same study, the complication rate of splenectomy was 10.1% (9/89), including pancreas leakage
and overwhelming postsplenectomy sepsis[74]. Because of
its technical simplicity and fewer postoperative complications, SAL can be considered the first-line GIM for portal hyperperfusion followed by subsequent splenectomy
for more aggressive control[75].
Flowcharts for GIM have been proposed by different groups primarily based on PVF and PVP; the Kyoto
group uses PVP ≥ 20 mmHg as the cutoff point for
performing splenectomy[49]. Asencio et al[65] proposed that
either PVP > 20 mmHg or PVF > 250 mL/min per 100
g LWis indicated for implementing PVP control maneuvers. In a more detailed algorithm, the Italy group considers a PVF value greater than four times the normal baseline value (≥ 360 mL/min per 100 g LW) as the first-line
determinant for performing portocaval shunt (PCS) or
SAL, and then HVPG [HVPG = PVP - central venous
pressure (CVP)] ≥ 15 mmHg is taken into consideration
for possible PCS or SAL if the PVF does not exceed 4
times the normal baseline value. Finally, SAL is recom-
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Figure 2 Flowchart applied in our center for performing graft inflow modulation according to systemic and hepatic hemodynamic parameters in transplant
patients with portal hyperperfusion. Technical errors such as hepatic outflow obstruction, hepatic artery kinking, or anastomosis failure should be evaluated repeatedly. After graft inflow modulation (GIM) is performed, the portal vein flow (PVF), portal vein pressure (PVP), and central venous pressure should be re-measured to
ensure optimal portal inflow. HAF: Hepatic artery flow; HVPG: Hepatic venous pressure gradient; LW: Liver weight.

mended if an HAF > 100 mL/min can be achieved after
splenic artery isolation and clump testing under a normal
gradient; otherwise, there is no need for further GIM,
and the use of heparin and prostacyclin is considered[53].
After summarizing the flowcharts and recommended
ranges for all clinically available parameters, the algorithm
currently applied in our center for GIM is primarily based
on the sequence of PVF, PVP, HVPG, hepatic outflow,
and finally HAF (Figure 2). Hepatic outflow obstruction
may aggravate the injury caused by excessive inflow with
graft congestion, and it is essential to exclude hepatic
outflow obstruction as well. Currently, clinical judgment
of performing GIM is mainly based on the coloration,
induration, and bile production of the graft at reperfusion along with objective parameters such as PVF, PVP,
or HVPG, which varies in different centers. In the algorithm applied in our center, we strongly recommend measuring all available hemodynamic parameters required for
delicate and individualized surgical strategies, particularly
in transplant patients at high risk for developing SFSS.
In the second situation of transplant patients with
shrinkage of portal vein and remarkable collateralization
receiving partial grafts, the possibility of developing SFSS
is lower; however, measurement of all hemodynamic
parameters remains essential for determining the need
for collateral ligation. Furthermore, portal hypoperfu-
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sion can occur when the collaterals are well developed,
such as SSRS or coronary veins, and this is particularly
common in recipients with portal vein thrombus, an
important warning sign[70]. Sainz-Barriga et al[53] reported
that flow rates below the target of 180 mL/min per 100
g LW led to lower survival rate; therefore, PVF is a major
issue owing to the sinusoidal structure of the liver and its
reservoir nature related to decreased PVP fluctuation if
the veins are not fully distended[53,76-80]. Collateral shunting is a potential risk factor for portal hypoperfusion, and
the need for disconnection remains controversial. In this
circumstance, if the clinical decision is based solely the
coloration and induration of the liver graft at reperfusion, the hypoperfusion state will be judged erroneously.
It is worth noting that PVF measurement is required if
the preoperative computed tomographic evaluations of
the recipient shows a smaller portal vein caliber or the
presence of remarkable collateral vessels. If the PVF is <
100 mL/min per 100 g LW, collateral ligation is definitely
required, and if the PVF is between 100 to 180 mL/min
per 100 g LW, collateral vessel isolation and clump testing
should be performed. If the PVF exceeds 260 mL/min
per 100 g LW, collateral ligation might not be needed in
order to prevent portal hyperperfusion and decrease the
HAF due to excessive HABR.
In order to describe the concept and rationale for
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CASE 1
A 49-year-old man weighing 69 kg and diagnosed with
hepatitis B-related liver cirrhosis, Child-Pugh B, and a
hepatocellular carcinoma of approximately 6 cm in segment four, received a 600-g right lobe liver graft from his
daughter. Preoperative computed tomography showed
that the portal vein was 1.8 cm in diameter and splenomegaly was present with 15.4 cm at the longest axis
without remarkable collateral vessels (Figure 3A and B).
After portal vein isolation, the PVF before transplantation was 972 mL/min (162.0 mL/min per 100 g LW)
measured by a transonic flowmeter with an ultrasonic
probe encircling the main portal vein. The PVP was 31
mmHg detected by the direct puncture method and the
CVP level was 11 mmHg. On reperfusion, the portal
inflow was 1936 mL/min (322.7 mL/min per 100 g
LW), the HAF was 93 mL/min, the PVP was 20 mmHg,
and the CVP level was 7 mmHg. Considering the risk
of SFSS development, SAL was performed first, and
the PVF decreased to 1862 mL/min (310.3 mL/min
per 100 g LW), the HAF was 94 mL/min, the PVP was
18 mmHg, and the CVP level was 8 mmHg. The PVF
remained > 260 mL/min per 100 g LW; therefore, splenectomy was performed. After splenectomy, the PVF
decreased to 1385 mL/min (230.8 mL/min per 100 g
LW), the HAF increased to 115 mL/min, the PVP was
15 mmHg, and the CVP remained at 8 mmHg with an
HVPG of 7 mmHg. The postoperative course was uneventful, and the patient was discharged from the hospital eight days after the operation (Figure 4).

CASE 2
A 55-year-old man weighing 89 kg with hepatitis B-related
liver cirrhosis complicated by bleeding esophageal vari-
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GIM according to various hemodynamic parameters, we
next describe two cases of LT performed in our hospital
to illustrate how optimal graft inflow can be achieved.
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Figure 3 Preoperative computed tomographic findings of case 1. A: Engorged portal vein of 1.8 cm in diameter (white arrow); B: Splenomegaly with
15.4 cm at the longest axis without remarkable collaterals (white asterisk).

322.7
310.3
230.8
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Figure 4 Sequential graft inflow modulation of case 1. A: Splenic artery
ligation [black arrow, (1)] followed with splenectomy [black arrow head, (2)]; B:
Sequential changes of the portal vein (PV) pressure, central venous pressure
(CVP), and hepatic venous pressure gradient (HVPG) during liver transplantation pre- and post-GIM; C: Sequential changes of the portal vein flow (mL/min
per 100 g of LW) and hepatic artery (HA) flow (mL/min). IVC: Inferior vena cava;
SpA: Splenic artery.

ces and a 4-cm hepatocellular carcinoma in segments
six and seven underwent LDLT with a 620-g right lobe
graft from his son. Preoperative computed tomography
showed that the right lobe portal vein could not be identified, likely due to hepatofugal flow-induced stasis and
thrombosis; splenomegaly (long axis measuring about
12.5 cm), ascites, esophageal varices, a portal-systemic
shunt from the left portal vein to the left pericardiac-
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Figure 5 Preoperative computed tomographic findings of case 2. A: The right lobe portal vein could not be identified, likely owing to hepatofugal flow-induced
stasis and thrombosis (white arrowhead) and portal-systemic shunting from the left portal vein to the left pericardiac-phrenic vein (white asterisk); B: Coronary vein
engorgement (double white asterisks); C: Spontaneous splenorenal shunting was also noted (white arrow).

phrenic vein, and SSRS were also noted (Figure 5). Before transplantation, the PVF was 136.0 mL/min (21.9
mL/min per 100 g LW), the PVP was 28 mmHg, and the
CVP was 12 mmHg. At reperfusion, the PVF was 240
mL/min (38.7 mL/min per 100 g LW). Therefore, we
performed hepatic artery anastomosis immediately with
flow rate of 90 mL/min, and subsequent coronary vein
ligation without measuring PVP because of portal hypoperfusion. Finally, the PVF was 908 mL/min (146.5 mL/
min per 100 g LW), the HAF was 73.5 mL/min, the PVP
was 18 mmHg, the CVP was 13 mmHg, and the HVPG
was 5 mmHg. The patient recovered well after the operation and was discharged 10 d later (Figure 6).

DISCUSSION
These two cases focused primarily on the two most frequently encountered situations for transplant surgeons:
portal hyperperfusion and hypoperfusion. In the first
case, the preoperative evaluation showed an engorged
portal vein with splenomegaly, which were both considered the presentation of severe portal hypertension
without well-developed collaterals, thus GIM might be
required even if the GRWR was more than 0.8. We had
performed a series of measurements of PVF, PVP, HAF,
and CVP; the GIM of SAL and splenectomy were considered sequentially with the consideration of all hemodynamic parameters instead of PVF or PVP alone. Finally, optimal PVF, PVP, and HVPG values were achieved
without difficulty. There is always a debate about the best
indicator for GIM, such as PVF, PVP, or even HVPG;
however, our group takes all available parameters into
account and proposes an individualized transplant procedure instead.
In the second case, preoperative computed tomography revealed the presence of possible portal vein
thrombus and abundant portosystemic collaterals with
portal vein shrinkage, which increased the risk of the
development of portal hypoperfusion after transplantation even with a smaller partial graft (GRWR < 0.8).
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After reperfusion, PVF measurement was performed
routinely despite subjective assessment of the graft being
soft without congestion, and portal hypoperfusion was
noted immediately. Therefore, hepatic artery anastomosis
was performed without delay with subsequent ligation of
the coronary vein, which was easier and less risky than
splenorenal shunt ligation. Finally, satisfying results were
also obtained without surgical complications.
We strongly recommend that all hemodynamic parameters should be monitored during surgery to evaluate
the graft status instead of clinical subjective observations
of the graft consistency and coloration. Additionally,
transplant surgeons should review the preoperative studies carefully to evaluate the possibility of portal hypoperfusion or hyperperfusion instead of considering GRWR
only.

CONCLUSION
The delicate control of all hemodynamic parameters during LT is critical for better graft survival and a reduced
risk of perioperative complications. Although a lack of
consensus remains regarding the best clinical parameter
such as PVF or PVP, measurement of all available hemodynamic indices is essential for developing an individualized surgical plan not based on clinical judgment
alone. Preoperative evaluation of the present portal and
splanchnic vasculature is warranted; in addition to graft
type, surgeons can predict the likelihood of developing
portal hyperperfusion or hypoperfusion states, which may
lead to poor surgical outcomes. For transplant surgeons,
the most challenging aspect of LT is not only the complex surgical techniques used but also the modulation of
portal inflow during the operation that require comprehensive consideration of all hepatic and systemic hemodynamics both anatomically and clinically. Presently, there
is a lack of statistical correlation between PVF and PVP;
therefore, there is no consensus about the clinical utility
of these parameters to serve as a practical indicator for
performing graft inflow modulations. Further investiga-
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Abstract
Since its initial characterization, pancreatic ductal adenocarcinoma has remained one of the most devastating and difficult cancers to treat. Pancreatic cancer is
the fourth leading cause of death in the United States,
resulting in an estimated 38460 deaths annually. With
few screening tools available to detect this disease
at an early stage, 94% of patients will die within five
years of diagnosis. Despite decades of research that
have led to a better understanding of the molecular and
cellular signaling pathways in pancreatic cancer cells,
few effective therapies have been developed to target
these pathways. Other treatment options have included
more sophisticated pancreatic cancer surgeries and
combination therapies. While outcomes have improved
modestly for these patients, more effective treatments
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are desperately needed. One of the greatest challenges
in the future of treating this malignancy will be to
develop therapies that target the tumor microenvironment and surrounding pancreatic cancer stem cells in
addition to pancreatic cancer cells. Recent advances in
targeting pancreatic stellate cells and the stroma have
encouraged researchers to shift their focus to the role
of desmoplasia in pancreatic cancer pathobiology in the
hopes of developing newer-generation therapies. By
combining novel agents with current cytotoxic chemotherapies and radiation therapy and personalizing them
to each patient based on specific biomarkers, the goal
of prolonging a patient’s life could be achieved. Here
we review the most effective therapies that have been
used for the treatment of pancreatic cancer and discuss
the future potential of therapeutic options.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic cancer; Pancreatic cancer stem
cells; Microenvironment; Surgical resection; Neoadjuvant therapy; Adjuvant therapy; Chemotherapy; Radiation; Personalized therapy
Core tip: Pancreatic ductal adenocarcinoma has challenged researchers for decades. It remains one of the
most deadly cancers due to the complex molecular and
genetic makeup of its cancer cells and their surrounding microenvironment. In addition, there are no valid
screening tests available to detect pancreatic cancer in
its early stages. Yet, as knowledge of this cancer has
evolved over time, so have novel methods for treating
it. Researchers have a deeper understanding of pancreatic cancer now than ever before. The future holds
much promise for new breakthroughs that will significantly improve patient outcomes.
Rossi ML, Rehman AA, Gondi CS. Therapeutic options for the
management of pancreatic cancer. World J Gastroenterol 2014;
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INTRODUCTION
Despite the improved survival rates noted in numerous
cancers, including breast[1-3], prostate[4] and colon cancer[5],
the overall survival rates for patients diagnosed with pancreatic cancer have shown little improvement over the
past thirty years[6-8]. Pancreatic ductal adenocarcinoma
(PDA) remains one of the most rapidly progressive and
deadly malignancies worldwide[4]. The prevention of pancreatic cancer is difficult to assess, due to limited studies identifying potential risk factors compounded with
the multifactorial, heterogeneous nature of the disease.
Cigarette smoking has been noted to double the risk of
pancreatic cancer, yet only accounts for 20%-25% of the
cases[9,10]. Additionally, family history may also contribute
a significant role as 5%-10% of individuals with pancreatic cancer report an incidence of pancreatic cancer in a
close family member[11]. This risk is further substantiated
when there is a larger number of family members with
pancreatic cancer and a decrease in age of onset in kindred[12]. Other noted risk factors include alcohol abuse[13],
a high-fat diet[14,15], and certain trace elements[16].
The challenge of diagnosing PDA at an early stage
further contributes to the dismal five-year survival
rate that is projected for patients. Located in the retroperitoneum of patients who present with non-specific
symptoms, PDA is not diagnosed until it has reached an
advanced clinical stage in 80% of patients[17]. In addition,
lack of effective screening and early biomarker detection
methods have prevented clinicians from identifying this
cancer in a pre-malignant stage. Ideally, visual evaluation
via computerized tomography (CT) and magnetic resonance imaging (MRI) should be incorporated upon suspicion of pancreatic cancer for detection and resectability
assessment[18]. Although CT scan has often been utilized
to detect pancreatic cancer[19-21], reliance on MRI, particularly in regard to assessing local invasion and metastasis,
has increased[22]. Other imaging may also provide certain
benefits, such as endoscopic ultrasound for investigating vascular invasion[23], fludeoxyglucose-positron emission tomography scanning for recurrent tumors[24], and
laparoscopy for more accurate staging[25]. While the use
of these techniques remains helpful to determine prognosis and treatment regimen for patients diagnosed with
pancreatic cancer, none have been validated as effective
screening tests for general or high risk populations.
Once diagnosed, a number of chemotherapy, radiation and combination therapy regimens have been used
to treat patients with ductal pancreatic tumors. Unfortunately, the dynamic molecular and cellular makeup of
individual pancreatic tumors, renders many of them resistant to the majority of these therapies. Although surgical resection has been shown to increase patient survival
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by 10 mo[26], the majority of patients who undergo these
procedures experience comorbidities and recurrence.
Current research has identified additional sources of
therapeutic resistance in the microenvironment of these
tumors. Characterized by stromal proliferation, reduced
angiogenesis and a unique subset of cells known as cancer stem cells (CSCs), the tumor microenvironment has
become a target of new therapeutic agents.
While improved understanding of pancreatic cancer
biology has lead to several therapeutic breakthroughs in
the treatment of PDA, major progress toward improving
survival rates in patients has been extremely slow. However, as our understanding of this tumor’s therapeutic resistant nature improves, so will future progress in treating
pancreatic cancer.

CLINICAL PRESENTATION AND
DIAGNOSIS
One of the greatest challenges in treating pancreatic ductal adenocarcinoma (PDA) is discovering it in the pre-malignant stage. The average patient diagnosed with pancreatic cancer is in their seventh decade of life and presents
to their primary care physician with general symptoms
of abdominal pain and weight loss[27]. Not only is the
pancreas difficult to palpate due to its retroperitoneal
location, but there are also no specific blood tests to confirm suspicion of malignancy. More specific symptoms,
such as unexplained jaundice[28], onset of diabetes[29] and
development of thromboembolic disease[30] are more
diagnostic of pancreatic cancer, but do not present until
later stages of the disease. The primary comorbidities associated with PDA include biliary obstruction, infection,
ascites, pancreatic insufficiency and in advanced stages
of the disease, cachexia[31]. Unfortunately, once a patient
presents with these symptoms, the disease has often
already reached its malignant stage and the patient may
never be able to receive treatment.
Effective screening tests to provide early diagnosis of
pancreatic cancer could potentially prevent these symptoms. The ones that do exist are not validated. For example, although endoscopic ultrasounds provide a higher
yield of detecting pancreatic cancer in its early stages,
the comorbidities associated with this procedure render
it an unsuitable screening test in the general population.
As a result, studies are currently underway to identify
high risk individuals who may benefit from this invasive
procedure[32-34]. Other techniques, such as cross-sectional
imaging could be used to identify asymptomatic pancreatic neoplasms for surgical resection[34] as long as they are
confirmed by CT or MRI techniques which provide better resolution between normal and neoplastic pancreatic
tissue[35].
Although a greater understanding of the molecular
events in pancreatic cancer tumorogenesis has lead to the
discovery of biomarkers that help to predict the tumor’s response to treatment, there has been no use of these markers in cancer drug development[36]. The only biomarker
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Table 1 Cellular mechanisms of therapeutic resistance in
pancreatic cancer
Cellular pathways

Mutated gene

Ref.

Cell-cycle control

CDK2NA (90%); APC2

RAS

KRAS (90%); MAP2K4

Almoguera et al[54];
Schutte et al[71];
Hahn et al[72]
Almoguera et al[54];
Hruban et al[56];
Pellegata et al[57];
Hezel et al[58];
Maitra et al[59]
Almoguera et al[54];
Redston et al[67];
Olive et al[68]
Almoguera et al[54];
Yachida et al[73]
Jones et al[77]
Jones et al[77]
Jones et al[77]
Jones et al[77]
Jones et al[77]
Jones et al[77]
Jones et al[77]

DNA damage repair

TP53 (75%-90%)

DPC4 (50%), SMAD4

TGF-β
Apoptosis
Cell adhesion
Hedgehog
Integrin
JNK
Small GTPases
Wnt-β-catenin

CASP10; CAD
FAT; PCDH9
GLI1; GLI3
ILK; LAMA1
MAP4K3; TNF
PLCB3; RP1
MYC; TSC2

APC: Adenomatous polyposis coli; CDK2NA: Cyclin-dependent kinase
inhibitor 2 A; CAD: Carbamoyl-phosphate synthetase 2, aspartate
transcarbamylase, and dihydroorotase; CASP10: Caspase 10; DPC4: deleted
in pancreatic cancer, locus 4; FAT: Fat tumor suppressor; GLI 1: Gliomaassociated oncogene; GLI3: Glioma-associated oncogene 3; GTPases:
Guanosine triphosphate; Wnt-B-catenin: Wingless type B-catenin; ILK:
Integrin-linked kinase; JNK: c-Jun N-ternmial kinases; KRAS: Kristen
rat sarcoma; LAMA1: Laminin A-1 chain; MAP2K4: Mitogen-activated
protein kinase kinase 4; MAP4K3: Mitogen-activated protein-3 kinase-3:
TNF: Tumor necrosis factor; MYC: Myelocytomatosis oncogene; PCDH9:
Procadherin 9; PLCB3: Phospholipase C, beta 3; RP1: Retinitis pigementosa 1;
SMAD4: Mothers against decapentaplegic homolog 4; TGF-β: Transforming
growth factor b; TP53: Tumor protein 53; TSC2: Tuberous sclerosis 2; RAS:
Rat sarcoma.

that has shown a great deal of promise in therapeutic
monitoring and in identifying the recurrence of pancreatic
cancer after treatment is the carbohydrate antigen 19-9 (CA
19-9), a sialylated Lewis blood group A antigen secreted
by many pancreatic lesions[37]. Yet, CA 19-9 is not specific
for pancreatic cancer and therefore cannot be used to
screen for this tumor. Several other conditions, including
hepatobiliary diseases, pancreatic diseases and gastrointestinal malignancies, bronchitis, congestive heart failure, cystic fibrosis, diverticulitis, lung cancer, ovarian cysts, pleural
effusions, renal cysts and rheumatoid arthritis may present
with elevated levels of CA 19-9[38]. In addition, approximately 10% of patients with pancreatic cancer are negative for Lewis antigen a or b. As a result, these patients are
unable to synthesize CA 19-9 and will have no detectable
levels of this biomarker, even in advanced stages of pancreatic cancer[39]. Although measurement of serum CA
19-9 levels has clinical significance in determining treatment and prognosis for patients with known pancreatic
cancer, its usefulness as a diagnostic screening tool of the
disease is not substantiated[40].
Upon diagnosis of pancreatic cancer, treatment and
management of patients should utilize a multidisciplinary
team including, primary care physicians, medical oncolo-
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gists, radiation oncologists, surgeons, endocrinologists,
radiologists and pathologists[41]. Cancer staging subsequently follows, with the American Joint Committee on
Cancer providing the standard model, based upon the
tumor-node-metastasis system[42]. However, not all criteria
regarding tumor staging can be measured prior to surgical
intervention. As a result, the majority of staging for pancreatic cancer incorporates imaging results and liver function tests. From these results, patients with pancreatic
cancer can often be classified into three major cohorts: (1)
patients with a resectable tumor or borderline resectable
tumor; (2) patients with a locally invasive tumor without
metastasis; and (3) patients with a systemically disseminated tumor.
Appropriately designating cases into the proper
subgroup is vital to ensure appropriate treatment and
management of patients presenting with pancreatic cancer. Often, fine needle aspiration guided by endoscopic
ultrasonography is necessary to obtain histological confirmation[43,44], especially prior to the initiation of chemotherapy and radiation. Throughout the treatment process,
CA 19-9 should be continuously measured[45,46]. Nonetheless, previous studies still support the usefulness of CA
19-9 in predicting patient response to chemotherapy[47,48],
preoperative prognosis[49], as well as assessing treatment
response[50,51], overall survival[51-53], and recurrence[51].

THERAPEUTIC RESISTANCE IN
PANCREATIC CANCER
Cellular mechanisms of therapeutic resistance
In an effort to understand the therapeutic resistant (Table
1) nature of PDA, researchers have attempted to characterize the molecular and cellular components of the
pancreatic cancer cells as well as the desmoplasia that
surrounds them. Although pancreatic cancer displays
pathologic and clinical heterogeneity, data suggests the
majority of PDA express a successive accumulation of
highly penetrant genetic alterations that occur at four genetic loci: K-ras, p53, cdkn2a and smad4/DPC4[54]. Originating in the ductal epithelium, pancreatic cancer evolves
from a premalignant lesion to a highly invasive metastatic
disease[55].
Ninety percent of tumors have point mutations that
are specific for the KRAS2 oncogene, resulting in the
constitutive production of the Ras protein[56-59]. Occurring early in tumorogenesis, these point mutations are essential for maintaining the malignant phenotype because
once activated, Ras initiates a signal transduction cascade
that activates proliferative and cell survival pathways and
increases cell invasion[60,61]. The majority of the point mutations occur on codon 12 of the ras protein and give rise
to pancreatic tumor-specific neo-antigens. Several studies
demonstrated these antigens are recognized by helper
T-cells and cytotoxic T-cells[62,63]. Using this knowledge,
scientists developed personalized peptide vaccines corresponding to the K-ras mutations present in the tumors of
patients enrolled in one clinical trial[64]. The vaccine was
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Table 2 Extracellular mechanisms of thereapeutic resistance
in pancreatic cancer
Potential therapeutic
targets

Extracellular response

Ref.

Proliferation of
Chu et al[78];
desmoplastic reaction
Neesse et al[79];
(leukocytes, fibroblasts,
Ying et al[81];
endothelial cells,
Nolan-Stevaux et al[82];
neuronal cells, collagen,
Bayne et al[87]
hyaluron):
upregulation of GMCSF
Sonic hedgehog (SHH)
Growth and
Bailey et al[83];
differenatiation of
Tian et al[84];
stromal fibroblasts
Olive et al[85]
Tumor associated
Evasion of the immune
Bayne et al[87];
macrophages (TAMs);
system
Pylayeva-Gupta et al[88]
cancer associated
fibroblasts (CAFs);
regulatory T-cells
(Treg); myeloid derived
suppressor cells
Desmoplastic reaction
Anti-angiogenesis;
Komar et al[86]
hypoxic tumor
environment
K-ras mutant oncogene

K-ras: Kinase-rat sarcoma; GM-CSF: Granulocyte macrophage colonstimulating factor.

proven safe and tolerable and resulted in a more efficient
immunologic attack on the tumor[65]. As a result, patients
given the vaccine demonstrated a more favorable clinical outcome than those not given the vaccine. Combined
with surgical resection, a long-term immune response initiated by the K-ras vaccine has resulted in a 10-year survival in some patients. These results may implicate a role
for the K-ras vaccine as an adjuvant treatment option in
the future[66,67].
Rather than being activated like the mutated KRAS2
oncogene, the p53 tumor suppressor gene is inactivated
in 75%-90% of pancreatic tumors[68,69]. As a result, there
is an impaired response to DNA damage in pancreatic
epithelial cells, impaired apoptosis and impaired cell cycle
control[70,71]. Two other tumor suppressor genes, p16Ink4a
and p15ARF are encoded by the cdkn2a locus. Inactivation mutations in these genes are present in about 90%
of human PDA[72,73].
A fourth common mutation seen in more than half
of pancreatic cancers causes an alteration in DPC4[74].
These mutations confer a metastatic phenotype. The genetic makeup of the patient determines the number and
combination of these mutations that will be present in
their PDA. Patients with three or four mutated genes will
have a much worse prognosis than those with one or two.
The variable expressivity of these tumors presents a challenge in effectively treating them[75].
In addition to these four primary genetic alterations
in PDA many other less-frequent mutations occur as
well[76-78]. According to a comprehensive genetic analysis
of 24 pancreatic cancers, an average of more than 60
genetic abnormalities, primarily point mutations, per tu-
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mor were noted in the PDA phenotype. While these mutations have been organized into 12 functional cancerrelevant pathways, not all tumors have alterations in each
of these pathways. In addition, key mutations in select
pathways appear to differ from one tumor to another[78].
These pathways may confer therapeutic resistance in
the pancreatic tumor. Significant genomic instability in
pancreatic cancer may also reduce the effectiveness of
therapeutic agents by contributing to acquired chemoresistance.
Extracellular mechanisms of therapeutic resistance
Paracrine signals from pancreatic cancer cells stimulate
the extracellular proliferation of leukocytes, fibroblasts,
endothelial cells, neuronal cells, collagen and hyaluron
(Table 2). This extracellular proliferation of cells is
known as a desmoplastic reaction. It forms a thick stromal environment around the pancreatic cancer cells[79,80].
Studies have demonstrated that the signals that influence
the proliferation of the desmoplastic reaction originate
from the K-ras mutant oncogene in the epithelium of the
pancreatic cancer cells[81,82].
In addition to the K-ras mutant signaling pathway,
there has been an effort by researchers to understand the
roles of other signaling pathways between the pancreatic
cancer cells and their microenvironment. Sonic hedgehog
(SHH) functions similarly to the K-ras mutant. Although
it is over expressed in pancreatic cancer cells during the
early stages of their development, SHH does not act on
the SHH pathway in these cells[83]. Instead, it acts in a
paracrine fashion in the extracellular fibroblasts, resulting
in their growth and differentiation[84,85].
The desmoplastic reaction not only provides a mechanical barrier to the pancreatic cancer cells, but it is
also thought to contribute to the anti-angiogenic environment that is characteristic of pancreatic ductal adenocarcinoma. Both properties directly affect therapeutic
efficacy. Inadequate drug delivery to the site of the tumor
is directly correlated with a negative patient outcome[86].
Researchers have also suggested a role for the tumor
stroma in the T-lymphocyte depleted microenvironment
of the PDA. Several cell types found in the desmoplastic
reaction have been associated with tumor associated macrophages, cancer associated fibroblasts, regulatory T-cells
and myeloid derived suppressor cells. In addition, a role
for a K-ras dependent signaling molecule has been shown
to up-regulate granulocyte-macrophage colony stimulating factor when activated. This cytokine promotes the
maturation of immature myeloid progenitor cells into
myeloid derived suppressor cells[87,88].

TREATMENT OF PANCREATIC CANCER
Surgical resection
Although surgical resection offers hope for curative
therapy, only 20% of patients present with potentially resectable tumors[89,90]. It is important to note that surgical
resection is only considered in patients with completely
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Table 3 Therapies for the management of pancreatic cancer
Therapeutic option
Surgical resection

Chemotherapy

Radiation therapy

Personalized therapy

Subset

Ref.
Hidalgo[41]

Cephalic pancreatoduodenectomy
Distal pancreatectomy
Total pancreatectomy
Neoadjuvant
Gemcitabine
Adjuvant
Gemcitabine
5-Fluorouracil
Advanced disease
Gemcitabine
Gemcitabine + fluropyrimidines
Gemcitabine + platinum analogs
Gemcitabine + erlotinib
FOLFIRINOX
Nab-paclitaxel
Neoadjuvant
Radiation + 5-fluorouracil
Radiation + paclitaxel
Proton beam radiation + capecitabine
Adjuvant
Radiation + 5-Fluorouracil
Radiation + gemcitabine
Radiation + chemotherapy
Advanced
Radiation + 5-fluorouracil
Radiation + chemotherapy
Stereotactic body radiotherapy
Target specific point mutations
Mitomycin C
Immune system stimulation

Lemmens et al[101];
Gillen et al[102];
Neoptolemos et al[108];
Burris et al[118];
Heinemann et al[119];
Reni et al[120];
Moore et al[122];
Neesse et al[79]

Pisters et al[131];
Hong et al[133];
Yeo et al[140];
Regine et al[138];
Neoptolemos et al[137];
Moertel et al[144];
Schellenberg et al[147]

Jones et al[77];
Villarroel et al[153];
Yanagimoto et al[154]

resectable or borderline-resectable tumors (Table 3).
Depending on the size and location of the tumor, three
operative procedures are potentially utilized, as noted by
Hidalgo[41], with additional removal of adjacent lymph
nodes: (1) cephalic pancreatoduodenectomy (whipple
procedure); (2) distal pancreatectomy; and (3) total pancreatectomy.
Although additional palliative care is often utilized,
controversy surrounds the potential benefits. For example, almost 80% of patients presenting with tumors
in the pancreatic head exhibit jaundice due to biliary
obstruction[91,92]. However, previous investigations have
conflicting results regarding preoperative biliary drainage
with certain studies reporting a decrease in perioperative
morbidity and mortality[93] while others concluding recognizable benefit[94,95].
Preoperative biliary stenting doubled between 1992
and 2007 due to evidence demonstrating a higher risk of
postoperative complications in patients presenting with
a tumor in the head of the pancreas. Biliary drainage was
further supported by evidence demonstrating its ability
to improve liver function, nutritional status and cell-mediated immune function[93]. Despite intentions to reduce
post-operative morbidity and mortality by improving liver
function, extensive clinical studies have demonstrated
preoperative biliary stenting prolongs time to operation,
increases preoperative infection and is associated with
overall increased complication rates after surgical proce-
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dures[94,95]. As a result, most studies have advised against
routinely performing preoperative biliary drainage and
have recommended that patients presenting with jaundice
due to a resectable and non-metastatic tumor in the head
of the pancreas should undergo early surgery without
preoperative biliary resection[95]. Currently, the only indications for preoperative biliary decompression are for patients who present with severe jaundice, are undergoing
neoadjuvant therapy, or have had their surgery postponed
due to logistics[94,95].
Several poor predictors for successful resection have
been identified, including lymph node involvement[96],
high tumor grade[97], large tumor size[98], elevated CA
19-9 levels[46], and positive margins of tumor following
resection[41]. These same factors also contribute to recurrence of pancreatic tumors. Even with surgical resection,
5-year survival rates remain dismal, at approximately 20%
following surgery[90]. However, perioperative complications and mortality have significantly decreased over the
past decade, likely due to greater hospital clinical volume
through centralization[99,100].
Chemotherapy
Neoadjuvant therapy: Certain patients might receive
neoadjuvant therapy, especially if the tumor presents with
borderline resectability. In a study utilizing gemcitabinebased chemotherapy, improved tumor resection with
increased survival rates was noted in border-line resect-
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able cases[101,102]. However, these effects may only occur
in select tumors, with influences by both the genetic
composition and microenvironment of the pancreatic
cancer [103,104]. For example, White et al [105] noted p53
mutations were more common in patients with large residual tumors following treatment with chemoradiation.
Moreover, outcomes for neoadjuvant therapy prior to
surgically-resectable tumors did not differ when chemotherapy was provided post-operatively[106]. Chemotherapy
with radiation has also been shown to improve survival,
but not stage, of cases presenting with locally invasive tumors without metastasis[107]. However, previous studies do
note that surgical interventions are more challenging and
increased postoperative stay is associated with patients
undergoing resection after neoadjuvant chemoradiation
therapy for locally invasive cancer[106]. Since metastatic
pancreatic cancer cannot be completely resected, surgical
options are unavailable and hence no neoadjuvant therapy
can be provided. Lastly, it is important to note that prior
to initiating neoadjuvant therapy, histological confirmation
of pancreatic adenocarcinoma is required, unlike surgical
resection, which often relies solely on imaging.
Adjuvant chemotherapy: Even following complete,
successful resection of pancreatic tumors, overall survival
and prognosis remains discouraging. Hence, postoperative chemotherapy or chemoradiation is almost always
incorporated in the therapeutic regimen. Postoperative
chemotherapy often utilizes gemcitabine or 5-fluorouracil (with concurrent leucovorin as a rescue agent).
Both drugs have demonstrated significant increases in
patient survival, regardless of initial case presentation.
These drugs may also be given simultaneously, however,
significant toxicity (especially gastrointestinal) has been
reported. Although gemcitabine has often been considered the standard, previous studies do differ on which
agents are associated with the most optimal benefits. In a
phase Ⅲ, randomized control trial, Neoptolemos et al[108]
noted no significance difference in survivorship between
gemcitabine and 5-fluorouracil (with folinic acid) in patients with resected tumors. In a separate study published
in JAMA, the authors concluded that gemcitabine alone
should be favored over 5-fluorouracil with leucovorin
due to its decreased toxicity[108].
Developments of other complementary agents to
enhance chemotherapeutic effects are currently under
review. For example, possible inhibition of Hedgehog
signaling[84] or concurrent use of Smac mimetics[109], microRNAs[110], Resveratrol[111], capecitabine[112], thymoquinone[113] or heat-shock protein complements[114] may promote tumor uptake and damage of administered drugs,
such as Gemcitabine administered with concurrent curcumin may also be a potential option, especially in tumors
exhibiting gemcitabine-resistance[115]. In addition to utilizing CA 19-9 and imaging to monitor patient response to
chemotherapy, other markers, such as human equilibrative nucleoside transporter 1 levels have also shown to be
useful[116]. Other gene expression levels, as noted in Fujita
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et al[117], may also be predictive of treatment efficacy,
particularly with gemcitabine. Further investigation is
required as to whether adjuvant chemotherapy should be
administered if prior neoadjuvant therapy before surgery
had already been provided.
Chemotherapy for advanced disease: Due to its
poor detection rate, 60%-70% of patients present with
metastatic pancreatic cancer upon initial diagnosis. In
the advanced stage of disease, pancreatic cancer causes
imminent mortality for the majority of affected patients
and median survival rate is typically 6-8 mo. Therefore,
treatment of patients with metastatic pancreatic adenocarcinoma incorporates chemotherapy, targeted-therapy,
comorbid conditions, intensive supportive treatment and
psychosocial support.
Gemcitabine is currently considered the chemotherapeutic standard of care in treatment of advanced
pancreatic cancer[118]. It has been shown to prolong the
average survival rate by 4 mo. In an attempt to improve
survival rates, several phase Ⅱ and phase Ⅲ trials combined Gemcitabine with fluoropyrimidines and platinum
analogs. Most of these combinations failed to show statistically significant survival benefit, however compared
to Gemcitabine alone[119]. In another attempt to prolong
patient survival, scientists have developed several Gemcitabine-based polychemotherapy regimens involving 3-4
cytotoxic agents. When Reni et al[120] performed a randomized trial to test the cisplatin, epirubicin, fluorouracin
and gemcitabine (PEFG-regimen) against gemcitabine
alone, those patients treated with the PEFG saw a significant decrease in cancer progression, when compared to
those treated with gemcitabine alone[120]. Yet in regards to
survival, the infusional 5-FU/folinic acid, irinotecan, and
oxaliplatin (FOLFIRINOX) regimen has been shown to
be superior to the PEFG-regimen.
According to Conroy et al[121], FOLFIRINOX is the
new standard in the treatment of advanced stage pancreatic cancer. Compared to gemcitabine alone, FOLFIRINOX demonstrated a better objective response rate,
progression-free survival, overall survival and one-year
survival. While the toxicity levels associated with FOLFIRINOX are greater than those caused by gemcitabine,
the effects did not seem to have a significant impact on
quality of life. In addition, few toxic deaths have been
reported.
Inhibitors of epidermal growth factor receptor
(EGFR) have also been tested for treatment of metastatic
pancreatic cancer. Cetuximab, an anti-EGFR directed
antibody and erlotinib, an oral EGFR tyrosine kinase
inhibitor have been tested in several randomized trials.
However, Moore et al[122] demonstrated that combining
gemcitabine with erlotinib is the only targeted-therapeutic
agent that has clinical efficacy. Compared with gemcitabine alone, gemcitabine plus erlotinib showed significant
decrease in tumor progression and concurrently increased
overall survival rates.
Other targeted therapies have focused on targeting

11147

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer

the desmoplastic stroma, one of the key components of
pancreatic cancer that may contribute to impaired drug
delivery and thus chemotherapy resistance[79]. Nab-paclitaxel is one therapy that has been developed to diminish
this stromal tissue network. Studies have demonstrated
that albumin interacts with secreted protein acidic and
rich in cysteine (SPARC), a matrix glycoprotein that has
a role in tumor invasion, facilitating the uptake of paclitaxel by the tumor[123]. Infante et al[124] have demonstrated
that overexpression of SPARC in peritumoral fibroblasts
was a negative prognostic indicator in patients with advanced pancreatic cancer[124]. In a phase Ⅰ/Ⅱ trial, Von
Hoff et al[125] demonstrated the ability of nab-paclitaxel to
increase median survival rate in patients with metastatic
pancreatic cancer.
Similar to the mechanism of action of nab-paclitaxel,
new therapies are being developed that target the peritumoral stroma in order to increase tumor perfusion. One
such preclinical strategy inhibits the hedgehog signaling
pathway, depleting the stroma and increasing angiogenesis to improve delivery of chemotherapeutic agents to
the tumor[126].
Phase Ⅱ clinical trials have demonstrated a benefit
of second-line treatment for patients who are resistant to
gemcitabine treatment[127]. Second-line treatments typically consist of fluoropyrimidines in combination with
oxaliplatin[128]. Limited data exists on how to treat patients
who do not tolerate FOLFIRINOX as a first-line therapy.
However, Conroy et al[121] have demonstrated the benefit
of using gemcitabine-based therapies in these instances.
The primary prognostic indicators for patient survival
are both patient and tumor related. Based on the genetic
and morphologic heterogeneity that exists within each
individual pancreatic tumor, therapy, dose and length of
therapy administration will need to be customized for
each Individual patient to ensure optimal treatment.
Radiation
Neoadjuvant radiation therapy: Many studies have
demonstrated the important roles for chemotherapy
and radiation therapy in preventing the recurrence and
improving the resectability of pancreatic tumors. While
surgery is currently the only potential curative treatment modality for pancreatic cancer, more than 80% of
patients who undergo surgical resection will experience
tumor recurrence within 12 mo of their procedure[129].
Therefore, a great deal of focus has not only been placed
on developing effective neoadjuvant and adjuvant therapies, but also on effective preoperative staging techniques
to determine candidates who will benefit most from surgical resection[130]. Since surgery is associated with high
rates of morbidity and mortality, many patients do not
begin adjuvant therapy until after they have recovered. As
a result, there is a long delay before they receive adjuvant
therapy. In order to begin more potent treatments earlier
and to potentially shrink the tumor before surgery, researchers developed neoadjuvant therapeutic regimens.
Multiple trials of 5-fluorouracil-based chemoradia-
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tion have been done to date. At the conclusion of these
studies, researchers determined that a combined treatment modality with preoperative rapid-fractionation
chemoradiation, Whipple procedure, and intra-operative
radiation therapy resulted in minimal toxicity and a small
recurrence rate[131]. In a follow-up study, paclitaxel replaced 5-fluorouracil and was used to treat 35 patients
who presented with resectable pancreatic tumors [132].
Based on the results of this study, researchers concluded
that preoperative paclitaxel-based chemotherapy with
rapid-fractionation chemoradiation, Whipple procedure
and intraoperative radiation therapy resulted in similar
outcomes as the previous study, but toxicity levels were
greater than those from 5-fluorouracil. In another study,
researchers treated patients who presented with tumors
in the head of the pancreas with a neoadjuvant chemoradiation regimen of capecitabine with proton beam radiation[133]. No dose limiting toxicities were observed and the
authors concluded that this form of neoadjuvant therapy
was feasible. In several other prospective neoadjuvant
chemoradiation trials in patients with resectable pancreatic cancers, the rate of resection was high in all studies,
ranging from 87%-100%[107,134,135].
Adjuvant radiation therapy: The median survival rate
of patients who undergo surgical resection of a pancreatic tumor is 15-22 mo. Only 20% of patients survive for
five years following surgery[136]. The most common site
for pancreatic cancer recurrence is the retroperitoneum.
Therefore, adjuvant therapy is needed to improve patient
prognosis. In the United States, adjuvant therapy is currently delivered in the form of chemotherapy, chemoradiotherapy or chemotherapy followed by chemoradiotherapy.
Standard adjuvant treatment in Europe is chemotherapy
alone. These guidelines were based on previous randomized trials that showed improved survival in patients given
adjuvant therapy following surgical resection.
The first prospective trial for adjuvant chemoradiotherapy was conducted by the Gastrointestinal Tumor
Study Group in 1985. The trial enrolled patients with
resectable pancreatic cancer. The protocol called for
external beam radiation delivered with 5-fluorouracil.
The patients were then given a maintenance dose of
5-fluoruracil for an additional two years following initial
treatment. Patients treated with adjuvant chemoradiation
achieved a longer median and 2-year survival rate than
those not treated with adjuvant therapy. As a result, adjuvant chemoradiation became the most frequently used
adjuvant treatment for resectable pancreatic cancer in the
United States.
To further assess adjuvant radiation therapy for resectable pancreatic cancer, the European Study Group
for Pancreatic Cancer (ESPAC-1) conducted the largest
randomized trial to date in 2004[137]. In order to evaluate the effects of chemoradiotherapy and chemotherapy
on patient survival following surgical resection, patients
with resectable pancreatic ductal adenocarcinoma were
divided into one of four groups: chemotherapy alone;
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chemoradiotherapy alone; chemoradiotherapy followed
by chemotherapy; or no further treatment. Patients who
received chemotherapy followed by chemoradiotherapy
had a 5-year survival rate that was 10% less than those
who received chemotherapy alone. In addition, patients
who received chemotherapy treatment showed a 5-year
survival benefit when compared to those who received no
chemotherapy. As a result of these findings, the standard
of adjuvant treatment in Europe shifted towards chemotherapy only, abandoning postoperative chemoradiation.
A phase Ⅲ trial was conducted by the Radiation
Oncology Group and GI Intergroup around the same
time as the ESPAC-1 trial[138]. This trial compared the
5-fluorouracil-based chemoradiation to gemcitabinebased chemoradiation. Patients receiving gemicitabinebased chemoradiation had a median survival of 20.6
mo, 3.5 mo more than those given 5-flurouracil-based
chemotherapy. The Charite Onkologie Clinical Studies
in GI Cancer 001 (CONKO-001) trial in Germany and
Austria showed similar median survival in patients given
gemicitabine-based chemotherapy alone[139].
Additionally, reports from several institutions, including the Mayo Clinic, Johns Hopkins Medical Center and
Virginia Mason University have all reported the benefit
of adjuvant chemoradiation therapy following resectable
pancreatic cancer compared to those who received surgery alone[140-142].
Management of locally advanced pancreatic cancer:
Patients with locally advanced pancreatic cancer achieve
little benefit from surgical resection because their cancer
meets the criteria for unresectable cancer: (1) distant metastasis and/or pancreatic lymph node involvement; (2)
encasement or occlusion of the superior mesenteric vein
or superior mesenteric vein/portal vein confluence; and/
or (3) direct involvement of the celiac axis, aorta, inferior
vena cava, or superior mesenteric artery[143]. As a result,
chemoradiation is recommended for these patients based
on data from several studies.
A 1981 trial conducted by the Gastrointestinal Tumor
Study Group compared the effects of high-dose radiation therapy alone; moderate dose radiation combined
with 5-flurorouracil and high dose radiation combined
with 5-fluorouracil in 194 patients with locally advanced
pancreatic cancer. Researchers found that patients administered 5-fluorouracil in combination with low or
high dose radiation showed a greater median survival
than those treated with radiation alone[144]. In a follow-up
study, the same group demonstrated that chemotherapy,
when combined with radiotherapy afforded patients
with locally advanced pancreatic cancer a greater median
survival when compared to combination chemotherapy
alone[145]. These results were verified by the ECOG trial
as well, which demonstrated an increased median survival
rate in patients treated with gemcitabine and radiotherapy
together as opposed to those treated with gemcitabine
alone[146].
Although chemoradiation has been shown to provide
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an increased median survival in patients with locally advanced pancreatic cancer by 9-13 mo, many of these patients progress to the metastatic stage of disease shortly
after therapy. Perhaps a better approach to these patients
would be to begin a chemotherapy regimen, restage their
cancer after completion of initial treatment, and follow
up with chemoradiation in patients who do not demonstrate metastatic disease progression. Radiation in these
patients could relieve pain associated with disease by
slowing local progression.
Stereotactic body radiotherapy: An evolving radiation therapy for treatment of locally advanced pancreatic
cancer is stereotactic body radiation therapy. This newer
technique uses image guidance to deliver toxic radiation
doses directly to tumors. As a result, there is less systemic
involvement, and patient outcomes are improved without
having to undergo daily treatments. However, the major
challenge of this novel therapy is accurately characterizing the tumor in terms of size, number and location.
In order to do so, precise diagnostic tests and real-time
imaging techniques are used. In addition, each treatment
regimen is tailored to each individual patient. To date,
scientific literature suggests sterotactic body radiotherapy
does slow local progression in patients with locally advanced pancreatic cancer[147-149]. However, it does not
increase overall survival rate because patient mortality is
due to distant metastases.
Advances in radiation therapy techniques: Over the
past decade, major advances in radiation therapy have
been in treatment planning and more precise delivery
methodologies. One technique, intensity-modulated
radiotherapy, decreases systemic toxicities in patients
by modifying radiation dose delivery specifically to the
tumor sites, sparing surrounding normal tissue[150,151].
Another technique, image-guided readiotherapy, has provided more accurate visualization and real-time tracking
of viscerally-located tumors and thus has enabled more
precise delivery of high-dose therapeutic beams of radiation to these tumors and prevented adverse effects in
normal tissue[152].
In order to improve patient outcome and prolong
median survival rate, additional studies are needed to define the optimal role of adjuvant and neoadjuvant treatment in patients with resectable pancreatic cancer. As
radiation therapies become more precise and customized
to individual patients, it will be necessary to continue to
investigate their future role in the treatment of pancreatic
adenocarcinoma, especially as a greater understanding of
the molecular pathways involved in the carcinogenesis
and progression of this disease are understood.
Personalized therapy: In an article published in Science,
Jones et al[77] performed a comprehensive genome assessment on 24 different pancreatic cancers. Results revealed
an average of 63 genetic mutations per cancer, spanning
12 separate signal transduction pathways. This study sup-
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ports the notion of pancreatic cancer being a genetically
heterogeneous malignancy, partially accounting for its
notable resistance to therapy as well as varied responses
to treatment. Moreover, this finding likely explains why
no candidate gene has been identified in the treatment of
pancreatic cancer. This heterogeneity will likely dictate an
individualized, unique approach for each particular case,
which has already shown to be effective against even advanced pancreatic cancer stages. In one such case report,
Villarroel et al[153] identified Mitomycin C, a DNA-damaging agent, as a highly effective agent by utilizing a xenograft derived from the patient’s tumor. Upon administration of this drug, the patient exhibited notable clinical
benefits for over three years, despite the tumor previously
being gemcitabine resistant. Personalized immune system
stimulation may also be a viable option in treatment of
unresectable disease. For example, Yanagimoto et al[154]
incorporated a vaccine containing individualized, reactive
peptides with concurrent gemcitabine treatment, noting
a significant correlation between immune boosting and
survivorship.
Due to the ongoing advances in DNA sequencing,
personalized genomic therapy appears more plausible.
Moreover, as scientists continue to identify regions of
the genome with high potential for tumor-pathogenesis,
this method will only become more efficient. Upon identification, cases can be distributed into cohorts based
upon their tumor’s genetic composition and administered
treatment previously demonstrated to be effective in that
particular subgroup. This method would not only identify
pertinent biomolecules in pancreatic pathogenesis, but
also lead to tumor-specific treatment, which is likely necessary if we are to see any significant improvement in the
prognosis of pancreatic cancer.

FUTURE PERSPECTIVES
Despite decades of effort by the scientific community
to design sophisticated chemotherapeutic and radiation
techniques to combat pancreatic ductal adenocarcinoma,
less than 5% of patients with this disease have a 5-year
survival rate. The majority of patients have a median survival period of 4-6 mo[155,156]. A combination of factors
including few early symptoms, few accurate biomarkers
for early detection, rapid metastasis to the lymphatic system and distant organs, and few effective treatment options, makes this disease one of the most deadly cancers
today[157,158]. Although current therapeutic agents have had
limited effects on patient care, there has been substantial
advancement in the understanding of the molecular and
biological makeup of pancreatic adenocarcinoma. This
knowledge has the potential to lead to the development
of novel therapies that could significantly improve the
lifespan of individuals suffering with this disease.
Such advances in understanding this complex disease
have been achieved with genetically-engineered mouse
models and patient-derived xenografts. These studies
have demonstrated the genetic diversity of pancreatic
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ductal adenocarcinoma results from successive accumulation of mutations in several primary oncogenes and
tumor suppressor genes, leading to its heterogeneity,
instability and early tumor metastasis[77]. Pancreatic ductal
adenocarcinoma is composed of several compartments.
In addition to a mature cancer cell population, some researchers have characterized cancer cells that display stem
cell properties and are resistant to chemotherapy and radiation therapy, potentiating their ability to metastasize[56].
Another area of interest is the dense tumor microenvironment that surrounds the pancreatic cancer cells. Composed of collagen Ⅰ, activated fibroblasts, and inflammatory cells, it has been shown to interact with pancreatic
cancer cells in order to foster tumor development, act as
a barrier to optimal drug delivery and aid the tumor in invasion and metastasis[59]. Furthermore, this dense stroma
creates a hypoxic microenvironment that pancreatic cancer cells thrive in[159]. However, the mechanisms by which
these cancer cells adapt to these conditions are currently
being identified and may serve as additional therapeutic
targets in the near future.
Pancreatic cancer cells
Pancreatic ductal adenocarcinoma most likely originates
in the ductal epithelium of pancreatic cells[160]. Neoplastic
cells contain one or more of four primary genetic mutations that will ultimately give rise to the invasive form of
this disease. Ninety percent of these tumors have mutations in the KRAS2 oncogene, resulting in the activation
of proliferative survival signaling pathways. Ninety-five
percent have a mutation in the CDKN2A tumor suppressor gene, resulting in the loss of the p16 protein and thus
loss of regulation of the G1-S transition of the cell cycle.
An abnormal TP53 gene has been identified in 50%-75%
of characterized cancer cells, allowing cells to avoid DNA
damage control checkpoints and subsequently, apoptotic
signals. Another 50% have a deleted SMAD4/MADH4
gene, resulting in aberrant signaling by the TGF-b cell
surface receptor[153].
One study performed genetic analysis on 24 pancreatic ductal adneocarcinomas and reported that each tumor
has an average of 63 clinically relevant genetic abnormalities. While these abnormalities differ from one cancer to
another, they all seem to play a role in 12 functional cancer-related pathways[161]. Recently, two studies compared
the genetic makeup of distant metastases to their primary
metastatic lesions. They found that over time, the distant
metastases accumulated additional mutations to those
present in the clonal cells from which they arose, adding
to the complexity this disease[162]. Such genetic diversity
not only results in different prognoses for patients, but
also causes individual tumors to respond differently to
common therapeutic agents used in treating pancreatic
ductal adenocarcinoma[163].
The varying degrees of genetic instability that exist between individual pancreatic ductal adenocarcinomas present a greater need for genomic sequencing of individual
tumors, followed by personalized therapies to target spe-
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cific genes and pathways that have been altered[164]. Several
clinical trials have begun exploring this idea[165]. In order
to incorporate this treatment modality into the clinical setting, several criteria must be met: (1) a high quality tumor
tissue sample must be attained at the time of diagnosis; (2)
sophisticated bioinformatic analysis of the data must be
performed to identify the most relevant mutations in each
tissue sample; and (3) model systems must be designed
to experimentally test varying treatment options to determine the most effective one for the patient. Perhaps the
greatest challenge lies in developing a drug once specific
genetic abnormalities have been identified.
Pancreatic cancer stem cells
Recently, investigators have characterized pancreatic cancer cells with stem cell properties[162] . Known as pancreatic cancer stem cells, these cells have the ability to regrow
new tumors when placed into naïve mouse models and
are able to maintain long-term tumorigenic potential[163].
Studies have shown that pancreatic CSCs are not only
capable of self renewal, but may also confer therapeutic
resistance, and play a role in tumor formation and disease
progression[164,165]. In addition, different cancer stem cell
populations perform different biological functions. One
of the most recent findings has demonstrated that these
cells may transition between epithelial and mesenchymal
states, contributing to their highly metastitc potential[165].
Therefore, eliminating or inhibiting these CSCs with new
therapeutic designs could significantly improve patient
outcomes. Current therapies have already been designed
to target cancer stem cell-specific antigens in order to
inhibit their roles in cell survival, adhesion, self renewal
and differentiation. A greater understanding of individual
CSC populations and how they interact with one another
will enable further progress in the treatment of pancreatic cancer[164,165].
Therapeutic targets of pancreatic ductal adenocarcinoma cancer stem cells include genes located in developmental pathways such as hedgehog, Wnt, Notch, CXCR4
and Met. In addition, targeting apoptotic pathways such
as DR5 and nodal-activin could have a significant therapeutic implications. Several preclinical trials have been
conducted to target these pathways in models of human
pancreatic ductal adenocarcinoma cancer stem cells.
By inhibiting these pathways, investigators were able to
confer longer-term tumor control when compared to
current standard chemotherapeutic regimens, in which
tumor regression was significantly shorter-lived. In one
recent trial, salinomycin was shown to induce cell death
in epithelial-mesenchymal transition-induced cancer stem
cells[124].
Due to the heterogeneity of the cancer stem cell population, future drugs designed to target pancreatic ductal
adenocarcinoma stem cells may require clinical trials in
which therapies are designed specifically for pancreatic
tumors in each individual patient. These customized
therapies could potentially serve as adjuvant treatment
options for patients following pancreatic tumor resection.
Similar to previous clinical trial designs, adjuvant thera-
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pies targeting cancer stem cells could be given to patients
with or without current conventional chemotherapy and/
or chemoradiation to determine which option confers the
greatest overall survival rate in patients following surgical
resection.
tumor microenvironment
One of the primary characteristics of pancreatic ductal adenocarcinoma is the dense stroma surrounding
the pancreatic cancer cells. Composed of fibroblasts,
collagen Ⅰ and other fibrillar elements, this desmoplastic
reaction has become a primary target of current drug
therapies[125]. The key players in the formation and turnover of this dense stroma are pancreatic stellate cells.
Certain growth factors [TGF-β1, platelet-derived growth
factor (PDGF) and fibroblast growth factor] activate
these cells to myofibroblasts. Not only do these activated
myofibroblasts secrete components of the extracellular
matrix, but they are also responsible for the poor vascularization of the pancreatic tumor[166,167]. In addition
to forming a mechanical barrier around the pancreatic
cancer cells, the stroma has an important role in tumor
formation, progression, invasion and metastasis[168]. Many
proteins expressed by stromal cells have been directly
correlated with poor prognosis and resistance to current
therapies [Cox-2, PDGF receptor, VEGF, stromal-derived factor, chemokines, integrins, secreted protein acidic
and rich in cysteine (SPARC), and hedgehog elements].
Pre-clinical models have demonstrated that targeting
these receptors and enzymes is associated with antitumor effects. Perhaps one of the most promising targets
to date is the hedgehog signaling pathway. Some studies
have demonstrated that targeting smoothened resulted in
a depletion of the stroma and thereby increased delivery
of gemcitabine to the tumor cells[169]. Another target for
therapeutic trials has been SPARC (osteonectin) and hyaluronic acid. SPARC is an extracellular matrix protein that
plays a role in collagen turnover in the dense stroma. It is
associated with invasion and metastasis in pancreatic ductal adenocarcinoma, and thus poor prognosis in patients
with elevated levels[170]. As mentioned previously, SPARC
is the target of the albumin-bound chemotherapy agent,
nab-paclitaxel. Phase Ⅰ/Ⅱ clinical trials have shown that
administration of this drug breaks down the stroma and
improves delivery of the chemotherapeutic agent to the
site of the tumor[171]. In addition, in a mouse model of
pancreatic ductal adenocarcinoma, investigators demonstrated that administration of pegylated hyaluronidase
eliminated hyaluronic acid content, thereby relieving
pressure on the blood vessels surrounding the tumor and
allowed for increased perfusion of the chemotherapeutic
agent to the site of the tumor[172].
The immunosuppressive nature of the tumor microenvironment has been another stromal characteristic targeted by recent therapeutic development. Using a CD40
antibody combined with gemcitabine chemotherapy,
researchers have attempted to reverse immune suppression and drive antitumor T-cell responses in patients with
non-resectable pancreatic ductal adenocarcinoma. Studies
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have shown that this agent results in tumor regression by
stimulating tumor macrophages to attack and deplete the
pancreatic cancer stroma[173].
To date, targeting pancreatic ductal adenocarcinoma
has proved most effective when treating patients with
locally advanced disease, especially patients with tumors
characterized by wild-type DPC4. These tumors are
known to be less prone to metastasis and possess higher
stromal content. Other tumors, especially those in late
stages of the disease, characterized by distant metastases,
have not been effectively treated with current stromaltargeting therapeutic agents. This is due to the fact that
although pancreatic ductal adenocarcinoma has a rich and
hypovascularized stroma, metastases arising from this
cancer do not and are not different from other tumors.
Therefore, patients who may benefit most from treatment with agents targeting the dense stroma microenvironment would be those with resectable tumors that have
not progressed to the advanced stages of disease[174].
Metabolic pathways
Another conventional way to target pancreatic ductal
adenocarcinoma would be to inhibit its major metabolic
pathways. In order to do so, researchers would need to
prevent its supply of glucose and glutamine; interrupt
the pathways that enable it to exist in a hypoxic environment[175]; and prevent its ability to digest intracellular organelles for energy[176].
Investigators have identified several key metabolic enzymes to target [hexokinase, pyruvate kinase, lactate dehydrogenase A (LDHA) and ampicillin-activated protein
kinase (AMPK)]. Several preclinical trials have demonstrated the anti-tumor effects of agents directed against
these enzymes. One study demonstrated a potential clinical application for the LDHA inhibitor, FX11. By blocking the conversion of lactate to pyruvate in cells with
p53 mutations, FX11 has antitumor potential. However,
to date, there are only two therapies that have shown
potential for targeting pancreatic ductal adenocarcinoma
metabolism. One of these medications, metformin, is an
activator of AMPK. It has been shown to decrease the
potential for patients with diabetes to develop pancreatic
cancer and to increase survival in diabetic patients with
this disease[177,178]. The other drug used to target the metabolic pathways of is rapamycin. An inhibitor of mTOR,
rapamycin has been shown to decrease glucose uptake by
reducing levels of Glut1 in pancreatic cancer[179,180].
In order to inhibit autophagy, a significant mechanism
for pancreatic cancer cell survival, investigators have used
chloroquine, the antimalarial drug[181]. In preclinical trials
with both allografts and xenografts, chloroquine has been
shown to decrease tumorigenesis in a transgenic model
and is currently being tested in clinical trials.

has resulted in innovative therapeutic designs to target
this aggressive malignancy. We now know that pancreatic cancer is a dynamic, heterogenous and genetically
unstable tumor that results from successive mutations
early in disease and gives rise to metastases that continue
to garner mutations as they travel to distant locations.
An equally important understanding of the role the peritumor microenvironment, composed of a dense desmoplastic stroma, plays in tumor development, metastases
and as a barrier to chemotherapy delivery has been elucidated over the years. More recently, a role for pancreatic cancer stem cells in resistance to chemotherapy and
radiation therapy was discovered. In addition, a deeper
understanding of the metabolic pathways responsible for
adaptation of pancreatic cancer cells to hypoxic environments has significant implications for future therapeutic
development.
While some of these discoveries have resulted in novel therapeutic targets and treatment strategies and others
are currently being tested in preclinical trials, efficient and
effective drug development to combat pancreatic ductal
adenocarcinoma is a necessity for the future. The majority of clinical trials have been conducted in patients with
advanced stage disease. In the future, it will be necessary
to design clinical trials to enroll patients with earlier stages of pancreatic cancer in an attempt to cure their cancer
before it can metastasize.

REFERENCES
1
2

3
4
5
6

7

8
9

CONCLUSION
A greater understanding of the molecular and cellular
makeup of pancreatic cancer over the past four decades

WJG|www.wjgnet.com

10

11152

American Cancer Society. Cancer Facts & Figures 2013. Atlanta: American Cancer Society, 2013: 25-32
Kalager M, Zelen M, Langmark F, Adami HO. Effect of
screening mammography on breast-cancer mortality in
Norway. N Engl J Med 2010; 363: 1203-1210 [PMID: 20860502
DOI: 10.1056/NEJMoa1000727]
DeSantis C, Ma J, Bryan L, Jemal A. Breast cancer statistics,
2013. CA Cancer J Clin 2013; 64: 52-62 [PMID: 24114568 DOI:
10.3322/caac.21203]
Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman
D. Global cancer statistics. CA Cancer J Clin 2011; 61: 69-90
[PMID: 21296855 DOI: 10.3322/caac.20107]
Center MM, Jemal A, Smith RA, Ward E. Worldwide variations in colorectal cancer. CA Cancer J Clin 2009; 59: 366-378
[PMID: 19897840 DOI: 10.3322/caac.20038]
Sener SF, Fremgen A, Menck HR, Winchester DP. Pancreatic
cancer: a report of treatment and survival trends for 100,313
patients diagnosed from 1985-1995, using the National Cancer Database. J Am Coll Surg 1999; 189: 1-7 [PMID: 10401733
DOI: 10.1016/S1072-7515(99)00075-7]
Simard EP, Ward EM, Siegel R, Jemal A. Cancers with increasing incidence trends in the United States: 1999 through
2008. CA Cancer J Clin 2012; Epub ahead of print [PMID:
22281605 DOI: 10.3322/caac.20141]
Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012.
CA Cancer J Clin 2012; 62: 10-29 [PMID: 22237781 DOI:
10.3322/caac.20138]
Petersen GM, de Andrade M, Goggins M, Hruban RH,
Bondy M, Korczak JF, Gallinger S, Lynch HT, Syngal S,
Rabe KG, Seminara D, Klein AP. Pancreatic cancer genetic
epidemiology consortium. Cancer Epidemiol Biomarkers Prev
2006; 15: 704-710 [PMID: 16614112 DOI: 10.1158/1055-9965.
EPI-05-0734]
Blackford A, Parmigiani G, Kensler TW, Wolfgang C, Jones

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer

11
12

13

14

15

16

17

18

19
20

21

22

23

S, Zhang X, Parsons DW, Lin JC, Leary RJ, Eshleman JR,
Goggins M, Jaffee EM, Iacobuzio-Donahue CA, Maitra A,
Klein A, Cameron JL, Olino K, Schulick R, Winter J, Vogelstein B, Velculescu VE, Kinzler KW, Hruban RH. Genetic
mutations associated with cigarette smoking in pancreatic
cancer. Cancer Res 2009; 69: 3681-3688 [PMID: 19351817 DOI:
10.1158/0008-5472.CAN-09-0015]
Shi C, Hruban RH, Klein AP. Familial pancreatic cancer.
Arch Pathol Lab Med 2009; 133: 365-374 [PMID: 19260742]
Brune KA, Lau B, Palmisano E, Canto M, Goggins MG, Hruban RH, Klein AP. Importance of age of onset in pancreatic
cancer kindreds. J Natl Cancer Inst 2010; 102: 119-126 [PMID:
20068195 DOI: 10.1093/jnci/djp466]
Genkinger JM, Spiegelman D, Anderson KE, Bergkvist
L, Bernstein L, van den Brandt PA, English DR, Freudenheim JL, Fuchs CS, Giles GG, Giovannucci E, Hankinson
SE, Horn-Ross PL, Leitzmann M, Männistö S, Marshall JR,
McCullough ML, Miller AB, Reding DJ, Robien K, Rohan
TE, Schatzkin A, Stevens VL, Stolzenberg-Solomon RZ,
Verhage BA, Wolk A, Ziegler RG, Smith-Warner SA. Alcohol intake and pancreatic cancer risk: a pooled analysis of
fourteen cohort studies. Cancer Epidemiol Biomarkers Prev
2009; 18: 765-776 [PMID: 19258474 DOI: 10.1158/1055-9965.
EPI-08-0880]
Zhang J, Dhakal IB, Gross MD, Lang NP, Kadlubar FF, Harnack LJ, Anderson KE. Physical activity, diet, and pancreatic
cancer: a population-based, case-control study in Minnesota.
Nutr Cancer 2009; 61: 457-465 [PMID: 19838917 DOI: 10.1080
/01635580902718941]
Philip B, Roland CL, Daniluk J, Liu Y, Chatterjee D, Gomez
SB, Ji B, Huang H, Wang H, Fleming JB, Logsdon CD, CruzMonserrate Z. A high-fat diet activates oncogenic Kras and
COX2 to induce development of pancreatic ductal adenocarcinoma in mice. Gastroenterology 2013; 145: 1449-1458 [PMID:
23958541 DOI: 10.1053/j.gastro.2013.08.018]
Amaral AF, Porta M, Silverman DT, Milne RL, Kogevinas M,
Rothman N, Cantor KP, Jackson BP, Pumarega JA, López T,
Carrato A, Guarner L, Real FX, Malats N. Pancreatic cancer
risk and levels of trace elements. Gut 2012; 61: 1583-1588
[PMID: 22184070 DOI: 10.1136/gutjnl-2011-301086]
Stathis A, Moore MJ. Advanced pancreatic carcinoma:
current treatment and future challenges. Nat Rev Clin Oncol 2010; 7: 163-172 [PMID: 20101258 DOI: 10.1038/nrclinonc.2009.236]
Sheridan MB, Ward J, Guthrie JA, Spencer JA, Craven
CM, Wilson D, Guillou PJ, Robinson PJ. Dynamic contrastenhanced MR imaging and dual-phase helical CT in the
preoperative assessment of suspected pancreatic cancer: a
comparative study with receiver operating characteristic
analysis. AJR Am J Roentgenol 1999; 173: 583-590 [PMID:
10470884 DOI: 10.2214/ajr.173.3.10470884]
Horton KM, Fishman EK. Adenocarcinoma of the pancreas:
CT imaging. Radiol Clin North Am 2002; 40: 1263-1272 [PMID:
12479710 DOI: 10.1016/S0033-8389(02)00041-6]
Faria SC, Tamm EP, Loyer EM, Szklaruk J, Choi H, Charnsangavej C. Diagnosis and staging of pancreatic tumors.
Semin Roentgenol 2004; 39: 397-411 [PMID: 15372753 DOI:
10.1016/j.ro.2004.06.012]
House MG, Yeo CJ, Cameron JL, Campbell KA, Schulick
RD, Leach SD, Hruban RH, Horton KM, Fishman EK, Lillemoe KD. Predicting resectability of periampullary cancer
with three-dimensional computed tomography. J Gastrointest Surg 2004; 8: 280-288 [PMID: 15019924 DOI: 10.1016/
j.gassur.2003.12.011]
Vachiranubhap B, Kim YH, Balci NC, Semelka RC. Magnetic resonance imaging of adenocarcinoma of the pancreas.
Top Magn Reson Imaging 2009; 20: 3-9 [PMID: 19687720 DOI:
10.1097/RMR.0b013e3181b48392]
Tellez-Avila FI, Chavez-Tapia NC, López-Arce G, FrancoGuzmán AM, Sosa-Lozano LA, Alfaro-Lara R, Chan-Nuñez

WJG|www.wjgnet.com

24

25

26

27

28

29

30
31

32

33

34

35

36
37

11153

C, Giovannini M, Elizondo-Rivera J, Ramírez-Luna MA.
Vascular invasion in pancreatic cancer: predictive values for
endoscopic ultrasound and computed tomography imaging.
Pancreas 2012; 41: 636-638 [PMID: 22460727 DOI: 10.1097/
MPA.0b013e31823e3632]
Sperti C, Pasquali C, Bissoli S, Chierichetti F, Liessi G, Pedrazzoli S. Tumor relapse after pancreatic cancer resection
is detected earlier by 18-FDG PET than by CT. J Gastrointest
Surg 2010; 14: 131-140 [PMID: 19777315 DOI: 10.1007/
s11605-009-1010-8]
Warshaw AL, Tepper JE, Shipley WU. Laparoscopy in the
staging and planning of therapy for pancreatic cancer. Am J
Surg 1986; 151: 76-80 [PMID: 2936262 DOI: 10.1016/0002-961
0(86)90015-2]
Bilimoria KY, Bentrem DJ, Ko CY, Ritchey J, Stewart AK,
Winchester DP, Talamonti MS. Validation of the 6th edition
AJCC Pancreatic Cancer Staging System: report from the
National Cancer Database. Cancer 2007; 110: 738-744 [PMID:
17580363]
Bakkevold KE, Arnesjø B, Kambestad B. Carcinoma of the
pancreas and papilla of Vater--assessment of resectability
and factors influencing resectability in stage I carcinomas. A
prospective multicentre trial in 472 patients. Eur J Surg Oncol
1992; 18: 494-507 [PMID: 1426302]
Porta M, Fabregat X, Malats N, Guarner L, Carrato A, de
Miguel A, Ruiz L, Jariod M, Costafreda S, Coll S, Alguacil J,
Corominas JM, Solà R, Salas A, Real FX. Exocrine pancreatic
cancer: symptoms at presentation and their relation to tumour site and stage. Clin Transl Oncol 2005; 7: 189-197 [PMID:
15960930 DOI: 10.1007/BF02712816]
Chari ST, Leibson CL, Rabe KG, Ransom J, de Andrade M,
Petersen GM. Probability of pancreatic cancer following diabetes: a population-based study. Gastroenterology 2005; 129:
504-511 [PMID: 16083707 DOI: 10.1016/j.gastro.2005.05.007]
Khorana AA, Fine RL. Pancreatic cancer and thromboembolic disease. Lancet Oncol 2004; 5: 655-663 [PMID: 15522652
DOI: 10.1016/S1470-2045(04)01606-7]
Pausch T, Hartwig W, Hinz U, Swolana T, Bundy BD, Hackert T, Grenacher L, Büchler MW, Werner J. Cachexia but not
obesity worsens the postoperative outcome after pancreatoduodenectomy in pancreatic cancer. Surgery 2012; 152:
S81-S88 [PMID: 22770957 DOI: 10.1016/j.surg.2012.05.028]
Langer P, Kann PH, Fendrich V, Habbe N, Schneider M,
Sina M, Slater EP, Heverhagen JT, Gress TM, Rothmund M,
Bartsch DK. Five years of prospective screening of high-risk
individuals from families with familial pancreatic cancer.
Gut 2009; 58: 1410-1418 [PMID: 19470496 DOI: 10.1136/
gut.2008.171611]
Verna EC, Hwang C, Stevens PD, Rotterdam H, Stavropoulos SN, Sy CD, Prince MA, Chung WK, Fine RL, Chabot JA,
Frucht H. Pancreatic cancer screening in a prospective cohort
of high-risk patients: a comprehensive strategy of imaging
and genetics. Clin Cancer Res 2010; 16: 5028-5037 [PMID:
20876795 DOI: 10.1158/1078-0432.CCR-09-3209]
Canto MI, Hruban RH, Fishman EK, Kamel IR, Schulick
R, Zhang Z, Topazian M, Takahashi N, Fletcher J, Petersen
G, Klein AP, Axilbund J, Griffin C, Syngal S, Saltzman JR,
Mortele KJ, Lee J, Tamm E, Vikram R, Bhosale P, Margolis D,
Farrell J, Goggins M. Frequent detection of pancreatic lesions
in asymptomatic high-risk individuals. Gastroenterology 2012;
142: 796-804; quiz e14-5 [PMID: 22245846]
Erkan M, Hausmann S, Michalski CW, Fingerle AA, Dobritz
M, Kleeff J, Friess H. The role of stroma in pancreatic cancer:
diagnostic and therapeutic implications. Nat Rev Gastroenterol Hepatol 2012; 9: 454-467 [PMID: 22710569 DOI: 10.1038/
nrgastro.2012.115]
Goggins M. Molecular markers of early pancreatic cancer. J Clin Oncol 2005; 23: 4524-4531 [PMID: 16002843 DOI:
10.1200/JCO.2005.19.711]
Steinberg W. The clinical utility of the CA 19-9 tumor-asso-

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer

38

39

40

41
42

43

44

45
46

47

48

49

50

51

52

ciated antigen. Am J Gastroenterol 1990; 85: 350-355 [PMID:
2183589]
Ballehaninna UK, Chamberlain RS. The clinical utility of
serum CA 19-9 in the diagnosis, prognosis and management
of pancreatic adenocarcinoma: An evidence based appraisal.
J Gastrointest Oncol 2012; 3: 105-119 [PMID: 22811878 DOI:
10.3978/j.ssn.2078-6891.2011.021]
Frebourg T, Bercoff E, Manchon N, Senant J, Basuyau JP,
Breton P, Janvresse A, Brunelle P, Bourreille J. The evaluation of CA 19-9 antigen level in the early detection of pancreatic cancer. A prospective study of 866 patients. Cancer 1988;
62: 2287-2290 [PMID: 3179943]
Nakai Y, Isayama H, Sasaki T, Takahara N, Hamada T,
Uchino R, Mizuno S, Miyabayashi K, Yamamoto K, Mohri D,
Kogure H, Yamamoto N, Hirano K, Ijichi H, Tateishi K, Tada
M, Koike K. A retrospective analysis of early CA19‑9 change
in salvage chemotherapy for refractory pancreatic cancer.
Cancer Chemother Pharmacol 2013; 72: 1291-1297 [PMID:
24121456 DOI: 10.1007/s00280-013-2313-8]
Hidalgo M. Pancreatic cancer. N Engl J Med 2010; 362:
1605-1617 [PMID: 20427809 DOI: 10.1056/NEJMra0901557]
Edge SB, Compton CC. The American Joint Committee on
Cancer: the 7th edition of the AJCC cancer staging manual
and the future of TNM. Ann Surg Oncol 2010; 17: 1471-1474
[PMID: 20180029]
Chang KJ, Nguyen P, Erickson RA, Durbin TE, Katz KD.
The clinical utility of endoscopic ultrasound-guided fineneedle aspiration in the diagnosis and staging of pancreatic
carcinoma. Gastrointest Endosc 1997; 45: 387-393 [PMID:
9165320 DOI: 10.1016/S0016-5107(97)70149-4]
Gress F, Gottlieb K, Sherman S, Lehman G. Endoscopic ultrasonography-guided fine-needle aspiration biopsy of suspected pancreatic cancer. Ann Intern Med 2001; 134: 459-464
[PMID: 11255521 DOI: 10.7326/0003-4819-134-6-200103200-0
0010]
Perkins GL, Slater ED, Sanders GK, Prichard JG. Serum tumor markers. Am Fam Physician 2003; 68: 1075-1082 [PMID:
14524394]
Goonetilleke KS, Siriwardena AK. Systematic review of
carbohydrate antigen (CA 19-9) as a biochemical marker in
the diagnosis of pancreatic cancer. Eur J Surg Oncol 2007; 33:
266-270 [PMID: 17097848 DOI: 10.1016/j.ejso.2006.10.004]
Tsutsumi K, Kawamoto H, Hirao K, Sakakihara I, Yamamoto N, Noma Y, Fujii M, Kato H, Ogawa T, Ishida E, Kuwaki K,
Nouso K, Okada H, Yamamoto K. Monitoring of CA19-9 and
SPan-1 can facilitate the earlier confirmation of progressing
pancreatic cancer during chemotherapy. Pancreatology 2012;
12: 409-416 [PMID: 23127528 DOI: 10.1016/j.pan.2012.07.009]
Chung MH, Gupta RK, Bilchik AJ, Ye W, Yee R, Morton
DL. Preoperative serum TA90-IC as an adjunct to serum CA
19-9 in the diagnosis of pancreatic malignancy: a pilot study.
Curr Surg 2002; 59: 194-198 [PMID: 16093131 DOI: 10.1016/
S0149-7944(01)00594-3]
Ishii H, Okada S, Sato T, Wakasugi H, Saisho H, Furuse J,
Ishikawa O, Matsuno S, Yokoyama S. CA 19-9 in evaluating
the response to chemotherapy in advanced pancreatic cancer. Hepatogastroenterology 1997; 44: 279-283 [PMID: 9058159]
Wong D, Ko AH, Hwang J, Venook AP, Bergsland EK, Tempero MA. Serum CA19-9 decline compared to radiographic
response as a surrogate for clinical outcomes in patients
with metastatic pancreatic cancer receiving chemotherapy.
Pancreas 2008; 37: 269-274 [PMID: 18815548 DOI: 10.1097/
MPA.0b013e31816d8185]
Montgomery RC, Hoffman JP, Riley LB, Rogatko A, Ridge
JA, Eisenberg BL. Prediction of recurrence and survival by
post-resection CA 19-9 values in patients with adenocarcinoma of the pancreas. Ann Surg Oncol 1997; 4: 551-556 [PMID:
9367020 DOI: 10.1007/BF02305535]
Halm U, Schumann T, Schiefke I, Witzigmann H, Mössner
J, Keim V. Decrease of CA 19-9 during chemotherapy with

WJG|www.wjgnet.com

53

54

55
56
57

58

59
60

61
62

63

64

65

66

67

11154

gemcitabine predicts survival time in patients with advanced
pancreatic cancer. Br J Cancer 2000; 82: 1013-1016 [PMID:
10737382]
Berger AC, Garcia M, Hoffman JP, Regine WF, Abrams
RA, Safran H, Konski A, Benson AB, MacDonald J, Willett
CG. Postresection CA 19-9 predicts overall survival in patients with pancreatic cancer treated with adjuvant chemoradiation: a prospective validation by RTOG 9704. J Clin
Oncol 2008; 26: 5918-5922 [PMID: 19029412 DOI: 10.1200/
JCO.2008.18.6288]
Almoguera C, Shibata D, Forrester K, Martin J, Arnheim N,
Perucho M. Most human carcinomas of the exocrine pancreas contain mutant c-K-ras genes. Cell 1988; 53: 549-554 [PMID:
2453289 DOI: 10.1016/0092-8674(88)90571-5]
Vogelstein B, Kinzler KW. Cancer genes and the pathways
they control. Nat Med 2004; 10: 789-799 [PMID: 15286780
DOI: 10.1038/nm1087]
Hruban RH, Maitra A, Goggins M. Update on pancreatic
intraepithelial neoplasia. Int J Clin Exp Pathol 2008; 1: 306-316
[PMID: 18787611]
Pellegata NS, Sessa F, Renault B, Bonato M, Leone BE, Solcia
E, Ranzani GN. K-ras and p53 gene mutations in pancreatic
cancer: ductal and nonductal tumors progress through different genetic lesions. Cancer Res 1994; 54: 1556-1560 [PMID:
8137263]
Hezel AF, Kimmelman AC, Stanger BZ, Bardeesy N, Depinho RA. Genetics and biology of pancreatic ductal adenocarcinoma. Genes Dev 2006; 20: 1218-1249 [PMID: 16702400 DOI:
10.1101/gad.1415606]
Maitra A, Hruban RH. Pancreatic cancer. Annu Rev Pathol
2008; 3: 157-188 [PMID: 18039136 DOI: 10.1146/annurev.
pathmechdis.3.121806.154305]
Bardeesy N, Cheng KH, Berger JH, Chu GC, Pahler J, Olson
P, Hezel AF, Horner J, Lauwers GY, Hanahan D, DePinho
RA. Smad4 is dispensable for normal pancreas development
yet critical in progression and tumor biology of pancreas
cancer. Genes Dev 2006; 20: 3130-3146 [PMID: 17114584 DOI:
10.1101/gad.1478706]
Takaori K, Hruban RH, Maitra A, Tanigawa N. Pancreatic
intraepithelial neoplasia. Pancreas 2004; 28: 257-262 [PMID:
15084967 DOI: 10.1097/00006676-200404000-00008]
Gedde-Dahl T, Eriksen JA, Thorsby E, Gaudernack G. T-cell
responses against products of oncogenes: generation and
characterization of human T-cell clones specific for p21 rasderived synthetic peptides. Hum Immunol 1992; 33: 266-274
[PMID: 1639630 DOI: 10.1016/0198-8859(92)90334-J]
Fossum B, Gedde-Dahl T, Hansen T, Eriksen JA, Thorsby E,
Gaudernack G. Overlapping epitopes encompassing a point
mutation (12 Gly--> Arg) in p21 ras can be recognized by
HLA-DR, -DP and -DQ restricted T cells. Eur J Immunol 1993;
23: 2687-2691 [PMID: 7691613 DOI: 10.1002/eji.1830231045]
Gjertsen MK, Bakka A, Breivik J, Saeterdal I, Solheim BG,
Søreide O, Thorsby E, Gaudernack G. Vaccination with mutant ras peptides and induction of T-cell responsiveness in
pancreatic carcinoma patients carrying the corresponding
RAS mutation. Lancet 1995; 346: 1399-1400 [PMID: 7475823
DOI: 10.1016/S0140-6736(95)92408-6]
Abou-Alfa GK, Chapman PB, Feilchenfeldt J, Brennan
MF, Capanu M, Gansukh B, Jacobs G, Levin A, Neville D,
Kelsen DP, O’Reilly EM. Targeting mutated K-ras in pancreatic adenocarcinoma using an adjuvant vaccine. Am J
Clin Oncol 2011; 34: 321-325 [PMID: 20686403 DOI: 10.1097/
COC.0b013e3181e84b1f]
Wedén S, Klemp M, Gladhaug IP, Møller M, Eriksen JA,
Gaudernack G, Buanes T. Long-term follow-up of patients
with resected pancreatic cancer following vaccination
against mutant K-ras. Int J Cancer 2011; 128: 1120-1128 [PMID:
20473937 DOI: 10.1002/ijc.25449]
Redston MS, Caldas C, Seymour AB, Hruban RH, da Costa
L, Yeo CJ, Kern SE. p53 mutations in pancreatic carcinoma

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer

68

69

70

71

72

73

74

75

76

and evidence of common involvement of homocopolymer
tracts in DNA microdeletions. Cancer Res 1994; 54: 3025-3033
[PMID: 8187092]
Olive KP, Tuveson DA, Ruhe ZC, Yin B, Willis NA, Bronson
RT, Crowley D, Jacks T. Mutant p53 gain of function in two
mouse models of Li-Fraumeni syndrome. Cell 2004; 119:
847-860 [PMID: 15607980 DOI: 10.1016/j.cell.2004.11.004]
Morton JP, Timpson P, Karim SA, Ridgway RA, Athineos
D, Doyle B, Jamieson NB, Oien KA, Lowy AM, Brunton VG,
Frame MC, Evans TR, Sansom OJ. Mutant p53 drives metastasis and overcomes growth arrest/senescence in pancreatic
cancer. Proc Natl Acad Sci USA 2010; 107: 246-251 [PMID:
20018721 DOI: 10.1073/pnas.0908428107]
Caldas C, Hahn SA, da Costa LT, Redston MS, Schutte M,
Seymour AB, Weinstein CL, Hruban RH, Yeo CJ, Kern SE.
Frequent somatic mutations and homozygous deletions of
the p16 (MTS1) gene in pancreatic adenocarcinoma. Nat Genet 1994; 8: 27-32 [PMID: 7726912 DOI: 10.1038/ng0994-27]
Schutte M, Hruban RH, Geradts J, Maynard R, Hilgers W,
Rabindran SK, Moskaluk CA, Hahn SA, Schwarte-Waldhoff
I, Schmiegel W, Baylin SB, Kern SE, Herman JG. Abrogation
of the Rb/p16 tumor-suppressive pathway in virtually all
pancreatic carcinomas. Cancer Res 1997; 57: 3126-3130 [PMID:
9242437]
Hahn SA, Hoque AT, Moskaluk CA, da Costa LT, Schutte M,
Rozenblum E, Seymour AB, Weinstein CL, Yeo CJ, Hruban
RH, Kern SE. Homozygous deletion map at 18q21.1 in pancreatic cancer. Cancer Res 1996; 56: 490-494 [PMID: 8564959]
Yachida S, White CM, Naito Y, Zhong Y, Brosnan JA,
Macgregor-Das AM, Morgan RA, Saunders T, Laheru DA,
Herman JM, Hruban RH, Klein AP, Jones S, Velculescu V,
Wolfgang CL, Iacobuzio-Donahue CA. Clinical significance
of the genetic landscape of pancreatic cancer and implications for identification of potential long-term survivors.
Clin Cancer Res 2012; 18: 6339-6347 [PMID: 22991414 DOI:
10.1158/1078-0432.CCR-12-1215]
Hansel DE, Kern SE, Hruban RH. Molecular pathogenesis
of pancreatic cancer. Annu Rev Genomics Hum Genet 2003;
4: 237-256 [PMID: 14527303 DOI: 10.1146/annurev.genom.4.070802.110341]
Biankin AV, Waddell N, Kassahn KS, Gingras MC, Muthuswamy LB, Johns AL, Miller DK, Wilson PJ, Patch AM, Wu
J, Chang DK, Cowley MJ, Gardiner BB, Song S, Harliwong
I, Idrisoglu S, Nourse C, Nourbakhsh E, Manning S, Wani S,
Gongora M, Pajic M, Scarlett CJ, Gill AJ, Pinho AV, Rooman
I, Anderson M, Holmes O, Leonard C, Taylor D, Wood S, Xu
Q, Nones K, Fink JL, Christ A, Bruxner T, Cloonan N, Kolle
G, Newell F, Pinese M, Mead RS, Humphris JL, Kaplan W,
Jones MD, Colvin EK, Nagrial AM, Humphrey ES, Chou
A, Chin VT, Chantrill LA, Mawson A, Samra JS, Kench JG,
Lovell JA, Daly RJ, Merrett ND, Toon C, Epari K, Nguyen
NQ, Barbour A, Zeps N, Kakkar N, Zhao F, Wu YQ, Wang M,
Muzny DM, Fisher WE, Brunicardi FC, Hodges SE, Reid JG,
Drummond J, Chang K, Han Y, Lewis LR, Dinh H, Buhay CJ,
Beck T, Timms L, Sam M, Begley K, Brown A, Pai D, Panchal
A, Buchner N, De Borja R, Denroche RE, Yung CK, Serra S,
Onetto N, Mukhopadhyay D, Tsao MS, Shaw PA, Petersen
GM, Gallinger S, Hruban RH, Maitra A, Iacobuzio-Donahue
CA, Schulick RD, Wolfgang CL, Morgan RA, Lawlor RT, Capelli P, Corbo V, Scardoni M, Tortora G, Tempero MA, Mann
KM, Jenkins NA, Perez-Mancera PA, Adams DJ, Largaespada DA, Wessels LF, Rust AG, Stein LD, Tuveson DA, Copeland NG, Musgrove EA, Scarpa A, Eshleman JR, Hudson
TJ, Sutherland RL, Wheeler DA, Pearson JV, McPherson JD,
Gibbs RA, Grimmond SM. Pancreatic cancer genomes reveal
aberrations in axon guidance pathway genes. Nature 2012;
491: 399-405 [PMID: 23103869 DOI: 10.1038/nature11547]
Pérez-Mancera PA, Rust AG, van der Weyden L, Kristiansen
G, Li A, Sarver AL, Silverstein KA, Grützmann R, Aust D,
Rümmele P, Knösel T, Herd C, Stemple DL, Kettleborough

WJG|www.wjgnet.com

77

78
79

80

81

82

83

84

85

86

11155

R, Brosnan JA, Li A, Morgan R, Knight S, Yu J, Stegeman S,
Collier LS, ten Hoeve JJ, de Ridder J, Klein AP, Goggins M,
Hruban RH, Chang DK, Biankin AV, Grimmond SM, Wessels LF, Wood SA, Iacobuzio-Donahue CA, Pilarsky C, Largaespada DA, Adams DJ, Tuveson DA. The deubiquitinase
USP9X suppresses pancreatic ductal adenocarcinoma. Nature
2012; 486: 266-270 [PMID: 22699621]
Jones S, Zhang X, Parsons DW, Lin JC, Leary RJ, Angenendt
P, Mankoo P, Carter H, Kamiyama H, Jimeno A, Hong SM,
Fu B, Lin MT, Calhoun ES, Kamiyama M, Walter K, Nikolskaya T, Nikolsky Y, Hartigan J, Smith DR, Hidalgo M, Leach
SD, Klein AP, Jaffee EM, Goggins M, Maitra A, IacobuzioDonahue C, Eshleman JR, Kern SE, Hruban RH, Karchin R,
Papadopoulos N, Parmigiani G, Vogelstein B, Velculescu
VE, Kinzler KW. Core signaling pathways in human pancreatic cancers revealed by global genomic analyses. Science
2008; 321: 1801-1806 [PMID: 18772397 DOI: 10.1126/science.1164368]
Chu GC, Kimmelman AC, Hezel AF, DePinho RA. Stromal
biology of pancreatic cancer. J Cell Biochem 2007; 101: 887-907
[PMID: 17266048 DOI: 10.1002/jcb.21209]
Neesse A, Michl P, Frese KK, Feig C, Cook N, Jacobetz MA,
Lolkema MP, Buchholz M, Olive KP, Gress TM, Tuveson
DA. Stromal biology and therapy in pancreatic cancer.
Gut 2011; 60: 861-868 [PMID: 20966025 DOI: 10.1136/
gut.2010.226092]
Collins MA, Bednar F, Zhang Y, Brisset JC, Galbán S, Galbán
CJ, Rakshit S, Flannagan KS, Adsay NV, Pasca di Magliano
M. Oncogenic Kras is required for both the initiation and
maintenance of pancreatic cancer in mice. J Clin Invest 2012;
122: 639-653 [PMID: 22232209 DOI: 10.1172/JCI59227]
Ying H, Kimmelman AC, Lyssiotis CA, Hua S, Chu GC,
Fletcher-Sananikone E, Locasale JW, Son J, Zhang H, Coloff
JL, Yan H, Wang W, Chen S, Viale A, Zheng H, Paik JH,
Lim C, Guimaraes AR, Martin ES, Chang J, Hezel AF, Perry
SR, Hu J, Gan B, Xiao Y, Asara JM, Weissleder R, Wang YA,
Chin L, Cantley LC, DePinho RA. Oncogenic Kras maintains
pancreatic tumors through regulation of anabolic glucose
metabolism. Cell 2012; 149: 656-670 [PMID: 22541435 DOI:
10.1016/j.cell.2012.01.058]
Nolan-Stevaux O, Lau J, Truitt ML, Chu GC, Hebrok M,
Fernández-Zapico ME, Hanahan D. GLI1 is regulated
through Smoothened-independent mechanisms in neoplastic
pancreatic ducts and mediates PDAC cell survival and transformation. Genes Dev 2009; 23: 24-36 [PMID: 19136624 DOI:
10.1101/gad.1753809]
Bailey JM, Swanson BJ, Hamada T, Eggers JP, Singh
PK, Caffery T, Ouellette MM, Hollingsworth MA. Sonic
hedgehog promotes desmoplasia in pancreatic cancer.
Clin Cancer Res 2008; 14: 5995-6004 [PMID: 18829478 DOI:
10.1158/1078-0432.CCR-08-0291]
Tian H, Callahan CA, DuPree KJ, Darbonne WC, Ahn CP,
Scales SJ, de Sauvage FJ. Hedgehog signaling is restricted to
the stromal compartment during pancreatic carcinogenesis.
Proc Natl Acad Sci USA 2009; 106: 4254-4259 [PMID: 19246386
DOI: 10.1073/pnas.0813203106]
Olive KP, Jacobetz MA, Davidson CJ, Gopinathan A, McIntyre D, Honess D, Madhu B, Goldgraben MA, Caldwell ME,
Allard D, Frese KK, Denicola G, Feig C, Combs C, Winter
SP, Ireland-Zecchini H, Reichelt S, Howat WJ, Chang A,
Dhara M, Wang L, Rückert F, Grützmann R, Pilarsky C, Izeradjene K, Hingorani SR, Huang P, Davies SE, Plunkett W,
Egorin M, Hruban RH, Whitebread N, McGovern K, Adams
J, Iacobuzio-Donahue C, Griffiths J, Tuveson DA. Inhibition
of Hedgehog signaling enhances delivery of chemotherapy
in a mouse model of pancreatic cancer. Science 2009; 324:
1457-1461 [PMID: 19460966 DOI: 10.1126/science.1171362]
Komar G, Kauhanen S, Liukko K, Seppänen M, Kajander S,
Ovaska J, Nuutila P, Minn H. Decreased blood flow with increased metabolic activity: a novel sign of pancreatic tumor

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer
aggressiveness. Clin Cancer Res 2009; 15: 5511-5517 [PMID:
19706808 DOI: 10.1158/1078-0432.CCR-09-0414]
87 Bayne LJ, Beatty GL, Jhala N, Clark CE, Rhim AD, Stanger
BZ, Vonderheide RH. Tumor-derived granulocytemacrophage colony-stimulating factor regulates myeloid
inflammation and T cell immunity in pancreatic cancer.
Cancer Cell 2012; 21: 822-835 [PMID: 22698406 DOI: 10.1016/
j.ccr.2012.04.025]
88 Pylayeva-Gupta Y, Lee KE, Hajdu CH, Miller G, Bar-Sagi D.
Oncogenic Kras-induced GM-CSF production promotes the
development of pancreatic neoplasia. Cancer Cell 2012; 21:
836-847 [PMID: 22698407 DOI: 10.1016/j.ccr.2012.04.024]
89 Li D, Xie K, Wolff R, Abbruzzese JL. Pancreatic cancer.
Lancet 2004; 363: 1049-1057 [PMID: 15051286 DOI: 10.1016/
S0140-6736(04)15841-8]
90 Wagner M, Redaelli C, Lietz M, Seiler CA, Friess H, Büchler
MW. Curative resection is the single most important factor
determining outcome in patients with pancreatic adenocarcinoma. Br J Surg 2004; 91: 586-594 [PMID: 15122610 DOI:
10.1002/bjs.4484]
91 Uchida H, Shibata K, Iwaki K, Kai S, Ohta M, Kitano S. Ampullary cancer and preoperative jaundice: possible indication of the minimal surgery. Hepatogastroenterology 2009; 56:
1194-1198 [PMID: 19760968]
92 van der Gaag NA, Kloek JJ, de Castro SM, Busch OR, van
Gulik TM, Gouma DJ. Preoperative biliary drainage in patients with obstructive jaundice: history and current status.
J Gastrointest Surg 2009; 13: 814-820 [PMID: 18726134 DOI:
10.1007/s11605-008-0618-4]
93 Sewnath ME, Karsten TM, Prins MH, Rauws EJ, Obertop H,
Gouma DJ. A meta-analysis on the efficacy of preoperative
biliary drainage for tumors causing obstructive jaundice.
Ann Surg 2002; 236: 17-27 [PMID: 12131081 DOI: 10.1097/000
00658-200207000-00005]
94 van der Gaag NA, Rauws EA, van Eijck CH, Bruno MJ, van
der Harst E, Kubben FJ, Gerritsen JJ, Greve JW, Gerhards
MF, de Hingh IH, Klinkenbijl JH, Nio CY, de Castro SM,
Busch OR, van Gulik TM, Bossuyt PM, Gouma DJ. Preoperative biliary drainage for cancer of the head of the pancreas. N
Engl J Med 2010; 362: 129-137 [PMID: 20071702 DOI: 10.1056/
NEJMoa0903230]
95 Jinkins LJ, Parmar AD, Han Y, Duncan CB, Sheffield KM,
Brown KM, Riall TS. Current trends in preoperative biliary
stenting in patients with pancreatic cancer. Surgery 2013; 154:
179-189 [PMID: 23889947 DOI: 10.1016/j.surg.2013.03.016]
96 Riediger H, Keck T, Wellner U, zur Hausen A, Adam U,
Hopt UT, Makowiec F. The lymph node ratio is the strongest prognostic factor after resection of pancreatic cancer. J
Gastrointest Surg 2009; 13: 1337-1344 [PMID: 19418101 DOI:
10.1007/s11605-009-0919-2]
97 Wasif N, Ko CY, Farrell J, Wainberg Z, Hines OJ, Reber H,
Tomlinson JS. Impact of tumor grade on prognosis in pancreatic cancer: should we include grade in AJCC staging?
Ann Surg Oncol 2010; 17: 2312-2320 [PMID: 20422460 DOI:
10.1245/s10434-010-1071-7]
98 Fortner JG, Klimstra DS, Senie RT, Maclean BJ. Tumor size
is the primary prognosticator for pancreatic cancer after regional pancreatectomy. Ann Surg 1996; 223: 147-153 [PMID:
8597508 DOI: 10.1097/00000658-199602000-00006]
99 Skipworth RJ, Parks RW, Stephens NA, Graham C, Brewster
DH, Garden OJ, Paterson-Brown S. The relationship between
hospital volume and post-operative mortality rates for upper
gastrointestinal cancer resections: Scotland 1982-2003. Eur J
Surg Oncol 2010; 36: 141-147 [PMID: 19879717 DOI: 10.1016/
j.ejso.2009.10.004]
100 Finks JF, Osborne NH, Birkmeyer JD. Trends in hospital volume and operative mortality for high-risk surgery. N Engl
J Med 2011; 364: 2128-2137 [PMID: 21631325 DOI: 10.1056/
NEJMsa1010705]
101 Lemmens VE, Bosscha K, van der Schelling G, Brennink-

WJG|www.wjgnet.com

102

103

104

105

106

107

108

109

110

111

112

11156

meijer S, Coebergh JW, de Hingh IH. Improving outcome
for patients with pancreatic cancer through centralization.
Br J Surg 2011; 98: 1455-1462 [PMID: 21717423 DOI: 10.1002/
bjs.7581]
Gillen S, Schuster T, Meyer Zum Büschenfelde C, Friess H,
Kleeff J. Preoperative/neoadjuvant therapy in pancreatic
cancer: a systematic review and meta-analysis of response
and resection percentages. PLoS Med 2010; 7: e1000267
[PMID: 20422030 DOI: 10.1371/journal.pmed.1000267]
McClaine RJ, Lowy AM, Sussman JJ, Schmulewitz N,
Grisell DL, Ahmad SA. Neoadjuvant therapy may lead
to successful surgical resection and improved survival in
patients with borderline resectable pancreatic cancer. HPB
(Oxford) 2010; 12: 73-79 [PMID: 20495649 DOI: 10.1111/
j.1477-2574.2009.00136.x]
Le Scodan R, Mornex F, Partensky C, Mercier C, Valette PJ,
Ychou M, Roy P, Scoazec JY. Histopathological response to
preoperative chemoradiation for resectable pancreatic adenocarcinoma: the French Phase II FFCD 9704-SFRO Trial.
Am J Clin Oncol 2008; 31: 545-552 [PMID: 19060585 DOI:
10.1097/COC.0b013e318172d5c5]
White RR, Xie HB, Gottfried MR, Czito BG, Hurwitz HI,
Morse MA, Blobe GC, Paulson EK, Baillie J, Branch MS,
Jowell PS, Clary BM, Pappas TN, Tyler DS. Significance of
histological response to preoperative chemoradiotherapy for
pancreatic cancer. Ann Surg Oncol 2005; 12: 214-221 [PMID:
15827813 DOI: 10.1245/ASO.2005.03.105]
Kim HJ, Czischke K, Brennan MF, Conlon KC. Does neoadjuvant chemoradiation downstage locally advanced pancreatic cancer? J Gastrointest Surg 2002; 6: 763-769 [PMID:
12399067 DOI: 10.1016/S1091-255X(02)00017-3]
Massucco P, Capussotti L, Magnino A, Sperti E, Gatti M,
Muratore A, Sgotto E, Gabriele P, Aglietta M. Pancreatic resections after chemoradiotherapy for locally advanced ductal
adenocarcinoma: analysis of perioperative outcome and survival. Ann Surg Oncol 2006; 13: 1201-1208 [PMID: 16955382
DOI: 10.1245/s10434-006-9032-x]
Neoptolemos JP, Stocken DD, Bassi C, Ghaneh P, Cunningham D, Goldstein D, Padbury R, Moore MJ, Gallinger
S, Mariette C, Wente MN, Izbicki JR, Friess H, Lerch MM,
Dervenis C, Oláh A, Butturini G, Doi R, Lind PA, Smith
D, Valle JW, Palmer DH, Buckels JA, Thompson J, McKay
CJ, Rawcliffe CL, Büchler MW. Adjuvant chemotherapy
with fluorouracil plus folinic acid vs gemcitabine following
pancreatic cancer resection: a randomized controlled trial.
JAMA 2010; 304: 1073-1081 [PMID: 20823433 DOI: 10.1001/
jama.2010.1275]
Dineen SP, Roland CL, Greer R, Carbon JG, Toombs JE,
Gupta P, Bardeesy N, Sun H, Williams N, Minna JD, Brekken RA. Smac mimetic increases chemotherapy response and
improves survival in mice with pancreatic cancer. Cancer Res
2010; 70: 2852-2861 [PMID: 20332237 DOI: 10.1158/0008-5472.
CAN-09-3892]
Hwang JH, Voortman J, Giovannetti E, Steinberg SM, Leon
LG, Kim YT, Funel N, Park JK, Kim MA, Kang GH, Kim SW,
Del Chiaro M, Peters GJ, Giaccone G. Identification of microRNA-21 as a biomarker for chemoresistance and clinical
outcome following adjuvant therapy in resectable pancreatic cancer. PLoS One 2010; 5: e10630 [PMID: 20498843 DOI:
10.1371/journal.pone.0010630]
Harikumar KB, Kunnumakkara AB, Sethi G, Diagaradjane P,
Anand P, Pandey MK, Gelovani J, Krishnan S, Guha S, Aggarwal BB. Resveratrol, a multitargeted agent, can enhance
antitumor activity of gemcitabine in vitro and in orthotopic
mouse model of human pancreatic cancer. Int J Cancer 2010;
127: 257-268 [PMID: 19908231]
Cunningham D, Chau I, Stocken DD, Valle JW, Smith D,
Steward W, Harper PG, Dunn J, Tudur-Smith C, West J, Falk
S, Crellin A, Adab F, Thompson J, Leonard P, Ostrowski J,
Eatock M, Scheithauer W, Herrmann R, Neoptolemos JP.

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer

113

114

115

116

117

118

119

120

121

122

123

Phase III randomized comparison of gemcitabine versus
gemcitabine plus capecitabine in patients with advanced
pancreatic cancer. J Clin Oncol 2009; 27: 5513-5518 [PMID:
19858379 DOI: 10.1200/JCO.2009.24.2446]
Banerjee S, Kaseb AO, Wang Z, Kong D, Mohammad M,
Padhye S, Sarkar FH, Mohammad RM. Antitumor activity of
gemcitabine and oxaliplatin is augmented by thymoquinone
in pancreatic cancer. Cancer Res 2009; 69: 5575-5583 [PMID:
19549912 DOI: 10.1158/0008-5472.CAN-08-4235]
Baylot V, Andrieu C, Katsogiannou M, Taieb D, Garcia S, Giusiano S, Acunzo J, Iovanna J, Gleave M, Garrido C, Rocchi
P. OGX-427 inhibits tumor progression and enhances gemcitabine chemotherapy in pancreatic cancer. Cell Death Dis
2011; 2: e221 [PMID: 22012255 DOI: 10.1038/cddis.2011.104]
Kanai M, Yoshimura K, Asada M, Imaizumi A, Suzuki C,
Matsumoto S, Nishimura T, Mori Y, Masui T, Kawaguchi Y,
Yanagihara K, Yazumi S, Chiba T, Guha S, Aggarwal BB. A
phase I/II study of gemcitabine-based chemotherapy plus
curcumin for patients with gemcitabine-resistant pancreatic
cancer. Cancer Chemother Pharmacol 2011; 68: 157-164 [PMID:
20859741 DOI: 10.1007/s00280-010-1470-2]
Farrell JJ, Elsaleh H, Garcia M, Lai R, Ammar A, Regine
WF, Abrams R, Benson AB, Macdonald J, Cass CE, Dicker
AP, Mackey JR. Human equilibrative nucleoside transporter
1 levels predict response to gemcitabine in patients with
pancreatic cancer. Gastroenterology 2009; 136: 187-195 [PMID:
18992248 DOI: 10.1053/j.gastro.2008.09.067]
Fujita H, Ohuchida K, Mizumoto K, Itaba S, Ito T, Nakata K,
Yu J, Kayashima T, Souzaki R, Tajiri T, Manabe T, Ohtsuka
T, Tanaka M. Gene expression levels as predictive markers
of outcome in pancreatic cancer after gemcitabine-based
adjuvant chemotherapy. Neoplasia 2010; 12: 807-817 [PMID:
20927319]
Burris HA, Moore MJ, Andersen J, Green MR, Rothenberg
ML, Modiano MR, Cripps MC, Portenoy RK, Storniolo AM,
Tarassoff P, Nelson R, Dorr FA, Stephens CD, Von Hoff
DD. Improvements in survival and clinical benefit with
gemcitabine as first-line therapy for patients with advanced
pancreas cancer: a randomized trial. J Clin Oncol 1997; 15:
2403-2413 [PMID: 9196156]
Heinemann V, Boeck S, Hinke A, Labianca R, Louvet C.
Meta-analysis of randomized trials: evaluation of benefit
from gemcitabine-based combination chemotherapy applied
in advanced pancreatic cancer. BMC Cancer 2008; 8: 82 [PMID:
18373843 DOI: 10.1186/11471-2407-8-82]
Reni M, Cordio S, Milandri C, Passoni P, Bonetto E, Oliani
C, Luppi G, Nicoletti R, Galli L, Bordonaro R, Passardi A,
Zerbi A, Balzano G, Aldrighetti L, Staudacher C, Villa E,
Di Carlo V. Gemcitabine versus cisplatin, epirubicin, fluorouracil, and gemcitabine in advanced pancreatic cancer:
a randomised controlled multicentre phase III trial. Lancet
Oncol 2005; 6: 369-376 [PMID: 15925814 DOI: 10.1016/
S1470-2045(05)70175-3]
Conroy T, Desseigne F, Ychou M, Bouché O, Guimbaud R,
Bécouarn Y, Adenis A, Raoul JL, Gourgou-Bourgade S, de
la Fouchardière C, Bennouna J, Bachet JB, Khemissa-Akouz
F, Péré-Vergé D, Delbaldo C, Assenat E, Chauffert B, Michel
P, Montoto-Grillot C, Ducreux M. FOLFIRINOX versus
gemcitabine for metastatic pancreatic cancer. N Engl J Med
2011; 364: 1817-1825 [PMID: 21561347 DOI: 10.1056/NEJMoa1011923]
Moore MJ, Goldstein D, Hamm J, Figer A, Hecht JR, Gallinger S, Au HJ, Murawa P, Walde D, Wolff RA, Campos D,
Lim R, Ding K, Clark G, Voskoglou-Nomikos T, Ptasynski
M, Parulekar W. Erlotinib plus gemcitabine compared with
gemcitabine alone in patients with advanced pancreatic cancer: a phase III trial of the National Cancer Institute of Canada Clinical Trials Group. J Clin Oncol 2007; 25: 1960-1966
[PMID: 17452677 DOI: 10.1200/JCO.2006.07.9525]
Edmonds C, Cengel KA. Tumor-Stroma interactions in pan-

WJG|www.wjgnet.com

124

125

126

127

128

129

130

131

132

133

134

135

11157

creatic cancer: Will this SPARC prove a raging fire? Cancer
Biol Ther 2008; 7: 1816-1817 [PMID: 19029794 DOI: 10.4161/
cbt.7.11.7285]
Infante JR, Matsubayashi H, Sato N, Tonascia J, Klein AP,
Riall TA, Yeo C, Iacobuzio-Donahue C, Goggins M. Peritumoral fibroblast SPARC expression and patient outcome
with resectable pancreatic adenocarcinoma. J Clin Oncol 2007;
25: 319-325 [PMID: 17235047 DOI: 10.1200/JCO.2006.07.8824]
Von Hoff DD, Ramanathan RK, Borad MJ, Laheru DA,
Smith LS, Wood TE, Korn RL, Desai N, Trieu V, Iglesias JL,
Zhang H, Soon-Shiong P, Shi T, Rajeshkumar NV, Maitra A,
Hidalgo M. Gemcitabine plus nab-paclitaxel is an active regimen in patients with advanced pancreatic cancer: a phase
I/II trial. J Clin Oncol 2011; 29: 4548-4554 [PMID: 21969517
DOI: 10.1200/JCO.2011.36.5742]
Caridi G, Gigante M, Ravani P, Trivelli A, Barbano G, Scolari F, Dagnino M, Murer L, Murtas C, Edefonti A, Allegri L,
Amore A, Coppo R, Emma F, De Palo T, Penza R, Gesualdo L,
Ghiggeri GM. Clinical features and long-term outcome of nephrotic syndrome associated with heterozygous NPHS1 and
NPHS2 mutations. Clin J Am Soc Nephrol 2009; 4: 1065-1072
[PMID: 19406966 DOI: 10.2215/CJN.03910808]
Custodio A, Puente J, Sastre J, Díaz-Rubio E. Second-line
therapy for advanced pancreatic cancer: a review of the
literature and future directions. Cancer Treat Rev 2009; 35:
676-684 [PMID: 19758760 DOI: 10.1016/j.ctrv.2009.08.012]
Boeck S, Ankerst DP, Heinemann V. The role of adjuvant
chemotherapy for patients with resected pancreatic cancer:
systematic review of randomized controlled trials and metaanalysis. Oncology 2007; 72: 314-321 [PMID: 18187951 DOI:
10.1159/000113054]
Lim KH, Chung E, Khan A, Cao D, Linehan D, Ben-Josef E,
Wang-Gillam A. Neoadjuvant therapy of pancreatic cancer:
the emerging paradigm? Oncologist 2012; 17: 192-200 [PMID:
22250057 DOI: 10.1634/theoncologist.2011-0268]
Evans DB, Rich TA, Byrd DR, Cleary KR, Connelly JH,
Levin B, Charnsangavej C, Fenoglio CJ, Ames FC. Preoperative chemoradiation and pancreaticoduodenectomy for adenocarcinoma of the pancreas. Arch Surg
1992; 127: 1335-1339 [PMID: 1359851 DOI: 10.1001/archsurg.1992.01420110083017]
Pisters PW, Abbruzzese JL, Janjan NA, Cleary KR, Charnsangavej C, Goswitz MS, Rich TA, Raijman I, Wolff RA,
Lenzi R, Lee JE, Evans DB. Rapid-fractionation preoperative
chemoradiation, pancreaticoduodenectomy, and intraoperative radiation therapy for resectable pancreatic adenocarcinoma. J Clin Oncol 1998; 16: 3843-3850 [PMID: 9850029]
Krishnan S, Rana V, Evans DB, Varadhachary G, Das P,
Bhatia S, Delclos ME, Janjan NA, Wolff RA, Crane CH,
Pisters PW. Role of adjuvant chemoradiation therapy in
adenocarcinomas of the ampulla of vater. Int J Radiat Oncol
Biol Phys 2008; 70: 735-743 [PMID: 17980502 DOI: 10.1016/
j.ijrobp.2007.07.2327]
Hong TS, Ryan DP, Blaszkowsky LS, Mamon HJ, Kwak EL,
Mino-Kenudson M, Adams J, Yeap B, Winrich B, DeLaney
TF, Fernandez-Del Castillo C. Phase I study of preoperative
short-course chemoradiation with proton beam therapy and
capecitabine for resectable pancreatic ductal adenocarcinoma of the head. Int J Radiat Oncol Biol Phys 2011; 79: 151-157
[PMID: 20421151 DOI: 10.1016/j.ijrobp.2009.10.061]
Hadley DW, Jenkins JF, Steinberg SM, Liewehr D, Moller
S, Martin JC, Calzone KA, Soballe PW, Kirsch IR. Perceptions of cancer risks and predictors of colon and endometrial cancer screening in women undergoing genetic testing
for Lynch syndrome. J Clin Oncol 2008; 26: 948-954 [PMID:
18281669 DOI: 10.1200/JCO.2007.13.9014]
Patel M, Hoffe S, Malafa M, Hodul P, Klapman J, Centeno B,
Kim J, Helm J, Valone T, Springett G. Neoadjuvant GTX chemotherapy and IMRT-based chemoradiation for borderline
resectable pancreatic cancer. J Surg Oncol 2011; 104: 155-161

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer
[PMID: 21520097 DOI: 10.1002/jso.21954]
136 Yeo CJ, Cameron JL, Sohn TA, Lillemoe KD, Pitt HA, Talamini MA, Hruban RH, Ord SE, Sauter PK, Coleman J, Zahurak ML, Grochow LB, Abrams RA. Six hundred fifty consecutive pancreaticoduodenectomies in the 1990s: pathology,
complications, and outcomes. Ann Surg 1997; 226: 248-57;
discussion 257-60 [PMID: 9339931 DOI: 10.1097/00000658-19
9709000-00004]
137 Neoptolemos JP, Stocken DD, Friess H, Bassi C, Dunn JA,
Hickey H, Beger H, Fernandez-Cruz L, Dervenis C, Lacaine F,
Falconi M, Pederzoli P, Pap A, Spooner D, Kerr DJ, Büchler
MW. A randomized trial of chemoradiotherapy and chemotherapy after resection of pancreatic cancer. N Engl J Med
2004; 350: 1200-1210 [PMID: 15028824 DOI: 10.1056/NEJMoa032295]
138 Regine WF, Winter KA, Abrams R, Safran H, Hoffman JP,
Konski A, Benson AB, Macdonald JS, Rich TA, Willett CG.
Fluorouracil-based chemoradiation with either gemcitabine
or fluorouracil chemotherapy after resection of pancreatic
adenocarcinoma: 5-year analysis of the U.S. Intergroup/
RTOG 9704 phase III trial. Ann Surg Oncol 2011; 18: 1319-1326
[PMID: 21499862 DOI: 10.1245/s10434-011-1630-6]
139 Oettle H, Post S, Neuhaus P, Gellert K, Langrehr J, Ridwelski K, Schramm H, Fahlke J, Zuelke C, Burkart C, Gutberlet K,
Kettner E, Schmalenberg H, Weigang-Koehler K, Bechstein
WO, Niedergethmann M, Schmidt-Wolf I, Roll L, Doerken
B, Riess H. Adjuvant chemotherapy with gemcitabine vs observation in patients undergoing curative-intent resection of
pancreatic cancer: a randomized controlled trial. JAMA 2007;
297: 267-277 [PMID: 17227978 DOI: 10.1001/jama.297.3.267]
140 Yeo CJ, Abrams RA, Grochow LB, Sohn TA, Ord SE, Hruban
RH, Zahurak ML, Dooley WC, Coleman J, Sauter PK, Pitt
HA, Lillemoe KD, Cameron JL. Pancreaticoduodenectomy
for pancreatic adenocarcinoma: postoperative adjuvant
chemoradiation improves survival. A prospective, singleinstitution experience. Ann Surg 1997; 225: 621-33; discussion
633-6 [PMID: 9193189 DOI: 10.1097/00000658-199705000-000
18]
141 Picozzi VJ, Kozarek RA, Traverso LW. Interferon-based
adjuvant chemoradiation therapy after pancreaticoduodenectomy for pancreatic adenocarcinoma. Am J
Surg 2003; 185: 476-480 [PMID: 12727570 DOI: 10.1016/
S0002-9610(03)00051-5]
142 Hsu CC, Herman JM, Corsini MM, Winter JM, Callister
MD, Haddock MG, Cameron JL, Pawlik TM, Schulick RD,
Wolfgang CL, Laheru DA, Farnell MB, Swartz MJ, Gunderson LL, Miller RC. Adjuvant chemoradiation for pancreatic
adenocarcinoma: the Johns Hopkins Hospital-Mayo Clinic
collaborative study. Ann Surg Oncol 2010; 17: 981-990 [PMID:
20087786 DOI: 1245/s10434-009-0743-7]
143 Wayne JD, Abdalla EK, Wolff RA, Crane CH, Pisters PW,
Evans DB. Localized adenocarcinoma of the pancreas: the
rationale for preoperative chemoradiation. Oncologist 2002; 7:
34-45 [PMID: 11854545 DOI: 10.1634/theoncologist.7-1-34]
144 Moertel CG, Frytak S, Hahn RG, O’Connell MJ, Reitemeier
RJ, Rubin J, Schutt AJ, Weiland LH, Childs DS, Holbrook
MA, Lavin PT, Livstone E, Spiro H, Knowlton A, Kalser M,
Barkin J, Lessner H, Mann-Kaplan R, Ramming K, Douglas HO, Thomas P, Nave H, Bateman J, Lokich J, Brooks J,
Chaffey J, Corson JM, Zamcheck N, Novak JW. Therapy of
locally unresectable pancreatic carcinoma: a randomized
comparison of high dose (6000 rads) radiation alone, moderate dose radiation (4000 rads + 5-fluorouracil), and high dose
radiation + 5-fluorouracil: The Gastrointestinal Tumor Study
Group. Cancer 1981; 48: 1705-1710 [PMID: 7284971]
145 Treatment of locally unresectable carcinoma of the pancreas:
comparison of combined-modality therapy (chemotherapy
plus radiotherapy) to chemotherapy alone. Gastrointestinal
Tumor Study Group. J Natl Cancer Inst 1988; 80: 751-755
[PMID: 2898536]

WJG|www.wjgnet.com

146 Loehrer PJ, Feng Y, Cardenes H, Wagner L, Brell JM, Cella D,
Flynn P, Ramanathan RK, Crane CH, Alberts SR, Benson AB.
Gemcitabine alone versus gemcitabine plus radiotherapy in
patients with locally advanced pancreatic cancer: an Eastern
Cooperative Oncology Group trial. J Clin Oncol 2011; 29:
4105-4112 [PMID: 21969502 DOI: 10.1200/JCO.2011.34.8904]
147 Schellenberg D, Kim J, Christman-Skieller C, Chun CL, Columbo LA, Ford JM, Fisher GA, Kunz PL, Van Dam J, Quon
A, Desser TS, Norton J, Hsu A, Maxim PG, Xing L, Goodman
KA, Chang DT, Koong AC. Single-fraction stereotactic body
radiation therapy and sequential gemcitabine for the treatment of locally advanced pancreatic cancer. Int J Radiat Oncol
Biol Phys 2011; 81: 181-188 [PMID: 21549517 DOI: 10.1016/
j.ijrobp.2010.05.006]
148 Didolkar MS, Coleman CW, Brenner MJ, Chu KU, Olexa N,
Stanwyck E, Yu A, Neerchal N, Rabinowitz S. Image-guided
stereotactic radiosurgery for locally advanced pancreatic
adenocarcinoma results of first 85 patients. J Gastrointest
Surg 2010; 14: 1547-1559 [PMID: 20839073 DOI: 10.1007/
s11605-010-1323-7]
149 Rwigema JC, Heron DE, Parikh SD, Zeh HJ, Moser JA, Bahary N, Ashby K, Burton SA. Adjuvant stereotactic body
radiotherapy for resected pancreatic adenocarcinoma with
close or positive margins. J Gastrointest Cancer 2012; 43: 70-76
[PMID: 20809393 DOI: 10.1007/S12029-010-9203-7]
150 Leibel SA, Fuks Z, Zelefsky MJ, Hunt M, Burman CM, Mageras GS, Chui CS, Jackson A, Amols HI, Ling CC. Technological advances in external-beam radiation therapy for the
treatment of localized prostate cancer. Semin Oncol 2003; 30:
596-615 [PMID: 14571409]
151 Ling CC, Burman C, Chui CS, Kutcher GJ, Leibel SA, LoSasso T, Mohan R, Bortfeld T, Reinstein L, Spirou S, Wang XH,
Wu Q, Zelefsky M, Fuks Z. Conformal radiation treatment of
prostate cancer using inversely-planned intensity-modulated
photon beams produced with dynamic multileaf collimation.
Int J Radiat Oncol Biol Phys 1996; 35: 721-730 [PMID: 8690638
DOI: 10.1016/0360-3016(96)00174-5]
152 Varadarajulu S, Trevino JM, Shen S, Jacob R. The use of
endoscopic ultrasound-guided gold markers in imageguided radiation therapy of pancreatic cancers: a case series.
Endoscopy 2010; 42: 423-425 [PMID: 20232282 DOI: 10.1055/
s-0029-1243989]
153 Villarroel MC, Rajeshkumar NV, Garrido-Laguna I, De
Jesus-Acosta A, Jones S, Maitra A, Hruban RH, Eshleman
JR, Klein A, Laheru D, Donehower R, Hidalgo M. Personalizing cancer treatment in the age of global genomic analyses:
PALB2 gene mutations and the response to DNA damaging
agents in pancreatic cancer. Mol Cancer Ther 2011; 10: 3-8
[PMID: 21135251 DOI: 10.1158/1535-7163.MCT-10-0893]
154 Yanagimoto H, Shiomi H, Satoi S, Mine T, Toyokawa H,
Yamamoto T, Tani T, Yamada A, Kwon AH, Komatsu N,
Itoh K, Noguchi M. A phase II study of personalized peptide
vaccination combined with gemcitabine for non-resectable
pancreatic cancer patients. Oncol Rep 2010; 24: 795-801 [PMID:
20664989]
155 Bapat AA, Hostetter G, Von Hoff DD, Han H. Perineural invasion and associated pain in pancreatic cancer. Nat Rev Cancer 2011; 11: 695-707 [PMID: 21941281 DOI: 10.1038/nrc3131]
156 Vincent A, Herman J, Schulick R, Hruban RH, Goggins M.
Pancreatic cancer. Lancet 2011; 378: 607-620 [PMID: 21620466
DOI: 10.1016/SO140-6736(10)62307-0]
157 Kim EJ, Simeone DM. Advances in pancreatic cancer. Curr
Opin Gastroenterol 2011; 27: 460-466 [PMID: 21778878 DOI:
10.1097/MOG.0b013e328349e31f]
158 Costello E, Neoptolemos J. Enhancing the translation of
cancer biomarkers. Br J Surg 2011; 98: 1039-1040 [PMID:
21560125 DOI: 10.1002/bjs.7556]
159 Yachida S, Jones S, Bozic I, Antal T, Leary R, Fu B, Kamiyama M, Hruban RH, Eshleman JR, Nowak MA, Velculescu
VE, Kinzler KW, Vogelstein B, Iacobuzio-Donahue CA.

11158

August 28, 2014|Volume 20|Issue 32|

Rossi ML et al . Options for management of pancreatic cancer

160
161

162

163

164

165

166

167

168

169

170
171

Distant metastasis occurs late during the genetic evolution
of pancreatic cancer. Nature 2010; 467: 1114-1117 [PMID:
20981102 DOI: 10.1038/nature09515,]
Collisson E, Tempero M. Blinded by the light: molecular
imaging in pancreatic adenocarcinoma. Clin Cancer Res 2011;
17: 203-205 [PMID: 21106729 DOI: 10.1158/1078-0432]
Liang WS, Craig DW, Carpten J, Borad MJ, Demeure MJ,
Weiss GJ, Izatt T, Sinari S, Christoforides A, Aldrich J, Kurdoglu A, Barrett M, Phillips L, Benson H, Tembe W, Braggio
E, Kiefer JA, Legendre C, Posner R, Hostetter GH, Baker A,
Egan JB, Han H, Lake D, Stites EC, Ramanathan RK, Fonseca
R, Stewart AK, Von Hoff D. Genome-wide characterization
of pancreatic adenocarcinoma patients using next generation
sequencing. PLoS One 2012; 7: e43192 [PMID: 23071490 DOI:
10.137/journal.pone.0043192]
Hermann PC, Huber SL, Herrler T, Aicher A, Ellwart JW,
Guba M, Bruns CJ, Heeschen C. Distinct populations of cancer stem cells determine tumor growth and metastatic activity in human pancreatic cancer. Cell Stem Cell 2007; 1: 313-323
[PMID: 18371365 DOI: 10.1016/j.stem.2007.06.002]
Li C, Heidt DG, Dalerba P, Burant CF, Zhang L, Adsay V,
Wicha M, Clarke MF, Simeone DM. Identification of pancreatic cancer stem cells. Cancer Res 2007; 67: 1030-1037 [PMID:
17283135 DOI: 10.1158/0008-5472.CAN-06-2030]
Penchev VR, Rasheed ZA, Maitra A, Matsui W. Heterogeneity and targeting of pancreatic cancer stem cells.
Clin Cancer Res 2012; 18: 4277-4284 [PMID: 22896694 DOI:
10.1158/1078-0432.CCR-11-3112]
Rhim AD, Mirek ET, Aiello NM, Maitra A, Bailey JM, McAllister F, Reichert M, Beatty GL, Rustgi AK, Vonderheide
RH, Leach SD, Stanger BZ. EMT and dissemination precede
pancreatic tumor formation. Cell 2012; 148: 349-361 [PMID:
22265420 DOI: 10.1016.j.cell.2011.11.025]
Jimeno A, Feldmann G, Suárez-Gauthier A, Rasheed Z, Solomon A, Zou GM, Rubio-Viqueira B, García-García E, LópezRíos F, Matsui W, Maitra A, Hidalgo M. A direct pancreatic
cancer xenograft model as a platform for cancer stem cell
therapeutic development. Mol Cancer Ther 2009; 8: 310-314
[PMID: 19174553 DOI: 10.1158/1535-7163.MCT-08-924]
Rajeshkumar NV, Rasheed ZA, García-García E, López-Ríos
F, Fujiwara K, Matsui WH, Hidalgo M. A combination of
DR5 agonistic monoclonal antibody with gemcitabine targets
pancreatic cancer stem cells and results in long-term disease
control in human pancreatic cancer model. Mol Cancer Ther
2010; 9: 2582-2592 [PMID: 20660600 DOI: 10.1158/1535-7163.
mCT-10-0370]
Zhang GN, Liang Y, Zhou LJ, Chen SP, Chen G, Zhang
TP, Kang T, Zhao YP. Combination of salinomycin and
gemcitabine eliminates pancreatic cancer cells. Cancer
Lett 2011; 313: 137-144 [PMID: 22030254 DOI: 10.1016/
j.canlet.2011.05.030]
Mahadevan D, Von Hoff DD. Tumor-stroma interactions
in pancreatic ductal adenocarcinoma. Mol Cancer Ther 2007;
6: 1186-1197 [PMID: 17406031 DOI: 10.1158/1535-7163.
MCT-06-0686]
Masamune A, Shimosegawa T. Signal transduction in pancreatic stellate cells. J Gastroenterol 2009; 44: 249-260 [PMID:
19271115 DOI: 10.1007/s00535-009-0013-2]
Erkan M, Reiser-Erkan C, Michalski CW, Deucker S, Sau-

172

173

174

175

176

177

178

179

180

181

liunaite D, Streit S, Esposito I, Friess H, Kleeff J. Cancerstellate cell interactions perpetuate the hypoxia-fibrosis cycle
in pancreatic ductal adenocarcinoma. Neoplasia 2009; 11:
497-508 [PMID: 19412434]
Jacobetz MA, Chan DS, Neesse A, Bapiro TE, Cook N,
Frese KK, Feig C, Nakagawa T, Caldwell ME, Zecchini HI,
Lolkema MP, Jiang P, Kultti A, Thompson CB, Maneval DC,
Jodrell DI, Frost GI, Shepard HM, Skepper JN, Tuveson DA.
Hyaluronan impairs vascular function and drug delivery in
a mouse model of pancreatic cancer. Gut 2013; 62: 112-120
[PMID: 22466618 DOI: 10.1136/gutjnl-2012-302529]
Beatty GL, Chiorean EG, Fishman MP, Saboury B, Teitelbaum UR, Sun W, Huhn RD, Song W, Li D, Sharp LL, Torigian DA, O’Dwyer PJ, Vonderheide RH. CD40 agonists alter
tumor stroma and show efficacy against pancreatic carcinoma in mice and humans. Science 2011; 331: 1612-1616 [PMID:
21436454 DOI: 10.1126/science.1198443]
Schrader H, Wiese M, Ellrichmann M, Belyaev O, Uhl W,
Tannapfel A, Schmidt W, Meier J. Diagnostic value of quantitative EUS elastography for malignant pancreatic tumors:
relationship with pancreatic fibrosis. Ultraschall Med 2012; 33:
E196-E201 [PMID: 21630184 DOI: 10.1055/s-0031-1273256]
Von Hoff DD, Korn R, Mousses S. Pancreatic cancer-could it be that simple? A different context of vulnerability.
Cancer Cell 2009; 16: 7-8 [PMID: 19573807 DOI: 10.1016/
j.ccr.2009.06.011]
Le A, Rajeshkumar NV, Maitra A, Dang CV. Conceptual
framework for cutting the pancreatic cancer fuel supply.
Clin Cancer Res 2012; 18: 4285-4290 [PMID: 22896695 DOI:
10.1158/1078-0432.CCr-12-0041]
Li D, Yeung SC, Hassan MM, Konopleva M, Abbruzzese JL.
Antidiabetic therapies affect risk of pancreatic cancer. Gastroenterology 2009; 137: 482-488 [PMID: 19375425 DOI: 10.1053/
j.gastro.2009.04.013]
Kisfalvi K, Eibl G, Sinnett-Smith J, Rozengurt E. Metformin
disrupts crosstalk between G protein-coupled receptor and
insulin receptor signaling systems and inhibits pancreatic cancer growth. Cancer Res 2009; 69: 6539-6545 [PMID:
19679549 DOI: 10.1158/0008-5472.CAN-09-0418]
Ma WW, Jacene H, Song D, Vilardell F, Messersmith WA,
Laheru D, Wahl R, Endres C, Jimeno A, Pomper MG, Hidalgo M. [18F]fluorodeoxyglucose positron emission tomography correlates with Akt pathway activity but is not
predictive of clinical outcome during mTOR inhibitor therapy. J Clin Oncol 2009; 27: 2697-2704 [PMID: 19380450 DOI:
10.1200/JCO.2008.18.8383]
Garrido-Laguna I, Tan AC, Uson M, Angenendt M, Ma
WW, Villaroel MC, Zhao M, Rajeshkumar NV, Jimeno A,
Donehower R, Iacobuzio-Donahue C, Barrett M, Rudek MA,
Rubio-Viqueira B, Laheru D, Hidalgo M. Integrated preclinical and clinical development of mTOR inhibitors in pancreatic cancer. Br J Cancer 2010; 103: 649-655 [PMID: 20664591
DOI: 10.1038/sj.bjc.6605819]
Guo JY, Chen HY, Mathew R, Fan J, Strohecker AM, KarsliUzunbas G, Kamphorst JJ, Chen G, Lemons JM, Karantza
V, Coller HA, Dipaola RS, Gelinas C, Rabinowitz JD, White
E. Activated Ras requires autophagy to maintain oxidative
metabolism and tumorigenesis. Genes Dev 2011; 25: 460-470
[PMID: 21317241 DOI: 10.1101/gad.2016311]

P- Reviewer: Liu X, Muscarella P, Kurniali PC S- Editor: Ma YJ
L- Editor: A E- Editor: Wang CH

WJG|www.wjgnet.com

11159

August 28, 2014|Volume 20|Issue 32|

World J Gastroenterol 2014 August 28; 20(32): 11160-11181
ISSN 1007-9327 (print) ISSN 2219-2840 (online)

Submit a Manuscript: http://www.wjgnet.com/esps/
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx
DOI: 10.3748/wjg.v20.i32.11160

© 2014 Baishideng Publishing Group Inc. All rights reserved.

TOPIC HIGHLIGHT
WJG 20th Anniversary Special Issues (14): Pancreatic cancer

Complex role for the immune system in initiation and
progression of pancreatic cancer
Kristin S Inman, Amanda A Francis, Nicole R Murray
Kristin S Inman, Amanda A Francis, Nicole R Murray, Department of Cancer Biology, Mayo Clinic, Jacksonville, FL 32224,
United States
Author contributions: Inman KS performed the research; Inman KS and Francis AA analyzed the data; Inman KS and Murray NR wrote the review.
Supported by The National Institute of Health (NIH/NCI
R01CA140290-3 to Murray NR)
Correspondence to: Nicole R Murray, PhD, Consultant, Associate Professor, Department of Cancer Biology, Mayo Clinic,
4500 San Pablo Road, Jacksonville, FL 32224,
United States. murray.nicole@mayo.edu
Telephone: +1-904-9536108 Fax: +1-904-9536233
Received: October 29, 2013 Revised: February 27, 2014
Accepted: April 15, 2014
Published online: August 28, 2014

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Immune system; Pancreatitis; Pancreatic
ductal adenocarcinoma; Immunosuppression; Immunotherapy; Inflammation

Abstract
The immune system plays a complex role in the development and progression of pancreatic cancer. Inflammation can promote the formation of premalignant
lesions and accelerate pancreatic cancer development.
Conversely, pancreatic cancer is characterized by an
immunosuppressive environment, which is thought
to promote tumor progression and invasion. Here we
review the current literature describing the role of the
immune response in the progressive development of
pancreatic cancer, with a focus on the mechanisms
that drive recruitment and activation of immune cells
at the tumor site, and our current understanding of the
function of the immune cell types at the tumor. Recent
clinical and preclinical data are reviewed, detailing the
involvement of the immune response in pancreatitis
and pancreatic cancer, including the role of specific
cytokines and implications for disease outcome. Acute
pancreatitis is characterized by a predominantly innate
immune response, while chronic pancreatitis elicits an
immune response that involves both innate and adaptive immune cells, and often results in profound sys-
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temic immune-suppression. Pancreatic adenocarcinoma
is characterized by marked immune dysfunction driven
by immunosuppressive cell types, tumor-promoting immune cells, and defective or absent inflammatory cells.
Recent studies reveal that immune cells interact with
cancer stem cells and tumor stromal cells, and these
interactions have an impact on development and progression of pancreatic ductal adenocarcinoma (PDAC).
Finally, current PDAC therapies are reviewed and the
potential for harnessing the actions of the immune response to assist in targeting pancreatic cancer using
immunotherapy is discussed.

Core tip: The development and progression of pancreatic cancer is heavily influenced by the immune response. Inflammation of the pancreas (pancreatitis) is
a significant risk factor for pancreatic cancer. Immune
cells recruited to the inflamed pancreas release additional cytokines and potentiate damage to the tissue.
Pancreatic cancer is characterized by profound immune
suppression thought to be caused by signals originating
from the tumor cells. Additionally, a subset of immune
cells has been shown to support the growth of pancreatic cancer cells. Novel therapies for pancreatic cancer
aim to utilize this unique immune environment to target
this deadly disease.
Inman KS, Francis AA, Murray NR. Complex role for the immune system in initiation and progression of pancreatic cancer.
World J Gastroenterol 2014; 20(32): 11160-11181 Available
from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i32/11160.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i32.11160
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INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is the most
common type of pancreatic cancer, and with a 5-year
survival rate of 6%, it is one of the deadliest cancers
worldwide [1]. The development and progression of
PDAC is strongly influenced by the presence of inflammation[2]. Inflammation of the pancreas (pancreatitis) is
a strong risk factor for PDAC development[3,4], and has
been described as a critical factor in the initiation[5] and
maintenance[6,7] of pancreatic disease. Additionally, PDAC
is characterized by marked immunosuppression[6], which
is thought to promote tumor progression and invasion.
This review highlights the role(s) of the immune response in the development of PDAC, focusing primarily
on inflammation. Inflammatory conditions of the pancreas that can lead to increased risk for PDAC (pancreatitis), as well as the role of the immune response in the
progressive stages of pancreas disease development, are
discussed. Data from clinical studies and rodent models
are integrated to present an up-to-date consensus of the
role of inflammation in the initiation and progression of
pancreatic cancer.

IMMUNE SYSTEM: A BRIEF OVERVIEW
The immune system is characteristically activated in response to infection by a foreign pathogen. In the case
of cancer, tumor-specific antigens are recognized by the
immune system, turning the cancer cell, in essence, into a
foreign pathogen[8]. This allows the immune system to act
as an extrinsic tumor-suppressor system. However, over
time the chronic immune response to the tumor drives
immunoselection of tumor cells that are able to thrive in
an immunocompetent environment[9], much like the resistant bacterial strains that emerge as a result of exposure
to antibiotics.
The mechanism by which the immune system can initially protect a host from tumor growth, but in some cases subsequently promotes cancer progression, is termed
cancer immunoediting [10]. Cancer immunoediting is a
dynamic process consisting of three phases, (1) elimination, when the immune system overcomes and eliminates
the tumor before it can progress to a clinically relevant
disease; (2) equilibrium, when the immune system does
not eliminate the tumor, but controls tumor growth; and
(3) escape, which occurs when the tumor has overcome
the immune system and progresses to a clinically apparent disease. This third stage is generally seen as a failure
in the adaptive immune system to provide long-term
protection from tumor development due to selection of
less immunogenic tumor cell variants during the equilibrium stage. Additionally, tumor escape can be facilitated
by active immunosuppression induced by the tumor itself or some form of immune compromise or immune
deficiency[11]. It is through this process that the cells of
the immune system can act as both friend and foe to the
body in the face of cancer.
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Innate immunity
The innate immune system is composed of those immune cells that are already present in the body and can
be immediately recruited to a site of infection during the
process of “inflammation”. Innate immune cells include
granulocytes, macrophages, mast cells, natural killer cells
(NKCs) and dendritic cells (DCs). Table 1 reviews the
mechanism(s) of action attributed to the innate immune
cells in both the normal immune response and during
the process of cancer development. Neutrophils are by
far the most abundant granulocytes in the body and typically one of the first cell types to respond; they secrete
cytokines and chemokines, modulating other cells in the
immune response[12]. Macrophages, another major cell
type of the innate immune response, remove dead or dying cells and associated debris via phagocytosis, as well as
play a role in the adaptive immune response. Macrophage
maturation in response to various signals produces one
of two cell types, M1-polarized cells, which initiate the
inflammatory response, and M2-polarized cells, which
restrain the inflammatory response[13]. M2-polarized macrophages are immunosuppressive and can limit adaptive
immunity by inhibiting T-lymphocyte proliferation, thus
impeding the T-lymphocyte response[14].
In the context of cancer, two types of macrophages
emerge, tumor-associated macrophages (TAMs) and
myeloid-derived suppressor cells (MDSC). Both cell
types are similar to M2 macrophages and are recruited
by tumor cells to thwart the anti-tumor immune activity. TAMs inhibit T-lymphocyte responses[15] and secrete
cytokines that promote the tumor phenotype and metastasis[16,17]. In addition to their ability to directly induce
T-lymphocyte apoptosis[18], TAMs produce arginase-1[19],
a metalloenzyme that metabolizes and depletes the environment of arginine, an essential compound for T-lymphocyte proliferation[20,21].
The second type of immunosuppressive macrophage often found in the tumor microenvironment is the
MDSC. Similar to TAMs in function, they differ mainly
by their cell surface markers. MDSCs have been shown
to exhibit powerful immunosuppressive properties, in
part through production of reactive oxygen species and
peroxynitrite[22,23], expression of arginase-1[24,25], induction
of regulatory T-lymphocytes (Tregs)[26], and depletion of
available cysteine, another amino acid required by T-lymphocytes[27].
NKCs are circulating immune cells that are able to
kill target cells via induction of programmed cell death.
NKCs have been shown to eliminate tumor cells, and
treated cancer patients with high circulating NKCs have
significantly longer metastasis-free survival[28]. The gap between the innate and adaptive immune systems is bridged
by DCs[29]. Activated, antigen-presenting-DCs travel to the
lymphoid organs where they interact with, and activate,
B- and T-lymphocytes. In this way, activation of DCs by
foreign pathogens can lead to the activation of both the
innate and adaptive immune responses, allowing the body
to fully respond to the perceived threat[30].
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Table 1 Major functions of the innate immune cells in both inflammation and cancer
Inflammatory cell
Neutrophil

Mast cell

Macrophage
M1
M2

Immune function

Role in cancer

Secretion of cytokines/chemokines to modulate other cells in
the immune response
Release of cytotoxic granules
Phagocytosis
Release of cytotoxic granules
Enhancement of immune cell recruitment
Permeabilization of blood vessels

Maintenance of pro-angiogenic phenotype[242]

Phagocytosis
Promotion of T-lymphocyte activation
Initiation of immune cell response
Antigen presentation
Wound repair
Immunosuppression
Tissue remodeling
Resolution of immune response

TAM

MDSC

Suppression of NKC and T-lymphocyte activation

NKC
DC

Release of cytotoxic granules
Antigen presentation

Suppression of anti-tumor immunity[243]
Promotion of metastasis[244]
Suppression of anti-tumor immunity[245]
Stimulation of angiogenesis[152]
Direct stimulation of cancer cell growth[246]
Secretion of mitogenic factors[157]

Secretion of Arginase-1[19]
Support of Treg activation[247,248]
Promotion of angiogenesis[16]
Enhancement of tumor metastasis[17]
Production of ROS[22]
Secretion of peroxynitrite[23]
Secretion of Arginase-1[24,25]
Induction of Treg[26]
Depletion of cysteine[27]
Tumor cytotoxicity[28]

TAM: Tumor-associated macrophage; MDSC: Myeloid-derived suppressor cell; NKC: Natural killer cell; DC: Dendritic cells.

Adaptive immunity
Innate immunity is a powerful first defense against invading pathogens; however, it is most effective against cells
bearing antigens that are common to many pathogens,
and can be subverted by quickly evolving cell types, as in
the case with cancer cells. The adaptive arm of the immune system is responsible for controlling those pathogens that have overcome the innate response and can
provide long-lasting immunity against specific infectious
agents.
T- and B-lymphocytes comprise the adaptive arm of
the immune response. T-lymphocytes are grouped into
classes based on their cell-surface proteins which mediate distinct effector functions. Cytotoxic T-lymphocytes
express CD8 and are responsible for killing cells expressing foreign antigen by activating the target cell’s apoptosis program, leading to subsequent cell death[30]. Helper
T-lymphocytes express CD4 on their surface and assist
in the activation of CD8+ T-lymphocytes, B-lymphocytes
and macrophages via secretion of specific cytokines,
thus extending their function across both the innate and
adaptive immune responses[30]. A subset of CD4+ lymphocytes, Tregs, protects the body from autoimmune
responses. Tregs suppress T-lymphocyte activation in a
cytokine independent, cell-contact-dependent manner[31].
B-lymphocytes are one of the main cell types responsible for the body’s ability to mount a long-term pathogen-specific response. Each B-lymphocyte produces a
single species of antibody, and once activated, proliferates into an antibody-secreting effector cell. It is largely
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through the action of B-lymphocytes that the body is
able to maintain an immunological memory and initiate
and immediate response to foreign pathogens it has already encountered[32].
Although inflammation serves to protect the body
from harm, it also plays a major role the development of
disease, including cancer[33]. Pancreatic cancer, in particular, is heavily influenced by the inflammatory response
associated with pancreatic injury and disease. Pancreatitis,
or inflammation of the pancreas, is a relatively common
condition that often leads to irreversible pancreatic damage and leaves the pancreas vulnerable to the development of neoplastic disease.

PANCREATITIS
The pancreas is comprised of both exocrine (acinar and
ductal cells) and endocrine (islets of Langerhans) cells.
The exocrine pancreas functions to produce and secrete
digestive enzymes into the small intestine whereas the
endocrine pancreas is primarily responsible for producing hormones crucial for glucose homeostasis. Dysfunction of the pancreas due to disease or injury can lead to
impaired digestion, hypoglycemia and diabetes[34]. Acute
pancreatitis (AP) is one of the most commonly diagnosed
gastrointestinal diseases, with over 200000 patients admitted to the hospital each year[35]. Patients typically present
with acute abdominal pain which may be accompanied by
nausea and vomiting, and display increased serum concentrations of amylase and lipase[36]. Pathologically, AP
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presents as acinar degranulation, increased occurrences of
autophagosomes, formation of dilated acinar lumina and
autodigestive fat necrosis[37]. Risk factors for AP include
alcohol consumption, gallstones, and smoking, however
many cases are idiopathic[38-41]. Although the clinical symptoms of AP often resolve completely, more severe cases
can lead to serious complications and even death in a
small percentage of patients[42]. Complications associated
with AP include pancreatic necrosis[43], infection leading
to sepsis[44,45], and systemic inflammatory response syndrome (SIRS) leading to distant organ damage and failure
(multiple organ dysfunction syndrome, MODS)[46]. These
complications significantly increase the risk of mortality
from AP. Additionally, recurrent bouts of AP lead to fibrosis/damage and chronic pancreatitis (CP), a risk factor
for the development of pancreatic cancer[4,47].
CP is characterized by acinar loss, extensive fibrosis
and immune cell infiltrate, and is a strong risk factor for
pancreatic cancer[47-49], which may develop 10-20 years
following CP diagnosis[3]. Although CP shares many of
the same risk factors, causes, and symptoms as AP, the
clinical presentation differs dramatically. Serum levels of
pancreatic enzymes amylase and lipase are elevated in
AP due to the acute damage caused to the pancreas. In
contrast, these enzymes are either normal or only mildly
elevated in CP[50]. The chronic inflammation that is the
hallmark of CP leads to permanent damage and loss of
pancreatic function, leading to diabetes and pancreatic
insufficiency[51]. Comprehensive reviews of the diagnosis
and etiology of these diseases, as well as factors that distinguish CP from AP, are available[52-54].
Studies from both clinical cases and rodent models of
pancreatitis have contributed to the understanding of the
inflammatory response to AP and associated syndromes.
AP is thought to originate with uncontrolled activation
of pancreatic acinar cells and release of digestive enzyme
stores leading to autodigestion of the pancreatic cells.
This autodigestion releases cellular contents, triggering
the recruitment of inflammatory cells. Those inflammatory cells release cytokines and other modulating factors
that can amplify the inflammatory response, causing
systemic inflammation that can progress to SIRS and
MODS. The events responsible for initiating the premature activation of digestive enzymes are not fully understood, but include trypsin auto-digestion[55], generation
of reactive oxygen species, disturbances in microcirculation[56], calcium overload, and leukocyte overstimulation[57], and are reviewed in detail elsewhere[58-61].
There is a close relationship between the inflammatory response to AP and clinical severity of the disease[62].
Indeed, overstimulation of leukocytes, specifically neutrophils, results in systemic activation and is thought to be a
major cause for severe AP-associated death[57,63]. Many animal models for AP exist in which pancreatitis is induced
by pancreatic injury or surgical blockage. While insights
into the possible mechanisms of the immune response in
the pancreatic disease process can be gained from these
models, they do not exactly replicate the clinical disease.
Additionally, it should be noted that whereas rodents are
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the model of choice to study the immune system and its
interaction with organ systems, significant differences
exist between the human and rodent immune systems in
the balance of leukocyte subsets, and in the expression
of inflammatory mediators, cytokines and cytokine receptors, as well as the significantly different immunological environments occupied by either species[64]. For these
reasons, animal models of pancreatitis will be addressed
separately in this section of the review.
Inflammatory response to AP: Clinical findings
AP is characterized by early recruitment and activation
of polymorphonuclear cells, the majority of which are
neutrophils[57]. Activation of neutrophils can be identified by rising levels of serum neutrophil elastase in the
early course of AP, typically within the first two days of
diagnosis[62,65,66]. This is accompanied by the detection
of metabolically hyperactive granulocytes in the pancreatic tissue of AP patients within 48 h of admission
to the hospital, suggesting that granulocyte activation is
an early AP event[67]. Neutrophil recruitment is followed
by recruitment of the macrophage-monocyte system in
the subsequent 2-3 d, as determined by rising levels of
C-reactive protein (CRP) in the serum[62,68]. As elastase
and CRP are released by neutrophils and macrophages,
respectively, the presence of these proteins in the blood
of pancreatitis patients is used as an indirect indicator
of the recruitment and activation of these inflammatory
cells in the pancreas.
Complications associated with AP can be grouped
into two phases: immune overactivation and immune
suppression. In the first phase, control is lost over the
local inflammatory response, leading to excessive and
uncontrolled systemic activation of inflammatory cells
and mediators[69]. This often leads to the development
of SIRS and MODS, and is associated with death within
one week of disease[70]. In a subset of patients, the body
responds to systemic inflammation with compensatory
anti-inflammatory response syndrome (CARS)[71]. CARS
initiates the second phase of complications associated
with AP and can lead to immune deficiency or suppression, rendering the body susceptible to infection. These
patients go on to develop AP-associated infections[44] that
are associated with excessive CARS.
Systemically, a decrease in circulating lymphocytes,
including B- and T-lymphocytes (both CD4+ and CD8+),
as well as NKCs, is often seen in AP[67,72,73]. A decrease in
circulating lymphocytes is associated with more severe
disease and is often predictive of AP-associated systemic
infection [74-76]. Kylänpää-Bäck et al [77] demonstrated a
significant decrease in monocyte surface expression of
human leukocyte antigen-DR (HLA-DR), a hallmark for
systemic immunosuppression, in the first 24-48 h following AP diagnosis. Many independent studies have confirmed that a decrease in serum lymphocytes, as well as
monocyte HLA-DR, correlates with more severe disease
and increased mortality[73-75,77,78].
It is important to understand that the clinical timeline
of inflammatory response to AP is a relative concept, as
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Figure 1 Comparison of histology of human and mouse pancreatic tissue. A: Normal human pancreas; B: Human acute pancreatitis (AP); C: Normal mouse
pancreas; D: Mouse AP. Arrows indicate acini with dilated lumina, as commonly seen in AP.

data is dependent on the timing of the patient’s admission to the hospital. Additionally, as biopsies are not routinely performed on AP patients, a detailed histological
analysis of the pancreatic tissue is often not available. It
is these limitations of clinical analysis that led to the use
of rodent models in an attempt to more fully understand
the mechanism of disease initiation and progression.
Animal models of AP
Several animal models have been developed to study the
complex interactions that occur between the pancreatic
epithelium and the many inflammatory cell types recruited
to the pancreas. These models can be used to more precisely map the time course of the inflammatory response
in AP, as well as to determine the mechanism(s) of damage and recovery in order to identify potential therapeutic
targets. Although many species have been used to evaluate
AP, this review will focus on data generated using rodents.
Rodent models are used most often because of their costeffectiveness and ease of characterization and genetic
manipulation; however, no one model completely recapitulates all components of human disease.
The most common method of modeling pancreatitis
in rodents is secretagogue hyperstimulation leading to
premature intrapancreatic activation of digestive proteases. In this model, administration of high concentrations of the intestinal hormone cholecystokinin, or its
molecular ortholog, caerulein, leads to autodigestion of
the pancreas[79] and pancreatitis-like pathology including
vacuolization, edema, acinar degranulation, dilated acinar
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lumina, necrosis, lung injury, and cytoplasmic destruction
of pancreatic acini[80,81]. Figure 1 shows the histological
similarities between human AP and caerulein-induced
rodent AP. Another model for AP is surgical ligation of
the pancreatic duct. Although this method was designed
to mimic clinical gallstone-induced pancreatitis, it often
produces a milder form of the disease and is more technically demanding and invasive[82]. Other models of AP
include administration of high concentration of L-arginine leading to acinar necrosis[83], feeding of a choline-deficient diet, leading to severe necrotizing pancreatitis[84,85],
and overstimulation of the immune system using bacteria
or toxins[86].
Inflammatory response to AP: Animal models
Animal models of AP allow histological analysis of all
stages of the disease, providing much information regarding the pathogenesis of AP. Although induced AP can
present differently depending on animal model utilized,
nearly all models result in a recruitment of neutrophils
within hours of treatment (Figure 2), thus confirming
neutrophils as one of the first responders to pancreatic
damage[81,87-91]. Neutrophils have been shown to mediate
systemic remote organ injury and death in a murine model of hemorrhagic pancreatitis[92]. Significant macrophage
infiltration to the pancreas is observed shortly after caerulein-induced AP (Figure 2), and macrophage-derived
macrophage-inflammatory protein-2 (MIP-2) is known
to play a role in progression of AP through attraction of
leukocytes, promoting tissue injury[93]. Therefore, results
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Figure 2 Induction of innate immune response in a mouse model of acute pancreatitis. Mice were injected intraperitoneally with 50 µg/kg caerulein or saline
hourly for 7 h (Mayo Clinic IACUC protocol A48510). The pancreas was isolated one hour following the last injection and analyzed immunohistochemically for the
presence of neutrophils (Ly6B.2: AbSerotec) or macrophages (Mac-2; Cedarlane Diagnostics). A: Neutrophil infiltration in saline-treated mice; B: Neutrophil infiltration
in caerulein-treated mice; C: Macrophage infiltration in saline-treated mice; D: Macrophage infiltration in cearulein-treated mice; E: Stained slides were imaged using
ScanScope XT (Aperio, Vista, California) and immunohistochemical staining was quantified using the Aperio ImageScope reader. Mean ± SD is plotted for each group
of n ≥ 4 mice, bP < 0.01 vs saline group.

from caerulein-treated mice are consistent with clinical
data that macrophages also contribute to the early inflammatory response to AP[93].
Mast cells are present in the normal pancreas and
undergo degranulation upon induction of AP[87,94]. Inhibition of mast cell degranulation decreases pancreatic
inflammation without affecting pancreatic damage[94],
suggesting that mast cells primarily play a role in releasing
or activating additional inflammatory mediators. DCs are
rare in the normal pancreas, but pancreata of caeruleintreated mice exhibit a significant increase in mature DCs.
These DCs are crucial for pancreatic viability during injury, as their depletion during caerulein- and L-arginineinduced AP leads to massive pancreatic cell death[95].
A distinct decrease in B- and T-lymphocytes is seen
in serum from patients with AP, suggesting a systemic
inhibition of the immune system. In support of impaired
cell-mediated immunity, interleukin (IL)-2, a product of
T-lymphocytes, is decreased in mononuclear splenic cells
in a murine model of AP[96]. However, it has been theorized that decreases in circulating lymphocytes are not due
to immune suppression but instead to a redistribution of
lymphocytes from the blood pool to the pancreas[67]. This
concept is difficult to test clinically, as most AP patients
will not undergo pancreatic biopsy. In support of this theory, Demols et al[97] demonstrated that T-lymphocytes, specifically CD4+ cells, are increased in the murine pancreas
following induced AP. This study showed that T-lymphocytes have a role in mediating tissue injury, as depletion of
CD4+ T-lymphocytes, or elimination of T-lymphocytes
using genetic models, reduced the severity of AP, and this

WJG|www.wjgnet.com

injury was reversible by a T-lymphocyte transfer[97].
Role of cytokines in AP
AP is characterized by excessive recruitment and activation of leukocytes within the pancreas, and in many
cases, other organs. Recently, a theory has emerged that
the damaged pancreatic epithelium itself is responsible
for expression of the first wave of inflammatory mediators, effectively launching the inflammatory cascade that
leads to recruitment and activation of immune cells.
This is supported by the fact that acinar cells are capable
of producing a number of inflammatory mediators in
response to damage or noxious stimuli[98-100]. When activated or stressed, isolated acinar cells have been shown
to express cytokines[101-104] and chemokines[105] (Table 2
and Figure 3). Detailed reviews regarding the major roles
of these mediators in AP and associated conditions are
available[106-108]. In addition, activated immune cells secrete
numerous chemotactic factors which are capable of perpetuating the immune cell activation cascade.
IL-1β and tumor necrosis factor (TNF) α production
by pancreatic cells is thought to be a relatively early event
in the activation of the cytokine cascade in AP, with IL-6
secretion occurring later in the disease process[109]. Serum
IL-6 correlates with disease severity in humans[110,111] and
is useful as an early diagnostic marker of AP[112,113]. In a
rat model of pancreatitis, TNFα levels were shown to
rise over time following induction of pancreatitis[114], and
neutralization of TNFα via antibody improved all aspects
of pancreatitis (elevated serum amylase, hematocrit,
ascites) supporting an important role for TNFα in the
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Figure 3 Cytokine signaling in the pancreatic epithelium. In response to damage or disease, the pancreatic epithelial cells release cytokines and chemokines.
Activated immune cells secrete numerous chemotactic factors in response to, and in addition to, those secreted by the epithelial cells. TNF: Tumor necrosis factor; IL:
Interleukin; MDSC: Myeloid-derived suppressor cells; TAM: Tumor-associated macrophage.

Table 2 Cytokines released during pancreatic injury
Cytokine

Expressed by

Acts on

GM-CSF
IL-1β
IL-6

Acini[194]
[104,238]
Acini
, activated macrophages[237], neutrophils[236]
Acini[239], monocytes[30], macrophages[30], endothelial cells[30]
fibroblasts[30], smooth muscle cells[30], IL-1b[30], TNFα[30]
Acini[105], IL-1[241], TNFα[241], macrophages[241], neutrophils[235]
Acini[240], Treg[233]

Neutrophils[231], MDSCs[194]
Macrohpage (inhibition)[227]
CRP[228,229], T-lymphocyte[30], DCs (inhibition)[174]

IL-8
IL-10
IL-12
IL-33
KC
MCP-1
MIP-2
TNFα

Activated macrophages[231], dendritic cells[30]
Acini[105]
Acini[105], monocytes and neutrophils[250]
Acini[105]
Acini[105], activated macrophages and neutrophils[93]
Acini[105], activated macrophages[99], neutrophils[236], mast cells[226]

Neutrophils[223]
T-lymphocytes (inhibition)[233], DCs (inhibition)[174], macrophages
(inhibition)[232,234]
NKCs[231]
Mast cells[103]
Neutrophils[225]
Macrophages[230]
Neutrophils[224]
Neutrophils[226], NKC[231]

IL: Interleukin; MCP-1: Monocyte chemotactic protein-1; MIP-2: Macrophage inflammatory protein 2; TNFα: Tumor necrosis factor-α; MDSC: Myeloidderived suppressor cell; NKC: Natural killer cell; DC: Dendritic cells.

pathogenesis of AP[114]. Blockade of IL-1 signaling using
IL-1 receptor antagonist (IL-1ra) attenuates the rise in
both IL-6 and TNFα, as well as lessens pancreatic damage in the context of AP, supporting early expression of
IL-1 and confirming its role as an important mediator for
subsequent cytokines[99].
IL-8 is another cytokine implicated in the early stages
of the disease process. IL-8 is an established secretory
product of activated macrophages[115], but has also been
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detected in the pancreatic epithelial cells of clinical and
pre-clinical pancreatitis tissue[101,102], suggesting a damaged
pancreatic epithelium as a possible source of IL-8. Gross
et al[116] determined that IL-8 in the serum of pancreatitis
patients correlates with disease severity, and showed a significant positive correlation between serum IL-8 and neutrophil elastase, a marker of neutrophils found upregulated in the early stages of AP. As IL-8 is a potent neutrophil
activator[117], infiltration of neutrophils may be initiated by
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Figure 4 Induction of innate immune response in a mouse model of chronic pancreatitis. Mice were injected intraperatoneally with 250 µg/kg caerulein or
saline twice daily, six days per week for two weeks (Mayo Clinic IACUC protocol A48510). The pancreas was isolated 24 h following the last injection and analyzed
immunohistochemically for the presence of neutrophils (Ly6B.2: AbSerotec) or macrophages (Mac-2; Cedarlane Diagnostics). A: Neutrophil infiltration in saline-treated
mice; B: Neutrophil infiltration in caerulein-treated mice; C: Macrophage infiltration in saline-treated mice; D: Macrophage infiltration in cearulein-treated mice; E:
Stained slides were imaged using ScanScope XT (Aperio, Vista, California) and staining was quantified using the Aperio ImageScope reader. aP < 0.05, bP < 0.01 vs
corresponding saline treated control. Mean ± SD is plotted for each group of n ≥ 5 mice.

secretion of IL-8 from the pancreatic parenchyma. Resident and infiltrating macrophages can also secrete IL-8,
recruiting more neutrophils and effectively reinforcing the
cycle of inflammation.
Based on clinical studies and analyses of murine models of AP, our knowledge of the inflammatory events
in AP can be summarized as: Damage to the pancreas,
either caused by, and/or resulting in pancreatic autodigestion, leads to the release of inflammatory mediators from
acinar cells. Many of these mediators are potent neutrophil attractants and are likely responsible for neutrophil
recruitment to the pancreas as the first wave of inflammatory response. Once in the pancreas, activated neutrophils secrete additional cytokines, thus amplifying the inflammatory response by recruiting additional neutrophils
as well as macrophages and other cells of the innate immune response. These cell types are often able to resolve
the damage to the pancreas, with limited activation of the
adaptive immune response. However, recurrent bouts of
AP can lead to a much more serious condition, CP, which
presents as a significant risk factor for the development
of pancreatic cancer.
Whereas AP is often a self-limiting condition, CP
is defined as longstanding inflammation of the pancreas that leads to progressive and irreversible changes.
Clinically, CP is characterized by macrophage and Tand B-lymphocyte infiltration into the pancreas[118-122],
although peripheral T-lymphocytes appear to decrease[123,124]. Infiltrating mast cells have also been described in the pancreas of CP patients[120,125,126], positively
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associating with pancreatic fibrosis[126] and pain[120,125].
Finally, immunosuppressive Tregs have been identified in
the bone marrow, blood and lesions of CP patients[127].
In general, animal models of CP are generated by
repeated induction of AP[128]. In a rat model of CP, both
macrophages and CD8+ T-lymphocytes were prevalent
in the connective tissue and parenchyma, and CD8+ T
cells infiltrated the pancreatic lobules[118]. In a mouse
model of CP, a significant increase in both macrophages
and neutrophils were observed in response to caerulein
(Figure 4), and depletion of these inflammatory cell types
significantly reduced pancreatic injury as determined by
serum amylase release, and pancreatic lesion formation
and fibrosis[129,130]. Similar to clinical findings, mast cells
were found to play a significant role in the pathogenesis
of pain in a mouse model of CP[125]. Although a serious
disease on its own, CP is also a significant risk factor
for PDAC and may represent a condition that promotes
PDAC development[131].

PANCREATIC CANCER
PDAC is the most common form of pancreatic cancer.
PDAC is thought to develop by progression through
a distinct series of pre-cancerous stages, pancreatic intraepithelial neoplasias (PanINs), before advancing to
adenocarcinoma[132]. Greater than 90% of all pancreatic
adenocarcinomas contain an activating mutation in codon 12 of the Kirsten rat sarcoma viral oncogene homolog (Kras)[133]. This mutation is thought to occur early in
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Figure 5 Immunohistochemical detection of T-lymphocytes in the KrasG12D-induced mouse model of pancreatic ductal adenocarcinoma. A: Normal pancreas; B: Pancreatic intraepithelial neoplasia (PanIN)-1; C: PanIN-2; D: PanIN-3; E: Pancreatic ductal adenocarcinoma (PDAC) tissue was analyzed by immunohistochemistry for the presence of T-lymphocytes (CD3: abcam).

the disease process and drive initiation and progression
of PDAC. Indeed, Kras mutations are prevalent even
in early stage PanINs and their presence correlates with
disease progression[134]. In a classic PDAC mouse model,
tissue specific expression of oncogenic KrasG12D from
the endogenous Kras promoter (Lox-Stop-Lox- KrasG12D;
Pdx-1-cre, KC mouse model) in the mouse pancreatic epithelium recapitulates the full spectrum of human PDAC,
including development of PanINs, with progression to
adenocarcinoma at approximately 1-2 years of age[135].
For this reason, KrasG12D-expressing mouse models are
commonly used to study the initiation and development
of PDAC.
It is well established that inflammation plays a major
role in the development and progression of pancreatic
cancer. Chronic inflammation of the pancreas (pancreatitis) is a significant risk factor for development of
PDAC, and PDAC itself is characterized by marked
leukocyte infiltration[4,47,48]. Notably, multiple immunosuppressive cell types are observed in pancreatic cancer
tissue, suggesting a dysfunction of the immune response, likely mediated by the cancer itself (as described
below). Immune dysfunction in PDAC is typified by (1)
the recruitment and activation of immunosuppressive
cell types; (2) the presence of tumor-supportive immune
cells; and (3) a lack of immunity due to defective or absent immune cells. Clinical data and experimental rodent
models contribute to the current understanding of the
inflammatory response to PDAC as well as the impairment of that response that is a common evasion tool of
most cancers.
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Immunosuppression in PDAC
Clinical and murine evidence support the existence of profound immunosuppression in PDAC tissues. Clark et al[6]
characterized the immune cell influx in various stages of
PDAC ranging from normal pancreas to PanINs to invasive carcinoma using the KC mouse model of pancreatic
cancer. The study describes an early immunosuppressive
phenotype in pancreatic cancer, challenging the classic
immunoediting “elimination” phase and suggesting that
tumor cells “escape” from immune control almost immediately. At the early PanIN stages, Tregs and MDSCs
dominate the immune infiltrate. As the disease progresses
to PDAC, CD4+ and CD8+ cells are inconsistently found
associated with the tumor, and those CD8+ cells associated with the tumor lack evidence of activation, suggesting
a suppressed immune environment[6]. In all stages of disease, there is a strong inverse correlation between MDSCs
and CD8+ T-lymphocytes, suggesting that MDSCs are a
mediator of tumor immunosuppression[6].
Clinically, lymphocytes are prevalent in pancreatic
cancer. CD8+ cells are elevated in the circulation of
PDAC patients[136], and leukocytes, the majority of which
are T-lymphocytes, surround the pancreatic lesion[137].
T-lymphocytes are found more frequently in the fibrotic
interstitial tissue than in the intraepithelial area of the
pancreatic cancer [138], and distribute heterogeneously
within the tissue, presenting as both scattered cells and
focal areas of high accumulation[139]. An example of
T-lymphocyte accumulation in progressive stages of the
KC model of PDAC is shown in Figure 5.
The majority of the T-lymphocytes in PDAC are
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CD4+ Tregs, supporting an immunosuppressive phenotype. Tregs are significantly increased in the blood of
PDAC patients as well as in the pancreatic tissue[140]. They
are found typically in the stromal areas of the tumor,
and only occasionally in association with tumor epithelial
cells[141]. Hiraoka et al[141] examined clinical samples of
pre-malignant lesions and found that Treg accumulation
correlates with the progression of both of the major
preneoplastic lesions in pancreatic cancer, PanINs and
intraductal papillary mucinous neoplasms (IPMN). The
association of Tregs with IPMN progression has been
independently confirmed[142]. Additionally, Tregs correlate
with metastasis[143] and tumor grade, and negatively correlate with patient survival[141].
Treg infiltration in the development of pancreatic
cancer is confirmed in murine models of PDAC. A significant accumulation of Tregs is found in the KC model
of PDAC[6]. In another murine tumor model, subcutaneous injection of mouse pancreatic tumor cells into
syngeneic mice results in a significant increase in Tregs
in the spleen and tumor-draining lymph nodes of these
mice[144]. Tan et al[145] have shown in both human PDAC
and a murine model of pancreatic cancer that tumor cells
produce elevated levels of ligands for the CCR5 receptor,
a receptor preferentially expressed by Tregs. Interruption
of this receptor-ligand signaling reduces tumor size, as
well as Treg recruitment to that tumor, suggesting Tregs
are likely recruited in response to direct signaling from
the tumor cells.
MDSCs are another immunosuppressive cell type
prevalent in PDAC that contributes to immune dysfunction. Whereas MDSCs are absent in the healthy human
pancreas, they are readily detected in the stroma of
PDAC, comprising approximately 67% of the infiltrating
leukocytes[146]. MDSCs are also found in the blood and
bone marrow of PDAC patients, and are significantly
higher in cases of metastatic disease compared to patients
with local tumor[146-148], supporting a previous report that
MDSC count correlates with disease stage[149]. Additionally, circulating MDSC numbers are found to be an independent prognostic factor for survival[147].
The functional role of MDSCs in tumor promotion
has been characterized in murine models of PDAC[146,147,150].
Following subcutaneous injection of the non-metastatic
pancreatic cancer cell line, Pan02, MDSC infiltration is
detected in bone marrow, spleen, and tumor[146]. This
increase is associated with decreased levels of CD4 and
CD8 and increased levels of Tregs in circulation. These
MDSCs are able to suppress CD8+ T-lymphocytes in vitro
and promote initial tumor growth when co-injected with
Pan02[146]. Similarly, in a spontaneous murine model of
tumor formation [driven by pancreas-specific overexpression of transforming growth factor (TGF) α and loss
of Trp53], MDSC numbers increase in the lymph nodes,
blood and pancreas as early as the pre-malignant lesion
stage, and increase further upon tumor development.
In vitro, these tumor-associated MDSCs were shown to
possess arginase activity and suppress T-lymphocyte
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responses[151]. In the KPC model of metastatic pancreatic cancer (driven by pancreas-specific expression of
oncogenic KrasG12D and mutant Trp53R172H), MDSCs accumulate in tumor and spleen and comprise 20%-30% of
all leukocytes. MDSCs are closely associated with tumor
cells and metastases, suppress proliferation of T-lymphocytes, and express high levels of arginase and nitrite upon
stimulation[150]. Collectively, these animal models strongly
support a role for MDSCs in tumor promotion through
T-lymphocyte inhibition and resulting immunosuppression.
To summarize, both clinical and animal models provide strong evidence for accumulation of immunosuppressive cells types, and subsequent inhibition of immune
function in PDAC. The consequence of a suppressed immune system is not direct tumor promotion, but rather alleviation of an important barrier to tumor growth. As described by the cancer immunoediting model, a functional
immune system can act as an extrinsic tumor suppressor,
identifying and eliminating tumor cells[10]. Alterations in
tumor immunogenicity or suppression of the immune
response are crucial mechanisms by which this barrier is
surmounted, allowing the cancer to progress.
Tumor-supportive immune cells
In addition to the immunosuppressive cell types that inhibit effector T-lymphocyte immunity, other immune cells
adopt a tumor-supportive role in the context of PDAC.
Once a tumor is established, factors secreted by effector
immune cells can often promote, rather than prevent,
tumor progression. Mast cells accumulate in PDAC tissue
and, along with macrophages, express tumor-promoting
factors including vascular endothelial growth factor
(VEGF) and fibroblast growth factor (FGF)[152]. VEGF
and FGF have been shown to stimulate the growth of
pancreatic tumors and maintain blood vessels[153,154]. Mast
cell accumulation correlates with higher tumor grade,
worse survival[155], lymphatic and microvascular invasion[156], and lymph node metastasis[152,156]. In support of
the idea that mast cells can support tumor growth, in vitro
analyses demonstrate that mast cell-derived factors can
promote PDAC cell migration, proliferation, and invasion[155,157]. Interestingly, the importance of mast cells in
PDAC appears to be zone specific, with the presence of
mast cells in the intratumoral border zone, and not in the
intratumoral center or peritumoral zones, correlating with
microvessel proliferation, lymph node metastases, and
lymphatic and microvascular invasion[156]. Additionally,
mast cell accumulation within the intratumoral border
is an independent prognostic factor for survival[156]. The
significance of mast cell localization likely stems from
the ability to establish a pro-tumor microenvironment by
degrading tissue surrounding the tumor to promote invasion and by remodeling blood vessels[156]. Taken together,
preclinical PDAC models support a role for mast cells in
tumor growth and for mast cell accumulation and function at the tumor border[158].
Inflammation can drive the early stages of pancreatic
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lesion formation in mouse models[159]. A recent study
demonstrated that two macrophage secreted inflammatory cytokines could mediate the effects of infiltrating
macrophage on acinar cell metaplasia[5]. Matrix metalloproteinase (MMP)-9 and RANTES (regulated on activation, normal T cell expressed and secreted), secreted by
pancreas-infiltrating macrophages, are implicated in driving the very first stages of pancreatic lesion formation in
a mouse model of cearulein-induced pancreatitis[5].
Immune factors that are responsible for pathogen
killing can also promote tumor cell migration and metastasis[160]. Additionally, tumor-promoting immune factors
can promote tumor cells to adopt a more fibroblast-like
morphology[155,157,160-162] and remodel the tumor environment[156,163] to facilitate migration. In these ways, neutrophil- and B-lymphocyte-derived proteins are implicated
in PDAC invasion[160-163]. Neutrophil-derived elastase has
been shown to mediate epithelial-mesenchymal transition (EMT) of PDAC cells in vitro[161,162]. Neutrophilderived MMP-9 promotes PDAC tumor growth and
angiogenesis [163], and MMP-9-producing neutrophils
have been identified at the leading edge of PDAC in a
murine model of pancreatic cancer as well at the invasive
front of PDAC metastases[164]. Neutrophils, typically one
of the body’s first lines of defense, are not prevalent in
PDAC epithelia[165]. However, they are associated with
the predominant stromal component of PDAC, and
several reports describe a significant increase in neutrophils when measuring levels in both PDAC tissue and
stroma together[162,166]. In PDAC, neutrophils are associated with micropapillary carcinoma of the pancreas and
correlate with poor prognosis[165,167]. Although density of
neutrophil infiltrate does not correlate with tumor clinical stage[162], a patient’s neutrophil: lymphocyte ratio is an
independent prognostic indicator of survival following
resection of PDAC tumor[168,169].
B-lymphocytes are also able to promote the tumor
phenotype by secretion of B-lymphocyte activating factor (BAFF). Koizumi et al[160] described in vitro data demonstrating that BAFF mediates EMT, increases invasion
and promotes motility of PDAC cells, supporting a role
for B-lymphocyte-secreted BAFF tumor progression and
metastasis. Additionally, BAFF-expressing B-lymphocytes
surround and infiltrate tumor cells in clinical samples
of PDAC, correlating with increased serum levels of
BAFF[160].

foundly affects the maturation of DCs. Monti et al[182]
demonstrated that DCs exposed to tumor mucins do not
fully mature and are characterized by a tolerogenic/regulatory cytokine profile, expressing high levels of IL-10
and low levels of IL-12. Peripherally, circulating DCs are
significantly decreased in patients with PDAC[183-186], and
demonstrate an impaired ability to stimulate T-lymphocyte
proliferation[184].

Defective immune cells in PDAC
DCs are the link between innate and adaptive immunity,
recognizing the presence of foreign pathogens and alerting the adaptive immune cells via antigen presentation.
However, in a tumor environment, DCs often display an
immature phenotype and are defective in their antigenpresenting abilities[170-173]. Tumors express various molecules which are thought to repress DC maturation[174]
including IL-10[175,176], IL-4[177], VEGF[178], TGF-β[179],
IL-6[180,181], and macrophage-colony stimulating factor[181].
Muc-1, a protein highly expressed on PanIN cells pro-

Interaction(s) between immune cells and stroma in
PDAC
The development of PDAC is marked by increasing desmoplasia, resulting in the development of a vast stroma
that often equals or exceeds the epithelial component of
the tumor. The stroma is composed of extracellular matrix proteins and contains various non-epithelial cell types
including stellate cells, endothelial cells, and immune cells,
but the majority of the stromal cells are activated pancreatic stellate cells (PSCs) and fibroblasts[195]. Activated PSCs
promote cancer cell growth and immune cell dysfunction
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Absent immune cells in PDAC
Similar to chronic pancreatitis, few NKCs are found in
PDAC tissue[138]. The basal systemic NKC activity is decreased in PDAC patients, as well as the NKC response
to interferon-a, a potent enhancer of NKC activity[187,188].
Decreased NKC activity has been linked to poor patient
prognosis[188] and may be indicative of a suppressed innate immune response.
A role for epithelial cells in dysfunction of the immune
response
Several lines of evidence point to a strong role for the
neoplastic pancreatic epithelial cells in establishing a
dysfunctional immune environment. As previously mentioned, PDAC cells can recruit Tregs[145], promote mast
cell migration and activation[157], and repress DC maturation[182]. In vitro, human PDAC cells inhibit T-lymphocyte
proliferation and migration, and this is accompanied by
an increase in immunosuppressive cytokines including
IL-8 and TGFβ[189]. Immunosuppressive compounds
TGFβ and IL-10 are upregulated in PDAC and pancreatitis patient sera[190]. Finally, Muc-1, a mucin highly
expressed in PanIN-1 early lesions, can suppress T-lymphocyte proliferation[191,192] and it has been suggested that
Muc-1 is responsible for tumor escape from recognition
and destruction by immune cells[193].
Murine models of PDAC provide additional support
for the role of pancreatic epithelial cells in maintaining an immunosuppressive tumor environment. In the
KC mouse model, KrasG12D-dependent upregulation of
granulocyte macrophage-colony stimulating factor (GMCSF) is detected in PanINs, and results in recruitment of
MDSCs and concomitant inhibition of CD8+ T-lymphocytes[194]. This data is supported by the work of Bayne et
al[150] who describe a model in which tumor-derived GMCSF recruits myeloid inflammatory cells resulting in the
negative regulation of CD8+ T cells.
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in PDAC[196,197]. PSCs have been implicated in promoting
transformed growth, cellular invasion and EMT of PDAC
cells, as well as in promoting PDAC tumor incidence, size,
and metastasis in an orthotopic mouse model[198-200].
PSCs can have profound effects on the immune cell
milieu of PDAC, and have been shown to express a number of growth factors and cytokines[201]. Inflammatory
cells recruited to the tumor site are most often found in
the stroma rather than infiltrating the epithelial cells[202].
Indeed, activated PSCs have been shown to attract and
adhere to CD8+ T-lymphocytes, sequestering them in a
juxtatumoral compartment (< 100 μm from tumor) and
preventing their access to PDAC tumor cells[197]. One report showed that 94% of tumor-associated T-lymphocytes
were either inactivated or did not make it to tumor because they were trapped in the tumor stroma[190]. A potential mechanism by which PSCs may regulate T-lymphocyte
trafficking in PDAC is via CXCL12 expression, as PDAC
T-lymphocytes express elevated levels of the CXCL12 receptor[197]. Additionally, activated PSCs express a number
of cytokines and adhesion-mediating molecules[203], and
have been shown to produce MDSC-promoting cytokines, including IL-6, M-CSF, and VEGF, and to promote
differentiation of MDSCs from peripheral blood mononuclear cells[204]. Finally, PSCs stimulate mast cell activation, and, conversely, mast cell-derived factors can stimulate PSC proliferation[157]. These data suggest that not only
can activated stellate cells directly promote the cancer cell
phenotype, but they also contribute to the immunosuppressive phenotype that characterizes PDAC and hampers
immunotherapy efforts.
Cancer stem cells
In addition to the immune dysfunction that is prevalent
in PDAC, new evidence is emerging to support a role for
immune-cytokines in promoting cancer metastasis via interaction with cancer stem cells (CSCs). CSCs are characterized by their ability to self-renew, capability to develop
into multiple lineages, enhanced tumor-initiating ability,
and resistance to typical cancer therapies[205]. CSCs are
thought to be responsible for cancer progression, resistance to standard therapies and tumor relapse. Specifically,
pancreatic CSCs have been shown to play a crucial role in
the aggressive nature of pancreatic cancer and the resistance to therapy that is a hallmark of this cancer (reviewed
in Dorado et al[206]). They share an intimate relationship
with the tumor microenvironment, regulating, and being
regulated by, cells present therein[207,208]. Specifically, TAMs
regulate CSC tumorigenicity and anticancer drug resistance through production of specific growth factors[208].
Additionally, inflammatory cytokines play a role in mediating CSC self-renewal[209].
Recent work suggests that inflammatory cells can
promote dissemination of pancreatic CSCs. Rhim et al[210]
reported that pancreatic cancer cells exhibiting cancer
stem cell properties, including enhanced tumor-initiating
capacity, survival, and self-renewal, left the pancreas and
were detected in the circulation at the immediate early
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stages of pancreatic cancer development (PanIN formation), prior to overt tumor formation. The presence of
CSCs in the circulation was significantly elevated following induction of pancreatitis, and conversely, treatment
with an anti-inflammatory drug, dexamethasone, resulted
in a significant decrease in the circulating CSCs. These
data support a role for inflammation in promoting dissemination of pancreatic CSCs and potentially in PDAC
metastasis.

THERAPY FOR PDAC
Immunotherapy, therapeutic modulation of the immune
response, has emerged as a promising line of treatment
for many cancers including PDAC[211,212]. Types of immunotherapy that are currently being tested in clinical trials
for pancreatic cancer include whole cell, peptide/DNA,
antigen pulsed DC, and monoclonal antibody vaccines.
Whole cell vaccines typically use irradiated pancreatic
cancer cells as the immunogen. These cells have the potential to elicit a robust immune response because they
express the full complement of tumor-associated antigens. There have been significant survival advantages reported in resected pancreatic cancer patients using whole
cell vaccines such as Algenpantucel-L, an irradiated, live
combination of two allogenic pancreatic cell lines[213].
Vaccines comprised of peptides or DNA corresponding
to tumor antigens are designed to enhance the cytotoxic
T-lymphocyte response. Peptides corresponding to oncogenic Ras, telomerase, VEG-F receptor, carcinoembryonic antigen (CEA), survivin, and Muc-1 have all been
successful at prolonging life in pancreatic cancer patients
in clinical trials[211,213].
Antigen-pulsed DC vaccines take advantage of the
antigen-presenting abilities of DCs to elicit a robust
adaptive immune response specific to a tumor antigen
of choice[214]. DCs pulsed with Muc-1 and CEA antigens
have both been used in clinical trials for pancreatic cancer[215]. Finally, monoclonal antibodies against cell surface
tumor antigens are used to induce antibody-dependent
cell cytotoxicity[211]. Clinical trials have evaluated antibodies against mesothelin, CEA, and epidermal growth factor receptor for pancreatic cancer treatment[211,215]. Of
importance, the success of an anti-cancer vaccine relies
on its ability to elicit an immune response in the host, and
thus may not exhibit uniform effectiveness in all patients
depending on the ability of their immune system to generate a response to treatment.
The stromal compartment has drawn recent interest as
a target for PDAC therapy. The stroma creates an inflammatory environment and promotes tumor progression;
and the extent of activated stroma has been identified as a
novel independent prognostic marker in PDAC[216]. Several
potential PDAC therapies have targeted the stroma[217-219].
One method in particular aims at overcoming the immunosuppression often found in, and potentially caused
by, cells of the stroma. CD40 agonists take advantage
of the inflammatory cells found within the stroma[218].
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Figure 6 Immune cells in progressive pancreatic disease. A: The normal pancreas contains sparse, mostly innate, inflammatory cells and lacks the dense stroma
typically seen in chronic pancreatitis (CP) and pancreatic ductal adenocarcinoma (PDAC); B: Acute pancreatitis (AP) is characterized by acinar degranulation, edema
and recruitment of mostly innate inflammatory cells, but also some T-lymphocytes in response to acinar damage. Pancreatic mast cells begin to degranulate; C: CP is
characterized by development of stroma surrounding degranulated acinar cells, acinar-to-ductal metaplasia and edema. Additionally, there is an increased presence
of macrophages, and T- and B-lymphocytes, and further degranulation of mast cells; D: Development of pancreatic intraepithelial neoplasias and subsequent PDAC
leads to a significant increase in immunosuppressive cell types including tumor-associated macrophages, myeloid-derived suppressor cells, and Tregs. Degranulated
mast cells, neutrophils, dendritic cells and B- and T-lymphocytes are also present. However, T-lymphocytes and dendritic cells are typically inhibited and defective,
respectively. Size of immune cell represents relative abundance. Cell color denotes immune cell type: yellow, innate immune cells; blue, adaptive immune cells; green,
immunosuppressive cells. For description of graphical representation of cell types, see Figure 3 legend. Cells that are inactivated or defective are represented by a
lighter color.

CD40 is the co-stimulatory factor needed for activation
of the T-lymphocyte-dependent anti-tumor response of
the immune system. It is thought that activating stromal
T-lymphocytes may overcome the immunosuppressive
environment that is a hallmark of PDAC. Co-treatment
with a CD40 agonist and gemcitabine showed therapeutic
efficacy in patients with metastatic PDA[218].
Whereas cancer immunotherapy has typically involved
treatment with cancer antigens to stimulate or boost the
anti-cancer immune response, the immunosuppressive
environment found in PDAC presents obvious challenges. Vaccination with self-antigens has been associated
with induction of immunosuppressive cell types, thus
potentiating, rather than inhibiting, tumor growth[220].
Successfully overcoming the immunosuppressive environment that characterizes PDAC will likely require a
multifaceted approach due to the multiple mechanisms
by which tumor-associated immune dysfunction seems to
occur. However, new evidence suggests that immunotherapy can be successful for pancreatic cancer, if stimulation
of the immune system is combined with control over the
immunosuppressive environment[221,222]. Developing new
methods to overcome immunosuppression or exploit
the immune response to target PDAC may be utilized in
combination with conventional or novel chemotherapy to
enhance the survival of this currently deadly disease.
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CONCLUSION
The immune system protects the host from invading
pathogens and foreign materials. The aberrant expression
profile and uncontrollable proliferation that characterizes
tumor cells should allow for recognition as non-self by
the immune system. However, we now know that from a
very early stage in PDAC development, the ability of the
immune system to identify and eliminate neoplastic cells
is compromised. This suggests that an immunosuppressive environment is established early in tumor development to effectively thwart the immune response to neoplastic cells at the onset of tumor development. Figure 6
depicts the progressive changes in immune cell infiltrate
found during various stages of pancreatic disease.
Based on data reviewed here, neoplastic cells produce
compounds (such as GM-CSF) at a very early stage of
pancreatic cancer development, that recruit immunosuppressive immune cells, potentially facilitating progression
to later PanIN stages and PDAC[190-192,194]. Once PDAC
cells are present, they actively prevent the maturation of
dendritic cells, inhibiting their antigen presenting activity
and effectively cutting off a major communication between the innate and adaptive immune response[182]. In addition, immunosuppressive Tregs and MDSCs accumulate
in the blood, stroma and PDAC tissue and inhibit T-lym-
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phocyte proliferation[6,140,141,144-146]. In this setting, even immune cell types considered pro-inflammatory add to the
tumor-supportive environment: neutrophils accumulate in
the stroma and secrete proteases that aid in EMT, tumor
motility and invasion[161,163] and mast cells accumulate in
the tumor tissue and express factors used by the tumor to
sustain its growth[152]. It is clear that a complex relationship exists between the immune system and the developing pancreatic cancer, and that these interactions have
important implications for disease prevention and control.
Immunotherapy can potentially be a powerful component
of PDAC treatment. Further study of the mechanisms
by which immunosuppression is initiated in PDAC, and
ways to overcome it, will facilitate the development of this
treatment option[22,104,223-249].
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Abstract
Pancreatic cancer is the fourth most common cause of
cancer-related deaths in the United States, with over
38000 deaths in 2013. The opportunity to detect pancreatic cancer while it is still curable is dependent on
our ability to identify and screen high-risk populations
before their symptoms arise. Risk factors for developing
pancreatic cancer include multiple genetic syndromes
as well as modifiable risk factors. Genetic conditions
include hereditary breast and ovarian cancer syndrome,
Lynch Syndrome, familial adenomatous polyposis,
Peutz-Jeghers Syndrome, familial atypical multiple mole
melanoma syndrome, hereditary pancreatitis, cystic
fibrosis, and ataxia-telangiectasia; having a genetic
predisposition can raise the risk of developing pancreatic cancer up to 132-fold over the general population.
Modifiable risk factors, which include tobacco exposure,
alcohol use, chronic pancreatitis, diet, obesity, diabetes mellitus, as well as certain abdominal surgeries
and infections, have also been shown to increase the
risk of pancreatic cancer development. Several largevolume centers have initiated such screening protocols,
and consensus-based guidelines for screening high-risk
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groups have recently been published. The focus of this
review will be both the genetic and modifiable risk factors implicated in pancreatic cancer, as well as a review
of screening strategies and their diagnostic yields.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic neoplasms; Pancreas cancer
screening; Genetic predisposition to disease; Hereditary
breast and ovarian cancer syndrome; Lynch syndrome;
Peutz-Jeghers; BRCA ; PALB2 ; p16 ; Pancreatitis
Core tip: Risk factors for developing pancreatic cancer
include multiple genetic syndromes as well as modifiable risk factors. These factors can raise the risk of
developing pancreatic cancer up to 132-fold over the
general population. Several large-volume centers have
initiated screening protocols, and consensus-based
guidelines for screening high-risk groups have recently
been published. The focus of this review will be both
the genetic and modifiable risk factors implicated in
pancreatic cancer, as well as a review of screening
strategies and their diagnostic yields.
Becker AE, Hernandez YG, Frucht H, Lucas AL. Pancreatic
ductal adenocarcinoma: Risk factors, screening, and early detection. World J Gastroenterol 2014; 20(32): 11182-11198 Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i32/11182.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i32.11182

INTRODUCTION
Pancreatic cancer is the fourth most common cause of
cancer-related deaths in the United States, with an estimated over 45000 diagnoses and 38000 deaths in 2013[1].
Pancreatic ductal adenocarcinomas (PDAC) arise from
the exocrine pancreas and account for 95% of pancreatic
cancers. The lifetime risk of developing pancreatic cancer
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Table 1 Selected pancreatic ductal adenocarcinoma genetic risk factors
Risk factor
Hereditary breast and ovarian cancer syndrome
Lynch syndrome (hereditary non-polyposis
colorectal cancer)
Familial adenomatous polyposis
Peutz-Jeghers syndrome
Familial atypical multiple mole melanoma
pancreatic carcinoma syndrome
Hereditary pancreatitis
Cystic fibrosis
Ataxia-telangiectasia
Non-O blood group
Familial pancreatic cancer

Gene

Increased PDAC risk

Other associated cancers

BRCA1, BRCA2, PALB2
MLH1, MSH2, MSH6,
PMS2, EPCAM
APC

2-3.5
8.6

STK11/LKB1

132

P16INK4A/CDKN2A

47

Breast, ovarian, prostate
Colon, endometrium, ovary, stomach, small intestine,
urinary tract, brain, cutaneous sebaceous glands
Colon, desmoid, duodenum, thyroid, brain,
ampullary, hepatoblastoma
Esophagus, stomach, small intestine, colon, lung,
breast, uterus, ovary
Melanoma

PRSS1, SPINK1
CFTR
ATM

69
3.5
Increased
1.3
9 (1 FDR)
32 (3 FDRs)

4.5-6

Unknown

Leukemia, lymphoma

PDAC: Pancreatic ductal adenocarcinomas; FDR: First-degree relative.

tion, and the median survival for non-resected patients is
3.5 mo[8]. Even among those patients who are candidates
to undergo pancreatectomy, the median survival is 12.6
mo[8]. However, by identifying and screening patients at
an increased risk of developing PDAC, detection of precursor and early-stage lesions may allow diagnosis at a still
surgically-resectable stage. Several large-volume centers
have initiated screening protocols, and consensus-based
guidelines for screening high-risk groups have recently
been published[3,9]. The focus of this review will be both
the genetic and non-genetic risk factors implicated in
PDAC, as well as screening strategies and their diagnostic
yields.

Table 2 Selected pancreatic ductal adenocarcinoma modifiable
risk factors
Risk factor

Increased PDAC risk

Current cigarette use
Current pipe or cigar use
> 3 alcoholic drinks per day
Chronic pancreatitis
BMI > 40 kg/m2, male
BMI > 40 kg/m2, female
Diabetes mellitus, type 1
Diabetes mellitus, type 2
Cholecystectomy
Gastrectomy
Helicobacter pylori infection

1.7-2.2
1.5
1.2-1.4
13.3
1.5
2.8
2.0
1.8
1.2
1.5
1.4

PDAC: Pancreatic ductal adenocarcinomas; BMI: Body mass index.

PDAC RISK FACTORS

is 1.49%, or 1 in 67, with incidence increasing with age[2].
Epidemiologically, the incidence rates of PDAC are higher in males, African Americans, and lower socioeconomic
status groups[1].
Both genetic and modifiable risk factors contribute
to the development of PDAC. A hereditary component
has been identified in approximately 10% of cases, with
a specific germline mutation being implicated in 20% of
those cases[3,4]. These genetic conditions, including the
hereditary breast and ovarian cancer syndrome (HBOC),
Lynch syndrome (HNPCC), familial adenomatous polyposis (FAP), Peutz-Jeghers syndrome (PJS), familial
atypical multiple mole melanoma syndrome (FAMMM),
hereditary pancreatitis (HP), cystic fibrosis (CF), and
ataxia-telangiectasia (AT), have been shown to raise the
risk of PDAC anywhere from 2 to 132-fold (Table 1)[5-7].
Modifiable risk factors, which include tobacco exposure,
alcohol use, chronic pancreatitis, diet, obesity, diabetes
mellitus, as well as certain abdominal surgeries and infections have also been identified as increasing the risk of
PDAC (Table 2).
PDAC is nearly universally lethal: less than 20% of
patients are surgical candidates at the time of presenta-

WJG|www.wjgnet.com

PDAC risk factors: Genetic
It has been reported that up to 10% of PDAC have a
hereditary component[4]. A 2009 meta-analysis demonstrated that having just one affected relative resulted in
an 80% increased risk of developing PDAC[10]. Specific
mutations in multiple genes have been implicated in causing roughly 10% of PDAC, with varying penetrance and
degree of increased cancer risk for each mutation (Table
1)[11,12]. Identification and stratification of individuals at
increased risk of having genetic mutations may allow for
a group of patients that will benefit from early detection
of these pancreatic neoplasms, as well as targeted, genespecific therapy.
Hereditary breast and ovarian cancer syndrome and
other fanconi anemia genes: BRCA1, BRCA2/FANCD1,
PALB2/FANCN, FANCC, and FANCG: Fanconi anemia is an autosomal recessive disease characterized by
multiple congenital anomalies, bone-marrow failure, and
increased susceptibility to malignancy, including acute
myeloid leukemia and head and neck squamous cell carcinoma[13,14]. There are 15 Fanconi anemia genes, and products of these genes are involved in multiple DNA repair
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mechanisms, including the BRCA1/2 pathway[13,14]. The
incidence of the disease is 1 in 100000 live births, and the
carrier rate of Fanconi anemia mutations is estimated at 1
in 300[13,15].
HBOC is characterized by early-onset breast and
ovarian cancers resulting from monoallelic germline
mutations in the BRCA1 or BRCA2 (also known as
FANCD1) genes. These tumor suppressor genes code
for proteins that repair double-stranded DNA breaks.
While BRCA2 codes for a Fanconi anemia protein, the
BRCA1 protein directly interacts with the FANCA protein[16]. BRCA1/2 mutations have been shown to have a
population frequency of 1.0%, with a higher concentration within the Ashkenazi Jewish population (2.3%)[17,18].
These genes have high penetrance with respect to female
breast cancer (cumulative risk by age 70 of 57% for
BRCA1 and 49% for BRCA2) and ovarian cancer (cumulative risk by age 70 of 40% for BRCA1 and 18% for
BRCA2), and lower rates for male breast cancer (cumulative risk by age 70 of 1.2% for BRCA1 and 6.8% for
BRCA2) as well as PDAC[19]. While a few large studies
have indicated that BRCA1 mutations are associated with
a roughly 2-fold increased risk of PDAC, the mutation is
rarely seen in PDAC families without a strong history of
breast cancer[6,7,20]. Additionally, not all studies have found
an increased risk of PDAC among the BRCA1 cohort[21].
On the other hand, the evidence for an association between BRCA2 germline mutations and PDAC is more
clearly defined. With a relative risk of at least 3.5, BRCA2
mutations have been identified as the most common
known inherited cause of PDAC: studies have found
deleterious mutations in the BRCA2 gene in 17%-19%
of familial pancreatic cancer families and 7.3% of apparently sporadic pancreatic cancers[22-25]. Our group has
demonstrated an increased prevalence of BRCA1 mutations (8.3%) and BRCA2 mutations (10.8%) in a cohort
of unselected Ashkenazi Jewish patients who underwent
surgical resection for PDAC and IPMN; half of those
BRCA1/2-associated tumors demonstrated loss of heterozygocity[26]. In a registry study of BRCA1 and BRCA2
families, there was a significantly earlier age of onset (age
63 for each) for PDAC, compared to that found in the
SEER database (age 70)[27].
PALB2, or partner and localizer of BRCA2 (also
known as FANCN), is a gene that codes for a protein
which stabilizes the BRCA2 protein as it repairs DNA.
PALB2 is known to be a breast cancer susceptibility gene
and has been found to be mutated in up to 3% of familial PDAC[28,29]. While some large registry cohort studies
have not found PALB2 mutations to increase the relative
risk of PDAC, other groups have identified PALB2 mutations in multiple familial pancreatic cancer families[30-33].
Additionally, it has been demonstrated that relatives of
PALB2 mutation carriers have a 6-fold increased risk of
PDAC compared to relatives of those with the wild-type
gene[34].
Mutations in two other Fanconi anemia proteins,
specifically FANCC and FANCG, have shown loss
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of heterozygosity in young-onset (< 55 years of age)
PDAC[35,36]. No studies to date have found an increased
risk of PDAC associated with mutations in these genes.
Targeted therapy is a promising area of research for
genes in this pathway. Cells deficient in BRCA1, BRCA2/
FANCD1, PALB2/FANCN, FANCC or FANCG must
use DNA repair mechanisms that are more error prone
and resultant mutations are more likely to result in cell
death. Thus, agents that induce DNA damage or inhibit
other repair mechanisms may affect deficient cells more
than fully-functional cells[37]. In vitro cells deficient in
these proteins and in vivo cells in mice were shown to be
hypersensitive to alkylating agents such as mitomycin C,
cisplatin, chlorambucil, and melphalan, whereas normal
cells were unaffected[38,39]. Additionally, poly (ADP-ribose)
polymerase (PARP) inhibitors have been shown to have
anti-tumor activity in multiple other human cancers[40].
There have been case reports of complete pathological
response of BRCA2-associated PDAC to PARP inhibitors, and clinical trials are currently underway[41].
Lynch syndrome (or HNPCC): MLH1, MSH2, MSH6,
PMS2, and EPCAM: Lynch syndrome, the most common inherited colorectal cancer syndrome, is characterized by early-onset colorectal cancer as well as a
predisposition to cancer of the endometrium, ovary,
stomach, small intestine, urinary tract, brain, pancreas
and cutaneous sebaceous glands[42]. The incidence of
this syndrome has been postulated to be between about
1:660 to 1:2000[43]. The MSH2, MSH6, MLH1, PMS2,
and EPCAM genes, which are mutated in this syndrome,
normally code for proteins involved in the DNA mismatch repair pathway which bind to mismatched doublestranded DNA and microsatellites to target and prepare
them for repair[42]. Patients with Lynch syndrome have an
8.6-fold increased risk of developing PDAC compared
to the general population[44]. These pancreatic tumors often have a characteristically medullary appearance, with
prominent lymphocytic infiltration and microsatellite
instability[44,45].
FAP: APC: FAP is characterized by the early development of hundreds to thousands of colorectal adenomatous polyps; some of these polyps inevitably progress to
malignancy, conferring an almost 100% risk of colorectal
cancer by age 40[46]. There is also an increased risk of extracolonic cancers including desmoid, duodenum, thyroid,
brain, ampullary, pancreas, and hepatoblastoma tumors[47].
The incidence of FAP in the Northern European population is 1 in 13000-18000 live births in the Northern European population[48,49]. FAP is caused by a mutation in the
APC gene, a tumor suppressor gene which codes for a
scaffolding protein responsible for targeting β-catenin for
destruction, as well as acting as a control on progression
of the cell cycle and a microtubule stabilizer[47]. Specifically, the relative risk of PDAC in FAP is reported to be
4.5 to 6-fold, although it is uncertain if this represents a
true increased risk of PDAC or reflects misclassification
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of ampullary carcinomas[50,51]. There also exists a subset
of the FAP population with an attenuated phenotype,
known as attenuated FAP (AFAP) that is also caused by
a mutation in the APC gene; this population has fewer
colorectal adenomatous polyps (10-100) and a fifteen-year
delay in the onset of colorectal cancer compared to those
with FAP[52]. Compared to FAP, AFAP is associated with a
lower risk of extracolonic cancers[53].
PJS: STK11/LKB1: PJS is characterized by hamartomatous gastrointestinal polyposis and distinctive mucocutaneous pigmentation found most commonly on the lips or
perioral region[45,54]. PJS, with an estimated frequency of
1:8300 to 1:280000, is associated with an inherited mutation in the STK11/LKB1 gene, a tumor suppressor gene
which encodes for a serine/threonine kinase[45]. While the
exact mechanism by which the LKB1 gene acts as a tumor suppressor is unknown, PJS tumors have shown less
activated AMP-kinase, which results in mammalian target
of rapamycin hyperactivation[55]. Additionally, LKB1 haploinsufficiency has been shown to cooperate with K-ras
to cause PDAC in the mouse model, through a decrease
in growth arrest[56]. A 2000 meta-analysis demonstrated
that PJS is associated with a relative risk of 15.2 for all
cancers and a 93% overall rate of cancer by age 64[5].
The study found a statistically significant increased risk
of esophageal, stomach, small intestine, colon, pancreas,
lung, breast, uterus, and ovarian cancers, including a relative risk of 132 for PDAC.
FAMMM: p16INK4A/CDKN2A: FAMMM is characterized by malignant melanoma in one or more first-degree
relatives (FDRs) or second-degree relatives (SDRs) and
multiple, atypical melanocystic nevi[55]. The prevalence
of FAMMM is unknown. While there is variability in
the underlying genetics of this syndrome, a germline
mutation in the p16INK4A (also known as CDKN2A
or MTS1) gene has been found in approximately 38%
of the cases of this syndrome[57,58]. FAMMM with this
particular mutation, which confers a 60%-90% risk of
melanoma by age 80, is called FAMMM pancreatic carcinoma syndrome (FAMMM-PC) because those with
the p16INK4A mutation have also demonstrated an increased risk of PDAC[59-62]. This gene, which codes for
the p16 protein, is a tumor suppressor gene involved in
the regulation of cell cycle progression. A study following 19 FAMMM families over seventy years found a 13
to 22-fold increased risk of developing PDAC in those
with this p16INK4A mutation; conversely, they found no
cases of PDAC in those without this mutation[63]. More
recently, a relative risk of PDAC of 47 was demonstrated
among those with this p16INK4A mutation compared
to the general population[64]. The risk of PDAC was even
more apparent when looking at those under 55 years of
age: a Swedish study found the relative risk to be 65-fold
for p16 mutation carriers[61].
HP and CF: PRSS1, SPINK1 and CFTR: HP is char-
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acterized by recurrent attacks of acute pancreatitis starting in childhood, which can lead to pancreatic failure[65].
About 80% of HP is caused by a germline mutation in
the PRSS1 gene, which codes for the prodigestive enzyme
trypsinogen[66]. Defective mutations result in either premature activation or reduced deactivation of the enzyme,
leading to pancreatic injury. The SPINK1 gene codes for
a serine protease inhibitor that inhibits active trypsin;
mutations in this gene have also been associated with various forms of pancreatic disease, including pancreatitis[67].
HP has an 80% penetrance rate[68]. A 2010 meta-analysis
found a relative risk of 69 for PDAC for patients with HP
compared to the general population[69].
Additionally, homozygous mutations in the autosomal
recessive CFTR gene cause cystic fibrosis, which is associated with both a younger age of onset (median age
of 35 years) and 5.3-fold greater risk of the development
of PDAC[70]. However, even when a CFTR gene mutation is inherited in a heterozygous fashion, it has been
demonstrated that this confers a 4-fold greater chance of
developing chronic pancreatitis[66,71,72].
The presence of chronic inflammation in pancreatitis
is thought to be the primary mechanism by which PDAC
develops. A few mechanisms have been suggested as
methods by which inflammation leads to PDAC[73]. Inflammatory cytokines such as IL-6 and IL-11 may induce
the proliferation and facilitate survival of malignant and
premalignant cells through the activation of multiple
transcription factors, including STAT3 and NF-κB. Additionally, chronic inflammation may suppress immunosurveillance as well as inhibit oncogene-induced senescence,
which would allow the lesion to develop unchecked. It
has been suggested that increased activation of pancreatic stellate cells leads to fibrosis via increased cell proliferation and inflammation[74].
AT: ATM: AT is an autosomal recessive, progressive
neurologic disorder characterized by early ataxia and
later telangiectasias of the blood vessels on exposed
areas of the skin and eyes, with cerebellar ataxia, varied
immune dysfunction, an extreme sensitivity to ionizing
radiation, and an increased risk of cancers, particularly
leukemias and lymphomas[75-77]. The estimated incidence
of AT is 1 in 40000-300000 live births, and the disease
is caused by a homozygous mutation in the ATM gene,
which codes for a serine/threonine kinase involved in
DNA repair[77]. Monoallelic ATM mutation carrier status,
an estimated 1.4% of the United States population, is
also associated with an increased risk of cancer, especially that of the female breast[78,79]. Among the families
of those with AT, the rate of PDAC is at least twice that
of the general population[80,81]. A 2012 study of a familial
pancreatic cancer cohort found monoallelic ATM mutations in 2.4% of the PDAC probands, and that number
increased to 4.6% of the patients with at least 3 FDRs
with PDAC. Loss of heterozygosity of the ATM gene
was found in the only patient with available tumor tissue
in the study[77].
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Non-O blood group: Non-O blood groups have also
been associated with a higher risk of PDAC[82-84]. Multiple prospective and case-control studies across different countries as well as a genome-wide association study
demonstrated an increased risk of PDAC among those
with non-O blood groups; additionally, a 2010 metaanalysis found that having an O blood group was associated with a relative risk of 0.79 for the development of
PDAC[83,85]. In fact, it was demonstrated that each additional non-O allele conferred a larger risk of PDAC[86].
Interestingly, it was shown that the association between
non-O blood groups and PDAC was largest in individuals
colonized by CagA-negative Helicobacter pylori (H. pylori)[84].
While it has been postulated that the increased cancer
risk is related to a chronic host inflammatory state, it has
been found in one study that non-O blood groups do not
increase the risk of chronic pancreatitis[83,87].
FPC: Unknown gene: Familial pancreatic cancer (FPC),
defined as having 2 or more FDRs with PDAC with no
known genetic cause, is responsible for up to roughly
80% of clustering PDAC[3]. The National Familial Pancreas Tumor Registry at Johns Hopkins demonstrated a
nine-fold greater risk of developing PDAC among individuals with an FDR with PDAC in the setting of FPC,
compared to a 1.8-fold greater risk for those with an
FDR with sporadic PDAC[12]. Additionally, among FPC
kindreds, having two or three FDRs with PDAC was associated with a 6.4-fold and 32-fold greater risk of developing PDAC, respectively.
Additionally, studies of the European Registry of Hereditary Pancreatitis and FPC as well as the German National Case Collection for FPC Registries have described
anticipation (developing PDAC roughly 10 years earlier
than their affected parent) in 59%-80% of over 100 FPC
families[33,88]. Finally, segregation analyses have shown
evidence for a yet-unidentified autosomal dominant,
high-risk allele influencing the onset age of PDAC present in 7/1000 individuals[89]. The palladin gene, a protooncogene overexpressed in some sporadic pancreatic
tumors has also been found to be mutated in affected
members of one PDAC family[90-92]. This gene codes for
a cytoskeleton protein that promotes tumor invasion in
fibroblasts[90].
PDAC risk factors: Modifiable
Multiple modifiable risk factors are associated with an increased risk of developing PDAC (Table 2). Since PDAC
has such a low incidence rate and most of the associated
relative risks (with the exception of chronic pancreatitis)
are low, greater improvements in PDAC morbidity and
mortality may be possible with lifestyle modification.
Tobacco use: Smoking is the largest identifiable and
modifiable risk factor for PDAC, contributing to 20%-35%
of PDAC cases[93-95]. A 2008 meta-analysis of 82 studies
demonstrated an increased risk of PDAC development
for both current cigarette (relative risk of 1.74) and pipe
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or cigar (1.47) users[93]. A 2012 pooled analysis found the
risk of current cigarette use to be 2.2-fold[96]. Additionally, both studies found increased smoking intensity and
cumulative smoking dose to increase the risk for development of PDAC. Even after 10 years of smoking cessation, a modestly elevated relative risk of 1.48 remains[93].
However, multiple studies have demonstrated a risk of
PDAC among former smokers to be similar to nonsmokers after up to 15-20 years of cessation[96-100]. Finally,
exposure to second-hand tobacco smoke has been found
to increase the risk of PDAC by 21%[101].
It is likely that PDAC develops from exposure to
tobacco-related carcinogens through circulating blood,
especially given a similar rate of tobacco-related neoplasm in the kidney and stomach[93]. These carcinogens,
including nitrosamines and polycyclic aromatic hydrocarbons, as well as their metabolites, cause mutations in both
protoncogenes (K-ras) and tumor suppressors (p53)[102,103].
Tobacco smoke also directly contributes to pancreatic inflammation[103].
Smoking is particularly harmful in certain cohorts.
For patients with HP, smoking has been demonstrated to
more than double the risk of PDAC and lower the age of
cancer onset by 20 years[95]. For members of FPC families, one study found cigarette smoking resulted in a 4-fold
increased risk over non-smokers, as well as lowering the
age of onset of PDAC by 10 years[104]. Another study
demonstrated an incidence ratio of 19.2 for members of
PDAC families who had ever smoked cigarettes vs 6.25
for those who had never smoked at all[12].
Alcohol use: While alcohol has been found to be associated with PDAC, the current evidence indicates that it is
limited to heavy alcohol usage only: pooled data and meta-analyses have found three or more drinks per day to be
associated with a 1.22 to 1.36-fold increased risk of developing PDAC, with a dose-response relationship[105,106].
It is known that heavy alcohol usage does contribute to
pancreatitis, which may be a method by which it increases
the risk of PDAC[107]. Additionally, metabolites of alcohol, including acetaldehyde (a carcinogen) and fatty acid
ethyl esters, as well as ethanol itself (a carcinogen) can
cause pancreatic inflammation as well as directly contribute to carcinogenesis[103].
Chronic pancreatitis: A 2010 meta-analysis demonstrated a relative risk of 13.3 for developing PDAC in
those with chronic pancreatitis, with a ten to twenty year
lag between the incidences of pancreatitis and pancreatic
malignancy[69]. As with hereditary pancreatitis, chronic
inflammation seen in chronic pancreatitis is thought to be
the mechanism by which PDAC develops. Far and away,
the most common cause of chronic pancreatitis is alcohol abuse, which is responsible for 60%-90% of cases[108].
As with HP, chronic inflammation is thought to be the
mechanism by which PDAC develops in chronic pancreatitis. Inflammatory cytokines may induce cellular proliferation, as well as reduce immunosurveillance and inhibit
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senescence, allowing the lesion to continue to grow[73].
Diet and obesity: Meta-analyses have demonstrated an
increased risk of PDAC associated with a diet including
red meat in men (relative risk of 1.29), and processed
meat in both men and women (1.19)[109]. Another metaanalysis found that there was a relative risk of 1.12 for
developing PDAC for each 5kg/m2 increase in body mass
index (BMI)[110]. A large 2003 study found a BMI of over
40 to be associated with a relative risk of PDAC of 1.49
for men and 2.76 for women[111]. Interestingly, a 2009
study found being overweight or obese at a younger age
to be associated with a younger age of onset of PDAC;
the study also found those who had a BMI over 25 from
ages of 30 to 79 had reduced PDAC survival[112]. The
method by which fat consumption may lead to PDAC
includes pancreatic hypertrophy and hyperplasia in response to cholecystokinin-mediated lipase secretion from
the presence of fat in the duodenum, which puts the
pancreatic exocrine glands at an increased risk of carcinogenesis[102]. Additionally, hyperglycemia, abnormal glucose levels, and insulin resistance are all associated with
an increased risk of PDAC[112-117].
Diabetes mellitus: type 1, type 2, type 3c: Metaanalyses have demonstrated associations between both
type 1 and type 2 diabetes mellitus (DM) and pancreatic
cancer, with odds ratios of approximately 2.0 and 1.8,
respectively[109,118,119]. Twenty-five to 50% of patients with
PDAC will have developed DM 1-3 years prior to their
PDAC diagnosis; however, the relative risk of pancreatic
cancer drops as time from type 2 DM diagnosis increases,
indicating that DM may in fact be an early manifestation of the cancer[118,120,121]. Also, while new-onset DM is
not specific for PDAC (less than 1% of adult-onset DM
patients will develop PDAC within 3 years), large cohort
studies in the United States and Sweden have demonstrated differing relative risks for those with a long history of DM vs those with new-onset DM: having DM for
a longer time is associated with a decreased PDAC risk
compared to newly-diagnosed DM[121-124]. In addition, associated new-onset DM has been shown to resolve after
tumor resection[114,125,126].
A different diabetes diagnosis, type 3c (pancreatogenic) DM, or diabetes associated with acute or chronic
disease of the pancreas, which is up to 8% of all diabetes, may confer an even higher risk of pancreatic cancer, especially in those patients with chronic pancreatitis[121,127-129]. Type 3c DM occurs in up to 30% of patients
with PDAC and is associated with deficiencies in islet
hormones such as insulin, glucagon, and pancreatic polypeptide[121]. Most frequently, the insulin resistance is actually hepatic resistance, with relatively normal peripheral
insulin sensitivity; this is thought to be a result of a deficiency of pancreatic polypeptide, which has been shown
to affect hepatic insulin receptors[128,130]. In patients with
pancreatic polypeptide deficiency, this hepatic insulin
resistance has been shown to return to normal with the
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replacement of the hormone[128,131,132].
Insulin is growth promoting, and thus chronic insulinemia may result in increased cellular proliferation and
decreased apoptosis, a mechanism by which PDAC may
eventually develop[110,112,117]. This is mediated through both
increased levels of insulin, as well as insulin-like growth
factor-1, which also results from hyper-insulinemia[102].
Additionally, the oxidative stress from hyperglycemia may
be the cause of cell damage that could lead to the development of neoplasm.
DM treatment choice has been demonstrated to
modulate pancreatic risk. One case-control study found
a relative risk of 2.89 for pancreatic cancer in those with
DM; this risk decreased to 2.12 with treatment by oral
hypoglycemic agents and increased to 6.49 by treatment
with insulin[98]. This is consistent with evidence that insulin can promote pancreatic cancer cell proliferation[133].
In particular, treatment with metformin has been shown
to decrease overall cancer risk in diabetic patients[134,135].
Multiple studies have demonstrated a decreased risk of
pancreatic cancer among diabetics treated with metformin[135-137]. Specifically, one study demonstrated that treatment with metformin conferred a relative risk of pancreatic cancer of 0.30, vs 2.78 with treatment with insulin[135].
Surgery and infection: A meta-analysis found a relative
risk of PDAC of 1.23 for those with a history of a cholecystectomy[138]. The mechanisms suggested by which
cholecystectomy increases the risk of PDAC include
increased cholecystokinin levels, which have been shown
to stimulate the growth of human pancreatic cancer cell
lines and promote pancreatic carcinogenesis in hamsters,
as well as increased degradation of bile salts to secondary
bile acids, which have a pancreatic carcinogenic effect in
hamsters[138-142].
Another meta-analysis has demonstrated a relative
risk of 1.54 for developing PDAC post-gastrectomy,
with a higher risk found for Billroth Ⅱ resections than
Billroth Ⅰ resections[143,144]. The reasons postulated for
higher rates of pancreatic carcinogenesis include a postgastrectomy environment favorable for bacteria that
increase levels of DNA-damaging N-nitrosamine carcinogens, increased rates of H. pylori seropositivity, and
increased rates of recurrent acute pancreatitis in Billroth
[144]
Ⅱ resections .
Evidence suggests H. pylori infection is associated with
PDAC: a 2011 meta-analysis found an increased odds
ratio of 1.38[145]. The definitive method by which H. pylori
infection contributes to the development of PDAC is unknown, but may be related to the inflammatory mediators
and angiogenic factor secretion associated with chronic
infection[145]. There is some evidence for a link between
hepatitis B infection and pancreatic cancer, as well as
possibly hepatitis C; however, the method by which these
infections contribute to PDAC is unknown[146,147].
Hydrocarbon exposure: While studies have shown
correlations between pancreatic cancer and various expo-
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sures, the most consistent exposures linked to development of pancreatic neoplasm are chlorinated hydrocarbons and polycyclic aromatic hydrocarbons[148]. However,
it is important to note that consistently statistically significant results have not been found with either of these two
occupational exposures.

PDAC STAGING, RISK STRATIFICATION
AND SCREENING
Staging, prognosis, and the case for screening
The five-year PDAC survival rate of 6% is dismal,
largely because the majority of patients are diagnosed
at an advanced stage[1]. Surgical resection is the only curative treatment for pancreatic cancer. However, only
pre-cancerous or early-stage (Ⅰ-Ⅱ) PDAC is surgically
resectable. Since five-year survival rate for patients diagnosed with Stage ⅠA disease is 19 times that of those
diagnosed with Stage Ⅳ disease (13.6% vs 0.7%), greater
improvements in survival may be seen if we focus on
shifting the diagnosis of PDAC from a late stage to an
early or pre-cancerous stage[8]. Unfortunately, early-stage
PDAC is usually clinically silent, highlighting the need for
improved methods of early detection of precursor and
early stage lesions. This provides the rationale for screening programs to detect precursor and early stage lesions.
PDAC precursors
World Health Organization guidelines suggest that in
order to screen for a cancer, there must be a recognizable
latent or early stage of the disease that can be tested for
and managed effectively[148]. Several pancreatic lesions
meet the criteria for a precursor to PDAC: pancreatic
intraepithelial neoplasms (PanINs), mucinous cystic
neoplasms (MCNs), and intraductal mucinous cystic neoplasm (IPMNs)[149,150].
PanIN: PanINs are non-invasive, non-mucin-producing,
small epithelial neoplasms [150,151]. There are 3 grades
of PanINs, classified by degree of atypia: PanIN-1,
PanIN-2, and PanIN-3. A 2003 study found PanIN
lesions in 82% of pancreata with invasive cancer compared to just 28% of normal pancreata, as well as an increased number of high-grade PanIN lesions compared
to low-grade PanIN lesions[152]. Multiple studies have
found PanIN-3 lesions only in pancreata harboring other
malignancies[152-154]. For PanIN lesions, there are three
broad subsets of germline or somatic mutations that
are usually found in concert in a pancreatic malignancy:
(1) activation of oncogenes (K-Ras, HER2); (2) inactivation of tumor suppressor genes (TP53, p16/CDKN2A,
SMAD4/DPC4, BRCA1, BRCA2); and (3) inactivation
of genome maintenance genes (MLH1, MSH2)[151,155,156].
While PanINs are not visible on cross-sectional imaging,
a 2006 study suggests that endoscopic ultrasound (EUS)
may be able to detect lobular parenchymal atrophy associated with PanINs, particularly multifocal PanIN, and
IPMNs[157].
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Pancreatic cystic neoplasms: MCN and IPMN: Autopsies indicate that the prevalence of patients with a
pancreatic lesion at death is about 24%; studies have
found that magnetic resonance imaging (MRI) picks up
incidental pancreatic cysts in patients with no pancreatic history in up to 13.5% of patients, and computed
tomography (CT) in 2.6%[158-160]. The ability to detect
precursor lesions before they invade and progress to
pancreatic cancer is of the utmost importance. MCNs
are cystic, mucin-producing epithelial neoplasms with
ovarian-type stroma, detectable on cross-sectional imaging[150]. MCNs are much more common in females than
males (95% female), and a significant percentage of the
stroma cells stain positive for estrogen or progesterone
receptors[161,162]. With a mean age of diagnosis of 45-50,
MCNs usually arise in the body or tail of the pancreas (>
90%) and do not communicate with the larger pancreatic
ducts[161-165]. Compared to non-invasive MCNs, malignant
MCNs are diagnosed in older patients and are significantly larger, indicating that they most likely grow slowly
over time[163,166]. The five-year survival rate for marginnegative, surgically resected non-invasive MCNs is close
to 100%, but roughly 50% for invasive MCNs; however,
their low frequency of invasion (12%) highlights the need
for better characterization of tumor progression[161-163,166].
IPMNs, which include branch duct (BD-IPMN),
main duct (MD-IPMN), and mixed types, are mucinproducing epithelial neoplasms that are also detected by
cross-sectional imaging[167]. They are more common in
the head of the pancreas, affect men more than women
and have a mean age of diagnosis of about 65 years of
age[166,168]. While BD-IPMNs and MD-IPMNs have the
same age of presentation, BD-IPMNs are more common
and frequently multifocal (21%-41% of cases) and less
likely to progress to malignancy (11%-17% vs 44%-48%
vs 45% for mixed IPMNs)[166,169-173]. Patients with resected
BD-IPMNs also have a higher five-year survival rate
(91%) than both MD-IPMNs (65%) and mixed IPMNs
(77%)[166].
Patients with both MCNs and IPMNs have improved
survival when lesions are resected before developing an
invasive component: a study of 851 consecutive resected
patients at Massachusetts General Hospital showed a
five-year survival rate of 87% for those with invasive and
non-invasive cystic lesions and just 62% in those with
malignancy[172].
While it is important to continue to better our ability
to identify these PDAC precursor lesions, this must be
matched by an improvement in the capacity to accurately
predict which of those lesions will progress to malignancies. Characterizing how these precursor lesions develop
will help better guide future screening and subsequent
treatment.
Screening modalities: Imaging and biomarkers
Imaging: EUS and MRI have demonstrated the most
accuracy as screening modalities for PDAC in terms of
detecting small, cystic lesions, while magnetic resonance
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Table 3 Pancreatic ductal adenocarcinomas screening efforts and diagnostic yields n (%)
Ref.

Number
screened

High-risk group

Initial imaging
(if abnormal screening)

Brentnall et al[182]
Rulyak et al[183]

14
35

FPC
FPC

7 (50)
12 (34.3)

Dysplasia
Dysplasia

Kimmey et al[184]
Canto et al[185]
Canto et al[186]
Poley et al[187]

46
38
78
44

12 (26)
2 (5.3)
8 (10.3)
10 (23)

Dysplasia
PDAC, IPMN
IPMN, PanIN1-2
PDAC, IPMN on imaging

Langer et al[188]
Verna et al[181]

76
51
109

EUS + MRCP (EUS)
EUS and/or MRCP
(EUS-FNA, ERCP)
MRCP (EUS)

1 (1.3)
6 (12)1

Ludwig et al[189]

FPC
FPC, PJS
FPC, PJS
FPC, BRCA, PJS, FAMMM,
p53, HP
FPC, BRCA, FAMMM
FPC, PJS, FAMMM, BRCA,
HP, HNPCC
FPC, BRCA

EUS + ERCP + CT
If symptomatic: EUS + ERCP
If asymptomatic: EUS (ERCP)
EUS (ERCP)
EUS (CT, ERCP, EUS-FNA)
EUS + CT (ERCP, EUS-FNA)
EUS (CT, MRI)

Vasen et al[190]
Al-Sukhni et al[191]

79
262

MRI/MRCP, EUS if unable
MRI (ERCP, EUS, CT)

7 (8.9)
3 (1.1)2

IPMN
PDAC, IPMN, multifocal
PanIN2-3
PDAC, IPMN, PanIN2-3,
SCA on imaging
PDAC
PDAC

Schneider et al[33]

72

EUS + MRCP (EUS)

4 (5.5)

p16
FPC, FDR of double-primary
cancer, BRCA, PJS, HP, p16
FPC, BRCA, PALB2, p16

Diagnostic yield

9 (8.3)

9 (12.5)
Canto et al[174]

216

FPC, BRCA, PJS

CT + MRI/MRCP + EUS
(ERCP)

92 (42.6)

Definition of diagnostic
yield

MD-IMPN, multifocal
PanIN23
MD-IMPN, multifocal
PanIN2-3, BD-IPMN
Pancreatic lesion

1

Only 41 patients had imaging, resulting in yield of 14.6% (6/41); 2Only 175 patients had imaging, resulting in yield of 1.7% (3/175). PDAC: Pancreatic
ductal adenocarcinomas; HNPCC: Lynch syndrome; FAP: Familial adenomatous polyposis; PJS: Peutz-Jeghers syndrome; FAMMM: Familial atypical
multiple mole melanoma syndrome; HP: Hereditary pancreatitis; FPC: Familial pancreatic cancer; endoscopic retrograde MRI: Magnetic resonance
imaging; CT: Computed tomography; EUS: Endoscopic ultrasonography; ERCP: Endoscopic retrograde cholangiopancreatography; MCN: Mucinous cystic
neoplasms ; IPMN: Intraductal mucinous cystic neoplasm; FNA: Fine needle aspirate.

cholangiopancreatography (MRCP) provides the best
visualization of possible communication with the main
pancreatic duct[9,174]. CT subjects patients to radiation and
has a suboptimal detection rate compared to EUS and
MRI. Abdominal ultrasound and endoscopic retrograde
cholangiopancreatography are not used as screening modalities for PDAC[9].
Biomarkers: Due to high cost, relative inability of noninvasive imaging modalities to detect small and solid
tumors, and the modest risks associated with screening
techniques like EUS, the use of biomarkers for the early
detection of PDAC is an important frontier[175].
Carbohydrate antigen 19-9 (CA 19-9) is the only FDA
approved blood biomarker test for PDAC[176]. However,
due to the low prevalence of PDAC in the population,
CA 19-9 is recognized as a poor screening tool: a screening of over 10000 patients found only 4 cases of PDAC
based on CA 19-9 levels; additionally, 3 of those cases
were not resectable at diagnosis[176]. The sensitivity (70%),
specificity (87%), positive predictive value (59%), and
negative predictive value (92%) are still not high enough
to be used regularly in healthy patients[176,177]. CA 19-9 levels do appear to be informative as a predictor of disease
recurrence post-resection[176,178].
The literature surrounding pancreatic cancer biomarkers is vast: a 2009 analysis found over 2500 genes
overexpressed at the mRNA or protein level[179]. There is
ongoing research that suggests a future for gene expression profiling, proteomics, metabolomics, and microRNA
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as diagnostic PDAC biomarkers.
Current screening guidelines
The low absolute risk of developing PDAC precludes
population-wide screening at the current time, both from
a cost-benefit and absolute harm perspective. Assuming
a lifetime risk of developing PDAC of 1.49%, a hypothetical screening test with 90% sensitivity and specificity would have a positive predictive value (PPV) of just
12%, meaning that almost nine in ten positive screening
results would be incorrect, with those patients subject to
unnecessary stress and further testing[3]. Even a screening
test with 95% sensitivity and specificity would result in a
PPV of just 22%. Notwithstanding, the identification of
genetic and environmental risk factors may provide opportunities to enrich the screening population with highrisk cohorts, which would drastically increase the PPV of
screening results, with the hopes of identifying precursor
or early-stage lesions in some high-risk individuals before
the lesions progress to inoperable pancreatic cancer.
Brand et al[180] published recommendations for PDAC
screening in 2007. They suggested that potential candidates for screening included: (1) BRCA1, BRCA2, p16
mutation carriers with at least one FDR or SDR with
PDAC; (2) a PJS family member (preferably confirmed
germline mutation carrier); (3) HP patients; (4) a patient
with 2 relatives in same lineage with PDAC, at least one
of whom is an FDR of the patient; and (5) patients with
≥ 3 FDR, SDR or third-degree relatives with PDAC.
They suggested that screening of these individuals
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Table 4 Selected highlights
Selected recent advances

Genetic risk factors
In 2009, the use of gene sequencing identified PALB2, which had previously been implicated in breast cancer, as a
susceptibility gene for PDAC[28]
Expression of the palladin gene has been shown to be upregulated by cohabitance of normal fibroblasts with
epithelial cells expressing the K-Ras oncogene. In 2012, it was shown that the palladin gene, which codes for a
cytoskeletal protein, promotes mechanisms for metastasis and outgrowth of tumerogenic cells[90]
Also in 2012, gene sequencing indicated that ATM mutations result in a predisposition to PDAC; LOH was
demonstrated in 2 kindreds with PDAC[77]
Therapy
For patients with diabetes, treatment with metformin is associated with a lower relative risk of pancreatic
cancer[127,136,137]
A 2011 case report detailing a complete pathological response of a BRCA2-associated pancreatic tumor to gemcitabine
plus iniparib showed the potential for PARP inhibitors in the treatment of BRCA2-associated pancreatic cancer[41].
Similar clinical trials are currently underway
Screening
Screening goals
The goal of PDAC screening is the detection and treatment of (1) resectable PDAC; (2) PanIN-3 lesions; and (3) IPMN
with high-grade dysplasia
Low prevalence and high risk cohort enrichment
The low absolute risk of PDAC development precludes population-wide screening from a cost-benefit and absolute
harm perspective. The opportunity to screen high-risk cohorts will vastly increase the PPV of a screening test
Screening efforts
Past screening efforts, using patients cohorts at a high risk of developing PDAC, have demonstrated diagnostic
yields from 1.1% to 50%, depending on their definition of yield (Table 3). Current screening modalities may be costly
and invasive, and therefore associated with some patient risk. Furthermore, the long-term implications for detection
of small and clinically insignificant lesions are uncertain. Further studies are needed to determine appropriate
surveillance
Anticipated future advances and Risk stratification
Personal, family, genetic and environmental history will allow risk stratification and development of tailored
screening possibilities
screening and surveillance programs
Biomarkers
Ongoing research that suggests a future for gene expression profiling, proteomics, metabolomics, and microRNA as
diagnostic PDAC biomarkers
Targeted therapy
As with BRCA2-associated tumors and PARP inhibitors, tumor biology will increasingly dictate the subsequent
therapy
PDAC: Pancreatic ductal adenocarcinomas; IPMN: Intraductal mucinous cystic neoplasm.

should occur only under research protocol conditions,
and required a threshold of at least 10-fold increased
risk of PDAC. However, there was no consensus on the
approach to screening, when to begin screening, and frequency of surveillance.
In 2011, the International Cancer of the Pancreas
Screening (CAPS) Consortium held a conference with a
panel of 49 experts from multiple disciplines, with the
goal “to develop consortium statements on screening,
surveillance and management of high-risk individuals
with an inherited predisposition to PC [pancreatic cancer]”[9]. There was agreement that detecting and treating
invasive resectable PDAC as well as multifocal PanIN-3
and IPMN with high-grade dysplasia should be considered a successful outcome of a screening or surveillance
program.
The CAPS consortium suggested guidelines for PDAC
screening, based on evidence of increased PDAC risk[9].
The statements agreed upon (> 75% consensus) were
to screen candidates with: (1) two FDRs with PDAC; (2)
two blood relatives with PDAC and at least one FDR; (3)
PJS; (4) BRCA2 mutation carriers with either one FDR
with PDAC or at least two affected family members; (5)
PALB2 mutation carriers with at least one FDR with
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PDAC; (6) p16 mutation carriers (FAMMM) with at least
one FDR with PDAC; and (7) lynch syndrome and one
FDR with PDAC. While they agreed that initial screening
should include EUS and/or MRI/MRCP, there was no
consensus about when to start or end screening.
Risk stratification
Based on personal and family history and genetic testing, patients can be stratified into risk categories. Verna
et al[181] defined average risk patients as having one family member with PDAC, diagnosed at age 55 or older;
these patients do not receive screening with EUS or
MRI. Moderate risk patients were defined as those with
two or more first, second, or third-degree relatives with
PDAC, or an FDR with PDAC diagnosed earlier than
age 55; these patients are screened with EUS or MRI.
Finally, high risk patients had three or more first, second,
or third-degree relatives with PDAC, two or more FDRs
with PDAC, one FDR and one SDR with PDAC one of
whom was diagnosed before age 55, or a genetic syndrome with PDAC associated with it; these patients receive both EUS and MRI. For all of the risk groups, any
abnormal testing is followed by EUS if not already done.
Following this screening, if no malignant or premalignant
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disease is found, the patient is surveilled based on their
risk factors. If malignant or premalignant disease is suspected or diagnosed, surgery must be considered.
Past PDAC screening efforts
A number of PDAC screening programs directed at various high-risk groups have been published, largely focusing on EUS as a screening modality. While each group
screened individuals only at elevated risk of PDAC, inclusion criteria, screening modalities, and definition of diagnostic yield varied across groups, resulting in a wide range
of reported yields. Their results, with diagnostic yields
ranging from 1.1% to 50%, can be found in Table 3[3,9].

9

10

11
12

CONCLUSION
PDAC is the fourth most common cause of cancer-related deaths in the United States and a major health issue[1].
With dismal five-year survival rates, significant advances
in the understanding of the etiology and tumor biology,
as well as early detection, screening and treatment of
PDAC are needed (Table 4). Given that only those diagnosed at an early or precancerous stage have a reasonable
expectation of low morbidity and mortality, increased efforts are needed to improve risk stratification and identify
early stage disease or premalignant conditions while they
are still resectable. PDAC screening efforts in these enriched cohorts may also allow us to identify more effective modalities for early detection and screening, which
could be then modified and instituted in the general
population.
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Abstract
Despite tremendous efforts from scientists and clinicians worldwide, pancreatic adenocarcinoma (PDAC)
remains a deadly disease due to the lack of early diagnostic tools and reliable therapeutic approaches.
Consequently, a majority of patients (80%) display an
advanced disease that results in a low resection rate
leading to an overall median survival of less than 6
months. Accordingly, robust markers for the early diagnosis and prognosis of pancreatic cancer, or markers
indicative of survival and/or metastatic disease are des-

WJG|www.wjgnet.com

perately needed to help alleviate the dismal prognosis
of this cancer. In addition, the discovery of new therapeutic targets is mandatory to design effective treatments. In this review, we will highlight the translational
studies demonstrating that microRNAs may soon translate into clinical applications as long-awaited screening
tools and therapeutic targets for PDAC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Micrornas; Biomarkers; Pancreatic cancer;
Therapeutic targets; Precancerous lesions
Core tip: Robust biomarkers and reliable treatments
are needed to help alleviate the dismal prognosis of
pancreatic cancer. In this review, we will highlight the
translational studies demonstrating that microRNAs
may soon translate into clinical applications as longawaited screening tools and therapeutic targets for this
cancer.
Gayral M, Jo S, Hanoun N, Vignolle-Vidoni A, Lulka H, Delpu Y,
Meulle A, Dufresnes M, Humeau M, Chalret du Rieu M, Bournet B, Sèlves J, Guimbaud R, Carrère N, Buscail L, Torrisani J,
Cordelier P. MicroRNAs as emerging biomarkers and therapeutic targets for pancreatic cancer. World J Gastroenterol 2014;
20(32): 11199-11209 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11199.htm DOI: http://dx.doi.
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PANCREATIC CANCER
There are currently no means for the reliable diagnosis of
early stages of pancreatic cancer (PDAC) and the curative
treatment of late stages. Consequently, the vast majority
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of patients (80%) display an advanced disease that results
in a low resection rate leading to a dismal overall median
survival of less than 6 mo[1]. The estimated 5-year survival rate is lower than 2%. While PDAC is not among
the most common tumors, it is one of the most frequent
causes of cancer-related death with approximately 40000
death/year in the United States and in Europe. Thus,
there is an urgent need to discover diagnostic as well
as prognostic molecular markers together with reliable
therapeutics to improve pancreatic cancer management.
PDAC is a highly heterogeneous disease[2] defined by
numerous alterations in multiple signaling pathways[3].
Additionally, specific cellular clones for primary tumors
and metastasis have been identified[4]. Interestingly, the
type and number of genomic rearrangements in DNA
vary considerably between patients, and occur early during tumor development[5]. On the other end, pioneering
studies using genome-wide profiling showed that microRNAs (miRNA) expression can discriminate cancers with
high efficacy[6]. In this review, we will focus on the use of
miRNAs as promising biomarkers and therapeutic targets
for pancreatic cancer (Tables 1-3).

General concept of miRNAs and
cancer
miRNAs are small RNA molecules that functions as
translation inhibitors of messenger RNA by their binding
to 3’-untranslated region[7-9]. These molecules are tightly
involved in the regulation of many physiological processes such as development, proliferation, invasion, and
apoptosis among others. Interestingly, their expression is
profoundly altered in cancer and/or is strongly modulated during carcinogenesis. Thus, the activation of tumorsuppressive miRNAs and the inhibition of oncogenic
miRNAs by small molecules or gene transfer may have
the potential to provide a fundamentally new approach
for the development of cancer therapeutics. Probably the
most important advantage in comparison with current
approaches targeting single genes is the ability to modulate many different pathways “at once” taking into account that one miRNA can regulate hundreds of genes,
frequently in the context of a cell-specific network.

MiRNAs as diagnostic markers for
pancreatic cancer
To date, many strategies based on high-throughput
screening are used to discover relevant clinical biomarkers. For PDAC in particular and pancreatic tissue in general, these protocols are often hindered by the intrinsic
high levels of many nucleases. Consequently, the high stability of miRNAs in tissues and fluids is a key advantage
over protein and mRNA. In addition, miRNAs can be
quantified in very low amounts of material and in highly
degraded samples, such as small biopsies and fine needle
aspirates. This is mandatory to support the use of miRNAs as biomarkers for PDAC at the clinical level. In the
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next sections, we will update the excellent reviews[2,10-15]
and meta-analysis[16] from other groups, and reviews and
book chapters we recently published[17-19] on the use of
miRNAs as biomarkers in PDAC (Tables 1 and 2).
Historically, Pr Schmittgen’s group was the first to
report the expression profiles of miRNAs in PDAC.
They identified miRNAs specifically over expressed in
PDAC (miR-376a, miR-301) or in other tumors (miR-155,
miR-21, miR-221 and miR-222)[20]. Two additional miRNas (miR-132 and miR-212) were recently reported to be
over expressed in PDAC as compared to normal or benign adjacent pancreas to the tumor[21]. Another study by
Pr Shao’s group yielded conflicting results as they demonstrated that miR-132 was down regulated in cancer vs
normal benign normal tissues[22]. Other miRNAs, such as
miR-96[23], miR-34a[24] and miR-21[25], have been reported
to be altered in PDAC as compared to normal adjacent
tissue. miRNAs expression may also help to discriminate
PDAC from chronic pancreatitis. This is of particular
importance to prevent from unnecessary and possibly
debilitating surgery, or to delay tumor treatment, respectively. Historically, Pr Bloomston’s group reported that 21
miRNAs with increased expression and 4 underexpressed
miRNAs differentiated PDAC from normal tissue in
90% of samples and from pancreatitis with 93% accuracy[26]. Twenty additional miRNAs were discovered by
Szafranska et al[27] to discriminate between PDAC, chronic
pancreatic and normal pancreas. Later, expression of
miR-203[28], miR-148a[29], miR-196b[29], miR-196a[29] and
miR-205[29] were demonstrated to be altered in PDAC vs
chronic pancreatitis. Alternatively, miRNA expression
profiles have been recently used to distinguish PDAC
from cholangiocarcinoma, two virtually indistinguishable
cancers using conventional histopathological and clinical
characteristics[30].
Endoscopic ultrasound-guided fine needle aspirations
(FNA) material allows for the screening of the vast majority (> 85%) of PDAC patients that are not eligible for surgery, and, as consequence, may provide new insights for the
diagnosis and prognosis of PDAC. Pr Szafranska’s group
was the first to demonstrate that the expression of miR196a and miR-217 in FNA material can classify PDAC
from benign lesion[31]. This pioneering study led to the
development of the first molecular test for the identification of PDAC[32]. Hence, we demonstrated that let-7
miRNA expression is repressed in PDAC FNAs[33], and
that the measurement of hypermethylation of miR-148a
encoding DNA region is potentially useful to differentiate PDAC and pseudo-tumor forms of chronic pancreatitis[34].

MiRNAs as prognostic and
predictive markers for pancreatic
cancer
MiRNAs are also scrutinized for their ability to predict cancer prognosis and/or response to treatment.
Bloomston et al[26] were the first to report that miR-452,
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Table 1 MicroRNAs as diagnostic markers for pancreatic cancer
miRNA
Let-7a
miR-34a
miR-96
miR-99a
miR-101
miR-132
miR-141
miR-143
miR-145
miR-146a
miR-148a
miR-148b
miR-150
miR155
miR-16
miR-181a
miR-181b
miR-181d
miR-185
miR-191
miR-196a
miR-196b
miR-20a
miR-200a
miR-200b
miR-203
miR-210
miR-212
miR-216
miR-217
miR-21
miR-210
miR-221
miR-222
miR-223
miR-24
miR-27a-3p
miR-29c
miR-30a-3p
miR-301
miR-31
miR-375
miR-376a
miR-494
miR-1290

Biopsies

FNA

X (↓)
X (↓)
X (↓)

X (↓)

Circulating

X (↑)
X (↑)
X (↑/↓)
X (↓)
X (↑)
X (↑)
X (↑)
X (↓)
X (↓)
X (↑)
X (↑)

X (↓)
X (↑)
X (↑)

X (↑)
X (↑)
X (↑)

X (↑)
X (↑)

X (↑)

X (↑)
X (↑)
X (↑)
X (↑)
X (↑)
X (↑)

X (↑)
X (↑)
X (↑)
X (↓)
X (↓)
X (↑)
X (↑)
X (↑)
X (↑)
X (↑)

X (↑)

X (↓)
X (↑)

X (↑)
X (↑)
X (↑)

X (↑)
X (↑)
X (↓)
X (↓)
X (↑)
X (↑)
X (↓)
X (↑)
X (↓)
X (↑)

Ref.
[33]
[24]
[23]
[55]
[67]
[21,22]
[27]
[27]
[27]
[27]
[27,29]
[27,34]
[27]
[26,27,53,62,67,68]
[57]
[26]
[26]
[26]
[59]
[55,59]
[27,29,32,53,57]
[27,29]
[55,59]
[56]
[56]
[28]
[29,54]
[20]
[27]
[27,31]
[20,26,25,51,53,55,60,64,
67-69]
[27,53]
[20,26,58,69]
[20,26,27]
[27]
[55]
[59]
[27]
[27]
[20]
[27]
[27]
[20]
[27]
[61]

miRNAs: MicroRNAs; Biopsies: resected tumors; FNA: fine needle
aspiration; ↑: upregulated; ↓: downregulated.

miR-105, miR-127, miR-518a-2, miR-187, and miR-30a3p are over-expressed in the tumors of patients with
survival greater than 2 years. Moreover, tumors with high
expression of miR-196a-2 or miR-219 have a lower median survival compared with those with low expression.
In addition, over expression of miR-155[35], miR-200[35],
miR-203 [35] , miR-205 [35] , miR-200c [36] , miR-21 [37] ,
miR-212[38] and miR-675[38] and reduced expression of
miR-34a[37], miR-30d[37], miR-148a[38], miR-187[38], miR130b[39] and let-7g[38] in PDAC are associated with poorer
survival rate. Last, low miR-211 expression was demonstrated as an independent factor of poor prognosis in
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resected PDAC[40].
Gemcitabine is broadly used as a first-line chemotherapeutic treatment for patients with unresectable locally
advanced or metastatic pancreatic cancer[41]. However,
the 5-year survival rate is only 2%[42], with 1-year survival
rates ranging from 17% to 23%[41]. Recently, phase Ⅱ
and Ⅲ trials exploring gemcitabine-based combinations
with erlotinib[43], FOLFIRINOX[44] or nab-Paclitaxel[45]
were found to improve overall survival of patients. However, the moderate activity of standard gemcitabine and
gemcitabine-based regimens still encourages the discovery of robust biomarkers that may help to stratify PDAC
patients for tailored therapy. Gemcitabine requires transporter proteins to cross cell membranes. Low expression
of human equilibrative nucleoside transporter-1 (hENT1)
may result in gemcitabine resistance in PDAC. Recent
studies have revealed that high levels of hENT1 in PDAC
predict longer survival times in patients treated with adjuvant gemcitabine[46]. In another study, CO-101, a lipiddrug conjugate of gemcitabine, was designed to enter
cells independently of hENT1[47]. However, CO-101 was
found not superior to gemcitabine in patients with metastatic PDAC and low tumor hENT1. In addition, metastasis hENT1 expression doesn’t predict gemcitabine outcome. Interestingly, Giovannetti et al[48] found that high
miR-21 expression in tumors is associated with shorter
overall survival both in the metastatic and in the adjuvant setting, while patients with low miR-21 expression
may benefit from gemcitabine treatment[49]. Gemcitabine
resistance is also associated with the cellular over expression of miR-146 and the reduced expression of miR-205
and miR-7[50]. Last but not least, Pr Korc’s group recently
demonstrated that miR-10b is a novel and powerful diagnostic biomarker for PDAC[51]. Like miR-21, miR-10b is
over expressed in the FNA material from PDAC patients.
Additionally, reduced expression of miR-10b is associated with improved response to multimodality neoadjuvant
therapy, likelihood of surgical resection, delayed time to
metastasis, and increased survival. Thus, miR-10b is likely
to be a novel marker to diagnose PDAC, but may also
serve as a biomarker for response to gemcitabine-based
neoadjuvant therapy, and be predictive of early metastasis
formation. In experimental models, miR-10b was demonstrated to promote PDAC-derived cells proliferation and
invasion by suppressing TIP30, which enhances EGFR
signaling, facilitates EGF-TGF-β cross-talk together with
the expression of epithelial-mesenchymal transitionpromoting genes[52].

Circulating miRNAs as biomarkers
for pancreatic cancer
The recent discovery of miRNAs in serum or plasma
opens up the possibility of using non coding RNAs as
circulating biomarkers of disease. Wang et al[53] were the
first to report the detection of miRNA in the blood
of PDAC patients. They demonstrated that plasmatic
miR-21, miR-210, miR-196a and miR-155 reveal a sensi-
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Table 2 MicroRNAs as prognostic and predictive markers for pancreatic cancer
miRNA

Biopsies

miR-105, miR-127, miR-187, miR-30a-3p, miR-452, miR-518a-2
miR-155, miR-200, miR-203, miR-205
miR-21 (↑), miR-34a (↓), miR-30d (↓)
miR-212 (↑), miR-675 (↑), miR-148a (↓), miR-187 (↓), let-7g (↓)
miR-146 (↑), miR-205 (↓), miR-7 (↓)
miR-10b
miR-196a
miR-219
miR-200c
miR-21

FNA

X (↑)
X (↑)
X
X
X

Prognostic
+
+
-

X (↑)
X (↑)
X (↑)
X (↑)
X (↑)

X (↑)

+
-

Predictive of treatment efficacy

Ref.

-

[26]
[35]
[37]
[38]
[50]
[51,52]
[26]
[36]
[36]
[40,41,51]

-

miRNAs: MicroRNAs; Biopsies: resected tumors; FNA: fine needle aspiration; ↑: upregulated; ↓: downregulated; +: good prognosis/response to
treatment; -: bad prognosis/response to treatment.

Table 3 MicroRNAs as therapeutic targets in pancreatic cancer
miRNA

Expression

Known target(s)

Let-7
miR-10b
miR-21

↓
↑
↑

KRAS
TIP30

miR-23b
miR-29a
miR-34a
miR-96
miR-99b
miR-132
miR-138
miR-141
miR-142-3p
miR-148a
miR-148b
miR-150*
miR-181b
miR-197
miR-198
miR-212
miR-218
miR-221
miR-320c
miR-373
miR-630
miR-655

↓
↓
↑↓
↓
↓
↓
↑
↓
↑
↓
↑

Function

Ref.

Inhibition of cell proliferation, chemosensitization
Increased cell proliferation and invasion
Inhibition of cell proliferation, invasion, tumor growth, chemoresistance and
inhibition of apoptosis
Radioresistance
Wnt/β-catenin
Chemosensitization to gemcitabine
Smad3
Inhibition of cell proliferation and invasion, induction of apoptosis
KRAS
Inhibition of cell proliferation, invasion, tumor growth and induction of apoptosis
mTOR
Radioresistance
Rb1
Alteration of cell proliferation
lipocalin
Inhibition of tumorigenicity
MAP4K4
Inhibition of cell proliferation and invasion, chemosensitization
Inhibition of cell proliferation
None
AMPKα1
Inhibition of cell proliferation, invasion and chemosensitization
IGF-1R
Induction of apoptosis
NFkB
Chemosensitization to gemcitabine
Induction of EMT
MSLN, OCT-2, PBX-1, VCP Inhibition of cell proliferation, invasion, tumor growth and induction of apoptosis
Rb1
Increased cell proliferation
Inhibition of cell proliferation and tumor growth and metastasis
Increased migration, proliferation and EMT
SMARCC1
Chemosensitization to gemcitabine
Increased tumor growth
IGF-1R
Induction of apoptosis
Inhibition of EMT

[33,85,86]
[52]
[95]
[91]
[88]
[82,83,94]
[23,70]
[90]
[31,32]
[93]
[92]
[72]
[78]
[79]
[73]
[89]
[75]
[71]
[21]
[84]
[77]
[77]
[74]
[73]
[76]

↑: upregulated; ↓: downregulated; EMT: Epithelial-mesenchymal transition.

tivity of 64% and a specificity of 89% for PDAC. A recent study further confirmed that circulating miR-210[54]
and miR-21[55] are elevated in PDAC patients and may potentially serve as a useful biomarker for PDAC diagnosis.
In addition, miR-200a[56], miR-200b[56], miR-16[57], miR196a[57], miR-20a[55], miR-24[55], miR-25[55], miR-99a[55],
miR-185[55], miR-221[58] and miR-191[55] were described as
significantly elevated in the sera of PDAC as compared
with controls. Combining miR-16[57] and miR-196a[57], or
miR-27a-3p[59] detection with CA 19-9 quantification is
even more effective to discriminate PDAC from controls.
However, Pr Hoheisel’s group recently reported that
blood miRNAs profile could not discriminate pancreatitis
from PDAC efficiently[60]. Last, but not least, Pr Goggin’s
group recently demonstrated that miR-1290 accurately
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distinguishes patients with low-stage pancreatic cancer
from healthy and disease controls[61]. Such study paves
the way for the non-invasive detection of early PDAC lesions.

Open question: what is the
significiance of miRNAs in high
risk patients for developing
pancreatic cancer?
One of the current avenues of research to improve the
management of pancreatic cancer is to better understand
the early stages of the disease in order to allow for curative surgery and to prevent the risk of cancer in popula-
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tions at risk. Advances in biomedical research have led
to recent evidence that pancreatic cancer develops from
preneoplastic lesions which can be considered as very
effective risk factors. Three types of lesions have been
identified so far: pancreatic intraepithelial neoplasia, mucinous cystadenomas, and Intraductal Papillary Mucinous
Neoplasia of the pancreas (IPMN). Interestingly, the
latter lesions can be readily detected due to the progress
and the multiplicity of the imaging devices in the clinical
departments. The risk of degeneration of IPMNs varies
according to the type of injured duct: it is of the order of
60% for IPMN located in the main duct (or mixed) while
this risk is estimated at 15% for branch ducts. IPMN
now represent 25% of the diagnosed pancreatic cystic
tumors and 20% of resected pancreatic tumors, respectively. Therefore, one of the most promising strategies
to improve the dismal prognosis of pancreatic cancer is
to identify early indicators of degeneration of IPMNs in
populations at high risk of developing this cancer. Interestingly, miRNAs have recently revealed a great potential
as reliable early diagnosis biomarkers in IPMNs. Again,
miR-21 and miR-155 are highly expressed in IPMN,
while miR-155 is elevated in IPMN-associated pancreatic
juice as compared to controls[62]. We demonstrated that
miR-205 and miR-21 overexpression precede phenotypic
changes in the pancreatic ducts, both in human samples
and in transgenic mice developing cancer[63]. Interestingly,
such over expression may occur early in the transformation from normal pancreatic tissue, as benign cystic
tumors of low and high malignant potential express high
levels of this miRNA[64]. This strongly suggests that miRNAs such as miR-21 can possibly be used for an early diagnosis of this neoplasm. In a similar experimental model, Yabushita et al[65] recently reported the over expression
of miR-155, miR-21, miR-210, miR-18a, miR-203, miR30b-5p, miR-31, miR369-5p, miR3-376a and miR-541 in
the serum of a human KRAS oncogenic transgenic rat
model. More importantly, Matthaei et al[66] assessed the
diagnostic benefit of using miRNAs as biomarkers in
pancreatic cyst fluid in patients, to identify IPMN that
require resection and exclude non-mucinous cysts with
a sensitivity of 89%, a specificity of 100%, and AUC of
1. This work was further completed by Pr Giovannetti’s
group who demonstrated that miR-21, miR-155 and
miR-101 showed significant differences in invasive vs
non-invasive IPMNs, with miR-21 described as an independent prognostic biomarker in invasive IPMNs[67].
Again, miR-21 and miR-155 were recently described as
upregulated during the development and progression of
IPMN[68]. MiR-21 in cystic fluid was identified as a candidate biomarker to distinguish between benign, premalignant, and malignant cysts[69], while miR-221 could be
used for the identification of more advanced malignant
disease[69]. Last, a work from Pr Maitra’s group recently
revealed that a 9-miRNA panel quantified in cystic fluid
may aid in diagnosis and surgical treatment decisions for
patients with pancreatic cystic lesions, such as high-grade
IPMNs[66]. Thus, miRNAs may reveal as non-invasive
indicators of degeneration in a population at high risk of
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developing incurable cancer. Once identified, patients will
be stratified and will benefit from early surgical management that will greatly improve their survival and prognosis. Finally, this approach is likely to strengthen the surveillance protocol and to reduce the costs associated with
patients care.

ROLE OF MIRNAS IN PANCREATIC
CANCER
miRNAs are broadly involved in pancreatic
carcinogenesis
Many miRNAs have been reported to alter cancer proliferation and/or migration, both in vitro and in vivo.
miR-132 and miR-212 were recently reported to be over
expressed in pancreatic cancer as compared to normal
or benign adjacent pancreas to the tumor[21]. Interestingly, these miRNAs target the retinoblastoma tumor
suppressor 1 (Rb1) to favor cancer cell proliferation[21].
Another study by Pr Shao’s group yielded conflicting
results as they demonstrated that miR-132 was down
regulated in cancer vs normal benign normal tissues[22].
In the later study, enforced expression of miR-132 in cell
lines derived from PDAC led to proliferation and colony
formation inhibition[22]. Yu et al[23] reported that miR-96 is
downregulated in PDAC as compared to normal tissues
and targets KRAS. Consequently, restoring miR-96 expression strongly inhibited in vitro cell proliferation, invasion, induced apoptosis and reduced tumor growth. This
was further confirmed in a recent study linking ecotropic
viral integration site 1 oncoprotein-mediated inhibition
of miR-96 to promote KRAS expression during early
pancreatic carcinogenesis[70]. MiR-198 acts as a central
tumor suppressor in PDAC and modulates the expression of many oncogenic factors such as MSLN, OCT-2,
PBX-1, and VCP[71]. Very interestingly, low miR-198 expression prognosticates poor patient outcome, while high
miR-198 may disrupt this oncogenic network and predict
better prognosis and increased survival.
Epigenetic regulation of miRNAs involved in pancreatic
cancer progression
MiR-148 family members may have distinct effects on
PDAC-derived cells proliferation. While miR-148a expression is lost during PDAC carcinogenesis following
methylation of its DNA sequence[34], we recently demonstrated that enforced expression of this miRNA didn’t
impaired PDAC-derived cells cell proliferation nor tumor
growth in experimental models[72]. On the other hand,
recent results described that miR-148b can inhibit cell
proliferation, invasion, and enhance chemosensitivity of
PDAC by targeting AMPKα1[73]. MiR-124 is also silenced
by aberrant methylation in PDAC; consequently, tumor
progression and metastasis are enhanced due to the lack
of Rac1 targeting[74]. MiR-34a miRNA, which is directly
regulated by p53, is also subjected to epigenetic silencing
in numerous neoplasms, including PDAC[75]. Strikingly,
this miRNA plays a pivotal role in PDAC stem cell self-
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renewal and may hold significant promise as novel target
for PDAC[24]. In addition, the natural compound genistein
up-regulates this miRNA to suppress cell proliferation
and induce cell death by apoptosis of PDAC-derived cell
lines[76]. MiR-34a was also recently reported as a tumor
metastasis suppressor by negatively modulating Smad3[77].
Last, Li et al[78] recently demonstrated that the histone
methyltransferase enhancer of zeste homolog 2 inhibits
miR-218 expression, that prevents proliferation of PDAC
cells in culture, and tumor growth and metastasis in nude
mice.
miRNAs regulates the epithelial-mesenchymal transition
in pancreatic cancer
Besides the miR-200 family members (reviewed elsewhere), miRNAs such as miR-197 and miR-655 have
been recently involved in the epithelial-mesenchymal
transition in PDAC cells, by targeting p120 catenin[79] and
ZEB1 and TGFBR2, respectively[80]. In addition, microRNA-221 participates in the effects of PDGF-BB on migration, proliferation, and to the epithelial-mesenchymal
transition in these cells[81].
miRNAs are key players in drug-mediated inhibition of
pancreatic cancer growth
Recently, different molecules were found to alter miRNA
expression in PDAC to inhibit cell proliferation and/or
tumor growth. Triptolide that downregulates HSP70, a
molecular chaperone upregulated in several tumor types,
was recently shown to upregulate miR-142-3p in PDAC
cells, to inhibit cell proliferation[82]. More importantly,
Minnelide, a water-soluble prodrug of triptolide, induces
the expression of miR-142-3p in vivo. In addition, the
adamantyl retinoid-related molecule 3-Cl-AHPC was
recently demonstrated to induce miR-150* and miR-630
miRNAs expression to target IGF-1R and promote
apoptosis in PDAC cells[83]. Inappropriate regulation of
intracellular zinc levels may also plays an important role
in PDAC. Recently, increased zinc influx mediated by the
zinc importer ZIP4 was demonstrated to induce miR-373
expression in pancreatic cancer to promote tumor
growth[84].
Besides miR-148b, Let-7 is also involved in the chemosensitization of PDAC-derived cell lines. Indeed,
reduced expression of the let-7 miRNAs family members was identified in gemcitabine-resistant PDAC cell
lines[85]. This was correlated with a higher expression
of ribonucleotide reductase subunit M2 (RRM2), a key
protein involved in gemcitabine resistance. In this work,
the authors nicely demonstrated that Let-7 can regulate
RRM2 expression, but also that Let-7 biogenesis was
severely impaired in PDAC cells [85]. The latter effect
seems to be recurrent in PDAC as nuclear TRAILR2
was recently demonstrated to inhibit maturation of Let-7
in PDAC cell lines to increase their proliferation[86]. Additionally, miR-320c, miR-29a and miR-181b were found
to regulate the resistance of PDAC cells to gemcitabine
through SMARCC1[87], the Wnt/β-catenin[88] and the
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NF-κB[89] signaling pathways, respectively. In a recent
report, miR-141 was found to target MAP4K4 to inhibit
cell proliferation, clonogenicity and invasion, induce G1
arrest and apoptosis, and enhance chemosensitivity[90].
Alternatively, radiation resistance of PDAC-derived cell
lines has also been linked to miRNAs, such as miR99b[91]. In a very interesting study by Wang et al[92], miR23b was found to regulate autophagy associated with
radioresistance of PDAC cells.

MIRNAS AS NEW THERAPEUTIC
TARGETS FOR PANCREATIC CANCER
MANAGEMENT
As stated in the previous sections, miRNA expression is
profoundly altered in pancreatic cancer and/or is strongly
modulated during carcinogenesis. Thus, the activation
of tumor-suppressive miRNAs and the inhibition of
oncogenic miRNAs may have the potential to provide
a fundamentally new approach for the development of
therapeutics for many cancers including PDAC. Probably the most important advantage in comparison with
current approaches targeting single genes is the ability to
modulate many different pathways “at once” taking into
account that one miRNA can regulate hundreds of genes,
frequently in the context of a cell-specific network. In
this section, we will update our recent book chapters on
the use of miRNAs as therapeutic tools to control PDAC
progression[17,18] (Table 3).
Few reports described the use of miRNAs as therapeutic targets to control PDAC tumor progression, in vivo.
We demonstrated that let-7 enforced expression strongly
inhibits PDAC cell proliferation[33]. This was achieved
either using plasmid-encoding miRNA or lentiviral vectors. However, restoring let-7 levels in cancer-derived cell
lines failed to impede tumor growth progression after
intratumoral gene transfer. Using a similar strategy, Lee et
al[93] recently demonstrated that miR-138 transfection of
cancer cells in vivo reduces tumor formation by targeting
neutrophil gelatinase-associated lipocalin. Interestingly,
nanoparticles targeted to PDAC-derived cells using bifunctional CC9 peptide successfully delivered miR-34a to
inhibit the growth of subcutaneous PANC-1 tumors[94].
We recently devised a lentiviral vector to target miR-21,
one of the most described miRNA in oncology[95]. Following transduction with this vector, PDAC-derived cells
cell proliferation is strongly inhibited, and cancer cells die
by apoptosis through the mitochondrial pathway. In vivo, a
single inoculation of the therapeutic vectors in exponentially growing PDAC tumors stops cancer progression,
inhibits cell proliferation and provokes cancer cell death
by apoptosis. We found that our approach surpasses
the therapeutic efficacy of standard treatments for this
disease. Interestingly, miR-21 depletion enhances tumor
angiogenesis; consequently, combining miR-21 targeting
with gemcitabine eradicate experimental PDAC tumors.
During this study, we treated existing tumors with miR-21
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antagonists, a paradigm closely related to the clinical scenarios in which such therapies will be employed. While
there clearly remains significant work to be done, this
work is the first to demonstrate that targeting oncogenic
miRNA is very effective to stop the tumor growth of a
very aggressive PDAC model. It also emphasizes the central role of miR-21 in this cancer, and paves the way to
forthcoming studies to discover the many pathways controlled by this miRNA in PDAC. Because miR-21 is over
expressed in most human tumors; therapeutic delivery
of miR-21 antagonists may still be beneficial for a large
number of cancers for which no cure is available.

of cancer in clinical trials in the next few years.
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Abstract

Tamburrino D, Partelli S, Crippa S, Manzoni A, Maurizi A, Falconi M. Selection criteria in resectable pancreatic cancer: A biological and morphological approach. World J Gastroenterol 2014;
20(32): 11210-11215 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11210.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11210

Pancreatic ductal adenocarcinoma (PDA) remains one
of the most aggressive tumors with a low rate of survival. Surgery is the only curative treatment for PDA,
although only 20% of patients are resectable at diagnosis. During the last decade there was an improvement in survival in patients affected by PDA, possibly
explained by the advances in cancer therapy and by
improve patient selection by pancreatic surgeons. It is
necessary to select patients not only on the basis of
surgical resectability, but also on the basis of the biological nature of the tumor. Specific preoperative criteria can be identified in order to select patients who will
benefit from surgical resection. Duration of symptoms
and level of carbohydrate antigen 19.9 in resectable
disease should be considered to avoid R1 resection and
early relapse. Radiological assessment can help surgeons to distinguish resectable disease from borderline
resectable disease and locally advanced pancreatic
cancer. Better patient selection can increase survival
rate and neoadjuvant treatment can help surgeons select patients who will benefit from surgery.

WJG|www.wjgnet.com

Key words: Pancreatic ductal adenocarcinoma; Pancreatic cancer; Borderline resectable pancreatic cancer;
Pancreatic surgery; Pancreatic cancer staging
Core tip: The aim of this work was to improve identification of patients with pancreatic ductal adenocarcinoma, who will benefit from pancreatic resection.
Duration of symptoms and level of carbohydrate antigen 19.9 in patients with resectable disease should be
considered to avoid R1 resection and early relapse. Radiological assessment can help surgeons to distinguish
resectable disease from borderline resectable disease
and locally advanced pancreatic cancer.

INTRODUCTION
Despite recent advances in cancer therapy, pancreatic
ductal adenocarcinoma (PDA) remains one of the most
aggressive tumors and is among the four most frequent
causes of tumor-associated deaths in both men and
women in the European Union and the United States[1,2].
Surgical resection still represents the only curative treatment for PDA, although only a small fraction of tumors
is amenable to surgical resection at diagnosis[3-6]. Moreover, among patients who undergo surgery, 30% develop
early recurrence as a result of misdiagnosed aggressive
disease[6]. The aim of this paper is to review the current
available data on factors related to adverse prognosis in
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patients with resectable PDA.

EPIDEMIOLOGY
Only 20% of patients with PDA are resectable at diagnosis and 5-year overall survival (OS) after curative
resection is only 20%[4-8]. During the last decade survival
rates of PDA have remained dismal with a 5-year OS of
15%-20% after pancreaticoduodenectomy and 8%-15%
after distal pancreatectomy[9,10]. In the 1990s there was
no improvement in 5-year OS, which was even lower
(2.3%-2.7%) compared with the 5-year OS rate observed
in the late 1980s (2.5%-3.1%)[11]. Despite progress in
diagnostic procedures, most cases are still metastatic at
diagnosis, and are not amenable to radical surgery and
even when curative surgery is performed, most patients
will eventually relapse[11]. In a large, retrospective, study
of a high-volume centre in Italy, Barugola et al[12] compared the survival time-trends in a selected population
of patients affected by resectable PDA. There were
114 (21%) resections in 1990-1999 and 430 (79%) in
2000-2008. The length of hospital of stay (16 d vs 10 d)
and postoperative mortality (2.6% vs 1.1%) significantly
decreased over time. The median disease-specific survival significantly increased from 16 mo in the first period
to 29 mo in the second period. Resection performed in
1990-2000 was an independent predictor of poor outcome, indicating that long-term survival after surgery for
resectable PDA significantly improved in the last decade.
This improvement is possibly explained by the advances
in cancer therapy but also by better patient selection by
pancreatic surgeons. As regards oncological progress, in
recent years several efforts have been made to develop
effective drugs for pancreatic cancer. In particular, two
recent randomized clinical trials that included patients
with metastatic PDA demonstrated significantly better
survival for the treatment groups compared with control
groups of patients treated with gemcitabine[13,14]. Conroy
et al[14] showed that patients treated with FOLFIRINOX
(5-fluorouracil, oxaliplatin, and irinotecan) had improved
survival compared with a gemcitabine alone group, with
a median OS of 11.1 mo vs 6.8 mo with an objective
response rate of 31.6% vs 9.4%. Similarly, Von Hoff et
al[13] have shown a better survival in patients with PDA
treated with gemcitabine plus nab-paclitaxel compared
with gemcitabine alone. In this work, OS was 8.5 mo in
the treatment group compared with 6.7 mo in the control group. The increase in objective response rate due to
improvement in oncological treatments can also have the
consequence of increasing the number of resectable patients[15]. Better patient selection has probably modified
the survival of patients with PDA because of changing resectability criteria. Among those who undergo
surgical resection, up to 30% of patients die of disease
within 1 year after surgery[6,16]. In this subgroup, recurrence is early, and survival rates are comparable to those
observed in patients with advanced disease undergoing
antitumoral therapies alone[17]. The risk of early failure
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after surgery could be associated with the following: (1)
inadequate preoperative radiological staging; (2) lack of
radical surgery; and (3) differences in tumor aggressiveness. Undoubtedly, what is common to patients who will
recur early, is disease with more aggressive biological
behavior.
All of these patients are resectable at diagnosis, but
probably the difference with the others patients is the
biological characteristics of the tumor. In addition, there
is a relationship between hospital volume with long-term
survival in patients with cancer subjected to pancreatectomy, probably due to patient selection and technical
expertise at the major centers that are responsible [18].
Therefore, it is necessary to select patients not only on
the basis of surgical resectability, but also on the basis of
the biological nature of the tumor.
Preoperatively, we can identify specific criteria to be
recognized in order to select those patients who will actually benefit from surgical resection. Focusing on these
criteria, we suggest a step-by-step approach for patients
with pancreatic cancer; the first step is to consider their
clinical and laboratory factors and then their radiological
features.

CLINICAL AND LABORATORY CRITERIA
In order to select patients who will benefit from a surgical
approach, we have to consider not only the imaging but
also other parameters such as symptoms, risk of mortality related to the patient’s comorbidity, and the level of
carbohydrate antigen (CA),19.9. Symptoms of PDA depend on the site of the pancreatic lesion; for pancreatic
head tumors, jaundice is the first sign, whereas for pancreatic body/tail tumors, pain is the most frequent symptom. Duration of symptoms > 40 d is an important parameter associated with a higher risk of early recurrence
among patients who undergo surgery[6]. Although the
reason behind abdominal pain in PDA remains unclear,
it is likely that this represents the result of pancreatitis or
tumoral invasion of the retroperitoneal nerves[10,19,20]. The
presence of invasion of the retroperitoneal nerves, which
causes pain, means that the tumor is over the gland, thus,
despite radiological resectability, it should be considered
as a borderline or locally advance disease. Nevertheless,
not all patients with a resectable PDA are also fit for
surgery. Before planning pancreatic resection therefore,
it is mandatory to assess carefully the surgical risk of
each patient. Several studies have demonstrated that elderly patients have an increased risk of morbidity after
pancreaticoduodenectomy (PD), in particular related to
postoperative pancreatic fistula, although morbidity and
mortality rates are acceptable[21]. It could be therefore justified to offer PD to elderly patients who do not have significant comorbidity[21]. Brozzetti et al[22] have compared
two group of patients (Group A > 70 years and Group
B < 70 years). They showed significantly higher operative
morbidity and mortality in Group A and they concluded
that, although an aggressive surgical approach is justified
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in elderly patients with pancreatic adenocarcinoma, surgical complications that lead to reoperation are responsible
for high mortality in elderly patients. In addition to general causes, such as concomitant disorders, reduced functional reserve, poor tolerance to stress, and the texture of
the pancreatic remnant, there are specific prognostic factors affecting pancreaticojejunostomy leakage and related
mortality.
Another important parameter related to the aggressiveness of disease is the level of CA19.9. CA19.9
has been used for the diagnosis, prognosis, and followup of pancreatic cancer patients. Preoperative CA19-9
is strongly associated with tumor stage. A decrease in
CA19.9 level is the best index of improved prognosis[23,24]. In contrast, patients with increased CA19.9 after
resection had a significantly shorter median survival
time. In another study published by Montgomery et al[25],
patients who had CA19.9 < 180 U/mL in the first 3
mo after surgery had improved survival. Lower preoperative CA19.9 values correlated not only with a lower
pathological stage, but also with increased post-resection
survival. The presence of preoperative CA19.9 < 1000
U/mL was associated with a median survival of 28 mo
compared with 12 mo in patients with CA19.9 > 1000
U/mL[23]. CA19.9 > 200 U/mL in patients with resectable PDA is associated with a higher risk of early failure
after resection for pancreatic cancer. The importance of
CA19.9 levels as a prognostic marker in PDA has been
demonstrated in several other studies that have evaluated the decrease in CA 19-9 after anti-tumor therapy.
Yang et al[26] have shown that patients who had a CA19.9
decrease of > 90% following chemoradiotherapy (CRT),
had a significantly improved median survival compared
with those who had not (16.2 mo vs 7.5 mo). The median survival of patients with a CA19.9 level lower than
the median post-CRT value was 10.3 mo, compared
with 7.1 mo for those with a CA19.9 level greater than
the median. After CRT, CA19.9 < 50 U/mL also had a
meaningful prognostic significance. In the neoadjuvant
therapy setting, the measurement of CA19.9 is an essential variable in the evaluation of possible surgical resection of tumors that exhibit a response to treatment.

RADIOLOGICAL CRITERIA
The diagnostic phase and the resectability assessment of
PDA should always involve a multidisciplinary evaluation.
In this setting, it is important to offer patients the expertise of a high-volume center and dedicated multidisciplinary team (MDT). The importance of MDTs has been
widely demonstrated for other malignancies[27,28]. Similarly, Pawlik et al[29] have analyzed the impact of MDTs in
the management of patients with pancreatic cancer. They
analyzed 203 patients with computed tomography (CT)
that revealed locally advanced/unresectable disease (35%),
metastatic disease (18%), and locally advanced disease
with metastasis (1%). After an accurate review of the
imaging, the clinical stage of the disease was modified in
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19% of patients. Overall, 48 out of 203 (24%) patients
had a change in their recommended management based
on clinical review of their case by the pancreatic MDT.
As a consequence, the quality of imaging as well as the
expertise of radiologists contributes significantly to better patient selection. Imaging should include at least one
high-quality technique such as CT or magnetic resonance
imaging. CT should be performed according to a defined pancreas protocol such as triphasic cross-sectional
imaging and thin slices. Optimal multiphase imaging
techniques include a non-contrast phase, plus arterial,
pancreatic parenchymal and portal venous phases of
contrast enhancement with thin cuts (3 mm) through the
abdomen[30]. The arterial phase shows excellent opacification of the celiac axis and the superior mesenteric artery,
whereas the superior mesenteric, portal and splenic veins
and the pancreas itself are opacified in the venous phase.
Likewise, the detection of liver metastasis is optimal in
the latter phase. Weg et al[31] and Kopka and Grabbe[32]
have noted that a slice thickness of 2-4 mm is superior
to 5-10 mm in the detection of small liver metastases.
Moreover, the introduction of multidetector CT imaging
has allowed the acquisition of these thinner slices in liver
imaging, resulting in improved detection rates of liver
metastases[33]. Vascular involvement is another important
finding that can be assessed preoperatively by CT scan.
A classification of vascular involvement in pancreatic
cancer has been defined by the MD Anderson Group[34].
This classification includes two separate entities: (1) borderline resectable: PDA that is defined as a tumor with an
abutment ≤ 180° (one half or less) of the circumference
of the superior mesenteric artery (SMA) and/or with a
short-segment encasement/abutment of the common
hepatic artery (typically at the gastroduodenal origin)
and/or with short-segment occlusion with suitable vessel above and below in superior mesenteric vein (SMV)
or portal vein (PV); and (2) locally advanced: PDA that
is defined as a tumor with an encasement > 180° of the
SMA and/or with an encasement and no technical option for reconstruction usually because of extension to
the celiac axis/splenic/left gastric junction or the celiac
origin, and/or with occlusion of the SMV/PV without
an option for reconstruction. Nonoperative management
for locally advanced pancreatic cancer (LAPC) is largely
accepted[15,35-37]. Neoadjuvant treatment with combination chemotherapy results in a higher resection rate
compared with single agent chemotherapy (33% vs 27%)
as confirmed by Gillen et al[38] in their meta-analysis. In
contrast, the optimal management for borderline resectable tumors is still debated. Compared with resectable
PDA, borderline tumor is characterized by a higher risk
of positive-margin resection with a subsequent higher
risk of recurrence[34]. Although the prognosis of borderline resectable patients is significantly better than that
of LAPC, survival rates are worse than those of resectable tumors[39]. Moreover, the role of arterial resection
(AR) during pancreatectomy in borderline tumors has
been analyzed in a recent systematic review published by
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Mollberg et al[40]. Perioperative morbidity rates of patients
with AR ranged from 17% to 100% (median 53.6%)
with a median mortality rate of 12% (range: 0%-45.5%)
compared to 2.6% in standard pancreatic resection[29,30].
Pancreatectomy with AR then increases the risk of mortality fivefold, without significant advantages in terms of
long-term survival. These results demonstrate that the
artery involvement by PDA, implies a more aggressive
tumor biology, and these neoplasms should be considered as locally advanced despite the feasibility of surgical
resection. Also, the involvement of the splenic artery has
been demonstrated to be an adverse prognostic factor
in body/tail PDA[41]. Neoadjuvant therapy is specifically
beneficial in borderline resectable tumors and increases
the fraction of resectable tumors. Katz et al[42] reported
that 78% of patients completed neoadjuvant therapy and
restaging, and 41% of them eventually underwent pancreatectomy. In this light, they suggest that neoadjuvant
treatment could be considered to select properly patients
who can benefit from surgery.

FURTHER DIAGNOSTIC TOOLS TO
ASSESS RESECTABILITY
In several cases of patients with seemingly resectable tumors, clinical and radiological work-up could be lacking
and further examinations are warranted in order to clarify
doubtful findings (i.e., elevated CA19.9 or persistence of
abdominal pain). It has been observed that, in about 15%
of patients with radiologically resectable PDA, surgery
does not improve survival[43]. These patients are at high
risk of early death despite radical surgery and they should
be identified preoperatively using additional tests. Endoscopic ultrasound (EUS) is complementary to CT in the
staging of the disease and in the detection of vascular invasion (SMA, SMV, and celiac axis) and lymph node metastasis[44,45]. Also EUS with fine needle aspiration (FNA)
is preferable to CT-guided FNA in patients with resectable disease because of better diagnostic yield, safety, and
potentially lower risk of peritoneal seeding[30]. EUS could
be also helpful for obtaining a cytological grading of the
tumor preoperatively. Among patients with borderline resectable PDA, the presence of a poorly differentiated or
anaplastic tumor is another factor that shifts the management toward neoadjuvant treatment[6]. Nevertheless, the
accuracy of FNA in the assessment of tumor grading has
not been validated so far. Diagnostic staging laparoscopy
to rule out metastasis not visible at standard imaging is
routinely used in some institutions prior to surgery or
chemoradiation or in patients with high risk for disseminated disease. Selective use of laparoscopy may be more
appropriate and will probably be a more cost-effective
approach[46]. The role of positron emission tomography
(PET) with 18fluorodeoxyglucose is still unclear, although
it may be considered after formal pancreatic CT protocol in patients with high risk of metastasis, but it is not
a substitute for high-quality, contrast-enhanced CT[30].
Nowadays, PET-CT favorably alters management more

WJG|www.wjgnet.com

often when used for therapeutic monitoring compared to
staging or restaging[47].
Beyond these imaging techniques, genetic status of a
pancreatic carcinoma can be used to predict widespread
metastatic failure. Several studies have demonstrated that
there are different genomic alterations in PDA[48,49]. The
most important are point mutations of KRAS, CDKN2A/
p16, TP53, amd SMAD4/DPC4. Yonezawa et al[50] have
analyzed the genetic abnormalities in precursor lesions
such as pancreatic intraepithelial neoplasia, intraductal
papillary mucinous neoplasms, mucinous cystic neoplasms and their relation to PDA. They have found that
KRAS mutation in PDA is 75%-100%, and SMAD4/
DPC4 inactivation is seen in 55% of PDA patients. The
low expression levels of SMAD4 are associated with an
high rate of lymph node metastasis and poor survival[49].
Tanaka et al[51] have reported that loss of SMAD4 protein
expression and chromosome 18q deletion were distinctly
associated with metastasis. Determinations of DPC4
status at initial diagnosis may be of value in stratifying
patients into treatment regimens related to local control vs systemic therapy[52]. Locally advanced carcinomas
from patients with no documented metastatic disease
uncommonly showed loss of DPC4 expression (22%)
as compared with carcinomas from patients with extensive metastatic burden in which the rates of DPC4 loss
approached 75%. In this setting, patients with DPC4positive carcinomas would receive greater clinical benefit
from intensive local control by CRT compared to patients with DPC4-negative carcinomas in which systemic
chemotherapy alone may be more appropriate[53]. The
advantage of SMAD4/DPC4 expression as a prognostic
indicator is that it is potentially assessable preoperatively
or during staging laparoscopy, whereas other factors, such
as margins, perineural invasion and lymph node status are
determined only after resection.

CONCLUSION
Surgical resection is still the only curative treatment for
PDA. Oncological treatments have improved survival in
patients with pancreatic cancer, also by increasing the rate
of down staging and consequently of resectability. This
improvement is probably also due to better patient selection by pancreatic surgeons. Nevertheless, current definitions of resectable, borderline resectable and locally advanced tumors are based only on radiological parameters
and do not take into consideration the biology of the disease. Indeed, in borderline resectable disease a clear advantage in terms of survival has not been demonstrated
for up-front surgery. Furthermore, surgery for borderline
resectable is burdened by a high rate of morbidity and
mortality that does not improve survival. In this light,
a new concept of borderline pancreatic cancer has to
include clinical and biological aspects (type and duration
of symptoms, CA19.9 level, and immunohistochemistry).
The selection of patients who will benefit from surgery
has to be improved in the setting of an MDT discussion
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that also considers further examinations.
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Abstract
Pancreatic cancer is characterised by a prominent
desmoplastic/stromal reaction that has received little
attention until recent times. Given that treatments
focusing on pancreatic cancer cells alone have failed
to significantly improve patient outcome over many
decades, research efforts have now moved to understanding the pathophysiology of the stromal reaction
and its role in cancer progression. In this regard, our
Group was the first to identify the cells (pancreatic stellate cells, PSCs) that produced the collagenous stroma
of pancreatic cancer and to demonstrate that these
cells interacted closely with cancer cells to facilitate local tumour growth and distant metastasis. Evidence is
accumulating to indicate that stromal PSCs may also
mediate angiogenesis, immune evasion and the well
known resistance of pancreatic cancer to chemotherapy
and radiotherapy. This review will summarise current
knowledge regarding the critical role of pancreatic stellate cells and the stroma in pancreatic cancer biology
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and the therapeutic approaches being developed to target the stroma in a bid to improve the outcome of this
devastating disease.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This review summarises current knowledge
about the role of pancreatic stellate cells in production
of cancer stroma, the mechanisms mediating stromaltumour interactions and novel therapeutic approaches
developed on the basis of our increasing understanding
of the critical influence of stromal elements on disease
progression.
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INTRODUCTION
Pancreatic cancer is the fourth leading cause of cancer
related death in developed countries[1,2]. From 1999 to
2008, the incidence rate of pancreatic cancer increased
nearly 1% in United States, although the reason for this
increase is unknown[3]. In general, pancreatic cancer refers to pancreatic ductal adenocarcinoma (PDAC) that
accounts for around 90% of pancreatic cancer[4]. Since
the clinical symptoms can be vague, patients are often diagnosed late, with regional invasion or distant metastasis
already evident at first consultation[5-7]. The overall fiveyear survival rate of pancreatic cancer is approximately
6% in the United States[2], less than 6% across Europe[8]
and 5% in Australia[9]. Despite the concerted endeavours
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Figure 1 Pancreatic cancer and stromal reaction. A representative HE
stained human pancreatic cancer tissue section showing duct-like and tubular
structures (malignant elements, examples highlighted by arrows) infiltrating into
and embedded in a highly fibrotic stromal reaction (examples highlighted by
asterisks).

of clinicians and scientists over several decades, pancreatic cancer remains a devastating disease with a poor
outcome.
Risk factors for pancreatic cancer include age, smoking, race, diabetes and chronic pancreatitis, the last being
the strongest known risk factor for this disease. Patients
with a more than 5 year history of chronic pancreatitis
have a greater than 14-fold risk of developing pancreatic
cancer compared to the general population[10,11]. 40% of
hereditary pancreatitis (a form of chronic pancreatitis)
patients are likely to develop pancreatic cancer[12-14], while
patients with tropical pancreatitis have been reported to
have a 100-fold increased risk and an earlier onset of the
disease compared to sporadic cases[15,16]. The mechanisms
underlying the increased propensity for patients with
chronic pancreatitis to develop pancreatic cancer are not
fully elucidated. Recent studies suggest several signalling
pathways known to be active in inflammatory disease,
may be involved in the progression from pancreatitis to
pancreatic cancer.
One such signalling molecule known to play a key
role in inflammation is the transcription factor, nuclear
factor κB (NF-κB). Activation of NF-κB leads to the
release of several proinflammatory cytokines, such as
interleukin (IL)-1β, IL-6, tumour necrosis factor-alpha
(TNF-α), transforming growth factor-beta (TGF-β) and
induces anti-apoptotic responses via Bcl-xL[17]. In addition
to its observed activation in pancreatitis, NF-κB activity
has also been observed in pancreatic cancer tissue. It has
been shown to modulate angiogenesis via vascular endothelial growth factor (VEGF) and urokinase, and apoptosis possibly via antiapoptotic proteins such as Bcl-xL,
cIAP1 (inhibitor of apoptosis protein), cIAP2, TRAF1
(TNF receptor-associated factor) and TRAF2[10,18]. NFκB also negatively regulates the expression of p53, which
is a tumour suppressor gene[19]. Further evidence for a
role of NF-κB in cancer comes from an in vivo study using a NF-κB inhibitor (LC-1) in a xenograft pancreatic
cancer mouse model. This inhibitor was found to reduce
tumour growth and was associated with decreased ex-
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pression of cyclin D1, a protein required in cell cycle
G1/S transition[18,20].
K-Ras is another signalling pathway that is involved
in both chronic pancreatitis and pancreatic cancer. K-Ras
mutations exist in about a third of chronic pancreatitis patients[21]. Daniluk et al[22] reported that oncogenic
K-Ras activation by inflammation in the mouse pancreas
promoted development of chronic pancreatitis and pancreatic cancer precursor lesions. In another study, mutant
K-Ras in acinar cells resulted in neoplastic lesions in
mouse pancreas that progressed to pancreatic cancer in
conjunction with p53 deletion[23]. Logsdon et al[24] have
postulated that Ras activity is the direct link between
chronic pancreatitis and pancreatic cancer. The induction
of chronic pancreatitis in a genetically engineered mouse
model with K-Ras overexpression led to the development
of primary pancreatic tumours as well as metastasis[25-28].
Collins et al[29] have shown in mice bearing inducible K-Ras
mutations, that oncogenic K-Ras initiates pancreatic carcinogenesis by hindering pancreatic repair after caeruleininduced pancreatitis. Importantly, inactivation of K-Ras
mutation in these mice leads to tumour regression suggesting a role for oncogenic K-Ras in the maintenance of
pancreatic cancer.
In addition to K-Ras mutations, a number of genetic
mutations are frequently reported in pancreatic cancer.
Biankin et al[30] performed exome sequencing and copy
number analysis in a cohort of 142 sporadic PDAC cases
and reported multiple significantly mutated genes, including the known mutations - KRAS, TP53, CDKN2A,
SMAD4, MLL3, TGFBR2, ARID1A, SF3B1 and importantly, previously unidentified mutations such as EPC1,
ARID2 (chromatin modifications), ATM (DNA damage
repair), ZIM2 (transcription regulation), MAP2K4 (Tolllike receptor signalling pathway), NALCN (sodium channel activity), SLC16A4 (monocarboxylate transporter),
MAGEA6 (protein binding). The accumulation of
genetic mutations leads to the development of precursor lesions, the most common of which are pancreatic
intraepithelial neoplasia (PanIN)[10,31,32]. PanINs are normally found in smaller diameter pancreatic ducts, with
the microscopic features progressing from PanIN-1A to
PanIN-3 and finally to overt PDAC.
Histopathologically, PDAC is characterised by ductlike and tubular structures (malignant elements) infiltrating
into and embedded in a highly fibrotic stromal reaction[5,33]
(Figure 1). This stromal reaction is comprised of abundant extracellular matrix (ECM), stromal cells, blood vessels/endothelial cells, immune cells, nerves/neurons and
other soluble proteins, e.g., cytokines, growth factors[10].
The ECM itself is composed of proteins such as
type I collagen, fibronectin and laminin as well as proteoglycans, such as hyaluronan, which is a non-sulphated
glycosaminoglycan secreted by cancer cells. Hyaluronan
is known to bind to CD44 (its receptor) and to influence angiogenesis, epithelial-mesenchymal transition
(EMT) and chemo-resistance, possibly via the regulation of receptor tyrosine kinase and small GTPase[34].
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Figure 2 Pancreatic stellate cells are the source of collagen in stroma.
A: A representative pair of serial sections of human pancreatic cancer tissue
shows that Sirius Red staining for collagen (red) co-localises with immunohistochemical staining for α-smooth muscle actin (α-SMA) (brown), suggesting the
presence of activated pancreatic stellate cells (PSCs) in the stroma of pancreatic cancer[33]. Reprinted with permission from Wolters Kluwer Health (Apte et
al[33]); B: Immunohistochemistry for α-SMA (brown) and in situ hybridisation for
procollagen α1 mRNA (blue), reveals colocalisation of α-SMA and procollagen
mRNA on human pancreatic cancer tissue indicating that active PSCs are the
major source of collagen in tumour stroma. Reprinted with permission from
Elsevier (Apte et al[43]).

Collagen Ⅰ promotes pancreatic cancer cell adhesion,
proliferation and migration via integrin α2β1[35]. Collagen,
fibronectin and laminin are also found to be associated
with increased chemo-resistance of pancreatic cancer
cells in vitro[36].
There is now unequivocal evidence that fibrosis
of the pancreas is produced by pancreatic stellate cells
(PSCs)[33]. PSCs were first isolated from rat pancreas in
1998 by Apte et al[37] using a density centrifugation method. A similar method to isolate human PSCs from histologically normal human pancreas was later described by
the same group[38]. Bachem et al[39,40] reported isolation of
human PSCs from fibrotic pancreatic tissue of patients
with chronic pancreatitis[39] and pancreatic cancer[40] using
an explant technique. With the availability of these methods to isolate and culture of PSCs, researchers have been
able to make significant advances in the understanding
PSC biology.
PSCs are resident cells of the pancreas and comprise
about 4%-7% of total parenchymal cells in the gland[37,41].
There are abundant vitamin A containing lipid droplets
in the cytoplasm, which is a marker of quiescent PSCs.
PSCs synthesise the ECM proteins collagen, fibronectin
and laminin. They also express the matrix metallopro-
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teinases (MMPs), MMP2, 9 and 13 that degrade ECM
and the tissue inhibitors of metalloproteinases (TIMPs),
TIMP 1 and 2 that inhibit the activity of MMPs. Therefore, PSCs are thought to play an important role in
maintaining a balance between ECM synthesis and degradation to maintain normal pancreatic architecture in
health[41]. During pancreatic injury, PSCs are activated by
factors such as ethanol (a known cause of chronic pancreatitis) and its metabolites, bacterial endotoxin, oxidant
stress, cytokines and growth factors. Activated PSCs lose
vitamin A droplets, assume a myofibroblast-like phenotype, express the cytoskeletal protein α-smooth muscle
actin (α-SMA) and synthesise excessive amount of ECM
proteins leading to fibrosis[37,41-44].
In a bid to shed some light on the differences between stellate cells in health and diseases, we have conducted microarray studies to examine differences in gene
expression in human PSCs obtained from normal pancreas (benign pancreatic diseases: serous cystadenoma,
etc.) vs the disease-activated PSCs isolated from chronic
pancreatitis and pancreatic cancer tissue [45]. Multiple
genes were found to be differentially expressed. Validation studies confirmed that MMP3 was upregulated 32.25
fold, collagen type Ⅳα1 (a basement membrane component) was downregulated 2.25 fold and syndecan-2 (a
transmembrane heparan sulphate proteoglycan that plays
a role in cell binding, cytoskeletal organization, migration
and invasion[46]) was downregulated 2.04 fold. These three
genes are postulated to be involved in ECM remodeling
function and motility of PSCs. However, in depth characterisation of the role of these genes in the functional
modulation of PSCs remains to be undertaken.

IDENTIFICATION OF PSCS AS SOURCE
OF ECM DEPOSITION IN STROMA
Up until just under a decade ago, the prominent stroma/
fibrosis in pancreatic cancer had been largely ignored.
In 2004, Apte et al[33] demonstrated that PSCs produced
the collagenous stroma in pancreatic cancer. Using serial
sections of human pancreatic cancer tissue, the authors
showed that the PSC activation marker α -SMA, colocalised with Sirius red stain for collagen (Figure 2A),
as well as with PSC selective markers, desmin and glial
fibrillary acidic protein. Most importantly, co-localization
of staining for α-SMA and procollagen mRNA (using in
situ hybridization) indicated that activated PSCs were the
predominant source of the collagen in stroma (Figure
2B). The authors also found that conditioned medium
from human pancreatic cancer cell lines increased the
proliferation and activation of PSCs in vitro[33]. This was
one of the first studies to initiate investigations into tumour stroma interactions in pancreatic cancer.

ROLE OF PSCS AS PROGENITOR CELLS
Recent evidence suggests that in addition to synthesising
ECM proteins, PSCs may have other roles within the pan-
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Pancreatic cancer cells
↑Proliferation
↑Survival
↓Apoptosis
↑Migration/invasion
↑Metastasis
↑Stem cell niche

Activated pancreatic stellate cells
↑Proliferation
↑Fibrosis/ECM synthesis
↑Angiogenic factors, MMPs
↑Migration and metastasis

Figure 3 Interaction between pancreatic cancer cells and pancreatic stellate cells. Pancreatic cancer cells stimulate the proliferation, extracellular matrix (ECM)
production, angiogenic factors and matrix metalloproteinase (MMP) expression, as well as migration of pancreatic stellate cells (PSCs); conversely PSCs increase
proliferation and reduce apoptosis leading to increased survival, increase cancer cell migration and facilitate a cancer stem cell niche. The overall effect of interaction
between pancreatic cancer cells and PSCs facilitates cancer progression[43].

creas, for example, as progenitor cells. In this regard, Mato
et al[47] isolated and expanded pancreatic cells from lactating rats using mitoxantrone (a drug that acts through multidrug transporter systems) selection. They have reported
that the surviving, mitoxantrone-resistant cells showed
a PSC-like morphology (fibroblast-like with vitamin A
lipid droplets), expressed the stem cell marker ABCG2
transporter (ATP binding cassette G2 transporter) and
were able to secrete insulin after cell differentiation. More
intriguingly, a recent study by Kordes et al[48] has reported
that clonally expanded rat PSCs, when injected into hepatectomised recipient rats, are able to migrate to the liver
and to reconstitute large parts of the liver by differentiating into hepatocytes and cholangiocytes, whereas muscle
fibroblast do not show any such transformations.

IN VITRO INTERACTION BETWEEN
PANCREATIC CANCER CELLS AND PSCS
In vitro studies assessing interactions between pancreatic
cancer cells and PSCs usually involve co-culture experiments with these two types of cells (from humans and
rodents) and/or exposure of one type of cell to the conditioned medium from the other. Pancreatic cancer cells
have been shown to increase the proliferation and migration of PSCs as well as to induce the synthesis of collagen type Ⅰ and fibronectin by PSCs[33,40,49]. Studies using
neutralising antibodies have indicated that cancer cellinduced PSC proliferation and migration is mediated by
platelet derived growth factor (PDGF), while the increase
in synthesis of collagen Ⅰ and fibronectin is modulated
by the pro-fibrogenic factors, basic fibroblast growth factor (FGF-2) and TGF-β1 from cancer cells[33,40,49].
Other recently identified factors that may play a role
in the interaction between cancer cells and PSCs include:
(1) Cyclooxygenase (COX)-2, this enzyme is known to
be constitutively expressed by PSCs. It catalyses reactions
that transform arachidonic acid to prostaglandin H2, the
latter is then converted into prostaglandins, prostacyclin
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and thromboxanes to modulate inflammation, immune
responses, mitogenesis, etc.[50]. Conditioned medium from
cancer cells increases COX-2 expression and proliferation
of PSCs. Mitogen-activated protein kinase kinase inhibitor, U0126, was shown to inhibit the cancer cell-induced
increase in COX-2 expression in PSCs, while a COX-2 inhibitor, NS398, prevented cancer cell-stimulated PSCs proliferation, suggesting a role for COX-2 in cancer cell - PSC
interactions[51]; and (2) Trefoil factors (TFF), a family of
proteins secreted by the gastrointestinal mucosa, play a role
in restitution after mucosal damage[52,53]. TFF1 expression is
elevated in PDAC tissue and is detected in the majority of
pancreatic cancer cell lines. It stimulates PSC proliferation
and migration, as well as cancer cell invasion. The receptor
and downstream signalling pathway for TFF1 are yet to be
identified. TFF2 is expressed in chronic pancreatitis and
PDAC, and has been shown to stimulate cancer cell migration in transwell membrane or wound healing experimental
settings[53]. TFF2 is postulated to act via the chemokine receptor type 4 (CXCR4, a receptor for stromal derived factor-1) that is also expressed by pancreatic cancer cell lines
and PSCs. Interestingly, CXCR4 expression is elevated in
PanINs and in PDAC and promotes cancer cell metastasis,
growth and survival[52,54].
In parallel with the above described studies examining
the influence of cancer cells on PSCs, researchers have
been studying the effects of PSCs on cancer cells (Figure
3). Conditioned medium from PSCs has been shown to
stimulate pancreatic cancer cell proliferation, and this
effect is inhibited by pretreatment of the medium with
a PDGF neutralising antibody. Since cancer cells express PDGF receptor, it is thought that PDGF in PSC
conditioned medium mediates the observed effect[49].
Conditioned medium from PSCs also stimulates cancer
cell migration, invasion and colony formation (again mediated by PDGF), but inhibits apoptosis, and increases
resistance to chemotherapy and radiation. ERK1/2 and
Akt kinases in cancer cells are known to increase after incubation with PSC conditioned medium[49,55], suggesting
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that these pathways mediate the responses of cancer cells
to PSC conditioned medium.
PSCs secrete a cell adhesion protein named periostin,
which has been found to stimulate cancer cell growth and
to confer resistance on the latter to serum starvation and
hypoxia. Periostin may also act in an autocrine manner
on PSCs themselves leading to increased collagen Ⅰ and
fibronectin production. Collagen Ⅰ might subsequently
perpetuate the PSCs activation. Notably, cancer cells have
been shown to induce periostin expression, and modulate
collagen Ⅰ and fibronectin expression in PSCs thus creating a supportive microenvironment for the tumour[56].
Evidence is now accumulating to indicate that PSCs
may also influence EMT in cancer cells. A recent study
has reported that a subpopulation of pancreatic cancer
cells express endoglin (CD105, a TGF-β co-receptor);
upon co-culture with PSCs, the proportion of CD105
positive cancer cells increases, and these cells exhibit a
greater increase in migration activity compared to CD105
negative cells. Interestingly, in the CD105 positive population of cancer cells, mRNA expression of E-cadherin
(an epithelial cell marker) is suppressed while vimentin
(a mesenchymal cell marker) is over expressed, indicating
that CD105 expression is associated with EMT in cancer cells[57]. These results suggest that PSCs may induce
EMT in pancreatic cancer cells. This concept is supported
by another study. Using organotypic in vitro cultures
(collagen Ⅰ coated culture wells), Froeling et al[58] reported
that co-culture of cancer cells and immortalised human
PSCs (obtained from donor pancreas and transfected with
retroviruses containing cDNA encoding human telomerase reverse transcriptase) in this system resulted in decreased E-cadherin expression and increased beta-catenin
expression of cancer cells, again signifying a transformation of the cells to a more mesenchymal phenotype.
While, as described above, there is strong evidence that
PSCs significantly influence cancer cell function, some
doubts have been raised in a recent study as to whether
all PSCs uniformly exert such effects. Ikenaga et al[59] have
demonstrated the existence of functional heterogeneity
among the PSC population. They have reported that a
sub-population of PSCs which express CD10, a cell membrane associated MMP, exerts a more inductive effect on
cancer cell invasion and proliferation than CD10 negative
PSCs. Thus, this study suggests that human PSCs (isolated
from pancreatic tissue of pancreatic cancer patients) may
differ in their ability to affect cancer cells, and explain, at
least in part, the heterogeneity observed in patients with
regard to rate of disease progression.
Recurrence is a well recognised feature of pancreatic
cancer and recent studies suggest that this may be related
to a population of cancer stem cells (identified by expression of markers such as CD24, CD44 and CD133) that
are resistant to treatment[43,57]. Interestingly, PSCs have
been reported to increase the stem cell characteristics of
cancer cells by inducing the expression of cancer stem
cell-related genes ABCG2, Nestin and LIN28[60]. This
surviving cancer stem cell niche may be an important factor in pancreatic cancer recurrence.
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IN VIVO INTERACTION BETWEEN
PANCREATIC CANCER CELLS AND PSCS
While the in vitro studies noted above provided robust
data on the direct interaction between cancer cells and
PSCs, in vivo studies are essential in terms of biological/whole organism relevance. In this regard, two earlier
clinical studies have reported findings to support a role
for the stroma in cancer progression. Watanabe et al[61]
have reported that the presence of fibrotic foci (which the
authors postulated as representing intratumoural fibroblast proliferation) was associated with shorter survival
in advanced pancreatic cancer, while Erkan et al[62] have
reported that high α-SMA/collagen ratios in tumours
correlated with poor prognosis. However, as detailed below, most of the in vivo evidence in support of tumourstromal interactions in pancreatic cancer comes from
experimental studies using tumour xenografts and genetically engineered mouse models.
Using a subcutaneous mouse model of pancreatic
cancer, wherein tumours were produced by injecting a
suspension of pancreatic cancer cells, alone or in combination with PSCs, into the flanks of mice, Bachem et al[40]
showed that mice injected with both cell types exhibited
larger tumours than those injected with cancer cells alone.
Histological assessment of tumours indicated that cancer
cell proliferation and stromal content were both increased
in the presence of PSCs, an effect that would contribute
to the observed increase in tumour volume. However,
subcutaneous xenograft models have obvious limitations,
since they do not replicate the appropriate microenvironment, nor can they provide information on metastasis.
In 2008, two research groups used similar approaches
involving injection of a mixture of pancreatic cancer cells
(cell lines MiaPaCa-2 or BxPC-3) and human PSCs (either
primary culture[49] or immortalised cells[55]) into mouse
pancreas. The results from these studies demonstrated
that co-injection of cancer cells and PSCs yielded larger
tumours with higher cancer cell density revealed by cytokeratin staining, increased fibrosis as determined by Masson’s trichrome staining and higher number of activated
PSCs (increased α-SMA staining). The incidence of metastasis was also higher in the presence of PSCs in both
studies. It is interesting to note that these facilitatory effects of PSCs on cancer progression are not restricted to
the PSCs derived from resected pancreatic cancer tissue
(i.e., PSCs that have been exposed to cancer cells prior to
isolation). Xu et al[63] have demonstrated that normal human PSCs (isolated from normal pancreas) exert a similar
facilitatory effect on tumour growth and metastasis in
an orthotopic mouse model of pancreatic cancer. These
findings suggest that PSCs are relatively quick to acquire
tumour inductive properties after a relatively short exposure to cancer cells, supporting the concept that cancer
cells are highly efficient and effective at recruiting surrounding PSCs, so as to set up a conducive microenvironment (such as ECM) for their own growth. Indeed, direct
effect on cancer cells of ECM (produced by PSCs) have
been demonstrated by Scaife et al[64]. The authors assessed
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ANGIOGENESIS IN PANCREATIC CANCER

Mesentery

Liver

Diaphragm

Figure 4 Identification of human pancreatic stellate cells from primary
tumour in metastatic nodules. A representative photomicrograph showing Y
chromosome positive cells in metastatic nodules in the mesentery (inserts are
high power views of the circled regions), liver and diaphragm from mice (female)
injected with female pancreatic cancer cells + male human pancreatic stellate
cells, using fluorescent in situ hybridisation for the Y chromosome. Reprinted
with permission from Elsevier (Xu et al[63]).

cancer progression in an orthotopic mouse model of
pancreatic cancer by implanting a mixture of cancer cells
and synthetic ECM (a hyaluronan-based hydrogel) into
the pancreas of nude mice; the encapsulation of cancer
cells within ECM yielded larger tumours than cancer cells
suspended in serum-free media.
In contrast to orthotopic models where tumours are
produced in immunocompromised mice by xenografts
of human pancreatic cancer cells and PSCs, genetically engineered mouse models exhibit the development
of spontaneous pancreatic tumours with a prominent
endogenously produced stromal reaction. These models include KPC mice (KrasLSL-G12D/+; Trp53LSL-R172H/+;
Pdxcre/+), KPGC mice (KrasLSL-G12D/+; Trp53LSL-R172H/+;
R26LSL-GFP/+; Pdxcre/+), and TGFβ type Ⅱ receptor organ specific knockout in the mouse pancreas (KrasLSLG12D/+
; TGFβr2floxflox; Ptf1acre/+). The tumours develop
spontaneously with lesions progressing from preinvasive
ductal changes to overt carcinoma and metastases. The
stromal reaction also increases over time and importantly,
activated PSCs are observed at the earliest time point
(PanIN stages)[65-68]. It is anticipated that such models will
be increasingly utilised to assess mechanisms of stromaltumour interaction and new therapeutic strategies in pancreatic cancer.
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Pancreatic cancer is poorly perfused, with the blood vessels in the tumours being often disorganised with irregular diameters, abnormal multiple branching, disrupted
endothelial cells junctions and missing or disordered
basement membrane. These changes cause the microvasculature of tumours to become leaky[69]. Angiogenesis is a
complex process, and the response of endothelial cells in
different parts of the tumour likely depends on the balance of the pro-angiogenic and anti-angiogenic factors
within the surrounding microenvironment. It is possible
that as activated PSCs lay down increasing fibrous stroma
in central areas of the tumour, the blood vessels in that
area are compressed, leading to insufficient perfusion and
hypoxia. However, at the invading front of the tumour,
where the collagenous stroma is significantly less dense,
endothelial cell proliferation in response to activated PSC
secretions can occur in a relatively unrestricted manner.
Masamune et al [70] reported that hypoxia induces
migration, type Ⅰ collagen expression, and VEGF production in PSCs. Interestingly, conditioned medium of
hypoxia-treated PSCs induces endothelial cell proliferation, migration, and angiogenesis in vitro, possibly via
VEGF. Xu et al[63] demonstrated that even when collected
under normoxic conditions, conditioned medium from
PSCs stimulated tube formation (a method of measuring angiogenesis in vitro) by human microvascular endothelial cells, and that this effect was again mediated by
VEGF. Other factors produced by PSCs under hypoxic
conditions include FGF-2, angiopoietin-1, periostin and
hypoxia inducible factor-1[70,71], which may also promote
angiogenesis.

ROLE OF PANCREATIC STELLATE CELLS
IN PANCREATIC CANCER METASTASIS
Metastasis occurs early in pancreatic cancer, and has long
been regarded as a feature solely exhibited by cancer cells.
However, this concept has been challenged in recent
time with studies indicating that untransformed epithelial cells[72] and mesenchymal cells[73] may also have the
capacity to metastasise. It is now accepted that cells can
travel to metastatic sites through the circulation either as
single cells, or more likely, as a cluster of cells. We believe
that metastatic cell clusters in pancreatic cancer could
comprise both cancer cells and PSCs from the primary
tumour. In this regard, Xu et al[63] used a gender mismatch
approach (female pancreatic cancer cells plus male human PSCs injected into the pancreas of female mice) to
demonstrate the presence of Y-chromosome positive
cells in metastatic nodules (Figure 4). These results indicated that male PSCs from primary tumours were able
to (1) intravasate into blood vessels; (2) be transported
in the circulation; and (3) extravasate from blood vessels
at metastatic sites. This possibility was supported by in
vitro studies showing that PSCs can migrate through an
endothelial cell monolayer in vitro and this transendothelial migration is up-regulated by PDGF from cancer cells.
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In view of the above, we propose that PSCs that have
travelled to the metastatic site perform a very important
initial function at the metastatic sites, which is to facilitate
seeding, survival and proliferation of the metastatic cancer cells at those sites. Also important is the likelihood
that PSCs, via secretion of chemokines, subsequently
recruit local stromal cells within the metastatic site, which
further facilitates cancer cell growth.

IMMUNE CELLS, IMMUNE EVASION AND
PSCS IN PANCREATIC CANCER
It is well established that pancreatic cancer tissue is infiltrated with immune cells, such as T cells, B cells, NK
cells, neutrophils and macrophages[43,74,75]. Higher levels
of CD8+ T cell infiltration are correlated with a better
survival[74,75], while macrophage and neutrophil infiltration show a negative correlation with survival[75]. Most
recently, Ene-Obong et al[74] have reported that activated
PSCs reduce the migration of CD8 positive T cell to
cancer cells in human PDAC and the KPC mouse model
of pancreatic cancer, indicating that PSCs may negatively
modulate immune responses.
Immune evasion is also a characteristic of pancreatic
cancer. Cancer cells have been shown to evade the host
immune system by producing granulocte-macrophage
colony-stimulating factor to suppress anti-tumour T
cell immunity[76]. Recent studies suggest that PSCs may
play a role in this process as well. PSCs in the stroma of
PanIN lesions and around cancer cells produce galectin-1, a β-galactoside-binding protein[77,78], that binds to
N-acetyllactosamine on membrane glycoproteins and
induces apoptosis in T cells thus suppressing the immune
response[79,80]. Fibroblast activation protein-α (FAP-α)
known to be expressed by stromal cells, is another protein that has been reported to disrupt anti-tumour immunity. Depletion of the cells expressing FAP-α enabled
immune response-associated tumour regression, supporting the notion that FAP-α might act as an immune suppressor in pancreatic cancer[81].

PANCREATIC STELLATE CELL AND ITS
ROLE IN THE INITIATION OF NEOPLASIA
Evidence from recent studies is accumulating to indicate
that PSCs might be activated at the earliest stages of carcinogenesis. Pandol et al[11] have found a distinct stromal
reaction around PanIN lesions in a mouse model overexpressing KrasG12D that leads to pancreatic carcinogenesis.
This stromal reaction is characterised by extensive collagen
deposition and abundant α-SMA staining indicating the
presence of activated PSCs around PanIN lesions. These
findings corroborate those reported earlier by Fukushima
et al[82] showing that periostin (solely expressed by PSCs)
was observed in intraductal papillary mucinous neoplasms
of the human pancreas. To assess the interaction between
early neoplastic cells and PSCs, Pandol et al[11] isolated
PanIN cells from the KrasG12D mice, and exposed PSCs
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to PanIN cell secretions. PSCs responded by increased
proliferation, activation (α-SMA), fibronectin synthesis
and MMP expression, indicating that preneoplastic cells
have the capacity to activate PSCs in the early stages of
carcinogenesis.
It is possible that in turn, these activated PSCs influence further progression of early lesions to established
PDAC. In this regard, Funahashi et al[83] have reported
that, nimesulide, a selective inhibitor of COX-2 (which
as noted earlier is expressed by PSCs and implicated in
PSC-cancer interactions[51]), retarded the progression of
pancreatic cancer precursor lesions in a genetically engineered mouse model.

TARGETING THE STROMA OF
PANCREATIC CANCER
The selection of treatment for pancreatic cancer patients
depends on the stage of disease. The available options
are surgery, chemotherapy, radiotherapy and recently
developed targeted therapy, such as growth factor inhibition. Chemotherapy is the most frequently used treatment option for pancreatic cancer patients at different
stages. Surgical resection with curative intent is only
suitable for less than 20% of patients who have localised
and early stage of pancreatic cancer[2,84]. Local recurrence
is frequent and neoadjuvant and/or adjuvant therapies
(chemotherapy and/or radiotherapy) are often required.
For some advanced pancreatic cancers, surgery may be
chosen to relieve obstruction and to improve the quality
of life.
Gemcitabine was established as a first line chemotherapeutic drug for pancreatic cancer more than a decade
ago, but it extends median overall survival only by several
months[6]. Various combinations of chemotherapeutics
have also been tried but regrettably the improvement has
been negligible.
Based on an understanding of cancer cell biology and
results from preclinical studies, several modalities targeting growth factor receptors and downstream signalling
pathways have also been trialed. Unfortunately, these have
not proved to be very successful. For example, the combination of erlotinib (an inhibitor of EGFR) and gemcitabine was shown to extend patient life by a mere two
weeks vs gemcitabine alone. Other clinical trials involved
inhibition of EGFR, VEGF and farnesyl-transferase by
cetuximab, bevacizumab and tipifarnib respectively, but
were not able to produce positive results[84]. The failure of
translation of preclinical efficacy to the clinical situation
may reflect the fact that many of the preclinical models
used in these studies did not resemble human pancreatic
cancer, in that, they lacked the stromal component.
In view of the above, it is clear that a comprehensive
approach is needed to improve pancreatic cancer therapeutic efficacy. Given the increasingly recognised role of
the stroma in cancer progression, there is a need to target
not only cancer cells themselves but also the stromal elements in the tumour. The approaches discussed below
have been built upon knowledge gained regarding PSC
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biology and ECM composition.
The Hedgehog signalling pathway is thought to play
an important role in PSC activation[85]. This pathway is
crucial to embryonic development, and stem cell regulation in adults, but has also been implicated in tumour
development. There are three Hedgehog ligands in
mammals: Sonic, Indian and Desert Hedgehog[86]. This
signalling pathway is inactive in health, and therefore not
detectable in healthy adult pancreas[87]. In the absence
of Hedgehog ligand, its cell membrane bound receptor, named Patched, represses another transmembrane
protein, called Smoothened. The binding of Hedgehog
ligand to Patched causes the repression of Smoothened
to be lifted, leading to activation of downstream Gli
proteins, a family of transcription factors that regulate
genes related to cell functions such as cell differentiation,
proliferation, apoptosis, adhesion and migration[67,88-90].
Abnormal activation of Hedgehog pathway has been
shown in basal cell carcinoma, as well as lung, prostate,
pancreatic cancer[89]; this activation can be Hedgehog
ligand dependent (as in pancreatic cancer) or due to
mutation of Patched (as in basal cell carcinoma)[91]. In
pancreatic cancer, Smoothened was shown to be highly
expressed by PSCs, and Sonic Hedgehog ligand to be
expressed by pancreatic cancer cells only[88]. Feldmann et
al[92] administered cyclopamine, a Smoothened antagonist,
in a Pdx1-Cre;LsL-KrasG12D; Ink4a/Arf lox/lox transgenic
pancreatic cancer mouse model (crossbred LsL-KrasG12D;
Ink4a/Arflox/lox and Pdx1-Cre; Ink4a/Arflox/lox) resulting
in an extension of the overall median survival from 61 to
67 d. Olive et al[67] administered IPI-926, a semisynthetic
derivative of cyclopamine, alone or in combination with
gemcitabine in a KPC pancreatic cancer mouse model.
IPI-926 binds to and inhibits Smoothened to keep Gli in
an inactive form[91]. IPI-926 decreased collagen 1 content
in stroma associated with a decrease in the proliferation
of α-SMA positive stromal cells and transiently increased
blood vessel density in primary tumours in KPC mice.
The authors reported an improvement in delivery of
chemotherapeutic agent to the tumours and an extension
of the median survival from 11 to 25 d. Hwang et al[88]
applied another Smoothened inhibitor AZD8542 in an
orthotopic xenograft model of pancreatic cancer produced by a mixture of PSCs and cancer cells in different
proportions (0:1, 1:1 or 3:1) and showed that AZD8542
significantly reduced tumour volume, lowered metastasis,
decreased Hedgehog downstream signalling activity via
decreased GLI 1 expression and increased tumour vascularity in tumours with a 3:1 proportion of PSCs to cancer
cells. These studies imply that Sonic Hedgehog acts in a
paracrine manner on stroma to facilitate pancreatic cancer progression, and that Hedgehog inhibition represents
a potentially useful additional treatment approach for
pancreatic cancer.
There are now several clinical trials targeting Sonic
Hedgehog pathway inhibition in pancreatic cancer[6]. Unfortunately, despite encouraging results in phase Ⅰ trials,
the most recent phase Ⅱ trial of gemcitabine and IPI-926
has resulted in a disappointing outcome. The trial had to
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be halted due to progressive disease and decreased median
overall survival in pancreatic cancer patients treated with
IPI-926 and gemcitabine[6]. The reasons for the failure of
this drug in the clinical setting are not entirely clear. The
disappointing clinical outcome may reflect the fact that: (1)
results from a single preclinical model are not sufficient
to account for the heterogeneity of human pancreatic
cancer; and (2) the effects described by Olive et al[67] in the
preclinical model, particularly with regard to perfusion,
were transient. Before taking treatments to the clinic, it
would be prudent to ensure that robust, long lasting effects were demonstrable in the preclinical setting.
Most recently, researchers have utilised other compounds to target the stroma of pancreatic cancer.
Kozono et al[93] administered pirfenidone (a pyridone
compound that has been shown to be an effective antifibrotic agent in idiopathic pulmonary fibrosis) in subcutaneous and orthotopic models of pancreatic cancer. The
results revealed that pirfenidone decreased the growth
of tumours produced by the injection of a mixture of
pancreatic cancer cells and PSCs, but not the growth of
tumours produced by cancer cells alone. In vitro, the authors found that pirfenidone inhibited PSC proliferation,
invasion and migration, and interrupted the interaction
between pancreatic cancer cells and PSCs. These effects
of pirfenidone were associated with decreased expression
of PDGF-A, hepatocyte growth factor, periostin, collagen type Ⅰ and fibronectin in PSCs, as well as reduced
PSC activation as evidenced by decreased α-SMA expression in the cells. The findings suggest that pirfenidone
regulates PSC function and inhibits cancer growth.
Angiotensin inhibitors, used routinely for treatment
of hypertension, have been suggested as a potentially effective treatment in pancreatic cancer[94]. Angiotensin Ⅱ
is known to be able to stimulate PSC proliferation, migration, ECM production, and increase expression of FGF,
TGF-β and VEGF[95,96]. Thus, angiotensin inhibition is
postulated to prevent the activation of PSCs. Masamune
et al[96] administered an angiotensin Ⅱ type Ⅰ receptor
blocker, olmesartan, in a subcutaneous mouse model of
pancreatic cancer. Similar to the effect of pirfenidone, olmesartan only inhibited the growth of tumours produced
by injection of pancreatic cancer cells with PSCs, but not
that of the tumours produced by cancer cells alone. The
authors also reported that olmesartan reduced α-SMA
expression and collagen deposition in tumours and decreased PSC proliferation and collagen Ⅰ production in
vitro. Similar to the results with olmesartan, Chauhan et
al[97] have reported that another angiotensin Ⅱ receptor
inhibitor, losartan, decreased the density of α-SMA positive cells, collagen and hyaluronan production in the stroma of pancreatic cancer in an orthotopic mouse model.
The effects of losartan might be mediated though reduction of TGF-β1, connective tissue growth factor and
endothelin-1 (downstream target of TGF-β1) expression,
all of which regulate ECM production by PSCs. The authors reported that the reduction in stroma decreased the
physical pressure within the tumour, leading to improved
perfusion and more effective drug delivery. The studies
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Components of the tumor
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Figure 5 Tumour components. The stromal reaction of pancreatic ductal adenocarcinoma is comprised of pancreatic stellate cells (stromal cells), abundant extracellular matrix (ECM), blood vessels/endothelial cells, immune cells and nerves/neurons[43]. The interaction between cancer cells and the components of stroma facilitates
cancer progression. Reprinted with permission from Elsevier (Apte et al[43]).

discussed above indicate that these compounds influence
PSCs (stromal cells) function to inhibit tumour growth.
Taxanes [paclitaxel and docetaxel (semisynthetic analogue of paclitaxel)] have been widely used as chemotherapeutics for several cancers, such as breast, ovarian and
non-small cell lung cancer. Paclitaxel inhibits the depolymerisation of microtubules in the cell and blocks cells in
G2 and M phases resulting in cell death[98]. However, toxicity and insolubility in water of solvent-based paclitaxel
significantly limit its clinical application. To overcome the
toxicity of solvent, nab-paclitaxel was developed through
homogenisation of paclitaxel and human serum albumin
under high pressure to yield nano-particles about 130 nm
in diameter. Paclitaxel is encapsulated by albumin in these
nano-particles and becomes water soluble. As it is solvent
free in comparison with parental compound, the toxicity
of nab-paclitaxel is low and tolerated very well by pancreatic cancer patients. The albumin also enhances drug
delivery through albumin facilitated receptor-mediated
transcytosis[98].
Von Hoff et al[99] administered nab-paclitaxel alone
or in combination with gemcitabine in a patient tumourderived subcutaneous xenograft model. Nab-paclitaxel
resulted in stromal depletion, increased the blood vessel
diameter, increased expression of mNestin (an endothelial cell marker) in the tumour, and improved the delivery
of gemcitabine. The mechanisms mediating these effects
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of nab-paclitaxel have not been fully elucidated. It has
been observed that nab-paclitaxel accumulates in the
proximity of tumour cells. Researchers have postulated
that secreted protein acidic and rich in cysteine (SPARC),
an albumin binding glycoprotein that is overexpressed
in pancreatic cancer stroma[100], might contribute to the
accumulation of nab-paclitaxel near tumour cells [98].
Analysis of SPARC expression in a clinical trial of gemcitabine and nab-paclitaxel combination has shown that
high SPARC expression was correlated with significantly
longer median overall survival compared to patients with
low expression of SPARC[6]. Another mechanism that is
also proposed to explain the synergistic effect of nabpaclitaxel and gemcitabine involves decreased metabolic
inactivation of gemcitabine by cytidine deaminase which
is destabilised by the increased production of reactive
oxygen species in cancer cells following nab-paclitaxel
administration[98]. The combination of nab-paclitaxel and
gemcitabine is currently the subject of several ongoing
clinical trials for locally advanced primary tumours and/
or metastatic pancreatic cancer, as well as in neoadjuvant
settings[6].
Two recent studies have directly targeted stromal
ECM by using enzymes such as PEGylated human recombinant PH20 hyaluronidase (PEGPH20), to enzymatically degrade one of the predominant components
of the ECM, hyaluronan. The authors reported that
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PEGPH20 treatment led to stromal depletion, resulting
in decompression of tumour vessels and an increase in
tumour vascular patency without increasing vessel density. PEGPH20 also increased fenestrations in endothelia
and interendothelial junction gaps that increased the permeability of the endothelium to macromolecules. Thus,
the delivery of gemcitabine was improved with the PEGPH20 and gemcitabine combination significantly inhibiting tumour growth and extending the median survival of
KPC mice from 15 to 28.5 d compared to gemcitabine
alone in the study done by Jacobetz et al[34] or 55.5-91.5 d
in the study done by Provenzano et al[68].
Researchers have recently also turned their attention
to immune cells in pancreatic cancer stroma. CD40 is a
member of the TNF receptor family and plays an important role in the development of anti-tumour T cell immunity. Beatty et al[101] performed studies on the KPC mouse
pancreatic cancer model showing that the administration
of CD40 agonist antibody activated macrophages, induced caspase-3 expression (an indicator of apoptosis)
and decreased collagen Ⅰ content in tumours. The treatment of CD40 agonist antibody alone or in combination
with gemcitabine induced a similar rate (30%) of tumour
regression. This regression appeared not to be related
to CD3+, CD4+ and CD8+ T cells in this in vivo study.
The data from a clinical trial reported by the same group
showed therapeutic efficacy of gemcitabine and CD40
agonist antibody on metastatic pancreatic cancer[101].
In summary, both in vitro and in vivo studies have
clearly demonstrated a critical role of the stroma in the
pathobiology of pancreatic cancer. PSCs interact closely
with cancer cells to modulate cell proliferation, ECM
production, migration and invasion of cancer cells. PSCs
also play an important role in immune evasion, chemoresistance, angiogenesis and recurrence of pancreatic cancer (Figure 5). It is now increasingly clear that targeting
tumour cells alone is insufficient to improve pancreatic
cancer clinical outcome. Results from preclinical models and recent (albeit early) clinical trials provide vital
evidence to support the concept that a comprehensive
and combinatorial approach targeting both the cancer
cells and stromal components in pancreatic cancer may
represent the treatment strategy required to significantly
improve the clinical outcome of this devastating disease.
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Abstract
Pancreatic cancer is difficult to diagnose at an early
stage and generally has a poor prognosis. Surgical
resection is the only potentially curative treatment for
pancreatic carcinoma. To improve the prognosis of this
disease, it is essential to detect tumors at early stages,
when they are resectable. The optimal approach to
screening for early pancreatic neoplasia has not been
established. The International Cancer of the Pancreas
Screening Consortium has recently finalized several recommendations regarding the management of patients
who are at an increased risk of familial pancreatic cancer. In addition, there have been notable advances in
research on serum markers, tissue markers, gene signatures, and genomic targets of pancreatic cancer. To
date, however, no biomarkers have been established in
the clinical setting. Advancements in imaging modalities
touch all aspects of the clinical management of pancreatic diseases, including the early detection of pancreatic masses, their characterization, and evaluations of
tumor resectability. This article reviews strategies for
screening high-risk groups, biomarkers, and current advances in imaging modalities for the early detection of
resectable pancreatic cancer.
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Core tip: To improve the prognosis of patients with
pancreatic cancer, it is essential to detect tumors at
early stages, when they are resectable. The cancer of
the pancreas screening program has reached several
conclusions and recommendations for the management
of patients who are at an increased risk of familial pancreatic cancer. Furthermore, genetic, epigenetic, and
proteomics research have improved the understanding
of the mechanisms of this disease, potentially offering
biomarkers that could allow the cancer to be detected
early. This article reviews strategies for the early detection of resectable pancreatic cancer.
Okano K, Suzuki Y. Strategies for early detection of resectable pancreatic cancer. World J Gastroenterol 2014; 20(32):
11230-11240 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11230.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11230

INTRODUCTION
Pancreatic cancer is an especially lethal malignancy, with
a mortality rate that almost equals its incidence. After
pancreatic cancer is diagnosed, the 1-year relative survival
rate is only 24%, and the 5-year overall survival rate is
only 5%[1,2]. However, rates of overall survival have been
improving over the past decades, for both resected and
non-resected cases[1]. These improvements are believed
to have resulted from more optimal patient selection, refinements in surgical techniques, and better postoperative
patient care, in addition to the development of effective
adjuvant therapies. In cases of pancreatic carcinoma,
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complete surgical resection with adjuvant chemotherapy
offers the best outcomes[3]. However, over 80% of patients with pancreatic cancer present with an unresectable
primary tumor and distant metastasis at the time of diagnosis[4]. Of patients with resectable pancreatic cancers,
only 15% have earliest-stage cancers (T1 or T2 tumors
without lymph node metastases), which are associated
with better survival[5,6]. Thus, only 2%-3% of all patients
diagnosed with pancreatic cancer present with earlieststage cancer. Among the patients with pancreatic cancer
who undergo surgical resection, the 5-year survival rate
is 15%-40%[7]. In a study of operated pancreatic cancers from the Japanese Pancreatic Cancer Registry, it
was observed that patients with stage Ⅰ tumors < 2 cm
in size had considerably better survival (58% alive at 5
years) than patients with stage Ⅱb tumors (17% alive
at 5 years)[1]. In another study, 100% 5-year survival was
observed among 79 patients who had tumors < 1 cm and
had undergone curative resection[8].
Recently, a valuable analysis about the timing of the
genetic evolution of pancreatic cancer was reported[9].
The authors indicated at least a decade between the occurrence of the initiating mutation and the birth of the
parental, non-metastatic founder cell. Furthermore, at
least five more years are required for the acquisition of
metastatic ability and patients die an average of two years
thereafter. These data provide novel insights into the genetic features underlying pancreatic cancer progression
and define a broad time window of opportunity for early
detection to prevent deaths from metastatic disease. For
these reasons, significant efforts have been invested towards identifying high-risk groups, sensitive biomarkers,
and accurate imaging modalities for pancreatic cancer.
Each of these advancements can facilitate the early diagnosis of pancreatic cancer that is resectable or potentially
resectable.

CURRENT CRITERIA FOR RESECTABILITY
In the absence of metastatic disease, pancreatic cancer
cases are classified into three main categories: resectable,
borderline resectable, and unresectable. Recent revisions of the National Comprehensive Cancer Network
(NCCN) guidelines have attempted to distinguish tumors
that are clearly resectable from those that are borderline
resectable[10]. Further, the NCCN guidelines provide a
definition for radiographically resectable tumors. The
specific NCCN guidelines have been quoted below[10].
Tumors considered “resectable” should demonstrate
the following (1) No distant metastases; (2) No radiographic evidence of superior mesenteric vein (SMV)
or portal vein (PV) distortion; and (3) Clear fat planes
around the celiac axis, hepatic artery, and SMA.
Tumors considered “borderline resectable” include
the following: (1) No distant metastases; (2) Venous
involvement of the SMV or PV with distortion or narrowing of the vein or occlusion of the vein with suitable
vessel proximal and distal, allowing safe resection and
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replacement; (3) Gastroduodenal artery encasement up to
the hepatic artery with either short segment encasement
or direct abutment of the hepatic artery, without extension to the celiac axis; and (4) Tumor abutment of the
SMA not to exceed > 180° of the circumference of the
vessel wall.
To improve the prognosis of patients with pancreatic cancer, it is essential to detect tumors at early stages,
when they are more likely to be resectable.

SCREENING HIGH-RISK GROUPS TO
FACILITATE EARLY DIAGNOSIS OF
PANCREATIC CANCER
As presented in Table 1, previous studies have identified a variety of risk groups and factors for developing
pancreatic cancer. An elevated risk of developing pancreatic cancer is associated with being a current smoker[11],
African-American[4], over 55 years old[4], male[4], obese[12],
previously diagnosed with intraductal papillary mucinous
neoplasms (IPMNs)[13], or previously diagnosed with
diabetes[12,14]. Additionally, family history can be used to
identify some individuals who have a high risk of developing pancreatic cancer. An increased risk of pancreatic
cancer has been linked to family histories of pancreatic
cancer[15,16], chronic pancreatitis[17,18], hereditary pancreatitis[19,20], Peutz-Jeghers syndrome[21,22], familial atypical
multiple mole melanoma, cystic fibrosis[23], and familial
cancer syndromes, which include Lynch syndromes[24,25],
familial adenomatous polyposis pAPC mutation, and hereditary breast and ovarian cancer syndrome with BRCA1
and BRCA2 mutations[26,27]. This section of our review
focuses on screening guidelines, the importance of newonset diabetes, and the identification of precancerous
lesions for the early detection of resectable pancreatic
cancer.
Screening programs
The cancer of the pancreas screening (CAPS) program
is one of largest pancreatic screening initiatives to date.
Results from the CAPS 1 and CAPS 2 studies show that
early pancreatic neoplasia can be detected by screening
asymptomatic patients[28,29]. In the CAPS 1 study, the
diagnostic yield of screening was 5.3%. Most encouragingly, the patient who was diagnosed with pancreatic
cancer as a consequence of screening is still alive and
disease free more than 5 years after surgery[28]. CAPS 2
screening was performed using annual endoscopic ultrasound (EUS) and computed tomography (CT). Once an
abnormality had been detected, endoscopic retrograde
cholangiopancreatography (ERCP) was offered. Of the
72 high-risk patients, eight had pancreatic neoplasia confirmed by surgery or fine-needle aspiration biopsy (FNA),
constituting a 10% yield of screening. The CAPS 3 study
is an ongoing multicenter prospective controlled cohort
study that involves annual screening using EUS and
magnetic resonance cholangiopancreatography (MRCP).
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Table 1 Risk factors for pancreatic cancer
Variables

Association

Non-genetic risk factors
Age
Gender
Smoking

Obesity
Race
Diabetes mellitus (DM)
New-onset diabetes
Intraductal papillary
mucinous neoplasms
Hereditary cancer
syndromes
Familal pancreatic
cancer
Chronic pancreatitis
Hereditary pancreatitis
Peuts-Jeghers
Lynch syndrome
Hereditary breast and
ovarian cancer

Ref.

Ages 55-64 yr: 20.7% of cases; ages 65-74 yr: 25.8% of cases; ages 75-84 yr: 27.8% of cases; age 85 + yr: 13.3% of
[4]
cases
The incidence rate is 13.8 per 100000 men and 10.8 per 100000 women
[4]
Most established risk factor for PC. Risk increases significantly with greater intensity: ≥ 30 cigarettes/day (OR =
[11]
1.75, 95%CI: 1.27-22.42); duration ≥ 50 yr (OR = 2.13, 95%CI: 1.25-3.62); and cumulative smoking dose ≥ 40 packyears (OR = 1.78, 95%CI: 1.35-2.34)
Obese individuals (BMI ≥ 30) have a slightly higher risk (RR: 1.19) of developing PC compared with normal[12]
weight individuals (BMI < 25)
15.5 males and 12.6 females per 100000 in African-Americans, while 8.4 males and 6.9 females per 100000 for
[4]
Asians/Pacific Islanders
Meta-analysis from 35 cohort studies revealed a RR ratio of 1.94 (95%CI: 1.66-62.27) between type 2 DM and PC. [12,14]
40%-100% increases in the risk of PC are observed with established diabetes
New-onset diabetes is associated with a four- to seven-fold increase in risk, such that 1%-2% of patients with
[30]
recent-onset diabetes will develop PC within 3 yr
Standardized incidence ratio 16
[13]

1 first-degree relative: 4.6-fold increased risk (95%CI: 0.5-16.4); ≥ 2 first-degree relatives: 6.4-fold increased risk
(95%CI: 1.8-16.4); ≥ first-degree relatives: 32-fold increased risk (95%CI: 10.2-74.7)
An incidence ratio of 14-18 observed for the development of PC in CP cases, which is further increased by
cigarette smoking
A 53-fold (95%CI: 23-105) increased risk for developing PC and a lifetime risk (age 70 yr) of PC of 30%-40% in
comparison with normal. RR increases further in smokers
132-fold (95%CI: 44-261) increased risk of PC compared with the general population
8.6-fold (95%CI: 4.7-15.7) increased risk for developing PC compared with the general population. An estimated
3.68% (95%CI: 1.45%-45.88%) lifetime (age 70 yr) risk of PC
BRCA2 germline mutation carriers have a 5% lifetime risk of PC in comparison with 1.78% for controls. BRCA1
mutation is 2.26-times that of the normal population

[15,16]
[17,18]
[19,20]
[21,22]
[24,25]
[26,27]

PC: Pancreatic cancer.

CAPS 3 is also investigating magnetic resonance imaging
(MRI) with secretin and a panel of candidate DNA and
protein markers (in serum and pancreatic juice) as indicators of pancreatic neoplasms. Carbohydrate antigen 19-9
(CA19-9), macrophage inhibitory cytokine-1 (MIC-1),
DNA hypermethylation, and K-ras gene mutations are
presently under investigation as potential markers. The
CAPS consortium has reached several conclusions and
recommendations for the management of patients who
are at an increased risk of familial pancreatic cancer[16].
The CAPS consortium specifically agreed that the following individuals were candidates for screening: first-degree
relatives (FDRs) of patients with pancreatic cancer in a
familial pancreatic cancer kindred with at least two affected FDRs; patients with Peutz-Jeghers syndrome; and
carriers of p16, BRCA2, and hereditary non-polyposis
colorectal cancer (HNPCC) mutations with at least one
affected FDR. The consortium agreed that initial screening should include EUS, potentially with MRI or MRCP,
but excluding CT and ERCP. The consortium did not
agree on optimal screening modalities, intervals for
follow-up imaging, or the use of EUS-FNA to evaluate
cysts.
In general, screening was recommended for highrisk individuals. However, additional evidence is needed
regarding the sensitivity and cost-effectiveness of screening, as well as the choice of management strategy for
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patients with lesions that are detected by screening.
New-onset diabetes
The CAPS approach does not contribute to the early
detection of pancreatic cancers that have completely
sporadic onsets. To identify early pancreatic cancers in
sporadic groups, it may be possible to screen patients at
the onset of diabetes mellitus. The new onset of diabetes
mellitus is occasionally associated with pancreatic carcinoma that is otherwise clinically silent and, indeed, is
potentially resectable[30]. A population-based cohort study
of 2122 diabetic individuals identified 18 (0.8%) patients
who developed diabetes at age 50 years or older and were
diagnosed with pancreatic cancer in the next 3 years. In
this cohort of individuals who were newly diagnosed
with diabetes, the ratio of observed-to-expected pancreatic cancer incidence was 7.9 (95%CI: 4.7-12.5)[31].
Diabetes is highly prevalent in cases of pancreatic
cancer, even for early-stage pancreatic cancers[32-36]. Specifically, 50% of patients with stage Ⅰ or Ⅱ pancreatic
cancer had diabetes[37]. Tsuchiya et al[36] observed abnormal glucose tolerance in 61% of patients with small
pancreatic cancers (≤ 2 cm). A study of especially small
pancreatic cancers (< 10 mm) noted a 33% prevalence of
diabetes[38]. Because diabetes arises in almost half of patients with pancreatic cancer, it is an attractive target for
early pancreatic cancer screening.
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Identification of precancerous lesions
Precancerous lesions are ideal targets for early identification because they can be treated before developing
into invasive cancer. The majority of pancreatic masses
treated by surgical resection are IPMNs, which have been
increasingly recognized as precursors to pancreatic ductal adenocarcinoma[39]. Post-resection cure rates are very
high for IPMN that does not have an associated infiltrating ductal pancreatic adenocarcinoma[40,41]. Pancreatic
intraepithelial neoplasias (PanINs) are small neoplasms
(≤ 5 mm) that are mostly found in the head of the gland
and are thought to be the most common precursor to
invasive pancreatic ductal adenocarcinoma[39]. Most precancerous lesions (and especially PanINs) can only be
identified reliably after surgical resection. Because many
healthy individuals have low-grade PanINs that will never
progress to clinically important neoplasms[42], markers are
needed to help differentiate between neoplastic and nonneoplastic pancreatic lesions, as well as to indicate the
presence of microscopic high-grade PanINs that might
be suggestive of future pancreatic cancer risk.
The most challenging aspect of screening and surveillance programs is the management of asymptomatic
pancreatic lesions that are detected by imaging tests. It is essential to have individualized decision-making within multidisciplinary programs and prospective research studies.

BIOMARKERS THAT FACILITATE EARLY
DIAGNOSIS OF PANCREATIC CANCER
Biomarker screening is one possible approach for identifying these early lesions. To date, over 2000 studies of
possible biomarkers have been published[43]. Yet, biomarkers for the detection of small pancreatic cancer have
not been validated.
Serum markers
CA19-9 is a sialylated Lewis (a) antigen; it is a carbohydrate that is produced by exocrine epithelial cells and
is normally absorbed onto erythrocyte surfaces. The
measurement of CA19-9 levels has never been shown
to be effective as a screening test for pancreatic cancer.
In a study of 10162 asymptomatic individuals, abnormal
CA19-9 levels were identified in only 18 (0.2%) persons[44]. Although this study used a variety of screening
tests, only four pancreatic cancers (0.04%) were detected.
Pleskow et al[45] performed one of the first studies that established CA19-9 as a promising biomarker in pancreatic
cancer. In this study of 261 patients (including 54 with
pancreatic cancer), the sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of
CA19-9 were 70%, 87%, 59%, 92% and 84%, respectively. In addition, preoperative CA19-9 test levels constitute
false positives in the setting of biliary obstruction, which
is present in the majority of patients with pancreatic cancer and various benign conditions related to the pancreas
and biliary tract[46]. There is some evidence that preopera-
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tive CA19-9 measurements can help determine whether a
pancreatic cancer is resectable[47]. Maithel et al[48] reported
a strong association between preoperative CA19-9 values
and the identification of unresectable pancreatic cancer
that could not be recognized on diagnostic imaging studies. They recommend staging laparoscopy for pancreatic
cancers associated with CA19-9 levels that exceed 130
U/mL.
Carbohydrate antigens of mucin-1 (MUC-1) have
been investigated as potential means of improving on the
performance of CA19-9[49]. Yet, none of the assays used
to detect MUC-1 carbohydrate epitopes have proven to
be superior to CA19-9 measurements. PAM-4 can be
used to detect MUC-1 proteins expressed in pancreatic
cancer with a greater specificity than MUC-1 proteins
expressed in other cancers[50]. Additionally, initial studies
have shown that an enzyme-linked immunosorbent assay
directed at detecting circulating MUC-1 epitopes is more
sensitive and specific than CA19-9 for identifying patients
with pancreatic cancer[50].
In a recent study, serum MIC-1 was determined to
be more sensitive than CA19-9 as a marker of pancreatic
cancer[51]. MIC-1 belongs to the transforming growth
factor-b superfamily, which was first identified in the context of macrophage activation[52]. MIC-1 is overexpressed
in pancreatic, colon, prostrate, breast, gastric, and several
other types of cancers[53-55], and therefore, it may prove
useful for diagnosing other cancers[56]. In an investigation
of pancreatic cancer and MIC-1 levels, 90% of patients
with resectable pancreatic cancer had MIC-1 levels that
were more than 2 standard deviations greater than those
in age-matched controls. By comparison, only 62% of
patients with resectable pancreatic cancer had elevated
CA19-9. Elevated MIC-1 was observed to be independent
of TNM stage. Further, elevated MIC-1 was observed
in six of seven patients who had T1 or T2 cancers, but
elevated CA19-9 was observed in only two of these seven
patients[57]. Based on these findings, serum MIC-1 may
prove to be useful as a component of pancreatic screening protocols for detecting early stage pancreatic cancers
in high-risk groups[28,58].
Proteomics
Proteomics approaches have also been employed in an
attempt to identify protein markers of pancreatic cancer[59-62]. Several groups have identified protein fragments
in serum using surface-enhanced laser desorption ionization, which appears to have found protein fragments that
function as diagnostic makers at least as effectively as does
serum CA19-9[63,64]. Pancreatic cancer proteins have also
been identified in serum using matrix-associated laser desorption ionization, which is another mass spectrometry
approach[65]. Proteomics studies have identified several
important proteins that are associated with pancreatic
tumorigenesis, including galectin-1, gelsolin, lumican,
14-3-3 protein sigma, cathepsin D, cofilin, moesin, and
plectin-1[60,66,67]. Gelsolin and lumican were later tested in
plasma, showing an 80% sensitivity and a 95% specificity
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as a composite biomarker for separating early stage pancreatic cancer patients (stages Ⅰ and Ⅱ) from healthy controls and patients with chronic pancreatitis (via selected
reaction-monitoring-based targeted proteomics assays)[68].
The application of proteomics to the study of pancreatic
cancer is still in its early stages and remains challenging.
Yet, despite being an emerging technology, proteomics
has already provided fundamental information that has
improved our understanding of this disease’s mechanisms.
Further, proteomics potentially offers solutions for the
early detection of this cancer.
Genetic and epigenetic markers
K-ras mutations are present in up to 90% of pancreatic
ductal adenocarcinomas[69,70]. Accordingly, K-ras mutants
have been thoroughly investigated as markers of pancreatic adenocarcinoma. In addition to invasive pancreatic
cancers, K-ras mutations also occur in patients with
chronic pancreatitis, persons who smoke, and PanINs in
patients who do not have pancreatic cancer[69]. Additionally, mutant K-ras is detected in the blood of patients
with advanced-stage pancreatic cancers more commonly
than it is detected in the blood of patients with less advanced pancreatic cancers[71,72].
TP53 mutations have been extensively investigated
as possible diagnostic markers of a variety of cancers.
In the case of invasive pancreatic cancer, however, such
mutations do not normally occur until late in the neoplastic process. TP53 gene mutations are found in 70%
of invasive pancreatic ductal adenocarcinomas[73]. Mutations occur throughout the TP53 gene, although several
nucleotide hot spots have been identified, at which mutations are especially common[74].
The strategy of combining markers can optimize
the diagnosis of pancreatic cancer through molecular
examination[75]. In a study of a combined marker panel,
the combination of methylated p16, mutant K-ras, and a
functional yeast assay for TP53 mutations was investigated[75]. The authors concluded that the presence of TP53
mutations was the most specific. With improvements in
the technology for detecting mutations, TP53 mutations
in pancreatic juice may underpin an effective diagnostic
strategy.
Pancreatic cancer is both a genetic and an epigenetic
disease[76,77]. Various genes are methylated as pancreatic
cancer arises, and non-neoplastic pancreatic tissues rarely
show methylation of these same genes. Genes that are
methylated in the process of pancreatic cancer formation
are p16[78], RELN[79], DAB1[79], ppENK[80], Cyclin D2[81],
SOCS1[82], SPARC[83], TSLC1[84], and others[85,86]. Because
the methylation of some of these genes can be detected
through methylation-specific polymerase chain reaction,
and because some of these genes are also highly expressed
in pancreatic cancers, epigenetic markers may provide an
opportunity for the early detection of pancreatic cancers.
Other potential markers
Promising biomarkers have also been established for pre-
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dicting the effectiveness of chemotherapy and immunebased therapy. The human equilibrative nucleoside transporter (hENT1) protein transports gemcitabine into cells.
In a prospective randomized trial (RTOG9704), hENT1
protein expression was associated with increased overall
survival and disease-free survival in pancreatic cancer
patients who received gemcitabine, but not in those who
received fluorouracil. These findings are supported by
preclinical data; the gemcitabine transporter hENT1 is
therefore a molecular and mechanistically relevant predictive marker of benefit from gemcitabine in patients with
resected pancreatic cancer[87]. In addition to hENT1, key
determinants of gemcitabine cytotoxicity include the
activities of deoxycytidine kinase (dCK). Indeed, high
levels of hENT1 and dCK predict longer survival times
in patients with pancreatic cancer who are treated with
adjuvant gemcitabine[88].
Mesothelin is a glycoprotein expressed on normal
mesothelial cells. It is overexpressed in several histologic
types of tumors, including pancreatic adenocarcinomas.
A soluble form of mesothelin has been detected in patients with ovarian cancer and malignant mesothelioma,
and has been found to have prognostic value. Circulating mesothelin is also a useful biomarker for pancreatic
cancer. Furthermore, mesothelin-specific T cells can be
induced in patients with pancreatic cancer. This suggests
that mesothelin is a potential target for immune-based
intervention strategies in pancreatic cancer[89]. Although
it is not yet clear how these markers specifically relate
to the early diagnosis of pancreatic cancer, they may be
clinically useful for treatment selection.
Investigations of pancreatic juice have involved both
genetic and epigenetic markers for pancreatic cancer. To
date, mutant K-ras, p53 mutations, DNA methylation
alterations, mitochondrial DNA mutations, and other potential genetic and epigenetic markers have been investigated in pancreatic juice[75]. The MitoChip allows investigations of the mitochondrial genome. Early studies using
this novel technology suggest that it can be used to detect
mitochondrial mutations in pancreatic juice samples that
are taken from patients with pancreatic cancer[90].
Genetic, epigenetic, and proteomics research have improved the understanding of the mechanisms of pancreatic cancer, potentially offering biomarkers that could allow its early detection. It is critically important to validate
the utility of these biomarkers in clinical setting as soon
as possible.

IMAGING FOR THE EARLY DIAGNOSIS
OF PANCREATIC CANCER
Every aspect of the clinical management of pancreatic
diseases is influenced by imaging studies. Specific examples include the early detection and characterization
of pancreatic masses, the identification of anatomical
variants, investigations of local and vascular involvement,
the determination of perineural and lymphatic invasion,
margin assessments, the detection of distant metastases,
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and assessments of tumor resectabilty[91]. Because effective screening markers remain elusive, imaging remains
the primary form of screening for cases of familial pancreatic cancer, in addition to its more routine use in the
staging and management of pancreatic cancer[28,29,92-94].
Recently, imaging accuracy has been improving as a result
of technological improvements. However, imaging still
fails to detect many lesions that are under a centimeter in
size.

EUS
In comparison with other approaches to imaging, EUS
has been growing in popularity. Indeed, EUS offers a
large variety of benefits. First, it can detect pancreatic lesions and intraductal papillary mucinous neoplasms that
are less than a centimeter in size with a greater sensitivity than is offered by abdominal ultrasonography, CT, or
MRI. Second, EUS accurately judges deep tumors. Third,
EUS-guided FNA enables lesion biopsies and has an
excellent diagnostic accuracy (92%)[95]. Fourth, EUS detects lymph node metastasis and vascular infiltration with
greater sensitivities than are offered by CT imaging. More
specifically, advancements in contrast-enhanced EUS
technology could improve the characterization of vessels
in the desired lesions, the accuracy of tumor staging, the
accuracy of tumor follow-up, and differential diagnosis.
Additionally, improvements in EUS elastography could
advance real-time evaluations of tissue stiffness. Finally,
hybrid imaging (such as CT/ultrasonography or CT/ultrasonography/MRI) may offer an opportunity to improve
the detection and characterization of focal lesions[96].
For lesions < 2 cm, EUS is associated with a sensitivity and accuracy that approach 100%, as well as a
specificity > 95%[97-100]. In an analysis of EUS-FNA for
pancreatic lesions < 3 cm, Tadic et al[101] demonstrated a
sensitivity, specificity, positive predictive value, negative
predictive value, and diagnostic accuracy of 68%, 100%,
100%, 73%, and 83%, respectively. Based on these results, it appears that EUS has become quite capable of
providing histological evidence, for which there is a great
needed. Therefore, EUS should be performed wherever
sufficient expertise is available.
Multi-detector CT
The resolution and diagnostic capabilities of CT scanners
have improved to remarkable extents. Currently, 64-section thin-cut intravenous contrast-enhanced multi-detector CT (MDCT) is the tool of choice for radiological
investigations. Scanning occurs in a sequence of phases:
non-contrast, arterial, pancreatic parenchymal, and portal
venous. Key features of MDCT are its rapid anatomic
coverage and excellent spatial resolution[102]. When employed for the detection of pancreatic cancers, the sensitivity of CT ranges from 75% to 100%, and its specificity
ranges from 70% to 100%[97,99,102-105]. Yet, for lesions ≤ 2
cm in size, this sensitivity diminishes to 68%-77%[97,103],
with an accuracy of 77%[99].
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The diagnosis of small pancreatic carcinoma is aided
by findings of dilatation of the main pancreatic duct
(MPD) and associated pancreatitis[106]. In the case of associated pancreatitis, a contrasting effect is evident between the areas of the pancreatic parenchyma proximal
and distal to the site of the MPD obstruction[107,108].
MRI/MRCP
CT and MRI/MRCP are the primary investigations that
are most commonly performed for the diagnosis and
staging of pancreatic cancers. The choice between CT
and MRI/MRCP is generally determined by the availability these individual modalities at medical centers, as well
as the availability of the technical expertise that is necessary for interpreting and reporting their results. Fusari et
al[109] found that, for the diagnosis of pancreatic cancer,
MRCP offered a sensitivity, specificity, accuracy, positive
predictive value, and negative predictive value of 100%,
88%, 98%, 97%, and 100%, respectively. They also found
that MRCP, when evaluating the resectability of pancreatic carcinomas, offered a sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value of
88%, 100%, 90%, 100%, and 70%, respectively. As outlined by Miller et al[100], the addition of MRCP to CT can
offer substantial benefits to tumor diagnosis and staging
in several contexts. MRI’s excellent contrast resolution
is beneficial for detecting small tumors on gadoliniumenhanced fat-suppressed images.
PET
PET is a functional imaging modality that can detect
metabolic alterations in tumors, which may precede notable morphological alterations. The radioactive tracer
18
F-fluorodeoxyglucose (FDG) has been used extensively
in the PET imaging of malignant tumors. PET/CT can
accurately detect small primary pancreatic lesions, distant
metastases, and post-surgery recurrences. As a result
of these capabilities, PET/CT has become increasingly
important in the diagnosis and management of pancreatic cancer[110-112]. Elevated glucose metabolism has been
found in the precursor lesions of pancreatic cancer,
which suggests that there may be an opportunity to detect these changes using PET/CT, and thereby improve
the timeliness of diagnosis and patient outcomes[113].
We have previously investigated the role of FDGPET with dual-time point evaluation in cases of small
pancreatic cancer[114]. When investigated using FDG-PET
with dual-time point evaluation, all TS1 tumors (< 20
mm) had higher standardized uptake values in the delayed
phase than in the early phase, which suggested that the
lesions were malignant tumors. These results indicate that
FDG-PET with dual-time point evaluation is a useful
modality for diagnosing small pancreatic cancers.
A recent meta-analysis[115] regarding the detection
of pancreatic carcinoma found a pooled sensitivity of
90.1% for PET-CT, which was substantially better than
the 81.2% pooled sensitivity of EUS. However, PET-CT
was also associated with a pooled specificity of 80.1%,
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while EUS had a pooled specificity of 92.3%. These
results are similar to the findings of two previously published reviews of the literature on the same topic[116,117].
The role of FDG-PET in the early detection and accurate staging of pancreatic cancer is controversial. We
suggest that future research should definitely focus on
the development of more specific PET tracers for pancreatic ductal adenocarcinoma.

11

CONCLUSION
Despite advancements in surgical techniques and adjuvant treatment, the prognosis of pancreatic cancer has
only improved marginally over the past years. Future research should continue and expand recent investigations
of screening for high-risk groups, sensitive biomarkers,
and imaging modalities for the early diagnosis of resectable pancreatic cancer. Recent studies have successfully
identified pre-invasive neoplasms using accurate pancreatic imaging tests. These advancements are encouraging.
They attest to the importance of additional studies that
are aimed at identifying individuals at a substantially increased risk of developing pancreatic neoplasia.
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Abstract
Pancreatic ductal adenocarcinoma (PDAC) is one of the
most lethal forms of cancer. Substantial progress has
been made in the understanding of the biology of pancreatic cancer, and advances in patient management
have been significant. However, most patients (nearly
80%) who present with locally advanced or metastatic
disease have an extremely poor prognosis. Survival is
better for those with malignant disease localized to the
pancreas, because surgical resection at present offers
the only chance of cure. Therefore, the early detection
of pancreatic cancer may benefit patients with PDAC.
However, its low rate of incidence and the limitations
of current screening strategies make early detection
difficult. Recent advances in the understanding of the
pathogenesis of PDAC suggest that it is possible to detect PDAC in early stages and even identify precursor
lesions. The presence of new-onset diabetes mellitus in
the early phase of pancreatic cancer may provide clues

WJG|www.wjgnet.com

for its early diagnosis. Advances in the identification of
novel circulating biomarkers including serological signatures, autoantibodies, epigenetic markers, circulating
tumor cells and microRNAs suggest that they can be
used as potential tools for the screening of precursors
and early stage PDAC in the future. However, proper
screening strategies based on effective screening methodologies need to be tested for clinical application.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Pancreatic ductal adenocarcinoma; early
detection; diabetes mellitus; Pancreatic cancer
Core tip: Because pancreatic cancer is usually detected
at an advanced stage and there is a lack of treatment
strategies for advanced disease, it remains one of the
most lethal solid tumors. Genetic and epigenetic alterations, miRNAs and tumor microenvironment promote
the development of pancreatic cancer from precursor
lesions to localized disease and further to metastatic
disease in several years. An effective screening strategy
for pancreatic cancer is therefore needed. New-onset
diabetes mellitus associated with pancreatic cancer and
recently identified novel circulating biomarkers should
be explored as potential screening markers.
He XY, Yuan YZ. Advances in pancreatic cancer research:
moving towards early detection. World J Gastroenterol 2014;
20(32): 11241-11248 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11241.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11241

INTRODUCTION
Pancreatic ductal adenocarcinoma (PDAC) is one of the
most lethal forms of cancer. It is the 13th most commonly diagnosed cancer worldwide[1], and the eighth lead-
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ing cause of cancer death. No early detection tests are
available and most patients with localized disease have no
recognizable symptoms or signs; as a result, most patients
(80%-85%) are not diagnosed until late in the disease,
when the cancer has metastasized to other organs[2,3].
Survival is better for those with malignant disease localized to the pancreas, because at present, surgical resection
offers the only chance of cure. Because pancreatic cancer
responds poorly to radiation and chemotherapy, and so
far most of the targeted therapy agents have failed to
show a substantial benefit, PDAC in the advanced stage
is associated with an extremely poor prognosis[2,3]. Therefore, the early detection of PDAC has gained increasing
attention with the aim of improving the outcomes of
patients with this disease. Recent studies have improved
our understanding of the pathogenesis of PDAC, the
relationship between diabetes mellitus (DM) and PDAC,
and the role of circulating biomarkers. The present review will discuss the possibility of using these data to detect PDAC in its early stage and propose future research
directions.

RECENT ADVANCES IN THE
UNDERSTANDING OF THE
PATHOGENESIS OF PDAC
Despite the short lifespan of patients diagnosed with
PDAC, the disease usually develops over a long period
of time. Based on a genetic evolutionary model[4], it is
estimated that 10-30 years are required from the initiating
mutation until the patient’s death. In this model, there
are three critical periods in the genetic evolution of the
disease: T1 is related to the formation of precursor lesions such as pancreatic intraepithelial neoplasia (PanIN)
and lasts until the infiltrating carcinoma is first formed;
T2 describes the period from that time until a metastatic
subclone develops within the primary carcinoma; and
T3 is the period of metastatic dissemination of that subclone until the patient’s death. A conservative estimate of
11.7, 6.8 and 2.7 years per interval, respectively, has been
reported[4].
The development of PDAC involves multiple steps. It
may originate from four distinct precursors, i.e., mucinous
cystic neoplasm (MCN), intraductal papillary mucinous
neoplasm (IPMN), PanIN, and the newly added intraductal tubular papillary neoplasms (ITPNs)[5]. All four
harbor varying degrees of dysplasia and stepwise accumulation of genetic alterations, suggesting progression of
these lesions from benign toward malignant neoplasms.
MCNs have a characteristic ovarian-type stroma. Approximately one-third of MCNs are associated with invasive
carcinoma of a ductal phenotype. IPMNs are recently
established clinical entities with characteristic features of
mucin hypersecretion and duct dilatation. Some IPMNs
are associated with invasive carcinoma and IPMNs are
recognized as precursors to pancreatic cancer. ITPNs are
rare premalignant tumours, with a concomitant invasive
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component, and were included for the first time in the
2010 World Health Organization classification[5]. PanINs
are microscopic proliferative lesions arising from any part
of the pancreatic duct system. Low grade PanINs are
commonly found in the pancreatic ducts of older individuals, whereas high grade PanINs, previously called carcinoma in situ/severe ductal dysplasia, may eventually give
rise to invasive pancreatic cancer. PanINs are divided into
four categories based on the degree of dysplasia (1A, 1B,
2, and 3). Appropriate clinical management is critical for
patients with MCNs, IPMNs and PanINs. The progression from PanIN to invasive PDAC has been intensively
studied and reviewed elsewhere[6]. The established model
describes the stepwise progression of PanINs to PDAC
through the accumulation of several important genetic
aberrations. KRAS mutation may be the first step driving
this progression, and it is detected in approximately 99%
of PanIN-1 lesions[7]. In addition, to overcome oncogene-induced senescence, loss of function of CDKN2A,
and genetic inactivation of TP53, SMAD4, and BRCA2
are also required for the development of PDAC[8]. Further investigation of these precursor lesions is expected
to reduce the mortality from pancreatic cancer.
The development of PDAC involves multiple genes.
In 2008, detailed, global, genomic analyses found that a
large number of genetic alterations (an average of 63)
affect a core set of 12 signaling pathways and processes
that are each genetically altered in 67%-100% of cases of
pancreatic cancer[9]. However, the pathway components
that are altered in any individual tumor vary widely. The
12 core pathways[9] are apoptosis, DNA damage control,
regulation of G1/S phase transition, Hedgehog signaling, homophilic cell adhesion, integrin signaling, c-Jun
N-terminal kinase signaling, KRAS signaling, regulation
of invasion, small GTPase-dependent signaling (other
than KRAS), TGF-β signaling and Wnt/Notch signaling.
In addition to the core pathways described above, more
recent data indicate that chromatin regulation[10] and axon
guidance[10,11] are additional cellular processes that play a
crucial role in pancreatic cancer. The pathways involved
in each patient often vary. This finding may help account
for the heterogeneous nature of tumors and offer insights into why agents targeting a specific gene in a pathway rarely result in a therapeutic advantage in more than
a minor percentage of patients. Therefore, identification
of the core players of each pathway and the factors connecting them is important. In addition to whole genomic
alterations, numerous investigators have focused on particular PDAC-associated genes through laboratory and
patient studies. Our group demonstrated that Periostin[12],
X chromosome-linked inhibitor of apoptosis (XIAP)associated, factor 1 (XAF1, a novel XIAP modulator)[13],
angiotensin-converting enzyme 2[14], bone morphogenetic
protein-2[15], eEF1A2[16], L1 cell adhesion molecule (L1CAM)[17], and DJ-1[18] are associated with PDAC proliferation, apoptosis, invasion and/or progression.
MicroRNAs (miRNAs) are a highly conserved family
of 18-24-nucleotide RNA molecules that regulate the sta-
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bility or translational efficiency of complementary target
mRNAs. More than 20 miRNAs involved in pancreatic
adenocarcinoma biology have been identified and shown
to affect tumor growth, metastatic potential, and chemosensitivity[19]. Combinations of miRNAs can be used
to differentiate between pancreatic adenocarcinoma and
other pancreatic pathologies, as well as to assess prognosis. Manipulations of miRNAs can decrease the rate of
growth or reinstall chemosensitivity to certain chemotherapeutic agents. The most extensively studied miRNA,
as far as pancreatic cancer is concerned, is miR-21, which
has been associated with cell proliferation, metastatic
ability, decreased gemcitabine sensitivity, and poor overall
survival (OS)[20-23]. Other PDAC associated miRNAs were
discussed elsewhere. Recently, several other miRNAs
(miR-196a[24,25], 130b[26], 92a[27], 198[28], 221[29,30], 23b[31],
29a[32,33]) were shown to play an important role in PDAC.
Tumors are complex tissues in which mutant cancer
cells have conscripted and subverted normal cell types to
serve as active collaborators in their neoplastic agenda.
Recent studies have shown that PDAC is one of the
most stroma-rich cancers. The tumor microenvironment
surrounds most of the tumor mass and consists of a
dynamic assortment of extracellular matrix components
and non-neoplastic cells including fibroblastic, vascular
and immune cells. Recent work has revealed that the
PDAC stroma supports tumor growth and promotes
metastasis, and simultaneously serves as a physical barrier
to drug delivery[34]. Pancreatic stellate cells (PSCs) identified in 1998, have the ability to trans-differentiate from
a “quiescent” retinoid/lipid storing phenotype in the
normal pancreas to an “activated” a-smooth muscle actin
producing myofibroblastic phenotype[35]. The activated
PSCs produce the extracellular matrix proteins that comprise the pancreatic tumor stroma, to facilitate pancreatic
cancer development[35]. Sonic hedgehog signaling has
been shown to be restricted to the stromal compartment
and enhance the desmoplastic reaction[36]. Findings[36] suggest that increased HIF-1α produced by hypoxic tumors
triggers the desmoplastic reaction in pancreatic cancer.
The genetic evolutionary model of PDAC suggests a
detection window of several years (T1 + T2) for this disease. The visualization of PDAC precursor lesions using
currently available imaging methods is limited; therefore,
the detection of precursors is difficult. Improving our
understanding of the mechanisms of precursors and
PDAC development may help identify tumor biomarkers
for this disease.

DM and PDAC
Because of the low incidence of PDAC in the general
population, population-based screening is not recommended. It is more practical to screen individuals at increased risk for PC based on their family history or identifiable genetic predisposition, or patients with diseases
known to increase the risk of pancreatic cancer, such
as chronic pancreatitis and type Ⅱ DM. Patients with a
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family history of pancreatic cancer or mutation carriers
(germline mutations in the BRCA2, PALB2, p16, STK11,
ATM, PRSS1 genes and Lynch syndrome or Peutz-Jeghers syndrome) should be screened for pancreatic cancer
according to the recommendations of the International
Cancer of the Pancreas Screening consortium[37]. Here,
we will discuss the relationship between DM and PDAC
and the possibility of using new-onset DM as a marker
for the detection of PDAC.
Increasing evidence suggests that DM is related to
PDAC. It is now recognized that although long-standing
diabetes is an etiological factor for pancreatic cancer,
new-onset diabetes is its manifestation[38-40]. Epidemiological investigations have found that long-term type 2
DM is associated with a 1.5-fold to 2.0-fold increase in
the risk of pancreatic cancer[40]. The evidence suggesting
that new-onset diabetes is the manifestation of PDAC, or
in other words, caused by PDAC, is that: (1) new-onset
diabetes is associated with a high prevalence of PDAC;
(2) diabetes associated with pancreatic cancer is predominantly new-onset; (3) pancreatic cancer resection ameliorates diabetes; and (4) experimental data. A meta-analysis[41] conducted in 2005 that included 17 case-control
and 19 cohort and nested case-control studies published
between 1996 and 2005 demonstrated that the combined
age-adjusted and sex-adjusted odds ratio (OR) for pancreatic cancer associated with diabetes was 1.8 (95%CI:
1.7-1.9) and was lower still (OR = 1.5) in patients with a
[42]
≥ 5 year history of diabetes. In a pooled analysis of
2192 patients with pancreatic cancer and 5113 cancer-free
controls in three large case-control studies conducted in
the United States, diabetes was associated with a 1.8-fold
increase in the risk of pancreatic cancer (95%CI: 1.5-2.1).
Risk estimates decreased as the number of years with
diabetes increased[42]. A study from our group[43] included
1458 patients with PDAC and 1528 age-, sex- and sociodemographic matched controls and showed that compared with controls, patients with long-standing diabetes
(≥ 2-year duration) had a moderately increased risk of
PDAC, with an OR (95%CI) of 2.11 (1.51-2.94). Interestingly, a significantly higher risk was observed among
cases with new-onset DM (< 2-year duration), with an
OR of 4.43 (3.44-5.72) compared to controls without
DM. On the other hand, the reported prevalence of DM
in pancreatic cancer varies from 23% to 75%, with the
majority being new-onset[44]. Our data also showed that
44.7% of PDAC patients harbor DM, and almost 2/3
are new-onset[45]. Data from our group and other groups
showed that resolution of DM after pancreatic resection
occurs in 41%-57% of PDAC patients with new-onset
DM, in contrast to most patients with longstanding DM,
who remain diabetic postoperatively[44-46]. Recognition of
new-onset diabetes as an early manifestation of pancreatic cancer could improve the detection of asymptomatic,
early-stage pancreatic cancer[38].
The impact of DM on the long-term outcomes of
patients with PDAC has also been intensively studied recently, although the results are controversial. In patients
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with stage Ⅰ-Ⅳ pancreatic cancers, DM does not confer
a worse prognosis; in fact, diabetics have a statistically
significantly superior median survival[47]. A retrospective
study of 344 patients who underwent surgical resection
of pancreatic cancers showed that perineural invasion
was significantly more common in diabetics, with a poor
OS[47]. A multi-institutional retrospective study[48] reported
a shorter OS and disease-free survival (DFS) in patients
with preoperative DM. By stratifying DM into different
groups (long-term/new-onset pre-surgical diabetes, resolved/unresolved post-surgical diabetes), we found that
the heterogynous DM groups have different impacts on
PDAC outcomes: longstanding DM is predictive of poor
postoperative DFS and OS, whereas postoperatively resolved new-onset DM is associated with longer DFS and
OS[45].
There are several possible mechanisms to explain the
effect of diabetes on promoting PDAC progression, including the cellular proliferative effects of hyperglycemia,
hyperinsulinemia, abnormalities in insulin/IGF receptor
pathways, oxidative stress and inflammatory responses[40].
A prospective nested case-control study that included
449 case patients and 982 control subjects showed that
the highest and the lowest quintiles of HbA1c, insulin,
and proinsulin were associated with an increased risk for
pancreatic cancer. However, in mutually adjusted models,
only circulating markers of peripheral insulin resistance
(proinsulin), rather than hyperglycemia (HbA1c) or pancreatic β-cell dysfunction (insulin), were independently
associated with pancreatic cancer risk[49]. By comparing
the proteome of PDAC with and without DM, our previous study indicated that regenerating gene (REG) Ⅰ
α may be one of the connections between DM and
PDAC[50]. The number of REG Ⅰα positive cancer cells
was significantly higher in pancreatic cancer patients with
diabetes (n = 38) than in subjects without diabetes. Overexpression of the REG Ⅰα protein in pancreatic cancer
cell lines resulted in accelerated cell proliferation and consequently tumor growth, both in vitro and in vivo[50]. The
IQ motif containing GTPase activating protein 1-exocyst
axis is a growth factor- and nutrient-sensor that couples
cell growth and division. It may function at the interface
of cancer and diabetes[51].
Several preclinical and observational studies have
shown that anti-diabetic medications may modify the risk
of pancreatic cancer. A case-control study showed that
diabetics treated with metformin had a significantly lower
risk of pancreatic cancer (OR = 0.38; 95%CI: 0.22-0.69,
P = 0.001)[52]. Metformin significantly decreased pancreatic cell growth[53]. These effects could be attributed
to disruption of the crosstalk between insulin receptor
and GPCR signaling[54], or up-regulation of miR-26a or
other factors[53]. However, in a recent meta-analysis that
included eleven studies, 1770 cases of pancreatic cancer
in 730664 patients with DM were reported, indicating
no significant association between metformin, insulin, or
TZD use and risk of developing pancreatic cancer, and
use of sulfonylureas was associated with a 70% increase
in the risk of developing pancreatic cancer[55].
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Circulating Biomarkers for PDAC
Because PDAC develops over a long period of time and
the curative response is significantly better in patients
with early disease, an early diagnostic marker could positively impact the outcome of patients. Circulating biomarkers are always preferred over others because of their
ease of collection and relatively noninvasive nature. The
current standard serum marker, sialylated Lewis blood
group antigen CA19-9, is widely used, but its use is limited to monitoring responses to therapy and not as a diagnostic marker because of its poor sensitivity (41%-86%)
and specificity (33%-100%)[56]. CA19-9 can arise among
patients with benign pancreaticobiliary disorders, notably
cholestasis, and 5% to 10% of the population does not
express Lewis antigens.
In the last two decades, many biomarkers have been
tested for PDAC detection, some of which have higher
specificity and sensitivity than CA19-9. These are new
antibodies such as PAM4 recognizing MUC-1[57], soluble
iC3b[58], REG4[59], serum phosphoproteins extracellular
signal-regulated kinase (p-ERK1/2)[60], CEACAM1, a
proliferation-inducing ligand[61], DJ-1[62], and laminin,
gamma 2[63]. Further validation studies including a large
number of cases are required for the clinical application
of these biomarkers.
DJ-1 is up-regulated in 68.5% of PDAC specimens
and correlates with tumor invasion and metastasis. The
secretion of DJ-1 by tumor cells implies its potential as
a biomarker[64]. Our data showed that the area under the
curve (AUC) of serum DJ-1 is higher than that of CA
19-9 in certain patients with PDAC, and serum DJ-1 level
also predicts poor patient outcome. Other groups confirmed our results[65] and showed the increase of DJ-1 in
pancreatic juice[66].
The sensitivity and specificity of these biomarkers,
which may be insufficient when used alone, can be improved by using them in combination or together with
CA19-9. In a recent study[67], CA19.9 showed a better
AUC in combination with SYCN, REG1B and AGR2
than when used alone. When analyzed in combination,
three panels [CA19.9 + REG1B (AUC of 0.88), CA19.9
+ SYCN + REG1B (AUC of 0.87) and CA19.9 + AGR2
+ REG1B (AUC of 0.87)] showed a significantly better
AUC (p < 0.05) than that of CA19.9 alone (AUC of 0.82).
The superiority of the combination of biomarkers was
also shown by our group and others[64,68].
Several recent reports showed that aberrant miRNA
production is an early event in the development of PanIN
lesions[69,70]. MiRNAs 21[71,72], 155[71], 16[73], 196a[73], 1290[74],
221[30], 375 (lower in PDAC)[30], and 18a[75] were identified
by using miRNA expression profiling or other methods
as potential biomarkers of PDAC alone or in combination with CA19-9 and each other[72,73]. A recent meta analysis of three blood based miRNA studies reported that
the median specificity and sensitivity were 0.91 and 0.96,
respectively[72]. Our group together with other centers[71]
in China screened differentially expressed serum miRNAs with Illumina’s sequencing by synthesis technology
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using pooled serum samples followed by RT-qPCR validation of a large number of samples arranged in multiple
stages in 97 PDAC cases and 158 age- and sex-matched
cancer-free controls. We established 7 miRNA-based biomarker model (miR-20a, miR-21, miR-24, miR-25, miR99a, miR-185, and miR-191) for PDAC diagnosis. These
biomarkers had high sensitivity and specificity for distinguishing various stages of pancreatic cancer from cancerfree controls and also accurately discriminated pancreatic
cancer patients from chronic pancreatitis patients (AUC
= 0.993). In 26 stage Ⅰ pancreatic cancer cases, the positive rate of pancreatic cancer detection by the 7 miRNAbased biomarker set was 96.2%, which was significantly
higher than that of CA19-9 (46.2%) or CEA (30.8%)
in the same sample set. In 48 stage Ⅱ pancreatic cancer
cases, the positive rate was 91.7%, which was also higher
than that of CA19-9 (62.5%) or CEA (31.3%). Although
miRNA detection is not currently used as a criterion for
PDAC diagnosis, recent investigations indicated that they
may be promising biomarkers in the near future.
Circulating tumor cells (CTCs) are tumor cells that
have acquired the ability to enter the circulatory system.
Studies have reported the presence of CTCs in peripheral
blood in 40%-100% of pancreatic cancer patients[76,77],
and their potential as biomarkers of PDAC was demonstrated recently[76-83]. CTCs have the potential to provide
a surrogate for “real-time biopsy” of tumor biological
activity. However, as CTCs are extremely rare, both enrichment and sensitive methods of detection are required
for their enumeration[79]. Recently, using a modular system with innovative features, EpCAM positive CTCs
were isolated from PDAC patients at high purity (> 86%)
and with excellent yields (mean = 53 CTCs per mL)[76].
However, the high cost and involved procedure associated with this system constitute an obstacle to its clinical
application.

useful for this purpose or their combinations remain unidentified. Therefore, further studies are required in this
field of research.
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CONCLUSION
The early detection of pancreatic cancer may benefit
patients with PDAC. The slow development and progression of pancreatic cancer are closely associated with the
activation of oncogenes, inactivation of tumor suppressor genes, altered expression of miRNAs, and activated
tumor microenvironment. Therefore, a better understanding of the pathogenesis of PDAC may help detect
PDAC or PDAC precursors at the early stages of the
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Abstract
In the present review we discuss the recent developments and future directions in the multimodal treatment of locally advanced rectal cancer, with respect to
staging and re-staging modalities, to the current role of
neoadjuvant chemo-radiation and to the conservative
and more limited surgical approaches based on tumour
response after neoadjuvant combined therapy. When
initial tumor staging is considered a high accuracy has
been reported for T pre-treatment staging, while preoperative lymph node mapping is still suboptimal. With
respect to tumour re-staging, all the current available
modalities still present a limited accuracy, in particular
in defining a complete response. The role of short vs
long-course radiotherapy regimens as well as the optimal time of surgery are still unclear and under investigation by means of ongoing randomized trials. Observational management or local excision following tumour
complete response are promising alternatives to total
mesorectal excision, but need further evaluation, and
their use outside of a clinical trial is not recommended.
The preoperative selection of patients who will benefit
from neoadjuvant radiotherapy or not, as well as the
proper identification of a clinical complete tumour response after combined treatment modalities,will influence the future directions in the treatment of locally
advanced rectal cancer.
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Core tip: There is a growing interest in the possibility
of the preoperative identification of locally advanced
rectal cancer patients who will or will not benefit from a
preoperative chemoradiotherapy. This review evaluates
the role of current available imaging techniques in this
decision process and critically analyzes the results and
future scenarios of the more limited surgical or observational approaches. In particular, the new trends following a pathologic complete response (i.e. , local excision, wait and see approach) are discussed on the basis
of randomized trials and meta-analyses which form the
basis for present treatment recommendations.
Vignali A, De Nardi P. Multidisciplinary treatment of rectal cancer in 2014: Where are we going? World J Gastroenterol 2014;
20(32): 11249-11261 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11249.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11249

INTRODUCTION
The treatment of rectal cancer has dramatically changed
over time. Evidence exists from literature that up to 70%
of patients with non metastatic rectal cancer present
themselves as T3 or node positive rectal cancer[1]. This
finding implies that major efforts should be directed in
the cure of advanced rectal cancer. Current strategies in
the management of rectal cancer are moving toward a
tailored approach which is based on preoperative staging
results, in their accuracy in re-staging the patient, determining how the patients have responded to the therapy,
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and thus having a pivotal role in the selection of the different therapeutical options that could be potentially offered to a patient with locally advanced rectal cancer[2-7].
This is extremely fascinating since it represents the result
of continuous research in rectal cancer biology, preoperative staging, surgical strategies including laparoscopic
approach of rectal cancer and trans-anal surgery. The
main progress in rectal cancer treatment, however is represented by the understanding that the overall five-year
survival improvement which has been reported in the
last two decades, could be only sustained by a multimodal
therapy approach. This term means an interdisciplinary
cooperation between surgeons, oncologists, radiologists
and radiotherapists.
The present paper is directed to evaluate the state
of the art in the multidisciplinary treatment of locally
advanced rectal cancer and to evaluate which are the possible future scenarios in the treatment of locally advanced
rectal cancer.

RECTAL CANCER STAGING
Preoperative staging is a crucial step in the multidisciplinary
approach to rectal cancer, and it could be considered the
base for a tailored approach to the tumour. The decision
to submit a patient to preoperative chemoradiation (CRT)
is mainly based on staging. Other factors include tumour
histology, location, patient’s morbidity, patient’s age and
medical diseases. Digital rectal examination, widely used
in the past, for primary staging, can give information
about the fixation of the tumour, sphincter involvement,
distance from anorectal ring as well as to the size of the
tumour, however it has a limited accuracy in establishing
the depth of invasion which is approximately 65%[8].
The most common imaging modalities currently used
in preoperative staging of rectal cancer are endorectal
ultrasound (ERUS), magnetic resonance imaging (MRI)
positron emission tomography (PET) scan and computed
tomography (CT). This latter imaging technique however
is mainly used to rule-out the presence of systemic metastasis, and it will be not discussed in the present review.
Pre-operative staging
ERUS: Data emerging from recent meta-analyses and
cohort studies, showed that ERUS has an overall accuracy for T staging which ranges from 80% to 95%. In
particular, the highest accuracy and specificity have been
observed in the evaluation of early rectal cancer and in
the assessment of tumour extent into the layers of rectal
wall[9-14].
With respect to nodal staging, ERUS is less accurate,
tends to overstage the patients with a reported overall
sensitivity and specificity of 55% and 78%, respectively[10,11]. In particular data from a recent meta-analysis
including 35 studies reported a pooled sensitivity and
specificity of about 75%[14]. The sole size criteria used in
the past for pathological node identification (i.e., nodule
of 10 mm or larger are certainly malignant) could be par-
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tially responsible for this wide variability in results. Wang
et al[15] demonstrated that the majority of involved nodes
following rectal cancer surgery has a diameter smaller
than 5 mm and thus other factors are now considered
in the determination of the nature of the nodule, such
as roundness, border irregularity and hypoechoic nature.
Even with these improvements, an overall false negative
rate of 20% has been recently reported by Beets in a review article on this issue[16]. Other factors are potentially
responsible for the reported wide variability in staging
accuracy of ERUS: different probes, different professional figures (radiologist, gastroenterologist, colorectal
surgeon performing the examination) and long learning
curve[9,17,18]. Moreover an operator dependence has been
reported with an inter-observer variation of 10% to 15%
for T staging[10].
MRI: MRI has been demonstrated to be superior in imaging of the more advanced tumours, when compared
to ERUS[16,19-22]. Moreover, another advantage of MRI,
when compared to ERUS is the relatively small learning
curve for the interpretation of the images, which could
be more easily interpreted by other radiologists and clinicians[16,19]. This finding is of pivotal role when considering the multidisciplinary approach to rectal cancer. The
main advantages of MRI have been reported to its ability
in the identification of the mesorectal fascia, in particular
in the threatened circumferential margin (CRM), while
other diagnostic tools have showed low to intermediate
accuracy in the evaluation of tumour penetration and involvement of the mesorectal fascia[19,23,24]. This correlates
to its high accuracy in the preoperative identification of
patients at risk of incomplete surgical excision[11,16,19,24,25].
Data from the multicenter, multinational MERCURY
study group have demonstrated that MRI has an accuracy
of 91% in predicting a clear CRM[26]. Recently, a metaanalysis on the same issue, reported figures in term of
specificity in the prediction of an involved CRM ranging
between 73% and 100% confirming the high accuracy
of MRI in predicting CRM involvement[27]. Prognostic
MRI features also include cancer less than 5 mm beyond
the muscularis propria, mesorectal fascia more than 1
mm from the advancing edge of the tumour and absence
of extramural vascular invasion. These features have
been recently proposed to select patients who potentially
do not need preoperative CRT[28]. Using these criteria,
patients who underwent surgery alone had a local recurrence rate of 3% and a 5-year survival rate of 85%[29].
Phased-array MRI represents a step forward, in particular
when an accurate assessment of tumor encroachment of
the CRM is needed[25].
Current guidelines indicate pelvic phased-array coil
as the most reliable tool in order to provide the most detailed depiction of the rectal wall and surrounding structures[24,30,31]. On the other hand, despite the continuous
improvement in MRI technology, the use of new morphologic and signal-related criteria for lymph-node evaluation[32] and the introduction of lymph-nodes specific
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MRI contrast agents, such as nano-paramagnetic particles
of iron oxide[33], the accuracy of MRI in the preoperative
identification of pathological lymph-nodes is still unreliable. Beaumont in a recent review of the role of MRI on
rectal cancer staging has reported an overall accuracy of
69% and a sensitivity of 77% in the pathological lymphnode preoperative evaluation[24].
Positron emission tomography-CT scan: Positron
emission tomography (PET)-CT scan has been recently
proposed to be added to MRI for initial rectal cancer
staging. However its role in T staging is low, due to its
relatively low spatial resolution that ranges between a 0.4
and 1.0 cm and poor anatomical details[34]. The aforementionded limits also apply in the research of lymphnodes micrometastases. Recent reports show that the
accuracy of FDG-PET-CT in the evaluation of lymphnodes is similar to the one of MRI with a reported sensitivity of 72%, and a specificity of 95%[34-37]. Nevertheless, FDG PET/CT maintains a consolidated role in M
staging for rectal cancer and in detecting lymph-node at
distant site, especially in the paraortic nodes[34,35]. Some
reports have shown FDG PET/CT to detect 30% more
distant lesions compared with CT scan, mainly in liver
and lungs[11,37,38].
Re-staging modalities
As seen for the primary staging of the tumor, the accuracy in the restaging process after CRT is of paramount
importance when deciding in favour of a more limited
surgical procedure or when a non operative approach is
contemplated. Both these new trends, in fact, are contemplated in case of extensive tumor response.
ERUS: With respect to ypT stage, ERUS shows an accuracy which varies between 27% to 72% with a high
tendency to overstage the patient[39,40]. Figures within 0%
to 60% have been variously reported when the accuracy
to correctly diagnose a T0 is considered[39,41-44]. This low
accuracy has been attributed to the difficulties in discriminating cancerous mass from desmoplastic reaction,
peritumoral vasculopathy and radio-induced overgrowth
fibrosis. This latter feature is particular difficult to differentiate at ultrasound for its hypoechoic pattern[45].
Better results have been reported when lymph nodal
involvement restaging is considered, with figures ranging between 39% and 83%, resulting in a mean value of
70%[38,39,42,44]. For this parameter, overstaging was only
slightly more common than understaging (8%-39% vs
11%-28%) as emerged in a recent review on this issue[43].
A higher diagnostic accuracy in N staging has been reported when patients were re-evaluated after 7 wk from
the completion of CRT, compared to the 4-6 wk used by
the majority of the authors, probably due to a reduction
in the radio-induced fibrosis[46].
With respect to the accuracy in predicting a pathologic complete response (PCR), figures in term of accuracy ranging between 0% and 50% have been reported by
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means of small series and cohort studies[43,45-47].
MRI: The role of MRI in the restaging process is still
sub-optimal[48,49]. A recent paper evaluating data from 5
institutional prospectively-maintained database demonstrated, using a sophisticated statistical method, the poor
accuracy of MRI in predicting ypT, ypN, as well as the inability to predict a PCR or to discriminate a T4 disease[50].
Kim et al[51] reported an accuracy of 50% and 65% for
rectal wall invasion and nodal involvement, respectively.
Moreover, data from an Italian study, reported an accuracy
in correctly identifying a ypT0 after neo-adjuvant therapy
of 77% and of 65% for ypN0[52]. Radio-induced fibrosis,
ulceration and proctitis might be responsible of this lack
of accuracy[41,51,52]. This is particularly true for lymphnodes restaging in which fibrosis makes it difficult to differentiate a metastatic lymph node and irradiated lymph
node changes. In particular, a change in a lymph node
with or without metastasis after neoadjuvant CRT is assumed to be associated with metastasis, resulting in lymph
node overstaging[51]. The technical evolution of the MRI
imaging with the introduction of the diffusion weighted
MRI, perfusion MRI, lymph-nodes specific MRI contrast
agents, seems to improve the accuracy of the imaging
technique, in particular in the proper identification of a
T0 lesion, however more data are needed to validate the
role of these new imaging modalities[33,53-55]. Nevertheless,
the actual prediction of a complete pathologic response is
within the range of 66% to 85%[51,56,57].
PET: Concerning the role of PET in tumour response
to therapy, some authors have suggested the complementary role of these imaging techniques to the most
used MRI, CT scan and ERUS[34,58]. A growing interest
among the scientific community in the potentiality of
FDG PET/CT in evaluating the response of neoadjuvant therapy in rectal cancer has been reported, due to
the promising results of the technique[59]. However, there
is an urgent need for the standardization of the criteria
used to measure the response[34,60]. Results, from recent
reports, in fact, showed a wide range of values in term
of sensitivity and specificity of FDG-PET in predicting
a response after neoadjuvant therapy, which varies from
45% to 100% and from 59% to 96%, respectively. These
results are related to different time-intervals in which the
response is evaluated, different cut-off values and criteria
used to define the response[34,59-62]. Moreover, with respect
to the relation between PET and PCR, controversial results have been reported using 18-FDG-PET/CT[60,63-65].
These findings should be ascribed to the limit of the
FDG PET/CT which has a spatial resolution of 5 mm,
and it is not able to detect small cluster of cells, potentially limiting at present time its role in the prediction of
complete response following CRT.
Conclusion: Staging rectal cancer
In Table 1 are summarized the pro and cons of each imaging technique in the staging and restaging process of
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Table 1 Pro and cons of each imaging technique in the staging/restaging process
Staging

Restaging

Pro

Cons

Pro

Cons

ERUS

High accuracy and specificity for early rectal cancer
(T)

High accuracy for persistent
lymph nodal involvement

Low accuracy for T restage

MRI

Ability to evaluate CRM
Best tool to select patients for neoadjuvant treatment
High accuracy in advanced tumors
Confirmation of M and N at distant sites

Tends to overstage N
Operator dependent
Long learning curve
Low accuracy
for lymph-nodes
involvement
Low accuracy for T
staging

Good prediction for CRM
involvement

Poor accuracy in predicting ypT0
and ypN0

Detection of progression at
distant sites

Lack of standardization of the
criteria used to assess the response

PET

MRI: Magnetic resonance imaging; ERUS: Endorectal ultrasound; PET: Positron emission tomography; CRM: Circumferential margin.

rectal cancer. An high accuracy has been reported for T
staging using ERUS and MRI, while, despite the continuous technical progress in preoperative staging, preoperative lymph node mapping is still suboptimal with a false
negative rate of 20%. PET scan is a promising imaging
tool, but more data are needed to confirm its accuracy.
With respect to the restaging process of rectal cancer following neo-adjuvant chemo- or radio-therapy (CT-RT),
all the current available modalities still present limited accuracy, in particular when an accurate definition of clinical complete response is required.
In our opinion, the complementariness of these diagnostic tools should be kept in mind by the multidisciplinary team to obtain the most reliable information on
the state of the tumour.

CURRENT ROLE OF PREOPERATIVE CTRT
The current standard protocol in United States and Europe in patients with locally advanced cancer (T3, or any
N1) is neo-adjuvant combined modality therapy (chemotherapy plus radiotherapy) prior to surgery[2,4-7,66,67].
Different randomized studies with high level of evidence
were responsible for the adoption of this consolidated
strategy[68-72].
The German CAO/ARO/AIO-94 trial, the Dutch
TME trial, the MRC CR0//NCIC-CTG-C016 all demonstrated in patients who underwent preoperative CT/RT, a
significantly lower local recurrence (LR) rate, a decreased
toxicity, and increased sphincter preservation rate when
compared with patients who underwent postoperative
chemotherapy or surgery alone, while no significant difference was observed with respect to overall survival
rate[68-70]. In contrast, data coming from another randomized controlled trial (RCT) trial, in which 240 patients
with locally advanced cancer were enrolled, showed no
difference in term of acute and late toxicity between preoperative and postoperative CRT, while a higher rate of
sphincter preservation has been reported in patients who
underwent preoperative CT (68% vs 42% )[72].
Sphincer preservation seems to have increased over
time in the last 15 years. However, the role of preoperative CRT in decreasing the rate of abdomino-perineal
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amputation of the rectum (APE), thus resulting in an
increased rate of sphincter preservation is still unclear
and debatable. This issue has been recently addressed by
Gerard et al[73] who analyzed the results of 17 trials randomizing close to 10800 patients. In this elegant analysis,
none of the studies tested was able to demonstrate a
beneficial effect of neo-adjuvant treatment on the rate
of sphincter preservation. Other factors, such as the acceptance of progressive smaller distal margins, advances
in surgical technology such as staplers, improvement in
surgical techniques as inter-sphincteric resection could be
responsible for the observed increased sphincter-saving
reported by literature[7,74,75]. Another controversial issue
is the role of neoadjuvant CT-RT in the management
of unresectable rectal cancer (i.e., palpably fixed lesion
involving adjacent organ or structures, not amenable for
primary surgical resection) which represented 15% of all
rectal cancer at presentation. Chemoradiation aims for
tumor shrinkage to allow radical resection. Two RCT trials demonstrated a higher resectability rate when chemoradiation was compared to radiation alone with figures
in the range of 80%-85% for CRT vs 68%-75% for RT
alone[76,77]. Moreover, the effect of boosted radiotherapy
alone vs conventional neoadjuvant CRT on resectability
has been recently evaluated by Engineer et al[78] in another
RCT trial in which 90 patients with advanced or unresectable rectal cancer were included. Escalated radiation dose
was not associated to a higher resectability rate, while
it resulted in an increased wound infection and delayed
wound healing. On the other hand preoperative shortcourse radiation could represent a valid alternative to
CRT in elderly patients with primary unresectable rectal
cancer unfit for preoperative chemotherapy due to severe
co-morbidities[79].
The importance of adding chemotherapy to preoperative radiation was stressed in EORTC RCT trial published in 2006 (European Organization for Research and
Treatment of Cancer). More than 1000 patients with locally advanced rectal cancer were recruited. A significant
reduction of local recurrence from 17.1% to 8.7% was
observed when chemotherapy was preoperatively added
to 45 Gray (Gy) radiation delivered over 25 fractions[80].
The current recommended chemotherapeutic agent to
use with preoperative radiation is capecitabine[81]. At
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present time there is no consensus on which preoperative CRT scheme should be used; short or long-course
CRT. Long-course scheme (LCRTCT) is the treatment
of choice in North America and Canada[66]. In Europe,
the scheme used to deliver preoperative CRT varies from
country to country and different recommendations come
from a panel of experts representing the most important European societies[82]. A moderate consensus to use
short-course regimen (SCRT) was achieved for cT3 any
NM0 disease. Agreement was reached on either SCRT
followed by immediate surgery or LCRTCT with delayed
surgery in patients with no CRM involvement. Moreover
in patients not candidate for chemotherapy, SCRT with
delayed surgery is an option/alternative. LCRTCT was
recommended in patients with CRM involvement at presentations and in any cT4 any NM0. In this decision process, MRI prognostic features play a key role, in particular
in the assessment of CRM involvement[67,82,83].
The main advantages of LCCRT over SCRT are tumour regression and downsizing as reported in the Polish
and Trans-Tasman Group RCT trials which compare
the two schemes[84,85]. In the Polish trial, a 16% complete
pathologic response was reported for LCCRT, while it
was 1% in the SCRT. Similar results were reported by the
Trans-Tasman Group trial (15% vs 1% CR). No statistical difference was observed with respect of local recurrence and overall survival rate and late toxicity in both
studies. A better downstaging response after long-course
CRT when compared to short-course was also observed
when a 6 wk interval to surgery was considered[86,87]. Data
coming from the ongoing Stockholm Ⅲ trial will further
clarify this issue. In this trial, three different randomization arms are considered; LCRT without concomitant
chemotherapy, SCRT with immediate surgery or SCRT
with surgery delayed for up to 8 wk in order to assess
which treatment arm is more favourable in term of
tumour regression, local recurrence rate and reduced
toxicity[88]. An interim analysis of the Stockholm Ⅲ trial
recently published, showed a close to 10% PCR rate,
when SCRT followed by delayed surgery was considered,
while figures of 0.4% and 2% were reported, in case of
SCRT followed by immediate surgery and LCRT alone,
respectively. Moreover SCRT followed by immediate
surgery resulted in a higher complication rate when compared to the other treatment arms[88,89]. The use of SCRT
and delayed surgery (6-8 wk after the completion of the
treatment) has been recently proposed in patients with
non resectable rectal cancer (synchronous/distant metastases) with contraindication to long-course CRT. These
are patients in whom tumour regression and downsizing
would not improve resection or sphincter preservation[90].
The results from this small series including 46 patients,
show that delayed surgery was performed in all but nine
patients, and that a complete pathologic response was
obtained in 8.7% of the patients. The SCRT was well tolerated in the majority of the patients. Only one patients
died due to sepsis with fever and neutropenia.
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SELECTIVE USE OF PREOPERATIVE RADIATION
The well-recognized benefits of RT or CRT, in term of
reduced local recurrence, increase rate of sphincter saving procedures, however need to be balanced against the
risk of increased faecal incontinence, genitourinary disorders, impaired sexual function and bowel disorders[14].
Moreover, there is evidence in literature that TME surgery alone in the absence of preoperative radiation leads
to local recurrence rates less than 10% and in a overall
survival rate equivalent to preoperative radiation plus total mesorectal excision of the rectum (TME)[71,85,91].
Based on these results, several authors have focused
their efforts to better identify the patients who are at low
risk of local recurrence, and ideally may not benefit from
neoadjuvant therapy[58,92,93].
Data from a Spanish institutional retrospective series
on a population of 152 consecutive preoperatively stage
Ⅱ or Ⅲ rectal cancer patients who underwent surgery
alone, identified threatened mesorectal fascia at preoperative staging as the only independent preoperative factor
associated with a significantly higher risk of local recurrence with a median follow-up of 39 mo[94]. This prognostic role of CRM was also confirmed by a Natgegaal
and Quirke[95] on more than 17500 rectal cancer patient.
Moreover data coming from NCRI colorectal cancer
study group on 1156 patients identified the histological
involvement of the circumferential margin as a powerful predictor of local recurrence, distant metastasis and
survival rate[96]. On the basis of this evidence, it has been
advocated the crucial role of CRM in the preoperative
assessment of rectal cancer, in the light of neoadjuvant
treatment, also suggesting that its assessment is more
informative in treatment planning than the T stage[96-100].
Guidelines from an European consensus conference on
rectal cancer, suggest that surgery alone is indicate in the
early cT3N0 in presence of a clear circumferential margin
assessed by MRI, unless the tumour is located at the level
of the levators[67,82]. More recently, in a prospective single
centre study, in presence of a good-quality TME, radiotherapy has been reserved only in patients with threatened or involved mesorectal margin irrespectively of the
nodal status, with no adverse effect on local recurrence[99].
Guidelines from ESMO and EURECCA collaborative
group proposed to sub-categorize rectal tumours in different subgroups (favourable, intermediate “bad group”,
advanced “ugly group”) based on MRI findings in order
to define the extent of surgery and whether neo-adjuvant
CRT is required[101,102].
In summary, a predicted clear CRM as well as the
other prognostic MRI features proposed by Heald et al[28]
and stressed by others[25,29,30,67] already mentioned in this
review (i.e., absence of vascular invasion, upper third rectal cancer, absence of extramesorectal lymph-adenopathy,
absence of neural or vascular invasion ) seem to be able
to identify patients at low risk, who will potentially not
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beneficiate of preoperative radio and chemo-therapy.
However, large randomized studies with high level of
evidence are needed to implement this strategy.
Conclusion: Current role of preoperative CT-RT
According to these findings, one option could be to give
neo-adjuvant therapy in the majority of patients, irrespective from their nodal status, leading to an overtreatment
and its related consequences. The other future scenario
is to reserve preoperative CRT only to patients with
threatened CRM. This strategy should be indicated only
by weighting the risk of unnecessary treatment against
the possibility that these patients would ultimately require
postoperative chemo-radiation which has a higher toxicity and it is less effective in term of local control when
compared to preoperative CRT. However, this hypothesis
is still awaiting, since more RCT trials and long-term
follow-up studies are needed.
Which strategy following neo-adjuvant therapy
Current guidelines from the American Society of
Colorectal surgeons indicate that radical surgery by means
of TME with or without sphincter saving or partial TME
depending on tumour localization should be offered to all
patients following neoadjuvant treatment[66]. However, in
light of the significant response rate that can be achieved
with preoperative therapy, we have to consider and critically analyze the current role and implications of the new
strategies proposed.
The benefits of neoadjuvant CRT have been well
documented and include, among the others, tumour
downstaging and tumour sterilization (i.e., pathologic
complete response) defined as the absence of cancer
cells on histological examination in the resected specimen following radical surgery. PCR has been reported
in 8%-40% of the patients either in phase Ⅱ/Ⅲ trials
as well as in non-randomized trials as emerged in two
recently published meta-analysis on this subject[103-105].
Different factors have been identified to influence the
occurrence of PCR, such as the timing of response assessment, indicating that a longer interval between the
completion of neoadjuvant therapy and surgery compared to the standard 4-6 wk adopted in the past by the
surgical community, could increase the rate of PCR[106-108].
Moreover additional radiotherapy or dose escalation[109,110],
novel chemotherapeutics agents and additional chemotherapy after preoperative CRT and before surgical resection have been variously documented to be able to
improve PCR[104-106,110,111]. Patients who achieve a PCR
have a favourable prognosis, with very low local recurrence rate (0%-1%) and 5-year survival rates greater than
95%[104,105,112-115]. Moreover there is evidence in literature
that the risk of lymph-node metastases among patients
with pathologic complete response is considerably low
and frequently less than 5%[104,112,113,116,117]. A recent large
series form Ireland, including 276 patients showed that
in patients down-staged as ypT0/T1 the risk of nodal
metastases was 2.3%[118]. This is in contrast with less ra-
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diosensitive tumours re-staged as ypT2-T4 in which the
risk of harbouring nodal metastasis could be as high as
29%-64%[117]. According to the aforementioned findings,
PCR may indicate a subset of patients associated with
good outcome, but still at risk of lymph node metastasis, even low. This latter point is of crucial importance,
since these patients could potentially beneficiate of a less
invasive approach, avoiding a surgical procedure which
is associated with a significant morbidity and long-term
sequelae in term of sexual, urinary dysfunction and fecal
incontinence[91,119-121]. According to these principles, a wait
and watch approach has been proposed by Habr-Gama et
al[122] from Brasil in patients in whom a clinical complete
response (CCR: i.e., absence of clinically detectable residual tumour) after neo-adjuvant therapy has occurred.
CCR rates in the international literature range from
10.9% to 38.7% as recently reported in a review paper
by Glynne-Jones et al[123], who evaluate the role of non
operative approach after CRT in 650 patients. The Brasilian group has the largest experience on the non-operative
approach to rectal cancer in patients who had a clinical complete response after neoadjuvant CRT. In their
historical series published in 1998, of 118 patients with
advanced low rectal cancer who underwent neoadjuvant
therapy, 36 (30.8%) achieved a CCR. In these patients an
observational approach was chosen with no immediate
surgery, but a local recurrence which required a salvage
resection occurred in 8 (27%) patients within 3 to 14 mo.
Local recurrence and survival rate, however were similar
to that of the patients with a PCR at surgery with a mean
follow-up of 36 mo[122]. More recently published studies
from the same institution, reported an early tumour regrowth (within one year) in approximately 17% of the
patients[124,125]. However all the patients were amenable
to salvage surgery with R0 resection, and the three-year
overall and disease-free survival rate for patients with a
sustained CCR was 94% and 75% respectively, with a
median follow-up of 53 mo[125]. Authors from academic
Institution from Holland and preliminary results from
a phase Ⅱ clinical trial from England have recently reported their experience on the non operative approach to
rectal cancer in patients with a complete clinical response
reporting similar results in term of recurrence and overall
and disease free-survival[126,127]. On the other hand, other
studies, mainly of retrospective nature with inherent limitations in term of response assessment which was not
standardized, reported disappointing results in term of
local recurrence with figures ranging from 21% to 83%
when a non-operative management following preoperative RT or CRT was considered[128,129]. The reproducibility
of the results obtained by Habr-Gama et al[122], for the scientific community would be of fundamental importance
for the wide application of a non-operative approach in
patients with a clinical complete response following neoadjuvant treatment. Different variables should be considered in the interpretation of current available results.
Major drawbacks are the definition of CCR which has
evolved the course of published studies, in particular for
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the Habr-Gama group series, the retrospective nature in
the majority of published series, the absence of standardization in the methods used for determining response
both in term of clinical and imaging modalities, the size
of the tumour at initial evaluation, and the follow-up
protocols which have been changed over time as underlined by Solanki et al[130] in a review paper on non operative management of rectal cancer after preoperative CRT.
Another matter of criticism and caution in considering
a non-operative approach, is represented by the fact that
CCR does not necessarily correlate with PCR. A poor
25% to 30% concordance between clinical and pathological response has been reported by means of a large retrospective study from Memorial Sloan-Kettering Cancer
Center and a review paper by Glynne-Jones in which 38
trials reporting data on complete/partial clinical response
were analyzed[131,132]. Lastly, the rationale of the wait and
see approach is based on an optimal restaging process
following neoadjuvant treatment, but at present time,
despite continuous technical advances in imaging techniques both with respect to MRI and PET-CT, restaging
is still sub-optimal[33,56,57,60,63-65]. In summary, the need for
a standardization both in definition of clinical complete
response as well as in the follow-up procedure are of
paramount importance, and only recently an expert consensus article has defined both clinical and endoscopic
findings for CCR standardization that will be useful for
future studies and their interpretation[133].

ROLE OF LOCAL EXCISION AFTER
PREOPERATIVE CRT
Conventional TME is considered the standard of care
following preoperative CRT. However, in selected patients in whom a significant tumour regression has occurred after neoadjuvant therapy, another surgical option
is now represented by local excision. Moreover local excision using different surgical techniques has been recently
proposed as a restaging biopsy, since both mucosal and
submucosal endoscopic biopsies following CRT as well
as digital examination should not be considered reliable
procedures in the determination of a clinical complete
response[3,39,68,134,135]. The main issue with respect to this
approach, independently from the technique adopted; i.e.,
transanal with retractors, TEM (trans-anal endoscopic approach)[136] or trans anal mini invasive surgery (TAMIS)[137]
lies in the fact that only the rectal wall harbouring the
tumour is removed without appropriate lymph-node
dissection. Nevertheless, the rationale of proposing a local excision in patients who had a major response after
CRT is based on the observation that the risk of nodal
metastases depends from ypT status[62,138-140]. Different
retrospective papers, small single series, have analyzed the
role of local excision after major response to complete
response following CRT[140-149]. In a recent pooled analysis
by Borschitz et al[140] in which 270 patients were included,
a strict correlation between local recurrence and pathological staging was reported. LR rate was 0% for ypT0
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and 2% for ypT1, while for ypT2 figures between 6% and
20% were reported. According to the high recurrence
rate reported in ypT2, the role of TEM in this sub-group
of patients is controversial and there is no consensus on
its use, at present time[116,145,146]. A recently published prospective multicenter phase Ⅱ study from Italy in which
63 patients with major clinical response after CRT were
enrolled, reported a 0% LR rate after a mean followup time of 36 mo in the 43 patients who were ypT0 or
ypT1/tumor regression grade (TRG) 2. Twenty patients
resulted ypT > 2 or TRG > 3 or had positive margin
following local excision; 11 underwent a TME, while 9
refused a TME. Among these latter 9 patients, a 22% LR
was observed[147]. Similarly, another surgical group from
Italy, found no local recurrence rate or distant metastases
in patients in whom a PCR has occurred[148]. The interpretation of these data, however, needs some caution due to
heterogeneity in staging as well in neoadjuvant regimens,
to the inclusion of patients with high-co-morbidities or
unfit for major surgery. Moreover, median follow-up
times in the majority of published series, ranged from 19
to 56 mo[140]. This follow-up period has to be considered
relatively short, since it has been demonstrated that pelvic
recurrence following local excision may occur even after
5 years[146,147]. Finally, not in all studies, a sub-categorization of ypT1, ypT2 (i.e., G1-2, vs G3, absence vs presence
of lymphovascular invasion) has been reported[140]. The
presence of lymphovascular invasion, as well as a poor
tumour differentiation are well-known prognostic factors
for risk of nodal metastases after neoadjuvant chemotherapy followed by TME and local excision and should
be taken into account when considering a trans-anal excision[115,118,150]. Another matter of debate is the fact that
local excision following radiotherapy increases postoperative morbidity in particular wound dehiscence[142,149].
Perez et al[145] comparing patients having CRT and TEM
vs TEM alone, reported a 70% wound dehiscence in patients who underwent CRT and TEM vs 23% in patients
who underwent TEM alone. A significant higher 30-d
readmission rate was also reported in the same series, in
the CRT plus TEM vs TEM alone (43% vs 7%, P = 0.02).
A higher wound complication rate in the CRT plus TEM
was also reported by others[143]. However in the majority
of cases, they were treated conservatively as outpatients.
Moreover, preliminary data from ACOSOG Z6041 trial
also showed that preoperative CRT followed by local excision either by conventional transanal technique or TEM
resulted in a persistent anal pain in 9% of the patients[151].
TEM excision can cause alteration or disruption of the
surgical planes, resulting in a high risk of APE when a
salvage or radical surgery is considered[152-154]. The true
morbidity of TEM, postoperative quality of life as well
as the risk of APE in case of salvage surgery need further investigation. The current CARTS (chemoradiation
therapy for rectal cancer in the distal rectum followed by
organ-sparing trans-anal endoscopic microsurgery) multicentric trial still ongoing will probably further clarify this
issue[155].
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Abstract
Hepatic encephalopathy (HE) is a neuropsychiatric
complication of cirrhosis or acute liver failure. Currently,
HE is regarded as a continuous cognitive impairment
ranging from the mildest stage, minimal HE to overt
HE. Hyperammonaemia and neuroinflammation are
two main underlying factors which contribute to the
neurological alterations in HE. Both structural and functional impairments are found in the white mater and
grey mater involved in HE. Although the investigations
into HE pathophysiological mechanism are enormous,
the exact pathophysiological causes underlying HE remain controversial. Multimodality magnetic resonance
imaging (MRI) plays an important role in helping to
understand the pathological process of HE. This paper
reviews the up-to-date multimodality MRI methods and
predominant findings in HE patients with a highlight of
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the increasingly important role of blood oxygen level
dependent functional MRI.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatic encephalopathy; Magnetic resonance imaging; Magnetic resonance spectroscopy; Diffusion weighted imaging; Default-mode network; Blood
oxygenation level dependent functional magnetic resonance imaging
Core tip: Multimodality magnetic resonance (MR) imaging is an effective and feasible research tool to uncover
the pathophysiological mechanism of hepatic encephalopathy (HE). Among these MR imaging techniques,
functional MR imaging method can be the most promising tool for studying HE. Nevertheless, the combination
of functional MR imaging and other advanced MR techniques can be helpful to understand HE in the future.
Zhang XD, Zhang LJ, Wu SY, Lu GM. Multimodality magnetic
resonance imaging in hepatic encephalopathy: an update. World
J Gastroenterol 2014; 20(32): 11262-11272 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i32/11262.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i32.11262

INTRODUCTION
Hepatic encephalopathy (HE) is a neuropsychiatric disorder in patients with cirrhosis or after porto-systemic
shunt procedure with pathophysiological and structural
alterations. HE manifestations consist of a wide spectrum of neuropsychiatric and cognitive impairments
from subclinical disturbance to stupor and coma[1,2]. HE
is viewed as a continuous spectrum ranging from minimal HE (MHE) to overt HE (OHE), rather than distinct
stages[1]. HE is a reversible condition after successful
liver transplantation as the best method to cure advanced
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liver disease[3,4].
The identification of MHE remains a major challenge for clinicians, mainly due to the intrinsic shortcomings of psychometric tests because these tests are
easily affected by the individual’s age, education, and
extemporaneous neural status. Critical flicker frequency
(CFF) posses the advantages of both language independence and moderate diagnostic accuracy for MHE, thus
it is recommended as an adjunct (but not replacement)
to psychometric testing[5]. In addition, it is believed that
MHE develops before major neuropathological destruction occurs [6]. Hence, reliable and objective imaging
biomarkers are necessary to complement these clinical
tests to help identify or diagnose MHE and monitor the
effects of therapy. Fortunately, these can be provided
by various advanced magnetic resonance (MR) imaging
tools. Here we review the multimodality MR imaging
used in HE diagnosis, clarification of its pathophysiological mechanism, and its follow-up, with focus on new
utilities or findings to date.

Classification of HE
Based on etiology and severity of HE, the Working
Party at the 11th World Congresses of Gastroenterology
held in Vienna in 1998 recommended the nomenclature
and three types of HE[7]. Type A, HE related to acute
liver failure; type B, HE related to porto-systemic bypass
without intrinsic hepatocellular disease; and type C, HE
related to cirrhosis and portal cirrhosis and portal hypertension or porto-systemic shunts. Type C HE can be
classified into 3 sub-categories: episodic, chronic, and
minimal HE. The properties of episodic HE are confusional syndrome, acute onset, and fluctuant severity.
Chronic HE includes relapsing HE (frequent episodes
of acute HE) and persistent HE (not reverse despite
adequate treatment). MHE is the mildest form of HE.
In recent years, the investigation into MHE has been attracting more and more attention.
MHE refers to encephalopathy associated with cirrhosis or porto-systemic shunts or even with extrahepatic portal venous obstruction, and manifests subtly
abnormal cognitive and/or neurophysiologic functions without clinically overt symptoms of HE[1]. The
prevalence of MHE is estimated to vary from 30% to
84%[6]. The diagnosis of MHE still lacks gold standard,
although a battery of psychometric tests have been
used to detect neurocognitive impairment. However,
neuropsychological tests cannot provide information
about the cerebral regions involved. Compared with
clinical manifestations of OHE, such as personality
change, disorientation, and consciousness disorders,
which may contribute to the increased risk of death of
cirrhotic patients, MHE impairs executive functioning,
working memory and health-related quality of life[8-10].
It has shown that patients with MHE are more likely to
get driving problems[11]. In addition, MHE or previous
bouts of OHE can be used to predict the subsequent
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development of OHE as well[9,12].

Pathogenesis of HE
One widely accepted hypothesis for HE is hyperammonemia[13-15]. Hyperammonemia leads to excess uptake
of ammonia by astrocytes representing the principal
target. Increased ammonia and glutamate are converted
to form abundant glutamine under the catalysis of glutamine synthase, which contributes to increased osmotic
pressure. Moreover, astrocyte swelling may not happen
immediately due to the existence of osmotic-regulatory
mechanisms by depletion of intracellular osmolytes until
decompensation. As decompensation continues, astrocytes undergo morphologic changes leading to Alzheimer type 2 astrocytosis.
In fact, HE appears to be a much more complicated
process that is related to multiple synergistic precipitating factors[16,17]. These factors mainly include hyponatraemia, proinflammatory cytokines, ammonia and benzodiazepines which may induce the insult of astrocyte
osmotic balance. Astrocyte swelling and brain edema
may be a common pathway in the pathogenesis of
HE[14-17]. However, hyperammonaemia and neuroinflammation are two main underlying factors which contribute
to the neurological alterations in HE, even without the
presence of cerebral edema. In fact, it is now believed
that cytotoxic edema does not play an important role in
MHE[18]. Changes of multiple neurotransmitter systems
can lead to impaired neuronal communication in HE.
That process results in various cognitive and motor impairments in HE even before cerebral structural alterations happen[19,20].

Application and interpretation of
Multimodality MR Imaging in HE
Structural MR findings
MR imaging is regarded as the very useful tool for providing a broad range of structural and functional assessments of HE. It aids more understanding of the
pathophysiology of HE with the advanced techniques,
although other imaging approaches, such as positron
emission tomography (PET), also demonstrate direct
evidence for the pathogenesis of severe liver disease
and MHE[1,2]. In acute HE, characteristic diffuse cortical overt brain edema can be seen on T2-weighted and
fluid-attenuated inversion recovery (FLAIR) sequences,
while cortical restricted diffusion is presented as high
signal intensity on diffusion weighted imaging (DWI)
and low signal intensity on apparent diffusion coefficient
(ADC) map which indicates cytotoxic edema (Figure 1).
However, the involvement of parietal, frontal, temporal,
or occipital cortex has been found as an uncommon
finding[18,21]. On the other hand, as far as chronic HE
is concerned, apart from the well-known high signal
intensity on T1-weighted MR imaging in bilateral basal
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Figure 1 Acute hepatic encephalopathy in a 44-year-old female with hepatitis B virus-related cirrhosis. A: T1 weighted image shows high signal intensity of
bilateral globus pallidus; B: T2 Fluid Attenuated Inversion Recovery image shows diffused cortical edema; C: axial diffusion weighted image shows diffuse cortical high
signal intensity corresponding to diffuse cortical edema.

ganglia, high signal intensity along the hemispheric white
matter in or around the corticospinal tract on FLAIR
T2-weighted images has been reported, which mimics
the MR imaging findings of amyotrophic lateral sclerosis, due to mild brain edema beyond the threshold for
detection on standard or conventional MR imaging.
Recently, some advanced MR analysis algorithms
have been used to investigate brain structural changes in
HE patients. Voxel-based morphometry (VBM) is a useful, unbiased and automatic research tool in accurately
detecting the focal and global structural changes in both
the grey matter and white matter. This method has been
widely used in various central nervous system diseases[22].
Currently, a consensus has been reached as a decreased
grey matter volume in cirrhosis patients. In a study by
Guevara et al[23], a significant loss in brain density in
many areas of the grey matter was found in patients with
cirrhosis, which pointed to regional brain atrophy. Apart
from the reduction of regional grey matter volume,
Zhang et al[24] also found the increased thalamus volume
in cirrhotic patients, which was not associated with HE
progression, and multiple covariate regression results
suggested that Child-Pugh score was a major factor to
affect grey matter volume, while porto-systemic shunt
mainly affected white matter volume. Recently, Tao et
al[25] concluded that increased thalamic volume could be
a potentially objective imaging biomarker for predicting
seizures due to MHE with the area under the receiver
operating characteristic curve of 0.827. Compared with
cortical volume, cortical integrity has drawn less attention. Cortical thickness analysis with subvoxel resolution
can be used to study cortical integrity in patients with
MHE by Montoliu et al[26]. In their study, cortical surfacebased analysis techniques were used to investigate patterns of cortical thinning in MHE patients. This technique is a kind of computational neuroanatomy analysis
techniques applied to high-resolution cerebral MRI,
which is helpful in detecting neocortical mantle. Finally,
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a focal thinning of the superior temporal cortex and
precuneus in MHE patients compared with non-MHE
patients and controls was found in this study. In terms
of cortical morphological analysis, VBM techniques and
cortical thickness analysis reveal signatures of the cortical mantle with different precisions, however, the former
carries out a better matching of homologous cortical
regions. In addition, white matter abnormalities are common in cirrhotic patients, and VBM is also used in measurement of white matter macroscopic alterations in HE
patients. Guevara et al[23] found a loss of white matter
density in patients with cirrhosis, thus, they considered
that it might represent a loss of axons secondary to the
loss of neurons. Zhang et al[24] found increased whiter
matter volume, with the extent of affected brain volume
greater in HE patients than in non-HE patients with
cirrhosis. Moreover, white matter abnormalities would
progress during the course of the disease, which was
greater in patients with a history of HE, and persisted
several months after liver transplantation[23]. Currently,
voxel-based diffusion tensor imaging (DTI)[27] or tractbased spatial statistics (TBSS) analysis[6] was combined to
further assess the microstructural integrity alteration of
the white matter (Figure 2).
As iron is a cofactor of enzymes participating in
metabolism of some neurotransmitters, iron plays a
vital role in brain metabolism. Abnormal deposition
of iron in some specific brain regions correlates with
the severity of neurocognitive impairments in patients
with Alzheimer’s disease and multiple sclerosis by using
susceptibility weighted imaging (SWI) or T2*WI MR
sequence[28,29]. T2*WI MR imaging can detect subtle iron
deposition changes in the brain[29]. Liu et al[30] found that
MHE was associated with abnormal iron deposition
in the frontal-basal ganglia-thalamocortical circuits by
measuring the phase value derived from corrected phase
image (CPI). Their research demonstrated that there was
significantly decreased phase value in the frontal cortical-
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Figure 2 Voxel based morphometry analysis of patients with minimal hepatic encephalopathy and healthy controls. Minimal hepatic encephalopathy patients
show grey matter volume losses in the frontal and temporal cortices, caudate, putamen, amygdale, paracentral lobule, anterior and middle cingulate cortices, supplementary motor area, and increased volume in the thalamus. From reference [6] (with permission). L: Left; R: Right.

basal ganglia circuits of MHE patients, which correlated
with neurocognitive impairments by using T2*-weighted
gradient echo imaging. This study may point to the
potential role of iron in the pathophysiological mechanism of HE. SWI can more sensitively detect iron than
T2*WI, however, no study has been reported in HE, to
the best of our knowledge.

Dwi and dti
DWI can be used to quantitatively assess the mobility of
water molecules in human body. DWI has been widely
employed in the central nervous system since 1990s[31].
The diffusion of water molecules abides by the principles of Brownian motion. Under an unconstrained
circumstance, taking cerebrospinal fluid as an example,
the movement of water molecules is random and thus
equal in all directions (isotropic); while in the context of
restricted environments, such as axonal myelin sheaths,
water molecules tend to move parallel to, rather than
perpendicular to, the white matter tracts[32]. Therefore,
the motion is restricted in some directions (anisotropic).
DWI can detect this subtle alteration in water molecule
movement. On the basis of differently weighted diffusion-weighted images, a measure of diffusion can be
calculated; ADC images can be derived from. The ADC
represents tissue water diffusivity and is impacted by interactions between water molecules and their surrounding environment.
DTI can be established after the acquisition of diffusion data in a minimum of six non-collinear directions.
DTI can provide detailed information on the microstructure within an imaging voxel, including fractional
anisotropy and mean diffusivity[33], which can be applied to evaluate white matter integrity in different brain
regions. In addition, with the help of advanced fiber
tracking algorithms, 3D visualization of neural tracts
can be generated to allow a direct view of white matter
connectivity. Many researchers have indicated that both
cytotoxic edema and interstitial edema coexist varying in
degree or proportion according to the onset of HE, that
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is, cytotoxic edema take a predominant role in acute HE,
whereas interstitial edema is more overt in chronic one.
Furthermore, DWI and DTI can be used in assessing the
effectiveness after manitol infusion therapy and in monitoring HE after transjugular intrahepatic portosystemic
shunt (TIPS)[34,35]. Most previous DTI studies applied the
region of interest (ROI) based analysis in assessing brain
changes of HE, however, for a diffuse disease like HE,
whole brain analysis seems to be more ideal. Qi et al[6]
employed a novel tool, TBSS based DTI, for investigating the white matter of HE patients, which had a minimum of the registration error and personal evaluation
bias.

MR spectroscopy
The most commonly used isotopes for MR spectroscopy (MRS) study in HE are 1H and 31P. 31P MRS can
detect phosphomonoesters, inorganic phosphate, phosphodiesters, phosphocreatine, γNTP, αNTP and βNTP
resonances. Although these biomarkers reflect cell
membrane synthesis and degradation pathways and energy metabolism information in the brain, little research
consensus has been achieved owning to relatively rare
31
P MRS studies and more complicate application of MR
technique compared with widely used 1H MRS in HE
study.
As a well-known noninvasive technique, 1H MRS can
be utilized to provide information on brain metabolites
such as choline (Cho), creatine (Cr), N-acetyl aspartate
(NAA), glutamine and glutamate (Glx), as well as osmolytes such as myoinositol (mIns) and taurine. Currently,
there is a consensus on characteristic triad of 1H MRS
findings in HE (e.g., intracellular Cho and mIns depletion as well as Glx accumulation), which correlates with
neuropsychiatric impairment in HE patients. 1H MRS
findings supported the astrocyte swelling hypothesis.
In brief, hyperammonia accounts for the significant
elevation of astrocyte intracellular glutamine, which
triggers organic osmolyte depletion (lower Cho/Cr and
mIns/Cr) in patients with cirrhosis, and the increase
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of glutamate and glutamine signals, to compensate for
glial glutamine accumulation (higher Glx/Cr) in order to
maintain osmotic homeostasis. However, astrocyte swelling may occur as a consequence of decompensation of
this volume-regulatory mechanisms followed by neuralglial disturbance.
Among these 1H-MRS variables, mIns seems to be
a more sensitive biomarker in the early detection of
HE[36,37]. In a study by Mardini et al[38], they administered
an oral amino acid mixture to resemble haemoglobin
caused by gastrointestinal bleeding as a challenge to
induce hyperammonaemia. Notably, 1H MRS findings
exhibited a significant reduction in mIns concentration
after the challenge, whereas no statistically significant
difference was found in Cho, Glx and NAA. The rapid
fall of mIns correlated with a compensatory mechanism
to counteract glutamine accumulation. Thus, mIns alteration may be the fastest reaction to a subtle change of
astrocyte water content. Cho is a component of phosphocholine and glycerophosphorylcholine, which are
related to cell membrane activation. Cho is an important
component for the synthesis of acetylcholine, which may
be associated with memory, recognition and emotions as
an important neurotransmitter. Cho/Cr reduction may
underlie the cognition impairment in HE[37].
Most MRS studies found no significant changes of
NAA in patients with cirrhosis, which may indicate no
significant impairment of neurons during the progression of HE. It was considered previously that neuronal
changes in HE was absent or unimportant in explaining
the alteration of neuropsychiatric status. However, there
is neuropathological evidence for significant neuronal
cell loss in the brain of HE patients. For instance, dopaminergic and serotoninergic neuronal systems as well as
Purkinje cells are proved to lose in HE in postmortem
studies[39]. Some VBM and cortical surface-based analysis
studies indirectly support the insult of the grey matter in
HE patients[23,26].
Clinically, 1H-MRS has been employed as a useful
tool to monitor the metabolite reversibility after successful liver transplantation and effective treatment accompanied by improvement of neurologic manifestations[40].
However, the recovery of various metabolites follows
different time courses. One recent study found that there
was no change of Glx/Cr, Cho/Cr, mIns/Cr, or NAA/
Cr ratios in pre- and post-oral L-ornithine L-aspartate
therapy[41].
The current limitations of widely used one-dimensional 1H-MRS in HE had two aspects, namely, spectral
overlap of various metabolites resonating within a narrow spectral range, such as glutamine and glutamate, and
invisibility of low concentration metabolites. Some novel
MRS techniques appear to be able to address abovementioned issues to some extent. Two-dimensional 1HMRS finding was consistent with typical findings by onedimensional 1H-MRS in HE patients with enhanced
spectral resolution which can not only distinguish the
spectral overlap metabolites, but also detect J-coupled
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metabolites, such as aspartate, taurine, and gamma-aminobutyric acid[36]. Moreover, the utility of higher magnetic field strength systems (3T or higher) can increase
the spectral resolution with a shortened acquisition time.

MR perfusion imaging
It is well known that cerebral blood flow (CBF) changes
in HE patients, and the CBF is redistributed from cortical areas to the basal ganglia structures, causing a heterogeneous distribution of CBF, which is established
mainly by PET or single-photon emission computed tomography studies[42]. Decrease of CBF in diffuse cortical
areas and the elevation of CBF in bilateral basal ganglia
accounted for the accumulation of manganese, which
shows high signal intensity on T1 weighted images[42].
Moreover, CBF increase in basal ganglia is correlated
with clinical signs of HE[43]. Some MR perfusion imaging
techniques can be used to quantitatively detect CBF. Li
et al[44] investigated hemodynamic changes in brain basal
ganglia in patients with MHE using dynamic susceptibility contrast (DSC)-enhanced MR perfusion imaging in 12
MHE patients and 10 healthy controls. Increased CBF
in the basal ganglia and thalamus were found in patients
with MHE.
Compared with DSC-MR perfusion imaging, arterial
spin-labeling (ASL) MR perfusion imaging appears to
be a more rational choice in detecting the CBF changes
in HE patients due to the absence of potentially harmful MR contrast agent. In a study by Zheng et al[45], they
assessed CBF changes in cirrhotic patients after TIPS
by using ASL MRI in which a “bolus” of tagged blood
was employed as an endogenous contrast agent. They
exhibited that 7 out of 9 patients experienced a global
CBF increase, while the remaining 2 had a global CBF
decrease by 16% and 31%, respectively, who suffered
from multiple episodes of OHE during follow-up. In
another study, Zheng et al[46] further studied short- and
long-term effects of TIPS on CBF in patients with cirrhosis. In this longitudinal study, the baseline CBF level
was established by performing ASL MRI 1-9 d before
TIPS, and the follow-up MR examinations were performed about 1 wk, 3 mo, 6-9 mo and 12-18 mo after
TIPS. They found that CBF measured at different time
points after TIPS insertion showed different patterns,
and a sharp decline of relative CBF in the 1 wk to 3 mo
period after TIPS insertion indicated that a high event
rate of HE might relate with the unadaptable CBF in
patients undergoing TIPS insertion. Moreover, Zheng
et al[47] investigated the CBF changes in MHE patients,
non-HE and healthy controls by using ASL MR perfusion imaging, and found that CBF of the right putamen
was of the highest sensitivity (93.8%) and moderate
specificity (75.0%) for characterization of MHE when
using the cutoff value of 50.57 mL/min per 100 g,
which indicated that CBF measured by ASL MRI can be
a useful imaging marker for differentiating MHE from
non-HE patients.
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Blood oxygenation level
dependent functional MRI (BOLD
fMRI)
BOLD fMRI is increasingly used in HE studies in recent
years. BOLD signal is derived from the intrinsic intravascular susceptibility contrast agent deoxyhemoglobin,
and is correlated with the proportion of deoxyhemoglobin/oxyhemoglobin and CBF. BOLD fMRI has
supplanted dynamic susceptibility contrast imaging as
the most prevalent method of fMRI for most cognitive
neuroscience studies since 20 years ago[48]. Nowadays,
BOLD fMRI has many utilities in various clinical fields,
for instance, presurgical planning, treatment evaluation,
clinical assessment, and psychiatric diagnosis[48]. Nevertheless, BOLD fMRI has been playing a vital role in cognitive neuroscience. Herein, we summary the research
progress of BOLD fMRI in HE studies in recent years
according to task-related fMRI and resting-state fMRI.
Task-related fMRI
As far as we know, only a few studies used task-related
fMRI to investigate the neural basis of cognitive dysfunciton in HE patients. Zafiris et al[49] first studied neural
mechanism underlying impaired visual judgment in HE
patients by using task-related fMRI. They investigated 9
cirrhosis subjects without OHE and 10 healthy controls
as well by using fMRI with CFF as the task. Compared
to healthy controls, visual judgment-related BOLD activation was decreased in the right inferior parietal cortex
(IPL) in cirrhosis patients. Moreover, the subjects exhibited impaired neural interaction between IPL and the parietooccipital cortex, the intraparietal sulcus, the anterior
cingulate cortex (ACC), the right prefrontal cortex (PFC),
the medial temporal lobe, and the extrastriate cortex V5.
In particular, an enhanced coupling between IPL and the
postcentral cortex was claimed. This study pointed to the
existence of an early impaired and compensatory neural
mechanism during visual judgment in cirrhosis patients
without OHE. Zhang et al[8] carried out another study on
neural mechanism of cognitive control impairment in
cirrhosis by using block-designed fMRI paradigm with a
modified Stroop task using Chinese characters. A cohort
of 14 cirrhosis patient without OHE and 14 healthy
controls were recruited in this study. There were two
tasks involved in different conflict levels. Subjects were
allowed to practice incongruous word-naming task (easier
task) before the MRI was performed, while they were
blinded to the content of incongruous color-naming
task (harder task). They concluded that the impairment
of the ACC-PFC-parietal lobe-TFG circuit was the neural mechanism underlying cognitive control impairment
in cirrhotic patients. Most recently, Liao et al[50] explored
the neural basis of spatial working memory impairment
in MHE patients using n-back task related BOLD-fMRI.
They found a neural network activation in bilateral PFC,
bilateral premotor area, supplementary motor area and
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bilateral parietal areas, which may explain the neural basis of spatial working memory impairment[50]. McPhail
et al [41] performed a block design task-related fMRI
aiming at measuring neural activation during treatment
(oral L-ornithine L-aspartate) of MHE in a longitudinal
study. Their study found that posterior cingulate, ventral
medial PFC and visual cortex showed increased function
after successful HE treatment.
Resting-state fMRI
Currently, investigators have shifted their attention to
brain activities in the resting state in HE patients. Resting-state functional connectivity has revealed a number
of networks (resting-state networks) which are consistently found in healthy subjects and represent specific
patterns of synchronous activity. These networks persist
during task performance and sleep and under sedation.
Using both ROI based analysis and independent component analysis (ICA), a number of resting-state networks
are found: the default mode network (DMN), the sensorimotor component, the executive control component,
up to three visual components, two lateralized frontoparietal components, the auditory component and the
temporo-parietal component[51]. These resting-state networks consist of anatomically separated, but functionally
connected regions displaying a high level of correlated
BOLD signal activity.
Nowadays the most studied network is the DMN,
including the medial PFC, rostral anterior cingulate,
posterior cingulate, and precuneus. DMN is known to
have high metabolic activity during rest and is relatively
de-activated during cognitively demanding tasks, such
as visual and auditory attention, language processing,
memory, and motoric activity. Zhang et al[52] used the reverse subtraction method to investigate the task-related
deactivation to observe the DMN in patients with hepatic cirrhosis. They found that an abnormal deactivation
mode may exist in hepatic cirrhosis patients. After this,
with the awareness of the potential of uncovering the
pathophysiological mechanisms underlying HE by studying DMN, a number of studies have been conducted by
Zhang et al[53] and other groups. In a standard restingstate fMRI, that is, the participants are required to rest
with their eyes closed and keep their heads still and not
to think of anything in particular during MR imaging
scans lasting typically a few minutes, Zhang et al[53] employed ICA method to retrieve DMN components in the
patients with HE, and found significantly reduced functional connectivity in the right middle frontal gyrus, left
precuneus, and left posterior cingulate cortex (PCC) in
the patients with HE. Z scores of the left angular gyrus
and left PCC were found to have a negative correlation
with venous blood ammonia levels in the HE group.
Accumulating resting-state fMRI evidence suggests
that an alteration of cortico-striato-thalamic pathway
may play an important role in HE. Zhang et al[54] studied
the patterns of whole-brain functional connectivity in
patients with MHE by defining connectivity of interest
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Figure 3 Axial magnetic resonance images show functional connectivities in patients with minimal hepatic encephalopathy between cortical and
subcortical regions. A: Decreased positive functional connectivities between
cortical and subcortical regions; B: Decreased negative functional connectivities between cortical and subcortical regions. Green nodes: Cortical ROIs; red
nodes: Subcortical ROIs; light blue lines: Decreased positive connectivities in
patients with minimal HE; dark blue lines: Decreased negative connectivities in
patients with minimal HE. R: Right; L: Left; ACG: Anterior cingulum gyrus; SMG:
Supramarginal gyrus; PUT: Putamen; PAL: Pallidum; THA: Thalamus; CUN:
Cuneus; LING: Lingual gyrus; SOG: Superior occipital gyrus; MOG: Middle
occipital gyrus; IOG: Inferior occipital gyrus; FFG: Fusiform gyrus; INS: Insula.
From reference [54] (with permission).

(COI) as significantly changed connectivity of every two
ROIs compared with controls for further analysis (Figure
3). All 22 COIs related to subcortical ROIs (bilateral putamen, pallidum, and thalamus) were weaker in patients
with MHE. Of 29 cortical COIs, 22 connectivities were
weaker and 7 were stronger in patients with MHE. In
addition, nearly all COIs with significant differences
correlated with neuropsychological impairment. In particular, impairment in the basal ganglia-thalamocortical
circuit could play an important role in mediating neurocognitive dysfunction, especially for psychomotor speed
and attention deficits in patients with MHE. Additionally, some studies used ROI method to investigate the
functional connectivity of the above-mentioned circuit
in HE patients and further demonstrated the abnormal
circuit in HE[55-57]. For example, Qi et al[58] found that
MHE patients had disrupted thalamic functional connectivity which indicated reduced integrity of thalamic
resting state network in MHE by using an ROI-based
method.
Rather than above-mentioned studies on brain network functional connectivity, a “small-world” network
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model can quantify the effectiveness of information
transfer among widely distributed brain regions. The
human brain is organized intrinsically as highly modular
small-world architectures. In this model, the information
transfer is highly efficient, which has been attributed
to the brain’s network organization. Hsu et al[59] applied
small-world topology to assess the alteration of functional connectivity in HE patients. They found that HE
patients showed abnormal small-world properties, which
were related to HE grade. The balance between local
specialization and global integration of brain functional
activity was disrupted in HE patients.
Resting-state fMRI can be used to monitor or predict progression of HE. Qi et al[60] demonstrated that
patients with HE had diffuse abnormalities in intrinsic
brain activity with amplitude of low frequency fluctuations (ALFF), based on whole-brain functional analysis
algorithms (Figure 4). The levels of decreased ALFF in
the DMN and increased ALFF in the posterior insular
cortex are dependent on the severity of HE, suggesting
continuous impairment of the DMN and a compensatory role of the insula during the progression of HE.
Chen et al[9] studied resting-state functional connectivity
within DMN in patients with MHE and a history of
OHE, and found that previous OHE rather than current
MHE might be primarily related to brain dysfunction in
patients with latent OHE.
Resting-state fMRI was also used to investigate dynamic changes of brain function following TIPS and
it can predict the development of HE following TIPS.
ALFF can be applied as a marker in monitoring dynamic
changes of intrinsic brain activity in cirrhotic patients
after TIPS [61]. Hence, resting-state fMRI with ALFF
analysis may be a noninvasive modality to detect the progression of HE, which was reported by Chen et al[62] in
one investigation of low-grade HE.

Multimodality MRI
fMRI is a promising tool in studying HE, and it can
have a flourishing prospect in near future. However, the
combination of fMRI and other MR techniques, such
as DTI, can provide some new insights into the understanding of pathological mechanism of brain function
changes in patients with HE[63-65]. Investigators combined
DTI and resting-state fMRI to investigate brain changes
in MHE in a single institution study[63] and found that
MHE patients have both disturbed structural and functional connectivities within the DMN. The decreased
functional connectivity was also detected between some
regions without abnormal structural connectivity, suggesting that the former may be more sensitive in detecting the early abnormalities of MHE. This study does not
support the idea that cerebral edema play a major role in
HE, and, thus, extends our understanding of the pathophysiology of MHE. With the help of fMRI and DTI as
well, Lin et al[64] found that reduction of functional connectivity of DMN is heavier in patients with overt HE
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Figure 4 Amplitude of low frequency fluctuation maps in groups of healthy control subjects, patients with minimal hepatic encephalopathy, and patients
with overt hepatic encephalopathy. Group of MHE and group of OHE vs control subjects, P < 0.05. Within each group (A: group of Ctrl; B: group of MHE; C: group
of OHE), posterior cingulated cortex and precuneus, medial prefrontal cortex, inferior parietal lobe, and occipital areas show high amplitude of low frequency fluctuation values. Color scale indicates t values. From reference [60] (with permission). Ctrl: Control subjects; MHE: Minimal hepatic encephalopathy; OHE: Overt hepatic
encephalopathy. L: Left; R: Right.

Table 1 Imaging techniques applied in the diagnosis and investigation of hepatic encephalopathy
MR technique

MR findings or applications

Structural MRI

Diffuse cortical overt brain edema on T2WI and fluid attenuated inversion recovery in acute HE;
Bilateral basal ganglia high signal intensity on T1WI in chronic HE;
Regional gray matter volume reduction, increased thalamus volume and white matter abnormality
Abnormal iron deposition in the frontal-basal ganglia-thalamocortical circuits
High signal intensity in subcortical areas and low apparent diffusion coefficient in acute HE;
High apparent diffusion coefficient in chronic HE
Increased mean diffusivity and decreased fractional anisotropy in chronic HE
Depletion of choline and myoinositol;
Accumulation of glutamine/glutamate
Increased cerebral blood flow in the basal ganglia and thalamus

T2* weighted imaging
Diffusion weighted imaging
Diffusion tensor imaging
1
H MR spectroscopy
Dynamic susceptibility contrast-enhanced
MR perfusion imaging1
Arterial spin-labeling MR perfusion imaging1
Task-related functional MRI1
Resting-state functional MRI1

Increased cerebral blood flow;
To early diagnose HE or predict overt HE after transjugular intrahepatic porto-systemic shunt
Attention, visual judgment and working memory impairment in HE
Functional connection alteration of cortico-striato-thalamic pathway;
Abnormal small-world properties;
Resting state network (especially default mode network) abnormalities: reduced functional connectivity in
the right middle frontal gyrus, left precuneus, and left posterior cingulate cortex in the patients with HE

1

techniques mainly for research, currently. MRI: Magnetic resonance imaging; HE: Hepatic encephalopathy.

than in those without HE and MHE. One study by Chen
et al[65] also indicated that both functional and structural
impairments were evident after apparent recovery from
OHE, suggesting that brain dysfunction induced by HE
persisted after clinical resolution by combining both
VBM and ROI-based fMRI.
The MR imaging findings and potential applications
of these advanced MR techniques in brain changes of
cirrhotic patients are summarized in Table 1.

CONCLUSION

REFERENCES
1
2

In summary, neuropsychiatric abnormalities of HE are
from a combination of multiple synergistic precipitating
factors. Multimodality MR imaging is an effective and
feasible research tool to uncover the pathophysiological

WJG|www.wjgnet.com
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be widely applied in this field to deepen our understanding of the whole story of HE.
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Abstract
The intestinal epithelium constitutes a physical and
functional barrier between the external environment
and the host organism. It is formed by a continuous monolayer of intestinal epithelial cells maintained
together by intercellular junctional complex, limiting
access of pathogens, toxins and xenobiotics to host
tissues. Once this barrier integrity is disrupted, inflammatory disorders and tissue injury are initiated and
perpetuated. Beneath the intestinal epithelial cells lies a
population of astrocyte-like cells that are known as enteric glia. The morphological characteristics and expression markers of these enteric glia cells were identical
to the astrocytes of the central nervous system. In the
past few years, enteric glia have been demonstrated to
have a trophic and supporting relationship with intestinal epithelial cells. Enteric glia lesions and/or functional
defects can be involved in the barrier dysfunction. Besides, factors secreted by enteric glia are important for
the regulation of gut barrier function. Moreover, enteric
glia have an important impact on epithelial cell transcriptome and induce a shift in epithelial cell phenotype
towards increased cell adhesion and cell differentiation.
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Enteric glia can also preserve epithelial barrier against
intestinal bacteria insult. In this review, we will describe
the current body of evidence supporting functional
roles of enteric glia on intestinal barrier.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Enteric glia cells; Intestinal epithelial cells;
Intestinal barrier function; Tight junctions
Core tip: This review offers a state-of-the-art discussion
on the role of enteric glial cells (EGCs), an intriguing
population of astrocyte-like cells within the gastrointestinal tract, on the regulation of intestinal epithelial
barrier. The discussion will shed light on the novel
mechanisms of EGC-intestinal epithelial cells interactions, which is invaluable in ultimately developing new
therapeutic tools for the restoration of the intestinal
barrier functions.
Yu YB, Li YQ. Enteric glial cells and their role in the intestinal epithelial barrier. World J Gastroenterol 2014; 20(32):
11273-11280 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11273.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11273

INTRODUCTION
The intestinal epithelial barrier (IEB) serves as the first
boundary of defense between the organism and the luminal environment. It consists of a continuous monolayer
of proliferating and differentiating intestinal epithelial
cells (IECs) maintained together by intercellular junctional complex which establishes the cellular polarity and
reduces the space between adjacent cells. Therefore, the
IEB provides a highly selective permeability that prevents
the passage of pathogens[1,2]. Loss of this barrier integrity
would allow the translocation of the normally excluded
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luminal contents (microbes, food antigens, etc.) into the
mucosa, where inflammatory disorders and tissue injury
are initiated and perpetuated[3-5]. Considerable evidence
indicates that intestinal barrier dysfunction plays a pathogenic role in diseases such as inflammatory bowel disease,
celiac disease and irritable bowel syndrome[6-8]. Therefore,
mediators associated with reinforcing or re-establishing
IEB functions could be of great interest in the intervention of these barrier dysfunction diseases.
Beneath the intestinal epithelial cells lies a population of astrocyte-like cells that are known as enteric glia
cells (EGCs). The morphological characteristics and expression markers [glial fibrillary acidic protein (GFAP),
S-100β] of these enteric glia cells were identical to the
astrocytes of the central nervous system[9,10]. Within the
central nervous system, the blood-brain barrier, which
shelters the nervous system from circulating blood, is
maintained via interactions between astrocytes and cerebral endothelia[11]. Whether similar interactions between
enteric glia and epithelia regulate intestinal barrier function has moved into the spotlight in recent years. In this
review, we will summarize the current evidence supporting functional roles of enteric glia in the control of IEB
functions and gut homeostasis.

INTESTINAL EPITHELIAL BARRIER
STRUCTURE
The important component of the intestinal barrier is the
intercellular junctional complex, which consists of the
tight junctions (TJs), gap junctions, adherens junctions
and desmosomes[12-14]. TJs seal the space between adjacent
epithelial cells near the apical surface. Structurally, the TJs
are composed of membrane-spanning proteins, including
claudins, occludin, and zona occludens[15,16]. Claudins, in
particular, play a critical role in barrier function. Claudin-1,
claudin-4 and claudin-5 reduce paracellular diffusion by
sealing neighbor epithelial cells. Conversely, claudin-2
forms channels or pores contributing to epithelial leakiness[17,18]. Occludin, and the zona occludens could link the
cytoplasmic component of the TJs to the actin-myosin
cytoskeleton[19,20]. Adherens junctions are located beneath
the TJs and are involved in cell-cell adhesion and intracellular communication[21]. As for gap junctions and desmosomes, they are reported to be involved in cell-cell adhesion and intracellular communication, respectively[22,23].
The intercellular junctional complex forms a selective
barrier which allows nutrient absorption and defends
against entry of infectious agents and foreign antigens
into the body. Candidate mediators are reported to affect
the intercellular junctional complex in two ways, first by
expression regulation[24] and second, perhaps more importantly, by affecting the redistribution processes[25]. Further, the balance between apoptosis and regeneration of
epithelial cells is also crucial for the maintenance of the
intact mucosal barrier function[26]. Both disruption of the
intercellular junctional complex and abnormal epithelial
cell apoptosis have been reported to be involved in the
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development of a “leaky” gut, which may promote the
translocation of luminal antigens into the colonic mucosa
and subsequently destroy gut mucosal homeostasis.

ENTERIC GLIA IN THE INTESTINAL
TRACT
The first description of EGCs within the gut was made
in 1899[27]. However, for decades, the role of EGCs in gut
was largely ignored, and was considered merely as foster cells accompanying and supporting enteric neurons.
Interestingly, the current body of evidence expands the
functional role of these cells within the gut.
In the intestine, the EGCs are the major constituent
of the enteric nervous system and outnumber enteric
neurons by a factor of 4 to 10[28]. They possess a densely
integrated array of intermediate filaments rich in GFAP[29]
and express the calcium-binding protein S-100β[30]. The
mucosal EGC population are in close proximity (< 1
μm) to the epithelial cells of the colonic crypts and their
terminal end-feet processes often extend to the epithelial
basement membrane and blood capillaries in the intestinal mucosa[10,28]. Meanwhile, major populations of enteric
glia are found in enteric ganglia in the submucosal and
myenteric plexuses of the enteric nervous system. These
EGCs can ensheath the neuronal cell bodies within the
enteric ganglia, as well as the connecting enteric neuronal
interganglionic processes and the processes extending
from the enteric plexi to the muscularis mucosae and
externae, blood vessels, and mucosal glands[10,31]. The
EGCs are typically described as highly irregular, stellateshaped, small cells which provide regulatory signals for
the development and function of neurons and ganglions
in the gastrointestinal tract[32,33]. As is known, enteric glia
share many structural and functional similarities to astrocytes in central nervous system. Amounts of evidence
indicate the critical role of astrocytes in the maintenance
of the blood-brain barrier. As for EGCs, it has been
demonstrated that EGCs actively receive and propagate
signals, both to and from nearby enteric neurons and the
intestinal epithelium[27,34]. Thus, EGCs may be an ideal
candidate cell type to maintain proper intestinal epithelial
barrier integrity (Figure 1).

ENTERIC GLIA AND BARRIER FUNCTION
Several lines of evidence implicate an essential role of
mucosal EGCs for the integrity of the gut epithelium. Examination of noninvolved intestinal tissue from patients
with Crohn’s disease demonstrated that the EGC network
was significantly disrupted, and the diminished EGC network appeared to respond poorly to inflammatory signals
in these patients[7,35]. Animal studies demonstrated that
the conditional genetic ablation of EGC in mice could
induce the disruption of the intestinal integrity and vascular disturbances, and ultimately lead to fatal hemorrhagic
jejuno-ileitis[6,36,37]. Further observations showed that the
destruction of the EGC network by chemical or autoim-
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Figure 1 General distribution of enteric glia in the gut wall. The glia cells are represented in red. Mucosal glia lie in the mucosa directly beneath the intestinal epithelial cells. Major populations of enteric glia are found in enteric ganglia in the submucosal and myenteric plexuses of the enteric nervous system.

mune T-cell-targeted methods resulted in a collapse of
the epithelial lining, and the mucosa healing was obviously
delayed[7,38,39]. In a mice model of intestinal injury caused
by severe burns, stimulation of the vagus nerve could
activate the EGCs, and the activated EGCs subsequently
prevented burn-induced intestinal permeability and attenuated histological gut injury[40]. Hence, it is imaginable
that EGCs are a major constituent of the IEB microenvironment favoring barrier protection.

EGCS MEDIATORS AND MUCOSAL
BARRIER FUNCTION
Mucosal EGCs lie in the mucosa directly beneath the
epithelial cells, suggesting that regulation of IEB functions by EGC might be via paracrine pathways[41]. As is
known, mucosal EGCs are producers of several mediators implicated in mucosal barrier function[42], such as
glial-derived neurotrophic factor (GDNF), transforming
growth factor-β1 (TGF-β1), 15-deoxy-Δ12,14-prostaglandin
J2 (15dPGJ2), glial-derived s-nitrosoglutathione (GSNO)
and neurotrophins.
GDNF
GDNF potently promotes the survival and differentiation of many types of neurons[43,44], and is able to prevent
apoptosis of neurons induced by axotomy[45]. In the
intestine, the main source of GDNF could be identified
as the EGCs of the mucosal plexus. It is reported that
GDNF immunoreactivity was strongly up-regulated in
the colonic epithelium during rat experimental colitis and
GDNF had strong anti-apoptotic effects on the colonic
epithelial cells[46,47]. Mechanism studies revealed that the
GDNF-mediated antiapoptotic properties required the
activation of both the MAPK and the PI3K/AKt signaling pathways[46,47]. Recent evidence further supports
the anti-apoptotic role of GDNF on mucosal EGCs.
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It showed that GDNF could feed back in an autocrine
manner to protect EGCs from apoptosis in Crohn’s disease patients[48]. Disruption of this protective network
could contribute to a higher susceptibility towards EGC
apoptosis, and subsequently induce alteration of the
mucosal integrity. Abnormal mucosal immune responses
are considered as a contributing event in the mucosal
barrier dysfunction. At this point, role of GDNF in the
mucosal inflammatory responses was also investigated.
Interestingly, GDNF could inhibit the expression of
pro-inflammatory cytokines [interleukin (IL)-1β, tumor
necrosis factor (TNF)-α] and myeloperoxidase activity
in the rat colon[47,49]. In addition, administration of the
recombinant adenoviral vectors encoding GDNF (AdGDNF) via the rectum could significantly ameliorate the
severity of dextran sodium sulfate-induced rat colitis[47].
TGF-β 1
TGF-β1 has been reported to be secreted by astrocytes
and plays a key role in neuronal homeostasis[50]. Interestingly, phenotypic studies of EGCs revealed that TGF-β1
could also be synthesized and released by EGCs[28,51].
Moreover, TGF-β1 was reported to account for approximately 12%-30% of the effects of EGCs on intestinal
epithelial cell proliferation[52,53]. Growing evidence demonstrates that TGF-β1 inhibits epithelial cell proliferation while stimulates epithelial cell migration in a dosedependent manner [54,55]. TGF- β 1 mediates the antiproliferative effects through either a down-regulation of
cyclin-dependent kinases or an up-regulation of cyclindependent kinase inhibitors, and consequently induces a
cell cycle blockade in the G1/S phase[56,57]. Interestingly,
the effect assessment of cultured EGCs on cultured epithelial cell lines supports the concept that EGCs could
significantly inhibit intestinal epithelial cell proliferation
and concomitantly increase the cell surface of epithelial
cells partly through a TGF-β1-dependent pathway[28].
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15dPGJ2
15dPGJ2, a cellular source of the natural peroxisome
proliferator-activated receptor gamma (PPARγ) ligand,
could also be provided by EGCs[58]. Through activation
of PPAR γ, 15dPGJ2 mediated the inhibitory effects
of EGC on epithelial cells proliferation and the positive effects of EGCs on epithelial differentiation, which
promises the continuous renewal process of the intestinal
epithelium[59]. As is known, the renewal process of IECs
involves the epithelial cell emergence from the mucosal
crypts and subsequent cell migration along the cryptvillus axis, during which the IECs cease to proliferate and
acquire differentiated function. However, it should be
noteworthy that EGC-derived 15dPGJ2 had no effect on
the colonic paracellular permeability[60]. Further evidence
showed that the anti-proliferative effects of EGCs might
be attributed to its induction of a cell cycle blockade at
G0/G1 phase in epithelial cells[61,62]. Besides, Krüppel-like
factor 4, which is expressed in IECs and plays major roles
in IEC differentiation and maturation, was supposed to
be the candidate cellular target of PPARγ following activation by EGCs[63].
GSNO
GSNO is another potent barrier-inducing factor present in
enteric glial cell-conditioned media. Interestingly, GSNO
is the nitrosylated form of reduced glutathione (GSH),
and nitrosylation of GSH is responsible for an antioxidant cytoprotective action[64]. It has been demonstrated
that intraperitoneal administration of GSNO obviously
inhibited the increased intestinal permeability induced by
enteric glial cell ablation in transgenic mice. This barrierinducing effect of GSNO might be associated with the
up-regulated expression of peri-junctional F-actin and TJassociated proteins such as zonula occludens-1 (ZO-1)
and occludin[65]. GSNO may also maintain the epithelial
barrier function by improving the localization of the intestinal tight junction proteins, such as ZO-1, occudin and
phosphorylated MLC[66]. In addition, GSNO may inhibit
the gut inflammatory response through redox-sensitive
s-nitrosylation of nuclear factor κB (NF-κB) inflammatory signaling, suppressing the transcription of proinflammatory mediators such as TNF-α[67]. Altering NFκB inflammatory signaling also has important effects on
the down-regulation of endothelial cell adhesion molecules
that promote leukocyte infiltration[68]. However, it should
be noteworthy that GSNO did not regulate the epithelial
barrier in a dose-dependent manner. It was reported that
disruptive effect of GSNO on the epithelial integrity was
obtained at relatively higher concentrations[69]. The molecular mechanism remains unclear, but may be attributed
to altered NO production. As is known, GSNO is a potent
nitric oxide donor, which can function to S-nitrosylate
proteins and play an important role in proper epithelial ion
transport[70,71].

ROLE OF EGC ON IEC FUNCTIONS
In concert with the barrier-inducing effects of EGCs,
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microarray analysis was carried out to further identify the
EGC influence on the intestinal epithelial cells transcriptome. The study was performed to identify statistically
significant differences in gene expression profiling in
Caco-2 cells cultured alone or in presence of EGCs. The
results showed that EGCs could regulate the expression
of various genes involved in the control of IEC adhesion, differentiation, motility, cell cycle and proliferation.
These collective gene-related data reinforces the concept
that EGCs play a major protective role upon IEB homeostasis[72]. Besides the protective role, a repair process-inducing role of EGCs has recently been put forward. The
study showed that EGCs could promote mucosa healing
by increasing epithelial restitution and cell spreading after
mechanical injury to IEC monolayers. Epidermal growth
factor precursor (proEGF), as a novel glial mediator, was
confirmed to be involved in the EGC-mediated epithelial
restitution[73]. Indeed, proEGF exhibits a lower wound
healing ability compared with EGF. However, subsequent
studies showed that EGC-derived proEGF could be
activated by concomitant release of MMPs or proteases
during inflammatory or infectious insults of IEB, which
would process proEGF into mature EGF and therefore
enhance mucosa repairing[73,74].

EGC PRESERVE IEB FROM BACTERIAL
INSULT
Recently, a protective role of EGCs on the mucosal barrier during enteric bacterial insult has drawn increasing
interest, which may also provide new therapeutic tools in
the protection and regeneration of intestinal barrier[75].
As is known, Shigella flexneri (S. flexneri) is one of the major enteroinvasive pathogens which are responsible for
the destruction of the intestinal epithelium[76]. Flamant
demonstrated for the first time that the protective effects
of EGCs on the IEB could be due in part to its ability to
inhibit S. flexneri invasion. Further, cdc42, a key molecular
factor for S. flexneri invasion, was significantly downregulated by performing co-culture experiments between
IECs and EGCs. In addition, EGCs prevents tight-junction disruption during S. flexneri infection, and diminishes
mucosal secretion of the pro-inflammatory cytokine
IL-8[77]. Indeed, these EGC-mediated effects could also
be reproduced by GSNO[78]. Under the stimulation of
lipopolysaccharide (LPS), EGCs could play the protective effect on IEB functions by inhibiting the increase of
inducible nitric oxide synthase activity induced by LPS[79].
A recent study has shown that Toll-like receptor 2 (TLR2),
which plays key roles in sensing microbial structures,
is expressed on glial cells. In the intestine, TLR2 exerts
cytoprotective effects in intestinal epithelial cells and
regulates epithelial barrier function. Besides, TLR2 could
stimulate the intestinal expression of GDNF through
NF-κB and p38 mitogen-activated protein kinase signaling pathway. In this context, the TLR2-GDNF axis might
represent an attractive regulator for gut homeostasis[80].
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EGCS AND INTESTINAL MUCOSAL
INFLAMMATION
Because gut inflammation accompanies changes in intestinal permeability, roles of EGCs in mucosal inflammation have also been investigated. Similar to CNS astrocytes, EGCs are recognized as immunocompetent cells
that have the ability to express major histocompatibility
complex class Ⅰ and class Ⅱ molecules, and to produce
and respond to a variety of chemokines and cytokines[10].
Co-cultured with interferon-gamma and TNF-α, EGCs
acquire the ability to process and present antigens efficiently to specific T-cells, indicating that EGCs can act
as antigen-presenting cells[7]. EGCs express substance P,
which can induce the activation of mast cells and macrophages and promote lymphocyte proliferation[81]. S100B
protein, specifically expressed by EGCs, can orchestrate
a wide range of signal activation pathways which are
directly correlated with the severity of gut inflammatory
processes[82,83]. Palmitoylethanolamide can exert anti-inflammatory effects through the selective targeting of the
S100B/TLR4 axis on EGCs, causing a downstream inhibition of nuclear factor kappa B-dependent colonic inflammation[84]. Further, EGCs have the ability to respond
to inflammatory stimuli through the production of proinflammatory cytokines, such as IL-6[85], TGF-β1[28] etc.
EGCs could also inhibit inflammation in animal models
of colitis as they produce mediators such as nerve growth
factor and neurotrophin-3 which have anti-inflammatory
properties[86,87]. In Cytomix-stimulated intestinal epithelial
cells while EGCs were removed from the culture, the
anti-inflammatory effects of nicotine were lost and consequently resulted in increased in vitro epithelial permeability[88]. These data support the hypothesis that EGCs
are likely immune mediators in the gastrointestinal tract.
However, so far, limited information is available to indicate the exact mechanisms of EGCs in the regulation of
mucosal inflammation-induced permeability alterations.
Collectively, EGCs, intriguing cellular populations
within the gastrointestinal tract, might be of interest as a
source of novel molecules aiming at preventing relapse or
increasing IEB repair. However, the precise mechanism
of EGCs on the regulation of intestinal barrier is still
partly unclear. Future research identifying precisely how
EGCs participate in intestinal epithelium physiology and
pathophysiology will be beneficial for our understanding
of EGC-IEC interactions, which is also invaluable in ultimately developing new therapeutic tools for the restoration of the barrier functions.
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Abstract
The number of children affected by the hepatitis C virus
(HCV) in the United States is estimated to be between
23000 to 46000. The projected medical cost for children
with HCV in the United States is upwards of 200 million over the next decade. The implementation of routine screening of blood supply has virtually eliminated
transmission via transfusion and vertical transmission
is now the most common mode of infection in children.
Infections acquired during infancy are more likely to
spontaneously resolve and fibrosis of the liver tends to
increase with age suggesting slow progressive histologic injury. Anti-viral treatment may be warranted in
children with persistently elevated liver enzymes or with
significant fibrosis on liver biopsy. Current standard of
care includes weekly pegylated interferon and ribavirin
twice daily. Predictors of high sustained viral response
include genotype 2 and 3 and low viral load in children
with genotype 1 (< 600000 IU/mL). Triple therapy is
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associated with a significantly higher rate of sustained
virologic response (> 90%). Only 34 pediatric patients
were transplanted with hepatitis C between January
2008 and April 2013. The majority of pediatric patients
were born prior to universal screening of blood products
and, as of June 2013, there are only two pediatric patients awaiting liver transplantation for end-stage liver
disease secondary to hepatitis C. Pediatric survival rates
post-transplant are excellent but graft survival is noticeably reduced compared to adults (73.73% for pediatric
patients at one year compared to 87.69% in adult patients). New safe potent, and all-oral effective antiviral
therapies for recurrent HCV should help increase graft
survival.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatitis C; Liver transplantation; Pediatric;
Infection; Fibrosis; Liver disease
Core tip: The number of children affected by the hepatitis C virus (HCV) in the United States is between
23000 to 46000. Current standard of care treatment
includes weekly pegylated interferon and ribavirin twice
daily. New enrollment into phase 1 and 2 trials with
triple therapy are currently on hold due to the upcoming availability of all oral, interferon-free, direct acting
antivirals. Triple therapy is associated with a rate of
sustained virologic response (> 90%). Only 34 children
were transplanted with HCV between January 2008 and
April 2013. Pediatric survival rates post-transplant are
excellent but graft survivals are reduced compared to
adults. New antiviral therapies for recurrent HCV should
help increase graft survival.
Khaderi S, Shepherd R, Goss JA, Leung DH. Hepatitis C in
the pediatric population: Transmission, natural history, treatment and liver transplantation. World J Gastroenterol 2014;
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INTRODUCTION
Children represent a small but important portion of
those infected with the hepatitis C virus (HCV) and our
understanding of the disease is limited in the pediatric
population. HCV differs in children with regards to
transmission, rates of clearance, natural history and treatment. This review aims to summarize our understanding
of the major issues related to HCV in children, including
pediatric liver transplantation.

EPIDEMIOLOGY
The prevalence of hepatitis C antibody (anti-HCV Ab)
in North America is estimated to be about 1% to 1.5%[1]
and children represent an even smaller percentage. Recent data from the National Health and Nutrition Examinations Survey Ⅲ (NHANES Ⅲ) report that 0.17% of 6to 11-year-olds and 0.39% of 12- to 19-year-olds are antiHCV positive. Although the proportion of children who
are anti-HCV positive who are also HCV RNA positive is
unclear, the number of children affected by chronic HCV
infection in the United States is estimated to be between
23000 and 46000[2].
The prevalence of HCV is higher in children who
received blood products prior to 1992 when routine
screening of blood supply was instituted and a secondgeneration ELISA test was introduced. Most of these
affected individuals had conditions such as hemophilia,
malignancy or congenital heart disease and the risk of
chronic HCV is related to the amount of blood products
received[3-5].
Hepatitis C has projected medical costs of a staggering $10.7 billion for adults in the United States in
the years 2010-2019[6] and $199-336 million for children
over the next decade[2]. Its impact on morbidity includes
a 26-fold increased risk of liver-related death when acquired during childhood[7].

TRANSMISSION
The implementation of routine screening of the blood
supply has virtually eliminated transmission via transfusion, and vertical transmission is now the most common
mode of infection in children. There are approximately
8000 new cases of hepatitis C per year in the United
States from vertical transmission[2]. The estimated risk of
transmitting HCV from mom to child is 4.3% in a mother with detectable HCV RNA[8]. A maternal HCV load of
600000 IU/mL or higher increases the risk of mother-toinfant transmission[9]. A combination of HCV and HIV
infection increases the risk of vertical transmission two
to three fold[9]. Fortunately, the rate of HCV transmission
seen in pregnant HIV/HCV coinfected women normalizes to that of mono-infected mothers when maternal
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HIV activity is controlled with highly active antiretroviral
therapy (HAART)[10].
There are inconsistent reports on the role that mode
of delivery may play in the risk of vertical transmission.
Delivery by cesarean section is not routinely recommended as it provides no added benefit in reducing the
risk of perinatal transmission[8,11]. However, prolonged
rupture of membranes, placement of fetal scalp monitors, exposure to contaminated maternal blood and fetal
anoxia at the time of delivery all have been associated
with increased risk of perinatal HCV infection[11,12]. The
precise timing and process by which the virus is transmitted from mother to infant are unknown but recent data
suggest transmission is more likely to occur in utero than
during the perinatal period[13].

NATURAL HISTORY
Infections acquired during infancy are more likely to
spontaneously resolve than those acquired as an adult.
In a large, multi-center, prospective study in Europe, 266
children with vertical HCV infection were followed for
a median of 4.2 years[14]. Approximately twenty percent
cleared the infection while 80% remained chronically
infected. Children who remained HCV RNA PCR positive positive during and after one year of age had a lower
likelihood of clearance.
Higher rates of spontaneous resolution have been
found in infants with the Rs12979860 CC genotype for
the IL28B polymorphism[15]. Infants, in particular, may
have defense mechanisms that explain the inefficiency
of HCV perinatal transmission. The placenta has been
shown to play an immunoprotective role against HCV
transmission in the neonate, and infants with human
leukocyte antigen DR13 are also less likely to develop
chronic HCV from vertical transmission.
As in adults with chronic HCV, fibrosis of the liver
in pediatric patients tends to increase with age suggesting slow progressive histologic injury [16-18]. Although
uncommon, progression to cirrhosis in childhood has
been reported. A large multi-center Italian study analyzed
504 consecutive anti-HCV antibody positive patients
over a 15 year period[19]. Nearly 95% were HCV RNA
positive and the majority (56%) acquired HCV vertically.
Although 8% demonstrated spontaneous clearance, 1.8%
developed cirrhosis in a 2-9 year period. Risk factors for
developing cirrhosis included genotype 1a and steatosis.

SCREENING
Screening for hepatitis C should be considered in those
children with risk factors for HCV. The largest group is
comprised of children born to HCV-infected mothers or
mothers with a history of intravenous drug abuse. Other
groups include children with HIV infection, children who
are victims of a sexual assault, children with a history of
multiple sexual partners, and adolescents with a history
of intravenous drug use.
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Table 1 Selected pegylated interferon/ribavirin treatment trials in children with chronic hepatitis C infection n (%)
n

Ref.
Wirth et al[26]
González-Peralta et al[25]
Wirth et al[27]
Wirth et al[28]
Schwarz et al[29]
Schwarz et al[29]

41
118
62
107
55
59

Treatment

Sustained virological response

IFN-2b-ribavirin
IFN-2b-ribavirin
PEG-IFN-2b-ribavirin
PEG-IFN-2b-ribavirin
PEG-IFN-2a-ribavirin
PEG-IFN-2a

All types

HCV type 1

HCV type 2/3/6

25 (61)
54 (46)
36 (59)
70 (65)
29 (53)
12 (21)

18 (53)
33 (36)
22 (48)
38 (53)
21 (47)
8 (17)

7 (100)
21 (84)
13 (100)
28 (93)
8 (80)
4 (36)

Modified from reference [20]. PEG-IFN: Pegylated interferon; HCV: Hepatitis C virus.

MONITORING
The North American Society for Pediatric Gastroenterology, Hepatology, and Nutrition recently reviewed
available data to assist providers in the diagnosis, management and prevention of HCV infection in children and
adolescents[20]. Newly diagnosed pediatric patients should
undergo a thorough physical exam and laboratory evaluation to determine risk factors for infection and to detect
the presence of associated sequelae of liver disease. Annual alfa-fetoprotein or liver ultrasound is also recommended in the setting of elevated transaminases during
non-treatment monitoring. Liver biopsy is not always
necessary but should be considered if the results will
influence clinical decision making (for example, patients
being considered for antiviral treatment or to exclude comorbid disease such as autoimmune hepatitis). HCVinfected patients with significant fibrosis or cirrhosis
should be monitored annually with alpha-fetoprotein and
abdominal ultrasound[21].

CLINICAL SIGNS AND SYMPTOMS
The clinical course of acute and chronic HCV in children
is generally benign. Symptoms are often non-specific and
mild. Progression to decompensated liver disease may occur but is rare in children. Growth is generally unaffected
in young children with chronic HCV[22] and biochemical
markers of liver dysfunction will fluctuate. Transaminases
may be normal or minimally elevated in chronic HCV
and in some cases may remain elevated despite anti-HCV
seronegativity[23,24].

TREATMENT
Determining candidacy for treatment of chronic HCV
in a child or adolescent is often controversial. Annual
follow-up until adulthood when superior medications will
likely be available may be a good option for children and
adolescents who have no indicators of progressive disease. Anti-viral treatment, however, may be warranted in
children with persistently elevated liver enzymes or those
with significant fibrosis on liver biopsy.
The current standard of care includes pegylated interferon once weekly in combination with ribavirin twice
daily. Several smaller single-center and large multicenter
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pediatric studies have proven the superiority of achieving sustained virologic response (SVR), defined as being
HCV RNA negative 6 mo after completion of treatment, with combination therapy compared to interferon
alone[25-29] (Table 1). Predictors of high rates of SVR
include genotypes 2 and 3 (> 80% SVR) and low viral
load in children with genotype 1 (< 60000 IU/mL)[25,29].
It is important to note that biochemical and virologic
response is accompanied by histologic improvement in
patients with SVR in these trials and interferon was well
tolerated in children.
As in adults, adverse events related to interferon such
as fever, headache, and flu-like symptoms are common
during the first weeks of treatment, though appear to be
short-lived and less intense in children. Persistent symptoms may include anorexia, weight loss and psychiatric
complications such as depression and anxiety. Hematologic abnormalities are also frequent with this combination, including ribavirin-induced anemia, thrombocytopenia, and neutropenia which may require dose adjustment.
Growth colony stimulating factor, blood transfusions, or
erythropoietin for for treating neutropenia and anemia
are rarely recommended in children. Decreases in body
weight, growth, BMI related to interferon have been
shown to be reversible with cessation of therapy[30].
Two protease inhibitors, boceprevir and telaprevir,
were licensed separately in the United States in 2011 for
use in combination with pegylated interferon and ribavirin in adults with chronic HCV genotype 1. This triple
therapy is associated with a significantly higher rate of
sustained virologic response (> 90%) compared with dual
therapy alone. Currently, phase 1 and 2 trials are ongoing
in children. However, the FDA has halted pediatric studies using Boceprevir and the sponsor for telaprevir has
discontinued pediatric enrollment due to the availability
of interferon-free options which should be available to
children through clinical trials soon.
Led by the recent approval of sofosbuvir, several
compounds, including daclatasvir, asunaprevir, and ledipasvir are awaiting expedited FDA approval after initial
studies in the adult population with tremendous efficacy
and tolerability - including HCV non-responders and relapsers to previous therapy[31]. Advantages of these combinations include a high resistance profile, decreased toxicity, and increased sustained viral response in the absence
of interferon. Phase 2 trials with sofosbuvir and ribavirin
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Table 2 Orthotopic liver transplants performed from January
1, 2008 through April 30, 2013 for pediatric patients (age
0-17) with a diagnosis of hepatitis C

Initial OLT
Retransplant
Total

2008

2009

2010

2011

2012

2013

Total

8
0
8

3
1
4

6
0
6

4
0
4

7
1
8

4
0
4

32
2
34

Table 3 1, 3, and 5-year graft and patient survival rates for
deceased donor liver transplants performed for patients with
hepatitis C between January 1, 2002 through April 30,
2007
1-yr
(95%CI)

3-yr
(95%CI)

5-yr
(95%CI)

73.73%
(56.73-90.73)
87.69%
(72.66-100.0)

64.52%
(46.72-82.31)
83.70%
(66.93-100.0)

52.23%
(34.45-70.01)
79.05%
(60.34-97.76)

83.29%
(82.58-83.99)
87.29%
(86.65-87.93)

71.58%
(70.72-72.43)
76.58%
(75.76-77.40)

64.36%
(63.45-65.28)
69.75%
(68.85-70.66)

Pediatric
Graft

Based on Organ Procurement and Transplantation Network data. OLT:
Orthotopic liver transplant.

Patient
Adult

in children with genotypes 2 and 3 began in 2014. HCVinfected children may soon realize the benefits from the
tremendous research in anti-HCV therapy in the last 5
years[32-34].

LIVER TRANSPLANT
Hepatitis C is the most common indication for liver
transplantation in US adults but is a rare indication
in the pediatric population. Little is known about the
natural course of HCV following orthotopic liver transplantation (OLT) in children. The largest study to date
evaluating post-transplant outcomes in pediatric patients
transplanted for hepatitis C was published by our group
in 2006[35]. Sixty-seven children were transplanted for
hepatitis C between January 1988 and June 2005 in the
United States with a total of 83 grafts. Patient and allograft survivals after the initial transplant were 71.6%
and 55%, respectively, at 5 years. Nearly 30% of the patients were listed for retransplantation (the overwhelming
majority for HCV recurrence) and 19.3% were ultimately
retransplanted. The median time between OLTs for those
re-transplanted because of HCV was 290 d. Patient and
allograft survival rates decreased to 55.0% and 33.8%,
respectively, following retransplantation. At the time of
publication, these outcomes were similar to that of adult
patients. These data revealed that children can benefit
from transplantation but also highlighted our limitations
in HCV viral suppression during the post-transplant period and prevention of HCV reinfection.
Children who underwent liver transplant prior to the
availability of HCV antibody screening of blood products and donors were at high risk for HCV infection and
up to 10.2% developed de novo hepatitis C[36]. McDiarmid
et al[36] evaluated 13 pediatric patients transplanted between 1984 and 1996 with de novo hepatitis C. Of these,
twelve patients were treated with interferon-2 alpha
monotherapy (standard of care at the time the paper was
written) and 4 developed rapidly progressive liver failure
while on interferon treatment requiring urgent retransplantation. Three of the patients ultimately developed
aggressive recurrent HCV after the second OLT and
subsequently died from HCV-induced liver failure. In
a series published in 2011, Venturi et al[37] reported improved outcomes in a group of 10 pediatric patients with
de novo hepatitis C following pediatric liver transplantation
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Graft
Patient

Based on Organ Procurement and Transplantation Network data.

(transplanted between 1985 and 2010). Five patients did
not receive antiviral therapy post-OLT - two of which
achieved spontaneous viral clearance. Of the 5 patients
treated, all received the pegylated form of interferon with
ribavirin. Eventually, four achieved SVR and the fifth
patient was completing therapy at the time of manuscript
publication. All patients were alive with a mean followup of 7.3 ± 5.5 years after the diagnosis of HCV. Overall
the patients demonstrated a favorable long-term outcome
and responded well to treatment.
Since the initiation of routine screening of the blood
donor supply in the early 1990’s, the number of pediatric
patients with hepatitis C requiring liver transplantation
has decreased. Per review of UNOS/OPTN Registry
data, as of June 2013, there were only 2 pediatric patients
awaiting a liver transplant for liver disease secondary to
hepatitis C. Between January 2008 and April 2013, only
34 pediatric patients were transplanted with hepatitis C
compared to 13754 adults (Table 2). The majority of
the pediatric patients were born just prior to the beginning of universal screening of blood products or soon
afterwards. Although 1, 3, and 5-year patient survival
rates in the pediatric population are better than adult survival rates, the graft survival rates are noticeably reduced
(Table 3). This could be due to HCV recurrence prior to
the approved use of pegylated interferon or skewed by
the small sample size. Overall improved pre and posttransplant care for children and approval of pegylated interferon likely played a role in improved pediatric survival
rates.
Liver transplant for children with primary hepatitis
C disease is rare and our understanding of the disease in
this population is limited. The incidence of hepatitis C
in children has decreased since the implementation of
routine and effective screening and the number of children requiring liver transplantation for hepatitis C has
significantly decreased. In the current era, the treatment
goal for pediatric patients with hepatitis C is to prevent
progression to end-stage liver disease. Although the current standard of care has remained unchanged for several
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years, trials with new regimens are currently ongoing.
These combinations are known to have a high resistance
profile, decreased toxicity and high rates of cure. Liver
transplantation is still the best option for children with
end-stage liver disease from hepatitis C and recent data
report excellent patient survival rates post-transplant.
Although graft survival rates are not as high as in adults,
new antiviral therapies to safely and effectively eradicate
recurrent HCV following transplant should help increase
graft survival rates like never seen before.
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Abstract
AIM: To investigate the roles of Golgi protein (GP) 73
in the regulation of cell proliferation and apoptosis.
METHODS: Stealth RNAi targeting GP73 gene sequence was used to silence its expression in Hep G2
cells and Bel7402 cells. Stealth RNAi effects were assessed by reverse transcriptase polymerase chain reaction and ELISA. Cell proliferation assay and cell cycle
analysis were assessed by MTT assay and flow cytometry. Apoptosis was assessed by flow cytometry and
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transmission electron microscopy. Apoptosis-related proteins were assessed by western immunoblot analysis.
RESULTS: Stealth RNAi targeting GP73 gene sequence
markedly reduced the expression of GP73 gene. The
reduction of GP73 in Hep G2 cells and Bel7402 cells
inhibited cell proliferation and induced apoptosis, however, terminal apoptosis occurred in Hep G2 cells, but
early apoptosis occurred in Bel7402 cells. Reduced
expression of GP73 gene might lead to a reduction in
Bcl-2/Bax ratio, an increase in cytochrome c, but a reduction in capase-3.
CONCLUSION: GP73 might play an important role in
proliferation and apoptosis in hepatocellular carcinoma
cells.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Hepatocellular carcinoma; Golgi protein-73;
Cell proliferation; Apoptosis
Core tip: Stealth RNAi targeting Golgi protein (GP)73
gene sequence markedly reduced the expression of
GP73 gene. Reduction of GP73 in Hep G2 cells and
Bel7402 cells inhibited cell proliferation and induced
apoptosis, however, terminal apoptosis occurred in Hep
G2 cells, but early apoptosis occurred in Bel7402 cells.
Reduced expression of GP73 gene might lead to a reduction in Bcl-2/ Bax ratio, an increase in cytochrome c,
but a reduction in capase-3. GP73 might play an important role in proliferation and apoptosis in Hep G2 and
Bel7402 cells.
Zhang YL, Zhang YC, Han W, Li YM, Wang GN, Yuan S, Wei
FX, Wang JF, Jiang JJ, Zhang YW. Effect of GP73 silencing
on proliferation and apoptosis in hepatocellular cancer. World J
Gastroenterol 2014; 20(32): 11287-11296 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i32/11287.htm DOI:
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the fifth most common malignancy worldwide, and > 80% of HCC occurs
in developing countries[1]. HCC remains a significant concern of cancer research because of its poor survival rate
and high rates of recurrence[2,3]. Prognosis of surgical or
loco-regional therapies for patients with intermediateand advanced-stage disease remains poor[4]. Several effective gene-targeting agents are currently being tested in
preclinical studies[5-9]. Unfortunately, no chemotherapy is
effective for HCC patients.
Kladney et al[10] first isolated Golgi protein (GP)73
in a genetic screen. Expression of GP73 is increased
markedly in HCC cells and its serum levels appear to be
predictive of HCC[11-15], and several studies have reported
the use of GP73 as a serum marker for HCC[16-22]. GP73
may be elevated even when small undetectable tumors
are present[23]. The physiological and pathological roles
of GP73 have attracted considerable attention in recent
years[24-30]. However the function of GP73 in hepatic carcinoma cells remains obscure. The expression of GP73
was silenced in the HCC cell line Bel7402 and Hep G2
by stealth RNAi, which serves as a powerful technology
to block specifically the expression of target genes in the
present study[31-35]. The effects of GP73 on cell proliferation and apoptosis were also evaluated in this study.

MATERIALS AND METHODS
Stealth RNAi
According to the siRNA design guidelines [27,28], one
RNAi target sequence was selected corresponding to
the nucleotides of RNAI-Stealth RNAi of the human
GP73 mRNA (GenBank Accession No. NM177937.2).
The sequence of the synthesized oligonucleotide was:
HSS181966: sense 5’-GGAAACGGGCGUCGCAGCAUGAAGU-3’, anti-sense 5’-ACUUCAUGC UGCUACGCCCGUUUCC-3’.
Transfection
Lipofectamine RNAi Max transfection agent (Invitrogen,
Carlsbad, CA, United States) was used to transfect synthesized Stealth RNAi against GP73 into Hep G2 and
Bel7402 cells. BLOCK-iT Alexa Fluor Red Fluorescent
(Invitrogen) was used to confirm the transfection efficiency of each duplex siRNA. Stealth RNAi, fluorescent
logo or negative control duplexes were delivered into
Hep G2 and Bel7402 cells through reverse transfection.
Reverse transcriptase polymerase chain reaction
To analyze quantitatively the effects of Stealth RNAi
on GP73 mRNA, cells were transfected with Stealth
RNAi or negative control in culture flasks. After 24 and
48 h, cells were harvested by trypsinization and rinsed
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twice with cold PBS. TRIzol reagent (Invitrogen) was
used to extract total RNA. Two-step real-time reverse
transcriptase polymerase chain reaction (RT-PCR) kits
(TakaRa, Japan) was used to perform first-strand cDNA
synthesis and amplification. The 7000 Sequence Detection System (Applied Biosystems, Foster City, CA, United
States) was used to perform quantitative PCR amplifications. A 20-μL reaction volume containing 10 μL 2×
SYBR Premix Ex TaqTM (TakaRa) was used to carry out
this reaction. β-Actin was used as an internal standard.
The primer sequences were: GP73 sense 5’-GTGCTGGTGCCAGCCTGTTA-3’ and anti-sense 5’-AGTGCTCTAGGCCA TTGATTGATTG-3’, β-actin sense
5’-GCAAGCAGGAGTATGACGAGT-3’ and anti-sense
5’-GCAAGCAGGAGTATGACGAGT-3’. Thermal cycle
conditions: 95 ℃ for 30 s, followed by 40 cycles of 94 ℃
for 5 s, and 61 ℃ for 30 s. The ΔCt of each group was
calculated by the formula: ΔCt = CtGP73 - Ctβ-actin. ΔΔCt
was calculated by ΔCttreated - ΔCtcontrol. The fold change
for GP73 expression levels of the treated groups were
calculated using 2-ΔΔCt. The primers described above
and the comparative threshold (Ct) method were used
to calculate the relative amount of mRNA in the treated
samples compared to the control samples. The real-time
PCR assays were performed in triplicate.
GP73 proteins detection
To analyze quantitatively the effects of Stealth RNAi
on GP73 protein levels in supernatant of Hep G2 and
Bel7402 cells, cells were transfected with Stealth RNAi
or negative control in culture flasks. After 24 and 48 h,
the supernatant was collected, and GP73 protein levels in
supernatant of Hep G2 and Bel7402 cells were detected
using a commercially available human GP73 ELISA kit.
The ELISAs were performed in triplicate.
Cell proliferation assay and cell cycle analysis
Cell proliferation was measured by MTT assay, according
to the manufacturer’s instructions. Propidium iodide (PI)
staining of the nuclei was used to monitor cell cycle assay. Seventy-five percent cold alcohol was used overnight
to fix the cells, and then the cells were resuspended in
300 μL PBS and stained with 500 μL PI (250 μg/mL) for
30 min in the dark. Flow cytometry was used to analyze
cells. Cell cycle assays were performed in triplicate.
Apoptosis assessment with flow cytometry and
transmission electron microscopy
To analyze quantitatively the effects of Stealth RNAi on
apoptosis, cells were transfected with Stealth RNAi or
negative control in culture flasks. After 48 h, cells were
harvested by trypsinization and rinsed twice with cold
PBS. Cells were resuspended in 200 μL binding buffer and then treated with 10 μL Annexin V-FITC and 5
μL PI (Sigma, St Louis, MO, United States) for 15 min.
Flow cytometric analysis of cells was performed with
an EpicsXL Coulter flow cytometer (Beckman-Coulter,
United States). All assays were repeated three times.
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Figure 1 BLOCK-iT Alexa Fluor red fluorescent control. The BLOCK-iT Alexa Fluor red fluorescent control (30 nmol/L) was transfected into Hep G2 and Bel7402
cells using Lipofectamine RNAi MAX Transfection Reagent. Twenty-four hours after transfection, growth medium was removed and replaced with PBS. Hep G2 and
Bel7402 cell localization of the Alexa Fluor Red Fluorescent control oligo is seen with fluorescent microscopy (B and D, × 200). Over 80% of the cells took up the control oligo and retained a normal morphology, as seen in bright field (A and C, × 200).

Transmission electron microscopy (TEM) was used to
detect apoptosis. Cells were harvested by trypsinization
and rinsed twice with cold PBS. Glutaraldehyde (0.3%)
was used to prefix the cells overnight, and 10 mL/L
osmic acid was used to post-fix the cells. The cells were
observed under a JEM-1230 transmission electron microscope (Jeol, Japan).

among the three groups were compared by one-way
analysis of variance followed by Bonferroni correction.
Some data were also analyzed by Student’s t test. SPSS for
Windows version 19.0 was used for statistical analysis. P
< 0.01 was considered significant.

Protein extraction and western immunoblot analysis
To analyze quantitatively the mechanism of Stealth RNAi
on apoptosis, Hep G2 cells were transfected with Stealth
RNAi or negative control in culture flasks. After 48 h,
cells were harvested by trypsinization and rinsed twice
with cold PBS. Hep G2 cells (5 × 105) were lysed by lysis
buffer (phenylmethylsulfonyl fluoride), then drawing the
protein standard curve to calculate the density of total
protein. Ten percent SDS-PAGE was used to separate
proteins, and proteins were transferred to nitrocellulose
membranes. Anti-GP73, Bax, Bcl-2, cytochrome c and
procaspase-3, β-actin primary antibody (1:1000; Abcam,
Cambridge, MA, United States) were used to incubate
membranes, and then, anti-rabbit secondary antibody
conjugated with horseradish peroxidase was used to incubate membranes (1:5000) again. Western Blotting Substrate (Bio-Rad) was used to visualize immunoreactive
proteins. All assays were repeated three times.

Transfection efficiency
Twenty-four hours after transfection, Bel7402 and Hep
G2 cells were observed by fluorescent microscopy. The
efficiency of transfection was > 80% when using 30
nmol/L final concentrations of oligo duplex and 1 ×
105/mL cells (Figure 1). Therefore, 30 nmol/L siRNA
and 1 × 105/mL Bel7402 and Hep G2 cells were used to
perform subsequent experiments.

Statistical analysis
Mean ± SD was used to express the data. The data
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RESULTS

Expression of GP73 after transfection
After Stealth siRNA targeting GP73 was transfected into
Hep G2 and Bel7402 cells, mRNA levels were measured
by RT-PCR. There was an obvious reduction of GP73
mRNA levels in the Stealth RNAi group. Quantification analysis revealed that GP73 mRNA was reduced by
68.7% and 90.3% of the blank control for Hep G2 cells,
and 56.7% and 88.7% of the blank control for Bel7402
cells at 24 and 48 h after transfection, respectively. A significant difference was found between the blank control
and Stealth RNAi groups (Figure 2A and B, P < 0.01).
ELISA of supernatant demonstrated that GP73 protein
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Figure 2 Expression of GP73 mRNA and protein for Hep G2 and Bel7402 cells after transfection with Stealth RNAi against GP73, negative control RNAi or
blank control. A: Relative expression of GP73 mRNA level at 24 h after transfection analyzed by quantitative real-time reverse transcription polymerase chain reaction (RT-PCR); B: Relative expression of GP73 mRNA level at 48 h after transfection analyzed by quantitative RT-PCR; C: Expression of GP73 proteins in supernatant
of Hep G2 and Bel7402 cells were detected by enzyme-linked immunosorbent assay (ELISA) at 24 and 48 h; D: Expression of GP73 proteins in supernatant of Hep
G2 and Bel7402 cells was detected by ELISA at 48 h. The corresponding values of GP73 protein in the three groups at 24 and 48 h after transfection. bP < 0.01 vs
blank group.

levels were also significantly reduced compared with the
blank control. GP73 protein levels for blank control,
negative control and RNAi groups at 24 and 48 h after
transfection are shown in Figure 2C and D (P < 0.01).
There was a significant difference between the blank control and RNAi groups (Figure 2C and D, P < 0.01). Expression of GP73 in Hep G2 cells was also significantly
lower than in Bel7402 cells after transfection.
Silencing of GP73 gene decreased viability and
proliferation in Bel7402 and Hep G2 cells
As illustrated in Figure 3A, the viability of Hep G2 and
Bel7402 cells was reduced significantly after transfection.
The inhibition rate in the RNAi group was 27.09% and
50.53% at 24 and 48 h after transfection for Hep G2
cells, respectively, and 21.3% and 46.4% at 24 and 48 h
after transfection for Bel7402 cells (Figure 3A, P < 0.01).
As illustrated in Figure 3B and C, an apoptotic peak was
seen in the RNAi group of Hep G2 cells, and cell cycle
analysis showed that proliferation of Hep G2 cells yielded 78.22% ± 0.35% cells in the G0/G1 phase, 20.72%
± 1.19% cells in S phase, and 1.07% ± 1.09% cells in
G2/M phase 48 h after transfection. The percentage of
cells in G0/G1 phase increased significantly, however, the
percentage of cells in G2/M phase decreased significantly
(P < 0.01). Proliferation control Bel7402 cells yielded
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88.81% ± 1.13% cells in G0/G1 phase, 12.1% ± 1.12%
cells in S phase, and 0.98% ± 1.08% cells in G2/M phase
48 h after transfection in the RNAi group. The percentage of cells in G0/G1 phase increased significantly, however, the percentage of cells in G2/M phase decreased
significantly in both cells.
Silencing of GP73 gene induces apoptosis
After transfection for 48 h, the apoptotic cells were markedly increased in the RNAi group compared to those in
the negative and blank control groups in Hep G2 and
Bel7402 cells. Their values are shown in Figure 4 (P <
0.01). The results showed that terminal- and early-stage
apoptotic cells were markedly increased in the RNAi
group compared to the blank control group in both cells,
and terminal-stage apoptosis mainly occurred in Hep G2
cells after transfection, however, early-stage apoptosis
mainly occurred in Bel7402 cells.
Changes in ultrastructural morphology of cells
Normal control Hep G2 cells were observed by TEM
(Figure 5A). Some typical manifestations of apoptosis
such as vacuoles, nuclear fragmentation and apoptotic
bodies were observed in the RNAi group of Hep G2 cells
(Figure 5B). Normal control Bel7402 cells were observed
(Figure 5C). Dense chromatin and some vacuoles could
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Figure 3 Silencing of GP73 gene decreased cell proliferation. A: MTT analysis at 24 and 48 h (% blank control) for Hep G2 and Bel7402 cells; B: Cell cycle assay
was analyzed by flow cytometry; C: Flow cytometric analysis of the cell cycle distribution of Hep G2 and Bel7402 cells at 24 h after transfection. Cells were washed,
fixed, and stained with propidium iodide, and analyzed using Beckman-Coulter Epics flow cytometer. bP < 0.01 vs blank group.
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Figure 4 Effect of GP73-targeted stealth RNAi transfection on apoptosis of Hep G2 and Bel7402 cells. A: Apoptosis assay was analyzed by flow cytometry; B:
Apoptotic effect of Stealth RNAi after 48 h, and later stained with annexin V-FITC and PI. The stained cells were analyzed for apoptosis using a Beckman-Coulter Epics flow cytometer. bP < 0.01 vs blank group.

be seen in the RNAi group of Bel7402 cells (Figure 5D).

DISCUSSION

Effects of silencing GP73 gene on apoptosis-related
molecules in Hep G2 cells
Western blotting was performed to analyze the expression
of GP73, Bax/Bcl-2, cytochrome c and procaspase-3
in Hep G2 cells. The protein levels of GP73 decreased
significantly compared with those in negative and blank
control groups at 48 h after transfection in Hep G2 cells.
Compared with negative and blank control groups, the
protein levels of Bcl-2 were reduced significantly, however, the protein levels of Bax were markedly elevated.
Compared to the negative and blank control groups at 48
h after transfection, the protein level of cytochrome c in
the cytoplasm was markedly elevated in the RNAi group,
and the protein level of procaspase-3 was reduced markedly (Figure 6).

There is a growing body of evidence that GP73 serum
levels correlate with the presence of HCC. However,
although GP73 levels in the circulation do not appear to
be elevated in healthy subjects, these and other reports
suggest elevation of the marker in people with inflammatory liver diseases, in the absence of cancer. Thus, its usefulness in distinguishing cancer from cirrhosis or other
liver conditions associated with inflammation is still being
evaluated. Work by others has found that GP73 levels
are affected by tumor necrosis factor-α and interferon-γ
in tissue culture systems, and there is an association between levels of GP73 and osmoles in serum from people
with liver cirrhosis, but there is no significant correlation
in HCC. We do not know the molecular basis for the
high expression of GP73 in these cells, and the effect
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Figure 5 Transmission electron microscopy. The ultrastructural morphology of control (A) and RNAi (B) of Hep G2 cells. The ultrastructural morphology of control (C)
and RNAi (D) Bel7402 cells. Nuclear fragmentation and apoptotic bodies are indicated by arrows.

of GP73 in hepatic carcinoma cells is also unclear. We
investigated the effect of GP73 in hepatic carcinoma by
silencing expression of GP73 through siRNA. In this
study, after Stealth RNAi against GP73 was transfected
into Hep G2 and Bel7402 cells, the expression of GP73
and mRNA of GP73 decreased significantly in both
cells. The decreasing expression of GP73 inhibited cell
proliferation and led to apoptosis. Besides, decreasing
expression of GP73 also leads to reduction of Bcl-2/Bax
ratio, an increase in protein level of cytochrome c in the
cytoplasm, and decreasing procaspase-3.
The effects of Stealth RNAi on both GP73 mRNA
and protein levels were measured. The results demonstrated that the Stealth RNAi against GP73 (RNAi)
can reduce the expression of GP73 effectively at both
mRNA and protein levels in Hep G2 and Bel7402 cells
after transfection. Western blotting showed that GP73
protein decreased significantly in the RNAi group compared with the other groups. In addition, cell cycle assay
confirmed that the proliferation of Bel7402 and Hep G2
cells was reduced significantly after expression of GP73
gene was silenced by RNAi. In Bel7402 and Hep G2
cells, the percentage of cells in G0/G1 phase increased
significantly, however, the percentage of cells in G2/M
phase decreased significantly. The percentage of cells
in S phase decreased in Bel7402 cells after transfection,
although the percentage of Hep G2 cells in S phase did
not change significantly. However, an apoptotic peak was
seen in Hep G2 cells, which indicates that terminal apoptosis had occurred. The proliferation of hepatic cancer
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cells is related to the expression of GP73. Decreasing expression of GP73 inhibited hepatic cancer cells in G0/G1
phase, and sometimes it also affected hepatic cancer cells
in S phase.
Furthermore, fluorescence activated cell sorting methods suggested that Stealth RNAi against GP73 (RNAi)
caused accumulation of early-stage apoptotic Bel7402
cells and accumulation of terminal-stage apoptotic Hep
G2 cells at 48 h after transfection (GP73 was silenced).
The apoptotic peak was also seen in proliferation of Hep
G2 cells. The different stage of apoptosis may be related
to the different expression of GP73 in Bel7402 and Hep
G2 cells. TEM observation agreed with the former results. Dense chromatin appeared near the nuclear membrane, many foaming phenomenonhappened in Bel7402
cells, which also indicated that Stealth RNAi against
GP73 (RNAi) mainly caused accumulation of early-stage
apoptotic Bel7402 cells, however, many vacuoles, nuclear
fragmentation and apoptotic bodies appeared in Hep G2
cells, which can also explain why there was an apoptotic
peak in the RNAi group. These results also confirmed
that Stealth RNAi against GP73 (RNAi) mainly caused
accumulation of terminal-stage apoptotic Hep G2 cells.
And the difference of its expression in different cells
might play different function. Several studies have found
that the ratio of Bax/Bcl-2 is important in apoptosis of
cancer cells. Bcl-2 is considered as an upstream effector
molecule in the apoptotic pathway, but Bax is considered
as a downstream effector molecule[36,37]. The protein levels of Bax and Bcl-2 were measured, and similar results
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Figure 6 Effects of silencing GP73 gene on apoptosis-related molecules in Hep G2 cells. A: Western blotting detected expression of GP73, Bcl-2, Bax, cytochrome c and procaspase-3 in Hep G2 cells at 48 h after transfection with Stealth RNAi (HSS181966; Stealth RNAi against GP73, negative control RNAi) or blank
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were also found in this study. We demonstrated that the
reduction of GP73 led to a decrease in expression of
Bcl-2 but an increase in Bax, and the Bcl-2/Bax ratio in
Hep G2 cells was reduced, this result was also similar to
the other one on the cell apoptotic mechanism[38]. Besides, in some apoptotic mechanism studies, it was found
that Bcl-2 inhibits cytochrome c release from mitochondria, whereas Bax triggers it[39], and release of cytochrome
c activated caspases to induce apoptosis. The expression
of cytochrome c and procaspase-3 was also detected by
Western blotting to determine their distribution in apoptosis. The level of cytochrome c in the cytoplasm was
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markedly elevated in the RNAi group; however, the level
of procaspase-3 was reduced significantly. These results
proved that GP73 may play a major role in anti-apoptosis
in HCC cells, and there is a correlation between it and
other apoptosis-related proteins such as Bax, Bcl-2, cytochrome c and procaspase-3.
In conclusion, Stealth RNAi targeting GP73 gene
sequence reduced the expression of GP73 markedly. The
reduction of GP73 in Hep G2 and Bel7402 cells inhibited cell proliferation and induced apoptosis, however,
terminal apoptosis occurred in Hep G2 cells, but early
apoptosis occurred in Bel7402 cells. Reduced expression
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of GP73 gene might lead to a reduction in Bcl-2/Bax
ratio, an increase in cytochrome c, but a reduction in capase-3, and the reduction of GP73 induces apoptosis in
Hep G2 cells may through this apoptosis signaling pathway. However, further studies are needed to confirm this
conclusion. Consequently, the results imply that GP73
plays an important role in HCC cells, but unfortunately,
expression of GP73 was not reduced to a low level in
this study, therefore, more effective molecular tools are
needed to explore the exact function of GP73 in more
HCC cells.
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Abstract
AIM: To investigate the efficacy of moxibustion in ulcerative colitis (UC) rats from morphological, immunological and molecular biological perspectives.
METHODS: Thirty-two Sprague-Dawley rats were randomly assigned to a blank control group (normal rats, n
= 6) and a model replication (MR) group (UC rats, n =
26). A UC model was established by 2,4,6-trinitrobenzenesulfonic acid/dextran sulfate sodium enema. Rats in
the MR group were further randomly assigned to a 9-min
moxibustion (9M) group (9 moxa-cone, n = 6), 6-min
moxibustion (6M) group (6 moxa-cone, n = 6), 3-min
moxibustion (3M) group (3 moxa-cone, n = 6), and a
waiting list control (WLC) group (no moxibustion treatment, n = 6). Rats in the moxibustion treatment group
were treated in 14 sessions over 28 d. Disease activity,
local tissue morphology, serum level of interleukin (IL)-8
and IL-10, and expression of Toll-like receptor (TLR)9 as
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well as nuclear factor (NF)-κB p65 in colonic tissue were
determined by disease activity index (DAI), hematoxylin
and eosin staining, electron microscopy, enzyme-linked
immunosorbent assay and Western blotting, respectively.
RESULTS: DAI was lowest in the 9M group and highest
in the WLC group. The differences in DAI between the
moxibustion treatment (3M, 6M, 9M) and no treatment
groups were significant for all one-to-one comparisons
(0.60 ± 0.54 vs 1.20 ± 0.44, 0.60 ± 0.54 vs 1.80 ± 0.45,
0.60 ± 0.54 vs 3.0 ± 0.45, respectively, P < 0.05). Light
and electron microscopy showed that the neatness of
the glandular arrangement in colonic mucosal epithelia
gradually increased in the WLC, 3M, 6M to 9M groups.
IL-8 level successively decreased while IL-10 level increased from the WLC to 3M, 6M and 9M groups. The
differences among these groups were significant for all
comparisons (105.46 ± 8.75 vs 76.61 ± 3.58, 105.46 ±
8.75 vs 69.78 ± 1.87, 105.46 ± 8.75 vs 67.41 ± 1.84,
respectively, P < 0.01 for IL-8; and 30.83 ± 1.29 vs
75.64 ± 1.90, 30.83 ± 1.29 vs 80.90 ± 3.16, 30.83 ±
1.29 vs 83.46 ± 2.37, respectively, P < 0.01 for IL-10),
except comparison of 6M vs 9M. Expression of TLR9
and NF-κB p65 decreased in order: highest in the WLC
group and lowest in the 9M group. In addition, the differences among the WLC, 3M, 6M and 9M groups were
significant for all comparisons (0.492 ± 0.026 vs 0.380
± 0.022, 0.492 ± 0.026 vs 0.355 ± 0.005, 0.492 ± 0.026
vs 0.327 ± 0.015, respectively, P < 0.05 for TLR9; and
0.436 ± 0.041 vs 0.326 ± 0.022, 0.436 ± 0.041 vs 0.293
± 0.006, 0.436 ± 0.041 vs 0.265 ± 0.017, respectively,
P < 0.05 for NF-κB p65).
CONCLUSION: Moxibustion repairs damaged colonic
mucosa, suppresses serum IL-8, activates serum IL-10
level, and decreases expression of TLR-9 and NF-κB p65
in UC rats.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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9; Nuclear factor-κB p65
Core tip: We investigated the effectiveness of moxibustion treatment in ulcerative colitis rats from a modern
medicine perspective. In addition, we correlated the effects of moxibustion therapy with immune or inflammatory responses by observing levels of interleukin (IL)-8,
IL-10, Toll-like receptor 9, and nuclear factor-κB p65,
and the underlying mechanisms were suggested.
Han Y, Ma TM, Lu ML, Ren L, Ma XD, Bai ZH. Role of moxibustion in inflammatory responses during treatment of rat ulcerative colitis. World J Gastroenterol 2014; 20(32): 11297-11304
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i32/11297.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i32.11297

INTRODUCTION
Moxibustion (form of acupuncture point stimulation
using heat) is a traditional healing technique that is a
useful and important therapy in Asian medicine, including in China, South Korea, and Japan[1-4]. In the western
world, moxibustion and acupuncture are gaining more
attention as alternative and complementary therapeutic
interventions, due to relatively low clinical side effects
and a higher compliance in patients compared to drug
therapy or surgical procedures[5-8]. Recently, acupuncture
and moxibustion have been used worldwide as alternative
treatments for chronic back pain[9-11], asthma[12,13], stroke
rehabilitation[8,14,15], and gastrointestinal disease[7,16].
Ulcerative colitis (UC) is a nonspecific inflammatory
bowel disease that afflicts millions of people worldwide.
The pathogenesis of UC mainly involves erosions and
ulcers with common clinical manifestations of diarrhea,
weight loss, abdominal pain, bloody stools, fever, and
fatigue[17]. Although the exact cause of UC remains uncertain, most scientists and scholars agree on a combination of genetic and environmental factors. On the basis
of various genetic abnormalities, an immune reaction is
triggered by environmental factors that transiently break
the mucosal barrier with abnormal responses to pathogenic enteric bacteria, and further give rise to onset and
reactivation of disease[17-19]. The pathogenesis of UC is
associated with immunological abnormalities, and various
factors involved in the immune system may directly/indirectly relate to UC. For instance, two inflammatory mediators, interleukin (IL)-8 (neutrophil chemotactic factor)
and IL-10 (human cytokine synthesis inhibitory factor)
are genetically linked to the inflammation of UC[20,21].
Toll-like receptor (TLR) 9 and nuclear factor (NF)-κB
p65 are also intrinsically associated with the inflammatory
reaction of UC[22,23].
In addition to the above research on UC from a modern medicine perspective, there is also some evidence
that moxibustion and acupuncture are effective in UC.
For example, Zhang[24] found that UC symptoms are improved after moxibustion or acupuncture. Ma[25] showed
WJG|www.wjgnet.com

that moxibustion or acupuncture was effective for treating UC by observing the symptoms in 76 patients. Joos et
al[6] have suggested that acupuncture offers an additional
therapeutic benefit in patients with mild to moderately
active UC. Most research has focused on whether moxibustion and acupuncture are effective, and only rarely has
it investigated the mechanistic connection between moxibustion or acupuncture therapy and drug therapy. Wu et
al[26] have suggested that moxibustion and acupuncture
inhibit expression of inflammatory cytokines by observing IL-1β and IL-6 mRNA expression in the spleen and
colonic mucosa of UC rats. Although their work investigated the mechanisms of moxibustion or acupuncture
treatment for UC, their results were limited to qualitative
observation of electrophoresis patterns. Further research,
such as quantitative research, is necessary to shed some
light on the role of moxibustion and acupuncture in the
treatment of UC, and to elucidate why moxibustion and
acupuncture achieve their therapeutic effects.
In this study, we quantitatively investigated the efficacy of moxibustion in the treatment of UC rats by
observing changes in physical and biological parameters
[disease activity index (DAI), colonic epithelial glandular
arrangement, levels of IL-8, IL-10, TLR9, and NF-κB
P65]. The purpose of this study was to obtain quantitative information about the efficacy of moxibustion to
provide useful information for future clinical practice.
In addition, we investigated a comprehensive theoretical
system of moxibustion treatment for UC by providing
direct scientific evidence of its therapeutic effects from a
modern medicine perspective.

MATERIALS AND METHODS
Materials
Thirty-two Sprague-Dawley rats (150 ± 20 g, 16 female
and 16 male) were provided by the Laboratory Animal
Center of China Medical University. Rat IL-8 and IL-10
ELISA kits were purchased from Shanghai Yueyan (China). Rat anti-mouse TLR9 antibody and rat anti-mouse
NF-κB p65 antibody were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, United States). Goat
anti-goat anti-rabbit IgG/HRP antibody was purchased
from Beijing Biosynthesis Biotechnology Co. Ltd. (China).
Protein Miniprep kit was purchased from Tiandz (Beijing,
China). Protein assay kit was purchased from Beyotine
Institute of Biotechnology (Shanghai, China).
Rat model of UC
The rat model of UC was established using an immunological method. Acute colitis was induced by rectal administration of 100 mg/kg 2,4,6-trinitrobenzenesulfonic
acid in 50% ethanol. After the fecal occult blood test
showed “1+”, rats with acute colitis were treated with 5%
dextran sulfate sodium solution or normal saline to induce inflammation for the second time. UC was induced
after 21 d. Colonic tissue stained by HE was examined
by light microscopy (Olympus BX41, Tokyo, Japan).
Morphology of colonic mucosa was studied by electron
microscopy (Olympus CHA). The colonic tissue and
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Randomization of rats
n = 32
0

3
BC n = 6
(blank control)

MR n = 26
(model replication)
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6M n = 6
(6 min)

Moxibustion
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(9 min)

Moxibustion
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(3 min)
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Assessments were done after 14 treatment sessions
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no moxibustion
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1
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Figure 1 Study design of moxibustion treatment in ulcerative colitis rats. Blank control (BC) indicates control group with normal rats. Model replication (MR) is
rat model of ulcerative colitis (UC). Waiting list control (WLC) is the control group in which UC rats did not receive moxibustion treatment. 3-min moxibustion (3M), 6-min
moxibustion (6M) and 9-min moxibustion (9M) are 3-moxa, 6-moxa, and 9-moxa groups in which UC rats received different durations of moxibustion (3, 6 and 9 min)
in each session (2 d). The whole moxibustion treatment course included 14 sessions from days 22 to 49. DAI: Disease activity index.

Table 1 Ulcerative colitis disease activity index
Rate of body mass loss
None
1%-5%
5%-10%
10%-15%
> 15%

Fecal viscosity

Rectal bleeding

Rating

Normal
Low to medium
Medium
Slightly low
Low

None
Concealed hemorrhage
Concealed hemorrhage
Revealed hemorrhage
Revealed hemorrhage

0
1
2
3
4

mucosal epithelium indicated successful establishment of
UC.
Moxibustion treatment
Home-made moxa cones (refined mugwort floss: 6 mm
in diameter, 7 mm in base diameter, 8 mm in height, 50
mg in weight) were placed on Daheng (SP15, bilateral) and
Tianshu (ST25, bilateral) and ignited. UC rats received
moxibustion treatment for 3 min (3M group), 6 min (6M
group), and 9 min (9M group). Three, six and nine moxa
cones were used for each treatment session in the 3M,
6M and 9M groups. The whole treatment course comprised 14 sessions.
Study design
Figure 1 shows the study design for moxibustion treatment of UC rats. Thirty-two normal rats (16 male and 16
female) were randomly assigned to two groups. One was
named the blank control (BC) group and consisted of six
normal rats without moxibustion treatment. The other
was the model replication (MR) group that consisted of
26 rats with UC. Establishment of the UC model lasted
21 d. After that, two rats were randomly selected to de-
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termine whether UC had been induced. The observation
of disease activity, reflected in DAI, started from day 3
and ended after the moxibustion course. After UC was
induced, the MR group was further randomly assigned
into three subgroups (3M, 6M and 9M) with six rats each.
3M, 6M and 9M were named according to the timespan
of moxibustion treatment in each session, which was 3, 6
and 9 min, respectively. Each session lasted 2 d, in which
UC rats only received moxibustion treatment. The whole
moxibustion course included 14 sessions (28 d in total).
After the entire treatment course, all rats were killed
simultaneously. The assessments including IL-8, IL-10,
TLR9, and NF-κB p65 measurement were conducted on
the next day.
DAI
The disease activity of UC rats was observed from day
3 to the last day of 14 moxibustion sessions (Figure 1)
and was evaluated based on the index shown in Table 1.
The index assessed four variables, which included rate of
body mass loss, fecal viscosity, rectal bleeding, and the
corresponding disease activity in terms of each variable.
Normal fecal viscosity means solid shaped feces, medium
fecal viscosity indicates semi-formed feces, and low fecal
viscosity represents watery loose feces that can attach to
the anus. The physician’s overall assessment of disease
activity was determined by the average rating of body
mass loss, fecal viscosity and rectal bleeding, which is expressed as the equation: DAI = (body mass loss + fecal
viscosity + rectal bleeding)/3.
Detection of IL-8, IL-10, TLR9 and NF-κ B p65
The levels of IL-8 and IL-10 in the serum were detected
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6.00

WLC

6M

3M

9M

DAI scores

5.00

6M, and 3.40 for 9M), which indicated the legitimacy of
sampling randomization. In contrast, DAI represented a
significant change between each moxibustion group and
the moxibustion-free group (3M vs WLC, 6M vs WLC,
and 9M vs WLC, all P < 0.05). The significant decrease
in DAI between the moxibustion-free and moxibustiontreated groups indicated the efficacy of moxibustion in
UC rats. In the moxibustion-treated groups, the duration of treatment gradually increased from 3 to 6 and 9
min. We also noticed that DAI decreased from 1.80 to
0.60 as the duration of treatment increased from 3 to 9
min. This implies that 9 min moxibustion probably yields
better improvement of UC disease activity, while taking
physical tolerance into account.

P < 0.05

4.00
3.00
2.00
1.00
0.00
Before treatment
3.20
3.20
3.60
3.40

WLC
3M
6M
9M

After treatment
3.00
1.80
1.20
0.60

Figure 2 Comparison of disease activity index in ulcerative colitis rats
before and after moxibustion treatment. Ulcerative colitis (UC) rats in the
waiting list control (WLC) group did not receive moxibustion treatment. UC rats
in the 3-min moxibustion (3M), 6-min moxibustion (6M) and 9-min moxibustion
(9M) groups received 3, 6 and 9 min, respectively, in each treatment session.
Values are the average of 14 sessions. Before treatment, there was no significant difference in disease activity index (DAI) among the groups. After treatment, significant differences (P < 0.05) in disease activity were found. In the
3M, 6M and 9M groups, DAI markedly decreased after moxibustion treatment.
Error bar represents SD, and significance was assessed using least significant
difference.

by typical enzyme-linked immunosorbent assay, according to the manufacturer’s instructions (Shanghai Yueyan,
China). Expression of TLR9 and NF-κB p65 in the colonic tissue was detected by western blotting, according
to the protocol available in the Protein Miniprep kit and
protein assay kit.
Statistical analysis
Data analysis was performed using SPSS version 12 software. Least significant difference was used to evaluate the
differential efficacy of moxibustion treatment in UC rats.
P values < 0.05 (two-sided) were regarded as statistically
significant.

RESULTS
Disease activity observation
DAI has been widely used for the evaluation of disease
activity, allowing the integration of various aspects of
the disease into a single value[27,28]. To investigate whether
moxibustion is effective in improving the disease activity of UC rats, we evaluated the DAI by continuously
observing the rate of body mass loss, fecal viscosity, and
rectal bleeding for 14 sessions with 2 d/session. Figure 2
shows the DAI of UC rats in the different groups before
and after moxibustion treatment, and comparison of disease activity between the moxibustion-treated rats (3M,
6M and 9M groups) and moxibustion-free rats [waiting
list control (WLC) group]. The values given were the
average of DAI scores obtained in 14 sessions. From the
pre-treatment data, DAI was relatively static among the
different groups (3.20 for WLC, 3.20 for 3M, 3.60 for
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Observation of colonic tissue and mucosal epithelia
In order to visualize the efficacy of moxibustion treatment in UC rats, we compared the condition of colonic
tissue stained by HE and observed by light microscopy
(Figure 3A). For normal rats in the BC group, colonic
tissue showed intact mucosal epithelia, ordered glands,
clear structure, and no ulceration, as well as no inflammatory cell infiltration. In contrast, for rats in the WLC
group, colonic tissues showed ulcers, damaged mucosa,
disordered glandular structure, apparent edema in and
underneath the mucosa, and infiltration of inflammatory
cells. The above symptoms were gradually improved after
moxibustion treatment, as shown in the three pictures on
the right in Figure 3A. The 9M group showed the best
improvement: epithelial mucosa and glands had an ordered structure, ulcer surface had new epithelial cells, and
most of the infiltrating inflammatory cells disappeared.
The condition of the colonic tissue in the 9M group was
close to that in the BC group.
We further scrutinized the morphology of colonic
mucosal epithelia by electron microscopy (Figure 3B).
Our observations under electron microscopy were consistent with those of colonic tissue under light microscopy. For normal rats in the BC group, colonic mucosal
epithelia showed intact microvilli in good order, tight
junctions between cells, and clear mucous granules in the
cytoplasm. On the contrary, colonic mucosal epithelia in
the WLC group (without moxibustion treatment) contained damaged microvilli with uneven length, loose cell
junctions, and unclear dissolved mucous granules in the
cytoplasm. Symptoms of UC were greatly improved after
moxibustion treatment. In particular, in the 9M group,
colonic mucosal epithelia showed a similar condition to
that in the rats without UC: relatively intact and ordered
microvilli, tight cell junctions, and even cellular matrix.
Effect of moxibustion on secretion of IL-8 and IL-10
In order to determine whether the effectiveness of moxibustion treatment on inflammation of UC was linked to
immunological abnormalities, we measured the levels of
two inflammatory mediators, IL-8 and IL-10, which are
genetically related to the immune system[20,21]. Serum levels of IL-8 and IL-10 in normal and UC rats are summa-
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BC

WLC

3M

6M

9M

A

B

Figure 3 Histological features and morphology of colonic tissue. A: Histological analysis of colonic tissue sections stained with HE. The finer details of the epithelial cells can be seen clearly; B: Morphology of colonic mucosal epithelia observed by electron microscopy. From left to right in both A and B: Blank control (BC),
waiting list control (WLC), 3-min moxibustion (3M), 6-min moxibustion (6M) and 9-min moxibustion (9M) groups. Treatment in the 9M group gave the best results,
which were close to that of the normal rats without ulcerative colitis. Black arrow: Representative features of colonic tissue (magnification: A: 400 ×; B: 2000 ×).
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IL-8/IL-10 level (pg/mL)

140
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BC
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3M
6M

P < 0.01
P < 0.01

when UC rats received 9 min moxibustion treatment. The
difference between the 6M and 9M groups was no longer
significant (P > 0.05).
The results for IL-10 levels were similar to those
for IL-8, except for the increasing/decreasing tendency.
IL-10 level showed a tendency to increase to the normal
level as the duration of moxibustion treatment increased,
whereas IL-8 level had a tendency to decrease to the
normal level. For the parallel comparison of 6M vs 9M,
although the difference was no longer significant (P >
0.05), the tendency for the level of IL-10 to approach the
normal level was still noticeable when the duration of
treatment increased from 6 to 9 min. Due to the physical
tolerance of UC rats, we reached 9 min of moxibustion
treatment and did not increase the duration.

9M

P < 0.01
P < 0.01

80
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105.46
76.61
69.78
67.41
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30.83
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Figure 4 Interleukin-8 and interleukin-10 serum levels in normal rats (blank
control), ulcerative colitis rats without (waiting list control) and with (3-min,
6-min and 9-min) moxibustion treatment. The measurements were done
by ELISA. Moxibustion treatment increased secretion of interleukin (IL)-8 and
inhibited that of IL-10. Significant differences in IL-8 and IL-10 of 3-min moxibustion (3M) vs blank control (BC), 6-min moxibustion (6M) vs BC, 9-min moxibustion (9M) vs BC, 3M vs waiting list control (WLC), 6M vs WLC, and 9M vs
WLC were found with P < 0.01 for each comparison. For parallel comparisons,
the differences in IL-8 and IL-10 levels were significant for 3M vs 6M (P < 0.01)
and 3M vs 9M (P < 0.01). For better presentation, only partial comparisons are
marked here. For 6M vs 9M, although the difference was no longer significant (P
> 0.05), the tendency for IL-8 level to decrease and IL-10 level to increase was
still noticeable.

rized and shown in Figure 4. IL-8 level in the WLC, 3M,
6M and 9M groups was significantly increased compared
with that in the BC group (P < 0.01). In order to quantify
the efficacy, we compared the IL-8 level among the different groups. The results in the 3M vs 6M and 3M vs 9M
groups indicated significant differences in IL-8 (P < 0.01),
and a tendency to decrease gradually to the normal level
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Effect of moxibustion on expression of TLR9 and NF-κ B
p65
The other two factors that play significant roles in immune responses, TLR9 and NF-κB p65, are also intrinsically associated with the inflammatory reaction of
UC[22,23,29]. In order to investigate the intrinsic connection
between effectiveness of moxibustion treatment in UC
rats and expression of those two factors, we compared
their expression among the different groups of normal
and UC rats. Figures 5 show direct visualization of the
differences of both TLR9 and NF-κB p65 expression in
colonic tissue of normal rats (BC), moxibustion-free UC
rats (WLC), and moxibustion-treated UC rats (3M, 6M
and 9M).
We further summarized and compared such differences quantitatively, as shown in Figure 6. Expression of
both TLR9 and NF-κB p65 in UC rats (WLC, 3M, 6M
and 9M) showed a significant decrease (P < 0.01), compared to that in normal rats (BC). For UC rats, the differences of 3M vs WLC, 6M vs WLC, and 3M vs WLC were
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Figure 5 Expression of Toll-like receptor 9 and nuclear factor-κB p65 in
colonic tissue of rats. A-E corresponds to the expression in colonic tissue of
rats from blank control, waiting list control, 3-min, 6-min and 9-min moxibustion
groups, respectively. Extracts of colonic tissues (approximately 25 μg) from
normal or ulcerative colitis rats were assessed by sodium dodecyl sulphate
polyacrylamide gel electrophoresis and were probed with Toll-like receptor (TLR)
9 as well as nuclear factor (NF)-κB p65 antibody. Antibody against β-actin was
used as a loading control.

also significant (P < 0.05). The above results implied
that moxibustion had an effect on expression of TLR9
and NF-κB p65 in UC rats. We further compared their
expression in UC rats receiving different durations of
moxibustion treatment. As the duration of moxibustion
treatment in UC rats increased, the amount of TLR9 and
NF-κB p65 expression decreased simultaneously. Significant differences (P < 0.05) still existed among all different
comparisons (3M vs 6M, 3M vs 9M, and 6M vs 9M). The
level of expression in UC rats that received 9 min moxibustion was the lowest, which was closest to the levels in
normal rats without UC. On the contrary, the level of expression in UC rats without moxibustion treatment was
the highest, which differed most from the level in normal
rats. The above comparisons of TLR9 and NF-κB p65
among different groups regardless of moxibustion imply
that moxibustion is an effective alternative treatment for
UC in rats.

DISCUSSION
The significant decrease in DAI indicates that moxibustion is effective in improving the disease activity of UC
rats. To be specific, moxibustion treatment can increase
body mass, improve fecal viscosity, and reduce rectal
bleeding. Our comparison of DAI among moxibustiontreated groups suggests that the efficacy of moxibustion
depends on the duration of treatment, and 9 min treatment gave the best improvement of disease activity.
Our histological observations of colonic tissue and
mucosal epithelia agree with the disease activity results: (1)
without moxibustion treatment, ulcers, damaged mucosa,
disordered glandular structure, edema, and infiltration of
inflammatory cells appeared in the colonic tissue of UC
rats; (2) damaged microvilli with uneven length, loose
cell junctions, and unclear dissolved mucous granules in
the cytoplasm were seen in colonic mucosal epithelia;
(3) with moxibustion treatment, the above abnormalities
showed significant improvements (P < 0.05); and (4) after
9 min treatment in each session, the features of colonic
tissue and mucosal epithelia of UC rats showed the closWJG|www.wjgnet.com
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Figure 6 Effect of moxibustion on expression of Toll-like receptor 9 as
well as nuclear factor-κB p65. Expression of Toll-like receptor (TLR)9 as
well as nuclear factor (NF)-κB p65 showed significant differences among all
moxibustion-treated groups [3-min moxibustion (3M), 6-min moxibustion (6M)
and 9-min moxibustion (9M)] and moxibustion-free groups [blank control (BC)
and waiting list control (WLC)] with P < 0.01 for each comparison. For parallel
comparisons between the moxibustion-treated groups, the differences were
still significant for 3M vs 6M (P < 0.05), 3M vs 9M (P < 0.05), and 6M vs 9M
(P < 0.05). The results for ulcerative colitis (UC) rats in the 9M group were the
closest to the normal rats (BC). The results implied that 9 min moxibustion
treatment resulted in the best improvement of UC within the physical tolerance
of UC rats.

est similarity to those of normal rats without UC.
UC is one type of nonspecific inflammatory bowel
disease. A combination of genetic and environmental
factors is widely accepted as the main cause of UC. The
pathogenesis of UC is closely associated with immune
and inflammatory responses. Inflammatory mediators
IL-8, IL-10, TLR9 and NF-κB p65 are closely connected
with immune and inflammatory responses[29-38].
IL-8 is a proinflammatory cytokine and a major chemoattractant and activator of neutrophils. IL-8 is closely
connected to neutrophil recruitment, activation of the
immune response, and promotion of inflammation. It activates immune responses through recruiting neutrophils
to a site of inflammation as well as inducing neutrophils
to bind to the extracellular matrix of cells, leading to inflammation[30,31]. IL-10 is an anti-inflammatory molecule
that can suppress in vitro production of cytokines, and
is involved in regulating immune and inflammatory responses[32]. Our comparison of the levels of IL-8/IL-10
among different groups suggest: (1) IL-8 level is correlated positively with severity of UC, whereas IL-10 level
has a negative correlation; (2) moxibustion is effective
in treating UC by significantly reducing IL-8 level while
increasing IL-10 level; (3) within the physical tolerance
limit of rats, a longer duration of moxibustion treatment
achieves better efficacy; and (4) moxibustion treatment
suppresses secretion of proinflammatory cytokine IL-8
while activating secretion of anti-inflammatory cytokine
IL-10, thereby inhibiting the release of inflammatory
cells and further interrupting the inflammatory response
of UC.
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In mammals, TLR9 plays a role in recognizing conserved pathogen-associated molecular patterns and
further in inducing the inflammatory innate immune responses[33,34]. More specifically, TLR9 mediates CpG-DNA
signaling involved in signal transduction pathways[37,38].
NF-κB p65, as a subunit of the NF-κB transcription
complex, plays a crucial role in inflammatory and immune
responses[29,35,36]. Activation of NF-κB p65 is the last step
of the intracellular signaling pathway from the cell surface to the nucleus. Increased expression of NF-κB p65
has been reported in patients with UC[39]. By comparing
the expression of TLR9 and NF-κB p65 in rat colonic
tissue among different groups, several observations were
made: (1) expression of NF-κB p65 in colonic tissue of
UC rats was higher than in normal rats, indicating activation of NF-κB p65 in UC; (2) moxibustion treatment
reduced expression of TLR9 and NF-κB p65 in UC; and
(3) the degree of expression decreased significantly with
duration of treatment, and 9 min treatment yielded the
best results. In addition to its effectiveness, our results
suggest that moxibustion treatment inhibits activation
of NF-κB p65, thereby blocking the signal transduction
pathways of TLR9.
In summary, in this study, we investigated the effectiveness of moxibustion treatment in UC rats, and
quantitatively assessed the efficacy from a modern medicine perspective. In addition, we established the relation
between moxibustion therapy and immune or inflammatory responses by observing IL-8, IL-10, TLR9 and NFκB p65 expression. Our results indicate that moxibustion
treatment improves disease activity, repairs damaged
colonic mucosa, suppresses secretion of serum IL-8
while activating that of IL-10, inhibits activation of NFκB p65, and decreases expression of TLR-9 in UC rats.
We propose that the effect of moxibustion therapy in
UC rats is probably related to inhibition of inflammatory
cells by suppressing secretion of proinflammatory cytokine IL-8 and activating secretion of anti-inflammatory
cytokine IL-10, and blocking of the inflammatory signaling transduction pathway by inhibiting activation of transcription factor NF-κB p65 and repressing the patternrecognition receptor TLR9. Our results provide direct
evidence of why moxibustion is effective in the treatment
of UC from a modern medicine perspective.

COMMENTS
COMMENTS
Moxibustion (application of heat to acupuncture points), as an alternative and
complementary medicine, has been widely used for treating inflammatory bowel
disease, due to its relatively low level of clinical side effects and higher compliance in patients compared to drug therapy or surgical procedures. Ulcerative
colitis (UC) is a nonspecific inflammatory bowel disease that afflicts millions of
people worldwide. Many studies have reported that moxibustion is effective in
UC. Nevertheless, there is little or insufficient information for evaluation of the
effectiveness and therapeutic mechanism of moxibustion.
The combination of genetic and environmental factors is widely accepted as the
cause of UC. In the area of moxibustion treatment of UC, the research hotspot
is to establish whether moxibustion is effective, and only rarely do studies focus
on the underlying mechanisms of its therapeutic effects.
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The authors quantitatively investigated the efficacy of moxibustion in the treatment of UC rats by observing the changes in physical and biological parameters
related to the immune system: disease activity index, colonic epithelial glandular arrangement, interleukin (IL)-8, IL-10, Toll-like receptor (TLR)9, and nuclear
factor (NF)-κB p65. The results indicate that moxibustion improves disease
activity of UC rats, repairs damaged colonic mucosa, suppresses secretion of
serum IL-8 while activating that of IL-10, inhibits activation of NF-κB p65, and
decreases expression of TLR-9 in UC rats. They also propose a connection between the therapeutic efficacy of moxibustion therapy effect and inflammatory
responses. The results provide direct scientific evidence of why moxibustion is
effective in the treatment of UC.

Applications

This study provides quantitative information about the efficacy of moxibustion
for future clinical practice. The efforts to probe into the comprehensive theoretical system of moxibustion treatment for UC offer direct scientific evidence of its
therapeutic effects from a modern medicine perspective.

Terminology

Moxibustion is a traditional Chinese medicine technique that involves burning of
mugwort (a small spongy herb) to facilitate healing, strengthen the blood, stimulate the flow of qi, and maintain general health. UC is one of the most common
types of inflammatory bowel disease. UC affects the colon and rectum. The
pathogenesis of UC mainly involves erosion and ulceration, with common clinical manifestations of diarrhea, weight loss, abdominal pain, bloody stools, fever,
and fatigue.

Peer review

This was an interesting study about the roles of moxibustion in regulating IL-8,
IL-10, TLR9 and NF-κB p65 in UC. The paper is well written.
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correlation analysis.
RESULTS: Tmax, MVmax, CUM120 and DOBmax, as well as
most of the traditional methods, correlated with the
liver necrosis score (r = 0.493, P < 0.05; r = -0.731, P
< 0.01; r = -0.618, P < 0.01; r = -0.592, P < 0.01, respectively). MVmax, CUM120 and DOBmax rapidly decreased
and were lower than those in the controls as early as
6 h after D-GalN injection (3.84 ± 0.84 vs 5.06 ± 0.78,
P < 0.01; 3.35 ± 0.72 vs 4.21 ± 1.44, P < 0.05; 52.3
± 20.58 vs 75.1 ± 9.57, P < 0.05, respectively) and
reached the lowest point 24 h after D-GalN injection.
MVmax, CUM120 and DOBmax returned to normal levels 72
h after D-GalN injection and preceded most of the traditional methods, including liver biopsy.
CONCLUSION: The 13C-MBT is a sensitive tool for the
timely detection of acute liver injury and early prediction of recovery in a rat model. Further clinical studies
are warranted to validate its role in patients with acute
liver injury.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To evaluate the role of the 13C-methacetin breath
13
test ( C-MBT) in the assessment of acute liver injury in
a rat model.

Key words: 13C-methacetin breath test; Acute liver injury; Liver function; Animal model

METHODS: Acute liver injury in rats was induced by
a single intraperitoneal injection of D-galactosamine
(D-GalN). Forty-eight male Sprague-Dawley rats were
randomly assigned to a control group (n = 8) and five
model groups (each n = 8), and acute liver injury was
assessed at different time points (6, 12, 24, 48 and
13
72 h) after D-GalN injection. The C-MBT, biochemical tests, 15-min retention rate of indocyanine green
(ICGR15), and liver biopsy were performed and compared between the control and model groups. Correla13
tions between parameters of the C-MBT (Tmax, MVmax,
CUM120 and DOBmax), biochemical tests, ICGR15 and liver
necrosis score were also analyzed using Spearman’s
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Core tip: The 13C-methacetin breath test (13C-MBT) is
a promising tool for the assessment of metabolic liver
function. Previous studies have mainly been conducted
in the setting of chronic liver disease; however, evidence on acute liver injury is scanty. The present study
13
evaluated the role of C-MBT in the assessment of
acute liver injury in an animal model and showed that
13
C-MBT was sensitive for the timely detection of acute
liver injury and for early prediction of liver function recovery.
Zhu D, Zhang H, Mao JY, Wang HY, Li X, Xu YQ. Role of the
13
C-methacetin breath test in the assessment of acute liver injury
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INTRODUCTION
Acute liver disease may progress to fulminant hepatic
failure, as a result of which, a high proportion of patients
will die unless liver transplantation is performed[1]. Therefore, timely and accurate assessment of the degree of
liver damage in acute liver disease outweighs specific disease etiologies with regard to treatment and prognosis[2].
However, current methods of disease severity assessment
in patients with acute liver disease are far from optimal.
Conventional biochemical tests, such as transaminase,
bilirubin, albumin (ALB) plasma levels and prothrombin
time (PT), provide information on a mixture of injury
and function, but none of these are regarded as a sensitive and reliable marker of the severity of liver injury[3].
Although the 15-min retention rate of indocyanine green
(ICGR15) is considered to be a reliable method for assessing liver function impairment[4-6], several drawbacks,
such as cumbersome processing, potential allergic reaction, and its invasive nature limit its use in clinical settings. Many patients with liver disease, acute or chronic,
undergo a liver biopsy to guide therapeutic decisions[7].
However, liver biopsy is highly invasive and impractical as
a follow-up test. Thus, a simple, noninvasive and powerful alternative to liver biopsy in the management of liver
disease is required.
Non-invasive breath tests using carbon isotope 13C
have been proposed as a measure of metabolic liver
function. 13C can be incorporated into organic substances
and metabolized by the liver. The by-product of this
metabolism is 13CO2, which changes the 13CO2/12CO2 isotope ratio of the patient’s exhaled breath. Measuring the
13
CO2/12CO2 ratio in exhaled air enables quantification of
microsomal function[8]. Thus, the breath test can be used
early to evaluate quantitatively liver function damage or
hepatic reserve function at hepatocyte metabolic level.
The substances used in breath tests include aminopyrine,
methacetin, caffeine, galactose and others[9]. Methacetin
is widely used for breath tests because of its low toxicity
in small doses. The 13C-methacetin breath test (13C-MBT)
is considered a safe, simple and repeatable method for
monitoring dynamic liver function.
The 13C-MBT could accurately identify liver fibrosis
and differentiate the grades of fibrosis in patients with
chronic hepatitis C infection[7,8,10]. In patients with acute
liver disease, preliminary evidence indicated that clinical
improvement and normalization of biochemical parameters were accompanied by progressive improvement of
the 13C-MBT scores[11]. Detection of improvement using
13
C-MBT occurred 1-3 d earlier than any of the other
clinical and laboratory parameters, suggesting that the
13
C-MBT might serve as a more sensitive decision-making
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tool for the follow-up of these patients in the setting of
severe acute liver disease[12].
The present study was designed to preliminarily evaluate the role of the 13C-MBT in the assessment of acute
liver injury in an animal model. Parameters of the 13CMBT, as well as ICGR15 and biochemical variables, were
tested and compared between the control and model
groups (at different time points during the study); their
associations with liver biopsy were also analyzed.

MATERIALS AND METHODS
Animals and materials
Forty-eight male Sprague-Dawley (SD) rats of similar age
and weight (200 ± 20 g) were obtained from Shanghai
Laboratory Animal Center and were fed a Purina laboratory chow, ad libitum, in an internal animal breeding house
at Beijing Tiantan Hospital. The rats were individually
housed in a temperature and humidity controlled environment with a 12-h light-dark cycle and were free to
drink tap water until the week before the study began.
All animals received human care in compliance with the
“Guide for the Care and Use of Laboratory Animals”
published by the National Academy Press[13]. The study
was approved by local ethic committee of Beijing Tiantan
Hospital, Capital Medical University. D-Galactosamine
(D-GalN) was purchased from Sigma Chemical Company (St. Louis, MO, United States). Indocyanine green
was purchased from Dandong Yichuang Pharmaceutical
Co., Ltd. (Dandong, China). 13C-methacetin powder and
the Infra-Red Isotope Analyzer (IRIS) were purchased
from WAGNER Analysen Technik (Bremen, Germany).
A UV-vis spectrophotometer was purchased from Beijing
Purkinje General Instrument Co., Ltd. (Beijing, China).
Experimental design
The 48 rats were randomly assigned to six groups, including a control group and five acute liver injury model
groups (M6h, M12h, M24h, M48h and M72h). The variables
in the subscript after the capital letter “M” denote the
time points after intraperitoneal injection. Acute liver
injury was induced by a single intraperitoneal injection
of D-GalN (450 mg/kg), which was dissolved in saline
(0.6 mL/100 g of body weight)[14]. The rats in the control
group received the same volume of saline as a substitute
for D-GalN. ICGR15 and biochemical analyses were conducted at predetermined time points (6, 12, 24, 48 and 72
h) for each model group after D-GalN injection, while
the 13C-MBT was conducted 2 h ahead of the predetermined time point because of the time taken to perform
the test. The rats were then sacrificed under anesthesia
and liver tissues were harvested and used for histopathological analysis. The rats in the control group underwent
the same procedure within 6 h after intraperitoneal injection of saline.
13

C-MBT
C-methacetin powder was completely dissolved in dis-
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tilled water to a final concentration of 4 g/L. According
to the experimental design, each rat was given 13C-methacetin (200 mg/100 g of body weight) by gavage after
10 h fasting. For the 13C-MBT, a home-made device was
used to collect expiratory air; Shirin et al[9] describe the
details of the device structure. Breath samples for 13CO2
measurement were collected for 15 s continuously by an
aspirator pump and were collected at baseline and 10, 20,
30, 40, 50, 60, 80, 100 and 120 min after gavage. Each
sample was then transferred into a special aluminum covered plastic bag (100 mL capacity). The bag was closed
with a plastic cork immediately at the end of exhalation
and prepared for analysis. After connecting the bag to the
IRIS, the machine analyzed the breath samples automatically and provided several valuable parameters such as
DOBmax, Tmax, MVmax and CUM120. DOBmax is the peak
value of the delta over baseline (DOB) curve, which reflects the change in the natural 13CO2/12CO2 ratio exhaled
to the ingestion of a labeled substrate during the test period. Tmax reflects the time at which the peak amplitude of
DOB curve appears. MVmax reflects the largest metabolic
rate of 13CO2, and CUM120 reflects cumulative percentage
of administered dose of 13CO2 recovered over time at
120 min[15,16].
ICGR15 and biochemical analyses
The ICG standard curve was drawn according to the
manufacturer’s instructions. Indocyanine green was
completely dissolved in distilled water and prepared to
a final concentration of 0.1 mg/mL. According to the
experimental design, each rat was given a caudal intravenous injection of indocyanine green at 50 mg/100 g of
body weight. Abdominal aortic puncture was performed
to collect blood in a heparinized tube at 15 min after
injection of ICG, followed by isolation of plasma with
centrifugation at 1500 × g for 15 min. Plasma (0.25 mL)
was extracted and diluted with 1.25 mL saline. Absorbance value of the plasma sample at 805 nm was determined by A UV-vis spectrophotometry determined the
absorbance of the plasma sample at 805 nm, which were
compared with the value for normal plasma. The standard curve was used to calculate the serum concentration
of ICG. An automatic biochemical analyzer detected the
biochemical parameters, including alanine transaminase
(ALT), total bilirubin (TBIL), ALB and PT, from a further 0.6-1.0 mL of extracted plasma.
Hepatic histopathology
Rats were sacrificed after the 13C-MBT, ICG R15 and
blood collection were completed. Their livers were harvested and midsections of the left lobes were fixed with
10% formalin solution and processed for staining with
hematoxylin and eosin (HE) and then studied by light
microscopy. The extent of liver necrosis was determined
by counting the number of necrotic foci under lowpower field (LPF) magnification, using a × 10 objective.
A necrotic area of 3600 µm2 measured by a 0.01 mm
microscope micrometer was defined as a necrotic focus.
Ten LPFs were chosen randomly along with a W-shaped
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sampling path for each slice. The liver necrosis score was
obtained by counting the total number of necrotic foci in
10 LPFs.
Statistical analysis
Data analysis was performed using SPSS 17.0 statistical
analysis software (SPSS, Chicago, IL, United States). Continuous variables were described as mean ± SD and were
analyzed by the Student’s two-independent-sample t test
(normal distribution) or Mann-Whitney non-parametric
U test (skewed distribution). Normality of distribution
was determined using the Kolmogorov-Smirnov test
(cut-off at P = 0.01). Associations between the liver necrosis score and biochemical parameters, ICGR15 and the
13
C-MBT were described using Spearman’s correlation
analysis. All tests were two-sided and considered significant at P < 0.05.

RESULTS
Histopathological assessment of acute liver injury
In the control group, the hepatic architecture was normal, with little necrosis and inflammatory cell infiltration.
At 6 h after intraperitoneal injection of D-GalN, the
structure of the hepatic lobules was largely normal with
spotty, focal necrosis and little inflammatory cell infiltration. At 12 h, the structure of hepatic lobules was slightly
damaged, with focal necrosis and moderate inflammatory
cell infiltration. At 24 h, there was an extensive area of
central-central and central-portal bridging necrosis, containing many red cells trapped in the collapsed reticulin
network, and significant inflammatory cell infiltration was
observed. At 48 h, hepatic necrosis and inflammatory cell
infiltration gradually reduced and at 72 h, hepatic lobular
structure had returned to normal with very little inflammatory cell infiltration (Figure 1). Thus, the severity of
liver necrosis increased with time after D-GalN injection,
and reached a peak between 24 and 48 h, and then gradually returned to normal. The liver necrosis scores in the
control group and model groups at 6, 12, 24, 48 and 72 h
were 0.4 ± 0.2, 28.6 ± 18.5, 59.5 ± 9.5, 80.3 ± 4.2, 36.0 ±
3.4, and 21.1 ± 4.1, respectively. The liver necrosis scores
in the model groups at 6, 12, 24, 48 and 72 h were significantly higher than those in the control group (Table 1).
Comparison of parameters of the 13C-MBT between the
model groups and control group
The mean value of Tmax (min) in the control group and
model groups at 6, 12, 24, 48 and 72 h were 18.3 ± 4.1,
21.7 ± 4.7, 23.3 ± 5.16, 33.3 ± 4.3, 28.3 ± 3.83, and 23.3
± 5.16, respectively. Compared with the control group,
the Tmax in the model groups at 12 h, 24 h, 48 h and 72
h were significantly higher. The MVmax (%), CUM120 (%)
and DOBmax (%) in the control group were 5.06 ± 0.78,
4.21 ± 1.44, and 75.1 ± 9.57, respectively. These three
parameters followed a similar pattern and decreased simultaneously, reaching the lowest value at 24 h, and then
returning to normal. MVmax, CUM120 and DOBmax in the
model groups at 6, 12, 24 and 48 h were significantly
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Control

M6h

M12h

M24h

M48h

M72h

Figure 1 Histopathological findings of liver tissues in control and model groups (hematoxylin and eosin × 100). Control: Hepatic architecture was normal
with little necrosis and inflammatory cell infiltration; M6h: The structure of the hepatic lobules was largely normal with spotty, focal necrosis and little inflammatory cell
infiltration; M12h: The structure of hepatic lobules was slightly damaged, with focal necrosis and little inflammatory cell infiltration; M24h: There was an extensive area of
central-central and central-portal bridging necrosis containing many red cells trapped in the collapsed reticulin network, and significant inflammatory cell infiltration was
observed; M48h: Hepatic necrosis and inflammatory cell infiltration gradually reduced; M72h: Hepatic lobular structure returned to normal, with very little inflammatory cell
infiltration.

lower than those in the control group. At 72 h, the differences in these three parameters between the control
group and model groups were no longer significant (Table
1, Figure 2). Correlation analysis of the parameters of
the 13C-MBT and liver necrosis score revealed that Tmax
was positively correlated with liver necrosis score (r =
0.493, P < 0.05), while MVmax, CUM120 and DOBmax were
negatively correlated with liver necrosis score (r = -0.731,
P < 0.01; r = -0.618, P < 0.01; r = -0.592, P < 0.01, respectively) (Table 1).
Comparison of biochemical blood tests and ICGR15
between the model groups and control group
The mean level of ALT in the control group was 45.5 ±
7.0 U/L. After injection of D-GalN, ALT level increased
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rapidly and reached a peak (994.3 ± 427.5 U/L) at 24 h,
and then gradually decreased. ALT levels in the model
groups at 12, 24 and 48 h were significantly higher than
that in the control group (444.1 ± 230.4 U/L, P < 0.01;
994.3 ± 427.5 U/L, P < 0.01; 436.8 ± 103.7 U/L, P <
0.01, respectively). Correlation analysis revealed that
ALT was positively correlated with liver necrosis score
(r = 0.768，P < 0.01). The changes in TBIL following
D-GalN injection were similar to those of ALT. Levels
of TBIL (µmol/L) in the model groups at 12, 24, 48 and
72 h were significantly higher than that in the control
group (2.41 ± 0.98, P < 0.05; 13.74 ± 0.82, P < 0.001;
12.99 ± 1.67, P < 0.001; 12.81 ± 0.71, P < 0.001, respectively). Correlation analysis revealed that TBIL was
positively correlated with liver necrosis score (r = 0.368,
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Table 1 Comparison of parameters of the

13

C-methacetin breath test and liver necrosis score between the control and model groups

Group

Tmax (min)

MVmax

CUM120

DOBmax

Liver necrosis score

Control
M6h
M12h
M24h
M48h
M72h

18.3 ± 4.1
21.7 ± 4.7
23.3 ± 5.2a
33.3 ± 4.3b
28.3 ± 3.8a
23.3 ± 5.2a

5.06% ± 0.78%
3.84% ± 0.84%b
3.52% ± 1.32%b
2.55% ± 1.31%b
2.72% ± 0.31%b
4.72% ± 0.81%

4.21% ± 1.44%
3.35% ± 0.72%a
2.77% ± 1.40%b
2.67% ± 0.71%b
2.77% ± 0.81%b
4.12% ± 0.44%

75.1% ± 9.57%
52.3% ± 20.58%a
40.1% ± 4.13%b
37.3% ± 18.50%b
52.23% ± 14.16%a
69.1% ± 13.96%

0.4 ± 0.2
28.6 ± 18.5b
59.5 ± 9.5b
80.3 ± 4.2b
36.0 ± 3.4b
21.1 ± 4.1a

DOBmax is the peak value of the delta over baseline (DOB) curve, which reflects the change in the natural 13CO2/12CO2 ratio exhaled to the ingestion of a
labeled substrate during the test period. Tmax reflects the time at which the peak amplitude of DOB curve appears. MVmax reflects the largest metabolic rate
of 13CO2, and CUM120 reflects the cumulative percentage of administered dose of 13CO2 recovered over time at 120 min. aP < 0.05, bP < 0.01 vs control.
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Figure 2 Comparison of parameters of 13C-methacetin breath test between control and model groups at different time points after D-GalN injection. A: Tmax
(min); B: MVmax (%); C: CUM120 (%); D: DOBmax (%). aP < 0.05, bP < 0.01 vs control.

P = 0.01). The mean level of ALB in the control group
was 34.52 ± 2.69 g/L. After injection of D-GalN, ALB
level decreased and remained low at 72 h. ALB levels (g/L)
in the model groups at 24, 48 and 72 h were significantly
lower than that in the control group (32.08 ± 4.04, P <
0.05; 31.48 ± 1.57, P < 0.05; 28.79 ± 1.73, P < 0.001,
respectively). Correlation analysis revealed that ALB was
not correlated with liver necrosis score (r = 0.009, P >
0.05). PT values in the model groups at each time point
were significantly longer than that in the control group
(P < 0.01), and correlation analysis revealed that PT was
positively correlated with liver necrosis score (r = 0.627,
P < 0.01) (Table 2). ICGR15 (%) in the control group and
model groups at 6, 12, 24, 48 and 72 h were 2.8 ± 0.4,
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3.1 ± 0.6, 6.8 ± 1.4, 17.0 ± 2.3, 11.5 ± 1.6 and 5.7 ± 1.2,
respectively. Compared with the control group, ICGR15
in the model groups at 12, 24 and 48 h were significantly
higher (P < 0.05; P < 0.001; P < 0.001, respectively).
Correlation analysis revealed that ICGR15 was positively
correlated with liver necrosis score (r = 0.604, P < 0.01)
(Table 2).

DISCUSSION
In recent years, the role of the 13C-MBT to assess liver
function has been investigated in patients with chronic
liver disease. Matsumoto et al[11] found that the 13C-MBT
value (the 13C recovery over 30 min) was significantly re-
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Table 2 Comparison of biochemical tests and 15-min retention rate of indocyanine green between control group and model groups
Group

ALT (U/L)

Control
M6h
M12h
M24h
M48h
M72h

45.5 ± 7.0
166.8 ± 40.7
444.1 ± 230.4b
994.3 ± 427.5b
436.8 ± 103.7b
238.7 ± 70.7

TBIL (µmol/L)

PT (s)

ALB (g/L)

ICG15

1.36 ± 0.61
1.56 ± 0.72
2.41 ± 0.98a
13.74 ± 0.82b
12.99 ± 1.67b
12.81 ± 0.71b

13.55 ± 0.55
18.89 ± 3.38b
23.99 ± 3.09b
36.36 ± 2.45b
33.05 ± 3.22b
29.13 ± 2.94b

34.52 ± 2.69
33.93 ± 1.27
33.65 ± 1.57
32.08 ± 4.04a
31.48 ± 1.57a
28.79 ± 1.73b

2.8% ± 0.4%
3.1% ± 0.6%
6.8% ± 1.4%a
17.0% ± 2.3%b
11.5% ± 1.6%b
5.7% ± 1.2%

a

P < 0.05, bP < 0.01 vs control. ALB: Albumin; ALT: Alanine transaminase; AST: Aspartate transaminase; ICGR15: The 15-min retention rate of indocyanine
green; PT: Prothrombin time; TBIL: Total bilirubin.

duced in patients with chronic aggressive hepatitis and in
those with liver cirrhosis, but not in patients with chronic
persistent hepatitis or healthy controls. Patients with either
advanced cirrhosis or hepatocellular carcinoma showed
significantly lower values than those with well-compensated cirrhosis, indicating that the 13C-MBT[11] can effectively
evaluate the severity of liver damage. Goetze et al[10] tested
100 patients with untreated chronic HCV infection, and
100 age- and sex-matched healthy volunteers using the
13
C-MBT following ingestion of 75 mg methacetin. They
found that the 13C-MBT was an accurate tool for measuring the degree of inflammation and fibrosis in patients
with chronic HCV infection and normal serum alanine
aminotransferase (NALT)[10]. Further studies have supported the role of the 13C-MBT in the assessment of
chronic liver disease[17-19]. A few studies have focused on
the assessment of the degree of hepatic damage in acute
liver disease. A recent study showed that the 13C-MBT
was a sensitive test and may be a useful tool to evaluate
functional liver mass in animal models of acute liver failure and cirrhosis[9].
The present study was designed to explore the role
of the 13C-MBT in assessing acute liver injury using a rat
model. The histopathological analysis showed that the
severity of liver necrosis increased with time after intraperitoneal injection of D-GalN, reached a peak between
24 and 48 h, and then gradually returned to normal. Correlation analysis revealed that parameters of the 13C-MBT,
as well as most of the traditional methods, correlated with
liver necrosis score, which was in accordance with the
morphologic findings. The changes in MVmax, CUM120 and
DOBmax reflected the severity of liver injury after D-GalN
injection. Liver function abnormalities were recognized
by the 13C-MBT as early as 6 h after initiation of liver
damage, which was earlier than most of the traditional
methods, including ALT, TBIL, ALB, ICGR15 and liver
biopsy. In addition, the 13C-MBT reflected the recovery of
liver injury after D-GalN injection. The parameters of the
13
C-MBT gradually returned to baseline levels after 24 h,
which was in accordance with the liver necrosis score. The
differences in the parameters of the 13C-MBT between
the model groups and control group at 72 h were no longer significant, while most of the other methods, including liver histopathology are not sufficiently informative,
indicating that the 13C-MBT may be a sensitive tool for
predicting recovery from acute liver injury.
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Some limitations in the present study should be acknowledged. Firstly, the limited number of rats in each
group may have lowered the statistical power and led
to false positive or false negative results. This could be
minimized by enlarging the sample size in future studies.
Secondly, we used a self-defined liver necrosis score to
evaluate the severity of liver injury, according to previously published literature, as no consensus standardized
method or scoring system is available in the setting of
acute liver injury[20]. We found that the liver necrosis
score reflected the severity of liver injury following corroboration of the results with other methods. Thirdly,
whether the results of animal experiments are applicable
to humans is unknown, and further studies on patients to
validate the results of our study are warranted. Lastly, we
used liver biopsy as the standard method to evaluate the
role of the 13C-MBT in acute liver injury. Although liver
biopsy has been widely regarded as the “gold standard”
for defining liver disease status, it also has drawbacks that
have prompted questions about its value[21,22]. However,
there are currently no other tools that can serve as alternative methods. Although the Child-Turcotte-Pugh score
and the model for end-stage liver disease score were
reported to be valuable to predict liver disease progression[23-25], their suitability for use in animal models is unknown.
In conclusion, the results of the present study suggest
that the 13C-MBT may be a valuable tool to assess liver
function in acute liver injury in a rat model. The 13C-MBT
is sensitive for timely detection of acute liver injury and
early prediction of liver function recovery. To validate its
role in patients, further clinical studies are warranted.
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accompanied by progressive improvements in 13C-MBT scores. The 13C-MBT
detected improvement 1-3 d earlier than the other clinical and laboratory parameters, suggesting that the 13C-MBT might serve as a more sensitive decisionmaking tool for the follow-up of patients with severe acute liver disease.

7

8

Innovations and breakthroughs

Although the 13C-MBT has been studied in the clinical setting for several years,
most of these studies were case reports or case series, and were related to
chronic liver disease. There are few studies focusing on patients with acute liver
injury, probably because of concerns for the safety of patients with serious conditions. This study evaluated the role of the 13C-MBT in the assessment of acute
liver injury in an animal model. Parameters of the 13C-MBT, as well as ICGR15
and biochemical variables, were tested and compared between the control and
model groups (at different time points during the study); their associations with
liver biopsy were also analyzed.

9

10

Applications

The 13C-MBT is a sensitive tool for timely detection of liver injury and early prediction of liver function recovery in the setting of acute liver disease.

Terminology
13

C-MBT: 13C can be incorporated into organic substances and metabolized by
the liver. The by-product of this metabolism is 13CO2, which changes the 13CO2/
12
CO2 isotope ratio of the patient’s exhaled breath. Measuring the 13CO2/12CO2
ratio in exhaled air enables quantification of microsomal function. Methacetin is
widely used for breath tests because of its low toxicity in small doses.

Peer review

Zhu et al presented the results of their study on the role of 13C-MBT in the assessment of acute liver injury induced by D-galactoamine in rats. It has to be
noted that there are already some studies concerning the role of 13C-MBT in
the evaluation of hepatic damage/reserve during both chronic and acute liver
damage. However, to date, the 13C-MBT has not been evaluated significantly
or comprehensively in the acute setting. Overall, the study is well-designed,
results are somewhat interesting and the paper is well-written.
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Abstract
AIM: To evaluate the associations of serum folate level
WJG|www.wjgnet.com

with development, invasiveness and patient survival of
gastric cancer.
METHODS: In this nested case-control study, patients
with newly diagnosed gastric cancer undergoing gastrectomy were enrolled, and patients receiving chemotherapy prior to surgery, with other concurrent malignancy, or of the aboriginal and alien populations were
excluded. In total, 155 gastric cancer patients and 149
healthy controls were enrolled for determination of serum folate levels and their correlation with gastric cancer. Using the median value of serum folate computed
among the overall population as the cutoff value, the
associations between serum folate and gastric cancer in
all cases and different age and gender subgroups were
analyzed by multivariate logistic regression analysis. In
the patient cohort of gastric cancer, receiver-operating
characteristic analyses were performed to calculate the
best cutoff values of serum folate, and the associations
between serum folate levels and clinicopathological features were further analyzed by multivariate regression
analysis. Survival analyses were conducted using the
Cox proportional hazards model.
RESULTS: The mean serum folate level was significantly lower in gastric cancer patients than that in
controls (3.71 ± 0.30 ng/mL vs 8.00 ± 0.54 ng/mL, P
< 0.01), and folate levels were consistently lower in
gastric cancer patients regardless of age and gender (all
P < 0.01). Using the median serum folate value as the
cutoff value, low serum folate was significantly associated with gastric cancer risk in the whole population
(OR = 19.77, 95%CI: 10.54-37.06, P < 0.001) and all
strata (age < 60 years OR = 17.39, 95%CI: 7.28-41.54,
age ≥ 60 years (OR = 21.67, 95%CI: 8.27-56.80),
males (OR = 17.95, 95%CI: 7.93-40.62), and females
(OR = 20.95, 95%CI: 7.66-57.31); all P < 0.001. In
the patient cohort of gastric cancer, the respective cutoff values showed that low serum folate levels were
significantly associated with serosal invasion (OR =
2.54, 95%CI: 1.23-5.23), lymphatic invasion (OR =
2.23, 95%CI: 1.17-4.26), and liver metastasis (OR =
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6.67, 95%CI: 1.28-34.91) of gastric cancer (all P <
0.05). Serum folate level below 1.90 ng/mL was associated with poor patient survival (HR = 1.84, 95%CI:
1.04-3.27, P < 0.05) in univariate analysis.
CONCLUSION: Lower serum folate levels were significantly associated with gastric cancer development
and invasive phenotypes. The role of folate depletion in
gastric cancer invasion warrants further study.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Folic acid; Folate; Plasma; Metastasis; Invasion
Core tip: Low folate status is involved in the development of gastric cancer, but the role of folate in invasiveness of gastric cancer remains unclear. In addition,
although folate levels in blood may reflect the degree
of folate depletion, an association between blood folate
status and gastric cancer has not been established. In
this case-control study, we found lower serum folate
was significantly associated with gastric cancer development. Besides, in the patient cohort of gastric cancer, lower serum folate was significantly associated with
invasive phenotypes such as serosal invasion, lymphatic
invasion and liver metastasis. These findings warrant
further study.
Lee TY, Chiang EP, Shih YT, Lane HY, Lin JT, Wu CY. Lower
serum folate is associated with development and invasiveness of
gastric cancer. World J Gastroenterol 2014; 20(32): 11313-11320
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i32/11313.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11313

INTRODUCTION
Gastric cancer remains the fourth most common cancer
and the second leading cause of cancer mortality worldwide, and the median survival in patients with advanced
(stages Ⅲ-Ⅳ) gastric cancer is generally less than one
year[1-3]. Due to poor treatment response in advanced
gastric cancer, detection of early-stage gastric cancer can
effectively improve outcomes[4]. However, early diagnosis
remains a challenge in most countries due to invasive
characteristic of gastroscopy and a lack of practical
screening biomarkers, and most patients already suffer
from advanced tumor when gastric cancers are newly diagnosed[5]. In addition, the optimal degree of lymph node
dissection for gastric cancer is still matter of debate, and
inaccurate pre-operative image studies of lymph node
metastasis frequently result in over- or incomplete resection[6]. New biomarkers to screen for and predict the
invasiveness of gastric cancer may provide novel ways to
resolve the dilemma and are therefore urgently needed[7,8].
Folate is involved in biological methylation reactions

WJG|www.wjgnet.com

and nucleotide biosynthesis, and depletion of folate can
result in global DNA hypomethylation, DNA damage,
impaired DNA repair and altered proto-oncogene/tumor
suppressor gene expressions[9,10]. Folate supplementation was recently reported to significantly increase global
DNA methylation and reduce mucosal inflammation and
dysplasia in a Helicobacter pylori-infected mouse model, and
gastric cancer may be prevented by high folate intake[11].
Although the results of studies on dietary folate intake
and risk of gastric cancer were inconsistent[12-14], gene
677CT polymorphism of methylenetetrahydrofolate reductase (MTHFR), a key enzyme in the metabolism of
folate, was associated with increased risk of gastric cancer for individuals with low folate status[15,16]. Moreover,
folate concentrations were reported to be significantly
lower in gastric cancer tissues than in gastritis tissues, and
hypomethylation and overexpression of c-myc were correlated with lower folate concentrations in tissues[17]. Increasing evidence suggests low folate status is involved in
the development of gastric cancer, but the role of folate
in gastric cancer invasiveness remains unclear.
Although folate levels in blood may reflect the degree of folate depletion, an association between blood
folate status and gastric cancer has not been established.
In a study of advanced gastric cancer, plasma folic acid
concentration was lower in patients with total genomic
DNA hypomethylation than that in patients with normal
methylation[18]. Tan et al[19] observed that the mean serum
folate concentration of gastric cancer cases was significantly lower than that of controls. However, Vollset et al[20]
reported a null association between plasma folate levels
and gastric cancer risk, but a mean duration of 3.3 years
between blood donation and cancer diagnosis could have
biased the observed results. The serial changes of serum
folate were not reported when patients developed gastric
cancer, and further studies to verify lower blood folate in
gastric cancer patients are needed.
To our knowledge, the associations between serum
folate levels, invasive phenotypes and patient survival of
gastric cancer have not been evaluated. Therefore, we
conducted a study to determine whether serum folate
level could be clinically associated with development, invasiveness and patient survival of gastric cancer.

MATERIALS AND METHODS
Study subjects
In this case-control study, we used blood samples collected from individuals participating in two national projects
conducted from January 1998 to April 2006 for the investigation of risk factors of gastric cancer in Taiwan[21,22].
Patients with newly diagnosed gastric cancer undergoing
gastrectomy were enrolled, and patients receiving chemotherapy prior to surgery, with other concurrent malignancy, or of the aboriginal and alien populations were
excluded. Control blood samples were obtained from
individuals who visited health examination clinics with
minimal gastritis or normal appearance of the gastric
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Table 1 Demographic data and folate concentrations of
gastric cancer patients and controls

Age (yr)
Gender n (%)
Male
Female
H. pylori infection n (%)
No
Yes
Folate (ng/mL)
Male
Female
Age ≥ 60
Age < 60

Case
(n = 155)

Control
(n = 149)

P value1

62.02 ± 1.14

57.21 ± 0.86

< 0.01

88 (56.8)
67 (43.2)

90 (60.4)
59 (39.6)

NS

83 (53.5)
72 (46.5)
3.71 ± 0.30
3.12 ± 0.34
4.49 ± 0.54
3.70 ± 0.42
3.72 ± 0.43

78 (52.3)
71 (47.7)
8.00 ± 0.54
7.34 ± 0.74
9.01 ± 0.76
9.87 ± 1.17
6.78 ± 0.43

NS
< 0.01
< 0.01
< 0.01
< 0.01
< 0.01

1

All P values ≥ 0.05 were considered to be statistically non-significant (NS).

mucosa on gastroscopic examination. Informed consents
were obtained from all subjects and/or guardians on a
voluntary basis, and all patient-derived specimens were
collected under protocols approved by the Institutional
Review Boards (IRBs) of the parent institutions (IRB No.
C07199). All the study subjects who fulfilled the inclusion
and exclusion criteria and signed the informed consents
were recruited.
In total, we studied 155 patients with gastric cancer,
for whom complete clinical data, including tumor stage,
degree of tumor invasion and presence of metastasis,
and a serum sample were available. All recruited patients
had been followed up for at least 5 years. The controls
were matched by age (within 5 years) and date of blood
collection (± 3 mo), and 149 cases were recruited. In addition, status of Helicobacter pylori (H. pylori) infection was
determined by Giemsa staining of gastric tissue biopsy
or by serum H. pylori antibody test (INOVA Diagnostics,
San Diego, CA).
Measurement of serum folate levels
Blood samples were obtained after overnight fasting, and
serum folate concentrations were measured by microbiological assay[23]. Cryopreserved Lactobacillus casei (NCIB
10463) culture were thawed into reconstituted assay
medium in a water bath at 37  ℃, and then added to bulk
assay medium at a concentration of 200 µL/100 mL. Sodium ascorbate (0.5%) solution was used to dilute serum
samples 1:20. Standard solution of folate (500 pg/mL)
was made by diluting stock standards in sodium ascorbate. Assay microorganism was added, and the plates
were sealed and incubated at 37  ℃ in the dark for 42 h
after adding disinfectant. Then they were read at 570 nm
and serum folate concentrations were calculated.
Statistical analysis
The discrete variables are presented as number and percentage (%); continuous variables are presented as mean
and standard error. The demographic data of patients
and controls were compared using the χ 2 test and Student’s t-test. To avoid possible confounding effects of age

WJG|www.wjgnet.com

and gender, multivariate logistic regression analyses were
conducted to evaluate the associations between serum
folate levels, gastric cancer risk, and clinicopathological
features. Using the median value of serum folate computed among the overall population of cases and control
as the cutoff value, the associations between serum folate and gastric cancer in all cases and different age and
gender subgroups were analyzed. In the patient cohort
of gastric cancer, we considered that the cutoff values in
various clinicopathological features should be different,
so nonparametric receiver-operating characteristics (ROC)
analyses were plotted for determining the best cutoff
values of serum folate in various clinicopathological features. Using the respective cutoff values, the associations
between serum folate levels and clinicopathological features were analyzed. Furthermore, to determine whether
serum folate concentration was associated with patients’
outcomes, survival analyses were conducted using the
Cox proportional hazards model. Data were analyzed using SPSS, version 11.0 (SPSS Inc., Chicago, Illinois, United States). Nonparametric ROC analyses were performed
via the STATA program, version 8.0 (Stata Corporation,
College Station, Texas, United States).

RESULTS
Association between serum folate levels and gastric
cancer
Demographic characteristics are summarized in Table 1.
Control subjects were on average about 5 years younger
than gastric cancer cases. There were no differences in
gender distribution or H. pylori infection status between
the two groups. The mean serum folate level was significantly lower in gastric cancer patients compared to that
in controls (3.71 ± 0.30 ng/mL vs 8.00 ± 0.54 ng/mL, P
< 0.01). Since gastric cancer patients were slightly older
than controls, we further analyzed folate concentrations
based on age and gender, and found folate levels were
consistently lower in gastric cancer patients regardless of
age and gender (all P < 0.01).
Using the median value of serum folate (4.38 ng/mL)
computed among the overall population of cases and
control as the cutoff value, the adjusted odds ratio (OR)
for detecting the occurrence of gastric cancer was 19.77
(95%CI: 10.54-37.06) (Table 2). In addition, serum folate
level lower than 4.38 ng/mL was found to be consistently
associated with higher gastric cancer risk in all strata (age
< 60 years, age ≥ 60 years, males, and females; all P <
0.001). No significant interaction of other variables was
observed.
Association between serum folate levels and
invasiveness of gastric cancer
To further assess the value of using serum folate levels
for detecting invasiveness among gastric cancer patients,
we calculated the best cutoff values of various invasive
phenotypes by ROC analyses. Using the cutoff values for
multivariate regression analyses, the adjusted ORs for detecting the invasiveness of gastric cancer were obtained,
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Table 2 Association between serum folate level and
occurrence of gastric cancer n (%)
Folate

Odds ratio

> 4.38 ng/mL ≤ 4.38 ng/mL
All cases
Control (n = 149)
Gastric cancer
(n = 155)
Age < 60 (yr)
Control
(n = 90)
Gastric cancer
(n = 59)
Age ≥ 60 (yr)
Control
(n = 59)
Gastric cancer
(n = 96)
Male
Control
(n = 90)
Gastric cancer
(n = 88)
Female
Control
(n = 59)
Gastric cancer
(n = 67)

119 (79.9)
33 (21.3)

30 (20.1)
122 (78.7)

70 (77.8)

20 (22.2)

10 (16.9)

49 (83.1)

49 (83.1)

10 (16.9)

23 (24.0)

73 (76.0)

68 (75.6)

22 (24.4)

14 (15.9)

74 (84.1)

51 (86.4)

8 (13.6)

19 (28.4)

48 (71.6)

95%CI

Table 3 Associations between serum folate levels and
clinicopathological features of gastric cancer n (%)

1

Folate

P value

> 2.61 ng/mL ≤ 2.61 ng/mL
Stage
Early (n = 28)
14 (50.0)
14 (50.0)
Advanced
54 (42.5)
73 (57.5)
(n = 127)
Serosal invasion
Absent (n = 43)
26 (60.5)
17 (39.5)
Present
42 (37.5)
70 (62.5)
(n = 112)
Lymph node metastasis
Absent (n = 51)
26 (51.0)
25 (49.0)
Present
42 (40.4)
62 (59.6)
(n = 104)
Venous invasion
Absent (n = 90)
42 (46.7)
48 (53.3)
Present
26 (40.0)
39 (60.0)
(n = 65)
Lymphatic invasion
Absent (n = 74)
40 (54.1)
34 (45.9)
Present
28 (34.6)
53 (65.4)
(n = 81)
Liver metastasis (> 1.9 ng/mL) (≤ 1.90 ng/mL)
Absent
104 (71.2)
42 (28.8)
(n = 146)
Present
2 (25.0)
6 (75.0)
(n = 8)

1
19.77
< 0.001
(10.54-37.06)
1
17.39
< 0.001
(7.28-41.54)
1
21.67
< 0.001
(8.27-56.80)
1
17.95
< 0.001
(7.93-40.62)
1
20.95
< 0.001
(7.66-57.31)

Odds ratio

1

95%CI

P value2

1
1.38
(0.60-3.14)

NS

1
2.54
(1.23-5.23)

< 0.05

1
1.54
(0.78-3.02)

NS

1
1.32
(0.69-2.52)

NS

1
2.23
(1.17-4.26)

< 0.05

1
6.67
(1.28-34.91)

<0.05

1

Age and gender were adjusted by multivariate regression analysis.

1

as shown in Table 3. Serum folate ≤ 2.61 ng/mL was
significantly associated with serosal invasion (OR = 2.54,
95%CI: 1.23-5.23) and lymphatic invasion (OR = 2.23,
95%CI: 1.17-4.26). Serum folate ≤ 1.90 ng/mL was
significantly correlated with liver metastasis (OR = 6.67,
95%CI: 1.28-34.91) (all P < 0.05).
Association between serum folate levels and patient
survival
The survival curves for patients with different serum folate levels are compared in Figure 1. A folate level lower
than 1.90 ng/mL was associated with poor survival (P =
0.03). Cox proportional hazard model analyses showed
that advanced stage (P < 0.001), serosal invasion (P <
0.001), lymph node metastasis (P < 0.001), lymphatic
invasion (P < 0.001), venous invasion (P < 0.001), liver
metastasis (P < 0.001), and serum folate level lower than
1.90 ng/mL (P = 0.036) were associated with poor overall survival (Table 4). Multivariate analysis showed that
only serosal invasion (P < 0.001) and liver metastasis (P
< 0.001) were independent risk factors for poor overall
survival.

DISCUSSION
Previous studies have shown that low folate status is involved in the development of gastric cancer[15-17], but the
role of folate in the invasiveness of gastric cancer is still
unclear. To our knowledge, this is the first study to investigate whether serum folate could be clinically associated
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Age and gender were adjusted by multivariate regression analysis; 2All P
values ≥ 0.05 were considered to be statistically non-significant (NS).

with invasiveness of gastric cancer. We found low serum
folate levels were significantly associated with various
invasive phenotypes such as serosal invasion, lymphatic
invasion and liver metastasis. The findings of our study
suggest that folate depletion may play a role in the development of gastric cancer, but the effect of folate depletion in gastric cancer invasion warrants further investigation.
Although folate supplementation has been shown to
be effective in preventing global loss of methylation in a
mouse model of gastric cancer development[11], further
study will be required to determine whether folate depletion and subsequent perturbed hypomethylation directly
contribute to tumor invasion and metastasis. In a recent
study, Wang et al[24] found that folate deficiency could
enhance invasiveness of colon cancer cells by activation
of Shh signaling through promoter hypomethylation and
cross actions with the NF-κB pathway. However, the
effect of folate deficiency on methyl group metabolism
and methylation is highly complex, and is influenced by
cell type, stage of transformation, and genetic variations
at specific sites in the genome[25-28]. For example, in animal studies of colorectal cancer, although folate showed
chemoprotective effects against carcinogenesis, it also appeared to promote progression of cancer once neoplastic
foci had been established[29-31]. The mechanisms of folate
deficiency that contribute to the invasiveness of gastric
cancer have yet to be fully elucidated.
Few studies have investigated the association between
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Table 4 Univariate analysis of mortality predictors in gastric
cancer patients

Survival rate (%)

80
Folate > 1.90

Age
> 60 vs ≤ 60
Gender
Male vs female
Stage
Advanced vs early
Depth of invasion
Serosal vs non-serosal invasion
Lymph node metastasis
Yes vs no
Lymphatic invasion
Yes vs no
Venous invasion
Yes vs no
Liver metastasis
Yes vs no
Folate
≤ 1.90 vs > 1.90 ng/mL

60
Folate ≤ 1.90
40

20

P = 0.03
0

0

20

40
60
80
Survival months

100

120

Figure 1 Survival curves for patients with different serum folate levels.
The survival rate for those with lower folate levels was significantly lower compared with those with higher folate levels (P = 0.03).

blood folate status and gastric cancer development, and
the usefulness of blood folate as a biomarker is still a
subject of debate. A Chinese case-control study showed
that gastric cancer patients had a significantly lower serum folate level than that of controls, but a European
study found there was no significant difference in plasma
folate level between pre-gastric cancer patients and the
controls[19,20]. However, in that European study, the blood
samples were collected 3.3 years (mean, with a range of
0.4-7.13 years) before diagnosis of gastric cancer, and
this discrepancy could be biased by the time interval between blood donations and cancer diagnosis. In addition,
other risk factors may be also involved in the discrepancy
between Chinese and European populations. For example, in a recent meta-analysis[32], the gene polymorphism
in thymidylate synthase, an important enzyme involved
in folate metabolism, was associated with an increased
risk of gastroesophageal cancer among Asians, but not
among Caucasians. However, the interaction between
other risk factor and blood folate in different populations
warrants further evaluation. In the present study of Chinese population, we confirmed that the serum folate level
was significantly lower in patients than that in controls,
and low serum folate was significantly associated with
increased gastric cancer risk regardless of age and gender.
According to the observations of previous studies and
our results, decreased folate levels can be found after the
development of gastric cancer. Further studies to confirm the causal relationship between folate depletion and
gastric cancer evolution will be crucial.
The association between folate and outcomes of gastric cancer has rarely been investigated, although MTHFR
677TT carriers with low folate and vitamin B12 intakes
were reported to have the lowest survival rate in a cohort
study of gastric cancer[33]. The present investigation is the
first to report that a low serum folate level was associated
with poor patient survival in univariate analysis, but the
association became insignificant in multivariate analysis.
Although low serum folate level was not associated with
prognosis in this study, outcome analysis could be biased
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Hazard ratio

95%CI

P value1

1.27

0.97-1.67

NS

1.29

0.98-1.69

NS

7.78

3.96-15.26

< 0.001

3.96

2.67-5.89

< 0.001

2.47

1.78-3.43

< 0.001

2.17

1.53-3.07

< 0.001

2.45

1.73-3.46

< 0.001

6.01

4.04-8.93

< 0.001

1.84

1.04-3.27

0.036

1

All P values ≥ 0.05 were considered to be statistically non-significant (NS).

by different strategies and clinical conditions in cancer
treatment. Large-scale well-controlled prospective studies will be needed to determine the value of serum folate
level as a prognostic biomarker.
Decreased serum folate levels may be caused by poor
intake of folate-rich foods, impaired folate absorption,
impaired folate metabolism or rapid folate consumption.
Interestingly, the role of dietary folate intake in the development of gastric cancer has been reported in several
studies, with controversial results[12-14]. Larsson et al[12]
conducted a meta-analysis and found significant heterogeneity, especially among different geographic regions.
The estimated relative risks for subjects with the highest
dietary folate intake relative to the lowest dietary folate
intake were 0.68 (95%CI: 0.58-0.80) for studies conducted in the United States, 1.15 (95%CI: 0.91-1.45) for
European studies, and 0.89 (95%CI: 0.40-1.96) for studies conducted elsewhere. The disparity in these results
may be due to complex host-environment interactions.
Moreover, a variety of conditions, including defects in
the uptake system, gastrointestinal diseases, drug interaction, and hypochlorhydria may also affect the normal
intestinal folate absorption process[34,35]. Gastric cancer
arises by a multi-stage process, and severity of atrophic
gastritis is correlated to the risk of progression to gastric
cancer[36]. Although low serum folate in patients with gastric cancer may be caused by disturbed folate absorption
due to severe underlying atrophic gastritis, the possible
mechanisms involved in folate depletion may be complicated and should be further clarified.
The association between H. pylori infection and folate
depletion has been evaluated in previous studies. In a recent meta-analysis[35], no significant association between
H. pylori infection and folate levels was observed, and
eradication of H. pylori infection had no effect on serum
folate levels. In this case-control study, the impact of H.
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pylori infection on serum folate levels was also not significant. However, the proportions of patients with H.
pylori infection were similar in the gastric cancer group
and the matched control group, and the prevalence of H.
pylori infection in the gastric cancer group may be underestimated due to H. pylori eradication therapy and lower
sensitivity of H. pylori test in severe atrophic gastritis[37].
Further study may help to clarify the effect of H. pylori
infection on folate levels among gastric cancer patients.
There are several limitations to this study. First, although selection bias could not be completely excluded,
we enrolled study subjects in a multi-center setting. This
should help minimize the selection bias. Second, despite
the fact that a causal relationship between folate depletion
and gastric cancer evolution could not be determined in
this clinical study; we provided important clues for further
study. Third, although the controls were matched by age
(within 5 years) in the present study, gastric cancer patients
were significantly older than the controls. Using multivariate regression and subgroup analyses, we didn’t observe
significant correlation with age. Fourth, some important
information could not be fully obtained in this retrospective study; for example, body mass index (BMI). Even
though the mean BMI values of study subjects with
available data were not significantly different between
the gastric cancer group and the control group, we did
not present the findings because BMI data for some subjects were missing. A prospective study could provide a
more complete description of study population. Finally,
although we did not analyze other environmental factors,
such as cigarette smoking or alcohol consumption in this
retrospective study, associations between lower blood
folate levels and these environmental factors in gastric
cancer patients were not reported in previous studies[19].
Further prospective control studies are needed to clarify
the effects of other risk factors.
The present study demonstrated several important
findings: first, lower serum folate was observed in gastric
cancer patients. Second, we found strong relationships
between lower serum folate and various invasive phenotypes, including serosal invasion, lymphatic invasion and
liver metastasis in gastric cancer. Third, serum folate level
was demonstrated to be a potentially useful biomarker of
gastric cancer progression in terms of occurrence, serosal invasion, lymphatic invasion and liver metastasis, but
further studies are needed to confirm that serum folate
is an important biomarker for gastric cancer. In conclusion, our study findings suggest that folate depletion may
play a role in the development and invasiveness of gastric
cancer, but the effect of folate depletion in gastric cancer
invasion warrants further study.
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treatment group. None of the patients had any baseline
EKG abnormality. Amitriptyline use was associated with
an increase in heart rate (p = 0.024) and QTc interval
(p = 0.0107) as compared to pre-EKGs. Children in the
placebo group were also noted to present a statistically
significant increase in QTc interval (p = 0.0498). None
of the patients developed borderline QTc prolongation
or long-QT syndrome after they were started on amitriptyline.
CONCLUSION: The study findings suggest that once
patients with functional gastrointestinal disorders have
been screened for prolonged QTc interval on baseline
EKG, they probably do not need a second EKG for reevaluation of cardiac conduction after starting low dose
amitriptyline.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To study the effects of low dose amitriptyline on
cardiac conduction in children.
METHODS: Secondary analysis of data obtained
from a double-blind, randomized placebo-controlled
trial, evaluating low dose amitriptyline in children with
a diagnosis of functional abdominal pain, functional
dyspepsia, and irritable bowel syndrome according to
the Rome II criteria. Children 8-17 years of age were
recruited from the pediatric gastroenterology clinics of
6 tertiary care centers in the United States. The electrocardiograms (EKGs) done prior to initiation of amitrityline and 1 mo after initiation of amitriptyline were
examined. The changes in cardiac conduction were
evaluated in patients and controls.
RESULTS: Thirty children were included in the study.
There were 12 patients, ages 9-17 years of both genders, in the amitriptyline treatment group and 18 patients, ages 9-17 years of both genders, in the placebo
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Key words: Amitriptyline; Electrocardiogram; Children;
Abdominal pain related-functional gastrointestinal disorders
Core tip: Information on electrocardiogram changes in
children who are on low dose amitriptyline for treatment of abdominal pain associated-functional gastrointestinal disorders (AP-FGIDs) is sparse. To better
understand the effects of low dose amitriptyline on
cardiac conduction in children, we reviewed the electrocardiogram findings before and after initiation of
amitriptyline. We found that use of low dose amitriptyline in children with AP-FGIDs was not associated with
clinically significant changes in cardiac conduction.
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World J Gastroenterol 2014; 20(32): 11321-11325 Available
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INTRODUCTION
Abdominal pain associated-functional gastrointestinal disorders (AP-FGIDs) are among the most common medical afflictions in childhood and adolescence[1,2]. The APFGIDs have been categorized by the Rome Ⅲ criteria
into irritable bowel syndrome (IBS), functional abdominal pain (FAP), functional dyspepsia (FD) and abdominal
migraine (AM). These disorders have been shown to significantly affect the children’s quality of life[1,2]. Tricyclic
antidepressants (TCAs) like amitriptyline have played an
important role in the treatment of pediatric psychiatric
disorders. However, the increased risk of adverse cardiac
events, sudden deaths in children and a black box warning
by the FDA on the risk of suicidality have led to a decline
in their use[3,4]. TCAs have now been relegated to second
line status for treatment of depression. Studies in adults
have shown benefit in using TCAs for treatment of APFGIDs[5-11]. Amitriptyline has not been found to be better
than placebo for treatment of AP-FGIDs in children and
is not approved for the treatment of FGIDs in children
or adolescents, but its off label use is prevalent[12-15]. The
dose of amitriptyline commonly used in the treatment
of FGIDs in children is much lower than that used for
depression. A dose-response association of TCAs has
been demonstrated with QTc prolongation[16]. TCA overdose has been shown to cause conduction delays and
prolonged corrected QT (QTc) in children[17]. There is
limited data in the literature regarding the cardiac toxicity with therapeutic antidepressant doses of amitriptyline
in children. Information on electrocardiogram (EKG)
changes in children who are on low dose amitriptyline
for treatment of FGIDs is sparse. To better understand
the effects of low dose amitriptyline on cardiac conduction in children, we reviewed the EKG findings before
and after initiation of amitriptyline in a multicenter study
conducted by our group assessing the efficacy of amitriptyline in children with AP-FGIDs[14].

MATERIALS AND METHODS
This study was a secondary analysis of data obtained
from a double-blind, randomized placebo-controlled
trial, evaluating amitriptyline in children with a diagnosis
of functional abdominal pain, functional dyspepsia, and
IBS according to the Rome II criteria[14]. In the original
study children 8-17 years of age were recruited from the
pediatric gastroenterology clinics of 6 tertiary care centers geographically dispersed in the United States: Children’s Hospital of Pittsburgh (Pittsburgh, PA), Goryeb
Children’s Hospital at Atlantic Health System (Morristown, NJ), Kansas University Medical Center (Kansas
City, KS), Children’s Hospital of Boston (Boston, MA),
Children’s Hospital of Wisconsin (Milwaukee, WI), and
Children’s Memorial Hospital (Chicago, IL). In the current study only those patients in both groups (amitriptyline treatment and placebo groups) who had a standard
12-lead EKG before starting the study medication (pre-
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EKGs) and a second EKG 1 mo after initiation of the
medication (post-EKGs) were included. Only the centers located at Chicago, Pittsburgh and Boston required
EKGs to be done prior to and after starting amitriptyline. amitriptyline was dosed based on their weight: (1)
< 35 kg-10 mg capsule by mouth daily; and (2) ≥ 35
kg-20 mg capsule by mouth daily. All EKGs were read
by pediatric cardiologists at the respective study locations. We examined the effect of amitriptyline and placebo on heart rate (HR), PR, QRS, and QTc interval with
the 2 tailed t-test using GraphPad statistical software.
A QTc interval at or above 480 ms in females or
470 ms in males was considered diagnostic of long-QT
syndrome (LQTS)[14]. The diagnosis of borderline QT
prolongation was given when a patient had a QTc value
between 440 and 470 ms.

RESULTS
Thirty children were included in the study. There were 12
patients (10 females), ages 9-17 years (10 patients were
10 years or older), in the amitriptyline treatment group
and 18 patients (15 females), ages 9-17 years (16 patients
were 10 years or older), in the placebo treatment group.
Using the D’Agostino-Pearson test for normality, the
data was found to have normal distribution. None of the
patients had any baseline EKG abnormality. amitriptyline use was associated with an increase in heart rate (p =
0.024) and QTc interval (p = 0.0107) as compared to preEKGs (Table 1). Children in the placebo group were also
noted to present a statistically significant increase in QTc
interval (p = 0.0498) (Table 1). None of the patients developed borderline QTc prolongation or LQTS after they
were started on amitriptyline.

DISCUSSION
Amitriptyline at low doses is thought to work primarily
by inducing pain tolerance through peripheral or central
anti-nociceptive properties as well through its anticholinergic effects, and secondarily through its anxiolytic effects[8,14,18].
A meta-analysis of adult studies showed that amitriptyline is beneficial in treatment of FGIDs in adults[5,7,8,19].
There have been 2 randomized controlled pediatric trials
that have examined the efficacy and safety profile of low
dose amitriptyline in treatment of FGIDs[13,14]. Both studies found no statistically significant differences between
amitriptyline and placebo for most efficacy outcomes
including improvement of abdominal pain (Bahar study
found improvement exclusively in RLQ pain and a beneficial effect in quality of life). A review by the Cochrane’s
Group concluded that there was no evidence to support
the use of amitriptyline for the treatment of abdominal pain-related FGIDs in children and adolescents[12].
Despite the lack of evidence of its efficacy, clinicians
commonly prescribe amitriptyline to children with APFGIDs. Typically a 0.5-1 mg/kg per day dose of amitrip-
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Table 1 Effect of amitriptyline and placebo on cardiac conduction in children
HR (beats/min)
Parameters

Pre EKG

Drug
mean ± SD
2 tailed t test P value
Correlation coefficient - r
Placebo
mean ± SD
n
2 tailed t test P value
Correlation coefficient - r

Post EKG

PR (ms)
Pre EKG

QRS (ms)

Post EKG

Pre EKG

Post EKG

QTc (ms)
Pre EKG

Post EKG

75.92 ± 9.44
85.2 ± 17.4
0.024a
0.7367

135 ± 12.97
134.5 ± 11.25
0.8429
0.7608

83.67 ± 6.81
85.33 ± 7.15
0.2098
0.8084

406.91 ± 12.6
418 ± 13.8
0.0107a
0.4923

69.22 ± 12.26 74.05 ± 10.06
18
18
0.0783
0.5343

132.6 ± 16.35 137.5 ± 21.53
18
18
0.1394
0.7841

86.7 ± 8.95
83.8 ± 8.98
18
18
0.0937
0.7037

415.5 ± 16.82 422.6 ± 18.53
18
18
0.0498a
0.6773

a

p < 0.05, placebo group vs control group.

tyline to a maximum of 50 mg daily is used as opposed
to 1-3 mg/kg per day used for depression in children[14].
Amitriptyline activates cardiac ryanodine channels
causing efflux of calcium from the sarcoplasmic reticulum[20]. As a result, amitriptyline is pro-arrhythmogenic
and increases the risk of sudden cardiac death in patients
with underlying heart disease and at doses above 100 mg
daily[3]. Amitriptyline has been classified as a “conditional
risk” drug for development of torsade de pointes[21].
Drugs with “conditional risk” have significant evidence
of prolonging QT and causing torsade de pointes but
only under certain conditions, such as excessive dose
or drug interaction[22]. Some studies have documented
changes in EKG tracings in children on the higher doses
of amitriptyline used for depression[23,24]. These have
included findings ranging of no changes in any of the
tracings to increases in the heart rate, PR, QRS and QTc
intervals. In a recent risk prevention study, the incidence
of prolonged QTc interval in a subpopulation of children with IBS before the initiation of amitriptyline was
found to be 0.4%, which is similar to the incidence of
prolonged QTc in adult and adolescent athletes[25,26]. This
study concluded that a screening EKG should always
be performed on children with FGIDs, before initiating
amitriptyline therapy[25].
We found practice variation in conducting EKGs after starting patients on amitriptyline, with only 3 of the
6 tertiary centers doing the pre and post amitriptyline
initiation EKGs. This practice variation likely exists due
to paucity of data on the effect of low dose amitriptyline
on cardiac conductance. Our study shows that post amitriptyline EKGs might not be necessary. The cost of performing an EKG as per CMS reimbursement schedule
ranges from $39-47. For every additional EKG there are
additional intangible costs such as lost wages for parents,
childcare costs for siblings, cost of transportation, etc.
Performing unnecessary EKGs after initiating amitriptyline can add to the existing lofty healthcare expenditure
in managing children with FGIDs, especially considering
the high prevalence of chronic abdominal pain in school
age children[1,27].
The chronic use of TCAs in adult patients with
chronic pain was not shown to result in clinically significant changes in cardiac conduction[28]. In our study ami-
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triptyline use was associated with an increase in the heart
rate and the QTc interval but none of these changes
were significant enough to warrant discontinuation of
amitriptyline. These findings suggest that once patients
with FGIDs have been screened for prolonged QTc
interval on baseline EKG, they probably do not need a
second EKG for reevaluation of cardiac conduction after
starting low dose amitriptyline. Limitations of our study
include the small sample size. Studies with larger sample
size and longer duration are needed to confirm our findings and possibly influence future monitoring recommendations post initiation of TCA for FGID treatment. The
findings might not be generalizable to other TCAs. The
frequent use of TCAs other than amitriptyline for the
treatment of FGIDs in children stress the importance of
conducting similar studies with other TCAs[15].
Our preliminary study suggests that amitriptyline used
in low doses can be considered a relatively safe drug in
the arsenal of pediatric gastroenterologists.
Our retrospective placebo controlled study suggests
that the use of low dose amitriptyline in children with
AP-FGIDs is probably not associated with clinically significant changes in cardiac conduction. A larger prospective study should be designed to confirm these findings.
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considering the high prevalence of chronic abdominal pain in school age children. There is a lot of practice variation amongst physicians in ordering a post
Amitriptyline initiation EKG. Their data has the potential to decrease healthcare
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RESULTS: Hospitalizations for cirrhosis significantly increased from 611 per 100000 admissions in 1998-2001
to 1232 per 100000 admissions in 2006-9 (P value for
trend < 0.0001). This increase was seen in admissions
for both alcoholic and non-alcoholic cirrhosis (P values
for trend < 0.001 and < 0.0001 respectively). During
the same time period, there were 243 admissions for
gastroesophageal variceal bleeding (68% male, mean
age 54.3 years, 62% alcoholic cirrhosis). Hospitalizations for gastroesophageal variceal bleeding significantly decreased from 96.6 per 100000 admissions for
the time period 1998-2001 to 70.6 per 100000 admissions for the time period 2006-2009 (P value for trend
= 0.01). There were significant reductions in variceal
hemorrhage from non-alcoholic cirrhosis (41.6 per
100000 admissions in 1998-2001 to 19.7 per 100000
admissions in 2006-2009, P value for trend = 0.007).
CONCLUSION: Hospitalizations for variceal hemorrhage have decreased, most notably in patients with
non-alcoholic cirrhosis, and this may reflect broader use
of strategies to prevent bleeding.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Abstract
AIM: To examine hospitalization rates for variceal hemorrhage and relation to cause of cirrhosis during an era
of increased cirrhosis prevalence.
METHODS: We performed a retrospective review of
patients with cirrhosis and gastroesophageal variceal
hemorrhage who were admitted to a tertiary care referral center from 1998 to 2009. Subjects were classified
according to the etiology of their liver disease: alcoholic
cirrhosis and non-alcoholic cirrhosis. Rates of hospitalization for variceal bleeding were determined. Data
were also collected on total hospital admissions per
year and cirrhosis-related admissions per year over the
same time period. These data were then compared and
analyzed for trends in admission rates.
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Key words: Varices; Gastrointestinal bleeding; Cirrhosis;
Hospitalization; Portal hypertension
Core tip: Strategies to prevent gastroesophageal variceal bleeding, a morbid complication of cirrhosis, have
been largely unchanged for 15 years. With the rising
burden of cirrhosis over this time, it might be predicted
that there would be a parallel increase in hospitalization
rates for this complication. The findings from this study
show that hospitalization rates for variceal bleeding are
in fact decreasing, specifically in non-alcoholic cirrhosis.
This raises the possibility that reductions in hospital admissions for variceal bleeding are attributable to more
widespread use of prophylactic measures, and that
expansion of these measures in patients with alcoholic
cirrhosis could further reduce hospitalizations.
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INTRODUCTION
Chronic liver disease is currently the twelfth leading cause
of death in the United States; most liver disease-related
deaths are the result of complications of cirrhosis. In
particular, in 2007, 14406 and 14759 deaths were attributable to alcoholic and non-alcoholic cirrhosis, respectively.
This represented an increase of 3.4% since 2006[1].
Development of gastroesophageal varices is a serious
complication of cirrhosis. At the time of diagnosis of cirrhosis, esophageal varices are present in almost half of all
patients and develop at a rate of approximately 7% per
year[2]. The 1-year rate of a first variceal hemorrhage is approximately 12%. The short term mortality rate associated
with variceal hemorrhage is over 15% and can be as high as
30% in patients with decompensated (Child’s Class C) cirrhosis[2]. Thus, prevention of variceal bleeding is a critical
goal in the management of cirrhosis. The use of nonselective beta-adrenergic receptor blockade and endoscopic
band ligation for prophylaxis of variceal hemorrhage
emerged in the 1980s and mid-1990s, respectively[3-7].
These strategies have been associated with a decline in
mortality related to esophageal hemorrhage[8].
During this same era, however, cirrhosis and its complications have become significantly more prevalent, with
increases from 18% to over 50%[9,10]. In the face of this
rise in the burden of cirrhosis, it is therefore unknown
whether the use of currently available prophylactic strategies would offset a parallel expected increase in the rate
of variceal hemorrhage. Insights into this issue come
from an analysis of a large nationwide hospital discharge
database[11]. In this study, the hospitalization rate for
bleeding varices increased from 1988 to 1996 and then
fell between 1996 and 2002. Although these findings suggested that the changes reflected advances in prophylactic strategies, the data were obtained over a time period
when such strategies were evolving.
Strategies to prevent variceal bleeding were codified
in the form of practice guidelines in 1997[12] and no new
strategies have emerged since. Thus, if an ongoing decrease in the incidence of variceal bleeding was observed
in a more recent era, the expectation is that this would
reflect increased utilization of effective prophylactic strategies. To test this, we assessed the rates of hospital admissions for variceal hemorrhage during the time period
when prophylactic strategies for prevention of variceal
hemorrhage had been well established (1998 to 2009).
In addition, to our knowledge, no study has investigated
whether the etiology of cirrhosis (alcohol-related or nonalcohol-related) has an impact on the rate of variceal
hemorrhage. A secondary aim of the study was therefore
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to determine if the etiology of cirrhosis (alcohol-related
vs non-alcohol related) correlated with rates of variceal
hemorrhage in this era.

MATERIALS AND METHODS
This was a retrospective, cross-sectional review for all
hospital admissions for gastroesophageal variceal hemorrhage to an intensive care unit at a tertiary referral center
(University of Vermont/Fletcher Allen Health Care)
between 1998 and 2009. Patients were initially identified
based on International Classification of Disease (ICD-9)
codes for upper gastrointestinal bleeding: esophageal varices with bleeding (456.0); esophageal varices in disease
classified elsewhere with bleeding (456.20); hematemesis
(578.0); blood in stool/melena (578.1) and hemorrhage
of gastrointestinal tract, unspecified (578.9).
Bleeding secondary to variceal hemorrhage was confirmed by review of the inpatient hospital record and
endoscopy database. Bleeding was attributed to varices if
one of the following criteria was met: (1) actively bleeding varices visualized on endoscopy; (2) varices identified
on endoscopy with stigmata of recent hemorrhage; or
(3) clinical presentation consistent with upper gastrointestinal bleed (melena or hematemesis) and presence of
varices on endoscopy with no other etiology for bleeding
identified. Eligibility criteria for further inclusion were a
diagnosis of cirrhosis and age at least 18 years.
Demographic and outcomes data were analyzed for
the entire cohort, and subgroup analysis was performed
according to the etiology of cirrhosis (alcoholic versus
non-alcoholic). Patients admitted with their first variceal
bleed were defined as “Index Bleeds”. Patients admitted
with their second or greater episode of variceal bleeding
were defined as “Rebleeds”. A model of end stage liver
disease (MELD) score was calculated[13], where possible,
when same day laboratory data were available.
During the same time period, data were collected on
total hospital admissions per year and cirrhosis-related
admissions. Cirrhosis-related admissions were categorized further by etiology using ICD-9 hospital billing
codes: alcoholic cirrhosis of liver (571.2) and cirrhosis
of liver NOS (571.5). Patients younger than 18 years old
were excluded.
Variceal bleeding data were then directly compared to
cirrhosis-related and total admission data and evaluated
for trends.
Data on placement of transjugular intrahepatic portosystemic shunt (TIPS) were obtained using procedure
volumes reports generated using the radiology information system for exam codes: SPTIPS, SPHEPATVEN
and SPHEPATVNWO.
Statistical analysis
Using Pearson’s χ 2 test for two proportions, we calculated
that a sample size of n = 129 would result in 90% statistical power to detect a 15% change in variceal bleed % (at
an alpha level of 0.05).
For analyses of linear trends over time for numeric
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Table 1 Baseline characteristics of study population based on
etiology of cirrhosis n (%)

No. ICU admissions
Mean age
Male sex
White ethnicity
Nonselective beta-blocker
Index bleed
Deaths

243
54.33
165 (67.9)
235 (96.7)
82 (33.7)
128 (52.6)
43 (17.6)

ETOH
151
52.92
119
147
45
78
22

Cirrhosis/100K admissions

Overall

1500

Non-ETOH P value
92
58.25
46
88
37
50
21

0.002
0.003
0.04
0.51
0.07
0.88

NALC, P < 0.0001
1000

500

0
1998-1999 2000-2001 2002-2003 2004-2005 2006-2007 2008-2009
t /yr

ETOH denotes alcoholic cirrhosis; Non-ETOH denotes non-alcoholic
cirrhosis. ICU: Intensive care unit.

30

ALC, P < 0.001

Figure 2 Admissions with cirrhosis per 100000 IP visits based on etiology
of cirrhosis. P values are for trend. All: Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.

All
ALC

MELD score

NALC
20

10

0
2000 2001 2002

2003 2004 2005
t /yr

2006 2007 2008 2009

Figure 1 Mean model of end stage liver disease scores for study population per year. P value = 0.20 reflects trend for MELD scores for cirrhosis of all
causes. P value = 0.27 reflects comparison of ALC and NALC groups. MELD:
Model for end-stage liver disease; All: Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.

variables, linear regression analysis was employed to calculate Pearson correlation coefficients, and to determine
statistical significance of trends. A “P value” of less than
0.05 was deemed statistically significant.
For analyses of linear trends over time for categorical
variables (percentage positive responses of total for dichotomous variables), logistic regression analysis and/or
analysis of two-way contingency tables (for CochranMantel-Haenszel nonzero correlation statistics) were
done. Using these methods, statistical significance of
linear trends were determined, along with corresponding
odds rates. A “P value” of less than 0.05 was deemed statistically significant.

RESULTS
Study population
A total of 1719 inpatient admissions were identified with
upper gastrointestinal bleeding based on hospital discharge diagnosis. After review of the inpatient records,
243 admissions satisfied the criteria for bleeding attributable to gastroesophageal varices for the period 1998-2009
(Table 1). Approximately half of these were index bleeds.
The mean age was 54.33 years, approximately two thirds
of patients were male, and nearly all were white. Cirrhosis
was attributed to alcohol in 62% of the patients. When
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compared to non-alcoholic cirrhotics, the patients with
alcohol-related variceal bleeding were significantly younger and more likely to be male. The average MELD score
could be calculated for the years 2000-2009 and did not
statistically change during this period nor did the average MELD for the cohort change over time (P value for
trend = 0.20, Pearson correlation coefficient 0.44) (Figure
1). The average MELD score did not differ statistically
between the two groups (P = 0.27).
Hospitalizations for cirrhosis
During the study period, total admissions for cirrhosis
increased by more than 100% (Figure 2), from 611 per
100000 admissions in 1998-2001 to 1232 per 100000 admissions in 2006-2009 (P value for trend ≤ 0.0001). Increases were observed regardless of etiology of cirrhosis.
Admissions for alcoholic cirrhosis increased 52% during
the study period, from 369 per 100000 admissions in
1998-2001 to 560 per 100000 admissions in 2006-2009 (P
value for trend ≤ 0.001). Admissions for non-alcoholic
cirrhosis increased 175%, from 244 per 100000 admissions in 1998-2001 to 672 per 100000 admissions in
2006-2009 (P value for trend ≤ 0.0001).
Hospitalizations for variceal hemorrhage
As shown in Figure 3A, the overall hospitalization rate
for variceal bleeding decreased significantly from 96.6
per 100000 admissions in 1998-2001 to 70.6 per 100000
admissions from 2006-2009 (P value for trend = 0.01).
When analyzed according to etiology, the hospitalization
rate for variceal hemorrhage related to alcoholic cirrhosis
did not statistically decrease during the study period (55
per 100000 admissions in 1998-2001, 50.9 per 100000
admissions in 2006-2009; P value for trend = 0.297). By
contrast, hospitalization for variceal hemorrhage from
non-alcoholic cirrhosis decreased significantly from 41.6
per 100000 admissions in 1998-2001 to 19.7 per 100000
admissions in 2006-2009 (P value for trend = 0.007).
As shown in Figure 3B, hospitalizations for index
bleeding did not significantly change in either group
(alcoholic cirrhosis: 23.48 per 100000 admissions in
1998-2001 to 30.91 per 100000 admissions in 2006-2009,
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Figure 4 Transjugular intrahepatic portosystemic shunt placement
1998-2009. P values are for trend. TIPS: Transjugular intrahepatic portosystemic shunt; GI: Gastrointestinal.
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Figure 3 Trends in admissions for variceal bleeding per 100000 inpatient
visits based on etiology of cirrhosis. A: Total variceal bleeds; B: Index variceal
bleeds; C: Variceal rebleeding. P values are for trend during study period. All:
Cirrhosis all causes; ALC: Alcoholic cirrhosis; NALC: Non-alcoholic cirrhosis.

P value for trend = 0.95, OR = 1.00; non-alcoholic cirrhosis: 29.14 per 100000 admissions in 1998-2001 to
10.92 per 100000 admissions in 2006-2009, P value for
trend = 0.13, OR = 0.94).
Admission trends differed when there was a history
of previous variceal hemorrhage. Hospitalizations for
variceal rebleeding decreased for the overall study population (Figure 3C), from 51.85 per 100000 admissions in
1998-2001 to 28.72 per 100000 admissions in 2006-2009
(P value for trend = 0.007, OR = 0.93). This decrease
remained significant after controlling for age (P value
for trend = 0.01, OR = 0.93), and was seen specifically
among patients with non-alcoholic cirrhosis (P value for
trend = 0.02, OR = 0.91) but not in the alcoholic cirrhosis group (P value for trend = 0.11, OR = 0.95).
In parallel with the increased number of hospitalizations for cirrhosis, there was a significant increase in the
number TIPS placements (Figure 4, P value for trend =
0.0006, Pearson correlation coefficient 0.84). A total of
101 TIPS were placed for all indications between 1998
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Figure 5 Hospital deaths per 100000 admissions based on etiology of cirrhosis. P value is for trend. All: Cirrhosis all causes; ALC: Alcoholic cirrhosis;
NALC: Non-alcoholic cirrhosis.

to 2009, but the minority (47) were placed for portal hypertensive gastrointestinal bleeding. As can be shown in
Figure 4, the number of TIPS placed for this indication
fluctuated over the study period, but did not statistically
significantly increase (P value for trend = 0.11, Pearson
correlation coefficient 0.48).
Outcomes for variceal hemorrhage
Hospital deaths associated with variceal bleeding decreased significantly during the study period (Figure 5),
from 20.09 per 100000 admissions in 1998-2001 to 9.83
per 100000 admissions in 2006-2009 (P value for trend
= 0.04, OR = 0.914). This decrease was not statistically
significant after controlling for age (P value for trend
= 0.1). However, when controlling for age, death from
variceal bleeding in the non-alcoholic cirrhotic group significantly decreased from 12.26 per 100000 admissions in
1998-2001 to 2.18 per 100000 admissions in 2006-2009 (p
value for trend = 0.02, OR = 0.83); by contrast variceal
hemorrhage-related death in the group with alcoholic cirrhosis did not significantly change (7.83 per 100000 admissions in 1998-2001 to 7.65 per 100000 admissions in
2006-2009, p value for trend = 0.86, OR = 0.99). Length
of stay decreased significantly for the alcoholic cirrhosis
bleeds (10.47 d in 1998-2001 to 5.71 d in 2006-2009),
but not for the non-alcoholic cirrhosis bleeds (10.45 d in
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Figure 6 Non-selective beta-blocker usage amongst patients with variceal
index bleeding and recurrent variceal bleeding. NSBB: Nonselective betablocker. P values are for trend.

1998-2001 to 7.39 d in 2006-2009), or the overall study
population (10.12 d in 1998-2001 to 6.32 d in 2006-2009)
(P value for trend = 0.03, 0.48, and 0.13; Pearson correlation coefficient = -0.062, -0.23, and -0.45 respectively).
Non-selective beta-blocker therapy
During the study period, 82 of 243 (33%) variceal bleeds
occurred in patients taking non-selective beta-blockers
(carvedilol, nadolol or propanolol)(NSBBs). Among
patients with index bleeds, 17.7% were taking NSBBs,
and this was significantly lower than the proportion of
patients with re-bleeds (51.3%) who were taking NSBBs
(P < 0.0001) (Figure 6). NSBB use did not change over
time in the study cohort (35% of patients in 1998-2001
vs 38% patients in 2006-2009, P value for trend = 0.82).
There was no significant trend in NSBB use over time in
either the index-bleed or non-index bleed subgroups (P
value for trend = 0.20 and 0.95 respectively).

DISCUSSION
This study has evaluated trends in hospitalizations to an intensive care unit for variceal bleeding during a period when
pharmacological and endoscopic therapies for prevention
of this problem were well-established and largely unchanged, as supported by published practice guidelines[12,14].
Our findings show that despite increasing hospitalization
rates for cirrhosis of all causes, hospitalization rates for
variceal bleeding have actually decreased, specifically in patients with cirrhosis from non-alcoholic etiologies.
Our observations extend those of previous work,
which showed an increase in admissions from variceal bleeding from 10.9 to 12.4 per 100000 between
1988-1990 and 1994-1996, and then a decrease to 10.6
per 100000 in 2000-2002. During this entire period, strategies to prevent variceal hemorrhage were still evolving,
and the prevalence of cirrhosis was increasing. Interactions between these two factors may have accounted for
the changing incidence in hospitalizations. As shown in
the present study, there has been a continued decrease in
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admissions for variceal bleeding, between 1998-2001 and
2006-2009, an era in which hospitalizations among cirrhotic individuals has continued to increase. The lack of
an expected increase in variceal bleeding raises the possibility that enhanced application of prophylactic therapies may be offsetting the increasing burden of cirrhosis
and thus the pool of patients at risk for bleeding from
gastroesophageal varices. This is supported by published
surveys, which showed increased adoption of such therapies by gastroenterologists in response to publication of
practice guidelines[15]. Since our study did not show that
index bleeding has decreased, it may be that these strategies have been mainly effective in the secondary prevention of variceal bleeding, at least among patients with
non-alcoholic cirrhosis.
An alternative explanation for the reduction seen
in variceal rebleeding could be increased placement of
TIPS, which has evolved to become the standard of care
in refractory variceal bleeding[14,16-21]. Whilst we observed
an increase in TIPS placement over the study period, the
overall number of TIPS placed was small in comparison
to the cirrhotic population at risk for variceal hemorrhage. Thus, other factors are likely to be more important
contributors to changing trends in hospitalizations for
variceal bleeding.
There was a low rate of NSBB use in our cohort, particularly among those with index bleeds. Several factors
may account for this. Among index bleeders, it is possible
that not all patients underwent screening endoscopy prior
to the episode of variceal bleeding, that some patients
were intolerant of these agents, or that some did not
adhere to medical recommendations. The significantly
higher rate of NSBB use in rebleeding patients may be
explained by more uniform adoption of consensus guidelines for secondary prophylaxis of variceal hemorrhage,
but problems related to drug tolerance and patient adherence may have resulted in less than uniform drug usage.
Our study was not designed to address these issues, but
this would be appealing to assess in the future.
It is also notable that while admissions for variceal
bleeding from non-alcohol-related variceal bleeding at our
institution have significantly decreased, those from alcoholrelated cirrhosis have been stable. One possible explanation for the difference in variceal bleeding rates between
the two groups is that in patients with alcoholic cirrhosis,
alcohol ingestion increases portal pressure[22], a major driving force for variceal hemorrhage. Alternatively, patients
with alcoholic cirrhosis may not have similar access, in
comparison with patient with nonalcoholic cirrhosis, to
beneficial prophylactic measures. Since active alcoholism
may negatively affect adherence to prescribed medications[23], it is possible that this may translate among patients
with alcoholic cirrhosis into decreased utilization of measures to prevent variceal bleeding. This concept is further
supported by our findings that rebleeding from varices has
decreased only in non-alcoholic cirrhosis. Efforts to improve delivery and utilization of prophylactic therapies for
variceal bleeding in patients with alcohol-related cirrhosis
may result in similar reductions of bleeding.
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A second major finding of this study is that in-hospital mortality associated with gastroesophageal variceal
bleeding has decreased. This extends a decrease in mortality that was initially observed 30 years ago, which paralleled the emergence of robust targeted pharmacologic,
endoscopic, and interventional radiologic treatments for
control of variceal hemorrhage. Although such decreases
were initially observed in clinical trials, they have been
confirmed in larger populations, most recently in an analysis of a nationwide hospital database between 1988 and
2004[24]. It is striking that we have observed a continued
decrease in mortality over a more recent time period, an
era in which targeted therapies for variceal bleeding have
not changed. The observed decrease in mortality is unlikely to be related to the prevalence of decompensated
liver disease (a known risk factor for adverse outcomes in
variceal hemorrhage[2]) in our patient cohort as the mean
MELD score, an index of liver disease severity[13], did not
change during the study period. It is tempting to speculate that the decrease in in-hospital mortality reflected
changes in management not directly targeted to varices
per se, such as administration of broad-spectrum antibiotics to prevent adverse sequelae (e.g., spontaneous bacterial
peritonitis, bacteremia) of variceal bleeding, which have
been shown to decrease mortality[14,25]. Although this
study was not designed to look at infectious outcomes, it
is interesting to note that age-adjusted mortality decreases
were seen in the non-alcoholic cirrhotic group but not in
patients with a history of alcohol use, a known risk factor
for increased mortality in critical illness accompanied by
infections[26,27]. Whether the etiology of cirrhosis, and in
particular, ongoing alcohol consumption influences the
effectiveness of prophylactic antibiotics on morbidity and
mortality of variceal hemorrhage is an intriguing question
for future study.
Two additional points merit comment. First, because
our study used ICD-9 coding data to identify patients, it
is possible that patients hospitalized for variceal bleeding were missed by our analysis. However, this is unlikely,
since the endoscopy database was examined in parallel,
which allowed us to capture patients that would otherwise
have been overlooked. Second, our study was performed
in a single center in a predominantly rural region with
limited ethnic diversity. As of 2010, 95.2% of the population of Vermont was reported as of white ethnicity[28].
Thus, it would be important to test whether our findings
extend to other populations.
Collectively, our findings show that despite a large
increase in admissions for cirrhosis for over a decade,
hospitalizations and in-hospital mortality for variceal
bleeding are decreasing, specifically in patients with nonalcoholic cirrhosis. This suggests that current management strategies for the prevention and treatment of
variceal bleeding are having a positive impact on these
outcomes. Since a decrease in hospitalizations was not
observed for patients with index bleeds, this raises the
possibility that cirrhosis was not recognized prior to the
bleeding episode or that programs to diagnose and treat
varices in asymptomatic cirrhotic patients have not been
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optimized. Improving access to preventative measures
in such patients, and in particular, those with alcoholic
cirrhosis, could potentially further reduce future hospitalizations for variceal hemorrhage.
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Background

The prevalence of cirrhosis, a consequence of long-term liver injury, has been
increasing. Cirrhosis often leads to portal hypertension, and complications from
portal hypertension, such as gastroesophageal variceal hemorrhage, result
in significant morbidity and mortality. These adverse outcomes have been
improved by prophylactic measures established well over 15 years ago, including endoscopic variceal ligation and non-selective beta-blockers, but treatment
advances have been limited more recently. It is unknown how this limitation has
influenced hospitalization trends during this more recent era.

Research frontiers

In analysis of tends for gastroesophageal variceal hemorrhage in an era in
which preventative strategies were improving, prior work has shown that there
has been a reduction in hospitalizations for this complication. In this study, the
authors have sought to examine whether this trend has been maintained during
an era in which no new preventative strategies have emerged, and whether
such trends have been influenced by the etiology of cirrhosis.

Innovations and breakthroughs

In contrast to prior work, which analyzed trends for gastroesophageal variceal
hemorrhage during an era of improving prophylactic strategies, the present
study confines the analysis to a more recent era, in which such strategies have
not improved further. The results show that hospitalizations for gastroesophageal bleeding have been decreasing, particularly in cirrhosis of non-alcoholic
etiology. This raises the possibility that enhanced application of prophylactic
therapies has offset the increasing burden of cirrhosis.

Applications

These findings suggest that in the absence of new prophylactic strategies
against gastroesophageal bleeding, future reductions in hospitalizations for this
complication of cirrhosis are likely to come from increased adherence to existing preventative programs. The authors suggest that new research be devoted
to quality improvement in this area.

Terminology

Cirrhosis is a disorder, in response to chronic injury of extensive scar formation
and distortion of blood flow within the liver. In cirrhosis, progressive resistance
to liver blood flow increases pressure in the portal vein, the major blood vessel
that supplies the liver. This condition, portal hypertension, can lead to several
complications, including formation of gastroesophageal varices, engorged veins
that are present beneath the interior surface of the esophagus and stomach.
When the pressure in the portal vein increases above a critical value, bleeding from gastroesophageal varices can occur. Two strategies have been used
successfully to prevent this problem, endoscopic techniques that directly apply
elastic bands to obliterate esophageal varices, and medications (non-selective
beta-blockers) that lower the pressure in the portal vein.

Peer review

This manuscript evaluates the hospitalization trends for variceal bleeding during a period when the prevalence of cirrhosis has increased. The study is well
designed, all the section (from abstract to conclusions) are well written, and the
topic is interesting for the readers.
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RESULTS: No concomitant liver disease was found in
any patient. There was no neoadjuvant chemotherapy
or radiotherapy. Liver function test results were normal
in most of the patients. The levels of alpha-fetoprotein,
carcinoembryonic antigen, and carbohydrate antigen
19-9 were normal. In immunohistochemical staining,
the neoplastic cells were positive for factor Ⅷ-related
antigen, CD31, and CD34, which are endothelial cell
markers, and negative for cytokeratin 19, cytokeratin 7,
and HepPar-1. Nine patients were alive without tumor
recurrence. One patient died 2 mo after OLTx due to
septic complications. No morbidity was observed. Maximum follow-up was 11.4 years, with a minimum of 1
mo. The cumulative survival rate at the end of followup in HEHE patients was 87.5% compared with 54.3%
in the HCC group and 76.3% in the other OLTx recipi2
ents group (χ test = 1.784, df = 2, P = 0.409).

Abstract

CONCLUSION: Unresectable HEHE, without extrahepatic metastases is an excellent indication for liver
transplantation. Long-term survival is very good and
much better than in HCC patients and the entire group
of OLTx patients.

AIM: To investigate the indications and outcomes of
liver transplantation for hepatic epithelioid hemangioendothelioma (HEHE).
METHODS: Between 1989 and August 2013, in the
Department of General, Transplant, and Liver Surgery,
Medical University of Warsaw, 1306 orthotopic liver
transplantations (OLTx) were performed, including 72
retransplantations. Unresectable HEHE was an indication for OLTx in 10 patients (0.8% of primary OLTx),
the mean age of the patients was 40.5 ± 13.3 years
(range 23-65 years), and the male-to-female ratio was
2:8. Kaplan-Meier survival analysis in HEHE, hepatocellular carcinoma (HCC), and other OLTx recipients
groups was performed. The differences in mortality
2
were compared using the χ test. A P -value < 0.05 indicated statistical significance.
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Core tip: Epithelioid hemangioendothelioma (EHE) of
the liver (hepatic EHE, HEHE) is a very rare tumor of
mesenchymal origin. It typically occurs in female patients aged 20-40 years. HEHE is resistant to chemotherapy. Unresectable tumor, limited to the liver, may
be a good indication for liver transplantation. The aim
of this paper was to analyze the indications and outcomes of liver transplantation for HEHE.
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INTRODUCTION
Hemangioendothelioma (epithelioid hemangioendothelioma, EHE) is a rare tumor of endothelial and connective tissue origin, resembling hemangioma. This type of
tumor was first described by Weiss and Enzinger[1]. Its
incidence does not exceed 1 case per million[2]. EHEs are
found in soft tissue and internal organs. The most commonly affected organ is the liver (hepatic EHE, HEHE).
Other localizations such as the lungs, peritoneum, spleen,
bones, brain, meninges, breast, heart, head, and stomach
have been described in the literature[3-7].
The mechanisms underlying the development of
HEHE are not known. Possible risk factors include oral
contraception, toxicity associated with vinyl chloride or
asbestos exposure, excessive alcohol consumption, liver
injuries, viral hepatitis, and other chronic liver diseases[8].
Numerous recent studies also suggest genetic mechanisms underlying the development of EHE. Specific
chromosomal translocation t(1;3)(p36.3;q25) is typical for
this type of tumor[9-11].
HEHE is typically diagnosed in young females aged
20-40 years. The prognosis without treatment is poor.
Most patients present with disseminated disease, which
usually involves both lobes of the liver. Currently there
are several methods of treatment available, including surgery (liver resection and transplantation), chemotherapy,
transarterial chemoembolization (TACE), radiotherapy,
and radiofrequency ablation (RFA). Multifocal unresectable HEHE may be an indication for OLTx[12].
The aim of this study was to assess the outcomes of
OLTx in patients with HEHE.

MATERIALS AND METHODS
Between 1989 and August 2013, 1306 orthotopic liver
transplantations (OLTx) in adults including 72 re-transplantations (re-OLTx) were performed in the Department of General, Transplant, and Liver Surgery, Medical
University of Warsaw. Unresectable HEHE was an indication for OLTx in 10 patients. The mean age of patients
was 40.5 ± 13.3 years (range 23-65 years), and the maleto-female was ratio 2:8.
Statistical analysis
We compared Kaplan-Meier distributions of the time
to death between HEHE and hepatocellular carcinoma
(HCC) groups and with the general liver transplant population, using the χ 2 test. The differences were consid-
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ered statistically significant when the P-value was < 0.05.

RESULTS
The initial referral diagnosis was usually different from
the final diagnosis of HEHE. Most commonly the lesions were described as hemangioma, metastases of
unknown origin, or parasitic abscesses. In our Department, the diagnosis was based on a wedge liver biopsy
obtained during diagnostic laparoscopy. In 2 patients the
diagnosis was based on radiologic assessment of the lesions in the liver (computed tomography or magnetic
resonance imaging). No patient had neoadjuvant chemotherapy or radiotherapy. Liver function test results were
normal in most of the patients. In 4 more advanced cases
mild elevation of markers of cholestasis such as alkaline
phosphatase (ALP) and gamma-glutamyl transpeptidase
(GGTP) was observed. In all the patients with HEHE,
the levels of alpha-fetoprotein (AFP), carcinoembryonic
antigen (CEA), and carbohydrate antigen 19-9 (CA19-9)
were normal (Table 1).
No concomitant liver disease was found in any patients. The symptoms were usually nonspecific, with mild
epigastric or right upper quadrant pain or discomfort.
Sometimes fatigue or weight loss was reported (Table 2).
The severity of the disease symptoms increase as the disease progressed, with increasing numbers and size of the
lesions.
Macroscopically, cross-sections of the resected liver
showed multifocal non-encapsulated, yellowish-white tumors that involved both lobes, ranging in diameter from 0.2
to 18 cm. Subcapsular tumors showed typical umbilication.
Microscopically, the tumors had a high cellular growth
pattern with infiltrative margins. Histopathological examination demonstrated a variable cellularity - the cellular
components were dominant in the peripheral region,
while central areas of the nodules showed both necrosis
and sclerosis and some were calcified. In the more cellular
areas, tumor cells were arranged in solid cords and nests,
mimicking epithelioid or histiocytoid cells. In other, less
cellular, areas having a sclerotic matrix, single neoplastic
cells had irregular cytoplasmic processes. Epithelioid cells
were round in shape and had an eosinophilic abundant
cytoplasm and vesicular nuclei. Dendritic cells displayed
spindle morphology with interdigitating processes. Characteristically, tumors consisted of spindle-shaped cells
and signet ring cell-like structures with intracytoplasmic
lumina that contained erythrocytes. Architectural features,
such as an intravascular or intrasinusoidal growth pattern
characteristic of a neoplasm were observed. Microvascular invasion was found in 2 cases. The parenchymal
architecture of the liver was preserved. In immunohistochemical staining, the neoplastic cells were positive for
factor Ⅷ-related antigen, endothelial cell markers CD31
and CD34, and negative for cytokeratin 19, cytokeratin 7,
and HepPar-1 (Figure 1 and Table 3).
The follow-up for the HEHE group ranged from 1
mo to 11.4 years. There was no tumor-related mortality.
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Figure 1 Hepatic epithelioid hemangioendothelioma microscopic staining. A: Hematoxylin and eosin staining × 20; B: CD34 staining × 20; C: Factor Ⅷ staining
× 10; D: HepPar1 staining × 20.

Table 1 Patient data before orthotopic liver transplantations
Patient
1
2
3
4
5
6
7
8
9
10

AST
(U/L)

ALT
(U/L)

36
27
155
19
13
96
56
24
26
33

112
36
141
20
24
121
86
28
30
32

Bilirubin Albumin
(mg/dL) (g/dL)
1.36
0.64
0.50
0.76
0.71
1.33
0.67
0.69
0.85
0.61

4.20
3.90
3.40
4.70
4.60
4.40
3.29
4.03
4.14
3.50

GGTP
(U/L)

ALP
(U/L)

606
178
439
35
28
13
297
19
78
321

NA
206
185
81
74
47
331
79
87
329

Creatinine
Urea
Fibrinogen
PLT
3
(mg/dL) (mg/dL) (mg/dL) (10 /mL)
0.88
0.70
0.76
0.63
0.99
0.75
0.69
0.73
0.89
0.98

48.0
17.8
35.8
19.0
47.0
20.0
24.0
25.0
25.0
37.4

NA
539
368
236
250
412
332
468
356
593

314
291
249
150
203
207
199
42
100
290

INR
NA
1.11
NA
0.96
1.01
1.10
1.01
1.02
1.10
0.93

CEA
CA 19.9
AFP
(ng/mL) (IU/mL) (ng/mL)
NA
0.98
1.49
0.8
1
1.2
0.8
1
5.9
0.71

NA
2.73
2.00
7.70
0.70
22.90
18.80
4.50
12.30
25.80

NA
4.48
2.01
1.6
1.3
1.5
1.9
1.1
3.1
2.2

ALT: Alanine aminotransferase; AST: Aspartate aminotransferase; GGTP: Gamma-glutamyl transpeptidase; ALP: Alkaline phosphatase; AFP: Alphafetoprotein; CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9; PLT: Platelets; INR: International normalized ratio; NA: Not avaible.

Table 2 Patient symptoms
Patient
1
2
3
4
5
6
7
8
9
10

Symptoms
NA
NA
NA
Abdominal pain or discomfort; fatigue
None
NA
Abdominal pain or discomfort
NA
Abdominal pain or discomfort; fatigue; weight loss;
hepatomegaly; dyspnea
Abdominal pain or discomfort

NA: Not available.

WJG|www.wjgnet.com

One patient died 2 mo after OLTx due to septic complications not related to the nature of the HEHE. When
this case of tumor-unrelated death was excluded from the
analysis, the long-term survival in HEHE patients was
100%. No morbidity was observed. The remaining 9 patients are alive without any tumor recurrence symptoms.
Among all patients after OLTx (n = 1234), 3 groups
were defined for the purpose of survival analysis: patients with HEHE (n = 10); patients with HCC (n = 155),
which is the most common tumor considered an indication for OLTx; and the remaining group of OLTx recipients (n = 1069).
Kaplan-Meier analysis showed a 3-year cumulative
survival rate of 87.5% for the HEHE group, 80.1% for
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Table 3 Histopathological and immunological characteristics of the tumors
Patient

Lymph node
metastases

Lesions (n )
max diameter

Carcinoma cells
microembolisms

CD31

CD34

Factor Ⅷ

CK7

MiB

PCNA

Hep

CK19

+
+
NA
NA
NA
-

Multi focal 60 mm
Multi focal 180 mm
Multi focal 55 mm
6 tumors 27 mm
9 tumors 30 mm
2 tumors 30 mm
Multi focal 70 mm
Multi focal 30 mm
Multi focal 40 mm
Multi focal 20 mm

+
NA
+
NA
NA
NA
NA
NA
NA
NA

+
NA
NA
+
+
NA
+
NA
+
+

+
+
+
+
+
+
+
+
+
+

+
+
NA
NA
+/+
NA
NA
+
+

NA
NA
NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
NA
NA
NA

+
NA
NA
NA
NA
NA
NA
NA
NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA
NA
-

1
2
3
4
5
6
7
8
9
10

NA: Not available.

P = 0.409

1.0

HCC
HEHE
Other

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

0

2

4

6

8

10

12 14

16 18

20 22

t /yr

Figure 2 Kaplan-Meier survival analysis. Kaplan-Meier survival analysis in
the hepatic epithelioid hemangioendothelioma (HEHE), hepatocellular carcinoma (HCC), and other orthotopic liver transplantations recipients groups.

the HCC group, and 83.5% in the remaining OLTx recipients group.
The cumulative survival rate at the end of the follow-up
was 87.5% in the HEHE patients, compared with 54.3%
in the HCC group and 76.3% in the other OLTx recipients
group (χ 2 test = 1.784, df = 2, P = 0.409) (Figure 2).

DISCUSSION
EHE is a very rare tumor. The low incidence precludes
any randomized clinical study for the assessment of the
best means of treatment. The available publications usually present a retrospective assessment of a single center
experience and most of the papers are single case reports.
The prognosis depends on the organ involved and, for
a hepatic localization, the overall outcome is poor. The
disease follows an unpredictable course, which is another
confounding factor in the development of a treatment
strategy. Disease progression may vary widely from mild
with long-term survival[13,14] to severe with rapid deterioration[15,16]. Cases of spontaneous complete remission of
HEHE have also been published[17]. There are no reliable
predictive factors allowing for the assessment of prognosis. Well known tumor-related factors such as mitotic
index, allowing for prediction of malignant potential, did
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not show any predictive value in cases of HEHE and are
considered of low value in clinical practice.
In most of the cases, the disease is asymptomatic
or the symptoms are only mild. The most commonly
reported symptoms include abdominal pain or right subcostal discomfort related to hepatomegaly. Generalized
cachexia or jaundice is less commonly present[18]. Similar
symptoms were also observed in the current study patients. Most of the patients presented with normal blood
tests. There were increased ALP and GGTP levels present in some cases but the levels of tumor markers such as
CEA, CA19-9, and AFP were normal. These results are
typical for HEHE[19].
All the studied HEHE tumors had typical pathology
and immunohistochemical pattern with positive factor Ⅷ
staining and positive endothelial markers CD31 (platelet
endothelial cell adhesion molecular 1) and CD34 (human
hematopoietic progenitor cell antigen)[20,21].
In 2006, Mehrabi et al[22] published a meta-analysis of
studies published between 1984 and 2005 that included
402 cases of HEHE. Treatment details and outcomes
were available for 286 cases. It was the largest meta-analysis of HEHE studies. At the time of diagnosis, most
patients presented with symptoms of the disease, including, most commonly, right epigastric pain, hepatomegaly,
and weight loss. Most of the patients had a multifocal
involvement of both lobes of the liver. Extrahepatic
disease was present in 36.6% of the patients. The most
commonly encountered extrahepatic localizations were
the lungs (8.5%), lymph nodes (7.7%), peritoneum (6.1%),
bones (4.9%), spleen (3.2%), and diaphragm (1.6%). The
most common method of treatment according to the
meta-analysis was OLTx (44.8% of cases). Limited extrahepatic focal lesions were not considered an absolute
contraindication to OLTx. The outcomes of OLTx are
shown in Table 3. In the meta-analysis, 1-year diseasefree survival was 81.3% (Table 4). The disease recurrence
rate was 27% regardless of the treatment method used.
Most of the HEHE liver recurrence was observed more
than 2 years after transplantation. There was no recurrence in the study group. In the meta-analysis of Mehrabi
et al[22], 21% of patients received radiotherapy or systemic
chemotherapy or TACE. There is no consensus on pref-
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Table 4 Hepatic epithelioid hemangioendothelioma treatment results summary
Ref.

Year
(analyzed period)

Source

2013 (1989-2013)
2008

Single center
UNOS

10
110

2007

ELTR

59

Mehrabi et al[22]

2006 (1984-2005)

Meta-analysis

286

Wang et al[26]
Grotz et al[27]

2012 (2004-2011)
2010 (1984-2007)

Single center
Single center

33
30

Nudo et al[28]

2008 (1991-2005)

Multi center

11

Recent report
Rodrigue et al[25]

Lerut et al[24]

Patients

Survival percentage

3-yr
1-yr
3-yr
5-yr
1-yr
5-yr
10-yr
1-yr
3-yr
5-yr
3-yr
1-yr
3-yr
5-yr
10-yr
5-yr

OLTx

Liver
resection

Chemio
radio
therapy

TACE

No
treatment

All

87.5%
80%
68%
64%
93%
83%
72%
96%
80%
54.5%
91%
73%
73%
42.2%
82%

-

-

-

-

-

-

-

-

-

-

100%
87%
75%
74.1%
100%
86%
86%
86%
-

72%
49%
30%
57%
43%
29%
-

-

40%
12%
4.5%
57%
43%
29%
-

83.4%
55.8%
41.1%
73.3%
-

81.6%
-

-

-

OLTx: Orthotopic liver transplantations; TACE: Transarterial chemoembolization; UNOS: United Network for Organ Sharing; ELTR: European Liver
Transplant Registry.

erable treatment, no criteria for introducing specific medications into a treatment plan, and no prospective studies
evaluating their efficacy. In non-randomized observational studies, several drugs such as thalidomide, doxorubicin,
5-fluorouracil, and vincristine led to a reduction in lesion
size or improvement in general status. TACE seems to be
an acceptable bridge treatment in patients awaiting liver
transplantation, similar to patients with HCC. There are
single reports of successful use of interferon alpha 2b
in the treatment of extrahepatic disease. Limited experience with radiotherapy does not provide enough data to
assess its clinical significance. Moreover, in most of the
radiotherapy cases, this method was used in combination
with chemotherapy. In patients receiving chemotherapy
or radiotherapy, 5-year survival was 30%. Liver resection was performed in 9.4% of the patients in the metaanalysis of Mehrabi et al[22]. Radical liver resection might
be a treatment of choice, but usually the disease is locally
advanced at the time of diagnosis and the patients do
not qualify for surgery. Palliative resection is not recommended for this type of tumor due to a high risk of
progression and recurrence after surgery[23]. The prognosis after liver resection is independent of the presence
of extrahepatic lesions; therefore, extrahepatic disease
should not be considered a contraindication to surgical
intervention. Mehrabi et al[22] reported that 25% of patients with HEHE did not receive any treatment at all. In
most of these cases, 1-year survival was less than 50%.
However, there are cases of spontaneous regression.
The 5-year survival rate was less than 5%. The longest
reported survival exceeded 27 years after the diagnosis of
HEHE. Mehrabi et al[22] suggested an algorithm to guide
selection of the best treatment for patients with HEHE.
Histopathological confirmation of the tumor is followed
by the assessment of surgical resectability and the presence of extrahepatic disease. Liver resection should be
considered an option, if possible. In patients with bilobar
WJG|www.wjgnet.com

intrahepatic tumor spread without an involvement of
other viscera, liver transplantation is the treatment of
choice. Adjuvant chemotherapy, neoadjuvant TACE, chemotherapy, and radiotherapy are all available treatment
options for cases of extrahepatic lesions.
Lerut et al [24], published data from the European
Liver Transplant Registry (ELTR) presenting outcomes
of liver transplantation in 59 patients with HEHE and
an average follow-up of 78.5 mo. One-third of patients
underwent some type of intervention before OLTx. In
17% of patients, extrahepatic lesions were found before
OLTx or during the transplantation. Intrahepatic dissemination was present in 96% of the patients. Survival
data is shown in Table 3. Recurrence-free survival observed at 1 year, 5 years, and 10 years of follow-up was
90%, 82%, and 64%, respectively. Tumor recurrence was
found in 23.7% of patients at an average of 49 mo after
OLTx. Recurrence-related mortality was 15.3%. Vascular
involvement had a significant influence on the long-term
prognosis. Survival was not affected by lymph node metastases, prior treatment, nor the presence of extrahepatic
disease[24].
Rodriguez et al[25], in a study based on the United Nations for Organ Sharing database, presented data of 110
patients after OLTx performed between 1987 and 2005.
The authors reported survival only slightly inferior to the
results from the ELTR database (Table 4)[25].
Wang et al[26] reported the outcomes of 33 patients
with HEHE who underwent various interventions other
than OLTx. Liver resection was performed in 17 patients,
TACE in 12 patients, and liver resection followed by
TACE in 3 patients. Only 1 patient had OLTx performed
in this group. There was no significant difference in 3-year
survival between the treatment groups (Table 4). The
authors selected several factors influencing treatment
outcome. Older age, clinical symptoms, and elevated CA
19-9 were associated with poorer survival rates. The pa-
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tients with symptoms (n = 17; P = 0.001, hazard ratio =
86.5) (12 with abdominal pain or discomfort, 3 with chest
pain, 1 with weight loss, and 1 with jaundice) had poorer
overall survival. The presence of symptoms was validated
as the only significant independent prognostic factor (P =
0.012) by multivariate analysis[26].
Grotz et al [27] presented outcomes of 30 patients
with HEHE who received treatment at the Mayo Clinic
between 1984 and 2007. Liver resection was performed
in 11 patients, OLTx in 11 patients, chemotherapy in 5
patients, and the remaining 3 patients received no intervention. The survival rates were similar to the studies
reported previously (Table 4). The authors suggested that
liver resection may be a suitable solution in patients with
a solitary lesion limited to the liver, and OLTx may be offered to patients with multiple lesions in the liver (> 10
lesions and involvement of > 4 segments). Both methods
resulted in comparable outcomes regarding survival and
recurrence rate. According to the authors from the Mayo
Clinic, the extrahepatic lesions (present in 37% of the
patients) should not be considered a contraindication to
surgery, because they did not influence the outcomes in
the study group. Chemotherapy was not effective in this
group of patients. Grotz et al[27] presented a treatment
protocol based on selected risk factors. The authors focused on the type of intrahepatic dissemination of the
tumor, the number of segments involved, the number
and size of the lesions, and the presence of extrahepatic
disease. Liver resection or RFA of the tumors was suggested in cases with a maximum of 10 lesions measuring not more than 10 cm in diameter and involving not
more than 4 segments of the liver. In the other cases,
OLTx was recommended. Extrahepatic lesions were not
considered a contraindication to any form of surgical intervention, but chemotherapy and metastasectomy were
strongly suggested. The authors also recommended liver
resection or RFA in the case of local recurrence in the
liver[27].
Nudo et al[28], in a Canadian multicenter study, presented treatment outcomes of 11 patients. Four patients
received adjuvant therapy for HEHE before OLTx [interferon therapy (n = 1), splenectomy (n = 1), adriamycin
therapy (n = 1), and surgical resection (n = 1)]. There
was a 36.4% recurrence rate of HEHE during follow-up
(on average, 25 mo from OLTx). Two patients with local
recurrence underwent liver resection. In the 2 remaining
cases of recurrence, radiotherapy or pegylated interferon
was administered[28].
Cardinal et al[29] analyzed results of 25 patients who
received treatment during 1976-2007 and found that the
mean survival time was longer in the OLTx group (172
mo) compared with the TACE group (83 mo), but this
difference did not reach statistical significance.
Liver resection should be considered the treatment
of choice in patients with resectable HEHE. However,
a substantial group of patients present with locally advanced disease that is initially unresectable. The results
of the present study show that OLTx is a valid and effec-
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tive method of treatment in patients with unresectable
HEHE. The survival rates of patients after OLTx for
HEHE were superior to survival rates of patients with
HCC who underwent OLTx. Moreover, the survival of
HEHE patients was better than the survival of patients
with OLTx for other indications. The small number of
patients in the HEHE group compared with the other
groups of patients has to be considered, since it may lead
to a significant statistical bias. The outcomes presented
in the current study are comparable to the best outcomes
published in the literature. The authors of the current
study suggest following a reasonable qualification protocol that enables selection of an appropriate treatment for
a specific patient. In the study group, all of the patients
presented with the disease limited to the liver, which
might positively influence the outcomes, but most of the
authors do not consider extrahepatic lesions a contraindication to OLTx. The use of multiple methods of treatment may result in some benefits for survival related to
the presumed synergistic effect of combined surgery and
chemotherapy, radiotherapy, or TACE. Further studies
are necessary to refine treatment protocols in HEHE, but
it may be impossible to produce good quality evidence
due to the very low incidence of the tumor.
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Epithelioid hemangioendothelioma (EHE) is a rare tumor of endothelial and
connective tissue origin. EHEs are found in soft tissue and internal organs. The
most commonly affected organ is the liver. Hepatic EHE (HEHE) is typically
diagnosed in young females aged 20-40 years. Most patients present with disseminated disease, which usually involves both lobes of the liver. The treatment
options include surgery (liver resection and transplantation), chemotherapy,
transarterial chemoembolization (TACE), radiotherapy, and radiofrequency
ablation. Multifocal unresectable HEHE may be an indication for orthotopic liver
transplantation (OLTx).
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Adequate selection for OLTx is of utmost importance among patients with liver
tumors. The comparison of outcomes in OLTx for HEHE with outcomes in patients with other tumors, especially hepatocellular carcinoma, provides a good
basis for decision-making in this type of indication for transplantation.

Applications

The results of the present study show that OLTx is a valid and effective method
of treatment in patients with unresectable HEHE. A reasonable qualification protocol that enables selection of an appropriate treatment for a specific patient is
needed. The use of multiple methods of treatment may result in some benefits
for survival related to the presumed synergistic effect of combined surgery and
chemotherapy, radiotherapy, or TACE. Further studies are necessary to refine
treatment protocols in HEHE but it may be impossible to produce good quality
evidence due to the very low incidence of the tumor.
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The authors described a series of 10 HEHE cases that were candidates for
liver transplantation. As reported by the authors, the outcome was very good
compared to HCC and other liver diseases as a whole. In general, the article is
interesting and represent the experience of a single center, adding a new experience to other published reports, which were well-discussed by the authors.
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Abstract
AIM: To investigate microRNA-133a (miR-133a) expression in colorectal cancer (CRC) and its relationship
with tumorigenesis and disease prognosis.
METHODS: Quantitative real-time polymerase chain
reaction was used to measure levels of miR-133a in tumor samples and adjacent non-cancerous tissues from
169 patients undergoing radical resection for CRC. The
associations between miR-133a expression and patient age, sex, as well as clinicopathologic parameters,
such as tumor size, differentiation, location, invasion
depth, metastasis, tumor-node-metastasis (TNM) stage
and overall patient survival, were analyzed by MannWhitney U and Kruskal-Wallis tests. The Kaplan-Meier
method and Cox proportional hazards regression analyses were performed to estimate the prognostic factors
for patient survival prediction.

WJG|www.wjgnet.com

RESULTS: The expression of miR-133a was significantly downregulated in CRC tissues compared with
adjacent non-cancerous tissues (P < 0.05). This reduction was associated with the depth of the local invasion, poor differentiation, lymph node metastasis and
advanced disease (P < 0.05). Moreover, Kaplan-Meier
analysis demonstrated that patients with low miR-133a
expression had poorer overall survival (OS) than those
with high miR-133a expression (P < 0.001). Univariate
analysis revealed statistically significant correlations
between OS and miR-133a level, tumor local invasion,
lymph node metastasis and TNM stage (P < 0.001).
Furthermore, miR-133a levels and TNM stage were independently associated with OS (HR = 0.590, 95%CI:
0.350-0.995, P < 0.05; and HR = 6.111, 95%CI:
1.029-36.278, P < 0.05, respectively).
CONCLUSION: The downregulation of miR-133a may
play an important role in the progression of CRC and
can be used as an independent factor to determine
CRC prognosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Colorectal cancer; Biomarker; MicroRNA133a; Prognosis; Real-time polymerase chain reaction
Core tip: In the present study, the level of microRNA133a (miR-133a) was found to be downregulated in
colorectal cancer (CRC) tissues. The altered expression
of miR-133a was significantly associated with malignant behavior, including tumor cell differentiation, local invasion, lymph node metastasis and tumor-nodemetastasis stage. Multivariate analysis suggested that
low expression of miR-133a is an independent prognostic factor for CRC. Furthermore, the data suggest that
miR-133a may play a critical role in CRC progression,
and thus may serve as a potential therapeutic target.
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INTRODUCTION
Colorectal cancer (CRC) is the second most common
malignancy in females, and third most common in males
worldwide, with over 1.2 million new cases and an estimated 608700 deaths in 2008 alone[1]. The five-year survival rate of CRC ranges from 90% for stage Ⅰ patients
to 8% for metastatic cases, and nearly 25% of patients
with stage Ⅱ may relapse or develop metastases[2]. Biomarkers such as carcinoembryonic antigen have been
recommended for the prediction of CRC prognosis and
postoperative surveillance in advanced disease[3], however,
they show a limited sensitivity of only 30%-40% for early
diagnosis and prognosis. Therefore, novel and reliable
prognostic CRC biomarkers are urgently needed.
MicroRNAs (miRNAs) are a novel class of small
endogenous non-coding RNAs (17-28 nucleotides) that
are involved in the initiation and progression of tumors
by the dysregulation of oncogenes and tumor suppressor
genes. A growing amount of evidence demonstrates the
valuable role of miRNAs in tumor diagnosis, progression
and therapy response, which has led both researchers and
clinicians to focus on the identification of novel miRNAs.
Ma et al[4] carried out a comprehensive systematic review
of miRNA expression in CRC and identified several upand downregulated miRNAs as candidate biomarkers.
Among those identified, the ectopic expression of miR133a was associated with various human malignancies,
including lung squamous cell carcinoma, breast cancer,
renal cell carcinoma, prostate cancer and bladder urothelial carcinoma[5-9]. In addition, a correlation between miR133a expression and the carcinogenesis of CRC has also
been reported[10,11]. Recently, Wang et al[12] demonstrated
that miR-133a affects CRC cell motility and represses
tumor growth and metastasis by targeting Lin11, Isl-1
and Mec-3 and SRC homology 3 protein 1, and inhibiting
the mitogen-activated protein kinase (MAPK) pathway.
However, another study showed that miR-133a served
as a gene promoter for brain metastasis[13]. Thus, further
analyses are needed to clarify the role of miR-133a in
CRC prognosis based on clinicopathologic stage. In the
present study, miR-133a expression levels in CRC were
examined, and the clinicopathologic significance and potential prognostic value for CRC were assessed.

MATERIALS AND METHODS
Patients and sample collection
A total of 182 CRC patients who underwent radical re-
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section for CRC in the Department of General Surgery,
Qilu Hospital of Shandong University between June
2005 and December 2007 were recruited for this study.
Of these subjects, seven were excluded because of incomplete follow-up data and six with distant metastases
were excluded for the reason of non-statistical significance. The remaining 169 patients had not received
preoperative adjuvant therapy and were deemed eligible
for the study. All patient data were obtained from clinical and pathologic records, including age, sex, tumor
size and depth, lymph node metastasis and distant metastasis. The postoperative pathologic staging of each
subject was determined according to the 7th edition of
the Union for International Cancer Control tumor-nodemetastasis (TNM) staging system for CRC. The resected
tumor tissues and paired adjacent non-cancerous tissues
(at least 5 cm away from the tumor margin) were immediately collected, frozen in liquid nitrogen and stored at
-80 ℃. This study was approved by the ethics committee
of the Qilu Hospital of Shandong University and written informed consent was obtained from each patient or
legal representative.
Follow-up
The patients were followed every 3 to 6 mo after the operation. The clinical end point of this study was death or
the end of the study period (January 2013) with a median
follow-up period of 63 mo (range: 10-77 mo). Overall
survival (OS) was defined as the period from surgery to
death. All data including physical examination, laboratory
results and computed tomography findings were collected from hospital records or by patient interviews.
Cell culture
The human colon cancer cell line Caco-2 was kindly
provided by Shuo Chen (Department of Gastroenterology, Qilu Hospital, Shandong University, China). Cells
were cultured in Dulbecco’s modified Eagle’s medium
(Hyclone, Logan, UT, United States), supplemented with
10% fetal bovine serum (Gibco, Carlsbad, CA, United
States) and maintained at 37 ℃ with 5% CO2.
RNA preparation and quantitative real-time polymerase
chain reaction
Total RNA was isolated from tissue or cells using TRIzol®
reagent (Invitrogen, Carlsbad, CA, United States) following the manufacturer’s instructions and the concentration
was determined using a NanoDrop 2000 (Thermo Fisher
Scientific, Waltham, MA, United States). The cDNA was
synthesized as follows: (1) 1 μg of isolated RNA was
incubated at 65 ℃ for 5 min with 1 μl specific reverse
transcription primer (RiboBio, Guangzhou, China), 1 μl
U6 reverse transcription primer, and 1 μl dNTP in a 12
μl total reaction volume; (2) 4 μl of 5 × first-strand
buffer, 2 μl of DTT, and 1 μl of RNase inhibitor were
added and the reaction was incubated at 37 ℃ for 2 min;
(3) 1 μl of MMLV reverse transcriptase was added and
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Figure 1 MiR-133a expression is downregulated in colorectal cancer patients. A: MiR-133a expression was determined by quantitative real-time polymerase
chain reaction and normalized against U6 RNA (an endogenous control). Expression was compared between 169 pairs of colorectal cancer tissues (T) and adjacent
non-tumorous tissues (N); B: Fold changes of miR-133a of individually matched samples. Data are represented as log2 fold change (T/N) (< -1, under-expression; -1,
unchanged; > 1, over-expression).

normalize RNA concentrations, and the relative expression of miR-133a in Caco-2 cells was used as a calibrator
by the comparative threshold cycle (Ct) method (2-ΔΔCt).
Triplicate quantification tests were performed and the average was calculated for each sample.

Table 1 Demographic characteristics of patients with
colorectal cancer
Characteristic
Sex
Male
Female
Age (yr)
≤ Median
> Median
Tumor location
Colon
Rectum
Differentiation
Well
Moderate
Poor
Size
≤ 5 cm
> 5 cm
Local invasion
T1-T2
T3-T4
Lymph node
metastasis
No
Yes
TNM stage
Stage Ⅰ
Stage Ⅱ
Stage Ⅲ

Number of cases
(n = 175)

miR-133a expression
median (IQR)

96
73

127.40 (34.93-535.51)
135.30 (31.90-435.10)

P value
0.727

Statistical analysis
All statistical analyses were performed using SPSS 17.0
statistical software (IBM Corporation, Chicago, IL, United States). The median concentrations of miR-133a were
compared among different groups using a Mann-Whitney
U test or Kruskal-Wallis test. OS curves were calculated
using the Kaplan-Meier method and the statistical differences between subgroups were compared by the log-rank
test. The Cox proportional hazards regression model was
employed for univariate and multivariate analyses to estimate the prognostic factors for survival prediction. Data
are expressed as median and interquartile range. P < 0.05
was considered statistically significant.

0.800
85
84

173.72 (39.43-603.81)
109.90 (27.18-311.64)

79
90

135.30 (27.31-468.70)
132.35 (43.73-525.97)

18
130
21

560.88 (98.18-1027.33)
134.45 (35.88-434.56)
35.33 (26.05-145.77)

101
68

129.59 (31.90-468.70)
135.35 (35.87-524.93)

42
127

562.75 (299.65-999.73)
88.17 (25.50-267.13)

0.484

0.004

0.527

< 0.001

< 0.001
98
71

RESULTS

300.87 (72.88-740.23)
67.92 (21.22-200.36)
< 0.001

34
64
71

708.05 (362.41-1054.28)
132.50 (34.53-421.89)
67.92 (21.22-200.36)

TNM: Tumor node metastasis; IQR: Interquartile range.

the final reaction was incubated at 37 ℃ for 50 min, followed by 70 ℃ for 5 min. For quantitative real-time polymerase chain reaction (qRT-PCR), the amplification protocol was carried out in the ABI PRISM 7500 Sequence
Detection System (Applied Biosystems Inc., Waltham,
MA, United States) as follows: initiation at 95 ℃ for 1
min, followed by 45 cycles of 95 ℃ for 15 s, 60 ℃ for 30
s, 72 ℃ for 45 s, followed by a dissociation protocol. The
U6 small nuclear RNA was used as a reference gene to
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Decreased expression of miR-133a in CRC
To reveal the role of miR-133a in CRC, qRT-PCR was
performed to measure miR-133a levels in 169 pairs of
CRC tissues and adjacent non-cancerous tissues. Median
miR-133a levels were significantly lower in CRC tissues
compared with matched non-cancerous tissues [133.6
(33.73-508.2) vs 804.8 (298.64-1727.5), P < 0.05] (Figure
1A). In addition, the miR-133a expression was found to
be decreased at least 2-fold compared with adjacent noncancerous tissue in 55.6% (94/169) of cases (Figure 1B).
Correlations between miR-133a expression and CRC
clinicopathologic characteristics
The relationship between miR-133a expression and
clinicopathologic parameters was evaluated. As shown in
Table 1, the level of miR-133a in CRC was strongly correlated with tumor differentiation, local invasion, lymph
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Figure 2 Kaplan-Meier curves for overall-survival in 169 colorectal cancer patients. A: MiR-133a level; B: Local invasion; C: Lymph node metastasis; D: Tumornode-metastasis stage (TNM).

node metastasis and clinical TNM stage (P < 0.05 for all).
However, there were no significant associations between
miR-133a expression and other clinical features including
sex, age, tumor location and tumor size. Taken together,
these observations indicate that miR-133a expression is
downregulated in CRC and is associated with the disease
progression.
Correlation between miR-133a expression and OS in
CRC patients
Of the 169 CRC patients, 67 died within the follow-up
period, resulting in a cumulative 5-year OS rate of 60.4%.
The prognostic value of miR-133a expression in CRC OS
was evaluated between patients with low and high miR133a expression levels. Patients with miR-133a expression levels below the median level (133.6) were assigned
to the low expression group (median 33.73, n = 85), and
those with values above the median were assigned to the
high expression group (median 514.9, n = 84). KaplanMeier analysis showed that the cumulative 5-year OS rate
was 46.3% in the low expression group, and 73.6% in
the high expression group (Figure 2A). The log-rank test
showed that the OS rate of patients with low miR-133a
expression was significantly poorer than that of the remaining cases (P < 0.001). OS was also significantly associated with local invasion (Figure 2B; P < 0.001), regional
lymph node metastasis (Figure 2C; P < 0.001) and TNM
stage (Figure 2D; P < 0.001).
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Independent prognostic indicators for CRC patients
A Cox proportional hazards regression model analysis
was performed to determine the independent prognostic
indicators for patients with CRC. The results of univariate analyses revealed statistically significant correlations
between OS and miR-133a level (HR = 0.385, 95%CI:
0.232-0.638, P < 0.001), tumor local invasion (HR =
4.328, 95%CI: 1.780-10.020, P < 0.05), lymph node metastasis (HR = 2.416, 95%CI: 1.488-3.923, P < 0.001) and
TNM stage (HR = 2.336, 95%CI: 1.609-3.393, P < 0.001)
(Table 2). A multivariate analysis of these factors showed
that miR-133a level and TNM stage maintained their significance as independent prognostic factors for OS (HR
= 0.590, 95%CI: 0.350-0.995, P < 0.05; and HR = 6.111,
95%CI: 1.029-36.278, P < 0.05, respectively).

DISCUSSION
There is mounting evidence demonstrating the tissuespecificity and stability of miRNA expression patterns
in various tumors, which has provided insights into the
molecular mechanisms involved[14]. Although the precise
mechanisms are unknown, many functional studies suggest that miRNA dysregulation is involved in the initiation and progression of cancer[15-17]. miR-21 and miR92a, two highly investigated miRNAs that function as
promoters for cell proliferation, invasion and metastasis,
are significantly overexpressed in CRC[18]. Recently, the
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Table 2 Univariate and multivariate analyses for overall survival in colorectal cancer patients
Variable

Univariate analysis

Age (yr)
Sex (male female)
Tumor location (rectum vs colon)
Tumor size
Differentiation
Local invasion (T3-4 vs T1-2)
Lymph node metastasis
TNM stage
miR-133a expression (high vs low)

Multivariate analysis

HR

95%CI

P value

HR

95%CI

P value

1.107
1.154
1.006
1.318
0.788
4.328
2.416
2.336
0.385

0.685-1.789
0.714-1.863
0.623-1.625
0.814-2.134
0.490-1.268
1.780-10.020
1.488-3.923
1.609-3.393
0.232-0.638

0.679
0.559
0.981
0.261
0.326
0.001
< 0.001
< 0.001
< 0.001

1.196
0.238
6.111
0.590

0.424-3.370
0.033-1.717
1.029-36.278
0.350-0.995

0.735
0.154
< 0.05
< 0.05

TNM: Tumor node metastasis; HR: Hazard ratio.

downregulation of other miRNAs, such as miR-126 and
miR-218, has also been implicated in CRC[19,20]. Contradictory data concerning the role of miR-133a in the development and progression of CRC have emerged, with
evidence that it can behave both as a promoter and a
suppressor. To reconcile this discrepancy, the expression
patterns of miR-133a in CRC tissues were examined,
along with their association to CRC development.
The expression of miR-133 has been characterized
in multiple species and found to play roles in the development of different types of malignant tumors. Results
of this study indicated that miR-133a is significantly
downregulated in CRC tissues compared with the adjacent normal tissues, which is consistent with previous
studies showing a reduction in miR-133a in CRC patients
compared to healthy controls. Furthermore, the levels of
miR-133a were significantly lower in tumors with poor
differentiation, greater depth of local invasion, positive
lymph node metastasis and advanced disease. Hamara
et al[21] reported that miR-133a is homologous to the
3’-UTRs of iron-related genes and consistently reduced
in CRC patients in comparison to healthy colon mucosa.
These findings suggest that the downregulation of miR133a is related to the tumorigenesis and progression
of CRC. The precise mechanism for this regulation is
unclear, however, there is evidence to suggest that it involves the inhibition of the MAPK pathway[12].
To explore the potential prognostic value of miR133a, the relationship between expression levels and OS
in CRC patients was analyzed. Results indicate that patients with low expression had poorer survival compared
to those with high expression of miR-133a. Furthermore,
miR-133a and TNM stage could serve as independent
prognostic indicators for the survival of CRC patients,
indicating that the detection of miR-133a together with
pathologic diagnosis in tumor tissues could be used to
evaluate patient outcome and help design optimal individual treatment strategies.
A previous study reported that miR-133a in CRC
patients may serve as a gene promoter for brain metastasis[13]. However, six of the CRC patients in the present
study with liver metastasis had lower expression of miR133a, and were not analyzed for the prognostic factor

WJG|www.wjgnet.com

due to the limited number of cases. This discrepancy
may indicate distinct organ-specific miR-133a functions,
induced by different target genes. For example, miR133a induces G2 arrest in renal cell carcinomas[7], and
inhibits breast cancer cell growth and invasion by regulating fascin 1 expression, and thus its downregulation is
associated with poor survival in breast cancer patients[6].
In esophageal squamous cell carcinoma, miR-133a was
reported to regulate the expression of CD47 and function in the development of this cancer[22]. Other validated
oncogenic targets of miR-133a include fascin homolog 1,
glutathione-S-transferase pi 1 and transgelin 2 in bladder
cancer[23-25], and actin-related protein 2/3 complex, subunit 5 in lung squamous cell carcinoma[5].
In conclusion, the results of this study confirm the
clinical and prognostic significance of miR-133a in CRC.
Although this study was limited by the retrospective design and the relatively small number of CRC patients,
the data suggest that miR-133a plays a critical role in the
development and progression of CRC and therefore
may serve as a potential therapeutic target. Future studies
evaluating the role of miR-133a in the metastasis of various cancers will help to further elucidate the mechanisms
controlling miR-133a dysregulation and define the oncogenic targets.
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Abstract
AIM: To investigate the molecular mechanisms of miRNA in advanced gastric cancers (AGCs) before and after
cytoreductive surgery (CRS) + hyperthermic intraperitoneal chemotherapy (HIPEC).
METHODS: A miRNA microarray containing human mature and precursor miRNA sequences was used to compare expression profiles in serum samples of 5 patients

WJG|www.wjgnet.com

with AGC before and after CRS + HIPEC. The upregulation of miR-218 was confirmed by real-time reverse
transcription polymerase chain reaction and its expression was analyzed in SGC7901 gastric cancer cells.
RESULTS: miRNA microarray chip analysis found that
the level of miR-218 expression was upregulated more
than 8 fold after CRS + HIPEC. Furthermore, miR-218
increased gastric cancer cell chemosensitivity to cisplatin in vitro and inhibited gastric cell tumor growth in
nude mice in vivo (0.5 vs 0.78, P < 0.05).
CONCLUSION: Our results indicated that targeting
miR-218 may provide a strategy for blocking the development of gastric cancer and reverse the multi-drug
resistance of gastric cell lines.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Advanced gastric cancer; Cytoreductive
surgery; Hyperthermic intraperitoneal chemotherapy;
miR-218; Multi-drug resistance; MicroRNA
Core tip: MicroRNAs (miRNAs) are short single-stranded
RNAs associated with gene regulation at the transcriptional and translational levels. miRNA up- or down
regulation has been linked to cancer development. We
analyzed miRNA expression in advanced gastric cancers
before and after cytoreductive surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) to gain
further understanding of the molecular mechanisms of
CRS + HIPEC. Furthermore, we described the regulation
and function of miR-218 in gastric cancer emphatically.
Our results indicated that targeting miR-218 may provide
a strategy for blocking the development of gastric cancer
and can reverse the multi-drug resistance of gastric cell
lines.
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INTRODUCTION
Gastric cancer is the second leading cause of cancer
death in the world, with often a poor prognosis due
to the advanced stage of the disease at diagnosis. The
peritoneum is the most common site of metastasis in
patients with gastric cancer[1]. Although surgery and chemotherapy can be curative for early-stage disease, the
prognosis for patients with advanced disease is poor. In
China, advanced gastric cancer (AGC) is the third leading
cause of cancer deaths, with 300000 deaths per year[2]. In
addition to hematogenous and lymphatic metastasis, patients with AGC may have free cancer cells dissemination
in the peritoneal cavity, leading to peritoneal carcinomatosis (PC). PC may be present in 5%-20% of patients undergoing gastrectomy of AGC. The prognosis and survival of patients with gastric originated PC are extremely
poor[3,4].
2010 French guidelines designated cytoreductive
surgery (CRS) and hyperthermic intraperitoneal chemotherapy (HIPEC) as the standard method for treating
colorectal PCs[5], and evaluated the effectiveness of CRS
+ HIPEC treatment for other primary tumors, including
gastric cancer, ovarian, and sarcoma[6-8]. CRS + HIPEC
can reduce visible tumor burden and HIPEC can eradicate micro-metastases[9-12], improving outcomes in patients with AGC of PC[13].
HIPEC was performed by our self-developed “BRTRG Ⅱ type high-precision hyperthermic perfusion
intraperitoneal treatment system” with precise ± 0.2 ℃
temperature control, ± 5% flow control accuracy, and an
automatic cooling function.
Patients completed the first session of HIPEC in the
operating room under general anesthesia. At the first session, 5-fluorine and cisplatin were added into the 0.9%
sodium chloride (3500-5000 mL) as perfusion liquid.
HIPEC was then performed for 60 min with a velocity
of 450-600 mL/min and an inflow temperature of 43 ±
0.2 ℃.
Several non-randomized comparative studies have
suggested that CRS + HIPEC is superior to CRS alone
in patients with AGC[14,15]. Although CRS + HIPEC is
an accepted method of treatment, its exact molecular
mechanisms have not been fully elucidated.
MicroRNAs (miRNAs) are small non-coding RNA
molecules with gene regulation capabilities [16,17]. Mature miRNAs bind to 3’ untranslated regions of target
mRNA, leading to the silencing of mRNA. These miRNAs have been found to regulate complicated biological
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behaviors, including cell proliferation, differentiation,
and death. Specific miRNAs have been found to be associated with various types of cancer, including miR34a, miR-21, miR-16, and miR-92a in breast cancer[18-20];
miR-101 in gastric cancer [21,22]; miR-130a, miR-203,
miR-205, and miR-21 in prostate cancer[23,24]; miR-182
in melanoma[25]; and miR-92b and miR-9/9* in brain
tumors[26]. In contrast, few miRNAs have been shown
to be associated with AGCs after CRS and HIPEC. The
importance of miRNAs in cancer was highlighted by the
discovery that more than 50% of miRNA target cancerassociated genomic regions or fragile sites, including lung,
breast, brain, liver, colon cancer, and leukemia[27,28].
Since the molecular mechanisms of miRNA expression in AGCs treated with CRS + HIPEC remain elusive,
further research is needed to examine the contribution
of miRNAs to the mechanisms of carcinogenesis and
their association with patient prognosis. We therefore
utilized miRNA microarray chips to analyze the expression profiles of miRNAs in five patients with AGC being
treated with CRS + HIPEC. We found that miR-218 was
upregulated by more than 8 fold, which was confirmed
by polymerase chain reaction (RT-PCR). These findings
indicate the molecular basis of CRS + HIPEC effects in
patients with AGC.
To further define the function of miR-218, it was upregulated in human gastric cancer cells (SGC7901), and
cell vitality and chemosensitivity were then studied.

MATERIALS AND METHODS
Patients
Five patients with gastric PC, 4 men, and 1 woman, aged
46-75 years (median, 50.3 ± 1.6 years) were recruited
from January to June 2012 (Table 1) and treated with
CRS + HIPEC. Eligibility criteria included the following:
(1) no prior chemotherapy or chemotherapy administered
more than 6 mo ago; (2) an Eastern Cooperative Oncology Group performance score of 0-2; (3) adequate bone
marrow, hepatic, and renal functions; and (4) 18-75 years
of age. All diagnoses of AGC were confirmed histologically. Pre- and post-operative serum samples were collected from the 5 patients. All patients provided written
informed consent, and the study protocol was approved
by the ethics committee of Guangzhou Medical College
and was in accordance with the Helsinki Declaration on
ethical principles for medical research involving human
subjects.
CRS and HIPEC
All CRS and HIPEC procedures were performed by the
same team of surgical oncologists and anesthesiologists.
Abdominal exploration was performed according to previously reported methods[29]. The volume and character
of ascites were also recorded. After evaluation, patients
were scheduled for CRS and HIPEC[30]. HIPEC used
to manage peritoneal surface malignancies was in accordance with the standard protocol of our center. Hy-
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Table 1 Clinical background of 5 patients with advanced gastric cancer
Age

Sex

TNM stage

Histology of tumor

49

Male

T4aN1M0

56

Male

T3N2M0

67

Female

T4N2M0

53

Male

T3N1M0

62

Male

T4bN0M0

Poorly-differentiated
adenocarcinoma
Moderately-differentiated
adenocarcinoma
Poorly-differentiated
adenocarcinoma
Poorly-differentiated
adenocarcinoma
Moderately-differentiated
adenocarcinoma

Drug regimen Duration of ECOG
HIPEC
of HIPEC
HIPEC (min)
temperature (℃)

Time of
surgery (h)

Following time
(yr) and results
1, alive

5-Fu cisplatin

60

1

43

3

5-Fu cisplatin

60

2

43

3.5

1.5, alive

5-Fu cisplatin

60

0

43

3.8

1, dead

5-Fu cisplatin

60

1

43

4

1.2, dead

5-Fu cisplatin

60

2

43

3

0.5, alive

ECOG: Eastern Cooperative Oncology Group; HIPEC: Hyperthermic intraperitoneal chemotherapy.

perthermic perfusion was performed with 4 L of heated
saline supplied with 60 mg of cisplatin and 1000 mg of
5-FU. Human serum samples were collected from the 5
AGC patients 1 h before and 1 h after CRS + HIPEC,
which were quickly frozen in liquid nitrogen and stored
at -80 ℃.

94 ℃ for 3 min, followed by 35 cycles of 94 ℃ for 15
s and 59.8 ℃ for 15 s (gain set at 10 for SYBR Green).
Each experiment was carried out in triplicate. The amplification efficiency was assessed based on the slope
of a linear regression model. Ten-fold dilutions of each
cDNA were used as a PCR template.

RNA isolation
Total RNA was isolated from samples using TRIzol kits
(Invitrogen, Carlsbad, CA, United States) according to
the manufacturer’s protocol. Yield and quality of RNA
were assessed by ultraviolet absorbance at 260 nm and
280 nm.

Cell culture
A human gastric cancer cell line SGC7901 was cultured
in Dulbecco’s modiﬁed Eagle’s medium (DMEM) supplemented with 10% FBS and 1% penicillin/streptomycin at
37 ℃ in 5% CO2.

miRNA microarrays
miRNA was isolated from the total RNA sample using
mirVana miRNA Isolation Kits (Ambion Inc., Austin,
TX, United States). The miRNA quantity was assessed
by a fluorometer (Bio-Rad, Hercules, CA, United States)
and by 1% formaldehyde agarose gel electrophoresis.
Expression of miRNAs was assayed using microRNA
chips (Exiqon, Vedbaek, Denmark). Serum samples were
sent to KangChen-Biotech (Shanghai, China) for array
hybridization, background subtraction, and normalization. Total RNA (5 μg) was labeled with Cy3 modified
RNA linker at the 3’-end using T4 RNA ligase. Briefly,
the reaction was carried out in 3 μL volumes at 37 ℃ for
30 min containing 2.0 μL RNA, 1.0 μL of CIP buffer,
and CIP (Exiqon) mixture. The reaction was terminated
by heating at 80 ℃ for 3 min. Images were analyzed with
Genepix Pro 6.0 (Axon). Data were then collected from
three independent experiments and miRNA with at least
2-fold changes were selected for further analysis.
Two step real-time RT-PCR
Real-time quantitative PCR was performed using SYBR
Green PCR kits (SYBR biopars, GUASNR, Iran). The
reaction was carried out in a 20 μL volume mixture,
containing 300 nM of each primer (forward 5’-AAGACACCCTGGACGAAGCC-3’, reverse 5’-ACAACCAGAGTCCACCGGCG-3’), 10 ng of cDNA.
DNA was amplified with an initial denaturation at
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Generation of SGC7901 cells with stable expression of
miR-218
SGC7901 cells were first transfection with pCR-miR-218
or pCR-miR-NC, and then selected in 1 mg/mL G418
(Invitrogen) supplied complete DMEM. miR-218 or
miR-NC stable overexpressed cells were obtained after 3-4
wk of selection. The chemosensitivity of these cells were
evaluated using a WST-1 kit (Roche) according to the
manufacturer’s instruction at the indicated times. Each
experiment was carried out in triplicate.
Anchorage-independent colony formation assay
The soft agar colony formation assay was used to monitor anchorage-independent growth. Briefly, agar plates
were prepared using 1% agarose (Sigma, Saint Louis, MI,
United States). Plates were stored at 4 ℃ and pre-warmed
in 37 ℃ before use. Top agar (0.5%) containing 103 cells
were then added onto the well. After 3-4 wk of incubation, colonies were assessed after methanol fixation and
0.1% crystal violet staining. Colonies with a diameter
greater than 2 mm were counted. Each experiment was
carried out in triplicate.
In vitro assay of chemosensitivity to cisplatin
6 × 103 cells were first seeded in each well of 96-well
plates. After overnight incubation, cisplatin was added
into each well, resulting in the final concentration of 0 to
256 μmol/L. Cell viability was determined using WST-1
kit after 72 h. IC50 was obtained from three independent
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Real-time PCR validation of microarray results
Results of the microarray were further validated by quantitative RT-PCR, including the results of miR-218, miR135a, miR-409, and miR-96. The RT-PCR results were
consistent with the microarray data (Figure 2).

Table 2 Three-fold upregulation of microRNAs in advanced
gastric cancer tumor serums
MicroRNA
miR-218
miR-135b
miR-135a
miR-433
miR-409
miR-96
miR-647
miR-376a
miR-4326
miR-1306
miR-937
miR-326
miR-214
miR-377
miR-661
miR-3678
miR-632
miR-154
miR-134

Raising multiples

P value

8.419
5.317
4.788
4.401
4.389
4.280
4.113
3.940
3.899
3.705
3.699
3.661
3.500
3.403
3.397
3.235
3.226
3.140
3.119

0.004
0.003
0.016
0.025
0.039
0.050
0.067
0.003
0.045
0.021
0.028
0.007
0.001
0.009
0.005
0.011
0.035
0.028
0.027

experiments. Cisplatin at twice the concentration of IC50
were used in the following studies.
In vivo tumorigenesis study
Twenty four BALB/c nude mice (female, 6-9 wk, Guangzhou Laboratory Animal Center, Chinese Academy of
Sciences, Guangzhou, China) were used in the study.
Mice were maintained in a special pathogen-free (SPF)
house with 12 h alternating light and dark cycles, and
were given adequate nutrition and water ad libitum. 6 ×
106 of cells suspended in FBS-free DMEM were injected
into each side of the posterior flank of nude mice subcutaneously. Mice were sacrificed and tumors were collected
30 days after implantation. Tumor volume was calculated
as follows: volume = 0.5 × length × width2. Experimental protocols were reviewed and approved by the Animal
Ethics Committee of Guangzhou Medical College.
Statistical analysis
Quantitative data were presented as mean ± SD. Comparisons between the quantitative data were made using
the t test. SPSS 16.0 was used in the statistical analysis
and P < 0.05 was considered statistically significant.

RESULTS
miRNA expression profiles in sera of patients with AGC
before and after CRS + HIPEC
miRNA expression profiles of paired serum samples of
5 AGC patients before and after CRS + HIPEC were analyzed by miRCURY™ bead-based flow LNA microarray
platform, using 5S RNA for normalization. The miRNA
expression patterns differed significantly (Figure 1). Of
the miRNAs assayed, miR-218 was upregulated by more
than 8-fold (Table 2).
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Upregulation of miR-218 suppressed in the proliferation
of gastric cancer
MiR-218 was reported to be downregulated in gastric
cancers[31] and was upregulated after CRS + HIPEC.
To explore the roles of miR-218 in drug resistance,
SGC7901 gastric cell line with a stable overexpression
of miR-218 were established by transfecting miR-218
plasmids and then undergoing cisplatin-based selection. Meanwhile, the SGC7901/miR-NC cell line was
established as a control. The overexpression of miR-218
in SGC7901/miR-218 cells was confirmed by RT-PCR
(Figure 3C). Cell growth was measured using WST-1 kit
at indicated time points.
The results showed that upregulation of miR-218
markedly inhibited the proliferation of SGC7901 cells
(Figure 3A). The anchorage independent colony formation assay also demonstrated the same results (Figure 3B).
MiR-218 increased chemosensitivity of gastric cancer
cells to cisplatin via its target mTOR inhibitor
To investigate whether miR-218 plays an important role
in the drug resistance of gastric cancer, gastric tumor
cell lines, SGC7901/miR-NC, SGC7901/miR-218, or
SGC7901/miR-218 using mTOR inhibitor rapamycin
and different concentrations of cisplatin (0 to 256 μmol/L)
for 72 h (Figure 4A). Cell viability was measured using
the WST-1 kit. The results showed that overexpression
of miR-218 increased sensitivity of SGC7901 cells to
cisplatin, while rapamycin can further enhance chemosensitivity. Cisplatin at 10 μmol/L showed a remarkable
inhibition of cell proliferation (Figure 4B).
MiR-218 impaired in vivo tumor growth
The chemosensitization role of miR-218 was further explored using ectopic transplantation in a nude mice model. Stable cell lines, SGC7901/miR-218, and SGC7901/
miR-NC were injected into nude mice subcutaneously.
Tumor growth in the miR-218 group was reduced significantly when compared to the control group (Figure
5A and B). The tumor weights of the xenograft in the
miR-218 group were greater than those in the miR-NC
group (Figure 5C). These data indicated the suppressor
role of miR-218 in gastric cancer.

DISCUSSION
PC of gastrointestinal or primary origin is considered
invariably fatal, with only palliative treatment possible. To
date, no standard treatment has been developed for PC
from AGC, although the original trial of CRS + HIPEC
resulted in a mean overall survival of 7.2 ± 4.6 mo with
acceptable morbidity[32]. This new treatment modality has
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Figure 1 Hierarchical clustering of microRNA in advanced gastric cancer serum samples. Advanced gastric cancer (AGC) serum samples were clustered according to the expression profile of 86 differentially-expressed microRNAs (miRNAs) of the paired serum samples of 5 AGC patients collected 1 h before and 1 h after
cytoreductive surgery plus hyperthermic intraperitoneal chemotherapy. Samples were in columns and miRNAs in rows. The P values for these miRNAs were less than
0.05 in AGC serum samples.

gradually gained acceptance in many countries. A metaanalysis of 13 randomized controlled trials found that
HIPEC showed marked improvements of survival in
patients with AGC when compared with current treatments[33]. As a result, CRS + HIPEC was recommended
as the optimal treatment for AGC by a panel of interna-

WJG|www.wjgnet.com

tional experts[34]. Nevertheless, this treatment modality
remains controversial, and additional high-quality clinical
studies are still needed in order to prove its effectiveness.
Changes in miRNA expression have been found to
contribute to the initiation and progression of cancer.
The relationship between miRNAs and tumors has
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Figure 2 Upregulation of microRNA after cytoreductive surgery and hyperthermic intraperitoneal chemotherapy treatment. aP < 0.05 vs control.
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suggested that miRNAs may be altered by treatment
in patients with AGC. We therefore analyzed paired
serum samples from patients with AGC that were obtained before and after CRS + HIPEC. We found that
miR-218 was upregulated by more than 8 fold after CRS
+ HIPEC. Further analysis using computer-aided algorithms (TargetScan and PicTar software) predicted that
more than 30 genes were potential targets of miR-218,
some of which are associated with multi-drug resistance
(MDR). Thus, together with previous studies[35-36], our
bioinformatics results suggest that miR-218 may be altered by HIPEC.
In the present study, we focused on the effect of
miR-218 on AGC metastasis and found that miR-218
was a tumor suppressor in AGC metastasis. Furthermore,
miR-218 increased chemosensitivity to cisplatin in vitro
and in vivo by inducing apoptosis. Cisplatin is currently
used in the treatment of many types of advanced cancer,
including gastric cancer, due to the broadest-spectrum
anticancer capability[37]. Currently, the most effective systemic treatment for metastatic gastric cancer consists of
cisplatin-based combination chemotherapy[38]. However,
chemoresistance is still the most major and frequent
obstacle to effective treatment[39]. Our data show that
miR-218 overexpression can reverse the MDR of cisplatin and can increase the chemosensitivity of gastric
cancer cells. When compared to the mTOR inhibitor rapamycin, the effect is better than miR-218 alone. Therefore, miR-218 may be used as a biomarker to confirm
the extensiveness of tumor resection and to evaluate the
efficacy of HIPEC.
The key finding in our study is that miR-218 suppressed the proliferation of tumor cells and inhibited the
mTOR signaling pathway in gastric cancer. In addition,
upregulation of miR-218 increased chemosensitivity of
gastric cancer cells to cisplatin via its target mTOR.
In conclusion, we have identified several miRNAs
whose expression was affected before and after CRS +
HIPEC in AGC. The upregulation of miR-218 can inhibit AGC cell invasion and metastasis, as well as further
reverse the MDR of cisplatin. The results indicate that
restoration of miR-218 may be a rational therapeutic
strategy for the treatment of AGC in the future. Impor-
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Figure 3 Upregulation of miR-218 inhibited growth of gastric cancers. A:
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cell growth. Cell viability was measured using a WST-1 kit at indicated time
points. Data are presented as mean ± SD from three independent experiments
performed in sextuple; B: miR-218 overexpression reduced colony formation of
SGC7901 cells. 103 cells were mixed with agarose and seeded in 9-well plates
for two weeks; C: The expression levels of miR-218 in the parental SGC7901
and the SGC7901/miR-218 stable cell line. Data are presented as mean ± SD.
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Figure 5 Upregulation of miR-218 inhibited gastric tumor growth in vivo. Cells stably expressing miR-218 or miR-NC were incubated in Dulbecco's modiﬁed Eagle’s medium and subcutaneously injected into each side of the posterior flank of nude mice (n = 24). Thirty-three days after injection, mice were sacrificed and tumors
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tantly, differential miRNA expression patterns before
and after CRS + HIPEC provide a solid basis for further
validation, including functional studies to identify other
potential oncogenic or tumor suppressor miRNAs in
AGC.
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without MMF).
RESULTS: No difference regarding the occurrence of
pre-LT renal dysfunction or that of post-LT rejection was
found between the TAC and CSA groups or between the
four subgroups. With a definition of GFR < 60 mL/min
2
per 1.73 m , the overall incidence of CKD was significantly higher in the CSA group than in the TAC group.
The incidence of CKD in the low-dose TAC + MMF group
(7.7%) was significantly lower than that observed in
the low-dose TAC group (15.9%), high-dose TAC group
(24.6%) and high-dose TAC + MMF group (18.5%).
The cumulative 1-, 3- and 5-year incidence rates of CKD
were 12.7%, 14.5% and 16.7%, respectively. The cumulative 5-year survival rates were 61.7% and 82.2%
in patients with or without CKD, respectively.
CONCLUSION: In LT patients, the choice of immunosuppressive therapy appears to affect renal function
and patient survival.

Abstract
AIM: To determine whether low-dose tacrolimus (TAC)
combined with mycophenolate mofetil (MMF) is a safe
approach to decrease the incidence of chronic kidney
disease (CKD) in liver transplantation (LT) recipients.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

METHODS: We analyzed the medical records of 689
patients who underwent LT between March 1999 and
December 2012 in a single Chinese center. Immunosuppression was initiated with a calcineurin inhibitor
(TAC or CSA) and prednisone with or without MMF.
CKD is defined by the glomerular filtration rate (GFR),
estimated by an abbreviated Modification of Diet in
2
Renal Disease formula, < 60 mL/min per 1.73 m for
at least 3 consecutive months after LT. Individuals with
TAC trough concentrations ≤ 8 ng/mL at 3 mo after
LT were defined as the low-dose group. The incidence
of CKD within 5 years was compared between the TAC
group and the CSA group, as well as between four subgroups (low-dose and high-dose TAC groups with or

Core tip: Calcineurin inhibitor nephrotoxicity has been
proposed to have a central role in chronic kidney disease, which has become a leading cause of long-term
morbidity and mortality after liver transplantation. This
study was conducted in 689 consecutive liver transplantation recipients and suggested that the choice of
the immunosuppression therapy should be low-dose
tacrolimus combined with mycophenolate mofetil, as
this treatment was associated with better renal function
and a higher patient survival rate.
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whether TAC yields a lower incidence of CKD than
CSA in recipients undergoing LT, as well as to investigate
whether the use of reduced-dose TAC combined with
MMF is a relatively safe approach to decrease the incidence of CKD.

INTRODUCTION

MATERIALS AND METHODS

The use of the calcineurin inhibitors (CNIs) cyclosporine
A (CSA) and tacrolimus (TAC) in liver transplantation (LT)
has greatly increased recipient survival rates and reduced
graft rejection rates[1]. However, CNI nephrotoxicity has
been proposed to have a central role in chronic kidney
disease (CKD) after LT[2-4]. CKD has become a leading
cause of long-term morbidity and mortality[5]. Ojo et al[5]
reported that 18% of 36849 LT recipients had chronic
renal dysfunction defined as a glomerular filtration rate
(GFR) < 29 mL/min per square meter 5 years after LT.
Although the different impacts of TAC and CSA
on renal function remains controversial, there has been
substantial evidence that TAC has lower nephrotoxicity potential than CSA, especially in kidney transplant
recipients. Numerous studies have shown that recipients
treated with TAC display better renal function than those
who receive CSA[6-9]. However, Alghamdi et al[10] found
no difference in the mean levels of serum creatinine between the CSA and TAC groups, but this effect remains
inconclusive in LT patients[11,12].
The most direct strategies to prevent CNI nephrotoxicity are avoidance and withdrawal of the drug. However,
the exclusion of CNIs from immunosuppressive regimens
does not preserve allograft function due to inadequate
acute rejection prophylaxis by other immunosuppressive
regimens[13-16]. Herein, novel CNI minimization protocols,
in which the doses of cyclosporine or tacrolimus are adjusted to lower target levels, were conducted to balance
potent immunosuppression and reduce CNI exposure.
Morard et al[17] showed that independent risk factors associated with impaired renal function were trough levels of
CSA ≥ 150 ng/mL or TAC ≥ 10 ng/mL at 1 year and
CSA ≥ 100 ng/mL or TAC ≥ 8 ng/mL at 5 years. Our
previous study showed that groups with ideal trough concentrations (CSA trough concentrations ≤ 150 ng/mL,
TAC trough concentrations ≤ 8 ng/mL) had a significantly lower incidence of CKD[18]. A recent meta-analysis
of 64 studies demonstrated that lower trough concentrations of TAC (6-10 ng/mL during the first month) had
no significant influence on acute rejection and that TAC
would be more appropriate after LT[19].
Immunosuppressive drugs without renal side effects
have been increasingly used as CNI-sparing agents. Mycophenolate mofetil (MMF) is a non-nephrotoxic drug that
inhibits the proliferation of T and B lymphocytes and has
proven efficacy in the field of LT[20]. Substantial evidence
has been found to suggest that MMF induction and maintenance used in conjunction with CNI following LT resulted in a significant improvement in renal function[21-25].
The aims of the present study were to determine

WJG|www.wjgnet.com

Study population
In this retrospective study, data from the clinical records
of 940 consecutive patients who underwent LT between
March 1999 and December 2012 in a single Chinese center were analyzed. The observation period ended on August 31, 2013, or at the time of patient death. Recipients
who were followed up for less than 3 mo or died within
3 mo after transplantation, as well as those younger than
18 years, were excluded from the current study. All liver
grafts were obtained from brain-dead or living donors.
Living and deceased donations were voluntary in all cases,
were approved by the West China Hospital Ethics Committee and were in accord with the ethical guidelines of
the Declaration of Helsinki.
Evaluation of renal function
Renal function was assessed by the estimated GFR
(eGFR) obtained using the abbreviated Modification of
Diet in Renal Disease formula: eGFR = 186 × creatinine
(mg/dL)-1.154 × (age)-0.203 × (0.742 if female)[26]. CKD was
defined as having a GFR < 60 mL/min per 1.73 m2 for
at least 3 consecutive months after LT. Renal dysfunction
before LT was also defined as having an eGFR < 60 mL/
min per 1.73 m2. Acute kidney injury (AKI) was defined
as a > 25% decrease in GFR in the first post-operative
week compared with the pre-operative level[27].
Definitions of other clinical parameters
Acute rejection (AR) and chronic rejection (CR) were
confirmed by liver biopsy. Mayo end-stage liver disease
scores were calculated for each patient.
Immunosuppressive protocols
Immunosuppression was initiated with a CNI (TAC or
CSA) and prednisone with or without MMF. The initial
dose of CNI was 0.05-0.10 mg/kg daily for TAC and 5-10
mg/kg daily for CSA. The dose of MMF was determined
individually and ranged from 1.0-1.5 g/d. At our center,
patients were only administered MMF during the early
phase after transplantation when they were diagnosed
with hypertension or diabetes mellitus; however, all recipients in the late post-transplant period were administered MMF unless severe gastrointestinal side effects or
myelosuppression occurred. Prednisone was generally
discontinued within 3 mo after transplantation.
Adjustment of calcineurin inhibitor dose during follow-up
CNI trough concentrations were checked daily for the
first week, weekly for the next three weeks during the
first post-operative month, monthly within 3 mo and ev-
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Figure 1 Incidence of chronic kidney disease. A: Incidence of chronic kidney disease (CKD) in the tacrolimus (TAC) and cyclosporine A (CSA) groups (P < 0.05); B:
Incidence of CKD in the four TAC subgroups (P < 0.05). The estimated glomerular filtration rate (eGFR) was calculated by the abbreviated modification of diet in renal
disease formula after each patient visit. Once the criterion for CKD (eGFR < 60 mL/min per 1.73 m2) was met, the patient was registered in the CKD group.

ery 3 mo thereafter. The ideal serum trough level of CNI
was 6-8 ng/mL for TAC and 120-150 ng/mL for CSA at
3 mo after operation. We classified patients with a TAC
trough concentration ≤ 8 ng/mL at 3 mo after LT as the
low-dose group. Liver function was monitored intensely
while adjusting the CNI dose. If AR occurred, the previous dosage was restarted with an increased prednisone
dosage or high-dose methylprednisolone administration.
Dose reduction was carefully and slowly carried out. A
trough level of 4-6 ng/mL for TAC and 80-120 ng/mL
for CSA one year after transplantation was expected to
achieve stable liver function.
Statistical analysis
Numerical data are presented as the mean ± SD or as
the median. The χ 2 test or Fisher’s exact test was used
to compare categorical variables. Continuous data were
compared using the independent t test if data were normally distributed or using the rank-sum test if data were
non-normally distributed. All analyses were performed
using SPSS 22.0 statistical software (IBM Corporation,
Armonk, NY). P < 0.05 was considered statistically significant.

RESULTS
Demographics
The medical records of 689 patients who met the inclu-
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sion criteria, including 575 males and 114 females with a
mean age of 44.94 years, were retrospectively reviewed.
The median follow-up duration was 24 (3-120) mo. The
two most common primary diagnoses for recipients
were tumors and cirrhosis, with 344 (49.9%) and 232
(33.7%) patients, respectively. More than 80% of cases
were found to be hepatitis B virus (HBV)-related. The
deceased donor transplantation rate was 74.2%. TAC
group patients were divided into two groups based on
the critical ideal trough concentration of ≤ 8 ng/mL at
3 mo after transplantation. Furthermore, four subgroups
were created depending on whether MMF therapy was
adopted.
Incidence of chronic kidney disease
The eGFR was calculated after each patient visit. Once
the criterion for CKD was met, the patient was registered
in the CKD group. As shown in Figure 1, 16.7% of the
entire patient population (115 cases) developed CKD
during the 5-year follow-up.
No differences were found in renal dysfunction before LT or in AKI, AR and CR after LT between the
TAC and CSA groups (Table 1) as well as between the
four TAC subgroups (low-dose and high dose TAC with
or without MMF, Table 2). The cumulative incidence of
CKD at 3, 6, 12, 24, 36, 48 and 60 mo was 15.0%, 16.9%,
20.0%, 23.1%, 25.0% and 26.3%, respectively, in the CSA
group and 4.5%, 7.4%, 10.2%, 11.3%, 11.9%, 13.2% and
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Table 1 Baseline patient demographics and clinical characteristics in the tacrolimus and cyclosporine A groups n (%)

Age (yr)
Gender (male/female)
Donor type (DDLT/LDLT)
MELD score
Pre-LT renal dysfunction
Post-LT AKI
Post-LT AR
Post-LT CR
Primary diagnosis
Tumors
Cirrhosis
Chronic active hepatitis
Others
Viral infection
HBV infection
HCV infection

Total (n = 689)

TAC (n = 529)

CSA (n = 160)

P value

44.94 ± 9.68
575/114
511/178
13.77 ± 7.77
61 (8.9)
108 (15.7)
78 (11.3)
18 (2.6)

44.70 ± 9.25
448/81
368/161
13.54 ± 7.96
46 (8.7)
80 (15.1)
53 (10.0)
13 (2.5)

45.73 ± 10.98
127/33
143/17
14.54 ± 7.07
15 (9.4)
28 (17.5)
25 (15.6)
5 (3.1)

NS
NS
< 0.001
NS
NS
NS
NS
NS
NS

344 (49.9)
232 (33.7)
54 (7.8)
59 (8.6)

265 (50.1)
182 (34.4)
36 (6.8)
46 (8.7)

79 (49.4)
50 (31.3)
18 (11.3)
13 (8.1)

564 (81.9)
9 (1.3)

435 (82.2)
8 (1.5)

129 (80.6)
1 (0.6)

NS

Age: Age at transplantation; LT: Liver transplantation; DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplantation; MELD:
Mayo end-stage liver disease; AKI: Acute kidney injury; AR: Acute rejection; CR: Chronic rejection; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NS: No
significance; TAC: Tacrolimus; CSA: Cyclosporine A.

Table 2 Baseline patient demographics and clinical characteristics in the tacrolimus group n (%)

Age (yr)
Gender
Donor type
MELD score
Renal dysfunction pre-LT
Post-LT AKI
Post-LT AR
Post-LT CR
Primary diagnosis
Tumors
Cirrhosis
Chronic active hepatitis
Others
Viral infection
HBV infection
HCV infection

Total
(n = 529)

Low-dose TAC
(n = 113)

Low-dose TAC with
MMF (n = 235)

High-dose TAC
(n = 61)

High-dose TAC with
MMF (n = 120)

P value

44.00 ± 9.25
448/81
368/161
13.54 ± 7.96
46 (8.7)
80 (15.1)
53 (10.0)
13 (2.5)

45.00 ± 9.61
95/18
102/11
15.03 ± 8.34
15 (13.3)
22 (19.5)
15 (13.3)
3 (2.7)

44.86 ± 9.21
200/35
143/92
13.15 ± 7.85
16 (6.8)
33 (14.0)
18 (7.7)
5 (2.1)

42.93 ± 8.83
51/10
49/12
13.48 ± 6.59
8 (13.1)
11 (18.0)
10 (16.4)
2 (3.2)

44.98 ± 9.20
102/18
74/46
12.94 ± 8.37
7 (5.8)
14 (11.7)
10 (8.3)
3 (2.5)

NS
NS
< 0.001
NS
NS
NS
NS
NS
NS

265 (50.1)
182 (34.4)
36 (6.8)
46 (8.7)

61 (54.0)
39 (34.5)
9 (8.0)
4 (3.5)

107 (45.5)
89 (37.9)
12 (5.1)
27 (11.5)

35 (57.4)
17 (27.9)
4 (6.6)
5 (8.2)

62 (51.7)
37 (30.8)
11 (9.2)
10 (8.3)

435 (82.2)
8 (1.5)

95 (84.1)
2 (1.8)

191 (81.3)
6 (2.6)

48 (78.7)
0

101 (84.2)
0

NS

Age: Age at transplantation; LT: Liver transplantation; DDLT: Deceased donor liver transplantation; LDLT: Living donor liver transplantation; MELD:
Mayo end-stage liver disease; AKI: Acute kidney injury; AR: Acute rejection; CR: Chronic rejection; HBV: Hepatitis B virus; HCV: Hepatitis C virus; NS:
Not significance; TAC: Tacrolimus; CSA: Cyclosporine A.

13.8%, respectively, in the TAC group (Figure 1A, P <
0.05). The intragroup analysis of TAC showed that the
low-dose TAC with MMF group had a significantly lower
incidence of CKD at these times compared with the
other three groups (2.6%, 4.7%, 6%, 7.2%, 7.2%, 7.2%
and 7.7%, respectively; Figure 1B, P < 0.05).
The cumulative survival rates at 5 years after LT in
patients with and without CKD were 61.7% and 82.2%,
respectively (log-rank test, P < 0.05) (Figure 2).

DISCUSSION
The present study demonstrated a cumulative incidence
of CKD of 12.5% within 1 year, 14.5% at 3 years and
16.7% at 5 years after LT. We observed that TAC sup-

WJG|www.wjgnet.com

ported better renal function than CSA, especially when
used at a low dose and in combination with MMF. This
combined regimen showed the most stable long-term
outcome, with a CKD incidence of only 7.7% at 5 years
after LT. We also confirmed that CKD yielded a lower
patient survival rate.
All of the comparisons made before transplantation
were similar, even if a difference appeared concerning
donor type. These similarities were most likely due to the
chronological aspect of the study. In our previous research, we confirmed that donor type had no significant
impact on renal dysfunction[18].
There is substantial evidence that TAC has a lower
nephrotoxicity potential than CSA. Animal studies have
demonstrated that the vasoconstrictive effect of TAC is
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long-term GFR (10 mL/min per 1.73 m2), thereby decreasing renal toxicity, and a higher patient survival rate.
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Figure 2 Kaplan-Meier analysis of cumulative patient survival in patients
with and without chronic kidney disease. The cumulative survival was significantly higher in the non-chronic kidney disease (CKD) group (log-rank test,
P < 0.05).

weaker than that of CSA[28-30], and this effect was also apparent in humans[31,32]. Moreover, the fibrogenic potential
of TAC appears to be lower than that of CSA[33], although
these results could not be confirmed in a more recent
study[34]. For nonrenal solid organ transplantation, there
have been single and multicenter studies, as well as registry
analyses, that demonstrate the benefit of TAC over CSA
with regard to renal function[5,35-37]. However, other studies
exist that do not report this benefit of TAC over CSA[38].
In contrast to CSA, for which no dose-finding studies
were performed before its introduction into clinical practice, extensive studies on TAC were performed before its
introduction, and these demonstrated significant correlations between concentration and rejection and between
concentration and toxicity[39]. To avoid CNI nephrotoxicity, minimizing CNI levels may be a better option, but
it has become clear that the increased risk of allograft
rejection could negate these positive effects. The positive
effects observed following the introduction of MMF,
which does not interfere with CNI actions or cause renal
toxicity, as a rescue treatment for renal dysfunction due
to CNI toxicity have been reported in several studies[40-42].
Moreover, MMF could have nephroprotective properties.
Romero et al[43] noted that MMF prevented progressive
renal failure in rats that underwent 5/6 renal ablation and
hypothesized that MMF has an antiproliferative effect.
In fact, in various cell lines (e.g., smooth muscle cells,
renal tubular cells and mesangial cells), MMF reduced or
even abrogated proliferation in response to proliferative
stimuli[44]. These same effects on endothelial cells may
counteract the harmful vascular effects of CNI and explain the beneficial effects of MMF in the prevention and
treatment of CNI toxicity apart from the effect of a CNI
dose decrease. As a result, the lower decrease in the GFR
observed in patients receiving MMF may not be due only
to the CNI dose reduction.
In conclusion, we showed that in LT patients, the
optimal calcineurin inhibitor is low-dose TAC combined
with MMF, as this treatment was associated with a better

WJG|www.wjgnet.com

Calcineurin inhibitors (CNI), since their introduction in the 1980s, have been the
cornerstone of maintenance immunosuppressive regimens in liver transplantation. The use of CNI has substantially decreased the risk of acute rejection and
improved short-term outcomes. However, CNI is associated with severe adverse effects, such as nephrotoxicity, dyslipidemia and hypertension especially
in cyclosporine A (CSA). Recent studies showed that tacrolimus is preferred
over CSA as an immunosuppressive agent. Low dose administration of immunosuppressive agents, such as tacrolimus, might reduce the risk of graft rejection, as well as cut down the cost of immunosuppressive therapy. However,
correlation between the dosage of tacrolimus and the associated side effects
and survival rates in liver transplant (LT) patients is largely unknown.

Research frontiers

Tacrolimus (TAC) has been proved with a less nephrotoxicity than CSA as well
as mycophenolate mofetil (MMF), which have been used commonly in transplantations. In the area of prevention of chronic kidney disease (CKD) after LT,
the research hotspot is how to balance the potent immunosuppression and less
CNI exposure.

Innovations and breakthroughs

This article focused on developing and validating a low-dose tacrolimus combined with MMF as a better choice of immunosuppression. The study included
689 consecutive liver transplantation recipients. Glomerular filtration rate,
estimated by an abbreviated modification of diet in renal disease formula, suggested CKD when it is lower than 60 mL/min per 1.73 m2 for at least 3 consecutive months after LT. TAC trough concentrations ≤ 8 ng/mL at 3 mo after LT
was defined as low-dose group. Incidence of CKD within 5 years was compared
between TAC group and CSA group, as well as among four subgroups (low-dose
and high-dose TAC groups with or without MMF). This study was with a high
volume cohort and suggested that the choice of the immunosuppression should
be low-dose TAC combined with MMF because it was associated with a better
renal function and a higher patient survival rate.

Applications

The study results suggest that the choice of immunosuppressive therapy appears to affect renal function and patient survival in LT.

Terminology

Tacrolimus (trade name Prograf) is a product of the bacterium Streptomyces
tsukubaensis. It is a macrolide lactone and acts by inhibiting calcineurin. The
drug is used primarily in liver and kidney transplantations, although in some
clinics it is used in heart, lung, and heart/lung transplantations. It binds to the
immunophilin FKBP1A, followed by the binding of the complex to calcineurin
and the inhibition of its phosphatase activity. In this way, it prevents the cell from
transitioning from the G0 into G1 phase of the cell cycle. Tacrolimus is more
potent than ciclosporin and has less pronounced side-effects. CKD, also known
as chronic renal disease, is a progressive loss in renal function over a period of
months or years. The symptoms of worsening kidney function are non-specific,
and might include feeling generally unwell and experiencing a reduced appetite.
Often, chronic kidney disease is diagnosed as a result of screening of people
known to be at risk of kidney problems, such as those with high blood pressure
or diabetes and those with a blood relative with chronic kidney disease. Chronic
kidney disease may also be identified when it leads to one of its recognized
complications, such as cardiovascular disease, anemia or pericarditis. It is differentiated from acute kidney disease in that the reduction in kidney function
must be present for over 3 mo.

Peer review

This is a good retrospective study in which the authors analyzed the effect of
low-dose tacrolimus with mycophenolate mofetil on the incidence of chronic
kidney disease following liver transplantation. The results are interesting and
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suggest that the choice of the immunosuppression appears to affect renal function and patient survival following LT.
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uated by the χ test. Routine monitoring of blood TAC
TM
concentration (TC) was performed using the PRO-Trac
Ⅱ Tacrolimus Elisa Kit (Diasorin, United States).

Abstract

CONCLUSION: The early ‘‘minimizing tacrolimus’’ strategy with a mean TC of 5-10 ng/mL and SD of 2-4 was
beneficial in terms of long-term survival after LT.

AIM: To investigate the effect of the ‘‘minimizing tacrolimus’’ strategy on long-term survival of patients after
liver transplantation (LT).
METHODS: We conducted a retrospective study of 319
patients who received LT between January 2009 and
December 2011 at the First Affiliated Hospital of Zhejiang University School of Medicine. Following elimination
of ineligible patients, 235 patients were included in the
study. The relationship between early tacrolimus (TAC)
exposure and survival period was analyzed by Kaplan
Meier curves. Adverse effects related to TAC were eval-
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RESULTS: Of 235 subjects enrolled in the study, 124
(52.8%) experienced adverse effects due to TAC. When
evaluating mean TC, the survival time of patients with
a mean TC < 5 ng/mL was significantly shorter than
that in the other groups (911.3 ± 131.6 d vs 1381.1 ±
66.1 d, 911.3 ± 131.6 d vs 1327.3 ± 47.8 d, 911.3 ±
131.6 d vs 1343.2 ± 83.1 d, P < 0.05), while the survival times of patients with a mean TC of 5-7, 7-10 and
10-15 ng/mL were comparable. Adverse effects due to
TAC in all four groups were not significantly different.
When comparing the standard deviation (SD) of TC
among the groups, the survival time of patients with a
SD of 2-4 was significantly longer than that in the other
groups (1388.8 ± 45.4 d vs 1029.6 ± 131.3 d, 1388.8
± 45.4 d vs 1274.9 ± 57.0 d, P < 0.05), while in patients with a SD < 2 and SD > 4, the survival time was
not statistically different. Adverse effects experienced in
all three groups were not statistically different. In Cox
regression analysis, male patients and those with a primary diagnosis of benign disease, mean TC > 5 ng/mL
and TC SD 2-4 had better outcomes.

© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Tacrolimus; Liver transplantation; Outcome;
Minimizing tacrolimus; Immunosuppressive drug
Core tip: Liver transplantation (LT) is a life-saving
technique for patients with end-stage liver disease. Tacrolimus (TAC) is the cornerstone immunosuppressant
for prevention of graft rejection in many LT centers.
However, frequent TAC-related toxicities are observed
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and these are a major concern in LT patients. Thus, the
‘‘minimizing tacrolimus’’ strategy after LT is very important, especially in the early phase.
Jia JJ, Lin BY, He JJ, Geng L, Kadel D, Wang L, Yu DD, Shen
T, Yang Z, Ye YF, Zhou L, Zheng SS. “Minimizing tacrolimus’’
strategy and long-term survival after liver transplantation. World
J Gastroenterol 2014; 20(32): 11363-11369 Available from:
URL: http://www.wjgnet.com/1007-9327/full/v20/i32/11363.htm
DOI: http://dx.doi.org/10.3748/wjg.v20.i32.11363

INTRODUCTION
Liver transplantation (LT) is a life-saving technique for
patients with end-stage liver disease. The primary outcomes following LT are poor, however, improvements
in surgical techniques and in donor liver protection,
specifically new developments in immunosuppressive
drugs have led to enhanced graft survival rates[1]. Tacrolimus (TAC), is a calcineurin inhibitor, and has become
the cornerstone immunosuppressant in many LT centers in recent years[2]. Compared to cyclosporine, TAC
plays a greater role in reducing acute cellular rejection
(ACR) leading to better graft and overall survival in LT
patients[3]. However, the narrow therapeutic index and
greater pharmacokinetic variability of TAC necessitates
routine monitoring of TAC blood concentration, especially in the early phase after LT[4,5]. In addition, TACrelated toxicity, mainly due to over immunosuppression,
is frequent in liver transplant patients and is currently the
main concern in these patients[6]. Therefore, better strategies to optimize TAC in allograft recipients are needed,
these include the ‘‘minimizing tacrolimus’’ strategy, identification and validation of pharmacodynamic biomarkers, and direct drug measurement at the target sites, i.e.,
allograft tissue[7] and lymphocytes[8,9].
The currently recommended target range for blood
tacrolimus concentration (TC) after LT is 10-15 ng/mL
during the first 4-6 wk, and then gradually decreasing
to 5-10 ng/mL during long-term maintenance[10-14]. The
higher TAC concentration, especially during the early
phase after LT, may be associated with adverse effects
such as hepatocellular carcinoma[15], early renal impairment[16,17] and even death[18]. Numerous studies used lowered early TC level known as the ‘‘minimizing tacrolimus’’
strategy to avoid these over immunosuppression side
effects. A meta-analysis (n = 957) compared the standard
dosage of TAC (10-15 ng/mL) with a minimized dosage
(5-8 ng/mL) and showed no variation in biopsy-proven
rejection over a 6-week follow-up period[19]. Early exposure to a TC of 7-10 ng/mL (the initial 2 wk) following
LT has been proved to be safe with regards to acute
rejection and longer graft survival[20]. Thus, an early TC
of 5-7 ng/mL is safe for preventing rejection, however,
the effect of this concentration on long-term survival
is unknown. In this study, we introduced conventional

WJG|www.wjgnet.com

standard deviation (SD) into the evaluation of early TC
exposure, and attempted to provide evidence that a TC
of 5-7 ng/mL is beneficial for the long-term survival of
LT patients. We further explored the ‘‘minimizing tacrolimus’’ strategy on long-term survival of the patients after
LT.

MATERIALS AND METHODS
Ethics statement
Ethical approval was obtained from the Committee of
Ethics in Biomedical Research of Zhejiang University
and all participants provided written informed consent
forms. The design of this research was hospital-based
and was approved by the China Liver Transplant Registry.
Patient population
In the present prospective study, 319 patients who received LT between January 2009 and December 2011
at the First Affiliated Hospital of Zhejiang University
School of Medicine (Hangzhou, China) were enrolled.
The entire research was based on prospectively collected data. Subjects who received a liver from an ABO
incompatible donor (n = 67), underwent combined
transplantation (n = 1), and had blood TC monitored
less than 3 times in 4 wk were excluded from the study.
After exclusion, 235 patients were enrolled in the study;
38 of these patients were considered to have clinical rejection and a liver biopsy was performed. Routine blood
TC was assessed before the first daily dose of TAC was
administered. Daily TC monitoring was performed using the PRO-TracTM Ⅱ Tacrolimus Elisa Kit (Diasorin,
United States) following the manufacturer’s instructions.
In addition, alanine aminotransferase, aspartate aminotransferase, albumin, white blood cell, bilirubin, urea and
creatinine levels were examined and the baseline clinical
characteristics of the patients, such as gender, age, ABO
group, MELD score, and Plug score were recorded.
The study groups were provided with TAC as the
primary immunosuppressant following LT, which was
administered with corticosteroids and mycophenolate
mofetil (MMF). TAC was initiated at a daily dose of 2-3
mg, according to renal function, in post-LT patients for
the first month and was titrated down to 5-10 ng/mL for
the next few months. 1000 mg methylprednisolone was
initiated in the perioperative phase, tapered slowly and
withdrawn within the first month after LT. MMF was administered at 500 mg twice daily after LT.
Similar intra-operative and post-transplant care was
provided to all patients. Piperacillin-tazobactam (4.5 g)
three times a day (tid) was prescribed for postoperative
antimicrobial prophylaxis for at least a week. Fluconazole
(200 mg) per day was administrated for antifungal prophylaxis for two weeks and intravenous ganciclovir (5
mg/kg) per day was provided for antiviral prophylaxis for
2 wk. Patients with HBV received lamivudine plus hepatitis B immunoglobulin for post-transplant prophylaxis.
The parameters measured were survival period after
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Table 1 Clinical characteristics of 235 consecutive liver
transplant patients

M group
Group 1
Group 2
Group 3
Group 4

0.8
Age (yr)
MELD score
Child score
Gender
Etiology

Blood tests

TC
ABO

Value

Male
Female
HBV-related
Hepatocarcinoma
Others
Bilirubin (μmol/L) (NR < 17.1)
AST (IU/L) (NR < 50)
ALT (IU/L) (NR < 40)
Albumin (g/L) (NR 35-50)
WBC (× 109/L) (NR 3.5-11)
Urea (mmol/L) (NR 3-7.1)
Creatinine (μmol/L) (NR 60-97)
A-A
B-B
O-O
AB-AB

47.11 ± 11.32
16 (range 6-50)
9 (range 5-15)
203 (86.4)
32 (13.6)
140 (59.6)
55 (23.4)
40 (17)
162.73 ± 205.39
240.46 ± 556.16
183.2 ± 325.93
34.96 ± 5.47
5.96 ± 4.58
6.70 ± 5.29
94.37 ± 68.98
7.91 ± 2.28
85 (36.2)
51 (21.7)
87 (37)
12 (5.1)

Cum survival

Variables

0.0
0

First events only (n )

38
55
7
36
34

20
26
2
18
21

500

1000
Survival days

1500

2000

Figure 1 Patient survival curve according to the mean tacrolimus concentration. The survival time of group 1 is obviously shorter than other groups
(group 1 vs group 2, 911.3 ± 131.6 d vs 1381.1 ± 66.1 d, P = 0.018; group 1
vs group 3, 911.3 ± 131.6 d vs 1327.3 ± 47.8 d, P = 0.024; group 1 vs group
4, 911.3 ± 131.6 d vs 1343.2 ± 83.1 d, P = 0.067) while the rates in groups 2,
3 and 4 are almost the same (group 2 vs group 3, 1381.1 ± 66.1 d vs 1327.3 ±
47.8 d, P = 0.501; group 2 vs group 4, 1381.1 ± 66.1 d vs 1343.2 ± 83.1 d, P
= 0.774; group 3 vs group 4, 1327.3 ± 47.8 d vs 1343.2 ± 83.1 d, P = 0.801).
Group 1: Mean tacrolimus concentration is 0-5 ng/mL, Group 2: 5-7 ng/mL,
Group 3: 7-10 ng/mL, and Group 4: 10-15 ng/mL.

determine the influence of early TC (mean or SD) on
long-term outcomes. Each hypothesis tested was two
tailed and significant if P < 0.05.

Table 2 Clinical Fk506-related side effects and cause of death
All events (n )

0.4
0.2

Data are expressed as absolute numbers (percentage) or mean ± SD.
NR: Normal range; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; WBC: White blood cell; HBV: Hepatitis B virus.

Rejection
Infection
Renal insufficiency
Tumor recurrence
Metabolic disorder
Cause of death
MODS
Tumor recurrence
Graft loss
Others

0.6

RESULTS

LT, blood TC, number of patients with graft rejection,
renal insufficiency, infection, metabolic disorders and
tumor recurrence. The median follow-up time was 872
d. Renal insufficiency was defined as serum creatinine ≥
130 μmol/L, lasting at least 1 mo after LT.

Study description
The pre-transplant diagnosis and the demographics of
the patient population are listed in Table 1. In total, 235
subjects were enrolled, 59.6% of the subjects had hepatitis B-related disease (severe hepatitis or cirrhosis), 23.4%
had hepatocarcinoma and 17% had other diseases (alcoholic cirrhosis in 15 cases, primary biliary cirrhosis in 8
cases, hepatolenticular degeneration in 3 cases, cholangiocarcinoma in 3 cases, diffuse biliary calculi in 3 cases,
schistosoma-related cirrhosis in 3 cases, hepatitis C in
2 cases, glycogen storage disease in 2 cases, and hepatic
veno-occlusive disease in 1 case). Of the 235 subjects,
47 patients (20%) died within the observation period
and 124 patients (52.8%) experienced at least one TACrelated side effect (Table 2).

Statistical analysis
The sample size estimation was based on previous logistic and Cox regression analyses of clinical trials[16]. Statistical analysis was performed using SPSS 17.0 (Chicago,
IL, United States). Variables were displayed in frequency
tables or expressed as means and standard deviations, or
as medians and interquartile range. The χ 2 test was used
for comparison of frequencies and the optimal threshold
value for TC (mean or standard deviation, SD) related to
long-term survival was established by receiver operating
characteristic curves or previous publications. Kaplan
Meier curves and Cox regression analysis were used to

Relationship between mean TC and patient outcome
Patients were divided into four groups according to the
mean TC intervals during the first four weeks after LT:
21 (8.9%) cases had a mean TC < 5 ng/mL (group 1), 57
(24.3%) cases had a mean TC of 5-7 ng/mL (group 2),
119 (50.6%) cases had a mean TC of 7-10 ng/mL (group
3) and 38 (16.2%) cases had a mean TC of 10-15 ng/mL
(group 4). The survival curves of these groups are shown
in Figure 1. TAC-related side effects observed during
follow-up in each group are listed in Table 3. Pairwise
comparisons between the groups were not statistically
different (P > 0.05).

11
22
3
11

MODS: Multiple organ dysfunction syndrome.
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Table 3 Classification of groups according to mean tacrolimus
concentration, death rate and related side effects in respective
categories

Table 4 Classification of groups according to standard
deviation of Tacrolimus concentration, death rate and related
side effects in respective categories

Group

Group

TC interval (ng/mL)
Total number
Number of death
Cause of death
MODS
Tumor recurrence
Graft loss
Others
Rejection
Infection
Renal insufficiency
Tumor recurrence
Metabolic disorder

1

2

3

4

0-5
21
8

5-7
57
9

7-10
119
23

10-15
38
7

4
2
1
1
2
6
2
5
6

4
4
1
0
14
14
2
7
8

2
13
0
8
16
24
2
19
15

1
3
1
2
6
11
1
5
5

SD interval
Total number
Number of death
Cause of death
MODS
Tumor recurrence
Graft loss
Others
Rejection
Infection
Renal insufficiency
Tumor recurrence
Metabolic disorder

MODS: Multiple organ dysfunction syndrome; TC: Tacrolimus concentration.

Survival functions

Cum survival

0.8

2

3

2-4
118
18

>4
96
22

4
2
0
1
1
5
0
3
2

4
7
2
5
21
25
6
14
20

3
13
1
5
16
25
1
19
12

MODS: Multiple organ dysfunction syndrome; SD: Standard deviation.

SD group
Group 1
Group 2
Group 3

1.0

1
0-2
21
7

Table 5 Variables in multivariate Cox regression equation of
long-term survival

Gender
Age
Plug score
Meld score
Diagnosis
SD of TC
Mean TC

0.6
0.4
0.2

B

SE

-0.809
0.252
0.640
-0.281
-0.351
0.345
-0.960

0.352
0.612
0.364
0.266
0.162
0.153
0.397

Wald df
5.284
0.170
3.093
1.113
4.691
5.063
5.830

1
1
1
1
1
1
1

Sig.
0.022
0.680
0.079
0.291
0.030
0.024
0.016

Exp(B ) Lower Upper
0.445
1.287
1.897
0.755
0.704
1.412
0.383

0.224
0.388
0.929
0.448
0.512
1.045
0.176

0.888
4.273
3.870
1.272
0.967
1.907
0.835

SD: Standard deviation; TC: Tacrolimus concentration.

0.0
0

500

1000
Survival days

1500

2000

Figure 2 Patient survival curve according to the standard deviation of
tacrolimus concentration. The survival time of group 2 is obviously longer than
that of other groups (group 1 vs group 2, 1029.6 ± 131.3 d vs 1388.8 ± 45.4 d,
P = 0.032; group 3 vs group 2, 1274.9 ± 57.0 d vs 1388.8 ± 45.4 d, P = 0.044)
while in groups 1 and 3, the rates are not statistically different (1029.6 ± 131.3 d
vs 1274.9 ± 57.0 d, P = 0.286). Note: Group 1: Standard deviation (SD) of tacrolimus concentration was 0-2 ng/mL, Group 2: 2-4 ng/mL, and Group 3: > 4 ng/mL.

Relationship between the SD of TC and patient outcome
The patients were divided into three groups according to
the SD of TC intervals during the first four weeks after
LT: 21 (8.9%) cases had a SD < 2 (group 1), 118 (50.2%)
cases had a SD of 2-4 (group 2) and 96 (40.9%) cases
had a SD > 4 (group 3). The survival curve is shown in
Figure 2. TAC-related side effects during the follow-up
period are listed in Table 4. Pairwise comparisons between the groups were not statistically different (P > 0.05).
Cox regression analysis
Predictive factors, such as gender, age, primary diagnosis,
Plug score, MELD score, mean TC, and TC SD were
analyzed first by a univariate, then by a multivariate Cox
regression model. In the univariate Cox regression model,
gender (female, P = 0.041), diagnosis (malignancy, P =
0.03), Plug score (> 10, P = 0.042), mean TC (< 5 ng/

WJG|www.wjgnet.com

mL, P = 0.013) and TC SD (< 2 or > 4, P = 0.049) demonstrated statistical significance, while in the multivariate
model, gender (female, P = 0.022), diagnosis (malignancy,
P = 0.03), mean TC (< 5 ng/mL, P = 0.016) and TC SD
(< 2 or > 4, P = 0.024) showed statistical significance in
predicting overall survival after LT (Table 5). Therefore,
male patients, those with a benign primary diagnosis,
mean TC > 5 ng/mL and a TC SD of 2-4 showed a survival benefit.
Evaluation of survival rate in selected patients
Patients were divided into two groups according to the
selected mean TC and SD intervals during the first four
weeks after LT: 107 (50.2%) patients had a mean TC >
5 ng/mL and SD of 2-4 (group 0), and 106 (49.8%) patients had a mean TC > 5 ng/mL and SD < 2 or SD > 4
(group 1). The survival curve is shown in Figure 3. The
3-year overall survival of group 0 was over 80% and was
approximately 70% in group 1.

DISCUSSION
TAC, a calcineurin inhibitor, first developed by Starzl[21],
is the foundation of conventional immunosuppression
in LT recipients, and is preferable to cyclosporine as
demonstrated in numerous randomized studies[3,22]. As
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Survival functions

1.0

Selected group
Group 0
Group 1

Cum survival

0.8
0.6
0.4
0.2
0.0
0

500

1000
Survival days

1500

2000

Figure 3 Patient survival curve according to the selected mean tacrolimus
concentration and standard deviation. The survival time in group 0 is obviously
longer than in group 1 (group 0 vs group 1, 1418.8 ± 44.5 d vs 1275.3 ± 53.7 d,
P = 0.043). Note: Group 0: mean tacrolimus concentration (TC) > 5 ng/mL and
standard deviation 2-4, Group 1: mean TC > 5 ng/mL and SD < 2 or > 4.

mentioned previously, TAC has unwanted side effects
which are a significant issue in clinical practice. To reduce
TAC-related side effects, considerable efforts should be
made to offer patients the ‘‘minimizing tacrolimus’’ strategy, and early exposure to TC between 5 and 10 ng/mL
which has already been confirmed to prevent acute rejection. Within our cohort of patients given TAC-based
regimens, mean TC > 5 ng/mL during the initial four
weeks following LT had almost the same survival curve
as that for 10-15 ng/mL (the current recommended
target range) without increasing graft rejection, which is
consistent with previous data[19]. In addition, SD is yet another productive and important index in judging TC level. High SD in serial TC levels is related to an increased
likelihood of late rejection and graft loss in pediatric
organ transplant recipients[23]. Within our clinical setting,
SD of 2-4 was shown to be the optimal SD for longterm survival, SD > 4 (in accordance with other reports)
and SD < 2 (may due to the small number of patients (n
= 21) or insensitivity to TAC) were both associated with
a low patient survival rate. Additionally, Cox regression
analysis showed that male gender, Plug score (< 10), primary diagnosis of benign disease, mean TC > 5 ng/mL
and TC SD of 2-4 are independent factors in the longterm survival of patients, further confirming our results.
Chronic TAC exposure may lead to numerous adverse
reactions including infection, renal dysfunction, tumor
recurrence, rejection, and metabolic disorders[17], and low
TC was reported to be linked to rejection[24-26]. In our
study, low early exposure to TAC was not associated with
these adverse reactions or rejection, and this was mainly
due to the brief exposure time which was not continuous
or protracted; the entire population attained exactly the
same target concentration of 5-10 ng/mL during maintenance treatment for 4-6 wk following LT.
This is the first time that the indices, mean TC and
SD, to determine the effect of early TAC exposure on
long-term survival have been incorporated, and it was
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found that the inclusion of mean TC > 5 ng/mL and SD
of 2-4 in the optimal early exposure of TAC after LT led
to an overall 3-year survival of over 80%. In our study
the ‘‘minimizing tacrolimus’’ strategy showed the same
rate of survival as the advised level of 10-15 ng/mL and
did not increase the incidence of adverse reactions or
graft rejection. Thus, this ‘‘minimizing tacrolimus’’ strategy is safe and practical for LT patients. However, it is
clear that the ‘‘minimizing tacrolimus’’ strategy should be
included with suitable scientific analysis of every patient,
integrating clinical examination, biochemical evaluation
and pathological analysis, in addition to the pharmacodynamics and pharmacokinetics of TAC.
In conclusion, there are no increased risks when the
TC level is reduced compared with the currently recommended level (10-15 ng/mL) during the early phase after
LT. We combined the mean and SD to evaluate TAC
exposure and suggest that mean TC of 5-10 ng/mL and
SD of 2-4 in the initial four weeks following LT are optimal for long-term survival. This ‘‘minimizing tacrolimus’’
strategy protects against unwanted effects, particularly
graft rejection. However, further data are needed to support this strategy in order to confirm the results of this
study.

COMMENTS
COMMENTS
Background

Liver transplantation (LT) is a life-saving technique for patients with end-stage
liver disease. Tacrolimus (TAC) is the cornerstone immunosuppressant used to
prevent graft rejection in many LT centers. However, frequent TAC-related toxicities are observed and these are a major concern in LT patients. A high blood
TAC concentration, especially during the early phase after LT, is associated with
adverse effects such as hepatocellular carcinoma, early renal impairment and
even death. Thus, the ‘‘minimizing tacrolimus’’ strategy is very important for better long-term outcome, especially in the early phase.

Research frontiers

The primary outcomes of liver transplantation are poor, however, improvements
in surgical techniques and in donor liver protection, specifically new developments in immunosuppressive drugs, have led to enhanced graft survival rates.
Tacrolimus is one of the immunosuppressant drugs used to prevent graft rejection in many LT centers. Due to TAC-related toxicity, numerous studies have
demonstrated that lower early TAC concentration (TC) level also known as the
‘‘minimizing tacrolimus’’ strategy avoids these over immunosuppression side
effects.

Innovations and breakthroughs

The parameter measured during tacrolimus exposure in previous studies has
mainly been mean concentration. In this study, the authors combined mean TC
and standard deviation (SD) to determine the effect of early TAC exposure on
long-term survival and found that a mean TC > 5 ng/mL and SD of 2-4 were
optimal levels for early TAC exposure in LT patients, which is lower than the
currently recommended level of 10-15 ng/mL.

Applications

This study showed that there are no increased risks when the TC level is
reduced below the currently recommended level (10-15 ng/mL). The authors
recommend that mean TC of 5-10 ng/mL and SD of 2-4 during the initial four
weeks following LT are optimal for long-term survival, and this ‘‘minimizing
tacrolimus’’ strategy prevents unwanted effects and graft rejection. Therefore,
early TAC exposure could be reduced to 5-10 ng/mL in clinical practice and the
outcome of patients may be predicted according to the early mean TC and SD.

Terminology

“Minimizing tacrolimus” means lowering the tacrolimus dosage to avoid related
toxicity and prevent graft rejection.
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Peer review

This study introduced a novel method to evaluate the low level of TC by mean
and SD. The authors report the outcomes of a prospective study of tacrolimus
mean levels and SD in patients undergoing liver transplantation. The data of the
complication rates reported at different tacrolimus levels is useful, as it is the
identification of an optimal level of tacrolimus for maintenance.
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defined by a GSRS > 1, in end-stage renal disease patients was 70.7% (208/294), which differed between
HD and PD patients (76.4% vs 61.6%, P < 0.01). HD
patients had a higher prevalence of constipation, abdominal pain and diarrhea compared to PD patients
(36.3% vs 17.9%, 32.4% vs 5.4%, 17.6% vs 4.5%,
respectively, P < 0.05). PD patients had a higher prevalence of reflux compared to HD patients (32.1% vs
24.2%, P < 0.05). Additionally, reflux and eating dysfunction were more severe in PD patients (GSRS: 1.71
± 1.15 vs 1.30 ± 0.67, 1.57 ± 0.84 vs 1.39 ± 0.61, respectively, P < 0.05), whereas HD patients had greater
abdominal pain, diarrhea and constipation (GSRS: 1.22
± 0.39 vs 1.04 ± 0.19, 1.19 ± 0.53 vs 1.07 ± 0.35, 1.51
± 0.83 vs 1.23 ± 0.58, respectively, P < 0.05). Finally,
14.8% (27/182) of HD patients presented with more
than three GI symptoms, compared to 7.2% (8/112) of
PD patients (P < 0.01).

Abstract

CONCLUSION: HD and PD patients differ in prevalence, severity and diversity of GI symptoms.

AIM: To compare the prevalence and diversity of gastrointestinal (GI) symptoms in patients undergoing
peritoneal dialysis (PD) and hemodialysis (HD).
METHODS: Two hundred and ninety-four end-stage
renal disease patients participated in the study, including 182 HD and 112 PD patients. Dimension scores
were calculated from a modified gastrointestinal symptom rating scale (GSRS) 18-item questionnaire, including items concerning eating dysfunction, and were used
for measuring GI symptoms. Information on patient
age, condition contributing to end-stage renal disease
and the most recent dialysis adequacy assessment (serum Kt/V urea value) was obtained from the follow-up
database and by interviewing patients and/or reviewing
the medical records. Differences between the HD and
PD groups were evaluated using Student’s t , Pearson’s
χ 2 or Fisher’s exact tests.
RESULTS: The overall prevalence of GI symptoms,
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Key words: Gastrointestinal symptom; Hemodialysis;
Peritoneal dialysis; End-stage renal disease; Constipation; Reflux; Eating dysfunction; Abdominal pain; Diarrhea; Indigestion
Core tip: End-stage renal disease patients undergoing
dialysis frequently experience gastrointestinal symptoms. In agreement with previous studies, a majority of
patients undergoing hemodialysis (HD) and peritoneal
dialysis (PD) in the present study reported gastrointestinal symptoms. However, the results indicate that
the prevalence and severity of various gastrointestinal
symptoms differ between patients undergoing these
two dialysis treatments. HD patients had a higher
prevalence of and more severe constipation, abdominal
pain and diarrhea, whereas PD patients experienced
stronger and more frequent reflux and eating dysfunc-
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tion. Furthermore, a significantly greater number of HD
patients presented with more than three gastrointestinal symptoms.
Dong R, Guo ZY, Ding JR, Zhou YY, Wu H. Gastrointestinal
symptoms: A comparison between patients undergoing peritoneal dialysis and hemodialysis. World J Gastroenterol 2014;
20(32): 11370-11375 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11370.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11370

INTRODUCTION
Gastrointestinal (GI) disorders are a common occurrence
in the general population and significantly impair quality of life[1]. Furthermore, GI symptoms are common
among patients with end-stage renal disease (ESRD)[2-5]
and occur in 32%-85% of patients undergoing dialysis[6-8].
The incidence of GI symptoms can largely be attributed
to the underlying conditions, such as increased level of
uremic toxin, the effect of dialysis, lifestyle change, or the
medications required for treatment[6,7]. Among patients
undergoing regular hemodialysis (HD), 51.0%-70.7% experience some GI symptoms, which is significantly higher
than that of controls[8,9] but lower than the reported 85%
of peritoneal dialysis (PD) patients[8].
GI symptoms in PD patients most commonly include
those of gastroesophageal reflux, dyspepsia and eating
dysfunction[6,10]. Although PD patients are reportedly
more likely than HD and pre-dialysis patients to suffer
from these symptoms[6,7,11], few studies have directly or
comprehensively evaluated these differences. Indeed, the
increased prevalence of GI symptoms in PD patients remains controversial. Therefore, this study aimed to investigate the differences in the prevalence and diversity of
GI symptoms between ESRD patients undergoing PD
and those undergoing HD.

evaluate the presence and severity of general GI symptoms during the previous 2 wk. The GSRS is a 15-item
questionnaire with a 7-grade Likert scale (1 = none, 2 =
minor, 3 = mild, 4 = moderate, 5 = moderately severe,
6 = severe, and 7 = very severe discomfort) that was
originally constructed as an interview-based rating scale
to evaluate a wide range of GI symptoms[12] and later
modified to become a self-administered questionnaire[13].
The items are grouped into five dimensions, including
abdominal pain (three items), reflux (two items), indigestion (four items), diarrhea (three items), and constipation
(three items) syndromes. In addition, an eating dysfunction dimension was included, concerning early satiety,
difficulties in eating normal portions and postprandial
pain, which was developed in a manner analogous to the
GSRS[14]. A dimension score was calculated as the mean
value of the items belonging to the specific syndrome
with a minimum value of 1 and a maximum value of 7.
Patient information
Information concerning age, disease leading to ESRD, diabetic status, and duration of dialysis was obtained by interviewing patients and/or reviewing the medical records.
The most recent serum Kt/V urea, an index of dialysis
adequacy, was obtained from the follow-up database. Kt/
V was calculated using the Daugirdas formula[15].
Statistical analysis
Analyses were performed with SPSS for Windows, version
19.0 (IBM, Armonk, NY, United States). Student’s t-tests
were used to compare continuous variables between HD
and PD patients when appropriate, and Pearson’s χ 2 or
Fisher’s exact tests were used for categorical variables.
Data are presented as the mean and standard deviation
for continuous variables that are normally distributed,
and as percentages for categorical variables. A P value <
0.05 was considered statistically significant.

RESULTS

Participants
Active PD and HD patients were recruited from the
Blood Purification Center at the Changhai Hospital
(Shanghai, China), including both inpatients and outpatients who had been receiving dialysis for at least three
months. Patients with dementia, severe infectious illness, hepatocholecystopathy, peritonitis in the last three
months, unstable blood pressure or glucose levels, or
unwillingness to participate in the study were excluded.
Informed consent was obtained from all patients in the
study, which was approved by the Ethics Committee of
Changhai Hospital.

Patient characteristics
In total, two hundred and ninety-four ESRD patients participated in the study and completed the questionnaires,
including 182 HD patients and 112 PD patients. Patients
undergoing HD and PD did not differ with regard to
age, sex, the presence of diabetes mellitus, or the mean
dialysis duration (Table 1). The most common cause of
ESRD was chronic glomerular nephritis, followed by
hypertensive nephropathy and diabetic nephropathy. Dialysis efficacies did not differ between the groups, with
66.7% (62/93) of PD patients able to keep their total
(renal + peritoneal) Kt/V above the recommended 1.7[16],
and 73.7% (132/179) of HD patients able to achieve a
delivered Kt/V value of more than 1.2[17].

Rating of gastrointestinal symptoms
Participants were asked to complete a modified gastrointestinal symptom rating scale (GSRS) questionnaire to

Prevalence of GI symptoms in the HD and PD groups
In total, the overall prevalence of GI symptoms (GSRS >
1) in ESRD patients was 70.7% (208/294). A significantly

MATERIALS AND METHODS
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Table 1 Clinical features of the study population n (%)
PD
(n = 112)

P value

Age (yr)
58.67 ± 14.39
Female
75 (41.2)
Diabetes mellitus
37 (20.3)
Disease leading to chronic renal failure
Chronic glomerular nephritis
85 (46.7)
Hypertensive nephropathy
38 (20.9)
Diabetic nephropathy
27 (14.8)
Polycystic kidney disease
9 (4.9)
Gout
5 (2.7)
Others
18 (9.0)
Duration of dialysis, mean
55.54 ± 38.47
months
Kt/V target reached1
132 (73.7)

59.67 ± 14.19
51 (45.5)
27 (24.1)

0.56
0.47
0.47

40 (35.7)
34 (30.4)
22 (19.6)
7 (6.2)
3 (2.7)
6 (5.4)
48.90 ± 31.01

0.11

62 (66.7)

0.26

a

40
Prevalence (%)

HD
(n = 182)

a

a

20

10

Restricted to the 179 HD and 93 PD patients for whom complete
information on Kt/V was available. HD: Hemodialysis; PD: Peritoneal
dialysis.

No. of patients

Gastrointestinal symptoms

Figure 2 Prevalence of gastrointestinal symptoms. The prevalence of various gastrointestinal symptoms in hemodialysis (HD) and peritoneal dialysis (PD)
patients. aP < 0.05, HD vs PD.

GSRS ≤ 1
GSRS > 1

200

Diversity of GI symptoms in the HD and PD groups
The majority of the studied population had at least one
reported GI symptom. Although most patients reported
one to three symptoms, 27 HD patients reported experiencing four or more symptoms, compared to only eight
of the PD patients (Table 3). There was a significantly
different distribution of the number of GI symptoms
between these two groups (P < 0.01).
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Figure 1 Gastrointestinal symptom rating scale scores. Numbers of endstage renal disease (ESRD), hemodialysis (HD) and peritoneal dialysis (PD)
patients with Gastrointestinal Symptom Rating Scale (GSRS) scores ≤ or > 1.
b
P < 0.01, HD vs PD.

larger number of patients in the HD group had a GSRS
> 1 (139/182; 76.4%), compared to 61.6% (69/112) of
patients in the PD group (P < 0.01) (Figure 1). In the
HD group, more patients suffered from constipation, abdominal pain and diarrhea (36.3%, 32.4% and 17.6%, respectively), compared with those in the PD group (17.9%,
5.4% and 4.5%, respectively; P < 0.01 for all) (Figure 2).
Although both groups show similar prevalences of indigestion and eating dysfunction, PD patients had a higher
prevalence of reflux symptoms than HD patients (32.1%
vs 24.2%, P < 0.05).
GSRS scores in the HD and PD groups
GSRS scores were significantly different between HD
and PD patients in all dimensions except for indigestion
(P < 0.05) (Table 2). Rating scores for abdominal pain,
diarrhea and constipation were higher in HD patients,
whereas PD patients reported more severe reflux and eating dysfunction.

WJG|www.wjgnet.com

The present study indicates that GI symptoms are common in dialysis patients, with an overall prevalence of
70.7%, similar to a previous report on chronic kidney
disease patients[18]. However, these symptoms are more
prevalent in HD than in PD patients. Previous studies
have reported inconsistent prevalences of GI symptoms,
ranging from 32% to 79% in HD patients[4,9,19,20] and 42%
to 62% in PD patients[7,10,21], and 73.6% of patients with
continuous ambulatory peritoneal dialysis (CAPD) had
abnormal upper gastrointestinal endoscopic findings[22].
However, our results indicate a higher prevalence among
HD patients, despite similar sample sizes. Such discrepancies may be attributed to the differences in questionnaires
used.
The results of this study suggest that the severity of
GI symptoms was quite different between HD and PD
patients. A greater number of HD patients complained of
abdominal pain, diarrhea and constipation, in agreement
with previous observations[2,20,23]. The abdominal pain may
be associated with peptic ulcers, as Chachati et al[24] observed a high incidence of upper GI pathology, including
ulcers, during the first two years of HD, which declined
with HD duration. A similar finding was reported in
another study where peptic ulcers were shown to be less
likely to recur in patients receiving HD for prolonged

11372

August 28, 2014|Volume 20|Issue 32|

Dong R et al . Gastrointestinal symptoms and dialysis
Table 2 Comparison of gastrointestinal symptom rating scale
scores between the two groups
Dimension
Abdominal pain
Reflux
Indigestion
Diarrhea
Constipation
Eating dysfunction

HD (n = 182)

PD (n = 112)

P value

1.22 ± 0.39
1.30 ± 0.67
1.23 ± 0.47
1.19 ± 0.53
1.51 ± 0.83
1.39 ± 0.61

1.04 ± 0.19
1.71 ± 1.15
1.32 ± 0.56
1.07 ± 0.35
1.23 ± 0.58
1.57 ± 0.84

0.000
0.001
0.153
0.019
0.001
0.049

Table 3 Number of gastrointestinal symptoms according to
the gastrointestinal symptom rating scale
Group
HD
PD

0

1-3

4-5

43
43

112
61

27
8

0.009

1

Pearson’s χ 2 analysis. HD: Hemodialysis; PD: Peritoneal dialysis.

HD: Hemodialysis; PD: Peritoneal dialysis.

therapy durations[25]. It is possible that HD patients are
more susceptible to ischemic colitis due to hypotensive
episodes, which are likely to occur during the initial stages
of dialysis[21]. The prevalence of diarrhea in the HD patients of the current study was similar to results from a
study by Cano et al[2] who used a Rome Ⅱ questionnaire
to evaluate GI symptoms. However, another previous
study reported a much lower incidence, though that study
found a gender difference, with women reporting more
detrimental symptoms[23]. However, constipation was the
most common and severe presenting GI symptom among
HD patients, similar to findings from Yasuda et al[26] showing that constipation was more than three times more
prevalent in HD compared to CAPD patients. In the
clinic, diet and fluid restrictions, lack of physical exercise
and the need for certain medications, phosphate binders
in particular, by HD patients may contribute to constipation[27].
Similar to the results of previous studies[6-8,10,11], PD
patients in our study experienced more pronounced reflux and eating dysfunction. These symptoms may be
exacerbated by the filling of the abdominal cavity with dialysate fluid during PD, which increases the intra-abdominal pressure[28] and frequency of acid reflux episodes[29]
as well as lowers the esophageal sphincter pressure. PD
has also been reported as an independent pathophysiological factor for esophageal acid exposure[30]. Additionally, delayed gastric emptying in PD patients[13,31,32] and
the glucose dialysate may play a metabolic role in gastric
emptying[33]. An international cross-sectional study found
that 33% of 224 CAPD patients were not well-nourished
and 8% had severe malnutrition, of which one of the
leading causes was eating dysfunction[34] that may have resulted from the associated food aversion, early satiety and
changes in taste and smell[20]. Eating dysfunction could
also be partly due to local or systemic circulatory insufficiency, hypergastrinemia and higher levels of ammonia
and inflammation[35].
To our knowledge, this is the first study directly comparing the diversity of GI symptoms in HD and PD
patients. GI symptoms were common in dialysis patients,
but the prominent symptoms unexpectedly differed between patients undergoing different dialysis therapies.
Although the majority of patients complained of few
and minor symptoms, approximately 10% suffered from
more than three GI symptoms, which occurred in a

WJG|www.wjgnet.com

P value1

No. of symptoms

greater percentage of HD than PD patients. The underlying mechanism is not clear, but hemodynamic changes,
delayed gastric emptying, loss of residual renal function,
and inadequate dialysis, such as protein-bound uremic
toxin that cannot be effectively cleared by HD, may all
contribute.
In conclusion, the present study demonstrated a high
prevalence of GI symptoms in HD and PD patients, with
constipation, abdominal pain and diarrhea more frequent
and severe in HD patients, and reflux more prominent
in PD patients. However, the results are not in complete
agreement with previous studies, thus necessitating further evaluation in a larger population of dialysis patients.
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COMMENTS
COMMENTS
Background

Gastrointestinal (GI) symptoms are commonly reported among patients with
end-stage renal disease and correlate to nutritional status, life quality, and even
mortality. Until now, little attention has been paid to these GI symptoms, especially in hemodialysis (HD) patients.

Research frontiers

The gastrointestinal symptom rating scale (GSRS) has been used widely for
evaluating the presence of GI symptoms in the population. The authors in this
study used the GSRS to evaluate more than two hundred dialysis patients, and
compared the prevalence, severity and diversity of GI symptoms between patients receiving HD or peritoneal dialysis (PD).

Innovations and breakthroughs

Previous studies have presented cross-sectional descriptions of GI symptoms
in PD and HD patients. The prevalence, severity and diversity of GI symptoms
are directly compared in more than two hundred PD and HD patients in the
present study. The results show that HD patients have a higher prevalence and
severity of constipation, abdominal pain and diarrhea, whereas PD patients
have a higher prevalence and severity of reflux and more severe eating dysfunction. Moreover, a greater number of HD patients presented with more than
three GI symptoms.

Applications

The results of this study suggest that GI symptoms differ in patients with PD
and HD, and clinicians should therefore have differential focus and treatments
for patients with GI symptoms undergoing dialysis.

Terminology

Kt/V urea is an index used to quantify HD and PD treatment adequacy: K refers
to the dialyzer clearance of urea, t is the dialysis time, and V is the volume of
distribution of urea, approximately equal to the patient’s total body water. The
US National Kidney Foundation designates the Kt/V target as ≥ 1.2 for HD and
≥ 1.7/wk for PD patients.
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Peer review

This is a good research study in which authors compare the GI symptoms in
patients undergoing PD and HD. The results are interesting and suggest that GI
symptoms differ between PD and HD patients, and clinicians should therefore
evaluate and differentially treat GI symptoms in dialysis patients.
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Abstract
AIM: To evaluate the feasibility and short-term efficacy
of laparoscopic spleen-preserving splenic hilar (No. 10)
lymphadenectomy to treat advanced upper gastric cancer (AUGC).
METHODS: Between January and December 2012,
108 laparoscopic spleen-preserving No. 10 lymphadenectomy along with total gastrectomy with routine
D2 lymphadenectomy were performed consecutively
at our hospital to treat clinical T2-3 (cT2-3) upper gastric cancers. The preoperative clinical T stage was cT2
in 36 patients and cT3 in 72 patients. A prospectively
designed database tracked the 108 patients, including the completeness of their medical records and the
adequacy of follow-up. Patient clinicopathological char-
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acteristics, intraoperative and postoperative surgical
outcomes, morbidity and mortality, lymph node (LN)
dissection, and postoperative follow-up were analysed
retrospectively.
RESULTS: Laparoscopic spleen-preserving No. 10
lymphadenectomy was successful in all 108 patients.
The mean operation time was 169.3 ± 27.1 min, and
the mean No. 10 lymphadenectomy time was 20.0 ±
5.7 min. The mean total blood loss was 46.2 ± 11.3
mL, and the mean blood loss from No. 10 lymphadenectomy was 14.3 ± 3.8 mL. The mean postoperative
hospital stay was 11.9 ± 6.0 d. The intraoperative and
postoperative morbidity rates were 3.7% and 12.0%,
respectively; however, there was no postoperative mortality. A mean of 44.4 ± 17.6 LNs were retrieved from
each specimen, including 3.0 ± 2.4 No. 10 LNs. Three
patients (2.8%) with cT3 cancer had LN metastasis of
the splenic hilus, including two patients with pathological T3 (pT3) and one patient with pathological T4a
(pT4a) tumours, all located in the greater curvature. No
splenic hilar LNs metastasis was evident in the patients
with pT1 and pT2 tumours. At a median follow-up time
of 18 mo (range, 12 to 23 mo), all patients were alive
and none had experienced recurrent or metastatic disease.
CONCLUSION: Laparoscopic spleen-preserving No.
10 lymphadenectomy is feasible and effective to treat
AUGC. Routine No. 10 lymphadenectomy may be unnecessary for AUGC without serosa invasion, unless T3
tumours are located in the greater curvature.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Stomach neoplasms; Spleen-preservation;
laparoscopy; Gastrectomy; Lymphadenectomy
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Core tip: Several studies have shown that laparoscopic
spleen-preserving No. 10 lymphadenectomy is feasible
for patients with upper gastric cancer; however, the
sample sizes in these studies were small. Thus, the
value of the procedure must be further evaluated with
large sample studies, and it is debatable whether routine No. 10 lymphadenectomy should be performed for
advanced upper gastric cancer (AUGC) without serosa
invasion. Therefore, we evaluated the feasibility and
short-term efficacy of laparoscopic spleen-preserving
No. 10 lymphadenectomy in 108 consecutive patients
with AUGC (cT2-3). In addition, early follow-up results
were also presented.
Li P, Huang CM, Zheng CH, Xie JW, Wang JB, Lin JX, Lu J,
Wang Y, Chen QY. Laparoscopic spleen-preserving splenic hilar
lymphadenectomy in 108 consecutive patients with upper gastric cancer. World J Gastroenterol 2014; 20(32): 11376-11383
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i32/11376.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11376

INTRODUCTION
Splenic hilar lymph nodes (No. 10 LNs) are LNs that
are located in the splenic hilum, including those LNs
adjacent to the splenic artery and distal to the pancreatic
tail, on the roots of the short gastric arteries, and along
the left gastroepiploic artery proximal to the first gastric
branch[1]. Standard D2 LN dissection during total gastrectomy for advanced upper gastric cancer (AUGC) requires
the removal of the No. 10 LNs[1]. Spleen-preserving No.
10 lymphadenectomy is technically feasible and safe for
patients undergoing open surgery for upper gastric cancer[2], with lower postoperative morbidity and mortality
rates than splenectomy[3-7]. Moreover, the radical effects
and long-term survival rates were similar to those in
patients who underwent splenectomy[8-12]. Total gastrectomy with spleen-preserving No. 10 lymphadenectomy is,
therefore, increasingly used to treat patients with upper
gastric cancer. Spleen-preserving D2 lymphadenectomy,
however, requires an anatomical No. 10 lymphadenectomy, a procedure that is technically difficult because of the
presence of intricate and complex vessels, and a narrow
and deep space at the splenic hilum. Moreover, complete
removal of No. 10 LNs is particularly difficult in obese
patients and patients with splenic adhesions.
Laparoscopic gastrectomy with D2 lymphadenectomy
is safe and feasible for patients with advanced gastric cancer[13-16]. Although several studies have shown that laparoscopic spleen-preserving No. 10 lymphadenectomy is feasible during total gastrectomy with D2 LN dissection for
small numbers of patients with upper gastric cancer[17-19],
few large-scale studies have assessed its success in patients with AUGC. Furthermore, it is debatable whether
routine No. 10 lymphadenectomy should be performed
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during total gastrectomy for AUGC without serosa invasion. Therefore, in the current study, we evaluated the
feasibility and short-term efficacy of laparoscopic spleenpreserving No. 10 lymphadenectomy in 108 consecutive
patients with cT2-3 AUGC. In addition, early follow-up
results were also presented.

MATERIALS AND METHODS
Patients
Between January and December 2012, 108 consecutive patients with cT2-3 AUGC underwent laparoscopic
spleen-preserving No. 10 lymphadenectomy, along with
total gastrectomy and routine D2 lymphadenectomy
in the Department of Gastric Surgery, Fujian Medical
University Union Hospital. Beginning in May 2007, the
surgeon (Huang CM) in this study had performed more
than 500 laparoscopy-assisted gastrectomies with D2 LN
dissection in gastric cancer patients before attempting
this procedure. Since then, a prospectively designed database has tracked all laparoscopy-assisted gastrectomies
for gastric cancer. Moreover, the surgeon performed
laparoscopic spleen-preserving No. 10 lymphadenectomy
for advanced proximal gastric cancer using a left-sided
approach[20]. This method was mastered after a learning
curve of 40 patients[21]. The group of 108 consecutive
patients was used for our retrospective analysis because
of the completeness of their medical records and the
adequacy of their follow-up. Upper gastric cancer was
diagnosed by analysis of endoscopic biopsy specimens.
Preoperative imaging studies were routinely performed
following endoscopic examination, computed tomography (CT) scanning, abdominal ultrasonography (US)
and endoscopic US. CT scans and multi-slice spiral CT
angiography (MSCTA) were performed to assess preoperatively the splenic vascular anatomy (Figures 1 and
2). Advanced (cT2-T3) upper gastric cancer diagnosed
by preoperative CT scanning and endoscopic US were
enrolled in this study. Patients with clinical T1 (cT1) or
clinical T4 (cT4) tumours, distant metastasis, or preoperative enlargement or integration of LNs were excluded.
No patients had received preoperative chemoradiation
therapy. Each preoperative patient was informed of the
surgical procedure, including its advantages and risks. All
patients provided written informed consent for the procedure before surgery, as well as for the publication of
this report and any accompanying images.
In the current study, the No. 10 lymphadenectomy
began with the surgeon using an ultrasonic scalpel to
separate and reveal the end of the splenic arteries within
the retropancreatic space at the superior border of the
pancreatic tail, to divide the last short gastric artery. The
No. 10 lymphadenectomy time referred to the time of
this procedure. The blood loss during surgery was measured by estimating the volume of blood in the suction
container and weighing the gauze with blood. Dissected
LNs were classified according to the 3rd English edition
of the Japanese classification of gastric carcinoma[1]. The
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Abdominal
aorta

Abdominal
aorta

Spleen

Spleen
Splenic a

Splenic v
Splenic a

Figure 1 Preoperative computed tomography angiography showing the
drainage of the splenic arteries. Abdominal aorta (arrow); splenic a (arrow). a:
Artery.

Figure 2 Preoperative computed tomography angiography showing the
drainage of the splenic veins. Abdominal aorta (arrow); splenic a (arrow);
splenic v (arrow). a: Artery; v: Vein.

clinical and pathological stagings were in accordance with
the American Joint Committee on Cancer (AJCC) seventh edition of Gastric Cancer TNM Staging[22]. Followup was performed by trained investigators every 3 mo.
Routine follow-up comprised a physical examination,
laboratory tests, chest radiography, abdominopelvic ultrasonography or CT scans. Survival time was calculated
from the time of surgical intervention until the last date
of contact (December 31, 2013).

12a) were then dissected and removed. Subsequently, the
liver was held up to divide the hepatogastricum ligament
along the lower border of the liver and the LNs around
lesser curvature (No. 3) were removed. Finally, the phrenoesophageal membrane and both vagus nerves were
divided and the LNs around the abdominal oesophagus
(No. 1 and 2) were dissected.

Surgical procedures
Patient positioning: The patient was placed in the
reverse Trendelenburg position with the head elevated
approximately 15° to 20°, and tilted with the left side
up approximately 20° to 30°. A 10-mm trocar for the
laparoscope was inserted below the umbilicus; a 12-mm
trocar was inserted in the left upper quadrant as a major
hand port; a 5-mm trocar was inserted in the left lower
quadrant as an accessory port; a second 5-mm trocar for
exposure was inserted in the left upper quadrant; and a
third 5-mm trocar for exposure was inserted in the right
lower quadrant. The surgeon stood on the left side of the
patient; the assistant surgeon was on the right side; and
the camera operator was situated between the patient’s
legs.
Other lymphadenectomy: The gastrocolic ligament
was divided using an ultrasonic scalpel along the border
of the transverse colon. The right gastroepiploic vein
and the right gastroepiploic artery were vascularised and
divided to dissect the No. 6 LNs. The stomach was lifted
toward the head to expose the gastropancreatic fold. The
LNs along the proximal splenic artery (No. 11p) at the
upper border of pancreatic body were removed. The dissection was then continued rightward. The fatty connective tissue, including the LNs along the celiac trunk (No.
9), the left gastric artery (No. 7), and the common hepatic
artery (No. 8a) were removed en-block with the left gastric vein and the left gastric artery being vascularised and
divided. The LNs around the right gastric artery (No. 5)
and along the surface of the proper hepatic artery (No.
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No. 10 lymphadenectomy: The patient was subsequently tilted, with the left side up approximately 20° to
30° and subjected to a 20° upward head tilt. The surgeon
then moved to stand between the patient’s legs, and the
assistant and camera operator were both on the patient’s
right side. Before surgery, the assistant placed the greater
omentum behind the stomach to keep the visual field
clear, and pulled and tensed the gastrosplenic ligament.
The surgeon gently pressed the tail of the pancreas toward the lower left, exposing the splenic hilum. The surgeon separated the membrane of the body and tail of the
pancreas to reach the posterior space at the superior border of the pancreas, and opened the vascular envelope
at the end of the splenic arteries. The surgeon dissected
away the lymphatic fatty tissue on the surface of the
inferior splenic lobar artery from the lower pole of the
spleen, vascularised the left gastroepiploic artery issuing
from the inferior splenic lobar artery, and then cut the left
gastroepiploic artery (No. 4sb) from the origin. The assistant then placed the free omentum between the liver and
the stomach and continually pulled the posterior wall of
the fundus and body of the stomach to the upper right.
The surgeon gently pressed the pancreas to fully reveal
the retropancreatic space and the space inside the splenorenal ligament. The surgeon then tracked the termini of
the splenic vessels along the completely vascularised the
lower lobar vessels of the spleen within the space inside
the splenorenal ligament. Next, the surgeon carefully
dissected the fatty lymphatic tissue around the splenic
vessels (No. 11d) along the latent anatomic spaces on the
surface of the splenic vessels. At this time, the assistant
gently pulled up the lymphatic fatty tissue at the surface
of the inferior splenic lobar artery. Starting from the root
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Table 1 Baseline demographic and clinicopathological
characteristics of patients
Stump of short
gastric a

Characteristic

Spleen

Splenic a

Gender
Age (yr)
Tumour size (cm)
BMI (kg/m2)
Tumour location

Splenic v

Pancrease

87/21
62 ± 9
5.0 ± 2.6
22.1 (14.5-34.5)
30/21/15/19/23

Lesser curvature/greater
curvature/anterior wall/
posterior wall/circumferential
involvement
Pathological type
Differentiated/
43/65
undifferentiated type
cT stage
T2/T3
36/72
pT stage
T1/T2/T3/T4a
12/14/73/9
pN stage
N0/N1/N2/N3
31/17/23/37
ⅠA/ⅠB/ⅡA/ⅡB/ⅢA/
TNM stage
9/8/19/14/23/29/6
ⅢB/ⅢC

Stump of left
gastroepiploic a

Figure 3 No. 10 lymph nodes lymphadenectomy at the front of the splenic
vessels (anterior view). Dividing left gastroepiploic a (arrow); dividing short
gastric a (arrow); splenic a (arrow); splenic v (arrow); a: Artery; v: Vein.

Data are expressed as mean ± SD. BMI: Body mass index; cT stage: Clinical
tumour stage; pT stage: Pathological tumour stage.

Spleen
Stump of left
gastroepiploic a

vascularised and the LNs had been completely dissected.

Splenic v
Pancrease

Figure 4 No. 10 lymph nodes lymphadenectomy behind the splenic vessels (posterior view). Dividing left gastroepiploic a (arrow); splenic vein (arrow);
a: Artery; v: Vein.

of the left gastroepiploic artery, the surgeon, using the
non-functional face of the ultrasonic scalpel, closed the
surface of the inferior splenic lobar artery. The surgeon
used the ultrasonic scalpel to carefully dissect the lymphatic fatty tissue and to vascularise the inferior splenic
lobar artery. After the latter became visible, the short
gastric arteries issuing from the inferior splenic lobar artery were skeletonised and divided at their roots, resulting
in complete vascularisation of the inferior splenic lobar
artery. The fatty tissues and gastric tissues were pulled up
by the assistant, and the surgeon dissected the lymphatic
fatty tissue on the surface of the superior splenic lobar
artery, starting from the root of the artery towards the
upper pole of the spleen, as described for vascularisation of the inferior splenic lobar artery. One branch of
the short gastric artery issuing from the superior splenic
lobar artery was skeletonised and divided at its root. This
procedure resulted in LN dissections at the front of the
splenic vessels (Figure 3). The assistant then pulled the
root of the inferior splenic lobar artery towards the upper right, revealing the lymphatic fatty tissue behind the
splenic hilum. The latter was pulled up by the surgeon
towards the lower left to maintain tension. The lymphatic
fatty tissue behind the splenic hilum was then dissected
(No. 10) (Figure 4). A piece of gauze was placed behind
the splenic hilum to indicate that the vessels had been
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Value
Male/female

Digestive tract reconstruction: The duodenum was
transected 2 cm below the pylorus with a 60-mm laparoscopic cartridge linear stapling device through the major
hand port. Finally, a longitudinal laparotomy was performed using a 6-8 cm skin incision at the epigastrium,
and the specimen was extracted from the peritoneal cavity. The transaction of the oesophagus and Roux-en-Y
oesophagojejunostomy was carried out using a circular
stapler. A side-to-side jejunojejunostomy was performed
by hand suture.

RESULTS
Patient clinicopathological characteristics
The 108 patients included 87 males (80.6%) and 21 females (19.4%) with a mean age of 62.5 ± 9.2 years (range,
24-82 years) and mean body mass index (BMI) of 22.1
± 2.9 kg/m2 (range: 14.5-34.5 kg/m2). The preoperative
clinical T stage was cT2 in 36 patients (33.3%) and cT3
in 72 patients (66.7%). The postoperative pathological
TNM stages included pT1 (n = 12), pT2 (n = 14), pT3
(n = 73), and pT4a (n = 9); pN0 (n = 31), pN1 (n = 17),
pN2 (n = 23), and pN3 (n = 37); IA (n = 9), IB (n = 8),
IIA (n = 19), IIB (n = 14), IIIA (n = 23), IIIB (n = 29)
and IIIC (n = 6) (Table 1).
Intraoperative and postoperative surgical outcomes
For all 108 patients, the mean operation time was 169.3
± 27.1 min, and the mean No. 10 lymphadenectomy time
was 20.0 ± 5.7 min. The mean estimated blood loss was
46.2 ± 11.3 mL, and the mean estimated blood loss for
No. 10 lymphadenectomy was 14.3 ± 3.8 mL. The mean
times to first flatus, fluid diet, and soft diet were 3.4 ±
1.1, 4.7 ± 1.6 and 8.3 ± 4.2 d, respectively, and the mean
postoperative hospital stay was 11.9 ± 6.0 d (Table 2).
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Table 2 Intraoperative and postoperative surgical outcomes

Table 4 Lymph nodes dissection results

Item

Item

Value

Operation time (min)
Blood loss (mL)
No. 10 lymphadenectomy (min)
No. 10 lymphadenectomy blood loss (mL)
Time to first flatus (POD)
Time to fluid diet (POD)
Time to soft diet (POD)
Hospital stay (POD)

169.3 ± 27.1
46.2 ± 11.3
20.0 ± 5.7
14.3 ± 3.8
3.4 ± 1.1
4.7 ± 1.6
8.3 ± 4.2
11.9 ± 6.0

Value

Total No. of retrieved LNs
Mean No. of retrieved LNs
Total No. of retrieved No. 10 LNs
Mean No. of retrieved No. 10 LNs
Total No. of No. 10 LNs metastasis
No. of No. 10 LNs metastasis in pT3
No. of No. 10 LNs metastasis in pT4a
No. 10 LNs metastasis rate
No. 10 LNs metastasis rate in pT3
No. 10 LNs metastasis rate in pT4a

Data are expressed as mean ± SD. No. 10 lymphadenectomy: Splenic hilar
lymphadenectomy; POD: Postoperative days.

4797
44.4 ± 17.6
327
3.0 ± 2.4
3
2
1
2.8%
2.7%
11.1%

Data are expressed as mean ± SD. LN: Lymph node; No. 10 LN: Splenic
hilar lymph node; pT3: Pathological T3 stage; pT4a: Pathological T4a stage.

Table 3 Intraoperative and postoperative complications
Item
Intraoperative complications (n)
Transverse colon injury
Spleen injury
Left gastric vein bleeding
Gastric short arteries bleeding
Postoperative complications (n)
Pulmonary infection
Abdominal infection
Anastomotic leakage
Intestinal obstruction
Chylous fistula

Value

Incidence

4
1
1
1
1
13
8
2
1
1
1

3.7%

of the splenic hilus, including two patients with pT3 tumours and one patient with pT4a tumours, all located in
the greater curvature (Table 4). There was no No. 10 LN
metastasis in the patients with pT1 and pT2 tumours.
Postoperative follow-up
The 108 patients were followed up for a median 18 mo
(range: 12-23 mo). No patient died or experienced tumour recurrence or metastasis during the follow-up period.

12.0%

Morbidity and mortality
Four patients experienced intraoperative complications,
giving an intraoperative morbidity rate of 3.7%. One
patient experienced each of the following complications: injury to the transverse colon, injury to the splenic
envelope, bleeding from the gastric coronary vein and
bleeding from the gastric short arteries. All complications
were treated during successfully laparoscopic surgery. No
patient required conversion to laparotomy, and no patient
required splenectomy because of intraoperative injury to
the splenic blood vessels or the spleen itself. Postoperative complications occurred in 13 patients, giving a morbidity rate of 12.0%. These complications included abdominal infection in two patients, pulmonary infection in
eight patients, inflammatory intestinal obstruction in one
patient, chylous fistula in one patient, and anastomotic
leakage in one patient. These postoperative complications
were all successfully treated with conservative methods,
and none of these patients required a second operation
(Table 3). No patient experienced an operative splenic
infarction, haemorrhage of the splenic blood vessels, or
complications of spleen itself. The 30-d mortality rate for
the total patient population was 0%.
LN dissection
The total number of LNs in all 108 patients was 4797,
with a mean of 44.4 ± 17.6 LNs retrieved from each
specimen. The total number of No. 10 LNs in all patients
was 327, with a mean of 3.0 ± 2.4 No. 10 LNs retrieved
per patient. Three patients (2.8%) had LN metastasis
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DISCUSSION
D2 lymphadenectomy, including the removal of No. 10
LNs, has become the standard surgical procedure for
patients with curable AUGC[1,6]. In recent years, with
advances in surgical concepts, improvements in the anatomical techniques and the progress of organ retention,
spleen-preserving No. 10 LN dissection has been used
increasingly for AUGC patients [2,7,9,12]. However, this
procedure is technically difficult, not only because of
the intricate and complex blood vessels, but also because
of the deep and limited operative space in the splenic
hilum. On the one hand, in open surgery, the complete
removal the No. 10 LNs often requires the mobilisation
of the spleen from the abdominal cavity, which obviously increases patient trauma, elongates operation time,
and is especially difficult for obese patients and patients
with splenic adhesions. On the other hand, maintaining
the spleen within the abdominal cavity and performing
spleen-preserving No. 10 LN dissection directly would
not completely remove all LNs, because the exposure
would be insufficient. Similar to open surgery, spleenpreserving No. 10 LN dissection is also one of the most
difficult procedures in laparoscopic surgery. Previously,
a few studies have reported the feasibility of laparoscopic spleen-preserving splenic hilar LN dissection for
AUGC[17-19] patients; however, the sample sizes in these
studies were small; thus, the value of the procedure needed to be further evaluated by studies with large samples.
According to the 3rd English edition of Japanese classification of gastric carcinoma[1], splenic hilar lymphadenec-
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tomy is unnecessary for cT1 tumours and laparoscopic
surgery applied to cT4 tumours has been controversial.
In the current study, therefore, we studied the feasibility
and short-term efficacy of laparoscopic spleen-preserving No. 10 lymphadenectomy in 108 consecutive patients
with stage cT2-T3 upper gastric cancer. Our data showed
that the average time needed for No. 10 LN dissection
was approximately 20 min, with less bleeding and shorter
postoperative hospital stays, suggesting that laparoscopic
spleen-preserving No. 10 lymphadenectomy is technically
feasible.
Previous studies reported that the intraoperative
complication rate of laparoscopic gastric surgery was
2.6%-4.4% [23,24]. Consistent with these findings, we
observed intraoperative complications in four of 108
patients (3.7%). None of our patients required conversion to laparotomy, and no patient required splenectomy
because of injury to the spleen or splenic blood vessels.
Postoperative complications were reported in 8.7%-25.0%
of patients who underwent open spleen-preserving No.
10 lymphadenectomy for upper gastric cancer [2,9,11,12],
and a recent study reported postoperative complications
in two of 15 (13.3%) patients with upper gastric cancer
who underwent laparoscopic spleen-preserving No. 10
lymphadenectomy[17]. In the current study, we found that
13 of 108 patients (12.0%) experienced postoperative
complications, but no patient died within 30-d of followup, suggesting that laparoscopic spleen-preserving No. 10
LNs dissection is safe and does not increase postoperative morbidity and mortality rates. In our experience, the
keys to successful No. 10 LN dissection are a skilled laparoscopic technique, familiarity with the minimally invasive
vascular anatomy of the splenic hilum area, and a cooperative surgical team. Moreover, the laparoscope, with its
unique perspective, lighting and amplification, can more
clearly visualise the splenic vasculature, nerves, fascia and
other structures, thereby reducing damage to the splenic
vessels and spleen, and assisting the surgeon in performing spleen-preserving No. 10 lymphadenectomy without
splenic mobilisation.
The number of dissected LNs is an important assessment of the outcome of LN dissection. The average
number of No. 10 LNs dissected per patient has been
reported as three LNs during open radical surgery for
upper gastric cancer involving splenectomy[25] and 1.7
LNs during open radical surgery with spleen-preserving
No. 10 lymphadenectomy[26]. During laparoscopic spleenpreserving No. 10 lymphadenectomy, the average numbers of No. 10 LNs dissected per patient were 2.7[17] and
2.6[19], indicating that a similar number of No. 10 LNs
were dissected during laparoscopic and open surgery. In
the current study, the average number of No. 10 LNs
dissected was 3.0, which was similar to the other reports.
No. 10 LNs are prone to metastasis in AUGC[25], and
the metastasis rate to the No. 10 LNs reportedly ranges
from 5.1% to 20.9%[9-11,27,28]. Moreover, the No. 10 LNs
metastasis rate is related to the tumour location, depth of
invasion, other total LNs metastasis status and size of the
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primary tumour[9-11,27,28]. In the current study, we observed
metastases in these LNs in only three of 108 patients
(2.8%), including two patients with pT3 and one patient
with pT4a tumours, all located in the greater curvature;
however, there was no No. 10 LNs metastasis in patients
with pT1 and pT2 tumours. Therefore, this present study
suggested that routine No. 10 lymphadenectomy may be
unnecessary for AUGC without serosa invasion, unless
T3 tumours are located in the greater curvature.
Patient survival after radical gastrectomy is important
to evaluate its efficacy. The short and long term survival
rates were greater in patients undergoing open spleenpreserving No. 10 lymphadenectomy for the treatment
of upper stomach cancer[4-6]. In Hyung’s study, none of
the 15 patients who underwent a laparoscopic procedure
died or experienced tumour recurrence after a median
follow-up period of 21 mo[17]. We found that after a
median follow-up time of 18 mo, none of our patients
experienced recurrence or metastasis. Longer followup periods, however, are required to determine the longterm efficacy of this procedure.
In conclusion, laparoscopic spleen-preserving No. 10
lymphadenectomy is feasible and effective for patients
with AUGC. However, routine No. 10 lymphadenectomy
may be unnecessary for AUGC without serosa invasion,
unless T3 tumours are located in the greater curvature.
In addition, multi-centre, prospective, randomised controlled studies involving greater numbers of patients and
longer follow-up times, are needed to confirm its longterm efficacy.

COMMENTS
COMMENTS
Background

Standard D2 lymph node (LN) dissection during total gastrectomy for advanced
upper gastric cancer (AUGC) requires the removal of the No. 10 LNs, according
to the 3rd English edition of Japanese classification of gastric carcinoma. Total
gastrectomy with spleen-preserving No. 10 lymphadenectomy is increasingly
used in open surgery to treat patients with upper gastric cancer. Several studies have shown that laparoscopic spleen-preserving No. 10 lymphadenectomy
is feasible for patients with upper gastric cancer; however, the sample sizes in
these studies were small, and the value of the procedure must be further evaluated by studies with large sample sizes. Furthermore, it remains controversial
whether routine No. 10 lymphadenectomy should be performed for AUGC without serosa invasion.

Research frontiers

Laparoscopic spleen-preserving No. 10 lymphadenectomy has been difficult
to accomplish because of the possibilities of injury to splenic vessels and the
parenchyma of the spleen or pancreas.

Innovations and breakthroughs

The results of the current study demonstrate that the average time needed for
laparoscopic spleen-preserving No. 10 lymphadenectomy was approximately
20 min, and included less bleeding and shorter postoperative hospital stays.
Moreover, the intraoperative and postoperative morbidity rates were 3.7% and
12.0%, respectively, and there was no postoperative mortality. At the same
time, a mean of 3.0 ± 2.4 No. 10 LNs were retrieved per patient. Three patients
(2.8%) had LN metastasis of the splenic hilus, including two patients with pT3
and one patient with pT4a tumours, all located in the greater curvature. At a
median follow-up of 18 mo (range, 12 to 23 mo), no patient died or experienced
tumour recurrence or metastasis during the follow-up period.

Applications

The study results suggest that laparoscopic spleen-preserving No. 10 lymphad-
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enectomy is feasible and effective for AUGC. Routine No. 10 lymphadenectomy
may be unnecessary for AUGC without serosa invasion, unless T3 tumours are
located in the greater curvature. The results should encourage more surgeons
to perform laparoscopic total gastrectomy with No. 10 lymphadenectomy and
will aid the acceptance of this procedure as a surgical option for AUGC patients.

Terminology

For spleen-preserving No. 10 lymphadenectomy, surgeons do not need to
remove the spleen during the No. 10 lymphadenectomy when performing total
gastrectomy with D2 LN dissection. Body mass index was used as an objective
index to indicate massive obesity. The cut-off value was chosen according to
the World Health Organisation guidelines for the Western Pacific region.
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Abstract
AIM: To demonstrate that administering heparanase
inhibitor PI-88 at 160 mg/d is safe and promising in
reducing hepatocellular carcinoma (HCC) recurrence for
up to 3 year following curative resection.
METHODS: A total of 143 patients (83.1% of the 172
participants in the phase Ⅱ study) participated in the
follow-up study. Of these patients, 50 had received no
treatment, 48 had received 160 mg/d PI-88, and 45
had received 250 mg/d PI-88 during the phase Ⅱ trial.
Safety parameters and the following efficacy endpoints
were investigated: (1) time to recurrence; (2) diseasefree survival; and (3) overall survival.
RESULTS: PI-88 at 160 mg/d delayed the onset and
frequency of HCC recurrence, and provided a clinically
significant survival advantage for up to 3 years after
treatment compared with those of the control group: (1)
the recurrence-free rate increased from 50% to 63%,
th
and (2) time to recurrence at the 36 percentile was
postponed by 78%. The efficacy of administering PI-88
at 250 mg/d was confounded by a high dropout rate (11
out of 54 patients). Additionally, subgroup analyses of
patients with (1) multiple tumors or a single tumor ≥ 2
cm; and (2) hepatitis B or C revealed that administering
PI-88 at 160 mg/d conferred the most significant survival advantage (56.8% improvement in disease-free
survival, P = 0.045) for patients with both risk factors
for recurrence.
CONCLUSION: Administering PI-88 at 160 mg/d is a
safe and well-tolerated dosage that may confer significant clinical benefits for patients with HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: A phase Ⅱ clinical trial demonstrated that
heparanase inhibitor PI-88 at 160 mg/d is safe and
promising in reducing hepatocellular carcinoma (HCC)
recurrence for up to one year following curative resection. This observational follow-up study extended the
follow-up period to 3 years. A total of 143 patients participated in the study. PI-88 at 160 mg/d delayed the
onset and frequency of HCC recurrence, and provided
a clinically significant survival advantage for up to 3
years after treatment. Subgroup analyses revealed that
administering PI-88 at 160 mg/d conferred the most
significant survival advantage for patients at high risk
of recurrence.
Liu CJ, Chang J, Lee PH, Lin DY, Wu CC, Jeng LB, Lin YJ,
Mok KT, Lee WC, Yeh HZ, Ho MC, Yang SS, Yang MD, Yu
MC, Hu RH, Peng CY, Lai KL, Chang SSC, Chen PJ. Adjuvant
heparanase inhibitor PI-88 therapy for hepatocellular carcinoma
recurrence. World J Gastroenterol 2014; 20(32): 11384-11393
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i32/11384.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11384

INTRODUCTION
Hepatocellular carcinoma (HCC) is currently the fifth
most common cancer and the third leading cause of
cancer related deaths worldwide[1]. Traditionally, HCC has
been more prevalent in Asia because of the prevalence
of hepatitis B virus (HBV) infection. However, the incidence of HCC in the United States and Europe has risen
in recent years because of increases in the number of
hepatitis C virus (HCV) infections, consequently generating more interest in HCC research and treatment worldwide[2].
Surgical resection is a potentially curative therapy used
to treat early-stage HCC; however, 50% to 80% of resection patients experience recurrence within 5 years[3,4]. Although numerous treatments, including oral and regional
chemotherapy, interferon α and β, preoperative chemoembolization, and adoptive immunotherapy, have been
investigated to reduce HCC recurrence, inconsistent and
inconclusive results have prevented the adoption of these
treatments in clinical practice[5-7]. Hence, there remains a
dire clinical need for an adjuvant therapy to reduce the
risk of postresection HCC recurrence[4,7,8].
There are 2 main types of postresection HCC recurrence. Intrahepatic metastatic recurrences develop from
undetectable HCC dissemination prior to resection. De
novo recurrences develop multicentrically and metachronously in the background liver, usually in patients with
cirrhosis or chronic hepatitis[4,8]. Intrahepatic metastatic
recurrence typically occurs within 2 years following resection, and de novo recurrence typically occurs 2 years
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following resection[6]. Although researchers who have
conducted relevant molecular studies can differentiate
between these types of recurrences to determine appropriate treatment strategies, these strategies are not widely
used in clinical settings[4,8]. Currently, for convenience, recurrence in clinical settings is categorized as early or late,
occurring within or after 2 years postresection, to approximate the likely mode of recurrence. Ideally, adjuvant
therapies used to decrease postresection recurrence can
inhibit both types of recurrence[4].
PI-88, a heparanase inhibitor, reduces HCC recurrence through 3 mechanisms. By inhibiting heparin sulfate (HS) degradation, PI-88 (1) preserves the integrity
of the extracellular matrix (ECM) and (2) suppresses
the release of angiogenic and fibroblastic growth factors
(GFs) from the ECM. Moreover, the strong affinity of
PI-88 to GFs enables PI-88 to (3) aggregate released GFs
and block their activity. The antiangiogenic property of
PI-88 stems from its ability to antagonize GF reception,
and thereby restrict the necessary blood supply for both
intrahepatic metastatic and de novo tumor proliferation.
The antimetastatic property of PI-88 may stem from its
ability to preserve ECM integrity, and thereby decrease
basement invasion to further suppress intrahepatic metastatic recurrences[9-12]. Considering its ability to perform
these dual functions, PI-88 can potentially suppress both
types of HCC recurrences.
To investigate PI-88 as an adjuvant therapy for HCC
recurrence, a randomized, multicenter Simon’s 2-stage
design phase Ⅱ trial was previously conducted to determine its safety, optimal dosage, and preliminary efficacy.
The study results indicated that administering 160 mg/d
for 36 wk postresection was a safe and optimal dosage
that increased recurrence-free survival at 48 wk[13]. This
observational follow-up study to the phase Ⅱ trial was
conducted to determine whether these effects lasted longer than 48 wk and improved overall survival.
In the previous phase Ⅱ study, the primary endpoint
was the recurrence-free survival rate; in this follow-up
study, its more conventional equivalent, disease-free survival (DFS), was assessed. The efficacy endpoints analyzed in this follow-up study included (1) time-to-recurrence (TTR); (2) DFS; and (3) overall survival (OS). DFS
and OS were assessed because both are reliable, clinically
relevant endpoints[8]. This follow-up study also included
subgroup analyses and further investigation to prepare
for the design of a double-blind, randomized phase Ⅲ
confirmatory study.

MATERIALS AND METHODS
Summary of phase Ⅱ study methods
From June 2004 to December 2006, a randomized phase
Ⅱ trial designed according to Simon’s 2-stage design
was conducted in 6 medical centers in Taiwan, to determine the safety and optimal dosage of PI-88 in the
adjuvant setting[14]. In total, 215 patients were screened,
and 172 patients were randomized into 3 groups: 58
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Stage 1: original study
Study treatment time

Stage 2: follow-up study
9 cycles of treatment

No treatment

No treatment

9 mo

3 mo

108 wk (2 yr)

0 wk

36 wk

48 wk

156 wk

Group A
Control
n = 50 (ITT)

Group A
Control
n = 58
8 no
follow-up
consent

Screened n = 215
Randomized n = 172 (ITT)

21 Alive without Rec.

20 Alive with Rec.
8 Dead with Rec.
0 Dead without Rec.
1 Withdrew consent

Group B
160 mg/d
n = 57

Group B
160 mg/d
n = 48 (ITT)
9 no
follow-up
consent

Subgroup
analyses

27 Alive without Rec.

15 Alive with Rec.
4 Dead with Rec.
2 Dead without Rec.
0 Withdrew consent

Group C
250 mg/d
n = 57

Group C
250 mg/d
n = 45 (ITT)
12 no
follow-up
consent

21 Alive without Rec.

15 Alive with Rec.
8 Dead with Rec.
1 Dead without Rec.
0 Withdrew consent

Figure 1 Graphic representation of phase Ⅱ and follow-up study design, timeline and cohort relationships. ITT: Intent-to-treat; Rec.: Recovery.

patients received no treatment, 57 patients received 160
mg/d PI-88, and 57 patients received 250 mg/d PI-88.
PI-88 was provided in lyophilized powder form and
produced by Progen Pharmaceuticals Limited (Brisbane,
Queensland, Australia). As indicated in Figure 1, patients
in Groups B and C received 9 cycles of the respective PI-88 treatments. Each cycle lasted 4 wk: weeks 1
through 3 each consisted of 4 consecutive days of treatment followed by 3 d without treatment; week 4 was a
no-treatment week. After 9 treatment cycles (36 wk), no
treatment was administered in the subsequent 12 wk before the final assessment in week 48. At the end of the
study, data for assessing the safety and efficacy endpoints,
including the tumor recurrence-free rate, TTR, and 1-year
survival rate, were collected[13].
Follow-up study design
During the observational follow-up study, recurrence and
survival data were collected for 2 years to examine the
long-term efficacy of PI-88. All of the participants in the
phase Ⅱ study were invited to participate in the followup study. In the follow-up study, the period between week
48, when the first patient in the phase Ⅱ trial completed
his or her last visit during that week, and week 156, when
the last patient completed his or her last 2-year follow-up
visit, in January 2009 was investigated (Figure 1).
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In both the clinical trial and the follow-up study, all of
the patients received follow-up care according to Taiwanese standard-of-care guidelines: vital signs were checked,
alfa fetoprotein and liver enzyme tests were conducted,
and abdominal ultrasonograph and abdominal computed tomography (CT) scans were taken at outpatient
clinics every 3 mo. CT scans and ultrasonographs were
alternately performed every 1.5 mo. Additional CT scans
were performed when HCC recurrence was suspected.
In patients with HCC recurrence, treatment strategy was
determined by the responsible investigator, basing on
practice guidelines of individual institute. Treatmentrelated adverse events that occurred in the phase Ⅱ trial
were also monitored throughout the follow-up study.
Ethical considerations
The follow-up protocol was approved by the institutional
review board at each center and conformed to the ethical
guidelines of the Declaration of Helsinki and local laws.
Written informed consent was provided by the patient directly or by family members of patients who had passed
away prior to the start of the follow-up study.
Patient demographics and baseline condition
As shown in Figure 1, 143 patients, or 83.1% of those in
the phase Ⅱ study, participated in the follow-up study.
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Table 1 Intent-to-treat patient demographics and baseline characteristic in the follow-up study n (%)
Group A untreated
1
(n = 50)

Group C 250 mg/d
(n = 45)

Overall
(n = 143)

P -value2

52.3 ± 12.6

54.3 ± 11.9

54.2 ± 12.2

0.3565

38 (79.2)
10 (20.8)

37 (82.2)
8 (17.8)

111 (77.6)
32 (22.4)

0.4667

10 (20.8)
38 (79.2)

9 (20.0)
36 (80.0)

32 (22.4)
111 (77.6)

0.7445

35 (72.9)
1 (2.1)
6 (12.5)
6 (12.5)

36 (80.0)
1 (2.2)
3 (6.7)
5 (11.1)

114 (79.7)
3 (2.1)
11 (7.7)
15 (10.5)

0.7547

25 (52.1)
12 (25.0)
6 (12.5)
5 (10.4)
0

26 (57.8)
10 (22.2)
7 (15.6)
2 (4.4)
0

81 (56.6)
35 (24.5)
17 (11.9)
8 (5.6)
2 (1.4)

0.6169

40 (83.3)
8 (16.7)
0

40 (88.9)
5 (11.1)
0

122 (85.3)
20 (14.0)
1 (0.7)

0.6496

46 (95.8)
2 (4.2)
0

43 (95.6)
2 (4.4)
0

137 (95.8)
5 (3.5)
1 (0.7)

0.6702

47 (97.9)
1 (2.1)

44 (97.8)
1 (2.2)

139 (97.2)
4 (2.8)

0.8144

7 (14.6)
23 (47.9)
18 (37.5)

4 (8.9)
26 (57.8)
15 (33.3)

13 (9.1)
83 (58.0)
47 (32.9)

0.2487

20 (41.7)
24 (50.0)
4 (8.3)

12 (26.7)
29 (64.4)
4 (8.9)

51 (35.7)
81 (56.6)
11 (7.7)

0.6023

4 (8.3)
35 (72.9)
9 (18.8)

5 (11.1)
29 (64.4)
11 (24.4)

16 (11.2)
98 (68.5)
29 (20.3)

0.8234

36 (75.0)
11 (22.9)
1 (2.1)

36 (80.0)
8 (17.8)
1 (2.2)

114 (79.7)
27 (18.9)
2 (1.4)

0.7375

42 (87.5)
6 (12.5)

42 (93.3)
3 (6.7)

131 (91.6)
12 (8.4)

0.4493

Group B 160 mg/d
(n = 48)

Age (yr)
mean ± SD
55.9 ± 12.2
Age group (yr)
Age < 65
36 (72.0)
Age ≥ 65
14 (28.0)
Sex
Female
13 (26.0)
Male
37 (74.0)
Alcohol use
Never or rarely
43 (86)
Monthly
1 (2.0)
Weekly
2 (4.0)
Daily
4 (8.0)
Clip stage
0
30 (60.0)
1
13 (26.0)
2
4 (8.0)
3
1 (2.0)
4
2 (4.0)
Ecog performance status score
0
42 (84.0)
1
7 (14.0)
2
1 (2.0)
Child-Pugh score
5/6
48 (96.0)
7
1 (2.0)
8
1 (2.0)
New York Heart Association classification of functional capacity class activity
Class I
48 (96.0)
Class II
2 (4.0)
Differentiation of tumor
Well differentiated
2 (4.0)
Moderately differentiated
34 (68.0)
Poorly differentiated or anaplasia
14 (28.0)
Liver cirrhosis
Absence
19 (38.0)
Presence
28 (56.0)
Not assessed
3 (6.0)
Hepatitis activity
Absence
7 (14.0)
Presence
34 (68.0)
Not assessed
9 (18.0)
Vein invasion (microscopic)
Absence
42 (84.0)
Presence
8 (16.0)
Not assessed
0 (0)
Macro vascular invasion
Absence
47 (94.0)
Presence
3 (6.0)
1

Includes 1 patient who withdrew consent during follow-up study; 2P-value on Age is by using analyses of variance, on CLIP stage by using CochranMantel-Haenszel modified ridit scores for mean scores difference, on others by using χ2 test. Differences in patient demographics and baseline characteristics
were not statistically significant.

Of these patients, 50 patients received no treatment
(Group A), 48 patients received 160 mg/d PI-88 (Group
B), and 45 patients received 250 mg/d PI-88 (Group C).
A logistic regression model was used to explore disparities in the baseline characteristics (1) among Groups A, B,
and C in the follow-up study; and (2) between the phase
Ⅱ and follow-up study cohorts. The investigated baseline factors included tumor features, Cancer of the Liver
Italian Program score, Eastern Cooperative Oncology
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Group performance score, Child-Pugh status, viral hepatitis activity, and vascular invasion (Table 1).
Statistical analysis
Of the participants in the phase Ⅱ trial, 24 patients did
not participate in the follow-up study. These individuals
are not represented in the follow-up study data; they were
counted at the end of the phase Ⅱ study (week 48) to
achieve conservative endpoint estimations for all of the
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Table 2 Other treatment or medication for recurrent hepatocellular carcinoma during the 156 wk follow-up period n (%)
Anti-HCC therapy

Group A untreated (n = 58) Group B 160 mg/d (n = 56) Group C 250 mg/d (n = 54) Total (n = 168)

At least one shown below
Chemotherapy
Percutaneous ethanol injection therapy
Radiofrequency ablation
Radiotherapy
Surgical resection
Transcatheter arterial
chemoembolization
Thalidomide
Liver transplantation
Sorafenib
New clinical trial

22 (37.9)
3 (5.2)
2 (3.4)
2 (3.4)
3 (5.2)
5 (8.6)
18 (31.0)

17 (30.4)
4 (7.1)
3 (5.4)
3 (5.4)
1 (1.8)
5 (8.9)
11 (19.6)

22 (40.7)
4 (7.4)
3 (5.6)
3 (5.6)
1 (1.9)
7 (13.0)
15 (27.8)

61 (36.3)
11 (6.5)
8 (4.8)
8 (4.8)
5 (3.0)
17 (10.1)
44 (26.2)

2 (3.4)
0 (0.0)
1 (1.7)
3 (5.1)

1 (1.8)
1 (1.8)
1 (1.8)
1 (1.8)

1 (1.9)
1 (1.9)
1 (1.9)
6 (11.3)

4 (2.4)
2 (1.2)
3 (1.8)
10 (6.0)

HCC: Hepatocellular carcinoma.

3-year study data.
Efficacy endpoints of interest in this study included
(1) TTR; (2) DFS; and (3) OS. TTR, DFS, and OS were
respectively defined as the time until each of the following events occurred: recurrence only, recurrence or death
(unrelated to HCC recurrence), and death only; patients
who withdrew consent were included until their dropout times. The DFS event time for patients whose deaths
were recurrence-related was defined as the time of recurrence.
The Kaplan-Meier estimator was used to determine
TTR, DFS, and OS probabilities. TTR Hazard ratios were
calculated using a Log rank test [logS(t, treated)/logS(t,
untreated)]. Fisher’s exact test was used to determine
the statistical significance of the differences in the TTR,
DFS, and OS probabilities among the 3 groups.
Subgroup analyses
Subgroup analyses were conducted to determine the efficacy of PI-88 administered at 160 mg/d in reducing HCC
recurrence in patients with tumors and host factors that
influence recurrence. Patients with multiple tumors, or a
single tumor ≥ 2 cm, were included in the intermediaterisk subgroup. Patients with both (1) multiple tumors or
a single tumor ≥ 2 cm; and (2) chronic hepatitis B or C
infection were included in the high-risk subgroup[5]. DFS,
the rate of DFS improvement, and statistical significance
were calculated for both of the subgroups with respect
to the controls.
To investigate the effects of patient population heterogeneity as suggested by Forner and Roayaie[15], statistical analyses comparing the recurrence trends between
cohorts, including and excluding Child-Pugh class B patients, were conducted.

RESULTS
Summary of phase Ⅱ study results
In addition to being safe and well-tolerated throughout
the 9 treatment cycles, PI-88 administered at 160 mg/d
demonstrated the following efficacy improvements
compared with those of the control group: (1) the recurrence-free rate increased from 50% to 63% and (2) TTR
WJG|www.wjgnet.com

at the 36th percentile was postponed by 78%. The efficacy
of administering PI-88 at 250 mg/d was confounded by
a high dropout rate (11 out of 54 patients); the higher
dosage was not determined to confer additional clinical
advantages. Overall, the results supported the possible
efficacy of administering PI-88 at 160 mg/d in decreasing and delaying recurrence, and prolonging disease-free
survival in the short term[13,15].
Patient demographics
Statistical analyses revealed that the patient baseline demographics and tumor statuses among the 3 groups in
the follow-up cohort, and between the respective followup and phase Ⅱ study groups, were not significant.
Treatment of recurrent HCC
Overall, during the 156 wk follow-up period, 61 (36.3%)
of the 168 patients received treatment for recurrent
HCC. The details of treatment strategies among different
groups of patients are shown in Table 2.
Safety profiles
As shown in Table 3, only thrombocytopenia and elevated serum aminotransferase levels persisted from the
phase Ⅱ study to the follow-up study. Common treatment-related adverse effects (AEs), such as neutropenia,
injection site pain and hemorrhage, and the prolongation
of activated partial thromboplastin time, were not observed in the follow-up study up to week 156[13]. Higher
incidences of elevated serum aminotransferase levels in
the 250 mg/d group were detected before week 60 (3
mo of follow-up). However, in the absence of antiHBV
or anti-HCV treatment, most liver enzyme abnormalities
returned to normal by the end of the first year of the
follow-up study (week 102).
Compliance: We defined compliance in those subjects
who received ≥ 80% of the required doses (12 doses/
cycle × 9 cycles × 80%). Rate of compliance in Groups
B and C is shown in Table 4, categorized by drop-out
status. In general, compliance was lower in Group C than
that in Group B. For those subjects remaining in the
phase Ⅱ study, the rate of compliance was also lower in
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Table 3 Adverse events (with > 5% incidence) possibly related to treatment observed at the end of the phase Ⅱ study and in the
follow-up study n (%)
Timeline

Week-48
End of phase Ⅱ study

Week-60
3 mo into follow-up study

Week-102
1 yr into follow-up study

Week-156
End of follow-up study

2 (4.2)
3 (6.7)
0.671

2 (4.2)
3 (6.7)
0.671

0 (0.0)
3 (6.7)
0.109

2 (4.2)/3 (6.3)
7 (15.6)/7 (15.6)
0.0843/0.1893

2 (4.2)/1 (2.1)
2 (4.4)/1 (2.2)
1.0000/1.0000

1 (2.1)/0 (0.0)
1 (2.2)/1 (2.2)
1.0000/0.4839

MedDRA system
Blood and lymphatic system disorders: Thrombocytopenia
Group B: 160 mg/d
2 (4.2)
Group C: 250 mg/d
3 (6.7)
P-value1
0.671
Investigations; elevated ALT/elevated AST
Group B: 160 mg/d
2 (4.2)/3 (6.3)
Group C: 250 mg/d
7 (15.6)/7 (15.6)
P-value1
0.0843/0.1893
1

Fisher’s exact test. Treatment-related adverse events that were observed only in the phase Ⅱ study are excluded. All adverse events in the 160 mg/d
treatment group reverted to baseline levels by the end of the follow-up study. Adverse events were more frequently observed in the 250 mg/d treatment
group. ALT: Alanine aminotransferase; AST: Aspartate aminotransferase.

1

Table 4 Rate of compliance categoried by drop-out status n (%)
Drop-out status

Group B 160 mg/d (n = 56)

Group C 250 mg/d (n = 54)

P -value2

5
3 (60.0)
2 (40.0)
51
11 (21.6)
40 (78.4)

11
10 (90.9)
1 (9.1)
43
15 (34.9)
28 (65.1)

0.214

Drop-outs without recurrence
< 80% compliance
≥ 80% compliance
Non-withdrawal subjects
< 80% compliance
≥ 80% compliance
1

0.171

2

≥ 80% compliance denotes received ≥ 80% of required doses (12 doses/cycle × 9 cycles × 80); Fisher’s exact test.
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Figure 2 3-year probability for Groups A, B and C. A: Time-to-recurrence; B: Disease-free survival.

Group C compared with Group B although not statistically significant.
Efficacy endpoint analyses
TTR: TTR at the 48th percentile for Groups A, B, and C
occurred in weeks 95.1, 143.9, and 94.4, respectively (Figure 2A). Compared with Group A, the TTR of Group
B increased by 51.3%, which represents a hazard ratio
of 0.688. Although this hazard ratio was not statistically
significant, the TTR curve difference between Groups
A and B was more pronounced than between Groups A
and C throughout the course of the 3-year study. Table

WJG|www.wjgnet.com

3 also shows that Group B demonstrated substantial,
although not statistically significant, rates of TTR improvement compared with those of Group A at weeks
48 (35.1%) and 156 (21.8%).
DFS: As shown in Figure 2B, the DFS trends for Group
B were more distinct compared with those of Groups
A and C throughout the 3-year study. Although the
DFS probabilities at the end of the 3-year study of both
Groups A (38.5%) and B (49.4%) were lower than the respective probabilities at week 48 (54.1% and 68.4%), the
magnitude of the rate of DFS improvement observed
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Table 5 Summary of time-to-recurrence, disease-free survival probability, and overall survival results from the follow-up study n (%)
Phase Ⅱ study
Week-48
Group A untreated
Group B 160 mg/d

Probability

TTR probability1
Difference
95%CI
Rate of improvement2
P value3
DFS probability4
Difference
95%CI
Rate of improvement
P value
OS probability
Difference
95%CI
Rate of improvement
P value

45.9%

29.8%
-16.1%
-33.6-1.5
35.1%
0.086
68.4%
14.3%
-3.4-32.0
26.4%
0.129
88.6%
-2.3%
-13.4-8.8
-2.5%
0.760

54.1%

90.9%

3-yr study
Week-156
Group A untreated
Group B 160 mg/d
61.5%

38.5%

81.0%

48.1%
-13.4%
-31.5-4.7
21.8%
0.187
49.4%
10.8%
-7.3-29.0
28.1%
0.257
82.8%
1.7%
-12.4-15.9
2.2%
1.000

1,4

Values from Figure 2 respectively; 2Percent change in endpoint probability of treated group from untreated control; 3Fisher’s exact test. Although not
statistically significant, time-to-recurrence (TTR) and disease-free survival (DFS) probabilities and rates of improvements in the 160 mg/d group indicate
substantial clinical advantages. Similarities in the two rates of DFS improvement indicate that the clinical benefits of 36 wk of treatment with 160 mg/d
PI-88 persisted for up to 3 years. Despite the clinical survival benefits indicated by DFS, overall survival (OS) benefits were inconclusive.

Table 6 Subgroup analyses comparing disease-free survival probabilities of the 160 mg/d group to their respective controls in the
phase Ⅱ and follow-up studies
Subgroup analyses

Phase Ⅱ study
Week 48
Group A untreated
Group B 160 mg/d

Study cohort
DFS probability
54.1%
68.4%
Difference
14.3%
95%CI
-3.4-32.0
Rate of improvement1
26.4%
P value2
0.129
Intermediate-risk group (multiple or single tumor ≥ 2 cm)
DFS probability
45.1%
63.8%
Difference
18.7%
95%CI
-0.8-38.2
Rate of improvement
41.5%
P value
0.104
High-risk group (multiple or single tumor ≥ 2 cm and positive HBV/HCV infection)3
DFS probability
41.4%
64.9%
Difference
23.5%
95%CI
2.0-45.0
Rate of improvement
56.8%
P value
0.045

3-yr study
Week 156
Group A untreated
Group B 160 mg/d
38.5%

49.4%
10.8%
-7.3-29.0
28.1%
0.257

33.0%

48.4%
15.4%
-3.9-34.7
46.6%
0.150

29.6%

46.4%
16.8%
-4.4-38.1
56.8%
0.163

1,2

Table 3 footnote 2 and 3; 3 Values from Figure 3. The clinical benefits of 160 mg/d PI-88 were more pronounced in intermediate and high-risk groups.
Statistically significant survival benefits were observed in the high-risk group at the end of the phase Ⅱ study. TTR: Time-to-recurrence; DFS: Disease-free
survival; OS: Overall survival; HBV: Hepatitis B virus; HCV: Hepatitis C virus.

at week 48 (26.4%) was maintained up to the end of the
follow-up study (28.1%).
OS: As shown in Table 5, the OS probabilities of Groups
A and B were comparable at the end of the phase Ⅱ and
follow-up studies. Although the OS of Group A was
higher than that of Group B at week 48, this trend was
reversed at week 156.
Subgroup analyses
Table 6 illustrates the effects of PI-88 on patients with
WJG|www.wjgnet.com

tumors and host factors that influence recurrence. Two
trends were observed: First, a correlation between DFS
improvement and the number of risk factors promoting
recurrence was determined. Numerically, this was demonstrated by the increase in DFS improvement in the untreated subgroups from 26.4% to 56.8% at week 48 and
from 28.1% to 56.8% at week 156. Similarly, the most
significant DFS improvement rate was observed in the
high-risk subgroup. Second, the phase Ⅱ cohort exhibited a slightly higher rate of DFS improvement compared
with that of the respective 3-year cohorts. Overall, only
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the high-risk cohort achieved a statistically significant
DFS improvement (56.8%) at the end of the phase Ⅱ
study (P = 0.045).
The results of the Child-Pugh class A and B subgroup analysis were inconclusive because neither a clinical nor statistical difference was demonstrated (data not
shown).

DISCUSSION
The results of this follow-up study corroborated the
findings of the phase Ⅱ study: PI-88 administered at 160
mg/d is well-tolerated and may be effective in reducing
HCC recurrence. Furthermore, previously observed clinical benefits during the initial 36 wk of active treatment
persisted for up to 3 years with minimal AEs. Because
numerous premature withdrawals caused by treatment-related toxicities occurred, PI-88 administered at 250 mg/d
(Group C) did not confer significant clinical benefits. The
following discussion focuses on the 160 mg/d dosage.
Overall, these results suggest that PI-88 administered
at 160 mg/d may confer clinical benefits on HCC patients whose tumors have been surgically removed with
curative intent. The 36-wk 160 mg/d PI-88 treatment
delayed median TTR to over 3 years, and decreased the
3-year TTR probability by 21.8%. In addition to delaying
the onset and decreasing the frequency of recurrence,
PI-88 treatment also conferred survival advantages; the
DFS rate of the 160 mg/d cohort, 49.4%, was the highest rate observed among the cohorts and demonstrated a
28.1% improvement compared with that of the control
group. Similar DFS improvements observed at the end
of the phase Ⅱ and follow-up studies (26.4% and 28.1%)
suggest that the survival benefits of short term PI-88
treatment were maintained for 2 additional years without
implementing additional treatment. The OS results, as
expected in a small population study for adjuvant cancer
therapy, were inconclusive. Although the clinical benefits
did not reach statistical significance, active treatment was
limited to only 36 wk in the original phase Ⅱ study, and
the prolonged use of 160 mg/d PI-88 may result in more
pronounced benefits; further trials are necessary to verify
this.
Patient stratification observed using subgroup analyses further supported PI-88 efficacy. Because the presence of multiple tumors or a single tumor ≥ 2 cm was
correlated with high degrees of intrahepatic tumor spread
and vascular invasion[5], patients with multiple tumors
or a single tumor ≥ 2 cm, together with chronic HBV
and HCV infection, are more susceptible to recurrence
after surgery. The decreasing DFS probabilities in the
untreated cohort exemplify this trend (Table 4). Moreover, the constant DFS probabilities and increasing DFS
improvements in the treated intermediate-risk and highrisk groups reinforce the efficacy of PI-88 in reducing
recurrence, and also suggest that its effects may be more
pronounced in patients with factors that promote HCC
recurrence.

WJG|www.wjgnet.com

The high-risk subgroup exhibited a DFS improvement of 56.8% at the end of the phase Ⅱ study (P =
0.045), and this result was statistically significant. Although this rate of DFS improvement was maintained up
to the end of this follow-up study, the magnitude of this
improvement was not statistically significant (P = 0.163).
This suggests that the change in DFS improvement is
not a reflection of PI-88 treatment efficacy; instead, it is
possibly a reflection of the decrease in sample size, which
may have prevented clinically significant benefits from
reaching statistical significance. Thus, a larger patient
population is required in the phase Ⅲ study to verify the
statistical significance of the clinical efficacy of PI-88.
As per expert suggestion[8,15], the TTR and OS endpoints were also assessed in this follow-up study. The
TTR endpoint effectively revealed the efficacy of PI-88
in delaying recurrence. Although certain regulatory agencies prefer using OS as a measure of efficacy, properly
powering OS as an early-stage cancer adjuvant therapy
may be difficult for multiple reasons. One reason is that
other therapeutic modalities, such as alternative medicine,
may confound the efficacy and survival advantages of the
treatment under study. Another reason is that, because
resection is potentially curative, the extended observation
time may have allowed deaths unrelated to the treatment
or HCC recurrence to confound the study data. Finally,
compliance to PI-88 and access to other therapy or medicine for the treatment of recurrent HCC may also confound the OS. In this observation study, treatment strategy for the recurrent tumor was determined individually
by the investigator. Selection bias may significantly influence the overall outcomes of HCC recurrence, which
however could not be controlled. Thus, the inconsistent
OS probabilities observed in this study may be attributed
to these reasons or to the limited sample size.
To investigate the implications of patient heterogeneity, as suggested by Forner and Roayaie[15], subgroup
analysis excluding the 4 (2 patients each from Groups A
and B) borderline Child-Pugh B patients was performed.
Unfortunately, because of the small sample size, the results were inconclusive (Figure 3).
The results of this study were consistent with the
known mechanisms of PI-88. As a heparanase inhibitor,
PI-88 (1) antagonizes interactions between angiogenic
GFs and their receptors; (2) inhibits the release of HSbound angiogenic and fibroblastic GFs; and (3) inhibits
the heparanase degradation of ECM[9]. Collectively, these
mechanisms produce the antiangiogenic and antimetastatic effects of PI-88, enabling it to simultaneously reduce intrahepatic metastatic and de novo HCC recurrences.
However, because the causes of de novo recurrences are
multifactorial, administering combinational therapy using agents with various mechanisms, such as antiviral or
other molecular target agents, may confer even greater
clinical benefits[16-18].
In addition to limitations in sample size, additional
factors may have precluded the attainment of more statistically significant outcomes in this study. Because active
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Figure 3 Subgroup analysis of 3-year disease-free survival probability for
high-risk subgroups in Groups A, B and C.

cancer treatments are typically administered until either
progression or recurrence occurs, prolonged active PI-88
treatment may have conferred even more favorable survival benefits than those observed. Moreover, because resection is potentially curative, extrapolating the length of
time required to achieve statistically significant outcomes
is difficult, especially because resection and death rates
are declining because of technological advances[19,20].
Overall, the findings of this follow-up study are consistent with the findings of the original study, and provide
insights that can be used to aid the design of a more conclusive phase Ⅲ trial for the approval of adjuvant PI-88.
High tumor recurrence rates and the lack of a standard
of care following resection have created a dire need for
adjuvant HCC agents; based on the results of the current
study, PI-88 is a promising candidate for fulfilling that
need.

As a heparanase inhibitor, PI-88 (1) antagonizes interactions between angiogenic growth factors and their receptors, (2) inhibits the release of heparin
sulfate-bound angiogenic and fibroblastic growth factors, and (3) inhibits the
heparanase degradation of extracellular matrix. Collectively, these mechanisms
produce the antiangiogenic and antimetastatic effects of PI-88, enabling it to
simultaneously reduce intrahepatic metastatic and de novo HCC recurrences.

Peer review

The authors present an important follow-up study of outcomes following PI-88
treatment as adjuvant therapy for hepatocellular carcinoma. This study was well
done and well-presented.
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Abstract
AIM: To determine the utility of the Asia-Pacific
colorectal screening (APCS) scoring system and metabolic syndrome components in individual screening for
sporadic colorectal cancer.
METHODS: The subjects were patients admitted to
the Peking University People’s Hospital for colonoscopy
between October 2012 and July 2013. Clinical information, including patient willingness to undergo colonos-
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copy, medical history, endoscopic findings, histology,
and other information, was collected, and the patients
were grouped according to APCS scores and the presence of metabolic syndrome components. Colorectal
tumor detection rates were compared between the
groups.
RESULTS: A total of 219 patients were included in the
study, 108 were male and 111 were female, resulting in a male-to-female ratio of 1:1.03. The average
age of the patients was 56.8 ± 13.7 years. According
to APCS scores, 88 (40.2%) patients were included
in the average-risk (AR) group, 113 (51.6%) patients
were included in the moderate-risk (MR) group, and
18 (8.2%) patients were included in the high-risk (HR)
group. Colorectal tumors were detected in 69 (31.5%)
subjects, and the detection rates in the AR, MR, and
HR groups were 15.9%, 36.3%, and 77.8%, respectively. The difference in the detection rates between
the three groups was statistically significant (P < 0.01).
The combined detection rate of colorectal tumors in
the APCS MR and HR groups was 42.0%. However,
patients in the MR and HR groups who presented with
metabolic syndrome components, in particular obesity, exhibited a significantly higher colorectal tumor
detection rate (59.5%) than did those without these
components (19.2%, P < 0.01) and those who underwent colonoscopy because of doctor’s recommendation
(36.5%, P < 0.01).
CONCLUSION: The APCS scoring system can be used
in individual screening for sporadic colorectal cancer.
The combined use of APCS scores and the metabolic
syndrome components, in particular obesity, will significantly improve the efficacy of individual colorectal
cancer screening.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: This study assessed the utility of the AsiaPacific colorectal screening (APCS) scoring system and
the presence of metabolic syndrome components in
outpatient screening for colorectal cancer (CRC) by
stratifying individuals according to these parameters.
The APCS scoring system can be used in individual
screening for sporadic CRC. The combined use of APCS
scores and the metabolic syndrome components, in
particular obesity, will significantly improve the efficacy
of colorectal cancer screening.
Wang JY, Li ZT, Zhu YM, Wang WC, Ma Y, Liu YL. Utility of the Asia-Pacific colorectal screening scoring system and
the presence of metabolic syndrome components in screening
for sporadic colorectal cancer. World J Gastroenterol 2014;
20(32): 11394-11399 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11394.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11394

INTRODUCTION
Colorectal cancer (CRC) is one of the most common malignant tumors worldwide[1-3]. Both the incidence and associated mortality rates of CRC in China have increased
because of improved standards of living and changes in
eating habits[4]. In most cases, CRC is sporadic and develops from adenomas. As effective CRC prevention methods are lacking, the best method to prevent the morbidity
associated with CRC is to improve the detection rate
of early-stage disease. A growing body of evidence has
shown that detection and elimination of lesions at the
precursor or early stage can reduce both the incidence
of and mortality from CRC[5]. The decreased incidence
of CRC in the United States over the past 2 decades has
been attributed by some efficient CRC screening[6].
Many studies have recommended screening programs
for CRC[7-9]. Among them, the Asia-Pacific colorectal
screening[2] (APCS) system, reported in 2011, uses age,
gender, a family history of colorectal tumors, and smoking history as the factors to calculate scores. Individuals
are categorized into 3 groups according to these scores:
the average-risk (AR), moderate-risk (MR), and high-risk
(HR) groups. Colonoscopy is recommended for individuals in the HR group. The APCS scoring system is simple
and convenient for outpatient screening; however, it was
proposed only recently, and therefore, its effectiveness
requires further evaluation. Because the APCS system
was established using asymptomatic individuals, whether
it is useful for individual screening in symptomatic outpatients was discussed in this study.
Metabolic syndrome (MS) comprises the metabolic
risk factors of cardiovascular disease and type 2 diabetes, which mainly include obesity, dyslipidemia, hyper-
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tension, hyperglycemia, and insulin resistance[10]. Because
of the adoption of Western dietary habits and life-style,
many Asian countries have witnessed a substantial increase in the prevalence of obesity and MS over the past
few decades[11,12].
A large number of epidemiological studies have
shown that MS components are closely related to the occurrence of colorectal tumors[13-17]. However, the APCS
scoring system does not incorporate MS components.
Therefore, in this study, we assessed the utility of the
APCS system and the presence of MS components in
outpatient screening for CRC by stratifying individuals
according to these parameters.

MATERIALS AND METHODS
Subjects
We selected patients who were admitted to the Peking
University People’s Hospital for colonoscopy between
October 2012 and July 2013. The exclusion criteria were
as follows: age less than 20 years or more than 90 years;
familial adenomatous polyposis or hereditary non-polyposis CRC; and inflammatory bowel disease.
The study was approved by the Ethical Committee
of Peking University People’s Hospital. All the patients
enrolled in the study were well informed and signed the
informed consent.
Methods
We collected the clinical information of patients, including gender; age; body mass index (BMI); history of
hypertension, high blood glucose levels, dyslipidemia,
alcohol consumption, smoking, and cancer; and the history of CRC in immediate family members. Additionally,
we determined the reasons for which patients underwent
colonoscopy: whether the patient volunteered to undergo
these examinations or whether these examinations were
recommended by their doctors.
The colonoscopy findings and tumor pathology results were reviewed. Colorectal tumors were classified as
non-advanced tumors (tubular adenoma with a maximum
diameter < 1 cm, without severe dysplasia) or advanced
tumors (tubular adenoma with a maximum diameter ≥
1 cm, villous or tubulovillous adenoma, adenoma with
severe dysplasia, or cancer).
The subjects were divided into the AR, MR, and HR
groups according to APCS scores, which were assigned
as follows: age: < 50 years = 0 points, 50-69 years = 1
point, ≥ 70 years = 2 points; gender: female = 0 points,
male = 1 point; immediate family member with CRC:
no = 0 points, yes = 1 point; and smoking status: no
smoking history = 0 points, current or former smoker =
1 point. On the basis of the cumulative scores, patients
were classified into the following groups: AR = 0-1, MR
= 2-3, and HR = 4-7.
In this study, the MS components and related diseases
that were evaluated were obesity (BMI ≥ 25 kg/m2),
hyperlipidemia, hypertension, and diabetes. According to
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Table 2 Effect of the presence of metabolic syndrome
components on the colorectal tumor detection rate n (%)

Table 1 Comparison of the colorectal tumor detection rates
in patients in the different Asia-Pacific colorectal screening
risk groups n (%)

Groups

A
B
C
B+C
(n = 52) (n = 39) (n = 40) (n = 79)

AR (n = 88) MR (n = 113) HR (n = 18)

Groups
Colorectal tumor
Non-advanced tumor
Advanced tumor

14 (15.9)
12 (13.6)
2 (2.3)

41 (36.3)b
30 (26.5)a
11 (9.7)a

Colorectal tumor
Non-advanced tumor
Advanced tumor

14 (77.8)bd
9 (50)bc
5 (27.8)bc

a

P < 0.05, bP < 0.01 vs AR group; cP < 0.05, dP < 0.01 vs MR group. AR:
Average-risk; MR: Moderate-risk; HR: High-risk.

RESULTS
General characteristics
Among the 219 enrolled patients, 108 were male and 111
were female, resulting in a male-to-female ratio of 1:1.03.
The average age of the patients was 56.8 ± 13.7 years.
Among the 219 patients, 52 (23.8%) had a history of
colorectal polyps and 4 had a history of CRC. Colorectal
tumors were detected in 69 patients (31.5%); of these,
14 (15.9%) were in the AR group, 41 (36.3%) were in
the MR group, and 14 (77.8%) were in the HR group.
Further, 51 patients (23.3%) had non-advanced tumors
and 18 (8.2%) had advanced tumors, including 9 cases of
invasive carcinoma.
Effect of stratification according to APCS scores on the
colorectal tumor detection rate
According to the APCS criteria, of the 219 patients, 88
(40.2%) were in the AR group, 113 (51.6%) were in the
MR group, and 18 (8.2%) were in the HR group. The
colorectal tumor detection rates for the AR, MR, and
HR groups were 15.9%, 36.3%, and 77.8%, respectively,
and the differences between the groups were statistically
significant (Table 1). The combined detection rate of the
MR and HR groups was 42.0%.
Effect of the presence of MS components on the
colorectal tumor detection rate
A sub-group analysis was performed on the 131 patients
in the APCS MR and HR groups. Based on the presence
of MS components and related diseases, these patients
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22 (56.4)b
14 (35.9)a
8 (20.5)b

25 (62.5)b 47 (59.5)b
16 (40)a
30 (38.0)a
b
9 (22.5) 17 (21.5)b

P < 0.05, bP < 0.01 vs group A.

a

Table 3 Comparison of the colorectal tumor detection rates
for different screening programs n (%)

the presence of MS components and related disorders,
individuals in the APCS MR and HR groups were further
stratified and colorectal tumor detection rates were compared between individuals who did and those who did
not have these MS components and related diseases to
determine their utility in CRC screening.
Statistical analysis
All data were analyzed using IBM SPSS Statistics 20 software (SSPS, Inc., Chicago, IL, United States). Continuous
variables with a normal distribution were presented as
means ± SD. Categorical data were presented as percentages (%) and were analyzed using the χ 2 test or Fisher’s
exact test, with a significance level of a = 0.05. A P value
of < 0.05 was considered statistically significant.

10 (19.2)
9 (17.3)
1 (1.9)

Groups

Colorectal
tumor
Non-advanced
tumor
Advanced
tumor

APCS
APCS
Doctor
Patient
volunteered recommended MR/HR MR/HR with
obesity (G)
(F)
(E)
(D)
(n = 126) (n = 131) (n = 79)
(n = 41)
6 (14.6)

46 (36.5)b

55 (42.0)b

47 (59.5)bde

5 (12.2)

33 (26.2)

39 (29.8)a

30 (38.0)b

1 (2.4)

13 (10.3)

16 (12.2)

17 (21.5)bc

a
P < 0.05, bP < 0.01 vs group D; cP < 0.05, dP < 0.01 vs group E; eP < 0.05 vs
group F. APCS: Asia-Pacific colorectal screening; MR: Moderate-risk; HR:
High-risk.

were divided into 3 groups: group A (control group),
BMI < 25 kg/m2 and no MS components; group B, BMI
2
≥ 25 kg/m with 1 or no MS components; and group
C, BMI ≥ 25 kg/m2 with 2-3 MS components. The
colorectal tumor detection rates were as follows: group A,
19.2% (10/52); group B, 56.4% (22/39); group C, 62.5%
(25/40); and group B + C, 59.5% (47/79). Statistical
analysis revealed that the values of groups B and C were
significantly different from that of group A; however, the
difference between groups B and C was not statistically
significant (Table 2).
Comparison of the colorectal tumor detection rates for
different screening programs
On the basis of their reasons for undergoing colonoscopy, patients were divided into groups D (those who
volunteered to undergo colonoscopy) and E (those who
underwent colonoscopy based on their doctor’s recommendation), and the colorectal tumor detection rates
were compared between the two groups. These data were
also compared to those of the APCS MR/HR group
(group F) and the APCS MR/HR group with obesity
(BMI ≥ 25 kg/m2 with or without other MS components; group G). The colorectal tumor detection rate was
significantly higher in group E than in group D (P < 0.01),
whereas this rate was significantly higher in group G than
in group E (P < 0.01) and in group F (P < 0.05; Table 3).

DISCUSSION
Researchers at the National University of Singapore
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conducted a study on tertiary hospitals in 11 Asian cities,
including 2752 asymptomatic individuals who underwent
screening colonoscopy. The researchers developed the
APCS scoring system based on the results of multivariate logistic regression analysis of the risk factors for
colorectal tumors[9]. In the validation group, the rates
of advanced neoplasia in the AR, MR, and HR groups
were 1.3%, 3.2%, and 5.2%, respectively. Patients in the
MR and HR groups had a 2.6-fold (95%CI: 1.1-6.0) and
4.3-fold (95%CI: 1.8-10.3) higher rate of advanced neoplasia, respectively, than patients in the AR group. In our
study, we observed colorectal tumor detection rates of
15.9%, 36.3%, and 77.8%, respectively, for the AR, MR,
and HR groups, and the detection rates for advanced
colorectal tumor were 2.3%, 9.7%, and 27.8% in these
groups, respectively. The differences in the detection
rates between the 3 groups were statistically significant,
suggesting that APCS scoring system was useful in
colorectal tumor screening for symptomatic outpatients,
although the APCS scoring system was established using
asymptomatic individuals. In addition, the APCS scoring
system is simple and convenient for clinical use. In this
study, the colorectal tumor detection rate was significantly higher than that in the APCS study; a possible reason for this difference is that many patients who visited
the clinic had related symptoms and risk factors such as
a history of colorectal polyps or CRC. Patients with a
history of colorectal polyps might have recurrence rates
exceeding 55.7%[15], and therefore, the colorectal tumor
detection rate is higher in those patients than in the general population.
Numerous studies have indicated that MS components
and related diseases are significantly associated with the
development of colorectal tumors, and MS is a significantly independent element that influences the survival of
the CRC[14-18]. Obesity is a key component of MS[19], and
systematic reviews[20,21] revealed that obesity is a statistically significant risk factor for CRC. Therefore, we further
stratified patients in the MR and HR groups according to
these risk factors. When patients in the MR/HR group
were stratified according to the presence of obesity, the
colorectal tumor detection rate significantly increased
(59.5% vs 19.2% for the MR/HR group without obesity,
P < 0.01). Thus, MS components, especially obesity, are
closely related to the onset of colorectal tumors.
Our previous studies[15,16] demonstrated that an increase in the number of MS components is related to
an increased proportion of advanced colorectal tumors
among all colorectal tumors. The number of MS components is also related to tumor recurrence. Patients with
colorectal tumors that are not associated with any MS
components have a recurrence rate of 18.42% within 1-3
years after initial treatment, whereas those with 1, 2, or
≥ 3 components have recurrence rates of 59.52%, 75%,
and 77.78%, respectively. This finding suggests that the
number of MS components is positively correlated with
the risk of colorectal tumor development. This study revealed that the colorectal tumor detection rate increased
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as the number of MS components increased; however,
this increase did not reach statistical significance, which
was probably due to the small sample size.
Individual screening, also known as opportunistic
screening, comprises clinical screening and a face-toface examination. This may be performed when patients
request screening from doctors or doctors prescribe
screening tests on the basis of the presence of risk factors. In fact, most early CRC diagnoses in China result
from individual screening recommended by doctors in
hospital[22]; however, neither doctors nor patients have
clear guidelines to follow. In China, the CRC screening
program involves screening methods such as the sequential fecal occult blood initial screening method[23]. Even
with immunoassays of fecal occult blood, the detection
rate of early-stage CRC is relatively low[23,24]. Thus, in
CRC screening programs, a survey of high-risk factors
for CRC should be emphasized, so that patients in the
high-risk group can undergo screening colonoscopy without delay.
According to former studies, the extent of knowledge regarding CRC that primary care doctors and the
general population have greatly influences compliance
with CRC screening[25,26]. Given the limited medical resources, we should identify high-risk patients for prior
colonoscopy screening. In the clinic, doctors’ decisions
are greatly influenced by personal experiences. Most doctors are not familiar with specific CRC screening principles, and many patients fear colonoscopy. This study
illustrated that the combined use of the APCS score and
the presence of MS components such as obesity had
a significantly better effect on CRC screening than did
physician advice or the patient’s willingness to undergo
colonoscopy. We suggest that the effects of the APCS
scores as well as those of MS components on CRC
onset be advocated in doctors and among the general
population. Increased compliance with CRC screening
should be ensured among patients in the APCS MR/HR
group, especially among those with MS components,
particularly obesity, to increase the efficiency of individual CRC screening programs and promote the accumulation of experiences and data that will provide evidence
for improving CRC screening in China.
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duced (23.1%). Changes in the urine excretion volume,
abdominal circumference and edema were assessed.
The serum sodium levels were also measured, and adverse events were recorded. A follow-up assessment
was conducted 1 mo after treatment with tolvaptan.

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To evaluate the efficacy and safety of tolvaptan
to treat refractory ascites in decompensated liver cirrhosis patients with or without further complications,
such as hepatorenal syndrome and/or hepatocellular
carcinoma.

Key words: Tolvaptan; Refractory ascites; Hyponatremia; Decompensation; Liver cirrhosis

METHODS: Thirty-nine patients (mean age 55 years,
males: 32) with decompensated liver cirrhosis and
refractory ascites were enrolled. All patients received
a combination of tolvaptan (15 mg/d for 5-14 d) and
diuretics (40-80 mg/d of furosemide and 80-160 mg/d
of spironolactone). The etiology of cirrhosis included
hepatitis B (69.2%), hepatitis C (7.7%) and alcohol-in-
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RESULTS: Tolvaptan increased the mean urine excretion volume (1969.2 ± 355.55 mL vs 3410.3 ± 974.1
mL, P < 0.001), and 89.7% of patients showed improvements in their ascites, 46.2% of whom showed
significant improvements. The overall efficacy of
tolvaptan in all patients was 89.7%; the efficacies in
patients with hepatocellular carcinoma and hepatorenal
syndrome were 84.2% and 77.8%, respectively. The
incidence of hyponatremia was 53.8%. In patients with
hyponatremia, the serum sodium levels increased after tolvaptan treatment (from 128.1 ± 4.22 mEq/L vs
133.1 ± 3.8 mEq/L, P < 0.001). Only mild drug-related
adverse events, including thirst and dry mouth, were
observed.
CONCLUSION: Tolvaptan is a promising aquaretic for
the treatment of refractory ascites in patients with decompensated liver cirrhosis.

Core tip: This study showed that tolvaptan, a new
aquaretic drug, is an effective and safe potential treatment for refractory ascites in patients with decompensated liver cirrhosis, especially in patients with further
complications, such as hepatorenal syndrome and/or hepatocellular carcinoma. Tolvaptan significantly increased
the serum sodium levels in patients with hyponatremia.
Zhang X, Wang SZ, Zheng JF, Zhao WM, Li P, Fan CL, Li B,
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Gastroenterol 2014; 20(32): 11400-11405 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i32/11400.htm DOI:
http://dx.doi.org/10.3748/wjg.v20.i32.11400

INTRODUCTION
Ascites is one of the most common complications of liver cirrhosis[1]. Refractory ascites occur in 15%-20% of all
ascites patients and is defined either as an unresponsiveness to restrictions on salt intake and high-dose diuretics,
or as a recurrence occurring rapidly within 4 wk posttherapy, according to the American Association for the
Study of Liver Diseases (AASLD) guidelines[2]. Refractory ascites are associated with a poor prognosis, and are
difficult to treat because of limited treatment options[3-6].
Tolvaptan is a new, oral, selective vasopressin V2-receptor antagonist approved for treating hypervolemic and
euvolemic hyponatremia[7,8]. Blockage of V2-receptors
by tolvaptan prevents the insertion of aquaporin-2 water
channels into the apical cell membrane of the collecting
duct, increasing free water excretion without significantly
affecting urinary sodium and potassium excretion. As a
result, there is reduced water retention with elevated serum sodium levels. The mechanism of action of tolvaptan indicates that it is effective for treating hyponatremia
and has a significant role in promoting aquaresis.
Numerous studies have reported the efficacy and
safety of tolvaptan for treating ascites and edema in patients with decompensated cirrhosis[8-11]. However, the
efficacy and safety of this drug for treating refractory
ascites in cirrhotic patients remains unknown. Furthermore, the use of tolvaptan in the subset of patients with
complications, such as hepatorenal syndrome and/or hepatocellular carcinoma, has not been explored previously.
Our principal objective was to conduct an observational study to examine the efficacy and safety of
tolvaptan to treat refractory ascites and edema in decompensated cirrhotic patients with or without additional
complications.

MATERIALS AND METHODS
Study design
A single center, open-label, observational study was conducted in China between May 2012 and July 2013. Patients were recruited between May 2012 and March 2013.
Inclusion criteria
Candidates were selected for study inclusion if they met
the criteria for cirrhosis and refractory ascites. A diagnostic work-up for decompensated liver cirrhosis was
performed, including assessment of the clinical manifestations, physical examination and laboratory tests. The
inclusion criteria were as follows: (1) history of chronic
hepatitis and/or signs with various causes; (2) abnormal
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liver function accompanied by portal hypertension, such
as ascites, encephalopathy or esophageal or gastric variceal bleeding; and (3) B-ultrasound scanning (LOGIQ9;
GE Company, Fairfield, United States) and four-phase
multidetector computed tomography (CT) scan (GE
HISPEED DXI; GE Company) results consistent with
the signs of liver cirrhosis. Patients with hepatocellular
carcinoma were diagnosed using CT or dynamic contrastenhanced magnetic resonance imaging, in accordance
with the diagnostic criteria recommended in the 2010
AASLD guidelines[12]. The definition of refractory ascites
underwent a minor revision according to the 2012 AASLD guidelines[2]. Namely, refractory ascites were defined
if it was not satisfactorily controlled after a patient had
either (1) 1 wk of sodium intake restrictions (< 6 g/d),
intermittent albumin infusion (10-20 g per treatment) and
high doses of diuretics (more than 160 mg/d of furosemide and 200 mg/d of spironolactone); or (2) 2 wk of
therapeutic paracentesis (3000-5000 mL per treatment).
Hepatic encephalopathy was assessed in accordance with
the guidelines developed by the American Gastroenterological Association[13]. Patients were diagnosed with hepatorenal syndrome in accordance with the International
Ascites Club guidelines[14]. Patients were excluded if they
had severe cardiovascular, pulmonary, cerebral or hematological complications or severe mental illness.
Ethics
The ethics committee of Beijing You’an Hospital, Capital
Medical University approved the current study (protocol
number 2011-015) and it was performed in accordance
with the ethical standards set forth in the 1964 Declaration of Helsinki and its later amendments. Informed consent was obtained from patients and their families before
study participation.
Therapeutic protocol
All patients received oral tolvaptan (15 mg/d for 5-14
d) in addition to a concurrent treatment regimen of sodium intake restrictions (< 6 g/d), intermittent albumin
infusion (10-20 g per treatment) and standard diuretic
therapy (40-80 mg/d of furosemide and 80-160 mg/d of
spironolactone). Patients with abdominal infections were
given antibiotics before tolvaptan treatment, and patients
with coexisting hepatic encephalopathy also underwent a
routine treatment regimen of lactulose. A follow-up assessment was conducted 1-mo post-tolvaptan treatment
for all patients.
An electrochemiluminescence immunoassay was used
to detect serum markers for hepatitis B virus and hepatitis C virus, in accordance with the manufacturer’s protocol (Roche E170 modular immunoassay analyzer, Roche
Diagnostics, Mannheim, Germany). An automatic biochemical analyzer (AU5400, Olympus, Japan) was used to
test liver and renal function, including the serum sodium
and potassium levels, serum alanine aminotransferase,
aspartate aminotransferase, total bilirubin, albumin, creatinine and urea nitrogen.
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Table 1 Definitions for grades representing the measures of improvement for the urine excretion volume, ascites and edema
Measure of improvement
Grade
Volume of urine excretion
Abdominal circumference
Edema (lower extremities)

Significant improvement

Improvement

No improvement

A
Increased by > 1000 mL/24 h
Decreased by > 2 cm
A lack of visible pitting

B
Increased by 500-1000 mL/24 h
Decreased by 0-2 cm
Presence of visible pitting

C
Increased by < 500 mL/24 h
No change
Distinctly visible pitting

ducted concurrently for all t-tests. Categorical data were
compared using the Pearson’s χ 2 test. The Kaplan-Meier
method was used to estimate the 1-mo cumulative patient
survival, and between-group differences were tested for
significance using the log-rank test. P-values < 0.05 were
considered statistically significant. All statistical analyses
were performed using IBM SPSS Statistics software (IBM,
version 12.0).

Table 2 Baseline characteristics of the cirrhotic patients with
refractory ascites included in the study n (%)
Baseline characteristics
Total number of patients
Age (yr)
Sex

Male
Female
Underlying liver disease Cirrhosis
Cirrhosis with
hepatocellular carcinoma
Liver disease etiology
HBV infection
HCV infection
Alcoholic cirrhosis
Coexisting hepatorenal
Type 1
Type 2
syndrome
Coexisting hepatic encephalopathy
Child-Pugh score
Class C
MELD score
Coexisting diabetes
Hyponatremia
Yes
No

Value
39
55.0 ± 12.4
32 (82.0)
7 (17.9)
20 (51.3)
19 (48.7)

RESULTS

27 (69.2)
3 (7.69)
9 (23.1)
2 (5.13)
7 (17.9)
13 (33.3)
39 (11.8 ± 1.5)
39 (37.5 ± 5.6)
9 (23.1)
21 (53.8)
18 (46.2)

Patient characteristics
Thirty-nine patients who met the study’s eligibility requirements were included. The demographics and other
baseline characteristics of these patients are shown in
Table 2.

Data are expressed as absolute numbers (percentage) or mean ± SD. HBV:
Hepatitis B virus; HCV: Hepatitis C virus; MELD: Model for end-stage
liver disease.

Efficacy assessment
For ascites, the urine volume was measured over 24 h; we
also measured the abdominal circumference and edema
of the lower extremities, which were assessed in the
morning while the participants had an empty stomach.
The overall efficacy of tolvaptan for treating ascites was
assessed using a set of three evaluation indicators, which
are shown in Table 1.
Survival
The number of patients who survived after 1 mo was
recorded to examine the relationship between the shortterm correction of hyponatremia and prognostic improvement.
Safety assessment
Patients were monitored throughout the study period,
and any occurrences of adverse events and deaths were
recorded.
Statistical analysis
Parametric data are expressed as the mean ± standard deviation (mean ± SD) and were assessed using two-tailed
t-tests. Levene’s test for equality of variance was con-

WJG|www.wjgnet.com

Ascites and edema
The administration of tolvaptan resulted in a significant
increase in the mean urine excretion volume, from 1969.2
± 355.55 mL pre-treatment to 3410.3 ± 974.1 mL posttreatment [t(48) = -8.679, P < 0.001; n = 39]. Levene’s test
indicated that there were unequal variances in the data
sets (F = 27.115, P < 0.001); as a result, the degrees of
freedom were adjusted from 76 to 48. The combination
of tolvaptan with diuretics effectively increased the urine
output in 89.7% of patients with refractory ascites (Table
3). The abdominal circumference was reduced in 82% of
patients, and edema was also improved in 91.7% of patients (Table 3).
The overall efficacy of tolvaptan was 89.7% (n =
35) in all patients, and 46.2% (n = 18) of these patients
had significant improvement (Table 3 and Figure 1).
Subgroup analyses indicated that the overall efficacy of
tolvaptan in patients with coexisting hepatocellular carcinoma was 84.2% (n = 19) and that the efficacy for patients with coexisting hepatorenal syndrome was 77.8% (n
= 9; Table 3 and Figure 1). Tolvaptan was not effective to
treat refractory ascites in patients with coexisting Type 1
hepatorenal syndrome.
Hyponatremia
The incidence of hyponatremia (defined as a serum sodium concentration < 135 mEq/L) was 53.8% (21 of
39 patients) in cirrhotic patients with refractory ascites.
Tolvaptan caused a significant increase in the serum sodium concentration in patients with hyponatremia (from
128.1 ± 4.22 to 133.1 ± 3.8 mEq/L; Figure 2). There was
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Table 3 Summary of the improvement in the urine excretion, ascites and edema after tolvaptan treatment, according to grading
criteria, and in the overall improvement n (%)
n
Urine excretion
Abdominal circumference
Edema (lower extremities)
Overall improvement for all patients1
Overall improvement in patients with coexisting hepatocellular carcinoma1
Overall improvement in patients with coexisting hepatorenal syndrome (Type 1)1
Overall improvement in patients with coexisting hepatorenal syndrome (Type 2)1

39
39
24
39
19
2
7

Significant
improvement
26 (66.7)
19 (48.7)
17 (70.8)
18 (46.2)
9 (47.4)
0 (0)
2 (28.6)

Improvement
9 (23.1)
13 (33.3)
5 (20.8)
17 (43.6)
7 (36.8)
0 (0)
5 (71.4)

No
improvement
4 (10.3)
7 (17.9)
2 (8.3)
4 (10.2)
3 (15.8)
2 (100.0)
0 (0)

1

Overall improvement definitions: Significant improvement = grade of A for urine excretion, ascites and edema; Improvement = grade of B for urine
excretion and a grade of improvement for ascites or edema; No improvement = grade of C for urine excretion.

Effective
Infective

100

160
Serum sodium concentration (mEq/L)

Proportion of patients (%)

90
80
70
60
50
40
30
20
10
0

All patients

HCC

Figure 1 Overall efficacy of 15 mg/d tolvaptan. Overall efficacy of 15 mg/d
tolvaptan for 5-14 d in all patients as well as in subgroups of patients with coexisting hepatocellular carcinoma (HCC) and hepatorenal syndrome (HRS) posttolvaptan treatment.

no significant change in the serum sodium concentration
for patients lacking hyponatremia after tolvaptan treatment (137.8 ± 3.02 mEq/L before treatment and 136.9
± 3.18 mEq/L after treatment; Figure 2). There was no
significant relationship between the short-term correction of hyponatremia and the 1-mo patient survival rate
[Figure 3; χ 2 (2, n = 39) = 0.454, P > 0.05].
Adverse events
Mild adverse events (thirst and dry mouth) associated
with tolvaptan treatment were reported in four and two
patients, respectively. No other drug-related adverse
events or liver function abnormalities were observed
in this study. Improvements were observed in 11 of 13
patients who had coexisting hepatic encephalopathy. In
patients with hepatorenal syndrome, five of seven patients with Type 2 syndrome showed improvements during treatment, while two patients with coexisting Type 1
syndrome experienced continuous deterioration of their
renal function.

The current theory for the development of ascites is
complex and has recently evolved to include previously
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Before
After

120
100
80
60
40
20
0

HRS

DISCUSSION

140

NS

b

Hyponatremia

No hyponatremia

Patient group

Figure 2 The effects of tolvaptan on serum sodium (mean ± SE) in patients with and without hyponatremia (n = 21 and n = 18, respectively).
Tolvaptan (15 mg/d, 5-14 d) treatment (black column) significantly increased serum sodium concentration [t (40) = -4.029, bP < 0.01 vs before treatment group]
in patients with hyponatremia, but not in patients without hyponatremia [t (32) =
1.545, P > 0.05 (NS)]. NS: Not significant.

proposed mechanisms[5]. However, to fully understand
how tolvaptan affects refractory ascites, the pathogenesis
of ascites needs to be briefly explored.
The formation of ascites involves an increase in the
hepatic portal vein pressure, which may cause systemic
arterial vasodilation, resulting in a decrease in the effective blood volume[15-17]. This decrease in blood volume
triggers the activation of the sympathetic nervous system
and the renin-angiotensin system; the resultant cascade
of events causes the release of arginine vasopressin (AVP,
which is alternatively termed antidiuretic hormone). AVP
plays a critical role in water reabsorption in the renal collecting ducts[5,8]. However, as mentioned previously, the
treatments for refractory ascites are limited. A diet of
controlled salt intake, adequate diuretics treatment, largevolume paracentesis, transjugular intrahepatic portosystemic shunting and liver transplantation are the current
clinical recommendations[3,18] However, targeting the AVP
mechanism presents a potential novel treatment approach
for refractory ascites.
Tolvaptan improves ascites and edema in patients
with decompensated liver disease, but its efficacy has not
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B

Before treatment
After treatment

0.9
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0.8
Cumulative survival

Liver function elements

Uncorrected hyponatremia
Corrected hyponatremia
No pre-existing hyponatremia
Uncorrected hyponatremia (censored)
Corrected hyponatremia (censored)
No pre-existing hyponatremia (censored)

1.0

80
60
40
20
0

0.7
0.6
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Figure 3 Tolvaptan does not affective liver function. A: Tolvaptan (15 mg/d for 5-14 d) does not affective liver function [model for end-stage liver disease (MELD) score,
alanine aminotransferase (ALT) and aspartate aminotransferase (AST)] in patients with preexisting liver cirrhosis (P > 0.05); B: Kaplan-Meier analysis of the 1-mo survival
of patients without hyponatremia, as well as with and without short-term correction of hyponatremia, did not show any significant difference between patient groups.

been explored previously in the subset of patients with
refractory ascites. In the current study, the combination of tolvaptan with diuretics was effective in increasing urine output, decreasing abdominal circumference
and reducing edema in patients with refractory ascites.
Tolvaptan was effectively treated a substantial proportion
of all patients, and 46.2% of the responders experienced
significant improvement. Therefore, this study shows
that the combination of tolvaptan with diuretics is more
effective than standard options for treating refractory ascites in decompensated cirrhotic patients with or without
further complications, such an hepatocellular carcinoma
and/or hepatorenal syndrome.
A number of studies have demonstrated the efficacy
of tolvaptan for treating hyponatremia[19-23]. In this study,
tolvaptan significantly increased the serum sodium levels
of patients with hyponatremia, while no significant difference was observed for patients lacking hyponatremia,
supporting the efficacy of this drug in end-stage cirrhotic
patients with refractory ascites and hyponatremia. A 1-mo
follow-up assessment revealed that our treatment regimen corrected hyponatremia in 9 of 21 patients (42.9%).
This observation is supported by reports from Berl et al[19].
While the relationship between the short-term correction
of hyponatremia and survival was not statistically significant, this study had a small sample size. As a result, further studies are warranted to validate this finding. Further
investigations are also warranted to definitively assess the
clinical use of tolvaptan for treating refractory ascites in
patients with decompensated liver cirrhosis.
In January 2013, the US FDA issued a warning for
tolvaptan use because of the potential risks of liver injury
that were identified during a clinical trial of tolvaptan to
treat autosomal dominant polycystic kidney disease. The
study found that 3 of 1445 cases treated with tolvaptan had significantly higher serum bilirubin and ALT.
However, the clinical trial tolvaptan dose (120 mg/d for
3 years) was significantly higher, and the administration
duration was longer than the recommended dosing strat-
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egy (15-60 mg/d for 7-30 d) for treating hyponatremia or
ascites[24-26]. The United States, Japan and Europe are the
main regions using tolvaptan in the clinic. Currently, there
are only 311 cases of self-reported adverse events, and
there are no reports of liver injury. Therefore, administering a lower dose of tolvaptan over a shorter treatment
regimen does not affect liver function in patients with
preexisting liver disease, such as liver cirrhosis.
In summary, the results of this observational study
show that tolvaptan is effective to treat refractory ascites
and/or edema in decompensated cirrhotic patients and is,
therefore, a promising aquaretic agent.
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Tolvaptan, a new oral, selective vasopressin V2-receptor antagonist, is reported
as an effective treatment for hyponatremia. Tolvaptan has a significant role in
promoting aquaresis in patients with decompensated cirrhosis. However, the
efficacy and safety of this drug for treating refractory ascites in cirrhotic patients
and the effect(s) of tolvaptan use in patients with hepatorenal syndrome and/or
hepatocellular carcinoma have not been studied previously.

Research frontiers

Numerous studies have reported the efficacy and safety of tolvaptan for the
treatment of ascites and edema, and have demonstrated the efficacy of tolvaptan for treating hyponatremia in patients with decompensated cirrhosis.

Innovations and breakthroughs

This study shows that the combination of tolvaptan with diuretics is more effective than standard treatment approaches for refractory ascites in decompensated cirrhotic patients with or without further complications, such an hepatocellular carcinoma and/or hepatorenal syndrome.

Applications

Tolvaptan is a promising aquaretic agent that can be used to treat refractory
ascites and/or edema in decompensated cirrhotic patients.
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Abstract
AIM: to evaluate preventative effects of glutamine in
an animal model of gut ischemia/reperfusion (I/R).
METHODS: Male Wistar rats were housed in a controlled environment and allowed access to food and
water ad libitum . Twenty male Wistar rats were divided
into four experimental groups: (1) control group (control) - rats underwent exploratory laparotomy; (2) control + glutamine group (control-GLU) - rats were subjected to laparotomy and treated intraperitoneally with
glutamine 24 and 48 h prior to surgery; (3) I/R group
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- rats were subjected to occlusion of the superior mesenteric artery for 30 min followed by 15 min of reperfusion; and (4) ischemia/reperfusion + glutamine group
(G + I/R) - rats were treated intraperitoneally with
glutamine 24 and 48 h before I/R. Local and systemic
injuries were determined by evaluating intestinal and
lung segments for oxidative stress using lipid peroxidation and the activity of superoxide dismutase (SOD),
interleukin-6 (IL-6) and nuclear factor kappa beta (NFkB) after mesenteric I/R.
RESULTS: Lipid peroxidation of the membrane was
increased in the animals subjected to I/R (p < 0.05).
However, the group that received glutamine 24 and 48
h before the I/R procedure showed levels of lipid peroxidation similar to the control groups (p < 0.05). The
activity of the antioxidant enzyme SOD was decreased
in the gut of animals subjected to I/R when compared
with the control group of animals not subjected to I/R
(p < 0.05). However, the group that received glutamine
24 and 48 h before I/R showed similar SOD activity to
both control groups not subjected to I/R (p < 0.05).
The mean area of NF-kB staining for each of the control groups was similar. The I/R group showed the largest area of staining for NF-kB. The G + I/R group had
the second highest amount of staining, but the mean
value was much lower than that of the I/R group (p <
0.05). For IL-6, control and control-GLU groups showed
similar areas of staining. The I/R group contained the
largest area of IL-6 staining, followed by the G + I/R
animals; however, this area was significantly lower than
that of the group that underwent I/R without glutamine
(p < 0.05).
CONCLUSION: These results demonstrate that pretreatment with glutamine prevents mucosal injury and
improves gut and lung recovery after I/R injury in rats.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Ischemia-reperfusion (I/R) leads to oxidative
stress, with local and systemic consequences. Many
enzymes and interleukins have been implicated in this
process, among them interleukin-6 (IL-6) and nuclear
factor kappa beta (NF-kB). The exact role of these enzymes is still not clear. Some substances, such as glutamine, have been studied as protective agents against
oxidative stress. In an animal experimental model of
intestinal I/R we have found that glutamine reduced
lipid peroxidation, preserved superoxide dismutase activity, and decreased the expression of IL-6 and NF-kB
in both lung and intestine, suggesting a protective role
of this amino acid in the setting of intestinal I/R.
Zabot GP, Carvalhal GF, Marroni NP, Hartmann RM, da Silva
VD, Fillmann HS. Glutamine prevents oxidative stress in a model
of mesenteric ischemia and reperfusion. World J Gastroenterol
2014; 20(32): 11406-11414 Available from: URL: http://www.
wjgnet.com/1007-9327/full/v20/i32/11406.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11406

INTRODUCTION
Ischemic conditions such as arterial occlusions, transplants, mesenteric ischemia and shock occur commonly
in medical practice and affect a growing number of individuals of various ages, leading to high morbidity and
mortality. However, unlike ischemic injuries, reperfusion
injuries alter not only the affected areas but also produce
systemic changes, so that the reestablishment of the
blood flow to ischemic areas may result in damage to
the entire body. The damage to remote organs is termed
post-traumatic multiple organ failure (MOF)[1].
Gut ischemia usually results from occlusion of the
celiac trunk and/or the superior mesenteric artery by
thrombi or emboli and, more frequently, from nonocclusive processes, such as in the case of decreased
mesenteric blood flow that occurs in heart failure and
sepsis[2]. In the gut, ischemia followed by reperfusion frequently results in MOF, with the gut being the organ that
triggers the injury process in distant organs. A systemic
inflammatory reaction is initiated from pro-inflammatory
substances released by the gut into the lymphatic circulation, with the inflammation mainly affecting lungs, liver
and kidneys[3].
Although the details about the molecular mechanisms that determine injuries in ischemic events are not
yet well defined, it is known that reactive oxygen species
(ROS) play an important role in the pathogenesis of gut
injury after an ischemia/reperfusion (I/R) event[4]. Parks
and Granger reported that the tissue damage that occurs
during reperfusion is greater than the injury that occurs
during ischemia. Rupture of the mucosal barrier, bacte-
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rial translocation and activation of the inflammatory
response, as well as acid-base balance and electrolyte disorders, are observed[5]. Superoxide and hydrogen peroxide
are thought to be the main free radicals that contribute to
I/R injury. Under normal conditions ROS are neutralized
by endogenous antioxidant enzymes, but an excess of free
radicals is observed during reperfusion, which results in
oxidative stress[6]. Those free radicals originate when oxygen (O2) is reintroduced into the ischemic tissue during
reperfusion. Superoxide dismutase (SOD) is an antioxidant enzyme highly specific for superoxide elimination,
thus reducing gastrointestinal lesions caused by I/R[7].
Nuclear factor of kappa light polypeptide gene enhancer in B-cells (NF-kB) is a transcription factor that
plays a crucial role not only in normal states but also
in the coordination of adaptive immune responses by
regulating the expression of many cell mediators[8]. This
factor, which was first described in 1986 by Sen and
Baltimore[9], binds to specific kappa binding sites in the
immunoglobulins of B cells. It is now well recognized
that NF-kB is expressed in most cell types and that NFkB consists of a dimer composed of members of the
Relish (Rel) family. The NF-kB/Rel family contains five
subunits, p50, p52, p65 (RelA), c-Rel and Rel-B. These
subunits form homo- and heterodimers in several combinations. Generally, NF-kB is composed of two polypeptides, one of 50-kDa (p50) and one of 65-kDa (p65). In
homeostatic cells, NF-kB remains in the cytoplasm in its
inactive form, associated with proteins that inhibit the kB
site called kB inhibitors (IkB). Seven IkB isoforms have
been described: IkBα, IkBβ, IkBγ, IkBε, Bcl-3, p100 and
p105. NF-kB is activated by a variety of signals relevant
to the etiology and pathophysiology of inflammation[8].
Intracellular and/or extracellular stimuli such as bacterial
products (endotoxins, peptidoglycans), viruses and viral
components, protozoa, cytokines (tumor necrosis factoralpha (TNF-α), interleukins), free radicals and/or oxidants are needed to activate NF-kB[8]. In 2002, Haddad[10]
suggested that NF-kB activation controls the oxidant/antioxidant balance.
Interleukin (IL)-6 and TNF-α levels are elevated in I/
R as well as in MOF. Measurements of plasma levels of
these endotoxins are important to assess the systemic effects of gut I/R. ROS promote oxidative stress as a result
of the production of inflammatory cytokines, such as
IL-6 and TNF-α, in addition to promoting the activation
of neutrophils. IL-6 and TNF-α not only directly induce
tissue damage but are also potent neutrophil activators.
When sequestered in the intestinal tissue, these mediators
and their enzymatic products promote increased micro
vascular permeability, interstitial and perivascular edema,
MOF and pulmonary edema[11].
The damage and loss of mucosal barrier integrity
promotes bacterial translocation and the production
of cytokines. The next stage is the transport of inflammatory mediators through the intestinal lymphatic
system. The lung is the first exposed organ [12]. After
resuscitation from hemorrhagic shock, lymph duct li-

11407

August 28, 2014|Volume 20|Issue 32|

Zabot GP et al . Glutamine prevents oxidative stress in ischemia-reperfusion

gation prevents remote lung injury, the so-called “gutlymph hypothesis”[13]. Lymphatic thoracic duct ligation
prior to mesenteric I/R protects against lung injuries
and modulates serum levels of endotoxins, D-lactate,
diamine oxidase and cytokines. MOF causes acute lung
injury (ALI) through the production of inflammatory
mediators drained through the circulatory system. The
gastrointestinal tract has the largest lymphatic system of
the body. Mediators released by activated inflammatory
cells during an acute event reach the interstitium, which
is predominantly drained by lymphatics[13].
Several substances have been used for the treatment
and/or prevention of experimental colitis. The experiments aimed to evaluate new drugs for the treatment
of inflammatory processes or combinations of drugs
to achieve better results[14]. Substances that inhibit or
minimize the inflammatory process caused by aggressive
agents, such as glutamine, have been used for prevention
purposes. Glutamine is an uncharged, polar amino acid
that is non-essential or occasionally essential, hydrophilic,
and found on the surface of proteins where it interacts
with water. Glutamine is the most abundant amino acid
in peripheral blood[15]. This substance was initially used
prophylactically in patients undergoing radiation therapy,
leading to a reduction in the incidence and severity of
actinic enteritis[16]. Glutamine also has a major role in the
immune defense of the intestinal mucosal barrier due to
its participation in the formation of immunoglobulins,
especially IgA. Glutamine decreases the inflammatory
effects of methotrexate-induced enterocolitis and reduces bacterial translocation in animals with abdominal
sepsis[17]. This amino acid acts on macrophage activity,
interfering with phagocytosis at inflammatory sites. In
addition to the direct protective effects mentioned above,
glutamine plays an important role in intestinal inflammatory processes by acting on ROS[14]. Glutamine is a
multifunctional amino acid used for the synthesis of urea
in the liver, renal aminogenesis, gluconeogenesis, and as
the main respiratory fuel for many cells. Low glutamine
concentrations are found during catabolic stress and are
associated with susceptibility to infections. Glutamine is
not only an important energy source for mitochondria
but is also a precursor of the brain neurotransmitter
glutamate, which then participates in the synthesis of
the antioxidant glutathione[15]. Glutamine is thus vital in
the regulation of the intracellular oxidative balance[16].
Glutamine has been used as a nutritional supplement
in severely debilitated patients to reduce the deleterious effects of oxidative stress[18]. It has been shown that
preventing oxidative stress in patients with severe conditions or multiple traumas or undergoing major surgery is
useful as a treatment adjunct. In this setting, antioxidant
therapy improves patient prognosis and decreases the
overall rate of complications[19].
Clinical observations have shown that patients receiving dietary glutamine supplementation had a better
tolerance to colitis resulting from radiation therapy for
prostate and cervical neoplasms[16]. The same substance
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was then used in patients with Crohn’s disease (granulomatous enterocolitis) and ulcerative rectocolitis. A clinical improvement was observed in these patients, namely
decreased diarrhea, increased fistulae healing rates and
decreased use of medications. Because of the importance
of active oxygen species in the genesis of colitis, the relationship between oxidative stress and the supposed beneficial clinical effect of glutamine in colitis has become a
subject of research. The mechanism by which glutamine
exerts beneficial effects appears to be associated with the
biosynthesis of glutathione, which causes a consequent
reduction in lipid peroxidation of the intestinal membrane during mesenteric I/R[20].
The aim of our study was to investigate the effects of
glutamine treatment in an animal model of mesenteric I/
R analyzing parameters such as lipid peroxidation, SOD
activity, and immunohistochemical expression of IL-6
and NF-kB.

MATERIALS AND METHODS
Ethics
Animal care was in compliance with the normative resolution 04/97 of the Research and Ethics Committee
of the Health Research Group and Graduate Teaching
Hospital of Porto Alegre (Hospital de Clinicas de Porto
Alegre-HCPA)[21].
Animals
Male Wistar rats [250-300 g; State Foundation for Production and Health Research (Fundação Estadual de
Produção e Pesquisa em Saúde-FEPPS)] were housed in
a controlled environment and allowed access to food and
water ad libitum.
Surgical procedures
After trichotomy, rats were anesthetized with ketamine
and xylazine solution [45 mg/kg intraperitoneally (ip)].
After midline laparotomy, the celiac and superior mesenteric arteries were isolated near their aortic origins. During this procedure, the intestinal tract was placed between
gauze pads soaked with warm 0.9% NaCl solution. The
superior mesenteric artery and the celiac trunk were
clamped, resulting in total occlusion of these arteries for
30 min to induce splanchnic artery occlusion injury. After
occlusion, the clamps were removed, and after 15 min of
reperfusion, intestinal segments (10 cm) and pieces of
the lung were removed for histological examination and
biochemical studies.
Experimental groups
Rats were randomly allocated into the following groups:
(1) ischemia/reperfusion (I/R): rats were subjected to
splanchnic artery occlusion injury (30 min) followed by
reperfusion (15 min) (n = 5); (2) ischemia/reperfusion
+ glutamine group (G + I/R): identical to the ischemia/
reperfusion group but were treated with glutamine (25
mg/kg ip) 24 and 48 h before I/R (n = 5); (3) control
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group (control): rats were subjected to identical surgical
procedures as the above groups, except the blood vessels
were not occluded and the rats were maintained under
anesthesia for the duration of the experiment (n = 5);
and (4) control + glutamine group (control-GLU): identical to the Control group except for the administration of
glutamine (25 mg/kg ip) 24 and 48 h before identical surgical procedures (n = 5). The glutamine treatment dose
of 25mg/kg ip was chosen based on previous studies[22].
Assessment of lipid peroxidation
Thiobarbituric acid reactive substances: Tissue samples were placed in test tubes; solutions were added in
the following order: 0.75 ml of 10% trichloroacetic acid
(TCA), 0.25 ml of homogenate, 0.5 ml of 0.67% thiobarbituric acid (TBA), and 0.25 ml of distilled water.
thiobarbituric acid reactive substances (TBARS)
consists of heating the homogenate with thiobarbituric
acid and measuring the consequent formation of a colored product in a spectrophotometer at 535 nm. The
coloration is due to the presence of malondialdehyde and
other substances from biological lipid peroxidation[23].
SOD activity
SOD was measured according to Misra and Fridovich.
The rate of auto-oxidation of epinephrine, which is inhibited by SOD, is measured in the presence of progressively increasing doses of SOD with a spectrophotometer
at 560 nm. The amount of enzyme that inhibits autooxidation of epinephrine at 50% of the maximum dose
is defined as 1 U SOD[24].
Evaluation of NF-k B and IL-6
To prepare slides for subsequent immunohistochemical
analysis, tissue was sectioned at 3-µm thickness using a
microtome (Leica SM 2000R, Germany). The sections
were placed on slides pretreated with HistoGrip (Zymed,
United States) and incubated in an oven at 60 ℃ for 24 h.
Sections were deparaffinized by incubating in xylene
three times for 10 min, followed by rehydration of the
sections using decreasing concentrations of ethanol.
Antigen exposure was performed using the pTLINK
platform (DAKO) for 40 min at 98 ℃ with the Envision
Flex antigen retrieval solution, high pH (DAKO). The
slides were then immediately washed in phosphate-buffered saline (PBS), pH 7.2. The blocking of endogenous
peroxidases was performed with two 15-min incubations
in a 3% solution of H2O2 in methyl alcohol, which were
followed by three washes with PBS, pH 7.2. Non-specific
binding was blocked using the commercial solution Serum-Free Protein Block (Dako, United States) for 30 min
at room temperature.
The sections were incubated using the immunostaining Sequenza station (Thermo Shandon, United States)
overnight at 2 ℃ and 6 ℃ and with the following primary
antibodies diluted in Antibody Diluent with Background
Reducing Components (Dako, United States): anti-NFkB (Santa Cruz Biotechnology, United States) at 1:100
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and anti-IL-6 (Santa Cruz Biotechnology, United States)
at 1:100. After incubation with the primary antibody, sections were washed three times in PBS, pH 7.2. To amplify
the antigen-antibody reaction, the Advance system HRP
was used for IL-6 (Dako, United States) according to the
manufacturer’s recommendations, and for NF-kB, goat
anti-rabbit IgG-HRP secondary antibody was used at 1:300
in PBS for 30 min at room temperature. Next, the slides
were washed with PBS and incubated with diaminobenzidine (Dako Liquid DAB Substrate Chromogen System,
United States) for 5 min. After washing with distilled water, slides were counterstained with Harris hematoxylin for
1 min, washed with water until complete removal of the
dye and incubated in a 37 mmol/L ammonia solution for
15 s. Finally, the slides were dehydrated in absolute ethanol (four incubations of 2 min) and two treatments with
xylene for 5 min. The slides were mounted with Entellan
synthetic medium (Merck, Germany)[25].
Analysis of digital images
We used a digital analysis system composed of a Zeiss
Axioskop 40 microscope (Oberkochen, Germany) with
Neofluar lenses connected by a Roper Scientific video
camera (Media Cybernetics, Rockville, United States) to a
computer with an Image Capture Pro kit (Media Cybernetics, Rockville, MD, United States) capture card. Image
Pro Plus version 4.5 (Media Cybernetics, Rockville, United States) was used to analyze digital images. The images
were captured in TIFF (True Image File Format) format
without compression by the same examiner with a light
intensity pattern for all photos. Images were captured of
at least fifteen random, non overlapping fields for each
histological slide at 200 × magnification (44 pixel = 1
µm). The hot spot method was used to select fields on
slides with focal positivity for the markers. Color selection was performed interactively by three trained observers and was then applied to all samples by the automated
digital image analysis system. The initial area considered
was 0.01 cm.
Statistical analysis
Quantitative data were initially described by mean and
standard deviation. To compare groups, we used analysis of variance. For categorical data, we used scores and
comparisons based on Fisher’s exact test.
Analysis of variance with robust standard errors
(Welch) was used to verify NF-kB and IL-6 results between groups.
The significance level for the experiments was p <
0.05. Data were analyzed with SPSS version 21.0.

RESULTS
Evaluation of oxidative stress by analysis of lipid
peroxidation
Lipid peroxidation of the membrane was increased in
both the gut and the lung in the animals subjected to I/R
(p < 0.05). However, the group that received glutamine
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Figure 1 Lipid peroxidation (thiobarbituric acid reactive substances). A:
In the gut; B: In the lungs. TBARS: Thiobarbituric acid reactive substances; SO:
Control group means. I/R: Ischemia/reperfusion.

Figure 2 Levels of superoxide dismutase. A: In the gut; B: In the lungs.
SOD: Superoxide dismutase; SO: Control group means. I/R: Ischemia/reperfusion.

24 and 48 h before the I/R procedure showed levels of
lipid peroxidation similar to the control groups (animals
not subjected to I/R and also the group receiving glutamine without I/R) that were significantly different from
animals that only received I/R (p < 0.05). These results
are shown in Figure 1.

G + I/R group had the second highest amount of staining, but the mean value was much lower than that of the
I/R group. The same differences were observed among
groups in the large intestine and the lung. These findings
were statistically significant (p < 0.05).

SOD activity
Figure 2 shows that the activity of the antioxidant enzyme SOD was decreased in the gut of animals subjected
to I/R. These findings were statistically significant (p <
0.05) when compared with the control group of animals
not subjected to I/R. However, the group that received
glutamine 24 and 48 h before I/R showed similar SOD
activity to both control groups not subjected to I/R.
There was a significant difference between the group of
animals subjected to I/R and the group that received glutamine before I/R, suggesting that glutamine is a protective factor for mesenteric I/R.
NF-k B transcription factor
We calculated the mean area of NF-kB staining for each
of the groups. As shown in Figures 3 and 4, the control
and control-GLU groups presented similar mean areas.
The I/R group showed the largest area of staining. The
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Evaluation of IL-6
Images of IL-6 staining were analyzed in the same
method as those stained for NF-kB. As shown in Figures
5 and 6, the control and control-GLU groups showed
similar areas of staining. The I/R group contained the
largest area of staining, followed by the G + I/R animals;
however, this area was significantly lower than that of the
group that underwent I/R without glutamine (p < 0.05).

DISCUSSION
As glutamine is glutathione precursor, and glutathione is
the main non-enzymatic cellular antioxidant, is vital in the
regulation of the intracellular oxidative balance[26].
This study demonstrates that glutamine treatment exerts important protective effects against splanchnic artery
occlusion injury in a murine model. Our data provide evidence that glutamine attenuates: (1) the lipid peroxidation
of gut mucosa; (2) the decrease in SOD activity; (3) the
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Figure 3 Immunohistochemical expression of nuclear factor kappa beta. A: In the gut; B: In the lungs. SO: Control group means; I/R: Ischemia/reperfusion; NFkB: Nuclear factor kappa beta.
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Figure 4 Digital images of the immunohistochemical expression of nuclear factor kappa beta (photomicrography, × 200). A: Ischemia/reperfusion (I/R) gut; B:
G + I/R gut; C: I/R lung; D: G + I/R lung.

increases in NF-kB expression; and (4) IL-6 expression
that occur after I/R.
In our study, the amount of lipid peroxidation was
greater in the group of animals subjected to I/R. The addition of glutamine significantly decreased lipid peroxidation compared with animals that underwent I/R without
glutamine treatment. Other authors, such as Mondello et
al[27] and He et al[13] observed similar beneficial results of
glutamine for I/R with different methodologies. Mondello et al[27] have induced intestinal ischemia in rats by
clamping the superior mesenteric artery and the celiac
trunk for 30 min, then releasing it and promoting reperfusion during 1 h. Glutamine was administered 15 min
before reperfusion at the dose of 1.5 mg/kg, iv Their
findings showed a reduction in: (1) the infiltration of
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neutrophils in the ileum; (2) the formation of the proinflammatory cytokines; (3) the expression of the adhesion molecules ICAM-1 and P-selectin; (4) the IKB-α
degradation and the nuclear translocation of NF-kB;
and (5) the nitrotyrosine formation and PARP activation.
He et al[13] utilized a rat model of I/R, but administering
glutamine enterically before and after a 60 min ischemia;
additionally, in one subgroup the lymphatic mesenteric
duct was also ligated before the production of intestinal
ischemia. They concluded that both the enteral administration of glutamine and the ligature of the lymphatic
mesenteric duct prevented intestinal permeability, attenuating systemic inflammatory reactions and ALI. In contrast, Fukatsu et al[28] have shown that in a murine model
of gut I/R, an iv glutamine was detrimental in terms of
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Figure 5 Immunohistochemical expression of interleukin-6. A: In the gut; B: In the lungs. SO: Control group means; I/R: Ischemia/reperfusion; IL: Interleukin.
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Figure 6 Digital images of the immunohistochemical expression of interleukin-6 (photomicrography, × 200). A: Ischemia/reperfusion (I/R) gut; B: G + I/R gut; C: I/R
lung; D: G + I/R lung.

survival and organ injury due to the increased priming of
circulating myeloid cells.
In our study, SOD activity was decreased in animals
submitted to I/R. In the Control and Control-GLU
groups, the decrease in SOD activity was much lower and
similar between the two groups. The addition of glutamine to animals submitted to I/R produced a decrease
that was not as significant but that was lower than that
found in the I/R only group. The first authors to describe
the role of SOD in oxidative stress were Misra and Fridovich[24]. In their pivotal study, SOD was prepared from
bovine erythrocytes, being able to inhibit the autoxidation
of epinephrine at a pH 10.2. Recently, Salman et al[29] administered glutamine by gavage to Sprague-Dawley rats, at
a dose of 1 g/kg for 10 d prior to intestinal I/R, studying
tissue damage in the intestines and lungs. These authors
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measured the intestinal and pulmonary levels of SOD, in
addition to serum levels of TNF-α and IL-6, concluding
that pre-treatment with a bolus dose of enteral glutamine
was able to minimize the extent of ALI in rats.
Tissue I/R activates families of protein kinases that
converge on specific transcription factors (protein activator-1 (PA-1) and NF-kB) that regulate the expression of
pro-inflammatory genes. In our study, the activity of NFkB was higher in both the intestines and the lungs in the
group subjected to I/R. However, in the group of animals
that received prophylactic glutamine ip 24 and 48 h before
I/R, the levels of NF-kB were lower. This difference
between groups was statistically significant. Sen and Baltimore[9] published the first report on NF-kB, suggesting its
important role in cellular inflammatory response to injury.
However, the exact role of this transcription factor re-
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mains controversial. According to Haddad[10], NF-kB appears to perform an important function in the generation
and resolution of intestinal I/R lesions, as a transcription
factor that is directly influenced by reactive species and
pro-inflammatory signs. Bowie et al[30], in a review article
about oxidative stress and Nf-kB activation, determined
that in most cases, the role of oxidative stress in NFkB activation is at best facilitatory rather than causal, if
a there exists a role at all. Ypsilantis et al[31] tested the hypothesis that the action of 2-mercaptoethane-sulfonate
(mesna) is mediated by the inhibition of NF-kB, studying
the oxidative stress on a rat model of I/R, analyzing glutathione, malondialdehyde concentration, SOD and NFkB. These authors concluded that prophylaxis with mesna
prevents oxidative stress induced by I/R in the intestine
via inhibition of NF-kB activation.
ROS-mediated oxidative injury as a consequence of
increased production of inflammatory cytokines such as
IL-6 and TNF-α and the neutrophil activation play critical roles in the pathogenesis of I/R. IL-6 and TNF-α
not only directly induce tissue damage but are also potent
activators of neutrophils. The neutrophils and their enzymatic products cause increased microvascular permeability, perivascular and interstitial edema, and even promote
distant organ injury such as pulmonary edema when
sequestrated in intestinal tissue. Cuzzocrea et al[11] studied
the inflammatory process secondary to I/R in a knockout mice model, verifying by immunohistochemistry that
IL-6 plays an important role in I/R injury, suggesting that
the inhibition of IL-6 may actually represent a novel and
possible strategy in the prevention of I/R injuries.
In our study, similarly to NF-kB, the immunohistochemical expression of IL-6 was found to be high in
animals that underwent I/R in both the intestines and the
lungs. The control and control-GLU groups showed similar results for IL-6, with observed levels well below those
of the I/R group. However, the group that received a potentially protective factor, glutamine, before I/R showed
a higher expression of IL-6 than the control and controlGLU groups but at levels that were statistically inferior to
the I/R group.
In conclusion, this study demonstrates that ip administration of glutamine at a dose of 25 mg/kg 24 and 48
h before animals are subjected to 30 min of mesenteric
ischemia and 15 min of reperfusion effectively protected
against lipid peroxidation and preserved SOD activity.
The activity of NF-kB and IL-6 were also reduced upon
ip administration of glutamine at 24 and 48 h prior to
I/R in rats. This adds to previously published data on
glutamine as a protective factor in mesenteric I/R states
in rats. Further studies are necessary to test the role of
glutamine as a potential protective agent against I/R lesions in humans.
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Abstract
AIM: To evaluate the efficacy of furazolidone-based
triple and quadruple therapy in eradicating Helicobacter
pylori (H. pylori ) in a multi-center randomized controlled trial.
METHODS: A total of 720 H. pylori positive patients
with duodenal ulcer disease were enrolled at 10 different hospitals in Jiangxi province in China. The patients
were randomly assigned to four treatment groups as
follows: patients in Groups 1 and 3 received rabeprazole (10 mg), amoxicillin (1000 mg) and furazolidone
(100 mg) twice daily for 7 and 10 d, respectively; patients in Groups 2 and 4 received rabeprazole (10 mg),
bismuth (220 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice daily for 7 and 10 d, respectively.
The primary outcome measure was H. pylori eradication rate 4 wk after treatment by intention-to-treat and
per protocol analysis, while the secondary outcome
measures were symptom and sign changes at the end
of treatment and 4 wk after the end of treatment, as
well as the proportion of patients who developed adverse events.
RESULTS: The demographic data of the four groups
were not significantly different. Overall, 666 patients
completed the scheme and were re-assessed with the
13
C-urea breath test. The intention-to-treat analysis of
the H. pylori eradication rates in Groups 1, 2, 3 and 4
were 74.44%, 82.78%, 78.89% and 86.11%, respectively. The H. pylori eradication rate in Group 4 was
significantly higher than that in Group 1. According to
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the per protocol analysis, the H. pylori eradication rates
in Groups 1, 2, 3 and 4 were 81.21%, 89.22%, 85.54%
and 92.26%, respectively. The H. pylori eradication rate
in Group 4 was significantly higher than that in Group
1. The number of adverse events was 15 (8.3%), 16
(8.9%), 15 (8.3%) and 17 (9.4%) in Groups 1, 2, 3
and 4, respectively, including dizziness, vomiting, diarrhea, nausea, skin rash, itchy skin, and malaise. The
symptoms were relieved without special treatment in
all of the patients.
CONCLUSION: Both 7- and 10-d quadruple furazolidone-based therapies achieve satisfactory H. pylori
eradication rates.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Helicobacter pylori infection; Furazolidone;
Treatment; Eradication
Core tip: This is a large sample, multi-center reseach to
evaluate the effects of furazolidone based regimens in
Helicobacter pylori (H. pylori ) eradication. In this study,
the efficacy of furazolidone-based triple and quadruple
therapies was investigated in patients with H. pylori
positive duodenal ulcers. The present study found that
both 7- and 10-d quadruple furazolidone-based therapies achieve satisfactory H. pylori eradication rates,
which are recommended as an alternative treatment
for H. pylori eradication.
Xie Y, Zhu Y, Zhou H, Lu ZF, Yang Z, Shu X, Guo XB, Fan
HZ, Tang JH, Zeng XP, Wen JB, Li XQ, He XX, Ma JH, Liu
DS, Huang CB, Xu NJ, Wang NR, Lu NH. Furazolidone-based
triple and quadruple eradication therapy for Helicobacter pylori
infection. World J Gastroenterol 2014; 20(32): 11415-11421
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i32/11415.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11415

INTRODUCTION
Helicobacter pylori (H. pylori) is a Gram-negative, microaerophilic bacterium associated with chronic gastritis and peptic
ulcers and is linked to the development of gastric carcinoma
and mucosa associated lymphoid tissue (MALT) tumors.
The eradication rate of H. pylori should be higher than
90%[1]. The Maastricht Ⅳ Consensus[2] and the Fourth
Chinese National Consensus Report[3] recommended standard triple and quadruple therapy with bismuth and a H.
pylori eradication rate higher than 80% for the management of H. pylori infection. However, in recent years, the
widespread use of antibiotics has led to the development
of drug resistance to antibiotics used in the treatment
of H. pylori infection. The eradication rate of H. pylori
infection has fallen to less than 80% with standard triple
therapy [proton pump inhibitor (PPI), clarithromycin and
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amoxicillin as a first-line regimen][1].
Furazolidone is a traditional antimicrobial agent and
has antibacterial effects on both Gram-positive and
-negative bacteria by interfering with bacterial oxidoreductase, causing metabolic disorders and death of the
bacteria. The metabolites of nitrofuran drugs may have
some carcinogenic effects in rodents; however, furazolidone has been extensively used to treat humans[4-6]. In
addition, H. pylori has a low resistance rate to furazolidone[7]. Regimens that include furazolidone treatment
achieve better eradication rates than clarithromycinbased regimens[8-10]. A multi-center trial in China showed
that the eradication rates of three 7-d furazolidonebased triple therapies containing omeprazole, furazolidone and clarithromycin, or omeprazole, furazolidone
and amoxicillin, or colloidal bismuth subcitrate, furazolidone and clarithromycin were 69.2%, 86.6% and 80.4%,
respectively[8]. Cheng et al[11] used 7- and 14-d quadruple
regimens that contained rabeprazole, bismuth potassium
citrate, amoxicillin and furazolidone, and achieved eradication rates of 82% and 89%, respectively, indicating
that furazolidone-based regimens are effective in H. pylori eradication. However, there is a lack of large sample,
multi-center studies in patients with antibiotic resistance.
In this study, the efficacy of furazolidone-based triple
and quadruple therapies was investigated in patients with
H. pylori positive duodenal ulcers (DU).

MATERIALS AND METHODS
Subjects
This multi-center randomized controlled study was conducted during January 2010 to June 2011 at 10 hospitals
of the Jiangxi province in China (The First Affiliated
Hospital of Nanchang University, Jiangxi Provincial
People’s Hospital, The People’s Hospital of Yichun City,
Ganzhou People’s Hospital, The Third Hospital of Nanchang, Pingxiang People’s Hospital, Fengcheng People’s
Hospital, The First Affiliated Hospital of Gannan Medical College, Yingtan City People’s Hospital, The Fourth
Affiliated Hospital of Nanchang University). The protocol of this prospective study was approved by the ethics
committee of Nanchang University. All patients that underwent a gastroscopy for gastrointestinal symptoms and
an active DU with H. pylori infection were enrolled after
informed consent. In total, 720 patients were included in
this study. Inclusion criteria for patients were as follows:
(1) an active DU having a diameter of 0.5 to 1.0 cm without complications, including bleeding and perforation; (2)
aged 16 to 70 years, both female and male; (3) did not receive H. pylori eradication therapy prior to enrollment; (4)
positive rapid urease test of ++ or above; and (5) signed
informed consent.
Exclusion criteria were as follows: (1) patients who
were treated with antibiotics, bismuth agent, H2 receptor
antagonist (H2RA), PPI or a mucosa protective agent two
weeks before enrollment; (2) patients with gastric ulcers
and esophageal ulcers; (3) patients who were pregnant or
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lactating; (4) patients with other serious diseases, such as
severe liver, heart and kidney disease, cancer and disorders caused by alcohol abuse; (5) known allergy to drugs
being prescribed; (6) patients who participated in other
drug research during the 3 mo prior to enrollment; and
(7) patients who could not correctly express their complaints, such as those who had a mental illness, severe
nervous functional disorders, or could not cooperate with
researchers.
Criteria for terminating the study were as follows: (1)
deterioration or severe complications; (2) serious adverse
events that could not be tolerated during treatment; (3)
other diseases that interfered with observation during
treatment; (4) lost to follow-up; and (5) pregnancy during
treatment.
Study drugs
The drugs used in this study, as well as the manufacturer,
were as follows: rabeprazole (Rui Bote), Jiangsu HanSoh
Pharmaceutical Group; amoxicillin (Imacil), the United
Laboratories International Holding Limited; colloidal
bismuth subcitrate (bismuth potassium citrate granules),
Livzon Pharmaceutical Group; and furazolidone, Jinling
Pharmaceutical Co., Ltd. Limin Pharmaceutical Factory.
Treatment regimens
The patients were randomly divided into the following
four groups: Group 1, treated with rabeprazole (10 mg),
amoxicillin (1000 mg) and furazolidone (100 mg) twice
daily (bid) for 7 d; Group 2, treated with rabeprazole
(10 mg), bismuth (220 mg), amoxicillin (1000 mg) and
furazolidone (100 mg) bid for 7 d; Group 3, treated with
rabeprazole (10 mg), amoxicillin (1000 mg) and furazolidone (100 mg) bid for 10 d; and Group 4, treated with
rabeprazole (10 mg), bismuth (220 mg), amoxicillin (1000
mg) and furazolidone (100 mg) bid for 10 d. After the
abovementioned treatments, every patient received ranitidine (150 mg) for 14 d (Groups 1 and 2) or 11 d (Groups
3 and 4).
Assessments
The diagnosis of H. pylori infection: A positive endoscopic rapid urease test indicated H. pylori infection[2,3].
The confirmation of H. pylori eradication: H. pylori
eradication was confirmed when a 13C-urea expiratory
test was negative 4 wk after the completion of the study
treatment[2,3].
Evaluation of symptoms and adverse events: Case
record forms (CRF) of the patients were completed. The
patients’ symptom history was recorded and a physical
examination was completed before treatment, 7 or 10
d after treatment, and 4 wk after completing the study
treatment. Symptoms and signs, medications used other
than those prescribed in the study, returned unused study
drugs, adverse events and other information were carefully recorded throughout the study.
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Evaluation of clinical symptom severity and treatment efficacy: The severity of upper gastrointestinal
symptoms, including pain, burning sensation, acid regurgitation, nausea and vomiting, belching and abdominal
distension were observed and rated, respectively. The
symptom scores were as follows: 0, no symptoms; 1, light
symptoms that did not affect daily life and/or work; 2,
symptoms that affected daily life and/or work; and 3,
serious symptoms that affected daily life and work, and
medications were needed.
The improvement rate (IR) of clinical symptoms was
calculated with the following formula: IR (%) = [(clinical symptom total points before treatment - the clinical
symptom total points after treatment)/clinical symptom
totals point before treatment] × 100%. The therapeutic
efficacies of the triple and quadruple therapies were categorized into four groups: (1) very effective, reduction
of all symptom scores to 0 or a reduction by 75%; (2)
effective, reduction of symptom scores between ≥ 50%
and < 75%; (3) slightly effective, reduction of symptom
scores between ≥ 25% and < 50%; and (4) ineffective,
reduction of symptom scores by < 25% or increased
symptom scores.
The main outcome measures
The primary outcome measure was H. pylori eradication
rate 4 wk after treatment, while the secondary outcome
measures were symptom and sign changes at the end of
treatment and 4 wk after the end of treatment, as well as
the proportion of patients who developed adverse events.
An intention-to-treat (ITT) analysis was performed,
and all the patients who took at least one dose of a study
drug were enrolled for analyzing the curative efficacy and
adverse events. The last observational data were used as
the final result for patients who failed to observe all treatment requirements.
A per-protocol (PP) analysis was performed on the
data of patients who complied well with the protocol, did
not take illicit drugs during the study period and completed the CRF form.
Statistical analysis
All the statistical analyses were performed with SPSS
16.0. The single factor analysis of variance was used for
measurement data, the χ 2 test was used for unordered
categorical data, and the rank-sum test (Kruskal-Wallis)
was used for ordinal categorical data. All the statistical
tests were two-tailed, and a P value of < 0.05 was considered statistically significant.

RESULTS
Demography
A total of 720 patients were randomized and included in
this study. The demographic data of the four groups were
not significantly different (P = 0.337) (Table 1). Fifty-four
patients were excluded in the follow-up period (36 lost
to follow-up and 18 discontinued), and thus 666 patients
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Table 1 The age and gender of the four groups of patients n (%)

Age (yr)
Gender

mean ± SD
Male
Female

Group 1 (n = 180)

Group 2 (n = 180)

Group 3 (n = 180)

Group 4 (n = 180)

P value

41.4 ± 12.6
105 (58)
75 (42)

39.6 ± 13.6
118 (66)
62 (34)

41.4 ± 12.3
102 (57)
78 (43)

41.4 ± 13.5
107 (58)
73 (42)

0.470
0.337

Patients in Group 1 and Group 3 received rabeprazole (10 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice daily for 7 and 10 d, respectively and
patients in Group 2 and Group 4 received rabeprazole (10 mg), bismuth (220 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice daily for 7 and 10 d,
respectively.

study treatment, including four patients in Group 1 (three
patients with vomiting and one patient with skin rash and
itchy skin), five patients in Group 2 (four patients with
vomiting and one patient with skin rash and itchy skin),
four patients in Group 3 (all vomiting), and five patients
in Group 4 (three patients with vomiting and two patients with skin rash and itchy skin). The symptoms were
relieved without special treatment in all of the patients
(Table 3).

Enrolled (n = 720)

Randomized

Group
Group
Group
Group

1
2
3
4

(n
(n
(n
(n

=
=
=
=

180)
180)
180)
180)

DISCUSSION

Lost to follow up: 36
Discontinued: 18
Group 1 (n = 15)
Group 2 (n = 13)
Group 3 (n = 14)
Group 4 (n = 12)

Completed
Group 1 (n
Group 2 (n
Group 3 (n
Group 4 (n

=
=
=
=

165)
167)
166)
168)

Figure 1 Study flow chart. Patients in Group 1 and Group 3 received rabeprazole (10 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice daily for 7
and 10 d, respectively. Patients in Group 2 and Group 4 received rabeprazole (10
mg), bismuth (220 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice
daily for 7 and 10 d, respectively.

completed the scheme, with 165, 167, 166 and 168 patients in Groups 1, 2, 3, and 4, respectively (Figure 1).
H. pylori eradication rate
There were significant differences in the H. pylori eradication rate (ITT: χ 2 = 8.725, P = 0.033; PP: χ 2 = 10.094, P
= 0.018) among the four groups. Further comparisons
revealed that the H. pylori eradication rate in Group 4 was
significantly higher than that of Group 1 (P < 0.05) (Table
2) according to the ITT and PP analyses.
Adverse events
The major adverse events included dizziness, vomiting,
diarrhea, nausea, skin rash, itchy skin, and malaise. The
number of adverse events was 15/180 (8.3%), 16/180
(8.9%), 15/180 (8.3%) and 17/180 (9.4%) in Groups
1, 2, 3 and 4, respectively (Table 3). All 18 patients with
vomiting, skin rash and itchy skin withdrew from the
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This study demonstrated that patients treated with a
combination of rabeprazole, bismuth, amoxicillin and furazolidone for 10 d (Group 4) had the highest eradication
rate of H. pylori infection. In addition, the H. pylori eradication rates of the four groups were all higher than those
of the reports mentioned previously[12,13]. The eradication
of H. pylori infection was not influenced by the age and/
or gender of the patients. In this study, the main adverse
events were dizziness, vomiting and diarrhea (Table 3),
and the incidence of these side effects was < 10%. These
symptoms disappeared after discontinuation of the treatment drugs and did not require any further management.
All of the treatment regimens were safe, as serious life
threatening side effects were not reported and the incidence was similar in different groups. The majority of
patients complied with treatment regimens in different
groups, and the patient drop-out rate was not due to the
different treatment regimens.
Although H. pylori is sensitive to many antibiotics, the
treatment effects on H. pylori are not satisfactory compared with other bacterial infectious diseases[1]. Graham
et al[1] in 2007 proposed that the H. pylori eradication rate
should be greater than 95%, and less than 80% was not
acceptable. An increasing resistance rate to clarithromycin
and metronidazole has resulted in gradually decreasing H.
pylori eradication rates of standard “triple therapy” (PPI,
clarithromycin, amoxicillin or metronidazole). In 2010,
Graham et al[14] found that only 18% of the standard “triple therapies” had an eradication rate of more than 85%,
while 60% of the ITT analyses showed that the eradication rate could not reach 80%.
A multi-center study in Europe[12] showed that the
H. pylori eradication rates of a standard triple therapy
(omeprazole, amoxicillin, clarithromycin) for 7 d were
70% and 55% according to PP and ITT analyses, respectively. Another multi-center study conducted in Spain by
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Table 2 Eradication of Helicobacter pylori infection in the different treatment groups in the intention-to-treat and per protocol
analyses n (%)
Efficacy
Eradication success
Eradication failure
Cases dropped
Eradication rate
ITT (95%CI)
PP (95%CI)

Group 1 (n = 180)

Group 2 (n = 180)

Group 3 (n = 180)

Group 4 (n = 180)

134 (74.4)
31 (17.2)
15 (8.3)

149 (82.8)
18 (10.0)
13 (7.2)

142 (78.9)
24 (13.3)
14 (7.8)

155 (86.1)
13 (7.2)
12 (6.7)

74.4% (68.0-80.8)
81.2% (75.2-87.2)

82.8% (77.3-88.3)
89.2% (84.5-93.9)

78.9% (72.9-84.9)
85.5% (80.1-90.9)

86.1%a (81.0-91.2)
92.3%a (88.3-96.3)

χ2

P value

8.725
10.094

0.033
0.018

a

P < 0.05 vs Group 1. Patients in Group 1 and Group 3 received rabeprazole (10 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice daily for 7 and
10 d, respectively and patients in Group 2 and Group 4 received rabeprazole (10 mg), bismuth (220 mg), amoxicillin (1000 mg) and furazolidone (100 mg)
twice daily for 7 and 10 d, respectively. ITT: Intention-to-treat; PP: Per protocol.

Table 3 Adverse events in the patients of the four groups n (%)
Adverse events
Dizziness
Vomiting
Diarrhea
Nausea
Skin rash and itchy
skin
Asthenia
Total

Group 1
Group 2
Group 3
Group 4
(n = 180) (n = 180) (n = 180) (n = 180)
5 (2.8)
3 (1.7)
1 (0.6)
3 (1.7)
1 (0.6)

4 (2.2)
4 (2.2)
4 (2.2)
0 (0)
1 (0.6)

6 (3.3)
4 (2.2)
2 (1.1)
0 (0)
0 (0)

7 (3.9)
3 (1.7)
3 (1.7)
1 (0.6)
2 (1.1)

2 (1.1)
15 (8.3)

3 (1.7)
16 (8.9)

3 (1.7)
15 (8.3)

1 (0.6)
17 (9.4)

Patients in Group 1 and Group 3 received rabeprazole (10 mg), amoxicillin
(1000 mg) and furazolidone (100 mg) twice daily for 7 and 10 d, respectively and patients in Group 2 and Group 4 received rabeprazole (10 mg),
bismuth (220 mg), amoxicillin (1000 mg) and furazolidone (100 mg) twice
daily for 7 and 10 d, respectively. Treatment was discontinued for 18 patients who experienced vomiting, skin rash and itchy skin.

Gisbert et al[13] showed that the H. pylori eradication rates
of standard triple therapy (20 mg omeprazole bid, 500 mg
clarithromycin bid, and 500 mg metronidazole bid) for 7
d were 55% and 54% according to PP and ITT analyses,
respectively. Furthermore, a multi-center clinical study
in China showed that the H. pylori eradication rates of
standard triple therapy (20 mg lansoprazole bid, 500 mg
clarithromycin bid, and 1000 mg amoxicillin bid) for 7 d
were 78.2% and 74.5% according to PP and ITT analyses, respectively[15]. Another study at the Shanghai Renji
Hospital[16] in China showed that the H. pylori eradication
rates of standard triple therapy (40 mg pantoprazole bid,
1 g amoxicillin bid, and 500 mg clarithromycin bid) for 7
d were 65.1% and 63.5% according to PP and ITT analyses, respectively.
In recent years, numerous studies have shown that the
rate of resistance of H. pylori to furazolidone is low[17,18].
Moreover, our previous studies over the last 15 years
in the Jiangxi province have shown that H. pylori resistance rates to metronidazole and clarithromycin gradually increased to 72.7% and 14.9%, respectively, and the
resistance rate to levofloxacin was 14.1%. However, the
resistance rate to furazolidone was 0%[7]. The present
study demonstrated that furazolidone-based 7- and 10-d
triple therapies, irrespective of the course of treatment,
achieved H. pylori eradication rates above the accepted
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threshold of 80%[2] (81.2% and 85.5%, respectively) by
PP analysis. More importantly, the eradication rates of
the 7- and 10-d quadruple therapies were also higher
than 80% (89.2% and 92.3%, respectively) by PP analysis, which are similar to or even higher than recent reports[12,13,15,16]. Furthermore, the H. pylori eradication rate
in furazolidone-based quadruple therapy was higher than
that of the triple therapy, and the eradication rates of the
10-d therapy were higher than those of the 7-d therapy,
suggesting that either the addition of bismuth or an extended course of treatment could improve the H. pylori
eradication rate.
A prospective study in Iran by Agah et al[19] reported
that the H. pylori eradication rates of metronidazolebased quadruple therapy (500 mg metronidazole bid, 1 g
amoxicillin bid, 20 mg omeprazole bid, and 240 mg bismuth bid) and azithromycin-based quadruple therapy [500
mg azithromycin once daily (qd) for 1 wk, 1 g amoxicillin
bid, 20 mg omeprazole bid, and 240 mg bismuth bid] for
two weeks were 68% and 69%, respectively, according to
PP and ITT analyses. In the present study, the length of
the furazolidone-based quadruple therapy was shorter
than that of the study by Agah et al[19], but the H. pylori
eradication rate was higher in our study. In the setting
of second-line therapy, Kuo et al[20] treated 150 patients in
Taiwan with levofloxacin-containing quadruple therapy [40
mg of esomeprazole bid, 300 mg of bismuth subcitrate four
times daily (qid), 500 mg tetracycline qid, and 500 mg levofloxacin qd) or high-dose metronidazole-based quadruple
therapy (40 mg esomeprazole bid, 300 mg bismuth subcitrate qid, 500 mg tetracycline qid, and 500 mg metronidazole
qid) for 10 d. The ITT analysis indicated that the eradication
rate was 78.9% and 79.7%, respectively, and the PP analysis
indicated that the eradication rate was 87.0% and 90.8%,
respectively. When used with furazolidone, Abbas et al[21]
treated 52 patients in Pakistan who failed to respond to clarithromycin-based triple therapy with a combinational regimen comprised of furazolidone (200 mg), co-amoxiclav (1
g), colloidal bismuth subcitrate (240 mg) and esomeprazole
(40 mg) bid for 14 d. To document eradication of H. pylori,
the urea breath test was repeated 4 wk after the completion
of treatment. The ITT analysis indicated that the eradication
rate was 81% (42/52), and the PP analysis indicated that the
eradication rate was 82.4% (42/51)[15]. Another study from
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Iran also showed good outcomes for H. pylori eradication
with bismuth-based therapy using furazolidone, revealed
eradication rate of 80.6% and 82.9%, according to ITT and
PP analyses[22].

The therapeutic dose of rabeprazole used in this
study was 10 mg twice a day. Rabeprazole has proven
efficacy in healing, symptom relief and prevention of
relapse of peptic ulcers and GORD. As monotherapy for
peptic ulcer healing and symptom relief, 4- to 8-wk studies have shown that the efficacy of rabeprazole (10 to 40
mg qd) is similar to omeprazole[23]. A rabeprazole dose of
10 mg bid is recommended by the Fourth Chinese National Consensus Report[3], and the recommended dose
of rabeprazole by the Maastricht Ⅳ Consensus[2] is 20
mg bid. In this study, the rabeprazole dose was increased
to 20 mg bid in those who failed eradication treatment.
The adverse events of furazolidone are associated
with its dose and duration of use. Various studies have
indicated that the incidence of adverse events at a higher
dose of furazolidone (200 mg bid) is greater than that at
a lower dose (100 mg bid or 50 mg bid). In this study, the
dose of furazolidone was 100 mg bid (lower dose), and
the course of treatment was 10 d or less. Adverse events
were observed in less than 10% of patients in each of the
groups, and treatment had to be discontinued in 2.5% of
the patients.
Chinese national multicenter randomized controlled
trials have indicated that sequential therapy has no significant advantage when compared with standard triple
therapy[24]. Accompanying therapy may increase antibiotic
adverse reactions, as well as reducing options of antibiotics after eradication treatment failure. Furazolidone is
seldom used in the United States and European countries, but it is used widely in several countries, including
Iran, Malaysia, Pakistan, Brazil, Mexico and China. The
infection rate of H. pylori in the Asian-Pacific region is
very high. Furazolidone-based therapy is safe and our
results have shown that the side effects of both 7-d and
10-d treatments were less than 10%. In a future study, we
will expand the sample size to assess furazolidone-based
therapy around other areas of China.
In conclusion, both 7- and 10-d quadruple furazolidone-based therapies achieve satisfactory H. pylori eradication rates. Therefore, these regimens are recommended
as an alternative treatment for H. pylori eradication.

Innovations and breakthroughs

This study demonstrated that both 7- and 10-d quadruple furazolidone-based
therapies achieve satisfactory H. pylori eradication rates, and all of the treatment regimens are safe. Therefore, these regimens are recommended as an
alternative treatment for H. pylori eradication.

Applications

Furazolidone is seldom used in the United States and European countries, but
it is used widely in countries in the Asian-Pacific region, including Iran, Malaysia, Pakistan, Brazil, Mexico and China, in which the infection rate of H. pylori is
very high. Furazolidone-based therapy is efficient, safe and cost-effectiveness,
and is suitable as an alternative treatment for H. pylori eradication, especially in
developing countries.

Peer review

The manuscripts studied furazolidone-based triple and quadruple treatment in H.
pylori infected patients with duodenal ulcer. The study is well prepared and the
results are specific, especially on the basis of cost-effectiveness.
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Abstract
AIM: To investigate the efficacy of tandospirone in patients with irritable bowel syndrome-diarrhea (IBS-D)
and anxiety in a prospective, randomized, controlled
study.
METHODS: Two hundred patients with IBS-D and
moderate anxiety were randomized to receive pinaverium and tandospirone (arm A) or pinaverium and
placebo (arm B). Tandospirone or placebo was given
thrice daily at a fixed dose of 10 mg and pinaverium
was given thrice daily at a fixed dose of 50 mg. The duration of treatment was 8 wk. Patients were assessed
for abdominal pain and diarrhea. Anxiety was evaluated
using the Hamilton Rating Scale for Anxiety (HAM-A).
The primary study endpoints were response rates for
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abdominal pain and diarrhea. The secondary study
endpoints were response rates for anxiety. Adverse
events were also evaluated.
RESULTS: One hundred and seventy of 200 patients
(82 patients in arm A and 88 patients in arm B) completed the study. Demographic and baseline characteristics of the 200 participants were comparable in
the two arms. At week 8, the overall response rate for
abdominal pain and diarrhea was 52.0% for arm A and
37.0% for arm B (P < 0.05). The HAM-A score showed
that the response rate was 61.0% for arm A and 21.0%
for arm B (P < 0.01). The treatments were well tolerated and no significant adverse events were reported.
CONCLUSION: Tandospirone is effective and can be
combined with pinaverium in IBS-D patients with anxiety.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Irritable bowel syndrome (IBS) is associated
with psychological stress, anxiety and depression,
which may contribute to perpetuating the condition.
IBS-diarrhea (IBS-D), an isotype of IBS, is often accompanied by anxiety, and conventional therapy is unfavorable. IBS-D may respond positively to anti-anxiety/depression therapies. However, existing medications
are not sufficiently effective for patients with IBS-D. To
our knowledge, few randomized, controlled and multicenter studies have focused on the efficacy of antianxiety agents in IBS-D patients. This is a prospective,
randomized, controlled study to evaluate the efficacy
of tandospirone in patients with combined IBS-D and
anxiety.
Lan L, Chen YL, Zhang H, Jia BL, Chu YJ, Wang J, Tang SX,
Xia GD. Efficacy of tandospirone in patients with irritable bowel
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INTRODUCTION
Irritable bowel syndrome (IBS) is one of the most
common gastrointestinal disorders (GIDs) with major
symptoms such as abdominal discomfort and pain accompanied by constipation or diarrhea. The syndrome
has complex mechanisms and is usually refractory to
treatment[1]. IBS is associated with psychological stress,
anxiety and depression, which may contribute to perpetuating the condition[2-4], and may respond positively to
anti-anxiety/-depression therapies[5-7]. However, existing
medications are not sufficiently effective for patients with
IBS.
IBS-diarrhea (IBS-D) is the most frequent subtype of
IBS[8]. IBS-D patients usually suffer from anxiety[9]. Antianxiety agents should be effective in relieving anxiety
and symptoms of IBS-D. However, there have been few
randomized and controlled trials of anti-anxiety agents in
IBS-D patients.
Tandospirone citrate is a partial agonist of the 5-hydroxytryptamine 1A (5-HT1A) receptor and has also
demonstrated neuropharmacological properties that may
contribute to its efficacy in the treatment of anxiety[10,11].
However, there have been no studies on the efficacy and
safety of tandospirone in IBS-D patients with anxiety.
We conducted a prospective, multicenter, single-blind,
randomized, controlled study to evaluate the efficacy
(whether abdominal pain, diarrhea and anxiety could be
improved) of tandospirone in patients with IBS-D and
anxiety.

MATERIALS AND METHODS
Participants
This study enrolled patients from three tertiary care centers in China: The People’s Hospital and the First Affiliated Hospital of Zhengzhou University, Henan, China and
the First Affiliated Hospital of Luzhou Medical College,
Sichuan, China. This study was conducted from March
2011 to May 2013. IBS-D was diagnosed according to the
Rome Ⅲ criteria (mainly including abdominal pain, diarrhea and without any organic alteration)[12], and anxiety
was diagnosed according to the Diagnostic and Statistical
Manual of Mental Disorders-Fourth edition (DSM-Ⅳ)
criteria[13].
Patients were eligible for enrollment if they (1) were
aged between 18 and 65 years; (2) had a Hamilton Rating Scale for Anxiety (HAM-A) score between 14 and 24
(moderate anxiety)[14]; (3) had negative routine fecal and
occult blood test within 3 mo prior to the study; (4) had
no organic diseases by enteroscopy within three months
prior to study, or no hepatobiliary and pancreatic diseases
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by laboratory studies and ultrasonographic evaluations;
and (5) received no agents that influence motility of the
gastrointestinal tract and digestion and/or anti-anxiety/
depressive drugs within 4 wk prior to study entry. Major
exclusion criteria were (1) allergy to tandospirone and/or
pinaverium bromide; (2) the presence of functional dyspepsia (FD); (3) breast-feeding or pregnancy or be going
to be pregnant in the period of the study; (4) clinically
significant diseases or any psychiatric disorder other than
anxiety; (5) previous abdominal surgery; and (6) daily
alcohol consumption > 40 g and/or history of drug
abuse. Patients were also excluded if they used other
psychotropic medications in the previous week (14 d for
monoamine oxidase inhibitors and 28 d for fluoxetine),
or required ongoing use of psychotropic medications.
All participating institutions had implemented good
clinical practice and were eligible for conduction of clinical trials. The study was compliant with the Declaration
of Helsinki, and approved by local ethical committees
and institutional review boards at the participating institutions. All study participants or their legal surrogates
provided written informed consent.
Study intervention
Eligible subjects were blinded to this study and randomized at an allocation ratio of 1:1 to receive pinaverium (a
calcium channel blocker for helping to restore the normal
contraction process of the bowel) and tandospirone (arm
A) or pinaverium and placebo (arm B). Tandospirone or
placebo was given thrice daily at a fixed dose of 10 mg
and pinaverium was given thrice daily at a fixed dose of
50 mg. The duration of treatment was 8 wk. Patients who
missed more than five consecutive days of treatment in
8 wk of the study (non-compliant) were withdrawn from
the trial.
Patient evaluation
Patients were assessed for eligibility at a screening visit,
with eligible patients returning for a baseline assessment
approximately one week, and then evaluated at week 8
for a total of four visits. The primary study endpoints
were response rates for abdominal pain and diarrhea. The
secondary study endpoints were the response rates for
anxiety.
Abdominal pain was assessed using a 10-point abdominal pain numeric rating scale (NRS) from 0 (none)
to 10 (worst possible pain), and mild (NRS score, 1-3),
moderate (NRS score, 4-6) and severe pain (NRS score,
7-10) were then assigned a score of 1, 2 or 3, respectively.
In addition, the frequency of abdominal pain was assigned a score of 0, 1, 2 and 3, respectively, if the pain
occurred 0, 1-2, 3-4 and ≥ 5 times per week. The abdominal pain score represented the sum of the severity
and frequency of pain in a patient. Diarrhea was assessed
by stool consistency, frequency and urgency. Normal/
hard feces, roughly normal feces, soft feces, loose feces
and watery feces were assigned a score of 0, 1, 2, 3 or 4,
respectively. Defecations were assigned a score of 0, 1,
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2, 3 or 4 if they occurred ≤ 1-2, 3-4, 5-6 and ≥ 7 times
daily. The absence or presence of urgency was assigned a
score of 0 or 1. The diarrhea score represented the combination of scores for stool consistency, frequency and
urgency of a patient. Furthermore, anxiety was evaluated
using the HAM-A scale.
For abdominal pain and diarrhea, clinical response
was evaluated based on the treatment associated-reduction rate (TARR), which was defined as the post-treatment scores minus the pretreatment scores and then divided by the pretreatment scores and multiplied by 100%.
Complete response (CR) had a TARR ≥ 75%, partial
response (PR) had a TARR ≥ 50% but <75%, slight
response (SR) had a TARR ≥ 25% but < 50% and nonresponse (NR) had a TARR < 25%. The response rate
= CRAbdominal pain or diarrhea + PRAbdominal pain or diarrhea. The overall
response rate = CR (abdominal pain plus diarrhea) + PR
(abdominal pain plus diarrhea). Clinical response in anxiety was evaluated using the same methods as those for
abdominal pain and diarrhea.
Evaluation of adverse events
Adverse events were monitored at baseline and week 2
and 8 using the Treatment Emergent Symptom Scale
(TESS) (NIMH, 1973). Safety assessments were based
mainly on the occurrence, frequency, and severity of
adverse events and were also based on laboratory parameters including hematology, hepatorenal function, electrolytes, urinalysis, fecal tests and electrocardiography, and
treatment-emergent adverse events were recorded. For all
adverse events, where necessary, patients were withdrawn
from the study.
Statistical analysis
Sample size calculation was based on the assumption of a
40% response in the arm A vs 20% in arm B using the Z
statistic to compare dichotomous variables with α = 0.05
(two-tailed) and β = 0.20. The estimated sample size was
81 patients per arm.
Randomization procedures were performed using a
computer code generated by a study statistician who did
not have contact with the study subjects. Trial name and
all involved parameters were set. Participating centers
were pre-added in the system. Common users of the system at each center were granted corresponding permission and user-names in advance. They accessed the system, input patient demographic data, and selected items
according to the inclusion/exclusion criteria. The system
then automatically decided whether a patient was eligible
to participate in the study.
The statistical analysis was carried out using SPSS14.0
software. The statistical analyses were pre-specified and
performed on an intention-to-treat basis with the inclusion of all patients who underwent randomization. Both
full and per-protocol analyses were used. The full analysis
sets included all patients who were randomized to treatment and had a baseline assessment and at least one postbaseline assessment. The per-protocol sets included all
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evaluable patients who completed at least three weeks
of active treatment and were not excluded as protocol
violators. Unless otherwise specified, all efficacy results
reported herein are based on the full analysis, whereas,
for patients who withdrew or were lost to follow-up, we
used the last observation carried forward approach. Descriptive statistics were used to summarize some safety
measures. The χ 2 test was used in the statistical analysis
and P < 0.05 was considered statistically significant. The
homogeneity of the HAM-A score obtained from different investigators was analyzed using Kendall’s W test,
with W > 90% considered as having homogeneity.

RESULTS
Demographic and baseline characteristics of the
participants
The study flowchart is shown in Figure 1. Among 274
subjects screened, 200 were eligible for the study. One
hundred patients were assigned to receive tandospirone
and pinaverium, and 100 to receive tandospirone. Thirty
patients (18 in arm A and 12 in arm B) withdrew due to
adverse events, lack of efficacy, protocol violation, lost
to follow-up or withdrawal consent. In total, 82 patients
in arm A and 88 patients in arm B completed the study.
Demographic and baseline characteristics of the 170
participants are shown in Table 1. The median age of
the study subjects was 45.6 (range: 19-65) years and there
were slightly more male patients (54.1%, 92/170) than
female patients (45.9%, 78/170). Patients in the two arms
were well balanced in demographic characteristics. The
mean baseline HAM-A score was 21.8 ± 5.2 for arm A
and 20.9 ± 4.7 for arm B with no apparent difference
between the two arms (P = 0.21). The mean baseline abdominal pain and diarrhea score was comparable between
arm A (8.3 ± 2.0) and arm B (8.0 ± 2.1) (P = 0.18).
Primary study endpoints
Forty-three patients in arm A and twenty-nine patients in
arm B had a 50% or greater reduction in the abdominal
pain score at week 8. The response rate was 43.0% for
arm A and 29.0% for arm B in the intention-to-treat population (P < 0.05), and was 52.4% for arm A and 33.0%
for arm B in the per-protocol sets (P < 0.05) (Table 2).
Fifty patients in arm A and 34 patients in arm B had
a 50% or greater reduction in the diarrhea score at week
8. The response rate was 50.0% for arm A and 34.0% for
arm B in the intention-to-treat population (P < 0.05), and
was 61.0% for arm A and 38.6% for arm B per-protocol
sets (P < 0.01) (Table 2).
The overall response rate in patients with abdominal
pain and diarrhea was 52.0% for arm A and 37.0% for
arm B in the intention-to-treat population (P < 0.05), and
was 63.4% for arm A and 42.0% for arm B in the perprotocol sets (P < 0.01) (Table 2).
Secondary study endpoints
The Kendall coefficient was > 90%, indicating the ho-
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Assessed for eligibility (n = 274)

Excluded (n = 74)
Not meeting inclusion criteria (n = 43)
Declined to participate (n = 16)
Lost to follow-up (n = 15)

Randomized (n = 200)

Pinaverium + Tandospirone
Arm A (n = 100)

Pinaverium + Placebo
Arm B (n = 100)

Withdrawn (n = 18)
Adverse events (n = 3)
Lack of efficacy (n = 3)
Protocol violation (n = 4)
Lost to follow-up (n = 3)
Withdrawal consent (n = 2)
Non-compliant (n = 3)

Withdrawn (n = 12)
Adverse events (n = 2)
Lack of efficacy (n = 3)
Protocol violation (n = 1)
Lost to follow-up (n = 1)
Withdrawal consent (n = 1)
Non-compliant (n = 4)

Completed (n = 82)

Completed (n = 88)

Figure 1 CONSORT diagram showing the flow of subjects in each stage of the trial.

verse events were reported. Treatment-emergent adverse
events included somnolence (four in arm A), vertigo (two
in arm A), vomiting (one in arm A and one in arm B) and
aggravated abdominal pain (one subject in arm B), which
resulted in discontinuation (vertigo, vomiting and aggravated abdominal pain) or was resolved two weeks later
(somnolence).

Table 1 Demographic and baseline characteristics of the study
participants with irritable bowel syndrome-diarrhea n (%)
Characteristic

Arm A (n = 100) Arm B (n = 100)

Age (yr)
mean ± SD
46.6 ± 12.9
Range
20-65
Female gender
35 (42.7)
Anxiety
mean ± SD
21.8 ± 5.2
Range
14-24
Abdominal pain and diarrhea score
mean ± SD
8.3 ± 2.0
Range
4-12

44.7 ± 12.8
19-64
43 (48.9)

DISCUSSION

20.9 ± 4.7
14-24
8.0 ± 2.1
4-14

mogeneity of the HAM-A score among investigators.
Sixty-one patients in arm A and 21 patients in arm B had
a 50% or greater reduction in the HAM-A score at week
8. The response rate was 61.0% for arm A and 21.0% for
arm B in the intention-to-treat population (P < 0.01), and
was 74.4% for arm A and 23.9% for arm B in the perprotocol sets (P < 0.01) (Table 3).
Adverse events
The treatments were well tolerated and no significant ad-
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IBS is a functional gastrointestinal disorder (FGID) characterized by symptoms including abdominal pain, distention and abnormal defecation habit and feces appearance[8]. Despite absence of organic disease, IBS may have
a notable adverse effect on the quality of life of patients
and lead to the exhaustion of medical resources[15]. The
etiology of IBS is unknown. However, it has been demonstrated that IBS is the GID which was most strongly
associated with mental health conditions[16]. Mental stress
and psychological distress are correlated with development of IBS [17]. Psychological and social factors can
interfere with the communication between the central
and enteric nervous systems, and there is proof that they
are involved in the onset of IBS and influence the response to treatment and outcome[18]. Anxiety or depres-
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Table 2 Response rates in the subjects with irritable bowel syndrome-diarrhea for abdominal pain and diarrhea n (%)
Arm

n

A
B
A
B

82
88
100
100

22 (26.8)
14 (15.9)
22 (22)
14 (14)

21 (25.6)
15 (17.0)
21 (21)
15 (15)

27 (32.9)
28 (31.8)
27 (27)
28 (28)

12 (14.6)
31 (35.2)
30 (30)
43 (43)

43 (52.4)a
29 (33.0)
43 (43)a
29 (29)

A
B
A
B

82
88
100
100

25 (30.5)
13 (14.8)
25 (25)
13 (13)

25 (30.5)
21 (23.9)
25 (25)
21 (21)

23 (28)
30 (34.1)
23 (23)
30 (30)

9 (11)
24 (27.3)
27 (27)
36 (36)

50 (61.0)b
34 (38.6)
50 (50)a
34 (34)

Abdominal pain plus diarrhea
Per protocol
A
B
Intention-to-treat
A
B

82
88
100
100

24 (29.3)
11 (12.5)
24 (24)
11 (11)

28 (34.1)
26 (29.5)
28 (28)
26 (26)

21 (25.6)
15 (17.0)
21 (21)
15 (15)

9 (11)
36 (40.9)
27 (27)
48 (48)

52 (63.4)b
37 (42.0)
52 (52)a
37 (37)

Abdominal pain
Per protocol
Intention-to-treat
Diarrhea
Per protocol
Intention-to-treat

CR

PR

SR

NR

Response rate

a

P < 0.05, bP < 0.01 vs arm B. CR: Complete response; NR: Non-response; PR: Partial response; SR: Slight response.

Table 3 Response rates in the subjects with irritable bowel syndrome-diarrhea for anxiety n (%)
Anxiety
Per protocol
Intention-to-treat

b

Arm

n

A
B
A
B

82
88
100
100

CR

PR

16 (19.5)
4 (4.5)
16 (16)
4 (4)

45 (54.9)
17 (19.3)
45 (45)
17 (17)

SR

NR

17 (20.7)
25 (28.4)
17 (17)
25 (25)

4 (4.9)
42 (47.7)
22 (22)
54 (54)

Response rate
61 (74.4)b
21 (23.9)
61 (61)b
21 (21)

P < 0.01, arm A vs arm B. CR: Complete response; NR: Non-response; PR: Partial response; SR: Slight response.

sion may influence autonomic nervous system balance in
women with IBS[19]. Gastrointestinal (GI)-specific anxiety
seems to be an important factor in GI symptom severity
and quality of life in patients with IBS[20]. No effective
therapy is currently available for IBS-D, and commonly
used medications including pinaverium and trimebutine
are unfavorable in refractory IBS and are associated with
frequent recurrences. Patients with refractory IBS usually experience negative mood and sleep disturbance[21],
indicating the importance of psychological intervention
and anti-anxiety/-depressive therapy in the treatment of
IBS[22-25].
As a third-generation anti-anxiety agent, tandospirone is a novel partial agonist of 5-HTlA receptor and
modulates 5-HT projected from the raphe nuclei to the
hippocampus by selectively activating 5-HTlA receptor in
a postsynaptic manner, thus exerting its anti-anxiety activity[26]. In addition, tandospirone has an anti-depressive
effect by down-regulating presynaptic 5-HT lA receptor
density[27]. Therefore, tandospirone has dual anti-anxiety
and anti-depressive effects, particularly in anxiety and
takes effect at 1 to 2 wk after administration. 5-HTlA receptor is located at the cholinergic nerve terminal and the
presynaptic component of the neuromuscular junction,
and may lead to relaxation of smooth muscle when it is
activated[28,29]. Therefore, tandospirone can not only act
on psychological symptoms including anxiety and depression, but also improve autonomic nerve disorder-related
physical symptoms, such as abnormalities of appetite,
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sexual behavior, body temperature and blood pressure[30].
Therefore it can be used to treat eating and GI disorders[31,32]. As reported previously[28,32,33], tandospirone can
be used in patients with combined functional dyspepsia
and emotional disorders, particularly those with treatment-refractory FD.
This study demonstrated that the combination of
tandospirone and pinaverium was associated with a significantly increased overall response rate in patients with
abdominal pain and diarrhea. Furthermore, we found that
the combination of tandospirone and pinaverium was associated with a markedly higher response rate. These findings demonstrate that tandospirone is effective in patients
with IBS-D with anxiety. Fukudo et al[34] showed that IBS
is related to brain-gut interactions, emotional dysregulation, and illness behaviors. Corticotropin-releasing hormone and 5-HT are candidate substances which regulate
exaggerated brain-gut response. Therefore, it is possible
that tandospirone as a partial 5-HTlA agonist, can regulate
brain-gut response and have an anti-spasmodic effect on
the colon by binding 5-HTlA receptor, thereby producing
an improvement in abdominal pain and diarrhea.
We also found that the drug was overall well tolerated by IBS-D patients and showed a benign safety profile with no major treatment-emergent adverse events.
This compares favorably to selective serotonin reuptake
inhibitors (SSRIs), anti-anxiety/-depressive agents used
in the clinic, which also exert their effects via the 5-HT
system. However, as an SSRI blocks the reuptake of
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5-HT, thus increasing 5-HT levels in the synaptic cleft,
this may lead to agitation and increase the frequency of
adverse events[35]. In addition, tandospirone is associated
with less somnolence and dependency than other antianxiety agents due to the absence of non-anti-anxiety
effects associated with benzodiazepines, such as muscular
relaxation, anti-convulsion and sedation[28], and can be
withdrawn when the symptoms are resolved[22].
Clinically, IBS is primarily treated with drugs acting on
GI motility, spasmolysis and analgesia, and psychological disorders are suspected only if the above-mentioned
treatments are ineffective. However, in IBS patients, as an
interaction between psychological disorders and physical
symptoms may exacerbate the condition, delaying antianxiety/-depressive intervention until poor efficacy of
conventional treatments is confirmed may extend the distress of these patients[22]. In our opinion, anti-anxiety/depressive treatment should be administered at an early
period for IBS patients who present with anxiety and
depression in order to avoid chronic stress[36].
Our prospective randomized controlled multicenter
trial has demonstrated that tandospirone is effective and
safe in IBS-D patients with anxiety. Prompt anti-anxiety
therapy in IBS-D patients with anxiety could lead meaningful improvements in anxiety as well as a significant
reduction in abdominal pain and diarrhea. Further largerscale, long-term clinical trials are warranted to confirm
our findings.
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C677T polymorphism under four genetic models (TT +
CT vs CC: OR = 1.23, P = 0.002; T vs C: OR = 1.15, P
= 0.001; TT vs CC: OR = 1.37, P = 0.0005; TT vs CT +
CC: OR = 1.17, P = 0.0008). Subgroup analysis by ethnicity suggested that C677T polymorphism conferred
a risk of GC in eastern but not in western populations.
Stratification by tumor site showed an association between the C677T polymorphism and gastric cardia cancer and non-cardia GC in the worldwide population and
in eastern populations. Regardless of comparisons with
controls or diffuse-type GC, a positive association was
found for the C677T polymorphism and an increased
risk of intestinal-type GC in the whole population and in
western populations. With regard to the A1298C polymorphism, we found that genotype CC was significantly
decreased and conferred protection against GC in eastern populations (CC vs AA: OR = 0.44, P = 0.03; CC vs
AC + AA: OR = 0.46, P = 0.04).

Abstract

© 2014 Baishideng Publishing Group Inc. All rights reserved.

AIM: To identify the association between methylenetetrahydrofolate reductase (MTHFR ) polymorphisms
and gastric cancer (GC) susceptibility.

Key words: Methylenetetrahydrofolate reductase; Polymorphism; Gastric cancer; Meta-analysis

METHODS: Systematic searches were performed on
the electronic databases PubMed, ISI, Web of knowledge, CNKI and Wanfang, as well as manual searching
of the references of the identified articles. A total of 26
papers were included in this meta-analysis. Overall and
subgroup analyses were performed. Odds ratio (OR)
and 95%CI were used to evaluate the associations
2
between MTHFR polymorphisms and GC risk. The I
statistics were used to evaluate between-study heterogeneity. Sensitivity analysis was also performed.
RESULTS: Increased risk was found for the MTHFR
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CONCLUSION: MTHFR C677T polymorphism is a risk
factor for GC, and the A1298C polymorphism may be a
protective factor against GC in eastern populations.

Core tip: Many studies have reported associations of
methylenetetrahydrofolate reductase (MTHFR) C677T
and A1298C polymorphisms with susceptibility to gastric cancer (GC). There are several relevant published
meta-analyses about this subject. Nevertheless, these
articles failed to analysis MTHFR polymorphisms and
GC risk per se in detail as follows. They failed to investigate the difference between gastric cardia cancer
and non-cardia GC, and the distinction between diffuse
and intestinal subtypes. Consequently, we performed a
meta-analysis to clarify the roles of MTHFR C677T and
A1298C polymorphisms in GC susceptibility among the
eligible studies.
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INTRODUCTION
The incidence of gastric cancer (GC) has decreased world
wide, but it remains the fourth most common cancer di
agnosis in men and the fifth in women[1], and the second
leading cause of cancer-related death[2,3]. The etiology
of GC is believed to be multi-stage and multifacto
rial. Although the decrease in the incidence of GC[4] in
recent decades can be explained by changing lifestyles,
diet habits, and reduced Helicobacter pylori infection, the
fact that some individuals develop GC while others do
not under similar environmental circumstances suggests
that genetic predisposition plays an important role in the
pathogenesis of GC.
Methylenetetrahydrofolate reductase (MTHFR), whose gene maps to chromosome 1p36.3[5] and encodes a
77-kDa protein[6], plays a key role in folate metabolism
by irreversibly catalyzing the reduction of 5, 10-methy
lenetetrahydrofolate to 5-methyltetrahydrofolate, the
predominant circulatory form of folate, which serves
as both a cofactor and substrate for the regeneration
of methionine. The latter leads to production of S-ade
nosylmethionine (SAM); the universal methyl donor in
humans for DNA methylation[7]. Reduced enzyme activ
ity may result in lower levels of SAM and an increased
risk of cancer, including GC, as a consequence of gene
hypomethylation[8]. Two common single nucleotide poly
morphisms (SNPs) of MTHFR have been indicated:
C677T (rs1801133), which results in the amino acid
product changing from alanine to valine[9]; and A1298C
(rs1801131), which results in the amino acid product
changing from glutamic acid to alanine[8]. Studies have
confirmed that the variant genotypes are associated with
a significant reduction of enzyme activity[10,11], suggesting
that the polymorphisms of C677T and A1298C may be
related to the risk of GC.
Until now, many studies have reported associations
of MTHFR C677T and A1298C polymorphisms with
susceptibility to GC with controversial results[12-37]. Ad
ditionally, there have been several relevant meta-analyses
published on this subject[38-44]. Nevertheless, these studies
failed to analyze MTHFR polymorphisms and GC risk
per se in detail as follows. They failed to address the dif
ference between gastric cardia cancer (GCC) and noncardia gastric cancer (NCGC) as well as the distinction
between diffuse and intestinal subtypes. Consequently, we
performed a meta-analysis to clarify the roles of MTHFR
C677T and A1298C polymorphisms in GC susceptibility
among the eligible studies.
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MATERIALS AND METHODS
Search strategy
Two researchers independently performed a computer
ized search in four databases - PubMed, ISI Web of
Knowledge (Version 4.5), Chinese National Knowledge
Infrastructure, and Wanfang (Chinese) - up to May 2013.
Moreover, an additional search was carried out for rel
evant studies on scholar.google.com.hk. The search terms
were ‘‘methylenetetrahydrofolate reductase’’ or MTHFR,
“gastric or stomach or cardia” and “cancer or carcinoma
or neoplasm” in various combinations, with the language
limited to English and Chinese. The reference list of each
relevant publication was also reviewed to ensure that all
appropriate studies were included in the meta-analysis.
Inclusion and exclusion criteria
Studies were included according to the following criteria:
(1) case-control or cohort studies determining the distri
bution of MTHFR C677T and/or A1298C genotypes;
(2) cases with GC were diagnosed by histopathological
biopsy, and the controls were free of cancer; and (3) the
numbers of cases and controls reported for each geno
type should be sufficient for calculation. If multiple stud
ies from the same case series were available, the one in
cluding the most individuals was used in the analysis. We
excluded the studies if they were: (1) meeting abstracts,
case reports, reviews, or editorials; (2) not written in Eng
lish or Chinese; or (3) not in Hardy-Weinberg equilibrium
(HWE) with the controls. The final included studies were
based on discussion among the researchers.
Data extraction
Two investigators independently extracted data from the
published reports using a standardized protocol and a
reporting form with the following information: first au
thor’s last name, year of publication, country and ethnic
ity of participants (classified into eastern and western),
sample size, detailed genotype information (genotype
distribution and allele frequency), anatomical site of tu
mor (cardia or non-cardia GC) and Lauren classification
(intestinal or diffuse subtype).
Statistical analysis
The MTHFR C677T genotypes include TT, CT and CC,
and A1298C comprises CC, AC and AA genotypes. The
pooled odds ratios (ORs) were calculated for the domi
nant model [C677T: (TT + CT) vs CC; A1298C: (CC +
AC) vs AA], the allelic model (C677T: T allele vs C allele;
A1298C: C allele vs A allele), the additive model (C677T:
TT vs CC; A1298C: CC vs AA), and the recessive model
(C677T: TT vs (CT + CC); A1298C: CC vs (AC + AA),
respectively. Given that the potential causes of heteroge
neity among studies were ethnicity, tumor site and clas
sification, subgroup analyses were conducted according
to different ethnic groups (Eastern/Western), tumor site
(cardia/non-cardia), and Lauren classification (intestinal/
diffuse).
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Records identified through database
searching (n = 250)

Records identified through other
sources (n = 17)

Records after duplicates removed (n = 148)

Records excluded based on titles and
abstracts (n = 106)

Records screened (n = 42)

Full-text articles assessed for eligibility (n = 30)

4 studies excluded for not meeting inclusion criteria:
2 did not conform to Hardy-Weinberg equilibrium
2 were not case-control studies

Studies included in this meta-analysis (n = 26)

Figure 1 Flowchart of the literature selection process.

RevMan software (Review Manager, Version 5.1; Co
chrane Collaboration, 2011) was used for this meta-anal
ysis. The between-study heterogeneity (i.e., the variation
in findings not compatible with chance alone) was tested
with the χ 2-based Cochran’s statistic and the inconsis
tency index (I2). Statistically signiﬁcant heterogeneity was
considered to be present when Pheterogeneity < 0.05 and I²
> 50%. If there was no statistical heterogeneity among
studies (I2 < 50% and Pheterogeneity > 0.05), the OR and
95%CI were estimated for each study in a fixed-effects
model (FEM). Otherwise, a random effect model (REM)
was used. A funnel plot was performed to look for
evidence of publication bias; the funnel plot should be
asymmetric when there is publication bias and symmet
ric in the case of no publication bias. Additionally, the
publication bias was quantitatively estimated by Begg’s
and Egger’s tests.

RESULTS
Study characteristics
Figure 1 summarizes the selection process of eligible
studies. After a thorough literature search, 26 qualified
publications[12-37] were included in this meta-analysis ac
cording to the inclusion criteria. Among these, 24 were
included for the MTHFR C677T polymorphism and GC,
and 11 were included for the MTHFR A1298C polymor
phism and GC. The characteristics of the included stud
ies, the variant genotypes and allele frequencies are listed
in Table 1. Table 2 shows the available data on GCC and
NCGC for MTHFR C677T and A1298C in detail. Ad
ditionally, data on intestinal and diffuse subtype GC for
C677T were accessible in four studies (Table 3). Accord
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ing to the size of the heterogeneity, FEM or REM was
adopted to analyze every comparison (Table 4).
Overall analysis
MTHFR C677T polymorphism and GC: Table 4 lists
the main results of this meta-analysis. A total of 6266
cases and 8250 controls were identified for analysis of
the association between the MTHFR C677T polymor
phism and GC. The overall results showed that there was
a significant association between C677T and GC [TT +
CT vs CC: OR = 1.23 (1.08, 1.40), P = 0.002], and a T
allele was associated with a 15.0% increased risk of GC
compared to a C allele [T vs C: OR = 1.15 (1.06, 1.25), P
= 0.001]. Similar results were obtained in the analysis for
the additive model [TT vs CC: OR = 1.37 (1.15, 1.63), P
= 0.0005] and the recessive model [TT vs CT + CC: OR
= 1.17 (1.07, 1.28), P = 0.0008].
MTHFR A1298C polymorphism and GC: As shown
in Table 4, 11 studies including a total of 2007 cases and
3679 controls were performed to analyze the relation
ship between the MTHFR A1298C polymorphism and
GC. The risk for GC conferred by the MTHFR A1298C
polymorphism did not reach significance under the four
genetic models (P > 0.05).
Subgroup analysis
When stratifying the data by ethnicity, stronger signifi
cance between the MTHFR C677T polymorphism and
GC was shown when restricted to eastern populations
[TT + CT vs CC: OR = 1.26 (1.08, 1.47), P = 0.003; T vs
C: OR = 1.21 (1.08, 1.34), P = 0.0005; TT vs CC: OR =
1.42 (1.15, 1.76), P = 0.001; TT vs CT + CC: OR = 1.22
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Ethnicity

535
114
780
165
1700
96
478
106
144
631
397
427
254
169
164
140
34
445
101
255
188
315
398
468
200
166

Case Control

Sample size

105
48
172
80
1052
23
132
45
12
104
106
116
51
86
78
19
64
48
153
150
45
36
107
61
90

34
61
14
42
58
138
139
25
17
47
22
55

CT

Case
115
22
198
44
778
12
37
46
18
109
50
146
29

CC

42
31
5
27
16
41
20
59
37
63
24
42

44
27
35
15
382
13
79
12
5
32
38
33
22

TT

67
67
15
143
49
107
97
74
65
151
63
60

277
32
422
62
540
37
89
41
64
248
135
185
98

CC

68
56
11
239
43
115
76
143
209
217
99
80

207
57
308
75
863
46
217
49
65
277
199
178
115

CT

Control

29
17
8
63
9
33
15
98
124
100
38
26

51
25
50
28
297
13
172
16
15
94
57
36
41

TT

C677T
Genotypes distribution

154
200
47
148
164
429
428
95
70
201
105
200

T

126
140
29
118
80
235
190
163
110
233
109
174

193
102
242
110
1816
49
290
69
22
168
182
182
95

Case
335
92
578
168
2608
47
216
137
48
322
206
408
109

C

202
190
41
525
141
329
270
291
339
519
225
200

761
121
1152
197
1943
120
395
131
193
773
469
548
311

C

126
90
27
365
61
181
106
339
457
417
175
132

309
107
408
131
1457
72
561
81
95
465
313
250
197

T

Control

Alleles frequency

0.10
0.32
0.06
0.022
0.92
0.81
0.99
0.12
0.14
0.18
0.93
0.96

0.19
0.97
0.54
0.5
0.13
0.73
0.17
0.74
0.76
0.27
0.23
0.48
0.43

HWE

P

42
12
34
44

21
64
55

69
150
130

116
49
125
43
73

103
147
135
50
96
126
26
98
73

19

AC

Case

24

AA

2

0
3

2
0
1
5

25
0
31
9
0

5

CC

111

294
324

97
22
308
58

315
275
180
125
125

33

AA

50

104
139

41
11
129
38

246
112
179
107
44

54

AC

Control

5

0
5

2
1
8
5

53
7
41
22
0

9

CC

A1298C
Genotypes distribution

315

159
364

294
64
230
190

322
343
395
143
265

29

C

272

692
787

235
55
745
154

876
662
539
357
294

120

60

104
149

45
13
145
48

352
126
261
151
44

72

C

Control
A

0.83

0.0032
0.022

0.32
0.79
0.19
0.70

0.61
0.25
0.72
0.89
0.12

0.08

HWE

P

(1.09, 1.35), P = 0.0003], although the result for western populations was not significant (Table 4). With regard to the A1298C polymorphism, the results showed that there was
a significant association between the A1298C polymorphism and a decreased risk of GC in eastern populations in the additive and recessive models [CC vs AA: OR = 0.44 (0.21,
0.93), P = 0.03; CC vs AC + AA: OR = 0.46 (0.22, 0.96), P = 0.04] (Table 4).
Stratification analyses were performed to consider tumor sites. The results suggested that the MTHFR C677T polymorphism was significantly associated with an increased
GC risk for both GCC [TT vs CT + CC: OR = 1.38 (1.15, 1.67), P = 0.0006] and NCGC [TT + CT vs CC: OR = 1.38 (1.18, 1.63), P < 0.0001; T vs C: OR = 1.24 (1.10, 1.40), P
= 0.0003; TT vs CC: OR = 1.44 (1.09, 1.91), P = 0.01] in the whole population. When further analyzed by ethnicity, similar positive results were found only in eastern but not in
western populations. We also obtained no significant results for the association between A1298C and both GCC and NCGC (Table 4).
In view of the Lauren classification, we divided the studies into two subgroups. The results showed that the MTHFR C677T polymorphism was significantly associated with
an increased risk for intestinal-type GC [TT vs CC: OR = 1.88 (1.22, 2.89), P = 0.004; TT vs CT + CC: OR = 1.45 (1.07, 1.95), P = 0.02] in the whole population. When further

59

21
70

46
12
36
54

166
49
187
61
73

Case

67

A

Alleles frequency

Study involving Denmark, France, Greece, Germany, Italy, the Netherlands, Norway, Spain, Sweden, and United Kingdom; 2Studies with the controls not in Hardy-Weinberg equilibrium (HWE).

1

Country

Gao et al[12]
China
Eastern
264
Guo et al[13]
China
Eastern
97
Saberi et al[14]
Iran
Eastern
405
Yang et al[15]
China
Eastern
139
Cui et al[16]
South Korea Eastern 2213
De Re et al[17]
Italy
Western
48
Galvan-Portillo et al[18]
Mexico
Western 248
Gotze et al[19]
Germany Western 106
Zeybek et al[20]
Turkey
Eastern
35
Vollset et al[21]
Europea1 Western 247
Mu et al[22]
China
Eastern
196
Zhang et al[23]
Poland
Western 305
Boccia et al[24]
Italy
Western 102
Fu et al[25]
China
Eastern
169
Graziano et al[26]
Italy
Western 162
Li et al[27]
China
Eastern
170
Weng et al[28]
China
Eastern
38
Kim et al[29]
South Korea Eastern
133
Si et al[30]
China
Eastern
122
Sarbia et al[31]
Germany Western 332
Bi et al[32]
China
Eastern
309
Wang et al[33]
China
Eastern
129
Stolzenberg-Solomon et al[34]
China
Eastern
90
Miao et al[35]
China
Eastern
217
Gao et al[36]
China
Eastern
107
Shen et al[37]
China
Eastern
187

Ref.

Table 1 Characteristics of eligible studies included in the meta-analysis
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Table 2 Distribution of MTHFR C677T and A1298C genotypes and alleles frequency in gastric cardia cancer, non-cardia cancer
and controls
Ref.

Sample size

Genotypes distribution

Cardia Non-cardia Control
MTHFR C677T polymorphism
Saberi et al[14]
152
Gotze et al[19]
27
Graziano et al[26]
43
Weng et al[28]
NA
Sarbia et al[31]
119
Si et al[30]
29
Bi et al[32]
155
Wang et al[33]
129
Stolzenberg-Solomon et al[34]
90
Miao et al[35]
217
Shen et al[37]
82
MTHFR A1298C polymorphism
Weng et al[28]
NA
Si et al[30]
29
Shen et al[37]
82

210
76
119
38
213
93
154
NA
NA
NA
105

780
106
164
34
255
101
188
315
398
468
166

38
93
105

34
101
166

Cardia
CC
77
13
7

Non-cardia

CT
60
13
25
NA
45
7
73
45
36
107
38
AC
NA
12
17

65
21
74
25
17
47
22
AA
15
64

Alleles frequency

TT
15
1
11

CC
99
33
27
14
73
37
65

9
1
8
59
37
63
22
CC

CT
98
32
61
19
108
41
77
NA
NA
NA
52
AC
12
32
38

33
AA
26
58
66

2
1

Control
TT
13
11
31
5
32
15
12

CC
422
41
67
15
107
49
97
74
65
151
60
AA
22
58
111

20
CC
0
3
1

CT
308
49
68
11
115
43
76
143
209
217
80
AC
11
38
50

Cardia
TT
50
16
29
8
33
9
15
98
124
100
26
CC
1
5
5

Non-cardia

C
T
214 90
39 15
39 47
NA
175 63
49
9
211 89
95 163
70 110
201 233
82 82
A
C
NA
42 16
145 19

Control

C
T
C
296 124 1152
98
54 131
115 123 202
47
29
41
254 172 329
115
71 141
207 101 270
NA
291
NA
339
NA
519
118
92 200
A
C
A
64
12
55
148
38 154
170
40 272

T
408
81
126
27
181
61
106
339
457
417
132
C
13
48
60

NA: Not available.

Table 3 Distribution of MTHFR C677T and A1298C genotypes and alleles frequency in intestinal, diffuse gastric cancer and
controls
Ref.

Sample size

Genotypes distribution

Intestinal Diffuse Control

Intestinal
CC

MTHFR C677T polymorphism
Saberi et al[14]
Galvan-Portillo et al[18]
Gotze et al[19]
Graziano et al[26]

142
88
53
91

80
152
37
71

780
454
106
164

69

TT

CC

59

14
38
8
25

39

50
21
19

Diffuse

CT

24
47

Control

Intestinal

CT

TT

CC

CT

TT

34

7
39
4
17

422 308
291
41
49
67
68

50
163
16
29

113
18
15

Alleles frequency

15
39

C

T

197 87
NA
66 40
85 97

Diffuse

Control

C

C

T

112 48
NA
51 23
69 73

T

1152 408
NA
131
81
202 126

NA: Not available.

analyzed by ethnicity, similar positive results were found
only in western populations but not in eastern popula
tions. No significant relationship was found between the
MTHFR C677T polymorphism and diffuse-type GC
(Table 4).

stability of the above results. The funnel plot (data not
shown) provided no evidence of publication bias. Con
sistent results were drawn from Begg’s and Egger’s tests.

Relationships between GCC and NCGC, and intestinaltype and diffuse-type GC
When comparing GCC with NCGC, no significant re
sults were observed in any of the four models for C677T
or A1298C (Table 5), and ORs of 1.71 (95%CI: 1.13-2.59,
P = 0.01) and 1.60 (95%CI: 1.09-2.35, P = 0.02) were
found in the TT vs CC model in western populations and
total populations, respectively, when comparing intestinaltype with diffuse-type GC for C677T. None of the other
models produced significant results for eastern, western
or overall populations (Table 5).

Regarding the MTHFR C677T and A1298C polymor
phisms and their association with GC, definite conclu
sions cannot be drawn. Therefore, we performed a metaanalysis to estimate the relationships between the two
SNPs in the MTHFR gene and the risk of GC.
In the present meta-analysis, the overall analysis sug
gested that MTHFR 677TT and CT genotype carriers
had a higher risk of developing GC; in addition, an el
evated risk of GC was also found among the MTHFR
677T allele carriers. It is well known that individuals who
are MTHFR 677T carriers have reduced MTHFR activ
ity[10], and the low enzyme activity of MTHFR C677T
variant genotypes is associated with DNA hypomethyl
ation, which may induce genomic instability and thereby
affect the expression of oncogenes or tumor suppressor
genes, leading to the development of malignancies[45,46].
No significant association was found between the MTH

Sensitivity analysis and publication bias evaluation
A sensitivity analysis was performed by excluding one
study each time to reflect the influence of the individual
data set on the ORs; the analysis did not alter the pattern
of the results (data not shown), which confirmed the
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1.09 (0.81, 1.48)
1.16 (0.89, 1.52)
1.09 (0.38, 3.12)

1.38 (1.18, 1.63)
1.35 (1.10, 1.66)
1.41 (0.83, 2.38)

1.46 (0.86, 2.47)
1.25 (0.87,1.87)
1.61 (0.60,4.29)

1043/2941
854/2416
189/525

1008/1794
600/1269
408/525

374/1504
142/780
232/724

0.80 (0.37, 1.74)
0.80 (0.37, 1.74)

0.98 (0.69, 1.41)
0.98 (0.69, 1.41)

111/267
111/267
0

236/301
236/301
0

2007/3679
1015/1452
702/1408

0.160
0.230
0.340

< 0.0001
0.004
0.400

0.560
0.280
0.870

0.002
0.003
0.180

0.930
0.930
NA

0.240
0.240
NA

1.31 (0.66,2.58)
0.440
1.24 (0.78,1.96)
0.360
1.33 (0.35,5.01)
0.670
(CC + AC)/AA
0.98 (0.79, 1.21)
0.840
0.96 (0.72, 1.29)
0.790
1.00 (0.71, 1.41)
0.990

1.23 (1.08, 1.40)
1.26 (1.08, 1.47)
1.20 (0.92, 1.56)

340/1504
80/780
260/724

P

(TT + CT)/CC

OR (95%CI)

6266/8250
4716/5839
1550/2411

Case/control

NA: Not available; PHeterogeneity: P value of Q test for heterogeneity test.

C677T
Total
24
Eastern
16
Western
8
Tumor site
Cardia
Total
10
Eastern
7
Western
3
Non-cardia
Total
8
Eastern
5
Western
3
Lauren’s classification
Intestinal
Total
4
Eastern
1
Western
3
Diffuse
Total
4
Eastern
1
Western
3
A1298C
Total
11
Eastern
7
Western
4
Tumor site
Cardia
Total
2
Eastern
2
Western
0
Non-cardia
Total
3
Eastern
3
Western
0

n

0.59
0.59

0.13
0.13

0.008
0.02
0.04

0.03
NA
0.008

0.05
NA
0.03

0.42
0.99
0.03

0.0005
0.05
0.001

< 0.0001
0.002
0.002

P Heterogeneity

0.93 (0.68, 1.26)
0.93 (0.68, 1.26)

0.83 (0.41, 1.69)
0.83 (0.41, 1.69)

0.97 (0.83, 1.14)
0.93 (0.73, 1.19)
1.07 (0.93, 1.23)

1.19 (0.78, 1.82)
1.21 (0.85, 1.73)
1.14 (0.50, 2.60)

1.33 (0.97, 1.84)
1.25 (0.95, 1.64)
1.37 (0.74, 2.52)

1.24 (1.10, 1.40)
1.21 (1.04, 1.41)
1.26 (0.91, 1.76)

1.16 (0.95, 1.41)
1.24 (1.04, 1.48)
1.00 (0.52, 1.91)

1.15 (1.06, 1.25)
1.21 (1.08, 1.34)
1.05 (0.91, 1.21)

OR (95%CI)

NA

NA

C/A

T/C

0.62
0.62

0.61
0.61

0.73
0.56
0.36

0.42
0.29
0.76

0.08
0.12
0.32

0.0003
0.01
0.16

0.14
0.02
1.00

0.001
0.0005
0.53

P

Table 4 Comparisons of MTHFR C677T and A1298C polymorphisms for whole and stratified analysis

0.69
0.69

0.10
0.10

0.03
0.04
0.15

0.06
NA
0.02

0.10
NA
0.04

0.42
0.87
0.06

0.002
0.06
0.004

0.0004
0.002
0.05

P Heterogeneity

P

0.004
0.10
0.02

0.01
0.20
0.14

0.24
0.0003
0.77

0.0005
0.001
0.16

TT/CC

0.45 (0.15, 1.40)
0.45 (0.15, 1.40)

0.76 (0.21, 2.83)
0.76 (0.21, 2.83)

0.17
0.17
NA

0.69
0.69
NA

0.35
0.34
0.72
CC/AA
0.95 (0.71, 1.28)
0.76
0.44 (0.21, 0.93)
0.03
1.13 (0.82, 1.57)
0.46

1.46 (0.66, 3.21)
1.51 (0.64, 3.57)
1.31 (0.29, 5.83)

1.88 (1.22, 2.89)
1.71 (0.90, 3.26)
2.01 (1.13, 3.59)

1.44 (1.09, 1.91)
1.30 (0.87, 1.95)
1.55 (0.86, 2.78)

1.28 (0.85, 1.95)
1.57(1.23, 2.00)
0.78 (0.15, 4.16)

1.37 (1.15, 1.63)
1.42 (1.15, 1.76)
1.28 (0.91, 1.82)

OR (95%CI)

0.86
0.86

0.28
0.28

0.60
0.84
0.69

0.13
NA
0.04

0.19
NA
0.07

0.31
0.48
0.12

0.003
0.16
0.003

0.0005
0.005
0.009

P Heterogeneity

P

0.02
0.14
0.05

0.16
0.57
0.16

0.0006
< 0.0001
0.54

0.0008
0.0003
0.55

TT/(CT + CC)

0.46 (0.15, 1.40)
0.46 (0.15, 1.40)

0.80 (0.22, 2.93)
0.80 (0.22, 2.93)

0.17
0.17
NA

0.73
0.73
NA

0.94 (0.56, 1.58)
0.82
1.40 (0.61, 3.20)
0.80
0.85 (0.46, 1.55)
0.59
CC/(AC + AA)
0.95 (0.72, 1.27)
0.75
0.46 (0.22, 0.96)
0.04
1.11 (0.81, 1.51)
0.53

1.45 (1.07, 1.95)
1.60 (0.86, 2.97)
1.41 (1.00, 1.98)

1.19 (0.93, 1.52)
1.10 (0.79, 1.55)
1.29 (0.91, 1.83)

1.38 (1.15, 1.67)
1.53 (1.25, 1.87)
0.73 (0.27, 1.99)

1.17 (1.07, 1.28)
1.22 (1.09, 1.35)
1.05 (0.88, 1.25)

OR (95%CI)

0.82
0.82

0.36
0.36

0.78
0
0.98

0.09
NA
0.1

0.76
NA
0.58

0.61
0.44
0.53

0.05
0.31
0.07

0.01
0.03
0.11

P Heterogeneity
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P

0.83 (0.26, 2.64)
0.83 (0.26, 2.64)

111/198
111/199
0

0.03
0.03

0.76
NA
0.54

0.01
0.04
0.04

P Heterogeneity

0.90 (0.34, 2.34)
0.90 (0.34, 2.34)

1.10 (0.84, 1.45)
1.03 (0.68, 1.57)
1.16 (0.81, 1.66)

0.80 (0.59, 1.09)
0.85 (0.56, 1.27)
0.73 (0.45, 1.20)

OR (95%CI)

P

0.8
0.8
NA

0.5
0.9
0.4
C/A

0.2
0.4
0.2

T/C

0.03
0.03

0.78
NA
0.57

0.002
0.01
0.05

P Heterogeneity

1.87 (0.39, 9.03)
1.87 (0.39, 9.03)

1.60 (1.09, 2.35)
1.14 (0.44, 2.95)
1.71 (1.13, 2.59)

0.82 (0.49, 1.38)
1.04 (0.52, 2.06)
0.59 (0.35, 1.00)

OR (95%CI)

P

0.44
0.44
NA

0.02
0.79
0.01
CC/AA

0.46
0.91
0.05

TT/CC

0.59
0.59

0.87
NA
0.64

0.01
0.05
0.08

P Heterogeneity

P

0.31
0.78
0.25

1.85 (0.39, 8.69)
1.85 (0.39, 8.69)

0.43
0.43
NA

1.24 (0.68, 2.27)
0.48
1.13 (0.42, 3.04)
0.81
1.32 (0.62, 2.80)
0.48
CC/(AC + AA)

0.71 (0.36, 1.39)
0.89 (0.39, 2.03)
0.52 (0.17, 1.59)

TT/(CT + CC)

OR (95%CI)

0.75
0.75

0.50
NA
0.41

0.06
0.10
0.26

P Heterogeneity

FR A1298C polymorphism and overall GC risk; a possible explanation for which could be that the reduction of MTHFR functional activity caused by the A1298C mutation is
significantly less than that caused by the C677T mutation[9].
In subgroup analyses stratified by the ethnicity, gastric tumor site and Lauren classification, we found that the MTHFR C677T polymorphism was associated with suscep
tibility to both GCC and NCGC in eastern populations compared with controls. No positive association was found between the MTHFR C677T polymorphism and the risk
of intestinal or diffuse types of GC compared with controls. With regard to the A1298C polymorphism, we found that the CC genotype conferred protection against GC in
eastern but not in Western populations; however, the inconsistent results among Western and Eastern populations are difficult to explain. Moreover, irrespective of comparison
with controls or diffuse-type GC, a positive association was found that the C677TT polymorphism increased the risk of intestinal-type GC in the whole population and in the
western population. No significant difference was found between GCC and NCGC. Because a small sample size was included, this conclusion remains to be confirmed. To the
best of our knowledge, the distribution of the MTHFR polymorphism differs among various ethnic populations[47], which may have led to the different results for eastern and
western populations.
Although several related meta-analyses have been published previously[38-44], our current research still has some advantages. First, because it involved 26 studies conforming
to HWE and provided 6390/8515 cases/controls, our meta-analysis included a larger number of studies than the previous studies, and the results are more reliable. Second, our
study is the first to include stratification according to tumor site and Lauren classification.
There was a certain degree of heterogeneity among the studies assessed here, which may be attributed to design quality, sample size, noncomparable measures of genotyp
ing, and variation of the covariate. To clarify the sources of heterogeneity, we conducted a sensitivity analysis, and this analysis confirmed the stability of the null association
between MTHFR polymorphisms and GC after excluding any one study at a time.
No significant publication bias was found herein given the symmetry shown in the funnel plots, and consistent results were drawn from Begg’s and Egger’s tests (data not
shown). Nevertheless, unpublished data from conference abstracts and dissertations and unpublished pharmaceutical company data were not extracted, which could introduce a
distinct possibility of publication bias. Moreover, we followed the inclusion and exclusion criteria strictly to reduce selection bias. In addition, the test of HWE for the distribu
tion of the genotypes in the control groups suggested that there were no individuals with significantly aberrant genetic backgrounds among the participants.
Nevertheless, this meta-analysis had several limitations that may have affected the conclusions. First, we selected only the MTHFR C677T and A1298C polymorphisms

0.75
0.75
NA

1.09 (0.74, 1.62)
0.67
1.01 (0.58, 1.74)
0.98
1.19 (0.68, 2.09)
0.55
(CC + AC)/AA

374/340
142/80
232/260

0.12
0.24
0.46

0.74 (0.51, 1.08)
0.76 (0.47, 1.21)
0.75 (0.35, 1.61)

(TT + CT)/CC

OR (95%CI)

607/970
418/562
189/408

Case/control

NA: Not available; PHeterogeneity: P value of Q test for heterogeneity test.

C677T
Cardia and non-cardia
Total
7
Eastern
4
Western
3
Intestinal-type and diffuse-type
Total
4
Eastern
1
Western
3
A1298C
Cardia and non-cardia
Total
2
Eastern
2
Western
0

n

Table 5 Comparisons of MTHFR C677T and A1298C polymorphisms for gastric cardia and non-cardia cancers, intestinal-type and diffuse-type gastric cancers
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because these were the most extensively studied poly
morphisms, although several other SNPs in the MTHFR
gene have been identified. Meta-analyses that investigate
the association of other polymorphisms in the MTHFR
gene with GC should be performed in the future. Sec
ond, study design, small sample size and environmental
factors may have affected the results; many studies did
not use an appropriate design or neglected to consider
important environmental factors. Third, the results drawn
from subgroup analyses might be limited because of the
small sample size. Moreover, it was difficult to obtain full
papers published in various languages; we included stud
ies published only in English and Chinese.
In summary, data from our meta-analysis support that
the MTHFR C677T polymorphism increases the risk
of developing GC in the general population, as well as
the risk of GCC and NCGC in eastern populations and
intestinal-type GC in western populations. The A1298C
polymorphism may be a protective factor against GC
in eastern populations. GC is a disease resulting from
complex interactions between genes and the environ
ment. Therefore, further well-designed studies with larger
sample sizes should be performed to assess other genetic
and environmental factors in the development of GC.

the general population. Additionally, this study is the first to include stratification
according to gastric cancer location and histological subtype. It is important to
review these relevant reports systematically.
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Abstract
Percutaneous endoscopic gastrostomy (PEG) is a common practice for long-term nutrition of patients who
are unable to take oral food. We report of an 85-year
old man with a history of recurrent larynx carcinoma
and hemicolectomy many years ago due to unknown
reason. Laryngectomy was indicated. Preoperatively a
PEG was inserted endoscopically after an abdominal ultrasonography without abnormal findings. Few months
after PEG insertion, the patient was evaluated for diarrhea and insufficient feeding without signs of infection
or peritonism. An upper endoscopy and computed tomography scan confirmed a buried bumper syndrome
with migration of the PEG tube into the colon as a rare
complication. He underwent successful colonoscopic removal of the internal bumper and closure of the colonic
orifice of the fistula with the over-the-scope-clip system
(OTSC). OTSC is an endoscopic device for treatment of
bleeding, perforation, leak and fistula in the gastrointestinal tract. To the best of our knowledge, this is the
first report of the use of OTSC for colonoscopic closure
of a gastrocolocutaneous fistula due to a buried bumper syndrome with transcolonic PEG tube migration.
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Core tip: We present a case of buried bumper syndrome with percutaneous endoscopic gastrostomy tube
migration into the transverse colon that was treated
endoscopically using the over-the-scope-clip (OTSC)
system for closure. OTSC is a new endoscopic device
for treatment of bleeding, perforations, leaks and fistulae in the gastrointestinal tract.
Bertolini R, Meyenberger C, Sulz MC. First report of colonoscopic closure of a gastrocolocutaneous PEG migration with
over-the-scope-clip-system. World J Gastroenterol 2014;
20(32): 11439-11442 Available from: URL: http://www.wjgnet.
com/1007-9327/full/v20/i32/11439.htm DOI: http://dx.doi.
org/10.3748/wjg.v20.i32.11439

INTRODUCTION
Percutaneous endoscopic gastrostomy (PEG) tubes are
widely used for long-term enteral nutrition for patients
who are unable to take oral food, e.g., after head and neck
surgery. PEG tube insertion is associated with some potential complications although it is generally considered
to be safe[1].
The over-the-scope-clip (OTSC) system (Ovesco Endoscopy AG, Tübingen, Germany) is a new endoscopic
device suitable to close perforations[2,3], post-surgical
fistulae[3,4] or resection of submucosal tumors[5]. It can
also be used as hemostatic tool in gastrointestinal bleeding[6] and for esophageal stent fixation[5]. To the best of
our knowledge, in literature there are only case reports or
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Figure 1 Computed tomography of the abdomen confirmed a buried bumper syndrome with displacement of the internal bumper (short arrow) into
the transverse colon (long arrow).

Figure 2 Colonoscopy also revealed the internal bumper (arrow) in the
transverse colon. The fistula (arrowhead) measured 3-4 mm in diameter.

small case series regarding the efficacy and safety[2-8], so
far randomized controlled trials are not available.
A rare complication of PEG insertion is a secondary
PEG migration from the stomach into the colon[1,9,10]. In
our case the migrated PEG was removed via colonoscopy and the fistula was closed with an OTSC.

CASE REPORT
An 85-year-old man was hospitalized with a recurrent
larynx carcinoma and pharyngotracheal fistula after
radiotherapy and laser cordectomy. Laryngectomy was
indicated. To avoid oral intake, a PEG was planned
after an abdominal ultrasonography without abnormal
findings. The patient had undergone a laparotomy with
right-sided hemicolectomy many years ago. Based on the
available records we could not find out the reason for
that hemicolectomy.
The endoscopic transillumination prior to gastric
puncture was not easy to perform. A PEG tube (15
Charrière; Fresenius Kabi Deutschland GmbH, Bad
Homburg, Germany) was inserted and the internal bumper placement could be confirmed endoscopically. After
one week, peristomal putrid leakage as well as limited in
and out movement was reported. The clinical examination revealed neither signs of peritonism nor relevant
local infection. The tube could be flushed easily. A plain

WJG|www.wjgnet.com

Figure 3 Removal of the internal bumper with a polypectomy snare.

Figure 4 Over-the-scope-clip system device (arrow) is being deployed on
top of the fistula.

radiograph and an ultrasonography of the abdomen were
normal. In order to prevent recurrent regurgitation two
weeks after insertion, a jejunal extension was performed
endoscopically, the internal bumper was still correctly
placed. Five months later, again putrid leakage beside the
PEG tube was observed and it was difficult to flush the
gastric port whereas the jejunal port worked properly.
Initially the tube could be moved toughly, but then easily,
possibly due to a beginning buried bumper syndrome.
Ten months after PEG tube insertion the patient was reevaluated for therapy-refractory diarrhea and insufficient
feeding. The upper endoscopy revealed a buried bumper
syndrome. The internal bumper was covered with scarf
tissue, only a small fistula was present. We carefully inserted an atraumatic guide wire into the gastrostomy tube
without resistance, but it was not endoscopically visible.
Computed tomography confirmed a buried bumper syndrome with displacement of the internal bumper into the
transverse colon (Figure 1). A colonoscopy also revealed
the internal bumper in the transverse colon, the colocutaneous fistula measured about 3-4 mm in diameter (Figure
2). The internal bumper was removed with a polypectomy snare (Figure 3). A 1TQ-160 gastroscope (Olympus,
Tokyo, Japan) was re-inserted with the mounted and
loaded OTSC device (size 12/6 mm type a 10 mm), that
was released under suction (Figures 4 and 5). Despite air
insufflation no air leaked through the skin. The patient
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Figure 5 Deployed over-the-scope-clip system device in transcolonic fistula.

underwent a new PEG and continued PEG feeding. Diarrhea stopped.

our case, we performed a pre-interventional abdominal
ultrasonography, but this imaging modality is not adequately suitable to detect a colonic interposition. The
most important issue is that gastric insufflation and transillumination should be adequate. In this case, transillumination was difficult to obtain. Furthermore, an abdominal
fingerprint impression should indent the gastric wall, and
a sudden escape of gas or stool using a pilot needle not
visible endoscopically indicates the puncture of another
structure[1]. Tominaga et al[9] recommend the use of a
colonoscope to facilitate the colonic displacement after
abdominal surgery.
In conclusion, we report the first use of OTSC for
colonoscopic closure of a gastrocolocutaneous fistula
due to a buried bumper syndrome with transcolonic PEG
tube migration.

COMMENTS
COMMENTS
DISCUSSION

Case characteristics

The OTSC system shows a great variety of treatment options in the upper and lower GI tract. OTSC application
within the colon has been described as successful tool to
close anastomotic dehiscence, post-surgical fistulae[4], colovesicular fistulae with diverticulosis, colocutaneous fistulae[2], endoscopic R1 resection of a adenocarcinoma of the
sigma[3], perforation after polypectomy[6], endoscopic submucosal dissection[7] as well as acute perforation with gastrointestinal bleeding of the colonic wall one day after PEG[3].
To the best of our knowledge, this is the first report
of the use of OTSC for colonoscopic closure of a gastrocolocutaneous fistula due to a buried bumper syndrome
with transcolonic PEG tube migration. We decided to
close the colonic fistula orifice after colonoscopic removal
of the PEG tube because the colonic fistula orifice was
greater than the gastric one and the tissue of the colonic
wall was easy to suck. Recently, Murino et al[11] also reported a case of gastrocolic fistula secondary to transcolonic
PEG tube migration. However, they used the OTSC to
close the gastric orifice. Mönkemüller et al[12] successfully
closed a gastrocolic fistula in a severely malnourished patient with an OTSC application at the gastrojejunal anastomosis after Billroth Ⅱ.
After abdominal surgery, in our case laparotomy and
right-sided hemicolectomy, the transverse colon can be
displaced over the anterior gastric wall. In those settings,
the colon can be injured and a gastrocolocutaneous fistula can occur during PEG placement. This potential
complication of PEG tube insertion is very rare[1,9,10].
Transcolonic displacement of the PEG tube can present
with diarrhea, fecal discharge or rarely without symptoms. Some patients need surgery due to peritonitis or
abdominal sepsis[13]. However, a conservative procedure
by removal of the tube or colonoscopic clip application
can also be successful[14,15].
Some important issues need to be addressed to prevent this complication. Pre- and peri-interventional imaging examinations are essential for adequate prevention. In
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An 85-year-old man with a history of percutaneous endoscopic gastrostomy
few months ago and right-sided hemicolectomy many years ago presented with
diarrhea and insufficient feeding.

Clinical diagnosis

Neither signs of peritonism nor fever.

Differential diagnosis

Infection, colitis, malabsorption syndrome, percutaneous endoscopic gastrostomy (PEG) migration, perforation.

Laboratory diagnosis

Hemoglobin 100 g/L, white blood cell 5 g/L, C-reactive protein 53 mg/L.

Imaging diagnosis

Computed tomography confirmed buried bumper syndrome with displacement,
localizing the position of the internal bumper in the transverse colon. No free
fluid collection or gas intraabdominal.

Endoscopic diagnosis

Colonoscopy revealed the internal bumper within the transverse colon.

Treatment

The PEG tube was removed with a polypectomy snare and the gastrocolocutaneus fistula was closed colonoscopically with an over-the-scope-clip (OVESCO
Endoscopy AG, Tübingen, Germany).

Related reports

Over-the-scope-clip is a new endoscopic device for closure of lesions in the GI
tract.

Experiences and lessons

This report used the over-the-scope-clip system for colonoscopic treatment of
a gastrocolocutaneous fistula in a patient with buried bumper syndrome and
secondary PEG migration. Important issues are discussed to prevent this very
rare complication of PEG tube insertion.

Peer review

This is an interesting case report that support the utilization of over-the-scopeclip system (OTSC) device for coloscopic closure of a gastrocolocutaneous
fistula due to a buried bumper syndrome with transcolonic PEG tube migration.
In my opinion this is a very original and useful application of OTSC device.
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Abstract
Intestinal pseudo-obstruction secondary to systemic lupus erythematosus (SLE) is a rare syndrome described
in recent decades. There are slightly over 30 published
cases in the English language literature, primarily associated with renal and hematological disease activity. Its
presentation and evolution are a diagnostic challenge
for the clinician. We present four cases of intestinal
pseudo-obstruction due to lupus in young Mexican females. One patient had a previous diagnosis of SLE and
all presented with a urinary tract infection of varying
degrees of severity during their evolution. We consider
that recognition of the disease is of vital importance
because it allows for establishing appropriate management, leading to a better prognosis and avoiding unnecessary surgery and complications.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Key words: Intestinal pseudo-obstruction; Systemic lupus
erythematosus; Uretero-hydronephrosis; Urinary tract infection; Diagnostic challenge
Core tip: We present a summary of the most important
clinical points in four clinical cases of intestinal pseudoobstruction secondary to systemic lupus erythematosus using a suggested approach in order to reach a
prompt diagnosis due to this pathology presenting a
picture of acute abdomen. It is a case series of Mexican patients and, to the best of our knowledge in this
particular presentation, is the first report in the international medical literature.
García López CA, Laredo-Sánchez F, Malagón-Rangel J, FloresPadilla MG, Nellen-Hummel H. Intestinal pseudo-obstruction
in patients with systemic lupus erythematosus: A real diagnostic
challenge. World J Gastroenterol 2014; 20(32): 11443-11450
Available from: URL: http://www.wjgnet.com/1007-9327/full/v20/
i32/11443.htm DOI: http://dx.doi.org/10.3748/wjg.v20.i32.11443

INTRODUCTION
Systemic lupus erythematosus (SLE) is a disease caused
by an aberrant immune response[1]. Its manifestations
range from positive serology to one (or multiple) organ
dysfunction and even death. Its course is unpredictable
and involves periods of remissions and relapses[1-3]. Gastrointestinal (GI) manifestations may occur in up to 50%
of patients with SLE[4,5] with the majority being mild,
such as secondary effects to medication[6-8]. However,
the clinical spectrum reported in the literature shows
that presentations are usually associated with activity at
another level[4,5,8-10] and can be aggressive, placing the life
of the patient at risk[4,5,10]. Intestinal pseudo-obstruction
is characterized by an ineffective propulsion of the intestine without obvious mechanical cause[6,10,11]. Its association with SLE is described infrequently. The significance
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CASE REPORT

Table 1 Characteristics of patients with intestinal pseudoobstruction due to systemic lupus erythematosus at the time
of diagnosis
Case 1

Case 2

Case 3

Case 4

General information
Age (yr)
27
23
25
37
Time of diagnosis of SLE
0 mo/yr 0 mo/yr 0 mo/yr 12 yr
SLEDAI
27
11
15
10
Clinical signs and symptoms
Weight loss (kg)
10
15
8
NR
Seizures/amaurosis
+
Fever
+
+
+
+
Serositis (pleural effusion)
+
+
+
+
Ascites
+
Dysuria
+
+
+
Sepsis
+
+
Paraclinical tests
Uretero-hydronephrosis (CT)
+
+
+
+
Esophagitis (endoscopy)
+
+
NR
NR
Hypomotility (manometry)
+
+
NR
NR
Laboratory tests
ANA (IU/mL)
2
1.1
3.4
NR
Anti-ds-DNA (IU/mL)
29
34
40
NR
C3 (mg/dL)
36
40
44
36
C4 (mg/dL)
6
3
7
8
Anti-SM (IU/mL)
> 100
NR
NR
NR
Anti-Ro
+
+
Hemolytic anemia
+
+
+
+
Leucopenia/lymphopenia
+
+
+
+
High CRP
+
+
+
+
Proteinuria (g/24 h)
1.8 to 21 3 to 10.76
10
ESCKD
Blood culture
E. coli
E. coli
Urine culture
E. coli/PA
E. coli
E. coli
E. coli
Treatment
Methylprednisolone pulse
+
+
+
NU
Ⅳ IgG
+
+
NU
NU
Cyclophosphamide
NU
NU
+
NU
Oral prednisolone
+
+
+
+
Prokinetics
+
+
+
+
Antibiotics
+
+
+
+
Others
Total parenteral nutrition
+
+
+
Surgery prior to diagnosis
+
+
+
+
+: Positive; -: Negative; SLE: Systemic lupus erythematosus; NU: Not used;
NR: Not reported/not realized; ESCKD: End-stage chronic kidney disease;
CRP: C-reactive protein; ACR: American College of Rheumatology;
CT: Computed tomography; ANA: Antinuclear antibodies (normal,
nondetectable); anti-dsSNA: Double-stranded DNA (positives: > 25 IU/
mL); C3: C3 Complement (90-189 mg/dL); C4: C4 Complement (10-40 mg/
dL); LDH: Lactate dehydrogenase; E. coli: Escherichia coli; PA: Pseudomonas
aeruginosa; anti-SM: Anti-smith antibodies; Ro: Anti-Ro antibodies;
SLEDAI: Systemic lupus erythematosus disease activity index; Ⅳ IgG:
Intravenous human immunoglobulin; IU: International units.

lies in that a large percentage of these patients can initially present the condition together with activity at the
renal, hematological and neurological levels[7,11-18]. The
most frequently described treatment is based on corticosteroids or immunosuppressants. We describe four cases
of intestinal pseudo-obstruction in patients with SLE
associated with severe infections, with an emphasis on
the fact that diagnostic delay modifies the course of the
disease and may cause the patient to be subjected to surgical procedures that are not definitive and complicate
the evolution.
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Case 1
We present the case of a 27-year-old female. During the
previous 8 mo the patient had intermittent episodes of
abdominal pain and oral intolerance with a 10-kg weight
loss. She was operated on during two occasions due to
acute abdomen, without revealing any abnormalities. Prior to admission she had dysphagia to solid foods, dysuria
and urinary incontinence, malar erythema, edema of the
lower extremities and pleural effusion. Laboratory tests
showed hyperazotemia, proteinuria (up to 21 g/24 h), hemolytic anemia [Hb 8 g/dL, lactate dehydrogenase (LDH)
785 mg/dL, indirect bilirubin 0.83 mg/dL, schistocytes
in blood peripheral smear, positive direct Coombs], low
complement, positive antinuclear antibodies, anti-DNA,
anti-SM and anti-Ro (Table 1). Therefore, a diagnosis of
SLE was concluded. According to imaging studies, the
patient was diagnosed with intestinal pseudo-obstruction
with dilatation of the pyelocalyceal systems, ureterohydronephrosis and emphysematous pyelonephritis (Figure
1). Panendoscopy was performed with report of esophagitis with esophageal hypomotility. Colovesical fistula was
ruled out by colonoscopy and urethrocystography. The
patient developed amaurosis fugax and seizures classified as central nervous system activity after resonance
angiography, lumbar puncture and cerebral perfusion
scan. E. coli was isolated from the urine culture with >
100000 colony-forming units (CFU). The patient developed sepsis (positive blood cultures for E. coli) and was
given imipenem, amikacin and levofloxacin for a total of
35 d. Abdominal pain persisted along with radiographic
manifestations of intestinal pseudo-obstruction. After
ruling out other causes, it was decided that the clinical
picture of pseudo-obstruction was secondary to SLE.
Steroids were initiated for 5 d (methylprednisolone 1000
mg/d) and then oral prednisone with a reduction scheme,
prokinetics (erythromycin) and total parenteral nutrition
were administered. There was partial improvement in
the clinical picture but without any resolution. After this
first regimen, the SLE disease activity index (SLEDAI)
was calculated to be 24 points. There was persistence
of growth in the cultures. It was decided to administer
human immunoglobulin Ⅳ at a dose of 2 g/kg weight
divided into 5 d (400 mg/kg per day), after which the
complement levels increased, inflammatory markers and
proteinuria decreased, hemoglobin increased, and microorganisms were eradicated. Intestinal motility was finally
increased, with total resolution of the GI disorder. The
patient was discharged from the hospital and continued
with outpatient management with mycophenolate mofetil
and oral prednisone without presenting new events of
GI relapse to date.
Case 2
We present the case of a 23-year-old female with a history of left optical neuritis associated with generalized
erythema for 3 years. It was treated as multiple sclerosis
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A

B

C

Figure 1 Imaging studies of intestinal pseudo-obstruction in lupus. A: Represents the images where signs such as distention of the small bowel loops and air
fluid levels are visible and edema of the wall labeled with stars known as target lesion; B: Shows the ureterohydronephrosis with labeled arrows (in this case bilateral),
which is an accompanying frequent finding; C: Represents the image of intestinal visceromegaly.

and urticarial vasculitis and managed with β-interferon
and topical steroids. The patient was admitted to the
hospital with generalized abdominal pain, vomiting and
oral intake intolerance. She was diagnosed with acute
abdomen and received two surgical interventions with
findings of only ascites and splenomegaly. Three months
afterwards she was readmitted with similar complaints, as
well as findings of dysphagia, dysuria and a weight loss
of 15 kg. ANA and anti-DNA titers were obtained with
positive results, and she also had leucopenia, lymphopenia, proteinuria (up to 10.76 g/24 h), hemolytic anemia
(8 g/dL, LDH 840 mg/dL, direct Coombs positive 1:6,
schistocytes in FSP) and low complement (Table 1), and
urinary tract infection with urine culture isolating 100000
CFU of E. coli. An abdominal X-ray scan reported images characteristic of intestinal obstruction, ruling out
a mechanical cause (Figure 1). The patient subsequently
underwent panendoscopy with manometry with reports
of incompetence of the gastroesophageal junction and
esophageal and duodenal hypomotility. Metabolic causes
for ileus were ruled out. The patient continued with the
same symptomatology with the suspected diagnosis of
SLE with GI involvement. She was managed with methylprednisolone boluses at 1000 mg/d for 3 d and broad
spectrum antibiotics, obtaining partial improvement of
the GI symptoms. However, she developed severe sepsis
(blood cultures positive for E. coli). Based on information
of activity (SLEDAI 11) and sepsis it was decided to administer human immunoglobulin Ⅳ at a dose of 2 g/kg
per total dose (400 mg/kg per day), after which the cell

WJG|www.wjgnet.com

counts normalized, proteinuria, ANA and anti-DNAs decreased, cultures became negative and there was improvement in intestinal transit. The patient was discharged
from the service, continuing on oral steroids and monthly
cyclophosphamide without severe GI symptoms.
Case 3
We present the case of a 25-year-old female with a history of photosensitive malar erythema and intermittent
symmetrical polyarthritis. Diarrhea, abdominal pain and
vomiting had a 1-mo evolution and the patient was being managed conservatively. One week after discharge,
the patient again presented with abdominal pain, vomiting, dysphagia to solids, diarrhea and fever. She arrived
at the hospital where she was admitted and surgically
intervened due to suspicion of acute appendicitis with
insidious progression. During hospitalization she developed hypertension, edema of the lower extremities, acute
renal failure and radiological picture of intestinal pseudoobstruction (Figure 1). Hypokalemia was documented (2.9
mmol/L) and corrected. There were hemolytic anemia
(direct Coombs positive 1:8, elevated LDH 479 mg/dL,
schistocytes in FSP), leukopenia with lymphopenia, elevated anti-dsDNA, ANA antibodies, low complement,
and proteinuria (10 g/24 h) as well as E. coli infection in
the urine culture (> 100000 CFU). With the criteria mentioned, a diagnosis of active SLE was made (SLEDAI
18). Management with parenteral hydration was begun
along with replacement of electrolytes and broad spectrum antibiotics, without improvement being noted. She
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developed anuria and acute pulmonary edema and temporary hemodialysis was begun. There was no improvement in the GI symptoms, with persistent air fluid levels
with thickening of the intestinal wall and ureterohydronephrosis seen on X-ray and tomographic images (Figure 1).
With the infection resolved and with the possibility of severe renal damage, methylprednisolone was administered
at a dose of 1000 mg for 3 d, with reduction scheme with
oral prednisone and cyclophosphamide at a dose of 1
g/m2 SC, after which renal and gastrointestinal function
improved. The patient was discharged from the hospital
and was managed with a monthly dose of cyclophosphamide. Abdominal symptoms recurred 2 mo later, and the
patient was managed in a similar manner.
Case 4
We present the case of a 37-year-old female with a history of SLE diagnosed for 12 years. The patient was
treated with prednisone, cyclophosphamide and azathioprine, progressing towards end-stage renal disease
managed with peritoneal dialysis and subsequently with
hemodialysis. During the 3 years prior to admission she
presented recurrent pictures of diarrheal syndromes,
requiring hospital management. A month prior to admission she presented the same gastrointestinal symptoms
as well as fever, paresthesia, and Raynaud’s phenomenon.
Tomography at the time of hospitalization showed intestinal visceromegaly and bilateral uretero-hydronephrosis
(Figure 1). E. coli was isolated from the urine culture (>
100000 CFU). Antimicrobial therapy was administered,
and bacterial culture was negative after 7 d of treatment.
Despite treatment, she persisted with fever, pain and abdominal distention without an obvious focus of sepsis.
She developed bilateral pleural effusion, polyarthritis, leukopenia with lymphopenia, hypocomplementemia, and
hemolytic anemia (positive Coombs 1:6, LDH 780 mg/
dL, FSP with schistocytes). The remainder of the serological exams was not done because of the low suspicion
of activity (SLEDAI 6). She was treated conservatively
for 28 d with laboratory tests being within normal limits.
The SLEDAI was once again calculated with a score of
9. The dose of oral steroids was increased, maintaining
prednisone at 1 mg/kg weight. GI symptoms improved
after 5 d. Levels of activity increased and feeding was reinitiated. Due to improvement, the patient was discharged
to home. Unfortunately, she again experienced GI symptoms, occasionally not being related to data of activity in
other organs. The patient was managed with steroids on
readmission with partial improvement. She was lost to
follow-up.

DISCUSSION
GI symptoms are rarely reported as manifestations of
SLE and are rarely used as data that translate to severity[19,20]. This may be because, on one hand, they are not
assumed to be part of the diagnostic criteria of SLE[3,5,9].
On the other hand, a high level of suspicion is required
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for making the diagnosis[11]. Because this disease has an
inflammatory basis, it could affect any organ[1], which
includes the GI tract and other related organs (the
pancreas, liver, gallbladder, and pancreatic and biliary
ducts)[4,5,8,10]. Intestinal pseudo-obstruction may be the
initial manifestation in association with other organs, presenting in this manner in up to 50% of the cases[10-18] and
representing a diagnostic challenge for the clinician as
well as for the surgeon[13]. It is a serious disease that may
compromise the life of the patient when not detected
in a timely manner[5]. Patients may present symptoms
of recurrent abdominal pain associated with bloating,
nausea, vomiting and intolerance to oral feeding, noting
that symptoms may precede the diagnosis of lupus from
11 to 66 d and even up to 2 years[5,11]. There are approximately 32 cases published in the English literature[10-18]
of patients who have presented intestinal pseudoobstruction secondary to SLE, the majority being female
and of Asian origin. Medina et al[21] published a series of
cases of acute abdomen in Mexican patients with lupus;
however, emphasis was principally placed on the surgical findings where the suspicion was intestinal vasculitis
and acute abdomen. The majority of the cases reported
in the literature are young females, half of whom had a
prior diagnosis of SLE[11-17] and who presented with a
subacute progression of the GI symptoms associated, for
the most part, with renal, hematological and generalized
symptoms. In agreement with this information, our small
sample shows the same described pattern (Table 1); 75%
of the patients did not have a prior diagnosis of SLE but
had renal and hematological alterations, ureterohydronephrosis, and serositis associated with an intestinal picture.
They were subjected to laparotomy during more than
one occasion because of suspected surgical abdomen
pathology, without revealing the cause of the symptoms.
In our case 4, the patient had a prior diagnosis of SLE
and had a poor evolution, developing end-stage chronic
renal disease requiring hemodialysis. Her history was notable for recurrent bouts of diarrhea and abdominal pain
for 3 years, which would suggest a chronic course of the
disease. It was not previously suspected that the symptoms may have been related with her baseline disease;
therefore, directed treatment was not tested. During her
latest hospitalization, steroid doses were increased with
the goal of decreasing other signs and partially improved
intestinal transit and feeding tolerance. Despite this, the
patient continued with similar symptoms during her subsequent hospital admissions. This progression agrees with
cases described by other authors, opening the possibility
that the recurrence - and not the detection or early treatment - could condition a chronic type characterized by
poor response to treatment and generalized dysfunction
of the intestinal motility. These cases are described as
generalized megaviscera[22]. It is believed that chronic sustained inflammation may trigger smooth muscle fibrosis
as shown in previous histopathological reports or even
in autopsies[13]. On the other hand, 100% of our patients
manifested involvement of another organ or system and
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were associated with positive serological markers with hypocomplementemia. Only two cases had a panendoscopy
with manometry performed, which showed esophagitis
and esophageal and gastric hypomotility. Only in the
first case presenting with emphysematous pyelonephritis,
colonoscopy and intestinal transit with barium enema
were performed to rule out colovesical fistula (suspected
due to emphysomatosus pyelonephritis). In terms of the
rates of disease activity, 75% showed indices of Systemic
Lupus International Collaborating Clinics (SLICC) and
SLEDAI suggestive of activity. A notable difference
found in this case series is that dysuria correlated with
urinary tract infections documented by urine cultures (>
100000 CFU E. coli in the four patients and Pseudomonas
aeruginosa in one patient) in addition to the isolation of
the same microorganism in blood cultures (E. coli) in two
cases.
Pathogenesis
Little is known about the pathogenesis of the disease.
Etiologies such as the production of antibodies, smooth
muscle myopathy, neurological involvement of the myenteric plexus and the autonomic nervous system, intestinal
vasculitis with secondary ischemia, and immunocomplex
deposits have been explored[10,13,14] as well as irritation
of the intestine due to the presence of ascitic fluid[12] as
probable mechanisms producing the disease. Intestinal
sections most frequently affected are the jejunum or ileum and a high percentage of cases are associated with
esophageal hypomotility and ureterohydronephrosis[5].
Some authors previously demonstrated smooth muscle
motility disorders in phase Ⅲ of the migratory motor
complex[13]. This theory may be supported by the damage to the muscle layer caused by the immunocomplex
deposit and secondary inflammation. Production of an
antibody against the smooth muscle has been proposed[4]
that could cause tissue destruction, although until now
it has not been demonstrated[23]. Immunocomplexes that
include anti-DNA antibodies and antibodies against the
collagen-like region C1q facilitate their accumulation in
the glomerulus. This affinity may be shared with any tissue that expresses the appropriate receptors[1], opening
the possibility of the same mechanism of injury in the intestine. The hematological disorder manifested by cytopenia is associated with the presence of anticellular antibodies TCD3+/TCR and anti-Ro antibodies[4,5]; the latter have
the capacity of altering the function of the myocytes and
of the cell conduction systems, presumed to be another
mechanism of injury[1]. For this reason, the association
between leucopenia and intestinal pseudo-obstruction
may not be coincidental, with it being a marker of suspicion. On the other hand, at the renal level, production of
γ-interferon by the mesangium induces the production
of anti-α actinin antibodies[1]. This is one of the proteins
that comprise the contractile apparatus of the visceral
smooth muscle, which may be a factor explaining the association between renal damage and intestinal pseudo-obstruction. Finally, some authors believe that the intestinal
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pseudo-obstruction may be a late manifestation of intestinal vasculitis due to the histopathological findings[4,5,24].
These may evolve to atrophy and fibrosis which, in its
chronic form, would correlate with the pictures described
as generalized visceromegaly[22].
Diagnosis
The clinical picture, age and gender of the patient, together with imaging and laboratory studies, constitute
the first tool for the suspected diagnosis. Plain X-ray of
the abdomen may provide useful information when we
are dealing with an obstructive process[6] (air fluid levels,
coffee ground loops, absence of air in the pelvic cavity,
image of “stack of coins”); however, the noninvasive
imaging study with the greatest diagnostic usefulness is
abdominal computed tomography because it helps to rule
out mechanical causes of the obstruction and identifies
characteristic images such as target dilated loops of the
jejunum and ileum, swelling of the intestinal walls, air fluid levels, pyelocaliectasis and, above all, ureterohydronephosis that may be present in up to 60% of cases[4,5,10-18].
Panendoscopy and manometry have demonstrated esophagitis and disorders of esophageal motility[13] as well as
gastric and duodenal hypomotility[4,5,10,13]. Invasive methods such as colonoscopy and double balloon enteroscopy
provide information on portions of the small and large
intestines that cannot be reached by other means, as well
as the possible advantage of taking biopsies[15]. However,
it is not a method that is frequently used, given that there
is currently no pattern or specific marker in the histopathological study in existence considered to be the gold
standard[4,5,10]. In addition, there are reports about the
predisposition of causing greater ischemia by dilation of
the loops and risk of intestinal perforation and secondary
peritonitis. Disease activity indexes such as SLEDAI and
SLICC do not always directly correlate with gastrointestinal pictures[25]; therefore, it is difficult to consider them
as useful markers. Differential diagnosis includes any disorder that causes dysmotility and is associated with extragastrointestinal symptoms. Among the most important
of these are sporadic myopathies, systemic sclerosis, dermatopolymyositis, lymphoid and amyloid infiltration, to
mention a few[5]. We emphasize that early detection correlates with a better prognosis and avoids unnecessary surgical procedures that hinder evolution and lead to a poor
prognosis. A last resort would be exploratory laparotomy,
although this should be done when there are eminent
signs of intestinal perforation (free air in the abdominal
cavity or septic shock in the presence of acute abdomen).
How to suspect it?
Although GI symptoms are common to the majority of
the presentations, there are key data that may represent
the difference in recognition of the disorder. In young
patients, especially females with recurrent clinical-radiological manifestations of intestinal occlusion, an exhaustive interview should be carried out in search of manifestations or information that may be related to SLE. The
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Antibody profile

Medical
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Abdominal pain
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vomiting
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Leg edema
Fever
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Figure 2 Suggested approach of intestinal pseudo-obstruction in lupus. When a young patient presents with a clinical-radiological picture of intestinal pseudoobstruction, the need for urgent surgery must be ruled out at first instance. Extensive interrogation and thorough examination must be carried out along with information that could suggest the picture. Among the initial examinations are X-ray, contrast abdominal tomography if possible or renal ultrasound if not possible, along
with blood and urine tests. If information is compatible with the disease, specific serology should be carried out to determine if disease criteria have been met. If the
diagnosis is corroborated, the patient should be evaluated by a specialist in order to initiate timely treatment. AA: Acute abdomen; BC: Blood cytometry; BCH: Blood
chemistry; UA: Urinalysis; C3-C4: Complement; US: Ultrasound; IPO: Intestinal pseudo-obstruction; SLE: Systemic lupus eythematosus; ACR: American College of
Rheumatology; UHN: Ureterohydronephrosis.

initial approach should include blood cytometry, general
urine examination, Coombs test and complement as
firsthand resources as well as plain X-rays and contrast
abdominal tomography whenever possible. If leuko/
lymphopenia, anemia with positive Coombs reaction,
proteinuria, low complement and ureterohydronephrosis
are found, a diagnosis of intestinal pseudo-obstruction in
SLE should be suspected and confirmed (Figure 2).
Treatment
Treatment should be individualized and generally multidisciplinary[1]. Among the recommendations for management of SLE issued by the European League Against
Rheumatism and established by the ACR, there is no
scheme suggested for GI manifestations[3,9]. The most
frequently described experience in disease management
is based on corticosteroids administered in pulses (methylprednisolone 500-1000 mg daily for 2-5 d) associated
with other immunosuppressants (cyclophosphamide being the most used)[10-18]. Cases have been reported where
cyclosporine A, methotrexate, azathioprine[7,11,24], and
tacrolimus were used[26]. The use of prokinetics should be
considered, preferably erythromycin because of its antimicrobial properties, although the use of metoclopramide,
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octreotide and neostigmine should be considered. Finally,
use of parenteral nutrition should be individualized in
cases where oral feeding is not possible. Human immunoglobulin is extracted from the plasma of thousands of
donors[27,28] and is mainly composed of a pool of antibodies, mainly IgG (97%). Its use has been described in
reports of cases and small cohorts with good results[2,29-31].
The usual administered dose is 2 g/kg divided into 2-5
d in continuous Ⅳ infusion. The described mechanisms
of action vary[27,29,32-35]. It is considered more than an immunosuppressive treatment and immune regulatory agent
that obviates the toxic and teratogenic effects of other
drugs, providing a favorable safety profile for infected patients[29,35]. Any prior condition should be taken into consideration, which may contraindicate its use along with the
problem of its high cost, which hinders its accessibility
for treatment[27]. Early directed treatment makes progression of the disorder highly reversible, avoiding the need
for surgery and having an impact on survival, recovery of
function and decrease in complication rates[4,19,22,25].
Intestinal pseudo-obstruction secondary to lupus is
an infrequent disorder that may initially manifest together
with other organ and system involvement. It should be
suspected, especially in young women with clinical-radio-
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logical manifestations and information of disease activity
at another level. Urinary tract infections may be associated with urinary manifestations and complicate symptom
progression. Management of the disorder should include
immunomodulators, principally corticosteroids and cyclophosphamide, prokinetics, and parenteral nutrition when
required. In our short experience we believe that use of Ⅳ
human immunoglobulin may be a good alternative where
there are concomitant severe infection or sepsis and disease activity if there is no contraindication for its use.
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Case characteristics

Intestinal pseudo-obstruction may be the initial manifestation in association with
other organs, presenting symptoms of recurrent abdominal pain associated with
bloating, nausea, vomiting and intolerance to oral feeding.

5

Clinical diagnosis

The clinical picture, together with imaging and laboratory studies, constitutes
the first tool for the suspected diagnosis; however, the study with the greatest
diagnostic usefulness is abdominal computed tomography.

Differential diagnosis

6

Differential diagnosis includes any disorder that causes dysmotility and is associated with extra-gastrointestinal symptoms (sporadic myopathies, systemic
sclerosis, dermatopolymyositis, lymphoid and amyloid infiltration).

7

There are no characteristic findings of the disease. Leuko/lymphopenia, anemia
with positive Coombs reaction, azotemia, proteinuria/erythrocyturia and low
complement levels are the most frequent.

8

Laboratory diagnosis

Imaging diagnosis

Abdominal computed tomography rules out mechanical causes and identifies
characteristic images. Panendoscopy and manometry have demonstrated
esophagitis and disorders of esophageal, gastric and duodenal motility.

9

Pathological diagnosis

There is currently no pattern or specific marker in the histopathological study
in existence considered to be the gold standard. Damage to the muscle layer
caused by the immunocomplex deposit and secondary inflammation with intestinal vasculitis are some frequent findings.

Treatment

The most frequently described experience in disease management is based on
corticosteroids administered in pulses associated with other immunosuppressants (cyclophosphamide being the most used). Prokinetics should be considered and use of parenteral nutrition should be individualized in cases where
oral feeding is not possible.

10
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Experience and lessons

Early recognition and directed treatment make progression of the disorder highly reversible, avoiding the need for surgery and having an impact on recovery
of function and decrease in complication rates. We believe the use of Ⅳ human
immunoglobulin with steroids may be an alternative only where there are complicated infections or sepsis and disease activity.

Peer review

According to reviewers, the present report is new according to the point that it
shows that many cases present acute abdomen previous to the diagnosis of
SLE, and physicians should be aware of intestinal pseudo-obstruction due to
SLE when they encounter a patient with acute abdomen with a doubtful cause.
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report, we suggest that this imaging technique can be
considered a novel and useful modality for understanding the anatomy of the portal hepatis, including the
hilar bile duct.
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Core tip: We present a case study in which 3-dimensional
(3D) images were reconstructed to detect a case of
extrahepatic cholangiocarcinoma associated with an accessory bile duct from the caudate lobe connecting with
the intrapancreatic bile duct. We could not detect this
condition preoperatively using standard imaging techniques; however, the 3D reconstruction enabled us to
visualise the bile duct and treat the patient successfully.

Abstract
The development of diagnostic imaging technology,
such as multidetector computed tomography (MDCT)
and magnetic resonance cholangiopancreatography
(MRCP), has made it possible to obtain detailed images
of the bile duct. Recent reports have indicated that
a 3-dimensional (3D) reconstructed imaging system
would be useful for understanding the liver anatomy
before surgery. We have investigated a novel method
that fuses MDCT and MRCP images. This novel system
easily made it possible to detect the anatomical relationship between the vessels and bile duct in the portal
hepatis. In this report, we describe a very rare case of
extrahepatic cholangiocarcinoma associated with an accessory bile duct from the caudate lobe connecting with
the intrapancreatic bile duct. We were unable to preoperatively detect this accessory bile duct using MDCT
and MRCP. However, prior to the second operation,
we were able to clearly visualise the injured accessory
bile duct using our novel 3D imaging modality. In this
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INTRODUCTION
In hepatobiliary and pancreatic surgery, it is important
to avoid injury by taking note of any anomalies of the
extrahepatic bile duct. According to previous reports, the
accessory bile duct is of particular importance because it
occurs relatively frequently[1-5]. It is well known that there
is significant variation in the caudate lobe bile duct[6-8].
Recently, Ryu[8] were able to visualise the variation in the
caudate lobe bile duct using 3-dimensional (3D) imaging
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Figure 1 Abdominal computed tomography angiography image of the
common bile duct. Thickening of the wall of the distal common bile duct was
observed (arrowhead).

Figure 2 Magnetic resonance cholangiopancreatography. The common
and intrahepatic bile ducts were dilated. It was impossible to detect the accessory bile duct preoperatively (arrowhead).

techniques.
Recent advances in diagnostic imaging technology,
such as endoscopic retrograde cholangiopancreatography
(ERCP) and magnetic resonance cholangiopancreatography (MRCP), have enabled us to obtain detailed information of the bile duct before surgery. However, when the
common bile duct is dilated, a thin ectopic bile duct may
be hidden behind it[9,10]. Moreover, with the use of MRCP
alone, it is impossible to know the relative positions of
the bile duct with vascular components, such as the hepatic artery and portal vein, and the parenchymal organs,
such as the pancreas and liver.
Many institutes in Japan have recently begun to construct 3D images from multidetector computed tomography (MDCT) datasets for patients who undergo hepatic
resection in order to share the images with the surgical
staff[11-14]. We have reconstructed 3D images of the liver
using the Synapse Vincent medical imaging system (Fujifilm Medical, Tokyo). Furthermore, we have developed
a novel 3D imaging system by integrating MDCT and
MRCP images and have applied this 3D imaging technique to hepatobiliary and pancreatic surgery[15].
In this report, we treated a very rare case of extrahepatic cholangiocarcinoma associated with an accessory bile duct from the caudate lobe connected to the
intrapancreatic bile duct. The first preoperative imaging
studies did not reveal the accessory bile duct, but the 3D
studies conducted before the second operation visualised
the duct and directed us to the source of the bile leak, a
finding that greatly facilitated the second operation. We
suggest that preoperative 3D imaging of the bile duct can
provide useful guidance during surgery.

and ERCP. Neither our group nor the radiologists were
able to preoperatively detect an accessory bile duct from
the caudate lobe. The patient underwent a subtotal stomach-preserving pancreaticoduodenectomy. Because of
refractory bile leakage 5 d after the operation, tubography
was undertaken through the biliary drainage tube and the
abdominal drainage tube. In this examination, leakage
of the contrast media from the end-to-side biliojejunostomy was not observed. However, leakage was evident
in images of the injured site of the bile duct (Figure 3).
Furthermore, in order to clarify the injury site of the bile
duct, fusion-3D images were created from preoperative
MDCT and MRCP images (Figure 4). This 3D image enabled us to detect the injured accessory bile duct from the
caudate lobe. Nineteen days after the first operation, the
patient underwent a second operation. The intraoperative
findings showed the orifice of the accessory bile duct on
the surface of the liver that had been preoperatively identified on inspection of the 3D images (Figure 5). We confirmed that the bile leak was from the accessory bile duct.
Abdominal drainage and an end-to-side biliojejunostomy
for the injured accessory bile duct were performed. The
patient had a favourable postoperative course and was
discharged 16 d after the second operation. According to
the UICC guidelines, the pathological classification of the
tumour was pT2N1M0, Stage ⅡB. At the present time,
the patient is currently alive without recurrence 240 d after the first operation.

CASE REPORT
The patient was a 65-year-old male who was referred to
our hospital because of jaundice. The patient was diagnosed with extrahepatic cholangiocarcinoma (cT1N0M0,
Stage I) according to the Union Internationale Contre le
Cancer (UICC) guidelines on the basis of a careful imaging study, including MDCT (Figure 1), MRCP (Figure 2)

WJG|www.wjgnet.com

DISCUSSION
Healey defined the accessory bile duct as an extrahepatic
bile duct, without a bile duct connecting with the common hepatic duct within a liver[1]. Miyakawa[3] reported
an accessory bile duct in 21 out of 450 (4.7%) patients.
Similarly, Hisatsugu[2] reported an accessory bile duct in
616 out of 19892 (3.1%) patients undergoing bile duct
surgery. They classified the accessory bile duct into seven
categories based on the position on the common bile
duct. In the present case, the accessory bile duct connected to the inferior common bile duct and was classified as
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A

B

Figure 3 Tubography through the biliary drainage tube (white arrow) and the abdominal drainage tube (black arrow) after the first operation. A: The radiological image indicated the intrahepatic bile duct, common bile duct, and jejunum. Leakage of the contrast media from the end to side biliojejunostomy was not
observed. Two abdominal drainage tubes (black arrows) were inserted into the abdominal cavity; B: Postoperative tubography through the abdominal drainage tube
(black arrow) was performed, which produced the images of the injured site of the probable caudate bile duct (white arrowhead) and the other intrahepatic bile duct (black
arrowheads). The biliary drainage tube is shown (white arrow).

A

B

Figure 4 3-dimensional images by integrating multidetector computed tomography and magnetic resonance cholangiopancreatography images. A:
3-dimensional (3D) image view from the front side of the patient. The red colour represents the arteries, the blue represents the veins and the portal vein, the green
represents the biliary duct, and the turquoise represents the pancreatic duct. We were able to observe that the common and intrahepatic bile ducts were dilated; B:
From the 3D image view from the patient's right side, the accessory bile duct from the caudate lobe connecting to the intrapancreatic bile duct (arrowheads) was easily recognisable. The cystic duct (arrow) has branched from the middle bile duct. We were able to determine that the injured site was the accessory bile duct from the
caudate lobe.

The bile duct jejunum
anastomosis
The common
hepatic duct

The orifice of
the accessory
bile duct

The jejunal
loop

Figure 5 Intraoperative findings in the second operation. The orifice of the injured caudate lobe bile duct of the proximal side on the surface of the liver was
recognised (arrow). The precise anatomy is described using the annotation method.

Type Ⅳ, which comprises 3.0% of the total.
Since the study by Kumon[6] involving the use of a
flexible cast, various studies have examined the caudate
lobe bile duct using techniques such as radiographic

WJG|www.wjgnet.com

evaluation. Horiguchi et al[7] examined the caudate lobe
bile duct in 77 patients and reported that, in approximately 70% of cases, the bile duct from the left caudate
lobe connected to the left hepatic duct. Using 3D im-
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Table 1 Cases of the caudate lobe bile duct connecting with the intrapancreatic bile duct
Ref.
Ng et al[9]
Aoki et al[16]
The present case

Age

Sex

Diagnosis

Procedure

1
72
65

F
M
M

Congenital dilation of the common bile duct
Gallbladder cancer
Extrahepatic cholangiocarcinoma

Extrahepatic bile duct resection
Extended cholecystectomy + extrahepatic bile duct resection
Subtotal stomach-preserving pancreaticoduodenectomy

M: Male; F: Female.

ages, Ryu[8] demonstrated that 44% of Spiegel lobe bile
ducts connected to the left hepatic duct and that 90% of
the caudate lobe protrusion bile ducts connected to the
posterior segment bile duct. We searched Japana Centra
Revuo Medicina and PubMed for reported cases of an
accessory bile duct connected to the intrapancreatic bile
duct and found that our case was the third to be reported[9,16] (Table 1).
Hepatobiliary and pancreatic surgery requires detailed
preoperative examination of the anatomy of the bile
duct in order to prevent intraoperative bile duct injury.
Although it is possible to obtain detailed information
preoperatively because of the advances in diagnostic imaging technology such as MRCP, there is the possibility
that an anomalous thin caudate lobe branch may not be
detected in patients with a dilated common hepatic duct,
as in our case[3,4]. We developed 3D images by integrating MDCT and MRCP images that can produce accurate
preoperative anatomical images[15]. We have applied this
method for the depiction of hepatic anatomy prior to
hepatobiliary and pancreatic surgery. By integrating these
two images, it is possible to understand the anatomical relationships between the bile duct arrangement and
the vascular components, such as the hepatic artery and
portal vein, and the parenchymal organs, such as the pancreas and the liver. Moreover, it became possible to share
the anatomical images with the surgical staff by sharing
the 3D images preoperatively.
With regard to the therapeutic method for bile duct
injury, we have to consider the diameter of the bile duct
and the area it covers. Longmire et al[17] reported that
when the bile duct has a diameter of less than 1 mm, it
can potentially be ligated if there is no infection; however, a bile duct with a diameter of 2 mm or more needs to
be reconstructed. Hachisuka et al[18] also performed intraoperative bile duct imaging and evaluated the necessity of
reconstruction by examining the extent of the area covered by the bile duct. In the present case, we performed
a reconstruction without hesitation because it was clear
that the injured site of the bile duct was the caudate lobe
branch based on the 3D images. Intraoperatively, we
found that the diameter was 2 mm or more.
In conclusion, we experienced a very rare case of
extrahepatic cholangiocarcinoma associated with the accessory bile duct from the caudate lobe connected to the
intrapancreatic bile duct, which was revealed using 3D
images. A 3D imaging system such as our new modality
for preoperative assessment is considered to be useful
and reliable for hepatobiliary and pancreatic surgery.
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COMMENTS
COMMENTS
Case characteristics

In this report, authors describe a very rare case of extrahepatic cholangiocarcinoma associated with an accessory bile duct from the caudate lobe connecting
with the intrapancreatic bile duct.

Clinical diagnosis

They were unable to preoperatively detect this accessory bile duct using multidetector computed tomography and magnetic resonance cholangiopancreatography.

Differential diagnosis

However, prior to the second operation, authors were able to clearly visualise
the injured accessory bile duct using our novel 3-dimensional (3D) imaging modality.

Imaging diagnosis

In this report, they suggest that this imaging technique can be considered a
novel and useful modality for understanding the anatomy of the portal hepatis,
including the hilar bile duct.

Peer review

This report is well organized and documented for the significance of 3D imaging
identified the accessory bile duct in a patient with cholangiocarcinoma.
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Abstract
Accidentally ingested foreign bodies, for the most part,
pass through the gastrointestinal tract, but can cause
several complications. Perforation is rare, but can occur
in any segment of the gastrointestinal tract. Intestinal
perforations due to foreign bodies are rarely diagnosed
preoperatively as clinical symptoms are non-specific
and they can mimic other abdominal conditions. We
describe a case of a 48-year-old patient who was admitted to the emergency room because of severe abdominal pain of 5 d duration. A computed tomography
scan showed an undefined liquid collection involving
a linear image 35 mm in size, suggestive of a foreign
body. On laparotomy, an abscess containing a fish
bone was resected. As fish bone ingestion is usually
not remembered by the patient, the diagnosis can be
delayed. The preoperative diagnosis is frequently acute
abdomen of unknown cause. A low threshold of suspicion along with a good clinical history and radiological
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studies are extremely important in order to make a correct diagnosis.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Foreign body; Fish bone; Terminal ileum
perforation
Core tip: Perforations due to fish bones are rare and
have nonspecific symptoms, mimicking other abdominal
conditions. A patient attended the emergency room due
to severe abdominal pain of 5 d duration. A computed
tomography scan showed an undefined liquid collection
involving a linear image 35 mm in size. On laparotomy,
an abscess containing a fish bone was resected.
Wu CX, Wu BQ, Duan YF, Sun DL, Jiang Y. Rare case of omentum-wrapped abscess caused by a fish bone penetrating the terminal ileum. World J Gastroenterol 2014; 20(32): 11456-11459
Available from: URL: http://www.wjgnet.com/1007-9327/full/
v20/i32/11456.htm DOI: http://dx.doi.org/10.3748/wjg.v20.
i32.11456

INTRODUCTION
Foreign body ingestion is frequent and can cause several
complications, perforation being the most frequent[1-3].
Perforation due to ingested foreign bodies in the adult
population is most common secondary to accidental ingestion and is frequently caused by dietary foreign bodies,
especially fish bones. Foreign bodies usually pass through
the gastrointestinal tract without problems once beyond
the esophagus[3,4]. Perforation occurs in about 1% of all
foreign bodies ingested usually due to long and sharp
objects such as fish bones, toothpicks, chicken bones and
needles[3,4]. We herein report the diagnosis and treatment
of a patient with omentum-wrapped abscess caused by a
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fish bone penetrating the terminal ileum.

CASE REPORT
A 48-year-old male patient attended the emergency
room due to severe abdominal pain, mainly in the middle
quadrants, of 5 d duration, without nausea or vomiting.
Gastrointestinal transit was normal, without bleeding
per rectum. There was no history of anorexia or weight
loss. Respiratory and urinary symptoms were absent. On
physical examination, the patient had generalized tenderness of the abdomen, which was maximal in the middle
upper quadrant, signs of peritoneal inflammation with
guarding, rebound, and tap tenderness, without Rovsing’s
or Murphy’s sign, and peristaltic sounds were not audible.
He was tachycardic with a fever of 39.6  ℃. White blood
cells count was 11.96 × 109/μL, no anemia was found,
and hepatic and pancreatic tests were normal.
Abdominal ultrasound showed peritoneal effusion, a
normal gallbladder, and the ileo-cecal appendix was not
visualized. An abdominal computed tomography (CT)
scan was performed, and in addition to moderate peritoneal effusion, an undefined liquid collection involving
a linear image 35 mm in size was evident in the omental
abscess, suggestive of a foreign body (Figure 1A).
When asked about his diet, the patient mentioned
that some days earlier he had eaten fish, however, foreign
body ingestion was not remembered. On this basis, a diagnosis of bowel perforation due to a foreign body (fish
bone) was made.
Systemic antibiotics were initiated, and a median laparotomy was performed, revealing a purulent peritoneal
effusion and an abscess in the greater omentum adjacent
to the transverse colon. A fibrotic closed fistula between
the terminal ileum and the abscess was found (Figure
1C), which was sectioned, and the abscess was resected
en-bloc. There was no evident colon defect, and we performed a purse-string suture in the ileum side of the
fibrotic fistula and an omental patch was used to cover
it. Peritoneal lavage was carried out using saline solution
and a drain was placed in the abdominal cavity. When the
abscess was opened, a fish bone of approximately 35 mm
was found (Figure 1B).
No complications occurred after surgery, the drain
was removed on the fourth post-operative day (drainage
was always serous), and the patient was discharged free
of symptoms seven days after surgery. During the followup period of 3 mo, no sequelae were observed.

DISCUSSION
Perforation can occur in any segment of the gastrointestinal tract[2-4], however, the most common sites of
perforation are in the distal ileum[5-7], the cecum and the
left colon[8] due to their great angulation[3,4]. Most perforations occur in the straits and the angles of the gastrointestinal tract[9]. Ingestion of foreign bodies, although
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a fairly common problem in pediatrics, is relatively rare
in adults and is mainly found in individuals with psychiatric disorders such as bipolar disorder, depression, or
post-traumatic stress disorder[10]. Alcoholism, psychiatric
illness, age extremes and the use of dentures are risk factors for foreign body ingestion[3,4]. Intestinal perforation
by fish bones is rare, however, their ingestion is common.
The risk of perforation is related to the length and shape
of the object ingested[11]. The average time from ingestion of the foreign body to perforation is 10.4 d[12]. Clinical presentation can vary with acute or chronic symptoms[2,3]. Bowel perforation by foreign bodies can mimic
other abdominal conditions such as acute appendicitis,
acute diverticulitis, and perforated peptic ulcer[13]. As the
patient usually does not remember fish bone ingestion,
diagnosis can be delayed, with months between ingestion
and perforation[1,3,4]. Fish bones located in a narrow segment of the bowel can erode the mucosa, causing bacterial dissemination. As this pathological process continues,
perforation and an extramural abscess occur, which leads
to acute abdominal pain[3]. In the case presented here, the
patient had eaten fish some days before and fish bone
ingestion was not remembered, however, as a fibrotic
closed fistula was found, the ingestion causing perforation was thought to have occurred earlier.
X-rays can be used to detect foreign bodies. Plain
radiography is helpful in locating metallic foreign bodies and pneumoperitoneum. As the perforation hole is
small and normally covered with fibrin and omentum,
pneumoperitoneum is rare, being present in only 20% of
patients[3,4]. CT scanning is the most accurate exam with
fish bones appearing like linear images with calcic density inside an inflamed area[3]. However, CT scanning has
some weaknesses: lack of awareness by the radiologist
if there is no clinical suspicion; the use of oral and/or
intravenous contrast can make it difficult to visualize fish
bones[3]. Colon perforation can have the same radiologic
and pathologic characteristics as intestinal inflammatory
disease[14]. CT scanning was used in our patient to aid the
diagnosis and showed a linear image inside a liquid collection suggestive of a foreign body, without pneumoperitoneum.
Treatment depends on the age of the patient and
symptoms, the nature and type of foreign body and anatomical location, especially if impacted. The management
may consist of conservative or interventional methods,
endoscopic, laparoscopic or open surgery. Surgery is the
treatment of choice for bowel perforation, and is most
commonly performed by laparotomy due to its advantages in localizing the perforation, closure or repair of
the defect, and peritoneal lavage. However, laparoscopy
has been reported in some studies to be as good as laparotomy[15]. In our case, laparotomy was chosen, and the
abscess adjacent to the transverse colon was resected enbloc to avoid spreading pus into the abdominal cavity,
and peritoneal lavage was performed to clean the purulent effusion. No defect was found in the terminal ileum,
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Figure 1 Computed tomography, resected abscess and fish bone and the lacation of perforation in terminal ileum. A: Axial and sagittal slides of abdominal
computed tomography scan. It is visible an undefined liquid collection involving a linear image suggestive of foreign body (arrow); B: The resected abscess size and
fishbone (arrow); C: The perforation in terminal ileum (arrow).

as the fistula was fibrotic and occluded, this may have
been because there was a long time between perforation and surgery, with the greater omentum tapering the
defect. Intestinal perforation treatment usually involves
bowel resection, however, the most common treatment
is suture of the perforation[8]. For this reason, the closed
fistula was sectioned and a purse-string suture was performed and covered with an omental patch for safety.
The patient was discharged free of symptoms on the 7th
post-operative day, which is consistent with other similar
case reports.

abscess and the length of the fish bone in the abscess.
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TO THE EDITOR

Abstract
Advances in endoscopic and surgical techniques have
increased the frequency and complexity of these procedures and associated complications such as gastrointestinal perforation. With the advancements in the field of
gastroenterology, the promising use of an over the scope
clips (OTSC) has fulfilled the unmet need for a reliable
endoscopic devise in approximation of gastrointestinal
perforation. This novel approach has raised the level of
confidence in endoscopist in dealing with this serious
complication during endoscopy. Here we have shared
our experience with OTSC to evaluate its efficacy and
safety in managing iatrogenic gastrointestinal perforations during endoscopy.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Gastrointestinal perforation; Over-the-scope clip;
Over the scope clip system; Endoscopic adverse events
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Core tip: Gastrointestinal perforation is a frequently encountered, inevitable, and serious complication encountered during endoscopic procedures. In this editorial, we
have described our experience with over the scope clip
system as a promising therapeutic option in dealing with
iatrogenic gastrointestinal perforations. We believe that
our experience with this emerging therapeutic approach
on three patients will definitely be an excellent asset to
available literature and will attract more readers.

Endoscopic adverse events are inevitable and gastrointestinal perforation is one of the serious complications
encountered during endoscopic procedures. Therapeutic
options are limited in fragile patients with comorbid
conditions. Incidence of perforation during diagnostic
endoscopy is reported to be between 0.01% and 0.6%
and therapeutic endoscopy between 0.6% and 5.5%[1]. By
using over the scope clip (OTSC) technique, immediate
closure of these perforations would be possible during
endoscopy and would increase an endoscopist’s level
of comfort[2]. OTSC has shown its encouraging results
in management of closure of gastrointestinal fistulas,
anastomotic leaks, bleeding lesions, post bariatric surgery
complications and closure of gastrostomies during natural orifice transluminal endoscopic surgery[3,4]. The following three cases describe the therapeutic efficacy and
technical feasibility of OTSC system in management of
iatrogenic gastrointestinal tract perforations.
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Figure 1 Endoscopic image showing linear 2 cm tear at lesser curvature (A), endoscopic image showing successful closure of the tear with an over the
scope clips (B); computed tomography scan of abdomen and pelvis with contrast showing successful closer of tear with clip and no gastrografin leakage (C).

A

B

C

Figure 2 Endoscopic image showing a deep liner and wide tear of 1 cm with base seemed to have fibrinous appearance (A), endoscopic image of successful closure of the tear with an over the scope clips (B); computed tomography scan of abdomen and pelvis with contrast showing successful closer
of tear with clip and no gastrografin leakage (C).

A

B

C

Figure 3 Endoscopic image showing area of yellow looking defect possibly omentum or serosa (contained perforation) (A), endoscopic image showing
successful closure of the tear with an over the scope clips (B), computed tomography scan Image of successful closer of tear with clip without leakage of
contrast (C).

In the first case, a 61 years old female with sarcoidosis
underwent esophagogastroduodenoscopy for evaluation
of dysphagia. Two areas of angioectasia were found in
duodenum and were cauterized with a gold probe. Upon
withdrawal of the scope, a linear 2 cm tear was seen in
the lesser curvature about 5 cm below the gastroesophageal junction (Figure 1A). An OTSC 12/6 GC was successfully deployed endoscopically and satisfactory closure
of the perforation was observed (Figure 1B). Post procedure computed tomography (CT) scan of abdomen
and pelvis showed free air, however, without gastrografin
leak and successful closure of the defect with the clip
(Figure 1C). Patient recovered well and was successfully
discharged home on day 3.

WJG|www.wjgnet.com

In the second case, an 80 years old female with multiple co-morbidities underwent percutaneous endoscopic
gastrostomy (PEG) placement. After successful PEG
tube placement a 1 cm × 2 cm tear was seen along the
lesser curvature (Figure 2A). Successful closure of the
defect was achieved by deploying an OTSC 12/6 GC
(Figure 2B). Post procedure CT abdomen showed free
air but without extra-luminal contrast extravasation (Figure 2C). Eventually, the patient was started on regular
PEG feeding and discharged to sub acute rehabilitation
on day 3.
In the third case, a 67 years old female underwent
colonoscopy for hematochezia. During the procedure a
recto sigmoid junction perforation with an omental cover
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was seen (Figure 3A). Successful closure of defect was
achieved by deploying an OTSC 12/6 GC (Figure 3B).
CT scan showed free air with the clip appeared to be closing the defect (Figure 3C). As an abundant measure of
caution, laparoscopy was performed, which did not reveal
an ongoing air leak and confirmed successful closure by
OTSC placement. The area was oversown at laparoscopy
in order to achieve additional approximation. Patient was
further observed closely in SICU. During subsequent days,
patient began improving clinically and was initially started
on clears liquid diet which was advanced as tolerated. Patient was discharged home on day 5.
In summary, the ability to successfully close iatrogenic
perforations with the OTSC is a significant advancement
in this field. This enhances patient safety and improves
outcome, especially in fragile patients. Our experience
supports the promising role of OTSC system as part
of the therapeutic armamentarium of the endoscopist
to deal with iatrogenic gastrointestinal perforations but
further studies with a large sample size will be needed to
confirm its efficacy and safety. We would recommend all

endoscopy units including office based and endocenters
have a ready supply of clips, with proper training for physicians and staff on its use.
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Abstract
Currently, nonselective β-blockers (NSBBs) are commonly used for the prevention of variceal bleeding in
liver cirrhosis. The beneficial effects of NSBBs are primarily attributed to the reduction in cardiac output by
blockade of β1 receptors and vasoconstriction of the
splanchnic circulation by the blockade of β2 receptors.
The prognostic value of occlusive portal vein thrombosis (PVT) in cirrhotic patients has been increasingly
recognized. The most important risk factor for the
development of PVT in liver cirrhosis is the decreased
portal vein inflow velocity. Collectively, we propose that
the use of NSBBs potentially increases the development of portal vein thrombosis by reducing portal vein
inflow velocity. The hypothesis should be confirmed by
prospective cohort studies, in which cirrhotic patients
without prior PVT treated with and without NSBBs are
enrolled, and the development of PVT during followup is compared between the two groups. Additionally,
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subgroup analyses should be performed according to
the dosage of NSBBs and the reduction of portal inflow
velocity after use of NSBBs.
© 2014 Baishideng Publishing Group Inc. All rights reserved.

Key words: Non-selective β-blockers; Propranolol; Nadolol; Portal vein thrombosis; Liver cirrhosis
Core tip: Non-selective β-blockers can reduce portal
flow velocity and induce development of portal vein
thrombosis in liver cirrhosis.
Qi XS, Bai M, Fan DM. Nonselective β-blockers may induce
development of portal vein thrombosis in cirrhosis. World J
Gastroenterol 2014; 20(32): 11463-11466 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v20/i32/11463.htm DOI:
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TO THE EDITOR
Benefits of non-selective β -blockers in the treatment of
cirrhotic portal hypertension
Currently, benefits of non-selective β-blockers (NSBBs),
such as propranolol and nadolol, are recommended as
the mainstay treatment of choice for primary and secondary prevention of variceal bleeding in liver cirrhosis
in different practice guidelines and consensus statements[1-3]. This recommendation primarily originates from
the positive results of numerous randomized controlled
trials and meta-analyses that NSBBs significantly decrease
the incidence of first or recurrent variceal bleeding and
improve survival in cirrhotic patients[4-9]. It appears that
the benefits of NSBBs have been the “aspirin” of the
hepatologists[10]. The principle mechanisms of action of
NSBBs include: (1) decreasing cardiac output by blockade of β1 receptors and (2) constricting the splanchnic
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circulation by the blockade of β2 receptors. These beneficial effects can reduce the portal vein inflow velocity, thereby lowering portal vein pressure[2,3]. Certainly,
several inconveniences and/or inappropriateness should
not be neglected. First, approximately 15% of patients
may have contraindications to NSBBs[2,3]. Second, an additional 15% of patients are intolerant of NSBBs due
to drug-related adverse events[2,3]. Third, only 30%-50%
of patients treated with NSBBs can achieve a sufficient
hemodynamic response (a reduction in hepatic venous
pressure gradient ≥ 20% from baseline level or to ≤ 12
mmHg)[11,12]. Fourth, NSBBs may be ineffective for preventing enlargement of small varices[13].
In addition, a meta-analysis of three randomized controlled trials and three retrospective studies demonstrated
that NSBBs could prevent the occurrence of spontaneous bacterial peritonitis in cirrhotic patients, regardless
of hemodynamic response[14]. Further studies showed
its potential mechanism, that the use of NSBBs could
ameliorate gastroduodenal and intestinal permeability and
reduce bacterial translocation, irrespective of the hemodynamic effect on portal hypertension[15,16].
Adverse effects of NSBBs in treatment of cirrhotic portal
hypertension
Recently, a single-center, observational, case-only, prospective study by Sersté et al[17] demonstrated that NSBBs
were significantly associated with poor survival in cirrhotic patients with refractory ascites (median survival
time: 20 mo in patients without propranolol vs 5 mo in
those with propranolol, P = 0.0001). Subsequently, a
self-controlled crossover study by the same investigators found that the negative prognostic effect of NSBBs
might be attributed to a high risk of paracentesis-induced
circulatory dysfunction in cirrhotic patients with refractory ascites[18]. The milestone study strongly suggests that
the use of NSBBs should be undertaken with caution in
these patients. Certainly, not all studies have supported
this finding. More recently, a retrospective cohort of 114
consecutive patients undergoing regular paracentesis with
or without NSBBs at modest doses (36 patients vs 78 patients) was analyzed[19]. Median survival time was similar
between the NSBB and no NSBB groups (18 mo vs 11
mo, P = 0.98, log-rank test). In addition, Galbois and colleagues showed no effect of NSBBs on the mortality of
cirrhotic patients admitted to the intensive care unit due
to severe sepsis or septic shock[20]. Due to many controversies among studies, the negative effect of NSBBs on
cirrhotic patients deserves further exploration.
Clinical significance of portal vein thrombosis in liver
cirrhosis
Accumulated evidence has confirmed that the presence
of occlusive portal vein thrombosis (PVT) is negatively
associated with the outcome of cirrhotic patients, by elevating the incidence of variceal bleeding and decreasing
survival[21-23]. Although the resolution of partial PVT can
be frequently observed[24], the role of occlusive PVT as
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a clinical predictor of decompensated liver cirrhosis has
been hypothesized[25]. To prevent further these detrimental effects, clinicians should pay more attention to identify cirrhotic patients at high risk of the development of
PVT[26].
Risk factors of PVT in liver cirrhosis
To date, several risk factors of PVT in liver cirrhosis have
been established[26-28]. The most important risk factor is
decreased portal inflow velocity in liver cirrhosis. In an
Italian prospective observational study by Zocco et al[29],
a total of 100 consecutive cirrhotic patients without
prior PVT were followed to evaluate whether or not de
novo PVT developed within 1 year. Demographic, clinical, biochemical, and ultrasound imaging data at baseline
were compared between patients who developed de novo
PVT and those who did not. In univariate analysis, higher
Model for End-stage Liver Disease score, lower platelet
count, reduced antithrombin and protein C and S levels,
and decreased portal inflow velocity < 15 cm/s were associated with the development of PVT in liver cirrhosis.
In multivariate analysis, the decreased portal inflow velocity was the only independent predictor of PVT. Notably,
the role of inherited coagulation abnormalities (i.e., factor
V Leiden and prothrombin gene mutation), which might
be associated with the presence of PVT in liver cirrhosis[30,31], was not analyzed in this study. More recently,
another study has confirmed the relationship between
reduced portal inflow velocity and the development of
PVT (mean velocity portal vein flow: 9 ± 0.9 cm/s in patients who developed de novo PVT vs 12.5 ± 2.3 cm/s in
those who did not, P < 0.001)[32].
Possible relationship between use of NSBBs and
occurrence of PVT in liver cirrhosis
Considering the capability of NSBBs to reduce portal
vein inflow and portal pressure, we propose that NSBBs
may further induce the occurrence of PVT in liver cirrhosis. Many uncertainties exist regarding whether or not
the dosage of NSBBs and the level of portal pressure or
heart rate reduction by NSBBs are associated with the
occurrence of PVT. Furthermore, if possible, the clinical
significance of PVT induced by NSBBs on patients’ survival remains uncertain.
Ideally, this hypothesis should be confirmed by
prospective cohort studies, in which cirrhotic patients
without prior PVT treated with and without NSBBs are
followed up, and the development of PVT is evaluated.
Additionally, subgroup analyses may be necessary according to the dose of NSBBs and the reduction of portal
inflow velocity after NSBB treatment.
To the best of our knowledge, the relationship between NSBBs and development of PVT in liver cirrhosis
has been explored in only one European Association for
the Study of the Liver abstract[32], in which 56 consecutive cirrhotic patients without hepatocellular carcinoma
were enrolled and evaluated about the occurrence of
PVT every 6 mo during follow-up. Multivariate analysis
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demonstrated that use of NSBBs was an independent
predictor of developing PVT in liver cirrhosis (OR = 3.3,
95%CI: 1.4-6.8, P < 0.001). These results should be further validated in well-designed prospective studies with a
larger sample.
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